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Introduction 
In order to select the sites for geological repositories for nuclear waste Switzerland follows a step-
wise approach. After identification of 6 candidate sites in phase 1, in the ongoing phase 2 Nagra as the 
implementing organization has prepared the proposal for the selection of the candidate sites to be 
investigated in detail in the upcoming phase 3. For high-level waste the host rock is Opalinus Clay a 
100 m thick shale that is intercalated in the Mesozoic sequence of clay rich rocks of Northern 
Switzerland. In this paper we describe the field activities and rock characterization program that is 
being assembled as a scientific base for the host rock and site selection. Secondly we depict a full 
scale emplacement experiment aiming at demonstrating the feasibility of the disposal concept at large 
scale. We focus on the current understanding of THM coupled effects and the feasibility of the high-
level waste repository concept. 
 
Status of site selection 
Nagra's mission is to develop safe geological repositories for all radioactive wastes arising in 
Switzerland. The procedure for site selection foresees application within the next 7 to 8 years for 
general (site) licenses for two repositories, one for low and intermediate level waste (L/ILW) and one 
for spent fuel, vitrified high level waste (HLW) and long-lived ILW (referred to hereafter as the HLW 
repository). The candidate disposal siting regions are located in sedimentary rocks in Northern 
Switzerland, except for one region in Central Switzerland for L/ILW. Within the current second phase 
of the regulatory process Nagra prepared the documents for the proposal of the sites to be investigated 
in detail until the general license application (Nagra, 2014). The procedure has led to the identification 
of two geological siting regions each for the L/ILW and HLW repositories. These are proposed by 
Nagra, on behalf of the waste producers, for further investigation for Stage 3 of the Sectoral Plan 
process: 

 Zürich Nordost (Cantons ZH, TG)  
 Jura Ost (Canton AG)  

The two proposed siting regions are indicated in Figure 1. 
 

 
Figure 1: Candidate regions for the geological repositories in Northern Switzerland and estimated 
depth of the Opalinus Clay layer in those regions 



An important part of Nagra's activities are focused on the Opalinus Clay formation, the host rock 
selected for the HLW repository and a host rock candidate for the L/ILW repository (Nagra, 2008). In 
the proposed siting regions the Opalinus Clay has a very low hydraulic conductivity in the range of 
10-12 to 10-14 ms–1 and a porosity of 0.12 to 0.15. The Opalinus Clay formation is generally around 100 
m thick and is surrounded by other clay-rich confining units (Figure 2). The Opalinus Clay formation 
has the following favourable characteristics (Nagra, 2002):  

 The Opalinus Clay is an indurated claystone (clay shale) with reasonable engineering 
properties, allowing small, unlined tunnels and larger, lined tunnels to be constructed at 
depths of several hundred metres. 

 The properties of the Opalinus Clay ensure that repository-induced and natural fractures will 
be of very low hydraulic conductivity due to the self-sealing capacity of the Opalinus Clay; 
i.e. their effect on the hydraulic properties of the Opalinus Clay will be negligible. 

 The Opalinus Clay has such a low hydraulic conductivity that solute movement through the 
formation is predominantly by diffusion rather than advection. 

 The geochemical conditions in the Opalinus Clay are reducing, slightly alkaline and 
moderately saline and favour the preservation of the engineered barriers and radionuclide 
retention. 

 The geochemical environment in the Opalinus Clay and surrounding formations is expected 
to remain effectively stable for several million years. 

 
The geochemical, hydrogeological and hydromechanical characterisation from the microscale to the 
regional scale show that the Opalinus Clay is a suitable host rock for geological repositories of 
nuclear waste. Natural tracer profiles have been instrumented for demonstrating the extremely low 
transport capacity of the Opalinus Clay. At the large scale 2D and 3D seismics and deep drilling in the 
recent years have successfully refined the geosphere models. At the very small scale hyperspectral 
scans are contributing to the mineralogical characterisation. Further efforts will aim to enhance the 
correlation between mineralogy and petrophysical parameters. While these elements contribute to the 
development of accurate static geomodels, several activities are already anticipating the development 
of the dynamic models for the proposed sites. The understanding of the constitutive behaviour of the 
Opalinus Clay will be enhanced (e.g. using novel large strain experiments and adequately assessing 
the role of the hydraulic state of the samples). Detailed geochemical analysis and modelling are 
accurately assessing the pore water compositions in support of the long-term safety assessment.  
 

 
 

Figure 2: Geological cross section in the candidate siting region Zürich Nordost.  
The 100 m thick Lower Dogger Opalinus Clay (arrow) is surrounded by other clay rich formations. 
 
Concept demonstration 
The Full-Scale Emplacement (FE) Experiment at the Mont Terri underground rock laboratory (URL) 
is a full-scale multiple heater test in a clay-rich formation (‘Opalinus Clay’). It simulates the construc-
tion, waste emplacement, backfilling and early post-closure evolution of a spent fuel (SF) / vitrified 
high-level waste (HLW) repository tunnel as realistically as possible (Figure 3). The main aim of this 
experiment is to investigate SF / HLW repository-induced thermo-hydro-mechanical (THM) coupled 
effects onto the host rock at this scale and to validate existing coupled THM models. Further aims are 
a) the verification of the technical feasibility of constructing a repository tunnel using standard 
industrial equipment, b) the optimisation of the bentonite buffer material production and c) the 
investigation of (horizontal) canister and buffer emplacement procedures at underground conditions. 



 

 
Figure 3: Visualization of the general experimental layout of the Full-Scale Emplacement (FE) 
experiment at the Mont Terri URL; sensors and bentonite backfill are not displayed. 
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