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Context 

A high-level waste geological disposal facility is envisioned by the legislator in the 
French Planning Act n°2006-739 of 28 June 2006. This act sets major milestones for the 
operator (Andra) in 2013 (public debate), 2015 (licensing) and 2025 (operation). In the 
framework of the regulatory review process, IRSN’s mission is to conduct an assessment 
of the safety case provided by Andra at every stage of the process for the French 
regulator, namely the Nuclear Safety Authority (ASN). 

In 2005, IRSN gathered more than twenty years of research and expertise in order to 
provide a comprehensive appraisal of the “Dossier 2005” prepared by Andra, related  
to the feasibility of a geological disposal in the Callovo-Oxfordian clay formation. At this 
time, the description of the operational phase was only at a preliminary stage, but this 
step paved the way for developing an assessment strategy of the operational phase.  
In this perspective, IRSN set up the EXREV project in 2008 in order to build up a doctrine 
and to identify key safety issues to be dealt with. 

Objectives 

This doctrine had to take into account constraints that come from the specific concept 
of such a facility, which combines safety issues derived from classic nuclear facilities 
with those from construction and operation of conventional underground installations 
such as mines or tunnels. In any case, the safety approach that shall be developed must 
remain coherent with “classic” nuclear risks and the two main safety functions associated 
with the components of a nuclear facility: containment and radiation protection. The 
safety approach must also address in particular the interactions between underground 
and surface areas where industrial processes are to be deployed, the management of 
operating and construction activities performed in parallel, and finally the management 
of “reversibility”. The latter could comprise the following aspects: 

· the ability to retrieve the waste packages; 

· the possible re-design of the waste disposal process; 

· re-engineering of parts of the facility and their components. 

The EXREV project then aimed at gathering and possibly “merging” knowledge and 
studies from the nuclear safety world with experience from the operation of deep 
underground facilities, such as mines, tunnels, shafts, drifts, etc. Both worlds have in 
common an extensive feedback from existing and past facilities, and both worlds have 



NEA/RWM/R(2013)9 

282 THE SAFETY CASE FOR DEEP GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE: 2013 STATE OF THE ART 

safety and security approaches considered as “best practices”. The challenge is to take 
benefit of these practices and adapt or possibly develop new practices, thus ensuring the 
highest level of safety possible for this new kind of underground nuclear facility. For 
instance, it is well-known that nuclear facilities can be viewed as vast, extremely clean, 
well-lit areas, while mines are often perceived as cramped, dust-filled and somewhat 
dark spaces. The same kind of comparison can be made in several fields, such as that  
of ventilation systems (static nuclear ventilation systems versus dynamic ad hoc  
comfort-driven ventilation systems). 

The IRSN preferred approach for developing such a safety assessment strategy, 
displayed schematically in Figure 1, is to underline the basic principles that must be 
taken into account when operating a nuclear facility and an underground facility. 

Figure 1: The IRSN preferred approach for developing a safety assessment strategy 
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Operators of national and international underground facilities (Modane-Bardonecchia 
Frejus Tunnel,…) participated in the project, and experts from the mining sector (Mines 
Paris Tech Centre of Geosciences) contributed in identifying the above-mentioned 
principles. Feedback from international experience was also considered during the EXREV 
project (former Yucca Mountain project, US WIPP, South African deep mines, Canadian 
uranium mines,…). 

EXREV was also linked with the IAEA GEOSAF project on international harmonisation 
of approaches in the construction and evaluation of the safety case for a geological 
disposal and the subsequent GEOSAF 2 project on the integration of an operational phase 
and post-closure phase into the safety case. 
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General findings and main conclusions for the regulatory review 

· In terms of methodology of regulatory review in the context of geological disposal, 
existing methods such as the safety evaluation performed by IRSN on various 
nuclear facilities remains valid. 

· However, the parameters associated with the characterisation of the considered 
risks (fire, flood,…) need to take into account the peculiarities of such a facility. 

· Furthermore, some specific risks or situations need to be addressed without any 
substantial feedback experience from the operation of existing nuclear facilities 
(concomitant activities, evacuation in the case of fire,…). 

· Finally, the identification of limits, controls and conditions for the operational 
phase remains a challenge, since it has to integrate the dimension of long-term 
safety. The numerous links between pre- and post-closure arguments of the safety 
case call for a methodology to verify continuously that the operator is always on 
the right track to achieving its target, namely the conditions of the repository at 
the time of closure which form the basis of the demonstration that the facility is 
safe over the long term. 

These four findings lead to identifying five conclusions for the preparation of the 
regulatory review: 

· The analysis of the design, the maintenance, the coherence between the provisions 
adopted and the considered risks (especially those that are specific to a geological 
disposal) should be deepened. This underlines the questions related to the 
technologies used in the facility, the architecture, the components’ robustness and 
easy maintenance, as well as a deep understanding of the mechanisms associated 
to the ageing of the above-mentioned components. 

· The analysis of the scenarios used by the licensee, especially those that are 
bounding, should be carried out with a good understanding of the peculiar 
characteristics of a geological disposal. 

· Risks associated with activities running in parallel over extensive periods of time 
should be considered as essential. 

· An analysis of the adequacy of a monitoring and surveillance programme during the 
operational phase, which would consider several objectives, should be performed 
as well. 

· As stated above, a deeper knowledge of the various situations and parameters that 
influence the “initial state” of the closed repository (namely the characterisation of 
the set of parameters that control the post-closure safety assessment) should be 
sought as well. 

Perspectives 

These conclusions paved the way for future IRSN research. As of 2013, studies and 
R&D have begun on the following topics: 

· Fire risks: 

– characterisation of fires in underground spaces; 

– thermal response of ILW emplacement cells on temperature rise aggressions; 

– quantification of effects of fire on specific target in confined environment; 

– integration of different confined environment in IRSN’s simulation tools. 
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· Handling risks: 

– characterisation of situations where waste packages transfer operations in the 
disposal facility are stopped/stalled(stalling cinematic chain of transfer); 

– consequences of these situations on safety-relevant systems and on the general 
level of risks in the facility. 

· Activities performed in parallel (co-activity): 

– methods (including in other industries) for organising safely activities performed 
in parallel; 

– definition of situations (such as evacuation in the case of fire in the underground 
area) that should be taken into account in the analysis of these risks. 
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