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Synopsis 

Background 

The concept of a “safety case” for a deep geological repository for radioactive waste 
was introduced by the OECD/NEA Expert Group on Integrated Performance Assessment 
(IPAG) and further developed in an OECD/NEA report on Confidence in the Long-Term Safety 
of Deep Geological Repositories (1999). Since then the concept has been elaborated on in NEA 
documents describing the nature and purpose of safety cases (OECD/NEA, 2004, 2013a) 
and has been the basis of NEA/IGSC collaborative projects (OECD/NEA, 2009, 2011) and EU 
projects (EC, 2011). The concept has been taken up in international safety standards as 
promulgated by the IAEA (2006, 2011) and recently in ICRP recommendations on the 
application of the system of radiological protection to geological disposal (ICRP, 2013). 

Meanwhile, the concept has been developed practically and applied within many 
national radioactive waste disposal programmes and also taken up in some national 
regulatory guides. The NEA has used the concept as a guide in several international peer 
reviews of national repository programmes and safety documentation. In Europe, the EU 
Directive 2011/70/Euratom (EU, 2011) establishes a framework to ensure responsible and 
safe management of spent fuel and radioactive waste by member states that, inter alia, 
requires a decision-making process based on safety evidence and arguments that mirrors 
the safety case concept. 

Aims of the symposium 

The purpose of this symposium, 2013 State of the Art, was to assess the practice, 
understanding and roles of the safety case, as applied internationally at all stages of 
repository development, including the interplay of technical, regulatory and societal 
issues, as they have developed since 2007. In particular, the symposium aims were: 

· to share experiences on preparing for, developing and documenting a safety case 
from both the implementer’s and reviewer’s perspectives; 

· to share developments in requirements, expectations and experience gained in 
judging the adequacy of safety cases; 

· to identify issues that may arise as repository programmes mature; 

· to understand the importance of a safety case in promoting and gaining societal 
confidence; 

· to gain experience from other fields of industry and technology in which concepts 
similar to the safety case are applied; 

· to receive indications useful to the future working programme of the NEA and 
other international organisations. 
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Symposium programme 

The symposium was organised into main plenary sessions covering: 

· international activities and experience related to the safety case since 2007, 
including perspectives from the EC, IAEA and NEA; 

· national safety case presentations at different stages of programme development 
from implementer and regulator perspectives. 

These were followed by special topical plenary presentations on: 

· staff management, training and knowledge management; 

· issues and long-term governance of CO2 storage. 

This was followed by parallel sessions on: 

· specific issues and challenges in safety case development; 

· performance and safety assessment; 

· science and technological basis; 

· broader perspectives. 

Allowance was also made for informal presentation and discussion of poster papers. 

The final day of the symposium was devoted to a plenary session on the societal 
context of the safety case, followed by rapporteur reporting, open discussion and closing 
remarks from the Chair. 

A session plan, list of the papers and abstracts are available from the NEA IGSC 
website. Key observations and findings from the symposium are summarised in the 
following sections. 

Safety cases at different stages of repository development 

As anticipated in the NEA safety case documents, the extent and level of detail of 
safety cases evolve as repository programmes develop. 

Building a safety case in advance of concept and site decisions is challenging, but can 
be used to indicate preferred site qualities and as a basis for waste management 
decisions (e.g. concerning waste packaging) (Bailey, Ute). Working with data from a site 
(even a site that has been ruled out) provides an opportunity to practice the processes of 
data collection, interpretation and synthesis into performance assessment, as has been 
shown in the past at the Canadian URL, Äspo, Mol and many other locations, and at this 
symposium in the case of the Korean Underground Research Tunnel (KURT) (Jeong). 

Several of the national safety case presentations illustrated the long-term commitment 
to research organisations and facilities, including generic and site-specific underground 
facilities (OECD/NEA, 2013b), that is needed to develop the scientific and technical 
understanding that is key to a science- and knowledge-based safety case. 

As the safety case is developed, R&D programmes should be aligned with the specific 
understanding and data needed to support the safety case. For example, safety functions, 
and related safety requirements, statements, and arguments to support safety can 
provide a framework to prioritise R&D and site characterisation activities (Capouet). As 
programmes progress to the phase of demonstration of construction and emplacement of 
the engineered barrier systems, a wider range of technological tests is required, with 
resource and cost implications. Co-operative sharing of research facilities, skilled human  
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resources and costs is both efficient and necessary, e.g. as fostered in the EC 
Implementation of Geological Disposal Technology Platform (IGD-TP) (Andra, SKB, POSIVA, 
van Geet). 

Presentations on the role of the safety cases in support of a site selection process 
(Zuidema, Leuz) identified the importance of clear process and responsibilities, and 
involving all stakeholders, as key ingredients to success. Decisions need to rest with 
agreed actors. The concurrent development of a safety case and regulations presents a 
specific challenge, in particular balancing the desire to establish binding rules while also 
allowing for flexibility. Safety cases supporting the siting process must address both 
technical requirements and societal expectations. The implementer has the role of 
gathering technical evidence to demonstrate safety, the regulator has the role of verifying 
that the proposed disposal system complies with all applicable regulatory requirements, 
and potentially affected communities need to have opportunities to express their views 
and receive the information they need to satisfy their concerns. Iterative development of 
safety cases provides both feedback to repository design (Wollrath) as well as increased 
mutual understanding between implementer, regulator and host communities. 

To be accepted as a location for development of a geological repository, a site must 
pass technical and societal tests. Societal aspects and ingredients of a site selection 
process are discussed below. Key, however, is that the safety case must be sufficiently 
broad to meet the information needed by all actors in the decision-making process and 
wider audiences that may be involved (Boissier, Hocke). This will include quantitative 
demonstrations of performance and safety, and qualitative arguments in support of 
safety and site and design preferences (Soderblom). In both cases, uncertainties must be 
recognised and critically examined in the safety case (Tweed). The balance between 
qualitative arguments and simple calculations shifts towards more rigorous quantitative 
and site- and design-specific arguments and evidence as programmes progress (Zuidema). 
Some crucial safety components may require considerable time to be researched, 
developed and qualified, and it is important that allowance be made for this. 

In Sweden and in Finland, and soon in France, the responsible waste management 
organisations have made, or will shortly make, applications for a licence to construct a 
deep geological repository for the disposal of spent fuel, or HLW and other long-lived 
radioactive waste (Hedin, Dverstorp, Vira, Heinonen, Boissier, Tanguy). The legal and 
decision-making frameworks in which they work are different, however; this means that 
each case may differ in terms of what has been applied for or granted (for example 
regarding the level of detail in the technical design or future decision points). 

As projects move towards licensing and practical realisations, aspects of 
constructability, mining safety and operational safety must also be addressed (Boissier, 
Hedin, Vira). Mining and operational safety may be considered with long-term safety in a 
single safety case submission or be the subject of separate, parallel submissions, 
depending on the national legal and regulatory requirements. In any case, development 
of a design that fulfils all safety requirements, and that can be realised at the industrial 
scale, is a challenge in which the long-term safety case is only one input. The IGSC has 
started to take account of these trends, e.g. in the Expert Group on Operational Safety 
initiated in 2013 (Röhlig IGSC presentation). 

For the above reasons, there is not a single unified format for all safety cases. It is 
important, however, that the internationally accepted safety case components can be 
mapped to the content of national documents, e.g. of licence applications. 

In some countries the timetable for applications and decisions related to the 
development of a geological repository is mandated by government; in other countries, 
while a process may be defined, it falls on the implementer to bring forward proposals at 
what they judge to be suitable maturity. In Europe, the EU Directive 2011/70/Euratom 
requires that governments set out their timetable for implementation of safe management 
of spent fuel and radioactive waste by 2015 (Blohm-Hieber). In any case, the regulators play a 
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key role in providing clear regulations and guidance to the implementer on expectations at 
a given programme step, plus reviews of safety case quality and readiness for moving 
forward (Dverstorp). While the regulator’s statutory role is to advise government, the 
exercise of an open and critical technical review by the regulator is key to protecting the 
interests of the local community and providing reassurance to the wider public. 

In undertaking deep underground investigations and excavations, but also in 
continuing research, unexpected discoveries are to be expected. The repository design 
and safety case must be sufficiently flexible to respond and adapt to results of 
investigations and monitoring, including unexpected findings. The uncertainty and 
potential for unexpected findings must be acknowledged and the flexibility of the 
disposal concept communicated beforehand. Thus, all parties (implementer, regulator, 
local communities and other stakeholders) should understand the scope for project 
modification and that not every unfavourable finding leads to abandoning a site. 

Experience from the WIPP facility (Patterson, Peake) provides an example of the 
periodic re-licensing that is current practice at all operating nuclear facilities, as applied 
to a geological repository. The legally-bound exchange between the implementer and 
regulator(s) assures that the facility continues to meet all safety requirements, while also 
giving the possibility for optimisation of disposal operations drawing on the practical 
experience at the facility. 

Knowledge management 

The importance of collaboration between different scientific and technical teams 
engaged in repository programmes and associated R&D, and the retention of knowledge 
and expertise over the several decades or more during which a repository is developed 
and operated, were mentioned as key concerns in several programmes. The issues were 
addressed specifically in a presentation that described the IGSC-initiated project on “Staff 
Management, Training and Knowledge Management” (Makino). 

Staff management, training and knowledge management are organisational issues 
that are critical in any large, collaborative scientific and technical projects. Just as it must 
be ensured that the financial resources are available to carry through a geological 
repository project, so it must be ensured that the knowledge and expert personnel are 
(and continue to be) available and further developed over the period of the project. For 
geological repositories, this is a particular challenge since the projects typically are and 
will be carried out over more than a century. Thus, these issues are directly relevant to 
the safety case and confidence in the safety case. 

The issues of knowledge management and maintenance of expertise may be 
especially acute for regulatory bodies, since they have fewer staff than implementers, 
and for their reviews need to call on scientific and technical experts who can be regarded 
as independent, i.e. have not been involved in the development of the safety case under 
review. Some regulators overcome this by maintaining a strong parallel programme of 
research and assessment (Dverstorp, Tanguy). Regulators may also rely on participation in 
international projects and exchanges (Serres), and engaging independent experts as 
needed (Dverstorp). 

The importance of staff management, training and knowledge management is 
recognised in IAEA publications on management systems (IAEA, 2006b, 2008) and also in 
several national regulations. The RWMC Forum on Stakeholder Confidence (FSC) has 
identified features such as highly motivated staff, learning capacity, high levels of skill and 
competence, specific management plans and transparency of processes, responsibilities 
and behaviours, as key ingredients towards confidence building in a safety case. 



NEA/RWM/R(2013)9 

THE SAFETY CASE FOR DEEP GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE: 2013 STATE OF THE ART 15 

These issues will be further worked on within a continuation of the IGSC initiative on 
“Staff Management, Training and Knowledge Management” (Makino), and within the 
IGD-TP (van Geet). 

It can also be valuable to exchange knowledge and experience with other technical 
areas that share common aspects with geological disposal. For example the keynote 
presentation on long-term governance of carbon dioxide storage (Farret) explored issues 
also of concern in geological disposal, including the requirement for long-term 
containment, dealing with geological uncertainties, short and long-term monitoring, 
long-term governance and societal acceptance. 

Societal context of the safety case 

The meaning of safety and also acceptability of a development at a given location is a 
matter of societal view (Pescatore). Thus, although development of a safety case for a 
geological repository is a scientific and technical activity, it is also input for a societal 
decision. In developing and presenting a safety case the process of development and its 
perceived rigour and honesty are crucial to societal confidence and hence support for  
the outcomes. 

The scientific and technical evidence that underpins the safety case is complex, but 
this is not a bar to societal participation. It is important that the evidence is fully and 
fairly presented, including negative aspects and uncertainties, so that the balance of 
evidence can be understood and assessed. 

Trust is needed in processes, institutions and individuals. Trust takes time to win, for 
example through openness, clarity and willingness to respond to questions over extended 
dialogue, and can be easily lost. 

A clear process must be defined by which choices and decisions will be made. The 
process should be open and transparent, with clarity about how the dialogue will inform 
the decisions to be made (Soderblom). Stakeholders who wish to be involved should be 
encouraged to do so, and be able to see that account is taken of their views. 

Participants should have time to think issues through, and to become informed 
through reliable and balanced resources. This may include the provision of “protected 
spaces” (Tweed) or fora for reflective and informed discussion between stakeholders with 
a range of views and values. Structured dialogue between policy-makers, regulators, 
technical experts and non-technical participants can enable all to re-evaluate their 
perspectives and assumptions in the light of those of others, evolve their thinking and 
develop mutual and convergent understanding. 

The active participation of a host community or municipality for a repository provides 
multiple benefits. As well as providing practical advice and stating preferences regarding 
details of above-ground works and activities, the community provides a non-technical 
oversight of the project over its lifetime, which is a social validation for the project. To do 
this, the community should take an active part in the decision-making process, from 
start to closure (Soderblom). 

The conditions for regulatory permission, and the degree of commitment and 
remaining capacity for withdrawal must be stated clearly at each decision point, so that 
the community’s representatives can make informed decisions (Leuz). The process should 
be guaranteed by government, and possibly in legislation, so there is no “change of rules” 
that can undermine previously given commitments. 
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State of the art 2013 

The 2013 Symposium showed that a clear understanding of the technical components 
of a safety case, as documented in the recent safety case brochure, already exists  
(OECD/NEA, 2013). 

Since 2007, further technical experience has been gained from the iterative and 
stepwise processes, e.g. on aspects of incorporating new data; model development; safety 
concept and design refinement; and performance assessment and documentation. 
Several national programmes now have moved into licensing stages, which has opened 
up new topics to be discussed. 

Examples given in the symposium illustrate how both the safety case content and its 
presentation have been enhanced based on technical experience, audience responses, 
and dialogue. These include regulator-implementer interactions, engagement with local 
communities and peer reviews of safety cases and repository programmes. 

There are differences in the realisation and roles of a safety case, in different 
countries and at different times (e.g. some safety cases focus on post-closure whereas 
others programmes may also cover operational safety), depending on the stage of the 
programme and the decision they inform and taking into account the different legal, 
regulatory and social requirements. For these reasons, there is not a single unified format 
for all safety cases. It is important, however, that the internationally accepted safety case 
components can be mapped to the content of national documents, e.g. licence applications. 
Nevertheless, there is an international consensus on elements and methodology 
especially for assessing long-term safety as described in IAEA Safety Standards and in 
OECD/NEA documents (2011), which is visible in most national documents. 

At its core, the development of a safety case for a geological repository is a scientific 
and technical activity, based on rigorous tools and processes. The safety case, however, 
must also satisfy regulatory and societal requirements. Thus, the safety case can be seen 
as a “scientific and technical activity embedded in a societal context”, the latter being 
particularly important for confidence building. 

In practice, proposals for a geological repository and the accompanying safety case 
are developed iteratively. Mutual understanding and confidence in the overall outcome 
and processes will be improved through ongoing dialogue between the implementer, 
regulator and other stakeholders, especially representatives of potential host communities 
or municipalities. Through this dialogue, regulators and other stakeholders can influence 
the decisions and final outcomes, as well as ensuring the safety case contains the 
information for their needs. The concerns of each stakeholder need to be taken into 
account so that joint understanding is established and expectations converge. 

Over the several decades in which the repository programme evolves, the safety case 
will go through a number of iterations. Newly gained knowledge, including remaining 
uncertainties, must be clearly communicated with all stakeholders. Each time the safety 
case is revised, new needs (R&D, technological development, demonstrations) as well as 
areas of improvement of the disposal programme will be identified. These improvements 
will allow the design of the disposal system to be optimised. Through these iterations, 
robustness of the disposal solution has to be improved, unexpected findings have to be 
addressed, and the safety case has to be strengthened, leading to increased confidence in 
the safety of the disposal solution. 
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