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This paper first gives a short introduction on OPERA, the current Dutch five-year 
research programme on disposal of radioactive waste. It then zooms in on OPERA WP 
(Work Package) 2 Safety Case – the OSCAR project, and presents (preliminary) results on 
the structure of the OPERA safety case, the subject of safety statements, and the OPERA 
safety assessment methodology. 

Introduction 

Radioactive waste policy in the Netherlands states that all kinds and categories of 
radioactive waste are managed by one central waste management organisation (COVRA1) 
and stored for at least 100 years at one site, above ground in engineered structures. This 
allows retrieval at all times. The period of interim surface storage is to be followed by 
geological disposal for all waste categories (low-, intermediate- and high-level waste) in 
one single repository. During the interim storage, disposal is to be prepared for socially, 
technically and economically, such that it can be implemented efficiently thereafter. 

Implementing and operating a small repository is costly, in particular for countries 
with small nuclear power programmes such as the Netherlands. The economy of scale 
will force them either to implement long-term storage and wait for decades, and/or to 
share a repository with others. With only 525 MWe of installed nuclear capacity in the 
Netherlands, two research reactors, an enrichment facility and about 200 producers of 
institutional waste, there is no need for disposal in the short term. The volume of all 
categories of radioactive waste generated over 30 years is only a few thousand m3: 60 m3 
of HLW, 10 000 m3 of LILW and another 10 000 m3 of NORM waste. The resulting disposal 
costs per m3 are very high as long as the accumulated amount of waste is small. 

The additional costs of prolonged interim surface storage are relatively small and the 
small volume of waste can easily be controlled in surface structures. This “interim” 
storage provides time both to accumulate the volume of waste and to let the amount of 
money, needed for disposal, grow in a capital growth fund. In 100 years’ time, growth by 
about a factor of 10 can be obtained with a real interest rate of 2.3%. Moreover, an 
international or regional solution may become available during these years. 

                                                           
1. Centrale Organisatie Voor Radioactief Afval (COVRA) is the central organisation in the Netherlands 

for collection, treatment, storage and eventual disposal of radioactive wastes. 
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The long-term storage is in full operation now and necessary provisions for the next 
step have been taken as well. The capital growth fund to finance the final disposal exists; 
waste generators pay for this and there is a clear choice for the ownership of the waste: 
all liabilities are transferred to the waste management organisation COVRA. The challenge 
was, however, to restart the research on geological disposal after a period of almost 
10 years without a national research programme. 

This paper outlines the resumption, design and objectives of the present Dutch 
national research programme OPERA.2 It then focuses on the results obtained so far in the 
OSCAR3 project, the aim of which is to develop the structure for the OPERA safety case. 

The OPERA research programme 

The Dutch policy on radioactive waste management is based on a report presented to 
parliament by the government in 1984 (VROM). That report covered two items, viz. the 
long-term interim storage – at least 100 years – of all radioactive waste generated in the 
Netherlands, and the government research strategy for geological disposal of the waste. 
The report led to the establishment of COVRA in the municipality of Borsele, and the 
launch of subsequent research programmes on the geological disposal of radioactive 
waste: OPLA, CORA and now OPERA. 

Structure and management of the OPERA research programme 

To restart the research on geological disposal COVRA and NRG4 together drafted an 
outline for a five-year research programme. Based on the recommendations of the 
previous programme, CORA, consultation with research institutes in the Netherlands and 
a workshop (ministries, universities, research institutes, nuclear organisations, ONDRAF/ 
NIRAS and COVRA), the proposal for the research programme gained broad support 
among stakeholders in the Netherlands. The starting points for defining the research 
programme were: resolving outstanding issues from previous programmes; developing 
and preserving expertise and knowledge; and being prepared for site selection in case of 
any change to the current timetable, arising by way of future European directives, for 
example. The research programme started in June 2011, almost simultaneously with the 
Directive, which also requires research activities as a way to obtain, maintain and 
develop the necessary expertise and skills for the management of radioactive waste. 

The research programme is called OPERA and is financed by the Dutch government 
(50%) and the nuclear sector (50%). Radioactive waste organisation COVRA manages the 
programme, collects and integrates the results, but does not carry out the research itself. 
It was decided to clearly separate the tasks of carrying out the research from the task of 
managing the programme. The research projects in OPERA are carried out by almost  
20 research institutes in the Netherlands and abroad. 

OPERA will detail a first roadmap for the long-term research on geological disposal  
of radioactive waste in the Netherlands. This roadmap will be based initially on a 
re-evaluation of existing safety and feasibility studies conducted more than ten years ago, 
making use of present international and, wherever possible, national knowledge. The 
focus of the programme will be on Boom Clay, as salt formations received more attention 
in the two previous Dutch research programmes. In particular it was decided to build on 
the ONDRAF/NIRAS disposal concept and research on Boom Clay. Since 1974, the Belgian  
 

                                                           
2. OnderzoeksProgramma naar Eindberging van Radioactief Afval (OPERA) – Research Programme 

into the Geological Disposal of Radioactive Waste. 
3. OPERA Definition of the Safety Case for Radioactive Waste Disposal (OSCAR). 
4. Nuclear Research and Consultancy Group (NRG), the Netherlands. 
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programme has developed extensive knowledge of disposal of radioactive waste in Boom 
Clay. The Belgian programme includes an underground research laboratory at Mol where 
experiments have been and still are performed to validate models. 

A further aim of the OPERA programme is to build and maintain the knowledge and 
competence to run a geological disposal research programme and manage the interfaces 
between all steps of the radioactive waste management process from generation to 
disposal. Objectives are to reactivate research on geological disposal and to involve a 
broad group of (new) researchers in the field, as well as to provide access to previous 
research on geological disposal in the Netherlands, communicate transparently about the 
results and embed the (developed) knowledge in an academic curriculum. OPERA results 
and reports will be published at the COVRA website (ww.covra.nl). 

OPERA disposal concept 

To focus the research in OPERA, a reference disposal concept was developed. Figure 1 
presents an artist’s impression of the OPERA disposal concept in Boom Clay (Verhoef, 
2011, p. 10). The OPERA disposal facility consists of both surface and underground 
facilities. The underground facilities contain separate disposal sections for the different 
types of wastes, a pilot facility and a workshop for maintenance work, all connected by 
the main gallery. The main gallery is an orbicular structure, which connects with the 
ground level via two access shafts and/or an (optional) inclined ramp. 

Figure 1: Artist’s impression of a geological repository  
for the disposal of radioactive waste in Boom Clay 

 

The OPERA supercontainer is based on the Belgian supercontainer concept, which 
consists of a carbon steel overpack, a concrete buffer and stainless steel envelope and 
can hold two HLW canisters or one SF canister (Humbeeck, et al., 2007). In OPERA a 
uniform supercontainer is used for the heat-generating HLW, spent fuel from research 
reactors as well as the non-heat-generating HLW. Figure 2 shows an artist’s impression of 
the OPERA supercontainer for heat-generating HLW Alternatively, a supercontainer 
without the steel envelope will also be studied. 
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Figure 2: Artist’s impression of OPERA supercontainer for heat-generating HLW 

 

The chosen dimensions (smaller containers, shorter disposal drifts) reflect the amounts 
and characteristics of the waste in the Netherlands and facilitates the basic requirement 
of waste retrievability. In 1993 the Dutch government adopted a position paper (VROM, 
1993) on the geological disposal of radioactive and other highly toxic wastes. That position 
paper was presented to parliament, and forms the basis for the further development of 
the national radioactive waste management policy: any underground disposal facility to 
be constructed shall be designed in such a way that each single step in the disposal 
process can be reversed. One of the consequences of that position is that, if deemed 
necessary for whatever reason, retrieval of the waste must be possible even after closure 
of the repository. 

OPERA research topics 

The OPERA research programme consists of over 40 complementary tasks with 
well-defined content and clear interfaces with other tasks, grouped in seven work 
packages (WP, see also Figure 3), each concentrating on a particular aspect of the safety 
case (Verhoef and Schröder, 2011): 

· WP1: Goal & Context – Defines all contextual and logistic boundary conditions for 
the OPERA safety case. Topics that are treated include waste characteristics, political 
requirements and societal expectations, and communicating the safety case. 

· WP2: Content Safety Case – Has the central role of setting up and defining the two 
post-closure safety cases, for Boom Clay and rock salt. It elaborates the structure 
and methodology of the OPERA safety cases in more detail, and it outlines the 
framework of the safety assessment. This paper describes the results obtained so 
far in the OSCAR project in Work Package 2. 

· WP3: Disposal System – Evaluates the principal feasibility of a disposal concept in 
Boom Clay in the Netherlands at 500 m depth. In addition, possible design 
modifications may be investigated that may reduce uncertainties associated with 
the safety assessment of the system concept. 

· WP4: Geology and Geohydrology – The long-term safety of the geologic disposal is 
evaluated, considering past and possible future evolutions of the geosphere. 

· WP5: Geochemistry and Geomechanics – Defines the geochemical/geomechanical 
properties of the undisturbed Boom Clay. In addition, the most relevant degradation 
and corrosion processes of materials that are part of the EBS or waste fraction, as 
well as their interaction with Boom Clay are investigated. 
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· WP6: Transport Radionuclide – Addresses the processes controlling the transport of 
radionuclides from the waste container, through the Boom Clay and surrounding 
rock formations, into the biosphere. 

· WP7: Scenario Development and Performance Assessment – Comprises the overall 
radiological long-term, post-closure safety assessment, and makes use of the input 
generated within the other OPERA Work Packages. The safety assessment will  
be performed with the open source reactive-transport modelling framework 
ORCHESTRA (Meeussen, 2003), which – if necessary – will be adapted to the specific 
needs of the defined physical systems in the individual scenarios. 

Figure 3: Organisation of the research programme in seven work packages 

 

The OPERA safety case 

The structure of the initial long-term, post-closure safety case for a disposal facility 
for radioactive waste in Boom Clay in the Netherlands is being developed in the OSCAR 
project. The OPERA safety case (OSC) is based on the evaluation of the scope, structure 
and argumentation of existing international safety cases, safety reports and license 
applications and identifies the best-suited elements for the Dutch programme. 

Although the OPERA research programme is primarily focused on the disposal 
concept in Boom Clay, part of the management strategy in the Netherlands is also aimed 
at developing and maintaining the knowledge of radioactive waste disposal in rock salt 
as has been developed in previous Dutch national research programmes. The OSC will 
serve as a basis for the further development of the subsequent stages of the Dutch 
radioactive waste disposal programme (cf. Figure 4, modified from IAEA, 2012). 

The OSCAR project addresses the following topics for a potential repository in 
Boom Clay: 

· Evaluation of the state-of-the art on safety case methodologies (complete). This task 
comprises comparison and evaluation of the structures and methodologies of 
relevant safety cases developed in other countries as well as the guidelines 
provided by the NEA and IAEA. The aim of the evaluation is to collect information, 
to get acquainted with the safety case concept, and to provide a basis for the 
subsequent development of the OPERA safety case. 

· Proposal on structuring the OPERA safety case (in progress). The OSCAR consortium 
develops a proposal for the structure of the OPERA safety case. The basis of the 
safety case structure is found in the information and ideas collected in the previous 
task and draws on the experience gained from the IAEA-hosted project PRISM5 
(Nys, 2012). 

                                                           
5. Practical Implementation of Safety Assessment Methodologies in a Context of Safety Case 

(PRISM). 
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· Organise and structure the OPERA research efforts using safety statements (ongoing). The 
concept of safety statements was developed by ONDRAF/NIRAS. Safety statements 
describe the claims about the safety of a geological disposal facility and relate 
these claims to supporting evidence and sub-claims. Safety statements are also 
valuable in the sense that safety functions of the disposal system are explicitly 
incorporated. In co-operation with ONDRAF/NIRAS, the concept of safety 
statements is developed and applied in the Dutch context. 

· Safety assessment methodology (complete). This defines the overall methodology and 
strategic framework for the OPERA safety assessments. It provides a high-level 
description of the assessment strategy and describes approaches for quantifying 
the behaviour of a repository, including the treatment of uncertainty. As part of 
this work, the most relevant existing safety assessment methodologies are 
compared and evaluated. This exercise guarantees that all safety assessment 
aspects deemed relevant nowadays are incorporated into the OPERA safety 
assessment activities. 

· Features, events and processes (FEP analysis) (midway). This task covers a FEP analysis 
for the OPERA disposal concept (Verhoef, 2011) to identify and evaluate a set of 
repository evolution scenarios concerning consistency and applicability within the 
Dutch context. Again, advantage is taken from existing waste programmes in 
other countries, as well as the NEA, the IAEA, and the European Atomic Energy 
Community’s Framework Programmes. 

The following sections elaborate on most of these OSCAR topics in more detail. 

Figure 4. Evolution of a safety case for geological disposal 

 

Evaluation of the state-of-the art on safety case methodologies 

In this task the structures and methodologies of safety cases developed in Belgium, 
Finland, France, Germany, Sweden, Switzerland and the United States were compared 
and evaluated. Moreover, an evaluation of a Dutch safety case for the underground 
storage of CO2 was included, to compare similarities from a different perspective and to 
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learn lessons from that case that could be of value for the OPERA safety case. The objective 
of this task was to provide a basis for the subsequent development of the OPERA safety 
case concerning its structure and basis of guiding the research efforts. 

The review of these safety cases revealed that there is no universal format or plan for 
achieving and documenting a safety case. However, there is international consensus on 
the main safety case elements. The NEA and IAEA guidelines both reflect an international 
consensus on what should be the main elements in safety case. As the design of OPERA 
was based on the elements of a safety case from NEA guidelines (2004), in OSCAR this 
was compared to IAEA guidelines (IAEA, 2012). Figure 5 gives a schematic overview of 
safety case development according to the IAEA guidelines. 

Figure 5: Components of a safety case according to the IAEA (2012) 

 

Note that the arrows to the left and right refer to what IAEA calls “interacting 
processes” – not safety case structure. 

Proposal on structuring the OPERA safety case 

For the comparison with the IAEA guidelines, the outcomes of the IAEA-hosted project 
PRISM (Nys, 2012) were also used in the OSCAR project. PRISM paid special attention to 
the confluence of the main decisions taken in a radioactive waste disposal programme 
and the safety case arguments involved in each decision. It details a management system 
and process for interaction with the regulatory body and interested parties. As such the 
IAEA/PRISM methodology is valuable in cataloguing the relevant aspects of the safety 
case for a disposal facility for radioactive waste. To check for completeness, all of the 
tasks described in the OPERA research plan (Verhoef and Schröder, 2011) were projected 
on the components. 

Application of the IAEA/PRISM methodology shows that the OPERA tasks can 
relatively easily be projected on IAEA components. A task in OPERA related to the 
component “Limits, Controls and Conditions” (cf. Figure 5) appears to be missing. 
However, in the present early stage of the Dutch geological disposal programme no clear 
regulatory guidelines on “Limits, Controls and Conditions” have yet been developed. 
Consequently, the investigations on their development are covered in the structure 
component “Safety Case Context”. 
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Based on the evaluation of the diverse safety cases as well as the IAEA (PRISM) 
guidelines and NEA documentation a proposal is being developed in OSCAR, detailing a 
structured framework for documenting and presenting all of the safety relevant 
information from the over 40 tasks in a consolidated manner. 

Organise and structure the OPERA research efforts using safety statements 

The safety of deep geological disposal depends on a variety of aspects, which all need 
to be addressed adequately and sufficiently in a safety case for the geological disposal of 
radioactive waste. The expectations of diverse stakeholders, e.g. politicians, the public 
etc., also need to be taken into account. This implies that managing all safety-related 
information and knowledge in a clear, understandable and well-structured manner is 
crucial. One manner to accomplish this is the formulation and assessment of so-called 
safety statements. 

The concept of safety (and feasibility) statements was developed by ONDRAF/NIRAS 
as a means to describe claims about safety aspects of a geological disposal facility, and to 
underpin these claims with supporting evidence and sub-claims. The safety statements are 
structured in a top-down manner, starting with the most general (high-level) statements 
and progressing to increasingly specific (lower-level) statements (Figure 6). The top-level 
statements define the main objective of the safety assessment of the safety case at hand, 
namely that the safety concept and the design of the proposed disposal system show 
sufficient promise to proceed to the next programme stage. The substantiation of the 
statements, with multiple lines of evidence and their associated uncertainties generated 
from the RD&D programme, is performed bottom-up. The need to obtain arguments to 
substantiate the lowest-level statements and to address any open issues guides the 
Belgian RD&D programme, ensuring that the focus is maintained on the upper claims. 

Figure 6: The top-down development of the structured set of safety statements  
and the bottom-up assessment of the level of support for these statements 

 

In Belgium, four branches of safety statements are presently being considered (Smith, 
2009) supporting the statements: 

· The system is known. 

· The safety functions that have been defined are relied upon. 

· The performance of the disposal system meets the requirements. 

· Remaining/residual uncertainties. 
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Within OSCAR it is investigated to what extent the Belgian safety statements (Smith, 
2009) can be used directly in OPERA, to what extent they need to be modified and how 
they can be used to effectively organise the outcomes of the different research tasks. 
Important for this task is that the safety statements and the related substantiation must 
reflect the stage of the programme and aim of the safety case and – in particular the 
lower level – will develop over time. 

OSCAR has started the task by comparing the Belgian statements with the OPERA 
research tasks defined in the OPERA research plan (Verhoef and Schröder, 2011). A further 
objective is to formulate an initial, generic set of safety statements relevant for OPERA.  
A meeting with representatives of all of the projects is planned to discuss the set of safety 
statements and the linkages to the different tasks. 

Safety assessment methodology 

Safety assessment methodologies of the IAEA, NEA, FP6 project PAMINA, as well as 
the national approaches of Belgium, Finland, Germany, the Netherlands and the United 
States have been used as a starting point for setting out the OPERA safety assessment 
methodology. The Dutch safety assessment strategy for CO2 storage (Barendrecht) has 
also been evaluated. It was concluded that, although details of the approaches of the 
respective safety assessments may differ [e.g. concerning the development of scenarios, 
the application of FEP, the approach of probabilistic methods (if applicable), the use of 
safety and performance indicators], the overarching key steps or components are similar 
and in compliance with generally accepted methodologies as reported by PAMINA 
(Galson, 2011), the NEA (OECD/NEA, 2012) and the IAEA (2004). 

Application of the OPERA safety assessment methodology comprises the following 
elements: 

· evaluation of the source term (radioactivity, matrix compositions); 

· identification of FEP – features, events and processes; 

· scenario development; 

· scenario representation; 

· development of a PA model for radionuclide migration in Boom Clay; 

· definition of safety and performance indicators calculation methodology; 

· determination of the methods to be used for the uncertainty analysis; 

· development of the performance assessment model for radionuclide migration in 
the rock formations surrounding the host rock; 

· development of the performance assessment model for radionuclide migration 
and uptake in the biosphere; 

· development of an integrated modelling environment for safety assessment; 

· parameterisation of performance assessment models; 

· safety assessment calculations; 

· interpretation and evaluation of the results; 

· quality assurance. 

The procedure that is being applied in OPERA to develop the integrated post-closure 
performance assessment (PA) model is schematically depicted in Figure 7. The 
development starts with formulating an initial integrated model using relatively simple 
PA model presentations of the three main compartments clay (including the waste and  
 



NEA/RWM/R(2013)9 

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

Figure 7: Procedure to develop the integrated performance assessment model 

 

the EBS), the aquifer system and the biosphere. These baseline models are based on 
existing safety assessment efforts in the (previous) Dutch, German and Belgian research 
programmes. The integrated model takes into account the prevailing boundary conditions 
of the disposal concept, as well as the requirements and safety strategy as currently 
implemented in the Netherlands. 

As the OPERA research programme progresses and results from detailed studies 
become available, the PA compartment models gradually advance to the final integrated 
modelling environment. The advanced PA compartment models will be based on and/or 
calibrated by the detailed models developed within the OPERA programme. 

Concluding remarks 

The structure of the initial long-term, post-closure safety case for a disposal facility 
for radioactive waste in Boom Clay in the Netherlands is being developed in the OSCAR 
project. Hereto a selection of relevant national and international efforts concerning the 
set-up of a safety case for geological disposal of radioactive waste (safety case structure, 
safety assessment methodology, FEP database) has been reviewed considering the 
objectives and outlines of the OPERA programme described in the OPERA research plan 
(Verhoef and Schröder, 2011). Not surprisingly, it turned out that the guidelines and 
databases of the IAEA and NEA developed by the international community pretty well 
covered all aspects of nationally developed safety cases. 

Although in OPERA only “initial and conditional” safety cases (for disposal in low 
permeable clay and rock salt) will be developed, the programme objective is detailing a 
first roadmap for the long-term research on geological disposal of radioactive waste in 
the Netherlands. The safety case being developed will serve as a basis for the further 
development of the subsequent stages of the Dutch radioactive waste disposal 
programme. The focus of OSCAR is, therefore, to develop and propose a “future proof” 
structure for the safety case, drawing on the NEA and IAEA/PRISM methodologies. The 
OPERA safety case structure being developed will encompass all relevant aspects, or 
components, of a modern safety case and will link the different components in a 
practical and transparent way. It will assist in steering the flow of information generated 
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within the different OPERA and as such provide a structured framework for documenting 
and presenting all of the safety relevant information from the over 40 tasks in a 
consolidated manner. Central to the safety case lies the methodology of the probabilistic 
safety assessment. The proposed safety assessment structure is derived from the recent 
national and international efforts in order to include all relevant aspects deemed 
necessary and facilitates integration of the results of the different tasks in the safety 
assessment model environment. 

As OPERA builds on the ONDRAF/NIRAS disposal concept and research, focuses on the 
same geological formation on Boom Clay, collaboration is clearly advantageous for both 
parties. In the Belgian RD&D programme the concept of safety statements is being 
developed to manage information and focus the research to be relevant to support the 
safety case. To strengthen the collaboration between both RD&D programmes, this 
concept will be applied and further developed in OPERA as well. 
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