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Foreword

The Implementing Geological Disposal of Radioactive Waste Technology Platform (IGD-TP) was
launched on November 12, 2009. At the same time its Vision Report was published.

The main objectives of the IGD-TP are to initiate and carry out collaborative actions in Europe to facilitate
the stepwise implementation of safe, deep geological disposal of spent fuel, high-level waste, and other
long-lived radioactive waste by solving the remaining scientific, technological and social challenges,
and thereby to support the waste management programmes in the Member States. The platform intends
to enhance confidence in the solutions and implementation of geological disposal, to reduce overlapping
work, to produce savings in total costs of Research, Development and Demonstration (RD&D), and to
make better use of existing competences and research infrastructures.

The IGD-TP’s work is driven by ten waste management organisations and one governmental body, that
share a common vision that “by 20235, the first geological disposal facilities for spent fuel, high-level
waste, and other long-lived radioactive waste will be operating safely in Europe” (Vision 2025).

In June 2011, IGD-TP had around 80 participating organisations endorsing the vision and representing
stakeholders with a wide range of backgrounds e.g. waste management organisations (WMOs), industry,
research institutes, research centres and the academia.

This document, the IGD-TP’s Strategic Research Agenda (SRA), is dedicated to identifying the main
RD&D issues that need a coordinated effort over the next years in order to reach the Vision 2025. Of
particular interest are the issues for which enhanced co-operation within the IGD-TP is considered
desirable and practically achievable. The detailed analysis of scientific achievements in the WMOs
did not identify a need for cooperative work on Topics such as siting or radioactive waste inventories
evaluation, as these areas are advanced in programmes close to implementation. Nonetheless, the need
for experienced feedback from such work represents a vital link between the programmes closest to
licensing and those which are currently at earlier stages in their repository programmes. Therefore,
IGD-TP activities will also contribute to the reflection on these specific topics.

Because the SRA identifies the Key Topics of RD&D that have the greatest potential to support
repository implementation through enhanced cooperation in Europe, it also provide valuable input to
identifying topics for future calls for proposals issued by the EC framework programme. The SRA is
well suited to this role as the Topics within the Key Topics are identified in relation to their priorities,
which have been established collectively through discussions among many European waste manage-
ment organisations and also because benefits are expected to flow to a broad range of participants.
In developing the SRA, attention has been focused on increasing cooperation in areas of repository
safety and technological development through combined use of resources, which represent the major
objectives of the EC framework programme.

The SRA will also be the instrument for creating synergies, co-operation and co-ordination, both inter-
nally between the IGD-TP participants and with external activities that take place in other technological
platforms such as the SNE-TP and within other international forums.

The SRA is complemented by the Deployment Plan introducing various adapted cooperation tools to
implement its actions. They will rely in particular on the Euratom Framework Programmes, which
should echo the SRA’s priorities.

IGD-TP aims at facilitating the emergence of additional programs originating mainly from academic
institutions that would complement the SRA objectives through more fundamental approaches. This
should be achieved notably through the contribution of organisations endorsing the Vision 2025 that are
representatives of both the different scientific communities and the European countries involved, in order
to build a common task force (based on scientific, technological and education&training excellence).
This SRA has been produced by a SRA Working Group with representatives from the IGD-TP’s member
WMOs. The SRA has been consulted with the IGD-TP participants first at a SRA seminar in June 2010
and then later during November 2010 on the preview version of the SRA Key Topics. During January
2011 an open public consultation on the draft SRA document was carried out and the consultations
results when applicable to the objectives of the SRA were integrated into the document. Finally the SRA
document was discussed at the first open IGD-TP Exchange Forum meeting held on February 8, 2011.
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1 Introduction

1.1 Background to the Implementing Geological Disposal of
Radioactive Waste Technology Platform (IGD-TP)

In April 2011 there were 443 nuclear reactors in operation in the world, of which about 150 (34%)
were situated in Europe /1-1/. The main source for nuclear waste in Europe is the operation of these
nuclear reactors and their eventual decommissioning and dismantling. Under the provisions of the
Joint Convention /1-2/, acceded to by nearly all EU Member States, each nation is responsible for
managing the radioactive waste produced within its borders. These requirements are repeated in the
recent European Commission (EC) proposal for a Council Directive on the Management of Spent Fuel
and Radioactive Waste /1-3/.

There is increasing consensus among the experts in nuclear waste management that geological disposal
is “an appropriate waste management choice for the most hazardous and long-lived radioactive wastes”
/1-4/ i.e. spent fuel, high-level waste, and other long-lived radioactive waste. At the same time, the
European citizens have a widespread wish for “a permanent and safe solution for managing radioactive
waste”/1-5/. The majority of European Member States with civil nuclear power plants have on-going
waste management programmes, but the current status and the main challenges of those programmes
vary. Despite the differences between the timing and the challenges in the different programmes, there
is a consensus that continued and strengthened co-operation on the scientific, technical, and societal
challenges related to deep geological disposal is necessary for the safe and timely implementation of
the first geological disposal facilities.

The European Commission has been instrumental since 2002 in the establishing of Technological
Platforms (TPs) as forums to improve co-operation within European RTD' sectors, especially where a
more strategic approach is needed and industry needs to play a greater role in defining the needs and
in driving the related RTD activities. A common aspect to all TPs is the development of a common
vision and Strategic Research Agenda (SRA) with short- and medium-term objectives, combined with
implementation by appropriate Deployment Plans /1-6/. Based on the above-mentioned consensus
and also the positive outcome from Euratom projects such as Net.Excel /1-7/ and CARD /1-8/, the
vision for a TP on deep geological disposal was established. The “Implementing Geological Disposal
of Radioactive Waste Technology Platform” (IGD-TP) Vision Report /1-9/ was prepared by a group
of major European waste management organisations and a governmental body in consultation with
the wider community. The IGD-TP was formally launched on November 12, 2009. In July 2011, the
IGD-TP had around 80 participating organisations endorsing the IGD-TP vision.

The IGD-TP vision statement (Vision 2025) and the commitment of the members are the following:

Our vision is that by 2025, the first geological disposal facilities for spent fuel, high-level waste,
and other long-lived radioactive waste will be operating safely in Europe.

Our commitment is to:

*  Build confidence in the safety of geological disposal solutions among European citizens and decision-
makers.

*  Encourage the establishment of waste management programmes that integrate geological disposal
as the accepted option for the safe long-term management of long-lived and/or high-level waste.

* Facilitate access to expertise and technology and maintain competences in the field of geological
disposal for the benefit of Member States.

! Research and Technological Development (RTD).



In 2007, the EC presented the European Strategic Energy Technology Plan (SET-Plan) /1-10/ to accelerate
the development and implementation of low carbon energy technologies. One of the key technology
challenges referenced is to “maintain competitiveness in fission technologies, together with long-term
waste management solutions”. Hence, the Vision 2025 of IGD-TP is in alignment with the SET-Plan’s
objective on long-term waste management solutions.

The strategic initiatives prepared by IGD-TP are expected to contribute to the objectives expressed in the
Specific Programme implementing the Seventh Framework Programme of the European Atomic Energy
Community (Euratom) for Nuclear Research and Training Activities (2007 to 2011) /1-11/, namely “a
sound scientific and technical basis for demonstrating the technologies and safety of disposal of spent
fuel and long-lived radioactive wastes in geological formations”, and in addition the IGD-TP should
“underpin the development of a common European view on the main issues related to the management
and disposal of waste.” 1t is also envisaged that the IGD-TP will enhance European co-operation in
the areas where work still remains, optimise the solutions and move results from laboratories and
pilot-facilities to the industrial scale.

The ambition of the IGD-TP is to bring together stakeholders with various backgrounds (e.g. industry,
research institutes, academic community, regulatory bodies, public authorities, the financial world and
civil society) who would develop a research and development strategy in areas of research needed to
realise the Vision 2025.

The IGD-TP aims to offer benefits to all of its members irrespective of the differences in timescales of
waste management programmes in European Member States. For small waste management programmes
and programmes in their initial stages, the IGD-TP offers possibilities for knowledge and experience
build-up.

The IGD-TP’s work and results together with general information about IGD-TP are posted on the
website www.igdtp.eu. Generally throughout the SRA Document the terms used follow the definitions
in the IAEA “Radioactive Waste Management Glossary” /1-12/.

1.2 International co-operation — background

Geological disposal has been studied since the 1970s as the preferred option for the long-term manage-
ment of high level and/or long-lived radioactive waste. During this time, waste management organisations
and research institutes have collaborated in order to generate improved knowledge aimed at building
geological disposal solutions. Research needs are mostly defined by end-user WMOs with major inputs
from research institutes and organisations carrying out the research. The quality of the work is checked
through peer reviews, regulatory reviews and by cross-referencing programmes and results. One of the
drivers for the progress in co-operation has always been the search for commonalities and explanation
of differences among waste management programmes.

The continued increase of our knowledge through Research, Development and Demonstration (RD&D)
contributes to building confidence in the arguments that demonstrate the safety and feasibility of
geological disposal /1-13/. Although the host rocks and designs can differ across the different waste
management programmes, there are several areas of RD&D where co-operation is worthwhile and
on-going, as discussed below.

International organisations such as the European Commission (EC), the International Atomic Energy
Agency (IAEA) and the OECD Nuclear Energy Agency (NEA), and the mechanisms and forums set
up by these organisations, already enable important co-operation amongst WMOs and governmental
organisations.

The Treaty establishing the European Atomic Energy Community (Euratom) was established to promote
the peaceful uses of nuclear energy in Europe, and to regulate the various aspects such as health protec-
tion, safeguards, and fuel supply. The Euratom Treaty also includes provisions for European Union (EU)
funding of research in nuclear science and technology, related knowledge management and support for
infrastructures. Multi-annual Euratom Framework Programmes for research and training activities are



implemented by the European Commission with EU funding, and address the current technical issues and
challenges posed by nuclear energy in Europe. This has led to important collaborative research projects
in, amongst others, the field of geological disposal, involving different European waste management
organizations, research institutes and universities.

There has been an evolution in the focus of this research effort over the years. Early projects included
the development of a catalogue of suitable host rocks in the 1970s /1-14/ and the detailed research topics
on radioactive waste behaviour in repository conditions, migration of radionuclides in different barriers
and thermo-hydro-mechanical behaviour of clay as barrier in the 1980s & 90s. Later from about 2000
and onwards, the co-operation continued through large integrated projects i.e. FUNMIG /1-15/ and
NF-PRO /1-16/ and through large-scale demonstration projects such as ESDRED /1-17/.

The IAEA’s main focus lies on the development of international guidelines although the Agency also
assists its members in scientific and technological aspects (e.g. development of strategies, establishment
and transfer of suitable technologies for radioactive waste management). The IAEA’s work has set the
framework for cooperative efforts to build and strengthen an international safety and security regime.
This framework includes advisory international standards, codes and guides; binding international
conventions; international peer reviews to evaluate national operations, capabilities and infrastructures;
and an international system of emergency preparedness and response.

The Nuclear Energy Agency (NEA) is a specialised agency within the Organisation for Economic
Co-operation and Development (OECD). One of the goals of the NEA is to share information among the
member countries in the management of radioactive waste and materials, focusing on the development
of strategies for the safe, sustainable and broadly acceptable management of all types of radioactive
waste, in particular long-lived waste and spent fuel. The main tasks are to exchange information and
experience on waste management policies and practices, develop a common understanding of the basic
issues involved, and to keep under review the state-of-the-art in the field of radioactive waste and
materials management at the technical and scientific levels.

Besides joint research projects there has also for many years been bilateral (often through agreements) and
multilateral (often through meetings) co-operation between various waste management organisations
to share information and knowledge in science, engineering and methodology-related areas.

The most active and widespread co-operation on RD&D is of course as a result of similarities between
waste management programmes having similar host rock and/or disposal concepts (e.g. POSIVA — SKB:
KBS-3 concept for the crystalline host rocks; ANDRA — NAGRA — ONDRAF/ NIRAS: clay host
rock). Nonetheless, co-operation between organisations with different host rocks exists as well in order
to increase the level of knowledge and understanding in the general framework of long-term waste
management or to improve knowledge on alternative host rocks. As an example BMWi, who uses salt
as the reference host rock type, has been involved in RD&D projects in granite and clay formations for
more than two decades in close co-operation with NAGRA, SKB and ANDRA.

1.3 Waste management programme specific RD&D Plans

The EC in its proposal for a Council directive /1-3/ in November 2010 proposes that all Member States
shall present national programmes for the management of spent fuel and radioactive waste. Such
programmes already exist in many of European Member States, though in different forms owing to
national regulations and programme internal needs, and are in some cases revised at regular intervals.

The RD&D plans at waste management programme level might differ significantly as they strongly
depend on the national context (like national laws, stage of the programme, see Section 1.4, type of
host rock considered, stakeholder interactions, etc). Each WMO focuses on carrying out RD&D that
helps to deliver the input, answers and state-of-the-art needed for the next programme stage and beyond,
based on the available information and knowledge within the geological disposal community.

In general terms, the development of RD&D plans by the different WMOs is based on similar types of
elements as schematically illustrated in Figure 1.3.1.
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Figure 1.3.1. Schematic description of elements for developing RD&D plans for a waste management
(WM) programme.

Based on the context (including available host rock geology), this is translated into technical and
safety requirements for specific components. Here, other boundary conditions might also be relevant,
for example specific questions from the regulator. The resulting evaluation then leads to an RD&D plan
that is adequate to perform the system development and assessment needed for the next programme
stage. Within this approach for developing RD&D plans and system evaluation, the needed interaction
between safety, design and process understanding is considered.

In accordance with (inter-) national guidance the aim of the long-term management of high-level and/
or long-lived radioactive waste is to protect “man and the environment, now and in the future” /1-18/.
At the international level, there is a consensus that the maximum level of passive safety can be obtained
through geological disposal /1-19/. The disposal system consists of engineered and natural barriers
between the wastes and the surface environment in order to prevent radionuclides and other toxic species
reaching the surface in such concentrations that they could present an unacceptable risk. The different
components of the disposal system perform a number of functions relevant to long-term safety, called
safety functions. In general, the safety functions relied on are “to contain the radionuclides associated
with the radioactive waste and to isolate them from the biosphere™/1-19/.

The safety concept describes the conceptual understanding of why the disposal system is safe. The
disposal system performs the broad safety functions via a range of features and associated processes
that vary in their effectiveness and in the level of scientific and technical understanding that is available.
This safety concept is the main starting point to define the technical and scientific requirements for
the disposal system and its specific components. However, other boundary conditions might intervene,
like for example specific questions from the regulator or other stakeholders (e.g. specific questions on
reversibility and retrievability).
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The safety concept is built on a limited number of effective and well-understood features that ensure
that the disposal system is safe and that safety can be demonstrated, even allowing for the various
uncertainties and harmful events and processes that might affect the system’s evolution.

On this basis RD&D plans are developed that address the need for further scientific and technical
knowledge that is required to carry out the performance and safety assessments and the integrated safety
case before proceeding to the next programme stage. In practice, this involves iteration between design
options, demonstrable performance and continued research into process understanding of the [chosen]
disposal system. During such iteration, estimates of performance are made and an understanding is
developed of which elements of the disposal system actually provide safety under various conditions,
thus refining the disposal concept.

The output of this work plan on RD&D leads in principle to an important milestone for the programme,
often accompanied by a safety case /1-20, 1-21/. If adequate confidence in safety is obtained, the
programme is ready to move to the next stage. This leads to a new iteration in function of the next
programme stage whilst taking into consideration changes in boundary conditions (e.g. specific questions
addressed by stakeholders). If not, however, a re-iteration through the boundary conditions and safety
concept is needed in order to update the RD&D plan as required.

1.4 Background to developing the Strategic Research Agenda
of the IGD-TP

Implementing geological disposal will occur through a succession of research, siting and repository
development stages as shown in Figure 1.4.1. These stages are broadly consistent across all current
repository development programmes, even if the terminology used sometimes differs among the various
programmes. A staged decision-making process is typically adopted, in order to provide the required
regulatory review and societal inputs to the decisions made at each stage. The required number of the
major stages (e.g. site selection, development and design, demonstration and construction, operation and
closure) may be subject to a formal licensing process, although this may vary from country to country.

Operate

Construct and
manufacture

Demonstrate safety based
on scientific knowledge

Demonstrate technology
Design the geological repository
Select and characterise site
Develop concepts and technology

Establish waste inventory

Figure 1.4.1. Staged implementation of geological disposal. The number of the required stages may be
subject to licensing according to the national legislation in question.
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An important element of this staged approach is the determination of the appropriate level of understand-
ing of the relevant research and technology issues needed for each stage. For the development of the
SRA, the IGD-TP has emphasised those issues that are material for reaching the vision of having nuclear
waste repositories operational by 2025. Nonetheless, even for programmes with later implementation
dates, the nature of RD&D activities for any given stage, as well as the sequence of stages, are expected
to be similar. Thus the results achieved by the programmes close to licensing will be of benefit to all
other programmes. The specific licensing date of these programmes act as drivers for the importance
and timing of the results needed.

This document contains the SRA of the IGD-TP and outlines the remaining research, development
and demonstration (RD&D) activities needed to reach the above-mentioned Vision 2025. Of particular
interest are the activities amenable for joint co-operation and co-ordination. The SRA is a document for
communicating the implementation of the oriented research needs and opportunities to stakeholders in
the waste management community, and it is also an instrument for creating synergies, co-operation and
co-ordination with activities taking place in other technology platforms and within other international
co-operation forums.

The IGD-TP adopts a process in which a common vision is established, followed by preparing a SRA
needed to achieve the vision. This SRA will therefore be followed by a Deployment Plan (DP) for
the activities and joint work to be carried out by the IGD-TP and its members and participants. The
development of the IGD-TP’s SRA and DP and the main interactions and involvement of stakeholders
can be seen in Figure 1.4.2.

St Stakeholders
holder
research
\ cor;cern
/ Participation
Advice \
\ JOINT
EFFORTS:
- Joint Projects
- - Information
Vision Exchange
Report - Technology
Transfer
- Training
EC projects: - ¢
NET.EXCEL, Strategic B
CARD Research Deployment
Agenda Plan

Figure 1.4.2. The development of the IGD-TP's Strategic Research Agenda (SRA) and the Deployment Plan (DP).
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The IGD-TP’s Executive Group (EG), which is the decision-making body of the IGD-TP, set up a
working group in January 2010 with the task of preparing a SRA, see Appendix. The principal guidelines
provided by the EG for the work were the following:

To set a logical framework for which the SRA will fill in the areas where implementation-oriented
research is still needed.

To define what co-operation on the topics identified for Strategic Research will develop added value
and does not overlap with work carried out in existing forums and provides possibilities for extended
international co-operation.

The SRA should take into account the staged process of repository development:

— To define as a first priority the needs of WMOs close to reaching the vision and approaching
licensing.

— To define the needs of WMOs in the midst of this development.

— To define the needs of those WMOs starting this development.

— To focus on the first two groups above in this document, but to remember that the SRA will be a
“living document” and thus has not to be exhaustive.

To concentrate especially on common issues such as methodology and strategy that can be done
together in the IGD-TP in a value added way.

To concentrate on topics of high urgency in relation to the Vision 2025.
Not to differentiate the issues according to host rock type.

To put the emphasis on safety-related research.

To emphasise construction and operational safety issues.

To acknowledge the need to involve socio-economic issues in the programme and suggest a way to
co-operate with already established groups.

The SRA working group, consisting of representatives from all of the IGD-TP member organisations,
started the work with the assistance the SecIGD? (Secretariat IGD-TP) project supported by the Euratom
7™ Framework Programme. Major input from the IGD-TP participants were solicited at an SRA seminar
held in Brussels on June 16, 2010. The SRA draft was finalised for approval by the Executive Group
for wider public consultation on the IGD-TP’s website in December 2010. The comments from this
consultation have already been taken into account where appropriate in this SRA document.

The detailed process and the methodology used in developing this SRA document are explained in
Chapter 2.

% Secretariat of the Implementing Geological Disposal Technology Platform, Euratom 7" Framework
Programme, Support Action launched 04/01/10 http://www.igdtp.eu/secigd/.
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2 Framework of the Strategic Research Agenda

The implementation of a geological repository involves interactions with scientific, technologic and
social areas. Thus, a full set of competencies is needed to conceive, design, implement and conduct
geological disposal. The expertise required and issues addressed extend beyond the realm of pure
science and technology. Even if the technical design of the geological disposal programme matches all
requirements for implementation, the acceptance by the local public or its representatives might still
be difficult to achieve.

Analysing the development and operation of the different European Technology Platforms /2-1/ it
becomes clear that there is no standardised procedure for drafting a SRA. However, SRAs by definition
must comprise the full range of research topics, and their importance and timing, which play a role
in the realisation of the specific vision. Therefore, each technological platform has to decide, which
approach is appropriate for creating a vision-oriented SRA, that covers the most essential needs for
developing and implementing the required technology.

An operational geological repository for the long-term management of spent fuel, high-level waste, and
other long-lived radioactive waste will be the first of its kind. Therefore the rationale of the IGD-TP’s
SRA, including its structure, and its contents are of particular interest to stakeholders of geological
disposal and the general public. Consequently throughout the development of the SRA, consultation has
been held whereby many stakeholders have provided input in order to make clear what is considered
necessary for safe geological disposal and what has already been done.

2.1 Rationale for developing the SRA

The Vision 2025 of the IGD-TP can only be achieved through the progress of individual waste manage-
ment programmes towards the implementation of geological disposal. Waste management programmes
are normally based on assessment of what is needed to proceed from the current state-of-the-art of the
programme to the practical implementation and operation of the repository. At the moment the Vision
2025 is within reach in a few European Union Member States. In some programmes a longer period
is still needed for the preparations, while others are at an early stage of development. Therefore, it is
natural that the recognised RD&D needs of the programmes closest to licensing receive particular
attention in the content of the SRA as these will be critical for achieving the Vision 2025.

However, to unite all European waste management programmes in joint efforts on the implementation
of geologic disposal, the IGD-TP has to offer all participants reasonable incentives for participation,
sharing resources and developing competences.

Some of the waste management programmes are either small or have longer time schedules and/or
are subject to changes of their political situation (e.g. new European Member States). Developing and
implementing of these programmes may require appropriate expertise and infrastructure beside adequate
national boundary conditions (e.g. national decision-making frameworks). Basic applied research and
education and training may also be of greater importance than in the programmes closer to licensing.

For these reasons, the emphasis in this SRA is on RD&D activities that are critically important for the
programmes closest to licensing but which, at the same time, produce results that are useful and of
interest to other participating programmes as well.
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For the same reasons, some of the RD&D issues that may be of key importance for the achievement
of objectives in some individual programmes are of lower common interest to the participating WMOs,
if they are specific only to individual programmes. Typically this is the case with site characterisation
and the interpretation of its results, and therefore, even if highly important for geologic disposal, this
area is discussed only briefly in this SRA. For this reason, the SRA also does not discuss the detailed
design and the licensing processes that are individual waste management programme specific issues.
However, in some cases host-rock specific RD&D issues are of general importance with a strong added
value to other geological disposal options as well.

The appropriate stages for developing geological repositories have been established over the last 30 years.
Site selection strategies and site characterisation methodologies and techniques are well advanced.
Further development of safe and efficient waste conditioning, handling, and transport is based on the
specific needs and day-to-day practise. The testing of disposal techniques and components for geologi-
cal disposal is part of some national and multi-national RD&D projects. The main focus of on-going
research is on the safety strategy and methodology for the development of the safety case for geological
repositories (see Figure 2.1.1). All this makes up the state-of-the-art, which provides a well-established
scientific and technical basis for the content of the SRA.

The identification of Key Topics for the SRA started with inputs from participating WMOs using individual
host-rock specific safety cases and associated RD&D programmes. For those organisations yet to
decide on a host rock geology their generic RD&D programmes were used. A first consultation was
performed during a SRA seminar with those IGD-TP participants who had endorsed the Vision 2025.
Each participant was given the opportunity to provide initial input on the SRA development. The overall
process is schematically described in Figure 2.1.2.

Stages of repository development

Technology
development and
repository design

Selection of
host rock and site

Generic studies and
concept development

Safety strategy Applicat:ion of metho- Applicat.ion of metho- o o
el Development of safety dology in safety case dology in safety case Application of metho-  Application of metho-
assessment methodology and impr of and impr of dology in safety case dology in safety case
methodology methods methods
Long-term Research narrowed to Scientific work sharply
. deal with host rock- In situ experiments focused on small Confirmation studies
safety: Broad-based research o . o |
specific aspects and and impr of of r on p under
ientifi d specific aspects data bases and issues, large-scale in site conditions incl.
Scientific an associated with the understanding situ experiments and monitoring
technical basis selected EBS component tests
- Component design Full-scale prototypes
Facility and Repository design and layout design constructed Full-scale
component Concept variant studies concepts adapted to production
design specific rock type Operational safety Industrial scheme and operation
studies developed
Construction of main
Surveys of potential host Detailed site underground facilities -
Site-related rocks and their characteristics LRI characterization TR,
. . . characterization and . confirmation,
characteristics based on available 3 ) ) Confirmation of rock L
. . site-specific studies . q 5 monitoring
information Excavation properties for final
design

Figure 2.1.1. Generic stages of repository development as derived from international experience including
best practices in technology application. The given RD&D activities reflect today 5 state-of-the-art in
geological disposal (see also Figure 2.2.4).
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Figure 2.1.2. Development of SRA in co-operation with and after consultation of stakeholders.

Following initial consultation with IGD-TP participants, as part of a staged approach, the identified
RD&D issues were further discussed and urgent topics for RD&D identified. In consultation with the
participants and with interested stakeholders, the first compilation of RD&D needs and concerns was
developed. Valuable information was given on specific RD&D aspects during the consultation phases.
In the final step, the importance and urgency of RD&D issues has been undertaken, including further
consultation with stakeholders (including organisations and individuals not endorsing the Vision 2025).
This iterative and interactive process of developing the SRA is described in Section 2.2.

Such a process offers the scientific and technical community, including suppliers, the possibility
to comment on the RD&D issues and to contribute to the prioritisation of topics according to their
experience and skills. The information and consultation process together with open communication is
essential as part of the steps towards and the execution of the SRA. Moreover, it enables the SRA to
serve the interest of all stakeholders involved.

The co-operation of programmes, which are at different stages of implementation and follow different
time schedules, is an essential part of the IGD-TP. Joint research on a common scientific and technical
foundation based on the SRA is benefitial not only to the partners directly engaged but also to the other
programmes, and to some extent also to the stakeholders concerned, see Figure 2.1.3. It is acknowledged
that co-operation will mean active involvement in specific projects, as well as sharing results and high-
quality knowledge between programmes at different stages. The forms of co-operation and technology
transfer will be further developed in the IGD-TP’s Deployment Plan.
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Programmes Programmes

b e All Programmes
(Licensing before 2025) (Licensing after 2025)

Topics of high

Topics important Other Topics
for advancing in important to
individual programmes Vision 2025

urgency to Vision
2025

Key Topics Cross-cutting

Activities of SRA

Results = crucial Results = needed Results = needed e.g. for
for implementation for progressing optimisation and for
to next stage reducing uncertainties

Figure 2.1.3. An example for co-operation of programmes with different targets dates for licensing.

2.2 Staged process to identify, characterise and organise
issues of the SRA

Starting with the identification and selection of potential issues to be addressed in the SRA, the par-
ticipating WMOs provided a first view on the kind of products needed, the improvements of present
approaches and the importance to the respective waste management programmes in general. The RD&D
issues considered by the individual member organisations are, to some extent, dependent on the host
rock options pursued and the specific disposal concepts developed.

Due to the mature state of both the understanding of the geological disposal systems as well as the
development of emplacement technologies and safety related components the issues generally fall
in one of the three main categories:

* Demonstration of long-term safety.
* Development and demonstration of disposal techniques and components.

 Site characterisation and confirmation of site suitability.

These broad issues comprise a wide range of RD&D from those on waste forms and site characteristics to
disposal and sealing techniques involving various scientific and engineering disciplines, see Figure 2.2.1

In view of the Vision 2025, intensive site characterisation has been carried out already by those pro-
grammes, which are planning for submitting a construction license application and for the construction
of the repository by this date. However, it is recognised that for such programmes, activities such as the
confirmation of site properties, the development of site-specific repository designs, further characterisa-
tion and modelling interpretation will likely be on-going.

Regarding the role of underlying scientific research in the SRA, more than 30 years of such studies
have led to a strong scientific basis for geological disposal. Nonetheless, where required such work
will continue and, where sufficiency of information exists and no further RD&D is actively pursued,
the scientific basis of the safety case will need to be continuously updated. As this underlying scientific
research is a broad requirement intrinsic to several of the Key Topics of the SRA, this aspect has not
been directly highlighted.
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VISION 2025 Requirements to reach the VISION

Demonstration of Demonstration of disposal Characterization and
long term safety techniques and components confirmation of site
Scientific background, e.g. Technology development Site properties
- waste characteristics Waste acceptance and disposal Site analysis
Safety case, e.g. Operational safety
- methods and methodologies ~ Industrial scheme
- modelling and simulation Monitoring
Closure and sealing
Others

Cross-cutting activities

Dialogue with regulators; Competence maintenance, education and training;
Knowledge management (including information preservation and memory
keeping); and Communication supporting information exchange

Figure 2.2.1. Issues to be considered (grey boxes) during the SRA development and how these can be
categorised (blue boxes).

In the course of developing the SRA, the WMOs assessed the latest achievements of their waste man-
agement programmes and the results of the EURATOM Framework Programme for Nuclear Research
and Training Activities /2-2/.

It has been chosen not to use detailed referencing for all technical matters to keep this SRA report easier
to read. The relevant references can be found in the WMO’s public RD&D programmes (Andra /2-3/,
COVRA /2-4/, BMWi /2-5/, ENRESA /2-6/, Nagra /2-7/, NDA /2-8/, ONDRAF /2-9/, Posiva /2-10/,
PURAM /2-11/,RAWRA /2-12/, and SKB /2-13/).

The members of the IGD-TP have adopted a systematic and well-structured strategy for the development
of the SRA, which follows a staged process basically made up by five consecutive steps, see Figure 2.2.2.

Step 5
Information
&
Consultation
Process

Figure 2.2.2. Systematic and stepwise approach for developing the SRA.
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Step 1 (Compilation of RD&D issues) is aimed at aggregating/compiling those RD&D issues, which
are presently being worked on or which are in process of planning to achieve the Vision 2025 or were
considered to be of high importance for each specific WMO programme. For selecting issues the basic
criteria are the state-of-the-art, the generally accepted practices established in the different scientific
areas and the best appropriate technologies available so far. Those issues which seem not to have
reached a mature state for implementation are checked in accordance with the national and international
requirements and recommendations by the WMOs for their importance, urgency and RD&D needs.

In step 2 (Classification of RD&D issues) selected issues are being put into a closer perspective with
the Vision 2025 and its given timeframe and challenges. Resolution of issues that most directly support
implementation of the first geological repositories for spent fuel, and high-level waste and other long-
lived radioactive waste is most critical for the Vision 2025. According to the challenges outlined in the
Vision Report, the issues are classified with regard to a more extensive understanding of the geological
disposal systems and their importance for the realisation of the vision.

With regard to licensing, the disposal systems’ related safety case with all its different aspects is of
highest importance. In this context, the treatment and handling of remaining uncertainties is a task,
which still requires RD&D efforts. The outcome also contributes to confidence building in general.

The different nature of uncertainties requires to some extent different strategies in order to reduce
the “knowledge gap” and to increase confidence in the data and process models relevant to the total
systems’ performance analysis. In the course of setting up the safety case for any geological repository
remaining uncertainties will be defined and the potential impact on operations and long-term safety
need to be assessed, see Figure 2.2.3.

The major technological challenge is to demonstrate that all technologies planned for implementation of
construction, operation and closure of deep geological repositories are to a high degree reliable and
match all safety requirements. This applies in particular to those technologies, which directly contribute
to transport, handling, and emplacement of waste containers and to the sealing of the repositories.
Remaining short falls are indicated by the so-called “readiness gap”. The outcome of step 2 is the Vision
2025-related classification of RD&D issues. The implementers express their specific needs in these issues
and provide detailed information about the significance to their programme.
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