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Abstract. International guidance on safety standards for the geological disposal of radioactive waste is being
elaborated by IAEA. A comparison of experiences acquired in developing deep repository projects shows that
many important issues related to the progressive building of confidence in the safety demonstration of such
facilities are commonly addressed by the various organisations involved in radioactive waste management.
However, there is still some discrepancies in defining the steps that form the staged elaboration of a safety case.
This paper intends to propose a framework for defining the safety case in describing the main issues to be
addressed and highlighting questions of consistency between former steps.

1. INTRODUCTION

There is still little experience today for the elaboration, at the international level, of a precise
set of regulatory requirements covering the safety of radioactive waste geological disposal,
since almost all examples of national programmes carried out in this area are at the project
level. However, efforts are made by international instances in elaborating a rationale for
implementing the safety of a geological repository, rationale that may be applied at the various
stages of development of a repository project.

The present paper intends to propose a framework for elaborating a safety case for the deep
disposal of radioactive waste. This work uses information developed by international
organisations, such as IAEA, AEN and ICRP as well as national guidance published in this
area, i.e. the French Basic Safety rule n°III.2.f [1]. It also backs up on outcomes of working
groups initiated by the French safety Authority (DSIN): a French-German group1 that worked
from 1997 to 1999 and a French-Belgium group2 that started work in 2000.

The issues developed hereafter are resumed in the synopsis next page, which illustrates the
various types and levels of information that form the proposed framework and how these
relate to each other. As shown in the synopsis, the safety case is only a part of the overall
framework, but is to be developed in consistency with the more general issues that are outside
its precise scope. Therefore, various aspects of the framework are discussed here. One may
also notice that, even if regulatory guidance and review addresses all aspects of the
framework, the development of the safety case is the task of the operator, as the more general
issues require primarily the involvement of regulatory bodies and possibly a consensus at
international level. Following the scheme proposed in the synopsis, the various aspects of the
framework concerning safety issues are shortly discussed and possibly illustrated by a few
examples mostly taken from present experience of deep disposal project development in
France. The paper does not aim at listing all issues to be addressed in a safety case, but rather
at providing a support for collecting widespread information in this area, hoping that it helps

1 French-German group: Direction de la Surete des Installations nucleaires (DSIN), Institut de Protection et de
Surete Nucleaire (IPSN), Agence Nationale pour la gestion des Dechets Radioactifs (ANDRA),
Bundesministerium fur Umwelt, Naturschutz und Reaktosicherheit (BMU), Gesellschaft fur Anlagen und
Reaktorsicherheit (GRS), Bundesamt fur Strahlenschutz (BfS).
2 French-Belgium group: DSIN, IPSN, ANDRA, Agence federate de Controle Nucleaire (AFCN), Association
Vincotte Nucleaire (AVN), Organisme National des Dechets Radioactifs et des matieres Fissiles enrichies
(ONDRAF).
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in selecting issues that may already be resolved internationally from those requiring further
experience to be acquired.
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2. OBJECTIVES AND PRINCIPLES GUIDING THE ELABORATION OF THE SAFETY
CASE

2.1. Radiological and environmental protection objectives and principles

International guidance is given on this area in particular in IAEA Basic Safety Standards [2]
and ICRP publication 81 [3]. Whether radiological and environmental protection issues need
more discussion for enhancing international agreement is not in the scope of the present paper
and therefore not addressed any further here. One may just point out that ICRP stresses that
the following of sound technical and managerial principles and the quality of data and analysis
supporting the safety assessments of a repository are important factors for judging whether
radiological protection requirements can be considered satisfied. The issues discussed
hereafter concern precisely the definition and implementation of such principles in the safety
case.
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2.2. Safety principles

Safety principles aim at giving general guidance to the development of safety strategies and
assessments for deep disposal of radioactive waste. They concern all phases of development
of a repository project, from the conception (site selection and design) to the realisation and
operation of the repository. A careful application of these principles may allow protection
objectives and principles to be satisfied, through:

— the implementation of a cautious approach for design, providing solutions against
plausible causes and consequences of disposal dysfunction,

— the creation of safety margins,
— the build up of confidence in safety demonstration,

Despite questions of terminology, which may need harmonisation, the issues grouped
hereafter in notions of "defence in depth" and "demonstrability" are frequently addressed by
organisations involved in repository development. Thus, an international consensus seems
foreseeable on the basic safety principles that should apply to deep disposal of radioactive
waste.

2.2.1. Defence in depth

Applied for designing an operating nuclear power plants and fuel cycle facilities, defence in
depth is defined in IAEA Safety Glossary [4] as "a hierarchical deployment of different levels
of equipment and procedures in order to maintain the effectiveness of physical barriers
placed between a radiation source or radioactive materials and workers, members of the
public or the environment, in operational states and, for some barriers, in accident
conditions. The objectives of defence in depth are:

— to compensate for potential human and component failures,
— to maintain the effectiveness of the barriers by averting damage to the facility and to the

barriers themselves,
— to protect the public and the environment from harm in the event that these barriers are

not fully effective."

This definition fully applies to waste disposal during phases of operation of the facility
(construction, emplacement of waste, possible retrieval of waste, operations of closure). Deep
disposal's specificity is however that actions aiming at maintaining the effectiveness of
physical barriers are excluded after closure of the facility. Over the long term, defence in
depth can therefore only rely on "passive means", i.e. on design features, in order to achieve
the safety of waste disposal, hi that sense, the defence in depth objectives, as formulated
above, cannot be assigned in extenso to deep repositories. Nevertheless, the fundamentals of
defence in depth can still be derived for deep disposal, hi this respect, a widely agreed
approach is to design a repository upon a set of requirements that constitutes the bases of a
"multi-barrier concept". Accordingly, it is recommended that a repository be conceived by
means of several barriers so that the failure of one barrier does not impair seriously the safety
of the repository. This means implicitly that:

— the design of the repository must account for an analysis of the possible causes and
consequences of failure of the barriers,
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— in consistency with defence in depth, design should be such as to compensate for barrier
failure, by averting as far as possible the causes of failures and mitigating their
consequences,

— several components of the repository must intrinsically oppose to the dissemination of
radionuclides, so that protection objectives can be matched with margins (accordingly,
BSR ni.2.f recommends to adopt a "prudent approach, consisting at selecting or
designing the barriers to be effective as is reasonably possible, taking into consideration
its role in the overall safety of the repository as well as present knowledge, the available
technology and economic factors").

These elements constitute a safety principle that should be accounted for in elaborating a
safety strategy (cf. § 3.1).

2.2.2. Demonstrability

Demonstrating the safety of deep geological disposal faces issues to be resolved that are not
encountered for other facilities, since disposal must ensure protection against the
dissemination of radionuclides over periods that do not allow to back up demonstration on
control nor available experience in industry. This peculiarity must be accounted for from the
very beginning of project development so as to come up with design and safety strategies that
facilitate demonstration over the long term. Accordingly, the following requirements should
apply when designing a repository, i.e.:

— the design should rely on robust feature, with respect to the long time period over
which the functions played by the various repository components must be ensured. It is
therefore believed that the "durability" required for a given function of a component is
better obtained if the component is robust, in the sense that its performances are not
sensitive to the variations in time of its environmental conditions. Robustness is thus
helpful in providing confidence that safety can be demonstrated, and the selection of a
repository component should be a balanced decision justified on the expected
performances of a component on one hand, and its ability to keep performing in the
various conditions of environment expected over long time frames on the other hand;

— accounting for the durability of performances that may be required from repository
components, a particular attention should be paid to the technical feasibility of the
components, i.e. to the qualification of techniques and controls ensuring an appropriate
quality of realisation such that a good confidence can be obtained in component ability
to fulfil their functions;

— only poor confidence will be credited to safety demonstration if too complex processes
and interactions influence the performance evolution of the components. As far as
possible, a simplicity of design should be looked for, so that the components evolution
can be evaluated within a field of consolidated knowledge of the data and processes
that originate this evolution.

The issues above are addressed in IAEA draft version of safety requirements developed for
geological disposal of radioactive waste [5]. In particular, authors recommend that "a
geological repository be sited, designed, constructed and closed so that the natural and
engineered features and characteristics on which the long term safety depends are reliable
over suitably long time periods. That is the key features should be intrinsic properties or
sufficiently reliable, and processes on which safety depends should be well understood over
the required time scales". They also point out that "the construction of a repository is a
complex technical undertaking and will be constrained by rock conditions and the available
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underground excavation and construction techniques. The construction should be arranged in
timing and quality so as to ensure the expected safety functions of the geology and engineered
barriers as realized". International agreement on these demonstrability issues seems therefore
to progress.

2.3. Issues of retrievability

Issues of reversibility have actually been raised and discussed during the past few years in
many countries involved in HLW management. Reversibility of disposal is not required for
safety purposes but relates to different ethical views recently expressed on the duty of present
generations towards future ones, resulting in two opposite opinions with regard to the question
of waste management. One side considers that the present generations should provide and
implement a definitive solution of waste management so that the future generations do not
bear the "undue burden" of going on with the management. The other side considers that the
right of future generations is to be free of their own choices of waste management and that the
duty of present generations is to take no decision that may impair this freedom. According to
this last opinion, a disposal should be reversible so that the waste emplaced can be retrieved to
be possibly managed in another way.

The definition of a "reversible" repository needs however to be clarified and requires to be
possibly agreed upon at international level. IPSN position on this issue is related to the
possible role of reversibility in the process of implementation of a repository. Accounting for
the debate on ethical issues of waste management, a reversible disposal could be considered as
a solution consisting in allowing future generations to take benefit of the experience of present
generations in designing a HLW repository, without impairing their freedom of choice. The
repository should therefore be designed so as to ensure its long term safety (meaning that all
aspects of safety have been studied and that appropriate techniques for closing the repository
have been qualified), but allowing future generations to be free of making basically three
choices: retrieve easily the waste if another way of managing them is preferred, extent the
period of reversibility through possible maintenance operations, close partially or completely
the disposal. Thus, a reversible phase of disposal should allow time for taking appropriate
decision, and should provide in particular elements of verification that the behaviour of the
facility is such as expected which progressively enhances the confidence that one may have in
the safety assessment of the repository. However, questions on the consequences on safety of
a prolonged phase during which the repository is left opened should be treated with particular
care, and should contribute to determine the duration of the reversible period. Among them
are in particular the mechanical stability of excavated zones as well as the evolution of
package integrity in a possibly oxidising environment. More generally, the provisions made
for reversibility purposes (architectural features, equipment for maintaining voids in the vaults
for allowing waste handling, equipment for extended ventilation) should be weighed against
their consequences on pre and post closure safety.

It is now required in most countries to study reversible disposal. Therefore, it should be
included in the safety case and addressed in particular with regard to its incidence on design
and operation of the disposal and related short and long term issues.

3. ISSUES TO BE ADDRESSED IN THE SAFETY CASE

NEA publication on "confidence in the long-term safety of deep geological repositories" [6]
has in particular highlighted that confidence building in the safety of a repository is an
incremental process which should be made explicit within a safety case. A safety case is to be
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provided at various steps of repository development, but should be structured, whatever stage
of development is considered, on the same basic elements which include the definition of a
strategy, the assembly of relevant information models and methods, performance assessments
and statements of confidence in the safety of the repository. These notions are broadly
addressed at international and national level but it appears that they are given somewhat
different meaning among the organisations involved in repository project development and
that an harmonisation of terminology should be looked for in this area. The elements of
information given hereafter are therefore proposals to be discussed and only reflect the
author's position on the subject.

Repository development should rely on an iterative and structured approach allowing
design, knowledge acquisition and safety assessment steps to develop in a fully
complementary way, so as to progressively propose a conception consistent with defence in
depth and demonstrability issues and a clear management of uncertainties. It should allow to
build confidence in safety but also to go back on design at every important step of project
development. The safety case should report on the progresses made at each step of project
development towards the safety demonstration of the repository, and should comprise:

— a description of the safety strategy, which guides any particular step of development of
the project through the definition of the safety functions assigned to the various
components of the repository and through the definition of the programme of
investigation needed to confirm that these functions are effective,

— a description of the data, experiments and models acquired and developed during any
particular step of project development, which constitute the main tasks of
implementation of the safety strategy,

— description of the safety assessments performed, aiming at verifying the soundness of
the strategy proposed and at verifying that protection objectives are fulfilled,

— a synthesis of the results obtained giving the main orientations to be followed during
the next step of project development.

These four issues are discussed hereafter.

3.1. Safety strategy

The safety strategy for conceiving and realising a safe repository is of the responsibility of the
operator. It should precisely describe the safety functions and associated favourable
characteristics upon which the overall safety of the repository relies, the system components
that ensure these functions and the situations over which these functions and characteristics
are defined. These constitute the major elements against which the conception of the
repository is justified and assessed and must be developed in consistency with the safety
principles mentioned in § 2.2. The safety strategy must also comprise a clear definition of the
programme of investigations to be developed in order to confirm that the selected system
components have the capacity to ensure their function over the required period. Therefore, the
features and processes relevant to such evaluation and which form the elements of
demonstration over which the programme of investigation backs up must be described in the
safety strategy.

It should be acknowledged that several strategies may be proposed depending on the
availability of sites, the type and volumes of waste to be disposed of, and socio-economic
factors, so that consensus on a single strategy to apply have a very poor chance to be obtained.
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A comparison of the strategies developed in various countries can however be useful if
grouped into categories of similar factors.

3.1.1. Definition of safety functions

The safety functions that are to be attributed by the operator to the components of the system
are the key elements of the strategy, since they build the rationale upon which a sound design
can be implemented. Several functions can be attributed to a same component, depending in
particular of the phases and the scenario considered, the time frame over which a function
must be effective, and the dependency to other components of the system. The functions of
which relative importance for the safety of the repository are to be discussed can be grouped
in three categories:

— the functions directly contributing at reducing the fluxes of radionuclides and other
substances from the repository to the biosphere; among these are:

— functions of confinement, aiming at a total containment of activity in a given component
within a given period of time. These may be obtained for example through the tightness
properties of waste envelopes,

— functions of retardation of activity migration, allowing a reduction of fluxes by decay,
and that may be obtained for example through slow groundwater flow properties,
retention properties or matrix diffusion properties,

— functions limiting the concentration of radionuclides and substances in transport vectors,
that may be obtained for example through low release rates properties of waste
packages, through a limitation of the solubility of radionuclides and chemical substances
in barriers, through the averaging of peak releases by diffusion and dispersion or
through the dilution of releases,

— the functions contributing at protecting the system against external factors, that may be
obtained through for example a limitation of access possibilities by a minimum depth of
the repository or through a favourable location of site away from valuable underground
resources or in desert areas,

— the functions contributing to the preservation of favourable conditions and to the
robustness of the system; these are in particular functions of components aiming at
providing the best conditions for other components to play their role in flux reduction,
among this group of functions are for example, the restoration of system disturbances
such as the restoration of mechanical stability, the preservation of favourable hydraulic
and geochemical features, the restoration of adequate levels of heat dissipation.

A selection of components should then be made upon the choices made by the operator of the
safety functions on which the system should be conceived, accounting for the various phases
of the life of the repository. It is a key aspect of the strategy to clearly select or attribute safety
functions to the system components and provide a hierarchy of these functions so as to
identify the main favourable characteristics over which the components should be assessed or
designed. One may note that IAEA safety glossary define barriers as "a physical obstruction
that prevents or inhibits the movement of people, radionuclides or some other phenomenon
(e.g. fire), or provides shielding against radiation" Following this broad definition, the safety
glossary defines intrusion barriers as "components of a repository designed to prevent
inadvertent access to the waste by humans, animals or plants" and multiple barriers as "two or
more natural or engineered barriers used to isolate radioactive waste in, and prevent
migration of radionuclides from, a repository". According to this definition, there is rather a
wide agreement to consider the geological formation (consisting of the host rock formation
and possibly additional geological units overlying or underlying the host rock), and the waste
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packages (including waste form, matrixes and envelopes and possibly canisters) as being
barriers, since they usually ensure functions of protection against intrusion and functions of
reduction of radioactive dissemination. There is however large differences between countries
involved in repository development concerning the definition of the performances required
from these barriers and the time frames over which they must ensure their functions. Another
source of differences between national approaches concern the role of engineered
components of the repository (mainly buffers, seals and backfill). Whether these should
ensure functions that are redundant of geological formation and waste packages or primarily
play a complementary role (i.e. provide favourable conditions for ensuring that barriers are
effective during the required period) is not settled and strongly depends on the type of
geological formation and waste packages considered in repository development. Finally, the
situations against which the functions and components of the system should be defined are
also important elements of the strategy. Throughout the development of the project, the
operator will have to make choices in selecting these situations (barriers and components
dysfunction, external events, etc.) and provide a hierarchy of these. These choices will have to
be clearly reported throughout the project. It is also important to address situations, not
necessarily linked to the long term safety of the repository, but against which the design is
likely to be strongly influenced. This concern in particular the provisions made for a safe
operation of the repository and for the possible retrieval of waste.

hi addition to these elements of strategy, a particular attention is to be given to the definition
of architectural features, such as galleries, vaults and shafts, of which geometries, relative
arrangements and emplacement in site can be of importance for safety. A safety strategy
should therefore describe how the chosen elements of architecture are in favour of the overall
safety of a repository together with the engineering methods needed to realise these elements
(incidence of the techniques of construction used, incidence of the support equipment used).

The French Basic Safety Rule m.2.f provides an illustration of regulatory guidance given on
former elements of a safety strategy. The geological barrier must ensure both functions of
protection of the waste against external events and containment of radionuclides. It plays a
key role over the long term since it is assumed that "after the decay of the greater part of
radioactivity contained in the waste, the geological barrier (and the shaft sealing materials)
must be able to ensure containment alone". The effectiveness of the geological barrier
functions backs up on requirements of stability, prevalence of low permeability and hydraulic
gradients, favourable geochemical, mechanical and thermal properties, a minimum depth
requirement, and absence of underground resources, in consistency with defence in depth and
demonstrability principles mentioned in § 2.2. The waste packages must ensure protection
against dissemination of radionuclides during the phases prior to the closure of the repository.
They should also prevent this dissemination after closure of the repository in case of a short
circuiting of the geological barrier and during a period allowing decay of short and
intermediate lived radionuclides. There are also requirements for complementary roles
played by the waste packages in the sense that they should ensure sufficient durability of the
properties of the materials in which they are emplaced (in particular through the respect of
temperature and irradiation limits, minimisation of volumes of voids and absence of products
liable to increase the mobility of the radionuclides in containment barriers), hi the French
approach, the engineered components are mostly viewed as means for restoring initial
properties of the geological barriers and for minimising perturbations (prevent excavations to
constitute preferential pathways, prevent collapsing, reduction of the mechanical stresses,
removal of heat, etc.). They should not have a significant detrimental effect on the
containment performances of the geological barrier or the waste packages. Finally, broad



guidance is given on architectural features in requiring that the modules of disposal be
installed within a medium free of major cases of heterogeneity (sedimentary rock) and at
sufficient distance from the surrounding aquifers and that the shafts be designed and
positioned so as to limit water circulation and with the objective of effective sealing. It is also
required that disturbances resulting from excavation of the facilities be minimised.

3.1.2. Elements for demonstrating safety

The second important aspect to be developed in a safety strategy is to provide a justified
programme of investigation and studies to be carried out for progressing in the safety
demonstration of the repository, in consistency with the proposed sets of safety functions and
components chosen in a particular stage of project development. The programme must define
the main issues of demonstration to be dealt with during a stage of project development, and
the means to be implemented for safety assessment purposes. It must also be put in
perspective within the overall project so that the expected progresses in building confidence in
safety demonstration during a particular step be reasonably defined in time. Thus, a hierarchy
of the issues to be treated must be provided and justified in the safety strategy. Accordingly,
the main aspects to be reported would be:

— a clear definition of the main characteristics of the repository components and the
processes on which the safety functions rely,

— a description of the "state of the art" of knowledge on these characteristics and processes
and their possible evolution in repository conditions,

— a selection of the issues to be further investigated so as to enhance confidence in safety
demonstration up to a level considered satisfactory,

— a description of the researches, tests and modelling to be implemented on these issues
within a particular stage of repository development, with due consideration in providing
results that are representative of repository conditions and of situations identified by
previous safety assessments as deserving careful treatment,

— an argumentation allowing to put a particular stage of repository development in
perspective with the overall project so as to clearly illustrate the strategy used for
progressively resolve uncertainty and undetermination issues, and match possible
regulatory requirements related to the phasing of the project.

3.2. Implementation of the safety strategy

The implementation of the safety strategy comprises reporting on the programme of
investigation carried out during a particular step of project development, in consistency with
the issues and objectives defined in the safety strategy. It should provide all the necessary
elements for safety assessments of the repository, and therefore give a detailed description of:

— the design of the repository, developed in consistency with the safety strategy, including
site data, waste packages volumes and characteristics as well as amounts and
characteristics of the materials introduced in the repository (engineered components),

— the data obtained on the characteristics and processes selected in the safety strategy, and
that should be provided in quality and number compatible with the needs for obtaining
information representative of repository conditions,

— the results of the experimental tests together with the processes modelling conducted in
order to provide the necessary information and tools for quantitative evaluations,



— the results of the technological experiments carried out to demonstrate that a quality of
engineered components fabrication and emplacement compatible with the required
efficiencies of functions can be obtained.

The operator should make sure that all records are kept of the detailed description of the
means and hypothesis used to obtain data and models, which could be needed at any time for
safety assessment purposes.

The implementation of the safety strategy is a most important phase of project development,
not only because it provides the necessary input for safety demonstration but also because it
needs important time and resources allocation. The hierarchy of the issues to be treated and
the adequation of the means of investigation implemented to treat them are therefore key
issues of the safety case. Thus regulatory guidance should be looked for on this area in
addressing questions to be resolved for a sound implementation of the strategy. Among the
main difficulties commonly raised are the up scaling of results in time and space and the
implementation of representative tests and models. How site investigation should be phased
and organised so as to obtain information that are valid at repository scale? What methods are
available to resolve the bias introduced by the acceleration of processes in experimental tests
or the extrapolation of results in time (iteration between data acquisition and modelling, use of
"envelope" but representative hypothesis in experimental design and models, etc.)? These are
areas where the provision of guidelines obtained through the analysis of international
experience would certainly be needed.

3.3. Safety assessment

The safety assessment of a repository aims at evaluating the soundness of the safety strategy
on one hand and at verifying that the repository performs such as adequate levels of protection
of man and environment are reached on the other hand. It is during this step that the "global"
performance of the repository is evaluated against plausible situations (scenarios). This
requires a policy for scenario definition and development and for integrating all pertinent
information into a sound modelling. In return, safety assessments provide an input for the
treatment of uncertainties and contribute to provide a hierarchy of the studies deserving
particular attention and that should be implemented in the next stage of project development.
It should also provide input for modifying or complementing the strategy, and confirm, in
advanced stages of development, that the application of specified parameters lead to adequate
levels of protection. The realisation of safety assessments requires:

— to assemble all qualitative and quantitative information obtained in particular during the
phase of implementation of the safety strategy in order to determine a plausible set of
scenarios of repository evolution,

— to test the reliability of the safety functions against these scenarios through performance
assessments using in particular the "process/subsystem" modelling that has been
possibly validated during the phase of implementation of the strategy,

— to use integrated performance assessment (and sensitivity analysis), enabling to evaluate
the fluxes and concentrations of radionuclides released in the various parts of the
repository, for various time frames and for the set of scenarios determined previously, so
as to evaluate quantitatively the pros and cons of the proposed safety strategy, and
highlight the various roles played by the barriers in time with regard to radionuclides
releases and migration,

— to use also integrated performance assessment to verify that the protection standards can
be satisfied.
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An issue that would probably deserve reaching consensus at international level concerns the
use of realistic and conservative hypothesis for scenario development. Taking example from
the French approach to illustrate this issue, scenario definition and development can result
from a process of selection of plausible situations, issued from an analysis of repository
conditions and evolution, and a grouping of those situations in families. For each of these
families, a possible "envelope" scenario is defined and assessed in a deterministic way with
appropriate tools. It is however needed to avoid over simplification and perform reasonably
realistic calculations in order to derive pertinent information for evaluating the soundness of
the safety strategy on one hand, and on the other hand to allow the definition of a pertinent
"envelope" scenario through sensitivity analysis and appreciation of uncertainty around a
"best estimate" hypothesis. Therefore, a precise input from system analysis and testing is
required for developing a scenario, the use of "stylised" description being appropriate for
covering areas of which uncertainty cannot be reduced (biospheres, scenarios beyond the
period of geological stability). Nevertheless, once sufficient safety assessment exercises have
been realised so as to confirm that the safety strategy is pertinent, the specified characteristics
and properties of the various components of the repository will clearly have to be determined
upon conservative hypothesis, in consistency with the envelope scenarios defined, so as to
ensure that protection standards are satisfied, with impacts kept "as low as reasonably
achievable". International consensus on this issue should be looked for or possibly reaffirmed.
It would also be helpful to elaborate common guidance on developing "conventional"
scenarios where stylised descriptions can only be provided or for situations that are not or
poorly related to site and design specificities. This concerns in particular biosphere hypothesis
and intrusion scenarios.

Concerning integrated performance assessment, modelling efforts must be made to integrate
all pertinent information per scenario into a model allowing the calculation of the releases of
radionuclides from the repository. The complexity of the processes and coupling of processes
involved in the assessment of a possible evolution of a repository requires simplification for
integration in performance assessment tools (IPA tool). One way to proceed is to carry out
sensitivity analyses on the assessment with an IPA tool so as to select the subsystem
parameters and processes that require to be more specifically accounted for in the modelling.
On these subsystems, process modelling may be performed together with a subsystem
sensitivity and uncertainty analysis so that a range of possible variation of "global"
parameters, used in EPA tools, can be determined (for example mechanical calculations
determining the sizes and permeability of the damage zone, geochemical calculations to derive
Kd and solubility values in various conditions). If simplification is required, it must however
be fully justified, i.e. the representation of the properties of a subsystem can be rigorously
averaged. If not, the subsystems and necessary coupling of processes should be accounted for
explicitly in the modelling. Guidance on the methods for assembling relevant data and models
into IPA tools so as to obtain credible quantitative assessments is also an issue that would
deserve discussion at international level. This raises in particular the question of the
"validation" of integrated assessments which is to be provided pro parte, on subsystems or
analogues, since a post-verification of the results of integrated assessments cannot be done
attended the time frames considered.

The results of impact assessment will have to be expressed in such a way that enough
elements are provided for judging of impact acceptability by the various instances. The first
requirement is to provide a treacability of the results obtained by making all assumptions used
for calculations clear and justified. The second requirement is to provide the necessary
elements describing the impact (individual effective dose, size of critical group, duration of
exposure, impact of toxic substances eventually released). Finally, it may be of interest to use
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other indicators for judging of the impact, such indicators belonging to two broad categories:
those which allow to enhance confidence in the calculations (for example, source terms,
fluxes through barriers, dilution factors or fluxes in the biosphere can be compared to possible
analogues), those that may complement dose calculations (for example, a comparison with U-
ore impacts may be useful when U and daughters become the main potential contributor to the
impact, and in particular, when too large uncertainties on the possible state of the repository
do not allow a pertinent dose assessment). The IPA tools should account for the calculation of
such complementary results. Integrated performance assessments are also important elements
for enhancing confidence in the pertinence of the proposed design and, since it integrates
information, is a key step for communicating the results. The expression of results from the
performance assessment is therefore an aspect that deserves attention.

3.4. Synthesis

The last aspect of the safety case is to provide a synthesis of the work performed during a
particular step of repository development, aiming in particular at giving a statement of
confidence in the safety demonstration of the repository. Such statement should describe how
the work performed has allowed to enhance confidence in the demonstration that safety
functions are effective, that disturbances of the repository system are adequately prevented or
minimised, that the proposed multi-barrier concept shows sufficient robustness with regard to
the durability required for repository components, and that technical feasibility is ensured.
This statement must therefore resume a new state of the art on the elements of a safety
demonstration. It should also highlight the issues that need further treatment in order to
enhance the credibility of assessments and to narrow the range of possible variations of input
and results until sufficient confidence in the assessment is obtained. The synthesis will thus
define the main guidelines for complementing or modifying the safety strategy, and address
whether remaining uncertainties should be reduced by way of research work (to compensate
lack of data or understanding of the processes) or by use of technical means (for example, a
change of design allowing to avoid considering a process that would have consequences of too
much complexity to enable credible assessment). When uncertainties arise that need obviously
important investigations to be resolved and that concern important elements of a safety
strategy, it seems prudent to recommend keeping alternative design options opened, so that
technical solutions are available if research work fails to demonstrate the soundness of the
followed strategy.

It should also be added that confidence building may also rely on the monitoring of repository
behaviour during operational and reversibility phases allowing the control of parameters that
indicate that the components behave as expected. According to the functions and
characteristics assigned to the components, a list of "controllable parameters" reflecting the
effectiveness of the latter should be provided by the operator, together with the technical
means of control.

Finally, care will have to be given to provide information that is, when possible, consistent
with public preoccupations. Some questions often raised are naturally within the scope of the
safety case such as concerns expressed on the credibility and completeness of the scenarios,
the treatment of intrusion scenarios, the position of discharge points. Others are not
necessarily in the scope of the safety case but however concern issues that would probably
deserve to be accounted for in it. These concern for example the impact of the repository on
local environment, the total capacity of a particular site to dispose of the radioactive waste
production in case of continuation or further development of nuclear industry, the inventory of
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existing radioactive waste and the rationale and consistency of the various types of
management they receive.

The collection of international experience in addressing such issues can be helpful to possibly
complement the recommended contents of a safety case.
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