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The present English version is a translation of the original “Dossier
2005 Argile' documentation written in French, which remains ultimately
the reference documentation.

In order to be consistent through the various documents, while the
word ''storage' ("'entreposage'' in French) refers only to temporary
management (in terms of concept and facility), "disposal' (in term of
concept) and ''repository' (in terms of facility or installation) refers to
long term management of high level long lived radioactive waste
(""'stockage' in French for these words).
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1 — The Study Approach

1.1 Purpose of this volume within the Dossier 2005 Argile

The Law of 30 December 1991 Loi n°® 91-1381 du 30 décembre 1991 relative aux recherches sur la
gestion des déchets radioactifs. conferred on Andra the task of assessing the feasibility of a high-level,
long-lived waste (HLLL waste) repository in a deep geological formation. This volume of the Dossier
2005 Argile reports on the results of the study from the standpoint of the architecture and management
of such a repository. It is based on the characteristics of the clay formation studied in an underground
research laboratory located in the Meuse and Haute-Marne departments.

The feasability study sought to assess if it would be possible to build a repository which could be
operated and managed in a reversible manner, closed and monitored and then evolve without any
further human invention. It covers the entire inventory of existing French HLLL waste (classified as B
or C) or waste which is to be produced in the short and medium term future (as well as, on an
exploratory basis, spent fuel which has not necessarily been reprocessed). It aims to ensure that the
safety of staff and public, and environmental protection, are not compromised at any time.

To assess feasibility, Andra has selected a potential respository architecture that meets expectations
and is industrially realistic. The repository design is based on available knowledge and technology.

The architecture studied does not in any way freeze the definition of a potential repository. The
technical options set out in this document, chosen as being as simple and robust as possible, show that
solutions are conceivable. They should not be regarded as optimized solutions, either in
technical/economic terms or from the safety standpoint. They may be developed further if action is
taken on the project after 2006.

This architecture was also the basis used to analyse repository safety, particularly its behaviour and
evolution at different time scales. Two other volumes of the Dossier 2005 Argile address the
phenomenological evolution of a repository and its safety assessment (Figure 1.1.1). All three volumes
are based on reference knowledge documents and a number of thematic technical documents. The
reference knowledge documents concern the Meuse/Haute-Marne site, waste packages (description
and inventory model), the repository's constituent materials, waste package behaviour (release model)
and radionuclide behaviour. The thematic technical documents particularly relevant to this volume
concern the specifications for and design of the main repository components (waste packages and
cells) and conceptual modelling of phenomena to be taken into account in designing repository
reversibility (e.g. thermal load).
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Figure 1.1.1 General structure of the Dossier 2005 Argile

Note that it is not the purpose of this initiative to allocate a particular site for the repository. It seems
to be premature at this stage to identify a repository site. Andra has therefore made sure the results
obtained at the laboratory site are transposable to a wider area. Only transposability will ensure that
the results do not depend on the specific features of a particular location within a given zone.

1.2 Main stages of the design study

Andra has taken an iterative approach to studying geological disposal. As research has developed
since the Act of 30 December 1991, knowledge of packages, the geological study site and the main
phenomena to be taken into account in repository design have advanced simultaneoulsy.

The period 1994-1996 was spent on geological surveys at sites identified by the consultation mission
led by Member of Parliament Christian Bataille. The task was to check that the sites had no features
that would exclude them in light of the Basic Safety Rule III 2 f. [2]. At the close of this phase an
application was submitted for authorization to create underground laboratories, including one at the
Meuse/Haute-Marne site.

Alongside these surveys, initial research on repository concepts was conducted. This led to the
selection of initial design options in 1997. These options addressed the questions the first safety
studies had raised, particularly with regard to the long-term behaviour of packages and engineered
barriers.

Studies conducted on that basis led to the selection of preliminary concepts. These took into account
the different types of waste, the knowledge of the clay formation acquired through the surface-based
surveys, and the uncertainties that were unresolved at that stage. The preliminary concepts were
designed to explore a fairly wide range of options so as to address the different scientific and technical
problems regarding technological feasibility, safety and reversibility. The outcome was a choice of
repository geometries, materials and operating and maintenance methods.
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1 — The Study Approach

From 1999 to 2000, a safety analysis — the "initial safety verification" — was carried out on the
preliminary concepts. This enabled Andra to test the analysis methods and identify important points to
examine from the safety angle, knowledge to develop further and design aspects to improve on.
Alongside the analysis of post-closure safety, an initial assessment of operating risks was carried out.
The preliminary concepts were also analysed for reversibility. The results of the studies were put
together in an interim dossier issued in 2001.

At the same time, research was conducted to find ways to improve the concepts technically and
economically. In particular, alternative options were introduced to make the repository more compact.

In 2002, the lessons drawn from the 2001 Clay dossier were used to select the technical options on
which the 2005 dossier is based. This selection favoured a simple, robust concept for each type of
package, in the light of current knowledge. For example, options for which there were industrial
analogies were adopted, as these can provide useful feedback from experience.

Andra then drew up technical requirements specifications setting out the functional needs and
technical choices for the components.These specifications constituted a basic data input for the
engineering studies conducted between 2002 and 2005, the behaviour studies and the safety analysis.

The purpose of the engineering studies conducted since 2002 has been to describe the main
components of a repository architecture in greater detail and check capability to build and operate
them. When the Meuse/Haute-Marne underground laboratory was built, the studies were progressively
fitted to the new data acquired at the site.

With these engineering studies, Andra systematically sought out industrial analogies in the nuclear and
mining industries and major civil engineering structures. The purpose was to gather feedback from
industrial experience relevant to a nuclear waste repository. This involved working with major
engineering firms specialising in those fields. In addition Andra has not only thought in terms of the
French situation. Andra's concepts have been compared with those of counterpart organisations in
other countries through technical exchanges and co-operation programmes.

For the most part, at this stage the technological demonstration aspect has been addressed only by
factoring in experience feedback. However, tests have been conducted on particular points such as
disposal packages and maintenance principles, for which operating experience feedback and
experience from tests conducted in other countries did not seem sufficient.

Overall, the repository feasibility assessment presented in this dossier is based on the results of studies
and other work aimed at knowledge acquisition, and the synthesis of those results in the form of usable
models. Alongside the surveys and characterisation studies conducted from ground level at the
Meuse/Haute-Marne site during the building of the underground laboratory and then in the laboratory
drifts, research was conducted on the geosphere and biosphere, and on rock behaviour using samples.
A major scientific knowledge acquisition programme was conducted on the physical-chemical
behaviour of the packages' constituent materials and the radionuclides they contain, and of the
materials used to build a repository in a clay environment.

The repository architecture was also modelled. The modelling involved recording the phenomena
occurring in the repository,describing changes in waste packages, repository components and the
geological environment and their physical and chemical interactions. The models allowed to
dimension the engineered structures. However, their main function was to address the behaviour of the
repository at long timescales (from a century to hundreds of thousands of years). Experience feedback
and the results of short-term experiments are not a sufficient basis for addressing such long-term
behaviour.

The long-term safety analysis is a way of checking the capability of the system as a whole to meet the
objectives of radiological protection laid down under Basic Safety Rule II1.2.f [2], and assess its
robustness with regard to the uncertainties of very long timescales.
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1.3 An iterative approach

Andra has adopted an iterative approach for its research, the repository architecture being gradually
more precisely defined as knowledge accumulates. The principle of the process is shown in the next
figure.

In particular, it meets a recommendation on long-term safety in Basic Safety Rule IIL.2.f, which
stipulates that "the quantitative objectives for barrier confinement performance can only be validly set
after an iterative process incorporating experience acquired during the repository safety study".

Each iteration involves knowledge acquisition and a study of architecture concepts that are consistent
with this knowledge. With the available knowledge, models can be used to understand the behaviour
of the concepts studied.

These elements are the basis of a safety analysis. The safety analysis concerns the long-term functions
of the repository, which are its distinctive features, and its operating safety.

The lessons from the safety analysis then act as input data for the next iteration: uncertainties in the
knowledge base that need to be reduced as a matter of priority, design guidelines etc.

This approach ensures that safety is taken into account at the very earliest design stage. In this way (i)
choices can be progressively steered towards solutions that are increasingly robust with regard to
uncertainties in knowledge and (ii) preventive and protective measures against identified risks can be
introduced.

Knowledge acquisition | <@g~ Architecture and design

Understanding of the system
Modelling and simulation

Safety studies

! ]

new new
itération Feedback on : itération
- uncertainties,
- design,

- robustness,

- feasibility

Research priorities Design guidelines

Figure 1.3.1 The iterative study process
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1 — The Study Approach

1.4 Structure of the volume

This document particulary refers to the preliminary design studies for a potential repository, which
include several closely linked strands.

They begin by identifying the functions of a repository with regard to safety objectives and the
reversibility requirement. The technical options for fulfilling these functions are then identified and
studied. These elements are presented in summary form in Chapter 2.

A meticulous inventory of waste focussed on in the study was drawn up and summarised in an
“inventory model”.The results of this work are set out in Chapter 3.

Among the essential technical options, the core of the repository concept is the nature of the waste
packages inventoried and the design of the underground engineered structures intended to receive
them. These elements are presented in Chapters 4 and 5 respectively.

The supplementary physical components concern the layout of the underground engineered structures,
the access structures (shafts and connecting drifts) and the surface installations. These elements are
presented in Chapters 6, 7 and 8 respectively. The description of the underground structures includes
the devices to be installed to close the repository (backfill and seals). The surface installations are
considered only briefly, as they are analogous to installations at existing nuclear facilities. In additec
to describing a disposal facility, the study sought to verify that the technical resources for industrial
operation of such a facility exist. These resources are described in Chapter 9.

Reversibility has been taken into account not only in the architecture design presented here but also in
the repository operating rationale. The factors that combine to make disposal reversible are set out in
Chapter 10. In particular, this chapter highlights the need to master the repository's phenomenological
behaviour and describes the associated technical measures.

Another aspect, inseparable from the design of a repository architecture for industrial operation, is
security and nuclear safety during building and operation. In this connection a preliminary risk
analysis and a study of hypothetical accident situations have been conducted. The results of this study
are presented in Chapter 11. The rationale of this study is similar to the conventional approach, but
differs in that the institutional context is not an application to build a basic nuclear facility. It therefore
concentrates on problems specific to disposal and does not exhaustively cover safety arrangements
that are already well known in another context.

To conclude the volume, Chapter 12 summarises the main lessons of the technical feasibility study for
a repository, incoporating the rationale of reversibility and taking safety objectives into account. It
makes suggestions for additional research that could be conducted after this study.
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2 — General Description

This chapter gives an overview of the architecture and management of a reversible disposal system.

It describes the main characteristics of the waste to be disposed of and the functions the repository
must fulfil over time. The main purpose of these functions is to protect the environment and future
generations from any risks generated by the waste. They also incorporate a reversibility requirement.

The chapter then describes the geological situation for which disposal feasibility has been studied.

It also briefly describes the technical options for fulfilling the repository's functions and the principles
on which those options are based. These technical options concern the waste disposal containers and
the architecture of the repository.

The chapter ends with a summary recapitulation of the role each repository component plays in
fulfilling the required functions.

2.1 Waste studied

The waste studied (called High Level and Long Lived, or HLLL waste) contains both short-lived
radionuclides, usually in large quantities (high level), and long-lived radionuclides' in medium to very
large quantities.

The main danger of long-lived radionuclides is from ingestion, exposing living tissue to o radiation;
the half-life* of some isotopes is more than a hundred thousand years.

A high proportion of HLLL waste also has high y radiation activity, which means that humans must be
protected from external exposure.

The B-y activity in HLLL waste decays fairly quickly. After a few decades, nuclear fuel contains only
a few per cent of the radioactivity it displayed when unloaded from the reactor.

The energy generated by radioactivity is mainly converted into heat. The radiation is absorbed by the
waste package's constituent matter and, to a lesser extent, the matter in its immediate vicinity. A few
centuries later, when the B-y radioactivity has largely decayed, the residual radioactive energy (from
the long-lived isotopes) is very low and the amount of heat produced is no longer significant.

The decrease in B-y activity over time suggests that for the most highly radioactive waste there should
be an interim period between production and disposal. This can be achieved with temporary storage
facilities. During this period the heat produced by the waste diminishes, and this affects the
dimensioning of the disposal installations and their footpint in the host formation.

211 Origin and properties of HLLL waste

HLLL waste is produced by the nuclear power industry, research activities and national defense. To
study disposal possibilities, Andra drew up an "inventory model" consolidating data and hypotheses
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