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FIRST SAFETY ASSESSMENT

OBJECTIVES AND CONTENT OF THE 2001 REPORT

Michel de Franco
Andra, France

At the end of 2005, Andra must submit to its supervisory ministers a report on the disposal
possibilities for high-level long-lived radioactive waste (HLLL waste) in deep geological formations
with due account to a reversibility rationale. This report will describe the results achieved so far and
provide an opinion on the feasibility of a repository that “would respect nature, environment and
health, while integrating the rights of future generations”.

With that goal in mind, Andra organised its activities according to a Development Plan (DP)
in order to determine the nature and schedule of the various tasks to be conducted. Year 2001 marks a
relevant step in the iterative process. Moreover, without any predefined cut-off step either on research
matters or in the field, 2001 was selected to prepare the first compilation of scientific and technical
data and to undertake the first safety assessment of the chosen designs that the Agency is currently
investigating.

The purpose of this note is to describe the objectives of the 2001 report and its content.

Objectives and expected results

First and foremost, the 2001 report represents the first safety assessment of disposal designs
with a view to facilitating the formalisation and testing of the safety-assessment method that the
Agency intends to use for its 2005 report due to the government. The report therefore comprises a
significant methodological component, although the results of this first safety assessment constitute an
additional goal of the report. The 2001 report also includes an exercise in compiling and formatting
the scientific information underlying the safety assessment and the approach used to study the
feasibility of the repository.

The 2001 report will therefore offer an opportunity for dialogue with the Agency’s various
stakeholders, such as the National Review Board (Commission Nationale d’Evaluation – CNE), the
Nuclear Safety Inspectorate (Direction de la Sûreté des Installations Nucléaires – DSIN), the Institute
for Radiation Protection and Nuclear Safety (Institut de Protection et de Sûreté Nucléaire – IPSN), etc.
It is essential for Andra to be in a position to show early enough the content of its safety assessment of
chosen designs with respect to their feasibility, as well as the associated arguments and methods. From
that standpoint, the 2001 report constitutes the Agency’s proposal on the issue. The readability of such
a document is crucial. Feedbacks of reviews will be a manner to improve its clarity and
demonstrativeness.
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The 2001 report doesn’t aim to make a demonstration of the feasibility of any potential
repository. Some parts of the safety assessment will only be partially developed, since the methods to
be adopted are common to those described elsewhere in the document and their use does not raise any
problem or specific issues. For obvious reasons, any information obtained at such an early stage may
only be limited. In that sense, the report does not aim at exhaustiveness or completeness. That is
particularly the case for the quantitative analyses (concentration and dose calculations) presented in
this report that do not involve the entire inventory of radionuclides or toxic chemicals contained in the
waste. A few elements have been selected for the calculations, either because of their potential impact
or representativeness with regard to the behaviour of radionuclides or of their belonging to a chemical
family. In addition, any uncertainty or discrepancy within the report, whether it concerns a simple gap,
a partially covered aspect or unverified hypotheses, will be identified in a view of later processing and
further study, if necessary.

Nevertheless, the 2001 report is not restricted to methodological objectives. Its conclusions
will also allow to underscore lessons for safety’s sake with regard to disposal designs as well as
studies and investigations to be performed until 2005.

The conclusions of this first safety assessment will in particular permit to get a feedback on
the design approach: the 2001 safety assessment will provide elements to support a multi-criteria
analysis on the performance of those designs. The Agency is planning to select by the beginning of
2002 the relevant designs to be more investigated until 2005, through a multi-criteria analysis. The
multi-criteria analysis includes, beside safety, the following criteria: (i) demonstrativeness, (ii)
reversibility, and (iii) cost and (iv) flexibility with regard to the inventory.

A qualitative analysis will also be carried out on the various chosen designs, for both the
operational and post-closure phases. One of its objectives is to evaluate the contribution of each option
of design to the safety. The assessment of the safety criterion that was performed on the previous
designs during the preliminary phase will rely up on the work mentioned in the 2001 report. Moreover,
the 2001 report will provide elements for the reversibility and demonstrativeness criteria. Additional
studies1 may also introduce other elements for consideration.

Lessons learnt from the first safety assessment will bring to the fore the relevant design’
elements and phenomenological processes with regard to safety and its demonstration. Such will be
the particular case of the role of the quantitative calculations and sensitivity analyses to be conducted
at different scales (vault, disposal module and geological medium). The calculations that are
performed on each design and a restricted list of radionuclides aim at determining the exact role of the
main components and at ranking the transfer pathways. The 2001 report will also provide the first
bases to identify the major safety elements. The first goal of the calculations carried out in the
framework of the 2001 report is not to quantify precisely the impact of a potential repository on a
defined outlet and to examine exhaustively any potential impact of all the elements involved. Such an
objective would require complete calculations on the entire radiological and chemical inventory, a task
that will not be undertaken in 2001. Given the feedback from current experiences, only major
radionuclides or those representative of typical behaviours (whether mobile or not, delayed or not,
etc.) will be considered. Calculations will aim at quantifying their contribution to the impact and to
derive a more global evaluation of the role of each family in that impact. For that purpose, calculations
will be made for some designs and for each family of Intermediate level waste (HLW) waste, vitrified
waste and spent fuels.

                                                          
1 Excluded from the 2001report stricto sensu: further design studies, cost studies, etc.
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Finally, the 2001 report will also offer an opportunity for verifying the availability of the
scientific and technical informations that are needed to perform the safety analysis, for ensuring their
consistency, for identifying discrepancies and underlining uncertainties. In that sense, the 2001 report
will compile the available knowledge.

Structure

All information acquired during the whole process of the research project on the HLLL-waste
repository is reported into technical reports. In addition, both safety analyses and calculations give rise to
specific reports whose content and articulation often reflect the series of tasks scheduled and carried out
at the Agency.

The 2001 report will consist mostly of a summary report describing the overall approach, the
different components and the main conclusions. In addition, the report will include several supporting
technical reports and notes. Although those documents were prepared in respect with the rationale
adopted for the development of the HLLL-waste project, any reader could consult them separately
according to the information being sought.

Content

The 2001 report contains five major parts:

•  the knowledge reference systems;
•  the description of the preliminary repository designs;
•  the description of the phenomenological evolution of a repository;
•  the safety analysis;
•  an international review of safety-related approaches.

The 2001 report presents a first set of the Agency’s reflections on the reversibility, especially
the relevant components required for the reversibility and monitoring programme. The report also
includes an executive summary.

Knowledge reference systems

Knowledge reference systems reflect the status at the end of 2001 of all acquired scientific
informations together will the scientific and technical uncertainties. They include four volumes:

•  The reference system on “packages” consists of the preliminary inventory model
(modèle d’inventaire préliminaire – MIP) and of a the first description of the associated
phenomenological processes (e.g source terms). The MIP presents a detailed listing of all
families of the HLLL-waste packages. It also defines hypotheses for production
predictions, draws up an inventory, describes the various package types and provides
radiological inventories, as well as radiological and thermal characteristics in
consistency with each type of waste package. The phenomenology chapter mentions
clear information on the behaviour of the various packages, especially the release of
radionuclides;

•  The reference system on the “geology” presents the available state of art on the current
technical and scientific knowledge regarding the Eastern Site. The document updates,
the first version released the Agency in January 1999, especially with respect to the
hydrogeological modelling;
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•  The reference system on “materials” presents the current knowledge on engineered
materials that might be used or present in a repository (hydraulic binders, clays and
metals). It focuses on information concerning the physical, chemical and containment
properties of hydraulic binders and clays that are currently investigated by the Agency,
as well as data on the corrosion and mechanical behaviour of carbon steels and other
passivable alloys;

•  The reference system on the “biosphere and the environment” describes the initial
characteristics of the Eastern Site. It provides a status report on the behaviour of
radionuclides and toxic chemicals in the various media as well on the transfers to the
food chain; the impact on human beings, the flora and fauna. Finally, it provides a
representation of the various biospheres, and the resulting conceptual and mathematical
models.

Description of the concepts submitted to safety assessment

This part describes the preliminary designs selected for the three waste categories (ILW
waste, vitrified waste and spent fuels), together with facility-construction, operation and closure
processes. It also includes the functional analysis of the repository and its components during with the
operational and post-closure phases.

Description of the repository’s phenomenological evolution

This part involves the phenomenological analysis of repository situations (analyse
phénoménologique des situations de stockage – APSS). This analysis consists in describing the
Agency’s understanding about the role of each relevant component of the chosen designs, by
identifying the different thermal, hydraulic, mechanical and chemical (THMC) phenomena regulating
the evolution of the repository throughout the different phases of its lifetime. Achievement of this goal
relies on an analysis segmenting the repository’s lifetime in time and spaces frames, in order to
describe as completely as possible the phenomenology and to establish a link with the models to be
developed after 2001.

Safety analysis

This part presents the approach adopted for the safety analysis, the assessment methods and
the end results.

It includes a qualitative safety analysis throughout the operational and reversibility phases,
along with an analysis of specific risks (package drop, fire and criticality) and a qualitative safety
analysis during the post-closure phase. The post closure safety analysis comprises a risk and failure
assessment leading to the description of scenarios in a view of carrying out a quantitative assessment
(dose and concentration calculations): normal-evolution scenario (scénario d’évolution normale –
SEN) or altered-evolution scenario (scénario d’évolution altérée – SEA) such as human intrusion,
sealing failure.

The modelling hypotheses, arguments for the tool selection, results of numerical simulations
and their interpretation are described in this part. Calculations are made at different successive space
scales (vault, disposal modules, repository and host formation, geological medium and environment).
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Reversibility analysis

Andra defines a “reversible repository” as a disposal facility that is capable, to the same
extent as a storage facility, of providing options at all times with regard to waste management and of
remaining robust over time with regard to the basic objective of protecting human beings and the
environment. This goal suggests that the operator of a repository is in a position to control the
evolution of the repository and to manage it at each reversibility level. In that context, it is vital to
understand the thermal, hydraulic, mechanical, chemical or radiological phenomena involved in order
to determine the repository’s evolution. To achieve that goal, it is necessary to benefit from an
adequate system to monitor the repository and its reference models. The next step consists in defining
the means of action on the management and evolution of the repository.

This part will present a first overview on:

•  The relationships between reversibility and the different design factors of the repository
(architecture and specifications, implementation and operational processes and phases of
the repository, as well as appropriate technological means necessary to revert to a
previous reversibility level);

•  The feasibility and the objectives of the monitoring programme.

Review of foreign approaches

This part describes some foreign approaches in connection with safety analyses, particularly
NIREX (United Kingdom) and SKB (Sweden). It also provides a summary of the approaches
developed abroad for the definition of “safety scenario” and for the use of analytical methods, safety
models and associated numerical calculations.

Executive summary

This document highlights the different elements of each chapter of the report and presents
the main lessons and conclusions. It also establishes the relevant links with the various parts of the
report. Finally, it might be read and understood independently from the latter by the various
stakeholders.

Conclusion

The 2001 report will not demonstrate the safety of any specific repository design. However,
it will allow for:

•  the methods to be tested before the safety assessment that will be performed by 2005 ,

•  the first lessons to be learnt with regard to the identification of the major safety-related
design elements and phenomenological processes,

•  and also for underscoring of the existing scientific and technical information as a base or
a justification for the safety assessment.

Beyond its actual completion, the 2001 report must be exploited first to gather all useful
lessons in order to determine which repository designs will be considered and, also, to revise Andra’s
Research and Development programme.
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In the early months of 2002, relevant designs and their associated research programme will
be selected and argued on the basis of the report and of other corollary elements (cost analysis,
specific studies on concepts, etc.) and will be examined between 2002 and 2005. Furthermore, a
certain amount of work will remain to be carried out in order to further the specification process of the
HLLL packages.


