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ABSTRACT

The bill voted in 1991 provides a framework, up to the year 2006, for all researches conducted in France on the
management of high-level and long-lived radioactive wastes. Three complementary directions are explored in the
intervening period, including geological disposal. The law sets the conditions for the studies and researches,
particularly the necessary reliance on experiments in underground laboratories. In August 1999, the government
authorized Andra to build a first laboratory, in the clay formation at the boundary of the Meuse and Haute-Marne
departments, an operation that is under way today. A second laboratory is also slated, in a granitic formation, on
a site remaining to be determined. When the 2006 deadline arrives, a debate will be organized in the French
Parliament. The present article discusses the researches conducted in connection with the feasibility study of
disposal in a deep geological formation, and highlights the complementarity between the different research direc-
tions.
Keywords : France, Waste Management, Disposal, Underground Laboratory, Repository.

INTRODUCTION

Since the 1960's, France has been concerned with the future of the radioactive wastes generated by the use of
radioisotopes, and later, on a larger scale, of nuclear energy. In 1969, it rejected the dumping of solid wastes at
sea, and progressively developed the concept of the near-surface disposal of low- and medium-level (LL/ML)
long-lived wastes. The French government assigned to Andra (National Agency for Radioactive Waste Manage-
ment), an agency it created in 1979 as part of the CEA (French Atomic Energy Commission), the management of
the first disposal facility of this type, located in the Manche department. Andra developed the concept to the
industrial operation stage and, in the mid 1980's was asked to find a new site to relay the first facility. This search
led in 1992 to the creation of the Aube facility, while the Manche facility, which had used up its nominal capac-
ity, was closed in 1994. The Aube facility, with its capacity of 1 000 000 m3, will handle domestic needs for
more than fifty years. In the meantime, following the bill passed by the French Parliament in late 1991, Andra
became a self-contained Public Establishment, independent of the CEA and of the waste generators.

For the other waste categories, Andra conducts researches aimed to propose management alternatives (radium,
graphite, tritiated wastes). In particular, for very low-level (VLL) wastes that will be produced on the decommis-
sioning of the laboratories, reactors and other nuclear installations, Andra has been developing a specific disposal
facility project since 1994, alongside the safety authority, the DSIN (Nuclear Installation Safety Directorate) and
the producers concerned by these wastes. Geological investigations have been carried out to demonstrate the
potential of the site. Public inquiries are under way in the neighborhood of the Aube facility. Depending on their
outcome, they could lead to the opening of a new facility in 2003. These very low-level wastes, primarily con-
sisting of rubble and scrap metal, are expected at the annual rate of about 25 000 t in the next thirty years. They
are characterized by an activity lower than 100 Bq/g and often in the range often Bq/g.

Similarly, to offer long term management systems for each category of radioactive wastes, Andra, from its crea-
tion in 1979, initiated a program to examine the possibilities of geological disposal of medium- and high-level,
long-lived (HLLL) wastes. In France, these wastes consist chiefly of residues from the reprocessing of irradiated
nuclear fuels (vitrified fission products, fuel assembly clads) as well as technological wastes produced by the
process and, in some cases, spent fuels for which reprocessing might be ruled out.

In the 1980's, the work conducted within this framework aroused strong opposition, including the first prospect-
ing campaign initiated at the government's request in 1985. Four sites containing potentially favorable geological
formations (granite, clay, salt, shale), in four French departments (Deux-Sevres, Aisne, Ain, Maine-et-Loire)
were the subject of a preliminary approach. But owing to the opposition of the population of the areas concerned,
the government decided on a moratorium on the project in early 1990. This interval was exploited to develop a
new approach and spark a Parliamentary debate. The task culminated with the passing of the act of 30 December
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1991, which henceforth, and for at least fifteen years, provides the framework for all researches in the manage-
ment of high-level and long-lived wastes, in three directions (separation/transmutation, deep disposal, condition-
ing/storage).

Following a brief review of the legislative setting provided by the act, this presentation focuses particularly on
projects under way, pertaining to the study of feasibility of geological disposal (direction 2) of the management
of high-level and long-lived wastes, for which the lawmakers assigned responsibility to Andra.

1 - THE ACT, MEDIATION AND PRELIMINARY RESEARCHES

The 1991 act identifies three directions for exploration :
• the search for solutions enabling the separation and transmutation of long-lived radioelements present in these

wastes,
• examination of the possibilities of reversible or irreversible disposal in deep geological formations, particu-

larly through the construction of underground laboratories,
• the study of processes for the conditioning and long-term surface (or subsurface) storage of these wastes.

Beyond this scientific and technical framework, the 1991 act sets and implements a number of major guidelines
aimed to allay the objections raised in the previous period. While geological disposal was reaffirmed as an im-
portant option, that must be investigated concretely by the construction of underground laboratories, it is not
elevated to an exclusive solution. A research effort must be conducted simultaneously to try to reduce the volume
and toxicity of the wastes and, if necessary, propose more stable conditionings for the very long term. At the
same time, in line with the principle generalized as the « precautionary principle », the research effort must iden-
tify long-term storage and reversible disposal concepts that can leave to our descendants, without excessive fi-
nancial burdens, alternatives incorporating ethical developments and technical advances.

The 1991 act also promotes the quest for greater clarity in the choices and their control. Thus the National
Evaluation Commission was instituted, made up of twelve scientific experts. Its task is to annually evaluate all
the researches and to ensure their consistency. Its final report, to be submitted in 2006, will enlighten the legisla-
tors on the possible alternatives and decisions pertaining to the management of HLLL wastes. In the same spirit,
the procedures for identifying candidate sites to host underground laboratories privilege the voluntary participa-
tion of the local communities and their representatives. To inform and listen to the different parties concerned, a
local information committee has been created on each site.

The act also confirms the financial liability of the radioactive waste producers, in line with the principle of «the
polluter pays». They will bear the cost of the researches on the long term management of these wastes, including
the financing of Andra. On this occasion, the status of the Agency was modified. It became a Public Establish-
ment with an Industrial and Commercial character, independent of the CEA and placed under the triple supervi-
sory authority of the Ministries of Industry, Research and the Environment. Andra is charged with implementing
the researches along direction 2 (disposal), and the CEA is charged with directions 1 (separation and transmuta-
tion) and 3 (conditioning and long-term storage). Overall cooperation between the different players in research
was also established under the aegis of the Ministry for Research.

The general research strategy pertaining to the study of the possibilities of geological disposal of HLLL wastes
consists in mobilizing and supplementing the knowledge built up on the waste packages, while exploring the
geological properties of real sites. The aim is to examine feasible concepts for an underground disposal facility
combining the protection of the population and the environment against radiations in the long and short term, and
to guarantee the reversibility of the disposal operations.

In terms of siting, in late 1992 the government assigned a mediation mission to Christian Bataille (M.P.), reporter
to the Parliament on the act of 30 December 1991. The aim was to present the project to elected representatives
and the local population, in order to identify areas not only geologically favorable but also candidates for the
installation of an underground research laboratory. The mediator was led to examine the situation of some thirty
French departments. Four of the them, the Haute-Marne, the Meuse, the Vienne and the Gard, were eventually
candidates. In January 1994, the government authorized Andra to initiate operations from the surface, designed to
confirm the advantage of installing a research laboratory at about 500 meters depth and to determine the installa-
tion site.
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These operations include geophysical measurements from the surface, boreholes, coring, tracking of laboratory
examinations and measurements, and in situ hydraulic measurements. They also offer the opportunity to gather
the field data necessary for compiling the administrative applications for permits to build and operate under-
ground laboratories.

E'dt

Figure 1 : example of geophysical measurement
Measurement of seismic wave reflection

In eastern France, near Bure, on the edge of the Paris Basin and at the boundary of the Meuse and Haute Marne
departments, a first site was selected. The formation of interest, located between 400 and 600 m depth, corre-
sponds to the Callovo-Oxfordian stage. It consists of an argilite about 150 million years of age and 130 m thick.
It is laterally homogeneous and with a wide extension (> 100 km2). The layer is highly impermeable and no aqui-
fer formation exists in the horizons on either side. The regional geodynamic context is sufficiently stable to dis-
count any seismic risks. The argilite displays good retention capacities due to its very fine porosity and the cation
exchange capacities of its clay fraction. In view of the good mechanical properties of the rock, standard civil
engineering techniques could be used to excavate and support the galleries.

In west central France, in the south of Vienne department, a second favorable site has been explored in the Her-
cynian granitic formation. The campaign of eleven boreholes drilled in 1994 and 1995 revealed the presence of a
granodiorite deposited about 350 million years ago, at 450 m depth and several hundred meters thick.

In southern France, in the northeast of the Gard department, a third favorable site was also identified in 1994 and
confirmed in the subsequent years by a geophysical survey and four boreholes, one of them reaching the depth of
1 500 m. The target Cretaceous formation, the Vraconian silty formation (100 million years of age) is 200 to 400
m thick, at a depth between 400 and 800 m.

2 - DECISIONS CONCERNING THE UNDERGROUND LABORATORIES AND THE RESEARCH
PROGRAM

Following these operations, the government instructed Andra in early 1996 to prepare an application for an In-
stallation and Operating Permit (DAIE) for an underground research laboratory for each of the three sites ex-
plored. These applications, examined by the Nuclear Safety Authority (DSIN), are analyzed by the services of the
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administration, both central and departmental, and also by the territorial authorities (municipal, general, regional
councils). They are the subject of a public inquiry for each of the candidate sites, which all confirmed the ready
local acceptance of the projects.

The National Evaluation Commission has expressed a favorable opinion on the Est and Gard sites. While recog-
nizing the potential interest of a granitic site, it nonetheless expresses reservations about the Vienne site, given its
intrinsic complexity and the high scientific uncertainties.

Based on these opinions, the Government finalized its decision on 9 December 1998. It authorized Andra to build
and operate two laboratories, the first in the clay site proposed at Bure, at the boundary between the Haute-Marne
and Meuse departments, and the second in granite, but on a new site to be explored. The Gard and Vienne sites
were abandoned and the boreholes plugged accordingly. The procedures for applying this decision are set forth in
three decrees signed in August 1999 by the four ministers concerned and published in the Official Gazette on 6
August 1999.

Kimmeridgian Marls

Oxfordian limestones

Callovo-Oxfordian argilite

Dogger limestones

Figure 2 : Schematic view of the Meuse/Haute-Mame underground laboratory

The construction of the Meuse Haute-Marne laboratory began in November 1999, after the installation of the
Local Information and Tracking Committee (CLIS). This interdepartmental structure gathers together the local
socio-economic and political players to accompany the construction, followed by the operation of the laboratory,
with information on the project and the research conducted, particularly by hearing the persons concerned.

The first step of this construction consisted in accurately defining the geometry of the underground clay forma-
tion to host the laboratory where the experiments will be conducted. Using geophysical techniques derived from
oil exploration (reflection seismics), a 3D mapping of the underground formations was carried out. The second
step, from January to June 2000, consisted in installing the instrumentation aimed to record the behavior of the
rock during excavation, by means of disturbance tracking boreholes.

The year 2000 saw the start of construction of the actual installations, particularly the surface facilities. In August
2000, after obtaining the building permit from the safety authority, the excavation of the access shafts for the
laboratory started. In March 2001, the depth reached was 40 m for both shafts, with excavation carried out in
steps separated by phases of observation of the rock. The first experiments are expected to begin downhole in
2002.
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Figure 3 : Excavation of the main shaft

The scientific program to be conducted in the underground laboratory is based on four main areas
• knowledge of the geological environment,
• geomechanical behavior of the rocks,
• containment capacities of the layers,
• aptitude of the rocks to preserve their qualities over the long term.

Figure 4 : diagram of an experiment
Response of the argilite to thermal loads

All of these experiments will therefore help to clarify the conditions of the reversibility of a potential subsequent
repository and the content of the corresponding surveillance program.

As to the search for a new granitic site for the second underground laboratory, the Government set up a three-
person joint mission in late 1999, according to the decree of 3 August 1999. The joint mission filed its report
with the Government in June 2000. It announced its inability to perform its mission faced with the refusal of
many local officials to receive it, backed by major demonstrations. In this area, Andra is therefore focusing today
on the study of repository concepts that are adapted to the typology of the French granitic formations, without
prejudice to the choice of a particular site, but by exploiting the potentialities offered by the foreign underground
laboratories and their experiments (especially in Sweden).

3 - STUDIES OF REPOSITORY CONCEPTS AND THE SAFETY DEMONSTRATION

As part of the feasibility study of the deep geological repository, Andra is keen to go ahead with field studies to
gather the geological data, and design engineering aimed to incorporate these data in a comprehensive framework
to assess the safety and identify the procedures for reversibility. The Agency has set up an iterative process, using
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a preliminary repository concept to culminate in such a repository project, within the imparted time.

A preliminary repository concept in a deep geological formation is a series of technical options pertaining to :

the disposal cavities (geometry, execution methods),
the arrangement of these cavities in the host geological formation,
the safe emplacement and subsequent retrieval of the waste packages,
engineered barriers between the packages and the geological formation (materials, dimensions, execution
methods),
arrangements needed to ensure reversibility, particularly the corresponding monitoring program,
the sealing of the underground cavities.

From 1994 to 2000, based on the initial design options and a preliminary long term safety analysis, Andra drew
up a series of preliminary concepts. In these concepts, the disposal cavities (« short tunnel », « small-diameter
shaft », «large-diameter tunnel », « cellar », « silo ») and the materials of the engineered barriers and overpacks
(hydraulic binder, clay, steel, passivable alloy) are specific to the packages to be disposed of.
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Figure 5 : Examples of preliminary disposal concept
(a) : Silo ; (b) : Short tunnel

In 2001, the preliminary concepts are undergoing a thorough analysis, particularly to check that they can offer
sufficient resistance to different types of events in time, both internal and external. Examples of internal events
include the breakage of a canister, while external events include the penetration of a disposal zone, in the future,
by an exploration borehole. One important aspect of the safety analysis is naturally to assess the risks of migra-
tion of the radioactivity, over time, from the repository to man. It takes account of the disturbance of the geologi-
cal environment, such as the damage to the rock around the cavities due to their excavation.

The methods of the earth sciences help to describe the present status of the geological environment by recon-
structing past evolutions. The extrapolation of these data in time and space in order to predict the migration of the
radioelements is nonetheless a very difficult exercise. It requires a reasonably simplified representation of the
environment, in order to evaluate a number of future scenarios, probable or accidental.

Among the major operations completed by Andra is the phenomenological analysis of repository situations
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(APSS). This is a breakdown in time and space of the life of a potential repository to clarify the mechanisms and
processes governing this evolution. It will contribute in particular to consolidate the approach in terms of model-
ing the repository and clarify the analysis of the reversibility arrangements. In this sense, it lies at the very heart
of the processes of design, safety assessment and integration of field data.

The results and conclusions of the analysis conducted through 2001 will lead to a reconsideration of the prelimi-
nary concepts to clarify the scientific questions opened, focus the studies on major topics, identify the margins for
improving the concepts to meet the safety requirements and refine the experimental program to be conducted by
2005. The selection of the most interesting disposal concepts will be made in 2002. In fact, the results of the
experiments of the underground laboratory will be progressively incorporated in the project. A new safety analy-
sis will accompany the final package. It will help to identify and, if necessary, rank the additional knowledge that
could be useful to perfect this analysis.

4 - COMPLEMENTARITY OF THE RESEARCH DIRECTIONS

In 1991, by instituting three research directions for the future of HLLL wastes, the lawmakers refrained from
privileging a specific alternative. On the contrary, they wanted to ensure the examination of three complementary
alternatives. Without trying here to make an overall review of the work done in the program, it is nonetheless
necessary to highlight the important achievements of previous years in connection with the efforts made to reduce
the volume of toxicity of the wastes produced. Similarly, the design of long term storage processes offers inter-
esting prospects in terms of HLLL waste management. From the technical standpoint, they should provide safe
interim solutions.

The possibility of combining lessons learnt from the different research directions implies constant coordination
between the different players in research, so that all the possible options are examined and maximum benefit
drawn from existing skills. In this connection, the CEA and Andra have established structures for technical coop-
eration to ensure harmonious work on all the subjects (package inventory, canister, safety analysis, modeling and
simulation).

5 - PROSPECTS

When the period underway elapses, in other words, after 2006, the French Parliament and government will have
to consider any further action on the research program conducted since 1991. In accordance with the 1991 act,
the decision will be the outcome of a new parliamentary debate.

The summary report that will then be examined will comprise the results obtained in the underground laborato-
ries. The report will also review the information gathered in terms of long term storage, on the surface or subsur-
face, for all or part of the HLLL wastes, as well as studies on the separation, transmutation and conditioning of
the wastes.

In view of the deadline and despite the vast research program, structured in the last ten years by the 1991 act, it is
likely that the debate in 2006 will not give rise to any simple decision. The scientific and technical challenges, of
different types, posed for example by the assessment of the long term safety of a geological repository or the
feasibility and advantage of radionuclide separation and transmutation process in terms of cost/performance,
demand a thorough analysis and full scale efforts. The harvest of 2006 will certainly be rich, yet uncertainties
might subsist.

The scientific community in charge of these research programs has two undoubtedly classic obligations, but
which assume particular importance in the present case. The first is a concern for explanation and rigor: the
results of the scientific research must be expressed and explained in terms accessible to the public at large, yet
also subjected to a national and international evaluation that is as rigorous as possible.

The second, an extension of the first, is openness and modesty. Despite the complexity of the concepts conveyed
and their esoteric nature for the public at large, the parties involved in research must not only agree to fuel the
debate, but also to adapt their efforts to the expectations expressed by the different parties concerned.
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