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Abstract. Radioactive waste produced in France vary considerably by their activity level, their half lives, their
volume or even their nature. In order to manage them safely, the treatment and final disposal solution must be
adapted to the type of waste considered by setting up specific waste management channels. A strong principle in
France is that it is the responsibility of the nuclear operators as waste producers to dispose of their waste or have
them disposed of in a suitable manner. The competent authorities regulate and control the radioactive waste
management activities. At present, only short-lived low and intermediate level waste have a definitive solution,
the surface repository, where adequate waste packages are disposed of in concrete structures. Other types of
radioactive waste are in interim storage facilities at the production sites. For very low level waste coming mainly
from dismantling of nuclear facilities a dedicated repository is planned to be built in the coming years. Dedicated
repositories are also planned for radiferous, tritiated and graphite waste. As for high level waste and long-lived
waste coming mainly from reprocessing of spent nuclear fuel the disposal options are being sought along the lines
specified by law 91-1381 concerning research on radioactive waste management, passed on December 30, 1991:
— research of solutions to partition and transmute long-lived radionuclides in the waste;
— studies of retrievable and non retrievable disposal in deep geological layers with the help of underground

laboratories;
— studies of processes for conditioning and long term surface storage of these waste.
In 2006, the French Parliament will assess the results of the research conducted by ANDRA relative to deep
geological disposal as well as the work conducted by CEA in the two other areas of research and, if this research
is conclusive, pass a law defining the final disposal option.

1. NATIONAL FRAMEWORK

1.1. National policy

The French nuclear activities produce solid, liquid or gaseous waste, some of which is
radioactive. The national policy on radioactive waste is that reliable, transparent and stringent
management of this waste must ensure the protection of individuals, preservation of the
environment and limitation of undue burdens imposed on future generations.

Concerning the control of the safety of nuclear activities, including waste management, an
extensive regulatory system has been set up consisting of laws, decrees and guidance rules. Its
objective is to ensure the safety of nuclear facilities and the protection of man and
environment. The regulation concerning radioactive waste management deals with, waste
management strategies, design basis related to safety, quality, release of effluents, impact on
the environment, radiation protection, performance assessment, licensing procedures,
incidents, the organisation of the control of safety, involvement of the public.

A strong principle in France is that it is the responsibility of the nuclear operators as waste
producers to dispose of their waste or have them disposed of in a suitable manner. The
competent authorities regulate and control the radioactive waste management activities.

A specific public agency, ANDRA, has the responsibility for the long term management of
radioactive waste. This agency operates waste repositories, defines the acceptance criteria for
waste packages in these repositories and controls the quality of their production. It also keeps
a national inventory of radioactive waste in France.

In order to share the experience of other countries, France signed the "Joint convention on the
safety of spent fuel management and on the safety of radioactive waste management" on
September 5, 1997. The convention was ratified on April 27, 2000.
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1.2. Institutional framework

The French Nuclear Safety Authority is entrusted with the definition and application of the
regulations of the main nuclear facilities, known as "basic nuclear installations" (BNI's) such
as nuclear reactors, fuel cycle plants, shut-down nuclear facilities, waste treatment plants,
radioactive waste interim storage facilities and final repositories. It is under the supervision of
the Ministry of economy, finance and industry and the Ministry of territorial management and
environment.

The French Nuclear Safety Authority combines the resources of the Nuclear Installations
Safety Directorate (DSIN), the NSSS control office (BCCN) and the Nuclear Installation
Departments (DIN) set up within the Regional Directorates for Industry, Research and the
Environment (DRIRE).

The main assignments of the French Nuclear Safety Authority are:

— drafting and monitoring the application of the general safety regulation;
— implementing licensing procedures for BNI's;
— organising and implementing surveillance of BNI's.

Nuclear facilities which are not considered as Basic Nuclear Installations because they deal
with a quantity of radioactive material at an activity level below the threshold of BNI's are
required to comply with the environmental protection provisions specified in the law 76-663
of July 19, 1976, insofar as they belong to the category of facilities classified on
environmental protection grounds (ICPE). They are controlled at the local level by the DRIRE
under the supervision of the Ministry of Environment.

Uranium mines and mills are respectively under the supervision of the Ministry of Industry
and the Ministry of Environment. Nuclear installations connected to military activity are under
the control of the "Haut Commissaire a l'Energie Atomique".

As for the research relative to the management of high level and long-lived waste, the law of
30 December 1991 prescribes that a National Review Board be created, audit the different
actors of this research and publish a report to the government each year.

1.3. Regulatory framework

hi the framework of its regulatory functions, DSIN issues basic safety rules (RFS) which
constitute guidelines defining the safety objectives to be achieved and describing accepted
practices deemed compatible with these objectives.

The licensing of BNI's is performed within the framework of the decree of December 11,
1963 which provides for an authorisation decree procedure followed by a series of licences
issued at key points in plant lifetime: provisional license for start-up of normal operation,
definitive license after several years of operation, decommissioning licenses.

Before the authorisation decree is signed, the facility has to provide a preliminary safety
analysis report and an environmental impact study. The reports are subjected to public debate
in the framework of a public inquiry (law 83-630 of 12 July, 1983 and decree 96-388 of May
10, 1996). A technical instruction procedure is followed implying a peer review by an
advisory committee (the standing group of experts). Consultations of the different ministries
concerned are set up.
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2. CURRENT STATUS OF WASTE MANAGEMENT

2.1. Waste classification

Radioactive waste produced in France vary considerably by their activity level, their half-
lives, their volume or even their nature (scrap metal, rubble, oils, etc.). The treatment and final
disposal solution must be adapted to the type of waste considered in order to manage them
safely.

The radiological risk can be assessed on the basis of two main parameters: the activity level,
indicating the toxicity of the waste, and the half-life, which depends on the radioactive decay
periods of the radioelements it contains.

The classification makes the distinction between short-lived waste and long-lived waste, and
on the other hand on the distinction between very low, low, medium or high level waste. It is
based on the existing or expected management channels.

Table I. Existing or future disposal channels for the main solid waste and residues resulting
from radioactive waste treatment

Activity/period

Very low level

Low level

Medium level

High level

Short-lived

Dedicated disposal facilities
(under investigation)

Recycling channels (under
investigation)

Surface disposal at the Aube
repository

Recycling of certain metals
(under investigation)

Dedicated disposal facilities for
tritiated waste (under
investigation)

Long-lived

Conversion of current storage areas into
disposal facilities (under investigation)

Dedicated disposal facilities planned for
waste containing radium and graphite
(under investigation)

Waste management channels being
devised in the framework of law 91-1381
of December 30, 1991

Waste management channels being devised in the framework of law 91-1381
of December 30, 1991

41



2.2. General waste management strategy

For the French Nuclear Safety Authority, the management strategy adopted must cover all
categories of waste. This involves setting up specific waste management channels, taking into
account not only radiological risks, but also chemical and sometimes biological hazards
incurred by these waste.

The waste management begins with the nuclear plant design, proceeds during the operating
life of the installation through concern for limitation of the volume of waste produced, of its
noxiousness and of the quantity of residual radioactive materials contained. It ends with waste
elimination (recycling or final disposal) via the intervening stages of identification, sorting,
treatment, packaging, transport and interim storage. All operations associated with
management of a category of waste, from production to disposal, constitute a waste
management channel, each of which must be adapted to the type of waste concerned.

The operations within each channel are interlinked and all the channels are interdependent.
These operations and channels form a system which has to be optimized in the context of an
overall approach to radioactive waste management encompassing safety, traceability and
volume reduction issues.

The objective of the French Nuclear Safety Authority is to ensure that all categories of
radioactive waste are managed safely and find an outlet.

Table I shows the stage reached in implementation of the different waste management
channels, notably the final disposal channel adopted. The absence to date of definitive
disposal solutions for certain categories of waste will be noted.

2.3. Waste management adapted to the different categories of waste

2.3.1. Very low level waste

Very large quantities of very low level waste were produced in the past during operation of the
French uranium mines. These waste contain a very small quantity of long-lived radionuclides,
notably radium. Since moving the millions of tons concerned is obviously out of the question,
it is planned to restructure the mining sites where they are currently stored, taking maximum
advantage of the characteristics of these residues (low solubility and permeability), aiming at a
long term stable solution, requiring neither frequent maintenance nor constant surveillance.

Today's very low level waste come mainly from the dismantling of nuclear facilities or
conventional industrial sites using slightly radioactive substances. The quantity involved will
increase considerably when the time comes for the large scale complete dismantling of power
reactors currently in operation. Radioactivity in these cases amounts to a few bequerels per
gram.

The very low level waste are currently temporarily stored on production sites. Efforts are
being made to rationalize their management. The approach developed in this context falls
within the scope of law 75-633 of July 15, 1975 concerning waste disposal and recovery of
materials. The basic principle of this law are the responsibility of the waste producers, the
traceability of this waste and the necessity to inform the general public

On December 31, 1999 a ministerial order dedicated to waste management in nuclear facilities
was signed. Operators of nuclear facilities should produce "waste studies" which describe the
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management of the different categories of waste in their facilities and the corresponding
disposal channels.

ANDRA and France-Dechets announced in 1999 the setting up of a partnership to create a
dedicated VLLW repository next to the Aube Disposal Centre. Three potential zones have
been selected. Following this survey phase, the characterization phase has begun. The facility
may be operational in 2004.

2.3.2. Long-lived low level waste

The long-lived low level waste include the particular category of waste containing a
significant quantity of radium and producing radon. These waste were notably produced in the
past by the rare earth industry. A special method of disposal is currently being studied by
ANDRA for this type of waste.

2.3.3. Short-lived medium and low level waste

The activity of short-lived medium and low level waste, designated "A waste" by the nuclear
operators, is mainly due to beta or gamma radiation emitting radionuclides, with a half-life of
less than 30 years. Alpha particle emitters are strictly limited.

Short-lived low-level or intermediate-level waste (LILW) are generated by nuclear reactors,
fuel cycle facilities, research centres, as well as university and hospital laboratories
(15,000 mVyear). They consist mainly of manufacturing waste, worn equipment, materials
cleaning rags and protective clothing. This category also includes products from gaseous and
liquid waste treatment at nuclear installations.

The reference technical solution adopted for the long-term management of this type of waste
in France is disposal in a surface repository where adequate waste packages are disposed of in
concrete structures.

This provides for containment of the radionuclides during a sufficient length of time for their
activity level to decay. In the past, this type of waste was disposed of at the Manche Disposal
Centre. It is disposed of, since 1992, at the Aube Disposal Centre. These two Centres are
operated by ANDRA.

For surface disposal, an important issue is the definition of the conditions for entering the
surveillance phase. With regard to the Manche Disposal Centre (surface repository), which
operation ended in 1994 and which is now set to enter the surveillance phase, the French
Nuclear Safety Authority makes sure that the recommendations laid down by the committee
on the subject set up in 1996 by the Ministers for Industry and for Environment are applied.
The French Nuclear Safety Authority has formally approved the safety report produced by
ANDRA in January 1999. A public inquiry was held from February 2nd to April 3rd 2000 as
part of the licensing procedure for entering the surveillance phase. It concerns as well the
revision of the ministerial order for authorization of effluent release relative to this facility.
The decree creating the new facility in the surveillance phase should be signed in 2001.

The Aube Disposal Centre was authorized by a decree of September 4, 1989. Its lifetime is
planned for 30 years and could be extended to 60 years as the quantity of waste yearly
received has drastically decreased. Following the provisions of the creation license, issued in
1989, ANDRA sent the final safety report for the repository to the French Safety Authority, in
December 1996, integrating operating feedback from the first years of operation. On this basis
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the definitive operating license was granted on September 2nd 1999. In parallel, the
authorization for effluent releases is in the process of being revised. In 2000, 13,240 m3 of
LELW have been delivered to the Aube Centre and three structures have been closed. Since the
beginning of its operation the Aube Centre had received, at the end of 2000, 111,6551 m3 of
LILW.

hi May 1995, the French Nuclear Safety Authority defined, in the basic safety rule RFS III.2.e,
revised requirements for radioactive waste package acceptance for disposal in a surface
repository. The respective responsibilities of ANDRA and the waste producers are precised in
this rule. The Safety Authority carries out inspections to check that the acceptance procedures
comply with the requirements of RFS III.2.e and are correctly implemented. Taking into
account the experience feedback and the final safety report of the Aube Disposal Centre, the
RFS III.2.e is currently in the process of being revised.

A new facility, CENTRACO, has been licensed to operate at the beginning of 1999. It
receives short-lived low level or intermediate level waste either for incineration or, in case of
metal scrap, for melting. It contributes to minimization of the volume of the waste before its
disposal in a surface repository.

2.3.4. High level waste and long-lived medium level waste

Long-lived radioactive waste containing alpha emitters are divided into medium level and
high level waste. The former category, known as "B waste" by the nuclear operators, derives
mainly from the process, the operation and maintenance of reprocessing facilities
(1600 m3/year). The latter category known as "C waste" stems from fission and activation
products arising from the reprocessing of spent fuel (240 mVyear). These high activity waste
also include CEA fuel, irradiated in research reactors and currently unused, together with EDF
spent fuel which is not intended for reprocessing.

Disposal options for this type of waste, currently stored on the production sites, are being
sought along the lines specified by law 91-1381 concerning radioactive waste management,
passed on December 30, 1991. This law requires the implementation of a fifteen years
research programme along three different areas of research:

— research of solutions to separate and transmute long life radionuclides in the waste;
— studies of retrievable and non retrievable disposal in deep geological layers with the

help of underground laboratories;
— studies of processes for conditioning and long term surface storage of these waste.

The discussion and information process conducted by the mediator Christian Bataille, member
of the French parliament, and the favorable geological characteristics, led to the choice in
January 1994, by the government, of four geological areas in the departments of GARD (clay),
VIENNE (granite), HAUTE-MARNE (clay) and MEUSE (clay).

Preliminary surface investigations carried out by ANDRA allowed this agency to select three
potential sites for the location of a deep geological laboratory. One is located at the border
between the two departments of Meuse and Haute-Marne and is now called East site. The two
others are located in Gard and in Vienne.

In June 1996, the government allowed ANDRA to apply for the creation of laboratories in
these three sites. ANDRA applied for the East, Vienne and Gard sites mid 1996. DSIN sent
the application to the Prefets of the Departments who organized local public inquiries and
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asked for advice of the local administrations, as well as elected representatives. At the same
time, the applications provided by ANDRA were submitted to a review by EPSN and the
standing group of experts on waste management in March and April 1997, on the basis of the
basic safety rule, RFS JR.2.f, issued in 1991, which defines the general safety objectives for
geological disposal of high level waste and long-lived waste. On the basis of the reports from
the Prefets and the conclusions of the review, DSEST considered in its report of December 1st,
1997 that two sites were suitable, the East site and the Gard site.

The French government decided, on December 9th, 1998, that the research on geological
disposal should be performed at two sites: a clay site at Bure (East France) and a granitic site
to be selected.

After the research program has been performed, one of the selected site for a deep geological
laboratory could be proposed to the parliament as the location for a waste repository.

Following this decision, the government signed, on August 3rd 1999, three decrees:

— the decree authorizing ANDRA to implement and operate at the Bure site, in Eastern
France, an underground laboratory in order to study deep geological formations where
radioactive waste could be disposed of;

— the decree giving general guidelines to set up local committees in charge of following
the activities implemented in underground laboratories;

— the decree deciding the creation of a commission composed of three members in charge
of the dialogue prior to selecting one or several granitic sites for a second underground
laboratory.

Concerning the first decree, the French Government granted, on August 7l 2000, the
authorization to ANDRA to sink the shafts of the underground laboratory. The sinking of the
shafts is underway since September 2000 and will last for two years. Further ministerial
authorizations will be required for drilling the drifts of the underground laboratory.

Investigations and experiments in the underground laboratory should allow to gather the
necessary data for the conception, the optimization (with respect to retrieavability) and the
demonstration of the safety of a potential repository on the site.

Prior to the August 7th, 2000 authorization, ANDRA sent to the French Nuclear Safety
Authority a series of documents concerning the geology of the Bure site, the initial design
option for a repository, the safety approach and the experimental program during shaft
sinking. ANDRA sent as well a global development plan concerning the research relative to
the deep disposal project.

On the request of the French Nuclear Safety Authority, these documents were analyzed,
during the year 2000, by the Nuclear Protection and Safety Institute (IPSN) and the Standing
Group of Experts on waste management.

This resulted in a series of recommendations that the French Nuclear Safety Authority
addressed to ANDRA for the following steps it conducts in deep geological disposal, i.e.:

— a first performance assessment
— a preliminary design concept
— an updated experimental program
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Concerning the second decree, the local information follow-up committee was set up on
November 15th, 1999.

Concerning the research of a granitic site, ANDRA set up an expert group composed of
French and foreign experts and proposed, in 1999, a first selection of 15 sites on the basis of a
bibliographical study. This first selection was approved by the National Evaluation
Commission. The Government nominated on November 19th, 1999 the three members of the
commission in charge of the dialogue on the selected sites. The commission began its work at
the beginning of the year 2000 but had to stop because of a strong local opposition. A report
to the Government was published on July 2000.

As set out by the law of December 1991, a National Review Board is in charge of evaluating
the progress made in the three ways of research. Six reports were provided to the government
and the parliament in July 1995, June 1996, September 1997, October 1998, July 1999 and
June 2000.

In 2006, the French Parliament will assess the results of the research conducted by ANDRA in
deep geological disposal as well as the work conducted by CEA in the 2 other areas of
research.

3. CURRENT ISSUES/PROBLEMS

3.1. Waste inventory

In 1999, in order to improve the coherence of waste inventories, Mr. Y. Le Bars, President of
ANDRA, was entrusted by the government with a mission of defining a methodology for the
waste inventory from nuclear facilities. The report on this methodology was published on June
14, 2000. ANDRA thinks of being ready to publish a first detailed inventory in the course of
the year 2003. Uncertainties will be clearly identified.

3.2. Tritiated, graphite waste

The short-lived medium and low level waste include certain categories which have
characteristics making them unsuitable for acceptance at the Aube repository. These are waste
containing tritium, which is difficult to confine, and also graphite waste, which contain a non-
negligible proportion of long-lived radionuclides. A working party, led jointly by the High
Commissioner for Atomic Energy and the Director of the DSIN, in which took part ANDRA
and the various waste producers (CEA, COGEMA and EDF), is entrusted with devising the
most suitable management channels for these types of waste. ANDRA is studying dedicated
repository designs for these particular types of waste.

An anticipated regulatory issue will be the licensing procedures concerning the creation of
disposals for specific types of waste. Guidance rules should be issued on that subject.

3.3. Surface disposal

For short-lived low and intermediate level waste the main concern is the regulation
concerning the different phases of the institutional control period.

3.4. Interim storage of radioactive waste

For all waste for which a final solution has not been found, it is essential that satisfactory
temporary solutions are implemented. The French Nuclear Safety Authority makes sure that
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these temporary solutions are not only safe, but also that they do not become definitive as a
result of lack of action, hi this respect, the CEA and COGEMA have started a clean-up of
their installations where "old" waste are temporarily stored.

DSESf has initiated the elaboration of a new Basic Safety Rule concerning interim storage of
radioactive waste. It is based on the experience feedback from existing interim storages.

3.5. High level waste and long-lived medium level waste

DSIN follows closely the research programs set up by ANDRA for the underground
laboratories which should end up by the elaboration of a global assessment report in 2006.

hi this process, DSIN is particularly concerned with:

— the priority that must be given to safety;
— the necessity to avoid delays and to respect the schedule of the law of December 1991;
— the need that the research developed in the laboratories be operational and not academic.

Following the recommendations addressed to ANDRA in June 2000, DSIN makes sure that a
first iteration of an integrated performance assessment will be available early in order to check
the adequation of the experimental program and the conceptual design options.

At the same time, DSIN ensures that the elaboration by ANDRA of waste package acceptance
criteria for long-lived waste is progressing rapidly.

Two reflection groups have been set up in the framework of the French-German and French-
Belgian collaboration between nuclear safety authorities in order to precise the methodology
of performance assessment of deep geological repositories.

The topics cover:

— definition of radio-protection objectives in the framework of the revision of the
ICRP 46;

— principles for repository design;
— elaboration and treatment of scenarios and in particular human intrusions;
— use of safety indicators;
— treatment of uncertainties;
— confidence building with multiple lines of reasoning.

At the same time the French Nuclear Safety Authority is working on new safety guidelines in
order to provide evolution to the Basic Safety Rule RFS.HL2.f as well as on a new Basic
Safety Rule on waste package design for long-lived waste. Regulatory guidance should be
given as well on the research concerning long term interim storage.

With respect to the second area of research one difficulty for the regulator is the short period
of time between the acquisition of the first results from the underground laboratory at Bure
and the conclusions to be drawn in 2006, and presented to the government subsequently.

The compatibility of retrievability requirements and long term safety requirements is also an
regulatory issue of concern.
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