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Abstract

The 70's oil crisis has shown that the energy resource dependence of France was too high. The decision
was made by the French government to accelerate the implementation of an ambitious nuclear power
programme, based on Light Water Reactors, and to do the utmost to reuse the energy bearing material included
in the spent fuel. The French nuclear policy has not changed since then. This paper is aimed at describing the
present status of implementation of this policy, and the associated prospects. It will first sum up the presentation
made in 1995 to the Regular Advisory Group of IAEA on Spent Fuel Management. Then, it will update the
situation of the main actors of the spent fuel management policy in France: EDF, the national utility; COGEMA,
world leader on almost all the steps of the fuel cycle; CEA, the national research body in the field of nuclear
science and its applications; ANDRA, national body in charge of the management of the waste arising from the
nuclear activities in France, final disposal included.

1. INTRODUCTION

Since the end of the second world war, France has endeavored the development of nuclear
activities in both military and civilian applications. This was specifically the purpose of the creation
of the Commissariat a PEnergie Atomique (CEA) in 1945.

When EdF, the national utility, began to use Gas Cooled Reactors to produce electricity, the
question of the management of the spent fuel was raised immediately because the long time storage of
these fuels was technically difficult then. The previous experience gained in operating the first
industrial-scale reprocessing facility at Marcoule, since 1958, drove the French government to decide
the construction of a new plant dedicated to the management of the EdF fuels at La Hague: UP2,
started up in 1966. At this first stage of the UP2 activities, the purpose was only to handle properly
and safely the spent fuel elements; recycling of the valuable material was not yet in the French policy,
but many research works in CEA were preparing this next step.

The 70's oil crisis showed to the French government that the energy resource dependence of
France was too high. Thus, the decision was made to accelerate the implementation of an ambitious
nuclear programme, based on Light Water Reactors, and to get all the possible means to reuse the
energy bearing material included in the spent fuel. This resulted in several technical choices : the first
reactor resulting from this new policy started up in 1976 at Fessenheim; the pilot FBR Phenix started
up in 1973; the first important generic type of EdF's 900 MW PWR (16 reactors) was designed for the
used of recycled plutonium; and the first facility to handle uranium oxide fuel started up at La Hague
under the responsibility of the newly created COGEMA company.

In many other countries, similar political decisions were made. Several countries asked
COGEMA to reprocess their spent fuel, and licensed their reactors for the use of MOX fuel. The
French nuclear policy has not changed since then. For example, the French government approved the
decision made by EdF and COGEMA, in the mid-80's, to launch a large-scale plutonium recycling
programme into MOX fuel. This programme included the licensing of 16 reactors, the increase of the
La Hague reprocessing plant capacity and the erection of a large-scale MOX fuel production plant,
MELOX. In simple words, the French policy can be summed up as :

• France takes care of their spent fuel by reprocessing them, recycling of the valuable materials,
and safe and efficient conditioning of the final waste;

• Interim storage of spent fuel can occur as long as it results from technical constraints and
planning requirements.
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2. FRENCH ENERGY POLICY

The main points of the French nuclear energy policy presented in 1995 were:

• France masters all the fuel cycle steps, i.e. mining, conversion, enrichment, UO2 fuel
fabrication, reprocessing, MOX and reprocessed UO2 fuel fabrication;

• France has a at-reactor storage capacity consistent with its nuclear programme (55 reactors,
mainly PWRs of three types —900, 1,300 and 1,450 MWe— and two FBRs);

• France's away from reactor storage is done in the COGEMA's ponds at La Hague, in
accordance with the EdF needs;

• Transportation of spent fuel is a routine activity (more than 8,0001 of fuel safely transported);
• Gradual increase of reprocessing/recycling activities based on the La Hague reprocessing plant,

the MELOX/Cadarache/Dessel MOX fuel fabrication plants and the EdF MOX fueled reactors;

France prepares for the future: R&D works on advanced storage means, reprocessing process
improvements and next generation MOX fuel.

Recent evolution confirm the global axis of French spent fuel management policy while
emphasizing flexibility as the keyword for tomorrow's strategy. This is mainly reflected in the 1991
French law on "research on nuclear waste management". Dealing with the final disposal of the
nuclear waste, this law asks the Government to propose to the French Parliament, before 2006, the
best way among three options : the geological disposal in a specific repository designed after studies
made in at least one deep laboratory; the separation of long-lived nuclides by enhanced reprocessing
and their transmutation in facilities to be defined; the long-term on-surface storage.

The following paragraphs will describe the situation and prospects of EdF, COGEMA, CEA
and ANDRA regarding the spent fuel management policy.

3. EDF

The implementation of the French policy in EdF strategy can be seen in the long-term plan of
EdF on spent fuel management published by its top-level management at the end of 1996. EdF
confirms that reprocessing and recycling is the very essence of its nuclear strategy. Today, annual
spent fuel arisings from EdF's reactors are about 1,100 tHM. This value should reach 1,300 tHM
around the year 2000. From this amount, EDF intends to reprocess about 1,000 tHM of spent UO2
fuel, and recycle the corresponding separated plutonium.

More precisely, Bernard ESTEVE, head of EDF's Fuel Department, stressed the strategy
implemented by the French utility [1]:

• "recycling of separated plutonium in 28 x 900 MW PWRs and in Superphenix;
• adaptation of the reprocessed quantity of UO2 fuel to the recycling possibilities;
• maximum extraction of plutonium during reprocessing and provisional storage of the excess of

used fuel prior to a future treatment;
• minimization of the final waste volume."

This strategy entitles EdF maximizing the use of existing facilities, both from an economic and
an industrial point of view, while keeping a necessary flexibility with regard to market prices of
uranium and enrichment services, or to legal requirements regarding the future of HLW programmes.

3.1. Spent fuel interim storage

The EdF's strategy in spent fuel management is reprocessing for recycling of the valuable
materials and for proper conditioning of the real waste. In this strategy, it is needed to let enough time

28



between unloading of the fuel elements from the core and reprocessing, allowing mainly for the
decrease of the irradiated fuel elements thermal power. This duration includes the necessary cooling
time before transportation away from reactor. Thus, EdF has to deal with interim storage at-reactor, as
every other utility, and with extended interim storage at-reactor or away from reactor. In 1995, EdF
was studying the construction of a centralized interim spent fuel storage facility away from reactors.
In fact, this project has been abandoned in 1996 since La Hague site, along with EdF's own at-reactor
storage capacity, appeared to be sufficient to handle spent fuel arisings till the year 2010, taking into
account the recycling of about 1,000 tHM each year of cooled enough fuel assemblies.

Nevertheless, reracking is contemplated by EdF to gain some space in its reactor storage pools.
Studies showed that gains should be really significant (for instance, about 6,700 tHM in the 900 MW
PWRs). Such reracking would also be possible at La Hague.

3.2. MOX loading

As explained sooner in this paper, many EdF's reactors were initially designed to accept 30%
of MOX fuel in the core, and 16 are licensed to do it at present. The loading of these reactors is on
progress, the rhythm being driven by the MOX fuel production rate. Two new reactors have been
loaded in the first half of 1997 (Tricastin 4 and Gravelines 1), so that 12 reactors are presently loaded
with MOX. Due to the high throughput of MELOX, 14 reactors should be loaded with MOX fuel at
the end of 1997.

In line with their recycling strategy, EdF decided to increase the number of reactors licensed to
receive MOX fuel: 28 x 900 MW PWRs is the short term target. EdF has already filed the licensing
procedures for the 12 reactors needing to get this license (Chinon 1 to 4, Cruas 1 to 4, Blayais 3 and 4,
Gravelines 5 and 6). In addition, the public inquiry, preceding licensing procedure for MOX loading,
has been conducted early 1997 for the Chinon's four units.

Current French experience in MOX fuel industrial utilization represents more than 600
assemblies, i.e., about 300 tHM. According to the granted license, MOX ratio in the core is limited to
30% and reloading is performed on a 3-cycle basis.

The projected programme implies annual supplies of MOX fuel growing from 52 tHM in 1995
to 130 tHM in 2000 and afterwards. Prospects are numerous regarding MOX use in France. For
instance, it deals with burnup increase beyond the current limits : the MOX operating license already
allows a burnup of 39 GWd/tHM for a third core fuel reload cycle; soon, MOX fuel performance will
be brought to the levels currently achieved with UO2 fuels which have an average burnup of 45
GWd/tHM (maximum 47).

4. COGEMA

4.1. Reprocessing

1996 and 1997 confirmed the reliability of the La Hague reprocessing plant. Overall
reprocessed quantities, as for oxide fuels, exceed 11,100 tHM. The site is now operating at the
nominal throughput of 1,600 tHM per year.

With a licensed capacity of 14,400 tHM, the La Hague's ponds can store the fuel assemblies
from many utilities. La Hague site is licensed to receive various kinds of fuel, such as high burnup
UO2 fuel, MOX fuel and research reactors' fuel. The service offered by La Hague regarding fuel
management not only includes the interim storage; La Hague is able to reprocess all the fuel elements
received in its ponds, giving an efficient way for conditioning the ultimate waste and letting the utility
free to recycle the energetic material included in their fuel elements or not.
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Spent fuel reprocessing at La Hague features numerous advanced techniques, designed to
recover plutonium and uranium (that have a highly energetic content, even after using the fuel at a
very high burnup), and to minimize the volume and the radiotoxicity of the final waste. The recovery
ratio of plutonium and uranium is about 99,9%, that helps to reduce the waste volume without having
trouble with the fissile contents. As practiced today at La Hague, reprocessing of one tHM of fuel
yields less than 0.5 m3 of High and Intermediate level waste and 1.4 m3 of Low and Very low level
waste. These very low volumes result from technical choices taken by COGEMA in the past few
years, including the discontinuation of cementation of hull and end fittings, the discontinuation of
bituminization of the liquid waste and the high-force compaction of technological waste and of fuel
metallic structures. This policy permitted COGEMA to develop a new strategy in solid waste
conditioning: the standardization of the waste package for handling and storage interfaces, called
Universal Canister. This allows for reduction of cost of transportation, interim storage and final
disposal of High and Intermediate level waste. Although external dimensions remain the same on
every Universal canister, the constituting materials and the internal fittings may vary according to the
type of waste contained. The Universal Canister relies on the long-known glass canister which
specifications have been approved by many countries, and which size is common for BNFL and
COGEMA's customers.

Consequently, reprocessing appears to be the most efficient way for safe and cost saving spent
fuel management: storage of the fuel is limited in time to the technical needs of reprocessing and can
be handled by the reprocessing facility; after proper conditioning, the final waste has a volume more
than four times lower than the final volume of the fuel conditioned for direct disposal, and is
delivered to the customer under the form of small standardized packages rather than big bundles of
several fuel elements.

4.2. MOX fabrication

French spent fuel management policy plans recycling of plutonium into MOX fuel. In this
regard, one of the most significant achievements of the recent years is the construction and the
commissioning of the MELOX plant, located on the Marcoule site, southeast of France, the first
commercial high-throughput MOX fuel fabrication plant in the world.

In 1995, the MELOX plant came online. Since then, the production of the plant has increased
as planned, and has reached the licensed throughput of 10 tHM of MOX fuel per month in the first
half of 1997.

The fabrication process implemented in MELOX is derived from well-proven techniques
qualified in the Cadarache plant and in the Dessel plant. This process is called Advanced-MIMAS.
Rather straightforward, it can be summarized as follows : the PuO2 powder is micronized with a part
of UO2 powder to form a primary blend of about 30% Pu content, which is then mechanically diluted
and mixed with a free-flowing UO2 powder to get the specified Pu content of the MOX fuel. The
pellets are pressed, then sintered, then adjusted with a grinding machine and then introduced in the
cladding tubes. The rods are then used to make the fuel assembly.

To take full advantage of the MELOX characteristics for the benefit of all potential customers,
COGEMA is implementing adjunctions to the present plant to let it be able, from 1999 onwards, to
produce every kind of LWR fuel.

4.3. Transportation

Transportation is a significant aspect of spent fuel management. As soon as the fuel elements
are no longer stored at-reactor, transportation means take the premium importance in the safety of the
spent fuel management. In some cases, the transportation means feature both characteristics of
transport and interim storage (even final disposal conditioning, sometimes).
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In France, transportation of EdF's spent fuel to La Hague is a routine activity, with no
difficulty. The transportation services are fulfilled by Transnucleaire, a COGEMA's subsidiary.
Transport by rail and by truck is used. Transportation is also a key activity for the recycling industry:
uranium and plutonium from EdF's fuel reprocessing are daily conveyed to the plants where they are
converted into fuel, which are, in turn, dispatched to the power plants. Transnucleaire is able to
transport any kind of fuel or nuclear material, by road, rail, sea and air, in many countries. This is
done with various types of casks and transportation means, for example:

• TN 12 for spent fuel, TN 17 for fresh MOX fuel, TN 28 for vitrified waste, FS 47 for PuC>2
powder;

• special secured trailer-trucks for PuO2, ships adapted to nuclear material, wagons for long
distance heavy load transportation.

In 1996, Transnucleaire performed 223 spent UO2 fuel and 10 spent MOX fuel transports, and
two overseas transports of vitrified waste to Japan and Germany.

5.CEA

CEA skills are multiple and cover almost all the technical areas related to the nuclear fuel
cycle. CEA is also involved in the definition of spent fuel management practices. As the French
nuclear Research and Development body, CEA brings technical expertise in two domains defined by
the 1991 law:

• separation and transmutation of long-lived radionuclides;
• conditioning and final disposal of nuclear waste.

The first set of research projects is called SPIN. Under this project, for example, special fuel
elements made of Neptunium have been fabricated by COGEMA for experiments to conduct in
Superphenix, and enhanced reprocessing is studied by CEA teams with the support of COGEMA.
Similarly, CEA deals with new types of reactors for recycling plutonium more efficiently, such as
CAPRA, an acronym for " increased consumption of plutonium in fast neutron reactors ".

6. ANDRA

ANDRA, the national radwaste agency, is in charge of the last part of the French spent fuel
management, which means operating Low Level Waste repository sites and finding, under the terms
of the 1991 law, an appropriate disposal site for High and Intermediate Level Waste. After years of
research, ANDRA selected three sites that could host an underground laboratory. One site is granite
(in the Center of France), the two others are clay (northeast and southeast).

Public inquiries were conducted at each site. After validation by the Safety Authority, and
formal acceptance by the political authorities, one or two sites will be chosen in 1998. Construction of
the laboratories and implementation of the R&D programme by ANDRA will be conducted between
1998 and 2006 at the latest. At the end, the National Evaluation Committee will propose to the
Parliament, through a " scientific statement " a solution for the management of ultimate waste in
France. The decision then will be made by French policy makers as to the preferred option for the
HLW final disposal.

7. CONCLUSION

As can be seen from the paper, the French strategy in spent fuel management has been focusing
on recycling for long time. Thanks to this strategy, a strong industry has been developed, able to serve
not only French needs, but also international needs even when the supporting policy is not consistent
with the French one.
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For instance, France has developed particular techniques in the dry storage area such as the TN
24 dual-purpose cask (transport and storage), already in use in the USA or the CASCAD (vault type
storage facility) for non-reprocessed natural uranium fuels. Other applications, outside the French
immediate needs, include the international programme for in-excess weapon-grade plutonium:
COGEMA, associated with SIEMENS and MINATOM launched a programme aimed at building a
weapon-grade plutonium dedicated MOX fabrication plant in Russia.

Rooted in the strategic situation of France and in the skills of the French nuclear research
centers and companies, French spent fuel management policy will not undergo fundamental changes
in the years to come. Spent fuel reprocessing-recycling is already a mature industry, mastering all the
fuel cycle steps, and existing industrial tools are flexible enough to integrate new progresses, whether
they are in the technical or in the legal domain.

Besides the acquired industrial maturity, future improvements are being prepared steadily. They
will lead to improved performances regarding industrial flexibility, resources management,
environmental aspects as well as economic results.
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