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Abstract

As of December 1, 1998, 32 Europeans LWRS are loaded with MOX fuel. It clearly means that
plutonium recycling in MOX fuels is a mature industry, with successful operational experience in
fabrication plants in some European countries, especially in France.

Indeed, the recycling of plutonium generated in LWRs is one of the objectives of the full Reprocessing -
Conditioning - Recycling (RCR) strategy chosen by France in the 70's. The most impressive results of
this strategy, is the fact that 31 of the 32 reactors are loaded with MOX fuels supplied by the
COGEMA Group from the same efficient fabrication process, the MIMAS process, improved for the
MELOX plant to become the A-MIMAS process.

In France, 17 reactors are already loaded and 11 additional reactors are technically suited to do so.
Indeed, the EDF MOX program plans to use MOX in 28 of its 57 reactors. An EDF 900 Mwe reactor
core contains 157 assemblies of 264 rods each. 52 fuel assemblies per year are necessary for a "UOj 3-
batches -MOX 3-batches" core management. In that case, a third of the UO2 and a third of the MOX
assemblies are yearly replaced, that means 36 UO2 fuel assemblies and 16 MOX fuel assemblies.

Some MOX fuelled reactors have now switched from the previously described core management to a
so-called "hybrid core management." In that case, a quarter of UO2 assemblies is yearly replaced. The
first EDF reactor loaded with MOX fuel was Saint-Laurent Bl, in 1987. The in-core experience, based
on several hundred assemblies loaded, with reloading on a 1/3 cycle basis, shows that there is no
operational difference between UO2 and MOX fuels, both in terms of performance and safety. MOX
fueling of 900 Mwe EDF's PWRs, with a limited in-core MOX ratio of 30 %, has only needed minor
adaptations, such as addition of control rods, modification of the boron concentration in the cooling
system and precaution against radiation exposure, easy to set up (optimisation of the fresh MOX fuel
handling process, remote inspection equipment). In such conditions, plant safety is not affected and
operation remains the same.

To cope with the growing MOX fuel demand, some countries have equipped themselves
(or should equip themselves in the near future) with the state-of-art MOX industrial capabilities. This
growing demand is obviously linked with a higher diversity in fuel designs requirements. The
empowerment of the MELOX plant, the first high-throughput MOX fuel fabrication facility in
operation in the world, is in keeping with this situation: the MELOX West Fitting Building (MWFB)
resulting from an optimized design know-how, is the demonstration of the COGEMA Group high
capability of adaptation. With the MWFB, the completion of a versatile fabrication plant adapted to
the international fuel market is reached.
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INTRODUCTION

Recovering and recycling of a large proportion of reusable material (Uranium and Plutonium) after
combustion in reactors, usually named as Reprocessing-Conditioning-Recycling strategy, is a natural
way for a sustainable and responsible development of the nuclear fuel cycle. This nuclear energy
policy based on a closed fuel cycle meets the twofold requirement of an environmental-driven
approach and of an optimal use of natural resources.

The RCR strategy achievement lies in the implementation of multiple recycling, itself relying on a
well running Mixed Oxide (MOX) fuel fabrication.

For almost thirty years, European utilities have been involved in reprocessing and recycling programs.
As of February 1, 1999, 32 Light Water Reactors (LWRs) had been loaded with MOX fuel in Europe.
It clearly means that plutonium recycling in MOX fuels is a mature industry, with successful
operational experience in fabrication plants in some European countries, especially in France. French
experience in MOX fuel industrial utilisation has been growing, considerably since its start in 1987.
Short term EDF's strategy implies an increased number of MOX - IoadedLWRs : up to 28 reactors are
expected to run with MOX fuel in France. The growing needs in MOX fuel are also linked with a
higher diversity in fuel design requirements for both BWRs and PWRs.
Foreseeing this growing and diversified needs in MOX fuel elements, not only in France but also in
other European countries and in Japan, COGEMA Group pooled in 1997 the production resources of
three independent plants by setting-up an homogeneous and versatile MOX fuel fabrication tool,
known as the "COGEMA Group MOX Platform" (CGMP).
The CGMP is the result of the wish of harmonisation in terms of process and quality control, while
ensuring a high degree of safety and a permanent respect of environmental quality.

This paper firstly presents the cumulated in-core experience and the evolution in the MOX fuel
demand, showing a real expansion of the MOX fuel market. The COGEMA Group MOX Platform,
whose main objective is to satisfy such an evolving demand, will then be described. The MELOX
plant, which holds an important place within the CGMP, illustrates COGEMA MOX production high
flexibility through the implementation of the proven MIMAS process.

1. The MOX fuel market: an expanding market

Facing the upcoming deregulated market for electricity supply, Utilities have to further enhance their
technical performance and economic competitiveness.

An optimised management and an outstanding in-core performance

One of the main objectives of Utilities that have opted for plutonium recycling is to bring the overall
performance of MOX fuel up to that of UOX fuel, in particular in terms of discharge burn-up.

Several types of core management exist in Europe. Germany has the highest authorised in-core MOX
ratio in Europe, up to 50 % for the three KONVOI PWRs (Isar-2, Neckar-2 and Emsland). The
maximum in-core MOX ratio reaches 40 % in Switzerland (Beznau-1) and 20 % in Belgium.

In France, EDF has been undertaking "hybrid" fuel management since 1993. In this case, a core
contains up to 48 MOX Fuel Assemblies (FAs) representing an in-core MOX ratio of about 30 %. This
hybrid cycle is performed with 4 batch fuel management for U02 assemblies and 3 batch fuel
management for MOX. EDF's short term strategy involves switching from the so-called "hybrid" core
management to the same 4 batch core management for both types of fuel, which leads to the same
cycle cost as U02 4-batch management. Feasibility studies have shown no major difficulties and
safety analysis are expected to be launched during the year. The targeted discharge burn-up for both
types of fuel is about 50 GWd/t. The increase in discharge burn-ups has already been initiated in some
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European countries, such as Germany (typical average discharge burn-up of 45 GWd/t with some FAs
irradiated to 60 GWd/t).

In terms of safety and performance, the in-core experience, based on more than 1500 MOX Fuel
Assemblies loaded in European reactors, shows that there is no operational difference between U02
and MOX fuel. MOX fuelling of 900 MW EDFs reactors has only needed minor adaptations, such as
the addition of control rods and the modification of boron concentration in the cooling system.

Because of the high in-core performance and competitiveness of MOX FAs, Utilities are prone to use
more and more MOX fuel in reactors, as shown hereafter.

The increasing number of moxified reactors

Taking advantage of excellent operational feedback in reactors, the trend is towards expanding
utilisation of MOX fuels in reactors.

The choice of recycling uranium and plutonium made by several countries, which is a result of a long
term nuclear policy, goes back a long way. The first MOX loadings date back to 1972 in Germany
(Obrigheim) and 1978 in Switzerland (Beznau-1). In France, further to EDF's decision in 1985 to load
reactors with MOX fuels, the decision to build and commission a new industrial-scale plant dedicated
to MOX fabrication, MELOX, was taken by EDF together with COGEMA and Framatome. The first
French reactor loaded with MOX fuel was Saint-Laurent B 1 in 1987. The operational experience of
MOX fuel use in France has been characterised since the mid 90's by a fast increase. As of February I,
1999, 17 French reactors have been loaded with MOX fuel, three others have authorisation to use it
and 8 others are technically adapted to be loaded with MOX fuel. On the whole, 32 reactors today are
loaded with MOX fuel in Europe.

In the near future, Japanese reactors will also use MOX fuel. The COGEMA Group will produce
MOX fuel for Japanese utilities. Indeed, Japanese regulators recently approved the first loading of a
BWR (TEPCO). Preliminary approval for a PWR (KANSAI) by Fukui Prefectural Governor paves the
way for an industrial MOX utilisation in Japan. By 2010, eleven utilities shall be using MOX in 16 to
18 units.

Diversified needs

Besides the increase in terms of volume, MOX fuel demand is characterised by a wide variety of fuel
designs, responding to an heterogeneous worldwide reactor pool.
Fuel Vendors have to meet those diversified needs by producing MOX FAs for both BWRs and
PWRs:

14x14, 15x15, 16x16, 17x17 and 18x18 MOX FA's for PWRs
- 9x9, 10x10 and 1 lxl 1 MOX FA's for BWRs

2. The COGEMA Group MOX Platform

A versatile tool

To meet the growing and diversified MOX fuel demand, the COGEMA Group runs an outstanding
industrial tool : the "COGEMA Group Mox Platform" (CGMP), including the MELOX plant, the
Cadarache plant and a percentage of the BELGONUCLEAIRE PO plant production capacity. For the
period 1995-2000, this percentage amounts to 70 % and for the period 200 1-2006 it will reach 50 %.
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The CGMP also includes FBFC-International, dedicated to fuel rods assembling. The CGMP is
already able to produce 180 tHM/y (tons of Heavy Metal per year) of any MOX fuel design and the
targeted production capability is expected to reach 350 tHM/y.

As of December 3 V\ 1998, about 750 tHM have been manufactured by the plants of the CGMP and
almost 1600 FAs have been delivered to Belgium, French, German and Swiss Utilities (of various
types, from 14 x 14 to 18 x 18 PWR FAs, and from 8 x 8 to 10 x 10 BWR FAs). Benefiting from the
CGMP's high flexibility, this product range can be extended to other designs such as 11 x 11 BWR
FAs.

The CGMP is highly versatile in terms of:
. fabrication. A given product would strictly be the same in terms of quality wherever it would be

produced in the CGMP. Moreover, some of the production functions are interchangeable : as an
example, fuel rods manufactured at the COGEMA Cadarache plant can be either assembled at
MELOX or FBFC-International,

. storage. The fuel rods and assemblies storage capacity of any plant can be, if necessary, put to
another plant's disposal,

• FAs transport accommodation. The wide variety of casks (FS 65, FS 69, TNB 176, MX,
SIEMENS packaging...) possibly used in the CGMP illustrates the high flexibility in terms of FAs
consignment.

High qualify products

The main objective of the CGMP is to satisfy the Fuel Vendors evolving demands, using any of its
available production tools. This implies all the products manufactured by the CGMP present the same
level of quality. The switch from the former - single blending step - COCA process to the - two
blending steps - MIMAS process, now the common process implemented in the « Platform »,
illustrates this wish of harmonisation. Moreover, all three plants have been granted the ISO 9002
certification.

Qualification program with Fuel Vendors
Through CGMP, COGEMA is committed to .the Fuel Vendors' qualification program, taking
advantage of the partnership with the main actors of the worldwide nuclear fuel industry

- In Europe with FRAGEMA and SIEMENS,
- In Japan with NFI, MHI, TOSHIBA and HITACHI

Certifications are expected from MHI in 2000, and from TOSHIBA, HITACHI in 1999-2000.
On February Is", 1999 MELOX was certified by NFI for the following activities :

Off line vendor qualification for production of MOX 17x17 B type FAs for nuclear power plants.

According to the NFI "certificate of approval", MELOX general organisation Quality Assurance
system and technical capability meet NFI's requirements and are suitable for the production of mixed
oxide FAs.

Regarding product quality, more than 80 characteristics are assessed during the pellet fabrication in the
CGMP. With more than 30 parameters checked, the rods are also stringently inspected. About 15
visual and dimensional inspections are performed on fuel assemblies.

The impressive feedback experience, in terms of MOX plant design and plant operation, gained
through the progressive implementation of CGMP has led to the quick and reliable start-up of the
MELOX plant. MELOX reached the scheduled nominal production of 100 tHM/y within only two
years, as explained hereafter.
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3. MELOX contribution to the COGEMA Group MOX Platform

Towards a new generation of MOXplanf

The construction of MELOX was initiated in 1990. The equipment was tested first in inactive
conditions and then with U02 powders. After progressive introduction of plutonium in the production
building, MELOX was brought on line in 1995. With the achievement of the scheduled capacity of
100 t HM in 1997, MELOX reached industrial maturity; the 1997 production rate rose up to one 900
MW PWR Fuel Assembly per day, corresponding to 264 rods or 100,000 fuel pellets. In March 1998,
the MELOX production capacity reached the level of 20 tons per month.

The production capability of MELOX has been continuously developed, leading to the delivery of
mixed oxide fuels not only for the French reactors (as originally planned in 1985) but also for foreign
customers as soon as 1999.

To satisfy the specific needs of each utility, new equipment now completed will enhance the plant
flexibility. A multi-design assembling line adapted to all MOX fuel designs, for both PWRs and
BWRs, is under start-up at the MELOX plant.

The Advanced-MIMAS Process, a fool for the MELOX challenge

The reference process implemented at MELOX is the A - MIMAS process, based on the sound and
efficient MIMAS process. The latter had been implemented in the DESSEL and CADARACHE MOX
plants, each currently producing 40 tons HM of MOX fuel per year.
With the implementation of the multi-design assembling line and the well-mastered
A-MIMAS process, MELOX meets the customers specific requirements :

the plant can receive any type of raw product
the plant is able to produce any type of FAs for both PWRs and BWRs.

. An industrial process
The A-MIMAS process, perfectly adapted to high-scale production, and the MELOX plant layout are
described hereafter :
MELOX receives raw products, PuO2 and U02, separately stored. The constant isotopy all along one

Scraps

Measuring ef
master mix

Ball milling
of masier mix

flieA-MIMAS PROCESS
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MOX production campaign (one of the main A-MIMAS features) is ensured through complete
automation, from the selection and opening of canisters to the opening of chosen PuO2 cans. Selected
PuO2 cans are then placed in a buffer store before the two blending operations.
The PuO2 powder is micronised in a ball mill with a portion of U02 powder to form a primary blend
containing 30 % of Pu. This primary blend is then diluted with a free flowing U02 powder allowing
the production of a secondary blend at a specific Pu enrichment, which is then homogenised. Scraps
can be recycled at both stages in the process line after a specific treatment. The powders are fed into a
large size blender (able to reach 650 kg), where the secondary batches are blended with additive
components -lubricant and a small quantity of pore forming agent.

The powder obtained is pressed to form cylindrical pellets which are then passed through a high
temperature furnace. The grinding operation is then performed to obtain the required diameter. The
pellets are finally controlled and inserted into rods. Rods are then cleaned and checked with automatic
control machines. The rods are placed in a metallic structure to form a Fuel Assembly. The completed
assemblies are cleaned and submitted to final fabrication controls, then placed into storage before
being sent to the customers.

Two of the main advantages of the A-MEVIAS process are firstly a complete recycling of scraps and
secondly a blending operation in two steps which allows to obtain final pellets, characteristics very
close to those of UO2 pellets.

. A large variety of inputs
The MELOX plant offers Utilities flexible characteristics of MOX fuel fabrication thanks to its
complete automation. The plant enables to meet several constraints, in particular those related to the
inputs qualities. The use of aged plutonium coming from high burn-up fuels, as well as high plutonium
content is allowed through the techniques used at MELOX.

Moreover, the trend of an increased discharge burn-up of MOX fuel leading to a high plutonium
content in the fabricated fuel is taken into account in the design of the MELOX plant.

. Multi-design innovative pellet fabrication equipment
To cope with various specifications and multi-client requirements, that is to say to produce all types of
MOX fuel, multi-design equipment has been implemented:

a 4th multi-design press with accommodations allowing a quick reconfiguration to all types of fuel
designs,
a 3 grinding line accommodating an innovative « dust » removal system developed at the CDA,
the COGEMA Advanced Development Center: this system allows maximum recovery of the
grinding powders that can be then recycled after a specific treatment. Extensive tests with UO2

pellets have also been performed at the CDA demonstrating the highest level of quality formulti-
design pellets, handling and processing,
a 2" rod control/inspection line (multi-design),
a 2nd assembling line (multi-design) allowing the fabrication of all the FA types previously
mentioned.

Production capacities adapted to a market in expansion

As of December 3 1st, 1998, the total number of FA's delivered to EDF (the French Utility) had reached
1032. Thanks to the plant adaptation, MELOX capabilities will continue to be developed in the
coming years. By the 2000's, up to 250 tHM per year could be produced at MELOX, for both PWR
and BWR.
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Moreover, the COGEMA Group benefits from the global CGMP prospective capability to produce up
to 330 t HM/y of MOX fuel.

This production capacity level is consistent with current and future Utilities MOX fuel needs, in
Europe and also in Japan.

CONCLUSION

The CGMP, the first high-throughput MOX fuel manufacturing tool in operation in the world, is able
to satisfy the growing MOX fuel demand highly linked with a wide diversity in fuel designs.
The progressive implementation of the CGMP, which constitutes the best answer in terms of product
quality, delivery reliability and cost effectivness, illustrates the COGEMA Group high capability of
adaptation.

The MELOX plant can be considered an outstanding achievement, taking full benefit from previous
experience, while introducing several innovative features in terms of the fabrication process, radiation
protection as well as environmental concerns. With the MELOX PWR and BWR multi-design
assembling line, a next generation plant is under start up.

With the CGMP and in particular the MELOX plant, the completion of a versatile fabrication tool
adapted to the evolving international fuel market has been reached.
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