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INTRODUCTION

Nuclear production in France is around 400 TWh in 2000. One of the main
challenges for EDF is to improve nuclear competitiveness, while ensuring a safe
management of spent fuel and high-level waste in an open and consistent way with
future back-end options. These options will be the subject of a national debate in
2006, according to the December 1991 law.

Improvement of nuclear competitiveness will rely mainly on increased fuel
performance, with higher burn-up, and reactors sustained life.

Regarding spent fuel management, the EDF current policy relies on UO2 fuel
reprocessing (around 850 MTHM/year at La Hague) and MOX recycling to ensure
plutonium flux adequacy (around 100 MTHM/year, with an electricity production
equivalent to 30 TWh). This policy enables to reuse fuel material, while maintaining
global kWh economy with existing facilities. It goes along with current perspective to
increase fuel burn-up up to 57 GWd/t mean in 2010.

This strategy also enables:

- to ensure a long term safe confinement for high level waste fission products
through vitrification;

- to stabilize and reduce the quantity of UO2 spent fuel in interim storage pool at
nuclear sites and La Hague, due to the diminution of the volume of spent fuel as
burn-up increases;

- to concentrate the plutonium in MOX spent fuel (1 MOX for 7 UO2) under a limited
volume. The spent MOX fuel are stored under water for some ten years, which
gives time and maintains open the different options and choices for their future.

The following presentation describes the consequences of higher fuel burn-up on fuel
cycle and waste management and implementation of a long term and global
equilibrium for decades in spent fuel management resulting from this strategy.



THE BENEFIT OF HIGHER BURN-UP FUEL

Nuclear UO2 fuels are licensed today up to 52 GWd/t (mean assembly), with an
average fuel burn-up of 45 to 48 GWd/t. The constant progress on assembly
structure, cladding and pellets bring increased margins regarding safety limits and
should lead to qualified advanced fuel assemblies with burn-up reaching 65 GWd/t in
2004 and 70 GWd/t in 2008 (max assembly).
It gives possibilities both to improve operational plant flexibility with current fuel
management and to launch a more general approach to implement future fuel
management with a step by step increase in average UO2 fuel burn-up on existing
plants in the decade to come up to 57 GWd/t average. MOX fuel should also be able
to follow this evolution to maintain the economy of recycling.

The direct and indirect benefits, for the same annual energy output, are the following:

- reduction in the volume of loaded and spent fuel to be reprocessed and associated
operations: transportation, evacuation, etc.;

- a direct fuel cost reduction and/or extended operation cycle;
- a dosimetry reduction, in parallel with extended operation cycle;
- a better use of nuclear fuel material and a reduction in plutonium production.

TOWARDS A GENERAL EQUILIBRIUM OF FUEL MATERIALS IN THE FUEL
CYCLE

Maintaining the main fuel cycle equilibrium means the possibility to ensure, with the
existing amortized facilities, possibly adapted, the consistency of nuclear fuel
materials management along the fuel cycle, the safe interim storage of nuclear
material and waste, in a logic of competitiveness of nuclear kWh. This is especially
the case for spent fuel cooling pools capacity and for interim storage of fission
products glass after reprocessing.

This policy maintains flexibility for all the options of high level waste treatment, to be
defined according to the December 30, 1991 law related to the back end of the
nuclear cycle (transmutation, underground disposal, long term interim storage...).

For EDF, the increase in mean fuel burn-up along with reprocessing and MOX
recycling at the current level has some essential consequences:

- Stabilization of spent fuel inventory in interim storage
Burn-up increase leads to a diminution of the annual volume of UO2 spent fuel in the
decade to come and will enable, along with reprocessing at the current level, to reach
an equilibrium between annual flow of unloaded spent fuel and reprocessed fuel.
Maintaining MOX recycling at the current level will ensure plutonium flow equilibrium.
This will enable, from now to 2015, to stabilize the spent fuel inventory in cooling
pools at-reactors and La Hague (Figure 1).



tHM

20000

10000

Figure 1

Volume of Spent fuel UO2 and MOX tHM

TWhe/year

400

C I UO2 spent fuel volume • MOXI spent fuel • Total UO2I + MOXI

The need for spent fuel interim storage capacity is consistent with existing spent fuel
cooling ponds, possibly adapted (reracking...). Existing studies and experience
feedback enable to validate the long term behavior of spent fuel stored in cooling
ponds (30 years or more), especially regarding hydriding embrittlement, with adapted
chemical specifications and monitoring.

Some extensions of existing interim storage facilities will be necessary for
reprocessed uranium (slightly enriched), hulls and end caps, and vitrified high-level
waste.

- Stabilization of the separated plutonium inventory, both in quantity and
quality
The MOX fuel plutonium content is today around 7 % (3,25% U5 equivalent). In the
next future (2004), it is planned to implement higher performances MOX fuel (3,7%
equivalent U5, 52 GWd/t, 8,65% Pu) to maintain both recycling economy, at parity
with UO2, and to ensure plutonium flux equality in the long-term. Recycling
100tHM/year MOX will enable to maintain both quantity and quality of separated
plutonium, with an hold up of 2 to 3 years, to avoid americium accumulation, while
producing around 10% of the total nuclear production (40 TWh).

- Reduction in Plutonium production per TWh
The burn-up increase enables a better in situ plutonium consumption in reactor and a
30% reduction of plutonium production per TWh. MOX recycling leads to a further
30% reduction, along with added electricity output 0,12TWh.
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- Safe confinement of high-level waste fission products and actinides by
vitrification
Vitrification of fission products is a proven technology for waste encapsulation and
leads to a responsible and safe management of high level waste in interim storage
and geological disposal.

FUEL CYCLE CONSISTENCY

Increasing fuel burn-up implies to check the consistency with the technical
possibilities and licensing conditions of fuel cycle facilities (enrichment, fabrication,
transportation, storage, reprocessing...), especially regarding safety specifications,
dosimetry and waste discharges.

The French Safety Authorities , DSIN, has required to study the coherence of the
French nuclear fuel cycle and the impact of higher burn-up and of today options on
the future. The study was done by a working group involving EDF, COGEMA,
TRANSNUCLEAIRE, FRAGEMA, FBFC and ANDRA.

This study has examined in particular the consequence regarding MOX fabrication,
with the development of a new shipping container, the possibility to reprocess higher
burn-up fuel, the spent fuel transportation system, the long term behavior of spent
fuel in cooling ponds, and radiological optimization in the different facilities. It
concluded that there was no major technological issue which could hamper the
introduction of higher burn-up fuel, along with careful monitoring of radiological
ALARA impact and some licensing evolutions.

CONCLUSION

The implementation of this policy - increased fuel performance and reprocessing-
recycling - is consistent with the existing fuel cycle facilities operated in the long run.
It enables to benefit of a safe confinement for high level waste and to concentrate
plutonium in irradiated spent MOX fuel in a reduced volume, consistent with existing
interim storage capacities. It maintains flexibility for the future choices regarding the
different high-level waste long-term options, while using first generation plutonium in
MOX fuel with increased performances.

The future of MDX spent fuel stored in cooling ponds does not imply decision in the
mid term. It will be defined in the decades to come, depending of future energy
options : reprocessing for use in fast reactors, dry interim storage, underground
disposal....

The robustness of this strategy has been assessed by the French National Waste
Commission which underscored the benefit of increased burn-up, both for reduction
of irradiated spent fuel and for a better use of plutonium, and its flexibility for spent
fuel back end options, without heavy investment with existing facilities.

Progress in fuel burn-up along with reprocessing-recycling at current level, with
existing facilities, opens the possibility:



- to improve nuclear competitiveness (diminution of fuel cost and longer operating
cycles);

- to have a safe confinement for high level waste;
- to stabilize and reduce the quantity of spent fuel stored in cooling ponds, while

ensuring separated plutonium equilibrium;
- to reduce the volume of waste per kWh;
- while giving time to study options for high-level waste back end solutions

(underground reversible disposal,...).

With current knowledge and experience feedback, it is possible to establish:

- the feasibility of advanced fuel management and its consistency with current fuel
cycle facilities,

- the benefit of high burn-up advanced nuclear fuel, both for nuclear
competitiveness and fuel material and waste on the whole fuel cycle.

The development and implementation of advanced fuel will involve the skills and
competence of the whole nuclear industry.


