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SPENT NUCLEAR FUEL REPROCESSING AND PLUTONIUM RECYCLING :
NEW ANALYSIS MEANS FOR OPTIMAL SCHEDULES

AND THE FRENCH PROGRAM FOR THE NEXT DECADE

R. PORTAL (France)

Nuclear current generation in France should rise from 360 TWh in 1995, to 400 TWh in 2000,
followed by a slow increase to 420 TWh in 2010. The progressive rise of nuclear current
generation in French PWRs will depend on its economic competitivity, in particular by
reaching the lowest possible cost of both the nuclear fuel cycle and of the nuclear power
station's operation, both of which are closely linked to this specific competitivity.

Reducing the cycle's costs is subordinated to the best possible use of materials: natural
uranium, uranium and plutonium recuperated from reprocessing spent nuclear fueL As it has
already been proved it is economically worthwhile to increase the initial enriching in a 5 U and
the specific burn-up rate of the fuel, the use of phitonium issued from reprocessing is more
difficult since modifications have occurred in its isotopic composition (increase in relation to
the proportion of even isotopes). Moreover, by nrrniimiTing the operating cost of nuclear
plants, it has been decided to extend the time period of the nuclear fuel's utilization cycle inside
the reactor.

Because of these constraints, France has decided to process the UOX nuclear fuel in power
reactors according to the following conditions :

Reactors class

Initial enrichment of ^^V
Fuel unloading mode

Average irradiation per fuel
assembly (GWd/MTU)

CP0

4,2 %
1/3
44

CP1-CP2
(without MOX

fuel)
3,7 %

1/4
42

CP1-CP2
(with MOX

fuel)
3,7 %

1/4
41.5

1300

4 %
1/3

43.5

Spent fuel reprocessing must be carried out in conditions enabling an optimal utilization of the
plutonium which it contains. Generally this condition is satisfied when processing is carried out
as soon as it is technically possible, thus limiting as much as possible the Phitonium isotope
241 decay. Considering the size of the spent fuel stockpiles which are unreprocessed today
because of the inadequate reprocessing and phitonium recycling capacities, this absolute
optimum can not be achieved. The reprocessing schedule is established by software which
search, over very long periods (several decades), the relative optimum of reprocessing-
recycling spreadsheet schedules. It is important to take into account not only the already spent
fuel assembly, but also the presently burning fuel assembly as well as the future fueL In reality
it may be interesting to mix phitonium issued from miscellaneous originating fuels, with very
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different decay periods. Moreover, short time operational programs studies must take into
account the necessary quantity of plutonium for homogenous composition reloads.

The functionalities of the two software being used presently : TIR-MONO and POMAR are
described in this paper. Where as TIR-MONO carries out global studies and roughing-down,
POMAR is used to carry out precise operational schedules for reprocessing spent fuel
assemblies.

TIR-MONO simulates the fuel cycle to provide an overall view of plutonium monorecycling
and identifies possible constraints in function of the minimal necessary content in plutonium,
enriching in ^MJ , insufficient utilization cycle length in reactors, etc. Particularly TIR-MONO
determines the fuels tangible characteristics (mass, residual heat, specific activity, etc.) and the
main wastes of the fuel cycle. TIR-MONO provides an answer to the following question:
could some of the present decisions possibly be a constraint in the future, for substantially real
reasons?

At the same time POMAR takes into account all of the spent fuel assemblage baskets being
reprocessed so as to be able to offer a choice of different assemblage baskets later to be
reprocessed and the plutonium batch made available for MOX fuel manufacturing plants.

Due to today's strategic orientations it is necessary to foresee the scheduling during the
coming years, the reprocessing of an important quantity of uranium oxide (UOX) fuel, almost
the same quantity as that of this fuel type currently unloaded from the reactors, for feeding up
to twenty eight 900 Mwe PWRs in MOX fuel, as well as one fast neutron, sodium-cooled
reactor (nuclear power station of Creys-Malville). Provisional studies show that the average
content in plutonium of the MOX fuel should progressively rise, while conserving constant
energetic performances, until reaching a level above which it may be necessary to adapt the
reactivity of reactors' control devices, for example, by raising the number of control rod
clusters and/or the nature of these rod clusters. This rise of the average content in plutonium of
the MOX fuel results from the evolution of its isotopic composition, initiated by the noticeable
accretion of its energetic performances.

This rise of the content in plutonium of the MOX fuel will also be necessary to increase the
energetic performances of this type of fuel, in order to try to reach those of the UOX fueL

Studies show that the increase of the content in phitonhun of the MOX fuel is progressive, due
to the important fuel stockpiles in a reprocessing cycle, which contains plutonium with a
favourable isotopic composition. The foreseen evolutions are developed in this paper. It is
nevertheless preferable, in order to realize a smooth increase in the accretion of content in
plutonium of the MOX fuel as well as possible, that the administrative constraints limiting this
content be made more flexible, since unjustified technical constraints lead to a non-optimal
choice concerning the spent fuel assemblies to be reprocessed.

The results presented in this paper illustrate how the general strategy defined by nuclear power
stations owner can be implemented, when taking into consideration the non processed waiting
spent fuel stocks. The consequence of this stock's reprocessing on long-term management of
the energetic resources which is plutonium can definitely be appreciated.
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