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The feasibility of repracessing MOX fuel as mznufactored today was demonstrated on
semi-indostiial scale at APM (2.11in 1992), and then on the indusrial scale in the Cogema UP2 plant
of La Hague (4.7 t in 1992) in conditions similar to those employed to reprocess UQ, fuel,

In total 16 MOX-FAs fabricated by OCOM and AUPaC processes bumnt in four different PWR
plants in Germany have been reprocessed under commercial contracts by Cogema. The analyses
performed doring the reprocessing operations confirm the good solubility of the plutoninm in the

operating conditions (solubility better than 99.95% with Tespect To the plutonium content before
irradiation).

The technological options selected by Cogema . for reprocessing MOX fuel in UP2-800 were
accordingly confirmed. This industrial-scale reprocessing of iradiated MOX fuels opens the way to
- multiple recyclinig of plutoniun in reactors.

2.5 Surmmary and conclusiorns

This chapter deals with the neutron physics aspects of Pu recycling in PWRs and BWRs, In
addition, some engineering aspects such as the mechanical and chemical properties of MOX fuel are
also discussed. Calculational results are compared with eéxperimental findings from critical experiments,
from experiments performed in commercial power reactors and recycling experience, The agreement for
first pass recycling is fully satisfactory. Multiple recycling is discussed in the context of a new
benchmark. The results show an improvement over the first such exercise of the European Cominunity

" of several years ago, but are not fuily satisfactory yet. Calculations on the basis of new nuclear data
sets show improved results (see Chapter 3 for details). Taking account of the more recent nuclear data
sels and more soph;sucaLcd calculational methods only, the deviations in k-infinity are ]e.ss than 1% at
zero jrragiation and about 1.5% at a burnup of 50 M\Ndlkg

Some of the principal conclusions - essential for multiple recycling — are as follows:
1. Regarding nuclear design.calculaiions, modemn methods incogporating 1igorous resopance sel-

shielding and modern nuclear datd Jibraties such as JEF-2, ENDF/B VI or JENDL-3 are essential,

Some data irnprovement, e.g., higher plutonium isotope data in the resonance region, etc., might be
needed;

2. Appropiiate and well tested calculation methods are widely available and should be used;

3., ‘The interaction of neighbouring UO, and MOX elements should be invesrjgated in more degai] to -

obtain a clearer understanding of the resulis observed: .

4. The optimal control Of high burmup LWR cores (which may include burnabje poisons) should be
examined furiher;

5. Additionally, questions of material damage in the case of high burmup nced t0 be clarified as well
as other engineering constraints;

6. Sophisticated (hree-dimensional) core calculations are recommended to study the void effect and
could also be the object of a future benchmark exercise, possibly in relation with the analysis of an
experiment 10 be made available to e imemational commursty;
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At present, it appears that plutomurn recycling.in high bumugLW cores can be perfoimed twice
w1thout modifying current LWR designs;

Future experimental verification related to maximum plutoniom content in the case of degraded
plutontum isotopic composition are needed in clean lattice configurations with different modesator-
to-fuzel ratios and for possible void experiments with different leakage components. A co-ordinated
international effort in this field would be highty beneficial;

Forunchanged latices the limit on Pu content is in the xange 12+ 1%,

Changes in the 1dttice in the sense of higher moderation can be'foreseen 0 minimise the buildup of
higher actinides and to.increase the limits on P content;

Multiple recycling of plutonium with high burnup (e.g., 50 MWd/kg) ‘can have limitations due to
considerations such as the buildup of Pu-238 and Pu-242 or the existence of positive reactivity
feedback effects on complete coolant voiding at high Pu contents or the increase of the buildup of
higher actinides (Am, Cm, etc.). A specific future benchmark in this feld could help in obtaining
an interpational consensus on these limitations.
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