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Synopsis

1. HISTORICAL BACKGROUND

It has always been recognised that recycled plutonium is most effectively and
efficiently utilised in Fast Breeder Reactors (FBRs). However, in the 1950's it was generally
accepted that available reprocessing capacity would exceed the requirements of the FBR
prototypes planned at that time and a number of countries developed strategies which
involved utilisation of the excess available plutonium in Light Water Reactors (LWRs) over
an intermediate period of 10 to 20 years prior to deployment of FBRs. This led to the
instigation of a programme of R&D work conducted within the framework of the USAEC-
Euratom Joint Programme to promote nuclear energy and the world's first LWR MOX
assembly was loaded into BR-3 in 1963 followed shortly by a MOX fuel loading in Saxton in
1965.

In the 1960's interest in plutonium recycle grew and an increasing number of
development programmes were initiated in various European countries to investigate MOX
utilisation in LWRs. Germany, Switzerland, France, UK, Italy, the Netherlands and Sweden
all, to a greater or lesser extent, began work in this area. Most of the MOX demonstration
assemblies loaded in power plants in the 1970's were made when the industry was confident
that the reprocessing capacity available could cope with the fuel being discharged from
commercial stations. In Japan, PNC (now JNC) developed the MOX fuelled ATR in the same
context.

Germany led the way in the 1970's in terms of loading commercial LWRs with MOX
fuel with Switzerland following closely behind in 1978. France decided to pursue the strategy
in its commercial reactors in the mid 1980's with the first loading in the St Laurent Bl core
in 1987. In the UK, thermal reactor development concentrated on MAGNOX reactors, which
are based on metal fuel, and AGRs which utilise UO2 fuel. The UK's strategy on plutonium
recycle concentrated on the FBR and only a very small programme of MOX fuel
development for use in thermal reactors was carried out in the 1960's and 70's. With the
government decision in 1987 to abandon FBR development, the UK, i.e. BNFL, decided to



build on its experience in manufacturing MOX fuel for FBRs and enter the thermal MOX
fabrication business. This has naturally led to a major involvement in LWR MOX design,
performance and testing over the last 10 years.

2. FUEL DESIGN

MOX fuel assembly design has been universally based on UO2 designs with only two
minor modifications relating to the neutronic and thermal mechanical properties of the MOX
fuel itself: zoning of the assemblies using different plutonium enrichments to reduce power
peaking at the UO2 and MOX interface, and increase in plenum volume to accommodate the
expected higher fission gas release.

With these exceptions, the fuel rod and assembly design are essentially unchanged
from that of the equivalent UO2 assembly. It is generally the case that if a modification is
applied to UO2 then the same change will be incorporated in MOX some time later.

3. IRRADIATION TEST PROGRAMMES

The world's first LWR MOX fuel irradiation began in 1963 in the Belgian BR3
Pressurised Water Reactor (PWR); the fuel was manufactured by Belgonucleaire (BN).
Thereafter the reactor was used extensively to test and qualify successive MOX fuel types.
Variations in feed material characteristics, fabrication processes, U235 and Pu contents,
cladding materials, rod diameters and assembly geometries were among the parameters
tested; unpressurised and pressurised rods were also included.

Between 1974 and 1986 the Commission of European Communities (CEC) provided
support for a MOX development programme which concentrated mainly on Post Irradiation
Examination (PIE) and isotopic analysis. Fuel assemblies tested covered a range of designs
and fabrication routes and were irradiated in several PWRs throughout Europe. Some MOX
fuel rods were also irradiated in the Commissariat a 1' Energie Atomique (CEA)
experimental reactor, CAP IV.

BR3 was shutdown in 1987 but other European reactors were already being used to
provide important data in support of LWR MOX utilisation. The test reactors at Mol, Petten
and Halden provided (and continue to provide) valuable data on fuel behaviour under a
variety of power conditions and on in-reactor fuel characteristics such as temperature,
densification, fission gas release etc.

Such test irradiations provide the data necessary to develop specific MOX fuel
performance models and to verify core design codes. Work continues in this area today with
a number of international collaborative programmes as well as national studies being carried
out in Europe's test reactors. Such programmes are of particular importance to BNFL who,
as a late entrant to the thermal MOX arena, has to rapidly demonstrate the viability of its fuel
under all operating conditions and as such is involved in several major test programmes.

4. COMMERCIAL IRRADIATIONS

Commercial irradiations of MOX fuel began in earnest in the mid 1980's and today
12 out of 19 plants in Germany are licensed for MOX usage, while in France, 17 reactors are
authorised to load MOX; Switzerland and Belgium have between them 5 PWRs licensed for
MOX usage.



111 Germany a total of 768 MOX fuel assemblies have been manufactured and
irradiated in LWRs at bum-ups up to 45 GWd/t HM in the years since 1966. In France, 1032
assemblies have been loaded into EdF stations since 1987 with similar maximum burn-ups:
476 assemblies have successfully completed 3 irradiation cycles. In Belgium 64 assemblies
have been loaded into 2 PWRs and 16 of these have been irradiated for 3 cycles. In
Switzerland MOX fuel was first loaded into Beznau-1 in 1978 and since then over 21500 fuel
rods have been irradiated in the two Beznau reactors. The assembly burn-ups are again
around 45 GWd/t HM but, as in the case of Germany and France, individual assemblies have
reached levels of around 51 GWd/t HM.

5. PIE PROGRAMMES AND FUEL PERFORMANCE

Post Irradiation Examination programmes including poolside inspection, non-
destructive and destructive hot cell examinations, have been incorporated into the MOX
utilisation studies from the very beginning and the data base is now fairly extensive, although
still well behind that of UO2 in quantitative terms.

Overall the performance of the MOX fuel has proved to be as good as that of
equivalent UO2 fuel but with the added benefit of improved resistance to Pellet/Clad
Interaction (PCI). Failure statistics indicate that the reliability of MOX fuel is at least as
uood as that of UO->.


