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ABSTRACT

The back-end management of fissile materials at SCK'CEN mainly concerns the HEU
spent fuel of the BR2 (MTR) and the LEU and MOX spent fuel of the BR3, the first
PWR installed in Western Europe and in decommissioning since 1987. It also concerns
the experimental fuels tested in the SCK'CEN facilities. Furthermore as a result of its
R&D programs in reprocessing and characterisation of spent fuel, considerable amounts
of fissile materials in all kinds of forms and characteristics are stored in the different
laboratories. For these, six main types of fissile materials are identified: highly
enriched uranium, experimental spent fuel from the fast breeder programmes, MOX
fuel, low enriched fuel, natural uranium and lab fissile materials. For the BR2 and BR3
spent fuel, various options, i.e. reprocessing, dry storage in casks and dry storage in
canisters were evaluated against criteria, e.g. available techniques, safety, waste
production, overall costs and policies. As a result of these studies, it was decided to opt
in the case of the HEU from the BR2 reactor for the reprocessing without recovery of
uranium while for the LEU and MOX fuel from the BR3 reactor, the dry storage in
containers was chosen. For the others, the studies are still in progress.

1. Introduction

The SCK'CEN spent fuels result from the exploitation of the research reactors i.e. BR1, a graphite
moderated reactor using natural uranium as fuel, the BR2, a material testing reactor using highly
enriched uranium as fuel, the Venus zero power reactor using low enriched uranium or MOX fuel
and the BR3, the first PWR installed in Western Europe and in decommissioning since 1987. In
these facilities, experimental fuels were also tested.

Furthermore as a result of its R&D programs in reprocessing and characterisation of spent fuel,
considerable amounts of fissile materials in all kinds of forms and characteristics are stored in the
different laboratories.

Studies were launched to have a broad evaluation of all possible scenarios for the back-end of the
spent fuel from the BR2 and the BR3 reactors, i.e. reprocessing, dry storage in casks, dry storage
in canisters. The problem has to be solved for the BR2 reactor because the storage capacity of the
pool was almost reached and for the BR3 reactor because the plant is since 1989 in
decommissioning. The various options were evaluated against criteria, e.g. available techniques,
safety, waste production and overall costs.
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2. Back-end options

In general, the different options for the back-end of the spent fuel are the reprocessing or the
intermediate storage awaiting final disposal. The various options were evaluated against criteria,
e.g. available techniques, safety, waste production and overall costs (including the costs for the
decommissioning of the interim storage equipment and infrastructures). The results of the
evaluations can be summarised as follows.

The reprocessing of spent fuel is the process that minimises best the waste volumes if a solution
exists for the use of the recovered uranium and plutonium. Some characteristics of the spent fuel,
i.e. the low solubility of the plutonium, can make the reprocessing difficult and economically not
attractive compared to other options.

For the intermediate storage, several options are possible:

• dry or wet storage in canisters;
• dry or wet storage in casks.

As there is no pool at Belgoprocess, only the dry storage options were studied.

The dry storage in thin canisters can be considered as favourable when the canisters can be
directly disposed off in a geological disposal. If this is not the case the spent fuel has to be
repacked and conditioned at the end of the interim storage to meet the disposal requirements.
Some safety aspects of the interim storage and the disposal must be carefully considered as for
example: the long term stability of the cladding (aluminium) during the interim storage, the risk
of criticality, ...

The dry storage in casks has almost the same advantages and disadvantages as the dry storage in
thin canisters. In the case of the reference disposal condition in Belgium, geological disposal in
clay formation, the amount of metal has to be minimised which excludes the disposal of the large
casks. Thus, the spent fuel at the end of the interim storage has to be repacked and conditioned to
meet the requirements for a safe disposal.

Based on these criteria, the option further studied was the reprocessing for the BR2-HEU spent
fuel and the dry storage for the MOX and LEU spent fuel coming mainly from the BR3 plant.

3. HEU spent fuel management

The management of HEU spent fuel concerns up to now almost 1400 fuel elements.

In 1994, an urgent relief of 240 elements was decided due to saturation of the on-site storage
capacity. They were reprocessed at the UKAEA-Dounreay facility. This opportunity was taken to
demonstrate the feasibility of fuel cycle closure. Up to now the reprocessing has led to the
successful fabrication of 26 fuel elements at 72 % U5. Their use in the BR2 reactor [1] is
submitted to some restrictions. Indeed, they must be used together with standard fuel elements
(89-93 % U5). The reprocessing also leads to a production of waste, i.e. 500 1 cemented waste for
3 to 4 fuel elements. In the near future the procedures required to permit the return of the
cemented waste to Belgium will be launched.

In 1996, different options were the intermediate storage, the return to USA, the reprocessing at
the UKAEA-Dounreay and the reprocessing at COGEMA (La Hague). The analysis of the
different back-end options of the BR2-HEU spent fuels (89-93 % U5) was already presented [2].
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At the end of 1996, it was decided to opt for a long term commitment with COGEMA:
reprocessing and dilution of the recovered uranium. Two transports with a total of 66 fuel
elements were successfully carried out at the end of 1998. We intend to transport to COGEMA
(La Hague) in 1999 around 350 fuel elements using the IU04 container (Pegase) for the two first
transports and then the new TN-MTR designed by TRANSNUCLEAIRE.

4. LEU and MOX spent fuel management

During its whole life, the BR3 reactor was used as test reactor for new fuel types and assemblies.
So fuel pins containing burnable poison (Gd-contents), LEU fuel with enrichment up-to 8,26 %
U5 and MOX fuel with enrichment up to 10,3 % PUfISS, were tested. At the fabrication time of the
MOX fuel, no other technique than the mechanical one for the mixing of U and Pu was available
which results in a poor solubility of Pu. They are almost 200 fuel assemblies present in the plant
representing about 5000 fuel pins (max. length 1235 mm; max. diameter 10,75 mm). Some pins
have participated in R&D experiments in the BR2. Part of them have undergone destructive
analyses (i.e. puncture test, cutting or decladding). All the remaining segments together represent
an equivalent amount of 500 pins.

The possibility to reprocess the spent fuel was first studied. It became evident that this solution
has to be disregarded due to the difficulty to reuse the recovered uranium and plutonium in the
industrial production of fresh fuel and due to the low solubility of the Pu which imposed to an
additional dissolution step and the use of a pilot reprocessing facility. The options of dry storage
were then studied on basis of the results of an open call for tender. The options were:

• the dry storage in seven casks with one in reserve (2,5 m height; 1,4 m diameter; 25 ton) in a
dedicated building;

• the dry storage in one big cask (4,2 m height; 2,4 m diameter; 85 ton) in a dedicated building;
• the dry storage in three canisters (2,3 m height; 1,8 m diameter) inside a concrete bunker.

The evaluation of the bids was carried out by a task force with delegates from SCK-CEN, the
holder of the spent fuel, NIRAS/ONDRAF, the manager of the Technical Liability Fund and
Belgoprocess, the licensee of the dry storage and the industrial filial of NIRAS/ONDRAF.
Finally the first solution was adopted.

The transport and storage cask contains a basket that can be loaded with up to 30 spent fuel
assemblies. The cask consists mainly of a thick-walled cylindrical cask body made of ductile cast
iron and closed by two independent lids each bolted to the cask body and each sealed with a metal
seal. The cask is shown in Fig. 1.

For the non intact pins, SCK'CEN has developed a bottle containing 15 loading tubes for the pin
segments (see Fig. 2).

The loading of the containers and the transport to Belgoprocess are scheduled in the year 2000.
After interim storage, the assemblies can be retrieved, repacked and conditioned into welded
canisters and disposed of in a geological formation.

131



Primary Lid Secondary Lid Moderator Plate

Cask Body

Cask Cavity

Moderator Rod

Trunnion

Bottom Moderator Plate

GN8

CASTOR BR3

Cask Design for Storag Fig. 1
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Fig. 2: storage canisters for the non intact-pins



5 R&D fuels from fast reactor programs

In the framework of R&D programs on fast breeder reactors, fuel pins were tested in the BR2
facility. The enrichment varies in U5 between 25 and 93 % and Pumet is up to 30 %. The
plutonium has also a low solubility. The option of the reprocessing of the spent fuel is still being
studied. As the programs were developed in collaboration with other research centres which have
also similar spent fuel, it is advisable to launch a concerted action to solve the problem.

6 Other spent fuel and fissile material management

A considerable amount of fissile materials in all kinds of forms and characteristics are safely
stored in the different laboratories as a result of its R&D programs in reprocessing and
characterisation of spent fuel. They represent almost 2 tons (1,6 tons natural and depleted
uranium and various amounts of enriched uranium, plutonium and thorium). The studies to define
the back-end solution will be launched in the near future but the priority is given at the back-end
of spent fuel.

The BR1 reactor still uses its first core (almost 27 tons of Unat). Its shutdown is not foreseen
before 2020.

7 Conclusions

Studies were launched to evaluate all possible scenarios for the back-end of the spent fuel, i.e.
reprocessing, dry storage in containers and dry storage in canisters against criteria, e.g. available
techniques, safety, waste production and overall costs.

In the case of the HEU from the BR2 reactor, it was decided to opt for the reprocessing without
recovery of uranium. Its realisation is now going on. For the LEU and MOX fuel from the BR3
reactor, the dry storage in containers was chosen.

For the others, the studies are still in progress. Concerted actions with other research centres
having the same kind of spent fuel seem to be suitable to optimise the solution.
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