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Introduction

The Reduced Enrichment for Research and Test Reactors (RERTR) program, initiated by the United
States and now widely supported by the international community has been developed to minimise the
risks of proliferation. This program gave impetus to the replacement of the so-called HEU (High-
Enriched Uranium) fuels, by LEU (Low-Enriched Uranium) fuels. One has to note that HEU fuels of
US origin were originally enriched to 90 % or 93 %, while the enrichment was limited to 36% for a
significant fraction of Russian HEU Fuels. This change also requires the adaptation of reactors
initially operated with HEU fuels.

A total of about 63,000 HEU and LEU spent fuel assemblies has been inventoried by the AIEA [1], as
well as about 33,000 assemblies which are located in reactor cores. Pursuant to the US ,,take-back"
agreements as well as the political decisions taken in May 1996, fuel assemblies of US origin,
discharged until 2006, are due to be shipped back to the United States. In that context, the US
Department Of Energy expects to receive a maximum of about 20 metric tons of spent fuel from
foreign research reactors. The return of Research and Testing Reactor (RTR) fuel assemblies to the
country of origin has not been performed yet. Some operators have to face problems related to storage
capacity saturation or material corrosion. In any case, in 2006, research reactor operators will have to
find their own solution regarding the management of their spent fuel.

The reprocessing strategy for RTR fuels seems to be the most advisable option of spent fuel
management in terms of reduction of both the volume and the toxicity of the waste to be finally
disposed of. Residues arising from the spent fuel treatment through reprocessing at La Hague are
manufactured so as to be directly suitable for the final disposal without any further conditioning. They
can also be easily, economically and locally stored awaiting final disposal site availability. As
described in this paper, COGEMA has convincingly demonstrated the feasibility of RTR fuel
reprocessing on an industrial scale. COGEMA offers comprehensive and durable services all along the
operational life of the research reactors from RTR spent fuel conditioning, transportation and
reprocessing to the conditioning and shipment of ultimate residues. Moreover, COGEMA is
committed, with other partners including CEA and CERCA, in a Research and Development program
meant to propose a new generation of RTR fuels further enhancing performance and ensuring spent
fuel reprocessability.
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REPROCESSING ; THE LONG-TERM SOLUTION FOR RTR SPENT FUEL
MANAGEMENT

The only long term options for RTR spent fuel management include extended interim storage, direct
disposal and reprocessing.

Long term interim storage of spent fuel does not constitute, at present, a reliable solution. Indeed,
some Research Reactor operators have been confronted with corrosion and material degradation
problems in existing facilities. Extended storage for RTR fuels would obviously require important
R&D programs as well as new storage facilities designed for the long term. Above all, this option
does not constitute a definitive solution.

The direct disposal option also faces several unsolved difficulties. First, one has to ensure that the
enriched uranium content will not lead to criticality hazard through long term processes such as
selective leaching. Moreover, RTR spent fuel is generally regarded as unstable (high corrosion rates,
hydrogen build-up) in the conditions of a geological repository. It requires then a watertight and
durable conditioning (on a geological timescale) for which no satisfactory solution has been found
yet. As highlighted in the following paragraph, this option is clearly unfavourable in terms of
potential radiotoxicity when compared to the reprocessing option. Finally, since no repository for
high level waste is currently available, the direct disposal option of RTR spent fuel remains a
"virtual" solution for the time being, with technical and economical risks and uncertainties.

The reprocessing option is a reality. A 30-years experience at La Hague, demonstrates indeed the
industrial mastering of commercial reprocessing.
The Reprocessing/Conditioning/Recycling (RCR) strategy has an important impact regarding the
reduction of the radiotoxicity of ultimate waste to be disposed of. As shown in the table hereafter,
plutonium appears to be the main contributor to radiotoxicity.

Period (years)

Major contributor to

Radiotoxicity

0 to 100

Fission Products &
Pu

100 to 100,000

Pu

100,000 to 1,000,000

Pu then U

The very high efficiency achieved at La Hague allows 99,9% of recyclable materials (plutonium and
uranium) to be recovered from spent fuels thus minimising long term radiotoxicity. The confinement
of the remaining activity into a stable glass matrix and a plain stainless steel canister guarantees a
safe conditioning for long term storage and final disposal. It is important to underline that such
residues have been developed and are manufactured so that they are directly suitable for direct
disposal without further additional conditioning.

As planned at La Hague, the mix of RTR HEU with uranium coming from commercial power
reactors in the reprocessing (see chapter "RTR fuel reprocessing") will ensure an isotopic dilution
thus with an U-235 enrichment less than or equal to 2%. Such a low enriched uranium meets then the
non proliferation commitments previously mentioned.

Another important asset of this option is the impressive volume reduction of ultimate waste.
Compared to the direct disposal option, the RTR spent fuel management policy as implemented at La
Hague should lead to a reduction factor up to about 50.
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Avoiding the safety risks associated with the direct disposal option, and reducing the volume and
radiotoxicity of the ultimate waste, reprocessing of RTR fuels appears as the optimal option to
provide a safe and durable solution.

RTR FUEL SPECIFICITY

HEU fuels are typically of UA1X chemical form. This alloy is particularly suitable for reprocessing.
As regards LEU fuels, the reduction of U-235 enrichment has been accompanied by a modification
of the compound which generally consists in U3Si2.

Due to a wide range of research reactor types, the RTR fuel elements are of various forms (flat or
curved plates, tubes, rods, ..)• Their length ranges from about 0.8 m to 2.5 m.

RTR fuels can be irradiated to very high burnups (more than 10 times higher than in the case typical
commercial power reactors spent fuels). However, such elements weigh from 1 to more than 200 kg
of which only about 0,2 kg to 10 kg is enriched uranium. Thus, RTR spent fuel activity and heat
release are 20 to 50 times lower than these of typical commercial power reactors UO2 spent fuels.
Moreover the plutonium content of RTR spent fuels is very low and far below that of UO2 spent
fuels. It is also the case for their neutron emission.

The diversity characterising RTR spent fuels in terms of shape, weight, composition requires a high
capability of adaptation of back-end service suppliers. COGEMA meets this criterion.
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THE COGEMA GROUP: A LEADER FOR RTR SPENT FUEL MANAGEMENT

The COGEMA group has gained a sound experience in RTR spent fuel management from spent fuel
transportation and reprocessing to the conditioning and shipment of the related ultimate waste.

RTR fuel transportation from Research Reactors

Through its subsidiary TRANSNUCLEAIRE, COGEMA offers optimised services covering the
complete transport chain, (cask design and manufacture, transport preparation and follow-through,
maintenance...).

The current fleet of RTR spent fuel casks is ageing. Then, TRANSNUCLEAIRE has developed a
new generation of casks : the TN-MTR.

Due to the diversity of the worldwide Research Reactor facilities, such a packaging has been
especially designed to be handled easily. Its operation does not require sophisticated equipment. The
TN-MTR accommodates different types of baskets of high capacity (up to 68 RTR assemblies)
allowing a large variety of HEU (up to 93,5 % in U-235) and LEU fuels to be carried safely. The
operating license procedure of the TN-MTR cask is under way of finalisation. Its granting is
expected in France within the first quarter of 1999.

RTR spent fuel transportation is now routinely made. In 1998, 16 shipments of IU04 type casks were
performed by TRANSNUCLEAIRE :

• 10 from the CEA Cadarache Research Center to La Hague plants,
• 4 from the Laue Langevin Institute High Flux Reactor located at Grenoble,
• 2 from the Belgian BR2 reactor.

Shipment of RTR spent fuel from
the Belgian BR2 research reactor

Unloading RTR spent fuel (from the RHF-ILL
research reactor) at La Hague 147



RTR fuel Reprocessing

About 13,000 kg of aluminide spent fuel stemming from 21 research reactors and 5,900 kg of heavy
metal of other types of RTR fuels were successfully reprocessed at COGEMA-UP1 plant located at
Marcoule. UP1 has been shut down for commercial reasons in 1997 after forty years of satisfactory
operation. The know-how gained through this experience has been transposed in the framework of
La Hague Plant activities.

Since its commissioning in 1966, a wide variety of spent fuels (more than 13,300 tHM) have been
reprocessed at La Hague Plant clearly illustrating its high level of flexibility. La Hague plant
evolution has always been characterised by the implementation of state-of-the-art equipment. New
units are less than 10 years old. Such an evolving tool will be operational for several decades into the
next century.

Because of the large variety of RTR fuel types and geometry, and because of their specific
composition, minor spent fuel dismantling operations can be performed when necessary. Because of
the high ability of aluminium to dissolve in nitric acid, shearing of aluminide RTR fuels can
however be avoided. Insofar as the RTR fuel quantities to be reprocessed should be very low (a few
tons per year) when compared to the current nominal capacity at La Hague (1600 tHM/y of
commercial power reactors UO2 spent fuels), it is planned to mix the RTR fuel dissolution liquor
stemming from the relevant dissolution unit with the main flux resulting from the dissolution of UO2
spent fuels. The process parameters and operating conditions will be tuned to meet the design
specifications of the different units.
After dilution, the current chemical operations, notably the U/Pu/Fission products separation, will be
then performed within the normal main flux. The fission products concentrates will finally be
vitrified into a glass matrix. In accordance with COGEMA's waste management optimisation policy,
technological by-products and structural pieces will be compacted thus significantly reducing their
volume.

COGEMA's industrial experience in terms of RTR fuel reprocessing is essentially based on
aluminide or UO2 fuels. For silicide LEU spent fuel, R&D results have shown that such a fuel can
not be easily reprocessed notably because of the formation of siliceous colloids in the dissolution
liquors. Silicide fuel reprocessing on an industrial scale would require major adaptations of the
existing equipment thus affecting significantly the cost effectiveness of the option. Nevertheless,
feed-back experience has shown that in-reactor performances of silicide LEU fuels were not
sufficient to cover all RTR needs. As detailed below, COGEMA is committed in the development of
a new generation of RTR LEU fuel characterised by high in-reactor performances and the ability to
be reprocessed.

Conditioning and transportation of RTR fuel ultimate residues

For the ultimate residues to be disposed of, COGEMA has recently unveiled a new package. This
canister, referred to as the « Universal Canister » (UC), has a standardised size and shape. The UC
enables to accommodate every type of waste for geological disposal, from vitrified fission products
to compacted metallic parts and technological waste. Although external dimensions remain the same
on every UC (430 mm diameter and 1 335 mm height) the materials used and internal fittings may
vary according to the type of residues contained. The package's overall compact dimensions as well
as its limited weight should improve the handling by standardising the handling means.
Transportation will also be made easier as well as final disposal which will have to accommodate

. only one type of conditioning.

By the year 2000, the Universal Canister strategy will be fully implemented; the UC will then be
used at a commercial scale, thus allowing a reduction of transportation, storage and disposal costs.
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The sending back of ultimate residues resulting from the reprocessing of commercial power plant
spent fuel is now a reality. 5 overseas transports of vitrified residues have been safely conducted by
sea, road and rail. Similar transports will be performed in the years to come on a regular basis.

The GORLEBEN interim storage in Germany has already received T/S (Transport and Storage) type
casks containing vitrified residues, in particular the TS28 cask developed by TRANSNUCLEAIRE.
TRANSNUCLEAIRE is also designing for the same purposes the TN81 cask. Both types of casks
containing up to 28 UC, can simply be stored in the long term, in a "standard shelter", thus
drastically simplifying the design of the relevant storage facilities.

NEED FOR A NEW FUEL

As previously mentioned, HEU aluminide fuels will be replaced by LEU fuels generally made of
uranium silicide compounds. However, this first generation of LEU fuels is generally considered as
insufficient in term of in-core performance. Besides that, LEU silicide spent fuels can not be
industrially reprocessed. COGEMA is then committed with other partners in R&D programs
launched to develop a new generation of fuel [3]. Such a fuel should:

• be enriched to less than 20%, in accordance with the non-proliferation commitments,
• provide higher performances than current silicide LEU fuels,
• be easily reprocessable in existing industrial reprocessing plants thus addressing the best issue to

long term management concerns.

The goal is clearly to get an "on time" qualification of such a fuel, especially by 2006, when the US
"take-back" program will end. Such a goal requires the largest support from the RTR community.

CONCLUSIONS

RTR Operators need efficient and cost-effective services for the management of their spent fuel and
this, for the full lifetime of their facility. Thanks to the integration of transport, reprocessing and
conditioning services, COGEMA provides a cogent solution, with the utmost respect for safety and
preservation of the environment, for the short, medium and long terms. As demonstrated in this
paper, this option offers the only durable and dependable solution for the RTR spent fuel
management, leading to a conditioning for the final residues directly suitable for final disposal. The
main advantage of such an option is obviously the significant reduction in terms of volume and
radiotoxicity of the ultimate waste when compared to direct disposal of spent fuels. The efficiency of
such a solution has been proven, some RTR operators having already trusted COGEMA for the
management of their aluminide fuel. With its commitment in R&D activities for the development of
a high performance and reprocessable LEU fuels, COGEMA will be able to propose a solution for all
types of fuels, HEU and LEU.
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