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ABSTRACT

MTR spent fuel back end has been subject to many reversal and uncertainties in the past
10 years.
Until the end of 1988, US obligated materials were subject to the « Off site Fuels Policy »
(OFP) . Under this policy, spent fuels were returned to USA, and were reprocessed there.
This OFP took end the 31th of December 1988, and Research Reactors'operators had to
implement others solutions : On site storage or Reprocessing in Europe.
Meanwhile the RERTR Program was leading to a new LEU fuel to replace HEU aluminide.
This new silicide fuel has one main drawback : it cannot be reprocessed in working plants
without some process main line modifications. Fortunately, a new Research Reactors spent
fuels return policy has been set up by the US in the early 1996. This new policy apply to all
reactors converted or that have agreed to convert to LEU, and reactors operating with HEU
for which no suitable LEU is available. It covers all the spent fuels discharged until
2006/05/12. But after that period of time, each reactor will be fully responsible of its spent
fuels.
What would be the Back-End solution for Silicides at that time ?

Spent fuels Back End solutions should not rely on political matters.

Since the end of 1996, COGEMA is proposing reprocessing services for Aluminides spent
fuels, based on La Hague capability. This COGEMA answer is for the Long Term, as La
Hague plant has a good load for the coming years, including the first decade of the next
century. Further, this activity benefits from a strong R&D support, that allowed to fulfill
the evolutive needs of our customers, and gives us the ability to adapt the plant to the future
market.

Taking advantage of this flexibility, COGEMA offers Research Reactors' operators a Long
Term commitment. Already two reactors' operators have chosen to contract with
COGEMA for the whole life of their reactors. The contracts execution is under progress
and the first transportation will take place soon.

Beside today's services, COGEMA is involved in R&D activities to support new fuels
development enhancing present LEU performances and having the ability to be
reprocessed. This new fuel should be available within 10 years to provide a steady Back
End solution for Research Reactors spent fuels, at the end of the new US Return Policy.

COGEMA wishes to be able, as for Aluminides, to propose for that new fuel a Long Term
Back End solution, including all the spent fuel management operations, to allow Reactors'
operators to focus on their research activities. Such a partnership, should provide Reactors'
operators with smooth operations, which is necessary for a Long Term development of
Nuclear Energy.
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SPENT FUEL BACK-END: 10 YEARS OF STOPS AND GOES

Material Testing Reactor (MTR) spent fuel back-end has been subject to many reversals and
uncertainties in the past ten years.

Until the end of 1988, US obligated materials were subject to the « Off site Fuels Policy ». Under this
policy, spent fuels were returned to USA and were reprocessed there. This policy took end on the 31st
of December 1988, and Research Reactors' operators had to implement other management solutions.
Meanwhile the Reduced Enrichment for Research and Test Reactors (RERTR) Program was leading
to a new Low Enrichment Uranium (LEU) fuel to replace High Enrichment Uranium (HEU) fuel.
HEU aluminide type fuel could be stored and eventually reprocessed. The new LEU fuel offers a
suitable answer to the Non Proliferation Policy. However, as a silicide type fuel, it offers a reduced
flexibility as regards the back-end management since it is not easily reprocessed in industrial scale
plants.

In the early 1996, a new US spent fuel return policy was opened to all research reactors converted or
that have agreed to be converted to LEU, and to reactors operating with HEU for which no suitable
LEU is available. It covers all the spent fuels discharged until 2006, 12th May.

After that period of time, each reactor will again be fully responsible of its spent fuels.
Such a situation puts again on the forefront, the problem of the overall management of each research
reactor. For each one, a steady and long term solution for the management of their spent fuels has
become compulsory for their continued operation. The Safety Authorities of each concerned country
are demanding more and more overall assurances as regards the spent fuel back-end management.

WHICH BACK-END OPTION FOR MTR SPENT FUELS ?

Exiting the reactors, there will be two main types of MTR spent fuel to be managed in the coming
decade:

- the HEU aluminide spent fuels, which will be in ever decreasing number,
- the LEU silicide spent fuels, which are, as of today, the only substitute to the HEU fuels.

For the ultimate back-end management, there are two options: direct disposal or reprocessing.

The direct disposal option faces several unresolved difficulties. The high residual fissile material
content could lead to criticality problems in the final repository. The high corrosion rates of
aluminium and uranium metals are creating a risk of high pressure increase with the build up of
hydrogen gas. Direct disposal has not yet been implemented.

The Reprocessing option.
This option eliminates such difficulties while producing residues which are suitable for direct
disposal.
Reprocessing has been successfully implemented for more than 30 years.
Based on its long experience and thanks to its up to date facilities, COGEMA offers through its
reprocessing services a durable and long term solution.

The only proven and steady back-end solution is, on the long term, reprocessing

130



MTR BACK-END INDUSTRIAL IMPLEMENTATION: THE COGEMA ANSWER

HIGH EXPERIENCE, FLEXIBILITY AND VERSATILITY of the LA HAGUE
FACILITIES

The COGEMA reprocessing services for MTR aluminide spent fuel are from now on performed in the
La Hague's facilities which constitute the world largest reprocessing plant with a nominal capacity of
1600 tU of LWR spent fuels. The plant, whose first line started in 1966 and successively expanded in
1989-1990 (UP3) and in 1992 (UP2 800), has reprocessed 1670 tU in 1997, and is scheduled to
operate far into the second decade of the next century.
Over 11 900 t of fuel have been reprocessed at La Hague by January 1, 1998. Among this total
quantity of reprocessed fuels, 10 tons are FBR fuels.

At its Marcoule UP1 plant, COGEMA has reprocessed over 12 800 kg of MTR spent fuels from
various origins, such as Osiris, Siloe, Pegase etc... from the Commissariat a 1' Energie Atomique
(CEA), RHF of ILL, BR2 of Belgium, GKSS and KFA of Germany, HFR and HOR from the
Netherlands, JMTR and JRR2 from Japan etc....

So COGEMA has gained a large experience and a great know-how in MTR fuel reprocessing.

La Hague plant is already available for aluminide and UO2 spent fuel coming from MTRs. •
In addition, research and development works are in progress to reprocess silicides, Metallic Natural

Uranium and some other special fuels.

In the case of UO2 MTR spent fuels, the standard reprocessing operations are basically followed.

The typical process diagram for aluminium structure MTR fuel reprocessing is the following:

- Reception of MTR spent fuel casks.

- Unloading under wet conditions.
- Storage in pool.
- Dismantling (if necessary) and dissolution.
- Dilution of dissolution solution into LWR dissolution solution.
- Extraction and purification of Uranium and Plutonium.
- Vitrification of Fission Products.
- Treatment and conditioning of the wastes into residues.

Some minor plant adaptations could be necessary , on a case by case basis, to cope with specificity of
each MTR fuel type.
Further, this activity benefits from a strong R&D support, that allowed to fulfil the evolutive needs of
customers, and gives COGEMA the ability to adapt its plants to the future needs.
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ULTIMATE PRODUCTS MANAGEMENT THROUGH REPROCESSING

The main management features are:

^ Separating and Recovering of the recyclable materials (uranium and plutonium) with a
very high rate (99,88%).

^ Safe , qualified and reliable confinement of the ultimate residues.
Residues are processed as genuine industrial products according to very demanding technical
specifications approved by international regulatory bodies.
The ultimate residues are conditioned in a standardized and qualified (see picture 1) container
called the « Universal Canister » (UC).
This canister can accommodate either vitrified residues or compacted or technological wastes.
Its weight is around 500 kg for glass products and 800 kg for compacted residues. The UC is
1,34 m high and has a diameter of 43 cm.
This package is agreed in France and many foreign countries by the Safety Authorities, the
customers and the storage operators, (see Table 1)

Table 1: Approval of specifications (Status as of January 1998)

Waste

Fission products

Hulls and end-fittings

Technological waste

Residue

Glass

Metallic block compacted

Status
Specification approved in:
France, Japan, Germany,
Belgium, Switzerland,
Netherlands
Specification agreed by
French, German, Japanese
and Swiss customers

Specification under final
review by the French Safety
Authorities
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Picture 1: Universal Canister Strategy

UNIVERSAL CANISTER STRATEGY

Glass canister Hulls, end-fittings,
technological
waste canister

Reduction of the ultimate residues overall toxicity and volume.
COGEMA's efforts to reduce the final volume of ultimate residues, makes it possible today to
generate only two Universal Canisters (one for vitrified fission products and one for
compacted residues) for every ton of reprocessed aluminide spent fuel. Compared to the
direct disposal option, the reprocessing solution, as offered by COGEMA to the MTR
operators, represent a drastic volume reduction of waste which will have to be ultimately put
into the final disposal.
It is illustrated by the thereunder graphic.

VOLUMES OF RESIDUES GENERATED
BY MTR'S REPROCESSING

10 -

mViof
Aluminide spent fuel

reprocessed
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REGULARLY IMPROVED SECURITY AND SAFETY RECORDS

International safeguard
La Hague facilities are under EURATOM and AIEA's control. In 1996, almost
1 700/ man/day of international inspections have been performed at La Hague thus making this
facility one of the most, not to say the most, safeguarded civil nuclear place in the world.

Low environmental impact
The environmental performance is as satisfactory. Environment protection is regularly monitored by
COGEMA and controlled by the French Authorities. More than 23 000 samples of water, soil, air,
sand, meat and vegetables are collected annually around the La Hague plants which lead to
80 000 analysis each year.
As a result of these numerous analysis it is demonstrated that La Hague plant's environmental impact
is of 0.02 mSv/man/year
That is quite negligible as compared to the natural radiation exposure (2.4 mSv/man/year) or to the
medical exposure (1.6 mSv/man/year).
As a comparison, drinking 1 litter/day of a famous French sparkling mineral water lead to
0.3 mSv/man/year or one flight Paris/New-York to a 0.02 mSv uptake.

Low radiological exposure
The occupational doses to La Hague workers are, in average, a hundred times less than those
currently authorized in France and about 20 times less than natural exposure.

COGEMA COMMITMENT: A COMPREHENSIVE SERVICE FOR THE REACTOR'S
LIFETIME

Through reprocessing, COGEMA offers a complete, comprehensive and integrated service to
implement the final and already proven solution for the durable management of research or test
reactor spent fuel.
It includes, as an overall package:

^ The transport operations, the transport casks, the necessary storage periods, before
and after spent fuel reprocessing, the material ultimate management and waste
conditioning into internationally agreed ultimate residues.

^ The sending back of the ultimate residues , as soon as technically feasible.
• • Servicing the reactor for the whole of its life time.

Such comprehensive services are already under progress for Institut Laue-Langevin Grenoble RHF
fuel. The first compaign with the spent fuel delivery at the reactor, its transfer to La Hague facility
and its unloading has been carried out during the December 1997-January 1998 period.
As regards the SCK-CEN-Mol Belgium contract with COGEMA, delivery and transport operations
are under active preparation and are scheduled to start in a near future.

WHAT SOLUTION FOR THE FUTURE ?

LEUSILICIDE: A first step substitute to HEU

As already mentioned, while reprocessing is providing the Back-End solution for HEU fuel, this is
not yet available for silicide type LEU. Although COGEMA is performing R&D on that subject and,
as shown by the preliminary results, the reprocessing of such fuels would necessitate to add a specific
equipment on the process line, which means significant adaptative costs for a plant in operation.
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LEU silicide fuel was developed in the RERTR framework to replace the HEU MTR fuels for Non
Proliferation purposes. Today, it's clear that its performances are not sufficient for all MTR needs.
LEU silicide is thus to be considered as a first step substitute to HEU fuels. Further, LEU
developments are underway.

THE NEXT LEU FUEL: The reactor performances and the ultimate solution for the
back-end

The next new fuel generation should be:

- a LEU fuel, in agreement with the non proliferation policy of the RERTR Program,
- with higher in core performances than existing fuels,
- reprocessable in industrial plants, providing a steady back-end solution.

This new fuel should be available to the MTR's operators by 2005, to provide a steady back-end
solution for Research Reactors spent fuels and avoid any gap at the end of the present US Return
Policy. To offer the best service to the MTR reactors, COGEMA is involved in R&D activities and
supporting the development of this next LEU fuel.
Such an achievement, in such a timescale, requires a strong support of the main actors of the MTR
community.

CONCLUSION

Following a period of uncertainties, the MTR's operators benefit today of two different solutions for
the management of their spent fuel:

- Enter a conversion process from HEU to LEU, to fulfil the requirement of the present US
Return Policy. This will conduct them to switch to a LEU silicide fuel, having no proven
back-end solution and could lead them to a dead end at the end of the US Return Policy.

- Contract for reprocessing services. At the time being, the only industrial , complete,
comprehensive and integrated service, with a long term commitment, is provided by
COGEMA for aluminide MTR spent fuels.

The only missing step to achieve the overall MTR fuel management and for the completion of the
Non Proliferation purpose of the RERTR, is to develop the next LEU fuel as a high density LEU fuel
with a reprocessing ability.

COGEMA supports this new fuel development and will conduct R&D activities to evaluate its
reprocessing ability.
By offering a comprehensive and integrated back-end service for the reactor lifetime, COGEMA
actually removes from reactor operators the burden of spent fuel long term management. Such a service
is already available for spent fuel such as aluminide and UO2 type.
It has to be available for the new LEU fuel presently under development. Fuel management will then
become complete for all operators and will include all steps up to the final disposal.
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