
XA9949807
PROCEDURES AND TECHNIQUES FOR THE
MANAGEMENT OF EXPERIMENTAL AND EXOTIC
FUEL FROM RESEARCH AND TEST REACTORS IN FRANCE

D. RAISONNIER
Transnucleaire,
Paris, France

Abstract

Since 1995, the Commissariat a FEnergie Atomique CEA has implemented a three point fuel
management plan. One of the three points, the removal and the reprocessing of a wide range of spent fuels
stored in different facilities in Saclay, Grenoble and Cadarache nuclear research centers, is described. The
COGEMA Group has developed and implemented a comprehensive set of solutions for the management of
research reactor and exotic fuels. It includes transport casks, storage casks or interim storage facilities at the
reactor site, or at a centralized interim storage, as well as spent fuel reprocessing, material recycling and waste
conditioning.

1. CEA SPENT FUEL

1.1. Reprocessing and storage management

As a result of its programs, the French Commissariat a l'Energie Atomique (CEA) has
produced irradiated fuels. These fuels come from either abandoned reactor types or laboratory
experiments (fuel examinations, critical experiments, special fuel element designs) or the
experimental reactors operated in Cadarache, Saclay and Grenoble. These fuels were stored in
appropriate facilities: water pools in Cadarache and Grenoble or dry pits in Saclay and
Cadarache (i.e., the Cascad facility).

Usually, the CEA chooses the reprocessing solution, because it is considered to be safer
as far as waste is concerned. The fissile materials contained in these fuels follow a closed cycle:
fabrication, irradiation, disassembly, reprocessing, re-fabrication and re-use). Management of
this cycle implies the use of storage facilities for a period of just a few years while the short-
lived radioactive isotopes decay.

However, this cycle has been stopped for most of the experimental reactors, which has
resulted in an expanding inventory of spent fuels. The above-mentioned facilities could be filled
to capacity as an obvious consequence of this situation.

Moreover ,these facilities are also used for the storage of damaged spent fuels. The
weight (90 metric tons) and variety of these spent fuels make it necessary for the CEA to
invest heavily in their safe packaging and reprocessing. There are six main types of such fuels
(Table I).

Management of these spent fuels must take account of two main objectives:

• Safe removal and safe packaging of every fuel type for suitable reprocessing or long term
storage.

• Organization of appropriate management and facilities in order to avoid conditions similar
to the above-mentioned conditions in the near future.
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TABLE I : SPENT FUEL COMPOSITION

Fuel types

Natural Uranium Graphite Gas

Pressurized Water Reactors

Heavy Water Reactors

Fast Breeder Reactor

"CARAMELS11 OSIRIS reactor

Material Testing Reactor

Laboratory samples

Weight (tonnes)

20

4

50

6,9

6,5

15

1,3

plan:
To achieve these objectives, the CEA has developed and is implementing a three point

• Immediate reprocessing in existing facilities at Marcoule (APM, UP1).
• Postponed reprocessing, planned for the early twenty-first century, involving regrouping of

fuel elements in appropriate storage facilities at Cadarache.
• Long-term storage (< 50 years) in safe conditions, at the Cascad facility. This alternative

implies that the CEA will have to choose after the year 2000 between reprocessing or direct
disposal.

Reprocessing was possible at APM and UP1 in Marcoule until October 1997.
Therefore, the CEA has decided to send as much fuel there as possible. Only heavy water spent
fuel coming from the EL4 reactor and irradiated and non irradiated laboratory samples are
stored at the Cascad and Pegase facilities in Cadarache.

2. SOLUTIONS FOR THE DIFFERENT TYPES OF FUEL

The solution consists of the following steps:

- fuel removal from the storage facilities;

- checking the fuel condition and that of its packaging;
- eventual handling and re-packaging in a new canister;
- transfer to Marcoule;
- reprocessing at APM or UP1
- and finally, managing the waste and recovering the fissile materials resulting from
reprocessing.
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Table H : SPENT FUEL DIAGRAM

SPENT FUEL TYPE

PWR
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COGEMA/
- . UP1

reprocessing

reprocessing

reprocessing
t

reprocessing
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The diagram (Table II) shows all of the operations for each type of spent fuel. Study of
this diagram leads to two families of spent fuels:

• Fuels that can be sent for reprocessing to Marcoule without prior handling and repackaging.
• Fuels requiring handling and new packaging prior to their transfer to Marcoule:

"CARAMEL" and UNGG (magnox-type) spent fuels.

3. REPROCESSING OF PWR, FBR and MTR SPENT FUELS

3.1. PWR

Spent fuels used in the development of PWR were initially stored at the Saclay,
Grenoble and Cadarache facilities. They were later moved and packaged for reprocessing at
the Marcoule TOR-UP1 facility. This plant has been used for separating valuable nuclear
materials (uranium and plutonium) from fission products since December 1994. All of these
fuels were reprocessed in 1996.

3.2. Rapsodie-FBR

Between November 1994 and March 1995 CEA transferred these fuels (blanket and
core) from the PEGASE facility to the APM pilot work-shop at Marcoule. All of the fuels
from RAPSODIE were reprocessed at T0R-UP1 in 1995.

3.3. MTR

MTR spent fuels, with HEU of US origin are used in research reactors such as Orphee
in Saclay and Siloe in Grenoble. They are stored for decay of short-lived isotopes in pools
located near the reactor and then transferred for storage at Cadarache (PEGASE). Since
August 1996 most of them have been transferred to a pool at the COGEMA MAR400 facility.
These assemblies are then cut underwater in order to remove their heads and bases of pure
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aluminum. They were reprocessed at the C0GEMA-UP1 plant in 1998. Reprocessing of the
remaining quantities is now possible at the La Hague reprocessing plant operated by
COGEMA.

4. REPROCESSING OF THE FUELS FROM THE OSIRIS RESEARCH REACTOR AND
UNGG REACTOR TYPES

4.1. Osiris "caramel type"

Fuels of the Caramel-type stored in the Saclay and Cadarache pools were transferred to
the Marcoule facility for reprocessing at the TOR-UP1 plant before its final shut-down at the
end of 1997. Before reprocessing at TOR-UP1 they underwent mechanical conditioning at the
ISA! laboratory (Irradiated Assemblies Monitoring Installation) also located in Marcoule.

4.2. UNGG Marcoule type and EDF NPP type

There are two alternatives for the storage of these fuels. Either they are stored in pools
at Cadarache or in dry shafts in concrete blocks in Saclay and Marcoule. Each fuel storage
required the design and construction of a specific facility in order to recover, handle and
package them before reprocessing. These facilities, described below are PRECIS at Saclay,
BSC at Marcoule, and INB 56 and STAR at Cadarache.

5. SPECIFIC FACILITIES

5.1. ISAI

The ISAI laboratory in Marcoule has two hot-cells. A "Caramel-type" fuel element
consists of welded plates, which must be separated without breaking the first confinement
barrier formed by the fuel cladding. In order to avoid any fire risk, this operation is performed
under an inert atmosphere. Then, the plates are transferred into the second cell where the
operators carry out the punching and cutting of each plate. The pieces, recovered through a
gravity feed in aluminum canisters are sent for reprocessing to TOR-UP1.

5.2. Packaging of stored fuels at PRECIS in Saclay

In 1995, the CEA decided to remove these spent fuels stored up until then in dry shafts
in two concrete blocks. Among the 720 containers stored in these blocks, 592 contained
UNGG and heavy water fuel types which could be reprocessed at Marcoule UP1.

These fuels used thirty years ago for some experiments at the Saclay laboratories were
transferred in containers, in pieces, cartridges and Uranium rods, most of them with their
cladding. The PRECIS facility was necessary for their recovery under safe conditions
involving:

• extraction from the shafts;
• transfer in containers through a confinement bag, to an airtight shielded cell filled with inert

gas;
• identification by X-ray radiography of the cartridges;
• conditioning in canisters for transport in casks.
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After they had been cut under water at MAR 400, they were sent to the UP1 plant for
reprocessing by COGEMA before the shut-down of UP1 at the end of 1997.

5.3. Packaging of stored fuels at BSC in Marcoule

In 1996, the CEA decided to recover the 814 spent fuel assemblies stored in concrete
blocks in Marcoule. These fuels had been kept for eventual specific examinations by the CEA
Their removal required building a facility identical to that of PRECIS. These 814 spent
elements were reprocessed at UP1 after transfer to MAR400 for underwater cutting.

5.4. Recovery and packaging of the fuels stored at EVB 56 in Cadarache

About 2,000 spent fuel elements, packaged in steel canisters, were stored in these two
pools over 25 years ago. These containers were placed in baskets and then stacked in levels.
Some of them were no longer watertight. Once the pool water is filtered and decontaminated,
visibility is good enough to perform the recovery operations safely with accurate equipment.
The containers are pulled out one by one with a hook and transferred into a rotation device
necessary to ensure gas removal (H2) with maximum safety. Then they are transferred to the
immersed radioscopy station in order to assess the state of the fuel and eventually detect water
within the canister. After this test, the canisters are placed in a transfer container under inert
gas, then they are put into a neoprene bag to prevent external contamination, and finally they
are packaged for transport.

All the operations are remote-controlled in order to minimize risks, and monitored on
video-cameras (some of them immersed). Images are recorded and monitored by the operators
in a control room located in the building.

5.5. The STAR facility in Cadarache

The STAR facility is a high activity laboratory built specifically for the treatment,
cleaning and conditioning of UNGG spent fuel elements. The purpose of the STAR facility and
its associated processes is therefore to separate the nuclear fuel from the cladding, to
chemically stabilize the nuclear material and to condition it in sealed canisters meeting road
transport regulations and reprocessing specifications at UP1 in Marcoule.

Know-how of laboratories already in operation was used for the design of the STAR
facility in order to comply with the latest design safety rules and to allow further developments
and R&D on various types of fuel. The main components are described below:

- 3 independent cells, with leak-tight transfer lock chambers;
- 2 partitioned rear cells for fuel element admission;
- a shielded upper cell, covering the 3 main ones, for equipment access and maintenance;
- numerous access hatches, for the reception of various vertical or horizontal casks;
- cell walls lined with stainless steel, in order to make later decontamination work easier;
- total removability of every device, through the upper cell.
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The spent fuel reconditioning process was developed by the CEA and validated by
LECA. It includes the following operations performed in hot cells by remote handling:

• Removal of the canisters from the storage pool, -pre-identification and control.
• Transportation in shielded casks to the STAR facility.
• Reception of the casks and canister transfer to the processing cell.
• Identification and opening of the canister and identification of content.
• Mechanical removal of magnesium cladding.
• Separation of nuclear materials from Mg cladding waste and conditioning of this waste for

specific disposal.
• Nuclear materials are then placed into a specially designed oven to go through following

steps in order to withstand the effects of a hydrogen explosion.
• Drying at 100°C in argon cover gas.
• Hydride dissolution in argon cover gas at atmospheric pressure.
• Partial oxidation of highly flammable metallic uranium particles. This operation is carried

out by O2 injection, and under varying pressure, until a stable product is obtained.
• Conditioning of the stabilized materials in Aluminum alloy (AG3 ) canisters. These are fitted

with soluble Magnesium windows and welded leak-tight.
• AG3 canisters, as well as their magnesium windows, are designed to meet the UP1

reprocessing requirements.
• Transfer of the plugged canisters to cell 2 for weighing, optional decontamination and air-

tightness control.
• Transfer to cell 3 for interim storage and transportation by shielded casks (8 to 12 canisters

in baskets) to the UP1 reprocessing plant.

In order to confine contamination as far as possible, all operations from fuel reception
to canister sealing are performed in a single large cell (cell 1).

5.5.7. Operation assessment

By the end of 1996, about 500 UNGG cartridges had been packaged in STAR, out of
which 300 have been reprocessed at the COGEMA UP1 plant. After a year of operation, the
following points can be emphasized:

• about 90% of the cartridges do not match the expected features. The fuels have been
heavily damaged during the 25 years spent under water;

• very few of the cartridges contain free water (5% vs. an expected 40 %) and cementation of
this water is satisfactory;

• fuel cladding removal is easy;
• damaged fuel is pyrophoric;
• thermal processes take longer than planned (30 h versus a programmed 20 h);
• disposal of the waste produced is a critical part of the process.

6. CONCLUSION

The C.E.A spent fuel management plan has been operational since mid-1995. The CEA
in cooperation with the COGEMA Group has demonstrated and established extensive
experience in this area by recovering, conditioning and reprocessing a wide range of spent
fuels, whole or in pieces, some of them stored in pools for over 25 years.
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Before the shut-down of Marcoule reprocessing plant at the end of 1997, half of the
UNGG from Saclay and Cadarache, and "Caramel-type" fuels have been reprocessed and the
others (MTR, PWR, FBR and BSC/UNGG) completely reprocessed.

Since October 1996, the CEA is studying the problem of the remaining spent fuels. One
of the solutions might be to send them to the COGEMA reprocessing plant at La Hague after a
few years storage in Cadarache.

7. COGEMA'S EXPERIENCE WITH RESEARCH REACTOR AND EXOTIC SPENT
FUEL MANAGEMENT

COGEMA has gained a large amount of experience in the reprocessing of research
reactor and exotic spent fuels. Besides gas-graphite natural uranium fuel, the COGEMA
Marcoule UP1 plant has, for instance, reprocessed for many years MTR spent fuels from the
CEA and has been one of the key facilities in the CEA spent fuel management plan.

The COGEMA La Hague UP2 plant has processed several types of fuel since it begun
its operations, most of them were LWR fuels, but exotic fuels like those coming from FBR
were also reprocessed.

COGEMA has gained an industrial experience in the reprocessing of a wide variety of
fuels including MTR, gas-graphite natural Uranium and FBR fuels. Although the Marcoule
UP1 reprocessing plant is now shut down, the COGEMA La Hague plant is taking over. The
La Hague plant is already available for U-Al and UO2 type MTR spent fuel. R&D and
feasibility studies are in progress to cope with metallic natural uranium (e.g. gas graphite) fuel
as well as U3Si2, U-Mo, U-Zr-Nb MTR fuel. Through reprocessing, COGEMA offers a final
and already proven solution for the durable management of research and test reactor spent fuel.
The main features are :

• reduction of the ultimate waste volume and toxicity;
• recovery of the fissile materials, i.e. low enriched uranium of which can be re-enriched;
• safe and reliable confinement of the final waste in the form of qualified packages accepted in

France and in many other countries;
• integrated services starting by taking delivery of the spent fuel at the reactor.

The COGEMA solution has already been selected by :

- CEA (France);
- Institut Laue-Langevin - Grenoble for RHF fuel; and,
- SCK-CEN - Mol Belgium for BR2 Fuel.

8. TRANSNUCLEAIRE'S EXPERIENCE WITH RESEARCH REACTOR AND EXOTIC
SPENT FUEL TRANSPORTATION AND SERVICES

The Transnucleaire group has more than 30 years of specialized experience in activities
in support of transportation, storage and handling of spent nuclear fuel (from both power and
research reactors) on a worldwide basis.

Up to 1976, the TN Group carried out transports of MTR fuel elements and other fuel
elements to Eurochemic at Mol, Belgium, and to Marcoule in France. Shipments originated
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from France, Europe and Japan. Between 1978 and 1988 large quantities of MTR spent fuel
(approximately 365 cask shipments) were made to the USA for reprocessing by AEC/DOE at
either the Savannah River site in South Carolina or Idaho National Engineering Laboratory in
Idaho (INEL). After 1988, the TN group continued to perform regular shipments of MTR
spent fuel to Dounreay as well as to national reprocessing and/or storage facilities. In 1994,
transportation of MTR spent fuel to the Savannah River site was restarted and at the end of
1997 the first deliveries of MTR spent fuel were made to La Hague reprocessing plant.

During this time the Transnucleaire group has developed and demonstrated the full
capabilities required for successful support of transportation needs, including certification,
procurement and operation of spent fuel casks, canisters for failed fuel assemblies, and
auxiliary equipment required for loading and transportation of spent fuel. This expertise is not
limited to the packaging, but extends to all considerations needed for operation, such as
canister loading, lifting and handling equipment, transport frames and trailers, operating
procedures, training and quality insurance. This experience includes cask loading and
unloading, site and facility surveys, design and fabrication of facility/package interface
equipment, package tie-down and restraint designs for trucks, railroad cars, and ship carriage,
package maintenance and transportation planning and implementation.

Since 1963, the majority of the spent fuel assemblies shipped to reprocessing plants in
France and the U.K. has been and continues to be delivered in casks designed, certified,
manufactured, and operated by the TN group.

Several casks of the TN family have been developed to cover specific needs. Up to
1999, the IU04 cask, recently re-licensed in France and the US will continue to be used for
MTR shipments. A new cask the TN-MTR with a much larger payload to weight ratio than the
IUO4 will be in operation in 1999.

The TN81 cask has been developed by TN to transport vitrified high level residues
from the reprocessing plant (La Hague) to interim storage facilities.

Other casks, including dual purpose casks for transport and storage, using several
technologies are under development by TN.

SGN has developed for the CEA, Cadarache, the CASCAD facility, where unusual fuel
elements, previously placed in canisters, are stored for 50 years in sealed pits ventilated by
natural convection. A multipurpose storage facility has been designed by SGN to cover the
needs of COVRA (Dutch central organization for radioactive waste storage). COVRA intends
to store in this facility :

- intermediate and high-level waste arising from reprocessing of Dodewaard and Borsselle fuel
at BNFL and COGEMA;
- spent HEU and LEU fuel from the three research reactors in Petten and Delft; and
- miscellaneous intermediate and high-level waste from the ECN at Petten.
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