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Abstract

COGEMA operates two reprocessing units at the La Hague plant with an annual capacity of 1600 tonnes
U. To achieve efficiency, it has adopted a package standardization approach called the Universal Canister
Strategy (UCS). The UCS requires construction of a new facility for compaction of high activity metal pieces.
The design of the new facility and the supporting research and development are described.

1. INTRODUCTION

COGEMA, which is operating the most important reprocessing facility in the world, has gained
a leading position in the back-end of nuclear fuel cycle. The two reprocessing units currently in
operation on the site are now both operating at full capacity giving the La Hague plant an annual
capacity of 1600 t(U). At the end of 1998 the plant has reprocessed 13,537 tons of heavy metal fuel
giving COGEMA outstanding know-how in this field.

COGEMA has always maintained its efforts in research and development of new techniques
and industrial process to constantly optimise the nuclear fuel reprocessing operations. The
cornerstone of its waste management concept rests on the global philosophy of packaging, and the
Universal Canister Strategy (UCS) is one of the main contributing tools to reach this target. This
package standardisation applies to various type of waste (vitrified fission products, compacted hulls
and end-pieces as well as technological waste).

The UCS requires construction of a new facility for compaction. This workshop, called ACC
(Atelier de Compactage des Coques or "Hulls Compaction Facility") will compact high activity
materials (hulls, end-pieces, and technological waste) in the shape of discs.

The ACC scheduled for commissioning at the end of the year 2000, will process the fuel
structural material arising from both UP3 and UP2-800 head-ends, together with other solid
technological waste intended for deep geological disposal.

The purpose of this paper is to present the ACC workshop and to take stock of the R&D
programme.

2. THE ACC WORKSHOP

The new project at La Hague site, called ACC facility (Figure 1.), will provide one more
forward step of waste volume reduction by compacting the hulls, the end-pieces and technological
waste instead of grouting them in cement. The new process will reduce the volume of hulls and end-
pieces packages by a factor of about 4 by reference to the previous situation (grouting of metallic
waste in drums). After compaction, these wastes are placed in compacted waste Universal Canisters,
called CSD-C, equivalent to the vitrified waste Universal Canisters, CSD-V, used for fission product
glasses.

The ACC will compact hulls and end-pieces which are currently stored underwater in dedicated
drums while treating daily production from the Tl and Rl workshops (shearing and dissolution units
of the La Hague plant). Later on, with the active start-up of the ACC workshop expected at the end of



FIG. I. ACC workshop.

the year 2000, this stock will be retrieved and conditioned together with the in-line flow of hulls and
end-pieces coming from Rl and Tl. Regarding the technological waste, the ACC will compact mostly
those coming from the La Hague plant but will also compact some of those originating from MOX
fabrication plants as well. This conditioning is also feasible to accommodate various core components
such as fuel channels and control rods.

To sum up, the main functions to be performed at the ACC facility are as follows:

- Separation of hulls and end-pieces,
- Segmentation of technological waste if necessary,
- Drying of hulls and end-pieces,
- High force compaction,
- Conditioning of the compacted discs in to Universal Canisters,

Nuclear characteristics measurement.

2,400 canisters will be produced per year at the ACC facility. This represents more than 14,000
compacted waste discs per year.

The construction of the ACC began in March 1995. Civil work was completed in May 1998.
All the equipment will be installed by the end of the year 1999. The on-site tests will be performed
from the beginning of 1999 and the ACC commissioning is scheduled by the middle of the year 2000.

2.1. The ACC inner organisation

Processing of hulls, end-pieces and technological waste into the ACC will be done through the
following steps:

2.1.1. Processing of hulls, end-pieces and technological waste:

• Hulls and end-pieces;

Reception and interim storage of drums from Rl and Tl workshops (Figure 2) as
well as underwater stored drums,



Separation, preparation, drying, compaction under the form of compacted discs,

• Technological waste;

Reception and activity measurement,

Possible separation between low and high activity waste (low activity waste are sent
Back to the AD2 workshop for cementation, technically allowing a shallow ground
disposal in France),
Compaction under the form of compacted discs.

2.1.2. Filling, removal and interim storage:

Filling of the canisters with compacted discs (a canister can accommodate discs hulls and
end-pieces with discs containing technological wastes),
Removal and interim storage of the canisters after their closing, a non-contamination checking
and nuclear characteristics measurement.
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FIG. 2. Simplified scheme of waste flows in the ACC.

3. R&D PROGRAMME

The search of the best technical and economical terms of final waste management requires an
interactive dynamics between the main actors including especially COGEMA, ANDRA, CEA, etc.
As regard compaction, the preliminary tests started in 1982 and were performed by CEA. COGEMA
and its engineering subsidiary SGN conducted the following tests.

The R&D programme has been set up aimed at verifying the feasibility of the process in terms
of volume reduction and safety parameters. Three main stages have been developed namely, the
process, the workshop safety, and the canister characterisation.



3.1 The process

It is important to point out that a lot of tests has been conducted on the process regarding
separation, compaction, drying and welding.

3.1.1. Dosing separator

The first step is to separate the hulls from the end-pieces. A full-scale dosing separator
prototype has been designed and tested successfully: the ability of such equipment to feed the can
with the appropriate number of end-pieces has been demonstrated, thus allowing an optimisation of
the filling step.

3.1.2. Drying

The fundamental aim of this stage is to reduce the water level in the CSC-C to zero, in order to
avoid radiolysis and corrosion phenomena. Following preliminary studies, the selected approach for
the drying system has been to use a hot gas circulation around the hulls. The test campaigns have
permitted to qualify the equipment and the process (efficiency and working parameters of the dryer).

The operating conditions of the dryer are as follows:

Temperature lower than 200°C,
Hot gas,
Drying time lower than 30 min per can for normal conditions.

The criteria retained to ensure a "zero water level" is a -26°C dew point.

3.1.3. Compaction

Test campaigns (inactive or active tests, at reduced scale or at full scale) have been carried out
in order to determine process parameters (can material, compaction level power of the two presses).
An optimal pressure of 200 MPa was confirmed. The pressroom must be inerted in order to avoid any
risk of pyrophoricity. The volume reduction ratio of the raw waste is higher than 4.

3.1.4. Welding

After compaction of the discs, they are filled into a CSD-C. A welding process is then
performed to assure the mechanical behaviour of the CSD-C.

The welding process has been qualified using canister prototypes. A plasma arc welding
process adapted to their geometry sealed canisters. The tests have led to the following results:

Full penetration, no lack of fusion,
No gas pores,
Mechanical characteristics in accordance with those of base metal,
Limited temperatures inside the canister;

- T<300°C on the canister itself behind the internal weld thermal shield, T<100°C in the
free space above the upper compacted discs,

- T<50°C on the top of the upper disc.

3.2. The workshop safety

It is important to secure the process of waste treatment against the pyrophoric risk of zircaloy,
as well as the risk of explosion due to radiolysis.



3.2.1. Zircaloy pyrophoricity

The shearing process produces zircaloy fines. Zircaloy has pyrophoric properties inducing
ignition risk.

Moreover, the ignition risk of the fines depends on various parameters such as the particle size
or the structure arrangement (thin or thick layers).

Tests have been carried out in order to characterise pyrophoric behaviour of fines and to
analyse gas release during inflammation. Adapted mechanical processes have been developed in order
to produce these inactive fines.

Three grain size classes are obtained (D: diameter of the particle):

D<0.2 mm It stimulates pyrophoric active fines. Their ignition
temperature is less than 300°C

0.2 mm<D<4 mm It produces active fines which can propagate combustion, the
of ignition is higher than 300°C

D>4 mm It stimulates inert active fines which don't ignite when there
are heat with a torch and can't propagate combustion

These results were compared to those obtained with fines issuing from spent fuels and showed
that inactive fines are more pyrophoric than active fines. It is important to notice that:

Nitrogen gas increases the ignition's temperature. Then, under nitrogen atmosphere the fines
become inert,
Fines humidity > 17% are inert.

3.2.2. Radiolysis

Gas resulting from radiolysis of organics liable present in technological waste may be released
in the canisters. In order to avoid explosion, the gas concentration in the canister has been limited. A
filter, called PORAL system, has been added to the canister lids. It ensures gas concentration lower
than 2%.

Moreover, arrangements have been taken in order to:

reduce the water level in the canister (only traces of water),
limit and control the quantities of plastics present in technological waste.

3.3. The canister characterisation

Wet waste are dried, poured in compaction cans and compacted. The discs obtained are then
conditioned in canisters. The discs, from 5 to 7 in number, are maintained in the canister by
corrugated springs.

A schematic CSD-C design is shown in Figure 3.



FIG. 3. CSD-C design.

The main characteristics of the Universal Canister are as follows:

- Height (with lid): 1345 mm

Outside diameter: 430 mm

It can be handled with the same tools than the glass waste Universal Canister

It can be transported, stored and stacked as the glass waste Universal Canister

It can be disposed of together with glass waste Universal Canister, in the same structure.

These canisters are aimed at handling, transporting and storing on a repository. It is then
important to master the package behaviour in the short and long term.

The choice of the canisters material has been carried out in order to comply with several
mechanical and corrosion resistance requirements. Stainless steel with low carbon content is the best
candidate.

Tests must be performed on the CSD-C to check the integrity of the canister. To this end, drop
tests were performed.

3.3.1. CSD-C drop tests

Full-scale drop tests were conducted, aimed at check the behaviour of a canister dropped during
handling.



Drop tests were performed in two design configurations accounting for all possible situations in
the La Hague facilities:

Drop on a rigid surface: 9 m drop height,
Drop on another canister: 7.7 m drop height.

After these tests, the canisters analysis confirmed the satisfactory design of the CSD-C:

no crack or incipient crack,
limited deformation allowing easy handling of canister.

3.3.2. Long term behaviour

In order to assess the long-term behaviour of the residue, a precise characterisation of the
residue has to be made. It is particularly important to know:

What sort of radionuclides are present and in which quantity,
Where they are located,
- on the waste surface,
- in the material structure of the waste,
The degradation mechanisms.

To this end, studies have been conduced by COGEMA jointly with ANDRA in order to allow a
repository design optimisation. The repository design will be simplified with same-sized boreholes or
galleries.

4. CONCLUSIONS

The Reprocessing-Conditioning-Recycling strategy implemented by COGEMA for many years
has been enriched by the concept of the Universal Canister. The utilisation of this canister is the
complement of the strategy for volume and radiotoxicity reduction.

The universal canister is likely to become the standardised package for all types of high level
and long-lived residues in the next future. Its utilisation will facilitate handling, transport as well as
final disposal.

COGEMA, through the implementation of the compaction unit ACC, will provide a realistic
answer to the overall stake of waste volume reduction. The qualification programme for compacted
hulls, end-pieces and technological waste Universal Canisters called CSD-C has been conducted by
SGN for COGEMA with technical support from CEA and is nearing completion. Sufficient
information is available today to guarantee the quality and safety of these canisters which will be
produced by ACC facility at the end of the year 2000.


