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For over 15 years, the CEA has been producing plutonium fuel for 
French-designed fast breeder reactors in the Plutonium Fuel Fabrication 
Complex at CADARACHE. After a series of core charges for the RAPSODIE and 
PHENIX reactors, fabrication of the initial SUPER PHENIX 1 core is now nearing 
completion. 

This paper examines various technological options currently implemented 
or planned for the next decade. These options depend on several factors : 

1 - Assigned objectives, two of which may be mentioned with respect 
to the French fast breeder program : 

. maximum product quality in order to obtain the highest possible 
power plant load factor ; 

. minimum fuel fabrication costs 1n order to ensure the lowest 
possible fuel cycle cost. 

2 - Requirements specific to the nuclear Industry : 

. environmental safety and security conditions for the fabrication 
facility ; 

. minimum waste and effluent production ; 

. optimum personnel safety and working condition». 
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These requirements are set by national and international safety 
standards in force at any given time. The technological solutions adopted 
are designed to be well below the maxinun permissible values. 

3 - Specific fabrication-related considerations : 

. type of process • 

. nature and specifications of the materials implemented ; 

. process experience acquired at a given point in time, and the 
lead time required to build a new fabrication facility. 

The major options selected in France are the following : 

- continuation of the powder process ; 

- fabrication based on batch transfer and storage of nuclear materials ; 

- maximum efficiency primary containment ; 

- sealed secondary containment enclosures allowing direct personnel 
intervention for maintenance and repair purposes 

- increased process batch sizes ; 

- selection of industrially proven equipment 

- maximum mechanization and automation of fabrication and Inspection 
facilities ; 

- computerization of fabrication process control and inspection as 
well as nuclear material Inventory control and quality assurance. 

Several of these options will be considered 1n greater detail. 
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FABRICATION PROCESS 

For its fast breeder fuel fabrication program, the CADARACHE facility 
has implemented some ten metric tons of plutonium to date, characterized 
by a high americium content and partially recycled from spent LWR fuel. The 
operating experience thus acquired is sufficient to warrant continuation of 
the existing fabrication process based on mechanical milling of plutonium 
and uranium oxide powders followed by granulation, pelletizing, sintering, 
cladding and constitution of subassemblies (1) (2) (3). 

TRANSFER AND STORAGE 

Although a pneumatic system is currently under development for 
plutonium oxide transfers, this technique is not applicable throughout the 
fabrication line, and batch transfert methods will continue to be used, 
particularly where powder material is involved. Batch handling also simplifies 
the required quality control procedures Buffer storage areas can be set up 
at locations remote from the work stations to minimize personnel exposure 
hazards. 

Although the basic fabrication flowsheet is straightforward for 
high throughput rates with partially recycled material, essentially fabrication 
scraps, the transfer system must in fact provide a means of interconnecting 
all the process stations (Figure 1). 

Based on all of these considerations, it was decided to organize 
the fabrication stations around a batch transfer and storage system. 

PRIMARY CONTAINMENT 

The use of plutonium, much of which will Initially be recycled 
from light water reactors, and the high americium buildup 1n time constitute 
a potential Irradiation hazard requiring maximum containment of unclad 
plutonium Inside the process equipment, especially when in powder form. 
This containment not only prevents plutonium dispersai but also simplifies the 
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heavy duty gamma shielding as close as possible to the emission source and 
minimizes the anbient irradiation, detrimental in particular during maintenance 
operations. When required by the amounts of fissile material involved, the 
primary containment will also be used to reinforce neutron shielding. 

Regardless of the efficiency of the primary containment it must 
be supplemented by automatic air extraction or cleanup systems to handle 
aerosol emissions. 

The SUPER PHENIX fuel fabrication line was capable of processing 
LWR plutonium oxides (33 000 MWd/MT burnup) containing on the order of 5 000 ppm 
of americium on average and up to 10 000 ppm exceptionally in limited quantities 
(approx. 10 %). In a plant designed today these upper limits could be increased 
to 10 000 ppm and 20 000 ppm, respectively, and it is not unreasonable to expect 
that further increases will become possible in the near future. 

SECONDARY CONTAINMENT 

The glove box system of secondary containment will be maintained for 
process operations prior to cladding, in order to all.ow direct servicing and 
repair of the process equipment This is made possible by the above-mentioned 
neutron and gamma shielding installed in the primary containment. 

BATCH SIZING 

Critical1ty problems due to the relatively high plutonium content of 
fast breeder fuel are a major limiting factor on the process mass. The range 
of Pu0 2 content values in the fabrication Une can be reduced in an industrial 
fuel complex ; moreover the PuOg content 1s appreciably lower 1n large 
commercial reactors. If allowance is made for non-f1ss1le isotopes in the 
critical1ty analysis, and for the presence of neutrons shielding that prevents 
any interaction among batches or with the moderators, then the permissible 
handling batch size can be substantially Increased and may reach 150 kg of mixed 
oxide (Figure 2). 
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When necessessary, it is possible to design equipment capable of implementing 
large amounts of mixed oxide. In order to limit the number of analyses required, 
for example, a homogenizer with a 1 5 metric ton mixed oxide capacity could be 
designed with safe geometry based on the above-mentioned assumptions concerning 
the mixed oxide material. 

PROCESS EQUIPMENT 

As a general rule, the process equipment will be selected whenever 
possible form available proven industrial equipment. Nevertheless, extensive 
nuclear adaptation will be systematic, particularly for specially designed 
equipment. For example, remote-controlled dolleys or handling carts can be 
used for container transfers, while pelletizing can be done with rotary 
presses of the type commonly used in the pharmaceutical industry. 

MECHANIZATION, AUTOMATION AND COflPUTERIZATION 

All of the fabrication and inspection operations will be extensively 
mechanized and automated both to limit the personnel exposure hazard and to 
reduce fabrication costs. For example a fully automatic cladding unit currently 
under development will be capable of producing 300 - 400 fuel pins daily at a 
single station ; the SUPER PHENIX line requires 8 persons for a daily output 
of 100 pins per station. 

Continuous self testing and recalibrating systems will be provided 
for all inspection stations in order to meet quality requirements. 

A specially designed data processing system will coordinate automated 
system priorities, process control and quality assurance provisions while 
maintaining material inventory control (4). 
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CONCLUSION 

It may be affirmed that currently existing technology can be 
implemented for French fast breeder fuel element fabrication on an industrial 
scale capable of supplying the initial fuel requirements of a series of 
commercial breeder reactor plants. This technology is based on the experience 
acquired in the CADARACHE Fuel Fabrication Complex and will continue to benefit 
from all improvements and new developments achieved in experimetal or production 
runs at this facility. 
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