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For over twenty years, the CEA has made a major, sustained 
effort for the research and development of liquid sodium cooled fast 
breeder reactors. 
. RAPS0Û1E, the experimental reactor at Cadarache, went critical in 1967. 

In 1970, its capacity rose from 24 to 40 MWt with the Fortissimo core. 
:. PHENIX, the 250 MWe demonstration electric power plant, went into com

mercial operation in July 1974 at Marcoule. 
. SUPER-PHENIX 1, d se-ie- prototype 1200 MWe electric power plant, is 
under construction at Creys Malville with the cooperation of West Ger
many and Italy. 

. SUPER-PHENIX 2, the first of the series of 1400/1500 MWe electric power 
plants, is in the design stage. It is planned to build several units of 
this type during the 1980s. 

Apart from these achievements and plans, a simultaneous effort 
was mounted and continues to be made in relation to the fuel cycle, espe
cially reprocessing. 

1 " REPROCESSING METHOD EMPLOYED 
The process employed is the Purex process (Figure 1) adapted to 

the specific case of fast breeder reactor fuels. 
All the experience gained on the reprocessing of other reactor 

fuels (natural uranium graphite-gas, MTR, LWR) is put to use in this pro
cess in the Marcoule and La Hague facilities, as well as the know-how 
derived from the major effort mounted by the CEA for the industrial pro
jects for reprocessing LWR fuels. 

In addition to design and construction work involving the aque
ous method process, research is continuing on the dry method, involving 
the volatilization of uranium and plutonium hexafluorides. 

We shall restrict ourselves to the specific problems raised by 
aqueous reprocessing of LMFBR fuels and to the corresponding R and D 
programmes. 

II - SPECIFIC PROBLEMS RAISED BY THE REPROCESSING 

The specific problems are located mainly at the head and tail of 
the process. They derive from : 
. the presence of sodium : the assemblies must be transported in contai
ners filled with'Vo'rffum. This sodium must be purified for recycling or 
re-use. The sodium rosining in the assemblies after drainage through 
the container outlet must be eliminated before the first reprocessing 
stage, 
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. the presence of a very thick (a few nsn) hexajjonal _tube, making the 
chopping o1 the entire assembly difficult, as this operation also pro
duces lengths with dimensions incompatible with those of the dissolvers. 
This stainless steel box will very probably have to be eliminated be
fore chopping the pins, 

. the u^c of stainless steel^ as a clad material. Stainless steel offers 
the advantage "of not "being pyrophoric, unlike zircaloy. Nevertheless, 
the successive treatments that it undergoes (irradiation, temperature, 
change of environment, elimination of sodium etc.) are liable to cause 
embrittlement and to favour its destruction and corrosion during the 
chopping/dissolution stages, 

. the small diameter of the pins and the presence of spacer wires are 
liable to complicate chopping/dissolution operations, 

. the high burn-ups and very short cooling times required, give rise to 
very high activities and specific thermal power levels, concerning the 
core portion of the fuels. The dilution achieved by built-in axial 
blankets considerably diminishes these effects, wherever the core/axial 
blanket mixture can be considered to be relatively homogeneous, 

. the high concentration of fission products and especially platinoids 
(Ru, Rh, Pd, combined with Mo and 1c) in the mixed oxide increases the 
insolubles content of the fuel in normal attack conditions. These pro
ducts are extremely fine, but nevertheless coarser than those formed 
in LWR fuels, and are liable to imprison part of the plutonium. 
Ruthenium, the most abundant of these platinoids, exhibits very complex 
properties giving it a tendency to disperse in the process. Its fission 
yield is higher in an LIÎFBR than in an LWR, 

. a high Plutonium concentration in the fuel, complicating criticality 
problems and the chemistry of the process to a certain degree, leading 
to very high Pu fluxes with the corresponding constraints. Note however 
that for criticality computations, in the case of fast breeder fuels, 
one can consider a relatively high minimum value for 240p U j i. e. that 
of the initial plutonium. 

Ill - EXPERIENCE GAINED 
Fully av/are of the problems deriving from adaptation of the 

PUREX process to the treatment of FBR fuels, the CEA quickly mounted the 
necessary research and development efforts. 

1 " il°A laboratory 
As soon as RAPSODIE succeeded in supplying irradiated pins 

with significant burn-ups, i.e. in 1968, laboratory tests v/erc performed 
in shielded facilities at Fontenay-aux-Roscs. Tests were performed on 
Fortissimo pins irradiated to 100,000 MW d/t, and even, on small quanti
ties, up to 150,000 MW d/t ; also on PHENIX core 1 and core 2 fuels irra
diated to 64,000 MW d/t. These tests are continuing, as RAPSODIL/FORTISSI-
M0 and PHENIX provide increasingly irradiated fuels. 
2 - ATI workshop 

The ATI workshop at La Hague, specially designed to reprocess 
RAPS0DIF. fuel with a capacity of 1 kg per day, went on stream in I960, 
arid is now reproa.-s'/iriy more than one ton of mixed oxides irradiated to 
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a burn-up as high as 1?0,000 IftJ d/t ond sometimes very slightly "cooled" 
(five months, ond 1.5 months for a small number of assemblies), thus clo
sing the RAPS0D1E cycle. Part of this fuel (about 150 kg) came from the 
core of PI'ENIX. 

3 - Marantic Pilot facility 

The Marcoule pilot facility was adapted to reprocess oxides and 
especially those from FBR. It reprocessed a uaten of SO kg of highly 
irradiated RAPS0DIE/F0RTISS1M0 fuel in 1975, a much larger (1650 kg) but 
slightly irradiated batch from the German KNK reactor in 1976, a far more 
highly irradiated batch of 2.3 t (over 45,000 MW d/t max) of PHENIX en-
riched-uranium fuels, in 1977 and 1978. It has just processed PHENIX p*u-
tonium fuels irradiated to about 50,000 MW d/t and cooled for about one 
year. 

These fuel* are reprocessed at a rate of about 19 to 20 kg per 
day. This change of scale in comparison with ATI was achieved particularly 
by the use of pulsed columns, extractors planned for forthcoming facilities, 
instead of mixer/settlers. Furthermore, work on this scale produced many 
interesting observations (sampling of insolubles, effectiveness of the cla
rification system, behaviour of centrifugal extractors in the third 
uranium cycle) and some experiments (U/Pu separation by electrolytic 
reduction). 

Added to this experience gained in reprocessing proper is that 
gained from its research and experiments : 

. on the handling, purification and neutralization of sodium, 
research carried out in other CEA departments, in connection with 
reactors, 

. on the elimination of residual sodium from assemblies, performed 
routinely in the PHENIX power plant, 

. on the opening of the hexagonal tube, the liberation and handling 
of pins, also performed at the PHENIX power plant-

We shall shortly also be able to draw lessons from the reproces
sing of PHENIX fuels in the UP2/HA0 facility at La Hague, by dilution 
with gas-graphite fuel. 

I V " R and D PROGRAMMES 

The feasibility of reprocessing fast breeder reactor fuels has 
thus been largely substantiated, on a significant scale, on fuels far more 
difficult to process in most cases than those planned for commercial 
reactors : higher Pu concentration in the core, burn-ups at least equal 
to the planned maxima, wcry short cooling times, unfavourable storage 
conditions etc. 

Hence the CEA's R and D programmes have been oriented towards 
adaptation, to the industrial stage, of the reprocessing of the fuels 
from the large future power plants under construction or planned, with 
special examination of problems associated with changes in scale (high 
capacities fl'id ruic., high Pu and fission product fluxes etc.) with 
special concern for optimizing the overall system, frogremmer. ore espe
cially direr, led luvvird', plans for a plant designed to reprocess all the 
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! f i le 's of SUPER-Piir NIX 1 and the fo l low ing two reactors (PURR pro ject -
.Prototype d'Usine de Retraitement des Rapides - Prototype Breeder Fuel 
iReprocessing P lan t ) . "Ihe design work schedule is based on the commissio
ning of th i s f a c i l i t y i n 19G9. 

R and D programmes are proceeding on four levels : 

1 - Laboratory research car r ied out at Fontenay-aux-Roses on increasingly 
i r rad ia ted fuels : examination of c lad behaviour, measurement of d i s 
solut ion ra tes , analysis of residues (quan t i t i es , composition) and 
the i r mode of a t tack , t es t i ng of p u r i f i c a t i o n systems e tc . In addi 
t i o n , laboratory lests are necessary to t r y out any innovat ions, and 
to determine the consequences of process modif icat ions (changes i n 
reagents, recyc l ing etc) 

2 - Chemical engineering tests and calculations designed,to select unit 
types and to provide the data necessary for their industrial extra-
nnlatinn /Fnnipnnv-a«iy-Rn«:ocV types ana to prcviae tne aata 
polation (Fontenay-aux-Roses). 

3 - Experiments on industria 1 prototypes, i.e. non radioactive develop
ment of all units in full scale, with all their peripheral systems 
(gas treatment, waste removal,...) and wit.i all the technology of the 
future operation (remote control, monitoring and regulation, break
down service and maintenance systems etc... (Marcoule) 

^ " Pilot unit runs at Marcoule on breeder fuels (PHENIX), designed to 
t'est the processes and unit types intended for industrial use in 
radioactive conditions, and for significant periods. 

Considering the scope of this programme, and in view of the age 
{of the current facility, the CEA has launched the T0R_ project (Traite-
tment d'Oxydes Rapides : Processing of Fast Breeder"Oxfdes^"designed to : 
| . raise the present capacity of the Marcoule pilot workshop to about 
j 5 t (U + Pu) per year, in order to ensure reprocessing of PHENIX 
i fuels and consequently the? closure of its cycle, while maintaining 
| availability to reprocess fuels from other fast breeder reactors, 

. enhance the reliability of the facility 

. expand the R and D potential, thus enabling the performance of ex
periments on equipment planned for the plants. 

TOR includes the following (Figure 2) : I 
a) A new head consisting of cells housing the initial reprocessing stages, 

where Tiiost of the specific problems raised by "fast" fuel reprocessing 
occur. 
This new building includes : 
. a common services unit : receipt of irradiated fuels, liquid effluent 
storage, solid waste storage etc, 

. a mechanical and physical treatment, unit designed to house the 
chopping machines and subsequently the advanced techniques for clad/ 
oxide separation, 

. a dissolution unit with three dissolvcr models, 
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1 . a clarification unit also featuring several variants, 
j . a waste packaging cell : hulls, dissolution insolubles, iodine etc. 
k) Modifications tn the current facility 

. Installation of a new FP solution evaporator designed to reduce the 
volume of medium activity effluents and to replace the existing 
evaporator, dating from the inception of the facility 

. Installation of a net/ first extraction cycle with U/Pi separation 
in the first cycle.,.. ,„,, u^i. .•.,-,.,,' ou one side of 

. Renovation of final plutonium packaging. 
Construction work has begun and this installation is scheduled 

to go on stream in 1983. 
These R and D activities have the following main objectives : 

1 - Mechanical treatment 
Work is carried out on : 

. opening of the hexagonal tube, 

. releasing the pins from the "rails" to v/hich they are 
hocked, 

. removal of spacer wires 

. removal of expansion chambers. 
Various mechanical alternatives are considered for these opera

tions, particularly the application of lasers to open the hexagonal tube. 
; As for chopping proper, this can be achieved on complete bundle* 
or on groups of pins (fraction of a bundle or by rows) or even pin by pin. 
! Final decisions will only be taken after experiments on dummy 
assemblies identical in all respects to the future irradiated fuels. 
2 Dissolution 
j This stage, undoubtedly the most delicate of the entire process, 
|is covered both by tests on real fuels in hot cells and chemical enginee
ring design work intended to determine the ideal units for highly acidic, 
'prolonged nitric attack, and in the presence of insoluble particles. 
Moreover, criticality problems, which are very serious at this stage, 
limpose extremely narrow dimensional constraints. A compromise between sa-
ifoty by geometry and the use of nuclear poisons is being investigated. 
I 
! 'Work is directed mainly towards the development of dissolvers for 
continuous operation, as batch dissolvcrs ore well known. 

Research is also under way on ponâarcâ oxide dissolution after 
preliminary separation of the clad by a mechanical process. In the longer 
iterm, direct melting of the clad, combining dc-claddincj and waste packa
ging , may provide an even more satisfactory solution. Preliminary work 
has been started in this respect. 
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Clarification is another difficult stage, owing to the fineness 

and thermal power of the insoluble partiel ?s, so that this operation is 
being researched by several simultaneous projects (pulsed filters, cen
trifuges) so as to consider every single technological alternative likely 
to prove satisfactory. Furthermore, work is continuing on the analysis of 
the composition of these particles as a function of irradiation parameters 
and dissolution conditions. 

4 " Extraction 
Host research and development work on this part of the process 

i$ jointly concerned with LWR fuels, although the completely different 
Pu/U ratio imposes special constraints : 

t 

. criticality, 

. differences in extraction conditions (concentrations, flow rates etc.) 

. for U/Pu separation : whether to replace the classic tetravalent 
uranium process by a chemical process (hydroxylamine) or an electro
chemical process. Electrochemical reduction, investigated by the 
Marcoule pilot workshop, appears to be promising. 

5 - Préparâtion of PuOg 
The oxalic process is satisfactory and is fairly easy to extra

polate. Coprecipitation can also offer advantages. However, for large 
capacities, it may be wise to use a more compact process which produces 
very little waste. Direct decomposition of plutonium nitrate to PuOp is 
being investigated. 

A major effort is also devoted to handling, storage and trans
port of large amounts of Pu0 2 oxide. 
6 - Waste treatment 

For very high activity wastes (FP solution) the vitrification 
process must be adapted to the \ery high specific activities, profiting 
from the industrial experience of the Marcoule vitrification plant (AVM). 

In order to reduce the volume of medium and low activity wastes, 
it is better to direct all possible fission products into the high acti
vity solutions intended for vitrification. This can only be achieved by 
altering the process flow chart to allow maximum recycling. 
Similarly, it is also better to direct the plutonium liable to be found 
in the wastes towards the main flux. To do this, it is necessary to 
incinerate the combustible wastes from the end of the process, and to 
treat the incineration ash. 

Metallic wastes from the head of the process (structural parts, 
hulls) must be compacted, but more or less powdery clad fragments, as well 
as clarification insolubles, must be incorporated in the glasses to the 
maximum possible ox Lent. 

With respect to gaseous wastes, work is under vmy at Fontcn.jy-
aux-Koscs and in 1 ht* Mnrcoule pilot facility. The main effort is devoted 
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In iodine with a twofold objective : 
. to eliminate the iodine before the first extraction cycle, in order 
to avoid its dispersion throughout the process, 

129 . to confine it in solid form for long-term storage ( 1). 
Research is also under way to trap the krypton and xenon by a 

cryogenic process. 
A shielded unit was set up specially at Fontenay-aux-Roses to 

determine the volatile fission product concentration of irradiated fuels, 
to observe the behaviour of the fission products during chopping and 
dissolution, and to test certain fixation processes. 

t 

V - CONCLUSIONS 
A major effort has been mounted by the CEA for the reprocessing of 

fast breeder reactor fuels. The results achieved have demonstrated that 
the aqueous method can be applied to these fuels : nearly ten years of 
operation in the ATI workshop which reprocesses RAPS0D1E fuels, and the 
good results obtained at the Marcoule pilot facility on large batches of 
ftrels attest to this achievement. 

The CEA effort continues principally OP extrapolation to industrial 
scale, thanks mainly to experiments conducted on industrial prototypes 
and to the launching of the TOR project, which will, as of 1984, allow 
reprocessing of FBR fuels on a significant scale, and which will proviae 
extensive additional resources for R and D activities. 
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