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REPROCESSING IN FRANCE 

Some aspects of process chemistry 

A. Chesné and j . Sauteron 

Like any young industry, reprocessing has, from the outset, been the 
focus of successive improvements to raise it to a satisfactory level of 
reliability, both in process design and implementation. This paper 
deals with the chemistry aspect of the process. The subject is 
obviously too vast to make a complete review, in the time allowed, of 
process development in French plants and of the research work 
conducted for improvements. We shall therefore discuss the main 
guidelines and the development trends, illustrating them with a number 
of examples. 

1 REPROCESSING ACTIVITIES IN FRANCE, THE SITUATION 
TODAY, AND WAYS AND MEANS 

Among the market-economy nations which reprocess spent fuels, France 
occuplt» a privileged situation. By the end of 1985, France's 
industrial facilities had reprocessed: 
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7000 t of fuels from GCR power reactors, 

over 1300 t of !.WR fuels: note that, in the past ten years, 

the contribution of La Hague has accounted for 80% of the 
n- , i i . i 

total tonnage reprocessed throughout the western world and 
Japan, 

over 17 t of mixed oxides from the Phénix FBR core, added to 
1.2 t from Rapsodie: the Phénix reactor cycle has been 
closed completely, and part of the plutonium present in the 
core today is in its third cycle. 

An unwavering goal-oriented policy spanning more than thirty years 

made it possible to create and develop the main R and D tools, and 

to build and operate the production plants. The following table 

summarizes the main steps in this program through the years. 
The laboratories and pilot plants have adapted to the new tasks, 
ranging from the study of slightly irradiated fuels in the 1950s to 
fuels from CCR power reactors in the 1960s, the, period when the 
FBRs achieved criticality and the fuel reprocessing system was 
perfected. The Marcoule pilot facility, with its successive 

' vv i I i i 

adaptations to vitrification operations, to oxide treatment, and its 

extension to the TOR installation for reprocessing FBR fuels, has 

made a major contribution to the finalization of the processes 

developed by the laboratories. The formation in 1976 of a unit 

specialized in the development of industrial prototypes rounded off 

the qualifications of the R and D teams, forging an important link in 

the design of the new plants. 

The first UP 1 industrial unit built at Marcoule, and commissioned in 

1958, was aimed essentially to produce plutonium for the French 

military program. In 1966, the second plant, UP 2, built at La 

Hague, reprocessed metal fuels from the CCR reactors of Electricité 
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de prance, the national utility, and the plutonium extracted was 

intended to initiate the fast breeder reactor program. UP 1 was 

associated with this task in 1977. The construction of an 'oxide-

head' helped to adapt UP 2 to reprocess irradiated LWR fuels. 

As for high activity wastes, the AVM fission product vitrification 
facility installed at Marcoule has, since 1978, transformed active 
solutions into glass blocks which are stored in shafts. 

Two extensions of the La Hague plant (whose oxide reprocessing 
capacity is 400 t /year today) are currently being built: 

a new plant, UP 3. capacity 800 t /year, 

doubling of the capacity of UP 2, to raise it also to 800 t /year 

(UP 2 800 project). 

Theçe extensions also include a vitrification facility and a new low- and 
medium-activity effluent treatment station. 

2 PROCESS DEVELOPMENT 

This pverall program relies on a considerable R and D effort, which 
was substantially expanded since the mid-1970s. The different 
teams concerned, including research, development, engineering and 

plant operation, proposed many improvements and innovations. As 

for the process chemistry, the overall system has undergone few 

changes, and the Pu rex process remains the standard one. 

The changes made through the years, and which may be applicable to 

future installations, result from three general trends: 
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greater protection of the operators, > • > • -u . ,><ir .<<> 

protection of the environment, 

reduced operating costs. 

Improved installation safety and operator protection is a very important 

task. Most of the radiation doses received by the operators is due 

to maintenance and service operations in radioactive environment for 

equipment repair or replacement. Greater reliability is therefore 

indispensable. For the process, the tendency is to simplify it and to 

minimize corrosion risks, and hence avoid the use of certain reactants. 

The environmental aspect covers liquid and gaseous releases, as well 
as solid waste packaging and storage. In the process, waste reduction 
implies higher efficiency of the traps and of the miscellaneous treatments 
of these effluents before discharge. To limit the activity of the low-

and medium-activity solid wastes to be stored, it is important to recycle 
radioactive isotopes upstream from the process. Especially important 

is the recovery of plutonium from the different wastesrandi fuel 

fabrication scrap, and the recycling of the solutions thus obtained. 

For high-activity wastes stored in glass form, the desired volume reduction 

will ultimately lead to a 'salt-free' process, for example by reducing to 

the minimum the presence of sodium or of ions that are incompatible with 

the storage matrices, such as sulfate ions. 

In the area of operating costs, for a given installation, attempts were 

made to achieve: 

a capacity increase, generally involving process simplification, 

and a preference for continuous operations, 

greater reliability of the process and equipment, to avoid 
recycling off-standard products, as well as operations to repair 
or replace components: these operations immobilize the 
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facilities and reduce the availability factor, 

reactant economy, hence maximum recycle (solvent, nitric acid 

e tc ) , 

. reduction of the volume and activity of the fluids to be treated 

before discharge, and also of the solid wastes to be packaged 

and stored: reactant recycling helps to attain this objective. 

A number of examples taken from industrial operations or from R and D 

under way will help to illustrate this analysis. 

3 URANIUM/PLUTONIUM PARTITION, AND Pu PURIFICATION CYCLE 

Much research has been conducted on systems for U/Pu partition by reduction. 

Among the reducing agents industrially used : ferrous sulfamate, uranous 
nitrate, hydroxylamine electrochemical reduction... uranous system has been 
choosen in the french plants for the partition step whatever it is done in 
the 1 s t or the 2 n d cycle. 
As far plutonium purification is concerned, far more developments has been 
made. 

In the first UPI scheme described by Jouannaud in 1963 the following steps 
were involved : 
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piutonium concentration by precipitation of the hydroxide with 

caustic soda, followed by centrifuging of the precipitate and its 

redissolution in concentrated H N 0 3 , 

purification of the solution obtained by a liquid/liquid extraction 

cycle with 20% TBP, followed by stripping with ferrous sulfamate, 

a fixation/washing/elution cycle on an anion exchange resin: 
this operation was designed to achieve supplementary purification 
while removing iron. 

; ! i ' | »HlS 

>•' ' ! M i l -

The R and D work was clearly intended to make two types of 
improvement to this process: to simpify it by reducing t*»s steps, and 
to make it continuous, while improving its performance, especially with 
respect to effluent releases. 

Two different methods were investigated and then implemented on the 
industrial scale <4>: a TBP cycle with reflux, and a trilaurylamine 
cycle. 

3.1 SOLVENT CONCENTRATION AND PURIFICATION CYCLE 

The principle is based on the extraction of plutonium IV by TBP diluted 
to 301 by volume in an alkane (TPH) . Plutonium is stripped by 

uranous nitrate. To obtain a sufficiently high piutonium concentration, 

part of the stripped solution is recycled to the feed after adjustment. 
Extraction, washing of the organic phase with nitric acrd, and stripping 
and organic washing of the trivalent plutonium solution are carried out 
in pulsed columns, thus limiting solvent residence time. 

Installed at UP 1 in 1967, 
this plutonium purification cycle has achieved the anticipated results: 
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high concentration factor, serving to supply the next operation, 
oxalic precipitation, with a solution containing 20 g - i " 1 of 
plutonium, 

compliance with technical product safety specifications, 

excellent yield, 

flexible, accurate control. 

This facility is still in activity today. 

3.2 PLUTONIUM CONCENTRATION AND PURIFICATION CYCLE 
WITH TRiLAURYLAMINE 

This process, developed since 1959 for the UP 2 plant, exploits the 
outstanding performance of tertiary amines to extract plutonium frpm 
nitric solutions described in ',958 at the Second Geneva Conference <5>. 
The very high plutonium partition coefficients in the 20% by volume 
solvent in dodecane (TPH) help to obtain a high concentration in the 
extraction step, as well as good purification due to the selectivity of 
tertiary amine nitrates. The stripping proposed takes places in a 
sulfonitric mixture and also serves to obtain a high concentration factor. 
These operations, extraction, washing and stripping, were carried out 
in mixer /settlers. This purification cycle yielded satisfactory 

results and was operated from 1966 to 1973. For plutonium recovery, 
purification and concentration, however, certain limitations arise in the 
use of this type of solvent. These include : 

lower chemical stability compared with that of TBP, due to 
oxidation by nitrite ions, which led to operation in the presence 
of sulfamic acid to overcome this drawback: compared with TBP, 
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however, the main degradation product, the secondary amine, 

is much less disturbing than HDBP, 

the use of sulfate ions causing corrosion, 

limited capacity of the solvent due to the formation of a third 
phase above 5 g « £ - 1 of plutonium, which occurs when the Pu/U 
ratio in the irradiated fuels becomes too high. 

These drawbacks, and the need to treat high plutonium throughputs 
(40 kg /day) , added to the need to manage two types of solvent in the 
same plant, led to the installation of a purification cycle with 30% TBP 

to replace the trilaurylamine cycle. 

3.3 PLUTONIUM PURIFICATION CYCLE WITH TBP 

WITH HYDROXYLAMINE STRIPPING 

The basic scheme is implemented in mixer /settlers. The phase 

residence times allow satisfactory reduction. The kinetics of this 
operation depends on the acidity, temperature and plutonium 
concentration. The presence of NO, ions is avoided by adding 
hydrazinium nitrate. This purification cycle has operated for more 

than twelve years on solutions resulting from the reprocessing of OCR 
metal fuels and LWR oxide fuels. Performance is very satisfactory, 
both for operations control and for the quality of the product obtained. 
This reducing system can be used in extractors with short residence 
times such as pulsed columns, with results that are satisfactory but 
poorer concerning the stripping yield. The solvent entering the 
regeneration step usually contains varying amounts of residual 
plutonium due to the unfavorable reduction kinetics in the stages in 
which plutonium is in a low concentration, and where HDBP, which 
chelates Pu IV in the organic phase, has a strong influence. After 
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solvent regeneration, this activity is found in a carbonate solution 
which must be treated. To minimize the a contamination of these 
liquid wastes, experiments are now being conducted on a supplementary 
treatment of the solvent. 

4 SOLVENT DECONTAMINATION, AND PLUTONIUM 
BARRIER PROCESS 

The tributylphosphate flowing in the purification cycles in contact with 
concentrated solutions of plutonium is subject to radiolytic degradation, 
leading to the formation of HDBP at the rate of several hundred mg/t. 
The action of this compound on the Pu IV species considerably slows 
down the reduction of the final traces in the heterogeneous system 
consisting of the solvent and the aqueous nitric phase of hydroxylammonium 
and hydrazinium nitrates. Complete reduction would require prohibitive 
residence times. Among the various alternatives to achieve thorough 
decontamination of the solvents, one possibility is supplementary 
washing of the stripped solvent by an aqueous solution involving the 
following operations. 

The use of sufficiently powerful chelatants: fluoride, oxalate etc. 
However, if the solutions are to be recycled in the process, it is 
necessary to avoid the presence of corrosive ions. 

The use of a more powerful and faster reducing agent than 
hydroxylammonium nitrate, and not containing undesirable ions. 
Uranous nitrate satisfies these conditions, and a plutonium, 'barrier' 
process is currently being developed and tested. The extractor 
employed, a battery of mixer /settlers, allows for sufficient 
residence time and settling time, so that carryover from one phase 
to another is extremely low. The authors claim that this 
operation can be carried out between reducing stripping of 
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plutonium and uranium stripping, thus playing the role of an 
additional partition, or just upstream from solvent regeneration 
treatment. The solvent decontamination factors expected will 
lower the plutonium content in the solvent to be regenerated to 
very low values (for example, less than 0.1 mg»*~U 
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5 PLUTONIUM OXIDE DISSOLUTION 

Another project being developed is the oxidizing dissolution of 
plutonium oxide Pu0 2 proposed in 1982 by Bray and Ryan . It 
could enjoy wide applications in the fuel cycle: recovery of Pu02-based 
fuel fabrication scrap, rehandling of old batches of Pu0 2 , treatment of 
solid wastes contaminated with plutonium (filters, gloves etc). While 
existing methods employed concentrated acids, highly corrosive 
plutonium chelatants such as HF, and required high dissolution 
temperatures, oxidation by electrogenerated Ag II serves to avoid these 
problems and to yield concentrated solutions with reasonable acidity, in 
a very short time interval. 

This dissolution principle is based on the action of Ag II at the surface 
of the oxide, leading to Pu0 2 and then Pu0 2 , The oxidation 
Ag I > Ag II is carried out on a platinum anode, for example. 
Laboratory investigations have shown that: 

the reaction limiting the oxide dissolution rate is the electrolytic 
oxidation of Ag , 

the electrical efficiency related to Pu0 2 dissolution is excellent, 

the recommended temperature is 30 ±10 °C, 

the optimal acidity is 4 to 6 M HNO,. 
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This helps to obtain a solution of Pu VI containing up to 500 g * l - 1 . 
The dissolution reactor has two parts, used respectively for U M 
electrolytic generation of Ag II and for the dissolution of P u 0 2 . 
The anode and cathode compartments of the first part are separated 
by a f r i t . Effective circulation of the solution from the first part 
to the second part is necessary (reduction of the diffusion boundary 
layer on the electrode, maintenance of the oxide in suspension). 
Cooling must be provided to absorb the heat generated by the 
different reactions. 

The authors have demonstrated the feasibility of the process at the 

scale of 300 g of plutonium oxide. 

These few examples show that, to attain the essential objectives, namely 
greater personnel and environmental protection, supplementary operations 
are necessary, particularly on effluents and wastes. As a rule, these 
operations tend to increase capital and operating costs. Their effect 

on the economy of the tail end of the cycle is nevertheless diminished 
in so far as the cost of the reprocessing item includes the reprocessing 
operation itself, and also the management of the wastes generated by 
this operation. Another decisive factor is reliability, which has a 

beneficial effect on both operating costs (by the availability of the 
installation) and on safety, by the absence of operations in the active 
zone. 
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