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ALTERNATIVE REPROCESSING SCHEMES EVALUATION 

Reprocessing plants are often considered as presenting a 

possibility of diversion either by a government or by a sub-natio

nal group. The development of processes allowing the non separa

tion of plutonium from uranium, or mixing the plutonium with 

hightly active materials has been proposed in order to prevent 

these actions, 
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On the way of a thourough study of these processes it 

appeared that it was necessary to start from the broad view that 

the fundamental objective is inaccessibility to pure plutonium 

for which coprocessing is only one possibility amongst others. 

Before going into further details it is thus necessary to reviev; 

the parameters which determine the inacessibility of the pluto

nium. 

I - Inaccessibility parameters -

Three principal parameters were found to t'; important : 

1 - The physical and chemical characteristics of the material 

coming out of the plant. This includes mixing of uranium 

and plutonium and spiking with radioactive contaminants 

2 - The process itself which can be modified to achieve the 

desired physical and chemical characteristics as mention-

ned above. 
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3 - The confinement which can prevent physical access to the 

materials. 

Each of these parameters will be dealt with later in 

greater details but it may be noted that : 

- in order to be validated these parameters must be 

subjected to on site surveillance and checking of 

their implementation andperformance 

- none of these parameters alone can afford total gua

ranties against diversion of significant quantities 

of fissile material and best results can only be 

achieved by a combination of these factors. 

In these conditions a system of safeguards - national and 

international - is obviously required to ensure that the 

above mentionned parameters and their combination are 

effective. This system can be based - as is the current 

practice - upon inspection of the facilities and accoun

tancy of the materials. However it is known that these 

measures have inherent limitations because : 

- inspection cannot be extended beyond certain limits and 

is in itself a potential way to proliferation of 

sensitive know how. 

- accountancy of materials, owing to the limits of accu

racy of the methods involved, cannot easily detect repe

titive diversions of small quantities of fissile mate

rial particularly in large plants where the flow of 

fissile material becomes important. 

Therefore it appears preferable to emphasize the parameter:: 

listed above. The implementation of the corresponding 

measures could lead to an adjustment of control procedure"; 

as far as it would give additional insurances against 

diversion. 
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When examining the different ways to promote plutonium 

inaccessibility it is important to keep in mind the indus

trial feasibility and the economy of the candidate proces

ses. It is obviously evident that for short term applica

tions such processes whose development outcome is too 

remote or whose cost would appreciably penalize energy 

prices should be eliminated. In these conditions, it 

appears that for the present time the following processes 

should not be considered : 

- processes (such as CIVEX) including contamination of 

fissile materials with radioactive emitters of hard 

radiation (fission products, cobalt 60 etc..) because 

there is no technology available for remote fabrication 

of reactor fuels on the industrial scale. 

The development of such fabrication processes would 

require about twenty years from now on account of the 

difficulty of problems involved and the fabrication itself 

would entail increased irradiation hazards for the workers 

- those coprocessing modifications of the PUREX process 

which would require complete remodelling of reproces

sing plants and adjustment to completely different con

ditions (this is also the cas for CIVEX) 

Consequently it remains to keep under consideration, as 

far as technical development is considered as feasible, 

those options where sufficient R & D effort should bring 

up an Industrial solution within a 10 years period, this 

is the case for fuel fabrication from mixed oxides (U + 

Pu) solutions by direct coprecipitation of oxides. 

- Physical and chemical characteristics of the materials 

From the above considerations it appears that the mixed 

oxides (0 + Pu) are the only reasonable form for fuel 
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fabrication since their utilization makes the misuses of 

sized materials difficult and on the other hand appears 

feasible by means of minor adjustments of the fuel fabrica

tion process. 

Utilization of mixed oxides supplied by the reprocessing 

plant seems to be acceptable for fuel fabrication with the 

following comments : 

- the exact plutonium concentration must be adjusted by adding 

uranium to a master batch of mixed oxides the plutonium 

content of which is higher than the final one, which 

differs according to different applications and may go 

beyond 20 % in the case of fast breeders. 

- for storage at the reprocessing plant mixed oxides should 

be eliminated in favour of plutonium oxide on account of 

the economic penalty it would entail. Such a solution could 

nevertheless be adopted for limited quantities and short 

durations, it should be the rule for buffer storages at the 

fabrication plants. 

- current . technology for mixed oxides fast breeder fuel 

fabrication is based upon the mechanical mixing of oxides. 

It appears feasible to use coprecipitation from a U + Pu 

stream but this technique requires further development and 

qualification of the fuel made by this way for reactor use ; 

a 10 years delay being estimated to fully demonstrate indus

trial feasibility. 

In view of these arguments, it seems realistic to recommend 

to use a mixture of (U + Pu) oxides made in the reprocessing 

plant by mechanically mixing oxydes from separated storages. A 

coprecipitation process could be used later after successful 

development work and demonstration up to industrial scale 

including fuel irradiation experience. 

•••/••• 
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III - The process -

A fairly large number of so-called coprocessing processes have 

been described which could theoretically allow a non separation 

of uranium and plutonium. Setting apart, for above mentionned 

reasons, the processes involving fission products, and limiting 

the options to proven or accessible technology, one reach to 

the following conclusions : 

- the only immediate possibility is that of using the PUREX 

process with an addition for mixing uranium and plutonium oxi

des preferably from separated storages in the reprocessing 

plant. 

- the use of PUREX process with coprecipitation of mixed oxides 

from a mixed solution can be considered next, after successful 

development and demonstration of coprecipitation. 

- at a later stage, the chemical process could be modified 

to obtain a mixed solution of U + Pu by coprocessing but 

this effort is only meaningful if the industrial feasibility 

of coprecipitation has been demonstrated. 

In considering a number of possible modifications to the 

PUREX process with regard to coprocessing, it has been found 

that it is possible to obtain a U + Pu stream at the exit 

of the first extraction cycle by suppressing the scrubbing 

stage. This modification has such consequences on the design 

of the plant that about 5 years of development work are 

necessary before it can be incorporated in the process. 

Although this process appears, feasible it would come too 

late to be utilized in firmly committed plants. 

Pinaly a careful study of these processes indicates that minor 

modifications to the operating conditions such as temperature 

or nature of chemical reagents give the possibility to change 

appreciably the plutonium concentration in the solutions. In 

limiting conditions pure plutonium could be obtained without 

• * » / • # * 
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any change of apparatus, a fact which obviously diminishes 

the interest of such a solution, as far as diversion is 

concerned. 

The confinement -

Existing reprocessing plants are highly confined facilities 

where, for safety and health physics reasons, the materials 

are contained in sealed apparatus (primary barrier) surrounded 

by shielding (secondary barrier). That shielding is heavy at 

the first stages of the process but it is reduced to glove 

boxes at the end of the process where the materials have lost 

the greater part of their activity. 

Following the increase of burn-up of the fuels to be repro

cessed, the shielding will necessary be extended, and in the 

same time remote operation and recycling of effluents will 

become the rule. 

All these conditions will lead to an increased confinement 

and thus to the possibility to go further to near complete 

confinement, which is obviously an efficient mean to prevent 

diversion. That concept which has been called PIPEX is des

cribed in some details in the appendix. 

An ideal PIPEX plant is similar to a pipe with the fissile 

material ,f lowing inside while the operators stand outside. 

The inlet for irradiated fuel and outlet for plutonium are 

under control. The number of secondary outlets is limited to 

a minimum> and they are on the other part made easy to control 

in order to make sure that no fissile material is escaping. 

Such a disposition appears to present two principal advan

tages : 

- it gives obviously a better protection ayainst diversion 

in reducing the plutonium accessibility 
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- it will facilitate the controls by reducing the number 

of control points to a minimum and this would bring a 

positive contribution to non proliferation 

Compared to coprocessing the P1PEX concept presents several 

advantages : 

- it is already partially introduced into existing plants 

for technological purposes and could be extended in a 

progressive manner. This is a definite advantage over 

coprocessing and coprecipitation for which the development 

and demonstration is still necessary. 

- it appears possible to bring the confinement to a very 

high level of confidence, probably more effective than 

process modifications alone for which several ways.of 

diversion are possible. 

In conclusion, the improvement of confinement in a PIPEX 

type of reprocessing plant seems to be th<3 best answer to non 

proliferation problems in the near future. A first application 

could be made to committed plants with special attention paid 

to tail-end operations where large amounts of plutonium will 

be handled and stored. 

At a later stage, for future plants, a more complete ap

plication of the PIPEX concept could be made, possibly in 

combination v/ith coprecipitation, if it appears technically 

attractive. 
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A P P E N D I X 

PIPEX - General principles and applicability 

I - General principles -

1) - In present reprocessing plants, the fissile material is 

contained inside a primary barrier provided by the 

equipment all along the plant : e.g. pipes and tanks 

at the first steps, apparatus in glove boxes at the 

end of the process. A secondary barrier essentially 

made of heavy concrete exists also at the first step 

of the process, where the gamma activity of the materials 

is strong. There is no such a barrier at the end of repro

cessing in the existing plants but this barrier will have 

to be restored on account of the activity of plutonium 

extracted from the fuel elements of light water reactors 

at maximum burn-up. 

In the PIPEX concept, the biological shielding is comple

ted and extended to the whole process in order to ensure 

the continuity of the secondary barrier protecting the 

fissile material throughout the plant. It goes without 

saying that this barrier must be adapted to each step of 

the process, the heavy concrete being replaced for example 

by ordinary concrete when gamma shielding is not necessa

ry. 

2) - The continuity and the tightness of the external confi

nement (secondary barrier) must be controlled at any time 

by the inspectors in charge of the surveillance of the 

plant. In order to satisfy this requirement the walls of 

the confinement must be easily accessible when they do 

no^ lay directly on the ground. 
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3) - The confinement is provided with an inlet for irradiated 

fuel and an outlet for plutonium, at these points a quan

titative control is exerted enabling the drawing up of the 

total balance of the plant. On the other part, the confi

nement is provided with secondary inlets and outlets whose 

number is limited at a minimum. At these points, qualita

tive controls are exerted by the inspectors, if neces

sary by automatic continuous measuring devices, ensuring 

that no fissile material is crossing the confinement. 

4) - In an ideal plant using the PIPEX concept, it is thus 

possible for the inspectors to verify at any moment that 

the plutonium which has been brought inside as irradiated 

fuel elements remains effectively inside and leaves the 

confinement only through a controlled outlet. Of course 

this concept is an ideal one which must be followed as 

tighly as possible in industrial realizations. Such reali

zations in order to be successfull should be made by 

steps, starting from existing plants to achieve whole 

confinement through successive improvements of their 

design. 

II - Applicability -

The first step towards the realization of plants applying 

the PIPEX concept consists to check the weak points of the 

existing plants in order to suppress them. These points may 

exist permanently or only in particular occasions. It must 

be pointed out, though, that at this stage of the study such 

a review is not more than a tentative indication of techni

cal lines to be pursued ; more engineering work is still 

required to check the feasibility of suggested modifications 

and to identify other possiblities to improve physical inac

cessibility. 

#»•/••* 
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1) - Utilities and reagents lines -

It should not be possible to pump back in these lines, 

either in the line itself or through the introduction 

of a flexible tubing. This result can be achieved in a 

number of ways, such as : 

- locating t;;e first accessible point outside the 

secondary barrier to such a height that pumping 

under vaccum be impossible 

- using a line going through the primary barrier either 

ending above the liquid level or perforated 

- staggering the line with baffle-plates 

- ensuring that a line cannot be used for back pumping 

by using air-lift effect. 

2) - Instrumentation 

On liquids a typical case of passage through the primary 

barrier is that of measurements by bubbling. Such a line 

must be built under the criteria listed above. In the 

very few cases when this is not possible the sensitive 

part of the line will be located in an enclosure with 

access control (e.g. electronic barrier). 

3) - Maintenance -

It is intended wherever feasible to maintain equipment 

inside the secondary barrier by using remote controlled 

exchange of standard pieces, operated from the control 

room. The emptied oxchangod maharial is transferred in

side the pipe in cells where it is either repaired or 

washed from fissile materials and taken out after condi-
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tionning. 

There may be engineering limitations which will make 

it necessary to use direct maintenance in some cases. 

But these operations will be limited in number so that 

it will be possible to set up especially tight proce

dures, closely supervised by controllers and automatic 

equipment. t 

Entrance points for new equipment will be limited 

to a small number of them and organized in such a way 

that it will not be possible to take out fissile mate

rials. 

Exit points for used equipment will be treated in the 

same way as other outlets for solid wastes : 

- the materials or wastes will come out after deconta

mination leaving only traces of fissile materials; 

for this purpose, predecontamination units will be 

installed inside the pipe 

- the number of exit points will be very limited 

- before coming out materials will be sorted out and 

checked for^,^ , \ , x \ activities in order to detect 

abnormal quantities of plutonium. 

4) - Sampling - Analytical laboratory -

Sampling stations will be automated and remote-controlled 

They will be located inside the secondary barrier and 

built according to criteria described above. Transfer of 

samples will be mad.3 in pneumatic sealed circuits. 

In the laboratory, analysis on weighable quantities will 

be automated or operated under the same rules nr, the 
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P1PEX plant itself. 

Current experience points to a trend towards rationali

zation of analytical methods and equipment and warrants 

that an analytical laboratory handling weighable amounts 

of plutonium can be included in the PIPEX plant with 

no discontinuity. 

5) - Effluents outlets -

The main flux frc»a the plant will be separated from 

the effluent outlets through installation of a recycling 

circuit wherever the effluent may contain significant 

amounts of plutonium. This in itself creates a barrier 

which will be completed by a control system of the 

very small number of outlets. 


