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INTRODUCTION 

In the 1970s, plutonium fuel fabrication byproducts were generally classified 
into two categories : 

- Scraps, wich were chemically processed to recover plutonium and uranium. 
Depending on the importance and experience acquired with various fabrication 
processes, the amount of recycled scraps ranged from 5 to 10 percent; this 
alone was sufficient to warrant the implementation of a wet processing fa
cility directly related to the fabrication plant and designed to handle 
a wide variety of products. 

- Wastes, in which the fuel content was condidered too minimal to justify 
recovery, for both technical and economic reasons. Most such products were 
compacted, coated and placed in more or less permanent storage. 

The two categories were clearly defined : these are in fact few intermediate 
products between bulky, heterogeneous wastes containing less than a few grams 
of nuclear material per liter, and scraps wich are fabrication products that 
are relatively homogeneous and rich in recoverable materials (1). 

The rapid increase in fuel fabrication has made it essential for technical 
and economic reasons to optimize both cycles. 

Work is still in progress, particularly for the development of processing 
methods. This paper discusses the current situation in the fabrication 
plant at Cadarache (the CEA Plutonium Fuel Fabrication Complex) with an annual 
plutonium throughput of several tons (2). 

/... 



- 2 -

Three major fabrication byproduct categories are currently defined 
in this plant. This paper briefly discusses the qualitative and quantitative 
characteristics of each category, together with the available measurement 
instrumentation and processing facilities. 

SCRAPS 
Scraps are essentially fabrication products that do not meet specification 
requirements, and which are sufficiently clean and homogeneous to be direc
tly recycled at the fabrication input station, i.e in the powder blending 
phase, provided only that a maximum percentage is not exceeded relative to 
the fresh mix in order to maintain constant fabrication parameters. 
The mean rate of dry recycling is about 5 percent of the material implemented, 
and is simply a question of internal management. 

RESIDUES 

This term in fact covers two rather different types of products. 

2 • ' 2ÎE£Y._§£ESE5 
These include fabrication byproducts which are too dirty for direct 
recycling, analysis samples or fabrication control specimens, or any of 
a number of small cleaning or experimentation lots for which the precise 
nuclear material content is uncertain. 

Between 50 and 100 kg of these scraps are produced annually, i.e 
on the order of 2 - 3 % of the material throughput. They are recycled 
as soon as possible (pratically on-line) by chemical processing in order 
to finalize the annual balance reports on a completed fabrication cycle. 
The west processing facility designed for this purpose comprises dis-
solvers specially suited to various types of dirty scraps. 

The resulting solutions are placed in subcritical storage containers for 
accurate accounting. The solutions are then purified either by direct 
U, Pu, Am precipitation or by prior nuclear materials separation during 
a Purex type extraction cycle. 
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This activity is absolutely essential to a sound plutonium management 
policy, but is also costly, requiring a dozen full time chemists 

2 and relatively large premises (approx. 500 m ). In absolute terms, 
however, the cost has not significantly varied since the earliest 
fuel fabrication runs at Cadarache : the annual quantities have remai
ned roughly constant as a result of technological improvements and 
greater reliability in the fabrication lines. Only the amount of ana
lytical residues has increased proportionally with the fuel fabrication 
output. 

2.2 - Riçh_Wastes 

The Cadarache Fuel Fabrication Complex has undertaken to process this 
type of product - which accounts for 0,15 percent of the fissile material 
throughput, relative to the Super-Phénix fabrication - in order to remove 
the maximum amount of such materials. 
The rich wastes then become depleted wastes and can be definitively 
processed by the relevant department. 

These products, characterized by their wide diversity, are stored in 
100 liter drums, and contain less than 2000 grams of fissile material 
per cubic meter (maximum safe limit); on average, the fissile material 

3 
mean value is 200 - 300 g/m . 

The basic problem with this type of product is to set a bottom content 
limit for nuclear material recovery processing, given that recovery 
becomes increasingly difficult as the treshold value is lowered. 
At this point in time it is still difficult to define the technical 
and economic limitations by providing precise answers to the following 
questions : 

. Can the waste product be put to pratical use ? 

. Does it produce other wastes ? 

. Are the processes, limitative and final elimination method compatible ? 

The Cadarache facility is currently being completed by installing new 
equipment, soon to become operational and based on two techniques : 

- A multiple processing line comprising cryogenic crushing, washing and 
incineration stations. The heterogeneous process input is transformed 
by cryogenic crushing into a roughly homogeneous fluid magma that 
can be efficiently rinsed to recover about 95 % of the nuclear material 
content. The milled and rinsed wastes are then further reduced in 
volum by incineration. 
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- A cellulosic waste dissolution station comprising a sulfuric 
acid digester. 

Both units will enter operational service on active materials in 1982. 

3 - WASTES 

Materials designated as "wastes" from the Fuel Fabrication Complex should be 
considered as fabrication losses, even if their fissile material content may 
in some cases exceed definitive storage limits. 

Fabrication wastes basically consist of the output material from the above-
mentioned processes, especially incineration ashes, and of contaminated 
objects from glove boxes or fissile material containers; these are placed 
ir drums and evacuated directly, after checking their fissile material 
content, to a waste conditioning station where they are compacted and coated 

3 or incinerated. Approximately 100 m of such wastes are processed annually. 

4 - INSPECTION AND CONTROL 

Inspection and control are fundamental aspects of the problem, particularly 
from a safety standpoint, in view of the difficulties involved in correctly 
evaluating the contents of glove box residues and even the possibility of 
misidentifying such materials. 

The procedures used must be non destructive, on-line with the fabrication 
facilities and have a brief response time. This cycle must be logistically 
well integrated in the plant layout given the large number of transfers 
involved. High accuracy is vital, since the processing equipment cannot always 
De of subcritical dimensions and is therefore limited to low fissile material 
masses (generally on the order of 250 g). Each type of product thus requires 
specific instrumentation. 

- Depleted scraps are measured by a neutron counting system calibrated 
from 0 to 1000 g of plutonium and adapted to containers 110 mm in diameter 
by approx. 300 mm long. 

- Rich wastes are also measured by a neutron counting system compled to two 
gamma spectrometers (Ge-Li and Nal) for 100 liter drums calibrated from 

235 0 to 200 g of fissile material (Pu and U). 
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- Depleted wastes are checked by an X and Y monitoring unit with and 
2 alarm trip threshold, comprising a large-array (900 cm ) Nal detector 

adapted to the geometry of 100 liter drums and capable of measuring very 
low activity levels. 

- Dismantling wastes are controlled by continuous passage through high 
volume neutron counting chambers with integration of the neutron emission 
from the trapped plutonium. 

- CONCLUSION 

This paper has briefly reviewed a rational policy implemented for fuel 
fabrication byproduct management. It may be affirmed that the problem of 
waste materials in the plutonium fuel fabrication cycle should be clearly 
defined or even fully resolved within the next few years. The amount of 
unrecovered fissile material stored in the fabrication wastes should be less 
than 0,05 percent of the quantity implemented. The borderline between residues 
and wastes has yet to be precisely determined. The answer should available 
soon, and must take account of the fact that the minimum fissile material 
content after existing recovery processes is in some cases substantially 
above existing standards per definitive storage (i.e, up to around 10 Ci/m ). 
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