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INTRODUCTION 

The industry of plutonium generates solid alpha wastes of 
medium activity called "technological wastes".They are mainly produced 
during the fabrication and reprocessing of nuclear reactor fuels and 
they are of a wide variety i.e t vinyl bags, gloves, glass, steel materials 
used in glove box operation, etc... Typically PVC may account for 50 % 
of the total, metal 20%, rubber 15 I, cellulose 10 7., miscellaneous 57.. 

These wastes contain relevant residual quantitities of uranium and 
plutonium in the form of oxides or nitrates, reaching up to several 
dozen grams per cubic meter. Up to the beginning of the eighties, they 
were conditionned without any treatment and stored as such on the produc
tion site. However, for an economic and safe storage, recovering of 
the plutonium contained in these waste streams and reduction of their 
volume is of obvious importance. 

At the plutonium "Complexe de Fabrication des Combustibles de Cadarache" 
we have developed a new technical solution of this problem that combines 
cryogenic crushing of the solid waste and plutonium recovery from the 
crushed material by chemical lixiviation. In this paper we report briefly 
on the first results obtained in applying this system on the industrial 
scale. 
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1 - DESCRIPTION OP THE PLANT (figure 1) 

1.1 - The waste is fed into the loading chamber, where an elevator 
carries it to level 1. Drums or bundles of waste and more 
voluminous items such us glove boxes can be inserted in this 
section. 

1.2 - The elevator arrives at the cryogenic tunnel where a tilting 
door opens. Twenty 100 liter drums can be loaded on the tunnel 
conveyor belt. 
The aim of the cryogenic treatment is to fragilise the waste 
including vinyl and rubber which at normal conditions cannot 
be finely crushed. The fragility of all material coming out 
from this section is comparable to that of common glass. 
A heat exchanger, fed with liquid nitrogen, produces the 
cold used for refrigeration. Three hours after the beginning 
of cryogrenic treatment, the temperature at the core of the 
waste is lowered to - 150° C; the crushing operation may 
start. 

1.3 - The downline door of the tunnel opens and the wastes are 
poured into the crusher and shredded in a few seconds. The 
crusher rotor, weighing 12 tonnes, rotates at 600 rpm. It 
is equiped with toothed crusher bars. The fragments that 
are obtained measure one to two square centimeters and they 
are free-flowing. 

1.4 - The crushed waste is passed into the leaching tank trough 
a hopper located at the bottom of the crusher. A retractable 
pipe will conduct the waste either directly into a silo, 
if it is not going to be washed, or into the leaching tank. 
The leaching tank has a capacity of 500 liters ; its cover, 
equiped with a blade agitator, is fixed on a mobile gantry 
to enable the tank to be tilted and to pour out the leached 
waste. 

The reagents - nitric acid and/or soda, and rinsing water -
are injected in the tank by atomisation and circulate along 
a loop equiped with filters for 20 minutes ; recovery of 
plutonium is obtained by treatment of the washing solution 
and the filters i 

- soda, after filtration, is recycled into the installation, 

- nitric acid is filtered, concentrated and stored for reco
very of the nuclear materials. 

1.5 - The five zones of the plant (the single operating units are 
located in eight caissons) arc separated in such a way that 
each of them is under a negative pressure in relation with 
the previous one. Regulation of the motorised valves, ensuring 
proper pressure differential conditions in any circumstances, 
is under programmed logic control. This plant is extensively 
automated s all operations ara remotely controlled from a 
computerised control room. 
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OPERATIHC EXPERIENCE 

Before engaging in treating real radioactive waste, the system 
haa been throughly tested by processing several tonnes of inactive 
waste simulate. Hot operations started on february 198S and about 
5 m* of miscellaneous radioactive waste has been processed to 
date. 

Most of the operating experience gained working with real waste 
regards processing of 100 liter waste drums generated at the Cadarache 
plutonium fuel fabrication Complex. A summary description of the 
nature of the watte is marked on each single drum by the fabrication 
operators. The plutonium content of each daily production batch 
is limited to 200 g of fissile material controled by quantitative 
determinations aade on each item. 
Apart from thia type of waste, whole glove boxes together with 
their complete equipment were also occasionally processed. 

The main results can be summarized as follows : 

2.1 - The average volume reduction factor calculated taking into 
account all processed waste is equal to 4. 

2.2 - The plutonium recuperation factor cannot be still evaluated 
definitely because the hold up of the system has not get 
reached equilibrium. Based on the available first data we 
presently toughly obtain a recuperation factor of only 45 % 
but we are confident that it can be easily improved by 
a factor 2 in near future operation. 

2.3 - For a total quantity at 600 g of plutonium passed already 
through the system the unaccounted for material (UFM) corres
ponds to 16.5 g (*2,7 % ) . 

2.4 - The plutonium content of the leached fragmented waste produced 
by the system is lower that 5g/100 1 drum. 
The volume of this product is further reduced applying standard 
compaction techniques. It is reasonable to assume that the 
residual plutonium is very efficiently immobilised in the 
matrix of the monolithic compact. 

In alternative, a more efficient volume reduction of the 
leached fragments that are completely free flowing and do 
not contain gross size metallic components could be achieved 
by incineration. 



Fig.l : Schematic diagram illustrating 
basic elements of the cryotreatment process 


