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1. Introduction 
The operation of any nuclear installation generates solid waste. Nuclear installations in France 
include spent fuel reprocessing plants owned by COGEMA, nuclear power plants operated by the 
French Utility EDF, nuclear research centres of CEA (the French Atomic Energy Commission) 
but also research centres, hospitals, and universities — so called "small producers" —subject to 
centralized waste management. Solid wastes are of various types : 

- so-called process waste such as structural waste of fuel elements in fuel reprocessing plants or 
filters installed on liquid or gaseous circuits in nuclear power plants, and 

- so-called technological waste from maintenance operations. They include worn process 
equipment, clothes, paper, board, plastics, metal pieces, debris, gloves, protective 
clothing, etc. 

This type of waste is the major issue addressed in this paper. These wastes display different levels 
of activity. Some of them arising from research centres or reprocessing plants even contain 
relatively significant quantities of alpha-bearing radionuclides. 

As a general rule, solid, waste conditioning takes place in a number of successive steps in order 
t O : 

•• produce an ultimate waste package that satisfies the requirements set by Safety Authorities and 
the organizations in charge of final waste disposal in the concerned countries, and 

- reduce as far as practicable the final volume of waste to be disposed of. 

SGN has a full commercial mastery of the various technologies involved and knows how to 
combine them in the best possible way thanks to the experience it has gained from applications in 
France that can easily be transposed for foreign clients. 

2. Processing Operations 
Solid waste treatment operations include. 
- sorting, shredding, cutting, and more generally all the operations preparatory to conditioning 

aimed to segregate the wastes into categories appropriate to the downstream conditioning and to 
standardize the wastes that are generally of very different sizes; 

- counts intended to characterize activity of the solid waste in bags or drums, etc. ; and 
- operations that intend to reduce the level of activity of ß, y or a bearing wastes before they are 

conditioned in order to simplify the technologies to be implemented. 

Technological waste is most often packaged in bags, bins, drums or containers as close as 
possible to the source, but it may also be stored in bulk in big silos from where it must first be 
retrieved. 
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With the help of the operators of the COGEMA reprocessing plant, La Hague, SGN could 
develop a mobile enclosure concept designed to deal with problems of rehandling waste stored in 
silos which have no controlled servicing area in the upper part. These mobile enclosures are 
mounted on bogies, circulate on rails and contain the necessary bulk waste recovery means 
(grippers, •••) but also all mechanical equipment for waste "preconditioning" and placing in 
200 1 drums. 

Mobile enclosures are designed to be airtight for maximum containment of the zones above the 
silos. To do this, a seal is provided with the silo to be emptied by means of a thick, rubber strip 
and the building is ventilated by HEPA filters and exhausters. 

Such waste recovery systems have successfully been operated at La Hague on very low ßy solid 
waste and are able to "produce" about fourty 200 1 drums of "preconditioned" waste per shift. 

Solid wdstc sorting and preparation 

The industrial control of integrated systems has been achieved, making it possible to design 
equipment in full consideration of the protection of the operators necessarily active at the 
workstations, to combine all or part of the equipment such as shears, metal detectors, 
precompactors, shredders like knife mills, and hydroextractors designed to separate the liquids 
when potentially present in the waste, in sealed glove boxes or shielded cells, with sealed 
connection on the drums removing the sorted wastes. 

Bulk stored waste in particular must be sorted according to type and future conditioning. The 
methods and systems used include; 
- manual sorting in glove boxes or shielded cells, using master-slave manipulatorsf 

- line of vibratory screens with decreasing mesh, 
- magnetic sorting machine, and 
- eddy current machine for sorting by projection, 

Typical crushers are equipped with : 

- two shafts fitted with cutting disks, 
- an inlet hopper fitted with a press arm which pushes the waste towards the disks and can even 

be used to fragment bulky waste such as filtration housings before they are crushed, and 
- two electric motor drives. 

In the same way, typical hydroextractors are equipped with a suspended bowl rotating at a high 
speed that allows continuous operation. The crushed wet wastes enter at the top and are 
discharged laterally by the centrifugal force into a cyclone separator, which slows them before 
sending them to a drum. The waste is recovered in a separate collecting drum. 

Several contracts were thus awarded to SGN for the detail design of integrated solid waste 
treatment systems, namely for EDF for the treatment of LL metal waste arising from all the 
French nuclear power plants, for ONDRAF in Belgium and currently for ZWILAG in 
Switzerland (centralized conditioning facility for solid waste from the nuclear industry). 

Decontamination 

This operation is particularly concerned with metallic wastes and can be performed to-
- downgrade the waste for shallow-ground disposal, 
- reduce the proportion of ML to LL waste, and 

165 



- facilitate subsequent conditioning operations by removing the labile activity and by lowering 
the overall level of activity. 

With the feedback of the very large experience gained by the COGEMA operators, SGN can 
today apply proven methods both for in site operations and in dedicated facilities, efficiently 
integrating a set of methods and guaranteeing the containment and protection of the operators to 
remove labile or fixed contamination. 

In addition to very "conventional" methods used for example in the AD1-BDH facility at La 
Hague, i. e- . 
- chemical decontamination methods by soaking, combined when necessary with ultrasonic 

effects, 
- electro-decontamination methods in stirred baths, 
- high pressure jets whose efficiency can be enhanced by 

• increasing the water pressure, up to 300 bars, 
• adding chemical reagents, 
• using the thermal effect, and 
• adding an abrasive (usually angular or spherical - or glass beads depending on the surface 

texture). 

SGN is involved in the development carried out by CEA of a number of innovating, very 
promising methods aimed at ; 
- significantly reducing the volume of secondary effluents, 
- noticeably increasing efficiency, and 
- efficiently solving problems linked to the recovery of plutonium from certain wastes rich in 

alpha emitters. 

Some of these methods are listed below. 

Spraying gels containing chemical reagents 

The solution containing the reagents is sprayed after the addition of the gelling agent (organic, 
silica) up to viscosities ranging from 300 to 800 cps or more (thixotropic gel). 

The gel remains in contact with the surface to be decontaminated for sufficient time for the 
reagents to act. The treated surface is then rinsed by a conventional method. 

Electro-decontamination using a cathode tool 

Electrolysis is carried out using a more or less sealed cathodic swab which is moved by the 
operator or by a robot in contact with the surface to be decontamined. The electrolyte is applied 
only on the spots to be decontaminated, minimizing the volumes to be used and processed later. 

Cryogenic abrasives 

Abrasive spraying often generates large volumes of secondary waste that is difficult to recycle. 

Another drawback of conventional abrasives is that particle impact on the surface to be cleaned 
tends to produce abrasive fragments appearing on the surface. 

The use of a cryogenic abrasive, which is converted spontaneously to liquid or gas after 
spraying, helps to eliminate these problems. These techniques, which are the latest and the most 
promising, have been the subject of patents filed by the CEA. 
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- Tec 

Water is injected through a distributor perforated with calibrated holes, and the drops, partly 
frozen in gaseous nitrogen, are then solidified in liquid nitrogen. 

The beads (0. 5 to 2 mm) are sprayed by an ice gun using nitrogen or dry air as a carrier gas. 

- Dry ice 

Pellets are producted (length 3 to 6 mm, dia. 3 mm) by expanding liquid CO2 and the dry ice 
produced is compressed and extrudded in a pelletizer. 

The pellets are sent after screening to a batcher which feeds a spray system. 

This system is in industrial use today. 

Silver clectrolitic decontamination method 

This method was developed by the CEA, in particular for the decontamination of solid waste 
containing plutonium and even for the recovery of this contaminant. 

Based on the action of A g 2 + ions electrogenerated in a nitric medium on plutonium oxide, this 
method can be applied. 
- to metallic waste, I0 4 decontamination factors being easily reached since decontamination is 

enhanced by Ag 2 + ions that initiate a corrosion of the metallic waste surface and facilitate 
transfer of contaminants to the solutions, 

- to plastic waste where high efficiency can be reached for little aged waste resisting oxidation by 
Ag 2 + ions, and 

- to the treatment of ashes resulting from the incineration of waste highly contaminated with 
plutonium, and hence which are rich in PUO2. 

SGN is carrying out design and erection of an industrial facility at the La Hague reprocessing 
plant, based on that process. 

3. Volume Reduction Techniques 
To optimize the filling of waste drums an1 to reduce the volume after filling, and hence the 
volume of the waste sent to disposal, many volume reduction techniques are employed. These 
arc mechanical (cutting, crushing, and compaction) or thermal (incineration) methods. 

Cutting 

Cutting is a preparatory operation more than a volume reduction technique even though reducing 
the bulk factor also reduces the overall waste volume. 

Conventional cutting techniques are : 

- sawing, 
- shearing, and 
- plasma torch cutting implemented for instance to cut metallic process waste in vitrification 

facilities. 

However, efforts were made to nuclearize and remotely operate conventional tools by installing 
them, according to the level of activity of the waste to be processed : 
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- in dedicated bays allowing contact work while satisfying all personnel safety requirements, and • 
- in sealed boxes fitted with gloves or manipulators, if necessary shielded for the most irradiating 

waste. 

Compaction 

This technology is widely used by the different entities involved in the fuel cycle, a wide variety 
of forms, ranging from low power systems (50 t) acting mainly in precompaction, to multi
directional presses (2D and 3D) producing parallelepipedal waste packages up to 1,500 t and 
even 2,000 t supercompaction installations, both fixed and mobile, working on ßy wastes alone 
or alpha wastes. 

Industrial experience is considerable, and the initial "commercial" units are reliable. This has 
led to the commissioning of nuclearized equipment with easy maintenance, containment, 
mechanical components transferred outside the contaminated zone, and prevention of the risk of 
contamination of the drive oil. This applies in particular to the 1500 t press used .by COGEMA 
at La Hague to compact contaminated alpha waste, arriving in 200 1 drums (AD2 facility). The 
average volume reduction factors generally range between 4 and 5. 

COGEMA also operates a 2000 t supercompactor of a "more standard" design to treat low 
irradiating ßy waste. 

Similarly, EDF, which formerly carried out low power compaction of its solid waste, operates 
an identical 2000 t supercompactor at its BUGEY plant to compact all the wastes from its nuclear 
power plants. The compacted drums are concreted in 400 1 metal drums before shipment and 
disposal. This operation helps to condition 3 primary drums of 200 1 per 400 1 drum, at a rate of 
over fifteen 200 1 drums compacted per hour. 

Incineration 

This technology is very attractive considering the very high volume reduction factors available. 
Incineration technologies industrially developed by SGN arc presented in a separate paper but we 
can stress that these incinerators are adapted both for incinerating solid wastes as well as liquid 
organic waste, thanks to the use of specific burners. 

Their industrial capacities can be as high as 100/200 kg/h of waste and nuclearization opera
tions have helped to adapt the SGN technology to the incineration of 20 kg/h of high-alpha 
waste. 

Simultaneous development work is underway to optimize the conditioning of the ash produced, 
which is very often immobilized in matrices such as hydraulic binder or bitumen. To do this, 
SGN and the CEA have conducted joint R&D to design and industrialize ash fusion processes, 
particularly microwave processes which appear to be highly promising. 

Research guidelines can also be observed in the area of solid waste incineration by offering 
additional volume reduction of the residue produced. 

Melting of metallic waste 

To make further progresses in solid waste volume reduction, facilities were developed and 
constructed to process metallic waste as justified for instance by the 500 t of more or less 
contaminated steels arising only from the routine maintenance of the French nuclear power 
plants. Future decommissioning work will produce significant additionnai tonnages. 
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Two basic principles initially applied in conventional foundry arc being implemented at a 
commercial scale : induction melting in a tilting crucible installed by CEA in a commercial 
prototype on the SACLAY site (500 kg metal/batch) and melting in a 3 electrode arc furnace 
installed at MARCOULE. 

These processes are attractive since they allow maximum waste consolidation and produce ingots 
that could be reused in the nuclear industry, for instance for shielding. Evidence was also 
provided that melting contributes to decontamination work only by evenly distributing the 
activity initially present on the waste surface within the melted mass but also by separating 
certain radionucleides in the slag floating on the surface. 

4. Solid Waste Packaging 

Immobilization of the processed solid waste is an integral part of their management in order to 
contain radioactive materials in a waste form which can maintain its integrity over very long 
period of time, thus effectively isolating the materials from the environment and hence from the 
public. 

SGN acquired the full mastery of immobilization grout preparation, injection, and containers 
filling level control by numerous industrial applications, the most recent being operated at the La 
Hague reprocessing plant for hulls and caps (T.1 facility) and active solid waste (AD2 facility) 
embedding into concrete. 

As far the container itself is concerned, a multiple year research effort by COGEMA culminated 
in the development of a new process to immobilize nuclear waste in concrete containers 
reinforced with metal fibers. 

The fiber reinforced concrete containers satisfy all French safety requirements relating to waste 
immobilization and disposal and have been certified as "high performance containers" by 
ANDRA, the national radwaste management agency. 

COGEMA chose the "Fibraflex" fibre developed and fabricated by a company of the Saint-
Gobain group. The patented manufacturing process gives Fibraflex its flexibility and strong 
mechanical properties while making it highly workable and its corrosion- resistant properties 
tested in comparison to be conventional carbon steel rebars. 

Based on the results of the characterization programs, two types of packages received ANDRA 
certification : 

- a cylindrical one, and 
- a cubical one whose overall dimensions are : 1. 7 X 1 . *7 X 1 . 7m. 

These containers have been fabricated on a production scale since July 1990 by SOGEFIBRE, a 
jointly-owned subsidiary of SGN and Compagnie Générale des Eaux in a specific workshop 
producing 12,000 containers per year. 

SGN and SOGEFIBRE are now exporting fiber reinforced concrete technology presently in the 
USA and in Slovakia and are preparing to market fiber reinforced preducts to other clients for 
both nuclear and non-nuclear applications. 
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