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1. Introduction 
The operation of power reactors, like that of fuel fabrication and nuclear fuel reprocessing 
plants, generates substantial quantities of waste. A large share of this waste is low- and 
medium-level waste, which is also combustible. 

Similarly, a number of institutes, laboratories, and hospitals, in the course of their'activities, 
generate waste of which a portion is radioactive and combustible. 

It is the duty of the States that generate these wastes to manage their subsequent treatment and to 
ensure that they never pose a hazard to the environment. 

To do so, adequate treatment is indispensable to reduce their volume for economic reasons 
(lower overall disposal cost) and also practical ones (to avoid quickly saturating the disposal 
sites). 

Moreover, the treatment of these technological wastes can help to isolate hazardous substances 
(such as plutonium) and thus to make disposal safer. 

2. Treatment by Incineration 
The chief advantage of incineration is to minimize the volume of burnable waste treated, and to 
produce a residue termed "ash". This ash is usually stable from the physicochemical standpoint, 
as the chelatants and a large part of the organic components have been destroyed by the action of 
heat. 

Radwaste incineration is essentially designed to achieve; 
- complete combustion with the best weight and volume reduction factor, 
- fume purification, by dry or wet processes, generating a minimum of secondary waste, 
- uncomplicated and hence lower-cost equipment that can be fully automated, 
- installation running under constant negative pressure, offering the fullest guarantee against 

overpressure of explosion, and eliminating outside contamination hazards, 
- long service life of refractory materials, 
- acceptance of a wide range of sundry waste including oils and solvents, and 
- easy evacuation of inert ash to the immobilization facility. 

3. Incinerable Wastes 
Two main classes of incinerable wastes can be distinguished according to their origin : 

- |3 /y waste generally produced by reactors and research centers, and 
- waste containing a emitters produced in fuel cycle facilities, especially fuel fabrication and 
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reprocessing plants. 
Whereas, they may differ in their type of radioactivity, incinerable wastes are basically divided 
by their physical character into three families—solid, liquid, and gas. 

The highly-diversified solids family includes; 
- plastics such as polyethylene, polystyrene, PVC, neoprene, polyurethane, etc. , 
- rubbers and elastomers, 
- cellulose materials such as paper, board, rags, cotton, wood, etc. , and 
- incombustible materials; metals and glass. 

Solid wastes are generally mixtures of the above components. Their average low heating value 
ranges from 12, 000 to 30, 000 kJ/kg depending on the composition of the mixture and the 
moisture content. 

The bulk density is low (about 150 to 200 kg/m3) rising to 300 to 400 kg/m3 when coarsely 
crushed.' 

The liquids family may include oils or high water content tritiated solvents (up to 30% water or 
more). 

The oils have a specific gravity of about 0. 9, viscosities at 20'C of about 50 CP, and a flash 
point of around 60'C. They are miscellaneous oils including cutting oils. 

The gas family includes butènes and butanols from pyrolysis operations on solvents such as 
tributylphosphate and dodecane used in reprocessing plants. 

4. Incinerators — the Available Technologies 
A wide variety of incinerators is available throughout the world. SGN has built up 25 years of 
experience in this field and has many completed projects to its credit. It is involved today in 
major projects (including the "alpha" incinerator of the Melox plant, the "beta/gamma" 
incinerator of the El Cabril center in Spain, and the centralized incinerator project in southern 
France) and specialized in the following processes. 

- ß/y incinerator : development of a standard excess air incinerator for capacities from 10 to 150 
kg/h, 

For higher capacities, exceeding 1 t/h, SGN is currently designing a larger incinerator with 
mechanized grates and a heat boiler installed on the fumes circuit. 

Concerning oils and solvents, SGN is fitting these incinerators with a high efficiency 
combustion system, specially designed at the Grenoble CEA Nuclear Research Center. 

- a incineration, as part of the Melox project, SGN has adapted a standard incinerator to this 
incineration mode. The PWTF plant at Tokai Mura (Japan) was first equipped with an 
incinerator of this type by Hitachi-Zosen, SGN's licensee in Japan. 

At the same time, a two-step alpha incineration process is under construction at the Valduc 
Nuclear Research Center with small capacity units to be operated in gloveboxes. 

- For the incineration of solvents and gas, a combustion tunnel has been designed for COGEMA 
on the basis of an existing facility. 
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4. 1 Standard incinerators 
These compact units feature the following components inside a sealed refractory- lined steel 
casing : 

- a loading chute, its inlet controlled by a sealed !<x:k with double sliding doors, 
- a combustion chamber with grates designed to incinerate plastics, 
- two burners, including one for post-combustion, 
- a Y-shaped post-combustion chamber lined with silicon carbide aggregate, and 
- an exit duct for flue gases. 

This incineration unit, designed for small capacities (10 to 150 kg/h) incorporates a fume 
treatment system generally including. 
- gas dilution by cold air, 
- dry filtration (bag filters for example) , 
- HEPA filtration, 
- if necessary, fume acidity treatment, 
- gas scrubber, and 
- discharge stack. 

4. 2 MELOX incinerator 

4. 2. 1 Objectives and basic options 

The objective is to obtain maximum reduction of both the volume and the alpha activity of 
v/astes intended for geological disposal. 

The basic options retained for the management of combustible wastes resulting from the . 
fabrication of MOX fuels are as follows; 
- incineration in the MELOX plant located on the MARCOULE site, and 
- treatment of plutonium-rich ashes in the La Hague UP2-800 reprocessing plant enabling; 

• the recovery of plutonium in the ashes by electrolytic dissolution and its recycling in the 
plant purification units, and 

• the vitrification of treated ashes. 

4. 2. 2 Incineration 

The combustible alpha wastes will be incinerated in an advanced version of a field-proven grate 
furnace, operating with excess air and provided with a postcombustion chamber filled with 
silicon carbide aggregates. 

These wastes have specific characteristics : 

- a plutonium content requiring highly reliable containment and the implementation of a 
criticality control system, 

- a very high proportion of PVC which requires particular precautions against hydrochloric 
corrosion, and 

- a high proportion of chioroprene with high zinc concentration which leads to an improtant 
production of volatile chlorides and requires the implementation of a specific gas treatment. 

Compared with existing facilities, the MELOX incinerator whoes capacity is 20 kg/h, which 
will start operation at the end of 1993, will be provided with miscellaneous innovations, taking 
into account these specific requirements. 
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The containment of radioactive materials in the incinerator is ensured by means of two successive 
static barriers strenghtencd by a double dynamic barrier: 
- a first welded casing constitutes the first static barrier, and 
- a second welded casing constitutes the second static barrier. 

The space between the two casings is ventilated in excess pressure with respect to the combustion 
and postcombustion chambers, and under negative pressure with respect to the local 
environment. 

The non-contamination of the air extracted from this double jacket is permanently controlled. 

Particular precautions are taken in the design of casing penetrations and of the intermediate 
space. 

The criticaiity control method retained consists of maintaining the plutonium mass below a limit 
fixed by safety authorities in each part of the facility : 

- waste preparation, 
- incineration, and 
- ashes conditioning. 

The incinerator control system is comprised of : 

- permanent neutron counting around the ash removal hopper, 
- neutron counting around the postcombustion chamber which takes advantage of the moderating 

power of silicon carbide aggregates, and 
- periodical inspections and cleaning through double doors. 

The refractory thickness and the double jacket ventilation are designed so that the whole first 
casing be maintained at a temperature higher than the maximum dew point of hydrochloric 
vapors. 

For this the double jacket is divided into channels, the distribution of air and the temperature of 
which have been determined using a computerized design model. 

The filtering of fumes containing zinc chloride requires prefiltration at a relatively low 
temperature on a cleanable filter. High efficiency bag filters have been selected. 

The development tests carried out by CEA enabled the best filtering medium to be selected and 
the filtration and declogging parameters to be optimized. 

These choices were corroborated by an endurance test performed on a representative pilot unit. 

4. 3 VALDUC incinerator 

This incinerator based on the IRIS process (pyrolysis and calcination in two rotary kilns) and 
built by USSI, will be operated in 1995 and will have a 7 kg/h capacity. The two-step IRIS 
incineration process has been tested on an inactive pilot unit of a 4 kg/ h capacity which 
cumulates more than 3500 hours of operation, 

The wastes previously crushed are pyrolysed at 550°C in an electrically heated rotary furnace. 
The solid residue is calcined at 900°C in a second electrically heated rotary furnace. 

The corrosion tests carried out have enabled the selection of the materials best adapted to each 
process step and the tests performed on the pilot unit under representative conditions have 
validated these choices. 
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The tightness systems are derived from those used in the fission product vitrification furnaces of 
reprocessing facilities. 

The furnaces are installed and maintained in glove boxes like the electrically heated rotary 
furnaces used for calcining plutonium oxalate in reprocessing facilities. 

Pyrolysis gases are burnt at 1100°C in a fixed electrically heated postcombustion chamber lined 
with very high quality refractories. 

The heating system design enables easy maintenance in a glove box. 

After postcombustion, the fumes loaded with zinc chloride are purified on high efficiency bag 
filters like in the MELOX incineration system. 

4. 4 Combustion tunnel (for liquids and gases) 

For the treatment system, the method employed is excess-air combustion of the gases or liquids 
to be eliminated. 

The system described below features superior incineration efficiency. Results achieved are ten 
times greater than the values specified. 

An industrial incineration facility based on that technology has been operating for three years 
with highly satisfactory results. 

Combustion chamber 

The combustion chamber, excluding the postcombustion chamber, is sized to accommodate a 
heat density up to 300 thermies per hour and per cubic meter at the maximum rate of heat 
release. 

The combustion chamber is cylindrical and horizontal in shape. 

Burner 

Aside from the combustion chamber size and the shape of the flame exit, the prime factor 
determining complete combustion is the quality of the fuel/oxidizing substances mix. Special 
measures are therefore taken to ensure high velocities at convergent jets of air from the burner 
firing block, whatever the flow of gas to be incinerated. 

The basic arrangement for the burner and its firing block is therefore as follows. 
- a central input of natural gas or liquid fuel coupled with primary air flow ensuring combustion 

of this gas or liquid with very small excess oxygen, 
- an input of secondary air in the form of peripheral jets converging on the main burner flame. 

Its flow is regulated according to requirements, 
- a scavenging air input at a constant flow and hence constant injection velocity to ensure a high 

turbulence and cooling of the firing block in all regimes, and 
- inputs of gas between the secondary air and the flame of the natural gas burner via three-way 

valves. 

Combustion aid 

The central burner is fed constantly and the flame, monitored to ensure safety. This is carried 
out to control combustion of the feed gases and, if necessary» to maintain temperature in the 
combustion chamber. 
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Temperature 
The final criterion for ensuring effective combustion is the temperature inside the chamber. 
The target temperature in the postcombustion chamber (regulated temperature) is 850 to 
1 , lOO'C- This temperature is slightly lower than the temperature in the combustion chamber, 
which is displayed in the control room. 
Temperature in the postcombustion chamber is regulated by adjusting the natural gas or liquid 
fuel and secondary air flows using a split-range control concept. 

If the temperature is greater than the set point, the natural gas or liquid fuel and primary air 
flows are decreased. Tf the temperature difference continues, the secondary air flows are 
increased. 

Postcombustion chamber 

A second chamber filled with porous silicon carbide pebbles is placed at the combustion chamber 
outlet. This postcombustion chamber further enhances combustion quality by increasing the 
possibility of gases and unburnt solids mixing with the oxygen of the flue gases, which contain a 
large fraction of excess air. 

The pressure drop in the postcombustion chamber is measured before and after the silicon carbide 
and displayed locally. This gives information about the clogging of the silicon carbide bed by 
dust particles. 

Conclusions 
Tn addition to the expertise we have acquired in the implementation of beta-gamma waste 
incinerators with capacities up to approx. 1 T /h , two industrial incineration processes of 
chlorinated solid wastes highly contaminated in alpha emitters have been developed in France. 
- the two-step incineration, process enables safe installations in glove boxes for capacities ranging 

from some kg/h to 20 kg/h, and 
- the direct incineration process in a high-tech fixed furnace derivated from SGN standard 

incinerators enables safe installations for capacities ranging from .10 kg/h to 50 kg/h. 

Moreover, SGN had the original idea of installing two combustion tunnels with associated 
equipment in order to burn poisonous explosible gases (arsine, phosphine, silicon tetrahydride, 
hydrogen, etc.). They have been operating since three years with outstanding elimination 
efficiency (above 99. 95%). This idea is now being adapted to pyrolysis gases arising from 
spent fuel reprocessing plants. 
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