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VOLUME REDUCTION OF LOW- AND MEDIUM-LEVEL WASTE 
BY INCINERATION/CALCINATION 

A. de BUZONNIERE J. C. GAUTHEY 
TECHNICATOME, FRANCE 

1. Introduction 
Nuclear installations generate large quantities of low- and medium-level radioactive waste. This 
waste comes from the various installations in the fuel cycle, reactor operation, research 
institutes, hospitals, nuclear plant dismantling, etc. 

The low- and medium-level waste is mainly technological; solvents and oils, overshoes, gloves, 
slurries, etc. 

Of the waste treatment processes, incineration has the following advantages : 

- considerable reduction in the initial volume of waste and 
- mineralization and stabilization of waste, enhancing the safety of final storage. 

For a number of years, TECHNICATOME has been examining, developing, and producing 
incineration and drying/calcination installations. These include.. 
- a waste oils and solvents incinerator, 
- a solid and liquid waste incinerator, and 
- slurries dryer/calciner. 

These three installations are described below, 

2. Liquid Waste Incinerator 

Technicatome did the project development work for the incineration plant of PÏERRELATTE 
(France) on behalf of COGEMA. This plant has been in active service since November 1987. 

2. 1 Waste characteristics 

The following waste is incinerated; 
- oils contaminated with U-238 and U-235, 
- solvents contaminated with uranium, and 

- scintillation liquids. 

The physical, chemical, and radiological characteristics are given in Appendix 1. 

2. 2 Installation capacity 
This corresponds to a load of 525 thermies/hour; either 75 kg/h of oils with an NCV of 30,000 
kJ/kg (7,000 kcal/kg), or 50 kg/h of solvents with an NCV of 44,000 kJ/kg (10,500 
kcal/kg). 

The volume of liquid waste burned to date is about 1,000 m 3 (80% oils and 20% solvents). 

2. 3 Design of the unit 

Among the design criteria selected by TECHNICATOME such as radioactivity, containment, 
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waste volume reduction, and risks specific to the waste to be incinerated are taken into account, 
namely : 

- previous contamination of oils by the product resulting from the decomposition of uranium 
hexafluoride (this entailing criticality enriched Uranium) and corrosion (possible formation of 
hydrofluoric acid), and 

- risk of fine outbreaks and explosion of various solvents. 

The process diagram is given in Appendix 2. 

2. 3. 1 Waste storage 

The liquids to be burned are stored in two tanks s 

- a 10 m3 oil tank agitated by a mixing loop and fitted with an external coil steam heater and 
- a 10 ni3 solvent tank fitted with a mechanical agitator and a nitrogen neutralizer. 
A 500 litre oil tank located in the building enables the right temperature to be maintained in the 
quantity of oil needed to startup the boiler. 

Preparation of the solvents is a delicate process in order to prevent gelling, and involves succes
sive filtering operations. 

2. 3. 2 Incineration 

The incinerator is a fixed horizontal boiler with smoke tubes equipped with an oil/solvent dual 
fuel burner. 

The solvents are injected in the burner through an injection rod. 

The furnace outlet temperature is 900°C to 1,000°C. 

The combustion gases are cooled in the smoke tubes to 250~300°C. 

2. 3. 3 Primary filtration 

Slight dilution with ambient air allows the negative pressure in the gas circuit to be adjusted. 

A multicyclone traps dust from the gases before washing. 

2. 3. 4 Gas washing 

The gases are washed by a two-stage venturi with a soda solution in order to : 

- neutralize at 60°C the acids formed during combustion and 
- supplement dust extraction from the smoke. 

The gas washing waters are periodically changed and serit to the waste processing station. 

2. 3. 5 Final filtration 

On leaving the washing plant, the gases undergo final filtration consisting of* 
- a demister for extraction of droplets from the gases, 
- heating to about 80°C with an electric battery in order to limit the risks of condensation during 

extraction, and 
- filtration of radioactive particles on the THE filters. 
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2. 3. 6 Extraction 
The gases are extracted to the stack by an extraction fan which maintains a negative pressure in 
the installation. 
An isokinetic sampling device is used to check the gases released to the stack (by measuring the 
activity deposited on a filter). 

2. 3. 7 Evacuation of ashes 

The ashes are recovered in the containment : 

- in soot traps (by suction device), 
- in the drum placed under the multi-cyclone, and 
- in the washing waters, by filtration through a cartridge filter. 

The ashes are then sent to the waste processing station where they are drummed. 

2. 3. 8 Operation 

The installation is operated in 100-hour runs (from Monday morning to Friday afternoon) by 
teams of 2 operators. 

During shutdowns, the unit is maintained and the next batch of liquid waste is prepared (with 
analysis and uranium balance). 

The average production of ashes is 5 to 10 kg of ash per m3 of liquid waste burned. 

The proportion of unburned matter in the ashes is 2%. 

The regulated operating parameters are as follows; 
- the oil heating temperature at the incinerator injection rod inlet, 
- the negative pressure in the combustion gases circuit, 
- the filling level of the oil preparation interim tank, and 
- the nitrogen pressure in the roof of the solvents tank. 
An hourly monitoring sheet is filled in to check the evolution of the various operating parameters 
(levels, flowrates, temperatures, and differential pressures). 

2. 3. 9 General layout of the installation 

The incinerator and associated gas treatment plant are installed in a building 13. 5m x8mX7m. 
The discharge areas and storage tanks are installed in a hangar adjoining the building and 
separated from it by a fire-wall and a retention pit (14mx6mx6m). 

The unit is controlled from a separate control room so as to limit the risks of explosion and fire. 

3. Solid and Liquid Waste Incinerator 

Technicatome was chosen by BAT AN for designing and building Radwaste Management Stations 
for the National Nuclear Research Center. In addition, Technicatome was in charge of the 
Incinerator by a turnkey contract. This incinerator was commissioned in 1992. Appropriate tech
nical solutions were chosen considering the customer' s needs and Technicatome' s experience 
through operational installations existing in France. 
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3. 1 Waste characteristics 

The original feature of this incinerator is its ability to burn liquid, solid, and biological waste. 
The waste incinerated is : 

- solid PVC, cotton and polythene based technological waste, 
- biological waste, small animal corpses, and 
- liquid waste. 

• lubrication and drainage oils, 
• scintillation liquids, and 
• tributyl phosphate diluted in dodecane. 

The radiological characteristics are given in Appendix 3. 

3. 2 Installation capacity 

The incineration capacity is 50 kg/h for solid waste with an NCV of 5000 kcal/kg, or 20 kg/h 
for liquid waste with an NCV of 10,000 kcal/kg. 

3. 3 Descriptionof the installation 

The process diagram is given in Appendix 1. * 

3. 3. 1 Waste storage and preparation 

- Solid technological waste : 

Solid technological waste is handled in a glovebox for separation of combustible from non-
combustible waste. The combustible waste is placed in plastic bags, themselves placed in 
cardboard boxes. _ ; 

- Biological waste : 

Tight plastic bags of biological waste are stored in freezers. 

- Liquid waste. 
Liquid waste containing TBP is stored in a 100 litre tank. Liquid waste not containing TBP is 
stored in a 1000 litre tank. The liquid waste is homogenized in a 1500 litre tank before being 
injected into the incinerator. The liquids containing TBP are first mixed with the previous liquids 
to ensure a TBP concentration of less than 3 % in the final mixture. 

3. 3. 2 Incineration 

The incinerator is of the controlled air type. It comprises 2 vertical chambers; 
- the 1st chamber; low-oxygen combustion for solid waste, loaded in 5 to 7 kg batches (tempera

ture between 500 and 800°C) and 
- the 2nd chamber; high-oxygen post-combustion for gases from the 1st chamber during solid 

waste combustion. The temperature in this chamber is between 1,000 and 1,200°C 

The burners in each of the chambers are equipped with three settings for adapting the heating 
power to the heat energy required by waste combustion. 

The solid waste boxes are loaded into the incinerator on a sloping conveyor. They then enter the 
furnace through a double air-lock. 

The liquid waste is injected into the 2nd chamber of the incinerator by a metering pump from a 
storage tank located in an adjacent sunken pit located outside the building. This tank is fed with 
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nitrogen. 
ïn the case of incineration of liquid waste containing TBP, the phosphoric acid created during 
combustion is neutralized inside the furnace. 

3. 3. 3 Dilution 

On leaving post-combustion, the gases are cooled by dilution with air to lower their temperature 
to 180°C in a third chamber above the two combustion chambers. The air supply comes from a 
variable speed fan. 

3. 3. 4 Filtration 

After dilution, the gases are filtered through two stages at 180°C: 

• filtration in a bag filter with automatic continuous compressed air unclogging and 
• filtration on THE filters. 

3. 3. 5 Gas washing 

Gas washing with a soda solution circulating in a venturi washer ensures« 

- cooling of the gases to about 50°C and 
- neutralization of the acids formed duiing combustion. 

The gases thus neutralized are then dehumidified in a lined column and then in a demister leaving 
the column. 

The washing water is periodically sent to the waste processing station for control before release. 

3. 3. 6 Gas extraction 

Before extraction to the stack, the gases are heated to 60°C by an electric heater in order to limit 
the risk of condensation during extraction. 

The gases are extracted by a variable-speed fan, which also maintains the negative pressure in 
the circuit. 

A continuous check is run on the activity of the gases prior to release to the atmosphere. 

3. 3. 7 Evacuation of ashes 

The ashes are extracted from the 1st combustion chamber and from the foot of the bag filter via 
an airlock in which they are cooled before being recovered and confined in a metal drum. 

The ashes are then encapsulated in cement with mixing by a drum-turner. 

3. 3. 8 Operation 

Waste is incinerated in 6-day runs. Each day comprises a period of 6 hours during which the 
unit incinerates waste and a period of 18 hours during which the unit is kept at temperature 
(thermal standby). 

Ashes are extracted from the furnace daily before the incineration period. 

The unit is run from a control room separate from the incineration plant and equipped with a 
control panel with mimic diagram, indicators, and recorders. 

The following parameters are controlled : 
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• the negative pressure in the incinerator by means of the extraction fan, 
• the temperature in each of the 2 combustion chambers by adjusting the burner rate, 
• the gas cooling temperature by means of the dilution fan, and 
• the oxygen rate in the smoke by means of the combustion air valve. 

Discharge of liquid waste is carried out and controlled locally. 

3. 3. 9 General layout of the installation 

The incinerator and the waste sorting station are installed in one room. 

Liquid waste storage is in a separate room. 

The unit is controlled from a control room, and separated from it so as to limit the risks of 
explosion and fire. 

The health-physics measurements are also indicated in this room. 

4 . Drying/Calcination 

The process chosen by Technicatome is the LEAFLASH method developed by RHONE 
POULENC RECHERCHE. It has proved effective at full scale on a large number of branches in 
industry. 

The process uses a special flow system. By means of suction in the stream of hot gases the 
system performs thorough splitting of the material to be dried. 

4. 1 Waste characteristics 

The dryer-calciner was developed for the chemical and foodstuffs industry. 

Depending on the proportion of dry matter in solution, it can be used in the nuclear industry: 
• either as a concentrator of liquid waste with low concentration of dry matter, 
• or as a calciner of liquid waste containing a low percentage of dry matter, 

• or as a dryer of aqueous solutions or wet solids. 

4. 2 Installation capacity 

The following performance figures were obtained on the pilot plant with the same drying head. 

Concentrator 

Processing of decontamination waste containing 5% dry matter (by weight) : 

• processing capacity 1. 2 m 3 /h at 5% dry matter and 
• production of 300 1/h of concentrate at 18% dry matter. 

The corresponding air flow is 1,500 Nm 3 /h at 0. 5 bar with a consumption of 60 kg/h of gas 
(for instance methane). 

Calciner 

processing of previous waste containing 18% dry matter* 
• processing capacity 300 1/h and 
• production of a calcinated powder carried in a hot gas, separated by a bag filter. 

The corresponding air flow is J ,500 Nm 3 /h at 0. 5 bar with a consumption of 75 kg/h of gas 
(for instance methane). 
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4. 3 Installation description 

4. 3. 1 Waste drying 

The product to be processed is mixed in the mixing head (Fig. 1) with air raised to a high 
temperature (800^900 °C for drying and 1,200 °C for calcination), 

The hot gases arrive at high speed in the periphery of the "well-vortex" system. 

The product to be processed Is then sucked in by the negative pressure created in the axis of the 
vortex, and simply mechanically dispersed into the hot gases. This system allows instantaneous 
"flash" processing. 

After the flash effect, the gases are recovered at the following temperatures. 
- 800 °C in the case of the calciner, 
- 120^150 °C in the case of the dryer, and 
- 70 °C in the case of the concentrator. 

4. 3. 2 Gas processing 

When the calciner is in operation, the gases are diluted with air down to about 150 eC before 
filtration in a bag filter followed by final THE filtration (see Appendix 6). 

When the dryer is in operation, the gases are filtered on a bag filter before THE filtration. 

When the concentrator is in operation, the gases are purified in a cyclone before final filtration 
on a THE filter, or humid safety filtration (see Appendix 5). 

4. 3. 3 Extraction 

The purified gases are extracted by a fan. 

4. 3. 4 Evacuation of ashes 

The concentrates retrieved from the base of the cyclone, or the powders recovered from the base 
of the bag filter are sent away for drumming. 

4. 3. 5 Operation 

The operation of the ISOFLASH dryer can be adjusted for a given air flow : 

- either for the "calciner" with protected walls (high gas flow, post-flash temperature higher 
than 800 °C for example), 

- or for the "dryer" with heat-insulated walls (average gas rate leading to total evaporation of 
the water), 

- or for the "concentrator" with bare walls (low gas rate leading to partial evaporation of the 
water at a post-flash temperature lower than the dew point of the mixture obtained). 

4. 3. 6 Advantages of the process 

The advantages of the process are as follows: 
- simply designed equipment whose "drying head" is the same, whatever the type of application, 
- highly compact units, 
- total absence of moving mechanical parts in direct contact with the products, 
- easy maintenance, 
- low thermal inertia, and 
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ultra-rapid, systematic, uniform calcination restoring any original granulometry, or giving a 
fine regular granulometry (about 2 to 10 microns). 

Appendix 1 Liquid Waste Incinerator—Waste Characteristics 

Type of waste Physico-Chemical Characteristics Activity 

oils 

• uranium content : 0. 5 g/1 average 
(5 g/1 max) 

• suspension matter . 2 g/1 average 
(8 g/1 max) 

• chlorides • 1 g/l average (3 g/1 max) 
• fluorides : 1 g/l average (3 g/1 max) 
• water content : 15% rnax 

U-238 and U-235 
contamination (0. 5 g/1) 

Activity. 2X10 4 Bq/l and a in 3 

solvents 
• uranium. 0.15 g/i (1 g/1 max) 
• chlorides and fluorides • 3 g/1 max 
• water content: 5 à 10% 

Contamination and uranium 
(0.15 g/1) 
Activity<10* Bq/l and a in ß 

scintillation liquids 
Solvents containing essentially toluene, cumene 
et xylems. Presence of plastic residue from shred
ding of polyethylene bottles. 

Activity<106 Bq/l 

Appendix 2 Liquid Waste Incinerator Pirrelatte (COGEMA) 
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Appendix 3 Solid and Liquid Waste Incinerator 

Type of waste Composition Activity 

solid • Rubber polyethylene PVC, 
cotton, paper, cardboard, wood 

a < 3 . 7X106 Bq/m 3(10- 4Ci/m 3) 
ß,Y<3. 7X108 Bq/m 3(10- 2Ci/m 3) 

liquid 

• Drainage and greasing oils • viscosity 
<6°E à 40 °C 

• Scintillation liquids (xylen-Toluene) 
steam pressure <130 mbar à 30°C 

• Tributyl phosphate (TBP) diluted at 20% 
maximum in dodecane 

a < 3 . 7X106 Bq/m 3(10- 4Ci/m 3) 

ßiY<3. 7X108 Bq/m 3(10- 2Ci/m 3) 

biological Carcasses of small animals a < 3 . 7X103 Bq/kg(10- 7 a/kg) 
ß,Y<3. 7X105 Bq/kg(10-5Ci/kg) 

Appendix 4 Incineration Unit for Solid and Liquid Waste 
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Appendix 5 Overall Diagram of Concentrator Skeleton Diagram 
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Appendix 6 Overall Diagram of Calcinator Skeleton Diagram 
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