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1. Introduction 

Nuclear power installations and nuclear research laboratories produce large quantities of liquid 
and solid waste. 

So as to reduce the amount of waste to be stored and ensure that this is stored and warehoused in 
satisfactory environmental security and safety conditions, selective treatment, adapted to the 
type of waste, is performed in specialized installations. 

For several years now TECHN1CATOME has been developing, building, and putting into opera
tion treatment and packaging processes adapted to each type of waste. By controlling the entire 
waste treatment process from production to storage, TECHNICATOME has been able to set up 
for BATAN (BADAN TENEGA ATOM NASIONAL) the Indonesian nuclear research centre, a 
radioactive waste treatment plant on the PUPSPITEK site. 

The installation was built in collaboration with BATAN, thus ensuring a transfer of the 
technologies required to enable the Indonesian staff to operate the installation. 

2. Presentation of the Nuclear Research Center 
Within the PUPSPITEK scientific center (research, science, and technology center) BATAN 
(The Nuclear Energy Commission) is responsible for studying, developing, and implementing 
nuclear energy processes. For this purpose, it is equipped with; 
- a multi-activity reactor, 
- a radioisotope production laboratory, and 
- a reactor fuel production laboratory, 

Waste produced by these different installations is treated by a waste treatment plant designed by 
TECHNICATOME and built in collaboration with Indonesian companies. 

3. Organization of the Overall Project 
This was performed as part of a joint project between TECHNICATOME and BATAN : 

- TECHNICATOME was responsible for overall engineering, supplying specific nuclear 
equipment, monitoring assembly, and tests,and 

- BATAN was responsible for infrastructure and erection and putting the equipment into 
operation, 
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4. Installation Design Principles 
4. 1 Waste characteristics 

Waste produced by tile research installation located on the Centre comprises; 
- liquid waste with an activity of under 5. 4 X 10fl Bq/m 3(2 X 10" 2 Ci/m 3 ) , 
- semi-liquid waste (ion exchange resins : 1ER) with a maximum activity of 3. 7X 1 09 Bq/m 3 

(0. I C i /m 3 ) , 
- solid technological waste (plastic bags, gloves, cotton, paper) packaged in 100 I metal drums. 

This waste has been sorted by the producer; 
• by type of waste (compactable, non-compactable, alpha emitter), and 
• by activity, so that, on contact, the dose rates of the packaged drums do not exceed 0. 25 

m Gy/h (25 mRad/h) , 
- biological waste with a maximum activity of 3. 7X 105 Bq/kg (10~ 5 Ci/kg) packaged in 

plastic bags, and 
- items of clothing (clothing, masks) packaged in 5 to 10 kg plastic bags with a dose flowrate of 

under 2. 5X 10~2 mGy/h (2. 5 mRad/h). 

4. 2 Installation functions 

The main purpose of the installation is to : 

- treat radioactive waste with a view to producing a waste package which complies with 
prevailing storage standards; and 

- carry out research and development work in the field of waste treatment, 

4. 2. 1 Waste treatment 

To ensure that waste treatment is carried out, all the equipment should be able to ensure the 
following functions; 
- collect waste from the different producers and transport it to the treatment station ; 
- treat liquid waste by : 

• evaporation (liquid waste) , or incineration (combustible waste) , and 
• packaging in a concrete matrix; 

- treat solid waste by : 

• compacting (compatible waste) , incineration (combustible waste) or placing in a concrete 
shell (other solid waste) , 

• packaging in a concrete matrix; 
- treat semi-liquid waste by : 

• chemical pre-treatment, 
• packaging in a concrete matrix, and 
• treating items of contaminated clothing in a nuclear laundry; 

- store the packages produced before they arc transported to the repository; and 

- treat clothing. 

4. 2. 2 R&D studies 

R&D studies are performed in the laboratories. 

4. 3 Basic Design Principles 

The installation comprises three buildings; 
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- the main building which houses the process and administration areas, 
- a building which groups together the auxiliary units (various utilities, generator), and 
- a building which includes the package storage area. 

The main building comprises two blocks (see Appendix 1) : 

- one "cold" block which groups together the administration building, general technical areas, 
and the centralized control room, 

- one "hot" block sub-divided into distinct areas corresponding to each type of process; each area 
has its own control room. 

The entrances and exits to/from the "hot" block are through distinct air locks : 

- "hot" and "cold" staff cloakrooms, and 
- an equipment hatch specific to each area. 

5. Description of the Installation 

5. 1 General information 

The circuit, followed by the waste immediately arriving at the station, depends on the type of 
waste. The table provided in Appendix 2 shows the succession of operations carried out for each 
type of waste. 

5. 2 Treatment of aqueous liquid waste 

5. 2. 1 Purpose of treatment 

Treatment by evaporation makes it possible to obtain : 

- a concentrate which contains all the active matter and is immobilized in a concrete phase, and 
- a distillate which is free from active matter and discharged into the environment. 

5. 2. 2 Transport to the plant 

Liquid waste is transported from the storage tank (reactor, laboratories, workshops) from the 
producers in the plant to the installation in a 8 m 3 tanker (cf Appendix 3). 

Tanker design complies with the regulations governing the transport of dangerous materials in 
France. The vehicle is therefore authorized to use the public highway. 

It is fitted with an autonomous pumping system which ensures: 
- either the filling of the tanker using the producer tanks, 
- or drainage into the treatment plant tanks. 

A control-command desk located in the lateral section enables the operator to pilot transfer 
operations from the truck. 

The tanker is fitted with all biological protection and safety devices (retention troughs, gas 
filtration, etc. ) , ensuring safety of operations and protection for the operating staff. 

5. 2. 3 Waste storage 

This comprises four 50 m3 tanks each equipped with its own homogenization system : 

- two tanks are used to receive waste from the tanker. The choice of whether one or the other 
tank should be filled depends upon the type of waste; 

- one tank is used to supply the evaporator; 
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- one tank, which normally remains empty, is used as standby; 
• either to collect waste with specific characteristics, 
• or to perform mixing operations to ensure that the physicochemical characteristics of the 

waste comply with those required for the evaporator. 

Tank functions are interchangeable. 

A pumping system is used for inter-tank transfers and to supply the evaporator. 

The tanks are located in a specific individual room connected to nuclear ventilation. 

5. 2. 4 Evaporation 

5. 2. 4. 1 Description of the installation 

Installation capacity is 750 l/h. The volume reduction ratio is 50. 
< 

Dry extract concentrations in the condensate and distillate are 250 g/1 and 2. 5 X 10""1 g/ l 
respectively. 
It comprises : 

- a tubular exchanger with thermosiphon circulation supplied with waste to be evaporated. It is 
heated using live steam to ensure the vaporization of liquid waste; 

- a tranquilization tank at the exchanger outlet which is used to separate the liquid and steam 
phases. The steam phase is directed to the separation column. The concentrate obtained is 
removed from the base of the tank ; 

- a separation column. The liquid carried into the steam phase is separated from this steam by 
washing through the exchanger plates using a back flow of dernineralized water ; and 

- a condenser which ensures condensation of the steam phase and a cooler which is used to cool 
the distillates. 

The evaporator is fitted with an anti-foam in-service injection system to prevent the formation of 
foam which could impede the separation of the steam and liquid phases. 

5. 2. 4. 2 Storage of distillates and concentrates 

The distillates are stored in two 50 m 3 tanks. They are fitted with sampling and chemical, and 
radiochemical measuring systems. 

In the event of an evaporator misfunctionning, an automatic system sends the distillate into the 
front tanks. 

A 3 m 3 tank fitted with a sampling system recovers the concentrates before they are transferred 
to the conditioning unit. 

5. 2. 4. 3 Control principles 

With the exception of the chemical reagent circuits, which are controlled locally, the system is 
controlled from the evaporator control room where the staff has at its disposal-
- a mimic diagram which groups together all the signals, 
- the indicators and recorders required to monitor the system, 
- control buttons for the actuators and remote controlled valves, and 
- the transmission of alarms indicating threshold overshoots or operational defects. 
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Evaporation operations are automatic. In the event of a misfunctionning, the safety devices set 
the installation in standby. 

5. 2. 5 Waste packaging 

5. 2. 5. 1 Description of the installation 

This cubicle is equipped to package the following wastes into concrete shells; 
- evaporation concentrates, 
- ion exchange resins, and 
- solid non-compactible waste and 200 1 drums of already compacted waste. 

They undergo the following operations; 
- controls using sampling and laboratory analysis to check the physicochemical and radiological 

characteristics of the waste, 
- chemical pretrcatment, if required (e. g. concentrates and ion exchange resins) , 
- transfer and dosing using the capacities specific to each waste (e. g. concentrates and 1ER), 

and 
- final mixing in the shell (1ER and concentrates) or blocking by injecting a concrete grout 

(non-compactible or compacted waste). 

The installation comprises additional circuits for storing, weighing, and transferring the dry 
concrete grout components and a concrete grout preparation unit. 

The concrete shells are removed to a room where : 

- the concrete is set, and 
- a protection plug is made. 

When these operations are completed, the shells are transferred to the storage room after 
radiological control. 

5. 2, 5. 2 Control principles 

The unit is designed to operate 8 hours per day. Two concrete shells are produced each day. 

Operations are controlled from a control desk located in the control room where the staff has at 
its disposal : 

- a mimic diagram which groups together all the signals, and 
- control buttons for the actuators and remote controlled valves. 

Concreting operations are automatic. In the event of a misfunctionning, the safety devices sets 
the installation in standby. 

5. 2. 6 Storage 

In the storage room : 

- the concreted shells are stored, 
- the shells and drums of waste from other waste production centers are unloaded, and 
- the shells and drums are loaded to be transported to the final storage centre. 

It is divided into three main areas : 

- shell storage, 
- drum storage, and 
- drum and shell loading and unloading. 
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Storage capacity is .1500 drums and 500 concrete shells. These are handled using a crane and 
pallet stackers. 

5. 3 Treatment of solid waste 

5. 3. 1. Purpose of treatment 

The purpose of solid waste treatment is to treat : 

- non-combustible waste by compaction, and 
- combustible waste by incineration. 

The waste which is obtained (incineration ash, compaction slabs) are then packaged into drums 
or concrete shells in a concrete matrix. 

5. 3. 2 Transport to the installation 

The waste is transported by truck from its production site to the installation. It is packaged in 
.1 00 1 metal drums. Waste which can be incinerated is separated, on the production site, from 
waste which cannot. 

5. 3. 3 Storage before treatment 

In a specific room storage is provided for : 

- the 100 litre drums of non-combustible waste, 
- the empty 200 1 drums into which the r'irst drums are compacted, and 
- the 100 litre drums of combustible waste. 

5. 3. 4 Compaction of drums containing non-combustible waste 

The 100 1 drums of solid waste which cannot be incinerated are compacted into the 200 litre 
dr.. v̂  using a 600 kN hydraulic press. The installation is designed to produce 5200-litre drums 
per nay. 

The press is fitted with a nuclear ventilation circuit ensuring that containment is maintained 
during operations. 

The installation is controlled and operated . nually and locally. 

5. 3. 5 Packaging the compacted units 

After the 200 litre drums are filled, they are then filled with cement grout and vibrated to 
ensurethat the compacted waste is packaged (see Paragraph 5. 2. 5). 

5. 3. 6 Incineration of combustible waste 

5. 3. 6. 1 Description of the installation 

The incineration unit ensures the incineration of : 

- Solid combustible waste : 

• cotton, 
• polyethylene, and 
• PVC; 

- burnable liquid waste : 

• oil, 
• scintillation liquids, and 
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• tributyl phosphate (TBP) diluted in dodecane; and 
- biological waste. 

Installation capacity is 50 kg/h for solid waste and 20 kg/h for liquid waste. 

The 100 1 drums of combustible waste are transferred from the 100 and 200 1 drum storage room 
to the incineration room (cf Paragraph 5. 3. 3). 

The contents of the drums are packaged into cardboard boxes containing 3. 7 kg. This is done in 
glove boxes. 

The cardboard boxes are loaded automatically into the incinerator through a double air chamber. 

The liquid waste to be incinerated is stored in a 1 m3 tank (waste not containing TBP) and in a 
0. I ma tank (waste containing TBP). It is transferred into the incinerator after possible 
dilution, so as to limit the quantity of TBP in the liquid waste to be incinerated. 

The technological solid waste is packaged in plastic bags and stored in deep freezers.. 

It is then packed into cardboard boxes to be fed into the incinerator, in the glove boxes. 

The installation comprises (see Appendix 4) : 

- a furnace composed of : 

• , a first chamber where oxygen reduced combustion is performed for solid waste (tempera
ture between 800 °C and 1,000 Ü C) , and 

• a second chamber where post- combustion is performed using gas produced in the 1st 
chamber during solid waste and liquid waste combustion operations. The temperature in 
this chamber is approximately 1,000 °C to 1,200 °C > 

- a dilution chamber to reduce the gas temperature to 180 eC by dilution in the ambient air, 
- a two-stage gas filtration assembly; 

• approximate filtration in a sack filter with automatic unclogging using a continuous flow of 
compressed air, and 

• filtration of the radioactive particulates using the HEPA filters, 
- a gas washing unit so as to : 

8 cool the gas produced by filtration, and 
• neutralize the acid gases produced during combustion. 

This unit comprises a venturi and a separation column. 
- an extraction assembly comprising; 

• a gas reheater, and 
• a gas extraction ventilator. 

Gas activity is continually monitored before it is discharged into the atmosphere. 

5. 3. 6. 2 Control principles 

Waste incineration is performed in 6 day cycles. Each day includes a 6 hour period during which 
the unit incinerates waste and an 18 hour period during which the unit is maintained at a 
constant temperature (thermal standby). 

Ash is removed from the furnace each day before the incineration period. 

The unit is controlled from a control room separated from the incinerator room and equipped 
with a control panel with mimic diagram, indicators, and recorders. 
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The installation operates automatically. In the event of a misfunctionning, the safety devices set 
the installation in standby. 

5. 3. 7 Packaging the incineration ash 

Ash is removed from the first combustion chamber and the bag filters through an air chamber, 
where it is cooled before being recovered, with continuous confinement, in a metal drum which 
has been previously filled with encapsulation materials. 

The ash is immobilised in the cement using a drum-rotation mixer. 

The drums are taken to a room (see Paragraph 5. 2. 5. 1) while the concrete sets, before being 
taken to the storage room after the packages have been radiologically controlled. 

5. 4 Treatment of burnable liquid waste 

This waste is delivered in demi-Johns and transferred to the burnable liquid waste storage area 
(see Paragraph 5. 3. 6. I ) . The tanks containing liquid waste with TBP are differentiated from 
those without TBP. 

The waste is then incinerated as described in Paragraph 5. 3. 6. 1. 

5. 5 Treatment of semi-liquid waste 

5. 5. 1 Purpose of the treatment 

The purpose of treating semi-liquid waste (ion exchange resins) is to immobilise it in a concrete 
matrix. 

5. 5. 2 Transport to the installation 

The ion exchange resins are carried from the storage tanks of the center producers to the installa
tion in a 1... 5 m 3 tanker. Its design criteria are the same as the ones for the liquid effluents (see 
Paragraph 5. 2. 2). 

5. 5. 3 Storage of the ion exchange resins 

The ion exchange resins are transferred by a hydraulic system into a 5 m 3 tank where they are 
stored before packaging. 

5. 5. 4 Packaging ion exchange resins and removing the packages 

This is described in Paragraphs 5. 2. 5 and 5. 2. 6. 

5. 6 Treatment of laundry 

5. 6. 1 Aim of the treatment 

The laundry to be treated comprises working clothes and gas masks used on the site installations. 

This treatment is aimed at : 

- sorting the contaminated laundry for treatment as solid waste (incineration or compaction), 
and 

- cleaning of non-contaminated laundry, for re-use by the staff. 

5. 6. 2 Description of the installation 

Laundry is sent to the station packaged in plastic bags in 100 1 drums containing a 5 to 10 kg 
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load per drum. 

Preliminary sorting operations are performed by measuring the dose rate on contact with the 
plastic bags, thus making it possible to direct bags with a dose rate greater than the specified 
values to the solid waste treatment system. 

The unit is composed of the following equipment; 
- two washing machines, 
- two rotary driers, 
- two ironing presses fitted with steam heating systems, and 
- two glove boxes used when opening the plastic bags. 

After decontamination in the washing machines, the laundry is dried in the rotary driers. 

Water produced during decontamination is transferred to the waste storage tanks. 

Radiological controls are used to separate any non-contaminated clothing treated as solid waste. 

Decontaminated laundry is ironed using the ironing presses. A sewing machine is used for 
everyday mending operations. 

The washing machines and glove boxes are maintained in dynamic confinement. 

5. 6. 3 Control principles 

The washing machines are controlled locally by an operator. Washing machines and driers 
operate automatically. The sorting machine operates semi-automatically (continuous manual 
loading, measuring, and automatic sorting). 

5. 6. 4 Removing the clean laundry 

Once decontamination is completed, laundry is re-allocated to the different units. 

5. 7 R&D Laboratories 

The aim of these laboratories is : 

- to run R &. D waste treatment operation, and 
- to run routine physicochemical evaluation operations. 

They are equipped with standard physics-chemistry equipment; 
pH-meters, spectrophotometers, conductivity meters, spectrometers,.etc. 
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Appendix 1 Definition of Installation Zones 
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Appendix 2 Functional Description of the Installation 
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Appendix 3 Tankers Trailors Liquid Waste 
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