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1. Introduction 
The products from LL/ ML liquid radwaste treatment — the corresponding operations are 
addressed in another paper — are evaporation concentrates» chemical sludge or ion exchange 
resins whose activity has been concentrated in a reduced volume but whose physicochemical 
characteristics are not consistent with final disposal requirements. 

Conditioning is thus necessary to convert the waste into a solid and stable form able to meet the 
requirements set by competent Waste Management/Disposal Authorities as regards containment 
and mechanical resistance. 

Relying on the extensive R&.D work conducted by the CEA or our own laboratory'teams on the 
one hand, and on a number of commercial applications on the other , SGN has soon acquired 
full industrial mastery of two conditioning processes, namely bituminization and concreting, 
that can cover the needs of the nuclear fuel cycle industry. 

2. Bituminization 
As early as 1970, SGN was licensed by the CEA for the bituminization of LL and ML radwaste, 
either with extruders or thin-film evaporators. 

About 15 systems were thus commissioned for industrial service throughout the world, providing 
extensive feedback of operating experience in the bituminization of a wide variety of waste. 
chemical coprecipitation sludge; PWR and BWR and research centers concentrates; resins from 
power plants and reprocessing plants, decontamination waste potentially including complexing 
agents, etc, 

This presentation is focused on the thin-film evaporator technology and the experience gained in 
the field of the NPPs and research centers radwaste conditioning. 

Laboratory tests on continuous bituminization process began 'm 1963. In parallel to extruder 
systems, the CEA developed a thin-film evaporator bituminization system which combines, 
when embedding liquid waste in straight distillation bitumen, a good quality of the final product 
and the following advantages; 
- short residential time of the product in the evaporator, preventing its thermal degradation, 
- low cost of investment, 
- easy maintenance and operation, and 
- high evaporation rates, up to 350 l/h of water evaporated. 

The one-step volume reduction and bitumen solidification concept is a physical process that 
provides reliability and economy. A thin-film evaporator, operating at a waste product 
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temperature of about 160*C > is used to evaporate all free water from the waste influents. The 
remaining solids are homogeneously dispersed in the bitumen matrix while inside the evaporator. 

The prepared waste is continuously fed at a controlled rate to the evaporator. Molten bitumen is 
simultaneously metered into the evaporator through a second feed nozzle. The evaporator is 
heated by means of a synthetic heating fluid circulated through an external jacket. As both the 
radwaste and bitumen are fed into the evaporator, the rotor blades spread the two streams into a 
thin, turbulent film against the heated internal surface. The action of the rotor blades and the 
force of gravity creates a spiral flow of the waste/ bitumen mixture. As the waste flows 
downward through the evaporator, water is evaporated and the vapor flows counter-currently 
upward and out. The remaining radwaste mixture exits through the bottom of the evaporator 
into standard metallic drums. The evaporator discharge cone provides a buffer capacity and is 
fitted with a pouring valve in order to enable changing the drums without stopping evaporator 
feedings. Upon cooling, the waste/bitumen mixture solidifies into a free-standing, monolithic, 
water-free solid acceptable for storage or disposal. 

The vapor leaving the evaporator is condensed in a shell and tube condenser and flows into the 
distillate collection tank. When this tank is filled, the distillate is pumped through a series of 
filters. The monitored cleaned distillate is pumped to the plant liquid waste system. 

The whole system is fully automated and usually operated from a centralized control room. 

In parallel with the commissioning of numerous facilities (see the reference list attached), 
large-scale R&JD and technological development programs were carried out to continuously 
improve the existing technology and determine the optimum conditions for preparation of the 
encapsulated materials. Their goal was to meet the increasingly stringent requirements imposed 
by Safety Authorities for the operating safety of the facilities and for the long-term safe storage 
of the conditioned waste. 

With the support of the CEA, SGN focused on three points; 
- the development of pretreatments and operating conditions enabling safer preparation of the 

encapsulated materials, 
- the development of pretreatments and formulations to obtain encapsulated materials with 

excellent long-term properties, and 
- the design of systems enabling preservation of containment integrity throughout the process, 

particularly during preparation of the encapsulated materials and the pouring of these materials 
to fill drums. 

As far as the first point is concerned, fire hazards were considered using a comprehensive 
approach at the conceptual design stage and during operation of the bituminization facilities, 
where there are basically three combustible elements in the process; the bitumen, the heating 
fluid, and the bituminized product. The bituminization process units are well instrumented and 
interlocked to prevent fire initiation, to eliminate the spread of a fire, should one originate from 
an outside source, to prevent release of radioactivity to the environment beyond permissible 
limits, and to protect equipment from possible damage. Redundant instruments and interlocks 
are provided for control points which, when exceeded, could become a hazard, namely the 
bitumen and thermal fluid distribution systems, and the part of the process where the 
bituminized product is prepared. 

Even if this preparation of bituminized product occurs while permanently monitoring 
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temperatures, complementary measurements must be taken. More particularly, considerable 
attention was paid to the knowledge and concentration of chemicals which may be reactive or 
have high reducing strength to ensure safe operation of the bituminization process. 

The extensive R&.D work conducted by the CEA since the mid-1960s on waste of different 
compositions and forms helped to determine waste types that are consistent with the safe 
preparation of very-high-quality bituminized product. This also enabled acceptable composition 
ranges to be specified for various chemical species liable to occur, together with the best 
pretreatment method to be implemented, if necessary, against any risk of exothermal reaction 
that might incur fire hazards or unacceptable gaseous releases. 

Operating parameters could also be specified, namely flow rates and temperatures. 

Fully mastered recommendations could therefore be established, the most significant ones being 
the following : 

- limitation of the reducing power of the waste, 
- adjustment of its pH value (neutral or slightly alkaline), 
- limitation of its contents of ammonium nitrate, chlorates or Perchlorates, complexing agents, 

ferric or aluminium chloride, 
- salt content in the end-product (wt salts/bitumen ratio : 35 to 50) , and 
- continuous monitoring of the pouring temperature for encapsulated materials. In this 

connection, SGN and the CEA have developed several types of highly reliable components for 
measuring this essential parameter. The associated technologies are suited to requirements; 
direct viewing or fiber optic signal transmission infrared camera, thermal vision camera 
providing pouring maps, including the temperature of each product droplet. 

Although the probability of a fire initiating is extremely low, adequate methods of detecting fires 
quickly and suppressing those that occur have been defined to limit their damage. The methods 
employed include Halon or C0 2 fire suppression systems, water deluge system positioned directly 
over the filled drums. 

Concerning the second point, concurrent R&-D work enabled the successful definition of 
encapsulated materials and operating parameters meeting the increasingly stringent requirements 
of radwaste storage authorities for the quality of the encapsulated materials. This design focused 
on mechanical properties and containment capacities of the encapsulated species to ensure the 
long-term safety of permanent storage facilities. 

The most significant methods are : 

- insoiubilization of radionuclides such as cesium or strontium by chemical coprecipitation to 
improve leach resistance, and 

- conversion of hygroscopic substances to insoluble compounds to control swelling and even to 
avoid destruction of the embedded product when immersed in water. 

Finally, concerning the third point, i.e. to resolve the essential problenf. of ensuring 
containment integrity throughout radwaste conditioning, the facilities are first designed on the 
basis of conventional nuclear engineering concepts, vented leaktight tanks connected to a system 
for the treatment of off-gas before release into the environment. The equipment used for 
bituminization (extruder and thin-film evaporator) are also leak-tight and thus fully consistent 
with this approach. Technical refinements have been introduced for the sensitive point of the 
drum filling station to enable design of ventilation hood systems which ensure dynamic 
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Containment using air suction and trapping of gases produced during pouring of the bitumen 
encapsulated materials, as well as prevention of any splashing by encapsulated materials 
droplets. 

3. Cement Solidification 

SGN's involvement in radwaste cement solidification started up about 15 years ago with the 
design and commissioning of systems based on the conventional technology of the in- drum 
mixing. 

Concrete solidification technology has been applied to different types of waste : borated 
concentrates, ion-exchange resins, etc. for many years throughout the world at reactors and 
research centers. Changing specifications for storage of radioactive waste have, however, 
confronted the operators of such facilities with two types of very different problems; 
- binder/waste interactions, mainly when resins were concreted, and 
- process application difficulties (unsuitable mixing methods, inaccurate metering, etc. ) . 

With the support of EDF and COGEMA, SGN has been performing in- depth research on 
concrete solidification of borated concentrates and ion exchange resins generated by reactors or 
reprocessing plants, since 1983. At the same time it has been developing application technologies 
adapted to nuclear service conditions and stringent finished product quality requirements. 

Processes developed by SGN from this research are based on the principle of a single, rapid 
pretreatment using available, inexpensive reagents associated, when resins are concreted, with a 
suitable hydraulic binder which evolve little heat while setting. Pretreatment can be adapted to 
various possible cases. Chemical reactions are controlled, which prevents exchange with cement 
calcium ions and, where necessary, also treats ions that interact with the binder (borates or 
ammonia). 

The technology developed simultaneously by SGN (which meant refining both process and 
technology) is based on the use of a highly efficient, stainless steel batch mixer. Its design was 
refined on the basis of more than three years of pilot plant experience and the operation of a 
commercial system for seven years at the Valduc production center of the French Atomic Energy 
Commission (CEA). 

The mixer is mainly characterized by the particular shape of its stirrer, which is located at the 
tank bottom. The stirrer transmits three successive movements to the product; 
- slow horizontal displacement, 
- rapid rising, and 
- helical fall in vortex formed by the concave surfaces of the mixing paddle. 

High efficiency and high encapsulating performances are achieved with this low-speed, yet 
high-energy mixing system systematically mounted on weighing scales for optimum process 
control. Mixing time is very short, i. e. less than 5 minutes. 

The shape of the mixer, its construction material, and its simple design ensure that almost none 
of the products is retained in the tank. In addition, its specially designed rinse system limits daily 
waste water production for a 250-liter mixer to 10 liters (with little solids content). 

The mixer is an air-tight tank and can contain liquids without any leakage, a very advaniageous 
feature which enables in-mixer pretreatment operations prior to any feeding of solid materials. It 
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also prevents any splashing or external contamination. 

Liquid wastes to be processed are due to be sampled in the storage tanks of the facility. Their 
chemical composition is well known and will be used to define the right formula for the concrete 
and to adjust the required amounts of dry additives such as cement and sand. 

Pretreatment could be provided for specific effluents to make them compatible with their 
embedding into concrete or to improve the quality of the end product. This function would be 
performed directly inside the mixer or upstream from it in additional components. 

In every case the liquid wastes are pumped directly into the mixer, whose stirrer has been put 
into operation. Then the cement and the solid additives are successively fed into the mixer by a 
screw conveyor. Each quantity of liquid or solid product needed to prepare a batch is 
automatically weighed as the mixer is set on a weight scale. 

The resulting homogeneous mix of radwaste and cement is discharged by gravity directly into a 
shipping container, where it hardens into a monolithic solid. If necessary, according to the 
volume of the container to be filled, several batches are prepared successively. 

It should be mentioned that inactive liquid grouts can be prepared, when replacing liquid wastes 
by water. Such inactive grouts can be used to immobilize filter cartridges or miscellaneous solid 
waste which have been introduced into a container before transfer to the concreting system. 

This fully mastered technology aiming to enhance safe operation of its cement solidification 
process allowed SGN to face the very varied requirements of the different operators, such as 
alpha waste conditioning (CEA Research Center), medium active resins (300 C i / m 3 ) 
concreting for EDF and COGEMA and pulverulent waste embedding such as pyrolysis ashes for 
COGEMA. 

As for bituminization, this mastery allowed to extend this technology to the mobile units concept 
taking advantage of the stainless steel leak-tight mixer and specifically designed drum filling 
stations where the mixer is connected to the drum through a gasketed hood or a glove box with a 
plastic connector. 

A first mobile unit was ordered by EDF for cement solidification of resins from the PWR 
secondary system and enables treatment of resins from eighteen 1,300 MWe PWR units, i. e. 
about 180 m 3 of resins with a volumetric encapsulation ratio of 40 to 75%. The capacity of this 
plant is therefore about ] . 5 m 3 /day for one shift. The mobile unit is made up of three 
palletizable modules, which are transported between sites on a standard flatbed road trailor : 

- a pretreatment module, which comprises agitated tanks linked to a gas processing unit (for 
removal of ammonia) : 

• empty weight: Ä ^ L 5 t 
• overall dimensions ; length; 3 m 

width ; 2. 2 m 
height. 3 m 

- a dry load feed module, which comprises a hopper and a conveyor screw. 
• empty weight; ^ . 1 . 5 t 
• overall dimensions« length; 2. 5 m 

width ; 2. 2 m 
height : 3. 5 m 
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- a process module» which contains the 250 1 mixer, the ion exchange resins metering pot, the 
pouring station, the pouring drum handling equipment, and the gas processing facility; 
• empty weight: ^ 4 . 5 t 
• overall dimensions; length; 3 m 

width; 2.2 m 
height; 3. 45 m 

This plant enables production of encapsulated material approved by storage authorities, 
regardless the type of resin involved (cation, anion or combined cation/anion, with variable 
saturation rates). It fills drums to optimum level ( > 9 5 % ) , guarantees a reproducible quality 
level, permits easy, flexible operation and ensures minimum maintenance. 

In addition to this project distinguished more by the chemical properties than the radioactivity of 
the waste, SGN has designed for EDF and foreign utilities mobile concrete solidification systems 
capable of processing radwaste that is substantially more radioactive, e.g. evaporator 
concentrates and reactor coolant system resins. As for the previously described system, the key 
component in these systems is the mixer. By exploiting one of its primary characteristics, the 
total leaktightness of its tank, the mixer can contain liquids without any leakage, a highly 
advantageous feature which allows in-mixcr pretrcatment operations prior to any feeding of solid 
material; it also prevents any splashing or external contamination. 

These systems are also of modular design. They differ from the previously described system, 
however, because they require radiological shielding in the form of painted steel panels fastened 
to the metal support structures. 

The modular design employed meets specific plant operator requirements and all the modules arc 
usually shipped from one site to another on two standard-gauge road transport flatbed trailers. If 
necessary, the modules can be installed in an existing or specially built concrete structure, but 
the concreting system will still be fully tested in the assembly workshop and delivered practically 
ready for use. 
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Bitumen Solidification Systems with Thin-Film Evaporator 
SGN Reference List 

FACILITY OPERATOR TYPE OF 
FACILITY 

WASTE TYPE 

EVAPORATOR 
CAPACITY 
(WATER 

EVAPORATED) 

BITUMEN 
SYSTEM 

STARTUP 
DATE 

DRUMS OF 
SOLIDIFIED 

WASTES 

Barsebeck Nuclear 
Power Station 

Sydkraft Two 590 MWe 
BWRs 

Bead resin, 
powdered resins, 
(sodium sulfate) 

100 I/h 1975 6,000 

Mihama Nuclear 
Power Station 

Kansai Electric 
Power Co. 

Three PWRs 
320, 470, 

and 780 MWe 

Boric acid, laundry, 
decon, chemical 200 1/h 1978 No Record 

Tsuruga Nuclear 
Power Station 

Japan Atomic 
Power Co. 

375 MWe 
BWR 

Sodium sulfate, decon 
chemical laundry 200 1/h 1977 No Record 

Advanced Thermal 
Reactor, Tsuruga 

Power Reactor 
and Nuclear Fuel 

Development 

200 MWe 
LWCHWR 

Equip, and floor 
drains 200 1/h 1977 No Record 

Valduc Center CEA Military 
Weapons 

Sludges, 
concentrates 50 1/h 

1970 
to 1982 1,000 

Cadarache Nuclear 
Research Center 

CEA Research & 
Development Various 50 1/h 

• 1971 
to 1979 
• 1986 

No Record 

Saclay Nuclear 
Research Center 

CEA Research &• 
Development 

Decon, EDTA, 
phosphates, nitrates, 
chlorides, ammonia, 

acids, bases 

50 1/h 1975 3,200 

Monts d'Arree 
Nuclear Power 

Station 
EDF 70 MWe 

GCHWR 
Sodium nitrate, 

phosphates 50 1/h 1981 
to 1983 850 

Oconee Nuclear 
Power Station 

Duke Power Co. Three 846 
MWe PWRs 

Boric acid, bead and 
powdered resins, 

decon 
350 1/h 1983 — 

Dacjon Nuclear 
Research Center 

KAERI Research &-
Development 

Concentrates, resins, 
sludges 50 1/h 1987 No Record 

Clinton Nuclear 
Power Station 

Illinois Power 
Co. 

BWR 
930 MWe 

Sodium sulfate, bead 
and powdered resins" 200 1/h 

1986 

Palo Verde 
Nuclear Power 

Station 

Arizona Public 
Service Co. 

. Three 1221 
MWe PWRs 

Boric acid, sodium 
sulfate, bead resins* 200 1/h 1987 

* * 

1500 

North Anna 
Nuclear Power 

Station 

Virginia Power 
Co. 

Two 781 
MWe PWRs Boric acid, resins 200 1/g 1990 — 

Sarry Nuclear 
Power Station 

Virginia Power 
Co. 

Two 915 
MWe PWRs Boric acid, resins 200 1/h 1991 — 

Temelin Nuclear 
Power Station CEZ Two 1000 MWe 

PWRs 
Boric acid, 

resins sludges 200 1/h 
Under 
design — 

# Processed by the same mobile unit 
* * Start-up of the biturninization campaign 
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