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ABSTRACT 
The low- and medium- level wastes generated by nuclear facilities when operating as well as 
during their decommissioning (dismantling, decontamination, etc.) are embedded for the 
purpose of obtaining a product suitable for disposal. 

Due to the varieties of waste produced, it was necessary to resort to multi-purpose techniques to 
solve problems relating to their embedding. 

The process for waste embedding in thermosetting polymer (polyester, epoxy) developed by the 
French Atomic Energy Commission (CEA) and its subsidiary TECHNTCATOME is easy to 
operate and yields excellent results having regard to volume reduction and containment of 
radioisotopes (particularly caesium). The industrial development of this process has led to the 
design of small, flexible, fixed or mobile, embedding stations. Examples illustrating the 
increasing use of this process during facility dismantling, are described in the presentation. 

1. Introduction 
The increasing production of radwaste coming from various operating facilities and/or resulting 
from dismantling obsolete facilities has resulted in the need for developing multi-purpose tech
niques for waste volume reduction and radioactivity containment, leading in time to proper 
radioactivity containment. 

Accordingly the CEA has developed at Grenoble Nuclear Research Center a process for 
embedding LA and MA waste in thermosetting resins of the polyester type and more recently of 
the epoxy type. 

The CEA embedding process which is available from TECHNICATOME is currently applicable to 
the following; 
- waste from nuclear reactors and nuclear research centers- ion exchange resins (I. E. R. ) , 

powders, evaporator concentrates, sludges, and filtering cartridges, and 
- waste for dismantling of contaminated facilities and/or equipment (obsolete or irreparable 

pieces of equipment, etc. ) 

The process is particularly suitable for waste containing caesium (low release rate). 

Futhermore it imparts to the end product the following major advantages-
- greatly reduced volume of the embedded waste, this facilitating interim storage, transport, and 

disposal, 
- excellent radioactivity containment; for instance in the case of embedding of spent 1ER, 

leaching rates 455 days are about A X 10~5 cm/d for caesium-137 and 2 X 1 0 " 6 cm/d for 
cobalt-60 , 

- excellent ageing resistance in particular due to adequate radiation resistance and the non-
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biodegradable nature of resins in use : after integration of 5 X 1 0 " 9 rads, crushing strength 
200 to 650 kg/cm2 according to the waste, 1 mole of gas per kg of waste and matrix released 
by radiolysis , and 

- greatly simplified operation and possible adaptation to a great number of waste types. 

Extension of the process to epoxy resins has ensured the improved simplicity in processing by 
elimination chemical pretreatment and accepting high proportions of water — in particular for 
spent Ion Exchange Resins •— combined with greater operating safety since no volatile solvent is 
used. 

Cost/effectiveness calculations have shown that this process is highly competitive from the stand
points of technical flexibility» low outlay costs, and simplicity in use. 

2. French Experience in Use of Epoxy Embedding for Dismantling Waste 
Progress of the CEA nuclear facilities decommissioning program led to successive implementa
tions of epoxy process for dismantling waste embedding purpose: 
- Cs-137 and Sr-90 contaminated solid waste from ELAN 2B facility (LA HAGUE), 
- main containment barrier of tritium contaminated metallic waste blocked with concrete at the 

research reactor EL 3 (SACLAY), 
- IERs of the pool water purification system of research reactor TRITON (FÖNTENAY AUX 

ROSES), as well as IERs of the D 2 0 and B2O circuits purification system of power reactor 
EL A (Centrale nucléaire des MONTS EX ARRES). 

3. Fixing Contamination and Embedding Waste at ELAN 2B 
3. 1 Reasons for use of epoxys 

The ELAN 2B facility (Fig. 1) is composed of a group of seven shielded cells housing the 
equipment of an industrial manufacturing process for scaled sources of strontium-90 and 
caesium-137-

Stage 3 decommissioning is presently under way involving all contaminated equipment 
dismantling and disposal, and final decontamination of cells, walls, and floor when necessary. 

The specificity of the radionuclides present, Cs-137 and Sr-90, and the importance of the 
radioactivity encountered (certain cells rad ambient dose rates about 1,000 rad/h) necessitated 
the in situ use of a waste embedding process using thermosetting resin. 

3. 2 Painting of waste 

After dismantling, a painting operation is performed to fix solid waste contamination before 
their transfer to the embedding cell-

The operation is carried out using an epoxy painting process which ensures good coverage of 
waste thanks to an electrical field applied between the paint gun and the table on which waste is 
•placed for painting. 

The electrostatic paint gun is handled by a remote-manipulator. The power supply, fluid 
supply, and regulation equipment, in particular the electrostatic generator, are located outside 
the cell. 
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3. 3 Embedding of waste (Figs. 2 and 3) 

The solid waste produced by ELAN 2B is essentially composed of : 
- metal fragments (piping, valves, tanks, and tools), 
- filter elements, and 
- various solid waste (plastics). 

Painted wastes are transferred to the embedding cell, where they are arranged in a basket placed 
in a 220 1 epoxy-resin drum which ensures suitable containment of radioéléments and 
appropriate properties with respect to leaching. The drums are placed on a four station rotary 
table. 

Embedding of waste is carried out in an epoxy resin charge with an inert material in order to 
achieve waste immobilization. 

The embedding mixture is made up in a continuously running mixer. Ingredients are fed in 
separately. Adjustment of the dose of each the ingredients results in the desired composition of 
the embedding mixture. The reservoirs and the mixer are located outside the embedding cell. 

The embedding mixture is delivered by a line through the wall of the cell into the drum 
containing the waste. When the level in the drum reaches a grid which prevents low-density 
material from rising to the top, a pure epoxy resin plug is poured to achieve the containment. 

All the work inside the embedding cell is performed using remote manipulators. 

After control, the drums are transferred via the superstructure in a shielded cask for storage to 
the ANDRA disposal facility. 

The unit has already produced approximately one hundred drums. 

One of the advantages of this process is that minimum equipment is located in the cell, which 
facilitates maintenance operations. 

4. Tritium Barrier at EL3 

4. 1 Reasons for use of epoxys 

The EL3 reactor was a research reactor moderated and cooled by heavy water. The power was 
18 MWth. 

Stage 2 decommissioning involved dismantling and disposal of D 2 0 coding and auxiliary circuits. 
These circuits had been contaminated by tritiated heavy water, due to tritium generation from 
deuterium under neutron flux. So dismantling metallic waste (fragments of pipes, flanges, heat 
exchanger, valves, etc. ) had to be suitably processed and packaged for disposal with respect to 
this type of contamination. 

French ANDRA (Agence Nationale pour les Déchets Radioactifs) has specified standards 
concerning the storage of tritium contaminated waste, which refer : 

- to the specific activity in tritium of the waste (tight envelope for waste with activity with 
respect to mass of between 0. 23 Ci/t and 2 Ci/t) and 

- tritium release rate. 

From a practical point of view, the regulations relative to release rate appear the most restric
tive. It was necessary to design a packaging process which ensures containment for the purpose 
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of final disposal. The epoxys were used to this end. 

4. 2 Embedding of waste 

Prefabricated cylindrical containers were used for packaging; they comprise a reinforced 
concrete shell, internally lined by a reinforced epoxy structure, with a 3 mm thick inner layer 
of pure epoxy resin, achieving the specified containment (Fig. 4). 

The container has the same outer shape as standard so-called C 1 concrete containers, in order to 
meet disposal site requirements. 

Overall dimensions are the following; 

O.D. : 3,400 mm 
Height; 1,300 mm 
Cavity volume; approx, 1 m 3. 

Industrial manufacturing process includes appropriate controls of cpoxy barrier. 

Waste embedding operation has been performed in the PL3 reactor building. 

Sequence is as follows. 
After placing waste in the container, cement is poured for immobilization. A 4 mm thick layer 
of pure epoxy poured at the surface of the concrete ensures the continuity of the epoxy barrier 
with the lining of the walls, thus ensuring the containment of radio-elements, tritium in 
particular. 

A poured, reinforced concrete lid ensures closure of the container. 

4. 3 Pratical results 

A series of twelve containers has been manufactured and fifteen metric tons of tritium contami
nated waste (up to 2 Ci/t) generated by the dismantling have been embedded in the containers 
and disposed of. Tritium release tests were satisfactory for all packages. 

5. Coating of Ion-Exchange Resins at Triton 
5. 1 Justification for epoxy embedding 

Triton reactor was a 5 MW open core pool type research reactor : 

Stage 3 decommissioning-involved dismantling of in pool equipment before draining the pool 
water and decontaminating the pool walls and bottom. 

So the pool water purification system had to remain in operation during equipment dismantling 
and water draining, and spent IERs of the purification plant haa ;o be finally disposed of in an 
appropriate waste form. 

Thanks to their properties, developed in par 1, the epoxys were used for embedding of these 
resins using the SETH-200 mobile unit. 

Work was performed in 1980. 

5. 2 Description of SETH-200 and embedding sequence 

SETH-200 (Fig. 5) is designed to perform IERs embedding by epoxy process in 55 gallon 
standard drums. 
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It is for a compact concept and is made of modules which can be transported by truck and easily 
assembled. It includes independent radiation shielding and liquid waste collecting devices. 
'ine unit is equipped with two working stations, enabling interchange of empty and full drums 
while processing on the other line. 

Embedding sequence is summarized as follows (Figs. 6 and 7) : 
- the amount of spent ion exchange resins necessary to make a drum is transferred hydraulically 

into a metering pot and then into an embedding drum in its transport container, 
- after IERs draining in the drum, the reagents forming the embedding matrix are transferred 

from their respective dosing pots to the embedding drum, 
- the constituents are then mixed with an appropriate sequence, 
- after interchanging the working places, the package is moved to a temporary storage area, 
- when the polymerization has been checked, a sealing plug is injected to close the drum, and 
- after full polymerization, the package may be sent to the storage center. 

The 55 gallon packages are solid, uniform blocks which meet the safety, transport, and disposal 
regulations in force in France. 

5. 3 Experience 

1. 2 m3 of IERs have been embedded at Triton (anionic and cationic), in ten drums, which 
have been disposed of. 

This campaign is being followed by the embedding of IERs from the D 20 and H2O purification 
system of power reactor EL4 (250 MWth - 70 MWe), shut down in 1985. 

6. New Generation of Mobile Unit 

The epoxy process has been selected by EDF for embedding spent resins of French nuclear power 
plants with a new mobile unit. 

This unit is intended to replace the units currently in service, as it offers epoxy characteristics 
which meet the latest French regulations. 

The mobile unit is designed and constructed for embedding 1ER with various radioacitivity 
characteristics (from less than 1 GBq/m31ER up to 52,000 GBq/m31ER). 

The principal feature of this unit is adaptation of 1ER content so as to obtain a contact dose rate 
on the outer face of the concrete shell below 2 mSv. 

Two types of concrete shell, in terms of dimensions and volume, are used. 

1ER content volume varies from 50 to 400 1. The thickness of steel/concrete between the 
embedded 1ER and the outer face of the shell forms a biological shield. 

Conclusions 
Besides its applications to waste generated by operating plants (power reactors, research center, * 
etc. ) , the epoxy process developed jointly by the CEA and TECHNICATOME has been used 
during various dismantling operations. 
- fixing of contamination, 
- embedding of metallic waste during its packaging, 
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- embedding of spent IERs, and 
- barrier to limit tritium release. 

The various applications demonstrate the qualities of radioéléments containment by epoxy resins 
and also the great flexibility in using this process. 

Fig. 1 ELAN 2B process cells 
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Fig. 2 ELAN 2B embedding unit 

Fig. 3 ELAN 2B embedding unit 
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Fig, A EL3 concrete container 
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Fig. 5 SETH-200 Mobile Unit 
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Fig. 6 Embedding Process in Technicatome Mobile Unit SETH-200 
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