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SUMMARY 

Decontamination is one step of dismantling operations which can be necessary to 
optimize dismantling wastes management 

Choice of a decontamination process follows experiments from laboratory scale to 
pilote scale, and takes into account needed decontamination efficiency, secondary wastes 
balance, difficulties and cost of industrial operations. 

Some examples of process development and industrial applications are indicated 
for gas cooled reactor G2 and fast breeder reactor Rapsodie. 

RESUME 

La décontamination est l'une des étapes des opérations de démantèlement qui 
peut s'avérer indispensable pour optimiser la gestion des déchets de démantèlement 

Le choix d'un procédé de décontamination résuite d'essais systématiques allant du 
stade laboratoire au stade pilote et tenant compte de l'efficacité de décontamination 
recherché, du bilan des déchets secondaires produits et du coût de la mise en oeuvre. 

Quelques exemples de développement de procédés et d'applications industrielles 
sont donnés pour le réacteur graphite gaz C2 et pour le réacteur rapide Rapsodie. 



INTRODUCTION 

Dismantling covers all the operations executed at the end of life of a nuclear plant 
to put it out of order safely for workers and for the surrounding. Dismantling is the 
normal end for all the nuclear pi ants as laboratory, fuel cycle plants and nuclear reactors. 

This dismantling can be done following one ot three stages. The third stage is the 
total dismantling of the plant 

Choice of a stage depends of criteria such as : 

• the perfect knowledge of radiological state of the plant useful for 
guarantee of security and safety, 

- the cost reduction of survey, maintenance and of operating conditions for 
dismantling, 

- the optimization of dismantling cost with regard to the radioactive decay, 
• the state of technical possibilities in fields as robotization, cutting, 

decontamination and waste management 

This list can't be comprehensive. 

Principle of surroundings and men protection against contamination and 
irradiation risks will conduct all the dismantling operations. 

With respect to these considerations plant's owner can freely choose the 
dismantling stage. 

Today existing tools and lack of specific treatment for secondary wastes are mainly 
responsible tor dismantling costs. 

Every operation must give stable wastes with minimal volume without excessive 
dose rates for workers. 

Foe example, dismantling of power reactor PWR of 900 MWe would create about 
12 000 or of low and intermediate level radioactive wastes and a few hundred to one 
thousand nr of wastes including alpha emitters for geological repository. 

For dismantling operations, decontamination will have the following objectives : 

• to reduce radiation exposure for personnel performing installation 
dismantling operations, 

- to change the waste category by 

. reducing the volume of radioactive wastes for example by 
recycling scrap, 

. reducing the volume of radioactive waste sent for 
geological storage. 

First objective is very important during all dismantling operations. For example a 
predecontamination on a reactor loop can reduce workers irradiation doses during 
cutting and handling following operations and can make them easier. (Less biological 
shielding and less teleoperation required). 



An optimization must be search beetween the additional cost of decontamination 
step and the gain done on following operation and workers doses. 

Second objective recovers all the category changes for dismantling radioactive 
wastes to decrease the volume of radioactive wastes and the volume of wastes to be sent 
to a geological repository. 

This objective will greatly depend on general policy of radioactive waste 
managment in each country. 

I- CHOICE OF A DECONTAMINATION PROCESS 

This choice has to be done by succesive steps. A few preliminary data are 
necessary such as : 

• the physical or geometrical state of the plant to decontaminate, 
- the nature of contamination support, 
- the radioactive inventory. 

Some of these data will be known or checked during choice steps of the process. 

The following steps are carried out, one after the other, on the basis of the 
material contamination : 

- cold laboratory tests allowing the selection of a few processes and mainly 
providing information of the erosion speeds and, thus, on efficiency levels. 

- hot laboratory tests on actual samples with a few selected processes 
allowing the identification of the decontamination factor and of the remaining 
contamination and the estimation of the volume and type of secondary waste. 

• tests on actual parts with one or two processes selected during the 
previous tests to prepare the industrialization of the process. 

After theses studies, the selected process cboosen is the best compromize, in the 
actual state of technical knowledges, between the decontamination efficiency and the 
cost 

Choice of a decontamination process consequently results in most cases, from a 
complete study. This choice will depend on : 

• Support nature 
• Expected decontamination factor 
• History of support : contamination mode 
• Radiochemical inventory 
- Volume and nature of secondary wastes generated 

• Operating conditions related to the plant 

All decontamination technics can be used chemical, electrolytic or mechanical. 

Very often a process uses several associated methods to increase their efficiency. 



A pretreatment step is sometines needed to, remove a paint layer or to weaken an 
oxide layer. 

Methods very often used are : 

• Chemical ones like immersion, spraying of gels and foams. 
• Electrolytic methods with immersion or with swab device. 
- Mechanical methods as ultrasonics, abrasives, high pressure 
jets. 

In France decontamination technics have been employed in some dismantling 
operations and a few examples will be detailed below. 

II- INDUSTRIAL OPERATIONS 

ILA) QliSKiStr 

For dismantling of gas cooled reactor G2, two decontamination processes have 
been studied, defined and used on some parts of the reactor. 

OAa) Gel spraying 

The decontamination of cooling carbon dioxide pipes has been considered. 

Pipes are ordinary ferritic steeL Hot and cold part which have bad different 
working conditions, can be discriminated 

Firstly, experiments have been performed using various processes on laboratory 
scale with samples coming from carbon dioxide loop. Best results were obtained with the 
gel spraying process. 

Secondly, some experiments on a larger scale have permitted to confirm the 
decontamination factor and the residual activity. 

Finally an in situ mock-up test has been performed. 

Laboratory apçrimmts 
Despite the fact that best results on loop samples have been reached with an 

chloridric acid gel, the chloride ions present in secondary wastes didn't permit to hold 
back this geL 

A mixing of sulfuric and phosphoric acid has been kept, a preliminary cleaning 
with soda gel could be added if necessary. Many experiments nave been conducted with 
50 cm long pieces. Initial activity is mainly due to cobalt 60 and reach about 30 Bq/cnr 
on cold part and 100 Bq/cm 2 on hot parts. 

After decontamination steps, residual activity is less than 0.4 Bq/cm 2 on cold part 
and less than 0.5 Bq/cm 2 hot parts. 
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In situ experiments 

A decontamination operation has been carried out on the plant with a 10 meter 
lenght pipe. 

The following procedure has been used : 

-Soda gel spr ing NaOH 3 moles/litres Contact time 30 min. 
- Rinsing 
• Acid gel spraying : 

H3PO4 3 moles/litres 
H?SOA 3 moles/litres 
Silica 16% 

• Rinsing : Contact time 30 to 60 min. 
- Effluents mixing and neutralization 

So a test on 55 wr of plant enables to qualify this process and to reduce the 
residual activity of pipes to less than 0.2 Bo /cm 2. 

The secondary liquid wastes generated are abou* ' / f n 2 . 

Gel spraying in this case is a good process for beta gamma emitters on ferritic iron 
steel pipes with simple geometry. It enables to reach the residual activity objective with a 
low volume of secondary wastes. 

II.A.bï Foam decontamination 

Advantages of foam decontamination 

Until recently, few techniques have been available for decontaminating large 
internally contaminated components with complex shapes. Spraying does not reach all 
internal surfaces evenly due to preferential flow patterns. Immersion systems are not 
practicable as the reactants are ineffective on large volumes because of boundary layer 
phenomena, and because of the excessive reactant volume required (at least three times 
the component volume). Mechanical methods cannot reach all the internal surfaces, and 
recovery of the abrasion residue is difficult 

The advantages of foam decontamination have been recognized in recent years, 
both in refoaming [1] and in recirculation [2], These include foam expansion which 
reaches all die interstitial gaps of the component ; foam mobility and continuous renewal 
on component walls, which eliminates boundary layer effects; small liquid volume 
requirements (10 times less than to fill the component) with the option of using stronger 
reactants; and continuous filtration of the reactants during the decontamination 
procedure. 

Recirculating foam decontamination principles 

The foam used consists of a gas, generally air, dispersed in a liquid in proportions 
such that the mixture density more closely approximates that of a gas than a liquid. 



Suitable surface-active agents are added to lower the surface tension of the liquid 
containing chemical decontaminants, and thus facilitate the formation of a foam. 

Recirculation consists in supplying the component with foam decontaminants; 
foam flowing out from the top of the component is continuaiiy recycled back into the unit 
for periods of up to several hours. 

Application to large valves (7 m 3 , ^ m 2) 

A special skid was designed to test the decontamination of a series of large valves 
with complex internal configurations. The valves were made of ordinary low-carbon steel 
and were taken from the secondary system of a gas-cooled reactor undergoing 
decommissioning. 

The test skid includes a rectangular tank inside a safety vessel, a liquid injection 
pump in the foam generator, and a scavenge pump to recover the liquid overflow from 
the valve. The pumped fluids are filtered to 20 pm and 100 pm. The foam is produced in 
high efficiency mixer by injecting compressed air. The foam density is monitored in both 
the feed and recovery pipes, and the final off-gas stream is analyzed. Chemical injection 
systems are set up as required. Containment and a negative pressure gradient are 
provided for the entire unit as standard practice in contaminated environments. The 
complete skid is light enough to be transported to the decontamination site. 
Biodégradable products are used in the process so the liquid waste stream can be 
recovered without difficulty by the onsite Liquid Waste Treatment Station where the 
radionuclides are removed by coprecipitation. 

Suitable decontamination procedures involving four hours of foam recirculation 
yielded very low residual contamination levels that allowed ibe metal to be melted down 
in an approved steel mill and recycled with less than 1 Bq.g . 

H.B) Rapsodie Reactor 

Stage 2 dismantling of fast breeded reactor Rapsodie will occur. All contaminated 
loops and apparatus have to be eliminated except the reactor vessel 

A chemical decontamination process has been studied on laboratory and pilot 
scale, for primary loop. 

Primary loop has been cut in three parts to get easier decontamination by dividing 
the surface (164 m 2 ) and permitting circulation of solutions in pipes and spraying on the 
components. 

After a rinsing step of remaining sodium by ethyl carbitol, then water rinsing step, 
the decontamination could begun on stainless steel loop. 

In this case a decontamination process must satisfy tb< following conditions : 

- A sufficient decontamination factor (> 100) to reduce the radioactive 
wastes and get cutting and dismantling easier. 

• To be able to perform immersion and spraying with the same reagent 
• Secondary liquid wastes must be easy to treat by conventionnal methods 

and the resulting treated liquid can be disposed easily. 
• Additional costs for decontamination must be as lower as possible. 



Laboratory studies 

Most than ten chemical solutions have been tried : fluonitric and sulfonitric acids 
mixed, combination of oxalic, sulfuric acid with hydrogen peroxide, of chlorydric acid and 
hydrogen peroxide and so on. 

In must cases, decontamination performance is inaeased by a preliminary 
treatment with soda (1 or 2 mole J"1). 

More interesting results have been obtained with : 

fluonitric arid at room temperature 
oxalic, sulfuric acid with H2Q2 a t 85°C (ose process) 
sulfonitric acid at 20 and 85°C 

Complementary tests performed have shown that residual activities lower than 
20 Bq.cm"2 can be reached on all parts of primary loop. 

Only sulfonitric acid will be kept for pilot plant tests. Other processes are either 
difficult to operate (ose) or introduce corrosion risks (fluonitric acid). 

Pilot pkmt studies 
GROLABO pilot plant include a decontamination loop with 90 liters capacity and 

two settlers for studying treatment of chemical reagents. 

IUias been done with PVDF without metallic parts and can received samples up to 
1200 cm 2 . 

In soaking, the decontamination liquid flows at 1 m^ by hour and samples are 
totally immergea. 

Analysis of solution are regulary performed. Results obtained at 85°C, with 
sulfonitric acid, enables to reach the decontauinan'on's objectives. 

For safety reasons, the process has to be modified according to following 
constraints : 

• don't exceed 60°C in primary circuit 
- don't circulate more than 24 hours during acid decontamination. 

To increase bardeness of reagents in order to balance the temperature decrease, 
cerium TV ions were added to the solution. 

Cerium has the two following advantages 

The two chemical forms (Ce m and TV) ait soluble in acidic medium which 
avoid deposits on surface 

Control of erosion speed is possible by changing the cerium concentration. 

With this process, erosion speeds on GROLABO pilot plant are up to 0.18 
to 0.25 pmh' 1 on stainless steel 



Cobalt 60 activity remains highest one (9 to 18 Bq.cm'^). 

With the decontamination process defined on GROLABO pilot plant, mean 
erosion on primary loop would be about 10 microns. 

Decontamination of primary loop 

After sodium removal, the primary loop was modified to isolate the reactor vessel 
and to share total surface between three loops corresponding to the main primary 
components. 

Following those changes, a washing and decontaminatioQ loop was joined on to 
the three existing loops. 

The total internal surface is 164 m* 

Values for mean surface activity are indicated below. 

700 < Mn54 < 3800 
3600 < Co60 < 7000 KBqjn'2 

2000 < Cs 137 < 10600 
During soda washing, 10 nr* of soda solution and 5 or of deminerrdized water 

were rsed. 74 500 MBq of Cs 137 were removed. 

27 750 MBq were removed by the acidic decontamination step. 

Initial activity displaced from internal surface per surface unit is about 126 200 
KBq.m'z. 

III. FUTURE TRENDS 

The operations which were described enable to sep up a general balance for the 
decontamination. 

In all industrial cases two aspects must be underline and need more research and 
development works : 

• the radioactive doses taken by workers during decontamination steps; 

• the volume of secondary wastes generated by decontamination operations. 

Decontamination technics must be remotely controlled and this will need to 

- adapt some technics, 
- create suitable tools, 
• do shape recognition. 

Processes creating a few secondary wastes or wastes easy to treat have to be 
developed, for example : 



• ice blasting 
- carbon dioxide pellets blasting 
- use of gels and foams etc... 

And finally these improved methods of decontamination must be made suitable 
for real dismantling operations. 
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