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I. INTRODUCTION
After a few years of operation of EDF PWR power plants, the plant operator has to face more and more crucial
problems of internal and external exposure of the workforce. Equipment and components maintenance
operations frequently require decontamination beforehand. Moreover, ALARA principle rules and the operation
decree for the primary and secondary system require that the operators have a perfect knowledge of the
installations as well as the various procedures available.

With this in view, EDF has to conduct the decontamination activity carried out in the French nuclear plants using
the following actions 

- Feedback Experience,

- Adjustment of existing processes as well as official approval of new decontamination processes and
products,

- Technical support to the plant operator and preparation of specific documents

This work is undertaken through a national meeting held once a year which brings together all parties involved
(EDF operators and subcontractors) and through the organisation of local meetings for Sharing Experience`.

This paper presents how decontamination results data are collected, and compares the main decontamination
techniques implemented on nuclear plants.

2. FEEDBACK EXPERIENCE
2.1 Main fields of application
Decontamination operations which are currently carried out on nuclear sites can be divided in several application
fields, such as the operations on big components (pipes, exchangers), decontamination operations on pools
walls as well as operations on smaller devices like valves.

2.2 Feedback compilation and analysis
As feedback compilation of decontamination operations can be interesting for the whole nuclear fleet, it is
centralised within the Central Laboratories" of EDF. The progress of the various operations held on the sites is
not systematically transmitted. But all the results of the operations are recorded in the End of Operation Report
(EOR). They are written by the subcontracting company and then stored at the documentation centre of the site
concerned. For specific operations, in parallel with the EOR, the operator generally writes a report where it is
possible to find the precise progress of the various phases scheduled to carry out the decontamination. The
hazards, the problems encountered as well as proposed solutions, which could help the set up of the operations
during future shutdowns are also recorded. This compilation is made easier thanks to the existence of a national
network of correspondents. Within this network, there are the operators, the subcontractors and the central
services of EDF. The collection and the analysis of all these data help the operator to improve his choice
according to his objectives.

This analysis of data uses some parameters defined below:

Collective dosimetry: total of all the doses received by all the people involved in a given operation,

Dose Rate Reduction Factor (DF) : ratio of the initial dose rate by the final dose rate,

- Duration : from the preparation of the operation to the end of it,



Cost: cost of the operation (labour, equipment products... ),

Effluents: waste generated by the operation (solid and/or liquid).

2.2. 1 Mechanical decontamination of valves [1]

Before controlling valves, during a unit shutdown, mechanical decontaminations are generally performed.
Usually, a mechanical decontamination using ultrasonic process (US) is implemented. The results obtained are
sufficient but for this specific process a lot of room is needed. When this area is too small, a total manual
decontamination using wiping is carried out. Recently the site of GRAVELINES, reported the comparison
between these two techniques. The results obtained are equivalent in terms of efficiency but significantly better
for the mechanical process in terms of the time needed to conduct the operation (2h instead of 4h to
decontaminate three similar valves over the previous years). GRAVELINES operators obtained a significant gain
regarding of total dosimetry and cost.

The results of total dosimetry and cost for the decontamination carried out on 15 valves during the 1997
shutdown of the unit 2, where 7 valves were decontaminated using the ultrasonic process (US) and 8 using the
manual process are given in table a :
Table 1I a : Results of the decontamination carried out in 1997 on 15 valves

Mechanical US process Manual wiping process Total

Dosimetry (mSv) 2.02 1.18 3.2

Cost (kEUR) 10.8 1.37 12.2

The saving in terms of dosimetry is obvious, the saving in terms of cost is remarkable

The comparison of the results obtained in 1998 for the decontamination of 46 valves using the manual process
with the results obtained using the US process in 1997 are given in table lIb
Table l b :. results of the decontamination carried out in 1998 on 46 valves

Mechanical US rocess Manual wiping rocess Savings
Dosimetry (mSv) I17.48 I11.04 I 6.4 (0.14/valve) 

Cost kEUR) 73.7 10.5 63.2 1.37 kEUR/valve)

In conclusion, the various operations carried over more than three years show the savings obtained in collective
dosimetry, operation duration and cost through the implementation of the manual decontamination process of
valves.

This information has been conveyed rapidly to all the sites of the French NIPP after the central laboratories of
EDF evaluated the potential benefit of this new technique.

2.2.2 Large components: using the chemical process "EMMA C" [2]

The EMMAC` process has been developed by the Research and Development Division of EDF (R&D). It is
designed specifically for the decontamination of components of the primary cooling system. Large
decontamination operations to eliminate the contamination fixed inside the oxides of the primary cooling system
of pressurised water reactors, are generally carried out using the chemical decontamination process EMMAC`
(French patent). A cycle of hot treatment (80"C) includes the use of an oxidizing solution, which ensures the
solubilization of the chromium, then a reducing solution dissolves the residual oxide. It is widely used today
during the Replacement of Steam Generators (RSG) for decontamination of the primary system pipes end as
well as for the hydraulic parts of the reactor coolant pumps. The results in terms of Dose Rate Reduction Factor
(DF) are much better than the contractual results expected. The average results obtained during RSG
operations are as follow:

Dose Rate Reduction Factors obtained for a contractual DF of 10:

Hot leg DF from 50 to 70,

Cold leg DF around 60.

This process is specifically adjusted for stainless steel casing of the primary cooling system. When it is used to
decontaminate the steam generator channel heads, the DF obtained is around 5. In this case, the stainless steel
surfaces account for only 5% of the total surface to be decontaminated, the rest (95%) consists mainly in nickel
alloy (Inconel 600). The qualification tests showed that the efficiency of the EMMAC process on nickel alloys is
reduced [2]. However, it should be pointed out that the activity concentrations collected are in the range of 2 to 4
TBq!SG.
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The chemical processes are generally more suitable for the decontamination of pipe lengths or circuit sections.
For example, the operations of replacement of the exchangers of the Residual Heat Removal System were
carried out after the decontamination of the corresponding circuit using the EMMAC` process. Although the
surfaces to decontaminate are mainly made of stainless steel, the Dose Rate Reduction Factors obtained are in
the range 3 to 4. The study of the Operation Reports showed that it was difficult to maintain a homogeneous
temperature (80"C) over the whole circuit and also to keep a high enough circulation flow rate of the
decontaminating solutions. Additionally, it appears that some parts of the circuit were not immersed. These
findings could explain the low decontamination efficiency.

Nevertheless, the EMMAC" process is widely used in France because it is efficient with regards to the type of
contamination encountered (hot fixed contamination) and the materials concerned. The chemical products used
and the effluents generated are also compatible with the waste treatment systems of the nuclear plants.

2.2.3 Pools decontamination using foams

The processes using foam products are used more and more, especially to decontaminate pools of the reactor
building and fuel building. With this type of process, independently acidic, alkaline or neutral products can be
used. The type of foam used will be chosen depending on the type of contamination observed.

The main advantage of this technique is the low amount of active product used (5 to 10%) and the low volume of
rinsing water necessary. It should also be pointed out that the foam is easy and quick to spray, it can be done at
some distance and applied to any type of surface.

Dose Rate Reduction Factors (DF) obtained are significant, except when there is a fixed hot spot" on which the
foam is not efficient.
The recent results obtained on the site of DAMPIERRE unit 2 after the decontamination of the refueling pool in
the fuel building are presented in table 2. Two passes have been done using an alkaline product (specific for a
.greasy" non fixed contamination).

Table 2 : results obtained on the pool of DAMPIERRE

Before After Results
decontamination decontamination

Areas SNFC* DR SNFC DR-* Average Rinsing water volume
c/s mSv/h c/s mSv/h DF (liters)

Pool walls 720 1.33 60 0.O8 to 0.16 1 1 480

Structures + equipment 6300 3.95 80 0.08 to 0.16 33 870

Pool floor 1200 ** 2.08 85 0.08 to 0.16 17 655

Surface Non Fixed Contamination ":estimated value (wet wipe test) "":Dose Rate

The results in the table above show the efficiency of that type of operation, the values obtained after
decontamination are perfectly acceptable.

2.2.4 Decontamination using divers in pools

For some hot points' fixed or trapped inside the structures of the pool, operations involving divers can be
implemented. This type of very specific operation (surgical operation") has important advantages : no effluent,
the contaminating particles are blown out with a high pressure jet and then sucked in and trapped in filters, the
water of the pool is a biological shield for the divers who are guided by tele-dosimetry. But this type of operations
using highly qualified personnel and very sophisticated equipment is very expensive. Nevertheless for so-called
'units with hot spots", these operations are very efficient. The particles are directly collected on the spot where
they have been detected.
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2.3 Discussion

The main results obtained are in table 3

Table 3 Comparison elements of the main processes

Processes Application fields DF Effluents Damage Cost

Mechanical process Valves efficient* Low Very low Low
M anual/US__ _ _ _ _ _ _ _ _ _ _ _ _ _

EMMAC chemical process Big components 3 to 70 important slight
(<innocuousness High

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _c rite ria )

Foam Pools 1 1 to 33 egliible no Medium

Divers Pools Very efficient-~ no no Very High

depends greatly on the valve environment **depends on the dose rate of the hot spots removed

The mechanical manual processes on valves, the processes using foams on pool walls or the use of divers to
decontaminate hot spots in pools do not damage the equipment. The EMMAC" process generates only a slight
generalized and localized corrosion always much lower than the innocuousness criteria.

The DF obtained are very important for the manual decontamination of valves as well as for the decontamination
carried out by the divers. The DF obtained using EMMAC and foams are various this is due to the diversity of
the components to be decontaminated and to the type of contamination to move hot fixed and non fixed
contamination (hot or cold). Currently it is not possible to decontaminate the pool walls using the EMMAC
process (at least in its present form).

The use of divers does not generate any effluent but is limited to very specific operations. The manual process
follows a similar logic the foam" process generates a small volume of rinsing water necessary after each
application, it is one of the main advantages of this technique. The EMMAC chemical process generates a
volume of effluents depending on the size of the component to be decontaminated. The people implementing
this technique are always trying to find ways to reduce the volume of effluents (use of one bath EMMAC").

In terms of cost, the use of divers, highly qualified personnel, and sophisticated equipment makes these
decontamination operations more expensive than those done using the other processes. Nevertheless for so-
called units with hot spots", these operations are very efficient whereas others would not be appropriate. For the
other processes, the comparison of costs is difficult because the components treated and the contamination type
are different. Nevertheless the manual decontamination of valves is much cheaper than the decontamination of
the same components using the US process.

3. EVOLUTION OF EXISTING PROCESSES AND APPROVAL OF NEW PROCESSES AND
PRODUCTS

3.1 Evolution of the EMMAC process

Since its implementation in 1995, EMMAC proved its efficiency for big operations like RSGs as well as for
decontamination carried out in workshops. It is qualified for the treatment of stainless steels, nickel, titanium and
zirconium alloys.
In order to improve the process in terms of efficiency and cost, EDIF needs to carry out further R&D work on the
"EMMAC" process. The use of the EMMAC" process is limited because its innocuousness on cobalt alloys has
to be demonstrated, its use is also limited due to the effluents it generates; as a result, three fields of
development were defined 

- Qualification for the treatment of cobalt based alloys (stellites)

- Development of the process with a single bath (less effluents)

- Development of EM MAC as a foam

3. 1. 1 Qualification of EMMA C for the treatment of equipment made of cobalt alloy (stellite)

The cobalt based alloys are mainly used for valves used on pressurised water reactor power units. Due to their
manufacturing methods the chemical composition is not homogeneous throughout the material. The stellite
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powder (grade 6 or 12) is deposited using a torch, a Tungsten Inert Gas (TIG) process, or an electrode on
stainless steel supports. Corrosion problems are mainly encountered in some chromium depleted areas.

In particular, the decontamination of the Residual Heat Removal Systems requires processes which are
compatible and qualified for materials coated with the cobalt based alloys grade 6 and 12.

The qualification tests of the EMMAC` process on stellites were not complying with all the criteria required for its
use on site. A program to modify the EMMAC" process is in progress to allow its implementation. Laboratory
tests on a large range of stellites include, for each modification of the process :

- a chemical analysis of the samples in order to determine their precise composition,

- an immersion of the samples in the conditions of the modified process,

- a detailed analysis of the surface quality and of the generalised and localised corrosion. An inspection of
the dilution zone located between the coating passes (horizontally) and between the layers (vertically) is
also carried out.

After validation of the innocuousness criteria of the process on cobalt based alloys, efficiency tests will be carried
out on contaminated specimens.

3.1.2 Development of single bath EMMA C"

` EMMAC is used to decontaminate the primary system pipes end when replacing steam generators (RSG).
These large scale operations require oxidizing and reducing solutions; up to 1 cubic meter in volume is needed.
Hence, the effluents treatment becomes heavy and costly. Reducing the volume of the effluents would then be
very interesting on a technical and financial point of view. The RSG is at a critical place, it is also essential to
minimise as much as possible the duration of the operation.

Consequently a single bath EMMAC` development program is being investigated. The transformation of the first
oxidizing solution into a reducing solution (by adding a reducing agent) would reduce the volume of waste by a
factor 2 and save a few hours on the total duration of the operation. The technological and financial importance
is again significant.

3.1.3 Development of "EMMA C" as a foam

The foam type processes have been widely developed over the past few years. As shown in § 2.2.3, they allow a
significant reduction in the volume of effluents and an improvement of the decontamination efficiency. The foam
is prepared by emulsion of a liquid containing the decontaminating elements. Adding a large quantity of air inside
the structure of the solution results in a reduction of the final volume to be treated by a factor of 10.

The efficiency of the decontamination can also be improved by the mechanical action of the bubbles on the
walls.
3.2 Approval of new decontamination processes and products

New processes and products can also be proposed to EDIF to optimise the decontamination operations facing
new problems or new rules. These processes must be approved before being carried out in nuclear power
plants. The method used by EDIF for decontamination process approval is described below.

3.2.1 Method

In this field of activity, the EDIF experience allowed to define some criteria ensuring the operator that the
decontaminated materials totally retain their mechanical properties. An EDIF document gives the various criteria
to comply with and the procedure to follow in order to obtain the official approval. The main criteria are then
described.

First the process or the product has to prove its innocuousness with regards to the materials on which it is
applied. The general chemical corrosion or mechanical erosion criteria are set to a thickness loss of the
equipment lower or equal to 3pm, localised chemical corrosion (pitting or intergranular corrosion) should not
exceed 10pm in average and 2Opm maximum; the mechanical criteria for the surface quality states that the ratio
of the average peak-to-valley height after the treatment over the ratio of the initial average peak-to-valley height
has to be lower or equal to 1.5. With regards to the products used, it has to enable the treatment of waste
resulting from their utilisation on the nuclear site, otherwise the package of waste has to comply with the
requirements of the storage centre where it will be sent (approval provided by the storage centre).

The efficiency of new means of decontamination has to be proved in term of DIF.

Finally, the products used have to comply with the PMUC (Produits et Mat~riaux Utilisables en Centrale -
Products and Materials compatible with Power plants) criteria ; these criteria correspond to maximum acceptable
concentration levels especially for toxic products or halogen compounds; their use has also to be approved by
the medical authorities.
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There are three types of decontamination processes implemented chemical, mechanical and chemical-
mechanical. The approval criteria specific for each process are given in table 4.

Table 4 Criteria for the various processes

CRITERIA FOR THE APPROVAL OF THE PROCESS
CrtraChemical Erosion roughness Effluents Efficiency PMUC

Processes corrosion waste

CHEMICAL YES NO NO YES YES YES

MECHANICAL NO YES YES YES YES YES

CHEMICAL/MECHANICAL YES YES YES YES YES YES

3.2.2 Application to foams

Foams are very used today, many requests for approval are related to foams. The preliminary results obtained
with an alkaline foam can be given as an example (internal report of a subcontractor).

The nominal and limit conditions of application of the product are given in table 5a.

Table 5a: nominal and limit conditions of application.

Product-water exposure Number Foam composition
Ratio time Of Product+water Product

________ _____applications (I/lm') (I/M,2)

rated conditions 15 -85 30 3 1.72 0.26
Limit conditions 30 -70 60 5 2.86 0.85

The innocuousness results obtained with various metallurgic grades are given in table Sb

Table Sb innocuousness results of the foam

metallurgic measures Initial weight after 1 hour after 2 hour
grade exposure exposure

AISI 316L Weighting (g) 3.0386 3.0386 3.0388
Generalised corrosion (pm) 0
Localised corrosion (pm) «<10

__________roughness (final/initial) «<1.5

AISI 304L Weighting (g) 4.0718 4.0724 4.0722
Generalised corrosion (pm) 0 0
Localised corrosion (pm) «<10

__________roughness (final/initial) «<1.5

AISI 310 Weighting (g) 10.3522 10.3520 10.3520
Generalised corrosion (pm) 0 0
Localised corrosion (pm) «<10
roughness (final/initial) «<1.5

nickel Based Weighting (g) 4.2576 4.2582 4.2578
(inconel 600) Generalised corrosion (pm) 0 0

Localised corrosion (pm) «<10
___________roughness (final/initial) << 1.5

Copper Weighting (g) 4.2284 4.2294 4.2262
based Generalised corrosion (pm) 0 0.025
(brass) Localised corrosion (pm) «<10

__________roughness (final/initial) «.

Efficiency tests results

The efficiency tests results obtained have been described in the paragraph 2.2.3. It can be recalled that
the OF obtained were in the range 11 to 33, much higher than the contractual OF of 10.
Thanks to all these results, EDF can approve the process, all the criteria are respected.
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4. TECHNICAL SUPPORT TO THE PLANT OPERATORS

4.1 Principle
This refers to the provision of the right advice for the implementation of decontamination operations. It is
adjusted to take into account all the factors, for example the type of contamination, the size of the equipment,
the metallurgic grade and the environment.

Close support is also provided on site for the documents specific for the activity there are frequent contacts,
visits on sites, many phone calls and letters are also exchanged. A national network of correspondents has been
set up (as mentioned above).

An example of this type of support is the setting up of a high flow rate filtration submerged unit (60t/h) which
enabled a very fast purification of the glycol contaminated water in the reactor cavity of FESSENHEIM 2. With
the aid of this tool associated with the purification equipment of the site, the maintenance operations resumed
rapidly.

4.2 Preparation of specific documents

To provide the plant operators with tools which can help them make the best choice in the field of
decontamination, two documents have been written and distributed to all the nuclear power plants in operation
as well as to the subcontractors who requested them. The two documents are the Guide for Decontamination in
Operating Nuclear Power Plants and the ALARA reference book.

Work groups have been set up to carry out this task efficiently, some of the members of these work groups
include operators of power plants (900 and 1300 MW PWR).
4.2. 1 Guide for Decontamination in Operating Nuclear Power Plants

This guide refers mainly to the decontamination situations which may be encountered during the maintenance
operations of pressurised water reactors. Following assessment, some techniques can be applied to other types
of reactors.

This guide is aimed at the personnel responsible for the implementation of these techniques, as well as at the
people in charge of the preparation. Indeed, for them, the decontamination is an integral part of the maintenance
activity. The guide has two parts :

a manual giving a general presentation of decontamination, it gives the basic principles that should be
followed in order to obtain good results in terms of quality;
a compendium describing the decontamination processes that can be used in power plants.

Before using any process, the user (on site) has to check that this process is approved by EDF for the case
under consideration. Any process which is not included within this framework will have to be implemented with
great caution and only after consulting the central services of EDF. This guide, for the compendium part, is
under review. Its improvement depends mainly on the quality of the feedback experience provided by all the
operators.

4.2.2 ALARA reference book

In the scope of the ALARA project, the operations, where the highest dose levels were encountered have been
the subject of specific studies. The goal of this reference book is to give people some data about the duration of
the operation, the integrated dosimetry as well as good practices. All these data allow to prepare files prior to
operation. The document has two parts :

- a note presenting the document,
- an operational part for each system or equipment to be treated: the Volumes of Exposed Work (VEW) to

be used as reference, the standard cartography, good operational practices and possibly alternative
solutions (decontamination or set up of biological shields).

The reference book relates to decontamination operations for the following sites:
- Reactor Cavity and spent fuel pool,
- Chemical and Volume Control System (CVCS) and the exchangers,
- Reactor Cavity and spent fuel pit cooling treatment system, fuel handling and storage system, and

nuclear island vent and drain system,
- Residual Heat Removal System and safety injection system,
- Reactor Coolant System and steam generators channel heads,
- buildings.
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5. CONCLUSION

The optimisation of decontamination in EDF PWIR power plants is the result of a permanent collaborative work
between the plant operators, the subcontractors, central services of nuclear power division of EDF. This
collaborative work enables the saving of all the feedback experience.

The main operations carried out on nuclear sites like mechanical decontamination of valves, use of the
"EMMAC` process on big components (replacement of steam generator, hydraulic parts of the reactor coolant
pumps), use of foam on pools walls and divers in highly contaminated pools have been discussed. This paper
shows that the choice of decontamination processes is very dependant on the components, on the dose rate
reduction to be aimed and on the possibility to treat the waste on site.

In parallel to this, research activities are carried out to improve the existing processes for the new needs of EDF.
For example the studies carried out by EDF R&D on the EMMAC process. These studies deal with the
qualification of the process for cobalt alloys (stellites), the development of a one bath process and it use as a
foam. This requirement used by EDF for decontamination process approval are described.

The support to the plant operator includes the provision of advise on the implementation of specific
decontamination operations and the preparation of specific documents like the guide for decontamination in the
operating power plants and the ALARA reference book.
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