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Abstract

Over the last past decades, the French nuclear industry has acquired a great experience and know-how in
the field of dismantling. Today this experience amounts to more than 200 000 hours. The fundamental aims
within dismantling strategy are the same as for all nuclear facilities: Minimising doses received by workers,
Minimising waste volume and adapting waste management to radioactivity levels, Minimising costs. French
experience is based on technologies which are currently used in nuclear maintenance facilities. Dismantling is a
dynamic process especially in the field of decontamination (chemical and mechanical), cleaning, robotics and
remote control operations. The strategy for the dismantling of former UP1 reprocessing plant is based on the
feedback of experience gained through the dismantling of other facilities such as the ATI workshop at La Hague.
This workshop, a pilot plant for reprocessing of fast-breeder reactor fuels (Rapsodie and Phenix) has to be
dismantled to IAEA level 3 (unrestricted site use), excluding civil works structures. Currently conducted by
trained shifts, this dismantling project should end in 1999. The experience already acquired proves that chemical
rinsings with the use of specific reagents is sufficient to decontaminate the hot cells and that the use of remote
operations or robotics is not as important as previously envisaged. The UP1 reprocessing plant of Marcoule
operated from 1958 to 1997. End of the operation was pronounced on the 31st of December 1997. 20 000 tons of
spent fuels were reprocessed at UP1. The cleaning and dismantling operations at the Marcoule site depend upon
the CEA, EDF and COGEMA. The Defence and Industry ministries asked for a specific structure to be set up.
An economic interest group called CODEM was created in May 1996. CODEM decides, finances and supervises
dismantling operations, while respecting the constraints of nuclear safety, environmental protection and cost-
effectiveness. The cleaning operations of the Marcoule site are divided into 3 main programmes: the final plant
shutdown (MAD) of the UP1 plant and its associated facilities, the dismantling of facilities (DEM) leading to a
final status of Installation Classified for the Protection of the Environment (ICPE), the processing of wastes
(RCD) temporarily stored on site. These operations should stretch over about 30 years. Final shutdown
operations for the UP1 reprocessing plant were initiated in January 1998. The shutdown procedures
were prepared by analyzing the experience acquired during plant operation. The results of each
cleaning steps are analysed to confirm the hypotheses assessed during the preliminary studies. In
addition these results are used to further improve subsequent procedures in order to achieve the
shutdown under optimum conditions.

1. INTRODUCTION

In France, deactivation and dismantling (D&D) activities were initiated in the 1970's, when the
French Energy Atomic Commission (CEA) started dismantling research reactors. Since then, various
nuclear plants, including facilities operated by COGEMA, have been shut down and their
decommissioning started. In the last 30 years, the French nuclear community has acquired a great deal
of experience and know-how in the field of dismantling. Today this experience consists of several
million hours.

COGEMA, as facilities operator and site manager, is directly involved in decommissioning. It
conducts dismantling activities pursuing the same objectives as for all others phases of the life of
nuclear facilities e.g.:

Minimising doses received by the workers,
Minimising waste volumes and adapting waste management to radioactivity levels,
Minimising costs.



Today, the experience acquired worldwide in the field of dismantling shows that dismantling
activities have a lot of similarities to heavy maintenance operations. During the 40 years operating
history of the UP1 plant and the on going 30 years at the La Hague plant, many of the process
equipment items were dismantled and replaced during maintenance or renovation work, thus giving
invaluable experience of dismantling. However, the scale of the UP1 dismantling project requires a
new approach to this subject.

The purpose of this paper is to present how COGEMA manages the UP1 reprocessing plant
dismantling project and takes stock of the UP1 situation (the dismantling project started in 1998 and
will last over 20 years).

2. UP1 DISMANTLING PROJECT

The French dismantling strategy is generally worldwide known through of EDF power plants
dismantling experience. It is based on postponing dismantling for a 50-year period in order to allow
for structural materials decaying and thus decreasing the dose rate. However, the activation of
structures is far less important in the fuel cycle facilities, the COGEMA strategy for dismantling is to
start decommissioning soon after the shutdown.

The particularities of fuel cycle facility dismantling depend on the one hand on the diversity of
the operations carried out.

Fuel cycle facilities have a number of specific features which are of importance when
dismantling:

They are made of distinct modules that can be isolated; thus dismantling can be managed at
several work sites; for instance, chemical and mechanical workshops are distinct,
The location and characterisation of radiological sources may be difficult in the case of fuel
cycle facilities, once again due to the diversity of operations and materials.

On the other hand, the scale of the project (300 workers, 1 000 cells to be dismantled) requires
an appropriate work organisation while continuing dismantling strategy.

Taking these points into account the strategy developed by COGEMA is based on:

Location of hot spots,
Deactivation,
Dismantling.

Commissioned in 1958, the UP1 reprocessing plant at Marcoule (Appendix 1) produced 18 600
tons of spent fuel (AGR) before production was officially finished on December 31, 1997. The
cleaning and dismantling operations at the Marcoule site started in 1998.

A joint venture including CEA, EDF and COGEMA under the name CODEM was officially
initiated in May 1996. CODEM is responsible for the overall management, funding and control of the
dismantling operations, while respecting the constraints of nuclear safety, environmental protection
and cost effectiveness.

The project is divided into three main programmes:

Deactivation,
Dismantling,
Radwaste conditioning.



Our aim in this paper is to describe the three main programmes and especially the UP1
deactivation programme.

2.1. UPl deactivation programme

The cleaning operations carried out during the UPl deactivation programme are aimed at
reducing, as far as possible, the radiological level of facilities in order to:

Reduce the number of complex remote control operations during the latter phase of
dismantling,
Optimise waste management,
Allow the radiological downgrading of some rooms.

The target of the UPl deactivation programme is to generate only short-lived level waste during
dismantling. Moreover, all active cells must be downgraded to inactive cells according to limits
(general ambient smaller than 0.4 mGy and no hot spots higher than
0.01 Gy/h).

At first, we envisaged to implement as much as possible automated dismantling procedures but
to limit the use of sophisticated robots.

However, workers are not only exposed to radiation doses but also to usual industrial risks. The
remote operations can avoid the arduousness of tasks such as:

Long term work with personnel protective equipment (mask, protective suits, ventilated suits),
Exposure to hazardous chemical products,
Work with sharp tools,
Work under water.

This aspect is especially important for reprocessing plants because the risk of alpha
contamination in many cells requires the wearing of special apparel more often than for the
decommissioning of other facilities.

The primary concern in any decommissioning programme is to protect the health and safety of
the workers and the public. Experience during replacement of major plant components at different
types of facilities has shown that both direct and airborne (inhalation) radiation doses to the workers
can be controlled safely. Advanced dismantling techniques such as remote tooling, shielding and
preplanned exposure reduction procedures are some of the methods that can be implemented to keep
exposure "as low as reasonably achievable (ALARA)".

The deactivation programme is also intended to validate the assumptions and options of the
preliminary studies and the options generated by these studies, as well as to define the best
dismantling techniques by evaluating their effects on the most critical parameters, namely cost and
radiation dose.

On this basis, the programme is divided into two phases corresponding to high and medium
activity and to very high activity:

The first phase concerns the entry, interim storage and spent fuel decladding, as well as the
chemical reprocessing facilities in the plant. It began in January 1998 and will end
approximately in 2002,
The following phase will involve final plant shut down operations for fission products storage
and fission product vitrification. It will start after the first phase and will last over 3 or 4 years.



Several decontamination methods adapted to the surfaces to be cleaned up are available. The
major techniques of metal surface decontamination used are:

Mechanical decontamination, and
Chemical decontamination.

Consequently, three types of specific remote tools have been developed for the UP1
deactivation programme:

Aerial,
Underwater,
Terrestrial.

The goals are to establish a common process for aerial, terrestrial and underwater remote
operations in terms of tools and supplier. This process is conducted under technical, financial and
economical constraints and permits the modularity use of existing means by adjustment to various
configurations.

However, deactivating facilities can be started by a chemical decontamination step involving
rinsing with:

Conventional reprocessing reactants (nitric acid, sodium hydroxide),
And/or specific reactants (hydrofluoric acid in nitric acid media, or tartaric acid in sodium
hydroxide media, cerium IV in nitric acid).

In order to minimise the production of liquid and solid waste while enhancing decontamination
performance, a development programme has been undertaken with the following objectives:

To assess the effectiveness of each reactant according to the concentration, temperature and
resistance time,

To determine their effects on material properties,
To evaluate their impact on the liquid waste treatment processes used at Marcoule, and
To identify the reactant application sequence best suited to each type of contamination.

The radiological inventory after each decontamination operation determines the next operation to
be performed. At the end of the deactivation activities, inventory and characterisation of recovered
nuclear materials as well as the radiological status of each room is carried out.

2.2. Dismantling programme

Dismantling follows the deactivation and leads to the radiological downgrading of the site from
a Basic Nuclear Installation (BNI) to an "Installation Classified for the Protection of the
Environment" (ICPE). This corresponds to an advanced AIEA level 2 dismantling. This programme
should start approximately in 2005 and will end in 2020.

During dismantling, COGEMA foresees the achievement of the following operations:

Equipment and materials evacuation,
Cell walls decontamination,
Elimination of residual contamination.

A wide variety of dismantling techniques can be applied during this programme
(decontamination methods, cutting techniques, robotic and remote operations).



Several decontamination methods adapted to the surfaces to be cleaned are available. The
major techniques of metal surface decontamination used are:

Mechanical decontamination by scrubbing, ultrasonics, sandblasting, dry ice or snow blasting,
high-pressure water jet, etc.,
Chemical decontamination using mild or aggressive reagents, electrochemical processes, foams,
gels, wipes.

The cutting techniques which are used to fragment active metallic equipment, pipework,
contaminated tanks and concrete structures are mechanical, thermic cutting techniques, cutting by
detonation fuse and, very high pressure abrasive water-jet cutting, etc.,

Robots and remote control are very valuable techniques for the decommissioning of nuclear
facilities since they drastically reduce integrated doses and allow dismantling to be undertaken at any
time after site closure irrespective of radioactive decay.

Possibly, with regard to robotic and remote technologies two methods were developed:

The development of specific tools leading to industrial prototypes, for example the motor
driven poles for operating in the dissolver,
The use of commercial non-specific elements (the association of several elements is possible),
for example a remote crawler with a three axis arm.

In general, for one given dismantling operation, remote technologies and robotics are used for
approximately 20 % of the work, except in some particular areas where it can reach around 50 %.

2.3. Radwaste conditioning

UPl's operation generated waste which were temporarily stored in various forms and which
must, after conditioning, be stored at the ANDRA centre (the French company for nuclear waste
management), possibly after long-term storage on site.

The fundamental aim of the radwaste policy is to reduce, as more as possible, the volume of
waste. In order to reach this target three ways can be envisaged:

Vitrification,
Treatment and asphalting,
Incineration and melting for very level waste.

The effluents and waste generated by the deactivation, the dismantling or the waste processing
operations will be treated and conditioned in already existing workshops.

The Liquid Effluent Treatment Station (STEL),
A solid waste facility (EIP) has been built for an intermediate storage of old waste, bitumen and
vitrified fission products,
Solid waste suitable for surface storage (CDS) will be produced and sent to the ANDRA centre.
Some low level waste or metallic waste (issuing from the disassembly of fabricated equipment)
which may be incinerated or melted by CENTRACO before sending them to the ANDRA
centre.

3. CONCLUSION

The experience gained allow us to draw the following conclusion:

In the case of immediate decommissioning, the dismantling studies must start as early as
possible to allow a smooth transition between the operating and decommissioning phases,
The initial radiological and physical inventory is of utmost importance. It should be compiled
during the preparatory work,



The residual activity in the facility should be removed as much as possible prior to the
dismantling in order to limit the contamination dispersion risk, to simplify the tooling as well as
to minimise integrated doses,
The radiological status to be reached by the building must be defined very carefully.
Decontamination operations may last longer than expected and are therefore difficult to be
scheduled. Equipment for monitoring the residual contamination on the surfaces of walls, floors
or equipment should be improved,
Waste management should be planned from the beginning. Waste segregation and packaging
should be organised according to the activity and the type of materials in order to reduce the
waste volume produced and to maximise the waste packages dedicated to surface disposal,
In planning the operations, priority should be given to the mechanical cells equipped with
handling devices (telemanipulators) to use them for dismantling purposes. Special attention
must be paid to the reliability and maintainability of the handling devices,
The presence of previous operators is essential, when they are available, as they have a good
knowledge of the facilities and of the incidents that could have occurred during the operational
period.
Nevertheless, a careful human approach must be developed towards these previous workers
who are, one the one hand re-deployed and one the other hand required to dismantle their own
plant.

Finally this UP1 dismantling programme remains in line with the continuous policy of
COGEMA which is to be fully responsible from the creation, the operation to the dismantling of its
facilities in all respects with safety, local acceptance and environment.



APPENDIX 1

THE MARCOULE SITE
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