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Abstract. The French Atomic Energy Commission Center located at Fontenay-Aux-Roses has launched an
extensive programme of site cleanup and decommissioning of nuclear facilities. This programme includes the
level 3 decommissioning of the Triton and Nereide piles. These pool type research reactors were constructed in
the late 1950's, primarily for R&D activities related to neutron physics studies, radiological shielding
experiments and radioelement production. As of 1982, a level 2 decommissioning was achieved and over the the
last twenty years, no activities were carried out in the facility.

During 2001, there has been extensive investigation work carried out to acquire a better knowledge of the
radiological status of the facility, in order to set up dimantling scenarios and to reduce the volume of generated
radioactive waste.

Indeed, one of the first and main operations to be carried out for dismantling Triton and Nereide piles is waste
zoning, by using the facility layout, operating conditions and history, as well as the present radiological
inventory. The paper describes the investigations and studies carried out to implement waste zoning.

The paper also describes the preliminary dismantling operations undertaken on equipment and studies conducted
to optimize the dismantling and cleanup of the facility.

Finally, the paper presents the outline of the preferred dismantling and decommissioning options and the
progress of the work to date.

INTRODUCTION

The CEA center of Fontenay-Aux-Roses was created in 1946 at the time France decided to start its
atomic weapon programme. Two generations of facilities have been built and operated. The first
facility generation remained operational for fifteen years and has been dismantled in the late 1950s to
give place to a new facility generation part of French electronuclear programme, including
reprocessing of spent fuel.

hi parallel with the dismantling of its research reactors, the CEA has set up a large scale cleanup
programmeme, involving several decommissioning operations which will take place at the centers at
Cadarache, La Hague, Saclay and Fontenay-aux-Roses .

According to the CEA strategy and taking into account its urban situation, the CEA center of
Fontenay-Aux-Roses center decided in 1998 to launch an extensive cleanup programme to be
implemented from 2010 onwards. This includes the level 3 decommissioning of the TRITON facility.

This decommissioning was decided in the earliest stage of the programmeme. On one hand, it aims at
a strong development of high technologies for industry through three poles of expertise: electronics,
technology and instrumentation. On the other hand, it wants to develop the life sciences, notably
concerning Prion research programmemes, and studies to understand the effect of radiation on living
matter, thus benefiting from a strong interface between physics and biology.

These activities would rapidly be in need of large construction to install laboratories and support
activities.
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TRITON AND NEREIDE DESIGN AND HISTORY

The TRITON - NEREIDE facility was built in the late 1950's. The TRITON pile was first operated as
of June 1959. It was a 6 MW reseach reactor working with highly enriched uranium as fuel (firstly
20% then 90 % of uranium 235), and light water as moderator and coolant. NEREIDE pile was
operated in 1960. It was a 600 kW pile using also enriched uranium as fuel and light water as
moderator and coolant.

The TRITON pile was used mainly for radioelement production, radiological protection studies,
neutron diffraction experiments and fundamental physical experiments. Five neutron beam port were
built in the concrete radiation shielding of the TRITON pool to enable neutron experiments.

The NEREIDE pile was a mobile system, that in remote position, allowed to prepare experiments in
the NAIADE dry pool. In contact position, NEREIDE pile was used to irradiate experimental devices.
The NEREIDE pile and NAIADE pool were mainly used for radiation protection experiments and for
studies regarding graphite gas subcritical assemblies.

The TRITON and NEREIDE piles were shutdown in May 1982 and December 1981, respectively.
From 1983 to 1986, level 2 decommissioning operations were performed.

The TRITON and NEREIDE piles, hereafter called TRITON, which had been registered in the records
as basic nuclear installation (BNI) n°10, were removed from the BNI list and classified on
environmental protection grounds.

From 1986 to 1993, the TRITON facilty was used for some minor 'non radioactive' experiments
(equipement standardization). No change in the radiological status of the facility was brought about by
these experiments.

In 1993, it was decided to accomplish a complementary decontamination of the hot cell and to remove
the spent radioactive sources present in the facility, in order to send them to an interim storage facility.

As of 1994, the TRITON facility was definitely closed and from that date, only a simplified radiation
monitoring of the facility has been performed.

In March 2001, the chief executive of the Fontenay-Aux-Roses center decided to launch the level 3
decommissioning of TRITON.

TRITON LEVEL 3 DECOMMISSIONING PROJECT

Organization

The level 3 decommissioning of the TRITON facilty is organized in a matrix structure according to
national state of the art practices and standards in terms of project organization. A quality structure
existing inside the department in charge of this project has led to the implementation of a quality
assurance documentation and especially to a quality plan dedicated to the TRITON decommissioning
project.

Analytical process

Following international recommendations, a decommissioning plan, i.e. a conceptual study including
the technical and economical analysis of the decommissioning has been achieved: it has been called
the preliminary project study. The project team has also laid down a decommissioning programmeme,
describing all technical and administrative activities necessary to prepare and to carry out the
decommissioning.

To manage the TRITON decommissioning project, an analytical process has been implemented to
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cover a wide variety of parameters, some of which are listed below :

History of the plant;
Operation of the plant, incidents, etc.;
Radiological inventory, including results of previous inventories, type of materials and
surfaces, type of contamination (neutron activation, surface contamination,..);
Techniques to be used for decontamination and decommissioning, including ease of
access to areas to be decontaminated;
Regulatory requirements and goals of decommissioning.

A strategy has been developed in the detailed studies and written down. It includes:

- safety and environmental issues ;
- requirements for reuse of the building,
- availability of waste disposal facilities, either for VLLW and conventional waste ,
- availability and use of funding.

Some of these issues are developed below.

History of facilities' operation

National and local archives and documentation have been collected, including:

historical documents,
safety documents,
photographs, slides and video records.

These documents (records, plans, etc.) covered all the life phases of the plant : design, construction,
operation, shutdown, level 2 decommissioning, and modifications of the installation occurred since the
end of level 2 decommissioning. The historical archives included all the technical and administrative
documents of historical, legacy or cultural interest or dealing with considerations related to knowledge
preservation.

The collection of evidence from workers has been organized. Evidence has even been obtained from
retired employees. The evidence collected has allowed the projet team to get confirmation about some
issues and to bring consistency to data collected.

Radiological inventory

To be satisfactory, a completion of decommissioning operations requires a precise knowledge of the
radiological condition of the facility.

After the level 2 decommissioning, the contamination levels of the inner surfaces of structures and
components were still significant:

< 2500 Bq/cm2 inside the hot cell
< 3700 Bq/cm2 inside the TRITON pool.

In some places, dose rate was not negligible with maximum values reaching ~ 450 (iGy/h.

In 1993 and 1994, the operator decided to perform complementary decontamination operations in the
TRITON pool and in the hot cell, without entering level 3 decommissioning. These operations
resulted in a highly significant decrease of the surface contaminations and dose rate levels as shown
below:

< 1 Bq/cm2 in the hot cell and inside the TRITON pool,
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dose rate less than 1 u.Gy/h.

The studies have shown that residual activity present in the TRITON facility was of two types:

the first type was surface contamination due to contact of inner surfaces of the
TRITON pool with contaminated water, or contact of the inner walls of the hot cell
with contaminated dust; and
the second type was neutron activation inside the concrete radiological shielding
surrounding the TRITON pile and particularly around and along the five neutron
beam ports, mainly due to the neutron streaming effect.

To evaluate the surface contamination, the 1994 inventory was used to produce a radiological
photograph of all parts and workpieces of the facility, in which hundreds of dose rate measurements,
smear tests, direct surface contamination measurements, more than 500 samplings, core drillings were
performed. The main nuclides detected were 60Co, 63Ni, and 137Cs.

Moreover, an in situ gamma spectrometry method was developed that allowed to measure 10 m2 of
wall surface at a time. Ithas been successfully used to identify the 'major' gamma emitting nuclides
present in the surface contamination and to confirm results obtained from direct surface contamination
and sampling methods. Several tens of such gamma spectrometry measurements were carried out.

To evaluate the neutron activation in the radiation shielding around the TRITON core, both
calculations and measurement methods were used.

Calculations were used to obtain a profile of neutron activation distribution inside the radiation
shielding but not the absolute values of the specific activities. The calculations were made by experts
of the CEA/DEN/SERMA (Reactor Studies and Applied Mathematics Division of CEA), using a
modelization of the TRITON pile concrete shielding and iron structure combined with a core model.
The TRIPOLI code was used to compute neutron transport and the PEPIN code allowed to calculate
the activities and decay of the activation products.

Tens of core drillings and samplings were performed. The activities of beta and beta-gamma emitters
were determined by laboratory methods. Both in the calculation and in the measurements, the
predominant activation nuclides were found to be 52Eu, 154Eu, 133Ba, 60Co, 55Fe, and 3H.

The calculated relative profile of the activity distribution with concrete was in good agreement with
the experimental results.

Eventually, the radiological inventory was finalized. Areas and workpieces where a significant
radioactivity was remaining, were called "risk points". These "risk points" were studied in detail, to
prepare the dismantling operations, as per the ALARA approach, and in order to assist in defining
waste zoning, such that the waste could be segregated and finally rigorously managed.

It is important to notice that inventory of hazardous chemical materials was not a crucial issue as most
of these products were removed during the level 2 decommissioning activities.

Waste zoning

Each category of waste should be dealt with from production to elimination according to a pre-
assessed and controlable scheme. In particular, the practice of any unconditional clearance levels for
VLLW is excluded by the French Safety Authority, because such a practice would entail the loss of
waste producer responsibility.

The first operation to be carried out in preparation for dismantling is waste zoning. , The project team
has divided the installation into zones, using the installation design, operating rules and records,
together with the radiological inventories as a basis. The zones are labeled either conventional waste
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zones, wherein the waste generated is dealt with in the same way as waste from conventional industry,
or nuclear waste zones. Nuclear waste zones are themselves subdivided into "non contaminating
areas" and 'contaminating areas', the latter corresponding to the "risk points" defined in the
radiological inventory.

A comprehensive file containing the following data was established for each of the areas or
workpieces and "risk points" of the TRITON facility, in compliance with quality assurance
requirements (traceability):

location of the area or workpiece,
history of the area or workpiece,
main operations carried out in the area or workpiece,
incidents occurred in the area / workpiece and potential contamination resulting from the
incident,
detailed radiological state and the proposed classification ('non contaminating' or
'contaminating' areas).

It is worth mentioning that waste zoning is not fixed. The classification of an area may change, in
particular after cleaning operations have been achieved and radiological controls performed. A
'contaminating' or 'non contaminating' area may be declared as a conventional area. The opposite is
also true, if for instance, a conventional area becomes contaminated due to the decommissioning work.

The chief executive of the Fontenay-Aux-Roses center decided to launch the level 3 decommissioning
of TRITON facility, under one appalling condition : that all types of waste would find a storage or
disposal solution and wouldn't be kept in the facility.

Provided conditioning would meet the requirements of the future disposal centre, VLLW will be
stored in a dedicated interim storage facility, at the SACLAY CEA research center.

Decommissioning scenarios and techniques

Some form of decontamination is required in any decommissioning programme, regardless of the form
of the end product. A minimum requirement is that the floor, walls and external structural surfaces
within work areas should be cleaned of loose contamination.

Another issue is to minimize the risks for spreading contamination during decommissioning activities.
Special attention will be given to the potential for contamination due to the production and release of
dust and aerosols of slightly radioactive liquids.

Usually, the choice of a process or of a combination of several processes depends on several factors
such as:

availability, cost and complexity of the decommissioning process,
amount of primary and secondary waste generated,
capability of treatment of waste, and
occupational and public doses resulting from decommissioning.

As far as decommissioning or decontamination of concrete surfaces and building structures is
concerned, mechanical techniques such as grinding of surfaces and removal of concrete by spalling or
scarifying have proved effective.

The project team has considered scarifying techniques such as needle scaling, scabbling and shaving.

Needle scaling will be used in some areas that are tight, i.e. hard to access (pipes throughs,corners of
the pool), and for some ceiling surface contamination (15 m3 and 30 m3 tanks). Shrouding and vacuum
equipment will be attached to collect removed dust and debris.
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Considering the main part of the TRITON pool, contamination is limited to near-surface material and
scabbling could be used for the decontamination of this area.

As scabbling may cause a cross-contamination hazard, vacuum and shrouding attachments will be
incorporated in the process. Several passes are planned to meet the goal of 7 cm thickness removal.

As an alternative technique, concrete shaving has been retained by the project team. This technique is
known to lead to a significantly lower waste production, for a comparable decommissioning
efficiency. Remotely controlled concrete shaving equipment, including namely vacuum systems and
XY-frame rail guided system is considered. This technique would remove the concrete layer after two
or three passes depending of the area or workpiece to be decommissioned.

The bottom of the pool needs to be decommissioned at a deeper depth than the pool walls, hi the view
of this point and the better access for tools it permits, hydraulic or pneumatic hammering would be an
efficient process.

Obviously, all these systems should be used inside large size containment areas equipped with
absolute filtering systems, in order to avoid cross contamination of the building.

Emerging methods such as Dc by laser have not been considered

The project team has decided to avoid, as much as possible, techniques generating contaminated
liquids that would need to be collected and treated.

The project team has also identified the precautions to be taken during the use of the processes, such
as fire hazards, electric shock, collapse of the TRITON pool structure during cutting and
decommissioning.

The internal structures of the hot cell will be decommissioned by needle scalind and scabbling, due to
the low thickness of concerte to be removed about 5 cm.

The part of the TRITON pool, containing the neutron activated parts of the radiation shielding
structure, will be cut into blocks by means of a sawing process. To meet both handling and future
waste disposal requirements, blocks will be about 1.5 x 1 x lm3 in size, for a maximum individual
mass of about 3 tons. According to the waste zoning, the upper part of this structure, which is also the
main part, will give rise to conventional waste.

At the end of the decontamination and removal of all risk points, the eventual demolition may then be
performed conventionally.

A goal fixed for the project team by the owner of the facility is that decommissioning operations
would be carried out under quality assurance and traceability from one end of the 'processing' line to
the other.

Regarding waste generation, sorting out of waste will be done according to the waste zoning.
Nethertheless, waste will be controlled according to different levels. There can be up to three such
levels depending on their origin:

i. Waste coming from 'contaminated areas' or 'risk points' will be controlled at level 1
and 2, but whatever the results of these controls, it will be considered as VLLW. Radiological
controls will be carried out on waste before packaging (dose rate measurements, surface
contamination control, samplings and laboratory measurements,) on an independent basis both
by the waste generator (level 1 control) and by the Radiation Protection Department (level 2
control).
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ii. Waste originated from 'non contaminating' areas will be eliminated, after level 1 and
2 radiological controls, by local conventional industry, following procedures conformal with
regulations. If any of the level 1 or 2 control shows significant activity, the waste would be
managed on a case by case basis, and a non conformity would be opened and treated.

Whatever the type of waste, conventional or radioactive, the shipment will be submitted to a level 3
control, before leaving the Fontenay-aux Roses centre : This is a control by means of a gantry called
CLAUDIE, equipped with high efficiency scintillation detectors and a weighing machine,

At the end of the level 3 decomrnisssioning, a final radiological survey report including safety
scenarios and health impact calculations will be established and forwarded to the regional authority
(Prefecture des Hauts-de-Seine). The authority will analyse the report and eventually will remove
TRITON facility from the list of installatins classified on environmental protection grounds. This
removal will be equivalent to a declassification of the facility.

PRELIMINARY DISMANTLING OPERATIONS

In March 2001, when the TRITON level 3 decommissioning was decided, extensive studies were
launched. At the same time, the project team started work in order to dismantle the equipment and to
prepare the areas and workplace for deconstruction operations.

Surfaces and work places have been treated in order to be free of obstructions such as pipings; the
supports have been segmented or dismantled. Various items of equipment and waste have been
removed.

Some superstructures were taken away, cut and packaged. The remote handlers of the hot cell were
dismantled and packaged.

From the two 15 m3 and 30 m3 tanks, that had been used to recover leakage liquids coming from the
drains and from the pure water feeding system respectively, the internal polymer coatings were
removed through a lock providing direct and air-tight communication with the tank, and a
compartmentalized access lock was installed.

About 60 m3 of waste were generated including mainly ferrous and non ferrous metals, electric
cables, rubble, concrete rubble, incinerable technological waste.

CONCLUSIONS

TRITON level 2 decommissioning was achieved in 1986 and additional decontamination work was
performed in 1993 and 1994.

The level 3 decommissioning project started in March 2001. Comprehensive studies were carried out
as well as preliminary dismantling work prior to decommissioning.

Provided the low radiological hazards and according to experience feedback gathered from similar
decommissioning projects, due consideration will be given to the industrial hazards associated with the
use of the techniques selected and especially to lifting and handling of heavy loads.

Calls for tenders have been issued for all parts of the decommissioning programme. Companies are
asked to propose efficient and innovative solutions for the TRITON decommissioning, based on
mechanical techniques, as described in this paper.

The level 3 decommissioning of TRITON facility is to be achieved by September 2004, such that the
building can be used for new non-nuclear activities.

The most important parameters for decision making will be mainly waste minimization, safety-
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technical efficiency and cost-effectiveness.

In order to fully benefit from the experience, feedback will be collected from the first level 3
decommissioning of a research reactor of this type in France and procedures are to be implemented in
order to collect and to maintain appropriate records in a secure and accessible manner, both during and
after completion of decommissioning.
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