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Abstract. Decontamination operations are generally executed during the decommissioning of nuclear
installations for different objectives: decontamination of loops or large pieces to reduce the dose rate inside a
contaminated plant or decontamination to minimize the amount of radioactive waste. These decontamination
operations raise safety issues such as radiological exposure, classical safety, environmental releases, production
and management of secondary waste, management of primary resources, etc.

This paper presents the return of experience from decontamination operations performed during the dismantling
of the BR3 PWR reactor. The safety issues are discussed for 3 types of decontamination operations:

• full system decontamination of the primary loop with a chemical process to reduce the dose rate by a
factor of 10,

• thorough decontamination with an aggressive chemical process of dismantled pieces to reach the
unconditional clearance values, and

• thorough decontamination processes with physical processes of metals and of concrete to reach the
unconditional clearance values.

For the protection of the workers, we must consider the ALARA aspects and the classical safety issues. During
the progress of our dismantling operations, the dose rate issue was becoming less important but the classical
safety issues were becoming preponderant due to the use of very aggressive techniques. For the protection of the
environment, we must take all the precautions to avoid any leakages from the plant and we must use processes
which minimize the use of toxic products and which minimize the production of secondary wastes. We therefore
promote the use of regenerative processes.

INTRODUCTION

SCK-CEN started the dismantling of its small PWR reactor, the BR3 in 1990. We selected the direct
dismantling strategy. Up to now, we have performed a full system decontamination, we have fully
dismantled the PWR pressure vessel with all its internals and we are now dismantling all the loops. To
minimize the amount of materials conditioned as radioactive waste, we have developed and used
several hard decontamination processes for metals and for concrete.

We use decontamination processes for different objectives:

• Decontamination for dose rate reduction inside a contaminated plant: we used the CORD
chemical process to remove the contaminated oxide deposits from the primary loop and from
auxiliary loops.

• Decontamination for radioactive waste minimisation: Several processes, chemical or physical
are currently applied to decontaminate dismantled pieces or contaminated concrete to very low
level and if possible to clearance levels.
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These decontamination operations raise safety issues such as radiological exposure, classical safety,
environmental releases, production and management of secondary wastes, management of primary
resources, etc.

FULL SYSTEM DECONTAMINATION OF THE PRIMARY LOOP

In 1991, we performed a decontamination of the primary loop using the CORD chemical process in
collaboration with Siemens-KWU. We selected this process for several reasons:

• The Cord process is a soft decon process based on the use of oxidation and reducing agents.
The crud is first oxidized with permanganic acid and then dissolved with oxalic acid. The
corrosion products and the contamination is then removed on ion-exchangers. Three
decontamination cycles were necessary to decrease the dose rate by a factor of 10.

• We had to make only a limited number of modifications to the plant and the primary pumps
were used to circulate the solution at moderate temperature (100 °C) and pressure (20 bars).

• The activity was fixed on a small volume of ion-exchangers (1.3 m3) and between each cycle
it was not necessary to empty the system.

The safety aspects were considered throughout all the process steps:

ALARA aspects
o We realised a detailed dose assessment for each individual task during the preparation, the

operation and the evacuation of the waste. In collaboration with IPSN, we introduced for
the first time at our plant, an operational ALARA system with prediction, follow-up, and
return of experience.

o For the decontamination operation, the workers exposure was limited to 0.160 man.Sv.
This resulted in dose savings for the dismantling of the contaminated loops to at least 0.47
man.Sv.

Classical safety aspects
o The most important aspect was to control and minimise the chemical solution leakages.

We made a thorough analysis of the materials of the loops in contact with the solution. We
paid attention to the gaskets of the purification loops (klingerit material), the materials of
the primary pumps, the materials of the high pressure circulating pumps. We knew that
the chromated pistons of the latter would be corroded during the oxidation step. During
the operation itself, the small leakage flow at that component was monitored. When it
appeared that the leakage flow rate was too high, the pistons were replaced; this took place
before the last cycle.

o Precautions were also taken for the preparation of the reagents, mainly oxalic acid. The
operators wear adequate protective clothing for oxidants and acids and showers were
installed at several points of the plant.

o We had no classical problem at all during the operation. The only drawback was, that we
produced more secondary waste than foreseen. We produced about 50% more ion-
exchange resins and 100% more low-level effluents. We produced more resins because
the amount of corrosion product removed was higher. We produced more liquid effluents
because we had the leakages of the circulating pump of the purification loop and because
we had to feed and bleed to regulate the level in the pressurizer.

Control of the environmental releases and minimisation of secondary wastes production
o The use of a regenerating system using IEX allowed to minimize the amount of

radioactive wastes. The final waste volume after conditioning amounts to 6.5 m3.
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o All the tanks were connected to a vent collection tank and discharged through the absolute
filtration system of the plant. The only gaseous discharge was CO2 produced during the
reduction steps.

THE MEDOC PROCESS: AN AGGRESSIVE CHEMICAL PROCESS FOR
METALLIC PIECES

We developed and exploited a chemical decontamination unit for the thorough decontamination of
metallic pieces. The main objective is to reach the clearance levels either directly or after melting in a
nuclear smelter. We have used two processes up to now: the Medoc process for stainless steel and
inconel pieces, and the adapted Medoc process for carbon steel. This unit is mainly used for the batch
treatment of cut pieces but can also be used for loops decontamination. Actually, we have used it for
the loop decontamination of our 600 m" stainless steel steam generator.

As can be seen from Table I, to decontaminate aggressively, we use hard conditions with hot acids,
strong oxidants, noxious gases, ultrasonics...

Table I: Working parameters of the Chemical Decontamination processes

Medoc Process Modified
for Stainless j Process for

steel [ Carbon
Steel

Sulfuric Acid

. Cerium
Concentration

Temperature

Ultrasonics

M

M

°C

kg/h

m7h

I

0.05

80

10

yes

0.5

0

20

1

10

Yes

During the design phase, a lot of attention was put on safety issues to protect the workers.

To minimize the worker's exposure, the reactor is shielded with 5 cm lead and the buffer and
storage tanks are in a shielded cell. As the contamination levels of the pieces are not too high,
the exposure is not an issue. For contamination, the classical means are used: masks, adequate
clothing, ventilation...
Protection glasses are worn by the operator and showers are installed in case of acid burns.
The construction materials have been selected to resist to the aggressive process conditions:
zirconium for the decontamination reactor, titanium for the basket, PTFE lining for the pipings,
and enamel coating for the storage tanks.
Ozone issue:

o the unreacted ozone is thermally destroyed before its release in the ventilation system,
o unauthorized opening of the reactor above a given ozone level inside the installation,
o ozone detection in the room with automatic shutdown of the process (NB: the odour

detection level is lower than the safety limit of 0.3 ppm).
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Hydrogen issue: H2 is not normally formed during the Medoc process on stainless steel but if, by
mistake, some carbon pieces are present in the basket, H2 will be produced. A detection of H2

above 1/5 of the 4% Low Explosion Limit in the process line or in the rooms leads to an
automatic stop of the process (automatic transfer of the solution in the buffer tank, extra dilution
with air). For carbon steel, H2 is produced continuously but the low temperature limits the
production rate at a safe level.
The rooms are ventilated with two independent filtration/ventilation systems.
The control philosophy and the man-machine interface have been designed to bring
automatically the installation to a safe-stop condition in any case. Only one operator can control
and operate the whole installation. Even in case of failure of the computer or of the electric
supply, the installation is put automatically in a safe condition.
To protect the workers in case of radioactive acid solution leakages, we took a series of
measures:

o installation of dip trays with alarm on liquid presence,
o a restricted access in sensitive zones limited to qualified personnel, and
o the use of protections on flanges.

To minimize the production of secondary wastes, the eerie ion is continuously regenerated by reaction
with ozone. The solution is used up to the maximum salt concentration of 15 kg.m"3 for stainless steel
and 60 kg.m"3 for carbon steel.

For the decontamination of the Steam Generator (SG), we connected the Medoc unit with the SG with
strong FEP lined rubber hoses. The main issue would be a leakage of hot acid from the primary to the
secondary side where it would react with carbon steel and produce H2. To prevent it, we adopted a
series of measures:

secondary side filled with N2 at a slight overpressure vs the primary side,
measurement of the H2 in the secondary side atmosphere,
control of the presence of liquid on the secondary side.

In case of acid leakage, the primary side is emptied and the secondary side is flushed with water to
remove the acid.

PHYSICAL DECONTAMINATION TECHNIQUES

For metals' decontamination, we use a wet abrasive process, polishing hand-held machines and
grinders. For concrete decontamination, we mainly use scarifying, scabbling or shaving techniques
with diamond coated disks. All these techniques are performed manually by an operator located inside
a ventilated containment. The classical techniques are used to protect the workers: masks, ventilated
suits, etc. These techniques produce a large quantity of dust and aerosols. To minimize the secondary
waste production, we have installed regenerable pre-filters which protect the absolute filters from a
rapid clogging.

Radiological exposure is generally not an issue due to the low levels of contamination of the pieces.
As these operations are mostly manual, great care is put on the ergonomy of the work place and
optimized procedures for these hard and tiring operations which are performed in Py protective
clothing.

CONCLUSIONS

For the protection of the workers, we must consider the ALARA aspects and the classical safety
issues. During the progress of our dismantling operations, the dose rate issue was becoming less
important (elimination of the sources) but the classical safety issues were becoming preponderant due
to the use of very aggressive techniques (use of hot acids, presence of aggressive or explosive gases,
etc.).
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For the protection of the environment, we must take all the precautions to avoid any leakages from the
plant and we must use processes which minimize the consumption of toxic products and which
minimize the production of secondary wastes. We therefore promote the use of regenerative processes.
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