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Abstract. The dismantling of nuclear facilities, and in particular of nuclear power plants, involves new
challenges for the nuclear industry. Although the dismantling of various activated and contaminated components
is nowadays considered as almost industrial practice, the safety aspects of decommissioning bring some specific
features which are not always taken into account in the operation of the plants. Moreover, most of the plants and
facilities currently decommissioned are rather old and were never foreseen to be decommissioned. The
operations involved in dismantling and decontamination, often imply new or unforeseen situations.

On the nuclear, or radiological side, the radioprotection optimisation of the operations involved often requires to
model the environment and to analyse different scenarios to tackle the operation. Recent 3-D software (like the
Visiplan software) allowing representation of the actual environment and the influence of the various sources
present, is really needed to be able to minimise the radiological impact on the operators. The risk of
contamination spread, by opening loops and components or by the dismantling process itself, is also an
important aspect of the radiological protection study.

Nevertheless, the radiological aspects of the safety approach are not the only ones to be dealt with when
decommissioning nuclear facilities. Indeed, classical industrial safety aspects are also important: the dismantling
can bring handling and transporting risk (heavy loads, difficult ways, uneasy access, etc.) but also the handling
of toxic or hazardous materials. For instance, the removal of asbestos in contaminated areas can lead to
additional hazard; the presence of alkali metals (like Na or NaK), of toxic metals (like e.g. Beryllium) or of
corrosive fluids (acid,...) have to be tackled often in unstructured environment, and sometimes with limited
knowledge of the actual situation. This leads to approach the operations following the ASARA principle (As
Safe As Reasonably Achievable) instead of the rather restricted ALARA principle.

INTRODUCTION

The BR3 (for Belgian Reactor Nr 3) was the first PWR installed in Europe. In service since 1962, it
was shutdown in 1987 after 25 years of operation. It is a quite small reactor with a thermal power of
40.5 MWth. At the end of its operating life, the European Commission, in the framework of its five-
year plan of RTD, selected in 1989 the BR3 as one of the four pilot decommissioning projects on
decommissioning of nuclear installations.

The main steps of the decommissioning programme up to now were:

Full System Decontamination of the primary loop in 1991,
Dismantling of the high active thermal shield with three different techniques, of the
Vulcain internals and of the first set of Westinghouse internals (30 years decay time) by
mechanical cutting up to 1996,
The dismantling of the auxiliary circuits started in 1995 and is still going on,
The dismantling of the reactor pressure vessel ended in 2000,
The construction and start of the exploitation of thorough decontamination processes for
dismantled pieces during the period 1996 to 1999.

For the dismantling of the contaminated loops, we decided to reduce the dose rate of the loops by
chemical decontamination, to dismantle the pieces and to sort them following their specific evacuation
route and, finally, to thoroughly decontaminate the pieces with the objective to minimise the amount
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of materials disposed of as radioactive waste.

Moreover, the clean up of the whole research centre, financed by a technical liabilities funding set up
by the Belgian Government in 1989, also involved the dismantling and decommissioning of hot cells
and contaminated research laboratories, some of them even having led to the official release for
unrestricted reuse of the building.

More than 10 years of practical experience on decommissioning has thus been accumulated through
these projects. The BR3 decommissioning project was not only selected as a European pilot project
but was also considered as a Belgian pilot for the authorities and as a SCK'CEN pilot project for the
complete implementation of the ALARA principle and for an integrated approach of industrial and
radiological safety.

THE SPECIFIC SAFETY ASPECTS AND THE NEW CHALLENGES OF
DECOMMISSIONING

The specific aspects of safety in decommissioning will be regarded at two different levels: the
radiological one and the industrial one. Then, the potential influence of one aspect on the other will
analysed. Decommissioning involves new challenges as it requires working in a continually changing
environment, on operations for which the installations were not foreseen, and often with poor or scarce
documentation on the facilities to be handled.

The radiological aspects

The main problems or issues faced when dealing with decommissioning are probably the following
ones:

required presence in areas with potentially high radiation field,
opening of loops and piping with internal contamination,
continuously changing environment by the dismantlement of parts of the installation, sometimes
including shielding,
potential unforeseen situation due to the quality of the remaining documentation and to the fact
that the installations were often never foreseen to be decommissioned, and
"one-shot" operations, implying sometimes heavy preparation to be distributed only to one
operation, thus economically less interesting than repetitive operations.

All these situations were encountered in the BR3 pilot decommissioning project, and led to the
implementation of a formal ALARA procedure to deal with such kinds of issues.

However, the optimization of the radioprotection should take complete operations into consideration,
in order to avoid transferring the radiological risk from one operation to the next one or to a future
operation in the follow up of the project. Let us illustrate this by two examples.

The first one concerns the decontamination of the primary loop and auxiliary circuits. This operation
concerned the whole primary loop, including the reactor pressure vessel. The operation itself implied a
significant dose uptake for the operators, mostly because the reactor head had to be closed, and this
activity is still performed "by hand" on this old reactor generation. The total dose uptake for the
operation was about 160man-mSv (preparation and post decontamination operations included), but
allowed to save between 4 to 7 man-Sv for the future dismantling of the primary loop (carried out
almost 10 years later). The dose rate in the vicinity of the loop was reduced by a factor of at least 10,
leading to an ambient dose rate between 60 and 80 uSv/h.

This shows that the optimisation of the radioprotection must take future operations into account for
getting the whole scene.
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The second one concerns the optimisation of the dismantling of the primary loop piping and all
auxiliary equipments situated in the primary loop area. This operation was quite complex, involved a
lot of equipment and components, and left various potential alternatives open for the chronology and
working procedure.

The SCK'CEN developed a user-friendly optimisation tool (so called "Visiplan") at the end of the
90's, which allows to analyse rapidly, and in a 3D graphical way, different scenarios and procedures.
The area was then simulated (see fig. 1.), and different alternatives were envisaged. The use of this
efficient tool allowed the procedure to be optimised and the changing environment of the plant to be
taken into account (fig.2 and 3).
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Fig. 1: Schematic representation of the
operation room

Industrial safety aspects

Fig. 2 and 3: Primary loop area before and
after dismantling

It is obvious that a decommissioning operation implies several aspects of classic industrial safety.
Such an operation can be compared to building construction yards, with additional constraints coming
from the radiation and contamination protection aspects (like e.g. the wearing of gloves, overshoes,
overall, full-face mask, pressurised suit, shielding, etc.). The classic risks of falling, load-handling
accidents, wounds from cutting tools, etc. are obviously present in a decommissioning yard.
Nevertheless, the decommissioning of a nuclear facility presents also some specific safety aspects,
which must also be taken into account.

The changing environment is the first one, as protective equipment can be dismantled, infrastructure
equipment can be removed and, sometimes, structural integrity must also be regarded. Moreover, the
operators working on a dismantling yard are not always fully aware of the new risks and dangerss

which can be encountered; this is mostly the case when former nuclear operators of the dismantled
plant are mobilized for this new type of activity.

A second important aspect is the potential presence of toxic or dangerous material present in the
dismantled plant; like e.g. asbestos in thermal insulation or in cement, acids or chemicals remaining in
tanks and piping or used as decontaminating agent. It is often necessary to train the operators to be
able to face these risks and to know what precaution has to be taken.

The combination of industrial and radiological risks can also be a specific aspect of the operation,
leading to adapted procedures and methods and to look for a way of minimizing risk instead of
focusing only on the radiological aspect of the safety. This will be indicated in the next paragraph.
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The influence of one safety aspect on the other one, and the ASARA approach

Sometimes, the influence of one safety aspect on the other can be important, and one should then
apply a broader concept than the ALARA principle to improve the safety of the operators and the
environment. This will be highlighted by two typical examples from the BR3 dismantling project.

The first one is quite a typical case, where the radiological aspect was only considered by the operator.
It was given the name "ladder syndrome" by our internal health physics department. Some operator
who had to work in a controlled area with a ladder was wondering about the potential contamination
of his tool. His ladder was made out of aluminium, so the decontamination should be performed easily
afterwards. Then he considered that the rubber pieces placed at the extremities of his ladder would
give rise to problems for further decontamination. These safety-related rubber pieces were placed to
stop the ladder from slipping during use. Our worker decided to put some little plastic bags around the
rubber extremities to protect them against the potential contamination. Then he went into the
controlled area and used his tool - which slipped! The worker fell and broke one of his legs. He had to
stay home for three months! This is a very simple example of interaction between radiological and
non-radiological hazards. There are many other cases. The question is then "By optimisation of the
radiological side of our work, do we not transfer some risks to the non radiological field?"

The second one concerns the removal of asbestos in places difficult to access. Elimination of the
thermal insulation from the legs of the reactor pressure vessel at BR3. This set of operations took place
during the month February 1999. Workers belonging to the staff of BR3 performed the related tasks.
This was the result of preliminary discussions with the administration of the Technical Inspection on
the Workplaces. Indeed, due to the limited quantities of asbestos which had to be taken away and to
the very well defined tasks to be performed, it concludes that the nuclear know-how and the safety
features usually applied were adequate and that the managers of the BR3 didn't have to work with a
licensed external firm. The estimated collective dose was 3,3 man-mSv and the received collective
dose was 2,8 man-mSv (9 days and 10 workers).

Another asbestos removal yard was performed for the insulation of the primary loop. The work was
performed as foreseen by a specialised and licensed company but some modifications were brought
and some requirements were added too. For example, instead of working "top-down" as far as the
removal of asbestos was concerned, the contractor accepted to begin in the middle of the steam
generator. This decision was taken as a result of the pre-job ALARA study performed with the
software VISIPLAN. Another example is related to the use of the full-face masks. After a few days,
due to our additional check-up for internal contamination, it seemed that the masks in use in nuclear
areas were more efficient and that they gave more guarantee for the safety of the workers. A third
example copes with "at random" check-up in the Whole Body Counter for potential internal
contamination. This has led to evidence of malfunction (or misuse) of personal protection equipment
and led to more severe requirements. On the other hand, this supplementary measurement was
accepted by the workers very well. Their fear, as far as nuclear risks were concerned, has really
decreased! Finally, the dose for each worker was recorded daily and transmitted to the partners
(contractor, BR3, Health Physics and Safety Department). Finally the operation took 35 days (instead
of 50 as estimated) and the cumulative dose uptake amounted to 19.2man-mSv instead of 89 as
estimated.

These aspects of mutual influence of industrial and radiological safety, as well as new trends indicate
the need for an extension of the ALARA approach to a broader extend, i.e. introducing the concept of
ASARA principle, for As Safe As Reasonably Achievable.
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CONCLUSIONS

The dismantling of nuclear installations is leading to several new challenges on the technical side but
also on the safety approach. The mutual influence of radiological and industrial safety on
decommissioning yards have led to the introduction of the ASARA approach, for reducing and
minimizing the total risk for the operators and the environment. These aspects were applied practically
at the BR3-PWR pilot dismantling project.
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