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Abstract

The BR2 reactor is one of the major MTR-type research reactors in the world. Its
operation started in the early 1960's. Two major refurbishment operations have been
carried out since then. Several safety reassessments were carried out over the years in
order to keep the safety level in line with modern standards and to enhance operational
safety.

This paper gives an overview of the safety challenges encountered over the years and
how those were met.

1. INTRODUCTION

The BR2 reactor is a 100 MWth research reactor operated by the Belgian Nuclear Research Centre
SCK-CEN. It is one of the major MTR-type reactors in the world and the major infrastructure of SCK-
CEN. First operation with an experimental loading started in early 1963. Since then the reactor has
been intensively used for fuel and materials testing for various reactor projects in national and
international framework and for the production of radioisotopes for the major companies active in this
field. The reactor has undergone two major refurbishments, various safety reassessments and lately an
INSARR mission by IAEA. This paper gives an overview of the major safety challenges that were
encountered during the life of the reactor.

2. THE EARLY YEARS:

The design of the reactor was undertaken in the late 1950's by a mixed Belgian-American team
according to specifications established by SCK-CEN and safety criteria existing at that time in the
USA. The construction took less then five years and was mainly executed by Belgian industry. The
first license to operate was issued January 1961 by the province of Antwerp as an amendment to the
license for the whole research centre which was valid for 30 years (until 1986).

The BR2 operating organisation was constituted by young people, highly enthusiastic about the
promises of nuclear energy; some of them had undergone a training abroad (in the US and the UK).
Sufficient budget was available, as the country wanted to acquire its own know-how in reactor
technology. Only state-of-the-art equipment was used and many industrial companies started activities
in the nuclear field.

Initially the safety concerns were mainly directed to the nuclear part of the installation. The classical
part of the installation was. considered to be a well-known field and intervened in the safety
considerations mainly through their interaction with the nuclear part. The safety studies explored the
operational limits such as admissible reactivity step and ramp, hot spot factors and maximum
admissible heat flux, thermal-hydraulic perturbations and an envelope accident scenario (known as
'maximum credible accident'). An important point was the introduction of a periodic measurement of
the leak-rate of the containment building.
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Later on safety assessments concentrated on the more and more sophisticated experimental devices
developed for BR2, such as rigs and loops containing Na or NaK, gas loops, pressurised water
capsules, 3He screens. This led to a revision of the maximum credible accident.

3. THE FIRST REFURBISHMENT

During the 1970's, some problems due to material degradation were discovered. First the primary heat
exchangers had to be replaced due to accelerated corrosion. Then the 3He poisoning of the beryllium
matrix was discovered by time dependant reactivity variations after an extended shutdown needed to
replace the heat exchangers.

A detailed inspection of the beryllium matrix showed that non-negligible swelling of the matrix had
occurred. As a consequence a periodic inspection programme of the matrix was established and
discussions with the regulatory body started as to which fluence the matrix could be safely operated.
The admissible shutdown periods in function of the 3He poisoning were also established.

Finally at the end of 1978 it was decided to replace the beryllium matrix and to proceed with a general
overhaul of the installation. A detailed inspection programme revealed failures on some equipment
due to ageing, like corrosion of some bolts of the primary circuit inside the reactor pool. A visual and
ultrasonic inspection of the aluminium vessel was also executed and gave satisfactory results.

A maximum allowable fast fluence was established for the beryllium matrix, which consequently
became the life-limiting component of the installation. A first surveillance programme based on
surveillance specimens was launched for the beryllium.

4. THE MAJOR ACCIDENTS AND THEIR CONSEQUENCES

The 1979 TMI-II accident clearly put the focus on the importance of LOCA evaluations and more
generally to the detailed safety assessment of all classical parts of a nuclear installation. The WASH-
1400 (the so-called Rasmusson report) introduced the probabilistic approach to safety. For BR2 this
triggered the request by the regulatory body for further safety evaluations:

assessment of the possibility for common mode and common cause failures;
evaluation of the consequences of a rupture of the aluminium vessel;
enhancement of the reliability of the automatic isolation valves of the containment building in
case of accidents;
assessment of liberation of an important amount of gas in the reactor ves sel and installation
of the means to evacuate it (directly triggered by TMI-2).

In 1986 a general safety reassessment of SCK-CEN as a whole was due in order to obtain a new
license. For BR2 in particular an overall safety reassessment was conducted. A new royal decree
concerning the authorisation for operation without time limitation was issued. A major change was
that a quinquennial safety review was requested from now on (a procedure similar to the decennial
safety reviews imposed on power reactors). In particular the requirements for leak-tightness and
isolation of the containment building were specified in much more detail.

Sometime later the local authorised inspection agency, which was in charge of many regulatory tasks,
was absorbed by the authorised inspection agency responsible for the power reactors such that the
independence concerning the review of the safety of the installation was guaranteed.

5. THE NEW CHALLENGES IN A CHANGED ENVIRONMENT

After Chernobyl the global mission of SCK-CEN was reviewed and a general streamlining of the
activities around safety issues resulted. In particular the activities of BR2 were now more focused on
reactor safety rather than on the development of new reactor concepts.
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Due to a general restructuring plan a global early retirement programme was established. Many
experienced people left the reactor and many young inexperienced people had to be hired. In order to
satisfy the request of the license concerning minimum experience for particular jobs, an important
training and retraining programme had to be established.

In general operational safety became a major concern. Therefore a global system to plan, organise,
authorise, follow-up and control all operations was set up. This system very much includes all
characteristics of a formal QA system but due to the fact that it was historically established in a
bottom-top approach, lacks the more formal aspects of such a system.

Serious budgetary constraints led to the further development of commercial activities and to a further
reduction of personnel, down to the limit allowed by the safety authorities.

The Safety audits by the regulatory body became more formalised and discussions took place up to
which point the requirements for nuclear power stations are applicable to BR2. In particular this
question was debated when a new PWR-type loop for BR2 was reviewed by the Safety Committee
(the authorised inspection agency sits on this committee).

Assessments concerning possible accidents initiated by external events (fire, earthquakes, aeroplane
crashes) were conducted.

A standardised method for analysis of incidents was established as well as a data-base on past
significant events, their consequences, their direct and root causes and lessons to be learned was put
into operation.

More and more ageing problems had to be tackled: electrical power supplies and distribution,
instrumentation. When looking for spare parts, it was also experienced that quite some companies
previously active in the nuclear field had either abandoned these activities or had ceased to exist.

Many efforts have been devoted to the back-end of the fuel cycle, to the reduction of waste production
(in particular effluents), the evacuation and disposal of solid and liquid waste. Since the late 1980's
financial provisions have to be constituted for the future treatment and final disposal of all waste
produced during the operation of BR2.

6. THE SECOND REFURBISHMENT

In 1995 the beryllium matrix reached its established fluence limit. After the managing board had
established that the BR2 reactor was an essential tool to accomplish the mission of SCK-CEN, it was
decided to proceed with an extensive refurbishment of the installations.

To ensure that all important aspects would be addressed in the refurbishment programme, a
comprehensive evaluation process was started in 1991 in close collaboration with the authorised
inspection agency and the regulatory authorities. The key issues were risks assessments to verify that
the safety goals would be met and to define backfitting or upgrading actions, and ageing evaluations
and inspections to assess the remaining life of particular equipment and to define the necessary
mitigation actions. The safety goals themselves were checked against modern standards. From these
studies and inspections resulted the refurbishment action plan. The prioritisation of all possible
refurbishment actions was the result of a PSA level 1+ assessment whose prime objective was to
estimate the potential significance, the potential consequences and the consequent acceptability of
accident sequences.

The actual refurbishment action plan comprised upgradings and modernisations, inspections, extensive
maintenance and safety and reliability studies required by the licensing authorities. The main aspects
are briefly discussed hereafter:

replacement of the beryllium matrix. For economic reasons, it was decided to use the beryllium
matrix of the mock-up BR02 reactor;
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life extension of the reactor aluminium vessel - the prospects for life extension were evaluated
well in advance against the following life limiting phenomena: fracture toughness, low cycle
fatigue amd corrosion. During the refurbishment shutdown an exhaustive visual, ultrasonic and
eddy current inspection was carried out. As a result of all these efforts, the aluminium vessel
was requalified for the planned 15 years life extension.
a surveillance programme based on preirradiated representative aluminium samples has been
initiated;
the major process instrumentation was renewed taking account of redundancy, diversity and
testability;
ergonomics: following the results of an extensive ergonomic study, the reactor control main
desk was replaced, several valves were automated and an emergency control panel was placed in
the process control room;
reliability of the primary circuit isolation valves and the containment building isolation valve
was enhanced by re-engineering of the control and actuation systems. This included the
introduction of redundancies and an additional emergency control panel;
a new fire protection system was put into service after an extensive study. It includes
components for both active protection (early detection) and passive protection (prevention of
fire spreading);
a seismic analysis was performed at the request of the licensing authorities. The analysis showed
that most of the installation — including the reactor and the containment building can withstand
the reference earthquake. A few structural reinforcements were required.

7. THE PRESENT SITUATION

An INSARR audit was recently conducted at the request of the Belgian State. The general conclusion
was that BR2 satisfies most of the present international standards concerning the safety of research
reactors. The major recommendations from the INSARR team were to formalise the existing QA
programme according to the IAEA recommendations in this field and to extend the competence of the
Internal Safety Committee.

Presently a quinquennial safety reassessment is underway as foreseen in the license. In particular
comprehensive requirements for availability of particular instrumentation and equipment ate being
established.

One can conclude that, up to the present day, the BR2 reactor was able to respond to the various safety
challenges resulting from an ever-changing environment. This will also be possible in the future
provided that the necessary resources are allocated to this objective.
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