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ABSTRACT

The BR2 reactor was shutdown end of June 1995 for an extensive refurbishment after
more than 30 years utilization. The beryllium matrix needed to be replaced and the
aluminium vessel inspected for an envisaged 15 year life extension. Other aspects of the
refurbishment programme aimed at the reliability and availability of the installations, safety
of operation and compliance with modern safety standards.

The reactor was started again 'in' April '97 and operated only for three cycles in 1997.
These first irradiation cycles were intended as a demonstration of the safety and reliability
of all components and systems after refurbishment. Also during the extended shutdowns
non-critical refurbishment tasks were allowed to be continued and finalized.

At the request of the Safety Authorities, some modifications and studies are still in
progress without perturbation of the reactor operation.

1. INTRODUCTION

BR2 is a major high flux engineering test reactor, operated by the Belgian Nuclear
Research Center. For more than 30 years, BR2 has been used extensively for many national
and international irradiation programmes aiming at the development, testing and
qualification of nuclear fuels and materials of various designs, project and installations.

The design is optimized for that purpose:
- core with a central vertical 200 mm diameter channel, with all its other channels inclined
to form a hyperboloi'd arrangement around it. This arrangement combines compactness of
the core with easy access at the top and bottom covers;
- a large number of experimental positions. Through loop experiments can be installed
through penetrations in the bottom cover of the vessel;
- very flexible utilization: the core configuration and the mode of operation can be adapted
to experimental experiments;
- an ability to represent the irradiation conditions found in a variety of reactor types and to
execute power transients.
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A beryllium matrix, composed of irregular hallow prisms forming the channels, act as a
moderator. By irradiation, the beryllium channels become brittle and swell. This finally
leads to cracking of the channels by mechanical interaction.

The facility was shutdown a first time in 1979-1980 to have its beryllium matrix
replaced and its reactor vessel inspected.

The second beryllium matrix would have reached its allowed operation period before
end '95. Therefore it was decided to stop operation mid '95 and to proceed with an
extensive refurbishment of the installations, including the unavoidable matrix replacement.

To ensure that all steps in the refurbishment operation are addressed on schedule, a
comprehensive programme was started in 1991. From the start, plant life extension was
considered : maintaining availability and reliability of the whole installation for the 15 year
life extension was set as a major objective. The key issue of the programme were risks
assessments to verify that the safety goals are met and to define backfitting or upgrading
actions, and ageing evaluations and inspections to assess remaining life and to define the
mitigation actions needed. From these studies and inspections resulted the refurbishment
action plan.

2. THE REFURBISHMENT PROGRAMME

The overall refurbishment programme comprised five distinct phases, while the
detailed assessments according to the stated objectives concerned only the second phase.
Briefly, the programme of the other phases is as follows: Phase 1 (started in 1991 and
completed in 1992) identified the critical plant items and systems to be studied in detail in
Phase 2; Phase 3 (from mid-1994 to about mid-1996), addressed the preparatory activities,
i.e., mainly the detailed engineering, the procurement of equipment, the set-up of executive
procedures, and the detailed planning of the next phases; Phase 4 covered the actual
realization of all the refurbishment works as planned during the long shutdown of the
reactor (from mid-1995 to end of March 1997). Phase 5, still under way, completes the
remainder of the refurbishment works which may be deferred until about the year 2000.
Before start-up in April 1997 after the assessment of the seismic vulnerability of the
installations, the Safety Authorities required some additional modifications and
improvements of the installations. Also they required a detailed PSA analysis of the most
important support systems. These two new requirements, and the start of a new project not
foreseen in the original action plan, the installation of a new purification circuit for the
storage channel are the main reasons for this extension.

3. ACHIEVEMENTS

The main aspects of the refurbishment action plan may be divided in three categories :
- modifications, investments,
- inspections,
- maintenance.

3.1 Modifications
Beryllium matrix
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The old beryllium matrix was removed from the reactor vessel between November and
December 1995; the beryllium channels were pre-conditioned in aluminium tubes and
transferred outside the reactor building for storage. The necessary tools and equipments
were prepared in advance. A special attention was also devoted to the fine filtration of the
water inside the reactor vessel during the operations.

The new beryllium matrix was loaded in the vessel between October and November
1996. This "new" matrix was in fact taken from the core mock-up facility BR02. The
reutilization of this matrix necessitated a complete requalification consisting of visual,
dimensional and X ray inspections, modifications of the stainless steel extensions and
assembly trial in a vessel mock-up. Following the results of the inspections, only 8 new
beryllium channels had to be purchased.

Isolation of the containment building
The largest part of the primary circuit is situated outside the containment building. In

case of depressurization, pool water is admitted into the reactor vessel through an assisted
non-return valve. Automatic block valves prevent a containment by-pass in case of a
LOCA outside it. The reliability of these block valves has been upgraded by re-engineering
of the control and actuation systems. Also the closing time of these block valves has been
reduced to < 15 seconds to prevent any release of activity outside the building in
case of a total core melt-down. Similarly a complete reengineering of the control and
actuation system was performed for the ventilation isolation valves of the containment
building after a reliability analysis of these valves and their associated control systems.

The renewal of the process instrumentation
The original pneumatic instrumentation installed at the construction of the reactor was

replaced.. During modernisation, special attention was paid to the reliability and the safety
of operation. Where judged necessary, additional redundancy was introduced. Also a new
fast-acting scram was added as a protection against depressurization incidents. All modified
instrumentation loops have been completely tested during the preoperational non-nuclear
testing campaign of the reactor, before start-up.

The scram lines
A detailed reliability analysis was performed to indicate the sensitive areas, suggest

appropriate hardware modifications, and judge the adequacy of the current test procedure.
Particular attention was given to the identification of the common mode failures and their
quantification. The study of the BR2 scram system by means of fault tree techniques
enabled to improve significantly the reliability of the system with only minor modifications
and to show the consistency of the scram reliability with international standards.

Ergonomy
An ergonomy study was conducted in 1995 with Belgacom. This study led to several

recommendations and the definition of an action plan:
• a new desk for the reactor control room. Its installation was carried out in October 1997;
• an automatic logbook has been designed as a part of the new data acquisition system and
was made operational for the start of the reactor in April 1997;
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• an emergency control panel has been designed and was installed by Belgatom early 1998.
In case of reactor building evacuation, it provides information from inside the reactor
building and allow direct actions on the most important safety systems;
• a new integrated primary temperature regulation has been designed by Belgatom. Its
implementation was realised in 1998.

Industrial safety
The following actions were taken to improve the industrial safety:

- the installation of a new crane handling system with a capacity of 26 tons was installed in
the process building;
- a new fire protection system was put into service in 1997 in the reactor building and the
diesel building. It includes components for both active protection (early detection) and
passive protection (prevention of fire spreading). Moreover, compartmentalization works
and implementation of a fire detection system were commissioned in 1998 for the other
BR2 buildings.

Reliability of the electrical distribution networks
The DC network (110VDC) is used for such applications as signalling, alarms and

actuations. To improve its reliability, the most important boards were equipped with an
extra battery/rectifier unit. These units have been installed in 1997. Commission tests were
performed in 1998. A fourth Diesel engine has been installed and connected. Testing,
operating procedures and training of the personnel are still in progress.

Resistance to earthquake
At the request of the Licensing Authorities, a seismic analysis was performed. The

analysis showed that most of the installation can withstand the reference earthquake of 0.1 g
with a Reg. Guide 1.60 Spectrum.
A few problems were identified : the licensing Authorities required to further analyze and
correct these weak points:
- the primary loop needs implementary horizontal restraints. After analysis, they were
partially installed in 1998. Completion is foreseen in 1999;
- the vehicle aire lock which has insufficient bearing could cause an extra load on the
containment building. A detailed analysis is now underway;
- failure of the ventilation duct bridge could damage the isolation valves of the containment
building. The design of the modifciations needed to separte the isolation valves from the
ventilation duct bridge is foreseen in 1999. Implementation is foreseen in 1999-2000;
- the upper structure of the machine building could collapse under the reference earthquake,
thereby causing the fall of heavy pieces in the storage chanel. As this construction cannot
be made resistant to the reference earthquake, the possible consequences of such an event
were studied and assessed together with the probabilities of various types of earthquakes.

Pressurizing system
The pressurizing system controls the pressure in the primary circuit and the degassing

of the primary cooling water. Both preheater and steams generator have been replaced in
1996, together with their controls and regulation systems.
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Reactor pool bridge
The reactor pool bridge, mounted above the reactor pool and running on wheels along

the parapet, provides a platform for loading and unloading the reactor. The complete drive
installations were renewed; further a precise positioning with lasers and a remote control
system for driving the bridge were installed.

3.2 Inspections

The refurbishment programme included a series of inspections and evaluations required
in the frame of the plant lifetime extension project. Most of these inspections (high and low
voltage distribution networks, corrosion of aluminium structures, buildings, primary heat
exchangers, primary and secondary circuits, ventilation and heating systems ...) were
performed during Phase 2 of the programme. The most important one concerning the
aluminium pressure vessel however, could only be conducted during Phase 4 : indeed the
inner side of the vessel is only accessible after unloading the beryllium matrix. The
prospects for life extension of the aluminium vessel were evaluated well in advance during
Phases 2 and 3 of the refurbishment programme. The life limiting phenomena were fracture
toughness, low cycle fatigue and corrosion.

Representative samples were obtained from the shroud surrounding the vessel. An
important effort was devoted to the determination of thermal and fast fluences and
theoretical fatigue curves were calculated. It was concluded from these studies that the
vessel will remain adequate for the planned 15 years extension period provided the
scheduled in service inspection reveals no unacceptable defects in the vessel wall, in
particular in the beltline welds. An exhaustive visual, ultrasonic and eddy current
inspection was performed by a team of GEC-Alsthom (Germany) in June 1996 on all
accessible parts of the vessel and bolts of the lower reactor cover. Penetrant testing was
applied to all nozzle connections to the covers, welds connecting the inlet tubes to the
nozzles. All examinations were performed in accordance with the ASME XI and V rules.

Compared to the former 1979 in-service inspection, the main conclusion is that there
was no observed degradation. New "indications" (not observed in 1979; different sensors,
higher sensitivity in 1996) were evaluated and found acceptable against the acceptance
criteria; there is also no risk for crack growth.
Also in 1997, a second sampling campaign of the vessel was performed. The objective was
to provide sufficient material to establish a comprehensive and proactive surveillance
programme.

3.3 Maintenance
The most important maintenance tasks were listed in [1]. All these tasks were

performed before the start-up in April 1997.

4. OPERATION EXPERIENCE FEEDBACK

The reactor was started again on April 14, 1997 after a comprehensive non-nuclear and
nuclear testing campaign between February and April.
Only three standard operation cycles of 21 days were foreseen in 1997. These were
intended to demonstrate the safety and reliability of all the components and systems after
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refurbishment. In 1998, the reactor was operated following the normal regime of 5 standard
cycles.

The first two operating cycles of 1997 were perturbed by various causes:
- Failure of electronic devices
Two scrams were experienced during cycle 01/97 due to the failure of new installed
electronic devices. All hundred similar devices installed recently in the frame of the
renewal of the process instrumentation, had to be replaced during the next months
following these incidents.
- Rod drop
Two rod drops were experienced during cycle 01/97. This was attributed to the new
installed fast acting low pressure scram. The noise sensitivity of this new system has been
reduced.
- Loss of coolant
A small loss of coolant (± 1500 1/h) was experienced during start-up of cycle 02/97.
A leak developed along a weld of an instrumentation penetration. The leak developed by
vibration because a support for a thermowell was not replaced after the refurbishment
works. All penetrations and supports around the primary circuit were controlled and
visually inspected.
- Leaking Fuel Elements
High fission product levels in the primary coolant were experienced during cycles 01 and
02 in 1997 and the reactor operation was perturbed.
All leaking elements were identified as fuel elements pre-irradiated before the
refurbishment. Storage time has been identified as a key factor for developing defects
during re-irradiation. A strategy (wet-sipping before loading) has been developed and
applied with success for the next cycles

After fixing these initial problems, a smooth and unperturbed operation was experienced
along the next 6 irradiation cycles (up to end of December 1998) with a 100 % availability.
It is expected that this high reliability level could be maintained during the next coming
years.

5. CONCLUSIONS

An extensive refurbishment of the BR2 reactor has been conducted. It encompassed
various aspects, as replacements, upgradings, inspections, maintenance and studies to
demonstrate and improve the safety and the reliability during the expected future operation.

Various studies and modifications are still underway but should be terminated in the
year 2000.

Although some difficulties and perturbations were experienced at the start-up during
the two first operation cycles, a smooth unperturbed operation was experienced during all
next cycles, demonstrating the safety and reliability of the installations.

6. REFERENCES

[1] P. Gubel, J. Dekeyser, E. Koonen, Ph. Benoit and A. Verwimp
"The Refurbishment of the Belgian MTR BR2 and its future utilisation"
Fifth Asian Symposium on Research Reactors (ASRR-V), Taejon, Korea, May 1996.

- 8 6 -


