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< T HE BR2 REACTOR is SCK>CEN's HlOSt impor-

JLtant nuclear facility. It has been operated
since 1963 in the framework of many inter-
national programmes concerning the develop-
ment of structural materials and nuclear fuels
for the various types of nuclear fission reac-
tors and for fusion reactors. The qualities and
performance of the reactor also designated it
for performing experiments aiming to demon-
strate the safety of nuclear cores.

The facility was shut down at the end of June
1995 for an overall refurbishment programme
covering all aspects necessary to compensate
for the ageing of the installations, to enhance
the reliability of operation, and to comply with
modern safety standards. After an extensive
preoperational non-nuclear and nuclear testing
phase, it was restarted according to plans in
April 1997 for its first irradiation cycle.

Objectives For Phase 4 of the refurbishment
programme,

• to carry out the various activities prepared
during Phase 3 (detailed design and prepa-
ration) of the programme.

• to plan the activities required to allow a re-
actor startup at the beginning of April 1997.

For Phase 5 of the refurbishment programme,

* to complete the remainder of the refurbish-
ment works (previously foreseen in the re-
furbishment action plan) which may be de-
ferred until the restart of BR2 in April 1997;

• to carry out the extra studies and upgrad-
ings required by the Licensing Authorities.

Programme The overall refurbishment
programme comprises five distinct phases, of
which the detailed assessments according to
the stated objectives concern only the sec-
ond. Phase 1 (completed in early 1992) had
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: detailed engineer-
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ing, procurement of equipment, setup of ex-
ecutive procedures, and detailed planning for
the next phases. Phase 4 covers the actual
realization of all the refurbishment works as
planned during the long shutdown of the re-
actor (from mid-1995 to end of March 1997).
Phase 5 completes the remainder of the refur-
bishment works which may be deferred until
after the restart of BR2 in April 1997.

All refurbishment works of Phase 5 foreseen
initially in the refurbishment action plan 1998
and all new activities initiated to comply with
the requirements of the Licensing Authorities
should be completed respectively by mid-1998
and by late 1999.

Achievements Upon completion of Phase 2
(detailed study), we defined an action plan cov-
ering Phases 3 and 4 (and also Phase 5). This ac-
tion plan encompasses, on the one hand, all the
activities related to the safety and reliability of
the facilities and, on the other hand, those re-
lated to the normal maintenance.

At the request of the Licensing Authorities, ad-
ditional assessments were initiated at the be-
ginning of 1996 and pursued in 1997: the leak-
tightness of the subpile room and the assess-
ment of the seismic vulnerability of the instal-
lations.

We also initiated a study to provide the storage
channel with a purification circuit: the detailed
engineering was performed in 1997 and the re-
alization should start at the beginning of 1998.

The sections below present the main achieve-
ments for Phases 4 and 5 in 1997.

Perspectives for 1998 Our objective for
1998 is to complete Phase 5 of the refurbish-
ment programme. Only those actions resulting
from requirements of the licensing authorities
and the construction of a new purification cir-
cuit for the storage channel will be pursued un-
til the end of 1999.

Shroud sampling To characterize better the
vessel wall of BR2, we cut samples of the shroud
by electroerosion in 1994. (The shroud that
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constitutes a cooling jacket close to the vessel
wall is made of the same material as the vessel
itself, namely aluminium 5052-0.) The sam-
ples taken from the weld were however found
to be too few for the envisaged extensive test
programme.

In May 1997, we started a new sampling cam-
paign. With a specially designed supporting
structure, fixed in the reactor pool, we cut two
plates of 140 x 140 mm comprising material of
a longitudinal weld of the shroud, located at
180° from the one from which we took a plate
of the same size in 1994. During the two cam-
paigns, a total of six such plates were cut off
the shroud, out of which three comprise weld
material, yielding numerous test specimens,
both from the base material and from the weld
material. Samples from the first shroud sam-
pling are being irradiated since the restart of
BR2 (accelerated irradiation to increase the lead
factor). A second irradiation basket will be
loaded early next year. The first postirradia-
tion examination is foreseen around the turn
of the century.

Reactor vessel We have established a
proactive surveillance programme for the alu-
minium vessel. This will allow us to foresee
the evolution under further irradiation of the
mechanical and metallurgical properties of the
base metal and weld material.

The stress-intensity factors associated with the
indications detected during the in-service in-
spection were evaluated: the adopted accep-
tance criteria are respected and there is no
crack growth to be feared.

RELAP studies An experimental test per-
formed on the BR2 primary cooling circuit in
1963 was simulated with the RELAP code. It
consisted in a shutdown of the primary pump
with a recording of the fuel cladding tempera-
tures at different positions in the vertical axis.

The experimental and theoretical results are in
good agreement in steady state, but show sig-
nificant discrepancies near the core midplane
when natural convection occurs. Sensitivity
calculations show that the discrepancies can
been induced by different factors.

There are problems in calculating the heat
exchange for the natural-convection regime
in RELAP5.mod3 ,ic. This flow regime requires
a more detailed nodalization, modelling the
real concentric rings instead of the six fuel-
element rings modelled in only one vertical
rectangle.

The RELAP model for heat conduction is one-
dimensional (in the radial direction): RELAP
does not calculate the heat transfer in the
vertical axial direction (only for the reflood
model).

The energy produced in the fuel also seems
too large, although the power history was
respected. This observation requires more
investigations, for example, to characterize
the specific decay heat of the BR2 fuel.

Ergonomy An ergonomy study of the two
BR2 control rooms, conducted in 1995 with Bel-
gatom, led to recommendations and the defi-
nition of an action plan. In 1997, we studied,
realized, and installed a new desk for the re-
actor control room, we studied and realized
an emergency control panel, to be installed in
early January 1998, and we realized a new in-
tegrated primary temperature regulation, to be
implemented in 1998.

Regulating rods The two newly designed
regulating rods were operational for starting
up the reactor in April 1997. Experience dur-
ing the three operating cycles of 1997 was very
positive.

Automatic block valves The Automatic
Block Valves (ABVs), which are essential pri-
mary safety organs, have been made more re-
liable. The control and actuation systems have
been completely redesigned and modernized.
The reliability could only be further enhanced
by a doubling of the valves themselves; this op-
tion was ruled out as the achieved level of con-
fidence is judged acceptable.

The closure time of the ABVs of the primary cir-
cuit has been considerably reduced, to prevent
any release of radioactivity outside of the con-
tainment building even in the case of the most
severe Loss-Of-Coolant Accident (LOCA).

Refurbishment of BR2 (Phases 4 and 5) 95



A comprehensive testing and commissioning
programme was carried out. An additional clo-
sure command of the ABVS will be incorporated
in the foreseen emergency control panel.

Seismic analysis The seismic analysis
of the BR2 installations, completed in 1997,
showed that most of the installations can with-
stand the reference earthquake of 0.1 g with a
Regulatory Guide 1.60 spectrum. It covered the
reactor building, the reactor pool, the reactor
vessel, and the storage channel for spent fuel.
The two components that would not withstand
the reference earthquake are the primary loop,
which lacks horizontal restraints, and the ve-
hicle air lock of the reactor building, which has
insufficient bearing and could cause an extra
load on the containment building, leading to
a leak. Additional restraints for the primary
loop have now been designed and will be con-
structed in 1998. Additional bearing for the
vehicle air lock will be designed in 1998.

During an earthquake, damage could also re-
sult from the fall of heavy components. The
polar crane and the hot cell are calculated to
resist, but several installations are likely to
cause damage. Though we completed much
of the modification work required, such as fix-
ing ventilation ducts and shield walls, two ar-
eas of concern remain: the ventilation duct
bridge and the upper structure of the machine
hall. Failure of the ventilation duct bridge
could damage the isolation valves of the reac-
tor building, so we will separate the ventilation
duct bridge and the valves; we will design these
modifications in 1998. The upper part of the
machine hall could also collapse under the ref-
erence earthquake, thereby causing the fall of
heavy pieces in the storage channel. Unfortu-
nately, this construction cannot be made resis-
tant to the reference earthquake. The possible
consequences of such an event will be studied
in detail, and judged together with the proba-
bility of earthquake.

Subpile room The SubPile Room (SPR), situ-
ated under the reactor vessel, gives an easy ac-
cess to the lower reactor cover. During the op-
eration of the reactor, it must be watertight to
guarantee safety in case of a small or medium
LOCA on the reactor cover or through the pas-

sages of the different channels. In case of
LOCA, the water leakage of the reactor vessel
is compensated by the pool water, thanks to
the automatic opening of an ABV. The SPR must
therefore be tight under a 23-metre water pres-
sure to guarantee that the reactor core will re-
main under water in case of LOCA.

In the framework of the BR2 refurbishment, dif-
ferent tasks were carried out to guarantee the
tightness: detailed drawings, inventarization,
and control of the SPR penetrations; reinforce-
ment of the supports on the ventilation ducts
of the SPR, placement of isolation valves, and
hydraulic testing; development of an easy and
quick procedure to test the tightness, to mea-
sure the global air leakage accurately, and to
localize the position of the leakage with low air
over- and underpressure in the SPR; develop-
ment of a fluid model to convert the air leakage
into water leakage and to extrapolate to high
pressure; reinforcement of the CALLISTO pen-
etration and isolation with silicone; deep in-
jection of polyurethane foam in the principal
cracks of the concrete to reduce the global leak-
age because of the nonsatisfactory injection of
epoxy resin; control of the tightness of all the
steel doors; simplified safety analysis of the
modifications on the ventilation system.

The situation of the SPR is now the following:
the final safety report has been published; the
drawings and flow sheet are correct; the pen-
etrations are correctly numbered and labelled,
and are tight; the tightness and the resistance
of the other components of the SPR are under
control; the leakage is reduced; the first injec-
tions of polyurethane were very promising; the
tightness can and must still be improved; the
tightness can be checked easily and regularly;
the control instrumentation is improved; and
the procedures before the start of the reactor
have been modified to guarantee the correct
closure of the manhole and the doors.

Demineralized water The demineralized-
water plant must provide the demineralized
water for the primary and secondary loops of
BR2, the reactor and storage pools, and other
marginal uses. The capacity of the plant is
primarily determined by the secondary loop,
which requires 100 m3 of water per hour when
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the reactor is operated at high power. The
other circuits together require about 1 m3 per
hour.

The most significant modifications, executed in
1996, were to adapt the installations to use mo-
bile demineralization units installed on trailers
and hired from a specialized company. The
installation has been put in service in 1997.
Because the raw water was stored in a buffer
tank, the iron present in the form of ferrous
iron oxidized to ferric iron, which is extremely
insoluble and precipitates during water stagna-
tion, causing inferior use of the demineraliza-
tion units. To avoid the temporary storage of
raw water, the frequency control on two pumps
was adapted so that it is now possible to adapt
the flow to the water consumption, rendering
the buffer tank for raw water unnecessary.

Transfer chute The transfer chute allows
the transport of irradiated fuel elements and
experiments between the reactor pool and the
storage pool or hot cell. To enhance its re-
liability and as a result of a recent incident
caused by malfunctions, the drive and opera-
tion units have been completely renewed. The
most important modifications are a new con-
cept of the gears attachment to the drive mech-
anism and the replacement of the vertical drive
axle; the installation of a digital position en-
coder to control the rotating part of the trans-
fert chute; new detection switches on the po-
sition of the reactor pool valve (closed or open)
and the position of the expansion joint in the
storage pool; the installation of a new pressure
indication to control the pressure equilibrium
between transfer chute and reactor pool, and
transfer chute and storage pool; the renewal
of the complete electrical switchboard and a
new control panel with a programmable logi-
cal controller.

Reactor pool bridge The pool bridge,
mounted above the reactor pool and running
on wheels along the parapet, provides a plat-
form for installing and removing fuel elements,
control rods, and experiments; it is equipped
with a 360 kg hoist device. We renewed the
complete drive installations, and in particu-
lar the driving mechanism, now equipped with
four wheels on each side of the brigde (four

of them are provided with a motor and a re-
duction); a new electrical distribution board
on the bridge, fed by electric supply cables in
a railroad; a precise positioning of the hook
measured with two lasers with displays on the
bridge; and a remote-control system for driv-
ing the bridge.

Flow trap The flow trap, installed on the
primary cooling circuit of the reactor, has two
functions: the continuous removal of gases (es-
pecially air at the filling of the primary circuit)
and an antisyphon working designed to avoid
draining of the reactor vessel and reactor pool
in case of LOCA. Both functions were assem-
bled in one device, the operation of which was
not guaranteed because the removal of gases
demands a small outlet and the antisyphon
working demands a large air inlet. To enhance
its capabilities and reliability, we installed a
new concept where both functions are sepa-
rated and which allows regular testing and con-
trol of the operating conditions.

Mechanical works The following important
mechanical works were carried out in 1997:
we renewed the driving of the reactor pool
bridge; renewed the drive and operation units
of the transfer chute; installed two frequency-
regulated pumps for the demineralized water
plant; installed a new flow trap on the primary
cooling system of the reactor; renewed impor-
tant parts of the heating and ventilation instal-
lation; inspected the 1" and 2" penetrations
on the primary circuit, as a result of the rupture
incidentin 1997; insulated the pressurizer and
preheaters T4-801 andT4-802; and replaced the
seals of the primary pumps J4-402 and J4-403.

Instrumentation The original pneumatic
instrumentation installed at the construction
of the reactor and the one which had an au-
tomatic action on the reactor were replaced
by electronic instrumentation. To this end,
we installed 46 new penetrations containing
290 electrical connections through the wall of
the containment building, installed electrical
power units (220 VAC, 24VDC), placed instru-
mentation and feeder cables as well as distri-
bution boxes, etc.
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Before installation, each new instrumentation
has been tested and calibrated. After the in-
stallation, all modified instrumentation loops
have been completely tested during the pre-
operational non-nuclear testing campaign of
the reactor, before startup.

Electrical installation The DC network
(110 VDC) is used for such applications as sig-
nalling, alarms, and evacuation. To increase
its reliability, the most important boards have
been equipped with an extra battery/rectifier
unit. These units have been delivered and in-
tailed in 1997. Configuration, testing, and cou-
pling with the existing network are in progress.

To prevent the loss of vital network 380 VAC,
two diesel engines are always coupled with it.
When both diesel engines do not take over dur-
ing a voltage cut-off, they cannot be restarted.
Therefore, we installed a new diesel engine,
which can be started manually. This new en-
gine can also be coupled with several important
electrical switchboards. The most important
works are now finished but testing, operating
procedures, and training of the personnel are
still in progress.

Purification A microbiological and chemical
pollution incident occurred in the storage cir-
cuit for the storage channel during the summer
of 1994 and could not be solved by the exist-
ing channel purification circuit common to the
storage channel and the reactor pool. SCK«CEN

then decided to study and implement a new pu-
rification circuit for the storage channel alone.

The results of the study, made by Tractebel,
concluded that this purification circuit should
have a flow of 60 m3^"1 , two pumps in par-
allel, one filter (1 um) with an automatic clean-
ing circuit (PALL BFP-4 Septra), one uv filter with
254nm wavelength, and two ion exchangers
(floating beds), one with 1100L cations and
one with 1500L anions. The treated water
should have a conductivity of 0.5 uS-cm"1 and
a COD lower than O.Smg-1"1. The waste pro-
duction is about 30 m3 of chemical waste (at
this moment, we produce about 100 m3) and
10 m3 of soft waste (at this moment, we pro-
duce about 200 m3) per year. The overall cost
amounts to about 40 MBEF.

The new purification circuit should begin to be
installed in 1998.

Fire protection A new fire protection sys-
tem was put into service in 1997 in the reactor
building and in the diesel building. It has been
approved by an authorized organization (NVBB)

in accordance with the Belgian regulation (NBN
S21-100) and includes components for both ac-
tive protection (detect a fire early) and pas-
sive protection (prevent the spreading of the
fire). Moreover, compartmentalization works
already started in the other BR2 buildings, and
the ventilation building and substation were
equipped with a fire-detection system.

Regarding active protection, optical smoke de-
tectors and manual push-buttons have been in-
stalled in the reactor building. The compo-
nents are connected with two fire detection
units, themselves connected to four control
panels (RCR, MCR, HIG, surveillance BR2), the last
two of which allow a quick visual survey of the
situation. We also installed an automatic fire-
extinguishing system coupled to a detector in
the engine room of the lift in the reactor build-
ing, and optical smoke and flame detectors in
the diesel building. The latter double-detection
system is connected to an autonomous and au-
tomatic fire-extinguishing system (deluge).

For passive protection, we started compart-
mentalizing the BR2 reactor building. The
glasses of the reactor control room have been
replaced by fire-resistant glass and the doors in
the reactor building have been replaced by fire-
resistant ones. Complete compartmentaliza-
tion (between the second and the third floors of
the reactor building, and of the reactor control
room) is scheduled in 1998.

Scientific partners Belgatom — GEC Al-

sthom — Atomic Energy Authority (AEA Technology) —

Wetenschappelijk en Technisch Centrum voor het

Bouwbedrijf/Centre scientifique et technique pour

la construction (WTCB/CSTC) — Compagnie generate

d'electricite (CEGELEC) — Elektrische Nijverheid

Installaties (ENI) — Raadgevende ingenieurs voor

technische uitrusting van gebouwen (MARCQ & ROBA)
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