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ABSTRACT
Cirus, a 40 MWt, tank type research reactor located at the Bhabha Atomic

Research Centre, is in operation since 1960. In Cirus, heavy water is used as moderator,
demineralised light water as primary coolant and natural uranium metal as fuel. The
average availability factor had been about 70% till the year 1990 whereafter it started
decreasing due to frequent problems with equipment / components. Systematic aging
studies were therefore undertaken to assess the condition of structures, systems and
components. Based on these studies, refurbishing requirements were identified and a
detailed plan was drawn up for refurbishing. Reactor was shut down in October 1997 for
execution of refurbishing jobs.

This paper presents a summary of the results of aging studies and the refurbishing
plans. Details of core unloading to facilitate refurbishing and some of the important jobs in
the primary coolant system relating to pressure testing of primary coolant pipelines and
repairs to identified leaky sections are discussed.

Introduction

Cirus is a vertical tank type
reactor of 40 MWt
capacity. The reactor is
natural uranium fuelled,
heavy water moderated and
light water coaled. The
reactor core is housed in a
calandria, a cylindrical
aluminum vessel with
aluminum lattice tubes
located between top and
bottom tube sheets. The
reactor vessel is
surrounded by two annular
rings of graphite reflector,
cast iron thermal shield
and 2.4 meter thick baryte
concrete biological shield.
On top and bottom of
reactor vessel, there are
aluminum and steel
thermal shield. Concrete
biological shields are
placed at the top
(Figure. 1).
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The fuel assemblies are located inside the lattice tubes and are cooled by forced circulation of
demineralised light water in a closed loop with the coolant flowing from top to bottom in core region.
Shut down cooling is provided by one pass gravity flow of water from an emergency water storage
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tank (called ball tank based on its shape) located at a higher elevation than the reactor (Figure-2). The
heat from primary cooling water, thermal shield cooling water and the heavy water moderator is
transferred to sea water in tubular heat exchangers.

Cirus attained first
criticality during
July 1960 and
operation at rated
power during
October 1963. From
1963 to 1990 the
average availability
factor of Cirus was
close to 70%.
However, from 1991
the availability
factor started
coming down due to
aging of various
components
necessitating extra
efforts for
maintenance.
Detailed aging
studies for the
systems, structures
and components of
the reactor were
carried out and
based on these and
the performance
review of the reactor
and auxiliary
systems, a
refurbishing
program was
chalked out.
Reactor has been
shut down since October 1997 for this purpose, irradiated fuel from the core has been unloaded and the
refurbishing work is in progress.

Aging Studies

A group was formally constituted to carry out systematic and detailed aging studies of the systems,
structures and components of the reactor and for identifying refurbishing requirements. Several items
were identified for conducting detailed studies. The important findings of the aging studies are briefly
described below.

REACTOR VESSEL

Cirus Reactor Vessel (RV) is a 3200 mm high and 2667 mm diameter cylindrical tank made of
aluminum alloy equivalent to Al-lS. The shell is 6 mm thick and has a 150 mm long and 3 mm thick
bellow portion at the top to take care of thermal expansion and contraction. The RV is provided with
199 vertical lattice tubes. Since sample coupons of the RV material were not installed in the core;
samples from a flow-tube of an isotope irradiation assembly made of Al-lS which had seen a total
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neutron fluence comparable to that seen by the RV shell, were examined for fast neutron irradiation
induced embrittlement and thermal neutron induced transmutation to silicon (which can cause
precipitation hardening of aluminum). Test results indicated that material has not suffered significant
damage. Eddy current testing of the RV tubes for wall thickness monitoring was being done since
1971. In addition, the RV tubes are being examined using duel frequency Eddy Current Testing probe
for assessing the wall thickness and presence of any significant flaws. No significant thinning of the
tubes or unacceptable flaw in any of the tubes has been detected so far. Inspection of the outer surface
of RV through beam holes and inner surface of selected lattice tubes using a micro video camera was
carried out and found healthy. Expansion bellow near the top of RV has been exposed to neutron
fluence and subjected to about 4000 cycles of thermal stresses. A finite element analysis was
performed to assess fatigue life of the bellow for the fluctuating thermal load. Cyclic temperature
variations of 35 °C and two extreme cases of allowing and disallowing of rotation in the joint of
positioning bracket were assumed. For both cases the stresses in the bellow were assessed to be well
below the endurance limit of the material. These findings indicate that the vessel is in good health and
can be expected to give satisfactory service for several years.

SAFETY SYSTEMS

In CIRUS, the Reactor Power Regulation is done by moderator level control. The reactor neutron
power is measured by ion-chambers located in a graphite thermal column outside the calandria. The
Reactor Protection System comprises of signal generation and transmission units and shut down
devices in the form of six fast acting shut off rods backed up by partial moderator dump. On reactor
trip, shuts off rods get rapidly inserted into the core and simultaneously moderator from the calandria
is dumped through quick opening control and dump valves.

Three of the 10 nos. control and safety ion chambers in Cirus had been replaced due to deterioration in
their saturation characteristics and one chamber was replaced due to degradation of insulation
resistance of the portion of cable forming integral part of the chamber. In view of this experience, the
periodicity of monitoring saturation characteristics and cable insulation was increased to once a year.
Spare units are available for replacement as and when required.

The original signal processing units of the Reactor Regulating System of Cirus were based on vacuum
tube technology. Component obsolescence and increasing trend in failure rates of units/components of
the system was observed during late seventies. Replacement of the major components of the
regulating system by solid state devices was undertaken and the new units were successfully
commissioned during 1984. Performance of the new units has been satisfactory.

Shut off rods made of Boron carbide pellets encased in stainless steel tubes act as fast acting shut
down devices. Performance of shut-off rods has been highly satisfactory over the years. No unsafe
failures have been observed and maintenance requirements are limited to that of a routine nature.
Depletion in Boron-10 content was estimated to be less than 0.1% and hence insignificant. Absorber
sections of the shut off rods were thoroughly checked by visual examination and found healthy.

IMPORTANT OUT-OF-CORE COMPONENTS

During the last few years before the refurbishing outage, the maintenance efforts on primary coolant
pumps had increased, primarily on account of frequent damage to the gear elements (speed increaser)
installed between the motors and pumps. Vibration levels on the pumps were also found higher. The
primary source of high vibrations was found to be increased turbulence caused by worn-out impellers,
especially the impeller vane tips. Impellers of these pumps were replaced and subsequently the
vibration levels came down within acceptable limits. Procurement of directly driven, new pumps was
also initiated. The gear elements were also replaced. Efforts have also been initiated to replace the
pumps by new pump-motor units of revised specifications and without any gear box.
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Erosion of the cupro^nickel tubes of primary coolant heat exchangers was observed. Erosion was
mainly in the section of the tube bundle facing the primary coolant inlet nozzle on the shell.
Metallographic examination of the tubes indicated denickelification of the tubes. Many tubes in this
zone had thinned. Detailed studies indicated that degradation was caused by impingement due to high
fluid velocity. The heat exchanger shells were checked by ultrasonic testing and found healthy. In
view of these observations, it was decided to replace the tube bundles of all heat exchangers.

Heavy water & helium system piping is made of SS 304. A few pipe pieces were removed from the
Helium system for metallographic studies. Microstructural examination near welds indicated carbide
precipitation and a few fine cracks up to a depth of 25 micron. It was decided to replace such segments
of piping. Welds on piping carrying heavy water were also examined but no significant flaws could be
detected indicating that these pipes are healthy.

PRESSURISED WATER LOOP

Cirus has a pressurised water loop ( PWL ) of 400 KW rating for irradiation testing of fuels and
structural materials. The in-pile test section of PWL is made of Zircaloy-2. Light water coolant in the
loop is maintained at 1500 psig and 500 °F. On the basis on oxide layer thickness and assuming that
the entire hydrogen due to corrosion reaction on the inside of tube was picked up, hydrogen pick up
was estimated as 7 ppm only. Sample coupons of the original pressure tube were not available. Hence
initial hydrogen level was assumed to be 25 ppm which "was the maximum permitted value for material
acceptance. This total hydrogen level of 32 ppm is not likely to reduce fracture toughness of the
material to any significant extent. Procedures to avoid cold pressurisation of the loop will also be
implemented. Visual examination was also done on the inner surface of the test section with a micro
video camera and the condition was found to be healthy.

Refurbishment

Refurbishment plan, including appropriate controls for radiological protection and industrial safety,
was prepared after thorough review by an expert group consisting of representatives from various units
such as operation, maintenance, quality assurance and audit, technical services, training radiation
hazards control, reactor physics and reactor chemistry. The final plan was approved by the regulatory
body.

CORE UNLOADING:

After shutting down the reactor, the core was completely unloaded of all fuel assemblies, experimental
assemblies, isotope tray rods and primary shut down devices. In order to ensure monitoring of flow
through the fuel assemblies, the unloading of fuel assemblies was done with progressive reduction in
number of pumps operating as gross flow through the core decreased with progressive removal of fuel
assemblies. A few assemblies had to be removed with shut down cooling, as operation of even single
pump was not feasible. All empty reactor positions were plugged with long aluminum shielding plugs
both at top and bottom to bring down the radiation fields in the working areas. About 30 dummy fuel
assemblies were installed to facilitate circulation of water through the primary coolant loop and for
control of water chemistry for system preservation. Moderator heavy water was drained from the
system and kept locked up in a storage tank. All other process and ventilation systems were kept in
normal operation.

PRIMARY COOLANT PIPING:

Major portion of primary coolant system piping is made of seamless carbon steel material with
diameters of pipes ranging from 50 mm to 500 mm. About 70% of piping is laid subsoil (4 m deep)
and individual sections of piping are joined with mechanical couplings having elastomer seals called
"Dresser Coupling". One such coupling on the reactor coolant outlet line located in a sub-soil concrete
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chamber had developed a minor leak. Replacement of the leaky elastomer seals of the joint was
carried out without draining the water from the system to prevent any damage to elastomer seals of the
other dresser couplings under dry conditions. For this purpose, the concrete chamber was flooded with
water and the seals on the coupling were replaced underwater with the help of divers.

Two of the subsoil pipelines were found to have minor leaks during hydro testing. Locating the leaks
using radioisotope tracer and acoustic emission techniques was considered but was not feasible due to
various site constraints. The pipelines were therefore exposed by excavating soil. Leak on one of the
lines was found to be due to pitting corrosion of outside surface and the pipe material was also found
to be not in good condition. The leak from the other line was from Dresser Coupling gasket. The
coating and parent metal of all the pipes was examined. Coating on all the pipelines was found
degraded due to aging but parent metal was found in good condition except for one line ( where leak
was found ). After review it was decided to replace coating on all pipelines with cold applied
protective tape and also to replace the gaskets of Dresser couplings since the elastomer material had
already seen a long life. For the pipeline where metal surface was found degraded, it was decided to
replace the entire line.

A crack adjacent to a weld in one of the coolant outlet cross headers made of SS 347 material was observed. In-
situ metallographic examination was carried out by transferring the microstructure to a back reflecting plastic
replicating strip. The crack propagation was seen to be inter-granular and area surrounding the crack had
sensitized microstructure. On detailed checking after cutting and removing the header, an unexpected weld joint
was found in the header. It was seen that a SS 304 spool piece with coarse grain material was welded between
the SS 347 header. The poor weld joint between the SS 347 and SS 304 pipe piece and the coarse grain structure
caused the defect This revealed that near the crack a repair work had been carried out during initial installation
whereby a small piece was inserted. The header was repaired and installed back.

REMOTE REPAIRS TO LEAKY FLANGE JOINT OF COVER GAS PIPING

One of the challenging jobs during the present outage is the repair of leaky flange joints of the helium
cover gas system located in the reactor structure region. There are eight flanged joints between the
aluminum extension pipes connected to the reactor vessel and the stainless steel system piping. These
joints are located in the 200-mm vertical gap between the upper steel thermal shields and removable
concrete biological shields. The flange joints are of tongue and groove design with elastomer seals. In
order to avoid removal of the large structural components above the flange joints, a remote repair
procedure was developed. The procedure involves tightening the flange joints using clamps and has
been tested successfully on a full scale mock up. Close circuit television camera is used for remote
viewing and the tools and clamps are maneuvered into place using multiple ropes. The ropes are
manipulated from the operating platform located about 5 m above, somewhat like in a puppet show.
Analysis has been carried out, to identify the correct sequence and the extent to which these flange
joints could be tightened safely. The repair method was earlier qualified in a mock up where leak was
corrected by tightening a similar flange joint with very old and broken gasket.

Conclusion

Detailed aging studies of Cirus were carried out after a service period of about 32 years. Status of the
health of systems, structures and components of the reactor was assessed through these studies and a
refurbishing plan was drawn up. Refurbishing of the reactor has been taken up which includes
replacement and repairs of degraded components as also safety improvements. With these actions the
useful life of the reactor is expected to be extended significantly in a cost-effective manner. The
experience of refurbishment will also be helpful in planning and execution of decommissioning of the
reactor at a future date.
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