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Ageing of Systems, Structures and Components (SSCs) is a natural process and sets in along
with the construction and commissioning of plants inspite of best design provisions and
maintenance practices. Plant operators & maintainers need to plan and take measures against
ageing degradation of SSCs to maintain the high standards of safety. As safety is a
continuously evolving phenomenon, incorporating safety upgrades from time to time and
carrying out ageing management towards improved safety for research and power reactors is
very important. Cirus research reactor which was commissioned in 1960 and Tarapur Atomic
power station which was commissioned in 1969 are two such examples of older generation
nuclear plants in India which are presently undergoing extensive refurbishment towards
implementation of ageing management programme.

The 40 MWt Cirus Research Reactor located at the Bhabha. Atomic Research Centre,
Mumbai, is a vertical closed tank type reactor with natural uranium as fuel, demnineralised
light water as primary coolant, heavy water as moderator and graphite as reflector. The
reflector and the thermal shields are cooled by reactor building ventillation system. Sea water
is used as secondary coolant. The reactor vessel is made of aluminium and has 199 lattice
tubes rolled into top & bottom tube sheets. It has an expansion joint between the top tube
sheet and the shell to allow for thermal expansion. The reactor operated very efficiently till
early nineties after which the ageing degradation of SSCs started affecting the reactor
operation. Plant availability factor showed a declining trend due to frequent breakdown of
equipments. Detailed performance review was carried out for various equipments and a list of
equipments that needed replacement was prepared. Equipments, for which availability of
spares was becoming difficult due to obsolescence, were also included in this list. Detailed
ageing studies were then taken up on various SSCs. The SSCs were categorized into in-core
components, important safety systems, important out of core components/systems and
important structures & auxiliary system. Based on ageing studies and results of in-service
inspections carried out, a detailed refurbishment programme was drawn up and a long outage
of the reactor was taken for refurbishing the reactor.

The Reactor Vessel (RV) is one of the critical in-core components. Out of 199 reactor vessel
tubes, two tubes which had earlier shown moderator leakage were plugged. Tritium and
helium sniffing carried out subsequently indicated no leak in the reactor vessel region. Eddy
current testing of all the RV tubes was carried out. Visual inspection of five selected tubes
was also taken up using a micro video camera and no significant pitting damage on tube wall
was noticed. Inspection of outer surface of RV shell was also carried out using the micro
video camera and its condition was found satisfactory. At one location, where a hairline crack
was noticed on the RV shell, plasticine impression was taken on modeling clay and the crack
was analysed to be insignificant. Irradiated test pieces taken from an isotope irradiation
assembly, which was of similar material as RV shell and had seen a total neutron fluence
comparable to RV shell, were tested. The irradiated material was confirmed to have sufficient
ductility thereby indicating that RV shell material will also have sufficient ductility for
continued safe operation. Towards assessment of fatigue life of RV expansion
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joint, a finite element analysis using NISA computer code was performed and fluctuating
stresses were checked to be well below the endurance limit of the irradiated expansion joint
material.

Measurement of the stored Wigner energy in graphite reflector was carried out. One of the
graphite blocks from the reflector was taken out during refurbishing outage and stored Wigner
energy level was measured using differential scanning calorimetry. These results indicated
that there was no need to carry out in-situ annealing of the graphite reflector.

Water cooled aluminium & steel thermal shields provided on top and bottom of the RVwere
hydro tested. The weld joint between coolant inlet pipe and top plate of upper aluminium
shield showed minor leakage. A special hollow plug having sealing rings of 'C'-shaped cross
section at the ends and a straight pipe in the middle was developed and installed to isolate the
leaky portion of the pipe. As the plug was installed remotely, a flexible shaft assembly was
used for installing and expanding the sealing rings in-situ to isolate the leaky portion.

Detailed inspection and ageing checks for various components of reactor regulating and
protection systems, shut down core cooling system, electrical power supply system and
containment system were carried out and refurbishing requirements were accordingly planned
and implemented.

Ageing assessment & inspection of important out-of-core components of primary coolant
system and moderator and cover gas systems was also carried out in detail. During inspection
it was found that the cork pad foundations of the primary coolant recirculation pumps had
sunk due to ageing. Consequently the load of the pump-gear-miotor set was getting transferred
to system piping resulting in frequent misalignmnent of pump-gear-motor sets and failures of
gear sets. Accordingly, replacement of the cork pads for all pump-gear-motor sets was taken
up. In addition, as the normal maintenance frequency on these pump-gear-motor sets had
increased due to ageing, it was decided to replace the old pump-motor sets with new sets.

Primary coolant heat exchanger tube bundles were replaced with new ones as frequency of
tube leaks had increased. Inspection of primary coolant piping indicated that reduction in wall
thickness due to corrosion was insignificant. This is attributed to maintaining of excellent
water chemistry for the primary cooling system. Metallic pipe expansion joints of primary
coolant system piping were checked visually and by liquid penetrant test and found healthy. A
portion of SS-304 piping for heavy water and helium system showed signs of stress corrosion
cracking probably due to occasional ingress of trichloro-ethylene, which is used in
refrigeration circuit of freezer driers in helium system for recovery of heavy water. The
affected piping was replaced.

Ageing studies were carried out on important civil structures and reactor auxiliary systems
and refurbishing requirements were finalized. Major civil structures like the 400 feet high
exhaust air stack and the 8,50,000 gallon capacity spherical concrete tank, which stores
demineralised water for shut down core cooling, were inspected. Seismic assessment of
important civil structures was carried out to check that their design satisfies the current safety
standards. Based on this assessment seismic strengthening of the spherical concrete tank was
taken up by steel plate jacketing and epoxy grouting.
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Two nos., each of 160 MWe capacity boiling water reactors have been in service at Tarapur
Atomic Power Station (TAPS) since 1969 and have been operating at high capacity factor.
Extensive Ageing assessment studies are planned as per the Atomic Energy regulatory Board
requirement for renewal of authorisation for continued operation of the station. Accordingly,
Plant management with the help of various specialists is presently carrying out ageing studies
to check for any degradation in SSCs, specially those which can not be replaced or can be
replaced with lot of difficulty only after extensive development work. Based on the ageing
studies Ageing Management Programme (AMP) for the TAPS has been formulated in line
with LAEA Technical Series report no. 338, AEA TECDOC-540 and other relevant
documents. SSCs that are important to safety have been identified with a view to detect
degradation due to ageing and to take advance action through extensive maintenance for
repair or replacement. These SSCs have been classified as Major Critical Components,
Important system and other critical components and further classified as not replaceable,
replaceable with re-engineering and replaceable on routine basis. For each such component,
the mode of degradation has been identified, ageing assessment has been done and corrective
action plan has been defined.

Elaborate In Service Inspection (1) programme has been carried out for the Reactor Pressure
Vessel (RPV) and other in-core components. RPV material condition has been found
satisfactory on the basis of tests on RPV surveillance specimen and the results indicate that it
has adequate fracture toughness to assure the safety of the Pressure Vessel till the end of
service life of 40 full power years. Fatigue analysis for the reactor pressure vessel has also
been taken up considering its ageing due to thermal and pressure cycles. The excellent coolant
water chemistry has ensured negligible deterioration of material of construction. The primary
coolant system pressure boundary has been inspected as per IS! programme and has been
found to be satisfactory. In order to improve safety with respect to inter-granular stress
corrosion cracking of SS 304 material, a large portion of SS 304 piping has been replaced
with improved quality material SS 304 LN. Reactor Containment is periodically leak tested
and the leak rate has been well within the specified limit. However since containment testing
is done at a pressure lower than the design pressure, measurement of wall thickness of dry
well and assessment of various containment penetrations has been taken up. Also,
simultaneous outage of both the units of TAPS has been planned to carry out inspection of
water submerged components of suppression pool such as vent headers, down corners, pool
liner and supports etc. to assess the ageing related degradation and take necessary steps to
repair! replace such components.

lImportant systems (engineered safeguard system and support systems) are being routinely
monitored and are in good condition. The piping, valves, pumps and instruments are regularly
inspected, their condition monitoring is done and repair! replacement actions are taken as &
when required.

Other critical components such as safety valves and PSIs are inspected periodically as per
inspection programme and are maintained in good condition. Reactor feed pumps, main
exhaust fans, emergency ventilation fans etc. are inspected under performance monitoring
programme. Balance life of cables connected to safety related systems has been assessed and
replacement schedule has been prepared. Plant up-gradation! modifications have been carried
out from time to time on the basis of operating experience at TAPS and experience feedback
from other NPPs.
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Information exchange and experience feedback on various operation, maintenance, inspection
and ageing management activities between Cirus and TAPS have helped in formulating and
carrying out the ageing management programme for both the reactors. Experienced technical
manpower with first hand knowledge of similar activities already carried out at Cirus
participated in falising the scope of work that needed to be done at TAPS within stipulated
time. Based on the review a list of SSCs that will need further studies within the stipulated
time frame for the completion of the activities and their acceptance criteria have been
fmnalised. Experience gained in implementing Ageing Management Programmes at Cirus and
TAPS would be very useful in updating and implementing such programmes for other ageing
nuclear installations.
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