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Abstract

The on-power fuel handling system design at Rajasthan and
Madras Atomic Power Stations (RAPS and MAPS) is essentially based
on the design of the fuel handling system at Douglas Point
Station (CANADA) Although, a number of improvements have been
carried out in the fuel handling system of RAPS and MAPS at the
component and sub-assembly level, some problems of repetitive
nature like frequent deterioration in the performance of B-ram
ball screw, leak detector solenoid valves etc., still exist.
Further, there are certain limitations and drawbacks in the
fuelling systems of these stations. For example, FM carriage
design would not meet current seismic qualification standards.
Also there are chances of fuel transfer room getting contaminated
during movement of a failed fuel bundle. In order to obviate
these deficiencies, a new concr-�,pt has been worked out for the
fuel handling system of Narora Atomic Power Station (NAPS) and
accordingly, major changes have been made adopting a new layout.
For example, FM head supporting arrangement has been changed to
'Suspension' type and a 'Linear-indexed' trans-fer magazine has
been introduced in the fuel transfer system.

Based on the experience gained from RAPS, MAPS and NAPS,
design concept for 500 MWe fuel handling system has been evolved
with further improvements especially in the layout. Also, a
Calibration and Maintenance Facility for maintenance, testing 
calibration of FM head, sub-assemblies and components of fuel
handling system has been introduced in the 500 MWe design.

This paper discusses some of the experience gained from
RAPS, MAPS and NAPS and also highlights the features of 500 MWe
fuel handling system.

Introduction

Indian PBWR's can broadly be classified into three
categories. The first category of reactors are at Rajasthan and
Madras (RAPS MAPS) which are essentially based on Douglas Point
Power Station in Canada. The second category of reactors are
standardised 235 MWe reactors which have been built or under
construction in India. Narora Atomic Power Station (NAPS) and
Kakrapara Atomic Power Project (KAPP) belong to this category.
one of the guidelines in evolving the design of the standardised
235 MWe PWRs was that te design would be subsequently scaled up
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for the third category of reactors viz. 500 MWe units. At
present, design work for the 500 MWe PHWRs is in advanced stage
and construction of the first twin unit station is about to
commence at Tarapur.

Although the fuel handling system of RAPS and MAPS is based
on that of Douglas Point Station, it has undergone a number of
improvements.

Fuel handling system of NAPS which incorporates a number of
modifications has been successfully commissioned and all the
teething troubles have been sorted out. 'On-power' refuelling
capability in auto-mode with cmputer based logics (unlike hard
wired logics in case of RAPS MAPS) has been achieved.

Fuel handling system for 500 MWe PHWR is generally similar
to that in NAPS. Nevertheless, the layout of this system has been
improved upon. Mechanisms in some of the equipment have been
simplified. These are more rugged so as to make them less
sensitive to wear and other forms of deterioration encountered in
water lubricated application. A centrally located Calibration
and Maintenance Facility (CMF) sared by the two reactor units of
the power station has been incorporated in the plant layout.

Fuel Handling System of RAPS/MAPS

In this system, the fuelling machine head is supported on a
carriage which moves on rails to provide X-Motion to the FM head.
The fuel transfer room is common to the two fuelling machine
vaults, with one fuel transfer port in each vault. For rehearsal
operations and for maintenance, the FM heads are taken out of the
FM vaults into the adjacent area called fuelling machine
service area. This area forms a part of the other grade level
areas of the reactor building (See Fig. 1).

Ram assembly of the FM head utilizes a single, ollow, ball
screw which acts as B-Ram. The latch ball screw and the hydraulic
C-Ram, are co-axially housed inside the B-Ram.

Fig.2 illustrates the path followed by the new and spent
fuel in and out of the reactor building.

The spent fuel inspection and receiving bay, as also the
spent fuel storage bay, are common for the twin units of the
station. In the storage bay, irradiated fuel is stored in spent
fuel storage trays. Each tray can hold ten or eleven fuel
bundles (depending on the desigp of the tray). Thirty-high (max)
stacking of the trays is possible. Irradiated fuel bundles are
cooled for a minimum of 465 days before they are shipped for
reprocessing. Shipment is carried out using a 75 tonne shipping
flask which can accommodate twenty trays.

Fuel Handling System of NAPS

Two main considerations have been taken into account in the
design of the NAPS system. First, to overcome some of the
limitations and drawbacks of RAPS/MAPS system, which have come to
light as a result of operating experience; and, secondly to
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design the equipment such that manufacturing is simplified
wherever possible and the components progressively indigenised.

Following are some of the limitations of RAPS/MAPS system

a) Fuelling machine carriage not qualified for seismic
conditions (as per current code requirements);

b) Possible reduction of the dousing efficiency of the
reactor and spread of Argon activity in the accessible
areas during movement of the fuelling machine into or
out of the FM vault when the reactor is operating;

C) relatively long time duration for which the fuelling
machine is engaged at the fuel transfer port during
discharge f spent fuel and receipt of new fuel (during
this time, the machine is not available for refuelling
a channel); and,

d) during transit through the equipment in the fuel
transfer room, exposure of spent fuel bundles, for a
brief period, to the fuel transfer room atmosphere,
leading to possible spread of radioactive Iodine and
particulate activity when handling defective fuel.

These limitations have been circumvented by adopting a
modified layout and a completely redesigned fuel transfer system.

Fig.3 illustrates the fuel path in NAPS. The FM head is
suspended from a trolley which is underslung f om a bridge to
give the X-motion to the FM head. (see Figs. 45). Y-motion is
obtained by movement of the bridge by ball screws supported on
two columns. Fuelling machine service area is located beneath
each of the two FM vaults. The fuelling machine head moves
between the service area and fuelling machine vault through a
hatch on the vault floor. When the fuelling machine head is
brought down to the service area, the vault atmosphere is sealed
off by a solid rubber seal adequately compressed by the weight of
the fuelling machine bridge. A 'roll-on-shield' system is
incorporated in the fuelling machine vault to move over the hatch
after the machine is brought down to the service area, to reduce
radiation levels.

In NAPS. each fuelling machine vault has its own fuel
transfer room. In the fuel transfer room, the airlocks and the
transfer arm of RAPS/MAPS have been replaced by a single
equipment called transfer magazine. The fuel transfer port,
located in the service area with its axis perpendicular to the
coolant channel axis, remains common for transfer of both new
and spent fuel bundles. The fuel transfer port connects the
fuelling machine to the transfer magazine. The transfer magazine
has two more ports; one to connect to the new fuel magazine; and
the second to connect to the shuttle transfer station. Inside the
transfer magazine, a transfer carriage consisting of six fuel
tubes, moves linearly up and down by means of a ball screw drive.
Any of the six tubes can be indexed to any of the three ports of
the transfer magazine.



-4 -

Four pairs of new fuel bundles are loaded in four (out of
six) tubes of the transfer carriage and, after refuelling of a
channel, the down stream machine, containing four pairs of spent
fuel bundles, is clamped to the fuel transfer port. Then, all the
four pairs of new fuel bundles in the transfer magazine are
exchanged with the four pairs of spent fuel in the fuelling
machine. After receipt of new fuel bundles in the fuelling
machine and spent fuel bundles in the transfer magazine, the
fuelling macnine is free to move to the reactor face for
refuelling the next channel. Thereafter, refuelling of the next
channel, and the transfer of spent fuel bundles of the previous
channel from the transfer magazine to the bay, can be performed
simultaneously.

Operating Experi nce

On-power refuelling in 'auto-mode' was first demonstrated
in RAPS in 1972. To date about 40,000 spent fuel bundles have
been discharged in RAPS and MAPS.

In the initial days of RAPS-1 operation, during refuelling,
almost invariably, some problem or the other used to be
encountered. Maintaining reactivity by refuelling was barely
achievable. This situation forced the fuel handling team to
improve the systems with a number of modifications; to find ways
to pin point the exact causes of the problems; to reduce the
frequent and random breakdowns by incorporating preventive
maintenance practices; and, to develop special purpose tooling
required for trouble shooting and efficient maintenance.

Some of the modifications carried out and tools developed
are described below 

Ambient Temperature of FM heads during On-power Refuellin2

As per the original design in RAPS-1, heavy water in the
fuelling machine head was required to be controlled at 930C
(2000 F). A complex process system and associated control
including heavy water steam heat exchanger and control valves to
limit the heating and cooling rates were used in the system.
Unsatisfactory operation of the heating system coupled with high
failure rates of the elastomeric seals and hoses in the fuelling
machine, and also leakage through the valve glands and flange
joints, were the major problems of this system. After a careful
study and numerous qualifying experiments, we have eliminated
the heating system without in any way affecting the the safe
operation of the fuelling machine heads, end fittings or fuel
bundles. 'Ambient Temperature' on-power fuelling has been
adopted since 1978 in all Indian PHWRs and to date about 4500
channels have been successfully refuelled in this mode. Failures
of elastomeric seals, and hoses have come down drastically.
Elimination of the heating circuit has resulted in reduced heavy
water escape besides other economic benefits.



Roller Screws as alternative to B-Ram and Latch Ball Screws

Procurement of water lubricated ball screws for B-Ram and
Latch of fuelling machine head have been difficult. Therefore,
ram assembly with roller screws instead of ball screws have been
extensively tested. Results have been successful. It has been
established that more channels could be refuelled by roller
screws as compared to the ball screws. However, our experience
shows that a roller screw is more sensitive to presence of crud
in the heavy water sys'em, thus, occasionally requiring
dismantling, cleaning and re-assembly in between the total useful
life of the roller screw.

Nevertheless, B-Ram ball screw/roller screw continues to be
one of the most frequently replaced parts. We have found that
generally, a ball screw can be used for refuelling of about 200
channels and a roller screw for 350 to 400 channels.
Deterioration of ball screw is indicated by increase in the P
across the oil motor and the stalling tendency of the screw
especially at low speed. The damages usually found, after normal
use of the screw, are, excessive wear, chipping off, and
brinnelling of the screw and nut races especially at the edges of
the grooves.

There have been occasions when the B-Ram screw had to be
replaced after refuelling of as low as 50 channels. The reasons
for premature failure have been found to be dislodging of the
guide inserts in the internal recirculation ball screws from
their normal positions thus causing excessive friction at the
junction of ball races and guide inserts.

Leak Detector Solenoid Valves

The two direct operated solenoid valvesassociated with the
differential pressure transmitter (called leak detector) used for
the leakage detection circuit in the FM head have been
problematic. For proper performance of the leak test, perfect
isolation is to be achieved by these valves. Therefore, a soft
seal ring made of Vespel or Torlon is fixed to the poppet to
give zero leak rate on closing of the valve (see Fig.6). Because
of the thin cross section of the sealing ring, it is found to be
very sensitive to foreign particles. Hence, these valves are
prone to frequent replacement. To some extent this problem is
overcome by relocating these valves at a higher elevation, thus
reducing the chances of foreign particles entering the valves.I

In the 500 MWe design, te leak detector along with better
valves will be located in the fuelling machine valve station.

Tool for Snout Clamping Efficiency and Preload Check

When the fuelling machine head clamps on to a channel,
sealing at the end fitting/centre support interface is achieved
by means of a elf-energising metallic bellow seal (Illydrodynel
seal). Failure due to loss of preload of the Belleville spring
and insufficient clamping force due to reduction in clamping
torque transmission efficiency are among many of the reasons for
malfunctioning of this seal leading to leakage. It may be
mentioned that there is no direct method available for pin
pointing these two aspects.



Hence, a tool (see Fig.7) has been developed to check the
preload of the belleville spring as well as the clamping force
being generated. For checking the preload of the belleville
spring, the fuelling machine ead is clamped on to the tool using
minimum clamping pressure. Then the pressure inside the tool
cylinder is gradually increased in steps ad the length
(indicated as x in Fig.7) of the tool piston protruding out of
the cylinder is measured each time. As the pressure increases
the tool piston exerts an increasing force on the centre
support. When this force exceeds the preload of the belleville
spring in the snout clamping mechanism, it begins to get
compressed and the centre support moves inward. The movement of
the centre support is indicated by the change in length x of
the tool piston and the pressure at this point will give the
spring preload since the area on which the pressure acts is
known.

For determining the clamping force, the tool cylinder is
filled with oil and isolated. Then, the fuelling machine head is
clamped on to the tool and gradually the clamping pressure in the
snout cylinder is increased. The pressure inside the tool
cylinder is indicated on a pressure gauge. As -the clamping
pressure increases the pressure inside the tool cylinder also
increases. From the pressure gauge readings, clamping pressure
necessary to produce the required clamping force can be
calculated.

Channel Isolating Plug (CHIP)

This tool is used in the reactor channel during
rectification of a damaged seal plug seal face with PHT in cold
and depressurised condition. This eliminates te need to form
ice plug in end-fitting feeders and helps in reducing radiation
exposures to the plant personnel.

"CHIP" is nstalled in the channel end fitting by the'
fuelling machine after removing seal plug (closure plug) and
shield plug. The CIP (see Fig.8) gets locked in the shield plug
groove with the help of six peripheral equispaced balls. When
CHIP as been installed, it isolates the sealing face from the
heavy water in the channel by means of rings. After CHIP has
been installed, the detachable portion of CIP occupying the seal
plug space has to be removed to provide access to the sealing
face. After the sealing face is rectified, the detachable
portion is fastened back and the CHIP can again be handled by the
fuelling machine for its removal from the channel.

Highlights of On-Power-Refuell'Lng System of 500 MVqe PHWRs

When the design work on fuel handling system of NAPS was
taken up, our experience in engineering and operations was
limited. Therefore, even though, we had made significant
modifications in the NAPS systems, design of certain features
continued to remain sub-optimal. Majority of such 'deficiencies'
have been rectified and further improvements, as a result of
increase in accumulated experience, have been made in the design
of on-power refuelling system of 500 MWe PHWR's. Some of these
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features incorporated in the systems are described below

Layout of fuel handling system

The overall layout of the fuel handling system is shown in
Fig.9. In te reactor building, both fuelling machine service
areas are interconnected by a tunnel below the calandria vault.
The tunnel opening is sufficient in size, to permit movement of
the fuelling machine head and its service cart. Adequate water
and concrete shielding is available below the calandria to enable
personnel and equipment movement in the tunnel even when the
reactor is operating. In addition o the tunnel, a fuelling
machine airlock is provided at the same elevation as the fuelling
machine service area permitting both fuelling machine heads to be
wheeled out directly from the reactor building. The fuelling
machine airlock opens into the fuelling machine Calibration and
Maintenance Facility in the service building.

The concept of transporting spent fuel from reactor building
to service building using shuttle has been retained. However,
spent fuel receiving bays are located such that 'the shuttle'
transport tube is straight and as short as possible. A separate
spent fuel receiving bay is provided to cater to the spent fuel
coming from any one of the fuel transfer rooms of the reactor
(see Fig.10). This will allow draining of one of the receiving
bays for maintenance while permitting the refuelling operations
on the other side.

Calibration and Maintenance Facility (CMF)

For the 500 MWe PHWRs, a common service bui 'lding has been
provided, centrally located between two reactor units. In the
service building, at the same elevation as the fuelling machine
service area of the reactor, a full fledged light water
Calibration and Maintenance Facility (CMF) has been provided.
(see Figs.11&12). The CMF has two full-size, ambient
temperature, full pressure, coolant channel assemblies. Two
fuelling machine heads can carry out all the on-power refuelling
operations on these two channels. Water Hydraulic, Oil hydraulic
and Electrical controls are provided such that after any major
maintenance, the fuelling machine heads can first be tested,
calibrated and proven to be reactor worthy. From the CMF, the
fuelling machine heads can be carted to the fuelling machine
service area inside reactor building through the air lock
previously mentioned. Besides the two coolant channels, the CMF
also has a hot test facility to simulate the operations performed
by the fuelling machine head when clamping on to a reactor end
fitting during on-power refuelling. Further, several test rigs
to independently assemble, test, calibrate and fine tune various
subassemblies of the fuelling machine head (such as Ram
Assembly, Snout Assembly, Coolant Closure Plugs, etc.) are also
located in the CMF.

Moreover, CMF can be utilized for training of fuel handling
operations and maintenance personnel. (The control console as
well as the electrical control hardware including PLC, closely
resemble the corresponding equipment in the reactor). Also,
maloperations in the FM head systems encountered on the reactor
can be simulated in the CMF. This will help in analysing the
problem and finding suitable solutions.



With these features, it is anticipated that removal of a FM
head from the reactor and its replacement with a tested ead
could be achieved in a very short time.

Ram Assembly

Keeping in view the difficultiesface.1 in the procurement of
specialised items such as ball screws, ram tubes, oscillating
shaft seals and the operational problems being faced in our
existing reactors, a new concept has been evolved for the ram
assembly of 500 MWe FM heads. In this, B-Rain and C-Ram are
powered by two separate (but co-axial) rack and inion drives.
Ea;h o these drives consists of a dual rack system driven by two
pinions which in turn are driven by two oil hydraulic motors,
thus providing a balanced, duplicated drive. Latch Ram is
connected to a ball screw and the mating nut is again operated
by oil hydraulic motors. In addition to the provision of
balanced duplicated drives, a system for emergency movement of
B-Ram and C-Ram, separately, by using heavy water pressure in
the ram housing, has been incorporated. Thus an independent
back-up is available for force generation by B-Ram and C-Ram.
This would be particularly useful in boxing-up the channel in
abnormal situations.

As the B-Ram has to accommodate the C-Ram within it, the
overall dimensions of the rack do not permit its etry into te
coolant channel. (see Fig.13). Therefore, a separate tube has to
be attached to the B-Ram system which has resulted in the
increase in overall length of Ram Assembly.

Fuel Locator

In order to limit the length of the fuelling machine head,
the B-Ram stroke requirements have been reduced to the bare
minimum. This is achieved by placing the sielding plugs in the
end fittings of the coolant channel closer to the seal Plugs and
filling the gap between the twelve-bundle-length core and the
shielding plugs by introducing a thirteenth fuel bundle and one
fuel locator at each end of the fuel string (see Figs.14 & 15).
With this arrangement, the fuel locators serve the purpose of
shield 4ng whereas the downstream shielding plug locates the fuel
string in position. Length of fuel locator is same as that of
a pair of fuel bundles. It has provisions to enable it to be
picked up either by B-Ram or C-Ram. The in-board end of the
fuel locator not only serves to turn the radial flow through the
holes in the liner tube to an axial flow, parallel to the fuel
bundles, but also distributes it in the same proportion as
required by the sub-channels of the fuel bundle.

The increased cost due to the additional components in the
coolant channel is oset by the reduction in the heavy water
inventory and reduced maintenance of h ruqged ra aembly.

Transfer Magazine

The transfer magazine for 500 MWe refuelling system is an
improved version of the NAPS transfer magazine (see Fig.16). it
consists of a ectangular housing in which a transfer carriage
moves in a vertical direction driven by a ball screw. The
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housing is sielded in an enclosure whereas the drive unit,
position sensing potentiometer, and reed switches (back-up to
potentiometer) extend out of the shielded enclosure. This
feature provides approach to these elements even with spent fuel
bundles in te transfer magazine.

Two stop plates, one at te top of the carriage and the
other at the bottom, have been provided. This will prevent
accidental dropping of the spent fuel bundles into the transfer
housing, should there be any malfunction/maloperation of the
fuelling machine rams.

Receipt of new fuel from new fuel magazine and discharge of
spent fuel to the shuttle transfer station are carried out 'dry',
that is, with heavy water in the transfer magazine below the
spent fuel discharge elevation. Operations with the fuelling
machines are 'wet' when both transfer magazine and fuelling
machine are filled with heavy water.

Heavy water spray systems have been provided it the
transfer magazine to cater to different emergency situations that
could arise, to ensure cooling of tFle spent fuel bundles.

In case a pair of fuel bundles gets -stuck, during its
travel from transfer magazine to shuttle station under 'dry'
condition, then, adequate emergency air cooling can be initiated.

Centre Support Cooling

occasionally, hot water from the channel could back up into
the machine when the heavy water outflow from the machine exceeds
the supply into it from the valve station. It has. been
postulated that expansion of the centre support due to hot water
back up into the machine could lead to disturbances of the snout
preloading system, ultimately resulting in the leakage across
fuelling machine - end fitting etallic seal.

In 500 MWe, provision has been made for additional heavy
water supply to the centre support region, which is initiated
after the fuelling machine is hydraulically connected to a
coolant channel. This is expected to reduce the ill effects of
hot water back-up.

Separation of FM and PHT Circuits

As heavy water storage tank is common to FM and PHT System,
FM supply pumps cannot be run to meet fuel handling system needs
during station transients or w.�en te PHT system has been opened
for maintenance. This puts a limitation on the preventive
maintenance and shutdown maintenance jobs to be taken up on the
fuel handling system as heavy water supply. would not be
available. Therefore, a scheme is being worked out to incorporate
an additional small capacity (say 3 to tonnes) heavy water
storage tank together with associated circuits so that fuel
handling system can be operated in an 'isolated mode' (see
Fig.17).
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Conclusions

It has been possible for us to briefly cover in this paper
only a few of the many features and improvements in the 500 MWe
fuel handling system design.

Recognizing the importance of the performance of the on-
power fuel handling systems for the success of Pressurised Heavy
Water (Power) Reactors, we have laid great emphasis on
continually updating the design, manufacturing technologies and
operating practices. The complexities of the fuel handling
system are such that there are no limits to the improvements that
can be achieved. This, in a way, keeps us motivated to strive
for achieving perfection.
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(500 MWe)
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