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ABSTRACT

India has gained rich experience in design,
manufacture, testing, operation and maintenance of
Fuel Handling System of CANDU type PHWRs.
When design and layout of the first 500 MWe
PHWR was being evolved, it has been possible for
us to introduce many special and innovative
features in the Fuel Handling System which are
friendly for O&M personnel. Some of these are:

• Simple, robust and modular mechanisms for
ease of maintenance.

• Shorter turn-around time for refuelling a
channel by introduction of a transit equipment
between Fuelling Machine (FM) Head and light
water equipment.

• Optimised layout to transport spent fuel in
straight and short path and also to facilitate
direct wheeling out of FM Head from Reactor
Building to Service Building.

• Provision to operate the FM Head even when
Primary Heat Transport (PHT) System is open
for maintenance.

• Control-console engineered for carrying out
refuelling operations in the sitting position.

• Dedicated calibration and maintenance facility
to facilitate quick replacement of FM Head as a
single unit.

The above special features have been described in
this paper.

1. INTRODUCTION

Pressurised Heavy Water Reactors (PHWRs) built
in India have evolved from the CANDU type
Douglas Point reactor. The On-power Fuel
Handling Systems (FHS) at Rajasthan (RAPS-1&2)
were built with Canadian collaboration and are
identical to that at Douglas Point. The design at
Madras (MAPS-1&2) is similar to that of RAPS-1&2
but manufacture, testing, commissioning and
installation were carried out in India. All the
subsequent reactors of 220 MWe capacity at
Narora (NAPS-1&2), Kakrapar (KAPS-1&2), Kaiga
(Kaiga-1&2) and Rajasthan (RAPP-3&4) have FHS
which are significantly different from the Rajasthan
and Madras reactors. These systems were entirely
designed and built in India. Thus, we have gained
rich experience in design, manufacture, testing,
operation and maintenance of FHS of PHWRs.

Now we have embarked on the detailed design of
India's first 500 MWe PHWR to be built at Tarapur
(TAPP-3&4). For a 500 MWe PHWR, the refuelling
requirement is about two channels per full-power.

day as compared to about one channel per full-
power day in case of a 220 MWe PHWR. The
increased refuelling demand for 500 MWe reactor
requires better availability of FHS. The FHS design
should also strive to achieve shorter turn-around
time. Further, there is a need to economise on the
man-rem requirements during maintenance.

In order to meet the above requirements, the FHS
for 500 MWe PHWR has been designed to be
simple and rugged. Modular construction has been
followed for the various sub-assemblies of Fuelling
Machine Head and other equipment of Fuel
Transfer System. In addition, a full fledged
Calibration and Maintenance Facility has been
provided.
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When design and layout of the plant were being
evolved, it has been possible for us to introduce in
the FHS, many unique features which are friendly
to operation and maintenance personnel, apart
from being more rugged and reliable.

The above features are described in detail in this
paper.

2. FUELLING MACHINE (FM) HEAD

FM Head is an important equipment of the FHS.
The FM Head consists of three major sub-
assemblies, viz., the magazine assembly, the snout
assembly and the ram assembly.

2.1 Magazine Assembly

The magazine assembly is made up of a pressure
housing and an end cover, which when joined
together by a high pressure coupling, form a
pressure vessel. A rotary magazine is mounted
inside the pressure housing to store new or spent
fuel bundles and various other accessories required
for carrying out the on-power refuelling operations.

The magazine rotor is made of twelve machined
tubes positioned around a central shaft and held in
place at each end by two jig bored plates. This rotor
assembly is mounted over a central shaft which is
bolted to pressure housing at one end and
supported in the end cover at the front end. Thus
the magazine rotor is a simply supported assembly.
The internal gear attached to the rotor is driven by
two pinion gears mounted on water lubricated
bearings in the rear end of the pressure housing.
Each pinion gear, in turn, is driven by an indexing
drive gear box through a rotary balanced
mechanical shaft seal cartridge. The backlash free
indexing drive gear box is driven by an oil hydraulic
motor. (Fig 1)

Some special features of this assembly are:

• In the rotor design, welding is completely
avoided. Distortion control during welding and
subsequent heat treatment, as also the
precision machining of the fabricated structure,
has been a demanding and difficult operation in
earlier design. Thus the 'bolted design' makes it
manufacturer-friendly.

• The simply supported rotor design is more rigid
and avoids the alignment errors that are

possible in case of cantilever mounting used in
the earlier design.

• The magazine drive shaft seal has been made
as a modular cartridge' type unit. Thus, a fully
assembled and tested replacement cartridge
can be fitted in place of the existing one without
dis-assembling too many components.

2.2 Snout Assembly

The snout assembly is attached to the front end of
the magazine assembly. It consists of a centre
support which carries a bellow like metallic seal for
effecting a high pressure joint with the end fitting. A
mechanism consisting of four cam actuated jaw
segments, a clamping barrel with internal
trapezoidal (acme) threads, and a worm gear with
matching external trapezoidal threads, are used for
moving and clamping on to an end fitting. (Fig.2)

Some special features of this assembly are:

• An oil hydraulic motor is used to drive the
mechanism instead of the piston actuated rack
and pinion drive used earlier. This enables use
of single start acme threads in clamping barrel,
giving the required irreversibility to avoid
unclamping on loss of oil pressure.

• The snout assembly is modular in construction.
This allows removal of the snout assembly
without the need for the disassembly of the
high pressure coupling between the end cover
and the pressure housing (also referred to,
some times, as magazine housing).

2.3 Ram Assembly

The ram assembly is mounted at the back end of
the magazine assembly. The ram assembly is
required for operating the different accessories
during fuelling operations and to push new fuel into
or receive spent fuel from the channel. In this B-
Ram and C-Ram are powered by two separate (but
co-axial) rack and pinion drives. Each of these
drives consists of a dual rack system driven by two
pinions which in turn are driven by two high torque
low speed oil hydraulic motors, thus providing a
balanced, duplicated drive. Latch ram is also
operated by oil hydraulic motor. In addition, a
system for emergency movement of B-Ram and C-
Ram separately, by using heavy water pressure in
the ram housing, has been incorporated. This
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would be particularly useful in boxing up the
channel in abnormal situations (Fig 3).

Some special features of this assembly are:

• The ram assembly is of modular construction,
allowing its removal as a single unit from the
pressure housing.

• The rack and pinion drive selected is of a
robust design and expected to perform better
compared to ball screw drive used in the earlier
design.

• C-Ram position monitoring scheme is fully
outside water environment and hence would be
more reliable than the wire rope design used
earlier.

3. FUEL TRANSFER (FT) SYSTEM

The FT system requires to perform the basic
functions of storing the new fuel in reactor building
(RB), exchange of new fuel with spent fuel and
transport of spent fuel using the well-proven
'Shuttle Transport System' to Spent Fuel Storage
Bay (SFSB), located outside the reactor
containment. It comprises of two sets of
mechanical equipment, one for the north and the
other for the south side of the reactor.

The time taken for the FM Head to discharge spent
fuel received from the core, and to accept new fuel
for refuelling the next channel, has been reduced
by having a common Fuel Transfer Port and
incorporating an 'Exchange Programme'. In the
exchange programme, while two spent fuel bundles
are discharged into the Transfer Magazine (TM),
two new fuel bundles are received from the TM into
the FM Head. The spent fuel in the TM can be sent
to the SFSB simultaneously with the refuelling of
next channel. Thus the overall cycle time for
refuelling a channel has been reduced to about two
and half hours.

All the equipment in the spent fuel path are closed
vessels and do not freely communicate with the
atmosphere outside the equipment. Thus, spread of
activity (mostly from the occasional failed fuel
bundles) into the FT Room and other areas in the
reactor building is considerably reduced.

TM and the other important equipment of FT
system namely Shuttle Transfer Station (STS) are
described below;

3.1 Transfer Magazine (TM)

TM (Fig 4) interacts with three different equipment
namely New Fuel Magazine, FM Head and Shuttle
Transfer Station for the receipt of new fuel bundles,
exchange of new fuel bundles with spent fuel
bundles and discharge of spent fuel bundles
respectively.

It consists of a rectangular stainless steel housing
in which a carriage moves linearly up and down.
The carriage comprises of six fuel tubes which can
be aligned to three ports of the housing to receive /
discharge the fuel bundles. The carriage is driven
by an oil hydraulic motor through a rotating ball nut
and translating ball screw. The position of the
carriage is controlled / monitored by duplicate set
of potentiometer assemblies. The aligned position
of carriage is also confirmed by an independent
reed switch assembly.

Some special features of TM are :

• Capability to receive 8 spent fuel bundles from
FM Head and load 8 new fuel bundles into the
FM Head in one sequence.

• Simple fuel stops for preventing accidental
dropping of spent fuel into the housing.

• Drive system and position sensing devices are
brought outside the TM Housing to enable easy
maintenance. Shielding provided around TM
Housing allowing maintenance even when the
TM contains spent fuel.

• Provision for cooling of spent fuel bundles
stored in it under various conditions.

3.2 Shuttle Transfer Station (STS)

STS (Fig 5) comprises of a shuttle carriage which
moves vertically up and down in a cylindrical
housing partly filled with light water. It interacts with
TM under dry environment to receive the spent fuel
into a special carrier tube called Shuttle' housed in
the carriage. The Shuttle is then lowered and
transported to Spent Fuel Receiving Bay through
Shuttle Transport Tube (STT) using hydraulic force.
The STT is kept straight and short for smooth
movement of fuel.
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The aligned position of the carriage is achieved
against mechanical stops. The position is
monitored continuously by a duplicate set of
potentiometer assemblies.

Some special features of this assembly are :

• Simple wire rope drive mechanism powered by
oil hydraulic motor.

• Fuel shutter for preventing accidental dropping
of fuel into the housing.

• Special dampener attached to shuttle carriage
to reduce impact force on bundle due to
postulated free fall of carriage.

4. ISOLATION OF FM
SYSTEM FROM PHT

HEAD D2O

As heavy water storage tank is common to FM
Head and PHT System, FM Supply pumps cannot
be run to meet FHS needs when the PHT system
has ben opened for maintenance. This puts a
limitation on the preventive maintenance and
shutdown maintenance jobs to be taken up on the
FHS as heavy water supply would not be available.
Therefore, an additional 5 tonnes capacity storage
tank together with associated circuits have been
provided so that FHS can be operated in an
'isolated mode'.

5. FUEL HANDLING CONTROLS

The controls for the FHS have been based on
Programmable Logic Controller (PLC). In addition,
a sitting control console has been provided for FHS
which would help to reduce the operator fatigue. A
dedicated Data Acquisition System (DAS) in
conjunction with Expert System would be designed
to work as Operator Support System (OSS) and as
a tool for maintenance and health monitoring of
certain critical actuators.

6. CALIBRATION & MAINTENANCE
FACILITY (CMF)

In order to meet the enhanced refuelling
requirement for 500 MWe, the on-line maintenance
activities are required to be minimised. This can be
achieved by adopting modular design of the

assemblies so that a faulty assembly can be quickly
replaced with a well maintained, tested, calibrated
and proven reactor-worthy assembly. This
approach also avoids any repeat work, which
sometimes becomes necessary due to possible
maintenance errors in inconvenient locations and
radiation fields.

With the above in view, a full fledged off-line
Calibration and Maintenance Facility has been
provided for the first time, in case of 500 MWe
PHWR. This facility has the necessary features for
carrying out maintenance, testing and calibration of
important components, critical sub-assemblies and
complete FM Head with simulated reactor
conditions outside the reactor building in a tritium
free environment. This would enable to keep an FM
Head in the poised condition ready for replacement
in a short time whenever required.

In addition, care has been taken to include the
following desirable features also in the CMF.

i) Simulating and analysing, when necessary,
the mal-operations in the FM Heads as
they occur in the reactor,

ii) Providing training facilities for operations
and maintenance personnel of the fuel
handling unit.

6.1 Layout of CMF

The FM service areas are located below the
respective FM Vaults. The two FM service areas in
each reactor unit are inter-connected with an FM
tunnel which runs below the calandria vault. The
FM tunnel permits the movement of FM Head, from
any of the two service areas through a single FM
airlock, directly to CMF located in the service
building (Fig 6). The tunnel has adequate concrete
and water shielding to allow passage of FM Head
even when the reactor is operating. The CMF is
located in between the two reactor buildings and is
common for a twin unit station. See Fig 7 for the
various facilities provided in the CMF, some of
which are described below:

6.2 FMHead Test Facility

Three test channels have been provided for testing
of FM Heads. The central channel is similar to a
reactor coolant channel. On this channel, two FM
heads can be tested in unison either in hot
condition or at ambient temperature with either of
the two FM Heads as upstream or downstream
head. Each of the other two channels can be used
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for testing an FM Head independently either as
upstream or downstream under ambient
temperature. The necessary forces (hydraulic drag
forces / ram forces of the opposite end FM Head)
can be simulated by using a test ram housed in the
opposite end of the test channel

6.3 Ram Assembly Test Facility

It is desirable to test a Ram Assembly
independently before it is assembled to an FM
Head. For this purpose a Ram Assembly Test Rig
(RATR) has been provided. A test piston with
labyrinth seals is housed inside the RATR to
generate forces required to adjust/calibrate the
forces of the B-Ram/C-Ram/latch.

6.4 Other Facilities

Several test rigs have been located in the CMF to
independently assemble, test, calibrate and fine

tune various sub-assemblies of the FM Head (such
as snout assembly, coolant channel closure plugs
etc.). Further, provision has been made in the CMF
to decontaminate the FM Head before taking up
any work on it.

7. CONCLUSIONS

It has been possible for us to briefly cover in this
paper only some of the improvements and
innovative features of the 500 MWe Indian PHWR
FHS design.

It is well recognised that the performance of the on-
power FHS play a major role for the success of
PHWRs. We hope that these features will
contribute in a large way for a troublefree and
optimal performance of the FHS.
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