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ABSTRACT

Following two CANDU type reactors at Rajasthan
(RAPS-1&2), three nuclear power stations, each of
two units of 220 MWe has been in operation at
Rajasthan (RAPS-1&2). Madras (MAPS-1&2).
Narora (NAPS-1&2) and Kakrapar (KAPS-1&2).
Two more stations, also of 220 MWe capacity, are
under construction at Rajasthan (RAPP-3&4) and
Kaiga (Kaiga-1&2). These are natural uranium
fuelled pressurized heavy water cooled and heavy
water moderated reactors (PHWRs). The two units
at Rajasthan viz RAPS-1&2, were built with the
technical collaboration with Canada and the rest of
the units have been designed and built indigenously
incorporating a number of modifications,
particularly in the on-power refuelling system. The
evolution of the design of the Fuel Handling Control
systems of these reactors, taking into consideration
operational needs, safety aspects and
maintainability are highlighted in this paper.

A combination of hydraulic and electronic control
has been provided to enable the operations. In
RAPS-1&2, hardwired electronic controls were
provided, while in MAPS-1&2, the hardwired
system was improved. From NAPS onwards, a
computerized control system with hardwired
interlock logic has been provided. New devices like
coarse-fine potentiometers, special oil filled
potentiometer assembly, rectilinear potentiometers
etc., were specified from NAPS onwards.
Positioning logic is computerized providing
flexibility and expandability. Digital panel meters

and indicating lamps have been provided for
manual mode operations, while CRT monitors help
in computer mode operations.

Hydraulic controls which comprise D2O hydraulics,
H2O hydraulics and oil hydraulics have been
improved from NAPS onwards. Hydraulic panels
have been relocated in accessible areas to reduce
manrem and for better maintainability. All electric
drives including X and Y drives were modified as
hydraulic drives for better control. New types of
valves have been employed.

The paper highlights the details of the changes
incorporated.

1. INTRODUCTION

The pressurised Heavy Water reactors (PHWRs)
with natural uranium fuel require regular and
frequent on-power refuelling. In Indian PHWRs of
220 MWe, a complex Fuel Handling System mainly
comprising two Fuelling Machines and a Fuel
Transfer System is provided to enable refuelling.
An elaborate control system with the following main
features has became necessary for enabling
automatic and remote manual operations.

a) Automatic Sequential Logic
b) Safety interlock logic
c) Continuous feedback process control
d) Accurate positioning at precalibrated positions.
e) Torque, Force and speed control for the drives.
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f) Manual operability and system status
indicators.

It has also been considered desirable to have an
operational logging system in addition to the above.

These requirements have been met by providing
suitable Electrical and Hydraulic controls. The
Hydraulic controls meet the requirement (e)
mentioned above whereas the rest of the
requirements are met by Electrical controls. The
two CANDU type reactors at Rajasthan Atomic
Power Station (RAPS-1 &2)and the two reactors at
Madras Atomic Power Station (MAPS-1&2) were
provided with hardwired Electrical control systems,
whereas in subsequent reactors at Narora (NAPS-
1&2) and Kakrapar (KAPS -1&2) computerised
control systems have been provided. The above
reactors are in operation. Four units, two at Kaiga
(Kaiga-1&2) and two at Rajasthan (RAPP-3&4) are
under construction.

2. ELECTRICAL CONTROLS

The Fuel Handling System is provided with
extensive electrical controls to enable automatic
sequential operation while ensuring safety ,
reliability and maintainability.

2.1 CONTROL SCHEMES

In RAPS-1&2 and MAPS-1&2, a totally hardwired
system was provided. Discrete component logic
units, employing Germanium transistors were
employed in RAPS-1 &2, whereas these were
improved using silicon transistors in MAPS-1&2.
The positioning controls employed hardwired trip
units.

From NAPS onwards, a computerised system was
adopted in view of the following advantages:

I. Better man-machine communication with the
help of CRT messages.

II. Flexibility in positioning, interlock and
operational program logic provided by software,
compared with wiring changes that were
needed in previous projects.

III. On-line diagnostic capability.

IV. Possibility of performance evaluation
suitable data logging and analysis.

by

The computerised system provided in NAPS-1&2
and KAPS-1&2, employed a 16 bit supervisory

master computer with two separate 8-bit
microcomputers. The master computer analyses
the operational demands, as entered by the
operator and initiates the various tasks that the
microcomputers have to execute. The software is
organised in such a way that a full auto mode
operation, including automatic sequential operation,
is possible with both master and microcomputers
being functional, whereas, a degraded or semi-auto
mode is possible with only the microcomputers
being functional.

A manual mode is also provided, alongwith a full
fledged control console, so as to enable completion
of operations to bring the system to a safe state, in
the event of any failures of the computerised
system.

The application software for the computerised
system is written in a specially developed higher
level language called Process Control Language
(PCL). A compiler has been provided with the
master computer, so that the codes, which are
compiled off-line, can be stored on the master
computer disks, and transferred to microcomputers
as required. The transferred codes are interpreted
by an Interpreter program in the micro computer. It
is possible to calibrate the various discrete
positions, by bringing the drive to the required
position and invoking the calibration program. The
microcomputer enables automatic positioning and
also checks the safety interlocks. No command is
issued to the field device unless the interlocks are
satisfied, as checked by the microcomputer and
also by a hardwired safety interlock logic, which
does not depend on the computerised system. This
hardwired IC-based safety interlock logic also
ensures safety for the commands issued by the
operator in the manual mode. During the sequential
operation, if any of the permissives are not
available, these are indicated on the CRT monitors
on the console by proper messages.

On the control console, digital panel meters have
been provided to enable positioning of the drives, in
cases, where microcomputers develop faults during
operation. The operator will be required to refer to
the calibration record in such cases.

The safety interlock logic in NAPS-1&2 employs
TTL integrated circuits, as compared with discrete
components like silicon transisters in MAPS-1&2.
CMOS logic units are employed in RAPP-3&4 and
Kaiga-1&2. Comparator units are employed to
generate logic signals based on analog field
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signals. These logic signals are used in interlock
logic.

While in RAPP-3&4/Kaiga-1&2, the control
philosophy is mostly comparable to that of NAPS, a
few improvements have been incorporated in
design. Arithmetic capability to some extent has
been added in the PCL. A 16-bit microcomputer will
be employed, thereby enhancing the computing
power considerably. This will enable limited use of
automatic sequential operations even without the
supervisory computers. Positioning can be done
based on the signals from either the primary
devices or back-up devices, comparator units will
have the set point potentiometers located
independently, so that replacement of the defective
comparater units does not require adjustment of set
points. A PC-based operational logging sub system
will also produce a summary print out apart from
storing a detailed log in the computer.

2.2 SENSORS

In comparison with RAPS/MAPS, a coarse-fine
potentiometer assembly has been employed as a
position monitoring sensor for many drives (e.g. B-
ram of Fuelling Machines)from NAPS onwards.
This has a ten turn potentiometer with a single turn
continuous rotation potentiometer on a common
shaft, thereby enhancing the resolution and
positioning accuracy with a good signal to noise
ratio. At certain places where two Linear Variable
differential transformers (LVDT) were employed in
RAPS/MAPS, a single long stroke LVDT has been
employed from NAPS onwards. For sensing small
movements, rectilinear potentiometers have also
been used for better compatibility with the
computerised controls. Oil filled potentiometer
housing for C-Ram has been modified to utilise a
single turn continuous rotation potentiometer,
thereby reducing probability of potentiometer
failures resulting from Ram'C rope breakages.
Further this type of design has simplified the
procedure to replace the failed assemblies.

3. HYDRAULIC CONTROLS

Hydraulic controls have been provided to ensure
that the hydraulic cylinders and hydraulic drive
motors function to meet the requirements of the
design of mechanical equipment. Hydraulic controls
can be categorised under Water Hydraulic controls
and Oil hydraulic controls.

3.1 WATER HYDRAULIC CONTROLS

Water Hydraulic controls employ Heavy water or
light water as the fluid medium, so as to ensure
compatibility with the process. The water hydraulic
cylinders require the force and speed to be
controlled. Solenoid operated directional valves are
employed to enable the advancing and retracting of
the cylinders. In general, Differential Pressure
Regulating Valves with the outlet pressure
referenced to the operating pressure of the
associated equipment, are employed to provide
controlled forces. However, control valves are
employed for C-Ram force control, so that different
forces can be selected on program commands.
Speed control is achieved by providing throttling
valves or fixed orifices.

Designs of most of the stations as regards water
hydraulic controls are similar. However from NAPS
onwards the layout of the valve panels has been
changed. Control devices for new actuators have
been accommodated and also catenary hoses have
been standardized. Fuelling Machine (F/M) valve
panels have been rearranged such that the
structural frame work meets seismic requirements.
All catenary hoses have been provided with either
in-line excess flow check valves or flow limiting
orifices, to prevent or limit the D2O escape during
failures of hoses.

3.2 OIL HYDRAULIC CONTROLS

These controls enable speed and torque control, in
addition to direction of movement for the various oil
hydraulic drives. Many of the Electric drives,
provided in the design of RAPS-1&2 and MAPS-
1&2 were changed to oil hydraulic drives from
NAPS onwards. For example, the drive motors of X
and Y motion drives of Fuelling Machines have now
been made oil hydraulic from NAPS, whereas these
were electric motors in RAPS-1&2 and MAPS-1&2.
Similarly New Fuel Magazine and Transfer
Magazine drives of Fuel Transfer System are now
oil hydraulic. The design philosophy of speed
control by using Pressure Compensated Flow
Control Valves and force/torque control by pressure
regulating valves has been extended to the new
drives. In certain cases relief valves have been
provided for force control. Also additional devices
like counterbalance valves (CBV) have been
provided. For example, for F/M Y-motion drive
control, CBVs are provided to prevent uncontrolled
descent whenever brakes are released.
In RAPS-1&2 and MAPS-1&2, F/M oil power pack
units and valve panels were provided on the
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Fuelling Machines. However from NAPS onwards,
these have been shifted to accessible areas, by
employing increased number of catenary hoses.
This has resulted in better maintainability and
reduction in manrem. Oil coolers with chilled water
flow have been provided to limit the temperature
rise of oil, thereby improving the performance.

4. SAFETY ASPECTS

The safety of Fuel Handling System will be ensured
mainly if the accidental unclamping is prevented
and coolant to the spent fuel bundles is made
available at all the times. However, additionally, it
is considered necessary to prevent hot water
ingress into the Fuelling machines and to provide
sufficient interlocks for preventing mechanical
damages resulting in difficulties for retrieval apart
from leading to manrem consumption. Control
system design has been improved in these
respects. Interlocks are checked both in the
hardware and software from NAPS onwards.
Autoinitiated action based on redundant timers
have been incorporated so as to ensure coolant
during dry transfer. In RAPP-3&4/Kaiga-1&2
devices which are important for safety has been
identified and it has been ensured that fail-safe
feature is provided to a large extent. For safety
related functions, back-up devices are provided.
The cable routes have been made diverse for back-
up devices to prevent common cause failures to the

extent practically feasible. In the computerised
systems, watch dog timers are provided. Any power
supply failure leads to a "Tripped state" which has
been made safe. In this state, all bistable valves
retain the last energised condition, while most of
the oil hydraulic drives come to a halt. The failure
of set point power supply for F/M magazine
pressure control leads to closure of return line
control valves, preventing hot water ingress, if the
Fuelling Machine is in hydraulic communication
with the coolant channel.

5. CONCLUSIONS

As can be seen from above, NAPS design which is
computerised has also been improved with regard
to operability, man-machine interface and state-of-
art technology. Safety has been of prime concern in
addition to operating features. It may be noted that
the performance of the system at NAPS/KAPS has
been reasonably good.In RAPP-3,4/Kaiga-1&2, in
addition to the above mentioned features,
maintainability has also been given importance and
it is expected that RAPP-3&4/Kaiga-1&2 will give
better performance.
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