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Abstract

The on-line use of Personal Computers in research reactors, with custom made applications for
aiding the operators in analyzing plant conditions under normal and abnormal situations, has
become extremely popular. A system has been developed to monitor and evaluate important
parameters for the research reactor DHRUVA, a 100 MW research reactor located at the Bhabha
Atomic Research Centre, Trombay. The system was essentially designed for on-line computation
of the following parameters: reactor thermal power, reactivity load due to Xenon, core reactivity
balance and performance monitoring of shut-down devices. Apart from the on-line applications,
the system has also been developed to cater some off-line applications with Local Area Network
in the Dhruva complex. The microprocessor based system is designed to function as an
independent unit, parallel dumping the acquired data to a PC for application programmes.
The user interface on the personal computer is menu driven application software written in ' C
language. The main input parameters required for carrying out the options given in the above
menu are : Reactor power, Moderator level, Coolant inlet temperature to the core, Secondary
coolant flow rate, temperature rise of secondary coolant across the heat exchangers, heavy water
level in the Dump tank and Drop time of individual shut off rods.

1 INTRODUCTION

The On-line use of Personal Computers (PC) in Research reactors, with custom made

applications for aiding the operator in analysing plant conditions under normal and

abnormal situations, has become extremely popular. PC can be effectively used for data

acquisition and for processing the acquired data in providing information to the operator

with user-friendly displays.

The typical areas of on-line applications of PC in nuclear research reactors include :

• Acquisition and display of data on process parameters.

• Performance evaluation of major equipment and safety related components.

• Fuel management.

• Computation of Reactor physics parameters.

• Failed fuel detection and location.

• Inventory of system fluids.

Research carried out in association with the IAEA under Research Contract No. IND/6046.
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A system has been developed to monitor and evaluate important parameters for the

research reactor DHRUVA, a 100 MWt research reactor located at the Bhabha Atomic

Research Centre, Trombay. Dhruva is a natural uranium fuelled, heavy water moderated

and heavy water cooled reactor with a maximum thermal neutron flux of 1.8 X 1014

n/cm2/sec. The reactor is intensely utilised for basic and applied research, radio-isotope

production, material testing and man-power development and training. The reactor has a

vertical core and the coolant heavy water flows from bottom to top through individual

coolant channels where the fuel assemblies are housed. The primary coolant circuit

consists of three identical heavy water recirculating loops. Heavy water inside the reactor

vessel serves as moderator & reflector and the heavy water in the coolant, moderator

and the reflector regions is intermixed. Reactor power is controlled by controlling

moderator level in the reactor vessel. Demineralised water is used as secondary coolant

in a closed loop. The secondary coolant is cooled by sea water in a separate set of heat

exchangers. A simplified flow sheet of the coolant system is shown in Fig - 1 .

OBJECTIVE

The objective of the project is to develop a PC based on-line process and reactor

parameter monitoring system for Dhruva to serve as an operator aid. The system was

essentially designed for on-line computation of the following parameters :

• Reactor thermal power.

• Reactivity load due to Xenon.

• Core reactivity balance.

• Heavy water system inventory.

• Performance monitoring of shut-down devices.

Apart from the on-line applications mentioned above, the system has also been

developed to cater to some off-line applications with Local Area Network in the Dhruva

complex.

SYSTEM DESCRIPTION

The system acquires data on various process parameters required for computation of

the desired functions, stores and manipulates the acquired data and presents the

required information through an easy-to-use interface. The microprocessor based

system is designed to function as an independent unit, parallelly dumping the acquired

data to a PC for application programmes.

The main system comprises of two nos. of Front-end bins for acquiring and further

transmission of process data to PC through a serial link, Bin-1 catering to all process

parameters and Bin-2 for performance monitoring of shutdown devices. An IBM
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compatible PC/AT-486 is used as the computer to acquire the on-line data from the

Front-end system with a cartridge tape drive of 250 MB provided for monthly back-up of

the data. To make the on-line/off-line information available to other users as well, Local

Area Network (LAN) in the reactor complex has been installed. Five nos. of PC/ATs

based on Intel 80386 have been used as the nodes of the network. The PC in the

control room forms a node on the network having all the application software which can

be accessed from any other node with appropriate access control features incorporated.

All the above PCs are networked using Novel DOS-7 operating system in Peer-to-Peer

mode. Each PC connected as a node to the network is a workgroup of its own but can

also cater to the other users if required. Schematic of the network is given in Fig -2.

Block diagram of the front-end system(Bin # 1) is shown in Fig - 3 and the scematic of

front-end system for status /performance monitoring of shut-down devices(Bin # 2) is

indicated in Fig - 4.

i) Reactor thermal power.

Thermal power of the reactor is computed by calorimetric calculations using the reactor

coolant system and other process system parameters. The PC based system is

developed to provide on-line thermal power readings based on heat transferred to the

secondary coolant system with appropriate corrections incorporated.

The application software on the PC after computing the thermal power not only displays

the values but also gives the graphical display of thermal power, and core coolant inlet

temperature for the last 72 hours.

ii) Reactivity load due to Xenon.

Information regarding reactivity load due to Xenon at any instant is important towards

assessing the Xenon over-ride time available to restart following a reactor trip/shutdown

depending on the excess reactivity available. Subsequent to poisoning out, information

is needed about the poison-out period during which the Xenon will decay to a

sufficiently low level such that the reactor can be restarted. Since determination of

reactivity load due to Xenon involves solution of complex mathematical expressions

which require expertise of reactor physicists, operations personnel are put to a

disadvantage at odd times. The PC based system has therefore been developed for

providing reactivity load due to Xenon build-up/decay for any given operating history of

the reactor. In addition, operations personnel can also interact with the system for

obtaining information on a possible power manoeuvre scheme before shutdown to

maximise the available shut-down time without poisoning in order to attend to certain

short duration shutdown jobs. For convenience of interpretation, reactivity load due to

Xenon is expressed in terms of moderator level in reactor vessel.
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The system periodically acquires information on the moderator level, reactor power and

moderator inlet temperatures to calculate the operating Xenon and Iodine load and

keeps updating these values. Whenever the reactor trips or when the user initiates the

power manoeuvre routine, the system acquires the values of Xenon and Iodine at that

instant and predicts the value of Xenon at a given time subsequently with further

proposed changes in reactor power taken into account. Using the value of Xenon at

any time the corresponding value of moderator height is calculated. By comparing this

with the maximum attainable moderator level in reactor vessel, it is possible to find

Xenon over-ride time and xenon poisoned out time.
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Hi) Core reactivity balance.

In a reactor like DHRUVA there are primarily two types of reactivity loads which affect

the critical height of the moderator in the reactor.

Firstly, it is the operational effects arising because of the reactor thermal power itself as

also the temperature rise in the various regions of the core. Operational reactivity effects

also include poisoning due to fission products like Xenon and Samarium. Secondly, it is

the reactivity effect due to the various experimental/irradiation assemblies present in the

reactor core.

In computing the reactivity balance, effort is made to account for all the reactivity effects

mentioned above to interpret the criticality as reflected in the observed critical height of

the reactor. The computed reactivity effect may not agree precisely with observed height

and the error will be reflected in the unassigned reactivity. However, under all operating

conditions it is necessary to ensure that the error remains within specified limits and in

case of any discrepancy beyond the specified limits, the same is investigated. This

information is'derived from the operating parameters viz. the reactor thermal power,

moderator level and core inlet temperature. These parameters are continuously acquired

by the front-end system and fed to the PC through a serial link. The user friendly PC

based programme provides the reactivity balance sheet. The reactivity effects due to

experimental loads are obtained from physics computations and are entered off-line as

and when necessary.

iv) Heavy water system inventory.

For all the operating states of the reactor, a strict vigil has to be maintained on the total

inventory of heavy water in the system. Abnormal loss of inventory is indicative of

possible degradation of the primary coolant system pressure boundary. Also, the

operability of reactor at any power with different operating and experimental reactivity

loads is mainly decided by the maximum pumpable moderator height into the reactor

vessel which can be computed by knowing the total inventory of heavy water available in

the system.

This system continuously acquires the information on heavy water levels in the various

storage tanks of the system and transfers the processed signal to PC through a serial

port. In the PC the application software displays all the tank levels and the

corresponding inventory and computes the total inventory by adding the fixed inventory

in the system piping after incorporating appropriate temperature corrections. Based on

the total inventory, the maximum pumpable height in the reactor vessel is computed.
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The system updates the inventory every two minutes and maintains the history for the

past 72 hrs.

v) Performance monitoring of Primary shut-down devices.

The primary shut-down system of DHRUVA consists of 9 cadmium shut-off rods. When

a reactor trip is generated by the protection system, the electro-magnetic clutches

holding the shut-off rods above the active region of the core, are de-energised and the

shut-off rods fall rapidly into the core under gravity and spring induced initial

acceleration.

For satisfactory performance of shut-off rods, the drop time should be within the

specified time limits. The shut-down devices are provided with limit switches to indicate

their position status. The system is designed to monitor this status, measure the time of

travel on a reactor trip and to maintain history of performance data.

Front-end system periodically acquires the required analog process signals and after

conditioning and digitisation, the signals are stored in the memory of the front-end

system. This data is transferred to the PC through a Serial communication link. It can

also operate in stand-alone mode by computing and displaying all the computed

parameters.

4 APPLICATION SOFTWARE

The user interface on the personal computer is menu driven application software written

in 'C language. The memory resident programmes written will be active as long as the

main computer is on and keep capturing the data from both the serial ports every 2

minutes. The data thus captured is stored in PC files which is in turn available for the

on-line as well as off-line application software.

The main input parameters required for carrying out the options given in the above menu

are Reactor power, Moderator level, Coolant inlet temperature to the core, Secondary

coolant flow rate, temperature rise of secondary coolant across the heat exchangers,

heavy water level in the Dump tank and Drop time of individual shut off rods. All these

data items are stored continuously in two files. The programme when invoked will

access the required data from these files and does the individual operation/function as

demanded. It keeps updating the current status of any calculated parameter by scanning

the data in the file every 2 minutes.

Apart from the on-line applications mentioned above, the system has also been

developed to cater to three off-line applications Viz. Stores inventory programme, Fuel
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assembly history programme and Reactor daily performance report. All these packages

have been developed in FOXPRO environment with user-friendly pop-up menus and

help levels at every stage. These programmes are accessible from all the nodes

connected on the LAN. Provisions also exist to incorporate extra features in this system

in future by augmenting the capacity of the Front-end system. The proposed applications

include logging of important system parameters such as individual fuel channel coolant

outlet temperature, channel coolant flow and channel power output etc..

5 CONCLUSIONS

The use of PC as an operator aid has been found to be highly beneficial for operation

and maintenance related tasks and has a potential for applications in several areas. The

system has considerably reduced the burden on the part of the operator by providing the

necessary information in an organised manner through easy-to-use interfaces. Though

the hardware and software developed for the system is specific to Dhruva reactor, the

concept and the method of approach can be suitably modified and utilised for other

applications as well.
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