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Abstract 

Canada curremlv has 18 CAN'DU Pressurized Heavy Water Reactors in operation and 4 under 
construction, for an installed nuclear capacity of 15.500 MWe. Most of the reactors are in the 
province of Ontario where 50T< of the electricity is nuclear generated. Atomic Energy of Canada is 
developing the CANDU-3, a 450 MWe reactor incorporating the latest available technologies, 
including distributed control. 

The three Canadian Utilities with CANDU reactors have made a major commitment to full-scope 
training simulators. 

In Canada there is a growing commitment to developing major improvements to the interface 
between the control systems, the field equipment and the operating staff. The development 
program underway makes extensive use of information technology, particularly expert systems and 
interactive media toois. Out of this will come an advanced CANDU control concept that should 
further improve the reliability and availability of CANDU stations. 

1. Status of Nuclear Power 

Currently there are 22 CANDU-PHWRs* in Canada; 18 in operation and 4 under construction. 
The first of the 860 MWe units at Darlington is scheduled for in-service this year. Once these are 
in operation, Canada will have an installed nuclear capacity of 15,500 MWe. The current capacity 
of 12.000 MWe represents approximately 1551- of the total electricity generation in the country. 

The two prototype CANDUs built in the 60s, a 25 MWe unit near Chalk River and a 200 MWe 
unit at Bruce, have both been shutdown and defuelled. Some materials and components have been 
removed for studies related to plant ageing and life extension. 

No new CANDU reactor sales have taken place since 1981, however there are strong indications 
that this will soon change. In the province of Ontario, which currently has 16 reactors producing 
50% of its electricity needs, the demand for electricity has been growing at close to 5 per cent 
annually since 1983. This growth is expected to continue and planning for expansion of the 
electricity generation capacity has started; CANDU nuclear is a prime candidate. Two other 
provinces. New Brunswick and Saskatchewan, a* seriously considering CANDU-3 nuclear 
reactors. 

* CANada Deuterium Uranium. Pressurized Heavy Water Reactors 

The CANDU-3 being developed by Atomic Energy of Canada, is the latest and also the smallest 
version of the modern CANDU line of Pressurized Heavy Water Reactor systems. It has a net 
output of 450 MWe. Proven technology is used with key components, such as steam generators, 
pressure tubes and coolant pumps, identical to those used in larger CANDUs. Extensive use of 
digital information technology will be introduced into all aspects of the design and construction of 
these units. As well, the advances in this technology will be used to improve CANDU control and 
safety systems. Considerable savings in l&C costs and construction time will be realized through 
the extensive use of data highways for signal transmission, and programmable micro-processors to 
implement control logic. The distributed control system will consist of channelized local stations 
distributed throughout the plant (outside containment) and linked by redundant co-axial cable data 
highways. 

2. Full Scope Training Simulators 

The large nuclear power program in Canada requires a large number of well-qualified operations 
staff and, of course, a substantial commitment to training. To meet the required proficiency in 
control room operations, Ontario Hydro has adopted a policy of a full scope simulator for each of 
its 4-unit stations, giving them a total of 5 simulators. The other two CANDU Utilities in Canada 
have also seen fit to invest in full scope simulators: Hydro Quebec have theirs in use, whereas the 
New Brunswick simulator is due for service in 1991. All these simulators have been supplied by 
CAE in Montreal. Canada. 

In light of the very strong commitment to full scope training simulators both as users and as 
suppliers, it was an honor for Canada to host a very successful IAEA Specialists' Meeting on 
Training Simulators for Nuclear Power Plants in September 1987. The proceedings of this 
meeting [11 are available from die IAEA. 

3. Priorities in Control and Instrumentation 

In Canada, there is a growing commitment to the development of major improvements to the 
interface between the control systems and the operators. As CANDUs become more complex, and 
are operated under tighter constraints for longer periods between outages, plant operations staff 
have to absorb more information to correctly and rapidly respond to upsets. 

A development program is underway at Atomic Energy of Canada Limited to use information 
technology, particularly expert systems and interactive media tools, to assist operators in exisnng 
and future CANDU plants. The complete system for plant information access and display, on-line 
advice and diagnosis, and interactive operating procedures is called Operator Companion [2]. 

The CANDU-3 control room will contain some of the features proposed for the next generation 
control room for single unit CANDUs. Specific examples under investigation include: 

(i) enhancement of Emerj sney Operating Procedures fEOPs) to make them 
more symptom oriented. Currently they are very event specific, 

(ii) transfer of tedious, low level, tasks from the operator to the computer. 
(iii) provision of some form of plant status overview in the Control Room that 

is consistent with the operator's mental model of the plant, and 
(iv) improvements to the operator's ability lo understand the cause of system 

upsets through alarm reduction and pattern recognition. 

All these activities require strong interaction from the operations staff during the design process. 
This team approach should result in much more "operator friendly" interfaces and consequently a 
significant reduction in the possibility of operator error. 



4. Operator Companion Prototype 

Before launching a large scale program to develop an Operator Companion for a CANDU power 
plant, we decided to start with a smaller prototype. The prototype chosen is for a small district 
heating reactor being developed by AEC1. It was implemented using distributed workstations 
linked on a local area network (LAN). Three modules have been developed and interconnected via 
the LAN: a plant database, an operator console and a subsystem advisor. The latter monitors the 
various secondary' heat transport system parameters and acts in parallel to the control computer; 
however, message generation has been enhanced to provide more information. 

5. Specialized Advisors 

Several other specialized operational and design advisors for CANDU are being developed using 
expert system technology to meet the needs of CANDU owners. Example include advisors for, 

selecting which fuel channel to refuel next, 
identifying channels with defective fuel, 
diagnosing the root cause of reactor trips to minimize poison outages and 
comply with regulatory requirements for restart, and 
providing more rapid and more direct operator access to plant 
Emergency Operating Procedures. 

The la'ter two are being developed joindy with utility staff familiar with the needs of the operators. 

6. Station Information Svstems 

In response to a need for more efficient management of information in multi-unit generating 
stations. Ontario Hydro launched a program at Darlington in 1985. The systems developed reside 
in an IBM mainframe and are now operational. 

Hie Work Management System [?] is central to many of the key business processes in nuclear 
station commissioning and operation. It is used to identify, plan, initiate and report on all 
preventive and corrective maintenance in the station, and is integrated with three other systems that 
work closely together. 

Material Management System, 
Staff Information System, and 
Equipment Spare Pans System. 

In addition to these on-line interfaces, the Work Management System interfaces to other Head 
Office systems for cost reporting, control, equipment reliability statistics, etc. 

At the 4-Unit Darlington Station there are 300 workstations with access to the Work Management 
System for 8S0 station users. 

7. Equipment Status Monitor Svstem 

The equipment status monitor system being developed for Darlington will be accessible from 
control room work stations. Process schematics will be generated directly from the plant 
Computer-Aided Design and Drafting database. The state of devices, such as valves, will be semi-
automatically updated on the CRT displays by bar code readers carried by the plant operating 
personnel. These bar code readers are used by the field staff to verify that the correct device has 
been located and to guide him through the operating sequence. 

8. Conclusions 

Much of today's focus on improvements to CANDU control are on helping the operator do his job 
better under significantly less stress. Out of this will come an advanced CANDU control concept 
that relies heavily on advances in information technology. The control room, one aspect of the 
total control concept, will assist the operator in dealing with information overload during plant 
upsets and relieve him of a lot of administrative drudgery. 
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