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Abstract 

Small digital computers are playing an expanding role in the safety systems 
of CANDU nuclear generating stations, both as active components in the 
trip logic, and as monitoring and testing systems. The paper describes 
three recent applications: 

(i) A programmable controller was ietro-fitted to Bruce "A" Nuclear 
Generating Station to handle trip setpoint modification as a 
function of booster rod insertion. 

(ii) A centralized monitoring computer to monitor both shutdown systems 
and the Emergency Coolant Injection system, is currently being 
retro-fitted to Bruce "A". 

(in) The implementation o? process trips on the CAMDU 600 design 
using microcomputers. While not truly a retrofit, this feature 
was added very late in the design cycle to increase the margin 
against spurious trips, and has now seen about 4 unit-years of 
service at three separate sites. 

Committed future applications of computers in special safety systems are 
also described. 

Introduction: 

Plant computers have always been a feature of the CANDU design. 
Five generations of CANDU reactors have seen successively greater 
levels of computerization, with the result that all major control 
functions are now completely computerized (1). Until relatively 
recently, however, the Special Safety Systems were implemented using 
conventional analog circuitry and discrete logic. 

Our highly successful experience with computer control hub led 
both designers and plant owners to consider the use of programmable 
devices in the Special Safety Systems. As will be seen, we are now 
engineering the fourth generation in the application of computers 
to shutdown systems. The first three generations were retrofits to 
existing plants. Since each generation did not have to wait for a 
new plant design for its implementation, evolution has been quite 
rapid in nuclear industry terms. Design work on the first application 
started about siven years ago. 

CAllbU Special Safety Systems - a brief overview: 

A short description of these systems will enable the reader to i,ettr.*t 
understand the environment in which the computer systems operate. 

All tece.'.' CANDU reactors have four Special Safety Systems - two 
totally independent Shutdown Systems, an Emergency Coolant Xr.jwction 
System (EC1), and the Containment System. The instrumentation for each 
of these systems is independent of that of the others, and ii. itself 
divided into three fully independent channels. Typically, activation 
of a system requires two of its three channels to b>- in the tripped 
state. Testing is carried out one channel at a time. As part of the 
shutdown system test procedure, the channel under test is set in a 
tripped state, meaning that a trip on either of the remaining channels 
will trip the reactor. 

Shutdown System 1 (SDS1) operates by dropping shutoff rods into 
the core under gravity. Shutdown System 2 (SDS2) injects a liquid 
poison into the heavy water moderator, except on Pickering 'A', 
which uses moderator dump. 

Both shutdown systems are designed to detect the full set of 
design basis accidents. They employ self-powered in-core detectors 
to monitor neutron overpower (NOP), ion chambers to detect high rate of 
change of power, and a variety of process measurements. 

Evolution of Computers in CAHDU Safety Systems; 

The four applications to be discussed here are, in order of project 
inception: 

NOP Setpoint Conditioning at Bruce 'A' 

Safety System Monitoring at Bruce 'A' and 'B' 

Computerization of process trips on the CANDU 600 

Pull computerization of all shutdown system 
functions on Darlington 

The remainder of this section will discuss the functional aspects 
of each system, and reasons behind their introduction. 



bruce 'A' Not' Setpoint Condi t lomnij : 

Bruce 'A' i^ a 4 x 760MW station on Lake Huron, Ontario. The 
first m a t became critical in 147b. Tin.- bryce 'A' design employs 
sixteen enriched uranium booster rods to aid restart following a 
reactor trip. During the design process, the second shutdown system 
requirements became much more stringent than was initially assumed. 
The system changed from being a backup defence to cover failures in 
SDSl, with trip setpoints substantially less conservative than those 
of SDSl, to being a fully capable parallel shutdown system. Unfort
unately, the reactor construction was too far advanced to permit 
the inclusion of enough in-core detectors on SDS2 to provide sufficiently 
detailed flux measurements under all configurations of inserted booster 
rods to permit operation at full power with boosters inserted. Thus 
the initial license did not permit the use of boosters. This resulted 
in a very short decision and action time following a reactor trip, 
and consequently led to unnecessarily large production losses. 

Subsequently, we were able to show that safe operation with 
normal NOP setpoints was possible with up to two booster rods inserted, 
while reduction of the NOP trip setpoints permitted safe operation 
with greater numbers of boosters in core. 

This led to a requirement to lower NOP setpoints as a function of 
the number of boosters in core. The general requirement became 
obvious quite some time before the detailed analysis was complete, 
and this in turn led to the decision to implement the logic on a 
programmable controller - the first application of a programmable 
digital device in a Canadian (and possibly any) reactor shutdown system. 

The function of the device is quite simple. The MOP setpoints 
are reduced in three steps as a function of the number of boosters 
in core. Inserted boosters are read by the programmable controller 
as digital inputs. The counts of inserted boosters at which each 
setpoint reduction takes place can be set by Grey-coded thumbwheel 
switches. Setpoint reduction is achieved by switching in additional 
bias voltages to the summing junction of the analog comparator 
amplifier whose output breaks the trip chain. There is one programmable 
controller in each channel of SDS2. 

Safety System Monitoring at Bruce *A' and 'B': 

The primary reason for introducing these systems was to provide 
concise NOP margin to trip information on SDSl and SDS2. The control 
roort instrumentation of these shutdown systems is conventional, using 
edge reading meters. At Bruce 'A1, for example, neutron overpower is 
detected using 51 in-core flux detectors, each of which h«-j its own 
meter in the control room. These detectors are distributed among the 
six shutdown system channels. A channel will trip if any one of its 
detectors exceeds the trip setpoint. The margin to trip is typically 
8% full power. 

When operating at high power, close operator attention is required 
to avoid reactor trips due to drifting instrumentation, perturbations 
induced during refuelling, or single channel trips when another channel 
has been placed in a tnpi . d condition during testing. Jt was clear 
thui the operator's task could be facilitated if the neutron oveipower 
detector readings were presented more clearly. A computer based display 
system was chosen as it provides the greatest flexibility in display 
format and alarm annunciation capability. Since all major control 
functions are already computerized, the operators are already familiar 
with the use of such displays. 

The use of the plant control computers was considered for this 
monitoring function, but was rejected because, conceptually, this might 
be looked upon as compromizing the separation between the conttol and 
shutdown systems. 

The same computer system also monitors the Emergency Coolant 
Injection (ECU system. The objective here was somewhat different, 
Bruce 'A' is being retrofitted with an upgraded ECI system, which, for 
testing purposes, employs a large number of remote controlled isolating 
valves, allowing each portion of the system to be tested without causing 
an injection. If the operator should leave one of these valves in the 
wrong position, the system could be left in an unavailable condition. 
The monitor computer warns the operator of system unavailability and 
abnormal situations, based on inspection of ISO analog and tiOO digital 
inputs. Since the entire ECI system has been redesigned on Bruce 'A', 
introduction of the monitor computer did not pose any particular 
retrofit problems. 

The configuration of the monitor computer system is shown in 
Figure 1. Since the multiplexers are connected directly into the 
existing instrument loops in the safety systems, separation between 
safety system channels had to be maintained. This was achieved by 
placing a data multiplexer in each channel, and communicating the 
information to a central monitoi omputer over one-way fibre optic 
links. The multiplexers send the .' information "blind". There are no 
control signals going from the monitor computer to the multiplexer, 
so channelization of the Safety System is not affected. 

Similar monitor computers have also been incorporated in the 
Bruce 'B' design, the first unit of which will go critical this summer. 
Here, shutdown system monitoring was extended to cover procass Crips. 
On Bruce 'A', this was avoided, since additional instrumentation would 
have been required to monitor trip setpoints, greatly complicating the 
retrofit operation. Normally, we do not operate close to the process 
trip setpoints. The main reason for monitoring these parameters is to 
detect instrument failures promptly. 
Computerized Trips on the CANDU 600: 

On the CANDU 600 design, it became apparent as the licensing 
analysis progressed, that we would have to depart from our previous 



approach ot tricing when a single process variable exceeded a fixed 
setpoint. Scti.uu.ii would have to become a function of reactor power, 
and some trip parameters would require somewhat complex conditioning 
logic, if the ui.its were to be capable ot their designed power output 
without compromizing ease of operation. An example of the type of 
setpoint variation reijuired is shown in Figure 2. This figure also 
shows the manner in which the setpoint function was modified in a 
subsequent software revision. To accommodate expected design changes 
arising from licensing analysis and commissioning experience, there 
was a need for easy adaptability of the shutdown system logic. Once 
again, the application called for a computer. 

Since design and construction of the shutdown systems was already 
quite far advanced (about IS months before criticality), the new system 
had to be integrated into the ocnventionai relay logic/analog comparator 
system, and additional space for equipment was very restricted. After 
considering the various alternatives - an expanded conventional system, 
a custom designed analog system employing extensive microcircuitry, 
and a digital system - the decision was taken to use computers. By 
computerizing the comparison and conditioning logic for all process 
trips, we were able to make enough space available for the new equipment 
The computers replace conventional analog comparators, and are therefore 
referred to as "Programmable Digital Comparators", or POC's. Since such 
significant application of computers in shutdown systems was novel, we 
were required to use two computers in each shutdown system channel, 
the various process trips being divided between the two machines 
PDC1 and PDC2. The resulting configuration is as shown in Figure 3. 
Note the integration with existing analog equipment used for the 
neutronic trips. From the operator's point of view, the system 
implementation still looks conventional. The first reactor 
to go critical with these computerized shutdown systems was Lepreau 1, 
in New Brunswick, on July 25th., 1982. The systems are also in use 
now on Gentilly 2, in Quebec, and on wo 1sung 1, in Korea. 

Darlington Computerized Shutdown Systems: 

Since the shutdown systems on Darlington 'A' < a <t x 850 HW 
station now under construction by Ontario Hydro on the north shore of 
Lake Ontario) are a completely new design and have been described 
elsewhere (2), we do not propose to go into detail in this paper. 
However, they do contain a number of features we consider to be good 
items to retrofit to existing plants, so some general information 
will be provided. 

On Darlington, the computerized monitoring of the Bruce stations 
is combined with the computerized shutdown logic of the CANDU 600 to 
yield a completely computerized shutdown system. Conventional analog 
panel meters are gone, replaced by two CRTs for each shutdown system 
channel (see Figure 4). The system computer configuration is shown 
in Figure 5. All trips are implemented in the "trip computers", not 
just the process trips as on the CANDU 600. An important innovation 
is the use of computer assisted testing. Each shutdown system has an 

interactive CRT for this purpose. During shutdown system tests, the 
computer performs each step, then returns to the operator and requests 
his permission to proceed with the next step. There are numerous 
advantages to this approach: 

The potential for error is greatly reduced, since 
the computer is much better suited to performing 
repetitive tasks than is a human operator. 

An accurate log of the test is kept. 

Tests can be quickly aborted if another channel 
gets close to tripping. 

A large 1.umber of dedicated test controls are 
eliminated from the control panels. 

The test, sequences are written in a simple, specially designed 
interpretive language, and can be written and modified by 
non-programmers. The system can therefore be readily applied to 
reactors of various types. We expect that this computer aided test 
feature will be the source of future retrofit business. 

Design and Installation Information: 

This section provides some technical information on the types 
of equipment used in the various installations, and on the qualification 
requirements, and any particular problems encountered in integrating 
the systems into the existing plant designs. 
Bruce 'A' NOP Setpoint Conditioning: 

The programmable controllers used were Texas Instrument 5TIs. 
These units are programmed using Boolean Logic equations. Despite the 
simplicity of the function, we were only just able to fit the logic 
into the machine's 1000 step memory. This came as a bit of a surprise 
to designers who were used to programming in assembler language, wt :re 
the same function would have occupied a few tens of memory locations. 

There were no specific environmental or seismic requirements on 
SDS2 equipment on Bruce 'A'. The equipment was installed during a 
normal maintenance shutdown, and has performed very reliably since 1977. 
Normal practice at Ontario Hydro is to have on-site repair capability 
for such equipment. In the case of the STIs, lack of adequate 
manufacturer'* information has made this difficult. Repairs required 
replacement of whole assemblies which has proved rather more expensive 
than expected, 

Bruce 'A' and 'B' Safety System Monitor Computers: 

In this application, the computers used are Data General Micro 
Novas, with Data General DG/DAC process Input/Output equipment. The 
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multiplexers use Ml-Joo processors, with suit wave in Programmable 
Re^d Only Memory (ChuM). The monitor computer itself is an MP200, 
with a Winchester disc, printer, and colour semigraphic terminal. 
Since the monitor computer is isolated from the shutdown systems, it 
required no special qualification. The multiplexers, however, receive 
their signals from the instrument loops in the shutdown systems, so they 
had to be seismically qualified to withstand the Design basis Earthquake 
(DBC) as required for SDS2 on Bruce 'U*. The vibration spectrum used 
was O.Sq from 111: to 33Hz. Because of this quite low level we were 
able to use the off-the-shelf equipment virtually unmodified. An BC 
network was added to ea*-h analog input to provide signal conditioning 
and to limit the effect on the shutdown system of any failure inside 
the multiplexer. 

The multiplexers send information to the monitor computer every 
two seconds. The record sent comprises about 230 bytes of period
ically sampled information, plus up to 60 bytes of information regarding 
any trips which may have occurred during the two second period. The 
trip status of each parameter is available to the multiplexer as a 
digital input whose change of state causes an interrupt. On receiving 
this interrupt the value of the parameter and its setpoint are sampled 
within lOmSec, and the time of occurrence is recorded. This time is 
eventually converted to a "stateness" time when the information is 
sent to the monitor computer, permitting event sequences to be logged 
to a resolution of luusec. Engineering units conversion is performed 
in the multiplexer. 

Examples of the displays available to the operator are shown in 
Figure 6. Typically, normal operation is with the display of Figure 6(a) 
on the screen. This shows the margin to trip for all NOP detectors, 
grouped by channel. Colour is used to flag low margin to trip, and this 
is also alarmed through the main plant annunciation system. The overview 
which this display affords the operator greatly eases his task in 
avoiding spurious trips. 

Figure 6(b) shows the detailed graphic and numerical information 
available on each detector in a given channel. The resolution shown 
was not available on the existing 0-100* scaled meters. 

Every analog variable is logged every six seconds for historic data 
purposes. At any time, 24 hours of data are available for display in 
graphic trend format. 

The only parts of the system whose installation impacts the 
existing plant are the multiplexers, which are located in the shutdown 
system instrument rooms. The equipment was installed on Bruce 'A* 
unit 4 while the unit was at power, and final connections to the existing 
shutdown system loops will be made in April 1984, during a one month 
outage for installation of the new ECI system. 

A problem was encountered during the design phase where two signals 
(parameter value and setpoint) were being monitored in a single 4-20mA 

loop containing various devices. The signals takeoff (joints had 
several devices between them, and consequently were at a different d.c. 
potential. This difference in some cases exceeded the common mode 
rejection limits of the multiplexer. The problem was solved by altering 
the order of elements in the loop, so that the two monitored values 
were adjacent. 

CAUDU 600 Trip Computers: 

This project started after the Bruce monitor computer project, 
but had to be completed in a much shorter time. We chose to use the 
same computers as had been selected for Bruce, and modify them as 
required to meet the more stringent seismic requirements. The worst 
case spectrum, at Wolsung, was l.fag from 1Hz to 31Hz. This, called for 
numerous minor mechanical changes. The 1/0 chassis power supply, which 
was not a lightweight switching mode, had to be removed and separately 
mounted. Card and cable retainers were added, heavy components were 
restrained, additional spot welding was performed on the chassis, and 
some large electrolytic capacitors had to be replaced with military 
specification ones. The signal conditioning precautions taken at 
Bruce also met the CANDU 600 requirements. 

Field experience with the equipment has been excellent, with very 
few reported failures once the system was commissioned. The 
flexibility of software logic has already proved itself. The programs 
which are in PROM memory and can thus be updated without disrupting 
plant operations, are already at revision 3. 

Conclusion; 

Computer systems have been added to the existing instrumentation 
in several CANDU plants. The reasons for their introduction, and the 
functions they perform, are quite varied. There are, however, several 
common elements in these applications. In all cases, the function 
would have required quite complex conventional hardware, space for 
equipment was limited, and the exact details of the function remained 
unspecified at the start of the project. Experience to date has been 
most encouraging, and there is no doubt that computers will play an 
increasingly important role both in existing and new plants, in the 
future. 
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