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ABSTRACT

Good operating experience with computer control in
CANDU reactors over the last decade justifies a broadening
of the role of digital electronic and computer related
technologies in future plants. Functions of electronic
systems in the total plant context are reappraised to help
evolve an appropriate match between technology and future
applications. The systems research, development and
demonstration program at CRNL is described, focusing on the
projects pertinent to the real-time data acquisition and
process control requirements.
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1. COMPUTER CONTROL SYSTEMS IN CANDU PLANTS

Experience with digital control of nuclear power plants
in Canada began in the early sixties and favourable oper-
ating experience to date has ensured that computers will play
an ever increasing role in the control and safety instrumen-
tation of Canada Deuterium Uranium (CANDU) reactors.

The centralized dual-computer configuration has evolved
as the control system for a generating uniL of a multi-unit
station (Figure 1). Field instrument cables for sensors and
controlling elements all converge to a central area located
at the station's control room. Both computers receive
all sensor inputs and operate identical control loop

*Pre^ently with Cinatom Limited, Montreal
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Tog; ams. However, only one computer has its outputs con-
iocted to the controlling elements. Should the "master"
'-ail to perform a task, the outputs associated with the task
>• re disconnected and the "hot standby" is switched into
service. In the unlikely event that both computers are
unavailable at the same time, the plant is shut down.

More than fifteen reactor-years of experience with the
dual-computer configuration has been accumulated at the
Pickering Generating Station and only about a 0.2% loss in
the gross station output has been attributed to the control
systems [1] .

This experience has provided the necessary confidence
to expand, in the future, the application of computer and
related technologies to the overall plant. Since the dual-
computer philosophy was a product of the early sixties, its
viability for future plants should be reexamined in the
light of advances in technologies, and the more stringent
demands imposed by the larger reactors being considered.

2. POTENTIAL OF COMPUTER SYSTEM APPLICATIONS

The lead time from conceptual design to in-service for
a nuclear generating station takes anywhere from seven to
ten years. In many instances, commitments in design con-
cepts and technologies have to be made at an early stage.
The right balance must be struck between taking advantage of
novel approaches and relying upon proven technologies.

System building blocks which today only exist in
concept or are prohibitively expensive will become economi-
cal within the time frame of interest. For example, there
is little doubt that equipment like "intelligent" sensors
and actuators will be commercially available and will have
largely supplanted current devices. This will be true also
in non-station control applications presently serviced by
hardwired stand-alone systems such as fire protection,
building services, and ac power monitoring. Fu-ure system
architectures must therefore be compatible with "intelli-
gent" programmable building blocks.

In the next section, functions of the current elec-
tronic systems in a CANDO plant are reviewed to help evolve
an appropriate match between technology and future
applications.

2.1 Aspects of Current Design

From a conventional nuclear engineering viewooint, a
generating station can be split into two parts: the Nuclear
Steam Plant (NSP) and the Balance Cf Plant (BOP). The NSP
comprises a number of major components, e.g. moderator
system, control systems, and safety systems, while other
major components like switchyard and turbines are considered
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as Balance Of Plant. In defining the overall electronic
systems, it should be noted that both parts of the plant
require equipment for supervisory control and data
acquisition functions.

Shown in Figure 2 is a block diagram indicating many of
the electronic system functions carried out in CANDU plants.

A large number of stand-alone, dedicated hardwired
electronic systems perform instrumentation and control tasks
essentially independent of the station's computers except
for some alarm annunciation and logging activities.

The station computers primarily perform contro1 • ;•-.•-
tions (Table I) -and also provide annunciation, ar : cathode
ray tube (CRT) man-machine servicing.

2.2 Selection of System Architecture

Initially, many of the foregoing functions were incor-
porated into the station computers because it made economic
sense to amortize such costly resources. As the advantages
of the approach wore realized, there has been a tendency to
include more activities in the station computers. However, a
price is paid for the funnelling of all activities into the
central processor. A sophisticated operating system is
required with attendant high overheads performing essenti-
ally nonproductive work. The design of centralized systems
does not lend itself to easy partitioning. The software
development, in particular, depends upon a few knowledgeable
persons to produce an integral program package combining
widely different design requirements.

Dramatic changes in the cost balance between compon-
ents, coupled with the incentive to improve system perfor-
mance, have stimulated a broad-based research and develop-
ment effort in distributed systems. With the advent of
economical microcomputers and semiconductor memories,
programmable intelligence is being incorporated into
instruments and devices. Even in centralized systems, more
hardware and firmware are introduced to perform tasks
formerly done in software, e.g. I/O processing, floating-
point processors, FORTRAN firmware. However, no practical
design methodology is yet available to help designers
understand better the distributed system properties and to
guide them in generating more accurate specifications.
Nevertheless, it is clear that the thrust of current com-
puter technologies is towards distribution and this process
is likely to accelerate [21.
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FUNCTION

Reactor Regulating System
(RRS).

Stepback Routine (SBM).

Boiler Pressure Control
Program (BPC).

Unit Power Regulation
P!ogram (UPR).

• Turbine Run-Up Program
! (TRB).

BRIEF DESCRIPTION

RRS controls the reactor
power to a setpoint through
the manipulation of
reactivity devices.

SBM monitors various plant
parameters. If any one
parameter exceeds a certain
limit a reactor setback can
be initiated.

BPC controls the boiler steam
pressure by varying the
reactor setpoint and other
plant loads.

UPR controls the loading and
unloading of the turbine by
adjusting the speeder gear
position. It aiso monitors
important turbine and plant
parameters which if exceeded
will inhibit loading/unloading
or trip the turbine.

TRB controls the turbo-gen-
erator startup from turning
gear speed to synchronous
speed.

TABLE I Examples of Reactor Control Functions



In the context of nuclear power plant applications,
distributed architectures which encompass all station
electronic systems appear to promise a Cully integrated and
adaptable solution [3]. This approach requires a comprehen-
sive reexamination of the functions that can be removed from
the station computers to arrive at a correct balance between
centralization and distribution of computer resources.

3. SYSTEM OF THE FUTURE

3.1 General Guidelines

Three guidelines were us^d in developing an archi-
tecture.

(a) The architecture should allow integration of all
electronic systems in the plant.

A total information system would provide better com-
munications and other capabilities which are desirable
for improving plant operations. For example, setpoint
alarm limits could be modified from any convenient
location with a security greater than at present.
Calibration of field devices would be facilitated since
the necessary information would be readily available at
or very near the devices.

An integrated total information system is a first step
towards the unattended or partially attended station, a
technically feasible goal for the 1990's.

(b) The architecture should be adaptable to changes in
technology.

Architectures utilizing information busses offer the
best possibilities. Many process control products
already available are compatible with bus-oriented
communication protocols, e.g. RS-232-C, IEEE 488 and
the CAMAC Branch Highway.

(c) The architecture should be compatible with, but not
restricted by, the design principles adopted by the
utilities and the licensing board.

For example, the use of "unit" and 'station" for design
and operational purposes and the requirement for in-
dependent safety systems are likely to continue and
should be provided for. On the other hand, it should
also be recognized that current design principles re-
flect past techno . ;ies and experience. Availability of
new inventions ana techniques may lead to a reexamina-
tion of existing practices and the system architecture
of the future should serve as a vehicle to promote
meaningful discussions.



3.2 System Configuration

The distributed system architecture shown in Figure 3
follows the guidelines and provides a basis for further
discussion. It is a loosely coupled, multi-level network
made up of busses interconnected via Inter-Bus Communicators
and Isolators (IBCI).

Each IBCI is to provide an intercor.;.ection between
separate busses including the isolation needed to eliminate
undesirable interactions between subsystems. Some limited
functions for arbitrating the sharing of resources and
diagnosis and monitoring of errors may also be performed by
the IBCI.

The station computer is to concentrate on functions
pertaining to the station as a whole, e.g. station environ-
mental monitoring, building services, switchyard monitoring,
burn-up calculations for all units. The station computer
has access to the various unit busses.

The unit data base computers are to provide a redundant
repository for all real-time and past history relevant to
the monitoring, display and logging requirements of the
unit. The actual display, annunciation and logging of such
data are to be carried out by the information system, a
cluster of intelligent terminals and displays.

The unit regulating system functions are to be carried
out by separate dedicated processors. These functions are
logical candidates for the dedicated computer approach since
there is little interaction between them and what inter-
action there is can be effected through the regulating
system busses.

To ensure their integrity and their independence
from the unit and station computers, the dedicated control
processors are to have their own private inputs and outputs.
Subject to the security checks built into the control pro-
cessors, the unit and station computers are allowed access
to such inputs and outputs.

The safety systems are to be computerized and con-
nected to the unit busses. These systems will have their
own private inputs and outputs with any access to them
accepted or rejected by the safety system computers themselves.

Miscellaneous unit process control functions are
to be accomplished by the broadcast of data from intelligent
sensors associated with these functions and by the broadcast
of control information from controllers to intelligent
actuators. Depending upon the application, the sensors,
controllers and actuators may all be connected to either or
both of the unit busses.
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4 SYSTEMS RESEARCH, DEVELOPMENT AND DEMONSTRATION PROGRAM

The main objective of the systems research, development
and demonstration program at Chalk River Nuclear Labora-
tories is to identify the potential benefits offered by
advances in semiconductor, computer and related technologies
and to demonstrate the practicality of these advances by
experindentation and by actual implementation of prototype
systems.

The status of the projects pertinent to the communica-
tions, real-time data acquisition, and process control
applications is described in the following sections.

4. 1 Distributed systems development facility

The successful application of the distributed systems
depends upon the availability of a highly reliable, high-
capacity, low-cost communications medium. Accordingly, an
experimental facility was established at CRNL to meet the
following objectives [4]:

(a) to serve as a tool for developing distributed systems
and for investigating their characteristics,

(b) to demonstrate the total information transport
capability which c,n be tailored to meet specific
system requirements, and

(c) to develop components needed in the design of future
distributed systems for process control and other
real-time applications.

Shown in Figure 4 is a graphical representation of the
basic concepts which permit the experimental facility to
possess the desired flexibility. Different classes of
communications services are required and in order to
simplify the design tasks, the concept of Levels and
Channels was formulated to provide a modular solution that
is adaptable to specific system requirements.

Each independent Level is defined by a set of rules
corresponding to a range of capabilities. Flexibility is
assured as new Levels can be specified and added without
causing disruptions, to meet changing system requirements
and to take advantage of newer technologies.

Each Level can be repealed a number of times to form
independent Channels all with the properties specified by
the Level. Channels are used either to increase the data
transmission capacity or to simplify the design by de-
coupling, into smaller parts, subsystems with similar
generic requirements.
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Users connect to the communications resource via modems
which provide access to all the Levels and Channels required
in a given application. The interconnection patterns may be
dynamically modified to suit the changing condition?.

The current implementation of the basic concepts uses
equipment based on cable television (CATV) technology. The
selection of this technology resulted from a study of the
communications market which indicated that, presently, the
CATV approach showed the most promise in short-haul two-way
digital communication applications suitable for industrial
environments like the one found in a power plant [5]. In
the longer term, xre optics technology appears promising
and may very well be he one used in iuture plants.

4.2 INTRAN

The viability of applying standard CATV technology for
the communications functions at the prototype level was
successfully demonstrated in the Distributed Systems Deve-
lopment Facility. Based on the experimental results, a
commitTient has been made to further develop the distributed
syst<" concepts and to apply them in real-time systems. The
Infc mation Transport (INTRAN) project focuses on the work
program needed to translate the concepts into actual phy-
sical building blocks.

4.2.1 Building blocks

Figure 5 identifies the b.̂ sic building blocks used in
the simplest topology. Different topologies can be built up
depending upon the application, and two additional examples
are shown.

A Level 1 Channel consisting of two frequency bands, fl
and f2, forms a data path between any particular device
transmitting on fl and all the devices receiving on f2.
Approximately 320 such Channels are available on a two-way
coaxial cable.

The commercial television channel remodulator located
at the left end of the -Table is used to preserve the posi-
tion independence of all devices to its right.

No fundamental technical constraints are imposed on the
choice of the appropriate topology for a given application.
Other factors such as physical (siting considerations),
reliability requirements and overall cost would largely
influence the configuration to be selected.

To achieve the flexibility required and for ease of
maintenance, the modularity is taken to the printed circuit
board level (i.e. elemental modules). The building blocks for
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the communications medium consist of standard CATV compon-
ents and those to be developed in-house which use micropro-
cessors. The functions of the principal building blocks are
described briefly.

4.2.1.1 Arbiter The sharing of the Level 1 Channel amongst
its users is controlled by the Arbiter.

A backup Arbiter may be connected to the cable to im-
prove reliability and the backup unit remains idle as long
as it detects a unique character on the cable. In the
absence of this unique character, the backup unit is acti-
vated. All Arbiters are physically identical and can be
located anywhere on the trunk cabl-

4.2.1.2 Modems Modems are the main buildir.n blocks that
permit user access to Levels and Channels in the coaxial
cable system. They are attached to the truni cable and may
be unplugged at any time without interfering ith the
overall system operation. Modems are physica, iy position
independent.

A variety of modems can be built using the elemental
modules to meet different requirements.

4.2.1.3 Interchannel Communicator The Interchannel Com-
municator (ICC) is used for either interconnecting separate
trunk cables or for interconnecting different Level 1
Channels in the same trunk cable. Functionally, the ICC
comprises two modems back to back. This unit is used, for
example, if more user terminals need to be connected to a
Level 1 facility and several Channels are required. Another
application area is for interconnection between two dif-
ferent systems, each with its own channel frequency
assignment.

4.2.1.4 Diagnostic/Test Monitor The Diagnostic/Test
Monitor is responsible for monitoring system operation and
reporting failures to maintenance personnel. It is also
capable of shutting down certain modems if they appear to be
operating abnormally. Physically, this unit is similar to
the Arbiter except for its internal firmware program. A
measure of system operating efficiency is available from
this device since it also monitors data flows within modems.

4.3 REDNET

The REactor Data NETwork (REDNET) Project combines twj
main objectives:

(a) the development and installation of a new data acquisi-
tion and processing facility needed for the continua-
tion of the experimental program in the NRU and NRX
reactors at CRNL, and



(b) the investigation and demonstration of advanced elec-
tronic system concepts which may lead to further
improvements in the control of future Canadian power
reactors.

4.3.1 System configuration

REDNET is initially configured to solve t..e reactor
experimental aata acquisition problem by peforming the
following functions:

cead the signals from a large number oE transducers and
sensors monitoring experiments and reactor parameters
according to some sequence;

convert these signals to digital form for storage and
processing in computers; and

sort and display information as requested to permit
dynamic intervention of operators and experimenters with
the data acquisition and manipulation processes.

The REDNET configuration can be bLiefly described as a
network of: eleven processors, initially interconnected to
form a three-level hierarchical system (Figure 6).

Six of these processors are located in the remotely
sited process I/O stations (three in each reactor) and are
used for gathering and preprocessing of data and monitoring
experiments. Four processors (two in each reactor) are used
for final processing of data before transmission to the Com-
puting Centre, and also for supporting a wide variety of
CRT-based man-machine interfaces. The eleventh processor at
the System Management cluster provides a performance moni-
toring facility and enables on-going program development,
independent of the reactor-based real-time processors.

The selected configuration represents a practical first
step, using currently available technology, towards the
realization of the long-term project objective.

Ultimately, the REDNET concept will have to confront
the total electronic systems problem in the reactors with
all its component parts, e.g. reactor safety, control room
information display, experimental facility control, and
reactor system control. Conceptually, the final form of the
distributed system solution to this total problem will
require evolution away from a hierarchical structure towards
a fully connected structure illustrated in Figure 7.

Cost-effective achievement of a fully connected
structure will require solution to the data communication
aspects of distribution, a problem addressed by INTRAN.



- 16 -

« » - » - TU COMPUTING CENTER

SYSTEM
MANAGEMENT
PROCESSOR

REMOTE
PROCESS
INPUT- <
OUTPUT
STATIONS

SECONDARY
STORAGE

TO COMPUTINC CENTER

LECEND
= PROCESSOR TO PROCESSOR LINK

Figure 6 REDNET Topology



J
CONTROLLERS AND
PRE-PROCESSORS

DATA STORAGE

NRU PROCtSSING

PtTa STORAGE

PROCESSORS AND ORAGE

!
OFF-LINE STORES,
PLOTTERS.
COHP. LINKS.
ETC.

PROCESSOR WITH

-o

GENERAL RESOURCES MAN-MACHINE INTERFACING

' = INFORMATION BUS

Figure 7 REDNET Planned Evolution



4.3.2 Distributed System Developmental Areas

Some of the advanced technology concepts to be
investigated in REDNET are as follows.

(a) Introduction of remote intelligenre in field located
process I/O stations and determination of what func-
tions to delegate to such stations, i.e. what is the
"critical intelligence" below which improved overall
system performance is marginal? What design methodo-
logy can be used to partition a system for optimum
performance, not only within REDNET itself, but between
REDNET and the Computing Centre?

(b) Use of distributed architecture to improve functional
availability and system flexibility. Can the software
be structured to permit dynamic system reconfiguration
on component failures? Is it necessary that processes
communicate with each other transparently across pro-
cessor boundaries regardless of physical location in
the system and if so, how can this be achieved
efficiently and reliably?

(c) Application of modern data base techniques to facili-
tate access to the on-line and archival data bases of
the system. Can a fully integrated data base be
achieved and be transparent to users of specific data
without sacrificing data protection and integrity? Can
this integration be achieved despite the fact that the
on-line data will be stored on REDNET disks while the
archival data are stored at the Computing Centre?

(d) Use of modern communication technology such as CATV
techniques and networking concepts to provide the
reliable information transfer capability required in
distributed systems.

(e) Role of the latest CRT terminal technology in improving
the multi-user man-machine interface. Can each user be
provided with a unique "tailor-made" interface to RED-
NET, if so desired, at low cost and without degraSation
of system performance? Can color and/or pattern recog-
nition be used to facilitate and improve control room
decisions by operators?

When the project is completed within 5 years it is
expected that REDNET:
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(a) will not only be capable of adapting to meet future
experimental data acquisition needs, but will also
provide a structure which will facilitate the replace-
ment of obsolescent electronic systems in the experi-
mental reactors; and

(b) will have demonstrated the properties of distributed
systems and helped develop the expertit:? and confidence
necessary for the introduction of these design concepts
in the control and safety systems of future power
reactors.

5. A PERSPECTIVE

Good operating experience with computer control in
CANDU reactors over the last decade justifies a broadening
of the role of digital electronic and computer related
technologies in future plants. The timely introduction of
distributed architectures is proposed as the framework for
future electronic systems which can take advantage of new
inventions and techniques. The systems research, develop-
ment and demonstration program at CRNL is aimed at acquiring
the expertise necessary for the implementation of distri-
buted control and safety systems in future commercial power
plants.
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