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INTRODUCTION

Digital computers have been successfully used in control
functions in all CANDU stations since the first commercial demonstration
plant. In each successive station design, the computer systems have
been enhanced and expanded in their scope of application. For example,
at Pickering, computers performed direct digital control of reactor
regulation, boiler pressure control, and fuelling machine operation. Later,
at Bruce, more control functions were added to the computer such as
moderator temperature and boiler level control.

The excellent performance of computers in these past designs, provides
a basis for expansion of the computer's responsibilites in a new design
currently under study. In this new computer system, we intend to add the diverse
interlock logic used by individual subsystems in the nuclear steam plant. In
current designs this logic is implemented by relays through the extensive use
of modern distributed control techniques.

The benefits to the operating company will include more flexibility in
making additions or alterations to the plant control and instrumentation during the
life of the plant. More systematic fault detection, correction, and maintenance
will also be possible.

However, the main reason to implement a distributed control system is
the advantages it offers in the design and engineering of control/instrumentation
systems.

By implementing more logic in software, we intend to improve design
flexibility and most important, to reduce the impact of late design alterations
upon the overall construction schedule. The extensive use of data highways,
replacing trunk cabling should reduce the installation and commissioning effort,
as well.

In implementing such a system, we have to recognize it will hsve a large

impact on the way things get done in the engineering group. Obviously, the control

engineer will be implementing his logic in software rather than with relays. This

gives him many more degrees of freedom, and perhaps restricts him in other ways.
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He will have to become familiar with processor loading, memory size requirements,
data communications throughputs, instead of cable tray loadings, number of contacts
available, and number of spare wires in a trunk.

Any system proposed should address the entire problem, and not just the
remote multiplexing of sensor data. We should give special attention to the needs
of the designers and project managers to ensure that the system will be an effective
tool for them.

In this paper we briefly describe the engineering design process as it
exists today, and identify some of the problems in this area. We will then look at
a new control system architecture and some mechanized tools which become possible
with this new approach to aid the design team, project management, and the field
commissioning crew.

DESIGN PRACTICE

At the beginning of a project, size estimates are made of the common
resources used by all control and instrumentation systems, such as, service power,
trunk cabling, number of relays, number of computer inputs and outputs.

Engineering of each individual system in the plant is initiated from a
process flow diagram supplied by a process design engineer. The instrumentation
engineer reviews this document, and prepares a preliminary design sketch, indicating
types of transducers, actuators and indicators, along with preliminary operating
procedures. After achieving consensus with the process design engineer, detailed
design commences. This includes ordering the instruments, initiating mechanical
drafting, (i.e. panels mounting brackets etc.), and initiating electrical drafting
of wiring and relay logic. Assignment of trunk wires, relay numbers, and computer
inputs and outputs occur at this phase. This electrical drafting activity is most
heavily affected by our new computer architecture.

?or example, one significant electrical drafting task to be replaced is
the routing of connections through trunks. This is an especially onerous task.
Consider the routing of wire 4118 of a ladder diagram for head tank valve
control in the deuteration/dedeuteration system. (Figure 1).

Wire 4118 starts at terminal 11 of relay RL35. From here, it is connected
to terminal 79 in panel PL262, and from there goes by trunk cabling to the Control
Distribution Frame (CDF) terminal DF53H-79. A cross connection is made to terminal
DF59H-76 which in turn is connected to terminal 176 on panel 161 and hence on to
terminal 8 of level switch 91#3. This is the routing of one wire in the plant.
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In total, the entire nuclear steam plant control and instrumentation
wiring encompasses:

4,000 cables
200,000 terminations
10,000 cross connections

The design effort in routing these wires is in excess of 50,000 man-hours and
consumes more than $200,000 of computer wiring management data processing services.

Changes to the wiring after design, are inevitable due to evolving
regulatory requirements, process problems encountered during commissioning, and
improvements made later upon gaining experience with operating the unit. These
changes are expensive and prone to error.

Aside from the difficult management problems involved in keeping track of
all this wire, there are other concerns in control and instrumentation engineering.
For example, the time span between the day process and instrument engineers decide
how to control the system, to commissioning and testing of the system can be
three to four years. As a result, there is insufficient feedback in terms of
the results of a given design. This is an open loop design procesi.

In summary, current control and instrumentation designs generate massive
amounts of information, created and managed manually for the most part. The
corresponding equipment and wiring represent a large fabrication and commissioning
effort as well.

Therefore, our objectives in designing a new system are:

1) to reduce the impact of late control and instrumentation
design changes upon overall construction schedules

2) to reduce the engineering effort required to design the
control and instrumentation systems

3) to reduce the control and instrumentation installation and
commissioning costs and time.

4) Maintain the levels of redundancy, reliability, availability of the
existing design.
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AN INTEGRATED DESIGN APPROACH

To meet these requirements, we are proposing the extensive use of
computers in the design area as well as in plant control. The design computers
are coupled to the plant control computers to form an "INTEGRATED SYSTEM" which
provides a p> /erful tool for design, testing and commissioning the system. This
DESIGN/CONTROL system consists of three interconnected segments (figure 2):

1. Process Control Design Centre
2. Simulator
3. Unit Control Computer System

The process control design centre maintains information pertaining
to all control and instrumentation systems. It is used by engineers to record
their design decisions. For example, the designer assigns computer addresses
and calibration coefficients associated with each instrument. He prepares the
logic programs defining the interactions between a system's inputs' and outputs.
This data base becomes the source of information for creating the on-line control
data base.

One of the decisions instrumentation engineers make in design is the
selection of .nstruments, indicators and actuators. Typically each engineer
maintains a list of instruments identified by an internal specification or part
number. At some point in time, instrument purchase requistions must be filled
out against this list and issued to the procurement section. The resources of
a design computer system could be i.iost helpful here.

Using a computer based process control design centre, instrumentation
engineers may enter their requirements into a common data base which is accessed
by the procurement section. Purchasing agents then add order information such
as purchase order number, manufacturer, supplier, delivery data, etc. This
purchasing information is available to the designers and project management through
their respective terminals.

With the adven1 of software logic replacing relay panels, and data highways
replacing trunk cabling, much of the control and instrumentation design information,
by necessity, is in machine readable form. In other words, during the design phase
of a project the design information being collected is assembled into a computer
data base. Why not take advantage of this technology to permit project management
to access this information on-line to monitor design progress. Note, this is not
a radical departvre from current practice, but rather a mechanizaton of a manual
process. It is an integral part of our solution to reduce engineering effort and
gain advantage in maintaining schedules.
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INTEGRATED DESIGN/CONTROL SYSTEM
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SIMULATOR SYSTEM

As mentioned previously, one of the problems with the current engineering
process is the fact designs seldom are tested until commissioning time.

To permit testing as part of the design process, or at least before
commissioning, we propose a simulation facility connected to the Design Centre.
At a minimum, this simulator should provide easy to use static testing tools.

UNIT COMPUTER SYSTEM

In CANDU generating stations, each generating unit is monitored and
controlled by its own unit control computer system. The existing unit computer
systems support:

1) Alarm Annunciation
2) Data Logging
3) Turbine Run-up and Fuel Handling
4) Control of Major Reactor and Boiler Systems

Of course, our new system continues to support these functions.

We present a model system configuration (see figures 3 and 4) for purposes
of highlighting design issues such as system availability, modes of failures, and
fault tolerance and correction.

The new system architecture is essentially based upon the existing CANDU
concept of independent dual systems operating in a MASTER and HOT STANDBY
configuration. The configuration has been expanded beyond the dual processors to
a multi-processor configuration, however, to support the larger responsibilities
given to it. Extensive use is made of modern data highway and high speed local
computer communications technologies to reduce the number of interconnections
required and improve system flexibility.

In present day nuclear stations, instrumentation and control functions
are assigned to independent channels. These channels are geographically separated
and independently powered to reduce the possibility of common mode failures.

A significant feature of this new approach is the use of dual
redundant data highways for each channel.
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These highways support high speed, full duplex communications, system
time distribution, and potentially voice circuits for maintenance purposes.

Field controllers are located at geographically strategic locations on
the control channel highways A, B, and C.

These field controllers implement hands^ioch and interlock logic,
(previously performed by relays) actuator control and confirmation of output commands,
simple PID regulating loops (previously implemented by analog controllers). They
also interface the computers to sensors (RTD's, pressure transducers, etc) and
perform alarm checking.

Economic constraints define a minimum acceptable size for these controllers.
Hence, a controller may support many individual systems. Alternately, elements of
a given system may be widely dispersed geographically, (e.g. handswitches in the
control room, valves containment) hence individual system may require multiple
controllers. For these reasons the controllers must be able to communicate amongst
themselves as well as with the control computers.

Alarm annunciation is also a critical function for unit operation and is
supported by dual computers similiar to the control functions, (see figure 4) As
in the current design, the operator interface (e.g. CRT's, keyboards, etc) are
connected to both computers.

Special attention must be paid to the maintenance of the computers and
data highways, especially in light of the increased amount of hardware. Special
tools to aid in fault detection and correction in both hardware and software are
required. Therefore, an overall system supervisor function is supported by the
maintenance/monitor computer. It scans all inputs, outputs and communications
channel traffic and maintains a separate data base of this information. It is
capable of generating alarms in the event of detected faults or when processing
loads on a given computer, or the traffic on a given communications link exceeds
preset thresholds.

The maintenance function provides software generation facilities (editor,
compiler, etc). It also permits down loading of programs, data, and diagnostics
from the Design Office (note the link to the Design Centre, figure 4).
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UNIT CONTROL SYSTEM
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UNIT CONTROL SYSTEM
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FUTURE WORK

In conclusion, our proposed approach for the future computer system
raises a number of implementation questions and challenges.

In specifying the Design Centre an in-depth analysis of current paperwork
and design procedures is required. Coupled with this is a definition of an
acceptable programming language to be used by the process control engineers.

Simulation of the unit is a large, and challenging task on its own.

In firming up our unit control configuration, we need to evaluate possible
failure modes, and fault correction techniques. We need to quantify the capacity
requirements of the field controllers and central computers.

The safety considerations associated with assigning many systems to one
controller requires careful attention. There is an excellent opportunity here for
research into "intelligent transducers" which could reduce the minimum economic size
of the individual controllers and increase system diversity.

Solid-state controllers, capable of withstanding a LOCA, are very attractive
since their application can reduce the cost of contai jnent penetrations considerably.

Identification and selection of the data highway and local computer
networks communications technologies is key to the system. For on them, depends the
success achieved in constructing a flexible system capable of accommodating new
technologies in computers and peripherals throughout the life of the plant.


