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FOREWORD

In the framework of the Agency's programme on nuclear safety a survey
was carried out based on a questionnaire to collect information on computer
based aids for operator support in nuclear power plants in Member States. The
intention was to put together a state-of-the-art report where different
systems under development or already implemented would be described. This
activity was also supported by an IWSAG (International Nuclear Safety Advisory
Group) recommendation.

Two consultant's meetings were convened and their work is reflected in
the two sections of the technical document. The first section, produced
during the first meeting, is devoted to provide some general background
material on the overall usability of Computerieed Operator Decision Aids
(CODAs), their advantages and shortcomings. During this first meeting, the
first draft of the questionnaire was also produced. The second section
presents the evaluation of the 40 questionnaires received from 11 Member
States and comprises a short description of each system and some statistical
and comparative observations. The ultimate goal of this activity was to
inform Member States, particularly those who are considering implementation of
a CODA, on the status of related developments elsewhere.

The Agency gratefully acknowledges the contribution of the consultants
group who worked with dedication and enthusiasm.

EDITORIAL NOTE
In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts and given some attention to presentation.
The views expressed do not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.
The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.
The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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SECTION I

1. INTRODUCTION

This report has been prepared in response to an IAEA directive
originating from the International Nuclear Safety Advisory Group (IWSAG).
On the basis of a consultants report it was recommended that a review
should be carried out of computer based aids for operator support in
nuclear power plants.

In preparing the present report, it soon became apparent that

operational experience of computer based operator aids (referred to
subsequently as CODAs (Computerized Operator Decisions Aids) was largely
confined to the Safety Parameter Display Systems (SPDSs) installed in
U.S. nuclear power plants (NPPs) following the Three Mile Island
incident. The description of the status of and experience in using CODAs
has therefore concentrated on these systems. In order to obtain further
details regarding specific installations, and also other systems that may
be installed in IAEA Member States but which are not known by the
consultants preparing the report, a questionnaire was prepared for
circulation and the results of this questionnaire are analyEed in Section
II of this report.
The scope of the report is not restricted to the evaluation of
existing CODAs. Me have also addressed a number of issues which are of
relevance when designing, implementing and applying a CODA to provide a
starting point for those Member States who are planning to install
related sy stems,
Structure of the report:
Section I consists of the following chapters:

- Historical background
- Current state-of-the-art

- State of knowledge
- Future trends

- Recommendations
The first chapter describes the application of computers to
nuclear power plant control and instrumentation first in non-critical
areas and later as part of on-line digital control. The development of
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early operator support systems such as Disturbance Analysis System (DAS)
by the OECD Halden Reactor Project and EPRI before and after THE is
described.

The chapter on the current state-of-the-art describes in generic
form the characteristics of the only extensively installed computer based
operator support system, the SPDS found in U.S. nuclear power plants. In
general, the position is taken that the SPDS is primarily used as a data
concentration dewice, although some systems have used concepts from DAS
to provide some diagnostic capabilities.
The next chapter considers important issues that need to be
addressed in connection with the successful development and
implementation of computer based operator aids. Four broad categories of
issues are discussed. These are concerned with policy development,
design, implementation and application respectively. It is concluded
that, in general, the state of theory and knowledge underlying CODAs is
such that it is possible to specify the necessary but not the sufficient
conditions for the successful application of these systems.
A major advantage in considering these issues in this report is that it
allows appropriate questions to be formulated in the survey activity
which will be conducted as a follow-on to this initial report. In
addition, the explicit identification of important technical issues at
this stage will provide useful information to guide future IAEA
activities in this area.
The future developments chapter discusses the expected
developments that are likely to occur in CODAs in the next few years; in
particular the application of artificial intelligence (AI) techniques is

discussed in detail.

The final chapter sets out the consultants' recommendations based
on the work reported in this document. Section II of the report describes
in detail the results of a survey of CODAs conducted within IAEA Member

States. Statistical summaries of the findings are provided together with
detailed analyses of specific technical issues.
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2. HISTORICAL BACKGROUND

Computer technology has long been associated with discrete nuclear
power plant functions such as security, meteorology, health physics,
radiation monitoring, and alarm logging. For the most part, these
functions were restricted to the non-vital areas of plant operation,
owing to the immaturity of computer technology itself and the perceptions
that computers were not sufficiently reliable to support essential plant
operations. The role of computers has also been limited by the
appreciable nuclear power plant construction lead times, which virtually
guaranteed that computer systems specified in the design phases were
obsolescent by the time the plants are actually placed into service.
This problem is exacerbated by the different dynamics of computer and
nuclear power technologies. Whereas the former undergoes substantial
technological changes on an approximately 5 year time period, the latter
evolves over decades of time, A technological mismatch between computer
and nuclear power technologies is the direct consequence.
Despite these constraints on the role of computers in nuclear
power plants heretofore, several developments have fundamentally altered
the basis for their future use.
Experience in use of direct digital control: Canadian application of
computers in direct digital control of CANDU reactors convincingly
demonstrated that computer technology could be deployed in mainline
nuclear power plant operations. Work at the OECD Halden Reactor Project
in Norway, at Savannah River, USA, and other nuclear facilities has also
shown that digital technology can successfully replace analogue control
systems with equal or better performance.

Disturbance Analysis Systems Research:

In the middle 1970s work was

begun at the Halden Project to explore prospective computer applications
for plant malfunction diagnosis. The significance of this work was the
idea that computers could be used to support operator decision-making by
processing low-level plant data to produce high-level information. The
Halden Project spawned an international effort to demonstrate disturbance
analysis technologies in the late 1970s and early 1980s, GRS
(Gesellschaft für Reaktorsicherheit) development of the STAR
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(Störungsanalysen Rechner) system in the Grafenrheinfeld plant in
Germany, the Japanese NUPOMAS project to develop COSS (Computerized
Operator Support System) and EPRI development of DASS (Disturbance
Analysis and Surveillance System) were prototype development efforts,
which provided a technology reservoir for practical computerized
decision-support systems. However, the complexity of the disturbance
analysis systems and the problems associated with assuring completeness
in terms of the possible accident sequences or combinations of sequences,
have limited their introduction into actual use.

Three Mile Island Accident, The accident at TMI-2 acted as a catalyst in
bringing computerized decision-support technology in control rooms.
Investigation into causes of the accident revealed that the accident was
largely attributable to human error, and most fundamentally related to
the human operator's limited ability to maintain awareness of the overall
plant safety state. It was recognized that existing control rooms were
predominantly designed to support subsystem manipulation by operators and
were generally not well-suited for strategic decision making and
supervisory management of emergency situations. The Safety Parameter
Display System (SPOS) was conceived to provide a concise overview of
plant safety status, and prevent serious safety degradation and core
damage from occurring without operator's knowledge or understanding, as
occurred at TMI-2. The SPDS was mandated by the Nuclear Regulatory
Commission [Ref. 13 for all U.S. nuclear power plants as a backfit
requirement. Although the SPOS is primarily intended as an aid for
accident detection (as opposed to diagnosis) the Disturbance Analysis
technology developed by the Halden Project and other organizations
provided the technological underpinnings for SPDS developments. Refer to
Table 1 for a more detailed comparison of the disturbance analysis and
safety parameter display system capabilities. In this context it is
noteworthy that the TMI-2 accident has encouraged a shift away from
event-driven diagnosis response, in favour of event-independent or
symptom-based strategies. The need for accurate early diagnosis of
events, which was the principal rationale for computerized disturbance
analysis systems, has appreciably decreased.
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TABLE 1
CHARACTERISTICS OF SPDSs COMPARED WITH DASSs [Ref. 2]

Goal

Safety Parameter
Display System

Disturbance Analysis Disturbance Analysis
System 1980
System 1983

To monitor critical
safety functions

To detect and
diagnose availability events

To maintain availability
and safety
To prevent, detect and
mitigate off-normal
situations
To support procedures

and training
Basis

5-10 safety
functions

Cause-consequence
trees

Operational concept
of plant

User

Operating crew

Operating crew

Shift supervisor/
shift techncial
adv isor/manager

Usage

When safety is
compromised

At event
initiation

Continuously for
overview

Scope

20 - 50 variables
variables

Defined by availability analysis

Defined by functional
analysis

Functions

Detection/informât ion
assimilation

Information
analysis

Information
organization, analysis
and integration,
prioritization, and
alarming

Plant Process Computer Replacement. The TMI-2 accident coincided with

the fact that plant progress computer systems that were originally
installed in power plants were nearing the end of their design lifespans,
and would have to be replaced. The SPDS requirement and need for process
computer replacement has (at least in the U.S.) stimulated a wholesale
upgrading of computers used for operator support in nuclear power
plants. These retrofits commenced in the early 1980s and will continue
through 1990. The new systems exceed the original computer system
capabilities in terms of processing power, data storage, size of plant
signal data base and display technology. Refer to Table 2 for a typical
comparison of original vs. recent computer system capabilities.
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TABLE 2
HARDWARE COMPARISON [TYPICAL] [Ref. 3]

Original
Plant Process Computer

Replacement
Pjant Process Computer

Scan Rate 100 pts/sec
Analog Points 250
Digital 600
Monolithic Front End

Scan Rate 6,000 pts/sec
Analog Points 1000
Digital Points 2000
Distributed, Remote Multiplying

Input

Central Processing Unit
Random Access Memory 96 kbytes
Word Size 24 bits
Speed 5,000 flops
Max Program Size 24 kbytes

6 mbytes
32 bits
0.3 mflops
600 mbytes

Bulk Memory
Drum 1.1 mbytes

Disk 600 mbytes

Output
Trend Recorders (3)
Paper Tape
Low Speed Types (2)
17 char/sec
Digital Displays (6)

6 Full Colographic CRT's
Magnetic Tape Units (2)
High Speed Line Printers
2,200 char/sec
4 Standard CRT's

Configuration

Non-Redundant

Dual Redundant

The foregoing factors bear a historical significance in terms of
their role in bringing computer applications forward from the non-vital
functions and into mainstream nuclear power plant applications. These
factors will continue to shape the developments in the computerized
operator decision aids area for the foreseeable future.

3. CURRENT STATE-OF-THE-ART

The state-of-the-art in this section applies to computerized
operator decision aids (CODAs) which have presently been implemented at
nuclear power plants and are directly being used by plant operators in
safety related applications. In this context, "state-of-the-art" applies
to what exists, as opposed to prospective applications lying inside the
bounds of the present technology. The Safety Parameter Display System is
the primary base of experience in the U.S.; similar or equivalent systems
14

have been, or are being implemented in other countries. Advanced
computerized operator decision aids such as DASS (Disturbance Analysis
and Surveillance Systems) have not been pushed beyond prototype
development or are destined for implementation in future plant
construction (e.g. COSS, Computerized Operator Support System). At any
rate, little operating experience for these advanced systems presently
exists.
The Safety Parameter Display System is intended to provide a
concise overview of plant safety status. In the U.S. the SPOS is
implemented almost exclusively in terms of computer driven, colorgraphic
display terminals; however, in principle these systems might be developed
using analogue hardware. Typical SPDS displays are shown in
Figures l(a,b,c).

Fig. la. SPDS installation at Yankee Rowe (U.S.) with

display terminals on rotatable mountings (ca. 1982).
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Fig. Ib. Basic SPDS Top Level Display developed by the Boiling
Water Reactor Owner's Group (ca. 1983).

Fig. le. Prototype SPDS display for Angra-1 (Furnas, Brazil)
showing CSFs in box (left) and status trees to Follow
emergency operating procedures (ca. 1904).
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The SPDS in general provides groupings of key plant parameters,
arranged in a display hierarchy. The theoretical basis for most SPDS
displays is the Critical Safety Function (CSF) concept devised by
W. Corcoran [Ref. 4]. The CSF approach holds that plant safety (and
integrity) can be assured if a selected number of plant functions are
continuously satisfied, namely: reactivity control, coolant inventory,
primary heat removal, secondary heat removal (PWRs), radioactive release
control (fission product barriers). Since CSF's are definable in terms
of a relatively small number of plant parameters and apply regardless of
the root cause(s) of accidents, they are a convenient basis for SPDS
design and implementation. Tables 3 and 4 provide typical SPDS parameter
listings.
TABLE 3
HYPOTHETICAL PWR CSF STATUS PARAMETERS

Critical safety function

Reactor Coolanb Inventory Control
Reactivity Control

Primary Heat Removal

Radioactive Release Control

Secondary Heat Removal

Associated SPOS parameters

Pressurizer Level
Accumulator Tank Level
Source Range Indication
Power Range Indication
Trip Breaker Status
Control Rod H6 Rod Bottom Bistable
Control Rod H10 Rod Bottom Bistable
Control Rod K8 Rod Bottom Bistable
Control Rod F8 Rod Bottom Bistable
Core Exit Thermocouple Temperature
(average)
Subcooling Alarm
Reactor Coolant Pump Status
Reactor Coolant System Wide Range
Pressure
Reactor Vessel Cold Leg Temperature
Containment Pressure
Containment Hydrogen Level
Containment Sump Level
Core Exit Thermocouple Temperature
(average)
Residual Heat Removal Pump Status
RHR Suction Valves Status
RHR System Return Flow Bistable
Steam Generator Narrow Level
Steam Line Pressure Bistable
Feedwater Isolation Valve Positions
Safety Injection Pump Status
Trip Breaker Status
T-Average Bistable
PORV Isolation Valves Status
CCW Pump Status
Auxiliary Feedwater Pump Status
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TABLE 4
HYPOTHETICAL BWR CSF STATUS PARAMETERS

Critical safety function

Associated SPDS parameters

Radioactive Release Control

Plant Ventilation Monitors
Main Stack Monitor
Drywell Floor Drain Sump
Drywell Pressure
Primary Coolant System Pressure
Primary Coolant System Water Level
Safety Relief Valve Positions

Primary Coolant System Integrity

Containment Integrity

Drywell Pressure

Primary Coolant System Pressure
Suppression Pool Level
Secondary Containment Pressure

Drywell Temperature
Suppression Pool

Core Heat Removal

Temperature
Primary Coolant System Pressure
Primary Coolant System Water Level
Core Spray Flow
Core Flow
Average Power Range Monitor
Intermediate Range Monitor
Source Range Monitor

Technical Description. The following features are typical of present
SPOS implementations (U.S.).
SPDS Hardware:

Signal inputs. Twenty to forty parameters, derived from fifty to
one-hundred input sensors. Supplementary plant information to
satisfy U.S. Nuclear Regulatory Guide 1,97 "Accident Monitoring
Instrumentation" is fed into the SPDS computer. This auxiliary
information, typically 300 to 500 additional sensor inputs,
facilitates accident technical support activities outside the
control room.
2.
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Data Acquisition System, Remote multiplexing systems with fiber
optic links. Redundant data concentrator microprocessors collect
and condition sensor data, (e.g., engineering unit conversion
range checking) before passing information to host SPDS computers
- scan rate is typically once per second.

3.

Host Computer System, Dual redundant mini-computers, 16 or 32 bit

with anywhere from 250Kb to several megabytes of random access
memory. Bulk memory ranges anywhere from 50 - 600 megabytes; and
is primarily used to archive accident data for technical support
analysis. Virtual memory is generally featured on most recent
SPDS implementations. Fail over from one computer to the other is
generally manual.
4.

Display Terminals. Dot addressable colorgraphic display devices
are generally used with up to 680X1040 resolution. A minimum of
eight, and as many as sixteen colors are featured. Generally, two
terminals are provided in the control room, with three in the
technical support facility, and one additional terminal off-site.

Displays are downloaded from the host computer and then updated on
a once per second basis through serial data links. Parallel links
are sometimes employed to speed the picture draw time;
alternatively, "smart" terminals retain picture templates in local
memory, or are maintained in an extended picture bit plane.
Typical display draw times range from two seconds to as much as
fifteen seconds on older systems. Function keys are employed by
operators to call up different displays, Typically, SPDS displays
are desk mounted, but occasionally are installed in control boards.
SPDS Software
1.

Programming. Coding is implemented also exclusively in FORTRAN.

Top down structured design methods are employed. Overall SPDS
functional description is supplemented by detailed software design
documentation. Formal configuration control procedures are
utilized. Occasionally, coding from pseudo-code or program design

language (POL) has been employed.
2.

Data base.

Signal scan list is retained in random access memory;

archival data is generally stored in bulk memory via custom data
base with flat file structure and time stamp reference. Utility
routines are sometimes employed to compress data prior to
off-loading from the host computer to bulk storage.
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3.

Signal validation.

Simple range checking is employed on all

signals - signal averaging and/or auctioneering is employed to
provide "best-estimate" values on SPDS displays. Operator may
delete bad sensor values and substitute with redundant sensors or
insert static values to eliminate nuisance alarms; however,
invalid sensor indications are annotated on displays.
4.

Displays.

SPDS displays are generally "hard-coded", with little

built-in facilities to modify or add new displays. The display
hierarchy is usually three levels deep, with a top-level overview;

secondary displays are dedicated to individual CSFs; tertiary
displays provide detailed information on individual sensor values,
trending or mimic representation of important plant systems. The
typical number of displays is about 20, but may be as high as 40.
5.

Software verification and validation. The utility supplies an

independent audit team to review software; occasionally, when a
utility develops its own SPDS, an independent agency is brought in
to verify the software. Formal factory acceptance tests (FAT) and
site acceptance tests (SAT) are featured in the validation
process. In some instances (but not always) extensive
man-in~the-loop testing in a training simulator is undertaken
prior to actual plant implementation.
Human Factors Engineering

Formal human factors review of SPDS displays is conducted in
accordance with generally accepted ergonomics principles. Static
displays are the principal media for this review; operator review and
input is integral to the human factors review process. An iterative
process is used to arrive at the final production version of the
displays.
Status of Implementation

In the U.S. about twenty SPDSs have been implemented and are
presently in continuous operation. All other nuclear plants in the U.S.
are expected to be so equipped by about 1990. Approximately 40% of these
systems are vendor products; 40% are custom implementations by
20

independent systems suppliers; the remaining 20% are self-developed by
utilities. The first SPDS installations were essentially dedicated

systems; however, there is now a pronounced trend towards fully
integrated configurations where the same computer hardware is also used

to support plant process computer applications, using redundant
processor(s), Generally, computer hardware is standard commercial grade,

with power from an uninterruptable bus. There are two instances where
seismically qualified hardware has been employed. SPDS installations are
classified as important-to--safety, but not "safety-grade".
Experience
1.

Cost. The typical costs associated with SPDS implementation,

inclusive of additional computing facilities for technical support,
ranges from 5 to 15 million U.S. dollars, This cost is distributed
roughly in the following proportions:
(1)

design - 5%

(2)
(3)

hardware - 15%
software - 20%

(4)
(5)

signal acquisition - 25%
testing/validation - 5%

(6)

installation - 15%

(7)
(8)

training - 10%
licensing - 5%

These costs are burdened by the non-standardized approach in U.S.
implementations, as are the power plants themselves. Considerable
savings should be achieved where standardized design arid implementation

approaches have been employed, such as in France and some other
countries.
2.

Computer System Reliability. Operating experience suggests that

SPDS (and other CODfts) can achieve greater than 95% overall hardware

availability after an initial break-in period of about one year. Some
systems are reported to have 99% availability. Despite verification and
validation procedures, software bugs pose recurring problems; however,
there are no known instances where any bug has caused catastrophic system

failures in mature installations. Some difficulty has been experienced

21

in assuring a full complement of reliable plant signals into the SPDS,
For the most part this problem is related to the vigilance practiced by
the utility in maintaining the SPDS. This depends on the quality of
management, but also is related to the extent operators rely (and depend)
on the SPDS during day-to-day operations.
In general, maintenance costs for the SPDS (or any CODA) are more
than most utilities have anticipated. In approximate terms the costs
associated with maintenance over the course of the installed life will be
equivalent to the original cost of the system (excepting the costs of
data acquisition).
A greater challenge to utilities is assembling and maintaining the
necessary complement of personnel at the plant site who are capable of
supporting, repairing and upgrading the SPDS installation. The new
systems are rather more complex than process computers originally
installed in these plants. The demands on technical expertise are
proportionately greater, and the necessary disciplines are in high demand
by competing industries.
3.

Operator Acceptance. Operator acceptance is a difficult measure.

A necessary precondition is that operators acquiesce to the installation
SPDS. Nevertheless, acquiescence to the system does not constitute
operator commitment to use it during an actual plant emergency.
Furthermore, commitment is a necessary but not sufficient guarantee that
the system will be used effectively. Experience shows that operators
will acquiesce to the SPDS (or any CODA) if they are actively involved
in the design process. In this respect, the most successful
implementations are those which are self--developed by utilities. It has
been more difficult for standardized vendor products to achieve the same
degree of operator acceptance even when these vendors emphasize the fact
that extensive operator input was factored into the design (but not from
the target plant).

Operators seem to be less concerned with the overall SPDS design
basis and functionality, and more concerned with the layout of the
displays and which individual plant parameters are shown. Operators are
also very sensitive to the consistency in format and coding conventions
with respect to the existing control boards.
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The effect of operator

involvement in this design process is so powerful, that it seems possible
to gain their acquiescence (and acceptance) of display systems which may
be fundamentally flawed with respect to their actual effectiveness in
use.
Operator commitment to use the displays is conditional upon their
acquiescence. However, commitment also depends on: (1) whether the SPDS
is designed specifically to support a particular member of the operating
crew; (2) whether that individual is routinely trained with the display
system as a part of the overall crew response to plant emergencies. To
some extent failure to achieve operator commitment to SPDS is traceable
to failure by these utilities to install the SPDS in plant training
simulators,
4.

Licensability, In general U.S. utilities have not experienced

major difficulty fulfilling the regulatory requirements for the SPDS.
This is due in part to a constructive regulatory posture in the following
areas: (1) SPDS was not classified as safety grade; (2) requirements
address intended functions but are generally non-prescriptive; (3)
implementation schedules were allowed to be flexible. At the present
time the U.S. Nuclear Regulatory Commission is in the process of auditing
completed SPDS installations. Preliminary audit results [Ref. 5]

identify a number of generic problem areas:
-

Lack of SPDS availability because of gross system malfunctions
Display of unreliable or invalid data and alarms
Poor acceptance by operators because of reliability problems
Failure of management to integrate SPDS into the operational environment
Changes and interruption of SPDS display from outside the control room
Inadequate documentation of SPDS and failure to control system testing
and modifications
- Slow SPDS response to some operator commands
These findings suggest that the present methodologies and

supporting technologies for implementing relatively simple CODAs such as
SPDS must be further refined.
5.
Accident Avoidance. At the present time there is no data to
indicate that the SPDS has played a pivotal role in avoiding accident
situations in the U.S. This is due partly to the rare occurrence of
23

plant incidents which the SPOS is intended to address and the fact that
these systems have only recently been installed. There is one prominent
event (the Davis Besse accident) where the SPOS could have been used, but
was not available or inoperable at the time the event occurred, There
are several positive instances where the SPOS provided useful information
to operations personnel in determining what happened in a plant
transient. Transient capture and play-back facilities in SPDS
installations at Yankee Rowe and Plant Hatch are reported by utilities as
being instrumental in analysing actual plant events. However, it is not
certain whether these systems aided operator decisions, or merely
supported post-event analyses,
6.

Trends.

Recent SPDS installations seem to be equipped with far

greater computing power and much larger signal input sets than are needed
to support the basic SPOS requirement. In some cases several thousand
sensor inputs are being fed to the new computer installation. It is
clear that these utilities intend to supplement SPDS capability with a
variety of functions intended to support routine plant operations. The
initial objective is usually to transfer the existing plant process
computer algorithms over to the new computer system. The longer term
utility objective is to supplement these routines with a variety of
self-developed computer applications (e.g. alarm handling, technical
specifications monitoring, heat balance calculations, control room
administrative chores).

Utilities in the U.S. are generally attempting to reconcile their
emergency procedures with the information provided by SPDS displays, ft
probable strategic error in the post-TMI improvements adopted in the U.S.
has been the essentially independent implementation of the SPDS and
emergency procedures initiatives. Some utilities are now generating
auxiliary SPDS displays which explicitly support emergency procedures;
alternatively, utilities have annotated written procedures with cross
references to relevant SPDS display information
There has been an increasing tendency to use software tools for
CODA developments. Hard coded SPDS displays are difficult to modify, and
utilities are increasingly opting for display editor/compiler packages
I/
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, It is noteworthy that the French have formulated a computer-driven
safety state monitoring capability that is well-coordinated with
state-based emergency operating procedures.

which allow dynamic color-graphic displays to be prototyped, modified and

finally implemented on-line without requiring programming knowledge on
the part of the developer.
Utilities haue recently been attempting to incorporate more
sophisticated signal validation algorithms into SPDS applications, in as
much as there is general concern about the deleterious effects of invalid
information being passed through the computer to the operators during
crisis conditions. The Parity Space technique [Ref, 6] is the primary
candidate for improvements in SPOS signal validation.
Drawbacks
The preceding discussion has alluded to several drawbacks of
present CODA implementations.

This criticism does not invalidate the

CODA concept, but must be viewed in terms of the potential benefit that
these systems might ultimately provide. The drawbacks of present systems
may be summarized as follows:
1.

Present systems (particularly the SPDS in the U.S. ) are mainly
oriented towards accident detection. It is unclear whether
detecting accidents (or failure to satisfy CSFs) provides
sufficient operator support without also providing guidance to
operators on how to cope with identified problems. Recent steps
by U.S. utilities to integrate SPDS displays with emergency
procedures should mitigate this drawback,

2.

Present systems are not supportive of normal plant operations.

It

is generally held that operators tend to rely on instrumentation

in a crisis that they also use during normal plant operations.
3.

Present systems reformat low level plant information, but
generally do not make use of the computer's potential for deriving
high level plant information. Conceptually, present systems make
excellent use of the x-y dimensions on the display screen, but
relatively little use of the z dimension which allows information
integration and logic processing. In this sense, present computer
implementations possess a largely undeveloped resource for
operator support.
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4.

Present systems have been developed in response to regulatory
requirements, but sometimes without formal attention to the
functional allocation of tasks between man and machine, and
without detailed consideration of crew structure
Specifically,
SPDS implementations have not always recognised: (1) division of
crew responsibilities between control board operators and
supervisory personnel ; (2) the proper level of data processing and
information integration that is appropriate for the designated
end -user,

"b.

In general, the use of SPDS does not appear to have been well
integrated with the training of the operator from the point of
view of accident detection and management.

Since CODA systems are presently oriented toward safety needs, it
is appropriate to evaluate them in terms of their risk/benefit,
Presently, there is insufficient data either to conclude that CODAs are
either effective or ineffective in reducing risk. In the U.S. there is
perhaps less than 20 reactor years of operating experience. Collecting
data to establish SPÖS effectiveness is somewhat akin to proving a
negative: it is difficult if not impossible to document performance of
accidents that have not happened. Several training simulator evaluations
of SPDS implementations are inconclusive. There are several possible
explanations: human variability is too great; simulator capabilities did
not allow testing under sufficiently complex or difficult accident
sequences where the SPDS provide meaningful operator support; testing did
not allow for adequate training and operator familiarization to achieve
stable use patterns; no adequate human cognitive model exists from which
experimental results can be reliably interpreted; the principal
objectives of simulator testing has been to validate, rather than
evaluate particular SPDS designs

It is possible that CODA systems tested thus far are simply not
effective in reducing operator error, and therefore do not meaningfully
reduce risk. However, there is no technical basis for drawing such a
conclusion on the basis of empirical evidence accumulated thus far.
Although present analytical and empirical methodologies are not yet able
to establish the risk/benefit of CODA installations in a quantitatively
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acceptable manner, there is an accumulated body of knowledge relating to
the necessary ingredients for a successful CODA installation. Put
another way, the present state-of-the-art establishes necessity rather
than sufficiency.

4. STATE OF KNOWLEDGE

In this chapter we address a variety of issues relating to the
design and application of CODAs.

The purpose is to attempt to

encapsulate the overall knowledge and opinions of the consultants
regarding important issues relating to CODAs, We do not claim any degree
of completeness in our survey of issues, and the term 'state of
knowledge' in this context merely reflects the results of the 'knowledge
harvesting1 that was feasible to carry out under the time constraints of
the consultants' meeting,
We foresee several applications for the issues explored in this
section. Firstly, it is hoped that they may provide a starting point for
a more extensive exploration by other analysts or consultants. The work

of the IAEA in this area appears to be at a relatively early stage of
development, and hence it may be an appropriate time to delineate issues
which could subsequently become areas of work for more substantial
international collaboration.
Secondly, the discussion of the various issues helped to clarify

the questions that were asked as part of the questionnaire that was
circulated to gain further data on operational CODAs in the various IAEA
countries. The results of the questionnaire are analyzed in Section II.
Thirdly, the issues discussed go some way towards defining the

minimum areas that need to be considered in order to achieve the
successful design, implementation and application of CODAs. It may
therefore constitute the starting point for a more comprehensive set of
recommendations which could be applied by IAEA Member States which may be
intending to implement CODAs in their nuclear power plants. The issues
discussed in this section also form the basis for some of our preliminary
recommendations which will be provided in a later chapter of the report.
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The issues are divided into four broad groups. These groups are
not intended to be mutually exclusive and there are considerable areas of
overlap between issues discussed under different groups, Nevertheless,
the categorization that we have applied forms a useful overall framework
for organizing the issues. The four groups roughly correspond to the

temporal order in which they might be considered in the development of a
CODA, The first group is called policy issues and discusses the early
policy decisions that need to be made with regard to the purpose of the
CODA. We also discuss some of the external factors, e.g. regulatory
policies, which may influence these decisions.
The second group addresses issues that need to be considered early

in the design process, such as the characteristics of the man-machine
interface, the appropriate form of task analysis, identification of the
end users, etc.
The third group considers issues that are relevant during the
implementation phase of the CODA.

They include operator acceptance

problems, training aspects, integration with existing functions, etc.

The fourth and final group considers issues that are likely to
be relevant when the CODA has been in place for some time. Some of these
issues relate to the effects that the rapid pace of development in
computer software and hardware may have on the CODA, The other main
group of issues relates to the measurement of the performance of the CODA
in terms of the expected costs and benefits. Also considered is the
problem of possible loss of operator capability to operate the plant
without computer assistance.

4.1

Policy Issues

4.1.1

Factors Influencing the Development of CODAs
The development of CODAs to date has proceeded in a very arbitrary

fashion, mainly as a result of specific "hot issues", e.g. the perceived
need to centralize and concentrate information on critical plant
functions following TMI (SPDS), and problems with alarm proliferation and
diagnosis (DAS). Another factor has been the decreasing costs of
computer hardware and the desire to centralize control and
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instrumentation functions in a single computer. Unfortunately without
the existence of a design methodology which takes into account the

information processing characteristics of the operator, it is difficult
for the developers and designers of CODAs to achieve the goals of these
systems, i.e. to improve the safety and reliability of WPPs by providing
operator support in critical situations. Future CODAs need a much more
clearly articulated design strategy, which explicitly takes into account
some of the design issues to be discussed in the next section.
Regulatory requirements have been the major policy influence on
the development of CODAs, via the post TMI requirement by the NRC that a
SPDS be installed in all operating WPPs, Because the specification of
the content, form and objectives of this CODA was not defined in the

original NUREG (WUREG 0737 supplement 1) [Ref. l], this has led to a very
wide variety of implementations, some more effective than others. The
fact that SPDSs have been the only form of CODA to be widely implemented
in WPPs suggests that regulatory authorities have a central role in
driving the development and use of CODAs. This implies that they need to
be kept informed regarding the state-of-the-art in CODAs, in order that
they can specify systems that can actually achieve the safety goals that
are required. Generally, the designers of CODAs have not been effective
in selling to utilities the benefits of developing and applying such
systems. This may be because safety is not a sellable commodity unless
reinforced by regulatory pressure. If this is the case, more work has to
be done in stressing the benefits of CODAs in terms of increased plant
availability, efficiency, and ultimately profitability. This requires
small scale, but convincing demonstrations, with high face validity, that
address plant functions known to be directly related to efficiency and
profitability. The fact that the benefits of such systems are likely to
be much more easily measurable (e.g. via reduced numbers of plant
outages) than those directed only at the management of rare high
consequence events, is likely to be another important selling point.
4.1.2

Range of Applications

Most COOAs are designed to be used in either normal or abnormal
circumstances, but should realistically be expected to function in both
modes. A CODA that can only be used in abnormal circumstances will be of
limited value because operators will not be familiar with the form of the
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information display associated with normal states of the plant.

However,

a CODA that functions well under normal circumstances is likely to be
useful under abnormal circumstances as well even though it may not be
designed explicitly for it. If a CODA is designed for use in narrow
situations only it will probably not be employed to suit its purpose when

it is needed because the operators will be lacking a broader base of
experience, hence not know how to use it properly. The design should
therefore allow for a broader range of application but with a clear
realization of when the envelope of design supported functions is broken.
If the use of CODAS is extended to monitoring the whole range of
plant states for performance optimization purposes as well as for
accident management, then early diagnosis of pre-accident perturbations
is more likely. This is because the operators will be making more
frequent use of the CODA on a day-to-day basis, and hence are likely to
become more sensitive to deviations of the plant state from normality, as
indicated by the CODA display, and
room. The integration of the CODA
function is likely to increase the
information sources in this way in
early symptoms of an abnormality.

4,2

Design Issues

4.2.1

Composition of Design Team

other information in the control
into the general plant monitoring
operator's ability to combine
order to more effectively identify the

Successful CODA implementation is an interdisciplinary task which

depends on a mix of backgrounds and expertise. As a minimum, the
following personnel skills are needed: operator (end-user) involvement;
independent human factors input; instrumentation specialist; plant
systems analyst; architect engineer; real time system software designer;
computer programmers; licensing analyst; project management; independent
verification and validation team.
4.2.2

Ident if i cat ion of the End U ser
In designing CODAs, it is necessary to take into account the

various end users who may be required to utilize the system during the
course of an abnormality. During the initial stages of a disturbance,
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the panel operator is the most likely user of the CODA, and the system
should be designed to assist him in the initial identification of the

source and nature of the problem, and possible mitigation actions. If
the abnormality is not handled at this stage, other individuals, e.g. the
Senior Reactor Operator or Shift Supervisor may become involved.

During

later stages of an unmitigated incident, major structural changes in a
plant may occur, e.g. fuel damage, core damage, threats to containment,
which may ultimately lead to radioactive releases and consequent
evacuation, etc. At each of these stages, different decision makers may
be involved in managing the incident, e.g. plant managers, designers,
thermohydraulic specialists, regulatory authorities, CODA design needs
to be sufficiently comprehensive such that the content and form of the

information presented is appropriate for the different needs of these
various decision makers.

4.2.3

Task Analysis

A CODA is not only designed to do a certain amount of processing
on a subset of the plant measurements, but also to support the operator
in specific ways.

In order to achieve this the design team must have a

thorough understanding of what the operator's tasks are, both in the
present and the new system. A task analysis is essential to get this
information, but to be really useful it must go beyond the observable
task structure. If a task analysis remains on the level of observable

activities it will be unable to capture the underlying structure of the
mental processes required to perform the task. Overt behaviour is
determined by the operator's decisions and planning, but to find out
about these one must address them directly through a cognitive task
analysis, A cognitive task analysis looks at the cognitive (mental)
tasks an operator must carry out to control the WPP. An adequate
understanding of the cognitive tasks is necessary to design the CODA to

support these tasks. A cognitive task analysis will also help to make
the 'hidden' design assumptions explicit for the design team [Ref. 7],
4.2.4

All ocat i on of Man-flach i ne Funct ion s
The distribution of functions between computers and operators must

be considered from the start.

The functions of the operator must remain

an integrated whole, rather than being a conglomerate of the functions
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the computer cannot do. In order for the computer truly to support the
operator, the functions must be allocated from a top-down analysis (a
cognitive task analysis) of control requirements rather than a bottom-up
analysis of task fragments. The top-down analysis must recognize the
performance characteristics of computers and people, arid define the
strategies for function allocation that are to be implemented in the
CODA. Lack of an appropriate function allocation may severely hamper the
operator's work and increase the opportunities for human error basically
because the operator easily loses track of what he is doing and to which
context it belongs. It also makes it difficult to properly integrate the

CODA with the existing system functions, hence to use it in accordance
with the intentions of the design,
4.2.5

Man-Machine Interface
The man-machine interface (MMI) is crucial for the effective

functioning of the system. While a good interface cannot save a bad
CODA, an inappropriate interface can certainly invalidate even the best
CODA design. The W1I constitutes the surface representation of the
system to the user and comprises the information presentation as well as
the control actions. The basic ergonomics principles must, of course, be
observed but this is not sufficient as a design basis. The ergonomie
aspects of the man-machine interface may, in fact, be left to rather late
in the design process. It is more essential that the MMI is tailored to
support the proper allocation of functions as derived from e.g. a
cognitive task analysis. The MMI has often turned out to be the weak
link of a system because the proper professionals had not been consulted
at an early enough state.
An inappropriate MMI may, for instance, lead
to a rejection of the system by the operator, so that it. will not be used
according to its purpose, or it may make a proper use almost impossible
despite the best of intentions.

4.2.6

Direct and Derived Information
While the simpler CODAs, such as SPDSs, only use directly measured

information, more elaborate systems may also use information that is

derived from measurements. If the output from the CODA is in a highly
processed form, for instance a diagnosis or a recommendation, this will
have consequences for the distribution of responsibility between the

32

designer and the operator, and this must be considered early on. Another
aspect is that the output will determine how the operator deals with the

system, hence in some way establish certain operating practices. If the
operator frequently uses high-level derived information he may gradually
lose the ability to use more basic measurement information.
Another point to consider is that highly processed information

will inevitably increase the system's response time. Experience shows
that it is crucial that the response time is short and consistent. To
meet this criterion it may become necessary to treat derived information
differently from direct measurement information in the way it is routed
to the operator.

4.2,7 Procedural Support
In order to be effective a CODA has to be carefully integrated
with existing operational procedures. Generally speaking, procedures
comprise directives concerning the actions to be performed given certain
states of the plant as indicated by display in the control room. Thus,
the CODA will be an important source of this data and hence the ways in
which the data is to be accessed and utilized will need to be explicitly
specified in the procedures. These considerations are especially
important in the use of symptom and function based procedures.
Where the CODA is in the form of a DAS or other system which
contains machine intelligence and which pre-processes the plant
information prior to its presentation to the operator, the distinction
between the CODA and procedures may become more blurred. This is
particularly the case where the system may recommend possible operator
actions on the basis of its diagnostic capabilities. If such a system is
to co-exist with conventional, i.e. written event or symptom based
procedures, care needs to be taken to avoid any conflicts between
recommended actions. This will not normally be a problem if the CODA and

the written procedures are both based on the same event analyses. The
use of the CODA at all stages of the development of an incident (from the
initial plant perturbation to the later stages of an unmitigated
abnormality) needs to be carefully considered.
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4.3

Implementation Issues

4.3.1

Operator Acceptance

It i s a common experience from many fields that a system can be
used differently by different users. This is not only a question of user
style and proficiency, but also a question of attitude or acceptance, A
positive attitude means that a system may be used despite minor
deficiencies while a negative attitude means that a system will be
misused or not used at all. Operator acceptance of the system is
therefore extremely important. Acceptance depends on many things, among
them the man-machine interface, the training, the organizational support,
and the task allocation. Although operator acceptance cannot be
guaranteed for any system, there are many aspects of the system and the
way it is introduced which may increase the chance of acceptance. Above
all, it is important to take notice of the operator's reaction and

respond appropriately. If operators have been involved in the design of
the system from its conceptual stage, the chance of successful acceptance
and implementation will be considerably enhanced. This is because the
participating operators are more likely to identify with the concept and
will therefore sell it to the rest of the operating team.
4.3.2

Organ i zat iona1 Funct i ons
Even though a CODA has been designed from a single motive and

aimed at a specific work role, its proper application depends on a number
of other organizational functions. Some of these can be directly
addressed (e.g. training, maintenance) while others are more indirect
(e.g. selection, management, technical support). The functions of the
process operator are always embedded in other organizational functions
which may turn out to be crucial for how the CODA works (e.g. the
operational goals set by station management). The interrelation between
the organizational functions should be clearly identified during system
application, and potential conflicts should be resolved as early as
possible.
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4,3,3 Training
The CODA will not be effectively utilized unless it is fully
integrated into the training programme for the intended user. The
training programme will be based on a comprehensive task analysis which
addresses the cognitive aspects of the operators tasks as well as the
more manual functions. The use of the CODA in abnormal situations will
require that it is included in simulator training for responding to
abnormal conditions. Since the design of the CODA will need to assume a
certain level of proficiency and technical knowledge on the part of the
user, the development of the training programme and the definition of the
training specification will need to be carefully integrated.
4

• 3 • 4 Mod if iab.ll.ity and Maintainability
It is essential that sufficient flexibility is built into a CODA

such that it can be readily modified as a result of changes that may take
place in the functions that it is required to support. As experience is
gained in using the CODA, it is inevitable that changes will also need to

be made as a result of user experience and feedback. With all major
systems which involve the use of considerable amounts of computer
software, the costs of alterations can be substantial unless the software
is written in a modular, well documented form to facilitate easy
modification (see Chapter 4.3,5), In addition, it is desirable that the
hardware configuration can allow considerable flexibility of display
design, to take into account the changes arising from alternative
functions or user feedback.
4.3.5

Software Validat i on
It must be assumed that software errors will pass through

development testing and plant implementation. The goal is to minimise at
reasonable cost the number of errors and their impact on system
integrity. This goal will be achieved if state-of-the-art programming
methods are applied throughout software design and implementation. This
includes: formal functional specification with detailed review by
knowledgeable end-users; detailed modular software design specification
in accordance with structured programming methodologies; specified coding
standards; software module "unit testing" during development; formal
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configuration control; formal factory acceptance and site acceptance
testing; documenting all coding errors and functional deficiencies and
test results. In principle, CODA verification and validation is an audit
by an independent party to: (1) assure that good software development
practices have been applied as a quality assurance measure; (2) monitor
or conduct factory and site acceptance testing to assure that the system
conforms to the original functional specifications.
Validation costs when good programming practices have been used
throughout development should be modest compared to total cost of the
system (typically less than 5%). Validation costs af ter~the--f act , on
systems developed by informal or unstructured means can be appreciably
greater,

4.3.6

Integration with Existing Functions
As discussed in Chapter 2, prior to implementing a CODA in an

existing control room, it is essential that a thorough task analysis is
carried out, in order to ensure that the information provided by the CODA
complements the other information sources available to the operator. The
general principle is that the information processing load should not be
increased by the introduction of the CODA. Careful attention also has to
be paid to the operations that must be performed as a result of
information obtained from the CODA, and the other tasks that the operator
is required to carry out as part of his or her duties. All this
information should emerge from a task analysis. However, it is important
that such a task analysis addresses cognitive functions such as problem
solving, diagnosis and decision making, in addition to simple skill-based

(manual) actions.

4• 4
4.4.1

Eva 1 uat i on and App 1 i cat ion Is sues
Development^ of Com^
The rapid changes in computer technology means that great care

should be taken when a CODA is implemented. Other-wise the system may be
confined to hardware that becomes obsolete in a few years. It is
realistic to expect quantum leaps in computer performance/price ratio
over a 3-4 year period and the implementation should be able to
accommodate that. A modular design of the CODA will make it easier to
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follow the technological changes, for instance using a network of
high-powered microcomputers rather than one larger minicomputer,
Intersystem communication should also comply with existing network
standards and protocols to enable an easy transition into future system
configurations.
Even for a CODA which has been successfully implemented
shortcomings may show up during actual application.

In some cases these

may be due to limitations in present computer technology, but a proper
implementation of hardware should have allowed for that to be remedied.
Software developments are slower but may be as dramatic as hardware
developments (for instance, declarative versus procedural programming)
and may make it possible to overcome shortcomings detected in application
of the system. While it may be unrealistic to redesign a current system,
experience should be retained to augment the knowledge base for future
systems.
4,4.2 System Val idatipni, and Evaluât ion
System validation refers to the test of whether the system does

what it is supposed to do. A system validation is a difficult thing to
do - in preparation as well as execution and analysis. Even when
validations are well prepared - and it pays to use much time and effort
on that - a system validation is a costly affair and the results may be
inconclusive. As a general principle, system validations should be
integrated with system design, so one has a number of smaller validations
throughout the process rather than one single final valiaatioY» [Ref. 8].
Early detection of design inconsistencies is very important since the
cost of changes increases through the design phase, A system validation
is, however, necessary, particularly if the CODA is designed for use in
abnormal, hence infrequent cases.
Assuming that the system has been suitably validated, the system
evaluation serves to show whether the use of the system makes any
practical difference, A prerequisite for a system evaluation is thus a
clear statement of what the benefits of the system are at an operational
level. System evaluations may be difficult to carry through because they
require very realistic testing conditions, including the operators who
use the system. System evaluations (and validations) may also be limited
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by the capability of the simulator to mimic a rare event and by the
absence of relevant empirical data as a basis for comparison. The
results may therefore be open to interpretation by the prospective
users, It would be very useful if system evaluations could be made based
on actual operating experience. Such evaluation efforts are, however,
rare - partly because they have not been considered during the earlier
phases of the planning,
4.4.3

Cost-Benefit Assessment - Cost versus Risk Reduction/Improved

CODAs have generally been designed to achieve some specifictechnical objective (e.g. the concentration of critical parameter
information in the SPDS), However, there have been no formal studies of
the cost-effectiveness of CODAs in operational situations. That is
because CODAs are designed to be utilized in extremely rare highconsequence situations and by definition these arise with extremely
frequency. The benefits of CODAs are therefore always difficult to
even in realistic simulator studies. Unfortunately, the costs of a
are much more tangible. As discussed in Chapter 4.1,1, it would be

low
prove
CODA
much

easier to demonstrate the benefits of CODAs for plant optimization since
the occasions on which they could be used to achieve this occur much more
frequently than the rare events which are addressed by the usual CODA
applications. It may, however, be possible to demonstrate
cost-effectiveness as part of a PSA or human reliability evaluation
exercise, provided the impact of the CODA on operator performance has
been properly quantified,
4.4.4

Maintaining Operator Skills

One side-effect of a CODA is that it may lead to an atrophy of
operator skills. This is particularly so if the system is opaque to the
operator. In those cases he may have to learn to rely blindly on the
system's responses, and hence lose touch with the underlying levels. If
operator skills are not properly maintained, the use of the CODA may
introduce new failure modes in the system. It is therefore important
that this aspect is carefully considered during system application, for
instance through a system evaluation, and that counter measures are taken
if problems are detected, The capacity of humans to adapt to altered
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circumstances may in this case be a mixed blessing, since the degradation
of skill and proficiency may not become noticeable before their use is
called for -in which case it will probably be too late. Countermeasures
for the avoidance of these problems include the following:
A sufficient level of operator involvement in the control of the
system should be retained in order that the necessary skills are
maintained. The system should be transparent to allow the reasons
for the recommendations made by the CODA to be apparent.
4.4,5 Maintenance of CODAs
Maintaining a CODA installation will generally require a
specialized set of personnel skills not presently found at many nuclear
power plant installations. Wuclear facilities are often sited in remote
locations, and it is sometimes difficult to obtain timely service and
support from hardware vendors, utilities should recruit competent
real-time computer software specialists, and locate at least one such
individual on~site. The utility should become intimately familiar with
all aspects of the coding, in as much as the corporate memory of the

supplier will inevitably degrade once the CODA system has been
delivered. As a general rule, utilities should expect to invest
resources equivalent to the capital cost of the CODA (exclusive of the
costs of signal acquisition) to maintain the system over its installed
life.

5. FUTURE TRENDS

Since the need for CODAs and other information systems now seems
to be firmly established, it is relevant to try to predict how the
development is going to be in the future. The two main approaches are:
(1) to amplify the functioning of the existing systems (prototype as well
as production grade), and (2) to increase the scope of the systems by
including new functions. We shall consider each of these approaches in
turn.

As we have noted in the preceding chapters the present generation
of CODAs, examplified by the SPDS, is limited in two respects. The fir»t
is that they are designed only to be applied in the case of abnormal
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events; the second is that they are designed only to detect or identify a
state.
Regarding the first limitation it seems natural to extend the

range of applicability to cover normal, abnormal and accident situations
alike. In terms of operator proficiency this means that operators will
be familiar with the system when its use is required, and further that
they will know better how to integrate the information given by the
system into the overall picture. In terms of a cost-benefit assessment
it means that one may see the benefits of the system in day-to-day
operation, e.g. a reduced number of tech-spec violations, rather than
only in case of major accidents and disturbances. A more continuous use
of the system will also mean that it becomes integrated in the task
structure, hence that it does not increase the cognitive load of the
operators.
This could be achieved by explicitly addressing the problem of

system integration and procedural/organisational support. It would, of
course, require a high degree of consistency between information
presentation in the CODA and the existing process control system - not
only in terms of colors, symbols and labels, but also in terms of actual
contents. But it would mainly need the CODA to be considered as a part
of overall NPP operation rather than as a remedy for a narrow subset of

potential problems.
Regarding the second limitation it should be obvious that the

operator must be supported all the way through his task, rather than in a
single phase of it The operator is engaged in a continuous series of
decisions and actions, and only supporting the detection part of that may
turn out to be worse than no help at all. Detection must be supplemented
by some kind of diagnosis and the -selection of a suitable strategy to
maintain the I\1PP in a safe state. The possibility of aiding with the
diagnosis is discussed in a following paragraph. The link to the
selection of a proper strategy is, in principle, easily handled by making
a connection between the information provided by the CODA and the
operational (emergency) procedures.
In practice this link may be somewhat difficult to establish. One
of the principal reasons for this is the lack of congruence between the
information presented and the procedures. The procedures may be event
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based, symptom based or a mixture of both. They are often difficult to
follow due to the way they are written, and they may furthermore only
partly match the current situation. Altogether, this means that the
operator is forced to make the transition between the CODA's detection of
an abnormal system state and the proper remedial action with little or no
support from the systems around him.
The solution, again, lies in a more explicit recognition of the
importance of system integration rather than in the "invention* of
additional support systems. If operator support systems are to fulfill
their purpose they must be much better integrated with the existing
systems, both globally in terms of covering a wider range of situations,
and locally in terms of covering a situation from beginning to end. Some
of the issues described in the 'state-of-knowledge' part point to how
this integration, global and local, can be achieved.
On the question of including new functions, it seems to be
commonly agreed that future operator computer aids will include
artificial intelligence (AI) and expert system technology. These fields
do seem to offer a wealth of possibilities that go beyond what
'classical1 software sciences can provide, and hopes are high even though
only a few expert systems have been applied to process control so far.
The rate of development in this field is, however, so fast that it is
difficult to predict what the technology will be able to offer in, say,
five years from now. So we will rather look at the functions that AI and
expert systems can fulfill in the future.
The goal is, of course, to increase NPP safety by reducing the

number of accidents and by improving the recovery from accidents when
they occur. In the 70s it was still believed that this could be achieved
through an exhaustive prior analysis of the possible accident sequences or in other words, that a purely engineering approach was sufficient. It
is now generally recognized that in practice, if not in principle, this
is impossible. Safety can consequently only be enhanced by improvements
in plant operation under both normal and abnormal conditions.
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Situation Ang^^^^

One limitation of the prior type of analysis, exemplified by
Cause-Consequence Trees and Probabilistic Risk Analyses is that it can
only consider general cases. One can therefore not be sure that an
actual situation will match the assumptions of the analysis. An obvious
possibility is to combine the engineering analysis with the data from an
actual situation, i.e., do the analysis on-line. This would mean using
AI techniques to bring the analyst's expert knowledge to the situation.
It is possible to haue the technical specifications in a data base and
use that as an input to a so-called inference engine. If the technical
specifications are supplemented by the necessary measurement data to
reflect the current situation, and these data are combined with the
analyst's expert knowledge, one can in effect make an engineering
analysis in real time, hence be relieved from the restrictions of a prior
analysis. That would constitute a powerful tool to assess the state of
the WPP and anticipate the immediate development (and associated risks)
that might well compare favourably with the use of on-line simulators.

Informât ion Presentation
On the whole safety can be improved by making it easier for the
operator, and other technical staff such as the Technical Support Center,
to understand what is going on. There are many cases that show that the
necessary and sufficient information was present in the control room, but
in a form that was difficult to understand. Very often the information
is spread around the control room and is even presented in different
formats (e.g. a mixture of conventional and computerized indicators).

One solution has been to gather the essential information in one
place and to subsume it under a common format. The various SPDS systems

are an example of that. This could be combined with additional
processing to produce derived information, as in the DASS (Disturbance
Analysis and Surveillance System) and CFMS (Critical Function Monitoring
System) systems. The limitations of this approach are: (1) that the
information may still have to be used by different technical groups, and
(2) that it may be needed in different formats at different times even
within the same group (e.g. operators).
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AI techniques can be used to increase the flexibility of
presentation, hence improve the man-machine interface (MMI) and turning
it into an Intelligent Man-Machine Interface (IMMI), This can be done,
for instance, by using Intelligent Graphical Editors that construct the

displays as needed rather than use a set of pre-designed displays. The
Intelligent Graphical Editor would haue access to a grammar for a
graphical language, knowledge of ergonomics rules, knowledge of the
context, and knowledge of the user.

From this basis it can decide how to

present new information so that it becomes easier to understand. It can
also adapt the information presentation to suit the long range objectives
of plant operation, thereby increasing overall operational safety.
A third main application of AI and expert systems would be to

provide new types of information to the operator. One example of that is
diagnostic information to aid in the identification of the cause of a
disturbance.

Another would be expert assistance to the operator's

decision making, e.g. by keeping track of the alternatives surveyed or by
providing support with information and evaluation at various stages.
There are, in general, several ways in which data and knowledge in
different forms (quantitative and qualitative) can be brought together
and processed intelligently. There are also ways in which this knowledge
can be extended by including condensed experience (e.g. through
induction). The main problem is that this processing is very time

consuming, and that time increases in disproportionate ways as the size
of the knowledge and rule bases go up. Some improvements can be expected
from developments in hardware and computer languages, but the demands to
a quick response in emergency modes will certainly require a different

approach. An alternative technique, already being explored, is to use a
set of smaller expert systems, each with different functions,
communicating via a common knowledge pool. This can provide the operator
with various types of information, either shallow-and-quick or
deep-and-slow. The operator has the option of querying the system for
supplementary information to complement his current state of knowledge.

If the -operator can always find the information he needs (including
procedures, technical specifications etc.) and get it presented in a way
he can easily understand, this will greatly enhance safety.
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To conclude, NPP safety is most likely to be improved by
increasing operational readiness thereby reducing the number of
situations where accidents can develop. This means that one must make it
easier for the operators to understand measurement and status
information, and to plan and evaluate possible lines of action. AI and
expert system techniques can contribute significantly to that, in
addition to improving the supporting engineering analysis techniques.

6. RECOMMENDATIONS

Experience with Installed Systems

It is recommended that several actions are taken to expand the
experience with the systems that are already installed.
One action already carried out has been to gather supplementary
information by means of the questionnaire (cf. Section II). This

questionnaire has been put together to reflect the main issues raised in

the sections on 'state-of-the-art1 and 'state of knowledge'. The results
of the questionnaire, analyzed in Section II, serve to update the
conclusions of Section I in the light of the information received.
Additional Activities Proposed

-

Study the safety impact of new emergency operating procedures
concepts, e.g.,
state-based
symptom-based
critical safety function based
success path
hybrids
Compare these procedures to traditional event—based constructs.

-
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Study the existing and prospective interrelationships between
operator decision support provided by emergency procedures and
CODAs. Identify relationships between these technologies.

Develop guidelines for integrated training programs involving
CODAs, training simulators and emergency operating procedures.
Research and develop improved, quantitative methods for evaluating
the risk/benefit of COOAs.

Evaluate the possible downstream impact of artificial intelligence
methodology, and identify technological limitations.
Stimulate development of computerized decision aids, procedures
and training for site wide nuclear power plant emergencies.
Assess advanced technologies for strategic decision-making, i.e.,
situation assessment, whether and what emergency resources to
mobilize, whom to notify and when, what sections of the emergency
plan to put into effect.
Assess present developments in human cognitive modelling, and
their prospective bearing on: emergency procedures evaluation,
CODA development, human contribution to risk; training needs.
Explore other CODA applications which may be under development,
but not yet implemented:
on-line PRA impact analysis
technical specifications monitoring systems
on-line simulations/compact plant analysis
reactor shutdown analysis
safety system status monitors
real-time graphical editors
diagnostic expert systems
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SECTION II

1. INTRODUCTION

This document is Section II of the Report on Computer Based Aids for
Operator Support in Nuclear Power Plants. In Section I, the historical
background to the development of Computerized Operator Decision Aids (CODAs)
was described, together with the state-of-the-art and the state of knowledge
when the report was originally prepared. One of the main recommendations of
that report was that a comprehensive questionnaire survey should be
conducted of IAEA Member States in order to provide an up-to-date picture of
the extent to which CODAs had actually been applied and to supplement the
information contained in Section I. This recommendation was implemented and
this Section contains the results of the survey.
The questionnaire used in the survey is given in Appendix I.
total, 11 countries replied to the questionnaire as follows:
*

Brazil

*
*
*

Canada
Federal Republic of Germany
Finland

*

France

*
*
*
*

India
Italy
Japan
Korea, Republic of

*

USA

*

USSR

In

The first chapter following this introduction describes the overall
results of the survey in the form of tables and diagrams, together with an
evaluative commentary. The next chapter discusses the results in the light
of the issues considered in Section I. Where appropriate, the conclusions
of Section I are amended and extended in the present volume to incorporate
the results of the survey. The final chapter draws conclusions and
discusses future trends. Appendix II contains additional information on
each of the systems included in the survey. These data were compiled from
information provided by the respondents which was not included under the
standard headings provided by the questionnaire.
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2. QUESTIONNAIRE ANALYSIS AND EVALUATION

In answer to the questionnaires that were sent to the respondents a

total of 40 replies were received. Out of these nine did not address the
main goal of computerised operator support systems, but instead decribed
other types of computer systems used in the plant (e.g. whole body
scanners, radiation monitoring, etc.). These nine questionnaires were
therefore not considered in the further analysis.

The remaining

thirty-one questionnaires actually described a larger number of systems,
either because they addressed several different systems installed in the
same nuclear power plant (IMPP) unit or multiple copies of the same system
installed in more than one I\IPP unit (i.e. several identical units in a
plant or a series of plants of the same type). The national distribution
of the questionnaires that have been considered in this analysis is as
follows:
NUMBER :

COUNTRY :

1
4

Brazil
Canada

2
2
2
1
1
3

Federal Republic of German
Finland
France
India
Italy
Japan

7
7
1

Korea, Republic of
USA
USSR
The limited number of returned questionnaires makes it impossible

to say whether the answers are representative of the operator support
systems that are currently in use worldwide. Thus, the lack of a reply
can either mean that no such systems have been installed, or that the
questionnaire has not reached the right people in the organisation. In
the case of the different countries that are represented in this survey,
it is the impression of the authors, based on their general experience,

that the replies given in most cases are representative for the countries
in question, even though the numbers are quite small. This means that
the results of the questionnaire survey on the whole can be assumed to be
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representative for the countries and WPP utilities that have replied, but
that it is uncertain whether the results are representative for WPPs on a
worldwide basis. The results reported here should therefore be seen as
indicators of the state of implementation, rather than proven facts.
State of Development of the Systems in the Survey
Of the 36 different systems mentioned in the questionnaires 23 or
63.9% were in operation. (This number must be seen in relation to when
the questionnaires were answered. Exactly half of the questionnaires
were returned in 1987 and the other half during the first six months of
1988, "Being in operation" thus means being in operation in 1987-88.)
The remaining 13 systems were either under development (4 systems),
undergoing testing (4 systems), or being implemented (5 systems). These
figures become more interesting when they are seen in relation to the
time when the systems have been put into operation, or have been
scheduled for operation. As the following Figure 1 shows, the majority
of the systems have come into use between 1984 and 1986. This rather
uneven distribution can be interpreted as an effect of the TMI accident
and the attempts to improve plant safety which resulted from that,
notably the development of the SPOS concept and the various regulatory
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requirements. Otherwise one would haue expected a more even distribution
of systems over time, perhaps with a slight tendency to increase as a
consequence of the general increase in safety awareness.
If one removes the specific SOPSs from the table, the distribution

of the number of systems put into operation over time is as in Figure 2
below. This distribution is far more even, and clearly supports the
assumption that the TP1I accident has had a major effect on the
development and introduction of computerised operator support systems.
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The replies to a more specific question showed that about a third
of the systems (11 out of 32) were developed and installed as a direct
response to a regulatory requirement, and it is reasonable to assume
that the majority of the rest (18 systems, with three being not
answered) also took actual or potential regulatory requirements into
consideration.
Intended Function of the Systems in the Survey
A number of questions addressed the intended function of the

systems. With regard to the type of situation where the system was
supposed to function, a distinction was made between normal situations,
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incidents, and accidents, The distribution of systems acording to
whether they were designed to assist in each of these situations is shown
in the table below.
System Designed to Assist
Yes
Normal Situations
28
Incidents
28
Accidents
22

in:
No
0
0
6

W/A
4
4
4

(N/A = No Answer or Wot Applicable.)

It is clear from this table that the majority of the systems were
designed to function in all three types of situations. Only a few of the
systems had not been designed with potential system accidents in mind.
A number of questions addressed the type of support in greater
detail. The results of these are summarised in the table below. Note that
the sum of answers for each group (YES / NO / N/A) is greater than the
total number of systems, because most systems were intended to serve more
than one function.
System Designed to Assist with:
Yes No
Detection
27
Fault Identification
20
Diagnosis
16
Procedure Selection
12
Execution of Recovery
9
Identification of Faulty Equipment 24
Other
8

1
6
10
14
17
4
0

N/A
4
6
6
6
6
4
24

Practically all of the systems were designed to assist with
detection of a disturbance (i.e. higher level alarm processing), system
fault identification, and identification of faulty equipment. These are
roughly the same functions that are supposed to be covered by the
conventional alarm and annunciator systems, although a computerised
system may provide a more sophisticated analysis and a more
comprehensible way of presenting the results.
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Exactly 50% of the total number of systems were designed to support
the operator's diagnosis of the identified fault or malfunction. When
compared against the systems where a reply was given (thus disregarding
the N/A category) the percentage was actually 61.5, i.e. closer to two

thirds, A somewhat smaller set were also designed to assist in the
selection of the proper procedure (12 out of 26 / 32, corresponding to
46.1% and 37,5% respectively). This function is obviously more advanced
than the diagnostic support, hence present in fewer systems.
A further step along the line is assistance in execution of the

recovery, either in following the procedure or in following the
development of the process. Here only nine systems offered this support
(corresponding to 34.6% and 28.1% respectively). This is the area where
a computerised support system gradually turns into a true decision
support system, and where it must be designed to interact with the
operator rather than just provide processed information to him. Even
though this was the category where there were fewest systems, it is still
interesting to note that almost one third of the systems did provide this
type of support. It is reasonable to assume that even more of these
systems will be developed in the future, as the technology matures and
the need becomes more pronounced.
Basis for System Design
In addition to clarifying the intended function of the systems, the
questionnaire also contained questions which tried to determine the basis
for designing the system. One question concerned whether a task analysis
had been performed as a part of defining the technical specifications of

the system,

As the table below shows this was only the case for 43% of

the systems. Ideally, a task analysis should always be performed when a
new support system is designed, in order to ensure the best possible
match between the task and the operator. The migration of well-developed
task analysis techniques from the behavioural sciences to I\1PF> designers

and practitioneers has, however, been quite slow, which may account for
the relatively low percentage of cases where a task analysis has been
used.
Two other questions concerned whether the existing operating
procedures had been taken into account when the technical specifications
were made and whether the introduction of the new system had required any
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change to the procedures. As expected, the procedures had been considered
in the majority of cases, although less than half of the cases had
resulted in any changes being made.
Background for System Design:

Task Analysis Performed
Procedures taken into account
Changes in procedures required

Yes

Wo

W/A

13
22
12

17
6
15

2
4
4

This relatively strong relation to and dependency on the operating
procedures was further clarified by a question which asked for a
classification of the procedures that were used. As the following table
shows, the procedures were almost evenly distributed between event based
procedures, symptom based procedures, and state based procedures. The
conventional way of writing procedures is to refer to a list of
anticipated normal and abnormal events. The main limitation of this
approach is the inability to account for the unexpected event. This
. s.
deficiency has partly been met with the development of symptom based
procedures which look for characteristic patterns in the process
indicators. The even distribution among the categories is assumed to
reflect the increased use of symptom based procedures after the early
1980s.
Approaches to Procedures:
Event oriented
Symptom oriented
State oriented
Other

13
10
10
2

A final aspect of the intended function of the system is the user.
Every system is designed with a specific user category in mind, either a
single user or a group of users. This is quite often pivotal in
determining the functional requirements and the mode of interaction.
Every category of user can be expected to have specific background
knowledge (skills and experience), as well as specific needs in terms of
information vis—a~vis the tasks they are carrying out. Consequently, a
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system which has been intended for one user category may not serve the
needs of another category equally well. Furthermore, it may be
problematic to design a system that is to be used by more than one user
category, since the needs of either user type cannot be fully addressed.
The answers to the questionnaire clearly showed that most of the
systems were intended to be used by more than one type of user.
distribution over user types is shown in the table below.

The

Intended Users of the System:
NUMBER

TYPE

23
26
25

Senior Reactor Operator
Operators
Shift Supervisor

15
12

Safety Engineer
Crisis Team

4

Other

The main user categories that system designers had in mind were

clearly the operational staff, i.e. senior reactor operators, reactor
operators, and shift supervisors. In a smaller number of cases the
safety engineer and the crisis team were also among the expected users,
(The category other included regulatory officials, local authorities,
etc.)
There are several comments which can be made here.

First of all,

as mentioned above, it may be problematic to design a system which is
intended for several users, particularly if they have quite different
tasks, as e.g. for operating staff and the crisis team. Secondly, the
design of systems for the safety engineer or the crisis team indicates a
clear change in the scope and purpose of the systems, from monitoring and
detection to planning and decision making. It is believed that this will
constitute a major area of interest in the years ahead. Work has been
conducted at EPRI to develop an Expert System called REALM (Reactor
Emergency Action Level Monitor) for assisting in decision support during
crisis manag ement.
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Measurements and Displays

Hierarchy for alarms
Display in flow diagram
Tracking capabilities
Trending capabilities

Yes No
20
11
13
19
28
4
18
14

On-line

26

W/A
1

5

As regards the number of measurements that are used by the various
systems covered by the questionnaires, the replies showed a large
variation. For the analogue measurements the median number of
measurements was 858, the mean was 1,230 (s = 1,447), the minimum being
50 and the maximum 6,700, For the digital measurements the median again
was 830, the mean was 2,510 (s = 3,991), with the minimum being 4 (sic)
and the maximum 16,000. The actual distribution is shown in Figures 3 and 4.
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A number of questions referred to the particular way in which the
system was implemented, what the display features were, and how the
system could support the operator with specific functions. The actual
technical details of the displays are covered in a separate part of
this report. One feature of some interest is whether the alarms were
hierarchically arranged. Here the answer showed that 11 out of 32
systems did not have the alarms in a hierarchical arrangement, while 20
systems had this format and one respondent considered the question not
applicable. This rather high proportion of non-hierarchical format is
quite noticeable, since some kind of ordering or prioritising of the
alarms normally is considered essential for supporting the operator, ft
flat alarm system very quickly becomes unmanageable (probably for more

than 50-60 alarms, depending on how they are grouped) whereas a
hierarchical system makes it easier to maintain an overview of the status
of the system.

Another important feature is whether the plant information can be
shown in the form of flow or mimic diagrams. Here the answers showed
that this facility was present in 19 out of the 32 cases while in the
remaining 13 cases it was not. Displaying information in a flow or mimic
diagram, in contrast e.g. to tables or lists, is without doubt a very
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effective way of combining specific information about the status of
components with a higher level representation of the structure of the NPP
as such. There is the added possibility of providing a representation of
the functional dependencies as well. The relatively high number of
systems which did not have this facility is therefore surprising.
Two other facilities that experience has shown to be very useful in

monitoring a process and following the development of a situation is
tracking, which provides an analysis and representation of past events,
and trending, which provides an analysis extended to cover expected
events, e.g. extrapolations in time. Both types of representation,
normally using some version of an X--Y plot, are very well suited to
graphically showing subtle relationships that otherwise may be difficult
to detect. Almost all systems in the survey had tracking capabilities
(28 out of 32), while only little more than half of them (18 out of 32)
also had the trending capability.
The majority of the systems were on-line, i.e. they reflect current
status information rather than filed information. Only five systems were
not on-line, corresponding to the few systems that were not in operation,
but scheduled for 1988 and later.
Use for Safety Related Functions
A final question concerned whether the systems were considered to

be safety related equipment or not. Here the large majority (22 out of
32) were not considered as being safety related equipment, eight systems
were categorised as safety related, and in two cases no answers were
given. Knowing that the requirements for safety related equipment can be
very high, this distribution is not surprising. A COOA/COSS may,
however, be considered as being safety related by the utility or plant
management without necessarily being defined by such in a more official
classification. The reader is reminded that 11 systems had been
developed in response to a regulatory requirement. Clearly, not all of
these were considered as safety related.
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Cost of System Development
The average cost of a COSS/CODA according to the information in the
questionnaires was a little more than 5,000,000 US$.
(The median value
was 2,500,000 $, and the average was 5,064,555.) The distribution is
shown in Figure 5, The maximum cost quoted was 20,000,000 US$ and the
minimum was 470,000 US$.
This clearly indicates that the systems are of
a quite different nature, i.e. that the conception of what exactly
constitutes a COSS or a CODA is open to interpretation. Nevertheless, it
seems clear that the development and installation of a COSS/CODA
represents a significant cost. This may be an issue if the system is
only intended to be an SPDS type system or is an answer to a specific
regulatory requirement. If, at the same time, it is seen as a system
which may enhance plant performance on the whole, e.g. by increasing the
reliability of the operators' performance, hence the reliability of the
WPP as a whole, then the cost may be less of an obstacle, and the system
may actually lead to savings that in a short time completely outweigh the

costs.
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II

5 System costs

Di stri but ion of Cost
%

Cost Type

19.34

(1)

29,71
13.83
9.84

(2) Hardware
(3) Software
(4) Signal Acquisition

Design

9.38

(5)

Testing and Validation

5.94
2.2

(6) Installation
(7) Training

1.15

(8)

8.61

(9) Other

Licensing

The distribution of the costs of a COSS over the various categories
is shown above.

The main costs are obviously related to system design,

and the purchase of hardware and software. Other significant costs are
related to signal acquisition and the testing and validation of the
system. Only a minor part of the costs are attributed to training,
licensing, etc.
It is interesting to compare this distribution of costs with the
one that was indicated in Section I of this report. The two distributions

are shown in Figures 6 and 7 below, in the form of two pie diagrams (The
numbers of the sections in the diagrams refer to the categories in the
table above.) There are obvious large differences in almost all the
categories, and the one in the design category is probably particularly

striking. It is not possible to provide an explanation of these
differences based on the present material, but it would probably be
worthwhile to study the matter further, since that might be very useful
for planned changes.
Whereas the costs related to system design and development /
purchase of software will continue to be dominant, it is believed that
the costs related to hardware and training are going to change in the
future. In the case of hardware it is a simple matter of decreasing
prices of computer hardware and increasing performance. In particular,
the performance of today's microcomputers can easily match the

performance of the minicomputers of five to ten years ago. This means
that the hardware costs of a new COSS or CODA are going to be relatively
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Distribution of Costs
Oth«r (8.6»)
Licensing (1.2%)
Training (2ÀX)

Design (19.3%)

Installation (5.9%)

Test & Validation (9.4%)

Signal Acquisition (9.8%)

Hardware (29.7%)

Software (13.8%)

Fig.

6

Distribution of costs (questionnaire data)

Distribution of Costs
Licensing (5.0%)

Dealgn (5.0%)

Training (10.0%)
Hardware (15.0»)

Installation (15.0%)

Software (20.0%)

Test et Validation (5.0%)

Signal Acquisition (25.0%)

Fig. 7 Distribution of costs (data from section I)
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small. Furthermore, there is less incentive to include the functions of
a support system into the plant computer, since the economic benefits of
using unused processor capacity are outweighed by the increasing
complexity and vulnerability of such a solution.
With the figures shown above, the average hardware cost is about
30% of 2,500,000 $, i.e. 830,000 $. Since this only covers hardware and
does not include signal acquisition etc., it is reasonable to expect that
this cost will be reduced to a third or even less within a few years.
In the case of training it is foreseen that these costs will rise
as a function of the increased complexity of the information systems, as
well as the increased demands for highly reliable and efficient
performance. The very high contribution of erroneous operator actions
to reported events (incidents, accidents) in NPPs, as well as other types
of processes, makes the performance of the operator a crucial factor in
overall plant performance, fis the distribution of work between the
operator and the automatic systems gradually change, so that operators
are turned into decision makers rather than monitors and regulators, the
need for training increases. This is because this change is accompanied
by, and in fact depends on, the introduction of new computerised support
systems based on state-of-the-art information technology.

As stated in the beginning, the number of questionnaires that were
returned is probably too small for the answers to be considered
representative for the currently active NPPs on a worldwide basis. The
information provided by the questionnaires is nevertheless very
interesting and suggests a number of options for improvement,
One possibility, which was already suggested in the first section of
this report, is to carry out an in-depth study of a limited number of
WPPs. These could be selected from the plants described in the
questionnaires, but one or two additional ftlPPs might be included. The
total number should be kept very low, in order to enable a sufficiently
concentrated study of each. The information contained in the
questionnaires does provide a good basis for preparing a visit to these
plants, and also gives a reference basis against which the information
can be assessed.
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ft second possibility is to generate an improved questionnaire and
distribute that among a large number of WPPs. Although the present
questionnaire was very carefully prepared and evaluated, the answers that

were received do point to areas, where it can be improved. Improvements
could either be in the reformulation of questions and clarification of
concepts, or in formulating additional questions. Whereas there is no
doubt that very useful information can be obtained in this way, the
perennial problem seems to be to ensure sufficient participation to
provide generally applicable results. The experience from this and other
questionnaire studies indicate that this is a serious problem, and there
are probably no specific reasons to assume that participation will be

greater among NPPs than in other cases. This option, though attractive,
is therefore considered to be of little potential benefit,

A third option, which should be considered in addition to the first
option, is to investigate specific points in greater detail. There are a
number of areas where the information in the present questionnaires,
despite its sparseness, points to interesting issues of potentially great
interest for the WPP community as a whole. One of these is the cost of
developing and implementing CODAs and the way in which this cost is
distributed among the-different categories. In the first section of this
report some data were given based on the experience from the US. The
replies that have been received lead to a completely different
distribution of costs over categories, as well as a range of costs from
500.000 $ to 20.000.000 $, It is clearly very important to know better
what the cost of a CODA is likely to be, and what it is made up of, A
clearly focussed questionnaire could probably contribute to solving this
problem. An additional and equally important question is how one can
quantify the actual and expected cost savings of a CODA.
A second area is the whole background for designing and developing

CODAs. This refers to the use of task analysis, the analysis of existing
procedures and routines, the identification of the expected user
categories, etc. Again, the questionnaires clearly show that there is a
wide variety of approaches and design solutions, but they provide little
information on the background and benefit of each. Since the requirement
specification and actual design of the CODA is crucial for its success,
this needs to be investigated further. It might, for instance, be done
with the aim of producing a rather detailed 'how to do it1 guide, which
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could be based on a number of exemplary cases. This might practically be
combined with the first option, or be carried out in a two step procedure
through the preparation of a very detailed interview scheme,

A third area is the integration of CODAs with current practice,
training programmes, and simulator training. As argued in the
presentation of the questionnaire, the area of training is considered to
be of growing importance. The present questionnaires reveal little about
this, but it would indeed be worthwhile to pursue the problem in depth.
This would be in addition to the general interest for using simulators in
operator training. In the design and use of CODAs simulators would be
important not only in ensuring the proper skills for using the system,
but possibly also as a part of the actual design and development process
- because CODAs often address non-standard situations and scenarios.
Other areas, such as the man-machine interface and human-computer
interaction, the use of new technological techniques such as Local Area
Networks, the change in focus from an engineering to a behavioural and /
or organisational view on process control, the changing role of the
operator, etc. could be mentioned. Most, if not all, of these are
addressed in other contexts and by other organisations, but might benefit
from a clearly focussed approach in the WPP area. While all of them are
very interesting, it is believed that the ones mentioned in detail above
are among the most important, in the sense that they can have a direct
impact on how CODAs are designed and used. If the data gathered by this
questionnaire are reliable, it seems as if the increased efforts that
were a direct result of the TMI accident are beginning to slow down.
This means that it is possible to make a more detatched assessment of the
development of computerised operator support systems, and also that there
is a relatively well-established pool of experience and knowledge which
can be very useful if properly analysed. It is hoped that the two
volumes of this report provide a contribution to that, and that they
furthermore establish a basis for defining further work.
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3. FINDINGS RELEVANT TO SECTION I

Historical Background

The discussion in Section I highlights a number of important
historical developments in power plant computer systems. The survey results
generally confirm the points drawn in the preceding section, but also

amplify them in a number of areas. The following subsections summarize
these findings. Description of references given in brackets can be found in
Appendix II.
Computer system obsolescence
The survey of computer applications has shown that the rapid pace
of computer hardware/software innovation result in rapid
obsolescence of power plant compter systems, generally, and CODAs
in particular. One respondent [PWR/l/FI] indicated plans were in
progress to change an existing plant process computer because of
its obsolescence. Moreover, in a Safety Parameter Display System
in the U.S. there are efforts underway [PWR/4/US] to make a
wholesale change in the application software and to replace the
display terminals for a more intelligent variety. This system has
been on-line only 3 years.
Two strategies are apparent in coping with change in plant computer
systems. The first is major and wholesale computer system
upgrades, exemplified by the previous examples. An alternative

strategy is suggested by the Canadian approach which is essentially
evolutionary in nature. The integrated control system computer in
CANDU plants is being steadily enhanced to include more aids for
operators, while retaining the existing control functions
[CAW/4/CA].

There appears to be some distinction between the implementation of
computer-based decision aids in new plants, as opposed to backfits
to existing plants. New plants benefit from the fact that the
computer-based aids can be fully integrated into the control room
design and operating environment. Additionally, the new plant
implementations of CODAs do not have to overcome operator habits
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and preferences built up during (generally successful) plant
operations without the computer installation. The consequence
appears to be larger and more sophisticated CODAs for new plants
[PWR/1/FG.VVER/l/UR].

Computer system reliability
There is one historical issue which, due to its absence in the
respondent's comments, is significant and worth mentioning. One of
the historical concerns has been the reliability of computer
systems. However, it is clear from the available information that
very reliable nuclear plant computers can and have been built.
Current State-of-the-art

The state of the art suggested by the survey presents a somewhat
different picture than described in the Section I report. The latter used
the SPDS developments in the U.S. as the model for state of the art
discussions. However, it is clear that this model does not fit the state
of the art developments in a number of other countries, as well as some
developments in the U.S. itself.
CODAs having diagnostic capabilities

From the viewpoint of operator decision support, the PRINS,
GEWERIS-STAR and PODIA [PWR/l/FG,PWR/2/FG,BWR/l/JA3 systems provide
a more comprehensive level of support in the areas of fault
identification and diagnosis than the SPDS. One of the key
differences is the increasing use of computer logic to effect
diagnoses, rather than using the computer exclusively for display
generation.

CODAs providing procedural support

Survey results indicate some capability of CODAs for supporting

operators in selecting and following procedures. The SPDS
implementations, in particular [8WR/l/US,PWR/3/US,PWR/l/BR] figure
most prominently as CODAs providing procedural support. However,
the planned upgrades to the CAWDU integrated control computer
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system [CAW/4/CA] and the PRIMS system [PWR/l/FG] also provide for
some capability in bhis area.
For the most part these systems provide assistance in selecting
procedures and displays of key procedures parameters. These CODAs
do not provide procedures text in electronic form, nor do they
incorporate detailed logic which would permit the computer to index
specific detailed steps in accordance with requirements and
changing plant conditions. Although the SPOS installations almost
exclusively address some portion of the emergency operating
procedures, the PRIMS system appears to accornodate a broad range of
procedures that cover normal, abnormal and accident situations. In
every case the facility providing procedures support appears to be
an adjunct to other CODA functions, rather than the principal
design objective, A possible exception may be the ERIS system [BWR/l/US]
CODAs providing integrated operator support
Tn <*ddition, systems developed in many countries seemed to take a
more integrated view of computer-based support for plant
operators. Instead of providing accident detection capability
(which is the principal SPDS function) as a physically separate and
distinct system, CODAs are being designed to span a range of plant
operating conditions from normal to accident. The Titan I system
[VVER/1/UR] represents one of the more comprehensive information
systems configured for general purpose plant process monitoring,
CODAs deployed outside of the control room
Although this study and accompanying survey was directed towards
CODAs with the implicit assumption that operator support in the
control room was the focus, the survey results identified an
important trend towards activities outside the control room. In
particular the component status monitoring systems described in
[CAI\l/l/CA,BWR/2/US] underscore the fact that many activities which
lie outside the control room can bring significant operational and
safety benefits to a nuclear power plant. There may be other
opportunities for CODA developments in the maintenance and
administration areas that have very appreciable cost/benefit
measures which are heretofore overlooked.
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Trend s in computer hardware

Two developments in computer hardware are worthy of note.
Special purpose process computers are being increasingly displaced
by general purpose minicomputers and computer workstations. The large
DEC/VAX computers in [PWR/l/BR] are illustrative for this trend.
Although general purpose machines theoretically offer less performance
capability than computers designed for process monitoring applications,
there are several compensatory effects: 1. the volume of general

purpose computers being sold drives down the cost, so that considerably
more computer power may be afforded; 2, the sophistication of on-line
operator support application programs for detection, diagnosis, signal
validation, etc. out-weighs the conventional computer tasks for signal

acquisition, real-time data base updating and display terminal support these more calculationally intensive functions are best done on general
computer installations; 3. the advent of distributed data preprocessors,
intelligent terminals and multi-tasking operating systems makes general
purpose computers more amenable to host process computer functions.
Another development shown by the survey is the trend towards fully
distributed systems involving multiple computers and workstations
connected by a local area network (such as ethernet). The architecture
in [PWR/l/FT] reflects this trend. Among the advantages of this
architecture is its inherent expandability, the improved performance and
interactive response of systems analysis programs running under local
user control.
In this report it is interesting to compare the computer architecture
of [PWR/9/KO] with the later design in PWR/l/FI. See Figs. 8a and 8b.
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Human f actors cons iderat ions
In the human factors area there appears to be relatively little
indication that task analysis is used as a routine part of the CODA
development process. Although it is probably true that basic
ergonometric principles are applied, the methods that are used to
identify applications to be included in COOAs appear to be ad hoc. This
observation is also supported by the fact that many of the CODAs are
apparently designed for a variety of plant personnel, who presumably have

a number of different tasks and job responsibilities and decision-support
needs. This is not intended as a criticism of present systems or point
to specific inadequacies; however, it does suggest that the state of the
art and the state of implementation are somewhat at odds in the human
factors area.
Operator acceptance
The surveys provide an uneven picture on the issue of operator

acceptance. At the display level there appear to be occasional problems
in organizing the right data on the appropriate displays to support
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operators's needs. A subsidiary problem has to do with the development
of a suitable display hierarchy or framework so that operations personnel

are able to navigate easily between higher level, more abstract displays
of plant or system overview down to detailed and task-specific displays.
This problem becomes progressively more significant as the size of the
CODA and number of displays increases.
In some instances, e.g., [CAW/l/CA], operator acceptance seems to

be enhanced when operators are involved in the CODA design process.
Moreover, it appears that involving operations personnel applies not only
to display layout and hierarchy, but also in defining what overall
functions and capabilities should be supported by CODAs in the first
place.
Although not explicitly implied by the survey results, it does

nevertheless appear that having the CODA installed in the training
simulator and regularly included in operator training activities should
enhance operator acceptance and use.
Also important is the relationship between the scope of the CODA
and operator acceptance, Tn theory at least a CODA that serves no useful
function during normal plant operations will not readily be accepted and
effectively used during off-normal conditions. Therefore, the notion of
having an integrated CODA, such as in [PWR/l/FG] and [CA!\l/4/CA] does
appeal to this line of reasoning.

Cost/benefit
There is also relatively little evidence that CODAs are supported

by formal cost/benefit analyses. To some extent (esp. SPDS and rplated
installations) these CODAs are mandated by regulatory actions. That is
not to say that these systems do not have appreciable cost/benefit and/or
safety impact; but, the necessity of developing such justifications is
superceded by the regulatory requirement. At a somewhat more profound
level, however, the lack of cost/benefit analyses may be related to the
fact that some CODAs are not associated with a coherent set of tasks
which would otherwise be performed by an assigned member of the
operational crew. The lack of task analyses to show what the system is
supposed to do and whom it supports is commensurate with the lack of any

72

Fig. 9 CRUAS 3 control room: the operators station with the Safety Display System

framework for determining whether the machine amplifies human
capabilities or supercedes them.

S t andlard izat i on.

The survey results imply a greater degree of standardization that
what might have been expected.

The CODAs developed for Framatome PWRs have

been or are being installed in almost 40 plants. Refer to Fig. 9. The
Titan-1 system is presumably being configured as the standard process
monitoring system for the VVER-1000 series of plants. In the former case
the Safety Panel is a retrofit installation; the latter is a new plant
offering. In other CODAs, notably the SAS (Safety Assessment System)
developments in the [PWR/l/US] and the PRIMS in Germany (FOR) there are
clusters of similar or identical CODA designs. The greater degree of
standardization implies a more mature level of technological development,

maintenance and support than might always be the case with custom-designed
CODA systems.

4. ADDITIONAL FUTURE TRENDS

A discussion of future trends is provided in Section I of this
report. However, the two years which have passed since the preparation of
the first volume and the availability of survey data allows us to view this
topic with some new perspective.

One of the most important factors in the development and
implementation of CODAs is the state of the nuclear power industry at
large. New plants and new plant designs are believed to strongly
influence the introduction of CODA technology being developed in nuclear
industry research laboratories, and supported by the continued, rapid
evolution of computer technology, generally. Under a favorable nuclear
industry climate broadly scoped CODAs should become common. However, in a
relatively stagnant nuclear industry the pace of CODA implementation will be
modest, and the scope will be narrow.
Many CODA concepts do not lend themselves to incremental
implementation.

For example, implementing a CODA that diagnoses one, or

a very few malfunctions may not have a sufficient "critical mass" of
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functionality to justify itself. The control room is a central facility
where hundreds of potential plant/system malfunctions and thousands of
operator decisions are made. A successful CODA must have broad coverage
to gain operator acceptance and have appreciable value/impact,
"Anecdotal" or narrowly scoped CODAs may be successfully constructed only
where there are very compelling reasons to do so; i.e., where operator
error leading to large safety or productivity consequences exists. These
situations are believed to be rather rare. Narrowly scoped COOAs,
because of their size and relative simplicity, are best suited to
retrofit plant applications. (The SPOS, which is a TMI backfit
requirement, is a narrowly scoped CODA which largely supports accident
detection,)
Broadly scoped CODAs provide decision support to operators over a
large number of tasks and plant situations. Even though the incremental
value of any CODA function may be small, the integral value of the
overall system, in terms of better operator performance and plant
productivity, may be quite appreciable.

Such CODAs must have access to

very large signal sets and include commensurate amounts of supporting
logic in order to be effective. It is probably true that broadly scoped

CODAs will only be possible for new plants and, even more probably, new
plant designs.
A trend that may impact CODA development is automation.

During the

past decade the cost, reliability and sophistication of automated systems
has improved very considerably. Humans have not. In fact human operator
error has been a significant factor in almost all of the catastrophic
accidents that have occurred during this period. It is generally
conceded that human error is believed to be appreciable, if not the most
substantial contributor to nuclear power plant risk. Bearing these
considerations in mind, it is perhaps appropriate to re-open the
long-standing argument in the nuclear power industry about human control
versus automation.

In CODA technology it must be asked whether "decision" support to
operators who ultimately take actions might eventually be supplanted by
taking the operator out of the control loop and automating the whole
activity. In the future options for greater automation should be
seriously considered. The CODA would be relegated to an important, but
rather secondary role of giving the operator "observer" a status overview.
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Section I of this report identified artificial intelligence as an

emerging technology which may have appreciable impact on CODA
technology. This is still believed to be the case; however, the impact
of artificial intelligence may be in a somewhat different form than what
is suggested by the popular technical media. Expert systems will be
developed and implemented as COOAs in nuclear power plants. Rather than
containing heuristics and human expert problem-solving knowledge (as is
usually the case), these expert systems will operate on codified, albeit
complex procedures and logic which is pre-defined for specific plant
diagnosis and/or operating tasks. Presently, these procedures and logic
structures have to be applied manually; many mistakes are made.
Some of the advanced CODAs currently being implemented in nuclear
plants support logic processing applications which are as sophisticated
and complex as expert systems. Expert systems technology will not

necessarily improve upon the performance of these more conventional
systems. The advantages, rather, lie in other areas: declarative (e.g.,
rule-based) programming of logic permits complicated logic to be much
more easily developed, debugged, verified, and maintained than hard-coded
logic; enhanced capability of expert systems to explain reasoning to
end-users (e.g., operators). This has likened expert systems to the
notion of a "glass box", as opposed to a black box metaphor.
At the present time there are few, if any expert system CODAs in

service at nuclear power plants. However, a number of expert systems
have been prototyped world-wide for nuclear power plant applications, A
few of these are installed in the field and are undergoing acceptance
testing. Others are being installed in simulators for man-in-the-loop
testing. So there is reasonable expectation that some expert systems
will make the transition from the laboratory to on-line use during the
next few years.
In passing it should be noted that other subdisciplines of

artificical intelligence (e.g., robotics, vision, and natural language
understanding) will have a role in future nuclear plant operations.
Among these, robotics is the one that is most actively being pursued.
A new technology having some potential in nuclear power plant

applications is hypertext or hypermedia. This technology provides a
capability to flexibly link complex documentation together in a flexible
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and accessible way that cannot be
case of CODAs, a simple hierarchy
hypertext by having facilities to
also video, voice and any variety

achieved by hardcopy text or, in the
of displays. Hypermedia differs from
link not only text and graphics, but
of computer applications.

One of the advantages of hypertext/hypermedia is providing the user
with an ability to browse through dynamic and static information:
a) from higher levels to lower levels of abstraction; b) to move easily
from one set of task-specific information to that for another task. One
of the limitations of the present generation of CODAs is their rigid
information format. There clearly is enormous variations between human
beings, and the level and quantity of information needed to perform
identical tasks. Furthermore, in true problem-solving humans need the
freedom to view things from different perspectives to support both
structured and free-form association. Hypertext/hypermedia appears to
offer some promise in this regard.
The complexity of modern nuclear power stations and the
adminstrative overburdens needed to operate them safely and efficiently
has changed the control room into something approaching an office.
Considerable efforts have been made to reduce the paperwork and employ
support staff to handle it outside the control room. It is not clear
that business automation technologies have been fully exploited to
minimize the level of support personnel at power plants, and provide
control room personnel with powerful tools to administer the plant. Nor
is it clear that business automation tools themselves, are structured
appropriately to function well in a power plant environment, since
payroll, accounting and other transactions are not necessarily the

pivotal "business functions" in a nuclear plant.
The trend towards automation of controls, business automation,
artificial intelligence and hypermedia technologies will accelerate if
the old concept of the plant control room operator as "human controller"
is replaced by that of "process manager". Such an individual would
operate the plant at an executive level, letting the system carry-out his
directives while giving status reports. The process manager intervenes
only when subordinates fail to meet their goals; the intervention takes
the form of redirected resources, rather than the process manager having
to physically take control of the process.
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At nuclear power stations in Canada and in West Germany plant
operators haue evolved or are evolving towards the process manager
concept. In Japan, particularly within the new units, there is evidence
that the same approach is being adopted.
This discussion largely has dwelled on the application of new
application software in CODAs, Some developments in hardware will
interplay with the applications that have been described. Most
prominently, perhaps, is the trend towards decentrali£ation of computer
power. This was mentioned in an earlier chapter. The local area network
is in the process of revolutionizing the computer-based instrumentation
and control systems being implemented in the process industry. A number

of suppliers and various communications protocols are competing for
business. Fiber optic links provide a data highway to which "drops"
(intelligent data acquisition/intelligent controller modules) are
attached. Supervisory drops can be installed for human access, featuring
intelligent terminals for process display. Cluster together a bank of
supervisory drops configured around a desktop and one has the essential
elements of a modern nuclear power plant control room. Add hypertext,
expert system modules, business automation and other conveniences, and
one has designed the control room of the future.

Increasing decentralization will also enable computer system
support for non-control room operations personnel. One of the findings
of the present study is the possibly greater opportunity for CODA
applications outside of the control room, e.g., maintenance and
administrative areas.

One of the missing links in successfully applying these
technologies in the nuclear arena (as elsewhere) is human factors. It is
probable that the power of computer technologies is outstripping the
human Factors technologies which will be the underpinning of any
successful application. In this context the control room operator or
"process manager" will be serving primarily in a problem-solving
capacity. Computers are increasingly able to translate low-level data

into high level, high quality information. But, the form of the
information must somehow mesh with the information needs and cognitive
model employed by that individual.
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Human factors technologies have been very successful in developing
methods for properly engineering physical tasks. The capability to model
and engineer systems to support mental tasks is being addressed by the
human factors community only quite recently. In the meantime the gap
between computer system capability and our understanding of human factors
in cognitive areas may continue to grow.
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QUESTIONNAIRE ON COMPUTERIZED OPERATOR SUPPORT SYSTEMS

The objective of this questionnaire is to collect up-dated
information on the present status of using such aids in nuclear power plants.
PART I: Overall Information
PLANT

v

a "' v

Country

Location

Type
Number of Units
Designer

c

Architect, Engineer
Main Constructors0'
Ou"?

: i?i

-

€:Vi
SS!,

Operating Organization

Age of Plant
Computerized Operator Support System'; t;s -,, ^ ? « e s « I c/ , -i t rl J- o -•
Name of system - or characterize in few words

State of development (please underline): under development
testing phase
implemented
in operation
Date of implementation:

Has your system been developed in answer to a specific regulatory
requirement?
YES

NO

If YES please give the appropriate reference:
'ÙiAïiE TWE^RIGHT^IÜSWER
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PART II:

Specific Information

Who developed system-hardware:
Who developed system-software:

Is the system designed to assist in:
- normal situations

yes

no

- incidents

yes

no

- accidents

yes

no

- detection

yes

no

- fault identification

yes

no

- diagnosis

yes

no

- selection of procedure

yes

no

- execution of recovery

yes

no

- identification of faulty
equipment,components,or systems yes

no

Does the system support:

- other, please specify:

PLEASE CIRCLE OR UNDERLINE THE RIGHT ANSWER
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When defining the technical specifications of your system did you
perform a task analysis?
yes

no

When defining the technical specifications of your system were existing
operating procedures taken into account?
yes

no

If yes, which safety related operating procedures were considered,
please specify:

Were changes in existing operating procedures required due to the
installation off the computer system
yes

no

What is your approach to establish procedures (please underline)

event oriented
symptom oriented
state oriented

other, please describe:

Has a system validation been performed

yes

no

If more than one, how many :

What kind of back-up is available in case system fails. Please explain:

PLEASE CIRCLE OR UNDERLINE THE RIGHT ANSWER
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Is this system intended to be used by:
- senior reactor operator
- operators

- shift supervisor (assistant)
t
- safety engineer
- crisis team

- other, please specify:

Please describe training scheme for users of system (length of
training, frequency, etc.):

Has the system been integrated into^the^retraining programme
yes

no

Mass the isystem been integrated into the plant simulator
yes

no

Has the system been fully accepted by the users
yes

no

If not, please try to explain:

PLEASE CIRCLE OR UNDERLINE THE RIGHT ANSWER
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PART -fill;;y:Sygt,efinflpßllc;a'bion^^ ^-. ;.-v

Which categories of measurement are used?

How many measurements are collected for each category:
Categories

Number of measurements

Were any new supplementary measurements added to meet the functions of the
system.
yes

.

no

If yes, please specify which ones:

What are the safety functions documented on your system, please specify:

Which safety functions are available in form of diagrams:

What kind of alarms are implemented, please describe:
Is there a hierarchy for alarms:

yes

no

for diagnostic purposes, do you have:
-display in form of flow diagrams
yes
-tracking capabilities(permitting to
extend analysis to the recent past)
yes
-trending capacities (permitting to
extend analysis to expected development) yes
Is your system on-line

yes

no
no
no
no

Is your system considered as safety related equipment
yes

CIRCLE OR

no

UNDERLINE THE RIGHT ANSWER
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Please describe in appropriate detail your Computerized Support System:
DATA ACQUISITION SYSTEM

Is system connected to a printer:

yes

no

Is system connected to a plotter:

yes

no

HOST COMPUTER:

ARCHITECTURE:
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DISPLAY TERMINALS:

Location of non-intelligent terminals or simple displays:
Where?

How many?

Location of intelligent terminals:
Where?

How many?

SOFTWARE

Please give further details, if appropriate
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What were approximately the costs of developing the system:
US
How did they distribute on the following categories:

Design
Hardware

„

Software

Signal Acquisition

Testing/Validation
Installation
Training
Licensing
Other
Have the expected benefits/savings of the system been quantified and
calculated?

yes

no

Please giwe details:

Please indicate your professional background and part of the
questionnaire which you completed:
Part of Questionnaire

Professional Background

I

Overal 1 Informati_on

._______. ________

II

Specif ic^Information

___ __

*E* System Application
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____ _______

___________ ___ _

Appendix n
DESCRIPTION OF SYSTEMS

This appendix provides high level descriptions of CODA installations provided
by the survey, with excerpts from respondents which are of particular interest
and relevance to the main body of the report.
The descriptions are structured according to the three parts of the
questionnaire:
Part I
Part II
Part III

Overall Information
Specific Information
System Application

Occasionally, notes have been inserted into the text to reflect additional
knowledge or inferences by the survey analysts.
For better reference, the list of systems analysed, ordered by countries is
given below:
BRAZIL:

1 on ANGRA-1 Parameter Display System - PWR/l/BR

CANADA:

1
1
1
1

FRG:

1 on Process Information System (PRIWS) - PWR/l/FG
1 on STAR-GEWERIS - PWR/2/FG

FINLAND:

on
on
on
on

Equipment Status Monitoring - CANDU CAN/l/CA
Safety System Monitoring Computer - CANDU CAW/2/CA
Digital Computer Control (OCC) - CAWDU PHWR CAN/4/CA
Safety System Monitoring Computer - CAWDU CAN/3/CA

1 on Plant Process Computer - PWR/l/FI

1 on Plant Process Computer - BWR/l/FI
FRANCE:

1 on Safety Panel - PWR/l/FR
1 on CLX Computer - PWR/2/FR

INDIA:

1 on Computerized Data Acquisition System - Pressurized Heavy
Water Reactor - PHW/l/IW

ITALY:

1 on Integrated Supervisory System - BWR/l/IT

JAPAN:

1 on Operational Monitoring System -PWR/l/JA
1 on Centralized Monitoring & Control System (CMCS) - BWR/l/JA
1 on Safety Parameter Display System (SPDS) - BWR/2/JA
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KOREA,
REPUBLIC
OF:

DOR I PWR:

I Ge~Li Channel Analyze Computer - PWR/l/KO
(for radiation protection + chemical analysis)
3 Process Computer System - W2500 - PWR/2/KO, PWR/3/KO,
PWR/4/KO
1 Digital Radiation Monitoring System (DRMS) - PWR/5/KO
1 Whole Body Counter - System Computer (WBC) - PWR/6/KO
* 1 Digital Flux Mapping System - PWR/7/KO
1 Auto Run-up Computer (ARC) - PWR/8/KO
(for turbine control)
ULJIN PWR:
1 CL.X-5 - PWR/9/KO
1 SOLAR 16-65 - PWR/10/KO
YEONGKWAWG LIGHT WATER PWR:

1 Digital Flux Mapping System (DFMS) - PWR/11/KO
1 Digital Radiation Monitoring System (DRMS) - PWR/12/KO
1 Process Computer (PROTEUS) - PWR/13/KO
WOLSUNG PHWR:
2 Digital Computer Controller - PHWR/14/KO, PHWR/15/KO
* 1 Programmable Digital Comparator (PDC) - PHWR/16/KO

USA:

1 on Plant Process Computer System (PPCS) and
Safety Assessment System (SAS) - PWR/l/US
1 on Operations Support System (OSS) and
Emergency Support System (ESS) - PWR/2/US
1 on Emergency Response Facilities Computer
System (ERFCS) - PWR/3/US
1 on Operational Monitoring System and
Safety Parameter Display System - PWR/4/US
1 on Emergency Response Information System (ERIS) - BWR/l/US
1 on Plant Status Monitoring/Equipment (RAPID/PSM) - BWR/2/US
1 on Safety Parameter Display System (SPDS) - BWR/3/US

USSR:

1 on Information and Control Computing System TITAN-2
- VVER/1/UR

*
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Not considered in present evaluation.

VVER-1000

BRAZIL
PUR/l/BR

Description: Safety Parameter Display System [Angra~l Parameter Display
Systems (SSPA)]
Plant( s ) : Angra-1, PWR,
Designer: Westinghouse
System Implementation Date: 1987
Data Points:
Analog 372
Digital 73
CRT Terminals: Dumb 14
Intelligent 13
Cost: $3.5« so far
Under development
II.

Specific Information

Operating procedures were considered, specifically the Westinghouse Emergency
Response Guidelines (ERG), Optimal Recovery Guidelines (ORG) and Function
Restoration Guidelines (FRG) in the design of this system.
Training will be performed during a three month period. It will be done at
the Angra 1 power plant but outside the control room to avoid the potential
for misleading operators. It is expected that each crew take a four hour
training session twice a week.
III.

System Application

All of the safety functions documented are available in the form of a status
tree diagram. Mote: ERGs are keyed to a status tree diagram concept; thus,
the display and updating of status tree information would seem to represent an
intimate assocation of this SPDS with procedures and is directly supportive of
the operator's task of maintaining awareness of the plant state, using the
status tree paradigm.
The system has a minimum set of man-machine interface functions,that will
permit the operator the supervision and the analysis of the system behavior.
These include the following: system logging; sequence of events report; alarm
"on" status consultation; value consultation; calibration examination. Note:
calibration examination implies some kind of signal validation capability
built into the SPDS.

The host computer is built around a real-time data base management system.
Other host computer functions include support of graphic displays and batch
processing of environmental control programs (Note: these programs calculate
the dispersal and local dose of radiological releases to the environs, taking
into account meteorological conditions and local topology.)
Note: The host computers are large, general purpose minicomputer (DEC/VAX
8600) with processing capabilities well in excess of the SPDS computing
requirements.
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CANADA
CAN/l/CA

Description: Equipment Status Monitoring (ESM) system for plant operations
and maintenance.
Plant(s): Darlington, CAWDU
Designer: AECL/Ontario Hydro
System Implementation Date: 1989
Data Points:
Several thousand manual, bar-coded inputs
CRT Terminals: Dumb 13
Intelligent 2
Cost: 2.3M
Under development

II. Specific Information
System also supports work[er] protection, documentation of field operations
and plant information management
The system is intended to be used by field maintenance staff, production
administrative staff and work planners. Note: this system is primarily
oriented towards plant staff outside of the control room. However, terminals
are located in the control room to assure that control room operators are
aware of plant component status.
Potential, users are "very positive about this system".
III.

System Application

Individual components are identified by bar-coded tags; several thousand tags
can potentially be read [manually, using scanning devices]. The field worker
draws a list of plant components to be placed out of service from the ESM in
hardcopy with a duplicate in the memory of a portable bar-code reader. Before
operating any component, the operator will read a bar-coded identification on
the component's tag. The status of field components can be shown on
operational flowsheets displayed on CRT displays. The reader can then confirm
that the component is the correct one and that the operation (or line-up)
sequence is also correct. After operating the component, the operator will
read the bar-code tag again as confirmation. Returning from the field, the
bar-code device memory is input to the ESM, whereupon the flow diagrams are
automatically updated at all stations.
These flowsheets [piping and instrumentation diagrams P&IDs] are of the same
form as (and possibly created by) that produced by the CAD (computer aided
drawing system) normally used to create and update plant drawings.
Additionally, audible/visual alarms upon reading of incorrect component tags
prevents incorrect or inappropriate systems from being taken out of service in
the field.

Overall benefits expected from ESM include fewer injuries, fewer safety system
impairments, and reduced loss of production. An anticipated cost saving is
projected at $660,000 over ten years, inclusive of system development and
implementation costs.
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CAM/2/CA

Description: Safety System Monitoring Computer: this system is intended
to warn plant operations personnel of an approach to reactor trip.
Specifically, the system displays parameters that trip plant safety
systems, monitor the margin to trip on those parameters, and check
calibration value.
Plant(s): Bruce Nuclear Generating Station, CANDU
Designer: AECL/Ontario Hydro
System Implementation Date: 1982, 1985
Data Points:
Analog 330
Digital 1030
CRT Terminals: Dumb
Intelligent
1
Cost: $2M
Implemented

II. Specific Information

In addition to normal and emergency operations the system provides
decision support during testing.
Wo formal training program is provided: users learn from design
documentation and operating and maintenance manuals.
The system has not yet been fully accepted by users because nuisance
alarms are generated; however, work is underway to rectify this problem.
III,

System Application

Monitors internal safety system signals, the configuration of emergency
coolant injection system (ECIS), and also performs reasonability checks
on analog signal inputs.
Note: the system appears to be able to monitor the safety system status,
as well as the approach to trip. That is, there may be built-in
capability to recognize when the safety system is in the test mode. This
is obviously necessary to prevent false alarms.
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CAN/3/CA

Description: Safety System Monitoring Computer (Refer to CAW/2/CA)
Plant(s): New Brunswick Electric Power Station, CANDU
Designer: AECL
System Implementation Date: 1986
Data Points:
Analog 400
Digital
CRT Terminals: Dumb 1
Intelligent
Cost:
In operation

II,

Specific Information

The system has proved to be invaluable for on-line fuelling operation, by
providing margin-to-trip in neutron flux detectors.
Apparently this system is being upgraded to help operators identify and
cope with dual reactor control computer failures (Note: these control
computers are described in CAN/4/CA).
CAN/4/CA

Description: Plant Control Computer (PCC) is the main control feature of
the CANDU reactor system, which is fully integral to the plant.
Plant(s): New Brunswick Electric Power Station, CANDU
Designer: AECL
System Implementation Date: 1980
Data Points:
Analog 3278
Digital 2808
CRT Terminals: Dumb 12
Intelligent
Cost:
In operation

Til.

System Application

Could not start the plant without the system.
Specific functions include: reactor regulating; boiler level control;
boiler pressure control; unit power regulator (megawatt control);
annunciation, display (bar displays, trend displays, special status
displays), data acquisition, fuel handling control, logs, and subcooling
monitoring.

Work is underway to significantly enhance the system from a control
computer into a versatile operator decision support facility. Software
is being developed and tested to provide: event recognition of 8
emergency conditions; procedural monitoring for each of the emergency
conditions, loss of heat sink during shutdown.
Preparations are being made to implement a "gateway" between the control
computers and other computers [via ethernet]. This system will allow
extended procedural operator aids to be developed, if required.
Note:
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all software is being developed in assembly language

FEDERAL REPUBLIC OF GERttflHY
PUR/l/FG

Description: PRIWS - Process Information System, serving as the
computerized part of the overall main control room. This is an
enhancement of the traditional process computer concept.
Piant(s): Brokdorf, Isar 2, Ernsland, Neckar 2, PWR
Designer: Kraftwerkunion AG
System Implementation Date: 1986 - 1989
Data Points:
Analog 2300
Digital 16,000
CRT Terminals: Dumb
Intelligent 30
Cost: $20M 4- 10« for completion
I. Overall Information

Being implemented simultaneously at four plants.
The development is proceeding according to KWU's knowledge of "real
information needs" of KWU pressurized water reactor plant designs.
II.

Specific Information

PRIWS is an integrated system which also includes an understanding of
systems and automatic measures, especially the instrumentation and
control and protective systems. The system also supports optimization of
plant operation during normal conditions, and documentation and recording
of transients for subsequent replay.
Plant system design places high emphasis on automation. It is intended
that these automated procedures will be abstracted to provide operators
with high level understandings of system state and operation. There is a
refined view of the operator's role at the supervisory level as an
observer and accident manager. Again, automating the process and also
the information reduction/analysis plays an important role in this
concept.
Procedures, such as they exist will be "goal-oriented", i.e., protection
goals, operation goals, and maintenance goals.
The system will be validated in part on a part task simulator.

Operator acceptance is part of the procurement contract; and, the system
is being developed as an integral part of the plant, rather than being
configured as a back-fit.
In the Brokdorf plant 40 of 80 displays are implemented. Twenty or so
are being upgraded to facilitate better user understanding. Continuing
improvements are anticipated after the revision of plant operational
manual occurs and with the start of operator training.
III.

System Application

Safety functions are expressed in terms of a goal structure. There are
currently 80 different goals that are monitored by the system. These
goals implicitly include all classic SPDS Critical Safety Function
Monitoring functions.
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PWR/2/FG

Description: STAR-GEWERIS - As implemented at the Philippsborg 2
station, this system performs alarm reduction, status surveillance of
components, and post-trip analysis. This system is described as an
intelligent system for tailoring process information to situational
demand s.

Plant(s): Biblis B, Philippsburg 2, PWR
Designer: Kraftwerkunion AG
System Implementation Date: 1986
Data Points:
Analog 2000
Digital 10,000
CRT Terminals: Dumb 2
Intelligent 2
Cost: $3M
Note: STAR-GEWERIS is a general purpose surveillance and disturbance
analysis package developed over the course of a number of years at GRS
and demonstrated in the test mode at the Biblis power station. The
Philippsburg 2 implementation is the first production application of this
technology.

I.

Overall Information

Implemented on an experimental basis at the Biblis station, but is being
installed for on-line application at Philippsburg, which is in the
process of being commissioned.
The Biblis version monitors safety functions, such as securing adequate
core cooling and secondary heat removal. At Philippsburg the
STAR-GENERIS will primarily serve to suppress alarms in the existing
plant alarm set and for post-trip analysis.

III.

System Application

Expected benefits or savings of the system have been quantified in terms
of the ability of the post-trip analysis to minimize plant down-time.
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FINLAND
BWR/l/FI

Description:

Plant Process Computer

Plant(s): TVO I/O, BWR
Designer: ASEA Atom
System Implementation Date: 1983
Data Points:
Analog 600
Digital 1400
CRT Terminals: Dumb
Intelligent
4
Cost: $5M
In operation
I, Overall information
System supplied with plant. Small software upgrades have taken place
since plant startup.
II.

Specific Information

Used primarily by reactor physicists and operation engineers.
Hardware changeover to l\Iord 100 system.

Software coded in Assembler with some higher level languages.
Comments from respondent:
The plant process computer system was considered as an operator support
system in spite of the "fact that some people would disagree".
The Finnish plant computers are providing extensive support functions for
post trip analysis purposes. The current plant information system
(control room and plant computer) is an integrated system from which it
is difficult to pick the specific support given by different functions.
The questionnaire seems to be influenced by the American approach, which
to a large extent is characterized by backfitting activities.
It is clear that the systems should be integrated in the training
simulators where such are used.

These systems should not differentiate between systems to be used for
normal and emergency operation because enough experience in the use of
the systems is acquired only when the system is used regularly.
It is suggested that spare capacity which is provided in new computer
systems be reserved for some kind of SPDS facility, [In Finland an SPDS
requirement has not been instituted by the Regulatory authority yet, but
is anticipated.]
It seems that the most important motive for developing computer
applications in power plants is keeping the personnel able and motivated.
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PWR/l/FI

Description:

Plant Process Computer

Plant(s): Loviisa, PWR
Designer: Atomenergoexpert
System Implementation Date: about 1972
Data Points:
Analog 2000
Digital 5000
CRT Terminals: Dumb
Intelligent 6
Cost:
$5«
In operation

Consideration is being given to process computer replacement.
Comments from respondent:

The present systems have been reliable and have won acceptance by the
operators. The mixed conventional and CRT-based control room concept
seems to work well. One indication of this is that very seldom has
misoperation caused a loss of plant power production.
A decision to replace the computer systems has been made based on the
following reasons:
Contracts for the existing systems were signed in 1972 and 1973 and the
hardware was designed some 15 years ago. Problems due to obsolescence
will increase in the future, even if there are no immediate operational
threats.

The memory capacity of the main computers and the input signal capacity
are the limiting factors for new applications and new binary inputs.
The response times and delays in updating dynamic CRT information,
calling up the displays etc, are too long, especially in heavy load
situations.

The intention is first to change the process computer at the simulator in
1987.
The new process computers in the real plant are scheduled to be in
operation in 1988.
The new system will be distributed, using ethernet to connect microVAX
computers managing the process and user interfaces, with intermediate
sized VAXs serving as host computers. This system will be capable of
managing up to 16 thousand signal inputs.
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FRAHCE
PWR/l/FR

Description: Safety Panel - Equivalent to SPDS (KPS - Post Accident
Monitoring System
Plant(s): Framatome PWRs 900 (Westinghouse Design)
Designer: EdF-SEPTEN
System Implementation Date: 1985
Data Points:
Analog 300
Digital 1500
CRT Terminals: Dumb
Intelligent 4
Cost: 2,7Mf
In operation
II. Specific Information

System supports loss of electrical sources; verification of some
technical specifications
The design considers all event based safety related procedures involving
safety injection
Training on full scope simulator (1/yr); locally on each nuclear plant
with recorded accident scenarios; video tapes
III.

System Application

Added radioactivity measurements to system
System documents all "classical" safety functions.
Redundant computers (2)

Supports terminals at National Crisis Center (Paris)
Note: this identical system used in 34 plants; i.e., is highly
standardized
PWR/2/FR

Description:

Plant process computer (CLX computer)

Plant(s): Framatome PWRs 900 (Westinghouse Design)
Designer: SIWTRA
System Implementation Date: 1979
Data Points:
Analog 1080
Digital 4320
CRT Terminals: Dumb 5
Intelligent 2
Cost:
In operation

II. Specific Information

Training on simulator (one week each 2 years)
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IMDIA
PHW/l/IN

Description: Computerized data acquisition system for monitoring,
recording and providing CRT display of plant parameters to the operator,
Plant(s)- Warora, UTTER PRADESH, PHWR
Designer: Nuclear Power Board, Government of India
System Implementation Date: 1987
Data Points:
Analog 1000
Digital 1100
CRT Terminals: Dumb 8
Intelligent
Cost: $2.5M
Implemented

II.

Specific Information

The extent and format of information presentation was arrived at based on
operating procedures and identified operator needs in other operating
PHWRs.
Covers normal, abnormal and some accident conditions.
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ITALY

BWR/i/iT
Description:

An Integrated Supervisory System (ISS)

Plant(s): Montalto di Castro, BWR-6
Designer: Ansaldo Getsco
System Implementation Date: 1989
Data Points:
Analog 3000
Digital 1800
CRT Terminals: Dumb
Intelligent 20
Cost :

$5«

Under development
II.

Specific Information

Supports monitoring of normal operation, chronological alarm
presentation, emergency monitoring, trend recording and analysis (i.e.,
post trip/post event).
Mote: the ISS seems to subsume both the process computer and SPDS
functions.
III.

System Application

Two process computers are dedicated to surveillance in normal operation
and alarm presentation; two process computers are dedicated to emergency
operation and transient recording and analysis.
Display terminals are dedicated to: real time video displays for plant
surveillance; alarms displays; and SPDS.
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JftPAN
BUR/l/JA

Description:

Centralized monitoring and control system (CMCS)

Plant(s): Kashiwazaki Kariwa, BWR-5
Designer: Toshiba, Hitachi
System Implementation Date: 1984
Data Points:
Analog 1900
Digital 4450
CRT Terminals: Dumb
11
Intelligent 1
Cost: $19«
In operation

I, Overall Information

The CMCS is the essential part of a fully computerized control room
design, supporting not only operator information functions, such as
surveillance, alarm and indication, but also automatic plant control.
The main panel, called PODIA, features a bank of 7 CRTs. Additional
CRT's are located on an emergency core cooling system panel, the unit
monitoring desk and the station supervisor's desk.
The SPDS (See BWR/2/JA) is being retrofitted into the control room as
part of a site-wide safety information network,
8WR/2/JA

Description:

Safety Parameter Display System

Plant(s): Kashiwazaki Kariwa, BWR-5
Designer: Toshiba, Hitachi
System Implementation Date: 1989
Data Points:
Analog 120
Digital 300
CRT Terminals: Dumb 3
Intelligent 2
Cost: $0.7 - 1.4M
Implemented

III. System Application
Includes non-intelligent terminals for crisis team in an emergency
operations facility (EOF) outside the control room. Drops from an
optical data highway provide a linked system which can accomodate up to
six reactor plant units as a site safety information network.
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PUR/1/JA

Description: Operational Monitoring System, which fulfills Safety
Parameter Display System (SPDS) requirements

Plant(s): Takahama, PWR
Designer: Kansai Electric Power Co. Inc. (KEPCO)
System Implementation Date: 1985
Data Points:
Analog 1520
Digital 2752
CRT Terminals: Dumb 9
Intelligent 1
Cost: $8M
I.

Overall Information

This system was implemented as a specific regulator requirement, i.e.,
"Back-fit items for Safety Maintenance of LWRs in Japan" TMI Guideline,
II. Specific Information

Training includes plant operation technical education for turbine and
generator operator and education in the Maintenance Training Center
(basic computer course for reactor operators). This training occurs
regularly, every year.
System includes separate accident data collection processor and direct
feeds from the control rod positions instrumentation and nuclear
instrumentation system. Process information is sent to a technical
support center outside the control room.
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REPUBLIC OF KOREA

PWR/2/KO

Description: W2500 Process computer - classic process computer system
provided by the WSSS vendor (Westinghouse)
Plant(s): Kori KYFOWGSftWGWAMDO, PWR
Designer: Westinghouse
System Implementation Date: 1983
Data Points:
Analog 1108
Digital 1166
CRT Terminals: Dumb 6
Intelligent
Cost: $4«
In operation
PUR/3/KO

Description: W2^00 Process computer - classic process computer system
provided by the WSSS vendor (Westinghouse)

Plant(s): Kori KYFOWGSAWGWAMDO, PWR
Designer: Westinghouse
System Implementation Date. 1977
Data Points:
Analog 260
Digital 298
CRT Terminals: Dumb
1
Intelligent
Cost:
In operation
PWR/4/KO

Description: W2500 Process computer - classic process computer system
provided by the WSSS vendor (Westinghouse)
Plant(s): Kori KYEONGSrtNGMAMDO, PWR
System Implementation Date: 1980
Data Points:
Analog 413
Digital 384
CRT Terminals: Dumb
1
Intelligent
Cost: $1.5M
In operation

III.

System Application

Monitoring functions are: set point of average reactor coolant loop
temperature; set point of pressuriser level controller; deviation of the
control rod cluster position(s); reactor protection system; secondary
system performance (efficiency).
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PWR/8/KO

Description: Auto Run-up Computer (ARC) for Turbine
Plant(s): Kori, KYEOWGSANGWAMDO, PWR
Designer: Westinghouse
System Implementation Date: 1983
Data Points:
Analog 50
Digital 54
CRT Terminals: Dumb
1
Intelligent
Cost:
In operation
III.

System Application

System performs no safety functions, but does support plant performance
and productivity by minimizing thermal stress on the main turbine and
keeping the turbine within the limits of normal operation.
The system essentially automates one of the major plant startup tasks
conducted previously by plant control room operators.
PWR/9/KO

Descripton:

CLX Computer - Process computer (See PWR/2/FR)

Plant(s): Uljin, KYUNG SAWG BUK DO, PWR
Designer: FRAMATOME
System Implementation Date: 1986
Data Points:
Analog 900
Digital 4064
CRT Terminals: Dumb 3
Intelligent
Cost: $1.6«
Implemented

III.

System Application

System provides: critical operation parameters, print outputs for
accident analyses, data for reactor core management.
PWR/10/KO

Description: Solar 16-65. Provides reactor core management program and
performance evaluation of primary and secondary loop. Supports efficient
fuel utilization and enhances plant productivity,
Plant(s): Uljin, KYUWG SANG BUK DO, PWR
Designer: FRAMATOME
System Implementation Date: 1987
Data Points:
Analog 500
Digital 100
CRT Terminals: Dumb
1
Intelligent
Cost: $605K
Implemented

I. Overall Information
System developed and supplied by Framatome. It is linked to and draws
data from the CLX-S computer system, which performs data acquisition and
basic performance monitoring functions. Refer to PWR/9/KO.
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PWR/13/KO

Description: Process Computer (PROTEUS). Same W2500 computer as in
PWR/2-4/KO, except several are connected together in a cluster arrangement,
Plant(s): Yeongkwang, CHOLAWAMDO, PWR

System Implementation Date: 1985
Data Points:
Analog 858
Digital 1104
CRT Terminals: Dumb 6
Intelligent
Cost:
In operation
III.

System Application

Application programs include over 1,100 modules, including: system
thermal output calculation for primary and secondary loops; boron
concentration calculation; xenon concentration calculation, etc.
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USA
PWR/l/US

Description:
(SAS).

Plant Process Computer System and Safety Assessment System

Plant(s): Two Rivers, Wisconsin, PWR
Designer: Westinghouse
System Implementation Date: 1986
Data Points:
(Approximately 2000)
CRT Terminals: Dumb 2
Intelligent 12
Cost:
In operation
Note: the SAS design resulted from an ad hoc group of utilities owning
Westinghouse plants, who pooled together their resources to develop a
common design; once developed, these utilities went their separate ways
on system implementation. The SAS installations initially supported
critical plant parameter displays, and an advanced function (AIDS:
accident identification system) which includes logic to identify a finite
number of "classic" accidents, e.g., LOCA. As Westinghouse emergency
operating procedures were revised by the Owner's group, some SAS
installations were further upgraded to include the safety function status
trees as auxiliary displays to assist operator implement their emergency
procedures,
II, Specific Information

Note: This implementation appears to be an extension of the replacement
process computer which is rather unusual for an SPOS implementation. The
utility apparently replaced the original Westinghouse computer (probably
a Westinghouse Prodac 250) with one supplied by a competing vendor
(Combustion Engineering) and used this system as a platform for SPDS
implementation. The Combustion Engineering software appears to support a
relatively sophisticated display developement/generation facility.
2 Plasma displays are included. Note: these devices are seismically
qualified displays which satisfy USNRC requirements for "hardened
instrumentation and displays" of severe accident situations. This only
includes a small subset of the SPDS (or SAS) instrumentation. It is not
clear, however, that the computers driving these displays are also
qualified as such. The plasma display and supporting instrumentation is
considered "safety related".
Training consists of 3-6 weeks initial training and annual retraining(1-2
days), A version of the system will be installed on the full scope plant
training simulator.
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PWR/2/US

Description: Operating support system (OSS) for plant monitoring and
Emergency Support System (Safety Parameter Display System)
Plant(s): Maine Yankee, PWR

Designer: Combustion Engineering
System Implementation Date: 1984
Data Points:
Analog
CRT Terminals: Dumb 10
Cost: 2.3«

Digital
Intelligent

In operation
PWR/3/US

Description: Emergency Response Facilities Computer System (ERFCS).
SPDS installation, based on Safety Assessment System (SAS) design (refer
to PWR/I/US).
Plant(s): Commanche Peak, Glen Rose, Texas, PWR
Designer: Westinghouse
System Implementation Date: 1984
Data Points:
Analog 200
Digital 600
CRT Terminals: Dumb 1
Intelligent 7
Cost : $9M

In operation
II.

Specific Information

The ERFCS is an integral part of the plant, operator training programme.
Operators receive both classroom and simulator training.
III.

System Application

Note: this version is implemented on a general purpose minicomputer
(Prime-750). It is noteworthy that the same display terminals are used
(RAMTEC 7900) as with PWR/4/US; however, in this case satisfactory display
system performance is achieved because of the greater computing power of

the host machine.
The current and historical status of any data can be displayed on a CRT or

hard copied.
The formatting of data for display and displaying the data on a specific
subset of human engineered display formats enable the user to rapidly and
reliably assess the safety status of the plant. The subset of SPDS
displays include two TOP-LEVEL displays (one for each of the two basic
modes of plant operation: operation and cold shutdown), four ERG
[Emergency Response Guideline] summary displays which contain parameters
associated with plant emergency operating procedures [these are the
Westinghouse safety function status trees], to RVLtS [Reactor Vessel Level
Information System: note a TMI-2 backfit requirement is to provide all
U.S. PWR's with a core water level indication system], and fifteen trend
displays containing the current value and past 30 minutes of history
information for parameter groupings. Two additional types of information
available on the SPDS include: a message area which describes the status
of various containment isolation signals, reactor trip signal, and safety
injection actuation events, and an area which contains the summary of the
status of the Critical Safety Function Monitor.
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PWR/4/US

Description: .Operational Monitoring System and SPOS implementation using
Safety Assessment System (SAS) design. See PWR/l/US.
Plant(s): St. Lucie, Dade County, Florida, PWR
Designer: Westinghouse
System Implementation Date: 1985
Data Points:
Analog 570
Digital 530
CRT Terminals: Dumb
11
Intelligent
Cost:
OMS: in operation, SPDS: implemented
III.

System Application,

System has been implemented using a general purpose process computer
(Modcomp) - not a general purpose minicomputer.
Note: the utility is apparently not pleased with the performance of the
original display terminals (RAMTEC 9400); this is probably due to the fact
that the displays must be downloaded from the Modcomp host, rather than
being stored locally. The host (Modcomp) does not have the computing
power to support the data acquisition, data management and display
processing. For these reason they are switching to an intelligent
terminal (ASEA 9000).

Currently the system is running with a software
original vendor, TEC (Note: TEC is no longer in
and supporting SPDS installations). As part of
system is being converted to the R-Tirne package
International,

package provided by the
the business of supplying
the utility's upgrade, the
provided by El

Wote: The foregoing upgrades suggest a major overhaul of original SPDS
software is taking place. At least one of the motivations is the fact
that the original software is no longer supported by a vendor. There may
also be some design and system performance problems in the original system
that are in the process of being corrected.
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BUR/I/US

Description: Safety Parameter Display System - ERIS (Emergency Response
Information System). Note: this is a General Electric commercial product

Plant(s): Monticello, Minnesota, BWR
Designer: General Electric Company
System Implementation Date: 1986
Data Points:
Analog
700
Digital
700
CRT Terminals: Dumb
6
Intelligent 10
Cost: $10«
In operation
II.

Specific Information

System also supports statistical analysis of transient data
ERIS design is specifically keyed to emergency operating procedures, which
are symptom oriented: providing emergency operating procedures entry
recognition, and parameter displays that support operator decision-making
to follow emergency procedures.

System has 99% availability - Note:
figures cited in survey!

Consistent with other availability

Training for engineers, operators and supervisors - 1 week, with periodicretraining.
III. System Application

Mote: system is implemented on a general purpose minicomputer system
(DEC/VAX).
The system is networked through a coupling device and ethernet to an
administration computer and plant process computer (also DEC/VAX
hardware). Wote: the plant process computer supports on-line simulation
of the core power distribution and checking against thermal limits,
helping operations personnel make decisions which optimize fuel
utilization.
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BUR/2/US

Description:

RAPID/PSM - A plant equipment status monitoring system

Plant(s): Oyster Creek, New Jersey, BWR
Designer: General Electric Company
System Implementation Date: 1986
Data Points:
Analog
Digital
CRT Terminals: Dumb 6
Intelligent
Cost : $4,5M
Implemented

II,

Specific Information

Intended for use by plant maintenance staff and plant management, in
addition to control room personnel. Training: 4-8 hours.
Note: most, if not all information is manually entered into the system.
Note: this system is a derivative of mainframe computer software (i.e.,
"GO" code) originally developed to predict the availability of complex
systems; the current system adapts this analysis capability into a form
that can be of daily use to operations and maintenance personnel. System
logic is included to help plant personnel determine if taking equipment
out of service violates technical specifications. In this context
RAPID/PSM is a technical specifications management system.

The system utilizes an IBM mainframe (remote). IBM-PC based intelligent
terminals are being retrofitted to the system to support graphical
representations of systems in flow diagram (P&ID) format; a commercial,
microcomputer CAD (Computer Aided Design) package is being used to create
and update these system graphic displays.
The expected (note: qualitative) benefits and savings of the systems
include: reduction of Technical Specification violation with enhanced
plant availability and safety.
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BWR/3/US

Description: Safety Parameter Display System
Plant(s): Grand Gulf, Port Gibson, MS, BWR
Designer: General Electric Company
System Implementation Date: 1986
Data Points:
Analog 70
Digital 4
CRT Terminals: Dumb 5
Intelligent
Cost: $2«
In operation
I, Overall Information
System is designed primarily to interface directly with the flowcharted
symptom-based emergency operating procedures in use at the plant. Note:
a key feature is the inclusion of x~y diagrams which must be otherwise
manually updated by operators to determine whether the plant state is not
within specified "exclusion regions". If any exclusion region is entered,
certain procedural actions are triggered. Another feature supported by
the system is automatically monitoring procedure entry condition logic and
indicating by alarm that certain, high-level sections of the plant
emergency procedures should be entered. This is important since: 1. the
entry condition logic is quite complicated; 2, it may be required to be
in more than one part of the emergency procedures at the same time.
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USSR
WER/l/ÜR

Description: TITftW-2 Information and Control Computing System. Wote:
this system appears to be a general purpose and very comprehensive process
monitoring system, probably configured as a standandard installation at
ail VVER-1000 units.
Piant(s): Zaporozhe Region, Ukraine, VVER~1000 units
Designer: Atomenergoprojekt
System Implementation Date: 1984
Data Points:
Analog 5000
Digital
14000
CRT Terminals: Dumb 8
Intelligent 6
Cost:
In operation

II.

Specific Information

Provides for identification of faulty equipment, components or systems up
to the equipment level.
The system has not been fully accepted by users because: the
representation of the general information is not well-enough developed and
poses problems; the quantity of displays and graphic information is too
large.

113

GLOSSARY

Wote: Terms underlined in the text indicates a cross-reference to
another entry in the glossary.
Artificial Intelligence
Artificial Intelligence has two main purposes:

1

To design and develop systems (software and hardware) that are
capable of intelligent functioning in the everyday human meaning
of the word, and

2

To improve the understanding of human intelligence by reproducing
it in artificial systems.

In the first case the aim is to produce intelligence, using the
most appropriate techniques. In the second case the aim is to reproduce
intelligence, i.e. to mimic or simulate the 'mechanisms' which humans are
known or assumed to use.
Traditional topics of AI include robotics, pattern recognition,
image processing, learning, natural language understanding, planning,
problem solving, etc. In terms of application AI can be seen as a way to
make computer systems more powerful and easier to use by including

intelligent functions. In NPPs particular applications would be Decision
Support Systems, Intelligent Graphical Display Systems, Action Monitoring

Systems, Intelligent Data Base Systems, Planning and Scheduling Systems,
etc.
Bottom-Up Analysis — Form of analysis that proceeds from the specific
to the general e.g. from a consideration of individual plant components
to broad sub—systems to functional groupings. In task analysis bottom-up
analysis proceeds from individual elements of a task to functions to
broad functional goals.
CPUS Critical Function Monitoring System - A particular form of SPDS
implementation that depends on the monitoring of critical safety
functions that determine the overall state of a plant during an incident,
e.g. inventory of reactor, coolant, containment integrity, reactivity
etc..

Cognitive - Used generally to describe mental processing involving the
manipulation and storage of information and symbols. More specifically
it is used to describe, the higher level mental functions exercised by
nuclear power plant operators e.g. diagnosis, problem solving, and
decision making.
Cognitive Load — The information processing demands on an operator when
performing cognitive functions.
Cognitive Task Analysis — A form of task„ana.lysis which address the
higher level cognitive functions of an operator, such as diagnosis and
decision making, as opposed to the observable actions performed.
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Computerized Operator Decision Aids (CODAs) - A generic term for any
form of computer assistance to support coanitj_ve aspects of operator
performance in nuclear power plant generation, maintenance or testing.

Cognitive Control - A formal process for managing the development and
implementation of computer software to ensure that the final product
remains consistent with the original design,
DASS - Disturbance Analysis and Surveillance System.
(Disturbance Analysis System).

See DAS

Dauis Besse - American Nuclear Power Plant similar to JjMI where a major
incident occurred which involved misdiagnosis. The SPDS at this plant
was not operational at the time of the incident, and some analysts
believe that the availability of the SPDS could have led to an earlier
mitigation of the incident.
Decision Support System (DSS) - Is a computerized system designed to
support the operator in the decisions that are required as part of
controlling the WPP, Decision support can be given with regard to
various aspects of the decision: collection and combining information,
identifying goals and decision criteria, evaluating alternatives, e.g. by
simulations or what-if scenarios, and applying specific decision rules
actually to make the decision. DSSs are often seen as information
management systems which are enhanced with capability to apply decision
rules to selected parts of the information.
Disturbance Analysis System (DAS) - The original concept of a
sophisticated disturbance analysis system developed by EPRI as a
consequence of the lessons learned from the TMI accident. It was later
superseded by the DASS - the Disturbance Analysis and Surveillance System.
EPRI (Electric Power Research Institute) - Research institute funded by
U.S. power utilities.
Ergonomics - An interdisciplinary science concerning the psychological
and physiological aspects of the interaction between humans and hardware
in systems. In the USA, the term 'Human Factors' is used for a similar
discipline.
Event Based Procedures - Emergency operating procedures in which the
point of entry to the procedure is defined in terms of particular
accident types. Thus, the operator is first required to diagnose the
cause of the problem before he can enter and execute the appropriate
procedure.
Expert System - An applied branch of A_)2t;j.£icjL_a_l__I^n_tel_lj[gence. The
expert system is characterised by containing context specific knowledge
corresponding to the level of a human expert, e.g. about plant operation
or fault diagnosis, and being able to apply that to a wide range of
situations. The expert system thereby, effectively, carries out the
function of the human expert in many respects. The main parts of an
expert system are the 3C.n^er§nce__En32.ne and the Knowledge Base. Expert
systems can be developed using various commercial software systems, but
the definition and specification of the required knowledge is often a
very extensive and costly piece of work.
Fail Over - The automatic transfer of control from one computer (or
other control system) to another system in the event of a failure,
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Function based procedures - Emergency response procedures in which
operator actions are specified on the basis of specific indications of
system functions, in particular critical functions. Function based
procedures focus on ways and means to restore the functions to their
normal range and values, and do not require the operator diagnose the
disturbance before action is taken,
Halden - An international collaborative project, based in Halden,
Norway, which carries out research in the areas of nuclear fuel, control
systems and man-machine system designs.
Human Reliability - In PSA this refers to probability that an operator
will successfully carry out a required function. More generally, human
reliability is a discipline concerned with the prediction, modelling and
reduction of human error in man-machine systems.
Induction - The knowledge in an ejs^rt__sy_stem is generally expressed in
terms of rules which can be handled by the i_n_ference _ervg_ine . These rules
can be specified in several ways. One approach is to interview
recognised experts to find out how they solve given problems (this is
known as knowledge engineering). Another approach is to collect a
representative set of data (input/output relations) from the system and
use that to specify the rules which account for the observed relations.
This process is referred to as induction, and can in many cases be
carried out automatically by an âr^fl£Î.^_.ÏDiêl.I.i9.§Il£.§. programme. The
advantage of machine induction is that it can handle situations which may
be overwhelmingly complex, or for which there is little or no human
expertise available. It may also help overcome some of the difficulties
that humans have in formulating what they know and how they do things.
Inference Engine - is the term used for that part of an e
which controls the execution of the rules. The rules normally describe
the essential functional relationships for the given application (e.g.
diagnosing a fault). Each rule contains a condition part and a
consequence part. Both the condition part and the consequence part may
refer to other rules or to facts or assertions in the knowledge base.
Thus, if the conditions for one rule are fulfilled the consequences of
that may lead to another rule being fulfilled. Rules are thus 'chained'
through the condition-consequence relationships, and the inference engine
or rule interpreter controls the dynamic relationship between the rules.
This can either be used to find the final consequence of a set of initial
conditions (forward chaining) or the conditions that must be true for a
given consequence to occur (backward chaining).

nan-Machine Interface - The boundary across which information on the
state of a system is conveyed to the operator via displays or via which
control actions are executed. The design of the controls and displays
are the concern of ergonomics and Human Factors Engineering.

NRC (Nuclear Regulatory Commission) - The body that regulates nuclear
power in the USA.
NUREG - A publication produced by the JMRC or its contractors.
Operator Support - Any system for assisting the operator in the

performance of information processing functions associated with nuclear
power plant activities such as diagnosis, control, situation analysis or
procedure selection.
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PSft (Probabilistic Safety Assassinent) - An approach to assessing safety
which develops a model of the failure modes of a system in terms of its
components, assigns probabilities of failure to the components, and then
derives an overall estimate of system failure probability by combining
the component probabilities together in accordance with the failure model.
SPDS (Safety Parameter Display System) - A system mandated by the NRC
after the TMI incident, for displaying critical safety parameters in the
control room to facilitate the detection and management of incidents.
Typical parameters include coolant inventory, containment integrity and
reactivity,
STAR - A form of PisturbanceAnalysis Systern developed in Germany by
GRS, KWU and RWE, The system was originally applied at the
Grafenrheinfeld Plant and in its present form (STAR--GEWERIS) is being
used experimentally at Biblis and operationally at the Phillipsburg Plant,

Symptom Based Procedures - Emergency response procedures in which
operator actions are specified on the basis of specific indications of
system status. In contrast to event based procedure s the operator is not
required to diagnose the cause of the problem in order to take
appropriate actions. Symptom based procedures were developed by nuclear
power plant owner groups in the USA following the TMI incident, and also
in European Countries such as France.
Task Analysis - A systematic procedure for describing and analysing
functions performed by operators. Most forms of task analysis primarily
consider the observable actions performed, but many also identify the
information inputs that determine these actions. The consequences of
erroneous actions are also considered in some analyses. Cognitive task
analysis also addresses the knowledge base and decision processes that
underly actions.

Technical Specification ('Tech Spec1) - Describes the performance and
physical characteristics of the process. Technical specifications are
derived from the requirement specification, and describe the particular
solutions to the requirements. Technical specifications include a
description of how the system should perform in the case of normal
operation.
Technical Support Centre (TSC) - A dedicated facility, outside the main
control room, which, during emergencies, co-ordinates mitigation
activities. The Technical Support Centre provides extensive
communication facilities with the outside world. Some of the control
room instrumentation may be duplicated in the TSC.
TMI (Three Mile Island) - The TMI-Unit 2 accident occurred in 1979 in
the USA and had the effect of stimulating activities directed at
providing operator support in emergencies.

Top Down Analysis - The converse of bottom-up analysis. An analytical
process which proceeds from the general to the specific. In the analysis
of human performance, top down analysis firstly considers the overall
functional objectives of the human in a system. These objectives are
successively decomposed into goals, sub-goals, the tasks required to ,
achieve these sub-goals and ultimately the individual task steps, if
required. Some forms of task analysis e.g. Hierarchical Task Analysis,
uses a top down approach.
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