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(i)

The NEA Committee on the Safety of Nuclear Installations (CSNI) s an
international committee made up of scientists and engineers who have
responsibilities for nuclear safety research and nuclear licensing. The
Committee was set up in 1973 to develop and co-ordinate the Nuclear Energy
Agency's work in nuclear safety matters, replacing the former Committee on
Reactor Safety Technology (CREST) with its more 1limited scope.

The Committee's purpose is to foster international co-operation in
nuclear safety amongst the OECD Member countries. This is done in a number of
ways. Full use is made of the traditional methods of co-operation, such as .
information exchanges, establishment of working groups, and organisation of
conferences. Some of these arrangements are of immediate benefit to Member
countries, for example by enriching the data bse available to national
regulatory authorities and to the scientific community at large. Other
questions may be taken up the the Committee itself with the aim of achieving
an international consensus wherever possible. The traditional approach to
co-operation is increasingly being reinforced by the creation of co-operative
(international) research projects, such as PISC and LOFT, and by a novel form
of collaboration known as the international standard problem exercise, for
testing the performance of computer codes, test methods, etc. used in safety
assessments. These exercises are now being conducted in most sectors of the
nuclear safety programme.

The greater part of the CSNI co-operative programme is concerned with
safety technology for water reactors. The principal areas covered are
operating experience and the human factor, reactor system response during
abnormal transients, various aspects of primary circuit integrity, the
phenomenology of radioactive releases in reactor accidents, and risk
assessment. The Committee also studies the safety of the fuel cycle, conducts
periodic surveys of reactor safety research programmes and operates an
international mechanism for exchanging reports on power plant incidents.

The Committee has set up a sub-Committee on Licensing which examines a
variety of nuclear regulatory problems, provides a forum for the free
discussion of licensing questions and reviews the regulatory impact of the
conclusions reached by CSNI.

* * * * %*

A "Restricted” OECD document should not be communicated except for
official purposes. The Secretariat and Member governments of the OECD are
requested to take the necessary action to ensure the security of these
documents. .

The opinfons expressed and arguments employed in this document are the
responsibility of the authors and do not necessarily represent those of the
OECD.

Requests for additional copies of this report should be addressed to:

Nuclear Safety Division
OECD Nuclear Energy Agency
38 boulevard Suchet
F-75016 Paris
FRANCE
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CHAPTER 1

INTRODUCTION

1.0 Background

At the 13th meeting of the Committee on the Safety of Nuclear Installations
(CSNI) in November 1985, the Committee endorsed a proposal by Principal
Working Group No. 1 to establish a new Task Force for assessing the use of
digital computers in control rooms of nuclear power plants. The objective of
the Task Force was to provide a basis for exchange of information concerning
this subject. It was agreed by the Task Force members that a questionnaire
would be prepared for collecting information on various aspects of the use of
digital computers in Member countries.

Accordingly, a Task Force Member, Mr. W. G. Kennedy of the US NRC, prepared and
revised a draft questionnaire in an attempt to make the survey as complete

and comprehensive as possible. The survey was approved a year later at the
November 1986 meeting of the Committee and was distributed to Member

countries one month later.

1.1 Organization of This Report

This report describes the development and results of the survey on the use of
digital computers in control rooms. (A copy of the questionnaire is
contained in Appendix A.) The questionnaire was made up of three major
sections, each of which is addressed in separate chapters of this report.
Chapter 2 addresses the survey results concerning the general application of
computers from two perspectives, eight application areas and six
characteristics of computer systems. The results of the survey on questions
related to topics of specific interest are contained in Chapter 3. Chapter 4
includes the survey results on computer system design methods and
jmplementation techniques. Finally, the summary of results is presented in
Chapter 5. Appendices contain the tabulated results to each survey question
identifying each country's input.




Statistical analysis of the results of this survey would not produce
meaningful information for several reasons resulting from the national
orientation of the responses. Regulatory philosophy and approaches to the
application of new techniques vary among Members. Some Members can quickly
implement new technologies but, for some others, changes come very slowly.
Relationships between regulators, vendors, and utilities are different in
each Member country. This could result in different national biases for or
against specific topics in the questionnaire. Finally, there are very
different numbers of nuclear power plants and ages of those plants resulting
in very different experience bases. Because none of these factors is part of
the questionnaire, the results should not be subjected to mathematical
analysis and were therefore discussed individually.

Discussions of survey results attempt to identify general consensuses and
identify exceptions by Member countries. Were lists of Members are made,
they are intentionally in alphabetical order by country name, not by any
other characteristic.

Key words in the discussions of individual questions' results are underlined.
This was intended to help the reader locate discussions of specific interest.

1.2 Questionnaire

This questionnaire was initially proposed by the US NRC at the September 1985
meeting of PWG 1. Additional objectives concerning regulatory issues,
whether the introduced computerization was supplemental or replacement
operator aids, and methods for automating surveillance and testing procedures
were suggested. The initial questionnaire was re-drafted by the US NRC to
include these objectives and further input from Finland and France prior to
the November 1985 CSNI meeting. At that meeting, the Committee endorsed the
proposal for a new Task Force on this subject. The draft questionnaire was
then circulated to member countries for comments on the questionnaire before
it was circulated for use. Many constructive comments were received from
Austria, Belgium, Canada, France, Japan, the Netherlands, Norway, Spain,




Switzerland, and the United Kingdom. The input included (1) a comment that
it would be hard to summarize the essay questions, (2) additional questions,
and (3) suggestions to have separate questionnaires for regulators versus
utilities, vendors, etc. The Canadians prepared a quantified version of the
questionnaire in two forms, one for regulators and one for industry.

The questionnaire was again revised to respond to these comments and
suggestions. The questionnaire was restructured into its present form. The
first section requests information on the resources used to answer the
questionnaire. The next section contains questions on abstract uses of
computers to ensure all potential uses were covered. The third section asks
questions on specific applications. The responses requested in the second
and third sections were marks on scales judging the appropriateness of the
application and the current projection of when the application would be
implemented for safety and control uses. The fourth section was effectively
yes/no questions for both safety and control uses.

The questionnaire was again distributed for comment in June 1986. This time
only minor comments were received and the questionnaire was circulated for
use in December 1986. Responses were generally received in the spring and
early summer of 1987 with the last response received at the end of 1987.

1.3 Purpose and Scope

This survey was designed to gather information on the international
development and use of digital computers in the control rooms of nuclear
power plants. The results of the survey will serve a basis for the exchange
of information among participating countries.

This questionnaire addressed present and future uses of computers in control
rooms under the topics: general areas of application (Section 2), specific
applications of particular interest (Section 3), and design methods and
implementation techniques (Section 4), An identification of the source of
information was in Section 1.




Respondents were requested to answer the questionnaire for their country.

The request for national responses rather than separate responses for
utilities, vendors, research organizations or regulators was intended to
reduce any biases that may'occur due to interests in promoting or restricting
specific applications. Later efforts can discriminate responses as
necessary. The instructions stated that:

(1) Questionnaire responses should represent the country
by including the different practices, views, and plans of
vendors, utilities, regulators, and research organizations.

(2) Operating power reactors and planned reactors should be included.

(3) A1l modes of plant operation should be considered.

1.4 Members' Responses

As part of the questionnaire, respondents were asked to identify the source
of the survey information. Those countries that commented on the
organizations contacted, did demonstrate that the questionnaires were
answered for Member countries with inputs from vendors, utilities, and
regulators.

Several Members provided comments which provide background on their responses.
Austria responded to the questionnaire but only on the research questions
because Austria has no operating nuclear power plants. Belgium reported that
they did not include microcomputers imbedded in controllers or separate
systems used only for administration of work orders. Canada stated that
their appropriateness marks were low due to poor practice or little scope for
the application. They did include programmable controllers but commented
that their computer systems used in safety systems were limited to on/off
actions and therefore the questions concerning controllers in these
applications were not meaningful. Japan stated that, as a national policy,




it was still too early to use computers in safetyérelated systems. Spain
described the ranges of plant types, manufacturers, and process computer
situations. The Spanish input was identified to represent the average
situation at their plants. Sweden stated that they do not regulate questions
regarding the use of computers in control rooms and Switzerland reported that
their response was based on one nuclear power plant but could be considered
as representative. Overall, the reference date for the questionnaire was the
end of February, 1987.

1.5 Definitions of Terms

Some of the terms used in the questionnaire needed to be defined to promote
common understanding of the question and its response. The two most
important terms or concepts to define were control and safety applications.

Control Application:

A system or function whose response to an accident condition is not a
significant design objective for the plant, i.e., not a safety system.
A “control" application is not expected to have the same level of
reliability and performance as a “safety" application would. (The term
is abbreviated to “"control.")

Safety System or Function:

A system or function that responds to an accident condition in some
predetermined manner. (Note: It may also have control functions.) These
two terms describe two classes of applications with respect to their
safety significance. (This term is abbreviated to "safety.")

In the discussion of the results of the survey, several terms were used
interchangeably and are not intended to imply different meanings. This was
done only to increase the readability of the report by keeping it from being
too repetitious. These terms are:




Digital computers, computer systems, computers, and sometimes
systems are used. No assumptions are intended as to whether there
is one computer system, some specific number or architecture of
the system(s), or whether they are microcomputers, mini's, or

main frame computers.

Appropriate, in favor, approve, positive, and for are used to
indicate responses on the appropriateness scale toward the
appropriate end of the scale. Not appropriate, inappropriate,
not in favor, disapprove, negative, and against are used for
the other end of the scale.

" The terms fully and strongly are uses to indicate responses at the far end of
the scales.
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CHAPTER 2

APPLICATIONS OF DIGITAL COMPUTERS

2.0 Introduction

This chapter discusses the results of the survey Section 2 on general
applications of digital computers. The questions in this section were grouped
into two collections. The first used an abstract model combining the operators
and plant systems with a computer system or systems interfacing between them.
The second collection is specific questions of interest to Members on the
general uses of computer systems.

2.1 Model of Computer Application Areas

An abstract model of the use of digital computers was developed in an attempt
to describe all potential applications. The model consists of one or more
digital computers incorporated, generally, in the control function between the
operators and the plant processes. The computer system(s) collect data
concerning the plant processes and can present information to the operators as
raw or processed information concerning the plant conditions. Operator aids
may also be provided. In some applications, the computer system(s) are
transparent and operator commands are sent as controls directly to the plant
process equipment without significant processing by the computer(s). In other
applications, the system(s) respond automatically to plant conditions without
operator participation. As the data concerning the plant conditions becomes
known and control commands issued, the computer system(s) may log this
information for recordkeeping or later review.
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To collect information in the application areas illustrated by the model, the

questions were grouped into the

General plant operations

Data gathering

Information display

* Operator aids

Entering commands

Issuing control signals

Automatic controllers

Data logging

following functions:

a overview or summary of computer applications

obtaining information describing plant
conditions

presentation of raw or processed information
to the operators

information processing to support operators
decision-making, monitoring functions, etc.

obtaining command input from operators

the output of the computer system(s) to
control the plant equipment

process control without operator participation

recording of plant conditions, commands, or
control signals issued
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2.2 Standard Questions

In each of the subsections, the first six questions address the same set of
features. This was done to provide assurance that the necessary questions are
asked in each area. It must be noted that in some cases the standard question
may not seem to fit the application area. They were asked anyway. Where
strong responses were obtained on these questions, it would be interesting to
know what the respondent was evaluating. These questions address six basic
features of digital computers and are described below.

reliability - The reliability of digital computers is often considered
higher than other technologies.

replacement - Digital technologies have been replacing analog approaches
for many reasons such as cost, maintainability, response
time, and precision. Examples include replacing an
operator with a set of automatic controllers, replacing
analog displays with computer generated displays,
replacing breaker control circuits operated from the
control room with computer generated signals to local
breaker controllers, and replacing strip-chart event
recorders with computer controlled event reports.

additional - Digital computers may be added to plants to provide more
of the same general functions being performed by other
systems. Examples include more sampling of sensor data,
additional alarms for single parameters exceeding preset
values, computer-based presentation procedures in addition
to paper copiés, and keyboards entering the same commands
to operate valves and pumps.

new - The need for capabilities or functions not possible with
other technologies may be a reason for the application of
computers. Examples include high-speed recording of
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flexibility -
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sensor data to capture changes occurring faster than
current devices allow, computer-generated spoken alarms,
3-dimensional presentation of plant data with 20 minute
projections of current trends, and control of components
by touching a graphic presentation to start a sequence of
operations to change the heat-exchanger in use.

Information converted to a form that can be used by
digital computers can support functions away from the
source of the information. Examples include displays of
specific parameters at the regulating authorities offices,
controllers for steam valves far enough away to be safe
from a damaging steam environment, and remote controls to
allow shutting down the plant if the control room is
uninhabitable.

Digital computer systems can be significantly more
flexible than other technologies. Examples include
standardizing computer controllers so that one controller
could be reprogrammed to control another system, allowing
operators to design their own displays or the sequences of
actions to be performed for operator entered commands, and
changing the data logged to meet temporary needs.

Structure

Section 2 of the survey requested an evaluation of the appropriateness and

current state

of digital computer applications.

For each application, Members were requested to evaluate ‘and mark (1) the
appropriateness of the application and (2) the state of the implementation.
Two scales were used.
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Appropriateness Implementation
Appropriate Not Years until implementation:
' Appropriate Never 0 2 4 6 Unknown

For the appropriateness scale, marking was requested to indicate the degree of
appropriateness. The mark should indicate a balance of opinion or evidence as
to whether or not the application was appropriate for nuclear power plants.

For the description of the implementation, the mark should represent the then
current state or plans. The "Never" option was to indicate there were no plans
to ever implement the subject application. A mark on the "0" point indicates
the application is currently in use. A mark between "6" and "Unknown" means
that the application is planned for some time after 6 years from the date of
the survey. "Unknown" indicated that no decision had been made on when to
implement the application.

Since the applications may have different responses for safety versus control
applications as defined in Section 1.5 of this report, responses were requested
for both types of applications when appropriate. A tabulation of each Member's
response to this section are contained in Appendix C.

2.4 Results Organized by. Computer Application Areas

This part of the report discusses the survey result organized by computer
application areas. In each area, the standard set of questions on features of
computer systems were asked. In some areas, additional questions were included
as the Task Force thought appropriate.

2.4.1 General Plant Operations

This first section was intended to be a overview or summary of computer
applications. The questions were oriented toward the use of computer systems
in an overall sense. Therefore, the questions referred to overall plant
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operations and sometimes compared the uses of computer system with the general
duties of the operators.

In the area of using computer systems to improve the reliability of overall
plant operations, there was general agreement that this was an appropriate
application and almost all countries had already implemented systems for this
purpose.

Only Canada considered the use of computers as a replacement for operators in
safety applications somewhat acceptable and reported the item already
jmplemented. Italy was neutral and the U.S. was willing to consider the
possibility. However, even these two countries had no current plans for
implementation of such systems. Japan and Sweden considered control uses fully
appropriate and Italy joined Canada in considering the control-grade uses
appropriate and in reporting current implementations. For both uses, all other
countries considered the suggestion inappropriate.

As for providing additional functions similar to those of the human operators
in the control room, there was a polarized opinion leaning toward approval.
There was also more approval for control uses than safety uses and the same
relationship held for the number of countries that had already implemented
systems for such functions.

With respect to new operations that are not possible with conventional means,
applications were generally thought of as appropriate with the FRG, Netherlands
and Switzerland dissenting for both safety and control applications. There was
a difference between the results for safety and control uses. There was more
approval for control uses and more countries had current implementations. Only
a few countries reported current implementation or plans to implement in the
next 2 years for control uses.

The potential use of the capability for computer systems to be remote from the
systems they control resulted in significantly different responses for safety
versus control uses. Safety uses were strongly disapproved by most Members
with Canada and Finland approving and France, Japan and the U.S. neutral. Only
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Finland and France reported current implementations with Canada estimating 2
years to implementation. There was a polarized response for this application
for control uses and only three countries had implemented and no others had
plans to.

The use of the flexibility of computer systems question resulted in similar
responses to the remote uses but not as strongly polarized. Although Finland
and Spain had a safety application implemented, several countries had plans for
such applications. However, most had implemented or plans to do such for
control systems.

The use of computers in the area of general plant operations was only generally
found to be acceptable to increase the reliability or provide new or additional
systems. The other potential uses as replacements or to use the flexibility
and remote capabilities of computers received mixed and generally negative
responses.

2.4.2 Data Gathering

Data gathering is the uses of computer systems in collecting information
concerning the plant processes. It does not include significant processing of
that information or the presentation of the raw data to operators. The :
standard set of six questions were asked with one addition. The last question
addressed the use of computer processing to validate the data from sensors.

The use of computers to increase the reliability of data gathering systems was
considered appropriate by almost all Members with most having implemented such
systems. Belgium and Spain thought safety applications were somewhat
inappropriate although Spain reported a current implementation. Belgium and
the Netherlands, were the only respondents with no known plans for
implementation.

As replacement data gathering systems, computer-based systems received only two
responses as not appropriate from Spain and Sweden and they were specifically
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for safety systems. Although a few Members have implemented systems for this
purpose, most had plans to do so.

The use of computers to provide additional data gathering systems was
considered appropriate. Although the Netherlands considered the use somewhat
appropriate, neither they nor Japan had known plans for implementation. Five
countries had implemented systems for control and safety applications and the
rest had near-term plans for implementations.

The application of computers for new data gathering systems was considered
appropriate by most Members. However, France was neutral on the subject and the
Netherlands was definitely against it. Three countries had implemented systems
for both safety and control uses with most of the other Members having
implemented either safety or control uses or having short-term plans for
implementation.

Applications for data gathering remote from the control room was considered
appropriate by most Members with Italy and Sweden dissenting. Oniy three
countries had current implementations for both safety and control uses with one
more implemented and one with short-term plans for control systems.

The flexibility of computer systems was considered an appropr{ate reason for
use by almost all Members with Belguim and Italy objecting, but not strongly.
Six countries had implemented systems for safety or control uses with four
implemented both safety and control applications. Most of the others were
known to have short-term plans for implementations.

The use of computer systems for data validation was considered appropriate by
almost all with no Members considering it at all inappropriate. Five countries
had already implemented systems with this capability for both safety and
control uses and two additional countries had implemented control uses alone.
Spain, Switzerland and the U.S. had plans for implementing such systems in two
years.

There was strong approval with more-than half approving all applications in
this area and half or more Members had implemented systems in place with one
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exception: information gathering remote from the control room. There were'a
few cases where Members considered an application as not appropriate.

2.4.3 Information Display

The survey questions in the area of information display addressed the function
of presenting the information obtained from sensors or the information
developed by the computer system(s).

Computer systems were considered appropriate for increasing the reliability of
displays by a large majority of Members for both safety and control and all but
Belgium and the FRG had implemented or had short-term plans to do so.

Although generally considered an appropriate use, the FRG, Italy, the
Netherlands, Spain, and Switzerland did not approve of the use of computers as
replacements for information displays. Only a small number, Canada, France,
Sweden, and Switzerland, had implemented such systems and the other Members'
plans were at least a few years off.

1t was overwhelmingly considered appropriate to use computer systems as
additional and new displays and many countries had implemented additional
displays with the rest having plans to in the next 2 years. Two Members, Spain
and Japan, did not know of implementation plans for new display systems.

Using computer systems for information display remote from the control room had
the same approval rating and state of implementation as uses for additional and
new displays with one exception. Sweden did not consider uses for remote
displays appropriate for either safety or control purposes.

The pattern of strong approval and many members having implemented such systems
continued for the use of the flexibility of computer systems but with a
different exception. Italy did not approve of the use of the flexibility for
safety systems and considered it somewhat inappropriate for control systems.
However, Italy also }eported plans to implement a system for control purposes
in about 2 years.
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In summary, the use of computer systems for information display received strong
approval with current implementations for all uses except as replacements for
conventional displays. For a couple of potential uses, remoteness and
flexibility, two different countries objected.

2.4.4 Operator Aids

This section of the questionnaire contained the six standard questions and six
additional questions on the potential uses of computer-based operator aids.

As many Members considered the use of computers to increase the reliability of
operator aids for safety uses appropriate as were neutral or somewhat against
and all but three Members had implemented systems or had plans to do so within
the next two years. For control uses, there was much more agreement that it
was appropriate and six countries reported current applications with three more
scheduled within the next two years. Belgium was the least in favor of the use
and did not known of any plans to implement.

For safety applications, the attitudes toward the appropriateness of computers
as replacements was mixed but leaning toward disapproval with three countries
strongly approving, five disapproving and three neutral. The other respondent
reported the application somewhat appropriate. Only Canada had implemented a
system as a replacement of conventional operator aids and only three other
countries were known to have any plans for such a system. There was general
approval of systems for control uses with Spain and Switzerland dissenting and
Sweden joined Canada having implemented systems. Four other countries reported
potential applications for control uses in the next four years.

The use of computer systems as additional operator aids was strongly approved
for safety uses and was very strongly approved for control uses with the lone
exception of Switzerland dissenting in both cases. Belgium and France reported
current implementations for both uses and Spain and Sweden had control
applications as well. Several other Members expected implementations within
two years.
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Nearly all Members considered computer systems fully appropriate for new
operator aids and five Members reported current implementations for both safety
and control uses with Spain also having current control uses implemented.

Three other countries expecting implementations within two years for both
safety and control uses. One additional Member reported a current control
application.

The uses of computer systems to provide remote operator aids was considered
generally appropriate for safety uses but (Sweden dissenting) a polarized
response for control uses: seven for and three against. Safety uses also had
more Members with current implementations and near term plans than control
uses.

The use of the flexibility possible with computer-based operator aids also
received strong approval with one exception, Italy. Three countries reported
current applications of both safety and control uses and three additional
countries reported control uses currently implemented. Most of the other
Members expected implementations within two years.

The use of computers to improve control of processes which are difficult to
control with conventional means received mixed approval in safety applications
and very strong approval for control applications. Only Finland and Sweden
reported current implementations but more had plants to implement in the
future.

The Members were generally undecided or against the use of computer systems to
semiautomatically perform some normal operating sequences but strongly approved
of control applications. Italy, Spain and Switzerland did not approve of
efither use. No Members had currently implemented this capability for safety
systems and only Canada had plans to. Canada and Finland had control
implementations and Sweden and the U.S. expected future applications.

The ability to semiautomatically execute operating sequences for abnormal
station states also received mixed but generally negative responses concerning
the appropriateness of this capability for safety uses and no Members had
either current applications or even plans. Control uses drew the same response
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for approval as the previous question except Belgium switched from full
approval to being somewhat against. The distribution of responses on the
implementation scale for control uses was exactly the same as the previous
question.

The use of computers to maximize safe commercial operations by providing better
operator control close to safety margins received a full range of responses for
safety uses and a favorable response and near term implementation plans for
control uses. Only France and the Netherlands fully approved of safety uses
with Canada and the U.S. generally approving. Only Canada had a current safety
implementation. The few other Members with plans for safety uses were for two
or more years from the date of the survey. Only Belgium was against both uses.
Finland, the FRG, Spain and Switzerland were against this application in safety
situations but were for it or neutral in control uses.

Administrative functions not related to operation of the plant received a full
range of ratings for appropriateness of the safety use with three more
countries finding the application acceptable than were against it. While five
countries had current safety applications, only one after had any plans for
such systems. The control use received strong approval and six countries
reported current implementations.

On the use of computers to improve the effectiveness and performance of other
than control room operators received mixed but generally approving safety and
control uses. Although Italy and Switzerland were the only countries that
considered safety uses very inappropriate, they both considered control uses
fully appropriate. While six countries had current safety implementations and
three more had plans, nine countries had current control implementations.
While both Belgium and Canada were neutral on their appropriateness, both had
control implementations and Belgium reported a safety implementation.

Therefore, new and additional computer-based operator aids were considered
strongly appropriate. Using computer-based operator aids to increase the
operation's reliability and for their flexibility was also considered
appropriate with somewhat more support for control uses than safety uses. Only
as replacements for current systems did they receive mixed reviews. The other
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questions on uses associated with semfautomatic controls as operator aids were
not supported significantly for safety uses but were supported for control
uses.

2.4.5 Entering Commands .

To use computer systems(s) as an interface between the operators and the
process, the operators must enter commands into the system to control the
process. The standard set of six questions were asked for this function.

The use of the computer to increase the reliability of the operators' task of
entering commands received mixed and leaning toward negative ratings for the
appropriateness of safety uses with shifted toward approval for control uses.
Only Finland reported current implementation of safety uses and Canada joined
Finland with control implementations. Very few other Members reported any
plans for implementation of either use.

Only France approved of the use of computers-based systems as a replacement
method of operator inputs for safety uses when all other Members were neutral
or against its use. However, even France did not expect a safety
implementation until four years after the survey. There was a fairly strong
shift toward approval for control uses with Canada, the U.S., Belgium, and
France expecting implementations in the future.

Six Members were neutral on the subject of the appropriateness of computers to
provide additional methods of command entry for safety and five were for
control uses. The safety uses received a few more negative responses and the
control uses received a few more positive responses. Only Canada reported a
current implementation and it was for a control use. Only two other countries,
Finland and the U.S., reported any known plans for future implementations.

The use of computers to provide new methods of command entry received a
basically balanced response concerning its appropriateness for safety and a
more favorable response for control uses. Netherlands, Spain and Switzerland
were against both uses. Canada and Finland were strongly for both uses and
were joined by three others in finding control uses fully acceptable. However,
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only Finland reported a current implementation (for safety) and there were very
few plans for any implementations.

There was strong disapproval of remote safety and control uses of computers for
command entry. However, France found both fully appropriate and was joined by
Finland and Japan in the appropriate rating for control uses. Only Finland
reported a current implementation, for control uses, and no others reported any
for the next four years following the survey.

Basically the same patters of disapproval and status of implementation was
reported for the use of the computers' flexibility in command entry with a
little more approval of control uses. '

A basic pattern of disapproval for safety uses and only some approval for
control uses describes the Members' responses on the subject of the use of
computers for entry of commands. Finland approved and had implementations for
most of these topics and was joined by Canada and France for some of these but
only Canada had any current implementations.

2.4.6 Issuing Control Signals

This is the use of computers to issue control signals to the plant processes.
It is strongly coupled with the source of the commands, either the operator or
a closed loop automatic use.

Most Members generally thought it was inappropriate to use computer systems to
improve the reliability of systems issuing controls in safety applications.
Canada, Finland and Japan were strongly for it. Canada was the only Member who
reported a current application and the next nearest plans were for four years
away. On the control side, there was a full range of responses leaning toward
approval with Sweden joining Canada in reporting current implementations and
Finland expecting implementation in two years.
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Replacements for systems issuing commands to the controlled process was
generally considered not appropriate for safety uses and there were no
fmplementations expected for five years. There was general approval for
control uses with Canada and Sweden expecting implementation within a year of
the survey.

Concerning the possible use of computer systems to proéide additional control
issuing systems, there was again general disapproval for safety uses, but this
time no one expected implementation of such systems. The Members were balanced
on the appropriateness of such systems for control uses and only Sweden
reported a current application. For both application uses, France, the FRG,
Netherlands and Switzerland were strongly against it and Finland and Japan for
it.

The picture for the potential use of computer systems as new command issuing
systems showed the typical pattern for this application area. Finland, France
and Japan were strongly in favor of safety uses with most of the other Members
against it. There were no implementations or plans. Belgium, Canada and
Sweden joined Finland and Japan in favor of the application for control uses
and Canada reported current control implementations with Sweden, Finland, and
U.S. expecting implementations within two years.

Most countries considered it inappropriate to provide remote command issuing
capabilities for safety or control uses. There were no current implementations
reported for either use but Finland did expect an implementation in two years.

The flexibility available within computer systems drew a mixed but generally
negative response for safety uses and a balanced and polarized response for
control uses. Again there were no current or near term plans for safety
implementations but Sweden and Finland expected control implementations within
two years.

The use of the computer systems ability to validate control signals received
mixed approval for safety and some approval for control uses with the FRG,
Netherlands, Spain and Switzerland continuing their disapproval of the general
use of computers in issuing commands. Canada reported implementations for both
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safety and control uses and Sweden, Finland and the U.S. expecting implementa-
tions within two years.

Although considered inappropriate for safety uses by most Members and only
mixed or neutral attitudes toward control uses, Finland, sometimes joined by
Canada and Japan, approved of the use of computers for issuing commands and had
or expected implementations in the future.

2.4.7 Automatic Controllers

The poteﬁtial use of computers as closed-loop or automatic controllers was
surveyed. The standard set of six questions were asked except the question on
flexibility was divided into two versions and two additional questions were
included.

The use of computer-based systems to increase the reliability of automatic
controllers received a mixed response for safety uses and a polarized but more
toward approval response for control uses. Canada, Finland and Sweden strongly
approved of both uses and were joined by Japan for control uses. France, the
Netherlands, Spain, and Switzeriand strongly disapproved of both uses. Canada
and Sweden also had current safety implementations while no others were planned
in the short-term. Canada, Finland and Japan reported current control uses
with Sweden and the U.S. reporting short-term plans for such applications.

As replacements, computer systems also drew a mixed but negative response for
safety uses. But this time, only Sweden was strongly in favor of the uses and
no implementations were expected for at least four years. There was a
polarized but leaning toward approval response for computer-based control grade
replacements and several countries had current or short-term plans for control
uses.

As controllers in addition to current systems, most countries were not strongly
for or against safety applications and for control uses, a more balanced
response was obtained. Finland was the only Member strongly for both uses and
was joined by Belgium and Japan for control uses. France and Switzerland were
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strongly against both uses. While there were no current implementations or
plans for five years to implement safety systems, four countries had current or
near term plans for control systems.

There was generally only partial approval for new computer-based safety grade
controllers and only Sweden reported current implementation. However, six
countries were strongly in favor of computer-based controllers for new control
uses. Canada, Finland and Japan reported current control implementations with
Sweden expecting an implementation in the next year.

The Members were strongly disapproval of remote controllers for safety
applications with no current or planned implementations. Control uses were
also considered inappropriate by all Members with one exception. Finland
strongly approved and reported a current implementation.

The potential use of computers as controllers to be flexible while in use, or
on-line, drew a mixed but leaning toward negative response for safety uses and
a positive response for control uses. Sweden reported the only current safety
implementation and expected a control implementation within a year. Canada and
Finland reported current control implementations. Canada, the FRG, Italy,
Spain and Switzerland were strongly against safety uses of this flexibility but
only Spain and Switzerland were against control uses.

The flexibility to modify computer-based automatic controllers off-line
resulted in nearly the same responses as the ability to change on-line with a
s1ightly more positive response for control uses.

The application of computer-based controllers to automatically take actions in
response to abnormal station states received mixed response for safety uses:
two countries strongly for, four strongly against, five neutral, and one
somewhat against. For control uses, there was much more of a consensus with
five countries strongly in favor. Switzerland was the lone strongly dissenting
Member. As with some of the other application areas, Sweden had a current
safety application with Canada and the U.S. expecting implementations in two
years. Canada and Finland reported current control implementations with Sweden
expecting an implementation within a year.




-27=-

Using computer-based automatic controllers to operate close to safety margins
to maximize the safe commercial operation was generally found not approbriate
by more countries than found it even somewhat appropriate. However, Canada

reported the only current (or near-term) implementation. Control uses drew a
 divided response. Canada, Finland and Sweden reported the only current (or
near-term) control use implementations.

The use of computers as automatic controllers drew mixed responses on almost
all questions. Canada, Finland, Japan, and sometimes Sweden approved of such
applications for at least control systems and often reported current
implementations or plans.

2.4.8 Computer Applications in Data Logging

The use of computers as data loggers was nearly universally found to be fully
appropriate with current implementations common. The exceptions are the
interesting results of the survey. The standard set of questions were asked
with one addition.

The use of computers as data loggers to increase the reliability of such
systems was found strongly appropriate for both safety and control uses by all
but two respondents. Belgium was only somewhat in favor and the Netherlands
was strongly against it. A1l countries but Italy and the Netherlands reported
current implementations for both uses and Italy expected implementations in two
years.

The use of computer-based data logging as replacements for current systems
received nearly unanimous approval for safety and control uses. Only the FRG
was strongly against both uses. Six countries reported current implementations
for safety and the same number for control uses. For both applications, almost
all of the rest of the members expected implementions within two years.

Finland did not expect a safety use for four years, Japan had no known plans
for any, and the FRG never expected to implement such systems.
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As additional data logging systems for both safety and control uses, only the
Netherlands did not consider the application fully appropriate. The
Netherlands were neutral and, with Japan, did not have any known plans to
implement. There were six countries with current applications of each of these
uses and two others expected in the near future. Finland expected a safety
application in four years.

The distribution of responses to the use of computer systems as new data
loggers received the same full approval for both safety and control uses with
the Netherlands neutral but fewer (four) countries had current safety
implementations. The other safety implementations were expected in two years.

Remote data logging was strongly approved but there were some interesting
responses. Sweden reported current implementations for both uses but was only
somewhat in favor of safety applications and was strongly against control uses.
The Netherlands, who was neutral toward both uses, reported implementations
expected within the next year.

The use of the flexibility of computer systems as data loggers aiso received
very strong approval for safety and control uses with the Netherlands again
neutral. In this case, seven countries reported current safety implementations
and eight reported control implementations. Japan, although strongly approving
both uses, did not report knowledge of any implementations or plans.

The additional question in this area dealt with the use of computers for

recordkeeping for administration. This was also considered fully appropriate

by almost all countries. Canada and the Netherlands were neutral. Six

countries reported current implementations for both uses. Canada and the U.S.

expected implementations in two years and France and Switzerland expected .

implementations two years after that.

The use of computers as data logging systems was almost universally accepted
and already implemented. However, for all applications except replacements,
the Netherlands expressed concerns and the FRG expressed concerns for
replacements.




-29-

2.5. Results Organized by Standard Questions

This part of the report discusses the responses in each of the application
areas by the capabilities or characteristics of the computer-based systems.
This alternate organization of the information provides an interesting view of
Members' attitudes toward appropriéteness and status of implementation. The
capabilities or characteristics are reliability, replacements, additions, new,
ability to be remote, and flexibility.

2.5.1 Reliability

In the area of using computer systems to improve the reliability of overall
plant operations, there was general agreement that this was an appropriate
justification and almost all countries had already implemented systems for this
purpose.

The use of computers to increase the reliability of data gathering systems was
considered appropriate by almost all Members with most having implemented such
systems. Belgium and Spain thought safety applications were somewhat
inappropriate although Spain reported a current impiementation. Belgium and
the Netherlands, were the only respondents with no known plans for
implementation.

Computer systems were considered appropriate to increase the relfability of
displays by a large majority of Members and all but Belgium and the FRG had
implemented or had short-term plans to do so.

As many members considered the use of computers to increase the reliability of
operator aids for safety uses appropriate as were neutral or somewhat against
and all but three Members had implemented systems or had plans to do so within
the next two years. For control uses, there was much more agreement that it
was appropriate and six countries reported current applications with three more
scheduled within the next two years. Belgium was the least in favor of the use
and did not have known plans to implement.
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The use of the computer to increase the reliability of the operators' task of
entering commands received mixed and leaning toward negative ratings for the
appropriateness of safety uses with a shift toward approval for control uses.
Only Finland reported current implementation of safety uses and Canada joined
Finland with control uses. Very few other Members reported any plans for
implementation of either use.

Most Members generally thought it was inappropriate to use computer systems to
improve the reliability of systems issuing controls in safety applications.
Canada, Finland and Japan were strongly for it. Canada was the only Member who
reported a current application and the next nearest plans were for four years
away. On the control side, there was a full range of responses leaning toward
approval with Sweden joining Canada in reporting current implementations and
Finland expecting implementation in two years.

The use of computer-based systems to increase the reliability of automatic
controllers received a mixed response for safety uses and a polarized but more
toward approval response for control uses. Canada, Finland and Sweden strongly
approved of both uses and were joined by Japan for control uses. France, the
Netherlands, Spain, and Switzerland strongly disapproved of both uses. Canada
and Sweden had current safety implementations and there were no others planned
in the short-term. Canada, Finland and Japan reported current control uses
with Sweden and the U.S. reporting short-term plans for such applications.

The use of computers as data loggers to increase the reliability of such
systems was found strongly appropriate for both safety and control uses by all
but two respondents. Belgium was only somewhat in favor and the Netherlands
was strongly against it. A1l countries but Italy and the Netherlands reported
current implementations for both uses and Italy expected implementation in two
years.

Reliability as a reason for using computers was generally considered
appropriate for overall plant operations, data gathering, display systems and
data logging systems. The other uses in the survey, operator aids, for entry
of commands, for issuing commands, and as automatic controllers, received mixed
reviews.
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2.5.2 Replacements

Only Canada considered the use of computers as a replacement for operators
somewhat acceptable for safety applications and reported the item already
implemented. -Italy was neutral and the U.S. was willing to consider the
possibility. However, even these two countries had no current plans for
implementation of such systems. Japan and Sweden considered control uses fully
appropriate and Italy joined Canada in considering the control grade uses fully
appropriate and reported current implementations. A1l other countries
considered the suggestion inappropriate for both uses.

As replacement data gathering systems, computer-based systems received only two

responses as not appropriate from Spain and Sweden and they were specifically
for safety systems. Although a few Members have implemented systems for this
purpose, most had plans to do so.

Although generally considered an appropriate use, the FRG, Italy, the
Netherlands, Spain, and Switzerland did not approve of the use of computers as
replacements for information displays. Canada, France, Sweden, and
Switzerland, had implemented such systems and the other Members plans were at
least a few years off.

For safety related operator aids applications, the attitudes toward the
appropriateness of computers as replacements was mixed but leaning toward
disapproval with three countries strongly approving, five disapproving and
three neutral. The other respondent reported the application somewhat
appropriate. Only Canada had implemented a system as a replacement of
conventional operator aids and only three other countries were known to have
any plans for such a system. There was general approval of systems for control
uses with Spain and Switzerland dissenting and Sweden joined Canada with
implemented systems. Four other countries reported potential applications for
control uses in the next four years.

Only France approved of the use of computers-based systems as a replacement
method of operator inputs for safety uses when all other Members were neutral
or against its use. However, even France did not expect a safety implemen-
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tation until four years after the survey. There was a fairly strong shift
toward approval for control uses with Canada, the U.S., Belgium, and France
expecting implementations in the future.

Replacements for systems issuing commands to the controlled process was
generally considered not appropriate for safety uses and there were no
implementations expected for five years. There was general approQal for
control uses with Canada and Sweden expecting implementation within a year of
the survey.

As replacements for automatic controllers, computer systems also drew a mixed
response for safety uses. But this time, it was a polarized and leaning toward
approval of the safety uses but no implementations were expected for at least
four years. There was strong approval of computer-based control replacements
and several countries had current or short-term plans for control uses.

The use of computer-based data logging as replacements for current systems
recefved nearly unanimous approval for safety and control uses. Only the FRG
was strongly against both uses. Six countries reported current implementations
for safety and the same number for control uses. For both applications, almost
all of the rest of the members expected implementions within two years.

Finland did not expect a safety use for four years,'dapan had no known plans
for any, and the FRG never expected to implement such systems.

In summary, only the applications of computers as replacement, data gathering,
display systems and data logging systems were considered appropriate.
Replacing automatic controllers and operator aids with computer-based systems
drew mixed responses and the Members were against replacing command input and
command fssuing systems. For completeness, the possibility of replacing
operators was asked and received the expected negative response with one
notable exception, Canada.
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2.5.3 Additions

As for providing additional functions similar to those of the human operators
in the control room, there was a mixed opinion leaning toward approval. There
was also more approval for control uses than safety uses and the same
relationship held for the number of countries that had already implemented
systems for such functions.

The use of computers to provide additional data gathering systems was
considered appropriate. Although the Netherlands considered the use somewhat
appropriate, neither they nor Japan had known plans for implementation. Five
countries had implemented systems for control and safety applications and the
rest had near-term plans for implementations.

It was overwhelmingly considered appropriate to use computer systems as
additional displays and many countries had implemented additional displays with
the rest having plans to in the next 2 years. Two Members, Japan and Spain did
not know of any implementation plans for new display systems.

The use of computer systems as additional operator aids was strongly approved
for safety uses and was very strongly approved for control uses with the Tone
exception of Switzerland dissenting in both cases. Belgium and France reported
current implementations for both uses and Sweden had a control application as
well. Several other Members expected implementations within two years.

Six Members were neutral on the subject of the appropriateness of computers to
provide additional methods of command entry for safety and five were for

control uses. The safety uses received a few more negative responses and the
control uses received a few more positive responses. Only Canada reported a
current implementation and it was for a control use. Only two other countries,
Finland and the U.S., reported any known plans for future ‘implementations.

Cdncerning the possible use of computer systems to provide additional control
issuing systems, there was general disapproval for safety uses, and no one
expected implementation of such systems. The Members were balanced on the
appropriateness of such systems for control uses and only Sweden reported a
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current application. For both application uses, France, the FRG, the
Netherlands and Switzerland were strongly against it and Finland and Japan for
it. '

As automatic controllers in addition to current systems, most countries were
not strongly for or against safety applications and for control uses, a more
balanced response was obtained. Finland was the only Member strongly for both
uses and was joined by Belgium and Japan for control uses. France and
Switzerland were strongly against both uses. While there were no current
implementations or plans for five years to implement safety systems, four
countries had current or near term plans for control systems.

As additional data logging systems for both safety and control uses, only the
Netherlands did not consider the application fully appropriate. The
Netherlands was neutral and, with Japan, did not have any known plans to
implement. There were six countries with current applications of each of these
uses and two others expected in the near future. Finland expected a safety
application in four years.

As additions to the control of nuclear power plants, computer systems were
acceptable in most areas with current implementations. As for providing
additional command entry systems, the Members were neutral. Additional
automatic controllers alsp resulted in an overall neutral rating, but Members
were more polarized. Only as additional systems for issuing controls was there

general disapproval.
2.5.4, New

With respect to new operations that are not possible with conventional means,
applications were generally thought of as appropriate with the FRG, the
Netherlands, and Switzerland dissenting for both safety and control
applications. Only a few countries reported current implementation or plans to
implement in the next 2 years for control uses. There was a difference between
the results for safety and control uses. There was more approval for control
uses and more countries had current implementations.
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There was generally only partial approval for new safety grade controllers and
only Sweden reported current implementation. Six countries were strongly in
favor of computer-based controllers for new control uses. Canada, Finland and
Japan reported current implementations with Sweden expecting an implementation
in the next year.

The distribution of responses to the use of computer systems as new data
loggers received full approval for both safety and control uses with the
Netherlands neutral and four countries had current safety implementations. The
other safety implementations were expected in two years.

The use of computers to provide new capabilities was considered very
appropriate for almost all applications. However, as new systems for issuing
commands, the Members' responses were balanced, for and against. Many
countries had applications or at least near term plans to provide new
capabilities using computer-based systems.

2.5.5. Remoteness

The potential use of the capability for computer systems to be generally remote
from the systems they control resulted in significantly different responses for
safety versus control uses. Safety uses were strongly disapproved by most
Members with Canada and Finland approving and France, Japan and the U.S.
neutral. Only Finland and France reported current implementations with Canada
estimating 2 years to implementation. There was a polarized response to this
application for control uses and only three countries had implemented and no
others had plans to.

Applications for data gathering remote from the control room was considered
appropriate by most Members with Italy and Sweden descenting. Only three
countries had current implementations for both safety and control uses with one
more implemented and one with short-term plans for control systems.

Using computer systems for information display remote from the control room had
a strong approval rating and several implementations with one exception.
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Sweden did not consider uses for remote displays appropriate for either safety
or control purposes.

The uses of computer systems to provide remote operator aids was considered
generally appropriate for safety uses but a polarized response for control
uses: seven for and three against. Safety uses also had more Members with
current implementations and near term plans than control uses.

There was strong disapproval of remote safety and control uses of computers for
command entry. However, France found both fully appropriate and was joined by
Finland and Japan for control uses. Only Finland reported a current
implementation, for control uses, and no others reported any for the next four
years following the survey.

Most countries considered it inappropriate to provide remote command issuing
capabilities for safety or control uses. There were no current implementations
reported for either use but Finland did expect an implementation in two years.

The Members were strongly disapproval of remote controllers for safety
applications with no current or planned implementations. Control uses were
also considered inappropriate by all Members with one exception. Finland
strongly approved and reported a current implementation.

Remote data logging was strongly approved but there were some interesting
responses. Sweden reported current implementations for both uses but was only
somewhat in favor of safety applications and was strongly against control uses.
The Netherlands, who was neutral toward both uses, reported implementations
expected within the next year.

The capability for computer-based systems to be remote from the systems they
interact with was seen as appropriate for data gathering, displays and operator
aids but not for the other potential application areas.
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2,5.6 Flexibility

The general question on the use of flexibility of computer systems resulted in
mixed responses but not strongly polarized. Although Finland and Spain had the
only implemented safety application, several countries had plans for such
applications. Most had implemented or plans for control systems.

The flexibility of computer systems was considered an appropriate reason for
use in data gathering by almost all Members with Belguim and Italy objecting,
but not strongly. Six countries had implemented systems for safety or control
uses with four implemented both safety and control applications. Most of the
others were known to have short-term plans for implementations.

The pattern of strong approval and many members having implemented display
systems continued for the use of the flexibility of computer systems but with
an exception. Italy did not approve of the use of the flexibility for safety
applications and considered it somewhat inappropriate for control systems.
However, Italy also reported plans to implement a system for control purposes
in about two years.

The use of the flexibility possible in computer-based operator aids also
received strong approval with the same exception, Italy. Three countries
reported current applications of both safety and control uses and three
additional countries reported control uses currently implemented. Most of the
other Members expected implementations within two years.

Basically the same patterns of disapproval of command entry uses was repeated
for the use of the computers' flexibility in command entry with a 1ittle more
approval of control uses.

For the function of issuing commands, the flexibility available within computer
systems drew a mixed but generally negative response for safety uses and a
balanced and polarized response for control uses. Again there were no current
or near term plans %or safety implementations but Sweden and Finland expected
control implementations within two years.
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The potential uses of computers as automatic controllers to be flexible while
in use, or on-line, drew a mixed but leaning toward negative response for
safety uses and a positive response for control uses. Sweden reported the only
current safety implementation and expected a control implementations. Canada,
the FRG, Italy, Spain, and Switzerland were strongly against safety uses of
this flexibility but only Spain and Switzerland was against control uses. The
flexibility to modify computer-based automatic controllers off-line resulted in
nearly the same responses as on-line changes with a slightly more positive
response for control uses.

The use of the flexibility of computer systems as data loggers received very
strong approval for safety and control uses with the Netherlands again neutral.
In this case, seven countries reported current safety implementations and eight
reported control implementations. Japan, although strongly approving both
uses, did not report knowledge of any implementations or plans.

The use of the potential flexibility of computer-based systems was considered
very appropriate for data gathering, displays, operator aids, and data logging
systems. There was a more mixed response to the use of the computers'
flexibility in systems for issuing commands and as automatic controllers.
Including flexibility in command entry systems was generally viewed as
inappropriate.
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CHAPTER 3

SPECIFIC APPLICATIONS OF DIGITAL COMPUTERS

3.0 Introduction

The questions in this section of the questionnaire were those of specific
interest to Members independent of the model used in the questionnaire of
computers in operations of nuclear power plants. They were grouped into five
topics generally following the previous chapters' topics. The topics are
displays, automated assistance, computer control, data logging, and maintenance
assistance.

3.1 Displays

The first section dealt with displays and included four questions on their
uses. The first question addressed the use of computers to organize or
prioritize alarms and annunciators or to organize data. All countries
considered this a fully appropriate use of computer systems in both safety
and control uses except Sweden. Sweden was neutral. Seven countries reported

current implementations of both uses with three more expected within 2 years.
Japan and Sweden reported not knowing of any plans.

There was unanimous agreement that providing on-line display of numeric and
trend data and other plant variables or states was appropriate for safety and
control uses. A1l respondents but four reported current implementations.
Italy, the Netherlands and Spain reported their implementations were expected
within two years. The FRG did not expect implementation for four years.

Although there was fairly strong approval of the display of standard or
abnormal procedures, there were four countries that had any known plans for
such systems and only Finland reported a current implementation for control
use. The U.S. expected systems in two years and France, the FRG and Spain
expected systems in four years.
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The last question in the area of displays was on displays used for flow sheets
and related plant data. This was evaluated as fully appropriate for safety
and control uses by almost all Members. Italy, Sweden and Switzerland were
neutral. Four Members reported current implementations for both safety and
control uses. Spain also had current implementation for control uses and
implementation was expected in the Netherlands within a year and the FRG,
Sweden and the U.S. expected some 1ﬁp1ementétions after that.

3.2 Automated Assistance

The first question in this area was on the use of computers to provide
sequential display and tracking of manually executed sequences of
control actions This was strongly approved for safety uses, with Italy
and Switzerland dissenting, and strongly approved without any dissent
for control uses. France and Japan reported current implementations for
both uses with Sweden having a safety implementation. Sweden as well as
Canada and Finland had control implementations. There were a few others
expected in the future.

The second question in this area dealt with the computer system providing
automated sequencing of operator actions. This drew a mixed response on its
appropriateness for safety uses with a more countries considering it fully
appropriate than not. Control uses were more strongly approved with the FRG
and Switzerland being somewhat against it. Only France reported a current
system for safety and control uses while Canada and Finland joined in reporting
control uses. The U.S. was the only country to report having plans for such
systems.

France reported the only current implementation of deterministic or expert
systems assisting operators as decision aids for diagnosing abnormal
conditions or in assessing the consequences of proposed actions. Six
countries considered this application fully appropriate for both safety and
control uses. Canada and the FRG were neutral on both uses. Switzerland

was strongly against such systems for safety uses and was neutral on control
uses. The Netherlands considered both uses somewhat inappropriate. The next
implementations after the current French applications for both uses were




-42-

expected in Italy in two years for both uses and in Spain and the U.S. in
four years.

The use of deterministic or expert systems to assess plant or system states,
integrity or redundant systems received almost the same generally positive
response as the previous question. The appropriateness of both applications
was the same except the Netherlands was neutral this time and the U.S. and
Switzerland moved one unit away from strong approval. The implementations
status was exactly the same.

3.3 To Provide Direct or Indirect Digital Computer Control

The use of computers to provide direct control of one or more reactivity
mechanisms drew a full range of responses for safety uses with a few more
Members leaning toward disapproval than approval. Canada, France and Sweden
found this to be a fully appropriate application while Belgium, the FRG, Spain
and Switzerland considered it fully inappropriate. The other respondents were
between these two groups. Canada, the Netherlands and Sweden reported current
applications and the only plans were reported by the U.S. and were expected

in about four years. Although not requested by the survey, Canada provided

a response for control uses. They considered it fully appropriate and
reported that they had implemented systems.

The question on using computers to indirectly control reactivity mechanisms
through control of setpoints for other reactivity wechanism control loops drew
a mixed response also leaning toward disapproval on its appropriateness. There
were some interesting changes in Member responses with respect to the previous
question on direct control of such systems. Canada switched from full approval
to finding this use not at all appropriate and Belgium went from full dis-
approval to a neutral evaluation.  Sweden reported the only current implemen-
tation with French and U.S. implementations expected in the future. Canada
again reported approval and a current implementation of such a system for
control uses.
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The use of computers as direct controllers of processes resulted in a polarized
response for safety uses and a full range, but more in favor, for control uses.
For safety uses, five countries were strongly in favor while six disapproved
with the FRG, Spain, Switzerland, strongly disapproving. Sweden reported the
only current implementation with Canada expecting one in two years. " For
control uses, there was a general shift toward approval with five countries
finding it fully appropriate. Canada and Finland reported current implemen-
tations with Sweden's expected in a year.

For the indirect control of processes by controlling setpoints for other
controllers, there was general approval of safety uses and strong approval for
control uses. Canada, one of three who found safety uses fully inappropriate,
considered control uses fully appropriate. Sweden reported the only safety
use with Italy expecting implementation in two years. Canada and Finland
again reported current implementations with Sweden, Italy and the U.S.
expecting implementations within two years.

3.4 Data Logging

There was total agreement that the use of computers to provide logged plant
variables in a hard copy form for safety and control uses and almost every
country reported current safety and control implementations. Italy expected
a safety implementation in two years and the U.S. was two years behind that
and two years behind all the others who reported current implementations for
control uses.

There was also unanimous approval of the providing of logged plant variables
in a machine readable form for both safety and control uses. A11 but four
countries reported current implementations of both uses with the others,
except the U.S. for safety uses, expected within 2 years.

The last question on data logging involved using computers for event recording
systems to record the timing of a sequence of discrete events. This was also
found fully appropriate by all respondents with almost all again reporting
current implementations. The U.S. was again the last expecting implementation
of such systems.
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3.5 Maintenance Assistance

The use of computers to scheduling support for routine maintenance drew
nearly unanimous approval. Canada and the Netherlands were neutral on both
safety and control uses. Four countries reported current safety implementa-
tions with four more expected in two years. Six countries reported current
control implementations. ’

Providing deterministic or expert systems for the diagnosis by maintenance
personnel of component or system faults in or out of the control room received
polarized but generally favorable evaluations of its appropriateness for both
safety and control uses. Members were either strongly for or weakly against
this application. Switzerland was the only Member strongly against safety

uses but was strongly in favor of control uses and had the only implementation,
for control use. No other implementations were expected for four or more
years.

Sweden reported the only use of computers to display maintenance procedures
and it was reported for both safety and control uses. There was not a
majority that felt strongly in either direction on this question but the
majority did generally find the application appropriate for safety and control
uses. Switzerland again strongly disapproved of the safety application but
strongly approved of the control use. Finland, Spain and the U.S. expected
systems to be implemented in their countries in about two years.

No Members expected implementations of computer systems to perform maintenance
procedures automatically for safety purposes and Finland reported implementa-
tion expected in two years for control uses. Only Finland and Japan considered
this application at all appropriate and they thought it strongly appropriate.
The others were negative with the exception of the FRG and U.S. which were
neutral on the subject.
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CHAPTER 4

DESIGN METHODS AND IMPLEMENTATION TECHNIQUES

4.0 Introduction

The questions in this section addressed approaches to the development and
evaluation of computer-based systems. The topics were specifications,
development methods, design options, and testing items. There was also a set
of questions to collect Members' experiences in this process and a set to
identify research needs.

4,1 System Specifications

A1l countries reported thorough testing of end products to assure the
acceptability of the hardware of computer systems in control uses and all but
Belgium and Japan use the same techniques for safety uses. over half of the
countries ensured the acceptability of hardware systems by controlling the
development process. Complete specifications were used by six countries for
both safety and control uses with Finland using them only for safety uses and
Belgium and Japan using them only for control uses. The French reported that
they did not use complete formal specifications for hardware at all and it is
unknown whether Switzerland used formal specifications or not. Italy reported
using all these techniques with one addition, validation.

Members reported using the same approaches to assure the acceptability of
software that they used for hardware except for this question, The FRG and
France joined those controlling the development process and Switzerland joined
those who used complete formal specifications and Italy added the use of
validation and verification procedures.

When asked what plans were prepared, all Members reported using some of the
plans listed and most used all four: quality assurance plans, software
verification plans, software test plans, and programming conventions. Japan
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reported not using the quality assurance plan for safety uses and Belgium and
the FRG did not use it at all. Belgium did report using the software
verification plan for control but not for safety uses and a software
verification plan was not used at all in Canada or France. Canada did report
using a software test plans for safety only and Belgium used one for control
only. Programming conventions were the least use item in the list, but still
being used by six Members. Three additional plans were reportedly used:
software validation plans by Canada, software management plans by Italy, and v
system test plans by Sweden.

The next question was on what design review techniques were used. Although the
FRG's use of these techniques was unknown, all other respondents reported using
a preliminary design review for control systems and all but Belgium and Japan
reported using the same techniques for safety systems. Critical design reviews
were used less than preliminary design reviews with six countries using them
for both safety and control uses. Canada, Italy, and the U.S. reported using
critical design reviews and code walkthroughs for both uses, while France and
Switzerland used the critical design reviews but did not know if code
walkthroughs were used. Finland used critical design reviews and code
walkthroughs but for safety systems only. For both applications, Spain used
preliminary design reviews and critical critical design reviews only. Two
countries provided other techniques for design reviews. Sweden repcrted also
using reviews of system or module designs and the U.S. reported using of code
inspections and configuration audits.

With few exceptions, respondents reported preparing human factors engineering
specifications for all areas listed in the questionnaire: displays; input
devices; interactions between input devices and displays; arrangements of input
devices and displays; and interaction dialog requirements. Although Japan did
use all of them for control uses, Japan was the only Member who did not prepare
them for both safety and control applications. Sweden also reported having
human factors requirements for the overall control room design.

The question on the methods used for the design of the human-computer interface
did not show universal acceptance of the methods 1isted. Operator function and
task analysis was used for both safety and control uses by four Members, not

N
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used at all by four others, and another three used them for either safety or
control applications. Only Italy used a human factors engineering test and
evaluation program for both control and safety systems while five other Members
were divided on its use for either control or safety systems. Workload
analysis was used only by Japan and the U.S. and human reliabflity analyses
were used only by Canada and the Netherlands. The most common method was
static or pseddo-dynamic function mock-up studies: seven Members, six of which
used them for both safety and control uses. The next most common methods used
were operator performance or plant dynamic simulator studies, also used by
seven Members of which five used them for both applications. Five countries
also reported using studies of failure effects on operator tasks or functions.
.Only France, Japan and the U.S. reported experimental research on input device
and display designs. Belgium did not indicate using any of these methods but
reported relying on former experience. Japan used all of the methods except
the human reliability analysis. The FRG and Switzerland did not report using
any of the methods at all.

4.2 Development Methods

There were three questions asked in this area on the subjects of configuration
management, software programming languages, and on programming standards.

The configuration management techniques listed in the questionnaire turned out
to be listed in the order of most used to least used. Normal recordkeeping was
used by almost all respondents with Belgium and Japan reporting their use for
control applications only and Spain reported not using this method at all. All
but Belgium and France reported using computerized libraries of application and
object codes with Japan using this technique only for control applications.

Six Members reported using a computerized library of public source or object
codes with Finland reporting this use only in safety applications. Our half of
the responding Members reported designation of a software configuration manager
for both safety and control applications. Four Members, Finland, Spain,
Sweden, and Switzerland, included on-line readable records of software issue
‘information. Having on-line software checks of the issue number compatibility
between software elements and between software and firmware media was used by
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Finland and Switzerland for both applications and by Canada for safety
applications only. The U.S. reported using another technique, a software
configuration management plan, as part of the software quality assurance plan
for configuration management.

The responses on the identification of software programming languages were
diverse. Assembly language was reported as being uses by all Members with most
using it for both applications. Fortran was the next most commonly used
language, mostly for control uses, with all but France using it. Pascal was
used by five Members also mostly for control applications. The "C" language
was used by four members. Finland and Sweden used it for both uses and by
Canada and the U.S. use it for control uses only. Finland was the only country
using Ada, Lisp, or Prolog with only Ada being used for safety uses. The Basic
programming language was reported used for control applications in Spain.

The third question in this area concerned the use of programming standards.

A1l but Belgium, the FRG, France, and Japan reported using standard header
formats and limits on the depth of nesting for routines for both safety and
control applications. The FRG used only standard header formats. A limit on
the length of a routine was used by six Members. The techniques of a coding
format to indicate routines, using single entry, single exits, and no recursive
routines were used by five countries with Canada, Finland, Spain, and the u.s.
using to all three standards. Finland and Sweden reported using minimum
routine lengths and Spain and the U.S. reported restricting the use of "GO TO"
statements. The U.S. also reported using standard prologs and comments as well
as language coding standards.

4.3 Design Options

The design options addressed in this section of the questionnaire were
basically hardware options associated with reliability. The first question was
on levels of redundancy. All Members reported using a primary computer which
may have redundant inputs and outputs and a backup computer which can
automatically take over the functions of the primary computer. This was for
control uses and over half of the Members reported the same answer for safety
systems. The next most common response was for a single computer which may
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have redundant inputs and outputs. This was reported by six Members for
control uses and four of those reporting the same for safety applications.
Triplicated computers which function through a 2-out-of-3 voting circuit was
reported as used in Canada, Finland and Sweden for safety uses with Finland and
Sweden also using this design for control uses. Only Italy and the U.S.
reported using four computers which function through a voting circuit and these
were for safety applications only. Finland was the only Member reportiné using
another configuration, a cluster, and that was for control applications only.

The other three questions in this section addressed the use of a single
computer, distributed computers, and data highways. Six countries reported the
use of a single computer for control applications, Belgium, France, Spain, the
Netherlands, Sweden and the U.S., with France, Spain and Sweden reporting their
use in safety applications as well. Almost all countries reported using
distributed computers, more (eight) for control than safety (five)
applications. Finally, data highways were reported as used in seven Member
countries, four for safety uses with three of those also reporting control
uses.

4.4 Testing

These questions dealt with what software validation tests were used. ANl
Members but Belgium and Japan reported the breparation of an acceptance or
validation test plan for both safety and control applications. Static
input/response tests and simulated input/response tests were also used by
eleven respondents with most (eight) using them for both control and safety
applications. Eight Members also reported using pseudo-dynamic input/response
tests but Belgium and Finland reported using this technique only for either
safety or control application, respectively. For both applications, seven
Members reported using quality assurance function audits and six reported using
quality assurance physical audits. Open loop tests were also used by seven
Members for both applications. The least used tests were the stress tests with
only four Members reporting their use for both applications joined by two
additional Members using test for either safety or control exclusively. Sweden
used other tests as well, whole systems and total function tests.
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When asked which of these tests were automated, Canada, Finland, Italy, and the
U.S. reported that some of the tests were automated. Canada reported having
automated three tests: the static input/response tests, pseudo-dynamic
input/response tests, and the simulated input/response tests. At least one of
these was reported automated in each of the other responding countries:

Finland - static input/response tests, Italy - simulated input/response test,
and the U.S. - both pseudo-dynamic input/response tests and the simulated
input/response tests.

The last question in this group asked which tests were repeated for revisions
to the systems and most countries reported repeating nearly all of the tests
the use originally with three exceptions. The FRG reported repeating only the
status and simulated impact response tests. Italy reported repeating only the
open loop on-site tests, one of the six tests they reported using for their
safety applications. Although using all but 1 of the tests for both uses,
Spain reported repeating only the preparation of an Acceptance or Validation
Test Plan.

4.5 Applications Experience

This section of the questionnaire included five questions on Members'
experience in some specific areas. The first question was whether a human
factors engineering study for an application had indicated that a non-dynamic,
ncn-interactive CRT display was the system of choice. Switzerland responded
that at least one had done that for both safety and control applications and
Canada responded for a safety use.

The second question was designed to discover the characteristics of the most
recent control room display designs. All respondents reported that their
latest displays were color CRTs with almost all being used for both safety and
control applications. A1l but Switzerland reported that these were a
combination of parallel and serial designs (i.e., conventional analog displays
and CRT displays, respectively) and only a small number indicated that the
designs were principally parallel or serial, three to four, respectively. Only
the FRG and Spain responded as using monochromatic displays, with color
displays, in their latest design.




The third question addressed the use in the most recent design of various input
devices. The responses indicate that keyboards with alphanumeric and special
purpose keys were used by all Members in their latest designs and, for all but
Finland and Japan, these were for both safety and control applications.

Finland and Japan used this type on input device only for control applications.
Finland and Japan also used conventional switches only for control applications
while Canada and the FRG used them for both applications. Canada and Finland
also used cursor control devices for control uses. France, Sweden, and the
U.S. reported using cursor control devices for both safety and control
applications. Other input devices used included a functional keyboard used in
Canada for both safety and control uses and touch pushbuttons, soft keys, and
touch sensitive CRTs used in the U.S.

The question on for what period spare parts are stocked to guard against
obsolescence disclosed a wide variation among Members. Finland and Switzerland
had the shortest time periods, 0-5 years, with Finland keeping spares for
safety applications 6-10 years. Belgium, the FRG, Japan and the Netherlands
also reported keeping spares in the 6-10 year time period. France reported
keeping spares for 11-20 years and Canada and Sweden were in the 21-30 year
range. Spain reported relying solely on the manufacturer for spares. The time
period used in the U.S. was unknown.

The last question in this group was intended to discover what percentage range
of control closed loops with computers use direct digital control. The results
were that not very many Members have closed loop controls with computers and
those using such systems were at either end of the range of possible responses.
Canada and Sweden reported that 75-100% of their safety and control
applications use direct digital control. Finland and Italy responded at the
other end in the range of 0-25% for both safety and control applications and
J;pan, the Netherlands, Spain, and Switzerland responded in this range, but
only for control uses.
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4.6 Research Needs

This question listed research topics and requested indications from Members as
to whether they thought the topic needed research for safety or control
applications. Although not operating any nuclear power plants, Austria joined
the other Members in responding to this question.

Each of the suggested topics was supported by at least six Members Those
receiving the most support were software verification (twelve Members) and
software validation (eleven Members). The next grouping were supported by ten
Members: software reliability, software design, quality assurance techniques,
and human-computer interface design. The large majority of Members supporting
these techniques, did so for both safety and control applications. The U.S.
suggested a few more areas of research: networking, communications, and
acceptance criteria for networking.

The Members were also asked to identify their top three research topics. This
also resulted in a wide range of responses with all but four of the twelve
suggested topics were listed by at least one Member. Those not supported were
software coding techniques, programming languages, configuration management
techniques, and input and database integrity.

The two topics 1isted by the most Members were determination of software
reliability (six and listed 1st or 2nd most of the time) and human-computer
jnterface design (six). The next most listed topic was quality assurance
techniques, listed by three Members.

4.7 Additional Comments

The last question provided Members the ability to provide any additional
comments. Two Members did. Finland provided three comments. The first was
that the questionnaire divided safety and control systems into "black and
white" which made it difficult to answer in a consistent way since it seemed
likely that there would be different "shades of gray" between safety and
non-safety systems. Another difficulty described by Finland was that there is
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a wide range of computers used, from dedicated microprocessors and programming
logics to large clusters of computers. Finally, Finland commented that the
questionnaire did touch on several important items which need more study to be
understood correctly.

The other country providing comments was Sweden. Their comments were that the
questionnaire was very hard to answer and that the questions did not fit
"reality."” The questions did not ask what functions are computerized or the
specific uses of computers.
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CHAPTER 5

SUMMARY

5.0 Introduction

This chapter summarizes the results of a survey conducted of OECD Members on

the use of digital computers in control rooms of nuclear power plants. The
survey contained questions based on a model of operator-computer(s)-plant
systems, on applications of specific interest to the Members, and on experiences
with design methods and implementation techniques. The questions were repeated
for both safety and non-safety (or control) applications and the state of
implementation was requested.

Due to the national orientation of the responses, statistical analysis of the
results of this survey would not produce meaningful information. Therefore,
summaries of the survey results can only identify the general consensus and
some exceptions.

Section 5.1 addresses the survey results concerning the general application of
computers from two perspectives, application areas and characteristics of
computer use. There were eight application areas and six characteristics of
computer systems. The summary of the survey questions related to the topics
of specific interest to Members is contained in Section 5.2. Section 5.3
includes the summary of the results on computef system design methods and
implementation techniques.

5.1 General Applications and Common Uses

5.1.1 Application Areas

A model of the potential uses of one or more computers between control room
operators and the plant processes was developed and potential uses of the
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computer(s) were grouped into seven application areas with one area for overall
use. The eight application areas are: general plant operations, data gathering,
information display, operator aids, entry of commands, issuing commands,
automatic controllers, and data logging. The six characteristics of the use

of computer systems questioned in each application area are: reliability,
replacement, additions, new, remote, and flexibility.

The use of computers in the area of general plant operations was found to be
acceptable by Members for the purpose of increasing the overall reliability.
Computers providing new or additional capabilities received polarized responses
(i.e., responses either approving and or disapproving) and replacing operators
was strongly disapproved except by Canada and Italy. The other potential uses,
i.e., to use the flexibility and remote capabflities cf computers received
negative responses overall,

For the use of computers in data gathering applications, there was strong
approval and half or more Members had current systems in place. However, Italy
and Sweden were strongly against data gathering remote from the control room.

The use of computer systems for information display received strong approval
with current implementations for all uses except as replacements for
conventional displays. As replacements, there were mixed responses with
several countries disapproving of the application.

New computer-based operator aids were considered strongly appropriate. Using

computer-based operator aids to increase the cperation's reliability, as
additions, and for their flexibility was also considered appropriate with
somewhat more support for control uses than safety uses. Only as replacements
for current systems did they receive mixed reviews. The other questions on
uses associated with semiautomatic controls as operator aids were not supported
significantly for safety uses but were supported for control uses.

A basic pattern of disapproval for safety uses and only some approval for
control uses describes the Members' responses on the subject of computers used
for entry of commands. Finland approved of most uses and had implementations
for many. Canada and France joined in approving some of these uses but only
Canada had any current implementations.




-56- -

Although considered inappropriate for safety uses by most Members and only
mixed or neutral attitudes toward control uses, Finland, sometimes joined by
- Canada and Japan, approved of the use of computers for issuing commands, and
had a few current or near term implementations planned.

The use of computers as automatic controllers received mixed responses on
almost all questions. Canada, Finland, Japan, and sometimes Sweden approved of
such applications for at least control systems and reported some current
implementations or near term plans.

The use of computers as data logging systems was almost universally accepted
and already implemented. However, for all uses but as replacements for current
systems, the Netherlands expressed concern for the appropriateness of
computer-based data logging. Germany expressed similar concern for these
systems as replacements.

5.1.2 Characteristics of Computer-based Systems

This subsection discusses the same information presented in the previous section
but this time grouped along the characteristics instead of by their

application. This view identifies similarities in approval of computer-based
systems based on their characteristics, capabilities, or reasons for using
computer-based systems.

Reliability as a reason for using computers was generally considered
appropriate for overall plant operations, data gathering, display systems,
operator aids, and for data logging systems. The other uses in the survey,
i.e., for entry of commands, for issuing commands, and as automatic
controllers, received mixed reviews.

Only the applications of computers as replacements for data gathering,
display, and data logging systems were considered appropriate. As replacement
operator aids and automatic controllers, computer-based systems drew mixed
responses and the Members were against systems replacing command input and
command issuing systems. For completeness, the possibility of replacing
operators was asked and received the expected negative fesponse with cne
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notable exception. Canada considered replacing operators as somewhat
appropriate and reported current implementations.

As additions to the control rooms of nuclear power plants, computer systems
were strongly acceptable for applications in data gathering, display, as
operator aids, and as data loggers. Uses for entry of commands, issuing
commands, and as automatic controllers received generally negative reviews for
safety applications and mixed reviews for control applications.

The use of computers to provide new capabi]ities was considered very
appropriate for displays, operator aids, and data loggers. Implementing
computer systems to provide new data gathering systems was also considered
appropriate. However, new systems for command entry, issuing, and as automatic
controllers was generally considered inappropriate for both safety and control
applications. The question on the overall appropriateness of the use of
computer systems for new capabilities received a polarized response for safety
uses and approval for control uses.

The capability for computer-based systems to be remote from the systems they
interact with was seen as appropriate for data gathering, displays, operator
aids, and data logging but not for any of the other potential application
areas.

The potential flexibility of computer-based systems was considered very
appropriate for the same group of functions: data gathering, displays, operator
aids, and data logging. There was a more mixed response leaning toward
disapproval toward the use of the computers' flexibility as systems for the
other group of functions: entry and issuing of commands and as automatic
controllers.

In summary, there was some to strong of approval of computer-based systems
for data gathering, information display, operator aids, and data logging with
data logging getting the highest ratings. Also, in general, the use of
computers to replace current systems or to provide functions remote from the
control room received the strongest disapproval independent of what the
function except for remote data logging which was fully supported.
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5.2 Specific Questions of Interest

Section 3 of the questionnaire contained questions on specific

applications of interest to various Members. They were grouped loosely into
the areas of display, automated assistance, automatic controllers, data
logging, and maintenance assistance.

The specific applications surveyed included organizing and prioritizing

alarms, on-line display of variables, display of procedures, and display of
flow sheets or related data. A1l of these applications were strongly supported
by almost all Members. With the exception of the display of standard or
abnormal procedures, there were several implementations and plans for each
application. Finland reported the only current implementation of the display
of procedures in control-grade uses with France, Germany, Spain, and the u.s.
having future plans.

The suggested dpplications of computers as automatic controllers resulted in
mixed and sometimes polarized responses. Control of reactivity either directly
or indirectly (through the automatic adjustment of setpoints for other control
systems) received a full range of responses from Members with some current
implementations. Direct and indirect control of other processes alsoc drew
mixed responses for both safety and control systems but nearly unanimous
approval for indirect control of control grade systems. Canada, Finland, and
Sweden reported some current implementations.

Nearly all Members approved of the specific capabilities of computer-based

data loggers able to provide logged variables in hard copy and machine readable
form and discrete event recording. Several reported current implementations of
such systems.

Four questions were asked on the subject of computer systems providing
assistance in maintenance activities. Scheduling applications were approved
strongly by all but two Members. However, the use of expert systems for
diagnosis and systems for the display of maintenance procedures received mixed
reviews. There was general disapproval of using computers for the performance
of maintenance; however, Finland, Japan and Spain considered this application
fully appropriate.
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5.3 Design Methods and Implementation Techniques

The questions in this section addressed approaches to the development and
evaluation of computer-based systems. The first sub-section was on system
specifications.

There were five questions in the area of system specification. The first
questions were on the methods used to assure the acceptability of hardware and
software systems. A1l Members reported using thorough testing of hardware and
more than half controlled the development process to assure acceptability of
the hardware systems. For software systems, the same methods were uses with
many also using formal specifications. When asked what plans were prepared,
all Members reported using some of the listed plans with most using quality
assurance plans, software verifications plans, software test plans, and
programming conventions. ‘

The next question addressed design review techniques. Almost all Members
reported using preliminary design reviews and the majority used critical design
reviews. The question on preparing human factors engineering specifications
resulted in almost all Members reporting development of specifications for
displays, input devices, control room or pang] layouts, and interactions
between the devices and the operator. However, the question on the design
methods for human-computer interaction did not show the same universal use. Of
the eight methods listed, only two were used by the majority of the Members:
static or pseudo-dynamic function markup studies and operator performance or
plant dynamic simulator studies. The other analyses of operator function,
task, workload, reliability analyses were used by only a small number of
Members.

The next section addressed the software development methods of configuration
management, programming languages, and programming standards or conventions.
The software configuration management techniques used by the majority of
Members were normal record keeping, computerized libraries of applications’
source and object codes, and the assignment of a person as a software
configuration manager. The programming languages used by the most Members were
assembly (by all Members) and Fortran (by all but 1). Finland was the only
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user of three of the languages listed: Ada, Lisp and Proldg. Spain was the
only user of Basic. There was a wide range of applications of the
standardization techniques suggested. The only programming standards used by
the majority of respondents were standard headers and limits on the depth of
nesting of subroutines.

There were a few questions concerning design options. All Members reported
using a single computer with redundant inputs and outputs with an automatic
backup computer ready to take over. Over half of the Members reported that
this configuration was also used for both safety and control applications and
the other applications were for control applications only. The next most
common configuration was the same design but without the backup computer. The
use of three and four computers with voting logic was reported by Italy and the
U.S. Almost all Members also reported using distributed computers and many
used "data highways."

The next section addressed software validation testing. A1l or almost all
Members reported using acceptance or validation test plans, input/response
tests with static, simulated, and pseudo-dynamic testing, open loop on-site
tests, and quality assurance functional audits. When asked which of the tests
were automated, Canada reported having automated three, the U.S. two, and
Finland and Italy, one each. Most countries also reported repeating almost all
the tests used for the first time with two countries repeating only one test
each for revisions to the system.

The survey also obtained information on the Members' experience with
applications of computer-based technology. A1l Members reported that their
most recent designs included the use of color CRTs, used mostly for safety and
control applications, and almost all were a combination display technologies,
conventional analog (parallel) and CRT (serial) displays. Spain and Germany
were the only Members who reported the use of monochromatic CRTs in their
latest designs. Keyboards with special purpose keys were also used by all
Members, mostly for both applications. There were only a few applications of
other devices such as conventional switches and cursor control devices. When
asked about how long spare parts were stocked, there was a wide variation with
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the 6-10 year band being only somewhat more common. Only a few Members
reported use of a direct digital control in closed-loop controls with Canada
and Sweden using them in 75-100% of their control loops closed through a
computer.

Members were asked to identify research needs. Of the 13 responses, the most
commonly supported areas were: software verification (12), software validation
(11), software reliability (10), quality assurance techniques (10), and
human-computer interface design (10). When asked to identify their top three,
software reliability and human-computer interface design were listed most
often.

5.4 Concluding Remarks

This survey was very long and therefore significant efforts by respondents

who thoughtfully completed this survey should be recognized. The survey asked
many difficult questions concerning a very wide range of applications and
methodologies. While there was often agreement among Members, there were also
many occasions of wide differences among the Members concerning the
appropriateness of suggested applications and state of plans for
implementations. The documentation of these similarities and differences
provided here and in the full report should provide a useful basis for exchange
of information on the use of computers in nuclear power plants.
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Survey of the Use of Digital Computers in Contol Rooms
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' OCDE . OECD

 ORGANISATION DE COOPERATION ET ORGANISATION FOR ECONOMIC
DE DEVELOPPEMENT ECONOMIQUES CO-OPERATION AND DEVELOPMENT

AGENCE POUR L'ENERGIE NUCLEAIRE/NUCLEAR ENERGY AGENCY

‘38, boulevard Sechet
15016 PARIS

Ta. 45248200

EN/SITR Paris, 22nd December 1986

To: Members of CSNI Principa) Working Eroup No. 1

- PWG 1 Task Force 6 -
. . (Use of Digitial Computers 4n Control Rooms)

At the 13th Meeting of the CSNI held 4n November 1985, the Committee
endorsed the PWG 1 proposal to establish a new Task Force for assessing the
Use of Digita) Computers 4n Control Rooms of Nuclear Power Plants.

" It was agreed by the Task Force members that a questionnaire would be
prepared for collecting information on vartious aspects of the use of gigita)
computers in Member countries. Accordingly, a Task Force member, Mr. Kennedy
of the USNRC, has prepared and revised a draft questionnairé 4n an attempt to
make the survey as complete and comprehensive as possible. :

You will find enclosed the final version of the questionnaire thus
prepared to be used for the survey of technical specifications. I should be
grateful if you would:

(1) Distribute 1t to appropriate persons 4n the regulatory bodies,
_research organisations and industria) organisations which are
concerned with the use of digital computers in contro) rooms of
nuclear power plants;

(11) Collect the necessary information to complete the questionnaire.
When you distribute the questionnaire and collect the
information, please take care that the dnformation represents a
complete picture of the situation 4n your country, and not Just
of one specific area, e.g. vendors, utilities, regulatory bodies
and research organisations;

(111) Send a single response representing the status in your country
both to the NEA Secretariat and Mr. Kennedy at the address given

below, by 28th Februyary 1987.

.Q'.,o..




Encl.

Mr. William G. Kennedy

Human Factors Issues Branch

Division of Human Factors Technology
Office of Nuclear Reactor Regulation
USNRC :

Washington DC 20555

United States.

Thank you in advance for your co-operation.

Yours sincerely,

Blipwgeh- Dk

Haruyukd IWABUCH]
Nuclear Safety Division

APPENDIX A
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Survey of the Use of Digital Computers
$n Control Rooms of Nuclear Power Plants

Purpose

This survey is designed to gather information on the {nternationa)
development and use of digital computers in the control rooms of nuclear
power plants. The results of the survey will be a basis for the exchange of
information among participating countries.

Scope

This questionnaire addresses present and future uses of computers in control
rooms under the topics: general areas of applicstion (Section 2), specific
spplications of particular interest §Section 3), and design methods and
{mplementation techniques (Section 4). An {dentification of the source of
{nformation s Section 1.

Geners) Instructions

-

. Please answer this gquestionnaire for your country. The\request for national
responses s intended to reduce sny biases that may occur due to interests in
promoting specific applications. Later efforts can discriminate responses as
necessary.

When completing the questionnaire, please take into account the following:
(1) Questionnaire responses should represent the count
by including the different practices, views, and pEans of
vendors, utilities, regulators, and research organizations.
(2) Operating power reactors and planned reactors should be {ncluded.
(3) A1l modes of plant operation should be considered.

Definitions of Terms

Control Application:

A system or function whose response to &n accident condition {s not 8
significant des1gn objective for the plant, i.e., not 2 safet{ system.
A Scontrol® application is not exeected to have the same level of
rel{ability and performance as a “safety” application would. (The term
4s abbreviated to "control.”) :

Safety System or Function:

A system or function that responds to an sccident condition in some
predetermined manner. (Note: It may alsc have control functions.) These
two terms describe two cTasses of applications with respect to tneir
safety significance. (The terms are abbreviated to *safety.”)

01 609
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SECTION 2: Applications of Digital Computers

An abstract mode) of the use of digita) computers has been developed to
describe al) potential applications. The model consists of one or sore
digital computers 1ncorgormd. wun‘n{. in the control function between
the operators and the plant processes. The computer systen(s) collect data
concerning the plant processes and present informatfon to the operators as
raw or processed information concerning the plant conditions., Operator aids
may also be provided. 1In some applications, the computer system(s) are
transparent and operator commands are sent as controls directly to the plant
process equipment without apparent use of the computer, In other

_applications, the system(s), respond automatically to g‘lant conditions without
operator participation. As the data concerning the plant conditions becomes
known and contro) commands issued, the computer system(s) may log this
information for recordkeeping or later review. *

information
displays

general
plant y data logging
operations ‘

To collect information in the l““tltioh areas §1lustrated by the model, the
questions are grouped in the fo owing subsections:

2.1 Genera) plant operations - a overview or summary of computer applications

2.2 Data gathering - obtatining information describing plant
conditions . 2
2.3 Information display - presentation of raw or processed inforsation

to the operators

2.4 Operator afds « {nformation processing to support operators
decision-making, monitoring functions, etc.

2.5 Entering commands - obtaining command input from operators

2.6 1ssuing control signals - the output of the computer system(s) to
control the plant equipment

2.7 Automatic controllers - process control without operator participation

2.8 Data logging .« pecording of plant conditions, coomands, or
. control signals d{ssued -

.
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In each of the subsections, the first six questions are address the same set
of features. This s done to provide assurance that the necessary questions
are asked in each area. These questions address the basic features of
digital computers. .

reliability = The relfability of digital computers is often considered higher

than other technologiss.

replacement = Digital technologies have been replacing analop approaches for

sdditional

remote

many reasons such as cost, maintainability, response time,

and precision. Examples include replacing an operator with a
set of automatic controllers, replacing analog displays with
computer generated displays, replacing breaker control circuits
operated from the control room with computer generated

signals to local breaker controllers, and replacing strip-chart
event recorders with computer controlled event reports.

- Digital computers may be added to plants to provide more of the
same general functions being performed by other systems,
Examples include more sampling of sensor data, additional
alarms for single parameters exceeding preset values,
computer-based presentation procedures in addition to paper
copies, and keybosrds entering the same commands to operate
valves and pumps.

- The need for capabilities or functions not possible with other
technologies may be a reason for the application of computers.
Examples include high-speed recording of sensor data to capture
changes occurring faster than current devices allow,
computer-generated spoken alarms, 3-dimensional presentation
of plant data with 20 minute :rejections of current trends, and
control of components by touching a graphic presentation to
start & sequence of operations to change the heat-exchanger in
use.

- Information converted to a form that can be used by digital

computers can support functions away from the source of the
information. Examples include displays of specific parameters .
at the rtgu\:ting suthorities offices, controllers for steam
valves far enough away to be safe from a damaging steam
environment, and remote controls to allow shutting down the
plant {f the contro) room is uninhabitable.

flexibility - Digital computer systems can be significantly more flexible

than other technologies. Examples include standardizing

computer controllers so that one controller could be

reprogrammed to control another system, allowing operators to

design their own displays or the sequences of actions to be

gerformcd for operator entered commands, and changing the data
ogged to meet temporary needs.
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[

This section requests an evaluation of the appropristeness and current state
of digital computer applications. . .

For each application, please evaluate and mark (1) the appropriateness of the
appl}gagioa and (2) the state of the implementation. Two scales are
provided. )

Appropriateness Implementation
Appropriate Not Years unt{l implementation:
Appropriate Never 0 2 4 € Unknown
: L ® [ J 3 : : L J 3 [ ] : [ ] : L J :

For the appropriateness scale, please circle the mark indicating the evaluated
degree of appropriateness. The mark should indicate & balance of opinion or

e:idgnucc as to whether or not the application s appropriate for nuclear power
plants.

For the description of the 1n£1unenution. please circle the mark representing the
current state or plans. The ®Never®” option indicates there are no plans to ever
implement the subject application. A mark on the "0° point indicates the
application is currently in use. A mark between *6" and "Unknown" means that the
application s planned for some time after 6 years from now. °“Unknown" {ndicates
that no decision has been made on when to implement the application.

~ Since the applications may have different ns:onus for safety versus control
app'lica:ions. responses are requested for both types of applications when
appropriate.

Example: Consider the following example regarding the use of digital computers in
data gathering:

2.2.€) To utilize the fiexibility of computers in {nformation display functions:

Scales: Appropriate Not Years until implementation:

Appropriate Mever 0 2 & 6 Unknown

Safety : . . o O O t.8.2203
Contfﬂ H ® .o: :@.8.:.:.8 b4

For this example, consider that the conditions in your country are that operators
are currently allowed to use the flexibility of the computer in designing their own
information displays for control applications but standard disph{s are used for
safety systems and parameters. Therefore, the description of implementation is

as marked.

For the evaluation of the appropriateness, suppose that the use of the flexibility
for control systems has improved operator understanding of the {nformation for whicl
they designed the display but is a distraction from their regular duties, has
hampered communications between operators, and has caused operators not to review
all the information that should be regularily reviewed. Therefore, for control
systems, the appropriateness s toward the *not appropriate” side and for safety
systems, the consensus s that the application of digital computers in not
appropriate. .
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SECTION 1: ldentification of the Source of Survey Information:

This section requests Indentification of the sources used in reiponding to
this questionnaire.

1.1 Person answering questionnaire:
Name:
Country:
Organization:
Address:

1.2 Please provide the reference date for’ the responses:
Date:

"1.3 Please describe the resources upon which these responses are based:




70

Scales: Appropriate Not
' Appropriate Never

2.1 General Plant Operations

o
o

e % e3 e8.0°

In the area of general plant operations, please indicate the

appropriateness and the state of the implementation of computers:
1) To $ncrease the reliadbility of overall plant operations:

Safety 2 .« o o 3 H

Control : o o o ¢ H

2) To provide a replacement for operator(s) in the

s‘f‘u H . ° . H H
Control & o« o« o ¢ s

3) To provide additiona) functions similar to those of human

in the control room:
Safety
Control

®
L

control room:

3

(1)

APPENDIX A

Years until implementation:

0 2 4 G-UnkncT

operators

4) To provide new operations not possible with conventional means:

Safety
Control

L3 [ 3
] ®

.0
]
]
[ ]

e b3
[ L

[
*

[ 1]

§) To provide routine or emergency control of plant operations

from the control room:
Safety
Control

H

6) To utilize the flexibility of computers in the overall plant control:

Safety : o« o o 3 H

Control ¢ .« .« o 3 H

L4
*
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Scales: Appropriate .. Not Years until ieplementation:
Appropriate  Never 0 2 4 6 - Unknown
: L ] [ ] [ ] : 3 : [ ] : L 3 [ J 800 :

2.2 Computer applications in dats gathering

In the area of data gathering, please indicate the
appropriateness and state of impiementation of computers:

1) To increase the relfability of data gathering systems:

Safety S o o o ¢ $ S e2 el

Control ¢ . o« o« ¢ $ S e

2) To provide replacement data gathering systems:

Safety : .« o o ¢ $ et etetec
Control .‘. o ¢ $ 2elelelec

3) To provide additiona] data gathering systams independent from current
systems: : -
Safety S e o e - S el elelel
Control : . .« o 3 T efeletec

4) To provide new data gathering not possible with conventional means:
Safety

Control ¢ o« o o« ¢ 2 teledeltes

5) To provide information data gathering remote from the control room:
Safety
Control

[ 1]

* [ 4 [ [ 3 [ 3
: ® © 6 ®© o & ¢ o o

€) To utilize the flexibility of computers in data gathering functions:
Safety : . . o ¢ : T 2 efeleltel
Contrel ' . .« o ¢ 2 S ef el eltes

7) To utilize the data validation capabilities, such as cooplex rationality checks
and cross checks with other data:

Safety
Control

e 3 e

® - ®
. L] L J [ 4 . ® ®

[ 1}
'R
oo
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Scales: Appropriate Not Years until ixplementation:
" Appropriate Never 0 2 4 6 Unknown
. H ° ™ Y H } $ e 8 e 8 e s

2.3 Computer applfcations in information display

In the area of information displays, please {ndicate the
appropriateness and state of implementation of computers:

1) To increase the reliability of information displays:

Safety ¢ o . o . P el efel.
Control ¢ . o« o $ S efefele
2) To ﬁrovide replacement {nformation displays:

Safety Y 2 S e2e2e8.
Contrel ¢ . . . 3 $ 2eloefelel

3) To provide sdditiona) information displays {ndependent from current systems:
Safety
Control

4) To provide new information displays not pessible with conventional means:
Safety
Control

(3 . [ 4 * ° [ 3 [ 4
L3 . e ®© & & o o & o o

5) To provide information displays remote from the control room (e.g. shift
supervisor's office, emergency control room, engineering offices):

Safety S e o o S 2 et el eloe
Control ' .« o« o $ 2elef el )
§) To utilize the flexibility of computers in {nformation display functions:
Safety

Control

L3 * b ® ® 3 L3
e L ® & © & & & ¢ o o

[ 4 [ 4 * ® ® ® o
* . ® & & o o ¢ O o
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Scales: Appropriate Not Years unt{) implementation:
Appropriate Never 0 2 4 6 Unknown
S ¢ o o 3 $ Selel et
2.4 Computer applications as operator aids .

In the area of operator aids, please indicate the
appropriateness and state of implementation of computers:

1) To increase the reliability of operator aids:

Safety S e o e ¢ 'S S e et et e
Control ¢ .« « o 3 $ $eleel e
2) To provide replacement operator aids:

Safety ¢ o« o o ¢ 8 2 efelel.e
Control ¢ .« .« o 3 T tetefeted

3) To provide additional operator aids {ndependent from cum'nt systems:
Safety T o e o 3 S 2 elelele
Control ¢ . .« = ¢ $ S efeleles

4) To provide new operator aids not possible with conventional means:
Safety
Control

5) To prov;ide operator aids remote from the control room (e.g. shift
supervisor's office, emergency control room, engineering offices):

L4 ® L4 * [ 4 * L3
® ® L e L4 e © ¢ © ¢ o o ¢ o

Safety = o« o o 3 T 2 el eleslel e
Control ¢ . .« o 3 3 2e3elel.
6) To utilize the flexibility of computers in operator aid functions:

Safety S e o o o T S el eleles

Contrel : .. . . 3 $ S efelelel

7) To improve the control by operators of processes which are difficult for
operators to control, such as non-linearities or non-minimum phase effects:

Safety
Control

. . . [ [ ° °
. . e e o 0o &6 ¢ & O ¢

H H 2 e el e
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Appropriate
: @ - ® a= .—:--o - -
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Years until implementation:
2 4 6 Unknown

L4 3004‘ ‘-‘. 3

Never

0

8) To provide replacement for some operator actions by semi-automatically doing a
sequence of actions during norma) operations as directed by operators (e.g.,
as the valve manipulations to switch operating pumps in 8 fluid system):

Safety : .« o« o ¢
Control : . o« o ¢

®
.

<

L3
®* @

9) To provide replacement for some operator actions by semf-automatically doing a
sequence of steps 4n response to abnormal station states as

operators (e.g., response to a minor alarm condition):

Slf!ty s . . . :

Control : ° . ™ H

L4
®

directed by

o $

10) To maximize safe comercial operation of operator controlled processes by
providing better operator control close to the safety margins:

*
*

Safety S e o o ¢
Control : . o« o ¢
11) To provide administrative functions for operators
the plant:
Safety $ o e o
Control : . . .

L2

*
®

not related to operations of

[ 3
[

L4
L]

12) To irprove the efficiency and performance of the other than

operators, such as maintenance staff:
Safety
Control

[ ]

o

control voom




© Scales:

2.5 Computer applications §n entering operator commands

Appropriste Not
Appropriate
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Years until implementation:
4 6. Unknown
$e8 el 3,0 H

H

Never O

In the area of entering operator commands, please indicate the .
appropriateness and state of implementation of computers:

1) To increase the reliability of the entering of operator

Safety
Control

2) To provide replacement methods of entering commands:

s.f.t’ H . . ° H

Controd : . .« .« ¢

o
[

e
L 4

°
®

commands :

3) To provide additiona) methods of entering commands {ndependent from current

systems:
Safety S e e o ¢

Control : . . o ¢

4) To provide new methods of entering commands not possible with

means':
Safety
Control

*
®

*
*

®
L J

o
®

*
o

°
*

5) To provide coemand entering remote from the control

[ 3
*

L ]

6) To utilize the flexibility of computers in changing the

Safety S o o o S
Control : .« o o ¢
commands :

Safety S e e o 3

Control

-
L
.
.

‘conventional

[ 1]

methods of entering

(1)
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[ 4

Scales: Appropriate . Not . Years until {mplementation:
Appropriate Never 0 2 4 6. Unknown
H - . . : H $eded e 8.0

2.6 Computer applications in 1ssuing control signals

‘In the area of 1ssuing control signals, please indicate the
appropristeness and state of implementation of computers:

1) To Yncrease the reliability of control issuing systems:
Safety ‘

[ 4 ° [
L] e o & o

Control

2) To provide replacement control issuing systems:

Safety ¢ o oo o 3 8 2 e2e8e8e
Control ¢ .« o o 3 $ Se%efes.

3) To provide additiona) control issuing systems independent from current
systems: .
Safety T e o o ¢ S el elelec
Controd ¢ . . .« 3 2 S eleletec:

4) To provide new control issuing not possible with conventional means:

Safety S e o o 3 2 S el elele
Contrel ¢ . . o« ¢ $ $elelesde
5) To provide control issuing remote from the control roce:
Safety $ o o o ¢ S 2 elel el :
Control _ 2 .« <« =« 3 : 2eleledel
€) To utilize the flexibility of computers the methods of tssuing controls:
Safety $ o o o 3 $ 2 eSelelde
Control ¢ o . o 3 $ 2 e%eleles

7) To utilize the control signal validation capabilities, such as complex
rationality checks and cross checks with other {nformation:

Safety
Control
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Scales: ‘A.pproprim' Not Years until implementation:

Appropriaste Never 0 2 4 6. Unknown
: ° . . 3 H $ e ededs:

2.7 Computer applicstions as sutomatic controllers within plant systems

In the ares of automatic controllers, please indicate the
appropriateness and state of implementation of computers:

1) To increase the reliability of automatic controllers:

Safety ¢ o o o 3 ¢ 2efeleltes

Control ¢ o o« o 3 $¢ 2o e%e
2) To provide replacement automatic controllers:

Safety $ o o o ¢ ¢ 2 e eloetes

Control : o o o 3 $ S efetele

3) To provide additional automatic controllers {ndependent from current systems:
Safety
Control

[ 4 * - L4 L4 L4 *
[ Z L4 ® & & & o o o o o

4) To provide new automatic controllers not possible with conventional means:
Safety
Control

L3 * 4 o L3 * *
(3 * ® © & & & & o & o

§) To pro'vide automatic controllers remote from tontrol functions normally
performed in the control room (e.g. shift supervisor's office, emergency
control room, engineering offices): :
Safety

Control 2 o o« o ¢ S 2 et eSeles

6) To utilize the on-1ine flexibility of computers, such as to change the control
of processes in progress:

Safety $ e o e o ¢ el elele

Control : 2 2 et eteles

(1)
[ ]
L]
L]

7) To utilize the off-1ine flexibility of computers, not necessarily by operators,
such as for modification of contro‘ algorithms, control constants, etc.:

Safety
Control

* ° ° [ 4
: L ....:."..

. * o L3 L4 .
: L] e ®© ® & 6 @ @ O o
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Scales: Appropriate Mot Years until implementation:
Appropriate Never 0 2 4 6 Unknown
$ L) ] ) 3 H el el e S0 ?

8) To provide replacement for some operator actions by taking hmy automatic
corrective control action in nsgonu to abnormal station states (e.g., reduce
reactor power on boiler low level): :

Safety

Control

°
o

* $

o0
L
[ ]
[ ]
oo

9) To maximize the safe comercial operation of the process by automatically
operating close to the safety margins:

Safety : . . . .3 S el

Comntrol ¢ o« o o ¢ $ 2efelfoele ’

]
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 -Unknown
H ° . . H .. H S e 08 el

2.8 Computer applications in data Yogging

In the sres of data logging, please indicate the
appropristeness and state of implementation of computers:

1) To increase the reliability of data logging systems:

Safety : o o o 3 ¢ el eleles
Control ¢ .« o« o ¢ $ 2 e2elele
2) To provide replacement data logging systems:

Safety $° e o o ¢ $ S el efelaes
Control ¢ o+ o o 3 ¢ 2efeloelae

3) To provide additfonal data logging systems {ndependent from current systems:
Safety
Control

e
°
L]
[}

4) To provide new data logging systems not possible with conventionﬁ peans:
Safety
Control

s H e el el

§) To provide data logging outputs remote from the control room (c.g. shift
supervisor's office, emergency control room, engineering offices):

Safety ¢ .. oo o ¢ $ S elelele
Control 2 o o o 3 § $elele3e
€) To utilize the flexibility of computers in data logging functions:
Safety S e o e ¢ S 2 efelele
Contrel ¢ . . o $ $efelele

7) To provide record keeping for operators administration ;eg. work orders,
abnormal plant states, flow sheets, operating procedues):

Safety
Control

L3 o * * 3
: [ ..O...:.O
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SECTION 3: Specific Applications of Digital Computers of interest:

This section is similar to Section 2, but 1'nc'lud¢s specific applications of
interest. The same instructions apply.

Scales: Appropriate Not Years until {mplementation:
, Appropriate Never 0 2 4 6. Unknown
: L J [ ] [ J : : : ® : L J z L J : * :

3.1 Display Uses

1) To organize or prioritize alarms and annunciations to 1imit overloading of
operators or to otherwise organize the data:

Safety S o e o .S $ 2 eeleles
Control ¢ . o o ¢ T 3eteteles

2) To provide on-1ine display of numeric and trend data and other plant variat®ss
or states: .
Safety "2 . . o ¢ . $ S e2elefe?
Comtrol ¢ o« .« o« 3 ? $e%efele

3) To display of standard and/or abnormal operating procedures:
Safety
Control

*
*

4) To display of flow sheets and related plant data:
Safety
Control

3.2 Automated Assistance

o
L]

°
[ ] [ ] L ] : . e ®

(1
®
L]
.

L4 e

1) To provide sequential display ({.e. prompting) and tracking of sanually
executed sequence of control actions (e.g. testing of safety systems, startup
of turbines): ' :
Safety

Control

[ o L 4 * L * L 4
o * e ® & & & & & o o i

2) To provide automated uqu.encing of operator actions (e.g. testing of safety
systems, startup of turbines):

Safety

Control

(1]
L]
[ ]
]

[ 1)
(1]
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown
H ° . PY $ H $ e 08 e 20

3) To provide deterministic or exgert systems as decision aids to assist the
operator in diagnosing abnormal conditions or {n assessing the consequences of
proposed actions: .

Safety : . . . ¢ P fefelefaet
Contrel ¢ o o o ¢ ’ $ 2 el ef el

4) To provide deterministic or expert system to assess plant or gystem states,
{ntegrity and/or redundant systems:

Safety $ e« o o 3 $ S elefotes
Control ¢ . .. o ¢ 2 2 efelele

3.3 To Provide Direct and Indirect Digita) Computer Control

1) To provide direct digital control of one or more reactivity mechanisms:

Safety $ e o e 3 ? 2 eteleles

2) To provide indirect digital computer control thrw‘h control of the setpoint
for one or more analog reactivity mechanism control loops:

Safety $ o e o 3 $ S el el ete

3) To provide direct digital control of one or more processes (e.g. flows,
pressures):

Safety ¢ e e o $ 2 e elelec

Control ¢ . o« =« ¢ T 2 el el

4) To provide indirect digital cmpute!" control through contro! of the setpoint
for one or more analog process control.loops (e.g. flows, pressures):

Safety
Control

[ 3 . [ 3 [ 3 [ 3
: : e ®© & & o o o o o

[ * [ 4 * *
: : e @ 6 & o & ¢ O o
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3.4 Data Logging

Not
Appropriate
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Years until inplementation:
0 2 4 6 Unknowmn

el el olde

Never

1) To provide data Yogging of plant variables and states in & hard copy form for

control or safety purpose:

Safety S .

Control ¢ .

®
[

2) To provide data logging of plant variables and states in a machine readable

form:
Safety S .
Control ¢ o

3

3) To provide event recording systems to record the timing of a sequence of

discrete events:

Safety

Control

3.5 Maintenance Assistance

1) To support scheduling of routine maintenance:

Safety $ .
Control : .

2) To provide determ
personnel of comp

Salety S .
Control : .

3) To display maintenance procedures:

Safety
Control

4) To perform maintenance procedures automatically:

Safety
Control

[ ]

*
o

*
L

°
L]

o
®

o
[ 4

L4
L J

*
.

[ ]
®

inistic or expert systems for the disgnosis by maintenance
onent or system faults in or out of the control room:

*
o

(1]




Section &4: Digital Computer System Design Methods and
!mTementat%on Tecﬁnggues: - - -

For this section, please indicate whether the method or technique 4s us
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e\: for safety

and control applications, 1s not used, or 15 unknown by circling either

*S* for safety applications
°C* for control applications
®N® for not used

*U* {f unknown

Please do not include applications that are only under evaluation or being

experimented with,

techniques in your country,

4.1 System Specifications

1)

2)

3)

Please identify which of the following techniques
are used to assure the acceptability of the
hardware of computer systems:

a) Complete formal specifications

b) Control of the development process

c) Thorough testing of the end product

d) Other (specify)s '

Please {dentify which of the following techniques
are used to assure the acceptability of the
software of computer systems:

a) Complete formal specifications

b) Control of the development process

¢) Thorough testing of the end product

d) Other (specify):

Please tdentify which of the following plans
are prepared:

a) Quality Assurance Plan

b) Software Verification Plan
c) Software Test Plan

¢) Programming Conventions Plui
e) Other (specify):

w " »w w

w Vv un» nw»

" »nw » »w w

o O O O o O O O

o O 0 00

[ S N N — e € €«

c € € c c

Please add to the 1ists as necessary to describe the methods and




84 | APPENDIX A

og® for safety applications
sc* for control applications.
X" for not used

U* 4f unknown

4) Please identify which of the following design
review techniques are used:

a) Preliminary design review:. s ¢ xw U
b) Critical design review: s € n U
¢) Code walk-through: s € % UV
d) Other (specify); s ¢ n U
§) Please {dentify for which of the following areas

numan factors engineering specifications are
prepared:
a) Display requirements s C N U
b) Input device requirements s ¢ x v °
c) Input device and display interaction

requirements s €C N U
d) Control room or panel layouts, and input device

and display arrancement requirements s €C NV

]

e) Operator input device and display interaction
dialog requriements s C n U

) Other (specify): s ¢ % U

”
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€) Please {dentify which of the following methods

are used in the design of the human-computer
interface:

a) Operator function and task amalysis

b) Human factors engineering test and
evaluation program

¢) Morkload amalysis
d) Human reliability am\ysis'

e) Static or psuedo-dynamic function mock-up
studies

f) Operator performance or plant dynmamics
sinulator studies

g) Studies of hardware or software fajlure
effects on operators tasks and functions

) Experimental research on input device and
display design

1) Other (specify):

4.2 Devehg_ngnt Methods

1)

Please {dentify which of the following software

configuration smanagement techniques are used:
a) Normal record keeping

b) A computerized Vibrary of application
source and object codes .

APPENDIX A

ss* for safety applications
oc* for control applications
*N* for not used

*U* 4f unknown

¢) A computerized library of public source codes
(1f availadle) and object codes (e.g. operating

system, compiler, editor)

s C % U
v
N
U
s € n U
$ ¢ n UV
s C & U
cC X U
X U
s C n U *
s € x U
N

d) Designation of a software configuration manager S C N v

e) Including on-1ine readable record of its issue

1nfomﬁon

€) On-line software checks(s) of the issue number

compatibility of software with software, and

of software and firmware media
g) Other (specify):

c x U
s ¢ n Vv
s C x U




2) Please identify which programming languages

3)
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are used:

a) Assembly

b) Ada

¢) Basic

d)C

e) Fortran

f) Lisp

g) Pascal

h) Prolog

1) Other (specify):

APPENDIX A

og* for safety applications
oc* for control applications
*N* for not used

*y* 4f unknown

PP S Y Y, T " T T B B L B
O O OO 6O 0O 0O 0 00
® X M M B R B =R =R

Please identify which of the following programming

standards are used:

3) A coding format to indicate routines
b) Single entry, single exit of 2 routine
c) No unconditional G0 TO statements

d) No Recursive routines

e) Limited nesting depth for routines

£) Maximm routine length

g) Minimm routine length

h) Standard header format for routines
1) Other (specify);

PPV N 7 7 T 7 N T B
o 0O 0O O O 0O o0 00
”» M B R ®X® B =R XX XN

e c e e e e &

c & ¢ e & e &€ & C
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4.3 Design Options
1) Please {dentify

redundancy are used:

) A single computer which may have redundant
inputs and outputs

b) A primary computer which may have redundant
inputs and outputs and has a duplicate backu
computer which can automatically take over t
functions of the primary computer

¢) Triplicated computers which function through
s two-out-of-three voting circuit

d) Four computers which function throu h one OF
more, two out of three voting circuits; (one

APPENDIX A

g for safety applications
sC* for control applications
*N* for not used -

*y® 4f unknown

which of the following levels of

computer may be rejected by 1ts own action or

by the combined action of the other three)
¢) Other (specify):
2) 1s a single computer used

3) Are distributed computers used
4) Are data highwvays used

4.4 Testing
1) Please identify which of the following software

validation tests are used

a) Preparation of an Aceptance or Yalidation
Test Plan

b) Static input/response tests

¢) Pseudo-dynamic input/response tests (e.9.
ramp $nputs through their ranges)

d) Simulated input/response tests
e) Open loop, on site tests

£) Stress tests (e.g. outside the input voltage
1imits, excessive input data rates)

9; Quality Assurance Functiona) Audii
h) Quality Assurance Physical Audit

1) Other (specify):

$ ¢ X
$ ¢ X
s € N
S ¢ N
S C N
s C N
C X
$ C X
s ¢ N
s ¢ N
s ¢ N
s C N
s ¢ N

c c & ¢c e

[ —

cc e «©
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ogs ¢or safety applications
sc* ¢or control applications
*N* for not used

sy® 4f unknown

2) Please ddentify which of the above are autosated:

abcdefghi

3) Please identify which are repeated for revisions to the systems:

abcde fghi

4.% Agg11cations Experience

1) Has & human factors engineering study for an
application {ndicated that a non-dymamic,
non-interactive CRT display was the system
of choice (1.e0., fixed format with periodic
data updates)?

2) Please identify which of the following
characteristics described in the most recent
control room display designs:

a) Principally all parallel (i.e., conventional
analog display)

b) Principally all serial (1.e. CRT displays)

¢) A combination of parallel and serial

d) Monocromatic CRT's

¢) Colour CRT's

) Other (specify)s

3) Please ddentify which of the following
characteristics describes the digita) computer
{nput devices used on the most recent designs:

a) Conventional switches (e.g., pushbutton,.
knobs, and switches)

b) Keyboards with a\phanunefic and special purpose R

keys

¢) Cursor control devices (e.g., Joysticks, mouse,

and roller ball)
@) Other (specify):

s ¢ n U
c n U
s ¢ XN U
s C x U
s ¢ % v
s ¢ n UV <
s ¢ x VU
s C K U
c x v
N v
s ¢ n U

(A
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eg* for safety applications
sce ¢or control applications
- i X" for not used

*y* {f unknown
4) For what period of time are spare parts stocked
(§.e. to guard against obsolescence)?
a) Up to 5 years $ ¢ X U
b) 6 to 10 years s ¢ XU
¢) 11 to 20 years s ¢ x U
d) 21 to 30 ysars s ¢ n v
§) Of the control loops closed through a digital )
gng:réo:t&:‘genennge currently use direct . -
a) 75% - 1003 s C x U
b) 503 - 75% s ¢ xn VU =
c) 255 - 503 s C N U
d) 0%~ 253 s € N UV
4.6 Research Needs |
1) Determination of hardvare relfability s ¢ N U
2) Determination of software relfability $ ¢ X U
3) Software design techniques s ¢ xn VU
4) Software verification techniques $ € &V
) Software coding technigues (4ncluding
programming languages) s ¢ n UV
€) Software validation techniques s C n U
7) Softwars documentation techniques $ C % U
8) Configuration management techniques s € N UV
9) Scftware maintenance techniques s ¢ n U
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oge for safety applications
sC* for control applications

10) Quality assurance techniques

.11) Human-computer {interface design techniques

12) Input and database integrity ticnhtques

13) Other (specify):

14) Please prioritize the top three research topics:
ist priority: '
2nd priority:
3rd priority:

4.7 Additional Comments

» v »w w

¢

c
c
c

o)® for not used
*y* 4f unknown

”
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APPENDIX B

Questionnaire Results, Section 1: Respondents
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Usterreichisches

Forschungszentrum Seibersdorf Ges.m.b.H.

(vormats Dsterreichische Studiengeselischatt tOr Atomo'mrglc Ges.m.b.H.)
Austrian Research Centre Seibersdort

Institut
fiir Reaktorsicherheit

@ vLonaugasse 10 - A-1002 WIEN - Austria Postadresse ab 1. 12. 1985:

Mr. William G. Kennedy A-2444 Selbersdort
Human Factors Issnes Branch - Telefon 02254-80-0
Div. of Homan Factor Technology Telex 014-353 f2s
Office of Nuclear Reactor Regulation Teletex 61-322 2545 = FZS
USNRC Telex: 014/ 353

Bankverbindungen

C A-Bankverein:  26-34 343/02
gagh;ngton BC 20533 E. 8. Spar-Casse: 012-10122

Osterr. Linderbank: 106-100-432

ihr Zeichen Ihre Nachricht vom Unser Zeichen Sachbesardeiter Teleton (Durchwahl) Dstum

RS/rog/s DI Roggenbauer 2740 87 o1 15

Betreff:

RE: PWG 1 Task Force 6

Dear Sir,

in reply to the CSNI-letter EN/S/1731 from Dec. 22nd, 1986
I am sorry to say that I am not able to collect information
about the "Use ¢of Digital Computers in Control Rooms of
NPPs" in my country, since we don't have NPP, as commonly
known. I can only give our priorities to the research
topics (point 4.6 of SINDOC (86) 199), since this is also

valid to a certain extent to conventional plants in our
country. :

Yours sincerely

k '@?jﬂgﬂ
(H. Roggenbauer)

Encl.
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vincotte

Avenue du Roi 157 / B-1060 Bruxelles (Belgique)
Téléphone (02) 536 82 11 / Fax (02) 537 46 19/ Télex 22550

NUCLEAR SAFETY March 9, 1987
O/Ref. 738/BE/dg .
Class. 738

Mr. William G. KENNEDY

Human Factors Issues Branch
Division of Human Factors Technology
Office of Nuclear Reactor Regulation
U.S.N.R.C.

US - WASHINGTON D.C. 20555

Dear Mr. Kennedy,

Subject : Survey of the use of Digital Computers in Control Rooms
of Nuclear Power Plants.

Please find enclosed the completed survey.

May we draw your attention on page 2, mentioning that only main
frame computers have been considered.

However, and dependxng on the plant, several micro- or miai
cumputer systems are in use for particular purposes.

Sincerely yours,

Prigcipa]l Engineer.

cc. OECD - Mr. IWABUSHI
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SECTION 1: Identification of the Source of Survey Information:

This section requests jndentification of the sources used in responding to
this questionnaire.

1.1 Person answering questionnaire:
Name: B. DECKERS

Country: BELGIUM
Organization: VINCOTTE

Address: AVENUE DU ROI 157
B - 1060 BRUSSELS

1.2 Please provide the reference date foﬁ'the responses:

Date: February 1987

"1.3 Please describe the resources upon which these responses are based:

- Nuclear Power Plants :
. Doel 1-2-3-4
. Tihange 1-2-3

1.4, Assumptions made :

It.is.important to note that in this survey omly the main frame
computers have been considered, although other dedicated computerized
systems are in use :

- microprocessors in the control cabinets (e.g. steam generator level
control);

- data acquisition systems with high frequency multiplexer;

- remote data acquisition by the chemical laboratory;

- multichannel analyzers for calibration of radiation monitoring
equipment;

- computerized automatic testers of the protection logic or of the
instrumentation channels serving as input to the latter;

- separate multiuser computer .system for workorder management.
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II“' Atomic Energy  Commission de contrble:
Control Board de I'énergie atomique

P.0. Box 1046 C.P. 1046

Onawa, Canada Onawa, Canada -

K1P 589 K1P 559

DIRECTORATE OF REACTOR REGULATION

r
Your e  Voire reference

Ouwr e Notre rélerence

April 6, 1987 : 25=-N-2-2-0

Mr. H. Iwabuchi Mr. William G. Kennedy

Nuclear Energy Agency Human Factors Issues Branch

Nuclear Safety Division Division of Human Factors Technology

Organization for Economic Office of Nuclear Reactor Regulation
Cooperation & Development U.S. NRC

38, boulevard Suchet Washington, DC 20555

75016 Paris, France USA

Gentlemen:

Re: Survey on the Use of Digital Computers in Control Rooms of
Nuclear Power Plants

Please find attached the survey mentioned above, duly completed
by the appropriate specialists of the Safety Evaluation Division
of the Canadian Atomic Energy Control Board (AECB). This response
represents a consolidation of the views of Atomic Energy of

Canada Limited (designer/consultant), Ontario Hydro (the largest
Canadian utility that owns and operates CANDU reactors) and the
AECB (the regulatory body).

1 apoligize for failing to meet the deadline of February 28, 1987.

Yours sincerely,

. Ishack
Head, Event Analysis
and Generic Review Group

Attach.

Canadi
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GENERAL

1) An application may score lower on the "appropriate"” scale for ene of two
reasons:

- poor practice;
- little or no scope for applicationm.

2) We have included Programmable Controllers (PC) as digital computers.
Section 2.1

2) Control systems should not "replace" operators; they should supplement and
assist him. They should do such tasks as:

- boring, repetitive, obvious functions;

- functions which require very fast responses;

- responses to well defined abnormal conditions to move the system into a safe
state and await operator actiom.

5) We assume this question means: "to provide control function remote from
the control room".

2.4 We assume an "6pera:or aid" is any application that assists the operator
e.g. display of computer varisbles, comparisons of two variables.

2.7 Canadian safety systems are on/off devices so controller is not
meaningful. However in 8) and 9) control has been interpreted as shutdown,
for example.

3.3 1) and 3) the on/off control of reactivity and flows in safety systems
have been considered to be control.

3.3 1) and 2) we have added the line for an answer on control systems.

GIl/31




P

"1.3 Please describe the resources upon which these responses are based:
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SECTION 1: Identification of the Source of Survey Information:

This section requests indentification of the sources used in ns'ponding to
this questionnaire.

1.1 Person answering questionnaire:

Name: ﬁk/:sp//ﬁ‘l\fﬁ‘}é('

country: C' 4 (.4 DA ‘ |
Organization: {70 Af ¢ C 5/6‘?@}’@/(77704 gﬂ/" P

Mdress: 770 [SOX (O% 6
Or74waA, OnNrdR O
. KIP &89
(6r3) 795 -378%

1.2 Please provide the reference date for the responses:

vate: L74 ACsr / 7F T

D) KeSpon CENT (e ror EL. Gorrree Ao immd
DAH STrRETCH Lo Orusks A7
Arowree £xercr OF (Ouwdpd Lttt TES,
5) M. 7" M pRAN Anp O7#ERS Ar ﬂ(vrA R1 O

H v DRO .
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SECTION 1: ldentification of the Source of Survey Information:

This section requests indentification of the sources used in responding to
this questionnaire.

1.1 Person answering questionnaire:
Name: BJORN NAHLSTﬁOM
Country: FINLAND
Organization: TECHNICAL RESEARCH CENTRE OF FINLAND
Address: OTAKAARI 7 B, 02150 Espoo Finland

1.2 Please provide the reference date for® the responses:
Date: 15.2.1987

"1.3 Please describe the resources upon which these responses are based:

Draft response prepared 5.1.1987

circulated for comments to ,
L. Reiman, Finnish Centre for Radiation Protection
E. Rinttild, Imatran Voima Oy
L.E. Hdll, Teollisuuden Voima Oy

Comments obtained 30.1.1986 and integrated into the answere
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R
Geselischaft fiir
Reaktorsicherheit (GRS) mbH
* Geselschatt fur Reaktorsicherneit - Postiach 10 16 50 - 5000 Kin 1 - S —————
: Schwertnergasse 1
Organisation for Economic S000Koin 1
Co-Operation and Development Telefon (0221) 2068-0
Nuclear Safety Division : Teletex 2214123 grs d
4 #
Mr. I. Iwabuchi ‘ Teletax Nr. 2068-442
38, boulevaré Suchet \ Bank AG Kain
F=-75016 Paris Konto-Nr. 3673030
(Banideitzah! 37080040)
. #
It Zeichen thr Schreiben Unser Zeichen Tel.-Durchwahl Datum
kot-wss (0221)2068 %19 2th Dec. 87

81101/ /87

PWG 1, Task Force 6: Use of Digital Computers in Control Rooms

Dear Mr. Iwabuchi,

attached you will find the questionnaire on the use of digital
computers in control rooms of nuclear power plants for the FRG.

Yours sincerely

Gesellschaft fiir Reaktorsicherheit (GRS) mbH
- Abteilung Betriebsverhalten -

9, 7 /————_—ﬁf

- i.A: Dr. Ko off - - i.A. Voswinkel -

Enclosed

Vorsitzender 08s Au‘sKcT1.." ='8S:
Staatssexretar Cicmer: amann
Gescniiftsfunre-

Prof. Dr. Ag: - =ennenndter

./'!
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REPUBLIQUE FRANGAISE

COMMISSARIAT A L'ENERGIE ATOMIQUE

INSTITUT DE PROTECTION
SUR N IR aux-
ET DE SURETE NUCLEAIRE FONTENAY-sux-ROSES, ie 26 Février 1987
DEPARTEMENT
, Mr. William G. KENNEDY
D'ANALYSE DE SURETE Human Factors Issues Branch
Division of Human Factors Technologie
Office of Nuclear Reactor Regulation
USNRC
LABORATOIRE D'ETUDE Washington DC 20555
DU FACTEUR HUMAIN United States of America

N/Réf. : LEFH/87-32

Dear Sir,

You will find enclosed the french answer to the Task Force n® 6 question—-
naire.

As it is indicated the answer covers french PWR units
i.e. 900 MW PWR
1300 MW PWR
and 1400 MW PWR (N4 project with full computerized control room).

Yours sincerely,

M. GOMOLINSKI
Chef du Laboratoire
d'Etude du Facteur Humain

Cogie H
H. IWABUCHI
Division SQiret§& Nucléaire
OCDE
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SECTION 1: Identification of the Source of Survey Information:

This section requests indentification of the sources used in responding to
this questionnaire.

1.1 Person answering questionnaire:
Name: - M. GOMOLINSKI
Country: FRANCE
Organization: CEA/IPSN/DAS/LEFH
Address: gzgtng D'ETUDES NUCLEAIRES DE FONTENAY-aux—ROSES

92265 - FONTENAY-aux-ROSES CEDEX
. France

1.2 Please provide the reference date for’the responses:

Date: 25/2/1987
1.3 Please describe the resources upon which these responses are based:

All Electricité de France PWR units

i.e - 900 MW PWR
- 1300 MW PWR
- 1400 MW PWR (N4 project with a full computerized control room)

Other french reactors (gas-graphite, fast breeder, experimental)
are not taken into account.
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Direzione Sicurezza Nucleare 2 [: f‘-:’?.” 1\;;\7
¢ Protezione Sanitaria Y, w9
Setiste impianti in Esercizio

¢ Saivacuardia Combustibile Pos. C

Prot. n. 06456

Mr. W. Kennedy

Human Factors Issmes Branch

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington DC 20555

United States

Subject: Questionnaire on the Use of Digital Computers
in Contrel Rooms.

Enclosed you will find the answers to the CSNI questionnaire on the
Use of Digital Computers in Control Rooms of Nuclear Power Plants.

Best regards.

encl: 1
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SECTION 1: Identification of the Source of Survey Information:

This section requests indentification of the sources used in regponding to
this questionnaire.

1.1 Person answering questionnaire:

v

Name: Department of Operating Plant ~

—

Country: Italy
Organization: ENEA/DISP

Address: Via V. Brancati, 48 - 00144 ROMA wee e

. s - - - L T
A Tl TNk A a5t -

-t 48t e is Ses et »" G s ™ -, - R I T LY

1.2 Please provide the reference date forfthe résponses:
Date: 28/2/1987 .

-7 1.3 Please describg thg resources upon which these responses are based:

The answers are based on information about:

1) Caorso Nuclear Power Plant (BWR, in operation);

2) Alto Lazio Nuclear Power Plant (BWR, in construction);

3) Trino Vercellese 2 (PWR, to be built).
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AGENCY OF NATURAL RESOURCES AND ENERGY
MINISTRY OF INTERNATIONAL TRADE AND INDUSTRY
JAPANESE GOVERNMENT

Mr. William G Kennedy March 6th, 1987
Human Facters Issues Branch

Division of Human Factors Technology

Office of Nuclear Reactor Regulation

USNRC, Washington, D.C.20555

U.S.A.

Re:Response for Questionnaire by PWG-1 Task Force 6

Dear Mr. Kennedy,

Enclose please find a copy of a response for the questionnaire (final
version distributed by EN/S/1731 dated 22nd, December, 1986)

We are sorry for the delay of response which should be due on 28th of
February, 1987.

In general, as we have mentioned in the previous responses,
consideration of Japanese Government is that since the reliability of
computors is not yet established, application for safety related matters is
still too early and may need R&D efforts.

Data aquisition and limited field of plant/system controls are seemed
feasible and applications this field including for maintenance and test
procedures are being expanded.

We appreciate your activity on this respect and expect good result in
final report for this issue.

Sincerely yours

(&f (WO IRYY AN

Y. Nishiwaki

' Deputy Director for Technical
Affairs

Nuclear Power Safety Administration
Division
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MINISTERIE VAN SOCIALE ZAKEN EN WERKGELEGENHEID
DIRECTORAAT-GENERAAL VAN DE ARBEID

VOORBURG - BALEN VAN ANDELPLEIN 2

POSTBUS 69 - TELEFOON 070-69 400! : To:

TELEX 32427 SoZa NL Mr. William G. Kennedy
Office of Nuclear Reactor
Regulation USNRC
Washington DC 20555
United States.

Bijlage:
Uw kenmerk Uw briel van Ons kenmerk
DGA/KFD/87/7929A/ViB
Ondecrwerp Datum
27 mei 1987.

Dear mr. Kennedy,

In answer to your letter EN/S/1731

dd. 22nd December 1986 please find attached the
completed questionnaire on the use of digital computers
in Control Rooms of Nuclear Power Plants.

Please send any further information to mr. J. Versteeg
of the Nuclear Department of the Ministry of Social
Affairs.

Yours Sincere

Verzoeke bij beantwoording ons kenmerk en datum te vermeiden
Model arb. 182 en uitsluitend te adresseren: Directeur-Generaal van de Arbeid, Postbus 69, 2270 MA Voorburg
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SECTION 1: Identification of the Source of Survey Information:

This section requests indentification of the sources used in responding to
this questionnaire. :

1.1 Person answering questionnaire:
Name: "” d ?/%'Oon
Country: M"A Lanots
Organization: A& TR EM

Address: //'20 Chur 48
’73 3e 4/9 f?/dé/‘..f.

1.2 Please provide the reference date for the responses:

Date: 2R

7

1.3 Please describe the resources upon which these responses are based:
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5.

%%Zn49d’aé':;%?A%ddéa/u)ﬁQZA;z:-

Mr. B. IWABUCHI
NEA/OECD

Nuclear Safety Division
38, Bovd. Suchet

75016 PARIS

FRANCIA.

March, 3 rd. 1987

Dear Mr. Iwabuchi:

Please find enclosed the response from Spain to the
»"survey of the Use of Digital Computers in Control
Rooms of Nuclear Power Plants®, For any clarifications
please contact Mr. Villota (see SECTION 1) or myself.

Sincerely yours

_— 2\
f
J.Reig.
PWG 1 member.

c/c E.Gonzélez, CSNI member.
L.Echdvarri, CSNI member.
J.I1.villadéniga, PWG 1 member.




~
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..: .... | o | ’ | "\\{\

SECTION 1: Identification of the Source of Survey Information:

This section requests indentification of the sources used in responding to
this questionnaire.

1.1 Person answering questionnaire:

Country: SPds )
Organization: UNESA (ELborre T MES  ASS)

Address: = RRAVCI O GCEAVRS 3
2FPo2lo A WD

1.2 Please provide the reference date for the responses: (

'1.3 Please describe the resources upon which these reéponses are based:

Henbers of 1 Aoele~ Safe™ A“"‘*‘W"*’—]
PWR  Owuers G
Bul Owuwess Ol

JVESA ’
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2 . Dotum - Dote Vér ref - Our ref
1987-03-31 '
STATENS KARNKRAFTINSPEKTION En datum - Your dote Er ref - Your ref
e on Swedish Nuclear Power inspectorate

Mr William G. Kennedy

Human Factors Issues Branch

Div. of human Factors Technology
Office of Nuclear Reactor Regulation
USNRC .

washington DC 20555

USA

Dear Mr Kennedy

I have in order to get a "Swedish answer®, sent a copy of the
questionnaire to all swedish utilities and to the vendor ASEA-ATOM. The
Swedish Simulator Training Center did also get a copy.

I have also recieved comments regarding research needs and that is: the
importance to get the users into design - and constructionphases when
developing new operator aids.

The Swedish Nuclear Power Inspectorate does not regulate questions
regarding the use of digitial computers in control rooms.

We are however planning, from a human factors point of view, to evaluate
the effects of computarization and automatization on the operators' task
and job, in a researchproject called "studies on operators' work and
control room®.

Ygungsince:ely,

\./ // : =
Rt e A ?—././.J

Irené Blom

Copy to: Haruyuki Iwabuchi, NEA
Nuclear Safety Division




Bundesamt tir Ensrgiewirtschaft
Ofttice #40éral de I'tnergie
Utficio fecerale deil'energia
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| Hauptabtellung fOr die Sicherheit der Kernanlagen
Division Principale de la Sécurité des Installations Nuciéaires
Divisione Principale della Sicurezza degli Impianti Nucieari

CH - 5308 Wreniingen,  24. Februar 1987

@ 056/993811
Mr. William G. KENNEDY
ihre Nachricht vom Human Factors Issues Branch
Mt~ USNRC
washington DC 20555
Ine Zeichen
V.ret - V. nl USA
Unser Zeichen GR/ bh
N. ref. - N rit.

Use of Digital Computers in Control Rooms

Sirs,

Please find enclosed the answers to the questionnaire prepared by
Mr. Kennedy. The answers are based on a specific power plant, but
they might be considered as representative for the situation 1in
Switzerland.

Regards,

Enclosure
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SECTION 1: ldentification of the Source of Survey Information:

This section requests indentification of the sources used in responding to
this questionnaire.

1.1 Person answering questionnaire:
Name: Gilli Roman
Country: switzerland

Organization: Hauptabteilung fir die
Sicherheit der Kernanlagen (HSK)
Address: CH - 5303 wWdrenlingen

1.2 Please provide the reference date for'the responses:

Date: 24, 2, 1987

"1.3 Please describe the resources upon which these responses are based:

The responses are based on the NPP Muehleberg, BWR, in operation since 1972.
The existing computer, which was mainly used for core physics and thermo-
hydraulics, has been replaced by a new computer system. This system has more

flexibility and will also be used as a "Safety Parameter Display System".
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SECTION 1: ldentification of the Source of Survey Information:

This section requests indentification of the sources used in responding to
this questionnatire.

1.1 Person answering questionnaire:
Name: Willlae &, Kennady
Country: US A
Organization: US Nuctang Regouatory Commssion

Address: NZZ mMAW STOP AR S$221
US Nucrea R csoLaToRY Commssion)
Wastingron, D Z0S8S

1.2 Please provide the reference date for the responses:
. Date: 28 Fezevazy (787

"1.3 Please describe the resources upon which these responses are based:

The survey was sent to the four major venders (Westinghouse, |
General Electric. Combustion Engineering, and Babcock and Wilcox),
the Institute for Nuclear Power Operations (INPO), the Electric

Power Kesearch Institute (EPRI), several nuclear utilities, and

the organizations of licensing and research within the NRC. The
answers marked represent the personal opinions of respondants from

3 of the 4 vendors. both industry organizations, one utility, and

the NRC. The method used tc combine the input was as follows.

For the appropriatensss scale of Section 2 and 3, the extremes
at both &nds of the inputs wsre dropped and the remaining inputs
were avseraged.

For the =stimated ysars to implementation scale of Secticon 2 and 3:

if the appropriateness mark was fully "Not Appreopriate”
then a rssponse of "nevar'" was marked,

if there were 2 or more inputs in the range of 0-6+ y=ars,
then their average was marked,

otherwize. “unknown' was marked.

For Section 4., a simple majority of the inputs was used for
marking =ach of the S, C, N, ¢r U possitble answers with three
exceptions. For questions 4.4.2, 4.4.3, and 4.6.14, a voting
system was us=d to rank the responses.

v
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Questionnaire Results, Section 2: General Areas
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This appendix is a listing of each respondent's markings for Section Z

" of the questionnaire. Letter codes are used for each country to allow &
bar-chart display since mathematical analysis is not possible. The
letter codes are:

A - Austria 1 - The Netherlands

B - Belgium J - Norway

C - Canada K - Spain

D - Finland L - Sweden

E - France M - Switzerland

F - Fed. Rep. of Germany N - The United Kingdom
G - Italy 0 - The United States
H - Japan
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

2.1 General Plant Operations

In the area of general plant operations, please indicate the
appropriateness and the state of the implementation of computers:

1) To increase the reliability of overall plant operations:

<]
"
L
2 [ 3
E ] E -
D " F D F 3
c 8 | c 6 [
Safety ¢ vV v v . T
=}
L
L
L [ 3
6 F
H <]
€ E
D =] F Y
c " B [ E
Contro] t ' t 3 s L] 1 ] ] s ]

2) To provide a replacement for operator(s) in the control room:

L]
L "
K K
1 1
L] ]
F 1
€ € o
D D L
Safety c e o » P C 6
1] 1 1] ] ] 1) ] 1 3 ] ]
L.}
] | N
F F
1 H
E £
L 3 D D L
Control =« c ) " P ¢ 6 o
s H 4 3 14 s ] - ] b § H - 3

3) To provide additional functions similar to those of human operators
in the control room:

Y " "
(] x K
[ 3 1 1 L
D L} [} 3 6
B ] F F c o D »
Safety ' ' ] ' ) [ 3 » 3 ] 3
6 [ 4 K L
Control 0
€ 1 1 1]
D (] ;] L] € "
B c " F F c D )
1] ] 3 ] 1] ] ] L] L] 1 3
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Appropriate Never 0 2 4 6 Unknown

4) To provide new operations not possible with conventional means:

o " L
L3 ] " 1 LS
o € 1 6 E o "
Sa fety ¥ c s L F F c ) )
] 1 13 1 3 L] 3 s 1 3
o
n L
[
6 " L ¥
P ’ PE o8 -
Control + ¢ , , |} P et e e

5) To provide routine or emergency control of plant operations remote
from the control room:

]
" [
| [ 4
1 1
o H ¢ . 0
2 1.}
Safety » ¢ & ¥ > L
K
: : - )
[N
S T B : :
[ 4
Contr‘OT?r... St .« 3 .+ 3 < b e 8

6) To utilize the flexibility of computers in the overall plant control:

o " l;
[ 3 [N 1
0 L
Safety 'Y T & H rF 0 c € e »
] 3 ] ] ] L] L} L] L} ]
K L
L .
[N e " L K
D 0 [ 3 1 : tc> :
Controt ¢ » *»  ° y ' .
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2.2 Computer applications in data gathering

1) To increase the reliability of data gathering systems:

2)

3)

In the area of data gathering, please indicate the

appropriateness and state of implementation of computers:

: "
L X
ol “
F F
€ 13
c s H
Safety ! ' ! : : L
o
" "
[
H H
€ K E
D 1 D
c 8 ] [ =
Contred o
To provide replacement data gathering systems:
o
"
H
. . R
Safety + ¢+ o+ v o
+]
2] 1
I :
25 L3 fL
4 ] ] .
Controt ° ' '

To provide additional data gathering systems independent from

systems:
0
"
[N
K
"] "
F |8
E | 4
[ E
c 1 l.:
]
Safety : ' : ' ' LI
L]
L
[ 4
: [}
Control E. o
) F
c E
-] I » C
L ] L] 1] 1 3 3 -

2

“oX0

~OX0

4

APPENDIX C

Years until implementation:

6 Unknown

- @ AX -

“ NI X o

current

- QX
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

4) To provide new data gathering not possible with conventional means:

L
K
- o E 8
c e c om0 "
Safet M . Yot s
Yy ) ' : 1 s ’ ] s 0 s '
o
L
ﬁ L] <]
D | 3 L, ]
g : 1 : c : ® ';
COHtT‘O] ' : . ' ' s 1 . 8 1 ' '

5) To provide information data gathering remote from the control room:

L]

L]

F L]

5 o L Lok ¢
Safety c 1 » e 6 " 0 »

1] ] 1 3 1 ] 1 ] 1] L] ? L} 3 1]

0

¥ "

" o

E F 1

S 1 » 5 s b .
Control ¢ [ ¢ ., § P

6) To utilize the flexibility of computers in data gathering functions:

"
3
« L
] L]
F F
Safety : o . 5 6
c 1 » c K B
T ) 3 L s 1 L L] 3 L} ]
o
L]
L
3 o
F r
& H
E E
D D " 1
Control 2 | .t H
L} ] 3 ] 3 3 3 L 3 3 1
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

7) To utilize the data validation capabilities, such as complex rationality checks
and cross checks with other data:

]
L
[ 4
1
™
F L
E F
: B :
" L]
Safety B ] c K 6 B
1] ] 3 [ § t 3 14 ] 3 [ ]
L}
L
¥ K
1 L
£ F
[ [
D E 1
c D o ¥
» 3 c " ®
Control ' ' ' . ' + ) ' ' '




120
APPENDIX C
Scales: Appropriate Not Years until implementation:
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2.3 Computer applications in information display
In the area of information displays, please indicate the
appropriateness and state of implementation of computers:
1) To increase the reliability of information displays:
”
" L
:‘ K
£ K :
0 L F D -] r
Safety  § ¢ Vv -
" -]
L L
6 ]
L] K
E E
D 0 F D F
c L% ] c 1 | ]
Control ' ' ' ' o ' ' : '
2) To provide replacement information displays:
“
£ K [ 3 ] L
] L ] <] 6 L] [ 3 3
Safety c o 1 r F o c P M
]
[N
E L] L]
D o b4 (8 0 ] [
Control v v v - S S-S

3) To provide additional information displays independent from current systems: °*

0
"
K
1
“ "
] ]
E
: e
c 8

» F

Safety ! s ' s s ' ? .1 ln : s |;
«
1
"
E L] 0
F L

Control © P
c E 1 8
1 » ]
' ' ’
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Appropriate Never 0 2 4 6 Unknown

4) To provide new information displays not possible with conventional means:

-}
L
K
1
H
:
b >
c K [ <] 8
»
Safety Y T . . . S
1
]
€
3 :
¢ %
-]
contro] H 3 s t ' . ? f : ’ [ ] .:

5) To provide information displays remote from the control room (e.g. shift
supervisor's office, emergency control room, engineering offices?:

"

K "

1 L

L] L]

F F

Eo £ g

D o

1 c 8 L » 1 C
safety ., v . . O

o) 4]

K (]

1 K

F F

[} 6

E 4

D D

B c Lt L 1 c
Contro] s ' ' ' ] : T ' ' [ :

6) To utilize the flexibility of computers in information display functions:

o

]

K

) «

L] ]

4 : c
Safety ] L c L] 8 D 1o E
- . . ' ' ) ' ’ ’ ' ' '

i :

K L

F F

L] ]

E €

E o, :
Control ' s ' ls ' ' f ! ? T . r
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Appropriate Never 0 2 4 6 Unknown
2.4 Computer applications as operator aids
In the area of operator aids, please indicate the
appropriateness and state of implementation of computers:
1) To increase the reliability of operator aids:
1
0 " o
5w & L
Safety [ T Y ! ., N &
N 3 L}
1
o
: x
¢ o » > 1
Control + + + + , cEe . ro
2) To provide replacement operator aids:
" L]
X "
0 L [ ] L.
] 1 [ 4 F € 1
Safety ¢ Vv ¢ ., % A S S
-] 1
"
[ 1 (]
] L} F L, 8 [+] E F
Control ‘u: , f ? .n( :( ‘:: ? ? 3 ?

3) To provide additional operator aids independent from current systems:

[ 4
H
£ o % M
L] L
B c F ] HEI: :
1] ] 3 3
Safety . ' ot ey '
0 .
K
E L
6
D
Control ¢ £t 16 "
B F m B C D F
L] 1 3 ) 3 3 | I S Tt .« 3 ]
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Appropriate Never 0 2 4 6 Unknown

4) To provide new operator aids not possible with conventional means:

0

"

L

[ 3

1

6 L]

> -

c
Safety | " R :

6 [ ] [ ] [ ] 1 3 8 . B $ . 1B [ ]

L]

™ "

§ E

K

D

c ™ I'D:O

B F B 1 G F "
Control ! ' ' ' " s ' ' A

5) To provide operator aids remote from the control room (e.g. shift
supervisor's office, emergency control room, engineering offices):

L]

K 0

D 1 " K -

- L L b1 P w
Safety PO P

©

5

) L L] H

3 1 £ E o1 » .C
Control : : s s s ] s ' : s 3

6) To utilize the flexibility of computers in operator aid functions:

"

¥

1

.

¥ o

3 3 " L

D o £ x "
Safety c » L ] e D1 C »

1 3 3 1] 1 2 . 3 3 L} ]

o

"

L

" F

1 K

r E o

E o " "

D c 1 86 »
Control ¢ ¢ . § . -
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Appropriate Never 0 2 4 6 Unknown

7) To improve the control by operators of processes which are difficult for
operators to control, such as non-linearities or non-minimum phase effects:

L
1
6 ]
Loe oy .3 JI :
» D1 6
Safety . i T © % A S
L
1
L]
E [}
F
D L] L
c LK €
E K " c D1 8 F B
contro] : 3 : t . ' : 1 t LI |

8) To provide replacement for some operator actions by semi-automatically cdoing a
sequence of actions during normal operations as directed by operators (e.g.,
as the valve manipulations to switch operating pumps in a fluid system):

" o
L " '3 L
' £ o ; "
I3

Safety S o . £ c >
1 ] ] 3 1 ] s s 3 3 3 3

o

L
£ 6
L] ]
4 . F
: F 6 K 4 5

K

Control J s : : ’ .t( ‘t: t s ? [ T

9) To provide replacement for some operator actions by semi-automatically doing a
sequence of steps in response to abnormal station states as directed by
operators {e.g., response to a minor a1arm.condition):

" 2]

o X . 5

] -} F :0

1 [ 3 F E D

c 4] [N » » €

Safety ] ] 1 ! 1] ] H 1 ] b §
[+

L] ]

1 L]
E

2 . 6 ] " D :

B [ o4 ]

Control  , T § % A S
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

10) To maximize safe comercial operation of operator controlled processes by
providing better operator control -close to the safety margins:

L
[ 3
K L] " 1
F "
Safety E c " : 4 » C 6 E [
] s 3 ] L 3 ] ] ]
1
L
L} o L, ] [ 4
E F K D g : :.
Control + ¢ ¢ . % PO

11) To pr?vide administrative functions for operators not related to operations of
the plant:

v v 0
E F L
ST N I :
safety Y [ ¢ o ¢ S
=
L L]
[} (]
[} K
€ o F H
19 " E [} [
-] F c 1 D b B
ContrO] s 3 s ) s s s s ' : ’

12) To improve the efficiency and performance of the other than control room
operators, such as maintenance staff:

. K
. }
. g 2 E ! L] L : g
[ ] e »
Safe tv ' s ’ ' ' ' ' lc [ ' '
L]
" .
s 1
e
L]
8
F 4
5 o s 1 5
| ]
Contro] 4 ] 3 ' ' [ [ ? s t f
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Appropriate Never 0 2 4 6 Unknown

2.5 Computer applications in entering operator commands

In the area of entering operator commands, please indicate the
appropriateness and state of implementation of computers:

1) To increase the reliability of the entering of operator commands:

L} L]
[ 4 LN
€ o s s
: : : : :
H |
Sa fet_y s ' : : : :' ? xc 'E s .-‘
s 3
L L
E [ 4 " -
D 6 " 1 D 5
c 0 b F 1 ¥ c [} E ]
Control ' ' ' ' ' v : ' . :
2) To provide replacement methods of entering commands:
" -
] L3
o X 1 L
L ] e H
IR : : :
Sa fety t L 1] ] ] L] 1 ] f ] lc
HH [ 4 [ 3
L L
E 1 L} L]
o F 1 E 6
c ] <] ] " F c o D ]
Control ' J ' ' ' v 0 : ' .

3) To provide additional methods of entering commands independent from current

systems:
L "
™ X
[} " 1
| 4 | 4 [ [N
D F F ]
, ? c 1 » » c -] D E
Safety | ]  § 3 1 ] 1 ] k 1] 1 1
[} L]
L *.
E ¥ ™" (<}
5 o 5 F m H 5 :
Control ¢ ¢ ¢+ © C C LY.
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Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

4) To provide new methods of entering commands not possible with ‘conventional

means':

Safety

Control

~Ooomrzx

5) To provide

Safety

Control

*“®Iro

~eonNe

command

-0

L]
" K
K
1
1 6
F F
5 »
] ] T
"
" K
K 1
1 c
] 'y

entering remote from the

" "

L L

L K

1 1

6 6

F F

c c

] ® »
] L 3
L]

K 1

L K

1 <]

6 F

F c c
1 ] s

control room:

-mo

~oIr

~wMorzs

~0X0

6) To utilize the flexibility of computers in changing the methods

commands:

. Safety

Control

“omx

~OXro

" "

K X

1 1

e 8

F F

c c

» »

' ] .8
" 1

x

x ®

] 1 r
F c 3
L]  d L]

~oxXr

“wxr

of entering
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2.6 Computer applications in issuing control signals
In the area of issuing control signals, please indicate the
appropriateness and state of implementation of computers:
1) To increase the reliability of control issuing systems:
L L] L,
: ol ; o v
safety © o . ' ¢ Poe e 5 ®
o x
; . .
[ P - E 4 ? : ] 2 Pg
Control ' ' ' ' ' e e e
2) To provide replacement control issuing systems:
" "
K -}
¢ o1 ; -
L] 6 F € J
Safety T ? ¢ ! ! P
L " [ 4
b & 1 - s
L ¥ [N © -
Control oo . oS HE v

3) To provide additional control issuing systems independent from current

systems:
" " °
X 3 1.}
L 1 [] } -]
™ (<] 6 [ (3 c
Safety o c ® '3 E »
: [ ] 1] ] ] s ] | ] 3
" 1 %

L4l
L

I S ¢ 0 :
Control .+ .+ + .+ S




APPENDIX C
129
Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

4) To provide new control issuing not possible with conventional means:

" ]
L] [ 4 t
K 1 L]
2 v H H
Safety ) o » s c c .
1 ] A ] ] I [ ] ] 3 ) 1
] " K
L ]
D K 1 L]
g o E (] :’ 2 c L g E
Contro‘ ' s ' : : s " ' ’ ’
5) To provide control issuing remote from the control room:
[, ]
] [N
L K
K 1
1 6
¢ F "
o o E & H o H
Safety ] 1] ] 1 ] ] ] 1] 1§ 1 s
"
K 1
[ [
1 G
€ <] F ¥ (] H
. U ] ] (-] c c 1 € ]
contr‘o] : 1 : 1 1 ’ 3 s s ' )

6) To utilize the flexibility of computers the methods of issuing controls:

' ]

L] K
" - . M
Safety IE) -] 2 CF: : :
L4 ] [ * ] ] ] ] - .o - .D :

L ” K

]

]

T A : :
Control v S S-S
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7) To utilize the control signal validation capabilities, such as comp]ex
rationality checks and cross checks with other information: -

L} [, ] L

N ['4 X ™
£o8 oy, i : 2 .

. F F

Safety [ ¢ -0V ¥ | L.y
L H
o K
H 6 e
E Cc X [, ] " [ E
4 B F 1 1 cC LD F P
H ] ?

Control
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Appropriate Never 0 2 4 6 Unknown

2.7 Computer applications as automatic controllers within plant systems

In the area of automatic controllers, please indicate the
appropriateness and state of implementation of computers:

1) To increase the reliability of automatic controllers:

”
K " °
L 1 K 1
D L] F F L g :
safety ¢ 7 ¥ ¢ S
. X
L] " L] 2
D 0 K b " D
COntro] 'l: u' ? f f f E?? 3 ' |'
2) To provide replacement automatic controllers:
L] ] L
¥ ® b §
o
S I : :
»
Safety : ' : ' ' ? ' ' ? ? ?
C .
o
2 fors :
D C O
Control * * *+ + & S S
3) To provide additional automatic controllers independent
from current systems:
C " " h
1 (3 e 31
D c > 6 : c c
Safety '+ o+ o S
Control " L
H L (]
D 1 X F : K
Y o ¢ s € € pco H
L . [} 3 1 T
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4) To provide new automatic controllers not possible with conventional means:

1
o ]
.o X M £
3 8
D » " ° r <
Safety : 0« ¢t A S
]
S H
: . T :
Control + ¢+ + &+ i st ° »
2 3 1 ] k]

5) To provide automatic controllers remote from control functions normally
performed in the control room (e.g. shift supervisor's office, emergency
control room, engineerina offices

] "
L L
K [N
1 L.
F | 4 -]
] E € 1
H c c “
14 s » » 4
Safety s [ ' s s ' ' s [ ’ *
L] L]
1 -]
X X
F [ 3 1
(<] ] E E L
1] | ] 6 c c o] |
Control s s s ' . ] 1 3 s [ '

6) To utilize the on-line flexibility of computers, such as to change the control
of processes in progress:

" "

N : :
- s F .k : £
Safety , , V ¥ S-S A<
v :
2 :
] " ° €

] 1] E K K c
Control + ¢+ ¢+ & 4 . st L
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7) To utilize the off-line flexibility of computers, not necessarily by operators,
such as for modification of controi algorithms, control constants, etc.:

1 " [ 1
] 1 4 1 4 L]
> 0 s ® c ' & €
Safety . ; : : ¢ e v ° ° >
K
s :
] L] r
H c : x " D €
" cC L
Control * + ¢+ &+ S 4

2) To provide replacement for some operator actions by taking fully automatic
corrective control action in response to abnormal station states (e.g., reduce
reactor power on boiler low level):

(]

b L] L] 1
“ K 4 :

4 F " 0
Safety c > 8 s L. ¢ s o
) 1 ] [ ] D 1] [ ] s L} 1] ] 3
[ 4
3] [ )
L L]
"
g 1 K ] o E
Control : ¢ + + ¥ S-S

9) To maximize the safe comercial operation of the process by automatically
operating close to the safety margins:

] "
K K
b 4 } ¢
|8 [ ] L ] t
[ 4 o ¥ F [}
D L - “ e » [ ] -] €
Safety 1 1 ] [ 3 ] | E ] E ] - L]
L " K
] .4 " 3 [ ]
c ¢ F o s ¢ :
Control ¢ € , ¢ @ A S
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2.8 Computer applications in data logging

In the area of data logging, please indicate the
appropridteness and state of implementation of computers:

1) To increase the reliability of data logging systems:

Safety

“NOMOMNXr IO~ NOMAQTXr IO
[
"TWOONME IO~ WNOMANTRrI0O
-0
-
- e

Control

2) To provide replacement data logging systems:

L]
1
L] ]
& L
€ X
€
c ]
Safety ’ x L " ¥ ‘.: H 3 1 "
o ] ] ] 1 , . ) ] ] L}
C
3 °
3 K
g L
E
. c p 1
» K F F
Control s : ' ' * ’ 1. ¢ ? ' s :.

3) To provide additional data logging systems independent from
current systems:

]

L

K

H -]

[] "

F L

E F

o] E

: £ L3 1

1 ] e D L]

Safety 1 [ 1] 3 3 ] 3 L 3 1 t

"

L

[ -}

- "

E ¥

F ¥

D E

c D 1

B 1 s C @ L]
Control t ' s ' s ' l f [ ' [
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

4) To provide new data logging systems not possible with conventional means:

0

"

L

K

L]

<]

E L] <]

4] L | 3

c 1 3 8 F 1

] F | ] c 1 L]
Safety ' ’ ' ' ' ’ ' ’ s .o

L}

L

K

] 1]

E | 3

F K

D -

c c -] 1

] 1 B -] 1 4 ]
Control ' : : : : ’ ) ' ' s '

5) To provide data logging outputs remote from the control room (e.§. shift
supervisor's office, emergency control room, engineering offices):

0

]

K

N o

6 ]

F L

E ]

<] F

c 3 [3

] H B 1 6 D c
SafEty 3 ] ’ s s : [ [ f} ' '

o

] [}

K ]

H L

E F

F L]

2] E

c D

1 1 (. |- T § c
cOntro] : ' s ' : ] : ' 3 3 '

6) To utilize the flexibility of computers in data logging functions:

o

"

L

% o

“ )

F L

3 3

D [
. [ c :

» [ 1 B 1 D H
Safety ] ] 1] s s ] E 1 - t 3 t

"

L [

[ 8 L]

" L

£ €

F F

) o

c c

B 1 » 1 6 "
Control t J 4 ' . U ' 3 ' * s
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

.

7) To provide record keeping for operators administration (eg. work orders,
abnormal plant states, flow sheets, operating procedues):

o

[ L

X [ 4

L] L]

G ]

€ 1 d

<] ] 1 D [ L]

| ] F c » c & 1
Safet.y ' ' ' . s s s [ [ L] H

K

[} X

L L

& 6

w L]

E F

D " 1 D Q ™

& F c B c | 3 1
cOntro] s : 1 1 : ] [ ] : ) 3
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Questionnaire Results, Section 3: Specific Questions
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This appendix is a listing of each respondent's markings for Section 3
of the questionnaire. Letter codes are used for each country to allow a
bar-chart display since mathematical analysis is not possible. The
letter codes are:

A - Austria I - The Netherlands

B - Belgium J - Norway

C - Canada K - Spain

D - Finland L - Sweden

E - France M - Switzerland

F - Fed. Rep. of Germany N - The United Kingdom
G - Italy 0 - The United States
H - Japan
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SECTION 3: Specific Applications of Digital Computers of interest:

This section is similar to Section 2, but includes specific applications of
interest.

Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

3.1 Display Uses

1) To organize or prioritize alarms and annunciations to limit overloading of
operators or to otherwise organize the data:
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2) To provide on-line display of numeric and trend data and other plant
variables or states:

°

[ Y

L

K

1 <]

L] ”

6 L

[ 4 ]

E E

D D

c € K

| ] 2 1 6
SafEty | I D D, 1T 3 « 3 . T . B . 1

o

[, ]

[N

[+]

" "

! L

]

E | 3

. H

D D
Control ¢ S 16 ¢

s 2 [T T T R

3) To display of standard and/or abnormal operating procedures:
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

4) To display of flow sheets and related plant data:
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3.2 Automated Assistance

1) To provide sequential display (i.e. prompting) and tracking of manually
executed sequence of control actions (e.g. testing of safety systems, startup
of turbines):

0
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2) To provide automated sequencing of operator actions (e.g. testing of safety

systems, startup of turbines): :
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Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

3) To provide deterministic or expert systems as decision aids to assist the
operator in diagnosing abnormal conditions or in assessing the consequences of

3.3
1)

proposed actions:
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To provide deterministic or expert system to assess plant or system states,
integrity and/or redundant systems:
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and Indirect Digital Computer Control

To provide direct
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Control

digital control of one or more reactivity mechanisms:
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

2) To provide indirect digital computer control through control of the setpoint
for one or more analog reactivity mechanism control loops:

m
-v0
X P
“OMXZX
" ONBXX
“-WPO X~

Safety

Control

3) To provide direct digital control of one or more processes (e.g. flows,
pressures):
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4) To provide indirect digital computer control through control of the setpoint
for one or more analog process control loops (e.g. flows, pressures):
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' § o 1 : : :
Safety 5> & o« 14 L e e ®
3 L s b ] s L] L L 2 3 L

o

(S
£ 1

6
D " " H
c K K 1 o €
Control ®¢ =~ 1 F F cuLes ’
: s 13 ' 3 . : 3 . ] ]




143 APPENDIX D
Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

3.4 Data lLogging

1) To provide data logging of plant variables and states in a hard copy form for
control or safety purpose:

Safety

Control

~“FOONMIXTrTO~@OOOMANT ~XrIQ
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2) To provide data logging of plant variables and states in a machine readable

form:
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3) To provide event recording systems to record the timing of a sequence of
discrete events:
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Scales: Appropriate Not Years until implementation:
Appropriate Never 0 2 4 6 Unknown

3.5 Maintenance Assistance

1) To support scheduling of routine maintenance:

o

]

L

K

L]

6

F L -]

€ . K "

1 ° s

Safety 3 c » c » £

1] 1 ] 1] ] ] ] 3 3 - 3 ] L]

=}

"

L

1 8 [

¥ &

& 1

[ 3 D

H c 5 . :

- F L] | 4

ContrO] 1 3 1] ] 3 ] ] ] ] 3 3

2) To provide deterministic or expert systems for the diagnosis by maintenance
personnel of component or system faults in or out of the control room:
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3) To display maintenance procedures:
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Scales: Appropriate Not
Appropriate Never O

4) To perform maintenance procedures automatically:
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APPENDIX D

Years until implementation:

6 Unknown
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APPENDIX E

Questionnaire Results, Section 4: Design Methods

Implementation Techniques

and
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APPENDIX E

This appendix is a listing of each respondent's markings for Section 4
of the questionnaire. Letter codes are used for each country to allow a
bar-chart display since mathematical analysis is not possible. The
letter codes are:

A - Austria I - The Netherlands

B - Belgium J - Norway

C - Canada K - Spain

D - Finland L - Sweden

E - France M - Switzerland

F - Fed. Rep. of Germany N - The United Kingdom
G - Italy 0 - The United States
H - Japan
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Section 4: Digital Computer System Design Methods and
Implementation lechniques:

For this section, respondants were asked to indicate whether the method
or technique is used for safety and control applications, is not used,
or is unknown. The symbols used here to indicate responses are: .

"B" for both safety and control applications
"S" for safety applications :
"C" for control applications

"N" for not used

"U" if unknown

Applications that are only under evaluation or being experimented with

were not to be included and respondants were asked to add to the lists
as necessary to describe the methods and techniques in their country.

4.1 System Specifications

1) Please identify which of the following techniques
are used to assure the acceptability of the
hardware of computer systems:

o

L

K

[ ]

) :n':!n

a) Complete formal specifications s cnAuU

[«]

L

K L}

e F

D €
b) Control of the development process E scu

C

K

1

[

4

5w
c) Thorough testing of the end product S ey
d) Other (specify): " S ecwu ,

G: Validation
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4,1 System Specifications (continued)

2) Please identify which of the following techniques

are used to assure the acceptability of the
software of computer systems:

a) Complete formal specifications

b) Control of the development process

c) Thorough testing of the end product

d) Other (specify):
G: Verification and Validation Procedure

Please ﬁdentify which of the following plans
are prepared:

a) Quality Assurance Plan

b) Software Verification Plan

¢c) Software Test Plan

APPENDIX E
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4,1 System Specifications (continued)

LA - RS X-]
[ ]

(]

XrxRr
cemz

3) d) Programming Conventions Plan

woOor

e) Other (specify): s ¢ N
C: Softwar= Validation Plan, G: Software Management Plan,
L: System Test Plan

4) Please identify which of the following design 0
review techniques are used: L
.
[ 3
c s F
a) Preliminary design review: » s c Ny
o
"
K
: T
b) Critical design review: s scnu
o L}
(S K ™
co »E
c¢) Code walk-through: Peenuy
[}
d) Other (specify); 3 s cowu
L: System or module design review,
0: Code inspection and Configuration audits
5) Please identify for which of the following areas o
human factors engineering specifications are "
prepared: k
e
F
£
c W »
a) Display requirements »scowu
n
t
. K
1
e
F
[ 3
b) Input device requirements R
"
L
1
c) Input device and display interaction H
requirements >
E : N v
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4,1 System Specifications (continued)

5) d) Control room or panel layouts, and input devi
and display arrancement requirements

e) Operator input device and display interaction
dialog requriements

f) Other (specify): )
L: Overall control room design requirements

6) Please identify which of the following methods
are used in the design of the human-computer
interface:

a) Operator function and task analysis

b) Human factors engineering test and
evaluation program

¢) Workload analysis

d) Human reliability analysis

‘e) Static or psuedo-dynamic function mock-up
studies

f) Operator performance or plant dynamics
simulator studies

APPENDIX E
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4.1 System Specifications (continued)

6)

g) Studies of hardware or software failure
effects on operators tasks and functions

h) Experimental research on input device and
display design

i) Other (specify):
B: Former experience
L: Interviews
O: Operator model, analytic tood development

APPENDIX
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4.2 Development Methods

1) Please identify which of the following software
configuration management techniques are used:

a) Normal record keeping

b) A computerized library of application
source and object codes

c) A computerized library of public source codes
(¥ available) and object codes (e.g. operating
system, compiler, editor)

d) Designation of a software configuration manager

e) Including on-line readable record of its issue
information

f) On-1ine software checks(s) of the issue number
compatibility of software with software, and
of software and firmware media

g) Other (specify):
0: Software configuration management plan

APPENDIX
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4.2 Development Methods (continued)

2) Please identify which programming languages
are used:

a) Assembly

b) Ada

c) Basic

e) Fortran

f) Lisp

g) Pascal

h) Prolog

i) Other (specify):
E: PL 16
G: PIM
0: PL/M 86

APPENDIX E
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4.2 Development Methods (continued)

3) Please identify which of the following programming-

standards are used:

a) A coding format to indicate routines

b) Single entry, single exit of a routine

¢) No unconditional GO TO statements

d) No Recursive routines

e) Limited nesting depth for routines

f) Maximum routine length

g) Minimum routine length

h) Standard header format for routines

i) Other (specify);

O: Standard prologs, standard comments,
language coding standards
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4.3 Design Options

1) Please identify which of the following levels of
redundancy are used:

a) A single computer which may have redundant
inputs and outputs

b) A primary computer which may have redundant
inputs and outputs and has a duplicate backup
computer which can automatically take over the
functions of the primary computer

c) Triplicated computers which function through
a two-out-of-three voting circuit

d) Four computers which function through one or
more, two out of three voting circuits; (one
computer may be rejected by its own action or
by the combined action of the other three)

e) Other (specify):

D: Cluster:

2) Is a single computer used

3) Are distributed computers used

4) Are data highways used
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4.4 Testing

1) Please identify which of the following software
validation tests are used

a) Preparation of an Aceptance or Validation
Test Plan

b) Static input/response tests

c) Pseudo-dynamic input/response tests (e.g.
ramp inputs through their ranges)

d) Simulated input/response tests

e) Open loop, on site tests
0: self testing: input-ready display

f) Stress tests (e.g. outside the input voltage
limits, excessive input data rates)

g) Quality Assurance Functional Audit

h) Quality Assurance Physical Audit

i) Other (specify):
L: Whole system and functional tests
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2) Please identify which of the above are automated:
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C: bICId D: b G: a 0: CId

APPENDIX E

3) Please identify which are repeated for revisions to the systems:
L: a,c,d,e,f,i

C: b,c,d,e,9,h D: a,b,e,f,g,h G: e
M: a,b,d,g/h K: a

4.5 Applications Experience

1)

Has a human factors engineering study for an
application indicated that a non-dynamic,
non-interactive CRT display was the system
of choice (i.e., fixed format with periodic
data updates)?

Please identify which of the following
characteristics described in the most recent
control room display designs:

a) Principally all parallel (i.e., convention
analog display)

b) Principally all serial (i.e. CRT displays)

¢) A combination of parallel and serial

d) Monocromatic CRT's

e) Colour CRT's

f) Other (specify);

none
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3) Please identify which of the following
characteristics describes the digital computer

jnput devices used on the most recent designs: E
[ ]
a) Conventional switches (e.g., pushbutton, A -
knobs, and switches) s cow

.

[ 4

1

[ ]

: A

b) Keyboards with alphanumeric and special -

purpose keys »scN
"

-]
[ ]
¢) Cursor control devices (e.g., joysticks, E A
mouse, and roller ball) > 8 c N

[~
d) Other (specify): >socow
C: Functional keyboard "
O: h hbutt! ’ ft k , toych CRT |
4) For what per?%%cof‘oﬁmeuar%nsspasr% pare > stocked A
(i.e. to guard against obsolescence)? "L
a) Up to 5 years 3 8 C N
"
L [ ]
Fobc
b) 6 to 10 years » s c
"
v
L c
c) 11 to 20 years € N
)
v
d) 21 to 30 years c :
B 8 C N

5) Of the control loops closed through a digital
computer, what percentage currently use direct
digital control?

a) 75% - 100%

.oOr

b) 50% - 75% L

c) 25% - 50%

- -
- -
o o
ZWOMAN ZWOMNIOI~IrI TWOMMOIIZWMANOI =T

wWoOX
3 €28 §

d) 0% - 25%




4.6

1)

3)

4)

6)

. 8)

160

Research Needs

Determination of hardware reliability

Determination of software reliability

Software design techniques

Software verification techniques

Software coding techniques (including

programning languages)

Software .validation techniques

Software documentation techniques

Configuration management techniques

Software maintenance techniques

APPENDIX E
o
L
K L]
F "
» €
A8 ¢
38 C N
0
n
x
F
E
c
B oW L
AD @
3 s cC N
o
]
x
F
£
c
5 WL
A Dos
» 8 C N
0
"
K
1
F
£
D
c
> w
As L
3 8¢ N
o
L
F
€
c "
» L
A e
» 5 c w
o
"
X
1
F
€
o
» L
ACHGE
»sc N
o
]
X
r L
€ "
s s
A D¢
» 8 ¢
o
"
x L
r v
D o
» £
a c
P s c o«
o
"
K
r
€ L
» “
AacoD e
B s c o«




161 APPENDIX E

10) Quality assurance technigues

o
ZO0O0OX

J , 11) Human-computer interface design techniques

WIWOMXIr IO WHOUMIAKI IO
[
o

0o0e
cEXMX

[} L
12) Input and database integrity tecnhiques E E
e cowu
13) Other (specify):
O: Networking, communications
28CNU

14) Please prioritize the top three research topics:

Member Code Ist 2nd 3rd
A 10 2 11
B 3 7 10
C control room Distributed 4+6
design control

D 8 6 11
E 2 4 9
F 1 4 7
G 1 2 11
H

»
1

. J
K 142 6 9
M 12 2 4
N
0 11 6 2
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4.7 Additional Comments

D:

The black and white division between safety and control makes it
difficult to answer the questionnaire in a consistent way. It
seems also likely that there will be different shades of gray
between safety grade and non-safety graded systems. Another
difficulty in answering the questionnaire lies in the very
diffreent computers which will be used ranging from dedicated
microprosessors and programmable logics to large clusters of
computers. The questionnaire is however touching on several
jmportant items which may require more meat on the bones to be
understood correctly.

1. The nuclear power plants (NPP) in operation and under
construction in Spain are of different types and from different
supg]iers (Westinghouse and KWU as PWRs, GE as BWR, and French
GCR).

Moreover, their technology corresponds to the state of the art
of the years in which they were constructed with the
improvements and backfitting which have been incorporated since
then.

For that reason the answers to the questionnaire represent an
average situation of the Spanish NPPs,

2. Among the Spanish NPPs it is possible to find the fo110wing
situations:

o NPPs with a conventional Process Computer.

o NPPs that additionally to the Process Computer have other
computers for specific purposes (SPDS, PAMS, TRA, etc.).

o NPPs with a Process Computer which comprises all the
purposes quoted above.

o A KWU NPP with a Process Computer of a different
philosophy.

3. In all NPPs the Process Computer is not safety related but it
receives, stores, displays and processes information from safety
systems.

4, Pages 10, 15, 18: Administrative tasks are performed by
specific computers and not by the Process Computer.

5. Page 13: In general, the Process Computer does not perform
control actions, but there are also other computers in plant
with specific purposes. These computers control some systems or
processes, such as condensate polishing, turbine control, etc.

6. Page 25 paragraph 4: The Spare parts stocked by the computer
manufacturer.
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Many of the questions are very hard to answer and the
questions do "not fit" reality. Some of the questions must be
related to what functions are computerized in a plant and the
use of computers in specific applications. None of the
questions asks for that information.







