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FOREWORD

The regular meeting of the International Working Group on Nuclear Power Plant
Control and Instrumentation (IWG-NPPCI) was organized in order to summarize operating
experience of nuclear power plant control systems, gain a general overview of activities in
development of modern control systems and receive recommendations on the further directions
and particular measures within the Agency's programme.
The meeting was held at the Merlin-Gerin Headquarters in Paris and was attended by
twenty one national delegates and observers from 17 countries. The present volume contains:
(1) report on the meeting of the IWG-NPPCI, Paris, 21-22 October 1993, (2) report by the
scientific secritary on the major activities of IAEA during 1991-1993 in the NPPCI area, and
(3) reports of the national representatives to the International Working Group on NPPCI.
The papers and discussions with practical experience and described actual problems
encountered. Emphasis was placed on the technical, industrial and economic aspects of the
introduction of modern control systems and on the improvement of plant availability and
safety.
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Report on the Meeting of the International Working Group on Nuclear Power
Plant Control and Instrumentation (IWG-NPPCI)
Paris, 21-22 October 1993

I. Introduction

The meeting was organized in order to summarize operating experience of NPP
Instrumentation and Control Systems, present a general overview of activities in the
development of modern I&C Systems since the previous IWG meeting in 1991 and receive
recommendations for further activities in the subject area during the period 1994-1996.
The meeting was held at the Merlin-Gerin Headquarters in Paris and was attended by
21 national delegates and observers from 17 countries.
The meeting was opened by Mr. Furet, Chairman of the IWG-NPPCI, who made
introductory remarks and briefed the participants on the main activities related to the I&C area
within an international co-operation. He emphasized the role of the group in achieving safe
and reliable operation of nuclear power plants and an importance of industrial developments
in the field.
The participants were informed that Mexico, Republic of Korea and Ukraine have
nominated their representatives to the IWG-NPPCI.

II. Review of the IWG-NPPCI Activities performed duiing the past two yeans
1.

The scientific Secretary of the Group, Mr. A. Kossilov presented a report on the major
activities of the IAEA during 1991 to 1993 in the NPPCI area. Short summaries were
made on the symposia and the specialists' meetings organized in the framework of the
IWG-NPPCI, meetings organized with the co-operation of the IAEA, and other
projects with the collaboration of the IWG-NPPCI.

2.

Following a well established tradition, national delegates summarized operating
experience of I&C systems and presented an overview of activities in development of
modern I&C systems in their countries. The presentations were followed by questions
- answers as well as a technical discussion on specific points raised.

III. The IWG-NPPCI Activities in 1994
Mr. Kossilov informed the participants about preparations of the Specialists' Meetings
in Finland and Norway as well as about other main activities which are being organized in
the framework of the IWG-NPPCI.

Those are as follows:
1.

Technical Committee on Instrumentation, Control and Protection in Advanced WaterCooled Reactors, April 1994.. Erlangen, Germany (in co-operation with IWG-ATWR)

2.

Advisory Group on Advanced Control Systems to Improve Nuclear Power Plant
Reliability and Efficiency, February 1994, Vienna, Austria

3.

Advisory Group on Revision of Guidebook on Nuclear Power Plant Control and
Instrumentation, October 1994, Vienna, Austria

4.

Specialists' Meeting on Digital Control and Instrumentation Systems in Nuclear Power
Plants: Design, Verification and Validation, 20 - 22 June 1994, Helsinki, Finland

5.

Specialists' Meeting on Advanced Information Methods and Artificial Intelligence in
Future NPP Control Rooms, 1 3 - 1 5 September 1994, Halden, Norway

6.

Advisory Group on Guidelines for Validation, Verification and Licensing of Software
Related to Control and Instrumentation, November/December 1994, Vienna, Austria

7.

Co-ordinated Research Meeting on Operator Support Systems in Nuclear Power Plants.

8.

Co-ordinated Research Meeting on Management of Ageing of Motor Operated
Isolating Valve.

The following recommendations and suggestions wero received from the members of
the IWG-NPPCI:
1.

TCM on "Instrumentation, Control and Protection in Advanced Water-Cooled
Reactors" suggested by the IWG-ATWR should be combined with the Specialists'
Meeting on "Digital Control and Instrumentation Systems in Nuclear Power Plants:
Design, Verification and Validation," Helsinki, Finland, 20-22 June 1994. New
meeting entitled "Advanced Control and Instrumentation Systems in Nuclear Power
Plants: Design, Verification and Validation" should be organized in co-operation with
IWG-ATWR.

2.

The Advisory Group Meeting on Advanced Control Systems to Improve NPP
Reliability and Efficiency to be held with the aim to start preparing a technical
document on the subject and scheduled for February 1994 should be held after the
meeting mentioned in item 1. The IWG-ATWR should be invited to participate in this
project.

3.

Concerning the Guidebook on Nuclear Power Plant Control and Instrumentation its
layout had prepared in the beginning of 1993 it was strongly felt that direct input from
Japan and the USA is vital. The IAEA should take whatever action is possible to
obtain contributions from those countries and to ensure that appropriate participants
are present at future meetings. It was also suggested to include in the Guidebook the
material on I&C systems for advanced NPPs which are now under development.

It was suggested to modify a title for a Specialists' Meeting in Norway as follows:
"R&D in Advanced Information Methods and Artificial Intelligence for NPP Control
Rooms" with the aim to provide a wider participation from research organizations and
nuclear industry.
In preparing a technical document on "Guidelines for Validation and Verification of
Software Related to NPP Control and Instrumentation" more close co-operation (joint
working team or joint meeting on the subject) with the IEC/TC 45 was recommended
as well as consideration of the documents on computer-based systems and software
prepared by the IAEA Safety Division. The participants also suggested to change the
title for the document to "Validation and Verification of Software Related to NPP
Control and Instrumentation", and to consider this document more as State-of-the-Art
Report summarizing V&V methods and practice. In this case the document can be
used as a basis for development of the future IEC standards on software.
6.

Technical Committee Meeting on "Control and Instrumentation to Improve the Safe
and Reliable Operation of WWER Type Power Reactors" was suggested for 1994 in
the framework of the IAEA Programme on WWER Type Power Reactors.

7.

The CRP on "Management of Ageing of Motor Operated Isolating Valve" is
recommended to be implemented in co-operation with the CEC.

IV. The IWG-NPPCI Activities in 1995-1996
The following tasks were suggested for 1995-1996 as the tasks started in 1993-1994:
1.

Guidebook on nuclear power plant instrumentation and control (revision of TRS 2391984)

2.

Technical document - Advanced control systems to improve nuclear power plant
reliability and efficiency

3.

Co-Ordinated Research Programme on operator support systems in nuclear power
plants

4.

Co-ordinated Research Programme on management of ageing of motor operated
isolating valve (jointly with Division of Nuclear Safety)
Development of database on existing operator support systems in nuclear power plants

5.
6.

Technical document - Instrumentation for the safe operation of water cooled graphite
moderated RBMK type power reactors (jointly with IEC and Division of Nuclear
Safety)

The new tasks for 1995-1996 were carefully considered and after a long discussion
they were suggested as follows:

The Regular Meeting of the IWG-NPPCI for 1995. The suggestion to organize
meetings of the IWG each year was not supported. Nevertheless participants
recommended to organize a special consultancy between the IWG meetings to review
the current activities and working plans in the Î&C area.
The Specialists Meeting on "Modernization of Instrumentation and Control Systems
in Nuclear Power Plants" was suggested for 1995.
This topic was also suggested for a Symposium in 1996-1997. The Symposium is
intended to discuss the technical and economical aspects of I&C modernization the
procedures practiced or envisaged, the role of modernization for upgrading the NPPs,
the lessons learned from experience in the various countries, and the conclusions to
be drawn for the future in order to guarantee the high level of safety and availability.
The Specialists Meeting on "Instrumentation and equipment for monitoring and
controlling NPP post accident situations" was suggested for 1995.
The Specialists Meeting on "Monitoring and diagnosis systems to improve NPP
reliability and safety" was suggested for 1996.
Mr. Wach promised to clarify the possibility of hosting the meeting in Germany.
The Specialists Meeting on "Experience and Improvements in Advanced Alarm
Annunciation Systems in NPPs" was suggested for 1996. Mr. Lepp informed
participants that Canada would be interested to host this meeting. It was
recommended to accept the invitation of Canada.
It was suggested and agreed to recommend to the Agency to prepare the following
publications:
Guidelines on NPP training simulator design and assessment methodology
Operator support systems for nuclear power plants in the world (as a result of
CRP on "Operator Support Systems in Nuclear Power Plants").
7.

The members of the IWG-NPPCI supported the regional training course on "Ageing
phenomena and Diagnosis for WWER Type Reactors" suggested by the IWG-NPPLM
for 1995. It was recommended to modify title as "Diagnosis of Ageing Phenomena
for PWR Type Reactors" and prepare a programme suitable for all developing
countries - members of the IWG NPPCI.

8.

In view of the importance of the subject area, the interest of Member States in
participating, and the results of the course the members of the IWG-NPPCI
recommended to repeat training Course on "Nuclear Power Plant Control and
Instrumentation" every two years.
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V. The IWG-NPPCI Activities in 1997-1998
1.

The Specialist' Meeting on "Training simulators in nuclear power plants: experience,
programme design, and assessment methodology" was suggested for 1997. Mr. Blasco
informed participants that Spain would be interested to host this meeting.

2.

The Specialists Meeting on "Operator Management Information Systems in NPPs" was
suggested without indication of dates and prospective host country.

VI. General recommendations and conclusions:
1.

The participants recognized the positive experience of co-operation between the IAEA
and the OECD/NEA in NPP I&C area. It was recommended more close cooperation
with the OECD/NEA to facilitate a wider representation of non-OECD countries in the
OECD/NEA activities.

2.

The participants strongly recommended to avoid a duplication of the meetings
organized by Division of Nuclear Power and Division of Nuclear Safety in the subject
area.

3.

Referring to request by the IEC/TC 45 to comment on proposed standard on "General
requirements for computer-based systems important to safety in nuclear power plants"
the member of the IWG-NPPCI suggested to provide the IAEA Support in preparing
this international standard.

nppcipar.rep
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ON MAJOR IAEA ACTIVITIES DURING 1991 - 1993

A. Kossilov
Division of Nuclear Power
International Atomic Energy Agency
Vienna

1. INTRODUCTION
Tfie Agency's programme in nuclear power technology promotes technical
information exchange between Member States with major development programmes,
offers assistance to Member States with an interest in exploratory or research
programmes, and publishes reports available to all Member States interested in the current
status of development. For countries with nuclear programmes, Agency activities are coordinated by standing committees called the International Working Groups. They meet
periodically to review the national programmes of their countries, and to advise the
Agency on its technical programmes and activities in the field. This regular review is
conducted in an open international forum in which current progress, problems and
operating experience can be frankly discussed. Accordingly, this is a unique opportunity
to share the lessons learned, since it brings together experts on a truly global basis.
The activities planned by the groups include technical information exchange
meetings of several kinds. Small specialists' meetings are convened on selected
developmental areas in which there is a mutual interest. For more general participation,
technical committee meetings or symposia are planned. Not only have the meetings of
these groups provided an opportunity for users, regulators, developers and designers to
become better aware of worldwide developments, but the meetings have also enabled
several other nations with an interest in using nuclear power in the future to learn and
gain a better understanding of the n^w directions being taken.
The activities of the Working Groups are the only global mechanisms which
provide exchange of information and discussion of programmes and development
problems in the area of nuclear power technology between Eastern and Western Member
States as well as between industrialized and developing countries. As a result of its
activities it is possible to provide a permanent link between the IAEA revision of Nuclear
Power and the national nuclear structures at technical and scientific levels, to channel the
support (or the reactions) of member countries for the IAEA nuclear power programme,
and to co-ordinate national contributions to the Agency's programme of activities.
The International Working Group on Nuclear Power Plant Control and
Instrumentation (IWG-NPPCI) was established in 1970.
The Working Group exists to consider new developments, disseminate and
exchange experience in all aspects of instrumentation, control and information technology
relevant to the safety and economics of nuclear power plant design and operation. It
covers the way in which this field interacts with other, related fields such as reactor
physics and human factors engineering.
The scope of the IWG-NPPCI activities includes among other things the following
main topics: nuclear instrumentation, control systems, protection systems, process
instrumentation, monitoring, early failure detection and diagnosis, man-machine interface
studies, use of computer technology in NPP operation, and training simulators.
This report presents the major IAEA activities implemented in the framework of
the IWG-NPPCI during 1991-1993.
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2.
2.1.

SYMPOSIA
International Symposium on "Nuclear Reactor Surveillance and Diagnostics
1
(SMORN-VIV . Gatlingburg. USA. 19 - 27 May 1991.

The Symposium was organized by the OECD/NEA in co-operation with the
IAEA, Oak Ridge National Laboratory and the University of Tennessee. Around 100
participants from 23 countries (Argentina, Brazil, Canada, P. R. of China, CSFR,
Finland, France, Germany, Hungary, Italy, Japan, The Netherlands, Rep. of South
Africa, Spain, Sweden, Switzerland, Taiwan, Turkey, UK, USA, USSR and Yugoslavia)
and two international organizations (NEA, IAEA) attended the symposium presenting 75
papers.
The purpose of the symposium was to provide an opportunity for scientists and
engineers to:
consider the present situation relating to nuclear reactor surveillance and
diagnostics;
focus on the reasons which have led to the various solutions adopted;
communicate bidirectionally with the staff of commercial nuclear power
plants having problems that may be amenable to solution via advanced
surveillance and diagnostics techniques;
discuss the possible areas for international co-operation;
discuss future needs and trends.
The technical part of the meeting was sub-divided into twelve sessions:
1.
2.
3.
4.
5A.
5B.
6.
7.
8.
9.
10.
11.
12A.
12B.

Operational experience with surveillance and diagnostic systems - 6 papers
BWR stability monitoring: theory and practice - 5 papers
Leak and toiling detection in fast reactors - 3 papers
Modelling and monitoring the motion of PWR and BWR structures - 7 papers.
Surveillance and diagnostic, Issues/Viewpoints - 4 papers
Open Forum - 5 presentations
Advances in signal processing methods - 8 рарегз
Parameter estimation techniques - 8 papers
Poster presentations - 12 papers
Application of neural networks and pattern recognition - 8 papers
Sensor monitoring and signal validation methods 8 papers
Advances in machinery diagnostics and loose-part monitoring - 6 papers
Session summaries
Symposium conclusions.

On Monday, May 27, 1991 a technical tour to the Sequoyah Nuclear Plant
Training Center and TVA Power Systems Control and Distribution Center was organized.
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Conclusions and Recommendations
1.

The SMORN (Specialists Meeting on Reactor Noise) series of international
specialists meetings began in 1974 and, as the name implies, initially focussed
almost exclusively on techniques of "noise" analysis as applied to nuclear reactors.
Over the years, the meeting has evolved into Symposia of unrestricted attendance
that goes beyond traditional noise analysis to include development and application
of surveillance and diagnostic techniques useful for ensuring the operational
readiness of components and system important to plant safety and economic
operation. Despite this enlargement of scope, SMORN symposia continue to be
directed toward nuclear power reactors exclusively.

2.

SMORN-VI continued in this tradition, with the report of work relevant to the
following plant safety and performance-related topics:
methods of inspection, surveillance and condition monitoring that are
effective in identifying and tracking ageing phenomena, service wear and
degraded performance,
predictive maintenance methods for ensuring the operation readiness of
components and systems important to nuclear plant safety and operability,
signal validation and instrument fault monitoring techniques,
advanced signal processing techniques,
expert systems for performing nuclear plant surveillance or self-sufficient
on-line diagnosis, or for aiding the human analyst.

3.

The symposium has clearly demonstrated that vibration monitoring of mechanical
structures in nuclear power plants based on vibration, neutron noise, and dynamic
pressure signals has reached a well-developed state with respect to understanding
the physical phenomena used for feature monitoring as well as signal analysis
methods and monitoring systems installed in the plants. Vibration monitoring of
reactor internals and primary circuit components has become - next to loose parts
and acoustic monitoring - the most widely applied method for early
fault/degradation monitoring in PWRs.

It is surprising that for BWR no vibration monitoring programmes have been
realized: there was just one poster presentation reporting on flow-induced vibration of incore instrumentation tubes in German BWR.
4.

Development of new methods of signal processing and characterization is quite
active despite the general slow-down of the nuclear industry. Some papers
presented in the Symposium reported newly developed or introduced methods and
techniques of signal processing. The study on the feasibility of using fuzzy rather
than standard statistical techniques to handle uncertainty relevant to human expert
cognition was presented. The authors indicated that fuzzy logic can be a
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promising way to future diagnosis using knowledge engineering. The authors of
the study believe that the use of fuzzy methodology can reduce considerably the
difficulty of expert system development. However, validation and verification of
the expert system would be more difficult in a fuzzy framework; thus, caution
must be exercised.
As the neural networks concerned are a new tool, not specific to nuclear
engineering, only general advantages or problems in their applications were
discussed. These new techniques are now available because of the latest
mathematical demonstrations and the size of computers. Not all the theory is
available to date, and, as we don't yet have much experience, we must assume
these techniques as being under evaluation for nuclear engineering applications.
Suggestions were made for a benchmark problem in neural network. The
University of Tennessee and Oak Ridge Nationai Laboratory will review options
for a benchmark problem and issue a proposed benchmark problem for comment
by mid-1992. The goal is to have results available for SMORN-VII.
Some suggestions for future research and development in plant monitoring and
diagnostics were made at a panel discussion. These included:
integration issues,
predictive maintenance applications,
applications to component ageing problems,
further research and development in applications of neural networks,
advanced and non-linear signal processing techniques.

2.2.

International Symposium on "Nuclear Power Plant Instrumentation and
Control". Tokyo. Japan. 18 - 22 May 1992.

The symposium was jointly organized by the OECD Nuclear Energy Agency and
the IAEA and hosted by the Japanese Government. Around 250 participants from 13
countries (Canada, Finland, France, Italy, Japan, Korea, The Netherlands, Russian
Federation, Spain, Sweden, UK, USA and Yugoslavia) and two international
organizations (OECD/NEA and IAEA) attended the symposium presenting 74 papers.
The purpose of the symposium was to provide an opportunity to:
Consider the present situation relating to the instrumentation and control of
nuclear power plants;
focus on the reasons which have led to the various solutions adopted;
help to clarify the decision making process and to provide a basis for the
development of the objective criteria;
discuss the possible areas for international cooperation;
discuss future needs and trends.
The technical part of the meeting was sub-divided into 14 sessions:

17

1.

Two plenary sessions: opening and closing where four invited papers were
presented and where a partial discussion on "current developments and future
trends in instrumentation and control" were held.

2.

Eleven parallel sessions:
Operating experience - 6 papers
Licensing aspects - 6 papers
Systems upgrading - 3 papers
Advanced instrumentation and control systems - 6 papers
Emergency response support - 3 papers
Protection and safety related systems - 6 papers
Automation and information processing - 6 papers
Hardware and software qualification - 6 papers
Human-machine interaction - 6 papers
Testing, surveillance and maintenance - 6 papers
Computerized operator support - 6 papers

3.

Poster Session - 10 papers

Two papers entitled "Safety Implications of Increased NPP Computerization and
Need for Systematic Analysis of Incidents Involving Vital Control and Instrumentation
Systems" (M. Dusic) and "Recent Developments in Nuclear Power Plant Instrumentation
and Control" (A. Kossilov) prepared by the IAEA were also presented.
On Friday, 22 May 1992 a technical tour to the JAERI, Tokai Power Station and
Training Centre was organized.
For the Japanese participants translations from English to the Japanese language
were used.
Conclusions and Recommendations
1.

Participants agreed that the symposium was timely organized and was useful.

2.

More meetings of this type need to be held to better understand the various areas
of development and application, and to better optimize development through coordination of efforts.

3.

The symposium has clearly demonstrated that the co-operation with the
OECD/NEA and other international organizations promotes better understanding in
all problems concerning NPP instrumentation and control, as well as man-machine
interface.

4.

Software is an important component in the design, licensing and operation of
NPPs. The application of software-based devices in I&C is increasing rapidly
because they offer improved accuracy and human-machine interfaces. Concerns
exist about software licensing, software reliability, cost-effective production and
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maintenance of software. The following topics need to be discussed on an
international level:
International consensus of software standards,
effective methodologies for developing, maintaining and upgrading software
for different nuclear plant applications,
regulatory consensus on the software classification and qualification,
tools for cost-effective implementation of standards and methodologies,
strategies for training software developers and maintainers.
5.

Automation constitutes an important part of the man-machine interface facilities in
nuclear power plants. In addition to well-established uses such as protection,
closed loop control and sequence logic systems, automation is increasingly used to
process information to the operator. One form of this is the Computerized
Operator Support System. A key feature of operator support systems is the ability
to structure data to increase its relevance to a given situation. This can improve
the user's ability to :dentify plant function, system and component state, and to
identify faults and d.?2nose them. Operator support systems can also assist the
user to plan and implement corrective actions. As well as assisting with
improving availability, operator support systems are increasingly used to improve
safety. Also, applications are being developed to aid maintenance and to extend
the lifetime of the plant items. The IAEA activities on this subject being
performed by NENP and NENS provide systematic guidance and information on
man-machine interface and closely related issues including I&C, the use of
computers, and expert systems.

6.

The present situation in the nuclear industry is characterized by a decreasing
number of new plants and an increasing amount of installations where backfitting
measures are to be expected. Instrumentation and control equipment in nuclear
power plants have a special role, because theb technological life span is about ten
years and the innovation time even shorter. Considering the fact that the
mechanical systems of the plant are designed for a lifetime of 30 to 60 years, the
instrumentation and control equipment, or part of it, has to be backfitted or
modernized several times in order to achieve the required availability and safety.

The need for frequent backfitting of instrumentation and control systems arises
from specific conditions:
Rapid obsolescence of technologies as a consequence of which new designs
with new operational characteristics have to be employed.
The high potential for improving and broadening I&C application to
achieve improved on-site operational benefits at relatively low cost.
New regulatory requirements.
The main idea of upgrading the instrumentation and control systems in nuclear
power plants is to take advantage of modern technology to improve plant availability and
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to reduce instrumentation and control's contribution to escalating operating and
maintenance costs. Modern instrumentation and control technology, using analog and
digital equipment to the best advantage, brings increased reliability and safety.
The IAEA programmes should define the steps to be followed when modernizing
the instrumentation and control equipment and systems including the computers and
software used for data logging and information processing. This programme extends
from planning and organization to technical realization. Emphasis should be placed upon
problem areas and how they were solved, and on wnere and how improvements could be
made by introducing new equipment or systems.
3.

SPECIALISTS' MEETINGS (SPM)

A Series of specialists' Meetings organized during 1991 - 1993 covered a broad
range of questions on I&C including those which are very topical these days: in-core
instrumentation, operating piocedures, monitoring ageing phenomena, software
engineering, modernization of I&C, operator support systems, nuclear and radiation
instrumentation. The attendance of the meetings, quality and number of presented papers
showed that the selection of topics of the specialists' meetings by the IWG at its previous
meeting was correct.
3.1.

SPM on "Training Simulators for Safe Operation in Nuclear Power Plants".
Balabonfiiret. Hungary. 24-27 September 1991

The meeting was organized by the IAEA in co-operation with the Central Research
Institute of Physics (KFKI), Hungary and Paks Nuclear Power Plant (PAV). The
International Working Group on Nuclear Power Plant Control and Instrumentation (IWGNPPCI), recognizing the importance of the subject, organized the first Specialists'
Meeting on Training Simulators in Helsinki, Finland (1984), the second one in Toronto,
Canada (1987) and this was the third meeting of this kind. Around 90 participants from
17 countries (Belgium, Brazil, Bulgaria, Canada, CSFR, Finland, France, Germany,
Hungary, Japan, Mexico, Romania, Switzerland, Sweden, UK, USA and USSR) and two
international organizations (CEC and IAEA) attended the meeting presenting 41 papers.
The purpose of the meeting was to provide an opportunity to:
exchange experience on the application of training simulators and their use
for training of NPP operations staff,
discuss different training programmes and computer aided training
techniques,
discuss future needs and trends.
The possible areas for international co-operation were also discussed.
The technical part of the meeting was sub-divided into eight sessions:
1.
2.

General problems
Performance evaluation and licensing
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3.
4.
5.
6.
7.
8.

Training centre experience
Simulator training programme design and experience
PC based simulation and training
Simulator software
Simulator construction and upgrading
General discussion.

A technical visit to the Paks Nuclear Power Plant Training Centre and PC-based
simulator software demonstration were organized.
The report entitled "Use of Simulators for Training and Maintaining Competence"
prepared by the IAEA was also presented.
Conclusions and Recommendations
1.

The use of simulators to conduct training for Nuclear Power Plant Personnel
continues to increase worldwide. Indeed, in many instances, the real limit to a
simulator's use is simply the amount of time available on the machine, because its
use is demanded by initial and continuing training for operators, and, in some
cases, others as well. With today's full scope, and even some limited scope or
part-task simulators, there is the ability to conduct training on a spectrum of
operating conditions from routine operations and simple operational events like
plant load swings and simple instrumentation malfunctions to catastrophic events
like multiple malfunctions and design basis accidents. Additional advantages
provided by the simulator to practice communications, teamwork, command and
control functions, and operating and emergency operating procedures, means that
the simulator can be a tool of unparalleled usefulness in a desire to ensure the
safe, reliable and efficient operation of the nuclear power plants.

2.

Although full-scope simulators have been used for many years, there is still no
widespread standard practice or methodology for simulator-based assessments.
Considerable agreement was expressed regarding the significant difficulties that
such assessment of control room personnel present. Recently, the development of
more objective assessment methods using full-scope simulators has received
significantly more attention in many countries due to requests made by the
regulatory authorities for establishment of more formal, objective, reliable and
audible assessment methods.

3.

In connection with item 2, the participants agreed, that an additional research
should be done to develop automatic user-friendly data collection systems that
would assist in assessing objectively operator performance on simulator tests and
to define and quantify the minimum acceptable level of operator performance on
operator certification tests.

4.

A group of the papers covered a broad spectrum of simulator training in training
centres from the point of view of users and providers of simulators. The
contributions made clear that standardized recipes for organizing training systems
can not be established because the differences in education systems, traditions,
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mentality and structure of the nuclear power industry are too big for
standardization among the nations which use nuclear power. Nevertheless, there is
a considerable potential of useful information, knowledge and experience, that can
be exchanged between countries, training centres, authorities and also producers of
training simulators.
5.

Construction of more and different types of simulators is the general trend in
development of operator training systems in most countries. There is already a
large number of training centres where full-scope simulators are used. Other types
of simulators such as plant analyzers, basic principles and part task simulators are
being developed and used more and more. For selected applications limited scope
simulator may provide better training. Real time simulation can be achieved using
386/387 PC's especially for compact and part task simulators. Microsimulators
may include AI with a knowledge base developed from the experience of
operators, control specifications and project specifications. This is useful for
designing many microsimulators for NPPs which do not have full scope
simulators.

6.

Considerable efforts are being made in many countries to improve validation
procedures for the model of simulators. The use of high speed equipment
indicated that the scope of modelling has increased significantly in recent years.
The fact that severe accidents are now within the scope of training simulators
attests to the large increase in computer capacity that is available at modest cost.
The development of the methodologies and software systems for a verification of
simulator fidelity received considerable attention during the meeting. It was
suggested to organize a Co-ordinated Research Programme on the subject as a
continuation of a CRP on Development of Common Modelling Approaches for
Training Simulators for Nuclear Power Plants completed in 1989.

7.

Some suggestions for future IAEA activities were made at a general session.
These included:
to organize a Co-ordinated Research Programme on simulator training
programme design and assessment methodology,
to publish the reference book on training centres in the nuclear industry,
to schedule the next Specialists' Meeting on Training Simulators in 3 years.

3.2.

SPM on "In-core Instrumentation and Reactor Core Assessment". Pittsburgh.
USA. 1-7 October 1991

The meeting was organized by OECD Nuclear Energy Agency in co-operation
with the IAEA and hosted by Westinghouse Electric Corporation. Around 90 participants
from 17 countries (Brazil, Bulgaria, Canada, CSFR, France, Germany, Hungary, Italy,
Japan, Korea, Netherlands, Norway, Spain, Sweden, UK, USA and the Russian
Federation) and two international organizations (NEA, IAEA) attended the meeting
presenting 39 papers.
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The purpose of the meeting was to provide an opportunity for scientists and
engineers to discuss core instrumentation techniques and technology for the assessment of
reactor nuclear, thermal/hydraulic and fuel performance and subsequent prediction of
future core behaviour, using core instrumentation and/or on-line calculations. Emphasis
was placed on water reactor systems, but other reactor types were aiso considered. The
discussion related to core monitoring and predictive simulation in normal operating
conditions, anomaly detection and safety assessment advancements supporting these areas.
The technical part of the meeting was sub-divided into six sessions:
1.
2.
3.
4.
5
6.

Radiation sensors
Safety analysis
System and validation
other measurements
Core monitoring
Core oerformance.

Conclusions and Recommendations
1.

Participants agreed that the meeting was well timed, organized and useful. The
previous meetings on this subject were held in Halden (Norway, 1 0 - 1 3 October
1983) and Cadarache (France, 7 - 1 0 June 1988) which had demonstrated the large
field of application of this domain.

2.

To achieve better core performance an effective monitoring is needed, which can
be achieved not only by placed instruments and sensors, but a powerful software
system as well as to intelligently filter the signals, infer and reconstruct the core
condition, detect malfunctions and operation anomaly. It is feasible, particularly
in view of the tremendous progress of computer capabilities and the advances in
core analysis computational methods. In this sense, four of the six sessions of the
meeting - detectors and sensors, signal validation and processing, core monitoring,
and performance are supposedly closely related. However, a breakthrough in this
field will require a cross flow of knowledge between the hardware and software
people, the experimentalist and analysts, and the joint work of experts across all of
the above four sessions.

3.

There was considerable discussion on how monitoring could be related to safety
and if safety should be covered in the future meetings. It was recognized that
today's monitoring systems has only limited applications in safety protection.
However, the benefit of being able to monitor the realistic core condition to the
safety analysis method employed in the core design phase could potentially be
quite large. This is particularly pertinent in view of the conservative approach and
the simplified core model used in today's core design safety analysis method which
is not complimentary to the advanced core design neutronics methods.
Discussions not on safety analysis per se, but along the direction of how to revise
today's conservative safety analysis methodology to be compatible with advanced
core monitoring methodology would be useful. The participants tended to agree
that phenominological descriptive discussions on core transient behaviour is of

23

relevance to core monitoring and core assessment.
4.

The advances in instrumentation, but more of computer hardware and computer
software have a great influence on the core monitoring. Computing time and
storage are not longer really limitating values. The evolution of fast and accurate
computer codes together with the hardware evolution enables the on-line
calculation of three dimensional power distribution and also of anomaly detection
and general plant supervision. This effect leads to the question of the future
development of on-line core monitoring systems and its use in the plants including
benefits, which can be taken from these systems. Again a common aspect in all
systems can be recognized: They all operate as information systems parallel to the
conventional reactor power control and safety system and it still seems to be a
long way, that computer based systems can directly influence the plant.
Depending on different national laws and rules, the development may proceed
different in different countries, but questions like software redundancy,
qualification, reliability etc. are common in ail countries. But nevertheless, some
papers showed, that there were already benefits from the use of on-line core
monitoring systems, for instance to have additional thermal margin to the safetylimits by better understanding, what is going on in the core. This operational
margin mostly can be used in a better reload planning to save enrichment expenses
or even to lower the number of reloaded fuels.

5.

Some suggestions and questions for further use and development of the on-line
monitoring systems were made at a panel discussion. These included:
Due to the complexity of the calculations and the theory behind it, it seems
very important to give the results to the operators of the plant in an easy to
understand manner, that means that not only specialists can deal with the
systems.
If these systems give an information to the operators, which used for
operating decisions, the information should be reliable. This raises the
question to validation or qualification of these systems.
Is core monitoring by using the methods of noise analysis, for instance
supervision of the moderator coefficient, anomaly detection, sensor
failures, etc., a tool for monitoring systems?

6.

The meeting has clearly demonstrated that the co-operation with the OECD/NEA
and other international organizations promotes better understanding of all problems
concerning NPP instrumentation and control as well as reactor core assessment.

3.3.

SPM on "Operating Procedures for NPPs and their Presentation". 31 March 2 April 1992. Vienna. Austria.

The meeting was held at the IAEA Headquarters from March 31 to April 2, 1992.
It was attended by 46 participants representing 9 nuclear operators, 10 operations support
organizations in 12 Member States of the Agency and 3 International Organizations. In
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all, 20 papers were reviewed in 4 sessions and a general discussion wrapped-up the main
conclusions of the meeting. It was noted that a stronger participation form the regulatory
organizations would have been desirable and that regrettably, although invited, no
representatives from utilities in France and US attended the meeting.
Papers in session 1 reported on experience in procedures analysis and
documentation management systems. In particular a WANO paper presented a
comparative analysis of practices adopted by the members of the Paris Center and an
Agency presentation, describing the IAEA TRS, indicated that deficient procedures and
human factors were significant contributors to the root-causes of the reported events.
Session 2 concentrated on the development of emergency procedures and discussed the
importance of the human factor related aspects during stress conditions. A paper by
Westinghouse described an information modeling system for developing human factored
emergency procedures. The rationale for developing emergency procedures from
procedures governing normal operation was the subject of a paper by Sweden. The
operating procedure development processes were discussed in session 3. The papers
presented a cross section of problems related to procedural deficiencies and possible
corrections, along with the IAEA requirements for a quality concept in the
verification/validation of procedures and the balance between paper-based and computerassisted techniques in the procedure development process. The last session focussed on
the problem of presenting procedures to the operator and the benefit of well designed
operator support systems. An important issue in discussions was whether the adherence
to emergency procedures should be mandatory or a more flexible view preferable that
permits reliance on the operator's decision making process. Achievements in the area of
man-machine interface and a pre-view of the expected technology developments were the
subject of an Agency presentation.
Concluding Remarks
The meeting was terminated by a general discussion to wrap-up the conclusions
and identify problem areas for further developments.
The following is to be reported:
1.

The rationale for developing procedures was not uniform. The event-based and
symptom-based logics are both adopted by operators and no significant arguments
could indicate unequivocally the best approach. The accuracy and completeness of
procedures were still a concern and the need of reviewing critically the operating
manuals, especially maintenance manuals and procedures was emphasized by many
participants. Common problems included: unclear separation of procedures from
supplemental information, the need of minimizing the number of emergency
procedures and the level of resources required for the procedure reviewing and upgrading processes. The quality of the event reporting systems and the event rootcause analysis were found determinant for a correct feed-back to the procedure
generating and reviewing process. Some participants stressed that there is a
definite need for improvement.

2.

Generation of operating procedures has received significant attention in the past
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years and a great deal of resources has been used. The meeting did not bring out
any dramatic evolution currently in progress. Thus it appears that the common
approach is more one of consolidating achievements rather than proposing further
developments.
The use of computerized procedures in control rooms was recognized as a
significant improvement particularly for safety related procedures in stress
conditions. It was felt, however, that a paper balance between paper-driven and
computer-driven procedures should be derived from cost/benefit considerations. It
was observed that increasing computerization and use of expert systems in
diagnostics would step up the regulatory requirements for software validation and
licensing. The associated cost adders are to be assessed carefully.
It was recognized that improvements are necessary in the quality of supporting
documentation from which procedures are derived. Also a mechanism should be
in place to ensure that plant modifications be promptly reflected in the operating
procedures whenever applicable as well as in plant training programmes. For a
correct operator response, participants stressed the importance of creating
procedures with more prescriptive details governing the actual execution of
procedures.
The use of procedures during emergencies and in stress conditions was discussed.
While it was recognized that mandatory use of procedures was a protection of the
operator's liability, it was nonetheless observed that the experience and capability
of the decision making process of a senior operator were important assets that
should not be lost. Participants recognized the importance of specifying the
conditions under which senior operators in charge are permitted to depart from
prescriptive procedures and stressed effective training and qualification
programmes along with a constant attention to maintaining the proficiency of the
operating staff as prerequisite conditions. Teamwork build-up and clear
distribution of responsibility were also cited as significant contributors to proper
handling of crisis situations.
3.4

SPM on "Experience in Monitoring Ageing Phenomena for improving NPP
Availability". Plzen. CSFR. 8 - 10 June 1992

The purpose of this Specialists' Meeting was to bring together experts from
operations, design, research and development and licensing to share their experience in:
ageing mechanics of key structural components,
methods of monitoring such ageing,
tools for cost-effective implementation of the methods and methodologies,
life management approaches and examples from current reactors,
future direction for monitoring of key structural components in nuclear
power plants.
The meeting was organized by the IAEA International Working Groups on Life
Management of Nuclear Power Plants (IWG-LMNPP) and Nuclear Power Plant Control
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and Instrumentation (IWG-NPPCI) in cooperation with the Czechoslovak Atomic Energy
Commission and Skoda Concern. Around 40 participants from 10 countries (Austria,
Belgium, China, CSFR, France, Germany, Hungary, Italy, Romania, UK) attended the
meeting presenting 11 papers.
In discussions during sessions and mainly in the final general discussion, the
following directions of main activities were felt as important ones (without any accent on
their priority).
to study the sequence of component design and service characteristics ageing mechanism - diagnostics - criteria for evaluation of results: and the
resulting assessment of component integrity and its performance,
to improve component lifetime diagnostics
to develop NDT methods for material ageing diagnostics (indentation test,
electrochemical measurements etc.),
to extend a study of acoustic monitoring - acoustic emission, noise, sound for detection of component integrity, leakage and loose parts,
to connect vibration monitoring with evaluation of its influence on lifetime
of components,
to correlate PLEX approaches with I-C methods, to create database on
materials, operational regimes, NDT results etc.,
to develop NDT methods for material recovery assessment during thermal
annealing,
to optimize diagnostics systems together with other NDT systems for
improvement of component lifetime assessment and their behaviour,
to complete reactor surveillance programmes - to create databases of their
results, to prepare their extension )supplementary programmes) and to
develop new testing methods.
Participants of the meeting agreed to the following recommendations to the
following activities of both IWGs:
1.

To organize a similar combined meeting in the next two or three years.

2.

Proposed title of the meeting: "Diagnostics systems (methods) for component
operationality (reliability) assessment".

3.

This meeting should start with several invited papers which will show a state-of
the-art in different countries, for different reactor types as well as standpoints of
the IAEA and WANO.
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4.

To organize a Training Course on "Diagnostics for VVER Type of Reactors" with
participants from NPPs with VVER type of reactors. The purpose will be to give
an overview of used and possible diagnostics methods, devices and systems, to
compare them and to show their possible use for component ageing diagnostics
and lifetime assessment.

3.5

SPM on "Software Engineering in Nuclear Power Plants: Experience. Issues
and Directions". Chalk River. Canada. 9 - 1 1 September 1992

The Meeting was organized in the framework of the International Working Group
on Nuclear Power Plant Control and Instrumentation (IWG-NPPCI) in co-operation with
the Atomic Energy of Canada Limited. Around 70 participants from 15 countries
(Austria, Belgium, Brazil, Canada, CSFR, Finland, France, Germany, Hungary, Italy,
Japan, Spain, Sweden, UK and USA) and two international organizations (OECD/NEA
and IAEA) attended the meeting presenting 22 papers.
The technical part of the meeting was sub-divided into 8 sessions:
Standards
Systems
Problems and Solutions
Tools
Licensing
The Regulator
Issues and Approaches, and
Canadian and International Initiatives.
A panel discussion on software licensing issues was also organized.
Conclusions and Recommendations
1.
Software is an important component in the design, licensing and operation of
NPPs. The application of software-based devices in I&C is increasing rapidly
because they offer improved accuracy and human-machine interfaces.
2.

Many organizations are developing methodologies and guidelines for software
verification and validation to achieve the required level of system performance and
reliability for the key systems. The IAEA is currently planning development of a
TECDOC on Guidelines for Validation, Verification and Licensing of Software
related to Control and Instrumentation that will assist the practicing utility
engineers or managers, I&C vendors and regulators faced with V&V issues for a
particular software system. There is an urgent need for this aid for navigating
through the great mass of information as standards guidelines, articles, and tools
documentation, to find and use the V&V techniques and approaches that are most
useful for the project at hand.

3.

The participants expressed their preoccupation on possible overlapping between the
IAEA and IEC in the preparation of standards on software issues.
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3.6.

SPM on "Experience in Ageing. Maintenance and Modernization of
Instrumentation and Control Systems for Improving NPP Availability".
Rockville. Maryland. USA. 5-7 May 1993.

The Meeting was organized in the framework of the International Working
Group on Nuclear Power Plant Control and Instrumentation (IWG-NPPCI) in Cooperation with the US Nuclear Regulatory Commission, the Electric Power Research
Institute, and the Oak Ridge National Laboratory. Around 60 participants from 12
countries (Austria, Canada, Finland, Germany, Hungary, India, Japan, The Netherlands,
Sweden, Switzerland, UK and USA) attended the meeting presented 23 papers.
The technical part of the meeting was sub-divided into 9 sessions:
Ageing and Maintenance, I, II, HI
Modernization, I, II, III, IV
Modernization Issues I, II
Conclusions and Recommendations
1.

The present situation in the nuclear industry is characterized by a decreasing
number of new plants and an increasing amount of installations where backfitting
measures to be expected. Instrumentation and control equipment in nuclear power
plants have a special role, because their technological life span is about ten years
and the innovation time even shorter. Considering the fact that the mechanical
systems of the plant are designed for a lifetime of 30 to 60 years, the
instrumentation and control equipment, or part of it, has to be backfitted or
modernized several times in order to achieve the required availability and safety.
The need for frequent backfitting of instrumentation and control systems arises
from specific conditions:
Rapid obsolescence of technologies as a consequence of which new designs
with new operational characteristics have to be employed.
The high potential for improving and broadening I&C application to
achieve improved on-site operational benefits at relatively low cost.
New regulatory requirements.
The main idea of upgrading the instrumentation and control systems in nuclear
power plants is to take advantage of modern technology to improve plant
availability and to reduce instrumentation and control's contribution to escalating
operating and maintenance costs. Modern instrumentation and control technology,
using analog and digital equipment to the best advantage, brings increased
reliability and safety.

2.

Pilot studies on management of ageing of nuclear power plant instrumentation and
control components were presented in the paper prepared by the AEA Technology,
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UK, Technical Research Centre of Finland, and the IAEA. Two specific topics
were discussed:
Pilot study on motor operated isolation valves, and
Pilot study on in-containment I&C cables.
The pilot studies are being implemented in two phases using the methodology for
ageing management developed by the IAEA. Phase I pilot studies (i.e. interim
ageing studies) were completed through Technical Committee Meetings, and Phase
II Studies (i.e. comprehensive ageing studies) are being implemented through
IAEA Co-ordinated Research Programmes.
3.

The role of international standards in the design of modern I&C systems for NPPs
was presented by Mr. Gallagher, Chairman of the IEC SC 45A. There is a need
for internationally agreed safety standards and, although bodies such as the IAEA
generate safety codes, such codes would be handicapped by the absence of more
detailed technical documents which facilitate their implementation. The
importance of co-operation between the IEC and IAEA on design of digital I&C
systems were emphasized.

4.

The I&C systems in advanced reactors will make extensive use of digital controls,
microprocessors, multiplexing, and fiber-optic transmission. Elements of these
advances in I&C have been implemented on some current operating plants.
However, the widespread use of the above technologies, as well as the use of
artificial intelligence with minimum reliance on human operator control of
reactors, highlights the need to develop standards for qualifying I&C used in the
next generation of nuclear power plants. During the meeting participants
emphasized the importance of an international co-operation in the subject area and
suggested to organize a Specialists' Meeting on Digital Control Systems in Nuclear
Power Plants.

3.7

SPM on "Operator Support Systems in Nuclear Power Plants". Moscow.
Russia. 1 7 - 2 1 Mav 1993

The Meeting was organized in the framework of the International Working Group
on Nuclear Power Plant Control and Instrumentation (IWG-NPPCI) in Co-operation with
the Ministry of the Russian Federation for Atomic Energy and Research and Development
Institute of Power Engineering (RDIPE), Moscow. Around 90 participants from 17
countries (Austria, Belgium, Canada, Czech Republic, France, Germany, Hungary,
Japan, Korea, Re. of, The Netherlands, Pakistan, The Russian Federation, Slovak
Republic, Spain, UK, USA, and Ukraine) attended the meeting presenting 30 papers.
The technical part of the meeting was sub-divided into 7 sessions:
Recent experience and Benefits,
R & D Issues,
Design and implementation, I, II,
Human aspects,
Qualification issues,
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General discussion.
On Friday, 21 May 1993 a technical tour to the Leningrad NPP was organized.
Conclusions and Recommendations
1.

The increasing availability of computer capability has led to changes in the role of
operating staff from the traditional role of equipment operator, to a new role of
high-level information systems manager. Computer-based support systems can
provide increased operator support via improved information displays that aid the
perception of the operating state. Incorporating fast, real-time simulators into the
normal control interface is another possibility under consideration. This could
make it possible to predict the results of operator actions and thus improve the
quality of decision-making, particularly in complex situations.
A key feature of operator support systems is their ability to structure data to
increase its relevance to a given situation. This can improve the user's ability to
identify the state of the plant's functional systems and components, as well as to
identify faults and diagnose them. Operator support systems can also assist the
user in planning and implementing corrective actions. In addition to improving
availability, operator support systems can be used to improve safety. Also,
applications are being developed to aid maintenance and to extend the lifetime of
the plant components.

2.

IAEA Co-ordinated Research Programme on Operator Support Systems in NPPs
was presented by Mr. A. Kossilov. The main objective of the programme is to
provide guidance and technology transfer in the development and implementation
of OSSs, including the experience with man-machine interface and closely related
issues such as control and instrumentation, the use of computers and operator
qualification. The CRP activities and expected results, participants' responsibility,
schedule, and the planned actions were discussed.
Participants agreed that the CRP was timely organized and was useful for the
Member States with nuclear programmes.

3.

Significant aspects the technology related to OSS that were pointed out by
individuals which should be investigated were:
Consequences of the use of expert systems
Consequences of soft automation on operator behaviour
Effectiveness of the current methods to guarantee software reliability
Effectiveness of the OSS in regard to usefulness and cost/benefits.

4.

The participants suggested in the framework of the CRP on Operator Support
Systems in NPPs to set up a database containing the most pertinent characteristics
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of the OSSs operating in NPPs, worldwide. The scope of the database should be
defined by the CRP participants, and discussed at the CRP meeting.
5.

The Seminar on "Diagnostic Systems and Operator Support in NPPs" was
organized in connection with the technical visit to Leningrad NPP included in the
programme of the Specialists Meeting on Operator Support Systems in Nuclear
Power Plants, 17-21 May 1993 in Moscow and sponsored by the Investigation
and Production Enterprise TURBOTEST Ltd. and the Turbine Building Production
Association Leningradsky Metallichecky Zavod (LMZ). The seminar was held at
the Turbine Building Production Association Lenigradsky Metallichecky Zavod
(LMZ), St. Petersburg, The Russian Federation, from 24 to 25 May 1993. The
Seminar was attended by 20 participants from 6 countries (Germany, Hungary,
Korea, Rep. of, The Russian Federation, UK and USA).
In particular the Seminar has focussed on:
Vibration diagnostic system design for turbosets of NPPs
Developmental trends in vibration diagnostic system technology
TURBOTEST and LMZ current experience and test facilities
Advantages and benefits of diagnosis and operator support systems
techniques.
The level of turboset vibration is one of the most important criteria of their
reliable operation. It is widely known that excessive vibration leads to early wear
out and damage of turboset components and in some cases - to serious breakdown.
Participants of the Seminar suggested to consider diagnostics of turbosets as an
important part of condition monitoring and degradation diagnostics for NPP. It
was also suggested to consider the turbosets diagnostics during TCM on Use of
Diagnostic Systems to Monitor Performance and Reliability of Safety Equipment",
October 1993.

3.8

4.
4.1.

SPM on "Improvements in Nuclear and Radiation Instrumentation for Nuclear
Power Plants: Impact of Experience and New Technologies". Saclay. Paris.
France. 1 8 - 2 0 October 1993.

TECHNICAL PROJECTS
Technical Document on "Guidelines for Control Room Systems Design"

Based on recommendations by the IWG-NPPCI the Agency organized in 19911992 a series of Advisory and Consultants' Meetings to prepare a technical document,
which provides a resource for those who are involved in researching, managing,
conceptualizing, specifying, designing or backfitting power plant control room systems.
The document can also be useful to those responsible for planning or performing reviews
or evaluations of the design and facilities associated with existing power plant control
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room systems.
The report contains comprehensive technical and methodological information and
recommendations for the benefit of Member States for advice and assistance in "NPP
Control Room Systems" design backfitting existing nuclear power plants and design for
future stations.
The final draft of the document has been prepared with the participation of experts
from Canada, France, Germany, Japan, Sweden, USA, Russia and Finland. It is
expected that the report will be published in 1994.
4.2

Technical Document on "Computerization of Operating and Maintenance for
Nuclear Power Plants"

In 1991 the IAEA launched a new project on "Use of computers in design,
operation and maintenance of nuclear power plants", which results may be useful as a
guide to modification and upgrading of existing plants as well as design and engineering
of new plants. The IAEA Advisory Group has provided a summary of future trends and
produced the recommendations based on the lessons learned from design and
implementation as well as the R&D trends.
The group has recognized that there is a continuing trend in the nuclear plant
industry to apply computer technology including expert systems to various engineering,
maintenance and operations functions. Expert systems technology has a number of unique
capabilities which makes it a computer resource for the utilities. These include
programming flexibility, inference capabilities, explanation facility and knowledge
structured according to human models.
The next generation of nuclear power programmes has placed significant emphasis
on the appropriate use of modern technology for the Man-Machine Interface System.
Considerable experience has been accumulated regarding operation and maintenance of
existing designs. This experience provides opportunities to fundamentally improve the
safety and operability characteristics of nuclear plants. Breakthroughs is information and
communication technology provide a real opportunity and challenge to exploit these
capabilities in a manner that will provide benefits to operation and maintenance.
The Group has suggested that implementation of computer and information
technology have to be integrated in the corporate strategy for the short and the long term.
The measurement of the efficiency for a computing system must be done in respect of the
corporate objectives with the units of this objective: Cost of the produced electricity,
improvement of the safety, quality of the men work. The correct, measurement is not
easy to find for each level of responsibility, it is easier defined concurrently with the
system definition before the start up that after. That is the reason for which it is
recommended to look as soon as possible on the balance of costs and benefits.
The report is the result of a collective effort of representatives from nine
countries. It consists of eight chapters covering computerization of operation and
maintenance for nuclear power plants.
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Chapter 1 gives objectives and outlines the goals of the International Atomic
Energy Agency in sponsoring this report to promote cooperation in the use of good
practice in computerization of operation and maintenance activities in nuclear power
plants.
Chapter 2 is an overview. It covers the motivation for the application of
computers, the current practice in use of computers, the advantages and disadvantages,
human and machine interaction considerations and safety versus non-safety aspects of
computer application.
Chapter 3 describes computer applications to the operation of nuclear power
plants. It covers general aspects of no-line, real-time applications for instrumentation,
control and protection systems, as well as operator aids for diagnostics and decision
making.
Chapter 4 depicts the aspects of computer use in maintenance of nuclear power
plants. It covers the use of a database to support various activities including maintenance
administration, outage planning, work authorization, tagging, spare parts management and
computer-aided monitoring, inspection and surveillance, etc., and their related design and
implementation issues.
Chapter 5 covers life cycle management of computer systems, with focus on the
user aspects of dealing with changes, modifications, verification and validation, quality
assurance and overall configuration management of the computer systems.
Chapter 6 outline future trends and gives recommendations based on lessons
learned from design and implementation, as well as R&D trends.
Chapter 7 provides a summary of the conclusions of this report.
Chapter 8 lists references for this document.
The Annex gives specific examples taken from direct experience of participating
nations of computer applications in the field.
4.3

Revision of Guidebook on Nuclear Power Plant Instrumentation and Control
(TRS 239-1984)

The 1984 edition of the Guidebook was widely used by a variety of organizations
and individual professionals. More than one thousand copies were distributed by the
Agency and were well received. This success clearly shows the need of a such document
to respond to the requirements of today's word and to the needs of the beginning of the
next century.
The IWG-NPPCI concluded during the meeting in May 1991, that the technical
environment had changed considerably and there had also been a significant increase in
worldwide co-operation, leading to appreciable convergence between the countries using
NPP I&C. It was agreed that a new edition would be of great value.
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The first meeting on revision of the Guidebook took place in Vienna from 29
March to 2 April 1993 with participation of experts from Canada, France, Germany,
Russia, Sweden and UK.
The meeting suggested the following:
1.

The IAEA should prepare a publication in the form of a TRS report on "Nuclear
Power Plant Instrumentation and Control".
For that purpose a layout for a new edition of the Guidebook was prepared as well
as a description of proposed contents.

2.

After detailed discussion, the tasks, responsibilities and time schedule were
accepted by the experts, and the matrix of tasks and responsibilities was approved.
Individuals present agreed to become the focus for contributions from their
respective countries. They undertook to be responsible for certain agreed Sections
as set out in a marked-up table of contents.
It was strongly felt that direct input from Japan and the USA was vital. The
IAEA should take whatever action is possible to obtain contributions from those
countries and to ensure that appropriate participants are present at future meetings.
It is expected that a new Guidebook will be published in 1995.

4.4.

IEC/IAEA Project on "Nuclear Instrumentation and Electrical Systems for the
Safe Operation of RBMK Reactor"

The Swiss National Committee of the IEC submitted a New Work Item Proposal
on 'Nuclear instrumentation and electrical items for the safe operation of RBMK type
reactors (light water cooled graphite moderated reactors)' in July 1992 (reference
45A(Switzerland)10). The proposal was first discussed at the meeting of IEC/SC 45A in
Ottawa/Canada in September 1992. The meeting expressed the view that other organizations (including the International Atomic Energy Agency) were already involved in similar
projects. This particular project should therefore be jointly developed with experts of
these organizations.
The objective of this project is to provide recommendations to improve the safe
operation of the RBMK type reactors. Practical improvements will be developed in
reactor core monitoring, control rod monitoring, leakage detection and visual monitoring.
Once the Swiss proposal was approved, the IEC Central Office, in agreement with
the Secretariat of IEC/SC 45A, invited the IAEA and the CEC (Commission of European
Communities) to participate in the development of the project.
IEC/SC 45A already had an official liaison with the IAEA and furthermore an
agreement on co-operation between the two organizations, the IEC and the IAEA, was in
force since 1981.
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Following the IAEA's positive response a joint project team of IEC and IAEA
experts was set up to develop the project. This joint IEC/IAEA project team during the
first meeting from 28 June - 02 July 1993 agreed to write a document that will eventually
be published as an IEC Technical Report and to consider measures directed to the
practical implementation of the improvements in RBMK I&C systems.
In the preparation of this report the results presented in the IAEA TECDOC-694
were considered as important practical recommendations to enhance the safety of RBMK
reactors.
The project team agreed to concentrate on the improvement measures which will
be "easily implemented" and provide prompt enhancements in safety and availability.
It was agreed that the membership of the joint project team should be finalized; it
should comprise experts from IEC/SC 45A and the IAEA as well as Russian experts and
other external experts; all the members of the IEC/SC 45A/WG A5 should be invited to
participate in the project.
4.5.

Technical document on "Guidelines for V&V and Licensing of Software Related
to NPP C&I"

The Advisory Group Meeting held in Vienna from 6 to 10 September 1993 set
about this task recommending that the IAEA should prepare a publication titled
"Guidelines for Verification, Validation and Licensing of software related to NPP control
and instrumentation". An extended outline of this document was prepared during the
meeting which defined the structure and content of the document as currently envisaged
by the group.
The group were able to make significant progress and a first draft of the document
was produced during the course of the meeting. A number of standards and reference
works seen as being crucial to the exercise were identified during the meeting.
It was agreed that this draft should be developed by group. The material produced
should be sent to the editor for collation and distribution to form the basis of a discussion
on further development of the document at a meeting In February 1994. The key
objectives of this further meeting should be the identification and assignment of work
leading to the production of a second draft of the document. This draft would be collated
by the editor with the intention of completing a final report in December 1994.
The approach to the production of the guidance document was considered during
the first two days of the meeting. This resulted in a critical review of the group
members, during which it was agreed that the group represented the interests, as well as
possible, of all the parties that might normally be involved in the specification
procurement, development, production, setting to work and licensing of a computer based
system important to safety. The exercise also demonstrated that while many other
organizations and experts might reasonably be expected to be involved in the group, two
key groups of expertise were missing the Japanese in respect of their work on advanced
reactors and the Canadians with respect to their work on the Darlington shut down
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system, other key interest groups were recognized.
Considerable time was spent during the first part of the meeting going through the
presentations of the team members and identifying the issues raised during the
presentation and associated discussion. This exercise resulted in the recognition that the
parties had very divergent views on many important points but allowed a consensus view
to emerge as to the direction that the exercise should take. It was also possible to identify
an approach that could produce a valuable document and one that would be viable within
the resource constraints of the project. This last item was of considerable concern as the
success of the exercise will be completely dependent upon each team member being able
to meet their objectives.
A structure for the guideline document was proposed and reviewed a number of
times during the presentations. One early structure of the document which was
subsequently used as a base line for discussion was:
Aims - Objectives
Scope
Definitions
Framework
Define scope of V&V
Planning V&V
Verification
Development plan
Requirement
Specification
Design
Code
Integration
Test Plans
Validation & testing
Other life cycles
Case and other tool support
Bought in / Pre existing software
Techniques
V&V for adaptive / Corrective maintenance.

5. CO-ORDINATED RESEARCH PROGRAMMES (CRP)
5.1.

CRP on "Operator Support Systems in Nuclear Power Plants"

In September 1991 the Co-ordinated Research Programme (CRP) on "Operator
Support Systems (OSS) in Nuclear Power Plants" was approved in the framework of the
Project "Man-Machine Interface Studies". The main objective of the programme is to
provide guidance and technology transfer in the development and implementation of
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OSSs, including the experience with man-machine interface and closely related issues
such as control and instrumentation, the use of computers and operator qualification.
At the present time 13 organizations participate in the CRP representing
Argentina, Czech Republic, Finland, Hungary, Italy, Japan, The Netherlands, Norway,
Romania, Russia and USA.
The first Co-ordinated Research Meeting held in Vienna, 13 - 16 October 1992,
prepared a summary report which defines the tasks and the responsibilities of the CRP
participants, and agreed on time schedule and future actions.
The second meeting was held in Budapest from 5 to 8 October 1992 and
Sponsored by the KFKI Atomic Energy Research Institute. The Meeting reviewed the
progress of the tasks defined by the first meeting, considered reports on national activities
in the subject area, and agreed on time schedule and future actions.
The experts recommended to set up an IAEA Database on Operator Support
Systems in Nuclear Power Plants. Taking into consideration the exact indicators for the
database as the most urgent task,the participants of the CRP developed a questionnaire on
existing OSSs which was distributed among Member States.
The programme will produce several documents and technology transfer meetings.
During each year a Co-ordinated Research Programme meeting will be held to discuss the
progress of each organization on the tasks in this programme. A report of each of these
meetings summarizing the results will be put together. At the end of the programme a
final report will be created describing all of the activities carried out by the co-operating
organizations. Depending on the success of this programme and interest in performing
more work on operator support systems for plant productivity improvements, it is
envisioned that a follow-up programme will be developed.
5.2.

CRP on "Management of Ageing of Motor Operated Isolating Valve"

In 1992 the CRP on "Management of Ageing of Motor Operated Isolating Valve"
was approved as a part of CRPs on "Pilot Studies on Management of Ageing of Nuclear
Power Plant Components".
The following objectives for the CRP was agreed:
1.

To improve understanding of MOV ageing mechanisms and effects, and thus help
assure functionality of MOVs under both normal operating and accident
conditions.

2.

To identify effective and practical methods for monitoring of MOV ageing capable
of timely detection of MOV anomalies attributable to age related degradation.

3.

To develop guidelines for risk and reliability assessment of MOV ageing.

4.

To improve MOV qualification methods and formulate MOV qualification
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guidelines.
5.

To establish guidelines for effective MOV maintenance to alleviate ageing effects
and concerns.
The following tasks were suggested for implementation:
Understanding of MOV ageing,
Monitoring of MOV ageing,
Risk and reliability assessment of MOV ageing
MOV qualification methods and guidelines
Guidelines for MOV maintenance.

Organizations from Finland, Canada, India, Czech Republic, Russia and Germany
have submitted proposals for research agreements in the subject area. Organizations from
France, Sweden and the United States of America have indicated their interest in this
CRP. Other Member State Organizations and the Organization for Economic Cooperation and Development/The Nuclear Energy Agency (OECD/NEA) will be invited to
participate. Actual participants will be organized in a CRP network to facilitate cooperative work.
The first meeting on the CRP will be organized in December 1993.
6. TRAINING COURSES
Two Interregional Training Courses on "Nuclear Power Plant Control and
Instrumentation" were organized in 1991 and 1993 in co-operation with Karlsruhe
Nuclear Research Centre, Karlsruhe, Germany.
The objectives of the courses were to train the participants from developing
countries in the main concept and designs of control and instrumentation systems for
nuclear power plants, particularly with regard to their safety functions and reliable
operation. The scope of the courses covered characteristics of NPP instrumentation and
control, overall plant control, control room design, man-machine interface,
instrumentation and control of the turbine and generator set, reactor control and
instrumentation, I&C quality assurance. The course comprised of lectures discussion
sessions, workshops and technical visits.
Conclusions and Recommendations
1.

The interest of Member States in training of specialists in nuclear power plant
control and instrumentation is very high. The number of applicants was much
higher than the number of available posts on the course.

2.

The course objectives have been achieved with overall very satisfactory results.
There have been improvements with respect to the previous similar courses. The
participants' evaluation of the course also confirmed its success.
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The participants were experienced professionals involved in the course subject
area, and with good language knowledge. This undoubtedly contributed to the
success of the course. The presentations by the participants themselves were
found a useful input to the course. Indeed, through their active involvement,
questions raised and comments given, the participants themselves contributed
considerably to establishing the high level of the course and to achieve the
objective of broad exchange of experience.
The lecturers were highly qualified experts in their respective fields, and there
were no language problems. An emphasis on German practice and experience was
amply compensated by a relatively large proportion of lecturers provided by the
Agency.
One of the main parts in the programme of the course, especially in the light of
the recommendations made by participants, is the national practices in C&I of
some advanced countries. In this connection appropriate funds in the course
budget should be provided for inviting experts from other Member States with
large experience in C&I for NPPs.
6.

The course management has provided the usual excellent organizational and
administrative arrangements and attention to the needs of the participants.

7.

The subject area of the course continues to have very high relevance for achieving
excellence in nuclear power plant performance. To attend such a course could be
very useful also for participants from industrialized countries. In view of the
importance of the subject area, the interest of Member States in participating, and
the results of the course, it is recommended to repeat this course every two years.

report.o21
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IAEA International Working Group on
Nuclear Power Plant Control and Instrumentation
The main activities in 1989 - 1993
SYMPOSIA
1.

Balancing Automation and Human Actions in Nuclear Power Plants, Munich,
Germany, 9 - 1 3 July 1990 (in co-operation with OECD/NEA)

2.

Nuclear Reactor Surveillance and Diagnostics (SMORN -VI) Gatlingburg, USA,
19 - 24 May 1992 (in co-operation with OECD/NEA)

3.

Nuclear Power Plant Instrumentation and Control, Tokyo, Japan, 18 - 22 May
1992 (in co-operation with OECD/NEA).

SPECIALISTS' MEETINGS
1.

Early Failure Detection and Diagnosis in Nuclear Power Plants - Systems and
Operational Experience, Dresden, Germany, 20 - 22 June 1989

2.

Artificial Intelligence in Nuclear Power Plants, Helsinki, Finland, 10 - 12 October
1989

3.

Communication and Data Transfer in Nuclear Power Plants, Lyon, France, 24 26 April 1990

4.

Analysis and Experience in Control and Instrumentation as Decision Tool,
Arnhem, The Netherlands, 16 - 19 October 1990.

5.

Training Simulators for Safe Operation in Nuclear Power Plants, Balatonfured,
Hungary, 24 - 27 September 1991

6.

In-core Instrumentation and Reactor Core Assessment, Pittsburgh, USA, 1 - 4
October 1991 (in co-operation with OECD/NEA)

7.

Operating Procedures for Nuclear Power Plants and their Presentation, Vienna,
Austria, 31 March - 2 April 1992.

8

Experience in Monitoring Ageing Phenomena for Improving NPP Availability,
Plzen, Czech Republic, 8 - 1 1 June 1992 (in co-operation with IWG-NPPLM)

9.

Software Engineering in Nuclear Power Plants: Experience, Issues and Directions,
Chalk River, Canada, 9 - 1 1 September 1992.
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10.

Experience in Ageing, Maintenance and Modernization of Instrumentation and
Control Systems for Improving Nuclear Power plant Availability, Rockville,
Maryland, USA, 5- 7 May 1993.

11.

Operator Support Systems in Nuclear Power Plants, Moscow, Russia, 1 7 - 2 1 May
1993

12.

Improvements in Nuclear and Radiation Instrumentation for Nuclear Power Plants:
Impact of Experience and New Technologies, Saclay, Paris, France, 1 8 - 2 0
October 1993

IWG-NPPCI MEETINGS
1.

Vienna, 8 - 10 May 1989

2.

Vienna, 6 - 8 May 1991

3.

Paris, 21 - 22 October 1993

TECHNICAL PROJECTS
1.

Preparing a review report on "Control Rooms and Man-machine Interface in
Nuclear Power Plants", 1988 - 1990

2.

Preparing a technical document on "The Role of Automation and Humans in
Nuclear Power Plants", 1989 - 1992

3.

Preparing a technical document on "Simulators for training Nuclear Power Plant
Personnel", 1989- 1992

4.

Preparing a technical document on "Guidelines for Control Room Systems
Design", 1991 - 1993

5.

Preparing a technical document on "Computerization of Operation and
Maintenance for Nuclear Power Plants", 1991 - 1993

6.

Preparing a technical report on "Guidebook on Nuclear Power Plant
Instrumentation and Control" (revision of IAEA - TRS. 239 - 1984), 1993 -

7.

Preparing a technical document on "Guidelines for V&V and Licensing of
Software Related to NPP C&I", 1993 -

8.

Joint IEC/IAEA Project on "Instrumentation for the Safe Operation of Water
Cooled Graphite Moderated RBMK type Power Reactors", 1993 -
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CO-ORDINATED RESEARCH PROGRAMMES
1.

Operator Support Systems in Nuclear Power Plants, 1992 -

2.

Management of Ageing of Motor Operated Isolating Valve, 1993 -

TRAINING COURSES
1.

Interregional Training Course on "Instrumentation and Control of Nuclear Power
Plants', Karlsruhe, Germany, 16 September - 18 October 1991.

2.

Interregional Training Course on "Instrumentation and Control of Nuclear Power
Plants', Karlsruhe, Germany, 19 April - 19 May 1993.

PUBLICATIONS
1.

Balancing Automation and Human Action in Nuclear Power Plants - proceedings
of a symposium jointly organized with OECD/NEA, Munich, 9 - 1 3 July 1990.
STI/PUB/843 (1991), Vienna, Austria

2.

Common Modelling Approaches for Training Simulators for Nuclear Power Plants
- Final Report of CRP Organized by the IAEA. IAEA-TECDOC-546 (1990),
Vienna, Austria

3.

Control Rooms and Man-Machine Interface in Nuclear Power Plants. IAEATECDOC-565 (1990), Vienna, Austria

4.

Safety Implications of Computerized Process Control in Nuclear Power Plants.
IAEA-TECDOC-581 (1991), Vienna, Austria

5.

The Role of Automation and Humans in Nuclear Power Plants. IAEA-TECDOC668 (1992), Vienna, Austria

6.

Safety aspects of Nuclear Power Plant Automation and Robotics. IAEA-TECDOC672 (1992), Vienna, Austria

7.

Simulators for Training Nuclear Power Plant Personnel. IAEA-TECDOC-685
(1993), Vienna, Austria

8.

Nuclear Power Plant Control and Instrumentation - Proceedings of a Technical
Committee Meeting held in Vienna, 8 - 1 0 May 1989 (1990), Vienna, Austria.

9.

Use of Computers in Design, Operation and Maintenance of Nuclear Power Plants
- Report of an Advisory Group Meeting held in Vienna, Austria, 1 7 - 2 1 June
1991. Working Material IAEA-AG-770 (1991)
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10.

Nuclear Power Plant Control and Instrumentation 1991 - Proceedings of the
regular meeting of the IWG-NPPCI, Vienna, Austria, 6 - 8 May 1991. Working
Material IAEA-IWG-NPPCI-92/2 (1992)

11.

IAEA IWG/NPPCI: Co-ordinated Research Programme on Operator Support
Systems in Nuclear Power Plants. Background and Working Plan. Working
Material IAEA-IWG-NPPCI-92/1

12.

Operating procedures for Nuclear Power Plants and their presentation Proceedings of a IAEA/IWG-NPPCI Specialists' Meeting held in Vienna, 31
March - 2 April 1992. Working Material IAEA-IWG-NPPCI-92/4 (1992)

13.

Experience in Monitoring Ageing Phenomena for Improving Nuclear Power Plant
Availability - Proceedings of a Specialists' Meeting jointly organized by IWGs on
NPPCI and LMNPP, Plzen, Czech Republic, 8 - 10 June 1992. Working Material
IAEA-IWG-LMNPP-92/2 (1992)

14.

Co-ordinated Research Programme on Operator Support Systems in Nuclear Power
Plants - Report of a research co-ordinated meeting held in Vienna, Austria, 13 16 October 1992. Working Material IAEA-NPPCI-92/5. (1992)

15.

Early Failure Detection and Diagnosis in Power Plants - Systems and Operational
Experience - Proceedings of the IAEA/IWG-NPPCI Specialists' Meeting held in
Dresden, Germany, 20 - 22 June 1989. (1989)

16.

Artificial Intelligence in Nuclear Power Plants. Vol. I and II Proceedings of the
IAEA/IWG-NPPCI Specialists' Meeting held in Helsinki/Vantaa, Finland, 10 - 12
October 1989. Published as VTT Symposium 109 and 110, Espoo (1990)

17.

Communication and Data Transfer in Nuclear Power Plants - Proceedings of the
IAEA/IWG-NPPCI Specialists' Meeting held in Lyon, France, 24 - 26 April 1990.
(1990)

18.

Nuclear Reactor Surveillance and Diagnostics, SMORN-VI, Vol. I and II Proceedings of a symposium jointly organized by the OECD/NEA and the IAEA,
Gatlinburg, USA, 19 - 24 May 1991. Published by the Oak Ridge National
Laboratory and the University of Tennessee (1991).

19.

Training Simulators for Safe Operation in Nuclear Power Plants - Proceedings of
the IAEA/IWG-NPPCI Specialists' Meeting held in Balatonfiired, Hungary, 24 27 September 1991. Published by the Central Research Institute for Physics,
Budapest (1991)

20.

In-Core Instrumentation and Reactor Core Assessment - Proceedings of a
Specialists' Meeting jomtly organized by the OECD/NEA and the IAEA.
Pittsburg, USA, 1 - 4 October 1991. Published by the OECD/NEA (1992)

44

21.

Nuclear Power Plant Instrumentation and Control - Proceedings of a symposium
jointly organized by the OECD/NEA and the IAEA, Tokyo, Japan, 1 8 - 2 2 May
1992 (1992)

22.

Analysis and Experience in Control and Instrumentation as a Decision Tools Proceedings of the IAEA/IWG-NPPCI, 16 - 19 October 1990, Arnhem, The
Netherlands. Published by the KEMA (1990)

23.

Software Engineering in Nuclear Power Plants: Experience, Issues and
Directions. - Proceedings of the IAEA/IWG-NPPCI Meeting, Chalk River,
Canada, September 9 - 1 1 , 1992. Published by the AECL, AECL-10777 (1993)
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NATIONAL REPORTS

Belgian national report on I & С activities
in nuclear facilities
0.

Abstract
Some 60% of the electricity production in BELGIUM are covered by seven nuclear
power plants (all of PWR type).
As commissioning of a new NPP was postponed since die in 1989, the Belgian electricity equipment plan had to be modified in consequence : two new power plants
(450 MWe each) presently in commissioning phase and two others in design
phase are of gas fired combined cycle type.
I & С activities in NPPs in between the years 1991 and 1993 were thus related to
improvement of :
•

safety of operation for the existing plants;

•

operability of the existing plants;

•

training of operating crews.

Other I & С activities are linked with construction of waste storage facilities
and with decommissioning.
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1.

Introduction
Major electricity utility in BELGIUM is the private company ELECTRABEL that
owns about 90% (13.500 MWe) of the total electricity generation capacity. Remaining 10% (1.500 MWe) are shared between private auto producers and a public company (SPE).
Seven nuclear power plants (all of PWR type) are in operation in BELGIUM .
They represent almost 5.500 MWe installed capacity and produce some 60%
(40.000 GWh) of the total Belgian electricity production. DOEL 1 to 4 units are
located in the northern part of the country near ANTWERPEN, the three others
(TIHANGE 1 to 3) are located in the south near LIEGE.
In 1989 the Belgian government decided to postpone the construction of the 8th
planned NPP in BELGIUM (intended 1.400 MWe) and the electricity equipment
plan was revised consequently so as to integrate alternative construction of gas
fired combined cycles for a total of about 1.500 MWe installed capacity.
As commissioning of a new NPP is presently neither on going nor to occur in the
next few years, main activities in the nuclear I & С field were related with :
•

•

Improving the safety of existing plants :
-

safety ten year revision of TIHANGE 2 and 3 and of DOEL 3 and 4 units;

-

second ten year safety revision of DOEL 1/2 and of TIHANGE 1;

-

Probabilistic Safety Assessment of DOEL-TIHANGE plants

Improving operation of existing plants :
-

replacement of SG's coupled with increase of nominal power at DOEL 3 and
TIHANGE 1;

-

replacement of Rod Position Indication systems in DOEL 1/2;

-

process computer replacement in DOEL 3;

-

management of intervention tasks in DOEL and TIHANGE

•

Improving the training of the operating crews

•

Construction of waste storage buildings

•

Decommissioning of old NPP's
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2.

Improvement of the safety of existing plants

2.1.

Safety ten year revision of DOEL 3 and TIHANGE 2 units
These studies started at the beginning of 1991. As the original design of these
plants already took into account most of possible internal or external accidents
(earthquake, airplane crash, explosion, ...), these studies have not led to fundamental modifications of installed I&C systems.
Emphasis was put on "limit conditions" of operation of the plant (working with
degraded grid conditions, SI followed by black-out, loss of I&C sources,...) and on
items that were already identified during follow-up of the plants.
Those follow-up items Jed to :

2.2.

•

modification of I&C electrical penetrations in the reactor building (all class
IE penetrations were concerned in DOEL 3; those related to long term needed
measures and actuators were concerned in TIHANGE 2);

•

addition of a subcooling and In-Core temperature monitor in TIHANGE 2, this
system also provides for Critical safety Functions supervision (see figure 1).

Safety ten year revision of TIHANGE 3 and DOEL 4 units
Due to very similar design of those plants with TIHANGE 2 and DOEL 3 respectively, the topics to be tackled are almost same as hereabove.

2.3.

Second ten year revision of DOEL 1/2 and TIHANGE 1 units
As far I&C is concerned, major concern is about aging and obsolescence of equipment.
Other specific problems (either already identified during first ten year revision
of those plants or identified during the studies for ten year revision of DOEL 3/4
and TIHANGE 2/3) will be tackled also.
The studies for replacement of reactor protection system in TIHANGE 1 have already started and the modification is due to take place in 1995 along with SG's
replacement.
Nuclear instrumentation system in DOEL 1/2 is also to be replaced.

2.4.

Probabilistic Safety Analysis for DOEL-TIHANGE plants
For DOEL 3 and TTHANGE 2 these analysis are finished and conclusions about
I&C and MMI show no major problem.
For DOEL 4 and TIHANGE 3 based on similarity of design the PSA analysis will
focuse only on the differences identified between respective units.
For DOEL 1/2 and TIHANGE 1 the studies started mid 1993 and no conclusion is
available at this time.
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3.

Improving operation of existing plants

3.1.

Replacement of SG's and coupled power increase at
DOEL 3 and TIHANGE 1
In DOEL 3, replacement of the SG's occurred during a three month outage in 1993
(mid June to mid September).
Instrumentation linked to the SG's (level, steam flow) and associated sensing
lines were replaced. The automatic level control system had to be adapted to the
characteristics of the new SG's (as this controller is of programmable type, this
occurred in a quite straightforward manner).
Increase of nominal power (by 10%) took advantage of the margins embedded in
the initial design of the NSSS, BOP and secondary systems, as a consequence no
changes had to occur at system level and actions were limited to an adjustment of
the various I&C ranges and setpoints.
In TIHANGE 1 replacement of SG's is due to occur in 1995 along with a power increase of 8% : the studies are presently on going.

3.2.

Replacement of Rod Position
DOEL 1/2

Indication system in

Obsolescence and aging of equipment is not a concern specific to class IE equipment
only, non IE I&C systems are also concerned with that problem. Rod Position Indication systems in DOEL 1 and 2 were the first digital systems to be implemented in a Belgian NPP (1976). As some components were disappearing from the
market a new system was developed taking into account the experience gained
with some 20 years of operation with the old system and the huge possibilities of
modern digital technology. The structure of the new system is distributed (see
figure 2) and optimal redistribution of the functionalities between RPI system
and other linked I&C systems was performed.
One important lesson learned from this modification (that yields for all this
type of activities) is that replacement or upgrading of specific I&C systems are to
be tackled in a way that allows to preserve the possibility building up a sound
and up-to-date overall I&C architecture.

3.3.

Replacement of process computer in DOEL з
Installation of the new process computer system in DOEL 3 occurred in 1993 during
the outage for SG replacement. This system is an evolution of the one installed in
DOEL 1/2 in 1991. It is based on a distributed concept (see figure 3 for hardware
configuration) allowing for decentralized acquisition in the bunkerized areas of
the NPP and for presentation of information in the various control areas.
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3.4.

Management of plant intervention tasks
A "computerized management" system of the plant intervention tasks has been
implemented in TIHANGE NPP under the name ACM. This system works on a
site globalized data base and provides help for the staff of the plant in planning,
organizing and carrying out any maintenance task or adaptation of the facility.
150 workstations, 30 high output printers and dedicated main computer are distributed throughout the site on Ethernet networks.

Remarks :
first implementation of the concept was made earlier in DOEL under the name
POP1T.
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4.

Improving the training of operating crews

4.1.

Full scope simulators
Since the commissioning by the end of 1988 of the full scope simulators on both
TIHANGE and DOEL nuclear sites, big efforts were made to upgrade those simulators in order to maintain them up-to-date with their reference plants.
For the TIHANGE full scope simulator (that allows for TIHANGE 1, 2 and 3 simulation), simulation of the emergency systems added to unit 1 during the first
safety ten year revision was completed beginning of 1993.
For the DOEL 1/2 simulator, studies for simulation of emergency systems implemented during first safety ten year revision (NS-Nood Systemen) started in 1991
and implementation took place mid 1993. Presently studies for simulation of seccndary systems have started and will last until mid 1994.

4.2.

Compact simulator
TIHANGE's compact simulator has been upgraded with new calculation codes in
order to allow for more accurate simulation of accidental and incidental situations.
A new MMI was also developed (software panels) in addition to the renewed
hardware panel.
This simulator is presently in configuration to mock the specific systems of
TIHANGE unit 2. (TIHANGE 3 will follow in 1994 and TIHANGE 1 in 1995).
Flexibility of the soft panels and accuracy of the models make of the compact
simulator a tool for both very acute training and also for engineering purposes.
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5.

Construction of radioactive waste storage buildings

5.1.

Storage of high and low radioactive waste
The studies for the two new storage buildings (named B36 and SILVA) to be
erected on the site of BELGOPROCESS (near MOL in the north of the country) are
finished and final on site tests of the programmable I&C control systems are
presently on going (see figure 2 for I&C architecture for building B36 - high radioactive waste storage).
These buildings are intended for sorting, treatment and long term storage of
wastes of high and low radioactivity.

5.2.

Storage of spent fuel
Decision was taken to store spent fuel on both DOEL and TIHANGE sites. For
TIHANGE the studies have started for construction of a building providing the
necessary pools and auxiliary systems to allow storage of up to 3.000 spent fuel assemblies.
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6.

Decommissioning of old NPPs
The studies for the decommissioning of CHOOZ A occurred in association with
EDF.
Circuits needed to take care of the spent fuel and of the decommissioned installations were built up from parts of existing systems that were physically isolated
from the rest of the installation and that were modified in order to fufill the new
required functions. I&C modifications occurred following the same scheme.
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ABSTRACT

1.

STATUS OF NUCLEAR POWER

Currently Canada has 22 CANDU-PHWRs* in operation. Discussions are ongoing on the longer
term need for nuclear electricity generating capacity in Canada, however no new stations have been
announced.
In Ontario, which has 20 of the 22 Canadian CANDU reactors, the demand for electricity has
dropped dramatically. This is, in part, attributed to a significant downsizing of the manufacturing
sector and a strong move to natural gas for residential heating. Of course, energy conservation has
also contributed to this lower demand.
The 1990 sale of a second CANDU 6 reactor to Korea for their Wolsong site was followed by the
sale of two more CANDU 6s in 1992 for the same site. This will bring Korea's installed nuclear
capacity from CANDUs to 2400 MWe.
Work on two of the five CANDU 6 reactors planned for Romania is progressing. Commissioning
of the first unit will take place in 1994.
Engineering of the innovative CANDU 3 reactor, a 450 MWe reactor that is smaller than the
CANDU 6, is continuing under an agreement between AECL and die provincial electrical utility in
Saskatchewan. Under this agreement, the CANDU 3 design team has been relocated from
Toronto to Saskatoon in Western Canada.
Conceptual engineering for a CANDÜ unit in the higher power range is ongoing. This unit, called
the CANDU 9, will have an electrical output of 900-1200 MWe. It will incorporate some of the
new I&C features currently being developed for CANDU 3 and beyond.
Canada's largest utility, Ontario Hydro, is in the midst of major restructuring mat isresultingin a
significant staff reduction. This is due, in part, to the drop in electricity demand and the absence of
any new construction. The 20 CANDU stations in Ontario are making significant investments in
nuclear plant life assurance. Currently these initiatives are mainly focussed on solving fuel channel
and steam generator problems.

'CANDI Г-PHWR (CANadaDeuteriim I Jraniim - ftessurized Heavy Water Reader)
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2.

CANDU CONTROL CENTRE EVOLUTION

The CANDU control room has evolved from Douglas Point, where computers played a limited role
in reactor control, to Darlington where computers are used extensively for both control and
shutdown systems. The design process has also evolved considerably during this period. In fact,
the design process evolution is continuing on new designs like the CANDU 3 and CANDU 9
[1,2].
These more formalized methodologies ensure the consideration of operating procedures, as well as
operator information needs and capabilities before detail design begins. The approach is part of a
broader, formalized Human Factors Engineering Program Plan that provides a guide to the
application of human factors engineering to overall plant design, operation, maintenance and
training.
The most obvious benefit of this control room design methodology is the early operations feedback
when control room design features can still be easily modified. As well, the methodology helps
satisfy regulatory demands for more formal and more auditable treatment of human actors in
design. This should facilitate 4ip iront' licensing, as well as the early development of operating
procedures.
Improvements to the CANDU control room that are evolving from this methodology and the
ensuing technical developments, include
advanced human-machine interfaces,
advanced alarm annunciation,
operator advisor systems,
distributed control systems, and
computer-assisted procedures.

3.

ADVANCED HUMAN-MACHINE INTERFACES

CANDU control centres make extensive use of video display units (VDU). The amount of
information that a VDU can display at any one time is limited by the size of the display. Work is
progressing on the development of structures to organize the large number of information displays,
coupled with effective display navigation techniques that enable the operator to move easily
between these displays [3].
Work is also underway on the development of large dynamic wall displays to display plant status
information requested by the operator [3]. These large displays will provide teams of operators
with the information required to discuss and assess any situation without being confined to using
much smaller VDU screens.

4.

ADVANCED ALARM ANNUNCIATION

Annunciation is used to ensure that control room operators are promptly alerted to important
changes in plant conditions that may impact on safety and production. Over the past thirty years,
the amount of information annunciated to operators has continued to increase because of increases
in plant size, the application of computers for process and equipment monitoring, and a continued
reliance on annunciating the change in status of individual sensors. Over the same time, the
understanding of how to process and present this increasing amount of information to operators to
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best fit operational needs has not kept pace. As a result, most designs still yield information
overload to the operators during plant transients.
Previous attempts to mitigate alaiiu flooding have only been partially successful. A new strategy
for CANDU annunciation is being developed and evaluated based on a operations goal-oriented
philosophy [4]. The priority of any message is based on the consequence to the plant and urgency
of operator response, conditioned by equipment, systems and plant state information.
Early trials show considerable improvement with this approach. By eliminating many of the
unnecessary alarm messages during an upset, the operator can concentrate on the important
messages. This combined with new operator advisor systems should result in more effective
management of upset conditions.
5.

OPERATOR ADVISOR SYSTEMS

Recent advances in information technology make it possible to provide systems that
-

integrate and interpret a large volume of information,
perform diagnosis, and
assist operators in selecting the best course of action.

Recent operator advisor systems that have been successfully implemented in current CANDU
plants are:
-

Critical Safety Parameter Monitor System at Pickering, and
Emergency Condition Monitor at Point Lepieau.

The Critical Safety Parameter Monitor System provides an integrated display of the critical safety
parameters and related information to support operators manage events where station safety goals
could be threatened [5]. Work is continuing to enhance the system's advisory capability,
including:
-

assistance in selecting paths within the plant Emergency Operating Procedures
(EOPs),
advance notice of impending threats to safety goals,
support information for the systems suggestions and operator judgement,
sensor valklatron and data interpretation, and
warning operators when the assumptions behind the EOPs are no longer valid.

The Emergency Condition Monitor at Point Lepieau assists the operators in managing emergency
conditions. There aie over 100 parameters and a range of combinations that must be recognized to
identify an event and select the c o m a Emergency Operating Procedure. The Emergency
Condition Monitor automates the identification of one of nine emergency operating conditions and
annunciates lhe condition on a special CRT screen in the control room. Once an emergency
condition has been identified, the Emergency Condition Monitor continually monitors certain
"governing conditions" to ensure that the plant is moving to a desired state.
Recent advances in artificial intelligence, process control and simulation have made possible new
technologies for real-time supervisory control. As part of Canadian piecompetitive research and
development consortium, PRECARN, work continues on the Advanced Process Analysis and
Control System (APACS) [6]. An APACS system includes a data acquisition system for
communicating with plant control computers, areal-timesimulation for backing the plant and
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plant failures, and knowledge-based components for monitoring and qualitative
diagnosis of plant processes. In the second phase of development currently underway, each of
these components communicates with each other using knowledge-based objects that ate organized
into 2 layers: an information repository layer and an object server layer. This structure should
simplify the design, operation and maintenance of a production system. Prototype system
evaluation will begin later this year at the Ontario Hydro Bruce В training simulator.
6.

DISTRIBUTED CONTROL SYSTEMS

A variety of devices aie used in CANDU plants to monitor and control the process systems used
for normal plant operation. Completely separate systems ate used to monitor and control the
special nuclear safety systems. The field instrumentation signals are connected to the monitoring
and control devices through signal distribution frames.
Work is underway on a Distributed Control System (DCS) for monitoring and control in advanced
CANDU plants. A DCS comprises separate digital controllers and computers linked by data highways using Local Area Network (LAN) technology. Stations or nodes on the data highway
perform signal scanning, control and information presentation functions.
There are many potential benefits from the use of DCS technology in a CANDU station. Some of
the mote noteworthy are
7.

shorter design, installation and commissioning schedules,
lower engineering and maintenance costs,
easier to expand, modify and repair, and
higher reliability.

COMPUTER-ASSISTED

PROCEDURES

Computer-assisted procedures will minimize the need for paper procedures. Operating manuals
and emergency operating procedures will be readily available on workstations in the control room.
The operators will use CRT screens to display the text, graphics and checklists they requite for
rapid and systematic execution of procedures.
Work currently underway will lead to further enhancements for future CANDU stations.
Procedures will access live' plant data and other plant information and will be integrated with
alarm annunciation. This will further enhance the assistance to operators in executing procedures.
8.

EQUIPMENT STATUS MONITORING SYSTEM

The Equipment Status Monitoring (ESM) system developed by Ontario Hydro has been installed at
the ' arlington Nuclear Generating Station and at the Tritium Removal Facility located on that site
Г . This system provides a means for firm control over all work on the generating unit and for
verifying the adequacy of the completed work.
The ESM system provides the operator with access to colour-coded flowsheets on VDU displays
for updates on the status of manually operated equipment As well, it provides control of all work
done on the generating unit This is done by writing order-to-operate procedures that are
subsequently downloaded into bar-code readers. These bar code readers aie then used to ensure
that all field operations are correctly executed.
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The benefits of this technology to operating stations lie in the provision of on-line configuration
control, increased productivity and in the increased safety of the station.
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ABSTRACT

The report presents a review of Czech nuclear power plants and the current
status of their control and instrumentation systems. The activities aimed at the
improvement of control of Czech nuclear power plants are described. The report
provides an information about adaptation of the unit control system to the
frequency control mode of operation. The current status in the development of
operator support systems is summarized as well.
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1.

CURRENT STATUS OF THE NUCLEAR POWER PLANT IN CZECH
REPUBLIC

At the end of 1992 the Czech and Slovak Federal Republic has split into two
independent republics - Czech Republic and Slovak Republic.
In Czech republic, the nuclear energy is produced by four identical units
(first connected to the grid in 1985) with WER 440 MW reactors, type 213, which
are in operation in nuclear power plant Dukovany in south Moravia. Other two
units with
WER-100 MW reactors are under construction in Temelin (south Bohemia).
The I&C systems and equipment in NPP Dukovany are based on the design
concept and technology level available in the ÕSFR and USSR in the late 1960's
or early 1970's. They may be characterized by their bulkiness, limited operating
range, low reliability and extensive maintenance and servicing requirements. They
use mainly hardwired technology and have limited possibilities for further
enhancement or extension.

2.
2.1

INSTRUMENTATION AND CONTROL SYSTEMS MODERNIZATION
Dukovany NPP Instrumentation and Control system upgrading

The modernization of the system, therefore, is necessary and it is already
in preparation. The specification of both scope and depth of upgrading/replacement
is being carried out within the framework of the PHARE program. The PHARE
program activities concern both the Dukovany NPP and the Bohunice NPP. (The
Bohunice NPP is located in Slovak republic and is equipped with two
WER 440 MW reactors, type V 213.)
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The main objectives of the overall project are:
a)
To define the appropriate design concept for the new I&C systems and to
define the optimal scope and approach to be taken to replace and/or upgrade
the existing I&C systems for the WER 440/213 type units
b)
To prepare the bid invitation data and documents, including detailed
requirements specifications, for the new I&C system.
c)
To establish criteria and methodology for bid evaluation for the new I&C
systems
d)
To define all suitable measures for application of Quality Assurance
Program control during all stages of the procurement, design,
implementation and maintenance of the new I&C system

a)

b)
c)

d)

e)
f)
g)

The design goals of the new I&C system are as follows:
To enhance the plant safety level in accordance with internationally
accepted Nuclear Safety Codes, Standards and Guidelines, reflecting also
requirements of Licensing Authorities in Czech and Slovak Republics.
To enhance plant operation availability and economy of operation
To improve the overall I&C system functions and reliability, simplify
operator tasks during all operating range, including abnormal and accident
situations.
To ensure adequate man-machine interface in the main control room, in the
emergency control room, and in the auxiliary control room, common for two
units
To reduce I&C maintenance and servicing requirements and costs
To decrease a rate of service life usage by the improvement of I&C functions
To extend expected I&C and plant service life approximately until the end
of year 2020.
To meet this project and design objectives, the project PHARE is organized
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in two subsequent phases. To carry out the first phase of the project, two different
companies were selected from all participant in the bidding process. Their task
was to provide the necessary studies, resulting in the basic design concept and
main features of the new I&C system and to prepare proposals defining the
recommended scope of the existing I&C system replacement/upgrading and
summarizing all the expected technical and financial requirements for this
replacement. This phase of the project has already been fulfilled.
To carry out the second phase of the project, experienced consulting
organization has been selected.Its task is to review and evaluate the proposals
and recommendations prepared during the project first phase. It is also expected
that the further goals of the project will be provided, as follows:
definition of the final design concept
production of the outline approach and program for replacement
production of detailed requirements specifications
production of Invitation to Tender documents and Bid evaluation Procedure
Proposals
production of documentation for planning purposes
The second phase of the program is now in progress and will be finished in the
first half next year.
Some Czech companies are performing the similar work parallely to the
programme PHARE. Results will be involved into final project specifications.
Simultaneously, the preparation of bid specification for WER-440 full-scope
plant simulator for operator training is in progress as well. There is no training
simulator in Czech republic. At present operators training is carried out in Slovak
republic.
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The new design of the Temelín NPP instrumentation and control
system

In the case of two units with WER-1000 MW reactors, the construction of
which was slowed down for a certain period of time, essential changes took place
in the design of both the I&C system and the reactor fuel. The Westinghouse
company, the bid winner, will be the supplier of both systems. Simultaneously
with the construction of both units, the full scope training simulator will be built.
The modernization of I&C will be based on the Integrated System design
which consists of the following basic systems and components:
Reactor Protection System (RPS), including the trip logic, for monitoring
and protection of the reactor
Reactor Control System (RCS) for the control of the reactor systems and
limitations and monitoring functions
Plant Control System (PCS) for control monitoring of plant control functions
(without reactor control)
Computer Information System (CIS) for monitoring all plant systems and
providing the plant operators with operational aids via modern information
presentation techniques for maintaining the plant within the optimum
safety and operating states
A modern human factored and ergonomically designed. Control Room,
including a new soft control and alarm system design
Post Accident Monitoring System
Incore Monitoring System hardware and software which includes a 3D
reactor core monitoring program
New sensors installation for protection and control functions, required to
meet higher reliability and availability requirements.
The modernization of the I&C system will be entirely based upon the
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Westinghouse standard digital I&C product families. The Reactor Protection and
Reactor Control System will be implemented using the Westinghouse Eagle family
of hardware. The Plant Control and Computer Information System will be
implemented using the Westinghouse Distributed Process Family equipment
design.
The Czech companies will participate in the control strategy design, control
system implementation and plant start up.
The benefits of the I&C system modernization will be especially:
A totally distributed hardware and software design which provides a very
cost effective implementation for plants that are partially constructed. Due
to the fact that the systems are interconnected using modern data highway
technology, the impact on the civil design will be minimized or in some
cases eliminated
The hardware design provides the required nuclear Safety Class IE
hardware and software, including seismic, environmental, on-line testability
and high reliability.
The impact of hardware failure on plant operation and availability will be
minimized by providing redundancy and fault tolerance in the safety and
in the control and monitoring systems.
Since the systems will be designed using digital technology, the functional
design aspects of the system can be logically separated from the hardware
configuration. This allows the two design process to proceed in parallel,
thereby minimizing the system overall development, implementation and
installation period.
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Description of individual basic systems:

Reactor Protection System
The major function of this system is to provide the necessary safety class
IE controls and monitoring devices for use during normal operation, to provide the
logic for safety shutdown of the reactor, and the Engineered Safeguards System
to maintain the plant within the defined safety limits.
Some of major Reactor Protection System features are:
Provides the monitoring and the automatic actuation of the Engineered
Safeguards should the plant conditions warrant their operation
Meets the criteria for single and common mode failure
Qualification of the sensors to meet the applicable environmental and
seismic criteria
Isolation and protection from any interactions with the non-safety functions
Automatic on-line diagnostics the hardware and software
Automated on-line surveillance testing for the entire protection channel
from a portable maintenance classis
Provides for individual manual safety system actuation controls (such as
Reactor Trip, Safety Injection Actuation and other), through the on of
dedicated wiring

Reactor Control System
This system will provide the functions required to control the Primary Plant
System. This system will be implemented using high quality hardware design. The
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RCS will provide fully redundant controls for the primary plant systems as well
as for systems for which a single failure in the system would lead to a plant shut
down. The plant limitation functions will be provided as part of the Reactor
Control System.
Major design features of the Reactor Control system are:
Provides for the ability to perform control functions required to operate and
monitor the reactor control and their auxiliary systems
Implementation of a Signal Selection algorithm that acts to discriminate
between valid and invalid signals from the Reactor System
Provides for fully redundant control functions for all the Reactor Control
(Nuclear Steam Supply Systems) as well as systems associated
Provides the logic to implemented the functionality of the Limitations
Systems
Provides on-line diagnostics capability for the hardware as well the software
Transmits data to the overall plant information system from the integrated
control system to the Information Highways.

Plant Control System
This system will provide for the non-safety related control functions
necessary for operation of subsystems that are the
non-nuclear Steam Supply System. This system performs both data acquisition
and control for the many systems, as well as startup/shutdown sequence controls.
Some of the functions include letdown temperature and pressure control, volume
control, tank level control, reactor make up water, reheat steam temperature
control and others.
Major features of the PCS system are:
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Completely distributed control system using highways to provide the means
of communicating between Distributed Process Units and the Operators
Workstations.
The major part of the system will be implemented using soft control
techniques available on the SUN Workstations
System will include on-line hardware and software diagnostics with
reporting to the operator.

Computer Information System
This system provides displays, alarm handling.data logging, data transfer
to other systems outside the integrated I&C architecture. The system will also
provide via Computational Server the ability to perform calculations of very
complex core monitoring and core efficiency program.

Incore Instrumentation System
The system will consist of neutron detectors, core exit thermocouples, and
associated signal processing subsystems.
The neutron detectors will be self powered detectors located in fixed
positions within the fuel assemblies. The signals from these detectors will be
processed and transported to the Computer Information System for analysis by the
software, which provides information to the plant staff on current core power, flux
distribution and core peaking factors. In addition, the core analysis.core prediction
to aid in the optimization of the core operation, maximizing fuel economics and
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safety will be the software provided.
The in core thermocouples will be located above the core and monitored by
the Post Accident Monitoring electronics. The
in core thermocouples will be safety class IE and will be processed by the
hardware, which is a part of the Reactor Protection System. The measured data
will be then analyzed and used to provide core data to the operating staff.
Simultaneously with the construction of both units of Temelin NPP, the full
scope training simulator is under development.

3.

OPERATION OF NPP DUKOVANY IN FREQUENCY CONTROL
MODE

In Czech republic WER 440 units are operated in base load only. In near
future, the direct connection of the Czech and western electrical networks is
planned.
To have the necessary power capacity to the frequency control in Czech
republic the NPP Dukovany implementation in the frequency control mode is now
being solved. The problem is analyzed in EGU Prague. Since the reactor power
control by means of control rods has certain limitations the self power control (i.e.
employement of the temperature effect on reactivity and reactor power) is taken
into account. In the frequency control mode, power changes of 3 % nominal power
are desirable. Necessary adaptations in the control system design were prepared
and tested. Measurements carried out on the first unit of the NPP Dukovany
proved good results.
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4.

CURRENT STATUS IN DEVELOPMENT AND IMPLEMENTATION
OF OPERATOR SUPPORT SYSTEMS

In the Dukovany NPP, the support system for reactor shutdown has
recently been implemented. The computerized system has been developed in
Nuclear Research Institute (NRI) Prague. It is based on software the information
content of which is built up on operating instructions and limiting conditions
related to the reactor shut down process. The system offers the operator advice
and in the case of faulty intervention or inception of dangerous situation during
shutdown produces warning. The system is at the operators disposal in the control
room.
Under the development in NRI there are two other systems, i.e. support
system SAM and expert system RECON.
The system SAM (System for Accident Management) is based on critical
safety functions monitoring. On the basis of the
safety-related parameters and functions and their continuous evaluation, it
provides the user with the information about changes of CSFs, technological
systems and component faulty conditions and impact on both the nuclear power
plant environment and the NPP itself. The system was tested by simulated
hypothetic LOCA accident. It has not yet been implemented.
The system RECON is a diagnostic device efficient to acquire process data
in real-time and to recognise on the basis of their values, changes and trends the
process status and to inform the user on important failure conditions of monitored
technology. The system is rule - oriented expert system with the three-state logic
(qualitative processing of uncertainty by means of the third logical value).
The operator support system for unit control in abnormal modes of
operation is being developed in EGÚ under the IAEA Contract No 7101/RB. The
system will be a model - based system. During the past time the necessary codes
DYJE and PAST ID for block dynamics simulation has been developed. The code
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DYJE calculates the block dynamics and can be linked with code PAST ID
describing the reactor core behaviour. The first function of the system which is at
present solved is the operator support for the Dukovany NPP frequency control
mode of operation. This mode of operation leads to fluctuations of main
technological parameters. Considering that the technological parameters values
may change inside a narrow range only, it is, therefore, very important that the
operator can early recognize whether a deviation is caused by the frequency
change or by an abnormal event.

4.

CONCLUSIONS

The main objective of all these changes in both power plants is the
improvement of efficiency, reliability and especially safety of plant operation. The
safety point of view was the main critérium in decision making process about
redesign and replacement of the Temelin NPP I&C system and fuel. The
Dukovany NPP I&C system upgrading is forced by the need to modernize
relatively old and difficultly maintainable equipment. The replacement, therefore,
will simultaneously contribute to higher reliability and safety of plant operation.
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ABSTRACT

The main features of the French N4 PWR's series in the field of insiumentation and control are the
computerized control room and the generalisation of CAD systems.
The I&C architecture as well as the CAD enter their main integration phase after sati factory
development and testing. The computerized control room is ready to be brought into operation.
Despite the complexity of the project, the overall schedule remains unchanged, leading to a connection
to grid by mid 1995.

1. I&C ARCHITECTURE

1.1 MAIN FEATURES

In the field of instrumentation and control, the most significant feature of the French N4 series PWRs
under construction are the use of a computerized control room and the generalisation of CAD systems
for the generation of the various functional softwares and databases used in the programmable
controllers and in the computerized operation system (KIC) of the control room.
The concept of computerized control room has been developped by EDF in the early eight; s *Aith the
aim of reducing and, if posssible, eliminating some operator errors. It is considered as a fundamental
improvement in terms of safety.
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1.2 THE FOUR I&C LEVELS
The I&C system has a standard four level structure. In addition it uses a CAD system to generate
consistant functional softwares and data used by levels one and two.
Level zero : this level is actuators and sensors level.
Level one : this level gathers the protection and safeguard equipment and the logic and analog
programmable controllers.
Level two (human / machine iterface) : It is the level of the control room. It includes the computerized
operation system computers, the operators stations, and some manual conventional systems : mimic
panel, auxiliary panel, emergency shutdown panel.
Level three : it interfaces with the CAD system, integrated tools, technical management and
maintenance functions.
CAD system : it is aimed at providing levels one and two with consistant and error free databases and
functional softwares, thus answering one of the most important problems to solve in the field of nuclear
plant I&C.
1.2.1 LEVEL ZERO
This level uses conventional equipment, it is analog to the same level in the other F-"«"*li PWRs.
1.2.2 LEVEL ONE
It includes the automatic control and protection systems. It handles all automatic actions of the process
systems and operates the mimic panel in the control room. It receives safety and protection manual
commands from the control room. Level 1 receives from level 2 all commands :ssued from the operator
workstations and transmits almost all the information it acquires and process to the level two.
Level one architecture includes five equipment :
- CO3 equipment designed and manufactured by MERLIN-GERIN and supplied by FRAMATOME.
It mainly comprises three systems :
. The nuclear instrumentation system (RPN) providing other systems with signals derived from
excore nuclear detectors,
. The control rod system (RGL),
. The reactor protection system (SPIN) which actuates the reactor trip breakers. Its architecture is
based on a "two out of four" logic,
for safety reasons, the CO3 equipment is not programable on line.
- CS3 equipment based on the same technology as the CO3, developped by MERLIN-GERIN and
FRAMATOME, handles logic functions belonging to safety class IE for safety supporting systems
not included in the CO3.
- SCAP equipment processes the IE classified analog part of the steam atmosphere discharge. As the
CS3, this equipment also developed by MERLIN-GERIN and FRAMATOME uses the same
technology as the CO3, but its architecture is based on a "one out of two" redundancy which is
better adapted to analog closed loops,
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for safety reasons, both CS3 and SCAP equipment are not programable on line.
- MICROREC equipment, supplied by GEC ALSTHOM handles the turbine I&C and protection,
-CONTRONICE equipment, developed by HARTMANN & BFAUN handles the remaining (but
the largest part) of the logic and analog functions (2E, IFS/ NC and NC). It is supplied through
SEMA GROUP acting as an architect engineer for the whole I&C architecture.
1.2.3 LEVEL TWO
This level is mainly composed of the computerized operation system (KIC), and of conventional
operation devices.
1.2.3.1 Computerized operation system
This equipment developed and supplied by SEMA GROUP includes :
- the hardware architecture made of 13 computers interconnected by a dual local area network,
- the human / machine interface composed of four operator stations.
1.2.3.2 Conventional operation devices
It has been necessary to take into consideration the unavailability of the computerized operation
system. This is achieved by using an auxiliary control panel as a backup. This panel allows to bring the
plant in a safe condition. It also make possible to apply the "state approach" post accident procedure
in the event of a KIC failure. It is 2E classified.
In addition to this panel is a safety classified mimic panel which gives the operators a general overwiew
of the plant status.
1.2.4 LEVEL THREE
This level provides external links with :
- CAD system,
- site technical network for the computer aided padlocking system (KAC), technical site applications
and the link with the remote crisis centers,
- site management network for site management applications.
1.3 THE COMPUTER AIDED DESIGN SYSTEM
A big amount of data must be introduced at level one in CONTRONIC E and at level two in the
computerized operation system. EDF has developed a computer aided design system to create, make
consistent, validate and, if necessary, adapt to the site specificity all those data.
Data for the IE systems (CO3, CS3, SCAP) are handled separately.
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2. I&C IMPLEMENTATION

2.1 THE FIVE MAIN PHASES
The complexity of the I&C architecture and the necessity of talcing into account the time required for the
various developement and testing needed by the new equipment led to divide the complete integration
of the I&C components into five phases. This number was found consistant with :
- an evaluation of the possibillity for HARTMANN & BRAUN to handle the manufacturing of a
large number of cubicles (about 300 within 3 years), leading to a division into five lots of the
CONTRONIC E supply per unit,
- the capacity of EDF and FRAMATOME to get the knowledge of the CONTRONIC E system, then
to produce through the CAD system (that had to be adapted consequently) the configuration files
for the five lots and the corresponding functional softwares and databases.
1.1.i PHASE 1
It concerns the first lot of the CONTRONIC E. For this lot, EDF having not acquired yet the necessary
knowledge of the equipment, the complete design and programming was made by HARTMANN &
BRAUN on the base of functional diagrams provided by EDF.
EDF also provided HARTMANN & BRAUN whith the necessary set of temporary specifications and
rules to comply with.
At this time, the KIC system being still under development, we used the human / machine interface
developed by HARTMANN & BRAUN for its CONTRONIC E : the СЕК. The operators stations of
this temporary equipment was installed in the main control room.
This phase ended satisfactorily in november ]992.
2.1.2 PHASE 2
During the phase two, EDF had to bring into operation the level 1 part of the CAD system.
Consequently, the configuration design of the CONTRONIC E lot 2 cubicles and the corresponding
programmation was entierely made by EDF using this CAD equipment.
During this time, the final tuning of ihe part of the CAD system dedicated to level 1 has been achieved
satisfactorily.
As for the lot 1, the СЕК was used as temporary operation system from the control room.
The first level one functional software and databases were ready to be send to a test platforr »^t up by
HARTMANN & BRAUN in Metz (France) were they was loaded in the CONTRONIC E lot 2 and
functionaly tested before use on site.
This platform test policy also applies to the other lots.
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2.1.3 PHASE 3
This phase which is presently in the process of implementation is the most complex, and consequently
the most difficult to manage. Furthermore, it corresponds to the first commissionning (even if partial)
of the four levels of the architecture and it is the necessary preliminary to the NSSS cold tests.
It is the crucial phase of the I&C project.

2.1.3.1 Content
The third phase corresponds to the commissionning of :
- the CONTRONIC E lot 3 and corresponding programmation. For the first time, the functional
softwares and databases have to be supplied by both EDF and FRAMATOME,
- the complete KIC system in its version v4,
-the CAD terminal equipment (KDT) (thus allowing the transmission to the KIC, through the
complete CAD system of the level 2 databases for lots 1, 2 and 3),
- the vertical link between level 2 and level 3 (connection between CONTRONIC E and KIC),
- the CS3 equipment.

2.1.3.2 Implementation
This phase will last up to the 1st of november 1993. Nevertheless, the first complete command and
control of an 6.6 kV actuator from the KIC operators station has been made successfully on the 1st of
September 1993.
The phase is divided into several operations (see diagram) :
- preparation of the functional softwares and databases for level one and two,
- test of this data : in Metz (HARTMANN & BRAUN) for level one ; in Meylan (SEMA GROUP) for
level two,
- first loading of KIC and CONTRONIC E on site with these data, thus providing a useful, on site
condition, debugging,
- in parallel, SEMA GROUP and EDF have to proceed to the final setup, tests, and acceptance tests
for the KIC and the ending part of the CAD system (KDT), then for the whole I&C architecture,
- at the end of the phase, the KIC and KDT will be entierely reloaded with the final version of their
system softwares, then with the functionnal sofwares and databases for lots 2 and 3. The system will
resume operation after the sucessful completion of the above mentionned acceptance tests.
In addition, a progressive re-programming of the CONTRONIC E lot 1 (with EDF programs loaded
through the complete CAD system) will be made, in parallel with a transfer of the human / machine
interface from the СЕК to the KIC.
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2.1.4 PHASE 4
This phase concerns the lot 4 of the CONTRONIC E, the correponding programmation, and the first
use of the turbine I&C system MICROREC. The databases should be integrated in the CONTRONIC E
and in the KIC in december 93. This phase should end on the 15th of march 1994.
2.1.5 PHASE 5
This phase corresponds to the commissioning of :
- CO3 equipment,
- SCAP equipment,
- KIC system in its final operation version v5,
- data link with the mimic pannel,
- link whith the level 3 networks.
This last phase led to the final configuration of levels 0, 1, and 2. For the level 3, the configuration will
be a partial one to be enhanced later by additional functions. This final phase is the necessary
preliminary to the NSSS hot tests. It should end on the 1st of June 1994.
2.2 QUALIFICATION
Almost all the new equipment have been presently successfully developped and tested. The only
remainig equipment under development is the link between the CONTRONIC E and the mimic panel
expected for phase five.
These equipment have to be qualified according to their safety classification.
2.2.1 HARDWARE QUALIFICATION
The "КЗ" qualification tests are already successful for all the equipment.
The credibility tests concerning self fault detection and survey are presently running. They should be
completed by mid 1994.
2.2.2 SYSTEM QUALIFICATION
The system qualification is successful for the first version delivered of each system software. The
qualification of the final target versions of these softwares is presently on study and should be completed
in 1994.
2.2.3 FUNCTIONAL QUALIFICATION
In addition, a functional "on line" qualification will be taken into consideration as the relating
functions are brought into operation on site.
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3. CONCLUSION
Despite the complexity of the I&C project and the tight schedule, EDF is now very optimistic on its
final issue.
To make this result possible, it has been necessary to :
- setup a specific I&C project team,
- make considerable efforts on the follow up of data processing development and quality,
- perform large functional and safety studies,
- implement a data processing monitoring to identify and control the data flow between equipment
(buses load being a critical parameter),
- organise platform databases tests for both levels one and two before site utilisation,
As a result, the overall schedule of the French N4 Chooz project, and particularly its two key dates - core
loading and connection to grid - remains unchanged with a good probability of being respected.
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Abstract
In the first part the paper intoduces the status of the nuclear energy in Hungary. In the second chapter the upgrading and backfitting activities performed during last two years are indicated in the following
items:
• System impovements and new system insallations
> Reconstruction of the core monitoring system
> Upgrading of the radiation monitoring system
> Activities for increasing of the seismic safety
> Installation of an ultrasonic reactor pressure vessel test
equipment
• System and equipment upgrading
> Application of qualified transmitters
> Replacement of the limit value monitors in the non-safetyrelated systems
> Upgrading of the refueling machine
> Upgrading of the diagnostic system on units 1 and 2
> Expansion of the simulation range of the full scope simulator
> Control rod drive inspection equipment
> Other upgradings and modifications under progress.
The upgrading of the core monitoring system as a largest project
of the plant is shown in details.
In the third part the paper gives a short introduction into the I&C
activities at the research reactor of the Atomic Energy Research Institute of Hungary,
Finally the authors give a picture about future concepts of the
NPP Paks.
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I.

Status of the nuclear energy in Hungary

The single nuclear power plant of Hungary is situated in the middle of the country at the river Danube. The four same type units were put
into the operation between 1983 and 1987. The plant with 1840MWein
total generates a significant part of the domestic consumption. (Fig. 1.)
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Fig. 1. Share of nuclear power in the total electricity
consumption
The four WWER440-213 type PWR units are operated in base
load generating mode. Two of the most characteristic performance indicators are shown on Fig. 2. and 3.
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II.

Upgrading and backf itting activities during last two years
in N P P Paks

The activities on the I&C field in the last 3-4 years are characterised by systematic equipment replacement and by a few new system
developments. The equipment backfittings and modifications are embedded in the annual maintenance programs. The subject for this replacements are the most obsolated equipments wich are the weeknesses of the
recent I&C system.
The new systems installed in the last few years mostly realize new
monitoring functions wich were not coverd by the original design.
ПУ1.

System impovements and new system insallations

HJl.i. Reconstruction of the core monitoring system
The original version of the "Verona" core monitoring system has
been succesfully operated 7-8 years. Due to the aging of the data aquisition subsystem, replacement of the hardware has been decided. This gave
an oppurtinity to replace the previous data processing hardware and software with a contemporary, user friendly and extended version, called the
Verona-u system.
The new system scans approximately 700 analog and 360 binary
signals in every two seconds, (inlet and outlet temperatures in-core and
ex-core neutron measurements, core outlet temperatures, flow of the primary coolant, etc.). The data aquisition followed by the primary processing, standard processing, core analysis, archivation and displaying on
graphic monitors. (A copy of a tipical graphic screen is shown on Fig.4.)
The whole system has limited failure resistive features due to the
double redundancy begining from the sensor inputs upto the displaying,
data processing and archivation.
After the primary data processing and displaying (filtering, validation, limit value monitoring) the Verona-u makes the following calculations (only the most important ones are mentioned):
• Reactor heat balance
• quantities for the Safety Parameter Display Screen
• assemblywise power, дТ, burnup values
• prameters chacterizing of the whole fuel cycle
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о 3D linear power distribution
• maximum fuel pin power
• minimum DNBR value in each assembly and power reserve to
safety limit
• isothermic calibration of the thermocouples and SPDs
• evaluation of the SPD isolation resistances
The results of the latest researches and the operational experiences of the old system were considered during the software development.
The whole system is verfied as an essential tool necessary to the full
power operation and its continuous avialabilty is required by the technical specification.
H./1.2. Upgrading of the radiation monitoring system
An important project was completed in summer of 1993. A new
information processing computer was installed for the radiation monitoring system. The radiation monitoring system of the plants is characterised by big number of detectors located on a rather extensive area. Leaving the radioation detectors and theirs signal conditioners unaffected
the remaining part of the whole system was reconstructed and expanded
with new functions. The new information system was designed according
the recent principles of the human-machine interfacing and uses the latest techniques.
И./1.3. Activities for increasing of the seismic safety
At the present time an extensive project is in progress for the
evaluation and increasing of the seismic safety of Paks Nuclear Power
Plant. This program consists of five main activities:
• investigation of methods, regulations and technics utilized for
reassessment of seismic safety of operating nuclear power
plants and promoting upgrading of safety;
• investigation ci the earthquake hazard;
• development of concept for creation of the seismic safety;
• installation of a seismic monitoring system;
• preliminary evaluation of the seismic safety.
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A six channel seismic monitoring system was installed on each
unit in 1992. The sensors are situated on six different points of the main
building's base plate. It generates signalisation in the main control room
when the amplitude or the acceleration of the seismic activities reach a
certain level and records the seismic events. The direct connecion of the
seismic monitors to the reactor protection system is under investigation.
The observation registration is performed by three acceleration
sensors of increased sensitivity which are independent from the protection system and which are located on the dynamically characteristic places of the building.
II./1.4. Installation of an ultrasonic reactor pressure vessel test equipment
A new ultrasonic reactor vessel test equipment was installed in
1993. The project was partly financed by IAEA. The movement control
of the ultrasonic heads and sensors and the final evaluation of the measurement are realized by computer. Application of the new equipment makes the pressure vessel inspection much more valuable, moreover the inspection repeatabilty is enhanced significantly.
ПУ2.

System and equipment upgrading

II./2.1. Application of qualified transmitters
A systematic replacement of the obsolated pressure transmitters
was intiated in 1991 on units 1 and 2 until now. About 200 transmitters
were replaced mainly in the reactor protection and in the emergency core
cooling systems using specified and qualified ones regarding WWER
specific envirinmental conditions and requirements. As a result of the
replacements only qualified transmitters will be applied in the safety
related systems. Due to the difficulities with spare parts and nonstandard signal ranges of the old type transmitters, the replacement program
was extended to the normal I&C measurement circuits also.
И./2.2. Replacement of the limit value monitors in the non-safety-related systems
Quite a big number of limit value monitors operating on electromechanical principle were installed during the construction of the plant.
They need extended survillance, perodically a large volume of maintenance works and they have rather high failure sensitivity. For that reason
an other systematic replacement program is going on in the power plant.
By installation of fully electronic limit value monitors about 300 equipments will be replaced till 1994 in the control and signalization circuits.
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II./2.3. Upgrading of the refueling machine
The control system of the 1 s t and 2 n d units' refueling machine
was replaced with a fully new one designed on microcumputer basis in
1990. Recently two same type refueling machines are in operation in the
plant.
The software of the refueling machines were upgraded in 1993 to
make possible the automatic service of the following four new manipulations besides the service of the normal refueling.
• connection and disconnection of the intermediate bars of the
control rod movement mechanism.
• operation of the "Sipping" equipment (equipment for testing
the integrity of the fuel elements)
• operation with Co 6 0 containers (used for Co 6 0 isotop producing)
• operation with special container for unhermetic fuel elements
П./2.4. Upgrading of the diagnostic system on units 1 and 2
The upgrading process could be devided on two main phases. The
first is the modernization and replacement of the obsolated electonic
equipment and computers. Using cellular processor the data processing
speed has been increased several times. The second part is the backfitting of the cable routes and sensors.
The new system could be upgraded with the following functions:
• Emissional leakage monitoring
• loose part monitoring
• core diagnostics
H./2.5. Expansion of the simulation range of the full scope simulator
The original simulator was designed and validated for training of
normal operation and incident situations resulted from component oriented malfunctions.
A stepwise development for extending the Paks NPP full-scale
simulator has been commenced in 1991.
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In the first step the so called LOCA project was realized including the replacement of the single-phase primary loop thermo-hydraulic
model and a new model for the containment. In the new version of the
simulator the following accident situations are modelled:
• small and large break LOCA events, including core dryout and
reflooding
• control rod ejection
• fuel element rupture and radioactivity transport in the primary
circuit and in the containment
• loss of feedwater accidents
• failures in the pressure suppression system.
The functions of the emergency control room (ECR) is also realized on computer displays making possible the cool down training from
the ECR.
In the second step a hardware upgrading was completed as a precondition of the further simulator improvements. Both of the computers
were supplemented with a second CPU almost doubling the computing
capacity.
The third step is an upgrading project with the aim of extending
the scope of simulation up to the initiation of the core damage. By the
complete change of the reactor and primary circuit's thermo-hydraulic
model the simulator will be able to perform the processes of core melting
in real-time or faster. This will provide a tool by which different emergency procedures can be developed for this type of reactors. The modelling includes core melting, zirconium-vessel interaction, zirconiumconcrete interaction, containment behaviour and released radioactivity
transport in the containment and in the environment.
H./2.6. Control rod drive inspection equipment
The manually made control rod drive inspection required too big
human resources during refueling period. Due to a newly developed computer controlled inspection equipment the required manual work was reduced, the reliabilty of the results and the documentation level was increased.
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H./2.7. Other upgradings and modifications under progress.
• The separation of the I&C circuits needed during outages and
refueling periods makes possible to carry out the maintenance
of the I&C systems without disturbing the aforementioned process.
• Replacement of the core output thermocouples due to the material problems of the earlier type.
• Use of the new type of the personal dosimeters.
• Replacement of the most important recorders with recent type
ones.
• Extension of the plant computer functions with the generator
temperature inspection.
• Installation of continuous chemical analyzers. (Automation of
the analysys measurements provided by manual sampling.)
• Replacement of the ionization chambers' I/f converters in the
ex-core neutron flux monitoring system.
• Upgrading of the aerosol, iodine and noble gas analyser of the
air emission control system.
• Replacement of the personal contamination monitors

III.

Reconstruction and upgradings of the research reactor at the
Atomic Energy Research Institute.
Subsequently the reorganization of the Research Center of the

Hungarian Academy of Sciences (KPKI) the autonomous Atomic Energy
Research Institut (AEKI) was born in 1992.
The institute has important role in the development of
• NPP simulation
• reactor diagnostics and operator support systems
• surveillance techniques for reactor materials and structures
• radiation monitoring systems
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• nuclear reactor electronics
The research reactor of the institute has been reconstructed and
upgraded during the last years and reached criticality in December 1992.
Actually being in the licensing phase, the reactor has several new
systems (e.g. new safety system), increase in reactor power (10 MW),
new control room, etc. The reactor will serve for
• basic and applied research
• technological and commercial applications
• education and training.
IV.

Future concepts

There are so called safety enhancement activities it progress at
the NPP Faks since 1987. In the past the primary object of this improvements were mainly the fire protection systems, the emergency and the
security facilties.
A comprehensive safety analysis of the whole plant was started at
1991. The so called "AGNES" project elaborated the operational experiences, results of domestic and international researches and investigations, studies made for similar units. Institutes of other countriesn are also
taking part in the project among the Hungarians. The results of the project will be used as a basis for the planning of the future activities on the
technological and on the I&C systems and will help to determine the
priority among the different upgrading projects without doubt.
A special team was erected in 1993 at the NPP to analyse the
questions of the backfitting of I&C systems. The first studies made by
the team are showing, that a stepwise reconstruction strategy should be
the optimal solution for the plant not enabling significant prolongation
the normal yearly outages. The first step of the general I&C refurbishment project obviusly must be the upgrading of the safety related
systems.
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NUCLEAR POWER PLANT CONTROL AND
INSTRUMENTATION ACTIVITIES IN ITALY

G. GHERARDI, A. LANTIERI
ENEA, Ente per le Nuove Tecnologie
l'Energia e l'Ambiente
Dipartimento Energia - Nucleare da Fissione
Bologna, Italy

Abstract
The range of research activities being conducted at ENEA within the advanced
reactor programme is presented.
The overall objective of these activities is to maintain a vital level of
knowledge to help to restore the use of nuclear power in the country.
In particular for control systems and instrumentation (C&I), the aim is to
define rules and design criteria, by evaluating the impact of newly formulated
safety goals on the C&I design and to develop a conceptual design of C&I for
an advanced reactor.
A survey of the activities on the same items by the national industry is also
presented.
1. The nuclear situation in Italy
On the 1 8 * December 1992, the 5 years moratorium on the construction of
new nuclear power plants expired, but this does not mean an immediate
nuclear restart in Italy. It is a prerequisite condition to restore the public and
political acceptance of the nuclear choice. However a research and
development program in innovative technologies for nuclear power reactors is
confirmed by government decisions.
ENEA is mainly devoted to explore new technology and new design
developments, that might allow the use of nuclear power in the future, after
restoring public acceptance.
The approach to safety followed in Italy at present, deals with severe accidents
in a deterministic way to reach an upper acceptable limit of the consequences.
The major safety goal in the approach to safety of future reactors is to limit
the environmental impact and the off-site radiological consequences in such a
way that no specific evacuation plan shall be needed, nor any significant long
term land contamination shall occur.
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Consequences of the accident shall prove to be acceptable by a deterministic
analysis for all conceivable events, even extremely rare, such as severe
accidents with extended core degradation and radioactive release, or abnormal
external events.
The "defence in depth" concept is still valid in this approach, improving the
accident prevention by the use, to the maximum possible extent, of passive and
inherent safeguards, and strengthening the mitigation requirements.
The containment system has a key role; its performance and integrity, and the
adequacy of all the auxiliary systems, must be demonstrated in all accidental
circumstances even though their probability of occurrence is very low, in
order to assure the achievement of the safety goal.
Safety studies are carried out to know the evolution of severe accident better
and to establish satisfying models of the physical phenomena.
2. Main activities and roles of National Organisations
ENEA activities are generally performed in the framework of national and
international collaborations, permitting the optimisation and the best profit of
each participant's effort.
The main activities are the following.
•
ENEA participation in the development of the Westinghouse AP-600
reactor and the SBWR General Electric reactor, has been devoted to the design
of some relevant components and mostly to the design and execution of
experimental tests.
•
For the SBWR project, at SIET in Piacenza, test loops have been
modified and are being completed to test prototypes of the passive containment
cooling system (PCCS) and of the isolation condenser (IC)S in 1994.
•
As far as the AP-600 reactor is concerned, phase A of the test of the
automatic depressurization system (ADS) has been completed at the VAPORE
facility in Casaccia (ENEA) and studies for the modification of the same
facility are going on, in order to perform further tests. Other tests to simulate
the primary system of the AP-600 will be performed at the SPES loop of
SIET, that has been modified.
•
Co-operations with central and eastern Europe countries are under way
and other programs can be defined in the near future in order to analyze safety
aspects of reactors of soviet tecnology
•
In the frame of various international collaborations, the activities
devoted to the understanding of the operational and accidental behaviour of
reactors, include: severe accidents studies, reactor physics computing systems
and data development, the promotion and validation of structure analysis
methods, thermal hydraulic analysis studies, seismic isolation and control and
instrumentation.
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•
Other participations in reactor studies include studies on innovative
reactors like MARS, proposed by the University of Roma, the ABB PIUS
reactor and the General Electric PRISM reactor.
The experimental facilities are in table 1.
The national collaborations are agreements among ENEA, ENEL (Italian
national utility), University and national industry; the organisation for the
development of the program is based on the institutional role of the partners,
under the co-ordination of the Ministry of Industry and in agreement with the
Ministry of University and Scientific Research.
3. Activity of MMI, Control System and Instrumentation
Italian engagement in С & I activities is developed in the framework of the
activities above mentioned.The main aspects can be grouped as follows.
3.1. RBMK, VVER
Participation in programme to support the safety of central and eastern Europe
nuclear plants includes:
• a bilateral agreement signed by ENEA and RDIPE for the improvement of
dynamic models for evaluating the reactivity accident progression in RBMK
type reactors;
• participation in 'RBMK Safety Review Project', that is a project funded by
the Commission of the European Communities (CEC); C&I participation is in
Topic Group 2 - control and protection systems.
The team undertaking the study is made up of staff coming staff from
four countries: Canada, France, Italy, United Kingdom and from the
Commonwealth of Independent States.
The objects of the investigation that is to be undertaken by topic group
two are the instruments and the associated logic and computer equipment that
are used for the control and protection of the reactor. The equipment to be
considered in the study includes all equipment items from sensors to the
control and shut down actuators. The balance of plant instrumentation will be
considered only
as far as it impacts upon the safety of the operation of the
reactor.
The object of the investigation is to establish the condition of the systems
and their ability to provide adequate facility for the control and protection of
the plant in the short and the long term.
The ultimate aim of the investigation is to determine if the present
situation is consistent with the requirements of international standards e.g.
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IAEA guide-lines, and the practices that are adopted in Western countries on
plant of a similar kind.
Should the position be found to fall below the requirements of these
standards then the investigating team will try to establish what actions are
needed to bring the systems up to standard, and how this might be achieved,
consistently with the expected future operational life of the reactor.
The other topic group in the project are: system engineering and
accident progression, core physics, external events, engineering quality,
operating experience, human factors, regulatory interface, probabilistic safety
assessment.
•
As far as the VVER reactor evaluations are concerned some actions have
been launched and their implementation is expected in the near future.
A relevant fact in the field of VVERs is the assignment by CEC of a contract
to the national industry under TACIS programme; this is to perform feasibility
studies aimed at improving fire prevention and protection at Kola and
Novovoronesh NPPs; this includes upgrading of fire detection systems (prime
contractor ISMES, subcontractor Ansaldo).
3.2. Co-operation to the MARS design
The MARS nuclear plant is equipped with a medium-size PWR reactor, aimed
at the production of industrial heat and/or electricity. The conceptual design
has been developed at the University of Roma "La Sapienza", Italy.
The main innovative systems of the MARS nuclear plant are:
- a completely passive emergency core cooling system, whose operation
depends on an innovative passive check valve; the system includes two
loops, each loop may remove the 100% of the decay power; in an
accidental event its activation is automatic;
- pressurised containment filled with low-enthalpy water, housing the
primary coolant boundary and the emergency core cooling system;
- a passive emergency scram system, operated by the core coolant
temperature.
C&I activities are aimed at performing system evaluations and detailed studies
and at defining the impact on the C&I of the extensive use of passive safeguard
systems and of the plant simplification. As a first result, these factors increase
the importance of monitoring, diagnostic and control functions to maintain
high safety margins and to extend the life of the plant.
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3.3.

AP-600

Within the collaboration agreement among ENEA, ENEL, ANSALDO and
WESTINGHOUSE on the AP 600 reactor, are included the design, study and
execution of an experimental test programme.
The programme includes:
•
The modification of experimental loop VAPORE to transform it in a
loop for qualifying tests of component for pressurised water reactors.
Previously it was a facility to qualify component for boiling water reactors.
The facility has a steam source derived from a full scale PWR pressurizer.
•
The C&I activities consist in design and execution of the modification cf
monitoring and control of the experimental facility.
The implementation is performed by means of a digital system for test data
acquisition and processing.
Other relevant activities conducted by the national industry in the frame of
AP-600 collaboration are:
- definition of strategies and analysis of information needs for severe accident
management
- preliminary analysis of instrumentation qualification requirements deriving
from severe accident situations, based on NUREG 5513 (the Safety Objective
Tree approach).
- definition of design guidelines for advanced instrumentation and control
systems based on full-computerised technology and operator cognitive task
analysis
- preliminary design of diverse protection system for back-up actuation of
control rods and ECCS; this is to solve the question of common mode failure
of the normal computerised protection system
3.4. PRISM
Within the ENEA collaboration with General Electric on the PRISM reactor,
in addition to PRISM oxide core studies it is important to mention "the passive
monitor device tests".
Current devices of the fission gas monitoring are based on active components
(pumps, filters and so on) and significantly extend the reactor primary
boundary.
The passive monitoring devices (PMD) is a static column and relies on the
molecular diffusion, providing the necessary delay time for Ne-23 decay. It
will be mounted on the PRISM reactor head, where it will determine the
presence of radioactive fission gases (Kr, Xe and so on) released by the failed
fuel pins into the cover gas region.
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The prototype was realised by F.N. (Fabbricazioni Nucleari) and tested by
ENEA in the Brasimone Centre. The results were in good agreement with the
theoretical diffusion curves, confirming the validity of the concept.
3.5. Other developments
One of ENEA institutional objectives is to develop and promote application of
instruments and device for energy production and conservation. In this field
ENEA has developed two new instruments to measure and control cavitation
and sub-cooled boiling: CASBA-Meter and CASBA-Trip.
They can find many applications in various fields: pumps, control valves and
pressure dropper devices, leak detection.
The measure is based on the vapour bubbles implosion shock effect that excite
the accelerometer fixed on a wave guide in contact with the liquid or with a
metallic structure containing the liquid.
Other activities in the domain of accident management, extensive use of
computer-based technology and man-machine interface are being carried on by
national industry, in more detail:
- feasibility studies and development of knowledge-based operator support
systems for operation in emergency conditions and accident management (at
present, Ansaldo is working on the "computerisation" of emergency
procedures in the frame of its proper R & D programme);
- assessment of signal validation techniques such as noise analysis, sensor
modelling, etc. in accident conditions (in the frame of an European concerted
action);
- studies on man-machine interface and advanced control room, with particular
attention to the verification and validation of control room design (in the
frame of a IEC sub Committee).
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Table 1 - Experimental facilities
Plant

Location

Operational
Characteristics

Applications

VAPORE

ENEA

P=18MPa

Qualification Tests of

Casaccia

T=365°C
Qvap=200Kg/sec

protoiypic
Depressurization Valves
and vapour Quencher

SPARTA

ENEA
Casaccia

Qmax air=1.5Kg/sec
Qmax steam=l Kg/sec
Tmax gas=200°C
Metallic powder (Mn.
Csl) vaporisation rate
(Plasma Torch)=0,8 g/sec
Cs vaporisation rate
(4Kw oven)=l g/sec

Détermination of the
decontamination factor
on aerosols by water
pools

SPES

SIET
Piacenza

P=15.5MPa
T=330°C
Channel Power=
6.5MW
3 Primary Loops

Thermal hydraulic
transient, full vertical
scale, 1/395 in volume,
of primary PWR loop
and components

GEST GEN

SIET
Piacenza

Power=20MW
P=17.1Mpa
T=430°C
Hmax=20m

Thermal hydraulic
transient simulation, in
relevant scale, of
PWR/BWR components
(Steara Generator, Steam
Separator, Isolation
Condenser)

University
of Pisa

P=10MPa
T=350°C
Channel Power=
250Kw

Thermal hydraulic
transient simulation, full
vertical scale, 1/2000 in
volume, of В WR loop
and components

Condenser
PIPER ONE
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BACKGROUND
° Improve Safety, Reliability and Availability for Nuclear Power
Plants(NPP)
4

° Problems on Existing NPP
Increase costs of operations and maintenance
Exist diffculties in application of new I&C technologies into NPP

0

Standardization and Application of New Technologies

Korean Nuclear Power Plants In-operation and Under-construction
Nuclear

Name

Type

MWe

Contract

NSSS

T/G

A/E

Comm.
op, date

Unit(No)

1

Kori 1

2

PWR

587

. Turnkey

W/H

GEC

GA

1978.4

и

Kori 2

PWR

659

Turnkey

W/H

GEC

GA

1983.7

3

WS 1

PHWR

679

Turnkey

AECL

HP

AECL

1983.4

4

Kori 3

PWR

950

Component

W/H

GEC

Bechtel

1985.9

a- ïï

5

Kori 4

PV/R

950

Component

W/H

GEC

Bechtel

1986.4

6

YGN 1

PWR

950

Component

W/H

W/H

Bechtel

1986.8

Ills

7

YGN 2

PWR

950

Component

W/H

W/H

Bechtel

1897.6

8

UCN 1

PWR

950

Component

Framatome

Alsthom

Bechtel

1988.9

9

UCN 2

PWR

950

Component

Framatome

Alsthom

Fram/Alst

1989.12

10

YGN 3

PWR

1040

Component

KHIC/KAERI/CE

KHIC/GE

KOPEC/S&L

1995.6

11

YGN 4

PWR

1040

Component

KHIC/KAERI/CE

KHIC/GE

KOPEC/S&L

1996.6

12

WS 2

PHWR

700

Component

AECL/KHIC/KAERI

KHIC

AECL/KOPEC

1997.6

13

WS 3

PHWR

700

Component

AECL/KHIC/KAERI

KHIC

AECL/KOPEC

1998.

14

UCN 3

PWR

1040

Component

KHIC/KAERI

KHIC

KOPEC

1998.6

15

WS 4

PHWR

700

Component

AECL/KHIC/KAERI

KHIC

AECL/KOPEC

1999.

16

UCN 4

PWR

1040

Component

KHIC/KAERI

KHIC

KOPEC

1999.6

Korean Standardization Program083-'91)
The program was performed in three distinct phases from 1983 to
1991, including I&C area.
° The First Phase
A feasibility study for a standard nuclear power plant was conducted. Foreign
approachs to the design, construction and operation of NPP was reviewed to
establish the approach and basic concept to be adopted in the Korean
NPP.

Standard

The Second Phase
Candidate
improved
analysing
advanced

design was identified that was considered capable of being optimised and
to meet the requirements of the standard plant. This was done by
the operation and construction experience of existing plants and studying
technology development in foreign countries.
«

The Third Phase
The complete design of Korean Standard NPP was developed, with Yonggwang 3&4
as reference plant.

As

result

of

this

program,

the

Korean

Standard

Utility

Requirements document(KSRED) and the Korean Standard Safety
Analysis Report(KSSAR) were issued.

STRATEGIES for I&C Development
° Considerations on Licensing Requirements
Evaluate major changes meeting with licensing requirements
0

Design Flexibility
Consider on the replacement of new hardware
Have the capability to apply new algorithms

° High Quality of Software
Evaluate a method for implementing software, such as Computer Aided Software
Engineering tools
Provide a software verification and validation methodology

о Proven Technologies/Component
Use the off-the-shelf component
Reduce costs on the development and the purchase of I&C equipment
0

Standardization of I&C Equipment
Provide

standard

specifications

on

sensors/transmitters,

processors,

peripherals
Provide the standard communication protocols
0

Application of Advanced I&C Concepts
Develop the fault tolerant systems to minimize the errors of an operator
Develop complete operator's aid functions
Apply the human factor's concerns into the control room design

connectors,

R&D Activities for I&C
The First Stage of I&C Improvement'94.1-'96.6)
Items for Yonggwang 5&6
Plant Protection System
Engineered Safety Features Actuation System
Control System Digitalization
00

Plant Monitoring System Upgrade

Items for Ulchin 5&6
Reactor Control System
Digital Process Instrumentation
Survaillance Monitoring System (Nuclear Integrity Monitoring)
Plant Diagnostic System

The Second Stage of I&C Improvement^.?-'98.6)
Digital Indication System
Digital Alarm System
Advanced Plant Monitoring System
Integration of evolutionary I&C Systems

The Third Stage of I&C Improvement'98.7-2001.12)
Network based I&C Systems
Advanced Operator Support System
Development of Korean Standard Integrated I&C System

RT93-120.P1Y
NUCLEAR POWER PLANT CONTROL AND INSTRUMENTATION
DEVELOPMENTS IN THE NETHERLANDS

Y. van der Pias
Ministry of Social Affairs and Employment
Directorate-General of Labour
Nuclear Safety Department (KFD)

Abstract
The paper describes the status of the NPP control and instrumentation in The Netherlands. Continuous modernisation is going
on in two NPP's in operation since the early seventies. Today
legal obligations for periodical safety evaluation, as well as
probabilistic safety analysis lead to thorough backfitting programmes.
Important backfitting items are renewal of reactor protection
systems, extension of emergency power capacities and redundancies, physical protection of vital I&C, introduction of the
latest diagnostic and process presentation systems and replacement of a training simulator.

1.

Status and prospects of nuclear power in The Netherlands

The local nuclear plants generate approximately 5Z of the national electric
power consumption. Electric power up till 15Z of the consumption is
imported from neighbour countries, which may represent an additional
nuclear share.
NPP Dodewaard supplies 54 MWe nett and started operation in 1969 to gain
experience with nuclear energy. It is a boiling water reactor with natural
circulation over the core, designed by General Electric. The design base is
also of interest in these days, because of its passive safety aspects.
NPP Borssele is a two loop pressurised water reactor, designed by KWU with
a capacity of 450 MWe nett. Operation started in 1973.
There are a few research reactors. Medical projects are running in the
European Joint Research Centre and the ECN Netherlands Energy Research
Foundation in Petten.
The new COVRA waste storage facilities
have recently been taken into
operation.
Since more than a decade there is a certain public and political resistance
against nuclear power. The absence of an extension of the original national
nuclear programme might depress the possibilities for education. However,
several research and engineering institutes are involved now with the
national PINK-project, aiming to maintain the nuclear knowledge and
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competence in The Netherlands. In particular young engineers are studying
recently developed passive safe reactor types.
The ECN Netherlands Energy Research Foundation started an investigation to
build a prototype of an inherently safe high temperature reactor (HTR),
which should be ready in 2003.

2.

Licensing aspects for the existing power plants

The obligation for periodical safety evaluations is established in the
nuclear plant licences. Two-yearly the actual situation has to be compared
with the safety report. Ten-yearly the safety of a plant has to be evaluated against the state of the art.
The regulatory body requests also for probabilistic safety analysis at a
level 2. From both nuclear power plants qualified, more or less living
PSA's are available now.
Backfitting programmes form the answer on said evaluations and analysis, as
well as the need to life extension.
As the modifications require revisions of the safety reports, the licences
have to be revised too. As a result of a political evaluation the so-called
long procedures will be followed, which means that a public participation
in the decision processes is prescribed. Environmental effect reports (MER)
may therefore be inspected by the public.
NPP Dodewaard has to deal with the complication that the licence revision
executed in 1988 has been destroyed by the court of justice. This happened
after complains from environmental organisations stating that a revision of
the design basis had have to be subject to a public participation. The
regulatory body had already accepted this revision existing out of a power
increase and a test facility for MOX-fuel. On the moment NPP Dodewaard
operates with the former licence and an additional temporary permit for the
deviations from the original design basis.

3.

Backfittine WPP Borssele

The Borssele design basis shows more ramification and less separation in
process, electrical and instrumental
redundancies than more
recently
developed plant types. To combat dependencies in failure modes an additional bunkerized civil structure had been already erected in 1985.
Requirements had been redefined at that time for flood, gas clouds explosion and external fire. The building contains additional independent emergency suppletion systems for primary and secondary loop together with а зраге
emergency power system. The present backfitting programme is utilizinj the
design considerations of these systems especially due to its new reactor
protection system, which will be located in this protected area.
More in general are the important backfitting items :
increase of the number of emergency river cooling water (VF)
pumps from three to four,
increasing the number of nuclear intermediate cooling (TF)
pumps from three to four,
addition of a spare well cooling system (VE) to have a back up
if the river water intake might be blocked,
upgrading of the steam blow-off systems (RA),
renewal of main steam lines in the containment,
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increasing secondary spare suppletion capacity (RS),
renewal of the primary relief valves (PORV's),
replacement of emergency diesel generators, increasing capacity,
replacement of the reactor protection system (as already said),
introducing physical separation and protection of redundancies,
as well as self testing features,
renewal of the neutron monitoring system,
replacement of the process presentation computer system,
new control room panels,
addition of a spare control room,
introduction of earth quake resistance qualifications and
improving fire resistance,
expansion of the civil structure envelope, resistant against
external events,
replacement of obsolete instrumental modules by modern types
with a.o. better diagnosis features,
renewal of the training simulator.
The modifications are in an engineering phase now. The implementation will
start after the public and political acceptance of the new safety report
which is connected to the backfitting programme.

4.

Backfitting NPP Dodewaard

An extensive evaluation has been executed, managed by the original designer of NPP Dodewaard. This leads to the following list of main backfitting
items.
increasing the number of emergency diesel generators from one
to two,
increasing the number of external emergency power supplies from
one to two,
replacement of the relay type reactor protection system by a
modern system applying functional and physical separation of
redundancies,
increasing capacity of the neutron poisoning system,
improving physical separation in several safety systems,
introduction of alternative safety injection facilities by
committing systems with other functions,
introduction of a reactor vessel spray function for mitigation
of severe accidents and preventing early containment venting,
introduction of a filtered containment venting facility for
severe accidents.
The backfitting project is approaching the end of the conceptual design
phase.

5.

New radioactive waste storage facility

Storage facilities for industrial and medical radioactive waste have been
put into operation at the new COVRA location near Borssele. COVRA provides
a.o. an interim storage facility for the own country's equivalent of the
waste from used fuel reprocessed in France and UK.
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6.

Conclusion

Within the country's nuclear culture there is a strong incentive for
modernising and continuous development in the existing nuclear power
plants. However, a backfitting programme requires considerable investments
which have to be payed off at the ultimate economic end of life, which is
relatively nearby for both power plants.
I&C, reactor protection systems, emergency power generation, process
presentation and simulation for operator training form an important share
in these programmes. Additional civil structures turned out to be required
for physical separation of reactor protection system redundancies and
shielding against external and area events.
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Andrzej T. Mikulski
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Regular Meeting of the IAEA International Working Group on
Nuclear Power Plant Control and InstrumentationParis (France), 21-22 October 1993

Introduction
The activity in the field of instrumentation and
control in Poland in last two years was limited only to
research reactors and concentrated on two topics:
- operation of vibration diagnostic system for EWA reactor
- modifications and validation of I&C for MARIA reactor
which will be presenteei shortly.

The EWA reactor
The EWA reactor was equipped in 1990 with diagnostic
system for monitoring the vibrations of primary cooling loop
components, i.e. reactor tank, pumps, heat exchangers and
piping. At present it operates in two modes which are used
for:
- constant monitoring based on RMS value measurements
- periodic monitoring based on PSD calculations.
The first mode enables detection of low or high warning
thresholds and alarming the operating personnel in cases
they are crossed. The low limit generally means problems
with electric connections or electronic equipment and was
few times observed. The high limit means excessive vibrations of specified component and until now (after almost one
year of operation) was never observed. This mode, during
the testing phase, enabled us a detection of excessive vibration of primary circuit isolating valve at full open
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position (valve head out of water stream).
The operators
had been aware of such situation and instructed to keep the
valve position within acceptable limits.
The second mode enables the comparison of PSD resonance
structure for the same detector at different time moments or
between different detectors at the same time moment.
The
developed software provides semi-automatic identification of
new resonance or tracing the amplitude growth of known resonances.
The comparison of two PSDs calculated for one of
primary circuit pump in two months interval (October v December 1991) showed the amplitude increase about 6.8 times.
During requested maintanace the damage of the outer bearing
surface was found and the bearing was replaced.
Also the
frequency position of this resonance was theoretically confirmed knowing bearing dimensions and shaft speed.

The MARIA reactor
The MARIA reactor after seven years of reconstruction
and modifications is, since December 1992, in the period of
full power start-up. All elements of instrumentation and
control equipment were very carefully validated and the
required improvements were introduced. The modification of
measuring system will be discussed in near future and some
backfitting activity will be undertaken but not in the
direction of direct digital control. Also the necessity of
instalation of vibration system, similar as for EWA reactor,
is widely recognized and it will be installed in near
future.

Conclusions
The above very briefly described activity shows that:
(a) systematic monitoring of vibrations even in research
reactors may be usefull and it may be based on heuristic
observations started at any time,
(b) the instrumentation in nuclear reactors is developing in
the direction of continuous application of diagnostic
systems,
(c) according to discussion at IAEA TCM on "Use of Diagnostic Systems to Monitor Performance and Reliability of
Safety Equipment" (11-15 October 1993) there is a real
need for development of diagnostic benchmarks
for
testing and validation of different diagnostic systems
and the first attempt of requirement specification for
this benchmark is given in Appendix.
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Appendix

DIAGNOSTIC BENCHMARK
validation of diagnostic systems
ability to detect any or specified
disturbances in operation of NPP
and intercomparison of different
diagnostic systems
origin of disturbance:
- known
- confidential until participating
laboratories will present their
results
type of disturbance:
- vibration of mechanical constructions
- damage in rotating machines
- loose parts in primary cuircuit
- leak in primary circuit
etc.
- neutron ionization chamber
type of detector:
- SPN detector
- vibration transducer
- pressure transducer
etc.
real recording
origin of signal:
- artificial
- raw data
form of signal:
- processed data (PSD, CF, СОН,...)
type of signal:
- digital
- analogue
no of signals:
no limits
length of signal:
no limits
distributor:
IAEA, Vienna
delivering laboratory (country)
distribution:
free of charge
type of distribution:
- on request
- according to mailing list
- e-mail
form of distribution:
- floppy disk
- magnetic tape
: detailed description of applied
requirement for participant method and obtained results

purpose:

Proposal prepared by: Andrzej T. Hikulski,
Institute of Atomic Energy, 05-400 Otwock-Swierk (Poland)
tel: +48 (2) 779 9302, fax: +48 (2) 779 3888;
e-mail: r05am@cxl.cyf.gov.pl

REPORT ON NUCLEAR POWER PLANT INSTRUMENTATION
AND CONTROL IN RUSSIA
V.V.Kondratjev
Research and development Institute of Power Engineering,
Moscow, Russia
ABSTRACT
The report describes the status and changes, occured in the NPP's control and protection systems
(CPS) of Russia and some tendencies, having determined the C&Ï development in near future as well.
In contrast to the absence of revolutionary technical and technology achievements, however, many
highly significant structural changes have occured in nuclear industries connected not only with political
processes in former USSR countries but also with deep economic reforms in Russia.
The following areas are briefly described:
- status of different nuclear power reactors in Russia;
- changes in structure of nuclear power industry;
- new developments in neutrons detectors;
- the CPS electronic equipment and its architecture;
- diagnostics and ultrasonic monitoring;
- safety parameters display system;
- information about the international project on the RBMK safety analysis.
I. INTRODUCTION
General direction, guiding the C&I development during last 2 years is to bring the CPS equipment in
conformity with requirements of Nuclear Safety Rules, approved in 1990, that is evolutionary continuation
of the activity which has been reported about at the previous meeting of IWG. Nevertheless gradual
achievement of preset aim was hindered and is now prevented from with political and economic events,
having taken place during last two years.
The USSR disintegration after august 1991 put a lot of nuclear plants beyond the framework of russian
government and regulatory bodies competence. The possibility of Russia's assistance to the adjacent
republics in providing their nuclear plants safety is now sharply limited due to both political ambitions of
authorities and distroying the common economic space. It is in the moment when in these republics
dissociated from Russia, the institutes in charge of development, manufacturing, implementation and
supervision on the employing the safety related equipment are as a rule in establishing stage or absent at
all.
Nevertheless plans of increasing the nuclear plant safety set in Russia after Chernobyl accident are
realized enough gradually and purposefully in the framework of financial possibilities being in hands.
This report can not hope to cover progress on every item. It therefore tries to underline the areas
where progress was worth to be mentioned.
The author would like to emphasize that the views which are expressed are those of the author and
do not necessarily coincide with other experts' ones or with official authority's opinion.
2. STRUCTURAL CHANGES OF NUCLEAR POWER ENGINEERING IN RUSSIA
Russian Nuclear industry must be regaded against the background of strongest economic crisis,
torturing country still several years. Russian NPP's were and are the social property. But if previously
NPP's giving the state all produced electricity was getting from it the staff wage and equipment main149

tenance and repair payments now NPP's as all state-owned enterprises came to self-accounting and pay
only taxes to the government. All their current expenses are now paid from their own pocket. The
description above is quite well simplified but it allows to understand the essence of the matter.
The regulatory authority keeps eye on the safety increasing programs implementation by every NPP.
This fact makes them to pay for development and manufacturing rather expense equipment. In order to
cut the expenditures the majority of NPP's have united in concern called Rosenergoatom aiming in general
to upgrade the obsolete reactor units by means of common efforts.
State funding of the concern is strictly designated - new reactor units construction only. NPP's
sell the power to the regional distributive companies which then sell it to the customers. Real
competition and trying to reduce prices is not observed up to date. The reason is that the set power of
all power plants of Russia including fossil fuel plants, exceeds the demand by only 2 % . If one takes
into account the necessity of bringing power units to a stop for maintenance and repair on regular
basis it can be said that there is a lack of electricity in the country.
Although last time when the sharp crisis and inflation take place there is a relative reduction of
the electicity prices, particularly on the NPP's. There are two main reasons. First the crisis leads to
decreasing the industrial production, consiquently to decreasing the electric power consumption. This
involves power plants into competition and makes them to hold the price rising.
Second a steady release of power-carriers' prices and regular coal miner's strikes raise the prices
of electricity generated by fossil fuel plants firsf of all. For instance early this year electricity price
of Leningradskaya NPP was by four times cheaper than that of adjacent Kirishi fossil fuel plant.
Unfortunately inflation (20-25% a month) and overall crisis of payments (the debts of distribution companies to generating plants come up to tens billion roubles) put many plants on the brink of
a stop of units now in service, prolongation of their repair and new units commissioning delay.
Budget R&D funding in nuclear industry has also been drastically shortened. Now the development being common for the whole type of reactors and being too expensive for one plant are only paid
from the state budget. All the rest of current R&D demands of NPP's and nuclear research centres
are paid as a rule by reactor owners. As might be expected the above fact has roughly turned all R&
D work into customer oriented direction having left a lot of ixientist-theoretists out of job. Take into
account substantial cutting the military expenditures. The result is that many experts of very high
rate skill are forced to find another job or be retrained.
3. THE CURRENT SITUATION ON RUSSIAN NUCLEAR POWER PLANTS
To date Russia exploits 9 NPP's with 32 nuclear reactors, б of them being now in middle or
thorough repairs. In 1992 russian NPP's produced almost 120 billion kWh that amounts 11.8% of
total power production. But in some individual regions this figure is much more. For instance in the
centre of europian part of Russia that figure amounts 25%, in Leningradskaya region - to 70%, in
Kolsky peninsula - 75%.
Russia has 5 types of power reactors: 15WWER (analog to PWR) ; 11RBMK; 4 thermal light water
channel power reactors of EGP-6 type; 1 channel reactor analogous to that of the first in the world
NPP and 2 fast reactors of BN-type.
3.1. WWER
This type of reactor is believed to be of primary meaning in Russia. That reactors are concentrated
at 4 plants: Balakovskaya (Saratovskaya region), Novovoronezhskaya, Kalininskaya (Tverskaya
region) and Kolskaya. In May this year at Balakovskaya NPP there was commissioned 4th unit with
this type of reactor. This is a first commissioned reactor over 3 last years. During forthcoming 7 years
it is expected to have more 2 such reactors commissioned at NPP's now in service. Besides 3 units
with such reactors are expected to be constructed at new sites near Voronezh and Cheljabinsk should
corresponding licenses be given by local authorities.
When studying the feasibility of the development of new C&I systems and upgrading those now
in service for WWER type reactors the basic factor is the large experience confirming high reliability
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of equipment and correctness of principal technical solutions. This results in the evolutionary way of
C&I development for WWER which comprises, to date, three generations of C&I equipment.
The latter uses:
- informational calculating system with broaded computing ability and increased relyability due to
reserve;
- electronic equipment based on intergated circuits of middle rate integration;
- microprocessor technics in a few occasions;
- comprehensive in-core monitoring.
There are two general motives to upgrade the WWER's C&I:
- regulatory reguirements hardening;
- arising the new technical means which could provide improved performances if used io C&I equipment.
When reconstructing WWER's now in service there are realized either upgrading the CPS making it to
meet the requirements of new regulatory documents or development of new CPS attaching it to the existing
equipment on information and controlling channels.
Monitoring.control and protection systems of WWER were traditionally developed as a complex of
different separated sets of equipment: neutron flux monitoring set; process parameters monitoring set;
in-core monitoring set; logic sygnals processing set etc. Progress is aiming the new technically more
perfect sets, broadening their functional abilities and comprehensive approach to the development of all
C&I equipment.
Putting into operation the new regulatory documents and WWER's operational experience have made
it necessary to solve new tasks which have not been dealt with by WWER's CPS before.
They are as follows:
- automatic regulation of the neutron flux distribution;
- core protection on the excursion of local parameters (power release, margin to the heat-exchange crisis
etc) beyond the preset points;
- diagnostics of the reactor equipment status, including the remaining life time;
- informational operator support, including the display of generalized indicators of plant safety status;
- supervisionai control of automatic regulation loops,
Solving the tasks mentioned above is now the basis of WWER's CPS development.
3.2. RBMK
Russia has 11 units of RBMK type reactor, located at 3 sites: Leningradskaya, Smolenskaya and
Kurskaya NPPs. Construction of new units of such kind of reactors is not expected exept the
construction completion and commissioning the 5 unit of Kurskaya NPP in 1995.
It should be said that on the basis of large experience and some advantages of RBMK type reactor
the decision has been made to develope a new tight water-graphite channel reactor of improved safety
called MKER-800 which will work totally on the natural circulation in primary circuit. Two experimental units with this type reactor will be constructed at Leningradskaya NPP instead of two units
of first generation of RBMKs to be decommissioned after 2000.
The fundamental event in RBMK's CPS area during last 2 years was the development completion,
manufacturing, testing and delivering the equipment of modernized CPS (MCPS) to the 2 unit of
Leningradskaya NPP.lt is expected that in the next few years all RBMK type reactors now in service
will be provided with such MCPS.
The MCPS design project was approved in 1989. The experimental sample, manufactured in
simplified version, was tested in 1992. Now the delivering of electronic equipment (more than 60
cubicles) is being completed.
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The pecularity of MCPS equipment replacement technique must be remarked. Nuclear Safety Rules
put into operation in 1990 requires that the core loaded with fuel no matter the quantity must not be
remained without control and instrumentation when replacing the CPS equipment. To meet this special
provisional CPS should be created which is commissioned and starts to work in parallel with old replaced
one and decommissioned after commissioning the new regular one.
Such a provisional CPS has been designed and manufactured in 1992. Now its assembling and testing
have completed at the Leningradskaya NPP-2.
3.3. EGP-6
Far on the north-east of Russia in the gold-digger's town Bilibino there are 4 power units with reactors
of EGP-6 type. These are also uranium-grafite channel reactors with light water coolant which are
undergoing to be decommissioned after 2000 due to life time expiration. Instead of them 4 new units with
ATU-type reactors will be constructed. Their development and designing is now extensively being carried
out.
So far as EGP-6 reactors have been built very long ago in 1970's their CPS doesn't of course
correspond to the modern safety requirements. That is why in 1987 there has been decided to start a
development of new CPS which would guarantee the safety of such kind of reactors up to the expiration
of their life time. The work has been started however it is now suspended due to economic consideration.
In so far as perspectives of overcoming the crisis are misty Bilibinskaya NPP is looking for the possibility
of partial and step-by-step upgrading the CPS aiming to make the works to fall in "price.
3.4. Fast reactors
There are two fast reactors in Russia: BN-350 on the Kaspian seeshore which is used mainly for a
water desalination and BN-600 at the Beloyarskaya NPP (Middle Ural) which produces electricity.
The large operational experience of these reactors allowed to work out the conception of fast reactor
technology development in Russia which is notable for the following:
- increased safety of three circuits of fast reactors;
- optimal performances of utilization of weapon plutonium extracted from nuclear charges;
- stabilization of total radioactivi ly of nuclear wastes due to burning up the erradiated fuel of thermal
reactors in the fast reactor cores.
It is planned to buld till the end of XX century two power units with reactors of BN-800 type at
Beloyarskaya and Uzhnouralskaya (Chelyabinskaya region) NPP's. Simulteniously the infrastructure of
closed fuel cycle of fast reactors will be created at South Ural.
4. GENERAL PROGRESS IN THE C&I AREA
4.1. Neutron detectors
Progress in neutron sensors field was directed onto the development of wide range detectors suitable for
normal operational environment and muhisectional in-core sensors for neutron flux distribution monitoring.
For light water reactor of XXI century so-called WPBER-600 (analogous to WWER but having safety
improved) there has been developed pulse-current ex-core ionization chamber of KNU-3 type comprising
3 sensitive volumes insulated from each other. Two volumes have a uranium coating and different
sensitivity and are intended for pulse-mode operation. Third volume with boron coating is intended for
current sygnal generating. The total range of neutron flux monitoring is 0.1 to 10 N/cm • s. Overlapping
the power subranges covered by every sensitive volume is no less than 2 decades.
For in-core measurement there has been developed the chamber of KTVtype which is based on the
threeaxial cable with mineral insulation, has a uranium coating and can work both in pulse mode and
current mode of operation.
In WWER-600 the hanger with 3 such chambers distanced on the height is used to compensate the
effect of distortion of proportionality between the chamber sygnal and reactor power level when moving
the control rods.
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In RBMK the hanger with 7 such chambers distanced on the height is used for monitoring the neutron
flux distribution on the core height (7 m).
It's worth to mention about not new but rather original design which is the channel of monitoring
the neutron flux and period of it excursion of «Mirage» type. In this channel one pulse-current
chamber of wide-spread KNK-15 type connected to special amplifier provides the monitoring of
neutron parameters within the range of 11 decades without any switching over of subranges. This
channel was the base for developing the monitoring part of provisional CPS (see section 3.2) and
CPS's of some research reactors.
One more direction of development, I would say, being in vogue, is sensors in form of hanger of
ionization chamber with built-in preamplifier. But accomplished designs are not yet available.
4.2. CPS architecture, electronic equipment
Electronic apparature of the majority of russian power reactors remains to be relay-transistor-based
for the first generation plants and solid state circuits of low and middle integration rate for the second
generation (built after 1980). The electronic equipment of the very last development for 2 unit of
Leningradskaya NPP is based on integrated circuits of high integration rate but without microprocessors
for a while.
It should be said that the development of CPS's electronic equipment was very much influenced with
putting into operation in 1990 the new Nuclear Safety Rules. This document for the first time makes it
necessary to have two diversed independent sets in safety systems. This requirement must be met in the
CPS's design projects to be approved after 1990.
In this relation when developing the CPS's for new power units the following conception has been
accepted among the experts while without being fixed officially in some documents:
- second set is designed for reactoi protection only, additionally it can perform only display function and
failure indication;- the second set sensors are the in-core direct charge detectors or-/J-emissioning ones;
- the electronics of second set is microprocessor-based;
- the safety actuators are common for both sets.
The last thesis is seemed to be disputable bacause it flies into face of the rule requirements. According
to them the second set must have its own safety actuators of diversed type. Neverthless one should take
into account the fact that the big powerful reactors usually have a lot oi actuators each of them being
controlled by independent motor with individual power control unit. And voting the controlling sygnals
from three independent channels of every set is provided in this very individual power control unit.
Besides in any reactor the transfer of double quantity of control rods or some other working bodies
into protection mode of operation drastically decreases the possibilities of reactor control and deteriorates
its economics. It should be added that gravity failure as a common cause of non-insertion of control rods
into the core can hardly be regarded in earnest.
Recent meetings of russian and foreign experts helped to clearify that the problems of two actuators sets
and their independence are about the same in all countries.
The MCPS delivered onto the 2 unit of Leningradskaya .NPP consists to say strictly of one
equipment set because its design project has been approved in 1989 before putting into operation the
new Nuclear Safety Rules. Nevertheless the MCPS is provided with a monitoring apparature getting
sygnals from in-core sensors and being the base for connection to it the second set of safety equipment.
The Leningradskaya NPP's second unit conditions don't allow to place the second safety set. But at
the Kurskaya NPP's 5 unit now under construction place will be forseen for second safety set, that is why
the microprocessor-based electronic equipment of protection system is now under development and will
be the first computer-based safety system in Russia.

153

4.3. Diagnostics and ultrasonic monitoring
It is rather naturally that the main attention in development of the diagnostic means was paid to
RBMK's. In these reactors diagnostics is applied to check up:
- herraeticality of fuel and control rod channels;
- conditions of channel metal, welded joints, bended tubes etc.
The reactor channel hermiticality is monitored on-line with special system (KTsTK). Its work is
based on the measurement of parameters of gas (nitrogen) being pumped from below to top along gas
ways through the graphite stack. Part of gas is withdrawn through the probe pipelines of the system.
The gas temperature and humidity are periodically monitored in each of 2044 gas channels of reactor
(1 min and 10 second respectively). The parameters excursion beyond the preset limits tells about
поп-hermeticality of the fuel channel.
There have been problems dealt with non-monoresulting localization of failed channel because if one
channel is ruptured in low part of the core the temperature increases in a lot of probe pipelines. The gas
ways inside the reactor space are not insulated hermetically from each other and gas can penetrate from
one way into another through the splits between stack bricks.
To avoid the disadvantage there has been developed an additional monitoring system which allows to
localize the region of search within 7-8 channels. The work of the system is based on the finding out the
decrease of draining tubes temperature in comparison with temperature of lower water-header room. It occurs
when the steam comes into reactor space from ruptured channel, then it is condenced on the relatively «cold»
control rod channel tubes and the water flows through the above mentioned draining tubes.
The basical means of metal condition monitoring of the channels, pipelines-, steam-drum separators,
vessels and so on were and still remain to be the ultrasonic monitoring systems. Many of them are of a
mobile version (container on car-chassis) and could be quickly assembled and diassembled. Unfortunately both in Russia and abroad there is information about the ultrasonic technique now being in use does
not permit to reveal with required trustworthyness some types of defects in particular the most dangerous
of crack-type.
This disadvantage has been avoided by development of eddy current monitoring system for checking
up the integrity of fuel channels. The system can monitor the channel of 7 m length during 3 min only.
At present so called common system of operational diagnostics (CSOO) is under experimental
operation at the Ignalinskaya NPP. It has been designed to provide fast and accurate localization, early
finding out the causes of failures in all basic process reactor systems, displaying the diagnostic results
and the help to operator with the recommendation support.
The system is based on the existing informational calculating complex and regular C&\ equipment.
The systeo digests all process parameters, takes into account for diagnostics both sensors failures and
coinsidence of those with the process malfunction and responds to the parameter state change only to
avoid the operator overload.
Early operation period there were problems dealt with enormous quantity of false information. Later
it has been brought to naught by means of roughening the diagnostic preset points and improving the
algorithm of computation. Alas, the size of software has strongly increased at that.
For RBMK type reactor the monitoring system of all primary circuit is under development. It is aimed
on the reliable ^identification of primary circuit hermiticality loss, the localization of the failure and the
evaluation of coolant leakage.
In order to increase the reliability the system is expected to have redundent means of monitoring
namely measurement of humidity, air radioactivity, acoustic noise and TV inspection of any pipeline
section in primary circuit compartments.
4.4. Safety parameter display system
The development of unified safety parameters display system (SPDS) for WWER and RBMK is
carried out in the framework of «GARANT» project wich provides the creation of united statewide
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informational organizational system securing NPP's safe operation and effective interaction of the NPP 's staff
with experts of local and national crisis centres and those of technical support.
The SPDS designation is the monitoring, displaying to the operatinal staff of control room and
transmitting in the other subsystems of the GARANT system the information on parameters caracterizing
plant operation safety in all normal, abnormal operation modes, in design accidents and partly in beyond
design accident conditions.
The increase of unit operation safety is achieved by arising the new functional possibilities for the
NPP's staff and safety experts of Crisis Centres and Technical Support Centres. They are as follows:
- arising the continuous displaying the unit safety parameters and the unit safety function to the
operation staff of control room;
- creation of the intelligent interface «operator-computer», providing the improvement of operational
staff working conditions and the decrease of the operator false action likelyhood in emergency;
- introducing the function of automatic displaying the instruction texts dealt with an elimination of
emergency;
- providing the possibility of informational interaction between operation staff of control room and
safety experts of both local technical support centres and branch ones as well as Mathematical
Modelling Centre;
- providing the experts of Local Crisis Centres and Crisis Centre of Nuclear Power Industry with the
information about unit safe operation and NPP's accidents.
On the base of safe operation analysis, in accordance with the russian regulatory documents and
taking into account IAEA' and I E C recommendations the following critical safety functions and corresponding parameters revealing the infringement of these functions have been chosen:
1. Regulation of reactor power level including the scram and keeping the core in subcritical state.
2. Heat removing from the core including the emergency cooling.
3. Heat removing from the reactor equipment and primary circuit.
4. Keeping the primary circuit integrity.
•Я. Keeping the reactor space integrity (applied to RBMK only).
6. Keeping the integrity of hermetical compartments system (applied to RBMK only).
7. Keeping the coolant volume in the primary circuit.
8. Monitoring the violation of the safety barriers integrity and control of radioactive product release.
The SPDS can be briefly discribed asa computer-based system comprising the local network of computers
and working stations of NPP's operators and safety experts. The SPDS working stations placed in the control
room are supplementing the now existing control room equipment.
Besides the working stations, network equipment, means of gathering the information from unit safety
systems the SPDS comprises the communications with an external informational systems and periphery
devices. Analysis of possible varia n ts of SPDS' hardwares has shown that our requirements are mos tly satisfied
with hardware set of Westinghousc.
Joint work of russian experts and those of Westinghouse which is now set going will permit to take
into account the large Westinghousc experience gained in creating such kind of systems, to verify the
conception in practice quickly enough and to change it if required in order to adapt the Westinghouse'
Hardware to russian needs.
5- CEC INTERNATIONAL PROJECT ON RBMK SAFETY ANALYSIS
One can hear during about three years the talks about the CEC is ready to fund activity aimed on
increasing russian nuclear power safety. At last this year things have turned from talk to deed, so I would
like to inform you briefly about this project although the topic is not strictly relevant to this report on C&I.
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The aims of international project «Design and operational safety of the NPP's with RBMK-type
reactors», which have been agreed at the consultative meeting in Moscow in October 1991 are as follows:
a) safety analysis of NPP's with RBMK type reactors in the present state on the base of information
given by the countries of the former USSR and supplemented with both bilateral cooperation
programme results and relevant computations and evaluations on western techniques;
b) finding out the possible disadvatages on the base of analysis mentioned and recommendation to
the forthcoming programme of RBMK' improvement.
At the same meeting 9 topic groupes have been set which cover most part of all option of safety items.
Competence and functions of Steering Committee (2 co-chairmen and 11 members) have been
approved at the consultative meeting of this committee in July 1992.
General working principles
1. Due to time and resource limits the most important safety problems must be established in cooperation
with the eastern national regulatory bodies and all attention must be concentrated on them only.
2. Safety analysis is carried out by East and West together. Eastern party gives the information for
analysis, Western one provides the analysis in accordance with the international regulatory documents.
3. The reports on events, conclusions and recommendations are brought out together. It is highly
desirable to attain an agreement on all conclusions and recommendations. Should the agreement be
impossible it is necessary to scrupulously protocolize the differing of opinions.
4. Safety analysis is concentrated in working groups each of them having its own budget of resources and
funding. The groups work in the main independently but can interact with each other when necessary.
In april 1993 at the Ignalinskaya NPP the consultative meetings of working group heads and Steering
Committee's members have taken place. Representatives of the following countries have taken part in the
meetings: Canada, Finland, France, Germany, Italy, Lithuania, Russia, Spain, Sweden, Ukraine and
United Kingdom.
At the working group head's meeting the list, volume and working schedule are agreed and all visits and
resources are set.
There are 9 topical working groups:
1. Safety systems and accident development.
2. Protection system (C&I).
3. Corefisics.
4. External events.
5. Quality of operational safety.
6. Operational experience.
7. Human factors.
8. Regulatory functions.
9. Probabilistic safety analysis.
Every group has two heads - from east and west parties. Session meetings of every group are expected to
be on periodical basis. They are to give the eastern group members to comment or to expiam th e information.
It is highly important to attain the perfect understanding all given information by western party.
The international project in question is coordinated with non-budget IAEA programme on safety
analysis of RBMK. That is why it is desirable to involve the same western experts and to synchronize
visits on both projects.
Every group has to produce for the steering Committee final report including brief description of work
carried out, conclusions and recommendations.
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Editorial subcommittee from the staff of Steering Committee will prepare for the following approving
by Steering Commi нее the summerizing report which would generalize the content of all final reports of
working groups in february 1994.
The distribution of Project results will be coordinated with IAEA efforts.
In conclusion the author would like to express his sincere gratitude to many colleages for the
information on which these comments are based. Among them A.G.Chudin, A.I.Gorelov, N.P.Konoplev,
S. LShashkin, B.P.Strelkov, A.A.Tribelev and some others.

NUCLEAR POWER PLANT CONTROL AND INSTRUMENTATION
ACTIVITIES IN SPAIN DURING 1991 -1993
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NUCLEAR POWER PLANTS OPERATING IN SPAIN
9 PLANTS
6, NSSS WESTINGHOUSE DESIGN (4 SITES)
2, NSSS G.E. DESIGN
1, SIEMENS DESIGN
PLANTS ARE OWNED BY PRIVATE COMPANIES

ELECTRICITY PRODUCTION IN SPAIN
1991

2

1992

TWH

%_

TWH

3L

HYDRO

26,7

18,2

20

12,6

NUCLEAR

55,6

37,8

55,8

35,3

SOLID FUELDS

58,3

39,7
82,2

52

NATURAL GAS/OIL DERIVATES

6,4
147,0

4,4
158,0

SUMMARY OF THE MAIN ACTIVITIES

- TRAINING SIMULATORS
- REEVALUATION OF M.O.V.s

SIMULATOR STATUS
TECNATOM:
* PWR/BWR FULL SCOPE SIMULATOR
* PROJECTS: MAS / PASCAL
* GRAPHICAL SIMULATOR(SGI)
J. CABRERA
GAROflA

W-1 LOOP/ TECNATOM ADAPTED
GE BWR3/ MONTICELLO

ALMARAZ
ASCO
VANDELLOS 2

W-3 LOOPS/ TECNATOM PWR

COFRENTES

GE BWR6/ TECNATOM BWR

TRILLO

PWR/KWU

ANGRA

TRAINING
SIMULATOR REQUIREMENTS
• SAFETY GUIDE GSN 1.1
* NECESSARY EXPERIENCE & QUALIFICATION
* SIMULATOR
* OPERATOR EXAMINATION
• GENERIC LETTER JUNE 92
• SPECIFIC ANALYSES DECEMBER 92
• TECHNICAL EVALUATION REPORT

MAY 93

• PROPOSAL PENDING COMMISSION APPROVAL
FULL SCOPE SPECIFIC SIMULATOR FOR ALL PLANTS
REASONABLE SCHEDULE
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PLANT OWNERS DEDICATED EFFORT TO FOLLOW I.E. BULLETING 85-03
DOCUMENTATION SUBMITTED TO C.S.N. WAS EVALUATED. NO GENERIC.
INSPECTION EFFORT WAS UNDERTAKEN.

REEVALUATION OF MOV's

GENERIC LETTER 89-10, APPLICABLE IN SPAIN

REGULATION OF THE COUNTRY OF THE MAIN SUPPLIER IS APPLIi

CABLE IF NO OTHER ONE (FROM SPAIN, OR INTERNATIONAL)
SPECIFICALLY APPLIES.
SOME INDEFINITION EXISTS (MAINLY, IN SCHEDULE ASPECTS).
UTILITIES MUST SUBMIT, SEMESTERELY, A DOCUMENT ANALIZING
HOW RECENT U.S. REGULATIONS ARE APPLIED.

INSPECTION ACTIVITIES

REEVALUATION PROGRAMS WERE INSPECTED FOR ALL PLANTS.

6, WESTINGHOUSE DESIGNS (4 SITES)
2, G.E. DESIGNS
1, SIEMENS DESIGN

PHASE I
SCOPE.
INITIAL STAGE OF ACTIVITIES.
AFFECTED MOV's IDENTIFIED.
AP REVIEW STARTED, ACCORDING W.O.G (OTHERS) METHODOLOGY.
NO CORRELATION TORQUE SWITHCH SETTING/THRUST AVAILABLE
FROM SUPPLIER.
GOOD PREVENTIVE MAINTENANCE PROCEDURES FOR ACTUATORS.
DIAGNOSIS TECHNIQUES USED TO DETECT ABNORMALITIES. NOT
TO CORRECT TORQUE SWITCH SETTINGS.

PHASE I (CONT.)
DIAGNOSIS RESULTS REVIEWED FOR SAMPLE OF 20 MOV's / UNIT.
CONTROL SCHEMES REVIEWED FOR SAMPLE OF 20 MOV's / UNIT.
THE CLOSSING STROKE, ENDED WITH POSITION LIMIT SWITCH.
о

OVELOAD PROTECTION IN BYPASS.

ИШЕ_П
METHODOLOGY AND INPUT DATA TO RECALCULATE ACTUATORS.
RESULTS ANALYSIS
TESTS
SIMILARITY ANALYSIS

IMPOSSIBLE TO TEST MOV's ( = 70%) IN DESIGN BASIS CONDITION
(P,T,F).
MOV's FAMILIES ( ^ 15)
SAME: TYPE, MANUFACTURER, PRESSURE, MATERIAL.
15 MOV's / FAMILY.
TESTS (2 - 3 MOV's / FAMILY).
TESTS VALIDATION (NPP, LABORATORY).

FINAL REMARKS

MOV REEVALUATIONS ARE IN PROGRESS
FEW PROGRAM DESCRIPTIONS
NO PREVIOUS TORQUE SWITCH SETTING BASES INFORMATION
GOOD OPERATIVE EXPERIENCE
GOOD PENETRATION

OF DIAGNOSIS TECHNIQUES (SEVERAL

OPTIONS USED)
TIME LAG IN THE ДР TEST ISSUE
SOME MOV's MODIFIED (ACTUATORS)
INITIAL

HYPOTHESIS

LESS

(ACTUATORS CALCULATION)

CONSERVATIVES

THAN

ACTUAL

NUCLEAR POWER PLANT CONTROL AND
INSTRUMENTATION IN SWITZERLAND
IAEA, IWG-NPPCI
Paris, 21 - 22 October 1993

A. Voumard
Swiss Federal Nuclear Safety Inspectorate (HSK)
CH-5232 Villigen-HSK, Switzerland

Abstract
In Switzerland four NPPs are in operation and none is planned or under construction.
The two oldest NPPs have been backfitted with an additional safety system.
In the field of I&C, efforts are essentially directed to maintaining high performance
and at the same time to improve the safety of the plants in operation. Three units are
over 20 years old and a significant part of their I&C equipment has been or has to be
replaced. This is an ongoing process which is carried out stage by stage mostly
during the annual shutdown. There is a trend to replace hard-wired technique
through u.-processor-based programmable systems. Software V&V methodologies
are therefore a very important current topic.
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Introduction
In Switzerland four NPPs with five units are in operation. Table 1 gives some
information about them.
Table 1
Start of
Operation

net el. Power

Type

Beznau I (KKB I)

350 MW

PWR

Щ/АВВ (BBC)

1969

Beznau II (KKB II)

350 MW

PWR

W/ABB (BBC)

1971

Mühleberg (KKM)

350 MW

BWR/Mark I

GE/ABB (BBC)

1972

Gõsgen (KKG)

910 MW

PWR

Siemens (KWU)

1979

Leibstadt (KKL)

990 MW

BWR/Mark III

GE/ABB (BBC)

1984

Unit

Suppliers

In the past all plants have showed high availability. They generate approximately
40 % of the national electricity production, the rest stems from hydro energy.
Concerning the general situation of nuclear energy in Switzerland, it is important to
note that in September 1990 the Swiss people has rejected by vote a proposal of
nuclear opponents to shut down all the nuclear power plants that are in operation.
But at the same time the people accepted a concurrent proposal for a 10 year new
NPP-construction moratorium. This situation has led to the present trend towards
extended plant life and power uprating of the Swiss NPP's.
KKM has submitted an application for a new "timely unlimited" licence together with a
power uprate of 10 %. Based on the positive findings of a new safety evaluation of
the plant by the HSK, the federal government has granted an operation licence for
the uprated power but has limited this license to 10 years.
The application of KKL concerning a power uprate of 1 5 % is presently under
consideration.
The actual operating licence of KKB II expires at the end of the year and has to be
renewed. The safety evaluation is currently in progress.
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It has to be noted here, that each of the three "olders" units have been backfitted
with an additional safety system, which is self-sufficient and designed against
seismic and other external events. The two newer NPPs were already built with such
additional systems. These systems allow an automatic residual heat removal during
10 hours and each of them has at its disposal an emergency control room in case
that the main control room function has been lost.
Accident management measures to avoid or mitigate severe accidents, including
core melting, have been implemented. So at the end of the year, all plants will be
equipped with a filtered containment venting system.
Also measures to address the Barsebãck incident have been implemented, i.e. the
suction strainers of the ECCS were replaced in both boiling water reactors though
new ones with drastically higher areas.

Activities
Presently the activities in the I&C field in Switzerland are mainly directed towards
maintaining high availabilities of the operating NPPs and as far as necessary or
reasonably achievable, upgrading their safety.
As three units have already been in operation for over 20 years, aging aspects
become more and more important, particularly for some key mechanical equipment.
KKBI has replaced both steam generators this year. This undertaking was very
successful with respect to the radiological collective doses (2,6 sievert) received and
the duration (44 days) of the replacement activities.
Also more and more equipment used for I&C have attained their end of life, or their
performances are no longer considered to be satisfactory, as well as their spare
parts are no longer available. Since more than ten years the renewal of the I&C
system parts is an ongoing issue and this will continue as long as the plants are in
operation. KKM has already replaced its old reactor protection system using relays
technique with a sophisticated electronic system incorporating self-checking
features. Also the control of an emergency diesel-generator was replaced with a
modern equipment. Further examples are the rod control and the in-core flux
monitoring systems which also were renewed at KKB.
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The HSK has required from the utilities to provide a systematic ageing monitoring
programme for all safety significant equipments. The programme shall include all IEdevices. Its implementation shall give reasonable assurance that the equipment will
perform its function satisfactorily even under adversed environmental conditions i.e.
during and after a design basis accident. In general the IE-equipment has been
qualified in accordance with IEEE 323. This means that the known ageing aspects
have already been taken under consideration. Nevertheless the tests to qualify these
equipment are conducted in an accelerated time scale, which is based on best
scientific knowledge and experience. This approach has some limitations and its
results should be confirmed from time to time depending on the existing uncertainties
and on the safety importance of the devices. This procedure has similarities with the
on-going qualification described by the standard. The utilities have jointly decided to
develop a common basis which will be used in the implementation of the plant
specific programmes. Generic rules shall be establish for all types of electrical and
I&C components, such as motors, cables, batteries, penetrations, transmitters,
electronics devices etc.
Presently KKB is replacing the old computers by a modern distributed information
system ANIS. At Unit II this step has already been achieved. The functionality of the
new system covers and extends the presently existing possibilities but remains within
the established application domain. New and more sophisticated functions such as
alarm handling and computerised operation and emergency procedures are currently
under development. These are, at least for Switzerland, first of a kind applications
which need considerable work from the supplier, and close cooperation with the
utilities and the nuclear safety inspectorate. The problem of validation of the new
functions are stil! being discussed. The introduction of the new operator support
functions could also have implication on the way how the operators have to work.
Nevertheless the operators should also in the future still be able to safely shutdown
the plant and to cope with design basis accident merely with the existing "classical"
instrumentation.
To improve the convenience in normal operation and the habitability in accident
conditions, and to comply with the seismic design requirements as well as to
integrate the new ANIS system, KKB has reconstructed the main control rooms
ceilings, air conditioning systems, furniture and also partially the desks and panels.
Up to now the application of ц-processor-based programmable systems in
Switzerland was practically restricted to non-safety and to safety-related functions.
The I&C of the safety systems were equipped with hard-wired parts with the
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exception of some serially manufactured devices such as transmitters or net
protection relays, which are already provided with some ^-processors. In the future it
is inevitable that in safety systems programmable logic will be introduced. This is
because the technique allows higher performances to be obtained and in addition
has selfchecking features. Thus its use can lead to an enhancement of the safety
and reliability of the NPP's. However, due to the different nature of the software,
applications on safety systems are to be very carefully planned, i.e. in a systematic
and disciplined way, stringently following an appropriate QA-program. On this
domain international co-operation and harmonisation of licensing requirements are
not only desirable, but necessary.
Considerable activities are being done in the field of plant simulator. Traditionally the
simulator training was done, with one exception in the countries of the reactor
supplier. KKB was the first plant to install its own simulator, a so called compact
simulator which is specially fitted for individual and basic training. The team-training
is still conducted abroad. KKL has ordered a replica simulator and KKM a so called
"optimised" simulator. KKG is still weighing off the advantages and disadvantages to
buy an own simulator or to continue the collaboration with German utilities.
Finally it is worth while to mentioned that we are actually in the process of
commissioning an automatic system to tele-monitor the dose rate around each NPP
and to have direct transfer of Emergency Response Data from the plant to the
Inspectorate.

NATIONAL REPORT ON NUCLEAR POWER PLANT CONTROL AND
INSTRUMENTATION IN THE UNITED KINGDOM

S BAXTER
Winfrith Control and Instrumentation Systems Department
AEA Technology
Reactor Services
Winfrith
Dorchester
Dorset DT2 8DH
United Kingdom
Abstract
This paper describes the status of the Nuclear Power Plant Control and Instrumentation in the United
Kingdom. Developments continue in an evolutionary rather than revolutionary manner. As a
consequence the basic technologies and philosophies have not changed in any significant way since
the last national report in 1991. Within the intervening period the industry has started to address and
overcome some of the concerns relating to the use of software based solutions in safety critical or
safety related systems. The main driving force behind this move is the process of developing and
approving the licensing case for the UK's one new nuclear power plant at Sizewell В which relies on
a computer based system for primary plant protection.
Other issues which have emerged are concerned with the increasing emphasis placed on any new
C&I system to realise economic benefits as well as technical advances. Indeed given the high levels
of safety already in existence on UK nuclear plant it is economic arguments rather than safety
pressures that is bringing about new installations of equipment.
The following topics are discussed:
•
•
•

Overview of the UK Nuclear Power Plant Industry
UK Nuclear Power Plant Status
Current C & I Issues

181

1.

Introduction

Developments in the United Kingdom, (UK), Nuclear Industry continue in an evolutionary rather
than revolutionary manner. As a consequence the basic technologies and philosophies have not
changed in any significant way since the last national report in 1991. Within the intervening period
the industry has started to address and overcome some of the concerns relating to the use of
software based solutions in safety critical or safety related systems. The main driving force behind
this move is the process of developing and approving the licensing case for the UK's one new nuclear
power plant at Sizewell В which relies on a computer based system for primary plant protection.
This is currently underway. This in turn has shifted the emerging evolutionary technology forwards
towards more ambitious applications of software based solutions in operator support areas such as
information displays and fault diagnostics and support.
In a similar way the significant restructuring of the Electrical Generation Industry detailed in the last
national report has not been repeated. The effects of the break-up and privatisation of most of the
UK power generation capacity are now accepted as the normal situation with little de-stabilisation of
the industry as was once feared. This electricity market is now served by two major nuclear plant
operators who have concentrated on increasing plant performance and efficiency. At the moment
both have the UK Government as their sole shareholder This drive to improve efficiency is in
response to the commercial freedom of the electricity users and distributors to purchase generating
capacity from the cheapest source. The use of such economic arguments rather than other strategic
concerns has brought plant life extension forward as an important area for C&I system suppliers.
The long term plans for further nuclear generation capacity expansion however are still awaiting a
UK Government review in 1994.
This note is intended to give a general overview of progress and activities in this area. It closely
follows the approach of previous reports in trying to provide a simple outline with more detailed
commentary on some of the more applicable topics. The author is grateful for the assistance and
comments from the members of the UK NPPCI Liaison Group and other colleagues which have
formed the basis of this document. Of course it is important to note that this report represents the
author's own views and interpretations of these comments and does not necessarily represent a
consensus of UK opinions or the views of the author's organisation.
2.

Overview of the UK Nuclear Power Plant Industry

2.1. Current Status
As mentioned in the introduction, all UK nuclear power plant remains in effective government
ownership. This was a consequence of the general sale into public ownership of the non-nuclear
generating capacity in 1990. To all intents and purposes however the two nuclear utilities, Nuclear
Electric and Scottish Nuclear Limited, act as private companies with a determination to improve
overall efficiency. Their fundamental aim is to make an operating profit. This has resulted in radical
changes to the way the companies operate. In Nuclear Electric for example many tasks previously
provided centrally have been devolved to the generating stations. Pressure has been applied to
reduce outage times due to maintenance work whilst maintaining the high levels of safety that have
always been present in the industry. Reductions in overheads have arisen from the consolidation of
offices and research facilities and these together with a review of the costs of final plant
decommissioning have resulted in significant improvements in unit costs and productivity.
Of course such an approach has increased the pressure on funding for longer term research activities
in the C&I field. This has been compounded by the UK Government's reduction in direct support for
such tasks and their belief that industry should be responsible for underwriting such work. This
pressure manifests itself in operational issues dictating the topics supported with only very limited
funds to support longer term strategic options. The positive benefit to this is the increasing
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importance being placed on C&I systems which can offer increased performance either through
better control or reduced downtime.
The effects of these changes have obviously been felt in those organisations who have traditionally
operated in the nuclear power plant field. Whilst the construction of the UK's first Pressurised Water
Reactor, (PWR), at Sizewell В has created significant opportunities, the reactor is based on an
American Westinghouse design rather than the indigenous Advanced Gas Cooled Reactor.
Another significant change in the UK's strategic policy towards nuclear power generation has been
the Governments decision, in 1992, to cease funding the UK element of the tripartite work into the
development of a European Fast Reactor, (EFR). It was felt that the benefits of a fast breeder
reactor in extending the fuel cycle were no longer required in the time scales originally planned. This
was based on revised estimates of the world Uranium supply and growth of energy demands. The
work was mainly being carried out by the UK, France and Germany with the objective of finalising
the design of a commercial demonstration fast reactor in 1994, followed by its construction in one of
the partner countries. The cancellation of this work, together with the decision to close the UK's
Prototype Fast Reactor, (PFR), at Dounreay in Scotland in March 1994, has effectively halted any
UK development of this technology. This obviously has an impact on some of the advanced C&I
techniques that were required by its liquid metal cooled core such as acoustic monitoring and
diagnosis and the use of ultrasonics for under sodium imaging. A small programme of end of life
experiments is planned for the UK PFR to provide data if and when a decision to continue the
development is taken. This is coupled with activities to bring the design work to a close in an
ordered fashion.
2.2. Medium and Long Term Structure
Expansion plans for additional growth in nuclear plant rest with Nuclear Electric's hopes of
constructing a new twin PWR station at Sizewell С It is hoped that economies of scale and the
experience gained through the construction of the В station will mean projected generating costs are
low and competitive with other forms of power generation. The construction of any new generating
capacity is generally though to be as a replacement for older plants rather than as an increase in the
supply base.
These plans and the overall UK strategy towards nuclear power are to be reviewed by the
Government in 1994. The review is seen as a key event in determining the UK's policy towards
nuclear power generation especially as they are the effective owners of both UK nuclear utilities.
Whatever the outcome it seems certain that any new plant will not be designed and developed in the
UK. Even if a there is a favourable outcome to the review, if construction of a new station is
delayed for economic reasons it is highly likely that the current C&I systems will be outdated.
Whilst not strictly concerned with nuclear power plant, the delays in final commissioning of British
Nuclear Fuels thermal oxide reprocessing facility, THORP, have repercussions on the future of the
power generation industry since their economic cases are strongly influenced bv fuel reprocessing
costs. The plant is currently undergoing trials using depleted uranium whilst awaiting approval to
begin fully active commissioning. The delays are a result of concerns over emissions of certain
radioactive nuclides. These are within the limits originally defined at the time of approval to
construct the plant but new concerns exist about these values and an enquiry is underway. The plant
in many ways represents "state of the art" in C&I systems as applied to the demands of a nuclear
environment and conclusions can be drawn from the fact that these are not seen as a barrier to
granting a licence to operate from the UK's regulatory body.
3.

UK Nuclear Power Plant Status

Currently between 20% and 25% of total UK generation demand is provided by nuclear plants which
have a total generating capacity greater than 11,000 megawatts. This is expected to increase slowly

as performance improvements allow the existing plants to operate closer to their full design capacity.
The liberalisation of the purchase of electricity has not noticeably reduced the demand for power
from nuclear sources which has remained consistent despite new combined cycle gas fired power
generation plant coming on stream.
Overall both nuclear utilities have directed considerable efforts towards increasing the efficiency of
the installed plant. Over the past year this has begun to show results with an impressive overall
performance. In Nuclear Electric alone despite a reduction in employee numbers of some 20%
overall electricity output has increased by 28%.
3.1. Magnox Reactors
The UK has six Magnox stations currently in use with a total generating capacity of almost 3,000
megawatts. The stations were constructed in the 1960's and are nearing the end of their scheduled
lifetime. However they are achieving high load factors and the economic case for their continued
operation is strong since they have long since paid back the original investment costs. The good
performances now being demonstrated by these reactors is typified by Oldbury, a twin reactor plant
with generating capacity of 430 megawatts. The station was commissioned in 1968 and recently
achieved a world record 713 days of continuous operation.
Each of the magnox stations has undergone a review of generic long term safety work necessary to
allow extended operation. This year has seen the completion of most of this work and Nuclear
Electric are currently putting forward cases to the UK Regulatory Authority for extended life
operation, initially for a further 5 or 10 years. One of the stations, Bradwell, has now been granted
authority to operate beyond its original 30 year lifetime. In most cases part of the supporting case
involves plant modifications to ensure continued safe operation. In undertaking this review no
significant C&I issues seem to have arisen but there is often a need to improve the performance of
the existing systems or to replace them with new equipment.
The desire to extend the operating life of the magnox stations is providing opportunities for most of
the C&I activities associated with these plants. The upgrades are usually caused by a need to
improve performance and reliability of the C&I equipment rather than because of deficiencies in the
functionality of the original systems. In many cases familiarity of the operators with an existing
technology influence the type of equipment to be supplied rather than current C&I standards in use
elsewhere. One area which is an exception to this trend is in the provision of a diverse tripping
mechanism to deal with a fast loss of coolant. Several of the stations have now been fitted with
additional guardlines based on the magnetic core technology used in the later AGR stations. The
coupling of these diverse guardlines into the pre-existing boron ball injection secondary shutdown
systems has placed a demand on this secondary trip system to demonstrate extremely low levels of
spurious trip. This is because recovery from such an injection is a long and tedious process. This
issue highlights one of the increasing pressures on the C&I systems not only to operate in a fail safe
manner but also be immune to unprovoked alarms.
Hinkley A station is now coming to the end of a major overhaul of its reactor flux protection
instrumentation. The work has involved the replacement of the nucleonic systems from the detector
to the trip instrumentation together with extensive re-cabling to improve overall segregation and
reliability. Other stations are considering the need for similar refurbishment in line with the life
extension process.
The case for extending the life of these stations is by no means guaranteed. Although they offer low
cost generating capacity, the new PWR at Sizewell В will provide additional low cost capacity which
will create greater freedom in examining the economics of continued magnox operation. Indeed the
gradual closure of such plants and the replacement of this lost capacity by Sizewell В is generally
anticipated. Three magnox stations have been closed so far. Two because of structural problems,

which although technical soluble made continued operation uneconomic. The third station was
closed on economic grounds due to excess generating capacity in its location. Decommissioning of
the first station to be closed, Berkeley, is now well advanced. The last fuel was removed from its
reactors ahead of schedule in March 1993.
3.2. Advanced Gas Cooled Reactors, (AGR's)
The UK currently operates seven Advanced Gas Cooled Reactors, (AGR's) which produce the major
part of the total UK generating capacity. They were commissioned between the mid 1970's and the
late 1980's. In the past the stations have had mixed performance records but considerable effort is
now being directed at improving availability and generating capability. As mentioned at the start of
this section this effort is beginning to achieve results with improvements over mean values achieved
during the period 1983 to 1989 in areas such as Unit Capability Factor, Unplanned Automatic Trip
Rate and Unplanned Capability Loss Factor. One station, Heysham 2, is now running at some 2.5%
above its original design expectations. In all these areas C&I improvements are felt to have played a
valuable part.
One of the main problem still affecting these stations has been the inability to re-fuel on-load.
Although designed to carry out this task, technical and licensing difficulties have prevented it being
carried out on all but one of the stations. The problems arise in a number of areas such as concerns
over thermal shock to the fuel but they have been due in part to concerns over the C&I systems. The
re-fuelling process is a complex one, involving many interlocks and sequencing considerations and
the difficulties have arisen from the need to demonstrate the satisfactory performance of the overall
control system, often implemented using Programmable Logic Controllers, (PLC's). The software in
these devices is proving expensive and difficult to modify and equally difficult to validate in a cost
effective way. To date only one station has authorisation to carry out such re-fuelling although the
cases for the others are progressing well.
The other common area of potential improvement which affects the C&I systems is the intention on
some of the plants to change from the currently scheduled outages every two years to three yearly
outages. This change has very recently been agreed for one plant with additional submissions to the
UK regulatory body planned for others. This obviously increases the demand on instrumentation
systems drift characteristics since it is not always possible to re-calibrate such systems whilst their
sensors are at power. One C&I area directly limiting the move to such extended outages is the
testing of neutron flux instrumentation. Since many potential problems are masked by the detector
high signal output levels achieved whilst it is operating at reactor power, work is underway to
identify alternative testing methods.
Problems were encountered some time ago with the flux detectors on two of the new AGR stations.
These still exist but solutions are being examined. The problems are with the DC 12 high
temperature neutron detectors used for control and protection purposes on these stations. They are
exhibiting operational lives much lower than expected and experienced on other stations. In general
these other detectors have demonstrated long lives and high reliability in service. The chambers are
wide range gamma compensated devices and tend to suffer from electrical high voltage breakdown.
The only unique features of these applications is the high flux levels which are a factor often greater
than in other more successful installations. Whilst these failures are not felt to present a safety issue
there is an obvious economic pressure to resolve the problem. This has two parts. The first and
overall less significant concern is the cost of replacement detectors. These are relatively expensive
sensors to which the cost of replacement and storage of the failed irradiated device must be added.
The second, and far more significant, concern is the potential for a spurious trip resulting from such
failures. This obviously creates large lost revenue.
Although work continues in a limited way to discover the cause of these failures the main solution
identified is the use of a wide range Pulse Campbell system as a safety grade instrument. This system
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is based on an alternative detector and the use of the Campbell mode allows the detector's range to
be extended into the power regions currently serviced by the DC12's. The instrument system was
already in use as an indication channel and it is worth noting that a significant amount of reworking
was required to produce a system which meets the additional demands on it when being used for
safety critical applications. This system is now nearing completion and currently undergoing
qualification tests.
A programme of work to replace the existing AGR's main data processing systems is also planned
for the stations. Although the systems used do not form part of ihe safety critical instrumentation it
is arguable that they have a safety related function. In implementing the systems the use of ADA
technology in developing the application software is achieving high performance, highly traceable
code which is easy to re-use.
3.3. Pressurised Water Reactors, (PWR's)
Nuclear Electric have effectively reached the end of the construction phase of the UK's first PWR at
Sizewell B. To date the station, consisting of a single reactor capable of producing 1,100 megawatts
of electricity, has been constructed ahead of schedule and below budget. The project is seen as being
crucial to the case for nuclear power in the UK and is based on a Westinghouse design which has
been adopted with minimum changes. The station is scheduled to load fuel at the end of Î993 and
to begin generating electricity for commercial sale in mid 1994.
In many ways the station C&I system used can be considered to represent "state of the art" in UK
Nuclear Power Plant Control and Instrumentation. Indeed the decision to include a computer and
associated software in the primary protection system was unique and brought the whole issue of
software dependability to a head. The configuration used on the station consists of a Primary
Protection System which is computer based and a Secondary Protection System which relies on the
magnetic core technology used on existing AGR's. Both systems rely on two out of four voting
redundancy and have been supplied by different manufacturers, adding further diversity. Whilst the
validation of hardware systems is a well understood process the problems presented in validating
software performance by such methods were considerable. A formal method of validating such
systems has been identified by the UK regulatory body and is now underway.
The use of a computer based system offers several advantages over more conventional techniques.
Firstly it is possible to implement more sophisticated protection monitoring by using on-line
calculated parameters such as kilowatts per meter. This is turn should allow higher power operation
without detracting from safety. Secondly the system as implemented offers the facility to customise
its operation by means of data tables. This effectively allows changes in the plant design to be
handled without modifying the basic code.
From the C&I viewpoint the area of greatest interest in the station design is the multiplexed and
integrated control system used for centralised operation. This system has been substantially changed
from that originally specified and Westinghouse are now producing a new system known as WISCO,
(Westinghouse Integrated System for Centralised Operation), which will service the main control
room, the auxiliary shutdown room, the safety information display system as well as the data
processing functions.
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3.4. Fast Breeder Reactors
The UK's only operational Fast Breeder Reactor has been scheduled to cease operation in March
1994. The station based at Dounreay in the North of Scotland is operated by AEA Technology and
was conceived as a prototype demonstrator prior to the construction of a full sized commercial
design. The reactor has an electrical output of just under 250 megawatts which, despite its original
role as a test bed for new engineering concepts, it managed to generate and sell in an effective
manner. The implications of the closure decision on the development of the European Fast Reactor
are discussed in section 2.
The reactor has suffered significant engineering difficulties since the last national report but these
were overcome, allowing return to power in January 1993. The solution to many of these problems
required innovative instrumentation systems to be devised such as methods of remotely monitoring
liquid metal coolant flows through fuel assemblies and monitoring the movement of large internal
structures whilst at power to accuracy's of tens of microns.
In its final year of operation the station looks set to break all previous generating records both in
terms of output and availability.
4.

Current С & I Issues

With the exception of the validation of the software based protection system on Sizewell В the main
C&I issues are almost exclusively directed at improving the economics of station operation. Whilst
staffing levels are falling and maintenance costs are being carefully examined, pressure exists to
ensure current levels of plant availability are retained. From the C&I viewpoint these requirements
translate into a need to retain the existing high safety levels of equipment but at reduced costs in
terms of staffing and maintenance. In some cases this allows the use of automation to gain the
improvements whilst in others the higher engineering standards of new equipment allow these
advances to be made. The common theme however is that all such upgrades are driven from an
economic case not a safety one.
4.1. Computer Based Protection System
Although the current interest in the UK is directed at the validation of the software embedded in the
primary protection system at Sizewell B, this approach does not represent the general trend. The
implementation of such systems is, if anything, moving back to hardwired technology where the
lower cost to substantiate overall performance whilst still being able to achieve the necessary
functionality are major considerations. The general view is that such software based systems have a
significant part to play in safety related rather than safety critical applications and these represent a
more important uses of computer control.
4.1.1.Sizewell В Westinghouse Protection System
Where necessary though, the use of such software based systems is becoming less daunting as both
the nuclear generators and the licensing authority have developed a clear view of how to validate
such applications. However, showing reliability levels of 1 in 10 5 or even 1 in 10-4 still presents a
challenge. It is felt that care should be taken not to extrapolate the failure rates of commercial
software to indicate the expected failure rates from new well designed and validated systems. Defect
rates below 1 in 20,000 lines of code should be achievable with a high degree of confidence using
proper design tools. This should be compared with figures of 1 in 1,000 lines in other areas.
Although the future validation and verification, (V&V), of such systems will simply mean following a
defined process the strict enforcement of these stages will remain. To look at the overall process of
V&V the industry has set up two expert panels to review and make recommendations. Both groups
report in 1994.
Despite the present trend towards hardware based protection systems, it seems likely that in a five to
ten year period software based system designs uj$7appear in more plant C&I equipment. However

the V&V requirements will remain strongly in place which will probably restrict the use of more
advanced techniques involving adaptive learning or knowledge based elements.
4.1.2.Dungeness В AGR Single Channel Trip System.
The previous national report detailed the background to the Inherently Safe Automatic Trip,
(ISAT™), at that time being installed on Dungeness B, one of the oldest AGR stations. The system
was developed by AEA Technology over a period of years in recognition of the need for
demonstrably fail-safe equipment. Its installation was necessary to allow both station reactors to
increase their output power. This was limited because of safety concerns over the gas coolant flow
in each of the 408 fuel channels per reactor. The initial safety assessment of the station design
assumed a high integrity for the channel flow regulating mechanisms. Later reviews concluded that
this could no longer be justified and a system for tripping a reactor within 10 seconds was required if
the temperature was to be raised from an imposed safety threshold to one closer to the design
temperature. Any system fitted would obviously be subject to the reliability requirements of a safety
4
grade protection system with probabilities of failure on demand specified as 10- .
The ISAT™ system offered a solution to this problem. Based on a mixture of hardware and software
sub-systems the unit monitors the temperatures at the outlet of each of the fuel channels using the
two thermocouples already in place. The indicated temperatures are compared against pre-set limits
in a two out of four configuration and if in error, a trip signal is generated. The overall operation
relies on dynamic logic to achieve the necessary levels of reliability. In a dynamic logic system the
healthy state comprises of an alternating signal whilst a static signal, either high or low, is indicative
of a system failure or trip demand. The key element of the IS AT™ unit is the way such dynamic
logic hardware is used to monitor the operation of the software components. Test signals are
interleaved with real thermocouple measurements in such a way that the system scans them as
normal. If all is well these test signals will generate a trip demand which then passes through the
various sub-modules, finally creating a unique output pattern at the system output. A hardware
pattern recognition unit scans the outputs and if the pattern agrees with that from a healthy system,
regardless of whether real or test signals are being processed, the reactor is held back from a trip.
Despite parts of the system being software based the equipment has been licensed by the UK
Regulatory Authority and is operating very well. The station has received authorisation to raise
temperatures towards the design limits resulting in a considerable increase in output power. The use
of a self-testing hardware architecture to provide the required levels of reliability in equipment where
the comparison of a temperature against a trip leve! is carried out in software is believed to be a
considerable achievement and offers a way forward in applying software solutions to high integrity
C&I protection systems. Other benefits arising from its use are also significant and fall in line with
the general trend towards reducing maintenance costs and equipment down time.
4.2. Increased Diversity
Another area in which C&I systems are currently playing an important part in nuclear power plant
protection is the provision of additional shutdown systems on some of the UK's AGR's. This need to
increase the diversity of protection was identified following a "Safety Review Enhancement
Assessment" carried out on five of the older stations. This identified the need to improve the
systems to further reduce the already very low probability of failure. In particular common mode
failure concerns about a single trip guardline meant that the installation of a second diverse guardline
technology to augment the main system was felt to be appropriate.
Two of these guardlines are now being supplied for reactors at Hinkley Point В and Hunterston.
The technology chosen is based on a derivative of the ISAT™ system described in section 4.1.2 The
technology known as Pulse Coded Logic, (PCL), offers the same dynamic fail safe characteristics of
the LADDIC magnetic core technology used on the main guardliues which minimises unrevealed
failures. PCL uses a semi-conductor logic system to carry out the required voting on the trip inputs.
However each of the trip inputs is supplied witH*& differently coded pulse train. This labels each

input so that it can be identified even after it has been processed through the logic. The pulse trains
are designed in such a way that they check every possible logic combination of the voting hardware,
thus providing on-line validation of operation. The fail safe nature of this approach has been
accepted for such a critical application and conventional failure analysis has shown satisfactory levels
of reliability.
Again one of the significant advances made by this system is the lower cost of ownership arising
from its inherent self-testing features. Indeed since the equipment generates a unique dynamic pulse
stream which is used to interrogate the trip outputs of the actual protection instrumentation, the
potential exists bringing in more of the actual instrument itself into this dynamic checking loop. This
would further reduce testing and maintenance requirements.
4.3. Control Room Ergonomics and Human Factors
As computing power increases and multiplexed data highways reach out to individual smart
instruments an increasing amount of information concerning the plant's operation becomes available
to the operator. Whilst the availability of such data does potentially increase the knowledge of the
state of the system it becomes increasingly important that it is presented to the operator in a form
which can be easily assimilated. The reliability and performance of such systems have reached the
point at which the safety issue is not the computer but the human factors surrounding the operator.
With such a background the design of control rooms is seen as one area where technical advances
can make a significant contribution to improving overall safety and efficiency. Standards for the
design of control rooms exist in the form of IEC 964 and it is felt that adoption of these guidelines
should increase effectiveness. In particular the visual presentation of data could become more
"operator friendly". Although significant advances have been made, with the system installed on the
Sizewell В PWR representing one implementation of current best practices, this is still seen as an
area of continuing improvement. This is especially true as new display technologies emerge such as
"touch screen control" and become available to system designers.
The complete automation of control room systems will also allow all operator actions to be
monitored and recorded. This combined information on plant state and operator control states will
allow a potential for processing and prioritising the display of nuclear power plant alarms to
anticipate the operators needs. This could extend to re-grouping information according to plant
status rather than following pre-defined data screens.
4.4. Training Simulators
Within the UK Nuclear Industry Training Simulators are playing an increasingly important role in
improving the quality of staff training and validating the systems themselves. The simulator installed
on Sizewell В will have been on line for twelve months before reactor fuel load. This has allowed a
full training programme to be completed before the plant is run and has arguably helped validate the
quality of the overall computer based protection system.
On existing Magnox and AGR plants the simulators are being upgraded in both fidelity and scope.
Whilst no new training facilities are planned the current simulators are heavily used.
Looking to the future it is possible that with the falling cost and the increasing power of computers,
the use of fast dynamic plant models may start to play a more important role in on-site real time uses.
Such uses may simply be to improve further the quality of the training available to operators but it
may also embrace advanced control and plant performance monitoring and the early detection of
faults.
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4.5. Cost of Ownership
In line with the need to improve the economics of station operation an increasingly important
consideration in the selection of a C&I system, either for a new function or as an upgrade, is the
overall cost of ownership. This breaks down into considerations such as intervals between testing to
maintain levels of reliability of operation, ease of testing, ease of repair and degree of specialist
knowledge to carry out such tasks. There is a growing awareness that maintenance periods need to
be optimised and drift performance in many systems is being studied closely as the controlling factor.
Traditional designs of instrumentation are well proven but the use of components which are subject
to uncorrected drift limits the scope for significant improvements. The addition of "intelligence" to
perform self testing and calibration into instruments may be one way forward with added benefits
such as fault diagnosis. Where an instrument's prime role is to perform a safety protection function
however the added complexity of such features may make validation of operation a very difficult
task.
These conflicting requirements are likely to strongly influence future designs of such systems.
Especially as it becomes normal for other equipment to have such features.
5.

Summary

The overall trend within the UK can be considered as being towards a period of consolidation.
Limited potential exists for expanding the size of the nuclear generating capacity beyond is present
11,000 megawatts since any new stations will replace older Magnox Units reaching the end of their
useful lives.
Such a static situation is not necessarily reflected in the issues facing the C&I industry. Increased
operator demand for higher efficiencies both in terms of output and reduced maintenance burden
means that a challenge exists in providing equipment and systems to meet these needs. As always
this is further complicated by an understandable degree of reluctance on the part of the station
operators to move away from well established techniques into more sophisticated but untried
technologies.
The use of computer based protection systems has taken a significant step forward as Sizewell В
nears operation. The most important advance being the clearly stated route to licensing for such
complex systems rather than the licensing itself. Newer technologies which offer the flexibility and
power of computer based products but provide alternate means of achieving validation could be
considered the next generation of C&I protection systems.
6.
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COMPUTER SOFTWARE REVIEW PROCEDURES
J. L. Mauck
U.S. NUCLEAR REGULATORY COMMISSION
INSTRUMENTATION AND CONTROLS BRANCH
INTRODUCTION
Future trends are toward increased use of computer based designs to encompass more plant
instrumentation and control (I&C) functions and to ensure that the latest I&C requirements are
met. An important consideration for these applications is computer architecture designs that
permit easy change or addition, thus minimizing equipment obsolescence. These trends affect
both control and safety system functions in many applications in nuclear power plants. Plants
in the United Sates that have implemented computer retrofits are listed in the attached table.
With the proper hardware design, the use of software in instrument control can provide excellent
functional performance while allowing for rapid, minimum impact changes in instrument
function when needed. Incorporating new computer based technology within safety-related
system nuclear power plants introduces a positive potential for improving overall system
performance, while at the same time creating, a potential for introducing new system failure
modes within the computer software architecture.
The Nuclear Regulatory Commission (NRC) revisw performed on the hardware portion of the
computer is consistent with that which has been performed for past analog systems. That is, our
review of the computer hardware should lead to the a conclusion that the appropriate 10 Code
of Federal Regulation (CFR) 50 General Design Criteria (GDC) are met, including applicable
Institute of Electronic and Electrical Engineers (ШЕЕ) standards and the appropriate regulatory
guides. In particular, ШЕЕ-279-1971 requirements have to be met including manual initiation
capabilities, control/protection system interactions, physical separation and independence and
testability.
The one area that is not sufficiently covered by the regulatory criteria used in past staff reviews
was the validity, qualification level, and reliability of resident software. Standards and
regulations have emerged which impose new guidance for independent V&V on software
intended to be used to perform safety related functions. Acceptable system V&V has been
recognized as a means to bridge the gap between known hardware safety requirements and the
software qualification requirements needed for safety systems. A previously planned,
systematic, independent V&V effort integrated with system development offers a means for
formal documented developmental steps, better hardware and software interfaces, and a
configuration management of system documentation. These records will provide a mechanism
for regulatory review and approval.

DISCUSSION
The importance of digital systems reliability and in particular a strong software development and
maintenance program, cannot be over emphasized when considering the potential for software
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initiated failures. This presents a summary of the NRC criteria and review approach used for
digital retrofit reviews. This description is not all inclusive of the questions asked and material
reviewed and referenced, but does cover the major areas.
Currently, the NRC uses Regulatory Guide 1.152, "Criteria for Programmable Digital Computer
System Software in Safety-Related Systems of Nuclear Power Plants" and
ANSI/IEEE-ANS-7-4.3.2-1982, "Application Criteria for Programmable Digital Computer
Systems in Safety Systems of Nuclear Power Generating Stations" for guidance when performing
reviews of digital systems. Although other software standards such as ANSI/IEEE Std.
1012-1986, "ШЕЕ Standard for Software Verification and Validation Plans," and ASME
NQA-2a-1990, Part 2.7, "Quality Assurance Requirements of Computer Systems for Nuclear
Facility Applications, American Society of Mechanical Engineers" are used for reference,
licensees are generally held responsible for conforming to ANSI/IEEE-7-4.3.2-1982.
The staff performs a detailed review of the system design process and the software verification
and validation program. At this stage, the staff is looking programmatically at the design
process and making comparisons to the applicable review guidance. The staff reviews available
information on the software and hardware history including previous software and hardware
failures. The staff reviews the specific plant application including any special features that were
required. The staff reviews the specific verification and validation (V&V) performed on the
software used in the application. This is a detailed review and includes (1) following the code
development, (2) examining the vendor/licensee interface and feedback process, (3) reviewing
software problem/error reports and resulting corrections, (4) comparing the V&V process to
ANSI/ШЕЕ ANS-7-4.3.2-1982, (5) interviewing personnel involved in the process, (6) verifying
the independence of the software verifiers, (7) reviewing the development of die functional
requirements and subsequent software development documents, (8) reviewing software life-cycle
and future vendor/licensee interface, and (9) reviewing the verification and validation results.
The staff also performs a "thread audit" which consists of picking a sample of plant parameters
and tracing the software implementation of these parameters from the purchase specification and
development of the functional requirements to the writing and testing of the code. This review
includes (1) reviewing actual sections of the code on a sample basis, (2) examining the various
levels of software development documents and comparing them to the code, (3) examining
problem reports and verifying the corrections, (4) examining the engineering cross-discipline
interfaces to ensure that nuclear specific needs were correctly incorporated into the code, (5)
examining the licensee interface to ensure plant specificrequirementsare correctly incorporated,
(6) ensuring that the verification and validation process is followed according to the vendor's
plan, and (7) reviewing the final results of the process. Finally, the software and hardware are
reviewed as a system looking for potential timing and software/hardware problems. At the end
of the review, all of the information is collated to establish a benchmark for assessing the
software safety system performance and reliability.

1. Licensee/Vendor Interface
Experience with computer projects has demonstrated that the development of computer system
functional requirements can have a significant impact on the quality and safety of the
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implemented system. (ANSI/ШЕЕ ANS-7-4.3.2-1982, Sec. 3) In fact, there have been recent
software failures attributed to software functional requirements and system specifications that did
not accurately reflect plant specific idiosyncrasies. This has placed additional emphasis on the
importance of the licensee/vendor interface during software development and is an important
factor when assessing software reliability and quality. The staff considers the correctness of the
functional requirements by reviewing the process for the development of these requirements,
concentrating on the licensee/vendor interface, the changes that were made, and the
qualifications of the personnel involved. Personnel from all relevant disciplines should have
been part of the process.

2. Verification and Validation Organization
The verification group shall be independent of the design team and shall have technical
qualifications comparable to the design team. (ANSI/IEEE ANS-7-4.3.2-1982, Sec. 7.1) The
verification and validation (V&V) organization should be independent from the software
development group with separate supervisory engineers and composed of personnel with
comparable technical qualifications to the development group. The development group should
submit the code to the V&V group after writing and debugging the code. The V&V group
should then review the code according to the V&V plan and produces a V&V report.
Communications between the software development group and V&V personnel should be
documented in written, traceable reports. In order to be acceptable, the independence of the
V&V group and the V&V personnel should conform to ANSI/IEEE-ANS-7-4.3.2-1982.
Additional guidelines for this portion of the review can be found in ANSI/ШЕЕ 1012, "ШЕЕ
Standard for Software Verification and Validation Plans" and ШС 880, "Quality Assurance
Requirements of Computer System at Nuclear Facility Applications".

3. Verification and Validation Program Review
The verification and validation (V&V) of the digital system is a formalized program that includes
detailed procedures and policies for technical review and audit functions, software reviews and
audits, software test and analysis, dynamic system testing simulating normal and design basis
events, and an independent stage-to-stage verification performed by knowledgeable individuals.
(ANSI/IEEE-ANS-7-4.3.2-1982, Sec. 3.7) The vendors V&V program should be described in
documentation submitted to the staff. The V&V group should perform several tasks before they
approve the release of the software code including: (1) document code reviews; (2) test case
development; (3) verification and validation testing; and (4) abnormal conditions review. After
the development group submits the code to the V&V group, each independent verifier should
receive one or more modules on which a document code review and evaluation is performed.
The evaluation is based upon the module's confonnance to the functional requirements and the
design and coding standards.
Although the verifier's primary focus at this stage is a comparison between the functional
requirements document and the code, the software development documentation should also be
verified for consistency and integrity starting from the functional requirement and including the
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system design requirement, the system design specification, and the functional decomposition
document.
After completing the walk-through of the design documents and the source code walkthrough,
the verifier develops two types of test cases, Le. verification tests and validation tests.
The method and rigor used for verification tests is a function of the safety classification of the
software module as defined by ANSI/IEEE Std. 603-1980, "IEEE Standard Criteria for Safety
Systems for Nuclear Power Generating Stations, Institute of Electrical and Electronic
Engineers." By this standard, software associated with the actuation and/or implementation of
reactor trips, engineered safety features, and information displays for manually controlled actions
receives the highest level of verification. The verification tests are further partitioned into
structural testing and functional testing. Guidelines for testing methods can be found in ШЕЕ
829, "Software Test Documentation".
The structural testing (whitebox) ensures that all source lines meet the intended design
specification. To determine the rigor and method of this testing, the verifier follows an
established set of criteria based on the software uniqueness and complexity. After applying the
criteria, the verifier should then read the code and derive the structural test cases that will
exercise all of the statements. Next the verifier performs either manual structural testing or
computer emulation. For bounded input values, the verifier chooses values to exercise the lower
limit, the upper limit and at least one random intermediate value. Particular attention should be
given to out-of-range and other abnormal input variables such as negatives and zeros. The
functional testing is similar to the structural testing except that the functional properties are the
basis for the functional testing and are provided by the Design Specification.
When software errors or coding discrepancies are found, the verifiers should generate either a
Procedure Problem Report or a Generic Problem Report. Each software module contains several
procedures so that a Procedure Problem Report concerns defects in the smallest software unit.
A Generic Problem Report pertains to problems that cross module boundaries and involve
multiple modules. A log of the reports should be kept and their status tracked by the V&V
group. The developer has the responsibility to resolve these reports and if a code modification
is required, the verifier performs regression testing until the module satisfactorily passes the test
The Lead Verifier ensures that no problem reports remain open upon release of the module.
Once the verification results are accepted, the software is installed in the target hardware and
the verifiers should check hexadecimal and check sum values for consistency. The
hardware/software should then be validated.
The validation process emphasizes the system functionality of the target hardware/software. The
major phases of the validation testing are: (1) "top-down" functional requirements testing; (2)
Abnormal conditions review of the design and its implementation; and (3) specific MMI testing.
The Validation Test Engineer derives test cases from the decomposition of the functional
requirements into sub-requirements and looks for functional and abnormal conditions to test.
Once the tests are derived, a Validation Test Technician executes the tests on the verified
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software now residing in the final target hardware. The Validation Test Engineer then reviews
the test results.
An abnormal conditions review can also be used to ensure that the design operates properly
under abnormal-mode conditions and to ensure that the system rejects unpermitted inputs
(including out of range inputs). This review is primarily directed at the internal structure of the
system software and is used to complement the functional testing and evaluate integrated system
integrity.
As part of the programmatic review of the V&V program, the staff reviews software
development documents, interviews V&V managers, and reviews various V&V summaries and
reports. The staff also randomly samples problem reports. In the reports reviewed, defects are
documented and analyzed for significance.
Based upon the above review and comparison of the V&V Process/Plan to ANSI/IEEE
ANS-7-4.3.2-1982, the staff confirms that the licensee/vendor program as reviewed, complies
with Regulatory Guide 1.152 and ANSI/IEEE ANS-7-4.3.2-1982. To obtain a benchmark for
evaluating V&V effectiveness and the licensee application, the staff then performs a "thread
audit. " Guidelines for this portion of the software review can be found in ANSI/IEEE 1012 and
ŒC880.

4.

NRC Thread Walk-through

The staff conducts a "thread audit" walk-through of a chosen parameter. The "thread audit"
traces the software development of the chosen parameters and includes reviewing the software
development documentation, sections of the code and comparing the software development
documentation to the code. The thread audit includes the validity test of the functional
requirements and how they relate to the software requirements. While performing this review,
the staff confirms that all errors have corresponding problem reports and appear to be identified
by the V&V process when applied to the functional code. If these problems are not identified
by V&V, they present the staff with two concerns. The first is a question regarding verification
thoroughness and effectiveness which is discussed in the defense-in-depth section below. The
second is whether flawed development documents and comment errors could mislead a software
writer during future code revisions. Therefore, the staff should ask how these errors will be
resolved, and for an analysis of the. root cause of the errors.
Based on the "thread audit" and the V&V program reviewed above, the staff confirms that the
licensee application complies with Regulatory Guide 1.152 and ANSI/ШЕЕ AN-7-4.3.2-1982.
5.

Configuration Management

All software code and software documentation should be kept under strict configuration
management control. Any software changes other than tunable parameters should be made
through a licensee controlled modification program that has a librarian to control changes to the
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have a total generating capacity greater than 11,0DD megawatts. This is expected to increase slowly

code. When software is changed, the licensee should execute an analysis tool to determine the
side effects resulting from code changes and to evaluate the impact on the code. Furthermore,
all modified code should be subject to verification and validation as described above. The
configurations management plan should follow the guidelines of TF.KR 828-1983, "Software
Configuration Management Plans".

CONCLUSION
Based on the foregoing review, the staff will confirm that the licensee/vendor verification and
validation plan/program complies with Regulatory Guide 1.152 and ANSI/ШЕЕ
AN-7-4.3.2-1982 and that the licensee's application of the verification and validation
plan/program meets its functional and design requirements.
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WHY ARE PLANTS CONVERTING FROM
ANALOG TO DIGITAL SYSTEMS

Analog systems are experiencing excessive drift
because of aging
Vendors are discontinuing analog product lines
Difficulty in obtaining product support for existing
systems, i.e., replacement components and service
Some plants want to take advantage of digital
system flexibility
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ADVANTAGES OF
DIGITAL I&C UPGRADES

Replace Aging I&C Systems
Improve Surveillance Capabilities
Improve Information for the Operator
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The following are plants in the
United States that have performed
analog to digital modifications
for Safety Systems
REVIEW PERFORMED
PLANT

SYSTEM

VENDOR

YEAR

Haddem
Neck

Reactor Trip System

Foxboro
Spec 200 y

1990

Zion

Signal conditioning
and bistable portion of
Reactor Trip System

Westinghouse
Eagle 21

1992

Watts Bar

RTD Bypass

Westinghouse
Eagle 21

1989

Sequoyah

Signal conditioning
and bistable portion of
Reactor Trip System

Westinghouse
Eagle 21

1990

Turkey
Point

Emergency Diesel
Generator sequencer
and RTD bypass

Allen Bradley
/ Eagle 21

1991

South

Qualified Safety
Parameter Display
System

Westinghouse

1987

Core Protection
Calculator upgrade

Combustion
Engineering

1990

Texas
AN02
San Onofre
Palo Verde
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The following are plants in the
United States that have performed
analog to digital modifications
for Safety Systems
REVIEW PERFORMED
(Continued)
Big Rock
Point

Neutron Flux
Monitoring

General
Electric
NUMAC

1989

Vogtle &
Beaver
Valley

Plant Safety
Monitoring System

Westinghouse

1987
1989

Turkey
Point

Load Sequencer

Allen Bradly
PLC

1992

Prairie
Island

Load Sequencer

Allen Bradly
PLC

1993

Haddam
Neck

Aux Feed

Woodward

1992

Prairie
Island,
Diablo
Canyon,
Ginna,
Salem

Feedwater (trip
Removal)

Westinghouse
/DPF

1989/
1993
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The following are plants in the
United States that are performing
analog to digital modifications
for Safety Systems
UNDER REVIEW
D.C. Cook

Signal Conditioning
and Bistable portion of
the Reactor Trip
System

Foxboro
Spec 200//

1993

Brunswick

leak detection

GE NUMAC

1993

Browns
Ferry

Radiation Monitoring

GE NUMAC

1993

Diablo
Canyon

Signal Conditioning
and bistable portion of
the Reactor Trip
System

Westinghouse
Eagle 21

1994

Kewaunee

Radiation

Nuclear
Research

1994

Watts Bar

Signal Conditioning
and Bistable Portion of
the Reactor Trip
System

Westinghouse
Eagle 21

1993

Palo Verde

DAFAS /ATWS
(Safety)

ModiconPLC

1992
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The following are plants in the
United States that have performed
analog to digital modifications
for Safety Systems
NO REVIEW PERFORMED
Numerous

Rad Monitoring

Unknown

Numerous

ATWS Systems/Safety
NM-Safety

Westinghouse
Allen Bradly
Foxboro
Custom, etc.

Peach
Bottom

Signal Conditioning
and Bistable Portion of
Trip Systems

Foxboro

203

TECHNICAL CONCERNS WITH
DIGITAL SYSTEMS
THESE ITEMS SHOULD BE ADDRESSED WHETHER
SYSTEM IS REVIEWED BY STAFF OR NOT
Common Mode Failure by Software: Similar or Identical
software running on identical hardware in multiple trains
of redundant instrumentation.
Due to the increased complexity of computer system
tasks it is much more difficult to verify freedom from
programming error and assure correct task performance
under all possible circumstances.
Computers normally take advantage of standard tools
suoh as their operating systems or compilers, both during
on-line operation or during development; it is more or less
impossible to get such tools error free.
Due to the complexity of computer system software it is
virtually impossible to demonstrate high reliability of a
software system.
Sensitivity of digital based systems to Plant
Environments:
EM5/RFI, Temperature, Power quality. Grounding
Effect on Safety Margins through input consolidation.
Possible lack of On-site experience in troubleshooting,
problem recognition, and assimilation of systems in plant
Commercial Dedication of Hardware and Software
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PAST ACTIVITY
Draft Generic Letter published in Federal Register
for public comment on August 14, 1992. CRGR
rejected concept that all Analog-to-Digital
Retrogrades are Unreviewed Safety questions, and
wanted I&C to develop Threshold.
ACRS requested joint NRC/lndustry determination
of Threshold. NUMARC volunteered to write first
draft of Threshold document
NUMARC sent first Draft to NRC on 8 April, 1993.
NRC staff reviewed Draft, and returned to
NUMARC on 4 June 1993. Second Draft was
submitted on 17 September, 1993.
NRC is reviewing the second Draft, and intends to
respond by the end of the year.
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PROPOSED STAFF POSITION
All Digital Upgrades will require an 10 CFR 50.59
Evaluation.
The threshold is dependent on safety significance of
system, and effects of system failure.
Staff expects that items above the threshold (digital
upgrades involving the Reactor Protection System (RPS),
the Engineered Safety Features (ESF) control and
actuation systems and systems which fall into the Post
Accident Monitoring (РАМ) category 1 ) will lead to an
unreviewed safety question and thus prior Commission
approval of the change is required
In some circumstances, such as systems with sufficient
defense-in-depth or the systems is a replacement of a
previous digital system, and software failure has already
been considered, a 10 CFR 50.59 evaluation of systems
above the threshold may show no unreviewed safety
question exists.
Items below the threshold may or may not pass 50.59
evaluation, based upon merits of case. For systems
below the threshold, there is still a requirement to have
prior Commission approval of the change if an
unreviewed safety question exists.
For design based on previously approved system or
which references a topical report evaluation, NRC staff
review would be significantly reduced. The NRC staff
would focus on plant specific issues (e.g. environmental
effects, quality control plans, and any operating
experience}.
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THRESHOLD SAMPLES
Above:
(Prior NRC
Approval
probably
required)

Below:
(Standard
50.59
procedure.
Approval may
or may not be
required.)

Reactor Trip System
ESF Actuation/Control System
PAM's(CAT 1)
Staff Review Process Streamlined
•
Topicall Report Approval
•
Previously Approved System

Non-Safety Systems
Reactor Building Ventilation System
with Analog Backup
Modification to previously approved
Digital system
PAM's (CAT 3)
Balance of Plant Control Channels
(e.g.) water tank level and Feedwater
Control
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CURRENT NRC STAFF
REVIEW APPROACH
Detailed review of system design and
Verification and Validation Program.
Review of information on the software and
hardware history.
Review of the specific nuclear plant
applications.
Thread audit of sample plant parameters.
Software and Hardware systems review for
timing or Software/Hardware interface
problems.
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APPLICABLE STANDARDS
Program is reviewed for compliance with applicable
standards:
•

Regulatory Guide 1.152, "Criteria for
Programmable Digital Computer system
software in Safety-Related Systems of
Nuclear Power Plants"

•

ANSI/IEEE-ANS-7-4.3.2-1982,
"Application Criteria for Programmable
Digital Computer Systems in Safety
Systems of Nuclear Power Generation
Stations"

•

ASME NQA-2A-1990 Part 2.7 "Quality
Assurance Requirements of Computer
Systems at Nuclear Facility Applications"
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IEEE & IEC STANDARDS
USED AS REFERENCE DOCUMENTS
•

IEEE 730-1984, "Software QA Plans"

•

IEEE 828-1983, "Software Configuration
Management

•

IEEE 829-1983, "Software Test
Documentation"

•

IEEE 1012-1986 "IEEE Standard for
Software Verification and Validation
Plans"

•

IEC 880 "Quality Assurance Requirements
of Computer Systems at Nuclear Facility
Applications"
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TYPICAL
HARDWARE QUALIFICATIONS
Temperature and Humidity
•
IEEE Standard for Qualifying Class 1E
Equipment for Nuclear Power Generating
Stations", IEEE Std. 323-1974
Seismic
•
"Seismic qualifications of Electrical and
Mechanical Equipment for Nuclear Power
Plants", Regulatory Guide 1.100
•
"IEEE Recommended Practices for Seismic
Qualifications of Class 1E Equipment for
Nuclear Power Generating Stations", IEEE Std.
344-1975
Electro-magnetic and Radio Frequency Interference
•
No specifically endorsed Standards
•
Staff Review Tailored to Plant Environment
Grounding
•
No specifically endorsed Standards, but IEEE
1050-1989, IEEE Guide for Instrumentation and
Control Equipment Grounding in Generating
Stations" has been used in the past.
Radiation
•
Staff Review Tailored to Plant Environment
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SOURCE FOR GUIDANCE
IN EMI AND RFI DESIGN

Mil-Std-461 (A, В, С), "Electro-magnetic
Emission and Susceptibility Requirements for
the Control of Electro-magnetic Interference"
Mil-Std-462, "Electro-magnetic Interference
Characteristics Measurements"
Mil-Std-1399, "Interference Standard for
Shipboard Systems, DC Magnetic Field
Environment"
SAMA PMC 33.1-1978, "Electro-magnetic
Susceptibility of Process Control
Instrumentation"
IN83-83, "Use of Portable Radio Transmitters
Inside Nuclear Power Plants"
NUREG CR-3270, "Investigation of Electromagnetic Interference (EMI) Levels in
Commercial Nuclear Power Plants"
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DEFENSE-ilM-DEPTH
A Defense-ln-Depth analysis is described in NUREG0493, "A Defense-in-Depth and Diversity
Assessment of the RESAR-414 Integrated Protection
System", March 1979. Methods proposed will
require case-by-case NRC approval.
Sufficient diversity within the design should be
demonstrated for each event evaluated in the plant
Accident Analysis occurring in conjunction with each
postulated CMF.
If a common mode failure is capable of disabling a
safety function then a diverse means, not subject to
the same common mode failure, shall be required to
perform either the same function or a different
safety function.
The diverse or different safety function may be
performed by a non-safety system. The amount and
types of diversity vary from design to design and
will be evaluated on a case-by-case basis.
Diverse and independent digital or non-digital
systems are acceptable means. The specific set of
equipment required will be evaluated on a case-bycase basis.
Manual actions from the control room are acceptable
if an analysis shows that information, not dependent
on the computer system and adequate for
diagnostics and plant shutdown is available to the
operator.
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FUTURE ACTIVITIES
•

Staff is reviewing NUMARC Proposal
which states all upgrades should be done
via 50.59 methodology

•

Meetings with NUMARC and EPRI will
continue through 1993.

•

IEEE 7.4.3.2 is being revised.

•

IEC 880 is being revised.

•

NRC Research Effort is ongoing to
develop positions on Software

•

NRC Review criteria will reflect new
standards & Research Effort

•

Draft Inspection Procedure
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OPERATING REACTORS
DIGITAL RETROFITS
DIGITAL SYSTEM REVIEW PROCEDURES

I. General Description of the NRC Digital Systems Review Approach
The importance of digital systems reliability and in particular a strong software development and
maintenance program, cannot be over emphasized when considering the potential for software
initiated failures. This section presents a summary of the NRC criteria and review approach
used for digital retrofit reviews. This description is not all inclusive of the questions asked and
material reviewed and referenced, but does cover the major areas.
Currently, the NRC uses Regulatory Guide 1.152, "Criteria for Programmable Digital Computer
System Software in Safety-Related Systems of Nuclear Power Plants" and
ANSI/IEEE-ANS-7-4.3.2-1982, "Application Criteria for Programmable Digital Computer
Systems in Safety Systems of Nuclear Power Generating Stations" for guidance when performing
reviews of digital systems. Although other software standards such as ANSI/IEEE Std.
1012-1986, "ШЕЕ Standard for Software Verification and Validation Plans," and ASME
NQA-2a-1990, Part 2.7, "Quality Assurance Requirements of Computer Systems for Nuclear
Facility Applications, American Society of Mechanical Engineers" are used for reference,
licensees are generally held responsible for conforming to ANSI/IEEE-7-4.3.2-1982.
The staff performs a detailed review of the system design process and the software verification
and validation program. At this stage, the staff is looking programmatically at the design
process and making comparisons to the applicable review guidance. The staff reviews available
information on the software and hardware history including previous software and hardware
failures. The staff reviews the specific plant application including any special features that were
required. The staff reviews the specific verification and validation (V&V) performed on the
software used in the application. This is a detailed review and includes (1) following the code
development, (2) examining the vendor/licensee interface and feedback process, (3) reviewing
software problem/erraPreports and resulting corrections, (4) comparing the V&V process to
ANSI/ffiEE ANS-7-4.3.2-1982, (SXinterviewing personnel involved in the process, (6) verifying
the independence of the software verifiers, (7) reviewing the development of the functional
requirements and subsequent software development documents, (8) reviewing software life-cycle
and future vendor/licensee interface, and (9) reviewing the verification and validation results.
The staff also performs a "thread audit" which consists of picking a sample of plant parameters
and tracing the software implementation of these parameters from the purchase specification and
development of the functional requirements to the writing and testing of the code. This review
includes (1) reviewing actual sections of the code on a sample basis, (2) examining the various
levels of software development documents and comparing them to the code, (3) examining
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problem reports and verifying the corrections, (4) examining the engineering cross-discipline
interfaces to ensure that nuclear specific needs were correctly incorporated into the code, (5)
examining the licensee interface to ensure plant specific requirements are correctly incorporated,
(6) ensuring that the verification and validation process is followed according to the vendor's
plan, and (7) reviewing the final results of the process. Finally, the software and hardware are
reviewed as a system looking for potential timing and software/hardware problems. At the end
of the review, all of the information is collated to establish a benchmark for assessing the
software safety system performance and reliability.

1. Licensee/Vendor Interface
Experience with computer projects has demonstrated that the development of computer system
functional requirements can have a significant impact on the quality and safety of the
implemented system. (ANSI/IEEE ANS-7-4.3.2-1982, Sec. 3) In fact, there have been recent
software failures attributed to software functional requirements and system specifications that did
not accurately reflect plant specific idiosyncrasies. This has placed additional emphasis on the
importance of the licensee/vendor interface during software development and is an important
factor when assessing software reliability and quality. The staff considers the correctness of the
functional requirements by reviewing the process for the development of these requirements,
concentrating on the licensee/vendor interface, the changes that were made, and the
qualifications of the personnel involved. Personnel from all relevant disciplines should have
been part of the process.

2. Verification and Validation Organization
The verification group shall be independent of the design team and shall have technical
qualifications comparable to the design team. (ANSI/IEEE ANS-7-4.3.2-1982, Sec. 7.1) The
verification and validation (V&V) organization should be independent from the software
development group with separate supervisory engineers and composed of personnel with
comparable technical qualifications to the development group. The development group should
submit the code to the V&V group after writing and debugging the code. The V&V group
should then review the code according to the V&V plan and produces a V&V report.
Communications between the software development group and V&V personnel should be
documented in written, traceable reports. In order to be acceptable, the independence of the
V&V group and the V&V personnel should conform to ANSI/IEEE-ANS-7-4.3.2-1982.
Additional guidelines for this portion of the review can be found in ANSI/IEEE 1012, "IEEE
Standard for Software Verification and Validation Plans" and ŒC 880, "Quality Assurance
Requirements of Computer System at Nuclear Facility Applications".
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3. Verification and Validation Program Review
The verification and validation (V&V) of the digital system is a formalized program that includes
detailed procedures and policies for technical review and audit functions, software reviews and
audits, software test and analysis, dynamic system testing simulating normal and design basis
events, and an independent stage-to-stage verification performed by knowledgeable individuals.
(ANSI/IEEE-ANS-7-4.3.2-1982, Sec. 3.7) The vendors V&V program should be described in
documentation submitted to the staff. The V&V group should perform several tasks before they
approve the release of the software code including: (1) document code reviews; (2) test case
development; (3) verification and validation testing; and (4) abnormal conditions review. After
the development group submits the code to the V&V group, each independent verifier should
receive one or more modules on which a document code review and evaluation is performed.
The evaluation is based upon the module's conformance to the functional requirements and the
design and coding standards.
Although the verifier's primary focus at this stage is a comparison between the functional
requirements document and the code, the software development documentation should also be
verified for consistency and integrity starting from the functional requirement and including the
system design requirement, the system design specification, and the functional decomposition
document.
After completing the walk-through of the design documents and the source code walkthrough,
the verifier develops two types of test cases, i.e. verification tests and validation tests.
The method and rigor used for verification tests is a function of the safety classification of the
software module as defined by ANSI/IEEE Std. 603-1980, "ШЕЕ Standard Criteria for Safety
Systems for Nuclear Power Generating Stations, Institute of Electrical and Electronic
Engineers." By this standard, software associated with the actuation and/or implementation of
reactor trips, engineered safety features, and information displays for manually controlled actions
receives the highest level of verification. The verification tests are further partitioned into
structural testing and functional testing. Guidelines for testing methods can be found in IEEE
829, "Software Test Documentation".
The structural testing (whitebox) ensures that all source lines meet the intended design
specification. To determine the rigor and method of this testing, the verifier follows an
established set of criteria based on the software uniqueness and complexity. After applying the
criteria, the verifier should then read the code and derive the structural test cases that will
exercise all of the statements. Next the verifier performs either manual structural testing or
computer emulation. For bounded input values, the verifier chooses values to exercise the lower
limit, the upper limit and at least one random intermediate value. Particular attention should be
given to out-of-range and other abnormal input variables such as negatives and zeros. The
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functional testing is similar to the structural testing except that the functional properties are the
basis for the functional testing and are provided by the Design Specification.
When software errois or coding discrepancies are found, the verifiers should generate either a
Procedure Problem Report or a Generic Problem Report. Each software module contains several
procedures so that a Procedure Problem Report concerns defects in the smallest software unit.
A Generic Problem Report pertains to problems that cross module boundaries and involve
multiple modules. A log of the reports should be kept and their status tracked by the V&V
group. The developer has the responsibility to resolve these reports and if a code modification
is required, the verifier performs regression testing until the module satisfactorily passes the test.
The Lead Verifier ensures that no problem reports remain open upon release of the module.
Once the verification results are accepted, the software is installed in the target hardware and
the verifiers should check hexadecimal and check sum values for consistency. The
hardware/software should then be validated.
The validation process emphasizes the system functionality of the target hardware/software. The
major phases of the validation testing are: (1) "top-down" functional requirements testing; (2)
Abnormal conditions review of the design and its implementation; and (3) specific MMI testing.
The Validation Test Engineer derives test cases from the decomposition of the functional
requirements into sub-requirements and looks for functional and abnormal conditions to test.
Once the tests are derived, a Validation Test Technician executes the tests on the verified
software now residing in the final target hardware. The Validation Test Engineer then reviews
the test results.
An abnormal conditions review can also be used to ensure that the design operates properly
under abnormal-mode conditions and to ensure that the system rejects unpermitted inputs
(including out of range inputs). This review is primarily directed at the internal structure of the
system software and is used to complement the functional testing and evaluate integrated system
integrity.
As part of the programmatic review of the V&V program, the staff reviews software
development documents, interviews V&V managers, and reviews various V&V summaries and
reports. The staff also randomly samples problem reports. In the reports reviewed, defects are
documented and analyzed for significance.
Based upon the above review and comparison of the V&V Process/Plan to ANSI/IEEE
ANS-7-4.3.2-1982, the staff confirms that the licensee/vendor program as reviewed, complies
with Regulatory Guide 1.152 and ANSI/ШЕЕ ANS-7-4.3.2-1982. To obtain a benchmark for
evaluating V&V effectiveness and the licensee application, the staff then performs a "thread
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audit." Guidelines for this portion of the software review can be found in ANSI/IEEE 1012 and
ШС880.

4.

NRC Thread Walk-through

The staff conducts a "thread audit" walk-through of a chosen parameter. The "thread audit"
traces the software development of the chosen parameters and includes reviewing the software
development documentation, sections of the code and comparing the software development
documentation to the code. The thread audit includes the validity test of the functional
requirements and how they relate to the software requirements. While performing this review,
the staff confirms that all errors have corresponding problem reports and appear to be identified
by the V&V process when applied to the functional code. If these problems are not identified
by V&V, they present the staff with two concerns. The first is a question regarding verification
thoroughness and effectiveness which is discussed in the defense-in-depth section below. The
second is whether flawed development documents and comment errors could mislead a software
writer during future code revisions. Therefore, the staff should ask how these errors will be
resolved, and for an analysis of the root cause of the errors.
Based on the "thread audit" and the V&V program reviewed above," the staff confirms that the
licensee application complies with Regulatory Guide 1.152 and ANSI/IEEE AN-7-4.3.2-1982.

5.

Configuration Management

All software code and software documentation should be kept under strict configuration
management control. Any software changes other than tunable parameters should be made
through a licensee controlled modification program that has a librarian to control changes to the
code. When software is changed, the licensee should execute an analysis tool to determine the
side effects resulting from code changes and to evaluate the impact on the code. Furthermore,
all modified code should be subject to verification and validation as described above. The
configurations management plan should follow the guidelines of ШЕЕ 828-1983, "Software
Configuration Management Plans".

I 6. Conclusion
!
Based on the foregoing review, the staff will confirm that the licensee/vendor verification and
validation plan/program complies with Regulatory Guide 1.152 and ANSI/ШЕЕ
AN-7-4.3.2-1982 and that the licensee's application of the verification and validation
plan/program meets its functional and design requirements.
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II.

EQUIPMENT QUALIFICATION

Safety related system must be designed to withstand the effects of natural phenomena and be
qualified to operate in normal and postulated accident conditions (10 C.F.R Part SO, Appendix
A, GDC 2 and 4). The staff reviews the following topic areas to ensure that a digital retrofit
is capable of performing its intended safety function under postulated environmental conditions:
(1) temperature and humidity; (2) seismic; (3) electro-magnetic and radio frequency interference;
and (4) radiation.

1.

Temperature and Humidity

The staff uses ШЕЕ Standard 323-1974, "IEEE Standard for Qualifying Class IE Equipment for
Nuclear Power Generating Stations," for review guidance on temperature and humidity. The
staff reviews the digital equipment (hardware) qualification test reports and compares the results
to the plant specific environment in order to confirm that the equipment is compatible with the
plant. The staff also inquires about the heat load effect of the digital system itself on the
existing room temperature profiles.

2.

Seismic

The digital system rack and components should be subjected to multi-axis, multi-frequency
seismic inputs in accordance with Regulatory Guide 1.100, "Seismic Qualification of Electric
and Mechanical Equipment for Nuclear Power Plants," and IEEE Standard 344-1975, "ШЕЕ
Recommended Practices for Seismic Qualification of Class IE Equipment for Nuclear Power
Generating Stations. The staff reviews the test reports and compares the results to the plant
application concentrating on configuration differences between the actual installation and the test
set-up.

3.

Electro-magnetic and Radio Frequency Interference (EMI/RFI) QuaUfication

The staff assesses the potential for adverse random and unpredictable effects on the safety system
produced by ambient EMI and RFI. Although there are no specifically endorsed NRC standards
on this topic at this time, the staff uses the following standards and information for reference
when conducting its reviews:
(1)
(2)

MIL-STD-461(A,B,C), "Electro-magnetic Emission and Susceptibility Requirements for
the Control of Electro-magnetic Interference,"
MIL-STD-462, "Electro-magnetic Interference Characteristics Measurement,"
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(3)
(4)
(5)
(6)

MIL-STD-1399, "Interface Standard for Shipboard Systems, DC Magnetic Field
Environment,"
S AMA PMC 33.1-1978, "Electro-magnetic Susceptibility of Process Control
Instrumentation,"
IN83-83, "Use of Portable Radio Transmitters Inside Nuclear Power Plants," and
NUREG CR-3270, "Investigation of Electro-magnetic Interference (EMI) Levels in
Commercial Nuclear Power Plants."

The staff reviews the EMI/RFI qualification in the following manner. First, the staff evaluates
the plant environment to identify potential EMI/RFI sources including the effect of open doors
during surveillance, the types and strengths of plant radios, location and direction of microwave
sources, and the location and effect of other equipment within and immediately surrounding the
installed location. Second, the staff reviews and evaluates the vendor test methodology,
frequency susceptibilities based on the vendor tests, and vendor system modifications to
compensate for these susceptibilities. This review includes comparing the as-tested and
as-installed configurations, Third, the staff reviews the licensee's on-site testing and analysis
to confirm the compatibility of the installation with the in-plant environment.

4. Electro-static Discharge
Electro-static discharge (ESD) can cause damage to micro-electronic components and has been
known to cause lock-ups of digital equipment if the discharge is large enough. If there are no
specific ESD tests performed on the system, then precautions as specified in the vendor technical
manuals which should be employed. These precautions include the use of ESD mats, and
grounding straps. In addition, there should be no reported failures resulting from electro-static
discharge at previous installations. The staff verifies that such measures are in place as
necessary.

5. Radiation
The license should determine the actual total integrated dose (TTD) for the digital equipment
room. The qualification limits should envelope the actual plant conditions.

Ш. ISOLATION AND INTERACTION BETWEEN IE AND NON-IE: NOISE. FAULT AND
SURGE WITHSTAND TESTING
The protection system shall be designed to ensure that the effects of normal operating and
postulated accident conditions do not result in the loss of the protective function and that a
failure of a control system does not adversely effect the protection system (10 C.F.R. Part SO,
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Appendix A, GDC 22 and 24). The staff uses the following review guidance for assessing the
Class IE and Class non-IE interactions:
(1)
(2)
(3)
(4)
(5)

Regulatory Guide 1.75, "Physical Independence of Electrical Systems;"
IEEE 384-1977, "Criteria for Independence of Class IE Equipment and Circuits;"
TF.F.F. 279-1971, "Criteria for Protection Systems for Nuclear Power Generating
Stations;"
ШЕЕ 472-1974, "Guide for Surge Withstand Capability Tests; and
TF.F.F. 603-1980, "TF.F.F. standard Criteria for Safety Systems for Nuclear Power
Generating Stations."

Noise sources and noise tests should be chosen to emulate expected and worst case noise
conditions that may be present on the non-IE wiring in the digital system process rack. The tests
performed should be a Random Noise Test (antenna coupled), a Cross-talk and Chattering Relay
Test (antenna and direct coupled), the Military Specification MIL-N-199OOB Noise Test
(antenna coupled), a High Voltage Transient Noise Test (antenna coupled), and a Static Noise
Test (antenna and direct coupled). Fault tests should be performed using maximum creditable
fault voltages. These voltages are usually in the range of 580 Vac, 250 Vdc, 125 Vac, and 125
Vdc. The vendor should analyze the results and verify that the protective action and monitoring
equipment of the system are not affected by noise conditions on non-IE circuits. The staff
reviews the results of the tests and the design of the isolation devices. Based on this review, the
staff should confirm the adequacy of the isolation features.

IV. GROUNDING
Grounding is important to ensure that (1) there are no ground loops created by the installation,
(2) there is a low fault current return path to minimize the effects of noise interferences by
providing common reference planes of low relative impedance, and (3) the effects of lightening
induced surges on equipment have been minimized. Although there is no specific NRC endorsed
guidance on grounding, ШЕЕ 1050-1989, "ШЕЕ Guide for Instrumentation and Control
Equipment Grounding in Generating Stations," serves as guidance during the review.

V. POWER
Reliable power sources are fundamental to a highly reliable protection system. Given a loss of
electric power, the protection system must fail into a safe state (10 C.F.R. Part 50, Appendix
A, GDC 17, 21 and 23). To assess the system power source, the staff reviews the inverter
loading and system electronic power supplies to confirm the quality of the power supplied to the
system, and the adequacy of the effects of a loss of power.
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In this context, the staff uses the term power quality to encompass voltage and frequency
variations, and the total harmonic distortion before and after the digital installation. The staffs
concern is the effect of the existing power distribution system on the digital system and the effect
of the digital system on that same power distribution system. The staff also reviews the digital
system response to a loss of power. The staffs review confirms that the power supply design
provides for appropriate digital system performance.

VI. TESTABILITY
The protection system shall be designed to be testable during operation and shutdown as
required, without loss of minimum redundancy and to provide appropriate indication to the
operator of failures and losses of redundancy (10 C.F.R. Part SO, Appendix A, GDC 21).
The staff reviews the digital continuous self test concept to determine (1) which
components are not being tested, (2) if those being tested are done so adequately and (3) if any
safety related/non-safety related interface concerns exist. The impact of the self testing concept
to the operational aspects of the system calibration techniques for the digital systems is also
reviewed. Particular attention should be paid to accuracy and completeness. No component or
action paths should be left untested. Techniques for the interfacing of automatic or manual
testing devices are reviewed. Cross divisional testing concepts are also be reviewed.
The staff uses the following criteria and standards for review guidance:
(1)
1ERE 279-1971, " Criteria for Protection Systems for Nuclear Power Generating
Stations"
(2)
Regulatory Guide 1.22, "Periodic Testing of Protection System Actuation Functions;"
(3)
Regulatory Guide 1.118, "Periodic Testing of Electric Power and Protection Systems;"
(4)
IEEE 338-1977, "IEEE Standard Criteria for Periodic Testing of Nuclear Power
Generating Station Safety Systems; and
(5)
Regulatory Guide 1.47, "Bypassed and Inoperable Status Indication for Nuclear Power
Plant Safety Systems."

Vu. DEFENSE-IN-DEPTH
The protection system shall be designed with appropriate defense-in-depth by incorporating
ouality and diversity to (1) achieve a high functional reliability, (2) ensure that the system fails
into a safe state, and (5) ensure that normal operating, maintenance, and postulated accident
conditions do not result in the loss of the protection function (10 C.F.R. Part SO, Appendix A,
GDC 21, 22, and 23).
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Any applicant for a digital reactor trip or reactor protection system (RPS) replacement should
perform a "Defense-in-Depth and Diversity" analysis of the proposed instrumentation and control
system to demonstrate that vulnerabilities to common mode failures have been addressed. The
staff considers software design errors to be a credible common mode failure potential which
must be specifically included in the evaluation. If a postulated common mode failure is capable
of disabling a safety function then a diverse means, that is unlikely to be subject to the same
common mode failure, shall be required to perform either the same function or a different safety
function. The diverse or different safety function may be performed by a non-safety system.
The amount and types of diversity vary from design to design and will be evaluated on a caseby-case basis. Diverse and independent digital or non-digital systems are acceptable means.
The specific set of equipment required will be evaluated on a case-by-case basis. Manual actions
from the control room are acceptable if an analysis shows that information, not dependent on
the computer system and adequate for diagnostics and plant shutdown is available to the
operator. Credit is usually given for the Anticipated Transient Without Scram (ATWS)
mitigation system in this area. The reviewers should verify that there is true diversity between
the ATWS system and the Reactor Trip System. Both hardware and software diversity should
be included in the ATWS diversity review.
A Defense-In-Depth analysis is described in NUREG-0493, "A Defense-In-Depth and Diversity
Assessment of the RESAR-414 Integrated Protection System", March 1979. The analysis should
show sufficient diversity within the design to demonstrate defense-in-depth for each event
evaluated in the plant Accident Analysis, occurring in conjunction with each postulated CMF.
For the purposes of this evaluation, defense-in-depth will be considered to be a combination of
system and intra-system diversity, redundancy, performance, and reliability with the goal of
achieving a high degree of safety and compensating for safety system weaknesses.
Defense-in-depth and common mode failure concepts appear in varying regulatory contexts
including 10 CFR Part 50, Appendix A, General Design Criterion 22, IEEE 603-1980, ШЕЕ
379-1977, "Application of the Single Failure Criterion to Nuclear Power Generating Station
Class IE Systems", endorsed by Regulatory Guide 1.53, "Application of the Single Failure
Criterion to Nuclear Power Plant Systems," and NUREG 0493 "A Defense-in-Depth and
Diversity Assessment of the RESAR-414 Integrated Protection System".

1. Reliability and Software Common Mode Failure Concerns
A discussion on the reliability of the digital system and comparison to the existing analog
process racks should be provided. Software experience both in and out of the nuclear industry
indicate that V&V has its limitations and a defense-in-depth approach is warranted. As a result,
the staff will request the licensee to demonstrate that there is sufficient defense against a digital
system common mode failure for all of the analyzed plant transients and accidents. To assess
the licensee's defense-in-depth analysis, the staff will consider:
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(1)
(2)
(3)
(4)
(5)

the diverse back-up actuation that will not meet the safety analysis timing
requirements if a common mode failure of the digital system is assumed;
the credit that the licensee gives to diverse indication in the control room that
would facilitate manual actions if a common mode failure is assumed;
the staff findings regarding the software V&V program;
the experiences with previously approved similar software,
a qualitative assessment for this application, that the probability is low for an
accident or transient coupled with a common mode software failure that does not
fail into the preferred state.

Based on this assessment, the staff will determine if there is reasonable assurance that if a
software common mode failure occurs, there is a diverse means to safely shutdown the reactor.

2. Single Failure Criteria
The purpose of this section is to review the failure modes and effects analysis without a
postulated common mode failure. No single failure shall result in the loss of the protective
function (13 C.F.R. part 50, Appendix A, GDC 21, and 23).
Licensees should perform a formal failure modes and effects analysis on the digital system
according to ШЕЕ 279-1971. The staff will discuss with the licensee on a sample basis how the
system design copes with various postulated failures (system and electronic). In all cases
reviewed, the analysis should show the ability to detect and/or place the system in the preferred
state. Based on this review, the staff should find that the single failure criterion (without
postulating the common mode failures above) is satisfied.

FACTORY TESTING
Factory acceptance testing should be performed by the vendor in addition to the validation
testing described above. The testing verifies that the system meets the accuracy and functional
requirements as specified by the system functional specifications. The licensee should witness
various portions of the testing. The. staff will review the results of the factory tests.

IX. TRAINING AND PROCEDURES
An important part of assimilating the digital system environment, is ensuring that all procedures
effected by the modification are correctly updated and that the operators and technicians have
sufficient training in the use and repair of the new system.
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A number of existing station procedures will usually need revision and new procedures will
require development to accommodate the digital system. The effected procedures include
surveillance, channel calibration, annunciator response, and Abnormal Operating Procedures.
These changes should be reviewed and approved by the plant Technical Staff. Once the
procedures are changed, they are again reviewed by the cognizant engineer and sent to the
On-site Review Committee for approval. The staff will perform an audit review of these
procedure.
The vendor should provide detailed operation and maintenance manuals to the licensee. The
licensee should incorporate these vendor recommendations into their station procedures in
accordance with the licensees' commitments under Generic Letter 83-28, "Required Actions
Based on Generic Implications of Salem ATWS Event." The licensee should also ensure that
appropriate plant staff are trained in the operation and maintenance of the digital system
particularly when changes to the system are being implemented.

X. FOLLOW-UP REPORTING
The installation of the system and initial start-up testing is reviewed by the staff. The staff
revi.^ vs the final test results and summary reports upon the completion of these tests.
The reports reviewed by the staff are:
(1)
a summary of the power quality testing including the results, a comparison to the
system specifications and a summary of the analysis of the effect of any
increased distortion created by the system on other plant instruments;
(2)
summaries of the response time testing including a description of the test, the
results with comparisons to the safety analysis, and any physical or analytical
changes that may be required;
(3)
results of the ground and power line continuity measurements and changes that
were needed;
(4)
summaries of the vendor and licensee on-site startup, sequencer, functional and
system verification testing.

CONCLUSIONS

In its review of digital system retrofits, the staff considers (1) the V&V process used for
software development, (2) equipment qualifications, (3) defense-in-depth concepts used to
compensate for software common mode failure concerns, (4) licensee ability to monitor and
assess system performance through the follow-up reporüng commitments, and (5) experiences
with the digital system. Based on these considerations and the foregoing review, the staff
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confirm compliance with the requirements of 10 CFR Part 50, Appendix A, GDCs 2, 4, 20, 21,
22, 23, 24 and 25, Sec.50.55a(h) with respect to IEEE Std. 279, and the guidance of Regulatory
Guide 1.152.
The staff also verifies that the system is capable of upgrades of varying magnitudes. Some of
these system changes may invalidate portions of the staffs review. Therefore, it is incumbent
upon the licensee to carefully analyze any future modifications to this system to ensure that the
staffs safety finding remains valid
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REGULATIONS AND REVIEW GUIDANCE
10 C.F.R. Part 50, Appendix A, G.D.C. 2
10 C.F.R. Part 50, Appendix A, G.D.C. 4
10 C.F.R. Part 50, Appendix A, G.D.C. 17
10 C.F.R. Part 50, Appendix A, G.D.C. 20
10 C.F.R. Part 50, Appendix A. G.D.C. 21
10 C.F.R. Part 50, Appendix A, G.D.C. 22
10 C.F.R. Part 50, Appendix A, G.D.C. 23
10 C.F.R. Part 50, Appendix A, G.D.C. 24
10 C.F.R. Part 50, Appendix A, G.D.C. 25
Regulatory Guide 1.22, "Periodic Testing System Actuation Functions"
Regulatory Guide 1.47, "Bypassed and Inoperable Status
Indication for Nuclear Power Plant
Regulatory Guide 1.53, "Application of the Single Failure
Criterion to Nuclear Power Plant Systems"
Regulatory Guide 1.75, "Physical Independence of
Electrical Systems"
Regulatory Guide 1.97, "Instrumentation for Light-Water Cooled Nuclear Power Plants To
Assess Plant and Environs Conditions During and Following an Accident"
Regulatory Guide 1.100, "Seismic Qualification of Electric and Mechanical Equipment for
Nuclear Power Plants"
Regulatory Guide 1.118, "Periodic Testing of Electric Power and Protection Systems"
Regulatory Guide 1.152, "Criteria for Programmable Digital Computer System Software in
Safety-Related Systems of Nuclear Power Plants"
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Generic Letter 83-28, "Required Actions Based on Generic Implications of Salem ATWS Event"
IN83-83, "Use of Portable Radio Transmitters Inside Nuclear Power Plants"
NUREG 0493, "A Defense-in-Depth and Diversity Assessment of the RESAR-414 Integrated
Protection System"
NUREG-0800, "Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants", Chapter 7, Instrumentation and Control
NUREG CR-3270, "Investigation of Electro-magnetic Interference (EMI) Levels in Commercial
Nuclear Power Plants"
ANSI/IEEE-ANS-7-4.3.2-1982, "Application Criteria for Programmable Digital Computer
Systems in Safety Systems of Nuclear Power Generating Stations"
ANSI/IEEE Std. 603-1980, "ШЕЕ Standard Criteria for Safety Systems for Nuclear Power
Generating Stations, Institute of Electrical and Electronic Engineers"
ANSI/IEEE Std. 1012-1986, "ШЕЕ Standard for Software Verification and Validation
Plans"
ШЕЕ 279-1971, " Criteria for Protection Systems for Nuclear Power Generating Stations"
ШЕЕ Standard 323-1974, "ШЕЕ Standard for Qualifying Class IE Equipment for Nuclear
Power Generating Stations"
ШЕЕ 338-1977, "ШЕЕ Standard Criteria for Periodic Testing of Nuclear Power
Generating Station Safety Systems"
ШЕЕ Standard 344-1975, "ШЕЕ Recommended Practices for Seismic Qualification of
Class IE Equipment for Nuclear Power Generating Stations"
ШЕЕ 379-1977, "Application of the Single Failure Criterion to Nuclear Power Generating
Station Class IE Systems" .
ШЕЕ 384-1977, "Criteria for Independence of Class IE Equipment and Circuits"
ШЕЕ 472-1974, "Guide for Surge Withstand Capability Tests"
ШЕЕ 730-1989, "Software Quality Assurance Plans"
IF.F.F. 828-1983, "Software Configuration Management Plans"
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ШЕЕ 829-1983, "Software Test Documentation"
ШЕЕ 1050-1989, "IEEE Guide for Instrumentation and Control Equipment Grounding in
Generating Stations"
IEC 880, "Quality Assurance Requirements of Computer System at Nuclear Facility
Applications"
ASME NQA-2a-1990, Part 2.7, "Quality Assurance Requirements of Computer Systems
for Nuclear Facility Applications, American Society of Mechanical Engineers"
MIL-STD-461(A,B,C), "Electro-magnetic Emission and "Susceptibility Requirements for
the Control of Electro-magnetic Interference"
MIL-STD-462, "Electro-magnetic Interference Characteristics Measurement"
MIL-STD-1399, "Interface Standard for Shipboard Systems, DC Magnetic Field
Environments
SAMA PMC 33.1-1978,
Instrumentations

"Electro-magnetic
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NUCLEAR POWER PLANT CONTROL AND INSTRUMENTATION ACTIVITIES IN
ARGENTINA DURING THE PERIOD 1991-1993
JOSE RAUL LORENZETTI
COMISION NACIONAL DE ENERGIA ATOMICA-BUENOS AIRES

ABSTRACT
A brief
resume of the activities in the
areas af control and instrumentation is included.
Argentina has
under construction.

two plants in operation and

different
one

plant

Instrumentation and Control efforts were related to
cope with the obsolescence of equipments and to upgrade the
man machine comunication.
1.-Status of Nuclear Plants;
Currently there are two plants in operation and one under
construction. Comision Nacional de Energia Atômica is now
looking on to the construction of a fourth power plant
in the near future .
Both power plants in operation operated in the last two
years at full power or almost at full power with the only
exception of the programmed shutdowns.
The construction of the third plant has been delayed due
to budget problems. Years have past since the design was
first made,therefore the production of some of its instrumentation has been discontinued.
2.-Activities of. NPPCI During the last Period
Host of the work in the last two years was dedicated to
the power plants in operation. The follow up of the
operation demostrates that no significant event in the
plants was related with any design
problem
of
the
instrumentation and control systems that could lead to
specificated changes in them. But some problems were
detected in wich obsolescence, mantenance and operation
procedures were involved.
Thus, the development activities in the Instrumentation
and Control area were dedicated to solve problems of
obsolescence and to increase the reliability
of the
operation by means of a better information and display
system in the control room.
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2.1. Update of the С NA 1_ computer system
It was evaluated the posibility of changing the complete
computer system in order to face its obsolescence but it
was then discarded because it needed a large amount of
changes in hardware and software.
It was decided, instead, to update the old computer by
changing those parts that had more problems and by
preparing the system for more future changes.
The old teletypes weie replaced by personal computers and
line printers. A fast data link between the updated
process computer and a personal computer
connected
through a small local area network to others personal
computers was also installed.
A dedicated display system to help data presentation in
the control room was developed.
2.2.Probabi1istiс Safety Analysis:
A probabilistic Safety Analysis of the Atucha I Power
Plant is undergoing to help the
operator, as a tool,
during the operation of the plant. Control and Instrumentation systems are analized under that perspective.A
joinned team of operation and engineering steif is
working in the project.
2.Э.Abnormal Events Operating Procedures:
The Abnormal Events Operating Procedures for Embalse
N.P.P. are under review and new ones are being issued.
Again,the work is a joinned work between operation and
engineering staff.
The first drafts of the procedures are written by people
with high experience in operation. The revision of them
are made by engineering people wich simulates the incidents including the operator actions as it is indicated
in the operating procedure. The behaviour of différents
phisical process'variables are analized. A meeting takes
place to discuss the results and a revised procedure is
issued. The final procedure is checked in a full scope
simulator in Canada.
Principles Simulator:
A basic principles simulator for the Embalse N.P.P. was
developed and is now operating in the plant.
The simulation is reduced to only one loop primary system
with one pass through the reactor.lt includes in detail
the mass balance and pressure control
system, the steam
generator, the steam and feedwater systems with boiler
pressure and level controls.
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No large breaks are allowed to simulate and it is
developed in a modular way.
The hardware is based on personal computers connected to
a local area
network. The purpose of that simulator is
to understand and discuss with operators the true
phisics of the transients looking at variables that normally
are not available in the control room.
A simulator similar to the one developed for Embalse is
now prcpossed for Atucha I.
2.5.Safety Parameter Monitoring System
Presently in Embalse N.P.P. there is an analog display
system to show the safety variables in small devices and
the process and control variables are displayed through a
computarized monitor system.
A new computerized monitoring system for safety variables
completely independent from the process computer
will
be installed during the next programmed shutdown. It
consists of two separate data acquisition system, one
for each safety system connected to an industrial personal computer with a 20" color monitor and a printer. The
sample period will be 100 msec to be able to catch fast
transients.
The display will use mimics, trends and graphics.
Safety variables, safety margins and alarm conditions
will be on display.
A fast post morten file will allow to analyze the variables of the safety system that now are not registered on
the computer.
The monitor system is added to the present display
system, it does not replace it,and spetial care has been
taken to avoid any problem in the monitor system that
could affect the present display and safety system.
2.6.Diesel Generator Start up Support System;
The start up of the Diesel Generators involves a large
amount of logic and conditioning signals.
If a failure happens the operator will take
time to
realize were the problem was. But the Diesel Generators
have to be in operation as soon as possible, then, any
delay is very significant.
The system under development employs a data acquisition
and a PC which operates a copy of the start up logic,
the data acquisition acquires information from the conditioning signals. When start up fails the system displays
the place of the logic in which the failure happens and
which are the signals involved. Flow graphics and circuit
diagrams are displayed with colored indications of the
failure.
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2.7.Failed

fuel detector system:

The spare parts of the present system become unavailable
and it leads to a maintenance problem
that has to be
solved.
A new design of Embalse fuel detector system is under
development to replace the old one. The new system will
also have a better layout to alloow to operate in a less
hostile environment.
2.8.Cooperation with the IAEA activity proqramm on
Support System of NPP.

Operator

It has been made a joinned team of operation and engineering staff to cooperate with the program in order to
evaluate the specification that an operator support system has to have to be useful to be applied in the plants.
2.9 Monitoring Diagnostics
An on line monitoring and diagnostic system based in
neutron noise is operating
in Atucha I Power Plant for
surveillance of the reactor's internals components.
In core detectors and ion chambers are used for that
purpose. The system employs a computer wich calculates on
line the noise spectrum of the neutron signals.
Data are also stored for off line analysis.
3.- Conclusions;
Our experience in the operation shows that once the bugs
of the design has been cleared, the increase in safety
and availability is obteined through the improvement of
the man-machine interface. Obsolescence has to be faced
step by step rather than solved at once in order to avoid
changes that, by itself, could afect the operation of the
plant .
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