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FOREWORD

One of the dominant aspects of improvements in nuclear power plant
operation is now the very high speed in the development and introduction of
computer technology which brings continuous changes into the design of
plant instrumentation, control and safety systems. These rapid
developments fundamentally changing control and instrumentation concepts
and technology took place within 20 years and are continuing. There are
growing demands for high reliability and improved cost-performance of
measurements and control equipment used to achieve a higher level of
safety, availability and economy in nuclear power plants. To meet these
demands, extensive efforts are being undertaken in many countries by
designers, manufacturers, utilities and operating staff of NPP to utilize
last innovations in electronics, computer technology and operating
experience.

The International Working Group on Nuclear Power Plant Control and
Instrumentation (IWG-NPPCI) was established in 1970, the objectives of the
Group are:

To assist the IAEA to provide the Member States with information
and recommendations on technical aspects of the nuclear power
plant control and instrumentation with the aim to assure their
reliable functions.

- To promote an exchange of information on national programmes,
new developments and experience from operating nuclear power
plants, and to stimulate the co-ordination of research on
nuclear power plant control and instrumentation.

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 following topics are given as examples:

- instrumentation design and qualification
instrumentation for accidental situations
control systems design and qualification
electrical power supply
signal processing systems and components
distributed microprocessor systems

- hardware and software reliability of computers and processors
man-machine interface

- automation and manual control
- control room design

operator support systems
- maintenance support systems
- training simulators

operation, maintenance and repair of instrumentation and control
ongoing qualification of electrical and electronic equipment.



I I

The meeting of the 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 IAEA Headquarters in Vienna and was
attended by twenty four national delegates and observers from 19
countries. The present volume contains: (1) report on the meeting of the
IWG-NPPCI, Vienna, 6 to 8 Hay 1991, (2) report of the scientific secretary
on the major activities of IAEA during 1989-91 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

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 1989 and receive recommendations for further activities in the area
during the period 1992 to 1994.

The meeting was held at the IAEA Headquarters in Vienna and was attended
by 24 national delegates and observers from 19 countries.

The meeting was opened by the Director of the Division of Nuclear Power,
Mr. P. Dastidar, who made introductory remarks and briefed the participants on
the activities related to the I&C area within the Division of Nuclear Power.
He emphasized the role of the group in achieving safe and reliable operation
of nuclear power plants.

II Review of the IWG-NPPCI Activities Performed During the Past Two Years

1. The Scientific Secretary of the Group, Mr. A. Kossilov presented a report
on the major activities of the IAEA during 1989 to 1991 in the NPPCI
area. Short summaries were made on the specialists' meetings organized
in the framework of the IWG-NPPCI, International Symposium on Balancing
Automation and Human Action in Nuclear Power Plants, meetings organized
with the co-operation of IAEA, and other projects with the collaboration
of the IWG-NPPCI.

2. Representatives of other divisions of the Agency briefed participants
about their vork related to the activities of the IWG-NPPCI. Mr. M.
Dusic from NENS described the scope of activités of the Safety Assessment
Section in assessment techniques, operational experience feedback and
comparative risk assessment.

Mr. B. Tomic also from NENS drew the attention of the participants to
the project on "Safety aspects of early failure detection systems" which
is implemented in co-operation with NENP.

Mr. J. Kupitz, Head of Nuclear Power Technology Development Section,
NENP, informed participants about the IAEA activities in the area of
development of advanced reactor systems.

3. 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 technical
discussions on specific points raised.

Ill IWG-NPPCI Activities in 1991

1. Mr. Kossilov informed participants about preparations of the Specialists'
Meeting on "Training Simulators for Safe Operation in Nuclear Power
Plants", Balatonfüred, Hungary, 24 to 27 September 1991. Considering the
number of submitted papers and the number of pre-registered participants
the meeting promises to be successful.



The Specialists' Meeting on "Experience in I&C Ageing Effects and
Maintenance Procedures" will be held in India from 20 to 22 November
1991. This meeting was proposed at the IWG-NPPCI meeting in May 1989.
It was planned to organize the meeting in Sweden. Unfortunately the
proposal did not receive a positive response from the Swedish
Authorities. The contacts with Mr. Ch. Surendar, the representative from
India to the IWG-NPPCI, indicated that India would be interested in
hosting the above-mentioned meeting in 1991. At the present time the
invitation letters have been distributed through the Member States.

Two meetings are being organized jointly by OECD/NEA and IAEA;
International Symposium on "Nuclear Reactor Surveillance and Diagnostics
(SMOEN-VI)", 19 to 24 May 1991, Gatlingburg, USA and Specialists' Meeting
on "In-core Instrumentation and Reactor Core Assessment", 1 to 4 October
1991, Pittsburgh, USA.

Following the recommendations of the IWG-NPPCI meeting the Advisory Group
Meeting on "Use of Computers in Design, Operation and Maintenance of
Nuclear Power Plants" will be held in Vienna from 17 to 21 June 1991. It
is expected that the meeting will review the existing situation and
future prospects in the use of computers in design, operation and
maintenance of NPPs and recommend to the IAEA further actions in
assisting the Member States in the subject area.

IV Proposals for Specialists' Meeting in 1992 to 1994

1. The Specialists' Meeting on "Design of Operating Procedures and their
Presentation" was proposed at the previous IWG-NPPCI meeting for 1992.
Mr. Goodings kindly agreed at that time to look into the possibility of
hosting the meeting in the United Kingdom. Unfortunately this proposal
did not receive a positive response from the British Authorities. The
participants agreed to clarify the situation for the meeting place and
date in their countries.

2. Mr. Lepp informed participants that Canada would be interested to host
the Specialists' Meeting on "Techniques to Improve Software Quality
Assurance and Validation for Nuclear Power Plant Instrumentation and
Control Systems" in 1992. It was recommended to accept the invitation of
Canada. Mr. Lepp proposed also a possible date for the meeting,
September 1991.

3. Mr. Kondratiev suggested the topic "Operator Support Systems in Nuclear
Power Plants" for a Specialists' Meeting in Moscow. He also informed
participants that the Research and Development Institute of Power
Engineering, Moscow would also offer to organize a workshop with
demonstrations of software for computerized operator support systems.

4. Mr. Kossilov reminded the participants about the recommendation made at
Via last IWG-NPPCI meeting to organize in 1991 a Specialists' Meeting on
"Soaicaring of Ageing Effects in HPPs in co-operation with the
international Working Group on Life Management of Nuclear Power Plants
4H'(i-LMNPP). It was suggested to postpone the meeting to 1992.

5. The topic "Advances in Nuclear Instrumentation and Radiation
Instrumentation" was suggested at the last IWG-NPPCI meeting without
indication of the dates and prospective host country. Mr. Furet informed
participants that Fiance would be interested to host this Specialists'



Meeting in September/October 1993. It was suggested also to organize at
the same time the next IWG-NPPCI meeting in order to reduce the travel
time for representatives of the IWG-HPPCI.

6. Mr. Vahlstroem proposed the Specialists' Meeting on "Computerized Tools
for Control and Instrumentation Design" and promised to clarify the
possiblility of hosting the meeting in Finland in 1994.

After careful consideration of all proposals made, the following time
schedule for Specialists' Meetings was suggested:

1992

1. Monitoring of Ageing Effects in Nuclear Power Plants (in co-operation
with the International Working Group on Life Management of Nuclear Power
Plants).

2. Techniques to improve software quality assurance and validation for
nuclear power plant instrumentation and control systems. Canada,
September 1992.

3. Operating procedures and their presentation.

1993

1. Operator Support Systems in Nuclear Power Plants (SPM/Workshop) USSR,
Moscow, May 1993.

2. Advances in Nuclear Instrumentation and Radiation Instrumentation,
France, September/October 1993.

1994

1. Computerized Tools for Nuclear Power Plant Control and Instrumentation
Design, Finland.

2. Artificial Intelligence and Expert Systems in Nuclear Power Plant Control
Rooms. (New control rooms and backfitting).

3. Instrumentation and Control Equipment for Monitoring Post-accident
Situations.

4. Diagnosis Systems in NPPs.

The following topics were suggested without indication of dates and
prospective host country:

1. State of the Sort of Computerized Data Processing Devices.

2. Design and Verification Methods of Instrumentation and Control Systems.

3. Distributed Control Systems in Nuclear Power Plant.

4. Use of Computers During the Complete Plant Life Cycle.

5. Control Centre Design and Operation.

6. Artificial Intelligence as an Important Tool for Diagnosis and
Maintenance.



7. Advanced Information Methods and Artificial Intelligence in Future
Control Rooms.

V Proposal for a Symposium

After a long discussion and careful consideration of all proposals made
the participants suggested the topic "Backfitting of Instrumentation and
Control Systems in Nuclear Power Plants" for a Symposium in 1993-1994.

The Symposium is intended to discuss the technical and economical aspects
of IfitC backfitting, the procedures practiced or envisaged, the role of
backfitting for upgrading the plants, 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 aafety and availability.

It was also suggested to include the problem of I&C backfitting for
research reactors to the scope of the Symposium.

VI Proposals for publications

It was suggested and agreed to recommend to the Agency to prepare the
following publications:

Guidebook on Nuclear Power Plant Instrumentation and Control.

Guidelines for Validation, Verification and Licensing of C&I
Related Software (as a TECDOC).

Computerized Control Systems in NPPs (as a TECDOC).

VII Co-ordinated Research Programme

1. Following recommendations made at the Specialists' Meetings in Helsinki
and Lyon to organize a Co-ordinated Research Programme (CRP) on "Operator
Support Systems in Nuclear Power Plants", the report on the subject was
prepared in November 1990 and discussed at the meeting.

The IWG-NPPCI meeting recognized that a CRP on "Operator Support Systems
in NPPs" would be very useful for promoting a new technology on the
control and operation of NPPs. It was suggested by the IWG-NPPCI that
the proposed CRP would be to focus its efforts on various aspects of whom
the users of operator support systems are, what their needs are and what
the benefits of operator systems would be.

2. Messrs. R. Lepp, J. Furet, V. Kondratiev, W. Bastl and J. Hashmi
suggested to consider the possibility to organize a CRP on "The Use of
Simulators in Non-traditional Areas: Design and Evaluation of the New
Procedures, Backfitting and New Design, Improving a Man-machine
Interface".

VIII Co-operation with OECD/NEA

To faci l i tate a wider representation of non OECD countries, the Agency
accepted the invitation to co-operate in the organization of a Symposium on
"Nuclear Power Plant Instrumentation and Control" to be held 18 to 22 May
1992, Tokyo, Japan.

Mr. Kossilov informed the participants about the preparations of the
Sympoeium and proposed topics. The participants recognized the positive
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experience of co-operation between the IAEA and the OECD/HEA in nuclear power
plant I&C area.

IX Conclusions and Recommendations

1. Mr. Goodings drew attention to the co-operation with the IEC Committee 45
"Nuclear Instrumentation". He informed the participants about the
preparation by the Sub-Committee 45A "Reactor Instrumentation" a new
international standard on "The Classification of Instrumentation and
Control Systems Important to Safety for Nuclear Power Plant".

After a discussion of the proposal made by Mr. van der Pias to prepare a
TECDOC on Qualification and Certification of NPP I&C Systems, it was suggested
to recommend to IEC this topic for consideration.

2. The participants strongly recommended to avoid a duplication of the
meetings organized by NENP and HENS in the subject area.
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REPORT BY THE SCIENTIFIC SECRETARY
ON MAJOR IAEA ACTIVITIES DURING 1989-1991

A. Kossilov
Division of Nuclear Power,

International Atomic Energy Agency,
Vienna

I. Symposium

The major event in the I&C area was the IAEA/OECD/NEA International

Symposium on "Balancing Automation and Human Action in Nuclear Power Plants",

which was held in Munich, Germany, from 9 to 13 July 1990.

The Symposium was organized jointly by two divisions of the IAEA: The

Division of Nuclear Power and the Division of Nuclear Safety, in co-operation

with OECD Nuclear Energy Agency and Gesellschaft fiir Reaktorsicherheit (GRS),

Garching, Germany. Members of the IWG-NPPCI made their suggestions on the

scientific scope of the conference and facilitated good participation in it. I

would like to especially emphasize the role of Mr. Bastl who chaired the paper

selection committee and took active part in the work of the symposium.

Around 150 participants from 28 countries and four international

organizations attended the symposium and presented 56 papers.

The purpose of the symposium was to provide an opportunity to:

- consider the present situation relating to the balance between

automation and human control;

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 objective criteria;

discuss future trends.

The possible areas for international co-operation were also discussed.

13
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The technical part of the meeting was subdivided into eight sessions:

1. Invited papers

2. Conception and achievements in automation

3. Safty implication of automation

4,5 Computerized operator support

6. Иап-machine interaction

7. Human factor consideration in automation

8. Accident management in automation

The poster session vas also organized. On 12 July 1990, a panel

discussion was held.

The facilities and organizational support provided by the Bavarian

government including the arrangements for poster session were excellent. The

level of the presentations was generally high and high quality visual aids

were used. This resulted in a continuously high interest as proved by the good

attendance of all sessions including the poster sessions.

An important keynote paper presented at the symposium reviewed the work

of a special advisory group, set up by the IAEA in 1989, that has proposed a

general methodology for arriving at the correct balance of automation and

human action.

Conclusions of the conference can be briefly summarized, as follows:

1. In the development of nuclear power plants throughout the world there has

been an increasing trend towards the use of automation. However, several

special features of nudrar power plants require that increased attention

be paid to important factors relevant to automation.

These factors include:

- the need to achieve and maintain high levels of safety and

reliability,

14
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the need to increase power production reliability,

- the need to control plant operations (including maintenance) with

increasing optimization in order to improve plant performance and

plant life,

- increases in plant size and complexity and hence capital investment,

which require increased levels of protection and assurance,

- requirements in monitoring and instrumentation technology, which

generate increased amounts of data and the consequent need to

process and handle this information.

2. The symposium has shown that control room development, including

automation and use of support systems, takes place in most of the nuclear

community. Comparing the various approaches, one also finds considerable

differences in the approaches followed in the various countries. One

reason for this is the lack of basic knowledge on man-machine interface

design and operators performance together with support systems. In which

situations would the operator have most benefit of computerized support?

How should the interface be designed optimally? Can the support systems

be designed to increase the operators knowledge about the process and

ability to act correctly? Theory does not give answers to these

questions. Systematic experimental man-machine studies are required,

preferably coupled to realistic simulators. This activity will be a great

challenge in the future for research organizations in many countries.

3. Introduction of computerized operator support systems, functioning as

"soft automation", constitutes an alternative to the normal closed-loop

automation. An important task will be to find the right balance between

the two approaches. In principle, operator support systems may assist the

operator in all his tasks. The challenge is to design the systems, and

especially the man-machine interface, such that support systems guide and

assist the operator, but at the same time inspire the operator to utilize

his own expertize as much as possible. If this can be done, it means that

the operator will play a very central role in the future control rooms,

avoiding being reduced to a passive observer.

4. Extensive use of operator support systems means that there is no clear

separation between the operators tasks and the automatics (in a wide

15



sense). On the contrary, most tasks (detection, diagnosis, action

implementation) should be made by the operator and his support systems

constituting one closely coupled unit.

The panel discussion surfaced the fact that there is no uniform thinking

among the control and instrumentation community on the nature and extent

of automation to be introduced in direct plant automation. Some desired

to be cautious on the nature of support information to be processed and

fed to operators. Therefore, it is concluded that there have to be

periodic discussions through symposia on this topic in order to monitor

the evolutions.

The following topics were considered important for future IAEA meetings:

- use of Computer During the Complete Plant Lifecycle

- Control Centre Design and Operation

Operator Support Systems

Expert Systems in NPP.

II. Specialists' Meetings

A series of Specialists' Meetings organized during 1989 and 1990 covered

a broad range of questions on I&C including those which are very topical these

days: early failure detection and diagnosis, human factor engineering,

artificial intelligence, man-machine interface, communication and data

transfer, use of digital control, use of operational experience, application

of reliability calculation methods. 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.

1.
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The IAEA Specia l i s ts ' Meeting on "Earlv Failure Detection and Diagnosis

in Nuclear Power PlantB — Sygt-.pins and Operational Experience" took place

in Dresden from 20 to 22 June 1989. The meeting was hosted by the Central

Ins t i tu te of Nuclear Research of the Academy of Science of GDE in

Kossendorf. Seventy participants from 15 countries and one international

organization attended the meeting and presented 31 papers.



The purpose of the meeting was to provide an opportunity to consider in

detail the advantages and disadvantages of different methods of early

failure detection, based on stochastical and deterministic approaches,

and to discuss the practical experiences gained on the different methods

and their common features as well as their combined application.

On 22 June, afternoon, a technical visit to the Central Institute of

Nuclear Research in Rossendorf was organized. The programme of this visit

included several demonstrations of expert systems, designed for express

failure analysis at HPP.

The major conclusions that were drawn from the Meeting can be briefly

described, as follows:

- Early failure detection and diagnosis in RFPs is considered as an

area where significant improvements can be made towards higher

safety and better performance of nuclear power plants. This is

certainly due to the fact that knowing about plant deficiencies

already in the status nascendi provides the maximum time for

adequate countermeasures.

- Inspite of the fact that the original intention vas to discuss at

the meeting different approaches to early failure detection,

including both stochastical and deterministic approaches, much more

emphasis was put on the use of reactor noise methods. The

specialists' meeting showed that noise analysis was continuing to

gain increasing importance for practical application in process,

system and component monitoring. The basic idea of noise analysis,

to make use of the inherent material fluctuations of process signals

as a new information source, is still a rich soil for exploring new

techniques to enhance the transparency of complex processes and

systems behaviour and thus improve operability and safety. Important

progress has been achieved with the introduction of techniques like

loose parts monitoring or vibration monitoring. The importance of

these methods has to be seen in the light of inaccessibility of a

considerable porjtion of the components during operation and the

radiation of the inspection and repair personnel during shutdown of

the plant. Industrial application of vibration monitoring, loose

parts monitoring and partly leakage monitoring are well established

and accepted by users.

17



Since reactor noise technique is getting more involved in a problem

of NPP diagnostics, which is definitely an area of IWG-NPPCI, more

close co-operation and co-ordination of activities is needed between

IAEA and NEA.

Regarding the problem of exchange of experience in application of

reactor noise methods, it was recommended that the Agency would

consider the opportunity to organize a sort of data base,

accumulating in a systematic way cases when noise technique was

successfully applied to NPP diagnostics. It seems, however, that

this proposal needs careful investigation because great difficulties

exist in making the data applicable to different nuclear power

plants.

It was recommended that the IAEA take an initiative in preparing

technical publication on the use of different methods for early

failure detection in HPP.

- The rapid developments in computer technology and their introduction

in I&C systems established strong links between diagnostic

instrumentation as itself and computerized systems for trend

analysis and predective maintenance policies. In this connection the

IWG-NPPCI specialists' meeting on "Artificial Intelligence in

Nuclear Power Plants", 10-12 October 1989, Helsinki, provided

together with the meeting in Dresden a systematic approach to the

problem of early failure detection, since a tremendous interest

exists in the application of artificial intelligence methods to the

analysis of data on early failure detection.

2. The Specialists' Meeting on "Artificial Intelligence in Nuclear Power

Plants" was held in Helsinki from 10 to 12 October 1989. The meeting was

hosted by the Technical Research Centre of Finland (VTT), Imatran Voima

Oy (IVO) and Teollisuuden Voima Oy (TVO). Йоге than one hundred

participants from 17 countries and the Nuclear Energy Agency attended the

meeting and presented 52 papers.

18

The purpose of the meeting was to provide an opportunity to review and

discuss the recent progress made in the development, design and

manufacturing of the systems with an artificial intelligence, and to

share experience with prototype and full-blown expert systems.



Participants were also encouraged to look into the longer-term future and

into areas not yet considered.

The technical part of the meeting va subdivided into six sessions:

1. Opening session (Design criteria and experience for intelligent

interfaces)

2. Operator support systems I

3. Operator support systems II

4. AI support of the design process

5. Methods and tools for AI systems

6. Closing sessicn (Information technology for different applications)

At the end of the meeting, a general discussion was held.

On 13 October a technical visit to Loviisa Nuclear Power Plant was

organized. The programme of this visit included introduction to the

Loviisa NPP, introduction to the plant computer systems, excursion to the

power plant and demonstration of the training simulator.

Conclusions and recommendations:

Artificial Intelligence (AI) and operator support systems in NPP are

considered important for improved operational safety and performance

of NPP.

The presented papers showed a wide range of AI technique

applications in various steps of the design process including design

qualification, system validation, and reliability/safety assessment.

Their merit is particularly significant when a large amount of data

describing complex systems or processes have to be handled.

Since the AI systems are Just as good as their knowledge base, a

consistent and comprehensive base (dependent on the envisaged

application) is necessary. Methods and procedures have been

19



suggested to assist in building up these bases even for complex

systems. Nodule techniques and well defined rules for combining

these modules to systems have been suggested.

Verification and validation of AI systems were the main issues in

nearly all the presented papers. It became quite clear that

industrial applicaiblity is heavily dependent on the possibility to

provide adequate verification and validation at reasonable costs.

Since not all countries have adéquat resources for research work in

the field of AI, it was suggested that the IAEA could provide great

service by co-ordinating information on the topic. The organization

of conferences and Technical Committees to analyze and summarize the

state of the art, and publication of specialized documents would be

of significant assistence to Member States. These activities would

also help reduce duplication of efforts by Member States.

It was recommended that the Agency considers the opportunity to

promote the development of a "standard" plant model for the testing

of expert systems, and the establishment of benchmark tests for the

development of new expert systems. It seems, however, that this

proposal needs careful investigation because of the difficulties in

making a "standard" plant model applicable to different nuclear

power plants.

The following topics were considered important subjects for future

IAEA meetings on HPP control and instrumentation:

- AI and Expert Systems (in 2 or 3 years)

- AI as an important tool for diagnosis and maintenance

- Advanced information methods and AI in future control rooms

3.
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The Specialists' Meeting on "Communication and Data Transfer in Nuclear

Power Plant" was organized in co-operation with Electricité de France

(EdF-SEPTEH), Commissariat à l'Energie Atomique (LETI-DEIN) and

FRAMATOME, and was held in Lyon from 24 to 26 April 1990. Sixtythree

participants from 20 countries and the IAEA attended the meeting and

contributed with 27 papers.



the meeting promises to be successful.

The technical part of the meeting was subdivided into five sessions:

1., 2., Process control and supervision applications (new plants and

retrofits).

2. Communication and design aspects.

4. Hardware and software qualification and standardization.

5. High reliable architectures.

Participants appreciated an opportunity to visit the EdF Bugey nuclear

power plant and simulation training center. The programme of this visit

included introduction to the Bugey ЯРР, excursion to the power plant and

demonstration of the training simulator.

Conclusions and recommendations:

о Distributed control systems, communication and data transfer in NPPs

are considered as an area where significant improvement could be

made in operational safety and performance of nuclear power plants.

The meeting in Lyon indicated that some countries consider

distributed control systems as an important technology development

and effective aid for HPP operations.

о The presented papers showed a wide range of process control and

supervision applications in various steps of the NPP operation and

management including on-power fuel handling and radioactive disposal.

о During the specialists' meeting the design concepts of the

distributed control systems and the system architectures were

discussed.

It has been recognized that over the past fifteen years

microprocessor technology has dramatically increased in capability.

Today it is the technology of choice in the implementation of most

control systems. Any contemporary approach to instrumentation and

control (I&C) design for nuclear power stations must recognize the

current status of digital technology and the rapid technology

evolution.
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indication of the dates and prospective host country. Mr. Furet informed
participants that France would be interested to host this Specialists'

A key attribute of microprocessor technology that has resulted in

its broad application is the ability to organize it into distributed

digital processing architectures. Distributed processing requires

communication and data transfer among the distributed processing

elements.

In France a line of automatic control equipment called CONTROBLOC

P20 for control and instrumentation system of all standaridzed 1300

MW class PWR HPPs was developed.

These systems have given full satisfaction since the startup of the

first 1300 MW PWR units at the Paluel site. In view of this

performance, EdF has awarded CGEE Alsthom an engineering contract to

adopt this equipment for use in 1400 MW class and 1500 MW class

standardized PWS plant units.

It was suggested that the IAEA considers the opportunity to organize

a co-ordinated research programme "Operator Support Systems in NPPs".

The following topics were considered important for future IAEA

meetings on NPP control and instrumentation:

- Distributed Control Systems (in 2 or 3 years)

- Operator Support Systems

- Real time computing software in NPP.

4. The Specialists' Meeting on "Analysis and Experience in Control and

Instrumentation as a Decision Tool" was orgnaized in co-operation with

the Directoraat Generaal van de Arbeid/KFD (Nuclear Safety Department in

the Netherlands) and H.V. tot Keuring van Electrotechnische Materialen

(N.V. KEMA) and was held in Arnhem, The Netherlands, from 16 to

19 October 1990. Forty-seven participants from thirteen countries and the

IAEA attended the meeting and presented seventeen papers.

The purpose of the meeting was to provide an opportunity to:

exchange experience with the application of reliability calculation

methods and their use as decision tools to select I&C for nuclear

power plants,
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6. Artificial Intelligence as an Important Tool for Diagnosis and
Maintenance.

to discuss the value of these methods relative to deterministic

design requirements.

The technical part of the meeting vas subdivided into five sessions:

1. Opening session

2. Probabilistic reliability analysis and calculation methods

3. Applications and experience

4. Basic approaches and development trends

5. Software tools development

Two technical visits to the N.V. KEMA laboratories and to the HPP BUR

Dodewaard were organized. The programme of the visit to Dodewaard

included introduction to the NPP, excursion to the power plant and

control room and demonstration of the training simulator.

The major conclusions that were drawn from the meeting can be briefly

described, as follows:

о For the design of safety-related I&C and electrical systems,

deterministic rules and guidelines are available, which lead to the

application of methods such as redundancy and functional and

physical separation.

Probabilistic methods can be seen as counterparts of deterministic

design methods. Without any discussion about the value of

deterministics rules, it can be postulated that probabilistic

methods may be very useful to system designers. I&C architectures

may show considerable redundancy and ramification, which opens the

way to different design options. With the help of probabilistic

methods, designers are able to select solutions which may be

optimzed for reliability and design and operational costs.

о The necessity to develop a kinetic theory in reliability was

stressed. Some earlier attempts were very promising, but they had

never been completed. Although the differential model for equipment
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Mr. Kossilov informed the participants about the preparations of the
Symposium and proposed topics. The participants recognized the positive

10

parameters, presented by Mr. M. Eid from France, is not the final

act in establishing this theory, it is an important step toward it.

Establishing such a theory is not possible without the use of the

recent development in Boolean Algèbre and set theory.

Advances in two technical areas will have a significant impact on

the future operation and control of power plants:

artificial intelligence (AI) techniques may be used to develop

knowledge-based systems with the ability to support technical

decision making in a manner similar to that of human operators;

increases in the processsing capabilities of computers allow for

a "faster than real-time" simulation capable of supporting

on-line, real-time diagnosis of system faults and the prediction

of plant behaviour.

The application of expert system technology to the operation and

control of continuous process facilities is both possible and

useful. This conclusion is based on the following factors:

- from an analysis of the tasks performed by power plant operating

crews, it is evident that there are many knowledge-intensive

power plant operational and control tasks which are appropriate

for the application of expert system technology;

based on the characteristics of selected plant problems and the

architecture proposed for their solution, certain features are

required from an expert system building tool in order to

implement the knowledge-based software;

- it was concluded that there is currently no expert system

building tool which satisfies all these requirements;

nuclear training technology has progressed sufficiently that at

an on-line Plant Analyzer is technically feasible. It will

significantly enhance the capabilties of expert systems by

providing on-line analytical capabilities and will provide such

functions as:
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a. the estimation of values for plant variables not directly

measurable by plant instrumentation,

b. the identification of deviations in plant behaviour,

с assistance in plant fault diagnosis by allowing alternative

hypotheses to be tested.

III. Co-opeiation with OECD/HEA

To facilitate a wider representation of noa-OECD countries, the Agency

accepted the invitation to co-operate in the organization of a Symposium on

"Nuclear Reactor Surveillance and Diagnostics" (SMORN -VI), a Specialists'

Meeting on "In-core Instrumentation and Reactor Core Assessment" and a

Symposium on "Nuclear Power Plant Instrumentation and Control".

Symposium on "Nuclear Reactor Surveillance and Diagnostics" (SMORN - IV),

Khoxville, USA, 19-24 May 1991, is jointly sponsored by the OECD/NEA Committee

on Reactor Physics and the Committee on the Safety of Nuclear Installations.

Previous meetings in this series have demonstrated the importance of reactor

noise analysis techniques, in particular for early anomaly detection. This

symposium will focus on the development of noise analysis, its application and

experience with reference tc nuclear power plants.

At the time being 75 papers from 21 countries are presented in the

programme of the Symposium.

Specialists' Meeting on "In-core Instrumentation and Reactor Core

Assessment", Pittsburg, USA, 1-4 October 1991, is organized by OECD/HEA and

Westinghouse Electric Corporation in co-operation with the IAEA International

Working Group on Nuclear Power Plant Control and Instrumentation. The

technical part of the meeting will be subdivided into six sessions:

Radiation sensors, self-powered neutron detectors

Safety analysis methods

Reactor instrumentation systems, signal validation, transmission and

processing

Other measurements

- Core monitoring, control and protection

Core performance assessment
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Symposium on "Nuclear Powr Plant Instrumentation and Control". 18-22 May

1992, Tokyo, will focus on the development of human-machine interaction,

advanced information and control systems, protection and safety related

systems, their application and experience with reference to nuclear power

plants. The following topics were suggested for the "Call for Papers":

1. Operating experience

incidents involving I&C

- lessons learned

- good practices

2. Automation

- advanced information systems
- advanced control systems
- advanced measurement techniques

3. Human-machine interaction

- control room design

- degree of automatic and manual control

4. Protection and safety related systems

- computer based systems

- accident management I&C

- new design concepts and approaches

5. Licensing and regulatory practices

- approaches and new technolgy
upgrading requirements

- risk assessment

safety-related classification

6. Qualification, performance and reliabil ity

V & V techniques

environmental and seismic qualification, on-going and
re-qualification
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- routine testing, surveillance, maintenance and returning

equipment to service

ageing and life extension

IV. Control Rooms and Han-Machine Interface in Nuclear Power Plants

In March 1987, the Agency started a project on preparing a Review Eeport

on "Control Rooms and Man-Machine Interface in Huclear Power Plants". Our

colleague, Mr. Furet, as a contractor of the Agency, visited more than 20

nuclear power plants, research institutes and governmental organizations in 10

countries, and collected the latest information about the current status and

future trends in control room design.

The Review Report was published in 1990 as the IAEA-TECDOC-565.

This document summarized the steps which have been taken and are being

planned around the world to improve the man-machine for safe and economic

power generation. It intends to present to the reader useful examples on some

selected control room design and man-machine interface practices for operation

and surveillance of nuclear power plants.

V. Balance Between Automation and Human Actions in HPP Operation

Following a recommendation made at the IWG-HPPCI meeting in 1987, an

Advisory Group Meeting on "The Balance Between Automation and Human Actions in

HPP Operation" was organized in April 1989. The participants recommended to

publish an IAEA Technical Document on the subject and prepared for this

purpose an extended outline of the document.

With the participation of experts from Canada, France, Germany, Japan,

Sweden, UK, USA and USSR, the final version of a technical document was

prepared. Special thanks ere due to Mr. J. Jenkinson of Ruclear Electric pis.,

UK, who compiled and edited the document from contributions provided by the

working group members. The methodology for arriving at the correct balance of

automation and human actions proposed by the working group was presented at

the Symposium on "Balancing Automation and Human Actions in Nuclear Power

Plants", Munich, Germany, 9-13 July 1990. Some of the underlying principles

proposed by the group are as follows:
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о Human cognitive strengths should be fully exploited by the designer -

there are some things that people do better than machines.

о Automation should be used to protect society from the fallibility and

variability of humans - this requires a detailed task analysis. Areas of

risk should be automated if this is practical, feasible, and

cost-effective.

о Automation should start with the most prescriptive procedural functions

first. Those manual functions that are memorized or performed

prescriptively by detailed procedures should be automated whenever

possible.

о Automation should be used to reduce human cognitive overload. Information

overload can occur from high information rates, competing tasks, or task

complexity. Automation should be designed to relieve the human part of

the problem, but wholesale automation in such cases may not be at all

appropriate.

о If possibel, tasks that have been allocated to automation should not be

designed to return to humans when the automation fails - in general,

humans do not act effectively as a backup to a machine.

о The correct process of balancing human and machine performance should

become an institutionalized part of system design.

We plan to submit the technical document for publication in June 1991.

VI. Use of Simulators for Training and Maintaining Competence

In Hay 1989, the Agency started a project on the preparation of a

technical document on "Use of Simulators for Training and Maintaining

Competence".

The use of simulators for training and maintaining the competence of

operating staff in nuclear powr plants has become increasingly important since

it was recognized that, because of the high availability of modern nuclear

plants, it was impossible to train operators and retrain authorized staff on

actual operating plants. The need was further enhanced by analysis of operator

errors leading to accidents such as Three Mile Island and Chernobyl. Simulator
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training is becoming standard throughout the world, nevertheless for countries

desiring to build their first simulator training facilities or improve

existing facilities there is a need for advance on how to proceed.

The technical document is the result of a series of Consultants' Meetings

held by the IAEA initially in Essen, Germany, from 28 May to 2 June 1989, and

subsequently in Vienna from 26 to 29 March 1990 and 8 to 12 October 1990.

Ten countries were represented at the initial meeting in May 1989 and 5

countries in the subsequent meetings. The agreed goal of the meetings was to

destil the experience of the advisory group to give advance on the full range

of activities required to set up a simulator training facility. This included

definition of the requirements for simulator training, determination of

simulator training concepts and siting, procurement of the simulator, training

and qualification of instructors and maintenance staff and uses of the

simulator for purposes other than training.

The guidance is intended mainly for countries or utilities considering

setting up a simulator training facility for the first time, but should also

be of use for organisations with previous experience. Examples of current

practices in various contributing organizations are presented in the

Appendices to the Guidebook.

Mr. Hoffmann, Germany, compiled and edited the document from

contributions provided by the working group members. The document was

submitted for publication in March and it will be published still this year.

VII. The Guidelines for Control Room Design

The importance of man-machine interface for ensuring safe and reliable

operation of nuclear power plants has always been recognized. Since the early

1970's, the concepts of operator support and human factors have been

increasingly used to better define the role of control rooms. The lessons

learned from experience considerably accelerated the development of

recommendations and regulatory requirements governing the resources and data

available to operators in nuclear power plant control rooms, and specified the

expertise required to assist them in case of need.
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At the last IWG-NPPCI meeting, it was unanimously recognized that a

technical document comprising information on control room design and putting

emphasis on the improvement of man-machine interface, would be a very useful

document.

With this aim the Agency organized the Advisory Group Meeting on "The

Guidelines for Control Room Design", which took place in Vienna in March 1991.

The AGM recommended that the IAEA should prepare a publication in a form

of a technical document on "The Guidelines for Control Room Design". This

technical document will:

- provide the background of the present status by showing typical

solutions adopted in various countries

- highlight the viewpoints and conditions which influence the derision

making process and aim at providing a guidance for own decisions on

the control room design for NPFs. In addition areas should be

addressed where further developments are needed and future trends in

DPP control discussed.

For that purpose an extended outline of a technical document was prepared

which defines the structure and content of the envisaged document. All aspects

of NPP control room design were discussed.

The meeting suggested that the TECDOC should be distributed to all

nuclear utilities in Member States as well as to main design orgnizations.

We plan to submit this technical document for publication in 1992.

VIII. Operator Support Systems in NPPs

Following recommendations made at the Specialists' Meetings in Helsinki

and Lyon, a Consultants' Meeting to assist in preparing a Co-ordinated

Sesearch Programme on "Operator Support Systems in Nuclear Power Plants" was

organized by the IAEA in November 1990.

The scope and timetable of possible Co-ordinated Research Programmes in

the area were defined. The consultants from Germany, Finland, Norway, USA and

USSR also prepared a report on the subject.
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It was recognized that a great deal of work, over the last twenty-five

years in the world-wide nuclear power industry has focused upon developing

various tools, job performance aids or operator support systems for achieving

better productivity and improved reliability from the ability work force. It

was the intent of this consultancy to suggest a series of co-ordinated

research programmes aimed at summarizing the existing world-wide technology

available to those utilities that are seeking to improve their plant's power

production performance.

The committee recognized that the general area of operator support

systems covers a wide range of possible implementaion technologies, but that

in recent years the productive advances in realizing such systems has been

made by using the technology of digital computers.

The following liât of proposed CEPs were grouped into four fundamental

categories. These categories are:

I. Proposed CEPs that address various aspects of who the users are and

what their needs are.

II Proposed CEPs that address the various aspects of what operator

support systems (OSS) cost and how to determine their benefits.

III Proposed CEPs that would use IAEA facilities and capabilities to

facilitate the distribution of OSS technology to the world-vide body

of potential users.

IV Proposed CEPs that would facilitate and be companion CBPs to those

noted in II above, by encouraging the summarization of OSS

technology in a form that could be captured by and accessed through

an IAEA sponsored and maintained computerized OSS data base.

On-line and off-line applications of operator support systems were

defined.

It is expected that a proposal for CRP "Operator Support Systems in HPPs"

will be prepared on the basis of the above mentioned consultants' report after

discussion at our meeting.
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NUCLEAR TOWER PLANT CONTROL AND
INSTRUMENTATION ACTIVITIES
IN ARGENTINA DURING 1989-1991

J.R. LORENZETTI
Comisión Nacional de Energia Atômica,
Buenos Aires, Argentina

Abstract

A brief resume of the activities in the different areas of
control and instrumentation is included.
As there was a delay in the construction of the new power plant
most of the effort were dedicated to the plants that they are in
operation.
Tt has been added instrumentation to have better information in
the control room and to check new variables of the plant
according with the experience learned from the operation.
It was dedicated special strengh in the areas of training
simulators and in service inspection.
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1. - THE STATUS SE NUCLEAR POWER JN THE COUNTRY

In Argentina we have two plants in operation and one under
construction.

Atucha I, now at full power, has had a long outage due to
some breakages in the reactor internals.

Embalse Power Plant has been working mostly at 100% of its
power these two years.

The plant under construction, Atucha II, has been delayed in
its schedule because of some shortage in budged.

The fourth power plant, that according with the nuclear plan
has to be now under construction, is postpossed.

2.- THE ACTIVITIES OF NPPCI DURING THE LAST PERIOD

According with the actual status of the nuclear plants we
dedicated our work specially to improve the operation of
Embalse and to finish the outage of Atucha I that was out of
service from August 1988 until December 1989.

Most of the effort in Embalse was directed to the analysis
of the events that, mming from grid perturbations, could

end with outages or could perturbate the operation of the
plant.
After some analysis the control algorithm implemented in the'
process computer has been modified.
As a result of those changes we increase the performance of
the plant.

The reparation of Atucha I obliged us to develop and
construct some special tools to repair the internals of the
reactor inside the pressure vessel. We must indicate that
the pressure vessel could not opened and the tools had to be
inserted trough the fuel channels.
To be able to start the plant once again, new equipment
needed to be added. The purpose of the new equipment is to
detect fails in the reactor internals.
One of the them is a system that detects some unexpected
vibration in the reactor internals through the analysis of
the neutronic noise. The equipment was ready when the
reactor becames critical and a data bank was created during
the new commissioning of the plant. The data will be used
during the operation.
Another system integrated to the plant is a computer
dedicated to the on line estimation of the energy balance in
the moderator in order to detect any change in the power
transfer from primary to moderator which could indicate a
breakage in the reactor internals.
Every time that the fuel is changed in a channel we meassure
the force necessary for that purpose. A graphic of force
versus lengh is made for each channel and stored in a data
bank. Changes in the force will indicate problems in the
channel.
An upgrade of the process computer system is under
fulfilment.

3.- BEW DEVELOPMENTS

The control room of Atucha I shows changes. There are
personal ' computers with color tubes in wich some variables
are on display.
Mimics and special graphics help the operator with a
clearer indication of the state of the plant.
At this moment the data comunication between 'the process
computer and the display system is slow and accepts only few
variables. There is a proyect to increase the speed of the
system and to allow more variables to be on display. The old
typewriter has been replaced by new line printers operating
on a personal computer system.

In Embalse we are replacing the fuel machine analog
controller for a digital one, based on dedicated computer
system. The new controller replaces the old system with a
more elaborated algorithm that takes care of the differont



34 upset conditions that could happen during the fuel machine
operation. The change was based in the good operational
experience of the process computer in Embalse as a control
device.

k.- TRAINING SIMULATORS

We do not have in our country any full
simulator, but we have agreements to use
training purposes.

scope training
simulators for

A small basic principes simulator for Embalse Power Plant
with a limited scope of malfunctions is under development.
The simulation will operate in one personal computer based
on 386 - 486 microprocessor. Д couple of personal computer
are included in the system, one will do the job of training
console and the other will work as an operator console.

5.- Ш INSPECTION

In service inspection has been a fast growing branch in the
past two years, starting from the equipment to verify the
reactor vessel, it was latter used to teat nozzles.
We added an equipment to test the boiler tubes.
We will locate and reposition the fuel channel spacers that
separate the pressure tube from the calandria tube in
Embalse using a special equipment acquired for that
purpose.

Normally they are dedicated equipments with high degree of
technology and we need to have a team for undesrtand
and mantain such equipments in operation as well as to be
responsible for its comissioning.

6.- FUTURE TRENDS

The objetive in the operation of the plant is to use a
large amount of data which is available in a power plant and
make it more useful for the operator.
We are looking for a better presentation of the data and
also to employ expert systems to elaborate the information.
We expect to have in the future a control room with less
crude and more elaborate data.

STATUS OF INSTRUMENTATION AND CONTROL
ACTIVITIES IN AUSTRIA, 1990-1991
(Summary)

A. NEDELIK
Osterreichisches Forschungszentrum Seibersdorf,

Seibersdorf, Austria

The general situation of nuclear power in Austria is still

characterized by the country's decision against nuclear power

generation.

This means that at present practically no significant I&C activities

ace carried out, which have direct relation to HPP applications.

Some research and development in related areas is done at the

Technical University of Gtaz:

1.) Processing techniques of fission chamber signals (non-linear

signal processing, third order AC signal moments ...)

2.) On-line monitoring of radioactive aerosols in air

3.) Fault detection In digital circuits for safety applications

(signature register method, design of fault tolerant systems

using the error detection capability of real number codes ...)

The decommissioned NPP et Zvtentendorf is still being "sold out".

I.e. various components, especially heavy mechanical equipment are

sold in order to reduce the financial losses to some extent.

Future plans are still concentrating on the construction of a gas

turbine power plant at the site.
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power plants,

Та® 1 Ш

• 1962 BR3 EXPERIMENTAL 103 MWe

-1966 CHOOZA FRENCH-BELGIAN UNIT 310 MWe (50 %)

•1974/75 DOEL1/2 TWIN UNITS (2 REACTORS - 2 TURBINES) 800 MWe
TMANGEl FRENCH-BELGIAN(1 REACTOR-2TURBINES) 870MWe(50%)

-1982/83 DOEL3
TIHANGE2

900 MWe
900 MWe

-1985 DOEL4
TIHANGE3

1000 MWe
1000 MWe

DOEL5ÍN8) 1400 MWe

BELGIAN STATE

SPE

ENERGY

TRACTEBEL GROUP

ENGINEERING
CONSULTANCY

INDUSTRIAL
CONSTRUCTION 8. SERVICES

7 53

ELECTRICITY
GENERATION

CAPACITY
IN BELGIUM

14.000 nwe (•)

—

93 %

\ J\ \ \ П
ELECTRABEL TRACTEBEL TRASYS BELGATOM

ENERGY
ENGINEERING

ELECTRICITY
CONSUMPTION

IN BELGIUM
57.172 GWh ( * )

NUCLEAR 61 Я

-•- CONVENTIONAL 39 %

'.*) IN 1989



Th<s BELGIAN ШСШЕАЖ И

a Improving the safety of the existing plants :

- ten year revamping or OOEL 1/2, TIHANGE 2, DOEL 3;
- PRA studies for TIHANGB 2, DOEL 3;
- seismic reassessment of the TIHANGE plants;
- site protection systems.

• Improving operation of the existing plants :

- replacement of the SG's In DOEL 3;
- power Increase of TIHANGE 2/3, DOEL 3/4,
- process computer replacement at DOEL 1 /2;
- data management,
- component and system aging.

• Improving the training of the operating crews

• Construction of waste storage buildings.
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2. Improving the safety of the existing plants

2.1. Special ten-year revision of DOEL 1/2

End 1990, during the normal outages of both DOEL1 and DOEL 2 units, ultimate
emergency systems (GNS) were coupled to the two plants.
This successful operation was the result of four years of studies and preparatory works
that occurred without impairing normal operation of the plant

The concept of adding emergency systems was developed by TRACTEBEL in its assign-
ment as architect engineer within the frame of a safety reassessment in order to deal with
new design criteria which have emerged since the startup of the two units in 1975.
The new I & С systems involved in these emergency systems are of programmable tech-
nology for both control and protection systems (see fig. 1 "on line" schematic bloc
diagram of the I & С systems after coupling).

2.2. Ten-year revision of DOEL 3 - TIHANGE 2 plants

These studies started at the beginning of 1991. As the original design of these plants took
inlo account most of possible internal or external accidents (earthquake, airplane crash,
explosion,...) it is already evident that these studies won't lead to major modifications in
lhe actual I it С systems.

2.3. Probability Risk Assessment for DOEL 3 - TIHANGE 2 plants

These studies are ongoing and require a screening of the Mechanical, 1 & C, MMI and
Electrical systems involved. As for these plants lhe studies aren't yet finished, the
conclusions about I & С and MMI aren't available at this time.

It is also intended to start very soon with PRA studies for all other Belgian plants.

2.4. Seismic reassessment of the TIHANGE plants

For the TIHANGE site, the seismic requirements have been upgraded from 0.1 g Io 0.17 g
free field acceleration.

For seismic requalification of active equipment, the SQUG (Seismic Qualification Users
Group) methodology was choosen and transposed to the TIHANGE site.
Taking advantage of I & С and electrical systems design features some of the tedious
works required by lhe SQUG methodology was avoided.

2.5. Site protection systems

The security systems for both TIHANGE and DOEL sites are getting outdated and non
homogeneous as they where successively extended to cope with modification of the sites
(plant or building constructions).
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providing on-line analytical capabilities and will provide such

functions as:
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Other measurements

Core monitoring, control and protection

Core performance assessment
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40 3. Improving operation of the existing plants

3.1. Replacement ol the SG's of lhe DOEL 3 plant

This replacement is due to occur during a three month outage in 1993. It will lead to im-
portant works on SG's instrumentation and will require adaptation of the automatic SG
level control. As this replacement is also coupled with the power improvement of the
plant, a lot of I & С modifications will have to occur on auxiliary systems.

3.2. Power Increase ol the TIHANGE 2/3 - DOEL 3/4 plants

Increasing the nominal power rating of the four latest Belgian NPP's requires additional
systems but will also impact on some of the existing systems in the plants and on settings
of some protection measurement sctpoints. This all together will induce a lot of 1 & С
modifications.

3.3. Process computer replacement at the DOEL 1/2 plant

Installation of the new process computer system at DOEL 1/2 is planned to occur during
the outage of the plants in scptember/october of this year. This system based on a
distributed concept (see fig. 3 for hardware configuration) makes wide use of modern
design methods, development tools and programming language.

3.4. Data management

Correct operation of a NPP can only occur if an integrated data management allows for
harmonization of all data used in the plant and for belter control of the accuracy and
quality of the data.

A project was started in the TIHANGE plants aiming in a first step to merge the different
data bases already existing on the site. The goal is then to extend ;hc global data base and
to make it available for various applications (documentation, maintenance, periodic
testing,...).

5.

A larger research program was presented to the ELECTRABEL utility in order to find an
overall methodology to handle this concern.

Improving training of the operators

Since commissioning end 19B8 of the full scope simulators on both TIHANGE and DOEL
sites, intensive efforts have been made for ongoing upgrade of Ihose simulators to
maintain them up-to-date with lhe reference plants.

For the TIHANGE full scope simulator (that allows for TIHANGE1,2 and 3 simulation),
the studies for simulation of the DUR emergency system dispositif d'Ultime üepli)
added to unit 1 during the ten-year backfilling are already started and will last until 1992.

For the DOEL 1/2 simulator, lhe integration of the GNS emergency systems (Gebouw
Nood Syslemen) are due to start end of this year.

To noti-e also that the TIHANGE's compart simulator has been upgraded with new cal-
culation codes in order to allow simulation of accidental scenarios.

Construction of radioactive waste storage buildings

The studies of lhe two new storage biddings (named B36 and SILVA) Io be erected on
•he site of BELGOPROCESS (nearby the town of MOD are going on. These buildings are
intended for sorting, treating and long term storage of high and low radioactive waste.

The orders for the programmable I & С control systems related to these buildings are
expected to take place by end 1991.
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3.5. Component and system aging

As aging phcnomcna5 arc gelling crucial for some I U С equipment, specific studies are
ongoing on items that already caused problems.



42 INSTRUMENTATION AND CONTROL DM THE
CANADIAN NUCLEAR POWER PROGRAM -
1991 STATUS

AECX, in collaboration with some of the international CANDU utilities, has initiated the conceptual
design'for a CANDU unit in the larger power range. As a starting point, a single unit version of
Darlington is being taken as the reference plant.



42 I N S T R U M E N T A T I O N A N D C O N T R O L IN T H E
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Abstract

Shortly, Canada will have on installed nuclear capacity of 15,500 MWe. The 4 unit Darlington
Nuclear Generating Station, which makes extensive use of computers for control and safety
shutdown, is currently being connected to the Ontario Hydro grid.

A significant effort is underway on technologies that will enhance the human-machine interface to
meet more stringent plant availability and safety goals. This includes work on alarm annunciation,
distributed control, plant display, relay logic replacement and software technology. These various
initiatives and their benefits с е discussed in the paper.

AECL, in collaboration with some of the international CANDU utilities, has initiated the conceptual
design for a CANDU unit in the larger power range. As a starting point, a single unit version of
Darlington is being taken as the reference plant.

Ontario Hydro are currently in the midst of a major retubing program. Planning for this program
started after a tube cracked in Pickering-2 in 1983. To date Ontario Hydro has retubed Pickering 1
and 2 and are now working on Pickering 3: Pickering 4 will follow and then Bruce-1 and -2.
These retubing outages are being used to do other necessary work, such as control room display
system upgrades at Bruce.

2. SOFTWARE ENGINEERING

The most recent addition to Ontario Hydro's generating system is the Darlington Nuclear
Generating Station, a 4x880 MWe CANDU plant. It is the first CANDU plant to fully utilize
computers to implement the decision making logic in each of two independent shutdown systems
for each reactor [1]. This is an advancement over the CANDU 600 MWe units where process trip
logic is implemented in programmable digital comparator (PDC) computers. Future CANDUs will
continue to make significant use of computers for both control and safety.

The experience gained in developing and licensing the software for the two Darlington shutdown
systems led directly to formulating the strategy for developing a set of standards, procedures and
guidelines for software engineering of safety critical software. The methodologies and procedures
will be adapted for real-time monitoring and control in non-safety related applications. ICE 880 is
one of the standards used to guide our development.

1. STATUS OF NUCLEAR POWER

Currently there are 22 CANDU-PHWRs* in Canada; 20 in operation and 2 in final stages of
construction. The last two Darlington units should both be in operation by the end of 1992. This
will give Canada an installed nuclear capacity of 15,500 MWe.

Early in 1990 Ontario Hydro released their long-term plan to meet the provinces electricity needs
over the next 25 years. Their plan included the construction of 10 nuclear power units. An
engineering team was formed to start the pre-engineering on the first project, but then subsequently
disbanded when the government in Ontario changed. This new government has put a halt on all
work within Ontario Hydro related to new CANDU stations. Instead, they are emphasizing the
improved performance of existing stations and energy conservation. A government sponsored
public assessment of the proposed 25 year energy plan is proceeding.

In December 1990 AECL secured its first new reactor sale in 10 years. Korea is purchasing a
CANDU-6 reactor for their Wolsong site, which already has a 600 MWe CANDU that went in-
service in 1983.

AECL is continuing engineering of the innovative CANDU 3 reactor, a 450 MWe reactor that is
about half the size of the larger CANDU 6 units. It is suited for utilities whose electrical grids are
too small for the larger commercial reactors or for utilities wanting a slow growth in generating
capacity. To reduce the capital cost, while still retaining proven CANDU technology, the
designers have introduced a simplified modular design and state-of-the-art construction techniques.

CAtiaita Deuterium Uranium - Ercssurizcd Heavy JValcr Reactor

3. CANDU CONTROL ROOM VISION

CANDU control rooms have evolved over the last 30 years, from conventional instrument-based
panels to extensive use of CRTs for information display. Darlington uses CRTs for closed loop
control and information presentation (e.g., dynamic plant system mimics) but there is still a
reliance on conventional panel-based instrument i.on for operating motors and valves.

For future CANDU plants, there is a desire to enhance the human-machine interface to meet more
stringent plant availability and safety goals. There is general consensus that the next generation of
control rooms will be more extensively CRT-based for both information presentation and control
execution. Advances in human factors knowledge and improvements in information technology
are making this possible.

Canada has already carried out considerable design work on the future CANDU control room.
Some of these features are being incorporated into next generation CANDU control rooms [2], to

reduce lower capita], construction and operating costs,
enhance human pciformance, and
increase plant availability.

Future CANDU control rooms will be smaller than existing control rooms. Under normal
conditions the station could be controlled by a single operator at a small sitdown console. Other
features include,

fewer conventional panels,
interaction via touch sensitive CRTs,
data highway technology to replace thousands of signal wires,



safety system testing by computer,
access to all control room information for plant management, and
a dynamic mural mimic depicting the plant wide status.

In these future plants, operators will have access to

prioritized plant equipment status information via CRTs,
a plant status overview via a large mural mimic,
computer-assisted procedures via CRTs,
a knowledge-based decision support system for diagnosis and to help anticipate and
plan for future action, and
a CRT-based post-accident management' system.

4.3 On-Linp Fault Diagnostic Systems

There is a desire, for the longer term, to better use inf jrmation technology to assist the operator in
diagnosing s fault and then taking úmely and correct action. A project has been initiated to develop
a prototype diagnostic system that will help operators diagnose and recover from major plant
upsets. This system will make use of expert system and object oriented technologies and will be
evaluated on a full scope simulator.

4.4 Plant Procedure Resource Centre

A resource centre has been established to provide assistance in all aspects of plant procedure life
cycle: from generation, through verification and validation, to implementation and maintenance.

4. ADVANCED CONTROL ROOM PROGRAM

Achieving these advanced control room objectives will require close interaction with designers and
operations staff. Operating staff will work as members of the design teams to ensure that the
systems and interfaces meets their needs. Where appropriate, information will be presented and
control actions executed through CRT interfaces that can be optimized as the design progresses. In
this way, the interfaces can be developed to better match human performance characteristics with
the plant.

In addition, liaison with international organizations are being pursued to share information.

4.1 CANDII Human-Machine Interface

In future CANDUs, CRTs will be used extensively for data display, annunciation and control
execution. Major advances in display technologies offer new opportunities for information
presentation. The cognitive capabilities of humans are being exploited in designing displays that
present information efficiently and effectively. These information display systems can be
customized to meet their station-specific needs.

The need has been identified for large, dynamic, overview displays in the control centre to providi
plant operators with an "information wall" that can be viewed and read from anywhere in thi
control room. Prototype large formal display systems are currently being evaluated.

the

4.2 "Smart" Д | а г т Processing and

Over the past 25 years, the amount of alarm information has increased significantly as stations
grew in size and complexity. Our understanding of how to present alarms to satisfy operational
needs has not kept pace with this growth. Operators are experiencing alarm information overload
during plant upsets. Past attempts to condition and categorize alarms to reduce the volume of data
have only been partially successful.

The annunciation system will focus the operator's attention to lhe most relevant plant information.
This will be achieved through the development of alarm processing techniques to evaluate and
categorize alarms based on plant operating status and event scenario. This should enhance the
operator's ability lo use the essential messages to interpret the situation without being distracted by
extraneous data.

5. PROCESS ANALYSIS AND CONTROL ADVANCES

5.1 APACS*

CANDU nuclear generating stations are controlled by computers during normal operating
conditions. However, the control algorithms used cannot cope with major upset conditions and
operator intervention is required. Advances in two areas of information technology could have a
significant impact on this operator function;

• Artificial intelligence technology could be used to develop knowledge-based
systems that support the operator decision process.

• "Faster than real-time" simulation for on-line, real-time diagnosis of system
faults and for predicting plant behaviour.

reject known as APACS[4] was launched to apply state-of-the-art expert system technology to
l-time process diagnosis analysis and control of a nuclear power plant. This study is being

funded by PRECARN**- a consortium of 35 Canadian companies that jointly support R&D
activities in artificial intelligence and robotics.

The initial focus is a prototype APACS for the feedwater system of a CANDU Nuclear Generating
Station. This prototype will comprise the existing feedback control system integrated with expert
systems for on-line, real-time monitoring, fault diagnosis and alarm filtering. The real-time
diagnosis of plant malfunctions implies the development of an advanced simulation facility, the
Plant Analyser. Integration of the Plant Analyser with knowledge-based systems and new human-
machine interfaces gives us APACS, a tool that will be applicable to power and process plants.

5.2 PROTROI,

PROTROL [5] is essentially an updated CANDU D C C " system, based on modem micro-
computer technology, h was originatly developed by AECL as a basis for introducing CANDU
control technology to the U.S. control system retrofit market. The hardware concept includes

A p.
real-
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general purpose hardware that supports portable software, and
CANDU dual-DCC transfer-of-control logic to s
configuration for fault tolerance.

to support a redundant hot-standby

To date, PROTROL has been used for several different applications on nuclear power reactor
systems, linear accelerators and nuclear research reactor control.

5.3 OH-180

Programmable logic controllers (PLC) ore extensively used at the 4-Unit Darlington NGS. About
97% of these (i.e., 1320) are the Ontario Hydro developed OH180 PLCs. The OHI80[6] was
designed as a replacement for logic relay hardware used in earlier stations. Control logic changes
are much easier and faster to implement in PCCs than in logic relay hardware.

6. CONCLUSIONS

Significant advances are being made in many areas of I&C for both existing and future CANDU
plants. This includes work on:

human-machine interfaces,
alarm annunciation systems,
distributed control systems,
plant display systems,
relay logic replacement, and
software technology.

These advances will lead to improved CANDU plant performance, and reduced capital and
operating costs.
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RECENT ACTIVITIES IN THE FIELD OF
NUCLEAR POWER PLANT CONTROL AND
INSTRUMENTATION IN CZECHOSLOVAKIA
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Abstract

The report presents a review of Czechoslovak

nuclear power plants that are in operation and in the

course of construction.The present state of the

instrumentation of the newly built NPP's is

described.and a special attention is given to work on

the control of spacial power distribution in the reactor

core of WER 1000, the first unit to be installed in NPP

Temelin.A project of a secondary circuit diagnostic

system of this unit is described.

1.Present state of the nuclear power industry

Czechoslovakia and an outlook to the future.

in

In CSFR there are eight nuclear power plant units

in operation.All of them are with reactors of the PWR

type WER 440 of soviet construction.Four of these units

are situated in Dukovany in the south of the Czech

republic,and the other four are near Trnava in the south

of Slovakia.Six of these units (i.e. in Dukovany and two

in Slovakia) have a reactor and a secondary circuit of

improved construction,a containment with a sprinkling

system for LOCA suppression,main circulation pump with

an increased inertia.The reactor control system and

instrumentation has also been improved /1/.Other four

units with WER 440 are in construction in the South of

Slovakia in Hochovce; the first of them is to be



commissioned in 1993.These units have been designed with

the enhanced seismic resistanee.The first NPP unit with

the reactor W E R 1000 under soviet project is being

built in southern Bohemia at Temelin;it is expected to

be commissioned in 1994.Construction of the second unit

with a reactor of the same make has already

started,too.The third and fourth unit will probably be

built after a project of another firm.

The list of all Czechoslovak nuclear power plants and

their units is in Table 1.

Table 1.

NPP

VI

VI

V2

V2

V3

V3

V3

V3

V4

V4

V4

V4

V5

V5

unit

number

1

2

1

2
1

2

3

4

1

2

3

4

1

2

site

Jaslovske Bohunice

Jaslovske Bohunice

Jaslovske Bohunice

Jaslovske Bohunice

Dukovany

Dukovany

Dukovany

Dukovany

Mochovce

Mochovce

Mochovce

Mochovce

Temelin

Temelin

capacity

(We

440

440

440

440

440

440

440

440

440

440

440

440

1000

1000

first connection

to grid

1979

1981

19B4

1985

1985

1986

1987

1987

in construction

in construction

in construction

in construction

in construction

in construction
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2.Instrumentation and control systeas of Czechoslovak

NFP units

Experience from the operation of Czechoslovak

NPP's with W E R 440 reactors show- that the system of

control and instrumentation (CSI)is capable to ensure

the operational reliability of the units both in basic

mode of operation and in the mode of variable load

/2/.The CSI is capable to automaticaly transfer the unit

to new stable state in case of main circulation pumps

trips,turbine load shedding,turbine trips,steam

generator feed pump failures etc.Data acquisition,their

processing and presentation to the operational personnel

is realized by a Soviet computer system KOMPLEX

URAN.The analysis of disturbances can be performed only

in an off-line manner on the basis of a post-incident

record made by the system.

The design of CSI,i.e. of the safety and control

system of the reactor and of the secondary circuit is of

the Soviet origin.The control systems of the secondary

circuit on all of the units operating in CSFR are of

Czechoslovak production.The turbines in these units have

been produced by SKODA works and all of them are

equipped with an original control sy-tem of SKODA make

that makes possible a fully automatic operation.

For all Czechoslovak NPP units the C&I has been

designed by the Soviet contractor and a substantial part

of the instrumentation,control algorithms and their

software realization are of Soviet origin,too.It can be

explained by the fact that the Soviet contractor based

every new control and instrumentation project on an

analogous project verified already in the operation.

The increased share of Czechoslovak technical means of

automation ought to have been realized in nuclear power

plants Mochovce and Temelin.The Czech firm ELEKTROM0NT

offered the Soviet contractor Czechoslovak hardware for

the systems of automatic regulation and discrete control



46 for both the primary and secondary circuits (with the

exception of reactor power control and reactor safeguard

system).

For the case of NPP Temelin the control and

instrumentation system of WER 1000 originally used in

the Soviet power plants ZAPOROZHSKA and ROVENSKA has

been inovated in the functions of automatic control and

discrete logic control.Instead of the Soviet control

complexes ULU2-EVM the project assumed to use the

Czechoslovak minicomputer nodules DASOR 600J [28 doubled

units] and instead of the Soviet logic control system

UKIS the use of Czechoslovak diode-relay system DIAMO-K

[approx. 10 000 units].Both these systems of the

Czechoslovak origin and production have been installed

and their functionality proved in conventional power

plants.Number of units of these systems in individual

installations has.however,been much smaller than it

would have been in the NPP Temelin.Results of recent

analyses have shown that these systems cannot fulfil the

strict reliability requirements .The first Czechoslovak

NPP unit with WER 1000 shall then be equipped with some

other imported system,purchased on the result of an

international tender. In case of the Hochovce NPP the

soviet contractor inovated the computer information

system.Instead of the former Soviet computers SM - 2M

other Soviet computer system SH 1800 has been

suggested.Inovation of systems of automatic regulation

and logic control has also been proposed.Instead of the

classical PID regulators and relay logic automata

(earlier used in the NPP Dukovany] the project assumed

the use of Czechoslovak fully programmable bus control

system DERIS.This system,however, has not been verified

in operation of a complex system installation in

any,though even a conventional power plant

environment.From these reasons it has recently been

decided to purchase ths whole control system from the

German producer SIEMENS.

The Power Research Institute Praha has built up

a complex mathematical simulator of a NPP unit with the

reactor WER 1000 in order to analyse the control system

functions and to study the dynamic behaviour of the unit

in the short - term region [i.e. the transients of

several hundreds of seconds].The dynamic behaviour of

the system has been studied in dépendance on parameters

and setpoints of individual regulators and on the

operational conditions [5].

The simulator has recently been used for the

solution of a new control task of feeding the steam

generators with variable speed feed pumps operating to a

common header. Further it is intended to use in order to

find the setting of' the unit s control system during the

period of the Temelin first unit commissioning.

3. The spacial power distribution control in the reactor

core of WER 1000

The Soviet project of spacial power distribution

control in the reactor core of the first unit of NPP

Temelin assumed to use only manual control to keep the

axial offset in acceptable limits. Half length control

rods positioned in accordance to given algorithm are

used as the control organs.Such control is, however,

considered by both the power plant staff and by the

state authorities as unsatisfactory. On basis on this

work on automatic control of the spacial power

distribution in the reactor core has been initiated.

This activity is also supported by the expert study of

IAEA. In the first period of this work a simplified one

dimensional (axial) model of core dynamics has been

constructed (3). It is based on nodal approximation of

the point-kinetics equations enlarged by additional

terms representing the neutron transport to and from the

neighbouring nodes. The short-term dynamics of mass and

heat transfer in the core has been neglected and its



quasi-steady state representation has been adopted. The

middle term dynamics has been described by the iodine

and xenon built-up and burn-up processes and residual

heat generation.

Employing this model investigation of the W E R

1000 core dynamics has been carried out. These analyses

include the reactivity disturbances caused by various

actuators (boron acid, control rods in different

grouping) in conditions of á general control rule

characterised by constant steam pressure (as requested

in the project) and also in conditions of other control

programme characterized by constant average temperature

in the primary circuit. On basis of these Investigation

the structure of integral power control of the core and

of the axial offset has been elaborated and in simulated

conditions verified (4).

In the proposed control circuit the reactor

integral power controller (as in the original project)

has been utilized. This controller will cooperate with

an axial offset regulator and with the regulator of

control rods positioning. The proposal assumes two types

of control rod groups: a group of great reactivity worth

and several groups of small reactivity worth.

The simulated verification of the control circuit

for the reactor integral power control and the axial

offset control has been done by a one-dimensional axial

model of the core. Nevertheless, such approximation has

its limitation. Mainly it does not make possible to

investigate the power distribution along the core radius

and to evaluate the volume peak factor in dépendance on

core azimuth. Similarly as in other advanced reference

projects the aim of this work is to construct a nodal

model in which every fuel assembly is divided into

several nodes and the power produced by every node can

be determined. Due to the fact that the core pattern of

W E R 1000 posses a circular symmetry in 60 degrees

segments such three-dimensional model amounts 1630 nodes

if the core is vertically divided into 10 layers.

The basic mathematical description of the 3D

model has been derived from the diffusion equation for

a quasi-steady state of the system (5).From these

equation the difference equations for individual nodes

have been derived on the presumption that every node is

influenced only by the neighbouring nodes.This influence

has been expressed by the interactive factors that

depend only on the positions of the neighbouring

nodes.

These models of core dynamics will also be used

in the development of a support system for the reactor

operator, as well as for the preparation and evaluation

of the first power unit of NPP Temelin.

4. The diagnostic system

The SKODA works has been engaged with the

elaboration of a power unit diagnostic system for the

first and second units of NPP Temelin (6). In an

extensive set of diagnostic systems and subsystems an

important role have the automated systems of the unit

technology. The systems can be divided into:

automatic diagnostic system of the primary circuit

- automatic diagnostic system of the secondary circuit.

Both the systems represent specialized measurement and

information subsystems of the common information and

calculation system of the NPP.

The primary circuit technology supplier,i.e. the SKODA

works equips his supply with the diagnostic system

bought from a German producer KHU.This system,however,is

not up to the time adapted to the Soviet design of the

primary circuit and there is no link to the control and

instrumentation system of the power unit.

33



48 The secondary circuit diagnostic system will be

developed and supplied by SKODA.Its design for the first

unit of Temelin is based on the following requirements:

-experience with the existing diagnostic systems on

conventional units with steam turbines of 200 HW

capacity,

-experience from the operation of the Soviet units with

W E R 1000,

-the necessity to implant the diagnostic system into the

common control and information system structure,

-the requirement of a multiple utilization of the

diagnostic system during the commissioning activities

and at the long-term development tests of the

turbogenerator set in the course of its operation,

-the requirement of the unification of the system,i.e.

the possibility its utilization for the diagnostics of

other similar technology in conventional power plants,

-the requirement of flexibility,i.e.the design of such

a system,that would be independent en the hardware used

for its realization in the future.

In accordance with these requirements a technical

structure of such a diagnostic system has been

elaborated,that enable a current check of the unit s

technology and ascertain its instantaneous state .

The subjects of the diagnostic procedure are:

the turbogenerator unit,the feed pump turbines and the

feed pumps,the reheater and separator,condensers,the low

pressure and high pressure feed water heaters,feed water

storage vessel,live steam conduits.

The following diagnostic tests will be utilized:

- vibrodiagnostics,

- turbogenerator and turbo-feed pump bearings test,

- turbogenerator and turbo-feed pump valves test,

- steam conduit drain functionality,

- pressure pulsations in the separator - reheater,

- efficiency of energy transformation,

-1000 MW alternator stator winding cooling,

- electromagnetic torque and torsional vibrations of the

alternator rotor,

- alternator rotor winding cooling,

- indication of rotor winding short-cuts,

- logging oi alternator electric current and voltage

values and changes,

- vibration of the frontal parts of alternator stator

winding,

- hydrogen leak test,

- hydrogen coolers test and ventilation circuit test,

- secondary circuit tubing test within the containment,

- condensator deaeration system state.

The diagnostic measurements can be divided to

quasi-static and dynamic procedure.The diagnostic

signals are rendered either by special diagnostic

subsystems with their sensors,or a common measurement

subsystem of the control and instrumentation system of

the NPP unit.The diagnostic system of the secondary

circuit process approximately 1000 input signals.The

supply of the diagnostic system equipment is shared by

Czechoslovak and several foreign producers

(Rosemount,Heraeus,Brúel-Кjaer,Dynisco,Jokogawa,Phi1ips

and Peekel).
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Technical Research Centre of Finland,
Espoo, Finland

Abstract

Finland has remarkable achievements in nuclear power. The enisling four plants nave
some of lhe best operating records in lhe world - high capacity factors, low occupational
doses and short refuelling outages. Public opinion was strongly turned agaisst nuclear
power after Chernobyl accident, and the previous government decided not to allow for
(be construction of a fifth nuclear unit during ils period of reign. The opposition has
however slowly been diminishing. According to the latest polls lhe opinion is almost
balanced. Finnish power companies are going to file an application for a dedsion-in-
principle to build a new plant to Che new government appointed in April 1991. A
readiness to start new construction project immediately after a positive political decision
is made has been maintained during the intermediate period. Continuous research,
development, modification and upgrading work provide important components of the
good operational history of the Finnish nuclear power plants. Efforts bave also been
devoted 10 identifying possible new problems arising from the use of distributed digital
CA1 technology. The following a short description issummarizing recent activities related
to the C&I-systems of the nuclear power plants.

STATUS AND PROSPECTS OF NUCLEAR POWER IN FINLAND

There are two nuclear power plant sites wilb a lolal of four operational units in Finland. In the OUciluoto
site there are two ASEA-Alom (now ABB Atom AB) 735/710 MW(e) (gross/net) boiling water reactors
(BWR) owned by TeolUsuuden Voima Company (TVO). In the Loviisa site there are two Soviet W E R -
440 465/442 MW(e) (gross/net) pressurized water reactors (PWR) owned by lmatran Voiraa Company
(IVO). The units produced in 1990 a total of 18.1 TWh of electricity constituting 35 % of the whole
production (51.7 TWh) and 29 % of the electricity supplied to consumers (62.5 TWh).

1.

Table I. Electricity production and supply

Nuclear power
Cogeneration
Hydropower
Condensing & gas turbines

TWh

1989

18.0
15.1
12.9
5.2

51.2
8.9

Share,

J990

18.1
16J
1П 8
6.4

51.7
10.8

%

1989

30
25
Zl
9

85
15

1990

29
26
17
11

83
17

Production
Net import

49 Total supply 62.5 100 100 35



Finirsh nuclear power plan!s have some of the best operating records in (he world - high capacity factors,
low occupational doses and short refuelling outages.

Table 2 Capacity factors (%)

Planl First connection (o grid, gross power

Loviisa 1 ( 2/77, *Î5 MW(e))

Loviisa 2 (П/ЯО, 465 MW(e))
Olkiluoto 1 ( 9/78, 735 MW(c))
Olkilunlo 2 ( 2/80, 735 MW(ej)

Average

1WJ 1990

92 4 84.9
918 84.5
815 94.4
93.9 92.7

89.5 90.1

The capacity faclor reduction below (he average more lhan 90 % in Olkiluoto 1 in 1989 was caused by
the discovery of some blasting sand in control rod driving mechanism after (he refuelling outage. The
origin of (he sand is still unknown. In Loviisa 1 a fecdwaler pipe broke in spring 1990 causing a repair
and inspection outage of more than two weeks on both units.

Table 3. Collective radiation doses (manSv)

Loviisa
Olkiluolo

1.B0
2.78

1990

2.82
1.58

The operating licenses for all (he four plants were renewed in 1988 according to the new Nuclear Energy
Act, which also was enacted in the same year. The licenses were granted for Olkiluoto plants for a 40
years plant life-lime but for Loviisa plants for the time being only until the end of 1998, when an
application for a renewal of the licenses has to be filed.

The peak electric power consumption in the year 1990 was 10.4 GW in January, the total supply capacity
was thai lime 13.5 GW providing ample reserve capacity. The capacity increased by about 200 MW during
(lie year and still 900 MW more U under construction; this including one large (McriPori, 560 MW) coal
condensing plant to be ready 1993. This total capacity of 14.6 GW is considered lo be sufficient until 1995,
hut after (hat about 500 MW of new capacity each year will be needed. Altogether about 4.5 GW of new
production or import capacity will be needed until the year 2005. This need is not only for the increase
of consumption but also some 300 MW of old plants must be dismantled during this period. The import
agreements with Soviet Union (1999) and Sweden (1995) will also terminate during this decade. No
permanent plans lo buy power from Sweden can be made because of the energy policy uncertainties. For
security reasons there are not much possibilities to increase imports from the Soviet Union. About 100
MW of new hydro power potential slill exists. The industrial and hcat-generaling back-pressure power
capacity can be increased by about 0.8 - 1 GW during this decade which means that at least 1.5 - 1.7 GW
of new basic power production capacity still will be needed before lhe end of decade.

Construction of new nuclear production capacity proves to be lhe best solution based on analyses
concerning economy, environmental emissions, fuel availability and reliability. A schedule has been drawn
up for increasing nuclear power rapidly during this decade. If the Finnish Parliament can make a decision
in principle by (he beginning of 1992, it will be possible to have a new plant operational in 1998 al the
earliest. Apart from this plant, further capacity is still needed in (he later half of the 90'ics. Decision on
such additions can be made only after the nuclear power question has been finalÍ7ed. The Coordinating
Council of the Power Producers is investigating various alternatives. If the decision on nuclear power is

delayed or if new nuclear power is eliminated entirely, (hen the potential of developing clcciricily-intcnsive
industries will be reduced considerably with the implication that the planned industrial base of the country
must be re-evaluated.

In February 1986, the two Finnish nuclear utilities, IVO and TVO, established a new limited company
PEVO (Perusvoima Oy), with the task to develop new nuclear capacity in the country. In the лей month,
PEVO applied to the State Council for a dccision-in-principlc on building new nuclear plant capacity of
about 1000 MW(e). A positive decision was then expected before the end of 19R6. Public opinion in
response to the Chernobyl accident, however, put the effort on hold and the government appointed in
1987 made a declaration of not building new nuclear power plants during its period of reign. In the mean
time, PEVO and its owners have been involved in two technical programs related to the proposed new
nuclear capacity. One involves a consideration of the plant alternatives picsenled in the original decision-
in-principlc application, and (he other involves a review of advanced light-water read or technologies. A
readiness to start (he construction of a new plant immediately after a positive political decision has thus
bee D preserved.

The new Finnish Nuclear Energy Act requires a dccision-in-principlc to construct a nuclear power plant
to be made by the State Council and lo be approved by the Parliament. National elections held in March
1991 indicated considerable shifts in relative strengths of parties in the new Parliament. The Center Party
and lhe Green Coalition, who have been against nuclear power (especially the latter), gained more
support meanwhile the Conservative Parly, the strongest advocate of nuclear power, suffered rather bad
losses. For the time being it is hard lo say whether nuclear power will appear on lhe agenda in the
Parliament and the new State Council. PEVO is however ready lo file the application for the decision-in-
principle in May this year. From an objective poinl of view it is hard to sec how Finland could sustain its
industrial structure and a high standard of living and still be able to comply with its international
commitments (o reduce SO1 ( NO, and CO, emissions without new nuclear power plants.

MODIFICATION, UPGRADING AND DEVELOPMENT WORK AT EXISTING
NUCLEAR POWER PLANTS

One important factor behind the good operation history of the Finnish nuclear power plants is connected
(o a continuous development, modification and upgrading work, which is proceeding in all existing plants.
In the following a short description is given on recent activities related to the C&I-systems of the plants.

C&I system development and upgrading

Al lhe TVO's Olkiluoto plant unit 1 the luw power fecdwater control system has been replaced with an
ABB Master application during the refuelling outage in spring 1990. At unit 2 a similar replacement will
take place in this spring. These are the first applications of distributed digital automation systems in
Finnish nuclear power plants. Although these systems arc not safety classified, the commissioning was
done as if it were, lo get experience about the licensing of ihesc new systems also for safety related
applications.

As a part of plant life extension work, a systematic renewal nf relays and push buttons has been started
at Olkiluoto plants.

In Olkiluoto the weather measuring instrumentation will he renewed during 1991. The dose rate
measurement system will be extended nn-sile in 1091 and at the 5 km radius from plant in 1992.

In Loviisa the C&I system changes arc mainly related to the changes in process systems



Process computer

Mainly due to the maintenance problems and restrictions in computing capacity both IVO and TVO have
renewed (heir plant and process computer systems during the recent years. The configuration and tasks
of the computer systems are slightly different in IVO's and TVO's plants and therefore the lime schedules
and del ails of the updating projects differ.

In Lovitsa plants, the old centralized ARGUS-500 process computers with a total of 7500 inputs per unit
were replaced with a dusler of VAX/VMS-compulers connected through an Ethernet locaJ area network.
The new system is delivered by Afora Oy (nnw А0В Siromberg Power Co). The control room interface
is realized by using high-resolution full-graphic color displays. This is the first high-resolution display
system used in nuclear power plants. The field connections of the old system were retained and 1500 new
inputs were added. AU (he other pails of lhe system were renewed. The software foi the computers has
been rewritten completely. IVO has written some part of application programs (including a graphics
software package IVOGKS which fulfills GKS and X-Window standards). IVO has also realized the
process displays and reporting system. IVO was also responsible far all applications such as reactor and
BOP calculation programs.

The connection of the new system to the process was realized at unit 1 during (be refuelling outage in
summer 1988 and at unit 2 in summer 1989. The new system was (for testing and software development
purposes) in use at the unit 1 in parallel with the old one since November 1988 and was changed to be
a master at unit 1 in May 1989 and at unit 2 in January 1990. At the simulai or tbe new computer system
was in parallel operation since January 1989 and operators were trained to use the system. The VAX-
clusters at each unit and at the simulator are connected together with bridges which makes data transfer
between plant units and simulator possible. On-line process data can now be presented also to other user
groups outside ihc control room.

The process computer renewal project has been one of the largest of its kind so far realized. The project
was carried within its scheduled time and cost frame and the system fulfilled all expectations. The first
delivery consisted only of the old system functions, but now the plant has an effective and flexible platform
on which different new control room displays and computerized operator support functions are easy to
realize.

A critical safely function monitoring (SPDS) application was implemented in the process computers on
both units in summer 1990 after extensive testing and validation1 on simulator. Other new functions already
implemented include a comprehensive plant history and trend display system, operating point displays,
materials stress monitoring, logic system status displays, zooming, panning and window functions etc Also
a couple Early Fault Detection (EFD) applications developed originally at the Halden Project are in lest
use on both units; high-pressure feedwater prehealer leak detection since January 1990 and supervision
of feedwatcr measurements since February 1991. A new development project on detection and location
of primary and secondary system leaks based on mass and energy balances is under way.

At the TVO plants the process computers consists of a Norsk Data NORD multicomputer configuration
with a distributed process interface. The computers were replaced and upgraded during the 80'tics to
reflect the state of the art without radical functional development. As a last step the replacement of the
man-machine interface (MMf) in the contrni room has been planned. This replacement project was
initiated in the late 1990 and will be completed before the refueling outage in 1992. As a part of the
project, я SPDS function will be implemented to support the use of symptom oriented emergency
operating instructions. Installation in control room parallel to the old system should be ready in October
1991. After a long testing the old system is scheduled to be removed in autumn 1992. All tbe present
functions (among them computer supported control rod maneuvering) will be transferred and developed
on the new MM) which is based on ergonomie design principles well established today. The turbo-
generator vibration monitoring computer system will also be renewed during 1991-1992.

The new MMI is based on workstation technology and the workstations communicates with the present
process computers over an Ethernet local area network. The role of lhe present process computer will
be reduced to perform front-end functions towards the process and a system handling the communication
with other computers. In a distant future it is foreseen that lhe present process computers will be replaced
with distributed hardware communicating with the process and providing the MMI services to the control
room. The MMI functions will be realized with high resolution screens (1280x1024) and screen hard copy
devices will be used for operator support. Tbe system has been ordered in February 1991 from ABB
Strõmberg Power Co and it is based on Ihc distributed Afora PMS process computer concept (also used
in the Loviisa power plant). Tbe number of display stations in the control room will be increased from
the present four to seven. Display stations will abo be provided for the Technical Support Center and in
a later development stage in the Emergency Operation Facility.

Training Simulators

IVO has had a plant-specific full-scope training simulator for its Loviisa plant in operation since the year
1980. The simulation computers and simulator process computer were replaced with a VAX/VMS-systcm
a few years ago. Before that and since then continuous development and upgrading has been carried out.

la addition to the training of operators, the Loviisa simulator has extensively been used for various
research and development work as well as for plant analyses and testing. These tasks have included eg.
human factor analyses for the PSA-studies, analysis of thermal shock during emergency core cooling,
testing of operation procedures and new process computer functions.

The operators of the TVO plants have earlier been trained at tbe Baiscbâck-l simulai or at KSU AB in
Sludsvik, Sweden. In January 1988, however, TVO ordered its own full-scope training simulator from
Singer Link-Miles Simulation Corporation (now 3S Technologies). The simulator was installed at the plant
site around the turn of the years 89-90. Training started in March 1990. The simulator is mainly intended
for training and retraining of control room operators, but a usage for general support activities is also
foreseen.

Severe Accident Management

The present Finnish safely guide on the design principles of nuclear power plants requires severe accidents
to be taken into account in the design of the containment. In 1986 (his requirement was extended to apply
also for existing plants. The utility companies have started back-fitting the plants to cope with this
requirement. The actions include a validation of the existing containment instrumentation in its
possibilities to stand lhe containment conditions after a severe accident as welf as adding some new
instrumentation. As a result of the new requirements, some instrumentation cable penetrations will also
be renovated (he Loviisa plant.

At (he OIkilunto plant, a filtered containment venting system from KWU has been installed and taken into
operation in 1989. In Lovika a new containment cooling system will be installed which is spraying water
on ihc steel containment in accident situations.

The power companies have also, in response to Ihc regulatory authorities, checked and reconsidered the
safety classification of I&C-systems and equipment. The transmission of data on plant status and releases
to the authorities has also been intensified.
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Radioactive Waste Management

IVO is sending Ihc spent fuel back to Soviet Union, but TVO has not yet any agreement on the final
disposal of spent fuel. Therefore, TVO has started studies on Finding a proper place of repository for the
spent fuel in the Finnish bedrock. Five siles are now under study. In 1992 two or three will be selected
for further study and the final site will be selected in 2000. Test drilling has been done and new unique
instrumentation and measuring methods have been developed for assessing bedrock integrity and ground
water flows. A systematic measuring program has been initialed and new measurements will be developed.

TVO is also building a repository cave for low- and intermediate-level wastes, which will be taken into
operation in the beginning of 1992.

EXAMINATION OF C&l CONCEPTS FOR A NEW NUCLEAR POWER PLANT

Four nuclear power plant vendors arc preparing offers for the fifth nuclear power unit. ABB Atom Ab
from Sweden is offering their 1180 MW BWR-90 system. The C&l system offered for these plants is the
ABB Master automation system. Franco-German Nuclear Power International (NPI), formed together
with French Framatome and German Siemens, is offering a 1110 MW PWR plant named NPI-1000 and
a 1330 MW Konvoi-type PWR plant. A new CAI concept based on Siemens technology will be developed
for this concept; the first reference application for this automation concept will be lhe Slaudinger coal
condensing plant operable in 1993 in Germany. German Siemens is offering a 1115 MW and a 1350 BWR
plant. The C&I concept for these plants will probably be lhe same as in NPI's PWR plants. Soviet
Atomenergoexport is offering a 1040 MW WER-91 PWR plant, which have been developed together with
IVO. The automation concept for this plant is not yet known, but it will be of a modern design.

The C&I concept for the new nuclear power plant will most probably be based on modern distributed
digital automation technology. The latest experience from Cbooz-B plant in France (EdF has announced
that they will abandon the P20 system developed together with CEGELEG) shows that the adoption of
this technology is cumbersome. Utility companies IVO and TVO together with the licensing authority
STUK (Finnish Centre for Radiation and Nuclear Safety) and research organization VTT (Technical
Research Centre of Finland) have started projects to study the problems connected lo the licensing and
use of this new technology. Main task for 1VO and TVO is the specification of requirements for C&l
systems while STUK and VTT mainly concentrate on definition of licensing procedures. One result of the
study is that the existing international standards and practices are developed for conventional C&l
technology and do not support the verification and validation of digital systems. Some new standards eg.
by IEC and ISO are addressing these problems, but are not providing the necessary guidance. An
international effort would be needed to complete and harmonize the standards, guidelines and practices
Tor the new technology. IAEA could take an active part in initialing such an effort.

RESEARCH ACTIVITIES AT VTT

1990, been coordinated in three research programs:
- Operational safety of nuclear powet plants (YKÃ),
- Structural safety of nuclear power plants (RATH) and
- Nuclear waste management.

Activities in connection with C&I U included in lhe YKA-program and is mainly carried out at the
Laboratory of Electrical and Automation Engineering (SAH). In the following a short description on these
activities is given.

Characterization, assessment and development of operational skills

The development of the cognitive and co-operational skills of the operators of heavily automated
production plants and processes includes many difficulties and conflicts. Producing the necessary
competency For the operators through their whole professional career is therefore of most importance.

Based on earlier experiences and observations from a series of simulator training experiments a more
complete picture on the operator competence and its basic components has been established and new
methods for development and assessment of the operational skills arc developed. Based OD interviews of
different groups of operational slaff a picture of the development of the safely culture and skill, motivation
and responsibility along working career will be formed and a comprehension about the operators own view
on risk management defined. Results will be used for definition of a theoretical model for continuous
development and training activities and included practices.

Validation and Licensing of Digital l&C-srslenu

New distributed programmable digital automation systems are conquering the major part of the
automation system market and they are in the future also coming lo the nuclear power plants. The
licensiability of these systems for the use in safely related systems and functions is still an open question,
because there are no gsneralized and systematic methods for the evaluation of the reliability of these
systems. Many new problems such as the data transfer capacity of the system buses and the reliability of
software arises.

Development of methods for licensing evaluation of digital automation systems was started already in 1985
in restricted amount but has been severely delayed. In 1990 the work was intensified when the decision
about a new nuclear power plant again actualized. The work is done in cooperation with licensing
authorities and utility companies as described in the previous chapter.

Deep Knowledge In Power Plant Control and Operation

Knowledge based systems (KBS) are potentially applicable in many tasks in operating power plants as
indicated for example by the proposals to apply KBS technologies in operator support systems. Problems
similar to those encountered in KBS development are encountered also in formal development of process
automatics.

The key issue in nuclear power plant applications is dependability. KBS dependability is based on the
validity of the knowledge base and on the soundness of the inference algorithms. To achieve the first goal
the knowledge base must be founded on generally accepted principles governing the plant behavior and
on validated plant design documents. Thus there must be a comprehensible, tractable transformation from
genera] laws of physics and from the plant documentation into the formalism used in the knowledge base.
Thus constructing a knowledge base can be considered as modelling the plant. Contrary to far example
simulation models the models use in KBS's must allow efficient mechanized formal reasoning.

The term 'deep knowledge" reflects the use of the first principles of system liehavior. The term "qualitative
modelling" reflects the fact that the requirement of efficient automatic reasoning seems to lead lo
extensive use of qualitative type of knowledge on the first principles.



In deep knowledge systems the knowledge representation primitives and the principles of reasoning are
lightly coupled and they must be developed together. The inference principles must based on
mathematical logic.

The ongoing work in VTT in cooperation with OECD Halden Reactor Project (HRP) concentrates on
developing the principles of deep knowledge systems and on Ibcir applications in forma) vérification of
lhe automation systems and perhaps also operator support systems.

Management оГ the risk and performance of • nuclear power plapt

In a Nordic co-operation project (NKS/S1K-1) the use of living probabilistic safely analysis methods
(Living PSA) and safety indicators based on operation experience data for the evaluation and improving
of operational safely of the plant is defined and demonstrated. A living PSA concept and a safely indicator
system will be defined and tested together with utilities and safety authorities.

In the nuclear field, a comprehensive and detailed nuclear plant analyzer has been constructed for the
Loviisa nuclear power plant. Its capability was fully demonstrated when simulating the feedwater pipe
break shortly after the real incident. A fully 3-dimeruional dynamic nuclear reactor model is presently
developed lo complement lhe one dimensional fast calculating model.

AFROS is intended for studies of restricted system interactions and for convenient simulation of the entire
power plant, ll can be used during the whole life cycle of a plant, starling with design simulation runs for
engineering purposes, detailed analysis of safely relaled topics, for evaluation of opération manuals and
safety guides, for testing of commissioning procedures, for training of operators, for testing of planl
upgrades, and for identification of changes in plant due to ageing or malfunctions.

A comprehensive verification effort of the code has started. A large number of recorded transients from
international test facilities will be simulated. The same input definitions can be used for the different
thennodynamic solvers.
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Information Technology Support for Emergency Management (ISEM)

VTT is participating in the international ISEM-projea scheduled for 1989 -1991. The main financing of
lhe project is fro?* CEC within the European Esprit П research program. The other members of thg
consorlium are from Belgium, Denmark, Finland, Italy, Spain and Sweden. Toe prune contractor ú Riso'
Nations) Laboratory in Denmark.

The project is aimed al the development of an infoPLdtion system capable of supporting (he complex,
dynamic and distributed decision making needed in the management of emergencies eg. in the nuclear
and chemical industries, in the transportation of hazardous materials and in natural disasters.

The project objective b lo explore, describe and develop architectures for decision support systems suited
for emergency management of rare but severe events in large organizations. Tools supporting system
specification and design, knowledge acquisition, system development and maintenance through the full life-
cycle are developed. The collection of these tools will be considered as an application generator. Two
demonstration systems i.e. nuclear and chemical industry wíü be designed, implemented, tested and
evaluated. Finally guidelines and strategies for proper use of Ibe project results (architectures and software
fools embedded in lhe application generator) in a variety of industrial sectors will be developed.
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Advanced Simulation System APROS

The advanced simulation system APROS, which bas jointly been developed by VTT and tmatran Voima
Company (1VO), has been extended (a cover many Reids of applications. Standardized m о deb of nuclear
reactors, thcrmo-hydraulics, automation systems, chemical reactions, boilers, electrical systems, etc. have
been included in lhe software package.

The graphical user interface intended for model development and instructor operations has been
transported to X-wîndows workstation environment. Software for emulation of control room displays on
PC equipment has been developed to facilitate affordable training simulators. Much effort has been made
to produce easily transportable software, which benefit's parallel and vector processing features of new
computer hardware.

The calculation of the thcr mo-hydraulics has been extended from the homogeneous 3equatíon model to
5- or 6-cquation models for separate phases. The single component calculations have been extended to
multtcomponent thermodynamics including chemical reactions. 39
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Abstract

A considerable percentage (32.SX in 1989) of electric energy In
Hungary is produced by nuclear power plant Paks.

The paper presents an overview of activities on control and
Instrumentation In the following areas:

control and Instrumentation upgrading,

training simulators,

diagnostic systems.

1. NUCLEAR REACTORS

A considerable percentage of electric energy is produced in
Hungary by nuclear power plants as Table 1 shows:

Table 1
Share of electrical energy in Hungary in 1969.

Electric energy part

Conventional power plants
Nuclear power plants
Electric energy import

Total

million kWh

15 547
13 891
12 959

42 397

percentage 4

36.fi
32.В
30.Ê

100.0

Hungary's only nuclear power plant is situated in Paks (110 km
south from Budapest, at the Danube). It is equipped with four
PWR reactors of type WWER-440/213 put in operation between 19B3
and 19B6. They have improved design, components and systems
compared to similar units In the neighbouring countries, and
they are provided with addltonal safety increasing facilities
like containments, improved monitoring systems, etc. Most
important activity in nuclear C-I developments in Hungary is
directed to maintain and further increase the reliability and
good operation records of this power plant.

A considerable part of these developments is done in the Central
Research Institute for Physics, Budapest (CRIP), where
reconstruction works of the institute's research reactor
(formerly 5 MW, after reconstruction 20 MW) have recently been
finished. In Budapest, there is an other, small nuclear reactor
at the Technical University, mostly for educational purposes.
Its staff, however, also takes part in development works
oriented for NPPC-I.

2. UPGRADING CONTROL AND INSTRUMENTATION

At Paks, continuous work is done for modifying, developing,
upgrading and replacing the existing control and instrumentation
systems originally delivered by the URSS.

2.1. New computers

In the framework of the renewal, at Units 1 and 2 different
parts of the process computer system have been modernized
several years ago: data logging systems, display systems,
semiconductor memories introduced instead of disks. This year
the computers type M60 of Soviet origin, processing 2048 analog
and 3072 digital input signals, will be replaced at Unit 1-2.
The new computer has a modular structure, up-to-date component
base, higher reliability figures. Actually, plans are being
prepared for a global reconstruction of all the computer systems
of the plant. The new systems to be applied must not become
obsolete in short time, must permit the introduction of up-to-
date methods, like computer aided operator adviceing and enable
the creation of a complex network system.

2.2. Process control instrumentation

The replacement of aged computers is accompanied by the
introduction of new process control elements (transducers,
signal conditioners and processor units). The Analcont
instrument family developed and manufactured in Gamma Müvek
Budapest has a wide choice of such elements. It is also worth
to mention the set of process control elements developed by the
Instruments and Measuring Technique Service of the Hunyarian
Academy (MTA-MMSZ) proven in several applications, as well as

40 3.
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55

the transducers and process control elements of the factory MMG
Automatisa Miivek (flow-meters, fire security systems, pneumatic
components, process interface microcomputers).

2.3. Experiment "ZÜRH"

There are experiments in progress by PLC-components for
establishing a new Emergency Cooling System Logic, which - for
an experimental period - should be installed in parallel with
the operating ones, but instead of driving the actuator
elements, results are displayed only ("shadow" system).
Experiments wit control systems built-up by these components
have been performed in conventional power plants.

The system "ZUHR" should be provided with hardware and software
means to assure maximum safety, e.g. three isolated, independent
buses, self-checking, independent power inputs, special system
program, etc. The system should be suitable for locating faults
in the protection system and informing the operator on them.

2.4. Improvements in dosimetrv

Continuous development is also made in the dosimetry systems of
the plant. These systems will be interconnected to the control
room computers enabling to see radiation levels, radiation maps
at different places, to process dosimetry data together with
technological values. Display systems will be modernized, and
located at all important centres. New programs will assist the
operator in analyzing the common data base. The external
dosimetry system, monitoring the environment in the
neighbourhood of the plant will transmit data by USW
communication rather than by cabling.

New software is being developed for calculating the spread of
radioactivity in the athmosphere under accidental conditions.
Computers at the National Meteorology Services will be able to
communicate with the plants's dosimetry systems in the future.

3. SURVEILLANCE AND MONITORING

The original core monitoring systems HINDUKUS of Soviet origin
has been replaced several years ago by new onej (VERONA)
elaborated in the Central Research Institute for Physics,
Budapest, in order to increase reliability.

3.1. System VERONA

The installation of the VERONA system at all four units of the
Hungarian Paks NPP has considerably improved the safety and
economics of power production in these VVER-440 type PWRs.

In order to facilitate the operators' comprehension of the
actual core status, color display monitors are applied for data

presentation in the unit control room. All the necessary
information are at the operator's disposal in any particular
operational situation.

The in-core instrumentation is based primarily
assembly outlet thermocouples.

on SPNDs and

In addition to in-core measurements, ex-core neutron detector
signals, boron concentration, loop inlet/outlet temperature,
pressure, coolant flow measurements are also available. The
actual status of the reactor system is further characterized by
a number of discrete parameters corresponding to valve and pump
states, control rod group positions.

The scanning of measurements is performed by an intelligent data
acquisition system, consisting of analog multiplexers and A/D
converters. A complete set of measured data is transmitted to
VERONA through a CAMAC interface system in every 16 seconds.

VERONA SERVICES:

- The JD power distribution, assemblywise coolant heat-up, power
and burnup distributions.

- Collection and storage of all necessary information required
for the subsequent re-evaluation of the core state preceding
emergency situations (archivation).

- Interactive play-back facitity for detailed analysis of
archived data.

- Isothermic calibration of thermocouples during the reactor
heat-up period preceding nuclear startup.

- Periodical calibration of SPNOs.
- Accumulation of assembly burnups and SPND delivered currents.
- Xenon transient trace-back and prediction in case of scheduled

load changes. Determination of optimal boron control and of
control rod movement strategies.

- Storing of the whole planned fuel-cycle history.
- Convenient touch-panels.

Actually, reconstruction of the VERONA systems installed in
Units 1 and 2 is planned. In the new system the data acquisition
will be implemented by VME-units, the reactor physical
computations will be made by a double MicroVAX configuration.
The first part will be operated October 1991, and the complex
tests of the whole system are scheduled to March 1992.

3.2. Materials Testing Reactor

By the Central Research Institute for Physics, a three level
multi-channel computerized monitoring and surveillance system
has been developed and installed at a materials testing reactor
in Moscow, USSR. The system is based on a network of various
computers with distributed tasks and is meant for the
acquisition, processing and presentation of all the measured

55 data and related quantities relevant to the operation of the
reactor and the experimental loops. A disturbance analysis
subsystem is a part of the system, which, in a real-time regime,
determines the possible reasons leading to the malfunction.

4.2. Compact simulators for WWER-440 plants

Researchers of the Central Research Institute for Physics - in
addition to their participation in the full-scope simulator
project for Paks NPP - developed and exported two simulator



56 data and relatEd quantities relevant to the operation of the
reactor and the experimental loops. A disturbance analysis
subsystem is a part of the system, which, in a real-time regime,
determines the possible reasons leading to the malfunction.

A versatile modular monitoring and surveillance system is under
development to be offered for various research reactors.

4. TRAINING SIMULATORS

4.1. Full-scope training simulator in Paks

Training of the operational staff is an important part of the
measures to maintain safe and reliable operation of nuclear
power plants: this task can be highly facilitated by using full-
scope training simulators.

For Paks a plant-specific simulator project was started in 1984
with Finnish - Hungarian cooperation and based on Loviisa
simulator know-how. The hardware components (control room,
interface units, computers) were provided by the Hungarian party.

The software for the simulator was prepared with the assistance
of Hungarian experts under the guidance given by NOKIA
electronics experts. After installing the hardware and software
elements on the final site a full scope acceptance test was done
in 19BB. During the acceptance tests the fidelity of the
simulator was checked by qualified control room staff.

The experience gained with the simulator during one and a half
year has proved that it can effectively be used for a number of
purposes:

- Basic training for control room staff.
- Refreshing training for control room staff.
- Shortened training programs for technical staff.
- Checking operational instructions and emergency
procedures.

- Testing effects of plant modifications and improvements.

Demands concerning simulator services in the field of training
scope are constantly growing. In order to increase the
capabilities, several developments have been additionally
performed:.

- LOCA: As a result of a program development dona by CRIP
the simulator became suitable to fully simulate loss of
coolant in the primary circuit. It can follow the
ruptures of feedwater pipes inside the containment and
other malfunctions.

- Modernizing instructor's workplace.
- Maintaining and improving simulator's fidelity.
- Introducing simulation of the reserve control room.
- Hardware improvements, new computers.

4.2. Compact simulators for WWER-44Q plants

Researchers of the Central Research Institute for Physics - in
addition to their participation in the full-scope simulator
project for Paks MPP - developed and exported two simulator
systems to Kola NPP and Rovno NPP, URSS, and further
developments are also in progress.

The range of operation extends from subcritical conditions to
full power; cooling back also included. A great ammount of
malfunctions can also be simulated to help different accident
scenario trainings.

The simulator can be used in normal-, fast- and slow time modes.
In fast time mode the Xenon-Iodine behaviour of the plant can be
accelerated by 10, 60, and 120 times, respectively. In slow time
mode the simulation is slowed down by a factor of 5. In
addition, the simulation can be freezed at any time, the? the
simulation can be continued.

All of the main controllers and safety related alarm and
interlocking systems are simulated. Every controller can be
taken into manual mode to help the detailed understanding of the
operation.

The Compact Simulator comprises a control desk, four colour
displays and an instructor's display terminal.

The control desk is composed of two main parts: a mimic diagram
and a controller station. The mimic diagram is built from a
mosaic tile system allowing easy changes. Analog indicators and
LEO diodes indicate the actual state of the most important
process components. Alarm windows signalize abnormal situations.
A great number of switches, pushbuttons and thumbwheel switches
form the control station of the control desk. A special
microcomputer based electronics of the desk simulates the
operation of the controllers, so that the impression of
continuous operation is retained.

The four colour display terminals are used for different
purposes.Two terminals are used as plant computer CRTs, thus a
very detailed presentation of the technology is provided. One
terminal simulates the operation of the so called Neutron Flux
Monitoring System which is one of the most important safety
related equipment of the plant. The last terminal is used to
display the time functions of the monitored variables.

The instructor's terminal is an alphanumeric display unit and
the whole simulation process and trainee's evaluation can be
controlled by a cursor selected menu system.

5. DIAGNOSTIC SYSTEMS



Ъ . DIAGNOSTIC _Р YSTEMS

Research anil development on noise diagnostics of nuclear
reactors have been performed in the Central Research Institute
for Physics since long, the first applied result of them, a
diagnostic system developed together with the researchers of the
Institute for Electrical Power Research (VEIKI) has been put
into operation at Unit 1-2 of Paks NPP, several years ago. The
system based on in-core and ex-core neutron detectors, thermo-
couples, pressure transducers, vibration sensors was built-up
mostly by САМДС units. The system monitors the turbines and the
reactor.

5.1 . systems

Following the first application, an extended and improved
diagnostic system has been put into operation at Unit 3-4 of
Paks NPP comprising a core monitoring system (CRIP, named: PDR),
a vibration monitoring system for the pumps and turbines (VEIKI,
named: ARGUS-II), and a leakage detection system in the primary
circuit analyzing acoustic emission activities (CRIP, named:
ALMQS). The complex system operating since 1989 works with IBM-
PC-s, includes software controlled signal conditioning and
processing units. Its different, menu-based comprehensive
software packages running simultaneously monitor normal
operation, automatically detect anomalies and facilitate
detailed analysis.

A similar, complex diagnostic system has been ordered in 1989 by
URSS for a WWER-1000 PWR reactor in Kalinin.This system put into
operation in 1991 has improved specifications comparing to that
of the former one. The vibration diagnostic system ARGUS III
handles 36 measuring channels in the primary circuit and 54
channels in the secondary. The rotating speed signals of the 4
main circulating pumps, the turbogenerator and the 2 filling
pumps are included. The general features of the system, e.g. t!ie
built-in postprocedures performing trend functions, and the
turbogenerator vibration diagnostics expert system,which is an
integrated part of the ARGUS III., perfectly help the users in
solving vibration problems.

The core monitoring subsystem (PDR) has also an extended set of
observed sensors and improved techniques. It can detect
anomalies or situations which may become later dangerous and
provides several modes of analysis.

The acoustic emission leakage detection system ALHOS has 20
acoustic emission sensors located at potentially dangerous zones
of the primary circuits, pumps and pressure vessel. Signal
conditioning and processing is made by software-controlled units
located near to the sensors. Central data processing, evaluation
and alarming takes place in the diagnostic control room.

Development works are also carried out at the MMSZ (Instrument
and Measuring Technique Services of the Academy). The
Diagnosticai Information System (DIR-90) under development will
comprise several subsystems covering nearly all the major
diagnostic fields (reactor core, primary circuit, main coolant
pumps, leakage detection, loose part monitoring, technological
parameters, etc.). Several units of the data conditioning and
processing electronics are already tested in different, non-
nuclear applications, and the software structure is elaborated.

5.2. Expert systems for diagnostics

Research and development on expert systems applied in
diagnostics is carried out at several institutes in Hungary.

Expert system for turbogenerator vibration diagnostics was
developed by the Institute for Electrical Power Research (VEIKI)
and installed at Paks NPP in 1990. The system is based on the
modified Genesys 2.1. shell (developed by SZAMALK, Hungary), and
is strongly coupled to the ARGUS II. vibration diagnostics
system of the units. The system is able to identify 13 different
faults of the parts of a turbogenerator. The evaluation is based
on the measured vibration data (ARGUS II.) and on the data which
are stored in maintenance files. Now the knowledge base consists
of 200 rules. The system runs on an IBM-PC/AT.

Researchers of the SZTAKI (Computer and Automation Institute,
Budapest), in cooperation with Paks NPP experts work on the
prototype of a noise diagnostic expert system tested on Units
3-4. The sensors used in the prototype systEm are accelerometers
located on the control rod driving mechanisms, the reactor
pressure vessel head and on the housing of the main coolant
pumps, steam generators and hot leg main valves (altogether 28
detectors/unit), pressure fluctuation sensors located in each
loop, at the reactor inlet and outlet and at the pressurizer (14
sensors/unit) ex-core ionization chambers of the safety instru-
mentation (6 chambers arround the core), 3 additional ionization
chambers, in-core SPN detectors (6 strings/unit, each consisting
of 7 detectors placed at different core high) and 3 core outlet
coolant temperature fluctuation sensors. The prototype system
under development is able to reach on-line 2x96 noise signals
independently, and without disturbing the operation of the
standard noise diagnostics systems. The principles and
realization outlined are being tested in the diagnostics of
failures of the primary circuit.
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58 NUCLEAR POWER PLANT CONTROL AND
INSTRUMENTATION IN ITALY

A. LANTIERI
Dipartimcnto Reattori Innovativi,
Comitato Nazionale per la Ricerca e per Io

Sviluppo dell'Energia Nucleare e delle
Energie Alternative,

Bologna, Italy

Abstract

The National Energy Plan (FEN) approved by Che Government of Italy In
August 1988 provides a programme of cesearcti and Industrial development ot
reactors vith inherent and passive safety features.

For the Control Systems end Instrumentation there Is the alia Co define
rules and design criteria, by evaluating the Impact of inherent safety
goals on the C&I design. The effort an man-machine Interface is considered
essential to increase safety and efficiency of Advanced reactors.

The paper briefly describes the activity in control systems and In the
Instrumentation area.

1) - The nuclear situation in Italy

The Energetic National Plan ( PEN ) approved by the Government in
August 1988, provides, for nuclear fission, the definition and the
execution of a research program focusing the attention on plant
engineering solutions with high inherently and passive safety
characteristics.

The evolution of the situation after the presentation of the Italian
delegate at the latest Technical Committee Meeting organized by the IAEA
in Vienna on 8-10 May 1989 is the following:

- In July 1990 CIPE, the Italian Government commission for
economic planning, approved the ENEA's plan 1990 -1994 that
confirms the PEN'S lines.

- As for the program on the new intrinsecally safe reactors, which
is specifically a research program, ENEA will support the choice

that ENEL will have to make for future Italian reactors, also
in relation to possible international agreements.
Within the collaboration with ENEL, ENEA will develop support and
promotion of the National Industry in this field.
The R a D activities will be carried out in laboratories and at the
ENEA - Industry and ENEA - University research stations, and
within specific collaboration with University.

The objectives to be pursued will include:

- A careful observation of the progress of research programs
performed in the other Countries.

- An active partecipation to the parts of these programs that will
help to maintain a remarkable competence in the nuclear field,

also by means of specific studies and experiments.

- A continuos and thorough analysis of the validity of the various
technological options being studied at an international level, and
of possible agreements, both on the research and the development
fields,with other Countries, above all CEE Countries.
As regards this, the activities of study and research will concern
new types of reactors (small size and passive safe, including the
development of fuel elements).

The research activity on these reactors will have to aim at the
development of plants that limit environmental impact and the
off site radiological consequences in any accidental event in such
a way that no specific evacuation plan shall be needed nor any
significant long term land contamination shall occur.
Moreover, innovating fuel cycles and new methods for handling
radioactive wastes will have to be pursued, with the purpose of
suggesting a definitive and safe solution to waste disposal.

2) - Roles and National Organization

The organization for the development of the program is based on
the institutional role of the partners, under the coordination of the
Ministry of Industry and in agreement with the Ministry of University and
Scientific Research:
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- ENEA will have a leading part in the development of innovative
systems and components, with reference to studies, technological
development and experimental activities.
In this role ENEA is supported by the Italian industry and by
collaboration with the University.

- ENEL {Italian Electric Board ) will have a leading part in the
definition of the plant requirements, in the coordination of
activities concerning the analysis and reactor engineering and
global safety evaluations.

- Italian industry will cooperate to all the activities and, within
specific accord, will provide the support of engineering and
verification of systems and components.
Industry has recently organized itself in order to be able to
collaborate with the other national productive organizations.
Ansaldo and Fiat have formed the consortium "Genesi" open to
other societies which want to cooperate.
This pool will represent the industrial national partner in the
development of innovative reactors.

3) - Activity of M.M.I., Control System and Instrumentation (C&l)

Italian engagement in innovative reactors will be developed in the
framework of an international cooperation; we support a joint effort
among all the various organizations involved, i.e. Governamental Agencies,
Nuclear Industries, Reserch Companies and Electric Utilities, including the
C&l activities.

International cooperation with CEA, General Electric and
Westinghouse has already been started, cooperation with other partners
can be defined in the near future.

The presence of Italy in Halden Project will be maintained for ihe
future.

As for the Control System and Instrumentation the aim is to define
rules and design criteria, by evaluating the safety impact on the C&l
design.

Passive safeguard systems based on simple natural laws, such as
gravity and natural circulation, together with appropriate structural
barriers shall be provided to the maximum possible extent.

Plant simplification shall facilitate the understanding of the
safety conditions and the means of actuating the safety logic.

It is necessary to semplificate the architecture of the safety
system, as a consequence of reactor simplification and use of new
technologies.

However the intervention function of safety active systems must
maintain the current high requirements of availability when it is operated.

This system will have inherent and passive protections or
preventions and other systems reducing the spurious shut down and the
possibility of operator's errors.

The man-machine interface shall minimize the proprobability of
operator errors.

In the case of accident, no operator actions shall be required for a
sufficiently long and predeterminated period of time.

This conception increases the importance of the functions of
manitoring.diagnostic and control to maintain high margin of safety, high
load factors and to implement the preventive and corrective maintenance
to extend the life of reactors.

4) - Present Activities in collaboration with Italian Industry

In Italy, a collaboration ENEA - GENESI on the aspects listed below
has already been started:

- Post incidental monitoring system to be defined:

Reference scenarios;
Functional and qualifying requirements of post incidental
monitoring system;
Availability and reliability requirements;

- Study of an expert system for operator assistance, to be
developed in agreement with ENEL;

The system shall be a support for the operator to choose the
optimal procedure for anomalous or accident plant situation and
present:

High capacity of acquisition of signals in real time
High speed of information treatment
Standard industrial signals acquisition
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60 - Vibration characterization and monitoring system (induced from
and on mechanichal components) including:

Loose pad monitoring
Piping's vibrational status monitoring
Pressure fluid leak monitoring

The conception of new reactors involve the consideration of
mechanical failure in systems and components that degrade the
systems functionality;
It is important to define monitoring systems able to detect the
failure early by means of the correlation between the incipient
anomalous functioning and the mechanical vibrations in systems
and components.

RECENT DEVELOPMENT OF NUCLEAR POWER IN JAPAN
AND INSTRUMENTATION AND CONTROL SYSTEM
AND CONTROL ROOM EQUIPMENT FOR
ADVANCED LIGHT WATER REACTORS

N. WAKAYAMA
Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki-ken,
Japan

Abstract

Thia paper was provided for the 13th IAEA/IWG-NPPCI Meeting and
aims to introduce an outline of recent development of nuclear
power in Japan and some topics in the field of nuclear power
plant control and instrumentation.
Forty units of nuclear power plants are in operation in Japan and
five units of BHRs and six PWRs are under construction.
Construction of prototype FBR Monju have almost completed and
construction of High-Temperature Engineering Test Reactor, HTTR,
started in March 1991. In parallel of those, extensive effort
has been carried out to develop the third generation LHRs which
are called Advanced BWR(ABWR) and Advanced PWR(APWR). Two
Advanced BWRs are under safety review for construction.
Instrumentation and control system of these Advanced LHRs adopts
integrated digital I & С system, optical multiplexing signal
transmission, fault tolerant control system and software logic
for reactor protection and safety systems and enhances plant
control performance and provides human-friendly operation and
maintenance environments. Main control room of these Advanced
LWRs, comprised with large display panels and advanced console,
has special futures such as one-man sit-down operation, human
friendly man-machine interface, high level automation in
operation and maintenance.

1. Operation and Construction of Nuclear Power Plants

Forty nuclear power plants are in operation in Japan and the
total electric generating capacity of these power plants is
31,645 MWe. The share of nuclear generated electricity was about
26% of the total generated electricity in 1990. Average annual
availability factor of these plants was 73.0% in 1990.

In addition to these operating NPPs, five units of BWRs (4,702MWe
in total), six PWRs (6,189MWe in total) and one FBR (2B0MWe) are
under construction, and a BWR(825MWe) and two units of Advanced
BWRs (2712MWe in total) are under the safety review.



The construction period of the NPP including a period of the
commissioning test was remarkably shortened since several years
ago and most NPPs have come into commercial operation for around
55 months.

Experimental LMFBR JOYO has been operated satisfactorily since
1977 and the prototype FBR MONJU (280MWe) has been almost
completed and the first criticality will be achieved in October
1992.

The construction of a HTGR named High-Temperature Engineering
Test Reactor(HTTR) started on 15th March in this year. The
outlet helium temperature of the reactor is 950 С and the
reactor is intended to use for various studies for utilization of
nuclear heat in the non-electric field.

In addition to such environment of nuclear energy development,
Japanese new long term energy policy was decided on 5th June 1990
by the Advisory Committee for Energy

1
). The committee report

emphasizes the active development of nuclear power which has an
advantage from the global environment preservation point of view.
The report also says that nuclear power capacity is to increase
from the 28,900MW of fiscal 198B to 50,500MW in 2000 and 72,500HW
for 2010. This represents the installation of 40 units of the
1000HW class nuclear power plants in the coming 20 years. As the
results of this, 473 billion kWh electricity (about 43* of the
total electricity demand) will be generated by the nuclear power
in the fiscal year 2010.

I 8 С and Control Room Systems of Advanced bight Water
ReactorB

61

As the research and development activities and progress of the
technologies in the field of nuclear power plant control and
instrumentation in Japan has been reported widely in the last
meeting

2
), this report focuses on the I s С and control room

systems for the Advanced Light Water Reactors, ABWR and APWR.

Advanced LWRs, ABWR and APWR, were developed as the third
generation of nuclear power plants in Japan. Construction of one
of them, Kashiwazaki-б ABWR will start in the beginning of autumn
in this year and is expected to come into commercial operation in
July 1996. Construction of Kashiwazaki-7 starts in the next year
and into commercial operation in July 1997.

The ABWR and APWR have many advanced operating performances and
safety features such as 1) Enhancement of inherent safety
features by use of new structure and arrangement of the reactor
components, e.g. installation of reactor core at lower position
in the vessel (PHR) and use of integrated in-vessel recirculation
pumps (BWR), 2) Improvement of plant availability by advanced
fuel/core design and improvement of maintainability of the plant,
3) Improvement of the plant operability, 4) Reduction of

radiation dose of workers, 5) Reduction of radioactive waste, and
6) Reduction of construction and operating costs.

I S C system have been also improved remarkably for these ALWRs.
Integrated digital I S C system with optical multiplexing signal
transmission was fully adopted to the ALWRs. Fault tolerant
system structure was also used for the reactor control system.
Conceptual schematic diagrams of I S C systems for the ABWR and
APWR are shown in Fig. 1 and Fig.2

 3
) .

Automatic sequential operation and control functions have been
provided for the almost all necessary operations for the plant
start-up, shutdown, normal operations and even for the transient
operations such as post scram operations immediately after
turbine trip. Comparison of automated operation between
conventional and ABWR is shown in Table 1 * ) .

Microprocessor based software logic systems have been developed
and are used in the ALWRs for the reactor protection and safety
systems without hard-wired backup systems.
The verification and validation of the prototype software safety
logic systems had been carried out by the NUPEC(Nuclear Power
Engineering Centre) since 1987 including the accelerated aging
tests for the plant life. The V s V was completed in the end of
March of this year.

The new I S C systems will enhance p]-<.nt control performance very
much and provide human-friendly operating and maintenance
environments.

In the field of control room system development for the ABWR and
APWR, extensive studies have been also carried out in the various
area such as the investigation of behavior, characteristics and
capabilities of operators and operating crews using full scope
training simulators, creating new control room concept and
development of relating equipment and systems, and test of
acceptability of the new control room system to the operators.

In the case of ABWR, for example, the design and manufacturing of
the prototype' control room system for ABWR started in 1987,
evaluations of the system initiated in 1989 and completed in the
end of 1990.

Figure 3 shows the first generation of control panels for the
first 8 units of BWR of which construction started in the 1970's,
Fig. 4 shows the second generation panels for the second 7 units
since Fukushima II-3, and Fig. 5(a) and (b) show two kinds of
experimentally manufactured control panels for the ABWR

 5
) .

Fig. 6 to Fig. 8 show the progress of control panel design of the
Japanese PWRs

 6
) .
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Table 1 Comparison of Automated Operation

Start-up

Survellance
Test

liiediately
After Serai

Emergency

Major operations

Reactor Switching of reactor «ode SI
System Reactor de-eration

Withdrawal of control rod
Switching of IRM range

Turbine Start-up turbine iland seal steal
Systei Start-up of air extractor and off-gas systei

Start-up of feedwater and condenser pu»
Switching of reactor feedwater PUB?

Main Turbine/ Waning of control valve
Generator Increase of pressure setpoint

Increase of turbine speed
Generator synchronization

Emergency core cool ing systei
Turbine systei

Switching of reactor iode switch
Turbine trip
Turbine-driven reactor feedwater puip trip
Switching of turbine gland seal steal

Serai and start-up of emergency core cool ing systei
Start-up of containment cooling systei
Node switching of residual heat removing systei

Conventional Type

N
N
N
И

M
N
N
N

И
И
N
И

N
N

И
И
И
И

АС1)
И
И

Second Generation Type

OG+M
(ХИН

M
N

OG+M
OG+M
OG+M
A(F)

A(F)
A(F)
A(F)
A(F)

OG+M
OG+M

M
M
И
И

ACI)
И
M

ABfR Type

OG+M
OG+A(S)
ACF)

OG+A(S)
0G+A(S)
OG+ACS)
A(F)

A(F)
A(F)
ACF)
ACF)

OG+M
OG+M

M
A(l)
ACI)
ACS)

ACI)
ACS)
ACS)

M :Иашш1:
A(S):Sequential automatic operation:
A(F):Feed-back loop controlled operation*.

Each equipment Is to be operated nnually.
A series of operations of fixed pattern is to be operated sequentially by aode SI.
After receiving the «anual start-up cowand.equipient is to be controlled continuously or
descretely under feed-back loop.

ACO'Autoiatic operation by logic interlock'Action predeteriined by logic interlock is autoiatically caried out.once certain
conditions are satisfied.

OG 'Operation guide: Process computer judges operational tiling and operation permitting conditions and generates
the operational
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FIG. 3. First generation control panels for BVVRs.
(a) A-PODIA

FIG. 4. Second generation control panels for BWRs.

( b ) NUCAMM-90

FIG. 5. Prototype control panels tor ABWRs.



FIG. в. Main control room of Takahama-3 PWR. FIG. 8. New APWR control room.

FIG. 7. Main control room of Ohi-3 PWR.

Principal design requirements for the control panels for the
advanced LWR are;

- An operator should be able to perform all of the primary
monitoring and control functions.

- Enhancement of automation level in normal, transient and
even in accident conditions.

- Essential information shall be monitored in common by the
entire operating crew.

The ABHR control panels*)»
5
)»

7
) comprises a compact console,

large display panels and enhanced operator support functions.

Large display panel on the left shows Plant Integrated Alarm
which includes first hit display for 4 major events and around 40
annunciators. The central display panel provides Plant Mimic and
about 100 system level annunciators in the upper part of the
mimic. These panels are composed of LED display hardware panels
driven by dedicated redundant micro-processors to prevent the
effect of process computer failure. Large display panel on the
right indicates plant variable information on the 100 inches
screen.

Operator coneole has seven VDUs with touch screen controls,
fifteen 10 inches colour Liquid Crystal Displays(LCD), which are
connected with redundant micro-processors, and some hardware
switches.
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Almost all plant operations and control are carried out using
touch screen controls except implementation of safety functions.
Some hardware push buttons, e. g. mode switches and safety
switches, are provided on the console desk and subroutines in
the automatic sequential operations can be executed using these
push buttons.

Operator support functions using plant diagnosis functions and
artificial intelligence has been fully integrated in the control
room system.

Centralizing plant information processing and control functions
are also integrated for planning, operation, maintenance and
management of the plant.

Final manufacturing design for these advanced control rooms are
being carried out in cooperation between utilities and
manufacturers.
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NUCLEAR POWER PLANT CONTROL AND
INSTRUMENTATION IN THE NETHERLANDS:
STATUS AND DEVELOPMENTS

Y. VAN DER PLAS
Nuclear Safety Department,
Ministry of Social Affairs and Employment,
Den Haag, Netherlands

Abstract

This article has been prepared for the regular IAEA/IWG-NPPCI-meeting in

Hay 1991. It is provides an outline of the status of and prospects for

nuclear energy in the Netherlands and a brief description of topics given

specific attention by the authorities. It also gives an overview of recent

developments and aims related to I S C in nuclear power stations.
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Introduction

The Dutch nuclear power programme started relatively early with the con-
struction of two power stations, which cane into operation in 1970 and 1974.
However, further growth was delayed by factors such as the use of national
natural gas resources, negative public and political attitudes and, later,
nuclear accidents such as TMI and Chernobyl. Today, around 6 Z of the elec-
tricity is supplied by local nuclear power plants. An extension of the
nuclear power programme is not expected in the short term. For example the
new power plant planned for at the North Sea Coast near Rotterdam (Maas-
vlakte) will be coal-fired. The environmental effects of coal firing compa-
red with coal gasification has given rise to a technical debate. The con-
struction of more nuclear power stations is not on the agenda at the moment.

Nuclear installations in the Hetherlanda

The nuclear installations In the Netherlands comprise the following:
The NPP Bous sele, a Siemens/KW, 450 HWe FWR. which has been in opera-
tion since 1974.
The 60 Mlfe NFP Dodewaard, a BWR, based on natural convection, and engi-
neered and constructed by General Electric; this plant was built to
gain experience in research and into generation of electricity.
Several smaller research reactors which are not generating electricity;
the High Flux Reactor from the European Joint Reactor Center, the Low
Flux Reactor (ECN), both in Petten. and the IRI reactor from the Delft
University of Technology.

Waste storage faci l i t ies, to be located in Borssele and managed by Covra,
are at the design stage. 53
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Government involvement

Government involvement in nuclear power generation is shared mainly between

four ministries. The main concern of the Ministry of Economic Affairs (E2)

is lo achieve the desired balance between in kinds of fuel used for large-

scale electricity generation. The Ministry of Housing, Physical planning and

the Environment (VROM) is involved with external effluent release and

potential harmful off-site effects.

The Ministry of Welfare, Health and Cultural affairs (WVC) is primarely

responsible for public emergency and evacuation plans.

The Ministry of Social Affairs and Employment, which is responsible for,

inter alia safety at work, is responsible for monitoring safety. The Nuclear

Safety Department, which mentioned, above the Radiation Protection Depart-

ment (ASH) and the Dutch Pressure Vessel Inspectorate form part of thio

Ministry.

Most regulatory bodies therefore belong to either the MlniBtry of Social

Affairs and Employment on the Ministery of Housing Physical Planning and the

Environment.

Although there are no developments in the nuclear field, at the moment the

position of the nuclear programm being continued in the future is not

entirely excluded. The Ministry of Economic Affairs is supporting a project,

called FINK, which is aimend at maintaining nuclear knowledge and competence

in the Netherlands. The project is beln implemented jointly by KEHA, the

Netherlands Energy Foundation (ECN), NUCON and Delft University of Technolo-

gy. Young engineers in particular should familiar themselves with nuclear

energy.

The project comprises:

A comparative study of several modern reactor designs (AP600, 5BWR,

CAHDU 3, SIR); attention is paid to aspects such as safety, proven

technology, level in which Dutch requirements are met, the fuel cycle

and commercial aspects.

Contributions to the research and design of a type af reactor known as

the simplified boiling water reactor-, features to be studied in the

SBWR-programm include .load following control and man-machine interfa-

ce: some experiments will be conducted jointly with NPP Dodewaard

(which is a natural circulation-type reactor].

Several specialists subjects such as source term, probabilistic relia-

bility analysis and code development.

The Governments policy on nuclear safety concerns the fallowing:

Regulation is based on the IAEA Safety Codes and Guides. The Codes and

Guides are amended in line with national circumstance. The Codes

governing design, operation and quality assurance have been amended and

edited separately as NVR 1.1 u/t 1.3. Relatively small changes to IAEA

Safety Guides are in preparation. A Safety Guide for the design and

construction of concrete structures in NPPs is being drafted.

A legal basis has been established for the periodic review of existing

NPP-lirpnses.

Probabilistic safety analysis at level 2 is being conducted for both

NPPs at the request of the Ministry of Housing, Physical Planning and

the Environment and the Ministry of Social Affairs and Employment.

Backfitting projects are alsD aimed at the authorities. Together with

the PSA studies, bases are being established for the periodic licence

revision mentioned above.

The Nuclear Safety Department has commissioned several studies by

scientific and technical institutes on subjects such as hydrogen (post-

accident) control, source term, human factors, criteria for programma-

ble safety-relevant I fi C, qualification systems and methods for I & C.

Pilot projects are underway, aimed at ensuring more systematic inspec-

tion and auditing plans.

Contributions are made to the NPK, a national plan to cope with nuclear

accidents. This is a part of the policy of the Minietery of Welfare,

Health and Cultural Affairs.

The possibility of setting up one department to combine some of the

executive tasks of the Ministery of Housing, Physical Planning and the

Environment and the Ministry of Social Affairs and Employment is being

discussed.

HPP projectg recently completed

A number of modifications recently completed are listed below.

Borssele NPP

A system to test reactor protection channels in automatic and semi-

automatic modes (YT test equipment. 198B).

A process presentation system, combined with a modification of the

control room (PPS project, 1988).

A plant-wide fire alarm system (MF system, 1989).

After finishing a PRA for the on-site electrical supply system, weaker

design items in the electrical and cooling water supply systems were

eliminated (19B9-1990).

Setting up of an internal incident evaluation working group. External

experience exchange contacts were organised and a computerized incident

file vas initiated (1989-1990).

Introduction of a complete by revised quality assurance programme

(1990),

Adoption of symptom based function restoration procedures.

Dodewaard HPP

A process simulator, located on-site, to train operators in normal and

emergency operations (1990).

Implementation of symptom based emergency procedures (1990).

An emergency panel, to be used in case of inhabitabi!ity of the control

room (1990).

Ал accident sampling system (1991).

Several minor improvements in the containment isnLation system and the

short-circiit resistance of the on-site grid.
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HPP protects In preparation

The following projects are at either the preparation or implementation

stage.

Borssele NPP

Re-organisation necessitated by a merger of several smaller electricity

production companies.

Further implementation of the renewed QA system.

Probabilistic safety analysis on level 2,

Backfitting programme to extend the life of the plant. The aim is

modernize obsolete components and to keep abreast with developments in

nuclear safety and operability.

Th>. backfitting project is the most compretensive. It started with an inven-

tarory of all potential or deeired modifications, based on a change of

attitudes after incidents such as TMI and on developments in the use of PRA

techniques.

The first priority Is to verify that the original design basis for safety

hae been observed. The replacement of obsolete componente ia also important.

Secondly, accidents which were not part of the deeign basie have to be

considered in order to define в new safety level. Measures should be taken

to reduce the residual risk.

The PSA is useful in discovering hidden weaknesses and scenarios. Official

input is forthcoming via studies from GRS and ECH.

Important subjects forming part of the backfitting project are:

Bleed and feed procedures (part of the function reetoration procedu-

res).

Containment filter, to be applied in large accidents.

Hydrogen control after core accidents.

The existing reactor protection logic system, the emergency power supply

architecture and the core inundation system architecture are also being

studied.

Dodewaard HPP

Backfitting studies and probabilistic safety analysis were started

last year. Some of the points focused on were the existing relay-based

reactor protection logic, the redundancy in the emergency power supply

and the pressure level and architecture of the core inundation system.

The results of the backfitting studies will provide management informa-

tion that is useful for establishing the additional investment required

for the remaining life of the plant once has been ascertained.

A programme to improve fire safety is being implemented.

A process for extended иве of fission fuel is being continued.

A stability monitor will be put into operation to detect the thermo-

hydraulic stability of the boiling water reactor by elaboration of

noise signals in the neutron flux. One advantage of the system is that

the existing stability criterion of 70 X void can be abandoned. The

new stability monitor allows a somewhat higher thermal power at the end

of the fuel cycle.

ACTIVITIES IN THE FIELD OF NUCLEAR REACTOR
INSTRUMENTATION AND CONTROL IN POLAND -
1991 STATUS

A.T. MIKULSKI
Institute of Atomic Energy,
Otwock-áwierk, Poland

Abstract

The report gives a condensed overview of activity In the field ot nuclear reactor
Instrumentation and control In Poland over the last few years. The work was performed parallelly
In two directions related to the construction of the first Nuclear Power Plant at Zarnowlec and to
the changes made for two research reactors at Swletk. The first direction, according to
government decision, was cancelled at the end of 1990 and the results obtained up to now are
briefly summarized. The second one Is in progress, some minor changes In I & С for the EWA
reactor and significant Improvements for the MARIA reactor are under way. The results ot this
activity are presented.

The subject of "Instrumentation & Control' In nuclear reactors was primary bound on the
Instrumentation for stationary neutron flux measurements and control of global reactivity to fulfil
the safely requirements. Since couple of years the 'Instrumentation* covers other sources of
Information coming from the reactor, as: fluctuations of neutron flux, temperature and pressure
together with vibration signals. Also, "control" Includes evaluation of technical slate (diagnostics)
of the reactor core and other equipment In the primary circuit and takes Into account the
Improved methods of man-machine communications. Following this general philosophy the
activity In this area In Poland Is presented. It Is arranged by existing objects In the country, i.e.
NPP Zarnowlec, EWA and MARIA research reactors.

NPP Zarnowlec

The decision on setting up the NPP Zarnowlec was taken at the beginning of 1982 and the
work at the site started at 1984. it proceeded steadily but slowly due to lack of funds, strict qualify
control and Increasing obstacles set by the opponents. Also the Chernobyl accident focused
at some aspects of safety analysis, which should be re-evaluated. Nevertheless the construction
work was going on and the equipment from the country and abroad was coming. In 1989 the
strength of the opposition has grown up and the government decided to suspend the
construction work and prepared a general report on the situation Including such fields as: stale
of the construction work, provided and ordered equipment, quality of the construction already
done, energy balance In the country, safety of this type of reactors, possibility of financial
assistance from abroad, etc.

70 Having Ihis material at hand (rather encouraging for continuation of the construction work) the
govermen! In September 1990 decided to stop the construction. Later. In November 1990 a
discussion was held at the Parliament and the government decision was confirmed. The
construction of nuclear power plants of new generation after the year 2000 will be reconsidered
in future. Some general studies on nuclear energy will be continued In the country and even the
localization at Zarnowiec may not be lost.

The MAEIA Reactor

The MARIA material test (research) reactor of 30 MWth nominal power was put Into
operation in 1975. After 10 years of operation M was shut down tor renovation and Improvements.
At present Ihis period Is coming to an end and in short time it should start the operation. One ot
the requirements of SCRNS. besides Improvements in classical 'instrumentation 8i control". Is the



7fl Having this material at hand (rather encouraging for continuation of lhe construction work) the
goverment In September 1990 decided to slop the construction. Later, In November 1990 a
discussion was held at the Parliament and the government decision was confirmed. The
construction of nuclear power plants of new generation alter the year 2000 will be reconsidered
in future. Some general studies on nuclear energy will be continued In the country and even the
localization at Zarnowlec may not be lost.

The main parts of the WER-440 type reactor Including lhe I&C equipment are ordered
from the vendor but due to the advancement observed In electronics. In construction of detectors
and In methods of signal processing It was ambition of the scientists from the Institute, to develop
the modern and up-to-date I&C system. The In-core neutron and temperature Instrumentallon Is
to stay basically without changes In location bui a qualify of detectors should be Improved. The
ex-core neutron Instrumentation will be appended with new detectors able to supply more
Informalion In respect to spatial positions (height and radius) In the core. There are plans for new
and more sophisticated processing of signals extensively using both the existing detectors and
the new ones. There was a plan to Install a completely new computer systems (similar to that at
Ihs Paks NPP In Hungary) to obtain much more Information for the plant operator and to Improve
lhe man-machine Interface. The basic demands for the operational diagnostic system were
already formulated [ 1 ) and the list of all available signals was verified. Also the olher diagnostic
systems were foreseen for vibration and leak detection In the primary culrcull. During the 1989
the preliminary design ol vibration detection system was developed (2) based on similar systems
for the western PWRs and WERs In Czechoslovakia and Hungary. For this system the Installation
of new detectors for vibration measurements (accelerometers), pressure and temperature
fluctuations was assumed. The design Includes many new Ideas Indispensable for lhe advanced
presentation and archlvlsatlon procedures. At the same time the feasibility study for leakage
detection system was done [3]. The government decision to slop the construction work of NPP
Zarnowlec suspended also this work, but the gained experience may be of significant value for
research reactors.

Тпя MARIA Reactor

The MARIA material test (research) reactor ol 30 MWth nominal power was put Into
operalion In 1975. After 10 years of operation It was shut down tor rénovation and Improvements.
At present this period Is coming to an end and In short time it should start the operation. One ol
the requirements of SCRNS. besides Improvements In classical •Instrumentation & control'. Is the
Installation of a new Information system. The specification (5) and technical design of the system
called SIREMA (System Information for REaclor MArla) was developed In 1990. For this system all
existing detectors will be used, so about 200 analog and 500 digital slgnols are considered. The
processing of signals Includes: scaling, calculation of thermal power In every channel, maximum
surface temperature and saturation margins, balance of reactivity Including temperature effects
and xenon poisoning, fuel burn-up, etc. The presentation using colour and high resolution
monitor consists of following schemes: general scheme, reactor core, fuel channels, reactor core
primary cooling system, reactor tank cooling system, secondary cooling system, ventilation system
and electrical power supply. At present the equipment Is already on site and the programming
work is In progress [6J.

The above briefly shown activity presents the IAE Interest to keep the I & С of the research
reactors a) fairly modern stale and to follow changes which are Implemented In other reactors.
One ol main Ideas Is to monitor any changes In technical state of both reactors to get In
advance any Information about degradation of Its technical state and to prevent any, even
small. Incidents In Its safe operation. Also, the feasibility studies for nuclear power plants In
Poland will be continued In order to re-start the construction of NPP with reactors of third
generation.

The EWA Reactor

The EWA research reactor at Swlerk Is one of the oldest reactors In the world as It was put
Into operation In 1958. Since that time Its power was Increased In two steps up to 10 MWth. The
licence lor Its operation Is renewed twice a year by Stale Council for Nuclear and Radiation
Supervision (SCNRS) after careful examination of Its actual technical state. Last year (1990) the
Council required the Installation of vibration monitoring system for the components of primary
cooling circuit. According lo this requirement the total number of 12 vibration detectors
(accelerometers) were Installed on the primary cooling circuit elements, I.e. at the Inlet lo and
outlet from the reactor tank In two directions (horizontal and vertical), at live outlets from
circulating pumps, at the compensator on the main collector between pumps and heal ex-
changers and at Inlets to two heat exchangers. The measuring equipment consists, at present,
of IBM PC/XT with special PCLab Card wilh 16 channel multlpl&xer and aid converter, which
enables sampling up to 1? kHz In one channel. The systematic vibration measurements are re-
alized since six months to monitor any changes In each signal [4]. Global level of vibrations (RMS-
value) and full frequency analysis (PSD) are calculated together with checking of effects ol
technological parameters [temperature, valve opening, etc.) on the measured signals. The level
of RMS values, frequencies and amplitudes of resonances In PSD are nearly constant, so up to
now no significant changes In technical slate could be observed using the above mentioned
methods.

[1) Z. Hoffman, A.T. Mlkulskl. M.W. Reterskl:
Partial Technical Task for Operational Diagnostics for WER type Reactor (In
Russian).
IEA Internal Report No 23/EIV/88.

(2| AT. Mlkulskl. K. Jablonskl, K. Mlchallk. M.W. Relerskl:
Preliminary Design ol Vibration Diagnostic System for NPP Zarnowlec (In Polish).
IEA Internal Report No 2/EIV/90.

|3] M. Szuta:
Technical Task for Leakage Detection System In the Primary Circuit of NPP (In
Polish).
IEA Internal Report No 3/EIV/90.

(4) A.T. Mikulskl, Z. Ruslnowskl. B. Szczechla. K. Grotthuss:
Measurements of Vibrations of Primary Circuit ol EWA Reactor (in Polish)
IEA Internal Report No 162/EIV/90.

(5) A.T. Mikulski. B. Janas.-
Concept and Technical Specification for the Information System lor MARIA Reactor
(in Polish).
IEA Internal Report No 26/EIV/90.

[6[ Z. Hoffman. B. Janas. S. Kilim. E. Lange. К. Michaitk. A.T Mikulskl. K. Pytel. M Sawa.
M. Szuta:
Technical Design of Information System for MARIA Reactor Part 1 -f 5. [in Polish).
IEA Internal Report No 102/EIV/90.
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Abstract

The paper summarizes the principal activities in the field of

Nuclear Power Plants Control and Instrumentation in Spain.

The following activities are briefly described:

- Post-Accident Instrumentation

- Safety Parameter Display System

- Control ROOD Design Review

- ATWS Mitigation System Actuation Circuit

- Modifications at the Oldest Plants

TABLE I

SPANISH OPERATING NUCLEAR POWER PLANTS

НЕЕ

J.CABRERA

S.M'.GARONA

ALMARAZ I

ASCO I

ALMARAZ II

COFRENTES

ASCO II

VANDELLOS II

TRILLO I

DESIGN

PWR-lLoop

W-Design

BWR-2Loop

GE-Design

PWR-3Loop

W-Design

PWR-3Loop

W-Design

PWR-3Loop

W-Design

BWR-3Loop

GE-Desing

PHR-3Loop

W-Design

PWR-3Loop

W-Design

PWR-3LOOP

KWU-Design

POWER

(MWe)

160

460

930

930

930

975

930

380

1041

COMMERCIAL

OPERATION

1969

1971

1981

19B3

1984

1984

1985

1988

1988

1. INTRODUCTION

The purpose of this report is to provide a summary of the most

significat activities in the Spanish nuclear power plants during

1989-91 in the field of Instrumentation and Control.

Spain has nine units (PWR's and BWR's) in operation. The names,

ages, suppliers and most important parameters for these plants are

guiven in Table I, and the electricity production during 1989-90

is given in the Table II.

* REDUCED NUMBER OF PLANTS AND WIDE VARIETY OF DESIGNS

* 7 OUT OF 9 NPP STARTED IN THE 80's

TABLE II

ELECTRICITY PRODUCTION IN SPAIN Dim ING 1989-90

19B9 1990

Twh _i_

Solid fuelds 59.3 43

Nuclear 56.1 40.7

Hydro 18.7 13.6

Natural Gas/Oil dérivâtes 3.7 2.7

Twh

137.8 100 141.6 100

71

72 2. POST-ACCIDENT INSTRUMENTATION The funct ions performed by the RVLIS are as f o l l ows :

. A s s i s t d e t e c t i n g the presence of a gas bubble or void in the

in a l l SDanish nuclear power



72 2. POST-ACCIDENT INSTRUMENTATION

The post-accident instrumentation in all Spanish nuclear power
plants have been upgraded up to different levels according to the
age and original design of each plant.

Vandellos II was designed (before of operating license) according

to the requirements of Regulatory Guide 1.97, Rev. 3. of U.S.N.R.C.

Trillo I was also designed according to the requirements of KTA-
3502 (German Rule about Post-Accident Instrumenterion).

The NPP,s licensees during 1981-85 (Almaraz I, II; Asco I, II and
Cofrentes) didn't incorporate in their original designs the
requirements of R.G. 1.97.

Afterwards the Spanish Nuclear Safety Council (CSN) required to
different NPP's the fulfillment with R.G. 1.97. The applicants
have been elaborating studies defining Types Variables, Category,
Design and Qualification Criteria for Instrumentation: Equipment
Qualification, Redundancy, Power Source, Channel Availability,
Quality Assurance, Display and Recording, Range, Equiment Identifi-
cation, Interfaces, Servising Testing and Calibration, Human
Factors, and Direct Measurement.

There was some problems with the environment qualification of
variables such as: Neutron Flux, RCS Hot and Cold Legs Water
Temperature and Core Exit Temperature. These problems have been
solved changing qualified equipment.

The CSN also required the instalation of Reactor Vessel Level
Instrumentarion System (RVLIS) at Almaraz and Asco NPP's.

The RVLIS of Almaraz has been supplied by Westinghouse. It uses

differential pressure (d/p) measuring devices to measure vessel or

relative void content of the circulating reactor coolant system

fluid. The system is redundant and includes automatic compensation

for potential temperature variations of the impulse lines.

Essential information is displayed in the main control room in a

form directly usable by the operator.

The functions performed by the RVLIS are as follows:

. Assist detecting the presence of a gas bubble or void in the
reactor vessel

. Assist in detecting the approach to ICC

. Indicate the formation of a void in the RCS during forced flow

conditions

The RVLIS has been instailated and tested at Unit I of Almaraz, and

it's instalating in the present refueling at Unit II.

ASCO NPP is selecting the supplier of RVLIS and the tentative
shcedule of installation will be during the refuelings of 1992 for
each Unit.

3. SAFETY PARAMETER DISPLAY SYSTEM: SAMO

The Safjty Parameter Display System (SPDS) is a Post-THI require-
ment to improve the Capability of Operators during normal opera-
tion, abnormal and emergency conditions of the plant.

During the last two years have been insta Hated the SPDS in the
Almaraz I & II and Asco I & II NPP's.

These NPP's were supplied by Westinghouse, and the SPDS was

designed according with NUREG-0737 (Supplement N» 1) requeriments.

(Clarification of THI Action Plan Requeriments).

Almaraz I t II

Almaraz NPP has installed the SAMO. This is the Spanish name of
the System , and it has the following functions:

Operating help in emergency conditions

Operating help during simple transients and abnormal conditions
- Grouping of plant information

Data Analysis

- Process Control

The SPDS is a part of SAMO. Only the first function is a specific
SPDS function.

The SAMO of Almaraz, was developed by a group of companies
intearatprt hu; Coneral

The SAMO of Asco, was developed by Westinghouse and Sainco (Spanish
company). Westinghouse developed the system and some software
programs. Sainco developed sofware programs and System Verification
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The SPDS is a part of SAMO. Only the first function is a specific
SPDS function.
The S A H O of Almaraz, was developed by a group of companies
integrated by: General Electric, Combustion Engineering, Empresá-
rios Agrupados and Tecnatom.

General Electric, developed the basic concepts of the Systems.
Combustion Engineering, contributed with experience in developments
of SPDS's and sustitutions of process computers in NPP'S type
Westinghouse.

Empresários Agrupadas (Spanish Company), developed software
programs.

Tecnatom (Spanish company), is contributing with verificacion and
validation and personal training.

The Almaraz SPDS uses two redundant computers by Unit (Digital
Model VAX-8530). Each one has Capability to process all data. Each
CPU can process 3,5 HIPS. Both computers are on line, commutation
isn't necesary.

The Data Adguisition System (DAS) uses microprocessors technology.

Asco I S II

Asco Npp has installed also the SAHO. This System has the following

functions:

- Operating help in emergency conditions
- Operating help during simple transients and abnormal conditions

Processes Computer
Grouping of plant information

Each subsystem has a grafics hierarchy: Historic Lists, Grafic
Lists, Grafics of Trendn, Post-Trip Review, Events Seguence, Alarms
and Different Lists.

The SPDS is also a part of SAHO. Only the firts function is a

specific SPDS function:

The SAHO of Asco, was developed by Hestinghouse and Sainco (Spanish
company). Westinghouse developed the system and some software
programs. Sainco developed sofware programs and System Verification
& Validation.

The Asco SPDS uses two redundant computer by Unit (GOULD model

32/9706). Each one has capability to process all data. Each CPU can

process 4,5 HIPS. Both computers are on line, conrautation isn't

necesary.

The Data Adquisition System (DAS) uses microprocessors digital
technology based (MOTOROLA, Model 6800).

4. CONTROL ROOM DESIGN REVIEW

The Detailed Control Roon Design Review is a Post-THI requirement
to improve the ability of nuclear power plant control room
operators to prevent accidents or cope with accidents if they occur
by improving the information provided to them.

The design of the SPDS, design of instrumentation displays based

on R.G.I.97, development of function oriented emergency operating

procedures, control room design review, and operating staff

training should be integrated with respect to the overall enhance-

ment of operator ability to comprehend plant conditions and cope

with emergencies.

In 1991 will end the projects of control room design review in
emergency conditions that are carrying out at the Almaraz I 4 II
and Asco I & II NPP's.

The criteria and requirements to conduct these desing review to
identify human engineering discrepancies are the following:

- Establishement of a qualified multidisciplinary review team and

a review program incorporating accepted human engineering

principles.

Ц - Use of function and task analysis to identify control room

nnerator tasks and information and control requirements during

isolated the Blow Down and Process Sampling of secondary side in

the steam generators.



Use of function and task analysis to identify control room

operator tasks and information and control requirements during

emergency operations.

Comparison of the display and control requirements with a

control room inventory to identify missing displays and

controls.

Control room surveing to identify deviations from accepted human

factors principles.

Assessment of the human engineering discrepances that are

significant and should be corrected, and selection of design

improvements that will correct those discrepancies.

Verification of each selected design improvement will provide

the necessary correction, and can be introduced in the control

room without creating any unacceptable human engineering

discrepancies.

The improvements that are introduced should be coordinated with

changes resulting from other improvement programs such as SPDS,

operator training, new instrumentation (R.G. 1.97, Rev.3), and

upgraded emergency operating procedures.

The C S N have to check if the control room design reviews fulfill

with the requirements of NUREG 0737, Suplement n".l.

5. AMSAC

The AMSAC (ATWS Mitigation System Actuation Circuit), was installed

at Almaraz I & II, Asco I & II and Vandellos II during the

refueling of 1989.

The System was designed and supplied by FRAHATOME.

The actuation of this system is by signal of Low Level in the Steam

Generator (for powers 2 40%) and Turbine Trip (high presion in the

first turbine stage). The Auxiliary Feed Hater starts and is

isolated the Blow Down and Process Sampling of secondary side in

the steam generators.

Is pending the decisition to include this system into the Technical

Specifications. We are waiting the position of U.S. Nuclear

Regulatory commission in the Merits Program. Now the AMSAC Control

is carried out by administrative procedures.

6. MODIFICATIONS AT THE OLDEST PLANTS

Jose Cabrera

A modification of the Reactor Protection System will be carried out

this year at the Jose Cabrera NPP, consisting into replacement of

a previously existing panel (P14 panel) for a new one, improved

with the incorporation of a "Microprocessor Based System", the

Foxboro Spec. 200 Micro System.

The new system equipment will replace the existing hardware and

operator interface equipment on the Control board for the Steam

Generator/FW Protection and Control System (SG/FH PPC). The system

will be designed to be installed in a new cabinet.

The replacement of Panel 14 is necesary because of maintenance

problems resulting from lack of spare parts, one important

requirement on the replacement is the limited space available in

';he control room for the new panel.

The new system will permit calculate the position of the Steam

Generator feed water valve in function of inputs data (Analogical

signals: Level, FW flow and Steam flow of secundary side of S.G.).

The new SG/FW PSCS will have two main functions:

- Primary Function: will initiate protective actions via the

Reactor Protection System or ESFAS (Emergency Safeguard

Actuation System) Whenever predetermined limits are exceeded.

- Secondary Function: will provide isolated analog signals for use

by the Feedwater Control System, and for indication and alarm

functions on the Turbine/Reactor main boards.

S. H*. Garona REPORT ON THE STATUS OF
Л КТГЪ Р П М Т П Л ! TfcT
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The most important modification in the field of Instrumentation &

Control at S.И
1
. Garona NPP was the incorporation of the "Analog

Trip System".

This system uses analogic instrumentation (transmitters) with Trip

Units, instead of presion and level breakers in the Reactor

Protection, Primary Containment Building Isolation and Emergency

Core Cooling Systems.

The reaBons of this change is to have a better maintenance and a

continuous monitoring of process variables.

REPORT ON THE STATUS OF
INSTRUMENTATION AND CONTROL IN
SWEDISH NUCLEAR POWER PLANTS

E. STRÕBECK
Swedish State Power Board,
Ringhals Nuclear Power Plant,
Varõbacka, Sweden

Ruclear paver planes accounted Cor 46X of the total electric povet
production In Sweden in 1990. The availability of the Swedish reactors
remains at a very high level.

The oldest Swedish nuclear power plant has been in operation for
nearly 20 years, and In the next 5 to 10 years a large portion of the HPF
electrical equipment has to be replaced.

The paper presents an overview of activities on control and
Instrumentation in the following:

future developments,
Implementation of computer-based systems,
training simulators,
nuclear safety research.

The operating experience In Swedish nuclear power plants In 1991 Is
also presented.

Operating expérience in Swedish nuclear power plante

75

Nuclear power plants accounted for 46% of the total
electric power production in Sweden, in 1990. The
availability of the Swedish reactors remains at a
very high level. The fact that the nuclear units uti-
lization - measured as the capacity factor - is about
ten per cent lower is mainly due to the following
factors: Filled water reservoirs enabled hydro
electric power plants to produce power above normal
and the low power demand due to a mild winter.

The average number of scrams per reactor has decrea-
sed to 1,7 per unit and year. In three of the units,
not a single reactor scran was triggered during the
1990. It is also worth noting that the majority of
the scrams originates, not in the reactor process
system but in the conventional systems.



76 In 1990 the units at Ringhals Power Station produced
all together йоге energy than any previous year.

During the refuelling outage at Ringhals 1, cracks in
the blade attachments on the low pressure turbines
were discovered. Repairs have been in progress most
of the autumn, which has entailed a reduction in
availability.

During the annual refuelling outage at Ringhals 2,
the turbine was modified, enabling the unit to be run
at a higher power level during the autumn. The unit
will be officially uprated in spring 1991. A number
of deformed control rod guide tubes were discovered.
Investigations and samplings aimed at determing the
cause greatly prolonged the outage. In spite of that
the unit had the best production result ever.

Ringhals 3 was operated at reduced power (88%) during
the year in order to slow down the deterioration of
the steam generators.

At Oskarshamn l, a crack was discovered in a riser
pipe in the reactor core spray system, leading to a
replacement of all riser pipes. Problems in connec-
tion with removal of the pipes greatly prolonged the
outage.

Status and future developments

The oldest of the Swedish nuclear power plants went
into commercial operation in the early seventies.
This means that the electrical equipment has been in
operation for nearly 20 years. Because of an ambi-
tious surveillance and preventive maintainance pro-
gram there is up to now very little tendencies of re-
duced availability depending on aging. Components
susceptible to aging, electrolytic capacitors, relays
etc, are inspected and replaced by regular intervals.

From an availability point of view there is no imme-
diate need of replacing electrical equipment. The
motive for installing new equipment is additional
technical requirements, problems related to obtaining
spare parts and technical support.In the next 5 to 10
years a large portion of the electrical equipment has
to be replaced. A strategic plan for the replacement
of the more complex control system in Ringhals 1 is
shown in app. 2. This is quite typical for the
Swedish BWR plants, naturally it differs in detail
between the different plants but the trend and
general plans are the same. A requirement is that a

replacement should not lengthen the normal annual
outage. This means 12 to 19 days are available for
installation and commissioning. This short time
requires a careful planning and. extensive testing of
the system before it is installed. The factory
testing must be done in a manner that simulates the
actual conditions and requirements as close as
practical possible. The time needed for this test is
in the order of 3 to 6 months depending on the
complexity of the system. If possible, the new system
may be installed in parallel with the old one and in
operation with all inputs connected and outputs simu-
lated. This method was used in Forsmark with great
succès when installing a new turbine governor in
1990. During the time the new system were running in
parallel with the old one a load rejection occured
and the new governor behaved like it was controlling
the turbine.

Policies in the implementation of computer-based sys-
tem

A requirement from the operators and maintainance
staff is that there should not be too many different
types of control system. Then upgrading a system it
must include the latest technology to ensure that it
is still on the market at the end of a 5-10 year pe-
riod. This gives no option in the selection of
technology, the systems has to be cumputer-based.

The policy is to introduce computer-based system gra-
dually, starting with non-safety system and after
that follow with less complicated safety system. The
first safety system in Sweden where computer was used
was installed in Ringhals 1 in 1987.The source and
intermediate power range monitoring system was
replaced by a wide range monitoring system. The se-
cond one was installed in Ringhals 2 in connection
with the steam generators replacement. Surveillance
of reactor loop temperatures and control of steam
generator level are made by computer-based
equipment.This was installed in 1989. So far this is
the only computer-based safety systems in use.In
Forsmark a wide range monitoring system similar to
the one in Ringhals will be installed in 1991 and
Barseback is planning for installing a computer-based
power range monitoring system in 1992 or 1993.

The process in obtaining permission to install compu-
ter-based equipment has been quite complicated. First
of all a policy document was written. This document
gives guidance and state general requirements. Refe-
rence is made to relevant international standards for



hardware and software. Proven design is a very impor-
tant aspect in this document, no system is allowed if
it has not proved its reliability in non-safety ap-
plications.

In Ringhals a specific procedure has been developed
that defines the requirements and routines for the
installation of computer-based system. Items that are
covered are such that are typical for the new
technology,e.g. guides and standards.software quality
assurance, proven design, design procedures, archive
procedures, verification and validation of software,
technical support, modification procedures, operation
and Diaintainance.

Training simulators

From the start there was only 2 simulators in Sweden,
one of BWR type (a replica of BarsebSck) and one of
PHR type (a replica of Ringhals 3/4). This was consi-
dered inadequate, especially with respect to turbine
training, and a decision was nade to develope a spe-
cific simulator for each of the individual power
plant.

The Forsmark 1/2 simulator was taken into operation
in 1990, training on Ringhals 1 simulator will start
in 1991 and for Oskarshamn 1 the simulator will be
ready in 1992. The simulators are tailor made and ex-
act copies of the control rooms. The training are
very detailed and covers reactor, turbine and auxi-
liary systems. The simulators are all located at
Studsvik and are operated by the utility owned com-
pany KSU.

In addition to these simulators there are the Compact
Simulators located at the power station. The software
for this simulator is of the same standard as the
full scale simulator at Studsvik but the control room
hardware is reduced to a minimum. The operators use
this simulator for training on a functional level and
it is a very good complement to the full scale
simulator at Studsvik. It is very easy to get access
to the compact simulator, and this is the main
advantage.

Nuclear safety research in Sweden

In average the equivalent of 20 million USD is spent
annually on research in the field of nuclear safety.
Only a small part of this is spent on electrical is-
sues. There are however some projects that could be
worth mentioning.

A study of methods for aging as part of environmental
qualification testing of safety related electrical
components is sponsored by the Swedish nuclear power
inspectorate. A pre-test has been performed. The
purpose was to evaluate suitable methods for mea-
suring degradation of components subjected to aging.
This started in 1987 and was completed in 1990. The
main study was started in 1990 and the purpose is to
investigate - statistical variation in degradation of
aging, due to variatons in individual component
samples - determination of margins needed due to the
limited number of samples normally used in qualifi-
cation testing - investigation of techniques to sup-
plement accelerated testing by curve matching and on-
going qualification - investigation of the benefit on
aging of using nitrogen gas in the containment. The
main study will be finished in 1993.

The Swedish nuclear power inspectorate has the opi-
nion that one of the nain safety issues of the 1990's
will be exchange of control room equipment to compu-
ter-based system. The inspectorate is planning to
start a research project on this issue in 1991.



Appendix 1

SWEDISHNUCLEARPOWERPLANT HISTORY

BY REACTOR TYPE (BWR, PWR)

EnergyAvailability(%/yearo[operation)

Reactor Scrams (Number/year)
PWR

72 73 74 7S 76 90

SVEDISH NUCLEAR POWER PLANTS

Helctric Power Commercial
Power plant Reactor íjpe output (MWJ output operation

net gross (MWil (Year)

Barsebackl BWR. ABB-ATOM 600 615 1800 1975
Bajsebãck2 BWR, ABB-ATOM 600 615 1800 1977
Forsmarkl " BWR. ABB-ATOM 367 1005 2928 1981
Forsmark2 BWR. ABB-ATOM 968 1006 2928 1981
Forsmaik3 ' BWR,ABB-ATOM 1150 1192 3300 1985
Oskarshamnl BWR.ABB-ATOM 442 462 1375 1972
Oskarsharan2 BWR, ABB-ATOM 605 630 • 1800 1975
Oskarshamn3:.- BWR,AB&ATOM ' 1150 1190 " 3300- 1985
RinghalsK " BWR.ÃBÍATOM '- 750 780 ' 250Ò 1976
Ringhals2, • PWR,WestInghouse 850 880 ' 2660- 1975
Rlnghals3 PWR.Wesltaghause 3!5 960 2783 1981
Rlnghads4'_ PWR. Westlnghouse 915 960 2783 1983

DEFlNmONS
Comspondlnj lo lhe UNIPEBE
daullicitlon "SUlliUcil Terminology
Employed In the Electrical Supply
lndusuy"

Energy availability factor - Eli/Eu
GJNIFEDE definition 4.6.03.П
Energy ulllintlon factor - Ed/En
(UNIPEDE deltatllon ПМ.5.0О

Ед - maximal producible energy with
maximal capacity during total time In a
specific period.
Ed - actual produced energy within a
certain period.
Etg - maximal producable energy with
available capacity within a certain
period.



Appendix 2 Appendix 3

RINGHALS 1

UPGRADING TO COMPUTER-BASED SYSTEM

EQUIPMENT CLASS 91 92-95 95-00 >2000

Turbine governor 2E/1E X

Gas turbines remote control 2E X

TIP system

Feed water regulator

Reactor control system

Temp, instrumentation

Fuel transfer

Nuclear instrument. PRM

Reactor protection system

Valve and motor controls

Relay protection

2E

2E

2Б

1E/2E

2E

IE

IE

IE

IE

X

X

X .

X

X

X

X

X

X

RESEARCH ON CONTROL SYSTEM

COMPUTER-BASED I&C IN SAFETY SYSTEM

PROCESS OF EXCHANGE

QUALIFICATION GUIDE

CLASSIFICATION

VERIFICATION AND VALIDATION

VERIFYING A CONTROL SYSTEM IN A TEST RIG

SWEDISH AND INTERNATIONAL EXPERIENCIES

79



NUCLEAR POWER PLANT CONTROL AND
INSTRUMENTATION IN SWITZERLAND

A. VOUMARD
Federal Office of Energy,
Swiss Federal Nuclear Safety Inspectorate,
Würenlingcn, Switzerland

Abstract

In Switzerland five NPPs are in operation and none is planned

or is under construction. The three oldest NPPs are backfitted

with an additional safety system.

In the field of I&C, efforts are essentially directed to

maintaining high performance and to improve the safety of the

plants in operation. Three of these plants are about 20 years

old and a significant part of their ISC equipment has to be

replaced. This is an ongoing process which is carried out

stage by stage mostly during the annual shutdown.

Measures to avoid or mitigate severe accidents, including core

melting, have been taken or are planned.

Introduction

In Switzerland five NPP-Units are in operation. Table 1 gives

some information about them.

Table 1

Unit net el. Type
Power

Suppliers Start of
Operation

Beznau I

Beznau II

MUhleberg

Gõsgen

Leibstadt

350 MW PWR

350 MW PWR

W/ABB (BBC) 1969

W/ABB (BBC) 1971

320 MW BWR/Mark I GE/ABB (BBC) 1972

930 MW PWR KWU 1979

990 MW BWR/Mark II GE/ABB (BBC) 1984

In the past all plants have shown high availability.

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 plants that are in operation.

But at the same time the people accepted another proposal for

a 10-year moratorium for the constuction of new NPPs. In

practice we already had a de facto moratorium since the early

eighties, now this is part of the constitution. The promotors

of the NPP project Kaiseraugst had already been partially

indemnified in 1989 as they renounced to build the plant.

However, most of the plants in operation have submitted

applications for a new licence with a power up-rate of 10 to

15 Ï. The new licence has to be given by the Federal

Government.



Probabilistic F'ety studies have been requested for each NPP

and are currently being carried out.

Because the progress in the construction of a definitive

storage facility for nuclear waste is much slower than

expected, partly due to the complexity of the Swiss geology

and partly due to a strong public opposition, intermediate

storage facilities are needed and will be erected in the near

future.

The present situation in Switzerland has as a consequence a

slowing down and a redimensioning of the research activities

in the nuclear field. These are caused by political as well as

economical reasons. Presently the activities in the ISC field

are mainly directed towards maintaining high availabilities of

the operating NPPs and upgrading their safety.

2. Activities

In the first place we have to remember that each of the three

oldest Units are going to be equipped with a supplementary

safety system, which is self-sufficient and protected against

seismic and other external events. These systems allow an

automatic residual heat removal and each of them has at its

disposal an emergency control room in case the main control

room has lost it's function.

At the NPP Miihleberg this system is already available. In the

test phase also the simulation of lightning strokes was

included.

At the Beznau site, the civil construction of the new building

for the Unit 1 is going to be completed while for the Unit 2

the first equipment tests have already started to be

performed. The new system will be operable in 1993

respectively 1992. In the ISC field the supplementing of such

an additional system in a PWR plant has led to numerous

modifications of the control logic and also of the control

panel in the main control room. All these modifications have

to be carefully evaluated before implementation.

Following the Chernobyl accident, the authorities have

required new safety measures against severe accidents,

especially those whith complete core meltdown. In fact most of

these measures had been already under evaluation. The

Chernobyl accident has accelerated the final decision in this

respect•

Measures to prevent the detonation of H2 in BWR containments

have already been taken.

In addition a filtered containment venting system will be

installed at each plant.

Also requirements for accident management measures have been

formulated. These concern the post accident instrumentation

and the radiological protection of the main control room and

of the emergency control room, as well as the internal

communication system of the plant.

The monitoring of the water level in accident situations in

PWR reactor vessels is still an open issue.

Three NPPs have already been in operation for almost 20 year;:.

More and more often the equipment used for ISC have attained

their end of life, where their performances are no longer

considered to be satisfactory or the replacement pieces become

defective. The development of a systematic aging management

program is actually under consideration.

Since more than ten years the renewal of the ISC equipment is

an ongoing issue and will continue as long as the plants are

in operation. Presently the main project at the Beznau plant

is the replacement of the old computer by a modern distributed

computer system. At the NPP Mühleberg the main activity is the

replacement of the old reactor protection system based on

relais technique by a more sophisticated electronical system



82 with selfchecking features. Programable systems with Ц-

processors have been introduced in safety related systems such

as the alarm processing system and the radiation monitoring

system.

Comprehensive investigations concerning the functionality of

motor operated valves (MOV) have been carried out. The

original design basis, the size of the driving motor, the

control equipment and the setting of the torque switches have

been reviewed and where necessary corrective measures were

taken. Also some new test bench for MOV has been procured,

improving the surveillance and diagnostic possibilities.

An automatic radiological dose rate monitoring system will be

installed in Switzerland. Its sensors are placed around the

NPP at a distance up to S km. It will be supplemented by an

emergency response data system, which directly transfers the

essential reactor plant parameters to the Swiss Federal

Nuclear Safety Inspectorate.

Finally the decision of Switzerland to participate again in

the OECD-Halden Reactor Project has to be noted as a positive

step in the ISC field.

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

A. GOODINGS
Sensors and Instrumentation Department,
AEA Technology,
Dorchester, Dorset,
United Kingdom

Abstract

This paper notes that, although no fundamental, HPPC&I technical
developaents have taken place in the UK since 1989, enormous
organisational changes have occurred. The influence of these changes on
instrumentation capability is discussed and the current situations on
the Hagnox, AGR and Fast Reactors and on the Sizewell PWR are described.

Work on pulse-coded-logic reactor trip systens based on conventional
microprocessor components is noted and a new; Dungeness В AGR, single
channel trip system which uses these principles is described. ; Other
developments in sensors, instrumentation, ultrasonics and under-sodlum
viewing are also described as are studies on software reliability, human
factors engineering and related topics. Comments are made on general
aspects of computers in reactor safety systems, i . ,

It is concluded that the last two years have seen considerable progress
in the UK despite the interruptions and problems generated by
organisational changes. It is felt that these changes may have produced
a new sense of urgency and better insights Into the needs of the
industry.

68

it IHTRODOCTIOH

The basic technologies and philosophies employed for reactor control and
instrumentation in the UK have not changed qualitatively since the last
XWG meeting [1} and therefore, in many ways, this report forms a natural
extension to what was said on that occasion. In technical terms
progress has largely been evolutionary, tending to implement the
strategies which were outlined l=»st time. There have been further
trends towards computer based systems in a search for increased safety
and greater plant efficiency. ' • ,''

In contrast ta the technology,{however, many highly significant changes
have occurred in the structure of the UK electricity and nuclear
industries. These changes have had considerable impact on the cil
field, generating a sense of immediacy and tending to concentrate
attention on areas which promise fairly quick economic rewards. These
effects have been intensified by the government's decision to delay

1

further reactor orders until the economics and future of nuclear power
has been reviewed in 1994. ,
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'I'lllu рирег canrat hope to report progress on every item. It therefore
tilen to cover the field as a whole with comment on the salient areas,
Ihn difficulties which have been encountered and the solutions found.
Tim ,1111 Imr la indebted to many colleagues for the information on which
Ihivin commenta яге baEod but it is important to emphasise that the views
which arc expressed are those of the author and do not necessarily
11411 er.nnt a consensus of UK opinion.

ii TUB ВЕЯ и нвеывгш IHDDBTRY STRUCTURE

TIIK UK oie, criclty industry used to be in public ownership but the
• IKMlur part of it has now been privatised. It has also been
rnntnicturcd in fundamental ways and, although the details are complex,
In ulfoct, a number of separate supply companies retail electricity
l)c)i«]tit tram a distribution company which, in turn buys it from separate
i|«nnnitln<] companies. In principle, the number of generating companies
in unlimited but, for this discussion it is sufficient to note that
thnro are a number of privately owned ones who use fossil fuel and two
publicly owned ones (Nuclear Electric and Scottish Nuclear) who own and
run moat of the nuclear power stations.

Thono changes have, of course, had many effects but some are specially
nlgnlflennt from the present and nuclear points of view. Firstly, the
now generating companies are in competition with each other in both the
nhort and long terms. All are trying to reduce prices and, in
particular, those who use fossil fuels are attempting to Introduce
rolatively cheap, gas fired dual cycle plants which, it is claimed, can
ha built very quickly. There is therefore strong emphasis on the
reduction of nuclear generating costs and hence on techniques, including
ctl baaed techniques, which can achieve this. A consequence is that
rnnenrch funding is under great pressure and that which is available now
tondn to be even more closely directed and controlled than it was
before.

Secondly, the new structure removes from the generating companies their
previous statuary obligation to supply electricity on demand and places
this on the "retail" companies. Thus, the generators, without prejudice
tn nuclear safety, are now able to examine plant economics from fresh
points of view. Financial efficiency has become a dominating factor and
Internal costs are more important than before. This also has a number
• f consequences and one, somewhat unexpected, advantage may be better
long term load factors. Operators are able to judge the need for
maintenance and modification in a strategic way and are less influenced
by external constraints.

Although not directly involved in this restructuring process, the
position of the UK Atomic Energy Authority could not fail to have been
Influenced by these moves. In addition, however, it has been subject to
other and more fundamental changes. Until about 2 years ago, the AEA
wan, in very simplified terms, funded by the government to provide
b.ickup for the industry and to conduct long term forward thinking in the
nuclear field. The government thought, however, that this was no longer
consistent with their plans and, by discontinuing direct funding to a
substantial degree, obliged the AEA to change into a very different,
commercially oriented, profit motivated organisation. The old Atomic
Energy Authority, now called AEA Technology, has divided itself into 9
separate and essentially autonomous businesses which operate with the
support of services provided (at a price) by the various sites. These
businesses are designed to interface cleanly with different sectors of
the potential market. Thus, the Reactor Services Business is

responsible for reactor related work and, therefore, for reactor control
and instrumentation. As might be expected, since income can now only be
obtained as payment for goods and services supplied to willing customers
these changes have lead to many changes in the way in which problems are
approached. Projects have become even more customer oriented and, in
very general terms, there has been a reduction in the level of support
for"work which is not directed at a reasonably obvious issue amenable to
a relatively quick solution. Fundamental studies have not been
discontinued but are reviewed much more closely for their relevance to
long term ains.

The position of control and instrumentation equipment suppliers in the
UK (which now include AEA Technology) has also been effected and,
although significant work is arising from instrument refurbishment and
licensing backfit programmes, the outlook does not suggest a glut of UK
orders. Companies may well, therefore, review their strategies, with
the more general suppliers diversifying out of the nuclear industry and
some changes in specialist capacity. The market in instruments for
fossil fuelled systems could be relevant in this context. In the medium
to long term, the situation will be further effected by the wider
European Economic Community market in 1992. Strong international
collaboration, of course, already exists in many areas but this will
increase. Much depends on the government review of the industry to be
made in 1994.

3j. THE CORRECT Я1ТПЛТЮМ ОН Ш НПСХЕАЯ POWER PIAHTB

3.1 The Magnos reactors

Two of the nagnox stations are now shutdown on what might be considered
a permanent basis. Berkeley encountered structural problems, which,
although soluble, would have required expensive solutions, making
further operation uneconomic. Both reactors on the station are in the
process of being decommissioned and, to date, about half of their fuel
has been removed. Hunterston A has also been closed down for economic
reasons (there is excess generating capacity in the Scottish Nuclear
area).

Although not strictly relevant to this section, it may also be noted
that the 100HW(e), £team generating Heavy Hater Reactor (SGHWR) at the
AEA Technology, Hinfrlth Technology Centre has also been closed for
reasons analogous to those at Berkeley. Metallurgical studies suggested
that the remaining life of its pressure tubes was shorter than had been
expected and, although further work might have justified the position,
operation became uneconomic. This reactor, too is being decommissioned.
No significant Ctl problems have arisen from any of the decommissioning
work.

The rest of the Hagnox stations remain in service and most are achieving
high load factors and good economics. Each is under continual review
and modifications to support life extensions of between 5 and 10 years
are being implemented on a case by case basis. No significant control
or instrumentation problems have been encountered and the greater part
of the work in this area is confined to the replacement and routine
upgrading of equipment when appropriate. Thus, a new, two out of three
relay guardline has been installed at Calder Hall and it is interesting
to note that the choice of technology in this case is said to have been
influenced by the fact that a system familiar to existing staff should
yield higher safety levels than one which is not. Other examples of
similar work are the Installation of a replacement data processing

fli system at Oldbury and the review and possible replacement of flux
instrumentation at Hinkley A.

Most of the Hagnox reactors have relay guardlines and it has recently
been recognised that diverse tripping would be desirable in the event of
a fast, loss of coolant accident. Contracts have therefore been let for
the provision of additional systems based on the LADDIC magnetic core
technology used on the AGR's. These will be fitted over the next few
ye?

-
т. Hagnox reactors are also equipped with boron ball secondary

sin. down systems and the new diverse guardlines will, of course, couple

The above DC12 problems have prompted a review of alternative
instruments and these has included a study of the Pulse/Campbell
assemblies which are installed on Torness/Heysham 2 for diverse power
indication purposes. It has produced a number of interesting
conclusions which can be summarised by noting that relatively complex
equipments which have been designed and implemented for a control role,
may need modification before they can be fully validated for full safety
critical purposes. This, too, is of considerable relevance elsewhere.

3.3 Tb« Fini Station at sizewall В



system at Oldbury and the review and possible replacement of flux
instrumentation at Hinkley A.

Most oC the Magnox reactors have relay guardlines and it has recently
been recognised that diverse tripping would be desirable in the event of
<i fast, loss of coolant accident. Contracts have therefore been let for
the provision of additional systems based on the LAUDIC magnetic core
technology used on the AGR's. These will be fitted over the next few
ynf -.. Magnox reactors are also equipped with boron ball secondary
ah down systems and the new diverse guardlines will, of course, couple
Into these facilities. This is generating interesting problems because
the time required to recover from a spurious boron injection is quite
long and it is therefore important to ensure an adequately low incidence
of spurious trips.

3.2 The Advanced gas coolad rau-tora

There are 7, twin reactor AGR stations of which the newest are those at
Torness (Scottish Nuclear) and Heyshan 2 (Nuclear Electric). These were
commissioned during 1987/1988 and are built to more modern
Instrumentation standards than the others [1].

Relatively few instrumentation problems are being encountered on the
earlier stations although it has been noted that failure rates on same
classes of equipment have started to increase with time as the systems
age {the so-called bathtub curve). For this reason design work is being
carried out to allow replacement of some data processing systems. A
more substantial piece of work has been the installation of a' new,
single channel tripping system on Dungeness B. This is discussed in
Section 4 below.

One of the main ргоЫешз at present on the Heysham 2 and Torness
stations is that of establishing satisfactory performance from the fuel
route equipment. On load refuelling introduces a number of safety
considerations and the control and interlocking of the fuelling machine
is a complex process - partly Implemented by Programmable Logic
Controllers. In the case of these new reactors, the system requirements
were further complicated by, for example, factors associated with
reduced radiation dose levels and the need to meet new seismic
requirements. Difficulties have now been encountered in validating the
design. Such problems did not occur on the earlier stations and do not
apply to the PLC post trip sequencers on Heysham 2/Torness for reasons
associated-with the details of the implementation.

Some problems have also been encountered on the flux instrumentation of
the new stations. As was reported in [1], many UK reactors use high
temperature neutron detectors for control purposes and, in general,
large numbers of such detectors have demonstrated long lives and high
reliability in service. On Torness and Heysham 2, however, the 0C12
wide range, gamma compensated chambers have tended to fail early, with
an inclination to electrical high voltage breakdown. The cause of this
problem Is not yet established but it may be associated with the fact
that the chambers are installed in high power neutron fluxes which are a
factor of order ten greater than is normally the case. High fluxes
could be responsible for a previously unrecognised life limiting
mechanism, the deposition of lithium from the

 (0
В(п,alpha)

 7
Li reaction or

they might be exacerbating the known problems of carbon and other
material deposition on the insulators of high temperature systems.
These questions are relevant not only to the AGR's but also to other
applications of high temperature chambers such as the fast reactor.

The above DC12 ргоЫетз have prompted a review of alternative
instruments and these has included a study of the Pulse/Campbell
assemblies which are installed on Torness/Heysham 2 for diverse power
indication purposes. It has produced a number of interesting
conclusions which can be summarised by noting that relatively complex
equipments which have been designed and implemented for a control role,
may need modification before they can be fully validated for full safety
critical purposes. This, too, is of considerable relevance elsewhere.

3.3 The FUR station at Sizawall В

One of the principle objectives of the UK nuclear programme is to
complete Sizewell В to programme and, at present, construction is
substantially on time.

Relevant details of the Ci I system were discussed at the last ÎWG
meeting and, as was reported there [1], control will be vested in a
multiplexed, Integrated System for centralised Operation (ISCO). This
system will include the nain control room, the auxiliary shutdown room
and the Safety Information Display System (SIDS) as well as feeding the
data processing functions. In total the ISCO involves some 20
subsystems (including 4 channels from SIDS) and is very complex,
carrying safety and non-safety functions on the same network. It had
been expected that this system would be implemented with proven
equipment of the type chosen for the Ed F plant at Chooz В but
difficulties have arisen in France and the present author is not yet
aware of how the situation will be resolved there, nor how the Sizewell
В project will overcome the problem.

It is also noteworthy that computer based instead of solid state
control rod drives will be used on Sizewell B. The water level
measurement and control system will also be computer based.

3.4 Fast raaotora

There is one fast reactor in the UK, PFR, owned and operated by AEAT at
its Dounreay site. This reactor has an electrical output of just under
250MW and, in recent years, 1-as regularly reached production targets.
The possibility of closure in 1994 as part of government policy has been
well publicised but fuel from the discontinued SNR300 reactor in Germany
to give PFR a further lease of life.

The UK is also collaborating with other industries and other countries
in the development of fast reactor technology. The EFR project, in
particular, involves the utilities, design teams and R&D organisations
of France, Germany and the UK. There паз been a consequential,
rationalisation of RfiD resources throughout Europe and the EFR project
has been able to maintain a substantial and broadly based programme,
despite reductions In funding by all three governments. The work is
supported by a wealth of data from the three working fast reactors in
the collaboration viz, PFR, Phénix and Superphenix.

One feature of the instrumentation of EFR will be increased dependence
on sophisticated analytical methods within the framework of the trip
system. One example is the acoustic detection of water/sodium leaks In
which location of the source within seconds is imperative to eliminate
spurious signals. In all likelihood, parallel processing with majority
voting within each individual trip circuit will be necessary and quality
assurance will be of paramount concern.

bt THE HEW SINGLE CHANNEL TRIP BYBTEM ON DOHGEHEB8 В AGR

The AEA has been developing protection systems based on conventional
microprocessor components for many years and one of the more significant
recent instrumentation developments has been the application of this
work to Dungeness В AGR. Systems of this type, known as Inherently Safe
Automatic Irip (ISAT) systems [2] are fail safe and make use of so-

Ŝ . OTHER DEVELOPMENTS AND RELATED UNDERLYING BTODIEB

5.1 Radiation detectors and nucleonics

A number of studies have been carried out with a view to developing
better understanding of the processes which take place in reactor
instrumentation sensors and hence to developing better systems. For
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The ЛЕА has been developing protection systems based on conventional
microprocessor components for many years and one of the more significant
recent instrumentation developments has been the application of this
work to Dungeness В AGR. Systems of this type, known as Inherently gafe
Automatic Xrip (ISAT) systems [2] are fail safe and make use of so-
called pulse coded logic in which test signals are applied on a
continual basis. These test signals combine to produce a unique output
pattern and disturbance to this pattern, caused either by an event or by
a fault can be recognised for what it is and appropriate action
initiated. The technology was developed for general application but one
implementation (using INTEL computer cards) was tested on the Prototype
Fast Reactor at Dounreay in a passive role for more than б years.
During these tests it generated more than 10' test cycles and this is of
considerable relevance in demonstrating the validity of the software
concept. The manufacture's figures for hardware failure rates were also
confirmed, both at room temperature and under the plant conditions
experienced during an inadvertent cooling failure.

In about 19B8 the then Central Electricity Generating Board recognised
that an improved single channel temperature tripping system could be of
value to them on Dungenesu B. The historic way of providing this kind
of protection had been through the use of temperature trip amplifiers
operating from single thermocouples but this method, implemented on many
channels could have led to high spurious trip rates. The alternative of
initiating an alarm for manual tripping in the event of a gross rise in
outlet gas temperature was also unsatisfactory. However, Dungeness В is
fitted with 2 thermocouples per channel and, since ISAT could operate on
a one out of two basis it suited the need well.

Prior to the launch of AEA Technology, the application development of a
system of this type would have been done by the AEA but production and
installation on the station would probably have been licensed to an
outside manufacturer. However, since AEA Technology has now also been
established as a major supplier, it decided that it would offer this
equipment on a complete design, build, instai and commission basis. The
first contractual discussions to this effect were held in November 1988
and these led to a firm order at a contract price of order C5.5M in June
19B9. The complete system was subsequently works tested on time by July
1990 and has now been installed on the reactor.

The Dungeness В ISAT system, referred to as the Single channel gripping
System (SCTS) , comprises 32 cubicles of equipment in two suites on each
reactor. One suite is used to monitor the 204 fuel channels (408
thermocouples) on the north side of the plant whilst the other services
an equal number of channels on the south side. Each set of thermocouple
signals is interleaved with 52 test and cold junction signals to define
the data pattern which, in due course is recognised by the pattern
recognition unit. The use of dynamic logic leads to a fail safe, self
diagnostic protection system which can handle a large number of inputs
and yet achieve high reliability and low spurious trip rates. The
system also has the ability to provide buffered output temperature data
to a standard ETHERNET for subsequent processing purposes. Similar
systems may be of value on other reactors because they could be
developed to offer improved protection against asymmetric rod withdrawal
faults, improved accuracy in the estimation of channel power, improved
thermocouple health monitoring and a reduced periodic testing load.

5^ OTHER DEVELOPMENTS КНР RELATED ONDEBLVIHg STUDIES

5.1 Radiation detectors and nucleonics

A number of studies have been carried out with a view to developing
better understanding of the processes which take place in reactor
instrumentation sensors and hence to developing better systems. For
example, radiation detectors often need to provide high electrical
insulation performance under conditions of high humidity and it is well
known that many polymers and most ceramics do not lend themselves to
such applications. University studies of the relev.int conduction
mechanisms have therefore been sponsored and it has been shown that
techniques arc available which can produce orders of magnitude
improvement in the performance of insulators at 80 and 90t relative
humidity. Analogous university studies of electron attachment
coefficients in ionisation chamber gases and gas mixtures have
demonstrated the levels of impurities which can be accepted in chamber
fillings (particularly in current fluctuation chambers) and have
assisted in the development of improved processing schedules and
improved confidence in the final instruments.

The excellent long term, high temperature performance of chambers such
as the pulse/campbelling chamber, type P8, was reported at the last
meeting and additional work designed to assess the factors which limit
its design is nearly complete. Mathematical models of pulse and
pulse/campbell chambers are now available with which plateaux and other
features can be assessed as a function of parameters such as coating
weight and filling gas pressure. Besides providing a valuable design
tool, these models again improve confidence in the final instruments and
permit clear extrapolation of the experience gained with related designs
over long periods on operating plant.

Similar work is being carried out on BF, counters. The radiation life of
such counters can be very variable and depends markedly on the purity of
the gas and on other factors. Research into this topic has suggested
ways in which long life counters can be made.

5.2 Acoustic monitoring and diagnostic!

The problems of a fast reactor are compounded by the presence of the
highly corrosive, radioactive and hot liquid metal coolant. As a
consequence, novel approaches to instrumentation have been sought and
acoustics and ultrasonics offered a number of advantages once
transducers suitable for immersed operation at up to 550C had been
developed.

The PFR itself is equipped with acoustic waveguides in many positions to
monitor the condition of the plant. The main interest in the primary
circuit is the development of instruments to detect and locate sodium
boiling caused by coolant channel blockage, a topic supported by an IAEA
Coordinated Research programme. In fact no such incidences have
occurred in the PFR but the equipment serves useful purposes in checking
on cavltation and in locating rattling sounds in the core. An
interesting application has been the monitoring of control rod drop
tests, to confirm that no rod is delayed or scraping against its guide.
A major application of acoustics lies in the continuous monitoring of
the steam generators, not only to detect damaging tube rattling but also
to warn of sodium/water leaks.
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5.3 Ultrasonics and under sodium viewing

The use of thermocouples above every fuel assembly in a fast reactor is
considered essential for safe monitoring and control of the plant and
these are supported by a massive above core structure (ACS).
Unfortunately, to combat a phenomenon known as "thermal striping", the

behaviour. This may be enhanced at a later date to emulate stressed
decision making by the use of generic research which identified several,
stress-related decision making failure modes. Such work could allow the
construction of an intelligent aid for the assistance of operators under
abnormal conditions.



5.3 Oltr and under sodium viewing

The use of thermocouples above every fuel assembly in a fast reactor is
considered essential for safe monitoring and control of the plant and
these are supported by a massive above £ore structure (ACS).
Unfortunately, to combat a phenomenon known as "thermal striping11 r the
ACS of the EFR will be smaller in diameter than the core and the outer
fuel assemblies cannot easily be monitored. An ultrasonic technique,
depending on the known variation of sonic velocity with temperature in
sodium, is therefore being developed to measure their temperatures
remotely.

Ultrasonics can be used to measure small vibrations and displacements
under sodium and the EFR will be fitted with transducers which will
enable the location of critical submerged components to be checked from
time to time as part of the structural monitoring programme. The most
spectacular achievement in this field has been the PFR "under sodium
viewer", a device which produces three dimensional images using
ultrasound. This has been used to image the top of the reactor core
directly. It perm it tel the position of virtually every fuel sub-
assembly to be measured to a precision of about 0.5mm and allowed the
distortions due to irradiation to be measured directly.

5.4 The Demonstration of Advanced Reliability Techniques foe Safety
related computer aystems (DARTS) project

This work is part of the CEC Esprit 2 programne and involve»
collaboration between a number of European companies. The object is to
compare different methodologies for the design, development, and proving
of computer based safety critical systems and four separate programming
teams have agreed to develop their own systems to meet a specification
based on part of the SGHWR protection system. Two are adopting
structured methods and two, formal methods (VDK and FORREST). The
target languages include ADA (now formally adopted by Nuclear Electric
for major, real time applications), c, PASCAL and OCCAM. The last named
is transputer based and is seen as having exciting potential for use in
both control and protection systems.

It is intended that all 4 products will be assessed for the ease with
which they could be licensed to allow the relative merits, including the
costs, of the different approaches to be established. The programme
should be completed during the period of European harmonisation
following 1992.

5.5 The software certification programme for Europe (SCOPE) project

This programme is also funded by the CEC under Esprit 2 and is relevant
to, but not restricted to nuclear activities. It follows the REQUEST
programme and Stage 1 entails an assessment of the legal and technical
aspects of establishing a framework for approving software products.
The approach being adopted places heavy dependence on collecting metrics
information for the product and establishing how statements of quality
could be based on this information, stage 2 envisages the establishment
of software testing stations.

5.6 Human factors engineering

Work has been carried out in collaboration with the CEC Joint Research
Centre at ISPRA in representing SGHWR fault recovery procedures within
an implementation of the Computer simulation Model (COSIMO) of operator

behaviour. This may be enhanced at a later date to emulate stressed
decision making by the use of generic research which identified several,
stress-related decision making failure modes. Such work could allow the
construction of an intelligent aid for the assistance or operators under
abnormal conditions.

Related studies are in hand in the context of Magnox lifetime extension
because there is considerable incentive to minimise the need for and
hence the cost of ownership of automatic systems. The ability of
operators to respond promptly and reliably to incidents Is a factor in
assessing these needs and the studies include items such as traditional
task analysis factors, training, tendency to error, stress, the
influence of the team and the organisational structure.

Work Is also in hand on developing enhanced operating procedures for
both the AGR and Magnox stations. These apply particularly to scenarios
beyond the design basis accident and once again the object is to improve
safety without invoking a need to upgrade the available automation.

5.7 Instrument electromagnetic compatibility

Electrical interference from external sources is seen as a possible
safety hazard in reactor instrumentation systems and is certainly a
serious potential cause of lost plant availability. Electromagnetic
compatibility (EMC) is a subject which has therefore received a great
deal of attention in the past and AEA Technology has now decided to
invest in a full EMC facility which will permit the complete range of
tests under certified conditions. This facility will complement the
existing cable unit which exists to supply special, particularly EMC
qualified, cables for use in the nuclear and other industries.

COMMENTARY QN ISE ÜSI °E COUP ERB IN SAFETY RELATED BYBTEHB

The previous report commented on the use of computers for on-line
reactor СП, on the methodology of safety justification and on methods
of achieving quality assurance, validation and verification of software.
The difficulties which were mentioned are, unfortunately, still with us
and there are problems which remain to be overcome in the licensing of
computer based safety systems. Public perception and regulatory
requirements have encouraged a drift to higher plant standards which can
often only be achieved with computer systems but these are still not
available with the necessary degree of flexibility because of
difficulties in demonstrating software integrity and confidence in
freedom from error. Even if this could be done, flexibility could not
be exploited because of the way in which changes might upset the
validation.

To some extent these problems are internal to the UK but it is felt that
the solutions are needed worldwide. Formal demonstration methods exist
and it is possible to agree internationally on, for example, a required
probability of failure on demand, but in the last analysis, acceptance
tends to depend on engineering judgement and philosophies vary from
country to country. It is not a field In which the computer industry
can or will offer much help but is an area in which the IAEA could play
a valuable role by promoting unified standards, assessment methods and
quality assurance norms.

7. OTHER TOPICB

7.1 Expert systems

Work is in hand on a number of expert system topics. These include a
rule based aid to operating rule compliance.

DEVELOPMENT OF MONITORING, CONTROL AND
PROTECTION SYSTEMS OF NUCLEAR POWER
REACTORS IN THE USSR: STATUS AND TRENDS



7. OTHER TOPICa

7.x Expert systems

Work is in hand on a number of expert system topics. These include a
rule based aid to operating rule compliance.

7.2 Training simulators

As with most instruments, work on training simulators has been a matter
of slow improvement, in this case towards greater realism. A general
purpose Hagnox system now exists at the Nuclear Electric Training School
in which a generic desk is complemented by variable back panels which
can simulate any of the stations. AGR simulators are Increasing their
scope and veracity.

The Sizewell в simulator has now been delivered.

S JPKHMTf

As will be appreciated from the above, the last two years have seen
considerable progress in the UK despite the interruptions and problems
generated by organisational changes. These changes have produced a new
sense of urgency and many better insights into the needs of the Industry
but the future is still unclear and lack of long-term planning causes
problems. There seems little doubt, however, that international
collaboration will increase and that the industry will come to depend
more and more on such collaboration.

Worldwide as well as in the UK, systems are increasing in complexity and
sensitivity thereby providing opportunities to operate more
economically, closer to plant limits. The thrust is towards higher
outputs and improved safety but there is concern that this very
complexity could lead to lack of understanding and reverse the trend.
Certainly there is a tendency to use complex feedback as a safety claim
and as a way of overcoming instrument limits. One has doubts about the
wisdom of this course in the long term.

He look forward with interest to 1994.
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Abstract

In 1989-90 Che Supervision Body approved the new safety regulations

for nuclear power plants. The operating plants do not always completely

satisfy them and a great amount of work to develop operating power units up

to the conditions required is necessary.

This paper describes briefly the main changes made In monitoring,

control and protection systems of nuclear power reactors to Increase the

reactor safety.

The following fields are presented In the paper:

- general status of the HPP control and safety systems and

instrumentation In USSR,

sensors,

electronic equipment,

actuators improvement,

qualification tests.
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1. INTRODUCTION

The USSR nuclear power should be considered against the

background of the quickly changeable economic and political

situation in the country.

The USSR nuclear power is based on the two nain reactor

types: WVER and RBkK which provide for today about 12.3 7. of

electric power needs in the country.

After the Chernobyl accident the counteraction to the

nuclear power was so strong that some power units of NPP under

operation were forced to have been closed, the construction of

a number of new ones was stopped and conserved.

At present positive changing of the attitude towards the

nuclear power is promoted with the reserve power absence in

the country power system, increase of prices for fossil fuel

whole range of its change in any moment of the reactor

operation;

- guaranteed subcriticality of the shutdown reactor is no



At present positive changing of the attitude towards the

nuclear power is promoted with the reserve power absence in

the country power system, increase of prices for fossil fuel

which has to be mined in more remote regions and from larger

deposit depths.

At the same time the safety requirements of the

supervision bodies both to the NPP under operation and to

those under development are hardened. R & D related to this

cost much money which are difficult to be found under economic

slump conditions. So, in general, the USSR nuclear power

nowadays is under a very grave condition. The fact that since

1989 when two power units were commissioned (the third of

Smolenskaja NPP and the fifth of Zaporozhskaja one) no one

unit of the nuclear power has been commissioned in the USSR

proves it. Although, in spite of the sad situation nowadays we

are still optimistic about the future.

2. GENERAL STATE OF THE NPP CONTROL AND SAFETY SYSTEM

(CSS) AND INSTRUMENTATION IN THE USSR

After the Chernobyl accident the State Committee of the

USSR for Supervision over Work Safety in Nuclear Power

Engineering (Supervision body) was drastically re-organized.

In 1989-90 yrs. the Committee approved the NPP new safety

regulations including new demands the operating plants do not

always completely satisfy to, and a great amount of work to

develop operating power units up to the conditions required is

necessary. From the new demands as those Important for the CSS

one can note the following ones:

- non-feasibility of common mode failures;

- resistance to droping of aircraft or rocket (this

demand along with the former one envisages the necessity to

have two instrumentation suites as minimum which are based on

different operation principles and located in different

rooms) ;

- demands to fire-resistance and seismic resistance;

- necessity of monitoring the power level within the

In small research reactors where there is little room to

mount sensors the wide-range sensors operating under the

fluctuation ЯПГ1 rilirront m-iHoc ara oimlnvari inaaH rv»

whole range of its change in any moment of the reactor

operation;

- guaranteed subcrlticality of the shutdown reactor is no

less than 1 7. (actually, it does make the subcriticality

monitoring system necessary. Including long-term outages);

- availability of no less than two independent scram

systems based on different operation principles (for example,

rod and liquid systems of the absorber insertion);

- availability of the Auxiliary Shutdown Room.

Nowadays investigations and developments which are

financed by Oovernmental bodies including the С & I issues are

performed in the USSR in accordance with the complex

programmes developed with taking into account the new safety

requirements for each of the main reactor types. Performance

of the programmes is controlled by the Ministry of the Nuclear

Power and Industry and by Supervision body. Some totals of the

performance of the main items of these programmes are stated

below.

3. SENSORS

In the sensors area an extensive introduction of new

technologies did not occur. The main types of the neutron flux

density are current compensated boron ionlzation chambers

with different sensitivity and under startup modes-impulse

uranium ionizatlon chambers. To control the distribution of

the neutron flux density through the core volume -emission Hf-

and Rh-sensors as well as high-temperature incore ionlzation

chambers with uranium coating that are made on the basis of

the cables with mineral isolation are employed.

On the basis of the enumerated sensor types a

sufficiently wide spectrum of devices different in the

structure and sensitivity was developed. It allows to cover

practically all the demands of the neutron flux density

monitoring from the shutdown reactor to the nominal power

level.

As applied to the WWER and RBMK-type reactors the

thermometric indicators of the coolant level and complexed
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In small research reactors where there is little room to

mount sensors the wide-range sensors operating under the

impulse, fluctuation and current modes are employed. Speaking

about the sensors one should also mention the development of

fire-resistant and corrosion resistant signalling cables

intended to transfer the sensor signals to the secondary

instrumentation. Usual multicore fire-safe cables for

signalling and control have been developed, and they are

implemented at the plants step by step.

In the systems of the thermal parameters monitoring

traditional temperature sensors-thermocouples and resistance

thermometers are used for measurements. The In-core

temperature measurements are based on cable-type thermocouples

of calibration XA (K). In this case the temperature of the

coolant, moderator, metalstructures is monitored.

In the RBMK reactors 3-zone units of temperature

monitoring of the graphite stack were replaced conpletely for

5-zone ones based on the original flve-гопе cable-type

thermocouples developed in the USSR. In these thermocouples

with the same cable diameter (6 mm) five operating junctions

located at different stack levels with 1-1.5 m spacing are

mounted. It allows to economize the fuel component at the

expense of the metal amount reduction in the core as well as

to reduce the volume of the buried wastes.

In these reactors in the operating control systems the

thermometrlc assemblies located according to core squares are

employed. The information on fuel elements temperature is

presumed to be submitted to the reactor operator and to be

recorded in the "black box".

In the system of the channel-by-channel monitoring of the

coolant flow rate of the RBMK-type reactors the tachometric

ball flowmeters proved to be good are employed. Their

life-time attains nowadays 50 thousand hours.

Nowadays, the monitoring subsystem of the emergency flow

rate change in the distributing group headers of the reactor

is being developed on these flowmeters basis. Signals of this

subsystem will be used in the scram system.

As applied to the WWER and RBMK-type reactors the

thermometric indicators of the coolant level and complexed

coolant-level meters are developed.

Their use will permit to increase reliability and

accuracy of monitoring the coolant-level in the RBMK separator

-drums, heat exchangers and WWER pressurizers.

The long-term operation of the thermometric level

indicators in different type reactors showed their high

reliability.

Nowadays much attention is paid to issues of the

métrologie assessment of the WWER and RBMK С & I systems. The

complex program of the métrologie assessment of the NPP

operation is made up. Methods and hardware of the métrologie

licensing and verification of different С & I systems as well

as NPP information systems are developed.

4. ELECTRONIC EQUIPMENT

С & I systems of nuclear reactors, especially ones

functlonning as emergency protection systems, are based, up to

now, on the analog integrated circuits and hard integrated

logic.

Its worthwhile to notice that nuclear power is more

conservative in the sphere of computers application for main

processes control on the plants as compared with other

branches of industry. The main reason of above is to meet high

safety requirements which make the design problems more

copmpllcated, lead to higher resource consumption, etc.

Moreover, in different countries there is a variety of

approaches and requirements to computers and programmable

equipment to be used in various NPP's systems. National

standards and regulations as well as practical realization of

specific systems are effected by that.

In connection with Soviet NPP's it is possible to

conventionally single out three stages of system development

with using of computers (Fig. 1).

In 60s-70s the practical application of the computers on

the Soviet NPP's has begun. The first systems were mainly

90 all NPP's. The year of 1973 may be considered as the beginning



Stages of system development with using computers

First practical applications

Extensive usage of information

computer systems

Extension of application fields

FIG. 1.

earring out analog parameters measurements with following

information display on digital Indicators. As well, they

accomplished the deviation signalling functions and parameters

registration on printers.

Up to several hundreds of signals were processed and

several tens of parameters were calculated In this case. At

the same time control systems as the whole, including the Main

Control Room, were designed in such a way that the plant could

be controlled at the full power level in case of computer

failure.

It was shown that computer application gives the

practical effect, namely, it increases convenience of

personnel work, raduces the number of instruments, etc.

The second stage is characterized by extensive computer

application in structure of information computer systems in

It is important,

Fnllnwincr In t-Ь

in particular, to point out the

all NPP's. The year of 1973 may be considered as the beginning

of this stage, when "Skala" - the first centralized monitoring

system was introduced.

The "Skala" system was developped for power units with

RBMK-1000-type reactor. The further development of hardware

and software made It possible to create to the year of 1983

the new generation of information computer systems ( 1CS),

which were introduced on Ignallnskaya NPP with RBMK-1500-type

reactors and Zaporozhskaya
1
 NPP with WWER-1000-type reactors.

The main functions of ICS are the following: gathering,

registration, processing and display the information on

thechnological process and conditions of various equipment.

The third stage of computer-aided systems development is

characterized by extension of areas where the programmable

means are applicable, including the control and protection

functions. Such systems appeared early in 80s. They include

REM1K0NT system (regulating microcontroller), L0M1K0NT system

(logic microcontroller) as well as controlling computing

suites (CCS) of automatized control system of turbine ACST-750

and Its next modification ACST-750R. At present, the

industrial manufacturing of control and monitoring

microprocessor-based systems (СШЗ) has begun.

It should be noted that REMIKONT and LOMIKONT systems are

permitted to be only used In the systems of normal operation

of NPP, and not in safety systems.

СМкБ were licenced by Supervision body. Automatic control

systems ACST along with other functions are fulfilling the

generator protection. It should be noted that in the automatic

control system ACST-750R, in particular, simple enough control

algorithm are realized. This system was not designed to

realize the control by algorithms, that reguires quite bulky

computations.

Nowadays, with some application of programmable means the

monitoring, control and protection systems (M^PS) for

WWER-1000 and RBMK-type reactors are under development.

It is important to note some principles which are taken
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It is important, in particular, to point out the
following in the MCPS structure of WwER-1000 reactor:

- the emergnecy protection system is based on the hard
logic which use the scheme "2" out of "3", the limitations
forming system (warning protection) is realized on hard logic
"2" out of "3" as well; the usage of two of such tripled
suites is provided;

- the automatic control is provided to be performed on
the tripled computational si.lte- PS-1OO1, at the same time
there is a possibility to manuaJly control the rods by the
reactor operator;

- the preliminary processing of the ln-core sensors
signals, including possible formation of local protection
signals, is carried out in the specially designed tripled
informational control suite ы\а all calculations of the
reactor parameters are realized in the tripled PS-10O1 suite.

The monitoring, control and protection system development
for RBM< - type reactors goes in step by step way. For
example, an instrument producing emergency signal when
reducing the operation reactivity margin was developed on the
first stage.

It has a read-only memory which transforms the rotation
angles of rod position sensors into the codes. It is important
to note that the design of this device has got a licence of
Supervision body. The development of a logic part of control
and protection system on the basis of miего-processors wich is
under development now is the next stage of programmable means
application. The initial objective of this stage is the
function decomposition. This makes it possible with an optimal
number of microprocessors to compute complicated algorithms
with a sufficient fast-action (about a few tens of
milliseconds). This time is characteristic of RBMK-reactor
control and protection. At the beginning of the next year we
are planning tò implement a dummy of a logic part of control
and protection system on the basis of microprocessors. Later
on a wider application of microprocessors is envisaged in
other parts of control and protection system (CPS).

It is important to note some principles which are taken
into account within a given development and result from safety
requirements:

CPS part connected with fast protection system will be
implemented on the basis of traditional "hard logic";

- the development of two sets of protection systems by
different producers is envisaged (getting signals from
ouf-core ionlzation chambers and from ln-core neutron sensors);

- the redundant equipment is used deliberately
- the physical separation of redundant equipment into

different rooms;
- voting (2 out of 3) through all CPS functions is used

with actuating signals being voted in each of 223 individual
actuator control units;

- self-checking of the system devices including the pulse
-coded logics is realized;

- echelon protection is provided;
- proper verification of new systems in test facilities

and further stage-by-stage introduction at power units are
envisaged.

In the USSR at NPPs with the RBtK-type reactors the
"SPRINT" expert system (ES) of the operative diagnostics is
conmlssioned. In the "SPRINT" ES the method of the "failures
tree"is realized. The method essence is that object under
diagnosis represented as the casual consequent structure
reflecting all its considerable functional links. In this case
qualitative signs parameters state (moro that the norm, less
than the norm, within the norm) are treated.

This method is realized successfully to analyze a
technical object state with a small parametric dimension.

Nowadays, the "SPRINT" system covering more than 20
technologic systems is under the pi lot-industrial operation at
the Ignalina NPP Unit 1.

As the computers and their software are developed,
constant expansion and deepening of studies of systems of
information support of the NPP staff take place. New
technologies of the access to information and its treatment

92 are widely employed. For example, to work with numerous
roiriiiat inn4 and nneratinnal rinrainsn^aUnn the comouter

pressurizer, heat exchanger headers and well cavity of the
WWERtype reactor.



92 are widely employed. For example, to work with numerous
regulations and operational documentation the computer
hypertext technology realized within the GID instrumental
system is employed. The total volume of the documentation
covered by this system is approximately 20 thousand pages.

The analysis of tendencies of the control systems
development both In the USSR and abroad shows that nowadays
the concept to develop integrated systems with a wide use of
different software and computers is a dominant one. Such kind
of systems should be hierarchical décentrai I zed structures
joint by proper networks, mainly, the local ones.

All the abovementloned in the report systems allowing for
their furthor development correspond fully to the approach
mentioned and can be considered as integral system components.

Computers application in the systems of safety and those
important to safety, giving many priorities, makes designers
and supervision bodies face complex and not solved yet in the
USSR Issues to provide reliability and licencing procedures.

5. ADDITIONAL INSTRUMENTS AND SYSTEMS TO INCREASE SAFETY
The analysis of consequences of different system failures

and development of different accident scenarios showed that
it's reasonable (sometimes-necessary) to develop and to
Implement additional systems and devices providing measurement
of some-nowadays noncontrollable - parameters and to form
accident alarms If these parameters are beyond the allowable
limits. They are as follows:

1) Instrumentation for monitoring and emergency alarms
formation to reduce the coolant flow rate through the main
distributing header and depressurization rate in the primary
circuit system of the RBMK-type reactor. This instrumentation
allows to identify an accident at an early stage in case of
failure of other (now operating) monitoring Instrumentation.

2) Instrumentation of monitoring and indication of the
steam appearance in certain points of the vessel volume as
well as H concentration increase under the cover, in the

pressurl2er, heat exchanger headers and well cavity of the
WWERtype reactor.

3) System of advance automatic notification about seismic
waves for the done early reactor shutdown before the seismic
wave comes. Necessity of this system is explained by the fact
that the main NPP equipment was not subjected in time to the
tests which could prove its seismic stability.

4) Necessity to guarantee the shutdown reactor
subcritlcality no less than 1 7. stipulated researches and
developments in the sphere of the monitoring systems of the
shutdown reactor subcriticallty, including those during
long-term outages. First of all this system is developed for
the WWER-type reactor.

Besides the enumerated aspects much attention is paid to
diagnostics of metal condition of the reactor vessels, pipings
and heat exchangers. In this connection different systems and
instruments of non-destructive control of tlîe metal continuity
which are used both in the shutdown and operating reactors and
based on the ultrasonic and acoustic-emission rrethods are
developed actively. The system to reveal the coolant small
leaks by humidity increase in the primary circuit rooms is
also developed. It is of great importance for the RBMK reactor
because of a considerable expansion of the primary circuit.

6. ACTUATORS IMPROVEMENT
Mainly, the RBMK reactor designers have to face this

problem because the analysis of the Chernobyl tragedy reasons
that was performed by the world numerous experts revealed two
main drawbacks of the RBMK control rods: small rate and
non-monotony of the negative reactivity insertion.

Improvement of the core control rods of the RBMK reactors
is made in parallel in several ways.

6.1. First of all, all the reactors of such type are
equipped now by the fast scram system ( FSS) providing the drop
of 21 absorbing rods for 2 s per 6.75 m. This is equivalent to
the negative reactivity input 2.4 with average rate 1-1.2 /s.

Reduction of the insertion time of the FSS rods Into the core
is attained due to the cooling water removal from under the

The rod braking at the end of a free drop is provided by the
drive engine switching on into the electrodynamic retardation



Reduction of the insertion time of the FSS rods Into the core
is attained due to the cooling water renovai from under the
rod and film cooling of the control rod channel wall (Fig. 2).
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The rod braking at the end of a free drop is provided by the
drive engine switching on into the electrodynamic retardation
mode when the rod reaches the l risers ion depth 6 m.

Nowadays the feasibility to transfer all the CPS rods to
the film cooling to reduce the positive reactivity effect
under the postulated emergency with loss of water of the
absorbing rods cooling circuit is being explored.

6.2. In all RBM<-type reactors the insertion rate of all
the rest rods of manual and automatic regulation under
emergency situation is also increased due to the late
switching on of the electrodynamic braking (after rod sinking
down to 3 m). The rate of the negative reactivity introduction
of such a system of rods is about 2 /s.

6.3. In order to remove parasite water column in CPS
channels, to increase rod's efficiency and subcritlcality of
shutdown core, all RBM<-type reactors are currently equipped
with rods of a new design - ones with onmovlng absorbers
(Fig. 3). Moreover, to rise their physical capacity the number
of rods is increased by 12 pieces.

6.4. A very attractive idea is to rule out from
hypothetical accidents the possibility of loss of water from
control rods cooling circuit. Thus, an investigation Is
carried out to develop high temperature noncooling absorber
rods.

6.5. To equip RBlK-type reactors with additional
protection system that is based on a different operation
principle, a new system is developed to insert gas absorber
(He) in the core. To date experiments were conducted to define
the fast-acting characteristics of conceptual design (time for
gas-absorber insertion in the core is no more than 0.8s) and
the dependence of this value on various design parameters. The
determination of the physical efficiency of the channel with
gas absorbers has been carried out on RBM< core physical
model. Further directions of investigations were also defined.
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7. QUALIFICATION TESTS
All parts of С & I systems are subjected to the versatile

qualification tests on the relevant test facilities. Their

full compliance with relevant valid standards and

specifications, including resistance to external effects, such

as earthquake are checked. These tests are carried out in

accordance with methods approved by Supervision bodies, that

are directly participating in these works. Approval for

industrial manufacturing of the specimens is Issued only after

all tests are successfully completed.

After the system is being installed at the plant, It is

subjected to complex performance and transient interference

tests, taking into account the real layout of cabling at the

site.

The last type of the test arises certain difficulties,

because there are no national, as well as international

standard methods and criteria to evaluate test results.

8. CONCLUSIONS

As it has been mentioned above main changes made in

monitoring, control and protection systems of nuclear power

reactors are connected with enhancement of its safety and

their compliance with the new requirements of the supervision

bodies. The following fundamental points can be brought out:

8.1. Sensors are developed in the direction of a broader

monitoring coverage of almost the whole voluire of the core

with the aim to obtain a more detailed information on the

power density distribution.

8.2. Computer technologies that were initially applied

only as computer data systems now stand on the verge of being

applied for monitoring and control of the neutron flux density

in the core. However, so far microprocessors areapplied in

these systems in parallel with the conventional analogue ones

and with the "hard logics".

8.3. NPP's programmable computer systems are designed as

hierarchical decentralized structures brought together through

the relevant local networks.

8. 4. A lot of original non-conventional devices for the

present generation of nuclear reactors are being now developed

for monitoring and forming the emergency signals.

8.5. The necessity for experimental proof of transient REPORT ON NUCLEAR POWER PLANT



8.5. The necessity for experimental proof of transient
interference immunity of control and monitoring systems
inevitably leads to the establishment of standards and
criteria for such kind of immunity assessment, as well as test
msthods for their verification. Co-operation with IAEA and
other relevant national institutions in this field would be
highly desirable and beneficial.

8.6. The upgrading the 0 & 1 systems and making them to
meet new safety requirements in'NPP under operation encounters
the problem of additional room for placing the redundant
equipment.

8.7. The great importance is attached to the improvement
of the control rods design of RBMK-type reactor. The results
achieved can be successfully applied to another types of
reactors.

REPORT ON NUCLEAR POWER PLANT
INSTRUMENTATION AND CONTROL IN GERMANY

W. BASTL
Gesellschaft fiir Reaktorsicherheit mbH,
Garching, Germany

Abstract

The paper describes the status of the NPP control and Instrumentation

In Germany. The general technology underlying most aspects of ЛРР С Ы In

Germany has not altered since the last progress report although there has

been many Improvements in detail.

Since the beginning of 1990 the GRS carried out the

Investigations of RPPs in East Germany. The USSR as the vendor

planta and France were also involved in the project.

The following fields are briefly described:

status of nuclear power in Germany,

training simulators,

backfittlng of computers and Information systems,

~ operator support/new control rooms.

safety
of the

1 Status

95

At present 19 light water reactors are in operation, with a total electrical capacity of 22 GW.
Twelve of them are pressurized water reactors, seven are boiling wafer reactors. A mean
availability of 79,1 % was achieved in 1990, this value increased to 96% in January 1991.
Two further PWH's, KWO in Obrigheim (357 MW) and KMK in MOlheim-Kãrlich (1300 MW)
are shut down by order of the regulatory authorities. It has been also decided, that the fast
breeder reactor SNR 300 in Kalkar will not be set into operation.

In east Germany (former GDR) there were 4 nuclear power plants from the first WWER
generation (WWER-400/W-230) in operation. Four further plants of the modified type
WWER-440/W-213 are under construction. One of these (Greifswald 5) has been in test
operation. The progress in construction of the other three plants achieved stages of 30 %
to 80 %. Two lurther plants of the WWER-series (WWER-1OO0/W-320) achieved about
40 % and 15 % construction progress, they are located in Stendal. All 6 NPP's under
construction in east Germany were planed in the 70ies.



Since the beginning of 1990 safety investigations of the NPP's in east Germany were

carried out by GRS (1] on behalf of the BMU (Bundesmlnislerium fur Umwelt, Naturschutz

und Reaktorsicherhelt). The Soviet Union as the vendor of the plants and France wera

involved in the Investigations. Important findings also stem from IAEA operational analysis

of Grelfswald and from Siemens In connection with plant studies carried out for Stendal.

The GRS Investigations aimed at determining possibilities and conditions for further

operation of the plants Grelfswald 1-4 [2). Above all it was the task to find out If relevant

safety deficiencies are existing, as compared to western nuclear power plants. Various

problems were found. For example, consequent segregation of building parts (specially for

redundant systems) with respect to protection against fire Impacts are missing. There is

also considerable disadvantage because of strong system Inlermeshing. Major

shortcomings were also discovered In plant operation.

In connection with the plants under construction (Grelfswald S to 8) the GRS safety

assessment alms at a technical examination of the plants In order lo Investigate the

licenclbllity with respect to the German safety requirements.

Considering the safety assessments mentioned one has to recognise lhat Soviet NPP's are

constructed according to technical standards which are not Identical with German

standards. The application of two different standards on one and the same plant gives rise

to many complications. AI a first glance il seems clear to seek harmonization based upon

the safety standards developed by IAEA. However, this raises problems because of

différencies in technical concepts from one country to the other which may lead to

unapplicabllity of general standards In Important safely relevant areas.

2 Training Simulators

For operator training a central organization KSG/GFS (Kraftwerks-Simulator-Gesellschaft/

Gesellschalt fur Simulatorschulung) funded by the German utilities has been existing for

several years In Essen.

Four power plant simulators are now in use to train the technical staff of the different NPP's.

DWR 1 Is used to simulate the NPP in Stade, Blblis A and B, Neckar 1 and

Unterweser

DWR 2 is a complete simulation of Mülheim-Kãriich

DWR 3 is used to simulate -KONVOI" and "VORKONVOI" NPP's, which are

Grafenrheinfeld, Philippsburg, Emsland, Neckar 2, Isar2, Brokdorf and Grohnde

Reactivity control

SWF) 1 Is used lo simulate all BWR's In operation

A second BWR-simulator (SWR2) is now under construction specially (or the two

BWR-plants in Gundremmingen. There are also plans to Install two further simulators

DWR-4 and DWR-5 [3].

By KSG/GFS four different courses are offered to operators and lechnical stalf of all

German NPP's:

Basic training for operators and supervisors during a period of six weeks as

demanded by the Licensing Authorities

Repetition training for the same staff during a period of three to eight days oach year

Special course 1 for the technical management

Special course 2 for the same staff as annual repetition Including important

information and discussions.

The training simulators are designed (o represent the NPP under normal operation and

during Incidents. Development Is now about to extend its applicability to simulate the

behavior during design basis accidents and for the training of accident management

measures.

Based on lhe German risk study two different accident scenarios were chosen to be

simulated in DWR-3, with the aim to investigate lhe simulator's ability in lhe accidental

regime. In a cooperation project between KSG/GFS, GRS and the utility of GKN-2, lhe first

accident management exercise was carried out in Essen last month. This exercise was

prepared by calculating a total loss of feedwater event with a secondary side bleed and

feed using the GRS best estimate code ATHLET.

3 Backfitting of Computers and Information Systems

Process computers for monitoring and information recording during normal operation

represent a standard Installation in German NPP's. The progression of R&D In this field

resulted in an integrated information system for both, plant-optimized operation and plant

malfunction handling; it is known as PRISCA [4]. This system is now in operation since

more than two years in the three PWR KONVOI plants (KKE, GKN-2, KKI-2) and KBR

Brokdorf. It serves as an additional system for the proven hard wired informational

equipment. PRISCA comprises 10 display systems for:

The process information systems mentioned in the table include



Reactivity control

Reactor coolant inventory and heal transfer

Residual heat removal chain

Primary mass balance

Secondary heat link

Steam Generator feed
Deminerallzed water Inventory
Reactor coolant pressure Control
Activity Control
Safety function status overview.

The System is capable of dealing with hundreds of images without difficulties. At present it
handles approximately 80 charts with about 120 trend Logs. Some of the diagrams and
plots are displayed continuously: reactivity balance, reactor power limitation system status,
rod positions, steam generator feed. Others are called up frequently: e.g. part-load
diagrams, state monitoring, reactor coolant Inventory, leakages, activity monitoring. This
system and a similar system MADAM S (with restricted capability as compared to PRISCA)
are also designed for backfilling in existing plants and at the same time represent the link to
future computerized control rooms which are discussed In Section 4. Backfittlng is now
underway or planned in other German NPP's as shown In the following table:
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Backfitting of Siemens Process

Obrigheim

Wurgasscr:

KKII

KKPI

GKNI

Gratenrhein-
teld

Biblls A

Biblis В

Krummel

X = Order

PRISCA

X

X

LOI

X

X

X

Madam S

X

X

Information Systems
Reactor
Monitoring/
Simulation

X

X

X

LOI

X

IPE

i

X

X

X

X = Bid LOI = Letter of Intend

The process Information systems mentioned in the table Include

1. PRISCA PRocess Information System Computer Aided as presented before.

2. MADAM S is similar to PRISCA, but has limited abilities. The system is totally central-

ized and operates on the basis of a main frame. Therefore it is well suited for
backfilling. Orders has been placed for KWO-Obrlgheim and KWW Würgas-

3. Reactor Monitoring/Simulation for PWR
This software package calculates the power distribution, monitors the core
and corrects the power distribution measurement performed by the aeroball
system.

4. IPE Intelligent Process Element: The process elements are normally controlled
from the plant computer. By means of the IPE data processing Is performed
locally. The software used Is Real-Time-Unix, i.e. the standard UNIX opera-
tion system extended by SOREX (Siemens), which comprises a real-time-
shell and standard sampling rates of 1,10 or tOO Hz. Further data process-
ing Is carried out via two redundant bus systems for signal transfer to the
central data server.

Each IPE can be run independently and therefore can be put Into operation
step by step following a plant shutdown, and be later connected to the host
or PRISCA during operation. The IPE can process 1000 to 2000 digital sig-
nals and several hundreds of analog signals. During the backlitting of Biblls
about 6 IPE's were installed In each block.

Other backflffing efforts were carried out by ABB in connection with the BWR power plant
KKB Brunsbüttel. A system analogous to PRISCA was installed. In case of KKU
Unterweser backfittlng was concentrated on the process computer but the information
system has not been extended.

4 Operator Support/New Control Rooms

Further development of the computer aids described in Section 3 will lead to the design of
new control rooms. GRS has contributed to this development in the following four areas
which are described in more detail in IAEA publication [5]:

signal validation
plant information and diagnosis



mechanical component information and diagnosis
hard- and software qualification.

Based upon the experience In the fossile plant Staudlnger and the use of PRISCA in
NPP's, a new process control concept is under development by Slemens/KWU [6). II
combines the advantages of digitized I&C with CRT visualization to optimize the
man-machine Interaction in NPP's. In the new control room the operator will be given a
clear view about the dynamical behavior of the plant, with emphasis upon a tight mental
coupling to the various processes and systems involved. Task oriented grouping of systems
and concentration In certain working areas, considering the requirements for safety and
availability, have been realized. Operator support or guidance will be situation dependent
and available on request via graphical systems by window techniques.
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GENERAL OVERVIEW OF RECENT DEVELOPMENTS
AND FUTURE PROSPECTS FOR INSTRUMENTATION
AND CONTROL ACTIVITIES IN FRANCE

J. FURET
CEA, Département d'électronique et

d'instrumentation nucléaire,
Centre d'études nucléaires de Saclay,
Gif-sur-Yvette, France

Abstract

Status of the NPP program development is recalled. The result of operational experience in 1990
is given. About 75% of electrical energy production was furnished by NFP.

The main Unes of the R and D program concerning future PWR and European Fast Breeder project
are recalled.

The latest achievements in design and I and С concern: IN CORE and EX CORE neutrons
detectors for PWR high temperature neutrons detector for EFR - Test results in hard environment of new
Instrumentation hardware in PWR containment building - new control and safety algorithms for future F WR
safety and control systems.

The effort made on 'Verification and Validation" of real time software is based on the use of an
efficient tool.

EXECUTIVE SUMMARY

Fifty five nuclear power units were on line in France in 1990 contributing to an electrical power of
55500 MW. The electrical nuclear energy production was 294 TWh, and the amount of exported electrical
energy in Europe was about 52,4 TWh. Five nuclear power units are on construction and one more unit
PWR 1455 MW has been ordered by EDF.

The R and D Instrumentation and Control development program for the NPP-PWR in operation
concern: the analysis of I and С operating experience. The results of tests of the D MAX N4 control system
made on ST. Alban Plant. The development of Verification and Validation of software methods.

The R and D Instrumentation and control development program for the next generation of PWR
concern design and qualification of fixed in core neutron detector and associated electronic subassembly •
Wide range neutron detector and associated electronic subassembly - new optical and electronic components
for Instrumentation in containment reactor building - new control and safety protection algorithms based on
the reconstruction on line of the 3D power distribution in the core.

The R and D Instrumentation and Control program development for the E.F.R. project concerns
mainly neutron flu» measurement instrumentation for control safety and surveillance of the fuels using high
temperature Fission chambers. This design is based on the 15 years operating experience in Phénix.

For these 3 R and D programs the main results obtained and the main milestones are given.

The Verification and Validation of real time software for safety systems is also part of the French
effort made for the I and С systems development. For this tool for simulation and lest of software (OST)
has been designed constructed and used with success.



GENERAL OVERVIEW OF RECENT
DEVELOPMENTS AND FUTURE

PROSPECTS IN FRANCE

-STATUSOF NPP

- OPERATIONAL EXPERIENCE

- LATEST ACHIEVEMENTS IN DESIGN OF I AND С

- IMPLEMENTATION OF MODERN TECHNIQUES IN I
AND С SYSTEMS

- NEW I AND С CONCEPTS
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NUCLEAR POWER STATUS IN FRANCE

- NUCLEAR POWER PLANTS UNITS IN OPERATION

. PWR1300 MW (17 UNITS) 22.430 MW

. PWR 900 MW (34 UNITS) 30.650 MW

.GAZ-COOLED(2UNITS) 990 MW

. FAST BREEDER (2 UNITS) 1.375 MW

TOTAL NUCLEAR POWER IN OPERATION 55.445 MW

NUCLEAR POWER PLANTS UNITS IN CONSTRUCTION

. PWR 1300 MW (3 UNITS)

. PWR 1455 MW (2 UNITS)

ONE UNIT PWR 1455 MW WILL BE ORDERED IN 1991.



RESULTS OF NPP OPERATION IN 1990

- ELECTRIC NUCLEAR ENERGY PRODUCTION

. FISSIL THERMAL PUNTS 298 Twh

. FOSSIL THERMAL PLANTS 45 Twh

. HYDRO PLANTS 57 Twh

- IMPORT AND EXPORT ELECTRICAL ENERGY

. EXPORT ELECTRICAL ENERGY 52,4 Twh

. IMPORT ELECTRICAL ENERGY 3,3 Twh

• CONDITIONS OF NPP OPERATION

. LOAD FOLLOW

. PRIMARY FREQUENCY CONTROL

. SECONDARY FREQUENCY CONTROL

NPP - INSTRUMENTATION AND CONTROL
(NPPCI)

R AND D PROGRAM PWR NPP

PWR-NPP IN OPERATION OR ON CONSTRUCTION

. ANALYSIS OF THE OPERATING EXPERIENCE OF NEUTRON DETECTORS

AND ASSOCIATED ELECTRICAL CABLES (AGING EFFECTS)

. TESTS OF ОМАХ N4 CONTROL SYSTEM ON PWR ST ALBLAN PLANT

. POST ACCIDENTAL QUALIFICATION NEUTRON FLUX INSTRUMENTATION

FUTURE PWR NPP 'REP 2000* AND BACKFITTING PWR 900

. FIXED IN CORE NEUTRON FLUX INSTRUMENTATION

. WIDE-RANGE NEUTRON FLUX INSTRUMENTATION

. SMART SENSORS AND OPTICAL DEVICES IN RADIATION ENVIRONMENT

. NEW ARCHITECTURE FOR SAFETY AND PROTECTION SYSTEM BASED ON

COMPUTERS

. CONTROL WITHOUT BORON USE



NUCLEAR REACTOR INSTRUMENTATION

. WIDE RANGE FISSION CHAMBER ELECTRONICS

. HIGH TEMPERATURE FISSION CHAMBER
ELECTRONICS

INCORE INSTRUMENTATION

ELECTRONICS IN REACTOR BUILDING

CFUZ 53 R : CHARACTERISTICS
(IN CORE MEASUREMENTS)

OUT LINE : LENGTH WITHOUT CABLE : 35.5 mm

NOMINAL DIAMETER : 1.5 mm

SENSITIVE LENGTH : 10 mm

TECHNOLOGY : SHEATH AND ELECTRODES

IN STAINLESS STEEL

ALUMINA INSULATORS

FILLSNG GAS : ARGON

P = 800 к Pa

SENSITIVE LINING : > 90 % ENRICHED U 5 , U 4

NEUTRON SENSITIVITY : 3 E-20 A 2 . V"2 FOR I.N.

" 2 S " 1NEUTRON FLUX RANGE : 1 E12 to 1 E 14 N. CM"2.S

MAXIMUM OPERATING TEMPERATURE : 350 °C

SENSITIVITY LOSS DEPENDS ON U4 / U5

RATIO AND SPECTRUM NEUTRONS

OPERATING VOLTAGE : 20 V OR 50 V



102 NEUTRON MEASUREMENT SYSTEM
WITH BROAD DYNAMIC RANGE

FROM 1 TO 1O11 N.CM-2.S-1

WITH A SINGLE DETECTOR

SENSITIVITY TO THERMAL NEUTRONS : 4 C/S
(FOR 1 N.CM-2.S-1)

FISSION CHAMBER WITH TWO SETS OF ELECTRODES

MATERIALS : ALUMINIUM, ALUMINIUM OXIDE

FILLING GAS : ARGON + N 2

p = 250 kPa

ELECTRONICS IN REACTOR BUILDING

. THERMOCOUPLES MULTIPLEXING

. PREAMPLIFIERS FOR NEUTRON DETECTORS

. RADIATION EFFECTS MEASUREMENT AND MODELLING

. TECHNOLOGIES COMPARISON

SENSITIVE LINING : > 90 % ENRICHED U 235



NPP - INSTRUMENTATION AND CONTROL
(NPPIC)

R & D PROGRAM E.F.R. - SPACE REACTOR
NEW INTERNATIONAL NPP PROJECTS -

EXPERIMENTAL PROJECTS

E.F.R,

. IN POOL VESSEL WIDE RANGE NEUTRON FLUX MEASUREMENT.

. SMART SENSORS AND OPTICAL DEVICES IN RADIATION

ENVIRONMENT

SPACE REACTOR

. PROGRAM DELAYED

NEW INTERNATIONAL - NPP PROJECTS

. ANALYSIS OF POSSIBLE COOPERATION. NEUTRON DETECTORS

INSTRUMENTATION • OPTICAL TRANSMISSIONS

EXPERIMENTAL REACTORS

. BACK FITTING SAFETY PROTECTION SYSTEMS

INSTRUMENTATION AND CONTROL
FOR FAST BREEDER REACTORS

FISSION CHAMBER PLACED IN SODIUM OF REACTOR
VESSEL

HIGH TEMPERATURE : 600°C

COLLECTION TIME : < 100 ns

OUT PUT : 2 CABLES (HV AND SIGNAL)
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104 NPP - INSTRUMENTATION AND CONTROL

MAIN MILES STONES IN R AND D
PROGRAM

YEAR

EFR PROGRAM REEXAMINA-
TION

FUTURE PWR "REP 2000"

MAIN OPTION ANALYSIS

EFR NEUTRON FLUX MONITOR

PWR FIXED IN-CORE NEUTRON

FLUX MONITOR

PWR NEUTRON WIDE RANGE

FLUX MONITOR

90

X

91

X

X

92

X

X

93 .

X

94

X

95

X

ANALYSIS AND CONCEPTION OF
SYSTEMS WITH HIGH LEVEL OF

DEPENDABILITY

SAFETY AND CONTROL SYSTEM' STUDIES

. PROTECTION ALGORITHMS

. CONTROL ALGORITHMS

ARCHITECTURE' STUDIES

. SIMULATOR FOR CONTROL DEVELOPMENTS

. DYNAMICALLY RECONFIGURABLE ARCHITECTURES



PROTECTION ALGORITHMS RESULTS

ACCURACY :

. RECONSTRUCTION OF 3 D POWER DISTRIBUTION

WITH 5 % ACCURACY

. ENTHALPY RISE FACTOR COMPUTATION BY ASSEMBLY

WITH 8% ACCURACY

. FAST MISALIGNMENTS OF RODS

DETECTION AT LEAST 18 STEPS

TIME RESPONSES :

. DNBR COMPUTATION IN LESS THAN 2 SECONDS

. FAST MISALIGMENT DETECTION IN LESS THAN 1 SECOND
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CONTROL ALGORITHM'S DEVELOPMENT

CONTROL METHODS FOR ADVANCED NUCLEAR
REACTORS

SIMULTANEOUSLY CONTROL OF :

AVERAGE TEMPERATURE
AXIAL OFFSET
ENTHALPY RISE FACTOR

USES DESIGN CODE OF THE POWER DISTRIBUTION IN
3 DIMENSIONS
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REAL TIMS SOFTWARE
FOR SAFETY SYSTEMS

VALIDATION OF REAL-TIME SOFTWARE

- DEVELOPMENTS METHODS

TOOL FOR SIMULATION
AND TEST OF SOFTWARE (OST)

• SIMUTATES BEHAVIOUR OF REAL-TIME SOFTWARE
IMPLEMENTED ON PROCESSORS

. SIMULATION OF MICROPROCESSORS AND INTERFACES

. NON MODIFIED CODE EXECUTED

. TEST SEQUENCES PLAYED

• TESTS DONE WITH OST

. SELF TESTING MODULES

.TIME PROPERTIES

. COVERAGE VALUE OF TEST SEQUENCES
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