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1. Summary of Activities and Objectives

The only activity in Norway that is directly relevant for the present CRP is performed by Institutt for
energiteknikk, the Norwegian Energy Research Institute. This institute is responsible for conducting the
OECD Halden Reactor Project. This research project has as one of its main items a programme on "Man-
Machine Systems Research (MMSR)".The main objective with this programme is to improve opera-
tional safety and efficiency of nuclear plants through introduction of new technology in the control room.
This activity is divided into four main chapters;

• Development of computerised operator support systems

• Development of advanced control rooms

• Human factors activities related to introduction of new technology in the control room

• Software verification and validation

All these activities are relevant to the present CRP. A shoit description of each item is therefore given in
the following.

Development of computerised operator support systems (COSSs)

COSS development constitutes a major part of the MMSR research at Halden. Ideas about which sys-
tems to develop come either from the Halden research staff itself, or from the participating organisations
which consist of licensing organisations, vendors, utilities and research laboratories. The systems are
developed up to a prototype level, demonstrated in the HAMMLAB experimental control room which is
coupled up to a large scale training simulator. Often, the prototypes are further developed and taken into
use by utilities in the participating countries.

Development of advanced control rooms

By advanced control room is meant a control room which is fully computerised, and where a large
number of COSSs are integrated. Much emphasis is put on efficient coordination and prioritisation of
information. A first prototype of an advanced control room was completed two years ago. The objective
of the control room studies is to demonstrate concepts for use in realisation of future control rooms, and
not to develop a complete system that can be taken into real use.

Human factors activities related to introduction of new technology in the control room

The main objective of this work is to ensure that systems that are developed fulfil the requirements put to
them in practice. COSSs are therefore evaluated in HAMMLAB, often by use of real operators faced
with complex plant transients. Through experiments performed over more than ten years, generic knowl-
edge is accumulated on selection of efficient evaluation techniques, what are characteristics of good
interfaces etc. Human factors experts also enter into an early phase of system design.

Software verification and validation

The activity on software verification and validation has mainly been addressing methods for improving
reliability of safety critical software. This means that safety and protection systems are studied, while
more complex software as typically found in COSSs has not been addressed in much detail. Studies
have, however, been made of knowledge based systems, and V & V of COSSs will become increasingly
important in the future.
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2. Activities related to the Individual CRP Tasks

2.1 Introduction

In this chapter, activities within the Halden Project that are related to the various CRP tasks will be
described. Most emphasis is put on those tasks that are defined to be covered through the first year of the
CRP. In addition, some information on task 4.5.2, where Norway is task leader, is included.

2.2 Contributions on the Specific CRP Tasks

Task 4.1.1 "Survey of existing documentation relevant to this programme's goals "

All open information on Halden Reactor Project activities relevant for the present CRP is included in
what is called "Halden Project External Papers". The documentation can mainly be grouped into four
classes:

1. Development of and experience with operator support systems

2. Development of and experience with advanced control room concepts

3. Human factors evaluations of COSSs and control rooms

4. Software verification and validation

A complete list of "Halden Project External Papers" since 1989 is enclosed in Appendix 1.

Task 4.1.2 "Survey of existing operator support systems and the experience with them "

A number of computerised operator support systems have been developed as a part of the Halden Project
research programme. In the following, short descriptions of nine systems/concepts are given. More
extensive descriptions, including abstracts from the corresponding reports, are given in Appendix 2.
These reports are selected as the most relevant of those discussed under Task 4.1.1, and listed in Appen-
dix 1.

1. "Evaluation of SCORPIO by Comparison to Catawba and Ringhals Data".

SCOPPIO is a core monitoring and predictive system using a 3-dimensional core simulator model to
calculate instantaneous power distribution, and a strategy generator to develop efficient control strat-
egies taking xenon dynamics into account. It has been used at the Ringhals plant in Sweden since
1987, installation projects are in progress in other countries like US and UK.

2. "An Automatics System Analyser Implemented by Expert System Technology".

ASA is intended to explain the behaviour of plant automatics to the operator, an issue becoming
increasingly important as the degree of automation is increased. Expert system technique is used. A
prototype has been developed, evaluation in an experimental control room environment is starting in
1993.

3. "Early Fault Detection and Signal Validation at the Loviisa Nuclear Power Plant".

EFD is a model-based technique to detect process disturbances at an early stage. It may also be used
to perform signal validation. Experience has been gained with the system at the Finnish Loviisa
PWR.

4. "Experiences Gained from Developing and Integrating an Expert System and a Modern Graphic Dis-
play System for a Swedish Nuclear Power Plant Control Room".
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The SAS-II system is an advisory system for use in disturbances leading to emergency shutdown. It is
developed using the expert system shell G2, and has been validated on a compact ВWR simulator
using operators as test subjects. Implementation of the system at a Swedish BWR is being considered.

5. "Operator Support Systems for Status Identification and Alarm Processing at the OECD Halden
Reactor Project - Experience and Perspective for Future Development".

The paper gives an overview of systems for disturbance detection or diagnosis that have been devel-
oped and/or evaluated at Halden.

6. "The Computerised Procedure Sysfjm СОРМА-П".

The COPMA-II is a shell for implementing procedures into the computer, giving possibilities for
automation of procedure sequences if desired. A prototype has been evaluated experimentally on a
large scale simulator.

7. "The Integrated Surveillance and Control System ISACS - an Advanced Control Room Prototype".

ISACS has been developed to demonstrate how efficient use can be made of a large number of
COSSs in the control room. Extensive evaluation on a large scale simulator has taken place.

8. "Studying the Effects of Operators' Problem Solving Behaviour when using a Diagnostic Expert Sys-
tem Developed for the Nuclear Industry".

The paper discussed how use of expert systems used for diagnosis of plant disturbances affect the
operator's behaviour. Data have been obtained through tests in a large scale simulator.

9. "Computerised Accident Management Support".

CAMS is a system being developed to help the operator in case of accident situations. Emphasis is
put on developing new displays for efficient presentation of plant status. Further, a strategy generator
is being developed to come up with efficient strategies for handling the accident.

Tasks 4.1.3 "Survey of anticipated functional requirements for operator support systems "

and 4.1.4 "Survey of qualification requirements and experience "

For an operator support system to be of use to the operator, some basic requirements must be fulfilled:

• The function of the system must be needed. This need may be reflected in many ways: The operator
may feel that he is not able to cope with the task on his own. Experience may show that the operator
may make mistakes when performing the task on his own. Use of an operator aid may optimise the
performance.

• The support system must fill the specified need. It may happen that an operator support system that
was intended to cover a specific function, in practice does not fill its purpose. This has been seen in
system evaluation, typical problems are: The user interface is poorly designed. The software or hard-
ware (for computerised systems) is unreliable or slow. The operator is not trained in used of the sys-
tem.

• The support system must not create new, complex tasks to be performed by the operator. If the system
is not well designed, it may increase the work load on the operator rather than relieving him of work.
Reasons may be that the system interface is very complex to manipulate or the structure of the system
may make it difficult to use.

In addition to the general, high level requirements, more specific requirements will depend on the main
function of the system. The figure below defines operator tasks in various plant states (normal, distur-
bance, accident) and in various phases of task handling (status identification, action planning, action
implementation).
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NORMAL OPERA-
TION

DISTURBANCE

ACCIDENT

Status Identification

Compare plant state
with operational limits
and optimal state

Interpret alarms and
process status
Localise disturbance,
find cause

Detect, diagnose
accident state
Observe automatics

Action Planning

Define new goal
Plan manoeuvre

Find efficient strategy

Predict conse-
quences
Define Goal
Find strategy

Action
Implementation

Implement action
sequence
Check goal

Implement action or
procedure
Check goal

Implement planned
strategy
Check goal

Figure J. Operator tasks in various situations

In principle, the operator may benefit from support systems in all situations described in the figure.

At the Halden Project experiences have been gained from testing and evaluation of systems covering
most of the functions in the figure. In the near future a project will be started where general conclusions
will be drawn with respect to requirements to be put to various types of systems. Examples of types of
systems are alarm handling systems, diagnostic systems, computerised procedure systems, overview dis-
play. This work that will be completed in 1994, may contribute Co task 4.1.3.

Task 4.2.1 "Development of appropriate terminology for identification and
classification of operator support systems"

Viewpoints on Task 4.2.1 are presented in the following. Sonm information on use of a classification
scheme at the halden Project was also given in the report "Computerised Operator Support Systems for
use in Control rooms of Nuclear Plants" presented at the previous CRP meeting in Vienna, October,
1992.

On» starting point for development of a terminology for identification and classification of OSS is the
definition we want to utilise for Operator Support Systems. This was given in the "Background and
working plan" issued in 1991. Here we find the following definitions:

• Operator Support System

A class of devices which is provided to enhance some aspect of nuclear power plant operation, main-
tenance, engineering or management.

• Operator

Term used to represent all staff who are responsible for the sait and efficient operation of the nuclear
power plant, including operations, maintenance, engineering and management activities.

This means that one way of characterising the OSS is by:

Who is the user of the OSS?

• control room staff
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• maintenance staff
• engineering staff

Possibly a higher resolution would be desirable, such as classification of various types of control room
staff.

Describing the function of the OSS is probably the most important characterisation of the system. At the
Halden Project the main emphasis has been on developing and evaluating computerised OSS for use in
the control room. The terminology and classification described in the following has therefore been devel-
oped for use in connection with control room systems, and is not covering the whole area to be covered
by our studies.

To describe the OSS function, two parameters are used:

• for which type of task is the OSS supporting the operator?

• during which plant conditions is the OSS to be used?

The classification is as follows:

Type of task:

• к întification of plant state
• plai.r>ng of control actions
• implementation of control actions

Systems assisting in plant state identification include alarm systems, diagnostic systems, early fault
detection systems. Planning systems come up with suggestions for efficient control strategies, often
based on fast simulations or knowledge based techniques. Computerised procedures assist in implemen-
tation of control actions.

Classification of plant state:

• normal state
• disturbance
• accident

Normal state is characterised by no alarms present. Disturbance is in Halden defined as a state with
alarms, but where no critical safety parameters are triggered. In accident situations, triggering limits for
at least one critical safety function has been exceeded.

Another important classification of the OSS is its relevance to safety. Regarding use of operator support
systems in general at nuclear plants, we find that a coarse classification is made by grouping systems
with respect to impact on safety.

Safety relevance:

• safety critical OSSs
• safety relevant OSSs
• non-safety relevant OSSs

With respect to COSSs, most of the systems used in the control room have some impact on safety, as
they are influencing the operator's understanding of the process, or his planning of handling the process,
or the way he actually controls the process. The safety relevance of a COSS is obviously closely coupled
to its classification as either being used in normal situations, during disturbances or in accidents.
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Task 4.5.2 "Determine to what extent and by which methods should the OSS be
evaluated before final implementation to demonstrate their quality and also
how to efficiently evaluate them after implementation ".

At the. Halden Project evaluation of MMI's, operator support systems and complete control room con-
cepts makes up an important part of the research programme. This activity is centred around the Halden
Man-Machine Laboratory (HAMMLAB), which consists of an experimental control rom coupled to a
full scope training simulator of a PWR. The PWR model is very close to the Loviisa VVER plant in Fin-
land. The laboratory also includes an experimenters' gallery, and recording equipment includes video,
sound and computerised registration of all operator actions. Operators from the Halden reactor are nor-
mally used as test subjects in the experiments.

While earlier evaluation studies have concentrated on assessment of MMI's and operator support sys-
tems, more emphasis has lately been based on evaluation of the complete control room. The control
room studies address the evaluation of a limited prototype of the Integrated Surveillance and Control
System (ISACS) that was implemented in HAMMLAB in early 1991. In IS ACS, a large number of oper-
ator support systems are integrated into a unified man-machine interface.

Based on the evaluation studies performed at the Halden Project since 1982, some conclusions regarding
evaluation methodologies may be drawn. It should be noted that these "lessons learned" have been based
on the Halden experiments only, and no attempt has been made to combine them with existing literature
in this field.

More details on conclusions from the "lessons learned" report is given in Appendix 3.

3. Overview of National Activities

The structure of this overview will follow the structure of chapter 1, where the activities are split into
four different areas. Main emphasis will be put on that part of the activities through the last years that are
of most relevance to the present CRP. The references used refer to the list of reports given in Appendix
1.

3.1 Development of Computerised Operator Support Systems

Much emphasis has been put on developing systems to detect and handle disturbances at an early stage,
to prevent development into more severe accidents. Detection systems based on alarm filtering and early
fault detection (10, 37) using dynamic process models have been developed and tested in real life. Diag-
nostic systems based on knowledge-based techniques have been developed and evaluated.

A system for use during accidents is presently being developed (60,63). The goal is to make an operator
aid that can more precisely present the plant state to the operator by use of new display techniques. A
strategy generator is also included to suggest efficient strategies for handling the accident.

Regarding systems for optimising operation during normal conditions, a core surveillance system was
developed a number of years ago (11). It has been in operation at the Ringhals nuclear plant in Sweden
and is in the future to be implemented at the Sizewell PWR in the UK and on Duke Power reactors in the
US.

One type of COSS equally relevant during normal operation, in disturbances or accidents, is the compu-
terised procedure system (45). It is well known that a large fraction of operator errors are due to incorrect
implementation of procedures. Computerisation of procedures has been demonstrated to reduce the
human error probability.

Overview of National Activities



3.2 Development of Advanced Control Rooms

Great care must be taken when extensive use of modern technology is made in the control room. A first
prototype of an advanced control room was completed in Halden two years ago (49,52). A large number
of operator support systems are integrated into the fully computerised man-machine interface. Much
emphasis was put on high level integration, prioritisation and presentation of information. A number of
system evaluations have taken place, giving useful feedback on positive features and system weaknesses.
Based on the experiences with the first prototype a new, improved version will be developed.

3.3 Human Factors Activities related to Introduction of new Technology in the Control
Room

The human factors work constitutes a large and important part of the research programme at the Halden
Project. A group of industrial psychologists are involved in test and evaluation of COSSs and advanced
control room concepts, but also cooperate closely with system developers from the early design phase.

Recently, evaluation of diagnostic systems has been of major importance (56). One reason for this is that
a diagnostic system, if not properly designed and used, may reduce the operators' own ability to diag-
nose the fault using his own experience and knowledge. Emphasis is put on understanding the operator's
reasoning around a diagnostic problem, to arrive at general recommendations for how a good diagnostic
system should be designed.

In connection with evaluation of the advanced control room a number of evaluation techniques were
used (62). Through guideline review the user interface was compared with existing guidelines for man-
machine interface design. Using a task analytical method called GOMS, bottlenecks in the structure of
the information presentation system was found. Walk through/talk through with experienced operators
identified weaknesses and promising features of the advanced control room.

Work is being initiated on understanding human errors, with emphasis on cognitive errors. A classifica-
tion method for human errors will be established. It is expected that from an improved understanding of
why operators make errors, useful feedback to system design will be available.

3.4 Software Verification and Validation

As mentioned in chapter 1, the main emphasis of the Halden software V & V work is on simple, safety-
critical software. Experiences from that application area is not directly transferable to analysis of more
complex software typical for COSSs. Some investigations have been made on problems related to relia-
bility of knowledge based systems (59). In the future more emphasis will be put on reliability of complex
software.

Formal mathematical methods are believed to have a potential when high confidence in the software is
requited. In the near future the Halden Project will test the formal method "algebraic specification" on
realistic safety-critical test cases (safety systems). Later, if the results are promising, more complex test
cases will also be defined.

Overview of National Activities
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23 April. 1993

HALDEN PROJECT EXTERNAL PAPERS

Л = Abstract sent to the members of 111*0
P = Copy scut to the members of HPG
К = Copy sent to Kjellcr Library

1. "Ekspertsystemer i prosessovervàking og krisebehandling". 0. Berg. Paper
presented at Solstrand fjordhotel, Bergen, 20th-21st September, 1989.

2. "Kvalitet i programvare-utvikling". Jon Kvalem. Paper presented at NIF-
seminar 27th September, 1989.

3.* "Det avanserte kontrollrom - hva trenger operat0ren og hva tilbyr teknologien?
K. Haugset. Paper presented at the seminar arranged by Norsk
Petroleumsforening, Oslo, 4th-5th October, 1989 entitled: "Prosess-styring og
informasjon i neste generasjonsplattformer".

4. A "SOSAT - A Set of Tools for Software Safety Assessment". G. Dah.ll, Jan Erik
Sj0berg. Paper submitted for the Second European Conference on Software
Quality Assurance, May 30 - June 1,1990.

5. A "Software Diversity - A Way to Enhance Safety? G. Dahll, HP, Mel Barnes,
SRD, Peter Bishop, CERL. Paper submitted for the Second European
Conference on Software Quality Assurance, May 30 - June 1,1990.

6. A P "Improving Safety Through an Integrated Approach for Advanced Control
Room Development". 0. Berg, N.T. F0rdestr0mmen, K. Haugset, J. Kvalem,
W.R. Nelson. Paper presented at the "17th Water Reactor Safety Information
Meeting" in Rockville, Maryland, 23rd - 25th Oct, 19S9.

7. A P "Verification of Discrete-Event Control Systems Using Algebraic
Specification". H. Vãlisuo, T. Sivertsen. Paper presented at Specialists'
Meeting on "Artificial Intelligence in Nuclear Power Plants", 10-12 Oct., 1989,
Helsinki.

8. A P "Early Detection and Diagnosis of Plant Anomalies Using Parallel Simulation
and Knowledge Engineering Techniques". Eyvind Ness, 0ivind Berg, Aimar
Sorenssen. Paper presented at Specialists' Meeting on "Artificial Intelligence
in Nuclear Power Plants", 10-12 Oct., 1989, Helsinki.

9. A P "The Computerised Procedure System COPMA and its User Interface". M.
Krogsaeter, J.S. Larsen, S. Nilsen, F. 0wre. Paper presented at Specialists'
Meeting on "Artificial Intelligence in Nuclear Power Plants", 10-12 Oct., 1989,
Helsinki.

10. A P "Early Fault Detection, Size-Estimation and Prognosis Using On-Line Process
Models and Improved Presentation Techniques". T. Suzudo, 0. Berg. Paper
presented at the International Conference on Supercomputing in Nuclear
Applications (SNA "90), Mito City, Japan, March 12-16, 1990.
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11. Evaluation of SCORPIO by Comparison to Catawba and Ringhals Data". T.
Andersson, M.T. Cash, S. Hval. Paper presented at the American Nuclear
Society 1989 Winter Meeting, San Francisco, Nov. 26 - Dec. 1, 1989.

12. P "Measuring the Effects of a Diagnostic Expert System on Human
Performance". W.R. Nelson. Paper presented at the ANS Topical Meeting on
Advances in Human Factors Research On Man-Computer Interactions:
Nuclear and Beyond, Nashville, Tennessee, USA, June 10-14, 1990.

13. P "SOSAT - A Set of Tools for Software Safety Assessment". G. Dahll, J.E.
Sj0berg. Paper submitted for the Second European Conference, Oslo, May 30 -
June 1,1990.

14. P "Early Fault Detection at the Loviisa Power Plant by Simulation Methods". A.
Stfrenssen. Paper submitted for the 1990 European Simulation
Multiconference 10-13 June, 1990 in Nurenberg, Germany.

15. A P "Software Diversity • A Way to Enhance Safety? Paper to be printed in the
journal "Information and Software Technology", November, 1990.

16. "Beslutningsst0ttesystemer". 0. Berg. Lecture at the NIF-course: "Avanserte
mâlesystemer for industrien", 26.-27. mars 1990, Trondheim.

17. P "Dependable Knowledge-Based Systems Development and Verification: What
we can learn from Software Engineering and what we need". S. Bologna, E.
Ness, T. Sivertsen. Paper presented at the 2nd Internationa] Conference on
Tools for Artificial Intelligence, November 6-9,1990 in Washington DC.

18. P "1SACS-1, The Prototype of an Advanced Control Room". K. Haugset, 0. Berg,
N.T. F0rdestr0mmen, J. Kvalem, W.R Nelson. Paper presented at the IAEA
Conf.: International Symposium on Balancing Automation and Human Action
in Nuclear Power Plants. Munich, Germany, 9-13 July, 1990.

19. P "Integration of a Real Time Expert System and a Modern Graphic Display
System in a Swedish Nuclear Power Plant Control Room". F. 0wre, S. Nilsen.
Article submitted for presentation in the Pergamon Press Journal "Expert
Systems with Applications", December, 1990.

20. P "Early Fault Detection in a Real Nuclear Plant by Simulation Methods". H.
Jokineva, IVO, M. Lilja, IVO, A. Sflrenssen, HP. Paper presented at the ENC
'90 in Lyon, France, 24th-27th September, 1990.

21. P "Experiences Made Using the Expert System Shell G2". S. Nilsen. Paper to be
presented at the IEEE Conference "Tools for Artificial Intelligence 90",
Washington, Nov. 6-9,1990.

22. P "Improving Safety Through An Integrated Approach forAdvanced Control
Room Development". K. Haugset, 0. Berg, S. Bologna, N. F0rdestr0mmen, J.
Kvalem, W.R. Nelson, N. Yamana. Paper printed in Nuclear Engineering and
Design, autumn 1990.

23. "Integrasjon av et sanntidï'-ekspertsystem og et grafisk display system til bruk
i nfidavstengnings-situasjoner ved Forsmark kjernekraftverk". F. 0wre. Paper
presented at IT Industrien 90, Oslo, 25th-28th Sept., 1990.

24. P "Experimental Evaluation of a Diagnostic Rule-Based Expert System for the
Nuclear Industry". С Holmstròm. Paper to be presented at the 34th Annual
meeting of the Human Factors Society, October 8-12, 1990, Orlando, Florida.
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25. P "A Computerized Safety Assessment and Post-Trip Analysis System for the
Forsmark Unit 2 Control Room, Integrating a Real Time Expert System and a
Modern Graphic Display System". F. 0wre, S. Nilsen, E. Stokke. Paper
presented at the 18th Water Reactor Safety Information Meeting,
Washington, D.C., October 22-24, 1990.

26. "Et datamaskinbasert operatfirst0ttesystem til bruk i nfidavstengnings-
situasjoner". F. 0wre. Paper presented at the NIF-conference: "Tálitelighet av
Sikringssystemer", Trondheiro 5th-6th December, 1990.

27. "Alarm og st0ttesystemer for driftsoperat0rer i kontrollrom". F. 0wre, 0. Berg.
Lecture at the NIF-course: "Sanntids datasystmer for industrielle
anvendelser". NTrT91, Trondheim, 3rd-4th January, 1991.

28. К P "Architectural Foundations, Concepts, and Methods behind ISACS - a Real-
Time Intelligent System for Critical Applications". S. Bologna, 0. Berg, K.
Haugset, J. KvaJem. Paper to be presented at the 2nd IFIP Working
Conference on Dependable Computing for Critical Applications, Tucson,
Arizona, USA, 18th-20th February, 1991.

29. К P "Man-Machine Interface Issues for Space Nuclear Power Systems". W.K.
Nelson, K. Haugset. Paper presented at the Eighth Symposium on Space
Nuclear Power Systems, Albuquerque, NM, 7th-10th January, 1991.

30. К Р "Early Fault Detection and On-line Diagnosis in Real-Time Environments". A.
Bye, E. Ness. Paper presented at the IFAC Workshop on "Computer Software
Structures Integrating AI/KBS Systems in Process Control, May 29-30, 1991,
Bergen, Norway.

31. К Р "An Automatics System Analyser Implemented by Expert System Technology".
T. Winsnes. Paper presented at the IFAC Workshop on "Computer Software
Structures Integrating AI/KBS Systems in Process Control, May 29-30, 1991,
Bergen, Norway.

32. К Р "System Description and Experience gained from Developing and Integrating
an Expert System and a Modern Graphic Display System for a Swedish
Nuclear Power Plant Control Room". F. 0wre, S. Nilsen. Paper presented at
the IFAC Workshop on "Computer Software Structures Integrating AI/KBS
Systems in Process Control, May 29-30,1991, Bergen, Norway.

33. К P "ISACS An Integrated Surveillance and Control System". J. Kvalem, R-E
Grini, K. Haugset. Paper presented at the 2nd International Conference on
Database and Expert Systems Applications DEXA '91, August 21-23, 1991,
Berlin, Germany.

34.* К

35.

"St0tteverkt0y for operat0rer i en nodavstengningssituasjon". F. 0wre. Paper
presented at the DND/NIF-conference entitled: "Pálitelighet av sikrings-
systemer", Oslo, lst-4th October, 1991.

К P "Software Safety Checks Using Stored Tested Paths". G. Dahll. An article to
appear in the Proceedings for the symposium SAFECOMP "91, Trondheim,
Norway 30th October - 1st November, 1991.

36. К P "Computerised Severe Accident Management Aids". F. 0wre, J. Porsmyr, E.
Sõderman, J-E Slenmark, A. Kautto. Paper presented at the meeting on
Severe Accident Management Programme Development, Rome, Italy 23rd-
25th September, 1991.
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37. К Р "Early Fault Detection and Signal Validation at the Loviisa Nuclear Power
Plant". 0. Berg, A. Bye, A. Sorenssen, H. Jokineva, IVO, Loviisa. Paper
presented at АГ91 - Frontiers in Innovative Computing for the Nuclear
Industry, Jackson, Wyoming, Sept. 15-18,1991.

38. К P "Experiences gained from Developing and Integrating an Expert System and a
Modern graphic Display System for a Swedish Nuclear Power Plant Control
Room". F. 0wre, S. Nilsen, R. Forsman, J.E. Stenmark, Forsmark. Paper
presented at АГ91 - Frontiers in Innovative Computing for the Nuclear
Industry, Jackson, Wyoming, Sept 15-28,1991.

39. K P "Realisation of the Integrated Control Room Concepts ISACS". K. Haugset.
N. Ftfrdestremmen, R-E Grini, J. Kvalem. Paper presented at АГ91 -
Frontiers in Innovative Computing for the Nuclear Industry, Jackson,
Wyoming, Sept 15-28,1991.

40. К P "Realisation of the Integrated Control Room Concept ISACS". K. Haugset, N.
Ferdestr0mmen, R-E Grini, J. Kvalem. Paper presented at AK'91 - Frontiers
in Innovative Computing for the Nuclear Industry, Jackson, Wyoming, Sept.
15-28,1991.

41.

42.* К

P "Integration of Diagnosis Techniques". R-E Grini, T. Kárstad. Paper
presented at the meeting Expert Systems and Computer Simulation in
Energy Engineering, Erlangen, 17-21 March, 1992.

"Operat0rst0ttesystemer - trender mot ur 2000". F. 0wre. Paper presented at a
seminar arranged by ABB Industri og Offshore A/S, 21st-22nd February,
1992, Hafjell, Lillehammer, Norway.

43. К Р "Picasso: A User Interface Management System for Real-Time Applications".
ICA. Barmsnes, A. Hornaes, 0. Jakobsen, R. Storkás. Paper presented at
workshop on "User Interfaces for Expert Systems", London, March 11-12,
1992.

44. К Р "Operator Support Systems for Status Identification and Alarm Processing at
the OECD Halden Reactor Project - Experience and Perspectives for Future
Development". A. Bye, 0. Berg, F. 0wre. Paper presented at the International
Symposium on Nuclear Power Plant Instrumentation and Control, Tokyo,
Japan 18th-22nd May, 1992.

45. К P "The Computerised Procedure System С0РМА-И". J. Teigen, E. Ness. Paper
presented at the IAEA-NPPCI Specialists' Meeting on "Operating Procedures
for Nuclear Power Plants and their Presentation", 31st March - 2nd April,
1992, Vienna, Austria.

46. "Operator Support Systems for Status Identification and Alarm Processing at
the OECD Halden Reactor Project - Experience and Perspectives for Future
Development". A. Bye, 0. Berg, F. 0wre. Paper presented at the Danish
Automation Society Meeting on Information Technology, Copenhagen,
Denmark 4th May, 1992.

47. К P "ISACS-1: Prototype of a Futuristic Integrated Cockpit Control Room". N.
F0rdestr0mmen, К Haugset Paper presented at the NEA/IAEA International
Symposium on Nuclear Power Plant Instrumentation and Control, Tokyo,
Japan, 18th-22nd May, 1992.

48. К Р "Experience with Simulators for Development and Evaluation of Operator
Support Systems at the OECD Halden Reactor Project". 0. Berg, C.B.O.
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49.

Holmstrõm, F.S. Volden. Paper presented at the OECD Nuclear Energy
Agency Specialist Meeting on Simulators and Plant Analysers, Lappeenranta,
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ABSTRACT

The computerized core surveillance system SCORPIO is described. The system
perforas core monitoring functions by logging and presenting measured data
together with results from three-dimensional simulations of the core. In
predictive mode the development during the coming two days may be simulated,
and a strategy generator is available to facilitate transient planning. The
system has been in operation at the Ringhals plant in Sweden since the end of
1987. The paper gives the motivation for installing the system, and describes
the operating experience gained during the nearly two cycles since it was
implemented.

For an eight month period in 1987/88 a stand-alone version of the predictive
part of the system was installed in Duke Power's general offices. Data from
Catawba 2 cycle 1 was used for evaluating the performance of the physics
models in the system, the results of this testing are also reported in this
paper-

Paper presented at the American Nuclear Society 1989 Winter Meeting, San
Francisco, California, Nov. 26 - Dec. 1, 1989.
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Abstract

Several expert systems have been developed at Institua for Energiteknikk, Hal-
den, aiming to support the plant operator in his work. These systems are connected
to the full-scale research process-simulator NORS where their proper operation
can be verified and validated in controlled experiments. The Automatics System An-
alyzer (ASA) is one such an expert system and it is meant to be a diagnostic expert
system for analyzing the state of the plant automatics in the NORS simulator in par-
ticular, but with an overall objective to generalize the results into a more generic
system. Monitoring the automatics is a difficult but important task in the control
rooms. Normally, the operator can not follow the actions of the automatics because
she status is not shown in the basic man-machine interface. This might cause prob-
lems in certain plant operating regimes and the operator may feel that he has not
got full control over the plant. Since the level of automation seems to be increasing,
this problem will probably be reinforced in the future.

The paper contains a description of the idea behind ASA. experiences and results
working with the development of ASA. the communication between ASA and exter-
nal systems, infer encing mechanisms in ASA and the MM I for the process operator.

INTRODUCTION

During the last years one has witnessed an increased level of automation both in the nuclear industry as
well as in other process industries. The automatics supervise tlic allowed operation ranges of single
components, component groups and process pans. In a disturbance situation the automatics may inter-
vene and switch on possible standby components or a standby component group. The automatics take
into account (he switching order conditions, time conditions, process conditions and so on, which has
been programmed in beforehand. The control room operators monitor and control the process via the
automatics.

Monitoring the automatics is a difficult but important task in a control room, and traditionally rather
primitive tools have been available for that purpose. Improving the monitoring of the automatics, will
increase the reliability of the power plant and facilitate the work of the operators by simplifying the
decisioas in a disturbance situation.

When opci.iling the automatics, the opci.uoi ncc<K iiiliniiiation .iltoui ihc pmcess status :iii(i knowi
cd^c about how the automatics arc implemented. 'Ilicrc lus previously Ixxn observed thai many ol ilu-

I'aper presented at the I l'A C-workshop on tComptiter Software STrurtttres Integrating AljKUS Systems in
г Control, fllar I'J-.iO. 1991. Ih-rgai. Norway

\tb



HP-EXTERNAL IMO. 37

V

EARLY FAULT DETECTION AND SIGNAL VALIDATION
AT THE LOVIISA NUCLEAR POWER PLANT

0ivind Berg, Andreas Bye, Aimar S0renssen
Institua for Energiteknikk

OECD Halden Reactor Project
P.O.Box 173, N-1751 HALDEN, Norway

Internet E-mail: berg@hrp.no, andy@hrp.no, aimar@hrp.no

Heikki Jokineva
Loviisan Voimalaitos
Imatran Voima OY

SF-07900 Loviisa, Finland

ABSTRACT

The Finnish power company Imatran Voima OY and the OECD Halden Reactor
Project arc undertaking a joint research project on demonstration of early fault detection and
signal validation at Loviisa PWR Unit 1 and Unit 2.

The purpose of the Early Fault Detection system, or EFD for short, is to find errors in
the plant. By looking at groups of variables, rather than at one single variable at a time, errors
can be found earlier than by conventional alarm systems. To be able to squeeze as much infor-
mation as possible out of a group of variables, the EFD system contains a mathematical model
for each process section considered. If the group of variables is inconsistent, this indicates
that something is wrong. This even works in dynamic plant conditions.

The paper describes briefly how EFD is applied to two problem areas: monitoring
internal leakages in high-pressure preheatcrs and validation of flow sensors in the feedwater
system.

INTRODUCTION

Industrial plants like power stations arc always equipped with alarm systems that inform the opera-
tors when a dangerous situation is about to develop. Such alarm systems usually survey pressures, tempér-
atures and similar physical variables and give messages if they get loo high or too low.

This is not without problems, however. To accommodate the normal dynamical variations of the
monitored physical quantity, alarm limits must be rather wide. But this implies that a dangerous situation
may develop quite a bit before it is detected.

A T O I Kiit>NTiKKSiNiNM>v\iiVK«:oMPi/iiN<; Jackson, Wyoming
/ V J. S JL «Ж тик NIJI;I У \к INDUSTRY September 15-18,1991

[21-
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ABSTRACT

This paper describes a computerised operator support system called SAS II. It has
been developed under a joint research and development programme between Unit 2 at
the Swedish nuclear plant Forsmark, lhe Swedish Nuclear Inspectorate (SKI), the Swed-
ish Stale Power Board and the OECD Halden Reactor Project in Norway.

The purpose is to develop a function oriented advisory system to assist the shift
supervisor in his observation and evaluation task after plant disturbances leading to
emergency shut-down. To monitor this shut-down process the supervisor today applies
a set of function oriented emergency procedures. When SAS II is installed the idea is
that the system continuously gives information to support the work with the emergency
procedure as well as alarms if, and explains why, critical safety functions are challenged.

The SAS II sysicm consists of two parts. One part is developed and executed un-
der control of the real-time expert system shell G2. A knowledge-base has been con-
structed thai represents non-successful behaviour of the plant automatics and control
systems in terms of the defined plant critical safety functions. The other part of SAS II
consists of a man-machine interface for the shift leader developed and executed under
control of the PICASSO graphic display system.

The paper first gives an overview of the system functions and how the system will
be integrated in the total process control system at Forsmark. The major part of the paper
outlines our experiences and conclusions from building and integrating (he system at the
training simulator at Forsmark.

THE SAS-II SUPPORT SYSTEM

SAS I) is a dedicated sysicm for post-trip management, designed for the Unit 2 at Forsmark nuclear
station. The plant is located 140 km north of Stockholm, Sweden. The system has been developed in a
research project aiming to finally install the sysicm in the main control room at Forsmark-2.

Paper presented at AIVI frontiers in Innovative Computing fur the Nuclear Industry, Jackson. Wvominç
September 15- IS. 1981



t i HP-EXTERNAL NO. 44

OPERATOR SUPPORT SYSTEMS FOR STATUS IDENTIFICATION AND ALARM
PROCESSING AT THE OECD HALDEN REACTOR PROJECT

- EXPERIENCE AND PERSPECTIVES FOR FUTURE DEVELOPMENT

Andreas Bye, 0ivind Berg, Fridtjov 0wre

Institutt for Energiteknikk,
OECD Halden Reactor Project

P.O. Box 173, N-1751 HALDEN, Norway
Internet E-mail: AndreasBye@hrp.no, OivindJBerg@hrp.no, Fridtjov.Owre@hrp.no

Paper to be presented at the

NEA/IAEA International Symposium on Nuclear Power Plant Instumentation and
Control,

Tokyo, Japan, 18th - 22nd May, 1992.



OPERATOR SUPPORT SYSTEMS FOR STATUS IDENTIFICATION AND ALARM
PROCESSING AT THE OECD HALDEN REACTOR PROJECT

- EXPERIENCE AND PERSPECTIVES FOR FUTURE DEVELOPMENT

Andreas Bye, 0ivind Berg, Fridtjov 0wre

Institua for Energiteknikk,
OECD Halden Reactor Project

P.O.Box 173, N-1751 Halden, Norway
Internet E-mail: Andreas£ye@hrp.no, OivindBerg@hrp.no, Fridtjov.Owre@hrp.no

ABSTRACT

The OECD Halden Reactor Project has for several years been working with
computer-based systems for determination of plant status including alarm filtering, early
fault detection, and function-oriented plant surveillance. The methods explored comple-
ment each other in different plant operating regimes and provide diversity in plant moni-
toring systems. The work has been carried out by development of prototypes in the
HAlden Man Machine LABoratory HAMMLAB and installations at nuclear power

\ plants.

The paper describes the characteristics of the various methods explored at the
Project and the experience gained from actual plant installations. A combination of differ-
ent alarm principles into a new integrated alarm system is discussed. The integrated alarm
system consists of three main functional blocks for 1) alarm generation, 2) alarm structur-
ing and 3) alarm presentation. It is proposed to build an alarm system toolbox to facilitate
the implementation of specific alarm systems for different plants.

INTRODUCTION

One of the main tasks for operators in nuclear power plants is to identify the status of the process
when unexpected or unplanned situations occur. The alarm system is the main information source to
detect disturbances in the process, and alarm handling has received much attention after the TMI acci-
dent in 1979.J Here it was realized that conventional alarm systems created cognitive overload for the
operators during heavy transients.

Disturbance detection systems in the form of alarm systems are present in a wide variety today,
and the OECD Halden Reactor Project has been working with different methods in several systems.
Filtering and handling of conventional alarms were treated in the HALO (Handling Alarms using
LOgic) system.2 Model-based alarming was explored through a system which should detect distur-
bances at an earliest possible stage, EFD (Early Fault Detection).3 A function-oriented approach was
first explored through CFMS (Critical Function Monitoring System) and SPMS (Success Path Moni-
toring System), and then through the post trip guidance system SAS-H.4

In addition to alarm handling and monitoring systems also other systems have emerged during
the last ten years to support the operator in his status identification task, as for instance diagnosis and
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ABSTRACT

СОРМЛ (Conipuicrised OPcration MAnuals) is a computerised procedure following sys-
icm developed ;u The OECD Haldcn Reactor Projcci. The first version of the COPMA
system became operational in 1989. Based on lhc experiences made with the first version
we arc now developing a second version; СОРМЛ-П.

The COPMA-II sysicm will consist of three main components as described in this paper:
1) A procedure editor used by the procedure writer for entering and editing procedures
written in a dedicated procedure language. 2) A procedure database containing the proce-
dures generated by use of the procedure editor. 3)Thc COPMA-H On-line system which
is intended to assist process operators in retrieving and executing procedures.

The On-line system may be connected to the process computer so that COPMA may auto-
matically read lhe values of process parameters referred in the procedures. These values
can be used by COPMA to automatically determine the correct flow of control in the pro-
cedure based on the current state of the plant (as specified by the procedure writer).
COPMA may also support continuous monitoring of process conditions and provide the
operator with a notification when some condition monitored becomes fulfilled. By use of
the on-line connection to the process computer, the operator may initiate manipulations of
process components from the On-line system.

COPMA-II will be available on general purpose Unix workstations. Both the procedure
editor and the COPMA-H On-line system are designed as window-oriented applications
based on X-Windows and with man-machine interfaces composed of components adher-
ing to the OSF/Motif standard for look and feel.

1. INTRODUCTION

This paper describes the computerised procedure system, COPMA-II. currently under develop-
ment at The OECD Halden Reactor Project. COPMA is an acronym for Computerised OPcration
MAnuals. We also provide some reflections regarding possible future development of the COPMA
sysicm.

The first version of the COPMA system became operational in 1989. It is reported in [1] (see
also [2] and [3]). The system is one among several computerised operator suppon systems installed in
the Halden Man Machine Laboratory (HAMMLAB). This laboratory is built around a full-scope PWR
simulator facility. COPMA may run as a stand-alone system or as a part of an integrated surveillance
and control system prototype caUed ISACS-1 (ref. [4]). In the fall of 1989, COPMA was subject to a
human factors experiment in HAMMLAB with HBWR (Haldcn Boiling Water Reactor) operators as
test subjects (ref. [5]). Based on the experiences made with the first version of the system, we are now
developing a second version; COPMA-II.

The COPMA-II system will consist of three main components:

(a) The Procedure EDitor, PED-II, is a tool used by the procedure writer for entering and editing
procedures. It constitutes the off-line part of the COPMA-II system. An a-version of PED-II
was completed by the end of October 1991 (rcf. [6]).

(b) The procedure database'^ containing lhe procedures generated by use of PED-II. Procedures in
COPMA arc written by use of a dedicated PROccdure LAnguagc, PROLA. This procedure lan-
guage has been developed as a part of the COPMA project (rcf. [6]).

(c) The COPMA-II On-line system is intended to assist process operators in retrieving and execut-
ing procedures. COPMA-II On-line may be classified as a complete and .даг/сcomputerised pro-
cedure following system. Complete, in the sense that COPMA alone is intended to provide the
process operator with all the procedural information he needs. Static in the sense that it works
with a fixed set of predefined procedures, i.e. there is no generation of new procedures during
on-line operation (ref. [7)).

Figure 1 illustrates the relationship between PED-tl, (he procedure database, the COPMA-II
On-line system and ihc process computer. We will now take a .somewhat closer look at each of the
main components constituting the С0РМЛ-11 system, sinning with the procedure language.

jn L'IC ciincnl version of COI'MA liic (tacihasc is jusl a scl of |>lain. uscr-rcacJ.iblc ASCII files
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ABSTRACT

The concept of ал Integrated Surveillance And Control
System (ISACS) has been developed into « first prototype,
ISACS-1. which is now in operation at the pressurized
water reactor simulator-based experimental control room
HAMMLAB of the OECD Halden Reactor Project,
Haldcn. Norway. Characteristics of ISACS is that it covers
the whole interface between the process and the operator,
and this interface is fully computerised using tools like
Cathode Ray Tubes (CRTs) and dynamic keyboards. In
addition, a large number of Computerised Operator
Support Systems (COSSs) are included in ISACS. ISACS-
1 is presently subject to extensive evaluation. The Test and
Evaluation (T&E) programme aims at both providing
design feedback, and to address general human-machine
topics in advanced control rooms. The programme is
separated into three stages, starting with basic human
factors work concerning layout and coding remedies. The
next stage is addressing the qualitative aspects of the
ISACS interface. In the final stage, the evaluation will
address higher level human factors issues, including
experiments to evaluate ISACS's impact on the operator's
overview and understanding of the current status of the
process. The goal is to investigate how modem computer
technology can efficiently be taken into use to improve
operational safety and efficiency of nuclear power plants
and other complex processes.

1, INTRODUCTION

Control room development, through upgrading of
existing control rooms and generation of new control
rooms, is considered an important way of improving
operational safely and efficiency of nuclear plants.
Extensive programmes are therefore conducted in all
major nuclear power nations including Japan, U.S.,
Germany and France. Reactor vendors, as well as
regulatory bodies and utilities play an important role in
this field. But also research organisations like the OECD
Kaldcn Reactor Project make an important contribution
through development and evaluation of new operitor
support systems and control room concepts.

This paper will describe the programme on control
room development within the Halden Reactor Project, and
specifically concentrate on describing the development
and evaluation of a first prototype of an advanced control
room, the "Integrated Surveillance And Control System"
(ISACS). This activity and the rest of the Halden research
programme is defined and performed in close co-opcralion
with the Haldcn Project member organisations, coming
from Japan, U.S. and twelve European countries .

2. THE NEED FOR AN INTEGRATED APPROACH
IN CONTROL ROOM DESIGN

Even if nuclear power generating plants have a very
good safety record, there is a strong motivation in all
countries for further improvements. Control room
improvement is given high priority, and modern computer
technology, used in the correct manner, has the potential
of greatly improving operational safety.

A number of weaknesses in old control rooms have
been identified: Relevant information may be missing due
to limited instrumentation, too much information (alarms)
may make it difficult for the operator to diagnose the
process state, wrong or inconsistent information may
mislead the operator. 1л addition, the operator could
benefit from assistance in both diagnosis of problems, in
active planning and in implemenlion of control actions.

Techniques arc available to improve on all the points
given above: Dynamic process models may supply
relevant process information, alarms may be filtered and
presented more clearly and well structured, consistency
check of process data before prcscmaiion helps identify
wrong measurements. Knowledge-based or model-based
operator support systems may suggest diagnosis and which
procedures arc relevant. Finally, computerised procedures
may prevent the introduction of errors that often arc
experienced.

Efficient operator support in these tasks puts strict
requirements to the integration of the various
computerised operator support systems (COSSs). Adding
new COSSs adds more information in the control room.

Paper presented at the International Conference on Design and Safety of Advanced
Huclear Power Plants. Tokyo, Japan, October 25-29, 1992.
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ABSTRACT

This paper describes an experiment with the purpose to also illustrate and
discuss some of the methodological problems when empircally studying
problem solving. The experiment which was the second in a series,
conducted at the OECD Halden Reactor Project, aimed to assess the effect
on nuclear power plant operators diagnostic behaviour when using a rule-
based diagnostic expert system. The rule-based expert system used in the
experiment is called DISKET (Diagnosis System Using Knowledge
Engineering Technique) and was originally developed by the Japan
Atomic Energy Research Institute (JAERI). The experiment was
performed in the Halden man-machine laboratory using a full scope
pressurized water reactor simulator. Existing data collection methods and
experimental design principles includes possibilities but also limitations.
This is discussed and experiences are presented. Operator performance in
terms of quality of diagnosis is improved by the use of DISKET. The use
of the DISKET system also influences operators problem solving
behaviour. The main difference between the two experimental conditions
can be characterised as while the DISKET users during the diagnosis
process are following a strategy which is direct and narrowed, the non-
DISKET users are using a much broader and less focused search when
trying to diagnose a disturbance. *

1. INTRODUCTION

The Diagnosis System Using Knowledge Engineering Technique (DISKET),
originally developed by Japan Atomic Energy Research Institute (JAERI), is specifically
designed for on-line fault diagnosis in nuclear power plants. DISKET is a rule-based
expert system, where knowledge is represented as production rules (if-then rules) for
diagnosing malfunctions. The rules are compared on-line to the process state in order to
draw inferences and, if possible, diagnose the cause of the disturbance. This is done by the
inference engine that identifies the cause of a plant disturbance by exercising the stored
knowledge base for the plant primarily using alarms automatically sent to DISKET
through its process interface. The knowledge base contains relations (the rules) between
fault causes (hypotheses) and consequences (process observations) for different
disturbances obtained from analyses of plant operation and transients in the plant. ^

The operator controls the initiation of an inference and the display of the results of the
diagnosis through the man-machine interface of DISKET. The information flow to the
operator is therefore in accordance with his own wishes and curreni workload, in contrast

Í7:.--T ;>re:;enU:d al the "Post ANP92 Conft,-n;nee Seninar on Human Cognitive and
Cooperative Activities in Arfvnncerf Techno]or>cul Systems",

Kyoto, November- U-l, V}o?
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ABSTRACT

The OECD Halden Reactor Project has initiated a new
research programme on computerised accident management
support, the so-called CAMS project. This work will investi-
gate the possibilities for developing systems which provide
more extensive support to the control room staff and techni-
cal support center than the existing SPDS (Safety Parameter
Display System) type of systems. The CAMS project will
utilize available simulator codes and the capabiliües of com-
puterised tools to assist the plant r'aff during the various
accident stages including: identification of the accident state,
assessment of the future development of the accident, and
planning accident mitigation strategies.

This research programme aims at establishing a prototype
system which can be used for experimental testing of the
CAMS concept and serve as a tool for training and education
in accident management. The CAMS prototype should pro-
vide support to the staff when the plant is in a normal state,
in a disturbance state, and in accident state. Even though bet-
ter support in an accident state is the main goal of the
project, it is felt to be important that the staff is familiar with
the use of the system during normal operation, when they
utilise the system during transients.

INTRODUCTION

Background

The OECD Halden Reactor Project carry out research and
development of computer-based systems for nuclear power
plants. The aim is to design, build and evaluate computer-
based systems which can assist and support operators in their
various cognitive tasks and through this improve the total
performance and safety of complex plant operations. The
operator support systems are tested and evaluated through
experiments in the Halden Man-Machine Laboratory. Fur-
ther, feedback is obtained from installations in nuclear
power plants.

One has observed an increased interest for research in the
field of Accident Management Several international pro-
grammes are conducted with the aim to understand the basic
physical and chemical phenomena in accident conditions.
The USNRC has sponsored several programmes for manage-
ment of severe accidents like extending plant operating pro-
cedures into the severe accident regimes and discussion of
accident information needs (Chien et al. 1991; Hanson ei al.
1992).

The Nordic NKS/SIK safety programme comprises a
number of research areas on reactor safety aspects. One area
is computerised accident management support, and Halden
manages this research activity. A feasibility study has been
performed, concluding that it would be possible to design
and develop a system, meeting the expressed support needs
for plant staff in accident situations (0wre et al. 1991).

Motivation

In case of events which may develop into severe accidents, it
is important that several categories of plant personnel have
access to valid plant status information to perform the opti-
mal actions to minimize the accident consequences for the
plant and its environment.

General knowledge on accident progression and accident
mitigation are obtained from studies using comprehensive
simulation codes describing thermo-hydraulic and chemical
conditions in the reactor core and the containment. This is
one basis for making procedures to mitigate accident conse-
quences when the automatic safety systems fail to bring the
plant to a safe condition. This knowledge should be made
available to the operating staff, and computerised support
could help in several areas: computerised procedures, signal
validation, on-line calculation, etc.

On-line simulation is now economically feasible. Simulators
based on first principles can offer new information to opera-
tors as a reference to compare with. The Halden Project has
demonstrated this with an early fault detection system (Berg
cl al. 199I) running mathematical reference models on ilic
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METHODOLOGIES FOR MMI HUMAN FACTOR EVALUATION/
VALIDATION

Use of a Broad Spectrum of Test and Evaluation Methods

Several of the experiments have been performed as multi purpose experiments. They have
aimed at comparing experimental groups to assess whether or not new systems improve
operator performance. At the same time, data concerning qualitative aspects of system use,
and the users' opinions and judgments, are collected. The system under test is then evaluated
on the background of these daia sources.

If the evaluation aims to obtain quantifiable data concerning the impact of specific systems
on human performance under realistic conditions, then traditional simulator experiments arc
hard to avoid. The degree of realism in the simulator experiments contributes to generation of
data that, depending on the fidelity in the simulator situation, can be generalized to real world
settings. It is one of the main aims of Halden research to gain new knowledge on human-
machine interaction which can be generalized to other control room settings: This can only be
achieved by performing systematic experiments. The other aspect of empirical research in
HAMMLAB is to demonstrate that theories or findings established in other contexts are valid
within the control room setting. These factors make simulator experiments a vital part of the
man-machine system research program now and in the future.

It can be argued, however, that the experimental setting is not optimal to provide information
about the qualitative aspects of system use and users' judgments. Since the experimental
design has a main aim to bring under control a lot of the variance in the way individual test
subjects interact with the system, information more fruitful for qualitative analysis may be
limited. Qualitative aspects will instead be easier to address when the test subjects arc
allowed, or prompted, to engage in explorations of the system.



In light of our experience with more analytical and limited scope evaluation methods - such
as guidelines evaluations, the GOMS methodology, and informal user tests - it is argued that
several aspects of man machine interaction can be addressed with cheaper and less rigid
methods than full scope experiments. We have experienced that more analytical T&E
methods can be easy to use, require less resources, and provide feedback, in a stage of system
development where it is easy to make system modifications.

In recent years there has been a shift in focus from the ust cf large simulator experiments
alone, towards the use of differentiated evaluation methods. The different methods should be
viewed as complementary rather than competing alternatives, addressing different aspects of
man-machine interaction within the same system evaluation. We have learned that guidelines
evaluations, the GOMS methodology, and informal user tests, are analytical evaluation
methods which have a contribution to make in Halden evaluations.

Guidelines or checklist methods have been adopted in several system evaluations. There
exists a large body of generic design guidelines, and the method requires identification of
those guidelines with relevance for {he system under evaluation. This constraint has lead to a
cautious use of guidelines in the Halden evaluations. However, effort has been made to select
guidelines which provide the user with specific information on the background for each
guideline, and the data in support of it. Based on the data currently available, it can be
concluded that the guidelines method is a cost effective tool to address basic hurnn factors
aspects at all stages of system design,

GOMS analysis is another way of addressing the user interface aspects of computerized
support systems. We have experienced that this method can be adopted successfully at the
stage of system development, where only design specifications of the system exist. The
method has a contribution to make in providing a formal description of tin necessary
interaction between the user and the system, and allowing for identification of bottlenecks
within this interaction.

Some experiments have been negatively influenced by problems in the subject handling an
incomplete and inconsistent system interface. If earlier test and evaluation methodologies
such as guideline evaluations and GOMS had been applied, thus addressing basic human
factors aspect of the system at an earlier stage, some of these experimental problems could
have been avoided.

Informal user tests have proved to be a cost-effective way of addressing interaction aspects of
systems. They involve a limited number of test subjects, and require relatively small
experimental preparations. The method has the advantage of being explorative in nature,
allowing for identification of interaction aspects of the system that might not be foreseen by
the designers. If separate activities to assess the qualitative aspects of system use arc
performed, these activities should naturally precede the experimental studies. This could
contribute to prevention of later experiments being confounded by user problems in
interacting with the system. The combination of informal user test and more traditional
experimentation is a part of the proposed IS ACS evaluation program.

Isolating The Concept Under Test

A crucial point in designing evaluations at Haldcn has been to isolate the concept under test.
This step is important lo identify the relevant performance variables that arc expected 10 be
influenced by the sysicm. Several evaluations have been performed on systems that have
included more than one concept. An example was given in the SPMS experiment where the



SPMS system included the concepts of alarming the critical safety functions, and also
provided suggestions for success paths to deal with the safety threat. This led to the design of
experiments assessing the effects of both these concepts.

Halden research will in the future be directed towards increasingly complex and integrated
systems that, within the same framework, support the operator in a broad scope of functions
and tasks. Examples of such systems are ISACS and the new alarm systems. This
development will increase the importance of identifying and isolating the concept under test.
Although it is valuable to document that complex systems have positive influence on
operator performance, it will still be insufficient to give guidance on what parts of the system
should be revised and what parts of the system should be carried further. The process of
identifying the concept under test will naturally facilitate a closer cooperation between the
human factors staff and the process and designer expertise. This corporation should be
initiated at an early stage of system development, to allow ior an early identification of the
systems main concepts. This will allow for an early identification of the relevant evaluation
methods as the system design proceeds.

Experimental Design

Several of the full scope simulation experiments performed at Halden have adopted a
between groups design. The aim is to demonstrate performance differences between an
experimental group and a control group. One of the main assumptions behind using between
groups design is that the experimental group and the control group are similar in all relevant
aspects, except for the test condition they are exposed to. This has shown to be an assumption
that is usually not true for the Halden test subjects. The COPMA experiment, among others,
clearly demonstrated this. In this experiment, the COPMA group performed worse than the
non COPMA group on several of the dependent variables. However, when the data was
controlled for the results frr;n a pretest, analysis showed that the two groups were very
different in competence and that this difference was the main cause of the negative results.
After controlling for this background variable, the experimental results were reversed,
showing better performance for the COPMA group, although not on a statistically significant
level.

There is a restricted pool of test subjects available at Haldcn, drawn mainly from reactor
operators at Halden's test reactor and supplemented by internal staff. This implies that most
experiments have been performed within the range of 5 through 18 test subjects. The
experiments have consisted of two and sometimes three test conditions, so that the number of
test subjects in each group ranges only from 5 through 30. Comparing groups of 5 test
subjects makes it hard to prove even relatively large differences in performance statistically
significant.

The possibilities of using non experts in the experiments have also been exploited. In the first
HALO experiments, 30 students from the regional college were trained on the process, and
performed in a static simulation experiment. However, whilst it is reasonable to expect that
non experts car. be used to address fundamental research topics such as color perception, use
of novice subjects in the test and evaluation of COSSs seems to be a less feasible solution.
The test of COSSs relies on lest subject expertise, and it is not realistic to train novice
subjeers to a level where they can be viewed as experts. Thus, in the future research on
complex and inicgraicd support systems at Haldcn, the use of novice subjects docs not seem
to be relevant.

Several other solutions to the problem of small group samples have been tried out at Haldcn.
If the number of test subjects cannot be increased, a possible solution is to obtain more data



from each of the test subjects used. This can be done by adopting a within subjects design
rather than the between groups design. The within subject design increases tiie number of
data points by letting all test subjects experience both the test condition and the control
condition. The design also has the advantage of a built in control for potential inter subject
variability in performance, since the test subjects serve as their own control. An example of
an experiment where this design has proved successful is the second DISKET experiment.

Another way of increasing the number of data points, is to use repeated measures, where the
test subjects experience a large number of scenarios. Several experiments have included
repeated measures to increase the pool of data.

With the low number of test subjects and the known variability between test subjects, it is a
lessons learned for Halden's future experiments that a within subjects design should be used
unless there are strong reasons for choosing otherwise.

The Trade Off Between Realism And Control.

As a lessons learned regarding the experimental set up, it can be concluded that
balance is required between experimental control and realism, but that it is difficult to
simultaneously achieve a high level of each.

The main aim of Halden research has been to evaluate the effect of COSS's under realistic
conditions. Following from this, several of the traditional simulator based experiments,
which have failed to produce any clear significant statistical results demonstrating the benefit
of support systems, have been explained by the high degree of realism in the experiments,
and the fact that very high realism is achieved at the expense of systematic experimental
control.

For example, the early experiments on the HALO alarm system were performed with
relatively simple equipment: the claim for realism was reduced, and emphasis put on
systematic experimental control. Some of the key features of the alarm system were
illustrated through the use of snapshots. Under this condition, clear results were found on the
vital of the aspects of the alarm system. It was later decided to investigate the effect of
HALO in a full scope simulation. However, the finding from the first experiment was not
replicated under these conditions. It should be noted that this second HALO experiment
included some new alarm system features, and the experiment can not be fully be considered
as an replication of the first experiment.

In light of this discussion and the findings from the Halden T&E activities, it is suggested to
reduce some of the demands on experimental realism to gain more experimental control. One
possibility is to perform more limited experimental evaluations like proof of principle tests
and part task simulations, and thus narrow the scope of the experiment from addressing all
aspects of a system functioning to address specific isolated aspects of a system. This will
increase the chance of obtaining statistically significant results, but then necessitate
discussion about the result's generalization.

A possible solution, which demonstrates the trade off, can be to use a combination of well-
controlled experiments and analytical methods to demonstrate the effects of vital aspects of a
sysicm, and then use large scaled experiments to demonstrate the validity of these effects
under more realistic settings.



Scenario Selection

The introduction of long test runs which have the test scenarios embedded intermittently, as
in normal control room tasks, is believed to be a way of increasing both the realism and
validity of experiments. In addition, it can reduce the possible ceiling effect that is
demonstrated when almost all test subjects manage to handle all the scenarios adequately. By
embedding the test transient in normal plant status operating tasks, some of the focus on the
abnormal aspects of the experiment is reduced. Thus, it is probable that test subjects are less
vigilant to the occurrence of abnormal conditions, for which they could otherwise become
unrealistically prepared. The effects of using long scenarios or the use of background tasks
have not so far been systematically assessed within an experiment. However, in the SPMS
evaluation use of the former was reported to be successful. From a methodological point of
view, it would be interesting to run an experiment with long or short test runs as independent
variables to establish the extent of such success.

Attention should also be given to the selection of scenario content. This should be done in
relation to the specific system, thus ensuring the proposed concept under test is demonstrated.
Ал example of how important this is was seen in the scenarios used to demonstrate the
effects of alarm filtering. In a post experimental analysis of the scenarios in the full scope
simulation experiment with HALO it was argued that some of the scenarios showed little
reduction in the number of alarms through filtering, thus inadequately introducing the
independent variable.

Training

In most experiments, results from analysis of data from individual test subjects and test teams
show great variance in performance even after following the same training procedure. This
leads to the conclusion that training is an area where a large effort should be made. For
instance, a routine should be established to measure the effect of training. This procedure will
fill several needs. First, it will give feedback on the adequacy of the training itself; second, it
will serve as a source of reference data to interpret that derived from experiments.

Simulator experiments in Halden aim to obtain information about how personnel will handle
certain situations in real life with the equipment under evaluation. This implies that the test
subjects should perform in a way similar to the personnel in commercial plants. It has been
discussed in several reports that whilst the test subjects from the Halden reactor arc process
experts their expertise is on a process different from that simulated in HAMMLAB. In
addition, there are fundamental differences between the way the Halden reactor and the
HAMMLAB processes are interfaced; the former being of a traditional control room design,
whereas the latter makes exclusive use of computer technology.

The usual way of dealing with this is to train the operator on both the process and the COSS
to be evaluated. Where test subjects had returned to test sessions after a long period, it was
observed that they were able to keep their knowledge of handling the system intact, but that
their knowledge of how to handle the interface declines as a function of time. It has been
concluded in some experiments that, whilst the training was adequate regarding process
knowledge, better training in the use of the COSS should be provided. It has been especially
noticed that the general knowledge about the principle underlying a COSS is achieved and
preserved easier then than the knowledge on the practical use of the system. This leads to the
conclusion that there is a need for a longer post training familiarization period before the
evaluation.



Assessment Of Performance

Several measurements of operator behaviour have been used in Halden. For example, the use
of verbal protocols has proven successful in addressing human cognitive processes, whereas
use of process parameters is considered a highly valid measure of performance. The
possibility of using these and other measurements should be investigated further.

The data provided in verbal protocol analysis has given valuable information about the more
qualitative aspects of operator performance. As part of this method, test subjects are required
to be trained in "thinking aloud". Having done this, one potential way of increasing the
detailed richness of verbal protocols is to use teams of operators in the experiments. Besides
the advantages of resembling the test subjects normal way of working, the use of teams
creates a natural situation for prompting discussions and verbal reasoning of actions and
judgments. The experience from Halden experiments indicates that the test situation here
allows such verbal communication to be prompted, and finds that test subjects engage
positively in such activity.

The control system for the NORS simulator makes it possible to extract dependent variables
which are a direct reflection of process parameters, those selected being critical to the task
performed. This data collection technique was used in both the SPMS evaluation and in that
of COPMA. Indexes consisting of weighted scores from several process parameters have also
been used as dependent variables. An example of this was the measurement of plant safety in
the CFMS experiment.

One aspect of that particular experimental outcome was that the use and specification of
process parameters and the use of indexes can cause problems. It is not easy to specify which
parameters should be measured, as became manifested through inconsistencies arising
between some measurements of overall plant safety and individual safety functions. This
indicates that the use of parameters and indexes as indicators of plant conditions have to rely
heavily on process knowledge.

Although it may be a laborious task to identify the relevant parameters and indexes, this kind
of dependent measurement can provide highly accurate and valid indications of performance.
This is necessary to identify the relevant parameters to measure the desired plant conditions.
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COSS-section

Computerised Operator Support Systems:
• Alarm Handling Systems

• Early Fault Detection

• Diagnosis Systems

• Prognosis System

• Core Surveillance

• Post-trip Analysis

• Computerised Procedures

• Automatics System Analyzer

• Accident Management System
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