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ORGANISATION FOR ECONOMIC CO-OPERATION
AND DEVELOPMENT

Pursuant to Article | of the Convention signed in Paris on 14th December &880which came intoforce on
30th September 1961, the Organisatfon Economic Co-operatiomnd Development (OECD}hall promote policies
designed:

- to achieve the highestustainableeconomic growttand enmploymentand a rising standard of living in Member
countries, while maintaining financial stability, and thus to contribute to the development of the world economy;

- to contribute to soundconomic expansion in Member as well as non-member countries in the process of economic
development; and

- to contribute to the expansion of world trade on a multilateral. non-discriminb&mig inaccordance with
international obligations.

The originalMember countries of the OECD are Austria, Belgi@anada, Denmarlgrance, Germany, Greece, Iceland,
Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugadjrs Sweden, Switzerlan@iurkey, theUnited Kingdom

and the United State3he following countries became Members subsequently through accession at the dates indicated
hereafter: Japan (28th April 1964), Finland (28th January 1969), Australia (7th June 1971), New Zealand (29th May 1973),
Mexico (18th May 1994), the Czech Repub{lst December 1995ungary (7th May 1996), Poland (22Ndvember

1996) and the Republic #forea(12th December 1996The Commission of the European Communities takes part in the
work of the OECD (Article 13 of the OECD Convention).

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the name of the OEEC European
Nuclear Energy Agency. It received its present designation on 20th April 1972, when Japan became its first non-European
full Member. NEA membership today consists of all OECD Member countries except New Zealand and Poland. The
Commission of the European Communities takes part in the work of the Agency.

The primary objective of the NEA is to promote co-operation among the governments of its participating countries in
furthering the development of nuclear power as a safe, environmentally acceptable and economic energy source.

This is achieved by:

- encouraging harmonisation of national regulatory polieied practices, with particulaeference to the safety of
nuclear installations, protection ofan against ionising radiation and preservation ofethéronment, radioactive
waste management, and nuclear third party liability and insurance;

- assessing the contribution of nuclgawer to the overall energy supply by keepimgler review the technical and
economic aspects of nuclear power groail forecasting demand and supplythe different phses of the nuclear
fuel cycle;

- developing exchanges of scientific and technical information particularly through participation in common services;

- setting up international research and development programmes and joint undertakings.

In these and related tasks, the NEA works in close collaboration with the International Atomic Energy Agency in Vienna,
with which it has concluded a Co-operation Agreement, asasellith other international organisations in the nuclear
field.

© OECD 1998

Permission to reproduce a portiontiois work for non-commercial purposes or classroom use should be obtained through
Centre frangais d’exploitation du droit @epie (CCF), 20, rue des Grands-Augustins, 75006 Paris, Fréoceyery

country except thé&nited States. In the United States permission should be obtained through the Copyright Clearance
Centre, Inc. (CCC). All other applicatiofte permission to reproduce or translateor part of thisbook should be made to
OECD Publications, 2, rue André-Pascal, 75775 PARIS CEDEX 16, France
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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS

The Committee on th8afety ofNuclear Installations (CSNI) of the OECD Nuclear Enefgency (NEA) is an
international committee made up of senior scientists and engineers. It was set up in 1973 toateyemprdinate

the activities of the Nuclear Energdgency concerning the technicaspects ofthe design, construction and
operation of nuclear installations insofar as they affect the safety of such installations. The Committee's purpose is to
foster international co-operation in nuclear safety among the OECD Member countries.

The CSNI constitutes a forum for the exchange of technical informatidfor collaboration betweearganisations

which can contributefrom their respective backgrounds in research, developnegineering or regulation, to
these activitieand to thedefinition of the programme of work. It alseviewsthe state oknowledge on selected
topics on nucleasafety technologgand safetyassessment, including operating experience. It initateconducts
programmes identified by theseviewsandassessments in orderdwercome discrepancies, develop improvements
and reach internationabnsensus on technical issues of common interest. It prothetes-ordination oWork in
different Member countries includirtbe establishment of empaative research projectsadassists in théeedback

of the results to participating organisations. Fudé is also made dfaditional methods of co-operation, such as
information exchanges, establishment of working groups, and organisation of conferences and specialist meetings.

The greater part of th@SNI's current programme is concerned withtdenology of water reactorShe principal
areascoveredare operatingxperienceand the humaractor, reactor coolargystem behaviour, various aspects of
reactor component integrity, tilenomenology of radioactive releases in reactor accidewtsheirconfinement,
containment performance, risk assessmant severe accidentsThe Committee also studies tlsafety of the

nuclear fuel cycle, conducts periodic surveys of the reactor safety research programmes and operates an international
mechanism for exchanging reports on safety related nuclear power plant accidents.

In implementing its programme, the CSNI establiste®perative mechanisms with NEA's Committee on Nuclear
Regulatory Activities (CNRA), responsible ftire activities of thedgencyconcerning the regulation, licensing and
inspection of nuclear installations with regardstfety. It also cooperategith NEA's Committee on Radiation
Protection and Public Health and NEA's Radioactive Waste Management Committee on matters of common interest.
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The opinionsexpressednd the argumen&mployed inthis document are theesponsibility ofthe authors and do
not necessarily represent those of the OECD.

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

Nuclear Safety Division

OECD Nuclear Energy Agency
Le Seine St-Germain

12 blvd. des lles

92130 Issy-les-Moulineaux
France
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FOREWORD

This report hasbeen prepared under the aegis of the Principal Work@mpup No. 1 on Operating
Experience and Human Factors which is one of the groups set up@grtimittee on th&afety of Nuclear
Installations (CSNI). The purpose thfe report is to present an analysistbé role of simulators in the
training of NPP operators, from a human factors point of view.

The WorkingGroupcommissioned the Expand@&askForce on Humarractors (ETF-HF) to prepathis
document on the basis of the currently available experience in some OECD member countries.

The ETF-HF members contributing to the report were:

Ms. G. Baumont (France, IPSN), ETF-HF Chairperson
Mr. L. Carlsson (PWG1 Secretary)

Mr. J. P. Clausner (former PWG1 Secretary)

Dr. K. Dahlgren (Sweden, SKI)

Mr. R. Eckenrode (United States of America, NRC)
Dr. A. Frischknecht (Switzerland, HSK)

Mr. T. Furuta (Japan, NUPEC)

Mr. B. Gil (Spain, CSN), Task Leader

Ms. F. Harrison (Canada, AECB)

Dr. K. Laakso (Finland, VTT)

Dr. M. Maqua (Germany, GRS)

Dr. C. Reiersen (United Kingdom, HSE-NII)

Mr. N. Sandor (Hungary, PAKS NPP)

Dr. B. Sim (South Korea, KAERI)

Mr. Y. Van den Berghe (Belgium, AVN)

The ETF-HF members desire texpress their appreciation ftire valuable participations, contributions and
efforts of the personnel of all the organisations (regulatory bodies, utilities, research centres, training
centres) which have collaborated to the successful realisation of this Task.

This report was finalised for CSNI review and approval in Autumn 1997.
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EXECUTIVE SUMMARY

During itsmeeting inSeptembef994,the Principal WorkingGroup 1 (PWG-1pgreed on the proposal of
the ExpandedaskForce on Humarractors (ETF-HF) taleal with the topic of the role of simulators in
operator traininddefined asETF-HF task 5). Athe February 199%neeting, ETF-HF members discussed
in depthtask 5objectives, scope and agenda. These were approved el during itsmeeting in
September 1995. The task has been performed from then up to September 1997, as scheduled.

Task 5, and this report, consist of the following main Parts:

Part 2: "Current practices in operator training with simulators”. Its objective was to identify
the role of simulators in the operator training programs, from a human factors point of view,
in OECD countries.

The selected strategy was to collect information by means of a questionnaire. The
information requested with this tool was oriented towards the techniques and criteria used for
establishing and evaluating that role in the different countries. Emphasis was done on those
issues potentially more difficult or not completely solved yet and which hadoewn
covered completely by previous Nuclear Energy Agency (NEA) studies.

Part 3: "Experiences or studies on specific issues". Its objective was to discuss in-depth some
of the issues more difficult or not completely solved yet, with the aim to draw lessons
learned and current practices which are used to avoid incidents originated by operator errors
due to inadequate training. The selected issues were: (1) Teamwork, Diagnosis and Decision-
Making, (2) Stress, and (3) Simulator Fidelity, Issues and Concerns.

The selected strategy was to collect information by means of contributions or reports
prepared in the ETF-HF member countries.

Part 4: "Conclusions and recommendations”. Its objective was to gather, present and sum up
the conclusions and recommendations reached all over the contributions reported by the
ETF-HF members and during the discussions held at the ETF-HF meetings.

The selected strategy was to discuss in depth potential conclusions and recommendations
which had been raised taking into account the information gathered. This was done, basi-

cally, by means of an ad-hoc one-day meeting of ETF-HF volunteer members and one half-

day meeting of ETF-HF members.

RegardingPart 2,the questionnairavas designedand reviewed byETF-HF members. It consisted of
seventy-eight questiondivided in five mainsections. The questionnainas distributed, througBTF-HF
members, to all interested organisations of the different countries by the beginning of October 1995. Twenty-
five different responses (some thiem incorporating the point ofiew of various organisationsjoming

from elevendifferent countries, wereeceived by thdask leader before thend of thel996 Spring. A
summary of the answers to each questias prepared anpresented to thETF-HF members during the
meeting of September 1996. The summary tries to highlight common problems, practices or issues of signifi-
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cance resulting from a comparative review of the responses. It does not intend to be an statigicaon
of the practices in each country.

Regarding Part 3, all ETF-HF members were invited to contribute with one oreponts toone or several

of the selecte@ssues. In order tmakeeasier the preparation of the contributionsyasonly requestethat

each reportshould include three different sections: definitionsissues, current practices and further
developments. Elevecontributionscoming fromsix different countries were received by tteesk leader

before the end oOctober 1996.They were assigned in the following way: Teamwork, Diagnosis and
Decision-Making (seven), Stress (two) and Simulator Fidelity, Issues and Concerns (two). A summary of all
the contributionsvas prepared angresented to theTF-HF members during theeeting ofMarch 1997.

The summary tries to remarlyhen possible, the definition of théssues, theevaluation methods, the
applications of these methods, and the conclusions and further developments.

RegardingPart 4,thefirst draft report,identifying and describing conclusions and recommendations of the
task, was prepareand distributed focomments to somBWG-1 volunteer members bfebruary 1997.
Later, this first draft wagliscussed in-depth during an ad-hoc one-tegeting of ETF-HF volunteer
members and one half-day meeting of ETF-HRMarch 1997 Taking into account theomments expressed
during such meetings and some additional ones, the final version was prepared.

The generic conclusions identifiede: a) there is aextensive and increasing use of sinoda in the
training programs olNPP control roomoperators in OECD countries; thierearemeaningful differences in
current practicebetween countrieandeven betweeprganisations; ¢) a Systematic Approach to Training
(SAT) iscommonlyused; d) there is lamited use of Probabilistic Safety Assessment results as a tool of the
SAT process; e) simulators asaepart ofthe battery of training settings; f) variomsethods of testing are
used for trainees assessment; g) there is a lack of objective indicator about training quality; h) maiently
issues to bémprovedare related tthumanaspects; i) root caus@#gluded inreal eventdata bases are not
sufficiently detailed as to discriminate among different deficiencigsaining; j) someimportant issues
remain not completely solved; k) on-goipgojects aredealing with some unresolvadsues; |) trainees
attitude within simulator training.

Some recommendations have been derived from an assessment of the information gattieedkThey
denote significanaind broad issuesvhere alack of consensus or a lack @dmmonlyaccepted criteria or
methodology have been obsenamtossthe current practices in different organisations. In this sdinsg,
could be called "needs" which should batisfied. Two types of generiecommenddons havebeen
proposed for those specific issues or t@easspecialisimeetingsand research activities. In tfiest type,
taking into account the significant differenddentified incurrent practices (or ideas) esnmetopic areas,
the ETF-HF alsorecommends membeountries to compare theiwn practices on thosareaswith the
practices of other organisations, in orded&termine their usefulne$sr their own organisation. A final
ETF-HFrecommendation is to promote the integratiosp#cialist in Human Behavioural Sciences into the
training programs of operator§hey could usefully collaborate with technical specialists. Tisid
contribute towards the solution of those training issues related to haspaats andnight simplify the
assimilation of research project results.

Finally, the results of thiask can beummarised as follows: the developmenthid task hasllowedfor a
better understanding of the role played by simulatorgpierator training programs @ECD countries.
Current practices and on-going research projects have been presented.
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Several on-goingesearch projects and activities, relatedstone specifidssues (teamwork, stress and
simulator fidelity) havebeentreated inmore depth. The information gathered is very valuébienot as
broad as for the topic of current practices.

Current practices are basedtbe responses to a survey from twenty-five different organisations (training
centres, utilities and regulatory bodies) representiegencountries. The large amount of oriented and
graded information gathered (close to 2000 replies) reflects a real state of the art.

Thus, it could be claimed that the conclusions and recommendations deaogibetspecific to any type of
technologyorganisation ocourtry, and ardikely to be pertinent to the majority @ECD courtries. Addi-
tionally, the main value of theeport does not lie only in the conclusiord recommendgons, but
principally in thestructuredinformation which is avaidlble to any organisation interested in comparing any
aspect of their current simulator training practices with the ones of other organisations.
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PART 1: INTRODUCTION

10



NEA/CSNI/R(97)13

During itsmeeting inSeptembed 994 the Principal Workingsroup 1 (PWG-1pgreed on the proposal of
the ExpandedaskForce on Humaractors (ETF-HF) taleal with the topic of the role of simulators in
operator traininddefined asETF-HF task 5). Athe February 199%neeting, ETF-HF members discussed
in depthtask 5objectives, scope and agenda. These were approved BWiel during itsmeeting in
September 1995. The task has been performed from then up to September 1997, as scheduled.

Task 5, and this report, consist of the following main Parts:

Part 2: "Current practices in operator training with simulators”. Its objective was to identify
the role of simulators in the operator training programs, from a human factors point of view,
in OECD countries.

The selected strategy was to collect information by means of a questionnaire. The
information requested with this tool was oriented towards the techniques and criteria used for
establishing and evaluating that role in the different countries. Emphasis was done on those
issues potentially more difficult or not completely solved yet and which hadoewsn
covered completely by previous Nuclear Energy Agency (NEA) studies.

Part 3: "Experiences or studies on specific issues". Its objective was to discuss in-depth some
of the issues more difficult or not completely solved yet, with the aim to draw lessons
learned and current practices which are used to avoid incidents originated by operator errors
due to inadequate training. The selected issues were: (1) Teamwork, Diagnosis and Decision-
Making, (2) Stress, and (3) Simulator Fidelity, Issues and Concerns.

The selected strategy was to collect information by means of contributions or reports
prepared in the ETF-HF member countries.

Part 4: "Conclusions and recommendations”. Its objective was to gather, present and sum up
the conclusions and recommendations reached all over the contributions reported by the
ETF-HF members and during the discussions held at the ETF-HF meetings.

The selected strategy was to discuss in depth potential conclusions and recommendations,
which had been raised taking into account the information gathered. This was done, basi-
cally, by means of an ad-hoc one-day meeting of ETF-HF volunteer members and a half-day
meeting of ETF-HF members.

Finally, the vocabulary used in this report is based, mainly, on the terminology used in the following reports:

CSNI Report n°® 128/Task force related to HF n° 5: "Approaches to training programmes in
NEA member countries" (1986).

IAEA/TECDOC-525: "Guidebook on training to establish and maintain the qualification and
competence of NPP operations personnel” (1989).

A glossary of terms can be found at the end of the report.

11
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PART 2:

CHAPTER 1:

CHAPTER 2:

CURRENT PRACTICES IN OPERATOR TRAINING
WITH SIMULATORS

INTRODUCTION

THE RESULTS OF THE SURVEY

2.1 Respondents to the Survey

2.2 Summary of Responses

Section 1: General Information (related to the whole country)
Section 2: Current practices with simulators closely related to operator training
Section 3: Systematic Approach to Training: considerations regarding the use of

simulators:

a) Training analysis

b) Training program design

¢) Training program development
d) Training program implementation
e) Trainees assessment

f) Training program evaluation

Section 4: Use of operating experience for operator training with simulators
Section 5: Specific topics on operator training with simulators

a)
b)
c)
d)
e)

f)
9)

Team training techniques

Training for stress

The theoretical basis underlying training

Habits acquired during training sessions with simulators
Simulator training on normal anemergency contons during
shutdown and low power operation

Simulator training on severe accidents

Simulator trining on accidents caused by fires, floods,
earthquakes, etc.

12
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CHAPTER 1: INTRODUCTION

The objective of thi®art 2:"Current practices in operator training with simulatossls toidentify the role
of simulators in theDperator training programs fromhamanfactors point ofview (human engineering,
organisation and management, communications, etc.) for the various OECD countries.

The strategy was toollect information by means of a questionnaire. The information requested with this
tool was oriented towards th&echniguesand criteria used for estabiling and evaluatinghat role in the
different countries. Emphasigasdone on thoséssuespotentially more difficult or not completelgolved
yet and which had not been covered completely by previous Nuclear Energy Agency (NEA) studies.

The questionnairevas designedandreviewed by the&eTF-HF Members. A copy of the questionnaire final
version is included in the Appendix A of the Task 5 Report.

The survey consisted of seventy-eight questions, distributed in five main sections:

— The first section was an introduction for obtaining a general view of the availability and
main characteristics of simulation facilities in every country and theitioelavith the
operating nuclear power plants. In other words, a context for a better understanding of the
answers to the subsequent sections.

— The second section intended to gather information on the currently more frequent
applications of training simulators.

— The third section was devoted to the design of the six phases of a Systematic Approach to
Training from the point of view of the use of simulators.

— The fourth section was focused exclusively on the use of operating experience in Operator
training with simulators.

— Finally, the fifth section solicited insights related to different aspects of the Operator training
with simulators which could be considered more difficult or not completely solved yet.

The questionnaire/as distributed througBTF-HF Members to all interested organisations of dtiferent
countries by the beginning of October-95.

Twenty-five different responses (sometbém incorporating the point ofiew of various organisations)
coming fromelevendifferent countries were received by ttaesk co-ordinatobefore the end of th&996
Spring. A copy of all the gathered responses is included in the Appendix A of the Task 5 Report.

Chapter 2 of thiPart 2Report includes the summary of the responses. It consists of a summary of the
answers to each question.

The summary habeenprepared trying tdighlight commonproblems, practices or issuessignificance

resulting from a comparative review of the responses. It does not intend to be an statistical comparison of the
practices in each countrWhenpossible, it hadeen oriented not only @answerhow thetraining isdone

but to emphasise why th&aining isdone in oneway and not in other. It haseen tried toremark the
underlying knowledge, the reasons which support the ways in which the training with simulators is done.

13
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CHAPTER 2: THE RESULTS OF THE SURVEY

2.1 Respondents to the Survey

Twenty-five (25) different responses (some of them incatpay the point of/iew of various organisations)
coming from eleven (11) different countries were gathered. Different types of organisations (training centres,
utilities, regulatory bodies, etc.) took part in these responses. .

All the respondentare listed below according t€ountries alphabetical orddfor each respondent three
data, separated by colon (), are specified:

Country: Organisation replying to the questionnaire: Specific Organisation or Training Centrietathe
answers are referred to:

1. Belgium: ELECTRABEL: Scaldis Training Centre.
Belgium: ELECTRABEL: Tihange Training Centre.

w

Canada: AECB: A summary responsavering the major points made by thr€anadian
Training Centres (4,5,6).

Canada: NEW BRUNSWICK POWER: Point Lepreau Training Centre.
Canada: ONTARIO HYDRO: Eastern Nuclear Training Centre.
Canada: ONTARIO HYDRO: Western Nuclear Training Centre.
Finland: STUK: Generic.

France: EDF + IPSN: EDF Training Centres.

Germany: GRS + KSG/GfS: KSG/GfS Simulator Training Centre.

10. Japan: NUPEC: BTC (BWR Operator Training Centre Corporation) Fukushima Centre + BTC
(BWR Operator Training Centre Corporation) Niigata CentNT-€ (Nuclear Power Training
Centre).

11. South Korea: KAERI: Nuclear Training Centre at Kori Site + Uljin Site + KAERI Site.
12. Spain: TECNATOM: Tecnatom Training Centre.

13. Sweden: KSU + SKI: KSU Nuclear Training and Safety Centre.

14. Switzerland: HSK + BKW ENERGIE AG: Mihleberg NPP.

15. Switzerland: HSK + KERNKRAFTWERK GOSGEN-DANIKEN AG: Gosgen NPP.
16. Switzerland: HSK + KERNKRAFTWERK LEIBSTADT AG: Leibstadt NPP.

17. SwitzerlandHSK + NORDOSTSCHWEIZERISCHE KRAFTWERKE AG NOKBeznau
NPP.

18. UnitedStates ofAmerica: CAROLINAPOWER & LIGHT COMPANY: Harris Simulation
Facility.

© © N o o A

14
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19. United States of America;: COM ED: LaSalle Simulator.
20. United States of America: CONSUMERS POWER COMPANY: Palisades Training Centre.
21. United States of America: DETROIT EDISON: Fermi 2 Simulator.

22. UnitedStates ofAmerica:ENTERGY OPERATIONS: Simulators of all 5 Entergy Operation
Units (ANO 1&2, Grand Gulf, River Bend, Waterford-3).

23. United States of America: NRC: Not apply.

24. UnitedStates ofAmerica: TENNESSEEVALLEY AUTHORITY: Browns Ferry, Sequoyah
and Watts Bar Simulators.

25. United States of America: UNION ELECTRIC COMPANY: Callaway Plant Simulator.

2.2 Summary of Responses

In the next pages it imcluded the summary of the responses. It consists of a summary afistivers to
each question, with the exception of Section 1: "General Information (related whdkeecountry)” for
which only a general view of the section is presented.

SECTION 1: General Information (related to the whole country)

Simulators play an important role in the operators training programs all over the world.af@enet
meaningful differences on this poidépending orcountries, utilities, plankifetime, plants automéatation
degree or any other factors.

The number of training simulators per nuclear power plants (stations) is signifiicgret;thanone to one
in some countries if simulators other than full-scope replica are also taken into account.

From thedata collected, it could be statetthat in all countries operatorgeceive training in full-scope
simulators. For most utilities this training is carried out on full-scope replica simulators. It could thasaid

in the majority of the countries, motigan 80% of their ContrdRoom Shift Teamseceive training on full-

scope replica simulators. In several countries this situation applies to the Crews of all theirpovedear

plants. Also currently some countries as Germany has an intensive program on-going: ten new simulators are
under construction.

However, it should not be forgottéhat there is also aemerginguse of specialised simulators. $ome
casesthey are used as a complemefdr accomplishing the learning objectives covered with replica
simulators, but in other cases they have different goals.

French utilities, for example, use specialised simulators for a variety of training actiPi#igstask

simulators areaised forsystem specific training on chemical armume control systems, turbine generator
systems, and reactor control systems. A basic principles simulator is udedkasp classroom training
tool. A concept simulator is used for precise accidgmulation. Finally, special purpose workstation

15



NEA/CSNI/R(97)13

simulators areused for operator refresher training on accident scenarios such as steam generator tube
ruptures.

In Finland an special purpose simulator for boiling water reactor severe accident training is employed.

Japanese utilities use special purpose simulatorsn&imtenancdraining (pumps and valves etdrside
utility companies.

Korean utilities use a compact Pressurised Water Reactor simulator.
Spanish utilities are working with a Graphic Interface Simulator (SGI) for classroom training.

Swedish and Swiss utilities ubasic principles simulators for training naw equipmenandfundametals
training.

SECTION 2: Current practices with simulators closely related to operator training

1. Based on your experience, describe advantages and disadvantages of the location of the Simulation
Centre with regard to the plant: on-site versus off-site. Specifically, describe those falicins
have some influence on the operators' attitude towards the simulator training and in the quality of
the simulator training.

Off-site training centre advantages and disadvantages:

The advantages of off-site training centres were identified by utiliteésusehem. The centres tend have

a high level ofinstructor teaching expertise with a centralised traisiagf. Operatorgrom various sites
receive consistent training and achieve standardised dkilising at the centres is unaffected by day-to-
day disturbances caused by site conditions. They also providmue to exchange experience with
operators from other plants. Centralised training sendoemdepemlent. Thisgives them aertainweight
vis-a-vis site specific Operations Departments. Finally, the ceateesessexpensivefor the individual
utility than on-site simulators, because of an economy of scale.

Disadvantages of using off-site training centres were list€thinees get less access to the full-scope
simulator than sites with theawn simulator. Instructors anmeot current with theletailed problems of the
trainee workplace. Because of distance from plant, instru@msless reactive tindividual team
requirements. Also, because of the distance fronpliduat, there is limited site managemegdrticipation.
Trainees are not available for problem solving. Finally, travel costs are high.

On-site training centre advantages and disadvantages:

The advantages of on-site full-scope simulateese identified. Utilities feethatthey contribute to greater
proficiency during off-normal operations because the simulator can be used frequently. On-site location
allows for "Just intime' training for upcomingplant evolutions such aseactor or turbinestart-up. It
facilitates easy local access for tours of in-plamergencyactivities. On-site simulator training hésle

impact on operator's personal lives.

16



NEA/CSNI/R(97)13

An on-site simulator facilitates review of modifications on prior to installatighéplant. It also facilitates
ready comparison of plant data to simulator data to ensure fidelity to the actual plant.

Disadvantages of on-site simulatavere identified. Someperatorslike to changetheir environment for
simulator training. Also, on-site simulators are more expensive than centralised facilities because they do not
operate on an economy of scale as off-site simulators.

Combinations of full-scope and specialised training simulators:

The emergence gbart-task simulators, basprinciples simulators, concept simulators and special purpose
simulators reflects a change in the use of simulatiaypérator training. Specialised simulatarg being
used in classroom training and requalification. New simulation technolegiesincludesxpert systems to
assess trainee performance. This heb to evolutimary combinations of full-scope and specialised
simulation. This has also changed the concept of on-site versus off-site simulator training.

From a humarfactors perspective, it is important to understtred advantages and disadvantages of new
specialised simulation combined with existing full-scope simulation technologies.

2.a) During simulator training sessionsyhat factors (time, communications, etc.) influencing the
interactionsbetweenControl Room Operators and other Plant Personnel (Operations Department
outside of Control Room Personnel, Maintenance or Instrumentation and Control Departments,
Technical Support Centre, etc.) are simulated?

Communications and realistic time scale are the factors commonly simulated:
In mostcases, instructors “simulate’ in-plgr@rsonnel during exercises. Response tifoeplant support
functions are built into scenarios (e.g. reporting of radiation dose meammeresults duringsteam
generator tube rupture). Thigrovides realism in completion afupport activities such ashemistry
sampling, jumpering of relays as directed by the emergency operating procedures, etc.

Only one respondent, explicitymentioned that through the training sessions, communications and
disturbances from other people are not simulated.

b) Do these other Plant Personnel participate in the training sessions?

Describe the present training format pertaining to involvement of non Control Room Personnel in
simulator training sessions and explain why this format is used.

The basic reason fancluding plant staff in simulator trainingzould be to familiarisehem with theneeds
of fellow crew members during emergency conditions.

In most cases, planpersonnel (chemistry, health physiesaintenance) do ngparticipate directly in
simulator training.

However, thereare someexceptionsFor example, Assistant Operators simulate laglipment control.
Director of Operations and Chief Reactor TechniBalff participate bytelephone in specifiscenarios.
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Plantemergencyesponse personngéarticipate in simulator exercises duriBgergencyPreparedness (EP)
drills. Finally, some Plant Managers and Technical Staff receive training in Operator's role.

3. What environmental conditions (normal and emergency lighting, humidity, noise, vibrations, sounds
generated by equipments, etc.) that could be experienced by the reference plants, are usually
simulated in the Simulator Rooms?

Describe the use of such effects at your simulator centre and exylgithey are, or are not,
incorporated into simulator training sessions.

A number of environmental conditiorese simulated. Examples sfmulated environmental conditions
included: sounds associated with equipment runnirigis of major equipment, safety relief valve lifting,
audio count rate of nucleamstrumentation and fire alarms. Normal asmlergency lighting isusually
simulated. One Finnish utility is planning to include actual smoke to simulate fire in the control room.

Environmentalfactors aremodelledbecause they directly effect the performance of dperators.They
assure that operatoneceive the same cudsr changing conditions as in theeal plant. Finally,
environmental factors are required to be modelled by ANSI 3.5.

4. Do Control Room Operators receive simulator training for operations outside the Control Room,
for example: operations from Remote Shutdown Panels?

Describe this type of training as it exists at your Simulator Centre and explgint is, or is not,
used in training sessions.

Simulated operations outside the control room were included at soineot all, sites. Typicasimulated
activities included: remote shutdown panel operagomergency dieselperation, transformer control panel,
and evacuation panel.

In casesvhere simulated training outside the control romas notincluded, the reasonsere due to the
duplication of the functions in the control room simulator or to the training performance lieféhence
plant.

ANSI 3.5 Section3.3.2 states thdahe systemshat areoperated outside the control room or providene
input to the simulation models described in normal plant evolutions and malfunctions shall be simulated. The
trainee shall be able to interface with the remote activity in manner similar to the reference plant.

5.a) How frequentlyare the changes taking place in plant (plant design changes, procedures changes,
etc.) incorporated to the replica or full-scope simulator?

Describe any process or mechanism in place at your Simulator Centre to incorporate changes to the
replica or full-scope simulator.

Simulator modificationsre needed whersimulationfaults aredetected during training sessions, experience

feedback from referencplant is provided,improvements or extension of simulation is needed, or to
accommodate modifications to the reference plant.
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In practice therarethreebasic types omodifications: large scale modifications, small scale modifications,
and procedure changes. The planning depends on the type of change.

Large scale modificationgenerally require a highevel of authorization along with discussionith
committees and co-ordination with in-plant modificationssdmecases largenodificationsare carried out
once ayear in "batch' process &mcommodate software qualdgsurance. In other cases major ptegign
changesareincorporated in the simulator in parallel with modificationsaliow operator training prior to
unit restart from refuelling.

Small scale modifications require lesgproval than majomodifications, and can benplemented at any
time. The approval is usually local within the training centres, and changes can be executed at any time.

Plant procedurehangesre usuallyimplemented immediatelyPlant procedurehanges almost nevegsult
in simulator changes, since simulator models already replicate accurately the plant response.

b) Do simulator model maodifications require separate approval while the simulator is being used for
training?

Simulator model changes require extensive testing amproval beforeimplementation. As aesult,
modifications during training are minimised to avoid negative training impact.

Large scale simulatanodelchanges require high levels approval. Smalthangesare made and reported
to the utilities or planthanagement. Procedure changes incorporatesvhen thechangesaremade in the
reference plant.

6.a) Identify thanembers of the Control Room Shift Team (Reactor Operators, Turbine Operators, Shift
Supervisors, etc.) and indicate the time (in hours) dedicated to simulator training by each member
in their initial training program.

Specify, when applicable, the time spent with each type of simulator.

Control room staffing varieacrossthe different organisations and technologies (vendors). Notwithstanding
at least two main categories of ContR®om Operators can bebserved in the majority of the responses:
Panel Operators (Reactor Operator, Turbine Operator,...panidr Operators (Shift Supervisor, Control
Room Supervisor, Shift Engineer,...).

The time (in hours) dedicated to simulator training by easémber of theirst category in theiinitial
training program varies greatly acrdhge different organisatiorsetween a minimum adpproximately 72
hours to anaximum of approximatel@75 hours. Most ofhe organisations reported a number of hours in
the middle zone othis interval. Usually this hours are spaidng several weeks, with 2burs aweek at
the simulator, during sessions no longer than 3 or 4 hours.

Regarding the second category, Sef@gerators, irmost of the organisations they receive severale
weeks (1 to 6) of simulator training than Panel Operators.
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Most of the organisations reportédat the time of the initiatraining is spent completely using full-scope
simulators. Insome cases (Scaldis, Tihange, Beznau,...) Operators are traigiad basicprinciples
simulators prior to train on full-scope.

b) Indicate the time (in hours) dedicated to simulator training by each member of the Control Room
Shift Team in their continuous training program.

Specify, when applicable, the time spent with each type of simulator.

All Control RoomShift Teams spendome time inyearly simulator trainingHowever the time dedicated
variestremerdously, oscillating between minimum of approximately 20 hours a year tareaximum of
approximately 160 hours a year.

The content of yearly retraining varies across the industry. Typical programs focus on normal, abnormal and
emergency operations.

Most of the organisations reported tbaty full-scopesimulators areised for continuous training. Compact
simulators araised in conjunction with full-scope simulatdos continuous training isome Belgian and

Swiss utilities. Also, the French ContiRbomShift Teamamade an extensivese (in the order of 40 hours
per team a year) of their special purpose simulators (SEPIA) in conjunction with full-scope simulators.

c)  What is the minimum time, if any, required by the Regulatory Body?

Several utilities indicated that they have a minimum number of hours to be spent on simulators during yearly
requalification. Their minimum number of simulator hours was greater than 20 hours.

However, the majority of the utilities indicatédat nominimum simulator hoursvere requiredor yearly
requalification by their Regulatory Body. The number of hdorgearly requalification is a function of the
training program contentather thanspecified minimums. By design of the Systemahioproach to
Training, there is a practicabieinimumnumber of simulator hours in the requalification training program.
A normal requalification day consists of four hours in the simulator.

7.a) Indicate thepercentage of simulator training time by the different Members of the Control Room
Shift Team devoted to i) norma),abnormal and iii)emergency conditions in their initial training
program.

All respondents indicated that simulator time for initial training included a combination of normal, abnormal,
and emergencyoperationsSome of them explicitly mentionatiat simulatorsessions consist of integrated
operations, so it is complicated to break down into normal, abnormal and emergency conditions.

Notwithstanding, and taking into account the abocwenment, a trendtan be observed comparing the
responses. Many utilities allotted approximatety of the timefor eachcondtion, with a generi¢endency

to higher percentages of normal conditions. The extreme situatiaihis tendency is represented by a
distribution of 75% fornormal conditions and 5%r emergency contions. On the other hand, there are
less utilities forwhich the percentage of time allotted to accident conditions is higherthe allotted to
normal and abnormal. The most representatives exanmmplages percentages d0% or even 60%
dedicated to train on emergency situations only.
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b) Indicate the percentage of simulator training time by the different Members of the Control Room
Shift Team devoted to i) normadi), abnormal and iii)emergency conditions in their continuous
training program.

All respondents indicated an emphasisabnormal anémergencyoperations during retraining sessions in
the simulator. Utilities spending 80% of the time only for emergency situations or even utilities which do not
reserve any time for retraining on normal operations reflect such emphasis.

c)  What are the minimum percentages, if any, required by the Regulatory Body?

Respondents indicated that there arenidmum percentages of simulattme required by their Regulatory
Body as long as the required off-normal and emergency procedures are covered in the training process.

8. What is the role and the policy of the Regulatory Body regarding the use of simulators for Control
Room Operators licensing and training?

Differences can beecognised in the policies of the Regulatory Bodiesthos issue acrosthe eleven
countries.

Regarding the use of training simulators examinatifmmsoperatorslicensing, it is summarised in the
question 3.e).6.a).

Regarding the use of training simulators examinatfon®peratordicensing renewal, it is summarised in
the question 3.e).6.b).

Regarding the minimum time of simulator training required to the members of the ControlSRdbiiream
in their initial and continuous training, it is summarised in the question 2.6.c).

Regarding the percentage of simulator trairtinge devoted tonormal, abnormal andmergency conditions
which is required to the members of tBentrol RoomShift Team in their initial and continuous training, it
is summarised in the question 2.7.c).

Regarding the use of licensing examinations applied tevitwde Control RoomShift Team in addition to
the individual ones, it is summarised in the question 5.a).6.

Finally, not so much informatiohasbeen gatheredboutwhich arethe requirements, if any, mandated by
the Regulatory Bodieabout simulator specificationdlotwithstanding awide spectrum can already be
observed. It ranges from countriebereplant specific simulatorarerequired to countries wherene or
very general specifications exist.

9.a) What standards (ANSI/ANS 3.5, IAEA, etc.) are simulators built to and maintained?
Basically, all the respondemsentionedANSI/ANS-3.5 as a referenstandard. Irsomecases it haserved

as a starting point fahe development of in-houstandards. Severedspondents considdrattheir current
standards exceed the ones included in ANSI/ANS 3.5 in many areas.
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b)  What exceptions are typically taken to the standard?
All the respondents indicated that no exceptions are typically taken to the standards.

Notwithstanding, a number of exceptions can be found along the respdoisEs exampleare: simplific-

ation of testing requirements; no duplication of all divisional cabinets and of all control room backpanels, in
casesvhere itcan beshownthat simulation is not required to effectively teach the desired objeqtamdly
simulated systems andon simulated systems (redundancies) accordingrdiming analysisneeds;
differences in some equipments due to old control rooms.

Also one responderitas reporteccompletelack of physical fidelity among simulator and controbm
(different situation of the instrumentation).

c)  What types of simulators are used that are not included in industry standards?

Most utilities use only full-scope simulators.

There were however, exceptionSpanish utilities use also Intetize Graphic Simulators forsome
classroom training courses. Swiss anthe USAutilities use also basic principles simulators for classroom
fundamentals training.

10. a) Describe the role of part-task simulators in your current training programs

Most utilities do not use part-task simulators in their training programs.

Exception is Franceshere an extensivese of such simulators done. Therare 22 part-task simulators,
divided in threetypes: ReactolChemical andvolume Control System; Turbine Generator and Reactor
Control. They are used for precising the knowledge on the function simulated.

b)  Describe the role of special-purpose (analytic) simulators in your current training programs.

As it happens with other types of simulators, different to full-scope, the use of special-purpose simulators
for operator training is not very extended.

They aremainly plant analysersriented toward training on thermohydraulic phenomena. Anotes are
simulation of severe accident (Finland) or of bétans of electrcal plants on arelectrical network
(Belgium).

In Spainsomeutilities employ Interactive Graphic Simulars that use a graphioterface instead of the
panels. Theyreused to help th&nowledgefixing, once the systems have been studied. Additioniuéy
help to analyse in a deeper way the evolution ofctiitcal parameters in accidents anwlfunctions
(specific courses completing initial training programmes).

22



11.

NEA/CSNI/R(97)13

Have the current operator training programs been conditioned by the availability and capabilities
of the simulator(s) or, alternatively, has(ve) the simulator(s) been specified and acquired after
analysing and designing the training programs?

Explain.

It seems, that this can be considered an iterative process for the majority of the utilities.

The general process could be described as follows:

The simulatorsverebuilt from an estimate of whaieeds to bérained, taken into account ti&andards. It

could be considerefibr examplethat US Standardefines a specifiset of simulator capabilities that are
independent of the unique training program. In terms of the range of operations to be simulated, the Standard
is inclusive. In terms of malfunctiorapability, theStandardspecifies apprornately one-third of a typical
simulator scopeJUniquetraining program requireents define the remainirgpability. But this wasxperi-

ence based estimations.

The training was then based on what the simulators could do.

When atraining needwasdiscovered in a "new field" theeedwasvalued against the cost atiten maybe
the simulatorsvereupgraded. In this sense, operator feedtedted to improvementsChanges to control
room procedures have driven to simulator changes.opkeator training programs resulting from industry
events havalsoled to simulator modifications. Many utilities considigrat much of the feedback exceeds
the requirements of the Standard.

In somecases the abovexplained procesbhasled to theutilities to the conclusiorthat anew training
simulator was needed. This seems to have been the situation of:

12.

Belgium: For both training centres (Scaldis and Tihange) their full-scope simulsgoes
specified and acquired after a period of using non replica full scope simulators abroad.

Finland: Some undesirable habits were received by the operators when the training had been
given in another type of simulator (not replica) in another country. Nowadays there are
replica simulators in use.

Germany: New simulators (at least all of the nineties) have been specified and designed
according to the requirements of the training program. Therefore, it can be stated that the
current operator training program takes the leading role and simulators are designed or
modified according to the needs.

Switzerland: On site simulators (reduced replica and full scope replica) have been
implemented recently in two NPPs. In the fizase it is mentioned that it has been designed
according to a deep analysis of training needs.

What extensions of simulator training are envisaged for the future?
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In the future, simulatorswill be increasingly usedor emergencypreparedness trainingngineering and
procedural analysisModelling improvements will be made to accommodate beyond désigis severe
accident training.

Modelling for shutdown events is already being implementdébr example of shutdown malfunction
modelling that is already modelled is operation at mid-loop.

A number of utilities indicatedhat extensions of simulator training may be created inftiere. The
envisaged changes include use of personal computeaartdcomputer system thagnoseplant problems
and isolating cause of plant problems.

In order to extend the range of simulatigomeultilities are considering thepurchase ohew simulator
technology.

13.a) Based on your experience, describe the uses of the simulators for activities other than training
(plant drills, procedures validation, design changes validation, testing programs, acquisition of
human data, licensing activities, reference plant systems "tuning", etc.).

Most utilities use simulators for activities audition to operator training. Utilities use the simulators to:
develop newprocedures or change existing ones, vepfgnt equipment responsglan start-up and
shutdown, review plant events, verify plant design changesgpiengencyesponse preparedness drills and
conduct public relations.

An idea about the extensive use of the simulator could be gained from the respores® 8Autility which
states that simulator can bedeavailable 24 hours a day and that all requests for utfe aimulator are
reviewed and scheduled based on a priority system.

b)  What is the involvement of Control Room Operators for those applications?

Many of the respondents indicated the active participation of Cddtiari Operators irthose applications
directly related to their role in the Control Room, i.e.: plant drills and procedures validation mainly.

Although thereare some examplesboutthe relevance of theiinvolvement inother applications, it is
observed in mangases atntention ofseparating ContrdRoomOperators training from other applications.

In this sensesome opinionsupporting this point ofiew are: the simulator is a training simulator, not a
design tool; or the simulator is used for those applications as long as it does not interfere with availability for
license training; or otheapplications could induce a negative training impact ori¢teasedoperators. At

least in two cases it imentioned thémportant rolewhich shouldplay the SimulatoExperts and Training
Experts inthe development ofuch applications not directly related to the role of the Cofimmm
Operators.

14. What are the applications of simulator training for jobs other than Operations?

Full-scope simulators angsed for training on jobs other than operations. Exampldheohon-operator
training includes:

— Radiological Emergency Response Preparedness drills.
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— Engineering training.

— Plant systems training (control room components).

— Manager personnel training.

— Human factors research in BWR simulator experiments.

— Automation expert training.

SECTION 3: Systematic Approach to Training: considerations regarding the use of simulators

a)  Training analysis

1. Are job and task analysis (or any other type of task identification technique) used for establishing a
list of task, performance standards, learning objectives and training methods?

If yes, describe the technique used.

Most utilitiesthat usgob andtask analysiglepend on methodologiesnsistent witHNPO accreditation
criteria anddocumented inTraining SystemDevelopment -TSD'. Initial training and requalification
training tasks areised in scenaridevelopment tensurethat learning objectives cover thiasks and that
performance standards address critieaks. Jolperformance measurese performed on the simulator
using plant procedures as part of the licensed operator program.

For those utilitiesthat did notuse a formal job anthsk analysis, alternatiiechniques were described.
Some utilitiesuse a Systematic Approadiyt not job andask analysis ithe INPO sense. The goal of the
oneapproach was incorporation of all possible operational scenarios iistiedjon of beyond desigoasis
accident procedures, other operational requirements, and simulation malfunction list. Other utilities use a
process that depends on subject matter experts to systematically define the operator's job and tasks.

2.a) What are the criteria that determine the limits or scope of the job analysis for the (Rodwrol
Operators?.

Job and task analysisdene byanalysing theaskperformed in theparticular job. The tasks aselected in
accordance with the operating procedures and the opinion of the soizgtier experts. Frequency,
criticality and difficulty are reviewed and one or more of the multiple training setiieg®lected to provide
the needed training.

Alternate approaches to job atakk analysis areised by a number of respondents. Some utilities use

operational procedures as the maasis for criteria taletermine scopand limits of the job analysiSome
utilities use station expectations, safety reports and generic expectations defined by the regulator.
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b)  From your point of view, what should the role of risk-based criterifobeetermining such limits
or scope?
Explain your answers.

Almost a half of the respondents indicathdt risk-based criteria ar®t used currently for this purpose in
their training programs.

On the other hand, several opiniaan be gathered through the responses to the questioexgiaéing
which is, or should be, such role:

— In Finland one of the training centres has used PSA results to identify the incidents and
accidents of importance for continuing simulator training. This classification determines how
often the incident is repeated in simulator.

- In France, the operator actions which are identified as important for safety by the risk studies
receive special emphasis during training sessions.

— In Switzerland, scenarios with high risk are trained routinely.

— ltis suggested that the probability of events be used to limit the required scope of simulation.

— Itis commented that risk-based criteria may offer efficiencies in training due to fluritisr
on the scope of the training program, while a truly SAT allow the operator to optimise plant
performance, which is essential in a competitive energy market.

— It is proposed that PSAs results be taken into account because they unveil major risks at the
plants.

3. Are there any special requirements for Job and Task AnaWsih are imposed by the possibility
of associated simulator training?

No special requirements have been identified.

Some respondents indicatitht they do not consider necessary to complete a formal joltagkdanalysis
for generating a training program, as it was mentioned in previous questions.

Other respondentsyhich havealready performed a job ardsk analysisinentionedthat the analysis has

not been inflenced by theavailable simulator, because the simulatojuist one of several means to
accomplish the training.
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SECTION 3: Systematic Approach to Training: considerations regarding the use of simulators.

b)  Training program design

1. What are the criteria for specifying simulator training rather than another training setting
(classroom, laboratory, workshop, on-the-job, etc.)?

There were varied responses to questiocribéria for selecting simulator trainings. classroom oon-the-
job training.

At some utilities, simulator training is selectefbr tasks that arecomplicated, stressfulkensitive or
infrequent. Some utilitiesise theneedfor practicalhands-on training talefine whetheisimulator, plant
training or classoom training is the mosuitable. Insomecases simulation iselected whenmappreciation
of the whole plant behaviour is necessary.

In one country, simulator training is usedhenthere is aneedfor demonstration of mastery ckills
required, performance based training or ttoe tasks that are impractical to train in plant. dnother
country, trainingneedsare defined by level oficcuracyconcerning theask to bedeveloped, possibility of
potential problems in diagnosis of abnormal simulations, or teamwork.

At US utilities, learning objectives (ability &nowledge)dictate the use of performance based training. Is

the item performed in the control room? Is the activity performed by a licensed operator? Frequency, critica-
lity and difficulty areused to determine if th@mulator is to be used ®upportthe evolution. Typically a
combination of classroom and simulator are used. The procedure or process is reviewed in the classroom and
applied in the simulator.

2. What are the criteria for selecting different types of simulator (full-scope, replica, part-task, basic
principles, concept, special-purpose)?

In the USA the criteridor selecting a replica simulatare listed in the requirements of Section 6 of the
Waste Policy Act of 1982 adified in 10 Code of Federal Regulati¢@$-R) 55.450perating Tests, and
10 CFR 55, Requalification.

Functional and physical fidelity requiremersige defined inANSI 3.5 StandardReplica simulators are
selectedfor the following reasons: replica precisely simulates the physispkectgeferenceplant control
room and depictgarious normal anémergency conditions. Fideligpecifications for full-scope simulators
include:

- Knowledge-based objectives (plant specific response).

— Skill based objectives (control room design behaviour).

— The static simulator conditions meet expected or anticipated actual plant conditions.

— Normal operations can be performed on the simulator following plant procedures.

— Trend and direction are the same for changing simulator parameters.

— The design basis transients can be run on the simulator.
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— Alarms match plant data.

— Pass all the safety related surveillance procedures.
The fidelity specifications for non full-scope simulators may include a subset of the items listed above.
Basic principle simulators are used as part of operational control technique learning:

— Give the operators basic understanding of reactor operating principals.

— Improve future operators mental representation of physical phenomena.
Part-task simulators are used when work requires extensive work on a given system:

— Give operators an understanding of the specific system functions.

— Give operators a chance to learn corresponding instructions.

French utilities use more specialissithulators than most of the utilities. Thegtate that &gull-scope
simulator is not alwayseeded. They estimatkat 75% to 80% othe trainingneedscan be satisfied by
representing 25% to 30 % of the control room.

3. a) What are the criteria for selecting a replica simulator?

See previous comment 2.

b)  What are the fidelity requirements?

See previous comment 2.

4. What are the specific pre-requisites for operators undertaking simulator training?
That is a facility program very specific question, difficult to answer and summarise in few words.

Notwithstanding of the responses gathered,ctiremonpoint of view could besummarised ashat the
operators undertaking simulator training shdwde goodasicscience fundamentals agdod knowledge
of plant systems and operating procedures.

Two main remarks, representing the common feeling, can be selected from the responses:

— The operators need a strong foundation in theory and systems prior to the start of the
simulator training so that they can concentrate on the whole "big picture” of what is
happening during simulator operations vs. the specific details. Too much time would be lost
on the simulator if systems and theory had to be tough in a "simulator” classroom.

— Simulator training sessions should be preceded by operational training. This allows the
operators to see individually the various systems that the nuclear power plant consist of and

28



NEA/CSNI/R(97)13

the plant's operating conditions to be analysed. Following thisnt#eactions between the
various systems while the plant is actually running should be studied.

5. Does the possibility of simulator training impose any constraints on the definition of learning
objectives?

Most utilities with on-site simulators indicated no major technical constieptssed bysimulator training.
One utility did indicatethat the cost of simulator training may dictateat amore cost effective training
method be developed to accomplish the learning objective.

SECTION 3: Systematic Approach to Training: considerations regarding the use of simulators

C) Training program development

1. In the case of non-replica simulators, is it necessary to take parallel training actions, and if so,
what kind?

Explain your answer.
The great majority of the respondents used replica simulators for giving training to their operators.

Notwithstanding the operators sdmeUnits (reactors) frondapan (1)Germany(2, taken into accourthat
ten new simulators are currentlynder construction)Sweden(1), Spain (8)Belgium (3) and Switzerland
(4) use non-replica simulators. The actions commented in the responses are:

- In Germany a classroom preparation is performed before beginning of simulator training.
These sessions last about 2 to 3 days.

- In Sweden, the Control Room Shift Teams from one reactor train in ametbe¥nce plant
simulator. Before the training starts, the specific software of that reactor is implemented
(nuclear core and so on). As to the hardware some panels are replaced and there are also
paper overlays to get the right system and component identification numbers.

— In Spain, regarding the Teams of those plants which receive training at Tecnatom, those tasks
and knowledge/abilities identified without simulator training possibility (non-replica) are
shown in their corresponding training plan, which have to be developed within the on- the-
job training setting.

- In Belgium, adaptations were made to extend the replica full-scale to other non-replica units:

» Some added replica hard panels.
» Soft panels.

* Panels masking existing synoptics.
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- In Switzerland, one utility mentioned that Skill Based Behaviour can be supported by other
means (Drills in the real Control Room, locating controls) or Plant Specific Compact
Simulators, to support Rule Based Behaviour (Procedure Using). Other utility describes
actions as training (orientation) on photographs of the real and the simulator control room,
drawings and preparation classroom.

2. Do you use specific procedures for the training simulator, actual plant procedures or a combination
of both?

Explain your answer and give reasons for the choice.
Actual plant procedures are used in all cases, with some minor exceptions.
Those exceptionare basically related tmomesimulabrs used formultiple units. Thensome madifications
must be done in certain procedures.
3. What are the criteria for selecting normal, abnormal @&ngergency scenarios to be traineith
simulators? Are they risk-based criteria?
Explain your answer.
Most utilities usedeterministic versus risk basedteria to select scenarios. The procedures rchahge
somethinghat isvisible to theoperators in the control room. The integrated operatioss dictatewvhich
procedures can be combined for any particular simulator scenario.
Scenario selectioariteriaincludes: degree of difficultygomplexty of upset,consequence atrror, and how
often the situation is encountered. dne case thetask analysidata, specifically thetask importance,
difficulty and frequency, determine the need to train on a task.
Normal procedures to take the plant frooid shutdown tdl00% power and back teold shutdown are
exercised. Abnormal scenarios covered by proceduseased. Scenarigsvered by emergengyrocedures
are also exercised.
Risk based criterion is used lspmeutilities to select normal, abnormal, arthergencyscenarios. For
example the training 08GTR at PWRs is &ypical scenarialerived fromrisk based criteria. Other plant
specific scenarioare Station Blackout and ATWS. Other criteiiglude licensee evemeports (LERS),
plant modifications, and feedback from supervisors.

4, How are lesson plans and support documentation developed for simulator training?

Lesson plans and suppaidcumentatiowvary from country to countnpbetailed descriptionareincluded in
many of the responses.

In most of thecasesthey are developed byinstructors based otechnical plant documentation, in co-
ordination with Operation Department.
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SECTION 3: Systematic Approach to Training: considerations regarding the use of simulators

d)  Training program implementation
1. What selection, initial training, and continuing training is arranged for simulator instructors?

Most utilities reportedthat instructors areselected from licensedperators and supervisors. The key
selectioncriteria are: personality, candidate ability atmbwledge, communicatiorend technical writing
skills. Simulator instructors aggovided with specific training ohow torun the simulator equipment and
develop simulator scenarios.

An interesting practice occurs fapan. In Japaticensedoperator instructors are alsopplemented by
assignees from plant manufacturers.

2. What are the arrangements for instructor monitoring of, f@edbacko, trainees during simulator
sessions?

The arrangements famonitoring and feedback to trainees during full-scope simulator sessieres
described. Both activities are done across the industry without meaningful differences.

Monitoring impliesthat instructorontinuously observe trainees performance making userné of the
methods listed belovand, in somecases,note trainee actionagainst predeterined criteria. Feedback
includes:instructorsprovide verbal feedback during and at #ve ofeach training session (simtda or
classroom), formal trainees assessment and written reports.

One respondent mentiotisat instructors mustompleteINPO AdvancedSimulators Instructors Course,
which deals with monitoring and feedback skillhis typically entails 1-3 instructorsbserving with
subsequent feedback.

Another respondent explaitizatthe type of session dictates the monitoring and feedback arrangements and
timing. In this sense three different types of simulator sessimndistinguished: evaluatiorpractice and
training sessions.

3.a) What specific training modes such as simulator freeze, playback, running at higher speed than real
time, activity recording, video recording, etc. is made use of during initial training?

The trainingmodessuch as simulator freeze, pléack, running higher speethan real time, activity
recording,video recording (idess degree) and othlke operation history/trend graphics atee common
techniques reported by most of the respondents. The decision of mbde touse is based basically on
instructor needs.

b)  What specific training modes such as simulator freeze, playback, running at higher speed than real
time, activity recording, video recording, etc. is made use of during continuous training?
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In requalification training, most of the respondents indictiatthe same modesre usedNotwithstanding
in some companies there is an inclination tcmmdbusesome of these modelsiring continuous training.e:
fast time, backtrack or even all of them if possible.

The responses statdldat in requalification training there is more emphasis on crew perfornthacein
initial training. In this sensesome respondents specifyatvideo recording is a helpful toébr supporting
team work and communication training. One respondent explicitly alludes to thewideaofecordingonly
for continuous training. Othe other hand two respondents indicate the use of suclortlyofor initial

training.

4.  What limits of simulation impede planned training sessions or examination scenarios?

Specific limits of simulatiorthat would impede théraining sessions or examination scenarios were listed.
Simulator hardware or software failures (computers, etc.) produce occasional incidents. Htheseer,
problems are usually avoided if the scenarios are reviewed in advance and corrected.

Modelling deficiencies include limiteactor regulating/ fluxsenontransient eventmodellingand lack of
parameter fidelity in some events.

Examination scenarioare usuallynot impeded by limits of simutéon. The typical limits includduel
temperature >2008egreed-., bulk boiling of containmenpressure suppression systems, lossoofable
geometry, and physical damage to structures and components.

Beyond desigrbasiseventsare not usuallymodelled atthe current simulatorg-or example there is little
modelling of severaccidentswhen thenuclear steam supply systemhbisginning to change the fuel/core
geometry, detected by an “internadriable’ that representhe fuel temperature. In a second example,
Boiling Water Reactorsimulation does not have a good ‘reduced inventory' simulétiahreduces
flexibility in choosing success paths for certain shutdown scenarios.

SECTION 3: Systematic Approach to Training: considerations regarding the use of simulators

e) Trainee Assessment

1l.a) What methods and procedures are used for initial trainee assessment during and after simulator
sessions?

Methods and procedures used for initial trainee assessment duringftandimulator sessionaere
documented. This primarily involved subjective assessment by instructors during dynamic evaluations.

Some utilities use evaluation guides modelled after regulatory examination guides. Other utilities used guides

based on overall assessment of objectives, detailed training gwaiected to assessment objectives,
instructor consensus based on assessment objectives, and results discussed with trainees.
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Some utilitiesuse a checklist grifor evaluating all scenarios. This gridbsoken down into elementary
actions, corresponding to six abiliti@ghich are to betested in theoperator.Fifteen to twenty actions
characterise each ability (collecting information, assesdarg conditionschecking informationgcommuni-
cations, and achieving the desired results).

Two instructors compare the results at the end of the scenarios.

b) What methods and procedures are used for continuous trainee assessment during and after
simulator sessions?

There are not meaningful differences compared with the methods and procedures used for initial training.

2. List and describe the main areas or groups of skills amowledge of the trainee assessed in
training simulators (for example: "control board awareness, event diagnosis, immediate actions
/entry-level actions, subsequent actions, control board manipulations, use of procedures/technical
specifications/reference data, communications, supervisory ability, team skills" (IAEA-TECDOC-
525)).

Identify, when applicable, the types of simulator used for assessing each one.
The main knowledge and abilities assessed in simulator training included:

— Ability to prioritise, interpret, and verify alarms/enunciators.

— Ability to diagnose event.

— Ability to interpret system response and predict effect on plant.
— Ability to select and use plant procedures.

— Ability to locate and manipulate controls, verify response, and take control of automatic
systems when required.

— Ability to give and receive information.
— Ability to supervise and direct licensed operators.

— Ability to recognise and ensure compliance with technical specifications and limiting
conditions for operations.

— Knowledge of integrated plant response.

— Knowledge of general operating procedures.

— Knowledge of emergency operating procedures.
- Knowledge of emergency plan.

— Knowledge of technical specifications.

— Attitude of operational crew member.

3. Describe the ranking of importance, if any, given to the main areas or groups of skills and
knowledge taken into account for a trainee assessment.
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Most utilities use no importance rankirsghemefor knowledgeand abilities. Trainees mugtass all
competency areas regardless of relative importance rankings.

Notwithstanding some utilities reported the use of importance rankings for Knowledge and Abilities provided
in NUREG-1122 (PWRs) and NUREG-1123 (BWRS).

Finally, Examination Standard NUREG-1021 (Rev. E3$-303 suggests thanowledgeand abilities
catalogue importance ratings be considered in operating tests.

4.a) Based on youexperience, describe difficulties you have had for assessing the individual skills and
knowledge of a trainee while operating within a whole Control R8bift Team during simulator
sessions.

The difficulty in assessing individu&howledge orability comes wheranother crewmember coversnore

than his panel or station, overlapping the other amsmber'sarea.Individual questioning following the
scenario is sometimes requiredagsesshe knowledge levels aihdividuals versus team asadole. Strong
team members tend to compensate for the shortcomings of the weak members.

In mostcasesthe assessment ione by thénstructor.Some utilitiesuse team test checklists highlight
individual contributions. However, there is sandard formula or test toghlight individual contributions
(good or bad).

b) Describe the measures adopted to overcome these difficulties.

There aretechniquesfor assessingndividual skills andknowledge inteam context. The in-the-booth
instructor can place multiple malfunctions in the systerthatthe booth operator@reoccupied at the same
time. Follow up questions can be used after the scenario to clarify ‘fuzzy' areas.

Another technique is use of rghitayers inkey areasand restriction on duties and scripting action to force
candidates to perform activities so that they can be judged individually.

5.a) Based on youexperience, describe influences on trainees performance during simulator sessions
resulting from the attendance of personnel such as utility managers, regulatory body inspectors,
etc.

The impact of regulatory inspectors or plant managers on trainees vary. The full range of impaenhhas
reported. The most stressiprsonnel on trainees seems to be intgofait managemenand regulatory
examiners during final examination.

b) Based on your experience, describe current practices and influences on trainees performance
resulting from the instructors involvement in training sessions (location in the Simulator Room,
communications with trainees, participation, etc.).

During thefirst phase ofinitial training, for example, familiarisatiowith the control room with normal

operation, the instructor is in the simulabt@lping. Soménstructorstend to provide coaching and guidance
versusallowing the student to learn and experience on their dhis is normally acceptable in the early
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stages of training. However, during evaluation sesgmmnabnormal anémergencyperations coaching is
not allowed.

Instructorswho act astrainee evaluators amnsidered a normalart of simulator operations. Instructors
normally do not intervene in the performance of the trainees unlesarthéy adead-lock. Thereforghey
induce little stress on the trainees.
6.a) Are training simulator examinations used in order to grant initial license to operators?

Explain.
Formal simulator examinatiorege required by the Regulatoiyodies of some couriés in order to grant
initial license tooperators. That ithe case of Finlandlapan(only for Operation Supervisors), USA, South

Korea, Canada and Spain.

In other countries there is a regulation requiring the licensee to verify the competencepréiers. One
part of this should be an evaluation of their performance in the simulator training.

Finally, in some countries simulator training is not used for the licensing of operators.
b)  Are training simulator examinations used for requalification?
Explain.
In most of the countries formal training simulator examinations are not used for requalification.

In two countries, Finland and USA, thayeformally required following theriteria stated in "Regulatory
YVL Guide 1.6" and in "10.CFR.55" respectively.

In Japan, simulator examinations are used for training to renew the Operations' Supervisor qualification.
In Canada, exams are done by utilities on annual basis. Process is audited by regulator.

In all countries simulator training is mandatory for periodit@@nsing renewal, independently of such
period (1 year, 2, 3, 5 or any other period).

7. How is examination integrity preserved during the examination/scenario preparation period?

In several utilities, personniglvolved in examinatiopreparation sign aonfidentiality agreement. They are
removed from theraining environment during the examination. In addition, the examination is cuitied
password protection.

In somecases, an inspector's panel has a set of approved scenarios {igoexxamination. One of these is

selectedjust before the examinatiostarts. Trainees and thénstructors do noknow the content of the
examination until just before the examination. Therefore, integrity is maintained.
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In the USA in order to preserve examination integrity, instmgcand staffsign a security agreement.
Examiner Standard, NUREG-1021, Rev. 7, provides guidance to examiners.

8. What performance monitoring or data acquisition features of the simulator are used during
simulator examinations?

A great diversity could be appreciatacrosshe different countries which requiregulator examinations to
the operators.

It varies from theminimum of some USitilities to the maximum of theomeCanadian ones. In tHéest

case noneother features than direct observataoa mentioned. Irthis sensene utility arguesthat aslittle
information as possible is recorded in order to protect exam security, because in other vaaédtiaitow
anyone to rebuild the scenario alagtertime. In the case of most Canadian utilities the features used are:
direct observation, Training Action Monit¢if AM), history trends anagxaminer notes. Also audio and
video recordings are used in the initial license.

Direct observations and operational history reca@mms to be thieatures used most frequently rimost
countries.

SECTION 3: Systematic Approach to Training: considerations regarding the use of simulators

f) Training program evaluation

1. Describe the approach used for evaluating the simulator training program and main results.
Very different approaches could be obsenasmtossthe responses, ranging from countries were the
evaluation is mostly performed by timestructorsinvolved on an AdHoc basis, tocountries were internal

(utility) and external evaluations are done regularly.

Most of these approachasakeuse of several practices. Thedlew to obtain feedbackboutthe quality of
the simulator training program. Some of the specified practices are:

Trainees informal opinions.
— Trainees questionnaire responses.

— Evaluation meetings among instructors and trainees at the end of each simulator session. The
remarks made by them are recorded and reviewed annually.

- Regular meetings between Training Centre personnel and plant Operating Department
personnel.

— Evaluations done by National Organisations involved in training issues.
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- Evaluations done by Regulatory Bodies during licensing examinations and specific training
program inspections.

— Evaluations done by international organisations (OSART).

Some other reported means for evaluating simulator training programs are:
— Success rate on in-house and regulatory simulator based examination.
— Performance of trainees on the job after completion of training.

— Plant events attributed to simulator training deficiencies.

Finally, it is necessary tmentionthatoneresponse statélat it does not exist any objective nor calculated
indicators about the good quality of training.
2. What program is in place for validation and continuous verification of the simulator performance?

A number of different techniqueare used for validation and continuous verification of simulator
performance.

In somecases, 25% ofhe Acceptancdest Procedures agerformed annually. In addition, every new
simulation loachas to pass aet of testsncluding normal, abnormal areimergency evolutions as well as
steady stateconditions. Thesdests, frequency, and validation criteriare specified in the Simulator
Configuration Management Procedure

In other casesnon-regressioniests areperformed to evaluate the simulator response under sstaty
abnormal and emergency conditions at the end of modifications. Responses are compared to previous years.

In some cases, softwarenodifications are made twiceper year to reflect plant changes, and correct
deficiencies. Modifications are tested against a number of standard transients.

In Japanthe Thermal and Nuclear PowlantEngineering Societare given the assignment gfmulator
evaluation.

In the US the yearly test program is performed to meet the requirements of ANS 3.5.
3. What types of performance discrepancies are most frequently identified by operators during
training sessions?

Some respondents indicatiht thereare not specific patterns daultsidentified, and theyare often minor
details.

Nevertheless, some examples sifnulator discrepancies wereported. The most frequene is the
behaviour of steam generators levels during specific transients.
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Additionally, several respondents manifésat in somescenarios the operatorgve the feelinghat the

timing is not correct (the simulator process is often considered as too slow). One respondent indicate that this
is not usually the case (based on real pimtéa), butmay result from alifference in the way theperators

operate the simulator vs. the plant.

Procedure discrepancies (ergonomical or logical) seems to be another typical matter detected.

Finally, some examples afperator mistakes found lilyenselves werealso reported: operation ofverong
switch adjacent to the correct one, wrong judgement of operations.

4.  What types of performance discrepancies are most frequently identified by examiners or inspectors?

Several respondents manifestibat the majority of the detected discrepancés of lower significance
(minor details), due to théong experienceand the improved models. So thesee not “frequent”
discrepancies.

Nevertheless, examples of simulator discrepant#éssbeenreported,mainly revealingthat the simulator
does not match the expectpthnt responseSome of thenare related tothe containment response, the
NSSSdynamic response iBOPsand in normal operation, ti¢SSSlogic response, the physical fidelity,
the lack ofsatisfactorymodelsfor some"Loss os services" scenarios (Loss of Instrument Air, Logdass

Il Electrical Power), the amount of after shutdown decay heat, etc.

Additionally, other respondents provided examples of discrepancies observedpetamrs performance
during simulator sessionSome of thenare related todiagnostic failurespon following of the operating
procedures, latgidgementbecause of lack of information on the situation, lack of informagiarhanges
because of inadequacy of the transferred information or because of transmission of infoxmeticghe
receiver is not in a suitable condition to receive the information, etc.

SECTION 4: Use of operating experience for operator training with simulators

1. How is operational experience feedback incorporated into the design of simulator training
programs (experience reviewed, schedule, people involved)?

The provided responses show a considerable diversity inptaetices employed for incorporating
operational experience into the design of simulator training programs. It ranges from one example in which it
is explicitly mentionedthat there are nothing specifically oriented to ensure operating experience be
incorporated in simulator training to other examples having a very strict control of the process.

Most of the respondents indicated that own, domestic and overseas NPP eveviswaesl on a continuous
cycle in order to include the relevant onesaiily, in the simulator training program and adapt, if
necessary, the simulator models. Domestic ERaports, Nuclear Power Experiend¢®8’Es), Significant
Operating Experience ReporfSOERSs), INPOWANO and UNIPEDE arenentioned as some of the
sources where seeking for meaningful events.
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Regarding the schedule, themedifferences which depend, mainly, on dggproachtiming for the revision

of the training programs and rules) utilisied designing the content of thigining programs. So farthest
situations are illustrated bthe incorporation of the operational experience feedback into the training
programs almost immediately or after periods of six years.

Finally, different organisations, divisions or people have the responsibility of scresspogs on
operational eventacrosshe industry. Inrsomecasesventsare screened by trainingtaff or instructors. In

other cases the processnisich more complex, involvingpr example a groupvhich are responsible for
ensuringthatlessons learned from evemise forwarded tdhe appropriate plant grouggncluding training

as appropriate), another groups which forward information to various training disciplines (i.e Operation) and
finally the group in charge of the operators training.

2. Has your organisation developed any kind of program by which simulator operator training is
correlated with real operating events?

Explain.

No organisation hasnentioned the development of apecific program for correlating operators
performancdasimpacted by training) with plant performance (i.e. with a reduction in the numbegeits
reports).

Anyway, it isusual forthe majority of the organisations theview of plant operatingevents in order to
determine if théack of or appropriateness of training was a contributing factor (root catise @fent). In
such caseghe training programarerevised and theroper training settingyhich could be thsimulator,

selected.

SECTION 5: Specific topics on Operator training with simulators

a) Team training techniques

1.a) Are job and task analyses used for defining the role and responsibilities of the Members of the
Control Room Shift Teams and, in general, of the various levels ofwstaffare charged with
operation of the plant? Explain your answer.

Job and task analysis was used, imwumber of cases, todeterminetraining requirementsidentify
performancestandardsgefine learning objectivesnd establish training methods. In moases the job and
task analysis was confined to control room operators.

In some cases, job and task analysis was used to define the roles of the Shift Supervisor and Shift Supervisor
Assistant. In one case a task analysis was performed for all shift workers including auxiliary operators.

A number of the respondents did mse job andask analysis ithe INPO sense. Alternatives included the
use of operator job descriptions or allocation of tasks by plant management.
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b) Are job and task analyses used for establishing performance standards, learning objectives and
training methods for Team skills training?

Explain your answer.

Where INPO type job andask analysis was used, it wased to determin&aining requirements and
systematically identify performance standards, learning objectives, and training methods.

In caseswhere job-and-task (JTA) analysis was not used, performance standerés established in
alternative waysFor example, training waslevelopedand maintained by operation manual. Roles and
responsibilities were defined and improved over time, but not based on formal JTA.

2. List and describe Team skills (communication, management of resources, team co-opeaation,
leadership, feedback, conflict resolution, team decision-making, etc. ) which are trained using
simulators. Identify, when applicable, the types of simulator used for training each one.

All the organisations reportethat several orevenalmost all the Team skills listeloelow are trained on
simulators. The simulators used for this purpose are full-scope in all the cases:

— Teamwork behaviour styles.

— Personality of the crew.

— Roles and responsibilities assumption.

— Leadership of shift supervisor (direction and supervision).

— Assertive behaviour.

— Personal growth commitment.

— Teamwork in diagnostics.

— Team decision making.

— Conflict resolution.

— Use of resources.

— Understanding yourself and each other.

— Communication within the team.

— Communication with external parties.

- Feedback.

— Co-operation.

- Influencing.

— Performance under stress.

— Shift turnover.
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The highest emphasis seems to be on communication issues (feedbacks, stress influence, etc.).

3. Are any guides used for conducting and evaluating Team skills training simulations?
Explain your answer.

Several organisations reportitht noguidesare usedneitherfor conducting nofor evaluating Tearskills
training simulations.

Someorganisations from US andanadamentioned théControl Room Teamwork Development" course
develop byINPO. AN USutility commented these of games as "Artic survival" tevelop some of these
skills in the initial training courses.

The remainders expressed the utilisationsome guides, mainly checklistsr evaluation purposes. In
several casethese checklistareembedded withirevaluation guides which comprise individual skélso.
These checklists are employed by observers during selected events.

Differences can beecognised in the team skills assessed by different organisations and ieviblenf
detail. One utilitymentionedthat JobPerformance Measureseused to assed®y skill requirements, but
on an individual basis.

Also different approacheare observed regarding the simulator trainimgdes employefbr this purpose.
Meanwhile one utility indicate that team skills requirements are reviewed with the team using the audio/video
tapes fromthe events, another utility does revhploy videobecause it wasbservedthat the behaviour
changes during its use.

At the end it seemthat, inmany casesthe level ofsubjectivity in the assessment of team skillkigher
than for individual ones.

4. Based on your experience, describe advantages and disadvantages of Team training with the
participation of the same (usual) Members every time or with changes in the Shift Team
compositions.

Crews thatwork together on a dailpasisoften do well. The advantages of same team traiaieggreat.
First, communications roléor each opetar is clearly understood. Second, shift supervisecomesaware
of individual crew capabilities. Third, there is less conflict between Team members.

The disadvantage of same Team training is the crew devékpmsvn paradigms (decisiormaking
techniques). Over timihatmay tend to limikknowledgebased behaviour because operators always perform
the same job.

In some utilities, both techniques (normal Shifts and different Shifts) are used.

In Team training with change of composition the advantaffeaisoperators learn to appreci#te role of

others (suited foyoungoperators). The disadvantagecbfinging crew composition teatthe capability of
individual crew member is not confirmed.
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5. Are simulator sessions used for the optimisation of Control Room Team Shifts taking into account
the characteristics (aptitudes, attitudes,) of each Operator? In other words, are simulator
sessions used for deciding which Members are going to constitute each Shift Team?

Explain your answer.
Simulator training is not used faleterminingshift composition. Crew makeup determined by unions or
plant management, etc.
6.  Are there any licensing examinations applied to the wholér@dRoom Shift Team in addition to
the individual licensing examinations?
Explain.
There are not licensing examinations applied toanthele Control RoomShift Teams in any of the countries
which haveparticipated in the survey with tlexceptions of Finlandnd USA. In both countries there are
requalification exams fdicensing renewal. Regarding the usesiofiulator, initiallicense is concentrated on

individual performance, whereasnewed licenseareretained by means of the participation in stéfim
exams, where individual and crew performances are assessed.

SECTION 5: Specific topics on Operator training with simulators

b)  Training for stress

1. Is any part of the simulator training programme specifically devoted to train Control Room
Operators to operate under stress?

Explain your answer.

Most of the respondents specitiiat their simulator training programmes do not include a spepd#id
devoted to train Control Room Operators to operate under stress.

In the answer frondapansome examples dftress situationprovoked regularlyare mentioned, like time
stress, lighting stress or event combining stress.

In the answer fronSpain, it isalluded to specifistressmanagement trainingourses,jmplemented in a
classroom setting using lectures and practices. These camesdivered beforesimulator training Also
some "unofficial"talks about stress argknericstresshandling trainingare given in two Canadian and
Swiss utilities.

Notwithstanding, a reallgommonidea expressed in the repliestlist realisticjob conditions (alsstress)

are induced by the veryature of appropriate scenariokhey are forexample scenarios witmultiple
malfunctions, scenarios with a lot to do and very little time and complex scenarios.
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Finally a Swiss utility specifies that reaction to stress is a qualification criteria employed.

2. Are stress levels induced and measured during simulator training sessions?
If yes, describe the methods and results.

Stress ignherent to somsimulator scenarios because tlag simulated as close to reality as possible. In
this sense all the respondents manifest that stress levels are induced, although not in a controlled manner.

Stress levels are not formally measured by any respondent.

In somecases it ismentionedthat trainees' stress mbserved byinstructors aspart of the regular
monitorization of their behaviour.

3. Based on your experience describe any measures adopted during simulator training to counter
stress.

A number of countermeasures fareventingstress during abnormal situationstire control roomwere
identified by the respondents. Some of them are:

— Make trainees to be as prepared as possible for the tasks that have to be performed under the
influence of stress. All the training allows them to develop improve response to stressful
situations. After simulator training, diagnosis is both better and faster. Stress is managed
better because the operator is assured of making faster and well-founded diagnosis. They
move quickly from an unknown situation perceived as dangerous.

— Make trainees to put priority on grasping the plant situations rather than quick actions under
accident conditions.

— Make trainees to point out and announce each operation for calm and assured implementation
of the actions.

— Make trainees to look at problems as a team, not individually. Encourage teamwork: good
communication and positive participation.

— Make trainees to avoid concentrate work loads on them.

- Prepare good, easy to use, operating procedures in order to limit stressful situations as for
example the "flood of information”.

— Make trainees to follow procedures because, among other advantages, this tend to overcome
stress.

Also a number of countermeasuffes preventingstress during simulator sessionsre identified by the
respondents. Some of them are:
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— Make trainees understand that the purpose of simulator evaluations is to enhance their ability
to cope with plant events - not to fail people.

— Establish non-adversarial instructor/trainee relationship.

— Structure the scenarios with a minor operational evolution or abnormal condition to let the
operators get familiar with the board and plant status before initiating a major emergency
event. This helps build confidence, and add realism.

— Encourage post event simulator discussions which deal with in a facilitative manner. To

openly discuss the issue of stress with constructive suggestions beifygubrd. This
approach has been observed to be effective for most in-house training.

SECTION 5: Specific topics on Operator training with simulators

C)  The theoretical basis underlying training
1. Are any models of human behaviour being used in designing and implementing training programs?
If yes:

i) refer to or describe the models,

ii) indicate the areas in which these models are being applied (for example: signal detec-
tions, decision-making, etc.),

iii) give the main results.

For the majority of the respondents, human behavimadels are not being used in designing and
implementingtraining programsConfidence is placed on alreadgveloped methodogies,common sense
and experience.

Rasmussen's human action model (skill, rule, knowledge) is referred in the Japanese response.

The French response mentioned the subsequent models:

— Error typology of Reason.
"Human reliability in PSH" model, Rasmussen and Swain.

— Model linked to Piaget's "Scheme Theory"

There are currentlgomeresearch worlbetweenNPP and research centre in Finlanddeveloppractices
from human point of view. The work is still going on.
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SECTION 5: Specific topics on Operator training with simulators

d)

Habits acquired during training sessions with simulators

Describe, based on your experience, undesirable habits which could be acquired by trainees during
training sessions with simulators (for example: due to limited number of simulated scenarios, due to
lack of physical or functional fidelity, due to the use of conservative codes for simulation instead of
best estimate codes, etc.) and discuss their potential consequences on safety.

Almost half of the respondents indicate that undesirable habits hallearotetected, or kast sufficiently
important bad habits, in such wthatthey could impact negatively @afety. Many of these respondents
have based this statement in the utilisation of replica simulators.

Some respondents commdémat undesirable habitsould appeadue to the use of non-replica simuwiss or,
evenusing replica simulars, due to someliscrepancies (some of them vegmmonall over the world) in
their physical or functional fidelity. Some of the examples reported are:

Bad habits were received by the Operators of one country when the training was given in a
non replica simulator in a foreign country.

When a new simulator recently was taken into use, it was discovered that operators had
acquired undesired habits when during lots of years being trained on other simulator. They
were looking at wrong instruments and going to wrong panels. This has been dealt with, but
it shows the problems with training in non replica simulators.

In one real event during the steam bubble formation in the pressuriser, the operator was
waiting a small peak in the flat temperature signal. He learnt during his simulator training
that a small peak appear and it is correlated to the end of the bubble formBatidhis is

true for the type of reactors/simulators where the operator wasingce@ining, but not for

the reactor where operator was operating. The pressuriser levels were false (first main cause),
this small waited peak never came during ofregatso the operator never understood that
pressuriser was empty and did not stop pressuriser heaters. They were destroyed.

Fidelity in terms of parameter direction, magnitude of parameter deviation, and timing of the
parameter deviation. This could result in the trainee acquiring a false sense of security. For
example, in a real life event the event could be misdiagnosed.

The use of a very small number of core and containment model nodes which would cause

drastic changes in the response to significant events such as the ATWS for a BWR. This

response had the effect of amplifying the simulator response to operator input and in some

cases made the simulator much more responsive than best estimate models would predict.
The effect on operator training was that any given operator response could produce widely

varying plant effects due to timing differences.

Response of containment model and absence of containment isolation malfunctions could
decrease attention to potential radioactivity release paths.

A temporary simulator deficiency may cause the operator to become complacent and ignore a
warning indication when, in the plant, ignoring the same thing would be bad.
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Finally some respondentalso commentother types of undesirablieabits which could appearduring
simulator training. They could be due to very miscellaneawsesindependently ofhe degree of simulator
fidelity to the plant. Some of the examples reported are:

— A small number of scenarios can condition the operator to always expect a certain type of
transient.

— Trainees develop a "mind set" resulting in misdiagnosis.

— Trainees respond too quickly, missing indications and procedural steps.

— All paths of a procedure may not be exercised suffigieBometimeghere is the argument
that "this will never happen”.

— Over focus on use of proceduralized events could not condition the crew to think about what
they are doing.

— Training based solely on the use of procedures which are assumed to work in all cases. The
trainee may become totally frustrated if a procedure fails to work in real life.

— Support staff assumed to perform error free actions. If the support staff makes an error in real
life, this may lead to total confusion.

— The need to demonstrate individual skills sometimes forces application of skills in
inappropriate situations.

— Newly authorised staff not participating as fully as they should in the team.

At the end, two respondents mentiohabitwhich could be widespreadhat isthe different behaviour of
the operators in the simulator versus the real control room. During simulator sessiogssualcomments
could be:"Just turnthe switch it does not realipatterhere" or"It is probably a simulator problem, just
ignore it".

2. Describe, based on your experience, any measures adopted to avoid acquisition of those
undesirable habits or to prevent use of them.

Regarding the undesirabtabitswhich couldappeardue to the use of non-replica sintoles, most of the
respondents indicate that the use of replica simulators would avoid such problems.

Regarding the discrepancies in the physical or functional fidelity of regilicalators,someactions taken
against the bad habits mentioned in the previous comment are:

— Instructors should make efforts to get the trainees understand the meaning of the differences,
making use of pre-scenario briefings and post-scenario discussions.

— The advent of core and containment multipoint models is leading to much more realistic
simulator response and has allowed a better review of the operator response and comparison
of the expected effects.

Regarding those possible undesiratidbits which are independent ofhe simulator fidelity degreesome
measures adopted are:
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— To prevent guessing about the scenario by varying the initial conditions and minor normal or
abnormal events that are used at the beginning of the scenario.

— Give trainees a variety of events, specially new/unseen events.
— To start to use more non proceduralized events.

— More focus on the rationale of procedures so that crews recognise when the procedure is not
appropriate.

— Insert failures that occasionally take the candidate down different procedural paths.
- Insert failures that require confirmation of more than one indication.

— To ensure individual skills are demonstrated but done in a situation where proper priorities
are maintained.

— Greater feedback in this area by instructor during continuous training.

Finally, the proposed measuia fighting against the different behaviour of the operators in the simulator
versus the real contraloom is that instructors,operationstaff and management should criticise this
behaviour and encourage the operators to respond as if they were real plant events.

SECTION 5: Specific topics on Operator training with simulators

e) Simulator training on normal and emergency conditions during shutdown andow power
operation

1. What use is made of simulators for Control Room Operator training in normal, abnormal and
emergency conditions during shutdown dod power operation (simulated scenarios, trained
skills, training techniques, etc.)?

Several respondents indicatdtht simulator training abowhutdown conditions is not included in their
training programs. The rest reported thabat ofthe time dedicated tsimulator training islevoted to such
conditions. Notwithstanding most of them explicithentionedthat thistime is substantially less than the
part allotted to at power operation.

It seemsalso thatsimulated conditions varieseaningfully throughout théndustry, althoughmid-loop
operation in PWRs is recurrent in many responses.

More extended (although not used by the respondents) is the simulation lov power operations.
Specially focused to normal start-up and shutdown tasks.
2. What are the criteria (risk-based criteria, deterministic criteria, results of need analyses, simulation

availability, etc.) supporting the above mentioned use of simulators?

Criteria supporting both options (use and not use of simulators) can be found in the responses.
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Among the criteria which justify not to use simulatorstf@se conditions (mainfpr shutdown), or at least
a minor use of them, there are:

Usually, difficulties during shutdowns are related to communication and organisation issues.
These things are not very effectively dealt with in simulators.

Events are too slow-moving, so rapid response of operators is less likely required.
Relatively complex operations involving a lot of intervention with a number of systems.

Limited modelling capabilities.

Among the criteria which justify the use of simulators for these conditions, we can found:

Usually, there is only one annual start-up and one annual shutdown in a well performing
NPP. So these normal routines should be trained at simulators, although with small
deviations (abnormal scenarios).

Actual plant operating manuals contain some operation items whose implementation should
need for some skills training.

Needs analysis.
Risk based criteria.

Frequent industry events, specially during mid-loop operation condition in PWR reactors and
high xenon startups in BWR reactors.

Same reasons that the ones used for giving simulator training at power.

Regulatory body requirement.

3. Are job and task analysis (or any other type of task identification technique) used for establishing a
list of task, performance standards, learning objectives and training methods on shutdown and low
power operation?

Explain.

Most ofthe organisationghichimpart simulator training on such operationahditions reportethatsome
type of Job and Task Analyses are done (not all according to INPO standard).

For most of them the basis for such Job and Task Analyses comes from the plant operating procedures.

Other technigues or sources mentioned for identifying important scenarios and tasks are:

List of PSA incidents.
Observed operational difficulties.

Errors that are known to have occurred in the industry.
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Finally, one organisation reportethat Job andrask Analyseshasbeen doneand simulator has ndieen
selected as the most appropriate training setting for such conditions.

4.  What are your plans for the future in this area?

Many utilities will continue with the improvement of shutdown almv power simulator capabilities,
although obviously depending @heir current situations. Thisnprovement will depend on the review of
industry event data and risk analyses.

Almost all thePWR respondents whichas notimplemented mid-loopperation yeare planning to do it in
the neafuture. Theones which have #@replanning to improve their model§his seems to be theommon
objective.

In onecase, additionally, it is saithat simulator capaliies will be extended irorder to incorporate
refuelling operations.

SECTION 5: Specific topics on Operator training with simulators

f) Simulator training on severe accidents

1. What use is made of simulators for Control Room Operator trainisguvare accidents (simulated
scenarios, trained skills, training techniques, ...)?

The majority of the respondentemmentthat, nowadays, severe accident is patrt of their simulator
training programs.

Four respondents manifested some use of simulators for this purpose:
— One Finnish Training Centre has a severe accident PC-simulator for e.g. core melt accident,
which has been used in operator training.

— Some of the Swedish simulators are equipped with the possibility to run meltdown scenarios.

- In South Korea, full-scope simulators, which simulate various severe incidents/accidents, are
used for training.

- In France, crisis teams are trained on SIPA (concept simulator) in the understanding of these
accidents and test decision-making procedures currently being developed. Crisis exercises
test the means available to the teams. Events proposed are coherent with physical codes used
and with PSA scenarios. Each site carries out an exercise such as this every two years.

Finally, several respondents indicated that although operators are not trained on severe accidents by the strict
definition of the term, the use of symptom basetrgencyperating procedures allowsem to response to
a wide range of conditions, including some aspects of severe accident.
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2. What are the criteria (risk-based criteria, deterministic criteria, result of need analyses, simulation
availability, etc.) supporting the above mentioned use of simulators?

Many respondents indicatéldlatthe necessity of such traininghiging discussed nowadays. So thigeria
are still under development.

Notwithstanding several reasons have alrebdgn provided by the respondentsoimer to justify the
current lack of simulator training on severe accidents:

— Much of the response to severe accidents is in the area of technical support to operation.
Simulator training is probably not the appropriate method for training for this technical
support role.

— The training benefit from this kind of scenarios must be considered low since the concept
itself states that there is little left to do.

— Risk based criteria are the basis for not using such scenarios.

— There is not analytically derived plant response for these beyond design events. So
simulators cannot be realistically expected to model them.

— There are not available procedures for coping with this situations.

— Current simulator training only cover events analysed in the Station Safety Report.

On the other hand, severe accident management is an egs&rtiaiemergency management in Finland,
required to be taken into account in old units and specially in NPPs of hew construction.

3. Are job and task analysis (or any other type of task identification technique) used for establishing a
list of task, performance standards, learning objectives and training methods on severe accidents?

Explain.

Various respondentsentionedthat severe accidertaskshave been or will béreated(depending on the
current situation) not differentially than any othask inthe job andtask analysis omhatever task
identification technique employed usually.

It is stated byne responderhatjob andtask analysis areot yetappropriate untithe industrydefines the
general responsibilities of each growhich would be called upon to deal with thesults of asevere
accident.

Related to the above comment, another respondent manifastsom the job andask analysisalready
performed byINPO following the USapproachrepresented b\EI, it seemsthat it is not obtained the
necessity of training operators in the operation to introduce strategissvere accident management.
However, it would be convenient to have sosimaulatorswhich provide trainingor the evaluators and
responsibles in decision making personnel.

4, What are your plans for the future in this area?
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It seemghat inthe nearfuture most ofthe organisations do not plan riodify meaningfullytheir training
programs in thigrea.Some of thenarewaiting for the results of industry initiatives ttevelop a position
on general responsibilities and, consequently, the necessity of simulator severe accident training.

SECTION 5: Specific topics on Operator training with simulators

g)  Simulator training on accidents caused by fires, floods, earthquakes, etc.

1. What use is made of simulators for Control Room Operator training in accidents cause by fires,
floods, earthquakes, etc. (simulated scenarios, trained skills, training techniques, ...)?

Almost a half of the respondentsentionedthat fires,floods and earthquakes scenar&e not trained
making use of simutars. Some of themeportedthatanother training settings as classroom or field training
are used.

Someorganisations explaingtiatthese external evendsethe basis for simulator training ae available
abnormal procedures for abandonthg main control room anfr operating fronthe "bunker" oremote
shutdown control room or backup panels.

The rest othe organisationmentioned somspecific simulator training on this issues, specially regarding
fires. Mainly they are considered as initiatingauses fomultiple equipment failres,conducting to loss of
plant functions. Some examples provided of training scenarios are:

— Fire events in actual plants (Japanese organisation)

— Loss of plant buses due to fires (US organisation)

— Artificial smoke is used to train shutdown in fire case (Finnish organisation).

— Flooding due to Service Water pipe break (Canadian organisation).

— Safety functions are lost due to earthquakes (Japanese organisation).

Regarding thikind of events aanadian organisatiamentionedhatthe training is based in tf@ommon
Mode Event Procedure and a US organisati@mtioned thaise of specific procedures for response to the
natural events.

2. What are the criteria (risk-based criteria, deterministic criteria, result of need analyses, simulation
availability, etc.) supporting the above mentioned use of simulators?
In someresponses it isommentedhat, from the point ofview of thecontrol room operation, thesge not

meaningful differences between equipmefadures initiated by externaévents or by othecauses.
Notwithstanding some differencese noted, suclhas: the higher complexity of th&ansients because of
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many systems could be affected at the same time, the use of specific profrrdwgzonse tthe natural
events, the activation of the emergency plan based on the event.

In those casesvhere specificsimulator training isimplementedfor such external eventsome of the
provided reasons are:
— Training under various conditions is necessary.

— All the scenarios covered by some operation procedures should be trained. It is assumed that
the analysis for determining what risks should be covered, where done during the
development of the abnormal and emergency procedures.

- Needs analysis.

- Regulatory body requirement.

3. Are job and task analysis (or any other type of task identification technique) used for establishing a
list of task, performance standards, learning objectives and training methods on accidents cause by
fires, floods, earthquakes, etc.?

Explain.

In somecases Systematic Approach to Training is applied, although almost all the respondentstiradicate

formal job and task analyses are not used.

4.  What are your plans for the future in this area?

No special changes are planned for the future in this area in any organisation.
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CHAPTER 1: INTRODUCTION

The objective of this Part 3: "Experiences or Studies on Specific Issues" was to discuss sordephthe
issues more difficult or not completely solved yet, with the ainiréov lessons learned and current practices
which are used to avoid incidents originated by operator errors due to inadequate training.

The strategy was toollect information by means of contributions m@ports prepared ithe different
Member Countries.

In September-94 this Task "Role of Simulators in Operator Trainingbegisning to be designed. In those

days, it was thougtihat, inaddition to the Surveysome of the relevatigsues related to simulator training

could be discussed in more detaihis proposal was supported by PWG-1. It \@asidedthatthese issues

should be selected taking irdocount, noobnly theinterests of th&TF-HF Members but alsothe interests

of therest of PWG-1 Members. So it wdscidedthat, from then up ta=ebruary-95, anylember could
communicate to théask co-ordinator his/hemain issues of interest. Taking into account tpinions
received, during th&TF-HF meeting itwas decided to deal with three of theffihis was supported by
PWG-1 in September-95 meeting. The selected issues were: (1) Teamwork, Diagnosis and Decision-Making,
(2) Stress, and (3) Simulator Fidelity, Issues and Concerns.

All Member Countries were invited to contribute witime or moreeports toone orseveral of the selected
issues.

In order to makesasier the preparation of the contributionsydis only requestedhat each reporshould
include three different sections: definitions of issues, current practices and further developments.

Elevencontributionscoming fromsix different countries were received by ttask co-ordinatobefore the
end ofOctober-96. Thewre distributed irthe following way: Teamwork, Diagnosisd Decision-Making
(seven), Stress(two) and Simulator Fidelity, Issues and Concerns (two). A copy of allgttieered
contributions is included in the Appendix B of the Task 5 Report.

Chapter 2 of this Part 3 Report includes a list of all these contributions and a summary of them.

The summary haseenprepared trying to remarkhenpossible, the definition of thissues, the evaluation
methods, the applications of these methods, and the conclusions and further developments.
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CHAPTER 2: CONTRIBUTIONS

2.1 List of Contributions

Eleven(11) contributionsoming fromsix (6) different countries were gathered. Thaeg distributed in the
following way: Teamwork, Diagnosiand Decision-Making7), Stress (2) and Simulat&idelity, Issues
and Concerng2). Different types of organisations (Training Centres, Research Centres, RegBtzdm@y,

etc.) prepared these contributions.

All the contributionsare listed below within their corresponding Section and according to Countries
alphabetical order.

SECTION 1: Teamwork, Diagnosis and Decision-Making

- Finland (VTT): "A method for analysis of nuclear power plant Operators' Decision Making
in simulated disturbance simulations”. (1994). Authors: Kristiina Hukki and Leena Norros.

- Finland (VTT): "Contextual analysis of the Operators' on-line interpretations of process
dynamics". (1995). Authors: Leena Norros and Kristiina Hukki.

- Finland (VTT): "A contextual approach to systems safety analysis of decision making in an
accident situation”. (1996). Authors: Jan Holmberg, Kristiina Hukki, Leena Norros, Urho
Pulkkinen and Pekka Pyy.

— Hungary (Paks NPP): "Development and usage of a computer based assessment technique for
simulator training". (1997).

— Japan (CRIEPI, Kurume University, Tohoku University): "Modeling and Simulation of
Operator Team Behaviour in Nuclear Power Plants". (1996). Authors: K. Sasou, K. Takano,
S. Yoshimura, K. Haraoka and M. Kitamura.

— Japan (NUPEC): "Development of Team Performance Evaluation Method and its
Application for Team Performance Improvement”. (1996). Authors: Tomihiko Furuta and
Kunio Akutagawa.

— Spain (TECNATOM): "Teamwork, diagnostic and decision-making". (1996).
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SECTION 2: Stress

— Spain (TECNATOM): "Stress". (1996).
— United States of America (NRC): "Stress". (1996).

SECTION 3: Simulator Fidelity, Issues and Concerns

— France (IPSN): "Comparison methods of simulator fidelity models and impact on
operation". (1995).

— United States of America (NRC): "Simulator fidelity issues". (1996).

2.2 Summary of Contributions

In the next pages it is included a summary of the contributions.

SECTION 1: Teamwork, Diagnosis and Decision-Making

Finland (VTT): "A method for analysis of nuclearpower plant Operators' Decision Making in
simulated disturbance simulations”

Objectives

This paper describes an analysisthod which is aonceptual tool for systematical evaluation of nuclear
power plant operators' decision making in simulated disturbance situations.

The aim of the analysis is to investigate "Operators' Orientatitnich is expected to manifest itself as
"Collective Strategies" in utilisation of "Resources of Decision-Making".

Resources analyseate different "Information Sources" and, in addition, "Collaborative Resoutges"
Communication and Participation.

The Model

The Model used is a conceptual descriptionOgferators'collective diagnostic and operativdecision
making in a particular disturbance situation.
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It is supposed thahere are two different aspects of "Orientationtontrolling construction oflecision
making: tendencies to "Coherence" and "Reflectivity". Coherence as comprehensiorplahtharocess.
Reflectivity as consideration of the context of the decision making activity.

Dynamical, contextual (operative and social) amenhistorical aspect afecision-makingare considered in
the Model.

The Analysis Method

The Analysis Method consists of two maiarts: (A) Creation of "Operative Referencédr analysis of
decision making, and (B) Analysis of decision-making with respect to this "Operative Reference".

(A) Itis necessary to develop an "Operative Context". Thsade with help of "Conceptualisation
of the Disturbance Situation from the Decision Making" pointiefv and by construction of
"Operative Referencdor activity. The lattermeans "Conceptualisation of the Situatfoom
the Safety" point ofiew and also "from Other Boundary Constraints'detision making, i.e.
economical and technical aspects.

(B) Forthe analysis otlecision-making with respect tbis "Operative Referencethatmeans for
the analysis of "Operators' Orientation”, the analysethod offers two different mutually
supportive means{(1) evaluation onthe basis of Operatorsverbalised comprehension
concerning process control, with help of interviews, By evaluation onthe basis of
differences in their utilisation of resources @écision-making (InformatiorSources and
Collaborative Resources), during a simulator run and after it during a debriefing session.

Applications

The Analysis Method is aimed to be used in routine simulator training in nuclear power plants:
— By virtue of its dynamical, contextual, and historical approach it makes the developing
nature of activity visible.

— Itis expected that trainees become more conscious of their strategies in decision making and
in co-operation.

— It is expected that trainers become more conscious of their criteria and strategies in their
training activity.

— Learning can be improved also by deliberately developing Operators' orientation during
simulator training.

— Cumulation and distribution of knowledge of decision making as developing activity,
controlled by orientation and boundary constraints of process control, is expected to improve
operational culture of a plant organisation.

Further Developments

The operative context will bextended to comprise not only decision makinglisturbance situations but
also normal routine work in process control.
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Finland (VTT): "Contextual analysis of the Operators' on-line interpretations of process dynamics"

Objectives

The aim of the study described on this paper was to rdifEEmences among tHePPcrews' regarding their
modes of making on-linimterpretations of difficult disturbance situatiod$hat is, toidentify qualitatively
different modes ointerpretation of process situation based on an analysis of the operators’ walysraf
available information and co-operative resources of activity.

The assumption was thdifferences in the crews' orientatibacome manifest iaction as differences in the
crews' ways of utilising information and co-operative resourmi#sin which theauthorsexpected to reveal
variations in expressions of two basic subject-environment relationshiggntiiency to coherent explanation
of the situation and taking account of the specificity of the situation.

The Method

The study was carried out in a nuclear power plant full-scope training simulator and an arethysiswas
developedduring the study (théasis ofthe analysiamethodare mentioned in the preceding summarised
contribution).

The experiments comprised of 11 crews' performance in a complicated disturbance situation. The research
material included pre-interviews with tlperatorsgdetailed registrations of procedata,observations and
videotaped recordings of the operators' performance, and debriefing discussions with each crew.

As a result of the analysis of the operatdesk performance, structuratescriptions of each crew's
conceptions of the disturbance and choice of operative methods were prepared.

Based on these, behavioural anchemsre definedfor ratings regardingthe models of the crews'
interpretations. As it was mentioned previously, the dimensions of evaluation were derived at#saintiveg
dynamics of construction of an interpretation of the situation is related to typical features of a person's
relationship with the environment: tendency to coherent explanatidraccount fothe specificity of the
situation.

The Results

As a result of the analysis three differembdes ofinterpretation of process situatiovere identified: (a)
constructive, (b) schematic and (c) implicit.

These modes could be distinguished from eattier regarding the use of information and co-operative
resources; criteribeing:(1) attention to process situation, (2) basis of interpretatitimedgituation and (3)
explication of interpretation.

Due to the aims of the study no direct evaluations of the adequacy of the crews' performance or the
efficiency of the different modes wegarried out. Authorsonsiderthat it will be an interestinguture
research problem toy to find a relevant way to acquire such evaluations. Authors' hypothetbed dear
differences in the efficiency of the modes manifest themselves only in exiemgons, the strengths and
weaknesses of the modes being qualitative signs of efficiency in less critical or routine situations.

The results of the study suggest the possibility to teach the crews efficient utilisation of resources.
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Further Developments

Analysis of the relationship of thesgodes with theperators' conceptions of the plant process is currently
going on in order to make inferences concerning the crews' orientations.

Based on the described evaluatinathod theauthors are currentlgieveloping a tool to be used in normal
simulator training. The work is carried out in co-operation withitis#ructors ofthe powerplant. The
experiences have been promisihgs far. It seemsthat thiskind of a contextual analysis of the crews'
activities may create insights within tbperators regarding theiwn decision-makingand increase interest
among the crews to reconsider current orientations for opening new possibilities of action.

Finland (VTT): "A contextual approach to systems safety analysis of decisioraking in an accident
situation”

Objectives

This paper discusses integration of two complementary approaches for analysing Odecddms' making
and human reliability in accident sequences: (A) Probabilistic Modelling, and (B) Contextual Psychology.

A ProbabilisticModel represents decision making agaat inthe event sequence dependiagisally on the
situational factors. The uncertainties in the evolution of the events are expressed by probabilities.

Contextual Psychology analyses decision making with respect to its context, the actual state of the process to
be controlled.

The combination of the two approaches is based on common descriptions of the decision making context, i.e.
the reference models. Thrily integrating aspect of the analysis is the probeginning from descriptions

of the situation anénding with thecommonformalization of the context. Decision Analytic Thinking forms

the framework for developing the reference models, which represent the flow of decisions andexamd®m

and the boundary conditions and objectives of the decision makirnhisimay the intentional aspect of
decision making is reflected properly in reliability models.

The Analysis Process

The outline of the integrated analysis is threefold:

(1) The decision context is identified and described by creating descriptions of the investigated
situation. They provide a basis for bogtiability and psychological analyses. The main idea is
not to describe the ideal solution of tlask butrepresent the identified relevant possibilities of
activity from the diagnostic and operational point of view.

(2) The accident situation imodelled from the risk and reliability point ofiew using the
descriptions as reference. Timeodelling technique idased on a marked point process
framework, in which not only stochastic events but also decisions are seen as marked points.

(3) The operatorglecision making is analysed with respect to the reference models, by means of a
psychological analysis. The way which they utiliseavailable process information and co-
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operational possibilities manifests the coherency of their interpretation sifibon and their
ability to take into account the situational demands.

Simulators runsprovide useful informationfor both probabilistic andpsychological analyses. This
information is mainly qualitative anchn be used for: (i) validating the description of the situation, (ii) by
observing the operator crew's behaviour duringrthrethe analysts may obtain information on the way
which the operators use the information from various sources, (iii) operatecgsion rationale may be
identified by analysing the simulator run.

This integrated analysis framework was app(i@dinly phases 1 and 2) to the analysis of specific operator
actions in BWR plant environment during shut down for refuelling.

Further Developments

The integration of two complementary disciplines, Probability Analysis and Contextual Psychology, as a
new paradigm forhuman reliability analysis provides promising opportunitiescéonprehend human
decision making at risky situations.

The current stage of the analysiséen by th@uthors as aromising intermediate phase in the integration

of the two approaches. In the continuation, it is important to carry out the integration intlzateonsiders
decisions as intentional actions influenciigk, not ascomponents of thesk assessment of the situation.
Such an approach would make visible how operators' different ways of decision making contribute to safety.

The integrated safety analysis approach was applied to an accident scenarioefiueiligg outage. The
scenario was analysed through a simulatgreriment. As a formalised and comprehensive description of
decision making the integratedpproach gives possibilities to analyse and interpret the simulator
experiments. Therare not,however, any obstacles t@pply it also to the analysis of other types of
operational experience and to maintenance activities.

Hungary (Paks NPP): "Development and usage of a computer based assessment technique for
simulator training"

Objectives

The aim of the system is to provide an objective computerised assessetizodfor the operational crew
performance on the simulator session, called C(computerised) OP(erator) A(ssessment) S(ystem). During the
training session thiast step is t@xperience a malfunction, and to perform the required trouble shooting.
There are 2%lifferent transients havieeen developetfom the EOPs,varied from anticipated operational
occurrences to incidents such as control rod drop or tutbpep tosteam generator tubsapture. Each

shift are trained with 5-6 events at every simulator training. By means of the COPAS the instructor is able in
real time mode to followthe prescribed actions and interventions and finally using the printotgatre
performance can be evaluated astenle. Theprintout with the plant shift supervisor written evaluation is

used as a documentation for the session.

The method

The method isbased on themergencyoperating procedures. AROP ishandled like a logical network of
the statusand events. The system in real-timnede follows the event-flow on thsimulator during the
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transient, and compares it with thee-defined events. If the sequence of execution obpleeators is not

correct thetime appears indifferent colour on the logical diagram. There is a warning label in case of
omitted actionvhen thesession is over. The system also present the most important parameter changes and
compares to the prescribed ones. When a parameter exceeds the limits there is also an indication of it.

Japan (CRIEPI, Kurume University, Tohoku University): "Modeling and Simulation of Operator
Team Behaviour in Nuclear Power Plants"

Objectives
This paper depictthe technique of simulatiofor plant operators facing abnormatents within the plant

called SYBORG "Simulation Systefior the Behaviour of an OperatinGroup”. SYBORG simulates
decision making processes via communication among operators.

The Operator Model

SYBORG accounts for 3 operatorsne is thdeader of the team and the otharsfollowers with different
roles. It is assumedhat the leader does not observe or touch the control panel. The |eediet
accumulates information of the plant via communication.

The operatomodel consists of the attention, thinking, action and utterance micro modelshifking
micro modelsntroduces the "mentahodel mechanismthatdescribes and illustratémw operators predict
plant behaviour anthake decisions to prevent the deterioratioitsofonditions. ltwasdevelopecased on
cognitive sciencegroup dynamics and also on interviews with nuclear p@legrt operators. Each operator
model has some knowledge bases (KBs). They store knowledge pertaining to the izdatiens(1) events
and parameters, (Bvents anadauses, (3¢hange oparameters and interlock, (dhange oparameter and
carrying out countermeasures, etc.

The Team Model

The above operatanodel isnot enoughor simulatingthe complete behaviour of tleperator. Sosome

other characteristics related to the team behaviour have been incorporated. Thus, authors introduced the HHI
(Human Human Interfacanodel that hasthe task assignment, disagreement and utterame@magement

micro models which consider personality, credibility, position, etc.

The taskassignment micranodel incorporates the characteristics of team behaviour related to the co-
operation with each other to deal with a work that is divided among operators. It is atisateadhtask is
undertaken by 2 operator models (the leader and one of the follower models). Thenéetadean dealvith

2 tasks that ardealt with by the follower model3his taskassignment micronodelconsider several types

of thetaskassignment such as typesollower model followsthe leader's instructiofor taskassignment.
However a task assignment type is predetermined as one of the team characteristics.

The disagreement solution micnoodel simulates the characteristics of team behaviour related tfatche
that real operatorsommunicate to exchangsant information and their thoughts on plant conditions, and
then they decide ocountermeasurdahat arethought to be the besnhesfor the plant. It is assumed in the
micro modelthat the team's decision makingdarried outbetween 2operatormodelsand thatthe team's
decision is an alternative to the countermeasuregspgbetormodels decidedn. The disagreement solution
micro model considers 30 kinds of predetermined communication proceBlissmicro model considers
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several dynamiparameters (arous&vel, confidence) andtatic parameters (expertness, reliability) to
describe a variety of communication processes.

Applications

SYBORG isimplementecusing computers. It has 2 workstations and 3 personal compitFronnected
through a Local Area Network. Basically a workstation calculates the behaviour of the team and the other
one calculates the plant behaviour.

This paper also describes arample of the simulatioresults,indicatingthat SYBORG carexpectedly
simulate the behaviour of the operating team faced abnormal events happening in a simplified plant.

Further Developments

The authorswill improve on SYBORG through verification experiments with subjects. Learning
mechanisms and error mechanism will be added to SYBORG in the future.

Japan (NUPEC): "Development of Team Performance Evaluation Method andits Application for
Team Performance Improvement”

Objectives

The purpose of this study is to evaluate the performance of the co-optaskisen nucleapower plants
and to develop measures to improve the performance of the operating team.

The performance of an operating team in the control room of a nuclear plawttdlepends on the abilities
of its members and their circumstances.

Team reliability isdefined as each member giviagd receiving information withowrror and acting as a
team membecorrectly. Thisdefinition is adopted ihis study as aindex to evaluate the performance of
the operating team.

The Evaluation Method

Team Performance Evaluation Model consistdMain System Model and Man-Machine System Model.
Applying those models, factors affecting team reliability are taken into account.

Regarding thé/lan System Model, the evaluatidactorschoserare: (1) informatioramong team members,
(2) ability of teammembers an@3) external information. Based on this factors andh&model of the
group decision, the probabilithateach member makes his decisioonsrectly and the probabilitthat the
team makes correct decisions are derived.

Regarding the Man-Machine System Model, two additidéaeiors aretaken into account: (4) probability
that machine systemtransmits correct information and (5) probabilitiyat member corrects wrong
information transmitted from machine system. Basethnfactors and ithe probability estimated in the
Man System Model, the probabilitthat each member makes tlverrect decision in the Man-Machine
System is derived.
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Applying these models, contributions of eafdctor to the team decision reliabilityare examined
parametrically. This examination considers several types of potential team perfoim@airmaements. The
advisable improvement measusege derived from among these improvement types applying the Analytical
Hierarchy Process (AHP) which is one of the quantitative decision making methods.

Applications

In thepaper it isdescribed howhis evaluatiormethodhasbeen used with the operating team in the central
control room of a nuclear powenant in order to investigate seveiaiprovement measurder team
reliability.

The conditions established in this application are:

— Control Room Operating Team consists of 5 members.

— There are 4 possible combinations of utilities' surrounding management conditions: utility
potentiality for implementing improvements on the human side (easy or not) and on the
hardware side (easy or not).

— The evaluation factors used are the five mentioned above plus another one for the Man-
Machine System Model: (6) compensational factor among team members.

- Improvement measures or types investigated are several combinations of improvements on
some of the six evaluation factors.

So, based othe evaluatiormodeland the established conditions, each evaludtiotor is parametrically
examined.

The advisable improvement measures corresponding to each possible surrounding management conditions of
the utility are derived.

The derived improvement measures common to each surrounding condition are:

— Concentrate information to a shift supervisor with strong leadership.

— Improve ability to correct wrong information by training of emergency correspondence on
mock-ups.

— Improve display systems by installing a large display screen or individual display terminals
for operators to obtain common occasional plant information.

Spain (TECNATOM): "Teamwork, diagnostic and decision-making"
Definitions
In this paperTeamwork is defined as the work being accomplished byoap of people with assigned

individual roles and responsibilitieghosepriority is accomplishing @ommongoal. For it,several rules
should be taken into account.
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Diagnosis and Decision-Making is defined as a logical mental process developed in three stages:
— Supervision: to know the state of the plant at all times, differentiating between normal and
problematic situations, being able to forecast abnormal evolution.

- Interpretation: to be able to analyse problems, and to assign priorities, identify the causes of
problems and to define the most probable cause.

— Intervention: to determine whether or not any action should be taken, the action to be taken,
the priorities and to analyse the possible consequences.

Current practices

TECNATOM is a TrainingCentre where, nowadays, most of the SpaNiB#® Operating Teamseceive
training. A HumanFactors Courseprevious to simulator training, haseen developed. Teamwork,
Diagnosis and Decision-Making issus®included inthis course. It®bjective is taransfer tothe trainees

the bases required to understaaftificient teamwork and previous diagnostic techniques, necessary for
decision making in the operation of a NPP.

The course iglelivered inclassroom setting using lectures and practices. The skills acquégatactised
during simulator training programme. The courskeisl during four days (24 hourspaking use of formal
instruction, discussions and case studies, role playing, diagnostic practical exercises and quizzes.

The mainareas treated ateadership (leadership styles, effective supervision), teamwork (shift roles and
responsibilities, taslassignment, co-ordination, assertive behaviour), motivation, communication (verbal
communication, written communications, shift turnover) and diagnosis (attention to details, logical process
of diagnosis).

Further developments

It is planned to implement theluman Factor Course on CD-ROMsing multimedia techniquesgxt,
graphics, sound and video images, for self study and retraining.

SECTION 2: Stress

Spain (TECNATOM): "Stress"

Definitions

In this papetthe difficultiesfor defining stress ardighlighted. Taking advantage of te&essdefinition in
Physics, stress idefinedfor human beings as any internal or external force which generates physical or

mental tension.

In this sense stress control means the psycho-motor ability to control our physiological activation in response
to endless stress producing factors found in daily life.
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Current practices

TECNATOM is a TrainingCentre where, nowadays, most of the SpaNiB#® Operating Teamseceive
training. An specific Stress Management TrainingCourse, previous to simulator training, hlasen
developed. Its objective is to teach trainees to identify stress-related behavistreagdducing conditions
and implement techniques that minimise the impact of stress on people performance.

The course iglelivered inclassroom setting using lectures and practices. Helid during three days (18
hours), making use of formal instruction, discussions, relaxation practices and quizzes.

The main areas treated are stress definition, stressors, effects of stress and symptoms and coping strategies.

In the paper some strategies used to manage stress during simulator ar@niegtionedprior to or at the
beginning of an event to reduce the level of stress, and when the stress is felt in order to diminish its effects.

Further developments

It is planned to include relaxation exercises into retraining programmes in ordevdlop performance
patterns,advanced instructors training @tresssymptoms identification, and othgractices toavoid
trainees' stress during training sessions.

United States of America (NRC): "Stress"
Definitions

In this paper it igdefinedthat a stressful situation occushen asubstantial imbalance exitetween the
demands imposed on an individual and the individahikty to successfully handle those demar&isess
can also occur if an individualmply perceives a mismatch between the demands eftttagion and his or
her abilities to cope with those demands.

The causes of stress thhave been identified in theesearch literature araumerous andnclude
environmentafactors (e.g.extremes in temperature, noise, and crowding), workloampetinggoals, and
conditions that are novel or cause uncertainty.

Stress casignificantly influence human performance atdesseffects can range from facilitation severe
impairment. Interest in th&).S. concerning the effects dcftress onthe performance of nuclear reactor
operators hakrgely been focused in twareasthe effect ofstress orperformance during plant operations
(e.g., abnormal oemergencyoperations and plant outages) and the effestreks orperformance during
the license examination process.

In 1994, NRCpublished NUREG/CR-6127: "The Effects $fress on NucleaPower Plant Operational
Decision Making and Training Approaches to Red8tress Effects". The repatdbcumented a review of
research literatureoncerningstress angresented an analysis of the effestieess carhave on decision

making and performance in the context of nuclear power plant operations. Four general types of impairments
in cognitive performance were identified:

— Narrowing and shift in attentional focus.
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— Reduced working memory capacity.
— Time pressure effects.

- Impaired crew communications patterns.

Current Practices

The paper states thtte emphasis is on eliminatirgjress ominimisingits effects in both othe above
mentioned areas.

In the area of human performance during plant operations two practices are highlighted.

— The first one is Simulator Training. It is considered that this is perhaps theeffexgive
tool available to address stress in the context of nuclear plant operations. It eliminates or
reduces two potential sources of stress: novelty of inexperienced events and uncertainty in
the prediction of outcomes. Regarding mitigation of stress effects, repeated training in plant
emergency simulations is an important means by causing effective accident mitigation
behaviours to become well-learned, routine behaviours that tend to be less sustepftible
not facilitated by, stress.

— The second practice is Communications and Team-Building Training. This training can
mitigate the effect of stress: impaired exchange of information among crew members.

In thearea ofhuman performance during the license examingirogess, several actions Haesen taken by
the NRC. They intend to mitigate the specifiources of the undustressderived from theprocess itself.
This undue stress is additional to the one inherent to real emergency conditions. These actions are:

— To make changes to the examination process more predictable.

— To improve consistency in the administration of examinations

— To emphasise the performance of the crew versus individual performance.

— To train examiners in order to avoid they inadvertently cause stress and to put operators at
ease during examinations.

In this secondrea,many US utilities havalsoimplemented differenprograms to assist operatordoping
with text anxiety.

Further Developments

The digital technologiethat are currentlypeing developednd introduced into nuclear plant controbms
have the potentialdepending on the desiggnd implementation details, of reducisgess byreducing
cognitive workload.

Regarding severe accident management, several trapjprgpaches fomitigating the effects oftress on
the operator'sognitive skills have been identified MUREG/CR-6127.One of them would be training
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using realistic (although dhat moment non-real-time) seveaecident simulations to reduce the novelty of
such conditions.

SECTION 3: Simulator Fidelity, Issues and Concerns

France (IPSN): "Comparison methods of simulator fidelity models and impact on operation”

Objectives

This report deals with a specific type of simulafaislity: the representativeness of the simulation codes. It
includes a description and an example of a proposed simulator evaluatioodology whickcan beused
directly and which is based on control concerns.

The question of the representativeness of simuldtasdeen coming increasingly to tliere, in view of
their increased use in France over the last ten years.

The consistency of the simulator responses with those observed at the plewgnmtsais considered the best
way for evaluating simulatarodes fidelity.But for those transientsiore serioushan theones happened in
plant real events, the preferred evaluatiwethod iscurrently the comparison with the resultsreference,
best estimate, codes. And,lasg as computer limitationgrohibit real-time calculationahich make direct
use of the reference codes, this latter evaluation method will have to be used.

Notwithstanding the comparison of simulator responses with the resultsrefdtence codes could bdene
in different ways and this is the main point of this report.

The Evaluation Method

The conventionaimethod isbased on thelesign of amatrix, where therows represent differerisystem
states" andthe columns different "transient families". Typically systsmates consist of 6physical
phenomena listefbr the reference code. Some of thare specific of aparticular’component” of thelant

(e.g. natural convection on reactor coolant system). There are usueatly six columns oforoad transients
families which include the fifty or sdransients selected. Crossase entered in the corresponding
column/line intersectiomhen thesimulator provides a response with an acceptable deviation from the
baseline code.

The conventionainethodevaluates simulator fidelity with respect to the evolution of the physical process.
But the Operators do nabbserve thgghenomenology isuch detail. The actions taken themare based

only on thesignals (indicators) observed in the Control Room in accordance with their Operating
Procedures. These are the reasons for the new evaluation method proposed in this report.

The new methodreplaces "systenstates" by "parametembserved by théperators” and "transient
families" by "transientxovered by procedures” in the evaluatioatrix. Amplitude of the response and

action of automatic contralevices and timing of the simulated respossecompared with the ones of the
reference code. Based on this it is possible to perform sensitivity studies on the methodology used to evaluate
the simulators and to observe the consequencebdkisnthe effect of the Operating Procedures. This is
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specially importantvhensimulators used to draw up Operating Ruesnot the same usddr Operators
Training.

Applications

This reportincludes an example which compare the evolution of separalmeters using thregifferent
simulators and the reference code. The consequences derived in the example for operators training are:

— If the state parameter serves as reference to change of Procedure, the Prockdaiebe
used in the same way during the simulation and during a real situation.

— The timing of the different parameters learnt with the simulator training could be wrong.

In the report it isconcludedthat thisnew simulator evaluatiormethodology, whictaddress the issue of
simulation codes fidelity, ione means of directly determinirgimulatorsdegree of representativeness
according to concerns whicre akin to those used in operations. The effects ofaximum permissible
difference between the simulated respaarse the baselineodecan be measured in termsdifference of
orientation in the Operating Procedures.

United States of America (NRC): "Simulator fidelity issues"

Definitions

The 1993revision of ANSI/ANS3.5 defines "Physical Fidelity" as a measure of the degree of similarity
between the simulator and the reference unit with respect to the replica hardware.

Other type of fidelity isalso the goal of the software simulatt@velopmenprocess. Many efforts adone
to assure fidelity to actual plant response or best estimate performance.

Simulator fidelity isperhaps the mosibstract’component” in thematrix of simulator requirements. But
fidelity is essential for effective and valid simulator training and examination programs.

Current Practices

In the US nuclear industry the simulation facilitgs been considered to be thmditional "“full-scope”

control room, although other devices may be incorporated in the simulatitty. A detailed regulatory
environment surroundingimulators exists. The regulations assume simuléitlelity and encompass
simulator design, testing, and usader initial and requalification examinations andn-the-job

requalification training.

The simulator scope andesign and the verification and validation processesclosely related to the
acceptability of the simulation facilitfor training and examinatioMlRC hastwo significant concerns in
this area: (1) to validate features initially and (2) to periodically test features thegearé the training and
examination program.

Multi-discipline evaluations of simulations facilitiese done byNRC staff inorder to verify the adequacy
of the simulation facility taneetand supporthe requirements included in the Code of Federal Regulations.
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Four areas arevaluated: Performance Testing; Physical Fidelity/Human Factors; Control Capabilities; and
Design, Updating, Modification, and Testing.

Additionally examiners routinely observe simulator performancpaas of the operatoticensing program
and record discrepancies.

Simulator performance discrepancies persist inatteas ofthe Nuclear Steam Supply System and major
Balance-Of-Plant design. More importantly, ttege of occurrence of these discrepanchess remained
constant over thenonitored period in spite cfubstantiaimprovements in simulator computiregpacity,
software development tools, and model sophistication.

The NRC staffdoes not quantitativelgissess discrepancy counts as a measure of sinfidatity or of the
ability to meet CFR requirements, although persistently high discrepacmynts dosometimesattract
attention. In such casdbge staff usually contactthe facility simulator supervisor and reviews tisure of
the outstanding discrepancies, in somecases, visits simulation facility to evaluate speaifimcerns in
more depth.

If fidelity discrepancies exigthat would greatly hinder or limit the ability of thicensee to conduct an
examination on the simulation facility, operating examinations shall not be conducted until the facility
licensee has corrected the discrepancies and recertified the simulator.

Simulators must also avoidisleading or negativieaining, which couldresult from the use of a simulation
facility that does not correctly portray plant response to malfunctions.

Further Developments

A simulation facility is not limited to the control rooraplica. The regulatorgefinition providesfor other
simulation devices, likpart-task otimited-scopesimulators, althougkhey are excluded from the scope of
ANSI/ANS 3.5. NRCdoes not consider this to be a probleut does expect fidelity to be comparable to
that addressed by such document.

69



NEA/CSNI/R(97)13

PART 4: CONCLUSIONS AND RECOMMENDATIONS

CHAPTER 1: INTRODUCTION
CHAPTER 2: CONCLUSIONS
CHAPTER 3: RECOMMENDATIONS
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CHAPTER 1: INTRODUCTION

The development othis task hasallowed for a betterunderstanding of the role played by simulators in
operator training programs in OECD countries. Current practicesragdingresearch projects haween
presented. Based on these, some conclusions and recommendations have been developed.

Current practices in operator trainimgth simulators havéeen summarised Rart 2 ofthis report.They

are based on the responses to a survey from twenty-five different organisations (training centres, utilities and
regulatory bodies) representirgevencountries. The large amount of oriented and graded infama
gathered (close t8000replies) reflects a real statetbeart. Thus, itcould be claimedhatthe conclusions

and recommendions described belowre not specific to any type déchnology,organisation oicourtry,

and ardikely to be pertinent to the majority @ECD courtries. Additionally, the main value of this report

does not lie only in the conclusioasd recommenddons, butprincipally in the structuredinformation

which is avaifble to any organisation interested in comparingaapect of their current simulator training
practices with the ones of other organisations.

Some specifidgssues (team worlstress and simulatdidelity) have beenreated inmore depth irPart 3 of
thereport. Severabn-goingresearch projects and activities, related to those isghieb have not yebeen
completely solved, have been summariddte information gathered fdtart 3 isvery valuablebut not as
broad as for Part 2.
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CHAPTER 2: CONCLUSIONS

The following paragraphs summarise the main generic conclusions derived from the task.

a) Extensive and increasing use of simulators

It is clear that simulators currently play an importeoié in the training programs ®PP control room
operators in OEC[Rourtries. There are nmeaningful differences on this poimdependent o€ountries,
utilities, level of plant automation or any other factor:

- 100% of the operators receive training on full-scope simulators.

— More than 80% of the operators train on replica simulators.

— Important activities are on-going, like the construction of new replica simulators. At the
same time, taking advantage of developments in computer technology, there is an emerging
use of specialised (compact) simulators, installed in workstations. Thealegtbeing used
in combination with full-scope ones.

b) Meaningful differences in current practices

There araneaningful differences iourrent practices with the use of simulatbesween countrieandeven
betweerorganisations. Trends or correlatidmstweersuch practices and specifactors (e.gthe degree of
plant automation) have not been found. Differences include:
— Differences in the policies of the regulatory bodies.
» Simulator use (devoted time, type of scenarios or conditions, etc.).
» Licensing exams.

» Simulator specifications (types, fidelity criteria).

— Differences in the practices of the training centres.
e Simulator use (devoted time, type of scenarios or conditions).
» Operations outside control room (remote shutdown panel, emergency diesel, etc.)
* Involvement of non control room operators in the simulator sessions.

» Procedures followed to incorporate operating experience into the training programs
(nothing versus strict control of the process; current versus several years later; instructors
versus several expert teams).
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C) SAT is a common framework

A Systematic Approach to Training (SAT)asmmonlyused in all th@ECD countriesNevertheless there
are many differences in the way SAT is implemented.

d) Limited use of Probabilistic Safety Assessments (PSA) results

Up to now, risk-based criterinave not been frequently used as a tool of SR process.although
sometimes theiplausible use is recognisdgor examplePSA might be used to select impant scenarios,
or to limit the required scope of the training, ordaiermine the frequency with which somsions should
be trained.

Symptom-based procedurase used in manylants.Theyare based ogenericPSA studies and results. In
this way, it could be considered that PSA results are taken into account in simulator training.

However, it seemthatthe insights and resultierived from the significant specifESA programainder-

taken in many countries have not begun to be systematically and formallyPeskdps, up taow, there

has not been a great deal of liaison between the groups of people involved in both types of activities (training
and PSA).

e) Simulators are one part of the battery of training settings
Typically, the training programsombinetraining onsimulators and classroom and, to a lesegree, other

training settings. But in no cases are training programs basgdsively onsimulators. Simulator training
is designed within the framework of a whole training program.

f) Various methods of testing are used for trainees assessment
The survey indicatethat it isextremely difficult to objectivelyassess trainees. Skills akmbwledge of the
trainees are assessednrany differentways, but in caseseported it wasvery difficult to suppress

subjectivity in assessment (although several levels of subjeatiitybe found). Individual assessment is
even more complicated when operating within a whole control room shift team.

s)] Lack of objective indicator about training quality

The same problem of subjectivity, similar to trainees assa#sappearswith respect to the evaluation of
the simulator training programs.
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h) Main issues to be improved are now related to human aspects

It seemsthat, currently,the main difficulties in thedevebpment and implementation of trainingth
simulators, or of SAT imgeneralare related tthumanaspects (e.g. streggam work, training frequency,
etc.). No meaningful problems have been reported regarding simulator hardware or software.

Historically, when simulators were first used for operator trairiimgmain effortsvere concemated on the
developmenand acquisition of simulation tools (computers, codes, etc.). Thene important activities in
this area, asshown in the documents in the bdgraphy. But, nowadayslthough there is a continuous
work in the improvement auch tools (for exaple compact simulators), the main points of inteteste
moved to the human aspects of the training.

i) Root causes included in real event data bases are not sufficiently detailed as to
discriminate among different deficiencies in training

Inadequate training is an important contributor to real events. This shouldodraattention to the
continuing importance of training. Notwithstandimgot causescluded inreal eventdata bases art so
detailed as to discriminate among deficiencies in different aspects of trdihumgy.itmay not be possible to
identify in a data base which incidents have been causéefioiencies irsimulator training. Perhaps this is
one reason why there are not formal analyses congkitulator operator training and real plant operating
events.

)] Some important issues remain not completely solved

Some specifisimulator training issueseemnot to haveevolved so much as it might be expected in recent
years. Thesarethe issues of team workiresssevere accidents, shutdown do@ power conditions and
external events. Several reasons were identified.

In the case of team work, sSeemghatthe intrinsic difficultiesassociated with the issue itsalfe delaying
improvements in this area, although important research activities have been done or are on-going.

— High levels of subjectivity occur in the conduct and evaluation of simulator team training.
Opera-ting teams arstill treated as an aggregate of individuals, not as crews. No initial
licensing examinations apply to whole control room shift teams in any country. This is also
true for requa-lification in most countries.

In other caseslike simulator training onlow power and shutdown operation or on severe accident
conditions, the reasons for the delay in implementing training seems to be based on a lack of consensus about
the importance of the issues or about the effectiveness of simulator training for such conditions.

In further casesdlike simulator training to preverdtress and simulator training in extere&ents (fires,

floods, etc.)current practicesppear to beiewed as being good enoughifficient; and additional efforts
have low priority.
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— Stress levels are neither induced in a controlled manner nor measured. A common idea is that
realistic job conditions (also stress) are induced by the very nature of appropriate scenarios.
So intensive training is a measure adopted to counter stress.

— Simulators are not frequently used for training on accidents caused by fires, floods, etc.
Sometimes it is thought that there are no meaningful differences between equipment failures
initiated by external events than by other causes.

Finally, simulator training, and training in generalp&ng applied in a systematic and technically-based
way, but sometimes without questioning or investigating the human factors associated with training.

— Human behaviour models are not usually used.

k) On-going projects are dealing with some unresolved issues

Currently, thereare activities and research adelvelopmenprojects onsome of those unresolvassues.
They reflect the priority levels and the importance assignéteto by somerganisations. Examples can be
seen on Part 3 of this report.

) Trainee attitude within simulator training

Finally, it is necessary to conclude with a problem inherent to any simulation: the atihede within
simulator sessionssome difficulties have been reported widspect to the behmwur of operators in the
simulator versus the real control room. Tied to encoage operators to respond ashi#y were dealing
with real plant events has been raised.
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CHAPTER 3: RECOMMENDATIONS

In the subsequenparagraphssome recommendatiorere described. They have been derived from an
assessment of the information gathered in this task. They denote significant and broad issues, where a lack of
consensus or a lack cbmmonlyaccepted criteria amethodologyhave been observeatrossthe current

practices in different organisations. In this sense, they could be called "needs" which should be satisfied.

Two types of recommendations haseen identifiedor those issues or topareas: specialisheeings and
research activities.

a) Specialists’ Meetings

Taking into account the significant difearces identified icurrent pratices (or ideas) osometopic areas,
the ETF-HF recommends member cotries to compare theown practices on thosareaswith the pradices
of other organisations, in order to determine their usefulness for the own organisation.

Additionally, it is the opinion of th&TF-HF thatSpecialist Meetings, specially arranged for this purpose,
might provide a useful forum to continue to exchapgadices on specific topiareas. But, irorder to
increase the meetings' efficiency, their scope should not beréaal, and theiobjectives must be clearly
and preisely defined. The meetings should promote discussions aspecalists, and avoioking simply a
colledion of individual contributions.

Some of the important topic areas for which significant differences in practices or ideas exist are:
1. Use of simulators ttrain operators oemergency contions during shutdown andw power
operation.
Use of simulators to train operators on severe accident scenarios.

Role that PSA criteria could or should have in a SAT.

Time devoted tgimulator training, type afcenarios ocondtions to be trained antime per-
centages.

5. Simulation of operations outside control room.
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b) Research Activities
Some recommendeéskues where research is needed are:

1. Trainee assessment: continuing efforts shoulpubenthe development of objective methods
for trainee assessment.

2. Evaluation of simulator training programs: efforts shoulghiseonthe development of objec-
tive methods for the evaluation of simulator training programs.

It would be important to consider whethezal event databases (e.g. IRShould seek to
discriminate amongleficiencies in differenaspects of trainingAnd, based on this, to assess
whether formal analyses could bene inorder to correlate simulator operator traininigh
real plant operating events.

3.  Team work: more emphasis shoulddog onthe resolution of the important-for-safety issue of
team work. This issukas notevolved much imecent years ndrave there been mamgsearch
results related to training of the operating shift teams.

4. Stress: it is important to assegsether intensivéraining (and towhat extentynight be enough
to reduce thastressnfluence onoperator errors duringmergency contdons, or whether addi-
tional methods should be investigated.

5. Externalevents: it is advisable tassesshe current situation of simulator training in external
events (fires, floods, etc.). The risk associated with these events is not negligible in many plants.
Additionally thecondtions thatthe opeatorsmight encounter in the control rooms to manage
these eventa@re completely different from the ones encountered during notraalsients
(multiple failures of equipmentnstrumentation failures or uncertainties in the valseske
effects, etc.).

Finally, it seems, taking into accowtme conclusions dhis task, thathe flow of information andesults

on specific issues from research centres to training centres, utilities and regulatory bemhestiees too
slow or less than adequate. Reseaeshlts arenot always transferred amulit into pradice easily or in a
timely manner.Therefore, it could b&ecommended to promote tlitegration of speciats in Human
Behaviouial Sciences into the training programsopferatorsThey could usefully collaborate witkechni-

cal specialits. This would contributetowards the solution of those trag issues related to human aspects
and might simplify the assimilation of research project results.
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Operator: Any Member of the Control Room Shift Team (Reactor Operator, Shift Supervisor, etc. ).

Full-scope training simulators: A full-scope simulator represents in réaile the mostange of operations
which can be performed from th@ain control room. It consists of a control roavhich simulates the
nuclear steam supply system and the balance of plant systetadjng all major nuclearconvertional,
service and safety systems.

Replica training simulators (or Plant-specific simulators):  Replica simulators aréhose full-scope
simulators based on a referermant, which incorpoate detailed models of the referenpant and its
systems, including a replica of the control room design. These simulators respondplsittiveuld to
normal and off-normal conditions in real time.

Part-task simulators: A part tasksimulator isdesignedor training on a specifipart of plant operations
or for training in speciaphenomena. Specific systems gitthomena may be simulated maceurately
than in a full-scope simulator aridey are used to provide training in particular ControlRoom activity,
usually including replica controls and instruments.

The system activities to be simulatede usuallychosen based on thmeed offrequent retraining irvery
important or difficult tasks.

Basic principles simulators(or Compact simulators): Basic principles simulatorare used to provide
plant system overview training with less detail than a full-scope simulation.

The plant systenmodel isusually generic and somewhat simplified and the emphasis is on training to
understand plant dynamics.

Simulation scope may be limited to magystems, components and functions or may be essentially the
completeplant. The controfoom or panels very often have a fundamentally different design in comparison
with conventional control room design; keyboards are used to entercemtnel actions an@€RT's areused

to display much of the simulated plant responses.

Concept simulators: Concept simulatorare used totrain in particularly difficult concepts bigolating
them from otheconsiderations, being specially useful in reinforcing theoretical training in conEeptthe
purpose of this training neither replica controls and instruments nor real time response is needed.

Special-purpose simulators: Several types of special-purpose simulators are in msst notably
thermohydraulic simulators (glassodel). This simulator is used primarily to demonstrate basic
thermohydraulic principles and plaphenomena. There @lso a combination of simulation and expert
system to maintain the skills @6 controlroom staff in the SGTR event, where the trainee interfaces the
package through keyboard and screens.

IGD (Interactive Graphic Simulator): Is a computer systkat allows the behaviour of givenindustrial

process to be reproduced, providing tlgacity for reatime display and interaction with the systems and
components involved via graphic interface.
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The main objective of the system is to serve as a powerful and flexible didactic medium for the acquisition of
concepts related to the operation of the different systems, providigha&apacity forthe analysis and
diagnosis of the associated-phenomena.

On-site Simulation Facility: In this questionnaire, a Simulation Facility is considered onaditn it is
located close to the plant site (not necessarily inside the security fence), in such way that Qjzdialites'
outside the plant does not result disturbed during training days.

Off-site Simulation Facility: In this questionnaire, a Simulation Facility is considered offwdiien it is
located far from the plant site, in such waphat Operatorseed to makespecial arrangements (trip,
accommodation, ...) for attending training sessions.

Systematic Approach to Training: A logical progression from the identification of thempetencies
required to perform a job to tlievelopmenand implementation of training to achieve thesmpetencies,
and subsequent evaluation of this training.

Systematic Approach to Training, Training Analysis: The gathering of information necessandésign
the entire training program. This consists ofegdsanalysiswhich looks at théasksbeing done, the people
doing them, and the organisational context in which the job takes place.

Systematic Approach to Training, Training Program Design:Whentraining programs reach thiesign
stage, measures of job performaaceestablished and learning objectivae designedhased on théasks
selectedor training. The training settings aselectedand, at this stage, tests are usualgsen based on
the learning objectives.

Systematic Approach to Training, Training Program Development.The activities of both instructors and
trainees aralefinedduring thedevelopmenstage of training programs. In addition, the magpropriate
method/sare choserfor instruction. Training materials aselectedand/ordevelopedThe technical content
of eachpart of the training program iseviewed by arappropriate subject matter expert. The training
program is validated by trying it out on a group of trainees. Revisions are made as necessary.

Systematic Approach to Training, Training Program Implementation: Implementation involves
instructors' training, trainees' selection and training delivering.

Systematic Approach to Training, Trainee Assessment: Evaluation of the trainees during tivole
training period.

Systematic Approach to Training, Training Program Evaluation: Evaluation is a continuous
monitoring tool throughout the entire trainipgocess. It is used to measure, control, angrove the

training program. Evaluation can also bensidered a finaktep of review, speciallwhen a new or
improved trainingprogram hadveen implementedtvaluation provides informatioabout training program
areas that need improvement.

Skill:  The ability to perform a job-related activity that contributes to the effective performance of a task.

Knowledge  Understanding ofacts, principles, or conceptsKnowledge includes cognitive (mental)
processes necessary for applying information.
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Needs Analysis A process ofdentifying potential or existing trainingeeds by examiningapsbetween
performance requirements and existing performance.

Job Analysis The analysis process usedi&germine theluty areasand tasksomprising gparticularjob.
The results are typicallypresented agask inventories together with associateldta describing task
performance (e.g. frequency of task performance, importance) and the job position.

Performance Standards The measurable requirements for personnel performance.

Training Setting: Theenvironment in whicltraining is conducted and learningcurs, such as classroom,
laboratory, workshop, on-the-job training, simulator.

Learning Objective: A statementhat specifies measurable behavidhat atrainee should exhib#fter
instruction. This statement includes the conditions and standards for performance.

Job Performance Measure: Tests used to evaluate a trainee's proficiency on a specific job task.
Training Method:  Themethod by which drainee is provided with the means and the opportunity for
achieving learning objectives, e.g. lectures, demonstrations/practices with modeiscangs, discussions,
walk-throughs, self-study.

Training Materials:  Written materials, audio-visual media, models and mock ups, etc.

LessonPlan: A documentthat presents anverview of thepurpose and an outline of the instruction
covered in a lesson, includirsgich items as the learning objectives, traimrgghods andnaterials, trainee

activities, and resources.

Severe Accidents: Core damage accidents.
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