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ORGANISATION FOR ECONOMIC CO-OPERATION
AND DEVELOPMENT

Pursuant to Article |1 of the Convention signed in Paris on 14th December 1960, and which came into force on
30th September 1961, the Organisation for Economic Co-operation and Development (OECD) shall promote policies designed:

- to achieve the highest sustainable economic growth and employment and 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 sound economic 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-discriminatory basis in accordance with

international obligations.

The original Member countries of ti@ECDare Austria, Belgium, Canada, Denmark, France, Germany, Greece, Iceland,
Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom and
the United States. The 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 ZealaiMb{22873), Mexico (18th
May 1994), the Czech Republic (21st December 1995), Hungary (7th May 1996), Poland (22nd November 1996) and the
Republic of Korea (12th December 1996). The Commission of the European Communities takes part in the w@E®Dthe
(Article 13 of the OECD Convention).

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) wagablished on 1st February 1958 under the name oDHEC European
Nuclear Energy Agency. It receivéd present designation on 20th April 19vhen Japan becanits first non-European full
Member. NEA membership today consistaloOECD Membecountries except New Zealant and Poland. The Commission of
the European Communities takes part in the work of the Agency.

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

This is achieved by:

— encouraging harmonization of national regulatory policies and practices, with particular reference to the safety of
nuclear installations, protection of man against ionising radiation and preservation of the environment, radioactive
waste management, and nuclear third party liability and insurance;

— assessing the contribution of nuclear power to the overall energy supply by keeping under review the technical and
economic aspects of nuclear power growth and forecasting demand and supply for the different phases 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, tN&EA works in close collaboration withe International Atomic Energy Agency in Vienna,
with which it has concluded a Co-operation Agreement, asasedlith other international organisations in the nuclear field.

© OECD 1998
Permission to reproduce a portion of this work for non-commercial purposes or classroom use should be obtained through

Centre francais d’exploitation du droit de copie (CCF), 20, rue des Grands-Augustins, 75006 Paris, France, for every country
except the United States. In the United States permission should be obtained through the Copyright Clearance Center, Inc.
(CCC). All other applications for permission to reproduce or translate all or part of this book should be ro&deDto
Publications, 2, rue André-Pascal, 75775 PARIS CEDEX 16, France
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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS

The NEA Committee on the Safety of Nuclear Installations (CSNI) is an international committee made up of
scientists and engineers. It was set up in 1973 to develop and co-ordinate the activities of the Nuclear Energy
Agency concerning the technical aspects of the 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 amongst the OECD Member countries.

CSNI constitutes a forum for the exchange of technical information and for collaboration between organisations
which can contribute, from their respective backgrounds in research, development, engineering or regulation, to
these activities and to the definition of its programme of work. It also reviews the state of knowledge on selected
topics of nuclear safety technology and safety assessment, including operating experience. It initiates and conducts
programmes identified by these reviews and assessments in order to overcome discrepancies, develop
improvements and reach international consensus in different projects and International Standard Problems, and
assists in the feedback of the results to participating organisations. Full use is also made of traditional methods of
co-operation, such as information exchanges, establishment of working groups and organisation of conferences and
specialist meeting.

The greater part d€SNI's current programme of work is concerned with safety technology of water reactors. The
principal areas covered are operating experience and the human factor, reactor coolant system behaviour, various
aspects of reactor component integrity, the phenomenology of radioactive releases in reactor accidents and their
confinement, containment performance, risk assessment and severe accidents. The Committee also studies the
safety of the fuel cycle, conducts periodic surveys of reactor safety research programmes and operates an
international mechanism for exchanging reports on nuclear power plant incidents.

In implementing its programme, CSNI establishes co-operative mechanisms with NEA’s Committee on Nuclear
Regulatory Activities (CNRA), responsible for the activities of the Agency concerning the regulation, licensing and
inspection of nuclear installations with regard to safety. It also co-operates with NEA's Committee on Radiation
Protection and Public Health and NEA’s Radioactive Waste Management Committee on matters of common
interest.



NEA/CSNI/R(97)36



NEA/CSNI/R(97)36

MEETING SUMMARY
of
THE SECOND CSNI SPECIALIST MEETING ON SIMULATORS AND PLANT ANALYZERS
Current Issues in Nuclear Power Plant Simulation

Introduction

The SeconSNI SpecialisMeeting onSimulators and Plant Analyzers: Current Issues in Nu&earer
Plant Simulation was held in Espoo, Finland, from September 29 through Oct@Béi72|t wasorganised
by CSNI PrincipalWorking Group on CoolantSystem Behaviou(PWG?2), Task Group oifhermal
Hydraulic Applications (TG-THA), in co-operation with Technical Research Centre of Finland.

The meeting inEspoo attractedome 90participants from 17 countries. A total of #%ited paperswere
presented in the meeting in addition tsifhulator system demonstratiodsnple timewasreservedor the
presentations and informal discussions during fine meeting days. The previousneeting held in
Lappeenranta, Finland, in 19@Bllected some 8participants from 12 countriepresenting a total of 40
papers.

The meetingwas structurednto 6 sessions covering the importadpects ofdevelopmentand use of
simulators and plant analyzers:

Session I:  New objectives, Requirements and Concepts
This sessiorcovered theprogressexperienced since thest simulator meetingand tried to address the
changing role of simulators based on the changes in users' needs and developing possibilities.

Session Il:  Trends in Simulation Technology
This sessionwas reservedfor studying the current trends in the simulaticechnology: software
environments, visualisation, simulator configuration tools, programming languages and computer systems.

Session lll:  Training and human factor studies using simulators

This sessionwas created fosstudying thestatus ofdifferent uses of simulators such as educational
simulators, humarfactor studies andntegrated safety assessment in addition to traditional training.
Regarding to the severe accidents, a questemraised Wether the simulator use shouldfbetraining or
education.

Session IV: Modelling techniques

The session omodelling techniquewasincluded to cover recent developments inttiadelling techniques
applicable to training simulators and plant analyz@rge of the main interests were the interconnection of
analysis level models in real time applications.

Session V:  Plant analysis applications

This sessiorwas planned to cover the various applicationspteEnt analyzers in plardesign evaluation,
system qualificationdevelopment obperation procedures and safety analysis. fidve concepts such as
multifunctional simulators and LivinBlant Analyzers supportingpany of the abovenentionedapplications

and adding featurefike evaluationand testing ofnew control systems and operatsupport tools.
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Session VI:  Simulator validation and qualification

This session concentrated on simulator validation and qualification procddlogsed in the training
centers asvell as on the problems encountere@teas such asevere accidents and accident management.
The requalification of the simulator was also a topic of discussion.

Major conclusions of the meeting
The major conclusions of the meeting can be summarised as follows:

» The role of simulators is changing and the applications are becoming more diverse.
» The differences between training simulator and plant analyzer software are disappearing.

* It would be useful to establishkasis, or a set of rules foomparison of simulators. A small group of
experts should b#rmed tostudy feasibility and benefits of such an exercise and possible comparison
criteria.

» The themes of SAMOA meetings appear almost as a subset of this senestiofys. In théuture,these
meetings could well be combined.

» A suggestion was made to develop a simulator for plant maintenance procedure practices.

Opening Remarks

The openingremarkswere delivered by theepresentatives of the organisipgrties,André Drozdfrom
OECD/NEA and Lasse Mattila from VTT.

Summary of Sessions
[ New Objectives, Requirements and Concepts

A total of four papersvere presented itis session, thirst paper 'Summary dhe 1st SpecialistMeeting

on Simulators and Plant Analyzeeld inLappenranta’ (VTTovered theaesults of the previousieeting

in 1992 ancdcompared the visions presented in the meeting with the developacrdtly realised. Many of

the simulator concepts and tools presented in the prewmagingstill exist in a more rmture form.
Specifically thegap between thenalysis codes and the simulatwodels isdisappearing, much due to the
dramatic increase of affordable computer power available todayd&stopmentslsoinclude successful
interconnection of thermal hydraulic and reactor kinetics models as well as the appearance of multifunctional
simulators and research on hunfaators, allforeseen in the previoumeeting agart ofthe desirable co-
operation between specialists of different disciplines.

The secondchaper 'HumarMachine Interaction Research Experience and Perspectiveseasfrom the
OECD Halden Reactor Project' (Haldeodvered thaesearch experience of HaldBeactor Project. The
major topicswere the studies and related methodologievelopment on th@perator cognition and
information processing performance in control room environnfd®MMLAB), the performance and
problems related to information presentation andidwelopment oplant surveillance ansupportsystems.
A Virtual Reality Center hasbeen founded as a complementary extension of HAMMLAB for
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studies of existing and future control rooms. As a response to increased interest ifidutonamesearch, a
project hasbeen launched toreate anew facility HAMMLAB-2000, equipped with realisti®WR and
BWR simulators.

The paper 'Regulatory Perspectives MRP Simulator Applications' (SKl)considered the regulatory
perspectives on thidPP simulator applications. Traditionally the focus of interest of the reguléinties
has lain orthree major topics: the operator training, the safety analyses using advanced plant analyzers and
the procedurefor preparedness amnergencyperating procedures. In tifigture, the major issuewill be
the largeNPP modernisation antack fitting projectdeingcarried inmany countries and their relation to
the publicconscience of thasks involved. Theconfidence amongublic erodes quickly, if problems arise
causing unplanned interruptions or shutdown due to safety problems. To ghesetite measuresken
must be explainablegobust andsimple. In case of transientgcidents or anomalouglant behaviour, a
careful analysis using advanced plant analyzers or atbdernanalytical tools is considered essential.
Answers should also be found to 'What if' -types of questions, tryifigddhe often small, trivialooking
incidents that have the tendency to develop into accidents.

The last paper 'Operatdyids for Severe Accident Management' (AVM)as a summary othe second
OECD specialistneeting orOperatorAids for Severe Accident Management (SAMOARId inLyon, 8-

10 September]997.The scope of theneeting coveredperator aids for accidembanagement, analysis
methods and relevant simulation todts operator training. Theeneral conclusions indicatbat the
development and implementation of operator aids for accident managemeprioigrass buproceed slower

than expected. The training for severe accident management (SAM) is gaining acceytitadeere is still

a debate on the orientation of the training: skill or knowledge oriented. The tools for SAM training are still in
infancy. For concrete results, international collaboration should be increased.

Il Trends in Simulation Technology

The session "Trends in Simulation Technology' dealt agtyects ohew technologies ithe development of
simulators and NPAs. The firdireepapers,Experiences on the SoftwabevelopmenPlatform ALICES'
(CORYS T.E.S.S), 'CISO: Charter lotegration for Simulation Openne$EDF/SEPTEN) and 'APROS -

a Multifunctional Modelling Environmen{VTT) were concerned with the modelling environment. The
efforts are directed towards providing homogeneous modelling environments, establishing model interfaces in
an object-oriented fashion, and enabling reuse of compotlamseducing simulatodevelopment time and
costs. In particulathe requirements of developers concerniagr interfacesvhich provide high flexibility

in adapting existing system designs amddels are addressed. A step further time direction of a
multifunctional environmentor a wide range of various applicatioriscluding non-nuclear simulators is
taken byAPROS. Itslayered architecture allows tmodel increasingly complegystems by using the
features of lower layers.

In paper 'GRASS the Graphic Simulation System' (KFKI) a slightly differemproach of constructing
sourcecode directly from aiserdefinedgraphic networkvas describedyith reusable graphicomponents
instead of predefined models. The system is integrated with the real-time executive data thase of the
simulator.

In paper 'The Trend towarddindows NT Platform for RealTime Simulation'(RNI) a strong case was
made for utilising PC's running Windows NT in simulators. iifan advantageareseen in the availability
of well-proven third party tools at costsmuch lower than in the UNIX world, decreased
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operating and maintenancests, aswvell as theready access to spaparts. The increasing number of
simulators in operation or ordered on thigsis is proof tahe strong impact of Windows NT in the
simulator world.

A study in papetUsing Intranet with SimulatiofGSE) onnetwork-wide simulation as to the possibilities
offered by the Internet and the Internet-aware programming langaagealong with the prototype of a
distributed client-server architecture, showed the feasibility of such an approach.

The paper'Enhanced Productivity of Simulation Engineef@SE) made clear, how productivity of
simulation engineensassteadily increased in accordance with advancing technology. It is clénaegith
the modern modelling environmeratsd tools available today, simulatiengineers may concentrate on their
proper tasks, without the burden of computer science heavy on their shoulders.

In summary, the impact of the object-orientgaproach in softwareevelopmenthas reached simulator
development. Strong efforts are seen to provide standard interfaces tonoeledenritten in different styles
and languages, to group objects to fanore complex systems, and to provigeer interfacegelieving the
simulation engineer of mansoftwareengineeringproblems. According to the general trend in migrating
applications to WindowsI T, thefirst simulators are appearing on a PC-basis.th@future, the direction

of client-server architectureshich has alreadypeen realised in som@ant analyzer applicationsill be
taken further to distribute simulations on the Internet. With respempdoness of simulat@nvironments
and standardisechodelinterfaces, it remains to kseen if these concepts will extend beyond the scope of
single simulator manufacturers.

1] Training and human factors studies using simulators

A total of 11 paperdave been presented, covering $it@te ofthe art in training simulators anttuman
factor issuesAccording to the main focus of these presentations,¢heybe grouped in the thréslowing
categories:

7 papers 'Training of Nucle&@ower Plant$ersonnel in the German Simulation Cenf@&SC), ‘Nuclear
Plant Analyzer: An Efficient Toolfor Training and Operation Analyses' (Tractebel), 'Multifunctional
Optimized Scope Simulators @entral and Eastern Europe’' (CORYE.S.S),LeningradNPPFull Scope
Simulator - Anewgeneration Toolor Training and Analysis' (Kurchatov), 'Leningrié®P Full Scope and
Analytical Simulators as a Tools fMI Im provement an@perator SupporBystems Development and
Testing' (Kurchatov) and 'An Interactiv@raphic Simulator (MAAP4) for Garona Nuclear Power Plant
Developmentand Applications' (Univ.Cantabria) are relatedthe progress andtate ofthe art in
simulators used for training purposes,

2 papers'’An Operator SelftrainingSystem Based upon the Emulation lostructor Skilling' (Ansaldo
Nuclear) and 'Event Tree Simulation Technigt@sintegrated safethssessment' (Consejo de Seguridad
Nuclear) where theuse of simulators habeen proposed in connection with tbdevelopment or the
verification of plant operating/emergency procedures and

2 papers 'HAMMLAB-2000 for Human Factor’s Studi@dalden Reactor Project) aridevelopment of a
Research Simulator fahe Study of Humariactors andExperiments(TEPCO)dealing with the use of
simulators for human factor experiments.
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From thefirst group of presentations appears tipgite a substantial progresasbeen made in thiast few
years in the performancagccuracy and capability of simulatorsthme trainingarea.Another interesting
aspect is that alsaccident conditiorare currentlyaddressed in training programs atheht consequently
training simulators ar@ow capable to cope with abnormgalant conditions, at least up @esign Basis
Accidents. The next challenge is to evaluate the possibility (arambiivenience) to haveaining simulators
able to go into severe accidents conditions. Althosgimeresearch habeen done irthat direction (an
example is the Leningrad training simulator, from Kurchatov Instituteggeetns not be agreement on the
opportunity to include severe accident conditions in operator training programs.

A topic, which has regrettablypeen left completelput is the simulator capabilifpr training inshutdown
conditions. Although in recenyears,the risk of accidents during outagéss been evaluated to be
comparable to the risk at power conditions (with associated increased auorgorobabilities), apparently
no special efforts haveeen made in extendirgimulator capabilities to cope with the spedahditions
which exist in shutdown. An exception is the full-scope simulator at DdedreTractebel hasleveloped a
modelfor mid-loop operation (see Session 1V: Mid-Loop Mofi®lDoel 1 and ZTraining Simulator). It is
suggested that this issue will be addressed in the near future.

The use of simulators iconnection with procedure development/verification is a relatiwelyissue and,
from the presentations on this topic, it seems quite promising, especially whargtidsthe verification of
Severe Accidents Management Guideli(@aMG). However, this leads back to theed ofsimulators able
to dig well into severe accidents.

Finally, we had a couple of presentations related to the use of simétatbtsnanfactors studiesere the
possibility andconvenience toun humanfactorexperiments in simulated control rootmgsbeen presented.
It includes the evaluation obperator performance in different simulatedvironments and abnormal
conditions. We expect to see in the near future a number of interegtiagments evaluating the usefulness
of the manyoperator supporlystems whickare indevelopmenand it is not cleanow if and at what extent
they could improve the operator understanding during abnormal plant conditions.

v Modelling Techniques

This sessiormffered an outlook on the coupling of qualified neutronics codes with system codes. There is a
general agreemetttat formanytransients, it is necessary to use a 3D neutron kineticklcoupled to a
thermal hydraulionodel inorder to obtain satisfactory results. Thised coincidesvith the fact that one

may take advantage of the increase in computing power that has become available.

Five papers'Coupling of 3D Models with the System Co8@HLET' (GRS), 'Interfacing High Fidelity
Core Neutronics Models t/hole PlantModels' (Nuclear Electric), 'Neutronic Aspects of fie¢OR Core

Dynamic Modelfor Training Simulators' (Scandpower), 'Neutronics and Thermal Hydrislddelling in

Reactor Dynamics Codes TRAB and Hext@firT) and 'APROS 3-D Cor#&lodelsfor Simulators and
Plant Analyzers{VTT) addressed this concern and presentedothgoing activity in GermanyUnited

Kingdom, Norway and Finland.

Three papers clearlindicated the current trend &xtend the scope of th@mulators. The first paper
‘Effective Modelling of Hydrogen Mixing andatalytic Recombination in Containmefitmosphere with
Eulerian Computer Coded' (Ansaldo) addressed rtialelling of HydrogenMixing and catalytic
recombination in containment atmosphere. Coupling an Eulexige with a CFD code has been
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considered in order to predict effectively (with reasonable computer running timag@andtely (i.e. with a
high degree of confidence) the natural convection flow patterns and the distribution of steam and gases in the
containment.

The secondpaper 'Thelmplementation of a Mid-Loop Moddbr Doel 1 and 2Training Simulator'
(Tractebel) presented the adaptation of an existing full scope simulator in order to ssonidatenid-loop
operation transients.

The third one 'Latest Improvements orTRACPWR Six-Equationg hermohydraulic Code' (Technatom)
presented the lateghprovements oTRACPWR sixequations cod¢hat hasbeenadapted in Spain for
implemenation in simulatorsBeside the code speed apd codeplatform downsizing the scopbasbeen
enhanced for mid-loop operation and for modelling VVER and PHWR.

The paper 'The IMPACT Super-Simulation project Exploring NPP fundamentaphenomena(NUPEC)
presented this ambitious Japanese project (a ten-years protVd@@ACT is the name of grogramwhich
will perform full-scope, detailedalculations of physical and chemigdlenomena in auclear power plant
for awide range of scenarios. The maimdulesare,the Human Interface, the Analysis System, Bzda
Base, the Knowledge Base and the control system that supervises the whole system.

The paper 'Integration of ANTHEM Thermal HydraWiodel in ROSEEnvironment' (CAE) presented the
project to integrate a two-phase thermal hydraoiiodel into a Real-time Object-oriented Simulation
Environment (ROSE).

The paper 'Evaluation of Two-Fluid and Drift Flux Thermal HydraMiodel Capabilities using APROS
Plant Analyzer' (VTT) presented an evolution of two-fluid and drift flux model capabilities.

The paper 'A Nodalization Study of Stedeparator in Realime Simulation'(GSE) illustrated the
nodalization effect on the results for some typical BWR transients.

Vv Plant Analysis Applications

In addition to the well-knowmise of simulator for training purposes, this sessvais devoted to dot of
guestions concerning thariousparts ofthe NPP operation which may be solved simulators or plant
analyzers rather than on real plantgsign evaluation, procedure validation, system testing, accident
management. Ormaust,however, keep in minthat such applications can pessible only if the simulator
meets theappropriaterequirements concerning, iparticular, itssimulation range (adaptability to plant
specific features) and its pertinence.

The paper 'Simulate-3 Coidodel for Nuclear Reactor Training Simulators' (GSigsented the work
realised on the main 3D neutronic mod&IBMULATE-3K, the Studsvik corenodel. The modifications
concern real-time computation, using parallelization techniR@$1X threads of UNIX owWindowsNT),

and lead to a new module SIMULATE-3R, utilisable for training. The adaptations have been made for BWR
and PWR Core Management System (CMS).

The paper 'ATLAS: ApplicationExperience anéurtherDevelopmentGRS)presented whdias already
been done on the GRS-developa&d@LAS plant analyser: realisation of supplementampdules like

Reliability Advisory System, Procedure Analysis and diagnostic sydemSGTR accidents and
implementation (in complement ®THLET thermohydraulics code) ®&ALOC confinementbehaviour and

10
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MELCOR severe accident codes. This allows a véde range of applications of such a plant analyzer: the
adaptation to the plant specific featuhes alreadyeen dondor 4 plants (2 PWRand 2 BWRs) and is
under way for 3 others RWR, 1 BWRand 1 Russian VVERO000/230). Inaddition some developments,
like implementation of WindowsIT, tracking simulator andlesign of a multimedia Analysis Center are
planned.

The paper 'SAPHIR: a Simulator for Engaming andTraining on N4 Nuclear Type Power Plants'
(Framatome) described tmew simulator SAPHIR developed byFramatome fothe French N4 reactor
type. Advanced codes, likERACAS for the primary circuit and GVAXIALfor the secondary side of the
steam generator, anesed forthe modelling of the mairsystems and simulation workshop, for the
representation of the fluid, electrical instrument and control networks; the man-machine irtasfaeen
also substantially improved.

The paper 'The RELAP-5 Based NPA' tbe VVER440/213type Paks3 unit (KFKI) presented the work
realised performed through a co-operation betwiractebel and KFKI-AEKI, in order to build the NPA
interactive graphical tool, using tfRELAPS5 code,for improving theknowledge ofsystem behaviour and
alarms safeguard systems response during transients like scram and loss of primary coolant.

The paper 'NPA ApplicationBevelopment in th&luclear Safety Authority Framework' (SNSpdesented
what haseen done, icollaboration with Tractebelor realisingthefirst version of a plant analyzéor the
Krsko NPP.The RELAP5(version Mod3.2) codewas used forchieving in1996 atool used now for
training and foiimproving theknowledgeaboutthe classicatiesign accidents. The coupling with gevere
accident analysis code MELCOR is foreseen in order to improve substantially the simulation range.

The paper 'CATHARE ApproachRecommended byEDF/SEPTEN for Training (or other)
Simulators' (EDF)presented the several steps of simulatgslementation inEDF: at first (1980 - 85
design) full-scalesimulators, based on DEFI-2 thermal hydraulic codbsutten yeardater SIPA (and the
SIPACT'’s) and Fessenheim and Bugey fuficale simulators, based on the CATHARE-Simu and
CATHARE 1 thermal hydraulic codesjlowing in particular tosimulate large break€ven improved
simulators, based on tliee-modelling of CATHARE 2, arenow plannedor the next years: the 1fillion
dollars project SCARuill allow to have, on full-scalsimulators, the possibility of processing all operating
conditions (except for severe accidents, leading to core degradation like melting).

The papetUse of Simulatorgor Validation of AdvancedPlantMonitoring Systems' (Tractebel) described
how the Doelsimulator was used fathe validation of a process monitoring and supervision systems,
DIMOS. Through arextensive testing campaign of two versions (one alarm-maskidgne nonalarm-
masking) of this system, the importance of the alarm treatment for the operators was put on evidence.

In the paper 'CAMS as a Tool foldentifying and Predicting AbnormdPlant Stateusing Real Time
Simulation' (Halden Reactor Project)\wias described how thenodular CAMS systems, iparticular the
tracking simulator module, can provide assistance for the assessmerfutiirtadevelopment of accidental
situations and in planning mitigation strategies. We mgthat, even ifthis project started adaldenonly
in 1993, the realised prototype was successfully used during a Swedish crisis drill already in 1995.
The paperAn Intelligent Diagnostic Aid (IDA) Based upon the Simulassti Operational Experience'
(Ansaldo) presented an intelligent system providing lf@lpaccidental situation diagnostiasymbining
expert system technique®r issuing andnanaging deduction rules withNPP simulation tool, adapted
from theLEGO code. This systerwas developedor the Sampierdarenaixed gas-electrical power plant
and is now to be adapted for a VVER 1000.

11
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In the paper 'Simulation Strategy Management of Jos€abrera NPP(Union Fenosa Ingeneria) it was
shown how the simulatiostrategyhelped in defining management orientatiémisthe JoseCabrera NPP,
especiallyfor the case of nucleamergencies, arftbw simulation experienogan boost thelevelopment of
‘general purpose tools'.

The paper 'Experiences of APROS in Nuclear Power Plant Safety Analysis' (IVO) showgtdeAPROS
simulator took a majopart inthe revision of the Loviisalant safety analysis, afténe decision of power
uprating program (up to 1500 MW asminal thermal power) implementatioAPROS wasused for the
simulation of the classical accidents (LOCATWS, SGTR,...)with quite satisfactory results. The
utilisation experience shows that the fine 6-equation model is only necessary for a small number of transients
(such as LBLOCA); for the other operational transients a 5-equation model is sufficient.

It appears clearly, iconclusion,that the ‘common denominatdor simulator utilisation is still operator
and/or expert trainingaowever someountries areow using such tools fomore advancegurposeslike
accident management and/or probabilistic risk analysis.

In thatperspective, thaeed ofsimulator possibilitimprovementfor achieving these goals successfully has
been clearly identified; in generahfety analysis requires muntore pertinence and simulation range than
(pre-programmed) training. Finally, the usesomeexpert system techniquesems of quitgreat interest
for a highly efficient crisis management system.

Vi Simulator Validation and Qualification

The first paper in the session '3D Core Model for Simulation of Nuclear Power Plants: Requirioesits,
Features and validatioifhomson) described the requirements, features and validation of a 3Dwadek

for four nuclear power planisith Siemengeactor control and protection systemsiich consist of three
staggered systems acting on the control iogssing very stringent requirements on the core and primary
coolant system simulation models. The 3D comedel developmentoncentrated on achieving the best
possible match between simulatiomdel and the design codes applied in fuel management and safety
analyses. The resulting camodelhas ~3700 3zore cells. The simplified thermal hydraulic calculation is
also carried out for each cell. The validationluded stand-alonseparate effects' and global testsva#

as coupled global tests in the complete simulator environment.

The paper 'Thése of SIPA 2 Simulator for safety StudigSxperience Feedback aRditureDevelopment'
(IPSN)described the use &8iPA 2 simulator for expert trainingevelopment of accident managemaiais
and safety studies during theest 4 years. Thextensive use resulted in mamsoposals for simulatanodel
development and qualification, applicable to many similar systems such as multifunctional simulators.

The paper 'AVerification and Validation Program for Simulators for SoudetsignedNuclear Reactors'
(BNL) describes the verification and validation progfam11 simulators (both full-scope and analytical)
for Soviet-designed nucleagactors in Russia andkraine. The program includes V&V coursg the NPP
staff and the description of a acceptance test procedure.

The last papelinteractive graphical Analyzer Based on RELAP5M®3A NPA' (P.M.S.A.) describes an

interactive graphical analyzer based on Relap5/I8@l-NPA. The model describes the RBnodel of a
PWR, including primary coolant system, steam generators, secondary system up to turbine and condenser,
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and thefeedwater system. The relevant protection and control systemisicluded. Some modifications
have been made in the graphics interface in order to improve the analysis and teaching functions of the NPA.
The validation process is underway.

The userxperiencavas ingeneral positive and training using simulatoradw given to nevecategories of
personnel (safety authoritiesiisis managers, safety analysts). Verification of simulators by assuring the
equality of plant and simulator environments importantfamty easy to achieve. Validation ofodels may

be done bycomparisons with advanced computapdels (transients, accidents) and plagéta. It is
important that reactophysicsdata arevalidated against true plant behaviour. Emphasis is also laid on
comparisons with plant transients.

Vil Discussion
The Chairman summarised major points of the meeting regarding:

- need for maintaining expertise (analysis, modelling, what about available funds)

- training and education (who, how and to what extent include severe accidents?)

- control rooms and operator support tools (human factors, operator performance)

- simulators and safety analysis tools: all-in-one -tools, qualification (simulator benchmarks?)
- future activities: develop current technology or look for new approaches?

Comments made and issues raised during the follow-up discussion:

A questionwas raised if we do tomuch of modellingThere may besomeduplication with work of stand

alone code developers. Although it may lead to diversitgppiroaches, tomuch diversity mayecome
counterproductive. There is a related problem regarding uncertainty. The importance and awareness of it
should be increased because too ofteramedaking the simulator results &sue” plant responsewhich

may not be the case.

There is a trend of mergingarious codes and/or subroutingsat were validatedseparately. It is also
necessary to validate the 'combined’ codes, since putting togetlmrsmodules requireome changehat
may effect the validation of the fingiroduct. There is still @ifference in an engineeririgulture” and
practicesbetween the THand neutroniccode developerdMore contact and joinineetingsare needed to
bridge this gap.

There was asuggestion to establish a possible benchnfiarksimulators. It is not cleahow such a
benchmark could be defined, however an exampliegiven of an Al benchmark establishadout 2 years
ago. It was agreed, however, that such a benchmark would be very ugeftildalargiven ongoingMSLB
benchmark on TH/neutronic coupling. KOLA simulatevas mentioned as @ossiblemodelfor such an
exercise. A recommendatiovasmade to organise @neday brain-storming session to discuss possibility of
a simulator benchmark. Such a meeting should include representatives from Halden, PWG4 and IAEA.

An observation wamadethatthe simulator applications have changed duringabe5 years, i.ethere is
moretraining, safety analysis and support for regulatoraditition, the simulatorare changingfaster and
fasterleading to a possibility of applications in taeeas of MMland humarfactors.Question were raised
regarding possible establishment of standards for GUIs.
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Difference in opinions existed regarding whether SA should be includgchutators’ models, iparticular

in full scope simulators. The benefits of having SA capabiliie®perator trainingvere questionedMost

of participantsagreedthat, although the emphasis should be on plant 'normal’ operationsaasits, at
least some aspects of SA should be included. The SA training should be aimed not soapeicktdos, but
rather to others like technical support center personnel, inspectors and regulators.

There is still an issue about usefulnesstha real-time simulators in the control room during accident
conditions(but not in normal operations), i.¢he operators may not be able vayuld not have the time to
take advantage of the simulators results.

An interesting suggestion was made to develop a simulator for plant maintenance procedures practices.

The themes of SAMOAneetingsappearalmost as a subset of this seriesrafetings. In thdéuture, these
meetings could well be combined. This observation and recommendation was expressed several times.

14



