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Development of Autonomous Plant (6)
—Presentation at OECD/NEA Specialist Meeting, Visit to ENEA, KWU, Halden—

Kenshiu Watanabe

ABSTRACT

Presentation of a paper entitled FUZZY DIAGNOSIS has been made at CSNI/
CEC Specialist Meeting on Trend and Pattern Analyses of Operational Data from
Nuclear Power Plants, held in Rome, Italy, from 3rd to 6th April 1989. And
discussins on Al (Artificial Intelligence) system, knowledge base and man-
machine interface were done at the ENEA near Rome, the KWU in FR Germany and
O0ECD halden reactor project in Norway. About a hundred specialists were .
paticipated at the meeting from 13 countries and 4 agiencies (CEC, IAEA, OECD,
WANO). The meeting was comprised from three sessions for invited papers,
investigation results by OECD and technical presentation. R&D results on
information processing in PNC could be introduced by the presentation of FUZZY
DIAGNOSIS, in the technical session.

At the ENEA-CASACCIA, knowledge base was built in the expert system of
the DISKET, developed by Japan Atomic Research Institute through the joint
work in Halden Reactor Project, using a simulator fabricated by Westing House
and installed in SEL/GOULD computer. At the KWU, vigorous developmental works
were done on Prins (Process Information System) to support the operators under
abnormal/normal conditions in nuclear power plants. It is possible for them
to know plant conditions easily from the graphics in which coolant temperature
/steam pressure as a function of reactor power is displayed with levels
showing activation of protection systems. At the Halden Reactor Project,
developments were carried out on ISACS (Integrated Surveillance And Control
System), to assemble SCORPIO to support operator to monitor and predict
condition of a core, HALO (Handling Alarms using LOglc) to reduce numbers of
alarms in transients and the DISKET.

From these visiting, development environments in which computers for
numerical calculation and symbol processing were linked, would be thought to
be useful for us to proceed the R&D concerning the autonomous plant.
Information would be exchanged because of interest shown at the visiting
places for our studies in PNC on knowledge compiler, pattern recongnition and
operator thought model.

Frontier (Al) Research Group, Technology Development Division
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Institute for Energy Technology
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VIALE REGINA MARGHERITA, 125
ENEA Thermal Reactor Department
Design Methods division Casella Postale 2400 00100 ROMA A-D
Kraftwerk Union AG
Hammerbacherstrasse 12415, Erlangen, FR Germany

0ECD Halden Reactor Project
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SFEO (1) BM. (2) BE, (3) WBEETRT,

2. 1 £BOHM
CSNI (Committee in the Safety of Nuclear Installation) AEE® TV BFEHED

BROEK AT 2D, |

@ NEA (0ECD Nuclear Energy Agency) ~OiE#zT — 4 DTk - Bt

@ T—FDO5HE - iV

® Py R/ RS-V ORA BEEDERR
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e RT3 &,
@ A5YT. TAVA, BE, OECD, CECHhOEHOEET— DL
YRR — VB OBRAREN S Invited papers
(© OECD,ENEL (Ente Nazionale per I’Energia Elettrica), NIIZ 5 Trend
and Pattern Analyses(TPA)ICBEd BN Fo— 7 HEOEENRINLH
EWmE
® HFHIMED LY R RS — VBT B 535458 B Technical session
D325 ->TW5B, Technical sessionld, X &I
(1) INPUT DATA FOR TREND AND PATTERN ANALYSES
(2) TECHNIQUES FOR TREND AND PATTERN ANALYSES
(3) TREND AND PATTERN ANALYSES, IMPREMENTATION AND RESULTS
(4) TREND AND PATTERN ANALYSES, CONCERNING SAFETY IN THE FIELDS OTHER
. THAN NUCLEAR
(5) ON-GOING PROGRAMS AND METHODOLOGIES FOR IMPROVING INCIDENT REPORTING
AND ANALYSING SYSTEMS
DH D HN B,

2. 2. 2 &nE - 4
SEN3DEE 4 >OBEINSHIcB ML 7,
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GCRT&HALatina(153MN. 1 96 5EMDPWR THATrino(260M) 1 9 8 14
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fEtriciilatinaDiFE, A FYRAD= Y ) w7 RIB, SF LT AVAHOEFIR
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Space Administration) _
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CN6D Ly NETZITO, BEETRITROBRAEET 5,



PNC-TN9600 89-004

(3) Nario Watanabe, Kensuke Kobayashi, Kazuo Fujiki “CESAC: Computerized
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CESACIX FE D HASEE Tl S MBS b > BRI O IR & KIRRIE
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N.Watanabeld TH+ 23— b Y ZF LI L TOWIEWEEZ LTV,
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FTEZ2bDTH%, AlOBREBENEEHRICLTVWBEES &, Z £ Tt
M7SBAZEZ LTtV TPAOKSERIBCHVWASER T A2HREL TV S, TD
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(4) M.C.Dupuis “Trend and Pattern Analysis of Operational Data through
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(9) J.Amesz.H.W., Kalfsbeek, “The Development of Trend and Pattern Analysis
Method for Incident Data by CEC’s Joint Research Center at ISPRA” CEC
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1) EDPIRS
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Wi, FBEROFRHCEMIZE - 1,
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Evaluation System) DIZEAR X7z, J-HPESIZINPO(Institute of Nuclear
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a Complex of Mechanical and Human Circuits”
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Data from Japanese Nuclear Power Plants”
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CSNI/CEC SPECIALIST MEETING ON TREND AND PATTERN ANALYSIS OF OPERATIONAL
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(1)ENEA
Dipartimento TERM
Servizio MEP-ANALDAT
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3. 1. 1 ==z
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(3) A.G.Federico
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3. 2 KWU
3. 2. 1 #EH

(1) WERNER ALEITE
Senior Director Reactor and Safety Systems 1&C: Special Systems

(2) Dr.Chistian Forstner
DEVELOPMENT REACTOR-LEITTECHNIQUE

(3) Dr . HARALD ROTH-SEEFRID
Head of Department Process Engineering Reactor Protection System,
Operational Procedures

(4) Hr.Ertmann

(5) Hr.Emdmann
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3. 2. 2 » BRFE DI

Dr. Chrlstlan Forstnert)\b WERNER ALEITEiz 1 5 S3fEfREHEN Itk
Dr.Christian Forstner, Dr.H.ROTH-SEEFRID, Hr.Ertmannh» 2 3iRE% 5 it7- (OZik
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Load Diagram’ Tli, MEAIMBE & ERTELZFILOEEE L TR, - O,
i BBV HEMEEIT A LN LAY TERT S, Dr.H.ROTH-SEEFRIDIZ X it
PrinsiTiZ AN —2 OZRR (2] ) @34 GGk (10) ) « FU 7 nmMEfs %
CHWIc v AT L TH 5,

8. 2. 3 7urF4THE~ADIALE

A 34 7 —DBE, —a—50Fy MEBEVAY — URBBRECEEA R X
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Artificial Intelligence in Nuclear Power PlantsicBEAFEL TR 02—
Wy bI =7 W RESH RS 3R EER L o2 LTHRLVLED
BHANES T, THELK,

o, ERTARAL TV 3Prins® BEAFLE T30 TH NI, UtilitiesEBLT
TLYYPLTHIWEDFED S I,

3. 2. 4 B8

5% » BAFEHER M3 Fe D DB SBEICH 2 E B o 72 O & 1ZEIR L #-PRINS
W 3BEDHFHTZ » b (Convoy 1300MWe PWRs) THEEXNZ (M5) 7274 < B
DIBEDTZ L MINwI7T4 9 FLTRBENTVENSTHE, A—H &
Utilities& DRI WIBHERNH 2077 EE 5, AKTIZHTONICA, HZ 0
PODIADBAFERRED 1 IAIFR TS » P TRAINTOVEYN, BES S5 Y bMoET
Wy 774y FPFBIEBLIARSVEELIOIBIBURNA —H EUtilitiesD iz
LG

L20EDRBKNIE A —HOBEBETH B, LD VAT LEERTBEA—H &
VAT LG T DO EBEE B BEIC SN TV S, BIZEERDOPRINSGD V) — 2~
O LEDVWTHEM U/ EIARE 2@ 02— o PIICHIRILY R F 2R LA
Do, UAMNRD= 7 aDHaY 2 MIFIA —ATER LTV 3D TG & Ab e
BiFES S E VSTV,
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3. 3 Halden Reactor Project
3. 3. 1 &H&EH
(1) THORBJ®#RN J.BI#RLO
Research Manager Man-Machine Systems Research
(2) KJELL HAUGSET
Chief Engineer Man-Machine Systems Research
(3) @#YVIND NAESS
Researcher Man-Machine Systems Research
(4) TOY KARSTAD
Researcher Man-Machine Systems Research

3. 3. 2 WE - BHFEOHE

THORBJ ¢ RN J.BJ ¢ RLO% &Halden Reactor Project®fizs « B OMEE. KIELL
HAUGSET 2 & S BE AT RS2 o 2 7 A ISACS  (INTEGRATED SURVEILLANCE AND
CONTROL SYSTEM) D3BA% 537z,

Halden Reactor ProjectTid. 0ECDD 1 0 » EAHE L. BB, 7 o& X E1H.
PREEKIPOMIEE LTV 3, BRERNEICET 2 EBR T — 7 A2INET 2 RA P, ik
EDREFOAEENIVHEILL TV S, - |

T RGOS THEE LTV A ISACS ((16) it

(1) PFLREORH « FRSZE V274 SCORPIO

(2) BEREFOEREAR S 3HALO (Handling Alarms using LOgic)

(3)  HARFHPIERLBAZE L 7-DISKETA W 2H v 2 F L% Th 3,
FEHETEVRATLTHS Gk (4) . (1) .

SCORPIODEE i€ — FTid. sHHMEAADMEE L, F+ ) V88 - 3IkThEEF
WS ¥ 3 2 b—ZCYGNUST, PLREEDEIEBES 8T 5, CYGNUSTIE. 1120
J — FOPIRT20R B0 @IEAEE 4 DLINTEHET 3, T Y25 LidRinghalsts
TEIERGTEMEICHO, 28FIcbBBEL TV 3,

LR 2T LHALOTIE, B TICRTPWROD IV ZAI—F3 3 4 — ZNORS
Gk (12) ¢ (13)  (14) ) 2BV, 24 T25500 2 v — % o,

ND —57T0: T EMZH O TDISKETA I 5, LWrHIZHINORS Y I 2 L — ol
e 5, MEHKE SBT3, —RAMRE, —KRRAE., TE T V-0
HIRBETH 5,

3. 8. 3 7uryT4THE~DIXLE | |

[SACSHERD LF X3 MV AT L/ BEFET 075 L0 SR T 2720, 8
HOu—ANAL YAFLEAVEERNTS  FOBBICAEKERI NI, HED
TVl MPIRE ST BEROT, BREAT Y AT ABEDOHiES., HERkEE
AL THREEED SNE T — <2 BENICRET 2 LTI -7, (BT
BICOBAEWICERET A2 &L,

[SACSTH ., THFRA/NN— bV RTFLEZHKEDOGensymD G 22 HWTHEELTWSE (X
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B (15) ) o YT T A LBIHEN L WE 572,

3. 3. 4 &M '

B - BARICBT 2 LEB & YL —FTT oY 2y M AT A00EERE LR
Creo INETERENICRE L Tid. ISACSY R 7 L D&% HESE U 7- BV .. OECDP SRk
RS OOk (11) ) Tl MBAR Y2V oA v 7 = — A ERARET
bREKXL TV, PNCHS4ED 5 HicKnoxville, Tennesse THREAFIEL TS

“Conceptual Research of Autonomous Nuclear Power Plnat” EOWXRELIE
BEBOVESE L THEER EFHEZ L,

TN —TEEICDWTIE, 2L DADENE/NKNBOEESHETENES &4

SRTH B, ISACSDEAZEITIZ, B4 NEEDH T AOBREIHBb > TV a2, &

ETHIUL2BIZRENTZ 575, BAFAISE L T\ BKIELL HAUGSETIZ BT Y — 4772
&,EQE}\’J fCo
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4, BERZS L MNRICEET 212E

TPASEFIR 2RI HHRE U 7o B2 ICENEA-CASACCIA, KWU, Halden Reactor Project#-Shfl
LICHRN S, 70074 THRICEET 2 EZ2 2HBN—2E, v ool
7 7 x— A%, EFBHIT>VWTRE,

4. 1 FREAN— 2R

SRR L7z 3 > OBBIT BN — RO L WBEF RSV, Z0fn., BEES
TEMNERETE LA E SRS TE, SEEEET FISOMREHELEE L+
BUHBRIEVEEZ D, ThoDEIERIR0HLL HEMTS o P CRHATX 2 ESE
BMICIS 0B 3, £7c. TNOOBREINEA, KNUTHEHLTWDT1 ~2ERND
BFRERBLECTREORSICARRETZ 2 EANBEELES,

CNoD IS E T 3 FEMN VDI, THLOKEEHRERYS v 2%
IE5PNCOBATHET Po0—F2ARE-TVAEHEEZ 5, SKRUEO Y274
Bottom-Upiz L BENDERKT Y AT LA BEST 20, HEN TS > FOEAICIE
Bottom-Up/ZiJ T7L < Top-Down®D 7 7 i — F M ETH 3, '

FROTERD S DR, B, MRETF. SRP. A —Hh. KEENE Y RF LME
HIFFE@E L. BRETS L MO HICERDY - BNt s 2 BEREm+ R
FERICRET B EAEEEES,

4, 2 =22y 4087 2 —ZBE%

BHIOBRFERED T Y2 « ARV =Y a DT Y NEEETBDIBE LB
WHKWUDPRINSIZ® 30 MEIIELTBEITEONEVERS, S5V b« 7= %
BT, PV FETOMBL ETTE7PFTHEL, HlEiE “Part-load chart”
DE KT LOBE L BIEOBIRREOUEE T30 & UCHERRA I LTER
TEAMEETAT B2 EENBBITH B,

HART b BRSO FE CHR XN/ HITONICAM, B2 OPODIA% D &Rt e
WY AT L6 50T, BIKRETEED 3I1CFPRINSE S 5D ¥ 257 4 & DHES
ZTHHLMNIT I UNEND 3,

4. 3 BiNBH

PNCOBASET) % BARKIIC R LS 2 B IC SR ISBER £ 4 2 D IcKINB N 2 DA &
WERE S HRRIEEIZEY, PN COBMBENERT OICBER & 257 AL L
TRESHEERE. ERENMEIC SO TRBEROL:2%— b ¥ 27 LA O A RS
BIFENRE L CHALED TV BBIET. Bl I7 —< 2 BET 500 L1,
S S BFARDOT O b I ATV RF L OB BRI ERES NI RIT I
ISAC87 a2 =7 M EDRREBADTEZAHICIEEEES (HaldenTh. PNCH S Biffi
%%5Hmn5&§ofm5)ovz%AﬁH@m<g§ﬁm@%%KOmf%\@%
HEZET LR OV TEANREEITA 2EHIC L, ENEASEIBH LTV = &
bTE 3, REOEREORNEE/TINAI—F VI 2 b— 2 2 H VBRI B
HHEDENIETTH 2 VIEIHEFEO NS VEFFEHVTCEZ L LD LR D &
FIBBOT S v b TORATE BT AEBRETEBEELIENETH B,
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(1

(2]
(3)
(4

(5)

(6]

(7
(8)
(9]
(10]
(11]
(12)

(13]

5. BEER
C.Balducelli, A.Federico, R.Iannucci, M.Sepielli
“DEVELOPMENT OF AN ON-LINE EARLY FAULT DETECTION EXPERT SYSTEM USING AN
ADVANCED MAN-MACHINE INTERFACE” IAEA-CN-49/92 JAPAN, 1988
W.Aleite “Providing optimum operating information for PWRs” NUCLEAR
ENGINEERING INTERNATIONAL, May 1987
H.W.BOCK “Future Main Control Room Design for SIEMENS NUCLEAR POWER
PLANTS” TAEA-CN-49/28 JAPAN, 1988
¢ iving Berg “Selected Topics on Development and Evaluation of Man
-Machine Systems at the OECD Halden Reactor Project” Proceedings of
International Seminar on Human Interface, TAE-R8713-1, JAPAN, 1988
Craig Reiersen and Edward Marshall “Evaluating operator support systems
in realistic conditions at HAMMLAB" NUCLEAR ENGINEERING INTERNATIONAL,
Jan., 1988
Claudio Balducelli, Massimo Gallanti “DEVELOPING AN EXPERT SYSTEM FOR
FAULT DIAGNOSIS OF A TURBO GENERATOR GROUP USING AN OPS5 PRODUCTION
RULES PROGRAMMING ENVIRONMENT” M.Catherine Majumdar Debu Majumbar and
John I.Sacdkett
A.G.Federico, A.Perugia, M.Sepielli, J.S.Larsen, S.Nilsen, F.Owre
“ENHANCEMENT AND TESTING PROGRAM FOR COMPUTERISED PROCEDURE MANUAL
(COMPA)”
A.M.GADOMSKI “AN APPLICATION OF SYSTEM-PROCESS-GOAL APPROACH/SPG/TQ THE
TRIGA RC-1 REACTOR SYSTEM DESCRIPTION” EXTENTION OF MATERIALS PRESENTED
ON 9TH EUROPEAN TRIGA USERS CONFERENCE, ROME, OCTOBER 7-8, 1989
“Competer Aided Process Information System for Nuclear Power Plants
PRISCA” SIEMENS
R.E.Muler and H.Roth-Seefrid “Computerized Operator Aids for Disturbance
Analysis and Safety Function Monitoring” Proc. Specialist Meeting on Man-
Machine Communication for Emergency Operation in Nuclear Power Plants,
October 18-20, 1988, Schliersee, Federal Republic of Germany
¢ .Berg, T.J.Big¢rlo, ¢ .Evjen, N.T.Fordestrpmmeu, K.Haugset
“ISACS- AN INTEGRATED SURVEILLANCE AND CONTROL SYSTEM CONCEPT FOR THE
ADVANCED CONTROL ROOM”™ HWR-219, HALDEN REACTOR PROJECT, May, 1988
Fridtjov ¢wre, Jon Kvalem, Oddbj ¢ rn Evjen, Philip J.Caudio Jr.,
David S.Jamison “THE NORS SUCCESS PATH MONITORING SYSTEM-DESCRIPTION AND
IMPLEMENTATION EXPERIENCE™ HWR-222, May, 1988
Susan Baker, Edward Marshall, Craig Reiersen and Louis Smith
“THE EXPERIMENTAL EVALUATION OF THE SUCCESS PATH MONITORING SYSTEM-
DESIGN AND METHODOLOGY"
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(14) Susan Baker, Edward Marshall, Craig Reiersen, Louis Smith and Philip J.
Gaudio Jr. “THE EXPERIMENT EVALUATION OF THE SUCCESS PATH MONITORING
SYSTEM-RESULTS AND CONCLUSIONS”

(15) “Intelligence Communications Protocol” Gensym, 125 Cambridge park Drive
Cambridge, MA 02140
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TEXAS INSTRUMENT MICROEXPLORER MICROEXPLORER
EXPLORER LX
: LISP, PROLOG ART
LISP, PROLOG, ART KEE, PER~ RUN TIME
SONAL COHN-

SULTANT PLUS

'VAXSTATION GPX PC IBM GOULD COMPUTER
NEXPERT PERSONAL CONSUL- '
ELECTROLYTIC TANT PLUS PWR WESTINGHOUSE

CELL SIMULATOR SIMULATOR

NUMERIC

i1 (1/2) ENEA—CASACCIAMDE ket
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a. ENEA—CASACCIA GOULD COMPUTER
(PWR WESTINGHOUSE SIMULATOR)

b. ENEA-CASACCIA SYMBOLIC MACHINES
(TI EXPLORER LX, MICROEXPLORER)

[ B

=hl

X1 (2/2)ENEA-CASACCIA®D
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EXPERIEMCES IN IMTERMRTIONRARL PROJECTS:

ACQUISITION FROM HALDEN PROJECT OF THE
COMPUTERIZED PROCEDURES SYSTEM <COPMS>
AND COCPERATION TO IMPROWE THE SYSTEM
PERFORMANCES .

PARTECIPATION IMN THE ESPRIT PROJECT
RELEVANT TO THE DEVELOPMEMNT OF AN EM=
TEGRATED INFORMATION SYSTEM CAPRBELE OF
SUPPORTING THE COMPLEX, DYNAMIE, DIS-
TRIBUTED DECISION MRKING EM THE MANA-
BRENMEMNT OF ENMERGEMCIES.

FARTECIPARATION IN THE EUREKAR PROJECT
RELEYAMNT TO THE DEVELOPMEMNT OF R LO=
CAL EINFORMATIVE SYSTEM FOR THE MARINE
CORSTAL ZOME(SICMLY. IMSIDE THE GLOBAL
PROJECT AN EXPERT SYSTERM FOR THE QURLEY
DEFINITION OF THE MARINE CORSTRL HWATERS
BND INDIVEIDURTION OF CRITICAL SEITUARATIOMN
MILL BE DEVELOPED.

K2 ENEAICBIAER T oY b

_ 1'8_
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SIEMENS

Safety mentality: accent shift

end of 60’s: normal operation and accidents  ”master accidents”

end of 70's: unnormal operation "prevent accidents”

after Harrisburg: early detection ”symptom—orientsd accident management”
after Chernobyl: accidents beyond design " preventive measures”

PRINS: tasks

1. early detection and rapid explanation of disturbances
to enable "soft” countermeasures

2. decision guides for plant operation
3. documentation of process progress

extends classic tasks
like indication, logging, calculation
by new functions
— conditioning of high—value process information
— extensive calculations
— process graphics (information reduction!)

" Optimal information by visualizing
process states/progress”

PRINS: advantages
— imaging of information goals like

protection, opérag‘ional or maintenance goals
general and detail information _
margins to protective limits, indication of margins

— high-resolution full-graphic displays, multi-graphic planes
~ information panel

— neighbouring information .

— signal validation, auxiliary calculations (expert system)

Process Information System: tasks | Q lwy

20.04.88
3 PRINSOHERE
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Kraftwerk Union

Information
| System

Communication
Center
>y \
Primary Side
Systems

Front View Side View

provided for individual wtility options

KWU - KONVOI — Main Control Room

X5 Convoyrdtdil = DOPRINSOD N E



[SACS

UNIFIED MAN-HACHINE'INTERFACE AND COORDINATED DATA MANRAGEMENT

ADVANCED

SCORPIO
!

b

| INTEGRATED
5] DISTURBANCE
| HANDLING SYSTEM

. ADVANCED - |
ADVISORY }
+SYSTEM .7 |

-ADVANcen;r

COPHA
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" SPMS
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|
I
I
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l
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|
I
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;
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DISTURBANCE

X6

ISACSD BAZER T

SPHS
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EMERGENCY
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1987-88
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X7 HALDEN REACTOR PROJECT
(HAMMLAB)
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120
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OECD-CSNI/CEC Specialist Méeting on

TREND AND PATTERN ANALYSES OF OPERATIONAL DATA

FROM NUCLEAR POWER PLANTS

Rome, ENEA Headquarters,
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FROM NUCLEAR POWER PLANTS

Rome, ENEA Headgquarters, 3rd-7th April 1989
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CSNI-CEC SPECIALIST MEETING ON
TRERD AND PATTERN ANALYSES OF OPERATIONAL DATA

FROM NUCLEAR POWER PLANTS .
Rome, Italy, 3rd - 7th April 1989

Preliminary Program

Monday 3rd April 1989

8.30 - 9.30 Registration

9.30 - 10.00 Opening Session
Chairman: Mr. G. F, Eletti (ENEA-DISP, Italy)
- #Mr. L. Noviello (ENEL, Italy)
- Mr. C. Mancini (ENEA, Italy)
- Mme M.C. Dupuis (CSNI PWG1 Chairwoman)
- ¥r. S. Finzi (CEC)

Rev. Mar. 17th 1989
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SESSION I: INVITED PAPERS

Chairman Mr. G. F, Eletti (ENEA-DISP, Italy)

%U

1.1

1.2

1.3

i.4

1.5

Time

10.00 - 10.25

10.25 - 10.50

10.50 - 11.10
11.10 - 11.35
11.35 - 12.00
12.00 - 12.25
12,25 - 12,30

12.30 - 14.30

Title

Operating Experience and TPA:
the Italian perspective

Safety, Reliabi1ity, Maintainability
and Quality Assurance Management
Information Center

Coffee break

CESAS: Computerized Event Sequence
Abstracting System OQutlines and
Applications .

Trend and Pattern Analyses of Operational
Data through Cooperation between QECD.
countries :

The Development of Trend and Pattern
Analysis Methods for Incident Data by
CEC’s Joint Research Centre at Ispra

Conc1ud1ng Remarks
Lunch -

Authers
G. Grimaldi

J.L. Crawford

K. Fujiki
M.C, Dupuis

J. Amesz

Grganisation

ENEA-DISP

NASA

JAERI

C3NI

CEC

ﬁonntgg

Italy

USA

Japan

700-68 0096N.L-ONd



SESSION I1: INPUT DATA FOR TREND AWD PATTERN AWALYSES

Chairman: Mr, M, Debds {EdF, France)

Ho.

2.1

2.2

2.3

2.4

Tige

14.30

14.50

15.10

15.30

15.50

14.50

15.10

15.30

15.50

16.10

Title

Experience in Performing Trend and
Pattern Analysis of Nuciear Power Plant
Operational Data

Hew Guides and Practices for Incident
Analysis in the CSN

ESFAS: An Information System on
Horldvide Nuclear Power Stations

Incident Analysis, Data Gathering and
Use of Statistics for Operational Purposes

Coffee Break

T.
M.
Rl

A.
J.

Authors

M. Novak
H, HiTliams
L. Dennig

Munuera
Reig

Melis

Girault

Organisation

NRC

CSH
EDRA

EdF

Country

USA

Spain
Italy

France

700-68 0096NL-ONd



2.6

2.7

2.8

Time

16.10

16.30

16.50

17.10

17.30

18.00

16.30

16.50

17.10

17.30

17.35

Title

Plant Operation Data Collection and
Database Management Using NIC System
IRS Application for the Trend and
Patterns Analyses of the NPPs and
the Radiation Protection

The Swedish Data Collection Systems

Spanish Operational Data Management
System Design {DACNE Project)

Concluding Remarks

Cocktail party

Authors
S. Inase
H. Iwabuchi

T. Nilsson

J. £. Diez
M. Aguinaga

Organisation

CRIEPI
OECD

SKI

UNESA
Technatom, S.A.

tuuntgx

Japan

Sweden

Spain
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Tuesday 4th April 1989

SESSION I1X: SURYEY RESULTS ON TREND AND PATTERN ANALYSES

Chairman: Mr, G. Grimaldi (ENEA-DISP, Italy}

No. Time Title

9.00 - 9.50 Presentation
= Scope ad Purposes
- Technical Results
- Findings and Problems

9.50

i

10.40 Remarks by Member Countries
10.40 - 11.00 Coffee Break

11.00

11.35 Comments from the Audience

11.35

11.40 Concluding Remarks

Authors

G. Ishack
M. Nobile
M.Jd. Sheehan

Organisation

OECD-NEA
ENEL
NI1

Country

 Italy

UK

700-68 0096N.L-INd



SESSION IV: TECHNIQUES FOR TREND AND PATTERN ANALYSES

Chairman: Mr, G. Mays (ORNL, USA)

Ho.

4.1

4.2

4.3

4.4

Time

St—

11.40

12.00

12.20

12.40

12.00

12.20

12.40

13.00

Title

A Multivariate Statistical Methodology
For Detection of Degradation and
Failure Trends using Nuclear Power
Plant Operationai Data

Discussion on an informative system set-up
for the registration and processing of

reltability data on FBR components in view

of its application to design and safety
studies and plant explicitation improvement

Statistical Prediction of the Numbers
of Degraded Tubes in Nuclear Power
Plant Steam Generators

Analysis and‘Evaluation'of Information
on Humand Errors in Operation/Maintenance

at Muclear Power Plants (Status J-HPES

Development)

Authors ﬂvganisation Country

P. K. Samanta Brookhaven Natiomal USA
T. Teichmann Laboratory

R. Righini ENEA-YEL Italy

G. Zappellini NIER

R.H.Y.: Gallucci Combustion USA
Engineering, Inc.

J. H. Klisiewitz Horthwest Utilities
Service Co.

K. R. Craig Florida Power and
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FUZZY DIAGNOSIS

Kenshiu Watanabe
Power reactor and nuclear fuel development corporation
Oaral engineering center
4002 Narita, Oarai-machi, Ibaraki-ken, 311-13 Japan

ABSTRACT

Studies have been made on fuzzy diagnosis using inverse problem solutions
of the fuzzy relational equation of aoR=b, where a is the failure vector, R
the fuzzy relation matrix and b the symptom vector.

Four phases of analyses were carried out in this study. First, fault
tree analysis was undertaken to investigate what kind of causes produce fall
‘of water level in a steam drum of ATR (Advanced Thermal Reactor), which is
heavy-water-moderated boiling-water-cooled pressure-tube-type reactor. Next,
simulation for 100 seconds was executed to determine how plant parameters
respond to an occurrence of a trasient induced by the cause. Third, the
simulation data was analysed utilizing an dutoregressive model. From this -
analysis, a total of 36 coherency functions up to 0.5 Hz in each transient
were computed among nine important and detectable plant parameters, that is
neutron flux, flow rate of coolant, steam and feed water, wabter level in the
steam drum, pressure and opening area of control valve in a steam pipe, feed
water temperature and electrical power. Last, the inverse problem of the
fuzzy relational equation was solved. Relation matrices were adjusted from
0.00 £to 1.00, after nine membership functions following the Gussian
distribution for the symptom vector were estimated from correlation values of
the coherency functions.

(1) Reduction in the water 1evel can be generated by five types of causes:
decrease in reactivity, the flow rate and temperature of the feed water,
and increase in the steam flow rate and steam pressure. '

(2) Coherency:functions were not governed by decreasing speed of reactivity
in the range of 0.4%1x1072% $/s to 1.62x10~2 $/5 or by decreasing depth of
the feed water temperature in the range of 3 °C to 10 °C or by a change
of 10 % or less in the three other causes. Change in coherency functions
only depended on the type of cause.

{3) The direct cause could be discriminated to within 0.92-1.00 relational
degree from the other four causes. A maximum of 0.42 relational degree
was found among the other four causes.

— 30 —
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1. Intreduction

The early identification of the cause of a small anomalous state in the
primary cooling system is important for preventing a reactor from getting into
serious conditiona. In order to establish the technology for such
identification for the ATR, development has been done on the fuzzy
diagnosisf1].

Large computer systems for diagnosis using CCT (Cause Consequence Tree)
were devised before and after the TMI accident in 1979, such as DASS
(Disturbance Analysis and Surveillance System) in U.S.A., STAR
(Storungsanalyserechner) in Norway and West Germany and LWR operator support
systems in Japan[2]. 1In these systems, search of a cause starts after the
level of signals reached the alarm level, 10 % - 30 % above or below normal
operation. If the cause could be determined before the annunciators clicked,
therefore, operators would have encugh time to select valid recovery actions.

Technique of signal processing using fuzzy theory was adopted in order to
distinguish the pattern of coherency function representing a type of cause,
that would induce less than a 10 % change from normal operation. Coherency
functions between two plant parameters were computed by using the
autoregressive model, by which random noises superposing on signals can be
easily eliminated. 7

Judgement as to whether correlation in the coherency functions can be
found or not, however, differ from one investigation to another. Generally,
correlation values of 0.0 - 0.2, 0.2 - 0.5, 0.5 - 0.8 and 0.8 - 1.0 are
considered as signifying respectively little, a little, strong and quite
strong relations in the change in two plant parameters. Fuzzy theory is used
to distinguish such ambiguity quantitatively.

Four phases of analyses were carried out: a fault tree analysis, a
simulation for 100 seconds after a small transient occurred, an analysis for
obtaining the coherency functions using the autoregressive model and the
solutions of the inverse problem of the fuzzy relationship.

2. Simulation

2.1 Outline of the ATR

A primary cooling system of ATR[3] consists of two loops. As shown in
figure 1, major components in each loop comprise a steam drum (S.D), a couple
of recirculating pumps, an inlet header, four downcomers connecting the $.D
and recirculating pumps, and feeder pipes to and from pressure tubes in which
a fuel assembly 1s inserted.. Water-steam mixture, heated-up in the fuel
channels up to 70 kg/cm® and 285 °C flows into the turbines which is a tandem
compound four-flow-type regulated by electro-hydraulic control system.
Saturated water separated from the two phase flow mixes with the feed water of
185 °C, and sucks through downcomers with two recirculating pumps.

There exist control rods, four of which have a regulating funetion, which
can control the reactor power automatically and the rest are used for safety
rods, which can be dropped into the core at the reactor scram. Three kind of
signals: the water level in the S.D, flow rate in a steam pipe and in a feed
pipe, are used to maintain the water level constantly.

2.2 Analyses _

Simulations, after the occurrence of a cause selected from five ones:
decrease in reactivity, feed water flow rate, and feed water temperature and
increase in steam flow rate, and pressure in the S.D, which may induce fall in
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Figurel Schematic Diagram of ATR

TableI Conditions of simulation

Causa (spead) ./ 'depth Postulated case
(1.62x 107 8.44c)
” Five seconds insertion of control rod
Decrease in Reactivity | (120 x1078/5ac) | for : stabilizing, regulating (four
- rods), regulating bone rod)
{041%x107 8/4ac)
. 3%
Dacrease in fesd .
5% Closing feed water control vaive
water flow rate
7%
3% .
Incresse in steam Opening control valve in turhine
5%
flow rate bypass lins
10%
2%
Increase in pressure Closing steam flow rate contnol
4%
in steam drum valve
6%
3T
Deacreass in fesd
5T Failure in feed water heater
water tempersaturag
10°C

water level in the 5.D, ware executed with FATRAC code to determine how plant
prameters respond as shown in table I. Plots were done on a total of nine
parameters: neutron flux, coolant flow rate, pressure and water level in the
85.D, flow rate and temperature of feed water, flow rate and control valve
opening area in the steam pipe and turbine output.
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No large difference was observed in trends of plant parameters when speed
or depth of the causes was changed. Difference was only exposed after
changing the types of the causes. For these reasons, trends of the plot are
only described on cases, in which the cause occured at maximum depth/speed.

The water level falls to 3 cm after 12 seconds from the start of the
fransient, and rises up fto the initial level in decrease in reactivity as seen
in figure 2. Neutron flux reduces up to 1 % for 15 seconds, and keeps the
lowered level, Pressure in the S.D, steam flow rate and the opening area of
steam flow control valve decreases 0.3 kg/cm? for 10 seconds, 5 % and 2 % for
15 seconds, respectively, and upholds their level. . '

The water level fell monotonously to 8 em for 100 seconds in decrease
in feed water flow rate. The pressure in the 8.D fell 0.1 kg/em? for 15
seconds, and rose 0.2 kg/em?® for 85 seconds. Steam flow rate slightly changed
within #0.1 %. No change was observed in neutron flux.

Pressure in the S.D fell to 0.3 kg/em® for 10 seconds and regained the
initial level for 90 seconds, however, the water level was not changed
distinetively, in increase in steam flow rate. Feed water flow rate inereased
0.1 % for 5 seconds, and decreases to the level before the transient began.
Increase of 0.5 % was observed in the steam flow rate at 3 seconds. Neutron
flux dees not change.

The water level fell to 0.5 cm for 10 seconds, and held this level for 90
seconds, in increase in pressure in the S.D. The pressure in the S.D rose 1
kg/cm® for 15 seconds and at 20 seconds decreased to the initial level, Feed
water flow rate decreased 3 % for 5 seconds and recovered its level to the
initial one for 95 seconds. WNeutron flux does. not change. .

The water level does nét change clearly, however, the pressure
monotonously lowers to 0.5 kg/cem? for 100 seconds, with decrease in feed water
temperature. In the steam line, only flow rate reduces its level up-to. 3 %
from the initial one for this interval. No change was found in the neutron
flux and feed water flow rate. ‘

(m) (ka/cm?) €3]
75

0.75+ 150 T
Water level ‘in steam drum
= ——— Steam drﬁm pressure
£ ——=-— Neutron' flux
5 - 8 ;
g 0504 @ 70; £ 100 pgreysrmemmm b e
z ® = e T S SEE S EE  SEN
5 |8 3% |- |
c s x: = \"""--————--,_——_._______....___-__—. _________
£ X, 3
E E =83
= U oy
s < 53
= E -
g g 3% 3
§0_25. 565' 20!-!-!5 1) 2 O SO SO ON SO
— --— Feed water flow rate
~~~~~~~~ Steam flow rafe
ool 60 5 ’ _ '
0 . 25 50 75 - 100

Time (sec)

Figure 2 Trend after reactivity decreased
(162x102%,7 s for 5 sec)
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3. Coherency functions computed by autoregressive model

3.1 Autoregre351ve model
Time series data, X(s)=(x;(s), x,(8),...x, (s)) , T denotes transpose of
matrix X, can be shown

M
X(s) = } A (m)X(s-m)+U(s) . (1)

where A(m) sized kxzk is autoregressive coefficient and U(s) white noise. M
dimension of autoregressive model, which can be determined by u31ng AIC
(Akaike's Information Criterion}. :

3.2 Coherency functions
Power spectrum density as shown in figure 3 was calculated from
covariance matrix I, elemented deviation from the mean value, and the A(m)

P(f) = (A(£))PZ(A(Lf))? {2)
M
A(f) = ] A(m)exp(-j2nfm) 3
m=0 - . )
1.0
0.8 [
4 M \\;
l‘_ ’ ] M / ]
08~ 18X1072$/8 064 J
5 1 - 120X107° 85 5
B 04 ——— 04IX1077 S/ 4] 102x1072 %/ s
. ]
£ | N 10x107 65
S , © t = 041X 10§
0.2 0.2
0-0 T T T T . DD T T T T
0.0 a1 0.2 03 04 0.5 00 0. 0.2 0.2 04 05
Frequency (Hz) Frequency (Hz)
(1) Neutron fiuxe- Steam flow rate (2] Feed water flow rate » Steam flow rate

Figure 3 Coherency f-unctions calcutated from the simulaton data on
“Decrease in reactivity”

where f indicates frequency, -1 inverse matrix, and conjugate complex.
Coherency between plant parameter i and j, COH(f), is defined as

COH(f);5= |P(£)yy |/ (P(£) gy +P{£)y;) (%)

_4'3_5



PNC-TN9600 89-004

4, Fuzzy diagnosis

4.1 Fuzzy relationship
Fuzzy relationship is given as

vy = .1{{::i A r-.ij} j=1,2...n - (5)
where b={y1,y2,....,yq} is simpotom vector, a={x1,xz,....,xn} cause vector,
R={r;;} relation matrix, Value of ry; ranges from 0.0 to 1.0, V and A denotes

maximum and minimum of fuzzy members in max-min composion.

k.2 Inverse problem of the fuzzy relationship
This problem can be solved by use of €, E-composition[1] defined as

fe d] if a>d- :
[ab]l e[cd] =< [e 1] if [a bInle dl # ¢ (6)
) if b<e
[0 d] if a>d
[a b] & [e d] = (7}
[o 1] if asd.

where [a b] and [c d] are real numbers in the range of 0.0 to 1.0 and ¢ is an
empty subset. Procedure for analysing the inverse problem of fuzzy
relationship is as follows: ’

(1) Calculation of two matrices of U={u;;} and V={v,;}
These elements, Uiy and vy; are derived as follows

U373 € ¥ (8)
Vij=ri; € ¥y _ | (9)
(2) Calculation of matrix, Wk={wk.}'_
Value of wfj can be cai%ulatgd as follows, in each j
. Uy for 3, ie {iIU'i_j==¢}_ (10)
1 7 Vi for otheri' - (11)

where, in the case of y.=0, simply, Wig=Vij for all i. This formula
shows, w? can be exchanged Uy 5 for i which is not ¢ for each j and
viyy for otner i'. 1Index, k, denotes the different combinations.

(3) Solution of the inverse problem

ko |
X, =1 wij i=], =-———- m, Yk e K (12)
J ' '
. n
K= {k[yi ( Nwy # ¢l , (13)

J

_4'4_
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4.3 Membership function

M

(2)

Procedure of calc¢ulation :

Membership function, w3 (j=1,2,...,n), shaping Gausian
distribution was estimated from the coherency functions computed
from the data of the simulation, in which speed or depth of the
cause was varied. A three frequency band of 0.05-0.15 Hz, 0.15-0.25
Hz and 0.25-0.35 Hz, relatively low ones, was used so as not to
suffer from distortion in its spectra due to superposition of noise
likely to appear in the high frequency range.

Coherency functions used for calculation of the membership
function were selected as follows: First, the pattern of coherency

"function which differ from other ones were choosen. Next, the

spectra were eleminated when no tight physiéal relationship exists
in the two plant parameters. _

Gaussian distribution funection, Ny 4 (e,0%), was normalized by
U, 20 as to generate the membership function.

My =Ny (c,02)/U, (14}

k: index representing combination of twb'plant parameters
1: frequency band

3 n
C.k.'l = z z Ck.f /3n (15)
k=l fal
3 n .
= 1 2 _ =
Ok.1 = ('§H‘k§1 121 Ch.e Ci.1) (16)
T frequeﬁcy
n: number of height of coherency function in the
frequency band (n=10)
k: number of cases where speed/depth changed in a
trangient (k=3).
1
Ul = max { —-"'-_5_— } (17)
k (2n)

Calculated membership function

In order to distinguish the cause of "decrease in reactivity®,
two kind of the membership function as shown in figure U was used.
One is calculated from a coherency function between neutron flux and
steam flow rate in the range of 0.25 Hz to 0.35 Hz, however, the

.range where a large grade can be observed is very narrow. Small

change in correlation appears to produce large difference in grade:
in fact, when only this membership function was used, both "decrease
of reactivity" and "increase of pressure in the S.D" were
identified. The other coherency function, ranging from 0.05 Hz to
0.15 Hz, between feed water flow rate and water level 1n S.D were
added due to its large standard deviation.

Two coherency functions, from 0.05 Hz to 0.15% Hz,
recirculating flow rateswater level in S.D and water level in
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S.D-feed water flow rate was used to distinguish the cause of
"decrease in feed water flow rate®,

Coherency functions of recirculating flow rate-steam flow rate
(0.25-0.35 Hz) and pressure in the steam pipe.steam flow rate
(0.15-0.25 Hz), of pressure in steam pipe-steam flow rate (0.05-0.15
Hz) and of pressure in steam pipe-feed water temperature (0.25-0.35
Hz} were utilized to discriminate the cause of "increase in steam
flow rate”, "increase in pressure in S8.D" and "decrease in feed
water temperature". ‘

1.0 - )
Neutron flux. / \,
08 - Steam flow rate ;
) {0285Hz~0.35H2) /
—-—— Feed water flow rate ‘

0.5 «Steam flow rate | \
’ {0.05Hz~ 0.15H2) /

Grade
T
ﬂf*,;

0.4

02| - / \
0.0 . p/// )
0.0 02 04 06 08 10

Correlation

Figure 4 Membership function used for distinguishing
the cause of “"Decrease in reactivity”

4.4 Adjustment of values of the relational matrix elements :

Two kind of adjustment were done. First, [1.0 1.0] and (0.0 0.0] were
set for r ;. The value of [1.0 1.0] was fixed for r;: when location of cause
vector corresponds to one of their symptoms. For other cases, [0.0 0.0] was
used.

Next, replacement of the set figures was made, after the inverse problen
once solved, using the relational matrix comprises only [1.0 1.0] and [0.0
0.0]. The left hand side value of [1.0 1.0] and right hand one of [0.0 0.0]
was exchanged to the minimum and maximum value of symptom vector, such as [p
1.0] and [0.0 q]. Moreover, when value of q excesses 0.7, [0.0 q] was changed
to [0.0 1.0] indicating "unknown". From these adjustment, the relational
matrix was determined as seen in table IT.
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Table I Adjusted relational matrix

Symtom b vector
3 Neutron fluxe . Feed wates Recirculating : Water level In Recirculating  Pressure in | Pressurs in | Pressura in Steam flow
Cause , Steam flow flow rate. flow rate» | steam drume _ flow rate~ steam line » steam lines stearn linas rats »
* rate Steam flow water level in. Feed water Stean flow  Steam flow Steam flow Feed water : Fead watar
! . rata - steam drum | flow rate : rata : rate rate temperaturs : tempersture
(0.25-0.35Hz) . (QO5=015 Hz) (105-0.15Hz) | {0.05-0.15Hz) ! (025-0.35Hz) ~ (0.15~025Hz) (005 -0.15Hz) | (0.5 —-025Hz) ; (0:25-035Hz)
Decrsasa jn : i :
.45 -1.0) (092 1O 0.0 H 0.0 i (09 821) e Lo 9.0 0.0 10) i 0.0
reactivity : ; | i
Decresse |n feed . ) ' ?
0.9 0o 10) 0.8z 1.0) 093 1.0} (0.0 1.0 (0.0 013 0.9 0o 0.12) 0. ¢
water flow rats . P
Increass ip steam : : .
. [180)] 0o 028 10 6.0 1.0) 0.9¢ 0] (0.94 1.0) 0.0 @ .o 0.0
flow rate H : :
I
Increasa in prossure | : : |
) ! [ 0.0 00 0.26) 0.0 o0 09 (0.0 9511 (098 1.0) 0.0 03] 0.0 1.0}
in steam drom H . :
Decreaza in feed : : :
. 0.9 (0.0 0.39) (0.0 0.08) . (0.0 0.28) 0o 100 - (0.0 0.51) 0.0 {o.a 1.0 {087 10)
water temperaturs : . H { :
i H

4.5 Results of the fuzzy diagnosis

The direct cause could be discriminated with 0.92-1.00 relational degree
from the other four causes. A maximum of 0.42 relational degree was found
among the other four causes, ‘

From the . solutions of the inverse problem under superposing white noise
on the signals, whose standerd deviation is less than 5 % of its height, a
direct cause could be identified from the other four causes.as seen in figure

» using the technique of the a-cut for element rij (CrM r(a)]) defined as

" Range of relational degree
changed by superposition of
0i— noise
041 x102 %5
-4 1201072 §./s
" [ 1.62 102 $.” =
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@
-
]
=
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E C o4
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1
02—
08—
Decrease in Decrease in I ncrease in lnerease in Decrease in feed
reactivity feed water flow | steam flow rate steam drum  |water temperature
rate pressure in

Figure5 ldentification for the direct cause of “Decrease in reactivity”
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cr(i) o s piM (18)

(2))

r(?)

(19)

e T-a¢ « (1-r

Direct cause of decrease in reactivity and feed water flow rate was
distinguished by using a=0.9 with 0.92-1.00 relational degree from the other
four causes. In other four ones in each case, relational degree from 0.17 and
0.20 was maximum, respectively. :

Discrimination could be done with 0.94-1.00 of relational degree in
finding out the direect cause of the three causes: increase in steam flow rate
and steam drum pressure, and decrease in feed water temperature. From 0.02 to
0.42 relational degree was found among the other four causes.

5. Conclusion

A technique, to distinguish a difference in pattern of coherency
functions estimated from the respond of plant parameters by using the
autoregressive model by use of solutions of the inverse problem of the fuzzy
relational equation has been proposed, in order to find out the cause of a
small anomalous state in nuclear power plants.
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March 15, 1989
Kenshiu Watanabe

R&Ds in Frontier (AI) Group

1. Background _

Frontier Research Groups, in which creative R&Ds have been made on new
technology of Al (Artifical Intelligence), material and laser and on risk
assessement on radioactive ray, were organized in government agencies on
the basis of determination made by Japan Atomic Energy Commission in July,
1987, in order to change today’'s way of technology developments from so
called needs-oriented one to seeds-oriented creative one.

PNC, as one of the government agencies, has conducted R&Ds on Al
technology at OEC (Oarai Engineering Center), and on laser and
superconductivity material at Tokai Works since 1987. Futhermore, at OEC,
researches started from last year on new materials such as those to be able
to bear against high radiocactive ray and high temperature sodium and on new
conceptual FBRs to establish technology, relates to multi-intention use of
piutonium.

2. Developments on Al technology

Developments on AI, which would be key technology in the autonomous
plant whose idea was proposed by STA (Science and Technology Agency), can
mainly be classified into two categories: One relates to element
technology: knowledge base for PNC, simulation system for JAERI (Japan
Atomic Energy Research Institute), man-machine system for SRI (Ship |
Research Institute), robot for the Institute of Physical and Chemical
Research and sensors for the Electrotechnical Laboratory.

The other concerns researches on a system of the autonomous plant.
PNC, as a core organization, owe a duty to promote this studies so as to be
finished by 2005 with getting cooperation of the other four gover ment
agiencies, plant fabricaters and universities.

3. Activities in PNC

(1) Conceptual design of the autonomous plant
Image of the autonomous plant can been seen in a paper entitled
“Conceptual Research of Autonomous Nuclear Power Plant” by Tetsushi Miki

— 49 —



PNC-TN9600 89-004

and Kiyoshi Tamayama of our group. Automated plant control systems would
be hierarchically structured. General judgement system works at upper
level and subsystems at. lower level.

This paper will be published at the “7Tth Power Plant Dynamics, Control
& Testing Symposium” in Knoxville, Tennesse, USA, on 15th-17th May, 1989.
These images are going to be concreately discussed from this year by
engineers in not only our company but plant fabricaters.

(2) Developments on element technology
@ Pattern recongnition

Plant diagnosis methods utilizing fuzzy theory or neural networks
are under developed. On fuzzy technology, results of our efforts are
summarized in the paper entitled “FUZZY DIAGNOSIS” , presented at “CSNI/
CEC specialist meeting on trend and pattern analyses of operational data
from nuclear power plants” , held in Rome on 3rd-7th April, 1989.

On neural networks technique, a paper entitled “DIAGNOSIS
UTILIZING NEURAL NETWORKS" will be written, if submitted summary is
accepted. This paper would be distributed at IAEA specialist meeting on
artificial intelligence in nuclear power plants, to be held Helsinki on
10th-12th Octorber, 1989.

® Knowledge Aquisition

Vigorous development has been done since 1988 on knowledge
compiler(KC) which automatically generate krowledge about plant
diagnosis. Backward reasoning is done to predict plant response
qualitatively using networks comprised qualitative variables lead from
dynamic equations used in a simulation code to estimate thermo-hydraulic
behaviour after an occurence of a trangent. Frameworks of this KC have
just installed in a SUN-4 computer (10MIPS, 32MByte) by using SUN
COMMON LISP. We plan to brush the knowledge induced by the KC so as to
choose sutable knowledge by using plant simulation code.

@ Developments on operator thought model

Full-scope operator training simulator for “JOYQ” , experimental
fast breeder reactor (100MW.), located at OEC, is going to be used to
develope a operator thought model. Action and voice of operators in the
simulation of an accident would be recorded in films of video camera and
magnetic tape by using microphones. These data and results of protocol
analysis will be used to establish the model referencing Rasmussen’s
decision making model.

(3) Exchange information about Al technique
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Frontier (AI) group plays a role of announcing information on new Al
technique to PNC's sections in which Al techniques are planed to apply to
their tasks. At OEC, there exists five expert systems: JOYDAS (JOYo Data
Aquisition System) /JOYCAT (JOYo Consulting and Analysing Tool), installed
in JOYO last year, MASCOT (Maintenance Assistant System for COmponent
Troubles), JOYREP (J0Yo optimum REfueling Planning system) and other two
ones.

In Tokai Works, two prototype expert ones are developed at facillities
for spent fuel reprocessing and, plutonium conversion. The FUGEN Nuclear
Power Station (165MW., prototype of ATR :Advanced Thermal Reactor) and
Chubu Works are now developing expert systems for support to make plan on
plant maintenance schedule and on under ground resources exploration.
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