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A Study of Reactor Diagnosis Method with Neural Network
using PWR Plant Simulator
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(Received September 4, 1996)

The purpose of this paper is to demcnstrate the capability of the nuclear
power plant monitoring system with a neural network, using a PWR plant training
simulator by which many kinds of anomaly conditicns can be easily simulated.
The dynamics model of reactor plant was constructed by using a three layered
auto-associative neural network with backpropagation learning algorithm. The
basic idea of anomaly detecticn method is to monitor the deviation between
process signals measured from an actual plant and corresponding output signals
from the neural network plant model. Four kinds of simulated malfunctions caused
by equipment failure during steady state operation were selected to evaluate
the capability of the neural network monitoring system. The results show that
this monitoring system can detect the symptoms of small ancmalies earlier than
the conventional alarm system. Furthermore, sensitivity analysis makes it clear

that the modeling by the neural network is adequale.

Keywords: Neural Network, Plant Diagnosis, PWR Simulator, Monitoring System,

Sensitivity Analysis, Expert System
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Table 3.2PWR 7 0 ¥ A {553
NO. 5 5 % NO. g 5 %
1 HEAT EXCH. BYPASS IND. FT-605 45 STEAM GEN. LEVEL-C IND.
2 RHR-FCV-605 VALVE POSITION 46 FEEDWATER FLOW CON. VALVE-B IND.
3 RHR-HCV-758 VALVE POSITION 47 FEEDWATER FLOW CON. VALVE-CIND.
4 RHR-HCVI142 VALVE POSITION 48 STEAM FLOW-B IND.
5 POWER RANGE-A IND. 49 STEAM FLOW-C IND.
6 POWER RANGE-C IND. 50 FEEDWATER BYPASS VALVE-B IND.
7 START UP RANGE IND. 51 FEEDWATER FLOW-A IND.
8 INTERMEDIATE RANGE IND. 52 FEEDWATER FLOW-C IND.
9 RATE OF CHANGE IND. 53 FEEDWATER BYPASS VALVE-C IND.
10 POWER RANGE-B IND. 54 MAIN STEAM HEADER PRESS. IND.
11 POWER RANGE-B IND. 55 MAIN STEAM RELIEF VALVE IND.
12 SHAPE INDEX IND. 56 STEAM DUMP VALVEIND.
13 ROD GROUP POSITION IND. 57 ADMISSION VALVE POS. IND.
14 INDIVIDUAL ROD POSITION IND. 58 TURBINE LOAD RATE IND.
15 ROD SPEED IND. 59 SPEED IND.
16 HOT TEMPERATURE IND. 60 UNIT LOAD IND.
17 AVERAGE TEMPERATURE IND. 61 MEGAVARS IND.
18 COLD TEMPERATURE IND. 62 INCOMING FREQUENCY IND.
19 TEMPERATURE DIFFERENCER IND. 63 RUNNING FREQUENCY IND.
20 NARROW RNG. PRESSURIZER PRESS IND. 64 INCOMING VOLTAGE IND.
21 PRESS. SPRAY VALVE A-POS. IND. 65 RUNNING VOLTAGE IND.
22 PRESS. HEATEER CONT. IND. 66 VOLTAGE REGULATOR BALANCE IND.
23 PRESURIZER PRESS. INDICATORD 67 SYNCRONIZATION LAMP DRIVE
24 PRESS. SPRAY VALVE B-POS. IND. 68 TREF IND.
25 PRESS. SPRAY VALVE C-POS. IND. 69 CHARGING FLOW CON. VALVE IND,
26 PRESS LEVEL IND. 70 RECORDER CHANNEL 1
27 LP LETDOWN PRESS. IND. 71 RECORDER CHANNEL 2
28 CVCS-PCV 72 RECORDER CHANNEL 3
29 VOL. CON. TANK LEVEL IND. 73 RECORDER CHANNEL 4
30 CVCS-DCV 74 RECORDER CHANNEL 5
31 BORON CONC. IND. 75 RECORDER CHANNEL 6
32 BORIC ACID TK TO BLENDER FLOW IND. 76 RECORDER CHANNEL 7
33 BORIC ACID TK TO BLENDER-LITERS IND. 77 RECORDER CHANNEL 8
34 BORIC ACID FLOW CON. VALVE IND. 78 LED BAR GRAPH. ROD POSITION BANK 1
35 BORIC ACID FLOW IND. 79 LED BAR GRAPH. ROD POSITION BANK 2
36 PRIM WTR TK TO BLENDER FLOW IND. 80 LED BAR GRAPH. ROD POSITION BANK 3
37 DILUTION WATER FLOW CON. VALVE IND. 81 LED BAR GRAPH. ROD POSITICN BANK 4
38 PRIMARY WATER FLOW IND. 82 LED BAR GRAPH.ROD POS.PWR SHAPING BANK
39 PRIM WTR TK TO BLENDER-LITERS IND. 83 AUDIO COUNT RATE
40 CONT. PARTIAL PRESS. IND. 84 LED BAR GRAPH. STEAM GEN B LEVEL
41 CONT. PRESS. IND. 85 LED BAR GRAPH. PRESSURIZER LEVEL
42 CONT. TEMP. IND. 86 LED BAR GRAPH. STEAM GEN C LEVEL
43 TURB. IMPULSE IND. 87 LED BAR GRAPH, VCT LEVEL
44 STEAM GEN. LEVEL-B IND. 88
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Table 3.3 W11 0 0 %EHEHEFH D/ A METOYHE L EE

ch 538 e wmigg EE [V]
1 6 POWER RANGE-C IND. [] RXNCORE 9.9140E-1 8.3562
2 70 FEEDWATER PRESS. [psi] FWP210 1.1179E+3 40312
3 71 PRIMARY WATER FLOW [Ib/hr] RCW111 1..0156E+8 6.9375
41 72| HOTTEMP.B) [ F RCR301(2) 6.0725E+2 8.2312
[ s| 73| HOTTEMP.(C) [ F RCT301(3) 6.0725E+2 8.0937
6 | 74| FEEDWATERFLOW(B) [b/hr] FWW500(2) 3.5174E+6 4.0000
7! 75 | FEEDWATER FLOW(C) {Ib/hr] FWWS500(3) 3.5174E+6 4.0625
8 78 STEAM PRESS.(B) [psi] SGP030(2) 7.4708E+2 2.4375
9| 77| STEAMPRESS.(C) [psi] SGP030(3) 7.4708E+2 2.2312
10| 48 STEAM FLOW-B IND. [lb/hr] SGW040(2) 3.5093E+6 8.0375
11 49 STEAM FLOW-C IND. [ib/hr) SGW040(3) 3.5092E+6 7.9500
12 60 UNIT LOAD IND. [-] GFEJ120VN 8.3634E-1 83312
Table 3.4 75 0 %EFEIRREO/Y A NG5 OWEE &L BT
h T 25 e ZE (V)
1 6 POWER RANGE-C IND. [-] RXNCORE 4.8914E-1 4,1562
2| 70| FEEDWATERPRESS. [psi] FWP210 1.3381E+3 6.8375
3 71 PRIMARY WATER FLOW [lb/hr] RCW111 1.0156E+8 6.9375
4| 72| HOTTEMP.B) [ F] RCR301(2) 5.7739E+2 6.8875
5| 73| HOTTEMP.C) [ F RCT301(3) 5.7739E+2 6.7750
6| 74| FEEDWATERFLOW(B) [lbhi] FWW500(2) 1.5937E+6 -3.6625
7 75 FEEDWATER FLOW(C) [lb/hr] FWWS500(3) 1.5937E+6 -3.6437
8| 76| STEAMPRESS.(B) [psi] SGP0O30(2) 8.5167E+2 41812
9 | 77| STEAMPRESS.(C) [psi] SGP030(3) 8.5167E+2 3.9437
10| 48 STEAM FLOW-B IND. [b/nr] SGW040(2) 1.6134E+6 3.6875
11 49 STEAM FLOW-C IND. [lb/hr] SGW040(3) 1.6136E+6 3.6437
12 60 UNIT LOAD IND. [4] GFEJ120VN 4.5914E-1 45687
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Table 3.5 772 0 % EHREIRFFO /3 VASH OYHUE £ EE

e 5% 25 wirfE ZE V]
i 6 POWER RANGE-C IND. [] RXNCORE 1.8107E1 1.4375
2| 70| FEEDWATERPRESS. [psi] FWP210 1.3918E+3 75187
3 71 PRIMARY WATER FLOW [Ib/hr] RCW111 1 .27§7E+6' -9.7687"
4 72| HOTTEMP.B) [ F] RCR301(2) 5.5986E+2 6.0937
5 73 HOT TEMP.(C) [ F] RCT301(3) 5.5986E+2 5.9937
6| 74| FEEDWATERFLOW(B) {lb/hr FWW500(2) 5.3633E+5 -7.8875
7| 75| FEEDWATERFLOW(C) [ibhi] FWW500(3) 5.3707E+5 -7.8750
8| 76| STEAMPRESS.(B) [psi] SGP030(2) 9.4248E+2 5.6875
9| 77| STEAMPRESS.C) [psi] SGP030(3) 9.4249E+2 5.4375

10 48 STEAM FLOW-B IND. [lb/hr] SGW0C40(2) 5.6857E+5 1.2937
11 49 STEAM FLOW-C IND. [ib/hr} SGW040(3) 5.7049E+5 1.2812
12 60 _UNIT LOAD IND. [-] GFEJ120VN | 1.8179E-1 | 1.800C

« 177 2 %5 HER

Table3.6 —zx—F L& v b7 —2CHVET FunsEsoRHfE
Y=AX+B (Y: &, X:ZBEV])
ch E858 Y s fHz A Y1k B R
1| 6| PSR MFE [ RXNCORE 1.1733E-1 8.2860E-3 1.000
2| 70| #&KEA [psi] FWP210 7.8516E+1 8.0135E+2 1.000
3| 71| —RAFMARRE [bhr] RCW111 6.0027E+8 5.9918E4+7 1.000
4| 72 Fy bLTREB) [ F] RCR301(2) 2.2176E+1 4.2469E+2 1.000
5| 73| #&v FLTEEC) [ F RCT301(3) 2. 2575E+1 4.2451E+2 1.000
6| 74| #HKMAE®B) [bhn) FWW500(2) 2.5081E+5 25137E+6 1.000
7| 75| #HKE=E(C) [b/hr] FWW500{3) 2.496BE+5 2.5033E+6 1.000
8| 76| FHFTEHB) [psi SGP030(2) 6.0718E+1 6.0047E+2 1.000
9| 77| FEIEHEC) [psi] SGP030(3) 6.0949E+1 6.1116E+2 1.0C0
10| 48 | FESAEB) [lohr) SGW040(2) 4.3604E+5 4.8559E4+3 1.000
11| 491 FHEF(C) [b/i] SGW040(3) 4.4061E+5 6.8321E+3 1.000
121 60| EBRESH [ GEJ120VN 1.0022E-1 1.3466E-3 1.000
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Table3.7 =2—9 V% vy U= CHWAESORMEORERR
Y =C(X -D) (Y REBfL, X I RF-¥-FR)
" ch| 22% Y c D
" 1] 6| wodrTE (%) 100.00 0
I' 21 70| @AKEH [kgtcm?) 7.0307E-2 0
3| 71| —RARNMER X108 ton/hr] 4.5359E-7 0
4 72| Fv rLFEEB) [C] 5.5556E-1 32
l’ 5| 73] Fv FLTEEC) [C] 5.5556E-1 32
6| 74 ¥HAKHERB) [tonhr] 4.5359E-4 0
7| 75| I/AKAEEC) [tonshi] 4.5359E-4 0
8| 76| #EEAMB) [kgficm?] 7.0307E-2 0
9| 77 #FREAHC) [kgiiem2] 7.0307E-2 0
10 | 48 | FSHAR(B) [ton/hr] 4.5350E-4 Q
11| 49 | HSHEB(C) [ton/hr] 4.5350E-4 0
g “_-so EFRHT [MW] _ 1000.0 0
BEHRE 1 [vhr] = 4.5359E-4 [ton/hi]
AR 1 [psii = 7.0307E-2 -[kgf/cmz]
B t [C] = t32y1.8 [ A




R [%]

— sk E [Ib/hr]

Ry MLFREE) [C]
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4 Z—a—F VA bT—7%
41 —a—uasoEfEeEFTINv

AL=a—9NV%v b7 —2id, Fig. 4.1Q@) ® & 3 CEPOEO RO GIREZ ()
DL LML TENEFVCELEZLDTHE, —ERNEHEEROE T VS AT
IHANERTFEEZ T, BoRMBOR R F TAEEEMLTATELTEHALN
Bo ANOBHBZOMILOL X2 WE #BA LS ITHBPEBLTHIAFL, £ Tx
WVIESICRINAIZ0 L2 b ORERN LB E TV TH D,

2 7, A OMBERICE W, #SEABHO Y T AKEOMEE R LI LK
Lo THEE Y ToTwAEEILNTVD, 2F ), BFOHEELLBELAD . AR
Lo TENEEEED PG BRI, FHREIMHE ASEE IR ICEILL T B DT D
Be TOHCHKL (8 OFFVICE, wAWALRTAITYXAFRERESNL TV L,
FNLDIFEAET [HBAOLAPHAKEBICAL I A TVEEA, 02 DA
R LI FO YT TAESRAKE 2 S] (HebbDFHHE) L) HHAFHWLRT
Vg,

Y, Fig 41IRESNDB LI wff4D=a—ay (2=y b)) KDV THET L, kF
m%ﬁméélzvbmﬁﬁﬁé&‘:wlzvﬁmmxﬁﬁu\mnﬁwxau\km%
Chzazy b2oOHHO T IKELW T ERF L OORAE L TR SN A,

I = YW 0 (4.1)

éBK\C@kﬁﬁ@\X&ﬂ%ﬁfﬁ)Ki@&ﬁ@ﬁ%&éhéotwkﬁﬁ%ﬁﬂc
T A VA LICEoTC, =a—F iy PT— s BEGEROETFTMLEITI O
FHTEEERD, PO LI, EYoRERI2HETTATH Y. IHERBITE R
B33

1, I-6>0,

0, I-6<0

f(l) =

THEMEING, LAL, AEOLE I 2a—F Wiy VI~ %752 FOETVLICFIH
T LEAIAMDEEIESETHAI L, T REOFERETY B ABDEBEOH
ﬁMﬁﬁ%ﬁnﬁﬁT%%:&%%ELT‘u_fﬁkﬁﬁﬁﬁ /7%4F%ﬁ%ﬁmT
Bo LIt#FoTazy PHOLEWERE; & ¥ 5L, HIMEFO

IS S (4.2)
(L - o)

Oj.‘ =f(I;‘)=
1+e



JAERI—TResearch 96—051

DEHIFEENS,

Fig. 42 2. SBEIOREFN 79 ¥ FERKHV 222 —F VA v 7 — 7 O RS
BT, LAY b7 -2, ADB. HUBRFLIOOBEWED L% 5 3EHEOH
BEICH A, BNEBE =y}, ANBEENBEIE{ELC1I 222y bR b4—}
FIOYTFA4 TRy NI~ Thh, ADBEBENEO2=y FHRUTERB EHNTBOL
—v FBETEHESENTEBY., 74— F3v 2k,

42 W|EMEE (NyrT7ony—av) TATY XA

A, FEHAEL Tho & dESHVE R TV A BREMERIE (N s Ty —
YY) ALY XARBALE, Fig. 4.1 OR0k-1B0i HHEkBOFEHOL= v MH
DEEEDEROEAWE G TO LI L TROLN S,

-]

AW = n -85 x0T + e AW - 1) (4.3)

::v‘nM%ﬁﬁﬁﬁﬁ%ﬁmﬁwéiﬁﬁ‘ﬁuk%j%ﬁwlzvhtowf@ﬁ%
fEeT, HAOBRMICBWw Tid,

M M My My M AM
Sj =(Tj—0j)><f (Ij)— (T,-0 Oj (1 Oj )N (4.4)
%@ﬁ@¢%@m£w1u\

4

8 = f’(If)-}jBZ*‘-VVEi*l :=()f(1-— ()?)~§:5§*1-vvF*+’ (k=M-1,...,2) (4.5)
j j

t&%cC:T,Q”ﬁhﬂ%ﬁﬁ”%ﬁ%%%\Wﬁ”ﬁﬂ%jﬁﬁ&kﬂgqﬁﬁwl
Zy MEOKENEATH S, G4RNOTREIFET. FEANTBROBS TH % 7,
AARD LI VT EAL FEBEAVTVE2DASRO L ) BB TRT I LN TS
Bo T, GARNOHEDE2HITE— A vy AHEMTN, FHOEHEES L TEFOUN
H2ED, KOEREBEMICEHETARTOBMETEEMSPAET L DR 20T
LENd, ol ET—XA V¥ ATHOMRHETH 5,

Ao OEE T, FEHOKAZ AL ED I, 9id1.2~0.112, « 30.6~0. 1ITERFEHIIC
NS B EHICEELT

43 FZv b7 7 DPEDRGE

ATESR, HICHWDL F— ¥ ORKE L BAMED, FAFR0.5L-0510%5 L) HE
CEBHALL 20 —F. HOES R, BRELBMEXFRFROOE0IIZEBILI LT
%o
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Ty MEOBEARUTL EvEO@E R, #0012y OBRESILERT 20
Wy FUYFLITHEREINTVD, BEhELEVWEOMMERENEFN-05~05, -1.0~1.0D
BOEMEYRBESSTHE L. BUVIEEICI-T, o y b7 —-sHERE(RL2
BHDICHY), FERPPRLAZBROEAFELKRE (B> TL B, Ao 2+ EED Y
BT L BETETid. RN FEEECKRERZERRA O 2o/, THE, 2y FT—2
CEIFEOEFILEITIES. B bDOEFMEFTEETHY, Ay P77 —2 OWEE
BEREEFEECHRVWIEFERL TVE, LEF->T, A LI a—F Ay b
D= %[BT T P OEFIMLICHVBESICE, MPEORECHEEIC R 5T
R,

SOl BaEBoazy CEHOBRERKITAAIET, Ay U —voNRRELIZ Y
AU 20 FOBAT, FEEARUEFHR B Yo EREEO N2 ol &
B, 2OZa—FNFy bT—2 707 T 5iE. FORTRANTEHEDIPNTEB ., 77 AT —
va v ETETEING,

44 WMPEBHE

Za—SNVAy FTI—2F, BEOEEF-FEEFETAI LI LoT, BFFOL S %
FEITHB LSRR EFTMMET A2 LR TH L, ARPHFFEOT— 503, EW
TReE & RE), FIEROEE LT 5 225 IR T A LAY E L, 40l
Wi Ial— IR FEORR. KiERHHES . £y BEMICEB T AR ES %
Vi, BT, WHSE - S IlE Y I al— S TARAE IR T VD 3 20EN BERO
Fe s DAREEAL 7, BEYA 7 LI BITZ220%. 50%. 100%HNoEHE
WHOF— 2 FRFRIBTECI00HAEL. 6D F— 95300735 —V %
—a—S WAy b= 2 OWPFETCHN . S0 XS, BEE I B CLHEBE L E
F—F R EATARME, —a—F VA y VT2 BREFHEANO T - S I LTI EAL
HHTERWRLThHD, 250, SAONLEEF—-sORMICAL T Ta %t ER
TH, MFREL{ABETHD, LIzt oT, 22a—S Wiy V727 xFHTH55L5K
3, BFEF—yOBRRCHDEEEFLILENDH L, A3, £T7— 5% 7 VS 2R MEF
T1000|To¥EEL, =2—9VEky PI—ZWEBPWR 7T ¥ POEFMLEST-
7o WEIFBOB, F—9 %5 v FAFERTLEHY, —EOHFTITIHE LN 6 FH
OUWHEAHL, LebREWNS kol IIFBCELZREE, 7T-2A7—-2ar
Sparc20 L. TH 1 5 Th o7z, Figd 3z, RED 75 v MEH IOV TOAMFEEOER%E
RLTWD, 23T, ERIHEME. AEREEET. Zo0ErfRE AR LTwAT
EHOAMEEN) FTbRTWAEI LN bd» S, 2 0%BARKEESHLLERHLT
WD, EHHIRETY AT APEELTWEVWELLTHEEEZLNE, HPOeid"
OOEDREEZELTBY ., AFFFCBTLIRAEERL. RESHOBRO L EWELRE
THrRCEHING,
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45 Z—a—Siiky b I—2rHZHFE

MHFEER, YIal— I »bUbNTLA277 Y MEBEANEL T, =a—F kY
P2 WL BEEEIT) . OFFEEFCBWT, 22— VA vy M7 — 73 EFERER
G OBRFFEHLTETE 7S~ FOEFUMEE o TWVEOT, ANF— ¥ HFEELL
Foa—I iy V7= O (HEEE) EANT— 5 (HiEE) G3EECECELE
TCHb, —F. FHENTVWLEWEFELZEERRY—VHEANELTA->TL B85 I1TI,
HESOHRTIEL, EEOANEHEE R 2T B I b, Ld>T, #0EE (B
Z) REH LB, MARRERELRMT A ETED,

IT, RELHET ABORED L EVEORER. REBWAT ) BECHFCEE
Lo RWFETHEH, HEF BT 2WHEEROREEOREKIE (BRAFE Jenx) & 10
0% Z7:i25 0%EHHHEEROEERED 2850 (eq) ¥ HEL, KEVHOER
1255 L 72 0% L X2 WE (gp) & LTEH LS. SHHIEFTCHT 51 5 OfE% Table
41ERT . RARBREDH TL RERELER L -dHmE, fyofBFicL-T7Fus
Ehs 74 V8 VME~NOERBEORENRE D0, HWARBICL 2L nElC
—EH DL P REVLOFFEETL DT H 5, SROERABAT S, —~KGHH K
B REENSERBRIE L VERRED LEOEOHFRE hoTvwh, F 1, BAR
BEOLEVEIEREEBECESXTOHEBEREAREVWOER, a9 VFxy PT— 27X 5%
BIEPWE L o2 b TR VI alb—Ya VEESREWR L EEL LN S,
100 %EFHNRORERESRIMED SHEREIC L > T b,

B, LavEcir o125, AER VAT A5 E T MCERA LRI, B
BENE S i T )Y, EROETIHIGEA LB A, CORRE1L2SETICBRET D
. PEEFEEHICBVTHOHBCEHES ST T LaWELBA TEBERE L,
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Table 4]l =a—F N3y b7—2 a7 /ET0L EVE
e 8% Y 5 | BATRE |AEREx2| LEvR
(Emax) (€sa) (€0
1| 6| PSAPMTE (%) RXNCORE 0.567 - 0.158 0.70894
2| 70 | WAKED [kgiem?] FwWP210 0.4984 0.1140 0.62303
307 —RAHMRE [>X108 ton/hr] RCW111 0.0084 0.1224 0.15301
4| 72| FvbLTREB) [C] RCR301(2) 0.2782 0.1498 034774
s| 73| &v FLTBEC) [C] RCT301(3) 0.2887 0.1406 0.36093
61 74 | ¥KKREB) [tonvhi] FWWS500{2) | 50.558 5.828 63.198
71 75 FEAGRER(C)  [ton/hr] FWW500(3) : 51.773 5.707 64.717
8176 | RAENB) [kgiem?) SGP030(2) 0.1213 0.1443 0.18032
g | 77| HSEAHC) [kgiem? SGP030(3) 0.1166 0.1503 0.18793
10 | 48 | FSAE(B) [tonhr] SGW030(2) 9.518 1.324 11.898
11 | 49 | FHXURE(C) [ton/hr] SGW030(3) | 10470 1.692 13.088
12| 60 | BRHD [MW] GFEJ120VN | 8.880 4.076 11.101
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5 IREESEAT

Za—FNEFv P T =2 EVAHVLLEHMNIIHVLE, ok b AKSLMED 12,
Fv b7 ONBBEIEEIATBLT., 77 v 2 ¥y 2 ANRHALLTE RV EY
AR THhE, FIT, 2y NI —ARBEDL I ERFEN TV L2005 L TOHEET
Bzwil, I ITRIBERITERA, BABSH EOANBTRHFEL T LOH 270~
fro BEERITICL o Tza—F iy P72 NEOESIRERUTRBOE & o —E 48
S TELED, —a—FVAy FT—2IlEB75 v FOEFMENF) T {frhbItTw
AHED BRI TS EHTREE % BY,

F9. ma—-FNhEFy T2 DANxEBDyOMERE. KDL HIELT,

y=1(x)

(a9 hFy b =2 Lo TETFMEENABERTH S,
ANxABNOETAxE MR 72 & S DREEIR,

Ay; fj. (XXX FAX, X ) — fj (X 2Ky XppeennX )
Ax, _ Ax, (5.1)
EEFEND,

L7edfo T By, D AT K 555 HP;i .
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