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Abstract Background: Loss of coolant accident (LOCA) is one of the typical accidents in safety analysis of

nuclear power plant and the location and the size of break will affect its treatment and consequences directly. Purpose:

This study aims to diagnose the location and the size of break by using artificial neural network (ANN) based pattern

recognition approach. Methods: CATHARE program was used to model and simulate different location and size of

break in LOCA for the CPR1000 nuclear power system. Six types of thermal-hydraulic parameters were extracted to

train four types of ANN methods (back propagation (BP) neural network, Elman neural network, radial basis function

(RBF) neural network and support vector machine) and the trained ANNs were utilized to diagnose the location and

the size of break. Results: The optimized support vector machine (SVM) is best method in terms of diagnosis

accuracy and stability among 4 ANNs. Conclusion: The operators can obtain more detailed information about break
by SVM to deal with the accident efficiently, when a LOCA happens.
Key words Artificial neural network, LOCA, CPR1000
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HL 2 R &R NE 1T, LOCA F
Ja AR, RIS R AR N o S B R
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& N LA X 4% (Artificial Neural Network,
ANN)FIDGHE 5 K &, 1o AP A M 28 A% HL T S it
1T W O A B FEE AN TR, &
F 2 BRI N 4502 FAE A% B2 b
4, SCER[51%5 BP (Back Propagation) i £ ¥ 4% 35
TE AP1000 1% L 78970 A= i i 1) B8 2 4 R i
FE. RRRGEEWR. HRIEFHKEGHKE
BB RIX 4 KEBRIZ WD, 2Was REBUNAER .
SCHRT6]F AL B0 28 VAR AR A 1) U BUE R
HMEATHEIZ W 5, 2WEs R R T
KA ZGR K A48 SCER[71R BP #1480 45 Al
RBF (Radial Basis Function)#fiZt 2545 &, XI5
FRMAIRRZ I B R HEFHOIAT T2 W, FEiS I
FEIS FIHER R EIYIS T B RIRCR . R
W, FET M2 W R 2 e X A A
MR, AR X LOCA FHeh i 1 R ~F A 1
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Fig.1 The CPR1000 model of the primary loop.
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#1 LOCA EHBH
Table 1 Accident parameters of LOCA.

i A {2 & Location of break % 1 R~F Size of break / cm #/T.7K 712%1 Thermal-hydraulic parameters
A B Cold-leg 1,2,3,4 FaE 2% 5 /7 Pressure of pressurizer
PAE B Hot-leg 5 I EE R Loop flow
6 HELS A EE Inlet temperature of reactor core
7 HEOSH T1EE Outlet temperature of reactor core
8 ZRVR R 48 751R)% /1 Steam pressure of steam generator
9 ZRVE R B4R 75V Steam flow of steam generator

2 LOCA EHUFH (

AER Sem 0D

Table 2 Accident sequence of LOCA (5-cm break in cold-leg).

H/F Accident sequence i [H) Time /s
¥ 11 /X & Break happens 0

1EHE(F 5 Scram signal 43.748
ZE(5 5 Safety injection signal 64.735

15 145 7K15 5 Stop feedwater signal 69.964

FI 4 Bh45 /K155 Open auxiliary water signal 125.12

LOCA HHHFa LS k1. MR O
CIPE R . HESSH DR . SG 2855 /AT SG 28950
=S S HUERAE NS N2 NS, B
BB AR SHE A M 25 &2, R 22 o 2 26 X6
B VAL RN RS HEAT 2 T

3 LOCA EHIZWER o4

FEREILTH AR 2 6 R TK IS K, |t
0-200 s AbF 2B Bl S8kl BTk
MTiEZ W . EIHEE 200-500 s (1% S 25l
T INZRATIHA N 2% o« 1925 I ZRFE AR SRR 60%
ok, HoAa 40% A0 80dE TR A L R .

A FIF BP MM 44, Elman #1450 2%
A1 RBF #1228 W 28 060 1 RS HEAT 2 W, 12 Witk i 2%
W 3 Fiw - BP #1280 25 (1112 Wi HE A 2R S A EL AR A
FasE, Elman M2 M2 HER R ZLT BP #H4 M
%, ERRAREIAFIE R, BP ML MM Elman
R 28 IR 245 PRI Bff AR 2 DR A A AT TR T AR 220 B
TREREE. MR ZE RN N R, Bie
TEAEJR TN, R ZE R0 BT T B B 8 i
15 B ZA T TGk S R, HIX S 5 A 2 2 R
(PR /NRZE 5, DR SR -5 28 A e 1 22 PR A
Ko RBF #2258 %F LOCA Bl H R ~F 2 Wt ifs %
Bm, MERZHUIHN FHGER] T 100% 1K

R"3 MHEMEITEORTHISHIEER
Table 3 The diagnosis results of break sizes by ANN methods.

il R~ BEBBLT Cold-leg break PE BT Hot-leg break

Break size BP #1£: %%  Elman #1444  RBF &M% BP #ZE [/ 4% Elman £ /%%  RBF 125 2%
/cm BPANN/% ElmanANN/% RBFANN/% BPANN/%  ElmanANN/% RBFANN/%
1 50.00 100.00 100.00 80.00 100.00 100.00

2 73.00 96.67 91.67 70.00 100.00 100.00

3 67.67 100.00 100.00 89.42 99.17 94.17

4 69.83 100.00 100.00 7425 96.67 100.00

5 80.00 100.00 100.00 80.00 98.33 100.00

6 60.67 98.33 100.00 59.25 96.67 100.00

7 74.00 81.67 100.00 88.75 82.50 100.00

8 69.67 100.00 100.00 85.00 88.33 100.00

9 78.33 98.33 100.00 76.33 100.00 100.00

B E = M W2 7 A, ASOERI T 3
B i UYL R R SET T 125, fERET

WraT, B 2R PSO HikAl GSA HyEN SZFfln &
WP KRB EN S8 (o) 5 R B S H (9T T F
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PEUT. PSO S i of B el £ 47 9 AR 017 SRR
LA, BAFER R AT ISR RATA
WS HIE DR A Bz s T EIR A .
GSA HEHIAE Z M 2 X ) 70 W A% S8 b
Pkt N BT S8 T S0 TR X
SHEAT R ER, FT LAAT BLSE R BE N JR) #8 B5/JMEL P T e
PSO FEXS ¢ g ZRSILIIE N E i 2 n & 2 e

100

(a)
05 - Best Fitness
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Evolutionary Algebra
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o GSA HIEX oo g ZETFIHER F ARk 2
WK 3 fizn. # PSO J7i%A1 GSA J7 kit H15 211
B ov g ZE R NSRRI E LA, X RS
BT T2, GRNE 4. KRS EAAL)E ISR
) S ALRT AR RS (012 W A 2R AE VA B 1 RS T
BRI LD BORIL ) 100%AERVERIE M, HE
PEF T 100% I HERR 2

100 -
(b) — Best Fitness
) -~ Average Fitness

90T+
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Fitness

75 i i ;
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Evolutionary Algebra

B2 PSO Jjikkf SVM W ¢ g EFIMAERNE L (a) WEBWIH, (b) AEFBWN
Fig.2 The fitness curves of SVM optimized by PSO to confirm ¢ and g. (a) Cold-leg break, (b) Hot-leg break

Accuracy / %

; s
e 25 108:.¢

Accuracy / %

B3 GSA JjiEXt SVM W ey g EFMRIGHER R () WEBRH, (b) AEBEMH
Fig.3 The accuracy curves of SVM optimized by GAS to confirm ¢ and g. (a) Cold-leg break, (b) Hot-leg break

R4 SRMAEHZIFEENIEORTHISEER
Table 4 The diagnosis results of break sizes by optimized SVM.

WOARSE B B Cold-leg break & BL Hot-leg break

Break size  PSO/% GAS /% PSO /% GSA/ %
/em ¢c=5.772 4, g=6.464 1 ¢=5.656 9, g=5.656 9 c=11.628 0, g=244.1374 ¢=21.1121,g=111.430 5
1 100.00 100.00 100.00 100.00

2 100.00 100.00 100.00 100.00

3 100.00 100.00 100.00 100.00

4 100.00 100.00 100.00 100.00

5 100.00 100.00 100.00 100.00

6 100.00 100.00 100.00 100.00

7 95.00 95.00 99.17 100.00

8 100.00 100.00 100.00 100.00

9 98.33 98.33 100.00 100.00

FESCRFIAEALA, A% R B 1 A2 S 2 ()
AARL A He B e A 1] h, AR AR ST 2R

TR IFEA D A EAAAEZE S, PRIA A
XF AN S RF A LS WP R =M ix el K ZetEx

080604-5



o R

2017, 40: 080604

BREL 2 A RBF & AT TR
B =M R THE BRI E B 1-9 em BH R
STz, BB RWER 5 FR. K5 PHHE

B mnt 9 Z8(1-9 em)fil F RS2 W HERf 22 1)~
e . WIS BT DA, 20U R B R
R, HXE RBF %R 30 2RI o0 B R i 22

®5 ZHEREHAISHRIER
Table 5 The diagnosis results of 3 types of kernels.

L AREDAL

ZWIHERi 2 Accuracy of diagnosis / %

Location of break 28 4% B8 % Linear kernel

%2 Wi #% B 3L Polynomial kernel

RBF #% B4 % RBF kernel

U BL Hot-leg 79.80
A B Cold-leg 68.01

100.00
100.00

99.66
98.65

WAz T ) S W, B T 2%
R RS, IR RS W AR E M. DR
ASORF A FTiEs B I 4 Fhai 2 X 25 (112 W A e 1 2
AT THETE . K 4 Pl 22 0 268 6k A R AR 1 o7 B AN AR, 1
JGFHEAT 20 IRE R 2 Iskss, 8 7 20 RSk
g5 11377 (Root Mean Square, RMS)i% 7, 1K
0200
0.175)
0.150[
0.125]
0.100}
0.075]

0.050
0.025

(@)

RMS Error

Size of Break / cm

4 Fi7R o« BP #1454 il Elman #1452 1 £ 112 Wi k& e
PR, RBF MM 2 AER RSBV I L T 3R
PO BRI AR ENE . SCRFIAIENLAE 4 TR 25 )
fasEthil, HAERZANEOLNARREILE] 0, KW
SCHF R BAE 2 UGS T AN 2 fAE S8 R BEh I .

0.10
(b)
0.09F—=
0.08f \ A ” /
0.07}f AR 7\ /
E 0.06 ‘/r\‘rx\» S v / \.“L ‘/,,
E 0.05F+ / \\ = BP . //
© 0.04f / \ |—*—Elman |
Z ool [ \|*RBF | /T
: / \ [-v—sVM |,
0.021 / —e
0.01F ’F' 3 \\‘ - e - \
op — ¢~ * A a4 ¥

-0.01
1

Size of Break / cm

B4 ZWSROTIREE (a) AEBMED, (b) AE BN
Fig.4 The RMS error of diagnosis. (a) Cold-leg break, (b) Hot-leg break

B BRI RS IRG Ak, ARSGERI T #ihs j 45
TEXR AL B AT 7. BP fH&M %5 RBF
PRZE 2% . Elman #1458 0 2 F1 S ) AL B A7
BRI HER R UR 6 P, SRR, X 4 F

22 PR 28X TR0 L L RIS T AE R EARALL, #mT LS
PR . Xt i TR A B RS W A
R, 5T X7,

&6 4 FHEMLERTRE O E RIS BILER
Table 6 The diagnosis result of break location by 4 types of ANN methods.

[ ANEDALS Wi 2 Accuracy of diagnosis / %
Location of break BP £ M 4% Elman 1445/ 4% RBF #1424 &SGR
BP ANN Elman ANN RBF ANN SVM
BB Cold-leg 99.66 99.66 100.00 99.66
G B Hot-leg 99.33 99.33 99.33 98.65
4 LB BRI (71

1) BP #i£E®%%. Elman #£/%%. RBF £
W 248 1 Sz 55 E) AL LOCA S b i 117 B Al
FURST (12 W 355 AT DUk 21— 2 (IR ARG FE, BRI
FAARZE 48 J7 106 LOCA FHER BT 2 W B 5

2) XLt 4 Rz L AT LUK IL: BP fIZE /4%
HIR ZEK B A A 51 W SGE 248 Elman
ARZE 28 (K12 W R - AN iy EAERY I K RBF #22
IR 2 (1 A Ak 2 e (E R 815 0 R 2 W A E PR R
#2 5 SCRFIAENEE I A% s B . g 230
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