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Nuclear Power Plant Monitoring Method by Neural Network

and Its Application to Actual Nuclear Reactor
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In this paper, the anomaly detection method for nuclear power plant
menitoring and its program are described by ﬁsing a neural network approach,
which is based on the deviation between measured signals and output signals of
neural network model. The neural network used in this study has three layered
auto-associative network with 12 input/output, and backpropagation algorithm is
adopted for learning. Furthermore, to obtain better dynamical model of the
reactor plant, a new learning technique was developed in which the learning
process of the present neural network is divided into initial and adaptive
learning modes. The test results at the actual nuclear reactor shows that the
neural network plant monitoring sysytem is successfull in detecting in real-
time the symptom of small anomaly over a wide power range including reactor

start-up, shut-down and stationary operation.
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FORTRANTEALNTB Y., DTy 7 V—FrhbllkahTtnd,

SUBROUTINE LIST

MAIN Input Control

NLDTMK  Input Data Control

NEURALL  Main Program of Neural Network

ININET Network Initialization

NORNET Input and Output Data Normalization

ITRNET Backward Calculation of Backpropagation Algorithm
DASKIP Skipping Data that the Error is Bigger than Certain Limit during Initial Learning
OTNET Output Data Control

FORCAL Forward Calculation of Backpropagation Algorithm
RANU2 Random Number Generation

NNTEST Testing Mode of Neural Network
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143 AD7—-sEA  (WHFETEE-F)

1. $' First Learning (F) or Real Time Learning (R) 7'
F

2. $ 'OUTPUT FILE NAME (.NNA) ?'
BI9MY.NNA ... input data for Other Neural Network program (ASCII Format)

-3.  $INPUT FILE NAME (FRM) ? (IF STOP, RETURN OR Z )}’
B19019C.FRM

3.1 $'FIRST AND END POINT OF DATA ?'
113777

3.2 $'SKIP NUMBER ? (IF NO SKIP, PLEASE TYPE 1}’
8

(1) 3.3 -3.10 is only for first time
3.3 $'How many input channels do you need 7'
12

***(2) iteration (number of input node)

* 34 $ 'Which channel do you need for No.1 input 7'

* 1

*

* 3.5.al $ Do you want to make difference data for input? (Y/N)'
* N

* :

* 34 $ "'Which channel do you need for No.4 input 7'

* 15

*

* 3.5.b1 $ 'Do you want to make difference data for input? (Y/N)'
* Y

*

* 3.5.b2 $ "Which channel do you use for difference data 7'

* $'Ch. 15 - whichch. No.?"

*

14
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* 3.4 $ 'Which channel do you need for No.12 input 7

* 29

E

* 3.5.a1 $'Do you want to make difference data for input? (Y/N)'
* N

dedok (2)

3.6 $'Areyousure 7 (Y/N)
Y

3.7  $'How many output channels do you need ?'
$ ' If it is same as input, please type ' <--- auto-associative mode
*¥%(3) auto-associative mode (output channel is exactly same as input)
372 ©

*¥%(3") hetero associative mode ( iteration of output node)
37b1 1

29
3.7b2 $ 'Do you want to make difference data for output? (Y/N)
N

3
*
* 3.7b1 $ "Which channel do you need for No."I,'output 7'
*
*
*

***(3")

3.8  $' Are you sure 7 (Y/N)'
Y

**k(4) iteration (number of output node)

* 39  $'Allowed absolute error of channel No.',1
* 7.9766

%* .

*

* -

* 39  $'Allowed absolute error of channel No.',12
* 0.30948

***(4)

3.10 $'How many previous step do you use ?'
0 .. ( Now only 0 is available for auto-associative network )

+(1)end
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—3.  $'INPUT FILE NAME (.FRM) ? (IF STOP, RETURNOR Z)'
B19068A.FRM

3.1 $'FIRST AND END POINT OF DATA ?’
11200

3.2 $'SKIP NUMBER 7 (IF NO SKIP, PLEASE TYPE 1)
— 1

[ 3.  $'INPUT FILE NAME ((FRM) ? (IF STOP, RETURNOR Z )’
Z

4. $ ' OUTPUT FILE NUMBER (0-9,A-Z)?'

A
c outa.dat ... output data
c outera.dat ... sum of square error every 10 learning cycles
c outfplta.dat ... data for plotting ( FRM Format )
C outneta.dat ... network information data

3. $ ' NUMBER OF HIDDEN UNIT 7
8

6. $ ' DO YOU WANT TO CHANGE NORMALIZING FACTOR (Y/N) 7
$' DEFAULT : INPUT(0.1-0.9) OUTPUT(0.1-0.9) '

***(5) use default normarization factor
6.a N

*%%(5") change the normalization factor of input and output data

* 6bl Y
* 6.b2 $' TYPE MIN. VALUE AND MAX.VALUE OF NORMALIZED OUTPUT

hokk 0208

7. $ ' NUMBER OF CHANGE ETA AND ALPHA 7
3

8. $' CYCLE OF CHANGE ETA AND ALPHA 7 INPUT ',3
50500700  ( third one is dummy. )

9.  $'ETA? PLEASEINPUT'3 (52 5 )
120.60.2

10.  $'ALPHA? PLEASEINPUT'3 (E—A V¥ 2B a)
0.60.30.2
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11.  $'INITIAL RANDOM VALUE (1-10000)?
60

12. $'SEQUENTIAL LEARNING (S) OR RANDOM LEARNING (RY
R

13.  $'DO YOU WANT TO USE OLD NETWORK (Y/N) 7'
N

14.  $'DO YOU WANT TO CHANGE PRINT INTERVAL (Y/N) 7
$ Default is 50 100 500 1000 2000 3000 5000

*+*(6) use default print interval ( last time interval means learning cycle )
14a N

**#(§") change print interval
* 14b1 Y

ES

* 142 $'TYPE INTERVAL ( LASTIS NO.7)'
*okok 5 100 200 300 500 700 1000

15. $'DO YOU WANT TO SKIP THE DATA HAS BIG ERROR(Y/N) ¥

*%*(7) No learning data is skipped evenif the learning error is big.
1542 N

*%%(7") Some learning data are skipped if the learning error is still big after certain learning

cycle.
15b1 Y

1502 $'TYPE LEARNING CYCLE WHEN YOU WANT TO SELECT DATA'
$' AND THE ERROR LIMIT (NORMALIZED ERROR > ?)
*xk 500 0.07

* ®* ¥ ¥ ¥
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T84 AN7F—48 @HPFFE-F)

F

B19.NNA
BI19LRNI1.FRM
11825

NEZRZRZRZGZ o<y

Sz



Y

7.9766
0.37170
0.35750
0.30948
0.34254
0.44186
0.40126
14.2556
14.2458
0.18146
0.23232
11.4396
14.0964
1.5777

0
B19170a2. FRM
2200 3000
2

V4

0

12

Y

-0.50.5
0.15 0.85
3

150 500 1000
1.20.60.1
0.6030.1
3279520
R

N .

Y

50 100 200 300 500 1000 2000
N

JAERI—Research 95—(76
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485 AhF—-rERX  HEEFEEE-F)

1. $ 'First Learning (F) or Real-Time Learning (R)
R

2. $ 'INPUT FILE NAME ((FRM) 7'
B19404.FRM

3. $ 'FIRST AND END POINT OF DATA 7'
12000

4. $ ' How many steps do you use for Training Window ?'
30

3. $ ' OUTPUT FILE NUMBER (0-9)7"

B .. You need the network information data "outnetb.dat" before the program
running.
6. $'ETA? PLEASE INPUT' (PERHE )
0.005

7. $'ALPHA? PLEASE INPUT' (-2 & 5MEH )
0.005

8. $' ALLOWED TESTING & LEARNING ERROR (NORMALIZED) 7
12512
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R
B19404.FRM
12000

30

B

0.005

0.005
1.251.2
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Time:

19:59:21

15:59:25

19:59:29

19:59:33

19:59:37

Blk/Pnt: ch: 1

1

[
11
16
21
26
31

1 0.11698E+C4

0.15873E+03
0.82811E+03
0.28408E+03
-.74131E-C1
0.13475E+0C4
0.21064E+03
C.11613E+04
0.15873E+03
0.82858E+03
0.28433E+63
-.58626E-01
0.13436E+04
0.21064E+03
0.11692E+04
0.15873E+03
0.82858E+03
0.28433E+03
-.58626E-01
0.13494E+04
0.21064E403
0.11717E+04
0.15873E+03
0.82858E+03
0.284C9E+03
-.80334E-01
0.13524E+04
0.21064E+03
0.116B6E+04
0.15873E+03
0.82858E+03
0.28409E+03
~.83435E-01
0.13465E+04
0.21064E+03
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2

)

12

17

22

27

az
0.14046E+04
0.53846E+4+02
0.81379E+03
0.30682E+03
0.27174E+03
0.12691E+04
0.10804E+02
0.13924E+04
0.53%44E+02
0.81379E+03
0.30657E4+03
0.27174E+03
0.12710E+04
0.10804E+02
0.14008E+04
0.53846E+02
0.81379E+03
0.30682E+03
C.27174E+03
0.12710E+04
0.10804E+02
0.13973E+04

0.53846E+02"

0.81379E+03
0.30682E+03
0.27174E+03
0.12710E+04
0.10804E+02
0.13991FE+04
0.54041E+02
0.B1379E+03
Q.30682E+03
0.27174E+03
0.12642E+04
0.10804E+0Q2

95076

13
18
23
28

0.12¢618E+0C4
0.54423E+02
0.25751E+04
0.12435E+04
0.27655E+03
0.15820E+03

0.12563E+04
0.54520E+02
0.25580E+04
0.12425E+04
0.27655E403
0.15820E+03

0.12599E+04
0.54520E+02
0.25738E+04
0.12435E+04
0.27655E+03
0.15820E+03

0.12612E+04
0.54520E+02
0.25745E+04
0.12464E+04
0.27655E+03
0.15820E+03

0.12526E+04
0.54423E+02
0.25653E+04
0.12445E+04
0.27655E+03
0.15820E+03

14

19

24
29

0.14373E+04
0.56828E+01
0.28241E+03
0.12323E+04
0.51643E+02
0.44017E+03

0.14851E+04
0.57133E+01
0.28216E+03
0.12333E+04
0.51570E+02
0.43978E+03

0.14912E+04
0.56706E+01
0.28216E+03
0.12245E+04
0.51570E402
0.44112E+03

0.14863E+04
0.56645E+01
0.28216E+03
0.12333E+04
0.51570E+02
0.44055E+03

0.14931E+04
0.56828E+01
0.28216E+03
0.12342E+04
0.51570E+02
0.44036E+03

10
15
20
25
3¢

0.15777E+03
0.54342E+01
0.30779E+03
—.27260E+00
0.51615E+02
0.21243E+03

0.15777E+03
0.54647E+01
0.30755E+03
—.28190E+00C
0.51542E+02
0.21243E+403

0.15777E+03
0.54342E+01
0.30755E+03
-.24469E+00
0.51542E+02
0.21243E+403

0.157778+03
0.54159E+01
0.30755E+03
—.26950E+00
0.51542E+G2
0.21242E+03

0.15777E+Q3
0.54525E+01
0.30779E+03
—.24779E+00
0.51542E+02
0.21243E+03
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Tue Aug 29 13:31:41 1985
+++ NEURAL NETWORK PROGRAM FCOR BP +++ VER.3.0 BY K.NABESHIMA

INPUT LAYER : 12
HIDDEN LAYER : 8
OUTPUT LAYER : 12

% %%k % % %

RANDCM LEARNING

*#% LFARNING PATTERNS ***

NL = 912
CYCLE 1 - 150 -—- 500 -—- 1000 -——
ETA 1.20 0.60 0.1¢ 0.10
ATPHA 0.60 0.30 0.10 0.10
INITIAL RANDOM NUMBER : 80
UNIT MIN MAX
INPUT 1 462.38000 1304.65995
INPUT 2 57.45900 78.26100
INPUT 3 5$8.81700 79.91200
INPUT 4 9.03000 26.85000
INPUT 5 7.83000 25.66000
INPUT 3 401.64999 1347.00000
INPUT 7 387.53000 1334.80005
INPUT 8 55.30500 77.57000
INPUT 9 54.83700 77.68800
INFUT 10 260.53000 1395,30005
INPUT 11 167.49001 1340.40002
INPUT 12 102. 90000 478.64999
OuUTPUT 1 462.38000 1304.69985
OUTPUT 2 5§7.45%00 78.26100
QUTPUT 3 58.81700 79.91200
CUTPUT 4 9.03000 26.85000
CUTPUT 5 7.83000 25.66000
OUTPUT 6 401.64999 1347.00000
QUTPUT 7 387.53000 1334.80005
OUTPUT 8 55.30500 77.57000
OUTPUT g 54.83700 77.68800
QUTEUT 10 260.53000 1395.3000%
CUTPUT 11 167.49001 1340.40002
OUTPUT 12 102.90000 478.64999

*%% NORMALIZED DATA LIST ***



LEARNING DATA :
TESTING DATA :

**x TTERATION = 1500 #*#*=*

10

11

12

WI(I,J)

0.

-0.

-0.

1.

1.

0.

04302 -1.42762
91032 -0.70933
88709 -1.10224
05534 ~0.75806
76915 —D.}9121

68899 -0.399%06

.83282 -0.29953

.40845 -1.28136

.06386 ~0.48927

.59106 0.61117

.15017 -0.04564

.04271 -2.21862

WO(I,J)
0.5121 -1,
1.7931 1.
-2.1123 0.
-1.2293  -0.
-0.58357 2.
-0.5800 2.

2.6492 -1

2.0073 -1.
-1.3005 1.
-0.8862 1.

5804
6522

4338
1718

2482
2026

.5275

4506

5039
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MIN = -0.50 MAX = 0.50
MIN = 0.10 MAX = 0.90
-0.53447 1.04215 0.00764
2.17140 -0.60669 1.14803
1.74051 -0.49598 1.1429C
0.07780 0.44133 -0.13865
-0.618628 0.458512 -0.44482
0.94942 1.00756 -0.25241
0.14400 0.72803 0.07831
1.54617 -0.45927 1.07849
1.62606 -0.24621 0.37228
0.09321 0.580%2 0.03207
0.18893 0.32124 0.16703
0.43780 1.20948 1.77293
-1.6739 1.6180 2.
-1.5803 2.1982 2.
-0.5095 -1.7465 -1.
-0.3676 -0.6100 -0.
2.4980 -1.3124 -1
2.3647 -0.7203 -0
-1.3038 1.5657 1
-1.3007 1.8364 1
1.4496 -1.4165 -1
1.6056 ~0.8500 -0

7219

-0.18617

-1.12746

~0.90652

-0.23513

-1.29751

0.25453

0.31145

-1.08007

-1.16512

0.77183

0.71193

2.81144

-3.93568

-0.91013

-1.20847

-0.4186l

-1.66253

-1.13081

-1.113%6C

-1.22034

-0.51472

-0.71920

-0.66744

1.84114

4849 1.7821
0540 -0.7403

0847 -1.3525
6721 -2.7030

L7823 -0.5446
L3796 -0.8929

.1582 2.2452
. 8986 1.9868

.0o081 -1.1220
. 9659 0.5528

~0.31572

0.87157

0.86854

-0.197598

C.1067%

0.06858

0.10997

0.61839

1.12447

-0.74800

-0.50426

-1.59989



%
f
|
i
I
I
|

WTI(I}
4.6685

WTO(J)
-0.5483
-0.0396

0.1668

NORMALIZED LEARNING ERROR**2

CH. PATTERN NUMBER

(T-Te EE I I B SV R D

R el
N - O

1.8502
1.2457

~-1.7097
-1.6498

-0.3609
—0.8135

-0.2230

-0.4183
0.0543
0.4477

ETA = 0
ATPHA = 0

-1.439%
-1.5559

-1.1086
-0.8501

1.2687
1.1348

JAERI—Research 95—076

-1.2901  0.9463 -0.
~1.6528  1.2265 1.

-0.8452 -1.1338 ~1.

-0.7786 -0.9626

1.3291 -0.7009 -0.
1.2208 -1.1866 -1.

3.8365 -3.8760 -0.7833

-0.1325 -1.1602 -1.3113

.10
.10

LEARNING PATTERN
SKIP PATTERN =

284
807
664
152
853
422

87
806
844
589
589
150

**%% TTERATION = 1500 ***

+++ CALCULATION FINISHED +++

= | 912

= 0.25132

MAX ERRCR (NORM)

0.023169
0.016540
0.016238
0.027602
0.027382
0.030322
.032089
©.008961
0.012192
0.021317
0.027393
0.016602

SUM DIF*DIF =

-0.

5594 1.1550
5655 3.6381

7715 -1.4866
9381 0.9558

9207 -0.6931
0735 -1.5780

4.1142 0.5287

-0.2589 -0.3853

MAX ERROR {(PHYSIC)

0.2513

15.51536
0.34407
0.34254
0.45187
0.48822

28.66473

30.39687
0.19952
0.27861

24.19041

32.12912
6.23836
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-0.1706

-0.0940



