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Modeling of Nuclear Power Plant

Steam Generator using Neural Networks

ol X 7|, & & &
(Jae-Gi Lee and Jin Young Choi)

Abstract : This paper presents a neural network model representing complex hydro-thermo-dynamic
characteristics of a steam generator in nuclear power plants. The key modeling processes include training data
gathering process, analysis of system dynamics and determining of the neural network structure, training
process, and the final process for validation of the trained model. In this paper, we suggest a training data
gathering method from an unstable steam generator so that the data sufficiently - represent the dynamic
characteristics of the plant over a wide operating range. In addition, we define the inputs and outputs of
neural network model by analyzing the system dimension, relative degree, and inputs/outputs of the plant.
Several types of neural networks are applied to the modeling and training process. The trained networks are
verified by using a class of test data, and their performances are discussed.
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Fig. 1. The inputs and outputs of steam generator.
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Table 1. The result of PLTN test.

A1 dolg PLTN2 PLTNG PLTNG
Test Setl 0.0350 0.0380 0.0347
Test Set2 0.0480 0.0464 0.0411
Test Set3 0.0231 0.0273 0.0228
Test Setd 0.0235 0.0353 0.0340
Test Set 0.0348 0.0337 0.0300
Test Setb 0.0457 0.0464 0.0440
Test Set7 0.0311 0.0300 0.0259
Test Set8 0.0235 0.0352 0.0340
Test Set9 0.0689 0.0794 0.0765
Test Setl0 0.0439 0.0540 0.0509
Test Setil 0.0431 0.0429 0.0406
B 0.0389 0.0426 0.0398
REHA 0.0130 0.0145 0.0148
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Table 2. The result of MLTN test.
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Algdole] | MLTN20 | MLTN30 | MLTNS0 | MLPNSO
Test Setl 0.1504 0.1749 0.1820 0.1680
Test Set2 0.1141 0.1157 01202 0.1112
Test Set3 0.0954 0.1114 0.1168 0.1125
Test Setd 0.0649 0.0679 0.0686 0.0641
Test Seth 0.2220 0.2774 0.2883 0.2702
Test Setb 0114 0.1180 0.1226 0.1136
Test Set7 0.0859 0.0937 0.0983 0.0945
Test Set8 0.0648 . 0.0676 0.0685 0.0642
Test Set9 0.1222 0.1287 0.1327 0.1271
Test Setl0 0.0726 0.0723 0.0746 0.0752
Test Setll 0.1203 0.1482 0.1504 0.1349
ki 0.1117 0.1251 0.1294 0.1214
EFERI 0.0454 0.0607 0.0634 0.0585
=z 3. CBPN Alg A3,
Table 3. The result of CBPN test.
Algdele) | CBPN5 | CBPN30 | CBPN40 | CBPNSO
Test Setl 0.1301 0.0546 0.1481 0.0471
Test Set2 0.1044 0.0534 0.0988 0.0629
Test Set3 0.0656 0.0513 0.0673 0.0328
Test Setd 0.0616 0.0635 0.0521 0.0508
Test Set 0.1720 0.0504 0.2158 0.0450
Test Setb 0.1048 0.0508 0.0097 0.0625
Test Set7 0.0628 0.0505 0.0558 0.0359
Test Set8 0.0614 0.0636 0.0515 0.0508
Test Set9 0.1416 0.1805 0.1462 0.1422
Test Setl0 0.0653 0.0888 0.0623 0.0571
Test Setll 0.1286 0.0785 0.1519 0.0646
R kin 0.0998 0.0720 0.1045 0.0596
FFERA} 0.0393 0.0400 0.0542 0.0292
¥ 4. RNN A 87434
Table 4. The result of RNN test.
A8 H) o]E RNN20+ RNN30+ RNN50+
Test Setl 0.0652 0.0596 0.0833
Test Set2 0.0499 0.0411 0.0618
Test Set3 0.0366 0.0336 0.0463
Test Setd 0.0356 0.0313 0.0467
Test Seth 0.1071 0.1057 0.1496
Test Set6 0.0524 0.0444 0.0652
Test Set7 0.0369 0.0292 0.0406
Test Setd 0.0366 0.0333 0.0499
Test Set9 0.0653 0.0521 0.0799
Test Setl0 0.0521 0.0413 " 0.0570
Test Setll 0.0461 0.0368 0.0537
ki 0.0531 0.0462 0.0672
EFAX} 0.0209 0.0218 0.0310
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Table 5. Performance comparison of neural networks.

PLTN2 | CBPN80 | MLPN20 | RNN30+
B 0.0339 0.0596 0.1117 0.0462
EERAH 00130 0.0292 0.0454 0.0310
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units with 7y 05.
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