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Feedwater Flow Rate Evaluation of Nuclear Power Plants
Using Wavelet Analysis and Artificial Neural Networks
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ABSTRACT

The steam generator feedwater flow rate in a nuclear power plant was estimated by means of artificial
neural networks with the wavelet analysis for enhanced information extraction. The fouling of venturi
meters, used for steam generator feedwater flow rate in pressurized water reactors, may result in
unnecessary plant power derating. The backpropagation network was used to generate models of signals for
a pressurized water reactor. Multiple-input single-output heteroassociative networks were used for evaluating
the feedwater flow rate as a function of a set of related variables. The wavelet was used as a low pass
filter eliminating the noise from the raw signals. The results have shown that possible fouling of venturi can
be detected by neural networks, and the feedwater flow rate can be predicted as an alternative to existing
methods. The research has also indicated that the decomposition of signals by wavelet transform is a
powerful approach to signal analysis for denoising.
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Fig. 7 Feedwater flow rate signal by wavelet denoising
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A HAE Yol ATEL AAsT AFUYE FF
g 5 2o ALEEg —?* 2 AEE AT F7)
Az a1 ARIZFY HFHNE 98 F1F
A59] F(pattern H) 22 126, 125, 1037] 01t}
TR AEY FEE AA] AT dolE¥
Aol #ld 49 dlojo}(Meyer) ALY slolB3E A}
319t} Fig. 6& 2AA A2 482 F44F A%
ZRE wzA A FLS AAS Aot
A7Rszge 10° AFHT(root mean square:
RMS)2A7HA 848 the, A A3 AHEEA
ggAae 2& Az W7ol xEF2E HEA
5E o8& A ZIAE Fig. 7% Zh A RMS
2RE 49%013TH
% HE 9 "7351&"0*94 AR HEA
AA FFE Aot F 423 5 gle A

) l-)lv

r lf 4>

H
AR

820

Measured
-~--— Estimated

810

e r— e ————————

800 %deviation=1.84 %deviation=2.59

790

Feedwater Flow Rate (kg/s)

UFM (786.4)

780 T T T T T —
0 20 40 60 a0 100 120

Pattern #

Fig. 6 Measured versus estimated feedwater flow rates
at MOC
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Table 3 Sensitivities of feedwater flow rate to 0.1% input

input perturbations
Order Parameter Sensitivity (%)
1 Turbine impulse pressure 0833
2 Feedwater temperature 0.78
3 Cold leg temperature 065
4 Hot leg temperature 033
5 Feedwater pressure 024
6 Steamn generator pressure 0.19
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