Development of Performance Analysis Support Modules

in Younggwang NPP Unit 3&4
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Abstract

This paper covers the unmeasured parameter estimation module, the performance
degradation estimation module, and the performance degradation diagnosis module that
are the supporting modules of the thermal performance analysis program of
Younggwang nuclear power plant unit 3&4, PERUPS (PERformance UPgrade System),
which was developed by KHNP, KEPRI, Hoseo university, and ACT. The unmeasured
parameter estimation module plays a role in the generation of estimated values for the
parameters that are necessary but there are no sensors. The performance degradation
estimation module shows the impact for electric gain and loss according to the
parameters related to turbine cycle performance. The performance degradation diagnosis
module provides the belief according degradation causes considering the measurement
uncertainty, analysis uncertainty, and correlation among parameters. Reference data for
the development of each module was prepared by a turbine cycle simulation tool,
PEPSE. The unmeasured parameter estimation module and the performance degradation
estimation module make the estimation correlations by the regression analysis using the
reference data. In the performance degradation diagnosis module, Bayesian network is
used for the modeling of uncertainty and knowledge-base. The validation of the
developed modules was performed by the test data generated by PEPSE, and

accomplished by the actual data again.
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® 3 2AREE AN &
_]z_ 7.] h=) Q_ =
)57 PN T =
FRAT T wmee @) FAwE (@)
Abnormal Abnormal 1.00
1.00 Normal 0.00
’ N | Abnormal 0.00
orma Normal 1.00
Abnormal Abnormal 0.75
050 Normal 0.25
’ N | Abnormal 0.25
orma Normal 0.75
Abnormal Abnormal 0.50
0.00 Normal 0.50
’ Normal Abnormal 0.50
orma Normal 0.50
Abnormal Abnormal 0.25
050 Normal 0.75
’ Normal Abnormal 0.75
Normal 0.25
Abnormal Abnormal 0.00
1.00 Normal 1.00
' Normal Abnormal 1.00
a Normal 0.00
E 4 NEATE GZ4RA A5 A
S A YgE EQl |43 AFY AdA (%)
MSR Separator Drain Flow 2 0.2977
1st R/H Inlet Heating STM Flow 2 2.0060
2nd R/H Inlet Heating STM Flow 2 3.2950
HP1 FWH Outlet Drain Flow 2 0.6934
HP2 FWH Outlet Drain Flow 2 0.2264
HP3 FWH Outlet Drain Flow 2 1.1643
LP1 FWH Outlet Drain Flow 3 0.8352
LP2 FWH Outlet Drain Flow 3 1.1423
LP3 FWH Outlet Drain Flow 3 1.2156
% 5 QoW dddSdas He 2
A4 FHAHNo R Agid Algd o) dolA A2 N
. ) 2zt (%)
A o] &= A71E€8 (MW) A71€8 (MW)
1 1047.38 1047.62 0.022
2 1052.75 1053.57 0.078
3 1053.67 1053.63 0.004
4 1053.45 1053.29 0.015




X6 A AR E A5 49 (3% (%))

wedy AN@A =1 | AFA 22 | AFA 23 | APA ] 24
IRk 100.00 53.30 53.30 53.30
FHTRE 7177 7177 7177 777
HP1 FWH X444 51.91 51.95 51.91 51.91
HP2 FWH @d4A4 50.98 51.09 50.98 50.98
HP3 FWH &xd<A <+ 50.59 250.67 50.59 50.59
LP1 FWH €444 27.45 53.17 53.17 53.17
LP2 FWH &A% 51.34 51.36 51.36 51.36
LP3 FWH &x<A+ 50.89 50.89 50.89 50.89
Br7] AL 53.02 52.65 52.65 52.65
MSR Moisture Effecitiveness 68.60 68.60 68.61 68.60
S/G Outlet Steam Moisture 73.79 73.79 73.79 73.79
HP1 FWH Number of Tubes 21.07 21.30 21.07 21.07
HP2 FWH Number of Tubes 50.64 75.48 50.64 50.64
HP3 FWH Number of Tubes 50.48 75.36 50.48 50.48
LP1 FWH Number of Tubes 52.24 52.60 52.60 52.60
LP2 FWH Number of Tubes 50.53 50.54 50.54 50.54
LP3 FWH Number of Tubes 50.33 50.33 50.33 50.33
Condenser Number of Tubes 77.18 52.98 52.98 52.98
1st R/H Number of Tubes 50.12 50.12 50.12 50.12
2nd R/H Number of Tubes 50.24 50.24 75.18 50.24
Ist R/H SdgA+ 52.01 52.01 52.02 52.01
2nd R/H &A% 51.30 51.30 51.34 51.30
* BEEA AU, wE A
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