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Development of Early Warning Model Based on Pattern
Learning for the Operation Condition in Nuclear Power Plant
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Abstract: Early warning technology has been introduced to prevent a failure of the equipment by
pre-detecting minute abnormalities between normal operating ranges and set points to reduce the loss
from unplanned maintenance costs by pre-identifying the failure and making provision for it. As
computing capacity and data storage space has been rapidly developed in recent years, the development
of early warning technique for abnormality of equipments based on artificial intelligence algorithm and
pattern learning has been active. In this paper, we describe a method for pattern learning in major
equipments of the power plant and a way to detect abnormalities of the equipment while applying the
carly warning technique. We also show early warning system based on pattern learning is superior to
the currently applied set point-based state monitoring. When a deviation from a learned pattern takes
place, the alarm goes off immediately. Therefore, prompt handling of minute abnormalities is possible. It
is useful in eliminating potential causes for equipment breakdown.
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Table 1 Number of equipments and variables for

one unit of nuclear power plant

System Equipments Variables
Primary sys. 84 486
Secondary sys. 81 610
1&C sys. 32 239
Electric sys. 3 67
Other sys. 6 22
Total 206 1,424

Table 2 Distribution of physical quantities

Variable % Variable %
Level 6.4 Flow 6.9
Temp. 48.1 Current 1.4
Press. 18.4 Voltage 0.5
Speed 2.1 Radiation 59

Vibration 0.7 Position 5.5
Speed 2.1 Other 2.0

Table 3 Monitoring variables of main equipments

Equipment Variables(Tag)
Main Suction/exit press. speed, exit flow
feedwater temp. bearing temp, motor wire
pump temp., etc. (148 tags)
HP exhaust press., vibration bearing
Turbine #1X, speed, main steam temp.,
etc(60tags)
Reactor Differential press., seal flow press.,
coolant seal heat EX exit temp. bearing
pump temp., etc(104 tags)
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Table 4 Result of pattern grouping for CCW temp.
and RCP temp.

Tag Description c
T2726 |CCW HEAT EXCH B-X041 OUTLET T
T2727 |CCW HEAT EXCH A-X040 OUTLET T
T2721 |EXCS LTDN HX CCW T
T2722 |RCDT HX CCW T 0.98
T2710 |RCP A MTR UPPER BRG CLR CCW T
T2711 |RCP A MTR AIR CLR CCW T
T2701 |NS CLG WTR PP A DISCH T

epibe
ity
L NN T

i

1 day 100 day 200 day

Fig. 3 Signal trends of grouping variables(CCW

temp. and RCP temp.)

Table 5 Result of pattern grouping for CCW surge
tank level and RCP seal temp.

Tag Description C
CCL0009 |CCW SURGE TKOlA LEVEL
CCL0011 |CCW SURGE TKOlA LEVEL
RCP 1B MTR AIR&LO CLR CCW
TEMP
RCP 1B HP LO&SEAL CLR TEMP
RCP 2A HP LO&SEAL CLR TEMP
RCP 2B MTR AIR&LO CLR CCW
TEMP

CCTO168

CCTO0174
CCTO0187

CCTO0182
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Fig. 4 Signal trends of grouping variables(CCW
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Fig. 5 Signal trends of charging pump
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Fig. 6 Signal trends of cold leg 1B wide range
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