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ABSTRACT

Development of a remaining trip time prediction system

in abnormal states using artificial intelligence

Sang Won Oh
Advisor : Prof. Man Gyun Na, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

When an abnormal state occurs in the Nuclear Power Plants (NPPs), operators
perform mitigation actions to prevent the reactor trip and restore normal conditions.
However, in abnormal states, the operator’'s tasks progress urgently checking many
monitoring variables within a limited time. Consequently, operators may feel
psychological pressure, which can lead to human errors. If mitigation actions fail
due to human errors by the operator, the status of the NPPs may worsen and a
reactor trip may occur. Furthermore, sudden shutdown by the reactor trip can
cause the failure of numerous facilities in the NPPs. In addition, once the NPPs
have been stopped, it takes a long time to restart, potentially leading to significant
economic losses.

Accordingly, in this thesis, a remaining trip time prediction system was
developed as part of an operator support system with the goal of assisting operator
decision—-making in abnormal states, aiming to prevent potential human errors. The
remaining trip time prediction system is implemented through an algorithm that
uses artificial intelligence (AI) and explainable AI (XAI) methods such as

autoencoder, light gradient boosting machine, and shapley additive explanation. The



remaining trip time prediction algorithm provides diagnosis information about the
abnormal state that has occurred and prediction information about the remaining
time until the reactor trip. In addition, the XAI was used to provide the rationales
for the remaining trip time prediction result and to improve the reliability of the
Al

An interface was developed to efficiently provide the results of the remaining trip
time prediction algorithm. The interface can provide results of the remaining trip
time prediction algorithm in real time regarding the current status of the NPPs.
Therefore, the interface indicates the change in the results of the remaining trip
time prediction algorithm according to the operator’s mitigation actions. As a
result, the remaining trip time prediction system provides diagnosis and prediction
information and is expected to be helpful to the operator’'s tasks in abnormal

states.
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Previous studies process

1 Step 2 Step 3 Step

Predict the trend of Remaining trip time

Check the trip setpoint

trip variables calculation

This study process

1 Step
e o Remaining trip time
Remaining trip time + Sgelly 2L - & rational§ vafiables
prediction

* Calculation time reduction by reducing steps for remaining trip time calculation
¢ Able to overcome limitations that cannot be calculated
¢ Securing explainability through application of SHAP
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i L FRE Y AdEe AE 55
v 3% AR
No.| Avde | wAs Aude ds | A9 e o
W3 T (3, 4)
0 | Normal 2 AH 20(15, 5) (8604, 2222)
<AF2F 4 AZ7] LF>
1 | Ab21-01 7FE7l b Ad g A 18(13, 5) (4698, 2222)
2 | Ab20-04 7hek7) 9 Ad g A 15(12, 3) (7954, 2222)
3 | Abl15-08 | SV 9 A % o 40(35, 5) (11384, 2222)
<7171 e o] &>
4 | Ab21-12 7Fst7] PORV % ‘g’ 52(45, 7) (13573, 2222)
5 | Ab19-02 7heE7) kAW E 317 51(45, 6) (17370, 2222)
6 | Ab21-11 7ht7] ety g AR 50(45, 5) (31391, 2222)
<wj# FA>
7 | Ab23-01 ‘RCS — “CCW 4 30(25, 5) (2900, 2222)
8 | Ab23-06 TR AER FA 36(30, 6) (2738, 2222)

"RCS: Reactor Coolant System
“‘CCW: Component Cooling Water
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Real-Time Input Data
[Raw data]

Data Preprocessing Function

Training Status Diagnosis Function
[AE]

Yes

+

Abnormal Scenario Diagnosis Function

[LightGBM]
[ Scenario 1 | ’ Scenario 2 ‘
Scenario 3 | ‘ Scenario 4 ‘

Diagnosis Result: N,

N=(1,2.3,8)

RTT Prediction Function
Trained on Nth Secnario
[LightGBM]

N Q]

RTT Prediction Function
Trained on All Scenarios
[LightGBM]

Model Trained on the Total Scenarios

| Model 1 ‘ | Model 2
| Model 3 ‘ | Model 4
| Model 7 ‘ | Model 8

The Predicted Result of RTT

A4

RTT Prediction Result
Interpretation Function
[SHAP]

Scenario 8 | ’ Normal ‘ Contributing Factor 1 | Offsetting Factor 1 |
Contributing Factor 2 | Offsetting Factor 2 |
Contributing Factor 3 | Offsetting Factor 3 |
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E 3 %ol EY AR o3 md HH3) Az
H| A A
Learni HZ2ZE do
No. | AlYg L carning Max_depth | Num_leaves ] o5
_ Rate RMSE
H3E
1 Ab21-01 0.01 5 25 0.0025
2 Ab20-04 0.02 7 49 0.0077
3 Ab15-08 0.01 5 25 0.0056
4 Ab21-12 0.02 4 14 0.2369
5 Ab19-02 0.01 6 36 0.0194
6 Ab21-11 0.03 7 49 0.2658
7 Ab23-01 0.01 4 16 0.0856
8 Ab23-06 0.02 7 49 0.0328
All All 0.01 5 25 0.3049
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# 4. SHAP ZA3ol] FAH = M5 HH

AT o] F Hy A

BPORV PORV open state

UPRZ Pressurizer temperature

UOVER Over temperature delta temperature
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BHTV High pressure turbine control valve position
CIODMPC Average 1odine concentration
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2023.10.17 / 17:29:00 | Power: 98.9%
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2023.10.17 / 20:53:25 | Power: 98.94%
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