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 Fukushima accident revealed the vulnerabilities of: 
 The operational nuclear power plants 

 The existing approaches used to cope with an 
extended station blackout SBO 

 

 Diverse and Flexible Strategies to provide and maintain 
core cooling under SBO conditions are needed. 

FLEX Strategy 
SBO:   Station Blackout 
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- Explores the applicability of Artificial Intelligence (AI) to identify the success window of FLEX 
strategy for extended SBO. To achieve it : 

- Develop BEPU model to provide a database of the thermal hydraulic response to train an 
Artificial Intelligence (AI) algorithm.  

- AI model is used as an alternative approach that relies on data-driven models to provide a 
fast design tool that can predict the success window of the FLEX strategy. 
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The methodology adopted in this work involves three building blocks: 
 

1 

2 
3 • Thermal hydraulic Model 

• Uncertainty Quantification 

• AI Model 

1 

2 

3 
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APR1400 Nodalization APR1400 SBO Systems and Components 
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TDAFWP: Turbine Driven Auxiliary Feedwater Pump 
RCP:  Reactor Coolant Pump 
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APR1400 SBO Nodalization 

SIT Injection 

Primary FLEX Injection Primary FLEX Injection 

Secondary FLEX Injection Secondary FLEX Injection 

ADV 
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Starts at 48.8 mins 

 

ADV open by operator after 30 mins 

Secondary 
Injection starts 
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Starts at 2 hrs 

Starts at 7 hrs 
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SIT Injects 

Primary Injection starts 

Secondary Injection starts 

SIT Injects 

Primary Injection 
starts 

Secondary 
Injection starts 

ADV open by operator after 30 mins 

ADV open by operator after 30 mins 
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First Identifying input uncertainties  

Second Propagating these uncertainties through 
a computational model (MARS-KS) 

Third Performing statistical assessments on 
the resulting responses 
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Uncertainty parameters 

K. H. Kang, “Development of a Phenomena Identification ranking Table (PIRT) for a Station Blackout (SBO) Accident of the APR1400” 

Phenomenon Uncertain Parameters Range Distribution
Reactor Power 0.98-1.02 Normal

Power of Decay Heat 0.92-1.08 Uniform
Capacity of Fuel Heat 0.98-1.02 Normal

Fuel Thermal Conductivity 0.90-1.10 Normal
Initial PZR Pressure 0.974-1.026 Uniform
POSRV Set-point 0.982-1.017 Normal

Initial Secondary Pressure 0.974-1.026 Uniform
Multiplier for Liquid Dittus-Boelter Correlation 0.85-1.15 Uniform

Multiplier for Chen Nucleate Boiling Model 0.8-1.2 Uniform
Multiplier for Vapor Dittus-Boelter Correlation 0.8-1.2 Uniform

Initial Total Mass Flow 0.95-1.05 Uniform
Total Moment of Inertia of RCPs 0.8-1.2 Normal
Initial Inventory of Coolant in SITs 0.88-1.12 Uniform

Initial Pressure in SITs 0.93-1.23 Uniform
Initial Temperature of Coolant in SITs 0.93-1.23 Uniform

Initial Temperature in the Mobile Pumps 0.94-1.06 Uniform
TDAFWP stop time (hour) 0 - 8 Uniform

FLEX pumps alignment time (hour)  1 - 8 Uniform
Seal Leakage rate (gpm) 0 - 120 Uniform

Coolant Injection by ECCSs (Primary 
System) and Mobile Pumps (Primary 

and Secondary Systems)

Core Thermal Power

Accumulation of Energy (Primary 
System)

Pressure Control (Primary and 
Secondary Systems)

Removal of Heat /Transfer (Primary and 
Secondary Systems)

Flow of coolant (Primary System)
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Original dataset Original dataset 

Copies of the 
minority class 

samples of the 
majority class 

Under-sampling Over-sampling 
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Hyperparameters dictionary 
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FP 

FN TP 

TN 
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Class Samples Count
FP 4
FN 3
TP 120
TN 2
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Metric Success Fail
Precision 0.9978 0.3023
Recall 0.9383 0.9286
F1-Score 0.9671 0.4561
Overall Accuracy 0.938
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Metric Success Fail
Precision 0.9978 0.3023
Recall 0.9383 0.9286
F1-Score 0.9671 0.4561
Overall Accuracy 0.938

Metric Success Fail
Precision 0.968 0.4
Recall 0.976 0.333
F1-Score 0.972 0.364
Overall Accuracy 0.946
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This work proves the capability of APR14000 to withstand extended 
station blackout accident scenario by using the FLEX strategy.  
 
AI algorithm is capable of predicting the success window of implementing 

the FLEX strategy with acceptable accuracy.  
 
Because of the high reliability of FLEX strategy, the accuracy of predicting 

the failed cases was limited due to an unbalanced dataset.  
 
To overcome the unbalanced dataset, a larger data set is needed. 

Accordingly, under-sampling and oversampling techniques need to be 
applied.  
 
 
Although the development of the AI algorithm is time-consuming; but once 

developed, the prediction can be obtained much faster than conventional 
deterministic methods.  
 
AI model useful in expediting the decision-making process under severe 

accident conditions. 
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