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FOREWORD

The author of this presentation is a member of Prof. Yang Jun’s 
research project on Research on the key technologies for 
intelligent risk-informed decision support system for nuclear safety 
and emergency response management  and his responsibility is 
Sub-topic IV :Development of an integrated decision support 
system for risk-oriented intelligent applications.

In this presentation, the author would like to report on his recent 
output along the direction towards sub-topic IV. 
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AT ISSUE IN THE PAST IDEA
• How to assign different risk plane

- Different risk plane might be IAEA’s five Defense-in Depth 

concept 

- For Dr.Yang Jun's project, risk planes may be for DBA and 

Severe Accident (level 2, 3, and 4)  

• And then How to monitor the dangerousness of plant 

safety

- Here we consider by the case of AP1000 SBLOCA
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CASE STUDY : SBLOCA OF AP1000 
-RELAP5 CALCULATIONS FOR SBLOCA -
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TIME CHANGES OF REACTOR PRESSURE 
CALCULATED BY RELAP5 CODE (SCENARIO 1 VS 
2)
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FINDINGS FROM THE AP1000-SBLOCA

SIMULATION 
• There are more scenarios than depicted by 8 scenarios.

• It is not known whether or not the plant ultimately succeeds 

in “cold standby state” except for Scenario 1. 

• Then what to do? 

• We should know (a)whether every safety system (RPS, PRHR, 

CMT, etc.) works  successfully or not at all times, and 

(b)whether or not every barrier (fuel pellet, cladding, 

pressure boundaries, containment) maintain its intactness.
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How to represent (a)

• Degree of how the intactness of the individual critical safety 
functions are damaged can be evaluated by monitoring the 
state of relevant sub-systems as Dr. Yang Jun’s reducing 
knowledge representation by Coupling tree model for critical 
safety functions with their rating of the seriousness of critical 
safety functions. (See the next two slides)
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STOP COOL CONTAIN

Coupling tree model for knowledge representation 

Critical safety functions 
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State Description Alarm Priority/Severity 
Level

Negligible The critical safety function 
is operational.

1

Moderate The critical safety function 
is partially degraded.

2

Critical The integrity of a critical 
safety function is severely 

damaged.

3

Catastrophic The integrity of a critical 
safety function is 
completely lost.

4

State definition of critical safety functions



REALIZING CRITICAL SAFETY PARAMETERS MONITORING 
SYSTEM BY THE AUTHOR’S PROPOSED DID RISK ANALYSIS 

FRAMEWORK 
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Plant DiD risk monitor system

State chart diagram

Offline RELAP5

Calculation 

(for all possible 

scenarios) 

Time series data of obtained

process parameters
Socket 

interface

HIS Display

The calculated values of plant parameters by 

RELAP5/MOD4 are used as appropriate 

sensor signal values (considering time delay, 

sensor noise, and drift with the continuation 

of operation). 

They are converted to “real time scale” for 

feeding into the related state chart diagrams.

Whole plant system should be 

described by basic plant system, control 

& safety system, and HIS system, in 

addition to human organization in the 

control room.

Procedures for monitoring and state 

judgement are included in appropriate 

state chart diagrams of plant DiD risk 

monitor system.

Various threshold values for state 

judgement should be adjusted by plant 

operation mode.

Incoming plant parameters from 

sensors and messages to HIS display 

will be mediated by socket interface.

State chart diagram

State chart diagram



DISPLAY IMAGE FOR OPERATOR
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THEN WHAT TO DO FOR ESTIMATING 
BOTH T AND L IN RISK PLANE? 

• To know how the plant is in dangerous state at present and to 
predict future is another thing.

• You can display the present dangerousness as by adding Dr. Yang 
Jun’s knowledge presentation to the DiD risk monitor system.

• Estimating both T and L in individual risk plane is important 
information for the proper accident management to take 
appropriate countermeasures by timely fashion. So we need any 
proper means to estimate the both parameters in real time.
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Problems here from the aspect of emergency 
management

• To know all the state of individual safety functions is vital for the 
health monitoring of the plant state, but it is further necessary to 
diagnose dynamically changing risk state by those health monitoring 
data in accident situation.

• It is also necessary to consider on how to recover from the 
monitored risk state to more safety state in a timely fashion which 
can be made either by human operator or by automatic function.



P A R T  B
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“ F A S T  A C C I D E N T  T R A C K I N G  S Y S T E M “  A S  
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( C O N T R O L  A N D  I N S T R U M E N TAT I O N ,  R O B O T I C S  A N D  
A R T I F I C I A L  I N T E L L I G E N C E ) , 1 5 - 1 9 ,  F E B . 1 9 8 8 ,  T O K Y O ,  J A PA N .  
( I A E A )
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Faster-than-real time simulator to simulate  only the 

primary side of PWR plant

(1)for real-time accident tracking

(2)for future prediction of accident trend

AI manager for accident detection, diagnosis of accident type,

and control of faster-than-real time lant simulator for detailed

prediction and prognosis of primary side of PWR reactor

THREE ELEMENTS OF “FAST ACCIDENT TRACKING 
SYSTEM”
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Diagnostic plant analyzer by a set of

Kalman filters give the types of SBLOCA 

as well as real time estimation of 

unmeasurable safety parameters 

by plant sensors. The estimated 

parameters then gives the input 

to the faster-than-real time plant simulator.



SIMPLIFIED PLANT MODEL TO REDUCE KALMAN FILTER 
MODELS 
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Input plant signals Four kinds of Kalman filter
Estimated unmeasurable

Plant parameters

By Kalman filters
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Intercomparison of SGTR leak  rate prediction between Kalman filter and RELAP5/MOD
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FASTER-THAN-REAL-TIME SIMUL ATOR TOKRAC 
FOR PWR SBLOCA ACCIDENT 

• Simulate major components of PWR primary plant system only with Homogenous 

Flow model by Node and Junction scheme

• Various boundary conditions for TOKRAC are given as external input as follows;
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NODE AND JUNCTION SCHEME EMPLOYED IN TOKRAC
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INTERCOMPARISON BETWEEN 
TOKRAC AND RELAP4/MOD6
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CONCLUDING REMARKS
• In this presentation, the author reviewed his past studies on DiD Risk 

Analysis Framework for NPP in order to realize intelligent support to 

emergency situation management.

• The author would like to point out  promising capability of his past 

study on “fast accident tracking system “ as intelligent decision 

support for NPP emergency management.

• This is realized by AI techniques as a sort of  Data Assimilation: More 

accurate predictive analysis can be made by blending simulation and 

data science.
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CONCLUDING REMARKS
• Faster-than-real time simulator for real-time accident tracking not only gives the detail 

estimation of the safety barriers of NPP. But also the future prediction of accident 
trend gives the time margin until the disruption of the barrier.

• The crucial feature is the construction of Kalman filters to estimate unmeasurable 
safety-related physical parameters from the plant signals and use them as data 
assimilation for detailed and prompt estimation of risk-related parameters such as 
time margin until critical stage. 

• For realizing further capability other than just monitoring,  you have to implement 
various countermeasures to recover the reactor from those risky state that can be 
made by operator intervention or automatic measures.

• Those functions should be implemented into the DiD risk monitor system as a whole  
in order to realize an integrated decision support system for risk-oriented intelligent 
applications.
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T H I S  I S  T H E  E N D  O F  
M Y  P R E S E N T AT I O N .  

T H A N K  Y O U  V E R Y  
M U C H  F O R  Y O U R  K I N D  

AT T E N T I O N .
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