[ ULSAN NATIONAL INSTITUTE OF
Ll SCIENCE AND TECHNOLOGY

Seung Jun LEE

Department of Nuclear Engineering
UNIST
2022.05.18

ULSAN NATIONAL INSTITUTE OF APHE
SCIENCE AND TECHNOLOGY



g

"Rl oweEs——=

,_:__*—T-W s

h B N O s 5, O
= q —a A
- - T =
|/ | | - e, T
- Wl ‘\ N ==
I [ wh A =
;e | St U : =

Compact Operator Console | B —— Automation

—c"‘c

Soft Contro

Intearated Graphic Display

i —g —, Computerized Operator
arge L ay Panel .
B St - Support System

SSp bl : 3 ._’5 °
— Computerized Procedure Syste

——

=

e Advanced Alarm System

: ULSAN NATIONAL INSTITUTE OF 2
oty SCIENCE AND TECHNOLOGY



Levels of Automation

LOA 1: No support and automation

LOA 2: Independent support systems

LOA 3: Integrated support systems

- Computerized procedure system

- Advanced alarm system

- Safety critical function monitoring system

| .:Checkwate”e@ LOA 4: Human-initiated automatic
o | operations

OK. Keep the level T

- ViLtuaI collaborator

=

4 |

Wl | OA 5 System-initiated automatic
operations

- - Operator as supervisor
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Computerized Procedure System
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“Computerized™?
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“Computerized form”

Unique features of
“‘computerized™?

« FRP-02
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- FRP-04
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= SGTR status check
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Computerized form Intelligent

Computerized?
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e Purpose (zero-based)
— Guideline for NPP operations

— Reduction of human error due to
decision burden and high workload

Dynamic + Functions

EOP — Situation assessment
» Diagnosis
— Response planning/implementation

» Required actions corresponding the
situation

— Operator support functions
« Workload reduction
« Helpful information for decision making
« Operation validation
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EGIS (Emergency Gmdance Intelligent System)

elligent System
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EGIS (Emergency Guidance Intelligent System)
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EGIS (Emergency Guidance Intelligent System)

[ Nuclear Power Plant J

EGIS 41 diagnosis parameters Procedure parameters . . N\
Diagnosis module ’ ) Immediate action mpdule

/ ~

Accident Diagnosis Module
(Convultion Neural Network)

Traine model,

Immediate action procedure
test data

(MFM, Rule-based model)

T
1
1
1

\ 4

eXplainable Al module
(Deep Explainer SHAP)

N _

Plant Staus, Required Tasks

Key parametters v

[ Interface System ’
o I 4
[ Operator ]
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EGIS (Emergency Guidance Intelligent System)

 |mmediate Action Module Framework

— Parameter Inspector: Rule-based model (procedure-based),
Violated parameters monitoring
— Procedure Logic Model: Rule-based model (procedure-based),
Checking the required tasks from the violation list
— Risk Evaluator: Multilevel Flow Model (MFM)
Causality Analysis
. Causality W
Interface | (Hierarchical Required Task Operator
== Structure)
qnitial Action Module MFM Prognosis h
1 ) 6th CSF Module
| 2nd CSF Module
1st CSF Module
”:;nrar;e:r Current Risk Set Trigger — Fault Prognosis — Sequence
Evaluator Extraction |l | Procedure Logic Model
Latent Risk Set Trigger — Fault Prognosis — Sequence
kupport systeny  EValuator Extraction
Parameter -
Violation List Procedure Database
e
Parameter Insepector
Database

_ i

I
Plant Parameter
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EGIS (Emergency Guidance Intelligent System)

« CSF Color Function
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EGIS (Emergency Guidance Intelligent System)

 |[mmediate Action Module Framework

— Risk Evaluator: Current risk evaluator/Latent risk evaluator

 Failure causality analysis

* Multilevel Flow Modelling Analysis
» High priority — Safety system - Urgent tasks — Current risk evaluator
» Low priority — Non-safety system — Not urgent tasks — Latent risk evaluator

Core ?oohng RCS Integrity

f RCS Iaventory
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Consequence Tree
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EGIS (Emergency Guidance Intelligent System)

* Accident Diagnosis Module with XAl
— Diagnose the current situation
— Provide the reasons of decision making

Today

. i ?
“EET.H Why did you do t.hat.
DEEDEs : * Why not something else?
éggnﬂg; Learning N This is a cat » When do you succeed?
=.93 . il?
] 3 Process (p ) When do you fail’ .
RE=A=Br v * When can | trust you*
ERERER s « How do | correct an error?
Training Learned Output User with
Data Function a Task
Tomorrow
— * | understand why
% - This is a cat: « | understand why not
New LEL8s ££ | 1t hes fur, whiskers, « | know when you'll succeed
Learnin £ A v e and claws. e
5 g FEEFE FFEP | -ithas this feature: « | know when you'll fail
rocess Sh db g db a * | know when to trust you
G (hEE b mu « | know why you erred
Training Explainable  Explanation User with
Data Model Interface a Task
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EGIS (Emergency Guidance Intelligent System)

* Accident Diagnosis Module
— Model
 Two Conv2D layers (16 filters with 2*2 size)
— Input shape
 Mapping 466 parameters point on LDP (38*39) of CNS simulator
« 2-dimensional data stacking with 3-channel structure
» Current status + change information

\ X(t) — X(t — 15)

X(t) — X(t— 10)
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EGIS (Emergency Guidance Intelligent System)

« eXplainable Al Module

— Guided Grad-CAM
» Guided Backpropagation + Grad-CAM
* One of the explanation technique for only convolutional neural networks

— Reflect existence of parameter change
e (Relevance score X Change score while 15 s)
— Example causative systems of LOAF-pump case

_ Main feedwater system
! Condensate system
‘ Reactor coolant system
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EGIS (Emergency Guidance Intelligent System)

* Interface — Main Window

Form - [Preview]

Subcriticality

Reactivity Control

Plant Overview MLD

Core Cooling

Primary Secondary

Pressure Control

PRZ

RCS Inventory

Heat Transfer

Support System

Circulation of Primary Coolant

H

i

Containment System

Support System

MS AFW

CSF Tree
Tracking Panel

RCS
HPS| SIT LPsI L2
PSV Support
Support System System
Support Support |
System System
RCS Integrity
TASK SYSTEM TYPE /

PPS Status Panel \

|

CSF Status
Iﬂbcriticalityl |Cnre Coolingl | Heat Sink | |RC5 Integrityl |Conta|‘nment| IQCS 1nventor\{
Level 1 Level 1 Level 1 Level 1 Level 1 Level 1
PPS Alarm
PushButtol
SIAS MSIS AFAS CSAS CIAS
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Total Task Panel
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EGIS (Emergency Guidance Intelligent System)

Interface — Sub Windows

HPSI

o - = - = -
x SIAS x
PRZ CTMT MSL
RWST Pressure Pressure Pressure
! [kg/cm2] [kg/cm2] [kg/cm2]
n
N 4.
126.59 0.3515 411
[kgkml] [kgfem2] [kg/em2]
- +
LV615 _ CHP — HV22 — RCS
| SIAS x
TASK SYSTEM
PRZ CTMT MSL
1 At least 1 CHP required to operate HPSI ] Pressure Pressure Pressure
[kglcm?.] [kg/cm2] [kglem]
| 2/ HPSI flow rate required to increase until 23.18 kg/sec HPSI I
| 0.3 i3
L u. Ui
| -
126.59 0.3515 411
| [kgka] [kgfcm2] [kg/cm2]
- +
Detail System +

Detail Task Window Detail PPS Status Window
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EGIS (Emergency Guidance Intelligent System)

— -~ XAl LDP Panel
XAl LDP

Decrease Trend

 |Interface — DA Window

= I A Increase Trend
=
1

Detail Trend Panel —@H%—

\ Top Score

Parameters Table
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EGIS (Emergency Guidance Intelligent System)

 |Interface — DA Window

CTMT
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EGIS (Emergency Guidance Intelligent System)

« Demo
— LOCA, Hot-leg 3 loop, 69cm? rupture
— SIAS auto actuation fail -> manual back-up
— CHP#1 fail -> CHP#3 manual back-up

REACTOR POWER
ELECTRIC POVER

Operator Manual Backup

3

REACTOR TRIP

o 9

SAFETY INJECTION

%

At least, 2 CHP
required to Start
PROP/BACKUP  |BACKUP HEATER

Different Window Location

Operator
Manual Start
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EGIS (Emergency Guidance Intelligent System)

* Optimized Operating Procedures
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EGIS (Emergency Guidance Intelligent System)

Repeated X times

Selection - Expansion - Playout - Back propagation

Plant
Current status

........................................................... é)

The selection function is ’ . e . s
fied ty until One (or more) leaf nodes One random T'he result of this game is
i 1ed recursively untiy e N «
PP ! ) are created game is played  backpropagated in the tree
the end of the tree £

Future Plant Plant
status status

Plant = BT o Prediction using deep learning
status status status status based Surrogate mOdel

o

Plant

| |
| [
: status ! /

Plant

status I
|
I
g I "
||
| [ I 1 fre W w we e wo @ T )
| l ! 1 (a) Intermediate Range Neutron Level (b) Loop 3 Hot-leg Temperature (€] Steam Generator #1 Narrow Level
v v v ¥ v
Success Fail Fail Success Fail ="

() o@edAyze aug

: o At o5
(&) Pressurizer Pressure
 — AN eF M3

I o e

w o wm wm wm m w Tr e W
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(g) Loop 3 Cold-leg Temperature (h) Containment Pressure (i) Containment Pressure
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summary

« Dynamic Emergency Operating
Procedure was proposed.

 EGIS (Emergency Guidance Intelligent
System)

— Immediate Action Module for STPA
» Parameter Inspector
* Procedure Logic Model
» Risk Evaluator

— Al Diagnosis Module for DA
« Accident Diagnosis
« Reason analysis using XAl

— Optimized Operating Procedure
* Real time plant risk evaluation

» Optimized Operation suggestion based on the
future prediction
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Thank You for your attention.
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