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A prospective review on multi-purpose application of plant DiD risk monitor
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Abstract: A new risk monitor system has been under development which can be applied not only to prevent

severe accident in daily operation but also to serve to mitigate radiological hazard just after severe accident
happens. The system is composed by plant DiD (Defence-in Depth) risk monitor and reliability monitor. The
plant DiD risk monitor can describe versatile scenarios of human-machine interaction in accident situation by
utilizing UML (Unified Modeling Language) so as to serve as a useful tool of accident management. The
employed methods in the plant DiD risk monitor are briefly explained first and then typical applications of the
plant DiD risk monitor are introduced: one is the simulation of emergency procedure for managing severe
accident in conventional PWR plant in Japan, and the other is the designing of digital HIS to monitor plant state

in SBLOCA in passive safety PWR of AP1000.

Keywords: DiD, risk monitor, unified modeling language, severe accident management, PWR, AP1000, SBLOCA
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Fig.1 Configuration of two—layer risk monitor system
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Table 1. Classification of operation modes for nuclear
power plant

A Design basis Start-up, Steady
state operation,
Power change and
shutdown

Refueling and
maintenance testing

Normal operation

Off-normal Anticipated

transient. accident

Design basis severe accident

B. Imaginary emergency situation
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Fig. 2 Snapshot of knowledge—base editor

Fig. 2 |27k L7= State Chart Diagram !X, & D0
HOLFERINIRBEICE LT E DD EHERTDH 0D
BAY HETT MELTE D ThD, Z0O XD 7efEids A
VLT o N OEEEE BT O BDZ A Th D
DTINEHFHN—A (V7 by THEFE) & LTHRY
RUHEHTE A2 L TRBIFIFRNTHD, 20k
D IR FEARH X A 7 =5 )V % State Chart Diagram O
TERETHITE, FEOXGAERTIER (L 213
WOLFR, FERT & BEEAR L) 1 IHBELTZITZ O R,

T TED L RRET — XX, MBATRFET DI E
B2 537 AZEIHETE L X9 UL, 2Dk
9 7¢ state chart diagram [ZEHEHET 0 7T ADY T
N—F DX H)THEGBINHND Y 7 T ERIZT
HTEINTE D,

KA BRI AT B Z DX DY 7 N THERIIL
TR, —a—PE, S ELEIDSCTER L
CHEYZNEFIES L TN 72T U A5 —%7
EHIAERTE D, BIDHIUEM 07 I JHe
TR TYH, T2 DD VAT E=F—ERKGIF]
HTE2L91chd, EELDOT T FDID VAT E=
HTCIEZDEHI Y7 MU= THRL LTS A7 A
DEEBIHN &7 D NFHEREDMT 5 AR 72 2 A 7 Zfh

LT Fig3 (ORTEOY 7 b7z lEL
‘(l/ \ 60
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ﬁ Move |§ Work
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0 Complete the task
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-
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' . =
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Fig. 3 Component list for all basic tasks
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Fig. 4 Creation of scenario data using component data
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Open Valve

-Properties-
Comp. Name: Open Valve
Required time: 2 mins

fg m—
State-A 0 K] State-B
i )
I /] ﬁ?’
OK@OpenValve

Move to Office

The component will generate

“OK” internal event

when its task is completed.

Then, the transition from State-A to State-E
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will be made by this diagram.

Fig. 5 Method of setting event handler
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Actors

NARM:T ¢ — AR BB« — L]

Executed
basic tasks

@ o L)

e pramssensl

AARM: T ¢ — LR

Interactions such as
report, interaction, I
operation and so on il

Arriving at checkpoint
(The task is done
before limitation time.)

0020:00

Yellow line shows
receiving instructions

Green line shows
postponed task

Blue line shows
waiting process

Fig. 6 Example of sequence diagram
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@ check point & L TEEDHIKZ 10 Z3LIN, 2 IR
fifeaEIBAR 30 43 LI, AR BRSO BN Z L H4a R
1 RFRELAA, AP O BRLA 2 5 20 43 LAN,  JEAE(E
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Table 2 D Case 1 [T_N—A7—ADFER T, F= v 7R
A ¥ MZEE U7 R 2508 U, SRR 272 LT
DHINE I DEFRIR L TUND, Casel TIFTARESLEKN 2
IR 44 57 24 P72 - THIBRRFR] D 2 K] 20 43 K 0 B
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Table 2 Result of case study

Case | Case 2 Case 3
. o Supervisors: 2 | Supervisors: 1 | Supervisor: 2

Checkpoints & Limitation time

Operators: 8 | Operator: 9 Operator: 8
Judge the accident (0:10:00) 0:06:10 0:07:29 0:06:07
Start forced cooling of 2 0:18:04 0:19:43 0:18:00
system (0:30:00)
Supply electricity from 0:37:12 0:38:51 0:37:09
alternative generator (1:00:00)
Start alternative water injection 2:44:24 2:00:17 1:38:11
into core (2:20:00)
Hot shut down status (4:00:00) 2:44:24 2:33:34 2:33:41
Able to supply seawater to aux 5:00:18 5:01:58 5:00:17
feed water tank (11:00:00)
Able to supply seawater to CV 6:28:39 6:30:19 6:28:38
recirculation unit (51:00:00)
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Various A l—_,
Sensors I [l |REmecdire oA
® Plant [State B Procedure for B
® Parameter = |
® Monitoring State C Procedure for C
- and
- State [SwweD]
b4 Recognitio e
- T N L
for E
E Specific procedure for specific
State F state are composed by selecting
element procedures

[[Etement Procedure 1 ] [ Etement Procedure 2 |

[ Etement Procedure 3 | [[Etement Procedure 4 |

[ Etement Procedure'5 |

R
by the sequential
include
Various actuators

message communication with the operators

[ Etement Procedure 6 |

Fig. 7 Basic scheme of digital I&C + HIMT system
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Start of BOC(Beginning of cycle)
commercial
operation

rEOC(End of cycle)

Equilibrium

!

I Shutdown period (Maintenance & Refueling)

Q100 [enIu]

UOISSTWIUIONO (]

*Occurrence time of transient/accident that may occur at any time

Fig. 8 Different stages of plant operation in the whole

plant life
Plant sequence
under all
circumstance

Simulation Plant simulation 1

. Define the plant
Build the plant Actors: PLANT,
knowledge base OPERATOR.
SUPERVISOR,
etc.
Plant Actor

simulation g
Plant actors L
interaction

Fig. 9

and knowledge based information processing

Framework of integrating the simulation
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