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The purpose of this trip is to participate in Conference
regarding Probabilistic Risk Assessment Applications and
Risk-informed Regulation held in Shanghai, and 1% Asia-Pacific
Young Practitioner’ PRA Forum in Hefei China.

The Conference of Probabilistic Risk Assessment
Applications and Risk-informed Regulation was organized by
Shanghai Nuclear Engineering Research and Design Institute.
The main purpose of the conference is to demonstrate the
research from both sides concerning post-Fukushima PRA
development trends. The agenda of the conference were focused
on related studies which including tsunami PRA, external event,
aircrafts impacts, and spent fuel pool safety analysis.

Asia-Pacific Young Practitioner’ PRA Forum is a forum for
the young PRA practitioners in Asia-Pacific region to meet,
discuss, and express their ideas in Probabilistic Risk Assessment
area. Experts in this forum discussed the current nuclear safety
Issues and encouraged young people to understand nuclear
safety, and enhance the technical capability in the PRA area for

supporting the sustainable development of nuclear power.
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Agenda

1st Asia-Pacific Young Practioners' PRA Forum
Chair: Jie Wu ( Contact: Jin Wang, +86-13855117871 )

Time Content Speaker Chairman

Institute of Nuclear Energy Safety Technology, CAS /
09:00-09:10 Welcome FDS Team, Jie Wu
Jie Yu

Curtiss-Wright,
09:10-09:50 Words of History, Bits of Advice: 33 years of doing PRA
Woody Epstein

Institute of Nuclear Energy Safety Technology, CAS / | Akira Yamaguchi

Nov. 03
09:50-10:30 Advanced Reactor Safety Approach and PRA Technique | FDS Team,
AM
lie Wu
(INEST B201 ) 10:30-11:00 | Photo Taking, Coffee Break & Laboratory Tour

Nuclear and radiation safety center, Ministry of
11:00-11:30 | Status of level 2 PSA and its Review in China Environmental Protection of China,

Chun Li : Tie Wu

China Nuclear Power Engineering Co., Ltd

Bo Zhao

11:30-12:00 PSA & SA & EP Works in CNPE

12:00-13:00 Lunch
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Nov. 03
PM

13:00-15:00

Laboratory Tour

15:00-15:30

A Seismic PSA Quantification Method Used in a NPP

China Nuclear Power Design Co., Ltd. ShenZhen
Tinkai Wang

15:30-16:00

A study on the CFVS operation method considering the
rigk from the containment overpressure failure

Karea Advanced Institute of Science and Technology,

Ham, Jachyun

Calculation and Analysis of Nuclear Power Plant Fire

Nuclear and radiation safety center, Ministry of

Tsu-Mu Kao

Korea Advanced Institute of Science and Technology,

16:00-16:30 Environmental Protection of China,
(INEST B201 ) CDF . : :
s Qiang Shi
Institute of Nuclear Energy Safety Technology,
Reliability and Probabilistic Safety A of e LA
16:30-17:00 CAS/FDS Team,
Advanced Nuclear Energy System
! Jiaqun Wang
17:00-21:00 | Welcome Dinner
Lessons-Learned from 1F Accident and New Challenge | University of Tokyo,
09:00-09:40 .
A % in PRA Akira Yamaguchi
% Institute of Nuclear Energy Research, Atomic Energy | Woody Epstein
Nov. M4 09:40-10:20 Applications and Perspectives on PRA Technology Council, Taiwan
AM Tsu-Mu Kao
10:20-10:50 Coffee Break
(INEST B201 )
e + of Relisbility and Probabitistic Saf Institute of Nuclear Energy Safety Technology,
10:50-11:20 | - cviopment of Reliability and Probabilistic Safety CAS/FDS Team,
Assessment Software System RiskA Cliun Li
Shangi CHEN
11:20-11:50 | A Method to Select Software Test Cases for Software.
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Curtias-Wright Corporation

Failure Probability Quantification

Kim, Hee Fun

Development of Risk Assessment Procedure of Interim

Korea Advanced Institute of Seience and Technology,

Nov. 04
PM

{INEST B201 }

11:50-12:20 Dry Storage Facility Subjected to an Aircraft Crash
Scenario Al Momani Belal
12:30-13:30 Lunch
ek Devel Caid AlicH “'; & Chisa Naticsal CNNP Nuclear Power Operations Management Co.,
{ECTEY evelol
13:30:14:00 pment and Application of PS4 in China National | |

Nuclear Corporation

Yong Cao

14:00-14:30

Reliability Assessment of Safety-critical Network
Communication in Digitalized Nuclear Power Plant

Korea Advanced Institute of Science and Technology,

Sang Hun Lee

e Bo Zhao
Tt e ; Nuclear and radiation safety center, Ministry off
14:30-15:00 e application of PSA in the checking caleulation of | Environmental Proteétion of China,
new nuclear power plant in China | A i
e | Chaojun Li
i T
1530 Feed and bleed operation strategy with low pressure i Korea Advanced Institute of Science and Technology, .
< & injection pump and hybrid SIT | Jeon, Inseop : o
15:30-16:00 Coffee Break
16:00-17:00 Discussion
| Institute of Nuclear Energy Safety Technology, CAS / Tie Wi
ie Wu
17:00-17:10 Summary i FDS Team, :
| Jie Wu
17:10-21:00 Dinner
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Preparing our expectations for the unexpected

There are about 435 operating commercial nuclear power units
(some on and some off line).

Assume the average availability is about 70% per year and that
their average CDF is 1.0e-4 per year.

Therefore, the per year rate of a core damage accident
somewhere in the world is about 435 * 70% * 1.0e-4 = 3.05e-2;

In human terms, this is to say that in a lifetime, we would
expect a core damage accident somewhere in the world to be
about 1-(1-3.05e-2)*70 = 89%);

Is this acceptable to people and to nuclear power advocates?
We must learn to explain simply and saying truthfully what
we know and what we do not: risk is a social, normative

notion and risk communication means listening first to the
people, and then talking.

6 HEff AL SR R
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Testimonies of Accident Witness

“After this (around when the tsunami arrived), power lights began to flick, and
then I saw they all turned off.

The emergency power was shut off, and all of the lights on the MCR panel
started to turn off. I did not know what happened however I couldn’t figure out that it
was caused by a tsunami.

My fears were confirmed when operator was running into the MCR and yelling

we’'re being flooded with seawater™.

“As the tsunami engulfed us, the emergency power became unusable and lights
in the MCR were reduced to one emergency light (making it possible to just barely see

within the darkness).”

“We lost the power, and I felt that we could not do anvthing. The other

operators looked nervous. Thev velled, “we can’t do anvthing, why are we still

here!?” However I bowed my head and asked them to remain and thev did.”

7 SRS ]

Confirming reactor building equipment in the darkness

. “The ERC at the power station asked me in the MCR to confirm the operating of
RCIC, however that was not easy., Normally it only takes a few minutes, however it

required 45 minutes to an hour, because fastening a self contained air unit took 10
to 15 minutes. Performing in the field took 30 minutes, returning to the MCR,

taking off all the equipment, and going back to the MCR for the report.

It would not have taken as long if we had some communication measure.

Aftershocks were continued, and there was still the possibility of another tsunami

would arrive.”

<Self-contained air unit=-
Taken the Service Building entrance from the inside. 12

<Working in the darkness> The floor was cluttered with objects.

8 =B T HESTE AR (L)



Monitored by the Assistant Shift Supervisor

The Assistant Shift Supervisor at the desk

monitored plant data and information wearing a
full face mask in the total darkness.

Checking Instrument Gauges
Checking instrument gauges in the total

darkness with only a flashlight to
depend on.

9 B M HERE IR (2)

Temporary Instrument Power

Temporary battenies were connected to power

control room 1nstruments due to loss of power.

stalli cary Pow
Workers who are not working for elecirical
system were called out to manually lay the

power cables

16
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HGHY G 2% BRI R A TR > DA IRHR S5 BR B A A T/ 48 T F s AR YIS e
R F% T 2223/ 5] (China National Nuclear Corporation fif% CNNC » f5fg iz

B HE TR EIR% B T2 ] (China Nuclear Power Engineering Corp. 5% & CNPE) B
A% dE R T /N E] (CNNP Nuclear Power Operations Management Corp.f5% 5 CNNO )

R Hrh CNPE FH#AERE & PSA & SA & EP Works in CNPE-[&] 11 Ayfi#zi CNPE
N EITARHE - E5EHIRER A TIZ SR B T HYERH—FE PRA LUK PRARIIER] - B
U2 BE R B B B 2 470 ~ 4R R e M e FE AR TR S ORI RS MR RE TR AR A 280 )5
BREE SR EETE 25T - IS PRA B EEHTES] -

CNNC China Nuclear Power Engineering Co., Ltd

gg DEEDNEEE T RERAS Working Scope

L1 PSA Analysis

Power . Low power and
shutdown .

Internal event, External
event, Spent fuel pool

L2 PSA Analysis L3 PSA Analysis
Power . Low power and Results evaluation
shutdown. Internal e\’y

SAM Emergency Plan
SA mitigation strategy.
Full-scope SAMG,

Emergency plan zone
division, Emergency

Equipment  availability standard . core damage
and. ﬂ(‘.(“EQSﬂ)lllty analysis PSA Application assessment software
during SA development

D-RAP design guidance,
Aging management-
Application tools

L RI-ISL...

CNPE

11 CNPE /X &]#Y Working Scope |
HAZFZ R T B\ B F 8 B Development and Application of PSA in China
National Nuclear Corporation > f&/1 T /A S]AYBEEL A S AHY PRA BB TAETHE - 4
41 PRA YIS e BT ~ 23 B4Ry PRA JER T H ~ SRS - [E 12 f CNNO
N EEZRILIER PRA HIFERR - 75 PRA JER] L3 724 (EER T B - A1EpREAR 540
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ElER R T2 PRA JRfR 1R B - Bf& R 77 CNNO A RIS A 2% B R
PRA HI&EIR > BTSRRI T R/ NRSEE S ~ [RIPEREHEHE PRA HYGE
H o

Development of PSA in Qinshan

2000-2004

’ - SERE— HIEPSARE

& muusEnEEERLS

MEES i
ENNB CNNP Nuclear Power Operations nt Co., Lid.

- full power PSA models of NPP1

2006-2010

- SRE=HNEPSAIE
- full power living PSA models of NPP3

2010-2014 | R R AT R
- SDLP models of NPP1 Development
- BRI RN, (SHEENZRPSARE - ST R R R TR
- full power & SDLP PSA models of NPP2 - SDLP PSA of NPP3 Model Development
- e E—T PSS AEEIFHR —— e
‘ - a:pdate of full power PSA models of NPP1 - =] HPSABALT R

- Level 2 PSA of NPP3 Model Development

2014-2015 a - PSABERI S (=] M=)
- Update the full power PSA models of NPP2

&3

12 CNNO A EI#ER IIERTY PRA A%

B B A% BRI N Y 2RI T e A% LA s st A PR A B & F R Ky Treatment of
Uncertainty in SPSA Quantification - £ &1 = Efm 2 H L IFAV AN EE » HOREEREN
R EML (5 ST ()~ EEgSRE () Bl B OIS EIER (1K)
s o FE PSRN B IR - IRV S E T e | BT RN
& & B F R bRV R B E G EF AR - SR EBE OSEIARIT R LR -

BRI IR B A% EE A b 0T T = (> EASERA /3 ] s ¢ Status of Level 2 PSA and
its Review in China - Calculation and Analysis of Nuclear Power Plant Fire CDF Eid The
application of PSA in the check calculation of new nuclear power plant in China -

FIE —fE PRA HYBLIRHVEHR TIRE] : (BSEME - TEEZZZ 2/ (National
Nuclear Safety Administration &% NNSA ) ZffizF 25 fEE T - £ 2] DIERGN Ry NE =
Ig
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®  NEELZEIORK B EN I ERMEA RS Fl] B R M E S > DL
ZEFINE LA RER AR (Core Damage Frequency f&i%5 iy CDF) LIRS SR K

S=YMESE®R (Large Early Release Frequency fi&i%5 5 LERF) 43 RII/N#A 10° DLR,

10° -
® A A B AL AR BRI 0 M 2015 SRR ST RN PR AA A R DL R
AN 4 FE BT -

BT 2 ML RERR A 22 20K RN ~ BB R PARIS - DRE)ER
LR SR Level 1&2 PRA -

KEEHRT IS PRA HYITLanE 13 fril » 24858k 7 CPR-1000 ( Generation 114+ )
CAP1400 - HUA LONG - EPR £ AP1000 - fHEZAH T —{Ci%sH H LERF #5/\fA 1E-07 -
HFREEE FakaEtHy CAP1400 B2 HUA LONG H LERF HREAE A& 14 -

HRTKEE S E Rt A ETIZEER & PRA Fh - HAT#EESHYR i EL
T

® Level 2 PRA f{EE%

® (EEEIER N A HA AR SEE

® (TR

® REIMEHVEF
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[ The status of Level 2 PSA in China 2 Rl

€ Some Level 2 PSA Result (LRF) of PWR NPPs in China

e imomal oo Jotherbvors Lol |

AP1000{San Men) 4.0E-08 1.9E-08{Include 5.94E-08
internal Fire/Flood)

EPR {TaiShan) 1.38E-07 1.3E-07{Include Spent  2.68E-07
Fuel Pool )

CPR1000{Ning De) 4.82E-06

CAP1400 2.38E-08 2.78E-08{Include 5.16E-08
internal Fire/Flood)

HUA LONG | {Fu Qing 1.73E-08 3.32E-08{Include 5.05E-08

5/6) internal
Fire/Flood/Seismic)

HUA LONG | 3.57E-08 3.223.32E-08(Include 6.79E-08

{FangChengGang 3/4) internal Fire/Flood,

except seismic)

WEBSITE http://www.chinansc.cn/

13 P& s 4E R

i The status of Level 2 PSA in China @ FRRrERSENRe )

Nuclear and Radiation Safety Center

@ The release categories of level 2 PSA

release categories and %{LRF)
type
bypass MCCI

CAP1400 47.89% 37.72% 85.61%
HUA LONG |
60.0% 28.9% 58.9%
(FuQing5/6. ° ° °

HUA LONG |
(FangChengGa 49% 47% 96%
ng3/4)

V-LOCA , SGTR and RPV rupture is the main risk of LRF.

WEBSITE http://www.chinansc.cn/

14 % IE LERF {5k
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FOREER TR fE2s PRA FEFH BB Sastst 3 - 12 ERa 52 fy CAP1400 - DiE 15 A
N B GIBVE R R 2 0y Ry TP B > AR IS B S - R T I R T R

PR EREAR o 5% TUOATIHSE RO R IUIIXRE TR 3 ~ 4 SRt et Al - H AT IE R THEA IR AE

B 5 ~ 6 HiRAIE R EFl -
Decom
Trial Operation mission
ing

——

15 S TET BRI

WEBSITE hitp:/jwww.china

TR BEZ RE 2 R ZE R /48 T 3% Bt B 175E 251y m] 58 5 Bl 27 2 e Ui
RiskA {1148 » RiskA FERFE 2 J7 7 Esm A T 5 & (Binary Decision Diagrams)&i s g
45 TSR [E] (Zero-suppressed Binary Decision Diagrams)#:{THA=% o RiskA B] #E{ Tl [EA6f
T~ SR T - A HERE A ~ BEBUE AT B EE T A S > B2 OR R ER UE] 16 - RiskA
WAGTEE — BRI B - B RREUE AT DURF A ARG P B S AR ZUE T TR L RiskA
FofEi=t > BT EdiE S CAFTA - RiskSpectrum Eil OPEN-PSA -

k& T B2 RiskA 4 » 54MNEFFZE RiskAngle B RiskBase » RiskAngle T ZHIHgEH %
RE R E b BN B 2 ~ ST E S B RT S © RiskBase ZMUARHMERAG - &
BRSBTS PR L E RV E R 2 HiY > FriTEHERRE & - M
BRI 4] FlE 18 -
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»FDS Institute of Nuclear Energy Safety Technology,CAS
Key L y of and Safety,CAS

RiskA PSA Overview

rr—— System Structure

o

graphic |
| modeling [T

Basic Functions
Uncertainty anal

o ey graphic i various
Sensitivity analy. [ i g coumicsoup U gt

Smart output

16 RiskA FhG AU

.FDS Institute of Nuclear Energy Safety Technology,CAS
Key L y of and Safety,CAS

Modules

Instantaneous Risk
Determination
= - \ :
_ \ Components
Importance

Schedules
Evaluation

Log Management

17 RiskAngle ZE2F%
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‘FDS Institute of Nuclear Energy Safety Technology,CAS
Key Laboratory of Neutronics and Radiation Safety,CAS

RiskBase: Database & Management System for
Reliability Analysis

% Functions % Features
= Data Acquisition = Easy to be extended and maintained
= Data Analysis = More precise, more stable computation process
= Data Management = Complete function system, wide range of use
= Data optimization = Net-based, resource sharing
= |ntelligent output = |nteractive interface, easy to use

< Applications “E
= Providing reliability parameters for =y

Probabilistic Safety Assessment Program
RiskA PSA
= Providing reliability parameters for risk
monitor system RiskAngel RiskBase

18 RiskBase 7114%

s B R EE R o le i Hyun Gook Kang #5378 1 4 fir Az ARG s 1T Rk -
SRV EFE T B B © A study on the CFVS operation method considering the risk from the
containment overpressure failure ~ A Method to Select Software Test Cases for Software
Failure Probability Quantification ~ Reliability Assessment of Safety-critical Network
Communication in Digitalized Nuclear Power Plant ~ Feed and bleed operation strategy with
low pressure injection pump and hybrid SIT -

5 —(HH 45 rhffy CFVS &2 Containment Filtered Venting System (9ff 55 - 2 x5k th S H[]
R EHASHEETFR AR EE R P E I R4 - AHFTEHEA MAAP 4.0.3 (Modular
Accident Analysis Program ) #5537 FTHIFESL - 534 APR-1400 7 K7 EES - DL MAAP $2ft
YRR IR TR R ARSI - 0SS (BT 04T - B : SBO ~ ERIMNEIFARE
VAR » LT3

5B U o i3 % KAERI( Korea Atomic Energy Research Institute )5 APR+

( Advanced Power Reactor ARl FTE%ET 7 BE /K MESS ) Birska iy Hybrid SIT (Hybrid

17



Safety Injection Tank - 411 19 Hybrid SIT fyr) BUHENRaEa BT T3 » Feed &
Bleed(F&B). i /K st i FIHF I/ A & BREVE PR 2t A v Il > FCE RE 2 A 0 2 2R
> — AR S B /KR BT R > F&B /K SRES 0L B A RE(E A - IEWTFE/E % &2 F&B
TEARBER L /KT TR » &8E T EAR I 775 T DU R (B OB R NI 7 (8 0 86 -

Made b T. = Kworn KAERT

19 Hybrid SIT 24

Pressurizer —— To reactor drain
Safety Valve [\ tank

To contamment

Safety
Depressurization | |
Svstem

i
= Pressurizer Steam generator

LY
FA
IL
Hot Leg =2

:| Core «€— ColdLeg Frﬂ:‘;;:mr ©

< To reactor
| pump coolant pump

Safety injection
tanl
Food ) Safety Injection

System

| '\‘ - From reactor

water tank

Safety injection pump

20 Feed & Bleed 7= TR
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4H PRA #HEE T AF » PRA {E K [Ef% > ks PSA(Probabilistic Safety Assessment) » & A e LUKz B
A E FHEIRENT » P E RV ZE N A B IR PRA SE2AHE » SSOMETNRGETTE
BRI R T~ REMER T /K JI5EE T2 DUR S TEME TARER T St i S 2 (T
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« INFRIZTAZMEF_KPSA ( BPDSHFT. ReFTHERATE )
 RNERFHERIBSEE— “HKPSA (BPOSHITE )
o ZitBRBZIFT

—— HMEREEEA
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B FhE - (RREFhgUETELIT -

AE TR 5 U 3 S22 LR IR ASME PRA standard part. 6 A5 Y EREAEA] -

- EERE SRR R HEEEE

- BAEMKEBEPEMEST > HEERERRAEEY - LSEAAGHMES
IO Eh T S

- PAERERA
> TF& NRCJ? 1975 SEAREVEEAEZR A% (Standard Review Plan, SRP) » B2

SR TEN

> ECEIHERSFAYITE - BT B A RRE 10°/4 > HHEE

BN B R IGRA-0E O S HE 1% 2% (Conditional Core Damage Probability, CCDP)/E

> 10"
> BAIREORSFAY 3 AT Es BENE 00 S $EH 2 (Core Damage Frequency, CDF){EjA
10°%/4F

- EERERHMEFTT

- BRAIGREIGRNE o N TEE IR SR e SR A B B R H R AR B S

B SE T EE BB R OB RIESREY 107 GAE B 10° B4 i RREATR: Y
B RZ JE S8 HL OB EIEERYY 107 494 H AT RBEE R B 3 o0 — (LR e s e
MR

il ik

& IHFRR TR R T B - FEETER T AR AR R BRI > EELIL
NUREG-0800 : Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants ~ DOE STD-3014-2016 : Accident Analysis for Aircraft Crash into Hazardous
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Fr—PEER
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