10th International Conference on
Probabilistic Safety Assessment &
Management 2010

(PSAM10)

Seattle, Washington, USA
7-11 June 2010

Volume 1 of 4

ISBN: 978-1-62276-578-2



Printed from e-media with permission by:
Curran Associates, Inc.

57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2010) by IAPSAM & ESRA
All rights reserved.

Printed by Curran Associates, Inc. (2012)

For permission requests, please contact IAPSAM & ESRA
at the address below.

International Association for Probablistic Safety Assessment and Management (IAPSAM)

WWW.i

apsam.org

European Safety and Reliability Association (ESRA)
www.esrahomepage.org

Additi

onal copies of this publication are available from:

Curran Associates, Inc.

57 Mo

rehouse Lane

Red Hook, NY 12571 USA

Phone:
Fax:
Email:
Web:

845-758-0400
845-758-2634
curran@proceedings.com
www.proceedings.com



TABLE OF CONTENTS

Volume 1

PSA APPLICATIONS

1-1: LOSS OF OFFSITE POWER RISK

Best Practices for Treatment 0f LOOP iN PRAS..........ccoiiiiii bbb bbb 1
Patrick Baranowsky, E. T. Burns, Doug True

Proposed SPAR Modeling Method for Quantifying Time Dependent Station Blackout CUt Sets...........ccceovrieierininnsececnseeeene 13
John A. Schroeder, Robert F. Buell

Simulation Model for the Frequency and Duration of LOOP: Applications in Risk Based Evaluations .............ccccccccevnvniiicinnnnne 20
Antti Tarkiainen, Risto Himanen

Modeling the Increased Vulnerability to @ L0oss 0f OffSite POWEE EVENT ...t 28
Ross C. Anderson, Christopher J. Sutton

1-2: ACCIDENT PRECURSOR ANALYSIS

IRSN Accident Precursor Assessment Methodology and Examples of APPICALION............ceviiriiciiinicee s 34
N. Rodionova, C. Gagnier, G. Briday, J.-C. Valero

Precursor Event Program at EDF Objectives, Method, Results and INSIGNTS...........ccccoviiiicce s 50
Jean Primet, Eddy Panato

An Accident Precursor Analysis Process Tailored for NASA SPACE SYSTEMS .......c.ciiiiiiiriiiiriirisiee et 60
Frank Groen, Michael Stamatelatos, Homayoon Dezfuli, Gaspare Maggio

Development of NASA’s Accident Precursor Analysis Process Through Application on the Space Shuttle Orbiter ...........cccccoevnee... 72

Gaspare Maggio, Frank Groen, Teri Hamlin, Robert Youngblood

1-3: SAFETY MARGIN ASSESSMENT

Assessing Safety Margins: The Impact of a Power Uprate on Risk from Small and Medium LOCA SCenarios............ccceeerervrereenenns 83
Vinh N. Dang, Tae-Wan Kim, Martin A. Zimmermann, Annalisa Manera

Impact on Safety Margins of a 10% Power Up-Rate for Zion NPP SBO TranSieNt ... 93
F. Fouet, P. Probst, J. M. Lanore

Application of the Damage Domain Approach to the Calculation of Exceedance FreqUENCIES ..........ccevervriririereeieierisieesenesesseeeses 107

Javier Hortal, José M. Izquierdo, César Queral, Luisa Ibafiez

1-4: TEST AND RESEARCH REACTOR PSA APPLICATIONS

Feasibility Study to Develop a PSA Study for the Jules Horowoitz Research REACLON ............cccoeiririririeieniiiseeee s 119
A. Laborde, G. Georgescu, F. Cocheme, J. M. Lanore

Advanced Test Reactor Probabilistic Risk Assessment Upgrade and Modeling — INL/CON-09-16803 ...........ccccceeurrrnmerreninnrneneenes 128
Bentley Harwood, Richard Yorg

Probabilistic Safety Assessment 0f ESFAhan HWZPR ........c.coo ittt sa s s e nn e s e 139

Sepanloo Kamran, Ziyarati Davood

1-5: UNIQUE RISK CONTEXTS: DESIGN AND SHUTDOWN

Use of Risk Informed Approach in Design, Construction and Commissioning of OL3 EPR ........cccoiiiiiininicieinseeeeeeeees 151
Ari Julin, Jouko Marttila, Reino Virolainen, Lasse Reiman
Improvement of Shutdown PSA Model and Examination of New Practical Application of Risk Monitor ............c.ccccconincnicnnnnne 159

Hiroshi Abe, Issei Hidaka, Suguru Kobayashi, Naoki Hirokawa, Mitsuru Yoneyama
Development of Probabilistic Risk Assessment Model for BWR Shutdown Modes 4 and 5 Integrated in SPAR

IMIOOEI ..ttt bbbt e bbbt bbb b E bR o8 h £ £ SRR R R £ R b E R E b h R £ R R bR RS E R R ARt E bbbt bbb 167
S. Khericha, S. Sancaktar, J. Mitman, J. Wood

Probabilistic Risk Assessment of NuScale Reactor During the Design Phase ... sssseses 181
Kent B. Welter, Ross Snuggerud, Jason Pottorf, Mohammad Modarres, Inn S. Kim

Probabilistic Risk Assessments for Nuclear Power Plants in Design: A Limited-Scope Literature ReVIEW..........ccccceevrrrciinienniene 190

J. Wood, B. Wagner, K. Coyne, N. Siu



1-6: LEVEL 2 PSA

Ringhals PWR PSA Level 2; A Description of Modifications in the Structure, Why and HOW............cccevrvrveeieninnseeceise e 198
Ola Backstrom, Cilla Andersson

Historical Perspectives and Insights on Nuclear Reactor ConseqUENCE ANAIYSES ..........ccoeiirriiiiiiiieeeieiinne e senenes 204
Hossein P. Nourbakhsh

Generic Accident Progression Event Tree for Belgian LeVEl 2 PSA.........c.coree et 216

J. Van Dingenen, P. Dejardin, L. Oury, L. Sallus

1-7: DATA AND AGING

Supporting Preliminary Design Decision Making with A RisK Data BaSe ............ccveiiiiiieiieiiisee e sssesssnens 228
Joseph R. Fragola

PRA Database UpPAate PrOCESS CONCEPLS. ......curiurueurieirirtrietesestetststeteseesesessesesesesesssteseseseseabasebesestasssesebesestasasabebeses s st st ebebeb et aeebabebese st asssebes 241
Erin P. Collins, Cindy A. Williams, Pierre Macheret

When the Details Matter — Sensitivities in PRA Calculations That Could Affect Risk-Informed Decision-Making ............c.ccccceue.. 250
Dana L. Kelly

Standards, Guidance and Practices for Improved Data QUAIITY .........cccuovvirieeiiiiiieecics e 258

Martin B. Sattison

1-8: INSTRUMENTATION & CONTROL |

International Experience with Modeling Digital SYStEMS N PSAS ..ottt 269
Tsong-Lun Chu, Gerardo Martinez-Gurdi, Alan Kuritzky, Abdallah Amri

Integrated Functional Safety and Security Analysis of the Process Control and Protection Systems with Regard to

UNCEITAINTY ISSUB ...ttt ettt ettt b et e bbbt b b e b e b £ e e b e b e R 282 e 4 £ e b b e R e R £ £ e £ b e b e b2 A2 £ b b e b e R e £ £ e b e b e b e R e e b e e e b e b e R e R et e b ke b e b et st b bbb s 278
Tomasz Barnert, Kazimierz T. Kosmowski, Marcin Sliwinski

Risk-Informed Safety Classification in Plant Automation Modifications of LoViiSa NPP ...........ccccoiiiiinneeeinseeee e 290
Kalle Jankala

1-9: INSTRUMENTATION & CONTROL 1I

Development of the Ringhals 1 PSA with Regard to the Implementation of a Digital Reactor Protection System .............cccccceuene. 301
Stefan Authén, Erik Wallgren, Stefan Eriksson

Risk Insights Associated With DIgital UPGIades...........c.ciiiiiiirieiiiiisieieee sttt b bbbt s s bbb bbbt st b et 313
David Blanchard, Ray Torok

Field Programmable Gate Arrays (FPGA) Application for Diverse Backup SYSTEM ......ccccvcuvreiiiriniesierisee e s 325

Hui-Wen Huang, Mao-Sheng Tseng, Chunkuan Shih, Kai-Lan Chang, Tsu-Mu Kao

1-10: COMMON CAUSE FAILURE ANALYSIS

Development of Methods for Risk Follow-up and Handling of CCF Events in PSA APpPliCatioNns..........ccocoviicciiinniccneeenes 337
Jan-Erik Holmberg, Per Hellstrom

Common-Cause Failure Analysis — Recent Developments iN GEIMANY ........ccooiieiiiriiiniiieieiniisi ettt 349
A. Kreuser, C. Verstegen

Common-Cause Failure Treatment in Event Assessment: Basis for a Proposed New Model .........ccovvvcrierinivnseieinneneseee s 357
Dana Kelly, Song-Hua Shen, Gary Demoss, Kevin Coyne, Don Marksberry

Evaluation Between Existing and Improved CCF Modeling Using the NRC SPAR MOGEIS ...........ccccceiinniicciniinccneens 369

James K. Knudsen

1-11: UNCERTAINTY ANALYSIS

Impact of Uncertainty on Calculations for Recovery from LosS Of OffSite POWEN ...........ccoeuiiiiiiiiiciiiinsieceesse e 380
Dana L. Kelly

Determination of Success Criteria of an Accident Sequence Based on Uncertainty Analysis in a PSA Model...........ccccoeevvviicnnne. 391
Ho-Gon Lim, Joon-Eon Yang, Un-Chul Lee

Experimentation of Sensitivity Study Based on Beta Factors to Assess the Impact of I&C IN PSA ... 399
Gilles Deleuze, Thuy Nguyen, Richard Quatrain, Franck Jouanet

Uncertainty Propagation Method fOr CCF BaSiC EVENTS...........ccoiiiiiieiiieieeer ettt ettt 411

Yunlong Li, Michael Lloyd, Dennis Henneke

1-12: GENERAL PSA APPLICATIONS I

Use of PSA in a Modernization Program. Findings and Results from the Ringhals 1 PSA..........ccccoiiiinnccee s 423
Anders Olsson, Peter Jacobsson, Stefan Authén, Stefan Eriksson



Developing A Methodology for Identifying Correlations Between LERF and Early Fatality .........cccovvnincciiinccncene 435
Kyungmin Kang, Moosung Jae, Kwang Il Ahn

Development and Application of a Risk Monitor for Nuclear POWer PIANT ............ooiiiiiiiiise e 443
Y. Wu, Y. Li, L. Hu, Y. Luo, X. Gu, J. Q. Wang, F. Wang, J. Wang, T. Chen, J. Qi
Results of the Updated Level 1 PSA Model 0f the NPP DOEI 3........ccoovoieiiiiricieeieisis sttt sssssenens 449

Erik Bourdiaudhy, Frangoise Dassy

1-13: GENERAL PSA APPLICATIONS 11

NPSAG/NKS: Evaluation of the Technical Specification Criteria — Development of a Guidance Document...........ccccceevvvvvreersieennnn 461
Anna Haggstrom, Ola Béckstrom, llkka Mannistd
Using of the PSA During the Third Periodic Safety Visit of 900 MWe Power Reactors in France ..........ccooveeieinnnecieninsseeenes 470

F. Corenwinder, G. Georgescu, A. Laborde

A. Strohm, L. Ehlkes, W. Schwarz, M. Khatib-Rahbar, M. Zavisca, D. Rittig

1-14: SPECIFIC PSA APPLICATIONS |

Assessment of Switchyard Reliability with the Fault Tree ANAIYSIS. .......ccooiiiiiiiice s 490
Marko Cepin

Evaluation of Fuel Damage Frequency Resulting from Loss of Spent Fuel POOI COOIING .........coviiiiiciiiiinniiccees s 497
Masaru Yamanaka, Kaoru Sakata, Satoru Fukuyama, Shigeyuki Nakanishi

Using Risk Assessment for Graded Quality Assurancein Nuclear POWEr PIANTS. ..o 506
Robert J. Lutz Jr.

PSA Based Selection of Transients Susceptible to Pressurized Thermal Shock at NPP Paks..........ccccovvceieiinninseeensseeee s 513

Zoltan Karsa, Jozsef Elter, Attila Bareith

1-15: SPECIFIC PSA APPLICATIONS 11

Lessons Learned in Risk Evaluation for EXtended POWEN UPFate...........ouiiciiiiiiicicieiie ittt 525
Ching Guey

PRA Modeling of Debris-Induced Failure of Long Term Core Cooling via Recirculation SUMPS..........ccccoevirnnneiieninnseee s 530
David S. Teolis, Robert J. Lutz Jr., Heather L. Detar

The Case for Subdividing the Large Break LOCA Category in the PRA for PWR Nuclear Power Plants ...........ccccccovrvvneeinnnnnnns 541
Heather L. Detar, Robert J. Lutz Jr., David S. Teolis

Analysis of RHR Pump’s Operability during Loss of Room Cooling for Probabilistic Risk Assessment in Korea.............ccccceeune. 549

Jinhee Park, C. Yoon, H. G. Lim, S. H. Han, C. J. Lee

1-16: METHODS

SSM Research Project on Defense-in-Depth PSA — Assessing Defense-in- Depth Levels with PSA Methods...........ccccovviciicninnne 555
Per Hellstrom, Michael Knochenhauer, Ralph Nyman

The Application of Probabilistic Safety Assessment in CPR1000 Severe Accident Prevention and Mitigation

AANIYSIS ...ttt bbb b E e E e E £ R R R R £ R SRR R £ SR E SRR £ 4R R R R A £ R A E R AR R R SRR R bR e R bR R e b bbbt b bbb 565
Pingping Liu, Ning Zhang
User-Friendliness and Transparency in PSA IMOAEIHING..........ccciiiiiirierieiirseee sttt sen e sessssesene s 572

Cilla Andersson, Stefan Authén, Jan-Erik Holmberg

MODELING AND SIMULATION

2-1: PHENOMENOLOGICAL ANALYSES

Bayesian Inference for Time Trends in Parameter Values: Case Study for the Ageing PSA Network of the

EUFOPEAN COMMISSION ...ttt ettt bt b bt e b b s 8 e e E b b8 es £ £ b b E R £ £ bbb b b E b b e h e b e e b b sttt b b bt b et 578
Albert Malkhasyan, Dana L. Kelly
A Systemic Use Of Coupled FMEA-PSA Tool In A Nuclear APPHCALION ......c.ccoviiiiiiiiiiiitciees s 586

Ola Béckstrom, Anna Haggstrém
A Generic Failure Modes and Effects Analysis (FMEA) Approach for Reliability Modeling of Digital

Instrumentation and CONEIOl (I&C) SYSTEIMS.........ouiiiieiiiiiieieirist ettt b bbb bbbttt 592
Tsong-Lun Chu, Meng Yue, Gerardo Martinez-Guridi, John Lehner
Application of Structured Treatment of Model Uncertainty in Complex Thermal-Hydraulics System Codes .........c.cccceevinriririencne. 604

Mohammad Pourgol-Mohamad, Ali Mosleh, Mohammad Modarres



2-2: DYNAMIC SYSTEMS PSA

From Blind to Guided Simulation: Biased Monte Carlo Based on Entropy and Zero Variance for Dynamic PSA

AAPPIICATIONS. ...ttt b et e b b1 £ E SR h e h £ EE SRR £ R R R R £ R R R R E RS E R R e e R bRt R bbbt bbb s 616
Jinghui Li, Ali Mosleh, Rui Kang
Discretization Sensitivity Studies for Dynamic EVENT Tree ANAIYSES......ccuouiiceeiiiiirieeeenisesssseeesesssseseseseesesssseesssessssssesesessssssssesesenes 628

Kyle Metzroth, Richard Denning, Tunc Aldemir

2-3: NUCLEAR POWER PLANT LEVEL 2 PSA

Treatment of Epistemic and Aleatoric Uncertainties for the Calculation of Branch Probabilities in PSA Level 2. 641
Gerben Dirksen, Axel Hoeferb, Eva-Maria Pauli

Uncertainty Analysis of the Severe Accident for the Ulchin Unit 3&4 Nuclear Power Plant Considering the Natural

CiIrculation FIOW PRENOMENON. ..ottt ettt b ettt b b s e b b e b b e s £ r£ b b e b e b e £ £ b e b e b 2Rt £ £ e A e b e b et e e e e b e b e b e b et b e bt e b e b et n sttt 651
Gunhyo Junga, Jinyoung Lee, Kwangil Ahn, Sooyong Park

Uncertainty Evaluation of Source Terms in Seismic Level-2 PSA in BWR PIaNt ... 660
Susumu Sumida, Kyoko Funayama, Mitsuhiro Kajimoto

Using PSA to Develop a Tool for Rapid Source Term Prediction Based on Bayesian Belief Networks..........cccccovvvveeicinscscnnnn 671

Michael Knochenhauer, Wiktor Frid
Quantification of Severe Accident Scenarios in Level 2 PSA of Nuclear Power Plant with Continuous Markov

Chain Model and MONte Carlo MELNOM..........coviveeiiiieeee ettt s e e e et et se e s es et e s e e nese et e s e s e e et serenene s nsesene 680
Satoshi Shinzaki, Akira Yamaguchi, Takashi Takata

2-4: SYSTEMS MODELING

Analysis of Logical Loops in BOOIEAN SYStEM IMOGEIS ..ottt b bbb bbbttt s 689
Takeshi Matsuoka

Epistemic Uncertainty Reduction in the PSA of Nuclear Power Plant using Bayesian Approach and Information

BT OPY .ttt bkttt bk h e Eeh £ R R R R R R AR £ R £ R bR R R R R £ R £ R Rk e R R h e e R eb et b et b b e ne e 699
Akira Yamaguchi, Masa-Aki Kato, Takashi Takata

A Treatment of Not Logic in Fault Tree and EVENT Tree ANALYSIS........cciiiriiciiiiieeieere et 711
Ola Béckstrém, Daniel Ying

Model Uncertainty via Mixed Bayesian NETWOTKS ........c.coiiiiiiiiicict ettt bbbt 717

Paulo Renato Alves Firmino, Enrique Lépez Droguett
Large Scale Nuclear Sensor Monitoring and Diagnostics by Means of an Ensemble of Regression Models Based on

EVOIVING CIUSTEFING IMETROUS ... .ot b bbbttt bbb 726
Giulio Gola, Davide Roverso, Mario Hoffmann, Piero Baraldi, Enrico Zio

2-5: UNCERTAINTY AND IMPORTANCE

A Comparison of Polynomial Response Surfaces and Gaussian Processes as Metamodels for Uncertainty Analysis

With LONG-RUNNING COMPULET COUES ......cvviiiiieiiciiieietsisi ettt bbbttt bbbttt 736
Dustin R. Langewisch, George E. Apostolakis

The Design Process Under the FOCUS OF the LALEO........ccoiiiiiiireieice ettt bbbt b bbbt 748
Fabio Ferreira Da Costa Campos, Walter Franklin Marques Correia, Andre Menezes Marques Das Neves

On Influence of the Structure of a Networked System 0N itS PErfOrmManCes .........ccccovvcreiiiiinineeeessse s 760

Stefano La Rovere, Paolo Vestrucci

2-6: PSA QUANTIFICATION

BDD Application to the Calculation of Probability and Importance Measures of Minimal CUtSets............coccoveceinnninicncennne 771
Woo Sik Jung, Jeff Riley, Ken Canavan

An Approach to Evaluate QUantifiCation EFTOrS iN PSAS ..ottt 781
Jongsoo Choi

Estimating the Probabilities of Overlapping ENG STALES .........ccccciiiiririeiieiisree ettt se s sene s 789
Todd Paulos

The Model of Resilience in Situation (MRS) as an Idealistic Organization of At-Risks Systems to be Ultra Safe ...........c.c.cccocvruee 798

Pierre Le Bot

2-7: EXPERT JUDGMENT

Is the Expert Judgment Better Than Random Numbers?..........ccocoeveevenne.
Daniela Hanea, Ellen Jagtman, Ben Ale

Treatment of Epistemic Uncertainties with Non-Probabilistic Approaches in Applications of Probabilistic Risk

AASSESSIMIBINL ...tttk ettt b bbb bbb E AR £ R R R R £ R SRR R £ SR E SRR £ £ R E R E R A E R e R R SRR R bR R bR Rt E bbbttt 827
Tu Duong Le Duy, Dominique Vasseur, Laurence Dieulle, Christophe Bérenguer, Mathieu Couplet




Study on the Effectiveness Evaluation of Crime Prevention System Based on Fuzzy Theory and Risk Entropy .........cccoenieenee 839
Xi Guo, Ruimin Hu

Numerical Scales fOr PairWiSe COMPAIISONS. ......c.couii ittt sttt e et et e b eb et et et b b sb e b et s e e b e b e b e st s s e e b e b e R e R e st eb e bbb et st bbb ere s 851
Michael A. Elliott
Expert Panel Size vs. Accuracy of Aggregated Estimates: An EMPIrical STUAY ........cccccoviiriririrneiiniisseereessee s 862

Calvin H. Shirazi, Ali Mosleh

2-8: EXPLOSIONS AND FIRE

Use of Computational Fluid Dynamics, CFD, for Defining Design Accidental Loads and Optimizing Risk
IMIITIQATING IMBASUIES........eviviiiieteteitsietete e see s e s ese st et et ete e se s s et e s e e s e e s e b e s es e s e e e s e s es e e s e s e R e Re et s e b e R e e e s s e R e Rese e e e b e R e R et e e et e s e s e e ne s snsene s 871
Bjarn Inge Bakken, Joar Dalheim, Ulf Danielsen, Bjgrn Hekkelstrand

Volume 2

A Dynamic Risk Analysis Model for an OffSNore PIAtFOrM ..o 883
Jan K. Lund

2-9: BAYESIAN METHODS AND BINARY DECISION PROGRAMS

Minimally Informative Prior DIStriDULIONS TOF PSA .......ooiiici bbbttt 895
Dana L. Kelly, Robert W. Youngblood, Kurt G. Vedros

Analytical Solutions of Large Fault Tree Models Using BDD: New Techniques and Applications........ccccooveeierirnrneeisieninisseeens 903
Olivier Nusbaumer, Wolfgang Kréger, Enrico Zio

A Comparison of Two Different Methods of Solving a Fault Tree Using Binary Decision Diagrams...........cccceeeorrneeienenensisenens 915
Ola Backstrom, Wang Wei, Daniel Ying

Importance Measures for Hybrid Causal LOGIC IMOEIS. ..ottt 921

Chengdong Wang, Ali Mosleh

2-10: REACTOR SYSTEMS

Critical Analysis of MAAP Feed and Bleed SUCCESS CHItEIIA. .......vviiuiueieieiiieiriitieeie sttt 929
Sarah L. Chisholm, P. Doug Paul, Bryan C. Carroll

An Evaluation of Operator’s Action Time Using the MARS Code in a Small Break LOCA ..ot 941
Yeonkyoung Bae, Jonghyun Kim, Changhwan Park

EPR Flamanville 3 Level 2 Probabilistic Safety ASSESSIMENT ..ottt 948

Body Guillaume

ENVIRONMENTAL RISK

3-1: CLIMATE CHANGE CHALLENGES

Sea Surface Temperature Prediction via Support Vector Machines Combined with Particle Swarm Optimization ............cccco..... 956
Isis Didier Lins, Marcio Das Chagas Moura, Marcus André Silva, Enrique Lépez Droguett, Déris Veleda, Moacyr Aradjo, Carlos
Magno Jacinto

Sea Level Prediction by Support Vector Machines Combined with Particle Swarm Optimization...........c.ccccoovvieciiinnnciieninne 967
Marcio Das Chagas Moura, Isis Didier Lins, Déris Veleda, Enrique Lépez Droguett, Moacyr Araljo
Climate Change Impacts on Renewable Energy SOUICES iN CrOALIA. .........cccviiiiiiiicuiieiniri et 979

Robert Pasicko, Zdenko Simic, Slavica Robic

3-2: AREA-GEOLOGICAL CARBON CAPTURE AND SEQUESTRATION |

The CO2QUALSTORE Guideline for Safety and Risk Management of CO, Geological Storage SiteS..........ccccovrrrierinninireienenennns 988
Mike Carpenter, Jarg Aarnes, David Coleman, Bryce Levett

The Effect of New Information on Expert Perception of Risk in Carbon Capture and StOrage .........ccocovvveeeieririnnseissesesesisenenns 1000
Debbie Polson, Andrew Curtis, Claudia Vivalda

Risk Assessment Framework for Geologic Carbon SeqUESTFation SItES ............cccuiiiiiiciiii e 1012
Curtis M. Oldenburg, Preston Jordan, Yinggi Zhang, Jean-Philippe Nicot, Steven L. Bryant

CO; Geological Storage Safety Assessment: Methodological DEVEIOPMENTS..........cciiiiririeeiirerieieee ettt 1023

0. Bouc, G. Bellenfant, D. Dubois, D. Guyonnet, J. Rohmer, M. Gastine, F. Wertz, H. Fabriol



RISK ASSESSMENT

4-1: SPECIAL SESSION ESREDA-ESRA MAINTENANCE MODELING

Imperfect Maintenance MOUEIS: A REVIEW ...ttt b e sttt b et b bbbt st 1035
Inma T. Castro

Condition-based Maintenance and Non-Observable Deteriorating SYStEMS .........ccccoviirurireeieriririseesessestseee s eseseees 1044
Phuong Khanh Nguyen Thi, Mitra Fouladirad, Christophe Bérenguer

From Living PSA to Living Probabilistic ASSEt IMANAGEMENT ...ttt bbbt bbbttt 1056

Sipke E. Van Manen, Johan Van Den Bogaard

4-2: SAFETY GOALS

Guidance for the Definition and Application of Probabilistic Safety Criteria..........ccocoiiiiiiiiiiricic s 1064
Michael Knochenhauer, Jan Erik Holmberg

Status and Experience with the Technical Basis and Use of Probabilistic Risk Criteria for Nuclear Power Plants ..............c......... 1074
Philippe Hessel, Jan-Erik Holmberg, Michael Knochenhauer, Abdallah Amri

Comparison of Risk Criteria in Safety-CritiCal INAUSTIIES.............ciiiiic bttt 1083

Michael Knochenhauer, Anders Persson, Jan Erik Holmberg, Xuhong He

4-3: RISK INFORMED DECISION MAKING |

Blending Deterministic and Probabilistic Arguments in the Regulatory Decision-Making — The Canadian

F AN o] o] {0 Ut o OO TSSOSO PUPOTTRTRTOTO 1094
Philippe Hessel

Is a Risk Assessment Always FEasible? A Case STUTY .........ccccieiriririeieeiiiese et e se st sesess e s sete e e ssssesesesessssssesesesens 1100
Stanley H. Levinson

Risk Analysis of Escape Time in Buildings 0f HONG KONG ........cviiiiiiiiiiici et 1107
L. T. Wong, N. K. Fong

Combining Probability Distributions in Operational RiSK Management ..............cciriirrienirreee et 1116

Louis Goossens, Jiirgen Van Grinsven

4-4: RISK INFORMED DECISION MAKING I

Risk Informed In-Service-Inspection Activities within the European Network for Inspection and Qualification..............c.ccccev... 1127
Kaisa Simola, Luca Gandossi

New Approach to Integrating Various Risk Types Throughout a Development Project..........cccocvvvrreieininsseiee s 1136
Clayton Smith, Ali Mosleh

Application of Risk-Informed Evaluation on the Selected Changes in NPP DUKOVANY ............cccceiiniienieniieceneeseeesnes 1148
Stanislav Hustak, Vladislav Pistora

A Study of Risk-Based Verification for Offshore ENgiNEEring SYSIEMS .........ccuvuriiiiririeisieiiisieieeresesesessserese s sssesesesessssssssesssesssseseses 1154

J. Wang, J. Phipps, D. B. Matellini

4-5: RISK INFORMED - GOING ON

Treatment of Uncertainties Associated with PRAs in Risk-Informed Decision Making (NUREG-1855)..........ccccoorrriininnnineienns 1166
Mary Drouin, Gary Demoss, Donnie Harrison, John Lehner, Jeffrey Lachance, Timothy Wheeler

Estimating Performance Criteria for the Maintenance RUIE ... 1174
Ross C. Anderson, Thomas P. John

Making a Robust Safety Case for Future NUCIEAr PIANT DESIGNS ........c.ceviriiieieieeiiisisiessieseesiseeeseesssssse e sesessssssssssesesessssssssesssssssseseses 1181

Inn Seock Kim, Sang Kyu Ahn, Kyu Myung Oh

4-6: RISK MANAGEMENT

Environmental and Safety Violations, an Alternative Indicator for Process Safety?.........ccoinieienneee s 1190
Marieke Kluin, Ben Ale, Wim Huisman, Coen Van Gulijk

Use of Terminology in Risk-INformed DeCiSION IMaKINQ .........c.cueuiiiiiiieiii ettt 1198
Mary Drouin, Michelle Gonzalez, Sandra Lai, Gary Demoss, John Lehner, Jeffrey Lachance, Timothy Wheeler

Risk-informed Decision Making in the Context of NASA Risk Management ...........cccviieuiiiinniiccees e 1204

Homayoon Dezfuli, Michael Stamatelatos, Gaspare Maggio, Christopher Everett



HUMAN RELIABILITY ANALYSIS

5-1: INTERNATIONAL HRA BENCHMARK |

Lessons Learned on Benchmarking from the International Human Reliability Analysis Empirical Study...........c.ccoovvieninnnnnes 1216
Ronald L. Boring, John A. Forester, Andreas Bye, Vinh N. Dang, Erasmia Lois

The International HRA Empirical Study: Simulator Results From the Loss of Feedwater SCENArios ..........ccccovvvvvrvrveeinreririneeiennns 1228
Helena Broberg, Salvatore Massaiu, Jeffrey Julius, Bertil Johansson

Towards a Model of Procedure Following for Predictive Cognitive Task ANAIYSIS .........cvirriirirnneieneinieieee s 1239
Salvatore Massaiu

Quantitative Results of the HRA Empirical Study and the Role of Quantitative Data in Benchmarking...........c.ccccccovnnicicninnnnn. 1251

Vinh N. Dang, Salvatore Massaiu, Andreas Bye, John A. Forester

5-2: INTERNATIONAL HRA BENCHMARK 11

Lessons Learned on Benchmarking from the International Human Reliability Analysis Empirical Study...........cccccoevnnnninnnee 1264
J. A. Forester, E. Lois, V. N. Dang, A. Bye, G. Parry, J. Julius

Application of ASEP/THERP in International HRA EMPIrical StUAY ..........ccoiiiiiiici s 1274
Stacey M. L. Hendrickson, Y. James Chang, C. R. Grantom

Enhanced Bayesian THERP — Lessons Learnt from HRA BenChmMarking ...........cocoieeeiirneciiineee et 1281
Jan-Erik Holmberg, Kent Bladh, Johanna Oxtrand, Pekka Pyy

Lessons Learned on HRA Benchmarking: The EDF Point of View with MERMOS..........ccoooiiiici e 1293

Helene Pesme, Pierre Le Bot

5-3: RESOLVING HRA MODELS DIFFERENCES

A Model-Based Human Reliability ANalySis FIAMEWOTIK ..........cciiiiiiieiiiiriiiciee sttt et 1302
Ali Mosleh, John A. Forester, Ronald L. Boring, Stacey M. L. Hendrickson, April M. Whaley, Song-Hua Shen, Dana L. Kelly,
James Y. H. Chang, Vinh N. Dang, Johanna H. Oxstrand, Erasmia L. Lois

Example Application of Model-Based HRA APPFOACKH............i ittt bbbttt ebias 1313
Song-Hua Shen, Ali Mosleh, Dana L. Kelly, Ronald L. Boring

A Mid-Layer Model for Human Reliability Analysis: Understanding the Cognitive Causes of Human Failure

EEVBINITS .. ..ttt b kbbbt h kb b E R E R H AR R R R R E R E SR E R R AR e R AR R R R b E R R bt eh et b et bt n e nnen 1324
Stacey M. L. Hendrickson, April M. Whaley, Ronald L. Boring, James Y. H. Chang, Song-Hua Shen, Ali Mosleh, Johanna H.
Oxstrand, John A. Forester, Dana L. Kelly

Developing a New HRA Quantification Approach from Best Methods and PractiCes...........coooumiiicinnnnccceeese s 1336
Vinh N. Dang, John A. Forester, Ali Mosleh

5-4: RESILIENCE AND USE OF DATA

The Method for Estimation of HUman Error Probability ... 1344
Kenji Yoshimura, Kenjiro Hikida, Hiroko Itoh, Chihiro Nishizaki, Nobuo Mitomo
Bridging Resilience Engineering and Human Reliability ANAIYSIS.........ccoviiiieriiiiiccesessse e seesenen 1353

Ronald L. Boring
Development of a Questionnaire for Characterization of an Emergency Operation System: Application to

EMErgenCy OPErating PrOCEOUIES. ........ccciviiririeteterireritsteteeesesestssetesesesessssesesesesssessesesesesessssesesesesessssesasesessssssesasesesssssasesesssessssnsesesesesssseseses 1361
Jonghyun Kim, Luca Podofillini, Pierre Le Bot
Calibration of PROCOS USING BaYeSIan NETWOIKS............ceuiieiiiiiiiiiiticicieieieisst sttt bbbttt 1373

Massimiliano De Ambroggi, Paolo Trucco

5-5: HUMAN BEHAVIOR AND DISASTER RESPONSE |

Overview of the Joint EPRI/NRC-RES Fire Human Reliability Analysis Guidelines Project...........ccovvieiiinnnncenininnsccees 1385
Susan Cooper, Kendra Hill, Stacey Hendrickson, John Forester, Jeffrey A. Julius, Jan Grobbelaar, Kaydee Kohlhepp, Bill
Hannaman, Erin Collins, Bijan Najafi, Stuart R. Lewis

EPRI/NRC Fire HRA Guidelines: Introduction to Fire HRA Scoping QuUantification............ccccccorirnrieiinnnssee e 1394
Stacey M. L. Hendrickson, John Forester, Susan Cooper, Kendra Hill, Jeffrey A. Julius, Jan Grobbelaar, Kaydee Kohlhepp, Bill
Hannaman, Erin Collins, Bijan Najafi

Lessons Learned from Fire HRA APPHCALIONS ..ottt bbbttt bbbt 1406
Erin P. Collins, Pierre Macheret, Paul Amico, G. William Hannaman
EPRI/NRC Fire HRA Guidelines: Lessons Learned DUring APPIICAtIONS. .........cccoiiiiiiriiiirnieeenss s 1415

Jeffrey A. Julius, Jan Grobbelaar, Kaydee Kohlhepp



5-6: DYNAMIC APPROACHES

Dynamic Probabilistic Risk Assessment Model Calibration and Validation Using Simulator Data - Another

Application of HRA EMPITICAI STUAY DALA .........ceiiiiiieiieiiirieeee ettt bbbttt 1421
Kevin Coyne, Ali Mosleh

Dynamic Human Reliability Method in Seismic PSA for MUIti-UNit=-Site..........ccccoviiieeiiiiiiireeeesise e seenens 1433
Tadakuni Hakata, Keiko Hasegawa, Akihiko Endo, Sadanori Aoi

Use of Dynamic Event Trees to Model Variability in Crew Time PErformance ...........ccoovceeinnniiciceess e 1443

D. Mercurio, V. N. Dang

5-7: HRA QUALITATIVE ANALYSIS

Qualitative Analysis Makes Simple HRA Methods a Competitive AItErNAtIVE .........c.ooieieiriiinecee s 1455
Johanna Oxstrand, Kent Bladh, Stephen Glen Collier

A Performance Shaping Factors Causal Model for Nuclear Power Plant Human Reliability Analysis ...........ccccoeovvrvecininrsseens 1467
Katrina Groth, Ali Mosleh

How Many Performance Shaping Factors are Necessary for Human Reliability Analysis? ... 1479

Ronald L. Boring

5-8: IMPROVING SAFETY AND RELIABILITY THROUGH HRA APPLICATIONS

What Place for Human Reliability Assessment in the Reliability Approach and in Human Factors Approaches? ............cccccceeene. 1488
Helene Pesme, Pierre Le Bot
Human System Simulation in Support of Human Performance Technical Basis at NPPS ..ot 1496

David I. Gertman, Jeffrey Joe, Alan Mecham, William Phoenix, Katya Le Blanc, Samy Tawfik
Improving Safety With Dynamic Probabilistic Risk Assessment — ADS-IDAC as a Human Reliability Analysis

00Nttt ettt ettt ettt ettt b e b e A b eAe s oAt et eRe b oA e b e At eh et ehe et eAe st e e b e R st et ehe s ehe At ehe b ek et eR e b eAeeh et eRene et e st et et ene et eneerene et eneerenes 1508
Kevin Coyne, Ali Mosleh

5-9: APPLICATIONS, TOOLS, AND COMPARISONS

Application of the ATHEANA Methodology for the HRA of a PSA Scenario for a BWR Nuclear Power Plant.............ccccccovuee. 1520
Teresa Ruiz-Sanchez, Pamela F. Nelson

Consideration of Success Path in PRA Accident Sequences for Identification of Human Interaction Dependencies.........c............ 1531
Alexander Trifanov

A T0O! FOr PANAME HRA MEENOM ......oovitiiiiiiiee ettt ettt b bbb 1539

V. Fauchille, J. Y. Maguer

5-10: HRA APPLICATIONS

Pilot Application of the EPRI/NRC Fire HRA GUITANCE ........ccoiuiueuiiiiiisieieieeniss ettt ettt 1546
Barbara Baron, Ashley Mossa, David McCoy

Qualitative Human Reliability Analysis-Informed INSights 0N Cask DIOPS.........ccccvieririririreierininiseseeesesessssesssessssesesesssessssssesesesssenes 1552
Jeffrey D. Brewer, Stacey M. L. Hendrickson, Ronald L. Boring, Susan E. Cooper

Utilisation of HRA Key Insights for LPS Operating Procedures: Example for an Implementation Put in Practice ....................... 1567
Cornelia Spitzer

Human Reliability Analysis for EPR™ NPP PSA LEVEI 2.........c.coiieiieee ettt 1582

Estelle Sauvage, Paul Duncan-Whiteman, Alexandre Ezzidi

5-11: HUMAN BEHAVIOR AND DISASTER RESPONSE 1

Self-reliance and Advanced Warning Technology: How to Support the HUmMan in Danger?..........ccccccovrvreeeiennnesssieisnesseseseenens 1590
S. Sillem, H. M. Jagtman

Longitudinal Study to Determine Long-term Experience of Cell Broadcast for Citizens’ Alarming .........cccocoveveiennnnsienensnnenn 1602
H. M. Jagtman, S. Sillem

Evacuation Behavior of Over 1,000,000 Residents in a Post-earthquake Fire Scenario in Kyoto City.........c.coceeveeinnnnncnininnnnenns 1614

T. Nishino, S. Tsuburaya, K. Himoto, T. Tanaka

INDUSTRIAL SAFETY

6-1: ORA ON INDUSTRIAL APPLICATION

Risk Influence Factors Related to Helicopter Operations in the NOIrth SEa ..o 1624
Jon Espen Skogdalen, Jan Erik Vinnem



Quantitative Risk Assessment on Taiwan’s Liquefied Natural Gas Tanks System with External EVENts ...........cccccoovvniiccinnens 1636
Tsu-Mu Kao, Chun-Sheng Weng

6-2: RISK/RELIABILITY ANALYSIS

The Results of Final Application from PROTEGER - Model for Implementation of Work Safety Management

Systems Based 0n OHSAS @nd ChECKIANG ...ttt 1643
Walter F. M. Correia, Denise D. De Medeiros, Marina De L. N. Barros, Fabio Campos, Mariana Pereira Bezerra

Understanding and Modeling Operational Risks: A Multi Context APPlICATION...........ccoeiiiiiiieci e 1655
Amerigo Silvestri, Enrico Cagno, Paolo Trucco

Sensitive Incorporation of Ageing Effects into the PSA MOGEL..........cciiiieeiieiii e nenens 1666

Emil Stefanov, Gueorgui Petkov

6-3: ACCIDENT ANALYSIS

Risk Informed Insights from Transformer FIires at NPPS ..ot 1677
Matti Lehto, Jouko Marttila, Reino Virolainen

Classifying Underlying Causes of Fatalities: The Case 0f CONSTIUCTION ..ottt 1681
Andrew Hale, Helen Bolt, Damian Walker

Learning from Accident Investigations - A Cross-CoUNtry COMPATISON .........ccciririiiriereerinirereeeseesesssseseseresesessssssesesessssssssesesssssseseses 1693
Alexander Cedergren, Kurt Petersen

A Preliminary Analysis of the ‘News Divine’ Incident by Applying the MORT TeChNiQUE ........ccccoviiiiininiiicccnceee 1704

Jaime Santos-Reyes, Samuel Olmos-Pefia

6-4: OCCUPATIONAL SAFETY

HUMaN Error: ANATOMY OF ACCIUENTS .......c.viiiiteieiieirieisiet ettt bbbt bbb e b b e e b bbb bt b bbbttt b bt b e 1712
Anthony J. Spurgin

Manual Handling Risk Assessment: The Case of Lifting and Carrying Operations in the Construction Industry ............c.cccccvu.. 1722
Armando Burciaga-Ortega, Jaime Santos-Reyes

Applying Nuclear PRA to a Nuclear Fuel Facility Integrated Safety ANalYSIS.........cccoiriiiiiririiieiineee s 1730
Matthew Warner, Jim Young

Accident Modeling: NO MO CREESE PIBASE .........c.eiiiiiieieitiiree ettt b bbbt bbbt eb bbb s 1738
John Stoop

6-5: HAZARD PREVENTION

Living Buildings in Land Use Planning With EXtErnal SAfEy ... 1749
Shahid Suddle, Hennes De Ridder

Volume 3
Development of Early Warning Indicators based on Resilience ENQGINEEIING ..ot 1762
K. @ien, S. Massaiu, R. K. Tinmannsvik, F. Stgrseth
The Value Of DISASTET PIEVENTION ........cviiiiiiieiiteiir ettt bbbt s bbbttt 1772

Patrick Momal

RAM METHODOLOGY

7-1: AGING MANAGEMENT

A New Class of Risk-Importance Measures to Support Reactor Aging Management and the Prioritization of

Materials Degradation RESEAICTH ...........cciiiiietie ittt bbbt bbbt e e bbb s e bbb bbb bbbttt b bt nens 1784
Stephen D. Unwin, Peter P. Lowry, Michael Y. Toyooka
Optimal Block Replacement Policy for a System Operating under a Random Time HOFZON........cccccoveeeiiiinnseceneeseee s 1791

A. Khatab, N. Rez, D. Ait-Kadi
Optimal Inspection Planning with Time-Dependent Reliability Analysis. Application to Rubble-Mound

BIEAKWALEIT'S ...ttt bbb bbb E bbb E s E R E bbb bbbt 1798
Nguyen Dai Viet, P. H. A. J. M Van Gelder, H. J. Verhagen, J. K. Vrijling
A Case Study On VVER-440 Component Age-Dependent Reliability Data ASSESSIMENT...........ccceriiriririeeienirinrisiee s 1808

Shahen Poghosyan, Albert Malkhasyan, Andrei Rodionov

Development of Aging Risk Assessment Method with Incorporation of Aging and Maintenance Effects into System
REIIADIITY IMIOAEIS ... ..ttt bbb bbb £ £ bbb £ £ £ b e b2 R a2 £ £ e b e b e R e R £ AE e b b e b e b2t e e b b e b e b e et b et et e b e et s e ebeban 1818
Nobuo Mitomo, Tadatsugi Okazaki, Hiroshi Matsui, Yoh-Ichi Kawagoe, Fumi Yakabe



7-2: HEALTH MONITORING

Real-time System Risk Assessment using Asynchronous Multivariate Condition Monitoring Data..........c..coceeeiererinreeisnenesseens 1827
Jian Sun, Dan Zhang, Haitao Liao

Qualification for Supplied Electrical Motors: A Comparative Analysis of the Reliability of Electrical Motors from

[ (=Y =T LAY 0T 0] 1T RS STSRRT 1839
Mohammad Pourgol-Mohammad

Improving Availability and Safety of Control Systems by Cooperation Between Intelligent Transmitters...........cccooccvceinnnen. 1850
Florent Brissaud, Anne Barros, Christophe Bérenguer

Structural Fatigue-Induced Degradation: Prognostics and Health Monitoring Using Acoustic EMISSioN...........cccoveevininnniscenne 1862

Masoud Rabiei, Mohammad Modarres, Paul Hoffman

7-3: QUANTITATIVE METHODS IN RAM ANALYSIS

Estimating and Presenting Transient Risk for On-Line Maintenance Using the STP Balance of Plant Model............c.cccovevrvvvennn. 1871
Ernie Kee, Fatma Yilmaz

Availability and Reliability of General Multistate Node Networks Modeled by UGF and Taking into Account

(@0 0 Yot LAY Y g ToTT = [y TSR 1878
Mazen El Falou, Eric Chatelet

DECISION ANALYSIS

8-1: METHODS AND FUNDEMENTALS

A Decision Analysis Framework for the U.S. NUCIear FUEI CYCIE ... 1889
Lara Pierpoint

Methodology of Selecting Useful Activities for Risk-Informed DecCision Making............cccoorriiinneieinss s 1900
Yoshiyuki Narumiya

Analysis of Robustness of Statistical Survival Estimates via Multiple Objective Optimization............cccccvevriveeeieienirseeiereresseens 1910

M. P. Brito, G. Griffiths

8-2: STRATEGIC ASSESSMENTS

Modelling of Problems Taking Decisions in Low Density Traffic LiNeS CaSES .........ccoviieiiiiiiiininiicicieeise e s 1921
Andrzej Chudzikiewicz
RAMS Engineering in the Development of Sustainable Energy Production SYSTEMS...........oveeiiiinieiiniseee e 1930

Lijuan Dai, Marvin Rausand, Ingrid Bouwer Utne

SAFETY CULTURE & ORGANIZATIONAL FACTORS

9-1: SOCIO-TECHNICAL MODELING I

Development of an Aviation Safety Causal Model Using Socio-Technical Risk Analysis (SOTERIA) ......ccccoviieiiinenneciiisenes 1942
Zahra Mohaghegh

Bridging the Gap between Human Judgment and Automated Reasoning in Predictive ANalytics .........cccooovvniccninnnnccnees 1954
Antonio P. Sanfilippo, Roderick M. Riensche, Stephen D. Unwin, Jodi P. Amaya

Why Are Organizational RiSK MOGEIS SO INSENSITIVE? .......coiiiiiiiiiiriiieicetr sttt bbbttt be s 1964

Paolo Trucco, Chiara Leva

9-2: ASSESSING SAFETY CULTURE DATA

How Do Safety Culture Assessments Relate to Objective Operational Safety Performance?.........cccococeoevviviveseieinnissseeeneressenens 1976
Joan Devine, Sherry Borener

PrediCting RAIE EVENTS ......cuiiiiiiiiicitieiei ettt bbb bbbttt bbbttt bbb 1987
Romney B. Duffey

Mining Behavior-Based Safety Data to Predict Safety PErfOrmanCe ..........ooiuiiiiiiiiriiicc e 1995

Jeffrey C. Joe

9-3: SAFETY CULTURE METHODOLOGIES & APPLICATIONS

Safety Culture Change in TWO COMIPANIES. ......ccuiuuiuiieieiiireeeeteesesiseeteseseesesssseseseseessseseseesessssesesesessssssesesasessssnsesesesessssssesesesessssesessssnss 2005
A. R. Hale, J. Jacobs, M. Oor
Safety Culture and Safety Leadership: The Way FOIWAIT ...t 2017

Kathryn Mearns



Development of an Aviation-Wide Safety Culture ASSeSSMENt TOO..........coviiiiiiiiiiece e 2023
A. D. Balk, C. Montijn

9-4: SOCIO-TECHNICAL MODELING I

The Highly Reliable Resilient Organization Methodology: Incorporating Organizational and Managerial Factors

in the Assessment of Organizational VUINErability .........ccccooiiiiiiic bbb 2035
Joseph F. Gifun, Dimitrios M. Karydas

Integrating System Dynamics and Bayesian Networks with Application to Counter-1ED SCENarios ..........cccccvvenirnieeeieninnisieceens 2047
K. D. Jarman, A. J. Brothers, P. D. Whitney, J. Young, D. A. Niesen

A Paired Comparison Approach to Quantify Management Influences on RiSK (11) .......ccccuririveeeiiinissieieiesiss e 2059

Pei-Hui Lin, A. R. Hale, B. J. M. Ale

9-5: SAFETY CULTURE IN PRACTICE

Best Practice Framework for Safety Culture Improvement PrOgIrams ..........oociiiiiirireieiessis et st 2067
Torkel Soma, Berit Bergslid Salvesen, Sondre Jie

Review of Legal System of Occupational Safety and Health in Mainland China ... 2075
Y. G. Cao, Q. Chen, W. K. Chow, Gigi C. H. Lui, Xu Dong Wang

Measuring Safety Culture in European Air Traffic Management ... s ssesenes 2082
Barry Kirwan, Kathryn Mearns, Jeanette Winter, Tom Reader, Marinella Leone, Andrew Kilner, Anna Wennenberg, Eve Grace-
Kelly

Safety Attitudes of Caregivers: The Case of Healthcare Organizations in MEXICO ..........cvveeiirrneciineeee e 2084

Daniel Velazquez-Martinez, Jaime Santos-Reyes, Tatiana Gouzeva

9-6: NUCLEAR SAFETY CULTURE AND REGULATORY OVERSIGHT

Methodology for Detection and Assessment of the Impact of Informal Processes on Organizational Output............c.ccceeevvrvririennnes 2091
Lesa M. Ross, Ali Mosleh
Building and Assessing an Effective Safety and Performance CUIUIE............c.cciiiiiiiiiiee s 2103

William R. Nelson

Managing Safety of Industrial Hazardous Installations with Emphasis on the Control Systems, Interfaces and
HUMBN FACTOTS ...tttk h ettt h s b8 b €10 h 0o h bbb s b e e b A e e bt E e bt b e b £ b e bbb e e eb et e bt e e b st e b enennen 2112
Przemyslaw Kacprzak, Kazimierz T. Kosmowski

9-7: SAFETY MANAGEMENT

Safety Intelligence: Senior Executive Managers and Organizational Safety Performance ........cccoveeeivininsecieninsseessesssee s 2124
L. S. Fruhen, K. J. Mearns, B. Kirwan, R. Flin

Assessing the Safety Impact due to Organizational ChaNGe............cccoiiiiciiii b 2131
UIf Kahlbom

Safety Culture and SMS: How Shaping Organizational Safety Culture Ensures the Successful Implementation of a

Safety MaANAGEMENT SYSTEIM ..ottt bbbt eh bbb e ot b e E bbb th bbbttt ettt 2143

Kenneth P. Neubauer

9-8: SAFETY MANAGEMENT AND KNOWLEDGE MANAGEMENT

Performance Indicators as Cultural Artifact: Stories of Applied Organizational Change.............cccceorrnieiiinnnece s 2155
W. E. Carnes, M. Dexter Ray, Larry Supina
Confidential Communication for Reliable Information and Knowledge EXChange..........ccccovovvreeiiinneseiceinsseee s 2166

Vladimir lliev, Gueorgui Petkov
Bringing SMS in Aviation to Life by Human Integration: Building on the ICAO SMS and Transitioning Away

from a Static REQUIATOTY APPIOACKH .....c.ciiiiciccei ettt et s e st R s e se bt e e R e et b e s e b e s e e st et e e et sete e e eas 2174
Floor Koornneef, Simon Stewart, Roland Akselsson

9-9: PUSHING THE ENVELOPE IN SAFETY MANAGEMENT

Identifying the Typcial Biases and their Significance in the Current Safety Management Approaches ...........cccocovcveiennnnseieens 2186
Teemu Reiman, Carl Rollenhagen

Through the Looking Glass: Developing Organizational Ability to Understand Work as Imagined versus Work as

[0 0T TSP T T S TS TETETS U SOEOTETEP PO T PP PP TR TPPTPRSOPTPTPROON 2198
W. E. Carnes, Richard Hartley, Kim Leffew, Brian Harkins, Shane Bush, William Rigot

Images of OrganisatioNal SAFELY CUITUIE. ..ottt bbbt b bbb bbbttt e 2211
Frank W. Guldenmunda



9-10: CROSS-CULTURAL ISSUES

Cultural Differences in Design Perceptions of Consumer Products: A Kansei Engineering Approach ........cccococevevvvvvvccieniennnn. 2223
K. Pearce, J. Harvey, R. Jamieson

Risks and Engineering Design ACI0SS CUITUIES .........c.ccuiiiiiiiicicieieri bbbttt bbb 2233
Joan Harvey, Kim Pearce, Ron Jamieson

Driver Boredom: Does it Differ ACross CUItUres, AN WY ? ..ottt 2244

J. Harvey, N. Thorpe, S. Heslop, C. Mulley

SOFTWARE RELIABILITY

10-1: SOFTWARE PRA

Establishing a Philosophical Basis for Probabilistic Modeling of Software Failures ... 2253
Tsong-Lun Chu, Gerardo Martinez-Guridi, Meng Yue, Pranab Samanta, Gopika Vinod, John Lehner

A Framework for Software Reliability Management Based on the Software Development Profile Model.............cccccovennnnicnnee. 2265
Arya Khoshkhou, Michel Cukier, Ali Mosleh

A PSA Model Developed for the Digital Reactor Protection System of the Latest PWR in Japan.........cccccovirreininnncenenenneenns 2274

Keisuke Kondo, Haruo Fujimoto, Masahiro Yamashita

Application of Context-based Software Risk Model (CSRM) to Assess Software Risk Contribution in Constellation
PFOJECE PRAS ...ttt bbbt b bt £ s b b e b 28 £ 4 £ e b b e b e R e £ £ b e b e b2 At £ £ eSS b e R e R £ £ A S e b e b e b eR £ £ AE e b b e b e R e eE b b e b b et bbb b e 2281
Michael Yau, Sergio Guarro

10-2: SOFTWARE DESIGN AND FAILURE ANALYSIS

Probabilistic Assessment of Effectiveness of Software Testing for Safety-Critical SYyStemS..........cccccvrivvceciiiissecce s 2293
William Alton Ballance, William Jenkins, Sergiy Vilkomir

Software Fault-Failure and Error Propagation Analysis Using the Unified Modeling Language...........c.cccceoevnnniiicnicisnnnneens 2302
Chetan Mutha, Manuel Rodriguez, Carol Smidts

EDF CCF Benchmark on CCF Methodologies for CCF Groups 0F SIZ€ 4 ..ot 2314
Jean Dewailly, Anne-Marie Bonnevialle, Thi Thuy Linh Nguyen

Multi-threads Software Reliability Estimation Based on Test Results and Software StruCture...........ccoccvevvveecieieiessecenenesseneens 2326

Yaguang Yang, Russell Sydnor

STRUCTURAL RELIABILITY

11-1: STRUCTURAL RELIABILITY

Reliability Data Handbook for Piping Components in Nordic Nuclear Power Plants — Part H..........ccccccovvieinieininsecceneesseieens 2337
Anders Olsson, Vidar Hedtjarn Swaling, Bengt Lydell

SPACE AND AVIATION

12-1: SPACE SHUTTLE PRA APPLICATIONS

Hubble Space Telescope Crew RESCUE ANAIYSIS. ........c.iiuiiiiiiiicieieer ettt bbbttt bbbt 2349
Teri L. Hamlin, Michael A. Canga, Grant R. Cates
2009 Space Shuttle Probabilistic RiSK ASSESSMENT OVEIVIEW.......c.uiuiuruiiriirieieieerie sttt ettt bbbt b bbb s e b ebesenens 2359

Teri L. Hamlin, Michael A. Canga, Roger L. Boyer, Eric B. Thigpen
Extravehicular Activity Probabilistic Risk Assessment Overview for Thermal Protection System Repair on the

Hubble Space TeleSCOPE SEIVICING IMISSION ........cuiiiiiirieieiiiriet ettt ettt bbb bRt b bbb et e b bbb ettt et et ettt s 2367
Mark Bigler, Ed Roeschel, Michael Canga, Gary Duncan
Estimating the Reliability of @ SOYUZ SPACECIaft IMISSION..........cccoiiiriiirieeiii st ne e enenn 2377

Steven J. Farnham I, Warren C. Grant, Michael G. Lutomski

12-2: AIRCRAFT SAFETY

Proposing Safety Performance Indicators for Helicopter Offshore on the Norwegian Continental Shelf.............cccoooovvniiiciiinns 2389
Ivonne A. Herrera, Erik Hollnagel, Solfrid Habrekke

Risk Change and Contributions to Risk in Offshore Helicopter Traffic on the Norwegian Continental Shelf...............ccccooinnne 2399
Tony Krakenes, Solfrid Habrekke

Modelling and Identification of Take-0off AIrcraft OPEration .........cccovceiiiicccee e et eaenn 2411

Anna Wieslawa Stelmach



12-3: SPACE LAUNCH VEHICLE RISK ASSESSMENTS

Physical Drivers in Launch VENICIE FAIIUIES .........cccoviiiiiiieeiiiriseeei ettt es e et et sttt e e ns et e ne e nennes 2424
Rosalind Beckwith, Susie Go, Donovan Mathias

Sensitivity Analysis of Launch Vehicle Debris RiSK MOGEL ..............coiciiiiiiiiiice et 2436
Ken Geea, Scott L. Lawrence

Role of Simulation Assisted Risk Assessment in Abort Trigger ReCOMMENdatioNs..........ccouvvreieieiiiinieeeiie et 2446

T. Manning, S. Lawrence, D. Mathias, H. Nejad, K. Geea, B. Ramamurthy, P. Gage

Probabilistic Design Analysis (PDA) Approach to Determine the Probability of Cross-System Failures for a Space

LAUNCR VERICIE ... bbb bbb bbb bbb 2459
Ann T. Shih, Yunnhon Lo, Natalie C. Ward

12-4: LUNAR EXPLORATION RISK ASSESSMENTS

Constellation Probabilistic Risk Assessment (PRA): Design Consideration for the Crew Exploration Vehicle.......c..c.ccccccceevvnnne. 2468
Peter G. Prassinos, Michael G. Stamatelatos, Jonathan Young, Curtis Smith

Lunar Landing Operational RISK IMOGEL .............ciiiieec et bbbt bbb s bbbt n bbb s 2477
Chris Mattenberger, Blake Putney, Randy Rust, Brian Derkowski

Functional Risk Modeling for LUNAK SUITACE SYSTEIMS .......cuiiiiiieiiiiririeieiei ettt bbbt eb e 2489
Fraser Thomson, Donovan Mathias, Susie Go, Hamed Nejad

Mass-Constrained Availability for Lunar EXPIOFAtion...........ccccociiiiirieeiiiniieseeie s se s esesasesssssseses 2497

Susie Go, Donovan L. Mathias, Fraser Thomson, Balachandar Ramamurthy

12-5: MARS EXPLORATION RISK ASSESSMENTS

RiSK REQUITEMENTS FOIr @ IMAIS BASE ......ceeuiuiiieticieie ettt £t E bbb £ b bbbt E bbbt bbbttt ne s 2506
B. Ramamurthy, D. L. Mathias, B. J. Franzini, B. F. Putney, J. R. Fragola

Risk Based Precursor Design Supporting @ Crewed Mars IMISSION..........c.coiiiiiciiiiiniieieietesi sttt 2518
B. J. Franzini, B. Ramamurthy, E. L. Morse, B. F. Putney, J. R. Fragola, D. L. Mathias

Considering a Cost Constrained Risk Informed Design Paradigm for NASA ...t 2529
B. F. Putney, B. Ramamurthy, E. L. Morse, B. J. Franzini, J. R. Fragola, D. L. Mathias

ENgineering RiISK ASSESSIMENT OF ATES ©.....c.oiiiiiiiiiiiiiiieieiet ettt bbbt e bbb R £ e b bbb et £ b bbbt b bbb et b bbb s 2541

D. L. Mathias, S. L. Lawrence, S. Go, M. J. Werkheiser

12-6: METHODS

The Integration of Probabilistic Risk Assessment and Game Theory Analysis in Support of Next Generation

SPACECTATT DIBSIGNS ......vcteiieieetetetete ettt ettt bbbttt bbbt et s b e b e b e s £ e s e b b e b 2R e 4 £ a8 b b e b 2R e £ b b e b e b e Rt A e £ e b e b e b eR £ £ e £ e b b e b e RS A £ e b b e b e b e R e bbb e b e b et e et et nerea 2551
Clayton Smith, Tara Anderson, Eric Greenberg, Sanae Kubota, Leopoldo Mayoral

Treatment of Uncertainties in the Comparison of Design Option Safety AtIribDULES...........cceeiiirireeeier s 2563
Frank Groen, Bill Vesely

Common Cause Failure Modeling: Aerospace VS. NUCIEAT ...........ccoiiiiiiiiiiii e 2570

James E. Stott, Paul T. Britton, Robert W. Ring, Frank Hark, G. Spencer Hatfield

MEDICAL

13-1: RISK ASSESSMENT OF AMBULATORY CARE

Approaches to Reduce Risk to Patients in U.S. Ambulatory Health Care............cccoiiiiiiniccenseee s 2582
Robert J. Borotkanics, James M. Levett, Donna Woods, Virginia Moyer

The Future of Ambulatory Health Care: A RisK-INformed MOEl ... 2589
Robert J. Borotkanics

Ambulatory Care Patient Safety Proactive Risk Assessment, @ Necessary First StEP .....cccvvvvveeerirnrsieieieieses e 2596

James B. Battles

13-2: PSA APPLICATIONS TO HEALTHCARE

Transmission of Antibiotics Resistance from Food: A Probabilistic RiSK ANAIYSIS..........coiriineiineeee e 2605
Robert J. Borotkanics, Matthew Samore

RISK INTOIMEA EVAIUALION ...ttt bbbt e bbbt b bbbttt b bt eb s 2612
James B. Battles

Using Risk Models to Improve Safety with Dispensing High-Alert Medications in Community Pharmacies ............c.cccccevvvvvennns 2619
Michael R. Cohen, Judy L. Smetzer, John E. Westphal, Sharon Conrow Comden, Donna M. Horn, Thomas P. Lawlor

A PRA-Based Evaluation of Alternative White Boards in an ED Setting ...........cccccoiirriiiinnnreeinessee s 2631

John Wreathall, Robert L. Wears, Shawna J. Perry



13-3: RISK RELATED STUDIES IN HEALTHCARE

What Can We Learn About Risks in Healthcare from an Aggregate Analysis of Multiple Risk AsSeSSMents?..........ccccovvvvirieuneee 2642
Donna M. Woods, Jonathan Young, Jane L. Holl, Sally Reynolds, Robert Wears, Ellen Schwalenstocker, Jennifer Oelerich, Olivia
Ross, Anna Torricelli

The State Of Risk ASSESSMENT IN HEAITNCATE ..........c.oveieiiiiecieci ettt ne et s et e e e st e ae e se s nseneeneas 2650
Donna M. Woods, Robin Sullivan, Jonathan Young, Jane L. Holl, Sally Reynolds, Robert Wears, Ellen Schwalenstocker, Jennifer
Oelerich, Olivia Ross, Anna Torricelli

On Modeling Risk of Adverse Events In Complex HealthCare SETHNGS ........cccovieieriiiniiecere s 2659
Reza Kazemi, Ali Mosleh, Meghan Dierks
Method for the Elicitation of Cognitive Competencies for DiSaster NUFSING .......ccccvriiciiiini e 2668

Taro Kanno, Kimiko Hayano, Chie Ishida, Kayoko Kawahara, Chikako Kawahara, Mariko Ohara, Kazumi Sato, Yuko Kuroda

SECURITY / INFRASTRUCTURE

14-1: VULNERABILITY OF CRITICAL INFRASTRUCTURES

Combining Particle Swarm Optimization and Support Vector Regression for Reliability Prediction ............ccccoevvnvniiccnnnns 2674
Maércio Das Chagas Moura, Isis Didier Lins, Enrico Zio, Enrique Lopez Droguett
QoS of a SCADA System Versus QoS of a Power DiStribDULION Grid ..o 2684

E. Ciancamerla, S. Di Blasi, C. Foglietta, D. Lefevre, M. Minichino, L. Lev, Y. Shneck

14-2: METHODS FOR MANAGING VULNERABILITIES

Energy Security of Military and Industrial Facilities: A Scenario-Based Multiple Criteria Decision Analysis to
1dentify Threats aNd OPPOFTUNITIES .......cciiiiueiiiiet ettt b bbb e b b st st e e b b b eh e bbbt b bt et b bt nas 2696
James H. Lambert, Christopher W. Karvetski, Igor Linkov, Tarek Abdallah

A Method for Optimal Allocation of Defensive Alternatives: Analysis of a Strategic Interaction with a Multi-

ODJECTIVE ADPTOACK .......eieiiietetei ettt b b bbb b e £ 8 bbb s £ 84 b b A £ R e £ E b e h s £ 8 £ e R b h e R e £ e b bbbt b b b e b bbb n e 2705
Carlos Renato Dos Santos, Isis Didier Lins, Paulo Renato Alves Firmino, Marcio Das Chagas Moura, Enrique Lépez Droguett

Vulnerability Assessment of Hazardous Materials Transportation SYSTEMS .........ccvcuieeeriiinriceererer e seesens 2718
Adrian V. Gheorghe, Bogdan Vamanu

Design of Networks Considering Vulnerability: A Multi-objective APPIOACK .........ccoviiiiiiiiirieeeeir et 2733

Claudio M. Rocco, J. E. Ramirez-Marquez, Daniel E. Salazar, lvan Hernandez

14-3: FACILITY SECURITY ASSESSMENT

Elements of Criminal Liability as a Basis for the Design of Security Barriers and Risk Modeling...........ccocoeveieinnnnncnnnnnenns 2741
Coen Van Gulijk, Marieke Kluin, Hinke Andriessen, Ben Ale

Coping with Vulnerabilities of Interconnected Critical INFraStrUCTUIES ..........cocoviiiiiciiiii e 2749
Wolfgang Krdger, Patrick Probst

Risk-Based Cost-Benefit Analysis for Security AssesSMent ProbIEMS ... 2757
Gregory D. Wyss, John P. Hinton, Katherine Dunphy-Guzman, John Clem, John Darby, Consuelo Silva, Kim Mitchiner

Process and Software to Efficiently Manage Security in @ RESTFICIEA AN a...........cceiiiiiiiiieiiiseeeere e 2769

Julien Piwowar, Eric Chatelet, Patrick Laclémence

14-4: AREA-LEVEL RISK MANAGEMENT

Power System Reliability Assessment Incorporating Ageing Based on Fault Tree Analysis and AC Power Flow

VIO ... bbb b £ E £ h £ E bR E bbb bbb 2779
Dusko Kancev, Marko Cepin

The Introduction of Safety Integrated Urban DESIGN ........cceiiiiiiiciiiiiiri ettt 2791
Shahid Suddle

The Use of GIS for Presenting the Group Risk for Land Use PIaNNING..........cccociriiiicceiresee e 2803
Shahid Suddle, Robert Geerts, Claudia Basta

Modelling Interdependencies by Applying the SSMS MO ..o e eaenn 2817

Jaime Santos-Reyes

14-5: SECURITY SYSTEMS

Applying Human Reliability Analysis Models as a Probabilistic Basis for an Integrated Evaluation of Safeguards
oL o BT T L XY} ) (=1 1 1SRRI 2826
Felicia A. Duran, Gregory D. Wyss



Vulnerability of Critical Infrastructure Systems: A Physical Analogy for Modeling Complex Hysteresis Behavior ...................... 2838
Adrian V. Gheorghe, Dan V. Vamanu

Investigating the Impact of Humans in Information Technology Security: A Case Study at the University of

IVIBIEYTBING ... bbb bbb b £ E bR b b £ s E bbbt bbb 2846
Danielle Chrun, Michel Cukier, Ali Mosleh, Gerry Sneeringer

EXTERNAL EVENTS

15-1: PRA |

Fire PRA WalKAOWN BESE PFACTICES .......cviiiitiiiiiiiiieicte ettt ettt ettt se s e se b et e e b e s e et e s e b e e ese s s e be b ebe st ese st esseaessesessesaebessabenreneas 2856
Chris Rochon, Ashley Mossa

Development of Risk Assessment Method for Fires Caused by Earthquake (V1) ..o 2868
Takeshi Matsuoka, Katsunori Ogura

Fire PSA for French 1300 IMWWE PWR ......c.oiioieiiiiiisie ettt es ettt et s et s e s s e e s et se e s et n e e s a et en e e s s e tene s 2878

Fabienne Nicoleau, Gabriel Georgescu, Frangois Corenwinder

15-2: FIRE: PRA 1

Using PSA to Verify Safe Shutdown Capability at RINGNAIS. ... 2888
Jonas Sevrell, Cilla Andersson, Jonas Nystrém, Ann Svenningsson

Fire Risk Assessment of a Large Passenger Ship using Computer SIMuUIBLIoN .............cccoeiiiiiciiine e 2897
Beom Jin Park, Jin Choi, Heejin Kang, Dongkon Lee

Detailed Fire Modeling Sensitivity and UNCertainty ANAIYSIS.........cccouiriiiiiieiiiiieieieeteie bbb 2906

Michael D. Wright

15-3: FIRE: MODELING AND UNCERTAINTY ANALYSIS

Methodology for Fire PSA dUFinNg DESIGN PrOCESS ........c.cciiriririeieiirisieieiestst ettt ettt b b se b be b et e e e e b b e b b et b b st et e st s aeebenas 2919
Heiko Kollasko, Joerg Blombach

Summary of GEH Authored Fire PRA Frequently ASKEd QUESTIONS .........cuceiiiiirieieeiiisisiesesesesessesessessssssesesesassssssssesesessssssesesesens 2930
Dennis Henneke, Yunlong Li, Matthew Warner

Limitations Imposed on Fire PRA Methods as the Result of Incomplete and Uncertain Fire Event Data..............c.cccovevvniniceee 2937

J. S. Hyslop, Steven P. Nowlen

15-4: FIRE: RISK AND CONSEQUENCE ANALYSIS 1

Improved Treatment of Manual Suppression in Fire Probabilistic RiSK ASSESSIMENT...........ccccciiiniieiinieee e 2949
J. S. Hyslop, Steven P. Nowlen
Fire-Induced Failure Mode Testing for DC-Powered CONtrol CirCUITS.........ocueeiiiiiirieceieiisie e ssesenes 2959

Steven P. Nowlen, Gabriel Taylor, Jason Brown

Development of a 3D Risk Analysis Technique for Fire Disaster and Its Application on Accident Simulation of a

PUBIIC ST ... 2967
Yet-Pole 1, Yi-Hao Huang

15-5: FIRE: RISK AND CONSEQUENCE ANALYSIS 2

Burn-down Risk of Historical Buildings in Kyoto Under an Expected Post-Earthquake Fire Scenario ...........cccoccoeoevvnnnncneen 2978
Keisuke Himoto, Tomoki Yukimoto, Takeyoshi Tanaka
Gentilly-2 CANDU Nuclear Power Plant Level 1 Fire and Flood PSA — Insights on @ Work in Progress ........c.c.ccccoeovnneccniennene. 2990

K. Joober, C. Selman, J.-F. Bolduc, A. Nava Dominguez, A. Bellil, T. Houasnia, R. Vaillancourt

Smoke-Induced Failure, with Potential Effect of Temperature and Humidity, of Electrical Devices for
Consideration in Fire ProbabiliStic RISK ASSESSIMENT.........c.ciiiiiiteiiiririetei ettt s et b bbbt n bbbt bbb es 3005
Raymond H. V. Gallucci

15-6: FIRE: DATA ANALYSIS

The OECD Fire Database and its Applicability iN FIre PSA......co oottt ssesenenens 3013
Marina Rowekamp, Wolfgang Werner, Alejandro Huerta

Database for 8 COMPIENENSIVE FITE PSA ... ...ttt bbb bbb bbbt £ b bbbttt bt n bbb s 3025
Marina Rowekamp, Michael Turschmann, Michael Schwarz, Heinz Peter Berg

Insights from Using the Fire Modeling Database iN FIre PRAS ..ot 3039
Francisco Joglar, Guy Ragan, Mark Graham, Brian Downey, Josh Fox

Enhanced Fire Events Database t0 SUPPOIt FIre PRA ...ttt 3047

Patrick Baranowsky, Ken Canavan, Shawn St. Germain



15-7: SEISMIC: HAZARDS AND RESPONSE ANALYSIS

Continuous Combinatorial Critical EXcitation fOr S.D.O.F STIUCTUIES .......ccccuvvivieiiiririree ettt es 3056
P. Ashtari, S. H. Ghasemi
Implementation Guidance for SSHAC LeVel 3 aNA 4 PIOCESSES ........c.cuiueiiiririiriitieieietiesirist ettt 3068

Kevin J. Coppersmith, Julian J. Bommer, Ann Marie Kammerer, Jon Ake
Seismic Fragility Evaluation of an Electrical Transmission Substation System in Korea by using a Fault Tree

IMIBENOM ...k b 4o e h bR E R bbb bbbt 3079
Min Kyu Kim, Young-Sun Choun, In-Kil Choi
Gentilly-2 CANDU Nuclear Power Plant Level 1 Fire and Flood PSA — Insights on @ Work in Progress ........c.c.cccceeovinsccrinnnenn. 2990

K. Joober, C. Selman, J.-F. Bolduc, A. Nava Dominguez, A. Bellil, T. Houasnia, R. Vaillancourt

15-8: SEISMIC: PRA

AOT Study Using Seismic PSA and ASSOCIAEA ISSUES........ciuiuiueuereriiririeieieiisestssesesesesessssssesesessssesesesesessssssesesessssssssesesssessssesesesssssssseseses 3090
Haruo Fujimoto, Keisuke Kondo

Insights Gained from the BEZNau SEISMIC PSA ...ttt b bbb bbbt b bbbt e bbbt 3100
Martin Richner, Sener Tinic, Dirk Proske, Mayasandra Ravindra, Robert Campbell, Farzin Beigi, Alejandro Asfura

Study on Effects of Correlative Degree of Component Damages on Seismic PSA during Component OUtage ...........ccccovevvrveveennns 3111

Y. Katagiri, Y. Narumiya, T. Ohya, T. Kuramoto, K. Toyoshima, T. Higashiyama

15-9: WIND, HURRICANE AND LIGHTNING

Statistical Modeling of Power Outage Duration Times in the Event of Hurricane Landfalls in the USA .........ccooveiiiinvnceene 3117
Roshanak Nateghi, Seth D. Guikema, Steven M. Quiring
Estimation of Uncertainty Distributions for Internal Flood Initiators Using Parametric Sensitivity Study .........ccccoovveoeninnnnnne 3129

Robert J. Wolfgang
Assessment of the Probability of Structural Damage due to Lightning Impact on Process Equipment in the

Chemical and ProCESS INAUSTIY .......c.iiiiiiiieieiiiistei ettt sttt b b s e £ bbb e e £ £ £ e b e b e Rt £ s £ e b e b e b eh £ £ e e e b b e b e R et b bbb ettt et et et e e e 3141
Elisabetta Renni, Mario Paolone, Alberto Borghetti, Calo Alberto Nucci, Elisabeth Krausmann, Valerio Cozzani

Insights from the Assessment of Safety Risk of Lightning Events at LNG FaCilities ...........coccocoiiiineciiinnecesseeesesseieeene 3150
James C. Lin

ADVANCED REACTORS

16-1: PASSIVE SYSTEMS RELIABILITY |

Artificial Neural Networks and Quadratic Response Surfaces for the Functional Failure Analysis of a Thermal-

HYAFAUIIC PASSIVE SYSTEIM ...ttt ettt bbbt b bbb h b £ b b h R £ £ b bbbt E b bbbtttk b et n b enn 3161
George Apostolakis, Nicola Pedroni, Enrico Zio
Evaluation of the Dependencies Related to Passive System Reliability...........ccccciiiiiiiiccieiiieeeers s 3173

Luciano Burgazzi

16-2: PASSIVE SYSTEMS RELIABILITY II

Multi-Experts Analytic Hierarchy Process for the Sensitivity Analysis of Passive Safety SYStem ...........ccccoiiieiinnnncienenirens 3183
Yu Yu, Tao Liu, Jiejuan Tong, Jun Zhao, Francesco Di Maio, Enrico Zio, Aling Zhang

Stochastic Analysis of Natural Circulation Decay Heat Removal of Sodium Cooled Fast Reactor based on Latin

HYPEECUDE SAMPIING ...ttt b bbb £ bbb £ e b e b e Rt £ b £ b e b e Rt R £ A e e b b e b b et b e b b e b e bt b et e b e b ettt ebeban 3195
Takashi Takata, Tomoya Seki, Akira Yamaguchi
A Study on Multiple Failure States Criteria for Assessing Reliability of Passive Systems for Innovative Reactor.............c.c.oev.... 3205

Seok-Jung Han, Joon-Eon Yang

16-3: REGULARTORY PERSPECTIVES

Use 0f SPAR MOGEIS FOF NEW REACTOIS. .......cuiviiiiiiiiiiieieieis ittt bbbt 3213
Donald Dube, Lynn Mrowca, Theresa Clark, Christopher Fong

Reliability Assurance Program for New Reactors and Lessons Learned and Insights Gained ............ccccccovniinicinnnnccneneinens 3221
Todd Hilsmeier, Lynn Mrowca, Hossein Hamzehee, Malcolm Patterson

Implementation of Risk-Informed Applications FOr NEW REACTOIS ........ccuviiiieiiiriiiiieice ettt 3228
Nicholas T. Saltos, Lynn A. Mrowca, Theodore R. Tjader

Probabilistic Risk Assessments of Digital 1&C in Nuclear POWEE PIANt............ocooiiiiiinicceees et 3237

Li Shi, Robert Enzinna, Steve Yang, Scot Blodgett



16-4: SAFETY ISSUES AND METHODOLOGY

Scenario Aggregation and Analysis via Mean-Shift MethodoIOgy.........ccvireriiiiiireeieiirse e senens 3247
Diego Mandelli, Alper Yilmaz, Tunc Aldemir, Richard Denning

An Integrated Safety Assessment Methodology for Generation IV Nuclear SYStEMS ..........cccovvriiiieinn s 3254
Timothy J. Leahy, Gian-Luigi Fiorini

Sodium Metal Fires and Advanced REACTON SATELY ........c.uciiiieiiiieieiece ettt bbbt b e 3264

Tara J. Olivier, John C. Hewson, Thomas K. Blanchat, Steven P. Nowlen

16-5: PROBABILISTIC RISK ASSESSMENT IN DESIGN -PANEL DISSCUSSION

PRA In Design: Increasing Confidence in Pre-operational Assessments of Risks (Results of a Joint NASA/ NRC

RTA o] 4 3] g0 o ) OSSOSO TSSO TP T TP OO PEPOT PPN 3273
Robert Youngblood, Nathan Siu, Homayoon Dezfuli
Design Requirements for PBMR Reactor Building for the Next Generation Nuclear Plant..........ccccocoovivinicneienninseccenenesseens 3281

Karl N. Fleming, Fred A. Silady, Alfred Torri, Lori Mascaro, David A. Dilling

TRANSPORTATION

17-1: TRANSPORTATION RISK ASSESSMENT AND MANAGEMENT

Use of PSA Technique for Risk Assessment of Hydrogen Energy Application in Road Transport ... 3293
Andrei Rodionov, Heinz Wilkening, Pietro Moretto

Certification of Rail Signalling Constituent aNd SUDSYSIEMS .........c.ciiiiiirieiiriisiee sttt bbbttt 3307
Thor Myklebust

The Cost-Effectiveness of a Steel Tube or a Buffer Zone for Mitigating Blast Effects on a Building Spanning an

UNderpass With TraNSPOIT OF LPG ..ottt bbbt £ e b bR £ £ bbb et £ b bbbt b b b e b et et eeebetan 3317

S. I. Suddle, J. Weerheijm, A. C. Van Den Berg

WASTE MANAGEMENT

18-1: RADIOACTIVE WASTE MANAGEMENT |

Potential Impacts of Alternative Waste Forms on Long-Term Performance of Geological Repositories for

RAMIOACTIVE WWASTE ...tttk e bbbt e b b e b e b e84 £ e b b e b e R £ £ £ b e b2 R e £ e e e e b e b e R e R £ A e e b b e b e b et e e b b e b e b e et b et ebeben et s e ebeban 3330
Peter N. Swift, Clifford W. Hansen, Ernest Hardin, Robert J. Mackinnon, Sassani, S. David Sevougian

Conceptual Structure of Performance Assessments for the Geologic Disposal of Radioactive Waste .............cocoveeeriinncccriinnenn 3341
Jon C. Helton, Clifford W. Hansen, Cedric J. Sallaberry

Preliminary Performance Assessment of Deep Borehole Disposal of Radioactive WaSte...........ccceevivreieeiiinninseceneressseeees 3354
Bill W. Arnold, Geoff Freeze, Peter N. Swift, Patrick V. Brady, Stephen J. Bauer

The Performance of Deep-Burn TRISO Spent Fuel in @ Geological REPOSITONY ..ot 3365

Bret Patrick VVan Den Akker, Joonhong Ahn

Comparison Study of Radionuclide Transport Model for ILW and HLW Repositories between Advanced Nuclear

Fuel Cycle Concept (KIEP - 21) and Reference Spent Fuel Disposal System (KRS) of KOrea.........ococeeiniiniceinnnsceceessen 3377
Jihae Yoon, Joonhong Ahn

18-2: RADIOACTIVE WASTE MANAGEMENT 11

Performance Assessment for Radioactive Waste Management at Sandia National Laboratories: A 30-year History .................... 3389
E. J. Bonano, D. Kessel, M. Marietta, P. Swift, L. Dotson
Overview of Performance Assessment for the Waste 1solation Pilot PIaNt..............cccciiiiiiie e 3401

Daniel J. Clayton, R. Chris Camphouse, Sean C. Dunagan, James W. Garner, Ahmed E. Ismail, Thomas B. Kirchner, Kristopher L.
Kuhlman, Jennifer L. Long, Martin B. Nemer

Summary of the Total System Performance Assessment for the Yucca Mountain License Application ...........ccoovvvevierirvsieninnns 3412
Clifford W. Hansen, M. Kathryn Knowles, Robert J. Mackinnon, Jerry A. McNeish, S. David Sevougian, Peter N. Swift

A Monte Carlo Simulation Model for Radionuclide Migration at the Repository Scale ... 3424
F. Cadini, J. De Sanctis, T. Girotti, E. Zio, A. Luce, A. Taglioni

Comprehensive Consideration of Features, Events, and Processes (FEPs) for Repository Performance Assessments................... 3429

Geoff Freeze, Peter Swift

SPECIAL SESSION

19-1: IMPORTANCE MEASURES

The Limit Exceedance Factor Applied to the Technology Neutral Framework ... 3439
B. C. Johnson, G. E. Apostolakis



Determining Interactions in PSA Models: Application t0 @ SPACE PSA ..ot e 3450
C. Smith, E. Borgonovo

An Extreme-Value Approach to Anomaly Vulnerability IdentifiCation .............ccoooiiiiiiiiiii s 3459
Chris Everett, Gaspare Maggio, Frank Groen
Total Order Reliability in PSA: Importance of Basic EVENTS @Nd SYSTEMS .......cccvoviuiireiiiririnieeieenireseieeessssssesesesassssssssesssessssssssesesens 3467

E. Borgonovo, C. Smith

COMMERCIAL

20-1: PSA SOFTWARE

EXchange 0f PSA Data QN0 IMOGEIS .......cccviiiieieeiiiieisie et es ettt s e e s seseses e ss s et e s e s e e et e s e b e nese s s es et ene e s nsetnsn 3474
Johan Sérman, Lars Lundstedt, Pavel Krcal

Standardized Models for Documenting, Reporting and Presenting ReSUILS iN PSA ...t 3479
Johan Sérman, Ola Backstrom

RISKMAN®, Celebrating 20+ Years 0f EXCEIIENCE! .........co it 3488
Donald Wakefield, Steven Epstein, Yongjie Xiong, Kamyar Nouri

Software Tool-Based HUMan Reliability ANAIYSIS.......ccoviiiiieeiirieeeeesisse ettt e e e b ne e s nseseneneas 3498

Xuhong He, Hao Zheng, Johan Sérman, Ola Béckstrom

20-2: PSATOOLS

Quantification of Conditional Probability for Triggering Events Using Fault Tree APProach .........ccooeeeiinnnncenenenssceeees 3504
Shuwen (Eric) Wang, Ernie Kee, Fatma Yilmaz

Use of Result Processing, Presentation of Ideas Behind RiskSpectrum Consequence MatriX .........ccocoeeeinnnieeeninnisieeeesseeienes 3512
Ola Béckstrom, Johan Sérman, Lars Lundstedt

Validation Project for the Open-PSA Model Exchange Using RiskSpectrum® and CAFTA®..........cccoccemnnniinicecerieesces 3519
Steven Epstein, F. Mark Reinhart, Antoine Rauzy

A Declarative Approach for Risk OUtage ManagEMEBNT ............cueueuiiriirieieieitrietrest ettt b et bt e bttt b et nneebebas 3523

Mohamed Hibti, Dominique Vasseur
Author Index





