
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-62748-015-4 

8th International Topical Meeting on 
Nuclear Plant Instrumentation, Control, 
and Human-Machine Interface 
Technologies 2012 (NPIC & HMIT 2012) 
 
Enabling the Future of Nuclear Energy 

San Diego, California, USA 
22-26 July 2012 

Volume 1 of 3 

 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2012) by the American Nuclear Society 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2013) 
  
For permission requests, please contact the American Nuclear Society 
at the address below. 
  
American Nuclear Society 
555 North Kensington Avenue 
LaGrange Park, Illinois 60526 
 
 
Phone:  (800) 323-3044 
 (708) 352-6611 
Fax:  (708) 352-0499 
 
www.ans.org 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2634 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 

Volume 1 
 

DIGITAL I&C SYSTEM UPGRADES IN RESEARCH REACTORS 
 
I&C Improvements at VR-1 Training Reactor ................................................................................................................... 1

Martin Kropik, Jan Rataj, Michal Sunka 
 

Lessons Learned While Updating NUREG-1537 .............................................................................................................. 13
M. D. Muhlheim, T. L. Wilson Jr., L. A. Hardin Jr., A. Adams, D. A. Hardesty, N. Carte 

 

Optimizing Research Reactor Licensing Basis to Allow for Effective 10 CFR 50.59 Screening on 
Extensive Reactor Changes................................................................................................................................................. 22

Jason Lewis, Geoffrey Bickford, Kelly A. Jordan 
 

Implementation of Digital Upgrades to the University of Florida Training Reactor (UFTR) Protection 
and Control Systems............................................................................................................................................................ 31

Geoffrey Bickford, Jason Lewis, Kelly A. Jordan 

 
NUCLEAR ENERGY RESEARCH AND DEVELOPMENT IN I&C 
 
Formal Verification of Software Important to Safety Using the Frama-C Tool Suite................................................... 40

Pascal Cuoq, Florent Kirchner, Boris Yakobowski, Sebastien Labbé, Nguyen Thuy, Philippe Hilsenkopf 
 

A Distributed Hardware-in-the-Loop Test Setup for the Validation of a Steam Generator Control 
System................................................................................................................................................................................... 52

Mike Pietrykowski, Michael Brink, Qingti Guo, Edward L. Quinn, Tunc Aldemir, Don Miller, Carol Smidts 

 
KNOWLEDGE MANAGEMENT AND WORKFORCE DEVELOPMENT 
 
Education and Training of I&C Professionals for Project Design from the Perspective of the EPC 
Contractor ............................................................................................................................................................................ 66

Bradley Laing, Jim Benkert, David A. Toy 
 

Equipping Instrumentation and Control Engineers with the Right Knowledge to Address EMI 
Problems in Their Plants..................................................................................................................................................... 76

Philip F. Keebler, Kermit O. Phipps 
 

IAEA Technical Workshops and Training on Digital Instrumentation and Control for Nuclear Power 
Plants around the World..................................................................................................................................................... 86

Edward L. Quinn, Oszvald Glöckler, János Eiler, Richard Wood 

 
HUMAN PERFORMANCE MODELING AND SIMULATION 
 
The Use of Computational Human Performance Modeling as Task Analysis Tool ....................................................... 90

Jacques Hugo, David Gertman 
 

Computational Human Performance Modeling for Alarm System Design .................................................................. 102
Jacques Hugo 

 

Using Modeling and Simulation Tools to Support Performance in Robotic Automation Systems ............................. 114
Angelia Sebok, Christopher Wickens, A. Marquis Gacy 

 

Human Performance Modeling as a Complement to Other Human Factors Engineering Analyses.......................... 124
Christopher Plott 

 
CONTROL ROOM DESIGN AND EVALUATION CASE STUDIES 
 
Conceptual Human-System Interface Studies for the Modernization of Control Rooms at Paks NPP...................... 132

Csaba Major, Csaba Horváth, Sándor Lipcsei, János Végh 

 
 
 



PRA/PSA-HRA APPLICATIONS IN HFE—I 
 
Development of a Human Reliability Analysis Tool for Conventional and Advanced Main Control 
Rooms in Nuclear Power Plants ....................................................................................................................................... 144

Seung Jun Lee, Jaewhan Kim, Seung-Cheol Jang 
 

Improvement and Application of HRA Methods for the Nuclear Power Plants with Digital I&C 
Systems ............................................................................................................................................................................... 154

Xiufeng Tian, Jinggong Liu, Yu Zhou 

 
EXPERIENCE WITH I&C SYSTEM MODERNIZATION—I 
 
Obsolescence Management for New and Aging Designs................................................................................................. 163

Kelli Chou 
 

Insights Gained for Updating an Analog I&C System to a Digital System................................................................... 172
M. D. Muhlheim, T. L. Wilson Jr., L. A. Hardin Jr., D. A. Hardesty, A. Adams, N. Carte 

 
EXPERIENCE WITH I&C SYSTEM MODERNIZATION—II 
 
Understanding Guardianship ........................................................................................................................................... 182

Nathan Robert Romine 

 
COMMON ISSUES WITH DIGITAL I&C SYSTEMS—I 
 
Design of Long Life Digital I&C Systems for 1E Safety Related Applications............................................................. 189

Joseph P. Fowler, William J. Herrity, Paul M. Stankiewicz 
 

Challenges and Lessons Learned in I&C Design and Licensing for Four New Nuclear Plants in China................... 197
Christopher Wiegand 

 

Digital I&C Equipment: Safety and Security.................................................................................................................. 200
Ewald Liebhart 

 
COMMON ISSUES WITH DIGITAL I&C SYSTEMS—II 
 
Data Model Based Engineering of Computer-Based Instrumentation and Control .................................................... 204

Markus Göring, Alexander Fay 
 

Computerized Surveillance Requirements Procedures for Technical Specification Monitoring 
Applications........................................................................................................................................................................ 217

Sergey S. Anikanov, Nicholas J. Marangoni, Igor V. Stolyetniy, Vladimir N. Konovalov, Igor M. Tregubov 
 

Reliability Analysis of Network Data Communication for Lungmen NPS ................................................................... 234
Teng-Chieh Hsu, Hwai-Pwu Chou 

 
MODELING RISK IN DIGITAL I&C SYSTEMS—I 
 
Diablo Canyon Power Plan Digital Process Protection System Replacement Diversity and Defense-in-
Depth................................................................................................................................................................................... 240

Scott B. Patterson, John W. Hefler, Edward L. Quinn 
 

Development of a Diversity and Defense-In Depth Strategy for the CNNC Fuqing and Fangjiashan 
Nuclear Plants .................................................................................................................................................................... 250

Gershon Shamay, Jerry Mauck, Craig Peterson, Edward L. Quinn 
 

Top-Down Versus Bottom-Up: Failure Analysis Methods for Digital Systems ............................................................ 256
Ray Torok, Bruce Geddes, David Blanchard, Thuy Nguyen 

 

Risk-Informed Design Issues of Digital Instrumentation and Control System in Nuclear Power Plant .................... 268
Danying Gu, Ming Hu, Binbin Zhang, Shuhui Zhang 

 
MODELING RISK IN DIGITAL I&C SYSTEMS—II 
 
Nordic Experience and Experiments of Modeling Digital I&C Systems in PSA .......................................................... 278

Jan-Erik Holmberg, Stefan Authén, Johan Gustafsson 
 



Discussion on Definitions of Terms in Reliability Analysis of Digital I&C Systems .................................................... 291
Man Cheol Kim, Jan C. Stiller, Carol S. Smidts 

 

Applying Bayesian Belief Network Method to Quantifying Software Failure Probability of a 
Protection System .............................................................................................................................................................. 296

T. L. Chu, M. Yue, A. Varuttamaseni, M. C. Kim, H. S. Eom, H. S. Son, A. Azarm 
 

A Reliability Estimation Method for Dynamic Systems Which Have Various Operation Modes 
Varying with Time............................................................................................................................................................. 308

Seung Ki Shin, Inseok Jang, Poong Hyun Seong, Hyun Gook Kang 

 
SURVEILLANCE, DIAGNOSTICS AND PROGNOSTICS TECHNOLOGIES AND 
APPLICATIONS—I 
 
Monitoring and Prognostics of Hydraulically Operated Butterfly Valves.................................................................... 322

B. Jeffries, N. Propes, A. Thakker, B. R. Upadhyaya, J. W. Hines 
 

Transient Operation Prognostic Modeling: Utilizing the Full Spectrum of Available Information ........................... 334
Michael E. Sharp, J. Wesley Hines, Robert Austin 

 

Application of Prognostic Methods for Predicting Remaining Useful Life of Nuclear Plant Equipment 
and Components ................................................................................................................................................................ 347

B. D. Shumaker, R. D. O'Hagan, J. B. Ledlow, D. E. McCarter, H. M. Hashemian 

 
SURVEILLANCE, DIAGNOSTICS AND PROGNOSTICS TECHNOLOGIES AND 
APPLICATIONS—II 
 
Comparison of Transient Startup and Steady-State Order Domain Analysis for Degraded Induction 
Motors................................................................................................................................................................................. 360

Eric Strong, J. Wesley Hines, Michael Sharp, Matthew Weeks 
 

Sources of Uncertainty on a Linear Degradation General Path Model......................................................................... 370
Matthew Tong, Eric Strong, Michael Sharp, J. Wesley Hines, Belle R. Upadhyaya 

 

Bayesian Methods for Successive Transitioning Between Prognostic Types: Lifecycle Prognostics .......................... 381
Alan Nam, Michael Sharp, J. Wesley Hines, Belle R. Upadhyaya 

 
IN-PILE INSTRUMENTATION 
 
Enhanced In-Pile Instrumentation for Materials and Test Reactors ............................................................................ 389

Joy Rempe, Darrell Knudson, Joshua Daw, Troy Unruh, Benjamin Chase, Kurt Davis, Robert Schley 
 

Use of Silicon Carbide Monitors in ATR Irradiation Testing........................................................................................ 401
K. L. Davis, B. Chase, T. Unruh, D. Knudson, J. Rempe, H. Chichester, K. Sridharan 

 

Update on Ultrasonic Thermometry Development at Idaho National Laboratory ...................................................... 413
Joshua Daw, Joy Rempe, John Crepeau 

 

Melt Wire Sensors Available to Determine Peak Temperatures in ATR Irradiation Testing .................................... 427
K. L. Davis, D. L. Knudson, J. E. Daw, J. L. Rempe, A. J. Palmer 

 
GENERAL TOPICS IN NUCLEAR PLANT CONTROLS—I 
 
Development and Hardware-in-the-Loop Analysis of Commercial Marine-Nuclear Propulsion Plant 
Programmable Logic Controller-Based Control............................................................................................................. 435

Marie A. Lawson, James A. Turso 
 

Instrumentation and Control Design of the Tokamak Cooling Water System............................................................. 451
Kofi Korsah, Steve Black, Michael Smith, Brad Crotts, Derek Pastwick 

 
CONTROL ROOM MODERNIZATION 
 
Application of HFE to Support Turbine Control System (TCS) Upgrade.................................................................... 464

Julia Forbes, Matt Gibson, Jay Pritchett, Lewis F. Hanes 
 

Systems Usability Concerns in Hybrid Control Rooms.................................................................................................. 476
Paula Savioja, IIna Aaltonen, Hannu Karvonen, Hanna Koskinen, Jari Laarni, Marja Liinasuo, Leena Norros, 
Leena Salo 

 



I&C Modernization Project of Loviisa NPP—Identical Digital Safety Human-System Interfaces for 
Main and Safety Control Rooms ...................................................................................................................................... 488

Leena Salo, Mika Lehtonen, Jarmo Korhonen 

 
HFE VERIFICATION AND VALIDATION—I 
 
Preparations for Integrated System Validation of the AP1000 Main Control Room and Human 
System Interface Design .................................................................................................................................................... 498

Zhonghai Li, Julie I. Reed, Robert B. Fuld 
 

Human Factors Engineering Integrated System Validation in a Hybrid Control Room............................................. 505
Fei Song, Danying Gu, Shuhui Zhang, Juntao Hu 

 

Human Factors Engineering Verification and Validation of Human System Interface Design of the 
Main Control Room in CPR1000 Nuclear Power Plants................................................................................................ 516

Yanzi Liu, Jianbo Zhang, Ming Jia, An Guo, Ji Shi, Yonbin Sun 

 
INNOVATIVE CONTROL ROOM DESIGN TOOLS—I 
 
Supporting Human Factors Engineering Design Review Activities Using Virtual Control Room 
Mockups ............................................................................................................................................................................. 525

Morten A. Gustavsen, Michael N. Louka 
 

The Development of Human Systems Simulation Laboratory: Strategic Direction .................................................... 534
Jacques Hugo, Katya Le Blanc, David Gertman 

 

Development of an Advanced Control Room: From Virtual to Reality ........................................................................ 543
Craig Pfledderer 

 
HUMAN FACTORS ISSUES IN OIL AND CHEMICAL PROCESSING—LECTURE 
 
Human Factors Issues in Oil and Chemical Processing ................................................................................................. 557

David A. Strobhar 

 
INTERNATIONAL COLLABORATION AND EXPERIENCES IN HUMAN AND 
ORGANIZATIONAL FACTORS—I 
 
International Collaboration in the Development of a Reactor Protection System ....................................................... 563

Irene Siedlarczyk, Zeng Hai 
 

The Regulatory Experiences and Activities of Human Factors Engineering at Korea Nuclear Power 
Plants .................................................................................................................................................................................. 571

Nam Choi Seong, Heui Jeong Choong, Dong Hoon Lee 

 
EXPERIENCE WITH I&C SYSTEM MODERNIZATION—III 
 
Development of a DSP-Based Platform for Safety I&C Systems................................................................................... 584

Yong Suk Suh, Jong Yong Keum, Kwang Il Jeong, Joon Ku Lee, Je Yun Park, Young Ki Kim 
 

Strategy of NPP I&C Systems Modernization in Ukraine ............................................................................................. 593
Mikhail Yastrebenetsky, Yuri Rozen, Alexander Klevtsov, Mikhail Gashev 

 

Implementation of Time Sensitive Applications in Distributed Control and Information Systems 
(DCIS)................................................................................................................................................................................. 600

Sergey S. Anikanov, Nicholas J. Marangoni, Vladimir N. Konovalov 

 
EXPERIENCE WITH I&C SYSTEM MODERNIZATION—IV 
 
Specifics of Implementation of the RCS Leak Rate Monitoring Application Based on PWROG 
Recommendations.............................................................................................................................................................. 611

Sergey S. Anikanov, Nicholas J. Marangoni, Igor V. Stolyetniy, Tetyana V. Bushenyova 
 

The Replacement of Rod Control System in the Korean Nuclear Power Plants .......................................................... 622
Hyeong-Soon Yim, Hyeong-Pyo Hong, Hae-Gon Shin, Seung-Min Baek, Deong Min Seo, Hyun-Ju Kim, Woo-Sik 
Shin, Cheol-Ha An, Chan-Joong Kim 

 



Inadequate Core Cooling Mitigation System for Crystal River Unit 3 ......................................................................... 634
Robert M. Queenan 

 

Good Practices of Control Rod Control System to Eliminate the Single Point Vulnerabilities in PWR .................... 641
Chae-Ho Nam, Soo-Am Kim, Kook-Hun Kim 

 
CYBER SECURITY AND DIGITAL I&C SYSTEMS 
 
Development of a New IEC Standard—Requirements for Security Programs for Computer-Based 
Systems ............................................................................................................................................................................... 649

Edward L. Quinn, Leroy Hardin, Ludovic Pietre-Cambacedes 
 

Cyber Security Procurement Methodology for Digital Instrumentation and Control Systems .................................. 653
Bradley Geddes, Aaron Hussey, Robert Austin 

 
EMI/RFI ISSUES WITH DIGITAL I&C SYSTEMS 
 
Eliminating the Need for Exclusion Zones in Nuclear Power Plants: What Are the New Boundaries?..................... 665

Philip F. Keebler, Frank D. Sharp 

 
Volume 2 

 
Interconnecting the Elements of an Effective EMC Management Program for Nuclear Power Plants ..................... 678

Philip F. Keebler, Jeff Dols, Stephen Berger 
 

Brief Overview on Regulations and Guidance Pertaining to EMI/RFI in Digital I&C Systems in 
Operating Reactors, and in New Reactor Reviews ......................................................................................................... 688

D. W. Spaulding-Yeoman 
 

Addressing Electromagnetic Compatibility Concerns for Digital Upgrades ................................................................ 692
Chad J. Kiger 

 
MODELING RISK IN DIGITAL I&C SYSTEMS—III 
 
Reliability Analysis of Digital I&C System in Nuclear Power Plants Based on GO-FLOW 
Methodology....................................................................................................................................................................... 703

Jun Yang, Ming Yang 
 

Dynamic Reliability: Towards Efficient Simulation of the Availability of a Feedwater Control System................... 714
Huilong Zhang, Benoîte De Saporta, François Dufour, Gilles Deleuze 

 
MODELING RISK IN DIGITAL I&C SYSTEMS—IV 
 
Best Practice Guidelines on Failure Modes Taxonomy for Reliability Assessment of Digital I&C 
Systems for PRA ................................................................................................................................................................ 724

Jan-Erik Holmberg, Stefan Authén, Abdallah Amri, Jiri Sedlak, Nguyen Thuy 
 

Regulatory Perspectives and Lessons Learned from USNRC New Reactor Instrumentation and 
Control Licensing Reviews................................................................................................................................................ 733

Ian Jung 

 
EQUIPMENT AND PROCESS CONDITION MONITORING—I 
 
Intelligent Distributed Condition Monitoring for Nuclear Power Plants ..................................................................... 743

C. J. Wallace, G. M. West, S. D. J. McArthur, M. Coghlan 
 

Investigation of Gas Circulator Response to Load Transients in Nuclear Power Plant Operation ............................ 751
Jason J. A. Costello, Graeme M. West, Stephen D. J. McArthur, Graeme Campbell 

 

Faulty Measurement Substitution and Control Reconfiguration Using a Multivariate Flow Control 
Loop .................................................................................................................................................................................... 761

Sergio R. P. Perillo, Belle R. Upadhyaya, J. Wesley Hines 

 
 



EQUIPMENT AND PROCESS CONDITION MONITORING—II 
 
Leak Detection, Isolation and Characterization Using a Pressure Sensing Line Frequency Response 
Function.............................................................................................................................................................................. 775

Keith E. Holbert, Ryan M. Wilding 
 

Implementation of On-Line Condition Monitoring Technologies in Research Reactors............................................. 786
E. T. Riggsbee, R. D. O'Hagan, M. S. Pruitt, H. M. Hashemian 

 
GENERAL TOPICS IN NUCLEAR PLANT CONTROLS—II 
 
A Methodology for Detection of Failures in Floating Point Calculations in Safety I&C ............................................. 797

Arndt Lindner, Christian Gerst 
 

”Guideline on Configuration Management for Digital Instrumentation and Control Equipment and 
Systems” EPRI Product 1022991 (December 2011) ........................................................................................................ 809

Ray Torok, Bruce Geddes 
 

FPGA Technology Used at Temelin Nuclear Power Plant ............................................................................................. 821
Herbert Waage 

 
GENERAL TOPICS IN NUCLEAR PLANT CONTROLS—III 
 
Assessment of Automatic Power Regulating System Using Full-Scope Simulator for Lungmen NPP ....................... 829

Jun-Jen Lu, Hsuan-Han Huang, H. P. Chou 
 

Pressurizer Pressure Control in Pressurized Water Reactors: Performance Study of the Control 
Systems in the Presence of a Turbine Trip ...................................................................................................................... 841

Mauro Cappelli, Massimo Sepielli, Bernardino Castillo-Toledo, Stefano Di Gennaro, Nikolaus Muellner 
 

Nuclear Power Plant Safety Systems Against Earthquakes–ASTS (Automatic Seismic Trip System) ...................... 853
Eunsol Ha, Daehyung Lee, Jungam Yoo, Youngho Koo, Sungjin Lee 

 

Feedwater Control System Design for Boiling Water Reactors Using the Coefficient Diagram Method .................. 860
Günyaz Ablay, Tunc Aldemir 

 
APPLICATIONS OF TECHNOLOGY TO ENHANCE MAINTENANCE AND OPERATIONS–I 
 
Innovative Uses of Advanced Technologies for Productivity Improvements ............................................................... 869

Joseph A. Naser 
 

Business Drivers for Nuclear Plant Operations and Maintenance Automation ........................................................... 881
Ken D. Thomas 

 

Configuration of Risk Monitor System by Plant Defense-in-Depth Monitor and Reliability Monitor....................... 894
Hidekazu Yoshikawa, Morten Lind, Ming Yang, Muhammad Hashim, Zhijian Zhang 

 
THE HFE OF SMRS 
 
Multi-Unit Operations in Non-Nuclear Systems: Lessons Learned for Small Modular Reactors .............................. 906

John O'Hara, James Higgins, Amy D'Agostino 
 

Considerations for a Small Modular Reactor Multi-Modular Control Room Computer Based 
Procedure System .............................................................................................................................................................. 918

Charles Weaver, Steve Blomgren, Aaron Pascoe 
 

Small Modular Reactor Issue Identification and Ranking Program Control Room Staffing—Final 
Report ................................................................................................................................................................................. 924

John Smith, Ross Moore 

 
INNOVATIVE CONTROL ROOM DESIGN TOOLS—II 
 
A Main Control Room Simulation Facility for NPP Human Performance, Human Machine Interface 
Research ............................................................................................................................................................................. 934

Carl Elks, Stephanie Guerlain, Nathan Lau, Barry Johnson, Bob Bailey, Abbe Macbeth, Robert Boire, Greg 
Zakaib 

 



Intelligent Algorithm Based Functional Unit Sequence Priority in Human Machine Interface on 
Backup Panel ..................................................................................................................................................................... 949

Shengyuan Yan, Yu Chen, Shuaiqi Wang, Noureddine El Guemri, Lin Xu 
 

HFE Analysis: A Practical Approach to the Allocation of Functions............................................................................ 957
Hector Martinez-Pinna, Luis Rejas, Fernando Ortega 

 
INFORMATION PRESENTATION TECHNIQUES TO IMPROVE DECISION MAKING 
 
Development of Technical Improvements for CPR1000 Advanced Main Control Room in China............................ 967

Ji Shi, Jianbo Zhang, Xiaomei Xu, Xuegang Zhang 
 

Decision-Centered Design Guidelines for the Electric Power Industry’s Human Systems Interfaces ....................... 978
James Gualtieri, William Elm, James Easter, Lewis F. Hanes, Joseph Naser 

 

Use of a Handheld Device as a Tool for Process Information Updates in Nuclear Power Plants ............................... 991
Magnhild Kaarstad, Stine Strand, Christer Nihlwing 

 

Interfaces for Nuclear Power Plant Overview............................................................................................................... 1002
François Chériaux, Dominique Galara, Marion Viel 

 
INTERNATIONAL COLLABORATION AND EXPERIENCES IN HUMAN AND 
ORGANIZATIONAL FACTORS—II 
 
International Collaboration in Nuclear Safety— Contribution of the NEA/CSNI Working Group on 
Human and Organisational Factors ............................................................................................................................... 1013

Daniel Tasset, Albert Frischknecht, Greg Lamarre, Benito Gil-Montes 
 

Assessing Nuclear Safety from a Human and Organizational Factors Perspective: Lessons Learned 
from an International Benchmarking ............................................................................................................................ 1027

Grégory Rolina, François Jeffroy 
 

Safety Assessment of Organizational Factors in French Fuel Cycle Facilities ........................................................... 1042
Lise Menuet, Sophie Beauquier 

 
EXPERIENCE WITH I&C SYSTEM MODERNIZATION—V 
 
Design and Implementation of Advanced Diverse Protection System for APR1400.................................................. 1053

Choon-Yong Lee, Soo-Am Kim, Hyung-Hyun Byun 
 

Increasing Reliability of Nuclear Reactor Emergency Diesel Generators Through the Use of 
Intelligent Digital Control Systems ................................................................................................................................ 1058

Sergey Aleksanin, Kirill Lopatsky, Edward Petit De Mange 
 

Modernization of the 900 MW Nuclear Power Plants at EdF: Which Strategies and Solutions?............................. 1069
Patrick Salaün, Alexander Wigg, Dominique Bourgeois, Philippe Touzet 

 

Approach to Use of Models in Support of I&C Upgrades Design and Test ................................................................ 1080
Vaughn M. Thomas, Steve D. Whaley, Jason H. Karns 

 
DIGITAL I&C TECHNOLOGIES AVAILABLE FOR IMMEDIATE APPLICATION—I 
 
Digital Controls for Emergency Diesel Generators in a Post Fukushima World ....................................................... 1089

Joseph P. Fowler, Robert Weber 
 

Simple Adaptive Filters for Data Pre-Processing.......................................................................................................... 1104
Sergey S. Anikanov, Nicholas J. Marangoni, Igor V. Stolyetniy 

 

HFC-6000 Triple Modular Redundant (TMR) System and TÜV SIL3 Certification Process .................................. 1112
Allen Hsu, Gregory Rochford, Steve Yang, Ivan Chow 

 
WIRELESS TECHNOLOGY APPLICATIONS IN NUCLEAR POWER PLANTS 
 
Wireless Transmission for Non-Safety Power Distribution Monitoring System ........................................................ 1124

Jorge V. Carvajal, Fred H. Bednar, Michael D. Heibel 
 

Wireless Acoustic Emission Monitoring of In Situ Decommissioning for Nuclear Structures.................................. 1131
Mohamed K. El Batanouny, Aaron Larosche, Paul H. Ziehl, Lingyu Yu 

 

Wireless: Its Advantages and Disadvantages—Future Connectivity in Nuclear Power Plants ................................ 1143
Philip F. Keebler, Stephen Berger 

 



Wireless Sensors for Condition Monitoring of Equipment Within the Containment of Pressurized 
Water Reactors ................................................................................................................................................................ 1155

C. J. Kiger, W. S. Johnson, H. M. Hashemian, Ed Hudson 

 
I&C NEEDS FOR SMALL MODULAR REACTORS 
 
Key Design Challenges in Next Generation Instrumentation & Control (I&C) Systems for Small 
Modular Reactor Nuclear Power Plants ........................................................................................................................ 1166

Troy V. Nguyen, Ken D. Leidy, David P. Keene, Brian K. Arnholt 
 

Low Power Feedwater Control in Helical Steam Generators ...................................................................................... 1182
Andrew J. Petrarca, J. Michael Doster 

 

Small Modular Reactor (SMR) Instrumentation & Control (I&C) Functional and Structural 
Requirements & Considerations .................................................................................................................................... 1201

Baofu Lu, Matthew Memmott, Alex Harkness 
 

Benefits of Small Modular Reactors for Challenging Electric Grid Operation.......................................................... 1209
Alan S. Rominger, J. Michael Doster 

 
REGULATORY ASPECTS OF I&C—I 
 
Experiences and Lessons Learned on Licensing Instrumentation and Control Systems in the United 
Kingdom ........................................................................................................................................................................... 1219

C. Daniel Stiffler, Warren Odess-Gillett 
 

Diablo Canyon Power Plant Digital Process Protection System Replacement Licensing Experience 
Using ISG-06 .................................................................................................................................................................... 1228

Kenneth J. Schrader, Scott B. Patterson, John W. Hefler, Edward L. Quinn 
 

Qualifying Software Based Tools for the Development of Nuclear Safety Related Applications.............................. 1236
Richard Stattel 

 

Multinational Design Evaluation Program Digital I&C Working Group Status Report .......................................... 1248
Daniel J. Santos, Deanna Zhang 

 
REGULATORY ASPECTS OF I&C—II 
 
Safety Evaluation on Fail-Safe Design in Digital Plant Protection Systemof SKN 3&4 in Korea............................. 1259

Jung-Soo Koh, Young-Mi Kim, Yeong-Jin Yu, Yong-Il Kwon 
 

Proposed Alternative Request to IEEE Std. 603-1991 Clause 5.6.1 “Independence between Redundant 
Portions of a Safety System” in Accordance with 10 CFR 50.55a(a)(3)(i) .................................................................. 1263

Chris Doyel 
 

Lessons Learned from Instrumentation and Controls Licensing Reviews of Combined License 
Applications that Use Earlier Certified Designs............................................................................................................ 1273

Eugene O. Eagle Jr. 
 

Safety Justification Frameworks: Integrating Rule-Based, Goal-Based, and Risk-Informed 
Approaches....................................................................................................................................................................... 1283

Peter Bishop, Robin Bloomfield, Sofia Guerra, Nguyen Thuy 

 
EQUIPMENT AND PROCESS CONDITION MONITORING—III 
 
Intelligent Condition-Based Maintenance Using Plant Health Index.......................................................................... 1291

Rizwan Ahmed, Gyungyoung Heo, Sang Ha An 
 

On-Line Condition Monitoring and Diagnostics for Rod Control and Rod Position Indication Systems 
in Nuclear Reactors ......................................................................................................................................................... 1301

G. W. Morton, S. D. Caylor, J. R. McCulley, H. M. Hashemian 
 

On-Line Monitoring Implementation in Boiling Water Reactors ............................................................................... 1314
B. D. Shumaker, G. W. Morton, S. D. Caylor, H. M. Hashemian 

 

An Assessment of Uncertainty in Remaining Life Estimation for Nuclear Structural Materials ............................. 1325
Pradeep Ramuhalli, Jeffrey W. Griffin, Jacob Fricke, Leonard J. Bond 

 
 
 



GENERAL TOPICS IN NUCLEAR PLANT INSTRUMENTATION—I 
 
Cyber Security of FPGA-Based NPP I&C Systems: Challenges and Solutions ......................................................... 1338

Vyacheslav Kharchenko, Andriy Kovalenko, Anton Andrashov, Alexander Siora 
 

Software Qualification Experiences for Safety-Critical Software in Programmable Logic Controller ................... 1350
Jang-Yeol Kim, Kee-Choon Kwon 

 
Volume 3 

 
Core Knowledge on Instrumentation and Control Systems in Nuclear Power Plants ............................................... 1362

Janos Eiler 

 
GENERAL TOPICS IN NUCLEAR PLANT INSTRUMENTATION—II 
 
Fukushima Accident Lessons for I&C Systems (Ukrainian Experience, First Steps)................................................ 1371

Mikhail Yastrebenetsky, Yuri Rozen, Alexander Klevtsov, Sergiy Trubchaninov, Vladimir Lebedynskiy, Vladimir 
Martinenko, Sergiy Lebedynskyy 

 

Modeling the Aging Effects of Nuclear Power Plant Resistance Temperature Detectors ......................................... 1378
Di Yun, Abdellatif M. Yacout, Richard B. Vilim 

 
HFE VERIFICATION AND VALIDATION—II 
 
Beyond Integrated System Validation: Use of a Control Room Training Simulator for Proof-of-
Concept Interface Development ..................................................................................................................................... 1389

Ronald Boring, Vivek Agarwal 
 

Human Factors Verification and Validation of Advanced Power Reactor 1400: Regulatory Activities 
and Issues During the Operating License ...................................................................................................................... 1400

Dhong-Hoon Lee, Choong-Heui Chung 

 
MULTILEVEL FLOW MODELING 
 
A Graphic Interface Toolkit Based on MFM and Its Application to Operating Support for Monju 
Plant .................................................................................................................................................................................. 1410

Yangping Zhou, Yujie Dong, Xiaojing Huang, Hidekazu Yoshikawa 
 

Modeling Operating Modes for the MONJU Nuclear Power Plant............................................................................. 1420
M. Lind, H. Yoshikawa, S. B. Jørgensen, M. Yang, K. Tamayama, K. Okusa 

 
APPLICATIONS OF TECHNOLOGY TO ENHANCE MAINTENANCE AND OPERATIONS–II 
 
I&C Modernization Project of Loviisa NPP—Process Clearance Management in a Digitalized Control 
Room................................................................................................................................................................................. 1432

Mika Heikkilä, Mikko Martinsuo 
 

Technology Integration Initiative in Support of Outage Management ....................................................................... 1446
Gregory Weatherby, David Gertman 

 
PRA/PSA-HRA APPLICATIONS IN HFE—II 
 
PSA-HRA Application in HFE Design........................................................................................................................... 1455

Xingwei Jiang, Yu Zhou, Jinggong Liu 
 

Human Reliability Assessment Using Systems Modeling Language & Tasks Based Systemic-
Structural Activity Theory.............................................................................................................................................. 1464

Waldemar Karwowski, Ben Amaba, Tareq Z. Ahram, Gregory Z. Bedny 
 

Considerations for the Treatment of Computerized Procedures in Human Reliability Analysis ............................. 1476
Ronald L. Boring, David I. Gertman 

 
 



HUMAN PERFORMANCE MEASUREMENT METHODS AND TOOLS—I 
 
A Method for Operator Action Time of an Emergency Procedural Task .................................................................. 1488

Wondea Jung, Jinkyun Park 
 

Human Actions in Safety Analysis—Regulatory Review Approach for New Builds ................................................. 1494
Alice Salway 

 

Situation Awareness in Process Control: A Fresh Look............................................................................................... 1511
Nathan Lau, Greg A. Jamieson, Gyrd Skraaning Jr. 

 

How Will Be the Situation Awareness of Operating Team in an Advanced MCR?................................................... 1524
Seung Woo Lee, Ar Ryum Kim, Poong Hyun Seong, Hyun Gook Kang, Jin Kyun Park 

 
DIGITAL I&C TECHNOLOGIES AVAILABLE FOR IMMEDIATE APPLICATION—II 
 
HFC-6000 Automatic Seismic Trip System (ASTS)...................................................................................................... 1537

Allen Hsu, Jongmin Kim, Steve Yang, Ivan Chow 
 

FPGA Applications in HFC-6000 Systems .................................................................................................................... 1543
Allen Hsu, William Luo, Ivan Chow, Steve Yang 

 

FPGA Based Systems Impact on I&C Architectures.................................................................................................... 1550
Stephen G. Seaman, Thomas W. Tweedle 

 

Use of Library Components in FPGA Designs .............................................................................................................. 1553
Adam J. White, Stephen G. Seaman 

 
DIGITAL I&C TECHNOLOGIES AVAILABLE FOR IMMEDIATE APPLICATION—III 
 
Comparing of Licensing Approaches for FPGA-Based Safety I&C Platforms .......................................................... 1558

Vladimir Sklyar, Ievgenii Bakhmach, Vyacheslav Kharchenko 
 

IV&V of FPGA Based Nuclear Plant Applications....................................................................................................... 1569
Michael T. Berty 

 

Simplification of Digital Safety Systems Through the Use of Distributed Logic FPGA-Based Systems .................. 1575
Richard A. Cobley, Richard G. Ewing 

 
ADVANCED SENSORS AND MEASUREMENT TECHNOLOGIES—I 
 
Comparative Tests of Two Hydrogen-Meter Technologies in the Phenix Reactor .................................................... 1577

K. Paumel, J.-P. Jeannot, J.-M. Augem, T. Gnanasekaran, R. Sridharan, C. Mauget 
 

Alternate Transmitter Technology Enhances Performance Capabilities and Enables Longer Life 
Cycle ................................................................................................................................................................................. 1590

Elias C. David, Frederick A. Marino 

 
ADVANCED SENSORS AND MEASUREMENT TECHNOLOGIES—II 
 
Collaboration Plan for the Development of Diagnostics and Prognostics, and Self-Powered Sensing 
Techniques for Sustainability of Nuclear Power Plant Safety Critical Functions...................................................... 1598

Jung-Taek Kim, Seop Hur, Belle R. Upadhyaya, Sang-Jung Lee, Gyun Young Heo 
 

Improved Sensor Performance Through Advanced Modeling .................................................................................... 1606
Richard B. Vilim, Abdellatif M. Yacout, Di Yun 

 
I&C STANDARDS AND GUIDELINES 
 
Independence as a Contribution to Demonstrate Software-Based I&C Dependability ............................................. 1616

Freddy V. Seidel 
 

Elements of an Instrumentation and Control Regulatory Framework ....................................................................... 1627
Terry W. Jackson 

 

Lessons Learned from the Implementation of Regulatory Guide 1.152, Revision 3 and Needs for 
Future Work in This Area .............................................................................................................................................. 1640

Tim Mossman, Steven Arndt 
 

 



COMPUTERIZED PROCEDURE SYSTEMS AND OPERATOR DECISION SUPPORT SYSTEMS 
 
An Operator Support System for Online Maintenance in Nuclear Power Plant ....................................................... 1646

Fangqing Yang, Ming Yang, Yongyue Chu 
 

The Automation of People: Context Management in the Next Generation Nuclear Power Plant ............................ 1656
Kara A. Schmitt, Guy A. Boy 

 

A Philosophical Perspective and Summary of IEEE’s Human Factors Standard on Computerized 
Operating Procedure Systems (COPS) .......................................................................................................................... 1669

Stephen A. Fleger 
 

Application of Computer-Based Operating Procedure to the US-APWR Human-System Interface ....................... 1683
Satoshi Hanada, Koji Ito, Kenji Mashio, Masashi Hirahatake, Timothy Clouser, Robert E. Hall 

 
ADVANCES IN HMI TECHNOLOGY 
 
Challenges in the Development of Virtual Controls for Class 1E Safety Applications .............................................. 1694

Joseph P. Fowler, William J. Herrity, Paul M. Stankiewicz 
 

Nonlinear Force Profile Used to Increase the Performance of a Haptic User Interface for 
Teleoperating a Robotic Hand ........................................................................................................................................ 1701

Anthony L. Crawford 
 

From Analogue to Digital in Training Simulator: The Design and Implementation of a New 
Interactive Panel System ................................................................................................................................................. 1714

Hanna Koskinen, Jari Laarni, Pentti Markkanen, Jussi Näveri, Ari Paananen, Kalle Torkkeli 
 

Revolutionary Technologies for the Next Generation Control Room ......................................................................... 1726
Daniel A. Zinzow, John N. Van Fossen, Aaron F. Steffy 

 
DIGITAL I&C TECHNOLOGIES AVAILABLE FOR IMMEDIATE APPLICATION—IV 
 
Current Issues Associated with the Implementation of Field Programmable Gate Arrays in the 
Nuclear Power Industry .................................................................................................................................................. 1738

Steven A. Arndt, Bernard F. Dittman, Paul Dacruz, Oszvald Glockler, Joseph Naser, Thuy Nguyen, Patrick Salaun 
 

Guidelines and Design Criteria for Application of FPGAs in Nuclear Power Plant I&C Systems........................... 1746
Bob Fink, Charles Killian, Thuy Nguyen, Joseph Naser 

 

Justification of a FPGA-Based System Performing a Category C Function: Development of the 
Approach and Application to a Case Study................................................................................................................... 1760

Sofia Guerra, Daniel Sheridan 

 
I&C SYSTEMS FOR NEXT-GENERATION POWER PLANTS—I 
 
Instrumentation and Control Technologies for Refueling the AHTR ......................................................................... 1770

David E. Holcomb, Venugopal K. Varma 
 

Resilient Control for Critical Infrastructures and Systems ......................................................................................... 1780
Yaguang Yang, Russell Sydnor 

 

The Key Characteristics and Architecture New Generation FPGA Based Reactor Protection System 
for Nuclear Power Plant.................................................................................................................................................. 1792

Zeng Hai, Irene Siedlarczyk 

 
I&C SYSTEMS FOR NEXT-GENERATION POWER PLANTS—II 
 
A Serial Bus Structure for the Application of Nuclear Safety Systems in FPGA-Based Controller......................... 1805

Bong Seok Kim, Sung Jin Lee 
 

HTGR Measurements and Instrumentation Systems ................................................................................................... 1813
D. E. Holcomb, S. J. Ball, S. M. Cetiner 

 
SOFTWARE VERIFICATION AND VALIDATION (V&V) ISSUES—I 
 
Model Checking Reveals Hidden Errors in Safety-Critical I&C Software ................................................................ 1823

Antti Pakonen, Teemu Mätäsniemi, Janne Valkonen 
 



HARMONICS—EU FP7 Project on the Reliability Assessment of Modern Nuclear I&C Software ....................... 1835
Jan-Erik Holmberg, Sofia Guerra, Nguyen Thuy, Josef Märtz, Bo Liwång 

 

The Development of Integrated Engineering Tool (SafeCASE-PLC) for Safety Grade PLC ................................... 1843
Young-Jun Lee, Jang-Soo Lee, Dong-Young Lee, Young-Kuk Kim 

 
SOFTWARE VERIFICATION AND VALIDATION (V&V) ISSUES—II 
 
IEEE Std 1012 Current Revision Update—System, Software, and Hardware V&V................................................. 1853

Steve Yang, Robert Moniri 
 

Software Verification and Validation Plan Generation for Digital Safety Systems in NPPs Under 
Chinese Nuclear Standards System................................................................................................................................ 1863

Zhicheng Zhang, Zhen Wang, Ronghua Zhang, Shuhui Zhang 

 
TEAM PERFORMANCE IN COMPUTERIZED CONTROL ROOMS 
 
Peer-Checking in a Nuclear Power Plant Digital Main Control Room ....................................................................... 1870

Paris F. Stringfellow, Michael P. Gibson 
 

Team Transparency in Computerised NPP Control Rooms ........................................................................................ 1882
Stine Strand, Magnhild Kaarstad, Håkan Svengren, Tommy Karlsson, Christer Nihlwing 

 

The Effect of Computer-Based Procedures on Team Performance and Situation Awareness in 
Nuclear Power Plants Main Control Room ................................................................................................................... 1894

Tsung-Ling Hsieh, Chiuhsiang Joe Lin, Chih-Wei Yang, Hui-Wen Huang 

 
ALARM SYSTEM DEVELOPMENT AND ANALYSIS 
 
The Development and Usability Test of a State Based Alarm System for a Nuclear Power Plant 
Simulator .......................................................................................................................................................................... 1904

Christer Nihlwing, Magnhild Kaarstad 
 

Hybrid Alarm Systems: Combining Spatial Alarms and Alarm Lists for Optimized Control Room 
Operation.......................................................................................................................................................................... 1914

Ronald L. Boring, J. J. Persensky 
 

Alarm Strategy and Complexity: Predictions of Operator Response.......................................................................... 1924
Austin Ragsdale, Roger Lew, Brian Dyre, Ronald Boring, David Gertman 

 
HFE STANDARDS 
 
Human Factors Engineering Program Review Model (NUREG-0711) Revision 3: Update 
Methodology and Key Revisions..................................................................................................................................... 1933

John O'Hara, James Higgins, Stephen Fleger 
 

ISO 11064: Its Structure and Application in the UK Nuclear Industry and Norwegian Petroleum 
Industry ............................................................................................................................................................................ 1944

John Wood 

 
HFE PROGRAM DEVELOPMENT 
 
Towards a Unified HFE Process for the Nuclear Industry .......................................................................................... 1948

Jacques Hugo 
 

Development of a Site HFE Program ............................................................................................................................. 1962
Bob Fink, Charles Killian, Janardan Amin, Joseph Naser 

 
HUMAN PERFORMANCE MEASUREMENT METHODS AND TOOLS—II 
 
Inter-Rater Reliability of Expert-Based Performance Measures ................................................................................ 1974

Nathan Lau, Greg A. Jamieson, Gyrd Skraaning Jr. 
 

Analysis of Communications During the Haiti Relief Effort to Understand Cognitive Processes used 
During Team Collaboration............................................................................................................................................ 1983

Susan G. Hutchins 
 



Function Allocation Metrics Applied to Multi-Agent Aerospace Example................................................................. 2001
Karen M. Feigh, Amy R. Pritchett, Sébastien Mamessier, Gabriel Gelman 

 
HFE ISSUES IN LWR SUSTAINABILITY AND CONTROL ROOM SIMULATION 
 
Integrating Human Performance into Technology ....................................................................................................... 2013

Ronald K. Farris, Heather Medema 
 

Model of Procedure Usage—Results from a Qualitative Study to Inform Design of Computer-Based 
Procedures........................................................................................................................................................................ 2027

Katya Le Blanc, Johanna Oxstrand, Thomas Waicosky 
 

Commercial Utility Perspectives on Nuclear Power Plant Control Room Modernization ........................................ 2039
Jeffrey C. Joe, Ronald L. Boring, Julius J. Persensky 

 

Author Index 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




