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Preface

The relationship between human and machine is getting much closer along with the
development of technical systems. Historically human has been involved in design,

operating and managing all technical systems. Human has imagined and designed

increasingly powerful technical systems that are complex integration of many specific
disciplines, The reliable and safe operations of these complex technical systems are
essential, considering the adverse consequences if a part of or a whole system is failed.
Accidents in the history like the Three Mile Island nuclear power plant (NPP) unit 2
accident and Chernobyl! catastrophe in former Soviet Union show that human error in the
complex systems can cause severe consequences, Many experiences show that human
errors are directly related to many accidents in the history. Hollnagel (1998) estimated
that 60% ~ 90% system failures could be. attributed to erroneous human actions
regardless of the domain, Nowadays research topics such as human error, human-
machine-environment, human machine interaction and human reliability analysis are
becoming more and more important.

In modern society, human is greatly relieved from the labor works but is
increasingly involved in design, monitoring, control and fault diagnosis of the automatic
systems. Some highly automatic systems can perfectly run without any intervention in
normal operations. The role of human is changing gradually from output of physical
forces to a supervisor of automatic systems. Automatic systems in one hand can bring
high efficiency in productions, but in the other hand may birth hidden troubles. In
‘abnormal situations, operators may have too much information which might greatly
impair their performance. In highly automatic systems, human error like an omission in
task operation procedures or a ignoring of an alarm, a misunderstanding of procedure
steps, combined with equipment failures, may have severe consequences and even cause
loss of life.

In human normal life, making mistakes is common. Human performance has
inevitable deviations and may cause error when the deviation is out of tolerance of the
system. It is impossible to design a complete automatic system that can be operated
without any human intervention. Even some system failures are caused by human errors
in the early system design phase. Of course these errors are latent but will show in some
contexts in later operations. Some contexts can be error-forcing contexts for operators
and must be extinguished to improve the system reliability.

Human reliability analyses (HRA) is a hybrid discipline of human factors and
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reliability aiming to analyse, predict, minimize and prevent human errors and to have
qualitative and quantitative evaluation of human reliability in tasks. HRA can be a
method to help evaluate the influence of human errors upon system. It can also be used
as a retrospective and prospective tool to minimize human errors.

Although HRA has over 50-year history, it is still in its early stage. First HRA
case was conducted by Sandia National Lab in 1952 in a weapon system reliability
project. Williams H., H. in 1958 concluded that system reliability analysis must include
human reliability analysis; otherwise the results would be underestimated. In 1973
IEEE Transactions on Reliability published a special issue on HRA. After that HRA
received more and more attention in engineering and professional area.

Because of the importance of HRA, nuclear organizations in many countries put
intensive resources to cope with the HRA shortcomings. US NRC has made a long term
HRA research plan to collect human error data, validating and developing HRA
methods and procedures. IFE in Norway has a HAMMILARB participating in Halden
Reactor Project of OECD/NEA to analyse human performance through simulator and to
validate HRA methods. Organizations in Korea have made much progress in operator
experiments in simulators and data treatment. Organizations in Japan focus much in
human error database and plant experience analysis. Researchers in China have
conducted HRA for many years with supports of national science funds in the area of
simulator experiments and HRA methods validation for PSA purpose. All these
activities will greatly boost HRA development.

This book is an introduction of HRA theory, methods, applications and recent
research development. It has 10 chapters. Chapter 1 is introduction of HRA. Chapter
2~4 are about human error, psychological basis of human error and human factors. -
These chapters are the basis of HRA. Chapter 5 lists various HRA methods about their
module basis, analysis procedures and quantification databases. Chapter 6 illustrates
HRA in the context of PSA and gives examples in nuclear industry and chemical
industry. Chapter 7~10 are about HRA recent development like Error of Commission,
HRA methods validation and evaluation, simulator operator response data treatment and
measures for narrowing the uncertainties in HRA. Additionally this book provides two
appendices that include HEP tables and search scheme in THERP HRA handbook.

This book is the results of years of research projects; National Natural Science
Foundation of China (NSFC) project no. 79170048, HRA method and application in
nuclear safety; NSFC project no. 79370040, human error and HRA; NSFC project no.
79670048, human dynamic cognitive model and its application; NSFC project no.
70271008, human cognitive error model theory and application; Tsinghua University
fund project no. 091110403, HRA in context of PSA.

The authors would like to acknowledge all the people who helped during the
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preparation of this book, Professor Zupei Shen, professor Bingquan Zhao from

Tsinghua University, professor from Beijing Science and Technology

University have cooperated with the authors for many years in HRA researches and
greatly contributed to the preparation of this book. Anthony J. Spurgin provided very
good information in his HRA lectures in Tsinghua University in 2005 and many
discussions in the subsequent years. Professor Mengzhuo Yang from Nuclear Safety
Center provided tremendous collaborations in operator simulator experiments.
Operators and PSA technical persons from Qinshan NPP and Dayabay NPP have
contributed for many years. Professor Li Zhang, Associate professor Shudong Huang
from Nanhua University, Kebing Liao from Hunan Technology Institute, Dr. Haibo
Chen and Jan T. Ludvigsen from Scandpower Risk management, Associate professor
Jiejuan Tong from Tsinghua University: their helps and discussions are also greatly
appreciated.

Graduate students Ruichang Zhao, Qiang Fu from Tsinghua University helped
greatly in the preparation of manuscript of this book. Thanks should also be
acknowledged to Professor Qiuling Zhang from Tsinghua University Press for the large
amount of editing and proofreading.

Finally our special thanks are dedicated to our families for their patience and full

hearted supports in the years of the writing of this book.

Xuhong He
Xuhong. he@ scandpower. com. cn

Senior Consultant, Scandpower Risk Management China Inc.
Xiangrui Huang
Huangxr@tsinghua. edu. cn

Professor, Tsinghua University

May 2007, Beijing China
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