Preface

The motivation for writing book was to provide a comprehensive analysis of all
aspects of integrity and safety of pipeline systems to the extent required for practical
application. The book sums up ideas expressed in numerous articles penned indi-
vidually and as a team by both authors, and although most of them went through
double-review filters and were published in the proceedings of major international
conferences and journals, they remain difficult to access. A distinctive feature of
this book is its interdisciplinary approach to the solution of individual cases and
of the whole imperative problem. The proposed solutions of fundamental problems
have been designed, in addition to following the logic of a particular research
discipline development, with specific requirements of the pipeline industry in mind.
Another very important characteristic of this book is that the interdisciplinary
problem discussed here has been studied as a sequence of interdependent problems
from various fields of knowledge and engineering disciplines, and resolved using a
task chain approach, when the solution output of the first problem is an input for the
next problem, etc., until the output of the last problem produces the ultimate
solution for the whole problem.

The book brings to light some of the most relevant and not yet resolved safety
and integrity problems of pipeline systems, which are vital systems not only for the
petroleum industry and the fuel and power sector in general, but also for any other
modern industry sector.

A specific feature of all solutions in the area of new diagnostic tools for in-line
inspection (ILI) development is their highly confidential nature, particularly for data
analysis algorithms. Every firm carefully protects its processes, rarely disclosing
what particular parameters of their technology are used as the essential variables,
which is a requirement under the umbrella API 1163 (ILI Qualification Standard),
and what the values are of these parameters. Published papers do not disclose the
solution approach used, describing bare bone results, which cannot be verified or
replicated, since there is no full description of the algorithms used in the analysis.
Apart from competition and commercial secret protection, there are multiple other
reasons for this situation. Without dwelling on them, we should point out that the
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international API 1163 standard recommends establishing strategic partnerships
between the pipeline companies and the diagnostic service providers (DSP), which,
if need be, could act in concert on many issues of mutual interest.

From our long-standing experience of delivering lectures on the topic of this
book to pipeline industry professionals from more than 30 countries worldwide, we
are more than well aware of the certain skepticism with regard to (and even in some
cases, total rejection of) the applicability of probabilistic methods when solving
practical problems of pipeline systems safety and integrity management. This is due
to many factors, which include existing knowledge gaps in the specialists’ training
and the need to change the decision makers’ mentality. On the other hand, there is
also insufficiently transparent presentation by researchers and scientists of the real
and clear advantages offered by application of a probabilistic approach. The authors
express their hope that this book will be helpful in closing this gap at least partially.

Pipeline systems (PS) are an almost ideal generalized type of a critical infras-
tructure computational model. In this connection, we believe that the method-
ological approaches outlined in the book to problem solving in the areas of
diagnostics, monitoring, integrity, residual strength assessment, failure probability
(reliability), maintenance, and safety of pipeline systems are of a general nature, and
could be utilized for assessing other types of infrastructures.

This book, with decades of research behind it, is nevertheless, the result of a
sequence of serendipity and lucky events. It started with Keith Leewis, Ph.D.,
(Canada/USA, Pipeline Research Council International-PRCI), who invited the first
author to be a member of the API Work Group 1163, which wrote over several
years, the API 1163 Standard, published in 2004, and is now the foremost desktop
manual of every pipeline operator and ILI services vendor. When working in the
WG 1163, the author was involved in discussions with other members of the group,
comprised of top American and Canadian professionals from the pipeline trans-
portation industry, research institutions, regulatory bodies, and academia and he
learned immensely from them about the current pipeline problems (as they were
seen in the West), and how they should be solved. By that time this author had a
15+ year experience of solving the same practical problems for the Soviet/Russian
oil and gas pipeline industry, which has assets predominantly in West Siberia’s Far
North. This provided a unique opportunity to see the problem simultaneously from
both sides; i.e., from a broadest possible viewpoint and to develop some innovative
solutions. Members of the WG 1163 from whom the first author got the most
valuable feedback include Tom Bubenik (USA), Guy Desjardins (Canada), and
Bernie Selig (USA).

The second major event was when B.J. Lowe of Clarion (Houston, Texas) and
John N. Tiratsoo of Tiratsoo Technical (UK, Australia) invited the first author to
create for pipeline professionals intensive short courses on Reliability based man-
agement of pipeline integrity and safety, and Analysis of ILI data for creating
optimal integrity management plans. By preparing and delivering these courses in
the Americas and Eurasia, and receiving feedback from audiences from over 30
countries, we attained further insight into the complex socio-technological problem
of pipelines operation.
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Several years later, Prof. Andrew Palmer (UK, Singapore), one of the world’s
leading scientists in pipeline design, construction, and operation, invited the first
author to participate in the research team of the Intergovernmental Panel on Climate
Change (IPCC), WMO UN, to work on the problem of CO, capture and seques-
tration by means of extracting it from the atmosphere and then transporting the
liquefied or compressed gas by tankers or pipelines, respectively, for depositing it
on the ocean bottom, or deep in the Earth’s mantle rock formations. Our work for
IPCC unexpectedly won the collective Nobel Peace prize of the year 2007 (the
second half of the prize went to Vice-President Al Gore).

The fourth and crowning event happened, when Prof. Adrian Gheorghe of the
Old Dominion University, Virginia, USA, acclaimed specialist in the field of critical
infrastructure theory (he coined it as infranomics), became acquainted with the
results of many years of fundamental and applied research, obtained by the Science
& Engineering Center “Reliability and Safety of Large Systems and Machines” Ural
branch Russian Academy of Sciences on the problem of diagnostics and reliability
of pipeline systems as critical infrastructures, initiated writing this monograph,
which sums up the above efforts. In this regard we would like to express our sincere
gratitude and acknowledgment to Prof. A. Gheorghe, who made this possible.

Although there are only two authors of the book, we thank all of our colleagues
with whom numerous papers were published in peer reviewed journals and pre-
sented at most prestigious conferences in Calgary, Osaka, Rio de Janeiro,
Amsterdam, Moscow, Bahrain, New York, Houston, Yekaterinburg, Krasnoyarsk,
Liverpool, to name a few. Their names are cited in the list of references of this
book, but it is our privilege to mention them here: Candidates of Sciences
Margarita G. Malyukova (who also helped writing Chap. 7), Ludmila V. Poluyan
(who lent a hand in writing Sects. 1.4, 5.3 and 8.3) Doctors of Science Alexander B.
Kuzmin, Alexander N. Tyrsin and Alexander Chernyavski; Ph.D. students
Zhanna V. Yurchuk, Vitaly V. Kuznetsov, Tatyana A. Makarova, Irina S.
Solovyeva, Maria A. Gretskikh. In the fast changing work environment time is a
very important, even crucial, asset. We are extremely grateful to Tatyana V.
Govorukhina, Tatyana G. Kovalchuk, Irina G. Nikulina, and Sergey N. Shubin,
who spent precious time in helping to compile the manuscript.

The authors are happy to extend their sincere and deep gratitude to Tom
Morrison (Canada), Tomas Beuker (FRG, Switzerland), Francisco Caleyo (Ph.D.,
Mexico), Alphonso Lester, Ph.D. (both of Mexico), who graciously shared with us
their vision on the ILI data analysis and interpretation, and to all professionals who
provided data on defects measurements in real-life pipelines, located in three
continents—Europe, Middle East, Asia, and North America—which made it pos-
sible to perform verification of the theoretical results obtained by the authors, in
real-life environments. In this connection we are sincerely grateful to the late Rem 1.
Vyakhirev, Dr. of Sci., (CEO, JSC Gasprom, Russia), and A.D. Sedykh, Cand.
Science (Chief of R&D Department, JSC Gasprom), who supported our research
efforts related to reliability of gas compressor stations piping and equipment, and to
the late V.N. Chepursky, Cand. Science (JSC Sibnefteprovod, Tyumen, Russia) for
engaging the authors in the practical work of assessing reliability and remaining life
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of oil pipelines, which operate in the permafrost of Western Siberia; Yu.V. Lisin,
Dr. of Sci., (Vice-President of JSC “AK Transneft”, Russia), for inspiring a number
of research tasks; E.S. Vasin, Dr. Sci. (JSC TDC “Diascan”, JSC “AK Transneft”),
Candidates of Science, G.A. Zhukova, (ZAO Moscow NPO “Spectr”); V.E.
Loskutov, B.E. Patramansky, S.E. Popov (all from ZAO NPO “Spetsneftegas”,
Yekaterinburg), V.I. Stolypin (JSC “Gazprom Dobycha Orenburg”), as well as to
ILI technology specialists Phillip Hoyt, Ph.D., USA; Martin Phillips, Ph.D., USA;
Kamal Ben Amara, Ph.D. (Qatar), Mark Susich (BP, Alaska). The results obtained
on the basis of statistical data made available by them have been used for successful
solution of a number of applied problems in the interests of JSC Gasprom, TDC
“Diascan,” ZAO NPO “Spetsneftegas,” JSC “Gazprom Dobycha Orenburg,” as
well as for a number of other companies. Parts of these results have been used in
this book.

The book will be useful to experts and professionals in the area of diagnostics,
monitoring, maintenance, reliability, and safety of critical infrastructures, and,
primarily, to decision makers—persons responsible for various types of pipeline
operations. It will also be useful to diagnostic service vendors, ILI tool developers,
and designers, specialists in the area of operational and environmental safety, as
well as researchers, Ph.D. candidates, and graduate students majoring in respective
fields. Some parts of the book are currently used as a manual by the postgraduates
of the Civil Engineering Institute of the Ural Federal University.

The exciting task of writing this book was divided in the following way: Preface,
Introduction, Chap. 1, Sects. 3.3, 3.4.1, 3.4.2, 3.8, 3.9 of Chap. 3, Chap. 4, Chap. 7,
and Conclusions were written by the first author; the rest of the book is a result of
joint effort. I feel it necessary to say that it was a pleasure to work with my
co-author, Dr. Anna V. Bushinskaya, my former Ph.D. student, whom I consider
highly talented and unbelievably dedicated to science. I wait with awed anticipation
to see what mark she will leave in the branch of science in which she is working.

We are indebted to the Springer team Nathalie Jacobs, Cynthia Feenstra, Albert
Paap, and our toughest editors, an enthusiastic, professional, and supportive team,
especially, Edwin Beschler, Sharmila Rajesh, who made all efforts to make the
book up to the highest standards, concise, and easily readable. We also want to
thank all those specialists whose names we do not know, but nevertheless appre-
ciate their efforts very much.

For readers’ convenience a list of abbreviations is provided in duplicate. One
of the copies may be removed from the book for easy reference during reading.

Despite all our efforts to the contrary, the book may still contain some errors.
The authors would be sincerely grateful to attentive readers who may point them
out to us.

Chautauqua Sviatoslav Timashev
August 2015
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