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It is a great pleasure for me to be invited to write this preface for NMR Scientific
Instruments at Downhole Extreme Environments, written by my friend and
colleague Professor Lizhi Xiao of the China University of Petroleum.

NMR is a truly remarkable spectroscopy. Seventy years after the discovery of the
basic methodology, scientists and engineers are still exploring new and revolutionary
uses and implementations of the technique. NMR is in common use for molecular
stricture determination of large and small molecules, and it is commonly employed in
medical diagnostic imaging. But one of the most intriguing developments in NMR
technology in the last few decades has been the creation of downhole NMR Logging
instruments for use in the petroleum industry. NMR is usually considered a laboratory
technique, requiring high field magnets, stable environmental conditions, low
vibration, and isolation from sources of potential RF noise. Downhole NMR logging
violates all of these precepts. Most notable are the high pressures and high
temperatures, as high as 140 MPa and 175° C, at which downhole logging
instruments must function.

Prior to Professor’s Xiao’s work at the China University of Petroleum, most
research and development relating to downhole NMR logging was undertaken by
industry with the details of instrument fabrication, and data acquisition, veiled in se-
crecy. Professor Xiao’s research group is the leading academic research laboratory
world-wide in the area of down-hole NMR devices and applications. He has a super
background for this book through his education in both well logging and NMR
Physics, plus his own industry experience, and in addition has a large and very
capable laboratory such that they can successfully undertake pulse programming, data
processing, magnet design, signal detection and hardware integration for downhole
NMR logging.

Professor Xiao’s laboratory has successfully cooperated with the three main
Chinese petroleum companies to develop down-hole NMR tools and these tools are in
use domestically and internationally. The design, use and optimization of down- hole

tools have been the subject of more than 50 technical papers and 40 invention patents
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of Professor Xiao.

This is not Professor Xiao’s first foray into publishing. His first book in English,
written while employed by Halliburton, NMR Logging Principles and Applications is
the bible of the field and has been translated into Russian, Spanish and Chinese.

His new book, the subject of this preface, is hardware oriented and it will find a
ready audience among those who care, as I do, about NMR hardware employed in
extreme conditions. It draws heavily on his own practical experience and I trust it will

also become a standard in the field.

Brucel. Balcom
Fredericton, New Brunswick
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Nuclear Magnetic Resonance ( NMR ) is a physical resonance phenomenon
between radio waves and the motion of atomic nuclei in magnetic fields. It finds
widespread use in a diverse range of scientific and technological applications. Medical
doctors call it magnetic resonance imaging and generate images of the human body
with it to diagnose illness and understand the function of the brain. Chemists call it
NMR spectroscopy and analyze the details and function of complex life- sustaining
molecules. And engineers employ it to study chemical processes and the properties of
materials such as polymers and fluid filled porous media. Most NMR instruments work
with strong magnetic fields generated by high currents through superconducting wires
cooled down to temperatures a few degrees above absolute zero by liquid
helium. These instruments are huge, expensive, and delicate to maintain, and
demand the skills of trained experts for operation. On the other hand, materials can be
analyzed with very different NMR instruments employing permanent magnets, which
can even be operated in the harsh environments of high pressure and high temperature
encountered a few kilometers below the earth’s surface from where oil and gas can be
retrieved to satisfy the energy needs of modern society.

Every few minutes a hole is being drilled into the earth’s crust in search for
further oil and gas resources. Each drilling operation is accompanied with a range of
analytical studies down hole and at the surface to optimize the drilling process. Among
the many down-hole analytical techniques in oil and gas exploration, NMR is one of
the techniques in great demand, because rock porosity, pore connectivity and the
type of fluid contained in the pores of the borehole wall can be determined with NMR
instruments residing in the borehole either as part of the drill string or lowered into the
holewith wire line after drilling. It is a well-kept secret in the multi- billion dollar oil
and gas business how to build such instruments and how to operate them best. Clearly ,
the principles are the same as MRI, but the details and technological advances that
generate the profit are kept proprietary. Yet the advances in NMR methodology and ap-
proaches to materials characterization developed in response to the pressing needs of

the oil and gas industry leave a growing impact in the multi- facetted landscape of
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NMR, which in the past has been primarily determined by the demands defined in
medicine and chemistry.

This book on NMR Scientific Instruments at Downhole Extreme Environments is
written by one of the world’s most eminent scientists in the field of downhole NMR
and NMR of porous media. I got to know Prof. Lizhi Xiao first through his famous
book on NMR Logging Principles and Applications ( Halliburton, Houston, 1999 )
and subsequently on a visit to Beijing following word of mouth about this scientist
from China who has worked for quite some years in the oilfield service industry in the
United Kingdom and the USA. Professor Xiao has since returned to China and
diligently built up a most prominent team of skilled scientists at China University of
Petroleum, which moves forward the frontiers of downhole NMR on the international

th

world scale. Evidence of this are his role as the chair of the 11" International
Conference on Magnetic Resonance Microscopy in Beijing in 2011 and now this
book. It is the first book on downhole NMR instruments. It is structured into four main
parts; (D Probe, @ Electronics; (3) Software; (4) Data Processing. More than 450
figures illustrate the text and the list of references covers over 500 citations from the
scientific literature. The book is a timely intellectual resource in one of the fastest
moving frontiers of NMR today. May it soon become available also in English to
enrich the strategies for global solutions to the energy needs of our modern society by

advanced NMR instruments and methodologies.

Bernhard Bliimich
Aachen
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