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Preface( [ )

With oil and gas seismic exploration expanding gradually to the second deep space (5 000~
10 000 m) and more demand of underground rock pressing for microfracture event detec-
tion to explore shale oil and gas, the new technology and method of micro-seismic monito-
ring has developed rapidly in recent years.

According to the lower SNR of microseismic data and the unsatisfactory result of on-
ventional filtering methods, polarization filtering methods are analyzed in different time
and frequency domain, multistage window function and the methods of multistage window
polarization filtering and adaptive filtering are studied, and they have achieved relatively
perfect results in the low SNR. On the analysis of the micro-seismic signals effectively and
fracturing monitoring noise, on the basis of the effective signal multiclasses geophones dis-
tribution constraints, picking up method developed efficient micro-seismic events. The tra-
ditional micro-seismic source localization method need to use first arrival information to in-
verse. To avoid the influence of the collection of first arrival information on the speed of
seismic data processing, put forward source localization method of superposition of spatial
scanning was the seismic.

According to micro-seismic ground shallow surface interference problem, the static
correction method which can be applied to the micro seismic monitoring was studied.
Through the model and actual data validation, this method solve the extraction problem of
useful signal from the ground micro seismic data under the complex changes of the appar-
ent velocity of effective signal in different detector. Based on terrestrial micro-seismic
characteristics of the received signal, The pattern search algorithm of piecewise iterative
ray tracing method was put forward. On the basis of comprehensive analysis of existing in-
version algorithm, we not only improve the convergence and reliability but also increase
the positioning accuracy.

The book shows that the fracturing-range and fractures orientation and size can be ef-
fectively traced and located based on the micro-seismic monitoring. It can not only objec-
tively evaluate the effect of fracturing engineering but also provide effective guidance for

production and development of oil fields.
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Based on his painstaking researches and his rich practical experience of micro-seismic
monitoring in many years, the author of Song Weiqi summarized and wrote the monograph
of the*micro-seismic monitoring new technologies and new methods”. The publication of
the book will provide beneficial guidance for the fracturing micro-seismic monitoring tech-
nology and effect. And we hope that through the popularization and application of this
technology,it can contribute to oil and gas exploration and development in the low permea-

bility reservoir .

The academician of Chinese Academy of Sciences
Teng Jiwen

May 26,2014
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Preface( [| )

Micro-seismic data are often of low signal noise (S/N) ratio, and the use of conven-
tional filtering methods does not yield satisfactory results. In this book, different polariza-
tion filtering methods are analyzed in time and frequency domains, and multistage window
function, the methods of multistage window polarization filtering and adaptive filtering are
studied, which gives rise to relatively satisfactory results in the case of low S/N ratio.
Through the analysis of micro-seismic signal and hydro-fracturing noise, a method based
on the long-to-short windows energy ratio and polarization analysis is developed for auto-
matic detection of micro-seismic events. The results are further constrained by micro-seismic e-
vents detected from adjacent detectors. Note that it is often to use the first arrivals to determine
the source locations of the micro-seismic events. However, first arrival picking can be time con-
suming. In order to avoid this, a stacking method based on spatial scanning is developed for de-
termining source locations.

The book discussed the accuracy and applicability of different inversion methods such
as grid searching method, conjugate gradient method and genetic algorithm for locating
micro-seismic events using real data. After considering the pros and cons of these meth-
ods, a hybrid method combined grid-searching and genetic algorithm is proposed within
the solution domain. This method reduces the sensitivity to velocity errors and first arrival
perturbations, making the inversion process more stable,

The book also studied the near-surface problem during micro-seismic data processing,
and developed specific static correction method for micro-seismic monitoring. This includes
first break picking and velocity model updating, made good progress in solving the static
problem during micro-seismic monitoring. For surface micro-seismic monitoring, an inno-
vative self-adaptive F-K filtering method is developed, including details of how to design
the work flow and select appropriate processing parameters. Verified by synthetic and field
micro-seismic data, this method can extract useful signals from the noisy surface micro-
seismic data even under complex changes of the apparent velocity of the micro-seismic e-
vents in different detectors, Since F-K filtering induces worm-like noise in the data, an au-

tomatic tracking SVD method is developed to remove the coherent noise in surface micro-
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seismic data. Through automatically scanning the direction of the coherent noise and small
window processing, this method can effectively remove the linear or hyperbolic coherent
noise in the micro-seismic data.

Furthermore, the book discussed some existing defects and problems in the current
piecewise-iteration ray tracing algorithm during forward modelling of surface micro-seismic
monitoring. A pattern-searching based piecewise-iteration ray tracing method is presented
in the book, which improves the accuracy in solving the local ray tracing equation. This
method does not require the assumption of second-order differentiable interface functions,
and calculates the minimum travel time directly during ray tracing rather than its first-or-
der approximation, which is more adaptable and stable. Both 2D and 3D structural models
are used to test the new method.

Last but not the least, with real surface micro-seismic data, the book discussed the
simplex substitution method and the differential evolution algorithm as well as their accu-
racy and applicability for inverting the micro-seismic events. Again after considering the
pros and cons of these methods, a hybrid method combined the simplex substitution meth-
od and the differential evolution algorithm is developed in the book. This method improves
the convergences of the inversion process, and avoids the local minima during inversion,
making the inversion results more stable and reliable. As a result, the simplex-substitu-
tion based hybrid inversion method with the differential evolution algorithm is successfully
applied to surface micro-seismic data for initial location and relocation of micro-seismic
events with focal mechanism an velocity inversion, which reduces the positioning error.

In summary. this book gives a comprehensive study of the various aspects of micro-
seismic data processing, and the presented technical methods and theory are interesting
and innovative with a high level of theoretical and practical values. It is in no doubt that
the book adds new insights into micro-seismic monitoring, and provides good guidance and

useful references for micro-seismic monitoring in China and worldwide.

The director of CNPC Key Laboratory of Geophysical,
the expert of National “Thousands of People Plan”

Li Xiangyang

May 30,2014
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