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Preface

Along with the great progress of petroleum exploration and development, there aren’t
many simply and easily discovered reservoirs left. Under this situation, it is inevitable to
find new reservoirs in the area with complicated structures for the purpose of reserve mainte-
nance and production stabilization. In terms of exploration thinking, the seismic exploration
has shifted from the structural exploration to the lithological exploration, and the explora-
tion targets have changed from structural trap to lithological trap. However, in the compli-
cated area, due to complex surface and underground seismic and geologic conditions, diverse
surface types, great difference of low deceleration zone, low S/N ratio of seismic reflection,
low resolution, poor continuity of reflection event, poor seismic imaging, chaotic seismic
reflection, unclear fault point, the work of seismic data acquisition and processing are very
difficult; meanwhile, the underground fault development also affects the seismic data quali-
ty, leading to poor data quality and difficult and data processing, mainly in terms of static
correction, pre— stack de — noising, velocity analysis and migration imaging etc. » and the
processing results can't meet the demand of trap description and exploration target selection
and evaluation. The diversity of underground structural conditions and reservoir — seal as-
semblage, as well as the speculation and ambiguity of horizontal and geologic interpretation,
increases the exploration risk. Therefore, the seismic imaging is a bottleneck restricting
seismic exploration in complex area. The seismic imaging method applied in the complex area
in this book plays a practical significance to determine the geologic configuration and improve
the geologic understanding in the complex area.

At present, the seismic imaging in the complex area is difficult because of serious static
correction, low S/N ratio and difficult geologic body determination. Theoretically, there is
a series of defects of traditional seismic data processing, which is because the hypothesis
conditions of the technology are far away from the real conditions of complex area, resulting
in great decline of precision and even wrong results and fictitious structures. In the theoreti-
cal induction phase, each technical method needs some hypothetical conditions under which
the theory can be applied. There is no exception in terms of seismic data processing technolo-
gy; during the initially technical design phase, for the sake of technical operability, there
are corresponding hypothetical conditions. When the actual situation is close to the hypothet-
ical conditions, the application of the technologies can meet the demand of precision. Other-
wise, the error is substantial. Therefore, the single seismic exploration method can't tackle
the geologic problems in the whole area. Due to great surface elevation difference, constant-
ly changing of vertical thickness and velocity in the low deceleration zone and complex sur-
face model configuration, the field low velocity zone data (microlog, short refraction, li-

thological sampling and geologic outcrop) is difficult to reflect the real deceleration zone



model. At present, the mature seismic exploration methods are mostly based on the surface
consistency hypothesis, yet in the complex mountain area, the travel path of near — surface
ray can't meet the hypothesis of vertical propagation; even if the model is correct, the con-
ventional time shift static correction can't tackle the reflection wave distortion caused by near
surface either; in the high velocity zone, due to great change of the lateral velocity and sharp
fluctuation, the accurate selection of datum and alternative velocity is difficult, leading to
the residual static correction of long wavelength problem., but the residual static correction
on the basis of wave automatic statistics cannot figure out the problem of residual static cor-
rection of long wavelength problem. Aiming at the above difficulties and the previous techni-
cal shortcomings, the book begins from the multi — method, multi — domain and pre — stack
imaging processing, carries out technical innovation and gets breakthrough of imaging preci-
sion. The key processing technologies include: composite static correction technique, pre —
stack multi — domain gradual noise suppression technique and floating plane pre — stack depth
migration method. However, in the actual realization process, in order to establish accurate
migration velocity model, the book insists on research thought of integrated processing and
interpretation.

With the enhancement of exploration, it is required to carry out technical breakthrough
research into the pre — stack imaging processing in the complex area in order to improve the
seismic data processing quality and confirm the structure. In view of the research results of
the pre — stack depth migration in the complex area, the pre — stack depth migration is an ef-
fective technology to realize the complex structure imaging and restore the real underground
structural pattern. Through fine velocity model establishment, velocity precision demon-
stration, making breakthrough in migration method and migration parameter research, the
seismic data quality is improved, and the structural high is confirmed, which has greatly
improved the structure imaging in the complex area; after the pre — stack depth migration,
the wave characteristics of target formation are clear, and the structure imaging is rational.
The pre — stack depth migration profile can get better imaging and structure homing than
post — stack time migration profile and pre — stack time migration profile. With the assistant
of fine velocity model, the pre — stack depth migration profile can accurately confirm the
structural pattern and depict the structure detail. As the pre — stack depth migration consid-
ers the refraction during the seismic wave transmission and carries out reflection wave hom-
ing on the basis of good model, the influence of velocity anomaly of overlying formation on
the underlying formation is removed, thus acquiring the accurate underground structural
pattern. Therefore, the effect of pre — stack depth migration is theoretically better than time
migration. In view of the real processing in the book, the depth migration has great advanta-
ges in terms of complex structure imaging and structural confirmation.

As the exploration and development of complex reservoirs has increasingly become the
research emphasis, the complex reservoirs turn into the important domain for increasing re-
serve and production. However, the effective exploration and development technologies of

complex reservoir still lag behind, especially the geophysical technologies, which seriously



restrict the exploration and development of these reservoirs. Aiming at the reservoir targets
in the complex area, the book describes the pre — stack reservoir prediction in which the
mechanism research drives the new technology and new method selection, integration and
matching, makes the geophysical response characteristics of complex reservoirs clear on the
basis of rock physics and physical simulation, and then conducts seismic data processing,
interpretation and reservoir description method research of complex reservoirs. The post —
stack seismic technologies are difficult to depict the carbonate fracture — cavern reservoir.
but the pre — stack seismic technologies can improve the precision of predicting effective res-
ervoir distribution and fluid property identification. Therefore, with regard to the complex
carbonate fracture — cavern reservoir, the book is based on the fidelity imaging processing,
forming the precise description matching technology system of pre — stack seismic data.,
which provides technical basis for reservoir prospect and evaluation of well location selection.
Furthermore, the conventional post — stack seismic technology is apparently unable to meet
the demand of reservoir prediction and fluid detection in the research area. However, the pre—
stack seismic information (AVO analysis and pre — stack seismic inversion. pre — stack seis-
mic attributes etc. ) can not only reduce the prediction ambiguity but also can get the data
directly reflecting the underground formation information, which includes P — wave imped-
ance, S— wave impedance, P—wave and S~ wave velocity and density, which can be used
to calculate all the elastic parameters and provide wide space for rock and fluid identification
and prediction; therefore, it is the most potential tool for complex reservoir description.
The book mainly aims at the different seismic data characteristics and demand of reser-
voir prediction in all kinds of complex areas and applies different seismic technologies. The
introduction and application of pre — stack migration technology provides technical guarantee
for the complex structure imaging and special geologic body confirmation. The involved ap-
plication highlights precision, strengthens amplitude fidelity, ensures the S/N ratio and res-
olution of target formation, and gets accurate imaging. The " three highs and one accurate"
processing. namely high fidelity, high S/N ratio, high resolution and accurate imaging,
intensifies surface consistent full 3D processing technology, pays attention to low frequency
protection, S/N ratio improvement of full data, and S/N ratio improvement of CMP gather
and CRP gather in the target formations. In the lithological reservoir exploration, in order
to effectively identify the lithological reservoir, it is usually required to conduct resolution
improvement processing on the seismic data, but overemphasis on the high resolution and
high S/N ratio will lead to poor fidelity of processing results. Therefore, during the applica-
tion of seismic technology, the book mainly highlights the fidelity and properly improves the
resolution and S/N ratio. In the favorable block, the precise target processing is carried out
under the direction of geologic target and geologic structure. Each key processing link com-
bines with the geologic, drilling and log data and uses the synthetic seismic record to con-
duct the horizontal calibration and correlation on the near — well seismic trace, thus ensuring
the relative holding of amplitude, frequency, phase and waveform; strictly control the pro-

cessing quality to gradually improve the seismic data resolution and S/N ratio. This book re-



search carries out fine reservoir prediction and data interpretation on the resulting data vol-
ume, uses the interpretation achievements to detect and evaluate the seismic data processing
quality; as to the favorable oil — bearing area and favorable reservoir, the target processing
is refined as required, including quantitative analysis on the rationality of processing module
and key parameter, and the optimization of processing flow provides the high fidelity seismic
data suitable for geologic characteristics, which lays a good foundation for high precision
reservoir prediction.

The exploration and development research for many years proves that the technical ad-
vancement is very important to the petroleum exploration in the complex areas. The seismic
technologies studies in this book show the bright future of application in the complex reser-
voir exploration, which lays a sound foundation to discover large — scale reservoirs. The
book includes six chapters, chapter 1 tells the seismic imaging method research and applica-
tion of complex structures in the mountain front of Tuha Basin; chapter 2 introduces seismic
data processing technology in the high — steep structure of Sichuan Basin; chapter 3 intro-
duces the imaging research breakthrough in the depth domain in Tarim basin; chapter 4 in-
troduces technical research of the pre — stack imaging and pre — stack prediction of carbonate
fracture — cavern reservoir in the Tarim Basin; chapter 5 introduces the pre — stack imaging
research in Tianhuan area, Sulige; chapter 6 introduces the seismic technology application of
Sulige gas reservoirs in Ordos Basin.

The preface of the book is written by Wang Xi — wen and Ma Long; chapter 1 is written
by Su Qin, Lv Bin, Huang Yun— feng, Wang Yu— chao and Wang Xi — wen; chapter 2 is
written by Hu Zi — duo, Wang Xi — wen and Shao Xi — chun; chapter 3 is written by Liu
Wen — ging, Wang Xiao — wei and Yuan Gang; chapter 4 is written by Wang Xi — wen, Liu
Wei — fang, Wang Xiao — wei, Tian Yan— can, Lv Lei, Jiang Chun — ling and Liu Wei —
hua; chapter 5 is written by Wang Xi — wen, Liu Wen — ging, Wang Yu - chao, Zhang Xi— mei,
Liu Qiu~— liang and Zhang Xiao — mei; chapter 6 is written by Gao Jian — hu, Wang Xi— wen,
Dong Xue — hua, zhao Yu~—lian and Chen Qi — yan. Wang Xi— wen is in charge of the revi-
sion and compilation of the whole book.

The research projects involved in the book are supported from PetroChina E &. P Com-
pany, Changqing Oilfield Company, Tarim Oilfield Company, Southwest Oil & Gas Field
Company and Tuha Oilfield Company. The compilation of the book also receives the support
and help from Yang Jie, director of PetroChina Exploration&.Development Research Institu-
te (Northwest) . The author hereby expresses sincere appreciation to all.

Due to limited level, there must be some inevitable negligence in the book, please give

praise and correction when reading.
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