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Preface ,

Preface

In recent years, lithology reservoir has gradually become the major field of
reservoir gain in China, while the lithology analysis poses high requirements for
amplitude preservation of seismic migration results, but the previous prestack
depth migration methods mainly focus on structural imaging. Therefore, a lot of
study has been carried out in terms of amplitude preservation prestack depth mi-
gration method by the circle of geophysics. Meanwhile, the reservoir of lithology
formation is under the control of multiple factors such as regional structures and
depositional facies belts and representing high exploration difficulty due to its be-
ing complicated and concealing. On seismic profile, the display reliability of seis-
mic response of lithology formation is subject to the fidelity of seismic processing.

Currently, it is difficult to realize absolute seismic fidelity preservation pro-
cessing, but relative fidelity preservation processing is possible, which poses
higher requirements for seismic data processing, requesting amplitude preserva-
tion, 1. e. it shall avoid adopting the module that will damage the amplitude rela-
tionship of neighboring seismic channels in the processing procedure. In view of
the seismic processing problem of lithology reservoir exploration, relative fidelity
preservation processing method is represented in this book, i.e. the 4 critical
principles for wide-frequency relative fidelity preservation processing (1) protec-
tion of effective band. The widening of effective band shall be based on SNR of
data, high-frequency widening shall be conducted for the low SNR seismic data,
the band width and dominant frequency of deconvolution operator shall be con-
trolled. The main effect of deconvolution shall be the elevation of energy of high-
frequency component within the effective band to avoid the occurrence of serious
notching in the high-frequency end of effective band. (2) Protection of low fre-
quency, especially that of 3~8 Hz. The scenarios that low frequency information
suppressed due to high resolution, high SNR processing or significant loss of low
frequency end effective information with adoption of strong f~& denoising etc.
shall be avoided. (3) Amplitude preservation. Modification module such as RNA
shall not be applied to avoid damaging the lateral relationship of seismic channel

amplitude. (4) Phase preservation. The module that will damage phase position
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shall be avoided during processing. Zero phase deconvolution and surface consist-
ent deconvolution will not damage relationship of phases. Compared with high-
resolution high SNR processed profile, relative fidelity preservation processed
profile could reflect seismic response of subsurface sand reservoir quite genuinely.
While the discussion on the processing method of relative fidelity preservation
processing or high-resolution high SNR, the impact on seismic processing by ac-
quisition mode of seismic data is also elaborated in this book. Seismic broadband
acquisition is basis for relative fidelity preservation processing. Based on profile
reflection traits and spectrum characteristics, the impact on the data processed
with high-resolution, high SNR method or data processed with relative fidelity
preservation method by means of seismic acquisition source and observation ap-
proach is also analyzed and discussed.

In the previous seismic exploration, in order to satisfy the requirements of
structural interpretation, SNR was given much more attention for seismic data
imaging and the consideration for fidelity and amplitude preservation of data was
insufficient. Nowadays, with the promotion of deliberation of oil and gas explora-
tion, the requirements for fidelity of seismic data processing is much higher. In
recent years, the author has done a lot in this aspect and the research idea and
methodology for fidelity preservation imaging are gradually formed.

Based on study on relative fidelity preservation processing method, the meth-
od & principle of the Kirchhoff integral migration method based on ray theory,
the one-way wave equation migration based on wave field extrapolation and two-
way wave equation reverse time migration are elaborated. Meanwhile, the study
status of respective amplitude preservation migration algorithm is introduced.
The methods of critical technology including reverse time migration imaging based
on GPU/CPU system for complicated structures and depth domain velocity mod-
eling for complicated structural zone etc. are represented. In the mean time, the
pertinent fidelity preservation imaging processing measures and application per-
formance applied in practice for different fields including subsalt imaging of 3D
prestack reverse time migration, high density, all-round seismic data processing
for carbonate region, seismic imaging for complicated structures in Tuha and Ji-
uquan Basins, seismic prestack imaging of buried hill structural zone in Nanpu of
Jidong Oilfield. In view of the technical difficulties of seismic imaging and struc-

tural interpretation etc. existing in these regions, in-depth study on seismic pres-
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tack imaging and integrated interpretation is carried out with the formation of per-
tinent technical series for seismic prestack imaging.

In terms of imaging method, it is difficult for the current regular integral
seismic imaging method to delineate subsalt imaging, while the two-way wave e-
quation method (WEM) could generate premium image for complicated deep salt
structure. The reverse time migration imaging technology adopted in this book
solves the problem of subsalt imaging, which significantly improves the imaging
quality for the fairly large dip structures such as vertical fault, salt dome flank
and salt domes etc. , eliminating the distortion caused to the underlayer by abnor-
mal velocity of salt dome, making the subsalt formation capable of being accurate-
ly imaged in depth field. Study on high density all-round imaging technology in
terms of carbonate seismic data is carried out in this book with the formation of
prestack imaging technical flow for high density all-round seismic data, of which
the critical technologies are: high fidelity all-round noise suppression technology,
enhancing prestack vertical resolution technology, all-round data regularization
technology, all-round high accuracy migration velocity modeling technology, sub-
azimuth prestack depth migration technology, anisotropic prestack depth migra-
tion as well as reverse time migration technology etc. The results of prestack
depth migration dominated by reverse time migration accurately delineates the
subsurface structural pattern and location of fault for complicated block, especial-
ly capable of clearly delineating abdominal block of anticline, small displacement
fault and consequently, providing reliable basis of data for structural interpreta-
tion. By utilizing results of new prestack depth migration, comprehensive study
such as fine structural interpretation and reservoir prediction is conducted, struc-
tural details in the study area is reconfirmed, and the fault characteristics as well
as the regularity of formation distribution is further understood. In this book, al-
so the asymmetrical traveltime prestack time migration and prestack reverse time
migration are combined, which solves the impact on imaging for lateral velocity
variation well. Where the structures are complicated and the dip is large, the per-
formance of imaging is much better than the previous results of study and the fi-
nal processing results represent various geological characteristics, which is worth
popularization quite well. Currently, theoretically, 3D reverse time depth migra-
tion is the most accurate imaging method, which is surefire result of development

of prestack depth migration imaging technology and being the direction of devel-
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opment for accurate imaging when combined with FWI velocity estimation meth-
od.

During the study for this book, the R&D was closely integrated with pro-
duction and pertinent technical series formed during study was applied for oilfield
exploration timely. With the application of new study results, the overall struc-
tural pattern and local structural characteristics of a series of blocks were accu-
rately confirmed and favorable targets of exploration and drilling were optimally
selected with the achievement of excellent application performance.

The preface is by Wang Xiwen; Chapter 1 by Wang Xiwen; Chapter 2 by Lv
Bin, Wang Yuchao and Han Linghe; Chapter 3 by Wang Yuchao, Liu Wenqging,
Wang Xiaowei, Xu Xingrong, Lv Bin, Zeng Huahui, Lu Lieqgin and Zhao Yulian;
Chapter 4 by Liu Wenging, Wang Xiwen and Lyu Bin; 5.1 of Chapter 5 by Lv
Wengqing, Zhang Jing and Shao Xichun; 5. 2 of Chapter 5 by Wang Xiaowei, Tian
Yancan and Zhang Tao; 5. 3 of Chapter 5 by Su Qin, Xiao Mingtu, Li Hailiang,
Lv Bin and Shao Xichun; 5.4 of Chapter 5 by Tian Yancan, Zeng Huahui and
Zhang Tao. The whole book is modified and revised by Wang Xiwen.

The study projects involved in this book are supported by PetroChina E &. P
Company, Tarim Oilfield Subsidiary, Yumen Oilfield Subsidiary, Tuha Oilfield
Subsidiary, Jidong Oilfield Subsidiary, Mid-Asia and Russia Research Branch of
Research Institute of Petroleum Exploration and Development ( RIPED) of
CNPC. The preparation of this book is supported and assisted by Director Yang
Jie and other experts of Northwest Branch of Research Institute of Petroleum Ex-
ploration and Development (RIPED) . Herein, with the publication of this book,
I would like to appreciate their supports sincerely!

Due to the proficiency of the author, comments and questions in terms of

contents of the book are warmly welcome.
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