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Foreword

Along with the further progress of oil exploration, the difficult of exploration object is be-
come further big. In order to raise reservoir and production, the interlayered thin beds become a
main research direction. The interlayered thin bed phenomena have occur in many oil fields and is
problem to study.

The modeling formula based on seismic wavelet can well simulate zero — phase wavelet and
hybrid — phase wavelet, and approximate maximal — phase and minimal — phase wavelet in a cer-
tain sense. The modeling wavelet can be used as wavelet function after suitable modification item
added to meet some conditions . On the basis of the modified Morlet wavelet, the derivative
wavelet function has been derived . As a basic wavelet, it can be used for high resolution frequency
= division processing and instantaneous feature extraction, in accordance with the signal expan-
sion characters in time and scale domains by each wavelet constructed. Finally, an application ex-
ample proves the effectiveness and reasonability of the method.

Based on the analysis of SVD (Singular Value Decomposition)filter , by taking the wavelets
approaching to seismic wavelets as basic wavelet and combining SVD filter and wavelet transform,
a new de — noising method, which is based on multi — dimension and multi — space de — noising
method, is proposed. The implementation of this method is discussed in detail. Theoretical analy-
sis and modeling show that the method has strong ability of de — noising and keeping attributes of
effective wave. It is a good tool for de — noising when the S/N ratio is poor.

To give prominence to high frequency information of reflection event of important layer and
to take account of other frequency information under processing seismic data, it is difficult for de-
convolution filter to realize this goal. A filter from Fourier Transform has some problems for real-
izing the goal. In this book, a new method is put forward, that is a method of processing seismic
data in frequency division from wavelet transform and reconstruction.

Because research area is composed of two seismic data, which is different frequency and am-
plitude energy in different seismic data, and seismic data process together from many seismic da-
ta, which enable seismic interpret and seismic inversion to be difficult . A method of wavelet pro-
cess from wavelet transform is put forward in this book. Finally, the method above described is
testified to be efficient in terms of the application of Madong — Tangnan and Zhou Qingzhuang oil-
field.

In ordinary seismic processing methods for resolution improvement, deconvolution operator
has poor localization characteristics, thus influencing the operator frequency band width. In
wavelet transform, wavelet function has very good localization characteristics. Frequency — divi-
sion data processing in wavelet transform also brings quite good high resolution data ,but it needs
more time than deconvolution method does. On the basis of frequency — division processing
method in wavelet domain ,a new technique is put forward, which involves 1) designing filter op-
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erators equivalent to deconvolution operator in time and frequency domains in wavelet transform,
2) obtaining derivative wavelet function that is suitable to high — resolution seismic data process-
ing ,and 3)processing high resolution seismic data by deconvolution method in time domain.

In the method for calculating some instantaneous characteristic signals by using Hilbert trans-
form, Hilbert transform is very sensitive to high — frequency random noise. As a result, even
though there exist weak high — frequency noises in seismic signals, the obtained instantaneous
characteristics of seismic signals may be still submerged by the noises. One method for having in-
stantaneous characteristics of seismic signals in wavelet domain is put forward, which obtains di-
rectly the instantaneous characteristics of seismic signals by taking the characteristics of both the
real part(real signals, namely seismic signals)and the imaginary part( the Hilbert transform of real
signals) of wavelet transform. The method has the functions of frequency division and noise re-
moval. What is more , the weak wave whose frequency is lower than that of high — frequency ran-
dom noise is retained in the obtained instantaneous characteristics of seismic signals ,and the weak
wave may be seen in instantaneous characteristic sections (such as instantaneous frequency, in-
stantaneous phase and instantaneous amplitude) .

A method of calculating imitating absorbing — factor is put forward in frequency division in-
stantaneous amplitude from wavelet transform. According to good localization characteristics of
wavelet transform, no average effect of calculating imitating absorbing — factor and accurate de-
scription of characteristics from high frequency attenuation in oil — gas sand layer . Finally, the
method above described is testified to be correct and efficient in terms of the application of real oil
— gas checking.

One of important problems to interpret seismic data is to interpret faults, coherence cube al-
gorithm of seismic data is put forward by M. Bahorich e al. in 1995, it is possible to interpret
faults automatically. The semblance estimate given by K. J. Marfurt ez al. in 1998 will be stable
algorithm to calculate seismic attributes, which is easily able to identify faults. M. Bahorich ez
al.’s algorithm is coherency analysis in seismic amplitude data. Amplitude of seismic event in
horizontal change and signal — to — noise will affect quality of coherence cube , especially , low sig-
nal - to — noise of seismic data at two sides of faults, points of faults is not clear, noise at points of
faults is too strong. Coherence cube can be calculated by K.]J. Marfurt et al.’s algorithm in the
use of seismic data and Hilbert transform of seismic data, algorithm of which is stable and
efficient. But quality of Hilbert transform is very important, the transform is sensitive to noise , if
noise of seismic data is too strong , it is possible that there is mistake in Hilbert transform , so that
application results of K.J. Marfurt et al.’s algorithm is not efficient.

Coherence cube calculated in whole frequency band is given by M. Bahorich et al. and K.].
Marfurt et al. ,but they did not pay more attention to coherence cube in some frequency band,
especially, information of coherence cube to interpret small faults in high frequency band. In this
book, coherence cube algorithms are given from wavelet transform based on algorithms above —
mentioned. The first method is a method of calculating coherence cube from instantaneous phase
of wavelet transform by wavelet functions (or derivative wavelet functions) of simulating seismic
wavelet( coherence cube algorithm 1); The second method is a method of calculating coherence



cube from the real part and the image part of wavelet transform by above — mentioned wavelet
functions(coherence cube algorithm 2). Coherence cube algorithm 2 may decrease effect of high
frequency noise from direct Hilbert transform , improve quality of coherence cube. We can gain
information of high and low frequency instantaneous phase, in which it is very useful to interpret
small faults , by coherence cube algorithm 1, of which resolution is higher than that of coherence
cube algorithm 2. In terms of the example of application, we must choose reconstructing coeffi-
cient , then ,we can gain reconstructing coherence cube in frequency division.

Impedance inversion is one of tools in the description of oil reservoir. one of methods in
impedance inversion is Generalized Linear Inversion. This method has higher precision of inver-
sion. But , this method is sensitive to noise of seismic data, so that error results are got. The de-
scription of oil reservoir in researching important geological layer ,in order to give prominence to
geological characteristics of the important layer, not only high frequency impedance to research
thin sand layer, but other frequency impedance are needed. It is difficult for some impedance in-
version method to realize the goal. Wavelet transform is very good in denoising and processing in
frequency division. Therefore, in this book, a method of impedance inversion is put forward
based on wavelet transform that is impedance inversion in frequency division from wavelet trans-
form and reconstruction.

In this book, based on wavelet transform, methods of time — frequency analysis is given,
which is very effective in sequence stratigraphy. The benefit of wavelet transform is raise the
computing speed and accuracy.

A method of multi attributes imaging from wavelet transform is put forward, which provides
a novel means of utilizing seismic data and multi attributes for imaging and mapping geologic dis-
continuities over large 3D seismic surveys. By means of the method , the lithology trap , stratig-
raphy trap and find small inhomogeneous body.

Acknowledgments: Author thanks Professor Li Youming ( Institute of Geology and Geo-
physics, Chinese Academy of Science), Professor Yang Kongqing(Lanzhou University), Profes-
sor Gao Jinghuai(Xian Jiao Tong University), Professor Liu Hong(Institute of Geology and Geo-
physics, Chinese Academy of Science), Professor Liu Quanxing (PetroChina Company Limited
Exploration & production Research Institute (Northwest), Professor Zhou Jiaxi (Da Gang oil-
field) for their help and useful discussions.
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