Petroleum Research xxx (2017) 1-7

Contents lists available at ScienceDirect

Ke Al

ADVANCING RESEARCH
EVOLVING SCIENCE

Petroleum Research

journal homepage: http://www.keaipublishing.com/en/journals/
petroleum-research/

Full Length Article

Fluid identification method and application of pre-stack and post-
stack integration based on seismic low-frequency

Jinhong Xiong *°, Wei Liu & d.* 7Zhenhua He 9, Xuehua Chen ¢, Yusheng Zhang ¢,
Gang Yu ¢

2 Institute of Geomechanics, Chinese Academy of Geological Sciences, Beijing 100081, China

b School of Earth and Space Sciences, Peking University, Beijing 100871, China

€ Bureau of Geophysical Prospecting Inc. of CNPC, Hebei 072750, China
d State Key Laboratory of Oil & Gas Reservoirs Geology and Exploitation, Chengdu University of Technology, Sichuan 610059, China

ARTICLE INFO ABSTRACT

Article history:

Received 1 November 2016
Received in revised form
24 January 2017

Accepted 7 February 2017
Available online xxx

Seismic low-frequency component included more fluid information, which was still a focus in
geophysics. Seismic pre-stack data contained more fluid information, but signal to noise ratio (SNR) was
low. By comparison, seismic post-stack data had a high SNR, but some fluid information was lost during
data processing. Different angel stacks reflected different fluid seismic amplitude, compared with near-
angle stacks. Far angle stacks had more low frequency components, which were more benefit for fluid
identification. Based on this principle, combined with the pre-stacks and post-stacks seismic data, more
fluid information would be included. In this study, a new fluid identification method was proposed. This
method combined the post-stack seismic and pre-stack seismic data, it took into consideration high SNR
of the post-stack seismic data and the large fluid amplitude differences of the pre-stack different angles.
Field testing indicated this method was quite effective in detecting fluids.
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1. Introduction

Recently, the seismic low-frequency component has been a
focus in geophysics (Castagna et al., 2003; Goloshubin and Korneev,
2000; Goloshubin et al., 2002; Korneev et al., 2004). Both the pre-
stack and post-stack seismic data contained the low-frequency
information, but the low-frequency information was applied to
fluid identification in the post-stack seismic data firstly. Taner et al.
(1979) firstly observed low frequency shadow (LFS) beneath hy-
drocarbon reservoirs, and realized the seismic low frequency might
be used to indicate hydrocarbon possibility. Castagna et al. (2003)
improved the application of seismic low frequency for hydrocar-
bon identification. Korneev et al. (2004) successfully simulated the
low frequency effects fluid-saturated reservoirs by the diffusive-
viscous wave equation with a model containing a dry zone and a
water-saturated porous zone. Additionally, He et al. (2008) and

* Corresponding author. Bureau of Geophysical Prospecting Inc. of CNPC, Hebei
072750, China.
E-mail address: weiwei1986615@163.com (W. Liu).

http://dx.doi.org/10.1016/j.ptlrs.2017.06.006

Chen et al. (2009) obtained the positive results based on the for-
mers. At present, the applying low-frequency shadow to detect
hydrocarbon reservoir has gotten a good result in the post-stack
seismic data, which was a hydrocarbon direct indication. Howev-
er, compared with the pre-stack data, the post-stack seismic data
had higher signal-to-noise ratio (SNR), but lost massive seismic
amplitude information, which would give the raise to difficulties in
fluid identification. On the contrary, the pre-stack seismic data had
low SNR, but in different angle stack gathers, fluid-bearing layer
seismic reflection had significantly differences, that were AVO
(Rutherford and Williams, 1989). Chen et al. (2009) successfully
proved the seismic far angle stacks had more anomaly than near
angle stacks for bearing-fluid layer. Consequently, an inspiration
was gotten from this. On the one hand, the seismic low-frequency
components were more sensitive to fluid, the pre-stack seismic
data included more low-frequency information, which was more
favorable to detect fluid, but its SNR was low; on the other hand, the
post-stack data had high SNR, but some seismic low frequency
components were lost, this low frequency was very important in
fluid identification. Besides, far angle stack contained more low
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Fig. 1. The outline of the fluid identification method. This method was divided into 6 steps, combined the post-stack data and the pre-stack data to detect fluid, the drilling results

were used to prove the confidence.

frequency information compared with other angle stack, if we
could combine the advantages between the post-stack and pre-
stack seismic data to construct a new fluid identification, it would
enhance the confidence of fluid identification.

This study was just based on the inspiration, Fig. 1 was the
method outline. Firstly, for the post-stack data, a series of single
frequency data by spectral decomposition was obtained, the low-
frequency shadow to detect fluid was applied (Step 1), the possible
potential reservoirs was identified. Secondly, for the pre-stack
seismic data, different angle stacks were extracted (Step2). Thirdly,
through mathematics combination properly, the far-near angle
stacks fluid identification factor was constructed as formula (1).

F = Far* <Near2 - cFar2) (1)

In formula (1), F was the new fluid facor profile; Far, Near were
far angle stack and near angle stack respectively; c is the adjusted
parameter.

This formula was applied to identify possible potential reser-
voirs (Step3). Furthermore, the spectral decomposition was applied
to get different frequency seismic data (finean fonean f3nears ------  fifan
Fofan f3fars . ) from far and near angle stack gotten from the Step 4.
For far and near angle stack, a new fluid identification factor by
mathematics transform was constructed, that was to enlarge fluid
anomalous response (Step 5). Finally, combined the Step 1 and the
Step 5 to detect fluid, the most favorable reservoirs were confirmed,
meanwhile, the drilling results were applied to prove the predict
fluid's confidence (Step 6). Therefore, not only do we utilize the
seismic post-stack high SNR characteristic, but also we get more
low-frequency information from the pre-stack seismic data, which
overcame shortcomings of the single pre-stack or post-stack
seismic data.

2. Method and theory
2.1. Low-frequency shadow

The low-frequency shadow (LFS) means the strong energy
(amplitude) low frequency area was located under the reservoir,
which was one of important hydrocarbon direct indications
(Sheriff, 2002). When seismic wave passed through the hydrocar-
bon reservoir, the energy attenuation of different frequency was
different, the time-frequency spectral decomposition was used to
detect energy differences of different frequency to seek for favor-
able reservoir. The time-frequency analysis was a very significant
signal process approach in the seismic data process, the seismic
data was transformed to frequency domain, which was the foun-
dation of all seismic interpretation and process. So far, the time-
frequency analysis was still a key factor in reservoir prediction. In
this study, the general S transform was chosen as a kind of the time-
frequency analysis tool. The wavelet function was defined as
formula (2).

2
Y(r—t.f) = %exp {%} exp(—i2nft), @)

A>0,p>0

In formula (2), 7 was the central point of time window function,
ms, which was used to confirm the wavelet time location; f was a
frequency factor, Hz; the parameters of A and p were used to adjust
wavelet's time continuity and attenuation speed.

The general S transformation (GST) of signal was defined as
formula (3).
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