
Q-Compensation Technology Robustly Driven by Frequency : Shunbei oilfield

Fubin Li*,1, Zongjie Li1, Yanghua Wang2

Summary

The surface dunes of Shunbei oil field in Tarim Basin
fluctuate greatly, and the buried depth of fault-karst
(fracture and fracture-cave) reservoirs of target zone
exceeds 7000m. In the process of seismic wave propagation
from shallow to deep, the absorption and attenuation effect
weakens the energy, reduces the frequency and changes the
phase of the effective signal, which results in the low
accuracy of imaging for fault-karst (fracture and fracture-
cave) and reduces the identifiability of exploration targets.
Q-compensation technology can effectively solve this
problem. Q-value is the key parameter of Q-compensation.
A method of extracting Q-value from frequency
information of seismic data is studied. The time-frequency
spectrum corresponding to each sample point of seismic
data in time domain is generated by Gabor transform, the
central frequency is calculated point by point, and the
attenuation factor Q-1 of each sample point is estimated
from the central frequency. The 3D model of Q-1
constructed by this method is continuous and spatially
variable, and the calculation process is stable and efficient.
On this basis, high-precision compensation for seismic
wave attenuation is realized, which solves the problem of
amplitude attenuation and phase distortion, improves the
resolution and signal-to-noise ratio, and reveals the
reservoir details of fault-karst and deep faults, to finely
guide the deployment of oil and gas exploration wells.

Introduction

Shunbei Oil Field is located in the low uplift north of
Kataclon No.1 fault zone in Tarim basin. In Shunbei Oil
field, the fracture zone is not only an oil and gas channel,
but also an advantageous space for reservoir formation, of
which the general burial depth exceeds 7000 meters,
named ultra-deep fault-karst reservoir. The fault-karst
reservoirs are formed by strike-slip faults through
multistage activities and fluid dissolution modification in
the carbonate rock series of the Middle-Lower Ordovician
which are composed of good caves, fractures and cave-like
reservoirs along fractures. The Compact Carbonate Rocks
around the fault zone act as lateral sealing, and the
mudstones of the super-thick Cherquek Formation act as
regional sealing beds. Oil and gas from the Lower
Cambrian migrate vertically along strike-slip faults and
accumulate. So faults are both oil and gas migration
channels and oil and gas enrichment sites.

For the special and complex exploration object of ultra-
deep fault solution, its internal heterogeneity is strong, and
there are horizontal and vertical segmentation
characteristics, of which reservoir spatial distribution is
very complex. Affected by the absorption and attenuation
of seismic waves of desert surface and deeply buried depth,
conventional imaging of seismic data processing is difficult
to meet the needs of fine exploration for fault-karst.

In order to effectively solve the problem of absorption and
attenuation in seismic wave propagation, a method of
extracting Q value from frequency information of seismic
data is studied. The calculation process is stable and
efficient. On this basis, high-precision Q-compensation is
realized to solve the problem of amplitude attenuation and
phase distortion of seismic data, to improve the resolution
and signal-to-noise ratio of seismic data.

Theory and Method

(1) Gabor transform extracting time-frequency spectrum

The original shot gathers of seismic data are processed and
migrated to generate post-stack seismic data. Gabor
transform can calculate the frequency domain from seismic
traces in a time domain. The spectrum corresponding to
each sampling point of seismic data in time domain is
generated by Gabor transform to generate time-frequency
spectrum. This step requires that Gabor transform can be
reversible, that is, the original seismic data in time domain
can be accurately restored by the time-frequency spectrum,
so as to measure the accuracy of the way to generate time-
frequency spectrum. A spatial combination of adjacent
seismic channels (3 *3, or 5 *5) is used to calculate the
time-frequency spectrum of any seismic channel, which can
effectively suppress the influence of random seismic noise
and at the same time can maximize the smoothing of the
amplitude spectrum and reduce the irregularity of the
spectrum.

(2) Calculating the central frequency information of each
sample point in frequency domain and estimating Q value

At the reference time point, it is assumed that the wavelet
can be represented by Reick wavelet (Ricker, 1953):
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Among them 0 is the peak frequency of the wavelet at

the initial time position 0  , and the mean value of the
wavelet is 0. The spectrum of Ricker wavelet is
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The frequency corresponding to the maximum amplitude is
called the peak frequency p . Set the derivative of the

spectrum to the frequency to be 0:
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The amplitude spectrum at any time  can be expressed as:
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Formula (4) with the derivative of zero will generate the
following quadratic equations:
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Its analytical solution is as follows:
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When the wavelet is at the initial time position 0  , the

peak frequency 00 )(  p .

The central frequency refers to the frequency at the center
of the frequency band. In practical calculation, the stability
can be achieved by using median filtering method to select
the median value from the sample values of adjacent 5 *5
(or 3 *3) channels.
For Ricker wavelet, Wang (2014) points out the theoretical
value of the center frequency pc  0591.1 , from

which p can be deduced by c . With the peak

frequency p , the formation attenuation Q-1 can be

estimated:
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In the formula, the peak frequency of the wavelet at the
initial time point 0 is )( 00  p .

(3) Q-compensation

On the basis of the calculated absorption factor Q, the real
data are compensated in frequency domain by stable
compensation algorithm (Yanghua Wang, 2002). As the
compensation amount becomes more and more with the
increase of frequency and time, the usual compensation
algorithm will over-compensate the high-frequency part,
resulting in excessive noise and signal distortion. This
method can avoid over-compensation of high-frequency
noise by no longer compensating the fully absorbed
frequency components. Another advantage of this
algorithm is that it can compensate the amplitude and
adjust the phase at the same time, which can solve the
energy loss and consistency problem of seismic wave at the
same time caused by formation absorption.

Real data example

The amplitude and phase compensation of the imaging data
is applied for SB work area of Shunbei oilfield in Tarim
basin. From Fig. 1, it can be seen that there is a large set of
strong energy event of Red Valley at 4600 milliseconds
before Q-compensation, which is the seismic reflection
corresponding to the unconformity on the top of Ordovician
carbonate reservoir. According to the exploration
knowledge of the adjacent areas, there are a certain number
of fracture-cave bodies under the unconformity, and the
fracture-cave bodies show beads reflection characteristics.
But this set of strong energy event conceals partly the
reservoir characteristics.

Figure 1. The seismic section of SB work area of Shunbei
oilfield in Tarim basin before Q-compensation

Fig. 2 shows that the resolution and signal-to-noise ratio of
seismic data have been significantly improved after Q-
compensation. The beads reflection characteristics of the
fracture-cave body under the unconformity of the
Ordovician top are obvious, and the number of beads
increases. Seven exploration wells have been deployed at
the beads reflection position, and all of them have been lost
when drilling into the Ordovician system. This shows that
the beads reflection discovered newly after Q-
compensation is indeed the seismic response of the
fracture-cave bodies.
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Figure 2. the seismic section of SB work area of Shunbei
oilfield in Tarim basin after Q-compensation

Similarly, for the application of S8JB work area, from the
comparison of fig. 3 and fig. 4, it can be seen that the
details of fault-karst reservoirs are enriched a lot after Q
compensation. The vertical penetration of faults in
Ordovician and Cambrian has been clearly shown, which
can deepen the geological knowledge of fault-karst
reservoirs.

Figure 3. the seismic section of S8JB work area of Shunbei
oilfield in Tarim basin before Q-compensation

Figure 4. the seismic section of S8JB work area of Shunbei
oilfield in Tarim basin after Q-compensation

Conclusions

(1) In Shunbei Oil Field, the absorption and attenuation of
seismic wave are serious for the thick dunes and deep
buried depth, resulting in low resolution of seismic data and

problematic preferences of exploration targets. Q-
compensation driven by the central frequency of seismic
data can compensate the energy loss of effective signals of
seismic data from shallow to deep, improve the signal-to-
noise ratio and enhance resolution at the same time. The
reflection characteristics of beads are more obvious, the
number of beads is increased, and the image of fracture is
clearer.

(2) The Q-compensation technology deduces Q value
information from the central frequency of post-stack
seismic data, the algorithm of which is stable and efficient.
With drilling demonstration, the beads of abnormal
amplitude drilled in the example area are seismic responses
of fracture-cave bodies, which shows that the technology is
reliable and has good amplitude preservation.
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