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APPLICATION OF WIDE AZIMUTH LAND 3D-A CASE HISTORY
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ABSTRACT

The equipments for seismic exploration upgraded
steadily during recent years, the receiver channel
increased from several hundreds to several thousands
or even ten thousands. With this progress, land 3D wide
azimuth acquisition becomes possible. Through a case
history of wide azimuth seismic from northwest China,
this article analyzed difference in imaging, coherence
data and phase etc. for narrow/wide azimuth data. It is
proved that wide azimuth has advantage in lithologic
and fractured reservoir exploration.
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Fig. 1a - Narrow-azimuth patch Fig. 1b - Wide-azimuth patch
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Fig. 1c - Rose diagram for narrow- Fig. 1d - Rose diagram for
azimuth wide-azimuth

INTRODUCTION

With the development of ocean bottom cable (OBC)
technique, wide azimuth acquisition has become
commercially available in marine exploration and
received pretty good result. While for land 3D due to
the data quality (S/N) and acquisition expense its
application was restricted in certain degrees. Recently
receiver channel increased from original several
hundreds to several thousands even ten thousands

which made wide azimuth land 3D acquisition possible.
Such as in mideast area wide azimuth has been used
recent years. Williams (2002) and Cordsen (2002)
analyzed the characteristics and summarized advantages
of wide azimuth survey. It is believed that wide azimuth
is superior to narrow azimuth in the aspects like image
resolution, coherent noise attenuation as well as
identifying directional fracture, but cost is its main
disadvantage. We strongly believe that: with the
development of source equipment and PC cluster as
well as the increase of receiver channel, the cost of
wide-azimuth acquisition will steadily decrease. Wide
azimuth exploration will eventually play an important
role in lithologic and fractural reservoir exploration.

THEORY

There are many fruitful discussions on wide azimuth
seismic survey recently; we would like to have a brief
review and further discussion on some theoretic issues.

1. Definition and comparisons of wide/narrow
azimuth.

The distinction between narrow and wide azimuth
surveys is made on the basis of the aspect ratio of the
recording path. The aspect ratio is defined as the cross-
line dimension of the patch divided by the in-line
dimension. Recoding patches with an aspects ratio of
lessthan 0.5 are narrow azimuth and those greater than
0.5 are wide azimuth. Fig. 1 shows the difference of
them. The direction of source and receiver focused on
the narrow area centered inline as in narrow azimuth
(Fig.1a), while in wide azimuth case source and receiver
are distributed in almost every azimuth. Fig 1c and 1d
show the difference in rose diagrams. Fig.2a shows a
narrow azimuth geometry with aspect ratio equal to
0.38, while Fig.2b is what of this researched wide
azimuth 3D with aspect ratio as 0.625.




Fig. 2a- Azimuth versusfor Fig. 2b - Azimuth versusfor wide-
narrow- azimuth azimuth
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Fig. 3- CMP grathersfor different azimuth

2. Narrow/wide azimuth in isotropic or VTI media

When the layers above the target zone are isotropic or
vertical transverse isotropic (VTI) media, apply 3D
DMO and 3D prestack time/depth migration technique
for velocity analysis during processing, then both
azimuth and layer dip have no influence on the velocity
(for stacking velocity there are three parameters as dip,
azimuth and media velocity which affect the velocity
value).

In reality no matter what kind of imaging algorithm
was used, migration is actually on the half-elliptical
volume with source and receiver as its two focal point
(asindicated in Fig.2c). Thelong axisliesin the direction
of source-receiver line. So for one pair of source and
receiver the imaging procedure is kind of direction
dependent, in the inline direction the accurate imaging
could be obtained, whilein the crossline only post stack
3D migration can be implemented. Thus in the fault

developed area, wide azimuth is superior in terms of
imaging ability.

It iswell known that near surface scattering is akind
of noise, which we could hardly fully get rid of especialy
in 2D cases. In the wide azimuth situation, as long as
that we could record them in a 3D space, we can get
them collapsed in the 3D space with 3D imaging
technique. So attenuation this kind of noise will be a
bit easy. Shortly wide-azimuth has advantage in
scattering attenuation.

3. Narrow/wide azimuth in anisotropic media
Transverse isotropy (TI) can be divided to VTI, HTI
(horizontal transverseisotropy) and TTI (tilted transverse
isotropy). We have discussed VTI media early; next we
will do some analysis on TTl and HTI case.

TTI case

In the area where the target is structure reservoir (asin
mountain exploration), anisotropy will affect the velocity
evaluation and seismic imaging. Without well
information correct imaging could hardly obtain. There
are some success cases in Canada mountain area. Fully
consideration should be taken to design the 3D geometry
with inline direction vertical to structure strike when
implement narrow azimuth, otherwise the influence of
TTI velocity variation and imaging error can hardly
eliminated in such area.

HTI case

Fractured reservoir often demonstrates HTI feature.
The main characteristics are like directional difference
in velocity, amplitude, reflection waveform as well as
phase. When narrow-azimuth geometry was
implemented and the inline direction is about parallel
to the direction of the fractures, the exploration result
can be poor. While wide-azimuth acquisition can
improve the exploration ability for fractures. Especialy,
with the utilization of directional velocity, amplitude,
waveform and phase, more fractures related information
can be achieved, which can then help design horizontal
well path in the exploitation

Processing results

We like to take a case in northwest China as an example
to do some comparison on narrow/wide azimuth
exploration. The exploration target is a monocline
structure with very small angle, where obvious spatial
lithologic difference exists, and also some fractures
contribute. The geometry used is like showed in




Fig. 4 - Velocity analysis for different azimuth

Fig.1d and Fig.2b, the aspect ratio is 0.62, and the fold
is100 (10*10). After amplitude preserved high resolution
processing, we display CMP gathers with same
multiplicity but at different azimuth angle of 0,45,90
and 135 respectively as showed in Fig.3. There is
obviously wavelet and S/N difference between them,
among them 45 and 135 degrees azimuth indicate the
greatest difference.

a. Atazimuth 43 °

b. Atazimuth 135%

c. All azimuth

Fig. 5- Coherence dlice of layer #1

That indicated that the fault system in this area have
directional influence on the data.

Fault system could cause the imaging velocity to change
with direction. Fig.4 is the velocity analysis result in
four different azimuths. At the depth of 2720 to 2760
meters, the RMS vel ocity differencein different azimuth
isonly 100m/s[] which iswithin the range of velocity
picking error. So doing the fault system research based
upon the velocity differencein distinct azimuth is very
difficult.

All azimuth

c. All azimuth

Fig. 6 - Phase dlice of layer #2

To further evaluate the difference between azimuths,
we implement coherence analysis on the different
azimuth data volume like Fig. 5 showed. Coherence
cube in 45 degrees azimuth (Fig.5a) has distinct
differenceto what of 135 degrees (Fig.5b) in the reservoir
layer. So thefault system isat the direction of 45 degrees.
In the narrow azimuth geometry, if the directionisin
the accordance of 45 degrees, then good exploration
result could hardly achieved. In the practice it is easy
to measure the structure orientation but to know the
direction of fracture in advance is far more difficult,
consequently, satisfied acquisition orientation design
is a tough job. For wide azimuth no such problem
existed. Fig.5c isthe coherence data of &l azimuth data,
the fault identification ability improved obviously.

b. 135°

c All azimuth

Fig. 7 - Amplitude slice of layer #3

I nstantaneous phase sometimesis suitable for pinchout
and fault identification. Fig.6 shows the result for
different azimuth data. In the 135 degrees data volume
the phase information clearly indicated the existence




of fault, whilein 45 degrees data the fault cannot clearly
seen. Obviousimprovement achieved in the al-azimuth
data (Fig.6¢) as compared to narrow azimuth result.

Last but not least let’s ook at the influence of azimuth
to amplitude imaging. Fig. 7 shows the amplitude along
the target horizon for different azimuths. Amplitude
plot of 45 degrees data (Fig.7a) could hardly be used
for lithologic exploration; it is much better for what of
135 degrees data (Fig.7b); what of all azimuth datais
even better, pinchout or fault could possibly identified
fromit. Fig.8 isan attribute of reservoir with 3D seismic
datavolume overlaid. Someriver channels can be clearly
observed both in the attribute and seismic section (as
arrows pointed). Fig.9 is the result from waveform
cluster around target layer; the river channels are easy
to identify and some lithologic anomaly can be found.

From above discussion it is clear that wide azimuth is
superior in the aspect like lithol ogic and fault exploration.

CONCLUSIONS

Researches on this case history indicated that wide-
azimuth patch has advantage in the aspects of amplitude,
coherence cube and phase information as compared to
narrow-azimuth. So wide-azimuth is relatively more
appropriate to be used in the lithologic and fractured
reservoir detection. With the development of acquisition
equipment, wide-azimuth geometry will sure become
the first choice for lithologic and fractured reservoir
exploration.

Fig. 8 - Attribute of target layer with seismic data
volume overlay
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