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Diffraction stacking with stacking velocity analysis in a surface seismic survey

Jun MaTsusHIMA*, Shuichi ROKuGAWA** and Toshiyuki YokoTA*
ABSTRACT

A new type of prestack time migration method whose data processing scheme is analogous to that of con-
ventional CMP method is presented. This proposed data processing method does not require multiples itera-
tions for achieving the velocity structure in the case of prestack migration. The optimum constant stacking
velocity can be determined at each image point from a stacking velocity analysis based on primary diffrac-
tion patterns.

Both the conventional CMP stacking method and the conventional stacking velocity analysis are
modified as follows.

1. In the case of the CMP stacking method, the amplitudes of observed data are stacked along the
reflection pattern in a CMP gather. On the other hand, in the case of diffraction stacking method with stack-
ing velocity analysis, the amplitudes of observed data are stacked along the diffraction pattern in a common
source gather or common receiver gather.

2. Stacking velocity analysis can be a useful tool for detecting characteristic patterns. Conventional
stacking velocity analysis is modified to detect patterns caused by diffraction events. Final stacked records
can be obtained based on maximum coherency peaks on stacking velocity analysis panels.

Firstly, proposed data processing procedure is described in detail. Secondly, the characteristic analysis
of the proposed data processing is presented. We studied the S/N ratio of reflection images by numerical ex-
periments which especially considered the effect of stacking aperture, defined as an angle range of collecting
seismic traces. Our numerical experiments revealed that diffraction stacking generally has the ability to pro-
duce a seismic reflection image with higher S/N ratio than CMP stacking for a horizontal and dipping reflec-
tor. This can be explained by Huygens’ principle. In case of dipping reflector, however, source/receiver
geometrical arrangements are important. And also, stacking coverage, defined as an angle range of collec-
ting seismic traces, is an important factor in obtaining the highest S/N ratio. This can be explained in terms
of Fresnel zones. We also found that S/N ratio and horizontal resolution are in inverse proportion to each
other.
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Fig. 1 Illustration of a stacking velocity analysis panel and a stacked trace derived from the stacking velocity panel. (a)
Stacking velocity panel which is a table of numbers as a function of velocity versus two-way normal time. (b)
Velocity-time pairs are selected from this panel based on maximum coherency peaks. (c) A series of values
along these velocity-time pairs makes a diffraction stacked trace.
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Fig. 2 Parameters for the calculation of a traveltime
of a scattered wave during diffraction stacking.
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a medium with constant velocity of 3000 m/s.
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20 m apart. Reflected waves generated by one
flat reflector were produced by using the con-
volution method.
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tral frequency of Ricker wavelet. (b) The
variation of RMS amplitude of noise with
stack coverage as a function of central frequen-
cy of Ricker wavelet. (¢c) The variation of
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wavelet.
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Fig. 7 (a) Schematic view of shot record for a flat
reflector. Raypaths (solid lines) generated
from one source and reflected by a flat reflec-
tor and received by 31 receivers. The dotted
lines represent diffracted waves generated by
the scatterer indicated by the arrow. Hatched
zone indicates stack coverage defined by Fig.
3. (b) Common shot gather of reflected waves
with diffraction pattern indicated by gray line
which corresponds to diffraction coverage
shown in (a).
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back propagation. The raypaths going through
hatched zone are back propagated.
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Fig. 10 The variation of maximum amplitude of
signal with stack coverage as a function of
central frequency of Ricker wavelet. (b) The
variation of RMS amplitude of noise with
stack coverage as a function of central fre-
quency of Ricker wavelet. (¢c) The variation
of signal to noise ratio with stack coverage as
a function of central frequency of Ricker
wavelet.
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Fig. 11 CMP stacked sections for random noise data with different spread length. Spread length= (a) 600 m, (b) 300

m, (c) 90 m.
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Fig. 12 Diffraction stacked sections for random noise data with different spread length. Spread length= (a) 600 m, (b)
300m, (c) 90 m.
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Fig. 13 (a) An example of reflected wavefield gather
calculated for the numerical model shown in
Fig. 4. Reflected waves generated by one flat
reflector were produced by using the convolu-
tion method. (b) An example of random noise
data. Random noises were added to the traces
shown in (a) so that signal to noise ratio
might become 0.3.
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Fig. 16 Dipping single-interface numerical model for
surface seismic survey and the specifications
of data acquisition. Dip angle of a reflector is
30 degrees. Reflector is placed at a depth of
300 m in a medium with constant velocity of
3000 m/s. Thirty-one sources and receivers
are spaced 20m apart. Reflected waves
generated by one flat reflector were produced
by using the convolution method.
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Fig. 17 (a) The variation of maximum amplitude of
signal with stack coverage as a function of
central frequency of Ricker wavelet. (b) The
variation of RMS amplitude of noise with
stack coverage as a function of central fre-
quency of Ricker wavelet. (c) The variation
of signal to noise ratio with stack coverage as
a function of central frequency of Ricker
wavelet.
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Fig. 18 (a) CMP stacked section for the data containing only signal component. (b) Diffraction stacked section for the
data containing only signal component. (a") CMP stacked section for the data whose S/N is 0.3. (b") Diffrac-

tion stacked section for the data whose S/N is 0.3.
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receiver

Fig. 19 Schematic view of image area (indicated by
hatched zone) for diffraction stacking in case
of a dipping reflector.
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Fig. 20 Comparison of data flow between (a) CMP
stacking and (b) diffraction stacking.
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