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Evaluation of the ability of diffraction stacking method for reflector imaging
in a cross-well seismic survey
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ABSTRACT

In this paper, we describe the comparison of the ability to image a flat reflector by applying CDP stack-
ing method and diffraction stacking method in a crosswell geometry. We studied the S/N ratio of reflection
images by numerical experiments which especially considered the effect of stacking aperture, defined as an
angle range of collecting seismic traces. In this case, random or coherent noises were added to crosswell
reflection numerical data. Our numerical experiments revealed that the stacking aperture is an important fac-
tor to obtain high S/N ratio in case of using a finite width of frequency of wave field, and induced the follow-
ing results.

(1) Diffraction stacking generally has the ability to produce seismic reflection image with higher S/N
ratio than crosswell CDP stacking. This can be explained by Huygens’ principle.

(2) Optimum stacking aperture range which gives the highest S/N ratio exists. This can be explained
by a fresnel zone.
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Fig. 1 (a) Ray paths generated from one source spac-
ed on the left-hand side of the model and
reflected by a flat reflector and received by 15
receivers spaced in a vertical line down the
right-hand side. The dotted line represents
reflection at the center of wells, (b) Same
single-interface numerical model as shown in
(a). Ray paths generated from one source spac-
ed on the left-hand side of the model and
reflected by one scatterer and received by 15
receivers spaced in a vertical line down the
right-hand side.
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Fig. 2 The reflected wavefield gather calculated for
the numerical model shown in Fig. 1 (source
position is indicated by the arrow). Diffraction
pattern is shown with gray line. Reflected
waves generated by one flat reflector were pro-
duced by using the convolution method.
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Fig. 3 Three types of the reflected wavefield gathers
calculated for the numerical model shown in
Fig. 1 (source positions are indicated by the ar-
rows), for various central frequencies, (a) 100
Hz, (b) 30 Hz, (c) 10 Hz. Diffraction pattern
is shown with gray line. Reflected waves were
produced in the same way as the case of Fig. 2.
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Fig. 6 Results of stacked records at the center of wells, generated only by using the reflections, for various stack
coverages 8 (0°, 36°, 72°, 360°) and central frequencies (50 Hz, 100 Hz, 200 Hz). No random noises were added
to each prestack trace.
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Fig. 7 Results of stacked records at the center of wells, generated by using both the reflections and random noises, for
various stack coverages 6 (0°, 36°, 72°, 360°) and central frequencies (50 Hz, 100 Hz, 200 Hz). One hundred ran-

dom noises were added to each prestack trace.

6=72°

0 Mﬁ/\,ﬁw
3 .
0 100 200 0 100 200 0 100 200 0 100 200
50+ p

04 NERTTX ! (WS Ly, "

e APl E

0 100 200 0 100 200 0 100 200 0 100 200
50

OMMWMMWM T

50

[4 100 200 0 100 200 0 100 200 0 100 200

time (msec) time (msec) time (msec) time (msec)

Fig. 8 Results of stacked records at the center of wells, generated only by using the random noises, for various stack
coverages 6 (0°, 36°, 72°,'360°) and central frequencies (50 Hz, 100 Hz, 200 Hz). One hundred random noises

were added to each prestack trace.
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Fig. 12 Results of stacked records at the center of wells, generated only by using the coherent noises (P-S converted
reflection), for various stack coverages @ (0°, 36°, 72°, 360°) and central frequencies (50 Hz, 100 Hz, 200 Hz).
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Fig. 13 The variation of RMS amplitude of noise with
angle as a function of frequency in case of
coherent noise. The curve with filled circle is
for central frequency of 50 Hz. The curve
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Fig. 15 Single-interface  numerical model for
crosswell seismic survey and the specifica-
tions of data aquisition. Reflector is placed at
a depth in a medium with constant velocity.
The number of source positions and receiv-
ing positions are X, respectively.
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Fig. 16 The variation of signal to noise ratio with
stack number as a function of X. The curve
with filled circle is for X of 30. The curve
with filled square is for X of 40. The curve
with filled triangle is for X of 50.
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Fig. 17 (a) Dipping single-interface numerical model
for crosswell seismic survey and the specifica-
tions of data aquisition. Dip angle of a reflec-
tor is 45 degrees. The separation of boreholes
is 270 m. There are 43 source positions spac-
ed 20 m apart in a vertical line down the right-
hand side of the model (indicated by filled rec-
tangles) and 30 receivers spaced 20 m apart
on the left (indicated by filled circles).
Reflected waves generated by one dipping
reflector were produced by using the convolu-
tion method. Central frequency of Ricker
wavelet is 100 Hz. This model is called “con-
tinuous reflector model”.
(b) Discrete reflector model and the specifica-
tions of data aquisition. A set of scatterers is
arranged in the dipping line (dip angle is 45
degrees) on a homogeneous background
velocity of 4000 m/s. Both arrangements of
sources and receivers are the same as (a).
Diffracted waves generated by one scatterer
were produced by using the convolution
method. Central frequency of Ricker wavelet
is 100 Hz.
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Fig. 18 Comparison of diffraction stacked records bet-
ween continuous reflector model and discrete
reflector model. A diffraction stacked record
for discrete reflector model was generated in
the method stated in the following. Each
diffraction stacked record is made in each
scatterer, and all is added in the end.
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Fig. 19 (a) Huygens’ principle. Every point on an ad-
vancing wavefront can be regarded as the
source of a secondary wave. (b) Back pro-
pagation.
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Fig. 20 (a) Diagram illustrating the directivity in
case of diffraction stacking. The ray paths go-
ing through shadow zone are stacked. (b)
Diagram illustrating the directivity in case of
back propagation. The ray paths going
through shadow zone are back propagated.
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Fig. 21 Illustration of fresnel zones. (a) Ray path.
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high frequency. (c) Ray path with a fresnel
zone in case of low frequency.
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