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ABSTRACT: To find major obstacles to the broad implementation of and to suggest effective processing methods
for virtual PP reflection images using the first surface multiples, seismic data were synthesized and the
characteristics of the virtual reflection data were analyzed. For the synthetic data for the two-layer horizontal model
with a vertical boundary, seismic energy was assumed to be generated at five independent sources and their
waveforms were computed at 99 receiver locations. Maximum amplitudes of reflection signals are less than 2%
of those of the direct Rayleigh waves on an average. This indicates that the non-reflection seismic events should
be suppressed before correlating traces for virtual seismic data with good signal-to-noise ratios. The stationary
phase of virtual reflections should be considered in determination of the optimum common-midpoint (CMP) ranges
for horizontal stacking. Additionally, the CMP ranges with large reflection amplitudes should be also considered
for good signal-to-noise ratios of virtual stack images.
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Fig. 1. Schematic diagram of raypaths for direct wave (thick solid), critical refraction (dashed), and reflection (dotted)
interferometry with two receivers, R; and R; (triangles), in a homogeneous two-layer layer model. Stationary source
locations (stars) can be in any position along the profile away from the two receivers for the direct waves (Sy), farther
than the critical distance from the nearer receiver for the critically refracted waves (S}), and only at the distance
equal to the separation of paired receivers (4x) from the nearer receiver (S,) and its multiples for reflected waves.
Buried stationary source locations (S, and S,) and midpoint (Py) are also indicated (modified from Song et al., 20018).
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Fig. 2. Synthetic model used for this seismic reflection interferometry (SRI) study. Seismic energy independently
generated at five sources (stars) at 10 m depth was assumed to be recorded at 99 active receivers (triangles) buried
at the same depth as the sources. The 10-m thick vertical boundary (gray) in the middle of the profile is horizontally

exaggerated and illustrated at the right of the model.
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Fig. 3. Synthetic source gathers (SSGs) at (a) 0, (b) 500, and (c) 1000 m from the origin. By symmetry, SSGs at
1500 and 2000 m are simply mirror images of SSGs at 500 and 0 m, respectively. Trace equalization was applied

only for display purpose.
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Fig. 5. Synthetic source gathers (SSGs) (a) before and (b) after applying the median filter. Strong linear events com-
prise both direct P (P) and R (R) waves with positive slopes, and diffracted R (RdR) waves with a negative slope.
Reflections of P (7P), converted ( 2S), and S (55) waves are hyperbolic. After applying the median filter (b), however,
both direct and diffracted R waves were greatly attenuated.
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Fig. 6. Virtual source gathers without the preprocess for attenuating non-reflection events at (a) the nearest active
receiver location and (b) a distance of 410 m from the origin. The near-offset traces (at distances less than 30 m)
in (b) are null since the farther receivers of the receiver pairs can not serve as virtual sources.
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Table 1. Maximum instantaneous amplitudes of various seismic phases in the five synthetic common-source-gathers
(CSGs) before and after application of both the median filtering and pre-reflection mute.

Processing Phase CSGs 1 &5 CSGs2 & 4 CSG 3 Average

Stage Amp (%) Num Amp (%) Num Amp(%) Num Amp (%) Num
P 0.94 88 0.82 67 0.97 68 091 378
R 94.18 98 94.82 99 95.69 99 94.74 493
Before 1%’1?’ 131 71 1.45 71 2.03 99 1.55 383
filtering and PS 0.53 56 0.58 93 0.69 99 0.59 397
mute S5 0.97 68 0.32 92 0.27 99 052 419
RdR 1.83 38 1.76 38 - - 1.79 152
mPP 0.20 65 0.24 73 0.33 99 025 409
P 18.81 99 25.38 99 25.54 99 2279 495
R 20.61 71 56.57 99 23.03 99 3737 439
After PP 23.47 69 4.68 99 32.28 99 1692 435
filteringand ~ P§ 13.48 76 1.17 95 10.53 99 751 441
mute S8 4.07 35 0.52 99 3.22 99 1.92 367
RdR 6.65 48 1.57 99 - - 323 294
mPP 11.73 99 0.62 99 5.41 99 6.02 495
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