








Virtual Source Method

We may speculate that dual-sensor wavefield separation on
real-source data may remove reflections from above
(Mehta et al, 2007). However, presence of random
scatterers in the near-surface is likely to degrade the quality
of such separation. Noticeably, migrated image of Virtual
Source data is somewhat biased to lower frequencies,
which is the result of squared source wavelet in VSM that
can be removed by deconvolution. Source wavelet used in
computations has the maximum at 40 Hz while the highest
frequency reaches 90 Hz.
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Figure 7. Comparison of migrations using downhole datasets with
real and Virtual Sources. VS image reveals clear target reflections
that are practically invisible on a real-source migration.

Even better results are obtained when imaging is applied to
the differences between baseline and monitor VS data
(Figure 8). VS migration result is practically free of
artifacts, except for some additional reflections below the
anomaly zones caused by uncorrected time-shifts due to
velocity decrease in reservoir layers. Figure 9 shows
amplitude distribution along the images of layers h1 and h2
on Figure 8b. The ratio between image amplitudes
corresponds to the actual contrast differences which were
used in the monitor model (Figure 8a). Nonuniform
amplitudes along the layers are caused by edge effects in
acquisition geometry.

Discussion and conclusions

We presented synthetic examples of Virtual Source
imaging and monitoring to a complex 3D elastic dataset
resembling a typical Middle Eastern field. Despite strong
3D near-surface heterogeneity, areal summation of cross-
correlations leads to greatly improved VS images as
compared to actual downhole sources or horizontal VSP.
4D anomalies are reliably recovered by migrating the
difference in VS dataset.
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Future studies will focus on assessing effects of up-down
separation (Mehta et al, 2007), correcting radiation patterns
of the Virtual Sources (van der Neut, 2008), obtaining an
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Figure 8. Rotated by 15° velocity model for the target stack of
layers (left panel) with shown anomaly zones. Migrated image
(right panel) of the VS difference data between the baseline and
monitor datasets. Clearly visible are time-lapse differences for the
layers containing anomaly zones.
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Figure 9. Amplitude of differential image from right panel of
figure 6 computed along the anomalous layers hl (blue line) and
h2 (red line). Note that amplitude ratios are consistent with
anomaly contrasts.

areal image using multiple wells (cross-spreads) and
mapping areal 4D anomalies in a more quantitative fashion.
In addition, best practices for acquisition geometry needs to
be evaluated. Proper 12C dataset (3C sources and 4C
receivers) also allows for the testing of a multicomponent
version of the Virtual Source Method.
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