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Analysis of multicomponent walkaway vertical seismic profile data
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Summary

A multicomponent walkaway VSP data was processed for PP and PS imaging as well to study the AVO
response. To date, a PP wave corridor stack and VSP-CDP mapping have been completed and are
correlated to synthetic seismograms. Overall, we saw a good correlation between VSP and synthetic data,
and observed changes inside the reservoir, interpreted to be due to production. A common shot stack
reflectivity gather was produced for AVO analysis. At the top and bottom of the target reservoir, the AVO
responses of VSP PP wave data and synthetic gathers show similar trends. The results give us promise for
inverting walkaway VSP data for reservoir properties.

Introduction

A vertical seismic profile (VSP) is a measurement in which the seismic waves are recorded by geophones
secured in a borehole for a seismic source at the surface of the earth. Due to its geometry, a VSP survey is
used principally to calibrate surface seismic data by giving an accurate depth-time measurement to
geological features. VSP data has greater resolution than surface seismic data and provides more detailed
image around the borehole. Besides broader frequency bandwidth, VSP survey has other advantages for
AVO analysis (Coulombe et al., 1996):(1) VSP data has less noise interference due to the quiet borehole
environment, (2) downgoing wavefield is also recorded and can be used to design the deconvolution
operator. (3) a good estimate of the reflection coefficient from VSP is relatively easy to obtain. Considering
all these advantages, the walkaway VSP is especially suited for AVO analysis.The application of converted
seismic wave exploration enhances traditional compressional wave exploration in many aspects such
providing a more robust way to derive rock properties. In this research, combining the advantages of VSP
and converted - wave data, a multicomponent walkaway VSP data was used to undertake AVO analysis of
the target reservoir. It makes the characterization of target reservoir more reliable and the results can be
used to guide field development.

VSP data processing and interpretation

The University of Calgary patrticipated the walkaway VSP data acquisition in 2011. Envirovibe and dynamite
energy sources were applied at the same source location. After geometry setup and preprocessing, the
zero-offset and far-offset VSP data were processed separately using different processing workflows. Figure
1 shows the flow charts of both zero-offset and far-offset VSP data processing as well as the AVO gather
creation. The VISTA software from GEDCO was used for the data processing.
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FIG.1. Zero-offset, walkaway VSP processing and AVO gather creation sequences

Following well log calibration, an offset synthetic offset gather was created using CREWES software
SYNGRAM. The composite plots (Figure 2) show detailed correlation between sonic logs, VSP-CDP
mapping of upgoing P wave of a far-offset VSP shot (dynamite, offset=153 m), processed upgoing P (PP)
gather and stack traces of zero-offset VSP, and synthetic seismogram of PP wave. Overall, a reasonable
correlation of the VSP to the synthetic seismogram was observed. However, some reflections within the
reservoir on synthetic seismograms are not clear on VSP data. The reason is that thin high velocity layers
yield strong reflections on synthetic seismic, but might be too thin to be resolved by seismic waves of VSP.
Also, due to the small change of the P wave velocity and porosity, the impedances of the interfaces inside
the reservoir are too small to be identified on VSP data.

An offset reflectivity gather was obtained for AVO analysis following the work flow shown in Figurel . Figure
3 shows the correlation of the common shot stack to the synthetic seismogram and AVO responses of the
top and bottom of the target reservoir. Inside the reservoir, the amplitude and phases of the VSP data
show large differences from synthetic seismogram. There are three possible reasons for the difference: (1)
the logged well is 200 m away from VSP borehole, the lithology of the fluvial channel deposit system may
change greatly in this distance; (2) the study zone is currently under production, so the properties of
reservoir could change during production; (3) the whole reservoir interval is about 50-75 m and 5 horizons
were picked on the well log of this reservoir. Limitation of VSP resolution makes picking seismic horizons
within the small time interval challenging.

Overall, the amplitudes picked from VSP and synthetic seismogram at top and bottom of the reservoir

display a similar variation trend within offset range of 0 to 500 m. These results give promise of rock
properties inversion using the walkaway VSP.
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FIG. 2. Composite plot of sonic log, VSP data and synthetic seismogram. (a) sonic log, (b) VSP-CDP mapping of
upgoing P of a far-offset VSP (offset=153 m), (c) processed upgoing P wave gather of zero-offset VSP, (d) corridor
stack, (e) non-corridor stack, (f) synthetic offset gather and its stack trace (repeated 3 times).
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(B) synthetic vs VSP amplitude
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FIG.3. (a) Correlation between common shot stacks (receiver-offset gather) and synthetic offset gather;
Comparison of amplitudes picked from VSP and synthetic seismogram; (b) amplitude response of top reservoir; (c)
amplitude response of base reservoir. In both the response shows similar trends along offset.

Conclusions

A multicomponent walkaway VSP data was processed and correlated to synthetic seismograms. Overall,
the PP mode of VSP data shows good consistency with synthetic seismograms. Inside the reservoir,
difference was observed due to production. The distance between analyzed well location and the VSP
borehole may also degrade the accuracy of the interpretation. The PP wave AVO responses of VSP gather
and synthetic seismogram show similar trends at the top and bottom of the reservoir. The results give us
promise for rock properties inversion by the walkaway VSP data.
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Future work in this research includes obtaining a more accurate PS wave velocity to process and correlate
the PS data to PP data then undertaking PP-PS joint inversion to predict the rock properties.
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