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INTRODUCTION
Even with the appropriate technology and correct field practice, multicomponent data may not be

suitable for extracting the full information content provided by the seismic waves. This is particularly
true if the experimental objective is to image details of fracture-induced anisotropy, which may only be
adequately estimated from a select range of normal and oblique incidence ray paths. It is not
sufficient to rely upon a wide coverage of ray path directions in three-dimensions to ensure adequate
resolution of the anisotropic parameters. Acquisition geometries adapted from conventional practice in
this way, may prove to be costly and provide insufficient resolution of these rock parameters. This
can be avoided by designing the acquisition geometry to reduce the inherent non-uniqueness (MacBeth
199 la, b) in the anisotropic inversion. An algorithm has been constructed which inverts for different
VSP geometries to find the minimum non-uniqueness. This is implemented through the use of
database technology (MacBeth, 199 1 b) . The type of database used for this work consists of
pre-calculated wavefield estimates of compressional and shear wave behaviour through a range of
different anisotropic materials.

CASE STUDY
The procedure is used to confirm a pre-acquisition strategy for determining the geometry of

multi-azimuth walkaway VSPs  in the Juravskoe Oilfield in the Caucausus  Basin (Slater et al., 1993).
Amongst other acquisition plans, two shear-wave offset and walkaway lines were proposed, each with
seven source locations from 5OOm out to 2500m,  with in-line and cross-line source polarizations.
There were to be two geophone levels 1OOm apart, above and below the reservoir layer at
approximately 2000m depth. The design input to be confirmed by the database acquisition design
algorithm were the azimuths of the lines.

Five different azimuthal lines and two groups of angles of incidence (Figure 1) were tested using
the design algorithm. The first set of incidences (Group 1) ranged from 6’ (near normal incidence) to
42’ in steps of 6’, and corresponded to the offset VSPs. The second (Group 2) ranged from 5’ to 65’
in steps of 1 O”,  and corresponded to the walkaway VSPs. Separate inversions, based on sSI (leading
shear-wave) polarizations, were carried out for each angular aperture in Figure 1, and analyses made

to determine the number of total possible anisotropic models that satisfied the inversion criteria.
Solutions for probability thresholds of 0.99, 0.95, 0.90 and 0.75 were obtained and are shown in
Table 1. The inversion for the azimuths parallel and perpendicular to the crack-strike indicated that it
may be difficult to determine a unique solution for the inversion, as all parameters are common to one
or more solutions (not shown). Azimuths of either 15’, and 30’ (or 60’ and 75’) appear to be the
most suitable for the walkaway VSP.

The VSP acquisition proceeded in an approximate accordance with these proposals and analyses
demonstrated the presence of an anisotropic shear-wave cusp on the walkaways caused  by strong
azimuthal isotropy in the 1200m thick uniform clay layer (Slater et al., 1993). This feature of the
shear-wave behaviour might not have been observed without the use of optimum acquisition geometry
to adequately sample the shear-wave behaviour.
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DISCUSSION AND CONCLUSIONS
The results of this study underline the importance of planning optimal acquisition geometry for

shear-wave VSPs  to interpret important features of anisotropic behaviour, so that the ambiguity in data

interpretation for the anisotropic model may be reduced. This is critical for a phenomenon like
anisotropy which has a large number of independent variables, and large inherent non-uniquenesses.
It is suggested that this type of optimum design is necessary when observing and interpreting all
multicomponent data, whether it is VSP, reflection, or cross-hole. It could be particularly useful in
marine VSPs, where converted shear-waves must be analysed to extract the anisotropy. As the design
algorithm progresses it may be possible to restrict experimental studies to image one specific
anisotropic parameter.

FIGURE 1. Equal area plot of polarizations
for qS1 (leading shear-wave) corresponding
to the anisotropic model chosen for the
Juravskoe area. Limits of the angular
apertures used in the design are drawn as
rectangles at five different azimuths: O”,  15’,
30°,  45’ and 90’ to the crack-strike. At each
azimuth, there are two apertures,
representing the angles of incidence for the
offset VSP (Group 1) and a wider range for
the walkaway VSP (Group 2). Open circles
indicate directions of disruptive behaviour
near and at point singularities.

AZIMUTH (O) CPU( min) PERCENTAGE OF TOTAL

O F F S E T  V S P  0 24
15 24
30 24
45 24
90 24

WALKAWAY VSP 0 24 0.7583 0.7623 0.8483 1.5895
15 24 0.0013 0.0026 0.0038 0.0506
30 24 0.0013 0.0017 0.0514 0.0596
45 24 0.0013 0.0026 0.0643 0.0526
90 24 0.0049 ,0.0183 0.028 I 0.1715

>0.99 >0.95 >0.90 >0.75
1.9522 2.0210 2.2928 3.6608
0.0026 0.0026 0.0064 0.0818
0.0013 0.0141 0.0510 0.3000
0.0013 0.0206 0.0574 0.5399
0.0051 0.0164 0.0229 0.1475

TABLE 1. Details of inversion solutions for different offset (Group 1) and walkaway (Group 2) VSP
line azimuths. The last four columns give the percentage of anisotropic models in the database which
have objective functions greater than the threshold probability values of 0.99, 0.95, 0.90, and 0.75
respectively.
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