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INTRODUCTION
Although three-component downhole tools can record vector wave data in a marine VSP, shear waves must
be generated by mode conversion of compressional waves at appropriate interfaces. This produces
additional interpretational problems when analysing the multicomponent data, particularly for subsurface
anisotropy. Here we examine those factors which are critical to the success of a VSP design for optimal
imaging of anisotropy in marine VSPs.

DEFINING ‘OPTIMAL’ CONVERSION

For most purposes it is usual to use large offset to generate high amplitude converted shear waves, as it is
well-known that the more oblique ray direction produces a greater conversion coefftcient. However,
completely ‘optimal’ acquisition must also take into account the ease of processing and interpreting the
recordings. This is of particular importance in studies of anisotropy where the resolution depends
critically upon the geometric distribution of raypaths sampled. Consequently, the definition of an ‘optimal’
acquisition must also incorporate an understanding of multiples and undesirable interfering waves.
CONVERSION COEFFICIENT AND GEOMETRIC SPREADING
Most studies exploit the well-known amplitude function composed of the plane wave transmission
coefftcient T,
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and geometric spreading shown in Figure 1. A strong increase in the converted

shear-wave an plitude is expected beyond the critical angle for the compressional wave propagation.
Similar theoretical predictions are to be shown for the anisotropic case.

MULTIPLE ELIMINATION
A major influence on the ‘optimal* conversion point is the well-known intrinsic complication created by
the free-surface of the water layer (Parkes and Hatton  1986). These effects are crucial to the
interpretation of shear-waves propagating through the underlying anisotropic material which may be easily
distorted by interfering multiples from preceding events. Although it is of considerable benefit to
processing if a single common scalar function can be applied to the entire wavefield during deconvolution,
this is not justified for converted waves. Figure 2 demonstrates that the optimal conversion point based
upon maximum transmitted amplitude also coincides with a rapid disparity in the multiple spacing for the
I’-Y and P-S paths due to the different incidence angles. This difference becomes more pronounced for a
large V,/Vs  in the seabed sediments. Consequently, for most optimal offsets these wavetypes should be
separated before signature deconvolution.

LOW FREQUENCY MARINE SEISMIC?
The upper offset limit for application of a common multiple operator is determined by the seismic period
(‘Q, typically the multiple spacing must be greater than 2/S, beyond which the individual identity of the
multiples is lost due to the broad seismic pulse. This implies that converted shear-wave interpretation may
be simplified significantly if suitable low frequency energy is available, so that shear-wave analysis can be
carried out without recourse to multiple elimination procedures. This sacrifices structural resolution for
ease of interpretation and processing, and represents an extremum in our balance defining the ‘optimal’
point.

RESOLUTION OF SUBSURFACE ANISOTROPY

Raypaths at inappropriate azimuths and incidence angles may not contain enough information to determine
the anisotropy (MacBeth  et al. 1993). Adequate resolution requires careful planning to ensure that
non-uniquenesses are reduced, to enhance subsequent interpretation. This demands a range of incidence
angles and hence offset range which may not suit the amplitude optimum. We consider different
anisotropic structures and the likely resolution in each case.
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DISCUSSION AND CONCLUSIONS
All experiments should be preceded by detailed prior modelling and design of the acquisition geometries
followed by the necessary processing stages. The study highlights the necessity for accurate modelling of
source conditions and near-surface/seabed conditions, to correctly account for refraction and conversion
processes. Figure 3 shows synthetic seismograms for isotropic and anisotropic materials, which illustrate
some of the points made in this abstract. These are calculated by full-wave nrodelling using the reflectivity
method (Taylor 199 1). Examples of converted waves for a variety of anisotropic materials will be
considered together with field examples. The general conclusions are true regardless of whether one
considers the subsurface to be isotropic or anisotropic.
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FIGURE 1. Plane wave transmission
coefficient with offset for a planar
liquid-solid interface. Computation
uses the numerical scheme of Mallick
and Frazer (1991). Points correspond
to measured amplitudes from
synthetics in Figure 3. Background
isotropic model has V, = 2.77km/s
and Vs= 1.6Okds.
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FIGURE 2. Variation of multiple
spacing with offset for P-P and P-Sir
conversions for isotropic model with
vvs = 1.73 and 3.00.
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FIGURE 3. Synthetic seismograms for (a) isotropic
and (b) anisotropic case in Figure 1. An explosive
source is positioned 3111 below the surface of a 50m
thick water layer. The geophones are 8OOm  below
the seabed, and varied in horizontal offset between
25m and 2km.


