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INTRODUCTION

Multicomponent seismic data are used increasingly to provide what were previously inaccessible properties
of reservoir rocks. However, lack of control over shear-wave excitation through mode conversion presents
difficulties in the marine environment. It is common practice to choose a large offset to optimize the
converted wave energy so that the shear-waves are strong enough to be reliably processed. These offset
VSPs  are time-consuming to acquire and are usually difficult to process as most existing schemes for
solely compressional wave analyses often produce misleading results when applied to shear-waves. A
common treatment of multiple elimination for both compressional and shear-waves becomes progressively
difficult as the optimal conversion offset is approached. In addition, rays at large incidence angles suffer
from complicated interfering arrivals and enhanced sensitivity to lateral variations of lithology or
non-planar interfaces. These ray paths also pose interpretational difficulties when inverting polarizations
and time-delay estimates for anisotropic structure. Here, we suggest as an alternative the use of a rig
source to generate a near-offset multicomponent VSP. The shear-waves from this type of VSP are not
influenced by most of the problems associated with offset VSPs, and if appropriately optimized, this
acquisition could provide simple shear-waves for direct interpretation of the underlying multicomponent
response.

CONVERSION AT NEAR-NORMAL INCIDENCE

.

Whilst it is certainly true that there is some trade-off between incoherent scattering and shear-wave. quality
with decreasing offset, coherent shear-waves of significant amplitude can be generated at near-offsets giving
ray directions with incidence angles of less than 5 degrees. Most recently, this has been observed for
conversions at the sea-bed (Lin 1993),  within the subsurface in a marine VSP (Schruth ef al. 1993) and
in a land VSP (O’Brien 1992).  These show shear-waves rising above the noise level and larger than
many of the reflected amplitudes. But how large an angle is required to give these observed shear-waves,
and is there a simple underlying explanation without invoking rough or inclined interfaces?

Figure 1 plots the amplitude ratio of the mode converted shear-wave (at the sea-bed) to the refracted
compressional wave, contoured for various V,/V, and V, values. The calculation is for a fixed near-offset
geometry which gives ray angles within only 5 degrees of the vertical. These particular results are from
modelling studies based on the reflectivity method of Kennett (1983).  for which a plane layered isotropic
structure is assumed. Figure 2 shows a set of three-component seismograms for a selection of V,,/V, and
V, values. In this example, it is observed that the amplitude ratios can reach a maximum of 0.6 relative
to the compressional wave amplitude under apropriate subsurface conditions. This large converted
amplitude can be fully explained, and successfully predicted, by a combination of the transmission
coefficients T&T,,,  where T,, must be calculated at incidence angles further from the normal than T,,
(due to ray refraction), and geometric spreading factors g,s/g,, for the spherical waves emanating from a
point source, again computed at the different ray angles. The geometric spreading factor is independent of
frequency but dependent upon the source and sonde depths, offset, and V,/Vs.

CONCLUSIONS

In this work we confirm the existence of strong converted waves at near-normal incidence (less than 5
degrees) in simple phte  layered isotropic structures. These waves can be reliably observed by current
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technology so that conventional marine sources can provide polarizations and time-delays for anisotropic
inversion. Mode conversions from the sea-bed may be optimized to some extent by an appropriate choice
of the source depth, although the overall determining factor is subsurface lithology. Careful theoretical
modelling is required before this opportunity can be considered with confidence. Near-offset VSP provides
an opportunity for multicomponent information at a minor processing and acquisition cost.

We highlight circumstances which favour strong conversion efficiency. Theoretical explanations are
combined with observational examples from the North Sea and the corresponding modelled seismograms.
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4.0 FIGURE I . Amplitude ratio of
converted shear-wave to transmitted
compressional wave at seabed for a
range of V,/Vs and V,.
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FIGURE 2. Synthetic seismograms for a range of
V,/Vs  and V, values cutting across a diagonal
from bottom left to top right of Figure 1. Source
depth is 3m in a 50m thick water layer, receiver
depth is 8OOm,  and the offset is 87m.
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