
PI72 INFORMATION CONTENT OF AMPLITUDE VERSUS OFFSET OF
SHEAR-WAVES IN ANISOTROPIC MEDIA
GARETH S. YARDLEY, GERHARD GRAHAM and STUART CRAMPIN

British Geological Survey, Mmhinson  House, West Mains Road, Edinburgh EH9 3LA,  UK.

Many recent publications (Alford 1986, Martin and Davis 1987, Squires et al 1989) have
analyzed anisotropy in shear-wave reflection surveys. Such studies yield values of the
percentage anisotropy over wide depth ranges in the shear-wave section. Percentage
anisotropy is usually calculated from the time delays between the arrivals of the fast and
slow split shear-waves and gives information about the crack density and porosity in the
section. The polarization direction of the fast split shear-wave is determined by the crack
and stress geometries in the rock and is likely to yield information about preferential
directions of fluid flow within a reservoir.

Although, the parameters of crack density and crack strike are useful for reservoir
characterizations studies, many reservoirs are too thin for discernable time delays between
the split shear-waves to build up within the reservoir layer.’ This means that the
anisotropic properties of reservoirs may be unresolveable in studies of shear-wave splitting.
Thomsen (1988) suggested that the amplitude of shear-waves reflected from the reservoir
layer should be studied. The shear-wave velocity in anisotropic medium is lower for the
wave polarized perpendicular to the crack strike than for the wave polarized parallel to the
crack strike. This means that the reflection coefficients will be different for waves being
reflected from an anisotropic reservoir for waves parallel and perpendicular to the crack
strike.

Ostrander ( 1984) studied reflected P-wave amplitude versus offset (AVO) variations to
distiguish seismic bright spots caused by gas saturated sands and bright spots caused by
other phenomena. Here, we investigate how the shape of the shear-wave AVO curve
varies with reservoir properties, particularly anisotropy, to see there is characteristic
information about reservoir properties which could be used in characterizing the reservoir
from data recorded in a standard shear-wave reflection survey.

In anisotropic media, the velocity of shear-waves varies with incidence angle and
azimuth. This means that the shape of the reflection coefficient against angle of incidence
curve will also change as the anisotropy in the reservoir (reflecting) layer is increased.
Graphs of shear-wave reflection coefficient against incident angle are calculated at a
isotropic/anisotropic interface for a range of aniostropies in the reservoir layer. These
graphs are calculated both for cracks in the in-line and cross-line directions. The changes
in the reflection coefficient against angle of incidence are small.

In shear-wave reflection surveys data is usually aqcuired with two source orientations
one in-line and the other cross-line. Liu et al. (1990) described the distorting affects of
shear-wave reflections for non-normal angles of incidence if the incident shear-wave was



not polarized strictly SV or SH. This is due to the different shapes of the reflection
coefficient against incident angle curves for the SV and SH waves. If the in-line direction
of the reflection survey is parallel or perpendicular to the crack strike the distorting affects
described by Liu et al. (1990) are not a problem. However, if the cracks strike at an
angle to the reflection line the shear-waves will split on their path to the reflector and
arrive with polarizations which are not SV or SH. In such a case information about
reflection coefficient with incidence angle will be lost.

It is seen that much of the information about the anisotropy in the reservoir (reflecting)
layer is held in the near-normal incidence reflection coefficients of the waves polarized
parallel and perpendicular to the crack strike. Previous work which uses this difference in
normal incidence reflection coefficients are reviewed and their range of uses are evaluated.
Such methods are dependant on the velocity and density contrasts at the reflecting
interface as well as the percentage anisotropy in the reflecting layer. A simple graphical
approach showing when the study of reflection coefficients is viable is also suggested.
Methods which look for a rotation in the reflected shear-wave with respect to the source
orientation due to the different reflection coefficients parallel and perpendicular to the
cracks are unlikely to be viable in the real earth, where the near surface layers are also
anisotropic and cause the up coming shear-wave signal to split and information about the
reflecting interface at the reservoir level is lost. Techniques which compare the amplitudes
of the reflected wave perpendicular to the crack strike with the amplitudes of waves
parallel to the crack strike or regions where there are no cracks appear to be effective.
Mueller (Abstract, Fourth International Workshop on Seismic Anisotropy 1990) discussed
such a technique which has been used successfully to identify fractured reservoirs in the
Austin Chalk, Texas.
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