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Introduction: P-wave AVO is a good hydrocarbon indicator, particularly for detecting gas accumulation
(Castagna and Backus 1993). Azimuthally-dependent P-wave AVO can further provide valuable
information for characterizing lithology and fractures (Lynn et al. 1995). For this, it is common practice
to choose large offsets and wide azimuthal coverage to uncover the requisite information. However; this
requirement also opens up a wide variety of complications in the wave propagation associated with large
ray angles, with enhanced sensitivity to overburden and near-surface anomalies. Variations in lithology and
anisotropy, and in geophone and array sensitivities may also distort the AVO effects. In addition most
processing techniques such as NM0 correction, stacking, and migration are only designed for relatively
small offsets. All these complications have, to a great extent, limited the applicability of AVO analysis.
Here we suggest an alternative: the use of converted-wave AVO at relatively small offsets.

Converted-wave AVO: Multicomponent recordings make it possible to study the offset-dependent
reflectivity of a variety of mixed wavetypes. To understand the sensitivity of the AVO signature, we
calculate the reflection coefficients for body waves incident from a weakly anisotropic overburden to a
fractured reservoir with different properties (Figures 1 & 2). Without loss of generality, the fracture strike
is chosen as 45” from the incident plane (the plane of symmetry of the overburden). The presence of gas
induces an AVO response in the qP-to-qP  waves (compare the solid and dashed lines, Figure 1a);while
the fracture-induced anisotropy reduces these effects (dot-dashed lines, Figure la). The AVO response of
the shear-waves is relatively insensitive to the presence or absence of gas (compare the solid and dashed
lines, Figures 1 b and lc), but the qSI-wave shows increasing variations with fracture intensity (Figure 1 b).
For qP-to-qP  waves, the reflectivity remains constant for incidence angles less than 12”, and starts to
increase until 45”. However, for qP-to-qSI conversion, the presence of gas increases the AVO response
(dashed line, Figure 2a), the fracture-induced  anisotropy further enhancing it (dot-dashed lines, Figure 2a);
the AVO response builds up from zero-offset and extends to about 30”. qWto-qP waves also show similar
variations (Figure 2b), as do qP-to-qS2  waves at the intermediate azimuth (Figure 2~).

Conclusions: Both the diagnostic features of P-AVO for hydrocarbon accumulation and S-AVO for
fracture-induced anisotropy are retained in the AVO signatures of the converted waves, but a relatively
smaller angular coverage is required to reveal these effects. Identification of the converted waves can be
easily made from the transverse component (Figure 3). Study of this type of AVO will therefore
substantially reduce the processing effort required to isolate the AVO signature. Theoretical studies together
with real data demonstrate the advantage of using converted waves in processing and interpretation for
AVO analysis.
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Figure 1. The reflections coefficients of (a) qP-to-qP,  (b) qSZ-to-qS2  and (c) qS2-to-@2  versus incident angles.
The body waves are incident from a weakly (1%) anisotropic overburden (p=2.30g/cm”,  Vp=3.048km/s,
V~=l.574krn/s)  onto a fractured reservoir with five different properties: 1) isotropic without gas satuation
@=2.30g/cm’, VP=2.743km/s,  V,s=1.466km/s);  2) isotropic with gas (p=2.19g/cm3,  Vp=2.183km/s,  Vs=1.502km/s);
(3), (4) and (5) anisotropic with gas for three different fracture intensities 5%, 10% and 20%, respectively. Note that
the fractures in the reservoir strike 45 from the incident plane (the plane of symmetry of the overburden). ’
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Figure 2. The reflections coefficients of (a) qP-to-@I,  (b) qSZ-to-@ af;td (c) qP-to-qS2  versus incident angles for
the same model in Figure 1. The fractures in the reservoir also strike 45 from the incident plane.
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Figure 3. The three-component synthetic seismograms generated by a vertical force (2) for the model in Figure 1
for 10% fracture intensity. Note that the P-wave AVO response in the ZZ- component is distorted because energy is
projected to the ZX-component.  However the converted waves show significant A’0 effects in the two horizontal
components (ZY and 2X).


