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Frequency-dependent fluid identification method based on AVO inversion
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Abstract  Researches suggest that fluid-sensitive dispersion generally leads to a frequency-
dependent AVO response. Frequency-dependent seismic attributes, such as P-velocity dispersion,
have proven to be practical carbon indicators in both poststack inversion and prestack inversion.
In terms of more efficient fluid identification consideration, we propose a new fluid factor D, , the
frequency-dependent fluid term, based on f~u-p AVO approximation. The algorithm to estimate
D; is based on CWT spectral decomposition and incorporates a priori information to enhance
inversion stability. Model test demonstrates the accuracy of the frequency-dependent approximation, and
the feasibility of D, to distinguish attenuative medium. Applications to real data show D, can
characterize hydrocarbon especially gas clearly. The meaning of this study is that the constructed
fluid factor, associating high sensitivity of Gassmann fluid term to pore fluid with sufficient
amplitude and frequency information of prestack data, performs well as we expect from rock
physics experience. And this may provide an insight into how to bridge the gap between
conventional AVO and attenuation and dispersion of in-situ oil and gas.

Keywords Dispersion attribute; Frequency-dependent AVO ; Fluid term; Spectral decomposition; A
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Inversion optimization procedure
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(a) P-wave velocity Vp; (b) S-wave velocity Vs; (¢) P-wave attenuation 1/Qp; (d) S-wave attenuation 1/Qs.
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Table 1 Elastic parameters used for R;p calculation at the interface between sandstone and mudstone

$i % (Hz) 10 20 30 40 50 60 70 80
Ve, (mes™h 1958 2005 2052 2091 2122 2145 2164 2178
Ve, (mes™t) 1144 1155 1170 1187 1205 1221 1235 1247
o (kg+m %) 2060 2060 2060 2060 2060 2060 2060 2060

= (10?Pa) 1.878 2. 148 2. 381 2.524 2.596 2. 624 2. 628 2.621
Ve, (mes™) 2162 2185 2212 2237 2259 2277 2292 2305
Vs, (mes™1) 1138 1150 1166 1184 1202 1219 1233 1246
ox (kg e m™%) 2080 2080 2080 2080 2080 2080 2080 2080

fx (10°Pa) 3.703 3.793 3. 866 3. 900 3.902 3. 886 3.861 3. 834
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Fig. 5

Frequency-dependent reflection coefficients

(a) Rpp between mudstone and gas-saturated sandstone by Zoeppritz equation; (b) Rpp between mudstone and water-saturated sandstone

by Zoeppritz equation; (c) Rpp at the interface between mudstone and gas-saturated sandstone by FAVO approximation; (d) Rpp at the

interface between mudstone and water-saturated sandstone by FAVO approximation.
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