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Abstract: This research used prestack seismic data in Penobscot to detect gas-bearing layers using
AVO analysis. AVO technique is not easy based on Zoeppritz equations then this work applied Shuey
approximation to calculate gradient (G) and intercept (Rp) parameters using least square and Tikhonov
solutions. Model covariance matrix was calculated for least square and Tikhonov technique to obtain the
variance of estimation of Rp and G. The variance of estimation of least square method is 0.24 and 15.08
for RP and G, respectively. Also, it is equal to 0.08 and 0.14 for Rp and G in Tikhonov solution. Therefore,
the results of Tikhonov are more reliable than least square solution. Multiplication of intercept and gradient
showed the strong and positive values in gas layers. The reflection coefficient of shear wave identified gas-
bearing layers by a positive value. The difference of P-wave and S-wave profile appeared relatively high
negative values in time range of 2000 to 2020 ms. L30 well which was drilled in cross line 1153 showed
that there is gas accumulation in time range of 2000 to 2036 ms. Therefore, AVO attributes could identify
gas-bearing layers.

Keywords: AVO analysis, Shuey approximation, Variance estimation, Least square, Tikhononv.

INTRODUCTION

The Zoeppritz equations describe the amplitudes of the reflected and transmitted P_wave and S_wave
when a P_wave is incident at a boundary between two elastic media. In general, this process will produce
two reflected waves and two transmitted waves [1]. The non-linearized form of the Zoeppritz equations
are so complicated. Over the years, a number of linearized approximations to the Zoeppritz equations
have been made[2]. Shuey’s equation relates the amplitude variation to changes in Poisson’s ratio, P_wave
velocity and density[3]. The present work attempts to estimate the seismic attributes of Shuey’s equation
and explore the gas-bearing layers. Seimic attributes of Shuey’s equation are intercept and gradient. This
research combines the intercept and gradient to simulate reflection coefficient of P and S waves. Least
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square and Tokhonov solutions are applied to estimate intercept and gradient attributes. Also, stability of
obtained attributes is evaluated to validate the outputs.
METHODS

A simple form of Shuey’s equation is given by:
R(6) = R, + Gsin?6 (1)

Where Rp is the intercept and G is the gradient. Product of Rp and G can identify gas-bearing layers.
When Rp*G is positive, the considered layer is observed in the third class and it is expected to face with

the gas-bearing layers[3]. Another seismic attribute of Shuey’s approximation is the reflection coefficient
of shear wave that is given by:

Rs =% (R, — G) )

Also, Poisson’s ratio can be estimated by:
1
Rp—RS=E><(Rp+G) 3)

FINDINGS AND ARGUMENT

This research applied the pre-stack seismic data of Penobscot reservoir to estimate seismic attributes of
Shuey’s approximation. Based on least square solution, RP and G attributes were estimated (Figure 1). Gas
bearing layer was observed in the time interval of 2000 to 2020 ms.
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Figure 1. A: R and B: G attributes based on least square solution

Also, Tikhonov regularization solution was applied and the seismic attributes of R_and G were estimated.
Tikhonov answer is depend on & parameter [4] and it was obtained based on model covariance and model
resolution matrices (Figure 2).

Figure 3 shows the outputs of Tikhonov regularization. Gas-bearing layer was illustrated with two
parallel lines. To compare the Tikhonov regularization results with the least square ones, the covariance
matrix was calculated for each solutioin (Equations 4 and 5):
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Figure 3. A: R and B: G attributes based on Tikhonov regularization solution

Based on Equation 5, the variances of estimating R, and G are 0.08 and 0.14 for Tikhonov solution,
respectively, while they are 0.24 and 15.08 for least square solution. Therefore the Tikhononv outputs have
more stability than least square solution.

CONCLUSIONS

The results of seismic attributes of Shuey’s approximation showed that there is a gas-bearing layer in
time interval of 2000-2036 ms at Penobscot reservoir. L30 well was drilled in Penobscot reservoir and
hydrocarbon was observed in 2000-2036 ms. Tikhononv regularization solution was identified as the result
with higher accuracy than least square solution. The covariance matrix of Tikhononv solution showed the
lower variance for intercept and gradient estimation versus the least square solution.
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