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Abstract

Estimation of reservoir porosity, shale content and fluid
type is the key and difficult problem of geophysical explo-
ration. We relate seismic reflection coefficient and elastic
Impedance (El) to reservoir porosity, shale content and fluid.
Using the nonlinear retlection coefficient and El, we present
a two-step inversion method, which involves: 1) linear inver-
sion of partially incidence-angle-stacked data to predict El;
and 2) nonlinear inversion of El to estimate shale content,
porosity, fluid modulus and density. We introduce the pro-
cedure of using the first- and second-order derivatives of El
to iImprove the accuracy of the inversion. The robustness
and reliability of the proposed inversion method are verified
using noisy synthetic seismic datasets and real data.

Introduction

Prediction of reservoir parameters (shale content, porosity)
and identification of fluid type are crucial to characterization
of reservoirs. Parameterization of reflection coefficient is the
basis of pre-stacked seismic inversion. Based on the fluid
substitution model, Russell et al. (2011) propose reflection
coefficient expressed in terms of fluid factor, which relates
the fluid information to seismic amplitude directly. However,
there is no an explicit reflection coefficient that can relate
reservoir parameters and fluid indicator to pre-stacked seis-
mic amplitudes.

In this study, we derive the reflection coefficient and elastic
impedance (El) that are expressed as a function of reservoir
parameters (shale content, porosity) and fluid factor (fluid
bulk modulus). We propose an inversion method of employ-
Ing pre-stacked seismic amplitudes to estimate reservoir pa-
rameters. We employ noisy synthetic and real data sets to
verify that the proposed inversion method is robust, and we
may obtain reliably estimated results of reservoirs parame-
ters using the proposed inversion method.

Methods

The fluid substitution model is employed to calculate bulk
and shear moduli of saturated rock using bulk and shear
moduli of dry rock, porosity and fluid bulk modulus. Krief et
al. (1990) proposed an approximate relationship between
bulk and shear moduli of dry rock and porosity. The Voigt-
Reuss-Hill average model is used to calculate effective mod-
uli of minerals making up the rock. Combining these models,
we write the bulk and shear moduli of saturated rock as
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where Y, (V,.) and Y, (V,) are variables related to shale con-
tent, M (¢) and I (¢) are variables related to porosity.

We derive the El in terms of porosity, shale content and fluid
bulk modulus
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El datasets are obtained based on the damping least-
squares inversion of partially incidence-angle-stacked seis-
mic data. We focus on the nonlinear inversion of El for es-
timating reservoir parameters. The succinct relationship be-
tween EI vector d and the unknown parameter vector m Is
expressed as

(2)

d=G(m), (3)
where
d=El®,),
m=[V. ¢ K; p| (4)

and G is a forward operator. The solution of m is given by

my | = my + Amy,

(5)
where my, represents the estimated vector of unknown pa-

rameter after the kth iteration, and the update Am;, is calcu-
lated as

Am; = —-H g, (6)
where
£ = %ﬁf mmkAd,
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Results

We first apply the proposed inversion method to synthetic
data generated using a well log model. Using the inversion
result of El as the input, we proceed to the estimation of
reservoir parameters based on the proposed nonlinear In-
version method. In Figure 1, we show comparisons between
inversion results and true values of V., ¢, K, and p.

We apply the proposed inversion method to a real data set
acquired over a gas-bearing reservoir. Following the work-
flow of two-stage inversion, we show the inversion results of
El of different incidence angles in Figure 2, and in Figure 3,
we show the final inversion results of V., ¢, K and p, which
are average values calculated using reservoir parameters
estimated from El results of different incidence angles.
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Figure 1: Comparisons between true values (Black) and inversion results (Red) of
shale content, porosity, fluid bulk modulus and density.
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Figure 2: Inversion results of El of different angles. The curve represents P-wave
velocity provided by well logging data.
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Figure 3: Final inversion results of shale content, porosity, fluid bulk modulus and
density. The curve represents the corresponding shale content, porosity, fluid bulk
modulus and density provided by well logging data.

Conclusions

» We propose a two-step inversion method of using par-
tially incidence-angle-stacked seismic data to implement
the estimation of reservoir parameters.

» Applying the proposed method to real data, we may ob-
tain reliable inversion results of reservoir parameters that
can match the well log interpretation data.
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