Velocity Analysis in the Presence of Amplitude Variation

Debashish Sarkar*, and Bob Baumell

* Department of Geophysics, Colorado School of Mines, Golden, CO 80401

tConoco Inc. Ponca City, OK 74602

Summary

Conventional semblance velocity analysis (Taner
and Koehler, 1969) is equivalent to modeling the
prestack data with events that have hyperbolic move-
out but no amplitude variation with offset (AVO). As a
result of its assumption that amplitude is independent
of offset, this method may not perform well for events
with strong AVO, especially for events with polarity re-
versals, such as reflections from tops of some class 1 and
class 2 sands.

To account for AVO, the semblance method can be
extended(Corcoran, 1989; Sarkar et al. 1999) by mod-
eling the data with events that have both hyperbolic
moveout and amplitude variation, expressed by AVO
intercept and gradient (i.e. Shuey approximation). How-
ever, due to the extra degrees of freedom introduced by
modeling AVO with the AVO-sensitive semblance, reso-
lution of the estimated velocities tends to decrease. This
is because the data can be modeled acceptably with a
combination of incorrect velocities and incorrect AVO
behavior, resulting in large values of AVO-sensitive sem-
blance even at the wrong velocities.

One solution, suggested by Sarkar (1999), was a
hybrid method that combined the AVO-sensitive sem-
blance and ordinary semblance methods through use
of an arbitary regularization parameter. Here, we also
use the Shuey equation to describe the amplitude var-
iation and, in addition, constrain the AVO parameters
(intercept and gradient) be linearly related. With this
constraint we are able to perserve velocity resolution,
without the use of a regularization parameter, while im-
proving the quality of velocity analysis in the presence
of amplitude variation with offset.

Introduction

Corcoran (1989) and Sarkar et al. (1999) have
shown that the semblance measure of Taner and Koehler
(1969) is based on the implicit assumption that the
wavelet does not vary with offset. Success with that
measure lies in its model simplicity, which makes the
procedure robust against noise. The semblance measure,
evaluated at zero-offset time ¢, is defined as
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2 + ﬁ—z; t1 are zero-offset times within a window cen-
tered at t,; and N is the number of traces. D, represents
the moveout-corrected data at velocity v, and D repre-

sents the data without NMO correction. Due to the as-
sumption that amplitude is independent with offset, the
measure is degraded in the presence of large amplitude
variations. In the presence of polarity reversals, such as
happens for some reflections from the tops of class 1
and class 2 sands, the method yields highly erroneous
results.

One way to improve its ability to estimate veloci-
ties where amplitude has large variation with offset is to
incorporate an amplitude-dependent function, such as
that in Shuey (1985), in the semblance measure (Cor-
coran, 1989). This method successfully estimates veloc-
ities of seismic events that have, not only large AVO,
but also polarity reversals. The increased parameteriza-
tion, however, results in the loss of velocity precision,
especially when amplitude does not vary substantially
with offset (Sarkar et al., 1999). To improve the esti-
mation of velocities for events with polarity reversals,
Sarkar (1999) suggested solving the problem as a mixed-
determined problem (Menke, 1984) that incorporates
the use of a regularization term. That formalism showed
how one could move from traditional semblance to an
amplitude-dependent semblance by varying the regular-
ization parameter. To implement that method success-
fully, whether or not amplitude variations are large, the
user is required to choose a value for the regularization
parameter — a task that is often difficult. Here, we de-
scribe a method that does not require a regularization
term and preserves the good aspects of both traditional
semblance and amplitude-dependent semblance, regard-
less of amplitude variation with offset.

AVO-sensitive semblance formalism
We define the generalized semblance as
|M — D, |
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where, as before, v is a trial velocity and ¢, is zero-
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offset time at the center of a semblance window. D, =
D, (t1, ) is the data after moveout correction with vel-
ocity v, and M = M(t1,z) is a suitably parameter-
ized model of the moved-out data. The model parame-
ters are obtained by minimizing ||[M — D,||* or, equiva-
lently, maximizing the generalized semblance. The vec-
tor norms include sums over all offsets and all zero-offset
times in the semblance window.

The simplest parameterization for the model M
in equation (2) is an offset-independent model; i.e.,
M(t1,2) = A(t1). Here, if N; denotes the number of
time samples in a semblance window, there are N
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parameters to be estimated for each semblance win-
dow. The optimal parameter values are simply A(t1) =
%Zw Dy (t1,), so, in this case, the generalized sem-
blance [equation (2)] reduces to the traditional sem-
blance [equation(1)].

To account for AVO, we choose a model parameter-
ization based on the Shuey (1985) simplification of the
Zoeppritz equation, i.e.,

M(t1,z) = A(t1) + B(t1) sin® 8, (3)

where 0, = 0.(t1,v) is the angle of incidence at the re-
flector. This is the model used by both Corcoran (1989)
and Sarkar et al. (1999). Here, the model contains 2Ny
parameters for each semblance window, namely, all of
the A(t1) and B(t1) coefficients. We shall refer to the
resulting generalized semblance as the ” AB semblance.”
Equation (3) models AVO behavior independently at
each zero-offset time ¢:1. Unfortunately, this allows too
much freedom to fit events using combintations of incor-
rect velocity and incorrect AVO, resulting in poor vel-
ocity resolution. To reduce the degrees of freedom, we
assume that the semblance window contains just a sin-
gle event or several events that all have identical AVO
behavior; more specifically, we assume that the ratio

K = igii; is constant throughout a semblance window.

This leads to the model parameterization,
M(t1,z) = A(t:1)(1 + K sin®6,,), (4)

where K is fixed within each semblance window. This
model contains only N; + 1 parameters for each sem-
blance window. We refer to the resulting generalized
semblance as ” AK semblance.”

Results

‘We applied the method and two alternative ones to
the synthetic common-midpoint (CMP) gather shown
in Figure 1, analyzing two reflections — one with al-
most no variation of amplitude with offset (event A)
and the other with a polarity reversal (event B) — with
the velocity analysis performed on a window centered on
each event. The semblance curves obtained by the three
methods are shown in Figures 2 and 3. For the event
with no amplitude variation with offset, all three meth-
ods have the maximum semblance value near the cor-
rect stacking velocity (1685 m/s). Of the three methods
traditional semblance, however, has the smallest width,
indicative of its good velocity resolution, while AB sem-
blance has the largest width, indicative of its poor velo-
city resolution. The AK semblance overlaps that of the
traditional semblance near the correct velocity (where
performance is most important), while it jumps to ap-
proximate the AB semblance for velocities far from the
correct one. Thus, with little or no amplitude variation,
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Figure 1. Synthetic CMP gather. Event A has no amplitude
variation, and event B exhibits a polarity reversal. Semblance
plots for velocity analysis on events A and B are shown in
Figures 2 and 3.

the AK semblance measure matches the resolution and
accuracy performance of traditional semblance without
the need of a regularization parameter. Figure 3 shows
the performance of the different methods in the pres-
ence of a polarity reversal. As expected, the traditional
semblance method fails — in terms of velocity accuracy,
resolution and standout of the peak. Both, the AB sem-
blance and the AK semblance, however, peak near the
correct stacking velocity, 1720 m/s. Hence, the AK sem-
blance provides a method for estimating velocities of
both events with polarity reversals and those without
any amplitude variation.

Conclusions and Discussion

Polarity reversals are not common occurrences in
CMP gathers, but when they do occur they are of spe-
cial interest because they may indicate the presence of
hydrocarbons. Hence, their detection may be crucial.
We follow previous work based on Shuey’s (1985) equa-
tion, which allows for amplitude variation with offset in
the semblance measure. The method uses more fitting
parameters than does traditional semblance, but fewer
than that required in AB Semblance. In doing so, we
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Figure 2. Semblance curves for event A (no amplitude var-
iation). The correct stacking velocity(1685 m/s) is marked
with an arrow.
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Figure 3. Semblance curves for event B (polarity reversal).
The correct stacking velocity(1720 m/s) is marked with an
arrow.

have been able to preserve the good points of both tra-
ditional semblance and AB Semblance, which requires
a regularization term. The pattern in Figure 2 is inter-
esting: for an event with little amplitude variation with
offset, it appears that AK semblance follows the tra-
ditional semblance near the correct velocity, and then
jumps to the AB semblance at velocities far from the
correct one. This observation may be important for a
possible extension of this work to improve semblance
measures further.

Although both the AK and AB semblance measures
can yield accurate velocities for events with large amp-
litude variation with offset and those with polarity re-
versals, neither is as robust as traditional semblance.

In particular, both are highly sensitive to the size and
location of the semblance window used, and their perfor-
mance degrades in the presence of overlapping events.

Acknowledgements

We thank Phil Anno and Javaid Durrani of Conoco
Inc., Ponca City for many helpful suggestions while con-
ducting this study. Many thanks to Ken Larner and
Ilya Tsvankin of the Colorado School of Mines for their
suggestions in improving this manuscript. We thank
Comnoco Inc. for allowing us to publish these results.

References

Corcoran,C.T., 1989, Method of Processing Seismic
Data, European Patents 89200724.6.

Menke, W., 1984, Geophysical data analysis: discrete
inverse theory: Academic Press Inc.

Sarkar, D, 1999, AVO and Velocity analysis in an
isotropic layered earth, MS Thesis, University of Ok-
lahoma.

Sarkar, D., Lamb, W. and Castagna, J.P., 1999, AVO
and velocity analysis: 69th Ann. Internat. Mtg., Soc.
Expl. Geophys., Expanded Abstracts, 840-843.

Shuey, R.T., 1985, A simplification of the Zoeppritz
equations, Geophysics, 50, 609-614.

Taner, M.T., and Koehler. T., 1969, Velocity spectra:
Digital computer derivation and applications of velo-
city functions. Geophysics, 34: 859-881.



