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Summary

We present a case study of polar anisotropy (or verti-
cal transverse isotropy, VTI) and demonstrate how the
anisotropic parameter � and the NMO velocity ratio (n)
can be estimated from 4-C sea-oor seismic data. This is
achieved by performing a semblance analysis over n and
� using the anisotropic DSR equation of Li and Yuan
(1999) for P-SV moveout (PS-moveout). The analysis re-
quires the prior knowledge of the P -wave NMO velocity
vpn and the vertical velocity ratio 0. Compared with the
existing methods, this approach improves the results of
PS-moveout correction at far o�sets, reduces error prop-
agation and magni�cation, and yields more stable esti-
mates of anisotropic parameters.

Introduction

Over recent years, various methods have been presented
for quantifying polar anisotropy and compensating for
its e�ects using either P -wave (Alkhalifah and Tsvankin,
1995), PS -wave (e.g. Thomsen, 1999), or both (Tsvankin
and Thomsen, 1994; Li and Yuan, 1999). Here we
combine the method of Alkhalifah and Tsvankin (1995)
for non-hyperbolic P -wave data with the approach of Li
and Yuan (1999) for converted-wave moveout analysis.
The key steps are the correlation analysis for 0, and
the semblance analysis for n and �. We apply this
processing ow to a 4C dataset from the North Sea
(courtesy of Shell Expro).

Anisotropic P-wave analysis

Using the technique of Alkhalifah and Tsvankin (1995),
the P-wave NMO velocity vpn and the anisotropic pa-
rameter � can be determined from the vertical compo-
nent. We perform this analysis for the events at P-wave
zero-o�set time (tp0) 986ms, 1244ms and 1686ms. The
semblance analysis shows very good resolution (Figure 2),
and both vpn and � can be resolved con�dently (Table 1).
However, as � = 20(� � �) � 2n�, any small errors in �
will be magni�ed and propagated into �, giving unreliable
estimates.

Estimating vertical velocity ratio

To perform anisotropic PS-wave moveout analysis re-
quires the prior knowledge of the vertical velocity ratio
(0). This may be achieved by correlation of the P - and
PS-wave stacked sections. Here, we have successfully
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Fig. 1: A common receiver gather from the 4C North Sea
dataset: (a) hydrophone, (b) inline, (c) crossline and (d) verti-
cal components, respectively. (Courtesy of Shell Exploration,
UK).
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Fig. 2: P -wave anisotropic velocity analysis using Alkhalifah
and Tsvankin (1995) for selected events at P -wave zero-o�set
time (a) 1244ms and (b) 1686ms in the vertical component.

correlated �ve major horizons, and the picked zero-o�set
P -wave time tp0, PS-wave time tps0 and the estimated
0 are shown in Table 1 below.

0 is the key parameter in anisotropic velocity analysis. If,
however, reliable correlation cannot be achieved for some
reason, 0 may be estimated by assuming � = 0 (Sayers
and Johns, 1999), or � = 2� (Berthet et al., 1998).

No. tpp0 tps0 0 vpn �
1 692 1564 3.52 - -
2 854 1876 3.39 - -
3 986 2080 3.22 1980 0.118
4 1244 2536 3.08 2030 0.054
5 1686 3378 3.01 2100 0.039

Table 1. Estimated 0 from P and PS-wave correlation. Time
is in milliseconds and velocity is in meters per second.
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Semblance analysis for n and �

For polar anisotropy, Li and Yuan (1999) show that
the PS moveout can be accurately modelled using a
double-square-root (DSR) equation:
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and xp is the conversion point o�set and its expression
can also be found in Li and Yuan (1999).

Knowing vpn and 0, equation (1) can be used to perform
a semblance analysis on selected PS-events to determine
n and �. We perform this procedure on the events at
1564ms, 2080ms and 2536ms of tps0 time. As in the P -
wave case, the PS semblance analysis also shows very
good resolution (Figure 3), and both n and � can be
resolved (Table 2). Note that the resolution decreases
as tps0 increases. An o�set-depth ratio of 3.0 is often
required.
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Fig. 3: PS-wave anisotropic velocity analysis using Li and
Yuan (1999) for selected events at tps0 time (a) 1536 ms and
(b) 2080ms in the inline horizontal component.

No. tps0 n �
1 1564 2.40 1.360
3 2080 2.32 1.070
4 2536 2.35 0.771

Table 2. Estimated n and � from PS-wave semblance anal-
ysis using the DSR equation. Time is in milliseconds.

PS-moveout correction and inversion

Once vpn; 0, n and � are all determined, the anisotropic
DSR equation (1) can be used for PS-wave moveout
correction. An improvement to the horizons at far o�set
is achieved. Parameter inversion can also be performed
to determine the four Thomsen parameters: vp0, vs0, �
and �.

Discussion and conclusions

The use of the anisotropic DSR equation for PS moveout
makes it possible to perform a semblance analysis over
n and � on long-o�set PS data. Thus � can replace
� as the input parameter for inversion. This reduces
error propagation and magni�cation, and allows a more
reliable estimation of the Thomsen parameters. However,
this approach requires the prior knowledge of P -wave
NMO velocity vpn and the vertical velocity ratio 0.
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