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Summary

We develop explicit expressions for performing multi-
component P-SV Kirchho� prestack time migration for
transverse isotropy. The key step is the use of a P-SV

double-square-root (DSR) equation expressed in terms
of Thomsen's (1986) anisotropic parameters. These
parameters can be estimated using both semblance and
migration velocity analyses. Multicomponent data from
the North Sea are used to illustrate the method.

Introduction

Compensating for the e�ects of vertical transverse
isotropy (VTI) is critical for improving P-SV (C-
wave) imaging in marine 4C data processing (Thomsen
1999). For this, a considerable amount of e�orts have
been placed on anisotropy parameter estimation (e.g.
Tsvankin and Thomsen, 1994; Li and Yuan, 1999a), and
prestack migration (e.g. Sena and Toks�oz, 1993; Hokstad
and Sollie, 1998; Nolte et al., 1999). Here we incorporate
the C-wave double-square-root (DSR) equation of Li and
Yuan (1999a) into multicomponent Kirchho� prestack
time migration. This allows the use of semblance analysis
to estimate anisotropic parameters as initial guesses,
and an e�cient implementation of anisotropic prestack
migration.

Anisotropic velocity analysis

Various velocities and velocity ratios are needed to
achieve an accurate C-wave imaging. These may include
short-spread rms stacking velocities vpn, vsn, and vcn
for P -, S-, and C-waves, respectively, and the average
vertical velocity ratio 0, the stacking velocity ratio n,
and the e�ective velocity ratio eff (Thomsen, 1999). In
addition, two anisotropic parameters � and � are also
needed for anisotropic processing, where

� = 20("� �); � =
"� �

1 + 2�
=

�

(1 + 2�)2n
; (1)

and " and � are Thomsen (1986) parameters.

Often the velocities vpn and vcn are estimated from P -
and C-wave data by ignoring anisotropy. The ratio 0
can then be determined using event correlation of P - and
C-wave data. Once vpn and 0 are determined, we employ
the double-scanning procedure of Li and Yuan (1999b) to
determine � and n.

Prestack time migration

Let u(S;R; t) be the vector wave�eld as a function of

source S, receiver R, and time t. We de�ne the image
point Q and assume that the zero-o�set (ZO) ray
QS0 reaches the acquisition surface � at x. In time
migration, we create the migration output m(Q) in the
domain (tc0;x), where tc0 = � (Q;S0) is the ZO C-wave
traveltime. This yields a weighted di�raction stack
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where w(S;Q;R) is the vector amplitude weights, and
� (S;Q;R) = � (S;Q) + �(Q;R) denotes the sum of the
traveltimes along the raypaths SQ and QR. In C-wave
migration, �(S;Q) is the one-way traveltime along the
P -wave (incident) raypath SQ and �(Q;R) is the one-
way traveltime along the SV -wave (di�racted) raypath
QR. A high-frequency approximation is adopted, and
the amplitude weights are expressed explicitly in terms of
ray-theory polarizations, slowness vectors, and geometri-
cal spreading factors or, equivalently, in terms of spatial
traveltime derivatives r� and r

2� (Hokstad and Sollie,
1998).

In practice, the traveltimes and their derivatives are cal-
culated assuming an rms velocity approximation to Snell's
law through a strati�ed medium. By using the anisotropic
DSR equation of Li and Yuan (1999b) for C-waves in VTI
media, the traveltime along the composite raypath SQR
is represented as,
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and hS and hR are, respectively, the source/receiver o�-
sets from the imaging point Q.

Data example

We apply the above method to OBC data acquired at
the Valhall �eld, North Sea (courtesy of BP-Amoco and
the Valhall License partnership). The Valhall �eld chalk
reservoir is di�cult to image with conventional processing
due to the presence of gas clouds and anisotropy (Zhu
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et al., 1999). The common-receiver images in Figure 1
demonstrate the bene�ts of including anisotropy into
migration process to improve focusing. Figure 2 shows
that C-wave anisotropic migration could enhance seismic
images over the gas clouds.

Conclusions

We have presented a practical approach to perform
prestack time migration for VTI. The crucial point
is the DSR equation expressed in terms of Thomsen
(1986) anisotropic parameters. These parameters are
obtained using semblance and correlation analysis of P -
and C-wave data. They are updated iteratively during
migration to improve focusing. Application to real data
from the North Sea shows that this technique yields a
better quality of image than the traditional isotropic
processing.

Acknowledgements

We thank BP Amoco and Valhall license partners for
permission to present the Valhall data. This work has
been funded by the Edinburgh Anisotropy Project (EAP)
at the British Geological Survey (BGS) and is published
with the approval of the Director of BGS and EAP
sponsors: Agip, Amerada Hess, BP Amoco, Chevron,
Conoco, Elf, Landmark, Mobil, PGS, Phillips, Saga
Petroleum, Schlumberger, Shell, Texaco, TotalFina and
Veritas.

Fig. 1: Migrated C-wave common-receiver gathers of the Val-
hall data: (a) isotropy versus (b) anisotropy.
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Fig. 2: Migrated C-wave sections of the Valhall data from the
North Sea: (a) isotropy versus (b) anisotropy.


