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Summary
In complex areas, the occurence of migration artifacts
is a major problem on VSP data. These artifacts are
usually due to a limited migration aperture, insucient
illumination of the target, incomplete waveeld separation, and a poorly known velocity model. To overcome
this, we develop a special depth imaging scheme based
upon the Radon-based zero-oset transformation and
depth migration of ( -p) transformed and moveoutcorrected walkaway VSPs. Application to eld data
from the North Atlantic Margin is presented.

Introduction
While the one-step VSP migration assuming an RMS
velocity approximation is very simple and not timeconsuming (Dillon, 1988, 1990), it suers from the
problem of nding optimum migration parameters such
as aperture and migration velocities. To improve focusing, migration can be performed by assuming lateral velocity variations (Chang and McMechan, 1986).
This still requires accurately-dened interval velocities
between the acquisition surface and the image point.
The occurence of nite-aperture or data preprocessing
artifacts and poor illumination of the target is another
problem of VSP migration (Takahashi, 1995).
In this paper, we assess the feasibility of using the
Radon transform (Durrani and Bisset, 1984) to provide
a credible depth image from walkaway VSPs for very
limited acquisition geometry, and without any other
attempt to build an interval macro-velocity model. In
migration, the Radon transform has received much attention recently because of the following advantages:
(i) the numerical algorithm is very ecient and robust
compared to the standard migration (Haneveld and
Herman, 1990), (ii) the elimination of aliasing is a relatively straightforward procedure (Cary, 1998), and (iii)
waveeld separation and reduction of the background
noise are well-understood problems (Greenhalgh et al.,
1990).
We have split the migration process into four steps. In
the rst step the source points are placed at the level of
the receiver. NMO and geometrical spreading correction are applied to each trace to correct for the source-

receiver oset. In the second step the NMO-corrected
data are then ( -p) transformed with suppression of
aliasing eects, and a mute is used in the transform
domain to eliminate high-p values in the data. The
third step is referred to as the VSP-CDP- -p transform. Similar to VSP-CDP mapping, this transformation is dened as a process that transforms the input
data into a zero-oset (ZO) time section. The ZO section is then mapped to the depth image via a ZO form
of the Kirchho ( -p) migration (Hildebrand and Carroll, 1993).
We show the application of the method to a eld VSP
data set from the North Atlantic (UK). Previous studies reveal a very complicated sub-basalt structure in
this area due to the wide spread occurence of Early
Tertiary basalt lavas. The overall aim is to reconstruct
PP and PS images from the data that can then be
compared with existing surface and log data.

Method
Let u(S; t) be the common-receiver waveeld recorded
on the acquisition surface 0 in which the source array
fS g is specied. To this data set, we apply an NMO
correction representing picked rst arrival times  (S )
and the amplitude correction A(S ) including geometrical spreading and transmission/attenuation losses. The
slant stack W (; p) is performed by a linear moveout
correction of the data w(x; t) = A,1 (S )u[S; t +  (S )]
based upon the coordinate transform  = t , px (Durrani and Bisset, 1984) with x being the x-coordinate
of the new source point S1 placed at the level of the
receiver 1 . The slant stack section is constructed using an anti-aliased form of the discrete Radon transform (Cary, 1998) that avoids aliasing and truncation
eects. As with VSP-CDP mapping, we design the ZO
time section (t0 ; x), where the reference two-way vertical time t0 = 0 corresponds to the level 1 . This is
done in the ( -p) domain using the following coordinate
transformation
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where v = v(S1 ) is the propagation velocity just below
the receiver level. The output W (t0 ; x) is the planewave decomposition of the actual ZO time section.
Given the ZO time section, it is possible to apply the
standard ZO Kirchho migration. At each target point
Q below the receiver level, we compute the isochrone
t = tD = 2 (S1 ; Q) for every point S1 and sum the
values W (tD ; x) with appropriate amplitude weights
together. We allocate the output at the point Q and
repeat this procedure for the next target point. To be
consistent with the plane-wave decomposition above,
we perform a plane-wave modication of the Huygens'
principle by introducing the Fraunhofer approximation
tD ' t0 + pD x, where pD = 2 sin =v and  is the angle of the secondary plane wave. Thus the migration
summation is replaced by the reverse-time Radon-type
integral over . To suppress aliasing and truncation
eects, we use the amplitude tapering function by
Takahashi (1995) expressed in terms of the dierence
 = jpD , 2pj, where the slowness component p is given
by equation (2). This function has a maximum at the
specular or stationary point  = 0 and decreases gradually as  increases.

Field example
Western Atlas Logging Services conducted walkaway
VSPs for Conoco (UK) Ltd. in their well, located in
the North Atlantic (UK). The VSP data set was acquired in 1997. Figure 1 is the result of VSP-CDP- -p
transformation applied to the rotated data. All dipping events in Figure 1 are downgoing converted waves
and multiples. Image reconstruction was carried out
using both Kirchho migration (Dillon, 1990) and our
method (see Figures 2a and 2b, respectively). The
former requires the interval velocity model. This was
calculated from rst break times and log data. The
polarization lter (Greenhalgh et al., 1990) and arrival
angle information (Takahashi, 1995) were employed to
enhance a primary PP or PS reection energy during
migration. One can observe dierent spurious and
missing events in Figure 2a. On the other hand, the
images in Figure 2b are much better in terms of s/n
ratio.

Conclusions
We propose a new migration method based upon the

VSP-CDP- -p transformation of walkaway VSPs. We
presented and analyzed preliminary results of applying our method to sub-basalt imaging in North Atlantic (UK). We compared the imaging capabilities of
the standard VSP migration and our method through
their ability to recover depth reectivity below the
high-velocity basalt layers. An interesting result was
obtained, namely, that the new method signicantly
improves the Kirchho images even in a limited aperture recording experiment.
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Figure 1: 3-C walkaway VSP data after VSP-CDP- -p transform. Coupling of P-waves and S-waves is evident.
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Figure 2: Comparison of depth images from standard (a) and new (b) migration. Waveeld separation was done
during migration.
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