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Summary

Modern depth imaging requires the ability to build
transversely isotropic models of the subsurface. Vertical
transverse isotropy (VTI) assumes that the symmetry axis is
vertical, whereas the more general case of tilted transverse
isotropy (TTI) may have a symmetry axis away from
vertical. While VTI is a simpler representation, TTI may be
more geologically plausible for sedimentary formations
such as shales. We examine a simple TTI model and
demonstrate that even in the presence of additional well
information such as a checkshot, obtaining a symmetry axis
orientation from data alone may be ambiguous. Therefore
additional geological information from wells, basin
evolution and geomechanics may be required.

Introduction

The majority of present day depth imaging is performed
using the assumption of vertical transverse isotropy (VTI)
for subsurface formations. However there is growing
evidence that TTI models may be a more appropriate
description (Audebert et al, 2006). A TTI model requires
two additional angle parameters to specify the orientation
of the symmetry axis. If the subsurface is TTI but we
ignore it, then we expect to see unexplained azimuthal
anisotropy as well as significant lateral mispositioning of
imaged reflectors. However in practice distinguishing
between VTI and TTI models is a matter of art and a priori
geological assumptions. In this study we attempt to take a
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Figure 1: Symmetry-axis velocity profile (a) and pre-stack gather
(b) for a deepwater model represented by horizontally layered TTI
medium with many density reflectors; symmetry axis is tilted by
45 degrees away from vertical for all layers; water depth is at 1500
m.
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data-driven approach and to analyze these decisions and
their implications on a synthetic dataset. The dataset
consists of narrow-azimuth surface seismic data and a
vertical checkshot, modeled for a layered TTI media. We
show that even with the vertical well data the TTI model
cannot be fully resolved. We further demonstrate that the
VTI model can explain the data equally well. Yet, the VTI
model is incorrect which manifests itself in lateral
mispositioning and azimuthal variation in velocity.

Synthetic example

Let us consider a simple deepwater model composed of
layered TTI sediment with a constant symmetry-axis tilt of
45 degrees. The model has smooth vertical variation of
velocity with two low-velocity zones (Figured 1a).
Reflected events from multiple interfaces of density
contrast are located every 200 m. Maximum offset is 12
km. A prestack gather computed with anisotropic ray
tracing is shown in Figure 1b. Thomsen parameters can be
found in Figure 2. We apply anisotropic reflection
tomography described by Woodward et al (2008).
Tomography will solve for a local anisotropic model using
joint inversion of seismic and well data. Well data is
represented by the checkshot survey acquired along the
vertical well in the range of depth from 1.5 km to 11 km
every 50 m. Before inversion we apply a mute of 50
degrees to the data which limits useable offsets to less than
8 km for a depth of less than 6 km. At depths below 8 km
angles are capped at 40 degrees or less even for maximum
offset.

We consider two scenarios in the inversion:

e invert for a TTI model and assume that the tilt of the
symmetry axis is known

e assume vertical symmetry axis and invert for a VTI
model.

TTI inversion of seismic and vertical checkshot data

In the first scenario we assume that tilt of the symmetry
axis is known. Since vertically propagating velocity in TTI
media is a function of all the parameters, then we jointly
invert seismic and checkshot data for three parameters (Vpy,
¢ and J) around the well. It will be proven later that TTI
inversion is not unique in this case. If our initial model is
isotropic (TTI model with zero anisotropy) with velocity
taken from stacking velocity analysis, then tomography
recovers one of the possible TTI models (Figure 2) that fits
the checkshot data within 10 ms accuracy and flattens the
image gathers, but has geologically implausible ¢ and &.
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