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Abstract

Angle-domain common image gather (ADCIG) is an effective up-to-date tool for imaging workflows.
It serves as a velocity model quality control, being sensitive to velocity inaccuracies, an inaccurate
modeling equation, and can be used to enhance the final image by selectively stacking traces with
similar amplitudes. The calculation can be done during reverse time migration (RTM), decomposing
source and receiver wavefields into propagation angle sectors, the correlation of these angle sectors
generate the resulting angle gathers. The results show that isotropic migration generates a shifting
pattern in angle gathers when the data have VTI anisotropy, which is correctly flattened when the VTI
wave equation kernel is incorporated in the migration process. This work implements ADCIGs in 2D
and shows that they can be used to quantitatively estimate the impact of the anisotropy on the final
image and can be used to correct angle gathers when with correct anisotropic parameters.

Introduction

RTM has been widely used due to its capabilities, which allows the use of complex wave propagation
effects such as dipping structures, complex geology, and anisotropic effects. In most scenarios,
traditional isotropic wave equation is able to generate clean results, but in the presence of anisotropy
it can lead to incorrect events and artifact generation in the final stack. ADCIG is a tool that is
capable of acting as a migration quality control, this is done by verifying the behavior of the seismic
migration with respect to the angle of reflection and angle of azimuth (Biondi and Symes, 2004).
In the presence of errors in the velocity model or wave equation, ADCIGs helps to assess how far
it is from the solution by verifying how far the angle gathers are from being flat. In this work, we
will generate ADCIGs using wavefield decomposition in the wavenumber domain with isotropic and
vertical transverse isotropy (VTI) data to show the shift of angle gathers when using an inappropriate
wave solution.

Theory
VTI formulation

Wave propagation in anisotropic media can be described using the elastic velocity-stress formulation,
expressed as:

Opv; — lajoij = lfm
p . p (1)
Oyoij = Cijkli(akvl + O1vx) — Orgij-

The coefficients C;;i; are defined by a fourth order stiffness tensor. In general anisotropy, the
matrix is full and equations will use all coefficients in its formulation. When using VTI symmetry, we
can eliminate some terms and simplify the resulting matrix in 2D using Voigt notation as:

Cii Cizs 0
Cry=|Cis Cs3 0
0 0 Css
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The indices I and J in the Voigt notation correspond to specific pairs of tensor indices (ij, ki)
following the mapping conventions for symmetric elasticity matrices. We can define the stiffness com-
ponents as functions of P-wave velocity, S-wave velocity and the Thomsen anisotropic parameters.
Using this approach, we can obtain the coefficients in the form:

Ci1 = (A +2p)(2¢ + 1), (2a)
Cs3 = (A +2p), (2b)
Css = 1, (2¢)
Ch3 = \/26C33(C33 — Cs5) + (C33 — Cs5)2 — Css, (2d)

where A and p are the first and second Lamé parameters, ¢ and § are the Thomsen anisotropic
parameters. This formulation provides a fundamental framework for describing the elastic properties
of VTI media. In this work, we simulate acoustic seismic data setting with 1 = 0, which will result in
an acoustic data.

ADCIG calculation

ADCIGs can be calculated using either poynting vectors or by local plane-wave decomposition
(LPWD). The LPWD method divides the wavefront into portions of different propagation angles,
generally using Fourier Transform (FT). The relation of the wavenumbers k, and k. gives us the
propagation angle of the wavefront, which we can use to separate different propagation angles. Fol-
lowing Jin et al. (2020) approach, we calculate a predefined set of angle sectors, apply them to the
wavenumber domain and get its respective propagation angle by using an inverse FT. This step is
done during the imaging process and the workflow can be described as:

1. Transform the space-time domain source and receiver wavefields P (x,t) and P.(x,t) into the
wavenumber time domain P;(k, t) and P.(k,t) by 2D Fourier transform.

2. Divide the source and receiver wavenumbers into a certain number of sectors based on a
pre-defined propagation directions 8; and 3, Ps(k,t, 51) and P,.(k,t, 82).

3. Apply an inverse Fourier transform to the sectored wavenumbers back into the space-time
domain with the assigned propagation angle P;(k, ¢, 51) and P.(k, ¢, 82).

4. Cross-correlate the decomposed source and receiver wavefields and bin each image into cal-
|81 —B2]

culated reflection angle given by the relation: § = =5
The sectors are calculated from 0° to 60° in every 10°, a 2° window taper is used for each sector
with a profile function used in Mallat (2009) to construct lapped orthogonal transforms. The imaging
condition used is the Claerbout (1971) deconvolution imaging condition and the results were filtered
in the wavenumber domain using a low-cut filter to remove the backscattering artifacts.

Results

The data used in this work were simulated using the VTI elastic wave equation, using elastic rock
property models based on the Hess VTI migration benchmark (Figure 1). The benchmark includes
P-velocity, density, epsilon and delta, and S-velocity models, S-velocity with is set to zero. The
acquisition geometry consists of sources at every 100 m and receivers at every 10 m, modeled with
no free-surface multiples with 7 s of record with a 1 millisecond time step. The wavelet used was a
ricker with cut frequency of 30 Hz and dominant frequency of 10 Hz.
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Figure 1: Hess VTI property models used for data modeling and migration: a) P-velocity. b) Density.
c) Epsilon. d) Delta.
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Figure 2: Comparison of ADCIGs and its stack using isotropic and VTI equations: a) ADCIGs for
isotropic RTM. b) Angle stack of isotropic RTM. c) ADCIGs for VTI RTM. d) Angle stack of VTI RTM.

The results showing the ADCIGs and the stacked image using isotropic wave equation is shown in
figure 2(a). We can see that in the shallow region, where there is no presence of anisotropy, ADCIGs
are flat. But for deeper regions we can see the effect of anisotropy appearing as an uppward shift
on ADCIGs, which means that migration velocity used in migration is slower than should be, due to
anisotropic changes of velocity. On the stacked image we can see that there is a lack of amplitude
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continuity on reflectors, specially in the reservoir region (blue arrow) due to it being located below
an anisotropic layer (red arrow). When we generate the ADCIGs using correct wave equation (figure
2(c)), we can see that the overall angle gather positioning is corrected, also we can see that the
anisotropic layer (red arrow) is delimitated, which does not occur on figure 2(a). In the stacked image,
we see that the reflectors now show good amplitude continuity, due to the flattening of the gathers,
showing appropriate account of anisotropic effects into the migration algorithm. This is shown in the
reservoir region, where its position was correct right below the salt and also improving the amplitude
continuity of the nearby layers. The image gain also improves the image on the fault area, showing
better delimitation of the fault due to correct amplitude positioning alongside it.

Conclusions

The results showed that ADCIGs are able to detect anisotropic effects in reverse time migration,
generating correcting its positioning when accounting correct wave equation. This shows that RTM
ADCIG analysis is a powerful tool in migration QC, highlighting the errors when incorrect velocity or
wave equation are used. Future work will take into account the effect of shear wave effects, showing
the impact of wave conversion on angle gathers.
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