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Abstract Summary

This study evaluates the impact of applying the Normal Moveout (NMO) isotropic correction to syn-
thetic 2D seismic data in the presence of anisotropy. Two data sets were generated using a simple
stratigraphic model: one isotropic and the other incorporating VTI anisotropy in a shale layer. After
performing the isotropic velocity analysis and applying the NMO correction to both datasets, a re-
duction in event alignment and stacking quality was observed in the anisotropic data. These results
demonstrate the risks of ignoring anisotropy in processing workflows.

Introduction

Vertical Transverse Isotropy (VTI) seismic anisotropy is a common feature in layered shales, where
the elastic properties vary with the direction of wave propagation (Sondergeld, 2011; Thomsen,
1986). Assuming isotropy during seismic data processing can result in significant distortions, such
as shifts in arrival times, incorrect event curvatures, and losses of resolution in stacking. This work
investigates the impact of anisotropy on seismic data by comparing two synthetic datasets: one gen-
erated from an entirely isotropic model and the other that includes VTI anisotropy in one of its layers.
Both datasets were processed using velocity analysis and isotropic NMO correction. The objective
is to demonstrate how ignoring anisotropy during processing can affect the quality of the seismic
image.

Method

We generate isotropic and anisotropic elastic seismic data using a simple stratigraphic model com-
posed of four plane-parallel layers. These layers represent conditions typically associated with water,
shale, sandstone, and halite. The first model assumed all layers to be isotropic, and the second in-
corporated VTI anisotropy exclusively in the shale layer, with Thomsen parameters defined as ϵ =
0.2; δ = 0.2.

The model was originally defined using elastic properties (vp, vs and ρ) based on values from
da Silva (2022). The vp values assigned to the four layers were 1500 m/s, 2800 m/s, 3400 m/s, and
4500 m/s. However, despite using the elastic wave equation for the simulations, acoustic parameters
were adopted by setting vs = 0 and ρ = 1000 kg/m3 uniformly in all layers. Figure 1 presents
snapshots of wave propagation for the two simulated cases, highlighting differences in wavefront
behavior between the isotropic and anisotropic models.

Seismic wave propagation was modeled using the stress-velocity formulation of the elastic wave
equation Virieux (1986), discretized on a standard staggered grid in the time domain:{

ρ ∂tvi − ∂jσij = fi,
∂tσij − Cijkl∂lvk = −∂tgij ,

(1)

where ρ is the density, vi is the particle velocity, σij is the stress tensor, Cijkl is the stiffness tensor,
fi represents body forces, and gij accounts for stress sources. The indices i,j,k, and l represent the
directions x and z.

Isotropic and anisotropic properties are incorporated into the seismic modeling via the stiffness
tensor. For 2D vertical transverse isotropy (VTI), the stiffness matrix in Voigt notation is defined as
Tsvankin (2012):
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Figure 1: Snapshots of wave propagation for the two simulated cases, overlaid on the vp model.
Figure (a) shows the snapshot for the isotropic case, and (b) corresponds to the VTI anisotropic
case.

CIJ =

C11 C13 0
C13 C33 0
0 0 C55

 , (2)

with the components given by:

C11 = ρv2p(2ϵ+ 1) = (λ+ 2µ)(2ϵ+ 1) (3)

C33 = ρv2p = (λ+ 2µ) (4)

C55 = ρv2s = µ (5)

C13 =
√

2δC33(C33 − C55) + (C33 − C55)2 − C55, (6)

The isotropic case is recovered when ϵ = 0 and δ = 0.
Both simulations were performed on acoustic property models measuring 16.4 km in length and 5

km in depth, discretized using a grid with 10 m horizontal and 10 m vertical spacing. The simulations
used a time step of 0.5 ms and a total duration of 6 seconds. The acquisition geometry followed
an end-on configuration, with 163 sources spaced every 50 m at a depth of 5 m, and 796 receivers
spaced every 10 m at a depth of 10 m, covering offsets from 150 m to 8100 m.

Both datasets were organized into CDP gathers and subjected to isotropic velocity analysis us-
ing conventional semblance with parameters adjusted for the model’s offset and frequency ranges.
From the resulting VNMO curves, isotropic NMO correction and common stacking were applied to
both models. The results were evaluated through visual inspection of CDP gathers before and after
correction and the stacked sections.

Results

The analyses indicate important differences in the behavior of the data after applying the isotropic
NMO correction. Although the CMP gathers (Figure 2) of the two data sets show reasonable align-
ment for the short offsets, in the larger offsets of the VTI data, it is observed that the reflectors are
still curved, indicating the presence of moveout residues. This effect, known as “hockey sticks”, is
related to anisotropy, which has not been fully corrected by isotropic NMO and also influences the
deeper layers. In the reflector related to Layer 3, these effects become even more evident, with
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sharper residual curvatures in the reflectors, indicating an accumulation of errors in the correction as
the depth increases.

Figure 2: CMP gathers after isotropic NMO correction: (a) isotropic data and (b) VTI data. Pointing
out the differences in moveout and reflector curvature between the two cases.

In the stacked sections (Figure 3), the differences become more evident. The stacking of the
isotropic model shows well-defined reflectors, while the VTI model exhibits localized distortions,
mainly in intervals corresponding to Layer 2.

Figure 3: Stacked sections after isotropic NMO correction: (a) isotropic case and (b) VTI case.
Differences in the continuity and curvature of the reflector between the two cases are marked with
red arrows.

The reflections highlighted in yellow in the CDP gather (Figure 2) correspond to multiple internal
and edge effects resulting from the modeling. Although they are present in the data, these reflections
do not compromise the analysis. In the 2D stack, they appear as an artifact just below the third
reflection, but, as in the gather, they do not affect the interpretation.
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Conclusions

The analysis of the datasets shows that applying isotropic processing to anisotropic data results in
distortions in the seismic image. In the VTI model, the application of isotropic NMO correction re-
sulted in residual moveout in the CDP gathers, initially in Layer 2, but propagating to the subsequent
layers. These results demonstrate the cumulative impact of anisotropy on wave propagation, show-
ing that, even in synthetic and controlled scenarios, the consideration of anisotropy is essential for
correct velocity analysis and more accurate seismic images.

As future work, it is proposed to estimate the anisotropic parameters directly from the modeled
data and to apply depth migration using anisotropic velocity models in order to assess the imaging
errors resulting from incorrect velocity assumptions.

Acknowledgments

The authors from Fluminense Federal University acknowledge the financial support from Petrobras
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