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Abstract

Seismic Migration has become one of the most
important steps of seismic data processing, mainly
with the necessity no increase resolution of deep
structures, specially the ones under carbonates and
salt, that cause a big atenuation on seismic waves,
making it difficult to produce images with true
amplitudes for AVO studies and 4D(time lapse)
seismic data. With this being said, this work shows a
preliminary mehodology for implementing a
viscoscalar wave equation and viscoacoustic
migration to solve this problems.

Introduction

Much is being done on seismic processing and imaging
since computation allowed geoscientists to run larger
programs. In this path, Reverse time migration (RTM) has
diferentiated itself from the other imaging techniques,
because of its capability to image high deep structures,
since it uses the two-way wave equation and it is not ray
based. Despite that, the image generated commonly has
low resolution and its amplitude is relative. In this way,
many viscoacoustic wave equations have been
developed, as pointed by Yang et al(2014). This work
aims to present a simple implementation for a
viscoacoustic RTM, that has the same core and also
generates a true amplitude image.

Method
Viscoacoustic wave Equation

Seismic Modelling has an important role for many
techniques in the seismic processing, and is the core of
Reverse Time migration (RTM). Despite that, one of the
main problems is to produce data with a correct amplitude
due to absortion. To solve this problem, one common
processing flow is to, after the seismic data is prepared to
be migrated, apply a Q correction for the phase, migrate
the data with an acoustic operator and apply a Q
correction for the amplitude. For this work, we used the
viscoscalar wave equation proposed by Deng et al(2007),
a simple approach for solving, more accurately, the
amplitude problem once the phase is already corrected,

because, as explained by Yang et al (2014), since it is not
frequency dependent and is not based on the constant Q
model, the frequency peak does not change with the
attenuation, hence, it is not suited for Q estimation using
the slope of the spectral ratio and can not represent
frequency-dependent  dispersion. The  viscoscalar
equation is described as:
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Were P is the pressure field, x and z are the space

horizontal and vertical components, t is the time variable,
v is the velocity, g is the absorption coefficient, described

by:
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Where f is the reference frequency, that we approximated
to the wavelet central frequency. Q is the quality factor.
For small Q values, the energy is fastly damped. Psi is
the parameter that controls which wave equation we are
modelling: if Psi=0, we have an acoustic wave equation; if
it is equal to 1, a forward absortive wave equation were
energy is damped and, if it is equal to -1, a reverse
propagation, with the amplitudes enhanced.
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Seismic Modeling

In order to use it for computational wave propagation, we
discretized it using the finite differences method, on a
simple regular grid, approximating the derivatives by the
Taylor Series expansion to the fourth order.

Also, the problem is treated with initial condition of the
pressure fields equal to zero. We used a 30 Hz Ricker
Wavelet simulating the source and receivers on the top of
the model. The border problem, since we are
representing a virtually infinite media physical experiment
in a limited environment with borders, were solved using a
common approach, i.e, Cerjan damping layers, that
smoothly reduces the wave amplitude from the model to
the border, and Reynolds non-reflexive wave equation at
each border. Q models were approximated using Li(1993)
empirical equation to convert compressional velocity in
Quality factor:
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Figure 1. Seismic Processing sugested flows with RTM.
On the left branch, a default processing flow with acoustic
migration and a Q correction on the stack. On the right, a
Viscoacoustic migration correcting the amplitude on the
process.

Migration

To construct the image, RTM migration were performed.
As usual, the source wave field (Downgoing) and the
Receiver wave field (Upgoing) were reconstructed using
the same modeling operator and borders to generate the
seismograms. The only differences were: the velocity
model, that in order to avoid reflections it was smoothed
both vertically and laterally using a Gaussian filter; the
wave equation used, depending if we want to migrate the
data using acoustic or viscoacoustic operator. With the
wave fields reconstructed, an image condition must be
used to match them. The one used was source
normalized  cross-correlation  (Chattopadhyay and
Mcmechan, 2008) were we multiply both Upgoing and
Downgoing wave fields at each time step, divide them by
the auto-correlation of the Downgoing wave field and add
the result to the shot image. After generating an image for
each shot, they were stacked and a laplacian operator
were applied in order to remove the low-frequency noise
that is generated in the modeling/migration process, as
suggested by Zhang et al(2009).

Results

Some tests were made on the Marmousi model.
Viscoacoustic forward modeling was used to generate the
synthetic  seismograms and an Acoustic and
Viscoacoustic RTM are compared.
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Figure 2. Marmousi Velocity model(top) and Q

model(bottom) used for the modeling and migration. Q
factor of water was extrapolated to a very high value in
order to simulate zero attenuation.

As we can see, the image resolution of the viscoacoustic
RTM is better just changing the wave equation for the
migration, meaning that no big changes are necessary in
the used seismic processing flow. Also, we generate
seismic data with correct amplitude values if we input the
correct Q factor model, in order not to show stronger or
weaker amplitudes than they should be.

Sixteenth International Congress of the Brazilian Geophysical Society



Souza, A. J. & Costa, F.T. & Santos, M.A.C. 3

0 3000
@ 2000
0

1000
60
0
£
1000
100
i 2000
140 3000
0 50 100 150 200 0 300 350

o 3000
« A 2000
a0

1000
60
0
80
-1000
100
120 —2000
140 —3000
o 0 100 150 200 50 300 350

1000 4 — acoustic
— ViSCORCouStic

750 1

500 4

250 4

=750 1

0 ™ 4 e 8 100 120 140

Figure 3. Comparison between acoustic and
viscoacoustic reverse time migration over viscoacoustic
seismograms. The top one is the acoustic and the midle
is the viscoacoustic. As expected, the acoustic migration
has weaker amplitudes. In the bottom, a seismic trace
showing the amplitudes difference. Low frequency noises
are also amplificated.

Conclusions

A Viscoacoustic RTM were presented using Deng(2007)
viscoscalar wave equation, that is able to migrate data
with its correct amplitude once the phase has been
corrected. Also, a Gaussian filter is used to mitigate the
effects of the low amplitude noise generated by the
source normalized cross-correlation imaging condition.
Comparing the benchmark seismic data generated to the
Viscoacoustic-RTM, the Acoustic and the Q-corrected
Acoustic, we are able to see that seismic amplitude,
frequency content and resolution increase considerably,

without big changes on the processing flow, making it
easier to implement, since the RTM methodology is the
same. However, the computational cost increases,
meaning that, depending on the objective, one should
think about using it or apply the one directional inverse Q
filter, exchanging time to a more accurate seismic
amplitude.

This is a preliminary result of an undergraduation
research and has future steps. A more robust benchmark
will be designed to test if the viscoacoustic operator is
well implemented and, other wave equations will be
tested, as well as their gains and limitations when
compared to the presented in this work.
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