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Features of the seismic migration method in the RomUKkrSeis

profile data processing
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O. Chornaya (Institute of Geophysics by. S.I. Subbotin name of the NAS of Ukraine)

SUMMARY

Seismic migration is an important procedure for seismic data processing. This procedure allows to
imaging the structure of the geological section in the dynamic characteristics of the observed wave
fields. The RomUkrSeis regional profile data was observed with the method DSS. The observing system
of DSS has irregularity the placement of the shots and receivers and very large offsets so the traditional
reflection migration is not effective for processing of the DSS records. The finite-difference
reflection/refraction migration method is the only possibility to image the geological structure from the
DSS data. This migration method was proposed and developed at the Institute of Geophysics by. S.I.
Subbotin name of the National Academy of Sciences of Ukraine. The main idea of this migration
method is the involving in the processing the refracted waves which registering on the large offsets.
The features of the finite-difference reflection/refraction migration method on the RomUkrSeis regional
profile data processing are presented in the paper.
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Introduction. Standard migration techniques are based on the processing of reflected waves recorded
with the Common Depth Point (CDP) system. Migration method is applied pre- and post-stack of the
traces by the CDP (Claerbout, 1985; Baysal et al., 1983). At the same time, according to the
theoretical foundations, there are three main types of migration: Kirchhoff, spectral (Gausian beam,
Fourier et al.) and finite-difference (Han, 1999; Sinha et al., 2009).

Standard migration techniques are ineffective when processing seismic data observed by deep seismic
sounding (DSS). This is primarily due to the difference in observing systems, namely at the DSS,
shots and receivers are placed irregularly along the profile and with a step between the points of
explosion of 30 - 60 km, and between the points of receivers - 0.5 - 3 km. In this case, the registration
of the wave field is carried out at distances from the shot, which are several hundred kilometers. If we
take into account that the DSS system provides, as a rule, a step between as shots and receivers is
0.02-0.05 km, it becomes clear why it is impossible to compare the obtained migration sections
according to CDP and DSS data. These images contain various complementary information on the
deep structure of the study area (Verpakhovska et al.,2017).

The wave field recorded by the DSS method has a complex character and contains different types of
waves, among which it is possible to reliably distinguish and track refracted waves from interfaces
that are contrasting in speed, such as a crystalline basement.

The finite-difference reflection/refraction migration method, which makes it possible to obtain an
image of the deep structure from the DSS data, was proposed and developed at the Institute of
Geophysics by S.I. Subbotin name of the National Academy of Sciences of Ukraine. Among the
existing developments in this direction (Zhang et al., 2010; Sun et al., 2012), finite-difference
reflection/refraction migration is the only method that has proven its effectiveness in studying
different regions of the world where regional seismic studies were performed using the DSS
(Pavlenkova et al., 2009; Pilipenko et al., 2003, 2011; Verpakhovska et al., 2015, 2018).

For many years, the Institute of Geophysics by S.I. Subbotin name of the National Academy of
Sciences of Ukraine, within the framework of international projects, has been conducting regional
profile research using the DSS method on the territory of Ukraine. The regional profile RomUkrSeism
was carried out in 2014 with the aim of studying the deep structure along the Eastern Carpathians
from the Apusen Mountains to the Ukrainian Shield (Starostenko et al., 2020). The wave fields
recorded along the RomUkrSeism profile were processed using the finite-difference
reflection/refraction migration method.

The report presents the fundamentals of the method, the features of its application in the formation of
an image of the structure of the upper crust along the regional profile of RomUkrSeism and the
resulting migration section.

Method and Theory. The main idea of the finite-difference reflection / refraction migration method
is the involvement of refracted waves recorded at large offsets into the processing. The theoretical
foundations of this migration method differ from the standard reflection migration, since the refracted
waves pass through two layers with different velocities (Verpakhovska et al., 2018). Moreover, the
difference between the values is significant.

The finite-difference reflection / refraction migration is based on the principle of the pre-stack
migration, therefore, it is performed to each shot point gather separately. In this case, the main
elements of the algorithm are: transfer of the shot to the refractive boundary, direct continuation of the
time field, taking into account the wave propagation velocity in the refractive layer, and the reverse
the wave field continuation from the surface to the depth with the velocity model characteristic of the
top thickness. By time values of the continued wave field that correspond to the time the refracted
wave leaves the refractive layer, a wave image of the studied boundary and the adjacent layer is
formed.

The numerical implementation of the main elements of the computational process in the finite-
difference reflection / refraction migration method, namely, the direct continuation of the time field
and the reverse continuation of the wave field, is carried out by the finite-difference method for
solving differential equations. In the first case, the eikonal equation is solved with using a grid of rays
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and isochrones, and in the second, the scalar wave equation with using a three-dimensional space-time
grid. The choice of grids ensures that the migration problem is solved correctly. The need to calculate
the time and wave fields in the area remote from the shot determines the specifics of the
computational process.

The formation of an image of a velocity-contrasting boundary of the geological environment along the
profile using finite-difference reflection / refraction migration method occurs by summing individual
migration images obtained for each shot point gather. At the same time, for a correct image of the
structural elements of the consisted of studied boundary and the adjacent refractive layer, it is
necessary to carefully analyze and compare the obtained migration images for each shot point gather
and gradually build up the general depth image of the geological structure along the profile.

For the formation of an image of each disturbance, it is important to have its migration image from
different shot point gathers located on both sides of the disturbance, since in order to image its real
shape, it is necessary to sum the parts of the image of the selected border interval from different sides.
This is due to the fact that in the finite-difference reflection / refraction migration method we are
looking at the boundary at an angle of refraction from the side of the shot point. We act in this way
according to the principle of forming a depth image of the geological environment along the region
where refracted waves exit into the top thickness that is applied in this migration method. Therefore,
for the real form of the disturbance, it is necessary detail to analyze and to compare the opposite
migration images for it.

This approach has been successfully tested on a number of model examples and real seismic
observations. In this report, the application of this approach is demonstrated by the example of the
formation of an image of the structure of the upper crust according to the regional profile of
RomUkrSeism.

Practical Example. Along the regional RomUkrSeism profile with a total length of 675 km, 11 shot
points were located with an irregular step of 20-70 km. Receiving was carried out by 348 seismic

stations, the step between which was also irregular and averaged about 2 km (Starostenko et al.,
2020).

When processing the seismic wave fields observed along the RomUkrSeism profile, it was necessary
to take into account the complex observed wave fields due to the tectonic structure of the survey area.
As example the observed wave fields for two shot point 15305 and 15306 located at 303 km and 373
km of the profile, respectively are shown on the figure 1a with the time reduction, the value of which
corresponds to the velocity in the basement of 6.0 km/s.

The finite-difference reflection/refraction migration was applied to the each shot point gather. For
some shot points, located in the center of the profile, two images were obtained from different sides
from the shot point. To form a general image of the upper crust, all migration results obtained for all
11 points of the explosion were analyzed. And also all the details and disturbances depicted both from
different sides of the shot points and at different offsets were considered.

Figure 1b shows two migration images that were obtained to the right of the shot point 15305, and to
the left of the shot point 15306. The difference between the migration results shown in Figure.1b is
explained by the location of the shot points in relation to the disturbance and, accordingly, by the
angle of refraction at which the image of this structural detail is formed. The migration results are
different, but nevertheless, it is possible to distinguish common features that made it possible to form
an image of this disturbance, which corresponds to the structure of the Outer Eastern Carpathians &
Carpathian Foredeep (Starostenko et al., 2020).

On the Figure 1¢ a summary migration image of the upper crust, formed along the RomUkrSeism
profile using finite-difference reflection/refraction migration, in which the image of the Outer Eastern
Carpathians & Carpathian Foredeep is highlighted with a black rectangle is shown.
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Figure 1 Processing of the RomUkrSeis profile data with the finite-difference reflection/refraction
migration method: a) observed wave fields for shot points 15305 and 15306, b) result of migration for
shot points 15305 and 15306, c) the summary migration image of the upper crust.

Conclusion. Of course, the denser the observation system, the clearer and more detailed image of the
geological environment can be formed using seismic migration. But, unfortunately, in regional
seismic surveys using the DSS method, the placement of shot points and receivers is limited and,
therefore, the observation system is irregular and sparse, and sometimes insufficient. Therefore, when
seismic data processing recorded under such conditions, it is necessary to use non-standard methods
to obtain as complete information as possible about the deep structure of the survey area.

The finite-difference reflection/refraction migration method is currently the only way to image the
geological structure in the dynamic characteristics of the wave field observed by the DSS method,
which is confirmed by practical examples.

The use of finite-difference reflection/refraction migration in the processing of the RomUkrSeism
regional profile data showed that in areas with a complex deep structure, it is necessary to more
carefully analyze the migration images for individual shot points in order to correctly reproduce their
shape in the summary migration image.
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