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The paper presents the results of reprocessing seismic data typically lost during hy-
drocarbon exploration. These data are used to map the velocity properties (longitudinal
wave velocities) of the upper part of the geological section, to reduce costly engineering
and survey work for industrial and civil construction, and to promote the successful de-
velopment of precise agriculture in oil and gas regions. Additionally, the study addresses
the average shear-wave velocity in the top 30 m of the Earth's surface (VS3 0) for seismic
risk assessments and to solve engineering-hydrogeological challenges.
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Introduction. Typically, large-scale indus-
trial development of an area is preceded by
geological exploration, in which seismic sur-
veying plays a key role in oil- and gas-produc-
ing regions. Geophysicists need to study the
velocity inhomogeneities of the upper part
of the geological section (UPGS) to eliminate
their distorting effects in order to process seis-
mic data. In seismic exploration, the UPGS is
the uppermost layer of the geological section.
Here, rocks' physical properties (velocity and
density) vary most significantly. The section's
thickness can range from a few dozen meters
(in mid-latitude and southern regions) to sev-
eral hundred meters (in the permafrost lay-
ers of northern areas or where near-surface
trap intrusions or salt domes occur). Signifi-
cant operational resources are expended to

acquire data on the structure and model the
UPGS, which typically remains unused. At
best, the UPGS information is employed as
an auxiliary mapping or exploration indica-
tor. For example, geophysical surveys for oil
and gas have been made more successful by
incorporating nontraditional UPGS investiga-
tion methods —such as microseismic logging
of shallow wells (down to 50 m) [Tiapkin et
al., 2016] — into the main survey program
(alongside standard techniques like seismic
and electrical prospecting, and supplemen-
tal ones like gravity and magnetic surveys).
At the same time, the construction of indus-
trial facilities and infrastructure for produc-
ing fields requires engineering-geological
investigations. Their primary objective is to
ensure the stability and integrity of project-
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ed structures under long-term operational
loads without dangerous deformations. This
requirement must be met throughout the en-
tire structurally distinct portion of the Earth's
crust within the zone of potential engineer-
ing impact (in exploration geophysics, the
UPGS). To assess the suitability of specific
UPGS rock masses for construction and fore-
cast environmental consequences, compre-
hensive engineering-geological studies are
needed to characterize the site's structural-
tectonic conditions and quantitatively eval-
uate the rocks' deformations, strength, and
filtration properties. However, such studies
are typically discrete, allowing for examin-
ing rock masses only at certain points and to
a limited depth. Meanwhile, a UPGS model
obtained during geological exploration (spe-
cifically seismic exploration), supplemented
and refined with minimal research, can serve
as a reliable foundation for planning subse-
quent engineering and construction work.
This approach significantly reduces the scope
of expensive engineering surveys while sub-
stantially increasing their robustness [Tyap-
kin, Onyshchenko, 2014].

Results. A highly accurate method has
been employed to determine the velocity
characteristics of the UPGS down to depths
of several hundred meters for any observation
system and any wave excitation technique,
requiring no additional specialized studies.
This method is based on using estimates of
average velocity. Within the UPGS, thereisa
low-velocity near-surface layer and a higher-
velocity lower layer (down to depth /;+h,', see
Fig. 1). The average velocity is evaluated from
first-arrival times recorded along equidistant
observation profiles at offsets comparable to
the thickness of the UPGS. The approach
uses the first-arrival times regardless of the
wave types (refracted, reflected, head waves,
etc.) and is unaffected by the curvature of the
UPGS boundaries. It is implemented within
the SPS-PC processing system on a PC. The
estimates obtained at geophysical observa-
tion points are interpolated onto a regular
grid across the study area. The main com-
putational parameters of the method are the
coefficient k, determined through the ratio of
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velocities V| and V,, and the offset X where
first-arrival times are recorded. The proposed
approach is not very sensitive to variations
in UPGS parameters. To assess the accuracy
of the obtained results, one can use the pro-
cedures for determining static corrections
while processing seismic data. For instance,
if at a certain point on the profile #;=5 m,
V=700 m/s, h,=30 m, and V,=100 m/s, then
k=3.02 and Xp:105 m. The computed £ can
be employed to calculate X, at other points
along the profile over a broad range where
V| and V, were not determined because to
attain a 2 ms accuracy in static corrections,
the velocities V| and ¥, may vary along the
profile <39 % and <27 %, respectively, relative
to the velocities at the initial point where the
parameters were specified.

Fig. 2 provides an example of using the
method to determine the velocity charac-
teristics of the UPGS along a particular (2D)
profile, comparing it with the conventional
approach of investigating this portion of the
geological section via microseismic logging
and the refracted-wave method. In this case,
incorrect results due to errors in the micro-
seismic-logging data affected the time sec-
tion. By contrast, the time section with static
corrections applied using the proposed ap-
proach appears more coherent and is more
accurate.

In the example of the northern part
of Western Siberia, the construction of a
1:200,000-scale map of longitudinal (P-wave)
velocities in the UPGS is illustrated over an
area of about 37.5 thousand km? [Tyapkin,
Onyshchenko, 2014]. This map clearly shows
areas of thicker permafrost (with higher ve-
locity values) and lower-velocity areas where
permafrost is practically absent («thawed»
zones). These «thawed» zones tend to be
located along rivers, which meander signifi-
cantly in the swampy tundra environment
of northern Western Siberia. Some of these
zZones occupy sizeable territories with river-
controlled boundaries, indicating a separa-
tion of the Earth's crust into tectonic blocks.

This opens additional opportunities for
mapping the fault-block tectonics and as-
sessing the associated oil and gas potential
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[Tyapkin, 1998]. The resulting P-wave veloc-
ity map of the UPGS, along with the possibil-
ity of converting UPGS P-wave velocity into
density and engineering parameters, makes it
possible to substantially reduce the amount of
expensive engineering survey work while sig-
nificantly increasing its reliability, accuracy,
and completeness, as well as facilitating the
organization of a comprehensive geoecologi-
cal monitoring system.

Another promising area for applying the
constructed P-wave velocity maps of the
UPGS is agriculture in steppe and forest-
steppe regions, especially precision farming
[Onyshchenko, Tyapkin, 2015]. With the help
of these maps, it becomes possible to investi-
gate and forecast changes in UPGS moisture
content (by area and depth). To this end, the
method employs estimated average velocity
values in the UPGS derived from first-arrival
times at various fixed offsets. This approach
allows one to examine the structural features
of the UPGS at specific depths (down to those
depths). A combined analysis of the relevant
UPGS P-wave velocity maps makes it possible
to determine and predict the three-dimen-
sional moisture content distribution within
this subsurface section. It also identifies the
sources of its spatial variations (whether natu-
ral (including structural-tectonic) or anthro-
pogenic) to inform management decisions
in water-resource and agricultural activities.
In the past, these studies were conducted by
the authors in Russia. There are now posi-
tive results of applying such technologies in
Ukraine as well, based on seismic exploration
data from LLC «Georozvidka».

The average shear-wave velocity in the top
30 m of the Earth's surface (VS3 0) is one of the
key parameters in geophysical engineering-
environmental research, thanks to its signifi-
cance and wide range of applications. It plays
a crucial role in classifying UPGS based on
their seismic characteristics, which is essential
for seismic risk assessment and earthquake
impact modeling, particularly in Ukraine
[Dovbnich, Viktosenko, 2023; Tiapkin et al.,
2024]. Eurocode-8 gCEN, 2004], adopted in
EU countries, has Vs 0 asthe principal charac-
teristic to determine the seismic UPGS class.
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Beyond its primary role in seismic analysis,
V; is also employed as an indirect indicator
for evaluating geotechnical parameters such
as bearing capacity, density, and lithotype.
Rock moisture is a major factor affecting
VS30 . Hence, there is a possibility of predict-
ing underground water depth (where direct
hydrogeological measurements are not avail-
able — down to 30 meters) using V;’O data,
including via machine-learning methods.
This can be illustrated by the example of
Texas (USA). There, high-resolution open
datasets for VS30, undergroundwater levels,
and lithology are available [Li et al., 2020;
Jasechko, 2023]. They enable comprehen-
sive analysis, machine-learning model test-
ing, and the assessment of physical relation-
ships under real-world conditions. The V;’O
dataset was reprojected into EPSG:4326 to
ensure consistency with other data. Data
were collocated using the cKDTree algorithm,
which matched each underground water-level
measurement to the nearest VS3 0 point within
0.05° (~5.5 km). Three machine-learning mod-
els were used to predict underground water
depth: simple regression, Random Forest,
and Extra Trees. The simple model served
as a baseline, but its assumption of linearity
is often insufficient for complex geological
and geophysical relationships. Random For-
est constructs multiple trees and averages
their predictions, making it robust to noise,
outliers, and nonlinearities. Extra Trees, a
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Fig. 1. Refraction travel-time curves of the first wave
arrival from the model section (1) and conditional layer

2.
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Fig. 2. Example of using the proposed method for determining UPGS velocity characteristics in the procedure for
deriving static corrections when processing seismic data along a specific (2D) profile, compared with the traditional
approach to studying this part of the geological section using microseismic logging and the refracted-wave method
in the Buzuluk area (southeastern East European Platform): a — the relief profile (2D) plot indicating points/posi-
tions where microseismic logging was carried out, m; b — plots of static corrections obtained from microseismic
data (blue) and from the proposed UPGS velocity-determination method (red), microseconds; ¢ — the 2D time
seismic section for the profile using static corrections derived from the proposed UPGS velocity-determination
method; d — the 2D time seismic section for the profile using static corrections based on microseismic data.

Random Forest variant that adds random-
ness in node splitting, was tested for poten-
tial performance gains. The model evaluation
used R* and RMSE parameters. The simple
regression showed an R* of 0.002, indicating
no direct VS3 o __ undergroundwater correla-
tion. In contrast, Random Forest achieved an
R* of 0.728 and an RMSE of 4.417 m, dem-
onstrating a high predictive capability. Extra
Trees also incorporated different geologi-
cal (lithological) conditions and performed
slightly better (R*=0.733, RMSE=4.255 m).
Thus, adding geological (particularly litho-
logical) data to the models leads to only a
small improvement in predictive accuracy (an
increase in the determination coefficient R
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by roughly 2—3 %). This may indicate that
VS3 0 already captures a substantial portion of
the information governed by the geological
(lithological) and geotechnical conditions of
the UPGS. However, the future use of more
detailed 3D geological models and/or high-
resolution classifications of soil types could
yield a more substantial enhancement in pre-
dictive outcomes.

These findings can serve as a basis for
develoPing automated workflows that uti-
lize VSO for initial underground water as-
sessments. Future research may include
validating these models in other geological-
geophysical settings, integrating more geo-
technical/hydrological data, and exploring
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other machine learning algorithms (such as
support vector machines or neural networks)
to enhance accuracy.

Conclusions. In the progress of process-
ing seismic exploration data for studying
deep geological structures and searching
for mineral deposits, geophysicists need to
address the issue of velocity heterogeneity
in the UPGS to eliminate its distorting influ-
ence. Substantial operational resources are
spent acquiring data on the structure and
developing a UPGS model, which typically
remains unused afterward. However, a P-wave
velocity map of the UPGS, supplemented by
minimal specialized survey work, can serve
as a foundation for designing engineering
and construction projects in the study area.
If a strong correlation is established between
rock density and P-wave velocity, the latter
can be converted into density and engineer-
ing parameters. This approach significantly
reduces the scope of additional, expensive
engineering investigation while substantially
increasing its reliability.

Another promising direction to utilize
the constructed P-wave velocity maps of the
UPGS lies in agriculture across the steppe and
forest-steppe regions, especially in precision
farming. These maps enable comprehensive
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IH)KeHepHO-eKOAOTiYHi AOCAIAKEHHSI BEPpXHbOI YaCTUHU
reoAOriYHOro po3pizy 3a CEeMCMiYHUMU AQHUMMU

O.K. THHKiHI, C.A. Oﬂmqem(oz, O.B. I'IiCKyHOBI, 2025

"Harionarbuuit TexHiTHAHT YHIBEPCUTET « AHITPOBCHKA IIOAITeXHIKa», AHINIPO, YKpaiHa
TOB «I"'eoposBiaka», ALBiB, YKpaiHa

ITokaszaHoO pe3yAbTaTH NepeoOPOOKU CeUCMIYHOI IH(OpMaIliil, 110 BTPAYaE€ThCS B IIPO-
IIeCi MOITYKiB BYTAE€BOAHIB, AAST KapPTyBaHHSI IMIBUAKICHOI XapaKTEPUCTUKHU (IIIBUAKOCTI
HOIIMPEHHS ITO3A0BJKHIX XBUAB) BEPXHBOI YaCTUHU T€OAOTITHOIO PO3Pi3y AN CKOPOUYEHHS
AOPOTHX IH>)KEeHEePHO-TIOITYKOBUX POOIT A IPOMUCAOBOTO Ta ITUBIABHOT'O OyAIBHUIITBA Ta
YCIHIIITHOTO PO3BUTKY TOYHOI'O 3€MAEPOOCTBA HAa TePUTOPII HA(TOra30BUX PETiOHIB, a Ta-
KOJK CepeAHBOI IIIBUAKOCTI IIOIIUPEHHS 3CYBHOI XBUAL y BepxHix 30 M Bip 3€eMHOI ITIOBEPXHI
( V53 0 ) AAS OIIiHIOBAHHS CEMCMIUHUX PU3UKIB i BUPillIEeHHS iH)KeHEePHO-TIAPOTeOAOTIUHUX
3aBAAHb.

KAm040Bi cAoBa: BepxXHS YaCTHHA FeOAOTIYHOTO PO3pi3y, TAMOMHA 3aAdraHHS MipA3eM-
HUX BOA, CEICMOPO3BiAKA, MIBUAKICTH MOIIUPEHHS ITO3A0BKHIX XBHUAB.
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