Monitoring’2025 EAGE

Mon25-082

*V. G. Pavlyk (Poltava Gravimetric Observatory of the Subbotin Institute of Geophysics of the
National Academy of Science of Ukraine), A. M. Kutnyi (Poltava Gravimetric Observatory of the
Subbotin Institute of Geophysics of the National Academy of Science of Ukraine), T. M. Babych
(Poltava Gravimetric Observatory of the Subbotin Institute of Geophysics of the National Academy of
Science of Ukraine)

SUMMARY

The results of observations of vertical land motion at the geodynamic polygon of the Poltava
Gravimetric Observatory for the period 1987-2020 are presented. On the flat section of the
polygon, slow movements of surface benchmarks have an alternating trend and a magnitude
that does not exceed their seasonal fluctuations. On sloping areas, there is a constant rising of
the ground with a speed increasing over time, which can reach 1.7 mm per year. The maximum
rising of the land for the entire period of observations is about 30 mm. The shapes and
magnitudes of slow vertical movements on the sloping area of the polygon at depths of 1 m
and 4 m are practically the same. This indicates the presence of a common factor that generates
the movement of benchmarks of different depths at the Poltava polygon.
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Introduction

High-precision observations of the dynamics of the ground are always distorted by the influence of
external factors of hydrometeorological origin. Such factors include fluctuations in the groundwater
level, changes in temperature and atmospheric pressure, hydrological loads, variations in the moisture
of the upper layers of the ground due to evapotranspiration, etc. [Bennett, 2008; Lyon, Filmer, &
Featherstone, 2018; Vitagliano, 2022; Vittuari, Gottardi, & Tini, 2015]. Therefore, taking into account
or methodologically excluding exogenous factors is a necessary condition for reliable interpretation of
the results of monitoring tectonic or technogenic deformations of the surface of the land.

Research methodology

The effect of external factors on the dynamics of the ground is manifested primarily in the vertical
component of movement, since the earth's crust is an elastic body, and surface loads cause deformations
mainly in the radial direction [Yan et. al., 2019]. To study local vertical movements of land layers, a
geodynamic polygon (GP) was created on the territory of the Poltava Gravimetric Observatory. The
polygon is located in an area with no tectonic and technogenic movements of the ground. Therefore, it
is an ideal place to study the influence of external factors on vertical land motions (VLM). The polygon
has 27 benchmarks with a depth of 1 m and 16 benchmarks with a depth of 1.5 - 20 m. The constructions
of the benchmarks allows you to determine vertical movements at the depth of their monument. All
surface benchmarks are located along a line about 600 m long, which crosses a gentle ravine in the
direction from north to south. The soils at the GP are medium loamy. The maximum height difference
at the polygon reaches 19 m. The lowest section of the GP is a stream that flows along the bottom of
the ravine.

Since 1987, regular observations of the dynamics of the benchmarks have been carried out at the GP by
the method of repeated leveling. During 1998-2001, no observations were carried out. Starting from
2002, in addition to slow VLM, seasonal movements have also been recorded at the polygon. For this
purpose, geodetic observations are carried out at the moments of maximum spring elevation of the
ground and its maximum lowering in autumn.

The vertical movement of each benchmark was determined relative to one of the most stable
benchmarks of the GP with a depth of 6 m. The average value of the root mean square error of the
elevation, which was obtained at the leveling station, is 0.083 mm. The range of changes in the root
mean square error for individual leveling cycles is within 0.050 - 0.119 mm.

This paper presents the results of studies of slow vertical movements of all 27 surface benchmarks of
the GP for the period 1987-2020.

Results of observations

According to the results of observations, it was found that the trend and magnitude of slow movements
of individual benchmarks differ significantly from each other. A small number of benchmarks are
lowered throughout the entire 33-year observation period. The displacement of some leveling marks is
insignificant and does not exceed the magnitude of their seasonal fluctuations. But the largest number
of benchmarks at the Poltava GP rises over time. The maximum magnitude of this rise reaches about
30 mm.

Slow vertical movements of the upper soil layer at the Poltava polygon are best approximated by a
second-order polynomial. Table 1 presents the average annual values of vertical movements of each of
the benchmarks for the entire period 1987-2020 (column 2 of Table 1). A positive sign means the land
is rising, and a negative sign means it is falling. The speed of vertical movements is not constant, but
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changes over time. Therefore, the entire observation period is divided into three approximately equal
intervals of about 10 years. For each of the intervals, the average annual values of vertical movements
of each benchmark are determined (columns 3—5 of Table 1).

Table 1 Parameters of VLM at the Poltava GP in 1987 — 2020.

Benchmarks Slow VLM in mm per year Average seasonal
1987 —2020 | 1987 — 1998 | 2002 — 2011 | 2011 — 2020 VLM in mm

1 2 3 4 5 6

2 -0,40 0,08 -0,55 -0,75 10,51
3 0,11 0,57 0,03 -0,35 11,69
4 -0,43 0,10 -0,44 -0,07 7,46
5 0,12 0,34 0,11 -0,07 7,17
7 0,12 0,46 0,07 -0,21 8,25
8 0,30 0,63 0,22 -0,12 9,31
9 0,00 0,08 -0,01 -0,08 4,44
10 0,27 0,44 0,24 0,14 7,81
12 0,56 0,51 0,57 0,63 6,95
13 0,40 0,48 0,40 0,35 8,00
14 0,40 0,48 0,38 0,29 10,97
15 0,60 0,69 0,60 0,44 8,62
16 0,91 0,71 0,83 0,90 11,02
17 0,94 1,20 0,99 0,66 11,51
18 0,70 0,28 0,84 1,19 7,87
19 1,07 0,68 1,19 1,48 6,68
21 0,92 0,29 1,10 1,68 0,85
22 1,10 0,39 1,22 1,70 1,21
23 0,06 -0,83 0,29 0,94 1,04
25 0,96 0,79 0,97 1,17 12,37
26 0,89 0,49 1,03 1,29 3,90
27 0,83 0,70 0,88 0,89 12,70
29 0,42 0,46 0,42 0,36 12,05
30 0,57 0,25 0,65 0,94 16,23
31 0,24 -0,22 0,31 0,65 16,56
32 0,67 0,28 0,86 1,18 6,78
33 0,85 0,64 0,99 1,07 10,25

Compared to the analysis of slow vertical movements for the period 1987-2011, the speed of dynamics
of the majority of benchmarks has increased in the last ten years [Pavlyk, 2012].

To study the dependence of the trend of the movements of the benchmarks on their location, we selected
4 sections of the polygon with different relief. Benchmarks located on a conditionally flat terrain were
included in the first group (2 — 5, 7 — 10). Benchmarks of the second group are located on the northern
slope of the polygon (12 — 19, 21, 22). The third group consists of only one benchmark 23. It is located
in the lowest place of the GP near the stream. Its general trend for 1987 - 2020 is practically absent, and
the dynamics of movement is different from all other leveling marks. This benchmark is constantly in
soil with high humidity, which exceeds its maximum molecular moisture capacity. Therefore, its
seasonal fluctuations are minimal (column 6 of Table 1). We have included the benchmarks of the
southern slope of the polygon (25 — 27, 29 — 33) in the last fourth group.

Figure 1 shows the average dynamics of vertical movements of the benchmarks of each of the selected
groups.
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Figure 1 Average slow VLM for four groups of benchmarks at the Poltava GP during 1987-2020. The
solid line indicates the approximation of the results of observations by a polynomial of the second order.

The benchmarks of the second and fourth groups have the same trend and magnitude of movement.
Over the entire observation period, they rise with increasing speed. The average vertical movement of
the benchmarks of the first group is practically absent. It does not exceed the magnitude of seasonal
fluctuations. The temporal dynamics of benchmark 23 is special. In the first half of the observation
period it fell and in the second half, it rose with the same velocity.

Figure 2 shows the vertical movements of 4 m deep borehole benchmarks at the Poltava GP during
1987-2020. Benchmarks A9 and A10 are located on the northern slope of the ravine (near the leveling
markers of the second group), and benchmark A11 is on the southern slope (near the leveling markers
of the fourth group).

The slow dynamics of surface and deep benchmarks, which are located on a sloping section of the
polygon are very similar. This indicates the presence of a common factor that generates the rising of the
ground at different depths.

Conclusions

Slow vertical movements of the benchmarks located on the flat part of the polygon are significantly
smaller than those located on the slopes. The movement of benchmarks of the flat part of the terrain has
an alternating character. The rate of elevation of the ground on the slopes is constantly increasing over
time. The nature and magnitude of the dynamics of the VLM on the northern and southern slopes of the
GP are the same. The rate of maximum elevation and subsidence of the ground is 1.70 mm and 0.75
mm per year, respectively, at an interval of about 10 years. There is no correlation between the values
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of slow and seasonal VLM. The probable cause of the slow vertical movements of the ground at the

polygon in Poltava is fluctuations in the groundwater level.
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Figure 2 Slow vertical movements of benchmarks 4 m deep at the Poltava GP during 1987-2020. The
solid line indicates the approximation of the results of observations by a polynomial of the second order.
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