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The research presents preliminary studies of seismicity in region of Dnister upper reservoir and
confirms the assumption of (Savchyn & Pronyshchyn, 2020) study that claims that the Dnister Hydro
Power Complex can be considered as one of the objects where the phenomenon of reservoir induced
seismicity has been recorded. Specially installed seismic station «Novodnistrovsk» recorded 956
earthquakes from 2012 to 2021, but only 40 earthquakes are reliably recorded by three or more seismic
stations. The earthquakes occur in the contact of structures of different lithological composition at a
depth of 1-3 km close to Dnister upper reservoir. Therefore, friction between the structures occur and
the corresponding release of energy precisely in the contact zone of the two structures is observed. We
calculate the volume changes in the reservoir based on the OpenTopoMap Model in QGIS software and
the known changes in the water level from 2012 to 2021 year. The Pearson correlation coefficient
between the reservoir absolute volume change and the total seismicity determined through the energy
class is 0.64. Further research can be devoted to the search for a functional interrelationship between
the parameters, dividing the studied data into equal periods. Similar studies can be carried out at
different reservoirs, which have different geological structures.
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Introduction

The construction and operation of all large and unique industrial complexes and objects increase the
technogenic load on the adjacent geophysical environment. Active intervention in geological-tectonic,
geodynamic and hydrological conditions can lead to intensification of deformation processes of
engineering structures and, as a consequence: to deaths, accidents, destruction, and material damage.
Dnister Hydro Power Complex includes two Hydro Power Plants (Dnister HPP-1 and Dnister HPP-2)
as well as one Pumped-Storage Power Plant (PSPP) and is situated on the river Dnister in Vinnytsia
and Chernivtsi regions of Ukraine. Dnister Hydro Power Complex construction was started at 1975 and
it is already being operated, while some parts of PSPP are still being built. The purpose of the hydro
unit is complex: electricity supply, regulation of spring and rain floods, land irrigation, water supply of
settlements with water.

The consequence of the constant operation of the complex is additional technogenic load, as well as a
change in the hydrodynamic regime. In order to assess the potential danger, it is necessary to perform
constant monitoring of the object. Thus, with the help of a specially developed method, the
differentiation of the geodetic points of the network Dnister HPP-1 dam was established (Tretyak et al.,
2021). Indicated vertical displacements may be the result of a number of factors such as investigated
differences in non-tidal atmospheric loading (Brusak & Tretyak, 2021) and indicated seismic processes
(Savchyn & Pronyshyn, 2020).

According to historical data, the first seismicity signs in Bukovina were known since 1721. Instrumental
observations by the network of seismic stations of the Carpathian region of Ukraine began in 1961 in
the area of the Dnister power complex. From 1961 to 2004 in the adjacent territories (48.2°~48.8°N,
27.0° - 27.8°E) 15 earthquakes of energy class K=8.6+-10.5 were registered. The network of 14 seismic
stations that existed until 2004 could register in this area only earthquakes with energy class K>8.5. In
order to register weak earthquakes with K=4, it is necessary to create a separate network of stations
around the area of the Dnister power complex. In 2005 a temporary seismic station "Zhvan" worked in
this area. In 2007, the Institute of Geophysics of the National Academy of Sciences of Ukraine designed
a network of 5 seismic stations. For today, only one seismic station "Novodnistrovsk" has been
implemented from the project, located in the village of Lomachentsi, which replaced the station
"Zhvan".

Data, Methods and Results

The database of earthquakes from 2012 to 2021 and data on changes in the water level in the Upper
Dnister Reservoir were used for the study.

Figure 1 shows the distribution of the number of earthquakes N and the logarithm of the total seismic
energy E in joules, which was released in the area of the Dnister energy complex during 2012-2021.

Seismic station «Novodnistrovsk» recorded 956 earthquakes from 2012 to 2021, Of these, 40
earthquakes were reliably recorded by three or more seismic stations. The maximum of earthquakes
occurred during 2014-2016, while the maximum of released energy was recorded in 2016. There is a
trend towards decreasing of seismic activity in the area of the Dnister energy complex after 2016. A
change in the number of seismic events may indicate redistribution of the stress-strain component,
which is accompanied by violation of the integrity (strength) of rocks. Such processes are quite natural
and reflect the massif's response to technogenic intervention. It is possible that such a decrease in
seismic activity in recent years may depend on a certain stabilization of the stressed state of the Earth's
crust associated with the filling of the reservoir of the Dnister HPP (Savchyn & Pronyshyn, 2020) and
water level fluctuations in the Dnister reservoir in front of HPP-1 (Sarnavski, & Ovsiannikov, 2005).

Figure 2 shows the map of earthquake epicenters around the Upper Dnister Reservoir from 2012 to
2021. It could be seen that the recorded earthquakes mostly take place in the eastern part of the Upper
Dnister Reservoir. The territory of constant manifestation of weak earthquakes is selected for more than
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900 earthquakes from 2012 to 2021, which were recorded by the seismic station "Novodnistrovsk".
These earthquakes were not recorded by other seismic stations due to their weakness. Instead, reliably
recorded earthquakes are shown as orange circles depending on the energy class (K). For this study,
only those earthquakes located close (up to 5 km) to the Upper Dnister Reservoir were selected.
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Figure 1 Distribution of the number of earthquakes N and the logarithm of the total seismic energy E
in joules, which was released in the area of the Dnister energy complex during 2012-2021
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Figure 2 The map of earthquake epicenters around the Upper Dnister Reservoir from 2012 to 2021

Hypocenters of earthquakes recorded in this territory are located, mainly, at a depth of h=2 km and are
probably located in the area of the Podilsky and Nemyrivsky faults, as well as the Zhmeryn fault system,
highlighted by the materials of space photography, which stretches from the northeast to the southwest.
Detailed studies of Podilskyi (Middle) Prydnistrovya show that the territory by structural features is a
tectonic node in the rotational field of discharge stresses in the form of “vortex” fault system. Previous
studies in the region also revealed a fairly dense network of lineaments (Bubniak, et. al., 2020).
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We studied detailed geological maps of the territory (State geological map, 2007). It is noticeable that
part of the earthquakes is located between two structures formed during the Proterozoic, which have
different compositions. This is typical for the region where the profile line (State geological map, 2007)
crosses the Dnister reservoir. Most of the earthquakes are concentrated in the contact zone of rocks
composed of granites and migmatites (ymPR|bd) and porphyritic biotite granites with apatite and
magnetite (y1PR}bd). It could be assumed that constant changes in the water level in the reservoir cause
excess pressure on the earth's surface. Therefore, friction between the structures occur and the
corresponding release of energy precisely in the contact zone of the two structures is observed.

The water level in the reservoir depends primarily on the operation of HPP-1 and the Dnister power
complex as a whole. Data on the change in the level of the upper reservoir of the Dnister HPP-1 is
automatically recorded every hour since September 2016. Archived water level recording data collected
daily since 2012 was also used. Changes in the water level in the reservoir do not have a clear seasonal
character. From 2012 to 2021, the lowest level in the reservoir was recorded in 2015 and was 112.92
m. The highest level was recorded in 2018 - 121.62 m. Thus, the difference between the highest and
lowest level during the observation period is 8.70 m.

In order to find the probable relationship, it is necessary to calculate the volume changes in the reservoir.
Since the change in the height component is known, it is necessary to determine the area of the reservoir
mirror. For this purpose, the boundaries of the Dnister upper reservoir are set in the QGIS software, and
the approximate area of its flooding by 10 meters above the water level is selected based on
OpenTopoMap. The area of Dnister reservoir is 75.9 sq km, and the recalculated area of its flooding by
8.70 m is 81.3 sq km. Based on the known changes in the water level and the area of the water mirror,
we will calculate the volume changes in the reservoir.

Volume changes in the reservoir are divided into 2 types of periods: filling and draining of the reservoir,
which follow sequentially. For each of the periods, the total energy of earthquakes expressed through
the earthquake class (LgE) was estimated.

Figure 3 shows changes in the volume of the upper Dnister reservoir and the sum of energy classes of
earthquakes for the corresponding period from 2012 to 2021.
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Figure 3 The change of volumes of the Upper Dnister Reservoir and the sum of earthquakes energy
for the corresponding periods from 2012 to 2021

In order to establish correlations between these parameters the periods of with no earthquake
manifestation were removed. The volume change is taken as an absolute value. The Pearson correlation
coefficient was calculated between the reservoir volume change arrays and total seismicity. The
coefficient is 0.64, which may indicate a relationship between the parameters.
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Conclusions

The interrelation between the manifestations of earthquakes and the filling of the upper Dnister reservoir
has been established. The study confirms that the Dnister Hydro Power Complex can be considered as
one of the objects where the phenomenon of reservoir induced seismicity has been recorded (Savchyn
& Pronyshchyn, 2020). The earthquakes occur in the contact of structures of different lithological
compositions at a depth of 1-3 km, probably due to their friction caused by changes in loads. The
Pearson correlation coefficient between the reservoir volume change modulus and the total seismicity
determined through the energy class of earthquakes is 0.64. Further research can be devoted to the
search for a functional interrelationship between the parameters when dividing the studied data into
equal periods. Similar studies can be carried out at different HPPs and PSPPs of Ukraine, which have
different geological structures.
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