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SUMMARY

Based on the experience of our own research and published data, we have shown that
microgeodynamic and electrodynamic phenomena in certain periods create a dominant
influence on the groundwater regime, nullifying the role of the main regime-forming factors.
Even with a small amount of precipitation, the most intense fluctuations of groundwater level
(GWT) are observed in autumn and spring — in seasons of high atmospheric instability, static
electric and baric fields, as well as significant fluctuations in the stress-strain state of rocks.
In the annual cycle, two increases of GWT are clearly visible — during periods of acceleration
of the Earth's rotation and two decreases — during periods of its slowed rotation. In the mode
of groundwater infiltration feeding, 4-5 year periods are distinguished, during which the
amount of feeding does not agree and even contradicts the amount of precipitation, but
correlates well with the sign of the charge of the static electric field of the surface
atmosphere. Thus, it has been proven that electrodynamic and geodynamic processes should
be among the mandatory objects of regular observations in the environmental monitoring.
Individual indicators of these processes must be taken into account when forecasting the
groundwater regime.
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Introduction

Modern realities of nature management in conditions of sudden changes in climatic conditions and an
increase in anthropogenic load require new theoretical developments in the field of environmental
monitoring. First of all, it is necessary to pay attention to methodological approaches. Until recently,
the assessment of the geosphere was carried out by monitoring its individual components: solar
radiation, movement of air masses, atmospheric precipitation, baric fluctuations, changes in the
magnetic field, seismic manifestations, dynamics of surface, underground and sea waters, oscillatory
movements of the earth's surface and many others, more its specific components. But scientists are
increasingly faced with the fact that all processes in nature are interconnected. In order to predict
changes in the state of some natural component or indicator, it is advisable to include factors of
processes of another nature in the analysis. The next important provision is the establishment of
dominant factors in individual territories. When researching, it is necessary to pay attention to the
scale of the object and the level of its study. If the scale of the territory is a fairly trivial concept, then
the scale of the research level has not yet been fully explored. We are talking about macro-, meso-,
micro- and nano-processes. And of particular importance in monitoring research works is the
establishment of cyclicity and peculiarities of changes in certain processes and phenomena (Shevchenko
et al., 2022). It is necessary to add technical measuring devices to the list of problematic issues. Today,
there are no standardized integrated geosystem monitoring stations in Ukraine. There are separate
devices with different levels of accuracy and sensitivity. For a number of variables, functions of
dependence on dominant factors have not been developed.

Discussion of research results

Special research works were carried out in the direction of establishing the dominant factors affecting
the movement of moisture in the aeration zone under natural conditions. To perform this work, special
devices were developed for measuring natural geophysical processes and phenomena that have a
significant impact on the moisture exchange between the atmosphere and the lithosphere, taking into
account the microstructure of the geological environment and microgeodynamic fluctuations in the
cover deposits of plain areas. Thanks to these studies, new important factors that can significantly
influence the lithogenesis of rocks have been established (Bublyas, 2020), distribution of moisture in
the aeration zone (Shevchenko et al., 2016), chemical composition and nature of groundwater recharge
(Bublyas, 2021). Among them, microgeodynamic and electrodynamic phenomena of various levels of
cyclicity deserve the most attention: daily, monthly, seasonal, annual, perennial, etc. Each cycle has
its own genetic features and a certain hydrogeological effect. The dynamics and mechanism of
influence of these forces on the geosphere are quite complex and poorly studied. We discovered only
some effects of their action. According to research data, the role of mechanical forces is in the
formation of the zones of rapid migration and the separation of individual rock phases (liquid, gas,
finely dispersed). Mechanical vibrations (elastic waves of the Earth's surface) occur when the speed of
rotation of the Earth and the gravitational forces of the Moon and the Sun change (tidal processes).
These fluctuations, to a certain extent, can be classified as microseismic.

In their natural setting, rocks are in a complex geodynamic state created by a large number of elastic
fields. Chikov B.M. (2004) showed that practically all functioning systems (subsystems) of certain
landscapes belong to the category of non-linear oscillatory systems. Their most important property is
that their own oscillations are formed not only as a result of external influence (forced oscillations),
but also arise and are stably maintained in the system itself (self-oscillation effect). Another
characteristic property of these systems is their openness. At the same time, the energy (mechanical,
thermal, electrical) accumulated in them for a certain period is spent on chemical reactions and the
movement of fluids at a higher hierarchical level, compared with mechanical factors.

To date, we have discovered many facts that show the existence of certain horizontal and vertical
movements of the surface of the earth's crust. The elastic waves created by these movements can
differ in frequency, wavelength, direction and force of action, that is, they have a constantly changing
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oscillatory mode. It has been established that most of the processes in the geosphere are closely
related to this regime (Shamaev, 2011).

During the long-term regular observations of the fluctuation of groundwater levels (GWT) and rock
moisture, it was noticed that moisture with different intensity constantly moves in both downward and
upward directions throughout the year, often violating the traditional cause-and-effect relationships
between the amount of moisture that has reached the soil surface and the response to it of GWT
(Bublyas, 2006; Shevchenko et al., 2016). The most intense fluctuations of GWT are observed in the
autumn and spring seasons - in periods of low and moderate precipitation, but high instability of the
atmosphere, static electric and baric fields, as well as significant fluctuations in the stress-strain state
of rocks.

Significant violations of the usual theory of moisture migration in dispersed systems, which consist in
the movement of moisture from less moistened layers to regions with higher moisture (against the
moisture gradient), were observed. Tkachenko K.D. (1965) at the "Feofania" landfill found that the
fluctuation of the capillary border level in most cases has the opposite variation compared to the
variation of the groundwater level. Many other natural phenomena in hydrogeology and
hydrochemistry, which currently do not have unambiguous explanations, have been definition and
prompted the search for new mechanisms of migration and hydrochemical changes of groundwater.

According to our data, one of the new leading factors in movement of wet is the stress-strain state of
rocks (Bublyas, 2010). Seismic activity of the Earth can be reflected in the underground water regime
not only in the form of short-term extremes, but also in the long-term radical change in the conditions
of the formation of their resources. Effects of changes in levels, discharges and chemical composition
of groundwater sometimes persisted for several years. Thus, at the "Lyutyzh" landfill, increased
mineralization of groundwater in the microgeodynamic zone, due to the resonance of the standing
wave in 2013, was observed for almost 2 subsequent years (Fig. 1).

1400
mg/dim?

1200

1000

background area

800
600 \
400 A A

200

—gink

[T S T A T T R By B N S S o N T Sy SO O o SO SO S SO SO S O B SO S N Y- SO S B )

Figure 1 The nature of changes in the general mineralization of groundwater (mg/dm®) in the regime
wells in the sink and in the background area of the “Lyutizh” landfill for 2007-2022

The role of microgeodynamic processes in hydrogeology can be clearly traced thanks to elastic
vibration waves. As a result of their action, the following occurs: 1) separation of the highly dispersed
phase of the rocks with the formation of the bedding, which changes the hydrophysical properties of
the rocks; 2) elementary particles of rocks more easily release film sorbed water, which affects the
infiltration volumes; 3) when the rocks are compressed, negative electric charges are formed, and
when they are stretched, positive ones (piezo effects) are formed, which are able to move moisture in
the direction from layers with a positive charge to layers with a negative charge. Electrical forces are
also involved in the movement of salts in pore solutions. The influence of the effects of changes in the
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stress-strain state of rocks (Fig. 2) can be seen on the graphs of GWT changes. Thus, in the annual
cycle, two increases of GWT during periods of acceleration of the Earth's rotation and two decreases -
during periods of its slowed rotation can be clearly traced (Shevchenko et al., 2016).
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Figure 2 The nature of changes in the stress-strain state of rocks in the aeration zone in the
background area and in the microgeodynamic zone (sink) at the Lyutizh landfill for the period 2010-
2021

The above-mentioned electrical phenomena, which are generated by the geological environment, are
not exclusive among the electrical factors that affect the movement of fluids in the cover deposits and
fluctuations of the GWT. A prominent place is occupied by electrical phenomena of the surface
atmosphere in the form of static electric fields. There is a constant exchange of electrical charges
between the atmosphere and the lithosphere. As a result of this exchange, electric currents arise in the
geological environment, which perform the main transport function of liquid and solid matter in the
rocks of the aeration zone and possibly in deeper horizons.

A vivid example of the influence of a static electric field on the dynamics of GWT is the data of
regime observations in the spring of 2020, when the superimposed influence of geodynamic and
active electrodynamic processes was manifested. During the second half of March and most of April,
the speed of the Earth's movement accelerated, which led to geodynamic movements (elastic waves),
mainly in the upper layers of the lithosphere. Damping of elastic waves leads to the emergence of
piezoelectric fields. Therefore, in addition to high values of changes in the stress-strain state of the
rocks, quite high indicators of the negative static electric field appeared (Fig. 3), which affected the
decrease in the moisture content of the rocks and the decrease in GWT.

From the analysis of long-term monitoring observations of the groundwater level in the upper part of
the Southern Bug River basin, we established that the negative consequences of the meteorological
and hydrological drought could be more significant if the period 2016-2020 did not coincide with the
cycle of the static electric field of the surface atmosphere with positive charge. Under such conditions
vapor and liquid moisture directed through the aeration zone to the GWT. A decrease in the water
level in the rivers of the basin (2003-2004) led to an increase in drainage flow gradients and, as a
result, depletion of groundwater reserves. So, with the deepening of the hydrological drought, the
prerequisites for the hydrogeological drought have developed. An increase in lateral outflow and a
sharp decrease in precipitation in 2015 led to an increase in the negative balance of groundwater,
which marked the beginning of a hydrogeological drought. Suppression of a significant drop of the
GWT by a favorable electric field took place until 2018, when the amount of infiltration recharge was
higher than the average for the period 2006-2020, and the amount of precipitation was almost 90 mm
less than the multi-year average. However, the decrease in the amount of atmospheric precipitation in
2018-2020 led to a noticeable decrease of the GWT in 2019-2020.
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Figure 3 Fluctuations of the static electric field of the surface atmosphere in March 2020 under the
influence of the acceleration of the Earth's rotation measured at the Lyutizh training ground.

Groundwater of microgeodynamic zones (MGZ) in depressions is characterized by a special regime.
Such zones generate vibromechanical oscillations and electric fields with high values, which often
differ in sign from the background ones. This creates the effects of bipolarity in the geological
environment. And that is why abnormal phenomena are often observed, when the GWT rises in the
background well, and decreases in the MGZ due to oppositely directed movements of moisture.

Conclusions

Taking into account the sign of the charge of the static electric field of the surface atmosphere makes
it possible to explain the anomalies and discrepancies between the amount of atmospheric
precipitation and the fluctuations of GWT. The given examples prove the expediency of including
electrical factors in the list of objects of regular monitoring observations.

Wave-like oscillatory movements, which are formed in surface sediments under the influence of
gravitational and rotational forces, control most energy-mass exchange processes. The physical
essence of the influence of geodynamic fluctuations on water-bearing rocks is represented by two
stages: 1) during vibration processes, water is squeezed out of the rock according to the principle of
separation of individual constituent rocks by density; 2) movement of these solutions by electric
forces in the direction of horizons with negative electric potentials. With a certain degree of
probability, it can be stated that most of the processes in the geosphere are subject to a certain
oscillatory rhythmicity of microgeodynamic processes with their own cyclicity.
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