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SUMMARY

There are lots of emergency emissions of petroleum products from technological systems due
to the shelling by russian troops of Ukrainian critical infrastructure. This leads to
contamination of groundwater horizon, soils and rocks. If a significant amount of oil products
on the surface of the groundwater, a man-made lens of petroleum products may form. The
geometric parameters of this lens are determined by the features of the geological and
hydrogeological structure of the upper part of section. In order to identify features of the
upper part of section, it is necessary to perform comprehensive detailed geophysical surveys.
The choice of a rational set of geophysical methods for the study of petroleum contamination
in certain geological and geophysical conditions is made on the basis of a priori geological
and geophysical models. There are no examples of the use of geophysical research methods
in the areas of the destroyed oil objects of critical infrastructure as a result of shelling by
russian troops. However, an example of successful use of the set terrestrial geophysical
surveys for the study of contamination of the geological environment is the results of works
in the area of the "Olexandria" botanical garden and the former air base "Uzyn". In future,
results of these works should be performed on the objects of damaged petroleum
infrastructure.
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Introduction

In case of emergency emissions of petroleum products from technological systems due to the shelling
by russian troops of critical infrastructure, some of them are sorbed by the soils and rocks of the upper
part of the section (UPS), and some reach the groundwater level. This leads to contamination of
groundwater horizon and its spread in large areas, which threatens quality of water supply to the
population. If a significant amount of oil products on the surface of the groundwater, a man-made lens
of petroleum products will form. The geometric parameters of this lens are determined by the features
of the geological and hydrogeological structure of the UPS: the filtration properties of soils and rocks,
the presence of local water reservoirs in the UPS, as well as zones composed of rocks with high
permeability. In this case, permeable soils and rocks can serve as channels for the spread of
contamination, as well as "traps" that localize contamination, and with appropriate engineering and
technical support can significantly reduce the intensity of oil contamination.

In order to identify features of the UPS, it is necessary to perform comprehensive detailed geophysical
surveys. The choice of a rational set of geophysical methods for the study of petroleum contamination
in certain geological and geophysical conditions is made on the basis of a priori geological and
geophysical models.

In this case, the most important tasks of geophysical research are (Vyzhva et al., 2004, 2003, 2018):
search for sources of oil contamination and determination of the boundaries and ways of its
distribution and migration; zoning of the territory by the intensity of petroleum contamination;
obtaining quantitative indicators that characterize the exposure of pollutants on the environment;
assessment of trends of oil contamination over time; observing the effectiveness of protective
engineering and technical measures for the localization and elimination of the consequences of
petroleum contamination.

Method and Theory

In the study of contamination with petroleum products of the geological environment, a rational set of
geophysical methods should be selected depending on specific natural and man-made conditions and
tasks. The set may include: microelectrosounding (MES), microelectroprofiling (all available arrays),
self-potential (SP) method, ground-penetrating radar surveys, redox potential method, gasometric,
thermometric and infrared surveys, which can be supplemented with microseismic studies. The basis
of the set of geophysical methods, as a rule, is microelectrosounding.

Periodically repeating the profile or plane surveys with these methods, we can judge the dynamics of
changes in oil contamination, make a monitoring and issue specific recommendations for providing
engineering and technical solutions for localization and (if possible) elimination of contamination.

In the process of interpretation of geophysical materials is carried out (Onyshchuk and Reva, 2004,
Onyshchuk et al., 2006, Vyzhva et al., 2020a, 2020b): comparison of the results of ecogeophysics with
data of other geological studies, for which ecogeophysics is a source of express, usually remote, easily
repeated and processed information; establishment of one-dimensional or multidimensional
connections between geophysical parameters and properties of studied objects on the basis of
parametric observations on key areas and obtaining logical, empirical, quantitative relationships for
determination through geophysical parameters of static and dynamic characteristics of the
environment. Ecogeophysics and ecogeology data can serve as a basis for control and localization of
contamination and store in databases for use in the future.

At present, there are no examples of the use of geophysical research methods in the areas of the
destroyed oil objects of critical infrastructure as a result of shelling by russian troops. However, an
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example of successful use of the set terrestrial geophysical surveys for the study of contamination of
the geological environment is the results of works in the area of the "Olexandria" dendropark and the
former air base "Uzyn".

The botanical garden "Olexandria" is located in the north east part of the right-bank forest-steppe of
Ukraine, on the north east outskirts of Bila Tserkva, on the left bank of the Ros River. An aircraft
repair plant is located nearby, where in the fuel storage happened the loss of aviation kerosene due to
corrosion damage of tanks. The electroplating workshop of this plant was a source of geochemical
contamination with heavy metals. Man-made contamination with polychlorinated biphenyls (PCBs)
was formed due to the migration of these substances from the industrial zone of Bila Tserkva (Vyzhva
etal., 1995).

The upper part of the section in this area is composed of rocks with varying range of permeability
(loam, sandy loam, sand). Groundwater runoff occurs in the river Ros.

To study the ecological state of the territory in vicinity of the botanical garden, a set of environmental
geophysics investigations was carried out, which included microelectrical sounding, symmetrical
electrical profiling, gasometric surveying (CHs, CO;), gamma-ray surveying on foot and laboratory
researches: measurements of beta-activity, gamma-spectrometry, semiquantitative spectrometrical
analysis.

In order to study the features of geological and hydrogeological conditions of the upper part of the
section and to establish their connection with man-made contamination, electrometric surveys were
carried out via microelectrical sounding and symmetrical electrical profiling methods. Parametric
observations on prospecting wells were used for quantitative interpretation of MES. Statistical
processing of the electrometric data was performed, correlations between geoelectrical properties and
parameters of the UPS were established.

According to the results of electrometric surveys, and taking into account the hydrogeological
materials of prospecting wells, geological and geophysical models (GGM) of the upper part of the
section have been developed.

As a result of the analysis of geoelectric surveys, it was identified four zones with an increased specific
electrical resistivity (p > 60 2-m), which were compared to high-permeable rocks such as sandy loam
and sands. In these zones was also observed aureoles of gas (CH4, CO»). Hydrocarbon contamination
spreaded from the petroleum storage depot of the aircraft repair plant along the ancient river valleys and
fault zones, which near the Ros River ended up with steep slopes of ravines.

For example, a main feature of the structure of one of these zones is the clear heterogeneity of the
structure of the UPS. Thus, the right side of the ravine is made up of high-permeability rocks (sands),
which are characterized by increased values of the specific electrical resistivity (p = 110 + 170 Q-m).
This is confirmed by a well 35, in which oil contamination was detected. The ravine drains ground
water. Petroleum products (aviation kerosene) are also discharged along with the flow of groundwater
in the right side of the ravine. The oil-based products remain on the water stream surface, which is
visually observed. When set afire, the side of the ravine is also on fire.

Otherwise on the left slope of the ravine, where the low-permeable rocks (loam) are distinguished by
lower levels of the specific electrical resistivity (p = 31 + 57 Q-m). Thus, in well 109 petroleum
contamination was not found, and its section confirmed the interpretation data of the electrical
surveys.
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On the territory of the botanical garden and aircraft repair plant the oil lens of significant thickness
was not detected. This is due to the range of reasons: the relatively minor content of petroleum
products losses; the structure of the upper part of the section — significant gradients of groundwater
level, the presence of zones of increased permeability that act as channels for migration of petroleum
products from the source of contamination to the river Ros.

The area of the oil and lubricants storage (Ne 3) of the military airfield "Uzyn" was significantly
contaminated by the aircraft kerosene (Fig. 1). Leaks from the storage and pipelines have affected this
territory for decades. As the result of corrosion damage, a lens of oil products on the area of 1 km?
was formed (with a maximum thickness of 2.3 m and oil reserves up to 40 thousand tons).
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Figure 1 A fragment of the geological and geophysical model of the upper part of the section of the "Uzyn" site

The UPS in the area is made mainly by low-permeable rocks: black soils, medium loam. The moraine
carbonate loam with gravel underlay below, which is a local aquiclude.
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The depth of the groundwater level is from 7 to 8 m. The depth of the kerosene level is from of 5.3 to
7.2 m (determined in wells), and the layer thickness varies from 0 to 2.3 m (well 4).

To study the features of the structure of the UPS, parametric MES were made along the wells that
opened the rocks contaminated with petroleum products. The geological and geophysical model has a
six-layer structure

It should be noted that the interpretation data of electrometric materials indicated the absence of high-
permeable rocks in the UPS, which was confirmed by the wells there. Therefore, there are no channels
for rapid migration (distribution) of petroleum products over long distances and there is limited
localization of oil contamination with the formation of the lens on the surface of groundwater in this
area.

Conclusions

1. According to the studies in referred areas it was found that the decisive influence on the formation
and distribution of oil contamination have features of the geological and hydrogeological structure.

2. The obtained data indicate the high efficiency of electrometric methods that are at the basis of
comprehensive geoecological surveys in the study of contamination with petroleum products.

3. In order to localize soil and groundwater contamination in the areas where russian troops destroyed
the objects of petroleum infrastructure, comprehensive geophysical surveys and monitoring should be
provided. This data can be used to determine the damage to the environment of Ukraine as a result of
the invasion of russian troops.
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