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SUMMARY

The report presents the results of research related to the study of an emergency geological
event. This specified event consisted in the manifestations of mud volcanism elements,
namely gas and mud emissions and subsidence of the earth’s surface, in the construction area
in the village of Rozvadiv, Lviv region. The most likely assumptions seemed to be a
connection of the event with the drilling of a gas production well located at a distance of one
kilometre from the deformation area. However, geophysical studies carried out using the
method of the natural pulsed electromagnetic field of the Earth and gas-soil surveying refuted
this hypothesis, since no connection was found in the physical fields that accompanied the
drilling to the emergency event. Presumably, the reason for the simultaneous disturbance of
the objects is the increase in seismic activity, which has been manifested recently in the fault
zones of the Carpathian Mountains and the Carpathian foredeep.
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Introduction

Pollution of the environment (soil, water, air, premises) by hydrocarbon gases is an urgent
environmental problem in the territories of settlements located within the boundaries of oil and gas
fields. Relatively insignificant leaks and manifestations of hydrocarbon gases can cause explosive
situations in residential and industrial areas located within the contours of oil and gas fields, both in
those being developed and undiscovered. Such cases are also known in the Pre-Carpathian region.
These circumstances force us to exercise caution in the residential and communal functioning of
settlements located in close proximity to oil and gas fields. This also applies to the village of
Rozvadiv, located next to the Rudnykivska area, where, on April 27, 2023, an emergency occurred
accompanied by the release of a gas-mud mixture. To find a qualified solution to issues related to the
possible impact of industrial activity, namely well drilling, it is necessary to have objective
information about the state of hydrocarbon contamination of near-surface sediments as well as rock
tension. The research was commissioned to assess the event by the methods of the natural pulsed
electromagnetic field of the Earth and gas-soil surveying to monitor the stressed state of rocks and the
degree of gas contamination of the natural environment in the territory of the village of Rozvadiv
(Kuzmenko et al., 2017, Bagriy et al., 2017 ).

Peculiarities of the geological structure of the research area

The research area is located in the eastern part of the Rudnykivska area of the Carpathian foredeep.
The area was studied based on deep drilling data, geophysical research and geological surveys, where
the lithologic-stratigraphic section of the Rudnykivska area is represented by Paleozoic, Mesozoic and
Cenozoic deposits. Carbonate terrigenous sediments of the Paleozoic and Mesozoic (Jurassic and
Cretaceous systems) fill the section of the platform base of the Carpathian foredeep, and Cenozoic
sediments form a Neogene molasse cover. According to the geotectonic zoning, the area of research is
located in the northwestern part of the Bilche-Volytsia zone of the Carpathian foredeep, in the zone of
junction of the latter one with the Rava-Rus zone of the West European platform. The main tectonic
and structure-forming elements within the study area are Kalush and Horodok regional faults, along
which the stepwise subsidence of the foundation (Epivarian consolidation) of the West European
platform occurred during the formation of the Carpathian foredeep. According to the genetic type,
these are faults with an amplitude of up to 1 km (at the pre-Neogene level), sub-Carpathian
(northwestern) extension, with a lowered southwestern wing. In terms of oil and gas geology, the
research area is located within the Bilche-Volytsia oil and gas region. The Bilche-Volytsia oil and gas
reserve is characterized by two levels of oil and gas content: sub gypsum (Mesozoic), which is
associated with both oil and gas and gas condensate deposits, and super gypsum (Baden-Sarmatian),
which is characterized by gas and gas condensate deposits. The Rudnykivska area, with which the
object of research is connected, is located in an oil and gas accumulation zone, which is characterized
exclusively by gas and gas condensate deposits in the sub gypsum and gas deposits in the super
gypsum rock complexes; this zone within the Bilche-Volytsia oil and gas region extends from the
Ugersky deposit in the southeast to the Rudkiv deposit in the northwest. The work area is directly
related to the Rozvadiv gas exploration facility, discovered as a result of a local forecast of gas
content within the Rudnykivska area. Within the boundaries of the Rozvadiv exploration object, the
prospects for identifying new gas deposits are associated with deposits of the Carpathian and
Campanian stages of the Cretaceous system. The search level covers a depth range of 500-550 m. The
gas deposit is expected to be massively vaulted. (Sadivnik et al., 2013 Fedoryshyn et al., 2018,
Yarema et al., 2020, Ftemov et al., 2021, Riznychuk et al., 2021).

Emergency characteristics and problem statement

As mentioned above, on the night of the 26th to the 27th in the southwestern part of Rozvadiv village,
a dangerous event took place, which is characterized as a manifestation of mud volcanism.
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Specifically, in the area of approximately 0.041 km?, gas-mud emissions up to 6-7 meters high were
observed. In several dozens of wells with a water level of approximately 6 meters, the release of
boiling gas took place. After the gas-mud mixture emissions, in some places, sinkholes of the earth's
surface with a depth of several meters were identified. Water boiling was observed in the Dnister
River, which limits the area of surface deformation from the south. Several houses, farm buildings
and road surfaces were damaged. During the incident, in the village of Rozvadiv, a well was being
drilled at a distance of about one kilometre from the village (the dangerous zone according to the
regulations was 500 m or more) from the well. A gas deposit passed through the well at a depth of
about 500 meters and an increase in the planned pressure was observed, which was stabilized by an
increase in the drilling fluid density. So, at first glance, the obvious cause of mud volcanism in
Rozvadiv village is the drilling of the well. Therefore, it was necessary to propose the use of remote
methods that would prove the connection (or the lack of such connection) between the emergency
area in Rozvadiv and the territory of the well drilling.

Research methods and results

The methods of gas-soil surveying (GSS) and the geophysical method of the natural pulsed
electromagnetic field of the Earth (PIEMPZ) were chosen as operational, efficient, and relatively
inexpensive.
Results of gasometric studies. Gasometric studies were performed for the first time in the residential
area of the village of Rozvadiv and adjacent areas. The information basis of gasometry consists of
direct measurements of free gas in a regular system of observations in the atmosphere of the soil
environment, their statistical characteristics and calculated indicators of gas contamination. Based on
the results of gasometric studies, a diagram of gasometric observations is illustrated, and maps of
methane content, total content of hydrocarbon gases, and lower and upper explosive limits of a
mixture of hydrocarbon gases are constructed. To quickly obtain primary objective information with a
view to its future consumption, hydrocarbon gases in the free state in the soil environment at a depth
of 0-0.75 m were subjected to a gasometric study within the housing stock of the village of Rozvadiv
and the adjacent territory over an area of 0.65 km?. The observation system forms a regular grid of
100x125 m, and within the residential area of 50x62.5 m and consists of 102 sampling points, and one
sample of the gas-air mixture was also taken from the well. The vacuum gas sampling system is
characterized by self-control and guarantees absolute tightness. In the event of a leak, the system will
fail, and sampling will not take place. Highly sensitive gas analytical equipment allows determining
the minimum concentrations of hydrocarbon gases and creates a real possibility of systematic analysis
of the concentration field and formalized indicators. The qualitative composition of the studied
hydrocarbon gases includes methane, ethane, ethylene, propane, propylene, isobutane, normal butane,
isopentane, normal pentane, as well as hexane and higher. The results of hydrocarbon gasometric
determinations in the atmosphere of subsurface air within the territory of the village of Rozvadiv are
provided in the Appendix. In the article, we will consider only some statistical characteristics of the
main indicators of gas contamination. The minimum values of methane content at the sampling points
are 0.706-10-4% vol., and the maximum is 171.345-10-4% vol. It is also worth noting that the sample
taken in the well has the highest content, namely 540.538- 10-4% vol. The minimum values of the
total content of hydrocarbon gases are 1.477-10-4 % vol., and the maximum values of the total
content of hydrocarbon gases are 123.854-10-4 % vol.
The results of research using the method of the Earth's natural pulsed electromagnetic field. Research
using the method of the Earth's natural pulsed electromagnetic field (PEEMF) has recently found
increasing applications for solving the following engineering-ecological and geological-ecological
problems:

e qualitative assessment of the general natural field of mechanical stresses and monitoring its

dynamics during routine observations
e prompt identification and forecasting of dangerous geological processes and phenomena
(landslides, karst, rock bursts, suffusion, collapses, mine emissions);
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e determination of activation of geodynamic mapping structures and characterization of fault
zones;
e inspection of residential buildings, household premises, construction sites and communications
to determine possible deformations of foundations, walls and structures.

The actual work was carried out in the following stages:
Research on the territory including well No. 13 - Rudnykivska, the area of the village of Rozvadiv and
the area between them. These studies were carried out on a territory of 1300x500 meters. Research
frequencies of 2-16 kHz are selected in such a way as to achieve the maximum research depths - more
than hundreds of meters. As it can be seen from the presented maps, the direction of the antennas did
not affect the performance. The part of the territory located on the right bank of the Dnister River
(where the well is located) is homogeneous in terms of the intensity of PEEMF. Intensity changes are
observed within the range of 3000-5500 pulses/sec, that is, there is practically no difference in
intensity. Thus, an objective visual analysis of maps for this part of the territory allows us to assert
that there is no connection between the well and the village of Rozvadiv. In this case, the question
arises: How to explain the distinct anomalies of the PEEMF on the territory of Rozvadiv village? All
these anomalies are located on the left bank of the Dnister. The explanation from our point of view is
as follows. The distinct border separating the non-anomalous territory from the anomalous one
completely coincides with the contact of the Carpathian foredeep with the East European platform. A
change in electrical resistance (increase) on the territory of the platform leads to an increase in the
radiation intensity of the Earth's electromagnetic field. This has been proven theoretically and
practically, which is demonstrated in our research reports. Of course, the deflection and platform limit
are more accurate due to the larger scale of work and, accordingly, a denser observation grid. The left
bank anomaly is not homogeneous and is divided into two sections. Its north-western, western and
southern parts are less intense and are inherent purely to the platform. Its eastern and south-eastern
parts are characterized by increased intensity, and most importantly, they are geographically
consistent with areas of gas manifestation. Therefore, these are anomalies corresponding to man-made
phenomena during gas release.
Detailed examination of the territory of the village of Rozvadiv. Detailed studies were carried out in
the territory where gas manifestations were recorded at all frequencies we used: 36-50 kHz, 16-36
kHz, and 2-16 kHz. The physical sense of using different frequencies is that a decrease in frequency
leads to an increase in the depth of research. Frequencies of 36-50 kHz correspond to a depth in the
first meters. At these frequencies, indistinct random anomalous zones associated with near-surface
rocks are observed, which are in no way consistent with the consequences of gas manifestations. That
is, these depths are not related to the causes of the dangerous situation. Frequencies of 16-36 kHz
probably correspond to the depth of Quaternary alluvial formations, as well as the covering part of the
platform rocks. Therefore, firstly, they are consistent with the structural plan of the platform and,
secondly, they cover the alluvium territories. That is, during gas release, the latter one was distributed
for some time among the Quaternary deposits. According to its anomalies, the deep sources of geysers
completely coincide in configuration with the territory of the location of “carbonated” wells. The
damaged buildings in the village of Rozvadiv are within the anomalies. In our opinion, the listed facts
indicate that the source of gas and mud emissions is a separate near-surface fault gas deposit of
insignificant size. The impetus for its activation was probably a seismic wave formed in the bowels of
the earth. At the same time, the same wave caused complications during the drilling of well No. 13 -
Rudnykivska.

Conclusions

The analysis of the maximum values of hydrocarbon gases indicates that the content of free
hydrocarbon gases in the atmosphere of the soil environment in the territory of the village of
Rozvadiv, taking into account the highest value in the well, is ten times lower than the lower
explosive limit of hydrocarbon gases mixture. Differentiated connections between the Rudnykivska
well — No. 13 and gas manifestations in the village of Rozvadiv are not observed. The general
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conclusion about the hydrocarbon explosion hazard of the territory of the village of Rozvadiv is that
there are no explosive concentrations of hydrocarbon gases in the soil environment.
Research using the PEEMF method is divided into three distinct zones:
e zone of the right bank of the Dnister River, where well No. 13 Rudnykivska is located and
which structurally belongs to the Carpathian foredeep;
e zone of the left bank of the Dnister River, where the territory of Rozvadiv village is located and
which structurally refers to the Eastern European platform;
e zone of the left bank of the Dnister River, where the area affected by gas leaks in the village of
Rozvadiv.
There is no connection between well No. 13 — Rudnykivska and the anomalous field PEEMF. It is
assumed that gas manifestations in the village of Rozvadiv are caused by the presence of a separate
near-fault-near-surface gas deposit of insignificant size, located within the junction of the Carpathian
foredeep and the East European platform, which is a seismically active zone. The release of this
deposit occurred in the form of gas-mud emissions and subsequent subsidence of the earth's surface. It
can be unequivocally stated that elements of mud volcanism are observed in this area. At the time of
the research, an increased level of stress-strain state was observed in the village of Rozvadiv, that is,
the rock mass was not completely released. Therefore, further manifestations of gas emissions or
subsidence of the earth's surface are possible. However, these processes will fade over time. In this
regard, any work leading to degassing of the rock mass and reducing the risk of gas leaks to the
surface is advisable.
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