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© Abstract. Most technological processes create an anthropogenic burden on the environment, and the oil and gas
industry is no exception. Due to oil and gas production in the Bytkiv-Babchenskyi Field area, there is gas pollution in
the territory of Pasichna and Bytkiv settlements, oil leaks to the surface, however, it is necessary to strive to minimise
the negative impact and preserve the environment. The purpose of the study was to conduct a comprehensive analysis
of the ecological state of the atmosphere, soils, hydrosphere and technogenic physical fields (radiation, noise, vibration,
electromagnetic) near various oil and gas production facilities of the Bytkiv-Babchenskyi Field to determine the man-
made impact of the oil and gas production process. The following methods were used: observation, measurement of
environmental indicators, meteorological and physical field parameters, and laboratory analysis methods. A wide range
of modern instruments was used, which allows for rapid analysis and determination of physical field parameters. In the
laboratory, a more detailed analysis of water and soil samples was carried out using physico-chemical methods of analysis.
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The determined chemical, physico-chemical indicators of water quality, the content of volatile organic compounds and
polyaromatic hydrocarbons complied with the regulatory standards. Among the toxic elements, strontium was detected,
the content of which did not exceed the maximum permissible concentration. In terms of salt content, the hydrocarbonate
water is slightly mineralised. The soils are low-saline with a neutral pH of the soil solution. The content of mobile iron,
phosphorus, and nitrogen compounds is very low, low, and medium, respectively, and organic matter is very high. It was
established that the parameters of anthropogenic physical fields do not exceed the permissible standards. The results of
the study showed that the technogenic impact of the oil and gas production process on the air, water bodies and soils is
within the permissible limits. The practical significance of the results obtained is the comprehensive monitoring of the
state of natural objects throughout the year, which is important for oil and gas industry professionals when assessing the
environmental impact of oil and gas production facilities and developing environmental protection measures

© Keywords: oil and gas industry; man-made physical fields; physical and chemical research; gas pollution; atmospheric

air; soils; hydrosphere objects

@ Introduction

Oil and gas companies are among the main polluters of
the environment. This is due to the hydrocarbon produc-
tion process itself, as well as to their primary preparation,
transportation and processing. Pollution occurs both dur-
ing the technological process and in the event of emer-
gency situations. Emergencies are the most dangerous, as
a large area of land is contaminated in a relatively short
amount of time, which loses its ability to recover for a long
period of time. The main causes of emergencies are salvo
emissions, fires and damage to pipelines. The main sources
of environmental pollution at oil and gas production facil-
ities are production and injection wells, reservoir pressure
maintenance pumping stations, group installations, indi-
vidual well assemblies and other industrial oil and gas pro-
duction facilities, which are characterised by their density
across the entire oil and gas field. Environmental problems
are caused by a number of factors - natural, technological
and even historical - which cannot be separated from each
other and which, to some extent, are interrelated and have
mutual cause and effect. Therefore, the emergence and de-
velopment of environmental problems begins with the first
attempts to extract oil and gas.

As noted by J. Lubas (2021), oil and gas production
in the Carpathian Region began at the end of the eight-
eenth century and was uncontrolled, and 1853, according
to O. Gvozdevich (2021), is the year of foundation of the
Galician oil industry. The problem of old oilfields is pri-
marily related to abandoned wells, which, for example,
according to J.P. Williams et al. (2020), number several
million in the United States and up to 400,000 in Canada,
and are a source of constant hydrocarbon gas emissions.
T.M. Yatsyshyn et al. (2022) found that there are also aban-
doned wells of the old stock in the Carpathian Region, and
environmental pollution is associated with methane emis-
sions, which is also a greenhouse gas. In addition, data on
the location of a significant number of wells drilled dur-
ing the Austro-Hungarian Empire and Poland from the
nineteenth century to 1939 has been lost in most cases.
Therefore, the presence of old oil and gas wells in the study
area can be considered the first cause of man-made envi-
ronmental impacts.
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The emergence of environmental problems is caused by
the peculiarities of the geological structure of the Carpathi-
an Region, the complexity of which is noted in the research
of S. Wolkowicz et al. (2020). The presence of a significant
number of tectonic faults causes the emanation of hydro-
carbon gases, oil and formation water leaks to the surface
under the influence of reservoir pressure. This is the reason
for the natural pollution of the Bytkiv-Babchenskyi Oil and
Gas Field. However, the tectonic processes that are inten-
sively occurring in the Carpathian Region can also cause
a violation of the wellbore integrity. This issue is especially
relevant for the old well stock, where the leakage of old cas-
ing may occur due to the cementing technology used at the
time. L. Bilous (2021) studied the historiography of envi-
ronmental problems that arise at oil and gas production fa-
cilities on the example of the Boryslavnaftogaz Oil and Gas
Production Division. It is noted that many scientists have
studied the complex negative impact of the development
and operation of the Boryslav oil field on all ecological sys-
tems and their components - atmospheric air, soil, water
and biological resources. On the other hand, the territory
of the Bytkiv-Babchenskyi Field is characterised by a fairly
dense location of all oil and gas production facilities. For
example, there are only about 600 wells in the field, more
than 70% of which are not in operation for various reasons.

The Bytkiv-Babchenskyi Oil and Gas Field is located in
the Nadvirna oil and gas production area of the Carpathi-
an Region, which is one of the oldest oil fields not only in
the Carpathian Region but also in Europe. The region is
characterised by complex geological and tectonic condi-
tions, and oil and gas production leads to intensification
of fracture formation in rocks and increased migration of
hydrocarbons from the subsoil. The territory of the Byt-
kiv-Babchenskyi Field is a densely populated area of Iva-
no-Frankivsk Region with a population of over 20,000 peo-
ple. There are also six nature reserve sites, and some species
of animals are protected under the Convention on the Con-
servation of Wild Flora and Fauna and Natural Habitats in
Europe. The importance of conducting studies of the an-
thropogenic impact of oil and gas production facilities on
environmental components is also related to the fact that
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the Bytkiv-Babchenskyi Field is located in a densely pop-
ulated area. The main settlements within its boundaries
are Bytkiv, Markova, Maniava, Babche, Lukavets, Molod-
kiv, Sokolovytsia, Postoiata, Pasichna, Pniv, Bilozoryna.
The Bytkiv-Babchenskyi Field has 6 objects of the nature
reserve fund: Skit-Maniava forest reserve of national im-
portance; Debrytsia protected tract; Syniachky protect-
ed tract; Hlybokyi protected tract of local importance;
Komarnyky protected tract of local importance; Boiarske
protected tract of local importance (The nature reserve
fund..., 2023). Therefore, it seems important to determine
the extent of the environmental impact of hydrocarbon
production. The purpose of the study was to observe and
assess changes in the quality indicators of the environment
in the area of influence of oil and gas production facilities
located in the Bytkiv-Babchenskyi Field.

© Literature Review
The history of the oil and gas industry in the Carpathi-
an Region is an important historical aspect in shaping the
current environmental problems of the oil and gas indus-
try. Oil production in Galicia began in the mid-nineteenth
century. In 1854, the Mining Statute was adopted, which
allowed oil production by private individuals, as indicat-
ed in their research by V.S. Biletsky et al. (2019). Howev-
er, the first well in Ivano-Frankivsk Region was drilled in
Kolomyia district in 1872, and in Prykarpattia in 1861 in
the Boryslav. The intensive production of hydrocarbons,
primarily oil, is evidenced by the fact that in 1909, oil pro-
duction in the Boryslav oilfield district accounted for 5%
of global production. This significant development of the
oil and gas industry necessitated the construction of pipe-
lines. The first oil pipeline was built in 1886, and the first
gas pipeline in 1912. As early as 1932, there were seven
companies producing oil and gas in Galicia, transporting
oil and gas raw materials through their own pipelines.
The Bytkiv-Babchenskyi Oil and Gas Field is located
in the Podkarpatska oil and gas bearing region of the Na-
dvirna oil and gas production area, with an area of over
16,000 hectares, as noted by M. Vul (2003). Development
of the field began in 1860. The field belongs to the Bere-
hove section of the Carpathians and a group of folds in the
central part of the Boryslavsko-Pokutska zone, and oil and
gas condensate deposits are associated with the Deep Fold.
The study of the geological and tectonic conditions of the
field formation is important in terms of environmental
issues, especially those of natural origin. The field area
is located within the Nadvirna seismogenic zone, which
is part of the Boryslavsko-Pokutska structural and facies
zone of the Internal Zone of the Fore-Carpathian Trough,
overlain by the thrust of the Skiba Zone of the Carpathi-
ans and where the Nadvirna moral and neotectonic node
is located, as described in the collective monograph edited
by M. Malovanyi (2020). The Bystrytsko-Nadvirna Fault
is a deep tectonic fault, which is regional in nature and is
located outside the study area. The fault is a zone of sub-
parallel faults such as dip-slides, the amplitude of which in

the near-surface geological horizons ranges from the first
metres to several tens of metres, while with depth it in-
creases to 50-100 m and more. The fault zone is 100-200 m
wide. V. Shlapinskyi (2018) pointed out that the geological
structure of the territory is complex, with numerous struc-
tural faults. The horizontal displacement of identical folds
can reach 10 km, and the amplitude of vertical displace-
ment is 1.5-2 km.

The presence of tectonic faults causes emanation
of hydrocarbons to the surface at all oil and gas fields in
the world, especially in the territory of old oil fields with
abandoned oil and gas wells. Since the study area is dense-
ly populated and oil and gas production facilities are lo-
cated in the territory of settlements, assessing the level
of air pollution in the areas where they are located is an
important area of research into the environmental impact
of oil and gas production. M.J. Munawar et al. (2022) em-
phasised that the main air pollutant is not only hydrocar-
bon gases, but also hydrogen sulphide. Not only natural
gases, but also oil and produced water move through tec-
tonic fractures under the influence of reservoir pressure.
Therefore, in oil and gas production areas with complex
geological and tectonic structure, oil and reservoir fluids
leak to the surface. A significant number of such mani-
festations in Prykarpattia are associated with the Boryslav
oil and gas condensate field, where the city of Boryslav is
a man-made environmental disaster, as described in the
research of many Prykarpattia scientists since the 70s of
the last century. V. Filipovych et al. (2020) found that the
area of methane pollution due to natural methane leakage
in Boryslav is 20 km®.

E. Ivanov et al. (2020), studying the problem of gas pol-
lution in Boryslav and uncontrolled leakage of formation
water, determined that natural pollution of the territory is
superimposed on man-made pollution, which is associat-
ed with the improper arrangement of oil and gas produc-
tion facilities. The consequences are the contamination of
soil and hydrosphere. Therefore, it is necessary to take into
account not only the quality composition of oil, but also
the landscape of the territory, which will directly affect
the degree of pollution of natural objects and the develop-
ment of degradation processes. According to the research
of M. Pavliuk et al. (2021), the oil of the Bytkiv-Babchen-
skyi Field is classified as light oil, as its density ranges from
750-800 kg/m?. The average light hydrocarbon content is
10-20%, and the aromatic group composition is aromatic.
Oil may contain an increased sulphur content of 1-8%. The
Bytkiv-Babchenskyi Field is subject to significant anthro-
pogenic impact. There are also oil and gas discoveries in
the study area, especially in the settlements of Bytkiv and
Pasichna. Thus, the Bytkiv-Babchenskyi Oil and Gas Field
is located in an area with a complex geological and tecton-
ic structure with a widespread network of tectonic faults,
which causes natural emanation of reservoir gases and oil
to the surface. This results in natural gas pollution of the
study area and the presence of soils contaminated with oil
and formation water.
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© Materials and Methods

To determine the anthropogenic impact of the oil and
gas production process on the territory of the Byt-
kiv-Babchenskyi Field, eight objects were selected, seven
of which are wells and one group unit. The objects are lo-
cated in different parts of the field, including in the ter-
ritory of settlements, covering the maximum area of the
Bytkiv-Babchenskyi Field. Because of the martial law in
the country, it is impossible to provide a map of the study
area with oil and gas production facilities. Since oil and gas
production facilities are strategic objects of Ukraine, this
article does not identify well numbers and group units.
The observations were carried out in 2022-2023. To op-
timise the field studies, oil and gas facilities were divided
into two groups: Group 1 is represented by facilities 1-4,
Group 2 is represented by facilities 5-8, where the studies
were conducted quarterly in 2022 and 2023, respectively.
At each of the oil and gas production facilities, the state
of environmental components - atmospheric air, water
bodies and soils, and anthropogenic physical fields (noise,
vibrating, radiative and electromagnetic) — was studied.
Quarterly measurements made it possible to observe and
assess changes in environmental quality indicators at the
Bytkiv-Babchenskyi Field to determine the impact of oil
and gas production facilities on the environment.

The atmospheric air studies were conducted in ac-
cordance with Article No. 29 of Law of Ukraine No. 2707-
XII (1992) and Procedure for State Monitoring in the
Field of Atmospheric Protection (2019). Observations
were carried out in accordance with the requirements of
the Generalised List of Maximum Permissible Concentra-
tions (MPCs) and Tentatively Safe Exposure Levels (SELs)
of Harmful Substances for the Water of Fishery Reser-
voirs (1991); Methodological Guidelines “Justification of
Estimated Safe Exposure Levels (SELs) of Chemical Sub-
stances in the Atmospheric Air of Populated Areas” (2004);
Hygienic Regulations No. 156/34439 (2020); and Hygienic
Regulations No. 157/34440 (2020). The study was conduct-
ed in open areas that are well ventilated from all sides at a
height of 1.5 m above the ground. When assessing the im-
pact of oil and gas production on the air, the location of the
study site was considered and the main meteorological fac-
tors such as temperature, relative humidity, wind speed and
illumination were determined. The soil cover in the study
area of the Bytkiv-Babchenskyi Field is homogeneous, and
during the observation period (2022-2023), no accidents
occurred, and no oil and formation fluids were recorded on
the daylight surface from oil and gas production facilities.
Therefore, a visual examination of soil samples and pH de-
termination was carried out around each of the study sites.
However, two sites were selected to control pollution, in the
vicinity of oil and gas production facilities 2 and 3, from
which soil samples were collected for physical and chemical
analysis. Sampling and preparation for physical and chemi-
cal analysis was carried out in accordance with the regulato-
ry documents (DSTU ISO 10381-1:2004, 2004; DSTU ISO
10381-2:2004, 2004; Environmental protection..., 2005).

Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2
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According to DSTU 4287:2004 (2004), the maximum
area of representativeness of a sampling point for a pollution
examination in mountainous areas is 3 ha. The sampling
points were selected to avoid the influence of extraneous
factors that could affect the results and should not be sam-
pled closer than 50 m from them. In this case, such factors
included the roads of the settlement and forest belts. There
were no areas of vegetation with a sharp difference from
the background in the sampling area. At each of the two
study sites of the Bytkiv-Babchenskyi Field, one combined
soil sample was collected, consisting of a set of individual
point samples combined in proportion to the area of the
study site of 100x100 m around the oil and gas production
facility. Soil sampling was carried out to determine the gen-
eral quality of the soil, which does not require regular test-
ing and can be carried out at certain (irregular) intervals.
To assess the overall quality of the soil, the following fac-
tors were investigated: hydrogen ion exponent, hydrolytic
acidity, mass fraction of organic matter, ammonia nitrogen,
nitrate nitrogen, mobile phosphorus and iron compounds,
exchangeable calcium, exchangeable magnesium, amount
of absorbed bases, mass concentration of water-soluble
sulphates. Since the study was conducted to determine the
overall quality of the soil, soil samples were taken from a
depth of 10-20 cm and are classified as spatial samples.

In 2022, water quality in the Bystrytsia Nadvirnians-
ka River was monitored in the settlements of Bytkiv and
Pasichna, as these settlements are heart to a significant
number of oil and gas production facilities. Water samples
were collected and analysed in accordance with the follow-
ing regulatory documents: DSTU ISO 5667-6:2009 (2009);
Procedure for Checking, Taking Water Samples and Con-
ducting Their Analysis (2019); Environmental Quality
Standards (ENSs) for Determining the Chemical State of
a Surface Water Body (2019); and Hygienic Regulations
No. 524/37860 (2022). In the Bystrytsia Nadvirnianska Riv-
er in the settlements of Bytkiv and Pasichna, a simple water
sample was taken, which is obtained by a single water intake
for further chemical and physicochemical analysis. In ad-
dition, a 4-in-1 autonomous portable water laboratory AZ-
8603 (AZ-Instrument, China) was used to perform prox-
imal analyses of the following indicators at the sampling
site: hydrogen ion exponent, salinity, dissolved oxygen, and
temperature. The chemical and physicochemical indicators
of water and soil pollution were determined in the water
monitoring laboratory of the Western Region of the Dni-
ester Basin Water Resources Administration, accredited in
accordance with DSTU EN ISO/IEC 17025:2019 (2019). To
study the impact of anthropogenic physical fields around
1-8 oil and gas production facilities of the Bytkiv-Babchen-
skyi Field, electromagnetic and radioactive radiation was
measured to determine radionuclides, noise and vibrating
characteristics during the technological blowing-out pro-
cess of well and operation of the Pumpjack. Regulatory
documents were used to analyse the study results: DSP 173-
96 (1996); DSN 239-96 (1996); DSN 3.3.6.039-99 (1999);
and DBN V.1.1-31:2013 (2013).
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The equipment used in conducting field research of
the impact of oil and gas production facilities on environ-
mental components was purchased under the international
project HUSKROUA/1702/6.1/0022CRIMIGE  Regional
Centre for Training and Monitoring of the Environmen-
tal Impact of Electrical Installations (2020) and equip-
ment of the certified Educational and Scientific Labora-
tory “Physical and Chemical Methods of Environmental
State Research” (2023) of the Department of Ecology of
the Ivano-Frankivsk National Technical University of Oil
and Gas (Certificate of Technical Competence No. IF 447
of 31.03.2023). The equipment allowed for a wide range
of environmental studies (the country of manufacture of
most devices is Germany): determination of meteorologi-
cal parameters (air temperature, humidity, wind speed, il-
lumination); air pollution (content of fine particles PM2.5-
10, concentration of carbon monoxide and formaldehyde,
dew point temperature); water pollution (dissolved oxygen,
pH, mineralisation); measurement of electric and magnet-
ic fields, extended and long-term recording of all impor-
tant parameters; noise measurement; vibration frequency
measurement. The equipment allowed to determine the
radiation background and identify radionuclides with an
indication of the category to which they belong in accord-
ance with the requirements of the International Atomic
Energy Agency, including industrial radionuclides (*’Co,
Co, ¥3Ba, ¥"Cs, r, ?Eu and *’Am) and natural radi-
onuclides (*K, ?*Ra, **Th, **U and decay products). AZ-
8603 autonomous portable water laboratory (4 in 1) was
used in the research. Oximeter/pH meter/conductometer/
salinity meter was used. ET-965 multifunctional device for
assessing meteorological parameters was utilised to identi-
fy air temperature, humidity, wind speed, illumination. Air
quality analyser CEM DT-9881 was used for determining
the content of fine particles (dust), concentration of car-
bon monoxide and formaldehyde, dew point temperature.
Electromagnetic radiation analyser NFA-400 is designed
to measure the electrical and magnetic components, with
the range of magnetic flux density measurement from 0.1
to 9.999 nT. Frequency analyser NFE-35C is designed to
detect pulsed sources of electromagnetic radiation. Radi-
ometer SPEKTRA MKS-11GN was used - a highly sen-
sitive search dosimeter with the ability to computer plot
the obtained spectra and record observation points on the

map. Vibrometer PCE-VT 3700S was also utilised. Thus,
the surveys were conducted with modern European equip-
ment and in accredited laboratories, which confirms the
reliability of the results obtained.

© Results and Discussion

The main natural component that is adversely affected is at-
mospheric air. The process of oil and gas production at the
Bytkiv-Babchenskyi Field is accompanied by emissions of
pollutants into the air from the system of collection, treat-
ment and transportation of well products from the field,
which is represented by group units, a thermochemical
unit and individual well collections. There is also a natu-
ral migration of gas from oil and gas-bearing formations
to the Earth’s surface, which is associated with the wide-
spread development of fractures. This is the main reason
for the gas pollution in the Pasichna and Bytkiv settle-
ments. Meteorological and air pollution parameter studies
were conducted near 8 oil and gas production facilities of
the Bytkiv-Babchenskyi Field, some of which are shown in
the photo (Fig. 1).
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Figure 1. Conducting field research
Source: created by the authors

The main results of the field research of air pollu-
tion from oil and gas production facilities at the Byt-
kiv-Babchenskyi Field in 2022-2023 are presented in Ta-
ble 1 and Table 2.

Table 1. Results of the study of air pollution from oil
and gas production facilities at the Bytkiv-Babchenskyi Field, 2022

Oil and gas production facilities at the Bytkiv-Babchenskyi Field

Indicator name Facility 1 Facility 2 Facility 3 Facility 4
I o m v I o m v I o m v I R || G \ 4

AL 137 4204 +289 408 +38 +205 +318 +09 +38 4202 +296 402 +38 +225 +331 —0.9
temperature, °C

Relative 504 383 464 89 504 383 387 904 504 367 427 87 504 381 387 94.0
humidity; %
Wmiljls’eed’ 25 55 01 10 26 60 00 11 26 62 01 19 23 58 01 16
| 72 Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2
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Table 1. Continued

Oil and gas production facilities at the Bytkiv-Babchenskyi Field

Indicator name Facility 1 Facility 2 Facility 3 Facility 4
I II III v I II 111 v I II III 1A% I II m  Iv
Illumlilu?tion, 054 105 128 021 047 109 333 027 051 107 362 045 054 108 387 0.24
CO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
HCHO 0.0 0.0 0.001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.001 0.0 0.0 0.0 0.0 0.0
PMO0.5-2.5 0.0 4 5 34 0.0 4 4 25 3 21 24 17 0.0 33 3.7 31

PM2.5-10 0.0 10 11 61 0.0 11 10

54 21 53 67 32 0.0 64 10 63

Source: created by the authors

Table 2. Results of the study of air pollution from oil
and gas production facilities at the Bytkiv-Babchenskyi Field, 2023

Oil and gas production facilities at the Bytkiv-Babchenskyi Field

Indicator e e e -
name Facility 5 Facility 6 Facility 7 Facility 8
I o m v I o m v I o m v I o0 m IV
AL 35 4217 4289 233 30 +217 4289 235 -21 +21.9 4289 235 -30 +21.9 4289 235
temperature, °C
LT 657 371 464 587 633 371 464 600 57.1 385 464 600 627 385 464 60.0
humidity; %
Wmiljfeed’ 08 03 01 06 15 03 01 08 13 01 01 02 17 01 01 02
mmnﬁj;anon’ 17 97 128 031 17 95 131 03 33 108 141 02 33 115 152 028
Cco 00 00 00 00 0001 000l 000l 0001 00 00 00 00 00 00 00 00
HCHO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

PMO0.5-2.5 5 4 5 3 3 2 2

PM2.5-10 8 8 11 9 9 8 8

Source: created by the authors

Thus, the results of the studies carried out in 2022-
2023 on the state of atmospheric air near oil and gas pro-
duction facilities in the vicinity of oil and gas production
facilities in the Bytkiv-Babchenskyi Field show the fol-
lowing carbon monoxide emissions at most facilities are
absent or do not exceed the MPC; the presence of formal-
dehyde in the air recorded near some facilities does not
exceed the permissible hygienic standards; dust particles
of PM 2.5-10 prevail in the air, which is associated with
meteorological factors. O. Romaniuk (2023) described in
detail the environmental impacts of oil and gas produc-
tion and the problem of gas pollution in settlements on
the example of Boryslav. S.N. Riddick et al. (2020) fo-
cused on methane air pollution in the areas of oil fields,
which is especially relevant in the territory of old oil
fields, where there are many abandoned wells. M. Gél-
falk et al. (2021) proposed to explore such areas using

Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2

unmanned aerial vehicles with CH, gas detectors, which
allows to map CH, concentration and wind speed with an
accuracy of 0.84 parts per billion/s and 0.1 m/s, respec-
tively, and is especially important in complex landscapes.
P.M.B. Saint-Vincent et al. (2020) and A. Townsend-Small
& J. Hoschouer (2021) have shown that gas concentrations
are also affected by the season, so it is important to con-
duct continuous monitoring of well emissions throughout
the year. In their research, J. Jonca et al. (2022) proved
the influence of meteorological factors on the conditions
of concentration and dispersion of hydrocarbon gases in
the territory of oil fields. L. Makarenko (2024) showed
that an increase in humidity reduces PM 2.5 pollution,
while PM 10 pollution increases. And the pollution rate
is largely influenced by the air exchange process. M. Hu et
al. (2021) established a direct correlation between meteor-
ological factors and the degree of air pollution.
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Thus, most studies of the impact of oil and gas produc-
tion on the air are related to the emanations of hydrocar-
bon gases, primarily methane. However, no studies have
been conducted on the presence of other gases, such as for-
maldehyde and carbon monoxide, at oilfields. The results
of the research show the presence of these gases near oil
and gas production facilities, which requires further more
detailed observations. However, the use of unmanned
aerial vehicles with gas detectors is only appropriate when
mapping areas with abandoned wells that may be a source
of CH,. Researchers have shown the influence of seasonal
factors on the concentration of both methane and PM par-
ticles in the air. The study confirms the research of other
scientists on the impact of meteorological parameters on
the concentration of PM2.5-10. During the monitoring of
water bodies, express analysis was used using the AZ-8603
autonomous portable water laboratory (4 in 1) oximeter/
pH-meter/satellite/TDS (Fig. 2). The results of the obser-
vations are presented in Table 3. For chemical analysis of
water samples collected in the Bystrytsia Nadvirnianska
River near Site 7, the Water Monitoring Laboratory of
the Western region of the Dniester Basin Water Resourc-
es Administration determined the mass concentration of

elements, chemical and physicochemical indicators of wa-
ter quality, and examined the content of volatile organic
compounds, polyaromatic hydrocarbons, heavy metals,
pesticides, pharmaceuticals, and elemental composition of
water (Fig. 3).

Figure 2. Rapid water analysis
Source: created by the authors

Table 3. Results of rapid analysis of water samples from water bodies

. Bystrytsia Nadvirnianska Bystrytsia Nadvirnianska  Hygienic water Code of regulatory
Indicator name . . . . :
River near Site 6 River near Site 7 quality standards documents
Hydrogen index, pH 6.4 7.0 6.5-8.5 DSTU 4077-2001 (2002)
Mineralisation, mg/dm? 51.5 478 1,000 DSPN 2.2.4-171-10 (2010)
Dissolved oxygen, mg 30 12 > 4.0 DSTU ISO 5813:2004 (2004)
O,/dm
Temperature, °C 12.2 13.4

Source: created by the authors

Figure 3. Sample preparation and analysis
of water samples in the certified laboratory of the Dniester
Basin Water Resources Administration
Source: created by the authors
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The following conclusions can be drawn based on the
results of the water sample analysis. In terms of salt con-
tent, the water is slightly mineralised, the water hardness
is 4.7 mg-eq/dm® with an upper limit of 7.0 mg-eq/dm’,
the calcium content is 71 mg/dm?, the bicarbonate content
is 305 mg-eq/dm’, and the water is bicarbonate. Chroma-
tographic tests from the List 45+ according to the Law of
Ukraine No. 45 (2017), the water sample contained vola-
tile organic compounds such as benzene, dichlorometh-
ane, hexachlorobutadiene, and the concentrations of these
pollutants did not exceed environmental quality standards.
The content of biogenic elements, namely nitrogen, which
is present in the form of inorganic compounds — ammoni-
um ions, nitrate ions, is very low, and the content of phos-
phorus, in the form of orthophosphates and nitrites, is not
detected, the concentration of biogenic elements is insig-
nificant. The elemental composition is characterised by the
presence of argentum, iron, manganese, nickel, molybde-
num, potassium, sodium, zinc, vanadium, phosphorus, sul-
fur, titanium, lithium, stibium, barium, selenium and boron,
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which are detected in insignificant concentrations that do
not exceed the MPC, and therefore can be considered as
trace elements. Among the toxic elements, strontium was
detected in the water sample, with a content equal to the
MPC. Toxic metals — cadmium, lead, arsenic and mercu-
ry - are absent. According to the results of chemical and
physico-chemical indicators, the water is clean. The studies
have not revealed any negative impact of oil and gas pro-
duction facilities on the hydrosphere.

Research on the Bystrytsia Nadvirnianska River is re-
lated to the following main areas. A. Mkrtchian & I. Koval-
chuk (2023) established the regularity of seasonal differ-
entiation of the influence of certain factors and landforms
on the temperature regime of the river. O.V. Lototska &
V.O. Prokopov (2021) studied the water quality indicators
of the Bystrytsia Nadvirnianska River within the Cherniiv
Village of the Ivano-Frankivsk territorial community by
such indicators as dissolved oxygen, ammonium ion, phos-
phate ion, chemical oxygen consumption, biochemical
oxygen consumption, iron and manganese content, which
correlates with the studies of the Bystrytsia Nadvirnianska
River within the settlements of Pasichna and the southern
part of Bytkiv. Since the oil and gas production facilities of
the Bytkiv-Babchenskyi Field are located near the Bystryt-
sia Nadvirna River with its numerous tributaries flowing
through the territory of the settlements, the study of water
quality indicators is important to prevent possible pollu-
tion of water bodies. However, no studies have been con-
ducted on the impact of oil and gas production facilities
on water quality indicators within the Carpathian Region.
There is also no information on seasonal fluctuations in the

Mandryk et al.

physicochemical and chemical parameters of water. There-
fore, research in terms of monitoring the chemical and
physicochemical water quality indicators of the Bystrytsia
Nadvirnianska River within the impact of oil and gas pro-
duction in the Bytkiv-Babchenskyi Field is relevant both
from a practical and scientific point of view.

Visual examination of soil samples collected around
oil and gas production facilities 1-8 showed that the soils
are of the sod type with a low percentage of mechanical
fractions. The soils are of the accumulative type, formed
under unfavourable conditions by the humus-accumula-
tive (sod) soil formation process. According to the results
of the laboratory tests, it was found that the soils at the Byt-
kiv-Babchenskyi Field are characterised by very high and
high organic matter content, with the content of 6.40% and
4.97% respectively, and high and medium levels of the sum
of absorbed bases, the content of ammonium and nitrate
nitrogen is medium, the content of mobile phosphorus
compounds is low and medium, and the content of mobile
iron compounds is very low. The low content of water-sol-
uble sulphates is positive and indicates low soil salinity. The
reaction of the soil solution is close to neutral. The pH val-
ue of the soil in the express analysis was in the range of
6.8-8.0. There are fluctuations in the pH value around oil
and gas production facilities within + 0.5, which is most
likely due to the shape of the relief. No oil contamination
of soils around oil and gas production facilities is observed.
For the purpose of controlling the physical and chemical
characteristics of the soil, samples were taken in the vicinity
of oil and gas production facilities 2 and 3. The results of
the physical and chemical studies are presented in Table 4.

Table 4. Results of physical and chemical studies
of soil samples collected near oil and gas production facilities 2 and 3

Results of soil examination near oil and gas production facilities

Indicators
Object 2 Object 3
Hydrogen pH, pH units 5.72 6.45
Hydrolytic acidity, mmol/100 g of soil 2.92 1.98
Mass percentage of organic matter, % 4.97 6.40
Mass proportion of ammonium nitrogen, mg/kg soil 13.4 13.0
Mass proportion of nitrate nitrogen, mg/kg soil 10.0 5.0
Mobile phosphorus compounds (Kirsanov), mg/kg soil 70 37
Exchangeable calcium, mmol/100 g of soil 10 12.2
Exchangeable magnesium, mmol/100 g of soil 2.9 32
Sum of absorbed bases, mmol/100 g of soil 13.3 15.8
Mass concentration of water-soluble sulphates, mg/kg soil 21 31
Mobile iron compounds, mg/100 g of soil 0.52 0.48

Source: created by the authors

The studied soil samples are characterised by very high
and high organic matter content, with values of 6.40% and
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4.97% respectively, and high and medium levels of total
absorbed bases. The soil solution reaction (pH) is neutral
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and close to neutral. The content of ammonium and nitrate
nitrogen is average and almost the same in both samples.
However, these samples have low to medium levels of mo-
bile phosphorus and very low levels of iron compounds.
The content of water-soluble sulphates is also low, which is
positive and indicates low soil salinity. The main areas of re-
search on soil pollution and degradation in the areas of oil
fieldsare the effects of oil pollution, the study of the processes
of chemical elements migration in soils, bioindication and
bio-reclamation. V. Lopushniak & H. Hrytsuliak (2021) in
their research on the territory of the oil and gas pipeline
in Bytkiv Village, Nadvirna District, concluded that heavy
metals contained in oil that falls on the surface are migrat-
ing in the soil-plant system. E.C. Nwadibe et al. (2020) in-
vestigated the effects of soil contamination by crude oil and
its impact on microbial activity, and H. Gao et al. (2022) on
the soil ecosystem. Changes in the physical and chemical
properties of soils will also affect the quality of vegetation.
Research by L. Yuan et al. (2022) on vegetation degradation
due to oil impacts near wells showed that such a negative
impact is observed at a distance of up to 40 m from the well
and that the number of plants and their resilience decrease.
As noted by O. Orlov & M. Rahulina (2023), the soils of
the Bytkiv-Babchenskyi Field area are diverse in origin and
properties, and are characterised by a diverse soil cover. The
conditions of relief influence on soil cover formation were
studied by A. Yavorska & Z. Pankiv (2022) and Z. Pankiv
& P. Honcharuk (2023). B. Karpinskyi (2023) stated that
no studies have been conducted in the Carpathian Region
to determine the level of soil oil contamination due to
filtration processes. The results of the study by A.V. Puk-
ish et al. (2021) on soil contamination by hydrocarbons in
the process of oil and gas production show that there are
changes in the physical, chemical and mechanical proper-
ties of soils. This results in a decrease in water permeability
and moisture capacity, as well as deterioration of aeration
and temperature balance. The research has established a
correlation between salinity types and the concentrations
of phosphorus and alkaline-hydrolysed nitrogen, phos-
phorus, potassium and humus. Ya. Semchuk ef al. (2021)

studied the impact of oilfields on the pollution of ground-
water, surface water, and soil by formation water. Accord-
ing to the scientists, the consequences of such pollution
can have a greater negative impact than the penetration
of oil into the soil. V. Sierohlazov & V. Yurchenko (2021),
based on the results of microbiological and hydrochemi-
cal studies of produced water from oil production facilities,
established the conditions for the development of sulfate
reductions, as well as the dependence of dissolved oxygen
and hydrogen sulfide. Also, as a result of formation water
reaching the surface exposed during oil and gas produc-
tion, soil salinisation occurs. It was found by R.C. Dalal et
al. (2021) that increased mineralisation can lead to instabil-
ity of organic carbon and nitrogen in soils.

The main areas of research into the impact of oil and
gas production on soils are the migration of chemical ele-
ments and their influence on the condition, diversity and
resilience of vegetation. Other studies focused on oil con-
tamination of soils and its consequences. A relevant area of
research is the impact of formation water on the soil cover,
which leads to geochemical anomalies, soil salinisation and
soil degradation. However, an important and unexplored
area of research is the development of soil degradation
processes, which can be caused by various mechanical or
physical factors that destroy the integrity of the soil cover.
This process is not so pronounced in time compared to the
consequences of direct oil or highly mineralised formation
water entering the surface. To do this, it is necessary to
begin by determining the main physical and chemical pa-
rameters of soils near oil and gas production facilities. No
such studies have been conducted on the impact of oil and
gas production facilities on the soil cover in the Carpathi-
an Region, and in particular the Bytkiv-Babchenskyi Field.
The study of the impact of anthropogenic physical fields
in the vicinity of oil and gas production facilities includ-
ed the determination of electromagnetic, noise, vibration
and radiation field parameters. The results of the study of
anthropogenic physical fields in the vicinity of oil and gas
production facilities at the Bytkiv-Babchenskyi Field are
presented in Table 5.

Table 5. Results of measuring anthropogenic physical fields in the vicinity of wells

Noise field  Vibration field Radiation field Electromagnetic field
Quarter Ngil:e, Vibration, bia;fgi:;iﬁ?d, Radionudlides The electrical Magnetic component, mG
um uSv/h component,V/m X Y 7
Site 1
111 45 25.1 0.07 not detected 48 44 0.7 -
v 52 28.7 0.07 not detected 43 96 102 73
Site 2
111 50.8 25.0 0.08 Ra** 0.9
v 47.3 24.5 0.08 Ra** 1.0 48 52 56
Site 3
111 53.8 51.3 0.07 not detected 102 96 37
v 72.1 96.1 0.09 not detected 49.6 155 193 119
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Table 5. Continued

Noise field Vibration field Radiation field Electromagnetic field
Quarter Noise, dB Vibration, pm bi;:;l:;ﬁ,:d, Radionuclides The electrical e e
uSv/h component, V/m X Y 7

Site 4

111 44.1 28.7 0.07 not detected 14.9 137 482 91

v 50.4 24.1 0.07 not detected 15.1 161 515 135
Site 5

111 64.8 431/343/24%/23° 0.07 Ra** 1.1 360 238 960

v 67 41.5 0.08 Ra** 1.1 149 155 167
Site 6

II 36'/65%/43* 26'/36%/34%/27° 0.1 not detected 2.6 42 34 42

v 40 29 0.1 not detected 2.0 37 39 41
Site 7

II 741/56* 23.0 0.09 Th??, Am**!, 1.9 92 80 75

v 70'/60? 164'/713/65%/44° 0.09 Cs'¥7, Ir'? 1.7 87 85 77
Site 8
Co%, Cs'7,

11 50.3 23.0 0.08 Mo?”, Th*?, 1.1 155 161 215

121 3

Co®, Cs',

v 51 24'/23%/23* 0.08 Mo*”, Th?*?, 1.1 151 158 203

2w

Note:! - normal operation mode; ? - during well blowing, pressure 85 atm; *— at a distance of 1 m; *- at a distance of 2 m; ° - at a distance

of 3m

Source: created by the authors

During the radiation field survey, a spectrum of ra-
dionuclides was recorded at each monitoring point. The
results of radiation field observations at the monitoring
point near facilities 6 and 7 of the Bytkiv-Babchenskyi
Field are presented in Figure 4 and Figure 5.
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Figure 4. Spectra of radionuclides
in the vicinity of the Site 6
Source: created by the authors
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Thus, based on the results of studies of anthropogen-
ic physical fields near oil and gas production facilities in
2022-2023, the following conclusions were drawn. The
radiation background is in the range of 0.07-0.1 pSv/h,
which did not exceed the permissible standards, and there
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was no anthropogenic radiation field in the study area.
Noise pollution around the well was in the range of 36-
72 dB, reaching its maximum value near the production
wells, which is associated with the operation of the rock-
ing machine and well blowdown. Vibration pollution near
the wells had minimum values in the range of 23-29 mi-
crons, and the maximum value was reached near the pro-
duction wells due to the operation of the rocking machine,
but at a distance of 3 m the vibration reached a value of
approximately 23 microns; the vibration level did not ex-
ceed the permissible standards, and an increase in vibra-
tion was also observed during well blowdown. The level
of electromagnetic field did not exceed the permissible
standards, and in most cases was generated by power lines
passing through the study area; the oil and gas production
facilities themselves are not sources of electromagnetic
anthropogenic physical fields. Technogenic physical fields,
namely vibration and noise, generated by the oil and gas
production process have a local minor impact on environ-
mental components.

Therefore, environmental problems arising in the area
of oil and gas production may be of natural and man-
made origin. The field development process may provoke
an aggravation of the environmental situation due to the
natural processes of hydrocarbon emanation, due to the
tectonic structure of the Bytkiv-Babchenskyi Field. The
study of the consequences of negative impact on environ-
mental components is especially relevant in connection
with the nature reserve fund objects located on the field
development territory or in the immediate vicinity of the
field, as well as due to the location of oil and gas produc-
tion facilities in the territory of settlements. All compo-
nents of the environment are subject to technological im-
pact. The main areas of research into the environmental
impact of oil and gas production facilities are related to air
emissions, pollution of water bodies and soil with oil and
highly mineralised reservoir water. Many research papers
by scientists from neighbouring countries that were men-
tioned above have been devoted to such studies. However,
it is the comprehensive monitoring of the environmen-
tal situation near oil and gas production facilities that is
important. Certain technological processes of oil and gas
production, such as well blowout or operation of a rock-
ing machine, create a certain man-made impact due to the
formation of artificial physical fields (acoustic, vibration
and radiation) around such facilities. The parameters of
such fields, their distribution and impact on various nat-
ural components have not been studied. The obtained re-
search results have shown their importance and prospects
for further study of the impact of oil and gas production
processes and facilities on the environment.

© Conclusions

Based on the results of the atmospheric air condition re-
search in the vicinity of oil and gas production facilities
located on the Bytkiv-Babchenskyi Field territory, it was
established that carbon monoxide emissions near Object 6
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exceeded the established standards. The presence of PM 2.5
(10) dust particles in the air is related to meteorological fac-
tors. Soils at the Bytkiv-Babchenskyi Field are character-
ised by a high content of organic matter. The low content
of water-soluble sulphates indicates low soil salinity. The
reaction of the soil solution in the rapid analysis was in
the range of 6.8-8.0. There was a fluctuation in pH around
oil and gas production facilities within + 0.5, which is
most likely due to the relief shape. No oil contamination
of soils was observed. According to the results of chem-
ical and physicochemical parameters, the water in rivers
and streams is clean. Concentrations of volatile organic
compounds did not exceed environmental water quality
standards, the content of biogenic elements was very low,
phosphorus content was not detected, water hardness was
4.7 mg-eq/dm?, and the water was hydrocarbonate with a
calcium content of 71 mg/dm?®.

In the vicinity of the oil and gas production facili-
ties, the authors conducted studies of man-made physical
fields: radiation, noise, vibration and electromagnetic. The
research results showed that the radiation background was
within 0.07-0.1 puSv/h and did not exceed the permissible
standards; noise pollution around the well was within 36-
72 dB, vibration pollution near the wells had minimum
values within 23-29 microns, and the increase in noise
and vibration fields is associated with the operation of the
rocking machine and well blowdown, the level of electro-
magnetic field did not exceed the permissible standards,
and its parameters are associated with power lines. Thus,
no negative impact of oil and gas production facilities on
natural objects in the territory of the Bytkiv-Babchenskyi
Field was detected.

Analysing the results of the research on the impact of
oil and gas production facilities on environmental compo-
nents and taking into account the main areas of scientific
research on related issues, the following recommenda-
tions can be made for planning research areas: man-made
physical fields, namely noise and vibration, require a larg-
er-scale research to reasonably assess the impact of the oil
and gas production process as a possible negative factor;
the impact of man-made physical fields arising in the
course of relevant oil and gas production operations on
flora and fauna; gas pollution from abandoned wells in the
Carpathian Region; the impact on the soil cover of possi-
ble hydrocarbon manifestations from abandoned wells in
the Carpathian Region; natural and man-made gas pollu-
tion in the Bytkiv and Pasichna settlements.
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e AHoTauif. bisbiicTh TEXHOMOTTYHIX NIPOLIECiB CTBOPIOIOTh TEXHOT€HHE HABAaHTAKEHHA Ha HABKOJIVIIHE CEPENOBUIIE —
He BUHATKOM € HapTorazoBugo0yBHa rairyss. Uepes HadrorasoBuno6ysanH:A Ha 1o butkis-babueHcbkoro pogosuiia
CIIOCTEPIra€TbCs 3ara30BaHICTb TepuTOpil HaceneHux myHKTiB Ilaciyna i brTkiB, BUTOKM HadTHM Ha IEeHHY IOBEPXHIO,
porTe, HeoOXiHO IparHy TV MiHiMi3alil HEraTMBHOTO BIUIMBY Ta 36epe>1<eHH;1 TIOBKi/IsA. MeToi0 HmOCTimKeHHs 6yH0
IIpOBeleHHA KOMIUIEKCHOTO aHaJli3y eKOJIOTiYHOro CTaHy aTMocdepy, IpyHTiB, rifpocdepn Ta TeXHOTeHHUX (i3MIHNX
osiB (papianiiHoro, HryMOBOro, BibpawitHOro, e/IeKTPOMAarHiTHOr0) Ho6/Iu3y pisHux 06’eKTiB HadTOra3oBMAOOYBaHHS
butkiB-bab4eHcbKOro popoBMINA /I BU3HAYEHHA TEXHOTEHHOTO BIUIMBY IIpoliecy BUAOOyBaHHA HadTU i1 rasy.
BuxopucToByBammcsa Taki METOJN: CIIOCTEPEKEHH, BUMiPIOBAaHHA TOKA3HMKIB JOBKIi/IIA, METEOPOIOTiYHNUX ITapaMeTpiB
Ta apaMeTpiB Qpi3MYHMX 0B, 1ab0paTOPHi MeTOLY aHaIi3y. BUKOpuCcTaHO MIMPOKMIL CHEKTP CYYaCHUX IIPUIALIB, AKWUIA
IO3BOJISIE IIPOBOLUTH eKCIIPeC-aHali3 Ta BUSHAYATH mapaMeTpu (GisuaHyx mosis. Y 1a60paToOpHIX yMOBAX IIPOBOAUBCS
Oi/IbII HeTa/IbHIMIT aHAII3 IPO6 BOAM Ta IPYHTIB i3 BUKOpUCTaHHAM (isUKO-XIMIYHIX METO/IB aHaIi3y. BusHadeni ximiuHi,
¢isnKo-xiMivHi TOKaSHMKIM AKOCTi BOAM, BMICT JIETKMX OPTaHIYHUX CIIONYK, II0/IiapOMaTIYHMX BYI/IeBOJHIB BilllIOBigamm
HOPMATMBHMM IOKa3HMKaM. 3 TOKCMYHMX €/IeMEHTIB BUABIEHO CTPOHIIiM, BMICT SIKOTO He IepeBUIYBaB I'PAHMYHO
IOIYCTUMY KOHIIEHTpaliifo. 3a BMICTOM coJleil Bojia rijpokapboHatHa crabomiHepaizoBaHa. IpyHTH HM3bKO3acOeH]
3 HefiTpanbHuM pH rpyHTOBOTO po3umHy. BmicT pyxomux cronyk sanisa, docdopy, a3oTy, BiamosifHO, Ay’kKe HU3BKMUIA,
HUSBKUIL 1 cepefHiil, a OpraHiYHOI PeYOBMHU — [y»Ke BUCOKUIL. BcTaHOB/IEHO, 110 apaMeTpy TeXHOTeHHUX (i3uyHMX
IOJIiB He NePEeBUINYIOTh JOIMYCTMMUX HOPM. Pesynbraty JOCHIPKEHHA MOKasajy, 1[0 TEXHOT€HHUI BIUIMB IIPOLECY
Ha(TOra30BUAOOYBAaHHs Ha aTMOCQepHe MOBITPs, BOGHI OO’€KTM Ta IPYHTV 3HAXOAUTBCA y MeXax JOIIyCTUMIUX
HOpM. IIpakTuyHe 3HaYeHHA OTPMMAHMX PE3Y/IbTATIB IONATAE Y KOMIIJIEKCHOMY CIOCTEPEXEHHI IPOTArOM POKY 3a
CTQHOM IPUPOFHMX 00’€KTIB, 110 € BaXIMBUM s (axiBiiB HadTOrasoBoI rajysi Imif dac OLiHKM BIUIMBY 00 €KTiB
Ha(TOra30BUAIO0OYBAHH Ha JOBKI/UIA Ta PO3POOKN IPUPOLOOXOPOHHNIX 3aXOfiB
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