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SUMMARY

The paper proposes the use of a complex of equipment with the use of laser hydrocarbon
detectors for the operational determination of environmental risks of objects of the oil and gas
complex of the Carpathian region of Ukraine. Such objects include old wells with broken
tightness, which were drilled in the Carpathian region of Ukraine, Poland and Romania in the
19th and 20th centuries. and their coordinates were lost. In order to obtain reliable
information about their location and the level of pollution in the territory of the region, it is
proposed to use a measuring complex based on a quadcopter, equipped with hydrocarbon
measurement detectors for the operational determination of the most polluted zones as part of
a methane laser detector, Lidar equipment and a GPS navigator.
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Introduction

According to archival data of the Carpathian Geological and Petroleum Institute (Kopalnictwo
Naftowe w Polsce, 1939), in January 1939 there were 3,645 oil wells in operation in Ivano-Frankivsk
(then Stanislavivsk) and Lviv regions in drilling 53. Oil production from these wells actually ceased
after 1950 due to the drilling of new wells in more productive layers. In the period 1945-1955, the
conservation and liquidation of oil wells drilled before 1945 was carried out. In turn, the total number
of wells drilled for oil and gas in the Carpathian region for the period 1945-2000 is at least 3,500, of
which more than 60% are conserved and liquidated Thus, the region currently has about 6,000
preserved and liquidated oil and gas wells, which are potentially dangerous for the environment of the
Carpathian region. According to our estimate, about 1,000 wells and mine workings are not visually
identified due to the change in the topography of the territory during the 19th and 20th centuries. and
are not accounted for in connection with the above as preserved or liquidated. The coordinates of the
specified wells can be determined only by the presence of oil leaks and gas pollution of the territories
of old oil fields, as well as by information from a specialized electromagnetic georadar.

Method and Theory

The main causes of oil leaks and contamination of the territory in the locations of old oil and gas wells
are violations of well cementing and liquidation technologies in the complex endogenous geological
conditions of the seismically active zone of the folded Carpathian arc in the period 1945-1950. In the
Carpathian region, there are no detailed studies on determining the level of soil contamination and
underground fresh water due to the filtration of hydrocarbons in soil and quaternary covers from old
oil production facilities such as degraded oil and gas wells. Thus, in the Ivano-Frankivsk region, in
old oil fields (Kosmach fields - Verkhovynskyi district, Kubash, Maidan, Nadiya - Nadvirnyanskyi
district, etc.) as a result of the natural recovery of reservoir pressures and the violation of the tightness
of old casing strings, manifestations are observed (Mandryk et al., 2004). spontaneous spillage of oil
and mineralized reservoir waters, as well as emissions of natural gas (Fig. 1).

Figure 1 Oil leaks from a egraded well near the village of Yablunka, Ivano-Frankivsk region

From the oil spill shown in the figure to the Bystrytsia Solotvynska River - 500 m. Filtration of oil in
the gravel deposits of the floodplain of the Bystrytsia Solotvynska River towards the river bed has
been taking place since 1943. In 2017, during the attempts of the drilling company "NADRA" and
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Research - production "INTEX" to eliminate the self-spilling of oil from the well, the oil flow rate of
the well was estimated at 0.8 tons/day. Thus, during the period 1943-2021, self-spilling of oil is
approximately 25,000 tons. According to our calculations, the number of such wells in the Carpathian
region of Ukraine may range from 1,000 to 1,800. The amount of natural gas released by the wells
into the atmosphere during the specified period will be about 2 billion m?. Therefore, there is a need to
assess environmental risks for these objects of the oil and gas complex. The development and creation
of methods and technical means of controlling the concentrations of harmful and dangerous
substances emitted from organized and unorganized sources of industrial enterprises, which would be
devoid of the shortcomings of sampling methods of periodic control and would enable the
organization of operational permanent control without interfering with the flow of emissions, is an
urgent modern problem in industrially loaded areas. Also, this need is caused by the relevant
international obligations that Ukraine has assumed, namely the fulfillment of the provisions of the
Kyoto Protocol, which require continuous monitoring of greenhouse gas emissions into the
atmosphere from all enterprises in the country.

In recent years, landscape models based on laser scanning have been actively created (Kozak &
Kozak, 2017). The models of the landscape of the eastern regions of Poland, created in a digital
cartographic form at the John Paul II Catholic University of Lublin, can be used for studies on the
assessment of areas of oil pollution in oil fields (Kozak I & Kozak H., 2017). Such models also
realistically reflect the microforms of the relief in a three-dimensional (3D) image. This new form of
representation of the relief in the landscape requires new methods and approaches, but it also makes it
possible to solve a number of research problems and opens the field for further perspective research.
After all, the main advantages of aviation laser scanning over ground (field) studies are the possibility
of conducting large-scale area studies in a short time and the possibility of operational detailed
processing and presentation of observation materials in digital cartographic form.

The authors (Dziuniak, 2017) developed an information technology for evaluating the parameters of
stationary and mobile sources of substance emissions based on the data of operational monitoring of
atmospheric air pollution. This technology differs from the existing proposed method of estimating
parameters of above-standard emissions of stationary sources based on vague expert assessments. It is
based on the method of estimating the parameters of stationary sources of emissions based on the
Gaussian model based on the data of the operational monitoring of the dispersion zone using an
unmanned aerial vehicle, and the method of processing the data of monitoring the parameters of
mobile sources of emissions using a fuzzy knowledge base. This technology makes it possible to
increase the accuracy and efficiency of determining emission parameters from various sources. Also,
the specified technology can be used to assess the level of atmospheric air pollution in the areas of
movement of large flows of vehicles (highways, railway tracks, etc.) and does not involve measuring
the level of pollution from the surface of the earth.

Taking into account the change in the relief of the territories over the past 150 years and the absence
in many cases of fountain fittings and the remains of the casing columns of old oil and gas wells at the
previous stage of work on the assessment of the level of oil and gas pollution of the territories, we
decided to use a special measuring complex for the purpose of monitoring the level of pollution. The
complex includes a specialized quadrocopter with a laser methane detector mounted on its board,
Lidar equipment and a GPS navigator, which significantly speeds up the work on finding mining
products and subsequent work on eliminating pollution. The specified measuring complex allows for
a short period of time to estimate the volumes of natural gas leaks and the areas contaminated by oil
products from degraded mine workings and oil and gas wells built in the 19th and 20th centuries. in
the territories of the region.

We conducted test studies on pollution monitoring (Fig. 2), which showed that for the meteorological
conditions of the Carpathian region, when measuring methane concentration using an unmanned
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aerial vehicle with a laser detector, it is necessary to use detectors with a vertical angular resolution of
at least 0.05 °, and the repetition frequency of laser pulses is not less than 1000 kHz. The specified
parameters will be correct for the horizontal flight speed of the unmanned aerial vehicle, up to 20
km/h and a flight height of up to 50 m. With the help of an infrared laser detector and ground-
penetrating radar ACULA 9000c, it is also possible to determine the places of soil contamination by
natural gas and oil in the territories of oil fields, which gives the possibility of using the received
information to clarify the coordinates of all mining works in the territories of old oil fields.
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Figure 2 Well Nadia-2 of the old Nadia oil industry

To estimate the amount of natural gas released from the degraded Nadiya-2 well of the old Nadiya oil
field (Fig. 2), natural gas concentrations were measured using an ELLI Esilers infrared laser gas
detector at the location of the oil spill from the well. The approximate flow rate of gas is 200-300
m?/day. For the period 1943-2021, the probable amount of natural gas released into the atmosphere by
the well is 8,564,400 m?. It is mainly the greenhouse gas methane.

To assess the effect of different concentrations of methane, temperature and speed of air movement
and the number of aerosol particles in the air on the resolution of the information and measurement
system of the measuring complex of an unmanned aerial vehicle, methods of mathematical modeling
of the spread of pollutants in atmospheric air are used in combination with the use of data from a
quadcopter with laser detectors to determine the zones of the highest concentration of hydrocarbons.
The detectors installed on the quadcopter will allow you to survey the areas of old oil and gas fields
and find the places of methane leaks and oil spills from extremely low heights, as well as fix the
locations of the found leaks on Google Maps© or Google Earth Pro© using the built-in GPS
navigator.

Methane leaks at the locations of old wells are stationary sources of atmospheric air pollution. The
average value of the methane content in the air over a long period of time in the area where the well is
located varies slightly under the influence of meteorological conditions and other factors, including
geological ones. The concentration of methane during the time required for the measuring complex on
an unmanned aerial vehicle (measuring complex-unmanned aerial vehicle) to fix all measurement
points does not undergo significant changes, and therefore the process of methane leakage, under
these conditions, can be considered stationary. At the same time, to fulfill this condition, the number
of measurement points should be small enough. And therefore, a method of their selection is needed
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to provide a maximum of useful information from a minimum number of points, that is, to obtain a
sufficiently accurate estimate of the methane content at the mouth of a given stationary emission
source.

In order to assess the impact on the resolution of the information and measurement system of the
measuring complex - an unmanned aerial vehicle, in the conditions of different concentrations of
methane, temperature and speed of air movement, and the number of aerosol particles in the air,
IFNTUOG developed a laboratory installation for determining the resolution of various types of laser
infrared methane detectors during methane concentration measurements.

Our goal is:

- development of a complex of equipment and algorithms for detection of oil and natural gas pollution
zones and their degree in the territory of the Carpathian region using laser infrared hydrocarbon
detectors;

- construction of an interactive map of gasification and hydrocarbon pollution of the territories of the
Solotvyn and Nadvirnyan OTGs of the Ivano-Frankivsk Oblast oil fields.

Conclusions

The presence of leaky old wells in the Carpathian region, from which uncontrolled spills of
hydrocarbons occur in protected areas, is catastrophic from the point of view of ecology. Monitoring
of environmental risks of oil and gas complex objects whose tightness has been broken over time due
to a number of factors and obtaining reliable information about the level of pollution in the region are
necessary conditions for improving the environmental situation.

A measuring complex based on a quadrocopter equipped with laser hydrocarbon detectors is a
promising technology for the operational determination of zones of the highest concentration of
hydrocarbons from degraded oil and gas wells and mining productions. As experience shows, it can
be effectively used to assess the level of hydrocarbon contamination of the near-surface layers of the
atmosphere, soils and rocks of Quaternary sediments. The implementation of such a project on a large
scale requires the improvement of algorithms for automatic detection of leaks using neural networks
for the analysis of photos obtained from an unmanned aerial vehicle and methods of fuzzy logic for
processing and combining data obtained with the help of various sensors.
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