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The sectors of the national economy have experienced the devastating impact of Russian aggression in Ukraine. The adaptability
to challenges during the full-scale war has allowed enterprises in the oil and gas sector to maintain a positive dynamic. Currently, oil
and gas companies emit a significant amount of greenhouse gases. Despite wartime conditions, these companies are paying attention
to ensuring Ukraine’s fulfillment of its international and European integration commitments in the field of climate change mitigation.
Ensuring the effective functioning of enterprises is a key objective of environmental policy. The construction of new oil and gas wells
will enhance the country’s energy potential. However, oil and gas wells pose environmental threats both during technological processes
and in emergency situations. Therefore, analyzing greenhouse gas emissions throughout the well’s life cycle is highly relevant. The
purpose of this study is to analyze greenhouse gas emissions into the atmosphere at various stages of the well life cycle. To achieve
this aim, the following research objectives were formulated: to analyze greenhouse gas emissions during the drilling and abandonment
stages of wells and to identify measures for their reduction. The object of the study is oil and gas wells located at an industrial site. The
subject of the study is greenhouse gas emissions. An analysis of total greenhouse gas emissions during the life cycle was conducted.
Combustion products from diesel fuel used by drilling rig engines are the primary sources of impact on the atmospheric air during
drilling and abandonment. These stages of the well life cycle account for a significant portion of greenhouse gas emissions. Organized
sources of greenhouse gas emissions during the drilling and abandonment stages were considered. Gross emissions of greenhouse
gases into the air during the drilling and abandonment of three wells of varying depth and drilling cycle duration were calculated. It
has been determined that the enterprise’s greenhouse gas emissions pose no risk to the health of personnel. Key words: well life cycle,
greenhouse gases, environment, emission sources, combustion products, drilling process.

AHaJii3 BUKH/IiB TAPHUKOBHUX ra3iB y arMocdepHe noBiTpst HagTorazoBuno0yBHumMu 06’ekramu. Kpusenko I.M.

Tamy3i BITYUM3HAHOT €KOHOMIKH Bifdynu Ha coOi pyHHIBHY CHIIy pOCiiichKoi arpecii B YkpaiHi. ATanTUBHICTh 10 BUKJIHKIB B yMO-
Bax MOBHOMacLITaOHOT BillHN JO3BONMIIA HiNpHEMCTBaM HaTOra3oBoi ray3i 30eperty No3UTHBHY AuHaMmiky. Ha nanuii yac niamnpu-
€McTBa HaTOra3oBo1 rajy3i BUKUIAIOTh 3HAYHY KiBbKICTh ITAPHUKOBUX ra3iB. He3Bakaroun Ha BIiCHKOBHUI cTaH HadTOra3oBi KoMma-
Hii IPUIIIAIOTH yBary 3a0e3MeUeHHIO0 BUKOHAHHS YKPaiHO 11 MIXKHApOIHUX Ta €BpOiHTErpaniiHux 3000B’s13aHb y cdepi 6opoTsOu
31 3MiHOIO KIiIiMatry. ['apanTyBaHHS e(eKTHBHOTO (h)YHKIIOHYBAaHHS MiANPHEMCTB € TOJOBHUM 3aBIAHHSAM CKOJOTIYHOI MOJITHKH.
Crnopy/mkeHHs] HOBUX Ha()TOra30BHX CBEpPAJIOBHH JACTh 3MOTY IOKpAIUTH SHEpreTHYHHWN MOTeHLian aepkaBu. Aje HadTorasosi
CBEPJUIOBHHH CTBOPIOIOTH 3arp03y HaBKOJIHMIIHBOMY CEPEIOBHIIY SIK IIPH TEXHOJOTIYHHX IpoIecax, TaK i MiJ Jyac aBapiHHUX CHTya-
niit. OTxe, aHai3 BUKU/IIB MAPHUKOBUX ra3iB ITiJl 9ac XXUTTEBOTO UKy CBEPIOBHHH € aKTyaJdbHUM. MeToto faHoi poboTH € aHawi3
BUKH/IIiB NAPHUKOBHX Ta3iB y aTMoc(epHe MOBITPs Ha eTanax KMUTTEBOrO LUKIY CBEPATOBUHH. I TOCSATHEHHS MOCTABICHOI METH
Oy copMyIbOBaHi HACTYIHI 3a/a4i JOCIIKEHb: aHajli3 BUKU/IiB TAPHUKOBHX 'a3iB Ha eramax OypiHHS Ta JIKBizauii CBepJIOBUH
Ta 3aX0/H 110710 1X MiHiMmi3awil. O6’€KTOM OCIIPKeHHS € HadTOra3oBi CBEpUIOBUHH Ha IIPOMUCIIOBOMY MaiiiaH4uuky. [Ipenmer mocii-
JDKeHB: BUKHIY TApHAKOBHX Ta3iB. [IpoBeneHo aHami3 cyMapHUX BUKH/IB TAPHUKOBUX Ia3iB ITijl 4ac )KUTTe€BOro nuKiry. [Ipoxykru 3ro-
PaHHS IU3ETHHOTO MallMBa JBUTYHIB OypOBOI YCTaHOBKH € JyKepellaMU BIUIMBY Ha MOBITPSHE CEpelOBHIIC MPpH OypiHHI Ta JIiKBigamii
cBeptoBHHM. Ha 11i eTarny )XKUTTEBOTO HUKITY CBEPUIOBUHH [IPUITAAae 3HaUYHA KiTbKiCTh BUKH/IIB TAPHUKOBHUX ra3iB. Po3risHyTo opra-
Hi30BaHi JuKepeia BUKH/Y TapHUKOBHX I'a3iB Ha eTanax OypiHHS Ta JiKBiJalil cBepUIoBUH. Po3paxoBaHO BaJIOBI BUKUAN MTAPHUKOBHX
rasiB y HOBITps y mpomueci OypiHHS Ta JKBifanii TphOX CBEPATIOBHH, SIKi BiJPi3HAIOTHCS IIMOMHOIO Ta TPHBANICTIO HUKITYy OypiHHS.
BcTaHOBNIEHO, 110 BUKUIM MAPHUKOBUX Ta3iB MiJIPHEMCTBOM HE HECYTh 3arpO3H 3/0pOB’I0 mepcoHany. Kuwouosi ciosa: RATTEBUN
LMK CBEpAJIOBUHH, TAPHUKOBI a3y, JOBKULIA, JKepesia BUKUAY, IPOAYKTH 3TOpaHHs, mpoiec OypiHHS.

Introduction. Formulation of the problem. The
sectors of the national economy have felt the devastat-
ing impact of Russian aggression in Ukraine. The oil
and gas industry is no exception, as the uninterrupted
functioning of all economic sectors depends on its sta-
ble operation. The military aggression of the Russian
Federation against Ukraine has caused critical damage
to the country’s energy infrastructure. However, adapt-
ability to challenges under the conditions of full-scale
war has enabled oil and gas enterprises to maintain a
positive dynamic.

Despite the state of war, oil and gas companies
remain committed to ensuring that Ukraine fulfills its
international and European integration obligations in the
field of climate change mitigation [1]. Over the next two
decades, natural gas will play a key role in the country’s
energy security and will serve as a transitional fuel in the
processes of economic decarbonization. The construc-
tion of new oil and gas wells will enhance the state’s
energy potential. However, oil and gas wells pose a
threat to the environment both during technological pro-
cesses and in the event of emergencies.
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The relevance of the research and the connection of
the author’s work with important scientific and prac-
tical tasks. The problem remains relevant despite efforts
to optimize the structure of the national energy sector
by increasing the use of low-carbon energy sources and
reducing greenhouse gas emissions. To address it effec-
tively, a detailed analysis of the factors contributing to
environmental pollution is necessary. This will make it
possible to implement appropriate measures to minimize
greenhouse gas emissions. This constitutes the practical
significance of the author’s work.

Analysis of recent research and publications. The
issues of greenhouse gas emissions and the environmen-
tal assessment of atmospheric air quality are addressed
in scientific works [2, 3, 4]. The improvement of pro-
duction processes aimed at reducing the environmental
impact of industrial enterprises is discussed in works
[5, 6, 7]. The analysis of technogenic pressure on the
atmospheric environment is presented in studies [8, 9].
Environmental impacts during well drilling may occur
not only as a result of emergency situations but also
under normal operating conditions. This is primarily due
to significant emissions of greenhouse gases and other
pollutants into the atmosphere [10, 11]. The release
of hydrocarbons and other hazardous substances from
wells and their resulting environmental consequences
are described in [12].

Highlighting previously unresolved parts of
the general problem, to which the specified article
is devoted. To date, the issue of reducing greenhouse
gas emissions into the atmosphere remains unresolved.
Therefore, a comprehensive analysis of greenhouse gas
emissions is necessary to identify effective mitigation
strategies.

The purpose and objectives of the study. The pur-
pose of this study is to analyze greenhouse gas emis-
sions into the atmosphere at various stages of the well
life cycle. To achieve this goal, the following research
objectives were formulated: to analyze greenhouse gas
emissions during the drilling and abandonment stages of
wells; to identify measures aimed at minimizing these
emissions. The object of the study is oil and gas wells
located at an industrial site. The subject of the study is
greenhouse gas emissions.

Novelty and general scientific significance. The
novelty of the research lies in the comprehensive inves-
tigation of greenhouse gas emissions at different stages
of the well life cycle. The results of this scientific work,
in combination with other studies, will enable the imple-
mentation of appropriate measures to minimize green-
house gas emissions.

Materials and Methods. The analysis of greenhouse
gas emissions into the atmosphere was conducted using
the example of three oil and gas wells located within
the administrative boundaries of a united territorial com-
munity in the Poltava region. The drilling depths of the
wells to the top of the productive horizon are 2400 m,
2500 m, and 2750 m, respectively. The drilling method

is rotary, combined (rotary and screw downhole motor).
The duration of the drilling cycle for each well is 40, 76,
and 99 days, respectively [13].

Oil and gas industry enterprises are associated with
emissions of greenhouse gases into the atmosphere,
including carbon dioxide, methane, and nitrous oxide, as
well as other air pollutants. A diagram illustrating green-
house gas emissions into the atmosphere by oil and gas
sector enterprises in 2021 has been constructed (Fig. 1)
[14].

Fig. 1. Structure of Greenhouse Gas Emissions
into the Atmosphere by Oil and Gas Sector Enterprise

According to the emission structure shown in Fig. 1,
carbon dioxide (CO,) emissions account for 81% of total
atmospheric emissions. Since they represent the major-
ity of emissions, it is reasonable to analyze their specific
impact on the environment.

The gross emission of the j-th pollutant M, released
into the atmosphere is determined by the following
equation:

Mj:ZMjizlo 6ijiBi(Qir)i7 (1)

where M, — gross emission of the j-th pollutant dur-
ing the combustion of the i-th type of fuel over the time
period ¢, in tonnes; k;, — emission factor of the j-th pol-
lutant for the i-th fuel, g/GJ; B, — consumption of the
i-th fuel over the time period ¢, in tonnes; (Q/), — lower
heating value of the i-th fuel, MJ/kg.

The emission factor carbon dioxide CO, during the
combustion of organic fuels, in g/GJ, is determined by
the formula:

o, )
where C' — carbon content in the fuel based on
working mass, %; O, — lower heating value of the fuel,
MJ/kg; €, — oxidation factor of carbon in the fuel (CO,);
k.— carbon emission factor of the fuel, g/GJ.
Numerical values of the emission factors for meth-
ane and nitrogen oxide (NO) are provided in [15].
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Presentation of the main material. The life cycle of
oil and gas wells, during which greenhouse gas and pol-
lutant emissions are observed, consists of the following
stages: site preparation for drilling operations, well drill-
ing, well connection, operation, and well abandonment.
Each stage is characterized by a specific percentage of
greenhouse gas emissions into the atmosphere as a result
of industrial activities.

The structure of greenhouse gas emissions at differ-
ent stages of the well life cycle is shown in Fig. 2 [13].

Fig. 2. Structure of Greenhouse Gas Emissions
at Different Stages of the Well Life Cycle
1 — site preparation; 2 — drilling; 3 — well connection; 4 — well
operation; 5 — abandonment

According to Fig. 2, at the well abandonment stage,
greenhouse gas emissions account for 33% of the total
emissions over the entire life cycle; during well opera-
tion — 27%; well connection — 20%; drilling — 13%; and
site preparation for drilling operations — 7%.

Since the duration of each stage of the oil and gas
well life cycle varies, it is recommended to consider
the emission intensity of greenhouse gases to assess the
degree of environmental pollution.

The drilling stage demonstrates the highest emis-
sion intensity. However, its duration is only about 2% of
the total well life cycle. The well abandonment stage is
characterized by a high emission intensity of greenhouse
gases. The operational stage lasts approximately up to
85% of the total well life cycle and is characterized by
medium levels of emission intensity.

The greenhouse gas emission intensities at differ-
ent stages of the well life cycle are presented below.
During the site preparation stage, the emission intensity
of greenhouse gases is 0.1221675 g/s; during drilling —
121.1757 g/s; during well connection — 0.0486675 g/s;
during operation — 0.155325 g/s; and during abandon-
ment —40.4237 g/s [13].

At the drilling stage, greenhouse gas emissions
account for only 13% of the total emissions throughout
the well’s life cycle, while at the abandonment stage —
33%. However, since the emission intensity at the drill-
ing stage constitutes 74.9% of the total emission inten-
sity, and at the abandonment stage — 24.9%, these two
stages will be further considered for a detailed analysis
of greenhouse gas emissions.

Greenhouse gas emissions from organized sources
during well drilling and abandonment have been deter-
mined. We will analyze the emissions of greenhouse
gases — CO,, CH,, and N,O — into the atmospheric air
through the exhaust pipes of diesel engines during the
drilling of wells No. 1, No. 2, and No. 3, as well as dur-
ing their abandonment.

The results of the calculated greenhouse gas emis-
sions from diesel engine exhaust pipes during drilling
and abandonment are presented in Figures 3, 4, and 5.

From the analysis of Fig. 3 it follows that during
the drilling of wells No. 1, No. 2, No. 3, carbon dioxide
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Fig. 3. Carbon dioxide emissions from diesel engine exhaust pipe
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emissions of 206.0 t/year, 180.8 t/year and 228.2 t/year
are observed through the exhaust pipes of diesel engines,
respectively.

A 12% reduction in CO, emissions from well No. 2
compared to No. 1 can be explained by an increase in
the average drilling rate achieved through the use of
upgraded rigs. The 26% increase in greenhouse gas
emissions from well No. 3 compared to No. 2 is due
to the greater drilling depth of well No. 3 — its verti-
cal depth to the roof of the productive horizon is 250 m
deeper than that of well No. 2 — as well as the longer
drilling cycle, which is extended by 23 days.

Well abandonment is a set of measures aimed at
restoring the natural state of rock formations disrupted
by the well, in order to protect subsoil resources. During
the abandonment of wells No. 1, No. 2, and No. 3, car-
bon dioxide emissions amount to 51.5 t/year, 60.3 t/year,
and 76.1 t/year, respectively.

Carbon dioxide (CO,) emissions from organized
sources during drilling and abandonment of wells are
shown in Figure 4. The first and second sources of green-
house gas emissions are the exhaust systems of two diesel
engines used to drive the rotary table and the drawworks.
The third and fourth sources are the exhaust systems of
two diesel engines powering the drilling mud pumps. The
fifth and sixth sources correspond to the exhaust systems
of two diesel engines operating the electric generators.

Analysis of the data indicates that the highest green-
house gas emissions occur during the drilling stage from
the diesel engines powering the mud pumps, reach-
ing 61.52 tonnes per year. During the well abandon-
ment stage, emissions from these sources decrease to
20.53 tonnes per year. The deviation in emissions from
the identified organized sources does not exceed 3.4%.
Thus, during drilling operations, the sources are used
alternately: either the first or second emission source,
the third or fourth, and the fifth or sixth, respectively. To
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reduce emissions of greenhouse gases and air pollutants,
the operation of equipment involved in continuous tech-
nological processes is temporally distributed.

Analysis of Fig. 5 indicates that during the drilling
of wells, methane (CH,) emissions through the exhaust
pipes of diesel engines range from 0.00769 t/year to
0.00958 t/year, while nitrous oxide (N,O) emissions
range from 0.00615 t/year to 0.00938 t/year.

During well abandonment, CH, emissions range
from 0.002116 t/year to 0.00313 t/year, and N,O emis-
sions range from 0.015375 t/year to 0.0175 t/year.

To reduce greenhouse gas emissions into the atmos-
phere, the following mitigation measures are rec-
ommended: improving resource efficiency; reducing
methane emissions and leaks; avoiding flaring and well
blowouts during technological processes; transitioning
to renewable energy sources to meet internal energy
demands; prohibiting engine operation in overload mode;
and distributing the operation of equipment involved in
continuous technological processes over time.

The implementation of these and other measures will
contribute to the reduction of emissions at the drilling site.

Since carbon dioxide (CO,) emissions account for
81%, we will assess its impact on atmospheric air. The
assessment of the impact of greenhouse gas emissions
on the state of atmospheric air is carried out based on
the results of calculations of greenhouse gas content in
emissions from organized sources.

The change in ground-level concentration relative
to the background concentration (C) is determined as
follows:

_C+C,
i
where C is the ground-level concentration of CO,

emissions, g/m’, and Cis the background concentration
of CO, in atmospheric air, g/m’.
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Fig. 4. Carbon dioxide emissions from organized sources
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Fig. 5. Emissions of greenhouse gases CH, and N,O

Under normal conditions, approximately 350 cm?
of CO: is contained in 1 m* of atmospheric air, which
corresponds to 350 ppm — the optimal concentration of
carbon dioxide in the air in terms of its impact on human
health. Based on the gas density under standard condi-
tions, the background concentration was calculated to be
0.687 g/m?. According to the results of greenhouse gas
emission calculations from six organized sources during
the drilling and abandonment of wells, the ground-level
concentration of CO2 was determined using the method-
ology presented in [16], amounting to 3.326 g/m? at an
emission rate of 119.32 g/s.

Under normal background levels of CO,, the com-
pany’s emissions do not pose a threat to personnel
health, even at a concentration increase of 4.841 times,
which corresponds to 1694 ppm in open space. It
should be noted that emissions during drilling opera-
tions are temporary in nature. For example, if the life
cycle of a well is 10 years, and the average duration of
the drilling phase is approximately 70 days, then the

drilling stage accounts for only about 2% of the total
well life cycle [13].

Conclusions. An analysis of total greenhouse gas
emissions at various life cycle stages of three wells
was carried out. Differences in emissions are attrib-
uted to the increased average drilling speed achieved
by modernized rigs and the varying duration of the
drilling cycles. The company’s emissions do not pose
a threat to personnel health, even with a concentration
increase of up to 4.841 times, which corresponds to
1694 ppm in open air. The emissions produced during
drilling are short-term and limited to the duration of
the drilling phase.

Prospects for the use of research results. The find-
ings of the scientific research presented in this article
may be applied to address issues related to greenhouse
gas emissions during the drilling and abandonment of
oil and gas wells. Future studies will focus on a compre-
hensive assessment of pollutant emissions at oil and gas
industry facilities.
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