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The last decades have been characterized by the deteriorating quality of the
raw material base of Ukraine’s oil industry due to significant production of high-
yielding fields, which are in the final stages of development and have a high degree
of oil flooding, as well as open fields with so-called hard-to-reach reserves.

The situation in the oil and gas industry requires the development and
implementation of technologies that would comprehensively solve the problem of
increasing the productivity of low-flow wells and connecting to the active
development of immobile and immobile hydrocarbon reserves in low-permeability
zones and reservoir intervals. This necessitates the creation and involvement in
practical use of technological solutions that are based on the complex application of
well-known methods of intensification of well work and new highly effective methods,
means and techniques for simultaneously solving a wide range of geological and
industrial problems, which make it possible to increase the current production of
hydrocarbons.

This article analyzes and performs economic-mathematical modeling of
intensification of oil production by pulse-wave actions on productive formations
(based on a review of literature sources, which describe the technical means and
methods used in a technology). It is determined that this method of increasing the
productivity of oil wells by pulse-wave technology is one of the most promising, as it
does not require high-cost equipment and chemical compounds, is performed using
standard oilfield equipment, and does not pollute the environment.

The work aims to increase the oil production ratio of PJSC Ukrnafta by
introducing pulse-wave technology to the well by improving the filtration and
throughput characteristics of the bottom hole and remote zones of the reservoir
ensuring maximum oil production speed and net profit.

To assess the economic feasibility of the proposed measure, the main
performance indicators were used: net discounted income, profitability index, and
internal rate of return. Based on the results obtained for the implementation of the
proposed project, the provision of the maximum rate of oil recovery and net profit. It
is established that these indicators correspond to the strategy of -effective
development of PJSC Ukrnaffta in the field of oil production.



Ocmanui Oecamupiyus Xapakxmepusyromocs NO2IPULeHHAM SAKICHO20 CMAaHy
CUPOBUHHOI 6a3u HAPmMosudob6ysHoi npomuciosocmi Ykpainu 6HACIIOOK 3HAYHO2O
BUPOOIMKY BUCOKONPOOYKMUBHUX DPOOOBULY, WO 3HAXOOSAMbCSA HA 3A6ePUIANbHIl
cmaoii po3pobKu ma Maromov BUCOKUL CMYNiHb 00600HeHOCMI HAMOBUX NIACMIB,
Makodc 3anyueHHsi 00 eKcnayamayii IOKpumux pooosuwy 3 maxK 36aHUMU
8AAHCKOOOCMYNHUMU 3ANACAMU.

Cumyayis 6 nagmoeazosii 2anysi eumazac pospooKU ma BRPOBAONCEHHS.
MexHON02Il, SIKI O KOMNJIEKCHO 8UPIULY8AIU NPOoOIeMy NIOBUWEHHS NPOOYKMUBHOCTI
MAN00eOIMHUX CBepONIO8UH MA NIOKTIOUEHHS 00 AKMUBHOI pO3POOKU HEePYyXOMUX i
HepYyXoMux 3anacié 6y2ne800Hi6 y 30HAX HU3bKOI NMPOHUKHOCMI Ma I[HMep8anax
Konekmopig. Lle 3ymosnioe HeobXiOHicmb CMEOPeHHs: ma 3any4eHHs: 00 NPAKMUYHO20
BUKOPUCMAHHS  MEXHON02IYHUX — pilleHb, AKI  0a3ylomscsi HA  KOMNJIEKCHOMY
3ACMOCY8aHHI K 8I00MUX MemOoOi8 IHmeHcupikayii pobim ceepoo8uH, max i HOBUX
sucoxoeekmusuux memoodis, 3acobié i NPULOMIB OOHOUYACHO2O BUDIUUEHHS]
WUPOKO20 KOJIA 2€0JI02IYHUX | NPOMUCTOBUX 3AB80AHb, KL 0Ai0mb 3M02Y 30i1blUumu
HOMOYHUL 8UOOOYMOK 8Y21e800HI8.

YV oamiti cmammi npoananizoeano ma 30iliCHEHO E€KOHOMIKO-MamemMamuyte
MOOento8anus iHmencu@ixayii 6u0oOymKy Hagmu iMIYIbCHO-X8UTLOBUMU OIAMU HA
NPOOYKMUBHI NIACU (HA OCHOBI 021510y TIMEePamypHuUX 0dxcepel, 8 AKUX ONUCYIOMbCS
MexXHIYHI 3aco0U i Memoou, Wo GUKOPUCMOBYIOMbCA Y MIll YU IHWIN MeXHON02ii).
Busnaueno, wo oanuii cnocio nioguwjerms npooyKmusHoCmi HAphmosux ceeponiosum
IMNYNIbCHO-XBUNLOBOIO MEXHOJI02IEI0 € OOHUM [3 NEePCHeKMUBHUX, OCKLIbKU He
nompebye UCOKOBAPMICHUX OOJIAOHAHHA MA XIMIYHUX CHOAYK, BUKOHYEMbCA 3a
00NOMO20I0 WMAMHO20 HADMONPOMUCTIOB020 O00JAOHAHHA MA He 8i00Y8AECMbCSL
3a0pyOHEeHH s HABKOIUUHBO20 CepedosULYd.

Memoto pobomu € niosuwenus xoegiyicnma 6udodymky wuagpmu IIAT
«Ykpuagpmay enpoeadscyrouu imMnynibCHO-X8UNbOBOI MEXHOI02II HA CB8epOSlOBUH) 3d
PAXYHOK NOKpAweHHs Qinbmpayitino-nponyCcKHUX Xapakmepucmux npusubitunoi ma
8I00QEeHUX 30H Naacma 3a0e3neuydu MaKCUMaibHy WeuoKicms suo0odymxy Hagpmu
ma MmpUMaHHs YUCmMo2o NPubymKy.

I oyinku exoHoMiuHOI OoyinbHOCMI 30IUCHEHHS 3anPONOHOBAHO20 3AX00Y

BUKOPUCMAHO OCHOBHI NOKAZHUKU eheKmUBHOCMI. Yyucmui OUCKOHMOBAHUU 00XIO,



[HOexc npubymxogocmi ma 6HYmpiwHs Hopma npudbymrkosocmi. Ha ocHogi
OMPUMAHUX pe3yIbmamis, wooo peanizayii 3anponoHO8aAHO20 NPOEKMY, GUSBIEHO
3abe3nedueHicmbs MAKCUMANbHO20 KoeqiyieHmy GuIyueHHs Hapmu ma OmpumMAaHhs
yucmoeo npubymky. Becmanoseneno, wo oaui nokaznuku 6ionogioarome cmpamezii

eghexmuenozo possumky IIAT « Ykpunagpmay» 6 obnacmi euoooymxy nagpmu.

Keywords: Pulse-Wave Technology, Oil Production, Energy Resources,
Profitability Index, Sales Revenue, Stable Financial Condition.

Kniwowuosi cnasa: imnynbCcHO-X8UNbOBA MEXHON02IA, BUO0OYMOK Hagmu,
eHepeopecypcu, IHOeKc npubymkoeocmi, eupyuka 6i0 peanizayii, cmiluKuil

Qinancosuil cman.

Statement of the problem in general and its connection with important
scientific or practical tasks. Modern market relations require businesses to increase
production efficiency, the competitiveness of products and services, efficiency of
management, and production management, which ultimately leads to the main goal —
to maximize profits, which can be achieved by ensuring a stable financial position.
The correct definition of the financial condition of the enterprise is of great
importance not only for himself but also for shareholders and potential investors.

Fluctuations in world oil and gas prices largely determine the pace of
development of the global energy economy, the long-term structure of the fuel and
energy balance, directions and rates of R&D in relevant areas. At the moment, the oil
market is not experiencing the best of times, the energy sector in Ukraine, and in
general, around the world has suffered significantly. The financial crisis has had a
profound effect on the profitability of any oil and gas company, affecting the decline
in domestic consumption and falling energy prices.

In 2020, world gas production decreased by 146 billion cubic meters (-3.6%) to
3 845 billion cubic meters, as low oil and gas prices have led to a decline in
exploration and production. Prices for Urals oil and natural gas reached the lowest
values in the last 5 years, reaching $ 20/bar and UAH 1,860/thousand m’,
respectively. Despite the recovery of prices in the second half of the year, in 2020 the



average annual price for oil was 35%, and for gas — 33% less than in 2019. Natural
gas production in Europe continued to decline, declining by 13.2% in 2020 compared
to 2019 and amounted to 96.2 billion cubic meters [1].

In 2020, the total volume of gas production in Ukraine amounted to 20.2
billion cubic meters, which is 0.5 billion cubic meters (-2.4%) less than in the
previous year. In 2020, JSC Ukrhazvydobuvannia extracted 14.2 billion cubic meters,
which 1s 4.7% less than in 2019. Ukrgazvydobuvannia JSC is followed by
Naftogazvydobuvannia PJSC (DTEK Naftogaz), the largest private gas production
company in Ukraine, with an annual production volume of 1.8 billion cubic meters
(an increase of 11.3% in 2020). In 2020, PJSC Ukrnafta extracted 1.1 billion cubic
meters of natural gas, which is 3.0% (or 33 million cubic meters) less than in 2019 [2,
p. 16].

It should be noted that since November 2015, Ukraine has no longer imports
gas from the Russian Federation. However, Russian gas is transited through the
Ukrainian gas transportation system to the European Union, and from there it is
imported in reverse to Ukraine via Slovakia, Poland, and Hungary. In 2019,
compared to 2018, the volume of gas transit through Ukraine from the Russian
Federation to European countries and Moldova increased to 89.6 billion cubic meters
(by 3%), and imports of natural gas to Ukraine for the year increased to 14.2 billion
cubic meters (by 34.9%). There are more than 40 deposits from almost 500 wells in
five oblasts — Lviv, Ivano-Frankivsk, Volyn, Zakarpattia, and Chernivtsi.

It should be noted that 70% of all gas in the western region of Ukraine (2.1
billion cubic meters of gas per day) is produced by the largest gas company in
Ukraine «Lvivgazvydobuvannya» — one of the three branches of the state enterprise
«Ukrgazvydobuvannia». The company plans to drill and start gas production in 12
new wells: eight production wells and four exploration wells. Today
Lvivgazvydobuvannia Gas Industry provides 5% of gas production in Ukraine. In
2018, 10 new wells received an additional 123 thousand cubic meters of gas per day,
and from the intensification of production wells — more than 220 thousand cubic

meters of gas per day [4].



It is known that the actual gas production in recent years of operation of the
unique Shebelinsky GKR exceeded the project, and additional gas production for the
period 2015-2019 amounted to 5.7 billion m’ [5, p. 27]. In the structure of the oil
consumption market in Ukraine, the share of Shebelinsky Gas Refinery
(Ukrgazvydobuvannia) is 3.8%: 149 thousand tons of gasoline (production increased
by 13%), 88 thousand tons of diesel fuel (3.5%), and 176 thousand of liquefied gas
(6.8%) [6].

For many years, Ukraine has neglected its geological prospecting industry by
focusing on gas purchases in the Russian Federation, spending billions of dollars on
it. The state invests only UAH 100 million a year in upgrading its material and raw
material base, but to fully conduct geological exploration for mining companies, it is
necessary to spend UAH 1.5 billion annually.

At the same time, according to Ryder Scott Company, Ukraine’s natural gas
reserves are 270 billion cubic meters. It should be noted that large deposits of
unproduced gas in the western region of Ukraine alone are billions of cubic meters
(Bilche-Volytsky, Svydnytsky, Letnyansky, and Oparsky fields) and in the
Carpathians at great depths (Bytkiv-Babchensky field — subsoil contain about 31.6
billion cubic meters) [7].

In 2020, PJSC Ukrnafta extracted 1.13 billion cubic meters of natural gas,
which is 3.0% (or 33 million cubic meters) less than in 2019. The situation is similar
for private companies, which continued to increase production, reaching 4.86 billion
cubic meters in 2020, which is 5% more than in the previous year (in 2019,
production increased by 4.7% — from 1.45 million tons to 1.52 million tons) [1].

Ukrainian oil and gas companies are not living in the best of times. Therefore,
this article analyzes and performs economic and mathematical modeling of the
current state of methods and means to increase the productivity of oil wells PJSC
Ukrnafta pulse-wave action on the reservoir (based on a review of literature sources
describing technical means and methods used in a particular other technology).

Analysis of recent research and publications, which initiated the solution

of this problem and on which the author relies, the selection of previously



unsolved parts of the general problem, which is the subject of this article. The
scientific work proposes the introduction of pulse-wave technology on the well,
which will allow PJSC Ukrnafta to increase the rate of oil production by improving
the filtration and throughput characteristics of the bottom hole and remote zones of
the reservoir. The implementation of this project will ensure a stable production
profile and the maximum speed of oil production, increase the efficiency of the
development of heavy oil reserves from the reservoir and bring a net profit.

Pulse-wave action, as a method of influencing the productive formation, refers
to promising methods of action on the bottom-hole zone of the formation. This
method was first tested in the oil and gas field in the 60s of the twentieth century, and
immediately received positive data on its technological efficiency [8]. This
technology does not require expensive equipment and is environmentally friendly,
performed using standard oilfield equipment.

Shock-wave impact on the formation provides for two types of effects:

- direct impact on the near-wellbore formation zone with a coverage
radius of up to 50 cm from a source of elastic waves in the ultrasonic frequency
range;

- remote impact, which is recorded by hydrophones at a distance of 1-1.5
km from the source generating low-frequency 0.2 Hz elastic waves [9].

The main goal of the technology is to introduce into development low-
permeability isolated zones of the reservoir, which react poorly to the impact of the
reservoir pressure maintenance system, by exposing them to elastic waves that decay
in high-permeability sections of the reservoir, but propagate over a considerable
distance and with sufficient intensity to excite low-permeability reservoir sections
[10; 11].

From the experience of BFZ treatment in oil wells, it has been noticed that a
low-permeability reservoir not saturated with liquid absorbs elastic waves, which
leads to a reduction in the coverage area much more than for a reservoir with a fluid-
filled pore volume. In the latter case, under the influence of elastic vibrations, the

pressure in the pores increases, which leads to the destruction of the membranes



between the pores and the formation of additional capillaries, and the difference in
the propagation velocity of elastic high-frequency waves through the skeletal rock
and the pore fluid leads to the destruction of the spatial network formed by the
colloidal-dispersed system. Considering that the impact of elastic waves performs
separation of CDS particles from the walls of the capillary due to oscillations near the
center of equilibrium, but does not move in space, a more powerful alternating shock
effect is needed, which has enough energy to carry the bridging agent from the
formation to the well — the «washingy effect [12; 13].

Thus, to reduce filtration resistance, restore the hydrodynamic connection of
the «formation-well» system, and expand the network of microcracks, technical
means have been developed that allow creating a local geodynamic effect on near-
well sections of the formation.

Treatment of the bottom hole zone by the pulse-wave method increases the
acceptability of injection and productivity of production wells. These methods allow
optimizing the costs of the oil company in the case when the use of more expensive
methods to increase productivity is unprofitable [14].

The essence of the pulse-wave action on the formation is to create elastic
oscillations in the bottom hole and downhole zones of the formation. To do this, it is
necessary to transfer energy from the surface to the lowered equipment or to create
fluctuations of the required power on the surface and ensure their transfer to the
reservoir. Pressure gradients in the bottom-hole zone of the formation are created by
downhole or ground hydraulic generators of elastic oscillations [15].

Analysis and experience of the current state of methods and means of pulse-
wave action on the formation show their great diversity using different methods of
creating elastic waves in the formation, a wide range of frequencies and intensities, a
large number of design solutions for deep, mouth and ground equipment. This
indicates the intensive development of this scientific and technical direction and its
prospects, primarily to increase oil and gas recovery from the formation without the

use of chemical reagents and heaters, given the reduction of hydrocarbon production



reserves in the world. The advantage of these methods is their efficiency, relatively
low cost, low energy consumption, environmental friendliness [16].

Formulation of the goals of the article (task statement). The work aims to
increase the oil production ratio of PJSC Ukrnafta by introducing pulse-wave
technology to the well by improving the filtration and throughput characteristics of
the bottom hole and remote areas of the reservoir, ensuring maximum oil production
speed and net profit.

Presentation of the main material of the study with a full justification of
the obtained scientific results. Despite the unstable macroeconomic situation and a
significant drop in prices for oil, gas, and demand for petroleum products in 2020,
PJSC Ukrnafta managed to prevent a significant decline in production. The volume of
oil production with condensate amounted to 1.5 million tons, natural gas — 1.13
billion m3, liquefied gas production reached 117 thousand tons [1].

In 2020, net sales revenue increased compared to 2019 by UAH 7.3 billion to
UAH 35.5 billion. The main factor in the growth of net income in 2020 was the
completion of the gas agreement and, as a result, the sale of natural gas produced in
2006 for Naftogaz of Ukraine in the amount of 2.061 billion m®> worth UAH 12.5
billion (excluding VAT) [17].

Net income from the sale of oil with condensate amounted to UAH 0.9 billion.
During 2020, PJSC Ukrnafta continued to operate under regulatory restrictions on the
sale of o1l and gas condensate through state auctions, and as a result, was forced to
purchase its oil for further transfer to the Kremenchuk refinery on toll terms and
incurred additional costs, related to the monetization of oil. Net income from gas
sales amounted to UAH 14.6 billion, including UAH 12.5 billion from the sale of gas
produced in 2006. Net income from the sale of petroleum products in the wholesale
segment, resulting from the refining of own oil, increased by UAH 300 million and
amounted to UAH 12.0 billion. In the retail segment, net income amounted to UAH
5.4 billion. The cost of goods sold amounted to UAH 18.1 billion [1].

According to the results of 2020, PJSC Ukrnafta received a net profit of 4.3
billion UAH against a loss of 4.1 billion UAH in 2019 and became the largest



taxpayer in Ukraine according to the publication «Rating. Business in Official
Figures» [18]. The company transferred to the state budget of Ukraine
unprecedentedly large tax payments of UAH 47.5 billion, which were used to pay
both current tax liabilities and to repay the historical tax debt and accrued penalties.

Due to a significant drop in oil, gas, and oil demand during 2020, PJSC
Ukrnafta adjusted the company’s capital investment. The company was forced to
refuse to postpone part of the organizational and technical measures by the new
indicators of economic feasibility. The total amount of capital investments in the
reporting year amounted to UAH 1.146 billion — 29% less than in 2019 [1]. At the
same time, the company provided financing for operating expenses to maintain the
company’s assets at the appropriate level. Priority areas of investment were supported
for sustainable hydrocarbon production, projects on environmental safety, labor
protections, and fire safety. In addition, investments were directed to the development
of the company’s retail business, renewal of the fleet of special equipment and
transport, implementation of IT projects.

In total, Ukrnafta conducted 2 fracturing operations last year, completed
overhauls of 133 wells, performed 24 operations using coil tubing units without a
cattle brigade, conducted 20 production intensification operations, and
decommissioned 107 wells. Thanks to these measures, the company managed to
obtain an additional 145.4 thousand tons of oil and condensate and 79.4 million m’ of
natural gas [1].

After analyzing the financial and economic activities and technological and
technical characteristics of PJSC Ukrnafta we propose the introduction of pulse-wave
technology per well — will allow the company to increase oil recovery by improving
the filtration and capacity characteristics of the bottom hole and remote zones. The
range should be up to 4.3 km. Based on geological and physical requirements, it is
necessary to select a site with a large number of reacting wells (N=21-22) and large
residual stock, the flow rate of the well should range from 1.2 to 24 t/day.

Let’s perform economic and mathematical modeling for the introduction of this

technology. The duration of the technological effect is five years from 2021 to 2025.



The installation will run for five years, after which it will be necessary to lift the
equipment, conduct an audit and decide on the further operation or complete
replacement.

To assess the economic feasibility of the proposed measure, we use the
following key performance indicators:

- net discounted income;

- profitability index;

- the inner hole of profitability [19, p. 27-28].

The cost of one barrel of oil is § 68.94 USA (as of December 1, 2021), ie a ton
of oil with a density of 836 kg/m’ on the world market costs $ 158.89, or UAH
4,323.39 at the cost of one dollar 27.21 UAH. The cost of one installation 1s UAH 2.8
million.

The operating coefficient of wells K=0.98. The price of sold oil is
P2021=4323.39; Pypop= 4338.02; Pp3=4351.52; Ppp4=4365.71; P05=4381.43 UAH
per ton of oil. Income tax rate [T=25%. Conditionally variable costs in the cost of one
ton of oil C¢=26.43 UAH/t. We will conduct a mathematical and economic
justification for this geological and technical event.

Additional oil production is calculated by the following formula (1):

AQt=ghx K, x T (1)

where AQ — additional production for the year, t.;

gh — planned estimated increase, t./day;

K. — well operation factor;

T — period.

It is necessary to take into account the rate of decline in base production. Use
the following formula (2) [20]:

AQ’2021 =AQ xX T, (2)

where AQ's — additional production for the year, taking into account the rate of
decline in production, t.;

T, — the rate of decline in production.



AQ'yopy = AQao20 X T, = 6080,9 x 0,892 = 5424,16 t.;
= AQ',,, X Ty = 5424,16 X 0,9 = 4881,74 t.;
AQ'yyps = AQ'y,, X T, = 4881,74 X 0,901 = 4398,45 t.;
AQ' 3024 = AQ'yy,, X T, = 4398,45 x 0,905 = 3980,6 t.;
AQ' oy = AQ',, X Ty = 3980,6 X 0,905 = 3602,44 t.
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Knowing the price of oil and the value of additional production, we can
calculate sales revenue by the following formula (3):
AB = AQ"; X P )
where AB — proceeds from the sale of extracted oil for the year, UAH million;
P — oil sales price, UAH/t.
AByg1 = AQ',,,,; X P = 5424,16 X 4323,39 = 23,5 UAH million;
ABjgz, = AQ',,,, X P = 4881,74 X 4338,02 = 21,2 UAH million;
ABjgz3 = AQ',,,5 X P =4398,45 X 4351,52 = 19,1 UAH million;
ABjg24 = AQ',,,, X P =3980,6 X 4365,71 = 17,4 UAH million;
ABjg5 = AQ',,, X P = 3602,44 X 4381,43 = 15,8 UAH million.
The cost of additional oil production per year can be calculated by the formula
(4):
C= AQp,; X Cs 4)
where C — costs for preparation of additionally extracted oil, UAH million;
Cs — conditionally variable costs of oil preparation, UAH/t.
Cz021 = AQ',,,, X Cs = 5424,16 X 26,43 = 14,5 UAH million;
Cao22 = AQ',,,, X Cs = 4881,74 X 26,43 = 12,4 UAH million;
Cao23 = AQ',,,5 X Cs = 4398,45 X 26,43 = 11,1 UAH million;
Ca024 = AQ',,,, X Cs = 3980,6 X 26,43 = 10,3 UAH million;
Ca025 = AQ',,,c X Cs =3602,44 X 26,43 = 9,7 UAH million.
Determine the current costs of the technological event according to the formula
(3):
C.= C.+C (5)



where C, — expenses for the event, UAH million;
C, — project implementation costs, UAH million;
C — costs for preparation of additionally extracted oil, UAH million.
AC.2021 = Cp + Cy921 = 2,3 + 14,5 = 16,8 UAH million;
ACip022 = Cr 4+ Cyo22 = 2,3+ 12,4 = 14,7 UAH million;
AC¢p023 = Cp + Cyp23 = 2,3+ 11,1 = 13,4 UAH million;
ACi024 = Cr + Cyo24 = 2,3+ 10,3 = 12,6 UAH million;
AC,5025 = C + Cy925 = 2,3+ 9,7 = 12 UAH million.
Increase in profit from the technological event (6):
AP = AB — AC, (6)
where AP — profit from the technological event, UAH million;
AB — proceeds from the sale of extracted oil for the year, UAH million;
C. — expenses for the event, UAH million
APyp51 = ABygy1 — ACpp021 = 23,5 — 16,8 = 6,7 UAH million;
AP,5y5 = ABygyy — ACcp022 = 21,2 — 14,7 = 6,5 UAH million;
APyp53 = ABygy3 — ACpp023 = 19,1 — 13,4 = 5,7 UAH million;
APygp4 = ABygo4 — AC.p024 = 17,4 — 12,6 = 4,8 UAH million;
AP,y5 = AByg5 — ACqp025 = 15,8 — 12 = 3,8 UAH million.
The total increase in profit for the whole period is UAH 27.5 million.
After determining the profit from the sale of extracted oil, it is necessary to

calculate the tax on additional income in the year according to the formula (7):

(7)

where AIT,; — additional income tax, UAH million;

APXIT

AITAI - 100

AP — profit from the event, UAH million;

IT — income tax.

APgy021XIT 6,7 X0,25

AITAIZOZl = 100 100 = 1,13 UAH mllllon,
ATy, = —E22250- 825028 = 1,05 UAH million;

APg2023XIT 5,7 X0,25
100 100

AITA12023 = = 0,89 UAH mllllon;



APE3024XIT 4,8 X0,25

AITA12024_ = 100 100 = 0,73 UAH mllllon,
ATy 5025 = ~E22X0 = 38202 — 0,68 UAH million,

As a result, the amount of tax payments for additional oil production from its
sale will be equal to UAH 4.48 million, which is 25% of profits.

The increase in cash flow in the year can be determined by the formula (8):

ACF = AP — AlTy, (8)

where ACF — increase in cash flow, UAH million;

AP — profit from the technological event, UAH million;

AIT, — additional income tax, UAH million.

ACF,051 = APygp1 — AlTs15021 = 6,7 — 1,13 = 5,57 UAH million;

ACF5055 = APygpy — AlTy55022 = 6,5 — 1,05 = 5,45 UAH million;

ACF,033 = APygy3 — AlTy10023 = 5,7 — 0,89 = 4,81 UAH million;
ACF5054 = APygpq — AlT415024 = 4,8 — 0,73 = 4,07 UAH million;
ACF5055 = APygp5 — AlTy55025 = 3,8 — 0,68 = 3,12 UAH million.

Once you have determined the increase in funds, taking into account all the
costs, you need to make sure of the effectiveness of the proposed project based on
key performance indicators.

First of all, it is necessary to determine the amount of money from investments
we will receive, taking into account the time and risk factors, for this we will

calculate the discount rate in each year (9):
1

D= ——~ (9)

- (1+E)(t—1)+0,5
where D — discount rate;
E — annual discount rate;

t — current year of the settlement period.

1 1

D2021 = (1 + E)(t—1)+0,5 = (1 + 0,20)(2021—2021)+0,5 =0,71;
1 1

= (0,66;

DZOZZ = (1 + E)(t_1)+0'5 = (1 + 0,20)(2022—2021)+0,5



1 1

D2023 = (1 + E)(t—1)+0,5 = (1 + 0,20)(2023—2021)+0,5 = 0'53;

D2024 = (1+ E)(t—1)+0,5 - (1+ 0,20)(2024—2021)+0,5 = 0,38;
1 1

= 0,29.

D025 = (1 + E)t-D+05 = (1 + 0,20)(2025-2021)+05

The formula uses the annual discount rate set at PJISC Ukrnafta. Discounted
cash flow is calculated by the formula (10):

DCF = ACF XD (10)

where DCF — discounted cash flow, UAH million;

ACF — increase in cash flow, UAH million;

D — discount rate.

DCF5p51 = ACF5921 X Dyg1 = 5,57 X 0,71 = 3,9 UAH million;
DCF,y52 = ACF,022 X Dygrp = 5,45 X 0,66 = 3,6 UAH million;
DCF,p53 = ACF,923 X Dygr3 = 4,81 X 0,53 = 2,5 UAH million;
DCFyp54 = ACF,024 X Dygoa = 4,07 X 0,38 = 1,5 UAH million;
DCF,y55 = ACF,925 X Dygrs = 3,12 X 0,29 = 0,9 UAH million.

The sum of the values of net discounted income from the proposed project is
equal to:

NVP = »DCF, = 39+3,6+ 2,5+ 1,5+ 0,9 = 12,4 UAH million.

Value NPV>0 (positive), the project, in this case, is considered profitable,
which indicates the feasibility of financing and implementation of the proposed
project.

The index of profitability from the technological event will be determined by

the following formula (11):

NVP
Cr

PI = (11)

where NPV — net discounted income, UAH million;

C, — costs for technology implementation, UAH million.

pr= Y2 _ 2%_ 5 4 UAH million.
C, 2,3




The profitability index shows the number of monetary units received for each
invested monetary unit for the estimated period of project implementation, taking into
account discounts.

Conclusions from this study and prospects for further exploration in this
direction. Based on the data obtained, we can conclude that the implementation of
this project will provide a stable production profile and the maximum rate of oil
recovery, increase the efficiency of hard-to-extract oil reserves from the reservoir and
bring not just extra income but net profit. These indicators correspond to the strategy
of effective development and the goals of the analyzed company in the field of oil
production.

The analyzed method testifies to the intensive development of this scientific
and technical direction and its prospects, primarily for increasing oil and gas recovery
from formations without the use of chemical reagents and heaters, given the reduction
of hydrocarbon production reserves in the world. The advantages are environmental

friendliness, efficiency, relatively low cost, and low energy consumption.

Jlirepatypa
1. Odiuirinuit cait [TAT «YxpHadTay. URL:
https://www.ukrnafta.com/audijovana-finansova-zvitnist-pat-2020-rik (mara
3BepHeHHs: 26.10.2022).
2. [Inan po3BuTky ra3zorpaHcnoptHoi cucremu. TOB  «Oneparop

ra3oTpaHCIOPTHOI cucteMu Ykpainm» Ha 2022-2031 poku, 49 c.
3. Odimivinmii cauT «BBC News. VYkpainay. URL:
https://www.bbc.com/ukrainian/features-47201376 (nara 3BepHenss: 28.10.2022).

4. Odimivinmii cauT Hadroras. VYkpra3susi00yBaHHS. URL:

https://ugv.com.ua/uk/page/pro-kompaniu (nara 3sepaenss: 01.11.2022).

5. Oimimuyk O.0. Po3pobiieHHsT METOMIB MiJBUIIEHHS €(EeKTUBHOCTI Ta
KepyBaHHS Ta30MOTOKAMHU CHCTEM 300py Ta3y BHUCHaKEHUX POIOBHII: aBTOped.
Juc. ... Kaug. Tex. Hayk: 05.15.13 IBano-®pankiBebk, 2019. 183 c.

6. 3opkin  A.B., Kuxors K.B., Mockanenko I.JO. 3enena knura

«PeryiroBaHHs puHKY MOTOpHMX nanuBy, Kuis, 2020, 118 c.



7. Odimivtanit caiit  Hadrorazosa  acomiamiss ~ Ykpaiam.  URL:

http://oilers.org.ua/uk (mara 3epuenns: 01.11.2022).

8. Sun F.J., Zeng Z.Z., Qiu Y.C., et al. Pulse high current power supply
used for dredging oil and water wells. High Voltage Eng. 1999. 25(2). P. 47-49.

9. Zhou H., Zhang Y., Li H., et al. Generation of electrohydraulic
shockwaves by plasma-ignited energetic materials: III. Shock wave characteristics
with three discharge loads. IEEE Trans. Plasma Sci. 2015. 43(12). P. 4017-4023.

10. Lu X.P. Theoretical and experimental research on electrohydraulic
pulsed plasma. Huazhong University of Science and Technology. Wuhan. China.
2001.

11. Chen W., Maurel O., Reese T., et al. Experimental study on an
alternative oil stimulation technique for tight gas reservoirs based on dynamic shock
waves generated by pulsed arc electrohydraulic discharges. J. Petrol. Sci. Eng. 2012.
88(89). P. 67-74.

12. Li X., Chao Y., Wu J., et al. Study of the shock waves characteristics
generated by underwater electrical wire explosion. J. Appl. Phys. 2015. 118(2). P.
3451-3462.

13. Jiayuan He, Rusheng Zhang, Jingchen Zhang, Meijuan Liu, Osuji
Nicholas Izuchukwu. Experimental evaluation of near wellbore stimulation — using
electrical explosion shockwave on tight sand reservoir. Oil & Gas Science and
Technology — Revue d’IFP Energies nouvelles. Institut Frangais du Pétrole. 2018.
73. 60 p.

14.  W. Chen et al. Experimental study on an alternative oil stimulation
technique for tight gas reservoirs based on dynamic shock waves generated by Pulsed
Arc Electrohydraulic Discharges. Journal of Petroleum Science and Engineering.
2012. 88(89). P. 67-74.

15. Aici Q., Yongmin Z., Bin K., et al. Application of high power pulse
technology in unconventional gas development. Proceeding for 2012 CAE/NEA
Energy Forum. Coal Industry Press. Beijing. China. 2012. P. 1112-1115.

16. Kharchenko Ye., Hutyi A., Haiduk V. The influence of friction forces on
longitudinal wave propagation in a stuck drill string in a borehole. Tribology. 2018.
Vol. 282. No. 6. P. 79-87.



17. Khrystyna Danylkiv, Khrystyna Gorbova. Comprehensive assessment of
financial condition of enterprise on the basis of performance reporting: calculated
approach. Innovation Technologies in Economy and Society. Series of monographs
Faculty of Architecture, Civil Engineering and Applied Arts Katowice School of
Technology Monograph 20. Za tekst, odwotania, materiaty 1 ilustracje odpowiadaja
autorzy Copyright by Wyzsza Szkota Techniczna w Katowicach, Katowice. 2018. P.
25-44.

18.  Odimitinuit caift Pelitunr. biznec B odimiinux mudpax. URL:
https://rating.zone/top-200-najbilshykh-kompanij-ukrainy-za-sumoiu-splaty-
podatkovykh-platezhiv-za-2020-rik/ (nata 3Bepuenns: 02.11.2022).

19. Tmyk C.O. Mogeni IHTErpajabHOIO OLIIHIOBAaHHS pe3yybTaTiB (PiHAHCOBO-
roCHO/IapChKOl  JIISUIBHOCTI MPOMHUCIOBUX MIANPUEMCTB perioHy. PezionanvHa
exornomika. 2008. Ne2. C. 25-33.

20. TpunbkeBuu O.A., Kingpanpka I.I. Iudopmarniiino-anamituane

3a0€3IeUeHHS YIIPaBIIHHS JIJIOBOIO aKTUBHICTIO MIAMPUEMCTB. EKOHOMIYHUL AHATI3.

2010. Bum. 6. C. 215-218.

References
1. The official site of the PJSC Ukrnafta (2020), “Audited financial
statements of PJSC Ukrnafta for 2020, available at:

https://www.ukrnafta.com/audijovana-finansova-zvitnist-pat-2020-rik (Accessed 26
October 2022).
2. LLC “Operator of the gas transmission system of Ukraine’(2021), Plan

rozvytku hazotransportnoi systemy [Gas transmission system development plan for
2022-2031], LLC “Operator of the gas transmission system of Ukraine”, Kyiv,
Ukraine.

3. The official site of the BBC News. Ukraine (2019), “Warm up without
Russia. Will there be enough gas in Western Ukraine?“, available at:
https://www.bbc.com/ukrainian/features-47201376 (Accessed 28 October 2022).




4. The official site of the Oil and Gas. Ukrgazvydobuvannya (2020),
“Ukraine and its role 1in the FEuropean gas market“, available at:
https://ugv.com.ua/uk/page/pro-kompaniul (Accessed 1 November 2022).

5. Filipchuk, O.0. (2019). “Development of methods to increase the

efficiency and control of gas flows of gas collection systems of depleted fields”,
Ph.D. Pipeline Transport, Oil and Gas Storage Facilities, Ivano-Frankivsk University
of Oil and Gas, Ivano-Frankivsk, Ukraine.

6. Zorkin, A.V., Kykot, K.V. and Moskalenko, Yu.Yu. (2020), Zelena
knyha rehuliuvannia rynku motornykh palyv [Green book “Regulation of the motor
fuel market”], Kyiv, Ukraine.

7. The official site of the Oil and Gas Association of Ukraine (2022),
available at: http://oilers.org.ua/uk (Accessed 1 November 2022).

8. Sun, F.J., Zeng, Z.Z., Qiu, Y.C., et al. (1999), “Pulse high current power
supply used for dredging oil and water wells”, High Voltage Eng, vol. 25(2), pp. 47-
49,

9. Zhou, H., Zhang, Y., Li, H., et al. (2015), “Generation of
electrohydraulic shockwaves by plasma-ignited energetic materials”, /11. Shock wave
characteristics with three discharge loads, IEEE Trans. Plasma Sci, vol. 43(12), pp.
4017-4023.

10. Lu, X.P. (2001), Theoretical and experimental research on
electrohydraulic pulsed plasma, Huazhong University of Science and Technology,
Wuhan, China.

11.  Chen, W., Maurel, O., Reess, T., et al. (2012), “Experimental study on
an alternative oil stimulation technique for tight gas reservoirs based on dynamic
shock waves generated by pulsed arc electrohydraulic discharges”, J. Petrol. Sci.
Eng, vol. 88(89), pp. 67-74.

12. Li, X., Chao, Y., Wu, J., et al. (2015), “Study of the shock waves
characteristics generated by underwater electrical wire explosion”, J. Appl. Phys, vol.
118(2), pp. 3451-3462.

13. Jiayuan He, Rusheng Zhang, Jingchen Zhang, Meijuan Liu, Osuji
Nicholas Izuchukwu (2018), “Experimental evaluation of near wellbore stimulation —

using electrical explosion shockwave on tight sand reservoir”, Oil & Gas Science and



Technology — Revue d’IFP Energies nouvelles, Institut Frangais du Pétrole, vol. 73,
60 p.

14. Chen, W. et al. (2012), “Experimental study on an alternative oil
stimulation technique for tight gas reservoirs based on dynamic shock waves
generated by Pulsed Arc Electrohydraulic Discharges”, Journal of Petroleum Science
and Engineering, vol. 88(89), pp. 67-74.

15.  Aici, Q., Yongmin, Z., Bin, K., et al. (2012), “Application of high power
pulse technology in unconventional gas development”, Proceeding for 2012
CAE/NEA Energy Forum, Coal Industry Press, Beijing, China, pp. 1112-1115.

16. Kharchenko, Ye., Hutyi, A. and Haiduk, V. (2018), “The influence of
friction forces on longitudinal wave propagation in a stuck drill string in a borehole”,
Tribology, vol. 282, no 6, pp. 79-87.

17. Danylkiv, Kh. and Gorbova, Kh. (2018), Comprehensive assessment of
financial condition of enterprise on the basis of performance reporting, Wyzsza
Szkota Techniczna w Katowicach, Katowice, Poland.

18. The official site of the Rating (2020), “Business in Official Figures®,
available at: https://rating.zone/top-200-najbilshykh-kompanij-ukrainy-za-sumoiu-
splaty-podatkovykh-platezhiv-za-2020-rik/ (Accessed 2 November 2022).

19. Ishchuk, S.0. (2008), “Models of integrated evaluation of the results of

financial and economic activities of industrial enterprises in the region”, Rehionalna

ekonomika, vol. 2, pp. 25-33.

20. Hrynkevych, O.A. and Kindratska, H.I. (2010), “Information and
analytical support of business activity management”. Ekonomichnyi analiz, vol. 6, pp.
215-218.

Cmamms naoitiuina 0o peoakyii 09.11.2022 p.



