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Abstract

Purpose is studying the efficiency of a carbon dioxide injection technology to control a water flooding process of the rese-
rvoir of the horizon V-16 of Hadiach oil and gas condensate field and displace the residual gas reserves trapped by the for-
mation water involving numerical modelling.

Methods. A technology of carbon dioxide injection into the reservoir of the horizon V-16 of Hadiach oil and gas conden-
sate field was tested in terms of numerical reservoir model with the use of basic modelling instruments.

Findings. The modelling results makes it possible to calculate the main technological indices of the development of the
reservoir of the horizon V-16 of Hadiach oil and gas condensate field in terms of carbon dioxide injection and while develo-
ping for depletion. According to the results of the performed calculations, it is identified that there is considerable influence of
the number of injection wells on the efficiency of the analyzed technology as for control of a water flooding process in the
productive formation. It should be noted that while increasing the number of injection wells, more complete coverage of the
gas-bearing area with carbon dioxide is provided; owing to that, the efficiency of blocking the formation water inflow into the
production wells turns to be much higher. The implementation of the technology under study makes it possible to increase the
final hydrocarbon recovery factors. In case of using wells ## 52, 101, 201, 202 for carbon dioxide injection, the highest final
hydrocarbon recovery factors are provided. The predictive gas recovery factor grows by 2.95% and the condensate recovery
factor increases by 1.24% comparing to the field development for depletion.

Originality. Basing on the research results, technological efficiency of the implementation of a carbon dioxide injection
technology in terms of the reservoir of the horizon V-160f Hadiach oil and gas condensate field is determined; that is aimed at
increasing the hydrocarbon recovery within the field by controlling a water flooding process in the productive formations and
production wells.

Practical implications. Application of the research results helps improve the current system of the development of produc-
tive formations of Hadiach oil and gas condensate field in terms of water drive. Implementation of such technologies stipulates
the increase in final hydrocarbon recovery of the depleted fields and allows developing optimal ways of utilization of techno-
genic carbon dioxide in terms of the whole decarbonization process of the energy sector in Ukraine.
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1. Introduction industrial wastes has reached its peak. High concentration of
Development of human society is based on the produc-  carbon dioxide in the atmosphere deteriorates the risks for
tion of material and spiritual benefits, which totality stipu-  human health and activity.

lates favourable conditions for human activities. Since the One of the possible ways to reduce concentration of
industrial revolution and up to now, coal, oil, and gas are still ~ greenhouse gases in the atmosphere is the reduction of a
the main sources of energy generation [1]. share of fossil fuel in the process of electric energy genera-

Coal is a relatively cheap product being widely used for ~ tion and transition to the alternative renewable sources of

electric energy generation. Thermal power plants are charac-  €nergy. Nowadays, highly developed countries are basing
terized by high reliability; they produce about 40% of the their economies on the developlng renewa_ble energetlcs. Use
world electric energy. However, combustion of fossil fuels  Of solar, wind, hydro- and electric plants is excluding gradu-
results in harmful emissions of flue gases into the atmos- aIIy_the traditional _methods of electric energy production by
phere — the gases with high carbon dioxide content [2]. fossil fuel combustion. o

Currently, the environmental problem is clearly seen The renewable energy sources are the promising methods

being of great topicality as the environmental pollution with  for reducing the level of environmental pollution and control-
ling all the negative aftereffects for humanity in general.
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Using various renewable energy sources, it is possible to get
the amount of energy being several times more than it is
necessary for consumption. That is the reason why such
renewable energy sources should be considered in the short
term as the main energy sources taking into account their
reliability and safety for the humanity [3].

To reduce industrial emissions of carbon dioxide into the
atmosphere, one should shorten energy consumption by
investing into the increased energy efficiency and infrastruc-
ture development. Nevertheless, those measures will be not
enough; thus, rapid capture and reliable storage of carbon
dioxide are the obligatory conditions as well. There are nu-
merous technologies of carbon dioxide capture characterized
by high technological efficiency and being applied success-
fully worldwide [2].

Equipping of the large power-consuming enterprises with
the technologies of carbon dioxide capture stipulates the ne-
cessity of searching for the ways of its utilization. A prospec-
tive method of carbon dioxide recovery is its injection into the
depleted oil fields aimed at hydrocarbon recovery growth.

Most natural gas fields in Ukraine, which provide the
main share of natural gas recovery, have entered their final
stage of development [4], [5]. The specific features of the
final development stage are represented by low formation
pressure, selective water flooding of the productive for-
mations, liquid accumulation on the well bottomhole, corro-
sion of ground and underground equipment etc. [6], [7].

Oil and gas fields are mainly multilayered consisting of
reservoir seams being nonuniform in their permeability [8].
As the industrial practice of hydrocarbon deposit develop-
ment shows, production wells are usually located nonuni-
formly within the gas-bearing area with their concentration in
the central part. Under such conditions, one can observe
nonuniform water influx into a water-saturated zone with the
advancing movement of a displacement front in terms of the
most permeable and drained formations. Within the watered
part of the formations, there are certain sites with high gas
saturations being not affected by the water [9], [10].

Along with the problem of control of edge water inflo-
wing into a gas-saturated share of the formation, the trapped
gas recovery from watered formations is quite a topical issue
in the context of gas production increase [11].

Numerous studies have confirmed that the highest tech-
nical and economic indices of development can be reached
in case of active influence on the water drive of the produc-
tive formation development. The recommended measures
are to be implemented from the moment of the formation
water showing in the well production. However, secondary
hydrocarbon recovery from the depleted and watered for-
mations is also one of the possible trends in hydrocarbon
recovery improvement [12], [13].

Depleted gas and gas condensate fields are usually cha-
racterized by much lower reservoir pressure comparing to the
pressure in a water drive system. Considerable differentiation
of the reservoir pressures stipulates the formation water
movement towards the lower resistance. Owing to that, even
when the field development is over, one can observe water
flooding of gas-saturated formations.

Such a process results in further compression of the re-
sidual micro- and macrotrapped gas in a porous medium due
to reduced reservoir pressure and its decreased volume.
Taking the aforementioned into consideration, a solution
concerning the expediency of implementing secondary hy-

115

drocarbon recovery should be taken quickly as delay in the
recommended measures results in the deteriorated efficiency
of the technology being implemented and causes future pro-
duction of great formation water volumes [7].

The results of laboratory and experimental studies have
demonstrated high efficiency of secondary hydrocarbon
recovery by injecting non-hydrocarbon gases (nitrogen, car-
bon dioxide, flue and exhaust gases, mixtures of different
gases) into the productive formations [14]-[18].

A technology of carbon dioxide injection into produc-
tive formations is one of the effective techniques of hydro-
carbon recovery [19]-[21].

The results of numerous studies concerning a process of
carbon dioxide injection for deceleration of the edge water
flow and residual gas displacement prove its efficiency. The
implementation of non-hydrocarbon gas injection at any stage
of deposit development under conditions of water drive mode
helps provide the increased hydrocarbon recovery [22], [23].

First, carbon dioxide injection was performed in the USA
(State of New-York) in 1949. The studies turned to be posi-
tive; thus, the research area was expanded for ten more USA
hydrocarbon fields. Industrial studies were carried out mostly
within the oil fields.

In 1964, the Union Oil Company implemented a techno-
logy of carbon dioxide injection into an oil field at Mead-
Strawn field. The operation results helped reach the in-
creased final factor of hydrocarbon recovery being 35% [24].
Since then, a technology of carbon dioxide injection into oil
fields has been used successively worldwide.

Pilot projects as for implementation of carbon dioxide in-
jection technology for increased oil recovery from Canadian
fields were being implemented within the period of 1983-
1984 at Weyburn and Joffre Viking deposits [25], [26].

Carbon dioxide as an injection agent started to be applied
in Hungary at Budafa field in 1969 [27]. Norway uses the
carbon dioxide injection technology to increase final coeffi-
cients of hydrocarbon recovery from the productive for-
mations located under the Northern Sea floor [28].

In the USSR, industrial implementation of oil displace-
ment by carbon dioxide started within the northern part of
Tuimazinske field in 1971 and proved high efficiency of
displacing residual hydrocarbon reserves by non-
hydrocarbon gases [29].

As a rule, implementation of the technology of carbon
dioxide injection does not require considerable costs as cer-
tain primary and secondary methods of hydrocarbon recov-
ery have been already applied at most reservoirs. Conse-
quently, the previously developed infrastructure can be used
for the technologies of carbon dioxide injection as well.

To stabilize and improve the levels of natural gas reco-
very, a critical analysis of the depleted state of main fields of
Dnieper-Donets Depression has been performed.

Hadiach oil and gas condensate field belongs to the pro-
spective Ukrainian hydrocarbon fields characterized by the
considerable energy potential and developed under conditions
of water drive of the productive formation development.

According to the results of the analysis of Hadiach field
development history, to implement the carbon dioxide injec-
tion technology it is recommended to use formations of res-
ervoir of the horizon V-16; that is aimed at stabilization of
hydrocarbon recovery and increase in final factors of hydro-
carbon recovery.
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The research objective is to study the efficiency of carbon
dioxide injection technology to control a process of water
flooding of the reservoir of the horizon V-160f Hadiach oil
and gas condensate field and displace residual gas involving
numerical modelling.

To achieve the specified objective, it is necessary to solve
the following problems:

1. To analyze the influence of a network of injection
wells on the water drive activity in terms of carbon dioxide
injection into the reservoir of the horizon V-16.

2. To study the effect of number of injection wells on the
gas recovery factor of the reservoir of the horizon V-16 of
Hadiach oil and gas condensate field.

2. Research methodology

The studies concerning the increase in final hydrocarbon
recovery from the reservoir of the horizon V-16 of Hadiach
field involved the tools of modelling Eclipse and Petrel by
the Schlumberger Company (the USA). The studies are car-
ried out on the simulation model of Hadiach oil and gas con-
densate field. A conceptual 3D model of the reservoir of the
horizon V-16 of Hadiach oil and gas condensate field is
represented in Figure 1.

Figure 1. Conceptual 3D model of the reservoir of the horizon
V-16 of Hadiach oil and gas condensate field

To represent physical processes occurring within the pro-
ductive formation during the carbon dioxide injection, a
compositional PVT-model has been developed with the use
of PVTi module and Eclipse software [30].

A gas condensate formation is developed for depletion
involving 4 production wells (## 56, 73, 74, 75). While ap-
plying a continuously acting technological model of Hadiach
oil and gas condensate field, which is adapted for actual data
of the development history, the localization of residual re-
serves of gas trapped by the formation water was defined.
Having identified the sites of productive formation with high
residual gas-bearing characteristics, a series of injection
wells was selected, which use would help cover the greatest
amount of residual trapped reserves of natural gas by means
of displacement. Wells ## 52, 101, 201, 202 were selected
for carbon dioxide injection. The non-hydrocarbon gas was
pumped into a productive formation with the flow rate of
50 thousand md3/day per one well. The gas flow rate of a
production well was 50 thousand m3/day.

Duration of a period of non-hydrocarbon gas injection is
16 months. A productive formation is being developed up to
the moment of carbon dioxide breakthrough into the last
production well.

To analyze the influence of different number of injection
wells and their spatial location within the formation area on
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the gas recovery factor, 5 case of productive formation de-
velopment with carbon dioxide injection were elaborated:

—case 1 — carbon dioxide is injected into the reservoir of
the horizon V-16 with the use of wells ## 52, 201;

— case 2 — carbon dioxide is injected into the reservoir of
the horizon V-16 with the use of wells ## 52, 202;

— case 3 — carbon dioxide is injected into the reservoir of
the horizon V-16 with the use of wells ## 101, 202;

— case 4 — carbon dioxide is injected into the reservoir of
the horizon V-16 with the use of wells ## 201, 202;

—case 5 — carbon dioxide is injected into the reservoir of
the horizon V-16 with the use of wells ## 52, 101, 201, 202;

Figure 2 represents a scheme of location of injection
wells within the area of gas-bearing reservoir of the horizon
V-16 of Hadiach oil and gas condensate field.

Water saturation (SWAT)
Water saturation

100000
. 080000
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070000
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020000
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Figure 2. Scheme of location of injection and production wells
within the area of gas-bearing reservoir of the horizon
V-16 of Hadiach oil and gas condensate field

While studying the cases of non-hydrocarbon gas injec-
tion into the reservoir of the horizon V-16, a moment of
carbon dioxide breakthrough into each of the production
wells was recorded. Use of different number and spatial
location of a network of injection wells stipulates different
duration of the operating period of production wells up to the
moment of carbon dioxide breakthrough. In case of the va-
riant of productive formation development for depletion,
productive wells stopped at the same moment of time like
during the formation development with carbon dioxide injec-
tion. Taking into consideration the abovementioned for each
case of the field development with carbon dioxide injection,
a case of development for depletion was calculated according
to the duration of the operating period of production wells
stipulated by different density and location of a network of
injection wells.

The results of conducted studies helped calculate the
main technical indices of the development of a productive
formation at the moment of carbon dioxide breakthrough into
one of the production wells in terms of the value of reco-
vered formation water at the moment of its breakthrough.
The research results were processed in the form of table and
graphic dependences of the parameters under consideration
at the moment of carbon dioxide breakthrough depending on
the number and spatial location of the injection wells.

3. Results and discussion

Applying a constantly functioning geological and techno-
logical model of Hadiach oil and gas condensate field, the
efficiency of a technology of carbon dioxide injection for the
conditions of the reservoir of the horizon V-16has been studied.
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While analyzing the modelling results, it is determined
that carbon dioxide injection into the reservoir of the horizon
V-16 of Hadiach oil and gas condensate field involving dif-
ferent number of injection wells helps support the reservoir
pressure at much higher level comparing with the field de-
velopment for depletion. According to the calculation results,
the highest values of the reservoir pressure are reached at
carbon dioxide injection with the use of 4 injection wells
(## 52, 101, 201, 202). The reservoir pressure dynamics for
different injection wells while carbon dioxide injecting into
the reservoir of the horizon V-16 is represented in Figure 3.

The nature of reservoir pressure dynamics in time depen-
ding on the number of injection wells is stipulated by intense
advance of formation water into the formation and disconnec-
tion of production wells due to water flooding or carbon dio-
xide breakthrough. In case of well shutdown due to one of the
indicated reasons, extraction of natural gas from the formation
is reduced resulting in decreased rate of the reservoir pressure
drop. While analyzing the reservoir pressure dynamics, it
should be noted that when the last production well stops, the
reservoir pressure experiences its increase in time. Such a
nature of the dependences is stipulated by further advance of
edge water into the gas-saturated formations of the productive
formation and balancing of a hydrodynamic system.
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Figure 3. Dynamics of the reservoir pressure while injecting
carbon dioxide into the reservoir of the horizon V-16 of
Hadiach oil and gas condensate field for different num-
ber of injection wells

Basing on the performed calculations of the main techno-
logical parameters of the reservoir of the horizon
V-16development, the influence of the number of injection
wells on the water drive system activity has been analyzed.

Figure 4 shows the dynamics of the cumulative water
production while carbon dioxide injecting into the reservoir
of the horizon V-16 for different number of injection wells.

According to the calculation results, it has been defined
that the least amount of water is produced in case of using
wells ## 52, 202 for injection; it is 8.52 thousand m3. If wells
## 52, 201 are used for injection, then the highest water pro-
duction is provided being 9.89 thousand m?.

The obtained results of the dynamics of cumulative for-
mation water production are explained by different water
flooding degree of the zone, into which non-hydrocarbon gas
is injected. Different location of injection wells within the
gas-bearing area relative to current gas-water contact stipu-
lates different volumes of formation water in front of the
injection front.
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Figure 4. Dynamics of the cumulative formation water production
while carbon dioxide injecting into the reservoir of the
horizon V-16 of Hadiach oil and gas condensate field
for different number of injection wells

The farther the injection well is from the current gas-
water contact, the more water with the trapped gas is dis-
placed owing to the carbon dioxide injection.

The results of the conducted studies have helped identi-
fy that different number of injection wells while carbon
dioxide injecting into the formation influences considera-
bly the duration of operating period of production wells
up to its breakthrough.

While analyzing the results of calculations of technologi-
cal indices of the reservoir of the horizon V-16 development,
it has been determined that the ratio of distances between
production and injection wells has great effect on the dura-
tion of production wells operation. The closer the production
well is to the injection one, the faster the injection agent
breakthrough happens.

The research results make it possible to state that number
of injection wells influences significantly the natural gas and
condensate recovery. Basing on the modelling results, pre-
dictive factors of gas and condensate recovery were calculat-
ed at the moment of carbon dioxide breakthrough into the
production wells and while field developing for depletion.
The predictive coefficients of hydrocarbon recovery were
calculated in terms of the value of formation water produc-
tion at the moment of carbon dioxide breakthrough into the
production wells.

Tables 1-2 demonstrate the generalized results of calcula-
tion of hydrocarbon recovery factors while carbon dioxide
injecting into the reservoir of the horizon V-16 of Hadiach oil
and gas condensate field and while developing the formation
for depletion according to the considered cases of development.

Basing on the generalized results of the calculations as
for the considered development cases, it has been defined
that the final gas recovery factor in terms of residual gas
while carbon dioxide injecting into the reservoir of the hori-
zon V-16 varies from 31.71 to 37.42%; the condensate re-
covery factor varies from 7.44 to 8.23%.

While developing the reservoir of the horizon V-16 for
depletion under these conditions, lower values of hydrocar-
bon recovery factors are reached: the final factor of gas re-
covery is 29.57-36.11%; the condensate recovery factor is
6.68-7.69%. The research results indicate the technological
efficiency of the implementation of carbon dioxide injection
for the Hadiach field conditions.



S. Matkivskyi. (2022). Mining of Mineral Deposits, 16(1), 114-120

Table 1. Results of calculations of the gas recovery factors while carbon dioxide injecting into the reservoir of the horizon V-16

of Hadiach oil and gas condensate field and while developing the formation for depletion

Gas recovery factor (from

Gas recovery factor (from

Cases . L!St of the residual reserves), % 4, % the initial reserves), % 4, %
injection wells — - —— -
Injection Depletion Injection Depletion
1 52, 201 3171 29.57 2.14 76.03 75.28 0.75
2 52, 202 32.82 31.49 1.33 76.42 75.95 0.47
3 101, 202 37.42 36.11 131 78.04 77.57 0.47
4 201, 202 35.33 34.21 1.12 77.30 76.91 0.39
5 52, 101, 201, 202 32.56 29.61 2.95 76.33 75.29 1.04

Table 2. Results of calculations of the condensate recovery factors while carbon dioxide injecting into the reservoir of the horizon V-16

of Hadiach oil and gas condensate field and while developing the formation for depletion

Condensate recovery factor

Condensate recovery factor

Cases - L!St of (from the residual reserves), % 4, % (from the initial reserves), % A, %
injection wells — - — .
Injection Depletion Injection Depletion
1 52,201 7.44 6.68 0.76 41.31 40.83 0.48
2 52, 202 7.50 6.97 0.53 41.35 41.02 0.34
3 101, 202 8.23 7.69 0.54 41.81 41.47 0.34
4 201, 202 8.12 7.50 0.62 41.74 41.35 0.40
5 52, 101, 201, 202 7.92 6.68 1.24 41.62 40.83 0.79
According to the performed calculations for the first 4 ]
case of development at carbon dioxide injection involving 40 —Depletion
injection wells ## 52, 201, the technology under considera- — Injection CO2
tion provides the effect at the level of 2.14% from the value L 35
of residual gas reserves. The condensate recovery factor in 5 30
this context increases by 0.76% from the value of residual 8
condensate reserves. P 2
While analyzing the second case involving wells ## 52, g 20
202 for injection, it has been determined that the carbon 3 15
dioxide injection into the reservoir of the horizon V-16 helps 4
increase a gas recovery factor by 1.33% and a condensate © 10
recovery factor — by 0.53% in terms of the residual reserves. 5
The third case of the horizon V-16 means carbon dioxide
injection with the use of wells ## 101, 202. According to this 0
case, the predictive effect from the technology implementa- 2020 2021 2022Year 5,2024 2025 2026

tion is 1.31% in terms of the residual gas reserves. Owing to
carbon dioxide injection into the formation and maintenance
of the reservoir pressure at a higher level comparing to the
development for depletion, it is possible to increase the con-
densate recovery factor by 0.54% from the value of the re-
sidual condensate reserves.

The carried out calculations of the fourth case of the de-
velopment of the horizon V-16 field with the use of injection
wells ## 201, 202 has made it possible to provide 1.12%
increase in the predictive gas recovery factor and 0.62
increase in the condensate recovery factor in terms of the
residual hydrocarbon reserves.

According to the fifth case of development, carbon dioxide is
injected into the formation involving four injection wells
(#52, 101, 201, 202). Having analyzed the calculation results,
it is identified that carbon dioxide injection makes it possible
to increase the final gas recovery factor by 2.95% comparing
to the case of deposit development for depletion. In this con-
text, the final condensate recovery factor grows by 1.24%.

Generalizing the main technological parameters of the de-
velopment of the reservoir of the horizon V-16 of Hadiach oil
and gas condensate field that differ in the number of injection
wells, it has been defined that the fifth case demonstrates the
greatest technological efficiency of carbon dioxide injection
into a productive gas condensate formation.

Figures 5 and 6 show dynamics of gas and condensate re-
covery while carbon dioxide injecting in terms of the fifth case
of development and during the development for depletion.

Figure 5. Dynamics of the gas recovery factor while carbon dio-
xide injecting into the reservoir of the horizon V-16 ac-
cording to the fifth case and during the development for
depletion
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Figure 6. Dynamics of the condensate recovery factor while car-
bon dioxide injecting into the reservoir of the horizon
V-16 according to the fifth case and during the devel-

opment for depletion

2025 2026

The results of conducted studies demonstrate high techno-
logical efficiency of the implementation of secondary technol-
ogies to increase the final hydrocarbon recovery factor of
depleted oil and gas fields with the use of carbon dioxide.
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4. Conclusions

Application of the modelling instruments has helped ana-
lyze the efficiency of implementation of primary and secon-
dary methods to increase the final hydrocarbon recovery from
the depleted oil and gas fields involving carbon dioxide.

The research results based on a 3D model of Hadiach oil
and gas condensate field demonstrate high technological
efficiency of carbon dioxide injection into the reservoir of
the horizon V-16 aimed at its increased hydrocarbon reco-
very by controlling a process of water flooding in the produc-
tion wells. Owing to the technology implementation, it is
possible to create both hydrodynamic and artificial barrier on
the way of the formation water flow within the area of car-
bon dioxide injection. Thus, one can obtain reduced cumula-
tive formation water production along with the continuing
period of stable waterless operation of the production wells.

According to the modelling results, it has been identified
that the denser a network of injection wells is, the greater the
gas-bearing area covered with carbon dioxide is; consequent-
ly, the much higher efficiency of the analyzed technology is,
concerning the blocking of a process of formation water
inflow into a productive formation.

The calculation results has helped specify that implementa-
tion of the technology of carbon dioxide injection into the res-
ervoir of the horizon V-16 of Hadiach oil and gas condensate
field provides increase in final hydrocarbon recovery compar-
ing to the reservoir development for depletion. According to the
calculation results, the final natural gas recovery factor grows
by 2.95% and the condensate recovery factor increases by
1.24% in terms of the value of residual hydrocarbon reserves.

The world practice of the application of carbon dioxide
injection confirms the efficiency of this method for increa-
sing hydrocarbon recovery of depleted oil and gas fields if
there is some reliable source of its supply.

As for Ukraine, it has numerous energy-intensive enter-
prises producing the combustion products with high carbon
dioxide content with further considerable environmental
impact. Relying on the fact that climatic norms are growing
much tighter and harder year by year, in the future it is nec-
essary to capture technogenic carbon dioxide and develop
optimal methods of its utilization.

Use of carbon dioxide in oil and gas field is a promising
trend within the whole process of decarbonization of Ukrai-
nian energy sector. It should be noted that in this case carbon
dioxide acts as a useful product that helps increase the final
hydrocarbon recovery factors.

Injection of technogenic carbon dioxide into the produc-
tive formations in terms of different technological schemes
will make it possible to increase final hydrocarbon recovery
of depleted oil fields and reduce the environmental load.
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IMigBumenns: ByrieBogHeBHiIyYeHHsI ['agsfibKoro poaoBUINa MIJISIXOM HATHITAHHS
CO2 B pamkax npouecy Jekap0oHizalii eHepreTHYHOro CeKTOpy YKpaiHn

C. MaTkiBCbKHI

Meta. [locnimxeHHs e(eKTHUBHOCTI TEXHONOTIi HaTHITaHHS JIOKCHIY BYTJICLIO IS PEryJIOBaHHS Mpoliecy OOBOAHEHHS MOKJIAgy TOpH-
30HTYy B-16 'apgsinpkoro HaTOra30kOHAEHCATHOTO POJOBHINA Ta BUTICHEHHS 3aJIMIIKOBHX 3alaciB rasy 3alleMJIEHHX IIACTOBOIO BOIOIO i3
BHUKOPHCTAHHSIM YHCETBHOTO MOJICTIOBAaHHS.

Metoanka. AnpoOarnisi TEXHOJIOTI] HarHITaHHSA JIOKCHIY BYTJICIO y MOKJIax ropu3oHTy B-16 I'amsipkoro HadTOra3oKoHIEHCATHOTO
POIOBHINIA IPOBOMIIACS HA OCHOBI HOCTIIHO NiI0Y0i Ie0JI0r0-TEXHOJIOTIYHOI MOJIENi POJOBHINA 3 BUKOPUCTAHHSAM OCHOBHHUX IHCTPYMEHTIB
IU(pPOBOTO MOJICITIOBAHHS.

PesyabTaTu. Ha oCcHOBI pe3ynpTaTiB MOZETIOBaHHS 3A1HCHEHO PO3PAXyHOK OCHOBHHX TEXHOJOTIYHHMX IMOKA3HHKIB PO3POOKH MOKIALY
ropu3oHTy B-16 ['agsnpkoro HaTOra30KOHAEHCATHOTO POJOBHUINA IIPU HArHITaHHI AIOKCHIY BYTJICIIO Ta IPU PO3pOOIi Ha BUCHAKEHHS. 3a
pe3yibTaTaMy MPOBEICHUX PO3PaXyHKIB BCTAHOBICHO 3HAYHUH BIUIMB IIUILHOCTI CITKM HaTHITAJBHUX CBEPAJIOBUH Ha €(EKTHBHICTD IOCIHTI-
JDKYBAHOT TEXHOJIOTIT IIOJ0 PEeryJIIOBaHHS IPOIeCY 0OBOJHEHHS IPOIYKTHBHOIO IOKJIany. BapTo 3a3HaunTy, nmpu 301NBIICHHI IIUTBHOCTI
CITKM HAarHITAJIBHUX CBEPAJIOBHH 3a0e3IedyeThcsi OLTBII MOBHE OXOIUICHHS IUIONII Ta30HOCHOCTI JIOKCHAOM BYTJICHIO, BHACTIJOK YOTO
HPOSIBISIETHCS 3HAUHA e€EKTHBHICTh OJIOKYBaHHS MPOLECY HAIXOPKEHHs IUIACTOBOI BOAH 10 BHIOOYBHUX CBEpPIJIOBHH. 3aBISKH BIPOBa-
JDKEHHIO JIOCTIIPKYBAHOT TEXHOJIOT1T 3a0e31euyeThesl MiBUINCHHS KiHIIEBHX KOe(il[ieHTIB BYTJIEBOIHEBIITYYCHHs. Y BHUIIAIKy BUKOPUCTAHHS
JUIS. HaTHITAHHS JIOKCHAY Byriemto cBepaioBrH NeNe 52 101, 201, 202 3a06e3neuyroThCsl HAWBHUIINI KiHIEBI KOC)Ii€EHTH BYTJICBOIHEBILTY-
yeHHs. [IporHo3HMil Koe(ilieHT BUITydeHHs Tra3y 30ibIIyeThes Ha 2.95%, a koedinieHT BUITydeHHs KOHAeHcaTy — Ha 1.24% mopiBHSAHO 3
PO3pOOKOIO TMOKIAY HAa BHCHAKCHH.

HaykoBa HoBu3Ha. Ha 0CHOBI pe3yJbTaTiB NIPOBEACHUX JOCTIIPKEHh BCTAHOBJICHO TEXHOJOTIUHY €(EKTHBHICTD BIPOBAIKEHHS TEXHO-
JOTi{ HArHITaHHS OIOKCHAY BYTJIEIIO A YMOB MOKJIAAy rOpu30HTY B-16 Iamsnpkoro HaTOra30KOHAEHCATHOTO POJIOBHUINA 3 METOO Mil-
BUIICHHS HOTO BYIJICBOJHEBIUIYYEHHS IUISIXOM PETYJIIOBaHHS IPOIeCy 0OBOIHEHHS MPOAYKTUBHUX IUTACTIB Ta BUJOOYBHUX CBEpAIOBHH.

IIpakTHuna 3HaYNMicTh. BUKOpHCTaHHS pe3yNbTaTiB NPOBEACHHUX JOCITIIKEHb JO3BOJSE BJOCKOHAIUTH iCHYIOUY CHCTEMY PO3pPOOKH
NPOJAYKTHBHHX IMOKJIaAiB ['amsfubkoro HadTOra3oKOHIAEGHCATHOIO POJIOBHINA B YMOBaxX IPOSBY BOJOHAIIPHOTO pexuMy. BrpoBamkeHHS
TaKOTO POJy TEXHOJIOTIH OOyMOBIIOE MiIBHUIIEHHS KiHIIEBOTO BYTJICBOJHEBHIYYEHHS BHCHA)XKEHHX POJIOBHII Ta JO3BOJISIE HAMPALIOBATH
ONITHMAJIbHI IUTSXH YTHII3aMil TEXHOTEHHOTO AIOKCHTY BYTJIEIIO B paMKaX BCHOTO IpoIecy AeKapOOHi3allii eHepreTHIHOTO CEKTOPY Y KpaiHu.

Knruoei cnosa: 3D moodens, podosuuje 8y21e800Hi8, 2A30KOHOEHCaAMHULL NOKAAO, 6000HANIPHUL PEHCUM, HASHIMAHHA 0IOKCUOY 8Vereyto
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