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Abstract. Given the long-term operation and depletion of most Ukrainian fields, the development of effective methods
to restore their productivity is a priority for Ukraine’s energy sector. This study focused on optimising the clean-up process
of wells with abnormally low reservoir pressure after stimulation by hydraulic fracturing. The aim of the study was to
introduce a technology for the successful extraction of fracturing fluid, which would significantly expand the criteria
for well selection and enable the successful execution of hydraulic fracturing operations during the final stage of gas
field development. The three alternative mechanised development technologies (electrical submersible pumps deployed
on coiled tubing, cable, or jointed tubing) were compared through a theoretical techno-economic analysis to select the
optimal method, considering the current state of Ukraine’s gas production industry. The study was based on engineering
calculations, nodal analysis, and hydrostatic imbalance evaluation for a typical deep well with depleted reservoir pressure
(4,150 metres, 6.0 MPa). Hydrostatic imbalance calculations for the hypothetical well revealed a critical overbalance on
the reservoir, which rendered development impossible without artificial lift. The hydrostatic pressure of the fluid column
significantly exceeded the reservoir pressure, causing fluid fallback and subsequent fracture damage due to colmatation.
Based on theoretical data, a comparative analysis of these technologies established that the rigless pump-on-cable
option was technically unsuitable for depths exceeding 3,000 metres, whilst coiled-tubing deployment was economically
unviable if a workover rig was already installed at the wellhead. The installation of an electrical submersible pump on
jointed production tubing proved to be a pragmatic and economically sound solution. The parameters of the required
assembly were calculated, and the complete cycle from the hydraulic fracturing stage to bringing the well on stream was
modelled. A pragmatic approach was proposed that allowed the extraction of the fracturing fluid without overbalancing
the reservoir, using available resources with minimal additional costs, which was critical for the cost-effectiveness of
stimulation operations on depleted reservoirs
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Introduction

The vast majority of gas and gas-condensate fields, particu-  the key issues, as it leads to a decrease in flow rates and well
larly within the Dnieper-Donets Basin (DDB), are charac-  shut-ins. In conditions where drilling new wells becomes
terised by depleted reservoirs and significant colmatation  highly risky, and in some cases unprofitable, stimulation
of the near-wellbore zone in wells. This problem is one of  technologies are implemented to maintain production
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from the existing well stock. Improving existing and im-
plementing new gas and condensate production technolo-
gies is a priority task for the industry, particularly through
the improvement of hydraulic fracturing (HF) technology,
which has been actively implemented in Ukrainian fields
for over 20 years.

In their abstracts, researchers L.I. Lartseva et al. (2025)
reported on the current state of development of the largest
deposits in Ukraine and characterised them as “depleted”.
The experience of conducting HF was described, concluding
thattheimplementation of HF technology could be akeystep
in extracting Ukraine’s oil and gas resources and contribut-
ing to its energy stability. In their research, A.V. Shcherby-
na (2024) demonstrates that the implementation of a com-
plex of well interventions, particularly HF and additional
perforation, had a significant impact on well productivity.
The author also notes that the main driver for increasing
production rates is conducting HF on new wells and the ex-
isting well stock, which confirms the expediency of applying
HF to enhance production and stabilise development rates.

The article by Yu.V. Lazebna et al. (2022) examines
the exploration prospects and development challenges of
tight gas reservoirs in the DDB. The authors analysed the
geological parameters of the Paleozoic complex (structure,
degree of catagenesis, organic carbon content, reservoir
properties, and burial depths) and concluded that there is
a high probability of gas presence in basin-centred reser-
voirs. At the same time, it is emphasised that such deposits
are hard-to-recover due to the low porosity and permeabil-
ity of the rocks; therefore, their development is impossible
without applying stimulation methods. Among modern
technologies, HF is highlighted as the most optimal stim-
ulation method for this task. According to the authors, the
use of foam fracturing technology can serve as a starting
point for the active development of hard-to-recover tight
gas reserves, particularly from basin-centred reservoirs.

According to researchers I. Kuper et al. (2025), the
main problem for well productivity is the presence of the
skin effect. The paper analyses how restrictions in the
near-wellbore zone affect well performance and presents
the modelling of the pumping technology itself, which
minimises the negative impact on the near-wellbore zone.
The proper selection of fracturing fluid, proppants, and
control of fracture geometry through the modelling of
pumping parameters allow for the complete elimination
of near-wellbore flow capacity restrictions accumulated
over years of production. B. Chen et al. (2022) emphasised
that HF is critically important for oil and gas production
from low-permeability reservoirs. The study analyses mod-
ern methods of modelling HF technology, describes the
physical processes occurring during HF, and presents the
capabilities of modern software. One of the problems aris-
ing during the pumping process is described as fluid leak-
off into the formation, which leads to dynamic changes in
fracture geometry and complicates the HF operation. How-
ever, for reservoirs with reduced formation pressure, there
is an additional problem, namely fluid flowback to the sur-
face after fracture propping.
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In their work, researchers V.S. Biletskyi et al. (2025)
described modern stimulation methods, including a char-
acterisation of the HF process. The paper describes modern
development trends in HF technology aimed at improv-
ing modelling and pumping process monitoring technol-
ogies, while also highlighting the focus on developing
and applying environmentally safe fluids. In the article
by A. Abdelaziz et al. (2023), a study was conducted and a
digital model of fracture propagation during HF was creat-
ed. Based on data obtained from laboratory experiments,
it was established that under real conditions, fractures
propagate chaotically, forming complex channel networks
that are both induced by pumping and act as extensions
of pre-existing faults within the reservoir. Researchers
L.B. Moroz et al. (2023b) established the impact of polymer
concentration in the working fluid on fracture dimensions
and conductivity during HF. For all fluid types used in the
modelling, an increase in polymer concentration led to an
increase in the primary geometric parameters, such as frac-
ture width and height, and a decrease in its length.

The analysed studies cover a wide range of aspects asso-
ciated with HF stimulation technology. The articles describe
the expediency of implementing HF in Ukrainian fields and
confirm the high potential for increasing production from
gas and gas-condensate reservoirs at the late-life stage of
development. Existing research broadly covers the specif-
ic challenges of executing high-quality HF operations and
shows ways to improve this technology. However, available
studies do not sufficiently focus on the recovery of residual
technological fluid from the reservoir after fracture prop-
ping. It is at this stage that a fundamental technological
problem arises: the reservoir energy of a depleted reservoir
is insufficient to autonomously lift the HF fluid to the sur-
face. Standard practice in such cases is well clean-up using
a coiled tubing unit (CTU) with the injection of an inert gas
(nitrogen) below the fluid level to aerate the fluid column.
However, as global practice shows, under conditions of se-
vere reservoir depletion, when the hydrostatic pressure of
the fluid column significantly exceeds the formation pres-
sure, this technology becomes ineffective. The objective
of this study was to conduct a techno-economic analysis
of existing artificial lift technologies for well fluid extrac-
tion to determine the feasibility and possibility of their
further use during the clean-up of wells stimulated by HF.

Materials and Methods

The study was conducted using engineering modelling
and techno-economic analysis based on the methodology
outlined by S.V. Matkivskyi & L.I. Khaydarova (2021), since
it calculated the impact of electrical submersible pump
(ESP) parameters on the production characteristics of wa-
ter-loaded gas wells and proved that at high water-gas ra-
tios, an ESP can operate stably and assist in lifting liquid
to the surface. The selection of this methodology for in-
vestigating novel ways of recovering technological fluid af-
ter HF is justified, as the processes of recovering formation
fluid and residual fracturing fluid are quite similar, despite
their fundamentally different origins. A prolonged period
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usually elapses between the HF operation and the start of
well clean-up, which includes a technological shut-in for
gel breaking, as well as a period of operations for packer
retrieval, tubing string replacement, and workover rig dis-
mantling, which in total can take up to 1 month. During the
final well preparation period, the pumped fluid is evenly

distributed within the well drainage zone, which provides
grounds for equating the reservoir conditions in this case
to those of a naturally water-loaded gas well. A typical deep
gas well from one of the depleted DDB fields (synthetic well
No. 202), which is a candidate for HF, was selected as the
base object (Table 1).

Table 1. Initial parameters of the facility (reference well No. 202)

No. Parameter Value Unit
1 Field name Field 1 Name
2 Well No. 202 No.
3 HF intervals 4,120-4,140 m
4 Perforator type and shot density ZPK-62m; 18 hol./m.

5 Formation pressure 60 atm
6 Reservoir temperature 103 °C

7 Porosity 14 %

8 Permeability 0.15 mD
9 Formation fluid viscosity (in-situ) 0.015055 mPa-s
10 Gas formation volume factor 0.010287 m3/m3
11 Saturation pressure 280 atm
12 Gas compressibility factor (Z) 0.8917

13 Production casing 168 mm
14 Production casing wall thickness 12 mm

Source: created by the authors

Based on the experience of conducting HF operations
in analogous horizons, the design parameters of the HF op-
eration necessary for further calculations on the research
topic were adopted using the methodology of L. Moroz et
al. (2023a). Before starting the HF operation, a packer as-
sembly is run on a work string; therefore, kill fluid remains
in the wellbore. The wellbore volume must be taken into
account, as to initiate the fracture and create a “pad”, it is
necessary to displace the kill fluid with the fracturing flu-
id, which is accompanied by forcing the former into the
productive horizon. The total fluid volume, including the
volume of the kill fluid used during the workover in the
well preparation process, is 240 m®. Another important
parameter for conducting justified calculations is the av-
erage density of the fluid pumped into the formation dur-
ing the HF process; a value of 1,030 kg/m* was adopted. For
the modelling and theoretical substantiation of the study,
Schlumberger (n.d.b) software was used. The capabilities
of this software suite, highlighted on the company’s offi-
cial resource, allowed for the full execution of the entire
cycle of calculations necessary to substantiate the method
proposed in the study, without the use of additional tools.
The formulas used for the calculations in this work are pre-
sented below.

Hydrostatic pressure of the fluid column on the forma-
tion:

P=pxgxH, ey

where P, is the hydrostatic pressure of the fluid column on
the formation; p is the fluid density; g is the acceleration
due to gravity; H is the depth to the middle of the perfo-
ration interval (under conditions where the gas-producing
part of the formation is not determined, the middle of the
perforation interval is assumed).

Excessive overbalance in a fluid-filled well:
P,=P,-P, @)

where P, is the excessive overbalance on the formation; P,
is the measured formation pressure before the start of op-
erations.

Dynamic fluid level:

_ g _ Pon
ha=H -2 3)
where P,, is the bottom-hole pressure; p, is the fluid den-
sity.

Pump system head:

H,=h;+h,+h-h, 4

where H, is the head; h, is the distance from the wellhead to
the dynamic fluid level; h, is the required head at the well-
head (assuming Pm=0.5 MPa backpressure on the gather-
ing line h,=50 m); h, represents friction head losses during
fluid flow in the tubing of length L; h, is the fluid lift height
in the tubing due to gas energy (h,=0 since fluid without
gas is pumped at the first stage).
Motor shaft power:

N=(Q*p*gxH,)/n, )

where N is the motor shaft power; Q is the fluid flow rate;
n is the system efficiency.

Results and Discussion

The key factor that precludes well clean-up is the hydro-
static imbalance between the formation pressure and the
pressure of the fluid column in the well before the start of
clean-up operations. First, the pressure of the HF fluid col-
umn on the formation was calculated. In conditions where
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no surveys were conducted during the well’s operation to
determine the exact part of the formation directly produc-
ing gas, the midpoint of the perforation interval is assumed
in the calculations to minimise the margin of error. For the
well under consideration, H=4,130 m:

P,=1,030x9.81x4,130=41.6 MPa.

Thus, knowing the formation pressure measured be-
fore the start of operations, the excessive overbalance ap-
plied to the formation with the well filled to the wellhead
with kill fluid was determined:

P,=41.6-6.0=35.6 MPa.

As a result, a significantly high value of excessive
overbalance on the formation was obtained. This indi-
cates that standard fluid recovery methods, such as well
clean-up using compressor equipment or a CTU to inject
inert gas below the fluid level, are unsuitable for the con-
ditions of this well. To ensure the pumping of 25 m’/day
of HF fluid and create sufficient drawdown on the forma-
tion, a standard ESP assembly (size 3 or 4) run on a 73 mm
(2 7/8”) tubing string is used. The first stage in designing
the ESP installation is determining the setting depth and
the dynamic fluid level that must be maintained to cool
the motor. To create a drawdown on the formation (with
P =6.0 MPa), the dynamic fluid level in the well must be
lowered to a value corresponding to a pressure below the
formation pressure. P,,=5.8 MPa is assumed (a drawdown
of 0.2 MPa). The required dynamic fluid level from the
wellhead is:

5.8x10°

hy = 4,130 — —222_
1,030x9.81

= 3,555 m.

According to the technological solutions for the instal-
lation of ESP described by M.A. AL-Hejjaj et al. (2023), the
pump setting depth must ensure sufficient submergence
below the fluid level to create sufficient intake pressure
for the motor (=5-10 atm). Thus, the adopted ESP setting
depth is L,=3,650 m. This provides 95 m of submergence
at the pump intake at the initial stage, and as the fluid in
the wellbore gradually changes into a gas-liquid mixture, it
will provide a power reserve at the final stage of well clean-
up. To subsequently determine the rated motor power of
the ESP assembly, the required head was calculated using
formula (4) for determining the well’s theoretical system
curve. The friction head losses in a 73 x 62 mm tubing
string (d,,=0.062 m) with a length of 3,650 m at a flow rate
of Q=25 m3/day will be approximately 150 m. The total re-
quired head is:

H,=3,555+50+150=3,755 m.
Motor shaft power:

_(0.00029 X 1,030X9.81 X 3,755)
- 0.4

N =27,507 W=27.5 KW.
Based on the performed calculations, the clean-up of
well No. 202 requires a standard size 3 (@ 3.38”) ESP as-
sembly capable of generating a head of ~3,800 m at a flow
rate of 25 m3/day. To select the ESP for fluid recovery, the
built-in “ESP design” function was used, which allows for
the automatic selection of the optimal system considering
the specified wellbore conditions. Based on the well model
parameters, the REDA MT2A-30 ESP system was selected,
which, operating at 53% of its rated load, ensures the pump-
ing of 25 m’/day of HF fluid from the formation (Fig. 1).

@l DESIGN PARAMETERS

| ESP well performance |§Actua| pump performance curve | Well nodal analysis I Well P-T profile |

Design flowrate: sm3/d M
Design frequency: [e0 [Hz " REDA MT2A-30
1000 Stages, 3500 RPM, 60 Hz
) OPERATING CONDITIONS
® ) 4500 e ]
Operating flowrate: 17727,24 L/d - P—— / ~ // s [
Qutlet pressure: 1 bara - _ﬁﬁ‘-ﬁ_(_/ -24
4000 - 50
Total dynamic head: 3920,056 m - // \\__ / 23
45
(A} INTAKE CONDITIONS =500 / />/ Tl
Intake pressure: 23,14618 bara - 2000 P A \\ \ 40 =21
Intake iguid rate: 2515079 ||m3/d - / — N \ sl
- . g
Intake gas rate: 0 m3/d - E 2500 / \ . E -19 E
Intake gasvolumefraction:|0 |fract. - b \ \ Z2ls =
= 2000 \ B E
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Stages: 1000 / \ \ 45 |13
Speed: 3499,992 rpm - 1e00 -14
F10
Efficiency: 53,14503 % - oo // \\ 13
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Head: 3980,056 m - 0 ! ! ! ! ; ! ! ! ! !
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Fluid temperature rise: 8215764 degC -

Figure 1. Pump performance curve of the REDA MT2A-30 ESP

Source: created by the authors

To validate the research findings, a model of well
No. 202 was developed with an ESP installed on a joint-
ed tubing string with a nominal diameter of 73 mm; the

formation properties were specified, along with the condi-
tion that 240 m® of HF fluid was pumped into the near-well-
bore zone (Fig. 2).
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Figure 2. Conceptual well model

Source: created by the authors

Given that the HF was performed in a gas-bearing
formation, the fluid will gradually become saturated with
gas during the recovery process. It is necessary to ver-
ify whether the selected pump can continue to lift water

00 Select columns...

as the gas-liquid ratio increases. Based on the sensitivity
analysis conducted, it was determined that the pump can
ensure stable fluid pumping even as the gas-liquid ratio in
the production stream increases up to 400 cm3/cm® (Fig. 3).
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Figure 3. Sensitivity analysis of pump performance with increasing gas-liquid ratio

Source: created by the authors

Through simulation, it was determined that the REDA
MT2A-30 ESP system, run on a tubing string with a nom-
inal diameter of 73 mm, ensures the recovery of the fluid
pumped during the HF operation. As the gas-liquid ratio
increases, the liquid rate slightly decreases; however, the
pump operation remains stable even at a gas-liquid ratio

of 400 cm3/cm?®. This will be sufficient for well clean-up, as
under these parameters, after the pump is retrieved, the
well will be capable of naturally unloading water and con-
tinuing to clean up during the production phase. This study
has proven that the use of an ESP allows for well clean-up
after HF if there is insufficient reservoir energy to lift the

Prospecting and Development of Oil and Gas Fields, 2026, Vol. 26, No. 1
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fluid. Therefore, the method of temporarily installing an
ESP system on jointed tubing is a technically and econom-
ically justified solution.

Based on the selected technology, the complete well
clean-up cycle is as follows: after performing the HF op-
eration and isolating the pay zone by leaving a sand plug,
a workover rig is used to replace the packer-tubing as-
sembly utilised for the HF with a production tubing string
equipped with an entry guide and an ESP assembly. Fluid
recovery is conducted for approximately 10 days until gas
breakthrough occurs and the pump operation becomes in-
effective. After this, the well is killed to ensure safe trip-
ping operations, and the ESP is retrieved. To bring the well
on stream, a production tubing string with an entry guide
is run in hole, and a standard clean-up is performed using
compressor equipment or a CTU.

In their study, O.A. Pashchenko et al. (2024) proposed
a comprehensive approach to calculating the operational
parameters of HF, based on a combination of geomechan-
ical rock properties, fluid and proppant properties, and
injection rates. The authors developed a methodology for
determining the breakdown pressure, fracture geometry,
near-wellbore permeability, and the expected production
gain following the HF operation. Special attention is giv-
en to optimising proppant selection depending on in-si-
tu stress gradients, as well as to developing an automated
algorithm for the rapid selection of pumping parameters.
The proposed approach allows for enhancing operational
efficiency and serves as a foundation for developing soft-
ware tools for automated HF design in field conditions.

M. Zhulaj & O. Serbin (2024) analysed the advanced
methods and approaches actively implemented by Ukraini-
an companies to enhance oil and gas production efficiency
and secure Ukraine’s energy independence. It was estab-
lished that modern technologies, such as HF, can effectively
increase production even in depleted reservoirs. Although
the cost of applying these technologies is substantial, their
payback period becomes significantly shorter amid rising
energy prices. For example, fracturing operations can in-
crease production volumes by 20-50%, allowing the costs
to be recovered within a few years.

Studies by F. Jahn et al. (2026) confirm that in low-pres-
sure reservoirs, the well clean-up technique involving fluid
column aeration relies heavily on the assistance of reser-
voir energy. However, when reservoir energy is insufficient,
this leads to fluid fallback into the perforation interval and
inefficient solids cleanout. In the present case, where gel
degradation residues are present in the wellbore and direct-
ly within the created fracture, the re-exposure of the high-
ly permeable fracture to such fluid leads to its plugging.
Furthermore, research by I. Kuper et al. (2025) indicates
that the incomplete removal of fracturing fluid induces a
skin effect and can reduce the initial gas rate by 40-60%.

To address the given objective, the industry’s avail-
able artificial lift technologies, which could potentially
be used for the recovery of residual post-frac fluid, were
considered. One such advanced rigless ESP deployment

Prospecting and Development of Oil and Gas Fields, 2026, Vol. 26, No. 1

technology reviewed is the system proposed by leading
companies Schlumberger (n.d.a) and Baker Hughes (2021),
which involves deploying an ESP on power-cable coiled
tubing (CT) using a CTU. At first glance, the use of this
technology appears optimal as an existing “off-the-shelf
solution”, but it has several drawbacks. The rental cost
of the specialised CT-deployed ESP package is extremely
high, and the 3.38” (85.8 mm) ESP assembly is designed to
operate inside the production casing. Therefore, after fluid
recovery, the well must be killed to install the production
tubing string. This offsets the benefits of using a CTU and
significantly complicates the operations.

It is also critical to consider the technical risks as-
sociated with CT operations. Specifically, deploying and
operating an ESP imposes significantly higher mechan-
ical loads on the CT string than standard interventions.
As described by Vechietti et al. (2022), a CT string parted
during retrieval, causing a well control incident. Regaining
control required pumping a high-viscosity fluid to form a
resin plug. In post-fracturing scenarios, where any frac-
ture plugging is impermissible, such risks completely ruin
the stimulation results.

Considering the drawbacks of using a CTU, the possi-
bility of deploying an ESP assembly on a wireline is being
considered. The existing technology, presented by J. Alge-
rgy (2018), is primarily designed for rapid pump replace-
ment in oil wells. It involves the prior deployment of a
specialised tubing string equipped with a docking station.
The ESP assembly itself (motor, protector, and pump) is run
inside the tubing on a special load-bearing wireline. The
main drawback of this technology, even if adapted for the
current research objective, is the technical depth limita-
tion. The maximum load the cable can withstand allows for
ESP installation at depths of up to 3,000 meters, which is
insufficient for wells developing gas reservoirs in the DDB.

In this case, the most promising approach for im-
plementation is deploying the ESP on a tubing string. A
method widely used in the oil industry that requires no
additional technology implementation costs. This method
involves using a standard ESP assembly as a temporary tool
deployed by a workover rig. This approach is supported by
case studies from A. Salah et al. (2025), where ESP installa-
tion was successfully used to lift gas-liquid streams. When
compared to a gas lift system under standard operating
conditions, the ESP efficiency was comparable; however,
with an increasing water cut, the use of an ESP proved to
be more effective. The primary advantage of applying this
method to the study conditions is the low operational cost.
ESP deployment does not require additional equipment
or the involvement of expensive specialised packages de-
manded by the other described technologies. In most cases,
during HF operations in Ukrainian fields M.A. Mysliuk &
V.P.Kravets (2024), a workover rig is on standby on location.
Furthermore, standard off-the-shelf ESPs are used, which
aresignificantlycheaperthanspecialised slim-hole systems.

The obtained research result is validated by real-world
challenges in global practice. In their study, A. Albahri et
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al. (2025) demonstrate that when applying the correct en-
gineering approach to ESP optimisation, the system will
operate continuously under high gas-water ratio condi-
tions. The authors propose ESP design modifications and
adjustments to mitigate the impact of phase separation as
fluid passes through the pump stages. Additionally, one of
the proposed solutions involves deploying the assembly
below the perforation interval to reduce gas interference;
however, for the given research conditions, specifically the
significant well depth, implementing this approach will be
problematic.

In global practice, deploying ESPs in high-GOR oil
wells following HF is a widely adopted method. In their
study, F. Leon et al. (2022) describe that when selecting
the optimal pump stages, similar to the case of the current
research, the ESP operates stably while lifting gas-liquid
streams. One of their field trials involved installing an ESP
in a fractured well, which demonstrated that the technol-
ogy maintains high operational reliability even when sub-
jected to abrasive proppant flowback.

However, the primary challenge of deploying ESPs
to lift fluids with a high gas volume fraction remains the
overheating of motor components. This issue is detailed by
T. Chu et al. (2022) and aligns perfectly with the findings of
the current study. Under conditions of a high gas fraction,
ESP performance degrades, and motor cooling becomes in-
sufficient. The researchers calculated that an increase in
the free gas fraction to 40% results in a 50% drop in per-
formance. They concluded that the ESP maintains stable
operation at a gas ratio of up to 350 cm®/cm?, whereas at
higher values, the motor rotational speed must be reduced
to prevent overheating. These documented outcomes cor-
roborate the modelling results obtained in this research.

An analysis of recent global studies confirms that de-
ploying ESPs for gas well clean-up following HF presents
no significant limitations in terms of equipment capabili-
ties. While various case studies document ESP deployment
for lifting gas-liquid streams to the surface, the specific
scenario addressed by the proposed solution, character-
ised by a progressive increase in the gas-water ratio, has
not been covered in existing literature. This validates the
relevance of the research topic and highlights substantial
potential for future studies. The availability of reliable
post-fracturing clean-up technology, even under depleted
reservoir pressure conditions, unlocks immense potential
for applying stimulation methods in depleted Ukrainian
fields. This, in turn, will ensure sustained gas production
over the long term.

Conclusions

In order to resolve the issue of well clean-up under condi-
tions of excessive overbalance, where conventional clean-
up methods, such as direct air injection from the wellhead
or using a CT unit to deliver inert gas to the bottomhole,
result in the fluid column being forced back into the pro-
ductive formation through the existing high-permeability
fracture, thereby severely undermining the ultimate

effectiveness of the stimulation, available global practices
of artificial lift methods using ESP systems for fluid re-
moval were reviewed. A comparative analysis of advanced
technologies for temporary ESP deployment revealed sub-
stantial technological limitations and their impracticality
for resolving the given objective. When deploying via CT,
the well completion must be free of a production tubing
string, as the outer dimensions of commercially available
ESPs exceed the drift diameter of the production tubing.
An additional risk in this scenario is CT parting during
pump operation due to the extra loads exerted on it. Fish-
ing the parted tubing would require killing the well, lead-
ing to deep colmatation (plugging) of the bottom-hole
formation zone, which completely negates the stimula-
tion effect. An alternative method, which eliminates ESP
size constraints and reduces the risk of operational fail-
ures, involves deploying the pump on a wireline. In this
setup, the pump requires a seating nipple on the tubing
string, while both its installation and power supply are
facilitated via the wireline cable. However, a major draw-
back that precludes the implementation of this method is
the strict limitation on the ESP setting depth; the pump
would be positioned significantly above the dynamic fluid
level in the well, rendering its efficiency negligible under
such conditions.

The proposed approach of deploying standard ESP
systems which are widely used in oil production, on jointed
production tubing eliminates the aforementioned draw-
backs and can be implemented without additional capital
expenditures. Particularly when operating in depleted res-
ervoirs, the application of robust and relatively cost-ef-
fective solutions significantly enhances the economic
viability of such projects. The results of calculations,
software modelling, and the review of recent literature on
the research topic demonstrate that the ESP deployment
technique for recovering residual fracturing fluid despite
presenting certain operational challenges, such as motor
overheating and limitations when operating with high gas
volume fractions, ultimately enables conducting stimula-
tion operations in depleted reservoirs. If this technology
is successfully implemented in the field, and fracturing
candidate criteria are adjusted (specifically regarding cur-
rent reservoir pressure), the number of stimulation jobs
will increase. This will help maintain high gas production
from existing wells. For further technology development,
future research should focus on reducing the number of
tripping operations during ESP deployment and retrieving
the pump without killing the well.
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AHoOTauig. 3 omamy Ha TpMBaly eKCIUIYaTallilo Ta BMCHAKEHICTh OLIbHIOCTI YKPAiHChKMX DPOMOBUII, MOUIYK
eeKTMBHMX METO[IB BiZHOBJIEHHS iXHBOI MPOLYKTMBHOCTI € MPIiOPUTETHUM 3aBIAHHSIM [JISI eHepreTU4HOi ramysi
Vkpainu. Po6oTa mpucBsiueHa onTuMisaliii mpoiecy OCBOEHHS CBEP/JIOBMH i3 aHOMaJIbHO HU3bKUM IIACTOBUM TUCKOM
nicig inTeHcudikanii NpUIIMBY MeTOLOM TipaBlIiuHOro po3puBy Itacta. MeTow IOCTiaKeHHs 6yI0 BIPOBaIsKeHHS
TEXHOJIOTi] YCHIIHOTO BUYYeHHS PiJMHM PO3PUBY, IO JO3BOIUTH 3HAYHO PO3IIMPUTU KpUTePii Migdopy cBepaI0BUH
Ta yCIiLTHO BUKOHYBATY OTlepallii riipaBaivHOro po3pmBYy Ha 3aBeplasibHili cTazii po3pobky nmokiaaais rasy. [IpoBeneHo
MOPiBHSIIbBHUI TEXHIKO-eKOHOMIUHMII TeOPEeTMUYHMI aHali3 TpPbOX aJbTePHATMBHUX TEXHOJIOTii MexaHi30BaHOTO
OCBO€HHSI (€JIEKTPOBIJIIEHTPOBMIT HACOC Ha THYYKili TPy6i, Ha Kabeni Ta Ha 36ipHUX TPy6ax) AJisk BUOGOPY ONTUMATbHOTO
MeTO#y, BPaXxOBYIOUM TOTOUHMII CTaH ra3oBUIOOYBHOI ramysi Vkpainm. JocmimskeHHs1 6a3yBajocsl Ha iH)XXKeHepHUX
pO3paxyHKax, By3JI0BOMY aHasIi3i Ta aHasIi3i rigpocTaTMyHOTO AvcHbanaHCy Ha IPUKIIA/Li TUTIOBOI IIIMO0KOI CBEPIIOBUHMI
3 TOHJDKEHMM IUIACTOBUM THCKOM (4 150 meTpiB, 6,0 MIla). Po3paxyHOK TigpocTaTMYHOro AycbanaHcy Jjsi YMOBHOI
CBepIJIOBMHM TOKAa3aB KPUTMUUYHY HAJJIUIIKOBY PeIpeciio Ha IIIacT, 0 YHEMOK/IMBIIOE OCBOEHHS 6e3 MPUMYCOBOTO
MeXaHiYHOTO BifKkauyBaHHS. [iIpocTaTMYHMIT TUCK CTOBIIA PiAVIHM 3HAYHO NEepeBUINYE IIaCTOBUIA, 110 IPU3BOIUTDH 10
3BopoTHOTO 3amToBxyBaHHs pigyuu (fluid fallback) Ta B momanbpiioMy 1o MOIMIKOAKEHHS TPIL[MHM Yepe3 KOJbMaTallilo.
[Tpu nOpiBHSAIBHOMY aHaJi3i BUIlle3rafaHuX TeXHOJOril, Ha OCHOBI TEOPETUYHMX JaHMX, BCTAHOBJIEHO, 1[0 TEXHOJIOTiS
CITyCKY Hacoca Ha kabesi («Rigless») € TexHiuHO HenpumaTHOIO 1S rM6MH oHan 3 000 MeTpiB, a TEXHOJIOTIS CITyCKY
Hacoca Ha THYYKiii Tpybi € eKOHOMiUHO HeIOLi/IbHOIO B YMOBAX, KOJIM BePCTaT KaliTalbHOTO PeMOHTY B3Ke 3MOHTOBAHMIA
Ha TUpPJi. BCTAHOBIEHHS €/IeKTPOBIAIIEHTPOBOrO HACcOCa Ha 36ipHUX HACOCHO-KOMITPECOPHUX TPYOax € MparMaTUIHUM
Ta eKOHOMIYHO OOGIPYHTOBaHMM pilleHHsIM. Po3paxoBaHo mapameTpy HeoOXiZHOI KOMIIOHOBKM Ta 3MOJETbOBAHO
MOBHMI LMK Bifj eTamy NPOBeJeHHS TifpaBliYHOrO PO3PUBY 10 3aIlyCKy CBepAJIOBMHM B POOOTY. 3allpOIIOHOBAHO
MparMaTUIHUit MiAXin, 10 L03BOJIsIE€ BUIYUMUTM TeXHOIOTIUHY PiiKHy po3puBY 6e3 pernpecii Ha MJIaCT, BUKOPUCTOBYIOUM
HasIBHI pecypcu 3 MiHiMaJIbHUMU JOJATKOBUMM BUTPATaAMU, 10 € KPUTUUHUM JJIs1 PeHTabelbHOCTI pOGiT IO CTUMYJISILLi|
BMCHaXeHMX MTOKJIaiB
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