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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. It is known that various complications arise during the operation of
gas and gas condensate wells. These negative phenomena lead to a decrease in well
production. It should be noted that complications occur both during the drilling
process and operation. Basically, they lead to a decrease in the natural permeability
of the formation. Methods. Various geological and technical measures are being
taken to increase or maintain well productivity. These measures include the
following: - treatment of the wellbore zone using acids and surfactants; - hydraulic
fracturing, etc. There are a number of methods for increasing the filtration and
capacitance characteristics of the bottomhole zone. The choice of one method
or another depends on the reservoir conditions. Results. Treatment of horizontal
wells to control water inflows is most effective when the treatment zone is isolated
from the rest of the wellbore. In cased wells, this task is solved mechanically by
installing packers. A special annular chemical packer has been developed for such
situations. Scientific novelty. Preventive control of water inflows involves covering
high permeability zones to ensure more uniform sweep coverage. The production
(or injection) profile can be improved by selectively treating low permeability
zones. Flexible tubing is used for accurate placement of small hydraulic fractures.

Keywords: complications, well, treatment, efficiency, water inflow, hydraulic
fracturing, limitation
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AnHoTanus. ['a3 koHe ra3 KOHIEHCAThl YHFbIMAlApbIH TaiianaHy Ke3iHie
OpTYpJi acKbIHYJdap TYBIHAAUTHIHBI Oenrim. bBynm >kaFbIMCBI3 KYOBUIBICTAp
YHFBIMANlap OHJIPICIHIH TOMEHJeyiHe oKenemi. AWTa KeTepiiri, acKbIHyJap
OyprbUIay TIpOIECiHAe e, )KYMBIC Ke3iHae e maiga Oomansl. Herizinen omap
TY31TyliH TaOWFH OTKI3TIMITITIHIH TOMEH IYiHe oKele/i. OmicTepi. ¥ HFbIMaIapIblH
OHIM/IUTITIH apTTHIPY HeMece KOJIay YIIIiH OPTYPIIi TeOIOTHSUTBIK )KOHE TEXHUKAIBIK

niapanap KaObuLAaHyda. byn Immapamapra MblHamap KaTajabl: — YHFBIMAHBIH
YHFbIMAa alWMaFblH KBIIKBIIIAp MEH OeTTik-OeJCeHli 3aTTap/AblH KeMeriMeH
OHJICY; — THJPABJIMKAIBIK ChIHY jKoHE T.0. TOMEHTi YHFbIMA aiiMarbIHBIH CY3y

JKOHE CBHIMBIMJIBUIBIK CHITaTTaMallapblH apTTHIPYABIH Oipkarap omictepi Oap. bip
Hemece OacKa 9JicTi TaHJay pe3epByapiblH jKarnaiibiHa OaiiyaHbicTel. MbIcasibl,
THJIPABIMKAJIBIK CHIHY OTKI3TIMITITT TOMEH, Oipak KYIITI Tay >KbIHBICTAPBIH/A,
a KBIIKBUIIAHABIPY OJICTepl OTKI3TIMTITT TOMEH KapOOHATTHI Ty3LTiMIepae
konganeinanel. Hotwkenep. Cy aFbIlHBIH OakbuIay YIIIH KOJJCHEH YHFbIMaapbl
TazapTy Ta3apTy aiiMarbl YHFbIMAaHbIH KaJlFaH OeJiriHeH OKIayIaHFaH Ke3ae THIMI
Oonanpl. Kanranran yHreIManapaa Oy TarcblpMa OpayblITapibl OpHATy apKbLIbl
MeXaHUKaJIBIK Type menrieni. JlereHMeH, IeMeHTTey i3 CY3TiHi HeMece JTaifHep i
OpHATY Ke3iHJle MyHall MEeXaHUKaJIbIK KYPbUIFbUIAP AIlIbIK CAKWHAHBI OKILIAysayia
THiMci3. MyHJail kaFjaimap YIIiH apHailbl CaKWHANBl XUMUSUIBIK OpaybIll
o3ipaenai. Feibivu sxananbirsl. Cy aFbIHBIH TPO(UIAKTUKANBIK OaKbLIay OipKemKi
CBITTBIPY/IBI KAMTAaMachl3 €Ty YIIiH OTKI3TIMITITI >KOFaphl aliMakTapibl aOymbl
KaMTUIbl. OHIIPICTIK (HeMece WHBEKIUIIBIK) MPOQHIbAl OTKI3TIMITIIT TOMEH
aliMaKTap/bl pIKTEI eHJIeY apKbUIbI )KakcapTyra 6onaabl. [LlaFsiH ruapaBiInKanbK
CBIHBIKTAPbI 1JI OPHAJIACTHIPY YIIIH UKEM1 KYObIpiap KOJIIaHblIa kL.

Tyiiin ce3jep: ackplHynap, YHFbIMA, Ta3apTy, TUIMAUIK, Cy aFbIHbI,
THIPABINKAJIBIK CBIHY, LIEKTEY.

152



ISSN 2224-5278 3.2025

© C.I'. HoBpy3oBa, U.H. Anues, E.B. I'agamosa, 2025.
AszepOaitkanckuit [ocynapcrBennsiii Yausepeuter Hedru n
[IpomemmutennocTH, baky, AzepoaiikaH.

E-mail: sudaba.novruzova@asoiu.edu.az

YHPABJIEHUE ®PAKTOPAMMU, OKA3BIBAIOIIUMHU BJINAHUE HA
MNPOU3BOJAUTEJIBHOCTDb CKBA’KUH

Hospy3oBa Cyzada — KaHAMIAT TEXHUYECKUX HayK, ToueHT Kadenpsl Hedrerazopoit MmxeHeprn
Asepbaitmkanckoro [ocymapcrBenHoro VYruBepcutera HedTn wu  mpomsinuieHHOCTH, baky,
Asepbaiimkan, e-mail: sudaba.novruzova@asoiu.edu.az, https://orcid.org/0000-0002-2219-3371;
Amues Wurmaé Hamur — KaHOUOAT TEXHUYECKUX HAyK, IOLUEHT Kadenapsl HedTerazoBoit
nxeHepun AsepOaiimkanckoro [ocynapcTBeHHOro YHHBepcuTeta HedTw W mpOMBIIIIEHHOCTH,
Baky, Azepbaiimkan, e-mail: inqilab.aliyev@asoiu.edu.az, https://orcid.org/0000-0003-3098-7208;
l'agamosa DabMHMpa — KaHAWAAT TEXHWYECKHX HayK, acchUcTeHT Kadeapsl Hedrerazosoit
Wmxenepun AszepOaiimkanckoro ['ocymapctBeHHoro YamBepcutera HedTn M mpOMBIIIIEHHOCTH,
Baky, AsepOaiimkan, e-mail: elmira.qadashova@asoiu.edu.az, https://orcid.org/0000-0003-0564-
2857.

AHHOTanus. V3BeCTHO, 4TO MPH SKCILTyaTaIllUU Ta30BbIX M FA30KOHIEHCATHBIX
CKBa’>XWH BO3HUKAIOT PA3JIMYHBIC OCJIOKHCHUS. DTH HEraTUBHEIE SIBJICHUS IMpUBOJAAT
K CHHXKXCHUIO I[C6I/ITa CKBa>XHH. Cne;[yeT OTMCTUTH, YTO OCJIO)KHCHHA BO3HHKAIOT
KaK B TIporiecce OypeHus, TaK U B IPOIIeCCe IKCIUTyaTalliny U IPUBOIAT K CHIDKEHUIO
€CTECTBEHHOM NpoHULaeMocTu Iutacta. Metoabl. IIpuHHMaroTCs pa3iuyHbie
T€0JIOTO-TEXHUYECKUE MEPHI JUTSl YBEITUYCHUS HITH TTOICPIKAHUS 1e0NTa CKBAKHH.
OTH Mepbl BKJIIOYAIOT Cleayolee: - BO3AeiicTBUE Ha mNpu3adOWHYI0 30HY
ckBakuHBI KucnoTamu U [1AB; -rumpopaspeiB miactoB u ap. CymiecTByeT psj
METOIOB TIOBBIIICHUST (PUIIBTPAIMOHHO-EMKOCTHBIX XapaKTEPUCTHUK MPU3a00HHON
30HEI. BEIOOpP TOTO MM MHOTO METOA 3aBUCHT OT IUIACTOBBIX YCIIOBHA. Hammpumep,
B HU3KOTIPOHHIIAEMBIX, HO TIPOYHBIX TIOPOIaX MPUMEHSIETCS THAPOPA3PHIB IIJIACTa,
a B HU3KOIIPOHUIIAEMBIX KapOOHATHBIX IIACTaX — METOJBI KUCIIOTHOM 00paOOTKH.
Pesynbrarel. O0paboTKa TOPU30HTAIBHBIX CKBKUH JJ1s1 00PHOBI C BOJIOTIPUTOKAMU
HauOosee ¢ (dekTuBHA, KOrja 30Ha OOpaOOTKM M30JIMPOBaHA OT OCTaJbHOU
yacTH cTBoNAa. B 00cakeHHBIX CKBaXKMHAX 3Ta 3ajlaya penraeTcsi MeXaHU4eCKH
- ycTaHOBKOW makepoB. OIHAKO TpH YCTaHOBKE (IIbTpa WM XBOCTOBHKA
0e3 IeMEeHTHPOBaHUS TaKWe MeXaHWYeCKHe YCTpoicTBa HEI(D(HEKTUBHBI IS
M30JIAIMN OTKPBITOTO 3aKOJIOHHOTO TPOCTpaHCTBA. Jlisi MOmOOHBIX cHTyanui
pa3paboTaH cHenUalbHbIA KOJIBIICBOW XMMHYECKUWH nakep. HayuHass HOBH3HA.
[podunakruyeckas 60prda ¢ BOAOIPUTOKAMH BKIFOYAET B C€0S IEPEKPBITHE 30H C
BBICOKOM IMPOHHUIIAEMOCTBIO, YTOOBI 00eCIICYUTh 00JIee paBHOMEPHBIN OXBAT IJ1acTa
BBITecHeHHEM. [Ipodwins 100bMM (MM 3aKauyKW) MOXKET OBITh YIIyYIIEH 3a CUET
M30MpaTeIbHON 00pabOTKM HU3KOTPOHHUIIAEMBIX 30H. J[1s1 TOuHOTO pasmerieHus
HEOONBITUX TPEUTUH THAPABINYECKOTO pa3pbiBa npuMeHstoT ruokue HKT.

KuaroueBble ciioBa: OCIOXXHEHHs, CKBaXHHA, 00paboTKa, A(PQPEKTHBHOCTB,
BOJIOTIPUTOK, THPABINYECKHIA Pa3phIB, MPUTOK.
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Introduction. Any unintentional resistance to the flow of fluids into or out
of the wellbore is called reservoir damage. This definition of reservoir damage
means flow restriction caused by a decrease in permeability in the near-wellbore
zone of the formation, a change in the relative permeability to the hydrocarbon
phase. This definition does not include tubing flow restrictions or those caused by
incomplete completion of the reservoir by the well, although these restrictions may
impede flow, they are either included in the well design or do not show themselves
as typical formation damage, such as skin effect (reduction of permeability in the
bottomhole zone).

In this way, it is possible to minimize the degree of damage inside the formation
and around the wellbore and improve the production of hydrocarbons. As can be
seen, preventing formation damage is more effective than remedial procedures such
as acidizing and hydraulic fracturing.

To assess well productivity, the productivity coefficient (m*/day/bar) is usually
used:

J = (1)

But more often, the skin factor S, a dimensionless parameter of pressure
drawdown caused by flow restriction in the bottomhole zone due to the damage
the formation, is used. The skin factor is determined by the following expression:

kh
5= (ls,ﬁﬁ-q g&) APon )

Restriction of flow in the near-wellbore zone of the formation can increase
the pressure gradient, resulting in additional pressure losses caused by formation
damage (Afgkm )

Standing introduced the concept of well inflow efficiency F, which he defined

as
P P, —F,,—AP,, ideal drawdown 3
P,-P, 7 actual drawdown
The inflow efficiency F =1 of a well corresponds to an undamaged well with
AP, =0.

skin

F >1 corresponds to the stimulation of inflow to the well (maybe by hydraulic
fracturing), and the inflow efficiency # >1 corresponds to the damaged well.
Obviously, to determine the inflow, it is necessary to know the average reservoir
pressure P and skin factor S.

The effect of the skin effect on well productivity can be assessed using the
relationship between the average pressure of the productive reservoir and the fluid
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inflow rate of the production well or using indicator curves (IC) of wells proposed
by Vogel, Fetkovich and Standing. These indicator curves can be expressed by the
following relationship:

L~ FY(x+1-Fx) 4
Qmax
where
P
Y =1— ﬁf (5)

R

When x =0 alinear model of the indicator curve is implemented, when x = 0,8
we obtain Vogel’s IC, when x =1 we have Fetkovich’s IC.

The choice of indicator curve used depends on the fluid properties and formation
displacement mode. The Standing indicator curve is most suitable for oil reservoirs
with a dissolved gas drive, while the linear indicator curve is more suitable for oil
reservoirs with a water drive, producing at pressures above saturation pressure, and
for hydrocarbon fluids without significant dissolved gas.

Obviously, to quantify formation damage and study its impact on hydrocarbon
production, it is necessary to have reasonable estimates of the inflow efficiency and
well skin factor. A number of methods to estimate these quantities in oil wells have
been proposed. The most common methods of wells and hydrodynamic studies
in wells under unsteady flow conditions (well studies using the pressure build-up
method) (Aliyev et al, 2001a; Aliyev et al, 2001b; Aliyev and Sheremet, 1995).

Methods and materials. In many gas and some oil wells, flow rates are quite
high and cause significant turbulent or inertial pressure drops near the wellbore. In
such cases, the additional measured pressure difference due to the skin effect can
be confused with the pressure difference caused by deviation from Darcy’s law or
inertial flow. It is important to separate the pressure drawdown caused by turbulent
flow from the pressure drawdown associated with the physical skin effect, since the
latter significantly influences well stimulation recommendations.

Darcy’s law for high-yield gas wells has the form:

mipg) = ‘Hl(p._ufj = Aq.. +BqZ; (6)
Here
P
2r
mi(P) = j —
pplg2

The inflow equation can be written as follows:

Tn{ﬁﬂ} = ﬂl{puf:} = AQSE‘ + qu:‘
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Here Aq_, represents the pressure drop during laminar flow, and quqS is the
inertial or deviation-induced pressure drop (sometimes called turbulent pressure
drop). Note that the A parameter contains a physical skin effect S, and the B
parameter is directly proportional to the coefficient D that does not obey Darcy’s
law. Based on the results of tests in steady-state conditions, we plot a graph of the

m(ﬁR)_m(pw/) .
dependence =~ onq_and obtain the values of the parameters A and B as

the intercept point and the slope of the line, respectively. Next, it is able to compare
the magnitude of the pressure drop caused by the value of S, with the pressure
difference caused by inertial effects Dg .

If § > Dgq,,, then treatment is recommended to intensify the inflow into the well.
However, if Dg > S, then it may be necessary to re-perforate or hydraulically
fracture the well to increase the inflow area and reduce inertial effects.

Factors contributing to a decrease in well productivity can be divided into
geological ones - this is the damage of the well bottom zone. If the productive
layer consists of weakly consolidated rocks, then the operation of wells with an
overestimated flow rate can lead to the damage of the zone around it. Particles of
damaged formation contained in the product flow lead to corrosion of both wellhead
and downhole equipment, the formation of plugs, and etc.

The appearance of water fingering effect in places where the Oil-Water
Contact is located near the lower point of the perforation slot. To prevent the
formation of “Water fingers”, the production flow rate is reduced, which greatly
depends on the pressure drawdown and the position of the bottomhole zone.

Technological factors include the accumulation of hydrates at the bottom and
in the wellbore, corrosion of tubing, formation of hydrates in the bottomhole zone,
the inevitability of cleaning the bottomhole from mechanical impurities, the need to
clean the bottomhole from liquid and solid particles; reduction to the lowest loss of
formation pressure and the highest condensate recovery coefficient of the formation
(Aliyev, et al, 2001a; Aliyev, et al, 2001b).

Any resistance to the flow of fluids into or out of the wellbore is called formation
damage. This, in turn, is associated with a decrease in the permeability of the near-
wellbore formation zone, a change in the relative permeability for hydrocarbon
phases, etc.

In recent years, much attention has been paid to formation damage issues due to
two main reasons:

1. the great effect of filtration of the hydrocarbon phase in the bottomhole zone
on the probability of fluid extraction from the reservoir;

2. control of drilling and completion of wells and production operations.

Knowing of the causes and consequences of formation damage during various
production operations can significantly reduce formation damage and increase well
productivity.

Generally, preventing formation damage is more effective than remedial
procedures such as acidizing and hydraulic fracturing.
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Fine particle migration is a recognized source of formation damage in some
production wells, especially in low consolidated sandstones (Aliyev and Sheremet,
1995; Gracheyv, 2016). Direct evidence of formation damage caused by fine particle
migration in production wells is often difficult to find. While most other forms of
formation damage have obvious indicators of a problem, the field causes of fine
particle migration are much more diffuse.

The most common issue is indirect indicators such as decreased productivity
over several weeks or months. This reduction in productivity can usually be
corrected by acid treatment. This pattern is typical for a large number of wells
around the world, when a decrease in productivity is compensated by a subsequent
significant increase after acid treatment. Such behavior of the well is most often
associated with the accumulation of fine particles in the near-wellbore zone over
a certain period of time. Field studies and laboratory experiments have shown that
fine particles of clay, feldspar, plagioclase cause reduced permeability. Because
mobile fines are composed of a wide variety of minerals, the clay content of a
reservoir may not always be a good indicator of the formation’s sensitivity to water
(Gracheva, 2011).

Laboratory tests of core permeability clearly show that when low salinity
solutions (<2%) are injected into wettable rocks, permeability drops dramatically
(up to 500 times). It is now established that this sharp drop in permeability is almost
entirely the result of migration of fine particles.

Reversing the flow direction leads to a temporary increase in permeability,
since when the flow is reversed, small particles clogging the pores (Hussein, 2005;
Bachman et al, 2011).

Fine-grained minerals are present in most sandstones and some carbonates. They
are not held in place by rock pressure and can move freely with the liquid phase that
wets them (usually water). They remain attached to the pore surface by electrostatic
attraction and Van der Waals forces. At “high” (>2%) salt concentrations, Van der
Waals forces are strong enough to hold small particles on the surface of the pores.
As salinity decreases, electrostatic repulsions increase because the negative charges
on the surface of pores and fine particles are no longer shielded by ions. When
the electrostatic repulsive forces exceed the Van der Waals attractive forces, small
particles are detached from the surface of the pores.

There is a critical salt concentration below which small particles become free.
Typical critical salt concentrations range from 5,000 to 15,000 mg/L (1.5%) sodium
chloride. For divalent ions this concentration is much lower. If waterwet sandstone
is exposed to a brine with salinity below the critical salt concentration, fine particles
become loose and a significant reduction in permeability is observed.

It has been obtained experimentally that critical flow rates for migration of
fine particles are lower when saline solution is the mobile phase. With residual
saturation of the saline solution, the critical velocities are an order of magnitude
higher. This means that the migration of fine particles becomes more important
when well water begins to be produced, which is what actually happens. It is often
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observed that after the start of water production, the productivity of wells decreases
much intensive. In such cases, more frequent acid treatments are necessary to
maintain oil production after water breakthrough.

The observed degree of permeability reduction also depends on the wettability
of the rock. Most oil-wet rocks have reduced water wettability, possibly because
the fine particles are partially coated with oil and are not as easily accessible to
the brine. Significantly smaller decreases in permeability are observed as the rock
becomes less water-wetted.

The above observations indicate that fine particle migration can be caused by
any operation that introduces solutions of low (<2%) salinity or high (>9%) pH
into a water-wet formation. Migration of fine particles can also be caused by high
flow rates in the near-wellbore zone of the formation, especially in watered wells.
Examples of such operations include absorption of freshwater drilling fluids or
completion fluids, injection of steam during steam cycling to recover heavy oil,
injection of water from a water source, high well flow rates (with flow rates above
the critical velocity) and water breakthrough into production wells.

Clearly distinguishing the effects of liquid phase precipitation and deviations
from Darcy’s law based on well productivity and well flow tests in transient wells
can be difficult and require the use of compositional numerical models. Such models
are available and have been used to estimate the productivity of gas wells (taking
into account condensate accumulations).

The most direct way to reduce condensate accumulation is to reduce the
drawdown on the formation so that the bottomhole pressure remains above the dew
point. Where this is not desirable, the impact of condensate accumulation can be
reduced by increasing the inflow area and achieving linear rather than radial inflow
into the wellbore. This minimizes the effect of reducing gas permeability in the
near-wellbore zone of the formation. Both of these benefits can be realized through
hydraulic fracturing (Bachman, et al, 2011, Joshi, 2001).

Stimulation through hydraulic fracturing is the most common method used to
solve the problem of condensate accumulation. The creation of fractures leads to a
significant reduction in the drawdown on the formation, necessary for the operation
of'the well. In addition, the accumulation of liquid hydrocarbon phase on the surface
of fractures does not affect productivity as much as radial flow around the wellbore.

Recently, the use of solvents and surfactants such as methanol has been proposed
as a method of stimulation for gas condensate wells where hydraulic fracturing is
not a preferred option.

In oil reservoirs with a dissolved gas regime, when the formation fluid pressure
drops below the saturation pressure, a gas phase is formed. If this phenomenon
occurs in the wellbore, the gas bubbles that form, help bring liquid hydrocarbons
to the surface. However, if the saturation pressure is achieved in the near-wellbore
zone of the formation, then a significant gas-saturated area is formed around the
wellbore, which leads to a decrease in the relative permeability of oil. As would be
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expected, this form of reservoir degradation most likely occurs late in the field’s
life when the average reservoir pressure falls below the saturation pressure (Hurst,
1953).

This type of drop can be diagnosed if phase behavior is well understood and
operational data is available. However, in many cases, lack of access to this data
can lead to misdiagnosis of declining well productivity. This diagnosis becomes the
basis for erroneous recommendations for the use of stimulation operations.

If a well consumes large volumes of water-based drilling or completion fluids,
zones of high water saturation will develop around the wellbore, where the relative
permeability of the hydrocarbon phases is reduced, resulting in a net loss of well
productivity.

Areas of high water saturation, or water barriers, around the wellbore are
expected to dissipate over time as hydrocarbons are produced. When viscous
forces are significantly greater than capillary forces, the water barrier disappears
quite quickly. However, capillary forces hold water in place greater than viscous
forces (for example, in tight gas reservoirs), water barriers can persist for very long
periods of time. To quantify this effect, the capillary number, defined as the ratio of
viscous forces to capillary forces, can be used. When capillary forces are greater or
comparable to viscous forces, water barriers are difficult to remove. On the other
hand, when viscous forces dominate, water barriers disappear within hours or days.
Typically, water barriers are a problem in low-permeability, depleted gas reservoirs
where the capillary number is below unity.

To remove water barriers, three main methods are used, (1) pressure pulsation
or swabbing of wells in order to temporarily increase the capillary number, (2)
reducing surface tension by adding surfactants or solvents, which also increase the
capillary number by reducing the tension at the boundary separation of hydrocarbon
and aqueous phases, allowing the removal of the water barrier by reverse flow, and
(3) the use of mutual solvents such as alcohols to dilute the water and remove it
by changing the behavior of the phases. All three methods have been successfully
applied in field conditions. The advantages of one method over another depend on
the specific ratios of formation permeability, temperatures and pressures.

Water inflow control. Mechanical or expandable packer plugs are the best option
for solving problems in the near-wellbore zone: non-hermetic casing strings, behind-
the-casing cross-flows, rise of bottom water in the last layer and watered formations
without cross-flows. These plug packers can be run on coiled tubing or wireline
to seal intervals in cased and open hole wells. If the wellbore must be opened to
horizons located deeper than the water influx intervals, then a repair lining can be
installed inside the casing through the tubing. One technology involves placing a
flexible, expandable composite bladder (made from carbon fiber, thermoset plastic,
and a rubber bladder, for example) against the area to be treated. The pump then
expands the chamber along with the composite shell, pumping in well fluid that
heats the resins, initiating the polymerization process. After the plastic has cured,
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the pressure is released and the chamber is removed from the well (Joshi and Ding,
2006, Joshi, 1988, Gasumov et al, 2004).

Increasing the productivity of gas and gas condensate wells. During the
operation of gas and gas condensate wells, a number of problems are possible that
negatively affect the technological characteristics of the production process, and, as
aresult, a decrease in flow rates is observed.

Improving the quality of filtration and capacitance characteristics of the
bottomhole zone is carried out through various technological measures aimed at
improving permeability.

Acidizing is performed either to stimulate inflow greater than that from
the reservoir or to repair formation damage. In principle, there are two types of
acidizing, which are determined by injection rates and pressures. Injection rates
that create pressures below hydraulic fracturing pressure are called acidizing, and
above hydraulic fracturing pressure are called acid fracturing.

Figure 1 illustrates the linear increase in pressure with increasing injection rate
until the fracture propagation pressure is reached, after which the injection rate can
continue to increase, but the pressure above the fracture propagation pressure will
change little. Acidizing is used primarily to remove damage, while acid fracturing is
used to increase the effective radius of a well by creating acid-treated fractures that
penetrate deep into the wellbore zone with relatively low permeability to increase
well productivity by several times (Novruzova, et al, 2021).

Formation acidizing is used primarily to remove damage caused by drilling,
completion and workover fluids and solids deposited from produced water or oil
(i.e., scaling). Removing severe plugs from carbonates or sandstones can result in
significant increases in well productivity (Mityuk, et al, 2008). On the other hand,
if there is no damage, rock treatment rarely increases the natural productivity of a
well by more than 50%, depending on the amount of treatment and the depth of
penetration of the active acid.
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Figure 1 Injection rates during rock acidizing below hydraulic fracturing pressure
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Wells can perform poorly or worse than expected due to three different factors:

1. The size of the tubing string in the flowing well is incorrectly selected or
ineffective equipment is used for artificial lift using pumping units or gas lift;

2. Low permeability of the formation;

3. Restriction in the wellbore due to formation damage or incomplete perforation.

Any well producing from a formation with a permeability greater than 10 mD
and whose permeability in the permeable zone of the formation or in the perforated
interval has been reduced due to plugging by solid particles can be taken for
acidizing the rock.

Mechanical plugging is caused by either suspended solids in completion
or workover fluids, or migration of fine particles into the formation along with
incompatible fluids. If the reason for the decline in well productivity is formation
damage, then the well is a good candidate for acidizing.

Hydrochloric acid also opens many narrow channels in the drainage zone, which
increases the drainage area of the well and leads to increased production. Therefore,
the main goal when treating the bottomhole zone of a well with hydrochloric acid is
to ensure that the acid solution acts at a minimum distance from the well. The depth
of acid penetration into the formation depends on the rate of reaction between the
acid and the rock. The reaction rate, in turn, depends on the chemical composition
of the rock, the volume of acid, temperature and reservoir pressure (Mityuk, et al,
2008).

Selecting a foaming additive for removing water from the bottom of
production gas wells. In wells where there is accumulation of water at the bottom,
it is necessary to remove it in order to restore stable hydrocarbon production. The
choice of foaming agent and its chemical stability are the most important indicators
for ensuring the high efficiency of the measures taken to remove the problem that
has arisen. The following is a study of three foaming additives under other equal
conditions, and also shows the effect of high temperature on the effectiveness of
foaming additives.

Result and Discussion. It should be noted that the accumulation of water at
the bottom of gas wells is a common problem for wells exploiting fields that have
been in development for quite a long time. This is explained by insufficient pressure
and flow rates to ensure the removal of water to the surface. In addition, the most
commonly used method for removing the aqueous phase from the bottom hole is
the injection of foaming additives. By pumping surfactants into the tubing string,
the surface tension is reduced, which, in turn, leads to the formation of a stable
bubble structure, that is, foam. Foam has a density lower than liquid and therefore
can be transported much more easily from the bottomhole of the well to the surface
(Saduakassov, et al, 2024, Moldabayeva et al, 2023).

As a result of two consecutive tests, namely the influence of the hydrocarbon
phase and the concentration of the foaming additive, as well as assessing the
influence of temperature effects on foaming, stability and quality of liquid removal,
the following was obtained.
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Effect of the hydrocarbon phase. The amount of hydrocarbon phase (the ratio of
hydrocarbon volume to total liquid volume) varies in a wide range from 0 to 90%
in order to obtain the most reliable information about its effect on the process. The
graphs below show the effect for different water content in the mixture (10, 30, 70
and 100%) and its influence on the formation of the foam system. It should be noted
that the concentration of the foaming additive is directly dependent on the volume
of water contained, and not on the total volume of liquid. All results are for the
constant temperature of 25°C and a constant injection rate of 0.5 m/s.

As can be seen from the dependencies, with an increase in the hydrocarbon phase,
the rate of recovery and removal of liquid decreases. In addition, with a decrease
in the aqueous phase, the stability of the foam system also decreases. It should
also be noted that the efficiency of the process in terms of stability (monotonicity)
decreases at low concentrations of the foaming additive and an aqueous phase
content of about 10%. Such behavior is typical for the case when the amount of
foaming agent and the degree of emulsification are quite low.
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Figure 2. Characteristics of recovery (a), destruction (b) and removed liquid (c) at various values

of water content and foaming agent concentration

Therefore, the negative effect of the hydrocarbon phase on the stability of the
bubble (foam) structure is explained by the fact that with its higher concentration
in the liquid mixture, the coalescence process occurs faster, which leads to the
formation of larger bubbles in the mixture.

Hydrocarbons tend to reduce the stability of the foam structure due to film
rupture and stretching mechanisms according to the plasticizer principle. Thus,
with an increase in the hydrocarbon phase, the efficiency of the liquid removal
process will decrease. It should be noted that the volume of the hydrocarbon phase
is the prevailing factor affecting the efficiency of the process compared to the
concentration of the foaming agent. And this effect can be partially compensated
only by increasing the concentration of the foaming additive) (Mityuk, et al, 2008,
Shoeibi Omrani P. et al, 2016).
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Temperature effect. To identify the effect of temperature on the efficiency of the
process of forming a foam structure and removing liquid from the bottom, several
surfactants were tested under the same conditions. The temperature range ranges
from 25 to 120°C. The system disturbance rate has a constant level of 0.01 m/s in
order to prevent evaporation of the liquid phase. In addition, this process can be
controlled by increasing the pressure, reducing the gas flow rate, or pre-saturating
the gas.

Certain difficulties arise only when monitoring gas quality and condensation.
The maximum temperature decrease during the implementation of the process
fluctuated within 5°C.

Itis important that the effectiveness of using foaming agents at high temperatures
depends on the concentration of the surfactant, that is, the rate at which the
efficiency of the foam system decreases for different additives is different, and a
preliminary qualitative assessment of the process at temperatures in well conditions
is significant (Shoeibi Omrani, et al, 2016; Aliyev. 2023; Iskandarov, et al, 2024).

Conclusion: The presence of the hydrocarbon phase and temperature are
important parameters affecting the efficiency of the process of removing water from
the bottom of gas wells. It has been shown that the qualitative characteristics of the
process can vary significantly and be sensitive to the hydrocarbon fraction.

In addition, the negative effect cannot always be reduced by increasing the
concentration of the foaming additive. Therefore, a preliminary assessment of
the process must be carried out in accordance with the hydrocarbon phase in well
conditions.

There was a decrease in quality characteristics in terms of foam recovery,
stability and volumes of liquid removed from the bottom at high temperatures.
Thus, a preliminary assessment of the effectiveness of the technological measure
is necessary at temperatures that differ from well conditions by an insignificantly
small amount.
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