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Abstract: This article examines the main challenges encountered during the operation of gas and gas condensate fields,
such as the presence of formation and gas-containing water at the wellbore bottom, and the causes of these challenges.
It also discusses methods for eliminating them, including closing the wellbore channel, pumping with cement and special
polymer solutions, removing residual water and condensate from the wellbore bottom by changing pressure, removing
fluid from the wellbore bottom with foams and surfactants, reducing the diameter of tubing, and using a plunger lift. The
article also discusses the disadvantages of these methods for removing fluid from the wellbore bottom, their features,
advantages, and disadvantages, and provides recommendations for using improved pumping equipment for removing
fluid from gas and gas condensate wells.

Key words: gas, gas condensate, fields, production, hydrocarbon, liquid, water cut, gas recovery, liquid, saturation zone,
well, bottomhole, formation, depression, low pressure, lifting, tubing, surfactant, installation of an electric centrifugal
pump.

Annotatsiya: Ushbu maqolada gaz va gazkondensat konlarini ishlatishda qatlam bosimi yuqori yoki past bo‘lganda
yuzaga keladigan asosiy murakkabliklardan biri — quduq tubida qatlam suvi hamda gaz tarkibidagi suvlarning cho‘kib
golishi va ularning kelib chigish sabablari tahlil gilingan. Shuningdek, bunday muammolarni bartaraf etish usullari sifatida
suv yo'lini yopish, sement va maxsus polimer eritmalarini haydash, mavjud suv va kondensat qoldiglarini quduq tubidan
bosimni o‘zgartirish orgali falkga chiqarib yuborish, sirt faol moddalaridan foydalanib ko‘piklar yordamida quduq tubidan
suyuglikni chigarish, nasos-kompressor quvurlari diametrini kichraytirish yoki o‘zgartirish, shuningdek, plunjernali liftni
go‘llash orqali qudug tubidagi suyuglikni chigarish usullarining kamchiliklari, ularning qo‘llanishdagi o'ziga xos jihatlari,
afzallik va kamchiliklari yoritilgan. Gaz va gazkondensat quduglaridagi suyuglikni chigarishda takomillashtiriigan nasos
qurilmalaridan foydalanish samarali yo‘nalish sifatida tavsiya etilgan.

Kalit so‘zlar: gaz, gazkondensat, konlar, qazib olish, uglevodorod, suyuqlik, suvlangan, gazberuvchanlik, to'yinish hududi,
qudug, qudug tubi, gatlam, depressiya, past bosimli, lifting, nasos-kompressor quvuri, SFM, MQCHEN.

AHHOTauusA: B gaHHOW cTaTbe paccMaTpuBalOTCsl OCHOBHbIE TPYAHOCTM, BO3HUKAKOLIME MPU 3KCMyaTauuy rasoBbiX U
ra3oKOHAEHCaTHbIX MECTOPOXOEHUN, Takue Kak HanuuvMe MnnacTtoBOW WM rasocodepallei Boabl Ha 3ab0e CKBaXKMHBI,
N NPUYMHBI UX BO3HWKHOBEHUS, @ TakKe METOAbl UX YCTPaAHEHWUs, TaKMe KaK 3aKpblTVe BOLAOMPOSBISIIOLLIErO KaHana,
HarHUTaHWs LEMEHTHbIMA W CcheuManbHbIMU MOMMMEPHBIMY PacTBOpPaMu, yAaneHusl UMEIOLLMXCS OCTaTKOB BOAbI
N KOHAEeHcaTa C 3ab0si CKBaXWHbI MyTEM W3MEHEHWUs OaBMEHWs, yAaneHue >XUOKOCTU C 3ab0si CKBaXKUHbI NMeHamu
C MNPVYMEHEHNEM TMOBEPXHOCTHO-AaKTUBHbIX BELLECTB, YMEHbLUeHVWE AMaMeTpa HACOCHO-KOMMPECCOPHbIX Tpyo w
NpYMeHeHne NiyHXepHoro nogbeMHuka. lNMprBeneHbl HegOCTaTKM CMNOCOOO0B yaaneHus XUAKOCTU C 32005 CKBaXMWH, UX
0COBEHHOCTN, NPEMMYLLIECTBA U HEQOCTATKM NPY UCMOSb30BaHWUW, a Takke NpeACcTaBneHbl pEKOMeHAALUN MO MPUMEHEHMNIO
YCOBEPLLEHCTBOBAHHbIX BWAOB HACOCHOrO 06opyaoBaHWS ANs yAaneHWUst XUOKOCTU C ra3oBbIX W ra30KOHAEHCATHbIX
CKBa)WH.

KnitoueBble cnoBa: ras, rasoBblii KOHAEHCAT, MeCTOpOXaeHusa, fobblya, yrneBogopon, XWMAKOCTb, 0OBOAHHEHOCTb,
razootgayu,, XXUOKOCTb, 30Ha HaCbILLEHUS, CKBaXunHa, 3abon, Nnact, Aenpeccusi, HU3Koe OaBneHue, NMMQTUHT, HACOCHO-
KoMnpeccopHas Tpyba, NOBEPXHOCTHO akTUBHbIX BelecTts MNAB, YLIOH.

134 t.me/scupus_IST2100 https://ist-journal.uz




01.10.2025-YEAR SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL

INTRODUCTION

Currently, a large number of wells in gas and gas condensate fields are subject to fluid accumulation at the
well’s bottomhole, which subsequently self-suppresses. This leads to the cessation of gas flow from the well,
resulting in significant losses of recoverable gas and, consequently, failure to achieve the final gas recovery
factor. According to forecasts by gas industry experts, by 2030, the number of wells shut down due to fluid
accumulation at the well’s bottomhole will reach up to 50% of all wells. This problem is especially acute in the
late stages of field development, when reservoir pressure and well productivity are declining. Therefore, finding
solutions to combat complications during gas production at gas and gas condensate fields is crucial.

REVIEW OF LITERATURE ON THE SUBJECT

The issue of water production in gas wells has long been recognized as a key challenge in maintaining
productivity and extending well life. According to Sun Xindi in his comprehensive review of horizontal well
operations, the main causes of water influx include coning, channeling, and liquid loading, each of which
significantly reduces well deliverability and complicates flow assurance. He emphasizes that effective mitigation
requires an integrated approach combining reservoir management, completion design, and post-treatment
monitoring.

Bai Bing, in his widely cited work on in-situ polymer gel applications, highlights that polymer and crosslinked
gel systems have become essential tools for water shutoff operations. Bai’s studies show that correctly designed
polymer gels can reduce permeability in high-water-saturation zones by more than 90 %, provided that gelation
time and salinity are optimized for reservoir conditions. This view is supported by Al Brahim, who classifies
modern polymer systems into temperature-resistant and organically crosslinked categories and notes that their
success depends heavily on injection sequence and mechanical stability.

Expanding on chemical techniques, Al Tag analyzes the use of relative permeability modifiers (RPMs) as a
selective chemical solution that reduces water mobility without hindering gas flow. His 2021 study demonstrates
that surfactant-based RPMs can maintain hydrocarbon productivity while reducing water production in fractured
formations, though efficiency declines in oil-wet environments. Similarly, Seifi Farnaz presents results from
laboratory core-flooding experiments showing that nano-enhanced chemical agents improve adsorption on
rock surfaces and thus extend the treatment’s lifetime compared with earlier polymer designs.

Mechanical and hybrid methods remain indispensable in practice. Taha Abdullah provides a detailed
operational overview of water-shutoff procedures, describing how swellable packers and mechanical seals can
isolate unwanted water zones when chemical placement is impractical. He also notes that mechanical methods
are often combined with inflow control devices to sustain zonal balance in long horizontal sections. Research
conducted by Qu Jianhua and Wang Ping supports this view: their study on soft movable polymer gels shows
that hybrid mechanical-chemical isolation can control water coning in horizontal wells while preserving gas flow
from productive zones.

For liquids removal, Schlumberger’s Oilfield Review (2016) and Chen et al. (Frontiers in Energy
Research, 2024) both describe plunger-lift systems as cost-effective, low-maintenance technologies suitable
for deliquification in mature gas wells. They emphasize that automation of plunger cycles and integration
with surface sensors can significantly reduce venting losses and optimize production cycles. While electric
submersible pumps remain an alternative, their high energy costs limit their use in low-rate gas wells.

A separate line of technological development is represented by downhole separation and reinjection
systems. A Curtin University technical report (2007) outlines how Downhole Qil-Water Separation (DOWS)
technology allows immediate water disposal into lower formations while keeping gas and light hydrocarbons
flowing to the surface. The report documents up to 25 % production improvement and 50 % reduction in surface
handling costs under favorable pressure conditions. However, as both Sun and Taha note, the complexity and
cost of DOWS installations restrict their widespread adoption.

Most recent reviews, including Al Brahim’s and Seifi's, conclude that combining multiple methods—
chemical, mechanical, and deliquification technologies—yields the highest success rate. Yet, as Bai Bing
cautions, upscaling laboratory results to field performance remains problematic due to heterogeneous reservoirs
and incomplete diagnostics. Modern research therefore advocates for integrated field pilots, advanced logging
and tracer monitoring, and long-term performance tracking to validate and optimize these technologies.

RESEARCH METHODOLOGY

The research relied on a combination of technical document analysis, field reports, and experimental
data published by international petroleum engineering journals. Statistical comparisons and case-based
synthesis were applied to evaluate the efficiency of different water-shutoff technologies. The collected data
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were systematized, and comparative analysis was used to identify performance trends and limitations of each
technological solution.

ANALYSIS AND RESULTS

Currently, gas well operations are complicated by numerous factors, the main ones being reduced reservoir
pressure at the field and fluid accumulation at the wellbore bottom. These two complications are inextricably
linked. Globally, the development of these complications is divided into four stages. As each stage progresses,
gas flow rate decreases, while the amount of water in the wellbore increases, leading to a cessation of wellbore
flow.

The first stage is anhydrous, in which only gas enters the well. Then, in addition to gas, water begins to
enter the wellbore bottomhole, accumulating as a film on the pipe walls and being carried away by the gas
flow to the wellhead. The third stage is characterized by a balance between the amount of water entering the
wellbore and being carried to the surface. Subsequently, as reservoir pressure drops, well production enters
the fourth stage, during which the rate of liquid column growth in the wellbore increases. This, combined with
a decrease in reservoir drawdown, leads to a transition to zero-flow operation of the gas-liquid lift system,
followed by well shutoff. Therefore, minimizing losses during gas and condensate production by using the most
efficient liquid removal technologies becomes a crucial task in the final stage of gas and gas condensate field
production.

Liquid enters the wellbore bottomhole because gas, moving at high velocity in the formation, entrains
liquid and attempts to transport it to the surface. High velocity ensures a flow regime in which the liquid remains
suspended, resulting in a low volume fraction of liquid in the flow and minimal pressure losses due to the gravity
component of the flow.

For marginal wells operating at the margin of profitability, ensuring fluid removal from the wellbore is crucial,
as this will determine whether the wellbore continues or ceases production. Fluid accumulation in the wellbore
poses a threat to the operation of not only marginal wells but also gas wells with high wellhead pressures and
large diameter production casings.

The high velocity at which the gas moves can be accompanied by significant pressure losses caused by
friction, while the pressure losses caused by the liquid column in the wellbore are relatively small.

As the gas velocity in the production casing begins to decline over time, the velocity of the liquid carried
by the gas decreases. This alters the nature of liquid flow near the pipe walls, leading to the formation of liquid
plugs and liquid accumulation at the bottomhole. All of these factors increase the proportion of liquid in the gas
flow, leading to reduced productivity or complete cessation of gas production from the well.

As the gas flow moves toward the wellhead, both hydrocarbons (condensate) and water particles may
precipitate due to a decrease in temperature and pressure. In some cases, liquid may enter the wellbore due
to water influx from the underlying aquifer. Most methods for combating water influx in gas wells are insensitive
to the source of the liquid in the wellbore, but there are methods aimed at preventing problems associated with
liquid condensation that do not prevent liquid influx from outside. Therefore, it is necessary to confirm that the
condensation process is the source of the water. Otherwise, the problem will not be solved.

When the gas velocity is high enough to remove most or all of the water entering the well, the reservoir
pressure and well flow rate are in a stable equilibrium. In this case, the well will operate at a constant flow rate.

If the gas velocity is too low to remove water, the pressure gradient gradually increases due to fluid
accumulation at the wellbore, leading to increased backpressure on the formation. As backpressure increases,
the rate of gas inflow into the wellbore will gradually decrease until it no longer provides the “critical gas flow
rate” required for continuous fluid removal. This will lead to fluid accumulation in the wellbore and increased
downhole pressure, leading to reduced gas production and eventual wellbore failure.

At present, the velocity of gas movement in the wellbore is the main diagnostic parameter, based on which
it is possible to predict the accumulation of liquid at the bottom of a gas well.

At the early stage of flooding of gas wells, an effective method of combating complications is the use of
water shut-off technologies, which involve the integrated or individual implementation of the following measures:
the creation of hydrophobic emulsion screens in the productive part of the gas reservoir, artificial colmatation
water-saturated space, installation of cement bridges, which can also be combined with preliminary injection
of various waterproofing materials. One method for eliminating water influx is to inject a blocking reagent
composition followed by cementing the zone. The goal of water shutoff is to isolate the water-saturated portion
of the reservoir, which typically has high filtration-capacity properties (FPP).

A consequence of using this technology is difficulty in bringing wells into production due to the reduced
thickness of the productive layers involved in development. It's worth noting that the positive effect of water
shutoff works diminishes over time, while the number of wells experiencing development problems after using
this technology is increasing.
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The most common method for removing fluid from wells, requiring no additional equipment, is flare
blowdown. This essentially involves a short-term increase in drawdown pressure to suddenly increase wellbore
speed, resulting in a short-term increase in flow rate. As is well known, even a short-term increase in drawdown
pressure causes damage to the bottomhole formation zone, leading to sand production and abrasive wear of
equipment. It should be noted that the effectiveness of this method is short-lived. Automated well blowdown
projects have been developed to optimize well blowdown time, thereby increasing their efficiency. However, this
solution will not completely eliminate the shortcomings of this technology.

Liquid removal technology using surfactants has become widespread in the modern oil and gas sector.
Injecting surfactants into a water-producing wellbore results in the formation of foam, which is subsequently
carried to the surface by the gas flow. This technology relies on the fact that the liquid is held within a cloud
of gas bubbles, and the effect is exerted over a large surface area, resulting in a reduction in the system’s
density and, consequently, a lower pressure gradient. Another undeniable advantage of this technology is its
applicability to wells with extremely low flow rates.

Adisadvantage of this method is the potential for the formation of stable foam compounds, which negatively
impacts the operation of the wellbore collection and treatment system, specifically leading to a reduction in
well flow rates, increased loads at booster compressor stations (BCS), a reduction in the quality of field gas
treatment, loss of absorbent during gas drying, deposit formation, and a reduction in flow areas on the flow
paths of field equipment.

Another way to create conditions for water removal from the wellbore is to increase the gas flow rate by
reducing the tubing diameter. Replacing the tubing strings with smaller flow sections increases the flow rate
and reduces bottomhole pressure. However, a tubing diameter that is too small for the well’s flow rate can
lead to excessive frictional pressure losses and contribute to increased bottomhole pressure. This operation is
accompanied by a 20-50% reduction in the well’s flow rate. The effect of replacing the tubing in the well lasts
from 8 to 15 months, resulting in the wells operating at a constant flow rate and preventing fluid accumulation at
the bottomhole. After this period, water removal conditions deteriorate back to the original levels, necessitating
a second replacement with an even smaller diameter.

Plunger lift technology utilizes a special movable separator located in the tubing string. This device consists
of a plunger that moves upward under wellbore pressure and then returns to the bottomhole under gravity. In
addition to the plunger, a spring located at the wellbore bottom is required to smoothly stop the separator. The
wellhead must be modified to allow the plunger to stop and then be surrounded by the gas flow. A controlled
actuator valve is also required to open and close the flow line. For proper valve operation, a number of sensors
are required, including a sensor that registers the plunger’s arrival, as well as an electronic controller with a
device that determines the well’s production and closure periods to ensure increased productivity.

The plunger lift operates in a cyclical mode. During a shut-in, when the plunger lift is in the downhole
position, fluid accumulates at the wellbore, while pressure in the annulus rises. Gas pressure in the annulus
depends on the wellbore shut-in duration, formation pressure, and formation permeability. When the annulus
pressure reaches a certain value, the actuator valve opens, and the well begins flowing. Expanding gas from
the annulus fills the tubing and begins to lift the plunger, along with the fluid, toward the wellhead. Gas extraction
continues until the wellbore flow rate decreases to a level close to the critical flow rate, and fluid begins to
accumulate in the wellbore. At this point, the wellbore is shut in, and the plunger descends to the wellbore and
seats on the shock absorber spring. The pressure buildup period begins again. The cycle then begins again,
with the well once again going through cycles of gas accumulation in the annulus and water removal.

Compared to replacing the tubing with smaller diameter pipes, this method is much more cost-effective.
Furthermore, the well flow rate is significantly higher than with replacing the tubing.

The complexity of implementing this technology stems from the fact that as the plunger moves up the
tubing, fluid leaks can occur. This can lead to the plunger exiting the wellhead empty, causing a strong impact on
the wellhead equipment, potentially causing mechanical damage. A key requirement for using this technology
is the ability to build up sufficient annular pressure to lift the plunger to the surface. Furthermore, the fluid inflow
must be sufficient to ensure sufficient gas pressure to lift the liquid to the surface.

Despite some success, the use of these methods requires large amounts of high-pressure gas, the
construction of gas pipelines to supply high-pressure gas to wells, and has a limited scope of application and
is not a definitive solution for wells with low reservoir pressure.

Therefore, it is necessary to consider other artificial lift technologies for the challenging conditions of high-
water, low-pressure wells.

Toward the end of a well’s life, the fluid level may be above the perforations, and gas will rise through the
fluid column to the surface in the form of bubbles. Gas production will continue at a low but stable flow rate,
and no liquid will reach the wellhead. Analyzing the performance of such a well without taking into account its
history, one can assume that there is no fluid accumulation in the well, and the low flow rate is a consequence
of declining reservoir pressure.
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Many wells produce not only gas but also condensate and water. If the reservoir pressure drops below the
dew point, condensate enters the well as a liquid along with the gas. If the reservoir pressure is above the dew
point, condensate enters the well as a vapor phase along with the gas and may liquefy in the production string
or separator.

There are several mechanisms for water entering a gas well:

1. Water can come from an aquifer located above or below the gas-saturated formation.

2. In a water-driven mode, water moving along the formation will reach the bottom of the well.

3. Unbound formation water can be removed from the formation along with gas.

4. Water or hydrocarbons can enter the wellbore along with the gas in the form of a vapor phase and
condense in the production string.

Let’s look at these sources in more detail.

A flood cone occurs when the gas flow rate is high enough to entrain water from the underlying aquifer,
which may be located outside the perforated wells. interlayers. It is worth noting that horizontal wells exhibit
significantly smaller pressure gradients between gas and underlying aquifer zones, however, at very high flow
rates we can observe a similar picture, which in turn is called not the formation of a flood cone, but the pulling
of the gas-water complex toward the horizontal well.

When a well operates in a water-driven mode, that is, when reservoir pressure is maintained using the
energy of the aquifer, water is eventually drawn toward the gas-producing well, which ultimately leads to this
water entering the wellbore, which entails the above-mentioned problems associated with the accumulation of
liquid at the bottomhole.

If a well is completed with an open hole or perforated in multiple reservoir intervals, water influx from other
intervals is possible. This situation can be used to our advantage if the aquifer is located below the producing
gas reservoir. Using various technical means and technological methods, and once the required injectivity is
achieved, water can be injected into the aquifers, allowing the gas to rise to the surface.

Due to poor quality cementing of the annular space or destruction of the cement stone, behind-the-casing
cracks occur. overflows that allow water to flow from aquifers interlayers into gas layers, and then into the
wellbore.

Don’t forget about water, which may be present in a free state in the gas-bearing formation. It will also flow
into the well along with the gas.

Since the gas flow rate decreases with a decrease in reservoir pressure, this will also be accompanied by
an increase in the amount of liquid in the wellbore.

CONCLUSIONS AND SUGGESTIONS

Given the potential increase in the number of wells prone to flooding at gas and gas condensate fields,
the need to find a solution to this problem is clear. To this end, existing gas well flood control methods used in
Uzbekistan and abroad were analyzed.

Most gas fields are developed under elastic water drive. Consequently, when reservoir pressure
decreases, water enters the well, leading to significant losses of gas reserves and significant complications in
well operations. Due to well flooding, gas production drops sharply, while sand production from the formation
increases sharply. Many gas wells are decommissioned due to flooding. As follows from the above, water
isolation, flaring, surfactant use, and replacing tubing with smaller diameter pipes are insufficient for gas
production from low-pressure, water-fed reservoirs. Therefore, given the growing relevance of this problem,
technical solutions are being sought. For example, studies have considered the use of surface compressors,
surface twin-screw booster pumps, and heating the liquid using microwave emitters for evaporation; however,
these methods have not solved the problem.

Recommendations:

1. The causes and mechanism of flooding of gas wells at a late stage of field development are considered.

2. An analysis of existing technical and technological solutions for combating flooding of gas wells was
conducted.

3. It has been shown that a promising approach to solving the problem of removing accumulated water at
the bottom of gas wells is a mechanized method of lifting liquid using submersible pumps.

4. One of the technical areas of application for submersible pumps is the development of hybrid pumps
that simultaneously implement several operating processes. Of particular interest are hybrid pumps that can
operate both as a pump and a dispersant, and are also resistant to high suspended particle content in the gas-
liquid mixture flow.
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