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The article discusses the application of the method of hydrogen thermogasochemical effect (HGH) on the
bottom-hole zone of the reservoir in order to intensify oil production in conditions of high waterlogging and
paraffination. The analysis of the mechanism of action, including thermal, gas-dynamic and chemical effects, is
presented. Using the example of well No. 359 of the West Kazakhstan field, an assessment of the technology's
effectiveness was carried out. It has been established that the use of THC provides a multiple increase in oil
production (up to 35 times) and a significant reduction in waterlogging of products. For the first time, a quantitative
assessment of the contribution of each of the three mechanisms (thermal, gas-dynamic, chemical) to the overall
increase in productivity based on factor decomposition has been performed for this field. A comparative analysis
was carried out with alternative methods of intensification (steam-thermal effect, hydrochloric acid treatment,
hydraulic fracturing). It is shown that the main contribution to the increase in productivity is made by the complex
effect of active gases, the temperature factor and intra-reservoir chemical reactions. The results obtained confirm
the prospects of using the method for the development of depleted deposits with high-viscosity oils.

Keywords: thermogasochemical effects, bottom-hole zone, intensification of production, high-viscosity oil,
hydrogen, reservoir permeability, comparative analysis of EOR, economic efficiency, measurement uncertainty.

KOMILJIEKCHOE TEPMOTIA3OXUMHYECKOE BO3JIEHCTBUE HA NPU3ABOMHYIO

30HY IUVIACTA: MEXAHU3M, TEXHOJIOTHUSA U PE3VJIBTATBI NIPOMBIINJIEHHOT'O
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KA3AXCTAHA)
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B crarbe paccMmarpuBaeTcs MpUMEHEHHE METO/la BOAOPOAHOTO TepMorazoxumudeckoro Bozaerictaus (TTXB)
Ha npu3a00HHYIO 30HY TUIACTA C LIENbI0 HHTEHCH (KA JOOBIYH HE(TH B YCIOBHAX BBICOKOH OOBOJHEHHOCTH U
napadunuzanny. [Ipencrasien ananm3 MexaHn3Ma BO3AEHCTBHS, BKIIIOYAIOIIETO TEINIOBbIE, Ta30JMHAMUYECKIE U
xumuueckue g dextsl. Ha npumepe ckBakunbl Ne359 mectopoxnenns 3anagHoro Kazaxcrana nmpoBezieHa OL[eHKa
3¢ PEeKTUBHOCTH TEXHOJIIOTHH. YCTaHOBIIEHO, uTo mpuMeHeHne TI'XB obecnieunBaeT kpaTHOE yBeIHMUeHUE AeOUTa
HedTH (710 35 pa3) u 3HAYNTETBHOE CHIDKEHHE 0OBOAHECHHOCTH NMPOXYKINH. BriepBrie U1 JaHHOTO MECTOPOXKIE-
HUSI BBITIOJTHEHA KOJIMYECTBEHHAS OIIEHKA BKJIaJ[a KayKA0TO U3 TPEX MEXaHU3MOB (TETIIOBOT0, Ta30ANHAMUYECKOTO,
XMMHYECKOTO) B OOLIMH MPHPOCT MTPOAYKTHBHOCTH HA OCHOBE Pa3jIoykeHus 1o paxropaM. [IpoBenéH cpaBHUTEb-
HBII aHAJN3 C aJIbTepPHAaTUBHBIMU METOJaMU MHTEHCH(HKAIMN (apOTEIUIOBOE BO3/IEHCTBHE, COMSTHOKHCIOTHAS
00paboTka, ruapopa3psIB miacta). [lokaszaHo, YT0 OCHOBHON BKJIAJ B MOBBIIIEHHE NPOAYKTHBHOCTH BHOCHT KOM-
TUIEKCHOE BO3JICHCTBHE aKTHBHBIX T'a30B, TEMIIEPATYPHOTO (hakTOpa M BHYTPHUILIACTOBBIX XHUMHUYECKHX PEAKIIUH.
[NomydeHnsIe pe3ynbTaThl HOATBEP)KAAIOT IIEPCIICKTUBHOCT MPUMEHEHHSI METOa JUTA pa3pabOTKH MCTOIIEHHBIX
MECTOPOXKICHHUHN C BEICOKOBSI3KOM HEQTH.

KnaioueBble cjoBa: TepMOra3oxXxMMHYECKOE BO3ACHCTBHE, NpH3a0OiiHAs 30HA, WHTEHCH(UKALIUS JOOBIYH,
BBICOKOBS3Kasl HE(Th, BOJOPO, IPOHUIIAEMOCTH IIJIacTa, cpaBHUTENbHBIN aHamn3 EOR, skoHOMH4eckas sddek-
TUBHOCTB, HEONPEENEHHOCTh U3MEPCHUH.
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(BATBIC KABAKCTAH KEH OPHBIHBIH Ne359 YHFBIMACBIHBIH MBICAJIBIH/IA)
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Makanaza »oFapbl CyllaHy jKoHE NapaduHH3aLMs KaFlaiiblHIa MyHail eHIIpyli KapKbIHAATy MakKCaTbIHAA
Ka0aTThIH KeH)Kap aiiMarblHa CyTeri TepMorazoxuMusiiblK ocep ety (TI'XB) amiciH KoigaHy KapacThlpbLIabl.
Kby, ra3inHaAMUKaIIBIK )KOHE XUMUSUIBIK 9Cepiiep i KAMTHTBIH SCep €Ty MEXaHU3MIH Talliay YChIHBUIFaH. barbic
Kazakcran keH opHbIHBIH No359 yHFBIMachIHBIH MBICAJIBIH/A TEXHOJIOTHSIHBIH THIMIUIITIH Oaraiay »ypri3iii.
TI'XB konnany myHaii 1eOUTIHIH ecelleHreH ocyiH (35 ecere JeiiiH) jkoHe OHIMHIH CyJaHYbIHBIH alTapibIKTai
TOMEH/JICYy1H KaMTaMachl3 €TETiHI aHBIKTaJ/Ibl. By KEH OpHBI YIIIH ajFall peT YII MEXaHU3MHIH 9pKaiChICBIHBIH
(>xbLTY, Ta3-TUHAMUKAJIBIK, XUMUSUTBIK) (DaKTOPIapAbIH BIABIPAYBI HETI31HAe OHIMILTIKTIH KAl 6CyiHe KOCKaH
yJieciH caHbIK Oaranay sxyprizinai. banmamansr MaTencudukanms opicTepiMeH cambICTBIpMabl Tajlay sKYpri3inai
(Oy-kbUTY acepi, Ty3 KBIIIKBUIBIH OHJICY, THAPABIMKAIBIK ChIHY). OHIMAUIIKTIH apTyblHa HETi3ri yiiec GenceHai
ra3iap/sH, TeMieparypa (pakTOPBIHBIH JKOHE KaOaTINIUTIK XUMUSUTBIK, peakIsIapIblH KeIIeH i dcepineH Ooma-
TBIH/IBIFBI KOPCETUIreH. AJIBIHFaH HOTYDKENep TYTKBIPIIBIFBI )KOFaphl MyHalIapbl 0ap CapKblIFaH KeH OPbIHIapbIH
urepy YIUIIH 9[1iCTi KOJIIaHy IEePCHEKTUBACHIH pacTaiiIbl.

Tyiiin ce3aep: TepMOra3oXuMHSIIBIK dCEP, KEHKAp aliMarbl, OHAIPICTIH KapPKbIH/BUIBIFBI, TYTKBIPJIBIFBI )KOFAPBI
MYHa#, cyTeri, KabaTThiH oTKi3rimTiri, EOR canbIcThIpMabl Tajmaybl, SJKOHOMHKAIBIK THIMIUIIK, ©JIICYIiH

Oenriciziri.

Introduction. The current stage of oil field
development is characterized by a steady trend
towards the complication of geological and technical
operating conditions, due to the depletion of readily
available hydrocarbon reserves and the transition
to the involvement of hard-to-recover resources in
the development. The key factors complicating the
extraction process include an increase in waterlogging
of products, a decrease in reservoir temperatures, a
deterioration in the filtration and capacitance properties
of reservoirs, as well as a change in the rheological
characteristics of the extracted fluids towards an
increase in viscosity. Together, these processes lead
to a decrease in the effectiveness of traditional
mining intensification technologies and require the
development of fundamentally new approaches to
reservoir impact [1].

This problem is particularly acute in fields at a
late stage of development, where reservoir pressure is
maintained by pumping water. Under these conditions,
productive formations cool down, especially in the
bottomhole zone, which leads to thermodynamic
destabilization of the oil. When the temperature drops
below the saturation temperature of the oil with paraffin,
intensive precipitation of solid hydrocarbon components
begins. Complex asphalt-resin-paraffin deposits are
formed, which partially or completely block the pore
space and filtration channels.

Colmatation of the bottomhole zone of the
formation is accompanied by a significant decrease in
permeability, an increase in hydrodynamic resistances
and a violation of the flow of fluids to the bottom
of the well [2]. An additional negative factor is the
formation of water-oil emulsions and an increase in the
proportion of water in the produced products, which
ultimately leads to a sharp drop in oil production and
a deterioration in the technical and economic indicators
of field development. The use of traditional methods,
such as heat treatment, acid treatment or hydrodynamic
methods, in some cases is not effective enough due to
their limited depth of penetration and the local nature of
the impact.

In this regard, the development and implementation
of integrated technologies capable of having a
multifactorial effect on the bottom-hole zone of the
reservoir is of particular interest [3]. One of the most
promising areas is the hydrogen thermogasochemical
effect (HGH), based on the initiation of exothermic
chemical reactions in the reservoir with the formation of
high-energy gases and a significant amount of thermal
energy [4]. The fundamental difference of this method
is that the generation of active agents occurs directly in
the reservoir, which ensures their deep penetration and
high impact efficiency.

The THC method combines several interrelated
mechanisms: thermal effects, leading to a decrease in
oil viscosity and melting of solid deposits; gas-dynamic
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effects, accompanied by the creation of pressure pulses
and the development of fracturing; as well as chemical
effects associated with the formation of active reagents
capable of dissolving the mineral matrix of the rock and
changing the composition of the fluid [5]. A special role
in this process is played by atomic hydrogen, which
has a high diffusion capacity and is able to penetrate
into previously inaccessible zones of the pore space,
initiating recombination processes with the release of
additional energy.

The complex effect of these factors ensures not only
the restoration of the permeability of the bottomhole
zone, but also the structural and phase transformations
of the hydrocarbon system, including the processes of
intraplastic cracking and pyrolysis of high-molecular
compounds [6]. This helps to reduce the viscosity of the
oil, improve its mobility and, as a result, increase the oil
recovery coefficient.

The purpose of this work is a detailed analysis
of the physico-chemical mechanisms of hydrogen
thermogasochemical action, as well as an assessment
of its technological effectiveness based on field data
obtained during processing of the bottomhole zone
of a particular well. Particular attention is paid to
quantifying changes in flow rate, water availability and
other operational parameters that allow an objective
assessment of the effectiveness of this technology.

Materials and Methods. This study was performed
on the basis of a comprehensive analysis of the results
of treatment of the bottom-hole formation zone in
production well No. 359 located at one of the oil
fields in Western Kazakhstan. The object of the study
was chosen as a typical representative of mature fields
at a late stage of development, where pronounced
complicating factors are observed that significantly
affect the filtration and storage properties of the
productive reservoir and the efficiency of hydrocarbon
production. To substantiate the representativeness of a
single observation, an analysis of the geological and
commercial characteristics of 5 neighboring wells in the
same field was carried out, which showed similar trends
in flooding and reduction in flow rate. The standard
deviation of the oil flow rate in this group was + 0.3 m3/
day, which confirms the typicality of well No. 359.

The geological and technological conditions of the
deposit under consideration are characterized by a
number of unfavorable factors that determine the need
to use thermochemical and physico-chemical methods
to intensify the inflow [7]. In particular, there is a high
degree of depletion of reservoir energy, accompanied
by a drop in reservoir pressure and a decrease in the

natural productivity of wells. A significant complicating
factor is the high water content of the produced products,
reaching up to 98%, which indicates a significant
breakthrough of reservoir and injected waters in the
production intervals and a deterioration in the oil inflow
profile.

The following analysis methods are used in the work:

1. Analysis of field data — oil and liquid flow rates,
water availability were recorded in increments of 1
day for 6 months before and after processing. The
absolute error in measuring the oil flow rate was
+0.5 m3/day (ultrasonic flow meter UZN-01), and
the water content was = 2% (moisture meter UVN—
10). The statistical significance of the changes was
assessed by the Student's t-test for related samples.

2. The decomposition of the effect by mechanisms
(thermal, gas-dynamic, chemical) is based on
computational models: reduction of oil viscosity
from temperature according to the Arrhenius
equation; increase in permeability due to sediment
dissolution according to the Karman-Kozeni model,
contribution of the gas-dynamic factor according to
the pressure drop in the bottomhole zone.

3. A with
intensification methods (steam-thermal

comparative  analysis alternative
effects,
hydrochloric acid treatment, hydraulic fracturing)
was carried out by summarizing data from
12 published papers for 2016-2025 for similar

geological conditions.

An additional difficulty is the presence of highly
viscous oil with degraded rheological characteristics,
which leads to a decrease in fluid mobility in the pore
space of the rock and an increase in hydrodynamic
resistance. In addition, oil is characterized by an
increased content of high molecular weight components,
including paraffin compounds (up to 26%) and
asphaltene fractions (up to 20%), which are prone
to precipitation and formation of organic deposits in
the bottomhole zone and pumping equipment. These
processes lead to colmatation of the pore space, reduced
permeability and deterioration of the hydrodynamic
coupling of the reservoir with the well.

The technology of thermogasochemical exposure
(TGHV) is considered as a method of intensification of
inflow and restoration of filtration characteristics of the
bottomhole formation zone. This method is based on the
injection of specially selected redox mixtures (OATS)
into the reservoir, which under certain thermobaric
conditions enter into intense exothermic reactions.

As a result of the reactions in a porous medium,
a significant amount of thermal energy is generated,

21



M.B. Turniyaz et al.

which contributes to the melting of paraffin deposits and
a decrease in oil viscosity [8]. At the same time, gaseous
reaction products are released, including hydrogen,
carbon and nitrogen oxides, as well as acid vapors
(HCI, hnos,), which additionally affect the reservoir rock,
contributing to the partial dissolution of mineral deposits
and the purification of pore channels.

The technological process of thermogasochemical
exposure is implemented in stages and includes
sequential injection of chemical reagents in specified
volumes and concentrations. After each injection stage,
a technological delay is provided, which is necessary for
the initiation and completion of chemical reactions in the
reservoir, as well as for the uniform distribution of the
resulting gas and heat carriers in the treatment area. The
multi-stage process allows you to control the intensity
of the impact, ensure a targeted change in thermobaric
conditions and increase the efficiency of cleaning the
bottom-hole zone of the reservoir [9].

Thus, the technique used combines thermal, chemical
and gas-dynamic effects on the reservoir system, which
makes it possible to comprehensively solve the problem
of restoring filtration characteristics and increasing the
flow rate of a well at a late stage of field development.

Results and  Discussion. Prior to the
thermogasochemical treatment (THC), well No. 359
was in an extremely unfavorable operational condition,
which is typical for late-stage facilities in the highly
watered oil fields of Western Kazakhstan. There
was a significant decrease in productivity and the
predominance of the aqueous phase in the produced
products, which indicated a significant deterioration in
the hydrodynamic working conditions of the reservoir
and the bottomhole zone.

In the initial state, the oil flow rate was only 1 m3/day,
while the water content of the products reached 98%,
which in fact indicates an almost complete loss of the
oil component in the produced stream. The total flow
rate of the liquid was 60 m3/day, which confirms the
intensive water flow with extremely low oil production
efficiency. Such a phase ratio indicates a pronounced
colmatation of the bottom-hole zone of the formation, a
decrease in effective permeability and the development
of preferred water filtration channels, bypassing oil-
saturated intervals.

Significant changes in the operational parameters of
the well were recorded after the TGHV in July 2013.
The oil flow rate increased to 35 m3/day, reflecting a
multiple restoration of productivity and activation of
previously drained oil-saturated zones. At the same time,
the water level decreased to 40%, which is an important

indicator of changes in the structure of filtration flows
and the redistribution of inflow in favor of the oil phase.
The total flow rate of the liquid was 58 m3/day, which,
with a slight change in the total volume, indicates a
significant improvement in the quality composition of
the products produced.

Thus, the use of thermogasochemical technology
ensured a 35-fold increase in oil production while
reducing waterlogging by more than two times. The
results obtained confirm the high efficiency of the
method in conditions of severely depleted and highly
watered formations, where traditional methods of
intensification do not provide a stable effect.

The analysis of the mechanisms of action allows us to
establish that the observed positive effect is associated
with the complex influence of thermal, chemical and
gas dynamic factors. Heat generation as a result of
exothermic reactions promotes the melting of paraffin
and tar-asphaltene deposits, reducing the hydrodynamic
resistance in the pore space. The resulting gaseous
reaction products, including hydrogen and oxides of
carbon and nitrogen, create additional pressure in the
porous medium, contributing to the purification of
filtration channels and the redistribution of fluid flows.

In comparison with traditional thermogasochemical
treatment technologies based on the use of powder
pressure generators, hydrogen technology demonstrates
a number of significant advantages. In particular, there
is a deeper penetration of reagents into the formation due
to the high diffusivity of the gas phase, as well as a more
pronounced selective effect on the zones of coloration
and highly viscous deposits. This ensures a more
efficient restoration of the filtration and capacitance
properties of the bottom-hole zone of the reservoir [10].

It was found that the effect of the use of HCG
is characterized by a prolonged effect compared with
classical methods of intensification. However, in some
cases, there is a gradual decrease in efficiency over time,
which may be due to the re-formation of deposits, the
continued intake of the aqueous phase and the lack of
stabilization of filtration regimes.

The of the high
technological efficiency of thermogasochemical effects

results study confirm the
in conditions of heavily watered and depleted oil
fields, however, they also indicate the need for further
optimization of treatment modes to ensure the stability
of the obtained effect and its long-term preservation.

As part of the thermogasochemical treatment (TGH),
a phased technological scheme for the treatment of the
bottom-hole zone of the formation was implemented,
aimed at the consistent involvement of chemical

22



Mining, Oil & Gas Engineering, Vol. 1 (32), 2026, pp. 19-27

reagents in reservoir conditions and ensuring their deep
penetration.

The work was carried out in the following sequence.
Initially, a tubing string was lowered into the well with
the shoe positioned at a depth of about 1326 m from
the rotor table of the drilling rig. After that, chemical
component No. 1 in a volume of 0.35 m3 was pumped
into the tubing, which was pushed into the face with
a silencing solution in a volume of 3.9 m3 with a
controlled circulation outlet through the annular space.

Next, the tubing column was raised to a depth of
1250 m, after which chemical component No. 2 was
pumped in a volume of 0.3 m3. Its sale was carried
out with a silencing solution in a volume of 3.8 m3
with a circulation outlet through the annular space. The
well was opened for reaction for 12-14 hours with the
organization of constant monitoring of its condition.

At the next stage, tubing was installed at the level
of the upper perforation holes (1279 m), and chemical
component No. 3 in a volume of 1.5 m3 was pumped into
the column. The sale was carried out with a silencing
solution (2.3 m3), after which the annular space was
closed, and the component was additionally crushed to
the bottom with a silencing solution in a volume of 3 m3.

Then the tubing was re-installed at a depth of 1323 m,
the annular space was closed, and the reaction products
were crushed to the bottom with an additional volume of
silencing solution (2 m3). After that, the well was kept
for reaction and sludge for 24 hours.

The final stage was performed by direct flushing of
the well through tubing with circulation through the
annular space using a silencing solution in a volume of
at least 18 m3, which ensured the removal of reaction
products and cleaning of the bottom-hole zone of the
formation before development.

Table 1 - Key performance indicators of well No. 359 before and after the TGHV

Indicator Before processing After processing Changes
Oil flow rate, m3/day 1 35 +34 times
Water availability, % 98 40 Decrease by 58 p.p.
Flow rate of liquid, m*/ 60 58 Slight decrease
day

Table 2 - Comparative analysis with alternative methods of intensification

Method The multiplicity of | Reduction of water | Duration of the | Unit costs, $/m® of
the increase in oil | supply effect, months additional oil
flow rate
TGHYV (this study) 35 58 8-10 2,2
Parothermal effect 5-12 15-25 4-6 5,8
Hydrochloric acid 2-4 5-10 2-3 4,1
treatment
Hydraulic 8-15 10-20 6-12 12,5
fracturing

As can be seen from the table 1, the most pronounced
effect is observed in oil production, which increased by
35 times. At the same time, there was a sharp decrease
in water availability, which indicates a redistribution of
filtration flows and the connection of previously drained
oil-saturated zones of the reservoir.

A quantitative assessment of the contribution of each
factor to the overall increase in oil production (34 m®/
day) showed:

1. The thermal effect (estimated temperature increase
in the bottomhole zone by 120-150 °C) reduced the
dynamic viscosity of the oil from the initial ~800
MPa-s to ~120 MPa-s. According to calculations

based on the Arrhenius equation, this resulted in an
increase in flow rate of 18 m*/day (53% of the total
effect).

2. The gas dynamic effect is the release of active gases
(Hz, CO, CO,, N,) in a volume of about 50 m’
(under reservoir conditions) created an additional
pressure gradient, contributing to the cleaning of
pore channels and the formation of microcracks. The
contribution of the factor is estimated at 10 m*/day
(29%).

3. The chemical effect — the dissolution of the carbonate
part of cement and asphalt-resin-paraffin deposits
under the action of acid gases (HCI, hno,) led
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to an increase in the effective permeability of the
bottomhole zone from 0.05 to 0.21 mm? which
added 6 m*/day (18%).

Thus, although the thermal factor is dominant,
the synergy of all three mechanisms ensures a
comprehensive restoration of filtration and capacitance
properties.

To assess the relative efficiency of HCT, a comparison
was made with published data on steam-thermal effects,
hydrochloric acid treatment (15% HCI) and hydraulic
fracturing in similar mining and geological conditions
(highly viscous oil, waterlogging >90%, the presence of
AFS). The results are tabulated.

TGHV demonstrates a significantly higher rate of
increase in flow rate and the degree of reduction
in waterlogging compared to alternatives. In terms
of duration of effect, it is second only to hydraulic
fracturing, but surpasses it in economic efficiency by
almost 6 times.

Monitoring of well No. 359 for 12 months after
treatment showed a gradual decrease in oil flow rate
from 35 to 22 m*/day and an increase in waterlogging
from 40% to 65% by the 10th month. By the 12th month,
the flow rate had stabilized at the level of 20 m*/day with
68% water supply. The main reasons for the degradation
of the effect:

* repeated deposition of paraffins and asphaltenes with
a decrease in temperature in the bottomhole zone after
the termination of the thermal pulse;

» ongoing water breakout through highly permeable
layers that have not been completely insulated;

* the lack of stabilization of filtration modes due to
the variable operating mode of the well (periodic
shutdowns).

It is recommended to carry out repeated treatments
with a frequency of 8-10 months or combining HCG
with injection of paraffin deposition inhibitors to
prolong the effect up to 18-24 months.

Table 3 - Characteristics of the technological stages of the TGHV

Stage | Operation Download volume Purpose of the operation
1 Injection of chemical components Nel 0,35 m? Primary activation of the
bottomhole zone
2 Injection of chemical components Ne2 0,3 m? Formation of reaction medium
Injection of chemical components Ne3 1,5 m? Main thermogasochemical effect
4 Well flushing >18 m? Removal of reaction products and
purification of PP

Effect of thermogasochemical treatment (TGHV) on well performance

Before TGHV

100

90

80

Water Cut (%)

60

40

After TGHV

Production Period

Fig. 1 - Changes in oil flow rate and water availability

The multi-stage treatment scheme made it possible to
ensure the gradual development of chemical reactions in
the formation and a controlled effect on the colmatating
sediments.

Visualization of the results confirms the pronounced
effect of thermogasochemical effects on the filtration
and capacitance properties of the reservoir. A sharp
increase in oil flow rate with a simultaneous decrease
in water supply indicates the restoration of oil flow
and partial blockage of water supply channels. The data
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obtained are consistent with the mechanism of combined
thermal, chemical, and gas dynamic effects on the
bottom-hole zone of the formation.

The results obtained indicate the high efficiency of the
applied technology of thermogasochemical exposure in
conditions of heavily watered and depleted deposits. A
significant increase in oil flow rate with a simultaneous
decrease in water availability confirms that the impact
led not only to a temporary intensification of the
inflow, but also to a structural change in the filtration
characteristics of the bottomhole formation zone [11].

From the point of view of physico-chemical
processes, the observed effect can be explained by the
complex action of thermal, gas-dynamic and chemical
factors. The thermal effect helps to reduce the viscosity
of the oil and destroy the paraffin-asphaltene deposits,
while the gaseous reaction products provide additional
pressure in the pore space, helping to clean the filtration
channels and redistribute fluid flows [12].

Separately, it should be noted that a decrease in
water availability indicates a partial blockage of highly
permeable water supply intervals and the involvement of
previously inactive oil-saturated zones of the reservoir
in the filtration process. This makes it possible to
consider THC not only as a method of intensification,
but also as a tool for redistributing filtration flows in
heterogeneous reservoirs.

The results of the study confirm the expediency of
using thermogasochemical methods at a late stage of
field development, however, there is a need for further
optimization of processing technological parameters to
increase the stability of the effect and its duration over
time.

Conclusion. As a result of the conducted research,
a high efficiency of thermogasochemical effect (TGH)
on the bottom-hole zone of the reservoir in conditions
of a heavily watered and depleted deposit in Western
Kazakhstan has been established. An analysis of field
data from well No. 359 showed that the use of the
technology made it possible to significantly change its
operational characteristics and restore its oil production
potential.

Prior to the treatment, the well was in critical
condition: the oil flow rate was 1 m3/day with 98%
water availability, which indicated a predominance
of water inflow and significant degradation of the
reservoir's filtration and storage properties. After the
THC complex, there was a sharp improvement in
performance: the oil flow rate increased to 35 m3/day,
the water content decreased to 40%, with a relatively
stable total fluid flow rate.

The results obtained confirm that the
thermogasochemical effect provides not only a short-
term intensification of the inflow, but also a structural
improvement in the condition of the bottom-hole
zone of the reservoir. The effect is achieved due to
the combined effects of thermal, chemical and gas
dynamic factors leading to the destruction of paraffin-
asphaltene deposits, reduction of filtration resistance
and redistribution of fluid flows in favor of oil-saturated

zones.

It should be noted separately that the multi-stage
technology of the work allowed for the controlled
development of chemical reactions in the reservoir and
increased the effectiveness of the impact compared
to single-stage treatment methods. This confirms the
expediency of using step-by-step reagent injection
schemes in conditions of heterogeneous reservoirs.

At the same time, it was found that the stability
of the achieved effect may depend on the further
operating conditions of the well, in particular on the
level of waterlogging and the re-formation of deposits.
In this regard, it is necessary to further optimize the
technological modes of THC and develop adaptive
approaches to the selection of processing parameters.

It has been quantitatively established that the
thermogasochemical effect provides not only a short-
term intensification of the inflow, but also a structural
improvement in the condition of the bottom-hole zone
of the reservoir. The decomposition of the effect showed
that the thermal component gives a 53% increase in
flow rate, the gas dynamic component — 29%, and the
chemical component — 18%. The effect is achieved due
to the combined action of thermal, chemical and gas
dynamic factors.

A comparative analysis with alternative methods
(steam-thermal effects, coexing, hydraulic fracturing)
showed that THC is superior to them in terms of
increasing the flow rate and reducing waterlogging, and
also has the lowest unit costs per 1 m’ of additional
oil produced ($2.2/m3). However, it was found that the
stability of the achieved effect is limited to 8-10 months
due to the re-formation of sediments and the continued
influx of water. In this regard, it is recommended
to further optimize the technological modes of THC,
including combination with paraffin inhibitors and the
frequency of repeated treatments.

Thus, the conducted research confirms the prospects
of using thermogasochemical methods to intensify oil
production at a late stage of field development and
justifies their further development as one of the effective
ways to increase oil recovery.
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