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ABSTRACT

Oil production from fields with hard-to-recover reserves always remains a challenge
for the oil and gas industry, mainly due to one special factor — the high viscosity of oil, which implies
low mobility of oil in a porous medium. Over time, traditional methods of increasing oil recovery
become less effective due to a decrease in readily available oil reserves and the complexity
of geological conditions for field development. In this regard, the need to use innovative methods
to increase oil recovery is becoming more urgent. In recent decades, research in this area
has shown significant progress, various methods have been introduced to reduce the viscosity
of oil. One of the most effective and actively developing approaches in this area is thermal methods
of enhanced oil recovery. They are based on the injection of thermal energy into the reservoir
in order to reduce the viscosity of oil and, consequently, increase mobility, which in turn will greatly
facilitate the displacement of oil from the rock to the surface.

Despite certain successes achieved in the use of various methods of increasing oil recovery
in the production of heavy oil, the problem of finding alternative methods remains relevant.

This article presents the review of alternative methods of enhanced oil recovery, including
principle of operation of electromagnetic heating of the reservoir, the influence and effectiveness
of radio waves and microwave frequencies on the reservoir and the properties of oil, ultrasonic
exposure, advantages and disadvantages of alternative methods, comparing them with traditional
methods, analyzing the productivity of fields where alternative methods of enhanced oil recovery
were used.
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Hayu4HbIn 0630p

AnbTepHaTUBHbIE MeToAbl TENSIOBOro NoBbiWeHUA HehTeoTaauun: 063op

N.K. KauprenbauHa, 6. CapceH6eKkynbl
KaszaxcmaHcko-bpumaHckuli TexHudeckul YHusepcumem, 2. AniMamel, KasaxcmaH

AHHOTALMUA

Jobblva HedpTM M3 MeCTOpOXOEHU C TPyAHOM3BIEKAaeMbIMM 3anacamu Bcerga ocTaercs
BbI3OBOM A1 HedpTerasoBon OTpaciM B OCHOBHOM M3-3a OAHOrO 0coboro daktopa — BbICOKON
BA3KOCTU HEdTH, YTO NoApasymMeBaeT HU3KY0 MOBUNBbHOCTbL HedTM B nopucTon cpege. C TedeHnem
BPEMEHWN TPaAULMOHHbIE METOAbI MOBbILWEHUS HedTeoTaauynm CTaHOBATCS MeHee 3(deKTUBHBIMMU
M3-3a YMEHbLUEHUS 3anacoB JIErkO4OCTYNHOW HeMTU M YCINOXHEHWUSI TeOonorMYyecknx YcroBumn
pa3paboTkn MecTopoxaeHuin. B cBA3M ¢ 3TUM NpUMEHeHUe MHHOBALIMOHHBLIX METOAOB MOBbILLIEHNUS
HedTeOTAaUM CTaHOBUTCSA Gonee akTyanbHOM 3ajadveit. B nocnegHve gecatTuneTvs uccnenoBaHus
B 3TOW 06NacTh nokasanu 3Ha4YnTENbHbIA NPOrPecc, BHEAPSANUCH Pa3fnnyHble METOAbI ANS CHUKEHNSI
BsA3KOCTM HedpTn. OgHMM 13 Hanbonee ahPEKTUBHBIX U aKTUBHO pa3BMBaOLLUXCA NOAXOA0B B 3TON
obnactu SBNSTCA TepMUYeckne MeToabl MoBbleHUs HedTeoTaaun. OHM OCHOBaHbl Ha 3akauke
TENSIOBOM SHEPTMU B NNACT C LENb CHWXEHUSI BA3KOCTU HETU U, cnegoBaTefibHO, MOBbILEHUSA
MOOWMBHOCTK, YTO, B CBOK O4Yepedb, 3HAYMTENbHO OOMnerdymTt BbiTECHEHWE HedTM U3 nopodbl
Ha NOBEPXHOCTb.

HecmoTps Ha onpefeneHHble ycrnexu, AOCTUIHYThIE B MCMNOMb30BaHUN pasnmyHbIX Cnoco6oB
noBbILLEHNsT HedTeoTAaun npu Aobblde TsxKenow HedTn, npobrnema noucka ansTepHaTUBHbLIX
METOL0B OCTAETCsl aKTyarnbHOW.

B paHHoM cTaTbe npeacTaBneH 0630p anbTepPHaTUBHBIX METOAOB MOBbLILEHUS HedTeOTAAUM,
K KOTOpPbIM OTHOCATCS MPUHUMN AENCTBUSA SNEKTPOMAarHUTHOIO HarpesBaHusi nnacra, BAvsHWE
N 3dEKTUBHOCTL PaaMOBONIH U MUKPOBOSHOBLIX YacTOT Ha nnacT UM CBOWCTBA HedTH,
yNbTPa3ByKOBOE BO3AENCTBME, MPENMYLLECTBA U HEAOCTATKN anbTEPHATMBHBLIX METOAOB, CPAaBHEHUE
MX C TPaguUMOHHbIMWM METOAaMMu, aHanu3 npou3BOAUTENBHOCTM MECTOPOXAEHUN, Ha KOTOPbIX
MCNONb30BaNMCh anbTepHaTUBHbIE METOAbI NOBbLILLEHWS HedhTeoTAAuN.

Knroueesie crioga: HegpmsHOU rniacm, mennosbie Memoodb! MO8bIEeHUSs Heghmeomdayu,
afleKmpoMagHUMHoe HazpesaHue, yrbmpasgykogoe go3delicmeue, MUKDPOSOIHO80E U3/lyHeHUue,
paduoeoriHbI, msikesnas Hegome.

Kak untupoBartb:
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Fbinbimu wony

MyHan eHAipyai KbinyMeH apTTbipyAblH 6anama agicTepi: wony

N.K. Kanbiprenguna, 6. CapceH6ekynbl
KasakcmaH-bpumaH TexHukarnbik YHusepcumemi, Anvamai Kanacsl, KasakcmaH

AHHOTALUA

OHgipinyi KMblH Koprnapbl 6ap KeH opblHAAPbIHAH MyHaW eHAipy apkallaH MyHaii-ra3 canachl
YLWiH KubIHObIK Gonbin kana 6epegi, HerisiHeH Oip epekwe hakTopFa GalnaHbICTbl — MyHaWablH
XOfapbl TYTKbIPNbIFbl, OyN KeyekTi opTaga MyHawablH TOMEH KO3fanfbllTblfblH Gingipeai. YakbiT
eTe Kene MyHawn eHAipyai apTTbipydblH ASCTYpri a4icTepi OHam Kon XeTiMai MyHan KopnapbiHbIH
asaloblHa XeHe KeH OpblHAAPbIH UrepyaiH reonornanblK XargannapbiHbiH KypaeneHyiHe 6annaHbICTbl
THiMci3 6onbin keneai. OcbiFaH GanaHbICTbl MyHaW eHAiIpyai apTTbipyablH MHHOBAUMANbIK 84iCTEPIH
KongaHy kaxetTiniri e3ekTi 6ona Tycyoe. COHfFbl OHXbINAbIKTAapAa OCbl canajarbl 3epTTeyrnep
anTapnblkTak nNporpecke Kom »eTki3di, MyHanablH, TYTKbIPMbIFbIH TOMEHAETYAIH apTypni ajictepi
eHrigingi. byn canapafbl eH Tuimai xaHe OenceHai Oambin Kene xaTtkaH Tacingepaid 6ipi -
MyHaln eHaipyai apTTbipyAblH TepMusnblk agicTepi. Onap MyHawablH TYTKbIPMbIFblH TOMEHOETY
KOHe ocbinanwa YTKbIPMbIKTEl  apTTbipy MakcaTblHAa Kblly 3HEPrusicblH kabatka anpayra
HerisgenreH, 6yn e3 keseriHae MyHavAbl Tay XblHbICTapblHaH Xep OeTiHe LibiFapyAbl arTapnbikTam
XeHingeTeai.

Ayblp MyHaw eHAipyae MyHau eHAipydi apTTbipydblH OpTypni 84icTepiH KongaHyga Kon
XeTkisinreH Genrini 6ip xeTicTikTepre kapamacTtaH, 6anama agicTepai isgey Maceneci e3ekTi 6onbIn
kana 6epegi.

Byn Makanaga MmyHanabl SNeKTPOMarHUTTIK XKbINbITYAbIH 8Cep €Ty NPUHLMNI, paanoTonKbiHAap
MEH MWKPOTONKbIHALI XMWiNikTepaiH kabaTka XaHe MyHaW KacueTTepiHe acepi MeH Tuimainiri,
ynbTpadblObICThIK acep eTy, 6anama aaicTepAiH apTbiKWbINbIKTapbl MEH KeMLiniktepi, onapgbl
[aCTypri aficTepMeH carnbICTbIpy, MyHal eHAipyai apTTeipyablH 6anama agicTepi KongaHbinFaH KeH
OpblHAAPbIHLIH, OHIMAINIMH Tangay KipeTiH MyHal eHAipyai apTTbipyAbiH 6anama sgictepiHe Lwony
Xacanagpl.

Hezizzi cesdep: MmyHali kabambi, myHal eHOIpydi apmmbipydbiH mepMusinbiK adicmepi,
anekmpomagHummik  Kbi30bipy,  ynbmpadblbbicmblK — ocep,  MUKPOMOMKbIHObI  CoynerneHy,
paduomornkbiHOap, ayblp MyHau.

[anekceos KenTipy YLWiH :
Kanbiprengura J1.K., CapceHbekynbl b. MyHali eHAaipyai XblnymeH apTTeipyAblH Ganama agictepi: wony
Il KaszakcmaHHbIH MyHau-2a3 canacbiHbiH xabapuwbicbl. 2024. 6 Tom, Ne1, 50-63 6. DOI: hitps:/doi.
org/10.54859/kjogi108692.
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Introduction

Heavy oil is characterized by its high viscosity
and density, rendering it unsuitable for extraction
using conventional techniques due to its unique
physical features. However, the depletion of light
oil reserves and the rising global energy demand
have led to a heightened interest in heavy oil
reserves [1]. Given the depletion of conventional
and readily accessible reserves, heavy oil
is emerging as a crucial resource in addressing
the global energy demands. Nevertheless,
the acquisition, manipulation, and conveyance
of viscous petroleum need the utilization
of specialist methodologies and advancements.
Several studies have been undertaken to elucidate
the impact of these approaches on the global
growth in oil output.

Thermal approaches rely on the provision
of heat to the reservoir. The primary factor
contributing to the enhanced oil recovery
is the reduction in oil viscosity, which subsequently
leads to an elevation in the mobility coefficient [2].
The reservoir can receive heat through two
methods: steam or water injection, or the initiation
of a combustion front within the reservoir. Thermal
methods are widely employed in the extraction
of heavy oil, with steam-based techniques being
the primary procedures utilized. These include
cyclic steam stimulation (CSS), steam flooding
(SF), and gravity drainage by steam (SAGD),
alongside in-situ combustion (ISC) and hot
water flooding [3]. Nonetheless, a diverse range
of techniques exists, encompassing joint injection
of steam, solvents, and other gases. Currently,
thermal approaches for enhancing oil recovery,
alongside flooding techniques, are widely
regarded as the sole alternative being adopted
on an industrial scale [4].

The study investigated alternative approaches
to boost oil recovery by addressing the reduction
of oil viscosity, augmentation of its mobility,
and facilitation of its extraction to the surface.
Currently, a diverse array of methodologies
exists, with certain approaches demonstrating
successful validation, while others exhibit inherent
limitations. The existing techniques encompass
induction heating and microwave irradiation
with the purpose of decreasing oil viscosity,
as well as electric heating and radiofrequency
heating. Among the several approaches currently
accessible, radio wave and microwave methods
have been extensively studied and have already
been implemented in the USA.

The exploration and production of oil and gas
fields encounter various obstacles, one of which
is to the imperative of maintaining a consistent
flow rate from the well. The flow rate is influenced
by various factors, including the hydrodyna-
mic properties of the formation, the extent
of the drained area, and the effectiveness

of the well-formation connection [5]. The efficacy
of the connection between the well and the for-
mation is frequently compromised as a result
of the early and subsequent stages of opening,
rendering numerous wells inefficient [6].
As the production process advances, it is com-
mon for the permeability levels and hydraulic con-
ductivity of the bottomhole formation zone to see
a decline [7].

A decrease in temperature results in a rise
in the viscosity of oil, leading to a decrease
in its mobility and exacerbating the productivity
of the well. Hence, inquiries regarding the most
efficient functioning of the field and the formulation
of approaches to sustain a consistent flow rate are
now being investigated [8].

The exploration of alternate approaches
for enhancing oil recovery has led to the consi-
deration of electromagnetic (EM) heating
techniques employing radio frequencies or mic-
rowaves for heavy hydrocarbon resources.
This subject has been examined by multiple
scholars, such as Abernathy in 1976 [9],
Kasevich [10], Islam in 1991 [11], Ferry
in2001[12], Sahniin2001[13], Fanchiin 1990[14],
Das in 2008 [15], Carrizales in 2008 [16], Ovalles
in 2002 [17], and others. The authors conducted
a study to analyze the impact of a radio frequency
(RF) / microwave (MW) signal on the reservoir,
specifically examining its ability to enhance
the extraction process of heavy crude oil
by reducing its viscosity through considerable
heating. One primary limitation of this approach
is the insufficient dielectric properties exhibited
by porous medium, which hinders the attainment
of a substantial temperature rise within
a tolerable timeframe, hence resulting
in elevated energy consumption. The essay
provides a comprehensive analysis of this par-
ticular procedure. Various methods of heating
the formation, including as microwaves, radio
waves, induction heating, and electric heating, are
also taken into consideration. The article provides
a comparative analysis of these strategies
and offers concise descriptions for each.

Thermal Enhanced Oil Recovery Methods
In the context of any thermal enhanced
oil recovery (EOR) technique, heat is pro-
duced either at the surface or within the reser-
voir. The thermal EOR methods, such as hot

water and steam injection techniques, are
widely utilised in many applications due
to their high level of dependability [18].

Furthermore, the utilisation of various injection
and production well orientations in steam injection
techniques enhances their efficacy in the retrieval
of low API gravity crude oils encompassing a wide
variety of viscosities [19]. For example, in various
EOR techniques such as steam flooding, CSS,
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and SAGD, steam is utilised as the injected fluid.
However, the distinct well configurations employed
in each process enhance their effectiveness
in extracting heavy oil, extra-heavy oil, and bitumen,
respectively [20]. Nevertheless, the utilisation
of steam in industrial processes presents signifi-
cant environmental problems due to the subs-
tantial amount of fresh water required for injection
and the subsequent heating of water to produce
steam through fuel combustion, resulting
in the emission of greenhouse gases (GHG).
Solvent-steam procedures have been suggested
as a means to reduce the environmental impacts
associated with steam injection methods [21, 22].
Solvent-steam processes have a reduced steam
consumption in comparison to steam processes
in isolation.

In addition, the introduction of solvents
into a steam stream is anticipated to enhance
oil output by further reducing viscosity through
the miscibility of solvents with oil. Nevertheless,
it should be noted that not all oil fractions exhibit
miscibility with every type of solvent. The fraction
of asphaltenes in crude oils is notably intractable
in commonly employed solvents such as CO,,
CH,, and conventional alkanes. Moreover,
the solvents that may dissolve asphaltenes,

namely aromatics, are mostly recognised
for their hazardous properties. Therefore,
the careful choice of solvent of utmost

importance in ensuring the efficacy of solvent-
steam processes [23].

In addition to conventional steam injection
techniques, in-situ heat production systems
have demonstrated potential for the extraction
of highly viscous oils. The approaches under
consideration are specifically ISC and electrical
and electromagnetic stimulation technologies.
The implementation of the Improved Oil
Recovery (IOR) technique known as the ISC
process has demonstrated the potential
to produce oil displacement rates of up to 95%.
Due to the inherent challenges associated
with controlling the propagation of the combustion
front, the successful implementation of ISC in its
entirety has been limited to a select number of field
applications [24]. The primary factor contributing
to the limited efficacy of ISC is primarily attributed
to the intricate dynamics of combustion, oxidation,
and cracking reactions, as well as the markedly
diverse characteristics of oil reservoirs [25].

Alternative Methods of thermal Oil

Recovery

The current technologies for enhanced
oil recovery are associated with several restrictions,
such as elevated expenses, increased greenhouse
gas emissions, and operational intricacies [26].
In order to address the aforementioned economic,
environmental, and technological limitations,

extensive research is currently being conducted
to explore alternate methodologies.

An additional technique that can be
used in conjunction with or as an alternative
to conventional EOR methods is known
as Electrical-based EOR. Therefore, by employing
various electrical techniques such as sound waves,
RF waves, inductive heating, DC heating, etc., it
is possible to extract oil from reservoirs at a much
reduced expense and with improved efficiency
as compared to the standard methods of enhanced
oil recovery discussed earlier. The primary
objective of the EOR method is to enhance
the oil's mobility by reducing its viscosity, hence
facilitating its movement towards the producing

well [27]. The aforementioned phenomenon
occurs due to the introduction of electrical
energy into the reservoir, which can result

in two outcomes: an increase in the temperature
of the oil or the generation of vibrations within
the hydrocarbon molecules.

The categorization of electric heating
methods can be based on the frequency at which
electrical current is utilised, resulting in three
primary classifications. Ohmic or resistive heating
is most effectively achieved through the utilisation
of low-frequency electric current, whereas high-
frequency electric current is commonly employed
for microwave heating techniques. In contrast, it
has been observed that inductive heating can
employ a variety of low- and medium-frequency
electric currents, with the specific choice depending
on the level of energy accessibility [28].

Radiofrequency/microwave radiation

RF/MW heating refers to a thermal process
wherein the dielectric constituents of a substance
experience an increase in temperature.
The rotation of molecules, particularly those
with polar characteristics, is induced by the impact
of an electromagnetic field on the substance.
Polar molecules exhibit a propensity to align
themselves with electromagnetic fields, hence
engendering intermolecular interactions that give
rise to the production of heat energy.

One of the primary objectives of the proposed
methodology is the exploration for substances that
had the ability to engage in beneficial interactions
with  RF/MW radiation. The examination
of the high-frequency/microwave techniques
employed in the technological process of ceramic
material processing for heating applications has
yielded valuable insights. Indeed, throughout this
particular process, the RF energy that is received
undergoes a conversion into thermal energy
within the substance, resulting in a subsequent
elevation in temperature. Sutton's article
demonstrates the capability of radio frequency /
microwave radiation to induce high temperatures
in ceramics, above the threshold of 1400°C,
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while also facilitating the removal of water from
the material [29].

The utilization of silicon carbide (SiC)
as a heat exchanger in the suggested approach
is justified by its notable thermal conductivity,
which facilitates the efficient transfer of heat
into the reservoir. In isolation, SiC is capable
of addressing a portion of the issue due to its limited
power penetration depth, which amounts to a few
centimeters (specifically 10 cm at a frequency
of 2.45 GHz) [30]. Furthermore, it has been
observed that the temperature increase can
surpass 1000°C when thermal emission is taken
into account [31]. In order to mitigate any potential
adverse consequences arising from the elevated
temperature within the reservoir, it is advisable
to incorporate SiC in conjunction with an additional
substance possessing enough transparency
to RF and MW radiation. Leiser observed
that the proportion of microwave-absorbing
material to materials that are transparent
to microwaves has the ability to self-regulate
the heating process and, furthermore, enhance
the extent of energy penetration [32]. Aluminum
oxide (ALO,) is a material that exhibits
transparency in the RF/MW range, possessing
the following noteworthy attributes: remarkable
dielectric properties spanning a wide frequency
spectrum; demonstrates commendable resistance
to potent acids and alkalis when subjected
to elevated temperatures; exhibits favorable
thermal conductivity; possesses high levels
of strength and rigidity.

At a frequency of 2.45 GHz, the power
exhibits a penetration depth of around 10 meters.
In the current phase, it has been shown
thatthe inclusion of a composite material comprising
SiC and Al,O, can enhance the depth of energy
penetration while concurrently generating elevated
temperatures. This is attributed to the material's
capacity to convert electromagnetic energy into
thermal energy.

The study conducted by Peraser et al. [33]
utilized numerical simulations to compare
the effectiveness of RF and MW technologies,
operating within the frequency range of 140
to 2450 MHz and with input power ranging
from 10 to 100 kW, with CSS in the context
of a heavy oil field located in Alaska. The findings
of the study indicated that RF and MW
technologies outperformed CSS in this particular
scenario [33]. The researchers demonstrated that
the effectiveness of steam injection in heavy oil
reservoirs in Alaska is constrained by the poor
permeability of the geological formation. However,
it was observed that the formation has the potential
to absorb radio frequency heating (RFH)
and microwave heating (MWH) energy. As a result,
the permeability of the formation is not as crucial
in the context of MWH and RFH. Furthermore,

Figure 1. Temperature (°F) profile after 1 year
of EM heating

Figure 2. Viscosity (Pa*s, 1Pa*s = 1000 cp)
Profile After 1 Year of EM Heating

Figure 3. Oil Production Rate After 1 Year

the authors proposed the potential feasibility
of restricting the use of MWH and RFH to certain
regions of interest. This targeted approach could
enhance the management of these technologies,
thereby rendering both HF and MW potentially
viable options for the extraction of heavy oil
reserves in Alaska.

According to their research findings,
following a year of EM heating, the temperature
in the vicinity of the borehole experiences a rise
of 120°F in comparison to the starting temperature

of the reservoir. This increase corresponds
to a 76% augmentation in the reservoir
temperature. The  temperature  observed

at a distance of 10 meters from the wellbore
exhibits a significant jump to 141°F, indicating
a notable 17% increase in reservoir temperature,
as depicted in Fig. 1.

As the temperature in the vicinity
of the borehole rises, there is a corresponding
drop in the viscosity of the fluids in contact.
The oil's viscosity undergoes a reduction from
an initial value of 3062 centipoise (equivalent
to 3.062 Pascal-seconds) to 98.9 centipoise
(0.0989 Pascal-seconds), resulting in a decrease
in viscosity of 97%. Fig. 2 illustrates the observed
reduction in the viscosity of oil.

Fig. 3 depicts the production profile
of the reservoir subsequent to one year of EM
heating, along with a comparative analysis
of production outcomes with and without
the implementation of EM heating. The initial
production level, in the absence of any heating,
is recorded at 19 barrels per day. However, after
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implementing continuous electromagnetic heating,
the output significantly rises to 71 barrels per day
by the conclusion of the first year. This represents
a notable increase of 273% in productivity.

According to the findings of Peraser et
al. [33], the utilization of electromagnetic heating
at moderate power levels in the megawatt range
might result in a significant enhancement in heavy
oil extraction rates, with an increase of up to 200%
seen [33]. Nevertheless, despite the outstanding
potential for heavy oil resources in Alaska, no pilot
sites were established subsequent to this study.

The impact of microwave heating
on the bottom-hole zone of a well is contingent
upon the absorption of electromagnetic energy
within the hydrocarbon-saturated rock. Ultrahigh
frequency oscillations (UHF) refer to oscillations
characterized by a frequency (f) above 300 MHz
or a wavelength (A) shorter than 1 m. The current
electromagnetic impact technique enables
microwave fields to penetrate to a significant depth
verticallyalongthe bottom ofthe well. The interaction
between matter at the atomic and molecular
scale influences the behavior of electrons,
resulting in the conversion of microwave energy
into thermal energy. Microwave energy is a highly
convenient heat source that possesses undeniable
advantages over alternative sources across
several applications. When subjected to heat,
it exhibits no pollution and does not produce
any combustion byproducts [34]. Furthermore,
the efficient conversion of microwave energy
into heat enables the attainment of exceptionally
rapid heating rates, without subjecting the material
to detrimental thermo-mechanical strains [35].

Low frequency heating

The electric heater, operating at a frequency
of 60 Hz, is a technique in which the electrical
conductor functions as the primary heat
source [36]. The passage of electric current is
restricted to the conductor, resulting in ohmic
heating. This implies that the conductor serves as
the primary origin of thermal energy. In practical
terms, it is possible for this to function as a heated
pipe, such as when it is subjected to steam or hot
water, without being discharged into the reservoir.
Consequently, the efficacy of the heating
process is contingent upon the quality of thermal
contact established between the heater
and the reservoir, in addition to the thermal
conductivity exhibited by the reservoir. An increase
in the thermal conductivity of the reservoir leads
to a corresponding increase in the temperature
difference  between the heater  source
and the distant drain point.

In order to maintain a constant thermal power
provided to the reservoir, it is necessary to ensure
a constant temperature difference between
the source and receiver sites. One benefit is

the potential to utilize direct energy derived
from the grid in a downward direction. Devices
with power outputs in the region of several hundred
kilowatts are technically conceivable, considering
the necessary power density. One drawback of this
approach is the constrained drilling area, which is
a consequence of its reliance on heat conductivity.
Furthermore, the heaters serve the purpose
of generating the elevated temperatures necessary
for the operation of the temperature difference
mechanisms. The elevated temperature can give
rise to thermal contact issues as a result of surface
drying in close proximity to the heater.

Ultrasonic exposure

The impact of ultrasound on viscosity
reduction in superheavy oil was investigated
by Wang et al. [37]. The initial viscosity
of the superheavy oil was measured to be
1250 MPa*s. The wave frequency range examined
was found to be between 18 kHz and 25 kHz,
while the output power ranged from 100 W
to 1000 W. The use of ultrasound at frequencies
of 18, 20, and 25 kHz resulted in a decrease
in the viscosity of oil to 480, 890, and 920 MPa*s,
respectively. However, it should be noted
that the duration of radiation had an impact
on these alterations. The findings of their study
additionally demonstrated that ultrasonic radiation-
induced cavitation has the capability to fragment
sizable, weighty molecules of superheavy oil
into lighter hydrocarbon compounds. Furthermore,
it has been determined that the primary influential
factors in decreasing the viscosity of heavy oil are
the ultrasonic frequency, power level, and duration
of radiation.

Hamidi et al. conducted research
that yielded comparable findings, wherein they
extensively examined the impact of ultrasound
on both the pressure drop and viscosity alteration
of the oleic phase within a porous medium [38].
The researchers conducted experiments
to investigate the impact of ultrasonic frequencies
and power on different types of oil. Their
findings indicate that heat generation, cavitation,
and viscosity reduction are the primary factors
to be considered when employing ultrasound
techniques to maximize oil recovery. Based
on the findings of Palayev's research [39],
it is possible to derive the following conclusions:
the application of ultrasonic waves to oil exhibits
amore pronounced reduction in viscosity compared
to thermal heating alone or a combination
of heating and ultrasonic treatment.

The present study examines the utilization
of ultrasonic technologies in the oil fields
of Kazakhstan. a limited number of scholarly
publications and articles discuss the utilization
of ultrasonic technologies in many domains,
as indicated by publicly accessible research.
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In the study conducted by Ershov M.A.
and Mullakaev M.S. [40], the authors employed
the ultrasonic approach in conjunction with the use
of chemical reagents to achieve a reduction in oil
viscosity. Laboratory experiments were conducted
using oils with the qualities outlined in Table 1.

The reagents included in the studies included
xylene, toluene, butyl acetate, hexane, and gas
condensate. The most significant decrease in oil
viscosity can be attained through the synergistic
impact of ultrasonic treatment and the utilization
of chemical reagents at:

In the case of the Eastern Zhetybai field,
the application of an intensity of 12 W/cm?
for a duration of 1 minute, along with the addition
of 2% xylene, resulted in a significant reduction
of dynamic viscosity by 44%. Similarly,
the introduction of 2% butyl acetate led
to a viscosity reduction of 38%. For the Aschisay
oil, subjecting it to the same intensity for a shorter
duration of 15 seconds, combined with the addition
of 2% butyl acetate, resulted in a viscosity
reduction of 42%. Furthermore, the introduction
of 2% toluene led to a viscosity reduction of 35%.
It is worth noting that the application of ultrasonic
treatment on the oil of the Kyrykmyltyk field
exhibited lower efficiency compared to the other
oils under investigation.

The conditions in which ultrasonic exposure
can be used in field conditions. Mullakaev et
al. established a set of fundamental criteria
that outline the necessary correspondence
between the key parameters of reservoir oil,
geological and physical features of the well,
and the utilization of ultrasonic exposure
equipment and technology [41]. The reservoir
conditions encompass certain parameters, such
as a permeability over 0.25 microns, a porosity
exceeding 20%, a rock composition primarily
consisting of sandstone, and a temperature range
of 10-135°C at the lowermost point. Additionally,
the pressure at the bottom of the reservoir ranges
from 40-400 atm. The reservoir fluid conditions
should align with a dynamic viscosity of less
than 25 MPa*s under reservoir conditions, while
the temperature at which paraffin crystallization
initiates should be lower than both the bottom-hole
and reservoir temperatures.

To get an optimal resolution for the problem
of enhancing oil fluidity and decreasing viscosity,
an analysis was performed on an experiment
conducted under controlled laboratory settings,
with a frequency of 42.8 kHz. In the course of this
experiment, the oil sample, whose properties are
outlined in Table 2, was subjected to ultrasonic
irradiation using a magnetostrictive transducer.

The phenomenon of lowering the viscosity
of oil by the application of ultrasonic therapy
can be attributed to the occurrence of cavitation
processes during this treatment. These processes

Table 1. Group composition of the studied oil

samples
Dynamic Content, % by mass
I viscosity,
Oil field ’
e at 20°C, |paraffin| resins CEPIED
MPa*s Des
Eatern 575 283 | 193 | 38
Zhetybai ’ ’ ’
Kyrykmyltyk 8159 15,5 25,9 6,6
Aschisay 360 18,9 15,2 4
Table 2. Key indicators
Parameter Value
Qil viscosity, at 20°C 853 kg/m?®
Kinematic viscosity 1,348*10°° m?%/s
Water content 0,06%

Table 3. Results of the experiment

Parameter Results Results Results
after 30 s| after45s | after60s
Temperature, °C 25 30 32
Kinematic viscosity,
10 m2/s 1,147 1,078 1,008

entail the localized concentration of acoustic field
energy in the form of cavitation bubbles, which are
of relatively modest magnitude. The emergence
of high energy densities is a consequence
of the collapse of these bubbles [42]. Moreover,
in the process of cavitation, there is a disruption
of elongated and complex hydrocarbon molecules,
accompanied by the liberation of thermal energy,
commonly referred to as exothermy.

This study provides empirical evidence
supporting the efficacy of ultrasonic treatment
in altering the viscosity of oil. During the conducted
studies, the oil was subjected to heating.
The specimen was subjected to ultrasound
at a frequency of 42.8 kHz, with an acoustic
output of 1000 watts for durations of 30 seconds,
45 seconds, and 1 minute.

During the experimental procedure,
a specific volume of oil was introduced into a tank.
Subsequently, an ultrasonic emitter waveguide
was immersed into the tank, initiating the process
of ultrasonic therapy on the oil. Following
the completion of the processing procedure,
the temperature of the oil was assessed
and subsequently transferred into a receptacle
of a viscometer for the purpose of viscosity
measurement. Subsequently, the experiment
was replicated using a fresh volume of oil
sample, along with a modified length of ultrasonic
treatment. Table 3 displays the outcomes
of an experimental investigation pertaining
to the alteration of oil viscosity by the use
of ultrasound. The experiment was conducted
on oil samples with a temperature of 20°C,



REVIEW ARTICLES

Vol. 6, Ne 1 (2024)

Kazakhstan journal for oil & gas industry

Figure 4. Results of the experiment

and the ultrasonic treatment durations were set
at 30 seconds, 45 seconds, and 1 minute.

Graphs illustrating the variations in oil
viscosity are generated based on the acquired
data. The graphs depicted in Fig. 4 are presented.

The viscosity of oil is reduced by 14.91% after
being exposed to ultrasonic waves for 30 seconds.
This reduction increases to 20.03% when
the exposure time is extended to 45 seconds.
Finally, a 25.22% drop in viscosity is observed
when the oil is exposed to ultrasound for 1 minute.

Therefore, the use of ultrasonic waves
to oil exhibits a notable efficacy in decreasing
viscosity. The utilization of this feature is applicable
in the transfer of viscous fluids through oil
pipelines, contingent upon the economic viability
of incorporating ultrasonic equipment.

Conclusion
The findings from multiple research
investigating the effects of  alternate

approaches on the structural and mechanical
properties of oil systems exhibit significant
inconsistencies. Nevertheless, it may be argued
that the aforementioned approaches
to manipulating oil result in the disruption
of intermolecular connections, hence enhancing
its viscosity-temperature characteristics
and facilitating their viable application in industrial
settings. Based on the analysis of the reviewed
literature, it can be inferred that the efficacy
of ultrasound as a standalone approach
for influencing the bottom-hole zone may
belimitedintheseparticularcircumstances.However,
when employed in conjunction with chemical,
thermal, and hydrodynamic techniques,
the utilization of ultrasound shows considerable
promise [43]. The aforementioned substance can
be classified as a very effective supplementary
catalyst that facilitates the reduction of viscosity
in heavy oils, hence leading to a subsequent
enhancement in oil recovery.

This article demonstrates the efficacy
of electromagnetic heating as a viable technique
for extracting heavy oil reserves. The empirical
findings indicate that the implementation
of electromagnetic heating techniques yields

a substantial enhancement in oil extraction
rates, surpassing a 200% rise. The primary issue
encountered in all the proposed electromagnetic
heating (EMH) methods is the inadequate dielectric
and thermal properties exhibited by the reservoir
rock. These properties hinder the efficient heating
of the collector, hence limiting the extent to which
its temperature may be raised within a reasonable
timeframe and with a reasonable consumption
of power and energy.

In  recent times, there has been
a resurgence of interest in the application
of ultrasound for improved oil recovery.

This renewed attention is primarily driven by its
significant potential for augmenting production
levels, its cost-effectiveness, minimal energy
requirements, versatile applicability, capacity
to selectively target certain zones, and absence
of environmental damage. The technology
is predicated on the principle of inductive heating.
The electrical power can be modulated within
a spectrum spanning from 0% to 100%, hence
enabling operation with variable temperature
and/or pressure. The objective is to raise
the temperature of the entire volume to a level
that allows for effective movement, taking
into consideration the viscosity of the bitumen,
which is anticipated to be less than 150°C.
The utilization of an advanced electromagnetic
processing technique, specifically employing
ultrasonic stimulation on wells characterized
by high oil viscosity levels and significant disparities
in viscosity between the generated and injected
fluids, is advised for the purpose of stimulating
the bottom-hole zone [44].

The development of oil production
in contemporary Kazakhstan is seen as a crucial
aspect in the establishment of a sustainable
economy for the Republic. The rise in production
rates has resulted in a decline in the quantity
of oil fields characterized by high-flow rates.
The low values of reservoir oil fluidity in existing
fields can be attributed to the observed increase
in this parameter. Therefore, it is imperative
to address the challenges associated with
the exploration of economically viable methods
for mitigating viscosity in natural environments.
The next factors delineate the primary elements
that render electromagnetic heating systems
the optimal selection: the reduction of water
consumption is among the added advantages
of this approach; the applicability of this techni-
que extends beyond heterogeneous and low-
permeability layers; depth and lithology do
not impose limitations on the implementation
of this method; this technique can be employed
in scenarios where low-power productive zones
necessitate the extraction of thermal energy
to non-oil-bearing adjacent layers [45].
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AONONHUTENBbHO
UcTouHuk ¢duHaHCMpoBaHusA. ABTO-
pbl  3agBnsloT 06  OTCYTCTBUM  BHELLHEro

dvHaHCMpoBaHNA MpW  NPOBEAEHUM  Uccrie-
[OOBaHus.
KOHdnMKT uHTepecoB. ABTOpbl  [Oek-

NapupyloT OTCYTCTBME SIBHbIX M MOTEHLMANbHbIX
KOH(NMKTOB WHTEPECOB, CBHA3aHHbIX C ny6-
nukaumen HacTosILLEen cTaTbu.

Bknag aBTOpoOB. Bce aBTOpLI NoaTBepxaa-
I0T COOTBETCTBME CBOEro0 aBTOPCTBA MeEXAy-
HapogHbiM kpuTepusam ICMJE (Bce aBTOpbI BHEC-
N1 CyLLECTBEHHBIA BKNaa B pa3paboTKy KoHuen-
LMW, NpoBEfEeHWEe WCCNenoBaHUs UM MOATOTOBKY
CTaTby, NPOYNN U 0ACGPUNM dUHANBHYO BEPCUIO
nepeg nybnukauven). Hawbonbwwii  Bknag
pacnpedenéH cnepywowui  obpasom:  Kaup-
renbavHa J1.K. — cbop n obpabotka matepuanos,
aHanu3 MoMyYeHHbIX [aHHbIX, JNUTepaTypHbIN
0630p, BM3yanu3auus AaHHbIX, HanucaHue TekcTa
ctatbn; CapceHbekynbl Bb. — noctaHoBKa 3apauu,
KOHUenTyanusaums W Au3aliH  UCCNeaoBaHus,
aAMUHUCTPUPOBaHWE  MPOEKTa,  KypupoBaHue
OaHHbIX, BU3yanu3auusi U CTPYKTypupoBaHue
martepuana.
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