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ABSTRACT

Background: The behavior of reservoir fluids under the influence of magnetic fields has significant
implications for fluid transport and enhanced oil recovery. This study investigates the electrokinetic
properties of reservoir fluids and fluid discharge behavior under varying pressure conditions
in the presence of magnetic fields.

Aim: The primary aim of this study is to investigate the effects of magnetic fields on the electrokinetic
properties of reservoir fluids and their fluid discharge behavior under varying pressure conditions.
By conducting comprehensive experimental analyses, the research seeks to determine the optimal
magnetic field intensity that enhances fluid conductivity, ion mobility and water displacement efficiency.
The study also aims to evaluate the role of magnetic fields in mitigating pressure-induced compaction
in porous media and establishing stable fluid flow conditions. The findings are expected to contribute
to the advancement of enhanced oil recovery (EOR) techniques by integrating magnetic field technology
to optimize oil field development, particularly in mature and low-permeability reservoirs.

Materials and methods: A custom experimental setup, including a high-pressure column, PVT bomb,
electromagnet, measurement and control devices was developed to simulate reservoir conditions.
Magnetic field intensities ranging from 40 to 150 mT were applied to study their effects on voltage,
resistance, and water discharge during pressure variations (1.6—14.4 atm).

Results: The application of magnetic fields significantly enhanced the electrokinetic properties
of reservoir fluids. At an optimal intensity of 125 mT, ion mobility and fluid conductivity were maximized,
leading to a peak water discharge volume of approximately 75 m?® at 8-9 atm. Beyond this pressure,
a dynamic equilibrium stabilized fluid flow. Resistance and voltage values decreased substantially under
magnetic fields, highlighting their role in mitigating pressure-induced compaction in porous media.
Conclusion: This study demonstrates the transformative effects of magnetic fields on the electrokinetic
properties and discharge behavior of reservoir fluids. The optimal magnetic field intensity of 125 mT
enhanced ion mobility, fluid conductivity and water discharge, achieving a peak discharge volume
of approximately 75 m?® at 8-9 atm. These findings emphasize the role of magnetic fields in reducing flow
resistance and stabilizing fluid flow under high-pressure conditions, particularly by mitigating pressure-
induced compaction in porous media. Additionally, the observed dynamic equilibrium beyond 8 atm
suggests that magnetic fields can maintain fluid conductivity and discharge stability despite increasing
pressures. These advancements pave the way for employing magnetic field technology to enhance
oil recovery, especially in challenging environments such as mature or low-permeability reservoirs.
Keywords: magnetic field; reservoir fluids; electrokinetic properties; enhanced oil recovery; porous
media; water discharge; resistance; voltage.

To cite this article:

Alizade E. Comprehensive Experimental Analysis of Electromagnetic Field Effects on Enhanced Oil Recovery
through Optimized Magnetic Field-Induced Fluid Dynamics. Kazakhstan journal for oil & gas industry.
2025;7(2):40-50. DOI: https://doi.org/10.54859/kjoqi108813.

© 2025 Alizade E. License CC BY-NC-ND 4.0



https://doi.org/10.54859/kjogi108813
https://doi.org/10.54859/kjogi108813
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru

Becmuux neghmezasosoii ompaciau Kazaxcmana. Tom 7, Ne 2 (2025), c¢. 40-50

YOK 622.276

MPHTU 52.47.19
DOI: https://doi.org/10.54859/kjogi108813

Monyuena: 25.12.2024.
OpobpeHa: 25.02.2025.
Ony6nukoBaHa: 31.03.2025.

OerMHaanoe unccnegoBaHue

KomMnneKkcHbIn SKCI'IepVIMeHTaanbIVI aHann3 BIINAHUA
ANMNEeKTPOMarHMTHOro nosfsd Ha noBblilleHune He(bTeOTna‘-IVI
nocpeancTtBom OI'ITVIMVI3I/Ip0BaHH0171 AVNHAMUKU XXNOKOCTH,
VIHAyLI,I/IpOBaHHOﬁ MarHUTHbIM Nnosrem

3. Annsage
AsepbatioxaHckull 2ocydapcmeeHHbIl yHUsepcumem Hegbmu u rnpombiwnieHHocmu, 2. baky, AsepbatioxaH

AHHOTAUUA

O6ocHoBaHue. [loBefeHVe NNacToBbIX >XWAKOCTEW Mog BO3AEWCTBMEM MarHUTHbIX MOfen umeet
3HauYUTENbHbIE MOCNEACTBMA AN TPAHCMNOPTUPOBKM XMOKOCTU U MOBbIWeEHMSA HedTeoTaaun. B atom
MUccrneaoBaHUM U3yyarloTcsl ANEKTPOKMHETUYECKME CBOWCTBA MNacTOBbIX >KMAKOCTEN M noBedeHue
cbpoca KnMaKoCTK B YCNOBUSIX NEPEMEHHOIO AABMIEHNS B MPUCYTCTBUM MarHUTHbLIX NOSEN.

LUenb. OcHoBHasi LUenb [OaHHOMO UCCRedoBaHUs — W3YYUTb BMUSHWME MAarHWUTHbIX  Monen
Ha 3NeKTPOKUHETMYECKNe CBOWMCTBA MNacToBbIX ONOMA0B U UX NOBEAEHMNE MPU BbITECHEHUWN XUOKOCTU
B YCNOBUSIX M3MeHsiioLLlerocs aaeneHus. NpoBegeHne KOMMEKCHOrO 3KCMEPUMEHTanbHOr0 aHanuaa
HanpaBneHo Ha onpefeneHve ONTUMAanbHOM MHTEHCMBHOCTM MarHUTHOMO Monsi, Cnoco6CTBylOLEN
NOBbLILIEHNIO MPOBOAMMOCTU XWAKOCTW, MOABUXHOCTA MOHOB U 3(D(EKTUBHOCTU BbITECHEHWUS BOAbI.
VMccnepoBaHve Takke HamnpaBreHO Ha OLEHKY PONM MarHUTHbIX MOMEW B CHWXKEHUW OaBlieHust —
VHAYLMPOBAHHOW YMNOTHAEMOCTM NOPUCTON cpefbl — U obecneveHnn cTabunbHOro TedeHns onaos.
Oxupaercsi, 4TO MNOMyyYeHHble pe3ynbTaTbl BHECYT BKMa4 B pas3BUTME TEXHOMOTMIA YBENUYEHUS
HedTeoTAaYM NyTEM WHTErpaumMu TEXHOMOMMM MarHUTHbIX Noner Ans onTMmmMsaumm paspaboTku
HeTAHbIX MECTOPOXAEHWI, OCOBEHHO 3penbiX 1 ManonpoHMLaeMbIxX NracToB.

Matepmanbl u metoabl. [Ansi mMogenvpoBaHus ycrioBui nnacta 6bina paspabotaHa cneuuanbHas
3KCMepuMeHTanbHasi  YCTaHOBKA, BKMHOYalOLWlas  KOMOHHY  BbICOKOrO  gaenenusi, PVT-60mO6y,
3MNEeKTPOMarHuT, M3MepUTENbHbIE W KOHTPONbHble MNpubopbl. WHTEHCMBHOCTM MarHUMTHOrO Nons
B Auana3oHe oT 40 pgo 150 mMTn npuMeHANUCb ANS M3yYeHUs WX BIUSHUSE Ha HanpsbkeHue,
conpoTueneHne n copoc Boapbl Npu konebannax gaesnexus (1,6—-14,4 atm).

PesynbraTtbl. [lpuMeHeHWe MarHWTHbIX MOner 3HAYUTENBbHO  YNYYLIMIIO  SNEKTPOKUHETUYECKUE
CBOWCTBa NNacToBbIX >XuAkocTen. Mpu onTMManbHOM UHTEHCMBHOCTM 125 MTN NOABWXHOCTH MOHOB
MU MPOBOAMMOCTb XXMAKOCTM BbINM MakcuMarnbHbl, YTO NMPUBENO K MMKOBOMY oObemy cbpoca Bofbl
npubnuautensHo 75 m® npyu 8-9 atMm. 3a npegenamu 3TOr0 AaBMNEHWUs AMHAMUYECKOe paBHOBECUE
CcTabunmManpoBarno NoTOK XXUAKOCTU. 3HAYEHUS CONPOTUBIEHNS U HAMPSHKEHUS CYLLECTBEHHO CHU3WUMUCH
nog AEWCTBMEM MarHUTHbIX NMOMEW, YTO NOAYEPKMBAET UX POSib B CMSIT'YEHUN YMNOTHEHWS, BbI3BAHHOIO
[aBrneHneM, B MOPUCTbIX cpeaax.

3aknoyeHne. ITO UCCNENOBaHWE AEMOHCTPUPYET Mpeobpasylollee BO3OENCTBME MArHUTHbIX MOnewn
Ha 9NeKTPOKMHETUYECKNEe CBOWCTBA W MOBeAeHME paspsda nnactoBbiX xuakocten. OnTvmanbHas
HanpsKEHHOCTb MarHUTHOro nomns 125 MTn yBenuumna noaBMXHOCTb MOHOB, NPOBOAMMOCTb XKUAKOCTU
1 pa3psg Bogbl, JOCTUMHYB NMKOBOro obbemMa paspsga npubnuantensHo 75 m* npu 8-9 atm. 3T pesynb-
TaTbl NOAYEPKMBAIOT POSfib MArHUTHLIX MOMENW B CHWXKEHWM COMPOTMBMEHMS MOTOKY W cTabunusaumu
NOoTOKa XWAKOCTM B YCMOBWUSX BbLICOKOTO [ABMEHWsl, B YaCTHOCTW, MyTEM CMSITYEHWUSI YNIOTHEHWS,
BbI3BAHHOIO AaBrieHneM, B MOPUCTbIX cpedax. Kpome Toro, Habniogaemoe AvHaMU4yeckoe paBHOBECUE
3a npegenamMu 8 aTM npeanonaraet, YTO MarHUTHbIE MO MOTYT NOAAEPXKMBATL NPOBOANUMOCTb XMOKOCTU
1 cTabunbHOCTb pa3psiaa, HECMOTPS Ha Bo3pacTaloLLee AaBneHne. 3T AOCTWKEHUS NPOKNaabIBaloT NyTb
K MCMOMb30BaHMIO TEXHOMOMMM MarHUTHOMO MOMs Af1s1 NOBbILWEHUS HeddTeOTAAYN, OCOBEHHO B CIOXHbIX
YCMOBWSIX, TAKUX KaK 3perble NN HU3KOMNPOHULIAEMbIE KOMMEKTOPbI.

Knroyeeble crioga: MazHUMHOE [1ose, rniacmosbie XUOKOCMU, 3/1eKmMPOKUHeEMUYecKue ceolicmea,
rnosblueHUe Hegpmeomaoayu, nopucmele cpedbl, paspsi0 600bl, COMPOMUBNEHUE, HanpsiKeHue.
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TynHycka 3epTTey

MarHuT epiciHeH TyblHAaFaH CYMbIKTbIKTbIH OHTauNaHAablpbInfaH
AWHaMMKacbl apKbinbl 3NEeKTPOMarHUTTIK epicTiH MyHan eHAipyai
apTTbIpyfa 9CepiH KeweHAi 3KCNepuMeHTTIK Tangay

J. Oni3ape
O3ipbatixaH memnekemmik MyHal xxeHe eHepkacin yHusepcumemi, baky Kanacsi, ©3ipbatixaH

AHHOTALMUA

Herizgey. MarHuT epicTepiHiH acepiHeH KabaT CyMbIKTbIKTapbIHbIH, dpEKeTi CYMbIKTbIKTbI TacbiManaayfa
XKOHe MyHal eHAipyai apTTbipyFa aWTaprblkTan ocep etedi. byn 3epTTey kabaT CyMbIKTbIKTAPbIHbIH,
3NEKTPOKMHETUKANbIK  KACUETTEPiH X8He MarHuT epicTepiHiH KaTbiCybIMEH e©3repMeni  KbiCbIM
XafgavibiHAa CYMbIKTLIKTbI Tery peKkeTiH 3epTTenai.

MakcaTtbl. bByn 3epTTeydiH Heri3ri  MakcaTbl-MarHUT — epicTepiHiH  kabaT  CyMbIKTbIKTapbIHbIH
ANEKTPOKMHETUKATbIK KACUeTTepiHe 9CepiH XoHe onapablH, 83repeTiH KbiCbiM XafaaribiHaa CYMbIKTbIKTbI
bIFbICTLIPY KesiHAeri apekeTTepiH 3epTTey. KelwleHai aKCNepMMEHTTIK Tangay XXypridy CYMbIKTbIKTbIH
OTKI3rLWTIriH, NOHAApAbIH KO3FanfbllUTbIfbIH X8HEe CYAblH bIfFbiCy TUIMAINIMH apTTbipyFa biknNan eTeTiH
MarHWUT epiCiHiH OHTalnbl KapKbIHABINbIFLIH aHblkTayFa GafFbiTTanFaH. 3epTTey COHbIMEH KaTap MarHuT
OpiCTepiHiH KbiCbiMAbl TeMeHOEeTyAeri peniH — KeyekTi OpTaHblH WMHOYKUMANAHFaH ThIfbI3ObIFbIH —
XKOHe CyMbIKTbIKTapAblH TypakTbl afblHblH KaMTamacbl3 etygeri perniH Oaranayra OafblTTanfaH.
AnbIHFAH HOTWXeNnep MyHal KeH OopblHAApPbIH, 8cipece XEeTINreH >xaHe OTKI3riTiri ToMeH kabaTTapabl
urepydi OHTamnaHabIpy YLWiH MarHUT epici TeXHONOrMAChIH BiPIKTIpY apKbinbl MyHaw eHAIpYAi apTThipy
TEXHONorMaAnapbiH JamblTyFa ynec Kocagpbl gen KyTinyae.

Martepuanpap meH agictep. KabartTbiH XafgaviblH Modenbaey YLiH XofFapbl KbicbiMabl 6aFaH, PVT
6ombachbl, anNeKTpoMarHuT, enwey xoHe Hakbinay Kypangapbl 6ap apHanbl 9KCNEPUMEHTTIK KOHAbIPFbI
xacangpbl. 40-taH 150 MTn-re geniHri MarHUT OPICIHIH KapKblHObIMbIFLI OnapAblH KepHeyre, keageprire
)K8He KbICbIMHBIH aybITKybl Ke3iHAe CyablH aFyblHa 8CepiH 3epTTey YLWiH kongaHeingbl (1,6—14,4 atm).
HaTtuxenepi. MarHut epictepiH KongaHy kabaT CyMbIKTbIKTapblHbIH SNEKTPOKUHETUKANIK KACMETTEPIH
enayip xakcapTTbl. 125 MTn oHTannbl KapKbIHAbINbIKTa MOHAAPAbIH KO3FamnfbIWTbIfbl MEH CYNbIKTbIKTbIH
eTKi3riwTiri Mmakcumangpl 6ongpl, 6yn 8-9 atm KesiHAe CyAblH €H XXOfapbl afbldy KenemiHe LlamameH
75 m*® akengi. Byn KbICbIMHaH TbIC AMHAMUKanblK Tene TeHAIK CYMbIKTbIK afblHbIH TypakTaHAabIpAbl.
MarHuT epicTepiHiH, acepiHeH KapcbifblK NEH KepHEY MaHAepi anTapnbikTai TemeHaedi, 6yn onapabiH
KeyekTi opTafafbl KbICbIMHaH TybIHAAFaH TbiFbI3AarblLLThl XXYMCapPTyAaFbl peniH kepceTesi.
KopbITbiHAbI. Byn 3epTTey MarHuT epicTepiHiH SNeKkTPOKMHETUKanbIK KacueTTepiHe >oHe kabat
CYMbIKTbIKTapbIHbIH, paspaaTblk opekeTiHe TpaHcdopMauuanblk acepiH kepceTedi. MarHuT epiciHiH
OHTannbl kepHeyi 125 MTn voHOapAblH KO3FaNFbIWTLIFbIH, CYMbIKTBIKTBIH, ©TKI3rLWTIirNH XoHe CyablH,
paspsgblH  apTTbipbin, paspsaTblH €H KoFapbl kenemiHe 8-9 arM-ga wamameH 75 M°  XKeTTi.
Byn HaTwxkenep MarHuT epicTepiHiH afblHFa TO3IMAINIKTI TeMeHOEeTyaeri XXeHe Xofapbl KbiCbiMAbl
Xaffanaa CymbIKTbIK aFblHbIH TypakTaHablpyaarbl peniH, atan anTkaHaa KeyekTi opTadarbl KblCbIMHaH
TyblHOAFaH ThIFbI3AAFbILITLI XKYMcapTy apkbinbl kepcetedi. CoHbIMEH kaTap, 8 aTM-AeH Tbic bankanFaH
ONHamMuKanblK Tene-TEHAIK MarHWT epicTepi KbICbIMHbIH, JXOfapblnayblHa KapamacTaH CyMbIKTbIKTbIH,
OTKI3riWTIriH X8He pas3psAd TypaKTbiMbiFbIH CakTanm anagbl gen Gomkanabl. byn xeticTiktep myHan
eHAipyAai XakcapTy YLUiH MarH1T epici TEXHONMOMMACLIH KOnAaHyFa Xon allaabl, acipece XeTinreH Hemece
OTKI3riLTir TOMEH KonnekTopnap CUsIKTbl KMbIH XXaFgannapaa.

Hezizzi ce3dep: masHUmM epici, kabam cylblKmbiKkmaphbl, 31€KMPOKUHEMUKarbIK kKacuemmepi, MyHau
b6epydiH xorapblnaybl, Keyekmi opma, cy paspsiobl, kedepai, KEpHeY.
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Introduction

Enhanced Oil Recovery (EOR) has emerged
as a critical field of research in petroleum
engineering, aimed at maximizing oil recovery from
reservoirs that conventional methods leave behind.
Among the array of EOR techniques, waterflooding
is one of the most established and widely employed.
It involves injecting water into the reservoir
to displace oil towards production wells. While
effective waterflooding often faces challenges such
as poor sweep efficiency, high water cut and issues
stemming from reservoir heterogeneity. Addressing
these limitations has led researchers to explore
innovative methods, including the application
of physical fields such as magnetic, electric
and ultrasonic fields, to improve recovery [1-3].

Previous researches have revealed
that waterflooding efficiency can be enhanced
by altering the properties of the injected water
or the reservoir itself. Studies on magnetic water
treatment suggest that exposing water to magnetic
fields can modify its structural and dynamic
properties, such as viscosity, ion mobility and surface
tension. These changes can influence interactions
between the injected fluid and reservoir rocks,
potentially improving the displacement efficiency
of trapped oil. For instance, magnetic fields have
been shown to reduce scale formation and improve
fluid mobility, which are key factors in mitigating
injectivity and production issues [4,5].

The interaction of magnetic fields with reservoir
fluids is supported by electrokinetic theory, which
describes how electric charges in fluid systems
respond to external stimuli. When subjected
to magnetic fields, the movement of charged
particles such as ions can be altered, leading
to changes in conductivity and flow behavior.
This effect, combined with the hydrodynamic forces
in porous media, can help overcome capillary
pressures and mobilize residual oil [6-8].

In addition to magnetic fields, advancements
in waterflooding research have highlighted
the importance of modifying water chemistry, such
as by adding surfactants or polymers, to enhance
recovery. These approaches aim to reduce
interfacial tension between oil and water or improve
the rheological properties of the injected fluid
to achieve better sweep efficiency. The integration
of physical fields, such as magnetic fields,
into these chemical methods offers a promising
avenue for hybrid EOR techniques [9-12].

This study seeks to build on these foundational
theories by investigating the combined effects
of magnetic fields and pressure variations
on electrokinetic properties and fluid discharge
behavior under simulated reservoir conditions.
By addressing gaps in the understanding of how
magnetic fields interact with reservoir fluids,
this research contributes to the development of more
efficient and sustainable EOR methods. The findings
are expected to provide insights into optimizing

waterflooding operations and enhancing oil recovery
in challenging reservoir environments [13,14].

Methodology
The experiments were conducted on the setup
described in Figure 1. The setup includes

a YCA-4A type regulator (1), SUNTEK 2000 VA
type variac transformer (2), volt/ammeter (3),
electromagnet (4), graduated cylinder (5), valves
(6,10,12,14,17), manometers (7,9,15), high-
pressure column (8), URV-2M type potentiometer
with high input resistance (11), tank for liquids (16),
PVT type high-pressure bomb (13), measurement
press (18).

The column (8) is resistant to high pressure
and has a hollow cylindrical shape with an internal
diameter of 31 mm and a length of 320 mm.
The column is secured at both ends with metal
caps and reinforced with rubber rings called seals.
To measure potential differences in the porous
medium, a high-resistance tungsten wire was
used, with one side firmly attached to the porous
medium and the other side conductive to liquids,
coated with a fluoroplastic layer that isolates
the rock. Electrical insulation of the porous
medium from the inner surface of the column was
ensured by an epoxy adhesive applied along inside
the column. This approach also aims to prevent
fluid leakage between the porous medium
and the column body.

The experiment was carried out in the following
sequences:

Firstly, a model of the combined oil was created
in the PVT bomb (13). The sample of reservoir oil
was transferred from the sampling device to the PVT
bomb and the saturation pressure of the system was
determined.

The permeability of the porous medium
to air is determined based on a known method.
The volume of the pores is calculated both
by the “weight method” and by filling the porous

medium with air up to a certain pressure
and applying the gas equation of state.
The porous medium is filled with

the investigated liquid using the PVT bomb. Porous
medium is pre-vacuumed from water. A volume
of liquid equal to ten times the pore volume is
injected into the porous medium. It should be noted
that to completely expel the air in the pores,
the pressure in the system is periodically increased
and the liquid is sharply released during the injection
of the liquid into the rock.

Due to the partial dissolution of gas during
the increase in pressure in the column and the high-
pressure difference, the porous medium is effectively
cleaned of gas by gas filtration in the column.
The pressure in the column is raised 10 MPa higher
than the saturation pressure determined in the PVT
bomb. This is done to prevent gas separation
when the gas-liquid mixture passes into the porous
medium.
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Figure 1. The schematic diagram of the experimental setup
1— YCA-4A type regulator; 2 — SUNTEK 2000 VA type variac transformer; 3 — volt/ammeter; 4 — electromagnet; 5 — graduated
cylinder; 6, 10, 12, 14, 17 — valves; 7, 9, 15 — manometers; 8 — high-pressure column; 11 — URV-2M type potentiometer
with high input resistance; 13 — PVT type high-pressure bomb, 16 — tank for liquids; 18 — measurement press.

PVT bomb is filled with water and connected
to a column. Subsequently, a tank (16) filled
with transformer oil, which serves as the compression
mechanism, is linked to the PVT bomb through
a hydraulic press (18). Initially, the inlet (14) and outlet
(12) valves of the bomb are closed and transformer
oil is transferred from the tank to the hydraulic
press. The inlet and outlet lines of the bomb are
then opened, while the inlet line of the column (10) is
kept open and the outlet line (6) remains closed. After
sealing the line leading from the tank to the press,
the press injects oil into the bomb from below.
This process raises the piston within the bomb,
forcing the water inside the bomb into the column.

An electromagnet (4) is installed on the line
near the column’s inlet. The purpose of this setup
is to expose the incoming water to a magnetic field,
magnetizing it before it enters the column. The
intensity of the magnetic field is regulated within
the required range using a variac transformer (2).
The measurement of the magnetic field induction
of the electromagnet device was conducted by varying
the voltage (U) of the variac transformer, measured
in volts. The resulting magnetic field intensity (H),
generated by the electromagnet, was recorded

in millitesla by using magnetometer. This setup allowed
for precise control and monitoring of the relationship
between the input voltage and the corresponding
magnetic field strength, providing valuable insights
into the device’s performance characteristics under
different operating conditions. The results in Table
1 show how the voltage (U) affects the magnetic field
intensity (H) generated by the device.

Table 1. Measurement of the Magnetic Field
Induction of the Electromagnet Device

u Vv H, mT
5 40
10 80
15 107
20 125
25 140
30 150

Before initiating the experiment, the initial voltage
and resistance values are recorded. The experiment
is conducted at a pressure of P = 1.6 atm, across
a pressure range of 1.6—14.4 atm. The intensities
of the electromagnet's magnetic field 40, 80, 107,
125 and 140 mT are investigated sequentially
for each pressure level mentioned.
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Initially, using the press, oil is injected into
the bomb at a pressure of 1.6 atm, displacing
the water into the porous medium of the column.
The pressure is maintained constant at 1.6 atm
during this phase. Afterward, a 2-minute wait ensures
the water completely saturates the porous medium.
Once the waiting period concludes, the column’s
outlet line is opened and the amount of expelled
water is measured using a graduated cylinder
(5). Simultaneously, the resistance and voltage
values are recorded. This procedure is repeated
periodically for each magnetic field intensity value
at the specified pressures and the results are analyzed.

Table 2. Physicochemical properties of tap water
used in the experiments

Measured Indicators Results
pH 7.3
Total Dissolved Solids (TDS), mg/I 759
Hardness, mg/| 241
Alkalinity, mg/I 175
Turbidity (NTU) 0.56

Residual chlorine, mg/| <0.02
Calcium (Ca), mg/I 30
Magnesium, Mg, ma/I 41

Fe, mg/l <0.01

Mn, mg/| < 0.005

Water Quality Analysis. The tap water used
in the experiments was analyzed to determine
its physicochemical properties prior to magnetic field
application. The measured indicators, including pH,
total dissolved solids (TDS), hardness, alkalinity,
turbidity and concentrations of key ions such

as calcium (Ca?*), magnesium (Mg?*), iron (Fe)
and manganese (Mn), are presented in Table 2.
These properties are critical for understanding
the water’s behavior under magnetic field influence
and its role in enhanced oil recovery.

Results and Discussions

Research was conducted according
to the specified methodology and the results
were evaluated. Accordingly, graphs were plotted
to show the dependence of voltage, resistance
and the amount of discharged water on pressure,
respectively (Fig. 2—4).

Figure 2 illustrates the relationship
between the measured voltage (U, in millivolts)
and the pressure (P, in atmospheres) during
experiments conducted under varying magnetic field
intensities. The experiment includes one control
condition (without the application of a magnetic
field, red line) and six different magnetic field
intensities (H, measured in milliteslas). The red
curve represents the control scenario where
no magnetic field is applied. In this case, the voltage
decreases progressively with increasing pressure up
to P = 8atm, beyond which it stabilizes at a plateau
of approximately 50 mV. This baseline behavior
indicates that pressure variations alone reduce
the voltage due to changes in the fluid’s electrokinetic
properties, potentially resulting from a decrease
in ionic mobility or a disruption in the natural
electrochemical equilibrium.

Figure 2. The graph of voltage over pressure with and without application of electromagnet
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Figure 3. The graph of resistance over pressure with and without application of electromagnet

Figure 4. The graph of discharged water over pressure with and without application of electromagnet

Under the influence of a magnetic field,
the voltage exhibits a more pronounced
decrease with increasing pressure, indicating
that the magnetic field enhances the system’s
response to pressure changes. For weaker magnetic
field intensites (H = 40mT and H = 80 mT),
the voltage stabilizes at a higher value compared
to stronger field intensities. For 107 mT of magnetic
field intensity, the voltage of rock reduced from
94.3 mV to 36.3 mV with 61% drop. When it comes
to magnetic field intensity increases to H = 125mT
and H = 140 mT, the voltage decreases
further, lowest values observed at H = 125 mT,

QG e

DOI: 10.54859/kjogi1 08813

which is considered approximately 66% decrease
and it reduced to minumum witnessed value during
experiment, which is about 27 mV of stabilization
voltage. Whereas, for 150 mT, the stabilization
voltage again increased and the decline percentage
for voltage is reduced to 60%. This trend reveals
that higher magnetic field intensities till 150 mT have
a more significant impact on reducing the voltage
under pressure. The observed behavior can be
attributed to the interaction between the applied
magnetic field and the charged particles or ions
in the fluid. Magnetic fields influence the movement
of ions, leading to alterations in the electrokinetic
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properties of the fluid, including a potential increase
in ion mobility or reorganization of ionic distribution.
This effect becomes more pronounced with stronger
magnetic fields, resulting in greater reductions
in voltage.

It is also noteworthy that the voltage
stabilization occurs at approximately AP = 8atm
for all cases, indicating that the pressure-induced
changes in the system reach a saturation point
beyond which further increases in pressure have
minimal impact. This behavior suggests a dynamic
equilibrium in the system where the combined
effects of pressure and magnetic field stabilize
the electrokinetic properties of the fluid.

Figure 3 illustrates the variation of resistance
(R, kOm) as a function of pressure (P, atm)
under experimental conditions with and without
the application of magnetic fields of varying
intensities. The graph includes results for a control
case where no magnetic field is applied (red line)
and for cases where magnetic fields of intensities
H =40mT, H =80 mT, H=107mT, H = 125mT,
H = 140 mT and H = 150 mT are applied.
The study examines the impact of magnetic fields
on resistance during pressure changes, shedding
light on the potential electrokinetic and fluid dynamic
effects induced by magnetic field application.

In the absence of a magnetic field (red curve),
resistance decreases steadily with increasing
pressure, reaching its minimum P = 8 atm. Beyond
this point, resistance begins to rise, showing
a distinct recovery trend with increasing pressure.
This behavior reflects the natural response
of the system to pressure changes, where
pressure likely reduces the fluid’s conductivity
due to compaction or reorganization of conductive
pathways and at higher pressures, resistance
increases as fluid flow characteristics stabilize.

When  magnetic fields are  applied,
the resistance decreases more sharply with rising
pressure, compared to the control case and stabilizes
at significantly lower values. At magnetic field
intensities of H = 40mT and H = 80mT, resistance
stabilizes at higher values than at stronger field
intensities with overall 49% and 55%, respectively.
In contrast, for higher magnetic field intensities
(H =107mT, H = 125mT), the resistance stabilizes
at lower levels, which the lowest resistance observed
for H = 125mT with about 52 kOm. Regarding
140 mT intensity of magnetic field, it is determined
that the resistance of rock decreased almost 2 times
for its minimum value. However, at the 150 mT
magnetic intensity, it is obverved that the percentage
of decline for resistance decreased to approximately
51% at the end of experiment. This indicates that
higher magnetic field intensities exert a stronger
influence on reducing resistance in the system.

The behavior can be explained by the impact
of magnetic fields on charged particles and ion
movement in the fluid. Magnetic fields influence
the alignment and distribution of ions, enhancing
their mobility and altering the fluid’s conductive
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properties. This effect becomes more pronounced
as the magnetic field intensity increases, leading
to greater reductions in resistance. Additionally,
the stabilization of resistance values at higher
pressures indicates a dynamic equilibrium, where
the combined effects of pressure and magnetic fields
produce a steady-state condition in the system.

An important observation is that the recovery
of resistance beyond P = 8 atm, as seen in the control
case, is significantly dampened under magnetic
field application. This suggests that magnetic fields
mitigate the effects of pressure-induced compaction
or reorganization, maintaining lower resistance
levels even at higher pressures. The trend highlights
the ability of magnetic fields to stabilize fluid flow
and conductivity under varying pressure conditions.

The graph in Figure 4 demonstrates
the relationship between discharged water
volume (Q, m?® and applied pressure (P, atm)
under conditions with and without the application
of electromagnetic fields at varying intensities
(H, mT). The “without magnet” case (red curve)
serves as the baseline, showing a steady increase
in discharged water volume up to 8 atm, where
it peaks at about 40 m3. Beyond this pressure,
the discharge volume decreases consistently,
likely due to factors such as reduced permeability
or increased flow resistance at higher pressures.

In contrast, the application of magnetic fields
significantly enhances water discharge across all
pressure levels. At lower field strengths (40 mT
and 80 mT), the discharged water volume shows
considerable improvement compared to the “without
magnet” case. However, higher field strengths
(107 mT, 125 mT and 140 mT) yield even greater
enhancements, with 125 mT producing the most
notable effect. At this optimal intensity, the maxi-
mum discharge volume reaches approximately
75 m?3, occurring around 8-9 atm. This indicates
a synergistic interaction between the applied
pressure and magnetic field, enhancing fluid
mobility more effectively than lower field strengths.
Interestingly, while the 140 mT curve demonstrates
a high discharge volume, it shows a slight
reduction (52%) compared to 125 mT, particularly
at peak pressure. This suggests that there may
be a saturation effect or diminishing returns
as the magnetic field intensity increases beyond
an optimal threshold. The discharge at 150 mT
increases steadily with pressure, peaking at 69 m?®
around 8 atm. Compared to results for 140 mT,
the performance of 150 mT indicates mild reduction
as the improvement becomes less pronounced
at higher pressures. Beyond 8 atm, the discharged
volume at 150 mT declines gradually but remains
higher than lower field strengths and the “without
magnet” case.

Additionally, it is worth noting that mag-
netic storms are natural phenomena caused
by disturbances in the Earth’s geomagnetic field
and they occur fairly often. These disturbances
can influence sensitive experimental setups,
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especially those involving electromagnets or other
systems reliant on stable electromagnetic fields.
Table 3 detailing the intensity of magnetic storms
in Baku for October (the month in which
the experiment was conducted) provides critical
information for analyzing the potential impact
on laboratory experiments. The intensity levels
of magnetic storms, represented by values from 1to0 8
(as per the scale mentioned below), indicate varying
degrees of geomagnetic activity. The experiments
were conducted when the intensity of magnetic
storms, as per the scale mentioned, fell under “minor
disturbances”. These conditions ensured minimal
interference from geomagnetic activity, allowing
for more accurate and reliable experimental results.

Table 3. Physicochemical properties of tap water
used in the experiments

Time Frames

Date

00:00(03:00(06:00|09:00|12:00| 15:00| 18:00|21:00

01.10.2024
02.10.2024
03.10.2024
04.10.2024
05.10.2024
06.10.2024
07.10.2024
08.10.2024
09.10.2024
10.10.2024
11.10.2024
12.10.2024
13.10.2024
14.10.2024
15.10.2024
16.10.2024
17.10.2024
18.10.2024
19.10.2024
20.10.2024
21.10.2024
22.10.2024
23.10.2024
24.10.2024
25.10.2024
26.10.2024
27.10.2024
28.10.2024
29.10.2024
30.10.2024
31.10.2024
1 — no significant disturbances; 2 — minor disturbances;
3 — weak geomagnetic storm; 4 — minor geomagnetic storm;
5 — moderate geomagnetic storm;6 — strong geomagnetic
storm;7 — severe geomagnetic storm; 8 — extreme storm.
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-
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N
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Analysis of Measurement Errors

To ensure accuracy, potential measurement
errors were analyzed and considered while
evaluating research results. Instrumental precision
(volt/ammeter +0.1 mV, magnetometer +0.5 mT)
was accounted for via error propagation. Pressure
fluctuations were mitigated by averaging multiple
readings and calculating standard deviation. Fluid
leakage was minimized with discharged water volume
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(x0.1 mL resolution) verified against initial/final
volumes. Magnetic field inhomogeneities (£2 mT)
were addressed by averaging measurements along
the column. Experiments were conducted at 25°C
+1°Canddatafrom periods of significantgeomagnetic
disturbances were excluded. These error margins
were incorporated and considered into the graphs
and analysis, ensuring that the reported trends
and conclusions are robust and reliable.

Future work

Furthermore, it is worth to note that future work
will explore the long-term effects of magnetic fields
and their interactions with varying fluid compositions
and geological conditions to validate and extend
mentioned findings, as well as include detai-
led cost-benefit analyses, environmental impact
assessments and safety evaluations to facilitate
the practical application of this technology in the oil
and gas industry.

Conclusions

This study comprehensively investigated
the effects of magnetic fields on the electrokinetic
properties of reservoir fluids and the behavior of fluid
discharge under varying pressure conditions. Based
on the results, the following conclusions are drawn:

1. Magnetic fields significantly enhance
the electrokinetic properties of reservoir fluids.
The study demonstrated that applying magnetic
field intensities between 40 and 150 mT results
in substantial improvements in ion mobility and fluid
conductivity. This leads to a stabilized fluid flow
and increased water discharge, particularly under
high-pressure conditions.

2. An optimal magnetic field intensity
of 125 mT was identified, yielding the most favorable
effects on reducing resistance, stabilizing voltage
and increasing the discharged water volume.
At 125 mT, the resistance of the system decreased
significantly and the discharged water volume
reached a peak of approximately 75 m? at around
8-9 atm, highlighting the field’s role in facilitating
fluid movement through porous rocks. Beyond this
intensity, a diminishing return effect was observed,
indicating a potential saturation point in the magnetic
field’s influence on fluid properties.

3. The results revealed distinct trends
in the system’s behavior up to and beyond 8 atm.
Up to 8 atm, the voltage and resistance values
decreased significantly, indicating enhanced fluid
conductivity and ion mobility under the influence
of magnetic fields. Simultaneously, the discharged
water volume increased substantially. These findings
demonstrate the progressive improvement in fluid
movement and electrokinetic properties up to 8 atm.
Beyond 8 atm, the system reaches a dynamic
equilibrium where the combined effects of pressure
and magnetic fields stabilize electrokinetic
properties. This stabilization indicates that magnetic
fields mitigate pressure-induced compaction
and reorganization in the porous medium.
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4. This research provides critical insights
into the potential application of magnetic fields
in enhanced oil recovery technologies. By optimizing
fluid mobility and reducing flow resistance in porous
media, magnetic field technology offers a promising
avenue for increasing oil field productivity, particularly
under challenging high-pressure conditions.

5. The potential impact of natural geomagnet-
ic activity, such as magnetic storms, on experimental
setups was acknowledged. Monitoring geomagnetic
activity is crucial for ensuring the reliability and repro-
ducibility of results in magnetic field-related studies.
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