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Abstract: Increasing oil recovery is one of the most pressing issues today. Since the last century, scientists
have been actively researching to enhance oil recovery. A huge number of scientists have turned their attention
to this issue by using low-mineralized water (LMW). Thus, since the 90s, both theoretical and experimental
research has been actively studied. Increased oil recovery depends on rock wettability and surface tension.
This approach was key to a significant amount of experimental work. But, despite a lot of research, scientists
still have not come to a consensus on the mechanisms that contribute to increased oil recovery. One of the
main mechanisms is considered to be the movement of fine particles (i.e., clay particles) during flooding with
low-mineralized water (LMW). As shown by the study of the topic of LMW, experimental work was often
carried out on light oil. Experimental work with light oil has been positive. However, the interaction of the
LMW with high-viscosity oil has not been deeply studied, which is relevant to the fields of Kazakhstan.
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TEHI3 CYBIH AMJIAY APKBIJIBI KAPBOHATTHI )KBIHBICTAPIAH
MYHAJIBIH BIFBICYBIHA OCEPIH 3EPTTEY
(KABAKCTAH KEH OPHBI MBICAJIBIH/IA)

Anoamna: Mynaii oHOipy i He2YpbIM KONAUIbL Wapmmapoa apmmuipy — Kasipei kezoeei o3exmi macenenepoiy
0ipi. Omxen 2acvipoan bacman anLIMoap MYHal oHOIPYOi Kywedumy ywin 6encenoi 3epmmeyiep JHCypeisin
Keneoi. Kenmezen eanvimoap oyn maceneze meniz cyowl (TC) naiioanany apxuiiel Hazap ayoapovi. CoHvimen
MYHaU 6HOIPYOiH JHCOAPBINAYEL MAY HCHIHLICMAPLIHBIY CYIAHYbL MeH bemKi Kepinyine batlnanvicmot, 90-dicoli-
dapoarn bacman MmeopusnblK JHcaHe IKCnepumMenmmix zepmmeynep 6encenoi mypoe sepmmendi. Ocvl macin
IKCHEePUMEHMMIK HCYMBICIbLY e0aVip KoaeMiniy Kinmi 6onovl. bipax kenmezen 3epmmeyiiepee Kapamacmat,
anbiMOap MYHail 6HOIpYOiH apmyblHA bIKNAL ememin memikmep mypaivl 271i Oe 0ip wiewinee Keie aimaobl.
Heezizei memixmepoiy Oipi — my30bl1blebl MOMEH CYMeH MOIMbIPbLIZAH Ke30e YcaK Oenuekmepoly (A2Hu cas
bonuexmepiniy) Kozeanvicol Oen cananaovl. TC maxvipulOvi 3epmmey KopcemreHoel, IKCNePUMEHMMIK HCY-
Mblcmap KebiHece auiblK MYHAUEa HCYPizinoi, OUMKeHi HCeHil MAuMeH SKCREPUMEHMMIK HCYMbIC OH HIMU-
arce bepoi. Anatioa TC-Hiy mymKbIPAbIZLL HCOLAPLL MYHAUMEH 03apa apeKemmecyi mepey 3epmmenmezer Oy
Kazaxcmannwviy ken opuinoapul yuin ome manywi3obi..

Tyitinoi cesoep: 2udpodunvoi may dHcolHbICyl, 2UOPOPOOMbL MAY IHCHIHLICHL, CVIAHY, MUHEPANOAHEAH CY,
MYHQl 6HOIPY, MYMKbIPIbIZbL HCOAPLL MYHALL
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WCCJEIOBAHME BIUSAHUSA 3AKAYKH MOPCKOM BOJIbl HA BRITECHEHUE
HE®TU U3 KAPBOHATHbBIX ITIOPO/I (HA IPUMEPE MECTOPOKAEHUSA
KA3AXCTAHA)

Annomauusn: Yeenuuenue negpmeomoauu Ha Oonee 8bl200HBIX YCAOBUAX — OOUH U3 OCTHPLIX BONPOCO8 HA ce-
200nsuHUIL OeHb. Hauunas ¢ npouwinoeo éexa yuenvie akmusHo 6e0ym ucciedo8amensckue pabomsl no yeenu-
yenuio negpmeomoauu. O2pomMHoOe KOMUYECMBO YUeHbIX 0Opamuiu c6oe HUMeHUe Ha OaHHbILL GONPOC NYMeM
NPUMEHEHHUs HUSKOMUHepaiusosanHou 600l (HMB). Taxum obpazom, ¢ 90-x 20006 6biia akmueHo uzyuend,
KaK meopemuiecKast, max u IKCNePpUMEeHMATbHAS YaCMb UCCIe0068aHUll. YeenuueHue Heghmeomoayu 3a6uUcum
oM CMAavuU8aeMoCmu nopoosl 1 NOBEPXHOCMHO20 Hamsdicenus. JJanuvlil no0xXo0 Obll KI04esblM Ol 3HAUU-
MENbHO20 KOMUYECmed IKCNEPUMEHMANbHBIX pabom. Ho, HecmMomps Ha MHOMCECMB0 UCCIe008aAHUN YUeHble
00 CUX nop He NPUWLIU K eOUHOMY MHEHUIO NO MEXAHUSMAM, CHOCOOCEYIOWUM YEEeTUUEeHUIO Hehmeomoadu.
OOHUM U3 2NABHBIX MEXAHUZMOE CUUMACMCA OBUICEHUE METKOOUCNEPCHBIX Yacmuy (m.e. vacmuy num) npu
3A600HEeHUU HUSKOMUHEPATU308aHHOU 8000uU. Kax nokazano ucciedosanue memovl 0 HMB, 3auacmyro skcne-
PpUMeHmanvhvle pabomuvl NPOGOOUNUCH HA N1e2KOl Hedhmu. IKcnepumMeHmanvhvle pabomul ¢ 1e2Kot Hedhmuio
oxasanucy nonodcumenvruimu. Oonako He 6v10 2IYOOKO U3yuero ezaumooeticmseue HMB ¢ 6vicoxoeasxoii
Heghmulo, Umo A6AAemcs akmyanbHou 0 mecmopooicoenun Kasaxcmana.

Knwuesvie cnosa: cuopogpunvras nopooa, cudpododonas nopooa, cmavusaemocms, MUHEPAIU308ANHAS 8004,

000bIua Hehmu, 8b1COK0B3KAS Hehmb

High-viscosity oil represents a large share of
the world's undeveloped hydrocarbon reserves.
Today, the world's reserves of high-viscosity
and heavy oil are estimated at 3,396 billion
tons. barrels [1]. The main limiting factor in the
development of such fields is the high density
(more than 900 kg/m3) and viscosity (more than
100 MPaes) of reservoir oil, which requires high
economic and technological costs for production,
compared to light oils. The recovery rate of high-
viscosity oils from the reservoir generally does
not exceed 20%. According to the classification
of the American Petroleum Institute (API), high-
viscosity (heavy) oils have a density, in API
degrees from 10° to 20° at a temperature of 60°
F (15.6° C) and have a viscosity of more than
100 SP (100 MPaes). Anything below 10° API is
natural bitumen.

In Kazakhstan, the main reserves of heavy
and high-viscosity oil are concentrated mainly in
the Western part of the country and are equivalent
to 726 million tons [2, 3, 4]. The main fields of
heavy and high-viscosity oil are Karazhanbas,
Kalamkas, Buzachi, and Kenkiyak [3, 5].

At the initial stages, oil fields are developed
in a natural mode, then after reaching an
economically unprofitable level of oil production,

they switch to secondary or tertiary methods
of impact on the reservoir (mainly chemical
methods). Compared to light oil fields, high-
viscosity oil fields use enhanced oil recovery
methods from the beginning of field development.
Various types of thermal methods of impact on
the reservoir will be used.

Flooding is currently the main method of
increasing oil recovery and maintaining reservoir
pressure since the technology is available and
cheap compared to other methods. Today, the
physicochemical properties of the water injected
into the reservoirs are of great interest. Over
the past twenty years, many laboratory studies
have been performed on samples of carbonate
and terrigenous rocks to identify the influence
of mineralization and ionic composition of the
injected water on the increase in oil displacement
from the core [6-14].

Pilot work was carried out to pump low-
mineralized water into oil reservoirs. For
example, in [1] it is reported that starting from
the '80s, water injection of low mineralization
began in the Bystrok and Zychebash deposits.
The test results showed that the residual oil
saturation in these areas decreased during the
injection of LMW. According to the results of
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Figure 1 — Pressure and oil recovery graph of experiment No 2

tracer studies that were conducted in the fields of
Alaska after the injection of LMW, oil recovery
increased from 8% to 19%. The authors point out
that a significant effect was obtained when water
mineralization was below 5 g/l. [10] It was also
shown in [7] that oil production increased at the
North Slope field in Alaska after the injection
of LMW and the water-oil factor decreased.
Moreover, in [15] it is reported that, in the fields
of Oman and Syria, after injection of LMW into
the terrigenous reservoir, the reservoir wettability
changed from hydrophobic to hydrophilic.

Many researchers have concluded that the
injection of low-mineralized water makes the
wettability of the rock hydrophilic. Although
various mechanisms for increasing oil recovery
have been proposed, such as the movement of
fine particles, clay swelling, an increase in the
pH of the medium and an increase in the double
equipotential field, etc. [8-15].

In [6], the author proposed a mechanism for
multi-ion exchange between the rock surface and
the injected water. This is due to the interaction
between the clay mineral ions, such as Ca2+ and
Mg2+, and the acidic components of the oil. As
a result of this ionic interaction, the compounds
between the oil and the rock weaken, and the oil
is removed from the rock surface.

In another work [10], the influence of water
mineralization on the wettability of the rock
surface was revealed. Water salinity varied from 0
to 174 g /1 at various temperatures and pressures.
Zeta potentials were measured. When pumping
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low-mineralized water, a decrease in the wetting
angle of oil compared to high-mineralized water,
and an increase in the double electric layer were
observed. This indicates the ability of low-
mineralized water to change the wettability of
the rock, making it more hydrophilic.

The injection of low-mineralized water
demonstrates an increase in oil recovery in
many experimental studies and field tests.
According to the results of scientists' research,
it can be concluded that the effect of pumping
low-mineralized water in terrigenous reservoirs
is manifested when the clay is present in them,
and reservoir water contains divalent cations of
calcium and magnesium. In this case, the salinity
of the injected water should be less than 3-5g/
I. But the main mechanisms for increasing oil
recovery are still not fully understood.

Experimental part

To determine the efficiency of displacement
of high-viscosity oil by low-mineralized water
from terrigenous cores, a series of filtration
experiments were carried out on an installation
for studying cores UIK (S) - 2. During laboratory
research, the following materials were used:

* hydrophobic rock;

« formation water and oil;

* low-mineralized water.

Experiment Nel  was
hydrophobic rocks.

The main data on the reservoir properties of
the physical model are presented in Table 1. The

conducted on
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total volume of the pumped formation and low-
salinity water was equal to four pore volumes.
The results of the second experiment are shown
in Figure 1. When the model was flooded with
low-salinity water, after the injection of 7 cm3
of water, the injection pressure began to increase
and remained at the level of 35 kPa, while the
volume of displaced oil began to increase.

Table 1 — Reservoir properties of the physical
model

Parameters Values
Porosity 0,28
Gas permeability 12,5
Pore volume 15,075
Initial water saturation. 0,3
Initial oil saturation 0,7

In experiment Ne2 on a hydrophobic rock,
the initial injection of formation water displaced
42% of the initial oil reserves, and the injection
of low-salinity water gave an oil increase of 13%.

It can also be seen from the graphs that the
injection pressure increases with the injection
of low-salinity water. This indicates that,
when injecting low-salinity water, there was
swelling of clays, movement of fine particles and
redistribution of the filtration flow.

Conclusion

Filtration experiments were conducted
on the flooding of hydrophobic rocks with the
formation and low-mineralized water. Based on
the laboratory studies performed, the following
conclusions were drawn:

— filtration experiments have shown that a
decrease in the mineralization of injected water
improves the displacement of high-viscosity oil
in the hydrophobic rock

— injection of low-salinity water into a
hydrophobic rock gave the best result in oil
displacement

— an increase in oil recovery in a hydrophobic
rock is associated with swelling of clays and
migration of fine particles
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