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Abstract. Since oil and gas products currently act as the main source of fuel in energy consumption, promising
approaches to the development of reservoir heavy oil play an important role. Many existing traditional oil production
methods do not give the desired results in the production of viscous oils, and in some cases are unacceptable.

A sharp decrease in extracted oil reserves is caused by an increase in the volume of difficult - to-extract oil, an
increase in fields with complex geophysical conditions, and an increase in carbonate reservoirs with high viscosity. In
order to increase the technical and economic indicators of the oil being developed under such conditions, the main task
is to find new equipment and technologies for influencing the formation, its introduction into production.

The study of the geological and physical properties of the treated layer allows us to consider new highly cost-
effective technologies for increasing the productivity of high-viscosity oil by paying attention to the factors involved in
the production process.

The article discusses studies of increasing productivity through the use of carbon dioxide in viscous oil fields,
features of the described method, changes due to various parameters.

Key words: high-viscosity oil, production, enhanced oil recovery, carbon dioxide, solubility coefficient, field

development, technologies.

Introduction. Due to the depletion of easily extracted oil reserves, it is becoming
increasingly important to improve technologies and development methods that allow the production
of hydrocarbons in difficult conditions. In connection with such trends, engineers are studying and
introducing innovative, promising approaches to intensifying oil production into production. In
connection with such trends, engineers are increasing the intensity of oil production, studying and
introducing innovative, promising approaches to production. One such method is to move the oil by
injecting carbon dioxide (CO;) into the layer. On the basis of the method, the mechanisms of
Physico-Chemical interaction of carbon dioxide with water, oil and rock are studied and the features
of increasing the intensity of oil production at the research stages are determined in comparison
with other methods [1,2 ].

Material and research methodology. The peculiarity of using carbon dioxide injection
technology is that in comparison with other gases, CO2 is more soluble in oil and reservoir water,
and carbon dioxide contributes to an increase in the volume of oil, which, in turn, contributes to the
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displacement of stationary, residual oil in the reservoir, as well as a decrease in the interphase
voltage at the oil-water border [3].

The ability of carbon dioxide to dissolve in oil is higher than the ability to dissolve in water,
and during the process, this ability allows the bulk of CO2 to pass into the oil. By comparing the

solubility values of CO2 in water and hydrocarbons, the following data were achieved.

Table 1.
Solubility capacity of carbon dioxide in oil and water
Gas name Solubility coefficient value
(37°C; 1 KgF / em?), cm®/ cm?® Distribution coefficient
In Hydrocarbons In Water
Carbon dioxide 1,28 0,57 2,2

Results and discussion of it. The higher the carbon dioxide content in the water, the greater
the oil displacement. In addition, the degree of solubility of carbon dioxide in water is also
influenced by the mineralization of water, that is, the solubility of CO2 in water decreases with
increasing degree of mineralization. The main parameters for solubility are also influenced by
pressure and temperature. A change in the solubility of carbon dioxide in water, which depends on

various technological parameters, is clearly observed in the following diagrams (Figure 1, 2) [4].
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Figure 1. The ability of carbon dioxide to dissolve in water due to pressure changes.
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Figure 2. The ability of carbon dioxide to dissolve in water according to temperature changes.

It is to increase the mobility of the oil by pumping carbon dioxide into the productive layer,
a phenomenon based on the laws of thermodynamics that, due to the expansion of the oil, part of the
adsorption layer of the oil is released from the higher pores and the viscosity decreases due to the
dissolved gas. This effect is most manifested when interacting with oil with a high viscosity.
According to laboratory studies, the higher the initial viscosity value, the stronger its decrease

(Table 2) [5].
Table 2.

Changes in the physical indicators of oil and CO2 saturated oil

Name High viscosity, Viscous, MPa*c Medium viscous, Less viscous,
MPa*c MPa*c MPa*c
Oil 9000 1000 100 1
CO2 saturated oil 160 15 3 0,5

The displacement of oil by carbon dioxide is a very complex process that exhibits mass
transfer, capillary and gravitational effects. In the process of mixing carbon dioxide with oil, its
rheological properties change, affecting the saturation state, which contributes to the development
of previously unused oil, displacing it from the reservoir [4, 5].

In order to explore the technology of pumping carbon dioxide into the reservoir, increase the
intensity of the oil production coefficient at the research stage, it is proposed to study the
technologies of carbon water injection, continuous CO; injection, alternating water and CO,
injection, combined CO, and chemical reagent injection, and use a rational approach. The
advantage of the carbon water injection approach is that it consumes relatively little carbon dioxide
when injected into the reservoir compared to other forms of use. According to estimates in various
laboratory experiments and literature, it has been established that the distillation of carbonized
water with a CO, concentration of 5.3% allows you to increase the oil yield by 14% compared to
the method of displacement by wastewater in oil production [5].

Conclusion. The peculiarity of continuous distillation of carbon dioxide makes it possible to
achieve a high displacement coefficient in comparison with other options for using the technology.
However, with continuous CO, distillation, viscosity instability is observed. In the technology of
alternating distillation of water and CO,, efficiency is observed for inhomogeneous layers due to the
ratio of CO, to H,O [5, 6].
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Direct quantitative modeling is carried out taking into account the phase changes in the CO,-
layered liquid-water system, geochemical processes in the interaction of CO, with the reservoir
water and the Collector rock in order to reliably predict the consequences, the result of carbon
dioxide injection, after studying the order of the formation in the field and analyzing other optimal
approaches [6].
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Annoranus. Kazipri yakeiTTa MyHaii-ra3 eHIMIEpi PHEPTUSHBI TYTHIHYAa OTBIHHBIH HETi3Ti K631 peTiHzae
OpEKeT eTETIHAIKTeH, KaOaTThIH ayblp MyHailbIH MI'epydiH NEepCHEKTHBAIBIK TOCIIAepi MaHBI3ObI peil atkapansl. Kem
KOJIJAHBICTAFBI AOCTYPIIi MYHAl OHAIPY 9iCTepi TYTKBIp MYHalIapabl OHAIpYAe KAXKETTI HOTIKe OepMeiini, an keidip
Karaainapaa KoJaichl3 O0JIBIN Kee/Ii.

OnjipineTiH MyHall KOpJNApbIHBIH KYPT TOMEHJAEYi- ©HIIpUIyl KMbIH MyHail KeJIeMiHIH ecy cajapblHaH,
reoU3MKaNbIK JKaraainapbl Kyplelil KeH OpbIHJApPbIHBIH YJIFAlObIHAH JKOHE /i€ TYTKBIPIBIFBI JKOFAphl KapOOHATTHI
KOJUISKTOPJIap/bIH apTyblHAH TybIHAAN OThIp. OChIHOaW JKaFjailapiarbl — WrepiieTiH MYHalJblH TeXHHKAaJIbIK-
9KOHOMHKAIBIK KOPCETKILITEpiH JKOFaphUIaTy MakcaThlHAa, KabaTka ocep eTyAiH kaHa JkaOabIKTapbl MeEH
TEXHOJIOTUSIIAPHIH 131ECTiPY, OHBI OHIPICKE €HT13Y HEeTi3ri MiHAET OOJIBIT TaOBLIaBL.

OnzeneTiH KaOaTTBIH TCONOTHSIIBIK-(PU3UKANBIK KACHETTEPiH 3epTTey, OHIIpYy TpoIeciHe KaTHICATHIH
(axToprapra KeHi1 06y apKbUIbl TYTKBIPJIBIFBI )KOFApbl MYHAHbIH OHIMIUITIH apTTHIPYABIH aHa JKOFapbl THIMI
9KOHOMHUKAJIBIK THIMJII TEXHOJOTHSIAPbIH KAPaCThIPYFa MYMKIHIIK Oepe/i.

Makanajia TYTKbIp MYHaiJIbl KEH OpbIHJapAa KOMIpPKBIIIKbUI T'a3blH Maijaany apKbUlbl OHIMAUIIKTI apTThIPY
3epTTeyJiepi, CHIIATTAIFaH JIICTIH ePeKIIeIiKTepi, 9PTYPJIi mapaMerpiiepre OaiIaHbICThI ©3repicTepi KapacThIPhLIaIbL.

Kint ce3mep: TYTKBIpIBIFBI >KOFapsl MyHaH, 6HIIpY, KaOaTrrapAblH MyHal OepriluTiriH apTTeIpy,

KOMIPKBIIIKBLI I'a3bl, epirimTik Ko3QQUIUEHT], KEeH OpPbIHIapbIH UTePY, TEXHOJIOTHIap.
AHAJIA3 YCJIOBU MMOBBIIEHUA UHTEHCUBHOCTH JTOBbIYM BA3KOM HED®TU
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AHHoTanms. B Hacrosiee BpeMs, NOCKOJIbKY HE(TEra3oBble NMPOXYKTHI BHICTYIAIOT B Ka4eCTBE OCHOBHOT'O
WCTOYHVKA TOIUIMBA NPH IOTPEOJICHHH SHEPIHH, BAXHYIO POJb HMIPAIOT MEPCIEKTUBHBIC MOAXOABI K Pa3paboTKe
wiacToBoil Tspkenoi Hedru.  CylIecTBYIOIIUE TpPAJAWIMOHHBIE METOABI JOOBIYM HE(TH HE MJAI0T JKEeJIaeMBbIX
Pe3yNBTaTOB NpH JT0ObIUE BI3KOH HETH, @ B HEKOTOPBIX CIy4asX CTAHOBSATCS HEMPHUEMIIEMbBIMU.

Peskoe cHmkeHue N0OBIBaeMBIX 3armacoB HEe(TH-BCIEACTBHE pocTa 0OBEMOB TPYIHONPOU3BOIMMONW HedTH,
YBEJINYCHUS] MECTOPOXKACHUI CO CIIOKHBIMU T'e0(H3NISCKIMH YCIOBUSIMU M YBEINYCHNUS BEICOKOBA3KNX KapOOHATHBIX
KOJUICKTOPOB. B IesifiX MOBBIICHUS TEXHHKO-)KOHOMHYECKHX IOKa3aTesied pa3pabaThiBaeMOi HepTH B TaKuX
YCIIOBHSAX OCHOBHOH 3aJa4eil sIBJIAETCS IIOUCK HOBOI'O 00OPYZOBAaHMS M TEXHOJIOTHI BO3ACHCTBHS Ha IUIACT, BHEAPECHHE
€ro B IPOU3BOJICTBO.

Wzyuenne reosioro-pu3n4ecKux CBOMCTB 00pabaThIBAEMOro IUIacTa MO3BOJSIET PACCMOTPETh HOBBIE
BBICOKO3(p(heKTHBHBIE SKOHOMUYECKH 3(P()EeKTHBHBIE TEXHOJIOTUH HOBBIMICHHUS NPOU3BOJUTEILHOCTH BBICOKOBSZKOM
HedTH MyTeM COCPEAOTOUCHHUSI BHUMAHUS Ha (DaKTOpax, y4acTBYIOIIHMX B IpoLEcce JOOBIYH.

B cratbe paccMaTpUBAIOTCSI HCCIICTOBAHUS TOBBIILICHHS IPOM3BOAMUTENLHOCTH 3a CYET HCIOJIb30BaHHS
YIJICKHCIIOTO ra3a B MECTOPOXKACHUAX BI3KOI He()TH, 0COOCHHOCTH ONMUCHIBAEMOTO METO/1a, H3MCHEHHUS B 3aBUCUMOCTH
OT pa3iIMYHBIX TAPAMETPOB.

KiioueBble c10Ba: BBICOKOBS3Kas He(Tb, NOOBIYA, MOBBIICHHE HE()TEOTAAUH IUIACTOB, YIVICKHCIBIA ras,

K03(h(pUIMEHT pacTBOPHMOCTH, Pa3pabOTKa MECTOPOXKICHUI, TEXHOIOTHH.
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