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KasakcmaH Pecniybniukacekl ¥rimmbik fbinbivM akademusicbl «KP YFA Xabapnapel. [eonoesusi xeHe
MexXHUKarbIK fbifibiMOap cepusiCbl» fbibIMU XypHarnbiHbiH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabaprnalosl. byn
uHdekcmery 6apbicbiHOa Clarivate Analytics komnaHusicbkl XypHandbl odaH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday maceneciH kapacmbipyda. Webof Science sepmmeywinep, aemoprnap, bacrnawbinap MeH
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INVESTIGATION OF DRAINAGE MECHANISM OF OIL FROM PORES OF
OIL SATURATED ROCKS USING NITROGEN AT THE LABORATORY CONDITION

Abstract. The article comprises the selection of high-efficiency and cost-effective draining agents for the
extraction of waste oil, which is becoming a global problem. The effectiveness of pushing residual oil with
nitrogen in small cavities of the oil layer and in the capillary matrix was discussed.

The theory of the mechanism of pushing residual oil in the porous cavities using nitrogen and it is important
to test in the laboratory.

The nitrogen is denser than oil; moreover it is gas which it can penetrate intensively at high pressures into
cavities and capillary matrices, displacing residual oil from them along the cavities to the production wells.

In this laboratory experiment was used core samples from the North Karamandybas field after drying and
then they are saturated with oil in the vacuum with weighting each ones. Then, a specially designed device
was used to push oil using the nitrogen. It was concluded that the experience of pushing oil in oil-saturated
cores samples with nitrogen has yielded positive results, using this method will be increased the oil recovery
of the formation in the field. After analyzing the positive results of the laboratory work, the impact on the
bottomhole formation zone in production wells allows to increase oil recovery of the formation, and also
contributes to the recovery of residual oil from fine-porous cavities of the oil formation.

Key words: Nitrogen, oil, drainage agent, laboratory experiment, porosity, permeability, pore media of
layers, cores, oil saturation.

Introduction. The paper has a strong focus on the use and study of modern methods to increase oil
recovery, because there are many difficulties in the world regarding to this case. At present, the amount of
technology used to increase oil recovery is only enough to extract half or less of the total geological reserves
of oil in the field. When selecting injecting agents to increase oil recovery or reservoir pressure, emphasis is
placed on the cost of the oil produced and the cost of using it.

It is obvious that in the process of extracting oil from production wells, the oil flow enters the bottom of
the well through the cavities of terrigenous rocks. However, due to the capillary pressure and surface tension
in these cavities, a certain amount of oil usually remains in these cavities.

With the help of a mathematical model it is possible to describe the process of displacement of oil by
nitrogen from the cavities and capillary matrix in the rocks [1,4,5]. At the same time it is necessary to take
into account the balance of forces acting on the residual oil in the small cavities and the capillary matrix.
These can be: the pressure force of nitrogen, the gravitational force of the residual oil, the Archimedean force,
the force of friction of the residual oil on the rock surface, and so on.

By injecting high-pressure nitrogen into the bedrock of the formation, it is possible to extract residual oil
from the internal cavities of the rocks by pushing it to the bottom of production wells.

The efficiency of nitrogen injection into the oil reservoir during field development provides a real
opportunity to extract residual oil from the porous cavities of the reservoir. Since this process is a lighter gas
than oil in terms of nitrogen density, it penetrates quickly into small porous cavities and capillary tubes at
high pressure and pushes oil through those cavities [2,3]. Therefore, the process of pumping oil with nitrogen
at high pressure through small porous cavities and capillary tubes in the formation is considered to be due to
the different densities of oil and gas.
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Materials and methods. The task of laboratory research is to determine experimentally the main
mechanism of nitrogen pushing of residual oil in the porous cavities of reservoir rocks and the rational mode
and technological parameters of nitrogen injection into multilayer oil formations. The developed laboratory
equipment is aimed at determining the mechanism of pushing oil in the porous cavities of the model by
compressing the oil-saturated core with nitrogen on all sides.

The laboratory work process. The laboratory research work by Professor Abdeli D.J. was conducted in
the laboratory of the Department of Petroleum Engineering, Satpaev University. In order to carry out the
experiment of pumping oil with nitrogen in the laboratory, it is the first prepared in accordance with the core
unit. After cutting the core, oil in accordance with the nitrogen by the pushing device, the porous cavities of
the core are pre-cleaned in a special unit with high-pressure air by means of a compressor.

In the laboratory, the mechanism of pushing oil in the core with nitrogen is carried out as follows. After
the porous cavities of the core are cleaned with high-pressure air, the core is first measured with an analytical
laboratory scale. Then, the porous cavities of the core are soaked in oil in a special container for 10-12 hours
to saturate it with oil.

Figure 1. Schematic illustration (a) and general view (b) of the laboratory device.

By the order, to remove air bubbles in the porous cavities of the core and fill it with oil, it is placed in a
special chamber and a vacuum is created with the help of a compressor. Thus, the core is completely saturated
with oil [6,7,8].

The fig.1shows a schematic and general view of a laboratory device consisting of a horizontal cylindrical
housing with a vertical lid (2). The cylindrical body has a diameter of 127 mm and a length of 400 mm. The
cover of the case is fastened with bolts on both sides with a paronite float, which ensures the strength of the
working chamber. Two tubes (3) and (4) are attached to the top of the cylindrical housing, which are equipped
with a manometer (5) and a rubber hose (6). The cover shall be fitted with a cell (7) on the inside of the
working chamber of the housing, through which the clogged side enters, and on the open side of the cell is
placed a thermometer sensor (8). An oil-soaked core (9) is placed in a special beaker (10) inside the working
chamber. At the bottom of the glass there is an empty space, which is covered with a mesh canopy. The
working chamber is connected to the nitrogen cylinder (11) by means of a rubber hose through a manometer
editor (12). The pressure of nitrogen inside the cylinder is 15 MPa. An electric heater (13) is mounted under
the cylindrical housing, which is used to create a layer temperature inside the working chamber. Below the
cylindrical housing is installed a storage chamber (14), which has a connecting tube (15) and a switch (16).
The warehouse is equipped with a chamber output tube (17) and a switch (18). The cylindrical housing and
storage chamber are mounted on a stand (19). The temperature sensor is connected to the thermometer (20).

During the laboratory work, the cavities are cleaned with air, the weight of the oil-soaked core is weighed
on an analytical balance and placed in the working chamber of the device. The cover of the working chamber
is tightly closed and fastened with bolts. The valve of the nitrogen cylinder is opened slowly until the required

147



NEWS ofthe Academy of Sciences of the Republic of Kazakhstan

pressure inside the working chamber is reached. When the pressure required for nitrogen injection is reached,
the nitrogen cylinder tap closes. The core is left in the working chamber for about 1 day. The oil pushed with
nitrogen from the cavities of the core will collect in the empty space at the bottom of the glass. After setting
the core for a day under the influence of nitrogen pressure, the tap of the working chamber is opened and
nitrogen is released. The cover of the cylindrical housing is opened and removed from the working chamber
with a core glass. The core is then weighed on an analytical laboratory scale and recorded in a special log.
The weight of oil obtained by pushing nitrogen from the cavities of the core is determined by calculation.

Analysis of the results of laboratory work. Nitrogen injection of core oil was performed on five cores and
repeated three times. The oil required for the experiment was imported from the North Karamandybas field,
with an average density of 0.850 g/ cm?® and a viscosity of 5.08 mPa / s. Experimental work was carried out
on the first unit, an experimental laboratory unit for the formation of the mechanism of pumping oil in the
cavities of the model with nitrogen under the influence of the collector rock - the core. The second unit was
designed to form a mechanism to push the oil-saturated core from one side to the other with nitrogen.

Firstly, after cleaning the cavities with air at high pressure, the core is weighed on an analytical laboratory
scale. To saturate the core cavities with oil, soak them in a glass of oil for 10-12 hours. Then, in order to
remove air bubbles in the cavities, the oil is completely saturated in a vacuum, which is placed in a special
chamber and a vacuum is created in the working chamber with the help of a compressor.

Results. Then, in order to remove air bubbles in the cavities, the oil is completely saturated in a vacuum,
for which it is placed in a special chamber and a vacuum is created in the working chamber with the help of a
compressor. Finally, the first special unit for pushing the oil in the core with nitrogen will repeatedly push the
oil with nitrogen. The obtained results are recorded in a special log and the necessary calculations are made.

First of all, five cores required for the experiment were developed, their weight before oil saturation was
85.05, 91.54, 83.80, 89.01, 88.60, respectively. After saturating them with oil in a special vacuum chamber
at a pressure of 0.7 bar, the average weight on a special laboratory scale was 95.47, 102.08, 91.42, 102.16,
96.24. Thus, the average saturation weight of the cores was 10.42, 10.54, 7.62, 13.15, 7.51, respectively
(Table 1).

Table 1 - Average of parameters for rock cores in the experiment

Number of rock cores

Repetition
1 2 3 4 5
1
Wight (g) of oil before saturation 2 85,05 | 91,54 |83,80| 89,01 |88,60
3
Pressure (bar) in a vacuum 0,7 0,7 10,7 0,7 10,7
1 95,65 | 104,50 | 93,84 | 105,38 | 99,39
2 96,61 | 101,30 (90,17 | 101,44 | 92,81
Wight (g) of oil after saturation
3 94,16 | 100,45 (90,27 | 99,67 96,53

average | 95,47 | 102,08 | 91,42 | 102,16 | 96,24

1 10,6 12,96 | 10,04 | 16,37 10,39
2 11,56 9,76 | 6,37 12,43 (4,21
Saturation
® 3 9,11 8,91 |647 10,66 | 7,93

average | 10,42 | 10,54 | 7,62 | 13,15 7,51

From the obtained data, the oil saturation is the same in all samples and their oil saturation is 7.51 - 13.15
g. can be seen between (Fig. 2). It is observed that the oil saturation of the 1st, 2nd and 4th cores is higher
than that of the 3rd and 5th cores (Figure 2).
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Figure 2. Diagram of oil saturated cores samples

Laboratory work was carried out to push the oil-saturated core, first in Unit 1 in Figure 17, and then in Unit
2 in Figure 15. Laboratory work was repeated 3 times in Unit 1 and 2 times in Unit 2. The chamber pressure
was 5 MPa in both units. Including the results obtained at both units, the average values of oil saturation of
the cores were 95.39, 101.82, 91.32, 101.48, 95.58, respectively (Table 2). The average weight of cores after
nitrogen injection was 90.07, 96.68, 87.01, 96.53, 93.48, respectively. Thus, the weight of oil pushed as a
result of nitrogen injection averaged 5.32, 5.14, 4.31, 5.55, 3.10 grams, respectively (Figure 3).

Table 2 - Results of the laboratory work on the injection of nitrogen into the porous cavities of the core in
the reservoir rocks.

Number of rock cores

Ne | Repetition
1 2 3 4 5

1 95,65 |104,5093,84 | 105,38 {99,39

1 2 96,61 [101,30/90,17 |101,44 {9281

Weight of oil saturated cores before 3 94,16 1100,4590,27 199,67 (96,53
pushing with nitrogen (g) ) 1 95,35 {101,20({91,27 | 100,54 {98.,40

2 95,18 [101,65(91,08 | 100,39 90,77
Average 95,39 [101,82 (91,32 |101,48 |95,58
Pressure in a vacuum (mPa) 5 5 5 5 5

1 90,03 {99,87 (89,24 {100,01 [95,21

1 2 90,28 {95,96 (86,79 195,13 (90,80

Weight of oil saturated cores after pushing 3 89,93 195,61 |86,22 (94,12 |92,46
with nitrogen (g) ) 1 90,05 {95,24 [87,35(98,77 (99,74

2 90,06 196,72 85,47 194,63 |89,19
Average [90,07 |96,68 |87,01 96,53 |93,48
1 5,62 (4,63 4,60 |537 |4,18
1 2 6,33 5,34 3,38 |6,31 1,01
3 423 14,84 14,05 |555 |4,07
1 5,30 |5,96 13,92 4,77 |4,66
2 5,12 14,93 |5,61 |5,76 |1,58
Average 532 (5,14 |4,31 |5,55 |3,10

Wight of oil after the drainage (g)

1 53 35 46 33 39

1 2 55 55 53 51 48

Percentage of 3 47 55 62 52 51
oil yield (%) ) 1 51 62 53 42 48
2 51 49 77 51 72

Average 51,4 [51,2 |58,2 |45.8 |51,6
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Figure 3. Percentage of oil in oil-saturated core pushed with nitrogen in Units 1 and 2

Discussion. As a result of experimental studies in the laboratory, the proportion of oil pushed with nitrogen
from the porous cavities of the oil-saturated core was 45.8 - 58.2%, and it was found that the effectiveness of
the push depends on the duration of action and pressure.

Because nitrogen has a much lower density than oil and is a gas, it enters the porous cavities and capillary
tubes in the formation at high pressure and pushes the oil in that space downward under the same pressure.
Therefore, the process of pushing oil in porous cavities and capillary tubes with nitrogen at high pressure can
be considered as a difference in the density of oil and gas.

Conclusion. In this case, it can be concluded that the technology of nitrogen injection into the oil reservoir
actually increases the oil recovery of the reservoir. This technology can be used to treat the edge of production
wells with nitrogen, as well as nitrogen injection routes to maintain formation pressure from injection wells.

Due to this, nitrogen is denser than oil and is a gas, so it enters the cavities and capillary matrix at high
pressure and displaces the residual oil from them along the cavities to the production wells. Therefore, the
process of pushing residual oil with nitrogen in high-pressure cavities is due to the different densities of oil
and gas.
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JABOPATOPUSAJIIBIK "KAFJAMJIA KABATTBIH KEYEKTI KYBICTAPBIH/IATBI
MYHAMIbI A3OTIIEH UTEPYAIH MEXAHU3MIH 3EPTTEY

AnHoTanus. Makasaia oieM/IiK mpoOieMara alfHaJIbII OThIPFaH Ka0aTTarbl KAJIJIBIK MYHAH bl ATy Ke31H/Ie
KOJIZIAHBIIATBIH OHIMJILTIT )KOFAPhI 9pi IKOHOMHUKAIIBIK THIM/II OOJIaThIH aii/lay areHTTepiH TaHaay Mocemernepi
KapacThIpbUIIbl. MYHAMITBl KaOATTHIH JKIHINIKE KyBICTAPBIHJAFBI KOHE KATWLISIPIIGI MATPHIAAFhl KAJIBIK
MYHAH/TIBI a30TTICH UTEPYIiH THIMIITIT] TATKbITBIHIBI.

KabarThIH KeyeKTi KybICTapbIHIaFbl KAJIBIK MYHAH Il 230TIIEH UTEPY OapPBICHIH/IAFbl MEXaHU3MiH allly/[bIH
TEOPUSCHI AUTHLIA KeJIe, OHBI 3ePTXaHAJIbBIK KaFIaii/1a )kacar KepyIiH MaHbI3/Ibl KCHIIT OasHIaIaIbl.

A3OT MyHaliFa KaparaHJia ThIFbI3JIbIFbI TOMCH YKOHE ra3 OOJFaH IbIKTaH, )KOFaphbl KbIChIMJIA KybICTAP MECH
KalWUIASIPIIBIK MaTpUllaFa MHTEHCHUBTI TYPJAE C€HIIl, ojapJaH KaJJbIK MYHaWbl KybICTapblH OOWBIMECH
OHIIpy YHFBIMaJIapbIHa Kapal BIFBICTBIpaABI meyre Oomambl. Com ceOenTi, KoFapsl KbIChIMIA KybICTapaa
KAJJIBIK MYHAU Bl a30TIIEH UTEPy OapbIChl MYHAH MEH Ta3/(bIH THIFBI3BIFBIHBIH OPTYPIIi 00yl ceOeOiHeH
Kysere acajpl.
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JlaGopaTtopHsIbIK JKaraaiia KaOaTThIH KeyeKTi KybICTapbhIHIAFbl MYHAHIbl a30TIIEH HTEpy Ke3iHne
KOJIIAHBIIATBIH KYPBUIFBIIAPABIH KYMBIC jKacay MeXaHu3Mi TaHbICTBIpbULAbL. Contyctik Kapamanmgsibac
KCHOPHBIHAH aJIbIHFaH KEePHACPIiH alIbIMeH KYPFaKTal )KoHEe BaKyyMja MyHaiiMeH KaHBIKKAaHHAH KeHiHTi
caJIMaKTaphl KEKe-)KeKe OJIIeHiN anbiHabl. OnaH KeliH apHaibl AaldbIHAAIFaH KYPBUIFBIHBIH KOMEriMeH
a30TIIEH MTEpy >KYMBICTapbl KYprizinmi. MyHaliFa KaHBIKKAH KEpHAEPAEri MYHAHIbl a30TIEH HTEpy
TOXKIpUOECIHEH OH HOTHIKEJIep aJIbIHbII, 1C KY3iH/Ie KEOPBIHIAPIH 1A KA0ATThIH MYHAHOEPTIIITITiH apTTRIPYFa
MYMKIHZIK Oepei Aer KOPBITBIHIBI KacalblHbl. JKypriziareH 1abopaTopHsUTbIK KYMBICTaH allblHFAaH OH
HOTWDKEINIep/li capanTail Kelle, OHIipy YHFBUIAPBIHBIH TYI aiiMarblHa a30TIEH dCep €Ty apKbLIbl MYHAMIIbI
KaOaTThIH JKIHINIKE KEYeKTi KybICTApPBIHAAFbl KAJIBIK MYHAWIBl IIBIFAPBINT ally TOCILII pPeTiHIe KOJIaHBIM,
Ka0aTThIH MyHaHOEPTilTITiH apTThIpyFa MYMKIHJIIK Oepe/ii et TYKbIPBIM kKacayFa O0Jabl.

Tyi#iinai ce3nep: a30t, MyHaid, aiiiay areHTi, JJabopaTOpHUsUIIBIK 3ePTTEY, KEYEeKTiTIK, OTKI3TIMITIK, KA0aTThIH
KEYEKTi KyBICHI, KEpH, MYHalilMEH KaHBIFY.
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HNCCIIEJOBAHUE MEXAHU3MA BBITECHEHUSA HE®THU A30TOM B ITIOPUCTbBIX
HOJIOCTAX IVIACTA B JTABOPATOPHBIX YCJIOBUSAX

AHHoOTamusA. B crarbe paccMOTpPEeHBI BONPOCH! BHIOOPA BBHICOKONIPOM3BOIUTENBHBIX M YKOHOMHYECKH
3 }EeKTHBHBIX NEepeKaYnBaIONINX arceHTOB, NMPHUMEHAEMBIX MPU W3BICYCHUH OCTATOYHON HedTH IIacTa,
cTaBIeil MUpoBOH npodnemoi. O6cyxaanachk 3(GEKTUBHOCTh BBITECHEHUSI OCTAaTOYHON HE(TH a30TOM B
HEOOJBIINX TOJIOCTSIX HE(YTEHOCHOTO CJIOS M B KAMJUIIPHON MaTpHIIE.

W3noxeHa Teopusi BCKPBITHS MEXaHH3Ma BBITECHEHHS OCTaTOYHON HE()TH a30TOM B MOPUCTHIX MOJOCTIX
TUIacTa M M3JI0KEHa BAYKHOCTB €r0 pa3pabOTKH B JIAOOPATOPHBIX YCIOBHUSX.

[TockosbKy a30T UMEET MEHBINYIO THIOTHOCTB, YeM He(Th U SBISETCS ra30M, MOKHO CKa3aThb, YTO TPH
BBICOKOM JIaBJICHHMM OH MHTEHCHBHO IPOHUKAET B ITOJOCTH M KANMUIIPHYIO MaTpHILY, BBITECHSS U3 HUX
OCTAaTOYHYIO0 HE(ThH IO IMOJOCTIM B CTOPOHY JOOBIBAIOIIMX CKBaXXHMH. [103TOMY IpU BBICOKOM JIaBICHHU
MPOLIECC BBITECHEHHSI OCTaTOYHOM HE(TH a30TOM B MOJIOCTU OCYLIECTBISCTCS M3-32 PA3IMYHON IUIOTHOCTH
He(TH ¥ rasa.

B nabGopaTopHbIX yCIOBHSX OBbUT NPEICTABIEH MEXaHH3M paOOThl YCTPOWCTB, NMPUMEHSEMBIX IPH
BBITECHEHUH HE(TH a30TOM B MOPUCTBIX MOJIOCTAX Iuiacta. KepH, n3BiedeHHBbIH U3 CKBakMH CeBepHBIN
Kapamanneioac, nccienoBaics CHadasia B CyXoM BaKyyMe U IOCJIe HACBIIECHNS! HE(DThIO TIOKa3aTeIH U3MEPSIIH
OT/ENBHO. 3aTeM C MOMOIIBIO CHECLUAIBHO MOATOTOBICHHOTO YCTPOMCTBA OBUIM NMPOBEAEHBI PAOOTHI 1O
BBITECHEHHIO He(TH a30ToM. [loTyueHbI HOIOKUTEIbHBIC PE3YJIBTATHI U3 ONbITA BEITECHEHUS HE()TH a30TOM
13 He(hTCHACHIICHHBIX KEPHOB, C/ICJIaH BBIBOJ] O TOM, YTO Ha IPAKTUKE ITO ITO3BOJISET IIOBBICHTH HEPTEOTHAYY
riacra. [IpoaHaan3npoBaB MOJIOKUTENIBHBIE PE3YIIBTAThI IPOBEICHHOM 1abopaTopHO paboThI, BO3/ICHCTBHE
Ha pHU3a00iHyI0 30HY I1acTa B JOOBIBAIONIMX CKBKMHAX TIO3BOJISACT YBEIUUYTh HE(PTEOTAAYY [UIACTA, TAKKE
CIIOCOOCTBYET U3BJICUCHUIO OCTATOYHOM HE(TH N3 TOHKOMOPUCTHIX MOJIOCTEH HEPTIHOTO TIacTa.

KuioueBble cioBa: a3ot, HeTh, areHT HAarHETaHWs, Ja0OPATOPHbBIC HMCCIEIOBAHUS, IPOHHLACMOCTD,
MOPUCTOCTB IIACTA, KEPH, HE(PTEHACHIIICHHOCTb.
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