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IMPROVEMENT OF HYDRAULIC FACING METHOD TO INCREASE WELLS
PRODUCTIVITY

Abstract. The article considers that in recent years, there has been a tendency towards a deterioration
in the structure of residual reserves in the fields, and hard-to-develop reserves are located in reservoirs with
low permeability. Fracturing fluids used in hydraulic fracturing for the purpose of increasing oil recovery
in multilayer fields with low permeability is analyzed. It is noted that the requirements for the use of these
fluids in fields with a complex geological structure are high. The article proposes the use of a high-boiling
oil fraction as a fracturing fluid in hydraulic fracturing, when comparing water-based gel usage, which is

economically ineffective.

The exposure process in porous cavities and capillary tubules during injection of oil-based fracturing fluid
into the formation was theoretically comprehensively analyzed and the importance of laboratory experiments

was noted.

In laboratory conditions, a scheme for separating a high-boiling fraction of oil was shown on a special
device and work was carried out to separate it into fractions by heating oil at a high temperature.

The course of experimental work was demonstrated using a high-boiling oil fraction to displace the original
oil from oil-saturated cores using a specially prepared device. Before and at the end of oil displacement,
displacement work with lighter oil was performed in the core with heavier oil, data on the porosity of the core,
the volume of displaced oil, etc. were obtained. These data reveal the formation of cracks.

Summing up the results of laboratory studies, the advantages and disadvantages of hydraulic fracturing
using an oil-based fracturing fluid were compared with a water-based fluid.

Key words: hydraulic fracturing, fracturing fluid, boiling point oil fraction, formation permeability,

saturation.

Introduction. In the deposits of Kazakhstan, there
has been a declined tendency within the structure of
residual reserves in recent years. A significant part of
the reserves is located in low-permeability reservoirs
and in areas not covered by waterflooding. The main
factor that negatively affects the productivity and
efficiency of development is the heterogeneity of oil
Teservoirs.

There are multi-layer oil deposits that differ in
permeability from each other, Therefore, the use
of existing methods of uniform displacement of
oil from multilayer deposits and stimulation of oil
inflow to wells does not fully solve the problem of
increasing oil recovery and increasing the production
rate of producing wells. Hydraulic fracturing (HF)
has become one of the most popular enhanced oil
recovery methods today.

Currently, hydraulic fracturing is carried out
mainly using a water-based gel as the fracturing
fluid [1,2]. The application of this method requires
the use of a high concentration of proppant to
create longitudinal fractures in reservoirs with
low conductivity, as well as in layers with high
conductivity [3], and this process is possible only
when using a polysaccharide gel with high viscosity.
But, reagents for the preparation of an aqueous
polysaccharide gel are quite expensive. To obtain a
mixture with this property, the addition of various
components in an amount of 10 or more is required
[4]. Experimental studies show that reservoir
conductivity is restored only by 40% after hydraulic
fracturing using an aqueous polysaccharide gel
based on guar and its derivatives [5,6]. These given
circumstances, instead of water used as fracturing
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fluid, a high-boiling oil fraction should be used, and
this requires laboratory research. The high-boiling
oil fraction is extracted from the field oil itself.

When an oil-based fracturing fluid is injected into
the formation, its viscosity decreases with increasing
temperature, and the filtration rate becomes more
stable than that of water. The pumped burst fluid
expands cavities, opens up blockages within the
capillary tubes and can cause cracks. An oil-based
proppant fluid is then injected into the formation to
prevent open cavities and fractures from re-closing as
the pressure decreases. The oil-based fluid provides a
uniform transfer of proppant into the porous cavities
of the formation [7]. Therefore, using an oil-based
fracturing fluid to increase well productivity is more
effective than using a water-based fracturing fluid.

Materials and methods. In the laboratory, oil
is poured into a container for oil to obtain a high-
boiling oil fraction and a current is supplied at 100
°C, 150 ° C, 200 ° C, 250 ° C to heat the oil. The
heated oil is poured through a pipe into a vessel with
an opening, where the heavy oil fraction remains and
is removed through the pipe, and the light oil fraction
passes through the opening into the cooling space.
The light fraction of the cooled oil is discharged
through a branch pipe (Figure 1).

Figure 1. Oil fractionation equipment

The viscosity of the crude oil and the light and
high viscosity oils obtained by the equipment is

determined at 20 ° C, 60 ° C, 80 ° C and 100 ° C.
Under laboratory conditions, the process of
hydraulic fracturing with an oil-based fluid is carried
out in the following stages. First of all, with the help
of a special diamond bit, the core required for the
experiment is prepared. To remove dust from the
cavities, the core is placed in a special device (Figure
2) and cleaned by injecting high pressure air using
a compressor. The weight of the cleaned core is

measured using an analytical laboratory balance.

Figure 2. Device for removing dust from core
cavities

In order to test the fracturing process in the core
from the initial high-boiling fraction of the produced
oil, the primary oil is first pumped into the core using
a high-pressure compressor through the installation
shown in Figure 3.
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Figure 3. Schematic of the installation for breaking the core with oil in laboratory conditions

The time of pushing out light oil under high
pressure and the weight of oil from the core are
recorded in a special log, and at the end of the
work, the core is removed and weighed on a special
analytical laboratory balance and the data is recorded
in a special log. By calculating the data obtained,
the weight of oil obtained by pushing light oil into
the porous cavities of the core is determined. After
completing the pushing with the light oil in the same
order, the core is pressed with high boiling oil, and
then the light oil is pushed in again.

Laboratory results. For the separation of the high-
boiling oil fraction, the density of the original oil is
0.860 g/ cm3. The viscosity of oil was determined in
the laboratory using the Poiseuille formula (Table 1).

Table 1. Viscosity of oil used in laboratory

Atthe end of the high boiling oil fraction injection,
the light oil fraction was injected back into the core
to determine the degree of fractures and cavities in
the core.

The porosity coefficient of the core when
analyzing the data obtained under laboratory
conditions is shown in Table 3.

Table 3. Coefficient of porosity of the core
Kern Ne 1 2 3 4
K, % 13,42 12,89 12,54 12,23

he permeability coefficient of the core before and
after the injection of the high-boiling oil fraction is
shown in Table 4.

Table 4. Core conductivity coefficient

conditions Ne Kern | Permeability coefficient | Conductivity coefficient
fter primary oil after injection of high
No T, °C /cm? Ia* after p y j g
1 ’20 - grgsi)m u(,) ogoC injection, mkm? boiling oil, mkm?
2 60 0,848 0,017 ; ‘1‘3 ?,8536
3 80 0,824 0,010 i i
4 100 0,816 0,009 , ,
4 0,44 1,77

The density of the high-boiling fraction of the
extracted oil was 0.943 g / cm3, the viscosity is

shown in Table 2.

Table 2. Viscosity of high-boiling fraction of

recovered oil

Ne T, °C p, gr/cm’ u, Ia*c
1 20 0,943 0,057
2 60 0,851 0,013
3 30 0,832 0,011
4 100 0,808 0,008

In order to determine the initial permeability of
the core, the light oil fraction was first pumped into
the core. The pressure when pumping light oil into the
core was 5 MPa. The recovery time and the weight of
oil recovered from the core were measured.

After the completion of the injection of the light
oil fraction into the core, the high-boiling oil fraction
will be injected.

According to the results of experimental studies,
it can be seen that after mini-hydraulic fracturing,
the core permeability in comparison with the initial
value increased several times. Thus, it was found that
the method of mini-hydraulic fracturing using high-
boiling oil fraction in reservoir conditions plays an
important role in enhancing oil recovery.

Analysis of the obtained results of experimental
studies. At high pressure in a special installation, light
oil was first used as the fracturing fluid for the oil-
saturated core, and then the high-boiling oil fraction
obtained by heating. Finally, another experiment was
carried out using light oil to determine the degree of
expansion or cracking of porous cavities.

When light oil was used as the fracturing fluid
in the special unit, the permeability of the cores
was 1.71; 4.17; 1.27 and 0.44, and after using the
high-boiling fraction of oil as a fracturing fluid, the
permeability of the cores is 8.59, respectively; 18.96;
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5.03 and 1.77. Here we see the expansion of the core
cavities due to the fact that the core permeability has
increased several times (Figure 4).

to use oil-based fracturing fluids.
Conclusion. Hydraulic fracturing using a high-
boiling oil-based fracturing fluid has the following

advantages over a water-based fracturing fluid:
1) A fracturing fluid based on a high-boiling oil

20 7 - ! . .
1817 i fraction has a low cost due to production from the oil
16 i | ® BacTanke MyHaitan of the ﬁeld;

17 P aflTaFaHHAH KeftiHr

2) Does not require the addition of any expensive
additives as for a water-based fracturing fluid;

3) Since the fracturing fluid based on the high-
boiling oil fraction is produced in the oil reservoir
of the field, it does not undergo any reactions,
coinciding with the properties of water formation
and injected layer oil;

4) The water-based fracturing fluid can lose its
properties at high temperatures in the oil reservoir,
and the high-boiling oil-based fracturing fluid is
resistant to high temperatures;

5) Due to the fact that the filtration properties
are lower than that of water-based fluids, it is able
to penetrate into voids and capillary channels in the
reservoir rocks and open them evenly;

6) Due to its high viscosity, proppant can be
evenly transported to open voids and cracks.

STKISTINTIE
Kos(rmpenT, Min2

1 KaftH KoF MyH
afIAFAHHAH KeitiHT
STKISTINTIE
KoadrmmreHTl, MEM2

Figure 4. Core permeability coefficient after primary
oil injection and after high-boiling oil injection

Discussion. The results of experimental studies
show that the use of the hydraulic fracturing method
using a high-boiling oil fraction can significantly
increase oil recovery and well productivity.
Considering the complex geological field structure,
uneven reservoir properties of oil reservoirs and a
large number of tectonic disturbances, it is convenient
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¥YHI'BbIHBIH OHIMALIITTH APTTBIPY MAKCATBIHIA KABATTbBI I'MIPABJINKAJIBIK
KAPY 9AICIH XKETULAIPY

AHHoTamus. Makanana Kasipri Ke3Jeri Mrepulin »KaTKaH KEHOPBIHAAPBIHIA MYHAHJIbIH KaJJIbIK
KOpJIapblH Urepy KUbIHAI Oapa jKaTKaHIbIFbI )KOHE UTepillyl KHUbIH KOpJiap ©TKI3TilITiri ToMeH Kadarrapia
OpHAJIACKAH/IbIFbl AU ThUTFaH. O TKI3TIHITIT TOMEH KOITKa0aTThl KEHOPBIHIAPbIH 1A KA0aTThIH MYHAH OSPTillITITiH
apTTBIPy MakcaTblHAa Ka0aTThl THAPABIHMKAIBIK KapyJa KOJJIaHBUIATBIH JKapy CYHBIKTHIKTAphIHA Taljiay
JKacaJblHa KeJle, TeoJIOTHSUIBIK KYPBUIBICHI Kypesl KeHOPBIHAAPBIH/IA OJ1 CYHBIKTBIKTap/Ibl KOJIaHYFa JeTCH
Tajarn >KOFapbl eKeH/Ir1 aliTananbl. Byt skympicTa KabaTThl THAPABIUKAIIBIK )Kapy KE31HE )Kapy CYUBIKTHIFbI
pETiH/E CYy HETI3IHJIEr I'elibl KOJIaHYIbIH SKOHOMHKAJIBIK THIMCI3 KOHE OHIMJILIIT alTapibIKTai jKaKChl
eMeC EKeH/IIT1 CANIBICTBIPhLIA Kelle, MYHAMN IBIH KaiHAFBIIITHIFBI JKOFaphl PPaKHSICHIH KOJJIaHY YChIHBIIJIBL.

MyHaii HeTi3iH/er1 )Kapy CYHBIKTBIFBIH Ka0aTKa )KiOepreH Ke3/1eri KeyeKTi KybICTap IaFbl )KOHE KalHIUISPITbI
TYTIKIIENepAeri ocep €Ty MpoIeci TEOPUSUIBIK TYPFBIJIaH JKaH-KAKThl TaJJaHBII, 3ePTXaHAIIBIK TIKIpUOe
KacayJ[blH MaHbI3IbUIBIFbl AU THIIIBL.

3epTxaHanbIK KaFjaijia MyHalIbIH KaiHAFBIIITHIFBl J)KOFapbl (PpakIHAChIH apHalbl KYpbUIFbIIa 0o
QITyJIBIH CXEMAachl KOPCETLTII, JKOFapbl TEeMIIepaTypaja MYHalabl KbI3JbIPY apKbLIbl OHBI (hpakiusiapra
0eJIiIl amy KYMBICTaphl KYPIi3isiii.

ApHaiibl JalibIHAIFaH KYPBUIFBIHBIH KOMETIMEH MYHalifa KaHBIKKAH KepHACPAl OacTamkbl MYHaW bl
UTEpy YIiH, OOJIIHIIN aJbIHFaH MYHAW/IbIH KaHHAFbIIITHIFbI )KOFAPhl (PPAKIIUACHIH KOJIJIAHBII KaCaJIbIHFaH
TOXKIPUOEIIIK JKYMBICTBIH Oapbichl kepceTuiai. KepHaeri MyHaiibl KOH0O MYHalMEH WTEpYIiH aJibIHIa
JKOHE COHBIHJIA JKCHIJT MYHaHMEH UTEPY JKYMBICTAphI )KaCAJbIHBIN, KEPHHIH KEYyEeKTLIIr, HTEPLIII MIBIKKaH
MYHal/IbIH Kejiemi oHe T.0. momimertep anbiHabl. Coi apKbUIbI JKapbIKIIAKTApIbIH Maiina OoJraH-
OoJMaraH/IbIFbl aHBIKTAIJIbI.
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3epTxaHanblK 3€pTTEY HOTHOKENEPIH KOPBITBIHABUIAN Keie, MyHall HEri3iHzeri jkapy CYHWBIKTBIFBIH
KOJIIAHBINT KAa0aTThl KapylIblH Cy HETi3iHIAErl apy CYHBIKTBIFbIHA KapaFaHIarbl apTHIKLIIBUIBIKTapbl MEH
KEMIITTIKTEP1 CabICTHIPBIIIBL.

Tyiiin ce3nep: KabaTTHI THAPABIUKAIBIK Kapy, )Kapy CYHBIKTHIFBI, MYHANIBIH KAWHAFBIIITHIFEl KOFaPhI
(bpaxiusicel, KaOaTTBIH OTKI3TIIITIT], KAaHBIFY.
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YCOBEPHIEHCTBOBAHUE METOJA I'MAPOPA3PBIBA IIJIACTA JJIS TIOBBIITEHUA
NPOU3BOAUTEJIBHOCTHU CKBAKUH

AHHOTanus. B crarbe paccMarpuBaeTcs, 4TO B MOCIEIHUE TOAbl Ha MECTOPOXKICHHSIX HaMETHIAach
TEHACHIMSA K YXYIOIIECHUIO CTPYKTYpPBl OCTaTOYHBIX 3alacoB M TpyAHOpa3pabaTbIBacMbIC 3arachl
HaXOAATCS B IJIaCTaX ¢ HU3KOW MPOHHMLAEMOCTBIO. AHAIM3MUPYsI )KUAKOCTH pa3pblBa, UCIOJIB3yEeMbIC MPU
THIPOpa3phIBe MJIACTa C LEJIbI0 YBEIMUCHNS HEPTEOTAaYr HA MHOTOIUIACTOBBIX MECTOPOXKACHUIX C HU3KOM
MPOHHULIAEMOCTBIO, OTMEUAETCSl, YTO TPEOOBAHMUS K UCIOJIB30BAHUIO 3THX JKUAKOCTEH Ha MECTOPOMKACHHSIX
CO CJIOXHBIM I'€0JIOTMYECKUM CTPOCHHUEM BBICOKHU. B cTarhe mpeiaraercsi HCIONb30BaHNE BBICOKOKMITSIICH
¢pakuuy HeTH B KAYECTBE KHUIKOCTH Pa3pbiBa IPH THAPOPA3PhIBE IJIacTa, IPU CPAaBHEHUH UCIIOJIb30BAHUS
reJisi Ha BOIXHOW OCHOBE, KOTOpast SIBJISIETCS] SKOHOMUYECKH HEI(EKTUBHBIM M Mano3(pheKTHBHBIM.

[Ipouecc Bo3efCTBUS B TOPUCTHIX MOJIOCTIX U KAMIUIIPHBIX KaHAJbIAX MPH 3aKa4YKe KHUIKOCTH pa3pbiBa
Ha He(pTSHOM OCHOBE B IUIACT OBLI TEOPETUYECKH BCECTOPOHHE MPOAHAIM3UPOBAH U OTMEYEHA BAXKHOCTH
MIPOBEICHHUS J1Ta0OPATOPHBIX OTBITOB.

B nabGoparopHbIX ycnoBusxX Oblia MOKa3aHa CXeMa OTHENICHHs BBICOKOKHMILICH (pakuuu HedTH Ha
CHELMAIbHOM YCTPOUCTBE U MPOBEACHBI paOOTHI 110 €€ pa3/AeiIeHUI0 Ha (GPaKLUK [TyTEeM HarpeBa HeTHU Ipu
BBICOKOH Temreparype.

Bbu1 poneMOHCTPUPOBAaH X0 HKCIEPUMEHTAIBHON PadOTBl € HCHOJIB30BAHUEM BBICOKOKHITALICH
¢pakuuy HedTH AT BBITECHEHUSI HCXOAHOM HEPTH U3 HEPTEHACHIILIEHHBIX KEPHOB € IIOMOILBIO CIICLHAILHO
MOATOTOBJIEHHOTO ycTpoiicTBa. [lepen u B KoHLE BbITeCHEHHs HE(TH B KepHe ¢ Oojee TshKeIod HedThio
ObUIM BBINIOJIHEHBI BBITECHUTEIbHBIE paboThl ¢ OoJee JIerkod He(ThIO, MOMYUYCHbI JaHHBIE O MMOPHUCTOCTH
KepHa, 00beM BeITeCHEHHON HedTu 1 aAp. [1o 3TUM naHHBIM BhIICHSETCSI 00pa30BaHKE TPEILUH.

[logBonss urorn nabOpaTOPHBIX HCCICAOBAHHWM, OBLIM COIMOCTABJICHBI NMPEUMYILIECTBA U HENOCTaTKU
TUIPOpa3pbiBa IUIACTa C HCIOJIB30BAHUEM YKUIKOCTH pPa3pbiBa Ha HE(QTSIHOM OCHOBE IO CPaBHEHHUIO C
KHUJIKOCTBIO HA BOJHOW OCHOBE.

KiroueBble cjioBa: THApOpaspbiB IUIACTA, XUIKOCTb Pa3pbiBa, BBHICOKOKUIAIIAS (pakuus HePTH,
MPOHULAEMOCTb IL1ACTa, HACHIILIEHHOCTb.
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