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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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COMPUTER MODELING OF WATER CONNING AND
WATER SHUT-OFF TECHNOLOGY
IN THE BOTTOM HOLE OF OIL WELL

Abstract. This article presents the results of computer modeling of the formation of bottom water conning from
the Kumkol well, as well as the results of laboratory studies evaluating the effectiveness of sodium silicate (liquid
glass) and micro-cement for isolation of formation water in the production well. A technology is proposed for crea-
ting a new technology of waterproofing screen in production wells using new oil-well plugging materials based on
sodium silicate and micro-cement, which allows to significantly reduce the water cut of the oil production.

Keywords: well, water conning, water shut-off treatment, sodium silicate, cross-linker, micro-cement.

Introduction. Currently, in many fields, due to the immaturity of technology of well development
and well development technologies, premature watering of the produced oil occurs, reaching over 70%.
This leads to a significant reduction in the oil production rate and the non-operating costs associated with
the energy used to extract water and to separate it from commercial oil.

One of the main factors leading to the watering of oil wells is the flow to the bottom of the produced
water through the lower perforations of the production column. As oil is extracted and pressure is lowered
in the oil reservoir, the inflow to the bottom from the lower aquifer occurs as a cone through the pores and
cracks of the reservoir rock, crevices formed between the rock, cement stone and production column, as
well as a gradual increase in water-oil contact.

Some researchers [1] believe that the reason for high water cut of production wells is the creation of a
large pressure in the reservoir, exceeding the limit value of the free water velocity and drawing the water
cone into the isotropic reservoir productivity. Analysis of the application of various gel-forming com-
positions and compositions [1-4] showed the prospects for the development of new technologies for water
isolation.

Computer modelling. A Canadian (Calgary) CMG (computer modeling program) simulator was
chosen to build a model for the heterogeneous formation and evaluate the effect of the proposed water-
proofing technology. Simulation at the CMG allowed the development of curves for the formation of the
cone of bottom water in the borehole and to perform a comparative analysis by pumping nitrogen into the
well, then a solution of sodium silicate and sodium silicate gelling solution (without nitrogen). Geological
data of the formation (permeability, reservoir thickness) and formation water properties used in the model
belong to the Kumkol field [5].

To simulate the formation of bottom water conning was used the STARS™ software module (figu-
re 1) [5].

According to some data from the Kumbkol field (table 1), a model was created for the formation of
bottom water conning in the production well. For the simulation, the data of well No. 2029 of the Jurassic
horizon 2 are taken, in which the interval of the perforations is 1284-1296 m at the top of the reservoir
1268 m, the bottom is 1300 m.
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Figure 1 — Model of the formation [5]
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Figure 2 — The model of formation of bottom water conning at the beginning of the extraction process [5]

The beginning of the operational period 01/01/2016. Estimated operating time until 01.01.2020
(4 years). The model of bottom water conning for the current year and the estimated period is shown in
figure 2.3 [5].

According to the data in table 1, a model was constructed for two water shut-off technologies for
pumping nitrogen into the well, then a solution of liquid glass and pumping a solution of liquid glass
without preliminary injection of nitrogen. To carry out the water shut-off technology, for the creation of a
waterproofing screen, the injection of solutions is made to a pre-made perforation below the water-oil
contact lines. The results of the simulation are shown in figure 6.
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Figure 3 — Model of water cone formation after 3 years [5]

Table 1 — Physical properties of the reservoir and fluids used for simulation [5]

Reservoir properties Fluid properties

Reservoir dimensions, ft:

Fluid viscosities, i ,cp,mPa-sec:

Length, L 1000

Water (u,,) 1

Width, W 30 Na -silicate (u,) 61
Thickness, H 90 Nitrogen 8760%107°
Grid definition Fluid densities, p, Ibm/ft’
NX 25 Water (p,,) 62,4

NY 25 Na -silicate (p,) 0.062
NZ 28 Na-silicate solution 70
Porosity 0.25 Nitrogen 0.078

Initial Pressure, P, psi 1250 Residual saturation
Initial Temperature, T,F( °C) 104 (40) Swe 0.25

The graph in figure 4 shows the difference in the value of the water cut in the production of the well
between these technologies, where the water cut with the injection technology of the liquid glass solution
without preliminary injection of nitrogen is less than with the injection of nitrogen.

Results and discussion. To isolate the inflow of bottom formation water to the bottomhole and
reduce the water cut of the wells, various precipitation and gel-forming solutions of chemicals based on
organosilicon, organic and inorganic compounds, naphthenic acids, polymer and foam systems, etc. are
injected into the formation [6-13]. To do this, screens from various grouting materials are created through
the lower perforations of the production column.

In recent years, the focus has been on the use of environmentally friendly silicate gels for the isola-
tion of formation water. In a full literature review of the use of a silicate gel as a plugging agent and how
to modify the profile of seams in the oil industry, several authors have argued [14, 15].
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Figure 4 — Difference in the value of the water cut in the well according to the two technologies
(red line — without pre-injection of nitrogen, blue line — with injection of nitrogen) [5]

The authors of Krumrine, P.H. and Boyce, S.D. [16] numerous articles and patents on the chemical
composition of sodium silicate have been written, which are used in oil fields in water cut-off and
cementation.

The first uses of sodium silicate together with sodium carbonate were proposed in 1922 as solid
blocking agents [17, 18]. Since then, silicate-based chemicals have been widely used in various industries
in several areas, such as underground mining [19], drilling [20], borehole insulation during the steam
injection process [21] for deep placement and for water cut-off treatments.

The main disadvantage of existing sludge and gelling compounds is their chemical instability to the
mineral salts of bottom formation water. Existing technologies of waterproofing of the bottomhole
formation zone are ineffective and their efficiency is short.

Laboratory research. For laboratory studies and getting of silicate gels, we used liquid glass
(Na,Si0O3) from LLP Elmaz (Kazakhstan) and several gelling initiators (hydrochloric acid, formation
water, sodium bicarbonate NaHCO;), samples of the gels obtained are shown in figure 5 (¢ — with various
initiators of gelling, b — with highly mineralized water). The silicate module n is 3.2.

As a gel stapler, reservoir water with a density of 1,034 / cm® of the Kumkol field (2 objects) was
taken with the following chemical composition: pH = 5.75, mineralization 67.54 g/, Na " and K "=169 g
/1,Ca " =34 g/l, Mg, + = 0.65 g/l, CL = 33.95 g/l of ions. As well as sodium chloride with a density of
2.161 g/cm’, and the composition: Ba - 30 ppm; Fe - 5 ppm; K - 200 ppm; Ca - 50 ppm; SO, - 50 ppm;
pH 5-8.

Samples were also obtained and investigated with the addition of micro-cement at different ratios of
liquid glass and micro-cement (figure 6).

From these samples, the gel formed from experiment No. 4 (figure 2, a) with respect to the remaining
samples proved to be more durable and with a small syneresis. Samples of silicate gels with different
concentrations of highly mineralized water (figure 2,b) were tested under a load of 0.5 kg and the height
variation was determined by means of a caliper, and the results are shown in table 2.

It can be seen from the experiments carried out that with a higher concentration of highly mineralized
water (experiment No. 4), the height of the gel varies insignificantly with equal concentration with other
concentrations.

In the proposed technology it is recommended to use micro-cement on an aqueous or silicate basis,
which will allow creating a more uniform cement stone with a hydrophobic surface and with reduced
brittleness.
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Figure 5 — Samples of silicate gels Na,SiO;:
a — with various gelling initiators; b — with highly mineralized water

Table 2 — Compositions of silicate gels and the results of varying the heights under the load

Substance exp 1 exp 2 exp 3 exp 4
Formation water, m/ 10 10 10 10
Highly mineralized water (NaCl+H,0), m/ 20 20 20 20
Concentration per 100 ml of water 100:10 100:15 100:20 100:36
Soluble liquid glass of Na,SiO3, m! 20 20 20 20
Height of the gel before and after the test under a load of 0.5 kg 1,2 ’6885 }?:% }2:22 §§22§
Change in height A h, cm 6.97 8.49 2.85 2.18

Figure 6 — Samples with the addition of micro-cement on a silicate base at various ratios of liquid glass and micro- cement

The micro-cement is obtained by creating a vacuum in the mill's working chamber by grinding the
cement raw material and precipitating the isolated micro-particles of the cement in the cyclone separator
and the filters. Figure 7 shows the electron microscopic images of the initial dry cement (a) and the image
after crushing them through a planetary crusher (b — after 15 minutes of aging). Due to thin micro-cement
particles, oil wells easily penetrate into the pores and cracks in the bottom hole zone of the aquifer and
after hardening form a waterproof screen preventing watering of the wells.
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Figure 7 — Electron microscopic images of the initial dry cement (a) and
a picture after their crushing through a planetary crusher (b — after 15 minutes of aging)

From these pictures, it is possible to see the size of the cement microparticles after their crushing
through a planetary crusher, which can substantially penetrate the pores and cracks in the aquifer species.
Four times the experiments were carried out and the percentage of these cement particles was determined
after the planetary crusher, where the particles with the size of 0.025 microns predominated in the 4"
experiment (figure 8).
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Figure 8 — Percentage of cement particles after the planetary mill

We have previously studied the gel- and sludge-forming properties of a number of oil-well materials
and justified the possibility of creating a new technology for waterproofing the bottomhole of production
wells using new oil-well plugging materials based on sodium silicate and micro-cement, which signifi-
cantly reduces the water cut in the oil production (figure 9). Depending on the composition and properties
of fluids oil-bearing and aquiferous layers, the compositions and volumes of the prewash fluid, the
sediment- and gelling-working reagent, the highly disperse expanding slurry fluid mixture and the drilling
fluid are selected.

The scientific novelty of the work is the establishment of the necessity of simultaneous injection of
light oil and an aquifer at the perforation intervals through the perforating intervals, as a prewash fluid -
fresh water, sodium silicate, fresh water, a new type of cross-linker (gellant) and micro-cement solution,
which results in a reliable waterproofing screen below the bottom of wells.
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Figure 9 — I — fresh water; 2 — sodium silicate; 3 — highly mineralized formation water; 4 — micro-cement

In order to ensure that the planned volume of the insulating composition can be injected into the
formation, it is desirable to inject a prewash fluid in front of the working agent. As a prewash fluid, fresh
water or an aqueous solution of a chemical (for example sodium carbonate), which form insoluble
compounds with calcium and magnesium ions, can be used to remove them from the formation water,
whereby the working agent achieves a predetermined depth of penetration into the formation in a non-
regulated state.

A prerequisite is simultaneous creation of equal back-up pressure in the bottomhole zone of the oil
reservoir by injecting light oil or low-boiling oil components through a second tubing using an isolating
two-channel packer. Under these conditions, it is prevented that the gel and precipitating substances enter
the oil reservoir and reduce its permeability in the near-wellbore zone. At the mouth of the well, a double-
hole wellhead setup is installed.

Conclusions. According to the research carried out, the following conclusions can be drawn:

— in this paper, simulation results show that the technology of pumping a solution of liquid glass
without pre-injection of nitrogen is much more effective. It can be seen from the graph 4 that the water cut
of the well with the technology without preliminary injection of nitrogen is 13%, while with the injection
of nitrogen it was 18% (difference by 5%).

— creation of a reliable waterproofing screen below the water-oil contact through perforations at the
bottom of the production well with the use of new plugging materials based on sodium silicate and micro-
cement, allows to significantly reduce the water cut of the oil production well.

— use of micro-cement 5-10 times increases the strength of the waterproofing screen and promotes
deep penetration of the solution into the formation.

Given the really established opportunity for effective use of silica gel, we should recommend the
relative cheapness and working capacity of the well with this material for oil wells for further more
detailed studies in order to adapt to the problem of water isolation.
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TABAH CY/JbIH KOHYCTOPI3AEC BOJIYbIH KOMIIBIOTEPJII MOAEJIBAEY 7KOHE
MYHAMU YHIBIJIAPBIHBIH TYBIH CYJJAH OKIIAYJIAY TEXHOJIOTUSACHI

Annoranus. Makarmaga KymMken keH OpbIH YHFBICHIHBIH MoliMeTi OolbIHIIA TabaH CyblHAaH maifa OoJaThIH
KOHYCTBIH KOMITBIOTEPIIIK MOZETi, COHBIMEH KaTap OHIIpy YHFBICHIHIA KabaT CyBIH OKIIAayiay YIIH HATPUH CHIIH-
KaThl (CYHMBIK IIBIHBI) XXOHE MHUKPOLIEMEHT KOJJIaHYAbIH THIMIITIH Oaranay YIIiH 3epTXaHaJlbIK 3epPTTeyJiep HOTHKe-
Jiepi OasiHAaIFaH.

OHIipy YHFBIHBIH TYOIH/E CY/bI OKIIayJay YIIiH OHAIPUIETIH MYHAWHIbIH CyJaHybIH €0yip a3aiiTaTblH HATPHIA
CHJTMIKAT J)KOHE MUKPOLIEMEHT HETi31H/Ie jKaHa TaMIIOHAaK/Ibl MaTepUaJIibl KOJIZIaHyMEH aHa OKIIayJay TEXHOJIOHSCHI
¥ChbIHbIIIAAbI.

Tyiiin ce3xep: TabaH cy, Cy KOHYCHI, Cy/ibl OKLIAyJiay, HATPUH CUIIMKATHI (IIBIHBI CYHBIK), TENbTY3YIIl areHr,
MHUKPOIICMEHT.
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KOMITBIOTEPHOE MOJIEJIMPOBAHUE KOHYCOOBPA3OBAHMS ITOJIOINIBEHHOM BOIbI
U TEXHOJIOI'USI BOJAOU30JIAAINU 3ABOSI HE®TSHBIX CKBAKUH

AHHoTanusl. B craThe W3JI0XKEHBI PE3yJbTaThl KOMITBIOTEPHOTO MOJCIUPOBAHHS IIpoliecca 0Opa3oBaHUs
KOHYyCa TIOJIONIBEHHOW BOJBI IO JJAHHBIM CKBa)KUHBI MECTOPOXKICHU KyMKOITh, a Tak:Ke pe3yJIbTaThl JJa00PaTOPHBIX
HCCIICIOBAHMIA O OIeHKE 3()(EKTUBHOCTH NMPUMEHEHHS CHJIMKATa HATPHs (KHIKOE CTEKJIO) U MUKPOIEMEHTA JIJIs
M30JIALMH IUIACTOBBIX BOJ B TOOBIBAIOLIEH CKBAXKHHE.

[Ipemmaraercss TeXHOJOTHS CO3JaHUS HOBOH TEXHOJOTHH BOAOU3OINSAIMH 320051 TOOBIBAIOIINX CKBAKUH HC-
MOJIF30BAHMEM HOBBIX TAMIIOHKHBIX MAaTEpHAIOB HA OCHOBE CHIIMKATa HATPUS W MHUKPOIIEMEHTA, TO3BOJIIOIIAs
CYLIECTBEHHO YMEHBIIUTh 0OBOAHEHHOCTH TOOBIBAEMON HEDTH.

KiioueBble cjioBa: CKBa)XKMHA, KOHYCOOpa3OBaHWE IOIOIMIBEHHOW BOJBI, BOJOW3OJIALNS, CHIMKAT HATPHS,
refeo0pasyromuil areHT, MEKPOIIEMEHT.
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