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INCREASING THE EFFICIENCY OF WATER SHUT-OFF IN OIL WELLS
USING SODIUM SILICATE

Purpose. Substantiation of technology for creation of a water-blocking zone below an oil reservoir and calculation of the
proper composition of a gel-forming compound based on sodium silicate, in order to reduce water cut in production wells.

Methodology. The goal of the work was achieved by conducting theoretical and experimental studies on technological pro-
cesses of water blocking in an oil reservoir, and by identifying patterns of gel formation of sodium silicate and hydration of a micro-
cement solution in reservoir conditions on full-scale models. The gel compound included sodium silicate (Na,SiOs, also referred
to as liquid glass) and an aluminum salt cross-linker (AS-1). The plugging material mixture of Portland micro-cement and sodium
silicate contained calcium oxide, to allow expansion, and a GL-1 reaction inhibitor. The criteria for assessing the creation of a
reliable water-blocking zone in an oil reservoir are: the mobility of the aqueous solution of the gel-forming compound during its
movement from the wellhead to the bottom of the well, the low permeability of the zone following its creation, and the sufficient
strength of the non-shrink micro-cement in the annulus of the well.

Findings. A new technology is suggested used to create a water isolation zone is a gel-forming compound based on sodium
silicate, which provides a significant reduction of water cut in oil production. It is found that perforation of production string below
the oil reservoir at the level of the water-saturated zone followed by injection into a well through perforated channels, the mixture
of fresh water and the gel-forming compound prevents water inflow to the bottom of the well. Experiments established that with a
gelation time of 2 hours at a temperature of 80 °C, the viscosity of the gel is in the range of 1.2—2.9 Pa-s, and the density is 1080—
1109 kg/m?. These values for the viscosity of the gel allow transportation from the top of the well to the bottom with the least resis-
tance to motion. Following gelation time, the viscosity increases significantly, and after 3 days the gel viscosity reaches a range of
3.4—6.7 Pa-s. The values indicated for the viscosity of the gel are much greater than those of oil. Therefore, the proposed gel-
forming compound provides a reliable water shut-off zone at the bottom of an oil reservoir, and prevents the influx of water at the
bottom of a well.

Originality. The proposed sodium silicate compound allows for the creation of a reliable water shut-off zone and an enhanced
grouting material, based on the combination of sodium silicate and micro-cement, which together provide a significant reduction
in water cut in wells during oil production.

Practical value. A method for studying technological processes of oil reservoir water-blocking has been devised and the rational
composition of gel-forming compound and micro-cement grout slurry with an expanding additive and a reaction retarder in reservoir
conditions on full-scale models has been established. The application of the research results in oil fields allows reduction of water cut

in production wells to 0—10 %, against existing values of 70—90 %, and an increase in flow rate in producing wells by 20—30 %.
Key words: oil well, water, water-blocking zone, sodium silicate (liquid glass), micro-cement, water shut-off

Introduction. The high water cut in oil wells, often 70 % or
more, and low well production rates, below 5 tons/day, at the
middle and final stages of field lifespan is an acute problem,
which leads to significant costs. Today, oil companies produce
3 tons of water from depleted reservoirs in the middle and late
stages of field development for every ton of oil. More than
$40 billion is spent annually on the preparation and utilization
of water. This leads to a decrease in the rate of oil extraction
and requires additional costs for the collection and disposal of
associated water |1, 2].

The results of an analysis of the development of many
fields in Kazakhstan, including Ozen, Zhetybay, Kalamkas,
Kenbay and Kumkol, among others, show that the main rea-
sons for water in the wells are technical, associated with the
introduction of water, from an aquifer located below the for-
mation, into the reservoir, creating water cones. Furthermore,
premature breakthrough occurs with water injected in order to
maintain reservoir pressure (Fig. 1).

Scientific progress and the variety of conditions in devel-
oped fields have contributed to the creation of a large number
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of technologies, including gels, surfactants and grouting mate-
rials, used in water blocking. Typical gel compositions are wa-
ter-soluble inorganic compounds, capable of gelating upon
contact with formation water.

Literature review. Many scientists have written works on
methods to limit water inflow, based on increasing filtration
resistance in the washed part of a reservoir by injecting various
sludge, gelling and curing compounds [3—6]. The use of sili-
cates in various industrial areas is common and well docu-
mented. Silicates were proposed as plugging agents for water
blocking back in the 1920s, and have been used to reduce water
production in the oil industry since the 1990s. Sodium silicate
compounds are utilized in various types of reservoirs, includ-
ing those with low permeability, because such compounds can
be pumped into the formation as low-viscosity solutions,
therefore formation of plugging material occurs directly in the
reservoir |7, 8].

Compositions based on silica gels, developed by Halibur-
ton, Amoco, Standard, are successfully used abroad, which
have shown high efficiency in enhanced oil recovery technolo-
gies and limiting water flow in producing wells The main ad-
vantage of these compounds is their low cost, which allows for
large volumes. The main reagents are sodium silicate, hydro-
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Fig. 1. Penetration of produced water from the lower aquifer
into the oil reservoir (formation of water cones):
1 and 2 — producing and injection wells, respectively; 3 and 4 — oil
reservoirs;, 5 — aquifer; 6 — injected water to maintain reservoir
pressure; 7 — slug of polymer solution and surfactant

chloric acid, polymer, a cross-linker, and a filler. Sodium sili-
cate and hydrochloric acid form a gel with an adjustable gela-
tion time, a cross-linker and a polymer are added to control
the viscosity of the liquid and increase the strength of the gel
[9, 10].

In addition to the fact that silicate gels are considered envi-
ronmentally-inert inorganic chemicals, which are resistant to
biological degradation [11], they have the property of good ad-
hesion to rock and metal, and are stable at high pressure and
temperatures up to 200 °C; therefore, they are effective in the
conditions of deep-lying high-temperature formations [12, 13].

However, the existing technology for water blocking at the
bottom of wells by injecting sludge, gel-forming compounds
and curing polymer compositions directly into the bottom-
hole zone of an oil reservoir does not provide the desired out-
come. In many cases, negative results occur, including a de-
crease in well flow rates and impairment in permeability of the
bottom-hole zone to oil. This can be explained by the follow-
ing reasons. As oil is produced, water from an adjoining aqui-
fer may penetrate the bottom of a well through pores in the
rock along water cones (Fig. 1), gaps in the production string,
and the cement and rock used in well cementing. When a gell-
ing reagent is injected into a well with a water cut of 70 % or
higher, the aqueous polymer solution, after coming into con-
tact with highly mineralized water, prematurely forms a gel,
which subsequently plugs the pores of the oil reservoir before
reaching the bottom-hole zone. Selective water blocking of the
oil reservoir by injecting a gel-forming compound into the bot-
tom of the well through the oil-bearing zone of the reservoir is
not sufficiently effective, because gelation occurs in the reser-
voir instead of in the lower zone just above the aquifer.

In this regard, more studies are required in order to under-
stand and improve the processes of creating a water-blocking
screen in the bottom-hole zone of a formation using gel-form-
ing materials that are more resistant to reservoir conditions.
Gaining an understanding of the actual parameters in oil-
bearing formations will help to develop more effective tech-
nologies to limit the inflow of water into production wells.

Purpose. Determination of rational parameters of the pro-
cess of creating a water shut-off screen at the level of water-oil
contact and establishment of a rational gel-forming compound
from new plugging materials based on liquid glass and micro-
cement.

Methods. A new technology is proposed in order to limit
the inflow of formation water into the bottom of wells through
the application of a gel-forming compound based on an aque-
ous sodium silicate solution and a micro-cement solution with
an expanding additive. The essence and novelty of this tech-
nology are that the aquifer is perforated during drilling (Fig. 2),
after which the sodium silicate compound is injected below
the level of the oil reservoir / into the upper zone of the aqui-
fer 2. Then, buffer fluid is sequentially injected through the
tubing 3 into the perforated channels, followed by the sodium
silicate solution with a cross-linker, and finally the micro-ce-
ment solution is injected with an expanding additive. A cement

Hié

Fig. 2. Sequential pumping into the aquifer:

I — buffer liquid; Il — a solution of sodium silicate with a cross-
linker; 11 — micro-cement mortar with an expanding additive and
squeezing liquid; 1V — light oil

4

plug 4 is installed below the zone of the future screen and the
annular space below the bottom of the well 5 is insulated with
a packer 6. While injecting the sodium silicate solution, oil is
injected into reservoir through the annulus.

Fresh water or light oil is used as a buffer fluid, which dis-
places the mineralized water deep in the formation and pre-
vents premature gelation at the bottom of the well. The first
working fluid is an aqueous gel-forming compound of sodium
silicate and aluminum salt, acting as a cross-linker, and the
second working fluid is an aqueous solution of micro-cement,
sodium silicate, calcium oxide and a GL-1 reaction inhibitor.
Light oil, the volume of which is determined by the length of
the tubing, can be recaptured during production.

The evaluation criteria and the conditions when creating a
reliable water-blocking zone in an oil reservoir are the ultimate
viscosity and density of the gel-forming compound and its
mobility during transportation, as well as the strength of the
cementing material after hardening. In order to establish effec-
tive parameters for the water-blocking zone of an oil reservoir,
at values for which there is no inflow of formation water into
production wells, the following flow rate equations for radial
oil filtration and gel flow according to Darcy’s law are applied

Akydp :Akzdp.
wdl : HydL

0= )]

The inflow of formation water into the bottom of a well
does not occur if the flow rate of radial oil filtration Q, is great-
er than or equal to the flow rate of the flow of gel Q,. According
to Darcy’s law (1), parameters can be defined as

R P
Ak,dP Ak,dP
0 [dL= =2 szdL : [ dp, )
0 1 2

Py

where A is the bottom-hole filtration area; k, and k, are the
permeability of the oil and aquifer formation, respectively; dp
is the pressure change from bottom-hole pressure p, to reser-
voir pressure p; 1, and , are the viscosity of the oil and the gel,
respectively; and, dL is the change radius of the contour from
0 to reservoir radius R.

After integrating the variable parameters,

:Akl(p—p0)> :Akz(p—po) 3)
1 wR 2 R
After reducing the parameters (3) of the same type,
k _k k
—L>-2 or p,>2p,. 4)
LS ) ky

The dependencies obtained (4) show that the flow of for-
mation water to the bottom of production wells does not occur
if the viscosity of the solidified gel is higher than the viscosity of
the oil, taking into account the ratio of the permeability of the
aquifer and oil reservoirs. Therefore, the water-blocking zone
will always remain below the oil reservoir during production.
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Experiments were carried out to determine the depen-
dence of the viscosity of the solidified gel on the ratio of sodi-
um silicate to cross-linker. As per the experimental data, a
recommendation is made on the choice of the composition of
cementing material based on the ratio of micro-cement to so-
dium silicate in order to seal the annular space.

Results. The objectives of the laboratory research were to
establish effective concentrations of the reagents that make up
the gel-forming compound, in order to calculate the ideal time
that the gel maintains mobility when transported to the bottom
of the well, and to ensure sufficient viscosity and density of the
water-blocking zone below the oil reservoir.

For laboratory studies and gel production, sodium silicate
(Na,SiO;) with a density of 1.45 g/cm® with a silicate module
of 3.2 (Elmaz LLP, Kazakhstan) was used in a 20 % aqueous
solution, with aluminum salt (AS-1) as a polymerization
cross-linker, the volume of which was varied during experi-
mentation. The gelation and cementing processes were carried
out in sealed airtight plastic syringes, as sodium silicate reacts
with carbon dioxide and nitrogen in the air, at a temperature of
80—85 °C. For the experiments, special 50 ml plastic syringes /
were utilized (Fig. 3), which were sealed with tight caps 2.
A quadrangular magnet 3 was attached to each syringe in order
to keep it fixed to the edge of the metal basin 4 used in the
heating process.

The metal basin was filled with water 5 and placed on an
electric heater 6 with a flat bed. The temperature of the water
inside the vessel was measured with a thermometer 7and con-
trolled by changing the voltage of the electric current using an
automatic thermostat.

The viscosity and density of the solidified gels were deter-
mined after 2, 24, 48 and 72 hours by measuring the flow time
of a known volume through a capillary at a certain pressure
drop according to the Poiseuille law

4
= r Ap’
8LQ
where 7 is the internal radius (m) of the capillary; Ap is the
pressure drop (Pa) at which the solidified gel flows through the
capillary; L is the tube length (m); Q is the flow rate (m?/s) of
the gelling solution at time 7 (sec).

To establish the dependence of the viscosity u and density
p of the solidified gel on the concentration C, (%) of sodium
silicate and the concentration C, (%) of aluminum salt AS-1 in
an aqueous solution, the volume of the cross-linker was varied.
When calculating the results, volumes of sodium silicate and
cross-linker were taken into account (Table 1).

Table 2 shows the ranges of changes in the factors named
(C; and C,) and coded x; and x, (working matrix) values, as
well as the experimental values of the viscosity p and the den-
sity of the formed gel after 2 hours and 3 days. The regression
coefficients were calculated! and equations were obtained that
describe the change in viscosity u and density p of the gel

)

~

Fig. 3. Scheme of the experimental apparatus used to assess the
properties of the gel and grouting solutions

Table 1
Volumes and Heating Intervals
Levels of variation 5 2
=
Volumes g g
-1.414 | -1 | 0 | +1.414 | +1 <>‘€ =
C-liquid glass 6.3 8 | 12 16 17.6 4
concentration (%), x;
C,-aluminum salt 0.56 | 0.8 ]| 14 2 224 | 0.6
concentration (%), x,
Table 2

Second-order Variable Matrix

g Working Critferia for evaluating
2 Factors i actors through
5 2 hours 3 days
z % C,%|CL%| x X, |mPa-s|p,kg/m’|p, Pa-s
1 16 2 1 1 2.5 1103 6.1
2 16 0.8 1 -1 1.5 1102 3.8
3 8 2 -1 1 2.3 1085 5.4
4 8 0.8 -1 -1 1.2 1073 3.4
5 6.3 1.4 |-1.414 0 1.4 1080 3.7
6 17.6 1.4 | 1414 0 1.7 1109 4.7
7 12 | 0.56 0 -1.414| 1.3 1100 3.5
8 12 2.24 0 1.414 2.8 1102 6.7
9 12 1.4 0 0 1.6 1101 4.2
10 12 1.4 0 0 1.6 1101 4.2
11 12 1.4 0 0 1.7 1102 4.3
12 12 1.4 0 0 1.6 1101 4.2
13 12 1.4 0 0 1.6 1101 4.2

formed based on two factors: the concentration of sodium sili-
cate x; (C;) and the aluminum salt concentration x, (C,):
- at a gelation time of 2 hours (in coded quantities)

1w =1.6204+0.1155x, +0.5276x, —0.025x,x, — 0.0180x2 +
+0.2318x3;

- in physical terms

1=0.9679+0.0705C, —0.7992C, —0.0104C,C, —
~0.0011C2+0.6441C2;

- with a gelation time of 3 days (in coded quantities)

w=4.2211+0.3142x, +1.1031x, + 0.075x,x, — 0.0083x2 +
+0.4415x3;

- in physical terms

1 =3.5585+0.0472C, ~1.9707C, +0.0312C,C, -
~0.0005C2 +1.2265C2.

Fig. 4 is a graph that shows the dependence of viscosity
changes on the concentration of sodium silicate, C, and the
concentration of aluminum salt, C,. The graph shows that af-
ter a gelation time of 2 hours, depending on the ratios, the vis-
cosity of the gel is in the range of 1.2—2.9 Pa-s, and the density
is in the range of 1080—1109 kg/m?.

These values for viscosity allow it to be transported from
the wellhead to the bottom of the well with the least resistance
to movement. With an increase in gelation time, the viscosity
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Fig. 4. Dependencies of the viscosity of gels formed at variable
concentrations of sodium silicate, C, and of aluminum salt,
C,, at a gelation time of 2 hours (a) and 3 days (b)

increases significantly, so that after 3 days the gel viscosity, de-
pending on the ratio, reaches a range of 3.4—6.7 Pa - s.

The values indicated for the viscosity of the gels are much
greater than the values of the viscosity of crude oil. Therefore,
the proposed gel-forming composition provides a reliable wa-
ter-blocking zone below an oil reservoir, and prevents the in-
flux of formation water into the bottom of a well. Controlling
the rate of gelation is possible by changing the concentrations
of the components of the compound. Experiments were also
carried out to determine the dependence of gelation time on
viscosity. It was determined that the viscosity of the solidified
gel increases significantly over the time range from 2 to 52—
56 hours, though it does not change significantly after 72 hours.

For the injection of micro-cement mortar into an aquifer
following placement of sodium silicate gel, existing methods
for preparing cement mortar and well cementing can be used.
The following recommendation [ 14] is made for the choice of
the micro-cement mortar composition: 47.7 % dry powder
(composed of 95 % Portland micro-cement and 5 % expand-
ing oxide additive calcium), 66 % water, 25 % sodium silicate
solution, and 9 % cement retarder (inhibitor). The mass ratio
of dry matter and liquid is 53 : 47.

Conclusions. Thus, the experimental studies showed the
possibility of using a gel-forming composition of sodium sili-
cate and aluminum salt to limit the flow of water into the bot-
tom of a well from an aquifer. Inflow of formation water to the
bottom of a production well cannot occur afterwards, because
the viscosity of the solidified gel is higher than the viscosity of
the oil, and the permeability to oil of the formation is higher
than the permeability of the gel. This process is facilitated by
the fact that the density of the solidified gel in the water-block-

ing zone is greater than the density of oil, and thus in the pro-
cess of oil production will always remain at the bottom of the
oil reservoir. This will provide a significant reduction in water
cut and lower operating costs for oil production.

The proposed sodium silicate gel has been selected as hav-
ing promise in pilot tests in field conditions for creation of a
water-blocking zone in production wells and sealing annular
spaces in oil fields.

The results of work obtained within the framework of a sci-
entific project under the Ministry of Education and Science of
the Republic of Kazakhstan No. AR05130484 “Scientific sub-
stantiation of the creation of an integrated technology for
maintaining reservoir pressure and increasing the flow rate of
oil wells” are presented.
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Meta. OOrpyHTYBaHHSI TEXHOJIOTII CTBOPEHHSI BOJ0i30-
JIIOI0Y0i 30HU HIKYe HA(hTOBOTO TUIACTa Ta BCTAHOBJICHHS
palLlioHAJIbHOTO CKJaay TejeyTBOPIOIYOi KOMITO3MIIl Ha
OCHOBI PiIKOro cKJja Jjisi 3HUXKEHHsI OOBOIHEHHST BUIOOYB-
HMX CBEPIUIOBUH.

Metonuka. Meta poOOTU 10CITAETHCS TPOBEACHHSM Te-
OPEeTUYHUX i eKCIePUMEHTATbHUX JTOCIIIKEHb TEXHOIOTid-
HUX TIpOLECiB BOA0i30Js11ii HapTOBOrO Miacta i BUSIBIEH-
HSIM 3aKOHOMIpHOCTE} rejieyTBOPeHHs KOMIO3UIIil 3 pilKo-
ro CKJa Ta riapatauii MiKpOLIEMEHTHOIO PO3UUHY i3 100aB-
KOIO, 11O PO3IIMPIOETbCS Ta CIHOBUIbHIOBAYEM peakilii y
TJIACTOBUX yMOBAaX Ha HaTypHUX Mofessx. Jlo ckiamy reneyr-
BOPIOIOUOI KOMITO3UILii OYJIM BKJIIOUEHI: pilKe CKJI0 (BOTHUI
po3unH cuitikaty Hatpito Na,SiOs) i cimBartens coi atomi-
Hilo AS-1, a 10 ckiany TaMIIOHAaXKHOTO MiKPOLIEMEHTHOIO
PO3UMHY — MiKpOTapTAaHI UEMEHT i pilKe CKJIO0 i3 J0OaBKOIO
OKCHUY KaJibllilo, 1110 PO3LIMPIOEThCS Ta CIIOBiIbHIOBAY pe-
akiii GL-1. KputepisiMu olliHKM CTBOpEHHS HaaiifHOI BOIIO-
i30J11010401 30HM HA(MTOBOTO IIacTa € 30€PEeXEHHS PYyXJIU-
BOCTI BOIHOTO PO3UMHY IeJIeyTBOPIOIOUOI KOMITO3UILiT Y ITPO-
1eci rnepemilleHHs i Bif rupiia 10 BUOOIO CBEpUIOBUHU Ta
3a0e3neYeHHs] HU3bKOI MPOHUKHOCTI YTBOPEHOI BOJA0i30J110-
I0Y0i 30HU Ha(TOBOIO IJIacTa, a TaKOX JOCTATHS MIlIHICTh
0e3ycamHOr0 MiKPOLEMEHTHOTO KAMEHIO B 3aKOJOHHOMY
MPOCTOPi CBEPUIOBUHU.

PesyabraTu. 3arnponoHoBaHa HOBa TEXHOJIOTISI BOI0i30-
JIALi1 CBEP/UIOBUH LIUISIXOM CTBOPEHHS BOJ0i30J110I0401 30HU
11 3aCTOCYBaHHS TeJIeYTBOPIOIOUOI KOMITO3U1Iil Ha OCHOBI pisI-
KOro CKJja, 1o 3a0e3revyye 3HAYHE 3HUKEHHS OOBOJHEHHS
CBEPIJIOBUH IpY BUIOOYTKY HadTu. BussieHo, o nepdo-
pallist eKcrutyaTaliiiHOT KOJIOHU HUXKYe HapTOBOTO Ij1acTa Ha
PiBHi BOZOHACUYEHOI 30HU i MTOCiIOBHE 3aKauyBaHHS yepes
YTBOpEHi NepdOopoBaHi KaHaIW MOCiNOBHO OydhepHoi pinu-
HU — TMPIiCHOI BOJY, BOJHOTO PO3YMHY IejIeyTBOPIOI0YOT KOM-
MO3ulii Ha OCHOBI PiKOTO CKJia 3a1o0birae NpUIUIMBY BOIU 10
BHOOIO cBepAToBUH. EKciepuMeHTabHO BCTAHOBJIEHO, 1110,
TP Yaci reieyTBOpeHHs 2 TOOVWHY | TPUNHATUX 3HAYEHHSIX
(akTopiB, B’A3KIiCTb TIe/Il0 3HAXOAUTLCS B Aiamas3oHi 1,2—

2,9 Ma - ¢, a wigbHicTs — y Mexax 1080—1109 kr/m>. 1i 3Ha-
YEeHHSI B’SI3KOCTi TeJTio 3a0e3MevyIoTh TPaHCTIOPTYBaHHS 10T
3 THpJIa 10 BUOOIO CBEPIJIOBUHU 3 HAMEHIIIMM OITOPOM PYXY.
3i 30iAbIICHHSM 4Yacy TeJIeyTBOPEHHs B’SI3KIiCTh iCTOTHO
301IbLIYETHCS 1 yepe3 3 100U B’SI3KiCTh Ieflio Jocsrae aiana-
30Hy 3,4—6,7 I1a - c. Bka3aHi 3HaueHHsI B’SI3KOCTi yTBOPEHOI'O
rejro HabaraTo Oiblili, HiXX 3HaYeHHS B’A3KOCTi HAaTU Ha
ponosuinax. ToMy 3arporoHOBaHa rejeyTBOPIooYa KOMIIO-
3U1lis1 3a0e3Mnevye HaliiiHy TiIpoi3oIsLiiiHy 30Hy HUXKYE Ha-
¢rToBoro 1J1acTa i 3anodira€ MPUIUIMBY MiTOLIOBHOI IJIACTO-
BOI BOIY 10 BUOOIB CBEP/IJIOBUH.

HaykoBa HoBU3HA. 3arporioHOBaHAa HOBA TEXHOJIOTisI BO-
NI0i30J15111i1 CBEPJTIOBUH ILJISIXOM CTBOPEHHS HalliliHO1 BOA0i-
30JII0I0Y01 30HM I 3aCTOCYBaHHSI I'eJISyTBOPIOIOUOI KOMITO3M -
1ii Ta TAMIIOHAXXHOTO MaTepiajly Ha OCHOBI PiKOro cKJia i
MiKpOLIEMEHTY, 110 3a0e3Ieuyye 3HauHe 3HWXKEHHsI 00BOJI-
HEHHSI CBepJIOBUH TIpU BUAOOYTKY HabTH.

IIpakTiyna 3naymmicTb. Po3pobieHa MeTomuka mOCHi-
JDKEHHST TEXHOJIOTIYHUX TMPOLECIB BOMO0iI3011il HahTOBOrO
J1acTa Ta BCTAHOBJIEHO pallioHAIbHUI CKJIaf reieyTBOPIoio-
YOi KOMITO3ULlii i MiKpOLIEMEHTHOTO PO3UMHY i3 100aBKOIO,
IO PO3LIUPIOETHCS i CIIOBUIbHIOBAYEM peakliii y MIacTOBUX
yMOBax Ha HATYPHUX MOMIENSIX. 3aCTOCYBaHHS Ha HA(DTOBUX
PONOBMIIIAX PE3YIbTATIB AOCTIKEHb JO3BOJISIE 3HU3UTU 00-
BOIHEHICTh BUIOOYBHUX cBepmioBuH 10 0—10 % mporu ic-
Hytouux 3HayeHb 70—90 % i miaBUIMTH 1e6IT BUIOOYBHUX
cBepaioBuH Ha 20—30 %.

KunrouoBi cioBa: wagpmosa ceepdrosuna, naacmosa 6oda,
6000i3045Uis1, piOKe CKA0, MIKPOUEMeHm

IToBbimenne 3¢)¢GeKTUBHOCTH BOAOU30JISALUN
He(TAHBIX CKBAXKMH NMPUMEHEHHEM CUJIMKATA
HATpUA

J. XK. A60eau', X. Mleiien?, A. C. blckax',
A. C. aynemoé®, K. C. Hypbekosa®

1 — Satbayev University, r. AiimaTbl, Pecniyoninka Ka3axcraH,
e-mail: ardak_y78@mail.ru

2 — Texacckuit yuuepcuteT B Octune, r. Octun, CIIA

3 — AO DmbamyHaiiras, r. Ateipay, Pecrryonmka Kazaxcran
4 — YuuBepcuteT AnMarbl, I. AniMathbl, Pecriyonnka Kazax-
cTaH

Ieab. OGoCHOBaHUE TEXHOJIOTUM CO3IaHUSI BOIOWU30JIM -
pyIolleil 30HbI HUKe He(TSIHOTO TIIacTa M YyCTAaHOBJICHUE pa-
LIMOHAJILHOTO COCTaBa TejieoOpa3ylolleii KOMITO3UIIMU Ha
OCHOBE XXMIKOTO CTEKJIa JIJIs CHUXKEHUSI OOBOJHEHHOCTH J10-
OBbIBAIOIIMX CKBAXKUH.

Mertoauka. Lleab paboThl JOCTUTAETCSI TPOBEACHUEM TeE-
OPETUYECKUX U IKCIIEPUMEHTAIbHBIX UCCEAOBAHUI TEXHO-
JIOTMYECKHUX TTPOIIECCOB BOAOM3OISILIMU HE(DTIHOTO IIacTa 1
BBISIBJICHUEM 3aKOHOMEPHOCTEl Tejieo0pa3oBaHUsI KOMITO-
3ULIMM U3 XUIKOTO CTEKJIa ¥ TUIpaTallii MUKPOILIEMEHTHOTO
pacTBopa ¢ paciiupsioleics 100aBKO U 3aMeITUTEIEM pe-
aKIMM B TJIACTOBBIX YCJIOBUSIX Ha HATYPHBIX MoesiX. B co-
cTaB rejieo0pasyrolieit KOMITO3UIUU OB BKITIOUEHBI: KU~
KO€ CTeKJIO (BOIHBIN pacTBOp cuinukara Hatpust Na,SiO;) u
CLLIMBATE/Ib COJIU ajloMUuHuUs AS-1, a B cOCTaB TaMITOHAXKHO-
rO MUKPOIIEMEHTHOTO PacTBOpa — MMKPOIAPTIAHI IIEMEHT
U XUAKOE CTEKJIO C paclIMpsiiolIeiicsi 100aBKOW oKcuaa
Kanpuus ¥ 3amemurtens peakunu GL-1. Kputepusamu
OLICHKU CO3/IaHUsI HaJeXKHOUN BOIOU30JIUPYIOIIEH 30HbI He-
(TsIHOTO TUTacTa SIBJSIOTCS COXpAaHEHUE MOIBMXKHOCTU BO-
JIHOTO pacTBOpa Tejieodpasyolleii KOMITO3UIIMU B TIpOLiecce
rnepeMelIeHusI €€ OT YCThs 40 320051 CKBaXKMHBI U oOecrieue-
HUEe HU3KOM MPOHULIAEMOCTH 00pa30BaHHON BOJIOU30IUPY-
o11Ie i1 30HbI HE()TSHOTO I1JIACTa, a TAKXKE I0CTATOYHAS ITPOY-
HOCTb 0€3ycagouHOro MUKPOLIEMEHTHOTO KaMHSI B 3aKOJIOH-
HOM TIPOCTPAHCTBE CKBAXKMUHHBI.
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PesyabTatel. [IpenioxeHa HOBast TEXHOJOTUST BOJOU30-
JISIIMU CKBaXKUH IMTYTEM CO3JaHUST BOTOU30JUPYIOIIE 30HBI
U TIpUMEHEHUs rejeobpasylolleil KOMIO3UIIMM Ha OCHOBE
JKMIIKOTO CTeKJIa, o0ecTieunBaroias 3HaYuTeIbHOe CHIKE-
HUue 0OBOIHEHHOCTU CKBaXKMH MpU n00blYe HedTu. BoIsiB-
JIEHO, YTO epdopalus KCIIyaTallMOHHON KOJIOHHBI HUXKE
HedTIHOro rjiacta Ha ypoBHE BOJOHACBHIIIEHHOW 30HBI U
nocyieoBaTeIbHAs 3aKauyka 4yepe3 oOpa3zoBaHHBIE Tepdo-
PUPOBaHHbBIE KaHAJIbI MOCJIEI0BATEIbHO Oy(PepHOIi XXUIKO-
CTU — IPECHOI BOAbI, BOAHOIO pacTBOpa rejeodpasyloieit
KOMIO3UIIMM Ha OCHOBE XWJAKOTO CTEKJIa MpeaoTBpallaetT
MPUTOK BOJBI K 320010 CKBaXKMH. DKCIIEPUMEHTAJbHO yCTa-
HOBJIEHO, YTO, MpPU BPEMEHM Trejieo0pa3oBaHUs 2 yaca U
MPUHSTHIX 3HAUEHUSIX (haKTOPOB, BI3ZKOCTb I'eJisl HAXOAUTCS
B nuaraszone 1,2—2,9 Ila - ¢, a MJIOTHOCTb — B Tpeaenax
1080—1109 kr/m>. DTu 3HaAYEHUS BA3KOCTH TeJIs 0OECIIen -
BalOT TPAHCMOPTUPOBAHUE €r0 C YCThsI 10 320051 CKBAXKMHBI
C HAaMMEHBIIIUM COTIPOTUBJICHUEM IBUXKeHMI0. C yBeande-
HUEM BpEMEHU rejieo0pa3oBaHUsl BSI3KOCThb CYIIECTBEHHO
YBEJIMYMBAETCS U 4yepe3 3 CYyTOK BSI3KOCTb Trejisl JOCTUTaeT
nuamnasoHa 3,4—6,7 I1a - ¢. YKa3aHHbIe 3HAYEHNU BA3KOCTU
00pa30BaHHOTO rejisi HAMHOIO OOJIbllIe, YeM 3HAaUCHMSI BSI3-
KOCTU HedTU Ha MeCTOpPOXIeHUsIX. [1oaTOMYy MpenioxeH-
Has rejeoOpasyrolnasi KOMIO3MIUs oOecrieuyrBaeT Halexk-
HYIO BOJIOM3OJISILIMOHHYIO 30HY HUXE HEPTSIHOrO 1uiacta u
MpeaOTBpALIAET NPUTOK MOAOIIBEHHOM IMJIaCTOBOM BOABI K
3a0051M CKBaXKUH.

Hayunasa noBusHa. [IpenioxeHa HoOBasi TEXHOJIOTUS BO-
TIOM3OJISIIMU CKBaXKUH MyTeM CO3/1aHUsI HalEeXKHOM BOIOM30-
JIMPYIOIIEi 30HBI ¥ MIPUMEHEHUS Tejico0pasyrolieil KOMIo-
3ULIMM U TaMIIOHAXHOTO MaTepuajla Ha OCHOBE XKUIKOTO
CTEKJIa 1 MUKPOIIEMEHTA, 00cCIIeunBaloIasi 3HaUMTeIbHOE
CHUXEHME 00OBOIHEHHOCTU CKBaXKMH MPU 100bIYe HEPTU.

IIpakTnyeckas 3HauymmMocth. PazpaboraHa meronunka uc-
CJIeIOBaHUSI TEXHOJOTMYECKUX IPOLECCOB BOIOM3OJISILIUN
He(TSIHOTO IJIaCcTa M YCTAHOBJICH pallMOHAJBHbBIN COCTAB re-
JleoOpasyloleii KOMIO3UIIMU M MUKPOIIEMEHTHOTO PacTBO-
pa ¢ pacuupsronieiics 100aBKOi M 3aMeITUTEIeM PeaKIInU B
TJIACTOBBIX YCJIOBUSIX HAa HATYpHBIX Moaessix. [IpuMeHeHue
Ha He(TSIHBIX MECTOPOXICHUSIX PE3yIbTaTOB UCCIICIOBAHUIA
MO3BOJISIET CHU3UTh OOBOIHEHHOCTh TOOBIBAIOIIMX CKBAXKUH
1m0 0—10 % nportus cyuiectBytomux 3HaueHuit 70—90 % u
TTOBBICUTD IeOUT MOOBIBarOIIMX CKBaxXH Ha 20—30 %.

KiroueBble clioBa: Hegpmsauas cKeaxcuta, niacmosas 6ooa,
6000U301AYUSL, HCUOKOE CIEKA0, MUKPOUEMEHM

[IpencraBneHsl pe3yabTaTel paboT, MOJTYyYEHHBIE B paM-
KaxX BBIMOJIHEHHOTO Hay4yHoro mpoekta mpu MOH PK
No AP05130484 «HayuHoe oGOCHOBaHHME CO3IaHUS KOM-
TJIEKCHOM TeXHOJIOTMH TOAIePKaHUSI TJIACTOBOTO AaBJICHUS
Y TIOBBILIEHUSI 1e0MTa HEDTSHBIX CKBAXKUH».
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