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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 (Na2SiO3, 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/m3. 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 %.
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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 

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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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 1 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 

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
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The inflow of formation water into the bottom of a well 
does not occur if the flow rate of radial oil filtration Q1 is great­
er than or equal to the flow rate of the flow of gel Q2. According 
to Darcy’s law (1), parameters can be defined as
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where A is the bottom-hole filtration area; k1 and k2 are the 
permeability of the oil and aquifer formation, respectively; dp 
is the pressure change from bottom-hole pressure p0 to reser­
voir pressure p; μ1 and μ2 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,
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After reducing the parameters (3) of the same type,
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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.

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

Fig. 2. Sequential pumping into the aquifer:
I – buffer liquid; II – a solution of sodium silicate with a cross-
linker; III – micro-cement mortar with an expanding additive and 
squeezing liquid; IV – light oil
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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 
(Na2SiO3) with a density of 1.45 g/cm3 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 1 
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 7 and 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

,
8
r p
LQ

π ∆
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where r is the internal radius (m) of the capillary; Δp 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 (m3/s) of 
the gelling solution at time t (sec).

To establish the dependence of the viscosity μ and density 
ρ of the solidified gel on the concentration С1 (%) of sodium 
silicate and the concentration С2 (%) 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 
(C1 and C2) and coded x1 and x2 (working matrix) values, as 
well as the experimental values of the viscosity μ 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 μ and density ρ of the gel 

formed based on two factors: the concentration of sodium sili­
cate x1 (C1) and the aluminum salt concentration x2 (C2):

- at a gelation time of 2 hours (in coded quantities)
2

1 2 1 2 1
2
2

1.6204 0.1155 0.5276 0.025 0.0180
0.2318 ;

x x x x x
x

μ = + + - - +

+

- in physical terms

1 2 1 2
2 2

1 2

0.9679 0.0705 0.7992 0.0104
0.0011 0.6441 ;

C C C C
C C

μ = + - - -

- +

- with a gelation time of 3 days (in coded quantities)
2

1 2 1 2 1
2
2

4.2211 0.3142 1.1031 0.075 0.0083  
+ 0.4415 ;

x x x x x
x

μ = + + + - +

- in physical terms

1 2 1 2
2 2

1 2

3.5585 0.0472 1.9707 0.0312
0.0005 1.2265 .

C C C C
C C

μ = + - + -

- +

Fig. 4 is a graph that shows the dependence of viscosity 
changes on the concentration of sodium silicate, C1 and the 
concentration of aluminum salt, C2. 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/m3.

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 

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

Table 1
Volumes and Heating Intervals

Volumes
Levels of variation

Va
ria

tio
n 

In
te

rv
al

s

-1.414 -1 0 +1.414 +1

С1-liquid glass
concentration (%), х1

6.3 8 12 16 17.6 4

С2-aluminum salt
concentration (%), х2

0.56 0.8 1.4 2 2.24 0.6

Table 2
Second-order Variable Matrix

N
o.

 
ex

pe
rie

nc
e

Factors Working 
matrix

Criteria for evaluating 
factors through

2 hours 3 days

С1, % С2, % х1 х2 μ, Pa ⋅ s ρ, kg/m3 μ, 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 1.414 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
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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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Мета. Обґрунтування технології створення водоізо­
люючої зони нижче нафтового пласта та встановлення 
раціонального складу гелеутворюючої композиції на 
основі рідкого скла для зниження обводнення видобув­
них свердловин.

Методика. Мета роботи досягається проведенням те­
оретичних і експериментальних досліджень технологіч­
них процесів водоізоляції нафтового пласта й виявлен­
ням закономірностей гелеутворення композиції з рідко­
го скла та гідратації мікроцементного розчину із добав­
кою, що розширюється та сповільнювачем реакції у 
пластових умовах на натурних моделях. До складу гелеут­
ворюючої композиції були включені: рідке скло (водний 
розчин силікату натрію Na2SiO3) і сшиватель солі алюмі­
нію AS-1, а до складу тампонажного мікроцементного 
розчину – мікропартланд цемент і рідке скло із добавкою 
оксиду кальцію, що розширюється та сповільнювач ре­
акції GL-1. Критеріями оцінки створення надійної водо­
ізолюючої зони нафтового пласта є збереження рухли­
вості водного розчину гелеутворюючої композиції у про­
цесі переміщення її від гирла до вибою свердловини та 
забезпечення низької проникності утвореної водоізолю­
ючої зони нафтового пласта, а також достатня міцність 
безусадного мікроцементного каменю в заколонному 
просторі свердловини.

Результати. Запропонована нова технологія водоізо­
ляції свердловин шляхом створення водоізолюючої зони 
й застосування гелеутворюючої композиції на основі рід­
кого скла, що забезпечує значне зниження обводнення 
свердловин при видобутку нафти. Виявлено, що перфо­
рація експлуатаційної колони нижче нафтового пласта на 
рівні водонасиченої зони і послідовне закачування через 
утворені перфоровані канали послідовно буферної ріди­
ни – прісної води, водного розчину гелеутворюючої ком­
позиції на основі рідкого скла запобігає припливу води до 
вибою свердловин. Експериментально встановлено, що, 
при часі гелеутворення 2 години і прийнятих значеннях 
факторів, в’язкість гелю знаходиться в діапазоні 1,2–

2,9 Па ⋅ с, а щільність – у межах 1080–1109 кг/м3. Ці зна­
чення в’язкості гелю забезпечують транспортування його 
з гирла до вибою свердловини з найменшим опором руху. 
Зі збільшенням часу гелеутворення в’язкість істотно 
збільшується і через 3 доби в’язкість гелю досягає діапа­
зону 3,4–6,7 Па ⋅ с. Вказані значення в’язкості утвореного 
гелю набагато більші, ніж значення в’язкості нафти на 
родовищах. Тому запропонована гелеутворююча компо­
зиція забезпечує надійну гідроізоляційну зону нижче на­
фтового пласта й запобігає припливу підошовної пласто­
вої води до вибоїв свердловин.

Наукова новизна. Запропонована нова технологія во­
доізоляції свердловин шляхом створення надійної водоі­
золюючої зони й застосування гелеутворюючої компози­
ції та тампонажного матеріалу на основі рідкого скла й 
мікроцементу, що забезпечує значне зниження обвод­
нення свердловин при видобутку нафти.

Практична значимість. Розроблена методика дослі­
дження технологічних процесів водоізоляції нафтового 
пласта та встановлено раціональний склад гелеутворюю­
чої композиції й мікроцементного розчину із добавкою, 
що розширюється і сповільнювачем реакції у пластових 
умовах на натурних моделях. Застосування на нафтових 
родовищах результатів досліджень дозволяє знизити об­
водненість видобувних свердловин до 0–10 % проти іс­
нуючих значень 70–90 % і підвищити дебіт видобувних 
свердловин на 20–30 %.
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Цель. Обоснование технологии создания водоизоли­
рующей зоны ниже нефтяного пласта и установление ра­
ционального состава гелеобразующей композиции на 
основе жидкого стекла для снижения обводненности до­
бывающих скважин.

Методика. Цель работы достигается проведением те­
оретических и экспериментальных исследований техно­
логических процессов водоизоляции нефтяного пласта и 
выявлением закономерностей гелеобразования компо­
зиции из жидкого стекла и гидратации микроцементного 
раствора с расширяющейся добавкой и замедлителем ре­
акции в пластовых условиях на натурных моделях. В со­
став гелеобразующей композиции были включены: жид­
кое стекло (водный раствор силиката натрия Na2SiO3) и 
сшиватель соли алюминия AS-1, а в состав тампонажно­
го микроцементного раствора – микропартланд цемент 
и жидкое стекло с расширяющейся добавкой оксида 
кальция и замедлителя реакции GL-1. Критериями 
оценки создания надежной водоизолирующей зоны не­
фтяного пласта являются сохранение подвижности во­
дного раствора гелеобразующей композиции в процессе 
перемещения ее от устья до забоя скважины и обеспече­
ние низкой проницаемости образованной водоизолиру­
ющей зоны нефтяного пласта, а также достаточная проч­
ность безусадочного микроцементного камня в заколон­
ном пространстве скважины.
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Результаты. Предложена новая технология водоизо­
ляции скважин путем создания водоизолирующей зоны 
и применения гелеобразующей композиции на основе 
жидкого стекла, обеспечивающая значительное сниже­
ние обводненности скважин при добыче нефти. Выяв­
лено, что перфорация эксплуатационной колонны ниже 
нефтяного пласта на уровне водонасыщенной зоны и 
последовательная закачка через образованные перфо­
рированные каналы последовательно буферной жидко­
сти – пресной воды, водного раствора гелеобразующей 
композиции на основе жидкого стекла предотвращает 
приток воды к забою скважин. Экспериментально уста­
новлено, что, при времени гелеобразования 2 часа и 
принятых значениях факторов, вязкость геля находится 
в диапазоне 1,2–2,9 Па ⋅ с, а плотность – в пределах 
1080–1109 кг/м3. Эти значения вязкости геля обеспечи­
вают транспортирование его с устья до забоя скважины 
с наименьшим сопротивлением движению. С увеличе­
нием времени гелеобразования вязкость существенно 
увеличивается и через 3 суток вязкость геля достигает 
диапазона 3,4–6,7 Па ⋅ с. Указанные значения вязкости 
образованного геля намного больше, чем значения вяз­
кости нефти на месторождениях. Поэтому предложен­
ная гелеобразующая композиция обеспечивает надеж­
ную водоизоляционную зону ниже нефтяного пласта и 
предотвращает приток подошвенной пластовой воды к 
забоям скважин.

Научная новизна. Предложена новая технология во­
доизоляции скважин путем создания надежной водоизо­
лирующей зоны и применения гелеобразующей компо­
зиции и тампонажного материала на основе жидкого 
стекла и микроцемента, обеспечивающая значительное 
снижение обводненности скважин при добыче нефти.

Практическая значимость. Разработана методика ис­
следования технологических процессов водоизоляции 
нефтяного пласта и установлен рациональный состав ге­
леобразующей композиции и микроцементного раство­
ра с расширяющейся добавкой и замедлителем реакции в 
пластовых условиях на натурных моделях. Применение 
на нефтяных месторождениях результатов исследований 
позволяет снизить обводненность добывающих скважин 
до 0–10 % против существующих значений 70–90 % и 
повысить дебит добывающих скважин на 20–30 %.
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