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Abstract: The efficient development of carbonate oil deposits with excessive fissuring is a current 

challenge. Uneven and rapid well stream watering is considered as one of the factors that make the 

process of the development of carbon deposits more complicated. The purpose of the research is to 

diagnose and evaluate the mechanisms of well stream watering for carbon deposits and find appli-

cable technology to prevent it. An overview of in situ water shut-off technologies was carried out. 

A description of the main materials used for water shut-off is presented, and selective methods are 

studied in more detail. A carbonate basin of an oil field is selected as the object of investigation. The 

geological and physical characteristics of this deposit are given. Analysis of possible causes and 

sources of water cut of the fluid is made according to the technique of K.S. Chan, under which the 

main reason for the watering of the well production is the breakthrough of formation and injection 

water through a system of highly permeable natural fractures and channels. Matrixes of applicabil-

ity of in situ water shut-off technologies and polymer compositions are made. The composition 

based on carboxymethyl cellulose for in situ water shut-off is selected for the chosen deposit. 

Keywords: carbonate reservoir; water cut; in situ water shut-off; selective gel-forming composition 

 

1. Introduction 

Nowadays, increasing attention is being paid to carbonate reservoirs that are sub-

stantially affected by cracks. More than 40% of the world’s oil reserves and about 60% of 

the world’s oil production are associated with carbonate reservoirs [1–3]. The develop-

ment of fissured carbonate reservoirs is fraught with difficulties and challenges, such as 

the breakthrough of formation or injection water through interlayers with high permea-

bility or fracture network. Additionally, oil development can also be complicated by un-

derlying water that comes to the bottomhole formation zone and enters the well. It leads 

to early flooding of the well stream and, as a result, to a sudden decrease in oil recovery. 

1.1. Techniques to Determine Causes of Excessive Water Production 

To make the process of development more effective, probable causes of uneven and 

rapid watering need to be determined. There are two groups of methods and techniques 

that can be used to identify causes of excessive water production: production logging tests 

(PLT) and analytical methods. 

PLT is the most effective way to determine probable causes of well stream watering, 

but at the same time, it is considered to be the most expensive way [4]. Among the ad-

vantages is a high level of informativity and accuracy of the results. Among the disad-

vantages are additional costs associated with the performance of work, the use of equip-

ment, specialized software, and losses connected with the well shutdown at the time of 

the isolation process. 

Analytical methods based on analysis and comparison of geological–physical, seis-

mic, and production history data do not require significant capital and operational 
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expenditures and have good prospects of application. However, it is impossible to accu-

rately determine the causes of a well stream watering using only analytical methods. In 

reality, available information about the subject of the study should be examined in com-

plex, and usually, the combination of several methods should be used for determination 

of possible causes of watering. Together with well tests and logs, analytical methods can 

optimize treatments to enhance oil recovery. 

The method of analysis of water control diagnostic plots, presented by K.S. Chan, 

was chosen for this work. It is based on systematic numerical simulation studies on reser-

voir water coning and channeling [4,5]. It was discovered that log-log plots of WOR (Wa-

ter/Oil Ratio) vs. time show different characteristic trends for different mechanisms [5]. 

The transition to bilogarithmic coordinates (log-log plots) is explained by the convenience 

of interpretation of the information on the dynamics of production. 

In his work [5], K.S. Chan combined the main causes of watering into three groups: 

water coning, fracturing, and a system of channels with high permeability and wellbore 

channeling. It is enough to have a production performance (liquid and oil rate) as initial 

data. The author of the work [5] noted that the dynamics of WOR and time derivatives of 

the WOR were found to be capable of differentiating whether the well is experiencing 

water coning, high-permeability, or near wellbore channeling. 

1.2. Overview and Analysis of the Main Water Shut-Off Technologies 

Excessive water production is caused by different physical, technological, and geo-

logical factors. There are a lot of different water shut-off technologies. 

In order to control water inflow in the well, various chemical components are used 

based on polymers, suspensions, gel-forming, and sludging compositions [1,6–8]. 

All the in situ water shut-off technologies are divided into two large groups: non-

selective and selective. In the next section, each of the methods will be considered in more 

detail. 

1.2.1. Non-Selective Methods 

Non-selective methods are based on the use of special reagents, which form sludge 

after it is injected into the reservoir. This sludge will not dissolve in water or oil and will 

form an impermeable water insulating barrier. 

To carry out such a type of isolation it is required to precisely identify the flooding 

interval and except the decrease in permeability of the productive oil-saturated part of the 

formation [9]. 

Non-selective water-insulating compositions include cement slurries and synthetic 

resins. 

Cement slurries are the most common reagents because of their low cost and availa-

bility of using reagents. Among the disadvantages of using these compositions, low pen-

etration capability is identified and this makes some boundary conditions in the process 

of isolation of low permeability areas and fractures with a small degree of opening. In 

addition, the forming stone will have low adhesive properties and, as a result, the water 

insulating barrier will be destroyed early. 

Despite the fact that synthetic resins have a higher penetration capability compared 

to the previously described composition and rather high strength characteristics, it has a 

significant disadvantage: there is an absence of a selective effect and it can lead to the 

unconvertible lowering of filtration characteristics in oil-saturated productive intervals 

[3]. 

1.2.2. Selective Methods 

Selective methods are based on the use of selective properties of the insulation rea-

gents, the technology of carrying out the works, and the nature of rock saturation [2,10–

12]. 
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Injection of selective materials is made in the entire perforated part of the formation. 

Filtration resistance increases in the water-saturated part of the reservoir; although the 

oil-saturated part is not plugged. These facts show that the main advantage of this method 

is a selective effect and the absence of necessity to precisely identify the water- and oil-

saturated interval of the reservoir. In addition, this method of water isolation does not 

require additional perforation of the borehole. Therefore, selective materials are often pre-

ferred for water shut-off. 

A large number of selective water-insulating compositions are known. 

Silicate-Alkaline Compositions 

Materials based on silicates and alkaline metals are used to form water insulating 

barriers. Gel-like systems, sediments, and gels with high plugging properties are formed 

after the injection of composition into the formation [9]. Compositions based on sodium 

silicate (water glass) are widely used. Among the drawbacks is the difficulty of controlling 

the building-up process of the gel as a result of the interaction of sodium silicate and alkali. 

Further, it is quite problematic to control this process because of the absence of an induc-

tion period, and it causes the formation of sediment in the bottomhole zone of the reser-

voir. 

Moreover, the use of sodium silicate has some boundary conditions due to low struc-

tural stability: 

 limit on depth (temperature should be up to 100 °C); 

 limit on the formation of water mineralization. 

Pre-injection of hydrochloric acid could partly minimize the negative effect of using 

silicate–alkaline compositions. 

Polymer-Dispersed Systems 

Polymer-dispersed systems increase the filtration resistance of the watered zones of 

the reservoir. 

This composition consists of macro-dispersed particles of gel powder stabilized with 

ionogenic polymers with flocculating properties, surface-active agents (SAA/surfactants), 

and emulsifiers. 

The polymer modifies the surface of the rock due to adsorption on it. The clay sus-

pension pumped after the polymer reacts with the adsorbed on the pore surface polymer, 

thereby maintaining the suspended state of the gel powder particles and supporting floc-

culation processes to form polymer-dispersed conglomerates [13]. 

Gel-Forming Compositions 

During the injection, these compositions form gel-like systems with an inorganic or 

organic solid phase of a high degree of dispersion and with an aqueous or non-aqueous 

dispersion medium [14]. 

Different acrylic polymers are used as organic gel-forming compositions [3]. The ef-

fect of such systems is based on the adsorption activity of polymers. 

Polyacrylonitrile (hydrolyzed polyacrylonitrile—HYPAN, givpan) and polyacryla-

mide are widely used for water shut-off both in Russian and foreign practice. 

Polyacrylamide resists filtration of water without highly reducing the relative per-

meability of the rock for oil because of the adsorption on the rock and special rheological 

properties [9]. 

It should be noted that the efficiency of the use of polyacrylamide decreases with the 

increasing mineralization of the formation water and permeability of the rock. It is recom-

mended to inject polyacrylamide separately or combined with polyvalent metal cations 

that crosslink macromolecules of hydrolyzed polyacrylamide to form a gel under reser-

voir conditions [9]. 
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Hydrolyzed polyacrylonitrile—HYPAN—is used in reservoirs with high mineraliza-

tion (more than 50 g per liter). However, a reliable water insulating barrier cannot be made 

with mineralization below 25 milligrams per liter. In addition, among the disadvantages 

of this composition are high cost, enhanced initial viscosity, low penetration capability, 

and low resistance to formation temperatures. 

Crosslinked Polymeric Compositions 

The technology is based on the use of polymer crosslinked compositions, which 

slowly crosslink and make through the reservoir over considerable distances. Chromium 

acetate, chromium potassium sulfate, and potassium bichromate are used as cross-linking 

agents. When macromolecules of polyacrylamide crosslink with a crosslinking reagent, a 

gel-like system forms from a viscous solution, which improves the rheological properties 

of the composition, thermal stability, and the composition becomes more stable against 

all types of destruction. 

The advantage of such polymer gel systems is relatively low cost because the com-

position includes water in addition to the main component—polymer. Water is in a bound 

state after crosslinking the polymer. 

Viscoelastic systems, «Temposkrin» are used such as polymer gel systems [15]. 

Viscoelastic systems are partially solidified gels that are formed by the crosslinking 

of a polymer, for instance, polyacrylamide, with a crosslinking agent. 

The «Temposkrin» gel is a dispersed structure with high mobility and the ability to 

penetrate fractures and large pores. However, due to the fact that the size of the gel parti-

cles is larger than the pores (0, 2–4, 0 mm), this composition does not penetrate low per-

meability zones, nor into hydrophobic sections of the reservoir, and this fact underlines 

its selective properties [13,14,16,17]. 

It can also be noted that the use of a combination of several materials with selective 

properties is quite challenging and can help to combine their advantages. 

1.3. Object of the Study 

The carbonate deposit of the oil field of the Timan–Pechora oil and gas province is 

taken as an object of investigation. The reservoir type of the deposit is fractured-porous. 

Extensive study of the geological structure of reservoirs containing both the matrix 

and fracture parts in their structure allows us to conclude that the presence of the devel-

oped fracture system plays an important role in the process of filtration. At the same time, 

the features of the geological structure of such deposits complicate the process of devel-

opment by rapid and uneven watering. 

2. Materials and Methods 

Technique to determine excessive water production mechanisms based on diagnostic 

plots, presented by K.S. Chan in his work [5], was chosen for analysis in this work. Plots 

using the actual production history data determined the production problem mecha-

nisms. A set of diagnostic plots has been generated by conducting a series of systematic 

water-control numerical simulation studies using a black oil simulator [5]. This simulator 

is capable of modeling the performance of reservoir flow under different drive mecha-

nisms and waterflood schemes. 

Log-log plots of WOR vs. time are considered to be more effective in identifying the 

production trends and problem mechanisms. It was discovered that the derivatives of the 

WOR vs. time can be used for differentiating whether the excessive water production 

problem as seen in a well is due to water coning or multilayer channeling. For coning a 

water–oil contact (WOC) was defined and a bottomwater influx was simulated by con-

stant pressure water injection at the edge and only into the bottomwater layer, only 20% 

of the oil zone was perforated in the model. For channeling, the bottomwater layer was 
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eliminated, the water injection was modeled with constant pressure water injection into 

all layers at the edge and all layers were perforated. 

Coning is a mechanism that describes the movement of water from lower to higher 

into the perforations of a producing oil well, which can affect the well productivity. 

Figure 1 shows a clear distinction between a water coning and a multilayer channel-

ing development with the same conditions and different flow geometry. There are three 

periods of WOR development. For coning the early time (first) period when WOR is a 

constant value, it is shorter because the bottomwater cone covers the distance between 

water oil contact (WOC) and the bottom of the nearest perforation interval more quickly 

than water at a layer in a multilayer formation comes to perforation interval. The second 

period shows the WOR increasing with time. For coning the rate of the WOR, the increase 

is relatively slow and gradually approaches a constant value at the end of the period. The 

Bottomwater cone expands not only vertically upwards but also expands radially. For 

channeling, it increases very quickly. The third period for coning shows production 

mainly of the water. 

 

Figure 1. Water coning and channeling WOR comparison [5]. 

However, when we have only one plot for the mechanism it is hard to differentiate 

whether the excessive water production relates to coning or channeling. The WOR’ be-

comes very helpful to determine it (Figures 2 and 3). For WOR’ stands for a simple time 

derivative of the WOR. For coning, it shows changing negative slope (Figure 3) and a 

nearly constant positive slope for channeling (Figure 2). 

 

Figure 2. Channeling WOR and WOR’ derivates [5]. 
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Figure 3. Bottomwater coning WOR and WOR’ derivates [5]. 

3. Results 

3.1. Analysis of Main Information about the Object under Investigation 

Carbonate deposits in the oil field of the Timan–Pechora oil and gas province are 

taken as the object of investigation. The deposit is massive and has an anticline trap 

bounded by oil and water contact (OWC), a complex configuration, and tectonic struc-

tures. The Lower Permian carbonate deposit is represented by various reservoir types. 

However, the porous type with fractured-porous and fractured types prevails. 

It is necessary to study all available information in the complex, make correlations 

between seismic data and the results of the dynamic well tests, and compare this infor-

mation with the well performance. 

Thus, a well interference test was carried out at the site from injection well No. 1006 

in three directions: to wells No. 13G, No. 1002, and No. 1001. The interpretation of the 

results of the interference test towards the producing well No. 13G shows the permeability 

value 8.06 · 10−2 μm2. Such high permeability in combination with the seismic survey data 

confirms the presence of a fracture network in this direction. 

In addition, the obtained reaction measurements between wells No. 1006 and No. 

1001 showed high reservoir connectivity (permeability was 4.37·10−2 μm2). At the same 

time, the results of the interpretation of the test conducted from the same injection well in 

the direction of well No. 1002 showed no reaction. These data probably indicate the ab-

sence of highly conductive zones in this area. 

It is possible to conclude about the sharp discontinuity of reservoir formation based 

on the well interference test. It can also be mentioned that such conclusions are proved by 

the behavior of the productive fluid rate of the nearby wells during the drilling phase. 

They showed a noticeable difference. 

According to the above data, it can be assumed with a high degree of probability that 

the Lower Permian carbon deposit is a system of «matrix and fractures» (fluid is mainly 

concentrated inside the porous matrix and fractures play the role of connecting channels). 

The water content of the field was low at the beginning of the development. How-

ever, after the optimization of the development system (conversion from a free-flow pro-

duction to a mechanical method of production with high differential pressure), there was 

a significant increase in productivity with a simultaneous increase in the liquid rate and 

water cut of the produced fluid (Figure 4a,b). 
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(a) 

 
(b) 

Figure 4. (a) Production performance of the field under consideration [3]; (b) Pressure history of the 

field under consideration [3]. 

The nature of watering at the field is different. There are both wells with a long period 

of production with low values of water cut and rapidly flooded wells, which open zones 

with extensive coverage of fracture systems according to a complex analysis of the loca-

tion of fractures in the reservoir. Therefore, it is necessary to perform an analysis of the 

causes of flooding. 

3.2. Analysis for Determination of Possible Causes of Watering 

The characteristics of wells located in the area with injection well No. 1006 for prob-

able sources of water flooding were considered. The work provides an example of analysis 

for horizontal production well No. 13G. Figure 5 shows the dynamics of the production 

rate change and water cut in the well. Figure 6 shows log-log plots of WOR. The transition 

to bilogarithmic coordinates was made due to the convenience and clarity of the visuali-

zation of data on the dynamics of oil and water production. Such a scale is useful for dis-

playing a wide range of values of the displayed values. 
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Figure 5. Change in the main field parameters for the well No. 13G [3]. 

 

Figure 6. Oil and water production curves in double logarithmic coordinates for the well No. 13G 

[3]. 

Plots using the production history data determined the production problem mecha-

nisms. The indicator of a water break can be a simultaneous change in the angle of incli-

nation of the production curves. In the horizontal production well No. 13G, oil production 

drops, water production grows, and therefore water cut increases. Presumably, water 

broke through the fractured channel in the direction of the well. the electric submersible 

pump (ESP) was replaced in 2011. It led to a slight drop in watering and an increase in 

liquid production due to an increase in oil production. 

It also should be noted that the technical reason for watering (seepage in production 

string) is excluded, since there are results of periodically performed field-geophysical 

tests, according to which there are no seepages in the production string in this well. It 

should be noted that the leakage of the production casing was detected only in the well 

1001 according to the results of the periodically performed production logging [17,18]. In 

addition, the inflow of additional water from other horizons made up about 12%, and the 

rest of the water is associated with the formation water of the Lower Permian sediments 

according to the results of laboratory studies [17]. 

Figure 7 shows the dependence of the water cut of horizontal well No. 13G on the 

volume of injected water through injection well No. 1006. Water cut varies slightly during 

injection of the water, that is why the watering occurs, not so much due to the injected 
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water, but due to breaks in the formation waters, and also because of the water coning. 

The remote location of this well from the injection (2600 m) is another probable cause. 

 

Figure 7. Dependence of water cut of well No. 13G on volume of injected water through injection 

well No. 1006. 

Figure 8 shows diagnostic plots of WOR and its time derivative. According to the 

plots, a gradual increase in the derivative of accumulated WOR with subsequent stabili-

zation can indicate a breakthrough of water through high-permeability crack channels 

based on the work of Chan [5]. Location near this well of the system of fractures and chan-

nels is confirmed on the basis of a comparison of data on seismic attributes and results of 

interference test. 

 

Figure 8. Diagnostic graphs in biologarithmic coordinates for the well No. 13G. 

Therefore, analyzing all the above, it should be noted that well No. 13G was put into 

operation immediately with a watering of 7.4%. In this well, there is a drop in oil produc-

tion due to the presence of fracturing in the bottom hole zone. Water flooding is mainly 

due to reservoirs rather than injection water. 

All in all, the main reason for the watering of well production is the breakthrough of 

the formation and injection water through a system of highly permeable natural fractures 

and channels. 

There is provided an application of in situ water shut-off technologies to minimize 

water flooding of the wells of the object under investigation [2,5,10,19–25]. 
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3.3. Composition for Water Shut-Off 

As a result of the literature–patent overview of the material about in situ water shut-

off technologies, it was concluded that using the gel-forming selective methods will be the 

most practical and effective for such type of reservoir (carbonate fractured-porous reser-

voir) because of the high selectivity of the composition (Table 1). 

Table 1. Matrix of applicability of water shut-off technologies considering the main geological, 

physical, and field parameters. Compiled by the authors. 

Geological–Physical  

Conditions of Application 

Water Shut-Off Technologies 
Parameters of the  

Pedosit Under  

Investigation 

Emulsion  

Compositions 

Polymeric 

Compositions 

Polymer-Dis-

persed Systems 

Thermotropic  

Gel-Forming  

Composition 

Silicate–Alkaline 

Compositions 

Reservoir type Terrigenous, carbonate, polymict 
Terrigenous, 

polymict 

Terrigenous, car-

bonate 
Carbonate 

Average water cut, % 40–98 40–99 70–98 40–95 40–97 

Wells: 

№ 1002–45.7 

№ 1001–87.2 

№ 13G–74.9 

№ 11GГ–82.6 

Deposit: 

59.1 

Temperature in reservoir, °C  40–80 40–100 15–100 >70 20–100 37 

Mineralization of formation wa-

ter, g/L 
- <230 <50 - 

Sweet water 

(<1 g/L) 
18.3–164  

Permeability,·10−2 μm2 5–100 3–500 5–600 2–1000 5–100 

Core-sample: 0601 

Well interference test: 

5.38 

Well No. 1002: 15.13–

90.16 

Well No. 11: <379.6 

—The parameter of the deposit under review corresponds to the geological–physical con-

ditions of the application of the technology. —The parameter of the deposit under re-

view does not correspond to the geological–physical conditions of the application of the technology. 

It is also necessary to select the base of the polymer gelling composition and the com-

ponents included in it. The technology is based on the use of cross-linking polymer-cross-

linking compositions, which penetrate the formation over long distances [25–29]. 

Compositions have different bases: 

 Polyacrylamide with various structures, molecular weights, and degrees of hydroly-

sis. Among polyacrylamide-based compositions are viscoelastic compositions, cross-

linked polymer systems [26], gel-forming compositions [30], and polymer gel sys-

tems; 

 Carboxymethyl cellulose [3,17,30]; 

 Polyvinyl alcohol [8]; 

 Hydrolyzed polyacrylonitrile (HYPAN) [13]; 

 Water-swelling polymers: polymeric compositions «Ritin», «Temposkrin» [15]. 

During the literature–patent overview, a matrix of applicability of different polymer 

gel-forming compositions for water shut-off was made (Table 2). 
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Table 2. Matrix of applicability gel-forming compositions for water shut-off taking into account the 

main geological, physical, and field parameters. Compiled by the authors. 

Geological–Physical  

Conditions of  

Application 

Gel-Forming Compositions 
Parameters of the Pedosit 

Under Investigation 

Viscoelastic  

Compositions 

Polyacryla-

mide 
«Ritin» «Temposkrin» 

Carboxymethyl 

Cellulose 
HYPAN 

Polyvinyl 

Alcohol 
 

Reservoir type Terrigenous, carbonate Terrigenous Carbonate 

Reservoir type Porous, fractured-porous Porous, fractured-porous, fractured 
Porous, fractured-po-

rous 

Porous, fractured-porous, 

fractured 

Average water cut, % 60–90 50–90 75–98 40–99 40–95 40–90 50–90 

Wells: 

№ 1002–45.7 

№ 1001–87.2 

№ 13G–74.9 

№ 11GГ–82.6 

Deposit: 

59.1 

Net-to-gross ratio 

(NTG), decimal quan-

tity 

0.3–1,0 0.3–0.7 - 

I strata–0.65 

II strata–0.66 

III strata–0.16 

Deposit: 0.20 

Temperature in reser-

voir, °C 
40–75 <100 <90 <160 <70 20–120 37 

Reservoir oil viscosity, 

mPa·s 
- >10 - 7.22 

Mineralization of for-

mation water, g/L 
- <25 <230 

Sweet water 

(<1 g/L) 
- >25 >50 18.3–164 

—The parameter of the deposit under review corresponds to the geological–physical 

conditions of the application of the technology. —The parameter of the deposit un-

der review does not correspond to the geological–physical conditions of the application of the tech-

nology. 

A composition based on carboxymethyl cellulose was selected in accordance with the 

selected geological and physical conditions of the components’ application (Table 2). 

The formation temperature of the object under consideration is 37 °C, which is a rel-

atively low value. In addition, the high mineralization of the produced water is an im-

portant boundary condition of this reservoir. Therefore, carboxyl polymer compositions 

can be used under these conditions because they are capable of maintaining their proper-

ties under conditions of high mineralization [3]. 

The gel is formed from a viscous solution during the crosslinking of polymer macro-

molecules by means of a crosslinking agent. The gel-like composition has improved rhe-

ological properties and higher temperature resistance, as a result of which, the composi-

tion is less susceptible to various types of destruction. Chromium (III) acetate 

Cr(CH3COO)3 is offered as a crosslinking agent. Chromium acetate is a popular crosslink-

ing agent. The advantage of this reagent includes its low cost as well as less impact on the 

environment. 

In addition, copper sulfate is recommended as a catalyst agent for gelling to increase 

reliability and to prevent destruction in course of time [3]. 

Sodium hydroxide solution is suggested as a destructor to regenerate permeability 

of oil-saturated part. 

As a result of using the in situ water shut-off proposed in the article, it is possible to 

increase the oil recovery factor by increasing sweep efficiency. Isolation of water inflows 

is achieved by the regulation of filtration flows in the formation by making hydraulic in-

sulating shields and barriers to water filtration due to the injection of various water shut-

off compositions in the reservoir. 
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4. Conclusions 

The article is devoted to one of the main problems of the development of such reser-

voirs—high levels of watering. Analysis of water shut-off technologies and methods in 

carbonate reservoirs is performed. The main materials for water shut-off are presented in 

this work. Finally, it can be concluded that using selective reagents is the most practical 

and effective. 

The main features of the geological structure of the oil field in the Timan–Pechora oil 

and gas province are considered in this article. Conclusions about the main causes of rapid 

watering were made based on the analysis of the state of development of the deposit, 

specifically information about the water invasion of the wells, and on the analysis of water 

control diagnostic plots according to the methodology of K.S. Chan. Water flooding from 

the underlying lower aquifer, as well as watering through a system of highly permeable 

natural fractures are among the main causes of high water cut. Differences in filtration 

characteristics associated with the presence of the fracture system are a negative feature 

of the structure of this reservoir, which complicates the development of the deposit. 

As a result of the literature–patent overview of the material about in situ water shut-

off technologies, a matrix of applicability of the technology was created. It is concluded 

that using the selective methods for such types of reservoirs has good prospects. Based on 

the matrix of applicability, the polymer gelling composition is selected due to its high 

selectivity. 

Selective composition includes carboxymethylcellulose as the water-soluble poly-

mer, chromium acetate as a crosslinking agent, copper sulfate as a catalyst agent for gel-

ling, and sodium hydroxide solution as a destructor. 

The composition for water shut-off has a lot of requirements. Compositions based on 

carboxymethylcellulose are suitable for the effective removal of the causes of water flood-

ing. A distinctive feature of carboxymethylcellulose is the resistance to reservoir waters 

with high mineralization. It is the main factor in selecting this composition for considera-

tion in this work field. 

Application of the considered technology of in situ water shut-off will make it possi-

ble to achieve an increase in oil recovery due to an increase in sweep efficiency, a drop in 

permeability of fractures and channels, and additional production due to involvement in 

the development of undeveloped areas not covered by flooding, as well as a reduction in 

the operating costs associated with extracted water. 
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