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 According to audit data about 75 % of residual oil reserves of Perm region fields are characterized by water cut of well 
production of more than 50 %. Development of the methods for reducing water inflow is one of the priority areas of 
research. The paper presents the results of an analysis of available sources for reasons of oil water cut and methods used to
eliminate water inflow. A detailed classification of remedial cementing jobs is displayed. The review of chemical methods 
allowing to block the water inflow in the bottomhole and remote zone of the reservoir is given. 
It was established during the analysis that studying of polymeric materials for remedial cementing jobs is a relevant 
direction. An analysis of domestic and international experience shows that the use of polymeric materials to eliminate water
inflows allows to increase oil recovery up to 85-90 %. Such parameters as structure (large caverns or cracks of small 
diameter) and localization of water inflow, temperature, reservoir pressure and formation permeability, characteristics of 
reservoir fluids dictate individual requirements for the polymer composition in terms of rheology, polymerization kinetics,
strength characteristics and thermal stability. 
The most urgent task of waterproofing works in the Perm region is the elimination of watered intervals and redistribution of fluid 
flows into undeveloped less permeable sections of the geological section. In this regard, technology to reduce water inflow with the 
help of gels with a high penetrating power and high strength after the completion of polymerization are in demand at the deposits of 
the Perm region. Taking into account the analysis, the technology of polymeric blockage of water inflow using polyacrylamide 
(PAA) was adopted as the most suitable for conditions of reservoirs of Perm regions. Laboratory tests are carried out to study and 
select polymer compositions for remedial cementing jobs at the fields of the Perm regions, including the polymerization process 
depending on the composition pH. The change in viscosity of the polymer composition during the time with a PAA content
of 0.75 % and chromium acetate of 0.02 % is studied. As a result of testing the polymer based on PAA, it was found that viscosity of 
a polymer composition increases with increasing temperature and concentration of the crosslinking agents. 
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 По данным аудита, около 75 % остаточных запасов нефти месторождений Пермского края характеризуются 
обводненностью продукции скважин более 50 %. Разработка методов снижения водопритока является одним из 
приоритетных направлений исследований. В статье представлены результаты анализа доступных источников по
причинам обводненности нефти и методов, используемых для ликвидации водопритока, отображена подробная
классификация ремонтно-изоляционных работ. Приведен обзор химических методов, позволяющих блокировать
водоприток в призабойной и удаленной зонах пласта.  
В ходе анализа установлено, что изучение полимерных материалов для целей ремонтно-изоляционных работ 
является приоритетным направлением. Анализ отечественного и международного опыта показывает, что
использование полимерных материалов для устранения водопритока позволяет повысить нефтеотдачу до 85–90 %. 
Такие параметры, как структура (крупные каверны или трещины малого диаметра) и локализация водопритока,
температура, пластовое давление и проницаемость пласта, характеристики пластовых флюидов, диктуют
индивидуальные требования к полимерной композиции с точки зрения реологии, кинетики полимеризации,
прочностных характеристик, термостабильности.  
Наиболее актуальной задачей водоизоляционных работ в условиях Пермского края является устранение
обводнившихся интервалов и перераспределение фильтрационных потоков в невыработанные менее проницаемые 
участки геологического разреза. В связи с этим технологии снижения водопритока с помощью гелей с высокой
проникающей способностью и высокой прочностью после завершения полимеризации востребованы на 
месторождениях Пермского края. С учетом проведенного анализа в качестве наиболее подходящей для условий
залежей Пермского края принята технология полимерной блокировки водопритока с использованием полиакриламида
(ПАА). Проведены лабораторные испытания по изучению и подбору полимерных композиций для ремонтно-
изоляционных работ на месторождениях Пермского края, в том числе изучен процесс полимеризации в зависимости от
pH раствора. Исследовано изменение вязкости в течение времени полимерного состава с содержанием ПАА 0,75 %
и ацетатом хрома 0,02 %. В результате испытания полимера на основе ПАА установлено, что вязкость раствора
полимера увеличивается при увеличении температуры и концентрации сшивающих агентов. 
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Introduction 

Today most of the oil fields in Perm region are 
on the late stages of development. One of the main 
features of "old" fields is a high degree of water 
cut in well production. According to audit data 
about 75 % of residual oil reserves of Perm region 
fields are characterized by water cut of well 
production of more than 50 %. That determines the 
issue of reducing water cuts as one of the key for 
the efficiency of oil and gas production companies.  

Remedial cementing is a standart solution for 
the issue of high water cut. However, according to 
[1], during the period of 2011-2014 the average 
efficiency of remedial cementing according to the 
data of oil production companies of Perm region 
was 14-53 %, which is lower than other workovers 
and treatment carried out during the same period. 
Thus, it is necessary for oil and gas production 
companies to optimize approaches for remedial 
cementing (RC), improvement of the known and 
development of new technological solutions in this 
direction.  

It is known that diagnosis of the causes of 
water inflow into the well as a whole is determined 
by a current position of the displacement front, 
bottomhole and reservoir pressure in the well, 
reservoir properties (permeability, porosity, 
thickness), formation fluids properties (density and 
viscosity), salt concentration in formation water 
etc. [2]. Analysis of the data mentioned above and 
qualitative diagnosis are the most important stages 
of preparation for RC. The article gives a 
classification of RC in terms of complexity, which 
reflects the causes of water cut and corresponding 
technologies to block water inflow. The review of 
chemical methods allowing to block the water 
inflow in the bottomhole and remote zones of the 
reservoir is given.  

Classification of technologies  
for remedial cementing depending on causes 

of water breakthrough 

There is a classification of RC by their  
degree of complexity and recommendations on 
technologies for elimination of causes of water 
breakthrough into the wells given in [3]. Four 
categories of RC complexity are identified. The 
simplest RC include elimination of tubing leaks, 
blockage of cross-flows, isolation of the water 
formation from the oil one by a tight impermeable 

bridge. Conventional technologies used in such 
cases are cementing, installation of a mechanical 
patch and less often polymer injection.  

The following category of complexity of RC 
includes measures to eliminate leakage of a 
column with small-diameter cracks and a network 
of small capillaries in a casing; blockage of cross-
flows with adjacent cracks of small diameter and 
network of channels; cone of water cut in fractures 
formed as a result of hydraulic fracturing. In order 
to eliminate these reasons technologies that use 
polymer gels and reduce water permeability are 
usually applied; injection of a gel into narrow 
channels with subsequent cementation of large 
voids to prevent a gel from washing away is 
applied often.  

The third category of complexity includes such 
activities as the blocking of cracks and faults that 
intersect inclined or horizontal wells; blocking of 
channels connecting the injection and production 
wells; blocking of the natural system of channels 
connecting the wells. In such cases gels 
superabsorbents that increase in volume upon 
contact with water are used; gel-based suspensions 
with sand, cellophane or fiber were used as well.  

According to [3] the most complicated 
category of RC includes water coining and flooded 
intervals of high-permeability reservoirs. In such 
cases it is necessary to develop an individual 
technology to eliminate water inflow. 

In general, all RC categories can be combined 
according to the principle of localization of the 
treatment zone in the well. Three localization 
zones have been identified in the references that 
are as follows: a casing string, bottomhole 
formation zone (BHFZ) and remote formation 
zone (RFZ) [4, 5]. Casing leaks, as already 
mentioned, are eliminated mechanically or by 
cementing. Treatment of BHFZ and RFZ involves 
the use of cement compositions and polymers, and 
gels in particular. The difference between these 
materials is the ability to penetrate narrow cracks, 
pores and caverns of small diameter. Cement has a 
low penetrating ability, therefore that is remain on 
rock surfaces. Such compositions are used mainly 
for BHFZ. Gels, however, have a higher 
penetrating power and are suitable for modifying 
the RFZ profile. Usually, such technologies are 
used in injection wells [2, 3]. After the completion 
of polymerization, a polymeric composition forms 
an impermeable elastic mass that attaches to the 
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surface of the rock, thereby blocking zones of 
increased permeability.  

A detailed study of the mechanism of chemical 
synthesis of gels allows to adapt a RC technology 
with use of a polymer to any source of water 
inflow in both BHFZ and RFZ. This can be 
achieved by changing the weight of a polymer 
chain, input of copolymers and crosslinking agents 
to regulate polymer strength characteristics and its 
stability at high temperatures; additional additives 
that affect the polymerization mechanism (for 
example, polymerization activators) etc. From such 
the point of view polymeric materials are more 
versatile because the same polymer under the 
conditions of well operation can handle a whole 
complex of tasks related to the reduction of oil 
water cut. That makes the use of polymers a 
promising direction for RC purposes. At the 
moment, there is a lot of polymers proposed, each 
of which has its own specific synthesis and  
initial characteristics. The following chapter 
provides a brief description of some chemical and 
technological approaches. 

Principles of selecting polymeric  
materials for remedial cementing  

Polymeric materials used for RC purposes can 
have very different characteristics that are selected 
in the course of laboratory tests taking into account 
characteristics of the well, formation permeability 
and porosity, causes of water inflow, pH and ionic 
strength of formation fluids and other parameters. 
The main requirements for polymer compositions 
are optimal viscosity prior to polymerization which 
allows to deliver polymer to the zone of water 
inflow localization; chemical stability at reservoir 
temperature; keeping the shape for a long period 
(from 6 months to 2 years); optimal polymerization 
time sufficient for the penetration of a polymer 
mass into formation pores and capillaries [6]. 

Today there are several classifications of 
polymer materials identified (Fig. 1), used for RC 
purposes. There are single-phase and two-phase 
(foam and colloidal solutions) compositions 
defined by the number of phases entering the 
polymer composition. 

Among single-phase gels polymers of organic 
and inorganic nature are used. Among organic 
gels, polyacrylamide (PAA) based compositions 
are widely used [7-11]. Important characteristics 
of such the polymer are amount of molecular 

weight and degree of its hydrolysis. They affect 
thermostability of the polymer. The lower the 
molecular weight and the higher the degree  
of hydrolysis the more stable the polymer is at 
high temperatures [8]. The Fig. 2 shows the 
hydrolysis of polyacrylamide, which results in the 
formation of partially hydrolyzed polyacrylamide 
(PHPAA) [7, 9].  

 
Fig. 1. Classification of polymeric materials 

 
Fig. 2. Scheme of hydrolysis of polyacrylamide 

That reaction occurs at high temperatures. In 
the references it is considered as one of the reasons 
for the instability of the polycrylamide gel. In 
order to stabilize the polymer at formation 
temperatures additional organic monomers, such as 
phenol, formaldehyde [5, 12], vinylpyrrolidone 
[11], modifications of acrylamide sulfonates [13] 
and others are input. A high degree of hydrolysis 
of the polymer reduces its solubility in the aqueous 
fraction. A low degree of hydrolysis increases the 
sensitivity of the polymer to the presence of 
electrolytes in formation water. In addition  
to salts, polymer chains are able to interact with 
surfactants. The mechanism of interaction of 
sodium oleate and hydrolyzed acrylamide was 
studied in [14]. An increase in viscosity of the 
solution was observed at low concentration of 
surfactants due to hydrogen bonds between 
polymer chains and sodium oleate. At high 
concentration of surfactant its molecules repel each 
other, viscosity decreases due to destruction of 
bonds between acrylamide and sodium oleate. 

In order to form a strong three-dimensional 
structure of PAA, intermolecular crosslinks, which 
can be inorganic and organic, are used. The 
principle of crosslinking is the formation of a 
covalent bond between the stapler ions and 
negatively charged carboxyl groups of PAA [4, 
15]. There are metal ions among the inorganic 
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crosslinks such as Cr3+ [16, 17], Al3+ [18, 19] etc. 
Polyethyleneimine [20-22], chitosan, methylene-
bis-acrylamide etc. can be highlighted among 
organic crosslinking agents [12].  

Another example of an organic polymer is 
polyurethane, obtained during the 
polycondensation reaction of an isocyanate with an 
alcohol at a temperature of 90 °C (Fig. 3). 

 
Fig. 3. Scheme for the synthesis  

of urethane polymers 

The approach mentioned requires careful 
planning of the chemical reaction and selection of 
substituents due to the fact that the reaction 
proceeds with release of a large amount of heat. In 
addition, some substituted isocyanates are 
explosive and toxic. Laboratory tests of core 
samples from Berea showed a decrease in 
permeability from 30.5 to 0.11 mD. However, the 
polymer tends to degrade with time. So, after 3 
months permeability of the processed core 
increased by 19 % [23].  

Among the inorganic polymers, silicate-based 
formulations are widely used. The viscosity of 
sodium silicate solution, gel time, strength 
characteristics of the gel depend on such factors as 
pH, temperature, salt concentration, mechanical 
shear rate. If the silicate number is greater than 1.6 
at low pH, the composition will polymerize. 
Increased temperature and additional additives 
activate the polymerization reaction. Thus, the 
paper [24] describes the technology of using urea 
hydrolyzed at high temperature as an activator of 
polymerization. 

Two-phase polymer compositions can be used 
both to eliminate water cut in the BHFZ and to 
modify the drainage profile in the RFZ. There  
is in [25] an analysis of a polymer composition 
consisting of a liquid and gaseous phase based  
on an ion-crosslinked Cr3+ partially hydrolyzed 
polyacrylamide in copolymerization with 
surfactants, which was foamed with nitrogen is 
given. The advantage of this composition,  
in the author's opinion, is a low consumption  
and, accordingly, a low level of costs.The polymer 
was tested on a sample with a cavern 0.7 cm  
when the polymer composition is fed at the  
rate of 1 cm3/min, core permeability decreased 
from 777 to 1.67 D.  

In connection with the need to regulate the gelling 
rate, a two-phase system based on liquid and solid 
phases was developed, represented by nanoparticles of 
size 100-200 nm. The principle of gelling is based on 
the crosslinking of partially hydrolyzed PAA with 
Cr3+ ions, but since the rate of gelling of this system is 
large (less than 30 min at 40 °C), Cr3+ ions were 
isolated with polyethyleneimine and sulphodextran. 
Application of the technology allowed increasing the 
gel time up to 7 days [26].  

Another example of a colloidal system is PAA-
gels with input of silicate and cement dust with a 
mass fraction of about 10 %, which after 
polimerization has a solid structure. Such 
compositions were tested at the well using coiled 
tubing injection. During the tests, the gel showed a 
high penetrating ability and a qualitative blockage 
of the water inflow.  

Experience in development  
of polymer compositions for conditions  
of operated in Perm region reservoirs 

Thus, at the moment there is a variety of 
materials and technologies described in papers 
dedicated for elimination the causes of oil water 
cut. It is obvious that the methodology of carrying 
out RC should take into account the reservoir 
properties of formations of oil deposits. The main 
production objects in Perm region are confined to 
both terrigenous (Visean deposits) and carbonate 
(deposits of the Bashkir and Tournaisian-
Famennian age) reservoirs. 

Clastic Visean reservoirs are represented by 
medium- and fine-grained sandstones, rarely 
siltstones. The boundary porosity limit, below 
which there is no fluid flow, for deposits in Visean 
reservoirs is estimated in the range from 7 to 13 %, 
porosity can reach 24 %. Visean deposits in the 
area of study have a high density and long history 
of development [27].  

Carbonate reservoirs, in comparison with clastic 
ones, usually have a more heterogeneous composition, 
which considerably complicates the conditions for 
their development, including accelerated dynamics of 
water breakthrough to well production in comparison 
with deposits in clastic reservoirs [28, 29]. For the 
carbonate deposits a porous type is caused mainly by 
secondary intramodern voids. In this case, the type of 
voidness can be either granular or as a result of 
leaching of fossil remains of the carbonate 
composition by a fractured-cavernous one. The 
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boundary porosity limit for deposits in carbonate 
reservoirs is estimated in the range from 5 to 10 %, the 
porosity in the reservoirs rarely exceeds 18 % [30]. 

Analysis of flow characteristics of deposits in 
the Perm region shows a high heterogeneity of 
interlayers by permeability. The process of water 
breakthrough occurs at the most permeable intervals 
which can provoke the emergence of water inflows 
of any complexity category. Diagnosis of the cause 
of water inflow is the most important preparatory 
stage for the effective RC application.  

The general approach to reducing the water cut 
in oil production in Perm region is the elimination 
of intervals with high water cut and redistribution of 
flows into undeveloped, less permeable sections of 
a geological section. The technology of reducing 
water inflow by means of polymeric materials is 
universal and can be adapted to most of the RC 
issues. The main requirements for characteristics of 
polymer composition are as follows: low viscosity 
of the solution at the injection stage, optimal 
polymerization time, which depends on the 
localization of the cause of water cut; stable 
structure after completion of the polymerization. 
The most suitable polymers for RC at the Perm 
region deposits, in the author's view, are 
polyacrylamide-based compositions. Due to the fact 
that the average reservoir temperature in Perm 
region is 25-30 °C, the polymer will be stable at 
reservoir temperatures. The process of 
polymerization of acrylamide and dependence of 
properties of the polymer on additional copolymers 
and initiators of polymerization are widely covered 
in scientific papers, which greatly facilitates the 
process of selecting the composition for RC 
purposes. For the moment, there are in the research 
laboratory of NefteProm Servis LLC works 
conducted to study and select polymer compositions  

for RC at Perm region reservoirs. At this time, the 
polymer of SNF Floergrer FP-207 is accepted for 
testing. Based on results presented in [16], the 
process of studying polymerization as a function of 
the pH of the solution was initiated. Laboratory tests 
confirmed the source data [16]: the optimum pH 
value for polymerization is in the range from 4.5 to 
5.0. The change in viscosity during the time of the 
polymer composition with a PAA content of 0.75 % 
and chromium acetate 0.02 % (pH = 4.91) was 
studied. The change in viscosity of the polymer 
composition over the time is shown in Fig. 4. 

 
Fig. 4. Change in viscosity of PAA in time 

The composition can be recommended for 
small cracked cavernous zones of water in the 
RFZ. It is necessary to modify the composition for 
RC in BHFZ in order to shorten the polymerization 
time and increase the strength characteristics of the 
polymer.  

In order to study the polymerization process in 
the reservoir water of the Perm region deposits, 
tests were conducted on samples of formation 
fluids from the reservoir pressure maintenance 
system at the Pavlovskoe field (table). 

 
Test of polymerization of PAA in formation water 

Ratio of tap/formation water, % 
Mass of water 

fraction, g 
pH Weight PAA, g Viscosity, cP Mixing time by mixer, min 

100/0 224.86 4.16 3.378 63 40 
50/50 226.55 4.71 3.398 63 40 
0/100 222.53 4.84 3.337 68 40 

 
It was found during the test that the 

composition prepared in the formation water has a 
higher viscosity than the compounds in tap water. 
The reason for this may be an increased 
concentration of salts of divalent metals, which 

acted as crosslinking agents between the chains of 
PAA. The compositions obtained as a result of the 
test hardened at a temperature of 93 °C in 8 hours.  

Thus, preliminary tests of a polymer based on 
PAA showed that the viscosity of a polymer 
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solution increases with increasing temperature and 
concentration of cross-linking agents. A change in 
viscosity over the time is determined. The results 

will form the basis for further work on the 
optimization of the polymer composition and 
selection of methods for testing the compositions.  
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