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 The study presents an overview of the formation hydraulic fracturing application in carbonate deposits of fields of the Republic of 
Komi and Nenets Autonomous Okrug. The formation hydraulic fracturing technology has become widely used in carbonate
reservoirs since 2012, with over three hundred well jobs performed. A significant share of residual recoverable reserves in carbonate 
deposits needs to be withdrawn; production rates need to be increased, inter alia, by way of the formation hydraulic fracturing. In the 
conditions of gradual deterioration of porosity and permeability of candidate wells, maintaining a steady level of technological 
effectiveness of hydraulic fracturing is ensured by implementing new technologies and optimizing standard processes. The hydraulic 
fracturing implementation issues are inextricably connected to the main issues of oilfield developments and specific structural 
features of carbonate reservoirs. Taking into account the specific structural features of carbonate reservoirs and existing development 
issues, the main objectives of the formation hydraulic fracturing have been determined: fracture conductivity increase; horizontal 
and vertical sweep increase; reduction of uncontrolled leakage of fracturing fluid; reduction of fracture height in conditions 
of adjacent water- and gas-saturated interbeds. 
Presently, a number of technologies has been successfully adapted and is used at the Republic of Komi and Nenets Autonomous
Okrug sites. Due to the implementation of the integral approach to selection of the hydraulic fracturing technology modifications, 
taking into account the existing oilfield development issues and structural peculiarities of carbonate reservoirs, the reliable 
effectiveness of the method has been ensured in the conditions of deteriorating candidate wells; the technology application range has 
been extended. The study suggests expanding the range of the existing laboratory analyses to include such aspects as determination
of stress intensity factor – fracture resistance and Biot’s poroelastic parameter, study of leakage rate dynamics in regard to various
fracturing fluids, depending on the reservoir properties of core samples at given gradients, determination of dependence of proppants
dynamic transfer on rheological properties of fracturing fluids and their filtration rates for various degrees of fracture model opening.
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 Рассматривается опыт проведения гидроразрыва пласта в карбонатных отложениях месторождений Республики Коми
и Ненецкого автономного округа. Массовое применение технологии гидроразрыва пласта на карбонатных коллекторах 
началось с 2012 г., выполнено более трехсот скважино-операций. Значительная доля остаточных извлекаемых запасов 
в карбонатных отложениях предопределяет необходимость их вовлечения и увеличения темпов выработки, в том 
числе за счет применения гидроразрыва пласта. В условиях постепенного ухудшения фильтрационно-емкостных 
свойств скважин-кандидатов поддержание стабильного уровня технологической эффективности гидроразрыва пласта
обеспечивается за счет внедрения новых и оптимизации стандартных технологий. Проблемы реализации гидроразрыва
пласта тесно связаны с основными вопросами разработки месторождений и особенностями строения карбонатных
коллекторов. С учетом особенностей строения карбонатных коллекторов и существующих проблем разработки 
определены основные задачи при реализации гидроразрыва пласта: увеличение проводимости трещин;  увеличение
охвата по площади и разрезу;  сокращение неконтролируемых утечек жидкости разрыва; сокращение высоты трещины
в условиях близлежащих водо- и газонасыщенных пропластков. 
На текущий момент ряд технологий успешно адаптирован и применяется на объектах месторождений Республики
Коми и Ненецкого автономного округа. За счет реализации комплексного подхода при подборе модификаций 
технологии гидроразрыва пласта, учитывающего существующие проблемы разработки месторождений и особенности
строения карбонатных объектов, обеспечено поддержание стабильной эффективности метода в условиях
ухудшающейся структуры фонда скважин-кандидатов, а также расширение области применения технологии. 
Предложены направления расширения спектра выполняемых лабораторных исследований: определение коэффициента
интенсивности напряжений – трещиностойкости и пороупругого параметра Био, исследование динамики
интенсивности утечек различных жидкостей разрыва в зависимости от коллекторских свойств образцов керна при
заданных перепадах, определение зависимости динамического переноса пропантов от реологических свойств
жидкостей разрыва и скоростей их фильтрации для различных раскрытостей модели трещины разрыва.
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Introduction 
 

The major part (more than 60 %) of residual 
recoverable reserves in the Republic of Komi and 
Nenets Autonomous Okrug (NAO) is concentrated in 
carbonate reservoirs. Therefore, the effective recovery 
of the reserves from carbonate reservoirs is highly 
relevant today. 

Productive deposits with carbonate-type reservoirs are 
associated with Silurian, Lower Devonian, Upper 
Devonian-Tournasian, Serpukhovian, Middle- and Upper 
Carboniferous, Lower Permian deposits. The production 
facilities have widely ranging geological and physical 
parameters (Table). 

A significant share of the residual recoverable reserves 
in carbonate deposits needs to be withdrawn; production 
rates need to be increased, inter alia, by way of the 
formation hydraulic fracturing (FHF). In the fields of the 
Republic of Komi and NAO, the formation hydraulic 
fracturing technology has been widely used in the 
carbonate reservoirs since 2012, with over three hundred 
well jobs performed. Fig. 1 shows the dynamics of the 
main geological and physical parameters of the formations 
covered with FHF [1]. 

Under gradual deteriorations of porosity and 
permeability of candidate wells, maintaining a steady level 
of technological effectiveness of hydraulic fracturing is 
ensured by means of new technologies and optimized 
standard processes.  

Over the period from 2012 to 2018, eight FHF 
modifications were tested at carbonate production sites 
of the Republic of Komi and NAO. Out of this number, 
four technologies have been implemented in scope of 
pilot production works (PPW), and two technologies 
have been accepted for commercial use. Besides, three 
technologies have been tested outside PPW. 

FHF implementation issues are inextricably connected 
to the main issues of oilfield developments and specific 
structural features of carbonate reservoirs. For instance, 
reservoirs with non-draining areas due to low reservoir 
properties and proximity of gas- or water-saturated 

interbeds are exposed to risks of FHF fracture vertical 
rupture due to poor filtration of the fracturing fluid and 
low contrast of stresses even at minor treatment volumes. 
In case of inferior energy states of the deposits, the risks 
are associated with high leakages of the fracturing fluid, 
incomplete vertical sweep and low conductivity of the 
created fractures [2]. 

Taking into account the specific structural features 
of the carbonate reservoirs and existing oilfield 
development issues, the main objectives of the 
formation hydraulic fracturing have been determined:  

1) fracture conductivity increase  
2) horizontal and vertical sweep increase  
3) reduction of uncontrolled leakages of the 

fracturing fluid  
4) reduction of fracture height in conditions of 

adjacent water- and gas-saturated interbeds. 
Presently, a number of technologies has been 

successfully adapted and used at the Republic of Komi 
and NAO sites. Further discussed are examples of FHF 
implementation to achieve the aforementioned 
objectives. 
 

Fracture Conductivity Increase 
 

At the first stage of the FHF technology 
implementation in the carbonate reservoirs, the acid FHF 
(AFHF) technology was extensively used, with a gelled 
cross-linked acid as a diverter. During further replication 
of the FHF technology at the sites with high formation 
compartmentalization, the proppant FHF technology was 
tested. Notably, according to the results of laboratory 
studies, the value of proppant embedment into the 
carbonate rock in the conductivity cells appeared to be 
comparable to terrigenous-type reservoirs, and thus the 
possibility to use proppant to stabilize fractures in the 
carbonate deposits was confirmed. 

The previously implemented AFHF technologies at 
the carbonate sites often had low effectiveness: over the 
first months of the well operation, the oil output increment 
tended to sharply decrease. Probable causes of AFHF low 

 
Geological and physical parameter variation ranges in oil-gas plays with the carbonate-type reservoir  

 

Oil-gas play 
Depth of 

occurrence, m 
Net thickness, 

m 
Porosity, % 

Oil 
viscosity, 

mPa·s 

Formation 
temperature, 

°С 

Formation 
pressure, 

MPa 

Permeability, 
µm2·10–3 

Republic of Komi, Nenets AO 
Silurian 3310–4160 2.39–15.1 8.3–18.3 0.5–1.8 89–97 34.5–62.8 11–193 
Lower Devonian 3340–4110 1.0–26.5 5.5–16.0 0.7–6.9 61–92.8 32.5–64.6 1.2–19.3 
Middle- and Upper 
Frasnian, Famennian, 
Tournaisian 

885–4060 0.4–51.1 4.4–19.0 0.2–152.6 19–98 8.5–42.1 0.7–320 

Serpukhovian, Middle- and 
Upper Carboniferous, 
Lower Permian 

860–3360 1.6–28.4 8.5–26.4 0.5–710 17–73 9.5–34.3 0.5–402 
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Fig. 1. Dynamics of the main geological and physical 
parameters of formations in the Republic of Komi 
and Nenets Autonomous Okrug covered by FHF 

 
effectiveness were selective etching with the acid of the 
most permeable interbeds and, consequently, the 
incomplete vertical sweep; the reservoir clogging with 
gelled acid destruction products. The proppant FHF 
helped to reduce the oil output increment reduction 
rates. By now, more than one hundred proppant FHF 
were performed at 25 sites with the carbonate-type 
reservoir. Additionally, the enzymatic destructor is used 
to increase conductivity of fractures in the carbonate 
formations; the specific consumption of proppant is 
gradually increased, and the polymer concentration in 
the fracturing fluid is reduced. 
 

The Horizontal and Vertical Sweep Increase, 
The Uncontrolled Leakage Reduction 

of the Fracturing Fluid 
 

Carbonate formations of Silurian, Lower Devonian 
and Upper Devonian-Tournasian oil-gas plays of the 
Republic of Komi and NAO have low porosity and 
permeability (P&P) (permeability of some of the wells 
is less than 0.001 µm2), high compartmentalization in 
combination with high P&P vertical contrast across the 
section, significant thickness (more than 30 m), and 
substantial depth of occurrence (up to 4200 m). During 
FHF, the following parameters had high values: fracture 
closing gradient was more than 0.20 atm/m, the 
fracturing fluid effectiveness was more than 70 %, net 
pressure was up to 300 atm, and the presence of the 
pressure-dependent leakage (pdl). 

The implemented acid FHF technologies appeared 
to have low effectiveness due to the insignificant 
vertical sweep and presence of residual viscosity of the 
applied gelled acid compound. The standard proppant 
FHF technology also appeared to have low 
effectiveness; the planned geometry of the FHF fracture 
was not achieved due to premature injection stoppages. 
The complications were caused by use of highly 
viscous fracturing fluids (absence of their filtration to 

the formation) and high rate of the concentration 
increase of proppant. The injected proppant weight in 
the standard approach did not exceed 20 t. 

Taking into account the learnings from previously 
performed jobs, in 2017, for the first time in the 
oilfields of the Republic of Komi and NAO, high 
volume proppant FHF technology was implemented, 
where proppant weight was increased to 40 t. 
Additionally, the following technological solutions 
were implemented: in order to reduce the formation 
fluid leakage, the combination buffer was used (the 
linear+cross-linked gel, proppant plug pack 100 mesh), 
the standard size reduction (the major part of proppant 
was 30/50, the minor part was 20/40) and proppant 
concentration (a reduction from 900 to 350 kg/m3), the 
injection rate increase (from 2.5 to 4.0 m3/min). The 
FHF implementation according to the optimized 
technology resulted in a significant increase of the 
producing formation thickness by 6.9 times and the 
technological effectiveness increase by 2.5 times, 
compared to standard proppant and acid FHF 
technologies [3]. 
 

Fracture Height Reduction 
 

In one of the previous studies, carbonate deposits of 
the Artinskian and Kungurian stages in one of the fields 
of the Republic of Komi responded with low 
effectiveness to standard acid and proppant FHF 
treatments due to the absence of the vertical stress 
contrast and bottom water eruption. In order to reduce 
the fracture height, the FHF technological parameters 
were optimized. We had the laboratory analysis of the 
fracturing fluid, which resulted in reduction of the 
polymer fraction in the fracturing fluid from 3.6 to 2.6 
kg/m3 and in decrease of the injection rate from 3.5 to 
2.6 m3/min. To improve fracture conductivity, the 
maximum proppant concentration was increased from 
800 to 1000 kg/m3, the combination buffer was used at 
the main FHF, the enzymatic destructor was used. The 
works made it possible to reduce the wellbore fluid 
watercut on average by 6.1 %, and increase the 
technological effectiveness by 1.8 times, compared to 
the standard proppant FHF. The technology 
comprehensive implementation at 25 wells resulted in 
an increase of the overall oil recovery rate from the 
deposit by 9.4 % in 2018. 

Due to the implementation of the integral approach 
to selecting the hydraulic fracturing technology 
modifications, taking into account the existing oilfield 
development issues and structural peculiarities of the 
carbonate reservoirs, reliable effectiveness of the 
method has been ensured in the conditions of the 
deteriorating candidate wells; the technology 
application range has been extended (fig. 2). 
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Fig. 2. Dynamics in the number of performed FHF works, 
the number of engaged sites, the number of the FHF 
technologies and specific incremental oil output after 

the FHF implementation in the oilfields of the Republic 
of Komi and Nenets AO from 2012 to 2018 

 
In order to improve the FHF technology 

effectiveness in the carbonate reservoirs, more work has 
to be done in order to implement effective modifications 
of the method in scope of the aforementioned aspects. 
Another topical issue is increasing the prediction 
reliability pertaining to the fracture vertical and 
horizontal propagation using geomechanical modeling, 
which would take into account the stress state dynamics 
of a strata in the course of oilfield development.  
 

Expanding the Range of the Performed 
Laboratory Analyses 

 
To increase effectiveness of FHF, it is suggested to 

expand the range of the performed laboratory analyses. 
First of all it is advisable to study the stress intensity 
factor, i.e. fracture resistance and Biot’s poroelastic 
parameter (stress relaxation factor) required to specify 
the stress profile and FHF design modeling. It is also 
recommended to study the leakage rate dynamics in 
regard to various fracturing fluids, depending on the 
reservoir properties of core samples at given pressure 
gradients, to provide a rationale for fracturing fluid 
viscosity values required to ensure filtration in various 
reservoir permeability conditions. Finally, it is 
reasonable to determine the dependence of proppants 
dynamic transfer on rheological properties of the 
fracturing fluids and their filtration rates for various 
degrees of the fracture model opening, to determine the 
limit values of the fracturing fluid viscosity and 
injection rate required to transfer the necessary 
proppant concentration to the fracture. 
 

Conclusion 
 

The study made it possible to conclude that the 
reservoir-focused selection of the FHF technology 
parameters for specific geological and physical formation 

conditions helps to create fractures with required 
geometries, providing for the cost-effective recovery of 
reserves associated with low permeability carbonate-type 
reservoirs in the Republic of Komi and NAO. As part of 
this work, we have established the main technology 
improvement objectives, taking into account the specific 
structural features of the carbonate reservoirs and existing 
development issues. It is advisable to perform continuous 
optimizations of the studied technology in order to ensure 
effectiveness of the proposed method. 
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