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Abstract. The majority of the world and Russian Federation oil deposits are confined to complex carbonate reservoirs. 
Most carbonate reservoirs feature a complex geological and geophysical structure, the presence of high-capacity caverns, 
cracks, and pores, high-viscosity oils, as well as hard-to-recover reserves. To control development parameters in such 
challenging conditions and fulfill oil and gas production targets it is required to use modern enhanced oil recovery technol-
ogies. One of the most widely used methods is well acidizing to restore formation permeability. Today, global oil production 
employs various methods of acid treatment, which differ in their production technology, dependence on the lithological and 
mineralogical composition of the reservoir, duration, their effect, etc. Each of the methods used has both advantages and 
disadvantages, which sometimes makes it difficult for oil specialists to choose the right technology for treating the bottom-
hole formation zone. The present work discusses domestic and international experience in acid treatment of carbonate 
reservoir wells, in order to identify the advantages and disadvantages of the methods used.
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Обзор и оценка применимости методик кислотных обработок  
призабойных зон карбонатных сложнопостроенных коллекторов  

нефтяных и газовых месторождений
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Резюме. Основная доля месторождений мира и Российской Федерации приурочена к сложнопостроенным карбонат-
ным коллекторам. Большинство месторождений карбонатных коллекторов характеризуется сложным геолого-геофи-
зическим строением, наличием в составе резервуара высокоемких каверн, трещин и пор, нефтей повышенной вязко-
сти, а также трудноизвлекаемостью запасов. Для обеспечения контроля параметров разработки в столь сложных ус-
ловиях и выполнения поставленных планов по добыче нефти и газа требуется применение современных технологий 
увеличения нефтеотдачи. Одним из наиболее применяемых мероприятий такого рода является кислотная обработка 
скважин с целью восстановления проницаемости пласта. На сегодняшний день в мировой нефтедобыче существуют 
различные способы кислотного воздействия, которые отличаются между собой технологией производства, зависимо-
стью от литолого-минералогического состава коллектора, длительностью, эффектом воздействия и так далее. Каж-
дый из применяемых методов обладает своими как положительными, так и отрицательными сторонами, что делает 
порой затруднительным для специалистов-нефтяников вопрос выбора технологии воздействия на призабойную зону 
пласта. В представленной работе приведен отечественный и мировой опыт проведения кислотных обработок сква-
жин карбонатных коллекторов с целью выявления положительных и отрицательных сторон применяемых методик. 
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Introduction
During the operation of the deposit, there 

are often processes that lead to a gradual de-
crease in the permeability of the bottomhole 
formation zone. The main indicators used to 
evaluate the efficiency of wells are their flow 
rate, injectivity (in the case of using injection 
wells), productivity coefficient and the value 
of the oil recovery factor [1]. It is the latter 
factor that is the most important indicator of 
field development, since its value affects the 
production parameters, the selection of well 
intervention techniques to maintain the base 
production and provide incremental ultimate 
recovery of hydrocarbon. The most important 
property of a productive formation reservoir is 
its permeability. Permeability is the ability of 
a rock to allow a fluid (water, oil, gas) to go 
through it [2]. However, long-term operation 
of wells leads to damage of the porosity and 
permeability properties of the bottomhole for-
mation zone of the reservoir, which leads to 
plugging of reservoir pores, formation of poor-
ly soluble and insoluble compounds that neg-
atively affects the fulfillment of schedule for 
oil and gas production and injecting a work-
ing agent into the formation in production and 
injection wells. The most common causes of 
deterioration of the reservoir properties of the 
bottomhole formation zone are the following:

– drilling fluid penetration during drilling 
in productive formation or penetration of ce-
ment slurry during cementing of casing and 
production strings;

– liquid penetration during technological 
flushing or penetration of products of techni-
cal and killing fluids into the formation;

– closing of perforation channels by vari-
ous deposits and sediments;

– poor-quality performance of secondary 
formation drilling (perforation), well develop-
ment and repair work;

– precipitation of paraffins, heavy oil sed-
iments and inorganic salts in the productive 
formation;

–	 insufficient degree of water treatment 
(in case of using injection wells)1.

All of the above causes lead to a decrease 

in well productivity and the formation of a skin 
factor, a hydrodynamic indicator that charac-
terizes the occurrence of additional filtration 
resistance in the bottomhole formation zone 
and is described by the following expression2:

	 S = ln ,	 (1)

where rs – radius of the contaminated area, m;  
rc – well radius, m.

The skin factor is most often formed 
during the secondary drilling in productive 
formation associated with perforation work. 
Since torpedo and cumulative perforation are 
currently the main methods of drilling in the 
formation, it is not always possible to obtain 
clean perforation channels to create an ef-
fective formation-to-well connectivity due to 
damage of the string cementation, sealing 
the walls of the perforation channels, which 
leads to the formation of a perforation skin 
factor, described by the expression [3]:
	 S2 = S2f + Ssf + SV,	 (2)
where S2f  – the skin factor, caused by phase 
effects; Ssf – the skin factor caused by well-
bore perforation (dominates at zero phase 
shift); SV – the skin factor caused by the ver-
tical intrusion effect.

Currently, a very significant problem in 
the system of oil and gas field development 
is the decline in flow rate of production wells 
and injectivity of injection wells, since most 
fields in the Russian Federation, character-
ized by a decrease in oil and gas production, 
are at a late stage of development. The flow 
rate depends on a variety of geological and 
technological factors, including changes in 
the properties of bottomhole formation zone 
and physical and chemical properties of for-
mation fluids, the dynamics of changes in 
formation pressure, a decrease in the pres-
sure on the productive formation, draw-down 
pressure (most often at pressure above sat-
uration pressure), a change in the value of 
the reduced well radius, etc. The flow rate 
of a production horizontal well is determined 
using the standard and well-known Darcy–
Weisbach equation [4]:

1 Telkov V.P., Lambin D.N. Well productivity management: textbook. Moscow: Gubkin Russian State University of Oil and 
Gas (NRU); 2019, 74 p.
2 Nasyrov A.M., Borkhovich S.Yu., Bardanova O.N. Development and killing of oil wells: textbook. Moscow – Vologda: 
Infra-Engineering; 2022, 264 p.
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	 Q = 
× × ×

,	 (3)

where Q – horizontal well flow rate, m3/day;  
К – permeability, µm2; h – net pay thickness of 
the formation, m;  – formation pressure, MPa;  

 – bottomhole pressure, MPa;  – oil vis-
cosity, MPa×s; В0 – a formation volume factor, 
unit fraction;  – drainage radius, m;  – 
well radius, m; S – a skin factor.

To control well performance as part of 
the technological process of oil and gas field 
development and operation, enhanced oil 
recovery technologies are used, which are 
required to increase the oil recovery factor. There 
are many methods of enhancing oil recovery 
used in practice (hydraulic fracturing, squeeze 
cementing, additional perforation, thermal 
steam and steam cyclic treatment, vibrowave 
impact, etc.). However, the main method used 
to restore the permeability of the bottomhole 
formation zone is well acidizing. This is the 
most widespread and widely used method of 
stimulation of production and injection wells [5, 6].  
The essence of technology is the reaction of 

aqueous acid solution with matrix minerals and 
newly formed secondary solid minerals that plug 
the perforation interval zones and the bottomhole 
formation zone itself [7]. The main types of acids 
used for the carbonate reservoir treatment are 
given in Table 1.

A brief historical overview 
of the acid treatment use

The first use of acid well treatments for 
wells was made in the USA in 1895 at wells 
near Lima, Ohio. The first application of acid 
composition was similar to the modern de-
scription of the technological process of ex-
posure, which was the use of hydrochloric 
acid to dissolve limestone, presumably fol-
lowed by cleaning out the well with water [8]. 
In Russia, the mass implementation of hydro-
chloric acid treatments was started in the oil 
fields of Bashkiria and Tatarstan in 1935 [9]. 
In 1933, Jesse Russell Wilson proposed the 
use of an acid combination, namely the use of 
both hydrochloric acid and hydrofluoric acid. 
The reason for this was that the early direct 
injection of hydrofluoric acid into the produc-

3 Bitner A.K., Ayupov R.Sh., Kvesko N.G., Bezverkhaya E.V. Productivity management of oil and gas wells and methods 
of enhancing oil recovery: textbook. Krasnoyarsk: Siberian Federal University; 2025, 344 p.

Table 1. Main types of acid treatment methods used for production wells3 
Таблица 1. Основные типы применяемых способов кислотной обработки 
эксплуатационных скважин3

Types of hydrochloric acid treatment Range of application

Hydrochloric bath To remove the mud cake from the face

Hydrochloric acid treatment under 
pressure

Penetrating treatments of the bottomhole formation zone to create deeply 
penetrating channels 

Mud acid treatment To dissolve shale interlayers.
Prohibited for carrying out in a carbonate reservoir

Foam acid treatment To slow down reactions by 4–5 times (thereby increasing the penetration depth 
of the acid solution) 

Thermal acid treatment Used in dense carbonate rocks to accelerate the chemical reaction

Acid-oil emulsion treatment To increase the depth of penetration into the bottomhole formation zone 

Interval treatment To increase the inflow of individual interlayer and align the injectivity profile  
and inflow profile 

Polymer acid 
treatment Increasing the flow rate of highly water cutting wells 

Acid tunneling Creating a wide tunnel.
Increasing the inflow area by creating additional channels 

Directed treatment Redistribution of the acid stream based on the stream thickness
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tive formation led to plugging of formation 
pores with chemical reaction products, the 
formation of silicon tetrafluoride in the res-
ervoir, which led to swelling of the clays of 
the sandstone reservoir [10]. Thus, the use 
of hydrochloric acid treatment for wells was 
justified to prevent the formation of insoluble 
compounds. This made it possible to prevent 
gelling materials from getting into the well-
bore [11]. The author managed to propose a 
technology that made it possible to create a 
chemical reaction based on the interaction 
of hydrofluoric acid inside the well and the 
productive formation when it is mixed with a 
hydrochloric acid solution.

Since 1947, acid treatment has been prac-
ticed in the Baku oil fields, where there are 
terrigenous layers. Then, in the 1950s, mod-
ernization was carried out and recommenda-
tions were given on the use of an 8–15 %  
hydrochloric acid solution for well treatment. 
The kinetics of reactions of hydrochloric acid 
with carbonate minerals, which are repre-
sented by quartzite, dolomite and calcium 
sulfate, were investigated qualitatively. The 
effect of temperature and pressure on the re-
action rate, etc., was studied. Technologies 
of thermal acid treatment have been devel-
oped. B.M. Suchkov made a huge and in-
valuable contribution to the development of 
acid treatment technologies for wells. Under 
his leadership acid treatments of carbonate 
and terrigenous reservoirs were performed. 
Currently, acid treatment of the bottomhole 
formation zone has reached a fundamental-
ly new level. This is facilitated by the mod-
ernization of acid compositions and the im-
provement of well surveying methods before 
treatment. An example is the use of modern 
methods of production logging tests in wells 
such as temperature logging, noise logging, 
flowmetry to identify the working intervals of 
wells, determine the nature of the volume 
and composition of the inflow coming from 
the well. According to the results of the study, 
the most suitable intervals are selected for 
carrying out hydrochloric acid treatments 
and enhancing oil recovery [12]. Complex 
approaches are used for carrying out treat-
ments due to the high degree of formation 
contamination, the presence of heavy oil sed-
iments and inorganic salts, which include ap-

plying various types of acid compositions and 
techniques. Fundamentally new technologies 
for exposure to the productive formation (for 
example, acid tunneling) are being created, 
which make it possible to increase the effect 
of treatment and restoration of permeability 
under any operating conditions of wells.

An overview of the application of acid 
treatments for wells of carbonate  

reservoir deposits
The main purpose of hydrochloric acid 

treatments is to create highly permeable 
wormhole channels for communication be-
tween the productive formation and the well. 
A wormhole is a narrow or cavernous channel 
that forms in a productive carbonate reser-
voir [13, 14]. During the impact on the for-
mation, the acid penetrates several meters 
within the carbonate reservoir. In conditions 
of this type of reservoir, a treatment design 
is carried out, which most often begins with 
the selection of candidate wells for well inter-
vention techniques. A systematic selection of 
the proposed injection scheme is: alternate 
stages of injection of a solution of both acid 
and flow diverting compounds are performed. 
Further, preliminary and subsequent washing 
is carried out [15–18]. Since the composition 
of carbonate minerals is mainly represented 
by limestones and dolomites, it is advisable 
to use hydrochloric acid treatments for wells, 
as the minerals forming the carbonate reser-
voir react with hydrochloric acid very well and 
are perfectly soluble in water [19, 20]. So, in  
Robert Schechter and John Gidley’s work [21],  
a model of hydrochloric acid dissolution of 
rock carbonate minerals is shown. In the 
experiment with a rotating disk, a pre-expo-
nential factor was determined, the activation 
energy of which is equal at a temperature of 
15.6–1.25 °C with a pressure value equal to 
55 bar. To carry out mathematical calcula-
tions, a model of the created multicomponent 
diffusion of the applied chemical agents and 
products of the resulting chemical reaction 
was used, taking into account the emerging 
electrostatic forces. The constants of the cre-
ated chemical reaction were determined us-
ing the following equation:

	 -rHCl = Ef × , Ef =  × exp .	 (4)
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It was found that at temperatures above 
0 °C, the chemical reaction rate of carbonate 
minerals dissolution is limited by the process-
es of acid transportation to the surface of the 
chemical reaction being created, since for 
carbonate reservoirs at temperatures above 
50 °C, the rock dissolution is limited by the 
processes of reaction kinetics. The charac-
teristics of the dissolution reaction of carbon-
ate minerals with hydrochloric acid are given 
in Table 2.

As mentioned earlier, the main purpose 
of acidizing of a productive carbonate reser-
voir is to create highly permeable wormhole 
channels for communicating the productive 
formation with the well [22, 23]. Wormholes 
in a carbonate reservoir have different sizes 
and can extend over distances from several 
to tens of meters, creating channels with high 
permeability values. In Sherman Putnam’s 
work [24], experiments were conducted on 
the direct injection of hydrochloric acid into 
the core cavity of the rock, which is a direct 
confirmation of the use of hydrochloric acid 
solution for creating highly permeable narrow 
or cavernous channels. The model present-
ed in Michael J. Economides’s work [25] de-
scribes a process based on the fact that in or-
der to estimate the volume of acid directed to 
create a wormhole at a certain distance, it is 
necessary to calculate how much of the rock 
under study is dissolved in the injected work-
ing agent. The wormhole penetration depth 
itself was determined by using the following 
expression:

	 rwh = 
× × ×кп

,	 (5)

where rwh – wormhole propagation radius, m;   
rw – well radius, m; V – volume of injected 
acid, m3; PVbt – pore volume of acid composi-

tion before wormhole formation, unit fraction; 
KП – porosity, unit fraction; h – approximate 
thickness of the treatment interval.

The authors of [26, 27] proposed a meth-
od for determining the wormhole created in 
a productive carbonate reservoir using the 
technique of hydrodynamic modelling of a 
productive reservoir. The method of hydrody-
namic modeling was used to fix the fluid flow 
to the created filtration channels of a given 
geometry. The results of the conducted re-
search were recorded by obtaining the fol-
lowing expression:

	 Vtip = ,	(6)

where Q – consumption of acid composition,  
m3/s;  – the number of wormholes in the 
plane orthogonal to the wellbore, units;  – 
the coefficient characterizing the wormhole 
distribution density along the wellbore, unit 
fraction;  – effective diameter of the 
wormhole system, m. 

The development of highly permeable 
wormholes is most often due to the intensive 
development of large-sized pore formation 
processes. In situ productive formation, the 
pore space of the reservoir contains pores 
of various sizes and shapes. For example, 
Robert S. Schechter’s work [28] describes an 
attempt to perform a model of changes in the 
structure of the pore space of a rock during 
acidizing of a productive formation. So, 
based on the created pore distribution mod-
el (indicated in the work by the letter L) and 
the value of the cross-sectional area (indicat-
ed by the letter A), the medium of capillary 
tubes is distributed randomly in the volume of 
the productive rock. The determination of the 
pore velocity was considered based on the 
problem of convection diffusion of an active 
mixture in a pipe of arbitrary cross-section. 

Table 2. Characteristics of the dissolution reaction of carbonate minerals with hydrochloric acid
Таблица 2. Характеристики реакции растворения карбонатных минералов соляной кислотой

Mineral m
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On the surface of the pipe, the dissolution 
reaction of a carbonate mineral takes place. 
The model is described by the following 
equations:

	  х, t
Г

,	 (7)

	
х, t ,	(8)

where γ – dissolution power; Ef – reaction 
constant;  – rock density;  Г – perimeter of 
the pipe cross-section. If there is an infinite 
pore reaction rate for a circular section, then 
the determination of the rate is described by 
applying the expression:

	
×

L
, 	(9)

where z – axial coordinate of the pipe;  –  
average fluid flow velocity; Х – dissolution 
power of the acid;  D – diffusion factor.

The work of the authors [29] is devoted to 
the creation of a mechanistic model for the 
growth of a reservoir wormhole in a model 
of capillary tubes with permeable walls for a 
reaction limited by the transport of the acid 
used for treatment, without taking into ac-
count the phenomenon of wormhole inter-
growth. Based on the mass balance in the 
wormhole under study, a kinetic equation 
is derived, where the length of the created 
wormhole is indicated by the letter l, and the 
radius of the wormhole is indicated by the let-
ter r. The final expression looks like this:

	 ,	 (10)

where Х – dissolution power of the acid; ρ –  
mineral density; v – velocity components 
along and across the wormhole, which are 
taken from the analytical solution for a pipe 
with permeable walls; D – diffusion factor; 
C – the acid concentration determined from 
solving the convection-diffusion equation 
with specified values of velocity fields; the tip 
and wall indices refer to the tip of the worm-
hole and its wall.

The above-listed models consider the cre-
ated highly permeable wormhole channels of 
a carbonate reservoir. In the conditions of a 
productive carbonate reservoir, both hydro-
chloric acid solutions and various types of 
diverters used in practice (which most often 

include reducing the reaction rate of hydro-
chloric acid with rock) are used to increase 
the oil influx. Solvents are also applied to de-
stroy product residues of drilling fluids, kill-
ing fluids and heavy oil sediments. Thus, the 
authors N.I. Khisamutdinov and A.N. Astak-
hova [30] note the success of the carbonate 
reservoir of hydrochloric acid treatments by 
covering the impact on the bottomhole for-
mation zone, which consists of the following 
components:

–	 the values of the carbonate compo-
nent in the formation section of the bottom-
hole formation zone;

–	 the depth of acid penetration into the 
formation;

–	 uniformity of the injectivity profile and 
the inflow profile;

–	 the dissolution structures and the cre-
ated mechanism of dissolution [34].

The dissolution structure of the rock is 
noted as a result of the created chemical 
reaction, it has multilateral subsystems that 
are distributed into surface dissolution, creat-
ed conical wormholes, dominant wormholes, 
branched wormholes and uneven dissolution 
in volume, taking into account the hetero-
geneity of the distribution of the carbonate 
component vertically. For example, in his 
works [31–33], D.A. Martyushev considers 
the effect of the injection rate in a carbonate 
reservoir. Studies have confirmed this de-
pendence: with an increase in the carbonate 
content of the rock, the optimal rate of injec-
tion of the acid composition decreases. When 
modeling acid treatments using the example 
of deposits in the Perm Region, the formation 
of through high-conductive filtration channels 
is observed, which properly ensure an in-
crease in reservoir permeability. At extremely 
low rates of acid composition injection, the 
dissolution process of the carbonate rock is 
accompanied by an approximate dissolution 
of the face of the core material sample.

Recently, the success of acid treatments 
in productive carbonate reservoirs has been 
determined by the use of diverters. The imple-
mentation of acid treatment diverters is due to 
situations where it is necessary to apply large 
volumes of acid compositions used for the 
treatment for the bottomhole formation zone 
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of the carbonate reservoir with regard to the 
need for high reservoir stimulation. This ap-
proach is most applicable in deposits that are 
confined to low-temperature dolomite reser-
voirs. Examples of such deposits can be the 
Yurubcheno-Tokhomskoye, Kuyumbinskoye, 
or carbonate reservoir deposits of the Vol-
ga-Ural and Timan-Pechora oil and gas prov-
inces [34–37]. Let us consider the most com-
monly used types of diverters.

Viscoelastic diverting acid (VDA) is a 
self-diverting acid based on the use of visco-
elastic surfactants, used most often for pro-
ductive carbonate reservoirs. Long-term ex-
periments and the results of the implementa-
tion of this type of diverter within the Russian 
Federation show that when using it, there is 
an increase in well productivity in the range 
of 30 and up to 300 %, depending on the de-
gree and stage of field development and the 
technical condition of the well under study.

OilSEEKER is one of the types of divert-
ers used, which is a polymer-free plugging 
agent based on a viscoelastic composition of 
surfactants. It is actively used for stimulation 
with high water cut of the produced products, 
since its application is based on the technol-
ogy of selective plugging of water-saturated 
zones, allowing the acid used to affect zones 
with a high degree of saturation of the depos-
it. The use of this type of diverter makes it 
possible to reduce the amount of water cut of 
products by several times, which significant-
ly increases the flow rate of producing wells 
of carbonate reservoirs. OilSEEKER is most 
relevant for deposits of carbonate reservoirs 
with the presence of zones of increased frac-
turing and cavernosity, which makes it pos-
sible to maintain high values of reservoir po-
rosity and permeability properties, including 
in cracks and cavities.

Selective acid treatment is used to treat 
the carbonate reservoir [38–41]. The essence 
of this technology is to divide the formation 
into intervals and selectively treat each inter-
val separately with acid. Selective treatment 
is most applicable in a carbonate reservoir 
to increase the communication of the forma-
tion with the well. Colmatant is formed in in-
terlayers when it is saturated with formation 
water and subsequently dissolves in oil. Also, 

this method of hydrochloric acid treatment 
is called both intraformational and interval 
method. Packers, specialized chemical in-
sulation substances, as well as thermal acid 
treatments are used to carry out interval treat-
ment for the target interval of the formation 
under study. The method of high-volume se-
lective acid treatment is most often used [42].  
Its essence lies in injecting into a carbonate 
reservoir into a well, an acid solution fringe 
with a volume of 1.5–3 m3 per 1 m of oil or 
a gas-saturated interval and a non-linearly 
viscous diverter fluid before and after injec-
tion the acid composition fringe. The method 
is most applicable for a complex carbonate 
reservoir, which allows increasing the value 
of the productivity coefficient, the flow rate 
of production wells and the injectivity index 
of the injection well, including in cracks and 
high-capacity cavities.

When acidizing is carried out, various 
kinds of geological heterogeneities of the 
productive formation play a significant role.
These are zones of increased fracturing and 
cavernosity, as well as micro-, macro-cracks, 
micro-caverns, pores and leaching zones. 
Since it is important to know the main geolog-
ical inhomogeneities when designing a treat-
ment, the choice of using the method of acid-
izing of the formation and the amount of re-
serves recovery on the degree of their spread 
in the productive reservoir. In such cases, the 
inflow of oil and gas is observed in highly per-
meable formations, while the remaining adja-
cent formations remain without effective im-
pact on the bottomhole formation zone. The 
most complete application of acidizing meth-
ods for a carbonate reservoir is shown in the 
works [43–63], where the issues of acidizing 
of a productive carbonate reservoir are con-
sidered in detail. The issues of selecting the 
acidizing technique for the carbonate reser-
voir, the mechanisms of acid treatment, and 
the geological and technological conditions 
of the techniques are described.

A typical application of acid treatment was 
considered in our previous work [62], where, 
using the example of the carbonate reservoir of 
the Verkhnechonskoye field, the applicability  
of the treatment for the bottom-hole for-
mation zone as a way to increase well pro-
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Fig. 1. Acidizing diagram for a production well based on production logging data 
(Yurubcheno-Tokhomskoye field):

1 – oil + water; 2 – water + oil; 3 – oil; 4 – water;
5 – drilling fluid loss rate; 6 – temperature logging; 7 – mineralization; 8 – noise logging

Рис. 1. Диаграмма проведения кислотной обработки добывающей скважины с опорой 
на данные промыслово-геофизических исследований (Юрубчено-Тохомское месторождение):

1 – нефть + вода; 2 – вода + нефть; 3 – нефть; 4 – вода; 
5 – интенсивность поглощения бурового раствора; 6 – термометрия; 7 – минерализация; 8 – шумометрия

Table 3. Study intervals of production wells of the Yurubcheno-Tokhomskoye field using production 
geophysical research methods before acid tunneling
Таблица 3. Интервалы исследования добывающих скважин Юрубчено-Тохомского месторождения 
методами промыслово-геофизических исследований перед кислотным туннелированием 

Well number Caprock, m Bottom, m Effective  
thickness, m Inflow composition

S-678 2370 2381б6 3,8 Oil + water + gas

S-235 2408,7 2412,5 15,1 Water + oil

S-989 2380 2386,6 7,4 Gas + oil + water

S-567 2400,1 2407,9 12,1 Oil + water + gas

S-976 2483,6 2495,2 10,9 Oil + water + gas

S-456 2495,8 2507,8 9,7 Water + oil

S-899 2512 2534 13,2 Gas + oil + water

S-457 2617 2623 6,6 Oil+ water + gas

S-324 2100 2112 10,5 Water + oil

S-333 2598,1 2601,9 8,4 Gas + oil + water

S-777 2617 2632 6,9 Water + oil

S-981 2597 2644 11,2 Oil + water + gas

S-343 2623 2651 12,9 Water + oil

S-789 2650 2680 13 Oil + water + gas
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ductivity was observed. The deposits of the  
Lena-Tunguskaya province of the Nepsko- 
Botuobinskaya oil and gas area are character-
ized by their association with the fractured cav-
ernous and fractured porous reservoir type of the  
Vendian-Cambrian carbonate complex. The 
methods of standard acid treatment and a hy-
drochloric acid bath restore the permeability 
of a complex reservoir by creating wormhole 
channels for communicating the productive 
formation with the well, which makes it pos-
sible to fulfill the set plans for development 
indicators and provide incremental ultimate 
recovery due to well intervention techniques. 
One of the innovative methods is the acid 
tunneling method (chemically enhanced by 
drilling), which is an effective technology for 
restoring the permeability of the bottomhole 
formation zone. This technology was pro-
posed by John Misselbrook. The essence of 
the method is running into the well by means 
of coiled tubing technologies (coil tubing) of 
an arrangement that contains logging tools for 
conducting geophysical surveys of wells and 
geonavigation to control the trajectory of the 
tunnel direction. The process of acid tunnel-
ing is the creation of new wellbores-contacts 
with productive rock, which makes it possible 
to increase permeability both in the bottom-

hole formation zone and in the remote forma-
tion zone. The tunnels formed during acidizing 
remain uncased, which further improves the 
formation-to-well connectivity. This method is 
unique due to the effective increase in the flow 
rate of production wells and the injectivity of 
injection wells. The running using coiled tub-
ing technologies allows not only to increase 
the effect of the technique, but also to reduce 
the disadvantages that arise during acid treat-
ment by means of a wash-jetting shoe and the 
running of tubing associated with water coning 
to the bottomhole (to increase the water cut of 
products), an increase in the risk of accidents 
during pipe running and a decrease in the abil-
ity to obtain sufficiently clean pore channels in 
the bottomhole zone. All this makes it possible 
to apply this technique for the well develop-
ment and stimulation. The most complete ap-
plication of the technology is considered in the 
work [63]. Thus, the acid tunneling method is 
applied successfully to increase the perme-
ability of a complex carbonate reservoir. To 
choose the acidizing technique, the interval is 
determined, which is selected for the carbon-
ate reservoir using production logging tests. 
An interpretive table for geophysical well log-
ging is shown in Fig. 1. The study intervals are 
shown in Table 3.

Fig. 2. Dynamics of production well operation after hydrochloric acid treatment:
1 – liquid; 2 – liquid (fountain); 3 – water cutting; 4 – gas factor; 5 – oil 

Рис. 2. Динамика работы добывающей скважины после соляно-кислотной обработки:
1 – жидкость; 2 – жидкость (фонтан); 3 – обводненность; 4 – газовый фактор; 5 – нефть
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The result of the application of acid tunnel-
ing makes it possible to increase the flow rate 
of production wells by several times, which 
confirms the high efficiency of the technology 
for production stimulation of oil and gas. The 
dynamics of daily oil and gas production using 
the example of the well in the Yurubcheno- 
Tokhomskoye field is shown in Fig. 2.

Above, we discussed the specifics of using 
the hydrochloric acid treatment method for pro-
duction stimulation in carbonate reservoirs, and 
now we should move on to the conclusion.

Conclusion
In the presented work, the authors reviewed 

the methods of acid treatments for carbonate res-
ervoirs of oil and gas fields. It has been established 
that the effectiveness of a particular technology of 
exposure to a carbonate reservoir is influenced 

by the geological and technological conditions of 
treatment, the rate of acid solution injection, and 
the mineralogical and lithological composition of 
the productive reservoir, the operating param-
eters of oil and gas wells before shutting down 
for well inervention techniques, etc. To justify the 
effectiveness of the exposure, the mechanism of 
creating highly permeable wormholes in the car-
bonate reservoir, the treatment technology, as 
well as the necessary geological and technical 
difficulties of treatment for the productive reser-
voir should be taken into account. Compliance 
with these recommendations will allow compa-
nies-subsurface users to choose one or another 
technology of treatment for the bottomhole for-
mation zone to maintain production, taking into 
account the necessary positive and negative fea-
tures of the methodology.

References

1.  Stepanov R.I. Effect of killing fluid on the dynamics of well flow rate changes in the low-permeability carbonate 
reservoir of the Yurubcheno-Tokhomskoye field. Delovoi zhurnal Neftegaz.Ru. 2025;5:46-51. (In Russ.). 

2.  Jerry L.F. Construction of a geological and hydrodynamic model of a carbonate reservoir: an integrated approach; 
2007, 384 p. (Russ. ed.: Postroenie geologo-gidrodinamicheskoi modeli karbonatnogo kollektora: integrirovannyi podkhod. 
Moscow – Izhevsk: Izdatel’stvo “IKI”; 2010, 384 p.).

3.  Mishchenko I.T. Calculations in oil and gas production. Moscow: Izdatel’stvo “Neft’ i gaz” Rossiiskogo Gosudarst-
vennogo Universiteta nefti i gaza (Nauchno-Issledovatel’skii universitet) im. I.M. Gubkina; 2008, 296 p. (In Russ.).

4.  Fanchi D.R. Integrated flow modeling; 2000, 256 p. (Russ. ed.: Integrirovannyi podkhod k modelirovaniyu 
fil’tratsionnykh potokov. Moscow – Izhevsk: Izdatel’stvo “IKI”; 2010, 256 p.).

5.  Alfonsov V.A. The increase of oil recovery and processing bottom-hole zone in carbonate reservoirs. Bu-
renie i neft’. 2015;7–8:58-59. (In Russ.). 

6.  Gazizov A.Sh., Gazizov A.A., Yamarev R.S., Galaktionova L.A. Enhancement of oil recovery of carbonate 
collectors. Oilfield Engineering. 2012;6:18-22. (In Russ.). 

7.  Kozikhin R.A., Daminov A.M., Fattakhov I.G., Veliev E.F., Gabbasov A.Kh., Kuleshova L.S. et al. As-
sessment of the acid treatments impact on the reservoir. Petroleum Engineering. 2021;19(5):84-94. (In Russ.). 
https://doi.org/10.17122/ngdelo-2021-5-84-94. 

8.  Putman S.W. The Dowell process to Increase oil production. Industrial and Engineering Chemistry. News 
Ed. 1933;11(4)51. https://doi.org/10.1021/cen-v011n004.p051.

9.  Loginov B.G. Oil and gas production intensification by acid treatment: Experience of the Bashneft Asso-
ciation fields. Moscow – Leningrad: Gostoptekhizdat; 1951, 160 p. (In Russ.).

10.  Wilson J.R. Well treatment. Patent US, no. 1,990,969; 1935.
11.  Kanevskaya R.D., Novikov A.V. Methods of enhanced oil recovery and stimulation In: Modeling of mul-

tiphase filtration with physicochemical stimulation of the reservoir. Moscow – Izhevsk: Izdatel’stvo “IKI”; 2023, 
188 p. (In Russ.).

12.  Surkova A.N. Scheme of the technological chain of bottomhole formation zone processing to enhance oil 
recovery from heterogeneous carbonate reservoirs. Georesources. 2008;2:33-34. (In Russ.). 

13.  Novikov V.A. Method for forecasting the efficiency of matrix acid treatment of carbonate. Perm Jour-
nal of Petroleum and Mining Engineering. 2021;21(3):137-143. (In Russ.). https://doi.org/10.15593/2712-
8008/2021.3.6. 

14.  Jafarpour H., Petrakov D.G., Orlov M.S. Optimization of the acidizing of an oil-saturated carbonate res-
ervoir matrix. Construction of Oil and Gas Wells on Land and at Sea. 2017;5:46-49. (In Russ.). 

15.  Daccord G., Lenormand R. Fractal patterns from chemical dissolution. Nature. 1987;325:41-43.
16.  Fredd C.N., Fogler H.S. Influence of transport and reaction on wormhole formation in porous media. Amer-

ican Institute of Chemical Engineers Journals. 1998;44(9):1933-1949. https://doi.org/10.1002/aic.690440902.
17.  Gray W.G. A derivation of the equations for multi-phase transport. Chemical Engineering Science. 

1975;30(2):229-233. https://doi.org/10.1016/0009-2509(75)80010-8.

www.nznj.ru
https://doi.org/
https://doi.org/10.17122/ngdelo-2021-5-84-94
https://doi.org/10.1021/cen-v011n004.p051
https://doi.org/
https://doi.org/10.15593/2712-8008/2021.3.6
https://doi.org/10.15593/2712-8008/2021.3.6
https://doi.org/10.1002/aic.690440902
https://doi.org/10.1016/0009-2509(75)80010-8


2025;48(4):470-485
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) 

Науки о Земле и недропользование / ISSN 2686-9993 (print), 2686-7931 (online)

www.nznj.ru480

18.  Hoefner M.L., Fogler H.S. Pore evolution and channel formation during flow and reaction in porous media. 
American Institute of Chemical Engineers Journals. 1988;34(1):45-54. https://doi.org/10.1002/aic.690340107. 

19.  Povzhik P.P., Demyanenko N.A., Serdyukov D.V., Zhuk I.V., Marmylev I.Yu. Experience of hydrodynamic 
methods application to enhance oil recovery in carbonate formations of the Belarus Republic. Equipment and 
technologies for oil and gas complex. 2018;5:54-61. (In Russ.). https://doi.org/10.30713/1999-6934-2018-5-54-61. 

20.  Panikarovski V.V., Panikarovski E.V. Acid treatment of complex geology reservoirs. Oil and Gas Studies. 
2014;5:40-45. (In Russ.). 

21.  Schechter R.S., Gidley J.L. The change in pore size distribution from surface reactions in porous media. 
American Institute of Chemical Engineers Journals. 1969;15(3):339-350. https://doi.org/10.1002/aic.690150309.

22.  Kanevskaya R.D., Novikov A.V. Methods of wormholes simulation under hydrochloric acid impact on 
carbonate formations. Oilfield Engineering. 2018;3:19-28. (In Russ.). https://doi.org/10.30713/0207-2351-2018-
3-19-28. 

23.  Wang Y., Hill A.D., Schechter R.S. The optimum injection rate for matrix acidizing of carbonate formations 
In: Proceedings of SPE Annual Technical Conference and Exhibition. 3–6 October 1993, Houston – Texas. 
https://doi.org/ 10.2118/26578-MS.

24.  Kanevskaya R.D., Novikov A.V. Methods of acid fracturing simulation. Automation, Telemechanization 
and Communication in Oil Industry. 2018;3:28-34. (In Russ.). https://doi.org/10.30713/0132-2222-2018-3-28-34. 

25.  Economides M.J., Hill A.D., Ehlig-Economides C. Petroleum production systems. Englewood Cliffs, New 
Jersey: Prentice Hall; 1994, 609 p.

26.  Furui K., Burton R.C., Burkhead D.W., Abdelmalek N.A., Hill A.D., Zhu D. et al. A comprehensive model 
of high-rate matrix-acid stimulation for long horizontal wells in carbonate reservoirs: Part II – wellbore/reservoir 
coupled-flow modeling and field application. SPE Journal. 2012;17(1):280-291. https://doi.org/10.2118/155497-
PA.

27.  Novikov V.A., Martyushev D.A., Li Y., Yang Y. A new approach for the demonstration of acidizing 
parameters of carbonates: experimental and field studies. Journal of Petroleum Science and Engineering. 
2022;213:1103363. https://doi.org/ 10.1016/j.petrol.2022.110363. 

28.  Schechter R.S. Oil well stimulation. Englewood Cliffs, New Jersey: Prentice Hall; 1992. 602 p.
29.  Huang T., Zhu D., and Hill A.D. Prediction of wormhole population density in carbonate matrix acidizing 

In: Proceedings of Society of Petroleum Engineers European Formation Damage Conference. 31 May 1999, 
Hague, Netherlands. Paper number SPE 54723-MS. https://doi.org/10.2118/54723-MS.

30.  Khisamutdinov N.I., Astakhova A.N. Theory and practice of oil-saturated carbonate reservoir development. 
Moscow – Izhevsk: Izdatel’stvo “IKI”; 2024, 376 p. (In Russ.).

31.  Novikov, V.A., Martyushev D.A. Substantiation of the optimal injection rate of acid compositions with 
account of a reservoir carbonate content. Oilfield Engineering. 2020;3:26-30. https://doi.org/10.30713/0207-
2351-2020-3(615)-26-30. 

32.  Novikov V.A., Martyushev D.A. Experience in acid treatments in carbonate deposits of Perm region fields. 
Vestnik Permskogo natsional’nogo issledovatel’skogo politekhnicheskogo universiteta. Geologiya. Neftegazovoe 
i gornoe delo. 2020;20(1):72-87. https://doi.org/10.15593/2224-9923/2020.1.7. 

33. Martyushev D.A., Novikov V.A. Improving acidizing in the collectors characterized by different carbonate 
content (on the example of oil fields of Perm krai). Bulletin of the Tomsk Polytechnic University. Geo Assets 
Engineering. 2020;331(9):7-17. (In Russ.). https://doi.org/10.18799/24131830/2020/9/2800. 

34.  Andreev K. V. Investigation of increasing of the injection wells injectivity with self-diverting acid 
compositions in a layered heterogeneous carbonate. Oil industry. 2020;11:98-102. (In Russ.). https://doi.
org/10.24887/0028-2448-2020-11-98-102. 

35.  Chikin A.E., Nikitin M.N., Petukhov A.S., Fedorenko V.Yu., Zarov A.A., Galiev A.A. Acid stimulation of oil 
wells using non-polymer diverter. Oil Industry. 2016;8:119-121. (In Russ.). 

36.  Davydov N.A., Petukhov A.S., Bulygina T.V., Gromova Ya.S., Fedorenko V.Yu. An efficient technology of 
carbonate reservoirs treatment using a self-diverting acid composition. Oilfield Engineering. 2018;2:38-41. (In 
Russ.). https://doi.org/10.30713/0207-2351-2018-2-38-41. 

37.  Ponomarev M.D., Borkhovich S.Yu., Polozov M.B. Improving the efficiency of botton-hole formation zone 
(BHFZ) in carbonate reservoirs using acid diverters. Burenie i neft’. 2021;3:37-41. (In Russ.). 

38.  Bulgakova G.T., Kharisov R.Ya., Sharifullin A.R., Pestrikov A.V. Design optimization of large-volume 
selective acid treatments of carbonate reservoirs. Territorija “Neftegaz”. 2010;11:39-43. (In Russ.). 

39.  Shipilov A.I., Krutihin E.V., Kudrevatih N.V., Mikov A.I. New acid compositions for selective treatment of 
carbonate reservoir. Oil Industry. 2012;2:80-83. (In Russ.). 

40.  Paranchuk K.S., Bezverkhaya E.V., Korzhova S.V. Experience in applying selective acid diverting 
reservoir BH treatment at Yurubcheno-Tokhomskoye field. Neft’. Gaz. Novatsii. 2020;2:36-38. (In Russ.). 

41.  Garipova L.I., Abusalimov E.M., Soloviev V.A., Kataeva D.Yu., Abramov A.A. Analysis of the influence 
of geological and technological factors on the efficiency of selective treatments of carbonate reservoirs. Oil 
Industry. 2024;9:122-126. (In Russ.). https://doi.org/10.24887/0028-2448-2024-9-122-126. 

42.  Bulgakova G.T., Kharisov R.Ya., Sharifullin A.R., Pestrikov A.V. Large-volume selective acid treatment 
(LVSAT) for producers in carbonate reservoirs. Patent RF, no. 2547850; 2013.

https://doi.org/10.1002/aic.690340107
https://doi.org/
https://doi.org/10.30713/1999-6934-2018-5-54-61
https://doi.org/10.1002/aic.690150309
https://doi.org/
https://doi.org/10.30713/0207-2351-2018-3-19-28
https://doi.org/10.30713/0207-2351-2018-3-19-28
https://doi.org/10.2118/26578-MS
https://doi.org/
https://doi.org/10.30713/0132-2222-2018-3-28-34
https://doi.org/
https://doi.org/10.2118/155497-PA
https://doi.org/10.2118/155497-PA
https://doi.org/
https://doi.org/10.1016/j.petrol.2022.110363
https://doi.org/10.2118/54723-MS
https://doi.org/
https://doi.org/10.30713/0207-2351-2020-3(615)-26-30
https://doi.org/10.30713/0207-2351-2020-3(615)-26-30
https://doi.org/10.15593/2224-9923/2020.1.7
https://doi.org/10.18799/24131830/2020/9/2800
https://doi.org/
https://doi.org/
https://doi.org/10.24887/0028-2448-2020-11-98-102
https://doi.org/
https://doi.org/10.30713/0207-2351-2018-2-38-41
https://doi.org/
https://doi.org/10.24887/0028-2448-2024-9-122-126


2025;48(4):470-485Stepanov R.I., Prokaten E.V. Review and applicability assessment of acid treatment methods...
Степанов Р.И., Прокатень Е.В. Обзор и оценка применимости методик кислотных обработок...

www.nznj.ru 481

43. Morgachev D.D., Arbatsky T.S., Morozovskiy N.A. Effectiveness evaluation and gel-acid systems 
technology optimization for carbonate reservoirs stimulation. Oil Industry. 2021;12:110-113. (In Russ.). https://
doi.org/10.24887/0028-2448-2021-12-110-113. 

44.  Abrosimov A.A. Study of wormhole channels formation as a result of hydrochloric acid treatment 
in complex reservoirs based on filtration and digital X-ray tomographic studies. Journal of Mining Institute. 
2025;271(1):63-73. (In Russ.). https://www.elibrary.ru/aijsit. 

45.  Turegeldieva K.A., Zhapbasbayev U.K., Assilbekov B.K., Zolotukhin A.B. Matrix acidizing modeling of 
near-wellbore with reduced reservoir properties (Part 1). Oil Industry. 2016;1:50-54. (In Russ.). 

46.  Ibragimov N.G., Ismagilov F.Z., Musabirov M.Kh., Abusalimov E.M. Analysis of well stimulation pilot 
projects in Tatneft OAO. Oil Industry. 2014;7:40-43. (In Russ.). 

47.  Nikitin A.V., Roshchin P.V., Kozhin V.N., Demin S.V., Kireev I.I., Pchela K.V., et al. Selection of complex acid 
treatment components of carbonate reservoirs to enhance heavy oil recovery. Geology, geophysics and development 
of oil and gas fields. 2020;5:35-39. (In Russ.). https://doi.org/10.30713/2413-5011-2020-5(341)-35-39. 

48.  Zeigman Yu.V., Sergeev V.V. Laboratory testing of acid compositions for treatment of wells with carbonate 
and terrigenous collectors. Oilfield Engineering. 2015;6:39-45. (In Russ.). 

49.  Morgachev D.D., Arbatsky T.S., Bykova A.A., Nikolaeva A.M., Kutukova N.M. Bottomhole zone phase 
permeability modification of fractured carbonate reservoir. Oil Industry. 2024;9:112-116. (In Russ.). https://doi.
org/10.24887/0028-2448-2024-9-112-116. 

50.  Minlibaev M.R., Iskhakov R.R. Finite-difference study of acidizing process by hydrochloric acid in 
carbonate oil formation. Ehlektronnyi nauchnyi zhurnal “Neftegazovoe delo”. 2012;5:153-158. (In Russ.). 

51.  Taipov I.A., Imamutdinova A.A., Kashtanova L.E., Nazarova S.V., Subkhangulov A.R., Markov M.A., et 
al. Increasing the efficiency of acid treatment technology in Riphean sediments of eastern Siberia. Oil Industry. 
2024;1:48-53. (In Russ.). https://doi.org/10.24887/0028-2448-2024-1-48-53. 

52.  Napalkov V.N., Nurgalieva N.G., Plotnikova I.N. Efficiency of application of the hydrochlorid-acid 
formation treatment in the cavernous-fractured reservoirs of the extra-heavy crude oils and bitumen fields. 
Georesources. 2009;3:44-46. (In Russ.). 

53.  Novikov V.A., Martyushev D.A. Influence of geological and technological parameters on the efficiency of 
acid treatments in carbonate reservoirs: experimental and statistical study. Georesources, 2024;26(2):76-91. (In 
Russ.). https://doi.org/10.18599/grs.2024.2.2. 

54.  Magadova L.A., Nuriev D.V. Upcoming trends in work directions for intencifying oil production from 
carbonate reservoirs. Territorija “Neftegaz”. 2019;1-2:64-69. (In Russ.). 

55.  Bulgakova G.T., Kharisov R.Ya., Sharifullin A.R., Pestrikov A.V. Optimizing the acidizing operations of 
horizontal wells in carbonate reservoirs. Oil Industry. 2013;6:102-105. (In Russ.). 

56.  Bayazitova S.R. The effect of hydrochlorid-acid bottomhole formation treatment on flow stimulation. 
Territorija “Neftegaz”. 2018;4:24-27. (In Russ.). 

57.  Kudryashov S.I., Afanasev I.S., Antonenko D.A., Grishin P.A., Cheremisin A.N., Spasennykh M.Yu. New 
approaches in physical modelling of enhanced oil recovery methods based on steam injection and high-pressure 
air injection for carbonate oil fields. Oil Industry. 2017;8:25-29. https://doi.org/10.24887/0028-2448-2017-8-25-29. 

58.  Solovyev A.V., Hairullin M.M., Zhirov A.V., Afanasiev I.S., Fedorchenko G.D. EOR methods potential 
on complex carbonate oilfields of Zarubezhneft JSC. Oil Industry. 2018;9:48-51. (In Russ.). https://doi.org/ 
10.24887/0028-2448-2018-9-48-51. 

59.  Zinoviev A.M., Karpunin N.A. Features of acid treatment in conditions of high temperature collectors. 
The Eurasian Scientific Journal. 2018;10(6):77-87. (In Russ.). 

60.  Garrouch A.A., Jennings A.R. A contemporary approach to carbonate matrix acidizing. Journal of 
Petroleum Science and Engineering. 2017;158:129-143. https://doi.org/10.1016/j.petrol.2017.08.045.

61.  Popov S.N., Chernyshov S.E., Wang Xiaopu. Analysis of the rock stress state transformation near a 
horizontal well during acid treatment based on the numerical modeling method. Journal of Mining Institute. 
2025;272(2):110-118. (In Russ.). https://www.elibrary.ru/vobtxu. 

62.  Prokaten E.V., Stepanov R.I. Geological justification for the treatment of well bottomhole zones in 
carbonate reservoir conditions using the example of Vendian-Cambrian deposits of the Preobrazhenskiy 
productive formation of the Verkhnechonskoye field. Geology, geophysics and development of ol and gas fields. 
2025;8:50-61. (In Russ.). 

63.  Kyzyma K.Yu., Khoryushin V.Yu., Semenenko A.F., Simakov S.M., Poglazov A.M., Devyatkin V.S., et 
al. Potential of acid tunneling technology on the fields LLC “Gazpromneft Orenburg”. PRONEFT. Professionally 
about Oil. 2021;6(1):47-53. (In Russ.). https://doi.org/10.51890/2587-7399-2021-6-1-47-53. 

Список источников 

1.  Степанов Р.И. Жидкость глушения: влияние на динамику изменения дебита скважин низкопрони-
цаемого карбонатного коллектора Юрубчено-Тохомского месторождения // Деловой журнал Neftegaz.RU. 
2025. № 5. С. 46–51. 

www.nznj.ru
https://doi.org/
https://doi.org/
https://doi.org/10.24887/0028-2448-2021-12-110-113
https://www.elibrary.ru/aijsit
https://doi.org/
https://doi.org/10.30713/2413-5011-2020-5(341)-35-39
https://doi.org/10.24887/0028-2448-2024-9-112-116
https://doi.org/10.24887/0028-2448-2024-9-112-116
https://doi.org/
https://doi.org/10.24887/0028-2448-2024-1-48-53
https://doi.org/
https://doi.org/10.18599/grs.2024.2.2
https://doi.org/
https://doi.org/10.24887/0028-2448-2017-8-25-29
https://doi.org/
https://doi.org/10.24887/0028-2448-2018-9-48-51
https://doi.org/
https://www.elibrary.ru/vobtxu
https://doi.org/10.51890/2587-7399-2021-6-1-47-53


2025;48(4):470-485
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) 

Науки о Земле и недропользование / ISSN 2686-9993 (print), 2686-7931 (online)

www.nznj.ru482

2.  Джерри Л.Ф. Построение геолого-гидродинамической модели карбонатного коллектора: интегриро-
ванный подход / пер. с англ. М. – Ижевск: Изд-во «ИКИ», 2010, 384 с.

3.  Мищенко И.Т. Расчеты при добыче нефти и газа. М.: Изд-во «“Нефть и газ” РГУ нефти и газа (НИУ) 
им. И.М. Губкина», 2008. 296 с.

4.  Фанчи Д.Р. Интегрированный подход к моделированию фильтрационных потоков / пер. с англ. М. – 
Ижевск: Изд-во «ИКИ», 2010. 256 с.

5.  Альфонсов В.А. Увеличение нефтеотдачи пластов и обработка призабойной зоны в карбонатных 
коллекторах // Бурение и нефть. 2015. № 7–8. С. 58–59. 

6.  Газизов А.Ш., Газизов А.А., Ямарев Р.С., Галактионова Л.А. Повышение нефтеотдачи карбонатных 
коллекторов // Нефтепромысловое дело. 2012. № 6. С. 18–22. 

7.  Козихин Р.А., Даминов А.М., Фаттахов И.Г., Велиев Э.Ф., Габбасов А.Х., Кулешова Л.С. [и др.]. Оцен-
ка характера воздействия на пласт кислотных обработок // Нефтегазовое дело. 2021. Т. 19. № 5. С. 84–94. 
https://doi.org/ 10.17122/ngdelo-2021-5-84-94. 

8.  Putman S.W. The Dowell process to Increase oil production // Industrial and Engineering Chemistry. News 
Ed. 1933. Vol. 11. Iss. 4. P. 51. https://doi.org/10.1021/cen-v011n004.p051.

9.  Логинов Б.Г. Интенсификация добычи нефти и газа методом кислотной обработки: Опыт промыслов 
объединения «Башнефть». М. – Л.: Гостоптехиздат, 1951. 160 c. 

10.  Patent no. 1,990,969, USA, Well Treatment / J.R. Wilson. Publ. 12.02.1935.
11.  Каневская Р.Д., Новиков А.В. Методы увеличения нефтеотдачи и интенсификации // Моделирова-

ние многофазной фильтрации при физико-химическом воздействии на пласт. М. – Ижевск: Изд-во «ИКИ», 
2023. 188 с. 

12.  Суркова А.Н. Схема технологической цепочки обработки призабойной зоны пласта для увеличения 
нефтеотдачи неоднородных карбонатных коллекторов // Георесурсы. 2008. № 2. С. 33–34. 

13.  Новиков В.А. Методика прогнозирования эффективности матричных кислотных обработок карбо-
натов // Недропользование. 2021. Т. 21. № 3. С. 137–143. https://doi.org/10.15593/2712-8008/2021.3.6. 

14.  Джафарпур Х., Петраков Д.Г., Орлов М.С. Оптимизация кислотной обработки матрицы нефтенасы-
щенного карбонатного коллектора // Строительство нефтяных и газовых скважин на суше и на море. 2017. 
№ 5. С. 46–49. 

15.  Daccord G., Lenormand R. Fractal patterns from chemical dissolution // Nature. 1987. Vol. 325. P. 41–43.
16.  Fredd C.N., Fogler H.S. Influence of transport and reaction on wormhole formation in porous media // 

American Institute of Chemical Engineers Journals. 2004. Vol. 44. Iss. 9. P. 1933–1949. https://doi.org/10.1002/
aic.690440902.

17.  Grey W.G. A derivation of the equations for multi-phase transport // Chemical Engineering Science. 
1975. Vol. 30. Iss. 2. P. 229–233. https://doi.org/10.1016/0009-2509(75)80010-8. 

18.  Hoefner M.L., Fogler H.S. Pore evolution and channel formation during flow and reaction in porous media //  
American Institute of Chemical Engineers Journals. 1988. Vol. 34. Iss. 1. P. 45–54. https://doi.org/10.1002/
aic.690340107.

19.  Повжик П.П., Демяненко Н.А., Сердюков Д.В., Жук И.В., Мармылев И.Ю. Опыт применения гидро-
динамических методов повышения нефтеотдачи на карбонатных пластах Республики Беларусь // Оборудо-
вание и технологии для нефтегазового комплекса. 2018. № 5. С. 54–61. https://doi.org/10.30713/1999-6934-
2018-5-54-61. 

20.  Паникаровский В.В., Паникаровский Е.В. Кислотные обработки сложнопостроенных коллекторов // 
Известия высших учебных заведений. Нефть и газ. 2014. № 5. С. 40–45. 

21.  Schechter R.S., Gidley J.L. The change in pore size distribution from surface reactions in porous media //  
American Institute of Chemical Engineers Journals. 1969. Vol. 15. Iss. 3. P. 339–350. https://doi.org/10.1002/
aic.690150309.

22.  Каневская Р.Д., Новиков А.В. Методы моделирования червоточин при соляно-кислотном воздей-
ствии на карбонатные пласты // Нефтепромысловое дело. 2018. № 3. С. 19–28. https://doi.org/10.30713/0207-
2351-2018-3-19-28. 

23.  Wang Y., Hill A.D., Schechter R.S. The optimum injection rate for matrix acidizing of carbonate formations //  
Proceedings of SPE Annual Technical Conference and Exhibition (Houston – Texas, 3–6 October 1993). https://
doi.org/ 10.2118/26578-MS. 

24.  Каневская Р.Д., Новиков А.В. Методы моделирования кислотного гидроразрыва пласта // Ав-
томатизация, телемеханизация и связь в нефтяной промышленности. 2018. № 3. С. 28–34. https://doi.
org/10.30713/0132-2222-2018-3-28-34. 

25.  Economides M.J., Hill A.D., Ehlig-Economides C. Petroleum production systems. Englewood Cliffs, New 
Jersey: Prentice Hall, 1993. 609 p.

26.  Furui K., Burton R.C., Burkhead D.W., Abdelmalek N.A., Hill A.D., Zhu D. [et al]. A comprehensive 
model of high-rate matrix-acid stimulation for long horizontal wells in carbonate reservoirs: Part II – wellbore/
reservoir coupled-flow modeling and field application // SPE Journal. 2012. Vol. 17. Iss. 1. P. 280–291. https://
doi.org/10.2118/155497-PA.

https://doi.org/
https://doi.org/10.17122/ngdelo-2021-5-84-94
https://doi.org/10.1021/cen-v011n004.p051
https://doi.org/
https://doi.org/10.15593/2712-8008/2021.3.6
https://doi.org/
https://doi.org/10.1016/0009-2509(75)80010-8
https://doi.org/10.1002/aic.690340107
https://doi.org/10.1002/aic.690340107
https://doi.org/
https://doi.org/10.30713/1999-6934-2018-5-54-61
https://doi.org/10.30713/1999-6934-2018-5-54-61
https://doi.org/10.1002/aic.690150309
https://doi.org/10.1002/aic.690150309
https://doi.org/
https://doi.org/10.30713/0207-2351-2018-3-19-28
https://doi.org/10.30713/0207-2351-2018-3-19-28
https://doi.org/10.2118/26578-MS
https://doi.org/10.2118/26578-MS
https://doi.org/
https://doi.org/
https://doi.org/10.30713/0132-2222-2018-3-28-34
https://doi.org/
https://doi.org/
https://doi.org/10.2118/155497-PA


2025;48(4):470-485Stepanov R.I., Prokaten E.V. Review and applicability assessment of acid treatment methods...
Степанов Р.И., Прокатень Е.В. Обзор и оценка применимости методик кислотных обработок...

www.nznj.ru 483

27.  Novikov V.A., Martyushev D.A., Li Y., Yang Y. A new approach for the demonstration of acidizing parameters of 
carbonates: experimental and field studies // Journal of Petroleum Science and Engineering. 2022. Vol. 213. P. 1103363. 
https://doi.org/10.1016/j.petrol.2022.110363. 

28.  Schechter R.S. Oil well stimulation. Englewood Cliffs, New Jersey: Prentice Hall, 1992. 602 p.
29.  Huang T., Zhu D., Hill A.D. Prediction of wormhole population density in carbonate matrix acidizing // Proceedings 

of Society of Petroleum Engineers European Formation Damage Conference. (Hague, Netherlands, 31 May 1999). Paper 
number SPE 54723-MS. https://doi.org/10.2118/54723-MS.

30.  Хисамутдинов Н.И., Астахова А.Н. Теория и практика разработки нефтенасыщенных карбонатных коллек-
торов. М. – Ижевск: Изд-во «ИКИ», 2024. 376 с.

31.  Новиков В.А., Мартюшев Д.А. Обоснование оптимальной скорости закачки кислотных составов с учетом 
карбонатности коллектора // Нефтепромысловое дело. 2020. № 3. С. 26–30. https://doi.org/10.30713/0207-2351-
2020-3(615)-26-30. 

32.  Новиков В.А., Мартюшев Д.А. Опыт применения кислотных составов в карбонатных отложениях нефтя-
ных месторождений Пермского края // Вестник Пермского национального исследовательского политехнического 
университета. Геология. Нефтегазовое и горное дело. 2020. Т. 20. № 1. С. 72–87. https://doi.org/10.15593/2224-
9923/2020.1.7. 

33.  Мартюшев Д.А., Новиков В.А. Совершенствование кислотных обработок в коллекторах, характери-
зующихся различной карбонатностью (на примере нефтяных месторождений Пермского края) // Известия 
Томского политехнического университета. Инжиниринг георесурсов. 2020. Т. 331. № 9. 7–17. https://doi.org/ 
10.18799/24131830/2020/9/2800. 

34.  Андреев К.В. Исследования повышения приемистости нагнетательных скважин самоотклоняющимися 
кислотными составами в слоисто-неоднородном карбонатном коллекторе // Нефтяное хозяйство. 2020. № 11. С. 
98–102. https://doi.org/10.24887/0028-2448-2020-11-98-102. 

35.  Чикин А.Е., Никитин М.Н., Петухов А.С., Федоренко В.Ю., Заров А.А., Галиев А.А. Кислотные обработ-
ки призабойной зоны пласта с применением бесполимерного отклонителя // Нефтяное хозяйство. 2016. № 8. С. 
119–121. 

36.  Давыдов Н.А., Петухов А.С, Булыгина Т.В., Громова Я.С., Федоренко В.Ю. Эффективная технология обра-
ботки карбонатных коллекторов с использованием самоотклоняющегося кислотного состава // Нефтепромысловое 
дело. 2018. № 2. С. 38–41. https://doi.org/10.30713/0207-2351-2018-2-38-41. 

37.  Пономарев М.Д., Борхович С.Ю., Полозов М.Б. Повышение эффективности проведения обработки приза-
бойной зоны пласта карбонатных коллекторов использованием отклонителей кислоты // Бурение и нефть. 2021. № 
3. С. 37–41. 

38.  Булгакова Г.Т., Харисов Р.Я., Шарифуллин А.Р., Пестриков А.В. Оптимизация проектирования большеобъем-
ных селективных кислотных обработок карбонатных коллекторов // Территория «Нефтегаз». 2010. № 11. С. 39–43.

39.  Шипилов А.И., Крутихин Е.В., Кудреватых Н.В., Миков А.И. Новые кислотные составы для селек-
тивной обработки карбонатных порово-трещиноватых коллекторов // Нефтяное хозяйство. 2012. № 2.  
С. 80–83. 

40.  Паранчук К.С., Безверхая Е.В., Коржова С.В. Опыт применения селективной кислото-отклоняющей обра-
ботки призабойной зоны пласта на Юрубчено-Тохомском месторождении // Нефть. Газ. Новации. 2020. № 2. С. 
36–38. 

41.  Гарипова Л.И., Абусалимов Э.М., Соловьев В.А., Катаева Д.Ю., Абрамов А.А. Анализ влияния геологиче-
ских и технологических факторов на эффективность проведения селективных обработок карбонатных коллекторов 
// Нефтяное хозяйство. 2024. № 9. С. 122–126. https://doi.org/10.24887/0028-2448-2024-9-122-126. 

42.  Пат. № 2547850, Российская Федерация, E21B43/27, E21B33/138. Способ большеобъемной се-
лективной кислотной обработки (БСКО) добывающих скважин в карбонатных коллекторах / Г.Т. Булгакова,  
Р.Я. Харисов, А.Р. Шарифуллин, А.В. Пестриков. Заявл. 06.05.2013; опубл. 10.04.2015. Бюл. № 10.

43.  Моргачев Д.Д., Арбатский Т.С., Морозовский Н.А. Оценка эффективности и оптимизация технологии при-
менения гелекислотных систем для интенсификации добычи нефти из карбонатных коллекторов // Нефтяное хо-
зяйство. 2021. № 12. С. 110–113. https://doi.org/10.24887/0028-2448-2021-12-110-113. 

44.  Абросимов А.А. Изучение образования каналов-червоточин в результате соляно-кислотной обработки в 
коллекторах сложного типа по данным фильтрационных и цифровых рентгенотомографических исследований // 
Записки Горного института. 2025. Т. 271. № 1. С. 63–73. https://www.elibrary.ru/aijsit. 

45.  Турегелдиева К.А., Жапбасбаев У.К., Асилбеков Б.К., Золотухин А.Б. Моделирование кислотной обработки 
призабойной зоны скважины с учетом ее ухудшенных фильтрационно-емкостных характеристик. (Часть 1) // Нефтя-
ное хозяйство. 2016. № 1. С. 50–54. 

46.  Ибрагимов Н.Г., Исмагилов Ф.З., Мусабиров М.Х., Абусалимов Э.М. Результаты опытно-промышленных 
работ в области обработки призабойной зоны и стимуляции скважин в ОАО «Татнефть» // Нефтяное хозяйство. 
2014. № 7. С. 40–43. 

47.  Никитин А.В., Рощин П.В., В.Н. Кожин, Демин С.В., Киреев И.И., Пчела К.В [и др.]. Подбор компонентов 
комплексной кислотной обработки карбонатных коллекторов для интенсификации добычи высоковязкой нефти //  
Геология, геофизика и разработка нефтяных и газовых месторождений. 2020. № 5. С. 35–39. https://doi.org/ 
10.30713/2413-5011-2020-5(341)-35-39. 

www.nznj.ru
https://doi.org/
https://doi.org/10.1016/j.petrol.2022.110363
https://doi.org/10.2118/54723-MS
https://doi.org/
https://doi.org/10.30713/0207-2351-2020-3(615)-26-30
https://doi.org/10.30713/0207-2351-2020-3(615)-26-30
https://doi.org/10.15593/2224-9923/2020.1.7
https://doi.org/10.15593/2224-9923/2020.1.7
https://doi.org/10.18799/24131830/2020/9/2800
https://doi.org/10.18799/24131830/2020/9/2800
https://doi.org/
https://doi.org/10.24887/0028-2448-2020-11-98-102
https://doi.org/
https://doi.org/10.30713/0207-2351-2018-2-38-41
https://doi.org/
https://doi.org/10.24887/0028-2448-2024-9-122-126
https://doi.org/
https://doi.org/10.24887/0028-2448-2021-12-110-113
https://www.elibrary.ru/aijsit
https://doi.org/
https://doi.org/10.30713/2413-5011-2020-5(341)-35-39


2025;48(4):470-485
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) 

Науки о Земле и недропользование / ISSN 2686-9993 (print), 2686-7931 (online)

www.nznj.ru484

48.  Зейгман Ю.В., Сергеев В.В. Лабораторные испытания кислотных составов для обработки скважин 
с карбонатными и терригенными коллекторами // Нефтепромысловое дело. 2015. № 6. С. 39–45. 

49.  Моргачев Д.Д., Арбатский Т.С., Быкова А.А., Николавева А.М., Кутукова Н.М. Модификация фа-
зовой проницаемости призабойной зоны скважин трещиноватого карбонатного коллектора // Нефтяное 
хозяйство. 2024. № 9. С. 112–116. https://doi.org/10.24887/0028-2448-2024-9-112-116. 

50.  Минлибаев М.Р., Исхаков Р.Р. Конечно-разностное исследование кислотной обработки карбона-
тосодержащего нефтегазового пласта соляной кислотой // Электронный научный журнал «Нефтегазовое 
дело». 2012. № 5. С.153–158. 

51.  Таипов И.А., Имамутдинова А.А., Каштанова Л.Е., Назарова С.В., Субхангулов А.Р., Марков М.А.  
[и др.]. Повышение эффективности солянокислотных обработок в условиях рифейских отложений Восточ-
ной Сибири // Нефтяное хозяйство. 2024. № 1. С. 48–53. https://doi.org/10.24887/0028-2448-2024-1-48-53. 

52.  Напалков В.Н., Нургалиева Н.Г., Плотникова И.Н. Особенности применения метода соляно-кислот-
ной обработки в кавернозно-трещиноватых карбонатных коллекторах высоковязких нефтей // Георесурсы. 
2009. № 3. С. 44–46. 

53.  Новиков В.А., Мартюшев Д.А. Влияние геолого-технологических параметров на эффективность 
кислотных обработок в карбонатных коллекторах: экспериментальное и статистическое исследование // 
Георесурсы. 2024. Т. 26. № 2. С. 76–91. https://doi.org/10.18599/grs.2024.2.2. 

54.  Магадова Л.А., Нуриев Д.В. Перспективные направления работ интенсификации притока нефти из 
карбонатных коллекторов // Территория «Нефтегаз». 2019. № 1–2. С. 64–69. 

55.  Булгакова Г.Т., Харисов Р.Я., Шарифуллин А.Р., Пестриков А.В. Оптимизация кислотных обработок 
горизонтальных скважин в карбонатных коллекторах // Нефтяное хозяйство. 2013. № 6. С. 102–105. 

56.  Баязитова С.Р. Влияние воздействия соляно-кислотного состава при обработке призабойной зоны 
пласта на эффективность притока // Территория «Нефтегаз». 2018. № 4. С. 24–27. 

57.  Кудряшов С.И., Афанасьев И.С., Антоненко Д.А., Гришин П.А., Черемисин А.Н., Спасенных М.Ю.  
[и др.]. Новые подходы к физическому моделированию методов увеличения нефтеотдачи карбонатных 
пластов на основе закачки пара и воздуха высокого давления // Нефтяное хозяйство. 2017. № 8. С. 25–29. 
https://doi.org/10.24887/0028-2448-2017-8-25-29. 

58.  Соловьёв А.В., Хайруллин М.М., Жиров А.В., Афанасьев И.С., Федорченко Г.Д. Перспективы повы-
шения нефтеотдачи карбонатных коллекторов с использованием третичных методов на месторождениях 
АО «Зарубежнефть» // Нефтяное хозяйство. 2018. № 9. С. 48–51. https://doi.org/10.24887/0028-2448-2018-
9-48-51. 

59.  Зиновьев А.М., Карпунин Н.А. Особенности кислотных обработок в условиях высокотемператур-
ных коллекторов // Вестник Евразийской науки. 2018. Т. 10. № 6. С. 77–87. 

60.  Garrouch A.A., Jennings A.R. A contemporary approach to carbonate matrix acidizing // Journal of 
Petroleum Science and Engineering. 2017. Vol. 158. P. 129–143. https://doi.org/10.1016/j.petrol.2017.08.045.

61.  Попов С.Н., Чернышов С.Е., Ванг Ксяопу. Анализ трансформации напряженного состояния горных 
пород вблизи горизонтальной скважины при проведении кислотной обработки на основе метода числен-
ного моделирования // Записки Горного института. 2025. Т. 272. № 2. С. 110–118. https://www.elibrary.ru/ 
vobtxu. 

62.  Прокатень Е.В., Степанов Р.И. Геологическое обоснование проведения обработок призабойных 
зон скважин в условиях карбонатного коллектора на примере венд-кембрийских отложений преображен-
ского продуктивного пласта Верхнечонского месторождения // Геология геофизика и разработка нефтяных 
и газовых месторождений. 2025. № 8. С. 50–61. 

63.  Кызыма К.Ю., Хорюшин В.Ю., Семененко А.Ф., Симаков С.М., Поглазов А.М., Девяткин В.С. [и др.]. 
Потенциал технологии кислотоструйного туннелирования на месторождениях «Газпромнефть-Оренбурга» // 
PROНЕФТЬ. Профессионально о нефти. https://doi.org/10.51890/2587-7399-2021-6-1-47-53. 

Ruslan I. Stepanov,
Postgraduate Student,
School of Petroleum and Natural Gas Engineering,
Siberian Federal University,
Krasnoyarsk, Russia,
* rusya.stepanov.2017@bk.ru 
https://orcid.org/0009-0000-5794-8570 
Степанов Руслан Илдарович, 
аспирант,
Институт нефти и газа,
Сибирский федеральный университет,
г. Красноярск, Россия, 
* rusya.stepanov.2017@bk.ru
https://orcid.org/0009-0000-5794-8570

Information about the authors / Информация об авторах 

https://doi.org/10.24887/0028-2448-2024-9-112-116
https://doi.org/
https://doi.org/10.24887/0028-2448-2024-1-48-53
https://doi.org/
https://doi.org/10.18599/grs.2024.2.2
https://doi.org/
https://doi.org/10.24887/0028-2448-2017-8-25-29
https://doi.org/
https://doi.org/10.24887/0028-2448-2018-9-48-51
https://doi.org/10.24887/0028-2448-2018-9-48-51
https://doi.org/
https://www.elibrary.ru/vobtxu
https://www.elibrary.ru/vobtxu
https://doi.org/10.51890/2587-7399-2021-6-1-47-53
mailto:rusya.stepanov.2017@bk.ru
https://orcid.org/0009-0000-5794-8570
mailto:rusya.stepanov.2017@bk.ru
https://orcid.org/0009-0000-5794-8570


2025;48(4):470-485Stepanov R.I., Prokaten E.V. Review and applicability assessment of acid treatment methods...
Степанов Р.И., Прокатень Е.В. Обзор и оценка применимости методик кислотных обработок...

www.nznj.ru 485

Contribution on the authors / Вклад авторов

Ruslan I. Stepanov – conceptualization, data curation, investigation, writing – original draft.
Elena V. Prokaten – data curation, writing – editing. 
Р.И. Степанов – разработка концепции, курирование данных, проведение исследования, написание черновика 

рукописи.
Е.В. Прокатень – курирование данных, редактирование рукописи.

Conflict of interests / Конфликт интересов

The authors declare no conflict of interest.
Авторы заявляют об отсутствии конфликта интересов.

The final manuscript has been read and approved by all the co-authors
Все авторы прочитали и одобрили окончательный вариант рукописи

Information about the article / Информация о статье

The article was submitted 03.11.2025; approved after reviewing 19.11.2025; accepted for publication 09.12.2025. 
Статья поступила в редакцию 03.11.2025; одобрена после рецензирования 19.11.2025; принята к публикации 

09.12.2025.

Elena V. Prokaten,
Cand. Sci. (Geol. & Mineral.),
Associate Professor of the Department of Oil and Gas Geology,
School of Petroleum and Natural Gas Engineering,
Siberian Federal University,
Krasnoyarsk, Russia,
e-prokaten@yandex.ru
https://orcid.org/0000-0002-8059-6128 
Прокатень Елена Вячеславовна, 
кандидат геолого-минералогических наук, 
доцент кафедры геологии нефти и газа,
Институт нефти и газа,
Сибирский федеральный университет,
г. Красноярск, Россия, 
e-prokaten@yandex.ru
https://orcid.org/0000-0002-8059-6128 

www.nznj.ru
https://orcid.org/0000-0002-8059-6128
mailto:e-prokaten@yandex.ru
https://orcid.org/0000-0002-8059-6128

