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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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O630p U OLEeHKa NPUMEHUMOCTU METOAUK KUCIOTHbLIX 06paboTok
NpnN3abonHbIX 30H KAPOOHATHbLIX CNOXXHOMOCTPOEHHbIX KOJIJIEKTOPOB
He(PTAHbIX N ra30BbIX MECTOPOXAEHUN

P.LA. CtenaHoB®”, E.B. NpokaTeHb"
abCubupckull pedeparnbHbili yHusepcumem, KpacHosipck, Poccusi

Pe3srome. OcHOBHas [ons MectopoxaeHuin mupa n Poccuickon degepaumm npuypodeHa K CrioXKHONMOCTPOEHHbIM kapboHar-
HbIM KOMiekTopam. BonbLMHCTBO MECTOPOXAEHUI KAPOOHATHBIX KOMNMEKTOPOB XapaKTepU3yeTCs CITOXHbIM reororo-reogou-
3M4ECKMM CTPOEHMEM, HanNn4nemM B COCTaBe pe3epByapa BbICOKOEMKMX KaBEPH, TPELLMH 1 Mop, HedhTeW NOBbLILLEHHON BA3KO-
CTW, a TaKkKke TPYOHOU3BMNEKaeMOCTbI0 3anacoB. [Ins obecneveHmnst KOHTPOs NapaMeTpoB pa3paboTKUM B CTONb CIIOXHBIX YC-
NOBMSAX U BbINOSIHEHUS MOCTABIEHHBIX NIIAHOB MO J00bIYe HedTW 1 ra3a TpebyeTcs NPUMEHEHNE COBPEMEHHbBIX TEXHOMOMMIA
yBenuieHust Hedpteotaaun. OgH1M 13 Hambonee NPUMeEHSIEMbIX MEPOMPUSATUI Takoro pofa sIBMNSIETCSA KUCNOTHas obpaboTka
CKBaXXWH C LIENIbI0 BOCCTAHOBMEHUS NMPOHNLI@EMOCTM NnacTa. Ha cerogHsawWwHniA eHb B MUPOBOW HedhTeaobbIve CyLLEeCTBYHOT
pasnunyHble cnocobbl KNCNOTHOIO BO3AENCTBUS, KOTOPbIE OTNINYAOTCA MeXay coOboM TEXHONOrnen Npon3BoaAcTBa, 3aBUCUMO-
CTbIO OT MNUTONOro-MUHEPANOrMYecKoro CoCcTaBa KOMnmekTopa, ANUTenbHOCTbI0, 3ekToM BO3AENCTBUSA U Tak ganee. Kax-
OblA U3 NPUMEHSIEMbIX MeToaoB 06r1agaeT CBOMMM Kak MONOXUTENbHBIMKU, Tak 1 oTpuLaTerbHbIMU CTOPOHaMK, YTO Aenaet
MOPOWN 3aTPyaHUTENBHBLIM AJ15 CeumManvMcToB-HeTSHMKOB BONPOC BbIOOPa TEXHOMOMMN BO3AENCTBUSA Ha NPU3aboliHyo 30HY
nnacta. B npeacraBneHHon paboTe NpuBeAeH OTEYECTBEHHbIA U MMPOBOW OMbIT MPOBEAEHNST KMCIOTHLIX 00paboToK CKBa-
XXVH KapOOHAaTHbIX KOMMEKTOPOB C LIENbH BbISIBIIEHWS MONOXUTENbHbIX M OTPULIATENbHBIX CTOPOH MPUMEHSEMbIX METOAMK.

Knroveenle cnoea: obpaboTka npn3abonHON 30HbI NnacTa, TPeLMHOBATOCTb, KaBePHO3HOCTb, KAapOOHaTHbIN KOMNNEKTop,
[ebut, KoadPULUMEHT NPOAYKTUBHOCTU, KOIPMDULMEHT NPUEMUCTOCTH

Ans yumupoearus: CtenaroB PU., MNMpokaTteHb E.B. O630p v oueHKka NpUMEHUMOCTN METOAMK KUCNOTHBIX 06paboTok
Npn3aboHbIX 30H CIIOXHOMOCTPOEHHBIX KOMMEKTOPOB He(PTAHBIX 1 ra3oBbIX MeCTopoxaeHui // Hayku o 3emne v Heppo-
nonb3oBaHue. 2025. T. 48. Ne 4. C. 470-485. https://doi.org/10.21285/2686-9993-2025-48-4-470-485. EDN: GSYPQO.

© Stepanov R.I.,, Prokaten E.V., 2025

470 | Www.nznj.ru



https://elibrary.ru/gsypqo
mailto:rusya.stepanov.2017%40bk.ru?subject=
https://elibrary.ru/gsypqo
mailto:rusya.stepanov.2017%40bk.ru?subject=
https://elibrary.ru/gsypqo

@Stepanov R.l., Prokaten E.V. Review and applicability assessment of acid treatment methods... |
CrenaHoB P.)., NpokaTteHb E.B. O630p 1 oLeHKa NPMMEHUMOCTU METOAUK KMCITOTHBbIX 06pa601'0|<...|

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)’.

All of the above causes lead to a decrease
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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 expression?:

k Ts
S= (k—s— 1)In(z), (1)
where r,—radius of the contaminated area, m;
r. — 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]:

S; =S+ Syt Sy, (2)
where S,; — the skin factor, caused by phase
effects; S, — the skin factor caused by well-
bore perforation (dominates at zero phase
shift); S, — 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]:

" 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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_ kh(Pr—Pyr)
" 18,41 xp1x By % [ln(:—;)—o,75+s]’ (3)

Q

where Q — horizontal well flow rate, m3day;
K — permeability, um2; h — net pay thickness of
the formation, m; P, — formation pressure, MPa;
Py s — bottomhole pressure, MPa; u, — oil vis-
cosity, MPaxs; B, — a formation volume factor,
unit fraction; re — drainage radius, m; r,, —
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
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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-

Table 1. Main types of acid treatment methods used for production wells?
Ta6nuua 1. OCHOBHbIe TUNbI NPUMEHAEMbIX CNOCOGOB KUCIIOTHOW 06paboTku

JKcnnyaTauyMoOHHbIX CKBaXWnH?®

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

Prohibited for carrying out in a carbonate reservoir

To dissolve shale interlayers.

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

Increasing the inflow area by creating additional channels

Creating a wide tunnel.

Directed treatment

Redistribution of the acid stream based on the stream thickness

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.
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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-
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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:

AE

“Iye = Ef % Cltlré‘l’ E;= E/? X eXp(‘ﬁ)- (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:

%4
_ Y
rWh_\/rW-I-PVbthl'XKnxh, (5)

where r,,,— wormhole propagation radius, m;
r, — well radius, m; V — volume of injected
acid, m?; PV,,— pore volume of acid composi-
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tion before wormhole formation, unit fraction;
K, — 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:

Q 1- a; ay

» Ko< h x\/ﬂ x Myp \/de—wh x Twh de—wh |
where Q — consumption of acid composition,
m?3/s; my, — the number of wormholes in the
plane orthogonal to the wellbore, units; a, —
the coefficient characterizing the wormhole
distribution density along the wellbore, unit
fraction; d._,, — 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.

Vi

(6)

Table 2. Characteristics of the dissolution reaction of carbonate minerals with hydrochloric acid
Tabnuua 2. XapakTepuMCTUKU peaKkLmn pacTBOpPEeHUA KapOoHaTHbIX MUHEParioB CONSIHOW KUCNOTOMN

) 0 kg x mol HCI i
Mineral m E¢|l — kg mol HCI 2 )
m e () ‘
Calcite 0,63 7,291%107 7,55%10°
Dolomite 0,314-0,618 9,4x101m 11,32x10°
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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:

€={C(X’t_é)eXp(_%Z),t>i,t<i, (7)
0 v v

w=Cx 0 22 (1 - exp (- L)) a= - [ Case (8)

where y — dissolution power; E; — reaction
constant; ps — rock density; " — 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:

W= FXA? (1 ~exp (—18‘1”’)), F=_Ll22

—=5 (9)

FA?

where z — axial coordinate of the pipe; v —
average fluid flow velocity; X — 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 /, and the
radius of the wormhole is indicated by the let-
ter r. The final expression looks like this:

=T @O, =2 (v = D5 ). (10)
where X — dissolution power of the acid; p —
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
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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.l. 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.

OIISEEKER 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. OIISEEKER 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,
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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 m® 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
Puc. 1. Quazpamma npoeedeHusi KuciomHol obpabomku obbiearouwjeli CKeaXXUHbI C ornopol
Ha OaHHble NMPoMbICcII080-2e0ghu3uveckux uccredoeaHuli (Opy64yeHo-ToxoMCKoe MecmopoXxoeHue):

1 — Hegpmeb + 800a; 2 — 8oda + Heghmb; 3 — Heghmb; 4 — 800a;

5 — uHmMeHcusHoCcMb roasouweHusi 6yposo2o pacmeopa; 6 — mepmomempusi; 7 — MUHepanusayusi; 8 — wymMomempusi

Table 3. Study intervals of production wells of the Yurubcheno-Tokhomskoye field using production
geophysical research methods before acid tunneling
Tabnuua 3. UHTepBanbl UccnegoBaHUA [o6bIBalOLWMX CKBaXKMH KOpy64yeHO-TOXOMCKOro MecTopoXaeHus
MeToAamMu1 NMPOMbICNOBO-reo3nYecKnuX nccneaoBaHuin nepen KUCNOTHbIM TYHHENTMPOBaHUEM

Well number Caprock, m Bottom, m thiliflzﬁgtsi:m Inflow composition
S-678 2370 238166 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 24952 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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Fig. 2. Dynamics of production well operation after hydrochloric acid treatment:
1 - liquid; 2 — liquid (fountain); 3 — water cutting; 4 — gas factor; 5 — oil
Puc. 2. Quhamuka pabombi do6biearouieli CK8a)KUHbI Mocsie CosIsIHO-KUC/IOMHOoU obpabomku:
1 — udkocmb; 2 — xudkocmsb (poHMaH); 3 — 06800HEHHOCMb, 4 — 2a308bili chakmop; 5 — Heghmb

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-
ernousandfractured porousreservoirtypeofthe
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.
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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

2025;48(4):470-485

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.
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