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The state of the bottomhole zone during drilling was assessed on the example of well No. 47 Stynava. Based
on the study of the impact of drilling fluid on the filtration and capacitance characteristics of the core material, it
was found that the colmatation screen on the core material can be eliminated by acid treatment.

The studies and results of operations at wells of PJSC “Ukrnafta” have confirmed the effectiveness of oil
recovery enhancement methods, among which the acid treatment of formations, whichare used both for cleaning

of well bottomhole zone and forintensification.

The main technological parameters of a few cementing materials and mixtures, as well as the physical-and-
mechanical properties of set cement based on them, were studied. The effect of acid treatment used during
intensification on set cement was evaluated. It has been established that base cements and mixtures based on them
are subjected to a significant aggressive effect of acids, which provokes the destruction of set cement.

The results of the study substantiate the expediency of using composite plugging cements for well cementing
in difficult conditions where the set cement of the insulating ring can be exposed to acid exposure.
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Introduction

Preserving the primary permeability of rocks in the
well bottomhole zone (WBZ) during the opening of
carbonate and terrigenous reservoirs, especially in the
context of a single well, requires solving a complex
problem: from the moment of initial opening to the end of
well development. Repression on productive formations
during well construction during initial opening and
cementing ranges from 20% to 150%, and in some cases
reaches much higher values. As an example, during well
construction at the Hnidyntsy field of PJSC “Ukrnafta”,
the repression applied to productive intervals during
drilling ranges from 3.1-7.0 MPa, and during cementing,
it ranges from 11 MPa to 16 MPa, that is exceeds reservoir
pressures by 65% to 120%. It is well known that the
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maximum preservation of natural permeability of
formations in WBZ can be achieved by using modified
drilling and plugging muds and improving a number of
technological measures to prevent the penetration of
dispersed systems and their filtrates into the formation
(reducing the repression on the formation, reducing the
time of exposure of the drilling mud to the formation,
changing the casing bottom construction, etc.).

In case of reduced permeability of productive
horizons or lack of expected flow rate, acid treatment of
formations is carried out. The treatment on the pore and
fracture space of productive formations in the WBZ with
acid solutions ensures an increase in their filtration and
capacitance parameters during the development or
commissioning of oil, gas, gas-condensate and water
injection wells. Acid treatment on formations also helps to
dissolve introduced contaminants, formations and rock
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components during well operation caused by hydrocarbon
production processes or other factors [1].

However, in the case of acid treatment on the
formation, a significant impact is transmitted to the casing
system, in particular to the set cement, which can lead to
its degradation. Numerous works of scientists about of
individual technological processes and the creation of new
solutions to improve the quality and reliability of well
construction and casing demonstrate the relevance of these
research areas.

During carried out of different technological
operations in the process of construction, production and
work over of wells, complex processes can occur in the
WBZ, which lead to reduction of the natural physical,
mechanical and chemical state of the formation, including
a decrease in filtration characteristics, which can
significantly reduce well productivity.

Well surveys under stationary and non-stationary
filtration modes have shown that after drilling and
development, their productivity decreases by an average
of two times, i.e. the well productivity factor is 50% of the
productivity factor of a hydrodynamically perfect well [2].

In order to prevent the negative impact of colmatation
processes during the initial opening of productive horizons
when using water-based solutions, it is recommended to
use low-clay or clay-free types of drilling fluids, in which
the solid phase is represented by acid-soluble screening
fillers with a selected fractional and component
composition in accordance with mining and geological
conditions. In such systems, solid insoluble sediment
should not be formed during the destruction of
components and the direct treatments of bottomhole
formation zone clean [3]. Researches by Ya.B. Tarko has
established that the deterioration of the energy state of
deposits and their watering are the dominant factors in
reducing well productivity. However, the analysis of the
dynamics of well fluid flow rates showed that in many
cases, the decrease in their flow rate occurs regardless of
the energy state of the deposits. For example, at the
Perekopivka oil field, the average well fluid flow rate
decreased by 4.9 times over three years, while the average
reservoir pressure in productive horizons decreased by
only 9-11%. A similar situation was observed at the
Artyukhy oil-gas-and-condensate field, where the average
fluid flow rate decreased by 3.8 times over ten years, while
the average reservoir pressure decreased by only 15%, and
at the Korzhi oil-gas-and-condensate field, where the fluid
flow rate decreased by 2.1 times over six years, while the
reservoir pressure decreased by 4-9 % during this time.
These data show that, by the side of above factors, one of
the main reasons for the decline in oil and gas production
rates is the colmatation of filtration channels in productive
formations [4].

One of the ways to increase hydrocarbon production
is to introduce methods to enhance oil recovery, among
which acid treatment of formations, which form the basis
of chemical well treatment methods and are most widely
used not only for cleaning the WBZ but also for
stimulation, occupies a significant place.

However, simultaneously with such processes, acid
treatment also affects the set cement, which is the basis for
the formation of the insulating screen. Calcium oxide, as
the main oxide of all standard cement materials, has a
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particularly high affinity for organic and inorganic acids.
During acid treatment at set cement destructive processes
are taking place that lead to changes in its physical,
mechanical and chemical properties. In the field of
building, A.M. Neville [5] identified the interaction of
cement alkalis with aggregate silica, volume changes due
to differences in the thermal expansion of set cement and
aggregate, and, above all, the permeability of the cement
as one of the reasons for the degradation of set cement.
The synthesis of set cementdurability as a composite is to
"create an optimal microstructure of set cement, reduce
macroporosity and increase crack resistance"[6].

During the preparation of the plugging mud, complex
chemical reactions occur as a result of mixing the plugging
material with water, including the processes of hydrolysis
and hydration of cement clinker minerals, as well as the
interaction of active aggregates. Submicrostructural
stresses arise in the set cement matrix during the
development of crystal hydrate neoplasms [7]. Researches
of these stresses are significantly complicated because
they are balanced in microscopic volumes of the set
cement matrix. During structure formation, crystallization
stresses improve the strength of growing neoplasms [8, 9].
It is not necessary to expect sharp differences in the stress
state of the hardening gel under different conditions due to
the possibility of stress relaxation during deformation of
the material pores [10]. New formationsin the
crystallization process are active in various aggressive
environments, especially in acidic [11, 12].

I. Methodology

Presented in the paper researches are based on the
analysis of the relevance of the problem of the state
assessment of WBZ and ways of its cleaning, which based
on the method of formations acid treatment, as one of the
main directions of its solution; forming of the task and
drawing up the main algorithm of studied object; scientific
ideas for the evaluation and development of plugging
systems for wells fastening in difficult mining and
geological conditions; solution of the main mathematical
dependencies with modelling of experimental data,
analysis of the obtained results, grounded conclusions and
main recommendations.

At the same time, the substantiation of the component
composition and formulation of plugging systems was
carried out on the basis of the use of modern methods of
analytical and experimental researches by means of
mathematical modelling, research methods, instruments
and materials.

Evaluation of technological properties of plugging
solutions and set cement was completed in accordance
with the standards [13, 14, 15]. Researches of the set
cement samples strength was carried out after their
formation using the device PCK-1. The maximum
working pressure was 100 MPa, and the temperature was
573.15 K. During the formation of set cement samples, the
temperature regime was maintained using electric heaters
operating in automatic mode with potentiometer
registration. The required pressure was set by a hydraulic
press and by heating the working fluid of the autoclave.
The XRF analyser Expert 3L was used to determine the
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mass fraction of chemical elements in powdered materials
and an X-ray diffractometer Shimadzu XRD-7000 was
used to research the qualitative and quantitative phase
composition and the X-ray diffraction analysis carried out.
The estimation of acid resistance of the set cement was
carried out in accordance with the methodology for
determining the dissolution of rocks in acids, taking into
account the technological requirements for cementing
wells at PJSC “Ukrnafta” fields. This methodology
provides for the determination of the main indicators for
estimationofset cement acid resistance: speed, depth,
volume, dissolution weight and acid resistance coefficient.

The dissolution rate of set cement R is determined by
the formula:

M)

where Ag — the difference in mass of the sample before
and after acid treatment, g; S — surface area of the cement
sample, cm?; t—continuance of acid treatment on the
sample, h.

The depth of set cementdissolution is determined by
the formula:

Al

= (cm/h) @

R
—_ t’
Cc.p.

where pcp. — the density of cement powder, g/cmd,
The volume of dissolved set cement is determined by
the formula:
AV = S-Al,cm? ?3)
The mass of dissolved set cement is determined by the
formula:
Am=AVpcp., 9 (4)
The relative weight loss of set cement is determined
in percentage:

Lm=22.100, %

1

®)

where m; — the initial mass of the sample (before the acid
treatment), g.

The relative volume loss of set cement is determined
in percentage:

av
14

Lv -100

(6)

where V — the initial volume of the sample, cm?®.
The acid resistance coefficient K is determined by the
formula:

=
K= (7
where ms — the final mass of the sample (after the acid
treatment), g.
The aim of research is to evaluate the effect of acid
treatment on WBZ, study their influence on set cement
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degradability, and search for and develop basic
formulations of plugging materials with increased acid
resistance.

1. Results of research and discussion

It is known that oil recovery using reservoir energy in
most cases does not exceed 20 %. Methods of maintaining
reservoir pressure can further increase the oil recovery
factor by up to 25 %. However, in general, the overall oil
recovery factor in the world experience ranges from 35 %
to 45 % [16].

It should be noted, in particular, that oil production
from fields classified as hard-to-recover is carried out at a
low rate, with the final oil recovery in such cases not
exceeding 30% of the initial balance sheet reserves [17].

One of the methods to increase hydrocarbon
production is the introduction of enhanced oil recovery
methods, among which acid treatment of formations takes
a significant place. Acid treatment of reservoirs in the
WBZ allows cleaning them from colmatation products and
increasing current oil and gas production from specific
wells.

Hydrocarbon production stimulation is especially
relevant for fields that are at the final stage of development
or are classified as hard-to-recover. Scientists of PJSC
“Ukrnafta” [18] confirmed a significant increase of share
of hard-to-recover reserves, which is about 70 %.

Thus, in 2005-2022, PJSC “Ukrnafta” performed 919
well operations with acid treatments. The additional oil
production amounted to about 1265 thousand tons. The
success rate of the operations is 82.5%. Specific
production per well operation amounted to 1.38 thousand
tons of oil.

The increase of well flow rate during the
implementation of acid treatment processes is achieved by
increasing the permeability of formations in the WBZ, the
formation of corrosion channels in the rock matrix,
cleaning formations from various types of contaminants,
restoring the previously reduced permeability of
formations in the WBZ due to the influence of
contamination [1].

At one time, sidetracking was carried out at well 47-
Stynava. The research of the effect of clay-free
biopolymer mud on the filtration and capacitance
characteristics of a sample of core material (Table 1) of
this well was carried out at the depth of 3544 m.

The analysis was carried out under simulated
reservoir conditions:

— pressure of hydraulic core compression — 10 MPa;

—working zone temperature — 90 °C;

—working pressure drop on the core — 1-0.5 MPa.

For core 15037. The drilling mud was pumped
through the core during 3 hours. The volume of the filtrate
was 2.3 cmé. The crust, which washed on the working end
of the core with a thickness of 0.5 mm, is loose. The
recovery of core permeability was equal to
B =24 % after pumping 5.5 pore volumes of hydrocarbon
fluid for one hour. The filtration rate decreased from
0.0127 cm/sec to zero. To determine the depth of
colmatation, the method of cutting the working end of the
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Table 1.
Characteristics of the core material
No?rgobreer Diameter, cm Length, cm Volume, cm?® Porosity, % Permeability, mkm?10-
15037 2.70 5.70 32.62 13.80 5.0
11092 2.67 5.73 32.10 12.10 9.1

core with a length of 1 mm was used. In this case, no
increase in the permeability recovery factor [ was
achieved. To determine the effective method of
decolmatation, the hydrochloric acid treatment method
was used. The core permeability was then restored to 98 %
after pumping 22.2 pore volumes of hydrocarbon fluid in
40 minutes. The filtration rate was stable and equalled
0.05 cm/sec.

For core 11092. The drilling mud was pumped
through the core during3 hours. The volume of filtrate was
3 cm?®. The crust, washed on the working end of the core
with a thickness of 0.5 mm, is loose. The recovery of core
permeability was equal to B =4.4 % after pumping 2.5
pore volumes of hydrocarbon fluid in one hour. The
filtration rate decreased from 0.004 cm/sec to zero. To
determine the depth of colmatation, the method of cutting
the working end of the core with a length of 1 mm was
used. However, no increase in the permeability recovery
factor B was achieved.

To determine the effective method of decolmatation,
the hydrochloric acid treatment method was used. The
recovery of core permeability was 82.3 % after pumping
15 pore volumes of hydrocarbon fluid in 19 minutes. The
filtration rate decreased from 0.1 cm/s to 0.05 cm/sec. The
research results confirm that the significant and deep
colmatation caused by hydrochloric acid can be
eliminated.

Thus, from this example, treatment of the core
material by hydrochloric acid ensures its decolmatization.
However, such methods of WBZ cleaning, and sometimes
technological operations to stimulate hydrocarbon inflow
create significant static and dynamic loads on the casing
system, especially on the set cement. In well conditions, a
rather thin insulating screen is constantly exposed to an
aggressive environment. At the same time, the dynamics
of corrosion processes will depend on the structural
features of the set cement and the kinetics of aggressive
agents. As is well known, the lack of a reliable cement ring
behind the casing can lead to

— accelerated corrosion of casing by aggressive
formation fluids;

— casing crushing of casing strings;

— destruction of the bottomhole zone;

— water breakthrough from neighbouring formations,
pulling formation water from the bottom to the perforation
holes;

—gas breakthrough from neighbouring formations and
the "gas cap” to the perforation holes;

— oil and gas losses due to their flow into formations
with low reservoir pressures;

— water flows in the intercolumnar space, formation
of griffins, subsurface and environmental pollution.

One of the ways to ensure the durability of set cement
is to use active mineral additives that ensure the binding
of calcium hydroxide, which prevents the destruction of
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set cement [19, 20, 21].

Research by a group of scientists [19, 22, 23, 24] has
established that all disperse and fine fillers are divided into
two types according to their functions: reaction-active and
rheologically active. The first type are characterized by an
intense pozzolanic reaction of interaction of amorphous
silica with portlandcement (quartz-containing fillers —
microsilica, basalt, granite, quartz sand), which are
reactive with lime, but are characterized by a slower,
longer period of interaction with portlandite). The second
type of dispersed aggregates (limestone, dolomite) is
conditionally inactive, as they do not form strong products
with calcium hydroxide [25, 26, 27].

The assortment of plugging materials for well
cementing is quite wide, but the demand for such cements
for oil and gas wells is rather low compared to cements for
the construction industry. It is technologically and
economically unprofitable for large cement assortment
plants to produce a wide range of cement for oil and gas
wells in small quantities. Therefore, the production of
cement plugging, in compliance with all the strictly
regulated requirements for the material composition,
pluggingmud and set cement based on it, is unfortunately
unprofitable for powerful cement producers. As a solution,
it is more expedient to use a small range of basic cements,
and to provide the necessary properties of the plugging
material by introducing modifying additives (stabilizers,
plasticizers, reinforcing composites, gas blockers, etc.)
using special technologies. As an example, we consider
the formulation of a plugging mud for cementing of the
intermediate casing diameter 244.5 mm in well No. 99 of
the Zakhidno-Sosnivka field in the interval 2430 — 2039 m
in the conditions of chemogenic deposits. The formulation
of the second portion of the plugging mud included the
following composition: PCT 1-50-100 (75%) + ground
quartz (25%) + foaming agent "E" (0.1%) + retarder
NTFK (0.025%). The research temperature was 40°C, the
pressure was 46.3 MPa, and the test was stopped for
20 minutes after 1 hour of testing. The obtained
parameters of the plugging mud and the strength of the set
cement at a water-cement ratio of 0.53 (mixing liquid with
a density of 1170 kg/m® NaCl) are as follows:

— density — 1870 kg/m?

— flow ability — 245 mm

— water separation — 3.0mm

— thickening time up to 30Berden unit — 4 hours

— bending strength of set cement—5 MPa

According to the results of laboratory researches and
industrial applications (the confirmed example of the
above-mentioned well No. 99) of the formulation during
well cementing, it was found that the addition of 25% of
ground quartz provides sufficient physical and mechanical
properties of set cement and allows the use of plugging
materials in combination with modifiers in difficult
mining, geological and thermobaric conditions. In
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Table 2.
Researches of the main parameters of plugging materials

Ne Formulatlr?]r;gsp;::%gmg mud, Main parameters of plugging mud S:;;i”&?; Sﬂﬁ:}?g? ;E?j
- — - DE

cement water den5|t33/, flowability waf[er bending compressio | + &
g/cm , mm separation, ml n ©

1 PCT I-100 - 100 48 1.84 230 45 5.8 20.8 3.59
2 | I-G-75+MK - 25 48 1.85 240 6.0 6.5 24.2 3.72
3 TC-100 48 1.82 235 3.8 6.2 20.1 3.24
4 Cem-C100 48 1.83 245 3.2 6.7 20.0 2.99
5 DR-CT100 48 1.84 230 3.0 6.4 19.2 3.0

addition, the addition of ground quartz sand to cement
contributes to a more complete utilization of the hydration
activity of the binder. It should be noted that the presence
of finely dispersed silicon hydroxide leads to the
formation of new high-strength minerals, densification of
the set cement structure, and significantly increases its
deformation resistance during perforation operations,
hydraulic fracturing and other mechanical stresses. It is
possible to improve the quality and reliability of
engineering structures during construction through the
introduction of composite cements [19]. The conducted
researches have confirmed the possibility and technical
and economic feasibility of using composite materials also
for cementing oil and gas wells [28, 29]. As you know, the
peculiarity of using composite cements is that plugging
mud based on them hardens more slowly. The slower
kinetics of structure formation is fixed in the initial period,
but later the set cement based on composite materials
gains high strength. When set cement is formed under
thermobaric conditions, the strength of composite samples
eventually exceeds the strength of portlandcementin
bending and compression. Set cement based on composite
plugging mixtures has increased crack resistance and
corrosion resistance [30].

The peculiarity and kinetics of the structure formation
of composite cement lies in the hydration of the clinker
component and the chemical interaction of hydrate
neoplasms with active components and modifiers. The
process of hydration of the composite material proceeds in
the interaction with water of the cement components with
hydraulic and pozzolanic additives. Components with
different hydraulic activity participate in the reactions of
structure formation of composite cements.

We have carried out researches a number of plugging
materials and mixtures: PCT 1-100, a mixture of I-G and
microsilica (MS), TS-100, Cem-C100, and DR-CT100,
which are used for cementing oil and gas wells at moderate
temperatures. Table 2 shows the results of researches of
the main parameters of the plugging mud and the strength
of the set cement. Set cement samples for strength research
were formed at a pressure of 0.1 MPa and a temperature
of 75 °C.

Based on the researches, it was found that the set
cement based on a mixture of I-G and silica materials is
characterized by higher strength characteristics, but also
has a higher value of water separation of the plugging
mud. A decrease in the sedimentation resistance of the
plugging mud for a mixture of I-G materials and silica
indicates that its water separation rate is two times higher
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than for composite cement DR-CT100, 1.9 times higher
than for cement Cem-C100, 1.57 times higher than for TS-
100, and 1.33 times higher than for 1-100 PCT. It should
be added that in the event of a violation of sedimentation
stability, gravitational migration of the dispersion medium
may occur, which will cause a violation of the state of the
insulation screen. At the same time, a system of pores and
microcracks will form in the set cement matrix, which will
form structural defects and which are an additional factor
for the degradation of the set cement, which will increase
under the influence of aggressive environment.

We would also like to draw attention to the fact that
the set cement insulating ring, which is usually in the
active kinetics of early strength gain, is subject to dynamic
and static loads during pressurization and perforation
operations. Such work on wells is carried out as soon as
possible after their casing, due to minimizing the time for
well construction and expectations of their rapid
commissioning for hydrocarbon production. In order to
minimize the integrity of the insulating screen and the
cracking of the set cement under loads, the set cement
must have a reduced brittleness, which can be physically
expressed through the brittleness coefficient. The
brittleness ratio characterizes the ratio of compressive
strength to bending strength. If the brittleness coefficient
is less than three, the set cement is characterized by
satisfactory elastic and deformation properties. Based on
the researches, it was confirmed that set cement based on
composite cements is also characterized by improved
elastic and deformation properties.

In addition, researches of the quantitative analysis of
the elemental composition of composite cements Cem
C100 and DR-CT was carried out. The results of
researches are shown in Table 3 and indicate that the oxide
compositions of Cem C100 and DR-CT are identical.

In addition, evaluation of Cem C100 and DR-CT were
carried out based on X-ray phase analysis of Fig. 1 and
Fig. 2, respectively.

Based on the generalization of the results of X-ray
fluorescence spectroscopy (spectrometer-analyzer Expert
3L) and X-ray diffraction analysis (X-ray diffractometer
Shimadzu XRD-7000), it was found that the main phases
for the studied series of samples are portlandite Ca(OH)s,
alite SiCazOs, and calcium carbonate CaCOs. For the
sample of Cem C100, the phases Fe»(SiO4) and Fe(SiOs)
are present. The phase of Fex(SiOa4) is observed in the
sample of DR-CT, although there is a tendency to increase
the relative iron content in the series (up to about 9 weight
% in terms of precipitate). The probable reason is that iron
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is in the form of ultrafine oxyhydroxides. The relative
sulfur content tends to decrease from 2 to about
1.5 weight % (in terms of oxide). For samples of DR-CT,
the presence of mica (potassium aluminosilicates) is
observed. Quantitative Rietveld analysis of samples Cem
C100 and DR-CT is not possible due to the presence of a
significant content of the X-ray amorphous phase, the
content of which is maximum for the sample DR-CT. The
estimated values of the X-ray amorphous phase content
for the sample Cem C100 are up to 54 (at least 46-48 molar
%), and for the sample DR-CT — up to 57 (at least
50 molar %). According to the X-ray fluorescence

spectroscopy data, the dominant component of the
amorphous component is a calcium-containing phase,
probably portlandite Ca(OH).. The targeted kinetics of the
structure formation of the plugging material makes it
possible to regulate the operational properties of set
cement, in particular, to increase the set cement resistance
to aggressive environments. The peculiarities of the
hydration of the plugging material and the resulting
structure of the set cement will have a direct impact on its
corrosion resistance. The main parameters that have an
impact on it are the water-mixture ratio, grinding fineness
and fractional composition of the material, the type of

Table 3.
Comparative composition of plugging materials
Type Composition (in terms of oxides), mass %
of material CaO SiOz Fe,O3 A|203 SO3 K>0 + Na,O MnO Ti02 SrO Zn0O
Cem C100 81.663 | 8.166 | 6.132 | 0.290 | 2.247 - 0.621 | 0.480 | 0.220 -
DR-CT 76.959 | 9.197 | 8.622 | 1.133 | 1.521 1.054 0.208 | 0.766 | 0.279 | 0.111
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Table 4.

Formation water of Rybaltsi field

Name of indicator Units of measurement Measurement result
Density g/em® 1.1395
pH units pH 5.52
Chlorides mg/dm? 134710.0
Sulfates mg/dm3 <50.0*
Hydrocarbonates mg/dm? 195.2
Carbonates mg/dm? <3.5*
Calcium mg/dm? 18236.4
Magnesium mg/dm? 5350.4
Potassium + Sodium mg/dm? 58858.31
Mineralization mg/dm? 217360.18
Note: * — the content of the indicator is less than the minimum value
of the measurement range of this methodology

cement and modifiers used for the material, as well as the
thermobaric conditions of formation and the structural
features of the set cement.

Modifiers and additives to plugging materials of
different genesis can improve the technological properties
of the plugging slurry and the physical and mechanical
properties of the set cement [31].

For the base materials, the acid resistance of set
cement was evaluated. Research of acid resistance of set
cement was carried out in the environment of the most
widespread acids for stimulation of reservoir fluids
inflows — hydrochloric 10% HCI and clay 10% HCI + 3%
HF. The time of contact with acids is 3 hours, which is
based on the results of laboratory researches and practical
implementations at objectsof PJSC “Ukrnafta”.

After evaluating the strength characteristics at an
early age, the cement beams were transferred to the
formation water of the calcium chloride type, chloride
group, calcium subgroup with a density of 1139.5 kg/m3.
The water was changed every 30 days. The storage fluid
for cement beams is the formation water of the Rybaltsi
field (Table 4).

It should be noted that the acidic treatment on the
formations will have a significant influence on the
stability of set cement in oil and gas wells. When the set
cement is up to two days old, its strength depends on the
primary hydration. Subsequently, during the strength gain
up to 28 days, the hydration of silicates of type
B-C.S ends. When the set cement is three to six months
old, the thermodynamic equilibrium of the system is
achieved in the process of structure formation. After the
set cement samples reached the age of about six months,
which is mainly due to the completion of hydration
processes and stabilization of the dynamics of strength
gain, their acid resistance was determined. When acids
interact with set cement, they can create new formations
that will dissolve in water and cause exposure of the inner
layers of the set cement, as well as products that can block
the newly formed gaps in the set cement structure. At the
same time, acids can chemically interact with minerals
present in set cement. Portlandite interacts with acids as
follows:

Ca(OH); + 2HC1 = CaC1;, + 2H,0

Ca(OH),+ 2HC1 + 2HF = CaCly + CaF |+ 2H,0
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Alite SiCazOs interacts with acids according to the
following scheme:

CasSiOs+ 6HC1 = 3CaCl; + SiO2| + 3H20
CasSiOs+ 4HC1+2HF=2CaCl; + CaF;|+ SiO2| + 3H,0

The iron silicates Fe,SiO4 and FeSiOsz interact with
acids as follows:
FeSiOs+ 2HCI1 = FeCl; + SiO;| + H,0

2FeSiOs+ 2HC 1+ 2HF=2FeC1, + FeF2|+2Si02|+2H,0

New formations that arise from such reactions have
no binding or strength properties. The calcium chloride
formed as a result of the reaction is a soluble compound
that will be carried out of the set cement. As a result of
further treatment to process fluids or cyclic treatment, the
degradability of set cement will increase. Insoluble
products such as calcium fluoride, iron fluoride and silicon
oxide can block newly formed cracks in the set cement.
However, this ability depends on many factors, and
therefore blocking of cracks may not occur in all cases.
Acids can also destroy hydrosilicates, hydroaluminates
and calcium hydroferrites, turning into calcium salts and
amorphous, unbound masses of SiOz-nH20, Aly(OH)s,
Fez(OH)s.

When set cement interacts with an aggressive
environment, colmatation screens can also be formed,
which will help reduce the corrosion rate. In this case, the
first mechanism of colmatation screening will consist of a
silicic acid gel due to the interaction of the set cement
silicate component with aggressive agents. The second
screening mechanism can occur as a result of the
interaction of aggressive agents with the calcium
component of set cement.

The kinetics of acid aggression of set cement is more
dynamic compared to the effects of salt aggression. These
processes are caused by the intense penetration of
hydrogen ions into the highly alkaline environment of set
cement and are reduced slightly. At the same acid
concentration, the rate of corrosion reduction of set
cement in hydrochloric acid is lower than in hydrochloric
acid, since the reaction processes produce the formation of
easily soluble calcium chloride. At the same time, when
sulfuric acid is applied to set cement, the reaction
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products, in addition to the silicic acid gel, are gypsum,
which will further slowdown the corrosion processes. It is
known that the initial rate of corrosion processes of set
cement under the influence of hydrochloric acid is
somewhat higher than that of sulfuric acid, which is
justified by physical processes, since the chemical
interaction of strong acids with calcium hydroxide is ionic,
proceeding at a high speed and less sensitive to the
composition of set cement.

To study the exposure of acid treatment on set cement,
samples of set cement aged 180 days were selected. The
degradation of set cement (formulations from Table 4)
under the influence of hydrochloric (10 % HCI) and clay
(10 % HCI + 3 % HF) acids, which are most widely used
in the treatment of oil and gas wells’ WBZ, was evaluated.
The results of researches of acids exposure on set cement
are shown in Table 5. The researches have established that
set cement is subject to corrosion from acid exposure. At
the same time, the corrosion resistance of set cement
samples when modeling acid treatment for formulations
based on PCT 1-100 cement (No. 1) and a mixture (I-G-75
+ MK-25) No. 2 is less than 0.85 and, according to the
researches of V.S Danyushevsky, does not meet the
criterion of corrosion resistance of set cement [32].

Figure 3 shows the characteristic formation of an
amorphous mass on the research grouting mixture
formulations after their acid treatment. The dimensions of
the set cement sample based onPCT 1-100 were
20 mm x 20 mm x 60 mm. Figure 4 visualizes the
exposure of hydrochloric acid on set cement based on PCT
1-100. The basic dimensions of the beam (widthxheight)
are 20mm x 20 mm, length 60 mm and 45 mm,
respectively (Fig. 4). Splinters, longitudinal and transverse
cracks were recorded on the samples, in some places with
the destruction of scaly parts. Modeling the treatment of
10 % HCI on a sample of set cement based on TS-100
(formulation No. 3) provided a corrosion resistance
coefficient (CRC) of 0.89, for Cem-C100 (formulation
No. 4) — CRC = 0.91, and for DR-CT100 (formulation
No. 5) - CRC = 0.92.

Fig. 3. Typical formation of amorphous maés oﬁ the
research formulations based onPCT 1-100.

Fig. 4. Acid corrosion of set cement.

Table 5.
Results of researches of acids exposure on set cement
9; - ?1: -8 mE § %)
£s g« | 2 | E | €25 | 322|378
5 = s e 3 o s e [ 83 s E -
o g . 25 < > S = S £ T < 5 . a < S
T = Acid 8o EE' o = = S S e « = %.._r &
o £ == L 5 =8 =235 = © Q< - @ 2
E 5 S o 2 T2 2 = = E E ° £ e
S e S g & = kil ] 58 @ a S
< < = o o B S = g © &
= a >3 =
1 Hydrochloric 0.85 15.44 8.77 0.06 0.02 1.823 5.65 180
Clay 0.836 16.424 | 10.516 0.06 0.022 1.86 5.3 180
5 Hydrochloric 0.87 13.35 7.74 0.05 0.02 1.66 5.15 180
Clay 0.84 16.06 9.43 0.06 0.02 1.622 5.03 180
3 Hydrochloric 0.89 11.21 7.09 0.04 0.01 1.18 3.4 180
Clay 0.87 13.1 7.922 0.05 0.02 1.45 4.5 180
Cem- Hydrochloric 0.91 9.2 5.439 0.037 0.012 1.12 3.58 180
C100 Clay 0.92 7.8 4,581 0.031 0.01 1.04 3.32 180
DR- Hydrochloric 0.92 8.2 5.135 0.035 0.011 1.06 3.38 180
CT100 Clay 0.91 8.8 5.271 0.036 0.011 1.19 3.82 180
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The treatment of acids (10 % HCI + 3 % HF) on a
sample of set cement based on TS-100 grouting mixture
resulted in a corrosion resistance coefficient of
CRC = 0.87, for Cem-C100 —CRC = 0.92, and for DR-
CT100 -CRC =0.91.

As a result of the researches, it can be stated that
cement based on composite cements (formulation No. 3, 4
and 5) is superior to the basic comparative materials in
terms of the acid resistance coefficient. The degradation
of set cement due to acid treatment, as well as the
additional influence of aggressive reservoir fluids, can
provoke the destruction of the well support system.
Therefore, the durability and reliability of the insulation
screen in the well will largely depend on the materials used
(on the microstructure of the set cement, which is based
on the granulometry and composition of the binder and
fillers; water-cement ratio; efficiency and
multifunctionality of modifiers), as well as the features
and conditions of the work.

When choosing the type of grouting mixtures, it is
necessary to use materials and set cement based on which,
when interacting with an aggressive environment, it will
form a colmatation screen that will minimize further
diffusion of aggressive agents into the depths of the set
cement.

It should be noted that defects in the crystal lattice of
set cement, amorphous additives that are not involved in
the process of structure formation, as well as the presence
of open pore channels in the structure of set cement
provoke an increase in the rate of corrosion processes.

Based on theanalysis carried out and a number of
researches, we can state that one of the areas for creating
the prerequisites for improving the quality of the
insulation screen and its resistance to aggressive
environments is as follows:

— use of composite grouting materials with controlled

structure formation kinetics and resistance to aggressive
environments;

— use of modifiers to regulate the sedimentation
resistance and stability of the pluggingmud;

— creation of prerequisites for the formation of a
homogeneous, low-porosity and low-permeability set
cement structure.

Conclusions

1. Acid treatment of wells can, in some cases,
increase the coefficient of core permeability recovery
several times. Acid treatment of formations provides
WBZ cleaning and hydrocarbon inflow stimulation.

2. Set cement based on basic Portland cements
under the simulated conditions of acid treatment
undergoes intensive degradation processes.

3. It has been established that composite
plugging materials are capable of forming set cement with
increased corrosion resistance to acids.

4. The introduction of active fillers and modifiers
should ensure controlled structure formation and synthesis
of set cement under well casing conditions.

5. The necessity for further research on the
combined influence of aggressive waters and acidic
treatment on the degradation processes of set cement
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BruiuB KMCJIOTHMX CHCTEM HA JIeK0JIbMATALII0 NPUBUOiiiHOI 30HU CBEPIAJIOBUH
Ta CTIMKICTL HEMEHTHOI0 KaMEeHI0

HIAT “Yxpuagpma”,Kuis, Yxpaina, Yevhen.Stavychnyi@ukrnafta.com
2[garo-Dpanxiecorull HAYioHATbHUL MeXHiunull yrigepcumem nagmu i 2azy, leano-Dpanxiecvk, Yipaina
3TOB “Enepzoxomnozum”, Ieano-Ppanxiscox, Yrpaina
puxapnamcoruii nayionanronutl ynicepcumem imeni Bacuna Cmeganuxa, leano-@pankiecvk, Yipaina

Ha npuxnani ceepaioBunn Ne 47 CTuHaBa npoBeIeHO OLIHKY CTaHy IPUBHOIHOT 30HM CBEPJIOBHHHU I1iJ1 4ac
OypinHsa. Ha ocHOBI [nocmipkeHb BIUIMBY OypoBOi NPOMHBAIBHOI piIMHHA Ha QUIBTpamiiHO-eMHICHI
XapaKTepHCTHKH KEPHOBOTO MaTepialy BCTAaHOBIICHO, IO KOJIbMATALIfHIN eKpaH Ha KEPHOBOMY MaTepiai Moxe
OyTH yCYHEHU KMCIIOTHHM JiSHHSAM.
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3nificHeHUMH JOCTIDKEHHSIMHA Ta pe3yibTataMy poOiT Ha cBepaioBuHax [TAT «Ykpuadra» minrsepmkxeHo
e(EeKTUBHICTh METO/IB MiJBUIICHHS HA()TOBMIIyUCHHS, CEpell AKUX BaromMe MICIle MOCijae HAmpsM KHUCIOTHOTO
TiSTHHA Ha TUIACTH, SKI BUKOPUCTOBYIOThCA K Ayt ounctky [13C, Tak i A inTeHCcudikarii.

[IpoBeneHo NOCHiKEHHS OCHOBHHUX TEXHOJIOTIYHUX MApaMETPIB PsIy TAMIIOHAKHUX MaTepialliB Ta CyMillei,
a TakoX (i3MKO-MEXaHiYHI BITaCTHBOCTI IIEMEHTHOTO KaMEHIO Ha TX 0CHOBIi. OIiHEHO BIUTUB KUCJIOTHOTO MisHHS,
[0 BHUKOPHCTOBYEThCS TMiJ Yac iHTCHCH]iKalii Ha MEMEHTHUH KaMmiHb. BcraHoBieHO, mio 0a30Bi HEMEHTH Ta
CYMIII Ha iX OCHOBI 3a3HAIOTh 3HAYHOTO arpeCUBHOTO BIUIUBY KHCJIOT, IO MPOBOKYE JICCTPYKINIO IEMEHTHOTO
KaMeHIO.

3a pesynpTaramMu JOCIHIIKEHb OOIPYHTOBAaHO AOIUIBHICTH 3aCTOCYBaHHS KOMITO3HMIIHHIX TaMITOHAKHUX
LIEMCHTIB IS KPITUICHHS CBEP/JIOBUH B CKJIAJIHUX YMOBAX, JIc [IEMCHTHUI KaMiHb 130JIAI[IITHOTO KIJIBISI MOYXKE Oy TH
MiAJaHUH KUCIOTHOMY BILTUBY.

KurouoBi cjioBa: cBepIUIOBHHA, KUCIOTHE JIiSTHHS, TAMIIOHAXHUH PO3YWH, IIEMCHTHHI KaMiHb, KOpO3iiiHa
CTIHKICTb.
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