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The article analyzes the state of hydrocarbon production potential of Ukrainian fields with a review of the past,
present and future from the premise of oil and gas recovery in fields with hard-to-recover reserves. It has been
established that significant volumes of hydrocarbons are classified as hard-to-recover deposits. Ensuring reliable
delineation of horizons in such conditions needs the use of plugging materials capable of forming cement stone
with appropriate operational characteristics.

The main factors affecting the tightness of the insulation screen are evaluated. The importance of forming a
high-quality insulating screen for oil and gas wells is confirmed, both in terms of hydrocarbon production and in
terms of labor safety and environmental impact.

The main technological parameters of the plugging mud based on material DRCT and cement PCT 1-100, as
well as their physical-and-mechanical properties of cement stone, were determined. According to the results of the
research, both in terms of the parameters of the plugging mud and the physical-and-mechanical properties of the
cement stone, an advantage and improved values of indicators were obtained for the plugging material based on
composite cement DRCT compared to cement PCT I-100.

The research of X-ray phase analysis and quantitative analysis of the elemental composition for samples of
cement stone based on plugging material DRCT were carried out under storage conditions in formation water of
the chloralkali type and fresh water. It was found that the formed cement stone based on material DRCT has a
densely packed structure. The permeability of cement stone samples based on DRCT in fresh and formation water
storage was evaluated. The gas permeability for the researched samples is almost the same, which indicates the
absence of a degrading effect on the cement stone. The obtained results of research of the technological properties
of the plugging mud and the operational properties of the cement stone of the plugging material DRCT indicate
that the material DRCT is suitable for cementing oil and gas well casing. The results of the introduction of the
plugging material based on DRCT during the cementing of casing string diameter 127 mm in well No. 105 of the
Verkhnyomaslovetske field confirmed the success of its application.
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Introduction time, and will continue to be so in the near future. By the
volume of natural gas reserves Ukraine is in the top three
European countries.

Hydrocarbons have been of key importance in the
Researches have shown that about a quarter of

global economy and in the geopolitical context for a long
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primary hydrocarbon resources have been extracted from
the Ukraine's subsoil, that are to about 360 million tons of
oil and condensate and 1.8 trillion cubic meters of gas [1].

In 2024, gas production in Ukraine increased by 2.2 %
to 19.12 bln cubic meters. In particular, JSC
Ukrgasvydobuvannya produced 14.55 bln cubic meters of
gross natural gas in 2024, which is 4.6 % more than in
2023 (over 13.9 bln cubic meters). In 2024, PJSC Ukrnafta
produced 1.17 bln cubic meters of natural gas, 6.6 % more
than last year (almost 1.1 bln cubic meters) [2].

Most hydrocarbon fields, given the long production
process, are at the final stage of development or are
classified as hard-to-recover reserves. The research results
confirm that more than 72 % of oil reserves and 10 % —
15 % of natural gas reserves in Ukraine are considered
hard-to-recover [3].

The importance of involvement resources for the
development of fields with hard-to-recover reserves has
been repeatedly established by leading scientists and oil
and gas companies in Ukraine [4]. Scientific researches
have established that the forecasted resource of heavy oil
reservoir in Ukraine could be at least 50 bln cubic
meters [1].

PJSC Ukrnafta has licenses for the development of oil
and gas fields, where the share of fields with hard-to-
recover reserves is about 70 % [5].

Given the long-term exploitation of oil and gas wells,
which has led to a significant decrease in the formation
energy of hydrocarbon horizons, while, as a rule,
preserving the initial characteristics of water-saturated
formations, the quality of primary cementing and the
reliability of horizon delineation are extremely important
for well casing process, especially in fields with hard-to-
recover reserves.

I. State of Art

Ensuring the reliability and durability of a well as an
engineering structure is to form a high-quality insulating
screen as the main premise for reliable delineation of
productive horizons.

It has been established that the leakage of the
insulating cement ring tightness can occur due to the form
of cavities/microgaps between the cement stone and the
bounding surfaces, permeable channels in the cement
stone, cracks/destructive deformations in the cement stone
and degradation of the cement stone [6].

The technology of production the plugging material,
the design of the component structure, the properties of the
plugging mud and the technical-and-technological
realization of the hydraulic program during cementing, as
well as the characteristics of the formed cement stone are
the basis for the tightness of the casing system for the
quality of the insulation screen [7, 8, 9].

The inhomogeneity of the plugging mud causes
heterogeneity of the cement stone in the well, which can
affect the quality of the horizon delineation due to the
deterioration of stone adhesion and, subsequently, its
destruction [10].

The parameters of the hydrothermal synthesis of
neoplasms in cement stone consisting of CaO and
amorphous SiO,'nH,O or quartz, and the sequence of
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create of intermediate compounds, were determined by the
researches at elevated temperatures [11], as well as the
research of create of hydrate phases at high pressure and
temperature [12]. The use of various kinds admixtures
allows to improve the physical-and-mechanical properties
of cement stone, and, as a result, to create the
preconditions for the tightness of the insulation screen [13,
14, 15].

Researches  emphasized the importance of
understanding the influence of alkaline hydroxides in the
synthesis of hydrate phases of cement stone and the course
of hydrothermal reactions in the CaO-SiO,-H,O
system [16].

The peculiarities of mining-and-geological conditions
of well construction, in particular when drilling sidetracks,
require an individual integrated approach to well casing,
in particular with regard to the type of plugging material
and the properties of the plugging mud and formed cement
stone, which will determine the basis of the insulation
screen condition [17].

One of the ways to form a durable and corrosion-
resistant cement stone with a dense structure for oil and
gas well casing is to use composite cement. For composite
cement, hardening occurs as a result of the hydration of
the clinker component, as well as the chemical interaction
of hydrate neoplasms with active components in the
cement that have different hydraulic activity [18].

The forming of a low-permeability cement stone is
achieved by ensuring deep processes of cement hydration,
as well as creating the preconditions for reducing
intergranular and capillary porosity [19].

The forming of self-reinforcing composites during
controlled crystal growth has been confirmed, where the
matrix is formed by gel-like, submicrocrystalline, and
isometric  crystal hydration products, and the
strengthening structure is filamentous (1/d>100) or needle-
like crystals of neoplasms [20].

The kinetics of structure forming and the
microstructure of cement stone have a basic influence on
the preconditions for the tightness of the insulation screen
[21].

Previous researches have shown that it is possible to
control the structure forming processes of plugging
systems based on composite cements by using modifiers,
in particular, crents. Their use contributes to the controlled
growth of strengthening crystals, providing a kind of
synthesis of cement stone during hardening, which is
capable of “self-healing” of the disturbed structure. In
addition, the densely packed structure of the cement stone
is ensured by the growth and stable existence of C-H-S
and hexagonal AFm-phases and C-H, what colmatizing
micropores [22]. In turn, the densely packed structure of
cement stone is a precondition for its reduced
permeability. Forming a cement stone with the required
operational properties in the well conditions not only
ensures effective delineation of differently saturated
horizons, but also creates an additional protective shield
for the casing [23, 24, 25].

The influence of the characteristics of cement stone
and the peculiarity of its location on the equivalent stress
of the casing string has been established, which makes it
possible to increase the resistance of casing pipes to
external forces [26, 27].
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The non-availability of proper preparation of the
wellbore for cementing, as well as the use of low-
efficiency buffer systems, can lead to defects in the
structure of the cement stone and in the cementing system.
The content of drilling mud in cement stone not only
reduces the physical-and-strength characteristics of the
stone, but also is a precondition for the forming of
migration channels for fluids [28].

The use of effective buffering fluids is a precondition
for ensuring the forming of a strong, low-permeability
cement stone in the well [29].

Regardless of the well design and geological
conditions caused by a complex of factors, the cement
stone must ensure the tightness of the insulation screen
[30, 31].

In case of leakage of the casing system, spontaneous
and uncontrolled migration of fluids can occur both during
casing and during well operation [32, 33, 34]. In addition,
poor-quality formation delineation will have a negative
impact on hydrocarbon production from oil and gas wells.
The failure of the tightness of isolation screen can also
cause off-column fluid flows [35] and sometimes be a
precondition for man-made accidents that have an
irreparable impact on the safety of people and the
environment [36].

The features of forming and quality of well casing
process should provide for planned technological
operations in the well, taking into consideration
thermobaric conditions [37, 38, 39]. Since the condition
and integrity of the production casing will have a direct
impact on the safety of well operations [40].

Gas migration through the insulating cement ring is a
long-term problem that requires repair and insulation
work, with detailed design and testing of specialized
materials [41]. However, in most cases, it is possible to
eliminate inter-column pressures caused by a destruction
of the casing and cementing system only partially or for a
short period of time. Therefore, it is necessary to
implement technological solutions in advance that will
ensure the conditions for the high-quality forming of
dense, low-permeability cement stone, thereby
minimizing the risks of fluid migration.

II. Results and discussion

A problem during building and testing of wells is the
disturbance of the tightness of the isolation screen, which
is especially relevant for gas-saturated formations with
abnormally high reservoir pressure, as well as in the
conditions of well casing with closely spaced differently
pressured and differently saturated formations. In such
conditions, the most likely cause of fluid migration is a
change in the hydraulic pressure in the well due to cement
stone hardening, which leads a decrease in pressure to
reservoir pressure or significantly lower. In addition, the
system of well casing is adversely affected by the
technological processes of casing leakage testing, which
are often performed after cement stone hardening,
particularly at an early age.

The above-mentioned processes, as some of the
above, can cause a disturbance of the tightness of the
insulation screen and cause fluid migration through the
cement stone and through the contact and casing.

An important factor in increasing the tightness of the
insulation screen is minimizing the permeability of the
cement stone. In addition, the densely packed structure of
cement stone creates the precondition for increasing the
resistance to degradation of the stone under the influence
of aggressive formation fluids and acidic action [42, 43,
44, 45].

We have tested the plugging material DRCT based on
composite cement and cement PCT I-100 [46, 47, 48].

Carried-out researches have established (Table 1) that
the technological parameters of the plugging mud based
on DRCT have values that meet the established
requirements for cementing oil and gas wells: at a
plugging mud density of 1.84 g/cm®, a sedimentation-
stable plugging mud was obtained, which, within the
regulated period, taking into account the thickening time,
ensures the forming of a cement stone strength of 5.6 MPa
at bending at the age of one day.

In addition, samples of plugging material were formed
to research the effect of formation/fresh water on cement
stone and its characteristics based on X-ray phase analysis,
as well as to estimation the physical-and-mechanical
properties of cement stone, in particular its permeability.
For the research, the formation water of the Rybalske field

Table 1.
Results of the research of the formulation of plugging mud and cement stone based on DRCT and PCT 1-100
. . Research| Time 50
Formulation of plugging mud, < o E | condition| of setting, g -§
mass share g g . h ) S =
8 & I s our-min | < 8|8 e
dditi ¢ = |2 | = e le%|2 8
Type E additive water ‘B T:'_ E o S .= z Ld: =
5 e | gl .8 | 9| = 2E|le |82
of S « 2 g el R Il° % 50 £ Tl 8 'j S g
i o al|lxd| & | v = =
plugging | 2 > | 5 s EE & 5G| E| 2| 2E|2| &5
material | © & 8 2|2 |2 Q| EB|E| £ |B|E°|c8|g 0
| name | £ | X |pH| § |2 g 5| 8| 2| | 5|8 |£F|&%
E 5|z S5 |2 |Z|E|E|* c g |-
3 3 AR B aE
DRCT |100| NTFK | 0.03 | 1.0 |7.0| 46 | 1.84 | 245 | 0.5| 75 | 0.1 | 3-30 |4-15|/2-45| 5.6 | 2.9
PCTI-100| 100 | NTFK | 0.03 | 1.0 |7.0| 48 | 1.84 | 220 | 2.5| 75 | 0.1 | 3-15 |4-35| 2-35 | 4.8 | 3.5
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with a density of 1.1395 g/cm® was used, which belongs
to the calcium chloride type of water, chloride group,
calcium subgroup, with a total mineralization of
217360.18 mg/dm’.

The markings of cement stone samples based on
plugging material DRCT and storage conditions are
shown in Table 2.

The cement stone samples were ground into a
powdered state to the research of X-ray fluorescence
spectroscopy and X-ray structural analysis.

The following instruments were used for the research:
X-ray diffractometer Shimadzu XRD-7000 and precision
analyzer Expert 3L.

The results of the researches of the quantitative
analysis of the elemental composition of cement stone
samples DRCT are shown in Table 3.

Based on the results of the generalization of the
quantitative analysis, it was found that the researched
samples of material DRCT (UN4) and (UNS5) have an
approximate quantitative elemental composition. The
content of the element chlorine in the sample DRCT
(UNS) indicates that the cement stone is in the formation
water and may indicate partial crystallization of chlorides
on the surface and in the structure of the stone. The
generalized results of X-ray fluorescence spectroscopy
(spectrometer-analyzer Expert 3L) and X-ray diffraction
analysis (X-ray diffractometer Shimadzu XRD-7000)
revealed that for the research series of samples UN4 and
UNS (Fig. 1 and Fig. 2) the main phases are portlandite
Ca(OH),, allite SiCa3Os and calcium carbonate CaCOs.
Iron is present in the composition of fayalite SiFe,O4 and
clinopherosilite SiFeOs. Iron is probably also present in
the form of ultrafine oxyhydroxide particles. The relative
sulfur content is similar for all samples, approximately
1.0-1.5 wt% in terms of oxide.

For sample UNS, the presence of a halite phase NaCl
is observed, which is due to the reaction of hydrate phases

during storage of samples in formation water. Quantitative
Rietveld analysis of samples UN4 and UNS5 is very
difficult due to the presence of an X-ray amorphous phase,
the content of which is maximum for sample UNS.
Estimated values of the X-ray amorphous phase content
for the UN4 sample are up to 55-57 (no least 48-50 mol%),
and for UNS - up to 60 (no least 53-54 mol%).

Additionally, the permeability of cement stone
samples was researches using the unit UIPK-1M based on
the recommendations [49, 50]. To research the absolute
permeability of cement stone samples to nitrogen, a
cylindrical sample was formed. The ends of the obtained
cylindrical samples were cut and polished on a facing
machine. Then the geometric dimensions (diameter,
length) were measured.

The prepared sample is placed in the core holder of
the absolute permeability measuring unit and the specified
reservoir pressure is created. After that, nitrogen is passed
through it and the time of filtration of a fixed gas volume
is determined at a constant fixed pressure drop at the inlet
and outlet of the sample placed in the core holder
(measurement in steady-state mode).

Record the measurement results (sample parameters,
pressure drop (pressure)), gas flow and viscosity at the
temperature of the test. The absolute permeability
coefficient is determined by the formula:

2QuL1000
"~ (AP(2+4P)F)’

where K — gas permeability coefficient, 10~ um? (mD);
Q — gas flow rate measured at the sample outlet, cm¥/s;

[ — gas viscosity under filtration conditions, mPa/s or cP;
AP — the pressure drop at the inlet and outlet of the sample,
atm; L — sample length, cm; F — cross-sectional area of the
sample, cm?.

Table 2.
Marking of samples and storage conditions
. . Medium Duration, Pressure, temperature,
Marking Type of material of storage and research years MPa/ deg. C
UN4 DRCT fresh water 3 0.1/22
UNS DRCT formation water )
Table 3.
Quantitative analysis of the elemental composition of cement stone samples
Cpmposition Number of the analysis UN4 Average Number of the analysis UNS Average
(in terms of
. value UN4 value UNS
oxides), wt. % 1 2 3 1 2 3
ALO; 0.337 0.424 0.438 0.400 1.752 1.765 1.739 1.752
SiO; 9.736 9.650 9.631 9.672 8.241 8.231 8.141 8.204
SO; 1.082 1.102 1.028 1.071 1.118 1.205 1.144 1.156
Cl - - - - 5.852 5.792 5.862 5.835
CaO 80.837 | 80.900 | 80.866 80.868 76.354 | 76.399 | 76.337 76.363
MnO, 0.494 0.581 0.622 0.566 0.377 0.310 0.273 0.320
Fe)0; 6.299 6.337 6.351 6.329 5.152 5.064 5.084 5.100
TiO; 0.723 0.749 0.726 0.733 0.583 0.517 0.453 0.518
SrO 0.394 0.393 0.475 0.421 0.383 0.408 0.312 0.368
BaO - - — - 0.091 0.090 0.156 0.112
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Fig. 1. Results of X-ray phase analysis researches of cement stone samples based on plugging material DRCT in
medium of fresh water.
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Fig. 2. Results of X-ray phase analysis researches of cement stone samples based on plugging material DRCT in
medium of formation water.

Initially, the research of permeability of cement stone
samples based on the plugging material DRCT by
nitrogen, prepared at the age of one day, was carried out.
After drying at a temperature of 105 °C until the sample
weight stabilized, the absolute gas permeability was
determined to be 0.42 mD. It should be noted that the basic
permeability of the cement stone based on cement PCT I-
100 after drying was 1.18 mD.

Then we researched the permeability of additional
cement stone samples by nitrogen, which were stored in
axicators under the influence of fresh and formation water,

484

i.e., saturated with the corresponding waters. The obtained
permeability index is very low due to the influence of
capillary forces, as well as the presence of a blocking
screen formed by corrosion processes (Table 4). Then the
cement stone samples were dried to a fixed (constant)
weight. The drying temperature of the samples was 105°C,
and the drying time was 8 hours. After drying, the gas
permeability was re-determined and the permeability of
the cement stone was obtained without the possible
influence of the aqueous phase.
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Table 4.
The research of gas permeability
g
o [ = 3 3] K 4 3 Q
= g | ©g 5 S 9 > ) S 9
Material type I - & == at saturation é = L K,
g | 8 5 S g g == after drying
and sample storage | 9 5 | € & o5 of samples L E o5
. S0 g o e . 5 < o= the samples,
medium 2 E | SE 5 g9 with water, 7 g g
Q u A @ . == 9] = = mD
— 8 Z = mD & Z =
=9
DRCT 584 | 275 | 25 0.0724 0.0038 20.3 4.7169 0.37
(fresh water)
DRCT 626 | 272 | 249 | 0.096 0.0056 204 | 45045 0.384
(formation water)
K- gas permeability coefficient

Based on the carried-out comparisons (Table 4), it
was found that the permeability of cement stone for the
sample in formation water exceeds the permeability for
the sample in fresh water. The results obtained in absolute
values indicate a very low permeability.

After drying, the gas permeability of the cement stone
was obtained without the probable influence of the
aqueous phase, which indicates a slight excess of
permeability for the sample in formation water by 3.8 %.

Researches with the plugging material DRCT have
resulted in the forming of a cement stone that significantly
exceeds the basic requirements for cement stone based on
research V.F. Gorskyi, where for a cement stone, in the
absence of water saturation, gas permeability can be 0.5-
1.3 mD, and when saturated with water, gas permeability
is 7-10 times less [S51].

The permeability of cement stone can be reduced by
the use of expanding admixtures. In this case, the
expansion of the cement stone improves not only the
contact with the rock and casing, but also is a prerequisite
for the forming of a dense structure due to curing under
thermobaric conditions with bounding surfaces. However,
in such cases, it should be taken into account that the well
preparation for cementing should be properly performed,
because the presence of a filtration crust on permeable
layers can offset the positive effect of expansion or create
preconditions for microdefects and the forming of
microcracks in the stone structure.

Another way to reduce the permeability of cement
stone is to use micro-admixtures or micro-cement
admixtures that will provide a certain shielding of
permeable channels by placing such admixtures between
the grains of cement stone. An additional factor in
reducing the permeability of the stone is the use of
polymers that form blocking screens in the pore space of
the stone matrix.

Based on the carried-out researches, a composite
cement-based plugging mud formulation was developed
and successfully implemented using plugging mixture
DRCT-EA100-LF (expandable plugging material with
reduced water loss of plugging mud) for cementing a

casing liner diameter 127 mm in the depth range of 1500-
2070 m in well No 105 of the Verkhnyo-maslovetske field
of PJSC Ukrnafta.

Conclusions

The article analyzes the hydrocarbon potential of
Ukraine's subsoil, the peculiarities of forming the
insulating cement ring in oil and gas wells and influence
the mining and geological conditions on state of cement
stone. Attention is drawn to the importance of using
plugging materials that form a low-permeability
corrosion-resistant cement stone, which is a precondition
for ensuring high-quality delineation of productive
horizons and reliable well casing.

The results of analytical and laboratory researches of
the plugging material DRCT confirm required
technological properties of the plugging mud based on
DRCT and the proper exploitation properties of the
cement stone. The X-ray phase analysis of cement stone
samples based on the composite plugging material DRCT
confirms the forming of a degradation-resistant cement
stone.

It has been established that cement stone based on the
composite plugging material DRCT forms a dense packed
structure that accord the basic requirements for casing and
cementing oil and gas wells.

The results of implementation of the plugging
material based on the DRCT confirmed its compliance
with the mining and geological conditions of well
cementing.

Stavychnyi Ye.M. — PhD;

Femiak Ya.M. — Professor, Doctor of Technical Sciences;
Vytyaz O.Yu. — Professor, Doctor of Technical Sciences;
Tershak B.A. — PhD;

Plytus M.M. — PhD student;

Klymyuk M.M. — PhD student;

Kindrat V.V. —PhD student.

[1] O.Yu. Lukin Hydrocarbon potential of Ukrainian mineral resources of and main directions of its development,
Bulletin of the National Academy of Sciences of Ukraine, 4, 56 (2008); http://nbuv.gov.ua/UJRN/

vnanu_2008 4 6.

[2] Ukraine increased natural gas production by 2.2% to 19.12 bcm in 2024, The Exploration&Production Consulting
(EXPRO); https://expro.com.ua/novini/ ukrana-u-2024-r-zblshila-vidobutok-gazu-na-22-do-1912-mlrd-kub-m.



http://nbuv.gov.ua/UJRN/%20vnanu_2008_4_6
http://nbuv.gov.ua/UJRN/%20vnanu_2008_4_6
https://expro.com.ua/novini/%20ukrana-u-2024-r-zblshila-vidobutok-gazu-na-22-do-1912-mlrd-kub-m

Ye.M. Stavychnyi, Ya.M. Femiak, O.Yu. Vytyaz, B.A. Tershak, M.M. Plytus, M.M. Klymyuk, V.V. Kindrat

[3] O. Karpenko, V. Mikhailov, I. Karpenko To the forecast of development of hydrocarbon resources of the eastern
part of the DDR (Dnieper-Donets Rift), Bulletin of Taras Shevchenko National University of Kyiv, 1 (68), 49,
(2015); http:/nbuv.gov.ua/UIRN/VKNU geol 2015 1 11.

[4] O.M. Romaniuk Practices of Implementing Production Enhancement Contracts and Production Sharing
Agreements, https://oil-gas.com.ua/articles/Practices-of-Implementing-Production-Enhancement-Contracts-and-
Production-Sharing-Agreements.

[5] V.M. Doroshenko, V.Yo. Prokopiv, M.I. Rudyi, R.B. Shcherbiy, On the introduction of polymer flooding in the
oil fields of Ukraine, Oil and Gas Industry, 3, 29 (2013); http://elar.nung.edu.ua/bitstream/123456789/
3602/1/5548p.pdf.

[6] Alkhamis, Mohammed & Imqgam, Abdulmohsin 4 Simple Classification of Wellbore Integrity Problems Related
to  Fluids Migration, Arabian Journal for Science and Engineering, 46, 6131 (2021);
https://doi.org/10.1007/s13369-021-05359-3.

[7] Jin Li, Jian Liu, Zaoyuan Li, Yang Liu, Xuning Wu, Weitao Song, Influence Laws for Hydraulic Sealing Capacity
in Shale Gas Well Cementing, SPE Drilling & Completion, 38 (01), 120 (2023); https://doi.org/10.2118/212291-
PA.

[8] B.A. Tershak, M.B. Kovalchuk, Ye.M. Stavychnyi, A.I. Riznychuk, O.M. Fedyk, N.M. Savchuk Isolation
cementing of oil and gas wells of the Carpathian region. Exploration and development of oil and gas fields, 2(79),
7 (2021); https://doi.org/10.31471/1993-9973-2021-2(79)-7-15.

[9] Vamsi Krishna Kudapa, Investigation of carbon black nanoparticles on effectiveness of cementation in oil and gas
well, Materials Today: Proceedings. Elsevier, Available online 24 July (2023); https://doi.org/10.1016/
j.matpr.2023.07.111.

[10] Temitope Ajayi, Ipsita Gupta 4 review of reactive transport modeling in wellbore integrity problems. Journal of
Petroleum Science and Engineering, 175, 785 (2019); https://doi.org/10.1016/j.petrol.2018.12.079.

[11] R. Siauciunas, K. Baltakys Formation of gyrolite during hydrothermal synthesis in the mixtures of CaO and
amorphous  SiO»  or  quartz, Cement and  Concrete  Research, 34, 2029 (2004);
https://doi.org/10.1016/j.cemconres.2004.03.0009.

[12] Méducin, Fabienne & Bresson, B. & Lequeux, Nicolas & Zanni, Héléne Calcium Silicate Hydrates Investigated
by Solid State High Resolution 1H and 29Si Nuclear Magnetic Resonance, Cement and Concrete Research, 37,
631 (2007); https://doi.org/10.1016/j.cemconres.2007.01.011.

[13] Sai Teja Lanka, Niclas Galih Anak Moses, Raja Rajeswary Suppiah, Belladonna Troxylon Maulianda Physio-
chemical interaction of Ethylene-Vinyl Acetate copolymer on bonding ability in the cementing material used for
oil and gas well, Petroleum Research, 7, 3, 341 (2022); https://doi.org/10.1016/j.ptlrs.2021.10.003.

[14] Mustafa Al Ramadan, Saeed Salehi, George Kwatia, Chinedum Ezeakacha, Catalin Teodoriu, Experimental
investigation of well integrity: Annular gas migration in cement column, Journal of Petroleum Science and
Engineering, 179, 126 (2019); https://doi.org/10.1016/j.petrol.2019.04.023.

[15] Haichuan Lu, Jianlong Zou, Tianyi Zhang, Wei Hou, Xiangrui Zhang, Kangwei Ao, Jintang Guo Study on a
new cementitious material waterborne modified epoxy resin under sealed conditions for oil and gas wells,
Construction and Building Materials, 387, 131588 (2023); https://doi.org/10.1016/j.conbuildmat.2023.131588.

[16] Roézycka, Agnieszka & Kotwica, Lukas, Effect of alkali on the synthesis of single phase gyrolite in the system
CaO-quartz-H>O0, Construction and Building Materials, 239, 117799 (2020);
https://doi.org/10.1016/j.conbuildmat.2019.117799.

[17] S. Piatkivskyi, Ye. Stavychnyi, Ya. Femiak, B. Tershak, D. Ahafonov, M. Kovbasiuk , Well rehabilitation is a
promising area for increasing hydrocarbon production. Strojnicky Casopis. Journal of Mechanical Engineering,
74, 1, 141 (2024); https://doi.org/10.2478/scjme-2024-0015.

[18] Y. Stavychnyi, Y. Femiak, O. Vytyaz, J. Ziaja Features of drilling and improving the quality of well cementing
in conditions of abnormally low reservoir pressures. Nauka — Technika — Technologia, 9, 147, Wydawnictwa
AGH, Krakow (2024); https://doi.org/10.7494/978-83-68219-19-7 9.

[19] M.A. Sanytsky, H.S. Sobol, T.Ye. Markiv Modified composite cements: a textbook. Lviv: Lviv Polytechnic
Publishing House, 130 (2010).

[20] H.F.W. Taylor Cement Chemistry. London: Academics press, 512, (1990).

[21] Zeng Yijin, Lu Peiqing, Tao Qian, Zhou Shiming, Liu Rengguang, Du Xiaoyu, Experimental study and analysis
on the microstructure of hydration products on the well cementation second interface and interface strengthening
strategies, Journal of  Petroleum Science and Engineering, 207, 109095, (2021);
https://doi.org/10.1016/j.petrol.2021.109095.

[22] O. Vytyaz, O. Chernova, Ye. Stavychnyi, R. Martyniuk, J. Ziaja, Increasing the reliability of oil and gas well
fastening with polycomponent plugging systems. Mining of Mineral Deposits, 18(3), 82 (2024);
https://doi.org/10.33271/mining18.03.082.

[23] G. Liu Applied Well Cementing FEngineering. Gulf Professional Publishing 638 (2021);
https://doi.org/10.1016/C2019-0-03030-0.

[24] Heng Yang, Yuhuan Bu, Shenglai Guo, Huajie Liu, Jiapei Du, XueChao Cao, Effects of in-situ stress and elastic
parameters of cement sheath in salt rock formation of underground gas storage on seal integrity of cement sheath,

Engineering Failure Analysis, 123, 105258, (2021); https://doi.org/10.1016/j.engfailanal.2021.105258.

486


http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=VKNU_geol_2015_1_11
http://elar.nung.edu.ua/bitstream/123456789/%203602/1/5548p.pdf
http://elar.nung.edu.ua/bitstream/123456789/%203602/1/5548p.pdf
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.2118/212291-PA
https://doi.org/10.2118/212291-PA
https://doi.org/10.31471/1993-9973-2021-2(79)-7-15
https://doi.org/10.1016/%20j.matpr.2023.07.111
https://doi.org/10.1016/%20j.matpr.2023.07.111
https://www.sciencedirect.com/journal/journal-of-petroleum-science-and-engineering
https://www.sciencedirect.com/journal/journal-of-petroleum-science-and-engineering
https://doi.org/10.1016/j.petrol.2018.12.079
https://doi.org/10.1016/
https://doi.org/10.1016/j.cemconres.2007.01.011
https://doi.org/10.1016/j.ptlrs.2021.10.003
https://doi.org/10.1016/j.petrol.2019.04.023
https://doi.org/10.1016/j.conbuildmat.2023.131588
https://doi.org/10.1016/j.conbuildmat.2019.117799
https://doi.org/10.2478/scjme-2024-0015
https://doi.org/10.1016/j.petrol.2021.109095
https://eur04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.33271%2Fmining18.03.082&data=05%7C02%7CYevhen.Stavychnyi%40ukrnafta.com%7C2672036db01b4d987d4208dce134258a%7Cce629f5605df43c6b9798b0b7992fc55%7C1%7C0%7C638632861293269312%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=Hawm3i3IUKYmDXMmL5IE%2F8gDGqhLcqvmS22OevE6P7s%3D&reserved=0
https://doi.org/10.1016/C2019-0-03030-0
https://doi.org/10.1016/j.engfailanal.2021.105258

Research of cement stone permeability based on composite plugging material for oil and gas wells

[25] 1. Ziaja, St. Stryczek, A. Jamrozik, D. Knez, O. Vytyaz, Sealing slurries limiting natural gas exhalations from
the annular space of a wellbore. Przemyst Chemiczny, 96 (5), 990 (2017); https://doi.org/10.15199/62.2017.5.9.

[26] Zhu, Mingchi & Liu, Nanxiang & Chen, Xuyue & Zou, Yiqi & Li, Gengchen & Zhang, Zilin & Wang, Rong.
Numerical Analysis for Mechanical Integrity of Oval Shape Wellbore in Creep Formation, Geomechanics
Symposium, Golden, Colorado, USA, June 23, (2024); https://doi.org/10.56952/ARMA-2024-0335.

[27] Penglin Liu, Jun Li, Hongwei Yang, Hui Zhang, Wei Lian, Reyu Gao, Xiaojun Zhang, Study on a new method
of controlling casing shear deformation based on hollow glass microspheres cement sheath, Energy Reports, 8,
5192 (2022); https://doi.org/10.1016/j.egyr.2022.04.003.

[28] Xiaowei Cheng, Kaigiang Liu, Xingguo Zhang, Zaoyuan Li, Xiaoyang Guo, Integrity changes of cement sheath
due to contamination by drilling fluid, Advances in Cement Research, 30, 2, 47 (2018);
https://doi.org/10.1680/jadcr.16.00121.

[29] M. Kremieniewski, S. Blaz, R. Wisniowski, A. Gonet Effect of Cleaning the Annular Space on the Adhesion of
the Cement Sheath to the Rock, Energies, 14(16), 5187 (2021); https://doi.org/10.3390/en14165187.

[30] Ye. Stavychnyi, Ye. Koroviaka, A. Thnatov, O. Matyash, V. Rastsvietaiev Fundamental principles and results
of deep well lining, IOP Conference Series: Earth and Environmental Science. 1348, 012077, (2024);
https://doi.org/10.1088/1755-1315/1348/1/012077.

[31] Jaisree Lyer, Stuart D.C. Walsh, Yue Hao, Susan A. Carroll Incorporating reaction-rate dependence in reaction-
front models of wellbore-cement/carbonated-brine systems, International Journal of Greenhouse Gas Control, 59,
160 (2017); https://doi.org/10.1016/j.ijgge.2017.01.019.

[32] 1. Vytvytskyi, O. Martsynkiv, 1. Kovbasiuk, M. Seniushkovych, Ye. Stavychnyi, Y. Zhdanov Analysis of
Reservoir Delineation Problems in Complicated Conditions. European Association of Geoscientists & Engineers
Source: 16th International Conference Monitoring of Geological Processes and Ecological Condition of the
Environment, 1-5, Nov (2022); https://doi.org/10.3997/2214-4609.2022580033.

[33] Hong Zhang, Ruichen Shen, Guangjie Yuan, Zhongchen Ba, Yaofang Hu, Cement sheath integrity analysis of
underground gas storage well based on elastoplastic theory, Journal of Petroleum Science and Engineering, 159,
818 (2017); https://doi.org/10.1016/j.petrol.2017.10.012.

[34] Raj Kiran, Catalin Teodoriu, Younas Dadmohammadi, Runar Nygaard, David Wood, Mehdi Mokhtari, Saced
Salehi Identification and evaluation of well integrity and causes of failure of well integrity barriers (A review).
Journal of Natural Gas Science and Engineering, 45, 511 (2017); https://doi.org/10.1016/j.jngse.2017.05.009.

[35] Ye.A. Koroviaka, Ye.M. Stavychnyi, O.B. Martsynkiv, A.O. Thnatov, A.V. Yavorskyi Research on occurrence
features and ways to improve the quality of productive hydrocarbon horizons demarcation. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 3, 5 (2024); https://doi.org/10.33271/nvngu/2024-3/005.

[36] C. Lutchmedial Safety and health for the oil and gas industry. OSHE Consultants, 336, (2016).

[37] Yan Yan, Zhichuan Guan, Yuqiang Xu, Weijun Yan, Hongtu Wang Numerical investigation of perforation to
cementing interface damage area, Journal of Petroleum Science and Engineering, 179, 257 (2019);
https://doi.org/10.1016/j.petrol.2019.04.031.

[38] Yan Xi, Jun Li, Qian Tao, Boyun Guo, Gonghui Liu, Experimental and numerical investigations of accumulated
plastic deformation in cement sheath during multistage fracturing in shale gas wells, Journal of Petroleum Science
and Engineering, 187, 106790 (2020); https://doi.org/10.1016/j.petrol.2019.106790.

[39] Crow, Walter & Williams, D. & Carey, Bill & Celia, Michael & Gasda, Sarah. Wellbore integrity analysis of a
natural CO2 producer. International Journal of Greenhouse Gas Control - INT J GREENH GAS CONTROL.
(2010); https://doi.org/10.1016/.ijggc.2009.10.010.

[40] Kumar, Amit & Daghar, Tareq & Shehhi, Ali & Keinath, Brendon & Kulkarni, Mohan & Beltramino, Pedro &
Long, Andrea Near Real-Time Corrosion Monitoring for Wellbore Integrity Management, Abu Dhabi
International  Petroleum  Exhibition &  Conference, Abu Dhabi, UAE, November (2019);
https://doi.org/10.2118/197517-MS.

[41] Alsaihati, Zainab & Alyami, Abdullah & Wagle, Vikrant & BinAli, Ali & Mukherjee, Tushar & Abdullah, Al
Kubaisi & Halim, Ab & Khalil, Mohamed & Alsafran, Ali An Overview of Polymer Resin Systems Deployed for
Remedial Operations in Saudi Arabia, SPE Kingdom of Saudi Arabia Annual Technical Symposium and
Exhibition, Dammam, Saudi Arabia, April (2017); https://doi.org/10.2118/188122-MS.

[42] Y. Stavychnyi, S. Rudyi, Y. Femiak, B. Tershak, S. Piatkivskyi, M. Klymyuk, V. Kindrat, Influence of acid
systems on bottomhole zone decolmatization and set cement stability, Physics and Chemistry of Solid State, 25(3),
664 (2024); https://doi.org/10.15330/pcss.25.3.664-674.

[43] Ye. Stavychnyi, Ya. Femiak, O. Vytyaz, B. Tershak, M. Klymyuk, V. Kindrat, Research of cement stone
degradability in difficult mining and geological conditions of Ukraine, Physics And Chemistry Of Solid State, 25
(4), 924 (2024); https://doi.org/10.15330/pcss.25.4.924-936.

[44] Matgorzata Labus, Piotr Such Microstructural characteristics of wellbore cement and formation rocks under
sequestration  conditions, Journal of Petroleum Science and Engineering, 138, 77 (2016),
https://doi.org/10.1016/j.petrol.2015.12.010.

[45] Peng Gong, Kun Huang, Yanfa Huang, Yuanpeng Wu, Kaiyuan Mei, Tingcong Wei, Chunmei Zhang, Xiaowei
Cheng, Mechanism of graphene oxide inducing the orderly growth of CaCO3 and C-S-H seed crystals in cement
slurry-solid transition: Application in CCUS cementing, Construction and Building Materials, 449, 138268,
(2024); https://doi.org/10.1016/j.conbuildmat.2024.138268.

487


https://doi.org/10.15199/62.2017.5.9
https://doi.org/10.56952/ARMA-2024-0335
https://doi.org/10.1016/j.egyr.2022.04.003
https://doi.org/10.1680/jadcr.16.00121
https://doi.org/10.3390/en14165187
https://doi.org/10.1088/1755-1315/1348/1/012077
https://doi.org/10.1016/j.ijggc.2017.01.019
https://www.earthdoc.org/search?value1=I.+Vytvytskyi&option1=author&noRedirect=true
https://www.earthdoc.org/search?value1=O.+Martsynkiv&option1=author&noRedirect=true
https://www.earthdoc.org/search?value1=I.+Kovbasiuk&option1=author&noRedirect=true
https://www.earthdoc.org/search?value1=M.+Seniushkovych&option1=author&noRedirect=true
https://www.earthdoc.org/search?value1=Y.+Stavychnyi&option1=author&noRedirect=true
https://www.earthdoc.org/search?value1=Y.+Zhdanov&option1=author&noRedirect=true
https://www.earthdoc.org/content/proceedings/monitoring'2022
https://www.earthdoc.org/content/proceedings/monitoring'2022
https://doi.org/10.3997/2214-4609.2022580033
https://doi.org/10.1016/j.petrol.2017.10.012
https://www.sciencedirect.com/journal/journal-of-natural-gas-science-and-engineering
https://www.sciencedirect.com/journal/journal-of-natural-gas-science-and-engineering/vol/45/suppl/C
https://doi.org/10.1016/j.jngse.2017.05.009
https://doi.org/10.33271/nvngu/2024-3/005
https://doi.org/10.1016/j.petrol.2019.04.031
https://doi.org/10.1016/j.petrol.2019.106790
https://doi.org/10.1016/j.ijggc.2009.10.010
https://doi.org/10.2118/197517-MS
https://doi.org/10.2118/188122-MS
https://doi.org/10.15330/pcss.25.3.664-674
https://doi.org/10.15330/pcss.25.4.924-936
https://doi.org/10.1016/j.petrol.2015.12.010
https://doi.org/10.1016/j.conbuildmat.2024.138268

Ye.M. Stavychnyi, Ya.M. Femiak, O.Yu. Vytyaz, B.A. Tershak, M.M. Plytus, M.M. Klymyuk, V.V. Kindrat

[46] Dry plugging mixtures. TU U 20.1-38821257-001:2014. Energo Composite LLC, Lviv, Ukraine.

[47] Portland cements are plugging cements. Technical conditions. DSTU B V.2.7-88-99. Valid from 2000-01-01.
K.: State Committee for Construction, Architecture and Housing Policy, 18 (1999).

[48] Plugging cements. Test methods: DSTU B V.2.7-86-99. Valid from 2000-01-01. K.: State Committee for
Construction, Architecture and Housing Policy, 18 (1999).

[49] GOST 26450.2-85 Rocks. Method for determination of absolute gas permeability coefficient by stationary and
non-stationary filtration; 17 p.

[50] API RP 40 Recommended Practices for Core Analysis; American Petroleum Institute, Division of Production,
1998.

[51] V.F. Gorskyi, Plugging materials and solutions, Chernivtsi, 524, (2006).

€.M. Crapuunnii!, SI.M. ®em’six?, O.1O. Butsss?, B.A. Tepmak?, M.M. ITnuryc!
M.M. Kium’rok*, B.B. Kingpar*

JocaigxeHHs] NPOHUKHOCTI IEMEHTHOI0 KaMeHsI HA OCHOBi KOMITO3UIIITHOT 0
TAMIIOHAKHOI0 MaTepiajy JJs1 HAaQTOra30BUX CBEpPAJI0OBUH

TAT “Yrkpuagpma”, m. Kuis, Yxpaina, Yevhen.Stavychnyi@ukrnafia.com,
’Ieano-Dpanxiecokuii nayionarbnuii mexuivnuil ynisepcumem nagpmu i 2azy, m. leano-Opankiscok, Yipaina
3TOB “Enepeoxomnosum”, m. Jlveie, Yrpaina
‘Kapnamcoxuii nayionanonuti ynieepcumem imeni Bacuns Cmegpanuxa, m. leano-Opankiscvx, Yrpaina

[poaHaizoBaHO CTaH BHJOOYBHOI'O MOTEHLIATY BYIJICBOJHIB POJOBHIN YKpaiHU 3 OIVIAZIOM MHUHYJIOTO,
CbOTOJICHHS Ta IOJAJBIIOr0 MaiOyTHHOrO 3 IEepeayMOBM BHIyueHHs HadTH 1 rasy Ha pOAOBHIIAX 3
Ba)XKKOBHIOOYBHIMU 3aracaMy. BcraHoBieHO, 10 3HaYHi 00CATH BYTJIEBOIHIB BITHOCUTHCS 10 KATETOpii pOJOBHIIT
3 BOKKOBUJIOOYBHUMH 3aracaMy. 3a0e3neueHHs HaiiiHOro po3MeKyBaHHs TOPH30HTIB B TAKMX YMOBax 1otpedye
3aCTOCYBaHHS TAMIIOHAXHUX MarepianiB, 3JaTHHX (OpPMyBaTH I[IEMCHTHHH KaMiHb 3 BiINOBIIHUMH
eKCILTyaTaliiHUMH XapaKTepUCTHKAMH.

31iCHEHO OI[IHKY OCHOBHUX YWHHHKIB, L0 BIUIMBAIOTh HAa TEPMETHYHICTH 130JIIIHHOTO €KpaHy.
[ligTBepmKeHO BaXIHMBICTH (JOPMYBaHHS SKICHOTO 130JIIIITHOTO €KpaHy s Ha(hTOra30BHUX CBEPJUIOBHH, SIK 3
TOYKH 30py BHI0OYBaHHS BYIJICBO/IHIB, TaK i 3 yMOB O€3IeKH Npalli Ta BIUIMBY Ha JJOBKLILIA.

Bu3HaueHO OCHOBHI TEXHOJIOTIUHI TapaMEeTpH TaMIIOHAKHOTO PO3YHHYy Ha ocHOBiI Marepiamy DRCT Ta ITLT
1-100, a Takox iX (¢i3uMKO-MeXaHIYHI BIACTUBOCTI IEMEHTHOTO KaMEHIO. 3a pe3ysbTaTaMH JOCITIIKEHB, SIK 3a
napaMeTpaMH TaMIIOHKHOTO PO3YHMHY, TaK i 3a (DI3UKO-MEXaHIYHHMH BJIACTHBOCTSAMH LIEMEHTHOTO KaMEHIO
OTPUMAaHO TIepeBary Ta IMOKpAlleHi 3HAYCHHsS IIOKA3HUKIB /i1 TaMIIOHA)XHOTO Marepialy Ha OCHOBI
xommno3suuiiHoro riementy DRCT y nopisusnsi 3 ITLT 1-100.

Hocnimxenas POA Ta kigbKiCHUH aHANi3 eIEMEHTHOTO CKJIay Ul B3ipIliB IIEMEHTHOTO KaMEHIO Ha OCHOBI
tamroHakHoro Marepiary DRCT mpoBeneno B ymoBax 30epiraHss y INIacTOBiH BOJI XJIOPKANBII€BOTO TUITY Ta
npicHiii Boai. BcranoBneHo, mio copMoBaHuii ieMeHTHHH kaMinb Ha 0cHOBI DRCT BoJ1o1i€ IIiTBHO YITAKOBAHOIO
cTpykryporo. OuiHeHO POHUKHICT B3ipLiB 1eMeHTHOro kamerto st DRCT B ymoBax 30epiraHHs mpicHOi Ta
actoBoi BOAH. ['a30NPOHMKHICTG ISl TOCIIDKYBaHUX B3ipILiB € IMPAaKTUYHO OJHAKOBOIO, IO CBITYUTH IIPO
BIICYTHICTH AerpaaabenbHOro BIUIMBY Ha IIEMEHTHUH KaMiHb. OTpUMaHi pe3ysibTaTH JOCHIiIKEeHb TEXHOIOT YHUX
BJIACTUBOCTEH TaMIIOHa)KHOTO PO3YMHY Ta €KCILTyaTalliifHUX BIACTHBOCTEH IIEMEHTHOTO KaMEHIO TaMIIOHAXKHOTO
marepiamy DRCT cBiguare mpo Biamosimnicts Marepianmy DRCT mis uemeHTyBaHHS 00CaJHHUX KOJIOH
HaTOTa30BUX CBEPIOBHH. Pe3ynbTaTh BIPOBaKEHHS TaMIlOHa)KHOTO Marepiamy Ha ocHoBi DRCT minm gac
[IEMEHTYBaHHS 127 MM KOJIOHH-XBOCTOBHKA Yy cBepsioBuHI NelOS BepxHbOMAcCIOBEIEKOTO POJOBHIIA
MiATBEPANITH YCIILIHICTh HOTO 3aCTOCYBaHHSI.

Kuio4oBi cji0Ba: cBepAIOBUHA, KPIIUICHHS, TAMIIOHXXHUH PO3YNH, IEMEHTHHI KaMiHb, IPOHUKHICTb.
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