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Abstract: 

One of the ways to increase natural gas production is to conserve and/or intensify existing wells with their 

subsequent development. They are characterized by a high content of highly mineralized water, which leads 

to an increased risk of hydrate formation and internal corrosion. The issue of the formation of gas hydrates in 

industrial pipelines, which is a major problem for the exploitation of industrial gas pipelines, requires consid-

erable attention to be made to exclude emergency situations. The main task of the study – to determine the 

effect of hydrates on the corrosion of the pipeline in order to prevent emergencies. A technique for studying 

the effect of hydration on the corrosion of pipelines has been developed. The combined analysis of the corro-

sion behavior of pipe material in aggressive media of chloride type was done. According to the results of cor-

rosion-mechanical tests, regularities of joint action of mechanical stresses, concentration of chlorides and hy-

drate formation on the speed and localization of corrosion processes are established. 
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INTRODUCTION 

Concurrent with the development of the oil and gas 

industry, environmental issues also have to be addressed. 

Since soil, water, and air are the direct factors of the 

technological process, undergo an adverse transfor-

mation, only reducing or eliminating the negative effects 

guarantees environmental and economic security. 

Blocking gas hydrates of industrial gas pipelines in autumn 

and winter is always accompanied by favorable 

thermodynamic environmental conditions, high pressure, 

and low transport temperature [5, 7, 8, 14]. 

Hydrates can initiate certain types of internal corrosion of 

gas pipelines. This problem is many-sided because of the 

physical and chemical processes that depend on the size 

of the hydrate formed, the stage and period of its contact 

with the pipeline, resulting in the destruction of protec-

tive films on the surface. Acid gases, in particular H2S, CO2, 

which are components in the formation of gas hydrates, 

as well as Cl – ions, when interacting with water, contri-

bute to accelerating the internal corrosion of gas pipeli-

nes. At each stage of the hydrate formation process, there 

is a chemical interaction between the hydrate compo-

nents and the pipeline metal, which initiates the onset of 

internal corrosion, which will subsequently lead to a gra-

dual degradation of the material and deterioration of the 

pipe integrity. The gas pipeline will start to leak and this 

can cause a full-blown gap. This prospect can cause eco-

nomic, environmental and political consequences, and 

will lead to the replacement of pipes along the entire le-

ngth of the pipeline and additional production costs [5, 8]. 

Therefore, the urgent task is to analyze the causes of 

emergencies as a result of the formation of gas hydrates, 

in particular pipe corrosion, and to establish patterns of 

influence of gas hydrates on the physical and mechanical 

characteristics of the pipeline material. This will allow for 

the development of science-based engineering solutions 

to overcome the problems of the gas industry associated 

with gas hydrate formations.  
 

LITERATURE REVIEW 

One of the poorly studied is the corrosion of gas hydrates. 

Formed hydrates can clog pipelines, underwater transpor-

tation lines, and in the case of gas ejection during drilling, 

hydrates can be formed in the wellhead in the blowout 

preventer and on the fitting line. This will cause partial or 

complete blockage of the inside of the gas pipeline, and if 

not removed quickly, it will lead to an increase in pressure 

inside the pipe and a possible accident. This may result in 

various economic and environmental problems and se-

rious risks to the safety of personnel and equipment. 

development of corrosion [5, 9, 15]. 

At different stages of formation, the liquid is transformed 

from a liquid state into a semi-solid hydrate, finally into a 

solid hydrate [16, 25]. During each of these steps, con-

stant and continuous interaction between the hydrate 

phase and the pipe wall can cause cavitation, erosion, 
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spot corrosion, corrosion cracking [11, 12, 15]. In the first 

stage of formation of the gas hydrate is a semi-solid state, 

the hydration plugs have a liquid inside the cavities. They 

are easily destroyed by impact on a hard surface, that is, 

the pipe wall, thus causing cavitation corrosion [5, 17]. 

Over time, the hydrates gradually transition from semi-so-

lid to solid. When moving at high speed, these lumps bom-

bard the inner surface of the pipe wall, causing erosion. In 

the same way, the lumps of hydrate accumulate over time 

and form larger pipes, which in turn requires more gas 

transportation along the pipe wall surface [9, 23]. This 

movement induces relative movement between the pipe 

wall and the hydration plug and activates the deve-

lopment of large-scale erosion corrosion [5, 6, 14]. 

Studies [15, 17] have shown an increase in the level of 

localization of corrosion processes, but no explanation for 

this phenomenon has been provided. In general, most of 

the results reported in the literature describe hydrate 

formation during offshore gas [4, 23, 25] and gas 

transportation by offshore or onshore pipelines [9, 16, 

20].  

Mathematical models of corrosion effects of gas hydrates 

[1, 2, 3, 6, 21, 22, 24] do not take into account the effect 

on the metal or passive films of the hydrate itself, but only 

the pH of the medium or the concentration of CO2 in the 

gas. Also, the effect of mechanical stresses and hydrate 

formation on internal corrosion has not been sufficiently 

studied. Therefore, the purpose of this study is to 

investigate the combined effect of salt concentration in 

reservoir waters, the level of mechanical stresses, and 

hydration formation on the corrosion of flow lines. 
 

METHODOLOGY OF RESEARCH 

The object of study was selected pipelines made of low 

carbon steel St20 (Table 1).  
 

Table 1 

Chemical composition of St20 steel, % 

С Si Mn P S Cr Cu Ni As 

0.17-

0.24 

0.17-

0.37 

0.35-

0.65 
<0.04 <0.04 <0.25 <0.25 <0.25 <0.08 

 

The operation of the installation for the synthesis of gas 

hydrates on the surface of samples of models of pipeline 

material [11, 19] (Fig. 1).  
 

 
Fig. 1 General scheme of the installation for synthesis of gas 

hydrates: 1 - research reactor, 2 - discharge pipe, 3 - gas 

cylinder, 4 - inlet pipe, 5 - manometer, 6 - refrigerator,  

7 - support, 8 - belt transmission, 9 - electric motor 

According to the developed method: 

− In the first stage, a detailed analysis of the interaction 

of the system "material – construction – loads and im-

pacts" is carried out; 

− On the second – model samples are made from the 

material of certain sections of the pipeline or separa-

tely taken pipes, in order to effectively use the theory 

of structural similarity; 

− On the third – the schemes of loading and test modes 

are selected with the purpose of achievement on the 

samples-models, with the pre-determined configura-

tion, imitation of work of the investigated material in 

the design; 

− The fourth stage is the synthesis of gas hydrates (Fig. 

1). 

There are several schemes of formation of gas hydrates: 

I. Scheme without mechanical vibrations of the reactor: 

The sample is fixed in the holes of the rings made of plexi-

glas, the location of the samples is shown in Fig. 2. 
 

 
Fig. 2 Location of model samples  

 

II. Scheme with the action of mechanical vibrations of the 

reactor: 

This scheme is similar to scheme 1 only after the forma-

tion of hydrate on the sample surface (Fig. 3) additionally 

included a generator of mechanical vibrations of the reac-

tor.  

 

 
Fig. 3 Artificial gas hydrate on the surface of the sample model 

in the gas part (a, c, d) and in the liquid (b) 

 

This method of testing allows a better assessment of the 

impact of hydrate in the presence of a large number of 

bottom water in conditions of significant turbulence gas-

flow. 
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For this scheme envisages the establishment of the sam-

ples in random order in the frame, because after the 

lumps of hydrate and the inclusion of a generator of me-

chanical vibrations, the action to all samples model will be 

across the plane of the frame. 

The process of laying the samples in the rector for the syn-

thesis of gas hydrates is carried out in the following sequ-

ence: 

− disconnect end of reactor 1, which provides access to 

the middle of the reactor; 

− close the drain valve 2; 

− in the reactor through its side face with the flanges, 

filled with fresh water in a volume of 1 l; 

− lowered into the reactor the studied samples are mo-

unted on a frame that prevents their twisting during 

the research; 

− closing the end of the reactor a metal ring with a hole, 

between which is placed the Plexiglas thickness of 3 

cm to observe the formation of crystals of gas hydrate; 

− using the gas compressor 3 is injected through the va-

lve 4 gas – methane, before the establishment of the 

system pressure level 45 ATM, as indicated by the 

pressure gauge 5; 

− refrigeration unit 6 is the temperature of 2.5 °C; 

− the reactor is mounted on supports 7 in the middle of 

the cooling unit; 

− for schema 2, you must enable the motor 9, which 

through a belt drive 8 will cause the reactor to oscilla-

tory movement; 

− samples of pipeline material maintained in the reactor 

for a certain exposure time. 

− A few selected schemes sample installation models in 

the reactor relative to the liquid level (Fig. 4). 

 

 
Fig. 4 Sampling schemes: sample above water level (I),  

middle of sample at gas-water phase separation (II) 

 

The gravimetric method was used to estimate the corro-

sion rate. It is used in two variants: to determine the in-

crease in the mass of the sample as a result of the for-

mation of corrosion roducts on its surface and to deter-

mine the loss of mass after removal of corrosion products.  

The second option is more common due to its versatility. 

According to the results of chemical analysis of reservoir 

waters, model media for corrosion tests were selected 

(Table 2). 

 

 

 

 

 

 

 

 

Table 2 

Chemical composition of solutions for corrosion testing 

№ model  

environment 

The concentration  

of NaCl, mol/l 

Type  

of corrosion 

1 0.01 Low salt  

concentration 

(soil corrosion) 

2 0.05 

3 0.1 

4 0.5 
High salt  

concentration 

(internal  

corrosion) 

5 1.5 

6 2.5 

7 3.75 

8 5 

 

The corrosion rate is determined by the formula: 

�ВМ �
�⋅��	
���


⋅�
  (1) 

where: 

m0 – is the initial mass of the sample, g;  

m1 – is the mass of the sample with corrosion products, g;  

S – sample area, m2;  

t – is the time of the experiment, hours;  

n – is the coefficient that depends on the composition of 

the corrosion products. 

 

RESULTS  

According to the results of the study of the corroded sur-

faces of the samples maintained in the gas hydrate, the 

mechanism of its influence on the corrosion of the pipe-

line material is established. By itself, the hydrate of corro-

sion does not cause, but only intensifies and localizes the 

influence of corrosive components of formation waters 

(Fig. 5).  

 

 
Fig. 5 Combined effect of gas hydrate and formation water on 

pipeline metal in the first (a) and second (b) stages 

 

In the first stage (the formation stage of the hydrate), the 

metal surface around it continues to be covered by pas-

sive films of corrosion products, while on the metal sur-

face under the hydrate such process stops [12]. 

In addition, as a result of the formation of hydrate crystals 

due to the moisture absorbed by the corrosion products, 

the passive film is partially destroyed, since the volume of 

the formed crystals is 2-3 times greater than the volume 

of water. After dissociation of the hydrate (stage 2), a po-

tential difference is formed between the described sec-

tions of the metal, which causes the formation of corro-

sive micro-galvanic elements that accelerate the dissolu-

tion of the metal in the less passive zone (Fig. 5b). 
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In the future, in the case of thermobaric conditions favo-

rable for hydration, it will take place most actively in the 

area of the formed corrosion lesion, since the latter plays 

the role of the center of crystallization. With each cycle of 

gas hydrate formation/decay, the depth of the corrosion 

defect increases. Thus, the mechanism of the joint influ-

ence of corrosive medium and gas hydrates is to intensify 

and localize corrosion processes. As the mechanism of 

corrosion in chloride, media is common for both inner 

pipe and soil corrosion, the previously obtained data for 

soil corrosion were used in addition to the results obta-

ined in the work for soil corrosion, in addition to the re-

sults obtained in the work [10, 13, 18]. 

Studies of corrosion in model environments (MЕ) corre-

sponding to soils with chloride-type salinization (Table 1) 

showed (Fig. 6) a significant increase in the rate of general 

corrosion with increasing concentrations of chloride ions 

during the transition from 0.01 M NaCl to 0.05 M NaCl, 

and slightly less during the transition from 0.05 M NaCl to 

0.1 M NaCl. A similar pattern of influence can be traced to 

both steels under study. Having analyzed together Fig. 6-

8, and comparing the rates of general and local corrosion, 

we can see a sharp intensification of local corrosion pro-

cesses, and it increases with increasing concentration of 

chloride ions. 

 

 
Fig. 6 Dependence of pipe wall thinning rate in chloride electrolytes: a – general corrosion b – local corrosion 

 

 
Fig. 7 Ifluenvce of chloride concentration on pipe wall thinning for mechanical stress level below yield limit 0 MPa general corrosion  

(a) local corrosion (b) 150MPa general corrosion (c) local corrosion (d) 
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Fig. 8 Ifluenvce of chloride concentration on pipe wall thinning for mechanical stress level above yield limit 330 MPa general corrosion 

(a) local corrosion (b); 420 MPa general corrosion (c) local corrosion (d) 

 

As the chloride ion concentration increases, the effect of 

the mechanical factor also increases significantly both in 

the case of general corrosion degradation and for local 

corrosion. There is a sharp increase in the corrosion rate 

during the transition from 2.5 M NaCl to 3.75 M NaCl for 

the iner pipe corrosion in highly mineralized reservoir wa-

ters (Fig. 7, 8). 

Such corrosion behavior, in our opinion, is caused by rapid 

destruction of the passive film of chloride ions when a 

certain critical concentration. 

The observed increase in corrosion rate for the samples 

aged in the gas hydrate in comparison with the control 

(Fig 6, 7), from the obtained results we calculated the 

coefficient of influence of gas hydrate to corrosion, for 

which general corrosion is of 1.13 and for the local 

corrosion is 1.32. 

 

DISCUSSION 

The combined analysis of the corrosion behavior of the 

material of the pipes in aggressive environments chloride 

type shows similar patterns of joint effects of 

environment and mechanical factors on the rate of 

corrosion processes. Active growth velocities of general 

and local corrosion (Fig. 6-8), although in the case of 0.01 

M NaCl the growth of the local corrosion rate is negligible, 

due to the relatively small localized corrosion processes. 

For the correct assessment of operational risk, resource 

and residual resource of safe operation is extremely 

important to know the speed of the wall thinning of the 

pipeline during the operation process for the timely 

prevention of possible emergency situations (Fig. 6, 7, 8). 

Observed similar to the corresponding dependences in 

the mass loss patterns. 

I can say that for the case of low salt concentration (soil 

corrosion), provided the insulation be damaged and the 

lack or improper quality of active corrosion protection, 

the annual rate thinning in the area of operational loads 

can reach up to 0.45-0.55 mm/year (Fig. 6a), and with the 

localization process in the case of 0.1 M NaCl to exceed 6 

mm/year (Fig. 6b), which indicates a significant risk of 

depressurization of pipelines, especially those that have 

operated more than 15...25 years outdated and short-

lived anti-corrosive bitumen coating. 

It is particularly important to analyze groundwater along 

pipeline routes to assess in a timely manner the risks of 

corrosion degradation of the pipeline steel, to prevent 

and prevent depressurization or more severe failures and 

emergencies [10, 18]. 

The increased risks of emergency situations caused by 

corrosion-mechanical processes will be primarily for the 

discharge lines and other industrial pipelines operated 

without active anti-corrosion protection. 

Depending on the stress level and the corresponding 

model environment, the increase in the general corrosion 

rate due to the action of the gas hydrate St20 from 0.11 

to 0.72 mm/year (Fig. 7a, Fig. 8a). 

In the case of corrosion in reservoir waters, the jump in 

corrosion rates during the transition from 2.5 M NaCl to 

3.75 M NaCl and 5 M NaCl is even more evident. Such a 

dramatic change in indicators suggests a change in 

patterns of development of corrosion processes. 

For corrosion, taking into account the localization, 

depending on the stress level and for the corresponding 

model environment, the increase due to the action of gas 

hydrate for steel 20 from 7.3 to 17.1 mm/year (Fig. 7b, Fig. 

8b). 
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CONCLUSIONS 

The technique of physical modeling of pipeline operation 

under conditions of joint long-term action of aggressive 

media with imitation of sharp acyclic overloads was devel-

oped, which first modeled hydration formation during op-

erational modes. It has been established that the main 

corrosive component of the formation waters of the in-

vestigated fields are chlorides. 8 model media were se-

lected for corrosion testing of industrial pipeline material. 

According to the experimental results, the regularities of 

the influence of the concentration of the corrosive com-

ponents of the formation water on the corrosion rate of 

the pipe steel St20 were established. It is established that 

at a concentration of 2.5 mol/l the nature of the depend-

ence changes from power to linear. The laws of joint in-

fluence of mechanical stresses, chloride concentration 

and hydration formation on the speed and localization of 

corrosion processes have been established. According to 

the results of the studies, the coefficient of influence of 

gas hydrates Khydr was calculated. Khydr = 1.13 for general 

corrosion and 1.32 for local corrosion. 

 

REFERENCES 
[1] A Chapoy, et al. "Effect of common impurities on the phase 

behavior of carbon-dioxide-rich systems:Minimizing the 

risk of hydrate formation and two-phase flow." SPE Jour-

nal, vol. 16, no. 04, pp. 921-930, Dec. 2011, doi: 

10.2118/123778-PA 

[2] A. Kahyarian, M. Singer, and S. Nesic. "Modeling of uni-

form CO2 corrosion of mild steel in gas transportation sys-

tems:a review." Journal of Natural Gas Science and Engi-

neering, vol. 29, pp. 530-549, Feb. 2016, doi: 

10.1016/j.jngse.2015.12.052 

[3] De Waard, U. Lotz, and D. E. Milliams. "Predictive model 

for CO2 corrosion engineering in wet natural gas pipe-

lines." Corrosion vol. 47, no. 12, pp. 976-985, Jul. 1991. 

[4] E. O. Obanijesu, et al. "The influence of corrosion inhibitors 

on hydrate formation temperature along the subsea natu-

ral gas pipelines." Journal of Petroleum Science and Engi-

neering, vol. 120, pp. 2 39-252, Aug. 2014, doi: 

10.1016/j.petrol.2014.05.025 

[5] E. O. Obanijesu, V. Pareek, and M. O. Tade. "Hydrate for-

mation and its influence on natural gas pipeline internal 

corrosion rate." SPE oil and gas India conference and exhi-

bition. Society of Petroleum Engineers, Mumbai, India, Jan. 

20-22, 2010, doi: 10.2118/128544-MS 

[6] E. O. Obanijesu, V. Pareek, and M. O. Tade. "Modeling the 

contribution of gas hydrate to corrosion rate along the 

subsea pipelines." Petroleum science and technology, vol. 

32, no. 21, pp. 2538-2548, Sep. 2014, doi: 

10.1080/10916466.2013.842586 

[7] J.-L. Peytavy, P. Glenat, and P. Bourg. "Kinetic hydrate in-

hibitors-sensitivity towards pressure and corrosion inhibi-

tors." International Petroleum Technology Conference, 

Dubai, U.A.E. Dec. 4-6, 2007, doi: 10.2523/IPTC-11233-MS 

[8] K. Alef, et al. "Evaluation of MEG reclamation and natural 

gas hydrate inhibition during corrosion control 

switchover." Journal of Petroleum Science and Engineer-

ing, vol. 176, pp. 1175-1186, May. 2019, doi: 10.1016/j.pe-

trol.2018.08.052 

 

 

 

[9] L. E. Zerpa, et al. "Predicting hydrate blockages in oil, gas 

and water-dominated systems." Offshore Technology Con-

ference, Houston, Texas, USA, 30 Apr.-3 May 2012, doi: 

10.4043/23490-MS 

[10] L. Poberezhny, et al. "Corrosion-mechanical behavior of 

gas main steel in saline soils." Koroze a ochrana materialu 

vol. 63, no. 3, pp. 105-112, Dec. 2019, doi: 10.2478/kom-

2019-0014 

[11] L. Poberezhny, et al. "Impact of gas hydrates and long-

term operation on fatigue characteristics of pipeline 

steels." Procedia Engineering. TRANSBALTICA 2017. Trans-

portation science and technology:proceedings of the 10th 

international scientific conference, Vilnius Gediminas 

Technical University, Vilnius, Lithuania, May 4-5, 2017, doi: 

10.1016/j.proeng.2017.04.386 

[12] L. Poberezhny, et al. "Influence of hydrate formation and 

wall shear stress on the corrosion rate of industrial pipe-

line materials." Koroze a ochrana materialu vol. 62, no. 4, 

pp. 121-128, Dec. 2018, doi: 10.2478/kom-2018-0017 

[13] L. Poberezhnyi, et al. "Corrosive and mechanical degrada-

tion of pipelines in acid soils." Strength of Materials vol. 

49, no. 4, pp. 539-549, Nov. 2017, doi: 10.1007/s11223-

017-9897-x 

[14] M. Akhfash, et al. "Gas hydrate thermodynamic inhibition 

with MDEA for reduced MEG circulation." Journal of Che-

mical & Engineering Data, vol. 62, no. 9, pp. 2578-2583, 

Apr. 2017, doi: 10.1021/acs.jced.7b00072 

[15] M. E. Semenov, I. K. Ivanova, and V. V. Koryakina. "Intensi-

fication of metal corrosion in gas hydrate formation." AIP 

Conference Proceedings, AIP Publishing LLC, vol. 2053. no. 

1. Dec. 2018, doi: 10.1063/1.5084527 

[16] N. Kalogerakis, et al. " Effect of surfactants on hydrate for-

mation kinetics." SPE international symposium on oilfield 

chemistry. Society of Petroleum Engineers, New Orleans, 

Louisiana , Mar. 2-5, 1993, doi: 10.2118/25188-MS 

[17] P. Hu, et al. "Effects of carbon steel corrosion on the met-

hane hydrate formation and dissociation." Fuel, vol. 230, 

pp. 126-133, Oct. 2018, doi: 10.1016/j.fuel.2018.05.024 

[18] P. Maruschak, et al. "Physical and mechanical aspects of 

corrosion damage of distribution gas pipelines after long-

term operation." Journal of failure analysis and preven-

tion, vol. 18, no. 3, pp. 562-567, Mar. 2018, doi: 

10.1007/s11668-018-0439-z 

[19] P. Maruschak, et al. "Structural and mechanical defects of 

materials of offshore and onshore main gas pipelines after 

long-term operation." Open Engineering, vol. 5, no. 1, pp. 

365-372, Oct. 2015, doi: 10.1515/eng-2015-0045 

[20] Qi. Sheng, et al. "Simultaneous hydrate and corrosion inhi-

bition with modified poly (vinyl caprolactam) polymers." 

Energy & Fuels, vol. 31, no. 7, pp. 6724-6731, Jun 2017, 

doi:10.1021/acs.energyfuels.7b00525 

[21] A. Eslamimanesh, A.H. Mohammadi, and D. Richon. "Ther-

modynamic consistency test for experimental solubility 

data in carbon dioxide/methane + water system inside and 

outside gas hydrate formation region." Journal of Chemical 

& Engineering Data, vol. 56, no. 4, pp. 1573-1586, Mar. 

2011, doi:10.1021/je1012185 

[22] S. Nešić."Key issues related to modelling of internal corro-

sion of oil and gas pipelines – A review." Corrosion science, 

vol. 49, no. 12, pp. 4308-4338, Dec. 2007, 

doi:10.1016/j.corsci.2007.06.006 

 

 

 

 

 



L. POBEREZHNY et al. – Influence of Hydrate Formation and Concentration…  147 
 

 

[23] S. Mokhatab, R. J. Wilkens, and K. J. Leontaritis. "A review 

of strategies for solving gas-hydrate problems in subsea 

pipelines." Energy Sources, Part A, vol. 29, no. 1, pp. 39-45, 

Dec. 2006, doi:10.1080/009083190933988 

[24] Standard, Norsork. "CO2 Corrosion rate calculation 

model." Majorstural, Norway: Norwegian Technological 

Standards Institute Oscarsgt 20, Jun. 2005. 

[25] W. Li, et al. "A study of hydrate plug formation in a subsea 

natural gas pipeline using a novel high-pressure flow 

loop." Petroleum science, vol. 10, no. 1, pp. 97-105, Mar. 

2013, doi:10.1007/s12182-013-0255-8 

 

 

 

 

Lubomyr Poberezhny 

ORCID ID: 0000-0001-6197-1060, 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Institute of Tourism and Geosciences 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: lubomyrpoberezhny@gmail.com 
 

Ihor Chudyk 

ORCID ID: 0000-0002-7402-6962 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: chudoman@ukr.net 
 

Andrii Hrytsanchuk 

ORCID ID: 0000-0001-9894-0911 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Institute of Petroleum Engineering 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: andriihrytsanchuk@gmail.com 
 

Oleg Mandryk 

ORCID ID: 0000-0002-2689-7165 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

e-mail: mandryk68@gmail.com  
 

Tetyana Kalyn 

ORCID ID: 0000-0003-2343-3733 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Institute of Tourism and Geosciences 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: kalyntetyana68@gmail.com  
 

Halyna Hrytsuliak 

ORCID ID: 0000-0003-2463-4772 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Institute of Tourism and Geosciences 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: gritsulyaka@ukr.net  
 

Yaroslav Yakymechko 

ORCID ID: 0000-0002-4406-0094 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Institute of Petroleum Engineering 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: jarykjj@ukr.net 


