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Summary. An anomalous increase in the soil electrolyte corrosive activity was detected due to the 

synergistic cumulative action of the corrosion-active components present in determined ratios of ionic molar 
concentrations The obtained results allow us to better evaluate operational risks and to predict the life length and 
usable lifespan of the safe oil and gas pipeline operation, as well as to prevent a significant number of pipeline 
failures at the engineering design and production activity. 
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Statement of the problem. Various physicochemical and soil-climatic factors affect 

downhole oil-and-gas pipelines and comprehensively define operating conditions. The 
complexity of the interaction of these time-dependent variables leads to the fact that the specific 
combinations can result in acceleration and deceleration of the corrosion process. 

Conducted researches of downhole oil-and-gas pipelines have shown that the production 
life index mainly depends on the fundamental metal and welded pipe joint corrosion resistance, 
as well as on the form of the metal surface fracture in regions with faulted out seal coat. 

Analysis of the available investigations. Problems of pipelines and soil interaction 
have not been sufficiently studied in the construction practice. Therefore, there are no defined 
and proven methods of the selection or calculation of the main characteristics for the following 
calculation and analysis of downhole pipeline work [1]. 

Considering the corrosive activity of the soil, which is customary to evaluate time before 
the appearance of the first cavern in the new pipeline, the composition and physical and 
mechanical properties of soils and their dynamics significantly complicates the calculation 
scheme, since there are many additional time-varying parameters that are taken not only from , 
but are also experimentally determined. The list of the most important factors that determine 
the corrosive activity of soils, such as structure and particle size distribution, moisture content, 
soil electrolyte composition, total acidity or alkalinity of soil, hydrogen ion concentration, air 
permeability, redox potential, electrical resistivity, electrical resistance modeling of deformable 
system «pipe – soil massif» and, accordingly, prediction of durability of underground pipeline 
[2–3]. 

It is believed that the behavior of the steel pipeline in soils in many ways is similar to 
its behavior when fully immersed in solutions with the appropriate pH. At the same time, the 
electrochemical mechanism of corrosion with the formation of micro-galvanic elements 
prevails. However, in the underground pipeline, due to the heterogeneity of the pipe metal and 
the heterogeneity of the soil in terms of both physical properties and chemical composition, as 
well as different aeration, there are areas where the electrode potential is markedly different, 
which causes the formation of macrogalvanic corrosion. Pipeline sections with more negative 
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potential become anodic, and sections with less negative potential become cathodic [4–6]. 
Downhole mainland pipelines made of 17G1SU were selected as the model for this 

research. Flat samples were constructed from the material of the different sections of the linear 
pipeline part using the technology developed in IFNTUOG [7–8]. 

The objective of the work is to establish the corrosion patterns of underground gas 
pipelines in highly mineralized s oils with different pH levels. 

Statement of the task. The chemical decomposition of soil electrolytes has been 
analyzed. Based on that, it was suggested 6 different simulative environments for corrosion 
tests (see Table 1), which can be formally divided into chloride sulfate (ME 1–3) and acidified 
chloride sulfate (ME 4–6). Such type of soil electrolytes is located in areas with high soil 
salinity. 

In the first stage of testing, the corrosion behavior of the chloride-sulfate pipeline steel 
(ME1 – ME3) was studied. 

 
Тable 1 

 
Chemical composition of solutions for the corrosion tests  

 

№ ME Concentration, mol/l 
NaCl Na2SO4 H2SO4 

1 0,005 0,005 - 
2 0,025 0,025 - 
3 0,05 0,05 - 
4 0,005 0,005 0,000005 
5 0,025 0,025 0,00005 
6 0,05 0,05 0,0005 

 
Results and discussion. Researches have shown (Fig. 1, 2) the increase of the intensity 

of corrosion decline in all three environments for both general and local corrosion. Such results 
are approved by electrochemical tests of corrosion currents of anode and cathode dissolution, 
as well as the kinetics of electrode potential (EP) [9]. 

 

  
a b 

 
Figure 1. The dependence rate of corrosion in chloride-sulfate electrolytes on the level of mechanical loads 

and chemical composition of the environment (a – general corrosion, b – local corrosion) 
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The rates of general and local corrosion increase with the growth of the ionic strength. 
This correlation is prevalent in the transition from ME2 to ME3. It should be noticed that such 
a cumulative synergistic action of sulfate and chloride ions was detected for the first time. Such 
an important conclusion can be drawn from Figure 1 a and Figure 1 b by comparing corrosion 
curves and the corrosion accelerated rate during the transition from ME1 to ME2 and ME2 to 
ME3. We observe a significant difference not only in the accelerated rate but also in the increase 
of the intensity of corrosion decline with the increase of mechanical loads in the zone of elasto-
plastic deformation. The last tendency can also be pointed out during the transition from ME1 
to ME2, but its intensity is much lower. 

The revealed hazardous patterns force us to do the more accurate calculation of the 
thinning of the pipeline wall with proportional and local corrosion in chloride-sulfate 
environments. 

Studies show (Fig. 2) that in the field of operational loads, the rate of total corrosion is 
about 0.6 mm/year for ME1 and ME2, for ME3 more than 1 mm/year, which again confirms 
the extreme danger of this ionic ratio concentrations. Such rate, even in the case of the safest 
option of the environment (ME1), indicates the necessity of reexamination of the existing 
estimated resources and the usable lifespan of the safe oil and gas pipelines operation in the 
areas of saline soils. In the case of detecting the ratios of ionic concentrations like in ME3, it 
requires major detailed analysis of passive and active corrosion protection and determination 
of its damage rate, as well as the pipeline material damage rate using methods of nondestructive 
testing and in-line inspection. The areas of potential additional mechanical loads should be 
monitored carefully. First of all, we have to consider landslides in mountainous areas, 
underground crossings through railways and roads, etc. 

 

  
a b 

 
Figure 2. Thinning of the pipe wall in chloride-sulfate electrolytes 

(a – general corrosion, b – local corrosion) 
 
Assessment of the localization of corrosion processes in all chloride-sulfate ME showed 

significant local content, but in ME3 abnormal corrosion behavior occurred once again. Not 
only an abnormally high corrosion rate at a given ionic concentration ratio was found for the 
first time, but also an abnormally intense local content of corrosion processes. As a result, the 
local corrosion rate in the field of mechanical loads can exceed 12 mm/year. 

Ground electrolytes should be examined as soon as possible along the pipeline routes, 
especially those which experience the depletion of the planned life length. The obtained results 
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show that, if the protective coating is damaged and the active corrosion protection is not 
properly utilized, their operation in areas with the dangerous ratio of ionic concentrations can 
cause serious accidents and catastrophes with hard-to-predict consequences for the population 
and the environment. 

In the second stage, we studied the influence of the pH environment on the corrosion 
behavior of the steel pipeline in chloride-sulfate electrolytes (ME4–ME6). 

As it was in acidified chloride electrolytes, we could observe a pattern of fluctuation of 
corrosion behavior (Fig. 3, 4). 

At pH5, in the range of operational loads, we observe a slight monotonic increase of the 
rate of total corrosion at an almost constant local rate. However, in the field of elastic 
deformation, we notice a significant activation of local corrosion processes, as well as a 
significant general corrosion rate growth. This corrosive behavior is associated with a 
significant tendency to locate corrosion processes in chloride-sulfate environments. In the range 
of high loads, local corrosion damages are considered to be crucial areas such as load 
concentrators, in which local galvanic elements (GE) of a concentric nature begin to form and 
accelerate corrosion processes, as well as GE from EMF, which is emitted by the difference 
between the potentials of the outer casing of the metal and the bottom of corrosion pit . 

 

  
a b 

 
Figure 3. The dependence of the rate corrosion in acidified chloride-sulfate electrolytes on the level of 

mechanical loads and chemical composition of the environment (a – general corrosion, b – local corrosion) 

 
Their periodic origin is proved by the first saltatory changes of the EP [10]. 
At pH4 we register a significant increase (about 15%) of the total corrosion rate and a 

significant (about 40%) intensification of the local content of corrosion processes. The last one, 
apparently, as in the case of acidified chloride environments, is associated with a change in the 
mechanism of depolarization and its simultaneous passage through both mechanisms. 

At PH3 we can observe an abnormally low (compared to non-acidic (ME6) 
environment) rate of both general and especially local corrosion. 
  

https://doi.org/10.33108/visnyk_tntu2019.0


Lubomyr Poberezhny, Andrii Hrytsanchuk, Nataliia Halushko, Liubov Poberezhna 

 

ISSN 2522-4433. Вісник ТНТУ, № 3 (95), 2019 https://doi.org/10.33108/visnyk_tntu2019.03 ……………………………… 45 

 

  
a b 

 
Figure 4. Thinning of the pipe wall in acidified chloride-sulfate electrolytes 

(a – general corrosion, b – local corrosion) 

 
This situation is partly caused by, as in the case of acidified chloride media, a change in 

the mechanism of depolarization, and therefore the course of corrosion processes. However, the 
change of the firstly detected ratio of ionic concentration is the most important because it causes 
extreme synergies and cumulative effects of corrosion, mechanical and specific ionic factors. 
Such an explanation is practically the only one which is possible, since the qualitative ionic 
composition of the environment remains still, and the material of the pipeline and the 
magnitudes of applied mechanical loads isn’t changed either. 

The results showed a significant reduction in the rate of total corrosion (about 35%) and 
anomalous de-intensification of the local content of corrosion processes (by 500%). Such 
corrosive behavior once again confirms the discovery of a specific ratio of ionic concentrations 
of soil electrolyte, which is extremely dangerous for steel pipelines. 

Dependences of the pipe wall thinning are similar to those which were stated for the 
non-acidified environment with the earlier mentioned decrease of the corrosion intensity 
decline, according to the change of the ionic concentrations. 

To have a better assessment of the relative corrosion activity of soil electrolytes and the 
measure of operational risks, it is suggested to present the collected material as integrated 
corrosion decline curves (Fig. 5) and pipe wall thinning diagrams (Fig. 6). 

 

  
a b 

 
Figure 5. Integrated diagram of pipeline steel corrosion speed (a – general corrosion, b – local corrosion) 
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This methodological approach will allow determining the sequence and frequency of 
planned and unscheduled check over and remedial maintenance. This technology is based on 
highlighting the pipeline sections, which are located in the most dangerous corrosive soils, with 
the help of obtained diagrams and to optimize the operating modes in order to minimize 
corrosion intensification by mechanical factor. 

 

  
a b 

 

Figure 6. Integrated diagram of thinning of the pipeline wall 
(a – with general corrosion processes, b – with local corrosion processes) 

 

The follow-on revision and development of the proposed methodological approaches 
into the completed engineering methodology will allow correct assessment of the operational 
risks associated with environmental corrosion and the development of scientifically well-
grounded preventive measures for probable failure occurrence. 

Conclusions. An anomalous increase in the soil electrolyte corrosive activity was 
detected due to the synergistic cumulative action of the corrosion-active components present in 
determined ratios of ionic molar concentrations. The usage of joint corrosion decline diagrams 
of the pipeline steel and the thinning of the wall will help identify the most dangerous pipeline 
sections and develop appropriate preventive operations. The obtained results allow us to better 
evaluate operational risks and to predict the life length and usable lifespan of the safe oil and 
gas pipeline operation, as well as to prevent a significant number of pipeline failures at the 
engineering design and production activity. 
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Резюме. В практиці будівництва питання взаємодії трубопроводів з ґрунтом вивчені 
недостатньо. Тому чітких і апробованих рішень щодо вибору чи визначення основних характеристик для 
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розрахунку та аналізу роботи підземних трубопроводів немає. Об’єктом досліджень вибрано підземні 
магістральні трубопроводи, при будівництві яких використовувалися труби зі сталі 17Г1СУ. Мета 
роботи – встановлення закономірностей корозії підземних газопроводів у високомінералізованих грунтах 
із різним рівнем рН. Дослідження показали зростаючу інтенсивність корозійної деградації в усіх трьох 
середовищах як для загальної, так і локальної корозії. Такі результати добре узгоджуються з отриманими 
під час електрохімічних випробовувань значеннями струмів корозії анодного та катодного розчинення, а 
також кінетикою електродного потенціалу. Зі збільшенням йонної сили швидкості загальної та 
локальної корозії зростають, причому особливо характерно це спостерігається при переході від МС2 до 
МС3. Можемо констатувати, що вперше виявлено співвідношення йонних концентрацій, за якого 
синергічна дія сульфат та хлорид йонів є настільки кумулятивною. Оцінювання локалізації корозійних 
процесів у всіх хлоридно-сульфатних МС показало значний ступінь локалізації, однак у МС3 знову 
спостерігалася аномальна корозійна поведінка. Вперше виявлено не лише аномально високу швидкість 
корозії при даному співвідношенні йонних концентрацій, а й аномально інтенсивну локалізацію корозійних 
процесів. З метою кращого оцінювання відносної корозійної активності ґрунтових електролітів та 
ступеня експлуатаційних ризиків у них запропоновано нагромаджений матеріал представляти у вигляді 
об’єднаних кривих корозійної деградації та діаграм утоншення стінки труби. Отримані результати 
дадуть змогу краще оцінити експлуатаційні ризики та прогнозувати ресурс і залишковий ресурс безпечної 
експлуатації нафтогазопроводів, а також попередити значну кількість відмов трубопроводів на стадіях 
проектування та експлуатації. 

Ключові слова: газопровід, корозійна деградація, швидкість корозії, високомінералізовані грунти, 
кислотність грунту. 
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