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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.

Table 1

Chemical composition of solutions for the corrosion tests

Concentration, mol/I

Ne ME NaCl NazS04 H2505
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].
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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 MEZ2 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 MEZ2, 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 (MEL), 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.
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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-MES).

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 .
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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 (MEG6)
environment) rate of both general and especially local corrosion.

44 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (95), 2019 https://doi.org/10.33108/visnyk_tntu2019.03


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

Lubomyr Poberezhny, Andrii Hrytsanchuk, Nataliia Halushko, Liubov Poberezhna

K, mml/year B VE 4 K, mml/year
| I ME 5 . ME 4
sl B VE 6 7-

1,0
o]
0,6 -
04 -

0,2+

0,0 -

0 MPa 330 MPa 420 MPa 510 MPa 0 MPa 330 MPa 420 MPa 510 MPa

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).
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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.
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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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BIIJIMB PIBHA PH HA KOPO3IIO I'A3OITPOBOAIB ¥ I'PYHTAX I3
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Pestome. B npaxmuyi 6yodienHuymea numanHs 63a€MoO0ii mpybonpoeoodie 3 IPYHMOM GUGHEHI

Hedocmamuvo. Tomy wimkux i anpoOo8aHux piuieHsb Wooo sUOOPY Yu BUSHAYUEHHSA OCHOBHUX XAPAKMEPUCTHUK O
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PO3DAXYHKY ma anaiizy pobomu niozemMuux mpyoonpoeodie nemae. 06 ekmom 00Caioxncenb GUOPAHO NIO3eMHI
mazicmpanvHi mpy6onpogoou, npu 06yOisHuymei akux euxopucmosysanucs mpyou 3i cmani 171'1CY. Mema
pobomu — 6CMAHOBAEHHA 3AKOHOMIPHOCMEN KOPO3ii IO3eMHUX 2a30NPO600IE ) BUCOKOMIHEPANI308AHUX SPYHMAX
i3 pisHum pienem pH. Jlocniooicenns nokazanu 3pocmaiody iHMEeHCUSHICMb KOPO3itiHOL 0eepadayii 8 ycix mpbox
cepedosuwax K 0714 3a2anbHol, Max i 10KaabHoi koposii. Taxi pe3yismamu 006pe y3200H#CYIOMbCs 3 OMPUMAHUMU
nio yac eneKmpoxXimMiuHux unpobo8y8atb 3HAYEHHAMU CMPYMI6 KOPO3ii aHOOH020 Ma KamoOHO20 POZUUHEHHS, A
MAaKodc KiHeMUKoio enekmpoono2o nomenyiany. 3i 30invuienHam UWOHHOI cunu wWeuoKocmi 3aeanvHoi ma
JIOKANbHOT KOPO3ii 3pocmaioms, NPULOMY 0COOIUBO XApAKMepHO ye chocmepieacmuvcs npu nepexooi io MC2 oo
MC3. Mosicemo xoncmamysamu, wo enepuie GUABIEHO CRIBBIOHOWEHHS UOHHUX KOHYEHMpayil, 3a sAKO20
cunepeiuna 0is cynvgham ma Xa0puod UOHI68 € HACMINbKU KyMyasamusHoto. Oyinto8auHsa 10Kani3ayii KoOpo3iuHUuX
npoyecie y ecix xaopuouo-cyno@amuux MC nokazano suaunuii cmynine aokanizayii, oonax y MC3 3uoey
CHOCMepi2anacs amomMaibHa KOposilina nogedinka. Bnepuie euaeneno ne auuie anomManibHO 8UCOKY WBUOKICMb
KOpO3ii npu 0aHOMY Cni88IOHOUIeHH] UOHHUX KOHYeHmpayil, a U aHOMANbHO IHMEHCUBHY TOKANI3AYII0 KOPOIIUHUX
npoyecis. 3 mMemow Kpawjoeo OYiHIOBAHHs GIOHOCHOI KOPO3IUHOI AKMUGHOCMI TPYHMOGUX eNleKmpOoiimie ma
CIMYNneHs eKCHAYamayitinux pusuKie y Hux 3anponoH08an0 HAzpOMAOAICEHUL Mamepian npeoCcmagisamu y uenioi
00’ €0HaHUX KpUsux Kopositinoi dezpadayii ma diazpam ymouuieHHs cminku mpyou. Ompumani pe3yremamu
0adymu 3M02y Kpauje OYiHumu eKCHIyamayitiii pusuKu ma npocHo3yeamu pecypc i 3a1uuKosutl pecypc 6esneynoi
excniyamayii Haghmo2azonposooie, a MaKolc NONepeoumu 3HAYHy KilbKicms 6i0M08 mpybonpoeodis Ha cmadisnx
NPOEKMYBAHHA Ma eKCnLyamayii.

Knruosi cnosa: 2azonpogio, kopositina oecpadayis, WeUuoKicms KOpo3ii, BUCOKOMIHepaniz08ani 2pyHmu,
KUCTIOMHICMb 2PYHIMY.
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