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Abstract. Solution of the problem of modeling electrochemical corrosion in the pipeline sector
with cracked insulating coating under the effect of electrolytic medium aggressive towards the pipe-
line metal is presented in this paper. The problem boils down to determining a stationary electrolyt-
ic field which occurs in the pipeline sector (a) in the crack when galvanic macrocouple operates
with anode and (b) under the pipeline insulating coating when galvanic macrocouple operates with
cathode. The advantage of this model is its ability to predict corrosion of the pipeline on time,
which is important for determining the residual life of the structure. Distribution of potential electric
field is determined by solving of the Laplace two-dimensional differential equation with given
boundary conditions hence helping to obtain functional dependencies for calculation of current den-
sity (corrosion rate) and operating electric the acting galvanic macrocouple "crack in the metal -
metal under the insulation coating"
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The problem of reliability and environmental safety of main gas, oil-and-gas, util-
ity pipelines is gaining particularly acuteness.

Lifetime of main gas and oil pipelines of Ukraine, in many cases is close to the
planed values. Numerous corrosive damages to the pipes’ external surfaces are re-
vealed, thus exacerbating the problem of the pipes’ further reliable and safe opera-
tion.
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The available publications analysis [1-6] showed that forecasting the residual life
of pipelines is a multifactor task lying in determining their operating capacity ulti-
mate permissible state. At present, there are no criteria to specify the main pipelines
elements’ ultimate permissible state for pipelines which have been in operation for
over 200 thousand hours, as well as the methods of forecasting the residual resource
with the proper reliability [2].

The existing regulatory support of safe pipelines operation does not fully regulate
the comprehensive analysis of pipelines to determine their residual life, as it does not
take into account the specifications and parameters that have changed during their
operation life under the influence of operational factors, including corrosive wear [7].

Studying conditions of pipelines operation under the influence of soil corrosion
shows that despite the use of different measures, the number of accidents due to
corrosion of pipelines in the industry makes 27% of their total number.

Virtually, any insulation coating does not provide complete protection of the
underground pipeline, due to defects in the cover itself, causing the electrochemical
contact set between the electrolyte and the pipe. Once the fact of the cover damage
has been established, the problem arises of forecasting the time of leakage due to
corrosion of pipes.

Particularly acute the above issue is concerning pipelines operated in the sites
where the pipe insulation is broken due to electrolytic solutions getting into the pipes.
Such sites are significantly influencing the development of the pipeline’s corrosion,
creating conditions for the emergence of macro-corrosion couples. In underground
pipelines with the broken insulation sites, anode and cathode polarization characteris-
tics of steel are significantly changing and, consequently, the potentials of steel in
these places are changing, too.

Considering that the exploitation of oil pipeline with the areas where insulation is
broken is connected with the pipeline’s electrochemical corrosion, an increased focus
of environmental safety operation of the pipeline should be put on the pipeline’s cor-
rosion losses definition in the insulation damage areas as a result of the corrosion el-
ement’s effect. Solving the problems of early pipeline corrosion detection, determine
its rate and creepage will prevent accidents at the oil pipeline and provide its envi-
ronmental safety.

Insulation cover, as a porous material, is a second-class conductor, so the process
of reinforcement corrosion in it may be regarded as a conventional electrochemical
corrosion of metals in electrolytes. In most cases, including the corrosion of steel pipe
in the insulation crack place, heterogeneous mechanism of metal destruction is domi-
nating, when separate parts of the metal surface are the cathodes (a tube segment
under a layer of insulating coating), and the others being anodes (pipes in the crack
area).

This mechanism of corrosion rate is determined by a number of parameters that
characterize the electrochemical heterogeneityof the system: potentials and
polarization of anode and cathode segments, the specific electrical conductivity
system, the geometric dimensions of land areas.

In this formulation, the problem of electrochemical corrosion in steel pipe under
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the coating is reduced to determining static electric field that occurs when galvanic
macro-couple is operating with heterogeneous electrode, i.e. to writing equations and
boundary conditions formulas to be answered by this field’s potential.

One of the main parameters that characterize corrosion processes on the metal
pipe surface is the current density. In the pipeline areas where insulation is damaged
conditions arise for emergence of macro-corrosion couples, the current load of which
can be used as a general characteristic at determining the losses on the pipeline’s
metal.

The electric field near the heterogeneous electrode has been considered, which
model consists of 2 random width sites different in their stationary potentials.

Local corrosion element is represented by a segment of the pipeline under the
insulation coating (cathode) and the pipeline segment where the insulation is dam-
aged in electrolyte (the anode) (Fig. 1).
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Figure 1. - Local corrosion element in the pipeline under the earth stratum: a) general layout,
b) computed model.

Due to the symmetry of the heterogeneous surface’s model, it is enough to con-
sider not the entire surface, but only part of it, between the points x = 0 and x = c,
which correspond to the middles of disparate areas, and point a is the boundary be-
tween them.

This part of the surface is further understood as a local element.

Determination of the electric field in the system is reduced to solution of the two-
dimensional Laplace equation:
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Boundary conditions are as follows:
1) at an infinite distance from the electrode (fittings) no excitement is made in the
electric field

¢ (y — ©, x) = const; (2)
2) the second is the result of the considered model’s symmetry
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3) the conditions in the disparate areas can be presented as follows:

¢:Ea+L2—f,wherey=0;O§x<a; (4)

p=FE,+ Lg—j, wherey =0;a<x<c, (5)

where L = y-b; b — polarization factor; E,, E.— anode and cathode dead potentials.

The solution of equation (1) with the following boundary conditions can be ob-
tained by Euler-Fourier method:
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Considering that 1=-7 d_y based on (1) an expression is obtained for
y=0
determining the current density distribution on the surface of a single local element.
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The current density on the local element’s surface varies in length. Integrating the
expression from 0 to a, we find anodic current of a single element.
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Then the galvanic element’s current will be
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Numerous studies of the present numerical series showed that the series is quickly
converging, and for practical calculations it is enough to take three initial members of
the present numerical series.

A theoretical study of the obtained mathematical model has been performed,
which allowed to conclude the following.

Distribution of current density on the heterogeneous electrode is uneven. The an-
ode (corrosion rate) current density is in its maximum in the middle of the crack. As
the anode area is increasing the maximum current density variation between the dif-
ferent areas is decreasing, while its uneven distribution within the same area is in-
creasing. The influence of the anode area (width of cracks) size on the distribution of
current on heterogeneous electrode is substantially exceeding its own size.

The main influence on the size and distribution of potential and the corrosion rate
is produced by the potential difference on the heterogeneous surface between the
cathode and anode areas and by the environment’s electrical conductivity.

Thus, environmental safety of oil pipelines operation largely depends on the met-
al’s corrosion resistance. The problem of modeling the pipeline metal’s electrochemi-
cal corrosion in the damaged insulation area under the electrolytic environment action
Is solved. It comes to determining the static electrical field that occurs when macro-
galvanic couples operate with the anode in the site with the damaged insulation, and
with the cathode in the area under the insulation cover.
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patioka, IlontaBa, YkpaiHa.

AHoTauisi. Po3B’s3aHa 3a/1aua MOJICIIOBAHHS €JIEKTPOXIMIYHOT KOPO3ii AUITHKH TPyOOIIPOBOTY
B TPIIIMHI 130JIAI[IHHOTO MOKPUTTS MPHU Jii arPECUBHOTO 10 BiJHOMIEHHIO JI0 METAIy TPyOOIIPOBOIY
SJIEKTPOITUYHOTO CEPEIOBHINA, KOTPA 3BOJIUTHCS JIO BU3HAYCHHS CTAllIOHAPHOTO EJIEKTPUYHOTO
T0JIsA, 1[0 BUHUKAE MPU POOOTI TaabBaHOMAPH 3 aHOJIOM Ha JTUISHII TPYOOIIPOBOY B TPIlIMHI 1 Ka-
TOZOM Ha JIUISHIN TPpyOONPOBOMY Mif 130JAIIKHUM MOKPUTTAM. [lepeBaroro naHoi Moaeli € MOX-
JMBICTH NMPOTHO3YBaHHSA PO3BUTKY KOpO3ii TpyOONpPOBOIY 3a YacoM, IO € BAXJIMBUM IPU BU3HA-
YEHHI 3aJIMIIKOBOTO PEeCypCcy KOHCTPYKIIii. Po3moais moreHmiany eneKTpUYHOro MOoJisi BU3HAYCHO
IIIIXOM PO3B’sI3aHHS JBOXMIpHOTO nudepeHiaisHoro piBHAHH Jlamiaca i3 3a1aHUMH TPaHUYHU-
MU yMOBaMH, IO JTO3BOJUJIO OTPUMATH (DYHKIIIOHAJBHI 3aJIKHOCTI I PO3PAXYHKIB MIIJILHOCTI
CTpyMy (IIBHIKOCTI KOPO3il) Ta €JIEKTPUYHOIO CTPYMY AiF0UO0i rajbBaHONAPU «METaN B TPIIIMHI —
MeTaJs i 130JSIIIHHAM TTOKPUTTIM.

Kuro4oBi cjioBa: enekTpoxiMiuyHa KOpo3is, MiI3eMHI TPyOOIIPOBOIU, CTPYM KOPO3ii.

AHHoTanus. PeimeHa 3aaua MOJICIMPOBAHUS DIIEKTPOXUMHUYECKON KOPPO3HH ydacTka TpyOo-
MPOBOJIA B TPEIIUHE H3OJSIUOHHOTO TIOKPBITHS TMOJ JACHCTBHEM arpeCCUBHOM IO OTHOIICHHUIO K
METaJuly TPyOOIpPOBOA DIICKTPOJIUTUUCCKON Cpeilbl, KOTOPasi CBOAMTCS K ONPEICICHUIO CTaIUO-
HAPHOTO AJIEKTPOIUTUYECKOTO IOJISA, KOTOPOE BO3HUKAET MPH paboTe TalbBaHOMAPHI C aHOJIOM Ha
y4acTKe TpyOOIpoBOAa B TPEUIMHE M KAaTOJOM Ha Y4acTKe TPYOOIPOBOJA O] U30JSIIIUOHHBIM T10-
KpbiTHeM. [IpenMyIecTBOM JaHHOW MOJENU SIBIISIETCS BO3MOXKHOCTH ITPOTHO3HPOBAHUS PA3BUTHS
KOPpO3HH TPYOOIIPOBOJIAa CO BPEMEHEM, UTO SIBJISICTCSl BaYKHBIM TIPU ONPE/ICIICHUN OCTaTOYHOTO pe-
cypca KOHCTpyKUuuH. PacnpeneneHune NMOTEHIMANA SJIEKTPHUECKOTO TOJS ONPEACTICHO pelIeHUueM
JIBYXMEpPHOTO Tu(depeHIaIbHOro ypaBHeHus Jlamnaca ¢ 3alaHHBIMH TPAaHHYHBIMU YCIIOBHUSIMH,
YTO TIO3BOJIHMIIO MOJTYYUTh (PYHKIIMOHATIBHBIE 3aBUCHMOCTH JIJISl PACYETOB TIOTHOCTEH TOKa (CKOpO-
CTH KOPPO3UH) M DIIEKTPUUECKOTO TOKa NEHCTBYIOIIEH TalbBaHOMAPhl «METAJUT B TPEIIUHE — Me-
TaJUT TIOJT U30JISIIIMOHHBIM TTOKPBITHEM.

KiroueBble cjioBa: 3JEKTPOXUMHYECKAss KOPPO3Us, MOA3EMHBIE TPyOONMpPOBOABI, TOK KOPPO-
3WH.
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