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Abstract. The presence of a very-high-voltage (VHV) electricity transmission line 

nearby a metallic pipeline can be a source of dangerous effects for this pipeline due to 

the electromagnetic field generated by this power line, it can induce a considerable 

voltage which may threaten the safety of operating personnel and the integrity of the 

pipeline. The main purpose of this paper is to evaluate the electromagnetic coupling 

effect in a buried metallic pipeline located in close proximity to a very-high-voltage 

(VHV) overhead transmission line using the Faraday's law and nodal network analysis 

under steady state conditions, as well as to estimate the possibility of AC induced 

corrosion of the metallic pipeline. The obtained results show that the induced voltage 

on the metallic pipeline exceeds the maximum threshold value recommended by the 

international regulations CENELEC and NACE, the AC corrosion current density 

surpasses the allowable value indicated by the specialized majority of corrosion 

studies. Therefore, a mitigation technique based on a pipeline grounding system is 

proposed to reduce the voltage induced on the pipeline to safe limits, in order to remedy 

the hazardous potential effects. The adopted mitigation technique has achieved better 

efficiency by reducing the induced voltage well below the safety limit. 
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Acronyms: 
AC Alternating Current F Faraday Constant 

AS/NZS Australian/New Zealand Standards Fe Iron Element 

CENELEC 

 

European Committee for Electrotechnical 

Standardization 

H Hydrogen Element 

 
CIGRE International Council on Large  

Electric Systems 

NACE 

 

American National Association of 

Corrosion Engineers 

DC Direct Current O Oxygen Element 

EMF Electromotive Force VHV Very High Voltage 

EMI Electromagnetic Interference π Pi  alphabet grec  

1. INTRODUCTION 

The buried metallic pipelines that transport natural gas and oil situated in immediate 

vicinity to sources of interference, such as power lines and electric railways which produce 

electromagnetic fields and stray currents through electrical interferences occur mainly from  

capacitive, electromagnetic and conductive coupling. Indeed, these different coupling 

modes generate electromagnetic disruptions which can cause dangerous effects concerning 

the safety of the intervention and maintenance operators, the pipeline integrity and its 

electrical equipment connected to it, under normal and abnormal operating conditions of the 

electrical network [1-6].  

The power transmission lines generate electric and magnetic fields due to the electric 

charges and the varying currents flowing in the conductors [7, 8], which are injected into the 

neighboring pipeline through the physical phenomenon of induction, while the electric 

railways produce galvanically injected stray currents which penetrate into the pipeline via the 

ground. Consequently, induced stray voltages and currents can result from these different 

sources of disruption through the mechanism of electromagnetic coupling [8 -15]. In some 

cases, these induced voltages can reach high levels which can present a electric shock risk for 

the safety of operators touching the metallic pipeline, they can also threaten the integrity of the 

pipeline and the associated cathodic protection equipment; they also tend to cause and 

accelerate the AC corrosion process of the steel composing this pipeline [16, 17].  

The corrosion of a metal is a natural phenomenon which affects the metal constituting the 

metallic pipeline by a generalized and uniform attack resulting in the degradation of the 

material making up the metal, in particular steel and its chemical properties following an 

electrochemical reaction with its surrounding environment. The corrosion due to the 

alternating current (AC) discharge is the most common adverse effect of the electromagnetic 

interference (EMI) [18]. 

Under normal operating conditions, the maximum allowable induced voltage levels on 

metallic pipeline vary to various international standards and national regulations, based on 

the results and recommendations reported by its research studies and scientific 

investigations, such as CENELEC, CIGRE and AS/NZS regulations. The findings showed a 

permissible induced voltage range from 50 to 65 V [19-21], while the NACE standard has 

recommended a very strict limit of 15V [22]. These international standards and guidelines 

highly recommend reducing the AC voltage in the pipeline to a minimum to combat 

possible adverse effects, which makes it possible to maintain the lower value of 50V. When 

the maintained limit values are exceeded, a corrective action procedure should be 

considered to collapse these induced voltages to safe levels to ensure the personnel safety 

and the metallic pipeline integrity. There are various mitigation techniques which can be 

applied to reduce the AC voltage induced on the buried pipelines to much lower levels, in 
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order to protect the entire pipeline against the electromagnetic coupling effects. One of the 

most common and effective mitigation measures is the protection by the grounding 

installation; its basic principle consists in connecting the both ends of the pipeline to the 

ground through very suitable resistances [23-26]. 

Indeed, under normal operating conditions of the electrical network, it appears very 

important to accurately assess the electromagnetic interference between the overhead power 

line and the buried pipeline for reasons of maintenance operators’ safety and pipeline 

integrity. Moreover, the need to implement the most appropriate preventive measure, in 

order to eliminate the risks of undesirable consequences in accordance with designated 

standards [25, 26]. 

In previous works [27, 28], the capacitive and inductive coupling modes between an 

overhead electricity transmission line and an aerial neighboring metallic pipeline have been 

treated using numerical simulation methods. This present paper proposes an electromagnetic 

modeling making it possible to evaluate the electromagnetic coupling effect between a very-

high-voltage (VHV) overhead power line and a buried metallic pipeline collocated in 

immediate proximity to this power line using Faraday's law of electromagnetic induction 

and nodal network analysis. Firstly, by determining the profiles of disturbed magnetic 

induction and AC induced voltage on the buried pipeline and, second, to compute the AC 

corrosion current density that passes through the metal constituting this pipeline, in order to 

estimate the likelihood and degree of AC induced corrosion and finally to analyze the 

effectiveness of the proposed electromagnetic coupling mitigation technique. A program 

developed using the Matlab version R2014a environment was used in this present work. 

2. INDUCTIVE COUPLING MECHANISMS 

Electromagnetic coupling is considered the most important of all possible modes of 

coupling between the metallic pipeline and the power transmission lines. It occurs when 

alternating currents flowing through overhead power line conductors generate a time-varying 

magnetic field, as shown in Figure 1. This magnetic field in turn creates an electromotive 

force (EMF) of induction, hence the appearance of induced voltage and current in the metallic 

pipeline installed near this power line. This coupling is represented by a mutual inductance; its 

operating principle is quite similar to that of the single-phase transformer [19, 20]. 

 

Fig. 1 Electromagnetic coupling from a very-high-voltage (VHV) power line to a metallic 

buried pipeline 
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3. MAGNETIC FIELD CALCULATION 

The Biot-Savart law is one of the fundamental laws of magnetostatics allowing to 

calculate the intensity of the magnetic induction created by a stationary current distribution, 

the magnetic induction translates the effect of the displacement of the electric charges. Let 

us consider an elementary length d along a supposed infinite rectilinear conducting wire 

traversed by a constant current I , as shown in Figure 2. This element creates at point M at a 

distance r an elementary magnetic induction given by the Biot-Savart law, as mentioned in 

the following equation [29-32]: 
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where d is the elementary length on the path C oriented in the direction of current I ; r is 

the distance separating the element d at the point M where the magnetic induction dB is 

evaluated; r is a unit vector in the direction of r ; 
0

 is the permeability of free space. 

 

Fig. 2 Description of Biot and Savart's law for magnetic induction created by an element 

of conductor 

Generally, to obtain the resulting magnetic induction B , it is necessary to sum over the 

entire length of the conductor, the different vectors dB created by each vector element d  

from an integral along this conductor. For a straight and finite length current carrying 

conductor at a point M , located a distance r , the total magnetic induction intensity is given 

by the following relation [29-32]:  
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For the magnetic induction evaluation generated by a multi-conductors overhead line 

with a balanced system, the conductors of the power line carrying the currents are generally 

assumed to be straight horizontal wires of infinite length and parallel to the flat ground. In 

addition, it is possible to consider in effect the presence of a conductive earth due to the 

return current induced by the alternating magnetic field that the power transmission line 

creates it, which is represented by the conductors images located at a depth in the ground 

equal to their height above the ground plus the complex penetration depth, as shown in 

Figure 3 [33-40]. Also, in this calculation, the effect of currents induced in ground wires 

and metallic pipeline by power line currents is taken into account, the metallic pipeline can 

be treated as a long conductor with additional loss [33-40]. 
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According to Cartesian coordinates in a two-dimensional system, the horizontal and 

vertical components of the magnetic induction at the observation point M can be expressed 

as [33-40]: 
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Where Ii are the currents flowing through the conductors of power line; n is the number of 

power line conductors; (xi, yi) are the coordinates of the power line conductors, and (xj, yj) 

are the coordinates of the observation point; dij is the distance between each conductor and 

the observation point, and 
'

ij
d  is the distance between each image conductor and the 

observation point; De is the complex penetration depth; μ0 is the permeability of free space. 

As indicated in Figure 3, the both distances dij and 
'

ij
d

 are calculated using the formulas 

given below:  
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The total magnitude of magnetic induction due to current contributions through all 

conductors of the power line is expressed by the equation below [33-40]: 

       2 2 .T x yB B B= +                                                        (5) 

The penetration depth of equivalent earth return is given by [41]: 

       658.87 ,s
eD

f


=                                                        (6) 

where s is the soil resistivity; f is the frequency of the source current. 

The induced currents in the ground wires and the metallic pipeline can be determined 

using the matrix given below [15]: 

          1= -   ,g ii ij cI Z Z I−                                                    (7) 

where Zii are the self impedances of the (earth wires/pipeline); Zij are the mutual impedances 

between phase conductors and (earth wires / pipeline); Ic are the currents passing through 

the phase conductors. 
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Fig. 3 Magnetic induction intensity generated by a single conductor at an observation point 

The mutual and self longitudinal impedances of the conductors can be obtained by the 

Carson-Clem’s expression, respectively [15]: 
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where iR is the DC resistance of conductor; GR is the geometric mean radius of the conductor; 

dij is the distance between the conductor ( )i  and the conductor ( )j ; is the angular frequency. 

4. INDUCTIVE COUPLING ANALYSIS  

The amplitude of the induced voltage appearing between the terminals of the metallic 

pipeline which constitutes a closed circuit, due to the time variation of the electric currents 

passing through the overhead power line conductors can be calculated using Faraday's law. 

This law explains that an induced electromotive force in a closed loop is proportional to the 

variation over time of the magnetic flux linkage within the conducting loop. This magnetic 

flux generated by the varying currents which flows in a surface S is calculated as the 

integral of the magnetic induction on this surface, as follows [42-45]:  

       .T T

S

B dS =                                                   (10) 
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By applying the coordinates of the power line conductors (xi, yi) and the metallic 

pipeline (xp, yp) in order to determine the surface of flux calculation, this magnetic flux can 

be expressed as follows [42-45]: 
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The induced electromotive force on the buried metallic pipeline can be found as [42-45]:  

       .ind TE j = −                                                     (12) 

For calculating the induced voltage on buried pipeline, the nodal network analysis is 

often used which is based on the impedance matrix of the π concentrated equivalent circuit 

type, as represented in Figure 4. The basic pipeline-earth circuit equations can be written as 

follows [46-50]: 

       ( ) ( ) ( ) ( ) ( ) 0,V x z dx I x E x dx V x dV x− + − + =                                   (13) 

       ( ) ( ) ( ) ( ),I x dI x y dxV x I x− = +                                             (14) 

where E (x) is the induced electromotive force (EMF) on the pipeline per unit length; V (x) 

is the voltage from sending end point of the power line; V (x) + dV (x) is the voltage from 

receiving end point of the power line; I (x) – d I (x) is the current at the sending end point of 

the power line; I (x) is the current at the receiving end point of the power line; z is the series 

impedance of the pipeline per unit length; y is the shunt admittance of the pipeline per unit 

length. 

These two first-order differential equations (13 and 14) are called the fundamental 

equations of the transmission line. By differentiating these two equations above with respect 

to the longitudinal coordinate and combining them, it is possible to conclude two second-

order differential equations (15 and 16), as given below [46-50]: 
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Finally, for a pipeline section that continues to run for a several kilometers beyond the 

both ends A and B of the parallel influence length, which are perpendicular on the very-

high-voltage (VHV) without earthing. The general solution possible resulting from these 

two differential equations determines the variation of the potential and the current 

induced along the pipeline, it is given by the following expressions [46-50]: 
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Where x and L are the positions of the ends of the section of pipeline; γ is the propagation 

constant of the buried pipeline; Zc is the characteristic impedance of the buried pipeline, 

they are given by [19, 50]: 

       ,z y =                                                           (19) 
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Fig. 4 Modeling of equivalent electrical circuit between buried pipeline and ground 

The series impedance per unit length with ground return of the pipeline, it is given by 

[19, 50]: 
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Where Dp is the pipeline’s diameter; μp is the relative permeability of pipeline’s metal; ρp 

is the resistivity of metal pipeline. 

The parallel admittance per unit length of the pipeline to ground is computed using the 

following formula [19, 50]: 
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where ρc is the resistivity of the pipeline’s coating; εr is the coating’s relative permittivity,  

and δc is the coating’s thickness. 

5. AC INDUCED CORROSION OF PIPELINE 

Corrosion is an electrochemical oxidation-reduction reaction with transfer of electrons 

between a metal and its environment which leads to a degradation of the metal and its 

properties, such as hardness or resistance. It forms when two materials in a structure have 

different electrical potentials. The potential difference often results from heterogeneity in 

the metal, in the surrounding medium or the existence of an external electrical source [51-

54]. In the case of iron corrosion, the process consists of two reactions [55, 56]. 



 AC Corrosion Phenomenon and Mitigation in Buried Pipeline Due to Very-High-Voltage (VHV) … 435 

 

The anodic oxidation half- reaction, with loss of electrons:  

       22Fe (s) 2Fe (aq) 4e .+ −→ +                                              (23) 

The cathodic reduction half- reaction, with electron gain: 

       2 2O (g) 2 H O (l) 4 e 4 OH (aq).− −+ + →                                (24) 

The overall redox reaction is: 

       ( )2 2 2
2 Fe (s) O (g) 2 H O (l) 2 Fe OH (s).+ + →                         (25) 

For the buried metallic pipeline, corrosion is a phenomenon caused by the induced 

current  exchange  between the ground and the metal of the pipeline, this exchange of 

current depends on the induced voltage appears at the terminals of the pipeline, it poses a 

serious threat to pipeline structural integrity, affecting pipeline reliability and lifetime, 

causing pipeline safety accidents. In the long term, corrosion can lead to a significant loss in 

the metal of the pipeline of more than 1 mm per year.  The probability of AC induced 

corrosion can be predicted on the basis of current density levels, the international NACE 

standard summarizes conclusions regarding current densities associated with corrosion risks 

based on various previous studies; these ranges are summarized below [57-66]: 

− AC corrosion does not occur at AC current densities below 20 A /m2. 

− AC corrosion is unpredictable for AC current densities between 20-100 A /m2. 

− AC corrosion occurs at AC current densities greater than 100 A /m2. 

On the other hand, a majority of studies have indicated that AC corrosion is possible at 

AC current densities between 20 and 30 A /m2. 

At a coating circular holiday point, the metallic pipeline has a resistance to remote earth, 

which can be formulated as follows [67]: 
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Generally, the induced AC current density for a given location is mainly depends to the 

AC induced voltage on the pipeline, the soil resistivity and the size of coating holiday, it can 

be calculated according to Ohm's law as follows [67]: 
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Where Jac is the AC current density; ρs is the soil resistivity; Dh is the diameter of the 

circular holiday; Rs is the area spreading resistance of a circular holiday; Sh is the surface 

area of the circular holiday. 

The corrosion current can be related directly to the corrosion rate of a material, which is 

defined as the average rate at which a surface of the metal corrodes uniformly over the 

entire area that has been exposed to corrosion, it depends on the properties of the metal and 

the environmental conditions, can be calculated according to Faraday’s law [68-73]: 
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where Mm is the atomic weight of the metal, for iron element (Fe) Mm = 55.847 g / mol; ρm is 

the specific density of metal, for (Fe) element  ρm = 7.85 g /cm3; ze is the charge number 

which indicates the number of electrons exchanged in the dissolution reaction, for (Fe) 

element ze = 2; F is the Faraday constant, which corresponds to the amount of electricity 

carried by 1 mol of electrons, it is equal to F = 96.485 C / mol; t is the corrosion time, for 

one year t = 3.16 x 107 (s). 

 

Fig. 5 Grounding of metallic pipeline by an electrode resistance 

In the case, where the AC induced voltage due to the electromagnetic coupling between 

the pipeline and the ground exceeds the recommended safety limit, a mitigation system 

aimed at reducing this induced voltage to safe levels must be applied, the most common 

method consists of connecting both ends of the pipeline to ground through resistances of 

suitable values, as illustrated in Figure 5 [74-78]. Therefore and according to this figure, the 

grounding resistance suitable for reducing the induced voltage in the pipeline to the safe 

voltage limit gU is calculated using the following formula [79, 80]: 

       .
2

g

g p

ind g

U
R Z

V U

 
 
 − 

                                                   (29) 

Consider a very-high-voltage (VHV) overhead single circuit transmission line of 275 kV, 

with a buried metallic pipeline in the immediate vicinity; the arrangement and geometric 

coordinates of the overhead power line and metallic pipeline are shown in Figure 6. The 

metallic pipeline length of exposure to the AC power line is 10 km. The three-phase currents 

have been assumed under balanced operation with the magnitude of 1000 A; the nominal 

system frequency is 50 Hz. The earth is assumed to be homogeneous with a resistivity of 

100 (Ωm), the AC resistance of the phase conductor is 0.1586 (Ω / km), for the earth wire is 

0.1489 Ω / km and 0.1 Ω / km for the metallic pipeline. The physical parameters of the buried 

pipeline are given as follows: the relative permeability of the pipeline μr = 300; the resistivity 

of pipeline coating ρc = 0.25 x 107 (Ωm); the resistivity of pipeline ρc = 1.7 x 10-7 (Ωm); the 

relative permittivity of the pipeline coating εr = 5; the thickness of the coating δc = 5 mm. 
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Fig. 6 Single circuit very-high-voltage (VHV) configuration with a buried metallic pipeline 

6. RESULTS AND DISCUSSIONS 

The first step is to calculate the induced current on the ground wire caused by the 

variation of the magnetic field produced by the transmission line, using the Eq. (7), and the 

following value is obtained Ig = 102.16 ej(–22.75 )° A. 

 

Fig. 7 Magnetic induction profile at 1 m above the ground level without and with the 

presence of a buried pipeline 
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Figure 7 shows the lateral distribution of the magnetic induction at 1 m above the 

ground without and with the presence of a metallic pipeline. It is observed that the presence 

of this metallic pipeline in the vicinity of a power line disturbs the distribution of the 

magnetic induction lines; this disturbance is reflected by a sudden rise in the magnetic 

induction at the location where the pipeline is installed, this is due to the induced current 

effect in the pipeline, which in turn produces its own magnetic induction which is added to 

that produced by the power line. 

The profile of the induced voltage in the buried pipeline caused by the electromagnetic 

coupling influence, as a function of its lateral location from the pylon center is shown in 

Figure 8. It can be seen that the maximum value of induced voltage is obtained at a lateral 

distance of 5 m which is directly below the lateral phase conductor furthest from the pylon. 

From this point the value of the induced voltage decreases progressively with the lateral 

distance on either side of the right-of-way to reach very low values very far from the pylon. 

The AC induced voltage value obtained in this case study is equivalent to 54.65 volts; it is 

slightly higher than the allowed threshold authorized by the CENELEC and CIGRE standards. 

Figure 9 illustrates the AC induced voltage profile along the buried metallic pipeline 

according the influence area of the electromagnetic coupling. It can be seen from this figure 

that the induced voltage is maximum at the two terminals of the buried pipeline, and 

negligible at the mid-point of the influence area, this is due to system symmetry, where the 

induced voltage value in the middle point of the influence area represents the difference 

between the two peak values at both ends of the buried pipeline, which makes it equal to the 

ground surface voltage value. 

 

Fig. 8 Induced voltage profile on the buried metallic pipeline 
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Fig. 9 Induced voltage profile along the buried metallic pipeline 

The profile of the induced longitudinal current flowing in the buried metallic pipeline is 

shown in Figure 10. It clearly appears that the induced current reaches its maximum at the 

middle of the influence zone with a peak value of 46.16 A, at the two terminals of the 

buried pipeline, it decreases significantly at a lower value of 28.17 A. 

 

Fig. 10 Induced current profile on the buried metallic pipeline 

In this case, a coating defect of a buried pipeline made of ferrous metal, with a diameter of 
a circular holiday having an area of 1cm2 (d = 0.015 m) is considered in corrosion evaluating. 
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Figure 11 shows the variation of the AC corrosion current density as a function of the 
induced voltage imposed in the pipeline; it is clearly observed that this intensity is directly 
proportional to the induced voltage applied to the terminals of the pipeline, when the induced 
voltage gradually raises, the AC current density increases linearly. In this case study, the AC 
corrosion current density value obtained is in the order of 25.3 A/m2, this value can produce 
and significantly increase the uniform corrosion of the ferrous metal. 

 

Fig. 11 AC corrosion current density as a function of the AC induced voltage 

 

Fig. 12 AC corrosion current density as a function of the holiday diameter 
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Figure 12 shows the variation of the AC corrosion current density as a function of the 

coating defect size, it can be observed that this current density decreases inversely 

proportional with the increase in the coating defect diameter. The buried pipeline which has 

a coating defect a small diameter may be subject to a higher risk of uniform corrosion 

processes due to the high value of the AC corrosion current density. 

The uniform corrosion rate of a metallic material can be expressed by a decrease in 

thickness of the metal per unit time (or a loss of mass per unit area and time).  

Figure 13 represents the evolution of the metal corrosion rate as a function of the AC 

corrosion current density. One can notice that the corrosion rate is proportional to the AC 

corrosion current density which runs through the corroded metal. When the AC current 

density increases, the corrosion rate increases linearly. Therefore, for a significant AC 

corrosion current density, the corrosion rate is greater as the surface of the metal coating 

defect exposed to the corrosion is small.  

 

Fig. 13 Corrosion rate as a function of the AC corrosion current density 

Figure 14 illustrates the earthing resistances values of the buried pipeline according to 

its separation distance from the pylon center, in order to reduce the AC induced voltage in 

the buried pipeline to the safety limit set by the CENELEC and NACE regulations. As can 

be seen from this figure, the graphical behavior depicted by the grounding resistance is the 

shape is clearly reversed to that of the AC induced voltage. For the range of the pipeline 

location where the induced voltage is above the recommended value, the shape is almost 

similar, the grounding resistance is maximum, and then decreases to a minimum value, 

again it increases to a maximum value. 

By calculating the levels of AC voltage and current induced on the buried pipeline, which 

exceeded the allowed value specified by the international standards and most field 

investigations, it is concluded that the possibility for electric shock hazard to workers and 

corrosion of the pipeline metal is very high. Therefore, the induced voltage on the buried 

pipeline must be reduced to acceptable and safe limits to prevent various possible risks. The 
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most suitable mitigation system suggested is to install adequate earthing resistances at both 

ends of the pipeline. 

 

Fig. 14 Earth electrode resistance of the buried pipeline 

Figure 15 shows the voltage induced in the earth electrode, in order to obtain a safe 

induction voltage according to the desired standard (50 V or 15 V). For the CENELEC 

standard, it is necessary to connect the pipeline to ground with a resistance value of less than 

11.31 ohms, while for the NACE standard; the resistance value must be less than 0.2183 

ohms. 

 

Fig. 15 Induced voltage against the electrode resistance 
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Figure 16 represents the AC induced voltage profile appearing in the buried pipeline 

before and after the mitigation installation, it can clearly be seen that the AC induced 

voltage is reduced below the permitted limit by placing earthing resistances at low values at 

the ends of the buried pipeline. 

 

Fig. 16 Induced voltage profile along the pipeline before and after mitigation system 

 

Fig. 17 AC corrosion current density before and after mitigation system 

Figure 17 depicts the AC corrosion current density induced in the buried pipeline before 

and after the mitigation installation, it can be observed that the AC current density is limited 

under the threshold levels that can be tolerated by the electrical safety system, regarding the 
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operating personnel and the overall integrity of buried oil and natural gas pipelines.  Indeed, 

the adopted mitigation of earthing system appears to be an appropriate and very effective 

approach to eliminate the undesirable effects due to electromagnetic coupling. 

7. CONCLUSION 

In this paper, an electromagnetic modeling based on the Faraday's law and nodal 

network analysis is represented for electromagnetic coupling analysis between a buried 

metallic pipeline and a Very-High-Voltage overhead power line, under normal operating 

conditions.  

From the results, it is very evident that the presence of a metallic pipeline in the vicinity of 

an overhead power line causes the distortion of the magnetic field intensity at the pipeline’s 

surface due to the induced current in the pipeline generated by the electromagnetic induction 

effect. The induced voltage generated in the metallic pipeline as a function of its lateral 

position with respect to the pylon center reaches a maximum value in a pipeline location 

directly adjacent to the most lateral phase conductor, and then decreases rapidly with 

increasing position of the metallic pipeline on both sides of the transmission line right-of-way. 

The longitudinal induced voltage applied to the metallic pipeline is higher at its two ends and 

zero in the mid-point of the pipeline length, while the longitudinal current value is maximum 

on the mid-point of the pipeline length and is greatly reduced at its both ends. 

The AC corrosion current density is directly proportional to the AC induced voltage on 

metallic pipeline and inversely proportional to the coating defect size of metal. In our case 

study, the current density traversing the metal is above the threshold value prescribed by 

studies of corrosion investigations, it can be concluded that the possibility of AC corrosion 

risk of the metal is highly anticipated. For safety considerations, a mitigation technique using 

pipeline earthing resistances has been simulated to reduce the AC induced voltage on the 

buried pipeline to the safe limit following to CENELEC/NACE guidelines to eliminate the 

possibility of harmful risks. Therefore, this implemented mitigation system has clearly proven 

to be more effective whilst ensuring the proper functioning of the complex electrical system. 

Acknowledgment: Authors wish to acknowledge the support provided by the Department of Electrical 

Engineering, Faculty of Technology, and the Laboratory for Analysis and Control of Energy Systems and 

Electrical Systems (LACoSERE laboratory), Amar Telidji University of Laghouat, Algeria. 

REFERENCES  

[1] CAN/CSA Standard, "Principles and Practices of Electrical Coordination between Pipelines and Electric 
Supply Lines", Canadian Standards Association, C22–3, no. 6, 2013. 

[2] R. A. Gummow, "A/C Interference Guideline Final Report", NACE Corrosion Specialist, Canadian 

Energy Pipeline Association, no.17, 2014. 
[3] K. A. Ellithy and A. H. AL-Badi, "Determining the electromagnetic interference effects on pipelines built 

in power transmission lines right-of-way", In Proceedings of the International Conference on Electrical 

Engineering, Jeju Island, Korea, July 2002, pp. 1459-1464.  
[4] R. W. Bonds, "The Effect of Overhead AC Power Lines Paralleling Ductile Iron Pipelines", Ductile Iron 

Pipe, Research Association (DIPRA), Birmingham, pp. 1–8, 2017. 

[5] J. R. Daconti, "Electrical risks in transmission line, pipeline shared rights of way", Power Technology, 
Newsletter Issue 96, October 2004. 



 AC Corrosion Phenomenon and Mitigation in Buried Pipeline Due to Very-High-Voltage (VHV) … 445 

 

[6] Guide Capp, "Influence of High Voltage DC Power Lines on Metallic Pipelines", Canadian Association 
of Petroleum Producers, June 2014. 

[7] R. Djekidel and S. A. Bessedik, A. Hadjadj, "Electric field modeling and analysis of EHV power line 

using improved calculation method", FU Elec. Energ., vol. 31, no. 3, pp. 425-445, 2018. 
[8] R. Djekidel, S. A. Bessedik and S. Akef, "Accurate computation of magnetic induction generated by HV 

overhead power lines", FU Elec. Energ., vol. 32, no. 2, pp. 267-285, 2019. 

[9] M. H. Shwehdi and U. M. Johar, "Transmission line EMF interference with buried pipeline: Essential and 
cautions", In Proceedings of international conference on non-ionizing at UNITEN, Electromagnetic 

Fields and Our Healt, Kuala Lumpur, Malaysia, Oct 2003, pp. 1-13. 

[10] E. L. Kirkpatrick, "Induced AC Voltages on Pipelines May Present a Serious Hazard", Pipeline and Gas 

J., vol. 224, no. 10, pp. 67-69, 1997. 

[11] R. Djekidel and D. Mahi, "Calculation and analysis of inductive coupling effects for HV transmission 

lines on aerial pipelines", Przegląd Elektrotechniczny., vol. 90, no. 9, pp. 151-156, 2014. 
[12] A. H. Al-Badi, H. M. Al-Rizzo, "Simulation of electromagnetic coupling on pipelines close to overhead 

transmission lines: A Parametric Study", J. Commun. Soft. Syst., vol. 1, no. 2, pp. 116-125, 2005. 

[13] D. D. Micu, G. C. Christoforidis and L. Czumbil, "AC interference on pipelines due to double circuit 
power lines: A detailed study", Electr. Power Syst. Res., vol. 103, pp. 1-8, 2013. 

[14] D. D. Micu, L. Czumbil, G. C. Christoforidis, A. Ceclan and D. Stet, "Evaluation of induced AC voltages 

in underground metallic pipeline", Int. J. Comput. Math. Electr. Electron. Eng., vol. 31, no. 4,      
pp. 1133-1143, 2012. 

[15] R. Djekidel, S. A. Bessedik, P. Spitéri and D. Mahi, "Passive mitigation for magnetic coupling between 

HV power line and aerial pipeline using PSO algorithms optimization", Electr. Power Syst. Res., vol. 
165, pp. 18-26, 2018. 

[16] DNV-GL,"Criteria for Pipelines Co-Existing with Electric Power Lines", INGAA Foundation, Report no. 

2015-04, October 2015. 
[17] L. Diabiase, "Corrosion due to alternating current on metallic buried pipelines: background and 

perspectives", In Proceedings of the 5th International Congress, CEOCOR, Bruxelles, Belgium, 2000. 

[18] CIGRE/CIRED, "AC Corrosion on Metallic Pipelines Due to Interference from AC Power Lines 
Phenomenon, Modeling and Countermeasures", Joint Working group, C4.2.02,  ELECTRA, no. 225, pp 

63-69, 2006. 

[19] AS/NZS, "Australian New Zealand Standard, Electrical Hazards on Metallic Pipelines", Standards 
Australia, Standards New Zealand, AS/NZS- 4853, 2000. 

[20] CIGRE, "Guide on the Influence of High Voltage AC Power Systems on Metallic Pipelines", Working 

Group 36.02, Technical Brochure no. 095, Paris, France, 1995.  
[21] EN 50443, "Effects of electromagnetic interference on pipelines caused by high voltage A.C. railway 

systems and/or high voltage A.C Power Supply Systems", CENELEC, Report no: ICS 33.040.20; 

33.100.01, 2009. 
[22] NACE International Standard, "Mitigation of Alternating Current and Lightning Effects on Metallic 

Structures and Corrosion Control Systems", NACE International, SP0177, Houston, TX, USA, 2014 
[23] ARK, "AC Interference Analysis and Mitigation System Design", Engineering and Technical Services, 

TL 6975, Report no: R-16138-AC, Rev.1, 2017. 

[24] M. Al‐Gabalawy, M. A. Mostafa and A. S. Hamza , "Mitigation of electrical hazards on the metallic 
pipelines due to the HVOHTLs based on different intelligent controllers", IET Sci. Meas. Technol., 

vol. 14, no. 10, pp. 1077-1087, 2020. 

[25] Det Norske Veritas, "AC Interference Analysis–230 KV Transmission Line Collocated with Olympic 
Pipelines OPL 16 and OPL 20", Report no: OAPUS312DKEMP (PP116591)-1, Rev.0, DNV GL North 

America oil and gas, USA, 2016. 

[26] H. S. Kim, H. Y. Min, J. G. Chase and C. H. Kim, "Analysis of Induced Voltage on Pipeline Located 
Close to Parallel Distribution System", Energies, vol. 14, no. 24, p. 8536, 2021. 

[27] R. Djekidel, S. A. Bessedik and A. C. Hadjadj, "Assessment of electrical interference on metallic pipeline 

from HV overhead power line in complex situation", FU Elec. Energ., vol. 34, no. 1, pp. 53-69, March 
2021. 

[28] R. Djekidel, M. Lahdeb, S. S. M. Ghoneim and D. Mahi , "Combined effects of electrostatic and 

electromagnetic interferences of High Voltage power lines on aerial metallic pipeline", FU Elec. Energ., 
vol. 35, no. 3, pp. 349-377, September 2022. 

[29] G. Lucca, "Evaluation of the magnetic field generated by a power cable in proximity of a joint bay: 

Comparison between two different approaches, FU Elec. Energ., vol. 34, no 4, , pp. 511-524, Dec. 2021. 
[30] H. M. Oliveira and J. A. Miranda, "Biot-Savart-like law in electrostatics", European J. Phys., vol. 22, 

no. 1, pp. 31-38, 2001. 

javascript:void(0)
javascript:void(0)
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=GOt5-fkAAAAJ&citation_for_view=GOt5-fkAAAAJ:_FxGoFyzp5QC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=GOt5-fkAAAAJ&citation_for_view=GOt5-fkAAAAJ:_FxGoFyzp5QC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=KHqAEJUAAAAJ&citation_for_view=KHqAEJUAAAAJ:ufrVoPGSRksC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=KHqAEJUAAAAJ&citation_for_view=KHqAEJUAAAAJ:ufrVoPGSRksC
https://www.researchgate.net/profile/Med-Lahdeb?_sg%5B0%5D=kazEPF_WQbb5Ao76qJRerHK3U6m1Od5WJ7MkkKmxlIp9ZiHWIbqq4nEx_8w6F8B1hr0wPug.DbjIyWJLuhbtDLCCI76Qt8NQ9HWq3MgmgACXO0-48cybzyDRfiUEFS7XGd3NlFxmbKbNG2CpOzNnoHkSEK2U3g&_sg%5B1%5D=lHalGG0is4ymG3-KskSTkD1NXftyyMQZ4yFrKuG5Rf2Gzx2K0Drja1WiSOMSUw_0wLLRWIo.bjVLw3BKe3diYJ8-rTpnIb_b0VUIXwnq4HuBqrDuBM2tA1okmGQOllKgs5uQObk1haZbZts0i9iDTkWiOEK3aA
https://www.researchgate.net/profile/Sherif-Ghoneim-2?_sg%5B0%5D=kazEPF_WQbb5Ao76qJRerHK3U6m1Od5WJ7MkkKmxlIp9ZiHWIbqq4nEx_8w6F8B1hr0wPug.DbjIyWJLuhbtDLCCI76Qt8NQ9HWq3MgmgACXO0-48cybzyDRfiUEFS7XGd3NlFxmbKbNG2CpOzNnoHkSEK2U3g&_sg%5B1%5D=lHalGG0is4ymG3-KskSTkD1NXftyyMQZ4yFrKuG5Rf2Gzx2K0Drja1WiSOMSUw_0wLLRWIo.bjVLw3BKe3diYJ8-rTpnIb_b0VUIXwnq4HuBqrDuBM2tA1okmGQOllKgs5uQObk1haZbZts0i9iDTkWiOEK3aA
https://www.researchgate.net/profile/Mahi-Djillali?_sg%5B0%5D=kazEPF_WQbb5Ao76qJRerHK3U6m1Od5WJ7MkkKmxlIp9ZiHWIbqq4nEx_8w6F8B1hr0wPug.DbjIyWJLuhbtDLCCI76Qt8NQ9HWq3MgmgACXO0-48cybzyDRfiUEFS7XGd3NlFxmbKbNG2CpOzNnoHkSEK2U3g&_sg%5B1%5D=lHalGG0is4ymG3-KskSTkD1NXftyyMQZ4yFrKuG5Rf2Gzx2K0Drja1WiSOMSUw_0wLLRWIo.bjVLw3BKe3diYJ8-rTpnIb_b0VUIXwnq4HuBqrDuBM2tA1okmGQOllKgs5uQObk1haZbZts0i9iDTkWiOEK3aA
https://www.researchgate.net/journal/FACTA-UNIVERSITATIS-Series-Electronics-and-Energetics-2217-5997
https://www.researchgate.net/scientific-contributions/31437242_Mario_H_Oliveira?_sg%5B0%5D=J4Ldj9QvkDOJYDi9JEmU3BUT-1DrodpJpamMgFbbDzASBMmUyRNHqnrWqJHuzCVBMk6G4So.T_ISLEL_dtaVRv1affBm8-5sruziJ2GwbA9TC02HsUc6IAoRD5Vf5id1ACgPv9EpgxvUIkhOuuUQFXSolXzbag&_sg%5B1%5D=SIPCSGPRDaF7YTOw6vaIc8ZKqZ2HN0aInzg7CG0skGZGLSq_DwqkXwcNP9n2HQaWOfea2L8.W4Ssdk9Z1HMJGaFwBLDGNI17-ewEOkeLek7ghPspD2S4jlSySrBfY36zKuCXcikjsy-SbjqRV7WEnnK447ry6A
https://www.researchgate.net/profile/Jose_Miranda9?_sg%5B0%5D=J4Ldj9QvkDOJYDi9JEmU3BUT-1DrodpJpamMgFbbDzASBMmUyRNHqnrWqJHuzCVBMk6G4So.T_ISLEL_dtaVRv1affBm8-5sruziJ2GwbA9TC02HsUc6IAoRD5Vf5id1ACgPv9EpgxvUIkhOuuUQFXSolXzbag&_sg%5B1%5D=SIPCSGPRDaF7YTOw6vaIc8ZKqZ2HN0aInzg7CG0skGZGLSq_DwqkXwcNP9n2HQaWOfea2L8.W4Ssdk9Z1HMJGaFwBLDGNI17-ewEOkeLek7ghPspD2S4jlSySrBfY36zKuCXcikjsy-SbjqRV7WEnnK447ry6A


446 A. GHERBIA, R. DJEKIDEL, S. BESSEDIK, D. MAHI 

 

[31] S. Ghnimi, A. Rajhi, A. Gharsallah and Y. Bizid, "Theoretical and Experimental Analysis of Extremely 
Low Frequency Magnetic Field in the Vicinity of the Transformer Station of Overhead Power Lines", J. 

Electr. Eng. Technol., vol. 13, no. 4, pp. 1655-1662, 2018. 

[32] S. Vujević, P. Sarajčev and D. Lovrić , "Computation of the Power Line Electric and Magnetic Fields", In 
Proceedings of the 17th Telecommunications forum TELFOR, Serbia, Belgrade, 2009, pp. 875-878. 

[33] I. N. Ztoupis, I. F. Gonos and I. A. Stathopulos, "Calculation of Power Frequency Fields from High 

Voltage Overhead Lines in Residential Areas", In Proceedings of the 18th International Symposium on 
High Voltage Engineering, paper A-01, Seoul, Korea, 2013, pp. 61-66. 

[34] R. G. Olsen, D. Deno, R. S. Baishiki et al., "Magnetic fields from electric power lines: theory and 

comparison to measurements", IEEE Trans. Power Deliv., vol. 3, no. 4, pp. 2127-2136, 1988. 

[35] CIGRE, "Electric and magnetic fields produced by transmission systems, Description of phenomena- 

Practical Guide for calculation", Working Group 01, Interference and Fields of Study Committee 36, 

Paris, 1980. 
[36] P. Cruz, C. Izquierdo and M. Burgos, "Optimum Passive Shields for Mitigation of Power Lines Magnetic 

Fields", IEEE Trans. Power Deliv., vol. 18, no. 4, pp. 1357-1362, 2003. 

[37] J. R. Riba-Ruiz and A. G. Espinosa, "Magnetic field generated by sagging conductors of overhead power 
lines", Comput. Appl. Eng. Educ., vol. 19, no. 4, pp. 787-794, 2011. 

[38] M. Ismail-Hanafy, "Magnetic field of high-phase order and compact transmission lines", Int. J. Energy 

Res., vol. 26, no. 1, pp. 45-55, 2002. 
[39] A. V. Mamishev, R. D. Nevels and B. D. Russell, "Effects of Conductor Sag on Spatial Distribution of 

Power Line Magnetic Field", IEEE Trans. Power Deliv., vol. 11, no. 3, pp. 1571-1576, 1996. 

[40] G. Filippopoulos, D. Tsanakas, "Analytical Calculation of the Magnetic Field Produced by Electric 
Power Lines", IEEE Trans. Power Deliv., vol. 20, no. 2, pp. 1474-1482, 2005. 

[41] A. Deri, G. Tevan, A. Semlyen and A. Castanheira, "The Complex Ground Return Plane a Simplified 

Model for Homogeneous and Multi-Layer Earth Return", IEEE Trans. Power Appar. Syst., vol. PER-1, 
no. 8, pp. 3686-3693, 1981. 

[42] K. Yamazaki, T. Kawamoto and H. Fujinami, "Requirements power line magnetic field mitigation using 

a passive loop conductor", IEEE Trans. Power Deliv., vol. 15, no. 2, pp. 646-651, Apr. 2000. 
[43] R. Mardiana and M. Poshtan, "Mitigation of magnetic fields near transmission lines using a passive loop 

conductor", In Proceedings of the IEEE Conference and Exhibition, Dubai, United Arab Emirates, 2011, 

pp. 665-668. 
[44] P. C. Romero, J. R. Santos, J. C. Del-Pino-López, A. De-la-Villa-Jaén and J. L. M. Ramos, "A 

comparative analysis of passive loop-based magnetic field mitigation of overhead lines", IEEE Trans. 

Power Deliv., vol. 22, no. 3, pp. 1773-1781, July 2007. 
[45] Y. Lee, S. H. Myung, Y. G. Cho, et al., "Power frequency magnetic field reduction method for residents 

in the vicinity of overhead transmission lines using passive loop", J. Electr. Eng. Technol., vol. 6, no. 6, 

pp. 829-835, 2011. 
[46] H. G. Lee, T.  H. Ha, Y. C. Ha, J. H. Bae et al., "Analysis of voltage induced by distribution lines on gas 

pipelines", In Proceedings of the International Conference on Power System Technology, Singapore, 
2004, vol. 22, pp. 598-601. 

[47]  K. B. Adedeji, B. T. Abe, Y. Hamam, A. M. Abu-Mahfouz, T. H. Shabangu and A. A. Jimoh, "Pipeline 

grounding condition: A control of pipe-to-soil potential for AC interference induced corrosion reduction", 
In Proceedings of the 25th Southern African Universities Power Engineering Conference, South Africa, 

2017, pp. 577-582. 

[48] K. Bouallag, R. Djekidel and S. A. Bessedik, "Optimization of induced voltage on buried pipeline from 
HV power lines using grasshopper algorithm (GOA) ", Diagnostyka., vol. 22, no. 2, pp. 105-115, 2021. 

[49] L. Bortels, J. Parlongue, W. Fieltsch and S. Segall, "Manage Pipeline Integrity by Predicting and 

Mitigating HVAC Interference", In Proceedings of the NACE-International Corrosion Conference Series; 
Nace International: San Antonio, TX, USA, 2010, pp. 1-15. 

[50] N. Tleis, Power Systems Modeling and Fault Analysis, Theory and Practice, Chapter 10.15, Elsevier Ltd, 2008. 

[51] NACE TG 327, "AC Corrosion State of the Art: Corrosion Rate, Mechanism, and Mitigation 
Requirements", NACE International, Report 35110, Houston, USA, 2010. 

[52] BS EN15820, "Evaluation of AC Corrosion Likelihood of Buried Pipelines Applicable to Cathodically 

Protected Pipelines", British Standards Institute, 2013.  
[53] R. Zhang, P. R. Vairavanathan and S. B. Lalvani, "Perturbation method analysis of AC-induced 

corrosion", Corrosion Sci., vol. 50, no. 6, pp. 1664-1671, 2008. 

[54] ISO 18086, "Corrosion of metals and alloys, Determination of AC corrosion, Protection criteria", 
International Organization for Standardization, Geneva, Switzerland, 2015.  

https://www.koreascience.or.kr/article/JAKO201825677810132.page
https://www.koreascience.or.kr/article/JAKO201825677810132.page
https://ieeexplore.ieee.org/author/37270993700
https://ieeexplore.ieee.org/author/37299171300
https://ieeexplore.ieee.org/author/37296642500
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Riba+Ruiz%2C+Jordi-Roger
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Garcia+Espinosa%2C+Antonio
https://www.researchgate.net/journal/Computer-Applications-in-Engineering-Education-1099-0542
https://www.sciencedirect.com/science/article/abs/pii/S0010938X08000875#!
https://www.sciencedirect.com/science/article/abs/pii/S0010938X08000875#!
https://www.sciencedirect.com/science/article/abs/pii/S0010938X08000875#!
https://www.sciencedirect.com/science/journal/0010938X


 AC Corrosion Phenomenon and Mitigation in Buried Pipeline Due to Very-High-Voltage (VHV) … 447 

 

[55] Z. Chen, D. Koleva and K. Van-Breugel, "A review on stray current-induced steel corrosion in 
infrastructure", Corrosion Rev., vol. 35, no. 6, pp. 397-423, 2017. 

[56] B. Y. Choi, S. G. Lee, J. K. Kim et al., "Cathodic Protection of Onshore Buried Pipelines Considering 

Economic Feasibility and Maintenance", J. Adv. Res. Ocean Eng., vol. 2, no. 4, pp. 158-168, 2016. 
[57] UKOPA, "AC Corrosion Guidelines", Good Practice Guide, UKOPA/GPG/027, October 2019. 

[58] P. D. Simon, "Overview of HVAC transmission line interference issues on buried pipelines", In 

Proceedings of the Northern Area Western Conference (NACE), Canada, Jul 2010, pp. 1-21. 
[59] R. G. Wakelin, R. A. Gummow and S. M. Segall, "AC corrosion–case histories, test procedures, and 

mitigation", In Proceedings of the Corrosion, NACE International, p. 565, Houston, USA, 1998, pp. 1-14. 

[60] R. A. Gummow, R. G. Wakelin and S. M. Segall, "AC corrosion-A new challenge to pipeline integrity", 

In Proceedings of the Corrosion, NACE International, p. 566, San Diego, USA, 1998, pp. 1-18. 

[61] N. Abdullah, "HVAC interference assessment on a buried gas pipeline", Conf. Ser.: Earth and Env. Sci., 

vol. 704, p. 012009, 2021. 
[62] Y. Hosokawa, F. Kajiyama and Y. Nakamura, "New CP criteria for elimination of the risks of AC 

corrosion and overprotection on cathodically protected pipelines", In Proceedings of the Corrosion, 

NACE International, p. 02111, Denver, USA, 2002, pp. 1-12. 
[63] L. I. Freiman and E. G. Kuznetsova, "Model investigation of the peculiarities of the corrosion and 

cathodic protection of steel in the insulation defects on underground steel pipelines", Prot. Metals., vol. 

37,  pp. 484-490, 2001. 
[64] Y. B. Guo, C. Liu, D. G. Wang and S. H. Liu, "Effects of alternating current interference on corrosion of 

X60 pipeline steel", Petroleum Sci., vol. 12, pp. 316-324, 2015. 

[65] N. Kioupis, N. Kouloumbi, G. Batis and P. Asteridis, "Study of the effect of AC-Interference and AC-
Mitigation on the Cathodic Protection of a Gas Pipeline", In Proceedings of the 6th International 

Congress and Technical Exhibition (CEOCOR), Italy, May 2003, pp. 1-20. 

[66] Union Gas Ltd, "AC Interference Study", NPS12-15136-20, Leamington Expansion, Phase II, Ontario, 
Canada, 2016. 

[67] K. B. Adedeji, A. A. Ponnle, B. T. Abe, A. A. Jimoh, A. M. Abu-Mahfouz and Y. Hamam, "AC Induced 

Corrosion Assessment of Buried Pipelines near HVTLs: A Case Study of South Africa", Prog. 
Electromagn. Res. B, vol. 81, pp. 45-61, 2018. 

[68] L. L. Wong, S. I. Martin and R. B. Rebak, "Methods to Calculate Corrosion Rates for Alloy 22 from 

Polarization Resistance Experiments", In Proceedings of the ASME Pressure Vessels and Piping Division 
Conference, Vancouver, Canada, vol.7, Apr. 2006, pp. 571-580. 

[69] P. D. Simon, "Overview of HVAC transmission line interference issues on buried pipelines", In 

Proceedings of the NACE Northern Area Western Conference, Alberta, Canada, Feb 2010, pp. 1-21. 
[70] F. Malaret, "Exact calculation of corrosion rates by the weight-loss method", Exp. Res., vol. 3, no. E13, 

pp. 1-12, 2022. 

[71] H. Wang, C. Yu, S. Wang and J. Gao, "Electrochemical Corrosion Behavior and Prediction of Corrosion Rate 
for Low Alloy Steel after Tempering Treatment", Int. J. Electrochem. Sci., vol. 10, pp.1169-1185, 2015. 

[72] F. Sun, X. Li, F. Zhang et al., "Corrosion mechanism of corrosion-resistant steel developed for bottom 
plate of cargo oil tanks", Acta Metallurgica Sinica, vol. 26, pp. 257-264, 2013. 

[73] C. Oan-Chul, P. Young-Su and R. Hyung-Yun, "Corrosion Evaluation of Epoxy-Coated Bars by 

Electrochemical Impedance Spectroscopy", Int. J. Conc. Struct. Mater., vol. 2, no. 2, pp. 99-105, 2008. 
[74] R. D. Southey, F. P. Dawalibi and W. Vukonich, "Recent Advances in the Mitigation of AC Voltages 

Occurring in Pipelines Located Close to Electric Transmission Line", IEEE Trans. Power Deliv., vol. 9, 

no. 2, pp. 1090-1097, Apr. 1994. 
[75] R. S. Lillard, H. Cong and D. Wagner, "Understanding and Mitigating the Threat of AC Induced 

Corrosion on Buried Pipelines", Final Report, ID: 56145, University of Akron, USA, 2020. 

[76] M. K. Nagat, A. Z. El Dein and M. Magdy, "Mitigation of induced voltages and AC corrosion effects on 
buried gas pipeline near to OHTL under normal and fault conditions", Electr. Power Syst. Res., vol. 127, 

pp. 297-306, 2015. 

[77] J. Pikas, "AC Assessment, Corrosion Prediction, Safety and Mitigation", Quick Guide, Technical 
Toolboxes, Houston, USA, 2016. 

[78] D. Markovic, V. Smith and S. Perera, "Evaluation of gradient control wire and insulating joints as 

methods of mitigating induced voltages in gas pipelines", In Proceedings of the Australasian Universities 
Power Engineering Conference, Australia, 2005, pp. 2001-2006. 

[79] A. Hellany, M. Nassereddine and M. N. Nagrial, "Analysis of the impact of the OHEW under full load 

and fault current", Int. J. Energy Env., vol. 1, no. 4, pp. 727-736, 2010. 
[80] CEOCOR, "A C. Corrosion on Cathodically Protected Pipelines. Guidelines for Risk Assessment and 

Mitigation Measures", APCE Association for the Protection against Electrolytic Corrosion, Italy, 2001. 

https://www.ukopa.co.uk/wp-content/uploads/2019/11/UKOPA-GPG-027-AC-Corrosion-Oct-19-FOR-UPLOAD-1.1.pdf
https://link.springer.com/journal/12182
https://link.springer.com/journal/40195
http://doi.or.kr/10.PSN/ADPER0000017262
http://doi.or.kr/10.PSN/ADPER8900290870
http://doi.or.kr/10.PSN/ADPER8900290871
https://koreascience.kr/journal/E1CJBL.page
https://rosap.ntl.bts.gov/gsearch?ref=docDetails&sm_creator=Lillard%2C%20R.%20Scott
https://rosap.ntl.bts.gov/gsearch?ref=docDetails&sm_creator=Cong%2C%20H
https://rosap.ntl.bts.gov/gsearch?ref=docDetails&sm_creator=Wagner%2C%20D
https://www.sciencedirect.com/science/journal/03787796

