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Abstract: The paper outlines the most important steps of the research development in the field of the electromagnetic AC
interference between high voltage overhead power lines and pipelines sharing the same corridor. In the first part of the paper the
most important conclusions of the international literature survey concerning the relevant methods and approached are outlined. In
the second part of the paper the most significant interference coupling mechanism are emphasized. In the last part of the paper, a
brief description of the nowadays available software packages is done. Final conclusions of the study performed end the paper.
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1. INTRODUCTION

Sharing of common corridors by gas pipelines and
overhead power transmission lines is becoming quite
common. As the electrical energy can be transferred
from power transmission lines to pipelines through
inductive, conductive and capacitive coupling, when a
power transmission line runs in parallel with a pipeline
for a considerable length, important induced AC
voltages may appear on the pipeline.

Stray currents due to these induced voltages can
cause corrosion of metallic structures although the
amount of metal loss is less than an equivalent amount
of DC current discharge would produce. The magnitude
of AC stray current is often large — hundreds of
amperes under electromagnetic induction and thousands
of amperes during power line faults which can lead to
shock hazard for personnel and can damage the
structure and related equipment.

The international regulation practices like NACE
International Recommended  Practice  RP0177,
“Mitigation of Alternating Current and Lightning
Effects on Metallic Structures and Corrosion Control
Systems” [1], potentials in excess of 15 volts should be
considered hazardous and steps should be taken to
reduce the hazardous potential level.

2. REVIEW OF THE METHODS ANT
TECHNIQUES TO APPROACH THE AC
INTERFERENCE ANALYSIS

A significant number of papers and research
studies have been published both on the mechanisms
and modeling of the AC induced voltages and their
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mitigation in the pipelines. An overview of these
researches developed so far is presented below.

The initial attempts to study the AC interferences
are based on the widely known Carson's formulae [2].
Carson and Pollaczek described in [3] inductive
coupling between parallel conductors in the presence of
a half space conductive medium (earth). Sunde [4]
extended Carson's work towards multilayer earth and
conductors near point sources of current. Later, Pohl [5]
included the electrical characteristics of the pipelines
like resistance to earth of a coated bitumen pipeline
surface. He demonstrated that electrical discharges can
occur on the whole surface area of bitumen coated
pipelines for relatively low voltages (1000 - 1200 V)
concluding that resistance to earth reduces drastically
with increasing voltage.

In a study of buried mitigation wires using
electrical models Favez et. al. [7] suggested that
bonding the mitigation wire to the pipeline via spark
gaps would increase efficiency of the mitigation.

Taflove and Dabkowski [8] predicted the induced
voltages on gas transmission pipelines by a 60 Hz AC
power transmission line sharing a joint right-of-way
using electrical transmission line theory. Later on they
performed field tests on a buried, 34-inch diameter gas
pipeline adjacent to a 525 kV AC power transmission
line for 54 miles [9] and made comparison between
measured and inductive coupling and predictions
designed in [8].

Induced voltages on buried irrigation pipeline
were examined by Jaffa and Stewart [10], based on the
theory described in the Electric Power Research
Institute (EPRI) report [6] to a specific case of a buried
irrigation pipeline running parallel to a distribution
circuit. Authors showed that under unbalanced
operating conditions, dangerous voltages can occur at
one end of the pipeline.
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Dawalibi et. al. [11] designed a computer based
analysis to ensure personnel safety and pipeline
integrity during power system faults occurring near the
Trans Quebec and Maritimes gas pipeline. The studies
were based on methods described in [6] to determine
the location and magnitude of induced AC voltage
peaks. The maximum coating stress voltage occurring
during fault, was in the order of 2500 volts.

P. Kouteynikoff made in [12] an international
survey of different national regulations with respect to
exposure between metal pipelines and high voltage
(HV) power structures (overhead or underground lines,
substations etc.). This survey underlined the lack of
standardization and not all countries attach equal
importance to this type of exposure. Only twelve
countries reported official "rules of good practice".

Jacquet et. al. [13] presented the possible effects
of earth potential rise of towers during faults as well as
corrosion problems that may be caused by induced
voltage resulting from the normal operation of high
voltage transmission lines.

Dawalibi and Southey [14] described a
computational tool software package, ECCAPP
(Electromagnetic and Conductive Coupling Analysis
from Powerlines to Pipelines), which resulted from the
EPRI/A.G.A. research program [15]. The method
presented indented to be comprehensive and aimed to
solve all possible cases of inductive as well as
conductive coupling to multiple buried pipelines.
However, the number of segments required modeling
the pipeline being usually very large made impossible
the use of this software. That becomes even prohibitive,
if that approach was used for transient analysis. Later
Dawalibi and Southey presented in [16] a set of design
curves illustrating the effects of various parameters
upon conductive and inductive interactions between
transmission lines and pipelines. The parametric
analysis indicates that buried mitigation wires can be
very effective, resulting in up to 65% reductions in
peak pipeline potentials during fault.

Sobral et. al. used in [17] the Decoupled Method
[18, 19] to simplify the calculation of the interferences
affecting a single communication circuit or a single
pipeline, caused by a short - circuit occurring along a
single nearby transmission. The also highlighted both
the magnetic and the resistive couplings existing
between the transmission lines and the communication
circuit or pipeline.

Abdel-Salam et al. [20] developed a method based
on Charge Simulation Method (CSM) for calculating
the induced voltages on fence wires/pipelines
underneath AC power transmission lines. The
calculated induced voltages compare favorably with
those measured experimentally.

Southey et al. [22] demonstrated using computer
simulation software described in [11, 14, and 15], the
performance of a new highly effective AC interference
mitigation method. The method, which combines the
effectiveness of grounding conductors and gradient

control wires, attenuated both inductive and conductive
interference providing cathodic protection as well.

Yang and Xu [23] used a Fourier series technique
to calculate the magnetic field produced by buried
cables, due to an additional steel pipe nearby. An
iterative procedure is employed to handle the non-linear
characteristics of the steel pipe and to determine the
varying permeability in it.

Satsios et al. [24] investigated the two
dimensional, quasi stationary, electromagnetic field of a
faulted power transmission line in the presence of a
buried pipeline, of mitigation wires and of a multi-layer
ground. The related diffusion equation has been
numerically solved by using the Finite Element Method
(FEM). Using FEM results and Faraday's law, magnetic
vector potential, as well as the voltages induced across
the buried pipeline and remote earth, are calculated.
Parametric analysis has shown that there is a significant
influence of the depth and resistivity of the first ground
layer, of the resistivities of the different ground layers
and of the configuration of mitigation wires on the
electromagnetic field and on the voltages induced
across the buried pipeline and remote earth. Later
Satsios et al. addressed in [25] the influence of
inhomogeneous earth on the electromagnetic field
considering the eddy currents induced in all conductive
parts, i.e. in overhead ground wires, mitigation wires,
buried pipeline and earth layers.

Djogo and Salama [26] proposed a method for
calculation of currents and voltages in the system of
parallel pipelines and buried conductors. The method is
based on the lousy transmission line model for buried
conductors and the previous methods based on the same
approach were modified by abandoning the Thevenin
circuit representation of pipeline sections and by
deriving a 4-pole equivalent ¥ circuit of a pipeline
section. A generalized matrix 4-pole equivalent circuit
is derived for a system of parallel buried conductors as
well, by using the modal method. A general case of
buried conductors not parallel to the power line is also
derived.

Dawalibi et. al. [27] examined the mechanism of
electromagnetic interference caused by a power system
substation, including a portion of its incoming and
outgoing transmission lines on a neighboring pipeline.
Two approaches, a circuit approach and field approach,
are used to carry out the study. The maximum
difference between the two approaches is less than 15%
for the cases studied which involve a parallel pipeline
exposure. They also discussed the levels of the touch
and step voltages for a few typical right-of-way systems
under loaded and faulted conditions. The effects of a
typical mitigation system on the inductive interference
levels are also studied.

Christoforidis et. al. presented in [28] an improved
hybrid method, employing finite element method along
with Faraday’s law and standard circuit analysis, in
order to predict the induced voltages and currents on a
pipeline with defects on its coating, running parallel to
a faulted line and remote earth.
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Collet et. al. [29] presented observations and
experiments carried out on site and in the
laboratory(1993-1996) that lead to the definition of
certain relevant parameters concerning AC corrosion
risks for Gaz de France..

Southey et. al. [30] tried to state the mitigation
requirements for pipelines installed in the high voltage
AC corridors. He solved later [31] a even more difficult
problem of estimating what mitigation is required to
maintain pipeline coating stress voltage within
acceptable limits during fault conditions on power
systems.

Kouloumbi et. al. [32] checked the effectiveness
of cathodic protection through in situ long term
monitoring and analysis of pipeline electrical
parameters. The results gave an insight into the
cathodic protection system operation, caused by AC
interference.

Elhirbawy et. al. presented in [33] the calculation
and analysis of the electromagnetic fields established
by currents in power transmission lines, particularly by
those in single-phase-to-earth fault condition based on
the Finite Difference Method (FDM). They described a
physical example for evaluation of the electromagnetic
field coupling between a power transmission line and a
pipeline buried in the body of the earth. This work
focuses on developing FDM procedures to solve for the
electromagnetic field derived from Maxwell's equations
applicable to the region in the air, on the earth plane,
and in the body of the earth.

Christoforidis discussed in [34] a hybrid method
employing finite element calculations along with
Faradays law and standard circuit analysis. The method
is used in order to calculate the induced voltages and
currents on a pipeline with defects, running in parallel
to a faulted line and remote earth. Non-parallel
exposures are converted to parallel ones and dealt with
similarly. The defects are modeled as resistances, called
leakage resistances. The fault is assumed to be outside
the zone of influence as well as a single line to ground
one such that conductive interference is negligible. A
sample case is analyzed and discussed. The results
show that although the pipeline defects act in a way as
to reduce the levels of induced voltages and currents,
large currents can flow to earth through the defects that
may damage the pipeline. In [35] Christoforidis et. al.
presented a new hybrid method employing finite
element calculations and standard circuit analysis that
may be used in order to calculate the induced voltages
and currents on a pipeline running parallel to a faulted
line. Nonparallel exposures are converted to parallel
ones and dealt with similarly. Later on, Christoforidis et
al. analyzed in [36] the influence of a soil structure
composed of layers with different resistivities, both
horizontally and vertically, on the inductive part of the
interference. The method used to determine the
inductive interference consisted of finite element
calculations and standard circuit analysis. The results
demonstrated that a good knowledge of the soil

structure is necessary in order to estimate the above
interference with minimum error.

Bortels et. al. [37] developed simulation software
tool for predictive and mitigation techniques for
pipeline networks influenced by high-voltage (HV)
power lines. The software can deal with any
configuration (no limitation on the number of pipes,
transmission lines, bonds, groundings, coating, and soil
resistivity) and is very user friendly and robust since a
general applicable algorithm is used to calculate the
induced electromagnetic force (EMF), eliminating the
need for a subdivision of the pipelines in sections
parallel or not to the transmission line(s). With the
calculated values for the EMF, the induced voltages and
currents are then obtained by solving the well known
transmission- line model using a numerical technique
that allows to specify the pipeline parameters (diameter,
coating, soil resistivity, etc.) for each individual section
of the pipeline.

3. INTERFERENCE COUPLING
MECHANISMS

Typical electromagnetic field of a HV
transmission line, source of induced voltages, is shown
in figure 1. The electric and magnetic fields created by
a transmission line induce charges and currents in
neighboring metallic objects. The electrical influence
depends on the electrical characteristics and the
geometry of the neighboring system (e.g. pipeline)
severity of the effect being directly related to the
electrically continuous length of the pipeline that runs
parallel to the power line and how well the pipeline is
insulated.

Fig. 1. Electric (left) and magnetic (right) field produced by a
OHL power line.

There are three basic methods by which AC
currents and voltages can be induced on metallic
structures near AC power lines. The first one is
electrostatic coupling where the structure acts as one
side of a capacitor with respect to ground. This is only
of concern when the structure is above grade. Secondly,
electromagnetic induction may occur when the
structure is either above or below ground. In this case,
the structure acts as the single-turn secondary of an air-
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core transformer in which the overhead power line is
the primary. Finally, resistive coupling is caused by
fault currents from AC power towers that flow on and
off the underground structure.

3.1. Capacitive Coupling

Electric field of the high voltage transmission line
generates the capacitive coupling by inducing electric
charges in the neighboring metallic structures. This
represents a form of capacitive coupling operating
across the capacitance between the AC transmission
lines and the pipeline, in series with the capacitance
between the pipeline and the adjacent earth as shown in
figure 2.

W
N

Fig. 2. Capacitive coupling.

As long as the capacitance between the pipeline
and earth is negligible a potential is not normally
induced on a buried pipeline, even when dielectric
bonded coatings are used. However, during installation,
a voltage can be produced by the influence of a strong
electrical field on an insulated pipe when being lifted
up from the ground and carried around using a crane. In
some cases, the voltage can be above the maximum
safe voltage limit for a pipe. In normal situations,
contacting the pipe will only result in a slight electrical
shock and the pipe voltage is immediately reduced to
zero.

Some parameters that influence the capacitive
coupling are given below.

0 Capacitive coupling is directly proportional with
the transmission line voltage;

o0 Capacitive influence is inverse proportional with
lateral distance between the transmission line and
the pipeline.

0 Phase arrangements have an important influence on
the capacitive coupling.

3.2. Inductive coupling

Inductive effects are the most important of all the
three couplings. The inductive interference is the result

Fig. 3. Inductive coupling.

of the magnetic field (see figure 3) generated by the
power line.

Neighboring pipelines running parallel to or in
close proximity to transmission lines or cables are
subjected to induced voltages caused by the time-
varying magnetic fields produced by the transmission
line currents. In case of a three phase system, if all the
three phase wires are at equal distances from the axis of
the pipeline, voltage induced on the pipeline will be
zero. In practice this case is seldom met, as most of the
time, the asymmetry between the three phase
conductors and the pipeline causes the induction of
non-zero voltage in the pipeline. The inductive
influence problem is severest in the case of faults. The
induced electromotive forces (EMF) cause currents
circulation on the pipeline and voltages between the
pipeline and the surrounding earth. In the normal
operating conditions, the balance of the three phase
currents causes no substantial effect. In this case,
voltage induced is low, due to the geometrical
asymmetry of the pipeline from power line. However
under faulted conditions, high voltages and currents
may be induced in the nearby pipeline, which may
result in shock hazards to people or working personnel
touching the pipeline or other metallic structures
connected to it.

3.3. Conductive Coupling

When a ground fault occurs in an installation
(substation, power plant, tower etc.) the current flowing
through the grounding electrode produces a potential
rise of the electrode and the neighboring soil with
respect to a remote grounding bed. Conductive
coupling occurs between the electrical installation and a
nearby pipeline if the pipeline is directly connected to
the ground electrode of the HV system (i.e. inside a
power station) or if the pipeline enters the “Zone of
influence" of electrical installation. A high difference of
potential can then appear across the coating of the
pipeline due to the local earth potential rise. In practice,
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Fig. 4. Conductive coupling.

conductive coupling most often results from the second
case.

4. SOFTWARE PACKAGES

By taking into account the researches conducted in
the field of the AC induced voltages and their
mitigation on buried pipelines by high voltage electric
power transmission line is not surprising that there is an
industrial need for user-friendly simulation software
able to predict and mitigating these phenomena. A brief
description of the existing software is given below.

ECCAPP  calculates  electromagnetic  and
conductive coupling effects between transmission lines
and nearby pipelines. Software package developed
jointly for EPRI and AGA (American Gas Association).
It combines a n input data preprocessor with a
computation algorithm which evaluates the effects of
both conductive and inductive interference for
arbitrarily  positioned above-ground and buried
conductors which could occur in typical rights-of-way.
Computer Program ECCAPP analyzes the effects of
power transmission lines on neighboring gas pipelines
and determines the influence of mitigation measures, if
any, on interference levels. The software is based on the
transmission line method [11] and later on merged into
Right-Of-Way package [39].

Right-Of-Way is designed by SES Technologies
[38]. Right-Of-Way models arrangements of buried and
aerial conductors. The software is able to compute
currents and voltages resulted on the modeled utility
including conductors associated with the power line, for
normal (load) and fault conditions. It analyses simple
and multi-component conductors, including bare or
coated pipes and pipe-enclosed cable systems buried in
soil. This computer program is able to analyze the
combined effects of inductive (electromagnetic) and
conductive (galvanic, through earth) coupling. These
effects may develop simultaneously during power faults
at transmission lines structures which are near gas
pipelines, or during normal conditions.

CatPro is a software designed by Elsyca [40]. It
has especially been developed to design and study the

cathodic protection of a network of pipelines protected
by sacrificial or impressed current/voltage anodes.
Effects of stray currents leaking from DC-traction
systems can easily be taken into account, allowing a
quick and profound study of train positions, power
station voltages and drainage currents on the overall
protection level. CatPro allows a very flexible selection
of pipes, anodes and tracks into your project and allows
you to activate/deactivate the external connections that
link them with one single mouse click.

5. CONCLUSIONS

A lot of efforts have been paid along the years for
the development of accurate computation models of the
OHL power lines induced currents and voltages on the
neighbor pipelines sharing the same corridor. Based on
the developed mathematical models and computation
techniques, several software packages are available
nowadays. However, to our knowledge, all of the
available computer programs limit the modeling
capabilities to parallel or near parallel geometries such
as the ECCAPP [6] and Right-of-Way program. This
limitation to pseudo-parallel geometries requires a
subdivision of the pipeline(s) in a number of sections
that are more or less parallel to the transmission line,
which seriously reduces flexibility and can lead to
important errors if the distances vary strongly along the
influence zone. In addition, most of the available
programs are restricted in the number of pipelines,
transmission lines and (direct) bonds that can be
modeled. This is a serious restriction since in many
corridors a large number of pipelines are bonded
together, e.g. for cathodic protection purposes.
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