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Abstract. High voltage AC (HVAC) power lines can induce significant amount of voltages on
underground gas/oil metal pipelines in areas where they share similar Right of Way (RoW), the situation
becoming serious particularly in case of fault conditions. Electromagnetic field generated by the HVAC

power lines on these pipelines, generate unwanted voltages which present threats to the pipeline and its

associated protective equipment such as cathodic systems. The aim of this research is to compute induced
voltage on pipeline running parallel to HVAC power lines. The study was conducted using CDEGS
software package and revealed that under steady state condition, results were in agreement with GB 6830-
1986 standard. However, high currents are generated under single phase to ground short circuit rising the
potential of adjacent soil including the underground pipeline beyond limits. Therefore, the gradient control
wire mitigation technique is proposed to reduce these voltages to safe limits.

1 Introduction

The annual increase in population and growth of
industries increase energy demand to record levels. As a
result of these, electric power generation companies make
efforts to increase their supply to meet the load demand
[1]. This goes with the rapid construction of power
transmission lines and oil/gas metal pipelines leading to
closeness of high voltage transmission lines and metallic
pipelines [2] [3]. Consequently, the collocation of
pipelines sharing Right of Way (RoW) with high voltage
power line arise where the pipelines may be subject to
Electromagnetic Interference (EMI) from High voltage
AC (HVAC) power lines [4] [5]. The EMI also affects
the safety of personnel who may be in direct contact with
the exposed part of the pipeline [6]. Thus, it is not
surprising to be concerned with the study of AC
interference aimed at understanding their impacts and
applicable mitigation measures.

Generally, interference between power transmission
lines and pipelines comprise an inductive, a capacitive
and a conductive part. The inductive component results
from the magnetic field produced by the power line,
during steady state and fault operating conditions or in
situation of unbalanced phase currents [7] [8]. Capacitive
coupling only affects the pipeline installed above the
ground due to the capacitance formed between the AC
transmission lines and the pipeline. Conductive
interference occurs when lightning strikes a transmission
line, or when there is a phase to ground fault. Once this
happens, the tower base potential and that of the
neighbouring soil with regard to the remote earth rises
which can result in arcing of the pipeline coating [9] [2].
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Over the past years, researchers examined the AC
interference problem resulting into various reports,
papers, and standards. Initial attempts to study the
interference problem started with the Carson’s relations
in 1926. The Carson’s relations provided a solution to
very low frequencies and/or perfectly conducting earth
[5]. However, the Carson’s formula was further modified
by Wise in 1934 and became applicable for high
frequency. In 2015, Ametani et al, further investigated
how Carson’s formulae deal with displacement currents
based on a stratified earth impedance by adopting an
earth-return admittance and showed that Carson’s
formulae can deal with displacement currents when the
relative earth permittivity is one [10].

This research investigates different parameters that
influence voltage induced on underground metal pipeline
running parallel to neighbouring high voltage AC power
lines hence affecting the pipeline integrity. The study will
be conducted using a specialized user-friendly software
called Current Distribution, Electromagnetic Fields,
Grounding and Soil Structure Analysis (CDEGS)
developed by SES to compute voltage induced on the
pipeline under steady state and single phase to ground
fault condition. Furthermore, the mitigation system for
EMI will be applied.

2 Description of the studied case

A 500kV/50Hz double vertical circuit power line runs
parallel to an underground metal pipeline for 20 Km and
extends S5km beyond the parallel routing at both ends.
The phase conductors are arranged in 4-bundle
conductors per phase, with bundle spacing of 400 mm.
The overhead earth conductor has an equivalent radius of
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5.7 mm. The underground metal pipeline is buried at 1.6
m below the ground, with inner radius of 485 mm and
outer radius of 505 mm. The thickness of the anti-
corrosion layer is 3 mm while the resistivity of the anti-
corrosion layer equals to 3*10* Qm®. The soil is assumed
to be homogenous with a resistivity of 100 Qm whereas
the horizontal distance between the power line and the
pipeline is 200 m. Phase conductor location on the power
line towers regarding the underground pipeline are as
described in Fig. 1.
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Fig. 1. Cross section of the power line and underground
pipeline.

3 Analysis of induced electromagnetic
field

3.1 EMI evaluation method

Generally, conventional circuit method (CCM) and
electromagnetic field method (EFM) are the two
techniques commonly used to evaluate EMI generated by
power lines running parallel to pipelines [11] [12]. The
application of the CCM involves the calculation of
inductive and conductive interference separately. To
model a circuit, many line parameters need to be
calculated and to get the overall interference, the
inductive and conductive components have to be added
together which is a time-consuming process. However,
this method provides accurate results for well coated
pipelines but the accuracy of the results reduce in case of
poor pipeline coating or when gradient control wires are
mounted along the pipeline [13] [14].

In case of EFM evaluation, a model of conductor
system comprising the underground pipeline, the
transmission line phase wires, and the overhead earth
conductors together with the towers and grounding
systems, is designed. EFM computes the overall
interference in one step, preventing the computation of
the inductive and conductive components separately as it
is done in CCM [15]. A powerful modelling software
package called CDEGS released by SES-tech has an
integrated HIFREQ module that uses EFM. This has been
extensively useful in the calculation of AC interferences
between high voltage power lines and neighbouring metal
constructions [16] [11]. It is in this case that this software
package is used in this paper to model and analyse these
electromagnetic interferences.

3.2 Steady-State operating condition

In steady-state operating condition, induced voltage on
the pipeline is generally affected by power line and
pipeline parameters, configuration and soil resistivity
surrounding the pipeline. In this section different
parameters affecting the pipeline integrity are analysed
during normal operating condition with a balanced load
current of 2 kA.

Fig. 2 shows the effect of balanced load current on the
induced voltage. It can be observed that induced voltage
increases with the increase in the load current. This is
caused by a high magnetic field created around the power
line conductors when the load current is increased leading
to a high induced voltage on the pipeline. It is also found
that, the maximum voltage appears at the extremities of
parallelism, and this voltage decreases exponentially
reaching zero at the center of the pipeline which is in
agreement with the author in [17].
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Fig. 2. Effect of load current.

Fig. 3 shows the influence of parallel length when
varying between 5 and 30 Km. The analysis shows that
the maximum induced voltage on the pipeline increases
progressively with the increase of the pipeline length. It
can be observed that when the maximum voltage reaches
a certain value, it starts to decrease lightly towards a
stable value. At the point where the highest voltage
occurs is equivalent to the saturated length of the pipeline.
This is the pipeline length that makes the maximum
induced voltage on the pipeline reach its maximum value.
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Fig. 3. Effect of parallel length.

Fig. 4 shows the variation of the induced voltage on
the pipeline under different phase sequence arrangement
modes of the double vertical circuit power line. During
the simulation, the left side is arranged in ABC sequence
while the right-side is configured in 6 different phase
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sequences (ABC, ACB, BAC, BCA, CAB, CBA). It can
be seen that the configuration of the power line in
different phase sequence arrangements has great
influence on the voltage induced on the pipeline. ABC-
BCA phase sequence induces lower voltage on the
pipeline than other configurations.
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Fig. 4. Effect of phase sequence.

Fig. 5 shows the maximum induced voltage on the
pipeline with different soil resistivities and cross-over
angles. The earth resistivities for the study include 100
Qm, 300 Qm, 500 Qm, 800 Qm, 1000 Qm, 1200 Qm and
2000 Qm respectively. The pipeline crosses the
transmission line at different angles: 15°, 25°, 30°, 45°
60°,75°, and 85° and extends far away at both ends. It can
be observed that the angle at which the pipeline crosses
the power line has a great influence on the voltage
induced on the pipeline. The maximum induced voltage
is inversely proportional to the cross-over angle; the
smaller the angle the higher the induced voltage.
Additionally, it can be observed that the induced voltage
expands with increase in the earth resistivity.
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Fig. 5. Effect of cross-over angle.

3.3 Fault condition

Generally, the occurrence of faults in the system increase
the effect of AC interference induced in the nearby
metallic structures. When a single-phase to ground short-
circuit fault arises in the power line, the fault currents
travel down to the ground via the tower grounding
structure causing the neighbouring ground potential to
increase. In this case, the transmission line routes parallel
to the pipeline for a length of 10 Km, and then extends
beyond the parallel routing at both ends for a length of
2.5 Km. The lateral distance between power line and the
pipeline is 400 m while other parameters remain the same
as in the steady state condition.

Fig. 6 shows voltage induced on the pipeline when a
single phase to ground fault occurs on each phase of the
transmission line. It can be observed that the level of fault
current differs according to the faulted phase. In the
model, phase conductors are arranged in ABC sequence
from up to down. It is observed that the highest voltage is
induced on the lower conductor and decreases as we
move up. From the results, we can deduce that the closer
the phase conductor is to the ground, the higher the
induced voltage on the pipeline extremities. This is
caused by the distance travelled by the fault currents
since these currents vary with tower grounding resistance.
The longer the distance, the higher the resistance thus,
low voltage induced on the pipeline and vice versa.
During the fault condition, the classical “V” shaped curve
is obtained because the influence of the electromagnetic
field produced by the unfaulted phases is very small
compared to the one produced by the faulted phase [18].
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Fig. 6. Effect of short circuit fault on different phases.

From Fig. 7, it can be observed that when the lateral
distance D increases from 100 m to 600 m, the voltage
induced on the pipeline decreases by 62%. The magnetic
field generated by the transmission lines during fault
condition is directly proportional to the fault current
flowing in the faulted phase conductor to the ground and
inversely proportional to the lateral distance separating
the power transmission line and the pipeline. Apparently,
the larger the separation distance between the power
transmission line and the neighbouring pipeline, the
lower the voltage induced on the pipeline.
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Fig. 7. Effect of distance between power line and pipeline.

Fig. 8 shows the maximum induced voltage on the
pipeline as a function of earth resistivity. During the
study, the following earth resistivity values 100 Qm, 300
Qm, 500 Qm, 1000 Om, and 2000 Qm, respectively were
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considered. It can be observed that, the maximum
induced voltage on the pipeline increases gradually with
the increase in the earth resistivity. It can also be noted
that when the earth resistivity is less than 1000 Qm, the
maximum voltage changes significantly with the increase
in the earth resistivity. However, when the earth
resistivity is higher than 1000 Qm, the change in the
maximum voltage changes slightly.
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Fig. 8. Effect of earth resistivity.

During the analysis, the values of the grounding
resistance were 1 Qm, 5 Qm, 10 Qm, 15 Qm, and 20 Qm,
respectively. Fig. 9 illustrates the effect of grounding
resistance on the maximum value of the induced voltage
on the pipeline. It can be observed that this value declines
with the increase in the grounding resistance value. When
a fault occurs in the power line, the high currents
generated flow into the earth through the grounding
structures of the tower. The grounding resistance plays a
vital role in the analysis of the induced voltage on the
pipeline. Certainly, the larger the grounding resistance,
the lower the short-circuit current thus, inducing lower
voltage on the pipeline.

S
L]
$37165
E
w3716
g
=
8 37155
[}
=
2 3715 A
-]
0 5 10 15 20

Ground Resistance (Ohm)

Fig. 9. Effect of tower grounding resistance.

4 Application of mitigation systems

Mitigation systems aim to reduce induced voltage on the
pipeline to acceptable limits. In this section gradient
control wire mitigation system is applied to reduce
induced voltage to safe limits as specified in GB 6830-
1986 and ITU-T DL/T 5033-2006 standards. Fig. 10
shows the application of the mitigation system in voltage
profiles in Fig. 7. The worst-case scenario involving
D=100m and the least severe case with D=600m are
considered. The system consists of a pair of bare copper
wires placed in parallel with the pipeline at a depth of
1.6m. The copper wires are connected to the pipeline at

both ends. It can be observed that the maximum voltage
reaches 2621V (26.24% of the value without mitigation
system) when the horizontal distance between the
pipeline and power line equals 100 m. When the
horizontal distance between pipeline and power line
equals 600 m, the maximum induced voltage is 818V
(8.18% of the value without mitigation system). In this
case, the mitigation reduces the induced voltage
significantly at different levels depending on the
horizontal distance between the pipeline and the power
line. Therefore, this research proposes the pipelines to be
located 600 m from the power line and gradient control
wire installed to limit the voltages to safe limits hence
minimize the effect of the EML.
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Fig. 10. Induced voltage along the pipeline under fault
condition: gradient control wires present.

5 Conclusion

This research investigated different parameters that
influence voltage induced on underground metal pipeline
running parallel to neighbouring high voltage AC power
lines under steady state and fault conditions using
CDEGS. The findings show that under steady state
condition: (1) the induced voltage increases with the
increase in the load current. (2) the maximum voltage
appears at the saturated length of the pipeline. (3) ABC-
BCA phase sequence induces the lowest voltage on the
pipeline. (4) the maximum induced voltage is inversely
proportional to the cross-over angle; the smaller the angle
the higher the induced voltage. In case of single phase to
ground fault: (1) the closer the phase conductor is to the
ground, the higher the induced voltage on the pipeline
extremities. (2) the larger the separation distance between
the power transmission line and the pipeline, the lower
the induced voltage. (3) the maximum induced voltage on
the pipeline increases with the increase in the earth
resistivity. (4) the induced voltage declines with the
increase in the grounding resistance value. The gradient
control wire mitigation system reduces the induced
voltage by 26.24% and 8.18% respectively when applied
to the worst-case scenario involving D=100m and the
least severe case with D=600m. The EMI has significant
effects on the underground pipeline, severe effects such
as higher the induced voltage on the pipeline extremities
must be mitigated. Therefore, this research proposes the
pipelines to be located 600 m from the power line and
gradient control wire installed to limit the voltages to safe
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limits as specified in GB 6830-1986 and ITU-T DL/T
5033-2006 standards.
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