


Induced Voltages in Metallic Pipelines  

due to Lightning Strikes to nearby Power Lines 






Levente CZUMBIL Dept. of Electrotechnics and Measuremens 

Technical University of Cluj-Napoca str. Gh. Baritu, nr. 26-28 

 400027 Cluj-Napoca, Romania 

 levente.czumbil@ethm.utcluj.ro  

Dan Doru MICU Dept. of Electrotechnics and Measuremens 

Technical University of Cluj-Napoca str. Gh. Baritu, nr. 26-28 

 400027 Cluj-Napoca, Romania 

 dan.micu@ethm.utcluj.ro  

Denisa ȘTEȚ Dept. of Electrotechnics and Measuremens 

Technical University of Cluj-Napoca str. Gh. Baritu, nr. 26-28 

 400027 Cluj-Napoca, Romania 

 denisa.stet@ethm.utcluj.ro  

Hassan Nouri Dept. of Engineering, Design and Mathematics 

University of the West of England Coldhrbour Lane 

 BS16 1QY, Bristol, UK 

 hassan.nouri@uwe.ac.uk  





Abstract - Installing pipelines in energy utility corridors containing high-voltage AC 

transmission lines subjects the pipelines to induced AC voltages which is a real and serious 

problem which can place both operator safety and pipeline integrity at risk. In case of a 

lightning stroke on power line, the electromagnetic field produce by this pulse induces voltages 

in the nearby metallic structures. In this paper lighting stroke to transmission line sky wire and 

phase conductors and its impact on a nearby underground metallic pipeline were studied.  

EMTP-ATP in combination with ATP-Draw has been used to create a model of the system and 

to perform simulation of the transient process during lighting strike and compute the induced 

voltages in the metallic pipeline. 
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1    Introduction 

Due to fast development of economy, energy demand is gradually pressing and the power 

transmission line and oil/gas pipelines are in the construction of rapid development. In many 

cases, these utilities have been forced to share the same distribution corridors for their networks. 

The main reasons for that were the strict environmental regulations that made it very difficult 

and time consuming to choose another corridor and the higher financial costs a new corridor 

would inflict. This resulted in situations where gas, water or oil supply utilities are sharing the 
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same rights-of-way with overhead power lines or AC railway systems for several kilometres 

and in proximity to each other [1, 2]. 

Installing pipelines in energy utility corridors containing high-voltage AC transmission lines 

subjects the pipelines to induced AC voltages which is a real and serious problem which can 

place both operator safety and pipeline integrity at risk.  

The electromagnetic fields generated by high voltage power line (HVPL) result in AC 

interference to nearby metallic structures, in the form of three mechanisms, namely inductive, 

conductive and capacitive. Capacitive coupling especially affects the aboveground pipeline 

since it has both a capacitance to the transmission line and earth. İnductive coupling is caused 

by the time-varying magnetic field produced by the transmission line currents. Aerial and 

underground pipelines are both affected by inductive coupling. Resistive coupling is only 

relevant during the grounding fault and lighting strike when significant level of current flow 

into the earth. This will raise the potential of the tower base and of the neighbouring soil with 

regard to the remote earth, and results in considerable stress voltage across the coating of the 

pipeline, which can lead to arcing that damages the coating or even the pipeline itself. When 

the lightning strikes the HVPL, both the inductive and resistive coupling will take place and 

put the pipeline at severe risk [1]. 

Lightning is an important phenomenon that implies an extremely high current, high voltage and 

transient electric discharge. It is caused by the accumulation of charges on clouds which, when 

sufficient potential is reached with respect to the ground (minimum  3×106 V to maximum 

1010 V [3]); breaks down the air insulation gap and a discharge spark results. The current of 

the lightning discharge can be of the order 3-200 kA, about 1% is 140 kA or more whilst about 

50% exceeded 32 kA [4, 5].  

Interference from a lightning discharge is sometimes referred to as a lightning electromagnetic 

pulse. The field from this pulse induces currents and voltages in any conducting material in the 

vicinity [5]. 

Gas-pipes generally are made of steel and polyethylene sheath is widely adopted as the gas 

pipeline's outside corrosive protection material. When a high structure such as a power 

transmission tower is installed near the gas-pipeline route, there is a possibility that dielectric 

breakdown of polyethylene occurs especially in case of lightning strike on HVPL. 

Lightning overvoltage could be produced by direct lightning strokes to phase wires or by back 

flashover, when the lightning stroke hits the tower or the sky wire and the voltage across the 

phase wire insulator string exceeds its withstanding capability.  

Direct strike rather than indirect is researched on because the insulation level of overhead line 

is of higher magnitude in the transmission line systems. Most lightning strikes on transmission 

lines are direct strikes. Indirect strike will have little impact on the transmission and therefore 

voltages produced may not be severe. Pipelines are mainly running parallel with transmission 

lines. For distribution lines, the distance between the shield wire and the insulator is less; 

therefore, induced voltages due indirect strike are also very important to assess for low voltage 

and medium voltages systems [6]. 

Therefore, a proper study of lightning performance of the transmission lines running parallel 

with pipelines or any other metallic structures is crucial in order to ensure the required electrical 

safety and electromagnetic compatibility. 



This paper investigates the induced voltages in a metallic gas pipeline (MP) that runs near a 

110 kV/ 50 Hz power line, when a single lightning strokes on the tower respectively on phase 

wire of the HVPL. Since the distance between pipeline and HVPL, along the common 

distribution corridor, is significantly large (25 m), the resistive and capacitive couplings are 

neglected and only the effect of inductive coupling is taking into account. 

 

2    Studied Electromagnetic Interference Problem 
 

An existing gas stream pipeline shares the same parallel distribution corridor (5 km), on a 

significant part of its lengths, with a 110 kV/50 Hz single circuit overhead high voltage power 

line. Figure 1 presents a cross-section of the studied problem. The HVPL consists of three 

copper phase wires placed in delta configuration electrical towers at 18 m respectively 22 m 

above ground and one aluminium-steel sky wire placed at a height of 27 m. 

 
Figure 1: Over view of the investigated right-of-way 

In order to increase accuracy of the EMTP-ATP (ATP-Draw) simulation, the implemented 

geometrical model, takes into account a 20 km section of HVPL, on both sides of the parallel 

common corridor (see Figure 1). 

The considered underground pipeline is part of a natural gas transmission main. The burial 

depth of the pipe-line is 1.4 m; its outside diameter is 800 mm and its wall thickness 10 mm. 

The pipeline is coated with fused bonded epoxy primer and three-layer extruded polyethylene. 

The resistivity of the coating material is considered to be 25 MΩ⋅m (see Figure 2). 

 
Figure 2: Part of the Implemented ATP-Draw Model of the investigated system 



2.1    Transmission Line Tower Modell 

 

One of the most important steps in the evaluation of fast front overvoltage produced by 

lightning strikes to overhead power lines is the accurate modelling of trans-mission line towers. 

Although the lightning response of a transmission line tower is an electromagnetic 

phenomenon, the representation of a tower is usually made in circuit terms. The simplest 

representation of power line tower is a lossless distributed-parameter transmission line, 

characterized by its surge impedance and travel time (see Figure 3). 

 
Figure 3: a) Model circuit of the 110kV tower,  b) Lighting stroke model. 

The surge impedance would be obtained by defining a weighted average of the tower radius. 

This approach has been adopted also by CIGRE in 1991 [7] and IEEE in 1993 [8] as standard 

method to evaluate transmission line tower equivalent surge impedance: 
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In order to take into account soil ionization phenomena, tower footing could be represented by 

a current dependent variable resistance driven by equation (3) proposed by CIGRE [7] and 

IEEE [8]: 
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where: RT is the current dependent tower footing resistance; R0 is the low current and low 

frequency footing resistance; IC is the limiting current to initiate soil ionization; I is the lightning 

strike current; ρ is the soil resistivity and E0 is the soil ionization gradient.  

2.2    Lightning Current Modelling 

 

The lightning current produced by a lightning stroke to an overhead transmission line could 

be model using a variable current source in parallel with a 400 Ω resistance representing the 

air path between the clouds and the transmission line. 

Recently, in literature, the Heilder lightning current function [9, 10] is used for the study of fast 

front over-voltages produced by lightning strikes to overhead power lines (ILC is the amplitude 



of the lightning current, tf is the time to front, th is the time to half): 
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where: n is the order of the implemented Heidler function and η is a scaling coefficient. 

3    EMTP-ATP SIMULATON RESULTS 
 

3.1    Steady State HVPL Operating Conditions 

 

In the first stage, the HVPL-MP electromagnetic interference study was carried out for HVPL 

steady state operating conditions, in order to act as a comparison for the investigated lightning 

stroke scenarios. As normal operating condition a 50 MVA symmetrical three phase load is 

considered for the power line (250 A on each phase wire). Figure 4 presents the evaluated RMS 

value of the induced voltage along pipeline length in case of steady state HVPL operating 

conditions. 

 
Figure 4: Induced voltage along pipeline length. 

It can be observed that the highest induced voltage RMS values (12.23 V) are recorded at the 

two ends of the common distribution corridor HVPL-CM. For a more detailed analysis, the 

obtained induced voltage waveforms at different locations along pipeline length are presented 

in Figure 5 presents. According to Fig.5, for a specific time moment the induced voltage on the 

pipeline has opposite sign at the two ends (at 0 km and 5 km) and it is almost zero in the middle 

of common HVPL-MP right of way (at 2.5 km). 



 
Figure 5: Induced voltage waveform at different location along the common right of way.  

3.2    Lightnig Strike to Sky Wire with Back Flashover 

 

In case of a lightning stroke to the HVPL sky wire, the lighting current flows towards the ground 

through the nearest power line towers, producing a potential rise along the towers and in nearby 

earth. If the voltage difference between a tower cross arms and the adjoining phase conductor 

is higher than the withstand voltage of the insulator string, then a back flashover phenomenon 

appears and a part of the lighting current will flow toward the phase wire. Due the fact that the 

insulator string may fail to withstand a lower transient voltage with a longer duration, but could 

withstand high overvoltage values for a short duration, the volt-time characteristic proposed by 

CIGRE [7] has been implemented for the back flashover simulations: 

𝑉𝑊𝐼𝑛𝑠 = 𝐾1 +
𝐾2
𝑡0.75

 (6) 

with: 

𝐾1 = 400 ∙ 𝐿, 𝐾2 = 710 ∙ 𝐿 (7) 

where: VWIns is the insulator string withstand voltage in (kV); L is the length of the insulator 

string in (m) and t is the elapsed time in (µs) from the lighting stroke occurring. 

The worst case scenario is investigated when the lightning stroke hits the sky wire at the middle 

of the common distribution corridor, near to a power line tower. A 100 kA 8/20 µs lightning 

current is considered to strike at simulation time 5 ms, when phase A (the upper phase wire) 

voltage reaches its peak value and a back flashover phenomenon occurs. Most of this lightning 

stroke current flow through the power line tower into the earth and due to back flashover 

phenomena into phase wire A, whereas a part of it flows through the sky wire towards the 

neighbouring towers (see Figure. 6). 

 
Figure 6: Produced fault current due to lightning stroke.  



Figure 7 highlights the evaluated overvoltage waveforms on phase A (the upper phase wire) 

and phase B (the closest phase wire to the pipeline) in case of back flashover, respectively on 

the sky wire (tower top) at fault location and at the neighbouring towers.  

It may be noted that almost no overvoltage is recorded on the sky wire at the 5th tower numbered 

from the fault location. Due to inductive and capacitive coupling phenomena the transient 

overvoltage produced by the lightning strike in the power line phase and sky wires are 

transferred also to the nearby MP. 

 
Figure 7: Produced overvoltage waveforms on power line towers. 

Fig. 8 emphasizes the induced voltage waveforms recorded at different locations along the 

underground pipeline.  

 
Figure 8: Induced voltage waveforms in case of lightning stroke to sky wire  

with back flashover phenomenon. 

The induced voltage waveform in the underground metallic pipeline propagates from the fault 

location in both directions and reaches the ends of common distribution corridor with a 65% 

attenuation and a 10 µs time delay (according to Figure 8). The induced voltage in the 

underground pipeline dissipates in less than 1 ms. 

3.3    Lightnig Strike to Sky Wire without Back Flashover 

 

The second investigated high voltage power line fault operating condition scenario refers to a 

much lower lightning stroke on the overhead sky wire and no back flashover phenomena is 

triggered. This kind of situation is most common in real life. Therefore, a 15 kA lightning 

current is considered to strike the sky wire in the middle of the right of way (details in Figure 

2). The evaluated overvoltage waveforms on the sky wire (tower top) at fault location and at 



the neighbouring towers, and on phase wire A and B at fault location in case of no back 

flashover phenomena, respectively are presented in Figure 9: 

 
Figure 9: Produced overvoltage waveforms on power line towers in case of lightning stroke 

to sky wire with no back flashover triggered 

For the second investigated lightning strike to sky wire scenario the obtained induced voltage 

waveforms in the underground pipeline, through EMTP simulation are emphasized in Figure 

10. In this case the induced voltage waveform dissipates in less than 300 µs. 

 
Figure 10: Induced voltage waveforms in case of lightning stroke to sky wire  

with no back flashover phenomena trigered. 

3.4    Lightnig Strike to Phase Wire 

 

The sky wires of a HVPL are designed in order to protect the phase conductors form direct 

lightning strikes. However, a relatively low magnitude lightning strike may bypass the sky 

(shield) wire and attaches to one of the transmission lines phase conductors, situation when a 

shielding failure occurs [11]. 

In order to evaluate the induced voltage waveforms in the underground pipeline in case of a 

shielding failure a 3 kA lightning strike is considered hitting the upper phase wire (phase A) at 

the middle of the common distribution corridor nearby a power line tower. Figure 11 presents 

the produced  overvoltage waveforms in the  transmission  line  phase conductors in case of a 

3 kA 8/20 µs lightning strike hitting the upper phase wire at simulation time 5 ms when the 



phase voltage reaches its peak value. While, the induced voltage waveforms in the underground 

pipeline are showed in Figure 12. 

 
Figure 11: Produced overvoltage waveforms on power line conductors  

in case of lightning strike to the upper phase wire. 

 

Figure 12: Induced voltage waveforms in the underground pipeline  

in case of lightning strike to the upper phase wire. 

3.5    Effect of Mitigation Wire 

 

The mitigation technique consists of a long buried wire parallel to the transmission line, often 

on the side of the transmission line opposite to the pipeline. With proper positioning, the 

voltages induced in the wire are out-of-phase with voltages induced into the pipeline [12]. For 

the present study a mitigation copper wire with 4 mm diameter was considered placed at 0.5 m 

from the gas pipeline. 

 

Figure 13: Produced overvoltage waveforms on power line conductors  

in case of lightning strike to the upper phase wire. 



The induced voltage waveforms in the underground pipeline evaluated in the presence of a 

mitigation wire, for the case of the 100 kA 8/20 µs lightning strike to sky wire, with back 

flashover phenomena on the upper phase wire (see paragraph III.B) are presented in Figure 13. 

In the presence of the mitigation wire the peak of the induced voltage waveform in the pipeline 

due to lightning strike to HVPL sky wire is reduced with more than 75%.  



4    Conclusions 

An electromagnetic interference analysis has been performed in case of a metallic gas pipeline 

that runs nearby a 110 kV/ 50 Hz power line. Different scenarios regarding the lighting stroke 

on HVPL were investigated. Due to high value of the separation distance between HVPL and 

MP, only the effect of inductive and capacitive coupling is taking into account.  

An original transient state equivalent electrical circuit model was implemented in EMTP-ATP 

(ATP-Draw) software, in order to compute the induced voltages in the nearby pipeline. The 

obtained results highlight the fact that the underground gas pipeline is subjected to very high 

induced voltage values. Although the induced voltage waveform dissipates quickly  (less than 

1 ms), the metallic structures is exposed to the electromagnetic corrosion phenomena. 
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