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 The purpose of this paper is to investigate the severity of lightning induced 
voltages on a gas pipeline installed in parallel with overhead transmission 
line using two different simulation packages. The results from this study 
using CDEGS, which solves a given problem based on electromagnetic 
computations, reveal that the induced voltages on the pipeline are more 
accurate compared to that obtained by PSCAD simulation, which is based on 
the circuit approach. Unlike PSCAD, CDEGS considers many salient factors 
such as soil model, inductive, capacitive and conductive couplings, and 
multiple soil structures.  Models of a double circuit 132kV transmission line, 
gas pipelines, soil with different resistivities and variable lightning surges 
were developed. The effects of pipelines located at various heights above 
ground and distance of pipeline from the power lines were also studied. 
Compared to previously published work using PSCAD, it is found that 
CDEGS has given more accurate results. Several findings which were not 
possible using PSCAD were observed such as the effect of soil structure on 
induced voltage and multiple layers soil. This also led to better understanding 
of the conductive coupling from lightning strikes and fault conditions. The 
modeling work using CDEGS not only useful for providing more reliable 
data for further protection and mitigation techniques, but is also very 
versatile to study the effects of various other important factors affecting the 
induced voltage on the pipelines.

Keyword: 

CDEGS and PSCAD 
Gas pipeline 
Induced voltages 
Lightning strike 
Overhead transmission line 

Copyright © 2016 Institute of Advanced Engineering and Science. 
All rights reserved. 

Corresponding Author: 

Zulkurnain Abdul-Malek,  
Institute of High Voltage & Current (IVAT), Faculty of Electrical Engineering, 
Universiti Teknologi Malaysia (UTM), 
81310 UTM Johor Bahru, Johor, Malaysia, (Fax) +(6)07-5578150, Tel +(60)07-5535860 
Email: zulkurnain@utm.my 

 
 
1. INTRODUCTION 

The installation of gas pipelines in the vicinity of high voltage overhead transmission lines (OHTLs) 
is a serious concern due due to interference from the power frequency OHTLs. Electric power transmitted at 
higher transmission voltages results in the generation of surrounding electromagnetic fields. The fields 
created by the transmission of power give rise to a stiff competition for land as well as right of ways(ROWs) 
[1]. Gas pipelines located in the vicinity of OHTLS are susceptible to the electric fields generated by the 
power lines as by lightning strikes to the lines. Lightning strike on overhead power lines is the principal 
reason for accidental outages [2]. The probability of a lightning strike terminating on a shield wire or tower 
top is higher than that of a phase conductor [3, 4]. Nevertheless, transient over-voltages produced during 
shielding failure are more significant than that of back flash [5, 6]. Currents and voltages are induced along 
the gas pipelines due to the common conductive path shared by both power line as well as gas pipeline 
installations [7, 8]. The induced voltage may have undesirable consequences on personnel and livestock, 
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especially when touching the pipeline, as well as pipeline corrosion or damages to the cathodic protection [5, 
7, 9, 10]. 

PSCAD simulation, which is based on the circuit approach, is limited since the conductive coupling 
is not considered when calculating the induced voltage on the pipeline. The conductive coupling is dependent 
on the soil type, soil resistivity, and multiple soil structure, all of which cannot be implemented using 
PSCAD. In view of this schortcoming, this paper proposes the study to be carried out using CDEGS which is 
electromagnetic based to solve all inadequacies of PSCAD. CDEGS is capable of designing various soil 
structures with a number of layers. This work further investigates the effects of single lightning stokes on 
transmission line with back-flashover and the impact of the consequent electromagnetic coupling on gas 
pipelines. CDEGS combines two powerful software tools, namely, HIFREQ and FFTSES, and solves the 
problem using more accurate Maxwell equations rather than less accurate fixed circuit elements. 
 
 
2. COMPUTER MODELS 

The transient behaviors of various parts of the problem, such as transmission lines, towers, and 
pipelines, are modeled in CDEGS. The results of this study were compared to those using PSCAD, which 
were previously published in [3]. The effects of various factors are also studied. 

To obtain the temporal scalar potential and induced voltage, the lightning surge current was 
decomposed into its frequency domain spectrum using the forward Fast Fourier Transform using FFTSES 
program. The current distribution in the tower and grounding conductors, the scalar potentials, and the 
electromagnetic fields, were first computed at selected frequencies using HIFREQ. The time domain scalar 
potentials and electromagnetic fields were then obtained using the inverse Fast Fourier Transform by using 
FFTSES again. 

 
2.1. Transmission Line Tower 

The transmission line was modeled based on standard twin circuit line geometry. The tower type 
was a 132 kV steel lattice structure type 23 L series as per nomenclature of TNB. The tower geometry and 
dimensions are shown in Figure 1. The equivalent surge impedance of the tower is 160 ohms. Steel 
conductors were used to design the tower in HIFREQ, with a relative resistivity of 12 with respect to copper, 
and a relative permeability of 250 with respect to free space.  

The tower grounding system was a 16m × 16m loop conductor buried at 0.5m depth, which in turn 
was connected to 8 vertical grounding rods with a depth of 10m. Figure 2 shows the simulated 8-rod tower 
grounding system in CDEGS indicating the number of segments in each section.  
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Figure 1. Effects of selecting different switching under dynamic condition 
 
 

 
Figure 2. Simulated 8-rod tower grounding system in CDEGS indicating the number of segments in each 

section 
 
 
2.2. Pipeline Model 

The pipeline is shown in Figure 3. It has an outer radius of 0.3048 metres and a thickness of 0.0079 
metres. The pipeline is made of steel having a resistivity of 2.2 × 10-7 Ω-m. The pipeline is 1m above the 
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ground surface. It takes into account the inductive and capacitive coupling. The pipeline steel has a relative 
resistivity of 17 with respect to copper, and a relative permeability of 270. 

 

 
 

Figure 3. Gas pipeline structure 
 
 
2.3. Lightning Stroke Current 

Statistics showed that lightning characteristics are the same all over the world. Regions are 
characterized by their ground flash density. Lightning stroke is usually represented by current source of 
negative polarity. The parameters of a lightning such as crest, front time, maximum current steepness and 
duration are determined by statistical approach considering the ground flash density at the location [11]. The 
peak current is statistically related to steepnees or time to crest of the current waveform.  The steepness 
increase as the peak current increases and the front time increase as well. The lightning surge current 
considered in this study is defined by the following double exponential type function: 
 

( ) ( )t t
mI t I e e   

 (1) 
 
where Im =30 kA,  α= 1.4x10-4 , and β = 6x106 .  

The waveform is characterized by a rise time of 0.1 µs, time to half of 50 µs, and total time duration 
of 300 µs. The modelling of this lightning current by CDEGS is shown in Figure 4. The lightning stroke was 
assumed to hit the top of a tower, or intercepted by the shield wire at the highest point of the tower. 
 
 

 
 

Figure 4. Lightning impulse wave (0.1/50µs) applied at the top of a transmission tower 
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2.4. Computation Methodology 
The method used to obtain the electrical field in time domain is described as follows. By means of 

Fourier Transform, the scalar potential and electromagnetic field in time domain are given by the following 
equations: 
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Where: 

( )( ) i tI t e dtI  
  (5) 

is the frequency spectrum of the lightning surge current, and , , are the unmodulated 
scalar potential, electrical field, and magnetic field in frequency domain, respectively. The unmodulated 
electromagnetic fields are generated by a unit current energization of the conductor network. 
 
2.5. Soil Characteristics 

The soil structure and grounding design of the overhead transmission line are important parameters 
determing what soil potentials will arise near a pipeline, the lower the structure ground impedance, the lower 
the lower the local soil potentials. Soil resistivity playes a significant role here. Low soil resistivity means 
lower structure ground impedance and lower potential differences between the grounding structure and the 
pipeline. The soil model was selected as a uniform soil. The properties of the air and earth used are shown in 
Table 1. 

 
 

Table 1. Soil and air characteristics. 
Layer  Resistivity 

(ohm-meters) 
Relative (p.u) 
permeability 

Relative 
(p.u) 
permittivity 

Air 1E+18 1 1 
Earth 100 1 1 
Earth 300 1 1 
Earth 1000 1 1 
Earth 3000 1 1 

 
 
3. RESULTS AND DISCUSSIONS 

The variation of the pipeline induced voltages due to backflashovers had been investigated in 
conjunction with a variation of key model parameters. In the simulations performed to establish the induced 
voltages associated with single lightning strike (SLS), the overhead line and pipeline are terminated with 
surge impedance of the tower abd pipeline respectively. Single stroke current magnitude of 10.7 kA, 20.7 kA, 
30.7 kA, 40.7kA, 50.7kA, 60.7 kA, and 110.7kA are injected on the tower top. The resulting voltage wave 
forms can be used to determine the induced voltage on the gas pipeline. 

 
3.1. Effects of Lightning Current Magnitudes  

An increase in the peak lightning current results in a corresponding increase in the induced voltage 
on the pipeline, as shown in Figure 5. The pipeline was 20 m away from the transmission tower that was 
strucked by lightning.  The induced voltage obtained using PSCAD shows a higher value when compared to 
that obtained using CDEGS. This the different in values between the two approaches, because PSCAD 
assumes that the conductors are infinite in length and parallel along the right of way. These two main 
assumptions lead to insignificant error when the surge current is small, less than 40 kA. This error becomes 
significant 16 % when the surge current exceeds 90 kA. 
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Figure 5. Comparison of computed induced voltages on the pipeline when the peak current is varied at 
different magnitudes during backflashover using PSCAD and CDEGS 

 
 

3.2. Effects of Height of Pipe above Ground 
A lightning stroke current of 30.7 kA was injected on the shield wire as the pipeline height above 

the ground surface was adjusted at different heights above the ground. The pipeline was 20 m away from the 
transmission tower that was strucked by lightning. The pipeline height was varied as 1, 2, 3, 4, and 5 m above 
the ground surface. In addition, the soil resistivity was also varied as 100, 300, 1000 and 3000 ohm.m. The 
effects of pipe height above the ground on the induced voltage on the pipeline for various resistivity values 
are illustrated in Figure 6. 

 
 

Figure 6. The effect of pipe height above the ground on the induced voltage on the pipeline for various 
resistivity values (applied current = 30.7 kA) 

 
 

A sharp increase of the induced voltage was observed when the height was changed from 1 m to 2 
m. For height increment from 2 to 5 m, the voltage also increased, but at a slower rate. As expected, the 
induced voltage also increases as the soil resistivity is increased. 
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3.3. Effects of Pipeline Distance from Tower 
The same lightning stroke current of 30.7 kA was injected on the shield wire. The distance of the 

pipeline from the tower was altered at d distance of 20 m, 30 m, 50 m, and 50 m. Again, the pipeline was 
positioned 1 m above the ground.  

 
 

 
 

Figure 7. The effect of separation distance between the tower and the pipeline on the computed induced 
voltage Using PSCAD and CDEGS. A single lightning stroke with a peak current of 30.7kA was used 

 
 

The effect of separation distance between the tower and the pipeline on the computed induced 
voltage using PSCAD and CDEGS is depicted in Figure 7. As expected, the induced voltage magnitude 
reduces when the pipeline was taken further away from the tower.The induced voltage obtained using 
PSCAD shows a higher value when compared to that obtained using CDEGS. This the different in values 
between the two approaches, because PSCAD assumes that the conductors are infinite in length and parallel 
along the right of way. These two main assumptions lead to insignificant error. This error increase as the 
separation between the pipeline and the tower increase. 

 
3.4. Effects of Soil Resistivity 

The effect of soil resistivitydue to the interaction of steady-state electromagnetic fields and pipelines 
is universally known. In general, an increase in soil resistivity will result in an increase in the induced voltage 
on the pipeline. The relationship is non-linear in nature. To ascertain this assumption with lightning stuies, 
various simulations were executed with different soil resistivity being utilized in each model.  

 

 
 

Figure 8. The effect of soil resistivity on the induced voltage on the pipeline. The pipe height is 1 m above 
ground and the current peak is 30.7 kA. 
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Figure 8 demonstrates the large disparity of the peak induced voltages on the pipeline associated 
with soil resistivity values between 100 Ω-m and 3000 Ω-m. A more or less a linear increment of the induced 
voltage with the log of soil resistivity is observed. 

 
 

4. CONCLUSION 
Provide Pipeline induced voltages due to lightning strikes had been computed using CDEGS and the 

results were compared with those using PSCAD. Different model parameters were varied to determine the 
extent of variation in the induced voltage on the pipeline. Results show that PSCAD results are higher than 
those from CDEGS due to the two main assumptions of PSCAD, which are the pipeline is infinite in length 
and uniformly parallel to the transmission line. It can be concluded that CDEGS gives more accurate results 
due to its more accurate simulation models used. It is noted that CDEGS uses a soil model that model a 
remote earth reference point, while PSCAD considers the whole ground as a finite conducting surface. 

The effects of various model parameters on the pipeline induced voltages were also studied. Key 
findings are a more or less linear increment of induced voltage with the log of soil resistivity, a linear 
decrease with tower-pipeline separation, a linear increase with pipeline height above ground, and a linear 
increase of induced voltage with peak lightning impulse current.  
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