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ABSTRACT 
 

Transmission lines are considered one of the major sources of magnetic field. In recent years 
electromagnetic field (EMF) interference with buried pipelines has been of great interest in the 
literature. The EMF interference on pipelines located in utility corridors is a real and serious 
problem which can place both operator safety and pipeline integrity at risk.  
Installing pipelines in energy utility corridors containing high-voltage AC transmission lines 
subjects the pipelines to induced AC voltages. This can be caused by an imbalance in the 
transmission system, and by high voltages near transmission tower grounding systems resulting 
from lightning strikes and phase faults. 
 

When a long-term induced AC voltage exists on a pipeline, it can be dangerous and potentially 
life-threatening for operations personnel to touch the pipeline or appurtenances. In addition, 
pipe corrosion also can result from AC discharge.  
 

Due to the wide lands of Saudi Arabia and its long water and oil pipelines, a considerable 
length of these pipelines extends along the high voltage transmission lines right-of-way. A 
study was conducted in 1992 in the Eastern region to evaluate such AC voltages deposited on 
buried oil pipelines from the utility transmission lines. As well as in 1998 another investigation 
was conducted on a 380 KV transmission line and a parallel buried water pipeline in the West 
region.  
 

To address this problem, the pipelines must be grounded with a system that passes AC, but 
blocks DC, to both mitigate the AC and maintain the cathodic protection system on the 
pipeline. The paper presents the essential procedures, guidelines, needed data and cautions 
when conducting such evaluations. Also, it presents the results of a case study of a 380 KV 
transmission line in the Eastern region of Saudi Arabia.   
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INTRODUCTION 

The problem of EMF interference on buried pipelines has been known for well over 30 years. 
However, the problem has gained widespread recognition only in the last 10 years due to 
improvements in pipeline technology and the increased tendency to locate pipelines in utility 
right-of-way (ROW) near high-voltage electric transmission lines. Pipelines are now frequently 
being installed in electric power transmission right-of-ways (ROW). Installation of pipelines 
which are considered as electric conductors near high voltage transmission lines can result in 
unusual pipeline/EMF interference problems. 
 
When steel pipelines are installed close to overhead electric transmission lines, interference can 
occur between the electric lines fields and the pipeline, as seen in figure 1.1. Electric power is 
transmitted in three phase systems and on one or double circuit structure; each carried on a 
separate line held aloft by pylons or towers along the right of way.  
 
 

 
 

Figure 1.1 Influence by inductive coupling 

 
The voltage sequence of the power is sinusoidal AC power phase and is 120° out of phase 
with the other two. If each phase is equal, the sum of the alternating currents in the three 
phases and the sum of the magnetic fields resulting from the alternating current in each phase 
should add up to zero in balanced three phase system. Figure 1.2 illustrates that the different 
distances between the pipeline and each phase in the transmission line, along with phase 
imbalance, lead to induced AC interference on the pipeline [1-2]. 
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Figure 1.2 Induction Affect and Different distances between the pipeline and the transmission line circuit 

 
Coatings on pipelines are usually used to avoid and protect pipelines from the severe corrosive 
effects due to the harsh environment in Saudi Arabia. Modern pipeline coating technology has 
exacerbated the AC mitigation problem by creating better coatings, leaving fewer defects in 
the coating for AC to go to ground. In fact, a bare pipeline would be a good answer to the 
induced AC problem. Both the Fusion Bonded Epoxy coatings used in the U.S.A. and Three 
Layer FBE/PE coatings used in Europe have made the problem of AC interference on 
pipelines more severe. In the past, less well coated pipelines had sufficient grounding, such 
that induced voltages were not a practical problem. The rapid expansion of transmission lines, 
industrial plants and remote resources of discovered oil field as well as the limited water 
resources in Saudi Arabia dictates the delivery of such commodities to its ports and locations 
[3-4]. This means the addition of more buried pipeline routs to maintain services, life and 
development in Saudi Arabia. The continuous up grade of such services, corrosive climate 
requires cathodic protection (CP) to be implemented. This will make EMI evaluation studies a 
vital one to assure that (CP) is actively operative and above all the electromagnetic field 
interference (EMI) studies are needed for the safety of personal and assets.  
 

BACKGROUND 
 

EMF interference between transmission systems and buried pipelines can be of three kinds: 
 
A.   Electrostatic or capacitive interference:  
 

Occurs in the immediate vicinity of the overhead power lines when the pipe is laid on a 
foundation that is well insulated from the ground. The pipeline picks up a voltage 
relative to the soil, which is proportional to the voltage in the transmission line.  
 

 Welded pipe lengths near high voltage lines must be grounded when the nominal 
voltage in the overhead lines exceeds 115 kV and the length of the welded section 
exceeds more than a few hundred feet to 1,000 ft. Electrostatic coupling is of minor 
consequence after construction, since even the best pipe coating will allow sufficient 
leakage to earth, through defects, to effectively ground the electrostatic charge [5-6]. 

B. Resistive or ohmic interference:  
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Occur when lightning strikes a transmission structure, or when there is a phase-ground 
fault. When this occurs, a large voltage cone is created around the pylon grounding 
system. If a pipeline is located within this area, voltage can get onto the pipeline in the 
area within the voltage cone through coating defects.  

 
 Anyone touching the pipeline outside the voltage cone could receive a shock from the 

potential between the pipeline and the surrounding soil. Protective measures for people 
are required if the contact voltage exceeds 65 V for long-term interference, or 1,000 V 
for short-term interference. These measures include wearing rubber boots, insulated 
gloves, or insulated protective padding. On no account, however, can there be any direct 
bond between the pipeline and the pylon grounding system [6-7].  

 
 Special conditions arise if the pipeline is laid in the vicinity of a power station ground 

system or a transformer installation. If a lasting or transitory connection with the 
grounding installation results during a grounding fault, the grounding voltage will be 
transferred to the pipeline and appear outside the voltage cone as a contact voltage. 
Depending on the pipeline and its coating, the contact voltage decreases more or less 
quickly at greater distances. 

 

C.  Electromagnetic or inductive interference:  
 

Occurs when there is extended and close parallel routing with three-phase high voltage 
AC transmission lines. The voltage is due to any phase imbalance in the lines. The 
likelihood of interference increases with rising operating currents in the overhead lines, 
with increasing quality of the coating on the pipeline, and with the length of line parallel 
to and close to the high voltage AC (HVAC) transmission lines.  

 
 Voltages are induced in the pipeline by magnetic coupling with the high-voltage lines, 

and results in currents flowing in the pipeline. These currents result in a voltage 
difference between the pipeline and the surrounding soil.  

 
D. Contact voltages:  

 
When a long-term induced AC voltage exists on the pipeline, resulting from long 
sections of parallelism with EMF tower electric transmission lines, it may not be safe to 
touch the pipeline or appurtenances. This "contact" voltage, or the difference between 
the line and the earth, can cause AC current to flow to ground through a person 
touching the line. When a metal structure, such as a pipeline, is under the influence of 
electrical fields and a person touches it, a current passes through their body to the earth. 
The amount of that current depends upon the electrical resistance through their body and 
how well the person is grounded [8].  
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ESSENTIALS OF EMF INTERFERENCE EVALUATION 
 
From practical and standards evaluation procedures and guidelines it is essential that EMF 
interference studies should use the following as resourceful information.  

A. Investigation Procedure  

The investigation approach of Electromagnetic field interference (EMI) problems usually can 
be broken down into seven basic tasks.  

1. Gather background information. 
2. Develop a plan. 
3. Select the proper tools.  
4. Conduct the investigation. 
5. Analyze the data and locate the source. 
6. Select a solution. 
7. Verify solution performance. 

 
B.  Gathering Information  
Information gathering is the most important step in investigating an EMI problem. The 
information required for the investigation can be summarized in the following points. 

1. The physical locations of pipelines and transmission lines routes are needed in sketch as 
well as accurate distances. 

2. Top view scale drawing or map of the entire geographical area of interest, showing all 
conductors (pipelines) under study in sufficient details, along with major installations 
which could provide grounding. 

3. Transmission Line & Pipe Line Details:  
(i) Diameters of all Pipelines that are in the vicinity or crossing the transmission lines 

in inches (" diameter)  
(ii) Number of Pipelines running parallel to the existing/proposed transmission lines 
(iii) Measurement of the pipeline coating resistivity and its outside coating is required. 

Coating thickness is in (mm). 
(iv) If there is Cement lining inside, its thickness in (mm) is needed. 
(v) Earth resistivity along the pipeline will be considered 100 Micro Ohms unless 

otherwise advised. 
(vi) Depth of pipelines in meters 
(vii) Transmission lines towers configuration, height, and horizontal separation 

between all parallel conductors, span 
(viii) Distance from ROW Center 
(ix) Conductor Characteristics 

 

C.  Develop a plan 
For a well-developed plan, draft a document covering the following areas. Review it with the 
facility manager, area supervisor, facility engineer, or other appropriate personnel, and then 
obtain approval from all interested parties. 

• when and where to start the investigation  
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• the equipment you will use and a basic understanding of how the malfunctioning 
equipment operates  

• the types of measurements you will perform and measurement points inside and outside 
the facility  

• the logical progression of measurements and how many and how long on each 
measurement type  

• how you will capture and store data and connection of the equipment to the facility's 
electrical system to capture data 

• measurement equipment powering requirements, safety requirements and calibration 
verification  

 
D.  Select the proper tools 
Many sophisticated soft wares for the oil or gas pipeline - electrical interference analysis are 
available in the market. Such tools are used to analyze the electrical effects of an induced 
voltage on pipelines from parallel power lines operating under normal steady state load 
conditions as well as during power system faults. Therefore, the selection of the proper tool 
depends on what is the needed analysis and the required output. This paper will not make a 
preference to any of the available tools [4-7]. 
 
E.  Conduct the investigation 
A thorough information gathering process will usually reveal the necessary clues to effectively 
narrow down the possible causes of the source of an EMI problem. For example, starting at 
the affected equipment, performing a few simple measurements can determine if radiated or 
conducted emissions (or a combination) are causing the problem. When you determine the 
primary type of emissions involved, you may take more measurements inside and outside the 
facility to close in on the EMI source, whether it be a piece of equipment or an arcing 
component in a nearby power distribution network. 
 
F.  Analyze the data and locate the source 
After completing the investigation, assemble the data and look for any patterns. The 
frequencies of the components measured by an analyzer will provide helpful clues. In addition, 
knowledge of operating frequencies for broadcast stations in the area and for various end-use 
devices will help you determine which components result from operating which devices. Even 
if you determine the source during an investigation, take some time to review the data to learn 
more about the EMI problem. This will lead you to possible solutions for resolving it. 
 
G.  Select a solution 
When choosing a solution, carefully consider the facility's operations, the electromagnetic 
environment, and the operation of the affected equipment. You also must evaluate the safety, 
cost, installation, maintenance, aesthetics, and performance record of the possible solution. 
Review your choice with all involved individuals before procurement and installation to ensure 
that any effects on facility operations and equipment performance are known and kept to a 
minimum. The most common solutions to EMI problems include shields, filters, and enhanced 
grounding techniques.  
H.  Verify solution performance 



Proceedings of the International Conference on Non-Ionizing Radiation at UNITEN (ICNIR 2003) 
Electromagnetic Fields and Our Health 
20th – 22nd October 2003 
 

7 

Official verification should take place after you have applied the solution and facility 
operations have returned to normal. Watch the performance of the installed solution and 
retake emissions measurements at the affected equipment. Include the “after” measurements in 
a final report. With the final report completed, you can put the matter to rest.  

 

STANDARDS AND GUIDELINES 

In 1977, NACE has recognized the problem of induced AC on pipelines and originally issued a 
Standard Recommended Practice to control corrosion and safety issues. In 1995, this standard 
has been updated and re-issued as Standard RP-01-77-95 "Mitigation of Alternating Current 
and Lightning Effects on Metallic Structures and Corrosion Control Systems". The standard 
which has been issued in Canada is CAN/CSA-C22.3 No. 6-M91 "Principles and Practices of 
Electrical Coordination between Pipe Lines and Electric Supply Lines". Standards also exist in 
Europe, such as DIN VDE 0141, DIN VDE 0141 (Beuth-Verlag, Berlin, 1976).  
 
The NACE and Canadian standards recommend that the potential on a pipeline from AC be 
reduced to less than 15 V AC [5].  
 

PRACTICAL APPLICATION EXAMPLES 

EMI problems that could exist in some of the major water declination plant pipelines in the 
western region of Saudi Arabia that run in the right-of-way of the existing 380 KV line may be 
a good illustrative application.  
 
 
A. Case study 1: typical input data  

 
The following are practical examples of most of the data needed by most of the available soft 
wares designed to model simulate and evaluate this problem:  

1. The physical locations of pipelines and transmission lines routes shown below were 
acquired in sketch as well as accurate distances (See figure 5.1). 

 
 

Figure 5.1 The physical locations of pipelines, and transmission lines routes for case 1 
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2. Transmission Line & Pipe Line Details  
Transmission lines Double Circuit Power Rating 900 MV A i.e. 450 per circuit Tower 
structure and grounding.  
Span Length 325-450 @ 400 meter used in calculations  
 

Conductors used:  
AAAC 5005 500 mm2, for T. L. conductors  
AACSR/A W overhead grounding  
For tower grounding grid 150 mm2, Hard Drawn stranded Conductor is used (need 
drawing details) Pipeline & coating information, tower configuration shown in figure 
5.2.  
 

Electrical Technical Information Required:  
 

Short circuit current, 50 kA Switching impulse voltages 1050 KV Lightning Impulse 
Voltage 1425 KV 
  

 
Figure 5.2 380 kV Double Circuit Configuration 

Technical calculated data:  
 

Table 1 Lists the Parameters for Phase and Overhead Ground Conductor 

 AAAC- 500 T. L. AACSR O.H. Ground 
Rdc 0.060 ohm/Km 0.1217 ohm/Km 
Rac 0.06562 ohm/Km 0.4016 ohm/Km 
GMR. 1.122 cm 61 cm 
Out diameter 2.9 cm 1.59 cm 

 

Pipeline:  
Pipe Outer Radius = 0.711 m  
Pipeline inner radius = 0.693 m Relative resistivity = 17  
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Relative permeability = 300  
Shunt resistance = 65 ohm (total shunt resistance for coating resistance and ground to 
pipeline resistance).  
 
 

B.  Case study 2: typical output results 
 
Examples of calculated lateral profiles of the induced voltage in steady state operation on a 
pipeline situated at a height of one meter and parallel to the line are shown in Figures 5.3 to 
5.6. For lines with a vertical configuration, two different phase sequences have been 
considered for the circuits: same sequence (ABC -A'B'C') and inverse sequence (ABC –
C’B'A') [6]. 
 
 

Voltage Phase Configuration 
Earth 
wires 

H a b C d 

(kV) Conductors   (m) (m) (m) (m) (m) 

150 298 mm2 ALAC Vertical 
1x154 

mm2 Cu 
13 6 7 4 0 

400 2x300 mm2 AMS Vertical 
2x154 

mm2 Cu 
l7 9 12 7 4 

400 3x900 mm2 ACSR Horizontal 
2x154 

mm2 Cu 
15 / 10 10 7 

750 4x1000 mm2 ACSR Horizontal 
2x250 

mm2 Cu 
20 / 13 15 10 
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Figure 5.3 Example of capacitive influence of a 150 kV line (vertical configuration) on a parallel aerial 
pipeline (Height of the pipeline: 1 m, diameter 0.6 m) 

Induced voltage on the insulated pipeline 
Body current per Km in a person touching the pipeline, at 50 Hz (I 50) and at 60 Hz (I 60) 

 

 
Figure 5.4 Example of capacitive influence of a 400 kV line (horizontal configuration) on a parallel aerial 

pipeline (Height of the pipeline: 1 m, diameter 0.6 m) 
Induced voltage on the insulated pipeline 

Body current per Km in a person touching the pipeline, at 50 Hz (I 50) and at 60 Hz (I 60) 
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Figure 5.5 Fault in s  

Voltage on the pipeline (rc = 105 Ω m2) 

 
Figure 5.6 Fault in s 

Current on the pipeline (rc = 105 Ω m2) 

EMI CAUTIONS & HAZARDOUS 

In the EMI study, the interference between power lines fields and buried pipelines is of 
complex ingredients. A complete knowledge of the electric fields interference requires the 
knowledge of the steady state current, the short circuit current fault type & duration, pipeline 
geometry & coatings, effect of insulating flanges which can interrupt the electrical conduction 
of the pipeline at different places and modeling of practical physical routs, presentation of the 
different models of the interference problem may produce different results and problems, 
consideration to the connected cathodic protection installation, the protection and safety of 
people entering in contact with the pipeline [2-3-7]. 
 
All of these problems present cautions that one should exercise to avoid. This can be reached 
through a well organized preparation and the following of the essentials listed in the paper.  
Due to the proportionality between the induced voltage and electric field, it appears that a 
precise evaluation of the influence is quit difficult. The important variations of the height of the 
conductors along the span and at the end of the span, the proximity of the tower lead to very 
high variations of the electrical field. 
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Coating resistance is an ill-defined parameter in pipeline analysis. Coating resistance is a 
fundamental parameter because it affects the characteristic impedance of the pipeline. Lower 
impedance will result generally less voltage induced on the pipeline. Depending on the type 
coating, puncture may occur at weak point of the coating due to the effect of the earth 
resistance. Soil resistivity should also be known through measurement as well as grounding 
rods, mats and any neighborhood metal structure.   
 
Also, caution can be presented by the software used to solve & evaluate this problem. Many 
tools may use approximation especially when the pipelines come with an angle or curve to the 
power line, use of the segment modeling may also affect the accuracy of the results.  
 
Therefore, there has been and still on going concern about possible hazards resulting from the 
interference of the high voltage systems on metal pipelines; safety of people, risk of damage of 
the pipeline, risk of destruction of equipment connected with pipelines.    
 
 

RECOMMENDATIONS AND SUGGESTIONS 
 
The paper presents what may be considered as guidelines on what should be done when 
evaluating the effect of EMF of power lines that interact with metallic buried pipelines, as well 
as at least all the cautions that should be avoided. 
 
The accuracy of the EMI study depends on the use of the appropriate soil resistance for each 
segment of the pipeline. Therefore, more soil resistance measurement should be carried out 
along the physical rout of the pipeline and its laterals so that soil resistivity at all locations 
along the pipeline is known with a fair degree of certainty. Also, accuracy depends on the 
average pipeline coating resistance used. If possible, this should be measured. 
 
Various assumptions usually are made when EMI evaluation is conducted due to many 
practical and unavailability reasons. These assumptions are made based on the information 
gathering phase and that provided from the client, such as the bonding of the pipeline to 
distribution systems, insulating flange, also some times utility neutrals most likely be bonded to 
the pipeline through various wiring grounds.   
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