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Interfering sources

Main interfering sources for a.c. are:

• high voltage aerial or buried power lines;

• long, parallel, power lines;

• high speed traction systems (usually fed by a parallel feeding line 132 kV and a 
25kV line).
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Under steady-state conditions, the AC interference could result in safety problems 

for people coming in contact with the metallic pipe or its appurtenances and in 

accelerated corrosion on the underground section of the pipe (i.e. AC corrosion). 

Under fault conditions, the AC interference could result in damage to the pipe 

itself (i.e. electrical arc between the structure grounding and the pipe), in safety 

concerns for pipeline personnel and in damage to pipeline coating, isolation 

flanges and CP equipment. 

AC INTERFERENCE DAMAGE FOR PIPELINES

IMPORTANT!!! Personnel safety The 15 V limit was determined by multiplying 15 mA 

(considered the current limit below which a person could let go when grasping an electrified conductor) 
and 1000 Ohm (conservatively considered the human body resistance assuming a contact resistances 
of zero ohms). 

Ref.2: 
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There are three modes of AC interference that can cause damage to pipeline 

systems and present an electrical shock hazard to pipeline personnel

Capacitive (electrostatic) coupling  is only a concern during construction when 

the pipe is elevated on skids and not in contact with the ground. 

Resistive (conductive) coupling,  only appears under powerline fault 

conditions. 

The fault current flowing through the grounding of the high voltage structure (i.e. pole or 

tower) produces a potential rise in the neighbouring soil defined as “ground potential rise” 

(i.e. GPR). Part of this rise is transferred to the pipe and would be added to the AC induced 

voltage. 

Inductive coupling occurs both under steady-state (normal operation) 

and fault conditions and the magnitude of the induced AC voltage depends on

-Phase current

-Length of co-location

-Distance between pipeline and powerline

-Pipeline-powerline configuration. 

Note: the induced voltages reach maximum values at discontinuities and gradually attenuate along the 

pipeline. Ref.2: 
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Capacitive (electrostatic) coupling  is only a concern during construction when the 

pipe is elevated on skids and not in contact with the ground. 

Ref.2: 
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Resistive (conductive) coupling,  only appears under powerline fault conditions. 

The fault current flowing through the grounding of the high voltage structure (i.e. 

pole or tower) produces a potential rise in the neighbouring soil defined as 

“ground potential rise” (i.e. GPR). Part of this rise is transferred to the pipe and 

would be added to the AC induced voltage. 

Ref.2: 
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Powerline faults typically occur during inclement weather such as high winds, ice storms, or 

electrical storms 

If a pipeline is in proximity to the foundation or grounding of a faulted powerline structure, 

there is a risk of an arc developing from the powerline grounding to the pipeline (resistive 

coupling), which could result in damage to the pipe wall and/or the coating.

Even without arcing , when the fault current is discharged to the ground via the tower 

foundation or via grounding electrodes the potential of the ground rises several thousand volts 

(ground potential rise or GPR), which can result in a large potential differential between the 

pipeline and the ground, most of which appears across the coating. 

Note: AC fault current can transfers through the coating and coating holidays, resulting in 

a portion of this GPR voltage being transferred to the pipe (resistive coupling). Furthermore, 

if the powerline and the pipeline are parallel, significant voltages can be induced in the 

pipeline by the fault current (inductive coupling). 

Ref.2: 
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An arc to the pipeline can transmit enough power to melt the wall of the pipe wall 

Diameter and Depth of Melted 
Area vs. AC Current 

A melted spot on a pipe wall can be a problem even in the 
absence of a perforation, since there will be a heat 
affected zone and rapid cooling after the fault can create 

a hardened surface that is susceptible to cracking and 

hydrogen embrittlement. 

Drakos[2] conducted field fault tests on 35 mm diameter coated 
steel pipe placed near a 230 kV line. The maximum test fault 
current was 7.8 kA in 100 Ohm-m clay. It was found that 
there was a linear relationship between the fault current 
magnitude and both the depth and diameter of the melted area

Ref.2: 
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Coating Stress

A fault condition that does not melt the pipe wall can still cause coating damage 
depending on the fault voltage appearing across the coating and the dielectric strength of the 
coating material. Typical dielectric strengths of various insulating materials are shown in Table 1. 

Dielectric Strength as a Function of Coating Material

Coating Puncture Voltage Levels

V/mSec

Ref.2: 
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Electromagnetically Induced Current in a Pipeline 

Ref.2: 
12

Every phase conductor of every circuit on one or more powerlines, which 
parallel the pipeline, produces a magnetic field, the strength of which is 
directly dependent on the magnitude of the individual phase current and 
inversely proportional to the distance between phase conductor and the 
pipeline. 
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Phase conductor currents can range from several hundred amperes to 2000 A. 

The resulting current in the pipe appears as a result of only the net magnetic field produced by all the 
phase conductors. 

The induced alternating current in the pipeline produces a longitudinally induced voltage (Vind) along 
the length of the pipeline, such that the voltage at each end of the pipe is 180º out of phase, as 
shown in the figure below

The magnitude of the induced voltage is 
directly proportional to the
- phase current,
-length of parallelism,
-resistance of the pipe coating,
-resistivity of the earth,

and inversely proportional to the 
distance between the pipe and the phase conductor. 

Ref.2: Vg = Vind/2 13*© Copyright 2020. Shoshana (shosh) Tamir
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Documented cases

*© Copyright 2020. Shoshana (shosh) Tamir



23-Feb-20

8

Case 1
1991

Case 2
1995

AC corrosion of steel pipelines which share a common right-of-way (ROW) with a high voltage 
powerline in Toronto

15

High pressure gas pipeline coated by coal tar

*© Copyright 2020. Shoshana (shosh) Tamir

Ref. 4

During a routine inspection of a natural gas transmission line in Canada, it was found that a leak occurred 
at the end of a pipeline runs in parallel to a railway (16 2/3-Hz system) for approximately 10 km

Before cleaning After cleaning

2006??
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The mechanism of AC corrosion involves 
one or more of the following processes

Ref. 1
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The combined effect of AC Induced Current and Cathodic Protection

Ref. 1

AC corrosion Basic parameters: 
• AC voltage
• Cathodic protection
• Defect size
• chemical composition of soil

18
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Small defect

h- עובי ציפוי
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Sketch map of the AC corrosion process occurring 

on X80 steel in the absence of CP current.

pH:9.6

Sketch map of the AC corrosion process occurring on X80 

steel in the presence of CP current.

Ref.3 20*© Copyright 2020. Shoshana (shosh) Tamir



23-Feb-20

11

Autocatalytic Nature of AC Corrosion on Cathodically Protected Pipelines

Ref. 1
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RISK ASSESMENT

Ref. 1
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AC Interference and Pipeline Corrosion

What this chart shows is that pipelines with induced AC voltage and good quality coatings are at risk for significant external corrosion often at 

AC levels well below the 15V AC threshold that has historically been used as a benchmark value for personnel safety considerations. With 
low resistivity soil environments, corrosion can be a risk at much lower steady state AC values.

Ref. 5 23*© Copyright 2020. Shoshana (shosh) Tamir

Despite numerous research studies, the AC corrosion mechanism is still not well 
understood, and empirical results must be used to assess the AC corrosion risk for 
cathodically protected pipelines. 

From these early studies, guidelines relating the probability of AC corrosion to AC current 
density and also the ratio of AC current density to CP current density were derived as shown in 
Tables below

AC Corrosion Probability on a 

Cathodically Protected Steel Pipeline 

based on AC Current Density (iac)

European Standard EN 12954 

AC Corrosion Probability on Cathodically

Protected Steel Pipelines based on iac/idc

Ratio,

Ref. 2

AC corrosion criteria
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•AC induced corrosion occurs on both cathodically protected and unprotected 

pipelines and other structures

•The rate of corrosion diminishes over time

•The optimum holiday size for AC induced corrosion is 1 cm2

•The rate of corrosion increases in de-aerated soils or soils with high chloride 

content

•Corrosion can be expected at current densities in excess of 100 A/m2 and has been 

observed at current densities as low as 20 A/m2

•AC corrosion Increase with decreasing of AC frequency- Below 100Hz

AC corrosion studies- Basic Findings

Summary
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Thank You
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