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FOREWORD 

Usually, engineers use their experience and theoretical knowledge in order to 
prevent any structural decay of the designed pipeline network, taking into account 
the most suitable materials to be used, the environmental conditions, the soil 
geotechnical properties, and the updated techniques of electrical protection, but 
sometimes the pipelines collapse, or suffer of leakages, frequently due to corrosion 
phenomena.  
Inspection and maintenance are therefore mandatory in order to prevent disasters 
that could also involve the death of innocent people. 
The integrity of a pipeline during its operating lifetime is mainly referred to: 

- The quality and integrity of its coating; 

- The follow-up of the efficiency of the Cathodic Protection System during its  
 lifetime; 

- Its mechanical integrity overtime, which can be hindered by events such as  
 corrosion and mechanical damages due to operating machines or by soil 
 movements (earthquakes, landslides, floodings etc.). 
When a pipeline network is to be verified in terms of integrity, numerous parameters 
have to be taken into account: 
- Product transported (Gas, Oil, LPG, Water, Chemical products); 
- Piggability; 

- Year of construction; 

- Type of pipes and welding procedures; 
- Coating characteristics; 

- Soil type and characteristics. 
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The above said characteristics will primarily help in knowing which type of threats a 
given pipeline is mainly subject to suffer. According to its scope, Pipeline Integrity 
must be verified by using a series of techniques, more or less expensive.  
Among the various techniques for verifying Pipeline Integrity, the Intelligent Pig 
Inspection can give very important information on the present, real status (internal 
and external) of the metallic material of the pipeline.  
Sometimes, within the network, which can also be extended for many thousands of 
km, the inspection with Intelligent Pig is not feasible, unless very expensive works 
are previously done on the pipeline. Therefore, Specialised Surveys are very useful 
means to verify the “in situ” conditions of a pipeline. The traditional surveys have 
shown to be not particularly suitable for the detection of AC corrosion risk. 
The subject of AC corrosion on cathodically protected pipelines, even if already 
known before, arose in the world of corrosion engineers only in the 80ies of last 
century. Starting from the 90 ies the risk of AC interference due to electricity power 
lines has massively grown, because of the intensive use of very high electrical 
resistance coating of pipelines, but also due to the increasing number of 
parallelisms of electricity power lines and the development of high-speed trains, fed 
with alternating current. The risk of AC corrosion has been intensively investigated 
by the authors, through an in depth experimentation in properly designed pipelines 
and in the field; the tecniques to be used in order to assess the risk are deeply and 
extensively described.  
 
 
1 – The risk of AC Interference 

In 2001 Ceocor edited the booklet: AC CORROSION ON CATHODICALLY 
PROTECTED PIPELINES – Guidelines for risk assessment and mitigation 
measures (Ref. 1). The content of this booklet was the result of studies and results 
from the experiences of many European Gas Companies. The members who 
participated to produce the booklet were experienced specialised people who had 
been engaged in previous common working Groups within the GERG (Group 
European Research Gas). The most important European Gas Companies were 
involved in such Working Groups (e.g. BRITISH GAS, DISTRIGAS, ENAGAS, 
GASUNIE, GASTRA, GAZ DE FRANCE, SNAM, RHURGAS, etc.). 
The induced voltage of a High Voltage Electricity Line on a parallel pipeline depends 
on: 

- Coating Resistance of the pipeline; 
- Length of the parallelism between the High voltage line and the pipeline; 

- Reciprocal distance along the parallelism. 

A mere crossing between a pipeline and a High Voltage Electricity Line does not 
induce dangerous voltage on the pipeline. High Speed Trains who have been 
developed by many European Countries, are fed with AC Voltage and have usually 
a 3000 Volt DC line devoted to the railway all along it’s path. The return circuit of 
the current is represented by the rails themselves. In these cases, as the soil has 
sometimes a return path circuit having low/very low resistance, the current induced 
on the pipeline leaves the pipe metal, thus creating localised corrosions. 
On a NACE 2017 Conference Paper (see Ref. 2) devoted to this matter, a document 
has been edited whose title is:”ACVG or DCVG – Does It Matter? Absolutely It 
Does.”  
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The document quotes the following aspects:  
“Today ACVG is as popular if not more popular than the DCVG technique.  
DCVG has been touted as pinpointing indications, sizing of the indications and 
categorizing the anodic/cathodic condition of the indications.  
ACVG has been touted as pinpointing indications, ease of use and providing a 
relative severity of the indications”. 

We would like to highlight that quite all the world of CP Engineers usually, when 
talking about the ACVG method, refer to the use of low/very low frequencies, most 
of the times indicating the Pipeline Current Mapper as the unique device for 
performing such surveys. 

We have used such method in a very large scale (around 5.000 km of surveys on 
gas and oil pipelines) obtaining important, and very useful results. The Pipeline 
Current Mapper uses very Low frequencies, fundamentally 4 + 8 Hertz, plus an 
auxiliary frequence to detect the position and the depth of the pipeline (e.g. 98 to 
128 Hz). The use of such quite low frequencies makes this type of survey very 
similar to the use of DC, cathodic protection current, and this helps very much to 
understand the real conditions of the pipeline from the corrosion/cathodic protection 
points of view. 

Real field and experimental field experiences allows us to confirm that the most  
used Specialised Electrical Surveys are the following : 

 Pearson – AC conductive; 
 CIPS (Close Interval Potential Survey) – potential measurements; 
 DCVG (Direct Current Voltage Gradient) – DC conductive; 
 Electromagnetic Current Attenuation – AC inductive; 
 Extrapolation method – potential measurements 

 

But, the ACVG which we are talking about is: 

- ACVG Alternating Current Voltage Gradient – AC conductive 

This is an AC method, but should not be confused with the ECA (Electromagnetic 

Current Attenuation) which is also an AC method, but used fundamentally as an AC 

inductive method for localising the sections of a pipeline having a higher 

attenuation, then, by using an A frame, it is used for pinpointing the faults, but using 

it as if it was a DC current. 

 

2 – The ECA – Electromagnetic Current Attenuation Method – ACVG 

The Pipeline Current Mapper has been conceived specifically to detect from 

above ground the position and the depth of the pipeline, the current flowing in the  

pipe and it’s direction. In order to minimize erroneous responses, the PCM uses an 

AC signal that is close in frequency to DC. The frequency chosen for this system is 
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4 Hz.  A second frequency is necessary: it can be any locatable signal, however for 

maximum distance and strength, a low frequency must be used and on the PCM 

equipment it is in the range 98Hz to 128Hz. This signal is used to localize and 

measure the depth of the pipe. The PCM feeder is usually placed at the same 

position of the CP Stations. To determine Current Direction (CD) a third frequency, 

exactly double the main frequency, is added to the output. Now by looking at the 

received signal and comparing the relative phases of the 4 Hz. and 8 Hz. frequency 

components, the system can easily determine the current direction and use it to 

guide troubleshootings. The PCM method has demonstrated to be very effective in 

quickly measuring pipeline current flow and its direction and extremely useful to 

locate sections of poor coating (higher Attenuation), especially under concrete and 

pavement. 

Typicallly, the pipelines elected for such type of surveys (PCM) are older pipelines, 

often provided with bituminous coatings, where CP Stations works at high current 

output (generally low insulation coatings). 

As a rule, we use to perform these measurements every 500 m along the pipelines. 
Then, on the sections where the attenuation is higher than the Reference 
Attenuation Value (see Graph 1), we make the same measurements at smaller 
intervals (e.g. 50 m, then every 5 m), or use the Transverse Gradient Technique 
(DCVG) in order to precisely locate the faults on the coating. 

The following graph is the result of real measurements in the field over a pipeline 
whose length was about 7 km. As the graphs show, the frequency being very near 
to the normally applied DC current, a very precise localisation is obtained where the 
pipeline absorbs a higher quantity of C.P. current, thus discovering the worst 
coating conditions along the section under control. 

 

Fig. 1 –  Results of  Electromagnetic Current Attenuation Measurements   
 



5 / 11 

On the basis of many thousands of Km of surveys performed, we also defined the 
parameters shown in the following Table 1. The table indicates the typical 
Reference Attenuation Values expected for various types of coatings. Where these 
values are overcome, a more accurate survey must be performed to localise more 
precisely the faults in the coating. 

As we do not use FBE coatings, we were unable to establish a limit for such type 
of coating which is also frequently used for gas pipelines (e.g. in the U.K.). 

 

Table 1 -  Reference Attenuation Values for various types of coating 

A further development of this device also brougth to the SCM, Stray Current 
Mapper, based on the same frequencies and using smart interrupters and very 
sensitive magnetometers for measurements above ground. 
 
 
3 – The strategic approach to AC Corrosion 

We would like to highlight that some of the features that intelligent pig cannot detect, 
we were able to detect in the real field, thanks to the above quoted studies. 
Intelligent pigs may not discover just a few types of corrosion which can be 
restricted to the following: 
- Alternating current corrosion; 
- Stress corrosion cracking. 
While the subject of Stress Corrosion Cracking has been dealt with in other papers, 
we would like to enphasize in this paper the AC corrosion phenomenon. 
The following features characterize corrosions due to Alternating Current: 
-   Very small coating defects; 
-   Concentrated and very small lack of metal, at least in the initial phases; 
-   Cathodic protection is apparently working properly, with values within the limits  
 foreseen in the International standards (see Ref. 3, 4) 

 
AC corrosion is known as a phenomenon which happens in very specific conditions. 
The corrosion is initially limited to a very small portion of metal and the relevant 
signals detected by intelligent PIG are very small. Real field tests have 
demonstrated that in these cases, as the missing metallic material percentage of 
the total thickness is very small, intelligent pig cannot distinguish a real corrosion 
due to AC by the general noise which is usually and voluntarily not taken into 
consideration by the software elaborating the raw data of intelligent Pig sensors.  
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Where parallelisms exist between a High Voltage Electricity Line and a buried 
Pipeline, the following approach is recommended: 

 a – Localise existing parallelisms between Pipelines and High Voltage  
 Electricity Power Lines 

 b – Make measurements of the AC Induced voltage along the interested  
 pipeline sections (duration 24 h, usually at every Test Point); 

 c – Where the measurements show higher induced voltages, an accurate  
 ACVG Survey should be performed. 

The following Fig.2  shows the influence of the distance to the induced voltage on 
a pipeline parallel to a High Voltage Electricity Line (e.g. distance 20 or 100 m). 
 

 

Fig. 2 –  Influence of the distance between a pipeline and the outermost 
phase wire of a parallel routed High Voltage line on the induced 
voltage 

 

The Graph in Fig. 3 shows that for small diameters of coating holidays the current 
density is essentially constant. For larger holiday diameters, the current density 
decreases inversely proportional to the diameter of the holiday. It is proven that the 
AC current density increases as the area of the coating defect decreases. 
 

 

Fig. 3 – Calculated AC current density as a function of the holiday size 
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4 – The evolution of an AC corrosion in the bare metal – The results 

Due to its specific characteristics and the condition of insurgence, the process of 
AC corrosion starts in the small coating faults of an AC interfered pipeline. The 
evolution of the phenomenon is now quite well known and explained at par. 2 of the 
AC Corrosion Booklet (see Ref. 1).  

It is quite interesting to notice that the chemistry formed locally in a coating defect 
largely contributes to the variation of its spread resistance: in particular, the 
formation of lye solutions may determine a progressive increase of current densities 
(both DC and AC). The results with coupons having an area of 1 cm2 have shown 
that the spread resistance may increase by as much as 100 times or may decrease 
by as much as 60 times, depending on the composition of the soil. If alkaline cations 
will reach the phase boundary, the pH level may also strongly increase. 

The soil around the metal corrosion is usually a compact block rich of iron. 
- Progressive reduction of the Resistance, due to the formation of Hydroxides; 
- Reduction of the Polarisation Resistance (which is inversely proportional to the 

Corrosion Rate); 
- Concentration of the AC current on a smaller part of the metal exposed by the 

coating fault, with a higher current density usually in its centre; 
- Start of corrosion where the current density reaches values of 30 to 50 A/m2 

Due to the peculiarity of its process, it is possible to monitor the evolution of an AC 
corrosion on an interfered pipeline since its starting phase.  

When the metal of a coating fault is prone to AC Corrosion, the current density (then 
the Corrosion Rate) increases due to the formation of oxides which determine a 
very low path for AC current. A first survey may not evidence particular risk of AC 
corrosion, the following survey (e.g. after one month) starts showing some of the 
faults increasing their IR drops, when measured with AC devices.  

When, following the results of a survey, excavations are made, the following can be 
observed: 

 Typical bubble of compact, voluminous soil plus corrosion products under the 
(usually) small/very small coating defect; 

 Immediately after the removal of the corrosion products, pH values up to more 
than 12 can be measured; 

 The corrosion shape of a single pit is rounded, with a typical shape of a half 
sphere; 

 The corrosion pits are isolated from one another, even if many of them can be 
found in a single area (but isolated from each other) or on sections of some 
hundred metres, in the same area; 

 The corrosion product is usually a unique block mainly containing soil, magnetite 
and various iron oxides; 

 If a magnet is used, the corrosion products are attracted by it. 
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This was also evidenced during our studies in the real and on experimental fields 
specifically devoted to observe this phenomenon (see Ref. 5, 7). 

 

5 – Experimental Data 

5.1. – Measurements in the training field 

The training field was provided with some AC corrosion Coupons, which were fed 
by an AC Feeder (Max: 50V, 3A). The same section was also fed by a DC Feeder 
for its cathodic protection. 

 

Figure 4 – Training Field – Experimental Section with AC Corrosion Coupons 

 

            

Fig. 5 – Corrosion Coupons 

 

0

20

40

60

80

100

120

140

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

d
.c

. 
G

ra
d

ie
n

ts
 (

m
V

)

Distance (m)

DC Transverse Gradients (I = 1,6 A)

Von

Voff

Von-Voff



9 / 11 

Fig. 6 – DC Transverse Gradients 

 

Fig. 7 – AC Transverse Gradients 

 

The DCVG and ACVG measurements were performed over the same Section, 
provided with AC Coupons, by using the same current, 1,6 A DC  and 1,6 A AC. 
It was quite suprising to verify without any doubt that the IR drops measured with AC 
current was much greater than the ones measured with the same amount of DC 
current. The exact position of the coupons could much clearly be distinguished at m 
8, 11 and 14 where they have been installed, when using an AC signal at 50 Hz 
frequency.  
 

5.2. – Measurements in the real field 

 
The above said experiences have been validated in the real field. Along the pipeline 
«A» parallel to two different High Voltage Power Lines where AC (50Hz) and DC 
transverse gradient measurements have been performed. 
 

 

 

Fig. 8 – Pipeline interfered by multiple a.c. power lines 
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Fig. 9 –  Transverse Voltage Gradients along the pipeline interfered by AC 
 
As the IR drops are proportional to the current flow through the soil, it is quite evident 
that a certain amount of a.c. current is being discharged through the pipeline.  
The measurements have been performed at natural conditions: notice that the AC 
Gradients (due to the induced Voltage) are much higher than the DC Gradients, due 
to CP Current. Further excavations have shown corrosions due to AC in 
correspondence of 32 and 44 m. 
 
6 – Conclusions 
Since in the Transverse Gradient Technique the IR drops are proportional to the 
current flow in the soil, it is quite evident that a certain amount of AC current is being 
discharged through the pipeline.  It is also evident that there are coating faults in the 
area investigated. From the results of the Experimental Field and from the real field 
measurements, two main point of interest can be evidenced when the location of 
coating faults is performed over a pipeline by using an AC signal: 
• The response in terms of IR drops is much greater if compared to DC signals, 
 especially if AC corrosion is already taking place; 
• AC interfered pipelines where small coating faults could be affected by huge  

current densities, thus exposing them to AC corrosion, can be much easier  
localised. 

The main advantages of this method are: 
•  clearer identification of coating faults; 
•  identification of possible corrosion conditions before any problems occur. 
When a pipeline is influenced by AC (High speed Trains or High Voltage Electricity 
Lines), we consider a good rule to perform periodical ACVG measurements (50 Hz) 
by using the Transverse Gradient Method over the most influenced Sections. Possible 
variation of the results over time could give useful indication on the corrosion 
conditions of the pipeline due to AC interference. 
The localisation, excavation and repair of smaller corrosions due to AC phenomenon 
must necessarily be followed by permanent remedial measures to reduce the 
interfering voltage and discharge the AC induced current to the soil. 
This usually includes the installation of proper groundings, AC discharge devices and 
their follow up during the lifetime of the pipeline. Such remedial measures are well 
described in the Ceocor Booklet on AC corrosion (Ref. 1) which can still be considered 
a valid guideline. The recommended measures described in the most recent ISO or 
CEN Standards should be applied. 
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