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ABSTRACT 

 
Underground coated structures such as pipelines, transmission towers & poles, galvanized guy anchors, tanks 
and coated galvanized anchors are aging and are at risk of corrosion failure due to coating shielding cathodic 
protection, localized corrosion and stress corrosion cracking. Those tasked with maintaining these structures 
require an in-depth understanding of the locations where these aging pipelines are at risk of localized corrosion 
due to cathodic protection shielding. Corrosion failures in aging pipelines are either sudden catastrophic 
ruptures or gradual leaks due to localized corrosion.  Corrosion failures in transmission structures or 
galvanized anchors are also at risk of loss in thickness and catastrophic ruptures. Major factors associated with 
these corrosion areas are coating dis-bondment, blistering/delamination, the presence of moisture, corrosive 
soils, inadequate cathodic protection and cathodic protection shielding. These areas have a much higher 
statistical probability of catastrophic failure and rupture. In pipelines, most of the time initiation of stress 
corrosion cracking (SCC) and pitting corrosion are detected by coincidence in excavation and digs and is not 
targeted or predicted by analysis of corrosion performance parameters. Internal or In-line inspection (ILI) tools 
have limited capability for detecting or identifying stress corrosion cracking and pitting corrosion initiation. Here 
we would like to elaborate on corrosion risk associated with coatings that shield cathodic protection.      
 
Key words: cathodic protection shielding by coatings, stress corrosion cracking (SCC); pitting corrosion; 
corrosion risk assessment; soil resistivity; soil corrosivity mapping; coating dis-bondment; cathodic protection. 
 
 

INTRODUCTION 
 
What is cathodic protection shielding?  
  
Definition: cathodic protection shielding is defined as preventing or diverting the cathodic protection current 
from its intended path. Figures 1 – 7 show the behavior of the “shielding” and so called “non-shielding” 
coatings.  
 
From NACE SP0169-2013  
 
Nonshielding Coating System: A coating system with a failure mode (loss of adhesion, etc.) that does not 
prevent distribution of cathodic protection current to the metal substrate. 
 
Shielding Coting System: (1) Protecting; protective cover against mechanical damage; (2) preventing or 
diverting cathodic protection current from its natural path.  
 
There are over 2.9 million miles of pipe lines many of them aging coated pipelines transporting natural gas, oil, 
and hazardous liquid in the United States. Close to 50 percent of gas transmission and gathering pipe lines 
were constructed in the 1950’s and 1960’s, over fifty years old. Barrier protective coatings and cathodic 
protection (CP) have been used to prevent corrosion.  There are 20 million transmission and distribution, over 
20% with barrier coating. However, dis-bondment tape or coating in conjunction with cathodic protection 
shielding can result in less than adequate protection, no protection, pitting and or stress corrosion cracking in 
corrosive soils.   

Ruschau and Digulio1 noted that cathodic protection shielding is defined by NACE SP0169 as “preventing or 
diverting the cathodic protection current from its intended path.”2  Based on this definition, the function of a 
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coating is to separate or isolate a pipe surface from surrounding electrolyte environment, so that cathodic 
protection is shielded inherently.  Also, this implies properly designed coatings, as strong dielectrics, should 
shield cathodic protection.  Thus it is not clear or obvious what is meant by the phrase non-shielding coating.  
Risk for corrosion exists at locations both the coating disbonds electrolyte is capable of entering between the 
pipe surface and the coating.  The primary issues then is not whether the standalone coating is an insulator; 
rather whether the coating has a tendency to disbond so that cathodic protection shielding occurs.  The 
consequences of this may be general corrosion due to local groundwater, or stress corrosion cracking, which 
takes years to initiate but then occurs by a rapid failure mechanism. 
 
Almost all coatings will disbond to a certain extent in service as a result of aging and other issues discussed 
later. Some coatings show a tendency to fail in a manner that makes them more susceptible to cathodic 
protection shielding.  Coating types range the spectrum from extreme non-shielding to extreme shielding.  
Fusion bonded epoxy (FBE), which usually fail by blistering, are considered extreme non-shielding, while solid 
film polyethylene tape wraps and shrink sleeves are extreme shielding. Bituminous enamels can fail in multiple 
ways which lead to either non-shielding or shielding conditions.  Two-layer extruded polyethylene can disbond 
from soil stresses and form shielding conditions, but it is less common than with tape wraps and shrink 
sleeves.  Liquid epoxies usually fail by cracking and polyurethanes fail by blistering similar to FBE, tend to be 
non-shielding unless the coating is applied too thick. Three-layer polyolefins fail by mechanical damage and 
disbondment, but disbondment is uncommon. Geotextile-backed tapes are composed of various compounds 
topped with woven-mesh backing which allow cathodic protection through tape overlaps only if disbondments 
occur.  
 
 

LITERATURE REVIEW 
 
The available technical literature dating back to the year 2000 was reviewed for the subjects of cathodic 
protection shielding, and cathodic protection shielding versus so called non-shielding coatings.  A summary of 
the literature follows. 
 
Cathodic Protection Shielding 
 
Perdomo and Song3 employed a polyvinyl chloride cell to model previously disbonded regions of a tape-
coated, buried steel pipeline under impressed current cathodic protection. The experimental cell was used to 
investigate the impact of applied cathodic potential, solution resistivity, gap thickness and holiday size of the 
disbonded region.  The primary effect of cathodic protection was found to be the modification of the ground 
water solution in contact with the steel, rather than the explanation that the steel is polarized to a corrosion 
immunity condition by the applied potential.  Effective cathodic protection is the result of the consumption of 
oxygen in the water and an increase in alkalinity.  Thus, corrosion protection is achieved in the shielded area 
by the chemical modification taking place, and it is not necessary for cathodic protection current to flow directly 
into the disbonded region.  The authors found corrosion mitigating conditions at a crevice potential of -1.08 
volts versus a standard calomel electrode and at more negative potentials. The solution resistivity was not 
found to have an effect on the environment. Also, thinner crevices show a faster increase in pH than thicker 
ones. Finally, holiday size is related to the amount of current required to establish a given potential, which in 
turns affects the pH obtained. 
 
Yan, Wang, Han, and Ke4 constructed a combination microelectrode based on an iridium pH microelectrode 
and a silver – silver chloride microelectrode, and they applied this combination microelectrode to 
simultaneously monitor steel potential, pH, and chloride ion concentration in a crevice which simulated 
disbonding of pipeline coating under conditions of cathodic protection applied or removed.  The authors 
described the sensing characteristics and sensitivity of the combination microelectrode, as well as the 
calibration procedures.  The simulated crevice was formed between a pipeline steel surface and a 
polymethylmethacrylate plate.  Under cathodic protection, the potential gradient existed primarily at the 
opening. The local current at the tip of the crevice was approximately five percent of that at the opening in the 
steady state.  Applied cathodic protection improved the local environment under disbonded coatings.  These 
were an increase in pH and a decrease in chloride ion concentration, which was beneficial for corrosion 
mitigation.  Under some conditions, the passivation of pipeline under the disbonded coating was promoted.  
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The local environment was maintained for a relatively long time after cathodic protection was removed owing to 
the restrained geometry of the crevice. 
 
Yan, Wang, Han, and Ke5 continued studies using the combination microelectrode technique.  The authors 
investigated the local potential and pH in a crevice simulating disbonding coating on X70 pipeline steel as a 
function of cathodic protection in near neutral pH soil bulk solution which was bubbled with five percent carbon 
dioxide – nitrogen gas.  Experimental potential – pH diagrams were determined for the steel in the crevice, and 
susceptibility to stress corrosion cracking of the steel in the crevice local environment was analyzed based on 
the experimental potential – pH diagrams.  The authors’ results indicated that the steel in the local crevice 
environment was independent of the cathodic protection potential applied at the opening.  Because of the 
effect of the carbon dioxide, a near-neutral pH local crevice environment near-neutral pH stress corrosion 
cracking, or transgranular stress corrosion cracking, might occur even with normal cathodic protection at the 
opening.  With interruption of cathodic protection, the steel potential decay and carbon dioxide absorption, with 
pH decrease, may shift the potential – pH points into a susceptibility region of near-neutral pH stress corrosion 
cracking.    
 
Varela, Tan, Forsyth, Hinton, and Bonar6 conduct a review of techniques for monitoring of cathodic shielding 
and corrosion under disbonded coatings.  In the case of external corrosion, the direct assessment and 
hydrostatic testing of the pipe are the most reliable inspection techniques. The costs of executing both of these 
operations are significant and require to be carefully targeted to the most problematic areas.  One of the 
indirect assessment methods to target section for direct assessment is pigging. Smart pigs are cylindrical Non 
Destructive Testing (NDT) tools that are inserted in the pipe and inspect it while being carried by the fluid flow. 
Many different NDT technologies are used for different particular cases, including magnetic flux leakage, 
ultrasound, eddy current, elastic waves, and electromagnetic acoustic transducers.  Other indirect assessment 
methods are the potential surveys such as the Close Interval Potential Surveys (CIPS) or the Direct Current 
Voltage Gradient (DCVG) surveys.  Steel coupons (IR Coupons) buried next to the pipe and electrically 
connected to it are also used to assess the operation of the cathodic protection system.  The search for 
alternative monitoring approaches, other than inspection of the actual pipe, has been on-going for the last 30 
years.  Electrical Resistance (ER) probes monitor the electrical resistance between the ends of an elongated 
coupon of constant cross-section subjected to the corrosive environment. 
 
Fingas7 presented a discussion of the cathodic shield effects of in-trench pipeline supports.  He noted that 
when installing pipelines in rocky areas, additional mechanical safeguards may be necessary to protect the 
coating. These safeguards may take the form of intermittent supports which elevate the pipeline off the trench 
bottom. As such supports are non-metallic and are installed directly against the pipeline coating, the pipeline at 
the location of the supports may be shielded from cathodic protection current.  The author investigated and 
compared the cathodic shielding effects of two such supports, a plastic pipeline support and a standard spray-
in polyurethane foam support, are investigated and compared. Coating defects were simulated with coupons 
installed under both supports on the surface of a fusion bonded epoxy coated NPS24 pipe section, with an 
additional coupon installed to act as a control. The pipe, coupons and supports were immersed in a tap water 
electrolyte until stable corrosion potentials were reached. Cathodic protection, supplied by a magnesium 
anode, was applied until the system reached a steady-state. At suitable intervals, the cathodic protection 
current for each coupon was measured independently and the cathodic protection current density was 
calculated. In addition, coupon instant-off potentials were measured in order to assess the polarization 
characteristics of each coupon. The current density and potential results were compared to one another to 
assess the relative cathodic shielding effects. 
 
Kuang and Cheng8 investigated the effect of alternating current (AC) interference on coating disbondment and 
cathodic protection shielding on pipelines.  It has been found that the AC interference enhances coating 
disbondment from the steel substrate due to alkalization by an enhanced cathodic reduction reaction, resulting 
in the generation of hydroxyl ions.  Both in the absence and presence of AC, cathodic protection can be 
shielded by the geometry of coating disbondment.  At low AC current densities on the order of 100 amps per 
square meter, the AC enhanced corrosion generates ferrous and hydroxyl ions, thus improving the conductivity 
of solution trapped under the disbonded coating.  This leads to enhancement of cathodic protection current into 
the crevice.  As the AC current density is increased to higher levels, generation and deposition of corrosion 
product into the solution occurs, blocking ionic diffusion and cathodic protection permeation.  At a current 
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density of 500 amps per square meter, cathodic protection protection is completely blocked from reaching the 
disbonding crevice.  Here, it is important to note that under high AC current densities, cathodic protection can 
be completely shielded from reaching the coating disbondment. 
 
Latino, Varela, Tan, and Forsyth9 published an overview of cathodic shielding caused by disbonded coatings.  
This subject has gained significant attention in the pipeline industry. Corrosion problems such as stress 
corrosion cracking (SCC), pitting or crevice corrosion, as well as microbial induced corrosion (MIC) have been 
reported to be associated with the coatings’ shielding effect.  Due to a lack of solid evidence, there is no 
general agreement regarding the shielding behavior of coatings.  Pipeline coatings have been frequently 
classified as per CP shielding or non-shielding, based upon field observations of corrosion features and the in-
situ checking of pH beneath the coating.  The lack of solid evidence is due fact that no standard techniques 
exist to quantify the phenomenon.  The authors discussed the five major factors reported in the literature 
affecting the cathodic shielding and corrosion under disbonded coating.  These factors are: (1) the pH 
increment at the interface of the coating/steel under a disbonded coating; (2) the geometry of the disbondment; 
(3) the electrolytic resistance of the coating; (4) CP currents and chemical species permeation through the 
coating, and, (5) the true polarisation potential achieved by the metal under disbondment. 
 
Tan, Varela, Huo, Mahdavi, Forsyth, and Hinton10 presented an overview of several new methods they 
developed to overcome major technical difficulties in monitoring and evaluating buried pipeline corrosion and 
coating failures, which occur under complex environmental conditions.  The authors used the advantages of 
high temporal and spatial resolution of an electrochemically integrated multi-electrode array and developed 
sensors for probing localized electrode processes evolving and propagating dynamically on pipeline steel 
surfaces under conditions of cathodic shielding, anodic transients, and coating disbondment.  Sensors 
designed using the electrochemically integrated multi-electrode array have been successfully employed for 
three specific purposes: (1) monitoring localised corrosion under the dynamically changing electrochemical 
environment under a simulated coating disbondment; (2) visualising passivity and its breakdown and localised 
corrosion under the effect of dynamic anodic transients; and (3) detecting coating disbondment under 
excessive cathodic protection conditions by measuring local electrochemical impedance.    
 
 
Cathodic Protection Shielding Versus Non-Shielding Coatings 
 
Norsworthy11,12,13 has done extensive work on the subject of cathodic protection shielding by coatings and 
considered numerous field and laboratory case histories of shielding versus non-shielding pipeline coatings.  
When disbondment or blistering occurs, most coating types divert current from its intended path.  With these 
coatings, cathodic protection current cannot adequately protect the external pipe surfaces.  Such coatings are 
called shielding pipeline coatings.  The primary recent cases of pipeline corrosion due to shielding coatings 
have resulted from the application of polymeric tapes or shrink sleeves to welds, joints, and flanges.  However, 
there are certain types of pipeline coatings that allow the cathodic protection current to effectively protect the 
pipe from corrosion if disbondment occurs and water penetrates between the coating and the pipe.  These are 
called non-shielding pipeline coatings.  The most prevalent non-shielding pipeline coating, which has been 
installed on many pipelines, is Fusion Bonded Epoxy (FBE) coating.  FBE has been used for over forty years 
with numerous failures but it has been very rare to encounter corrosion or stress corrosion cracking (SCC).  
The electrical resistance of FBE coating is low enough to allow cathodic protection to prevent corrosion on the 
pipe with dis-bonded or blistering coating.  However, there are cases when shielding is caused from other 
structures or to DC or AC interferences from other sources, which result in corrosion that cannot be controlled 
by pipeline cathodic protection or coating systems.   
 
Mamish14 provided a detailed description of a three layered polyethylene (PE) tape coating system for pipeline 
corrosion protection, including the system’s composition, performance, benefits, and application methods.  The 
three layers of the tape system components consist of a primer applied directly to the pipe surface, an inner-
wrap tape layer that provides a corrosion barrier and an outer-wrap tape layer that provides mechanical 
protection.  The primer is composed primarily of butyl rubber with tackifiers, stress corrosion inhibitors and 
other additives facilitating good adhesion to the pipe surface.  The inner and outer wrap layers backings are 
primarily composed of polyethylene, and is formulated to the demands of the coating for a specific application 
on pipe, or for a specific application as a coating.  The adhesive in both tape layers are elastomeric based and 
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are predominantly butyl rubber with additives including tackifier, oil, filler, antioxidant, biocide and a colorant.  
The expectation that the system is required to perform at and long term in-ground performance, 30+ years, are 
quite demanding. Thus, design parameters, functionality long term heat aging and in-ground testing and 
exposure to the most corrosive soil environment is the first critical stage of development of such a product. 
 
Buchanan15 analyzed recent studies of pipeline coatings and their properties.  Coating types included thick film 
coatings such as HPCC polyethylene coating, polyethylene heat shrink sleeves, and butyl mastic fiber mesh 
tapes.  These were compared to the standard thin film pipeline coating used in the United States today, fusion 
bonded epoxy (FBE).  The only coating where a significant change in resistivity was noted was FBE. When 
dry, the coating is a good electrical insulator and when wet, the epoxy became semi-conductive.  This is 
considered by some as a desirable attribute assuming that the cathodic protection system will be perfectly 
effective.  However, the electrolytic conductivity of the FBE coating is still very low, making it questionable if it 
is enough to polarize the underlying disbonded coating to the protection level required.  In concluding, the 
author stated that the question of what cathodic shield is or is not is difficult.  Good pipeline coating systems 
have the potential to shield the cathodic protection system, because coatings must be good insulators with 
high dielectric strength and should not allow current to pass through or along a path of absorbed electrolyte.  
Coatings are designed to bond to the steel and, therefore, shielding should not be a major consideration, 
adhesion and installation quality should be. 
 
 

COATING DISBONDMENT AND CATHODIC PROTECTION SHIELDING 
 
Corrosion failure and rupture of aging pipelines poses a significant risk to the operators such as public safety in 
populated areas, environmental damage and halt in transport of products.  
 
So how can we know what’s cooking down there?  Down there being the aging coated pipes and assets which 
are located in corrosive soils exhibiting disbondment and delamination of the coating with little or no protection 
because of poor CP design or shielding (Figure 8). Murphy’s famous law states that “left to themselves, things 
will always go from bad to worse.” This is a true statement for pipelines with disbonded coatings in corrosive 
soils under cathodic protection.  The underground structure will become increasingly unstable and accelerated 
corrosion may take place even though cathodic protection is active and adequate on the pipeline.  In last three 
cases of gas line explosions we performed failure analysis during last year two were due to coatings/solid 
backed tapes that shield cathodic protection. This is indeed true showing that the past is not an indication of 
the future for aging structures exhibiting coating disbondment.   
 
A well thought out corrosion risk assessment process enables asset owners and integrity engineers to carry 
out effective risk management by providing specific actions/tasks that can reduce the risk. It is generally not 
practical to completely remove all risks due to feasibility, time, and cost. The intention is to minimize risk to the 
lowest practical level such that no unacceptable risks remain.   
 
The development of pipeline integrity assessment methods and criteria for determining unacceptable risk is of 
great importance in preventing corrosion failure, SCC, rupture and explosion. Corrosion risk assessment of 
aging pipes must rely on a variety of tools and techniques to determine existing condition and to measure the 
probability and consequences of all the potential corrosion related hazards. In addition to the age of the pipe, 
the design as well as in-service utilization must be accounted for. Coatings that shield cathodic protection are 
considered non-acceptable risks in corrosive soils. As a starting point, an overview of the coatings and failure 
mechanisms is presented followed by field and laboratory investigation of coatings and shielding issue.  
 
Primary Forms of Corrosion attack in Corrosive Soils and Corrosive Water Tables 
 
The two main forms of corrosion that have been observed are pitting (localized) pitting corrosion and stress 
corrosion cracking.  Both pitting corrosion and stress corrosion cracking are localized in nature and occur when 
corrosive ions are exposed to the steel surface under delaminated coating or at coating defects.  
 
Pitting corrosion is a type of corrosion that is confined to small area (Figure 9). Active pitting corrosion is 
considered structural corrosion when the corrosion penetrates the steel. Pitting corrosion can be initiated due 
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to presence of corrosive ions under a disbonded coating that acts as a shield to cathodic protection. 
 
Stress corrosion cracking (SCC) is a form of corrosion cracking that is associated with near-neutral pH or high 
pH.  For near-neutral pH stress corrosion cracking, the electrolyte contains a dilute solution of carbon dioxide 
and bicarbonate ions with a pH between 6 and 7. This type of corrosion cracking is associated with limited 
branch transgranular cracking and the crack walls contain corrosion products. Figure 10 exhibits the fracture 
surface and branched cracking in a ruptured pipe. High pH SCC is caused by a solution of carbonate ions with 
pH between 9 and 10.5 exhibiting intergranular cracking with limited branching. Stress corrosion cracking can 
initiate under disbonded coatings that may shield cathodic protection.  
 
It should be noted that external SCC has rarely been observed in the case of mill applied coatings such as 
FBE (fusion bonded epoxy), most likely due to non-shielding properties of FBE coatings.  On the other hand, 
SCC and pitting corrosion have been observed under coatings such as solid film backed tapes, shrink sleeves, 
coal tar and other such disbonded coating types, as well as other items that act as a shield to cathodic 
protection.  
 
Coatings as Corrosion Control 
 
One of the oldest means of corrosion protection is to coat the substrate with a polymeric material.  An organic 
coating can protect a metal substrate by serving as a barrier for the corrosive reactants: water, oxygen, and 
corrosive ions. 
 
There are a number of different types of coatings that have been used specifically to provide corrosion 
protection for buried or submerged metal structures, including coal tar based coatings, polyolefins, shrink 
sleeves, wax-based coatings, asphalt, urethanes and urethane-blends, epoxy phenolics, polyureas, esters, 
and fusion based epoxy coatings. These coatings are used for corrosion control but they also age and exhibit 
disbondment as they age if surface contamination is present.  Underground coatings are applied much thicker 
than above ground coatings as they must be able to withstand an underground environment.  In order for a 
coating to operate safely for the intended life of the underground structure it is important to choose the right 
coating for the soil environment, not to exceed the operating requirements for the coating, and ensure proper 
installation and handling of the coated structure.  When the pipe or lattice is to be buried, soil stress is the most 
critical factor. Coatings with little or no elongation but good adhesion to the steel pipe are less 
susceptible to soil stress. Service temperature is also a critical criterion.  The maximum and minimum 
temperatures must be considered compared to the thermoset temperature and the glass transition temperature 
of the coating in question.  Simply put, coatings that perform well at very high temperatures (thermosets) will 
probably not function well at very low temperatures. Similarly, coatings that perform well at very cold conditions 
such as rubbers will not function well at very high temperatures. At temperatures greater than 65o C, rubber 
adhesives can flow and causing a lack of corrosion protection because water can penetrate into the voids and 
spaces of the flowing adhesive. 

For a coating to be effective, it should have the following properties: 

• Excellent bond strength to ensure continuous and permanent contact with the metal structure 
• Limited water absorption in order to maintain the dielectric strength and physical properties of the 

coating and prevent interfacial contamination,  dis-bondment and cathodic protection shielding. 
• Good physical strength to avoid damage to the coating during shipping, installation and soil stress. 

 
Failure Mechanisms 
 
Coated pipelines degrade and fail for a variety of reasons.  These can be categorized as either environmental 
(moisture and/or oxygen transmission through the coating) or coating application effects such as surface 
preparation and coating thickness. This can be exacerbated by complimentary corrosion protection processes.  
 
Cathodic protection can introduce other problems for the coating. For instance, H+, OH-, and other 
electrochemical reactants caused by cathodic protection at the cathode may cause blistering or cathodic 
delamination of the coating in presence of water soluble surface contamination, resulting in loss of adhesion 
between the metal and coating and eventual exposure of the metal surface to the environment (Figure 11). 
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Hydroxyl ions (OH-) are one of the most aggressive chemical species and nearly all organic binders and oxides 
are capable of reacting with them.   
 
Cathodic Delamination and Increase in pH in Blister 
 
Many times coated pipes are subjected to mechanical damage, stress, scratches and dents due to 
transportation and installation damage. One undesirable consequence of cathodic protection of a coated 
structure is that the coating adjoining a defect may separate from the substrate pipe surface under certain 
conditions.  This loss of adhesion is known as cathodic disbondment. This type of failure may also occur in the 
absence of an applied potential due to corrosion processes along the surface of the pipe.  Hence, this process 
may lead to disbondment of the coating in cathodic regions near actively corroding areas. 

As coated steel parts are subjected to disruptions in the coating, these areas are being protected from 
corrosion through an applied cathodic potential.  The downside is that the cathodic reaction that occurs in the 
area in the presence of oxygen will produce hydroxyl ions, as indicated below. 

H2O + ½ O2 + 2e–  à  2OH–                                                     (1) 

The production of hydroxyl ions can have a destructive effect on the organic coating/substrate bond.  The 
strong alkaline environment will attack the polymer at the interface.  This alkaline solution essentially cleans 
the coating off the surface of the metal in much the same way that alkaline solutions are routinely used to clean 
oil films from a metal surface. 
 
After one blister has been observed, or a few blisters formed, the condition advances to general dis-bondment 
in that area.  At this stage, the larger delamination of the coating occurs, resulting in exposure of the steel to 
the environment under the disbonded coating that may acts as shield to cathodic protection.  The coating no 
longer protects the steel and corrosion proceeds unchecked if the cathodic current is no longer sufficient to 
suppress corrosion over this newly created exposed surface area. At this point, corrosion proceeds at a rapid 
and aggressive rate causing considerable structural corrosion in a rather short time in the presence of 
corrosive ions in the soil and water table. 
 
Corrosion Assessment and Structural Integrity of an Aging Pipeline    
 
The methods available to assess the structural integrity of a pipeline per Code of Federal Regulations (CFR) 
192 (gas)16 and CFR 195 (liquid)17 are: 
  

• In-line inspection (ILI)  
• Hydrostatic testing  
• Direct assessment (DA) per NACE International Standard Practice SP0204-201518 

 
Direct assessment relies on the focused examination of the pipeline at pre-selected locations to evaluate a 
pipeline for external corrosion, internal corrosion, or stress corrosion cracking risks.  
 
Besides an ILI inspection analysis of the line, the internal and external environments of the line must be 
considered to arrive at the possible factors that may cause the pipe to fail due to corrosion.   

In order to fully understand the corrosion risk for an aging pipeline, it is best to establish a basis for estimating 
the probability of corrosion for the pipe surface in contact with soil.  However, the probability of corrosion is not 
only governed by the corrosiveness of the soil and the properties of the coated pipe, coatings that shield 
cathodic protection but also by designing terrain and topography, and by external electrochemical effects such 
as stray currents, AC interference, etc. Since these parameters cannot always be described with accuracy, the 
likely corrosion behavior can only be estimated.  
 
NACE SP0204-2015 recommends a process for assessing the extent of stress corrosion cracking on a section 
of buried pipeline that the asset owner has identified as an area of interest based on risk assessment.  
 
Inspection Techniques and Confidence Level 
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The methods for determining corrosion risk include knowledge-based assessments bringing together materials 
science, electrochemical, soil and corrosion science as well as an understanding of how the pipeline is 
designed, built and assembled.  The key techniques involved are geared towards quantitatively determining 
the soil and physical environment characteristics in order to carry out a qualitative multi-factor risk based 
assessment of corrosion risk.  The following activities are recommended: 
 

• Assessment of the soil service environment to rate corrosivity 
• Electrochemical potential values and soil resistivities to predict corrosion profile at lower depths 
• Coating assessment (type is critical) of the buried pipeline including cathodic protection shielding 

 
In risk assessment, these test results should be taken into consideration along with pipe age, location and 
importance.  Each segment is then assigned a corrosion risk rating or condition assessment value.  This rating 
along with other assessment methods are used to recommend appropriate remediation and mitigation 
procedures.  Special attention should be given to soil chemistry for stress corrosion cracking assessment.  
Depending on the method of evaluation, a level of confidence can be assigned to indicate the ability of that 
procedure to produce reliable corrosion risk data.   
 
Soil Testing and Soil Sampling  
 
Soil testing and sampling can be conducted by testing parameters in the soil corrosivity equation, namely 
resistivity and electrochemical potentials of the soil. The resistivity measurements will express the capacity of 
the soil to act as an electrolyte and the electrochemical potential measurements and CIS will express the soil’s 
corrosion activity, or how active it is towards an oxidative/reductive corrosion reaction. Corrosion rate 
measurements provide estimates of maximum thickness loss and life or remaining life under worst possible 
condition when cathodic protection is not active.   
 
Assigning Soil Corrosivity Values 
 
The soil around each segment of pipe is assigned a soil corrosivity rating based on a number of parameters 
including soil resistivity, pH, chlorides, carbonates and bicarbonates, sulfates, MIC (Microbiologically Induced 
Corrosion) and electrochemical polarization. We have developed an algorithm to rate the corrosivity as it 
relates to buried structures.  
 
Data Collection, Sorting and Analysis 
 
Collection of data and analysis should be given special attention as it is directly related to the quality of the 
assessment and subsequent analysis.  It is not recommended that paper forms be used.  A computerized 
platform with data capture, storage and analysis is preferred.  We have worked with several clients and 
software developers to achieve this goal and there is a lot of promise in this field.  In general, the computer 
platforms designed should have the following attributes: 
 

• Mobile device compatibility 
• GIS capable 
• Multi-platform and multi-format capability 
• Ease of data entry user interface is key  
• Live data validation  
• Live risk analysis based on risk algorithms  
• Data management strategy & administration  

 
 

 
 
 

CASE STUDY:  EIS EVALUATION OF COATINGS FOR SHIELDING CATHODIC PROTECTION 
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Viscous amorphous, a-polar solid polyolefin coating in both tape/wrap form and in paste form, along with a 
control PVC tape coating were considered to test and confirm whether the coating is a non-shielding coating.  
Electrochemical impedance spectroscopy (EIS) testing was completed to check whether the coating is a non-
shielding coating. The experiment was performed to study the behavior of impedance (ǀZǀ or Zmod) at frequency 
ranges (f) from 100 mHz to 100 kHz. Graphs of ǀZǀ as a function of f known as “Bode plots” were recorded. 
 
Experimental Procedure 
 
Four probe potentiostat / galvanostat units were used for EIS. A three (3) electrode arrangement was used with 
the test cell as shown in Figure 12. As shown in Figure 12, the carbon steel (CS) test coupon is the working 
electrode, the carbon rod is the counter electrode and the calomel electrode is the reference electrode. 
Distilled water with 5% sodium chloride (NaCl) was used as the electrolyte. The CS test coupons coated with 
polyolefin tape/wrap, polyolefin paste and PVC tape were exposed to the electrolyte and the ǀZǀ or Zmod values 
were recorded for the scanning frequency ranges from 100 mHz to 100 kHz. Bode plots shows how ǀZǀ and f 
are related in time, since they are both time-varying. 
 
In order to predict the effects of coating disbondment of the PVC tape, polyolefin tape/wrap and  polyolefin 
paste on the corrosion protection of the CS test coupon, dents were created in the CS test coupons and these 
dents were filled with the electrolyte. The test coupons were then coated with the PVC tape, polyolefin 
tape/wrap and polyolefin paste on the respective test coupons.  The test coupons were exposed to electrolyte 
and the condition of the exposed area of the CS test coupons was examined after 33 days, 41 days, and 54 
days; and EIS data was recorded. 
 
Discussion 
 
Figures 13 – 18 show the performance of the each of the coatings established by electrochemical impedance.  
 
PVC tape, Figures 13 and 14, shows that ǀZǀ or Zmod at lower frequency remained same even after 54 days of 
exposure to sea salt. In other words, there is no apparent decrease in ǀZǀ at low frequencies i.e., the Bode 
plots showed a characteristic with one time-constant and the value of |Z|100m Hz was >109 Ω, indicating the 
PVC tape has not allowed the permeation of the electrolyte. PVC tape with disbondment has also showed 
similar trend suggesting that PVC tape does not allow permeation of the electrolyte in case the coating 
disbonds from the structure. This particular observation suggests that PVC is a water impermeable coating 
and might promote CP shielding by not allowing ionic conductivity in case of coating disbondment. 
 
EIS spectrum (Figure 15) of the CS test coupon with polyolefin tape/wrap exposed to electrolyte for 54 days 
showed similar characteristics observed in PVC tape i.e., polyolefin tape/wrap coating has not allowed the 
permeation of the electrolyte. However, the EIS spectrum (Figure 16) of the CS test coupon with disbonded 
polyolefin tape/wrap coating exposed to electrolyte for 54 days has showed significant drop in ǀZǀ at low 
frequencies. Two time-constants were noticed in the Bode plots of polyolefin tape/wrap coating with 
disbondment suggesting that the polyolefin tape/wrap coating allows permeation of the electrolyte in case the 
coating disbonds from the structure. 
 
The EIS spectrum (Figure 17) of the CS test coupon with polyolefin paste exposed to electrolyte for 54 days 
showed characteristics observed in polyolefin tape/wrap coating. However, the EIS spectrum (Figure 18) of CS 
test coupon with disbonded polyolefin paste coating exposed to electrolyte for 54 days has showed partial drop 
in ǀZǀ at low frequencies suggesting that the polyolefin paste coating allows permeation of the electrolyte in 
case if the coating disbonds from the structure.  
 
Additional testing was performed to determine whether the considered coatings are shielding or permeating CP 
currents.  
 
Test scenario 1: Ø 5.98 mm dent was created in the test coupon and the dent was filled with the electrolyte 
and then coating was applied. Coating disbondment was created at the region of dents on the test coupons. 
Then, a glass tube was centered over the coating disbondment and clamped to the test coupon. 
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Test scenario 2: Coating was applied on the test coupons and then Ø 2.40 mm intentional holidays were made 
in the coatings. Then, a glass tube was centered over the intentional holiday and clamped to the test coupon. 
 
Results of Test Scenario 1 
 
The glass tube placed on PVC tape coated CS test coupon was filled with the electrolyte. Magnesium anode 
was placed in the glass tube and connection was provided between the anode and the CS test coupon. Similar 
set-up was made with polyolefin wrap coated CS test coupon and polyolefin paste coated CS test coupon.  
 
PVC tape coated CS test coupon was exposed to electrolyte for 21 days. Figure 19 shows the surface 
condition of the CS test coupon exposed to electrolyte in the presence of CP current for 21 days. Corrosion 
was clearly evident at the region considered for the test which indicates that PVC tape is shielding CP current 
and not allowing it to permeate through the PVC tape coating.  

 
Polyolefin wrap coated CS test coupon and Polyolefin paste coated CS test coupon were exposed to 
electrolyte for 21 days. Figure 20 shows the surface condition of the Polyolefin wrap coated CS test coupon 
and Figure 21 shows the surface condition of the PPolyolefin paste coated CS test coupon exposed to 
electrolyte in the presence of CP current for 21 days. No evidence of corrosion was observed at the region 
considered for the test which indicates that both polyolefin wrap and polyolefin paste are allowing CP current to 
permeate through the polyolefin wrap and polyolefin paste coatings.  

 
Results of Test Scenario 2 
 
Polyolefin wrap coated CS test coupon with holidays in the coating (Figure 22) and Polyolefin paste coated CS 
test coupon with holidays in the coating (Figure 24) were exposed to electrolyte for 7 days. Figure 23 shows 
the surface condition of the Polyolefin wrap coated CS test coupon and Figure 25 shows the surface condition 
of the Polyolefin paste coated CS test coupon exposed to electrolyte in the presence of CP current for 7 days. 
No evidence of corrosion was observed at the holidays. Moreover, the regions remote from holidays and 
exposed to electrolyte also did not show any indication of corrosion which indicates that both polyolefin wrap 
and polyolefin paste are non-shielding coatings.   

 
PVC tape coated CS test coupon with holidays in the coating was exposed to electrolyte for 7 days. Figure 26 
shows the surface condition of the CS test coupon exposed to electrolyte in the presence of CP current for 7 
days. No indication of corrosion of the CS test coupon was observed at the region of holidays. However, the 
regions remote from holidays and exposed to electrolyte show indications of corrosion which indicates that 
PVC tape is partially shielding CP current.  
 

CONCLUSION 
 
Cathodic protection is used in conjunction with coatings. Sometimes this is false sense of security. Coatings 
that shield cathodic protection have resulted in localized corrosion, perforation and in some instances, 
explosions in gas pipelines and rupture in load bearing members. This is true for both oil and gas and electric 
utility T&D structures.  It is important to evaluate all factors involved in corrosion assessment and cathodic 
protection shielding, as it is a complex issue and not an inherent coating property.  On-site field and laboratory 
testing can indicate coating shielding cathodic protection in an event of dis-bondment. Direct exposure, 
electrochemical impedance spectroscopy (EIS) along with disbondment tests can be utilized to test coatings 
for cathodic protection shielding. 
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Figure 1:  Schematic showing CP Shielding 
Coating behavior at Cathodic Disbondment with 

holiday. 

Figure 2:  Schematic showing CP Non-Shielding 
Coating behavior at Cathodic Disbondment with 

holiday. 

 

  

Figure 3:  Schematic showing CP Shielding 
Coating behavior at Cathodic Disbondment 

without holiday.	

Figure 4:  Schematic showing CP Non-Shielding 
Coating behavior at Cathodic Disbondment 

without holiday. 
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Figure 5:  Schematic showing CP Non-Shielding 
behavior of Bonded mesh backed coating with 
holiday and showing no CP current thorough 
the overlap when coating is properly applied 
and adhered.  Further studies are planned to 

study and confirm the coating behavior. 
   

Figure 6:  Schematic showing CP Non-Shielding 
behavior of Bonded mesh backed coating at the 
overlap in the presence of electrolyte. Further 
studies are planned to study and confirm the 

coating behavior. 

 
Figure 7:  Schematic showing CP Shielding behavior of Bonded mesh backed coating at the 

overlap in the presence of electrolyte. Further studies are planned to study and confirm the coating behavior.   
 

 
Coating Shielding Cathodic Protection  

Coating not Shielding Cathodic Protection 
Figure 8:  Photographs of coating shielding cathodic protection (left) and coating not shielding 

cathodic protection (right). 
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Figure 9: Localized corrosion under a blistered 
disbonded wax coating. 

 

Figure 10: Stress corrosion cracking of natural 
gas pipe line that ruptured in service due to CP 

shielding coating. Note the presence of dark 
corrosion product on fracture surface indicating 

many years of crack growth. 
 

 
 

Figure 11: Dis-bondment of FBE coated pipe under cathodic protection with no corrosion attack. 
 

(a	

(b	
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Figure 12: Photograph showing simple electrochemical test cell for making EIS 
measurements on coating.	

 

	

 
Figure 13: Bode plot of standard carbon steel test coupon with PVC tape coating. Bode 

plot does not show any drop in ǀZǀ or Zmod at low frequency values. 
	
 

Reference	Electrode	

(Calomel	Electrode)	

Carbon	Rod	

polyolefin 
paste	

polyolefin 
paste	
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Figure 14: Bode plot of standard carbon steel test coupon with disbonded PVC tape 

coating. Bode plot does not show any drop in ǀZǀ or Zmod at low frequency values.	
 

	
 

Figure 15: Bode plot of standard carbon steel test coupon with polyolefin tape/wrap 
coating. Bode plot does not show any drop in ǀZǀ or Zmod at low frequency values. 

 

	

	
Figure 16: Bode plot of standard carbon steel test coupon with polyolefin tape/wrap 

coating disbondment. Bode plot clearly shows drop in ǀZǀ or Zmod at low frequency values.	
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Figure 17: Bode plot of standard carbon steel test coupon with polyolefin paste. Bode 
plot does not show any drop in ǀZǀ or Zmod at low frequency values. 

	

	
	

Figure 18: Bode plot of standard carbon steel test coupon with polyolefin paste coating 
disbondment. Bode plot clearly shows partial drop in ǀZǀ or Zmod at low frequency values.	

 

	

Figure 19: Photograph showing corrosion of the CS test coupon at the region considered (area within 
the circle) for the test which indicates that PVC tape is shielding CP current to permeate through the 

PVC tape coating. 
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Figure 20: Photograph showing very faint 
indications of corrosion of the CS test coupon at 
the region considered for the test which indicates 
that polyolefin tape/wrap coating is allowing CP 

current to permeate through the coating.	

Figure 21: Photograph showing very faint 
indications of corrosion of the CS test coupon at 
the region considered for the test which indicates 

that polyolefin paste is allowing CP current to 
permeate through the coating.	

	

	 	
Figure 22: Photograph showing the polyolefin 

tape/wrap coating sample considered for 
testing under test scenario 2. Four (4) Ø2.40 

mm artificial holidays were made in the 
coating.	

Figure 23: Photograph showing no indications of 
corrosion of the CS test coupon at the region 
considered for the test which indicates that 

polyolefin tape/wrap coating is allowing CP current 
to permeate through the coating. The regions remote 
from holidays and exposed to electrolyte also did not 

show any indication of corrosion which indicates 
that polyolefin wrap is non-shielding coating.	
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Figure 24: Photograph showing the polyolefin 
paste coating sample considered for testing 

under test scenario 2. Four (4) Ø2.40 mm 
artificial holidays were made in the coating. 

	

Figure 25: Photograph showing no indications of 
corrosion of the CS test coupon at the region 
considered for the test which indicates that 

polyolefin paste is allowing CP current to permeate 
through the coating. The regions remote from 

holidays and exposed to electrolyte also did not 
show any indication of corrosion which indicates 

that Polyolefin paste is non-shielding coating. 
	

	

Figure 26: Photograph showing no indications of corrosion of the CS test coupon at the 
region of holidays which indicates that PVC tape is allowing CP current to permeate 
through the coating (region within yellow circle). However, the regions remote from 

holidays and exposed to electrolyte show indications of corrosion which indicates that 
PVC tape is partially shielding CP current (region within yellow and red circles). 
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