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ABSTRACT 
 

The pipeline coating is the first line of defence against corrosion and cathodic protection is 
used to control corrosion risks at sites of coating damage.  However, some coating systems 
show failure modes that interfere with the effectiveness of the cathodic protection and create a 
new corrosion risk.  These risks include CP shielding, microbial corrosion and external stress 
corrosion cracking. 
 
This paper describes and defines failure modes for pipe and field joint coatings and identifies 
which failure modes create the conditions for CP shielding. 
 
Comment is then made on sampling patterns for excavation and direct examination and on 
additional tests that may clarify the long term behaviour of the coating systems. 
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INTRODUCTION 
 

External Corrosion Direct Assessment (ECDA) is now established and the majority of pipeline 
operators are familiar with the four stage process for ECDA(1). 

 
Step 1 Pre-Assessment, entails data gathering and the selection of two indirect 
examination survey tools that include, close interval potential surveys, AC and DC 
voltage gradient, Pearson, electromagnetic and AC current attenuation. 



 
 
Step 2 requires an indirect examination to locate corrosion defects. 
 
Step 3 requires the direct examination of such features.   
 
Step 4 is a post assessment procedure to determine the remaining life and re-
assessment interval. 

 
A summary of the main factors to be taken into account in the pre-assessment are 
summarized in Figure 1. 
 
The established design criteria for external corrosion protection of buried pipelines are such 
that if the coating and CP function to specification then the line is protected.  In this case soil 
conditions do not matter but of course soil can inter-act with a coating to create problems and 
to create particular corrosive environments, such as the risk of microbial corrosion in anaerobic 
soil. 
 
However it must be accepted that pipeline coatings will suffer some degree of damage and 
degradation and the key issue is whether this creates a corrosion risk.  This paper is primarily 
concerned with the pipe coating and specifically the failure modes of coatings and the extent to 
which this affects the ECDA risk and ECDA process.   
 
It is clear from in line inspection (ILI) data that corrosion on operating pipelines can show local 
concentrations, or ‘hot spots’ (Figure 2) and these can be defined on the basis of pit depth (i.e. 
a concentration of relatively deep pits within a short segment of line), or corroding area.   
 
The cumulative corroding area for Line 1 in Figure 2 shows a near linear increase with 
distance and this is typical of a pipeline with a coating showing random damage and corrosion 
activity caused by general under-protection.  In contrast, Line 2 shows marked concentrations 
of corrosion activity in terms of both area and pit depth and this indicates localized areas of 
relatively extensive coating breakdown and ‘hot spots’ of corrosion pit growth. 
 
A key issue in ECDA pre-assessment is to identify such high risk areas without recourse to ILI 
data. 
 

CATHODIC PROTECTION 
 

Cathodic protection (CP) is designed (2) to control corrosion at coating faults. There are three 
generic ‘failures’ of CP systems that create a corrosion risk on buried steel pipelines, and 
these are summarized in Figure 3. 
 
Under-protection 
 
Under-protection is relatively straightforward in that problem areas, whether localized or 
general, can be identified by a well regulated close interval potential survey (3,4).  The key 
question here is what criterion to use for locating corrosion risks and how to locate excavation 
sites within an area of under protection.  Figure 4 shows an example from a ‘new’ line on which 
failed field joints had created an excess current demand resulting in localized under-protection.  



ILI identified a short segment between Km 3.5 - 4.5 with detectable corrosion resulting from 
this under-protection.  A close interval survey identified the problem area, as would be 
expected, but the best fit between the ILI data and the potential survey data was provided by 
looking at potentials less negative than -800 mV.  DCVG failed to identify the corrosion as the 
most significant feature in the line.     
 
Interference / stray current 
 
The extent of interference effects and stray current effects can be diagnosed from potential 
measurements and from recordings of fluctuations in the pipe to soil potential (5).  These 
conditions generally occur over short segments of pipeline around the point of electrical 
contact (Figure 5).  The extent of the affected line segment will depend on a number of factors 
including the severity of the interference, the soil conditions and the number and area of 
coating faults.  In practice the affected length can be several hundred meters around off-takes 
or valves and more than a kilometer at large installation such as pumping stations or terminals. 
 
CP shielding 
 
There are two main causes of CP shielding.  Reduced CP current flow onto a pipeline due to 
very high resistance ground conditions, such as bedrock, should be evident from a potential 
survey.  CP shielding due to loss of adhesion of the pipe coating cannot be identified reliably 
by the use of any above ground survey (6,7).  CP shielding can occur with a number of coating 
systems. 
 

PIPE COATING ISSUES FOR ECDA 
 

An assessment of the pipe coating condition is an essential part of an effective ECDA program 
of work.  The fundamental issue to investigate is whether the coating has failed in a manner 
that creates a corrosion risk that is not readily and reliably detected by above ground surveys.  
In short, is the coating failing in a manner conducive to the development of CP shielding.  An 
understanding of pipeline coating failure modes is desirable for ECDA and whether these 
failure modes will affect the entire pipeline or whether they will be location specific, for example 
in response to soil loading or product discharge temperatures from pumping stations. 
 
Sub-optimal coating specifications 
 
The most likely cause of coating issues that affect a complete pipeline system can be defined 
as sub-optimal specification of coating material, coating application or a combination of both. 
 
     Sub-optimal coating material and process specifications.  In this instance a sub-optimal 
material specification is defined as severe degradation of a critical performance characteristic 
of the coating within the design life of the pipeline. 
 

·  Stress cracking of polyolefins 
Both polyethylene and polypropylene may be susceptible to UV degradation in storage 
(Figure 6) and stress cracking failure in the ground (Figure 7).  A simple screening test(8)  
can be used to assess this risk on a small sample of coating material.  Stress cracking 
failures of 2LPE, 3LPE and 3LPP coatings creates a risk of CP shielding. 
 



·  Permeability of polyethylene 
Some grades of LDPE can show excess permeability to oxygen and water vapor and 
allow surface corrosion under an intact coating.  In this situation the coating will show 
lowered adhesion. 
 

·  FBE material for 3LPE and 3LPP 
One of the critical factors that influences the long term adhesion of FBE coating to the 
steel substrate is the application temperature(9).  FBE must be applied within the 
optimum temperature range for flow, surface wetting and fusion during the application 
and cure process.  FBE applied at too low a temperature will not fully wet the substrate 
(Figure 8) and long term adhesion will be degraded.  FBE formulations developed as 
‘stand alone’ coatings generally require an optimum application temperature higher than 
that compatible with the adhesive / polyolefin layers of 3LPE and 3LPP.  FBE 
formulations developed for three layer applications are usually not susceptible to this 
problem.  The full implications of long term adhesion loss of 3LPO coatings has yet to 
be determined (10) but poor adhesion must raise questions about the long term risk of 
CP shielding.  Early symptoms of the problem include adhesion loss from the cut back 
(Figure 9) and disruption of field joint coatings (Figure 10) particularly where the pipe is 
subject to low temperature cycling, e.g. in a pipe dump and/or after field joint coating. 
 
Observations on peel tests carried out on 3LPO coated pipe suggests that residual 
stress from the application process can also generate adhesion loss.  It was found that 
3LPO progressively lost adhesion from the steel substrate around a peel test site 
located in the middle of a pipe.  This occurred over several days and the principal axis 
of adhesion loss was in the circumferential direction.   

 
     Sub-optimal application specifications.  The long term performance of most coating systems 
is dependent on the application conditions and if the optimum application conditions are not 
met the performance of the coating will be degraded. 
 

·  Tape Overlap 
Tape coatings applied with a minimal overlap are prone to adhesion loss and separation 
at the overlap.  Corrosion risk at the overlap can be diagnosed from potential surveys 
but this mode of failure is commonly accompanied by more extensive adhesion loss and 
CP shielding (Figure 11) 

 
·  Tenting at Welds 

A number of coating systems may be susceptible to tenting over the seam or spiral weld 
bead to leave a void under the coating adjacent to the weld.  On ERW pipe a similar 
problem can occur at the actual weld if the weld line has been excessively ground.  In 
either case a small defect in the coating can allow water penetration and active 
corrosion (Figure 12).  This can be extensive on field applied tape systems, particularly 
where the tape was applied at relatively high tension, but can occur with both 
thermoplastic and polyolefin coating systems. 

 
 
·  Variable Heating of Heat Shrinkable Materials 

Poor application control of heat shrinkable field joint coatings can result in lack of 
adhesion around the 6 o’clock position such that problems of water ingress and CP 



shielding can occur.  In anaerobic soils rapid pit growth rates due to microbial corrosion 
have been found. 

 
·  FBE Application 

FBE coatings, whether used as a stand alone system or as the first layer in a 3LPE or 
3LPP coating system, are sensitive to the application conditions.  For stand alone FBE 
issues such as adhesion loss are not considered to create particular corrosion risks 
because the coating allows CP current to penetrate to the steel substrate.  Sufficient 
current can flow through the coating to polarize a clean, abrasive blast cleaned, metal 
substrate. 
 
Adhesion loss by the FBE first layer of a three layer polyolefin coating system is a 
potentially more serious issue because the outer polyolefin layer will prevent CP current 
flow to the underlying metal substrate.  Many factors affect FBE adhesion (11) but 
possibly the commonest cause is application of ‘stand alone’ FBE grades at low 
temperatures to be compatible with the overlying adhesive and polyolefin.  This 
inevitably results in poor long term adhesion of the three layer coating system (Figure 
13). 

 
Externally driven coating failure modes 
 
In certain conditions correctly specified and applied coatings may demonstrate failure within 
the design life of a pipeline.  In many cases the accelerating factors that contribute to these 
failures occur locally such that ensuing corrosion risks only apply to well defined segments of 
the total pipeline.   
 

·  Backfill Settlement 
Backfill settlement appears to induce a tensile stress in the coating over the crown of 
the pipe and this appears to be progressively more significant with increasing pipe 
diameter.  In thermoplastic coatings this can lead to crown cracking (Figure 14) but 
problems of this kind can be diagnosed from above ground surveys.  However in 
coatings susceptible to creep this loading creates wrinkles in the coating around the 3 
o’clock and 9 o’clock position and these can be present in thermoplastic coatings, cold 
applied tapes and heat shrinkable materials (Figure 15).  These wrinkles can create the 
conditions for CP shielding. 
 

·  Stressing in Clay Soil 
Clay soils expand on wetting and contract on drying and the cracks seen in dry clay at 
the ground surface extend to some depth in the soil as major structural discontinuities in 
the subsoil.  Expansive clays create random wrinkling in susceptible coatings. 

 
·  Soil Creep 

Coating systems that are susceptible to disruption by backfill settlement and expansive 
clays will also be prone to failure under the action of soil creep on unstable slopes 
(Figure 16). 

 
 
·  High Temperature Discharge  

The high temperatures experienced on the discharge leg of a compressor station serve 



to accelerate any of the degradation mechanisms mentioned above.  It can also change 
the performance of a coating system quite considerably.  For example loss of volatiles 
from a coal tar coating will embrittle the coating, and FBE, exposed to service 
temperatures above the glass transition temperature, can soften and become 
susceptible to creep and penetration. 
 

·  Microbial Degradation 
Certain grades or formulations of asphalt (bitumen) and cold applied laminate tape 
coatings provide a nutrient source for indigenous soil microbes (12).  The result of this 
microbial degradation is not well defined but the most likely consequence is a 
progressive increase of permeability of the coating. 

 
ASSESSMENT OF PIPE COATINGS FOR ECDA 

 
The purpose of an ECDA project is to assess the condition, and through this the operational 
integrity of a pipeline.  Ideally an ECDA project should provide the following information: 

·  An indication of the location and severity of features in the pipeline whether they are 
actively growing or not so the pipeline condition can be assessed. 

·  An indication of where degradation mechanisms are active at the time of the project so 
they can be brought under control. 

 
Coating failures that expose the pipe steel to the surrounding soil are the easiest to assess 
because both potential surveys and coating defect location surveys will provide relevant 
information.  However it should be noted that experience from correlating ILI results with above 
ground surveys appears to show that potential surveys, particularly where potentials are more 
positive than -800 mV, are a better indication of corrosion than coating defect location surveys, 
such as DCVG, that rely on the interpretation of potential gradients.  The interface resistance, 
that is the resistance of the pipe – soil contact, may be increased by the build up of corrosion 
products and this has the effect of de-sensitizing potential gradient survey techniques because 
it limits current flow.  Extreme potential anomalies should therefore be investigated regardless 
of whether there is a clear indication from a DCVG survey. 
 
A more difficult problem in designing an ECDA field investigation program is the question of 
how to include an assessment of the coating failure modes that create a corrosion risk through 
CP shielding because these risks cannot be diagnosed from above ground surveys. 
 
Field joints 
 
An ECDA excavation program should include an assessment of buried pipe meeting the 
following conditions, to check for the risk of corrosion due to CP shielding, regardless of 
whether an above ground survey has indicated a problem: 
 

·  Creep sensitive field joint coatings, including cold applied tapes and heat shrink 
materials with a mastic backing, where soil loading, soil creep or expansive clay is a 
risk. 

·  A random check on heat shrinkable field joint coatings on pipelines of 610 mm diameter 
or greater. 



·  A random check on the integrity of the interface between field joint coatings and 3 layer 
PE coatings particularly in aggressive, anaerobic ground conditions and where the 
pipeline is subject to temperature cycling. 

 
Pipe coating 
 
An ECDA excavation program should also include: 
 

·  Checks on 2 and 3 layer PE and PP coatings for stress cracking failures and the risk of 
corrosion due to CP shielding.  The stress crack resistance of polyolefins can be 
assessed in the laboratory(8) and a screening test on a sample removed from the pipe 
would be more cost-effective in checking for this risk. 

·  Routine checks on the adhesion of 3 layer PE and PP coatings applied over an FBE 
first layer including a check for moisture permeation under coatings with negligible 
residual adhesion. 

·  Checks on LDPE based 2 and 3 layer coatings to check whether oxygen and moisture 
permeation is sufficient to promote corrosion under the ‘intact’ coating. 

·  Checks for loss of adhesion from the overlap of field applied tapes. 
 
Pipe Coating and SCC 
 
ASME B31.8S(13)  defines those pipeline segments most at risk of external stress corrosion 
cracking as lines in service for 10, or more years, operating above 60% SMYS and located 
within 32 Km of a compressor station outlet.  These conditions apply for both near neutral pH 
SCC and high pH SCC, but for high pH SCC a temperature above 38oC also applies.  
Pipelines with any coating systems, other than FBE, are included in this SCC risk definition. 
 
Coating systems that develop failure modes conducive to complete CP shielding must be 
viewed as posing the highest risk of near neutral pH SCC.  In practice this includes all 
polyolefin based systems (Figure 6,7,11,12,16) that are prone to adhesion loss and separation 
from the metal substrate. 
 
Coating related risks for high pH SCC are greatest for field applied materials installed over a 
wire brushed surface with residual mill scale.  Thermoplastic coatings that develop increasing 
porosity with time and some cold applied tapes also represent a higher potential risk than, for 
example, factory applied coatings over a grit blasted substrate. 
 

ABOVE GROUND SURVEYS 
 

This paper recognizes that a correctly conducted close interval potential survey can identify 
line segments affected by under-protection or stray current.  However, practical experience 
from many countries around the world has shown that the quality of these surveys can vary 
widely and this is attributed to the lack of an appropriate performance specification for such 
surveys.  Step changes in recorded potentials (Figure 17) are a common problem and when 
these step changes approach several hundred milli-volts the accuracy of the entire survey 
must be questioned.  In such cases, where an unambiguous survey is not available, it is 
preferable to base the excavation program on a risk assessment.   
 
Case study 



 
This case study (14) is based on an assessment of pipelines considered “unpiggable” using 
conventional in-line inspection tools.  This was due primarily to the absence of launch/receiver 
facilities, pipeline restrictions such as valves, bends, etc. The pipelines have been in operation 
for over 20 years. 
 
It was considered that procedures based on the established principals of Direct Assessment 
and Risk Assessment was the most appropriate method for determining the likely conditions of 
the pipelines, identifying any immediate areas for replacement or rehabilitation and developing 
pipeline integrity management plans. 
 
For example a Four Step Process is outlined by NACE RP0502(1) Pipeline External Corrosion 
Direct Assessment (ECDA) Methodology (Pre-assessment, Indirect Examination, Direct 
Examination and Post-assessment) and this was used as a basis for the condition 
assessment. 
   
In this study, this methodology has been combined with a Risk Assessment model to identify 
the likely threats to the integrity of the pipeline and identify ‘high risk’ areas. The full range of 
integrity threats were screened. Based on the available and relevant pipelines data, design, 
operation experience, inspection (CIPS, DCVG and excavation data, etc.) and maintenance 
records, it was established that the primary threat to the pipelines was external corrosion. 
 
On this basis, the pipeline was segmented to focus on the “high risk” areas identified for each 
of the primary threats. The segmentation criteria for external corrosion are summarized in 
Table 1.  

 
CONCLUSIONS 

 
An effective ECDA strategy can be developed from a risk assessment that takes due account 
of the causes of corrosion including coating failure modes and the failure modes of CP 
systems. 
 
The risk assessment can provide focus for the excavation strategy in the application of ECDA 
but the quality of the final assessment remains sensitive to the size of the direct sample taken. 
 
Close interval potential surveys can provide evidence of active corrosion risks. 
 
Close interval potential surveys appear to provide a better correlation with corrosion features 
detected by intelligent pigs than coating defect location surveys such as DCVG. 
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Table 1 
 

SEGMENTATION AND LINE SAMPLING CRITERIA 
 

Locations Reason / Threat 
Inlet  Line segments within 500 m External: Interference at line ends 

Valves, tees 
etc 

Line segments within 100 m of each 
installation 

External: Interference effects 

Special 
Locations 

Crossings with casing External: Water and corrosion in 
casing 

Line segments not meeting -850 mV 
(or equivalent) criterion for the 

ground conditions 

External: Under-protection 

Line segments immediately 
downstream from pumping stations 

if ‘hot’ 

External: Coating damage and high 
pH SCC 

Line segments in proximity to dc 
power lines and dc traction 

External: Stray current 

Line segments with parallel high 
voltage ac power lines 

External: Induced ac 

Line segments coated with cold 
applied tape 

External: Coating failure and CP 
shielding 

Pipeline 

Line segments with heat shrink field 
joint coatings 

External:  Coating failure and CP 
shielding 
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FIGURE 1: Summary of factors for pre-assessment 
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FIGURE 2:  Corrosion ‘hot spot’ definition from ILI  data 

 



 
 

FIGURE 3: Factors limiting CP effectiveness 
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Figure 4:  Comparison of ILI data and above ground surveys in which each survey result 

is plotted as cumulative % of survey indications wi th respect to distance 
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Figure 5:  Galvanic corrosion cell at attachments 
 

 
 

Figure 6:  UV degradation and stress cracking of PE  
 

 
 

Figure 7:  PE stress crack in situ 



 

 
 

Figure 8:  Poor application of FBE 
 

 
 

Figure 9: Adhesion loss in 3LPE from the cut back 
 

 
 

Figure 10:  Crack in multi-component liquid field j oint coating at PE chamfer of 3LPE 
 



 
 

Figure 11:  Corrosion at failed tape overlap and un der disbonded tape 
 

 
 

Figure 12:  Corrosion at spiral weld due to tenting  of tape 
 

 
 

Figure 13:  Failed 3LPE  
 



 
 

Figure 14:  Top of line cracks in CTE under soil lo ading 
 

 
 

Figure 15:  Wrinkled heat shrink sleeve due to soil  loading 
 

 
 

Figure 16: Disruption of Tape coating by soil creep  
 



 
 

Figure 17: Close interval potential survey data sho wing step changes in both on 
potential (top) and instant off potential (bottom –  black) 


