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The passage of time inevitably takes its toll on the integrity of assets. Corrosion, in all its forms, is one 

of the most significant time-dependent pipeline degradation mechanisms, compromising the integrity 

of our pipelines and potentially reducing their remaining service life. The challenge for us, as pipeline 

engineers, is clear: to safely manage our pipeline infrastructure into the future.

One of the most aggressive manifestations of corrosion is Stress Corrosion Cracking (SCC). The ge-

neric definition and description of SCC can be a challenge without describing a specific mechanism. 

Probably the most appropriate definition for SCC is to describe it as the fracture of a metallic material, 

essentially by cracking, which requires the synergistic action of a residual or applied tensile stress to-

gether with an environment conducive to causing corrosion of the material. SCC failures are frequent-

ly catastrophic in nature as it generally occurs with little physical external evidence. This means that 

a failure from SCC could occur with little or no warning, unless specific non-destructive inspection 

techniques are in place to detect it. SCC has been encountered both on external and internal pipeline 

surfaces. Currently, the integrity management of onshore buried steel pipelines susceptible to exter-

nal SCC is one of the hottest topics in the pipeline integrity world.

The occurrence of external SCC on pipelines is not a recent phenomenon, having been first detected 

back in the 1960s. In the mid-1960s, operators in the United States of America (USA) began to suffer 

from in-service ruptures and leaks in onshore buried pipelines. This experience became the starting 

point for the pipeline industry to acknowledge the existence of external SCC. The earliest confirmation 

of external SCC was first reported in 1965 in Natchitoches, Louisiana. These initial forms of SCC were 

classed under what is now commonly referred to as “High-pH SCC”. However, in the 1980s, a second 

form of cracking was detected in Canada, which would now be classified as “Near-Neutral pH SCC”. 

While cases of SCC were originally believed to be limited to the USA and Canada, external SCC has 

since been reported around the world (see Figure 1) in Australasia, the Middle-East, Europe and South 

America. 
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Figure 1 –Geographical map of external SCC

In the USA, the federal regulatory body (PHMSA) indicates that the failure rate due to external SCC 

appears to only account for approximately one to two percent of all pipeline failures as per 2014 fig-

ures [1]. SCC is however a major concern for some operators in the USA. In Canada, the proportion 

of SCC-related pipeline failures is more significant and reached 17% between 1992 and 2014 [2]. In 

Europe, external SCC has led to 8% of loss of containment incidents (13 events) over the last 40 years 

on pipelines operating above 15 bar, with the latest incident known to the authors being in 2019 in a 

crude oil line in France. In the UK, no product losses due to SCC have ever been reported, but some 

unpublished field cases indicate that the threat is present and should not be ignored. 

Over the last two years, our company has been involved in 14 pipeline failures related to cracks, six 

on liquid pipelines and eight on gas pipelines. Over 90% of these failures were directly associated with 

external SCC which led to pipeline ruptures.

The dominant causes of onshore transmission pipeline failures in most countries are third-party dam-

age and corrosion. However, SCC is an increasing threat worldwide and, with its potentially destruc-

tive failure mode, can have significant consequences. PHMSA asserts that SCC “is a risk that must be 

addressed as it can manifest itself wherever the right combination of factors exist” [1].

Management practices for the mitigation of SCC in transmission pipelines have been developed and 

applied since the 1970s, but the topic is complex and key challenges remain. This article discusses 

some of the challenges faced by the industry and some approaches to achieving greater confidence in 

SCC management programs, including the role that data analytics might play in the management of SCC. 

DEALING WITH UNCERTAINTIES IN SCC MANAGEMENT PROGRAMS…

Management of cracks and SCC can be thought of as a jigsaw, where each piece makes an important 

contribution to the overall picture of a reliable crack management scheme. Without all the pieces in 

place, the picture is incomplete, and the decision-making process becomes flawed and somewhat 

speculative. In an industry where achieving “Zero Incidents” is increasingly championed as the ulti-
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mate goal, clarity and detail of pipeline integrity management decisions is paramount.

To reduce the fog of uncertainty, ultimately increase confidence and reliability in an SCC management 

framework, and achieve a cost-effective solution, a pipeline engineer needs to address these key 

questions:

• Is external SCC a credible threat on my pipeline system?

• Do I actually understand the specific SCC threat mechanism(s) on my pipeline system? 

• What are the key influencing factors? To what extent are they influential?

• Can I reach a suitable picture of the location and severity of SCC cracks, particularly critical locations 

(hot spots)?

• What size cracks will actually fail my pipeline and how long will it be before my pipeline might fail? 

• How can I sustainably manage the SCC threat to allow the pipeline to continue operating safely?

Figure 2 illustrates a framework developed by our company to help illustrate and communicate the 

challenges regarding pipeline cracking and the SCC threat.

 

Figure 2 – Crack / SCC management framework

The objective of such a framework is to manage the threat of SCC in a structured and pertinent man-

ner that minimizes the overall level of uncertainty in the final decision-making. There are however 

challenges and hurdles along the path which need to be reflected upon and considered critically, as 

they are fundamentally symptomatic of knowledge gaps.    
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DO I ACTUALLY UNDERSTAND THE SPECIFIC SCC THREAT MECHANISM(S) ON MY PIPELINE 
SYSTEM? WHAT ARE THE MECHANISM KEY INFLUENCING FACTORS? TO WHAT EXTENT ARE 

THEY INFLUENTIAL?

Understanding the SCC mechanism and the primary drivers applicable to a specific pipeline system 

is an extremely important part of the process, as this directly affects susceptibility segmentation, 

direct assessment and risk assessment methodologies, and ultimately the appropriate integrity man-

agement programs necessary to continue long-term safe operations. A flawed diagnosis could have 

major implications in terms of effectiveness and costs on the future pipeline integrity management 

strategy and remaining service life of a pipeline. For example, it might be assumed that cracking will 

only affect the pipe body and in-line inspection (ILI) might be selected as the primary management 

tool. However, if for that particular pipeline SCC also develops in the seam weld, which happens to be 

low toughness, then relatively small cracks that would be hard to detect with ILI could be critical, and 

hydrotesting may be needed in addition to ILI to ensure reliable operation.

It has been observed on a number of occasions that a lack of appropriate subject matter expertise and 

/ or lack of a detailed ‘causal’ investigation resulted in an incorrect diagnosis. Too often, the valuable 

role of excavations in collecting data for informing and optimizing mechanistic investigations (and key 

integrity management decisions) is neglected in a rush to restore pipeline operation by rapid removal 

or repair of defects. In extreme cases, the diagnosis of the nature of cracking flaws has been found 

to have relied solely on a visual examination of the crack morphology on the pipe surface, which has 

led to the incorrect identification of the actual crack type and dismissal of a possible SCC mechanism. 

There are several mechanisms which could generate external cracks on the pipe body or at weld-

ments as a result of manufacturing (e.g. roll laps, lack of fusion), time-dependent mechanisms (e.g. 

SCC, fatigue) or third-party damage. Diagnosis of crack types based solely on surface morphology can 

at best be challenging without access to other field and operational data (e.g. coating condition, envi-

ronmental, corrosion products, metallurgical, pressure, temperature, cathodic protection [CP], etc.). 

Other examples of misdiagnoses which have been witnessed by the authors is the confusion between 

Near-Neutral pH SCC and hydrogen embrittlement due to CP overprotection. Both are Environmental-

ly-Assisted Cracking (EAC) mechanisms and can lead to transgranular cracking from a propagation 

mode perspective; however, the respective drivers and remedial responses for these two threats are 

fundamentally different. Again, caution is the watchword when a diagnosis relies solely on morphol-

ogy examination, rather than addressing the problem in greater detail. A global view of the problem, 

involving subject matter experts from technical areas such as materials, corrosion, welding, integrity, 

and geotechnics, is generally necessary to conduct an effective Root-Cause Analysis (RCA) that will 

establish the correct nature and primary key drivers of the cracking mechanism.   

Apart from issues of availability of data, resources and technical competence, there are also funda-

mental challenges from a knowledge perspective that need to be understood. The topic of High pH and 

Near-Neutral pH SCC has been widely documented, and key facts on mechanism, morphologies and 

influencing parameters identified [3] [4] [5] [6] [7] [8]. No question the available industry guidelines do 

help, giving users the relevant background to navigate across the challenge using the best available 

knowledge. As an industry, we do however sometimes tend to fall into a comfort zone by using easy 

patterns or ‘industry boxes’, which limits our advance towards further understanding of the phenom-
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enon and its subsequent management. When faced with external cracking it is important to question 

whether or not we are actually in presence of something critically different from industry understand-

ing, similar to the manner in which the second form of external SCC (Near-Neutral pH) was discovered 

a decade after the first form of SCC (High pH) was identified. 

It is interesting for instance to observe that the occurrence of External EAC in carbonate and bicar-

bonate environments occurs over a wide spectrum of electrochemical potentials and pH values, and 

there is a continuum transition from intergranular cracking (High pH SCC) to transgranular cracking 

(Near-Neutral pH SCC) [9]. Although High pH and Near-Neutral pH SCC are generally understood to 

occur under distinctively different environmental conditions, the intergranular cracking associated 

with High-pH SCC has been found to occur over a much wider range of pH (of seven to eleven!) and 

potentials [5] [9]. We venture to suggest that there is no reason why different mechanisms or at least 

sub-mechanisms might be at play over this continuum. Cases of mixed mode cracking have been 

observed, which further supports the idea that the borderline between High pH and Near-Neutral pH 

SCC may be blurred. The devil is hidden in the details. If something very different from established 

trends or knowledge is identified, it needs to be shared with the wider community so that it benefits 

the whole industry.

Equally, many operators take the arbitrary view that a pipeline can only be susceptible to one or the 

other external SCC mechanisms (i.e. High pH or Near-Neutral pH). Over a long distance transmission 

pipeline system, which may see different construction practices, terrains and operational patterns, it 

would not seem unreasonable that High pH and Near-Neutral pH SCC could be present on the same 

pipeline. Once High pH SCC has been managed by reducing operating temperature, Near-Neutral pH 

SCC could still be a potential threat. 

The authors are aware of cases in South America where both High pH SCC and Near-Neutral pH SCC 

have been reported in the same transmission pipeline. In the same way, a pipeline may be susceptible 

to multiple time dependent cracking threats e.g. fatigue, hydrogen embrittlement and / or external SCC.

CAN I REACH A SUITABLE PICTURE OF THE LOCATION AND SEVERITY OF SCC CRACKS, PARTIC-

ULARLY CRITICAL LOCATIONS (HOT SPOTS)?

When one wants to understand the physical condition of a pipeline regarding the presence of defects 

and their severity, one turns to the use of in-line inspection tools. ‘Smart pigging’ is recognized as the 

‘Gold Standard Technology’ that provides operators with a complete picture of the pipeline condition 

and its integrity. The use of ILI has been very successful for the detection and sizing of metal loss de-

fects caused by corrosion. However, crack detection in pipelines has proven to be more of a technical 

challenge and it is generally acknowledged that ‘cracks tools have not yet demonstrated the consistent 

reliability and accuracy of traditional metal-loss tools’ [10]. These uncertainties arise from a variety of 

factors: (i) technology limitations (e.g. magnetization and low frequency Ultrasonic Testing [UT] waves 

for Electro-Magnetic Acoustic Transducer [EMAT]), (ii) complexity of crack morphologies (irregular, 

‘fine’ SCC cracks with minimal surface opening e.g. <0.1-0.2 mm, angular orientation away from axial 

crack flaw plane) and (iii) crack locations (proximity to welds, crack colonies inducing scatter, cracks 
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at bottom of pits – Figure 3). Inspection tools only measure reflections of waves and changes in sig-

nals, and cannot tell us with any measure of certainty whether the reflector is definitely a crack. It 

can be very difficult for example to discriminate between cracks and ‘crack-like’ defects (e.g. lack of 

fusion) just from a signal.

 

Figure 3 – Fine SCC colonies at corrosion clusters 

The uncertainty in identification of cracks from ILI is further amplified by the subjective interpretation 

and judgments made during the data evaluation process, especially when high numbers of ‘reflectors’ 

are reported in the pipeline (e.g. at welds in ‘vintage pipelines’). Investigating all features would not 

normally be realistic from a commercial or logistical perspective. The big challenge for ILI lies in the 

accuracy of the tool in sizing cracks, particularly depths, the implications of which are discussed below. 

Crack tools can thus be better described as a system, which relies on a combination of the inspection 

technologies, associated analysis software and personnel interpreting results, with all the aggregated 

uncertainties resulting from each element along the chain.

It is fair to say that when a pipeline rupture occurs due to cracking, following a recent crack tool run, 

there is an instinctive reaction to blame the failure on the performance of the inspection tool. However, 

it is important that other considerations be addressed as part of the root cause process, for example:

• Was the tool selected according to a preliminary review of the possible active crack threat(s) with 

regard to expected morphology, orientation and locations, e.g. weldments and bends? 

• According to an initial assessment of critical crack defect sizes, was the technology performance 

specification clearly defined before tool selection?

• Was the selected tool the most appropriate for the pipeline and were its limitations fully understood? 

• Should the crack tool have been complemented with other technologies?

It is important in these cases to step back and not simply blame inspection tool performance, at least 

not until the process of tool selection has been fully reviewed. One should also question whether op-

erational, environmental or even third-party events led to an accelerated cracking mechanism in the 

interval of time between the inspection and the failure. This reflects back to the discussions earlier on 

about understanding the cracking mechanism and whether something extraordinary or different has 

occurred which can contribute further to industry knowledge. 
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An interesting analogy is the blame given in an earlier industry experience to hydrotest as a result of 

pressure reversals. Then the reasonable argument was that the hydrotest had ‘missed’ bigger cracks 

than the one that had failed previously. Until pressure reversals were understood and it was found 

that another mechanism had grown the cracks during the test.

WHAT SIZE OF CRACKS WILL ACTUALLY FAIL MY PIPELINE?

Understanding critical crack defect sizes, which may lead to pipeline failure, is important when se-

lecting the most suitable tool performance specifications and technology. It is equally critical to inform 

the best post-ILI strategy when it comes to repair or section replacement management, especially in 

the case when thousands of linear planar features are reported. ASME B31.4 [11] considers that any 

cracks “shall be considered and removed or repaired unless an engineering evaluation shows that 

they pose no risk to pipeline integrity”.

The accurate sizing of crack flaws by technology is difficult, leading to uncertainties that further un-

dermine confidence in crack assessment reliability and continued safe operations. One only has to 

observe the 3D-network branching dimension of SCC and its usual proximity to other sources of re-

flectors (e.g. welds, metal loss, cracks) to appreciate the complexity faced by the technology to come 

up with reasonable defect depth sizing. There are also further hurdles down the assessment path 

that contribute to the uncertainty, and need to be considered critically. Failure assessment due to 

cracking is far more complex than those for metal loss (corrosion). Cracks can fail by multiple failure 

mechanisms (plastic collapse and fracture), and assessment of failure by fracture requires additional 

input data i.e. welding residual stresses, local stress concentrations due to weld geometry and mis-

alignment and material fracture toughness. Secondary stresses could be challenging to calculate, 

especially if present in proximity to weldments. Whilst the effect of pipe fracture toughness on failure 

pressure is low in the case of metal loss, it has a significant influence when cracks are considered. 

Reliable data on  is however often difficult to obtain – particularly for vintage pipelines. At the same 

time, it needs to be representative of pipeline temperature, material and location (e.g. base metal, 

weld metal, heat-affected zone) at the flaw location. Avoiding a conservative assessment requires 

direct measurements from testing (ideally by Crack-Tip Opening Displacement), but this is not always 

practically possible. The value of testing for ‘getting to know its materials’ to support SCC manage-

ment is discussed further elsewhere. [12]

…AND WHEN COULD I EXPECT A FAILURE OF PIPELINE DUE TO SCC?

Once some level of understanding is reached on the presence and sizing of SCC cracks, and on the sizing 

of critical flaw dimensions, it is then necessary to establish the system’s remaining life, re-inspection inter-

vals in regards to (unmitigated) crack-time dependent threats (SCC and / or fatigue) and associated growth 

rates. Again, here, in the case of SCC growth, one has to navigate through a minefield of speculations. 

The modelling of SCC crack growth rates (and its validation) is acknowledged as one of the critical 

research gaps which need to be investigated as a priority [13]. The most obvious reason for the com-
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plexity lies in the significant variation of growth behavior over the SCC life cycle. Within this cycle, 

crack dormancy and coalescence are probably the most important physical phenomena that could 

influence the rate of SCC growth by orders of magnitude, from zero growth up to several millimeters 

per year, over a pipelines operational life. The factors which influence dormancy, reactivation and 

coalescence events are multi-facetted including seasonal or environmental variations, operational 

stress fluctuations, material and micro-scale property variabilities, residual stress fields etc. Many 

of these factors would be difficult to detect or measure. In addition, every macro- and micro-bridges 

of the facets, that form the three-component system of SCC (material-environment-stress), and their 

contribution to the realization of SCC and crack growth rates have not been completely quantified, or 

at best with a minimum degree of confidence. It is an understatement to say that identifying the stage 

of growth of an SCC crack and the behavior of SCC crack growth rates would not be an easy task. 

Given this degree of complexity, it is perhaps not surprising that industry practice is to consider only 

constant crack growth rates to establish re-inspection intervals. The industry has somehow (usually) 

got away with this, but this is nevertheless clearly incorrect and may further expose pipelines to ‘un-

expected’ catastrophic failures.

As for modelling in general, it is unlikely one single generic model will be able to simulate SCC be-

havior over the wide spectrum of systems of various soil, terrains, metallurgy present across pipe-

line system worldwide. Rather, it is likely any such model will be system- and even location-specific. 

Similarly, if an SCC growth model is developed, it would be interesting to understand the basis of the 

validation from a field perspective, and in consideration of the ILI technology challenges with crack 

sizing as described above. Until crack detection systems evolve and become more accurate in sizing, 

the derivation or validation of crack growth rates from multiple ILI runs appears to remain elusive. 

Interestingly, one of the characteristic difficulties associated with the topic of external SCC and its 

management, is that many of the guidelines rely on findings from R&D activities rather than field val-

idation. The main reasons being that field data reflect the combined result of all individual processes 

involved, and in many cases field data are just not available for validation purposes. [5] 

WHAT CAN I DO TO INCREASE PROBABILITY OF IDENTIFICATION (POI) OF SCC? …

As has been observed earlier, the identification of external SCC in field is challenging from crack in-

spection tools alone. The topic of direct assessment and susceptibility-based methodologies [4] [5], to 

identify SCC hot spots, have not been discussed here, but they also come with their (greater) share of 

uncertainties [14]. As already discussed, every micro- and macro-facet within the materials-environ-

ment-stress system and their net influence over the manifestation of SCC have not been fully iden-

tified, validated or quantified, which affects the relevance of SCC models. For example, the (difficult) 

challenges of establishing the links between the microscale structure and chemistry at the interface 

between an alloy and its environment and the macroscopic behavior and properties of the alloy, and 

their bridges to the occurrence of SCC remain [15].

Identifying key pertinent parameters linked to occurrence and severity of SCC represents one import-

ant facet of the problem, if one wants to simulate accurately the response of pipeline SCC behavior 
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vis-à-vis the pipeline material, environment and stress properties. Yet another important issue would 

be whether the industry had access to a technology capable of accurately measuring the targeted 

parameter (at a macro or micro scale)? And would the measurement of such a key parameter be ac-

cessible in a consistent manner across the entire pipeline length? 

We know for example that the cyclic stress-strain behavior of pipeline steels greatly affects the initi-

ation and early crack growth of High-pH SCC. However, we are still faced with the question of how do 

we physically monitor and measure such a property in the field?  

…INCREASING POI OF SCC BY TECHNOLOGY

Fortunately, there are smart pig technologies available that can target certain specific drivers or prop-

erties associated with the potential occurrence of SCC. The results from these technologies will not 

provide any absolute statement on whether a crack or SCC is present. However, in combination with 

other meaningful pieces of information, they could help complete the puzzle and indicate the presence 

of SCC sites on a pipeline. When such a process is undertaken, alongside the evaluation of crack tool 

inspection data, it provides further alternatives in assisting the POI of SCC and feature classification, 

whilst at the same time minimizing costly and unnecessary excavations:

i. Material properties…

Clearly, steel properties and microstructures influence cracking behavior. Surprisingly, there are still 

challenges in establishing strong correlations between important basic material properties (grade, 

alloying composition, presence of inclusions, etc.) with the occurrence of external SCC, at least in a 

laboratory environment. [16] [17] This failure to establish such relationships is suggestive of the rea-

sons why ongoing attempts to develop an SCC-resistant pipeline steel have so far proved fruitless.

Nevertheless, this does not detract from the fact that certain steel batches have been found more 

susceptible. Certain in-line technologies have been developed for pipeline operators to access further 

reveal their pipeline ‘material DNA’ which may not be available especially on older and vintage pipe-

line systems. For example, RoMat-PGS1 targets pipeline steel strength, which can provide the pipe-

line engineer with a valuable picture of the distribution of specific pipeline populations in his system 

(Figure 4). And at the same time, in combination with crack tool data and field verification activities, 

determine, from a macroscopic point of view whether certain specific populations of pipe segments 

are exposed to a higher susceptibility to external SCC. 

1  RoMat PGS – ASME Global Pipeline Award 2015 
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Figure 4 – Example of material-related pipe population distributions revealed by RoMat-PGS

ii. Stress concentrations…

Operational stress and pressure fluctuations have significant influences on the SCC susceptibility and 

behavior of crack growth. Industry guidelines generally suggest that external SCC would occur for 

operational stresses greater than 60% SMYS. However, despite having global hoop stresses much 

lower than 60% SMYS, many pipelines have been found to suffer from Near-Neutral or High pH SCC 

due to the presence of local stress raisers. Secondary localized and residual stresses are thus a very 

important aspect of the equation, and assessment of these stresses will help in identifying pipeline 

SCC hot spots. 

• Local stress concentration areas can originate from various sources on a pipeline, typically:

• Geometry defects – dents, ovalities, roof-topping, wrinkles, etc.

• Pipeline movement, sharp bends, slope inclination – bending strain

• Hard spots – manufacturing, third-party damage, etc.

Incidentally, there are technologies that can target such features (Figure 5), e.g. high-resolution geo-

metric tools can identify local plastic deformation or out-of-roundness areas, with great sizing ac-

curacy. Local pipe bending stresses generated by pipe movement, terrain undulation, or pipe sharp 

bends could be derived from bending strain measurements obtained by Inertial Measuring Unit (IMU) 

based technologies. Finally, smart pigs based on dual magnetization principles could assist in identi-

fying regions of stress concentrations generated by hard spots.
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Figure 5 – Example of inspection technologies supporting SCC identification from a stress perspective

An example of the application of the approach discussed above is shown in Figure 6 where high-reso-

lution geometric tools were used to target Near-Neutral pH SCC hot spots, following a detailed causal 

analysis identified the potential role of field bends in the manifestation of external SCC resulting from 

stress concentrations produced by ovalities [18].

 

Figure 6 – Identification of Near-Neutral pH SCC at ovalities

Direct measurement of stress concentrations and residual stresses using a smart pig would be also 

very helpful, but a recent PRCI communication highlights that “stress tools are commercially avail-

able, but work is required to encourage vendors to advance technology to a state where it may be use-

ful as an alternative to other cracking ILI tools”. [13] The authors are aware that such developments 

are currently taking place.

iii. Metal loss

The comparison with Circumferential Magnetic Flux Leakage (MFL-C) inspection results (volumetric 

metal loss anomalies) can also improve the classification of ‘SCC flaws’ from other axial plane reflec-

tors identified by crack tools, particularly in the case of Near-Neutral pH SCC (or corrosion-fatigue), 

whose manifestation is usually found at locations of shallow external corrosion. There are neverthe-

less certain circumstances where such an approach could be challenged, e.g. in the case of so-called 

‘sharp-edge’ corrosion (Figure 7), and lead to false calls.
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Figure 7 – ‘Sharp edge’ corrosion identified by EMAT & MFL-C

iv. Coating disbondment and CP

Coating disbondment is a key driver for the occurrence of external SCC, as it leads to CP shielding. 

EMAT technology can provide some insights into coating disbondment along a pipeline. [19] 

There are however no inspection methods (smart pig or above ground surveys) currently available that 

can determine the true OFF pipe-to-soil polarization under disbonded coating. [20] There have been 

many instances where external SCC was identified, despite CP being thought to be fully compliant with 

CP criteria on the basis of results from CIPs surveys. Having access to true OFF CP polarization levels 

under disbonded coatings will be a valuable contribution to indicating the potential presence of SCC.  

Crack tools certainly have limitations and reliability issues, yes, but inspections cannot be dismissed 

from the puzzle. As with any Pipeline Integrity Management System, an appropriate decision-mak-

ing process in managing SCC cannot solely rely on crack inspections. Rather, one has to use crack 

inspection results wisely in conjunction with other key framework activities and available inspection 

alternatives in order to extract the full value of the crack inspection data, and ultimately inform and 

refine crack management strategies. 

…CAN DATA ANALYTICS HELP?

Crack management remains a complex technical problem, partly because there are still fundamental 

gaps in our knowledge. It is information intensive, relies heavily on the judgment of experts and its 

occurrence and growth behavior are difficult to model. Under these circumstances, it is worth posing 

the question as to whether other approaches could be brought to bear on the problem and play a role 

in completing the jigsaw. Data analytics is one such approach. 

Broadly speaking, data analytics can be split into two key components: descriptive analytics and pre-

dictive analytics. Descriptive analytics is an attempt to describe historical data and identify meaningful 

trends between pipeline characteristics and pipeline condition. Predictive analytics is an attempt to 

create predictive models from the identified trends. Such models can play a valuable role in integrity 

management decision support.
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Of course, data analytics techniques (no matter how sophisticated) are powerless in the absence of a 

comprehensive repository of data – in this case, a structured data warehouse containing information 

about pipeline design, construction, operations, environment, and condition. Our company has been 

compiling such a data warehouse, using results from over 500 crack detection inspections together 

with pipeline specific attributes. These data represent a decade’s worth of inspection and dig verifi-

cation campaigns, as well as other pipeline integrity studies covering more than 100,000 kilometers 

of pipelines. 

Although at a relatively early stage, the benefits of the integrity data warehouse are already clear, and 

have been published in detail elsewhere. Data analytics tools can be created for a number of tangible 

purposes, such as benchmarking condition metrics of pipelines (like crack feature count and maxi-

mum depth) within the context of a global pipeline population (Figure 8), or improving POI after a crack 

detection inspection [21] [22].

In the latter case, studies have demonstrated that the number of false positive SCC calls after a crack 

inspection can be reduced by around 50%, leading to a significant reduction in excavation costs. This 

is achieved without the introduction of false negative calls (i.e. missed SCC features) meaning that 

safety is not compromised. The POI improvement technique is based on supervised machine learn-

ing algorithms that consider historical observations of SCC, including its likely location (distance and 

orientation – see Figure 9), morphology (depth, length and width) and even the properties of the pipe 

joints in which it is typically found (e.g. grade and manufacturer).

The logical next step – albeit ambitious – is to predict the likely presence of SCC in uninspected pipe-

lines. This could offer significant improvements over existing susceptibility analyses used as part of 

SCCDA programs.

Figure 8 – Crack benchmarking for hundreds of inspected pipelines (each point represents the condition of a unique pipeline)
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Figure 9 – Locations (distance and orientation) of SCC and nonSCC defects in a pipeline, used to improve POI

Across multiple industries, advances in data analytics have raised some challenging questions about 

the role of experts, and the pipeline industry will be no exception. Data analytics is a valuable weapon 

in combating knowledge subjectivity, as well as the intellectual limits associated with difficult tech-

nical problems. Pipeline engineers are in general very practical people so it is no surprise that they 

place a lot of faith in knowledge gained in the field – some of it intuitive and some of it subjective. Now 

that we have access to very large amounts of empirical data, however, we can finally put this this body 

of knowledge to the test. 

Without doubt, there will be cases where the statistics contradict our intuitive beliefs, and in such cas-

es it will be essential to find out why. Do contradictory findings provide a genuine, never-before-seen 

insight into the threat of SCC? Or do they arise from pernicious statistical biases (of which there are 

many)? Questions of this nature are set to transform the manner in which we manage SCC and pipe-

line integrity in general – shaping us into multidisciplinary teams composed of subject matter experts 

and data scientists, and pushing our skillsets to the limits in both disciplines.

FORWARD LOOK

Navigating through the management of Stress Corrosion Cracking is not an easy task, and the chal-

lenge is commensurate to the multifaceted complexity of the phenomenon. It is a complex puzzle, 

which is evolving, whilst existing pieces are still being refined. It is important a pipeline engineer ap-

preciates the value and influence of each piece in order to minimize uncertainty in the decision-mak-

ing process and pertinently inform SCC management strategies. An important perspective is ‘the bet-

ter we understand the threat, the better we will be able to manage it’. So, it can only be encouraged to 

further invest time in understanding the specific mechanism, pipeline attributes, mode of operations, 

location of cracks, critical crack sizes, etc. Particularly the valuable role of excavations in collecting 

data for informing and optimizing mechanistic investigations and key integrity management decisions 

should not be neglected.

This article has discussed, hopefully, some of the key questions, remaining gaps and challenges. 

There is still a lot to learn, and without question further developments will be only attained with wider 
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industry collaboration. One has to advise for further thirst of knowledge, information and curiosity, 

whilst keeping the alert eye for challenging established “industry boxes” and “patterns” in order to 

extend further our understanding of external SCC, and its subsequent management. There is no doubt 

data analytics will add another layer of valuable pieces to the jigsaw, and will help us to push further 

the borders of our knowledge base.

As SCC is a time-dependent process, original construction practices and aging pipelines would sug-

gest that the industry could see an increase in numbers of pipeline failures due to SCC. Nevertheless, 

it is wise to observe that there is no evidence that the ageing of the pipeline system would automati-

cally imply a greater risk. J.F. Kiefner et al. indicated that “Safety of a well-maintained and periodically 

assessed pipeline is ensured regardless of age through diligent and well-planned integrity manage-

ment practices.” [23] This reflects back to a finding of the NACE 2016 impact study which identified 

that global savings of between 15 to 35% of cost of damages could be made if use of available corro-

sion control practices were made at that time.

Yes, time challenges asset condition and integrity. But time also brings knowledge, wisdom, experi-

ence and technology. What we learn and develop from it will help us move forward towards a safer 

pipeline industry. 
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