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proactive corrosion management for pipelines.

Inline inspection (ILI) has become indispensable for 
monitoring corrosion in pipelines. By supplying vital 
information about the location and severity of defects, 
regular ILIs ensure that critical corrosion defects do not 

go unnoticed for too long before being mitigated or repaired. 
To ensure responsible operation, however, it is essential that 
this ILI ‘safety net’ does not foster a reactive attitude to 
integrity management. Prediction, prevention and monitoring 
of damage remain crucial parts of the integrity management 
cycle.

As the industry adopts a more proactive integrity 
mindset, corroded pipelines pose a unique challenge. 
Successful integrity management not only requires 
information about the location and severity of corroded 

pipes



areas, but also the causes and expected rates of 
deterioration, i.e. corrosion growth rates (CGRs).

Unfortunately, corrosion – driven by an intricate set 
of electrochemical, kinetic and metallurgical processes – 
behaves in an unpredictable manner. This complexity has 
compelled inspection vendors and integrity engineers alike 
to continually advance technology, improve knowledge and 
build experience in corrosion growth prediction in pipelines. 
ROSEN’s own advancements have resulted in CGApro: a 
brand new service designed to support pipeline operators 
with proactive, but pragmatic, corrosion management.

Observing the past
When forming predictive models, an understanding of past 
events is key. Therefore, the first step to proactive corrosion 
management is the measurement of historical corrosion 
activity. While there are several options for measuring CGRs, 
it is now widely accepted that a comparison of repeat ILI 
data provides the most complete description of historical 
corrosion growth in a pipeline.

This is typically achieved in one of two ways, either by 
spatially matching feature ‘boxes’ and comparing the depths 

as reported at the time of each ILI, a technique known as box 
matching; or by directly matching corresponding magnetic 
flux leakage (MFL) signals and comparing their amplitudes, 
known as signal comparison (Figure 1).

Box matching is the simpler of the two techniques, 
but the resulting CGRs are less reliable; errors arise from 
incorrect spatial matching, differences in depth sizing 
algorithms or analysis interpretations, and the influence of 
reporting thresholds. These errors are significantly reduced 
through signal comparison, where the magnetic response 
is compared on an equivalent basis for all metal loss 
indications. Automation of the process, however, is far from 
trivial.

The recently developed AutoSCAN – which stands for 
automated signal correlation and normalisation – employs 
state-of-the-art computer vision technologies to ensure 
accurate alignment, matching and depth change estimation 
for all metal loss indications in a pipeline. 

The AutoSCAN process comprises four key stages:

 ) Key point detection: for detecting the edges and corners 
of corrosion features.

 ) Key point description: for describing and matching signal 
‘fingerprints’.

 ) Outlier detection: to discard improbable signal matches.

 ) Amplitude comparison: to estimate depth changes based 
on the change in magnetic response.

Compared to box matching, AutoSCAN provides 
superior estimates for historical CGRs, with fewer (false) 
negative CGRs and an overall reduction in scatter. The 
maximum estimated CGRs from AutoSCAN also tend to be 
considerably lower (and, thus, more realistic) than those from 
box matching, due to this improved accuracy (Figure 2).

Both box matching and AutoSCAN can be used to 
support ROSEN’s CGApro service.

Planning for the future
Predicting future events is an uncertain venture. To account 
for uncertainties, future integrity management decisions 
based on corrosion growth assessments (CGAs) tend to 
be conservative. While engineering conservatism serves 
necessarily to prevent pipeline failures and the catastrophic 
consequences that can follow (loss of production, assets 
and even life), excessive conservatism will almost invariably 
result in costly and unnecessary remediation. Therefore, the 
real skill lies in understanding how to use imperfect CGRs 
to make optimal integrity management decisions, balancing 
safety and compliance with tight budgetary constraints.

When comparing successive ILIs, a CGR is obtained for 
each reported feature. Therefore, a common misconception 
is that the most accurate predictions will be achieved 
when each feature is ‘grown’ using its own historical CGR, 
to predict its future depth. In reality, this method yields 
scattered, inaccurate predictions. This is, in part, caused by 
the magnification of measurement errors. However, it must 
also be understood that the future growth of a specific 

Figure 1. Box matching (on the left) vs signal comparison (on 
the right).

Figure 2. Example CGR results from box matching and 
AutoSCAN.
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feature cannot always be inferred from the historical 
behaviour of the feature itself, even if the historical CGR 
has been perfectly measured. In complex and unstable 
environments, growth of a corrosion pit can initiate, arrest, 
accelerate or decelerate at any time. 

With CGApro, predictions are improved through the use 
of ‘characteristic’ CGRs. In this approach, a complex pipeline 
system is condensed into a simple and manageable model 
consisting of multiple contiguous segments, each with its 
own unique, but uniform, susceptibility to corrosion. The 
identification of segments involves statistical analysis (to 
assess the variation in feature density), location analysis 
(to assess the external environment along the pipeline 
route), and expert corrosion diagnosis (to gain a thorough 
understanding of corrosion causes and mechanisms). 
Segments are defined for both internal and external 
corrosion susceptibility. With segments defined in this 
fashion, it is reasonable to assume that any given corrosion 
feature has the potential to grow at the same rate as any 
other within the same segment. This is the ‘characteristic’ 
CGR. For best results, characteristic CGRs should be a 

statistic derived from the entire population of historical 
CGRs in the segment.

The optimal statistic for different typical cases can be 
determined by testing on pipelines with three or more ILI 
datasets. Firstly, the test pipeline is segmented, and historical 
CGRs are estimated for each segment by matching features 
between the older two ILI runs. Statistics – such as the 
population maximum, 95th percentile, or mean plus one 
standard deviation – are estimated from the historical CGRs. 
These statistics are then used to ‘grow’ the features from the 
second ILI in order to predict the state of the pipeline at the 
time of the third ILI. This can then be compared to the actual 
inspection results on a unity plot, showing measured depth 
vs predicted depth.

The success of a particular statistic is determined 
heuristically by its ability to:

 ) Prevent underestimation of corrosion depths, which can 
lead to a compromise of safety.

 ) Limit overestimation of corrosion depths, which can lead 
to unnecessary repairs.

Based on these criteria, each point on the unity plot 
is assigned its own prediction category (Figure 3). These 
categories are based upon whether or not the prediction is 
conservative (i.e. located below or above the unity diagonal) 
and whether or not the correct repair decision would be 
made based upon the prediction. ‘Repair decisions’ are 
determined by calculating the critical depth of each reported 
feature. This is taken as the minimum critical depth according 
to the Modified ASME B31G and Kastner assessment 
methods, for an assessment stress equivalent to 100% of the 
specified minimum yield strength (SMYS) of the pipeline. 
Clustering and depth sizing tolerances are not considered for 
these calculations.

If the prediction and measurement both agree on the 
criticality (or subcriticality) of the feature at the time of the 
third ILI, then the repair decision is considered to be correct 
and vice versa.

Based on the categories in Figure 3, a successful method 
is one which:

 ) Maximises the number of 
conservative predictions leading to 
correct decisions (green points).

 ) Minimises the number of 
unnecessary repairs (yellow points).

 ) Limits the number of non-
conservative predictions (blue 
points).

 ) Avoids potential (code) failures 
(red points).

The level of success can be 
measured using a heuristic scoring 
methodology or else observed 
qualitatively.Figure 4. Corrosion prediction unity plots.

Figure 3. Prediction categories for unity plots.

REPRINTED FROM DECEMBER 2017 /  World Pipelines   



Since a characteristic CGR is based on the population of 
measured CGRs, the optimal statistic depends on the precision 
and accuracy of those measured CGRs. As such, measurements 
obtained from box matching must be treated differently to the 
more accurate measurements from AutoSCAN.

Due to the high uncertainties associated with box 
matching results, it is often the case that the maximum 
measured CGR will be an overestimate of the true peak 
activity. Consequently, the use of the maximum CGR from 
box matching tends to be overly conservative. ROSEN’s 
research has shown that more realistic results can be 
obtained from box matching results by using a non-
parametric 95th percentile CGR. This will usually provide a 
conservative, yet more realistic model for pipeline segments 
where operation is stable over time and where there is a 
sufficient number of reported features (Figure 4).

In contrast, the improved accuracy from signal matching 
means that the population maximum is more likely to 
represent true peak activity. As such, the maximum is 
recommended as a characteristic CGR.

CGApro in action
In a case study applying the learning from the testing 
described above, an 8 km section of an onshore pipeline 
was subject to corrosion growth assessment. The pipeline 
was inspected twice using the ROSEN MFL A service over 
an interval of approximately two years. The more recent 
inspection reported 189 external corrosion features, which 
were cross-referenced against the reported features from the 
previous inspection. 

A standard CGA (using box matching) identified historical 
CGRs of up to 0.82 mm/y, suggesting aggressive corrosion 
growth. By conservatively assuming that every feature would 
grow at this maximum rate (a traditional CGA approach), 
21 features were predicted to exceed critical dimensions 
within a five year interval. Repairing all of these features was 
expected to cost upwards of US$1 million.

The case was reexamined using ROSEN’s CGApro 
service, which identified five segments, each with a unique 
susceptibility to external corrosion (Figure 5).

For each segment, an optimal CGR was calculated based 
on the population of features therein. For segments with 
20 features or more, the non-parametric 95th percentile was 
used, while for segments containing fewer than 20 features, 
the population maximum was used. Segments without any 
reported features were assigned the global minimum CGR. 
This approach is supported by the comprehensive decision 
theory and statistical research conducted and published by 
ROSEN in recent years. The resulting set of recommended 
CGRs ranged between 0.33 - 0.75 mm/y, reducing the dig list 
to only nine features and cutting the estimated remediation 
cost by over 50%.

Finally, the analysis was repeated using results from 
ROSEN’s AutoSCAN software, which significantly improved 
the accuracy of the historical CGR estimates. ROSEN’s 
experience demonstrates that the maximum historical CGR 
per segment from AutoSCAN, provides a reliable estimate of 
the future peak activity which may occur within that segment 
in the future. The new CGRs, ranging from 0.06 - 0.38 mm/y, 
implied much less corrosion activity than was suggested by 
the less sophisticated assessment. Correspondingly, the dig 
list was reduced to only a single feature, with an estimated 
remediation cost of US$50 000. 

Figure 5. Pipeline segmentation (supported by Table 1).

Figure 6. Traditional corrosion growth assessment vs CGApro.

Table 1. Pipeline segmentation details

Segment ID Start End Description

A Start 2.25 km Buried under agricultural 

fields and insufficiently 

protected by CP system

B 2.25 km 4.90 km Aboveground

C 4.90 km 6.31 km Buried in mountainous terrain

D 6.31 km 7.40 km Replaced section with 

superior external coating

E 7.40 km End Buried in mountainous terrain
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