
Christoph Jaeger and 
Andreas Pfanger, 

NDT Global GmbH & Co. 
KG, Germany, explain 

why monitoring pipeline 
corrosion is critical to 

avoid the consequences  
of line failure.

A couple of millimetres a year may not seem like 
much, but in the field of pipeline corrosion this 
signals a major problem. Accurately measuring 
minute changes in corrosion allows pipeline 

operators to safely plan and manage the integrity of their 
asset.

For this reason, NDT Global uses the latest inline 
inspection (ILI) tool technology to record high resolution 
pipeline data. In total, the company has conducted 
ultrasonic testing on more than 150 000 km (93 205 miles) 
of pipeline and has 465 man years of data analysis 
experience.

Figure 1. Testing of 
inspection tool at NDT Global 
test yard.

CORROSION
Keeping up with



Between 2010 and 2014, the Canadian Energy Pipeline 
Association (CEPA) found that the leading cause of 
pipeline failure amongst its members was metal loss, at 
34%. This loss is caused by either internal or external 
corrosion, which can be detected and forecasted 
through ultrasonic ILI. Similarly, in the 30 years leading 
up to the new millennium, the US Department of 
Interior Mineral Management Service found that internal 
corrosion was the leading cause of leaks in 35% of 
reported incidents in offshore pipelines. Natural hazards 
trailed well behind. 

Corrosion is considered one of the most critical threats 
to pipelines. The growth rate of corrosion depends on 
the medium within the pipeline and the rehabilitation 
and protection measures that operators undertake. This 
uncertainty is why ILI is crucial. Multiple inspections allow 
data to be compared and, in turn, corrosion growth rates 
to be estimated and safe operating pressure calculated. 
This information enables pipeline operators to make 
informed maintenance decisions. 

For offshore pipelines, specific safe pressure levels are 
a critical measurement. Knowing when to reduce pressure 

prevents ruptures and provides a 
timeline for the lifespan of the line.

Causes of pipeline corrosion
Corrosion can impact both the internal 
and external surface of a pipe wall. 
When the transported medium (such 
as crude oil) carries trace amounts of 
water or bacteria, corrosion is initiated 
and can result in rapid growth. 

Dirt and debris can aggravate 
internal corrosion. Therefore, regular 
cleaning of pipelines and the injection 
of corrosion inhibitors are important 
strategies for slowing or preventing 
internal corrosion. Coatings and 
cathodic protection are also used to 
prevent external corrosion.

The technology
In 2015, NDT Global launched a high 

resolution (UMp) metal loss inspection service, which 
reliably detects defects and sizes as small as 5 mm (0.2 in.). 
Representing a two-fold improvement in the minimum 
sizing threshold from the previous entry level ultrasonic 
service of 10 mm (0.4 in.).

Prior to inspection, pipelines are cleaned of dirt and 
debris. Once the line is cleared, the ILI tool is deployed. 
As it travels through the line, ultrasonic sensors covering 
the full 360˚ range of the pipeline emit a short pulse of 
ultrasonic energy, which is reflected by the internal pipe 
wall. A portion of the signal enters the pipe wall and is 
reflected by the rear wall, measuring the time of flight. 
Using the speed of sound for the medium and steel, the 
distance from sensor to the inner wall standoff and the 
wall thickness can be calculated. 

Case study one
In early 2015, NDT Global completed the first ultrasonic 
ILI of an offshore crude oil pipeline. After this inspection, 
data analysis teams discovered that this five year old line 
had significant internal corrosion, which was unexpected 
given its age. Pitting and extensive channelling corrosion, 
with depths up to 10 mm (0.39 in.; 60% of the nominal wall 
thickness) were found mainly on the bottom of the pipe, 
but also along the sides to the midpoint. 

Based on the surprisingly advanced corrosion 
discovered in 2015, the client expected to see corrosion 
growth of between 2 mm (0.08 in.) and 2.5 mm (0.1 in.) 
per year. The client believes that the temperature of the 
crude oil, which was between 60˚C and 70˚C along with 
insufficient cleaning of the pipeline during the first few 
years of operation contributed to the significant amount 
of corrosion. In an attempt to slow further damage, the 
procedures for cleaning and injecting corrosion inhibitors 
were changed.

To prove the effectiveness of these measures, the 
client decided to re-inspect the pipeline in 2016, one year 

Figure 3. Remaining life of the pipeline at established MAOP.

Figure 2. NDT Global’s ultrasonic inspection tools use high resolution inspection to 
identify the true state of corrosion in pipelines.
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after the first ILI. Having two high resolution ILI data 
sets enabled a detailed data-based corrosion growth 
assessment. This meant that the river bottom profiles of 
the corrosion anomalies were compared instead of the 
peak depths alone. This assessment revealed corrosion 
growth between 2015 and 2016 for the majority of the 
corrosion anomalies. However, despite the ongoing 
corrosion, there was some positive news. Based on the 
2015/2016 comparison, NDT Global found the maximum 
growth rate is approximately 1.2 mm (0.05 in.) per year, 
which is not as fast as the clients expected based on the 
first inspection.  

Being an offshore pipeline, one of the most critical 
pieces of information to determine is the safe operating 
pressure. Repairing offshore pipelines is expensive, as 
conditions must be extrapolated to determine how long 
a pipeline can operate at certain pressure levels or when 
pressure must be reduced. The operation of offshore 
pipelines strongly relies on the output of these corrosion 
growth predictions and assessments.

The safe operating pressure was calculated according 
to Recommended Practice DNV-RP-F101, making use of the 
detailed river bottom profiles of the corrosion features. 
The calculated safe operating pressure of the pipeline 
dropped by 11 bar (160 psi) between 2015 and 2016, but 
was still well above the maximum allowable operating 
pressure (MAOP) of 140 bar (2030 psi).

Forecasts of the pipeline’s future safe operating 
pressure were calculated using different corrosion growth 
scenarios. For the most conservative scenario, where 

corrosion growth of all anomalies continues at the 
maximum rate of 1.2 mm (0.05 in.) per year determined 
from the 2015/2016 comparison, the remaining life of the 
pipeline at the established MAOP is eight years (Figure 3). 

The comparison and assessment of the 2015 and 2016 
ILI results showed that the initial prevention measures 
slowed the corrosion growth after the 2015 ILI. In order 
to reduce the still high growth rate, the cleaning and 
corrosion inhibition procedures must be optimised. 
Therefore, this year a re-inspection and an updated 
integrity assessment is planned to prove the success of 
these strategies. 

Case study two
While the previous case study focused on internal 
corrosion, in mid 2016, NDT Global worked with a pipeline 
that had an issue with external corrosion on a riser 
section that was approximately 185 m (607 ft) in length 
and had been inspected by another ILI provider in 2014.

According to the 2016 inspection results, the most 
significant external anomaly was found in the splash zone 
and had a depth of 8 mm (0.31 in.), leaving a remaining 
wall thickness of 7 mm (0.28 in). It spans a length of 1 m 
(39 in.) and covers the full circumference of the pipe. This 
heavy corrosion shows that the coating was damaged, 
allowing sea water to penetrate to the metal.

This client required a detailed growth assessment 
that considered the high resolution depth profile of this 
external corrosion. In order to take a detailed look at this 
particular anomaly, it was divided into eight 45˚ boxes. 
Figure 4 illustrates the comparison of river bottom and 
resulting characteristic wall thickness profiles from one of 
these boxes. The growth rates are given in Figure 5. 

Interestingly, the corrosion rate varied significantly 
along the length of the anomaly. The first 600 mm (24 in.) 
of the 1 m area featured corrosion that was growing about 
twice as fast as the spots in the latter half. In this first 
section, the rate ranged from 0.5 mm (0.02 in.) to 0.6 mm 
(0.024 in.) per year, depending on the circumferential 
position. However, after 600 mm (23.62 in.) the anomaly 
was growing at a maximum rate of 0.2 mm (0.01 in.) per 
year and several regions showed no growth at all.

This type of high level corrosion growth results serves 
as input for advanced 3D finite element pressure and 
remaining pipeline life predictions.

Conclusion
Unchecked corrosion can lead to disastrous consequences, 
which is why regular monitoring is critical. 

Having accurate data about the presence of internal 
and external corrosion, as well as the growth rate of those 
defects, allows pipeline operators to intelligently plan 
their maintenance, ramp up preventative measures and 
ensure the pipeline is always operating at safe pressure 
levels. It also gives a good indication of the lifespan of 
the pipeline, which can aid in long term planning and 
safety. Figure 5. Corrosion growth rates.

Figure 4. A comparison of river bottom and wall thickness 
profiles. 
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