Figure 1. A custom solution for an extreme subsea pipeline.

John Fallon, NDT Global, Ireland, highlights some
of the challenges that extreme environments
pose on inline inspection projects.

AGAINST ALL ODDS

T

he pipeline industry exposes operators to some of the
most extreme and testing conditions when trying to
conduct an inline inspection (ILI). There is a myriad of
conditions that influence pipeline inspection and, since
inspecting a pipeline is a complex operation, it is necessary to
conduct them so that they achieve maximum safety and minimal
disruption to production.
It is imperative to ensure that there is always a solution
available for inspection. However, identifying the best and
most suitable of these solutions is often the determining factor
between the success and failure of ILI data acquisition. This article
examines some of the extreme cases faced by NDT Global and
how the company managed them.

Figure 2. NDT Global helps to meet the needs of its customers
with first run success.

In the thick of things
A common condition that can be of particular concern when
it comes to pipeline inspection is pipe wall thickness. In one
instance, one of NDT Global’s clients was in need of a baseline
survey of one of its subsea gas pipelines, which had a varying
wall thickness range of 28.9 - 37.5 mm (1.1 - 1.5 in.). Notably, it was
integral that the survey finished before winter set in hard, as the
water would freeze in these extreme subsea conditions.
NDT Global identified ultrasonic technology (UT) as the most
suitable technology to test for metal loss under the conditions
in this case. By directly measuring the wall thickness, UT offered
an accurate solution for depth sizing in comparison to that
offered by other methods of measurements, such as magnetic
flux leakage (MFL), to overcome the issue of performing an ILI in a
pipeline with varied wall thickness.
In terms of operational challenges, a problem that
NDT Global experienced is that pumping the ILI tool in one go
is not always feasible. Therefore, prior to inspection, a series of
cleaning pigs were run through the line, 25 km (15.9 miles) ahead
of the ILI tool. However, a subsea receiver could not recover the
cleaning pigs at the same time as the intelligent pig due to the
variability of weather conditions in the pipeline’s location. The
client, therefore, required the intelligent pig to remain powered
while waiting for extended periods. In order to meet this
requirement, NDT Global modified an ILI tool that could operate
with a 470 hr battery life – well in excess of the standard run time
of 270 hrs.
The extreme environmental conditions of this subsea pipeline
greatly impacted the ruggedness of the ILI tool. The resultant
pressure in the line, when combined with the water depth, gave
an operating pressure of 170 bar (2465 psi) while, traditionally, the
certification of NDT Global’s ILI tools is 120 bar (1740 psi). This
significant increase in pressure required a robust design, additional
testing and assurance to ensure that the operating tool met the
enhanced requirements.
Ultimately, NDT Global factored in all of the challenges
this project posed and performed the inspection run using high
resolution ultrasonic metal loss inspection technology (UMp).
Since this configuration featured an optimised sensor carrier
design and a high resolution grid, UMp was an effective solution
for the run. Unlike MFL, UMp provides absolute measurement
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data and a depth sizing accuracy of 0.4 mm (0.02 in.). For the wall
thickness range in this case, this sizing accuracy offered up to 80%
higher accuracy for corrosion depth sizing – an imperative facet
when working with varying wall thickness.
For this challenge, the best practice was to build an additional
36 in. battery module and modify the tool to extend its battery
life. NDT Global used two battery modules in order to reach
the extended run time of 470 hrs. The tool was also modified to
operate at 200 bar (2465 psi) for this project.
If a malfunction was to occur at this high level of pressure,
there was the potential of severely damaging the tool, thus risking
the whole project. Due to the high level of risk, an advanced
qualification project was a very important part of providing the
overall solution. Following completion of the requalification
process, the ILI tools were launched onshore at a gas plant. The
introduction of temporary launchers and receivers was necessary
to flood the line and facilitate the ILI equipment.
The collection of this baseline inspection data with UT
was highly accurate. Once the ILI project was complete, the
pipeline was not only ready for full operation, the operator had
the required inputs to improve integrity management over the
lifetime of the strategic asset. This case study is important as it
demonstrates that the work overcame extreme winter conditions,
which had left a short window available for the inspection to be
completed in.

A deepwater inspection
The previous case study looked at overcoming the difficulties
that arise when working with varying wall thicknesses in
challenging weather conditions. Another prominent and extreme
location that makes pipeline inspection difficult is in deepwater.
When inspecting deepwater pipelines, the depth at which
the pipes are located can cause great challenges. For instance,
if the pipeline is located over 2000 m (6500 ft) below sea level,
issues such as high pressures and poor accessibility are often
associated with these lines as they are traditionally in remote
locations. Generally, these pipelines are not designed with a view
of making it easy to pig or inspect. Factors such as these mean
that a deepwater pipeline inspection can be extremely difficult,
time consuming and expensive. So, what measures are available
to help mitigate the challenges that are posed by this extreme
environment?
Customisation of ILI tools that employ UT has proven
to be effective. The use of bespoke inspection technology,
combined with the greater involvement of pipeline inspection
engineers early in the pipeline design process, helps to reduce
the complexities and costs associated with deepwater pipeline
inspections.
In deepwater environments, it is imperative to act fast and
early, and to prevent the damage caused by anomalies. NDT
Global’s experiences in locations such as the Gulf of Mexico,
offshore West Africa and the North Sea underline the importance
of early consultation and co-operation. In these locations, the
company has utilised its UT tools to inspect approximately 20
difficult to inspect deepwater pipelines.
Using a project in the Gulf of Mexico as an example,
NDT Global adapted a UT tool to a set of specific pipeline
requirements. This pipeline was part of a project to extend an

Figure 3. An example of circumferential stress corrosion
cracking.

existing 12 in. deepwater oil production pipeline with a new 10 in.
line to tie-back a new field to the host platform. The maximum
water depth for this project was 1830 m (6000 ft).
While the company had supplied this pipeline with a
customised high pressure metal loss UT tool in the past, the
subsequent changes to the asset necessitated a review of the ILI
tool’s design.
The operator approached NDT Global during the design
phase of the pipeline’s extension project, seeking advice
on specific design options and how these would affect the
pigging and inspection processes of the new system. Following
completion of the design work, NDT Global created a
modification kit for the existing 12 in. UT tool.
The new metal loss UT tool that was created for this project
is capable of measuring the entire 10 - 12 in. dia. range of the
pipeline with the same accuracy as the previous 12 in. tool,
making it possible to determine corrosion growth by comparing
data from current inspection runs with previous ones.

Managing geotechnical hazards
While axial cracking is widely recognised as a significant threat
to the integrity of high pressure pipelines, circumferential
cracking is less well known. Circumferential cracking may occur
at circumferential welds or as a result of local stress and bending
strain accumulation.
Cracking is often a result of extreme conditions, such as
significant soil movement. Geotechnical activity can greatly affect
pipelines, particularly due to circumferential cracking. The cause
of stress in a pipe is not typically internal medium pressure, but
external influence, such as pipe movement due to landslides or
undermined free spanning offshore sections.
Stress accumulation, sometimes in combination with
susceptible pipe steel, coating or environmental conditions, can
also cause circumferential cracking.
While quite a specific and unique issue, it is important to
understand the dangers that circumferential cracking can cause to
pipelines and the services that are available to help solve them.
As an example, during the course of a multi year inspection
project, NDT Global inspected segments of pipelines for
circumferentially orientated crack-like features. The segments

totalled over 800 km in length, transported light crude oil,
and were considered susceptible to axial stress due to slope
subsidence and exterior forces acting on the pipe. Previous
digs had discovered circumferential crack indications and slope
movement, which necessitated further investigation of these
segments.
The inspected pipe diameters were 12 in. and a significant part
of the overall system runs through mountainous terrain. Elevation
changes along the pipeline route varied by as much as 500 m in
one segment and 1000 m across the pipeline system.
The route passed through monitored slopes as part of an
ongoing geotechnical programme and received a geotechnical
slope ranking. Due to the potential of geotechnical activity
occurring in some segments, several slopes were monitored using
strain gauges, while others were rerouted altogether from active
areas.
Given the number of geotechnical slope hazards along the
system, the operator established an ongoing circumferential crack
management programme. As part of its integrity management
programme, the operator selected particular segments for ILI
due to their higher susceptibility to damage, given the number of
potential geotechnical risks.
The data analysis process identified numerous crack fields and
crack-like indications, all oriented circumferentially. Based on the
findings and the integrity management programme, a selection
and prioritisation to complete field validation of the results was
made. The collected data showed a sizing accuracy of ±1 mm
(39 mil) with a certainty of 84%.
Based on their detection capabilities, UT ILI tools can play an
important role in the integrity management of circumferential
cracks. In this case, the results demonstrated the following:
)) A high level of detection and identification capabilities for
circumferential cracks.
)) Successful detection of cracks in both the pipe body and

girth welds, all verified in the field.
)) Detection of areas with a higher concentration of cracks, as

well as singular isolated crack, verified in the field.
)) Delineated individual crack fields or colonies in higher density

areas of cracking.
)) A high level of correlation between the occurrence of cracks

and geotechnical slope hazard areas.

Conclusion
Each of the above cases outline potential issues that can
arise during pipeline projects under various types of extreme
conditions. The examples also highlight some of the solutions
that are available to pipeline operators in order to meet their
specifications, despite the challenging conditions.
NDT Global’s expertise, developments and modified tools
are tested and qualified before commercial use. Enhancing the
technology readiness level of the entire inspection device before
ILI is key to success in challenging pipeline conditions. In addition,
for the difficulties posed in extreme conditions that require
complex solutions, customised applications are more attractive
for integrity management.
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