
Sometimes 
more is more

Barret Roulston and Jeff Fleming, 

ROSEN, Canada, explain how using 

combined inspection technologies 

can help operators make better risk 

assessment calculations. 

Throughout its service life, every pipeline is exposed 
to a wide range of potential damage mechanisms, 
any of which may eventually result in failure if not 
identified and mitigated in time. This is of particular 

significance in countries such as the US and Canada, where 
more than 50% of all crude oil and natural gas pipelines in 
operation were built in the 1960s or earlier, with some of the 
oldest being in service for close to a century.

Figure 1. XT technology 
capable of detecting 
deformation anomalies.



While maintaining a pipeline network is always a complex 
and costly endeavour that requires constant attention, it is even 
more challenging when dealing with an old asset. In addition to 
generally increased degradation, material and construction may 
not comply to modern standards. Furthermore, records of old 
pipelines are much more likely to be incomplete. However, with 
heightened public concern over environmental protection – and 
the recently established obligation to keep pipeline records 
accurate, traceable, and verifiable – the pressure on owners and 
operators is immense. As a consequence, they are continually 
searching for improved methods and approaches to maintain the 
integrity of their assets and fill in the blanks in their records.

There are a variety of potential flaws associated with 
pipelines that can negatively affect them, and finding 
these flaws can be quite challenging. They can range from 
corrosion, dents and gouges in the pipe from construction, 
to objects coming into contact with the pipe, to cracking, 
laminations, and more. One of the main goals of any 
operator’s integrity programme is to locate, identify and 
reduce the threat caused by such flaws in their pipeline.

Different threats require different detection 
technologies
The most commonly deployed method of dealing with 
these threats is via inline inspection (ILI) tools. There are 
many types of ILI tools available to help locate defects 
in pipelines. Magnetic flux leakage (MFL) tools are widely 
used as an operator’s first step to help locate and measure 
threats based on metal loss. ILI tools using MFL technology 
are typically based on a system of steel brushes attached to 
magnets that induce a magnetic current (magnetic flux) in a 
pipe wall as the ILI tool travels down the inside of a pipeline. 
Sensors on the tool read the changes in the magnetic flux to 
determine the ‘leakage’ of magnetism. This leakage can be 
measured and characterised to determine the morphology 
of the pipeline in terms of length, width, depth and other 
relevant attributes. These values can in turn be used to 

determine the threat level to the pipe. Due to the nature of 
an ILI tool travelling through a pipeline, an MFL-based tool 
can generally only be focused on one orientation on the 
pipe wall, such as axially or circumferentially, concentrating 
on metal loss features whose morphology occurs in the 
opposite orientation. This means that, using MFL-based 
technology, many operators will need to inspect their 
pipeline with at least two tools, one magnetising the pipeline 
in each orientation, if they want to have the clearest picture 
of their metal loss situation.

Physical deformations in a pipeline are another major 
threat to pipeline integrity. Deformations can occur due 
to interference with the pipeline from events such as 
ground movement, landslides, third party digging, or heavy 
equipment operating near a pipeline right-of-way. These 
events can physically shift the pipeline, creating unintended 
strain on, or bending of, the pipeline, causing out-of-
roundness or leading to contact with objects in the ground 
such as rocks or boulders, which can dent the pipeline. 
This movement can also cause anomalies such as wrinkling 
or buckling of the pipeline, which in turn can severely 
impact the strength of the line due to the stress caused 
by these defects. Caliper ILI tools are used to measure the 
physical change in the geometry of the pipeline. A caliper 
tool uses a physical arm sensor to measure how the sensor 
moves perpendicularly to the internal pipe surface as the 
tool traverses the pipeline. The readings from the sensor 
allow the user to measure the dimensions of an anomaly 
to determine its threat. To help investigate pipeline 
movement and strain, XYZ tools equipped with an inertial 
mapping unit (IMU) can use gyroscopes to determine the 
co-ordinates of a pipeline in conjunction with GPS.

Accurate information about the design of the pipeline 
is required if an operator is to conduct meaningful risk 
assessment calculations. Every joint of the pipeline has 
its own properties such as wall thickness, pipe grade 
(the strength of the steel) and weld seam type. These 

properties can be used to help determine the 
maximum allowable operating pressure (MAOP) 
of the pipeline. While operators typically have 
good records of all this information, it can be 
missing on ageing pipe built when records were 
not so well kept. It is important to know these 
characteristics, as they not only help determine 
the MAOP of the pipeline, but they have an 
impact on the threat level of any defect on the 
line. The ROSEN RoMat suite of technologies, 
an innovative set of equipment designed to 
determine the material properties of a pipeline, 
helps operators retrieve critical information they 
might otherwise be missing. The RoMat PGS 
service is a world-first ILI technology that allows 
for the determination of these characteristics 
via ILI rather than costly field verifications 
and testing. Using the results of RoMat PGS 
data, ROSEN has developed the Pipeline 
DNA Assessment to provide a characteristic 
breakdown of the materials a pipeline has been Figure 2. MFL technology is used to identify metal loss features.
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constructed from. In addition, the RoMat DMG service uses 
two separate MFL bodies running at different magnetisation 
levels to help identify where there may be hard spots of 
the pipeline. Variations in the hardness of a pipe wall can 
be dangerous as they can lead to failures – due to stress in 
these locations caused by pressure cycles or cracking.

Any of the above threats on their own can cause a 
serious risk to a pipeline. When a combination of different 
threats is present in one pipeline, these can interact 
with each other, increasing the risk even further. A metal 
loss threat or a dent threat on its own may be cause for 
concern, but when metal loss is occurring in conjunction 
with a dent, it may be a recipe for failure on the pipeline. 
To get a full picture of all the threats to their pipeline, 
operators are often forced to run a full suite of inspection 
tools using different technologies. Pipeline inspections 
can be costly. Depending on the circumstances, the 
operational costs associated with running these tools 
can be anywhere from tens of thousands, to millions 
of dollars when considering the cost of onsite crews, 
impact to operations, etc. There is also risk associated 
with running an inspection tool. If the inspection is not 
carefully planned, it can result in a tool getting lodged 
in a pipeline, requiring expensive removal procedures or 
damage to the pipeline itself. Reducing the number of 
required inspection runs while still getting as much of 
the full picture as possible is of great benefit in terms of 
minimising these costs.

Making the most of one run
An effective way to reduce the risk and cost of multiple 
inspections is to combine multiple inspection technologies 
into one inspection tool. In some cases, this allows for a 
single inspection where several would typically be required. 
ROSEN uses modular design for all of its inspection 
technologies, making it possible to combine a nearly 
unlimited number of inspection technologies into one tool 
(the ILI tool’s launching and receiving facilities typically being 
the sole limiting factor). Due to standardised mechanics and 
electronics, the various technology types can easily talk to 
each other and record various data sets side by side as the 
pipeline is inspected.

One case of using combined inspection technologies 
was the inspection of a pipeline segment in Canada. 
The inspection utilised RoCorr MFL-A (axially inducted 
magnetic flux), RoGeo XT (a high-resolution caliper), 
RoGeo XYZ, as well as RoMat PGS (pipe grade sensor) 
and RoMat DMG (dual magnetisation) technologies. 
Completing the inspection with multiple technologies 
served a double purpose. On the one hand, it provided 
information to the operator on the existence of metal 
loss and deformation anomalies, and helped confirm if 
there were any interacting threats. On the other hand, it 
confirmed that the new RoMat PGS technology is indeed 
able to determine pipe grade and material property 
information.

By completing this inspection with all five 
technologies, the operator was able to quickly and 

efficiently complete the inspection with minimal impact 
to operation. To validate the RoMat PGS technology 
following the inspection, field visits were completed 
during which non-destructive examination (NDE) was 
conducted on selected pipeline joints to take a direct 
assessment of the pipeline properties that could be 
compared against the RoMat PGS results. Pull testing 
of the RoMat PGS tool on certified pipes, as well as 
laboratory testing of the sensors to complement the pull 
tests, were used as comparison points for the validation. 
To ensure a blind testing of the RoMat PGS results, the 
preliminary results were delivered to the operator prior 
to the NDE verification digs. The results of the validation 
tests proved that the RoMat PGS systems were working 
correctly, as the measured values were within the 
specification for the tool with certainty across all data 
collected above the tool’s specification levels.

The results of the inspection left the operator with a 
very clear picture of the pipeline. The combination of the 
RoCorr MFL-A and RoGeo XT technologies confirmed for 
the operator that there were no deformation anomalies 
within the pipeline where metal loss was interacting. Using 
the results of the RoMat PGS service, the operator was able 
to consider the new results and grade associations in certain 
locations in their pipeline, to change the assessment of certain 
metal loss defects based on the new information provided 
by this service, as well as review their understanding of what 
the pipeline was capable of in terms of MAOP. Information 
provided by the RoMat DMG service allowed the operator 
to gain an understanding as to the most critical hard spot 
locations on the pipeline to ensure proper monitoring of 
these areas and manage the integrity appropriately. With the 
RoGeo XYZ service being used in this inspection, all of the 
results from the various technologies can easily be found by 
the operator should they decide to dig any specific areas for 
repair, as the RoGeo XYZ service allows for GPS locations 
being provided for every anomaly detected by the tool in the 
pipeline. The data collected by the XYZ service will also allow 
the operator to conduct strain assessments as required should 
there be a concern about pipeline movement over time.

Collaboration creates mutual benefits
In order to achieve continuous improvement in the industry, 
it is vital that operators and service providers are in 
constant communication about each other’s requirements. 
Many pipelines have been in service well beyond their 
design life. This is largely thanks to the vast improvements 
that have been made in the area of integrity management 
in recent years. Yet, ensuring the continuous integrity of 
the ageing oil and gas infrastructure necessitates ever 
more comprehensive inspection programmes. By sharing 
goals and challenges with service providers, operators 
can directly participate in the development of new 
technologies. This was the case in the above-mentioned 
project, where ROSEN’s RoMat PGS service was validated 
together with the customer to confirm the benefits of its 
future use on their system. 
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