Stefan Vages, ROSEN Group, USA,
explains how to overcome the
challenges of inspecting low-pressure
and multi-diameter gas pipelines to
collect useful data.

I

n the world of extreme pipelines, there are many
challenges to be taken on regularly. One of those is
the inspection of multi-diameter low-pressure gas
pipelines. Although many solutions for the inspection
of multi-diameter pipelines have become available in the
past two decades, these mostly focused on the mechanical
passage of pipeline systems with multiple diameters. Today

the emphasis is not only on getting the inspection tool
successfully through the pipeline, but also on collecting
high-resolution and useful data, in order establish new
information that enables better decision making for a
comprehensive integrity management programme.
Gathering high quality data in low-pressure gas pipelines
is particularly difficult due to the compressibility of the
medium. At low operating pressures the likelihood of speed
excursions, especially when using magnetic flux leakage (MFL)
technology, increases significantly. These speed excursions
usually result in compromised data quality, since the velocity
negatively affects the magnetic field and therefore the
properties of the measurement.
Another important aspect to consider when inspecting
multi-diameter low-pressure gas pipelines is the preparation
for inspection. In particular, the cleaning of these pipelines

all boundary conditions. Special cleaning tools that
have cleaning efficiency across all diameters are
required. However, these also need to work within
the constraints of the lower and upper pressure limits
of the pipeline system. The inline inspection tools
utilised for these complex pipeline systems have been
outfitted with elements that have proven successful
over the previous years in improving the run behaviour
in single diameter pipelines, and their purpose is
mostly to reduce friction and therefore reduce the
differential pressure required to move them through
the pipeline.
In the following sections, a project will be
described where such a solution was successfully
deployed.

Asset information
Figure 1. Tailored solutions for unique challenges require extensive engineer
and design, but also rely heavily on testing and validation to build confidence
in the solution.

Figure 2. Once in the field the preparation work of understanding the
pipelines operating conditions and mechanical conditions allows for
successful collection of high-quality data.

is difficult, as multiple diameters need to be cleaned at
the same time. Usually cleaning tools are set up in a way
to create a lot of friction with the pipe wall in order to
scrape sediments off it. High friction, however, is equivalent
to high differential pressures across the cleaning tool. In
many scenarios, these low-pressure gas systems can only
accommodate a certain maximum operating pressure, mostly
due to system limitations, and are limited at the lower end
in order to be able to serve their customers. That means that
only a certain amount of differential pressure is available in
order to move cleaning and inline inspection tools through
the pipeline.
In order to address the particular challenges of these
systems, customised solutions are required that consider
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In order to ensure successful project execution, it is
imperative to have sufficiently detailed information
on the pipeline that needs to be inspected. In addition
to the mechanical properties, like wall thicknesses,
bend radii, installations, etc., it is important to
also understand the operating conditions and their
limitations. For example, there are circumstances in
which it may be necessary that an inspection take
place during the night, since gas flows are too high
during the day, and/or that a certain period of the
year has to be targeted in order to get the best
possible operating conditions.
When reviewing the pipeline information, the
mechanical properties must be established. The most
important characteristics are the different diameters,
the wall thicknesses in the different diameters,
minimum bend radii for the different diameters,
as well as critical installations. In addition to that,
the operating conditions during the cleaning and
inspection tool runs should be established. Meaning
the range of flow rates, typically some variance cannot
be avoided, and the upper and lower pressure limits of
the system.

Solution engineering
Once all the information is available and the boundary
conditions of the inspection have been established,
the engineering of the cleaning and inspection
solution starts.
For the cleaning tools, usually a variety of different tools
are designed in order to allow for a progressive cleaning
approach. Typically two different designs are utilized: a disc
tool with magnets, and a disc tool with magnets and brushes.
These designs are taken and different configurations of each
are established with different disc diameters, thicknesses and
material hardness. By changing the disc diameter, thickness
and the material hardness, the amount of friction that is
created against the pipe wall – and therefore the differential
pressure needed to move these tools through the pipeline –
can be adjusted. Once the rudimentary configurations have
been established, basic testing of these is completed in order

to understand the required differential pressure. Depending
on the results, adjustments are made to the disc diameter,
thickness and material hardness. It is necessary to establish
clear parameters upfront that need to be achieved in order
to ensure that these tools deliver the required results.
For the inline inspection tools the process is more
complicated. In the beginning of each customisation, a
requirement specification is established based on the
previously gathered information. The mechanical engineers
first design the measurement modules for the different
technologies. In the design process, the mechanical
properties can be simulated in order to identify the minimum
diameter these modules can pass through and what kind
of bends can be negotiated. Another important aspect of
this phase is the finite element analysis. In this process,
the properties of the magnetiser are evaluated and it is
determined whether the wall thicknesses present in the
pipeline can be inspected with these measurement modules.
In order to fully cover the circumference of a multi-diameter
pipeline, smaller diameter inline inspection tools require
at least two measurement modules, while larger tools can
typically accomplish full coverage with a single measurement
module.

Design and testing
For the inline inspection tools a lot of the design elements
from the single diameter tools that were optimised for
low-pressure gas pipelines have been adapted to the multidiameter tools as well. This includes a magnetiser that is
wheel supported instead of having a brush in contact with
the pipe wall closing the magnetic field. This significantly
reduces the friction of the measurement unit and is a
key element to reducing the overall need for differential
pressure. In addition to the wheeled magnetiser, other
components are wheel supported as well. The pull unit
with which the inline inspection tools move through the
pipeline is also wheel supported, meaning the mechanism
that is able to adapt to the various different diameters in a
multi-diameter pipeline is wheel supported and the sealing
elements are not carrying the majority of the load like a
standard cup or disc would. This again significantly reduces
the friction of the overall system and allows the inline
inspection tool to move through the pipeline at very low
differential pressure.
Upon completion of design, manufacturing, and
assembly of these tools, a rigorous testing process is
completed. For the inline inspection tools this includes
two major forms of testing. First pull testing, which is done
to validate the performance of the measurement system.
For magnetic flux leakage tools test pipes with various
diameters and wall thicknesses are available. These have
been outfitted with a variety of metal loss features that
have to be detected and properly identified by the inline
inspection tool in order to ensure it is ready for service. For
geometry tools different features are included in these test
pipes in order to verify the performance with regards to
internal diameter measurements. It is important to mention
that all of these systems are qualified in line with API 1163.

The next step, in terms of testing, is to validate the
actual mechanical passage capabilities and the properties
concerning the inspection systems friction. For this pump
testing is conducted. A pump test loop is usually established
for this that simulates a variety of features present in the
pipeline to be inspected. This usually includes the diameter
transitions, the smallest bend radius in each diameter, as
well as varying wall thicknesses in each diameter. Pressure
readings are taken at the beginning and the end of the test
loop in order to determine the differential pressure required
to move the inline inspection system through certain
features of the test loop. Upon completion of pump testing
the differential pressure required to move the tool through
the most difficult features has been determined and can be
used to establish a better understanding of how the tool
will perform in the actual pipeline. Since tests are usually
performed at very low flowrates, in order to reduce the
amount of momentum, the results are rather conservative in
comparison to the actual values that are achieved in a real
inspection.

Field operations
Once all the equipment is deemed ready for the completion
of the actual field work, it is mobilised and the process of
cleaning the pipeline is started. First, the least aggressive
cleaning tools are run through the pipeline in order to
establish a baseline with regards to the cleanliness. After
each run the aggressiveness can be increased, unless large
quantities of debris are recovered from the pipeline. In such
a scenario it is recommended to re-run the cleaning tool
that recovered the large amount of debris until a reduction
in debris removal has been achieved. Once the recovered
debris from the pipeline has met a pre-agreed threshold the
pipeline can be considered clean. It has to be understood
that different inspection technologies have different
requirements with regards to cleanliness, and therefore need
to be established on a project-specific basis.
Upon completion of the cleaning activities, the inline
inspection tools are prepared for their actual runs. First the
geometry tool is run through the pipeline. It is recommended
to keep the pressure in front of the tool as high as possible
in order to stabilise the tool. Upon receipt, it is important
to review the information gathered by the geometry tool in
order to identify any potential restriction for the following
MFL tool. If the data indicates that there are no restrictions,
the MFL tool can be launched and the field work can be
completed.

Conclusion
Inspections of multi-diameter low-pressure gas pipelines are
a complex and difficult undertaking. However, with good
preparation, the right tools, and a consistent approach many
of these pipelines can, and have been successfully inspected.
As requirements from regulatory authorities and the
general public increase with regards to the operation of gas
pipelines, technology will also improve to address the needs
of operators for better information on their pipeline systems
to ensure their continued and safe operation.
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