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CHALLENGING PIPELINE DIAGNOSTICS
Pipelines are a valuable asset and need to be protected. In order to achieve this a modern pipeline
integrity management program should include regular inspections followed by integrity assessment, and
if required repair and rehabilitation measures.
A well proven method for the inspection of pipelines, especially high pressure transmission pipelines
is the use of automated inspection tools which can survey pipelines from within providing full
circumferential and axial coverage. These tools, generally referred to as free swimming in-line inspection
tools (ILI) or intelligent pigs utilize non-destructive testing techniques such as: Magnetic Flux Leakage
(MFL), Ultrasound Technology (UT), Eddy Current (EC), or a combination thereof to detect, size and locate
possible anomalies or flaws.
ILI tools, often also referred to as “traditional ILI” have been used for about 50 years and are proven
reliable and accurate. Unfortunately not all types of pipelines can be investigated with this type of tool in a
straight forward manner, and therefore some pipelines have been labelled “un-piggable”.
Today there are approximately two million kilometers of high pressure transmission pipelines, see Global
Data (2015), and various numbers are quoted for the kilometers or mileage of un-piggable pipelines
around the world. Depending on the source, figures range from around half of the globally installed
pipelines to much more. The real issue is that the term “un-piggable” is not precisely defined nor are the
assets it applies to.
The oil and gas industry can be divided into three major segments: Upstream, Midstream and
Downstream. Transmission pipelines, such as the list compiled by Global Data, are allocated to the
midstream sector and references can be found that approximately 40 % of those lines are “un-piggable”.
Considering the large number of pipelines operating in the upstream sector, for instance infield (onand offshore), storage or loading lines, as well as pipelines used downstream including, high pressure
distribution pipe, the total mileage of lines requiring inspection is considerably higher than 2 million
kilometers, and so the number of challenging pipelines rises as well.
SO WHAT DOES UNPIGGABLE REALLY MEAN?
The term “piggable” is associated with the ability to use existing free-swimming ILI tools for inspection
purposes. The successful use of such a tool means that the inspection device can be inserted into the line
at a suitable location and subsequently retrieved. In general, this addresses the accessibility of a line. It
implies that a pipeline needs launchers and receivers.
The 2nd consideration is whether a chosen tool can travel through the entire line. This regards the issue
of negotiability or. Free swimming ILI can negotiate certain pipeline geometries, but not all. If a line to be
surveyed has some “un-usual” geometric design features, it could be labelled “un-piggable”. A strength
of traditional ILI tools is that they can usually be applied while the pipeline remains in operation, in turn
this implies that the operational conditions during a survey must be in-line with its capabilities. ‘Un-usual’
operating conditions can make existing ILI tools obsolete.
The 3rd topic to address is the issue of propulsion, i.e. how is the tool moved in the line.
All in all, many factors come together in determining whether a line is piggable or not. Figure 1 illustrates
a simple way of defining the classification.



Figure 1: Piggable versus “un-piggable”
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As figure 1 addresses, the ultimate question is whether a given line can be inspected from the inside
or only from the outside. Considering that the majority of pipelines are not freely accessible, i.e. either
buried or offshore, it is preferable to inspect them internally. In this way full coverage of the pipe wall can
be achieved. Following this logic, pipelines which provide internal access and are piggable, will usually
be surveyed utilizing in-line inspection tools. External inspection, although possible, generally would not
be an efficient or cost-effective approach form of assessment if full coverage is required. This makes
pipelines only accessible from the outside unpiggable.
If an inspection of a pipeline asset cannot take place through a standardized process, meaning that either
the equipment used or line to be inspected have to be modified significantly, then the term “un-piggable”
is often used. However, now the distinction has to be made on whether the line can still be inspected from
within or only from the outside.
It has been proven that also for these difficult to inspect pipelines, internal inspection is often possible,
and still provides the most efficient and effective means to collect data for subsequent integrity
assessment and fitness-for-purpose investigations. Selected examples are introduced in this article to
illustrate the point. The industry today is therefore using the term “challenging”, rather than “un-piggable”
for these pipelines.
Different categories of internally applied tools, also referred to as “non-traditional ILI” or “Speciality Free
Swimming” are available for challenging pipelines today. This term relates to a specialized or modified
free swimming ILI tool which can negotiate pipelines with certain geometric restrictions, obstructions
or challenges. Examples may be multi-diameter lines, small bend radii, certain pipe installations such
as wye- or T-pieces, or single access pipes that require bi-directional tools in order to be launched and
received at the same location. Special designs may also have to be used to accommodate for special
operating conditions, such as low flow or low pressure operating conditions.
In addition, there may also be benefits to applying a cable operated or tethered tool, where the cable can
be used for energy supply, and/or data transfer, or simply as an option to pull the tool back to retrieve it.
Tethered tools generally do not have their own drive and need to be pumped in at least one direction. If
pumping or provision of a differential pressure is not feasible, then an inspection device would need its
own drive unit. This introduces the realm of “Robotic” tools, also referred to as crawlers.
If access from the inside is generally not possible at all, and the pipeline is deemed unpiggable, then a
suitable external inspection methodology would have to be applied utilizing external non-destructive
testing techniques or the various direct assessment disciplines such as External Corrosion Direct
Assessment (ECDA), Internal Corrosion Direct Assessment (ICDA) or Stress Corrosion Cracking Direct
Assessment (SCCDA), providing assessment procedures for metal loss or stress corrosion features.
A further difference between traditional ILI and the internal inspection solutions for challenging pipelines
is that the latter in most cases requires individual tailor made inspection procedures rather than
predefined and standardized ones.
THE NEED FOR ACCURATE AND RELIABLE DATA
The main purpose of any inspection utilizing non-destructive testing technologies is to collect accurate,
reliable and robust data about any flaws and defects which may be present in the pipe wall and in
turn impair its mechanical integrity. This implies that any inspection device used for the inspection of
‘challenging’ pipelines must fulfil the same requirements placed on testing “piggable” pipelines. An
anomaly must be detected, sized and located accuratley.
Of course regarding these challenging lines, it must also be realized that collecting some data is better
than not collecting any data at all. This also relates to the issue of cleaning challenging pipelines.
Operational conditions sometimes require a compromise on the inspection technoloogy utilizied.
The major types of anomalies an inspection aims to identify are the same for all types of pipelines as
shown in table 1. As all testing technologies, have advantages and disadvantages it is not sufficient to
only have access to one particular methodology, see also Beller and Reber (2003). No single inspection
methodology will be able to detect, size and identify all the possible anomalies that may be present in the
pipe wall.
In addition to fulfilling certain inspection requirements, the tools used must also be able to access the line
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and travel through it. When addressing challenging pipelines the issues of accessibility, geometry, and
operational parameters must therefore be considered.
The creation of an optimized tool therefore implies all aspects of mechanical design, suitable nondestructive testing technology, electronics, storage devices and propulsion means are taken into account,
as described by Steinvoorte and Vages (2013). The latter requires access to different propulsion designs
in order to provide and ensure maximum traction for a given pipeline environment.
It is important to understand that the inspection of a challenging pipeline requires more than just
a specialized tool. It also entails developing and using tailor made processes for a given inspection
task, in other words it requires an optimized solution engineering approach. This not only includes the
measurement systems but also the required cleaning and pipeline preparation, as well as tool tracking
procedures.
In summary, it is a matter of using an optimized inspection tool, specialized auxiliary equipment for
logging pipeline data or tracking combined with the correct and effective processes, see also Lindner and
Graaf (2013).
A holistic approach implies that a comprehensive range of tangible and also intangible resources is
necessarry.
FINDING AND SIZING DEFECTS
Table 1 shows an overview of the types of flaws that may be present in the steel wall of a pipeline. A
comprehensive overview of the potential types of material flaws can be found in the Macaw Defect Atlas
(2015).

Table 1: Overview Types of Anomalies and Flaws in Pipelines. In addition leaks must be mentioned,
however really constituting a defect rather than a mere anomaly.
The major non-destructive inspection technologies utilized by internal pipeline inspection devises today
are magnetic flux leakage (MFL), ultrasound (UT) and eddy current technology (EC), each of which come in
a variety of specific applications. For MFL technologies the direction of magnetization may vary depending
on the type of metal loss to be found, as the aspect ratio of a given feature, i.e. the length to width ratio,
has an effect on the sensitivity of the tool used. In case of UT there are different processes on how to
induce the ultrasonic signal into the wall to be inspected, e.g. through piezo-electric transducers requiring
a liquid couplant or electro-magnetic acoustic transmission (usually referred to as EMAT) which can
also be applied in a gas environment. For eddy current there are traditional EC methods, pulsed EC and
lately magnetic bias EC, for letter see Asher et.al. (2015). All methods mentioned come with individual
characteristics regarding sensitivity to defects and sizing capabilities. Table 2 provides an overview of the


6

Challenging Pipeline Diagnistics

technologies commonly used in traditional ILI today.

Table 2: Overview Inspection Technologies applied in ILI tools
Fully understanding the major strength and weaknesses associated with the non-destructive
methodologies mentioned is not a trivial task. Within the context of inspecting challenging pipelines
however it is important to understand that access to a wide range of methods will ensure that the most
suitable is used in order to reliably detect, size and identify a given feature.
In the following chapters case studies will be used to address the issues of accessibility, negotiability and
propulsion, and show how these proven technologies can be applied to a variety of scenarios.
THE ISSUE OF ACCESSIBILITY
Any inspection device used internally must be introduced into the pipeline to be investigated. This implies
that the line is accessible. “Piggable” lines need suitable launchers and receivers and are generally
inspected in a uni-directional mode. If tool traps are not available or not suitable, access has to be
achieved via other means. Accessibility can be achieved through technical and/or procedural means.
One solution may be the use of temporary traps, another to use a hot tapping operation. Then again
procedures can be developed to use a given flange or any other access point, for instance a valve, as a
point of entry. Tools can also be designed to allow for single access, i.e. entering and leaving the line at the
same location. In this case a bi-directional tool and appropriate procedures must be utilized.

ON THE ISSUE OF NEGOTIABILITY
The term negotiability addresses whether an inspection device can get through a line. Hindrance of
achieving this may be due to the mechanical design of the line or the operational conditions during the
inspection. The former relates to items such as tightness of bends, type of bend – for instance mitre
bends -, diameter variations, installations that need to be passed, such as wye`s or unbarred T-pieces.
The latter addresses issues such as low flow, low pressure or the opposite of particularly high pressures
or flow and temperatures. In short all those operational conditions which may not allow for the use of a
traditional ILI tool.
ON THE ISSUE OF PROPULSION
The issue of propulsion relates to the question on how the tool is moved through the line. In traditional
ILI the inspection devises are pumped and the propulsion of the tool is provided by the differential
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pressures across the driving unit. Pumping, if possible, is also one of the options for moving tools during
a “Challenging Inspection” operation. However providing this differential pressure is the challenge if the
inspection cannot be performed during normal operations. In addition to pumping inspection tools can
also be moved or retrieved through the use of special cables or so-called tethers. The cable in these cases
can have three functions. Any of these can be used independently or in combination. First, the cable can
be used for tool movement. This application is often referred to as a wireline service. Second, the cable
can be used for power supply, and finally it can be used for data transfer. One major advantage of cable
operated tools is that they can be stopped during the inspection to enable a stationary inspection for a
specific time. This may be an advantage for a video inspection, to have a closer look, or, say, a specialized
crack inspection utilizing Time of Flight Diffraction techniques (TOFD), which are currently not possible
during axial movement of the tool. The price to be paid is that tethered tools travel at very much lower
speeds than free swimming tools and have a limited range.
If pumping or pulling is not possible, the situation arises where a tool must have its own propulsion unit.
This is the realm of robotic tools, also available in the industry today. These special crawler devises are
used to move the required inspection unit through the pipeline, uni-directionally or bi-directionally. The
two most important aspects relating to the use of robotic tools is to have access to the right configuration
for the job, i.e. a unit providing precisely the traction forces required for a given task. If traction is too low,
the tool train may become stuck. If traction is too high, the line may be damaged. The other paramount
requirement is a fail-safe use: what goes into the line, must come out! This implies that robotic tools must
incorporate collapsible designs to ensure that they can be reliably retrieved in case of malfunction.
PIGGABLE, CHALLENGING OR UNPIGGABLE: HOW DO I KNOW?
As demonstrated there are a variety of contributing factors which determine whether a pipeline is
piggable, challenging or truly “un-piggable”. Please find below a flow chart intended to be an initial check
for distinguishing these different pipeline types. Such a decision tree can never answer all questions
arising, but will hopefully, assist as a first step in preparing an inspection program and help to “point the
finger” in the right direction.
CONCLUSION
Today many pipelines previously considered “un-piggable” can be inspected from the inside. A toolbox
approach must be used for a successful inspection ensuring that the most suitable non-destructive
testing technique is available as well as addressing the issues of accessibility, negotiability and
propulsion which differentiate the “un-piggables” from the “piggable” lines. Tailor made procedures are
necessary to accommodate for the special requirements of each line. The importance is that a variety of
technical aspects covering drive, optimized inspection techniques, maneuverability inside the pipe and
also procedural aspects, built largely on experience and skills sets of the personnel involved must be
considered. It can therefore truly be stated that a vast proportion of the pipelines present globally which
were deemed “un-piggable” until now can be inspected from the inside with full coverage and with all the
associated benefits. It may therefore be advisable to refer to these lines as “challenging” in future and
leave the term “un-piggable” to the proportion of lines which cannot be inspected from the inside at all
and therefore need to be accessed from the outside.
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