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Jens Voss (Germany)
and Adrian Horsley (UK),
ROSEN Group,
discuss how to holistically
approach cracking
features in
slurry pipelines.
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ith their use in the mining industry dating back to
the 1950s, pipelines continue to be a reliable and
cost-effective way of transporting hazardous
substances. However, pipelines are susceptible to failures;
when they occur, the consequences can be catastrophic.
Two major US oil and gas industry accidents – in
Bellingham, Washington, in 1999, and in Carlsbad, New
Mexico, in 2000 – with 14 combined fatalities and over
US$46 million in damages, led to a change in US legislation,
forcing the industry to adopt a somewhat holistic approach
to failure prevention and operators to demonstrate active
‘integrity management’. This change impacted the pipeline
industry worldwide. Pipeline integrity management
became a cornerstone of safe pipeline operation. Figure 1
illustrates and interprets the individual elements and their
general interdependence.
In general, the integrity component of a management
plan is associated with ensuring, or testing, the capability
of the pipeline system to fulfil its function – that for which it
was designed – in a safe manner and during its intended
service life. Consequently, the focus is not only on a
particular area or activity, but on the entire system with all
its different components and related activities. A
management plan thus becomes system-wide, or ‘holistic’,
in its approach.
The initial stage of any integrity management
programme, i.e. risk assessment (RA), is associated with the
identification and assessment of all possible system
threats. The objective is to establish whether any of these
threats is likely to be active. Clearly identified active threats
then serve as a guiding tool in the selection process of an
adequate integrity assessment methodology, such as inline
inspection (ILI), which represents the next step in the cycle.
Nowadays, ILI is one of the most commonly used integrity
assessment methods, capable of detecting, classifying and
sizing typical defects, including general and localised metal
loss, cracks, dents and more. That said, detection
capabilities do vary depending on ILI technology.
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Figure 1. Generalised pipeline integrity management cycle.

Slurry pipelines, and pipeline systems in general, are
susceptible to a range of integrity threats that need to be
considered in the development of an effective integrity
management plan (IMP). Given the nature and
composition of the conveyed fluids, the high operational
stress and the operational batching modes employed to
transport the slurry, specific integrity threats for slurry
pipelines are:
nn Erosion and erosion corrosion, which typically result in
localised metal loss and general wall thinning.
nn Internal or external crack nucleation and propagation
through fatigue growth or synergistic combination of
corrosion and fatigue driven by pressure cycling.
nn External crack nucleation and propagation through
the presence of high stress and a corrosive external
environment – e.g. stress corrosion cracking.

Getting serious about crack
management

Figure 2. Sometimes customised cleaning programmes are
needed to ensure ILI technologies can collect top quality data.

ILI for slurry

It is well-established that ILI represents a reliable method
for detecting and identifying pipeline defects and
anomalies, allowing for an integrity assessment of
inspected pipeline systems. In the case of pipelines
subject to multiple ILI runs, a comparison of results makes
it possible to identify changes in the pipeline condition.
For example, corrosion and erosion rates can be
estimated. Such assessments provide valuable feedback
on the effectiveness of implemented corrosion control and
mitigation activities, and can support the development of
repair plans by considering the combined effect of metal
loss and wall thinning.
Although the outlined integrity management cycle was
originally designed for the pipeline systems operating in
the oil and gas industry, there is enough supporting
evidence to suggest that this approach can also be
successfully applied to the effective management of
pipelines in the mining industry (ASME B31.4, 2016). Even
better: there are a number of reasons to do so. While it is
generally assumed that slurry pipelines tend to pose fewer
elements of risk than their counterparts in the oil and gas
sector, the actual facts prove this assumption wrong.
Environmental consequences and the ‘price to pay’ are
equally high. In February 2016, for instance, a bauxite
pipeline leak contaminated water resources for irrigation
and daily use in Vietnam. In 2014, a slurry pipeline failure
polluted the Sonora river with a heavy metal solution in
North Mexico. Similarly, in 2018, multiple leaks from an
iron ore pipeline in the Minas-Gerais state of
Brazil incurred significant environmental clean up costs
and lost revenue over several months.
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Although progressive degradation due to erosion
corrosion can usually be accurately predicted,
controlled and monitored, cracking is generally
considered to be a more serious integrity threat. This is
because cracks can nucleate and propagate from
initially ‘non-injurious’ features at ‘hot-spot’ locations,
such as seam welds or, in the case of environmental
cracking, the parent material.
The timescales involved in crack nucleation are difficult
to predict and depend on a range of factors associated
with the internal and external operating environment, as
well as the quality of the pipeline material and
construction practices. Depending on the mechanism,
cracks can propagate rapidly after nucleation up to the
point of failure.
Akin to the integrity management cycle presented in
Figure 1, effective crack management first requires
developing a robust understanding of the nature and time
dependency of the cracking threats present in the pipeline
and where these threats are most likely to occur. This
information could come from previous in-field inspection
activities where cracks have been discovered or from a
purely desktop-driven ‘susceptibility’ assessment based
on an expert review of the pipeline’s operational and
environmental condition.
In addition to an understanding of the nature of the
cracking threat itself, a comprehensive understanding of
the pipeline’s material resistance to cracking is required in
order to be able to assess the criticality of detected cracks
and prioritise features for remediation. This usually
involves material testing and metallurgical analysis to
derive properties such as fracture toughness – a key input
to fracture mechanics – based on integrity assessments of
cracks.
Crack detection ILI technology can then be selected to
target these threats with the technology capabilities
directly ‘matched’ to the integrity threat upfront, thereby
providing confidence that the tool can perform and
ultimately maximise the value of the inspection activities.
Field verification of reported features from the ILI is
always critical to both validating the performance of the

any kind of debris negatively
impacts inspection results and
can potentially jeopardise the
entire undertaking. It is
common in the oil and gas
industry to prepare inspection
runs with customised cleaning
programmes.2 A progressive
cleaning approach depending
on pipeline characteristics, such
as length, diameter, elevation
profile and cleaning history, a
strong solution in the industry.
The propellant of a slurry
line affects its inner surface;
Figure 3. The crack management framework allows for a holistic approach to the threat
the particles inside the waterand supports decision making.
slurry mixture wear the
pipeline from the inside. As a result, the inner surface is
very rough, and the pipe material can suffer from
erosion effects on the bottom of the pipe. Sensor
carriers and inspection tool sealing elements are in
direct contact with the inner surface, and can
experience heavy wear due to the roughness of the
surface. An industry-proven solution is a durable tool
design with hardened steel or ceramic parts in contact
with the pipe wall to avoid excessive wear.
When the cleaning programme is completed and the
inspection run successfully executed, onsite activities are
then complete and the data-analysis phase of the project
begins. High resolution ultrasonic tools gather a wealth
of information, producing datasets several terabytes in
size. Data analysis experts work on the dataset with
Figure 4. UT measurement technologies allow for feature
numerous algorithms and extract the required
detection around the entire pipeline circumference.
information about the feature population.
tool and gaining an upfront understanding of the integrity
The final stage of the framework is the development of
threat.
a sustainable, risk-based management plan that
There are multiple inspection technologies available
represents the long-term integrity strategy for controlling
in the industry. The selection of the technology depends
the cracking threat. This could involve multiple
on pipeline characteristics and the integrity threat.1 Due
rehabilitation activities, such as spot repairs, recoating or
to the nature of a slurry line and the operational
even sectional replacements in the event of a significant
capabilities of the mining operators to run water batches
area of critical cracking. Modification of operational
through their system, ultrasonic crack detection is the
conditions, both internally and externally to the pipeline,
preferred technology. These inspection tools have a huge
can be powerful in reducing the nucleation of new cracks
number of sensors to cover the whole circumference of
or growth of existing anomalies. Finally, monitoring and
the pipe and detect, identify and size planar anomalies in
re-inspection of the progression of the cracks is key to
the long seam weld and pipe body. To maximise the
validating that the threat is under control.
effectiveness of the inspection, larger diameter ultrasonic
crack detection tools include a full set of ultrasonic wall
Conclusion
measurement probes to gather a suitable dataset for
In order to focus the management strategy, ROSEN has
corrosion mapping of the pipeline. By combining these
developed its crack management framework, linking ILI,
technologies on one tool, operational efforts decrease
in-field verification, integrity assessment, root-cause and
and allow improved turnaround times for onsite
risk. The framework promotes collaboration and brings
operation. Furthermore, combined data analysis makes it
together the right mix of expertise, processes and
possible to identify and distinguish between planar and
technology for continuous learning, reduced uncertainty
volumetric anomalies in the pipeline.
and improved decision making.
Successful application of high resolution ILI
technologies in slurry lines requires an in-depth
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