K. Schroeer and J. Edwards, ROSEN Group, Germany, analyse the benefits
of identifying internal coating conditions with in-line inspection tools.

S

teel pipes used in slurry applications have to withstand
harsh operating conditions, which can in turn have
serious impacts on the lifetime of a pipeline. Abrasive
particles, chemicals, high flow rates and turbulence can result
in both abrasive and corrosive environments for pipelines,
causing internal corrosion, erosion and erosion-corrosion.
These pipelines can suffer from high deterioration or wear
rates, particularly at or around the 6 o’clock position, causing
pipeline failure and creating both economic and safety
concerns for operators.
Over the past decade, polyurethane (PU) elastomers,
known for their high chemical resistance and strong
mechanical properties, have been used as internal pipe
coatings in an effort to help protect pipelines against these
harsh operating conditions. New methods have also emerged
that allow operators to replace these internal linings without
having to replace the entire pipeline but monitoring these
internal linings to determine the optimum time for
replacement becomes a challenge.
Metallic pipeline condition monitoring by ultrasonic
technology or other non-destructive methods can locate and
quantify internal wear of a steel slurry pipeline from the
outside of the pipe. However, for polymeric internal coatings,
these methods are not applicable due to the vast difference in
signal intensity between steel and the polymeric material.
Hence, predicting the remaining wall thickness in nonconductive coatings such as PU can be extremely challenging.
The traditional way of determining the wear of internal
linings is to shut down the pipeline and physically inspect the
pipe from the inside, but these types of activity can be
extremely costly, time-consuming and often unviable for an
operator. Many companies are adopting software models to
determine the occurrence of erosion-corrosion in an effort
to predict wear rates of pipelines. However, with the
variation of pipeline operating conditions and the
complexity of multiphase flows, being able to
accurately predict wear rates is a difficult-to-achieve
skill. Therefore, the issue in the industry remains the
same: When should an operator replace the
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internal lining of the pipe before the pipe is effectively left
exposed to these harsh operating conditions?
Traditionally, in-line inspection (ILI) has not been able to
provide accurate information on the thickness of polymeric
linings, but with new analysis techniques and improvements
in technology, ROSEN has been able to develop new methods
to accurately determine the internal wear on polymeric linings
– all in an effort to help operators save cost and time.

The measurement principle
Figure 1. Representation of the eddy current measurements
in a spool from a mining pipeline. The eddy current values
represent the distance to the steel pipeline wall behind the
coating (mm).

Coatings can be measured using either the Extended
Mechatronic Caliper (XT) or the Internal Eddy Current (IEC)
technology, both of which use the same combination of
sensors. These technologies are based upon the so-called
‘mechatronic’ sensor principle, which consists of a
measurement arm and an eddy current sensor. For measuring
the condition of a coating, either the eddy current sensor or
the mechanical arm can be used.
The measurement arms contain an electronic angle sensor
that detects and sizes changes in the inner diameter (ID) of the
tube. For larger areas where the coating is damaged or
thinned out, the mechanical arm can be used to detect the
thickness of the coating by measuring the changes in the
pipe's inner diameter. The changes in the coating need to have
a minimum thickness of approximately 1 mm and a certain
expanse so that the mechanical arm can move into the area of
the coating defect.
This measurement of coating can also be carried out using
Figure 2. Coating defect.

the eddy current sensor of the above-mentioned technologies,
which measures the distance to a conductive medium –
usually the pipeline wall. Eddy current sensors are unaffected
by non-conductive material, so the distance of the sensors to
the conducting pipeline wall created by the coating can be
measured.
With these methods, both the coating thickness and the
inner diameter of the pipeline can be determined. Both
methods can also be combined to discriminate between
defects in the coating and defects in the pipeline.
Both the XT and the IEC technologies utilise the same type
of electronic angle sensor. They differ, however, in the eddy
current sensor. IEC has an eddy current sensor with a higher
resolution than XT, enabling it to detect not only geometry
anomalies but also internal corrosion and other metal loss
anomalies. Due to the higher resolution, the maximum
allowable distance to the pipeline wall (or conductive
medium) is limited to 10 mm, compared to 30 mm for XT. This
means that XT is more suitable for thicker coatings. The
best-fitting tool can therefore be chosen depending on the
coating thickness and on whether possible corrosion behind
the coating should also be detected.
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Test scenarios

In order to demonstrate that coating thicknesses can be
accurately measured, the company conducted several tests.

Scenario 1: Measurement of varying coating
thicknesses

ROSEN internally coated three new 10 in. spools (outer
diameter 273.1 mm, wall thickness 10 mm) and measured the
coating thickness using a tool featuring XT technology. All
three joints were 6 m long and had been coated with RoCoat
3000-85A, which was 4.6 mm, 7.2 mm and 9.8 mm thick
respectively. The three spools were welded together with
additional start and end spools to stabilise the test conditions.
The tool was then pulled through the setup 10 times with
velocities ranging from 0.5 - 4 mps.
The results showed that the thickness measurement is
independent of the velocity in the ILI run, and that the XT
technology is able to determine the thickness of the coating
within an accuracy of 1 mm of deviation.

Scenario 2: Measurement of 16 mm coating in
a spool from a mining operator

An operator of a mining company asked for the internal
coating of a 12 in. spool to be tested. It was approximately 6 m
long and had an internal coating of roughly 16 mm thickness.
For the test, it was inserted into one of ROSEN’s pull test lines.
Then, an inspection tool featuring XT technology was pulled
through this installation 10 times, with velocities ranging from
0.5 mps to 4 mps to simulate the flow conditions in the
operator’s pipeline.
Figure 1 shows the data of the eddy current sensor,
representing the coating thickness in mm. The embedded
photographs show images of the defects from inside (top) and
outside the pipe (bottom)
As the data shows, the sensors detected the variance in the
coating thickness of the spool. The coating thickness varies
over the whole spool length, ranging from 8.8 mm (red) to
16 mm (blue).
The vertical blue line is a circumferential weld, whereas the
horizontal blue line is an area with less coating. This is marked
in the upper right picture of Figure 1. The striking blue ‘spot’
on the lower left is an area of higher lift-off caused by a small
dent (shown in the lower right picture). Analysing both the
eddy current data and the mechanical data for the dent
enables for the discrimination between pipe deformation and
delamination of the coating.

Scenario 3: Measurement in spools with
thicker coatings (25 - 45 mm)

Another test was conducted on two test spools with different
internal coating thicknesses that were provided by an
operator. Since the coating thicknesses were quite high, the
XT technology was best suited for this test. The first test spool
(ID 693 mm, WT 9.5 mm) had an internal coating thickness of
25 mm. The spool was 2 m long and had four offtakes. Within
this spool, a larger area of the coating was missing (Figure 2).
This ‘L-shaped’ anomaly had a length and width of
approximately 1700 mm and 300 mm, respectively.

Figure 3 shows the anomaly and the measurement results
of the eddy current sensors. The offtakes as well as the
coating anomaly are clearly visible in the data. The
dimensions of the ‘anomaly’ were measured well
(1780 x 300 mm). The shape of this more complex anomaly is
visualised accurately, and the depth is measured as between
20 - 22 mm.
The second spool (ID 646.6 mm, WT 9.95 mm) had a length
of 2.4 m and a coating thickness of 45 mm. Three ‘defects’
were introduced into the spool with varying depths. In the
first step, the feature depth was approximately 1 - 2 mm, in
the second 2 - 3 mm, and in the final step 3 - 5 mm.
Since the coating thickness exceeds the physical limit of
the XT technology, the mechanical arm was mostly used to
measure the anomalies. While the eddy current sensor is able
to identify the anomalies, depth sizing was not possible. The
mechanical arms, however, were sensitive enough to identify
the different anomaly depths. Figure 3 shows the results from
the measurement with the highest feature depth. The three
grinded areas are visible and clearly show the natural
variations in grinding. The colour bar indicates that the depth
of the features was measured accurately, even showing the
variances in the grinding depths.

pipeline down. This results in not only great benefits for
operators in both time and cost savings but ultimately leads
to a reduction in the risk of pipeline failure.

Figure 3. The black arrows mark the position of the three areas
where the coating has been grinded off manually for the test
setup.

New plots provide easy overview

In order for operators to easily monitor whether a coating in a
spool needs to be replaced, the company has developed a
new plot showing the ‘remaining coating thickness’ per spool.
These plots show the measurement from each eddy current
sensor in a circular display so that the client can easily
visualise the pipe. For each spool, the median, the minimum
and the maximum coating per spool is measured, and the
remaining coating thickness in percentage is indicated by a
colour scale.

Figure 4. Illustrative visualisation of the remaining coating
thickness per spool.

Coating with underlying corrosion
anomalies

In another feasibility study, ROSEN’s tools were also able to
detect internal and external corrosion anomalies below/
beyond an internal coating.
The test described in Scenario 1 was repeated with a
Magnetic Flux Leakage (MFL) tool and an IEC tool. A set of
artificial corrosion features was introduced into the spools
before they were internally coated. Figure 4 shows that IEC
tools can detect anomalies through a coating. The depth
sizing for both technologies is partly restricted due to the
thickness of the coating, but the POD is very high.

Conclusion

Through a variety of different tests, ROSEN’s in-line inspection
tools show that they can accurately measure internal coatings
across varying thicknesses and tool velocities within
pipelines. Using a combination of different sensor
technologies makes it possible to detect complex coating
anomalies and even to identify internal and external (when
adding an MFL tool) corrosion defects through internal
coatings.
These new techniques provide pipeline operators with the
ability to accurately measure and monitor wear rates across
the entire length of their pipeline without having to shut the
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