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Abstract - Detection of corrosion under insulation (CUI) has been a major problem
for the oil, gas and chemical industries for many years. Many methods have been
developed to try and solve this problem, including long range ultrasonics, pulsed
eddy currents and radiography. The EC project Pipescan was initiated for further
work to develop methods in this area.
This paper describes developments in pulsed eddy currents, AC field measurement
and digital radiography completed in the project. Test results on sample pipes are
given.
A novel prototype scanning system designed to work on the outside of the
insulation, to traverse bends in the pipe and avoid obstacles is described. The
methods above were adapted to be used with this scanner to ensure a high degree of
inspection coverage difficult to ensure with the techniques manually applied.

1 Introduction
Many kilometres of steel pipework is used for the transport of materials such as oil gas and
chemicals. The quantity is continually increasing. On many occasions it is necessary to
cover and insulate the pipe to protect the exterior from corrosion or to maintain an internal
temperature.
Nevertheless corrosion can occur when the protection is breached, and when this
occurs under insulation, or in inaccessible areas at (for example) underground road
crossings, pipe failure can lead to release of hydrocarbons or other dangerous chemicals to
the environment. There is a risk of explosion and pollution as well as the social and
economic risks due to plant shutdown and failure of supply to the public.
Inspection of the covered areas without removing the coverings reduces the cost of
carrying out an inspection. Therefore the development of non-destructive testing methods
to detect corrosion in the above situations is therefore a major benefit to the industry and
the wider environment.
The Pipescan project was initiated in 2004 with the objective of developing
techniques to improve the inspection for CUI. The general principle of the proposed
developments is to enable detailed inspection using a variety of techniques after a screening
of long lengths of pipe by guided waves.
2 Testbeds
A testbed was set up to examine the system. This consisted of a 50mm thick insulation
around a 150mm dia (Schedule 40) steel pipe. The latter contained simulated corrosion
flaws (Fig.1). The covering of the insulation was either galvanised or stainless steel.
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Fig.1 Test Bed showing defects and insulation

3 Guided Wave Developments
The guided wave developments included in the project were development of an easy fitting
system, testing of a focussing system and high temperature probes. These will be reported
in detail elsewhere.
4 Radiography (Developed by Innospexion)
4.1 Principle
The equipment used for initial trials were a static X-Tek 450kV directional, mini-focus
(0.6mm effective focal spot) X-ray tube with a 2304x3200 flat panel detector with 14 bit
digitisation and 127μm pixel pitch. The source and detector were positioned to give an
image of the external profile of the pipe (Fig.2).
4.2 Results
A typical image is shown in Fig.3. The software tools allow the operator to take
measurements of image dimensions in a repeatable and systematic manner.
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Fig.2 Radiography system mounted on insulated pipe

To ascertain the accuracy of the images, a carbon steel ultrasonic calibration block
with 1-8mm steps was positioned alongside each corrosion patch, so that corrections due to
image magnification could be made. As the calibration block steps were known, the depth
of the corroded area could then be established by the product of the measured deviation of
the profile and the apparent step thickness/true step thickness.
Physical measurements of the corrosion patches were also made with the insulation
removed using a Vernier gauge. It could be seen from comparison of the results, that the
dimension taken from the image and that measured were very similar (an accuracy of +/0.1mm, was achieved). This proves that tangential x-ray images of the pipe showing the
external profile provide a valid means of measuring the depths of areas of external
corrosion.

Fig.3 Image of corroded area with radiography system.
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5 Pulsed Eddy Current (Developed by TWI and Tecnitest)
5.1 Principle
The pulsed eddy current technique has been deployed previously for corrosion under
insulation inspection. Such techniques use a large probe to give an adequate size of field
and are relatively slow in application. The technique developed here differs from those used
previously in that the intention at the outset was to inspect a large area (i.e. one
circumference), although the pulses required can still only be applied relatively slowly this
should enable a large area coverage so a more rapid inspection.
The basic design of the system is shown in Fig.4.
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Fig.4 Outline of Pulsed Eddy Current System

The coil is pulsed by discharge of a capacitor bank. The sensors are placed such that
they are relatively insensitive to the field generated by the coil, but should be sensitive to
the field generated by the eddy currents in the pipe. This occurs for example at the edge of
the coil where the coil field tends to be round the coil and attracted to the pipe, and the field
due to induced eddy currents is along the pipe.
5.2 Equipment Development
A coil, designed to be split so that it could be deployed on pipework (Fig.5) has been
designed and manufactured. The pulse generating equipment has been constructed from
laboratory power supplies. The generating and control systems are built with Labview
software. The sensors are magnetic fluxgate sensors. These produce an output of frequency
related to the magnetic field, and are therefore less sensitive to interference.
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Fig.5 Showing deployment of coil on insulated pipe

5.3 Experimental Work
The initial experimental work was aimed to optimise the coil design and discharge.
Different sensor positions were also tested. Preliminary work was carried out to check that
a field was produced inside the pipe from the pulsed field. The system was tested over the
testbed described above.
The results show the change in the pulse shape compared with that over a nondefective area when the sensor passes over a flaw in the pipe (Fig.6). This result was taken
with the stainless steel covering and the flaw size was 50x100x4mm peak depth.
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Fig.6 Pulsed eddy current output over defect
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5.4 Deployment
The pulsed eddy current system is deployed by simply attaching the coil system to the
scanner. With a full range of sensors then the movement is simply along the pipe. (In the
development to date only 3 pairs of sensors have been deployed with consequently more
limited coverage).
6 ACFM (Developed by TSC Inspection Systems)
6.1 Principle
An Amigo ACFM system was used with a special probe (Fig.7) for the inspection of high
lift off surface sensing situations.

Fig.7 ACFM Probe developed within project under test

The preliminary experiments were carried out with a stainless steel cover (the signal
was not expected to penetrate a galvanised cover). The probe signal was minimised for the
lift-off of the probe from the stainless cover.
6.2 Results
The experiments showed a capability to detect flaws through the stainless steel cover and
around 30mm of insulation (Fig.8). In some of the earlier probe designs, where a small
sensing coil was used it was found that the system was more sensitive to flaw edges than to
the flaw depth in the centre of the flaw. This may have been due to the induced current flow
around the flaw.
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Fig.8 Screen display for 30mm spacing between pipe and stainless steel cover (scale optimised for signal).
The purple lines indicate flaw centres

7 Scanners (Developed by Zenon)
Two distinct scanner designs have been manufactured within the project. The first design is
shown on the left side of Fig.9. It is suitable for fairly rigid or solid coatings. The second
one (right side of Fig.9) which has been developed from the first one, has been specially
adapted to operated on “floppier” systems such as insulation. The scanners are capable of
avoiding obstacles and running over straps.

Fig.9 Scanners

8 Data Collection and Analysis (Developed by Kingston Computer Consultants)
As each image from the NDT system is collected this was displayed as an image of the
pipe, thus easing interpretation and avoiding the unreliability problems caused by manual
inspection. The order of data collection and the scanning movements depend on the
technique being used. For example, the radiography system scan will be circumferential
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then longitudinal, the PEC with a full array could be longitudinal only and the ACFM has
longitudinal scans followed by circumferential movement.
9 Future Work
System integration and further trials are planned in May/June 2006 and these will be
reported when available.
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