
 
 

______________________________ 
1 Master of Science, Mechanical Engineering and Management - ROSEN Technology and Research 
Center GmbH 

IBP1082_15 
 ILI OF CRA AND DUPLEX PIPELINES 

Johannes Keuter1  
 

 
 
 
 
 
Copyright 2015,  Brazilian Petroleum, Gas and Biofuels Institute - IBP 
This Technical Paper was prepared for presentation at the Rio Pipeline Conference & Exposition 2015, held between September, 
22-24, 2015, in Rio de Janeiro. This Technical Paper was selected for presentation by the Technical Committee of the event. The 
material as it is presented, does not necessarily represent Brazilian Petroleum, Gas and Biofuels Institute’ opinion or that of its 
Members or Representatives. Authors consent to the publication of this Technical Paper in the Rio Pipeline Conference & 
Exposition 2015.   

 
 
Abstract  
 

Pipelines with internal corrosion resistant alloys (CRA) or solid duplex pipelines are used in the oil & gas 
industy to handle products containing corrosive elements and to handle critical enviroments like high temperatures and 
pressures. The austenitic stainless steel or nickel-based CRA layers were developed over the last decades and provide, 
in combination with a ferritic pipe body, an economic solution. However, in the ferritic carbon steel but also in the 
CRA layer or in the duplex steel, different types of defects can appear, whereby the In-Line Inspection (ILI) 
technologies so far focusse on carbon steel pipes only. This paper will provide an overview of the various defects types 
in CRA and duplex pipes and capabilities of state-of-the-art ILI technologies as Magnetic Flux Leakage (MFL), Eddy 
Current (EC) and Ultrasonic (UT) for metal loss detection and Ultrasonic (UT) for crack detection to detect and size 
them.  
 
 
1. Introduction 
 

A corrosive critical environment like high temperatures and pressures as well as product containing corrosive 
elements leads to potentially higher corrosion rates. This also often occurs in an offshore environment for instance in 
the splash zone of a riser or after the drilling and production start with corrosive elements like hydrogen sulfide (H2S). 
The temperature differences between the medium and the surrounding water lead to a condensation of the gas at the top 
of the pipe. This droplet condensation can typically cause small and deep metal loss like top of line corrosion (TLC), 
which usually occur between 10h and 2h for the first hundreds of meter to kilometers. 

 
The oil & gas industry addresses this risk for example with new materials and pipe types. Corrosion resistant 

or corrosion-inert materials are used, which can be austenitic stainless steel with high chromium content, nickel-based 
alloys or duplex steel. In the last decades thousands of kilometers pipelines with corrosion resistant alloys (CRA) or 
duplex are installed, at least partially, whereby the focus is offshore, as described by Palmer and King (2008) and 
Papavinasam (2014). DNV (2012) recommended that In-Line Inspection (ILI) is already taken into account during 
pipeline design phase (Front End Engineering & Design – FEED). This paper describes which state-of-the-arte ILI 
technologies can be considered and used to inspect CRA and duplex pipelines. 

 
In this context CRA pipelines are defined as pipelines with an internal, additional stainless steel or nickel-

based alloy layer and a ferritic base body. There are different methods of manufacturing CRA pipes, which lead to 
different types of CRA pipes. In this paper, a distinction as needed, is made between mechanically-lined CRA pipes 
and metallurgically-cladded CRA pipes, whereby metallurgically-cladded pipes can be separated in metallurgically-
cladded plates and weld overlay. However, the thickness is typically between 3-4mm, whereby up to 7mm can be 
applied. A principle setup with additional external coating is shown in the following. 
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Figure 1: CRA pipe showing carbon steel and CRA layer 
 
Taken into account the both metal layer, different types of defects can occur. Also if external coating is used, 

3rd party damages and/or a coating leakage can lead to contact between the steel and the environment. This could cause 
external metal loss like corrosion in the ferritic carbon steel. But there also could be internal metal loss due to erosion 
or corrosion, even in the corrosion-inert CRA or at the interface between the CRA and the ferritic carbon steel. 
Moreover cracks can in principle exist in both materials and geometric deformations like dents, wrinkles or buckles. In 
mechanically-lined pipes wrinkles were found in the past, which is shown in the following. Therefore an ILI of CRA 
pipelines is recommended.  

    

  
 

Figure 2: CRA pipeline with defects 
 

Duplex steel pipes are often solid lines without an additional layer, which means that the complete pipe is 
made with duplex steel. Duplex steel with extreme strength, resistance against stress corrosion cracking and decreased 
corrosion rates combines a lot of advantages of ferritic and austenitic steels. It is typically used for platform riser 
sections. Due to the strength of duplex it allows to reduce the wall thickness and/or weight compared to ferritic carbon 
steel pipes. Aue et al. (2010) indicate furthermore the two-phase microstructure of grains of austenitic and ferritic 
steels, each having a content of about 50%.  

 
Austenitic steels as used for CRA as well as the austenitic part of duplex are non-magnetic. CRA and duplex 

pipes bring therefore and due to the fact that for CRA an additional layer is applied, the ILI vendors and the 
measurement techniques different challenges, which will be described in the following section.    
 
 
2. State-of-the-art ILI technologies in focus  
 
 Within this section state-of-the art ILI technologies as Magnetic Flux Leakage (MFL), Eddy Current (EC) and 
Ultrasonic (UT) for metal loss detection and Ultrasonic (UT) for crack detection are analyzed regarding their 
capabilities to inspect CRA and duplex pipes.   
  
2.1. Magnetic Flux Leakage (MFL) 
 The method Magnetic Flux Leakage (MFL) works with the magnetic saturation of the pipe wall respectively a 
ferromagnetic sample. In the temporarily magnetized pipe section, internal and external defects influence the magnetic 
flux density and yield to a leakage field, which is detected by hall effect elements. The MFL ILI tool detects these 
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leakages, which are caused by metal loss. The recorded data respectively amplitudes can be evaluated to determine the 
defect sizes. The ILI tool setup and the measurement principle are pictured in the following. 
 

    
 

Figure 3: ROSEN RoCorr MFL-A tool and magnetic flux line distribution 
 

MFL is typically used to inspect ferritic carbon steel pipelines. The additional, internal CRA layer is non-
magnetic and therefore, in principle, doesn’t influence the magnetic field directly, but the thickness of the layer causes 
a larger distance between the ILI tool magnets respectively sensors and the ferritic pipe wall. In general, this can be 
termed lift-off. Although the non-magnetic CRA layer cannot be inspected with MFL, the ferritic carbon steel pipe 
body can still be measured with MFL. It is to consider that the lift-off decreases the maximum allowable ferritic wall 
thickness of the pipeline, due to the fact that the magnetic saturation is reduced. Beside the reduction of the maximum 
wall thickness which can be inspected with MFL, the maximum allowable MFL ILI tool inspection velocity is 
additionally limited. This can be analyzed before an inspection by performing calibration pull-through trials in an 
original pipeline spool.     
 

ROSEN has done this for example for an 08in pipeline. The MFL measurement technique was analyzed by 
performing pull-through trials in a test pipe with CRA and the following parameter, at the ROSEN Technology and 
Research Center in Lingen, Germany.  

 08in outer diameter (OD) test pipe spool 
 6 meter length 
 10mm wall thickness of ferritic carbon steel (CS) pipe body 
 CRA (internal (ID), metallurgically bonded cladding with Inconel 825) 
 3.9mm wall thickness of CRA 
 4 types of features were included, overall approximately 30 features (lateral dimensions 24mm x 24mm) 

 

 
 

Figure 4: Schematic picture of types of defects respectively features 
 

Feature type one is 6.5mm deep, external and only in the carbon steel. The data plot below shows the single 
MFL sensors as lines. The increased amplitude due to the external metal loss feature is clearly visible. The detailed 
evaluation results in 65% metal loss. According to the thickness of the carbon steel of 10mm, 65% metal loss matches 
to 6.5mm depth. Additionally to the depth, the color code reflects the eddy current sensors of the MFL ILI tool to 
discriminate internal and external features. There is no reaction within the color code respectively the eddy current 
sensors, which illustrated that the feature is not internal. Based on the calibration pull-through trials in this 08” CRA 
line the detection and sizing of the feature with MFL within the performance specifications is possible.  
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Figure 5: MFL data plot of feature one 
 

The second feature type is also external, but 13.0mm deep. It penetrates the 10mm carbon steel wall thickness 
completely and transfers into the CRA liner. Considering the overall wall thickness (10mm + 3.9mm = 13.9mm), the 
remaining wall thickness is only 0.9mm. Within the MFL data the sensors show a clearly increased amplitude of a 
100% deep, external metal loss defect. As expected, the 3.0mm metal loss in the CRA are not detected by the MFL 
tool, due to the austenitic, non-magnetic structure. Nevertheless the performance specifications for the ferritic carbon 
steel are applicable.  

 
An internal metal loss, e.g. caused by erosion, is simulated by feature type three. The internal feature is 3.0mm 

deep and therefore only in the CRA and not in the carbon steel. This type of feature is not visible in the MFL data, due 
to the austenitic, non-magnetic structure of the CRA. However, the eddy current based sensors of the MFL tool for 
discrimination of internal and external features detect the internal metal loss as pictured by the color plot in the 
following data.  

 

 
 

Figure 6: MFL data plot of feature three 
 

The additional internal feature type four is 10.9mm deep, penetrates the CRA completely and transfers into the 
carbon steel 7.0mm. The MFL data shows amplitudes of 70% depth. This is exact the 7.0mm of 10.0mm carbon steel. 
In this case also the eddy current sensor of the MFL tool for internal and external discrimination reacts, for what reason 
an internal metal loss defect can be determined.  

 
In conclusion, MFL can be used to inspect the ferritic carbon steel pipe body of a CRA pipe, if a calibration 

pull-through trial within an original pipe spool is considered. This is independently if mechanically-lined or 
metallurgically-cladded CRA pipes are used. The detection and the sizing are in principle possible according to the 
performance specifications, but it is recommended to perform tests previously to the ILI.  

 
Besides CRA pipes also duplex pipes were analyzed using MFL technology. According to Bargel et al. (2008) 

the magnetization curve, also called BH curve or hysteresis curve, which illustrated the magnetic field ‘H’ and the 
magnetic flux density ‘B’, is significant differently for duplex as for carbon steel. The saturated flux density is 
approximately three times smaller as for carbon steel. Even if the magnetic field strength would be increased, the 
duplex is already almost saturated and the magnetic flux density doesn’t increase significantly. Furthermore the 



Rio Pipeline Conference & Exposition 2015 

 5

permeability is in maximum 10 times smaller as for carbon steel, why the magnetic flux in duplex cannot be conducted 
as in carbon steel. Basically the permeability increases with increased ferritic content.  

 
Based on this, Aue et al. (2010) used finite element methods (FEM), to calculate the magnetic field in a pipe 

wall by using a MFL ILI tool. They considered a 12in duplex sample with 14.0mm and 16.7mm wall thickness. Using 
the same MFL ILI tool with the same magnet circuit, the magnetic field strength were significant higher within the 
duplex sample compared to carbon steel as pictured in the following.  

 

 
 

Figure 7: Magnetic field strength vs. wall thickness curve 
 

The FEM comparison for carbon steel and duplex for different features, results in a similar amplitude 
respectively depth behavior. This indicates that a comparable sizing procedure as for carbon steel can be used. 
Additionally to the FEM simulations, different MFL ILI tool pull-though tests were performed.  For reference a set of 
features was included into the pipe, also in the pipe body as well close to the girth weld.  

 

 
 

Figure 8: MFL line plot data of artificial features in duplex 
 

The external features have comparable amplitudes as carbon steel data, towards the internal features have a 
significant higher amplitude as in carbon steel. According to this a special sizing model is used to determine the depth, 
length and width. Also the internal and external discrimination can be done using MFL ILI tools. Similar to CRA pipes 
a special calibration for MFL has to be considered for evaluation of the MFL data. The detection and the sizing are in 
principle possible according to the performance specifications, but it is recommended to perform tests previously to the 
ILI. 

 
 

2.2. Eddy Current (EC) 



Rio Pipeline Conference & Exposition 2015 

 6

The Eddy Current (EC) technology for ILI uses moving conductors in a varying magnetic field. Eddy currents 
are generated wherever a conducting object experiences a change in the intensity or direction of the magnetic field at 
any point within it. The Lorentz force, perpendicular to the motion of the electrons, set up circulating currents in the 
conductor. The eddy current technology can be used for conductive materials, even if they are non-magnetic. Eddy 
current sensors are designed for detection and sizing of shallow internal metal loss features.  

 

 
 

Figure 9: Principle of eddy current (EC) 
 
The same four types of features as described in section 2.1. and the same test setup was used, for performing 

pull-through trials with an EC ILI tool in the 08in test pipe with CRA at the ROSEN Technology and Research Center 
in Lingen, Germany. Feature one and feature two are the same external defects with 6.5mm depth respectively 13.0mm 
depth. Due to the design of the EC sensors for detection of internal shallow features, both external defects cannot be 
detected using eddy current. Taken into account the internal feature types three and four, with 3.0mm depth 
respectively 10.9mm depth, the eddy current sensors can detect the metal loss in the CRA as illustrated in the following 
figure.  

 

 
 

Figure 10: EC data plot of feature three 
 

Due to the fact that the CRA material is still conductive, but due to its austenitic character non-magnetic, the 
same measurement principle as for the ferritic carbon steel can be applied. This approach is also valid for duplex steel, 
which is partially ferritic and partially austenitic, means still conductive. A special calibration with the used CRA 
material, e.g. stainless steel 316L, alloy 825 or alloy 625 respectively duplex steel is needed. In conclusion, EC can be 
used to inspect the austenitic CRA pipe or the duplex pipe, if a calibration pull-through trial within an original pipe 
spool is considered, at least for the time being. This is independently if mechanically-lined or metallurgically-cladded 
CRA pipes are used, but the applied material is to consider. The detection is in principle possible according to the 
performance specifications, but the sizing is limited, whereby it is recommended to perform tests previously to the ILI.  

 
2.3. Ultrasonic (UT) 

Ultrasonic technology (UT) is used in the ILI industry to measure either the wall thickness of a pipeline or to 
detect cracks in the pipe wall. Traditional UT is based on piezoelectric transducers. The generated sound waves use a 
liquid coupling medium to propagate into the pipe wall. The transducer records the reflections caused by the front wall 
and the back wall.  

 
The differences in the arrival times of these reflections are directly related to standoff. This is the distance 

between transducer and pipe wall. Furthermore the time differences between the back wall echoes are considered. An 
internal external discrimination is therefore possible.  
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Figure 11: Ultrasonic (UT) measurement principle (left metal loss, right crack detection) 
 

In principle, UT ILI tools can be used to inspect duplex pipelines as well as ferritic carbon steel pipelines. For 
duplex pipelines the slightly different sound velocity has to be considered. The material specific sound velocity is used 
for calculation of the wall thickness. Therefore it is important to use the exact sound velocity for each material. 
Furthermore the ferritic and austenitic structures of duplex can cause interferences, due to inhomogeneous transitions 
between the ferrite and the austenite. This could be analyzed for example in laboratory tests before an UT ILI in a 
duplex line and is possibly not an issue.  

 
In case a CRA pipeline should be inspected using UT, the type of CRA is important. If UT is applicable for 

ILI of CRA pipelines or not, depends on various parameters. In a metallurgically-cladded CRA pipe the bonding 
between the CRA layer and the ferritic carbon steel allows the sound beam to travel through the interface between the 
layers. Laboratory tests, pump tests and inspections confirm that the UT waves propagate into both layers. 
Nevertheless, even metallurgically-cladded CRA pipes are used, it cannot completely foreclosed, that the interface 
between the layers causes UT waves reflections which reduce the capability using UT ILI. A project specific analysis is 
recommended.  

 
At the ROSEN Technology and Research Center in Lingen, Germany the same four types of features as 

described in section 2.1. and the same test setup was used, for performing pump trials with an UT ILI tool in the 08in 
test pipe with metallurgically-cladded plated CRA. The following Figure shows the UT signal of the external, 6.5mm 
deep feature one. The feature can be clearly detected and sized according to the performance specifications.  

 

 
 

Figure 12: Ultrasonic (UT) data plot of feature one 
 

Another test with a 16in test spool, 0.5m in length, 12.5mm carbon steel wall thickness and 3.0mm thick, 
internal metallurgically-cladded stainless steel 316L CRA, was analyzed with an UT sensor. The test setup and the 
measurement results are pictured in the following. The red front wall echoes and the green back wall echoes are visible 
and the distance between the back wall echoes, so called time of flight, determines the wall thickness of 15.5mm.  
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Figure 13: Test setup and ultrasonic (UT) data plot of 16in pipe 
It can be concluded that it is not possible to distinguish between both layers in the UT wall thickness 

measurement data. But due to the fact that the UT waves propagate the metallurgically-cladded interface, both layers 
can be inspected as one wall with 15.5mm thickness.  

 
The same test pipe was used to include artificial cracks and/or crack like defects to analyze the UT crack 

detection capabilities in such CRA pipelines. Overall eight crack like defects with different orientation, axial and 
circumferential, and also internal as well external, were included into the test pipe. This is pictured in the left Figure. 
Furthermore an internal and an external crack like defect were included into another 16in metallurgically-cladded CRA 
pipe. In this case directly close to the long seam. The UT data of the internal defect close to the longseam is illustrated 
in the right Figure. Due to the fact that a metallurgically-cladded CRA was used, the internal and external crack 
detection in the pipe body and at the longseam, was successful.  

 

  
 

Figure 14: Test setup and ultrasonic crack detection (UT-CD) data plot of 16in pipe 
 
Another metallurgically-cladded CRA type is weld overlay. Weld overlay is typically used at the end of 

mechanically-lined CRA pipe spools, in installations or even for the full length of a pipe spool. The quality of the 
bonding between the ferritic carbon steel base body and the CRA welding determine, if the UT waves can penetrate the 
interface between the two layers. But besides the bonding also the internal surface of the weld material is to consider. 
Typically the internal welding surface is rough after the welding procedure. A separate equalization of the internal 
surface follows normally after the welding itself. The quality of the smooth surface is also important for UT ILI of weld 
overlay CRA pipelines. In case no separate equalization has been done, a rough internal surface usually diffuses the UT 
waves. This happens partially, for example, if internal, spiral weld overlay CRA is applied.  

 
However, if a mechanically-lined CRA pipe is used, the bonding between the two layers causes almost a 

complete reflection of the UT waves. Different laboratory tests, pump tests and inspections confirm, that in 
mechanically-lined CRA pipes the sound beam doesn’t travel through the interface between the layers. In this case the 
ferritic carbon steel cannot be inspected using UT ILI tools. The pictures below illustrates laboratory tests with a 06in 
pipe with 15.9mm carbon steel wall thickness and 5.0mm thick, internal mechanically-lined alloy 825 CRA.  

 

  
 

Figure 14: Test setup and ultrasonic (UT) data plot of 06in pipe 
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The same UT wall thickness measurement sensors were used as for the 16in laboratory tests. Nevertheless, in 
this case the interface between the two layers cannot be penetrated. The data plot shows in front wall echo in the green 
circle and the back wall echoes in the blue circle. The distance respectively time of flight between the back wall echoes 
is much shorter as for the 16in pipe. For the 06in pipe only the wall thickness of the mechanically-lined CRA can be 
measured. The ferritic carbon steel in invisible for the UT ILI tool and cannot be inspected. In conclusion and assumed 
that the carbon steel of a mechanically-lined CRA pipe should be inspected, UT ILI tools are not applicable.  

 
 

3. Conclusion  
 

Based on the ILI runs, the full-scale pull-through and pump tests with MFL, EC and UT ILI tools and the 
laboratory tests, the following conclusions can be made.  

 
For metal loss in the carbon steel, MFL is independently of the type of CRA pipe an option. Corresponding 

calibrations and the mentioned restrictions have to be considered. UT is only an option for the inspection of carbon 
steel, if a metallurgically-cladded CRA pipe is used. Standard UT ILI technology doesn’t work for inspection of carbon 
steel for mechanically-lined CRA pipes in the typically installed and tested pipe setup. For internal metal loss in the 
CRA, EC can be used and alternatively UT, both with described restrictions. 

 
The detection of crack like features in the carbon steel is possible with UT in case metallurgically-cladded 

CRA pipes are used. Otherwise, in case mechanically-lined pipes are used, standard UT technology which is used for 
ILI doesn’t work in the carbon steel. MFL and EC are not designed for crack detection so far.  

 
Summarized is an ILI of CRA pipes with current ILI technology possible, considering the above mentioned 

specialties and existing technologies, like MFL, EC and UT. It has to be considered, that CRA is normally used is a gas 
pipeline, and that the use of UT requires a liquid medium, which is typically not applicable is a gas pipeline. 
Independently of this, an individual analysis of the pipeline, the used type of CRA and an evaluation of applicable ILI 
technologies is recommended before an inspection. 
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