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INSPECTION

The biggest challenge for the pipeline 
industry is the successful identification 
and differentiation of  anomalies 

threatening the integrity of  the pipeline from 
those that are passive or that do not require a 
response. 

CALIPER TOOL LIMITATIONS 
Mechanical based caliper tools are used as line 

proving tools before further inspection 
technologies, or to detect, identify and size 
deformations. However, the circumferential 
resolution of  these tools depends on the number 
of  sensors and the separation between them. 

The mechanical arm arrangement of  
conventional geometry tools is susceptible to 
lift-off, leading to misinterpretation of  actual 
depth and especially the shape of  the 
deformation. Post-inspection assessment of  
deformations such as strain, fatigue life, or finite 
element modelling requires the most detailed, 
accurate and highest resolution pipeline 
inspection data available.

In response to this need, NDT Global 
developed the Atlas ultrasonic geometry (UG) 
inspection tool for pipeline geometry 
measurement. These robots are based on the 
ultrasonic measurement principle, with inherent 
advantages such as bi-directional capabilities and 
wall thickness data acquisition, in a single pass.

HOW IT WORKS
The Atlas UG uses a technique that requires a 

suitable, single-phase liquid coupling medium. A 
transducer, operated in pulse-echo mode, emits a 
short pulse of  ultrasonic energy, which is reflected 
by the internal (entry-echo) and external 
(back-wall echo) pipe wall and received by the 
same transducer.

State-of-the-art electronics measure time of  
flight (TOF) of  the ultrasonic signal. Using the 

speed of  sound in the coupling medium (product), 
which is identified with real time medium 
property monitoring, the distance from the sensor 
to the inner pipe wall can be calculated. 

Additionally, a portion of  the ultrasound signal 
enters the pipe wall and is reflected at the rear 
wall of  the pipe, delivering a wall thickness 
sampling. This is an inherent advantage of  
ultrasonic technology, which is not provided by 
conventional geometry tools. 

SETUP, TEST AND VALIDATION
For inline inspection (ILI) providers, a  

100 per cent first run success rate (FRS) is 
paramount. Of  course, testing and validation is 
critical to successful product development, rollout 
and market introduction. Thorough testing of  all 
components, modules, hardware, software and 
firmware was successfully performed.

To set it up, the ultrasonic transducers are 
mounted in a cylindrical body, forming rings of  
sensors to set up 360° high-resolution 
circumferential coverage, avoiding the risk of  
damage to the transducers and introducing the 
ability to perform bi-directional inspections.

The sensor ring arrangement allows 
introducing an overlap, delivering a 
circumferential resolution down to 8 mm. 
Moreover, the Atlas UG robot is compatible with 
the company’s state-of-the-art acquisition system, 
allowing an axial resolution down to 1.5 mm.

Spools containing manufactured flaws with 
known dimensions below and above the specified 
minimum feature dimensions are used for testing. 
Several test runs were completed using an array 
of  essential variables and tool settings.

After successful data quality checks and 
analysis of  several data sets, optimal settings and 
configurations were defined to achieve and 
exceed testing requirements and performance 
objectives. 

Finally, the entire tool was assembled and a 
factory acceptance test was completed. For 
full-scale testing of  the latest generation of  
ultrasonic tools, NDT Global designed and built a 
looped pipeline enabling automated and 
monitored operation.

INTEGRATED DATA 
The Atlas UG robot can be combined with 

crack and metal loss measurements, producing a 
multi-technology inspection in a single pass. 
Furthermore, multiple aligned data sets introduce 
the advantage of  performing an online 
correlation of  anomalies to effectively detect, 
analyse and report interacting threats.

Since its first commercial inspection in March 
2016, the company has successfully conducted 
Atlas UG inspections totalling 3,790 km 
worldwide. Non-destructive examination (NDE) 
verification results shared from pipeline operators 
will enable ILI companies to improve their tools 
and analysis procedures.

As of  June 2018, 29 verification results are part 
of  the historical evidence of  Atlas UG technology 
performance. Depth measurement correlation is 
consistent between the ILI and NDE. 

The largest depth deviation shown is 1.3 mm. 
The performance specification of  Atlas UG robot 
is a depth tolerance of  1 mm, at 90 per cent 
certainty. For comparison purposes, the depth 
tolerance for NDE results also have been  
set to 1 mm.

Figure 3 shows a unity plot, illustrating the 
absolute depth comparison between NDE results 
and ILI measurements. One of  the advantages of  
using direct measurement inspection 
methodology is the ability to measure and report 
absolute values instead of  relative depth values 
for the comparison.

Also as of  June this year, the NDT Global has 
reported more than 20,000 deformation features 
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based on Atlas UG inspections, 90 per cent of  
which were dents. In addition, several types of  
deformation features such as ovalities, wrinkles, 
buckles, bulges and pipeline expansions have been 
successfully detected, analysed and reported.

The combination of  the Atlas UG robot, with 
ultrasonic crack or metal loss measurement, has 
resulted in a reporting of  more than 280 dents 
interacting with a secondary feature. Out of  those 
dents, 21 were verified and successfully found,  
17 had a secondary feature associated, delivering 
an 81 per cent confidence level on combined 
anomalies.

In most cases, dents reporting thresholds are 
depth-based and are usually given in percentage 
of  outside diameter (OD). A common dent 
reporting threshold for caliper tools are those with 
a depth greater or equal to 2 per cent OD. With 
that in mind, it should be noted 97 per cent of  
dents reported by the Atlas UG robot have a 
depth below 2 per cent OD.

Of  the 17 dents with interactive features 
successfully found, 15 of  them were dents below  
2 per cent depth. If  a caliper tool had been used, 
there is a high probability those dents would not 
be included in the final feature list and the threat 
would remain without attention.

INSPECTION

FIGURE 1: A schematic representation of  the ultrasonic principle.

FIGURE 2: An assembled Atlas UG module equipped with an ultrasonic sensor that allows for an overlap for redundancy 
coverage.

FIGURE 3: Field verification results illustrated in a unity plot.

FIGURE 4: An example of  the aligned datasets that enhance the identification of  
interacting threats.
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INSPECTION

WHAT’S NEXT?
A new dent assessment approach has been 

developed in a Pipeline Research Council 
International research project that uses the 
detailed axial and circumferential profile of  the 
dent. This methodology identifies three possible 
approaches to fatigue life estimation based on the 
shape of  the dent. 

The accuracy of  the results of  this assessment 
methodology are based on the level of  detail and 
certainty in the input data. This means the ILI 
data representing the true pipe geometry 
deformation should be used to carry out the 
calculations to ensure accurate and trustable 
results.

The behaviour of  dents is exceptionally 
complex and a lack of  circumferential resolution 
can only approximate the dent profile using 

interpolation techniques. Furthermore, the real 
dent shape could be hidden due to mechanical 
arm behaviour, or lift-off, which cannot be 
efficiently corrected using post-processing 
algorithms.

The continuous improvement of  assessment 
methodologies and accuracy of  their results are 
directly related to the improvement and certainty 
of  the input used for such calculations. Multiple 
aligned data sets gathered by combined high 
resolution ultrasonic inspection technologies allow 
an online correlation of  anomalies that enhance 
identification of  combined defects.

The Atlas UG robot has demonstrated its 
ability to improve the input data used in 
assessment calculations, offering pipeline 
operators reliable and accurate results for decision 
making.

About NDT Global
NDT Global is a leading supplier of ultrasonic pipeline inspection and data analysis. The company’s inspection fleet 
provides ILI services for onshore and offshore pipelines worldwide, with offices located in Australia, Canada, Germany, 
Ireland, Mexico, Spain, UAE, UK and US.

For more information visit www.ndt-global.com

FIGURE 5: A chart showing that 17 of  20 anomaly 
interactions were found during inspection.


