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Presentation Outline

• Introduction

• MTM-G  & Pipeline Integrity Improvements

• Applications

• Conclusions
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Pipeline Integrity Assessment Techniques
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Pipeline Integrity Assessment Techniques

4

C. Onuoha et al, C2017-9648 NACE 2017



Pipeline Integrity Assessment Techniques
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• Shows the total cost of  lost production and illustrates the cost of  preparing a pipeline for an inspection method and 

the cost of  the inspection itself.

• This shows that a robust but reliable DA methodology is extremely important in terms of  avoiding business 

interruptions caused using some ILI tools NACE DA Course



Direct Assessment (DA)
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Direct Assessment (DA) Steps
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Most Probable Locations (MPL) vs DA
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External Corrosion-Buried Onshore Pipelines
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External Corrosion-Buried Onshore Pipelines

11NACE is now AMPP
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External Corrosion-Buried Onshore Pipelines
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External Corrosion-Buried Onshore Pipelines
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Stress Corrosion Cracking-Buried Onshore 

Pipelines
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Stress Corrosion Cracking-Buried Onshore 

Pipelines
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Stress Corrosion Cracking-Buried Onshore 
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Stress Corrosion Cracking-Buried Onshore 

Pipelines
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Non-Contact Magnetic Gradient Tomography 

Method (MTM-G)
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3rd Party damage

Some reasons of  pipeline failure
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Non-Contact MTM-G
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Non-Contact MTM-G

• MTM-G; other industry trade names; SCT, PWA and LSM

• Pipeline locating, GPS mapping and field inspection are integrated in the same survey

• Can be applied in both onshore and offshore pipelines

• On onshore pipelines, depth of cover must be less than 7m to ensure confidence in probability 
of detection

• Technicians walk with magnetic sensor on the pipeline right-of-way of subject pipeline capturing 
areas of stress concentrations (elevated stress levels)

• After field inspection, data is processed and analyzed in proprietary software where all captured 
anomalies are classified and prioritized.

• All classified and prioritized anomalies have GPS coordinates  and aboveground markers 
(AGM) for reference
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Non-Contact MTM-G

• Pipeline defects occurring during fabrication are usually identified before burial and verified 

against industry set standards.  However, with time some pipelines will invariably develop stress 

concentration zones due to internal or external forces leading to pipeline failure; stress failures 

are most commonly due to cracks, dents, buckles, etc.  If these indications are identified 

proactively, it will improve safety and significantly save cost in downtime

• Non-Contact Magnetic Gradient Tomography Method (MTM-G) is a non-destructive testing 

(NDT) technology used for detecting anomalies and evaluating the integrity of pipelines. This 

method can be applied to inspect pipelines located above ground, underground, and offshore, 
irrespective of their type and size.
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Non-Contact MTM-G

• MTM-G is used to identify and locate elevated levels of stress through the measurement of the 

magnetic field surrounding steel pipelines, regardless of the ability to pig or whether the 

pipeline is buried, exposed, or elevated.  

• A change in magnetic field could indicate the presence of stress in the pipe wall.  The shape 

change of a ferromagnetic material during magnetization is characterized as magnetostriction.  

Inverse magnetostriction, known as the Villari effect, characterizes the change of magnetization 

when mechanical stresses are applied to the material.  This change in magnetization due to 
mechanical stress is what the MTM-G can detect. 
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Non-Contact MTM-G

29Onuoha et al, AMPP C2020-14475
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MTM-G & Pipeline Integrity Improvements

• Identification of pipeline anomalies

• Characterization

• Prioritization
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• DA & MTM-G  can be combined to 

help identify and characterize 

anomalies before pipeline excavation

• CP, DCVG, ACVG, ACCA, Soil & 

MTM-G



Identification of  Anomalies
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External Metal Loss Reported by MTM-G & 

Validated 



Characterization of  Anomalies
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Prioritization of  Anomalies
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MTM-G & Pipeline Integrity Improvements

35• MTM-G can identify, classify and prioritize anomalies and able to report strain



MTM-G & Pipeline Integrity Improvements
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MTM-G & Pipeline Integrity Improvements
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MTM-G & Pipeline Integrity Improvements
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Integrated MTM-G & ILI Scenario

• MTM-G offers a non-contact method for assessing pipeline integrity. It is particularly valuable in 

analyzing the stress state of pipelines by measuring the magnetic field gradient. This method 

can provide detailed insights into the types of mechanical stresses present in the pipeline, 

including hoop, longitudinal, and complex combinations like bending and shear stresses.

• Inline pipeline inspection tools (ILI) are well-suited for detecting physical and geometric 

anomalies within the pipeline, such as corrosion, metal loss, or cracks. These tools provide 

detailed information about the geometry and orientation of these anomalies.
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Integrated MTM-G & ILI Scenario

• When ILI and MTM-G are used in tandem, they can offer a comprehensive view of the 
pipeline's condition. For instance, while MTM-G can directly measure the mechanical stress 
through the pipeline's magnetic field gradient, ILI can provide detailed information on the 
geometry and location of defects. This complementary data allows for a more thorough 
assessment of the pipeline integrity.

• This integrated approach can significantly enhance the pipeline integrity management process. 
The combination of MTM-G's stress assessment and ILI's detailed defect information can lead 
to more informed decisions regarding pipeline maintenance and operation. This synergistic 
method can improve the identification of potential risks and help pipeline operators to address 
issues more effectively.
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Integrated MTM-G & ILI Scenario

• MFL Inline Inspection (ILI) is effective in detection of individual defect and measurement of sizing 
of each individual defect. For the pipeline integrity management program, the fitness for service 
assessments require to combine defects into clusters and compute the local stresses surround, 
and safety parameters (Psafe, MAOP, ERF, RLA) can be assessed thereafter by using known 
methods (ASME BG31, API, DNV etc).

• MTM-G can be effective in detection of anomalies associated with the mechanical stresses, 
directly measured by natural magnetic response from the pipeline material and without 
necessity direct assess to the size of each individual defect. For pipeline integrity 
management programs, the local stresses are registered directly and conventional safety 
parameters (like Psafe, Tsafe, SCF, ERF) are assessed through direct magnetic response 
measurements.
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Integrated MTM-G & ILI Case Study

• This case study was conducted on 26-inch gas pipeline in-service since 1980 and inline inspection 

(MFL) was used to evaluate the condition of the pipeline (to confirm external corrosion depth of metal 

loss) and MTM-G was used on the same pipeline as a validation.

• Note that MTM-G is designed to respond to stress changes and to report stress concentration factors. It 

is NOT designed for example to measure geometrical depth of metal loss like inline inspection. The 

reported metal loss in the next slide is estimated from ASME B31G and proprietary algorithms.

• Based on several ILI vs MTM-G comparative inspections completed, reported metal loss estimated 

from measured magnetic stress from MTM-G vs actual measured metal loss from ILI is within ±10%
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Integrated MTM-G & ILI Case Study

43

• Ability of  MTM-G to estimate external 

metal loss from measured stress is good 

news for buried unpiggable pipeline 

operators looking for ways to 

implement proactive pipeline integrity 

best practices



Conclusions

• Results from real-life case studies using MTM-G have shown strong capabilities in the identification 

and characterization of external metal loss and cracks and when combined with other tools, helps to 

prioritize areas of concern.

• Based on preliminary findings, the ability to detect corrosion metal loss and external corrosion cracks 

from aboveground suggests that this technology will improve pipeline integrity assessments and give 

more confidence to pipeline operators looking for more efficient ways to assess their unpiggable 

pipeline assets. 

• On critical buried pipeline that demands urgent attention, an integrated approach that combines ILI 

and MTM-G can significantly enhance the pipeline integrity management process. The combination 

of MTM-G's stress assessment and ILI's detailed defect information can lead to more informed 

decisions regarding pipeline maintenance and operation. This synergistic method can improve the 

identification of potential risks and help pipeline operators to address issues more effectively.
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Thank You!
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Back-up Reference Slides

Included for Information



Non-Contact MTM-G
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MTM-G & Pipeline Integrity Improvements
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DA & MTM-G combined can help identify and characterize anomalies before pipeline excavation

AMPP Calgary, 2021



MTM-G & Pipeline Integrity Improvements
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• Robust DA tools can predict the outcome before direct examination

• With MTM-G, anomalies are further characterized before direct examination

AMPP Calgary, 2021



MTM-G & Pipeline Integrity Improvements
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AMPP Calgary, 2021

• Robust DA tools can predict the outcome before direct examination

• With MTM-G, anomalies are further characterized before direct examination



Example of  Metal Loss Reported by MTM-G 

& Confirmed 
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MTM-G & Pipeline Integrity Improvements
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