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Value of Multiple Datasets

MFL w/IDOD
• Volumetric Anomalies
• Mill Anomalies
• Extra Metal
• Internal/External Classification
• Dents

SMFL
• Gouging

Dent with Volumetric
Metal Loss

Planar versus Volumetric
Axially oriented Anomalies
Metal Loss in Seamless Pipe
Metal Loss crossing Girth Welds
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DEF
• Ovalities
• Dents
• Misalignments
• Other bore changes

Residual / Low Field 
Magnetization
• Permiability Anomalies – Hard spots
• Dent Cycling / Re-rounding
• Pipe Characteristic Changes

• Gouging
• Narrow Axial 

Corrosion
• Selective Seam 

Corrosion
• Planar / Crack-like 

Seam Anomalies
• Volumetric 

Anomalies (pipe body 
or seam)

• Mill Anomalies Dent with
residual
stress

Mechanical Damage Prioritization
Pipe Characteristic Changes
Gouging/ML without dent



Axial MFL
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Circumferential MFL
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Circumferential MFL
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SpirALL ™ MFL Technology
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SpirALL ™ MFL
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Axial MFL + SMFL
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Residual MFL
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Theory: B vs H (terminology)
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Hi-Res Deformation Tools
• Provides high resolution geometry data to 

help operators better manage their IMP
• Provides resolution needed for further 

High Resolution Deformation
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• Provides resolution needed for further 
analysis of I.D. restrictions



XYZ Mapping

Output from high resolution mapping
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IMU’s are internal within the tool and therefore nothing is visible on the tool
itself. The above screenshots show pipeline routes based on IMU data
captured during inspections.



• Planar versus Volumetric
• Axially oriented anomalies
• Low level metal loss in seamless pipe
• Metal loss crossing girth welds
• Pipe characteristic changes 

Characterization – Multiple DataSets
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• Pipe characteristic changes 
• Mechanical damage

• Ranking system



Characterization
Volumetric versus Planar anomalies Planar anomaly not

visible in MFL

20

MFL data SMFL data



Characterization
Low-Level Metal Loss in Seamless Pipe

SMFL eliminates seamless
noise pattern which makes
low-level metal loss visible
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MFL data SMFL data



Characterization
Metal Loss Crossing and in Girth Weld
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MFL data SMFL data



MFL SMFL

Anomaly 1

longitudinal seam weld

MFL SMFL

longitudinal seam weld

Anomaly 2

Characterization
Planar/Crack-like anomalies in the Long Seam
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MFL SMFL

longitudinal seam weld

Anomaly 3

# Descr. ILI % Field 
%

ILI 
Length
(in.)

Field 
Length 
(in.)

ILI 
Width 
(in.)

Field 
Width 
(in.)

1 Planar 37 39 2.22 2.18 0.04 0.01

2 Planar 35 36 1.92 1.22 0.03 0.01

3 Planar 28 35 1.88 2.00 0.06 0.01



Pipe Characteristic Changes

Characterization

Three different types
of pipe
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Mechanical Damage
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Pipeline Incidents By Cause
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Source: Performance of European cross-country oil pipelines 

Statistical summary of reported spillages in 2010 and since 1971 

Prepared by the Conservation of Clean Air and Water in Europe  (CONCAWE) Oil Pipelines Management Group’s Special  
Task Force on oil pipeline spillages (OP/STF-1) 

From the “2010 Report for the UKOPA Infringement Database”. P repared by the
UKOPA Infringement Working Group



Mechanical Damage

• Mechanical damage is a leading cause of 
pipeline incidents globally

• To properly determine the severity of 
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• To properly determine the severity of 
mechanical damage the following 4 categories 
should be measured:

• Stress
• Strain
• Cracking
• Metal loss



• Current mechanical damage system is based off of 
Battelle research conducted in late 1990’s – 2002 

• TDW supplemented Battelle work with dent strain 
analysis and SpirALL™ MFL data set

• Field results from a 16” x 208km (129 mile) pipeline:

Characterization – Mechanical Damage
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• Field results from a 16” x 208km (129 mile) pipeline:
• Built in 1954
• Has history of very shallow mechanical damage 

causing product release
• Every available technology has been run in this 

pipeline over its history
• MDS inspection requested to help prioritize 

mechanical damage



Battelle Ranking System
 

Decoupled 
Signal? 

No 

No 

Yes 

Yes No No 

Apply 
Decoupling 

High 
Magnetization 

Data 

Low 
Magnetization 

Data 

Yes Residual 
Dent? 

Gouge 
Signal? 

Rerounding 
Halo? 

Yes 

For entire model
see PRCI L52084
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Steel Microstructure (Weld)
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Steel Microstructure (Low -carbon )
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Steel Microstructure (High -carbon)
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Hard Spot / Crack

33 Analysis of High-Collapse Grade P110 Coupling Failures - A Case Study by Stork Materials



Theory: B vs H (terminology)
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Re-rounded versus Cycled Dents
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Re-rounded versus Cycled Dents
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Re-rounded dent 

signature

Cycled dent signature,

notice the strong 

“halo” effect



• ASME B31.8 provides non-mandatory Appendix R which outlines methods 
for estimating strains in a dent
• Enhancements to the ASME formulas, suggested by recent industry 

research, have been incorporated
• Computations can be carried out using high resolution deformation data
• Local dent strain can be estimated by analyzing the deformed shape
• The Battelle prioritization model is then supplemented:

Strain Calculations
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• The Battelle prioritization model is then supplemented:
• If a dent exhibits strain > 6% then considered higher priority



Prioritization – Mechanical Damage
 

Decoupled 
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No 

No 

Yes 
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Decoupling 

High 
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Data 
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Yes 

For entire model
see PRCI L52084
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Prioritization – Mechanical Damage
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Characterization – Mechanical Damage 
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Dent on seam weld with re-rounding



Characterization – Mechanical Damage
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Characterization – Mechanical Damage
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Characterization – Mechanical Damage 
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Characterization – Mechanical Damage
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Summary

- Independent technologies have limitations as defined by 
Standards such as NACE SP0102, API 1160, etc.

- Combining Multiple DataSets on a single platform has distinct 
advantages and overcomes limitations
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- Mechanical Damage continues to be a leading cause of 
pipeline failure

- Most “severe” or potentially injurious mechanical damage has 
proven to be shallow dents with other factors involved

- Multiple DataSets facilitate a comprehensive assessment and 
ranking system for Mechanical Damage



Thank You!
Trusted Performance / Innovative Solutions
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