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Today’s Agenda

Welcome and introductions

» Case study: offshore pipeline
— Internal pitting and long axial corrosion
— Inspected continuously with MFL
— Inspected with UT following a leak
Benefits and challenges of MFL v UTWM
Comparison of results
Utility of customized deliverable

Application of a custom assessment method
for long-axial internal corrosion
(DNV-RP-F101 Appendix D)

Questions
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Inline Inspection Tools

Magnetic Flux Leakage (MFL) Ultrasonic Technology / UT Wall Measurement
(UMp)
* Relative measurement (indirect)
«  Orientation of magnetic field affects * Pulse echo — Ultrasonic Wall Measurement
measurement * Direct measurement
«  Does not require couplant * Requires couplant

*  Minimum measurable pitting width: 5.0 mm

*  Minimum measurable pitting width: 6.0 mm
with 90% POD

with 90% POD

Internal Metal Loss External Metal Loss
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Direct measurement = constant sizing tolerance

Wall Sizing accuracy Sizing accuracy
thickness MFL ut
6.0 mm +0.78 mm +0.4 mm
7.0 mm +0.91 mm +0.4 mm
8.0 mm +1.04 mm +0.4 mm
9.0 mm +1.17 mm +0.4 mm
10.0 mm +1.30 mm +0.4 mm

Sizing accuracies for different wall thicknesses.

NDT
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Circum [

Long axial corrosion measured by UMp

Coherent long axial corrosion across 10 pipe joints (~410 ft, 125 m)

Deep areas of metal loss within the affected wall
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MFL and UMp Results Comparison

* Three dlﬁerentMFL vendors @ NDT Global MFL 1 MFL 2 O MFL3 ——Nominal WT

« All axial MFL inspections °

« All four ILI results cover the long axial
corrosion

0.500

0.400

* No MFL results match the deepest UMp
points

0.300

Depth in %

— Confirmed with NDE by the operator

e MFL 2 and MFL 3 have similar results; MFL 1
falls in between

0.200

0.100

« Wall thickness has an impact on data
recording

100 0.000

Flow Direction

Proprietary & Confidential, NDT Global

Nominal WT in in.



Depth detailsin %

100
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MFL and UMp Results Comparison

Average Depthin% — Minimum Depthin% — Maximum Depthin% © Variance Depth in %

Number of Features

UMp 2022 MFL-Vendor 1 (2019) MFL-Vendor 2 (2020) MFL-Vendor 3 (2021) UMp 2022 MFL-Vendor 1 (2019)

UMp recorded a wider array of percent depths and a larger average depth
All 3 MFL inspections recorded an average feature depth ~20 %

MFL and UMp typically record different numbers of features

Proprietary & Confidential, NDT Global
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MFL-Vendor 2 (2020)

MFL-Vendor 3 (2021)
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A Look at the Deepest Point in UMp Data
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A Look at the Deepest Point in UMp Data

Ou

«  MFL measurements focus on the shallow unaffected internal pipe wall
long axial corrosion e

healthy wall = 0.500 in.

* Depth of MFL points close to local wall

thickness
* Long axial corrosion obscured axial MFL 270° 90°

measurement

MFL 1 depth = 20%
MFL 2 depth = 245
MFL 3 depth 518%

channeling affected inteThg
~ 180° remaining WT =0.051 in.

hint for Ieéké-ge

NDT
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A Look at Features within Long Axial Corrosion in UMp Data

1 pipe joint
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Topography of Metal Loss from UMp Data

flow direction

flow direction

« Shape of internal corrosion clearly visible

« 3 distinct bands of corrosion across the circumferential direction

* 6 o'clock band has large, deep pits

« Bands on either side of 6 o'clock have many smaller, shallower pits

NDT
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Precise corrosion monitoring

*Not the case study pipeline; representative example
WT [mill

RIS
2oualaley 1M

Sound WT in 2019 2|020 WT C-Scan
5678 37 2 Distance[ftl 3 4 56 7 8 37 Distancelftl .56 7 8 37

Orientation

Distance [ftl 8

2021 depth: 0.114 in

v

Flow Direction . .
| 2020 depth: 0.067in | | 2021depth: 0.114in |

2020 depth: 0.067 in 2021 depth: 0.110 in
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Assessment of Long-axial Corrosion:

80

D NV_ R P_ FlOl Append |X D *Not the case study pipeline; representative example
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+ Assessment method for pipelines with
long axial corrosion
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Assessment of Long-axial Corrosion:
DNV-RP-F101 Appendix D

*Not the case study pipeline; representative example

120

« Assessment method for pipelines with 1
long axial corrosion g

* Main steps:
v" Construction of river-bottom profiles

cire. pos. [°]
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rel. distance [m]
T T T T I

river-battom profile

wall thickness [mim]

river-bottom profile

l l l l
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rel. distance [m]

NDT
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Assessment of Long-axial Corrosion:
DNV-RP-F101 Appendix D

+ Assessment method for pipelines with
long axial corrosion

* Main steps:
v Construction of river-bottom profiles

v Calculation of pipeline pressure
capacity based on POF

Proprietary & Confid
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*Not the case study pipeline; representative example

I:)design

230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400
Pressure capacity [bar]

P safe, worst joint = 231 bar

P safe, system = 223 bar
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Assessment of Long-axial Corrosion:
DNV-RP-F101 Appendix D

« Assessment method for pipelines with sl o \
long axial corrosion =12 ; A " Y
E -
* Main steps: : R L , -y T
v' Construction of river-bottom profiles g, ;
v Calculation of pipeline pressure capacity N 5 ——RBP(LI1) ===-CWT(LI1) -
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*Not the case study pipeline; representative example NDT
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Assessment of Long-axial Corrosion:
DNV-RP-F101 Appendix D

« Assessment method for pipelines with — | |
long axial corrosion 220 o ==~ lointaverage -
Mai 010 Loy === 95% quantile (0.73 mm/yr) |
° . - -
aln StepS. To00 | ™ “{'_:_s === average (0.52 mm/yr)
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. T . 2 > N0
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. . 150 - ——
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130 1 \'\\ b -:\* %
120 ~ G
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*Not the case study pipeline; representative example

NDT
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Summary and Conclusions

* Managing the integrity of assets by means of ILI is possible, however choosing the right
technology for the inspection is crucial

* MFL can be less costly and does not require extensive cleaning; however relative
measurement and magnetic field orientation can make application tricky

« UMp can provide repeatable, direct measurement under challenging conditions (like pitting
within long axial corrosion); however proper cleaning is required

* In the application presented here, UMp was able to provide accurate corrosion topography
where 3 different MFL vendors could not

* UMp enables the application of DNV RP-F101 Appendix D, to calculate the pressure
capacity of a pipeline considering the system effect

Topography of metal loss from UTWM data Qa EP}; :
oba
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Thank You!
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