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Who am |?

Bill Gu

Principal Consultant
Integrity Services Division
Bakerhughes
Bil.gu@bakerhughes.com

Ph.D, Registered professional Engineer in
Canada. Over 20 years experience in pipeline
integrity management, specialising in ILI
technology, defect assessment methodologies,
risk and reliability assessment, corrosion growth
studies and advanced data management

Is PPS commercial leader for China and a
Principal Consultant in the Integrity Services
Division at Bakerhughes. He is a member of
APEGGA, ASME, ISO, PRCI and NACE.
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History of LI -1960s

= Magnetic Flux Leakage (MFL) tool: Developed in
1965 by Tuboscope o detect areas of metal loss

m First tool had 12 sensors, with 20° arc on bottom of
pipe (low resolution)

m Defected infernal corrosion on crude oil pipelines
m Tape Recorder used as data stforage




History of ILI — 1960s

m Kaliper tool first developed by IDW in lafe 1960s

m Provided course meadsurements of dents and out-of-
roundness pipe

m Single channel recorder with sensors mounted on inside of
redr cups

m Dafa recorded on pressure sensifive paper inside the tool




History of ILI — 1970s and 1980s

m [9/0s - British Gas (BG) invests in their own high-resolution MFL
inspection fool. Vetco and Tuboscope succeed in
developing new MFL tools.

m |[nstead of 12 sensors per fool, these new fools had
dapproximately 1.27 cm (0.5 in) spacing, permanent magnets,
and inner diameter/outer diameter (ID/OD) discrimination.

m |[nspection fools could defect and size anomalies
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History of ILI - 1970s and 1980s

= Deformation (DEF) tools improve from single channel sensors
to 6-12 channel sensors

= Nearly every vendor develops DEF tool with various levels of
resolution.




History of ILI = 1990s and 2000s

= Ultrasonic Crack Detection (UTCD): Pipeline Integrity
International (Pll) develops first fool in 1994 for axial cracks.

w R

= Circumferential MFL (CMFL) - developed for axial metal loss
and crack-like defects

Photo: geocilandgas.com

= Combo-tools are infroduced using multiple fechnologies on a
single tool — DEF + MFL




History of ILI = 1990s and 2000s

= Electromagnetic Acoustic Transducer (EMAT):

® Rosen and GE-Pll develop first EMAT fools - crack inspections on
gas fransmission pipelines

Photo:
geoilandgas.com

s TDW develops first EMAT tool in late 2000s
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History of ILI — 1990s and 2000s

m Speed Control tools — allows pipelines to operate at full rate
while ILI tool fravels at a slower rafe.

Photo: diakont.com

= Robotic tools — difficult fo pig pipelines
= Unbarred tees, low/no-flow, diameter changes,
mitre bends
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Weld defects Dents & Gouging
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Girth Weld
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GirthWeld

150mm diameter branch
( pipe attachment

1992 inspection

150mm diameter branch
) pipe attachment

7~

0

17 inspection




UltraScan WM




B B JZ 1 Ml USWM

e Ultrasound - Time of Flight

o« LG T
o SRR — — 8 T P 4G
o BB

o H A 1] LR
o KRR
o AT



UltraScan WM

10 UltraScan WM

&R RS I BRI &

M = £ 0.4mm

A RX 73 NI E T

FERIN 3% JE Pt 1 A8 8 A I R s o J= 5
WU FH T4 & 46

9 P BCIR HEAS I 25 3 51 29 20%



o e O R

pipe wall




~F i =
AN RIS &

Fig Eun 1FTx External HMetal Los=s File Mo. 468685 Wed Feb 22 15:24:27 19895
disl = 267656.24 m  yl = 13.9 mm  268° E E =0: 15.8 mmglg
. - - Temp. not meazured . :

dis2 = ZEFE56.39 m g2 = 13.9 mm Odofac: D.SeEsigy = whb: 14,5 i m [l 'l BN

addis = 0.143 m 4y = 0.0 mm Offset: .00 m o [0 new man. TH A1 D ==5% RO

5 5 1 2 3 4 5 & 7 & 8 6 1 2 3 45 5 7 & 9 7 1 2 3 4 5 B

z 5
t_ .
a 18]  _
2 1 —

16 —
] .
TS

1 width = 145 mm, 261¢—27y4e 1,5 415

y
3 16
Pivt S U FP RS
h ] %

12 ]




= h A= H

W[/,—\ IZI—‘%A

Fig Fun 1FT=x Internal Hetal Loss File Mo. 4563 Thu Febk 16 18:27:53 1995
10010.18 2.8 191¢ EE " N
& [ «__DEN_ EEN
T 0 new EEMA™ man. 18 A3 D =5
3 1 2 3 4 5 B F & @& O 1 2 3 4 K B 7 & 48 1 1 2 3 4 ¢
s
3 = B3
: > 2
3 . :
B -




oy o =i v s W A ==
AN g IKF_:I =]

Fig Fun 1PTH Lamination File Mao. 1

A5 Thu Feb 23 11:41:24 1985
2610.18 7.8 156 E g = I DEEEEE
a M HE Eaw
0 new EIEA man. TA RIc D ==
¢ 3 2z 3 4 &5 & 7 & & 1 1 2 3 4 & & 7
g &
219 . E3
h —_
219
4 E3
2




UltraScan CD




Ultrascan CD-&8 7 )55 242 Rl 45

o U[traqound -45°2 Shear Wave
o L EIGH T
o FARN S JE A

o 1 1] IR E]
PRI IR L



it R R SR 2 S P

Ultrasonic Sensor
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Conventional Ultrasonic technology

Piezoelectric Liquid
Crystal coupling
Pipe Wall \-LLL\‘\‘
EMAT technology
Permanent N )
Magnet Air Gap
_ S
RF Coil Ultrasonic Sources
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EMAT - Electromagnetic Acoustic Transducer

Piezoelectric Emat
Transducer Transducer

Crystal\/ y
Couplant

Magnet
Emat Coil

)

e’

)

e’ e’ Lorentz
e’ ) Force

Pipe Wall Ultrasonic Waves

EMAT Principle of Operation.

A high-frequency coil induces eddy currents in the material. The surface currents in the presence of
the magnetic field generate a Lorentz force that is transferred to the atomic lattice of the material.
This force produces an ultrasonic wave that propagates through the material.



Crack detection in gas pipeline

UltraScan® CD tool

Batch-Liquid

Gas Gas

EmatScan® CD tool

Couplant-Free
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» Detection of internal and external crack-like defects
« System of interacting EMAT sensors



Sensor Arrangement per Sensor Skid
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: remove
_ debris
Gmde_ Wr_]eel X4 More wheels
to maintain 3mm to share
gap between _ loading
magnet and pipe
wall
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motion induced
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Elastic Wave

Based on ultrasonic technology

Waves injected at 65° travel
circumferentially around pipe

Designed to detect long seam
fatigue, SCC, lack of fusion &
hook cracks

Transducers in fluid filled wheels
therefore can run in gas
pipelines

Wheel rim

Tire —» Pele

Utrasonic transducer Fluid filling

| S |

Ultrasound beam

Dual wheels on single sxles

/o

Ultrasound beam
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Honeywell fZBENEIRE.

Mapping Unit
1:2000 Pig Travel
1:4000 Reference spacing

Additional error sources
GPS Survey
Reference correllation



Inertial Measurement Unit (IMU)

* IMU measures a pig’s
movement in 3D:

e 3 Gyroscopes measure
rotation. = [n] FE BRI & JiE
e

e 3 accelerometers measure
acceleration and gravity
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Defect
Identified in
In-line
Inspection
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Tool Development and PipelLine Inspection — common set of factors

most appopriate technologyix & & BIF A

Pipeline
Characteristics

most appropriate sensor B i& & I a8
tool operating window T B ##{EHE O
design parameters 1% 115 %5

Required analysis tools/ 47 T &

Accuracy

decision supportx# T B
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Pipeline Defects

diameter reduction dent
M
buckle ovality
Geometry
Defects
int. &
iB ///<FXL
= /crack
2 Cracks N/
: Metal lamination
ext.” & int /
metal Ios& Loss /
: hydrogen
pitting — /%Z/Wnduced(xacmng
(HIC)
manuf. related — <N
wall thickn. variation ! .
e e crack field

channelling——
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new hire and channel partner product training
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Element 1 0] SEETARIIEFE

* Areliable and accurate measurement performance for detecting, discriminating and sizing

minimized operational disruptiofx /N §E

B

- suitable under variety of conditions
Pipeline

Characteristics (diameter, speed, product, WT, geometries)i& & &

MRERY ER RE NE BE, LM

validated defect characterization
accuracy

high detection &
accurate sizing Required Defect discrimination
Accuracy Types

reliable location

Element 2 repeatable & reproducible data

* A comprehensive excavation program with accurate field and laboratoryc
observation to evaluate ILI tool performance provide reliable data feedback to the

ILI vendor for improvement. ZZ& A EAVEFRNF IR EIE, RESKRNATIRS

Element 3
* A failure model /method with material testing data to prioritizing excavation investigation life

cycle/re-inspection interval prediction 8N WEHER T2 ML, BESEENHFRNEE .
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Defect
depth/wall
thickness

1.0

0.8

0.6

0.4

0.2

Acceptable defect sizes
B31.G

&

5 22T

Defects Failing at
0.72 design factor

Hydrotest
safety

margin
Inspection _ _
nsper \allure at yield hydrotest
Margin
Pll sizing specification|
50 100 150 200 250

Defect length mm
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Which technology to use?



The right technology for every integrity challenge

MANUFACTURING &

THIRD PARTY DAMAGE &

MULTIPLE

THREATS

n
g
=
5
-3
[+ ]
=
=]
u
[=]
=
4
8

CONSTRUCTION CRACKING

GEOMETRY

GEOHAZARD

Gas medium

Liquid medium
Multi/dual-diameter
Thick wall pipe
High-flow velocity
Short traps
Unknown cleanliness
CRA clad pipe

Baseline inspection

-]

External

Internal

Pinholes

Complex corrosion

Highly corroded

Marrow axially oriented
Circumferentially oriented

Wall thinning/erosion

Axial cracks

Hydrogen induced cracks
Hook/seam weld anomalies
Seam weld lack of fusion
Fatigue cracks

Shrinkage cracks
Circumnferential cracks

Stress Corrosion Cracking (SCC)

Girth weld anomalies

Spiral weld anomalies

Seam weld anomalies
Laminations & midwall defects
ID expansions/Roof topping
Wrinkle bends

Centerline mapping

Bend characterization

Plain dents

Dents on welds

Complex geometry dents

Dent strain and fatigue assessment (PIDA)
Owality

Gouging

Hard scale

Real time third party strikes

lllegal tapping & pilferage

Buckle/wrinkle
Bending strain
Axial strain with AXISS™

Pipeline movement

Cracks in metal loss
Cracks in dents
Metal loss on dents

Defects interacting with strain

Consult BHGE

@ Optimum specification
Available

® Good specification

UltraScan™ WMP

Higher resolution, higher accuracy direct wall measurement

New MagneScan™ SHRP & VECTRAGEMINIHD| o o @

SUPENion accuracy to optimize dig programs

[:

New MagneScan™ SHR & VECTRA GEMINI

High accuracy, triaxial MFL with cal

per

New MagneScan™ HR

Next generation high resalution combination MFL

Ma;ne&an“ HR

High resolution MFL inspection

March 7, 2020



MFL Technology

Robust and proven technology which has been in operation for 30+ years

Strengths
Operational

v’ Tolerant to debris (more so than UT), detection if debris ‘in’ corrosion
v Wide speed range: 0-5 m/s, specs also achieved at higher speeds

v 4-56”

v Up to 220 bar

v/ Combo technology: Metal loss, geometry & mapping in 1 run

Data

v’ Pinhole detection & sizing: spec from 5mm and seeing defects from 2mm in
diameter

v/ Pits, general ML and circumferential defects

v Welds (girth & spiral): detection & sizing across weld area + recent circ crack
specifications

v’ Defects in defects improvements in recent years

Weaknesses
Operational

* Preconditioning sometimes required in thick wall pipe
* Brush design not ideal for dual diameter applications
Data

* MFG discrimination: Laminations, midwall

* Not direct measurement of WT

*  Wall thinning

* Channelling corrosion

March 7, 2020



UT wall measurement Technology
Robust and proven technology which has been in operation for 30+ years

Strengths Weaknesses

Operational Operational

v Thick wall pipe up to 45mm * Liquid medium required

v Wide speed range: up to 2.5 m/s, specs also achieved at higher speeds * Line cleanliness sensitivity

v’ lower differential pressure e Pressure 120 bar

v 6-52” Data

Data * Pitting sizing: spec from 8mm

v’ Direct WT measurement in mm * Heavy seamless pattern can cause echo loss on older
v’ Cladding ystems

v’ Seamless pipe wt variations
v’ Lamination and Blisters, Manufactured and HIC
v’ Pinhole & pitting detection: spec defects from 1mm @ 5mm @

v’ Channelling corrosion

March 7, 2020



Which Technology?

Both delivering accurate & reliable data.

MEFL: UT:
- Pinholes - Actual WT measurement
- GW defects - MFG discrimination

- Challenges with - Wall thinning / channel corrosion
g
pipeline cleanliness

- Higher speeds

MFL or UT

March 7, 2020
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Corrosion &
Metal Loss

&

S=11

&3 |LI Threat Trends...

Large, North American operators primarily driving
technology improvements

Focus shifting away from general to complex corrosion and
outliers -> ‘defect morphologies’

Looking for increased confidence in gouges & metal loss in
dents

Cracks

SCC in Gas pipelines: US regulations driving sharp increase
in EMAT inspections

Girth Welds continue to be a challenge driving increase in
IMU runs and bending strain assessments

Axial strain measurement (AXISS) seen as an option to
identify high risk areas



Research Objectives

Research Objective Est. Timeline to
meaningful
impact
Develop and/or validate technology and 3 years

analytical processes that are capable of
characterizing pipeline material properties

with sufficient accuracy for application in
pipeline integrity assessments.

Develop and enhance ILI technology to reliably 5 years

detect, size and characterize indications that
may be harmful to the integrity of the
pipeline.




Research Objectives

Research Objective Est. Timeline to
meaningful
impact
Develop, evaluate and enhance NDE technologies 5 years

and operator & data analyst performance to

3 |define the condition and assess the integrity of
pipeline, facilities and associated infrastructure
from outside or above the pipeline or facility.

Improve the accuracy and application of Fitness 5 years
for Service methodologies by reducing
uncertainties. Define, understand and improve

the key factors, including models that are involved
in design, construction or integrity assessments of

any component in systems covered by PRCI.
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TDC Existing Capabilities

e Services available to PRCI members and nonmembers

* Pull test facility for In-line Inspection tools

e 24”,16”, 12" & 8” pipe strings containing hundreds of fully
characterized real & manufactured defects.

* Main winch is caﬁ)able of running consistent velocities from 1 mph to
11 mph while pulling over 5,000 lbs.

* Liquid loop test facility
* 12”7 & 6” nominal pipe utilizing water as the liqguid medium

* Variety of configurations ranging from easily piggable to "difficult to
inspect"

* Design incorporates the ability for continuous test cycles at a pressure
of ANSI Class 150 (285 psi)

* Large inventory of pipe Samples with real-world and
manufactured defects

* Qualification testing of NDE professionals and tools
e Technology demonstrations

* Warehouse space for conducting research and storing pipe
samples sensitive to the elements

e State-of-the-art meeting space with conferencing capabilities



Pull Test Strings Liquid Test Loop




Pipe Sample Inventory at TDC

Available Pipe Samples by Diameter

24" 325

gn J227

1ov Y 1 24
2o I
16" [ 109 136
o I 140
120
10" >
Other Y122
0 50 100 150

99
100 81
80
= 60
40
20
* 1,158 total pipe samples; pipe size range from 2” t

Dents External Metal Interal Metal Stress Corrosion Other
Loss Loss Cracking

Available Pipe Samples by Defect Type

# of Available Samples




Facility - Pull-Test Winch

* High capacity (up to 40,000 Ibf pulling force, 18,143 kgf)

 Software controlled (automatic run and speed control)
* Speed range 0.5 to 11 mph (0.2 to 5 m/s)




Example of Unity Plots (Metal Loss Length)

Artificial ML features
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EmatScan
Crack Detection

most accurate crack detection
(gas)




EmatScan™ CD — Tool Overview

6 independent sensor carriers
electronic, data acquisition, pendulum

PL<s

Reflected Signal

Amplitude

optimum sensor spacing
for crosstalk avoidance

high detection redundany
features detected 5 — 7 times
=> malfunction of a sensor not
causing specification degradation

REOTIRD Yo R R P

doubled amount of detection
sensor compared to 1st GEN tool
additional feature type
discrimination sensor
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EmatScan™ CD — Wave Types

Lamination

Crack
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new hire and channel partner product training

EmatScan™ CD — Wave Types

“RH waves”: Rayleigh waves for
intern/extern discrimination “SH waves” Horizontal shear

waves for crack detection

“Lamb Wave”:
Feature Type Discrimination
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EmatScan™ CD

30” _ 36”
coupling free crack detection in gas pipelines
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AXISS™
ILI AXIAL Strain Measurement
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ILI based Axial Strain Technology#i[@ &2 A

S MHEA . »
e sy AXISS Module
Canister Canister j
e First inline inspection for axial strain in 2010 25— v \ »
R & B R 2 A+ FE20102E ﬂ ﬂr H“ﬁe a-
* Applied strain sensor technology used in other MFL Module

industries to pipelines v 2 £ B a8+ R H b
TSR B N A

 Complete picture of the strain threats to a
pipeline when coupled with bending strain52Z=
NV TEE UG EENTEN TR

« Not site specific FIEHEFETIH = 5

* Proactively identifies areas subject to significant
strain before they become injurious to the
pipeline. TAIFM ™ EN EXHE NN EE -
TAEH

e Absolute strain values can be provided that can
now be used in fitness for service decisionsZf X
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Axial Strain Variation
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