Lq;“

b

4/ Shahee®™

Pll Pipeline Solutions
a GE Oil & Gas and Al Shaheen joint venture

ADVANCEMENTS IN THE DETECTION AND SIZING

OF "PINHOLE" METAL LOSS IN ON & OFFSHORE
PIPELINES

Martin Bluck, Senior Product Manager
19t November, 2014
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"PINHOLE" METAL LOSS IN ON & OFFSHORE PIPELINES
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Background ... ‘Pinhole’ corrosion

* ‘Pinhole Corrosion’ & ‘Hot Taps made o ——
by error’ significant causes of éﬁjﬁj
pipeline failure - EGIG report, Dec ‘11 o
* Result of typical corrosion %233
mechanisms e.g. MIC or 3™ party Eoor |
activity e.g. illegal tapping e ddectat madety  movem.
Cause

* ‘Pinholes’ problematic for gas & liquid
operators as a primary threat for
leaks

* POF definition:- Length < 1A & Width
< 1A. If wall thickness (t) < 10mm
then A=10mm, if 210 mmthen A=t

 Typically beyond the capability of
MFL systems
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McngneSc:cmTM (M FL4) dig verification

90

80 +¢

70 +

60 -

50

40

30 +

20

» 412 km (258 mlles) Iongest run A g
»-95% first run success m--2-0-1—3/—14— ------------ -5’--’-'- -------- - Ao
»  100s of dlgs ' s s |

e ’ -
2

@00 3

e b oTh o o TR T 0 B R

—Axlal Grooves
= Axial Slots

B S e e S e S

I Cirumferential Grooves & Slots

0 o 2 ® General
0 e o e s | T R
e o piting
1,000s of features categorlzed & verified by dimension class
S Ly GE proprietary and confidential information

|nC| Ud l ng "P| N h0|eS © 2014 GE and Al Shaheen - All Rights Reser

ed




MagneScan™ (MFL4) ... dig verification

Dig Verification ... digging down-under

-

45%
Feature

:'

v
- Smmx5mm
g! — Analysisimage x41% deep
S (2.09mm deep

in 5.16mm WT)

Photo of corrosion in field wrap zone showing tai ——

(560 — . = = e =

‘ GE reported 45% feature measured at 41% in ditch |

i MNon Destructive Test Investigstion sheet from final =
@ "!, Dig Verification Report for @rget feature R AiThew O - A1 Rgr e

&Pmole 5mm x5mm x 41% in 5.16mm wt 14 pipe.from.2011. ...
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MagneScan™ (MFL4) ...attributes

+ Mapping *

* Hall Effect sensors for metal loss
in 3 axes ... 216 on 6" system

il

e 5.4mm circumferential

separation ... 2Zmm axial sampling

* Integrated High Resolution
Caliper ... 24 sensors (1 per
20mm/0.8"circ.)

* Fiber Optic Gyroscope IMU ... 3D
mapping & curvature/strain

* High field “Speed-stable”
Magnetizer 0 to 5m/s (11 mph)

* ATEX Certified

.@L.:qj ngh ReSOIUtlon " Muni_mis%égﬁietnry and confidential information
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MagneScan™ (MFL4) ...high resolution

- 30tracks recorded every 3.3mm \*ﬂ

T TS

\\\\\\\\
N

72 tracks recorded every 2.0mm

Enhanced axial & circumferential resolution ... effectively a 3 x zoom

- )
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MagneScan™ (MFL4) ... Hall Effects in 3 axes

“Leakage” is a Vector quantity
Each MFL4 sensor track measures the 3 orthogonal
components of this vector

Axial

e Measured down pipe
* Sensitive to “ Volumetric” losses
e Measure nominal field strength

Transverse

Radial , A
e Measured out/in from center -
 Highest sensitivity to changes in depth v
e |dentifies start and end of features

Transverse
e Measured circumferentially around pipe
e Added sensitivity to in-plane shape & width ,‘1’-

Enhanced detection (PoD), classification (Pol), & sizing  feserved
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Finite Element Modelling ...

conclusions

1. Increasing # of sensors & frequency of
scans does not improve detection

pt3c 2pt6o

Detectable and measurable Detectable, not measurable Not detectable* @90%pon)

Rose Criterion: SNR >5

2. Dimensions of smallest Pinhole
detectable with MFL were calculated

3. Below a minimum defect size signal
amplitude falls below the noise threshold

<« +45mm ) )
i T Axial - scan interval

|
| Scanon peak

i
| Scanstraddles
! peak

i

4. MFL signal om;plitude is lower for
“Pinholes” leading to under-sizing
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MagneScan (MFL4) ... Pinhole” specification

Parameter General Metal Pitting Axial Circumf. Pinhole i Circumf.
|  loss | Grooving Groovin *kx Slott **
Depth @ Awt 5% 8% 8% 5% - 15% | 15% 5%
POD = 90% @4A @2A @4A*2A @2A*4A @0.5A @0.5A*2A @2A*0.5A
Cerytaintyl 80%  90%| 80%  90%| 80% 90%| 80% 90%f§ 80%  90%f 80%  90%| 80%  90%
Depth Sizing -13%/ -15%/| -8%/ -10%/l -13%/ -15%/f -17%/ -20%/| -8%/ -10%/
Accuracy wt (+/-) 8% IR 8% NN +8% +10%| +13% +15%f +8% +10%f +8% +10%| +13% +15%
Width Sizing
Accuracy mm  (+/-) 12 15 12 15 12 15 12 15 12 15 12 15 12 15
Length Sizing
Accuracy mm  (+/-) 7 10 4 5 7 10 7 10 4 5 7 10 7 10

POD @ 90% 5mm PH > 15% in ERW Pipasna Operctors Forum [70r]

Hgtal Loss Definkions

1l ol i o LD o et maqreom |

* Pinhole detection only: 4mm > 30% deep;
3mm > 40% deep; 2mm> 90% deep

Depth Sizing @ 90% Certainty E
* PH > 5mm diameter <= 50%, -15%/+10%
* PH > 5mm diameter > 50%, -20%/+10%

e A1
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Ex¢onMobil

« World’s largest publicly traded AVONMOUTH PIPELINE
international oil & gas co. * Fawley Refinery to Avonmouth
Terminal

e Industry leading inventory of
global oil & gas resources

« World's largest refiner of &
marketer of petroleum products

 Applying science & innovation to « 6" x 133km refined product
find bgtter, safer, & cleaner ways + Previously inspected with MFL
to deliver the energy the world 22/03/05; 21/02/98; 23/08/93
needs

« Concerns over ‘Pinholes’ & ‘illegal

H ’
e Ny ta ppl ng GE proprietary and confidential information
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ExxonMobil test program ...
set-up

Setest semt owies [tmess

Fiit

o

12 pulls with 06” MFL4

- pulls from 0.5 to 4.5 m/s

- included one conditioning run

« 77 features in 5.6mm wt test spool

- 57 external & 20 internal

- 41 drill hole & 36 conical

- 64 covered by detection specification,

13 below

- 44 covered by sizing specification, 33

below

» Note: assumed diameter of conical features = average

of top & bottom e.g. 5/3 = 4mm

| | Blind-test ... 12 pulls in spool provided by, ExxonMabil.
=
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POD @ 90% 5mm PH > 20% NWT in SLS
Pinhole Detection only: 4mm > 30% deep; 3mm >

td J\A. ¢ Pt B IR W/ s “mfv- ‘v ¢ .m ...wv-iw lllllll

B | Feast
=
S8
oo Ny
=
;-ﬁ
GE proprietary and confidential information

* =
|

°
]
>
—
(]
(7]
]

o
2]

8

RS

o

3

<

I
c
(]
]
<
<]
<

7]

<

°
c
]

w

(O]

<

i

o

[gV]

(©]

i

40% deep; 2mm> 90% deep
e e

.N""" |

i

&

Pmyt o R e '
WW\J
e A e Iy O D SN,

Note: Exxon defects boxed & referenced

R |

|
i
& e

il
B

S

NS TN A,

SWR DI ] -

o] e

R
)
{

g

ExxonMobil test program ...
NWM\”M" = §§E,+
Eeae———r

detection




* POD @ 90% 5mm PH > 20% NWT in SLS
Pinhole Detection only: 4mm > 30% deep; 3mm >
40% deep; 2mm> 90% deep

ExxonMobil test program ...
detection

Detection Plot for Pinholes
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...l 100% detection of 64 in-spec features across all runs  |ratior
94% detection of all 77 features across all runs e




ExxonMobil test program ...

depth sizing

In-Spec Features

Depth| In Out| In%|Min% Max% Rge%| -% + %
25%| 49" 6| 89% 20 41 21 -5 16
50%| 54° 1| 98%| 38 65 27| -12 15
80%| 55° 0| 100%| 60 90 30| -20 10
100%| 49" 6| 89% 76 90 14 -24 -10

Int] 207 13| 94%

Depth| In Out| In%|Min% Max% Rge%| -% + %
25%| 54 12| 82% 15 45 30 -10 20
50%| 55 11| 83% 31 68 37 -19 18
80%| 55 11| 83% 52 a0 38 -28 10
100%| 62 4| 94% 75 90 15 25 -10
Ext| 226 38| 86%

Depth| In Out| In%|Min% Max% Rge%| -% + %
25%] 103 18| 85% 15 45 30 -10 20
50%| 109 12| 90% 31 68 37 -19 18
80%]| 110 11| 91% 52 90 38 -28 10
100%| 111 10| 92% 75 90 15 -25 -10

TOTAL| 433 51 89%

* Depth Sizing @ 90% Certainty
PH > 5mm diameter <= 50%, -15%/+10%
PH > 5mm diameter > 50%, -20%/+10%

Sizing performed with optimized
pinhole algorithms

44 in-spec features (>=5mm)
sized within specification

Defect under metal casing was
undersized as expected

43 non-spec features (<5mm)
undersized as predicted by FEA

89% of in-spec features within depth sizing tolerance

GE proprietary and confidential information
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ExxonMobil test program ... historical data

Depth Error% Vs Diameter (mm) Depth Error% Vs Predicted Length (mm)
60 60 p
Original Model Original Model
éi:lii ol I,
AN (||| I T iR
N !
i 1 I;I! I
. RELEE .
’ -
PPinhole Model " Pinhole Model -
v _ I X w v ; iYes X
: I Y e
u THU T
w illl‘! 20 2 24 2
“ i ! '’ Apply PH model to PL and
i ! ]! Max increase in depth is 18% to PW < 16 |
o pEoe 44% for 29%x18mm diameter < ~bmm onty
i defect) (discontinuous)

Sizing improved significantly if correctly classified as a pinhole
... ifincorrect potential to overcall by up to 30%

Note: Predicted Length = Predicted Diameter




ExxonMobil

Completed full survey of Fawley
Refinery to Avonmouth Terminal
pipeline on 9t"/10t July 2013

Inspection confirmed 133.141km
length & predominance of seam-
less pipe of 5.6mm wall thickness

“Pinhole” listing included 49 entries
(25 categorized as pinholes, and 5
features in 9.27mm wt pipe)

15 inspection/dig sheets provided
based on Feature Selection Rules
including 2 for Pinhole features

s gy

&

A1 Shaheen

Inspection & report

Pinhole Model Listing
The pinhole sizing model has been applied to the following features:

Fawley Refinery to Avonmouth Refinery

Upstream  Absolute  Relative Spool  Anomaly
Girth Weld ~ Distance  Distance Length Dimension

(metres)  (metres) (metres) Class

=] =
2400 2222.649  2.601  4.217 PINH
71390 75931.002  7.611  12.059 PINH
72410 77097.504  0.132  12.594 PINH
73470 78325.881  11.810  13.140 PINH
124500 132164748  0.953  5.908 cisL
73820 78707.050 9.734 11.525 PINH
77980 83308.355  2.809  4.791 PINH
72420 77121.839  11.783  13.025 PINH
120940 129208.237 6.154 8.473 PINH

Orientation
(hrsimins)

12:24
01:03
06:44
06:13
04:16
04:48
06:06
07:11
06:14

Nominal Length  Width Depth INT/

wall (mm)  (mm)  %WT EXT
Thickness
(mm)

= [ =] 53 S B
5.60 2 6  50% EXT
5.60 7 8  68% EXT
5.60 8 8  65% EXT
5.60 2 5  44% EXT
5.60 8 24 63% EXT
5.60 5 55% EXT
5.60 5 50% EXT
5.60 7 51% EXT
5.60 3 34% EXT

YWT

25%
5%
5%

25%
5%

10%

10%
5%

20%

£

Estimated Depth +
Tolerance Estimated

Tolerance
%WT

[
75%
73%
70%
69%
68%
65%
60%
56%
54%

Inspection Sheet Number 6

437040_06A Issue 1

Feature Description

Comments

There 5 2 prtcle wihn ths feature

Extenal Metal Loss (Comoson Cluster)
1225 (o'clock)

162 mm

62 mem

SN WT

12891

1

560 mm

2222 %08 metres

This sciated metal 038 ‘eature has Be appearance of comoson
Thes feature 13 i close proxmty 10 an JRachment

Feature Location
Strp Map Number: FAPIALD2

Reference/s

Upstream References

Downstream References

1. GATE VALVE
(Girth Weld 110« 0430 m)
Datance from Launch 27 142 m

2 GATE VALVE
(Girth Weld 3500 « 0450 m)
Datance from Launch 3341 142 m

Distance from Ref Guth Wels 2162 008 m
S OFFTAKE-SPHERE.TEE

(Grtr Welkd 20+ 0385 m)

Dstance

(Grth Weld 10+ 0280 m)
Ostance from Launch 1005 m

4] [

Reference Girth Weild

2
Feature

Distance from Ref Geth Weld 1121004 m
L

Datance from Ref Guth Weld 8557 070 m
E VASLOGOER G 8

(Gurth Weld 10180 « 9 167 m)
Datance from Launch 10502 874 m

The reference grth weid at e Fawiey Refinecy (upstream ) end of the feature 3pool 5 number 2400
The location of thes weld s 2152 008 metres downsteam fom reference 1 and 1121 004 metres upstream from

from the ~v'e

The feature 5 located 2 250 metres

| Dstance from Ref Gt Welg 000 S 0m

The festure 3 located | 807 metres upstream from e downstream Eﬁ-‘epm‘ﬂm

© 2014 GE and AT Shaheen - AlT Rights Reserved




ExxonMobil ... dig verification

General area of corrosion:
Overall length reported slightly
shorter due to low level
corrosion around the periphery

PRILR: il
SRRV 70 i S EH (LAY

Pin Hole: Two reported and
found. Deepest actual below PIl's
published specification

Capability to detect & size
pinholes validated on multiple
features from 7+ dig sites

_ Pll Inspection Report In-Field Measurement

Depth  Length Width Depth Length Width
Overall Area - (Cluster) 54% 162mm 62mm 53% 202mm 144mm

... Deepest individual Pin-Hole 50% 3mm 6mm 53% 4mm 5Smm  giion
\‘ © 2014 GE and Al Shaheen - All Rights Reserved
AU Shahee™



ExxonMobil ... dig verification

Detection of Excavated Data

= Detected & Bowed in 5.6mm wt ‘

£ 8
—

& Detected in 5.6mm wi

« Mot Detected in .6mm wi
= » Detected & Boxed in wi10mm
;‘ T
E &0
& I
50 * ®
i ]
40
3 .
£
a 30 1
-
.
n
®
10 X
0
[u] 5 10 1% 20 25 30 35

Defect Width [mm])

11 of 13 features found were detected
2 pinhole features not detected were
below the detection threshold.

All features detected were sized
within depth sizing tolerances,
including 3 features in 9.27mm wall
thickness pipe

=

1Ll Predicted Depth (%wt)

ILI Predicted Depth(%wt) v Actual Excavated Depth(%wt)

8

Arc Strike
Hardening of steel
potentially leading

to amplified signal & s z
overstimation of depth l,—” AR

w0
=]

o
=1

~
=]

2

w
o

S
[

w
=]

[
(-]

* Pinholes in 5.6mm wt
I Circumferential Slot in 5.6mm wt

-
o

# Not Detected in 5.6mm wt
® Defects in wt > 10mm

=]

o] 10 20 30 40 50 60

70 80 a0 100
Actual Excavated Depth (%wt)
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Off-shore example ... North Sea

?a 6-. x &rnm ) _M;sh-sr ;lgmal length (mm)

* Metal loss feature reported in 2008 as
29% x 10mm x 14mm (Pinhole) -

» Same feature reported in 2014 as 74%
x 6mm x 9mm (Pinhole)

» Improved axial & circumf. resolution
better captures signal profile

 Higher resolution triax array & new

algorithms for more accurate sizing

» Repeatability of MFL enables
assessment of corrosion growth rate

More accurate sizing of “Pinhole” feature ...
Signal to signal repeatability for Corrosion Growth Assessment

St GE proprietary and confidential information
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ADVANCEMENTS IN THE DETECTION AND SIZING OF
"PINHOLE" METAL LOSS IN ON & OFFSHORE PIPELINES

Conclusions

» capability of MagneScan (MFL4) to detect & size
“Pinhole” features validated in field

» enhanced performance through latest generation hardware,
software, algorithms, & analysis processes

» modelling & testing suggests hardware configuration is
optimal for this application

» further work required on discrimination of “ Pinholes” in
heavily patterned seamless pipe

* success through Pipeline Owner/Operator & ILI Vendor
working together

St GE proprietary and confidential information
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ADVANCEMENTS IN THE DETECTION AND SIZING OF
"PINHOLE" METAL LOSS IN ON & OFFSHORE PIPELINES
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ADVANCEMENTS IN THE DETECTION AND SIZING OF
"PINHOLE" METAL LOSS IN ON & OFFSHORE PIPELINES

In the last 4 years more than 800 inspections have been completed on & off-shore with the latest generation
MFL ILI technology, capturing information on tens of thousands of kilometres of pipe, and generating a
significant volume of dig verification data.

In collaboration with Oil & Gas pipeline operators around the world this growing dig verification database
has been utilized to improve software models, algorithms, & analysis processes to validate and further
enhance system detection, sizing, & reporting capabilities.

This paper focuses on the recent collaboration between ExxonMobil and PII, to investigate system
capabilities with respect to “Pinholes”, to address a known threat to a specific pipeline in the United
Kingdom.

This paper will describe the:

* Evolution of the “Pinhole” specification that captured the interest of ExxonMobil.

e Use of Finite Element models to predict entitlement for characterization of “Pinhole” type defects

e Detail of and results from the ExxonMobil sponsored test program that was conducted in early 2013
e The in-line inspection, analysis report, and dig verification that followed for the pipeline in question.

This joint paper prepared by Pll in collaboration with ExxonMobil will reflect the perspective and synergy of
ILI vendor & and Pipeline Owner/Operator

St GE proprietary and confidential information
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At PIl, we are dedicated to predicting our customers’

potential problems, before they become real problems.
Our heritage of providing reliable and
accurate data sets us apart from our
competitors, and helps promote
environmental and public
safety. Together with our

; Ensure we We will no
CUStOmer$. our .900| IS ) have the right longer be all things c
zero pipeline failures. people with the right to all customers...

skills and competencies,

working together
collaboratively, and focused
on the customer

we will work closest to
clients that value accurate
and reliable data

S\MPLIFy

Zero
Strengthen our Pipeline
NPI process . Make it easier
todeliver | Failures for clients to
products that - work with us
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