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= Developing a Machine Learning tool for
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215t Century Integrity Engineer’s Challenges

PRCI
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?RCI Machine Learning

Machine learning is a field of computer sciencethat use
statistical techniques to learn and predict ‘events’ based on
pattern recognition
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PRCI

Ingestion Algorithm
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Risk Management

» Cognitive Integrity
Management

*Immediate, 60 Day,
180 Day
«Company 12-month
*Data Driven —
growth, pattern,
threats
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PrC Ingestion Algorithm

6
« Bayesian classifier trained on datafrom over 5,000 ILI reports, 50
million anomaly indications
o& * InterpretiLlvendor reportformatand normalizeinto structured
dataset & schema

C e y

+ Extractsemantic meaning ofvendor anomaly type & comment
informationinto a standardized alias taxonomy
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estion Algorithm

8 System

Fun Ingastion Validation

Q Filters
0 Action System Code
Action Stalus
0 & | = a ot 4+ PLETH
0 & = a * 4+
L& = [ A
Action  Name
* Assessment History
! Assessment Summary
- Casings
- Feature Counts
- HCA Lecations
- Log Features
2 Pipe Transitions
- Fipeline Reference Locations

System Name a  Division Diameter(s) Length {miles)
Systen Name Assessment Name Due Date (mmiddiyyyy) »  Tool Technology
saIL {03-16-1998 MFL
2008 1L 11-20-2008 MFL
201810 11-12-2012 MFL

Description

Listing of all historical and future assessments for a selected segment

Compares all ILI files loaded for the System and identifies alias classihcatons for the current ILI h
Casings Wilh ILI Vendor Reporled Casings per Assessmenl

Mumber of features by iype based an vendor data

Dizplays all the HCAS and thelr Types provided by PODS

wendor provided Log Features including All Joints and Casings

ipe Transiions based on Vendor provided information

Fipeline Locations for all Abov

ound Reference (AGR) lypes listed in the Vendaor ILI Data

Installation Date
Vendor Name
Rosen
Rosen

Baker Hughes

Completion Date

Assigned To

Execution Start Date {mmiddhayy Ex

03-12-1698
11-20-2008

11-06-2018

03

x Close
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PRCI
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Ingestion Algorithm

Assessmanl Mg

153811

S66,065.74

3/15/1998

Rasen

11/30/2008

Hezan

Assessment 12500 @20001 @200

Assessment Summary

[Bilank]

MFL

[Blank)

(]

AGH

Ao Cround Merses

Casitg b
Casing and
Casing Start

Clamg On Sleave
Clsmg

clmpegn

Clzmp end
CTHE
Corresion Wall Loss

O

ilias Type

AGM
Above Ground Marker
AGK
Bend
BEMD
Bemd Begin
Bernd End

Girth Weid

WELL

WELD-Change in Wall thickness

‘Weld-Installstion begin

‘Weld-Installation end
‘Weld-Iso joint begin
‘Weld-Iso joint end
‘Weld-Lsuncher end
Weld-Cther

Weld-Rzceiver bagin

2,026

1,012

1,013

14,986
14774
62

it

[IYRN]
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Cognitive Integrity Management Wi 1

220 266.83 4056 220 470 220 258.40 a7
500,003,90000 | 230 307.39 3921 230 4027 230 300.16 40,12
500,00400000 | 240 346,60 4141 240 4230 240 340.29 22
o e P P E— 500,004,100.00 | 250 388.01 4147 250 4188 250 38251 4173
; SO0,004, 200,00 260 42949 4041 260 4081 260 42425 40.65
500,004,30000 | 270 469.90 3886 27 39.30| 270 46490 39.07
Preden Repons €O 500,004,40000 | 280 508.75 3886 250 4011 280 503.97 4009
500,004,50000 | 290 54751 40.78| 290 4150 290 544,06 4134
500,00460000 | 300 588.38 3886 300 39.76 300 585.40 39.30
Rspert Daserpion 500,004,700.00 | 310 627.24 4031 310 MEF 310 62471 4147
Aty carlton e he gl B 500,00480000 | 320 667.55 3806 320 686.45 39.14| 320 666.17 38.68
500,004,50000 | 330 705.61 4176 330 4257 330 704.86 4236
S N of Dt g e 09 e 500,00500000 | 340 747.37 3431 340 3459 340 747.21 3432
Shaw e bt of Dl O 4 Log Distnce 500,005,100.00 | 350 781.68 4039 350 4140 350 78153 4124
ep 2 e 500,005,200 360 822,08 3588 360 3651 360 82277 36.38
500,005,30000 | 370 B57.95 3916 370 880,67 3954] 370 B59.15 39.57
Shanw tha ssibuton of Metal | aes. potting Dt vz Lng Distanc incheting Dig L scarions and Raps
500,005400.00 | 380 897.11 3418 380 920.61 3457 380 34.42
Show s dsHbution f Meta Loss Anomalis par ot Log Distincs 500,005,500 390 93130 40.32| 300 955.18 4076 330 4042
S e S f Ml Lot Gt v Lo Dl 500,005,500 400 971.62 2957 400 995,94 2976 400 29.69
. . - . 500,005, 7 410 1,001.19 3942 410 1,025.70 4005 410 ! 3996
wiing f ol e i o he aeectd g 500,005,8 420 104061 3391 420 1,065.75 3476 420 1.043.21 34,61
Shaw tha bt of Mol Lo pinting g vs Log Mstanc ickeing D Lscatons and Rispak sanss 500,005,300.00 | 430 1,074.52 B.0B 430 1,700.51 822 430 1,077.82 8.4
500,006,00000 | 440 1,082.61 4234 440 1,108.73 4262 440 1,085.86 4255
500,006,10000 | 450 1,124.85 4238 450 1,151.34 4279 450 1,128.41 4239
£00,006, 200,00 460 1,167.13 4143 460 1,194.13 4203 450 1,170.80 4183
od o proeckd doph & prozaare co 500,006,30000 | 470 1,208.56 4138 470 1,236.16 41,70 470 1.212.63 4154
St th ot pring meenches by ractrmcing vl 500,006,40000 | 480 1,249.95 41.80 480 1,277.86 4231 480 1,254.17 41.90
500,006,500.00 | 490 1,291.75 4099 450 1,320.17 41,36 450 1.296.06 4114
e 500,006,60000 | 500 133274 4125 500 1,361.53 4166 500 1,337.21 4154
Sha e eguency o Den Aanineies per Jook end Log Disarc 500,006,70000 | 510 1,373.99 4171 510 1,403.19 4213 =10 1,378.74 4167
[ r— ] 500,006,80000 | 520 141571 4177 520 1,445.31 4231 520 142041 4213
- - . 500,006,90000 | 530 145747 3876 530 1,487.62 39.17| 530 1,462.53 38.98
L8 I e e Arapt o Gl kel ey dota SON A7 DL 540 149674 Anenl can 162679 AVEE] 5an 1 601 51 4127 A
Watal Less Lhish y Elevaton Show the dsvibution of Metal Logs plotting Elevation ve Log Distance
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Ingestion Algorithm- Reverse Pigging

Assessment Name  ILI2010
Master Joint ID

Joint No. Log Distance Joint Length

500,005,700.00 68070
500,005,800.00 68060
500,005,900.00 68050
500,006,000.00 68040
500,006,100.00 68030
500,006,200.00 68020
500,006,300.00 68010
500,006,400.00 68000
500,006,500.00 67990
500,006,600.00 67980
500,006,700.00 67970
500,006,800.00 67960
500,006,900.00 67950
500,007,000.00 67940
500,007,100.00 67930
500,007,200.00 67920
500,007,300.00 67910
500,007,400.00 67900
500,007,500.00 67890
500,007,600.00 67880
500,007,700.00 67870
500,007,800.00 67860
500,007,900.00 67850
500,008,000.00 67840
500,008,100.00 67830
500,008,200.00 67820
500,008,300.00 67810
500,008,400.00 67800
500,008,500.00 67790
500,008,600.00 67780
500,008,700.00 67770
500,008,800.00 67760
500,008,900.00 67750

197239
2,030.95
2,091.11
2,149.07
2,208.80
2,25492
231434
237178
243131
2,490.79
254934
2,607.00
2,664.69
2,722.19
2,780.26
2,838.04
2,896.12
2,955.66
3,014.95
307263
3,129.99
3,187.35
3,246.84
3,30621
336544
3,422.83
3,479.77
3,539.79
3,597.55
3,657.08
371559
377411
3,833.59

ILI2020

Joint No. Log Distance Joint Length

68060
68050
68040
68030
68020
68010
68000
67990
67980
67970
67960
67950
67940
67930
67920
67910
67900
67890
67880
67870
67860
67850
67840
67830
67820
67810
67800
67790
67780
67770
67760
67750

389,849.05
389,790.43
389,730.26
389,672.31
389,612.91
389,566.41
389,506.86
369,449.28
389,389.71
389,330.15
389,271.60
389,213.86
389,156.12
389,098.62
389,040.53
388,982.77
388,924.73
388,865.19
388,805.85
388,748.13
388,690.73
388,633.31
388,573.81
388,514.39
388,455.10
388,397.70
388,340.75
388,280.72
388,223.00
388,163.46
388,104.93
388,046.40
387,986.87

Joint No. Log Distgnce Joint Length Joint No. Log Digtance Joint Length

Assessment Name ILI2010 ILI2020
Master Joint ID

500,005,700.00 68070 1,97p.39 68070
500,005,800.00 68060 2,039.95 63060
500,005,900.00 68050 2,091.11 68050
500,006,000.00 68040 2,149.07 68040
500,006,100.00 68030 2,208.80 68030
500,006,200.00 68020 2,254.92 63020
500,006,300.00 68010 2,314.34 68010
500,006,400.00 63000 2,371.78 68000
500,006,500.00 67990 2431.31 67990
500,006,600.00 67980 2490.79 67930
500,006,700.00 67970 2,549.34 67970
500,006,800.00 67960 2,607.00 67960
AN NNE GNN NN ATAEN 2 AR4A ARG ATA5N

389,849.05
389,390.43

389,730.26

389,672.31
389,612.91
389,566.41
389,506.86
389,449.28
389,388.71
389,330.15
389,271.60
389,213.86
ARG 18R 12
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PrC Cognitive Learning

11
* Industry-leading alignmentand anomaly

matching algorithm provides spatially
normalized representation of ILI geometry

Alignment PODS / CIM (ILI)

YW
Sfds | &8

Interacting Threats Pattern Detection

* Pit-to-pitcorrosiongrowth model based
on alignmentofthe complete
measurementhistory of every reported

anomaly (@ A AR S

Future Algorithms PFCA (Log Secant &

MAT-8)
-8 S
Pl \g

P
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PrCl
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Cognitive Learning

* Interacting Threats detectionalgorithms
allow integration of data from multiple
toolruns & technologies

« Pattern Detectionalgorithmsbasedon
inputfrom subject matter experts and
datascience analysis identify patterns of
external corrosionwhich canindicate
potential coating failure orinternal
corrosion requiring chemical mitigation
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Cognitive Learning

Alignment PODS / CIM (ILI)
S
So oo &8

Interacting Threats

Pattern Detection

i

S oo

Future Algorithms

U\

PFCA (Log Secant &
MAT-8)
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PrC Corrosion Growth Rate Calculations

13
Girth weld e

SOHIC N s
Pitting ., \ i PN

= Pjtto Pit Measurement

A 4
» Thebestmethod for determining T KA
corrosionrates is by directly N -1
comparing measured wall thickness " o f
changes after aknown time interval. sl ‘“"‘* :

Y s £ /
4 # i Under Deposit Carrosion
HIC A swe &
A £ upch

= Half Life calculation
» Measuringthecorrosionrate of the
material and managefuture
inspection based onthe worstcase
half life established at each location.
= OneSizefit all - flat/defaultrate

» Theleastaccuratemethod is by
using adefaultrate

Mesa attack Hydrogen Blistering

Most Accurate

)
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- __000000000@0]
Data Alignment — Feature Lineage

PRCI

14

2018 1LI 2008 ILI 1997 ILI
BRIDGE eature Lineage Corrosion Odometer Length Width Depth Odometer Length Width Depth Odometer Length Width Depth
B Growth Rate (ft) (in) (in) (%) (Ft) (in) (in) (%) (Ft) (in) (in) (%)
(MPY) Ei - - - Ei - - - - - - - Ej
fontle: e Teswe ) Fesiepe ot Comments i 21 2994917 051 126 480% 2995841 043 193 570% | 2992259 043 094  47.0%
. R T e e T 62 257,02430 4.13 291 400%  257,104.07 087 0.59 13.0%  257,291.05 032 039 8.0%
i ey oot b T e 62 257,02452 083 0.28 400%  257,104.07 087 0.59 13.0%  257,291.05 032 039 80%
- i otk Erens EvTEOH 0 R 68 26522124 390 413 440% = 26530475 197 2.87 140%  265501.16 0.32 032 8.0%
- e ptites =y s . 68 26522152 0.55 0.20 440% 26530475 1.97 2.57 140%  265501.16 0.32 032 8.0%
T s Armtoict . o b 46 265280.65 9,06 1480  400% = 26536437 075 1.06 200% | 265560.71 043 039 7.0%
- b Pt fooni DrEms T e 53 26528065 9.06 1480  400% = 26536438 0.79 0.83 17.0% 26556071 043 039 7.0%
Co et oot il - o 68 26528065 9.06 1480  400% = 26536452 083 075 100% 26556071 0.43 039 7.0%
- e otk =y o o 68 26611642 1224 4398 400%  266,200.80 1.14 0.55 100% = 266397.68 130 110 5.0%
- s P =y i ] 71 26611642 12.24 4398 400%  266,200.81 094 063 9.0% 266,397.63 130 1.10 5.0%
i e Pt =iy by o 66 26611642 12,24 4398 400%  266,200.82 165 0.87 11.0%  266,397.72 0.83 130 6.0%
"o B ot ot Eoens £t 5010 i b 75 26611642 12.24 4398 400% = 266200.82 071 1.18 7.0% 266,397.72 0.83 130 6.0%
© pio pustipes Eona Bt wn o 62 26611642 1224 4398  400% = 266200.82 0.79 0.55 13.0%  266,397.72 0.33 130 6.0%
" fooy sty ey e oo 71 26611642 1224 4398 400%  266,200.83 071 0.98 9.0% 266,397.72 0.35 039 8.0%
- s e bwen exteokme o o 80 26611642 12.24 4398 400% = 266,200.83 083 5.51 5.0% 266,397.72 035 039 8.0%
S Bt oot Eiii i - o 59  266,116.42 12.24 4398 400% @ 26620083 083 0.55 140%  266,397.75 055 0.55 50%
o e frems A Fremsl BT o e 73 26611642 12.24 4398 400%  266,200.92 051 0.55 8.0% 266,397.75 0.55 055 50%
75 30502468 3.94 3.39 420%  305,138.00 1.22 13.78 9.0% 305,448.56 0.20 0.20 8.0%
75 30502499 0.28 091 420% 30513800 122 13.78 9.0% 305,448.56 0.20 0.20 8.0%
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Business Intelligence

Business Intelligence

Business Intelligenceplatform based on .
integrated integrity datasystem and & ya®
algorithmicinsights

LeveragedatafromILIl, CP survey, GIS,
and dig site to drive operational

efficiency,improve decision-making, Threat Monitoring
enable predictive maintenance, and )

forecasting @
o
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Shift operatorsfromreporting &
respondingto analysing & predicting




PRCI

Business Intelligence

( Cognitive Integrity Management s 121

- H

Growth Analysis

dvitsian com . HO
Morsdiow 2

Q System Name

Summary

2018

Growth by Surface Area
1559.7 %

Total Surface Area Growth %

27,591.27

Surface Area Gi

1.1
Average of Surface Area

Max Anomaly Growth by Assessment

InlinelnspectionDescription

Growth by Anamaly

Max of Grawth Rate (Totall

Growth by Pipe Joint

Growth by Velume

786.02
Volume Change
0.03
Average of Volume Change

Anomaly Growth by Odometer

Growth Rate (Total)

Odometer

Anomaly Growth Summary

Anomaly Count by Orientation

% Filters 3

B search

s page

Feature Type
it Ancmaly

Filters on 83 pages

ReportingRangeld
is 8963304
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PRCI” ldentify Changes in Pattern

T T
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PRCI
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Business Intelligence

Cognitive Integrity Management [i&sss) 213

rowth Analysis

Q, System Name - I

( 2018IL1 - 2018ILIF eature I 2008IL1 - 2008ILIExt I ]| | AuasType

on

Corrosion cluster 2.4 Comrosion Wall Loss ion cluster %
Corosion cluster comesion Wall Comosion duster 47.0 30.0 %
[ on Wall 15.0% Depth

46213238 on wall L
548766 on Wall Loss  Corrosion 1.41% 075 Waid Distonce.
is less than or equal to 1
353014.802 all Loss 131
sems when the vakue
ster 14.0 % 131 %

cluster

cluster 300 19
cluster 36.0 10 ® ind O Or
uster 420% 08

‘wall Loss Corosion 20.0 % 10.0 % 0209
n wall Loss osio 210% g 0208 00 5%
Comosion Wall Loss 270 7.0 0334 00
70 0334
33.0 260 0209
270 0209 v

Summary

)
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Business Intelligence — Growth by Joint

Cognitive Imegrity Managemeant js (1

Swwy | Gnbbieesh Gt b Rocnt

)
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Pipe loint Flattened

¥ 2020/9/2

I Lt
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wih Rate (Vol / Year)

387543

1,185.08

75016
558.26

140146
2977.10
231034
952.63
1,670.37
183.08
1,155.26
898.58
1307.16
504.02
740.88
404.66
27642
3,257.53
303.45
432.79
2,003.07
1301.14

Growth Rate (WT / Year) rowth Rate (Total)  Feature Count | Joint ID
-

34340167
34338277
34333172
34336351
34333229
34337468
34336797

34341974
34336920

. 34338276
23.0% | ] 34337150

1220 [ 3s.0% | 34337286
1235 | 20.0% | ] 34338303
1271 I 0% | ] 34338174

I :: o 20% 34330618

34338302

34336799
34333202
34339122
34333402
34338206 O LILLLIEE O G,
34336791

1.7 34338323 1 I I I

13.39 .0% 34336793

P
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- 00000000
Defective line pipe

PRCI

22

Anomalies on Selected Joint

Feature ID | Aligned to Feature  Max Depth % | U/S Weld Distance | Length | Width Orientation | Assessment "
a

4.0% 0443 0394 0591 105 2018/5/4

4.0% 0472 0315 0591 237 2018/5/4

11.9% 0489 0276 0354 102 2020/8/6

4.0% 0531 0433 0591 243 2018/5/4 Pacific Atlantic
Ocean Ocean

4.0% 0.551 0354 0.591 95 2018/5/4

4.0% 0584 0354 0591 102 2018/5/4

3.0% 0600 0315 0591 109 2018/5/4

4.0% 0630 0315 0591 112 2018/5/4

4.0% 0656 0315 0591 85 2018/5/4

4.0% 0656 0315 0591 88 2018/5/4 ¥ Ay,
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Fithess For Service and Repair

PRCI

23

( Cognitive Integrity Management [l a1

Integrity Compliance (View)

Analysis Information Analysis ID: 200000022 Dates
Systen ” 1000412020
10004/ 2020
MName:*
. 10008/ 2020
ype
1170472020

& roDS # General

PODS Information B o

b Name Lire

Unconvent . EXceptions
Method

Biane
Insulk

Program

VN
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( Cognitive Integrity Management [l sss1 sein khalllpashagdadvistan. com . HO

. Z¢ v Adrrver v M Reqx xport ® Jou -
I
Analysis ID: 200000022 Dates

v 10/04/2020

10104/2020

10/06/2020

Predminary Final
Auto Delete 11/04/2020
(oo [ oonns J orousconsaors
(# poDsS @ Genera 1.0} Conditions @ yst-Analysis Valigation
PODS Informaticll € Rexe I
e Line ength Commodity = Unconvent Exceptions
o n) n tdethod ant

i ) ( 0 ( No Ne

o VN
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PrCl FFS Set Up — CGA Pit to Pit

25
7" Pipeline Data @ General = Pipe Properties “#' Interacting Threats |l Conditions @> Aftributes & Pre-Analysis Reports #' Post-Analysis Reports ~# Validation

Default Analysis:*

Tool Tolerance:™

Tool Tolerance Applied To:™
Operating Pressure:*

Cormosion Growth Rate: = Pit to Pit Minimum
Top Side ©
Bottom Side ©
Girth Weld ©
Long Seam Weld ©
# Ppene Data w General T Pipe Propertes [# interacting Threats il Conditions  Atinbutes # Pre-Analysis Reports # Post-Analysis Repons 4 vahoaton
Interacting Threats @ @
Run 1D Vendor Repon Tool Technotogy Vendor Name Report Recept Date Onginal Transmittal  Last Transmittal Date Assessment 1D Assessment Ena Date
Description Date
« Assessment Name \EMAT2017m (1)
18 3 EMA Ro f 5042017 0 4201
+ Assessment Name: GTR2016m (1)
15005 A MFL Rosen 05042016 179 050472016

+ Assessment Name: MFLUR

...... Rosen & P
99218 MFL 0 NA MFL Rosen 82 08062020

+ Assessment Name: IFLCombo2018m (1)
NA MFL Rosen 138 050472018

VN
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PRCI
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FFS Set Up — > 200 Conditions

& Ppciin Data * General =) Fipe Praperics # Imtcracong Threats |4l Concibens. W Atribuics = valdabon
& Pipeline Data & General Pipe Properties & Interacting Threals [shil Conditions & Allribules # validation
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C1{iC1) Top Side Dents w/ ML @
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(iC2) Top Skde Dents wi Cracking €

Gas Priority L2010 Likely crack = S0% of nominal wall thickness where time dependant of potenaly time deperdent. €

U1 (1C:3) Top Side Dents wi Stress Riser @

[ 3as 1-vear ole crack = 50% of nominal wal thicness where time dependent.

O Gas Monitored C] ML Burst < MOP in HCA using Modified B31G @ {2010) Likety crack with FFR < 1.25 where time dependent &

—_ “ U-:EU] 0G) Possble crack with FPR < 1.25 where time dependent or potendally ime-dependent €
- _I{iD) Top Side Dents > 6%

D Criteria for Non-HCA ' ? 10055 Sslective Comasian on LS (Fleld Persannel use Only) &

{IE) Other anomalies in our judgment that require immediate action [i] (01 {21004} Lamination (i no previous 1
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cks S5 ir k- R UJ¢21104) Non Planar Lamination €
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[ Ll Select All 5 Top Side Dant > 6% (Gas Lines Oy @
(0130255} Dents wi ML that meet no ctner condition &
| [ Calculated ML >= 80% before ReAssessment @
U ] Growth Calculated ML Burst < MOP @
O
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Cognitive Integrity Management [sasg | 1121

Analysis ID: 200000021 ~

Available Anomalies € Assigned Anomalies € ¥ cusom | @RISECE ©

Dirag a coiumn header and grop i here ¢o group by that column

Condition Y| Acticn T| SgelD T Feature D T Odometer (ft) T EngrStatonifn) ¥ Comosion T Growth Rate T Metal Loss T Prev. MetalLoss Y| Change in Me|
Growth Rate Source Depth (%) Depth (%) Loss Depth (%
(MPY)
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Filter Anomalies By:

Condition Al ~ A Priority Al - Action’ Al -
€ Previous 40,0000 =
Actian: - User Priortization: tem Generated Prorthzation Calculated ML >= 80% before ReAssessment
Anomaly Information: Pipeline Informaticn: Other Information:
£40.00.00 Condition Caiegory  Growth Joint Length | 2378 Diameer (in a endor Report Mame MFLCombo2018m
Cdometer (1) 188172 Eng'r Station iy - WIS Joint Number &30 Wall Thickness (in) 0.555" Due Dl 0201/2022 I Prior Analysis N
WL Depth (%) 230 ML Depth wiTol 230 Joint Number: 540 Install Ciate: 06012014 Safe Leak Date: - HCA Status: N
External engtn (n): 0.32" VS Joint Number 860 Grare - Safe Ruptun - eracting T N
- ih (i) 0.88" Seam Type ERW MOP (psig) 1480 Burst Pressi N - Gov P Ne Pressurs Cale
Anomaly Type: Weki Feature Crientation (degk 264 Affectmg Long Seam: N Affectng Girth Weld ¥ SOP (psig) - Growth Rate (MPY 5
Vendor Comment: - 2eam Oriel I3 - DOT Gas Class: - Growth Rate Source: Halt-lite
[# valaation Issues & Dig Note # Log Data Wil Pipsiine Data @ Anomaly Tracking # Fressure Calculations " Anomaly History + Map View

Validation |ssues (g

Type t

Ermar

Descrigtion

for anomaly Site ld

0.00.00)
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Fithess For Service and Repair

¥ valigation Issues @ Dig Note

e 3 U Mol

Pressure Calcukatons £

Metal o FTACI

Death %) D=
B31G Modihed ar

LK Secant Rectarguiar b

LK-Eocant Rectarquiar Ed

Fot i

DG E

‘| o bom

# Log Data il Pipeline Data

£ Vabtation lssues & Dig Note:

Log Data @

StelD t Featwe ID Oacmeter (m)

1036521

103 6521

1700001 103 6921
170.0 03.702
o A

170.00 04 103702

170.00 04 103,702

170.00.04 103702
103,702
103.702
103 702

170.00.10 1037191
170.00.10 1037191
170.00.10 1037191
170.00.13 103728

L Log Data

@ Anomaly Tracking

# Pressure Caicutations

@ Anomaly Tracking

ClassAcaton Descnpbon

External Conosion
Extemnal Conosion

il Coroson
External Comosion

External Cs

OSION
External Corrosion
External Corosion
Extemal Corosion
External Comoson
External Corosion
Extemal Conosion
External Comosion
Extemal Conosion
Extemal Conosion
External Comosion
External Corosion
Exaemal Corosion

External Comosion

ternal Cormosion

External Comosion

EXT ML

EXT BOX 170:2

EXTML

EXT BOX 170-3

EXT BOX 1704

EXT BOX 170-

ExT

"

EXT BOX 170-4

|#” Anomaly History +« Map View {((® Joint View

# acdticnzl vendcr Repart Imemation

aly Hissary Anomsiy Depm History

Date . She 1D Feure D Odemels it EngrEtation if)

Vendor Repor Name  Metal Loss Depth (%) UT Crack Depih Max (mm) ~ Crack

Effective Metal Loss Depth (%) Dent Depth

Dent S¥ain (%)
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Validation of the model

Top Threats

1930mm Exposed

Area 2

# OF ANOMALIES

8 wea
-Fbw . .

230mm

1700mm

Y
2 areas identified by Pigging results at 1 & 7 O'Clock.
MNe Discontinuities detected on outside of Pipe
Internal Area confirmed by RT & UT, see RT & UT reports for results.

8 5090

Anomalies Dmctod By UT — Area 2
Anomaly | Anomaly Typs | Ret.poin | grciney e Rat, | e | whan | o ese | Thicknass
1 el | G wield | 1 0ok B 1400 00 B 37 8.1
| ™ External Corrosion— HSS (ILI) N e [onmvee | rocea [ - [ e | aon 22 &1
M External Corrosion— Non HSS . Measured Wall thickness
. . Clock Nominal wall g ILI
Intemal GOl Position thickness % Wall Report
Min Maximum Loss
1 O'Clock 5.8mm 3.7mm  6.1mm 39% 61%
7 O'Clock 5.8mm 42mm  6.1mm 31% 43%
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Comparison of Cost

Results — 4.1MPa Growth vs 5MPa Growth

Repaired/Inspected
MOP = 5MPa
# of Digs
Threat type

cob =
—own w

Total Dig Cost {
300k per dig

MOP = 4.1 MPa
# of Digs
Threat type

oOCh =
-—on w

Total Dig Cost 900K 900K
300k per dig

R apw w

SRV

SN0 W I ~ Voo w

1500K

2700K

41

16

$241 M

50

15

30

$471M

P
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Why a large difference?

32

= CIM’s estimated costof maintenance in 5 years is 3-5. pit to pit Measurement

times less than the existing strategy dependingon
the pressure.

» What Operator predictedas costin the next5 years
Is 75% higher than what CIM predicted for the next

10years.

= Theyalsohadto rerunliLlin the next5 years as
managing the number of dig ups was not financially
viable.

= OQOurassessmentshowedthatthey don’theedto run
an ILlinthe next5years.

The best method for determining corrosion rates is by directly comparing

measured wall thickness changes after a known time interval.

Half Life calculation

Measuring the corrosion rate of the material and manage future

inspection based on the worst case half life established at each location.

One Size fit all - Flat/default rate

The least accurate method is by using a default rate

March 2-5, 2021 | PRCI Virtual Research Exchange
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Corrosion Growth Rate Calculations
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Dig Program Foreceast for System:

Avg. Cost / Dig

O

$30,000

No. of Digs by Projected Repair Year and AID NAME

AID_NAME @)D Te

ywth @JD Test Growth 6mil @JD Test Growth Half-Life

w
o
=)
5
S &
=z

2020 2025 ) 5 204 045

Projected Repair Year

AID_NAME JD Test Growth JD Test Growth 6mil JD Test Growth Half-Life
Projected Repair Year | No. of Digs Dig Program Cost | No. of Digs Dig Program Cost ' No. of Digs Dig Program Cost
2020 7 $210.000 s3 $1.590.000 11 $330.000
2025 15 $450,000 165 $4,950,000 28 $840,000
2030 37 $1.110,000 436 $13,080,000 65 $1,950,000
2035 67 $2.010.000 1366 $40.,980.000 114 $3.420,000
2040 89 $2.670.000 1 $30.000 166 $4,980.000
2045 189 $5,670,000 1 $30,000 296 $8.880,000
Total 404 $12,120.000 2022 $60,660,000 680 $20.400,000
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fRCl‘ Regulatory Compliance

= Regulatory Compliance per System ($)
= Currently — $255.78/system

= 60 hours — 1 audit/year @BRIDGE pH\SA Part F and G
= 346 hours to produce the PHMSA ot w200 | b some s gt o s
F&G
= OBS customers (avg) — $43,103* B T e e S B
= Potential savings — 406 * $63/hour = e s e
$25,578 0

Any other internal inspection tool

u HOW C an C I M h e | p ‘:o!al"r;ol Mileage Inspected

= Automatic generation of PHMSA
F&G, Yearly, etc.

= Shorter duration and less resources
required per audit

)
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‘2. ACTIONS TAKEN IN CALENDAR YEAR BASED ON IN-LINE INSPECTIONS

edon L d
riteria for excavation

al number of anomalies excavated in calendar year because they met the operator's

aow

@eBRIDGE pLiNISA Part F and G

|Ca|endarYear: 2019 | |Mileage Source: ILI | |Regu|ated By: *ALL b. Total number of anamalies repaired in calenda
criteria, both within a segment that could affect 2

1 Pipeline Segment COULD AFFECT AN HCA 173

2 Pipeline Segment COULD NOT AF

y ILI based on the operators's
sicle of 2 segment that could affect an HCA

|State,-‘|3rovince: *ALL |

1 Pipeline Segment COULD AFFECT AN HCA 123
|Pr0duct: CRD | 2 Pipeline Segment COULD NOT AFFECT AN HCA 88
| Operator: “ALL | ¢, Total number of cenditions repaired WITHIN A SEGMENT THAT COULD AFFECT AN HCA meeting the
P : definition of:
|Route Status: *ALL | Liquid 0
Liquid & 2
PART F - INTEGRITY INSPECTIONS CONDUCTED AND ACTIONS TAKEN BASED ON INSPECTION LiC:Li’“ .
Liguid ¢ 41
1. MILEAGE INSPECTED IN CALENDAR YEAR USING THE FOLLOWING IN-LINE INSPECTION (ILI) TOOLS 3. MILEAGE INSPECTED AND ACTIONS TAKEN IN CALENDAR YEAR BASED ON PRESSURE TESTING
2 Corrosion or metal loss tools 23921 a. Total mileage inspected by pressure testing in calendar year 0.0
b. Dent or deformation tools 23921 b Total number of pressure test failures (ruptures and leaks) repaired in calendar year, both within a segment
_ . . _ that could affect an HCA and outside of segment that could affect an HCA
c. Crack or long seam defect deformation tools 1,990.5

c. Total number of pressure test ruptures (completed failures of pipe wall) repaired in calendar year WITHIN A
SEGMENT THAT COULD AFFECT AN HCA

0.0
- d. Total number of pressure test leaks (less than complete wall failure but including escape of test medium)
Total Tool Mileage Inspected 6.774.7  opairedin calendar year WITHIN A SEGMENT THAT COULD AFFECT AN HCA

d. Any other intarnal inspection tool
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PHMSA Yearly

€<BRIDGE  DLIMSA Yearly

|r=l>ra:rw=r ?:'c| |:sg|.|=w1 By "ALL

[steterprovmce. <A

|rn:\.:: “ALL

[omerator vawe

[Foute status:_-aLL

Part B - - Milas of Pips By Location
Total Scgment Miles That Could Affect HCA's|

Wffshare
Total Miles

Part D - Miles of Pipe By Materlal and Carrasion Prevention Status
Steel Cathodically
Unprotected
Tatal Miles

Tedal
Total

Part E - Miles of Electric Resistance Welded (ERW) Pipe By Weld Type And Decade

High Frequency Low Frequency  Total Miles

3, 317804

6.920.50

5780.96

469334

382607

£648.95

221866

3.929.68

; g5.42

0377 1504491 40.262.62

Fart H - Miles of Pipe By Nominal Pipe Size (NPS)

z 3 4 5 & 7 & 10 12 " 15 16 18 20 2 E 30 S a2 Total
G7I00 326148 TA56.20 rJ 213411 2 200 1.240.28 a35.53 208 .13 175 6 5713487

656 97100 326148 66.87 7.856.20

2393 172493 107017 810491 28222

Part | - Miles of Pipe By Decade Installed

1940 - 1948 19501959 1RG0 - 1969 1970 - 1979 19E0- 1929 19901999  2000-2009 2010 - 2019
M 1163803 580145 437462 702448 229820 580023 154550

5.428.81 12,63,

306 337363 134026 63553 o8 22728 10.15 201339 175 2236 5713487

Pre - 1940 Total
57.134.87
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Other Inspections / ACVG DCVG/ CIPS/ CP

PRCI
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Conclusion

Review all the anomaly and Review all the anomaly and featuredataon your entire pipeline
system.

Gatherinsightsfrominteractingthreats and pattern detection, rather thanrelyingon single data
points.

» |dentifying Internal corrosionas a threat

Digitally transform IMP Interacting threats
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PRCI |
) Conclusion

» Pitto pit measurement offers amuch moreaccurateresults
» Elevateyour confidenceregarding integrity excavations.
» Reducetheoverallnumber of digs while making sureyoudig intheright spoteverytime.

= Gainvisibility into the entire pipeline—bubble up and drill down into the finest level of detalil.

AS
/A

©O—©)

_ _ Comprehensive visibility
Confidentexcavations
S~
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Hossein Khalilpasha, PhD , FIEAust

Principal Integrity Engineer — Asset Integrity Lead
m +61473397559

e hossein.khalilpasha@adyvisian.com

Tim Edward

President— OneBridge Solutions
m 587.416.6487
e tedward@onebridgesolutions.com
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