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Q TransCanada

One of the Largest Natural Gas
Transmission Companies in the U.S.

« ~31,000 miles (50,000 km)
 Serves ~10% of U.S. demand

-

Connected to High-Demand Markets t

e LDC demand

— Natural Gas Pipeline
—— Liquids Pipeline
f Power Plants

. Growing LNG Market m Natural Gas Storage

* Electric Power Generation

i ~
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Business Challenges

W CET—

Reliability

Growth |
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Solution Overview

Uptime/Downtime

ﬁDowntime
lassification

A

@ Data ‘@ AF (Asset
Archive Framework)

Real-time Analytics

74 7 )
%otifications &' Event

Anomal
Frames Y

~ Detection

- Pl

SQL Server Coresight

ﬁ Dashboard
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Solution Elements — Downtime Analysis

Downtime Classification External Systems

N

Steady. : » Operational
J
N\

AF /MAF SDK  Commercial

COLljta%e Im paCt

alendar y

(@ Event Frames

* Failure
work Reporting

Management y.
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Solution Elements — Uptime Analysis

Runtime Reporting (RACR) External Systems
f 2
Calculation » NOx Alerts
Web Ul [EP. Integrations « Emissions
J SELELEl « Operating Parameters )
AF @ AF SDK - Operating Hours A
» Schedule Preventive
7 s Maintenance )
- Pl Event Frames N
* Fuel Volumes
Ve © Gas Lost Volumes
Accounting y
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Solution Elements — Uptime/Downtime Analysis

lysis Platform qb TransCanads & T Aten: Before: Relation:

[ ovosrons — P [ w - ==

Classification

ated Summary

16/2016 Faults / Failures, Unit, Driver, Recip, High Nox THERE WAS { HIGH NOX ALARM. CLEANED THE...

05/2016 Faults / Failures, Unit, Driver, Recip, Cylinder, PCC Check Valve FAULT waS N UNDERSPEEDL € THEPC...
05/2016 Faults / Failures, Unit, Driver, Recip, Cylinder, PCC Check Valve FAULT WAS CINUNDERSPI @Ht s

15/2016 res, Unit, Driver, Recip, Cylinder, PCC Check Valve Cleaned theifChambersis

01/2016 Faults / Failures, Unit, Driver, Recip, Cylinder, PCC Check Valve STUCK PCC (]

I Date Classification Summary Type Callout?
23/2016 Faults / Failures, Unit, Driver, Recip, Cylinder, PCC Check Valve CLEANED P(| @ No
HEE e 23/2016 Faults / Failures, Unit, Driver, Recip, Cylinder, PCC Check Valve CLEANED PC| @ No
09/2016 Maintenance (CD), Unit, Driver, Recip LOW TEMP I @ No
26/2016 Faults / Failures, Unit, Driver, Recip, Cylinder, PCC Check Valve CLEAN PCC! < No
" ;;::: - 06/2016 Faults / Failures, Unit, Driver, Recip, Cylinder, PCC Check Valve CALL-OUT Ul e 8 CDF Yes

40-60% 5 o 5 . il sruiel ]
= co80%

rt Comments Type

05/2016 FAULT WAS ON UNDERSPEED. CLEANED THE PC. Unplanned

15/2016 FAULT WAS ENGINE UNDERSPEED. CLEANED THE. Unplanned
Unit2  01/16/2016 THERE WAS A HIGH NOX ALARM, HE CLEANED T. Unplanned
unit2 - 01/27/2016 WENT DOWN ON ENGINE OVER SPEED BS066513.. Unplanned
Unit2  02/26/2016 Clean PCC check valves. OUTAGE ID: 2877. Planned
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Real-time Analytics

Availability Map Compliance (14 Day) BHP Usage

B 40

North Central

20

Planned %

T— Active Anomalies | Past3days  Reports

@ Found 11 active anomalies

239,184.8bR.,
(18% Load)

Region Tier Monitoring Module Duration ~ Status Slope Bayes

Overall Compliance:
»mpression\Shenandoah\Unit02\Driver\St 34.1 Flat  Not Trained

5 hour(s)
Anomaly Detection
0.5 hour(s) Fla Not Trained

Not Trained

Not Trained

ver\Lube System 5.4 hour(s) Flat Not Trained

nito1\Driver\Cooling & Lubrication . Flat  Not Trained
Not

Configured

Exhaust Temperature 53.2 at  Not Trained
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Real-time Analytics — Process

SR i 0
<BOEOSHE
Executive Dashboards Drill into the Problem Data Analysis :
o : : Take Action, Track
Visibility Multiple layers Ad-hoc trending
S . : . & Document
Situational awareness of information Model training

Time to Action  Comment

Sepl3,2006 Buddy  Assignex
837T31AM  Childers
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Real-time Analytics — Monitoring Strategy

Modular Approach Anomaly Detection Notification Strategy

5 Equipment Statistical Analysis First Level

- Drriver / . Univariate: SQC * Anomaly based on historical normal
1 eam behavior
-+ () Bearing Temperatures *  Multivariate: Bayesian Network . . ,
. & Casing Vibration »  Prioritized list on executive dashboard
"t @ Lube System » Train Normal'models based on Reliability Analyst starts investigation
4§ TS5 Thermocouples historical data

B & Gas Compressor | . Second Level

|_——@ Bearing Temperatires Key Performance Indicators

L. @ Bearing Vibrations _ * Email/text notification based on
|- (9 Discharge Temperature *  Calculate nominals based on rate of change and time to failure
.. @ Operation Mode performance curves
A @ seal system * Immediate action

N\

Monitoring Modules
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Real-time Analytics — Technology

Middle Layer Presentation Layer

7@ Asset Framework ’ {“ B } _| B AngularJs

= Data Model - = HTML5

= Data Integration — = Expressive, Data-driven

= One Version of the Truth m SignalR > Dashboards

= Element Templates = Highly Accessible

= Highly Scalable 4 N\ = Fast Implementation

= Complex Calculations _

= Custom Plug-ins q‘s AF SLDK 7@ PI Coresight

ervice Layer :
T = Ad-hoc Data Analysis

(‘ Notifications \_ Y, » |nformation Sharing

= Notification Templates = Templates based on

\; Multiple Levels / k / \ Related Assets /
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Equipment Health

Combine multiple pieces of information for a complete picture of equipment health

Availability Quality

Downtime Runtime Anomaly Detection

v' Event Frames v' Event Frames v' Sensor data behavior based on
v" Downtime classification v RACR historical normal

v Planned vs. unplanned v Horse power usage * Oil analysis

« Maintenance data . Efficiency « Equipment analysis reports

v' Currently
Implemented
* Future
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Equipment Health

Health Index - Availability Details (Past 30 Days)

Information at our Fingertips

Unplanned Downtime (0) nned Downtime (2)

« Centralized
Visible

Highly accessible

Start End Description

Jul 05, 2016 7:34 AM Aug 23,2016 10:34 PM 7/5/2016 to 9/2/2016: Sending motor off site for repairs

Aug 24,2016 1:10 AM Sep 01,2016 10:25 AM 7/5/2016to 9/1/2016: Sending motor off site for repairs

Health Index - Performance Details (Past 30 Days)
Runtime

Equipment Health Index (Past 30 Days) ’—‘
Details

Start End AvgBHP Avg BHP %

100 % 95 % 92 %

Availability Performance Quality

Aug 31,2016 2:07 PM Aug 31,2016 2:08 PM X 2,127 53%

Aug 31,2016 2:18 PM Aug 31,2016 3:45 PM 4 3,336

Sep 01,2016 10:27 AM Sep 09, 2016 10:00 AM 3,786

87 %

Health Index
Health Index - Quality Details (Past 30 Days)

Monitoring Module Occurrences Duration

Driver\Bearing Temperatures 1time(s) 1.8 hour(s)

Unit Events (Past 30 Days) 09/0112:21PM - 09/012:06 PM
Total duration: 1.8 hour(s)

August 2016 September 2016
l‘2|3‘4‘5‘8|7|8|9

Driver\Bearing Vibrations 0 time(s) 0.0 hour(s)

Driver\Shaft Vibration 1time(s) 117.8 hour(s)

' Driver\Winding Temperatures 0time(s) 0.0 hour(s)
Runtime [ Planned Downtime Unplanned Downtime

Gas Compressor\Bearing Temperatures 1time(s) 79.5 hour(s)

Gas Compressor\Casing Vibration 2 time(s) 143.7 hour(s)

Gas Compressor\Discharge Temperature 0time(s) 0.0 hour(s)
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Intelligent Operations

Better Operational
Commercial DeC|S|0n Makl ng

Engineering .
* Regulatory compliance
. et
i » Exceed customer expectations

* Minimize unplanned outages

Environmental

» Optimize asset efficiency

» Optimize organizational
efficiency

1

>
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Results - Compression Availability Compliance

Availability Compliance by Year Visibility
* Real-time dashboard

99.0%
> 986% g7

92.0% 93.0%
88.0% ’
86.0%
* Monthly scorecard reporting
to president
2010 2011 2012 2013 2014 2015 2016
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Results — Anomaly Detection

Findings by Year Color by

60 Quarter
60
a1
50 Da2
a3
40 ®a4
32
& —
21
© I
© 8 — ]
e .
0 |
2011 2012 2013 2014 2015 2016
$6.0M
; $5.3M
Cost Avoidance by Year
$5.0M
$4.0M
$3.0M
$2.1M
$2.0M $1.8M $2.0M
“rom $916.5k
2011 2012 2013 2014 2015 2016
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Results - Implementation Time & Scalability

AF Templates

ldea & Design & Hierarchy AF SDK First Finding Production
(" 1, ) (u o) (" ) (" )
— - 2N » . ”

Nov 2015 » Jan 2016 Sep 2016

Matter of hours...

New Asset Monitoring
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Summary

COMPANY and GOAL

+ TransCanada manages over 3M BHP and 31,000

miles of natural gas pipe

» Goal to safely and reliably deliver gas in a manner

that exceeds customer expectations

= | ;
RESULTS

» Challenge has been to ensure
assets are available and reliable

« Accommodating large growth

» Commercial impact of unplanned
outages

» Communicating fleet health and
availability

» Expansion of asset fleet by 1M
BHP

<

+ Suite of tools built on Pl System
infrastructure enabling Real
Time Anomaly detection,
Uptime/Downtime analysis

* Uptime/downtime analysis tools
» Feature-rich real-time dashboard
 Full context of asset health

Q) TransCanada

<
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+ Intelligent maintenance and

operations

* Anomaly findings up 50% over
2015 - $5.3M YTD

» Asset health at our fingertips

* New assets under monitoring
during commissioning
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Contact Information

Brendan Bell

Brendanbell@cpg.com

Lead Technical Reliability Consultant
Columbia Pipeline Group | TransCanada

lonut Buse

Ibuse@cpg.com

Lead Technical Reliability Consultant
Columbia Pipeline Group | TransCanada
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Questions

Please wait for the
microphone before asking
your questions

State your
name & company

Please remember to...

Complete the Online Survey
for this session

_ Download the Conference App for
@ =~ _| OSlsoft EMEA Users Conference 2016

+ View the latest agenda and create your own

+« Meet and connect with other attendees

search OSISOFT in the app store

http://ddut.ch/osisoft
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4 ZARE L o ENRED
Danke ‘

BLY Merci Gracias
S Thank You
N4 HOheS
4 Cnacubo Obrigado
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