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Industry and Company Overview

Business Challenges
Project Infrastructure Overview

Present Strategy

Past Success

Future Project Plans
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North American Foot Print

Pipeline
« More than 15,000 Miles

« Delivers Approximately 1.3 Tcf
per Year

Compression

« 1.2 Million Horsepower
« 100+ Stations
Storage

« 4.7 Bc/d Deliverability

« 37 Storage Fields in Four
States
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CPG Expansion ~$6B Inventory of Regulated Projects

Pipeline L(SMM) ___Project S
. . . $275 e
« 350+ Miles of New Pipeline Sl
$25 AEP Big Sandy
$50 Utica Access

Compression
« 1+ Million New Horsepower $380
* 40+ New Compression UNitS 10 cameron access
« 16+ New Stations $850  WB XPress

Mountaineer
XPress

$700 Gulf XPress
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Business Challenges

! Rapid Expansion of our Compression Fleet

Increased Number and Variety of Gas Streams

AF Model Flexibility for Upcoming Expansion

| User Experience (UX) Design
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Enterprise Analytics 3.0 Process
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Suite of Tools

< Pl System 7C Pl Coresight
Pl Data Archive Asset Framework *  Visual Analysis
* Share meaningful
e Algorithms to monitor equipment information

* Histories Operational Time- series
Data

* Over 200K PI Tags

* High Availability

condition & performance «  Mobile App
* Operational time series data & N

equipment attribute (relational) data PI'ProcessBook

@

* High Availability e Visualization &

7~ IS A . . Analysis
(U Pl Notifications C( Asset Analytics {(, Event Frames

. Notification * Complex * Capture equipment Custom Web Client

Templates calculations UF.) / dowP tim.e

«  High Availability ;/\:2:5/20 the data * High Availability : 2:|\/l|1||_35”s
(0 i Y M5>Sl . ngAPI
{(, OLEDB Enterprise {(, AFSDK =

e Attribute data * SignalR
e Batch Queries e Custom SSRS reports * AFSDK
* Data Access Layer Development *  High Availability * High Availability
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Asset Framework Implementation

Scalability

« Highly Scalable Solution

« Take advantage of Element Templates
* Inheritance

Logical Asset Structure

* Model our equipment fleet using a logical structure that is
familiar to our engineers and analysts

« Bring operational time-series data and relational asset
data together to implement complex calculations

Test and Validate
 Run the calculations back in time to test and validate our
algorithms
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Enterprise Analytics 3.0 — Executive Dashboard

R is Platform

Central

Unit Status Availability Map Compliance BHP Usage

94 Units

224 Units

20

50 Units \

20 Units

270,484 Bhp

Total: 388 Units
(21% Load)

Anomaly Detection Critical Anomalies

East Hancock\Filter Separator A\Differential Pressure 56.5 hour(s)

East Hancock\Filter Separator B\Differential Pressure 191.2 hour(s)

East Millennium\Filter Separator Bluestone\Differential Pressure 31.0 hour(s)

South Alexandria\Unit02\Driver\Cooling & Lubrication 1.5 hour(s)

South Alexandria\Unit02\Turbo Charger\Cooling & Lubrication 1.2 hour(s)

Central Ceredo\Unit03\Driver\Cooling & Lubrication 4.2 hour(s)

East Loudoun\Unit04\Driver\Lube System 0.5 hour(s)

East Loudoun\Unit05\Driver\Lube System 0.5 hour(s)

Central Huff Creek\Unit04\Driver\Bearing Temperatures 3.5 hour(s)

Imagery $2016 Terabetocs
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Enterprise Analytics 3.0 — Anomaly Detection

R \ atform

Central

Active Anomalies Past 24h

@ Found 8 active anomalies

Region Monitoring Module Duration Status

East Millennium\Filter Separator Bluestone\Differential Pressure 21.4 hour(s)

East Hancock\Filter Separator B\Differential Pressure 181.7 hour(s)

East Hancock\Filter Separator A\Differential Pressure 46.9 hour(s)

East Downingtown\Unit02\Gas Compressor Service 02\Discharge Temperature 20.2 hour(s)

East Downingtown\Unit02\Gas Compressor Service 01\Discharge Temperature 19.4 hour(s)

East Flat Top\Unit03\Gas Compressor\Seal System 7.7 hour(s)

North Crawford\Unit14\Driver\Cooling & Lubrication 5.4 hour(s)

AR AC AR AR A

Central Huff Creek\Unit04\Driver\Cooling & Lubrication 8.7 hour(s)
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Enterprise Analytics 3.0 — Module Monitoring Analysis

Reliability Analysis Platform

Dashboard / Monitoring

Module

& Smoothness None v | Steady State Yes v Start *-10d | End - &h 24h 30d 1y

Operating Conditions

400

% 4000

200 3000-

Trigger Inputs

Lao

so| 180 )
0 M ey
w160 00
204 150 22
c 04
10 140
08
o 130 5 s
104 120 Le Lo

SQC Trigger Current Value Mean Sigma Lower Control Limi Upper Control L
Jacket Water Engine Inlet Temperature 165 167.117 160 17

Jacket Water Engine Outlet Temperature 174 175371 167 183

Oil Engine Inlet Temperature 146 147612 141 154

il Engine Outlet Temperature 159 16039 155

Oil Engine Pressure 47 5283

Jacket Water Engine Temperature Spread 9 2.04
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Current State
Within control limits
Within control lim
Within control lim
Within control limit
Below 2 Sigma

Above 2 Sigma
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Enterprise Analytics 3.0 — Module Monitoring Analysis

© PI Coresight * New Display
4 ‘ @ Lost RiverLL jwSystem | W (Read Only) )
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Home b Coresight b NGTS b TCO b AssetGroup10 b LostRiver b Unitll
Q
E Unit11JENG MFR | | Unit11/ENG MODEL |
& COMP_TEMP_DISC_CY| Caterpilla
b ENG_FUEL RATE NOM
B ENG_HEAT_RATE.NOW ® UnitlENG_ TEMPWIN | © Unitl}[ENG TEMP_IW_OUT ‘
b ENG_LUBE_OIL RATE [ i 76138
200 200
&b ENG_LUBE_OIL RATE b
& ENG_TEMP_AUX_WTR_
b ENG_TEMP_EXHST AV \_/-\4
@b ENG_TEMP_EXHST_SPF e P/ﬂ q
& ENG_TEMP_IW_LUBE C
b ENG_TEMP_IW_SPREAI yf_‘
& ENG_TEMP_OIL_SPREA By F
& STEADY STATE
AME
R AMEIENT TEMP o
& CLR TEMPW.IN
& CLR_TEMP_IW_OUT E
& comp_cap E
@ COMP_LOAD STEP 20
& COMP_LUBE OIL RATE
b COMP_PRESS_DISC
@ COMP_PRESS_RATIO 100
& COMP_PRESS_SUCT
b COMP_TEMP_DISC_CYI
&b COMP_TEMP_DISC_CYI 80
& COMP_TEMP_DISC_CYI
S COMP_TEMP_DISC_CY|
& COMP_TEMP_DISC_CYI o
Related Assets/Events (180/0)
40 20
cart @ 2/25/2016 7:1345 AM 28d 23h 3/25/2016 7:13:45 AM
Drag symbols here for later use 2125/ 107 e/ [2w] [1mo] 284 23h [ & Mow | 3/25/20167:13:35 AM
Gs L7 lzs s hiarz  Toz Toz Toe Tos los b7 los Tos o U Tz hz lia Iis hg h7 Iz hs Lo Gy = b G4 Gs

Sep 2015

USERS CONFERENCE 2016 © Copyright 2016 OSlsoft, LLC

13



Monitoring Approach

. Smoothness Mone v SteadyState Yes v Start L1015 End 2B.2016 .n
« Anomaly Detection
.+ SQC i e
e Multivariate Analysisto bl S A

account for correlation

Statistics

b K ey Pe rfo r m an C e Smoothness None v Slmdystate Yes v Start *30d End " l““ﬂ
Indicators

* Real-time measurement
vs. nominal (expected)

* Nominal calculated for
current operating
conditions
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oIImbIa Fipeline Group

Gas Quality

4 P Columbia Pipeline Group

Technical Services - Gas Quality:630692 - Gas Quality

Gas Chromatograph
 Tariff Compliance KPIs
« Communication Status
« Equipment Health
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EA 3.0 Findings
owawt " et o \
‘ Sy ] v. nrk_ *”“
B R e e e MW

Seal Gas Filters

Smithfield\Unit03\Gas Compressor\Seal System|Seal Gas Filter DP

smotmess | tone ¢ swadysmte | ves ¢ smt vz ea | 20010 -“n

February 1
Seal Gas Filter DP close to 1

/
-
February 3
January 8 Filter is changed
Seal Gas Filter DP starts
increasing
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EA 3.0 Findings

Operating Conditions
No significant changes in
operating conditions
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Gas Quality Findings

* Notification of Tariff Violations

— producers monitored & regulated
— non-compliance, no flow order

— producer equipment failures
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Tangible Savings From Event Prevention

Savings From Event Prevention

$10,000,000
$9,000,000
$8,000,000
$7,000,000
$6,000,000
$5,000,000
$4,000,000
$3,000,000
$2,000,000
$1,000,000
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Future Project Plans

Gas Quality

Pl Server
2015
Future

EA3.0

Pl
Connected Integrator

Services for Esri
ol ™ ArcGIS
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Summary

“The term Enterprise Analytics refers to a program
aimed at leveraging leading technology tools to
analyze data to enable the execution of proactive
actions intended to avoid a negative event entirely
or minimize the impact of such an event.”

BUSINESS CHALLENGES SOLUTION

Columbia
Pipeline Group

c Rapid Expansion of our » Standardize & Modularize AF Model .

Compression Fleet

. Increased Number and Variety of

Gas Streams

* PI Coresight
. AF Model Flexibility for Upcoming d

Expansion

. User Experience (UX) Design
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» Enhance anomaly detection algorithms
e HTML5 / JavaScript User Interface

15 306 of infefstate

106

compressor
stations

1] [Ex
P storage fields

Earlier and more accurate
detection of possible equipment
failures

Ability to easily expand
monitoring areas

Simplified deployment process
Enhanced User Experience
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Contact Information

Keary Rogers
kdrogers@cpg.com
Manager, System Reliability
Columbia Pipeline Group

lonut Buse
Ibuse@cpg.com

Reliability Tech Consultant
Columbia Pipeline Group
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Questions

Please wait for the
microphone before asking
your questions ;

State your
name & company
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Please remember to...

Complete the Online Survey
for this session

=~ | DOWNlOad the Conference App for
- = | OSlsoft Users Conference 2016

) [ App Store
* View the latest agenda and create your own

P Google Play

S HTML

* Meet and connect with other attendees

http://ddut.ch/osisoft
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; ZArgLICH B

Danke |
B Merci Gracias
x Thank You
NG HOhES
4 Cnacunbo Obrigado
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