APA Group’s
Use of the
Pl System

APA Groupoi

Presented by Steve Nield — Enterprise Architect, APA Group
Andrew Todd — Green Technology Services
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o About APA Group
 APA Group’s Historian Roadmap

« Two examples

— Reservoir Management System — Mondarra
— Meter Data Management System — APA Grid

e Summary
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About APA Group

APA is Australia’s largest gas infrastructure business

®  Gastransmission pipelines and storage

— Owning and operating two thirds of Australia’s onshore
pipelines

— Interconnected pipeline networks

— Transporting approximately half the gas used domestically

m  Gas distribution networks

— Operating approximately a third of the nation’s gas
distribution networks

m Other related energy infrastructure

— Developed and acquired complementary energy
infrastructure

Australian gas transmission pipeline ownership

lemena 1,770 km
DUET 2,058 km
Ell 13,236 km
w
ol 14,360 km
1] 5 000 10,000 15,000

Pipeline length (km}

[t} apPa pipelines and 100% of the pipefines which form part of its Energy Investments
(2} Pipelines operated by APA, including Envestra

Source: APA & AER State of the Energy Market 2013
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APA (29 August 2014)

Market AS6.6 billion
capitalisation USD 6.2bn; GBP 3.8bn; EUR 4.7bn; CHF 5.7bn

S&P/ASX 50
MSCI All World Index;
FTSE All World Index

836 million securities on issue

Assets Over $12 billion
owned/

operated

Gas transmission
14,360 km transmission pipelines
Underground and LNG gas storage

Gas distribution
27,160 km gas network pipelines
1.3 million gas consumers

Other energy infrastructure

430 MW power generation

239 km HV electricity transmission
Gas processing plants

More than 1,600

Employees

Operator of APA’s assets and
investments

Operator

(C) Copyright 2014, OSlseft, LLC.




APA asset and investment portfolio

APA delivers half of Australia’s domestic gas usage

WESTERN
AUSTRALIA

APA Group assets

APA Group investments

(not owned by APA)

19

NORTHERN
TERRITORY

SOUTH
AUSTRALIA

VICTORIA

Wind farm

Gas storage facility

TASMANIA

Gas processing plant

14
H
’ Assets managed
A 4
|
]|

Gas power station
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Queensland

(1) Roma Brisbane Pipeline

(2) Carpentaria Gas Pipeline

(3) Berwyndale Wallumbilla Pipeline
(4) South West Queensland Pipeline

New South Wales

(5) Moomba Sydney Pipeline
(6) Central West Pipeline

(7) Central Ranges Pipeline

Victoria
(8) Victorian Transmission System
(9) Dandenong LNG facility

South Australia
(10) SESA Pipeline

Western Australia

(11) Pilbara Pipeline System

(12) Goldfields Gas Pipeline (88.2%)

(13) Eastern Goldfields Pipeline
(under construction)

(14) Kalgoorlie Kambalda

(15) Mid West Pipeline (50

(16) Parmelia Gas Pipeline

(17) Mondarra Gas Storage Facility

(18) Emu Downs wind farm

Northern Territory
(19) Amadeus Gas Pipeline

APA Group assets and investments

Energy Infrastructure Energy Investments

Asset Management
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Strategic development of pipeline grids

NT link to east coast grid:
Feasibility study

m  East coast grid

APA’s east coast grid: — Interconnected transmission

> 7,000 km of pipelines pipelines operating as one
5 major pipelines system

APA’s WA infrastructure: T
5 states and territories

Servicing mining regions
Gas transport and storage for
Perth

— Seamless service capability
across 30 receipt points and 100
delivery points

— Attractive growth and revenue
opportunities

Gladstone

u West Australian
infrastructure

. — Interconnected gas storage and
" Brishane transportation to Perth

— Pipeline infrastructure serving
mining regions

® NT link — APA feasibility study

— Connecting APA’s infrastructure
to facilitate gas flow across

sy
Adelaide

APA natural gas pipelines Other natural gas pipelines regions
..... under development Gas production
€= NTlink - Gas resource
W casstorage waimich  LNG export facility

Transformational change in gas delivery and storage services
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Understanding the scale

X41 POWER  DIAMANTINA
STATION  POWER STATION
B W DEVELOPMENT

Ballera queensLAND PIPELIN

ENVESTRA GAS
PIPELINE &

MOOMBA SYDNEY \ v
PIPELINE ~ — V4
LEGEND
APA pipelines and networks
j APA investments APA Groupm
Other pipelines st
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In QLD on the RBP we
can deliver over 220
TJ/day

> over 275 LNG
tankers driving into
Brisbane
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compressors

B |ncrease the throughput and capacity of pipelines

B 300 kW compressors at lona
9,860 KW units being installed at Moomba and

Wallumbilla
B 87 compressor units

B Total horsepower of 244,000 kW

OSlsoft. Pl SYSTEM ROADSHOW 2014 (C) Copyright 201, OSlsoft, LLE.




compressors

B Each Moomba compressor unit has the horsepower of 50 Falcons
or Commodores per unit

B 3 new compressors at Moomba, has the combines horsepower of
150 Falcons or Commodores
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APA Group’s Historian Roadmap

Current Historian Solutions

I| | 051/l Apps
Fltc

HL

I

2003 2007 2011-12

Networks Networks Transmission

Owinership

APA Historian Roadmap [ ] [ wetvoris | [imsmissen] [ ross |
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APA Group’s Use of the PI System — Two examples

® Underground Gas Storage, Mondarra - Reservoir
Management System

®  Transmission - Meter Data Management — APA Grid
System
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WA portfolio serving Perth and southwest regions

 Mondarra Gas Storage Facility providing gas
supply security for Perth and the south west
region

— Expansion completed mid 2013 —_

— Connected to major pipelines

— Providing services to four customers, including
Synergy

— Majority of capacity contracted — underpinned by  Geraldton _|
20 year contract with Synergy

* Providing flexible, integrated gas transport and
storage services and competitive tariff structures

R g

Kalgoorlie

SoutH WEsT
INTERCONNECTED
SYSTEM
(SWis)

Perth

=== APA natural gas pipelines and assets
——  Other natural gas pipelines
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Underground gas storage

e Storage provided by the depleted gas reservoir

e Gas is stored in the porous rock — sandstone, limestone
* Gasis kept in place by impermeable cap rogk — shale, clay

e @Gasis re-injected into the porous rock — liketa ‘sponge
absorbing water’

e Geological properties determine the characteristics ¢
the reservoir

— Porosity — the capacity of the rock to holds€as
— Permeability — the ability of the rockto transmitig

— Integrity — the ability to contaifi'the gas SHALE CAPROcK

e Surface facilities to inject and
withdraw gas

— Compression

— Gas treatment
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Reservoir Management System (RMS)

* Business Driver. Commercial & Operational optimisation

 RMS provides operational & commercial insight by performing reservoir
and well calculations and visualising these in Sharepoint & reports

 The calculations are performed by
— PI ACE custom code
— PI ACE calling Petroleum Expert’s application PROSPER via a web service

« Certain calculations are utilised for the day to day optimisation of the
facility eg. prediction of the wells’ flow capacity

» Users include the Subsurface Engineering Group and Control Room

Mondarra Storage Facility

Meters Caleulations
Withdrawsl
58 0.0 22.2 B.B
Temperatura
T 351 43 9 m
mmmmmmmmmmm (psia)  Station Pressure (kPag)  Withdrawal Rate (TJid)  Injection Rate (TJid)
8,100 200 209
7,480 16.0-— e y- —T —h_I.J — T |
7,170 o I T T 8 ) .
6,850 120 ) e
1 6,550 100
1200 6240 B0 BO : i i T T _, thdr Injecti
150 5230 80 60| : : - :
B20 40 4 1 Il { {
° ozﬁmmmatm«m 7 Dayis) SI0312013 1:18:44 P “ 7818 - ACkﬂOWledgement.
e ime 74 9 endime * = () @) ) Jon Serfaty — Reservoir Engineer, APA Group
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RMS use of Pl System

* RMSis Composed of a number of « PROSPER s a well performance, design and

ComponentSZ optimisation prog][am gor mr?dellinI%I mgst t)l/pesdof
_ i well configurations found in the worldwide oil and gas
Pl Webparts, & Sharepoint for industry today.
visualisation & gueries
— PI Processbook «  PROSPER candqssisti)the pr%du_cti(?_n orhredservlpir .
engineer to predict tubing and pipeline hydraulics an
— Pl System Explorer temperatures with accuracy and speed.
— PIACE
_ . Once a well system model has been tuned to real field
Pl Server data, PROSPER can be confidently used to model the
— Pl AF Server welldin differenft scenarios and to mall;e fo&ward
. redictions of reservoir pressure based on
- Pete_X PROSPER Server & Web'|nterface gurface production datap
service

PI-AF SQL Server
(Analysis Framework)

i ¢ - PI-A; SDK < *

PI-AF SDK PI-AF SDK s
PI-AF SDK
S S
I\/IT é\évr?b Psr?s . | V|« v | Processbook X X Pl System Explorer
arePoin G G PI-ACE M- M| PROSPER
PI-SDK PI-SDK L L -
PI-OLEDB | PI-SDK il TDK
PI-OLEDB | <
> PI-SDK

Pl Server
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RMS Calculations
Well State 60s N/A Code
Well Cumulative Inj Volume 24h? MMscf Code
Well Cumulative Prod Volume 24h! MMscf Code

Time Injection 60s fraction Code
Time Production 60s fraction Code
Well Head Velocity 60s m/s Code

CR-7 Pressure Change 1hr 15m kPa/d Code
Bottom Hole Pressure 15m psia PROSPER
Reservoir Pressure 15m psia PROSPER
Bottom Hole Velocity 15s m/s Code
Predicted Injection Rate 15m TJ/ PROSPER
Predicted Production Rate 15m TJ/d PROSPER
Well Injection Potential 15m TJ/d PROSPER
Well Production Potential 15m TJd PROSPER
1hr - Code

CR-15 Injection Performance (IP)
CR-16 Production Performance (PP) 1lhr - Code
CR-17 Injection Performance % 15m % Formula

CR-18 Production Performance % 15m % Formula
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RMS Mondarra

RMS Pages
Main

ata & [rend

RMS Screens

Initial start-up data fror

Home = Worj

Announce

0 w©

Flow direction Is

withdrawal

fied

B =

Lib

Drill down capability for trending = |
-+ any graphic, meter or calculation

2:'05‘ 2:23 PM

Only Well 1 is

flowing - valve

IS switched on.
Wells 6 & 8
valves are
switched off

051 Library
Diocuments
Lists

Announcements

Issues/Suggestions

Links
APA Grid

EC MSF Inventory

1,400
1,360
1,300
1,260
1,200

1,150 59
1,100 5&

1,000 50

7480 16.0 18.0— iy e et e

Reservoir Pressure [psia) Station Pressure (kPag) ‘Withdrawal Rate (TAid) Injection Rate (TJid)

1,500 B100 200 200

TATD 14.0 14.0

8,850 12.0 120

6550 10.0 0.0
6240 BO B0

e P L

60 &
40 4.

0

o

26/02/2013 1:16:44 PM T Davis) SM032013 1:16:44 P

Start Time *-Td & End Time *

Mchdarra-1

— VN RN
Calculations
rﬂm (r 9 T

Mondarra-6

&

S?'; 1.4

= () (6] (W)

10@®

[ BHP ]
1,353

TOTHTT I PR ST I
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THE HUI | RMS Screenshots it

" Initial start-up data from Feb 2013 %~ ©

Search this site... P

Home > Work Area > Mondarra = RMS Mondarra

Start Time *7d T End Time * I [ Aeely @ E E]

RMS Pages

ﬂ_nlii_Sﬂ[gachm Flow Rate 27/02/2013 3:40:41 PM 0.00 TJid

Data & Trend

MSF Production Flow Rate 28/02/2012 2:07:44 PM 3.38 T./id

Monthly Reporting

DMP Reporting -0

Custom Trend u L

Help 40 | I | L [ |
Libraries I"—-

OS5I Library 2 J . .

+ Documents Station Mater Pressure 26/02/2013 2.07:12 F'EI 7,510 kPag 8/02/2013 2:08:42
Lists ! | ‘ﬁ
Announcements 550 =i
Issues/Suggestions 5&.} — M |
Links [7.450 1
APA Grid el
EC MSF Inwventory 7.350

————————————————
mgesar\ruir Pressure  27/02/2013 3:30:00 PM 1,372 psia mmwﬁ
1,

500 l : |

Station Meter Temperature 28/02/2013 2:07:42 PM 39.5 GegC 28/02/2013 2:08:42 P
45 — e — I L
: ! 7 —— | —
——= y =
] — I
i -
22/02/2013 23/02/2013 24/0212013 25/02/2013 26/02/2013 27/02/2013 28/02/2013
Production Rate Injection Rate

Temperature

50
' P

125 125
' .

= 7,510 kPag; = 39.53 DegC;
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Transmission - Meter Data Management System - APA GRID

e Business Driver:

— Accurate, validated, auditable meter
data for pipeline billing

 Background
— Multiple SCADA systems/platforms

— Disparate data across all states ==,

— No central enterprise historian e 9

— No consistency in data profiles from S e
site to site S S

— Significant billing project underway
requiring reliable data source
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Transmission - Meter Data Management System
Requirements

« Single, reliable source of actual (or estimated) operational data,
validated and auditable; integrated with Energy Components

* High-level requirement summary:
— Real-time data collection from multiple sources
— File-based data integration via email

— Interpretation of different data profiles to determine ‘correct’ end
of gas period values

— Implement estimation ‘rules’

— Auto-validate data and flag exceptions

— Allow users to review and revise data

— Enforce consistent process

— Integrate data through existing middleware
— Raise alerts on system KPlIs

OSlsoft. PI SYSTEM ROADSHOW 2014 (C) Copyright 20M, OSIsoft, LLC.




Transmission - Meter Data Management System
Solution

 Redundant PI interfaces to multiple SCADA system sources
Pl UFL for file-based data delivered via email

* Primary/secondary PI collective for archive, ACE and AF

e Multiple non-prod environments (15 servers in total)

Pl AF used to build a pipeline model combining live data with
configuration

 PIACE modules used to implement processing, validation,
delivery

e GUI built in ASP.NET together with a VB.NET data access layer
« Pl data integrated with EC via BizTalk
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Fy =
Metering Data Management Overview
L.

i B (i N i N 4 !
. ~ .
SCADA Files Pl Collective Source points read & Pl ACE
processed in ACE b
i O
“'/ ™ Audited values & status

Multiple SCADA hosts

E Interfaces
Maonthly data configuration & data

files manually Email J

emailed
.-"' ) ‘“*'.
h A
Pl Data Access Layer )
Interfaces P UEL v
P ™
to

Data fccess Laver
provides an interface GUl
the web-based GUI

-,
<

.. o
L
G allows data " ()
management while
enforcing process L )
e = 7 = \, 7 f \, A
o
EC BizTalk o
if /
@ «—> {; » >
EC sends a qm’ EC site list is sent through ACE sends back data for
\ list of sites \ BizTalk & stared in AF SCL k\_.,J' sites of interest
A A
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Transmission - Meter Data Management System
Some Design Principles

* Implementation of national tag nhaming standards in Pl
* Preservation of ‘raw’ source data

« Concept of Audited Value and Record points

« Enforcing data quality and process
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Transmission - Meter Data Management System
Some Interesting Problems

» Different data profiles made it hard to determine the ‘correct’
value to represent a gas period

 Numerous different site configurations need to be permitted

e Any gaps in missing data needed to be filled in with estimates
e Data sent to EC needed to be auditable

« Data must be validated

« Users need to manage data but also follow process

* Need to deliver new and modified data for sites of interest
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Jlsset:[ Vl Daily Process Measured Gas Hourly Data Bulk Changes Help Log Out

« 2/01/2014 8:05:00 AM Roc Oil - VT2 - HV: Calculated (%) Energy Difference[0.455726]>Tolerance[0.2] More

MDM Screenshots Gas Datei[0170172014 3 (0D (12D

Go to step

Sl Go to step

Status: Not Processed

UAFG Volume -247.653 kSCM 157.684% of Receipts UAFG Energy -9391.635 GJ 157.625% of Receipts

Step 1: Meter Validation Error Step 2: Not Ready
F’ipeii_llg Li_nep?[:k

Adjust Meter I 2132.996 | kSCM

[ B0947 141 1GJ
| Continue
Step 3: Not Ready Step 4: Not Ready
Un-r_r_letered S)_rslem l_.ise Gas Authonse

0.000|GJ

Step 5. Not Ready

Send to EC
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.ﬂnsset:l V| Daily Process Measured Gas Hourly Data Bulk Changes Help Log Out

MDM Screenshots Gas Date:(05/052012 22 (29 (233

Location
Type: @ All O Emor
Previous Current Adjustment Uom
Volume: 424.043 kSCM
Energy: 15648.609 GJ
SCADA, Reading
SCADA Type Run 1 Run 2 Station
Volume Accumulator 923.102 70042578 NA kSCM
Energy Accumulator 34017.238 581901.688 MNA GJ
Volume Yesterday 0.000 424 043 424 043 Actual
Energy Yesterday 0.000 15648.609 15648.609 Actual
Heating Value 36.891 36.903 36.897 MJ/m3
Heating Value Source Actual Actual Actual
Active True True True

Substituted Volume [ ] KSCM
Substituted Energy |:| GJ
Substituted Heating Value : MJ/m3

Audit Log " save
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asset] V]

MDM Screenshots
Locaton[ V] [Next

DateTime

Daily Process

Measured Gas Hourly Data

Energy

Bulk Changes

Station

Help Log Out

ST LY P rov ) Mot

Volume

SM05/2012 9:00:00 AM
5/05/2012 10:00:00 AM
505/2012 11:00:00 AM
§05/2012 12:00.00 PM
5/05/2012 1:00:00 PM
5/05/2012 2:00:00 PM
5/05/2012 3.00:00 PM
BA05/2012 4:00:00 PM
SH0S/2012 5:00:00 PM
5/05/2012 6:00:00 PM
5/05/2012 7:00:00 PM
5052012 8:00:00 PM
5052012 9:00:00 PM
8/05/2012 10:00:00 PM
5/05/2012 11:00:00 PM
6052012 12:00:00 AM
GAOS/2012 1:00:00 AM
6/05/2012 2:00:00 AM
6/05/2012 3:00:00 AM
BOS/2012 4:00:00 AM
GA0S/2012 5:00:00 AM
B05/2012 6:00:00 AM
BOS2012 T:00:00 AM
BA05/2012 B:00:00 AM

| 612244 p

L kIl
652893 A

| 653564|a
654.419) A
653.809| A

[ e53503]a
| 6536254
| 654846]A
| 654968]A
654114 a
_ 653.931 A
 653.748] A
[ e53.7148]a
654297 A
653.809| A

| 853808 A
| 653076 A
[ es3625]a
| 653870
| 664480] A

I 17.727| A

. 17.713) A
T
_ 11734)a
177344
T wma
[ wm)a

17.703| A
17703
T 1A

| 17.727| A

View Run Data

Apportion
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Example AF Structure

{7@ Database [T QueryDate ~ (O @& (D Back ) |H, checkin %) v |#]Refresh | (3 NewElement ~ | New Attribute |

Elernents Energy Last Day
& Elements ||| General | chid Elements Attributes | ports | Analyses | version |
B @ AGP '
& @ BGP
& (@ BWP |
g @ P 2t B8 Name 2 value
B @ CLC
8- § GGP B Category: Configuration
B 3 5.1 Apache [ I
m (§ 5.2 DBNGF | L . =] HM"!’GMM&W | OneStep
& 9 6.01 Paraburdoo = B =] EstimatevalusStrategy PreviousPeriod
B-@ssten =202 Bl H—
o (G ~Energy ficcum Index _| B | =] ReportingPeriod f?rfer
~- () Energy Accum EOD 2] Cat . Data
- & Energy Last Day | i
- () Energy Last Hour | B | <7 RecordPoint | 2014-08-31 00:55:51, i, 2014-08-30 23:32:29,A,A,0ne Step,,
- 3 HV Last Day Avg BT T eI PP,
e (§ SCM Last Day ! o (7 SourcePoink . [ch]
o () SCM Last Hour | m C}I‘ ValuePoint
~- § ValidationTests
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"iDatabase P8 Query Date ~ (0 ﬁl |@Back (S ] |

Example AF Structure

CheckIn %) « |[#]Refresh ||_?r'-.lew Element + =] New Attribute |

Elernents
E Elements =
B (3 AGP
E- 3 BGP
Bl (F BWwP
B (@ CGP
B @ CLC
B ﬁ &GP
- (3 5.1 dpache
- (@ 5.2 DENGP
El« (3 .01 Paraburdoo | |
= ( Skation

------ [ ~Energy Accurn Index
...... (G Energy Accum EQD
------ [ Energy Last Day

------ (5 Energy Lask Hour

...... (5 HY Last Day fva

------ (5 SCM Lask Day

------ (3 M Last Hour

------ [ WalidationTests

|- (G 6.011 Boonamichi
i (G 6.012 Turee Creek
|- (G &.013 Yarnima

- (31 6,02 Mewrnan

H-- (3 6,03 Plutonic
H
H
Fl
B

~ [ 6.04 Jundee
- [ 6.05 Wiluna Gold
- (G 6.06 Magellan

1 & N7 ME Akl

1-E-F-E-E-E-E-E-E

j== Event Frames

i Library

zm Unit of Measure

@ MyPI

= Nntifiratinns
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YalidationTests

General | Child Elements ~ Atkributes |F'|:|rts I fnalyses I Yersion I

| L -
‘Tf'| Yalue {o3 =
B | (=] ¥Ti4 Enable True
B | (=] ¥T13Enable True
B | =] ¥T1Z Enable True
B | =] ¥Ti1 Enable True
@ =] ¥T10 Low Energy Tolerance nGl
i =] WT10 High Energy Tolerance 1000000 31
B | =] ¥T10Enablz True
H | =] YT10 Change Tolerance 10 %
B | (] ¥TOS Enable True
& =] w107 MirirmurnEnergy 100 aG]
= =] WTO7 ErergyTolerance 0.5 % -
B | =] ¥TO7 Enable True
= =] ¥TO6 YaolumeTolerance 0.5 ksCM
& =] ¥TOE EnergyTolerance 3131
B | =] ¥TO& Enable True
i =] YT0S WalumeTalerance 0.5 kSCM
= =] WTOS EnergyTolerance 1G]
B | (=] ¥TOS Enable True
B | =] ¥TO4 YolumeTolerance 1 k5CH




APA Group’s Use of the PI System Mﬂ ,.,

1. Reservoir Management System (RMS) - provides
operational & commercial insight by performing
reservoir and well calculations and visualising these in
Sharepoint

EREHERE B

]

2. Meter Data Management (MDM) — provides validated
single source of truth for pipeline meter data used for

billing customers APA Grou P Of

Business Challenge Solution Results and Benefits
 RMS e« RMS e RMS
— Need to understand o Use of Pl ACE and 3 party — Provides operational
operational characteristics app to calculate well bottom dashboards, regulator
2700m underground metrics and provide usage reporting and ad-hoc query
—  Need to optimise commercial forecasts facilities
use of storage asset «  Visualisation in Sharepoint — Provides forecasting
capability for commercial
« MDM - MDM insight
—  Bring together data from - Pl System interfacing with all . MDM
disparate sources APA SCADA systems
. . o - — Highly configurable and
~ Automate data estimation PI AF defining object model expandable model
and valdation + PIACE providing data Data quality enforced
—  Allow user data management processing and validation quality

. - — Reliable data deliver
— Integrate with Billing software ! Very
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Contact Detalls

e Steve Nield
— Steve.Nield@apa.com.au
— Enterprise Architect
— APA Group

e Andrew Todd
— Andrew.Todd@gtsgroup.com.au
— Partner
— Green Technology Services

e Jon Serfaty

e Jon.Serfaty@apa.com.au
 Reservoir Engineer
« APA Group
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