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» A new industry solutions business model where systems of systems
interoperate based on open, supplier neutral standards

— Shared, supplier neutral industry information models

— Shared, supplier neutral industry utility services (SOA-2) driven by industry
use cases, with the ability to be validated by 3" parties

» Shared industry information models, all required industry and enterprise
information (including all required O&M information) and shared
industry utility services delivered as part of the EPC process.

» Cloud technology-based environment(s) for all required O&M and Life-
cycle management services enabled by open standards based
interoperability.

Use Case-Driven Methodology
Owner/Operator Leadership and Governance
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transfers
Production Management
Optimization
Planning Yields & LIMS
o Inventory

Scheduling
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0“0“0&“ sample work process — tank line up

Line Up Feed

o check schedule

9 check tank level

9 check lab test
6 check assay
e stir tank

@ inspect eqpt.

e check maintenance

@ check reliability

@ etc.

structured & unstructured data
some work is outside the applications
more than integrating data
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ﬂlleno&M modeling is more than data

process information data
model flow model

® spans company, not much detail

standards

Conceptual

® extends & verifies conceptual layer
® targets business areas where opportunities exist
e sufficient detail to identify implementation projects

Logical

® extends & verifies logical & conceptual layers
® targets identified implementation projects
® actual data & applications

Physical

. L the n M“"
Data Stores 20 year journey reached fruition ~ 006N &
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The OpenO&M™ Initiative

Brings People Processes and Systems Together

Enterprise Business Systems

Enterprise Resource PIanninZ(Ele), Enterprise Risk Management
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Physical Asset Control
Real-time Systems



target info. class
architecture

category

Logical En

Physir

metadata model & structures
nameservices — abstraction
model maps for compliant systems

G, &
defines rich content Pabily Forecass MO
commoditize O&M data exchange
non-proprietary interoperability OpenO&M harmonizes the standards
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ﬂllenn&M asset excellence — current story

order/mission mgt.,

control systems, Operational forecasting, material mat.. personnel &
operational data planning & scheduling financial s gst-éras (ERP)
historians & hmi’s systems CMMS y ’
enterprise asset
L : management (EAM) asset capability
periodic & online : : : ;
o o diagnostic / prognostic systems (asset forecasting &
condition monitoring : 2
asset health system registry) & asset optimization
systems )
maintenance work DSS

management.

physical asset resource management systems
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openU&M - o o seeet evcelionee
. . order/mission mgt..,
control systems, operational forecasting, material mat.. personnel &
operational data planning & scheduling financial s gst-ér%s (ERP)
historians & hmi’s systems y ’

CMMS

OPC XML & ISA-95, OPC XML & ISA-95
MIMOSA OSA-EAI MIMOSA OSA-EAI

open operations & maintenance management interface specification

MIMOSA OSA-EAI MIMOSA OSA-EAI MIMOSA OSA-EAI MIMOSA OSA-EAI

enterprise asset

periodic & online . _ . management (EAM) asset capability

condition monitoring diagnostic / prognostic sys_tems (asset forecasthg & .

systems asset health system registry) & asset optimization
maintenance work DSS
management.

physical asset resource management systems
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“handover” as-designed/built information from engineering,
procurement, construction phase to O&M phase

recurring updates - send engineering upgrades to O&M systems
field engineering changes sent to engineering (bottom up)

on-line product data library updated with engineering reference
Information (asset based data)

operations & maintenance configuration changes
(e.g. remove/replace transmitter)

preventive maintenance (PM) triggering
condition-based maintenance (CBM) triggering
early warning notification

Incident management — actual & near-miss information captured and
escalated along the lines of accountability

10. O&M systems information provisioning

October 13, 2011 13
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ﬂllelln&M scenarios mapped to systems

RFQ’s & PO's Enterprise Systems RFQ's & PO's
OAGIS-CIDX E“mgnm Wn|mugm"’ml Hmm""'“" OAGIS-CIDX
tu pl ls. " v
cost, schedule, status i cost, schedule, status
production B2MML B2MML
Product as-gesigged as-dbuilt orders
product & part data production MES, KPI's
Dﬂg:‘tgmﬂto Mimosa OAGIS-CIDX-B2MML performance yield, quality 35j"';5‘_3|'eg
- as-maintainer
SN AR Production Management/Manufacturing Enterprise Systems oot
Forecasting and Scheduling, Quality, Compliance, etc.
Mimosa production B2MML B2MML-Mimosa B2MML-PRODML B2MML-PRODML
1SO 15926
plans & KPl's forecast demand asset perf. prediction Mimosa
schedules production 0 ti | Perf BAMML
performance Pera ona_ 9 qrmance
Modeling & Optimization Systems Registry
B2ZMML-Mimosa B2ZMML-Mimosa Mimosa-B2MML svstem
KPI' tual & earl in i Plant/Process
Enterprise OPC B2MML S actual & early warning asset avallabllity OPC As-installed &
Information KPI's Control: Operational Risk Enterprise KPl's  As-maintained:
System Mimosa D&C'S‘i SCAD“:' Management Asset Mimosa Nz:\::tl’k
Proce stona EH&S, PSMS geme
Pé:';ti,neerin;s work status/history AI-':MS&S, & QMé il nt ok status/history Segment
: Tag Registi
As-designed & Fieldbus POC DA-ASE Mimosa CBM calibration Mimosa Cogﬂ ,g 2
As-bullt: schedule nfig Mgmnt
Network CBM calibration & Historian
Segment data & events data & events condition & events  Mimosa complete
Tag Information Condition Monitoring Systems —
co:{lsgtor‘r‘lgmnt measurements, events, inspections, callbrations, conditions, usage, and sensed O&M actions
an
Portable Online Online Oniine asset
st il Deecs Monitors Surveillance Protection Trarsient ety install
y (on & off-ine) Monitors Moritors Mardors YRe™  remove  Mimosa
ISO 15926

plant/process engineering change advisories - as-designed & as-built plant/process engineering data
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Context for Collaboration
The Safe Technology Roadmap ™ for Interoperability

Reference Information Semantic Context Execution Environment
Environment “P2B Stack”
onstruction Transform
Engine e M
15926 < > P Requirements
Regository
Information Service

Bus

Controls Regist

FiaTECH € pCprosccoe

Associa tion




Context for Collaboration
The Safe Technology Roadmap ™ for Interoperability

Reference Information Semantic Context Execution Environment
Environment “P2B Stack”
. ‘ion < Trans_fonn > - s~ a
¢ Engine = -
.‘__.,!—'; -
Information Service - =
Bus
Controls Regist

&ocav
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onen II The New ‘Black Gold’
Alberta Oil Sands — A Vast Resource
Fort McMurray

Alberta area oil sands & heavy oll
deposits contain ~2.5 Trillion

Peace River barrels of world’s known

petroleum reserves

/%a Alberta deposits cover 77,000 sq km

(~30,000 sq mi)
‘fﬁ\d;onton
Athabasca Deposit
> 42,000 sq km
890 Billion barrels in place

20% within 250 ft. of surface
30 Bb Mineable; 142 Bb In-Situ




Proven Reserves
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vommwest o eaiessse — Bitumen - Easy to Find, Tough to Get Out!!

/%//NWR Oil Sands, The Resource

! Thick, sticky mixture of
— Sand,
— Clay,
— Water,
— Bitumen: 8 —9 °API

&G dafiel includ s prosese plias prakeble: reserves snd eonlingent resoursss, @ off Doecomier 31, 2006 which s nolt conmiparatole: o mostaormipelitor:s,



NORTH WEST REDWATER PARTNERSHIP

-
/—\- NWR Oil Sands: Mining




NORTH WEST REDWATER PARTNERSHIP

A NWR
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ANWR

NORTH WEST REDWATER PARTNERSHIP AII Bitumen NEEds Upgrading

Inputs Outputs
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R Historical Process - Coking - Bitumen to Fuels



/4 NORTH WEST REDWATER PARTNERSHIP The Future: Bitumen to Fuels With ccs

One step conversion to fuels with gasification and CCS - Benefits for All Canadians
17



/_,/NWR

NORTH WEST REDWATER PARTNERSHIP Next Ste ps o
[ Alberta’s Bitumen Royalty In Kind {(BRIK) programme

- secure source of feedstock
-  APPROVED- Feb.16, 2011
-  CNRL50% Partner = North West Redwater Partnership (NWR)

O Financing
[ Project Sanction — November 2011

U Implement a true Sensor-to-Boardroom Industry Standard
Integrated/Interoperable system

v’ via the Integrated Information Core (I1C)
] Begin Construction — Spring 2012 (Early Works Fall 2011)
U Plant Start-Up by Fall 2014 (Spring 20157?)

The first Upgrader/Refinery in the world
With Integrated CO, Management



’ NORTH WEST REDWATER PARTNERSHIP

; / NWR NIMS Interoperability Project

.| Core Objective — Establish a system of systems O&M interoperability environment
for NWR that:

— Is supplier neutral

— Is sustainable because suppliers build and support the required standards-based
adaptors as licensed products

— Uses specified standards (OpenO&M, MIMOSA, I1SO 15926) supported by industry
(owner/operatorsand suppliers) in a normative fashion

Leverages an industry “Foundation Architecture”
— Common industry information model
— Common services defined by the OpenO&M Use Cases

Engineering system remains system of record for engineering for full-project life-
cycle
— Askeletal extract is required to bootstrap and provision O&M systems

— Post Handover, Operations and Maintenance departments will make changes to the as
operated and maintained information that will need to be captured and synchronized
with the engineering system of record
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y — /N \;&/ R Current Industry Practices

; NORTH WEST REDWATER PARTNERSHIP

.| O&M Environment Is NOT Interoperable
.| Manual “handover” from EPC to O&M
| O&M systems are manually integrated

- O&M systems are manually provisioned with common core
data required for Start-up



§ NORTH WEST REDWATER PARTNERSHIP

— jNWR NIMS Project Practices

.| O&M Environment Is Interoperable
! Fully leverages OpenO&M Use Cases

- O&M systems Interoperate for defined Use Cases

! Digital “handover” from EPC to O&M

- O&M systems are automatically provisioned with common
core data required for start-up
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‘Real-World’ Demonstration

ﬂ NORTH WEST REDWATER PARTNERSHIP
&

Smarter Oil and Gas Industry Value Proposition

Digital Plant 2011 Public Demo
Supporting OpenO&M Use Case 1 and 10

IBMIIC

IBM Process Server

Intergraph
s

[ Bentley ]
Transform Tgi?{i i't:z_r
Engine CCOM)
©2011 IBM Corporation




Smarter Oil and Gas Industry Value Proposition

NWR Future Phases Logical Architecture

A

ERM
OPM ORM

.

IBMIIC

Intergraph
IBM Process Server

| oty |

Register
(CIR*and
CCOM)

© 2011 IBM Corporation



ISO TC184 Manufacturing Asset Management
Integration Task Force ISO
Total Asset Life-Cycle Summary NS

FIATECH

Product
Design

MIMOSA/OpenO&M™

POSCC
4/829915 iont

\I/<

Feedback Loops

Asset
MFG

Construction

Operations & Maintenance (O&M) End of Life

Product/Asset/Plant/Facility/Vehicle Life-CycIeS>

Other
[ SC1&3C4 } [Standards}

IEC TC 65 SCS5, SC5-IEC/IJWGS5, SC4-SC5/JWGS8 Other
Standards OpenO&M & Other Standards Standards

Services Oriented Architecture Using Standards-based Federated Data Model
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ISO TC184
Oil and Gas asset management operations

and maintenance Interoperability (OGl)
Technical Specification Proposal

Nils Sandsmark and Alan T. Johnston
Co-Chairs

ISO TC 184 Plenary
May4, 2010
Rosslyn, VA

ISO TC184

34



ISo Context for Collaboration

Semantic Context

Reference Information Execution Environment
Environment “P2B Stack”
1ISO 18435

onstruction < Losker > I &
15926 Requiements

Reg@bsitory
Information Service
Bus

Controls ISO 13374

ISO TC 184



== Task Force Result
Global Collaboration

= MIMOSA/OpenQO&M

= FIATECH

= POSC Caesar

= Center for Integrated Engineering Asset Management (CIEAM)

—— -

On March 15, 2011 we received the officially notification from the Japanese National Committee that
they will become the 5t country officially participating in this project. This guarantees the project
will proceed to produce the official ISO Oil and Gas interoperability solution .

ISO TC 184

36
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The shift from project-centric custom integration to productized
standards-based interoperability is critical for sustainment of
ever more complex systems in a system of systems model

No single standards provides the required coverage

The portfolio of standards including ISO 15926 and those
related to the OpenO&M Initiative provide the core coverage
that is required.

Real owner/operator projects are starting to move forward in
the Oil and Gas industry based on this approach.

The ISO TC184 Oil and Gas Interoperability project will codify
the collaborative approach in a Technical Specification




