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About the Weyburn-Midale Project

» The IEA GHG CO, Monitoring and Storage Project is g
the world’s largest, full-scale, in-the-field study of
all aspects of CO, storage in a commercial EOR
operation — frequently referred to as Measurement,
Monitoring and Verification (MMV)

» The Weyburn - Midale commercial EOR operations,
begun in 2000, currently constitute the largest CO,
Injection project in the world (~2.8 Mtly).

» Other large projects include:
= Sleipner, Norway (~1 Mt/y, started in 1996)
= Snghvit, Norway (0.7 Mt/y, started in 2008)
= In-Salah, Algeria (1.2 Mtly, started in 2004)



Outline of this presentation

« Encana Weyburn and Apache Midale Commercial
EOR Operations

* |[EA GHG Weyburn CO, Monitoring and Storage
Project. Overview and Results of Phase | (2000-2004)

* |[EA GHG Weyburn-Midale CO, Monitoring and
Storage Project : Final Phase (2007-2011)
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Encana Weyburn and Apache Midale
Commercial EOR Operations
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Location of the Weyburn-Midale CO, Project
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Weyburn and Midale Oilfield Characteristics

)

Weyburn (EnCana)

Midale (Apache)

Field Size 180 km? 104 km?
Depth 1500 m 1500 m
Gross Pay / Net Pay 25/7.8m 22/7.5m

Zone Porosity

Marley Dolomite zone: 26% ;

Vuggy Limestone zone:15%

Average Porosity

17.2%

16.3%

Zone Permeability

Marley Dolomite zone: 10 mD ;

Vuggy Limestone zone: 30 mD

Average Water Saturation

31.7%

16.3%

Average Oil gravity

29.3 API (880 kg/m?3)

29.8 API (877 kg/m?)

Minimum miscibility pressure

2030 - 2320 psi (14 -16 MPa)

Original oil in place

1.4 billion bbl

515 million bbl

Oil recovery pre-EOR
(primary, waterflood, infill)

370 millions bbl
(26.4% OOIP)

154 million bbl
(25.4% OOIP)

Number of injector wells

n/a

60 — 70, incl. 10 CO,

Number of producing wells

360 (in EOR area)

270 (total field)




Weyburn and Midale Operational Statistics
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Weyburn (EnCana)

Midale (Apache)

Start of CO, injection / duration

2000/ 30 years

2005 /30 years

Injection pressure

1450 - 1600 psi (10 - 11 MPa)

Injection of source CO,
Recycle of CO, & produced gas

6,500 t/d (125 MMscf/d)
60 MMscf/d

1,300 t/d (25 MMscf/d)
6 — 8 MMscf/d

Annual amount of source CO,

2.4 million tonnes

474,000 tonnes

injected

Total amount source CO, injected to 9.5 million tonnes (Feb 2007) n/a
date

Incremental oil production 18,000 b/d for EOR area n/a

30,600 b/d for total unit

Projected total incremental oil
recovery due to CO,

155 million barrels

60 million barrels
(17% OOIP)

CO, utilization factor

3 - 4 Mcf/b

2.3 Mcf/b

Projected amount of CO, stored at
project completion

30+ million tonnes* (gross)
26+ million tonnes (net)

10+ million tonnes* (gross)
8.5+ million tonnes (net)

Total capital cost of EOR project

CAD$1.3 billion

CAD$95 million




How does CO, Enhanced Oil Recovery (EOR) work?
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Source of CO,

Dakota Gasification
Company (DGC), Beulah,
North Dakota, U.S.A.:

- Produces 13,000 tonnes/d (250
mmcf/d) of CO, as by-product of
lignite coal gasification, of which
8,000 t/d is available for EOR

- DGC delivers CO, to Weyburn/
Midale field gates through 320-km

pipeline, built and operated by
DGC

- CO, purity is 95% (less than 2%
H,S); trace mercaptans

- CO, is delivered to 2175 psi/ 15
MPa)
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IEA GHG Weyburn CO, Monitoring and

Storage Project

Phase | (2000-2004)
Overview and Results
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Phase |: 2000-2004

Objectives

« to develop monitoring and modeling methods to address the long-
term migration and fate of CO,

« to predict and verify the ability of oil reservoirs to securely and
economically contain CO2 through a comprehensive analysis of various
methodologies

To address these objectives, Phase | was organized along 4 main
‘themes”, which comprised over 50 separate research subtasks:

Geological characterization of geosphere and biosphere
Prediction, monitoring and verification of CO, movements

CO, storage capacity and distribution predictions

) T

Long-term risk assessments of the storage site
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Phase | Partners

/ Government Sponsors
$18 million (cash)

* Natural Resources Canada
 United States Dept. of Energy
» European Commission

* [EA GHG R&D Programme

» Saskatchewan Industry and Resources

* Alberta Energy Research Institute

* RITE (Research Institute of Innovative
Technology for the Earth)

21 Research Organizations / Research Performers

i

» Saskatchewan Research Council (SRC)
* Alberta Research Council (ARC)

» Canadian Energy Research Institute (
+ ECOMatters (ECOM)

* GEDCO Inc. (GEDCO)

» Geological Survey of Canada (GSC)
* Hampson Russell (HR)

» J.D. Mollard and Associates Ltd. (JDMA)

G University of Regina (U of R)

2000-2004
$40 million

A,
‘@) pt
(@) ptrc
Petroleum Technology
Research Centre

Manager

(in kind contributions)
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* Rakhit Petroleum Consulting
Ltd. (RPCL)

* University of Saskatchewan (U
of S)

 University of Alberta (U of A)
* University of Calgary (U of C)

» Colorado School of Mines,
Golden, CO (CSM)

» Lawrence Berkeley National
Laboratories, Berkeley, CA
(LBNL)

» Monitor Scientific
Corporation International,
Denver, CO (MSCI)

* North Dakota Geological
Survey (NDGS)

8 Industry Sponsors g
$22 million (cash +in-kind) ~—
* EnCana * Nexen

* BP » SaskPower

* ChevronTexaco * Total

» Dakota Gasification Co. -« TransAlta

* British Geological Survey
(BGS)

* Bureau de Recherches
Geologiques et Minieres
(BRGM)

* Geological Survey of
Denmark and Greenland
(GEUS)

* |stituto Nazionale di Geofisica
e Vulcanologia (INGV)

* Quintessa Ltd

==
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Where is the CO, Stored?

Quaternary aguifer

Upper Cretaceous/Tertiary agquitard

Bearpaw aguitard

Belly River aguifer

Montana/Colorado Group Aquitard

Mewcastle aguifer

Mannville aguifer

Jurassic aguifer

Ratcliffe

CO; / -

Downdip density flow in Midale
beds helps trap CO,

Midale
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Annual Seismic Surveys Track CO, Movement

Seismic Surveys (Baseline to 2004) — Phase 1a

", f

Baseline - 2001 Baseline - 2002 Baseline - 2004
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Tracking CO, Chemistry: Fluid Monitoring Surveys =
(Phase 1) e
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