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Enhanced Oil Recovery (EOR) Technology Coupled
with Underground Carbon Dioxide Sequestration

Hyung-Mok Kim*, Wi-Sup Bae

Abstract Enhanced oil recovery (EOR) technology coupled with underground carbon dioxide sequestration is
introduced. CO, can be injected into an oil reservoir in order to enhance oil production rate and CO, EOR can
be turned into CCS in a long term sense. Coupling CO, EOR with CCS may secure a large scale and consistent
CO; source for EOR, and the CO, EOR can bring an additional economic benefit for CCS, since the benefit from
enhanced oil production by CO, EOR will compensate costs for CCS implementation. In this paper, we introduced
the characteristics of CO, EOR technology and its market prospect, and reviewed the Weyburn CO, EOR project
which is the first large-scale CO, EOR case utilizing an anthropogenic CO, source. We also introduced geotechnical
elements for a successful and economical implementation of CO, EOR with CCS and they were a miscroseismic
monitoring during and after injection of CO,, and determination of minimum miscible pressure (MMP) and maximum

injection pressure (MIP) of CO,.

Key words Carbon dioxide underground sequestration, Enhanced Oil Recovery (EOR), Minimum Miscible Pressure
(MMP), Maximum Injection Presssure (MIP), miscroseismic monitoring
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Fig. 1. Oil production rate of three different production
phases (reproduced from http://www.edf.org/sites/
default/files/10254 Bradley.pdf, 2013.02)

Table 1. Types and options for EOR

Gas Chemical Thermal Others
CO, Polymer Steam
Hydrocarbon 4 Combustion . .
. Surfactant .. Microbial
Nitrogen Flue (in situ)
. (foam)
gas Air Hot water
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Fig. 2. Types of EOR according to reservoir depth and oil
density (reproduced from http://know.ketep.re..kr, 2013.02)
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Fig. 3. Trend of miscible and immiscible CO, EOR projects
(Andrei et al., 2010)
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Table 2. Illustrative costs and economics of a CO, EOR project (NETL, 2010)

Oil Price ($/Barrel) $70

Gravity/Basis Differentials, Royalties and Production Taxes ($15)

Net Wellhead Revenes ($/Barrel) $55
Capital Cost Amortization ($5 to $10)

CO, Costs (@$2/Mcf for purchase; $0.70/Mcf for recycle) ($15)
Well/Lease Operations and Maintenance ($10 to $15)
Economic Margin, Pre-Tax ($/Barrel) $15 to $25
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Table 3. Estimated CO, Storage Potential from the Application of “State-of-the-Art” CO,-EOR in World Oil Basins (Advanced

Resources International Inc., 2009)

Region name CO; EOR Oil Recovery Miscible Basin CO; Oil Ratio CQZ stored
(MMBO) Count (tonnes/Bbl) (Gigatonnes)
Asia Pacific 18,376 6 0.27 5.0
Central and South America 31,697 6 0.32 10.1
Europe 16,312 2 0.29 4.7
Former Soviet Union 78,715 6 0.27 21.6
Middle East and North Africa 230,640 11 0.30 70.1
North America/ Non-U.S. 18,080 3 0.33 5.9
United States 60,204 14 0.29 17.2
South Asia - 0 N/A -
Sub-Saharan Africa and Antarctica 14,505 2 0.30 4.4
Total 468,530 50 0.30 139.0
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Table 4. Comparison of generalized risk elements for sequestration in brine formations, with generalized risk elements for
CO, EOR (Hovorka & Tinker, 2010)

Risk element

Sequestration in brine formation

CO; EOR

Well operation

CO; injection (possible brine
production)

CO; injection + oil, brine, CO, production, with
recycle

Area of review

Large areas of pressure elevation

Active pressure control through production,
smaller magnitude pressure increase, and smaller
area of elevated pressure

Injection zone performance in
accepting fluids

inferred from sparse well data
and relatively short duration
hydrologic tests

Well known, many wells and extensive fluid
production history with information on how the
reservoir responded

Confining system performance Inferred Demonstrated
Structural or stratigraphic trapping | May or may not be part of system | Demonstrated
Dissolution of CO; into fluids Moderate High

Wells that penetrate the confining
system

Usually sparse

Usually dense

Financial support for injection

All costs

Costs + revenue from oil production

Permitting and pore-space
ownership

Evolving, state-dependent and
uncertain, between water law and
mineral law

Historic frameworks for secondary and tertiary
recover are well known

Public acceptance

Uncertain

Relatively good because of royalties, fee for surface
access, and jobs are recognized in host community
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Fig. 8. Location of Weyburn field for CO, EOR (Mourits, 2008)
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Table 5. Oil field characteristics of Weyburn and Midale CO,-EOR site (Mourits, 2008)

Weyburn (EnCana) Midale (Apache)
Field Size 180 km’ 104 km’
Depth 1500 m 1500 m
Cross Pay/ Net Pay 25 /78 m 22 /75 m
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’)

29.8 API (877 kg/m’)

Minimum Miscible Pressure

14 ~

16 MPa

Original Oil in Place

1.4 billion bbl

515 million bbl

Oil Recovery Pre-EOR
(Primary, Waterflood, Infill)

370 bbl (26.4% OOIP)

154 bbl (25.4% OOIP)

Number of Injector Wells

N/A

60 - 70, incl. 10 CO,

Number of Production Wells

360 (in EOR area)

270 (total field)

Table 6. Operating characteristics of Weyburn and Midale CO,-EOR site (Mourits, 2008)

Weyburn (EnCana)

Midale (Apache)

Start of CO; injection / duration

2000 / 30 years

2005 / 30 years

Injection Pressure 10 ~ 11 MPa
Injection of source CO, 6,500 t/d (125 MMscf/d) 1,300 t/d (25 MMscf/d)
recycle of CO, & produced Gas 60 MMscf/d 6 ~ 8 MMscf/d

Annual amount of source CO: injected

2.4 million tonnes

474,000 tonnes

Total Amount of Source CO; injected to date

17 million tonnes (December 2010)

2.1 million tonnes (May 2010)

Incremental Oil Production

18,000 b/d for EOR area
30,600 b/d for total unit

N/A

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

CADS1 billion

CAD$95 million
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