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Background

Carbon Capture and Storage (CCS)

Power Station
with CO; Capture

" tmsmn: - ” |EA 920 Gt COZ
g%— 45% of Emissions to 2050

Parson & Keith:
IEA: 40 Gt CO, 740-1850 Gt CO,
<2% of Emissions to 2050

Parson & Keith: Decp Saline IEA: 400-10 000 Gt CO,
370-1100 Gt CO, s

Oepleted Oil
or Gas Reservoirs

20-500 % of Emissions to 2050

Parson & Keith:
370-3700 Gt CO,

Source: Freund, IEA - Comparative potentials at storage costs of up to $20/t CO,
Source: Parson & Keith, Science 282, 1053-1054, 1998

736 Gt in North Sea alone (DTI)
CO, produced by all UK population for 100 years!!!
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Sleipner Project

x 1 million tonnes CO, injected per year
x CO, separated from produced gas

X Avoids Norwegian CO, tax
X

Gravity segregation and flow under shale layers controls
CO, movement
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Aquifer storage
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http://.ne:[I.doe.qov/technoloqies/carbon séq/refshelf/atlas/index.html
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How could C{&scape?

Abandoned Well CO, Injection
Well
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Spread of C{s an inherently multiscale process

Producer
Berea sandstone

Injector

Wwo/.T
<+—

2280m

320‘0}4

PERMX_LOG
-3.18 -2.11 z I.Ql 0.0278 1.10 2.16 323 4.30
Pore scale: Laboratory scale: Field scale:
Model flovv_ through Model flow using Model flow using
pores directly continuum continuum
mm-mm approximation approximation
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CQtrapping

As CO, migrates through the rocks, it is trapped
In pore-scale bubbles that can not move further

Co,

Rock bubbles

Water

Dong, 2007



|mperia| Co“ege 100 years of living science

London ]OO
Design of C{3torage

A case study on a highly Producer
heterogeneous field:

x Use chase water to trap

: . Injector
CO, during injection J

x 1D results are used to
design a stable displacement

x Simulations are used to auam saun  cras  REeR i 2es 3@ w
49

SPE 10 reservoir model, 1,200,000 grid cells
(60X220X85), 7.8 Mt CO, injected.

optimize trapping

Qi et al., SPE 109905
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ID results for aquifer storage
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3D results for aquifer storage

20 years of water and CO, injection followed by 2 years
of water injection in realistic geology
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95% of CO, trapped after 4 years of water injection
Qi et al., SPE 109905
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How long until the G@&@ immobilized?

X Depends on wettability of rock and trapping model
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x Lets measure this
di rectl ye

Qi et al., to appear JGGC
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CQtrapping experiments

Flow path
of oil

Flow path of oll

Sand-packed column injected with non-

wetting fluid (oil dyed red). Pentland et al., SPE 115697
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Trapping as a function of initial saturation
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Pentland et al., SPE 115697



100 years of living science

f?;i:ﬁ;‘\‘&m
by
‘@i:}fh /‘

Comparison: trapping equations & data
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General injection strategy

To maximize CO, storage in an aquifer:

x Inject CO,+brine where mobility ratio = 1.0 for a
stable displacement

X Inject chase brine that is 25% of the CO, mass
x 90-95% of the CO, is trapped for most realistic case

x As little as 65% may be trapped for worst case

x It all rests on how much is trapped as a function of initial
saturatione

Qi et al., to appear JGGC
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Storage in oil and gas reservoirs

% T

http://www.n-etl.doe.qov/technoloqies/carbon é/refshelf/atlas/index.html
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How could the G@scape?

Presence of hydrocarbons indicate that the geologic

seal is good
Abandoned Well CO, Injection

Well







