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Geological Sequestration of CO2

Mobile phase trapped by seal
Dissolution in water

Precipitation as a mineral

Immobile phase as residual, nonwetting
saturation




Objectives of CO, Monitoring

Map the movement of CO, & CO, IS
being safely contained In reservoir.

|

CO2 sequestration Is a safe and
verifiable mitigation technology option

Monitoring, Measurement and Verification : MMV

Monitoring, Evaluation, Reporting and Verification : MERV



CO, storage projects

Cross Well Seismic and Electromagnetic (EM)

*McElroy olil field, West Texas, USA (Harris et al.,1995)

Lost Hills oil field, South California, USA (Hoversten

et al.,
2003)
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Seismic records with rdentifiable P and'S
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CO2 Mass Estimation with Seismic Data
@Sleipner (Arts et al., 2002)

*(1-S,) * (TWT,, - TWT,,) dz

\

z Gassman factor

With:
Vol is the volume of CO, under resexvoir conditions (Ri?)
Ve ) is velocity in water saturated sandstone (|94) (m/ms)

W i L .
Vs, is velocity in CO, saturated sandstone (*99) (m/ms)
S, is water-saturation and (1-S) is CO,-saturation
(0] 18 porosity
dx, dy are the inline and crossline spacing (product is the binrsize) (m)
TWT,, is an interpreted traveltime picked below the CO, after injection (*99) (ms)

TWT,, is the same interpreted traveltime before injection (494) (ms)




Containment Estimate from Seismic
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Estimated CO, Mass
>98% In reservoir

Watrous

No Evidence
for leakage!
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S, Water saturation
0, Rock porosity
p Material density kg/m’

D Solid framework density kg/m’

D water bulk density kg/m’

p. CO, bulk density kg/m’
K Bulk modulus GPa

K, Dry rock bulk modulus GPa

K, Solid framework bulk modulus GPa

K., Water bulk modulus GPa

K. CO, bulk modulus GPa

K, Pore fluid bulk modulus GPa
G shear modulus GPa

G, Rock shear modulus GPa




Inversion
problem

D uncertainty 7

Reservoir Parameters
fluid, gas saturation
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Vp (km/sec)

Sonic Vp and resistivity: vs CO, saturation
(1116.0m @ OB-2, Nagaoka)
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RI saturation (%)
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CO2 distributions from Seismic and Simulator, 1st iteration (Monitor 2

Survey)
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3D flow simulation of topmost layer growth by 2006
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l 1. Data Review I

!}

{ 2. 3D Reservoir Model +TOUGH2
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[ 3. Reservoir Simulation ]
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5. History Matching

Pressure]

Breakthrough Time ] Seismic Velocity Anomalv
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[6. CO, Saturation Distribution




OB-4  Injection Well
®

FO,- N
Matjop, - -
o dip;: ;.50 ~60m Observation well

\/
A0m-@
___________________________ OB-2
® 120m IW-1
OB-3
Breakthrough Logging Data Sim. RP1 Sim. RP2 Sim. RP3

time (Days) (Days) (Days) (Days)
OB-2 232-259 154 200 234
OB-3 No detected No detected No detected No detected
OB-4 325-359 201 259

Good Match!
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Cornelusiorn
e P-and S-wave clearly response to CO2
Injection Into porous sandstones and strongly
support monitoring and quantification of CO2
mass stored In reservoir.

e Joint inversion of seismic wave velocity and
resistivity is helpful for improving
understanding and modeling on CO2 migration
In subsurface.

» History matching results from CO2 flow
simulation and monitoring provides insights to
quantifying mass of COz2 injected In reservoir.
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