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Monitoring of Injected CO,
 Map the movement of CO, & the CO, Is being
safely contained within the reservoilr.

* Injection of CO, Causes Wave Velocity to
Decrease and the Pore Pressure to Increase .

« Lab Experiments are required to Convert Field
Results of wave Velocity to CO, Saturation.
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Laboratory Study and Field Survey
In CO, Geological Sequestration

Field-scale Lab-scale

*4D Seismic Survey *\WWave Velocity and Resistivity
changes during CO, injection

Crosswell Tomography «Sandstones with different porosity
_ d bili
IR and permeability

(sonic, induction, neutron) «Drilled Coresfrom CO, injection sites

Geophysical Parameter Reservoir Parameter
velocity, resistivity “ fluid saturation

International Workshop on CO, Geological Storage , Japan ‘06




Wave Velocity Response
due to

CO, Injection in Tako Sandstone
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P-wave forms obtained from pre- and post- CO, flooding
In Tako sandstone.
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Experimental Study of Seismic Wave Tomography
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CO, migration in water-saturated sandstone
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Velocity Reduction vs Pore Space
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Estimation of CO, Saturation
from

Sonic P-wave Velocity

International Workshop on CO, Geological Storage , Japan ‘06




C02-141 (EEAHL)

C02-34% C02-24%
0 ke (o 58€)
: (hngeg) 1‘; _:.;3.5 A

900m
1000m W Zonel kil
1100m BEE co2-2 BEEM (Zone-1, Zone-2) (s %160 - 5d]
DE‘*"‘. ZONE | HeovHEE MONOPOLE VDL
Gt Average LAY MONOPOUE 1 7th MOMOPOUE 18t
i : = v e i |
12008 - ._
[ I 0
L LB S I e SR A e e e e e -
I R D 27
BE (M) . soue s one ( R el
® Racstec E _uoran \ (NS (N
amﬂm@lgﬂlmin-mlmmmmmmmmm ||IGR '\1 ]1 i !
ol e s " r— T - i T T [ R S i s S L ; -
Nagaoka CO2/ Seismc Tomography ) {3 { €] :
Alter Injection / Befora Injection e I e Jn { 2
| .
]} r F 17h 'l
EEE A
I ; :‘_l% ok g
s \'.f“.é! |
3k
'y i £
1] ;
) 1 3 ¥
IR |
) EE==E
I\ ] A ]

Velocity reduction: -23%

International Workshop on CO, Geological Storage , Japan ‘06




Observation Well OB-2
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Experimental System Diagram

M easurements of Vp during injection of
CO,under simulated in-situ P& T conditions.
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History Matching on Sonic Vp
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Sonic Vp in Observation Well OB-2 at Nagaoka CO, Injection Site
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P-wave velocity vs CO, saturation
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Resistivity Changes
caused by

CO, Injection Iin Berea Sandstone
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Resistivity changes during injection of s.c. CO,
INto Ber ea sandstone saturated with artificial for mation water
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CONCLUSIONS

* P-wave velocity and resistivity clearly responded
to CO, injection into water-saturated sandstones.

Vp: -10% (order); p: +300% (Max)

 CO, migration pattern depends strongly on
heterogeneous pore structure and bedding plane
In porous sandstones.

e Confirmed sonic Vp reduction (-20%) due to CO,

breakthrough with drilled cores retrieved from
the observation well OB-2.
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Conclusions (cont.)

» Successfully applied Gassmann Theory to
estimate CO, saturation from sonic P-wave
velocity.

less Vp decrease: >20% CO, saturation

*Resistivity increases are larger in sandstone
sample (lab-scale) compared to induction
logging (field-scale).

*Supporting developments of cost-effective
methods for CO, monitoring in geological
sequestration.
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