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Time lapse seismic images
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Synthetic test of the proposed methods

Monitor

RMS amplitude response of
the wedge

Wedge model
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Simultaneous estimation of AV and AZ

Ghaderi & Landrg, Geophysics (2009)

* 4D amplitude response 0 A thi

Measure S, and AT === |nvert for AV



Inverting for AV (exact : 200 m/s)

single f=50 Hz, inverted AV=202 m/s Entire bandwidth, inverted AV=196 m/s
0.8 : - 0.8 : :

06}

o
o

04}

Amplitude
o
n
RMS Amplitude

Model ' L/ Model
Synthetics data Synthetics data

0.5 1 1.5 0.5 1 1.5
AT/T *10E-3 AT/T*10E-3

single =50 Hz Entire bandwidth

Mean Square Error
Mean Square Error

400 600 800 1000 200 400 600 800 1000
AV Av




Estimated thicknesses from inversion
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Exact

Ghaderi-Landra, entire bandwidth
Ghader-Landrga, single frequency
Time separation

10
thickness (m)




200
400 15 (8)
500 15 (10)

— Values in parenthesis based on
Gassmann and picked
timeshifts
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Some rock physics .

By constraining the pairs, AZ and S.,, with measured AV

and AZ we can look at va‘rﬂo:us rock physics models:
— Gassmann-Wood |

® Estimated from
data
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CO2 Saturation

04 06
CO,, Saturation

P-wave velocity and CO, saturation from
Nagaoka field, Konishi et al, EAGE 2008



CO, distribution under thin shale layers

Saturation profile without Pc Saturation profile with Pc

- : ‘M‘\“MH |
No capillary forces L | ‘ch With capillary forces

100 150 200 250 300 350 400 ‘ 100 150 200 250 300 350 400
‘ Width (m)

Depth (m)
Depth (m)

Influenced by capillary pressure having a decisive role on

— Saturation distribution under shal s leading to zonations (transition zone)

— Smearing the CO, migration tip



Modeling the transition zone

V=2050 m/s

AV=400 m/s

* 4 layer wedge model
* Progressively lower CO, saturations further down the model
+ AV, =350m/s :



Inverting for AV (average = 350 m/s)
Patchy saturation (4 layer model)

)
g
=
=

S
<C
w
=
o

layered, AV=362

Non-layered, AV=341 S

+  synthetic data
model

1.5
AT/T *10°3

NOTE

Increase of RMS
amplitude from Non-
layered to layered
case by 15%



Estimated thicknesses from inversion
Patchy saturation (4 layer model)
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Exact Exact
+ Ghaderi-Landra |- | S (ST S — - +  Ghaderi-Landre |-
O Time separation i O Time separation

10 15 ; 10 15
thickness (m) thickness (m)

Layered Non-Layered




Source amplitude

* The scaling factor to match the model with data

Scaling for true velocity

/ V=200 m/s

> P32
Scaling factor




Source amplitude determination

Mean square error

[
o
=
=
E
<

v -25% scf
"true scaling”
anmnnmnnn + 2500 oof

900

synthetic data
" model, -25% scf
model, "true scaling"
mmnmnnn model, +25% scf

AT/T *10°3
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