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* Velocity perturbation models
» Solid
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The research workflow

Time-lapse seismic
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processing and
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Well tops
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Porosity geomodel
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CO, phase diagram

CO2 Density in T=13 and 20 °C supercritical
fluid

Black Oil simulation

pressure

®
2
N
0
"4
>
E
v
7 4
w
o

PRESSURE (BAR) temperature
T (K)

=9 UNIVERSITY OF CALGARY

A . A
v CREWES §8) racuity oF science
) Department of Geoscience




The fluid simulation result

£t

- Compositional simulator
et bar Pressure g :

= Unlimited boundaries

= bar condition

Injection strategy:
Five years injection
Constant BHP=49.4 bar
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Wea and Rho%
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Vp, density and Vs In the reservoir during injection
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The velocity perturbation due to the reservoir
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The seismic response of the reservoir
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VSP models
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Seismic response for solid and diffusive velocity
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Saturation and velocity change effect
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3-layer model with diffusive velocit
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3-layer model with diffusive velocit
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Narrow vs wide offset VSP models
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Conclusions

* The time-lapse seismic response of diffusive zone shows small changes in the
amplitude compared to similar solid block changes.

* Because of velocity decrease in the reservoir, a time delay effect was detected in
reflectors below the reservoir, so we should consider the changes in travel time of
transmitted waveforms as an alternative framework for a full waveform study.

e Surface seismic acquisition is a suitable method for the shape estimation of the
plume, but well seismic data has better amplitude and frequency content, so VSP
are most useful for the small changes of fluid saturation.

* The Migrated data has a better amplitude condition, so interpretation is possible
with the full migrated data.
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Full Waveform Inversion and plume model

* The basic equations used in this study is the acoustic velocity-stress
wave equation approach.

* Wave equation are solved by Finite Difference Time Domain in an
explicit scheme. 2" order in time and 4% order in space, staggered
grid in a leap frog scheme
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Plume Shape ~ f(k,¢,Injection rate)

Velocity and density change

V ~ f(Km,Kf1,Kf2,Kd, ¢,k)
Density ~ f(pm,pfl,pf2,d)

The Reservoir
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Theory of modeling and imaging

2D Acoustic approximation of
wave propagation

ou_ 10p
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where
I(Xx) is the migrated image in subsurface coordinate Y
X=(x,2)

T, IS maximum recorded time,

S(t,X) is forward propagated source and

s CREWES

Migration and inversion framework
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Model set up and seismic response
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Cross correlation: The simplest RTM
Imaging condition

Cumulative image to time t
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Laplacian filter for low wavenumber noise
reduction

-
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codm-20)=——cos0
2
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kg

k:

o = angular frequency;

v= velocity;

kg = Receiver wavenumber;
k = Source wavenumber;

k, = Image wavenumber;

k, = spatial wavenumber in x;
k, = spatial wavenumber in y;
k.= spatial wavenumber in z;

& = Incidence angle.

(After Liu et al., 2010)
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Full Waveform Inversion (FWI) - Concept
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