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Study Area Cross-section ~1km

A |G B Density || Gr i Density “ Gr [] Density

r
m u TR i Saae R CaAF amam
H.;:: = | 13 i-f' : I %u‘ T _:J_' !L» e 1 ;-T_J—
it el b ge W ) W e s
AT J\-\‘ :‘?ﬂ: : :;H #—"‘1 -—:t— _j‘ T } I ‘F i 1[
i T | ] P G
Upper Ardley Coal Zone ‘[:::#: e || e b |
i 2-”‘I : o :: \: 1o i’ '“.'.:;-._L{.{..l
Shale 7 frer miee || PR _ﬂ:
i 2 AREaNS- 14 ) man i A L |y ™
— LA ¢ [T TR s £ 1
B il e — . "‘?'-

)
(=
s
LR TR
=
M
¥

| 14

I
]
§EnG a0

ST LRAH 4N —
Sandstone - ‘ :‘;5:#:: =

Fhe

[ 1 1

i fEaEEREaR
N
|
I
I

:IU” et g

I
1
] Sl
il et
T I T m { I i I
{ ! il N L) T e _{?F - '.--: I
R T awT| L1 AN f s TN
T e + =# _-ll#'.j.,_
T I al H A
L ' 1 . (NEEI 5 3 T M all
_ e [ e i =i

400 m

Silkstone  [Hen i T P e
Lower P -i‘ *“., R ‘?! et

-
L4
I?'rwk
i

Ardley TR B m ;m - =2 : e
Coal zone |\ Mynheer Jigg 22 e | Eel— o .
Sif i E-SEMI 3 % c
S TR e TR ‘ q‘} g
&

3D ou'tline

>
BERS
H
s
i
H

TH

I Endiimirsasera i1y N PO L

£
|

,

,
g

& W
F_

[

- i e
I —

Well #1 Well #2 Well #3 Well #4

TVD

A | =350 m=—> | «=200 m=—> | «=500 m=—>|




S
®
O
O
™




UNIVERSITY OF

CALGARY

Thin Bed Tuning
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Acoustic Impedance Inversion 2

Distance (m)
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Northing (m)
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Mean Acoustic Impedance of the Lower Ardley
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Comparison to Surface Tilt-meter Response R NALCARY

Mapped surface deformation during the second stage CO,
Injection - post seismic survey. Courtesy A.R.C.
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3D View of the Low Zp Voxels \,CALGARY
Zp voxels < 5e8 kg/m3*m/s and >50 similar connections
Upper Ardley

Location, size and
sn o Aty : shape of the anomaly
| e are as expected for
the CO, flood

Anomaly of the
Lower Ardley
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The anomaly shows a reduction in acoustic impedance of 10% or
more.

« Coals have macro-porosity ~0.5%. Gassmann fluid substitution
predicts an ~4% reduction in acoustic impedance.

* Viete and Ranjith (2006) demonstrated coal matrix weakening in
the laboratory with coal-CO, interaction - attributed to a change in
the surface energy of the micro-porosity.

« Larson (2004) claims evidence that CO, acts as an organic
solvent in coal and may plasticize the glassy solid matrix.

These results support an interpretation that CO, causes a net
reduction in the coal matrix stiffness.




Resolution of the Inversion
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Lithology log
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Well Data Cross-Plot: “Seismic” Resolution
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Logs at “Logging” and “Seismic” Resolution A
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Can we do better ?

Three problems with the
deterministic inversion
results:

1. Thin beds not resolved

2. Coal zones too thick
due to inversion
“smearing”

3. Absolute Zp values do

not reflect the very low
Zp values in coal zones

Yes




We Have High Resolution Log Data
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Regional Continuity of the Stratigraphy
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Geostatistical Inversion
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Multiple Acoustic Impedance Realizations
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Multiple Predicted Facies Realizations ¥
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Comparison of the Inversion Methods

Deterministic Sparse Spike Geostatistical
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Most Probable Facies Based on 10 Realizations %/
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Multiples Cause a Lower Ardley Phase Delay

Zero offset

No multiples

With all multiples
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Comparison of the Inversion Methods

Deterministic Sparse Spike Geostatistical
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Conclusions

« 180 tonnes of gaseous CO, Is detectable.

* Model-based deterministic inversion shows the
CO, flood as a low acoustic impedance anomaly
around the injection well.

« Constraining the inversion with geostatistics can
iImprove resolution and absolute impedance
estimation.

» (Geostatistical inversion can enable uncertainty
analysis.
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