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OBJECTIVE

= Evaluate the seismic response of the
Nisku Formation in terms of its impedance
variations with the surrounding formations

« Compare the effect of using a dataset processed
with two different approaches in an inversion
study.

» Monitor the effect of injecting CO2 in the Nisku
Formation in terms of impedance changes using
time-lapse numerical data




INTRODUCTION
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INTRODUCTION

Highvale Mine
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Project Pioneer:

« Capture 1 MT/yr
of CO2 at
Keephills 3

« Use for EOR

* Inject into the 2000m]
Devonian saline
aquifer, Nisku
Formation

« Data provided by,
CNRL, TransAlta
& Schlumberger

1,000m+

[H1
Magnification
of well casing

Stratigraphic Legend
B Conglomerate

M sandstone

M shale

B sittstone

M saline formation (dolomite)

. Limestone

2, /mpermeable
co, ¢ap rock

Calmar: impermeable
cap rock

Project Pioneer was cancelled in 2012




PROCESSING OVERVIEW

0.0

. Distance (km) |
Seismic data processed . |
under two approaches:

(Conventional sequence
from previous processing
(surface wave attenuation &
\Spiking deconvolution)

e ~9-14 Hz around the ™
target zone

2000

Time
(ms)
g
@
g
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17.38

Special sequence (radial
filter & Gabor decon)

500

Better attenuation of
low-freq. noise

Signal ~5-9 Hz

1000

1500

2000




WELL LOG ANALYSIS

Properties Nisku Calmar
¢ 7.4 % 1.8 %
Permeability 315 md 0.83

®© (%)
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MODEL-BASED INVERSION

(ms) m/s

Initial Model casea): -+ |

e Horizon: 2" White
Speckled Shale

* Frequency cut-off:
~8-13 Hz

Distance (km)

Zp (e06)

. Initial Mode| case b):
— "« Horizon: 2" White
|~ Speckled Shale

s o Frequency cut-off:
~6-10 Hz




MODEL-BASED INVERSION

Inversion analysis case a): Inversion analysis case b):

Analysis window: 800 — 1500 ms indicated by yellow bars

Correlation Error
Err=1.4e6 0.995354 0.0921731 Err=1.1e6 0.965585 0.263381
21
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MODEL-BASED INVERSION

Time
(ms) Zp (50
(m/s*kg/

800 — T— | 817 | —

Inversion case a): | i *

oy

1000 |—

 More continuous
layers without
much lateral
variation

12.5

1100

- Lower Zp values in | e e
the Nisku Fm. L — ——

Zp (e06)
(m/s*kg/m3)

Time
(ms)
soof 87|

0l e 8 T SR L i “ ¥ ' ‘ e ———— ':;‘:h“es — 15 . ]
; A vt ]l o Thicker layers with
variation

1100

95

=~ | < Higher resolution in
= the Colorado Group

0.0 Distance (km) 17.38



Inversion case a):

* More apparent
higher resolution

« Same vertical
position

0.0 Distance (km) 17.38

Zp (e06)
(mv/s*kg/m3)

7 |nversion case b):

15

* More low-frequency
content present in
the seismic data

12.5

9.5

| | » Same vertical
I position

0.0 Distance (km) 17.38



2D SEISMIC MODELLING

Distance (km)

2D geological model
created based on well

log information and
parameters from the
Highvale line

Depth
(Km)

Vp
(ml/s)

Vs

(ml/s)

Depth
(km)

0.0

2.5 5.0 7.5 10.0

12.5 15.0 17.38

0.25

0.75

o

Formation

PARAMETERS HIGHVALE

Source type Dynamite (1Kg/18m)
Source interval 80m

Receiver interval 20 m

Sample rate 2ms

Record length 3 sec.

Number of channels 201

Lines length 17.38 Km

Shallow surface
2 01 1920 1600 2.3 gzibw ~Lea
3 0773 3000 1610 235 LeaPark
4 127 3300 1620 25  Viking
5 1533 3700 2000 268 Banff
6 1605 5410 3029 261 Exshaw
7 1613 3795 2195 274  \Wabamun
8  1.764 6000 3300 2.67 Graminia
9 1.769 5889 3328 278  Blueridge
10  1.787 5800 3350 277  Calmar
11 1.793 5500 3150 2.8  Nisku
12 1.897 6200 3300 277 lIreton
13 20 5000 2660 2.8  Duvernay/Leduc
14 214 4000 2100 277 E:::' Cooking




2D SEISMIC MODELLING

« CO2 volume estimation based on the static approach (Frailey, 2009)

 Adisk was used to estimate the CO2 volume and radius of extension
(Vera, 2012)

The volume of COz2is given by the formula:

Gcoz = AhQE

Gcoz is also defined by:

G _ m
co2 p

The geometry of the expansion is represented by a disk
with the following area:

A= mr?

CO2 mass =1 MT/year

Rearranging the terms, the radius of the CO2 plume can
be obtained from:

. Gcoz
mThQE

=~250 m




2D SEISMIC MODELLING

 Gassmann fluid substitution was used to calculate the
changes in Vp, Vs and density (Alshuhail, 2011).

Depth —

(km)

1'0 A

1.5

2.0

25

Distance (km)

P-velocity (km/s)

B
b

Properties Percentage Initial New
change (%) values values
Vp (m/s) -4.5 5500 5252.5
Vs (m/s) 0.635 3150 3170 - Density (tons/m3)
p (glcc) -1.26 2.8 2.76 e : =
.3 2.4 2.5 2.6 2.7 2.8




2D SEISI\/IIC MODELLING

Distance (km)

 Baseline
stack

 Monitor stack




2D SEISMIC MODELLING
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Amplitude

0 Distance (km)

17.3¢

Nisku

Ireton

1000

1500

2000

Time shift of 1.81 ms at the reflection of the
base of the Nisku Fm.

RMS amplitude changes -30% between
1442 ms and 1482 ms.

Edges and top of the plume is clearly
identifiable with a plume width of 500 m.



2D SEISMIC MODELLING

Inversion analysis - Baseline stack

Correlation Error
0.998623 0.053191
Amp : Time Err=349.418
o 50: a) (ms) Tops -4.7 e6 (m/s*kg/m3) 26.3e6
1 1000 —
1100—-
Amp - Phase 1 ! :Eiii ;EEEE
0.75 b) — ig%rEES) :
0.50 |- ASEEEEEINEE S e, - 0 1200__ '
0.25 ;-100 viking
° 0 10 20 30 40 50 60 70 8&) 9I0 1(I)0 1300—- [ |
Frequency (Hz) : ]Tn
» Synthetic P-impedance log o] = | |
created from the geologic Y - Webomn —— 1
model 0] Nebowdoe ——f = 7
) _\;;";*" {nrj
* \Wavelet extracted from well- e
. . . 1600 —
seismic tie process - H |
: —— Basal Cooking La.. ——
e Correlation > 99% 1700 | ” ‘HH




2D SEISMIC MODELLING

Time

(ms)
Baseline Inversion: -,
Exact impedance

1100
values as the P-

1200

iImpedance log

Time
(ms)
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|* Injection zone and
below it.




2D SEISMIC MODELLING

Time

(ms)

1350

1400 -

1450

1500

1550 7

Tops 8¢06

Impedance (m/s*kg/m3)

19¢06

)

Nisku —>

Ireton —>

1600 A

| T

Zp (e06)
(m/s*kg/m
: 2

-B o2

 P-impedance decreased ~7%

« Shape of the plume is even more clear than
before. Top, base and sides are easily
identifiable with a plume width of 500 m.

* Fewer artifacts are still seen at the edges of
the plume and below it.



2D SEISMIC MODELLING

Distance (km) 17.38

Correlation Error
0.982601 0.216401

Time Err=2.55
(ms) -2.4e3 (m/s*kg/m3) 29e3

1000 1300 —
1350
1500 — ]
1400 —

2000

1450 |

Final test: J

* |nvert the residual stack 1500_: ‘

* The residual P-impedance log :
was used as the initial guess 1550 |
model '

16004} 9 | ™ LUl




2D SEISMIC MODELLING

Difference of Inversions. Inversion of the difference.
RMS error = 5% RMS error = 22%




CONCLUSIONS

= Seismic processing:
* New processing recovered low-frequency signal useful in
iInversion studies.
= Seismic Inversion:

» Broadband result was obtained with new processing
* More lateral variation related with low-frequency signal

* Previous processing showed a cleaner and more continuous
section.

= 2D seismic modelling:

* Time delay (1.81 ms), amplitude change (~30%) and
Impedance change (-7%) in the post-injection seismic section.

* The shape of the CO2 plume is more easily identifiable by
impedance changes (width = 500 m).




ACKNOWLEDGEMENTS

* TransAlta Corporation, CNRL and
Schlumberger

= Helen Isaac, Dave Henley, Raul Cova and
Bob Loblaw

= Shahin Moradi

= Brian Russell

= ProMAX, NORSAR-2D and Hampson-Russell
Software

= Carbon Management Canada (CMC) and
CREWES sponsors and members.




