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CaMI.FRS

Purposes of CaMI.FRS :
V60N * Develop improved monitoring technologies for early leakage

detection ;
* Determine CO, detection thresholds.

=> Injection of a small amount of CO, (<1000/tons per year)
at shallow depth (300m)
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CaMI.FRS

Carbon Services
CMC Countess 10-22-17-16W4

Reservoir target :

R ir and i
o |0 N Lithology (TSC) eservoir an Basal Belly River Sandstone
m ‘ nz. up : — (BBRS) :
24 §| |0 OVERBURDEN pi o] Glacialil e 7m thickness
50 = —
“ DINOSAUR_PARK  [oeme]  sandy shate (from 295 to 302m depth)
75 L, - — — - e Sandstone
100 < .
e o OLDMAN Fine-grained
3 2 |iaso fa*e™e sandstone
150 = o
3 .é. - - - ﬁCﬁarbon 5:; r\:lcﬁs‘ S
1 ib E 5 - Countess 10-22-
200 FOREMOST R
2_ = 5 = Clayey sandstone Seal
“ T with coal layers
250 = LT
27183 295.0 . .
I L/ Y S — 3/ . \J
300 4 \ BBRS A+ -+ || Sandstone |_+ = Reservoir /|
‘UJ-: PAKOWKI _ - _ s _ Clayey sandstone Seal ) .
IS 363.0 ' _ _ a Foremost formation
375 = . _‘—_—_'__ Sandy claystone e 152m thickness
4003 MILK_RIVER L ith shal
o ; | |Wwithshale (from 143 to 295m depth)
4390 e Clayey sandstone with

coal layers

v & D) UNIVERSITY OF CALGARY
v CREWES Www.crewes.org CMC ) Pl orsone:
} M Department of Geoscience




CaMI.FRS — Geophysical installations

10x10 geophones array and continuous

DAS (Harderman, Lawtown, Hall, Gordon presentations) _
sources (Spackman presentation)
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Feasibility study of seismic monitoring - Steps

1) Geomodelling

2) Fluid flow simulation

3) Fluid substitution

4) Seismic response simulation

HOW ?
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CEAITE well .Iogs Running injection G fluid substitut 3D final difference
apd 3D SEIS.mIC, simulations assmann fluid substitution modeling
interpolating
VAN AN '\ J
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N\ N\ [ N\ [ )
To get 3D moqels of To get CO, saturation and To ge't 3D models of the To see if we can detect
the porosity elastic parameters after
s the pressure response L the CO, plume
and permeability CO, injection
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Feasibility study of seismic monitoring - Steps

1) Geomodelling

2) Fluid flow simulation

3) Fluid substitution

4) Seismic response simulation

HOW ?
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and 3D seismic, simulations Gassmann fluid substitution modelling
interpolating
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| - Geostatic models — J. Dongas and J. Barazza

e Layer-cake model
e 1000m*1000m*250m
e built using wells logs and 3D seismic data

Permeability (mD)
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| - Geostatic models — J. Dongas and J. Barazza
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Feasibility study of seismic monitoring - Steps

1) Geomodelling

2) Fluid flow simulation

3) Fluid substitution

4) Seismic response simulation
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Il - Injection simulations — Vertical permeability
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Il - Injection simulations — Vertical permeability

Vertical permeability describes how the CO, can migrate vertically
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Il - Injection simulations — Maximum Bottom-hole pressure

(o))

Constrains :

(1) CO, in gaseous phase
(2) Reservoir temperature = 12.8°C
(3) Fracture pressure is 6.62 MPa

Pressure (MPa)
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Il - Injection simulations — Maximum Bottom-hole pressure
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Il - Injection simulation used — CO, saturation, BHP = 5.8MPa

CO2 saturation
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Il - Injection simulation used — Pressure

Pressure change relative to hydrostatic pressure (MPa)
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Feasibility study of seismic monitoring - Steps

1) Geomodelling

2) Fluid flow simulation

3) Fluid substitution

4) Seismic response simulation
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11l - Fluid substitution — Modelling the elastic parameters variation

Ksat(new) + 4/ 3 Hsat
\ Pmew)

VP(new) —

Gassmann's equation links the bulk modulus of a rock to its pore, frame
and fluid properties (Gassmann, 1951)
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11l - Fluid substitution — Input parameters

K Ko
Ksat(im‘t) _ Kf luid init) - Kf luid new) 11
— 7 — . ' _ .
KO Ksat(im-t) (I) kKO Kfluld(init)) d) \KO Kfluld(new))
K is the initial
. . satiiy; . .
K, is the matrix bulk modulus (tnit) ¢ is the porosity
saturated bulk modulus
Matrix Bulk Modulus Lithology Init. Sat. bulk modulus Init. VP Init. VS Init. Density porosity

280 280 - 280 ‘ - 280 - 280 280 - 280
285 ' 1 285 285 | 1 1285} 1 285 285 | 11285
290 1 290 290 | 1 1290 1 290 290 | 1 1290
295 295 [ inite 295 295 295 295 295

<|{[__]Quartz
300 | 1 300!l 4[ Jcalcite| | 300 1 1300 1 300 300 1 1300¢

ElCoal
[ ] _ 3101 1 1310¢ 1310 310 |
310 310 = 310 |
315 1 1315} 1315 315 |

315 1315} : 315 |

= 320 ‘ - 320 - 320 320 -
320 320 ' 0 10 20 2 3 4 1 2 2 3 3 320 -

0 50 [0 0.5 1 GPa km/s km/s g/cm 0 0.1 0.2

> . -
\ V4 S @) UNIVERSITY OF CALGARY
' CREWE www.crewes.org \ \ e




Il - Fluid substitution — K¢jy;4 - Which saturation behavior ?
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Il - Fluid substitution — Final results

2D sections of elastic parameters variation, 5 years of injection

a) 002 saturation b) VP variation (%)
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Feasibility study of seismic monitoring - Steps

1) Geomodelling

2) Fluid flow simulation

3) Fluid substitution

4) Seismic response simulatio

HOW ?
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IV - Seismic simulation

2014 baseline acquisition
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IV - Seismic simulation

Data simulation with Tiger, a 3D anisotropic finite-difference modelling
software (SINTEF)
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IV - Seismic simulation

BASELINE 1 YEAR OF INJECTION
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IV - Difference between 1 year of injection and the baseline
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IV - Difference between 5 years of injection and the baseline

5 years of injection, no noise added
‘ perfect but impossible case
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IV - Difference between 1 year of injection and the baseline
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IV - Difference between 5 years of injection and the baseline
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IV - Difference between 1 year of injection and the baseline
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IV - Difference between 1 year of injection and the baseline
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summary

1) Geomodelling

2) Fluid flow simulations

3) Fluid substitution

4) Seismic response simulation
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Conclusions & Future work

1) Geomodelling

2) Fluid flow simulation

3) Fluid substitution

4) Seismic response simulation

ASSUMPTIONS

Assumption on
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Future work — Use Ambient Noise Correlation

Principle: Correlating the noise registered
a two stations approximate the Green
function between those two stations
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From Obermann et al., 2013

So far application of monitoring on volcanoes, on geothermal sites, on oil production field...
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Future work — Use Ambient Noise Correlation

Computing the correlation function between a
reference correlation and the current correlation
(from Lecocq et al., 2014)

Regionalization of temporal changes
(From Duputel et al., 2009)
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Future work — Use Ambient Noise Correlation
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Future work — Use Ambient Noise Correlation
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Figure 9. Scattering cross-section density changes derived by least squares inversion averaged over July 2013. The
observed changes are areund the injection well, indicating a causal relationship with the activities at the well.
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Future work — Use Ambient Noise Correlation
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Fig. 14 CRR

a) 002 saturation b) Initial Bulk modulus c) Porosity d) Matrix bulk modulus e) VP variation
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Fig. 15 CRR

Influence of initial bulk modulus, porosity =0.09, Ko =22GPa
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