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Introduction

In Salah, an industrial-scale CCS project in Algeria has been In operation

since 2004. In Salah 1s currently the world’s largest onshore CO, storage

project. Almost one million tonnes of CO, per year have been separated

from the produced gas in the field and about 70% of it has been re-injected
back to the subsurface. The injection zone i1s 20 m thick and it Is located at a

depth of around 1810 m below the surface ground. CO, has induced uplift at
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In Salah CO, storage site
(Iding et al. 2010)

the ground surface measurable by InSAR.
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for first 3 yrs of CO, injection (Rutqvist, 2012)

The motivations and objectives for this study are as followings:

1) Validation of coupled flow and geomechanics model against observed uplift
2) Sensitivity to key material parameters and conceptual models
3) Parameter estimation and uncertainty quantification for coupled model

Multiphase Flow and Geomechanics

Sierra: a framework of coupled multiphysics simulation software composed
of a suite of highly parallelized finite element analysis code modules for
coupled fluid, solid, thermal, and chemical processes. This work utilizes the
coupling of the Sierra/Aria module for multiphase flows with the
Sierra/Adagio module for nonlinear geomechanics (Martinez et al., 2013)
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Joint Model: Kayenta

Motivations: Evidence of near-vertical fractures or joints at the reservoir/

aquifer level (e.g., core samples).

herefore, It IS essential to use a

geomechanical constitutive model to account for pre-existing fractures.

Geomodel (Kayanta):
Equivalent continuum joint model
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InSalah Model Problem
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Observed data: Uplift at the ground surface (KB501 & KB503 wells)

Parameters of interest (values in parenthesis are the reference):

- Intrinsic permeability of caprock (1.0E-19m?) & injection zone (1.3E-14m?)
- Anisotropy ratio of caprock (1.0) & injection zone (1.0)

- Biot’s coefficient of injection zone (1.0)

- Presence of pre-existing joints (Kayenta model): OFF

Parameter estimation and uncertainty quantification:

- PEST (Parameter ESTimation software)

- DAKOTA (Design Analysis Kit for Optimization and Terascale Applications)

Calibration results with two parameters

+ KB501
o5 | = KB503
' -¢-KB501_Perm_Injection_Caprock " . KB501
--------- KB501_Perm_Injection_Anisotropy data KB503 data
2 1| -2-KB503_Perm_lInjection_Caprock - _ o _ S
P KB503_Perm_Injection_Anisotropy | g K Inj_Cap| Kk inj_aniso | K Inj_Cap | K Inj_aniso
c . I
;“_’11'5 rad Tl o* kz caprock | 2.15E-18 | 1.00E-19 | 1.00E-19 | 1.00E-19
= T -
5 L ,"B. — — B et kx caprock | 2.15E-18 | 1.00E-19 | 1.00E-19 | 1.00E-19
-‘Erz ..................... o=
05 | IETETS e 0 kz_injection | 5.66E-14 | 1.35E-15 | 1.32E-14 | 9.44E-16
I N
. ﬁg‘i. ¢ kx_injection | 5.66E-14 | 2.26E-14 | 1.32E-14 | 1.29E-14
0 200 400 600 800 1000
Time (days)
+ KB501
25 7 = KB503 =
-5 -Biot=1; Kayenta=OFF Reference case with
2 9| -+-Biot=0.5; Kayenta=OFF - 1 ]
—— Biot=1; Kayenta=ON biot and kayenta model
015 0 - = * ="
= _ga"m ® St
= a° S S
o 1 B .
- IZI’ ,oﬂo" ......................
IZIE/é)O :,..---Q. """""" ¢ ¢
0.5 e S
02 .
ﬁ.»‘"a ¢
0 | T T |
0 200 400 600 800 1000
Time (days)

= Multiple calibrated models can match the observed data

= Horizontal permeability of the injection zone is sensitive to the observed data

= Both low Biot coefficients and inclusion of the pre-existing fractures within
the injection zone (kayenta=ON) affect the degree of uplift considerably

= Parameter estimation with other parameters are required

= Computationally efficient parameter estimation and uncertainty quantification
IS required (e.g., non-gradient based search, polynomial chaos expansion, null-
space Monte Carlo)
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