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Carbon Storage in Deep Saline Aquifer (DSA)
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Carbon Storage Opportunity in DSA

Reflection Seismic Images (2010) Before Pilot Drilling (TPCS-M1)

Geologic Information Showing the Pilot Site
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Location of M-1 well and Target Formations for Pilot Study
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R-2 Considered as the Best Reservoir to Develop
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Use TOUGH2-CSM to Perform Simulations Coupling T-H-M.

TOUGH2-CSM (TOUGH2-Carbon Sequestration Model) (Simulator Provided by LENL)

The 3-D numerical
model for
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Scenario: Injection 1 Mt CO2 per year, lasting for 20 years
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Parametric settings of the T-H-M model.

Initial condition

Boundary condition

Material properties

* Pore pressure (Py):
Hydrostatic pressure. Py, = ph
* Temperature :
Top 20°C with 2.5°C /100m gradient
*CO,:0.0
* NaCl : 3%
* Overburden pressure (Ppq) :

Lithostatic, Prock = frockh

* Top : fixed
* Bottom : fixed

* Four sides : fixed, no flow

* T (Thermal) : 1sothermal

* H (Hydraulic) :
R-2-Cap: $=15% and k=0.1mD
R-2U: $=35% and k=59.3mD
R-2D: $=33% and k=26.6mD

* M (Mechanical) :
Eg2.cap=1.85 GPa; Veaproar=0.26
Erov=1.33 GPa: vgy—=0.32
Erop=0.77 GPa; vgp=0.34

P HWinterfeld . Y S Wu (2013), User's quide for TOUGHZ-CSM (TOUGHZ-Carbon Sequestration Model) -massively parallel simulation of fullycoupled flow with Geomechanics Posted: 2013-01
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Highest Over-stressing Risk in Cap Rock in the 15t Year of Injection

(b)

at (.01 year;

)

(b) at 0| year; ~

(c) at [st year; (@
(d) at 20t year. | |

The order of permeability (m2) of the R-2-Cap gradually increase from 10® to 1075 (dark blue to pale blue in the plots)
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Evolution of pore pressures and effective stresses in cap rock.

> [nly minor impact to the
cap rock

> The risk of causing the rock
failure is low
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Variations of Porosity and Permeability with Effective Pressure
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Evolution Changes of Porosity and Permeability Under the Cap Rock
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Evolutions of Pore Pressure Under the Cap Rock w/o T-H-M
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Evolutions of Gas Saturation under the cap rock w/o T-H-M
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Comparison of Gas Saturation by TOUGH2-CSM and TOUGH2/ECO2N

a)

(b)

TOUGH2-CSM @1 year

. S

TOUGH2/ECO2N @1 year

(d)

TOUGH2-CSM 20 years

TOUGH2/ECO2N 20 years
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Conclusions

- TOUGHZ-CSM can predict the change of porosity, permeability, pore pressure, and effective
stress for cap rock (RZ-CAP) during 20-year COZ injection with M-l injection scenario.

- By scenario analysis, the increasing porosity and permeability with the increased pore pressure
during COZ injection may release the tension to endanger the cap rock stability and reduce the
risk of causing the cap rock failure.

- Effective stress simulated here were only representing the linear elastic stress-strain
behavior, without considering material damage of the formation rock.

- dimulation results of TOUGHZ-CSM code exhibited lower induced pore pressure values at

injection affected zones than those by using TOUGHZ/ECO2N

» Modelling results can serve as a communicating material to obtain public acceptance
reqarding cap rock mechanical stability during carbon storage in deep saline aquifer
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