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Relevance 

"Faustian bargain"?  

 long-term CO2 geo-storage needed (C-economy + climate change) 

 but, it must be reliable in the long time scales 

 

High early probability of failure 

 new engineering solutions: high initial Pf (emergence phenomena) 

 

Main concerns 

  complex geo-plumbing 

  unanticipated coupled hydro-chemo-thermo-mechanical processes  

  unrecognized emergent phenomena (including positive feedbacks) 

 

Without paralyzing critically needed CCS, make all efforts to  

 anticipate potential challenges  

 develop proper engineering solutions  

  

 

This has been the purpose of this research 



Project Objectives / Goals 

To reach this goal, we will: 

better understanding of fundamental processes and couplings that may 

either hinder or enhance the long-term C-geological storage 

• explore the geomechanical consequences of HCTM on geo-storage of CO2 

• identify emergent phenomena 

• bound the parameter-domain for efficient injection and safe long-term storage 

• fundamental pore and particle-scale experimental studies 

• upscaling numerical simulations 

• macroscale numerical modeling 

Approach combines: 

kick-off meeting  1/2010 
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preliminary analyses 
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water + CO2 



CO2 Dissolution and H2O Acidification 

10 mm 



CO2 Solubility in Water 
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Surface Tension and Contact Angle 

Hold Test in Liquid CO2:  Water diffusion
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Invasion = Viscosity + Capillarity 
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Surfactant 
 Surfonic POA-25R2 
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Engineered Injection 
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Mass Balance Analyses 

M 

B (W+S+M) 

CO2 VCO2
<1> 

VB
<1> 

VM
<1> 

Volume 

VT
<1> 

1

11

21

T

BCO

V

VV

11

2

1

BCO

B
B

VV

V
S BCO SS 12

M 

B (W+S+M+CO2) 

CO2 (+W) 

S 

At equilibrium: 

),,(2 TPCfCCO

W

),,(2 TPCfC B

CO

),,( TPCfC B

M

Concentration 

),,(2

2 TPCfCO

),,(2 TPCfB

),,(2 TPCfM

Density 
Initial porosity: 

Saturation: 

Mass balance: 

1

2

111

2 )1( COTBCO VSM

1111

BTBB VSM

11111111 1 BTBMMTM VSCVM

11111

BTBSS VSCM

B

CO

CO

CO

T

CO MMM 2

2

22

2CO

W

B

B

T

B MMM

B

M

M

M

T

M MMM

B

S

S

S

T

S MMM

2

2

2

22

2

CO

CO
CO

M
V

2

2
2

B

B
B

M
V

2

2
2

M

M
M

M
V

CO2: 

Brine: 

Mineral: 

Salt: 

Final volume 



Normalized change  

in mineral volume 

 0.2% 

Increase in  

brine density 

 1.2% 

-0.003

-0.002

-0.001

0

0 1 2 3 4 5 6

Salinity [mol/kg water] 

∆
V

M
 / 

V
M

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 1 2 3 4 5 6

Salinity [mol/kg water] 

B
ri

n
e

 d
e

n
s

it
y
 i

n
c

re
a

s
e

 [
%

] 

Mineral Dissolution 



k

H
t R

conv
Convection time 

 

Case: k= 200 md  HR=10 m            tconv ≈ 9years                                     

Convection 

1 2 3 

4 5 6 



Bending Failure in Caprock 
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Mineral Dissolution - Implications 
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Emergent: Shear Localization 
(b) Displacement vectors(a) Contact force chains
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Network Simulation: Non-Reactive 



Network Simulation: Storage Reservoir 
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Mean Pore Diameter and Flow Rate 
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Reactive Fluid Transport 
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(water, CO2) + clay minerals 



Fabric map 
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Clay-CO2 interaction 
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Clay-CO2 interaction 
                       (a) Kaolinite                   (b) Montmorillonite 
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Breakthrough – Healing (self-healing?) 
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Caprock: Chattanooga Shale 
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Initial breakthrough test 
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Hydrates 
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Gas replacement in hydrates 
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Summary: HCTM phenomena 

Complex HTCM material properties and couplings  

 

Potential development of positive feedback mechanisms 

 

Caution: poor understanding of some "common" processes 

 

New emergent phenomena in CO2 geologic storage 

 

Engineered  injection 

 

Sealing strategies (promote self-healing conditions) 

 

CO2-CH4 replacement 
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Task #5 -  Numerical Simulation: Coupled HCTM Processes
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2010

Task #1 -  Project Management and Planning

Task #2 - Experimental studies   2.1 Pore scale

Task #3 - Analyses – Scales – Parameter Domain

Task #4 - Numerical Upscaling   4.1 Pore-scale phenomena
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