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Carbon capture and geological storage 
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Slide from:  CFSES EFRC Science Review; 

Denver, CO; January 2012; Joe Bishop (SNL) 

Field-scale modeling 



log Time  (s)

-15 -12 -9 -6 -3 0 3 6 9 12 15

lo
g
 D

is
ta

n
c
e
  
(m

)

-9

-6

-3

0

3

6

Finite 

Element 

Analysis 

Continuum 

Methods 
and 

Mesoscale 

Modeling 

Molecular 

Mechanics 

Quantum 

Mechanics Å 

mm 

m 

mm 

km 

min year day Ma ms ms ns 

ps fs 

e 

atoms 

nm 

blobs 

s ka 

bulk 

Multiscale simulation 



Geological carbon storage 

Up Close 

reservoir rock cap rock 

Source:  Cooperative Research Centre 

for Greenhouse Gas Technologies, 

http://www.co2crc.com.au/  

Source:  Hongkyu Yoon (SNL) 



Sub-pore scale 

Åinterfacial tension g12 

ïsurface free energy 

 

Åcontact angle ʃC 

ïindication of wettability 

C12S2S1 cosqggg =-
Source:  Kuldeep Chaudhary (UT Austin) 



Pore- and field-scale 

Åcapillary pressure pc 

ïoverpressure required to 

displace current fluid with 

new fluid 

 

 

 

Årelative permeability 

ïfractional permeability of 

a fluid in the presence of 

other fluid(s) 

r
pc

C12 cos2 qg
=

liquid CO2

Water (10% NaBr)

10-3 m 

Source:  Kuldeep Chaudhary (UT Austin) 



Molecular simulation of aqueous and 

supercritical CO2 nanodroplets 
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Simulation details 

Å(20 x 20 x 17) nm 

Å3 kaolinite layers 

(bottom two fixed) 

Å330K, 20MPa 

Å10-15 ns 

ÅCO2 in H2O 

ï600k atoms 

 

ÅH2O in CO2 

ï300k atoms 

 

Åbrine systems 

ï0.7 M NaCl 

ï0.2 M CaCl2 

 



siloxane (hydrophobic) surface 

0.7M NaCl in CO2 ï initial configuration 

front view oblique view 



siloxane (hydrophobic) surface 

0.7M NaCl in CO2 ï final configuration 

front view oblique view 



siloxane (hydrophobic) surface 

0.7M NaCl in CO2 ï final configuration 



siloxane (hydrophobic) surface 

0.7M NaCl in CO2 ï final configuration 

carbon dioxide water 



siloxane (hydrophobic) surface 

0.7M NaCl in CO2 ï final configuration 

water Na+ Clī 



gibbsite (hydrophilic) surface 

CO2 in H2O ï initial configuration 

front view oblique view 



gibbsite (hydrophilic) surface 

CO2 in H2O ï final configuration 



gibbsite (hydrophilic) surface 

CO2 in H2O ï final configuration 

carbon dioxide water 



gibbsite (hydrophilic) surface 

CO2 in 0.7M NaCl ï final configuration 



gibbsite (hydrophilic) surface 

CO2 in 0.7M NaCl ï final configuration 

carbon dioxide water 



gibbsite (hydrophilic) surface 

CO2 in 0.7M NaCl ï final configuration 

water Na+ Clī 



gibbsite (hydrophilic) surface 

CO2 in 0.2M CaCl2 ï final configuration 



gibbsite (hydrophilic) surface 

CO2 in 0.2M CaCl2 ï final configuration 

carbon dioxide water 



gibbsite (hydrophilic) surface 

CO2 in 0.2M CaCl2 ï final configuration 

water Ca2+ Clī 



Summary 

ÅSimulation shows realistic behavior for CO2, H2O, 

and ions on hydrophilic and hydrophobic basal 

surfaces of kaolinite. 

 

ÅPossible future application:  rational design of 

surfactants, coatings, enhanced oil or gas 

recovery 
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siloxane (hydrophobic) surface 

CO2 in H2O 

initial final 



siloxane (hydrophobic) surface 

CO2 in H2O ï final configuration 

top view front view 



siloxane (hydrophobic) surface 

CO2 in H2O ï final configuration 



siloxane (hydrophobic) surface 

CO2 in H2O ï final configuration 

carbon dioxide water 



siloxane surface ï H2O in CO2 



siloxane surface ï H2O in CO2 

carbon dioxide water 


