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• Center started August 2009 
• 5 year program 
• $15M ($7M to SNL) 
• CFSES is one of 2 

geosciences related EFRCs 

• Renewal starts August 2014 
• 4 year program 
• $12M ($5.6M to SNL) 
• CFSES is one of 3 

geosciences related EFRCs 

× 
32 

• Over 200 proposal submitted 
• 22 of 46 renewed centers 
• 10 new centers 
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  Solar Materials Biofuels Batteries Catalysis CCS 

# in EFRC1 13 12 6 5 4 3 

# renewed 7 3 3 4 1 3 

# declined 6 9 3 1 3 0 

# in EFRC2 7 6 3 5 5 4 

new in EFRC2 0 3 0 1 4 1 

  Lighting Combustion Nano Elec Supercond. Total 

# in EFRC1 1 1 0 1 46 

# renewed 0 0 0 1 22 

# declined 1 1 0 0 24 

# in EFRC2 0 0 1 1 32 

new in EFRC2 0 0 1 0 10 



 “Outstanding proposal that is well conceptualized.” 
 “This proposal is a winner.” 
 “I suspect that this EFRC many have the most cohesive team of researchers 

among all the proposals submitted for this FOA ….” 
 “… the results will be important for a number of fundamental problems in 

subsurface fluid-rock-chemistry-geomechanics that are much broader than the 
issues related to CO2 sequestration that are described in this proposal.” 

 “It is extremely well-written and concise.” 
 “I would recommend that the succinctly written Section 1.2 be used as a model 

for future EFRC proposals if this program continues. It is very well written.” 
 “The management plan clearly describes mechanisms to encourage synergy 

among the investigators through discussions and decision-making about progress 
at all levels of activities in the EFRC.” 

 “It has a solid, proven management and research team that will move the science 
forward.” 
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Seven reviewers  Five “Excellents”  One “Very Good” 



Goal 
Advance scientific 
understanding of subsurface 
biological, chemical and 
physical phenomena related 
to the storage of energy 
byproducts using an 
integrated experimental and 
modeling approach  

 

103 m 

10-9 m 10-5 m 102 m 

Time 

nanosecond 

103 years 
(or more) 

104 m 



 Molecular dynamics simulation 

 Subsurface microbial geochemistry 

 Geomechanical testing 

 Nanometer scale research 

 Pore-scale reactive transport 

 Coupled hydromechanical modeling 

 



Engineered bioclogging of 
caprock 
 

Measure mudstone porosity 
Pore-scale 

modeling 

Model injection 
induced damage 

to caprock Intercalation of CO2-
H2O by clay minerals 



Bravo Dome Site:   
360Mt CO2 dissolved 
over 1.5Ma 
 

Convectively driven 
dissolution flux may be 

roughly 3x larger than 
current estimates 

 
 

Dissolution is 
enhanced by 
heterogeneity 

 



 80 CFSES publications 
 25 publications with 

Sandia authors 
 4 - 8 more papers 

expected from CFSES 1 
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Samples for 
microbiological testing 

from WESTCARB 

Core samples for 
geomechanical testing from 
MGSC, SECARB, and SWP 

3D simulation of Cranfield 
demonstration project 
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Steven Bryant 
July 1, 2013 – July 31, 2014 

Leaving UT 9/1/2014 

Larry Lake 
CFSES 2 

(See reviewer comments, below) 

“Larry Lake has excellent qualifications and experience to be Director” 
“Professor Larry Lake is superb.” 
“Larry Lake … will provide insightful guidance to the project” 
“Larry Lake has strong qualifications as Director” 
“Professor Lake is a strong addition to the team” 
“Lake has the stature & credentials to effectively communicate the importance of energy science and technology” 

Gary Pope 
July 31, 2009 –  July 1, 2013 



Goal 
To understand and control 
emergent behavior arising from 
coupled physics and chemistry 
in heterogeneous geomaterials. 

RESEARCH PLAN 
CFSES will pursue scientific advances to understand chemico-
mechanical coupling between supercritical CO2 and clay minerals, 
understand and predict modes and fluxes of reactive CO2 
migration, and design, develop and apply novel materials that will 
alter fluid-assisted perturbations in heterogeneous geomaterials. 



 
   

Challenge 1:  
Sustaining Large 

Storage Rates 

Challenge 2:  Using 
pore space with 
unprecedented 

efficiency 

Challenge 3:  
Controlling 

undesired or 
unexpected behavior  

Theme 1: 
Fluid-Assisted 
Geomechanics 

• Fracture propagation 
and rock deformation 

• Coupled modeling 
• Phase-field modeling 

• Cohesive zone 
modeling 

• Fracture network analog 
sites 

• Acoustic wave 
propagation modeling 

• Bulk rock weakening 
evaluation 

• Influence of chemistry in 
frictional slip 

 

Theme 2: 
Multifluid 

Geochemistry 

• Caprock chemical and 
mechanical stability 

• Bravo Done brine-gas 
mass transfer 

• Chemistry at the fluid-
fluid interface 

• Caprock chemical and 
mechanical stability 

• Reactions of CO2 with 
clay minerals 

 

Theme 3: 
Buoyancy-Driven 
Multiphase Flow 

• Meter-scale experiments 
• Core-scale X-ray CT 

experiments 
 

• Meter-scale experiments 
• Core-scale X-ray CT 

experiments 
• Mesoscale modeling 

and invasion-percolation 
modeling 

• Ganglion dynamics 
modeling 

 

• Nanoparticle 
experiments 

 



BEFORE CFSES CFSES BEYOND CFSES 
LDRD 
Computational Thermal, 
Chemical, Fluid, and 
Solid Mechanics for 
Geosystems Management 
Enable Predictive 
Simulation and Strategic 
Partnerships ($3M) 

CFSES 1 ($7M) NETL FOA-0001037 
Research for Safe and 

Permanent Storage of CO2 
Geomechanics of CO2 

Reservoir Seals 
($248K to SNL) ($744 to UT) 

CFSES 2 ($5.6M) 
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Unconventional 
Fluids 

SubTER Deep 
Borehole 
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 Effective partnership with UT 
 World-class, long-term, basic research program 
 Key to success of the Geoscience Foundation strategy 
 Raised reputation with the Office of Science 
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