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• Sustaining Injectivity and Storage Rates 

• Using Pore Space With Unprecedented Efficiency 

• Controlling Undesired or Unexpected (Emergent) Behavior 

CFSES Research Challenges 
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Theme 1: Fluid Assisted Geomechanics 

Theme 2: Multifluid Geochemistry 

Theme 3: Buoyancy-Driven Multiphase Flow 

CFSES Organization 

Natural Analogues (e.g. Crystal Geyser) Link with NETL Partnership 

InjectionProjects 
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CFSES Organization 

Regions of Interest 

From Nordbotten, Celia, and Bachu (2005) 

Near wellbore 

Caprock and Caprock-

Reservoir Interface 

Reservoir CO2 

Interface 

Reservoir Brine 

Theme 1 Tasks  

• Experimental Fracture Propagation  

• Reservoir Geomechanical Evolution 

• Caprock Chemical and Mechanical Integrity 

• Fracture Propagation Modeling 

• Constitutive and Continuum Modeling 
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Reservoir Chemo-

Mechanical Evolution 

6 

Field and simulated pressure response 

at Cranfield injection zone (Kim and 

Hosseini, 2013) 

• Pressure response during 

injection suggests a 

“geomechanical event” 

• Tracer studies show increase 

in permeability with “event” 
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• Mixed chlorite- and quartz-

cemented muddy cross-

bedded fine sandstone (Facies 

B);  

• Quartz-cemented tabular very 

fine sandstone (Facies C) 

• Chlorite-cemented 

conglomeratic sandstone 

(Facies A);  

• T, P and major ion fluid 

chemistry 

• UCS, hydrostatic and 

triaxial stress paths 

• Pore fluid equilibrated 

with scCO2 

Geomechanical Testing 

Rinehart et al., submmitted 
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Yield and Failure Surfaces 

Facies A 

Facies B 

Facies C 

In situ 

• Accelerated creep at low stresses 

consistent with stress corrosion model 

(pH-activated?) 

• Failure of chlorite facies below in situ 

stresses 

• Grain-coating chlorite delamination (pH 

activated?) 

Chemical effects may have caused 

“Geomechanical Event” 

Well-defined crystalline 

chlorite rims 

Diffuse chlorite rims 

Untested 24-hr exposure to CO2 Brine 



9 

Fracture Growth Experiments 

Influence of CO2 Alteration on Fracture Toughness 
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Caprock Chemical and 

Mechanical Integrity 
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Fracture Propagation Modeling 
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Fracture Propagation Modeling 

1. History 

 

Multiple Joining and Branching Fractures 

• Phase Field method 

interpolates between 

fractured and unfractured 

states 

• Variational method based on 

energy minimization 

• Crack advances when 

energy release rate exceeds 

threshold 

• Nucleation, propagation, and 

path are automatically 

determined 

Phase Field Method 



13 

Constitutive Modeling 

•Non-Associative Plasticity 

•Stress Invariant Dep. Failure 

•Elliptical Cap Surface 

•Kinematic Hardening 

•Isotropic Hardening 

•Nonlinear Elasticity 

•Elastic-Plastic Coupling  

Dewers et al., IJGHGC, 2014 

Kayenta* Includes: 

*Developed by Brannon et al. 

2009 

Mt. Simon Sandstone 
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Continuum Modeling 

Modeling Effects of Injection on Wellbore Integrity  

Computational Meshes Pore Pressure, 280 d 

Z-displacement, 280 d Effective Vertical Stress 

Cranfield Site 
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Putting It All Together: CFSES 

Research Challenges and Efforts 

Sustaining Injectivity Storage Efficiency Controlling Emergence 

Experiments suggest that 

chemo-mechanical 

stimulation of reservoirs 

may improve sweep 

efficiency  

Experiments and models 

of fracture propagation 

can predict timing and 

location of networks and 

cascades of fractures 

and could be used to 

prevent unwanted 

fracturing 

Experimentally validated 

geomechanics models 

can show where wellbore 

failure could occur during 

injection, and efficiency of 

repair methods 
State-of-the-art and 

experimentally validated 

constitutive models 

predict the extent of 

damage and deformation 

associated with pore 

pressure hazards in 

reservoirs 

Caprock alteration 

experiments are showing 

potential for 

understanding and 

controlling leakage 

pathway development 

and flow self-focusing of 

CO2 plumes 

Chemo-mechanical 

models of near-wellbore 

damage can inform 

regulatory constraints on 

injectivity (i.e. “frac” 

gradient) and withdrawal 

(borehole shear failure). 


