
Fully Coupled Geomechanics and Discrete Flow 

Network Modeling of Hydraulic Fracturing for 

Geothermal Applications 

36th Stanford Geothermal Workshop 

Session 2(A): Modeling 1 

Stanford, CA, Jan. 31 , 2011 

Pengcheng Fu,  Scott M. Johnson, Yue Hao,  and Charles R. Carrigan 
Atmospheric, Earth and Energy Division 

Lawrence Livermore National Laboratory 

IM release number: LLNL-PRES-467391 



• Problem statement and general approach 

 

• Important modules of the simulator 

 

• Simulating interaction between fractures: 

– Cross vs. offset 

 

• Simulating complex fracture network 

Outline  



Fracture systems and  
available hydraulic fracturing models 

(Large Block Test, Yucca Mountain. 

Wagoner, 2000) 

PKN model 

PL3D model 

(Adachi et al. 2000) 



• Develop simulator for EGS stimulation 

 

• Important mechanisms governing hydraulic fracturing 

– Discrete fracture flow 

– Fracturing in formation 

– Interactions between fractures 

 

• Evaluate enhancement strategies for different EGS 

scenarios 

Research Goal 



LDEC Livermore Distinct Element Code 

Platform of Development 

NUFT Non-isothermal Unsaturated Flow 

&Transport  

Images from previous applications, for conceptual demonstration only. 



Hydraulic Fracture Simulator: Framework 

 



Important Components 

• Solid solver – Explicit finite element engine 



Important Components 

• Flow solver – Finite volume method 
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Two mechanisms: 

― Flow in fractures due to pressure gradient. 

― Mass conservation with varying total 

fracture volume. 



Important Components 

• Fracturing criterion and adaptive remeshing 

 0n T 
T0 = tensile strength of rock; 

λ= correction factor. 



Important Components 

• Joint model 
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Important Components 

• Joint model 
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Barton et al. (1985) Strength, deformation and conductivity 

coupling of rock joints. 

Coupling between joint mechanical responses and conductivity. 



Hydraulic Fracture Simulator: Framework 

• Time stepping considerations 
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Determines cost per step. 

Determines num. of steps. 



Hydraulic Fracture Simulator: Framework 

• Time stepping considerations 
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CPU time 

3x10-4 s 

1x10-9 s 

Determines cost per step. 

Determines num. of steps. 



Interaction Between Propagating and Existing 
Fractures 

σxx=-20MPa  

σyy=-10MPa 

σyy=-10MPa 

Pumping 

18MPa 



Interaction Between Propagating and Existing 
Fractures 
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Interaction Between Propagating and Existing 
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Interaction Between Propagating and Existing 
Fractures 



Interaction Between Propagating and Existing 
Fractures 



Interaction Between Propagating and Existing 
Fractures 



Stimulation of a Preexisting Fracture Network 

σxx=-20MPa  

σyy=-10MPa 

σyy=-10MPa 

Pumping 

18MPa 





Stimulation of a Preexisting Fracture Network 

Original network Enhanced network 



Permeability evaluation – original network 
Color represents flow rates. 



Permeability evaluation – enhanced network 
Color represents flow rates. 



• Evaluate permeability enhancement due to stimulation 

Stimulation of a Preexisting Fracture Network 

Flow in original network Flow in enhanced network 

 Flow rate (m3/s per meter thickness) 

Production 
Pressure 

9 MPa 12 MPa 15 MPa 

Before 
Stimulation 

0.00107 0.00149 0.00200 

After 
Stimulation 

0.00205 0.00315 0.00593 

 



• A simulator with full geomechanics – discrete flow network 

coupling has been developed at LLNL. 

• A powerful platform for studying key mechanisms governing 

hydraulic fracturing in complex existing fracture network. 

• A promising tool to evaluate candidate enhancement strategies. 

• 3D parallel version with refined modules is being developed. 

Concluding Remarks 
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