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Abstract.  This paper highlights the development of a 
fully-coupled and fully-implicit modeling tool for predict-
ing the dynamics of fluid flow, heat transport, and rock 
deformation using a GIA named FALCON (Fracturing  And 
Liquid CONvection). The code is developed on a parallel 
Multiphysics Object Oriented Simulation Environment 
(MOOSE) computational framework developed at Idaho 
National Laboratory (INL) for providing finite element 
solutions of coupled system of nonlinear partial differen-
tial equations. In this paper, a brief overview of the gov-
erning equations numerical approach are discussed, and 
an example simulation of strongly coupled geothermal 
reservoir behavior is presented. 

Introduction
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1 Architecture and Design 

•
•
•
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•
•

Figure 1: Kernel and Object Oriented Architecture used to 
develop the FALCON simulator. 
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1.1 Code uses and limitations 

M Pa

2 Numerical Methodology 
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Figure 2: Hierarchical framework used to build the FAL-
CON simulator, based up the INL developed 
MOOSE library [6]. The libMesh finite element 
framework developed by the CFDLab at the Uni-
versity of Texas at Austin [34] provides a core set 
of parallel finite-element libraries and couples 
with interfaces to linear and nonlinear solvers 
from both Petsc [2] and Trilinos [9] along with 
other packages such as Hypre [4]. 

_test

_qp _grad_phi

_qp _u

_grad_u

_qp

_permeability

_dens_water _visc_water

‘physics’ 

‘Auxiliary’
‘Material’



  R Podgorney et al.     Simulation Framework for Thermo-Hydro-Mechanical Problems 

   SNE 23(1) – 4/2013 55 

T N 

3 Example Applications 

3.1 Comparison with analytical solution 

Parameter Value  Units 

Porosity  - 

Permeability   

Rock Density   

Rock Specific Heat   

Thermal Conductivity   

Water Density   

Water Specific Heat   

Table 1: Parameters used for the 1-dimensional convec-
tion-conduction problem numerical-analytical 
comparison. 

Figure 4: Comparison of the numerical and analytical  
solutions for 1-dimensional heatconduction-
convection problem. Temperature profile  
calculated by FALCON and analytical solution at 5 
years. The small discrepancy is caused by the  
pressure and temperature dependent density and 
viscosity of water used in the FALCON simulations. 
The analytical solution assumes a constant uid 
density and viscosity, which essentially  
decouplesthe the flow and transport problem. 

Figure 3: Residual (left) and Jacobian (preconditioner, right) evaluations inside the pressure diffusion kernel for single phase 
flow of water. 



 R Podgorney  et al.     Simulation Framework for Thermo-Hydro-Mechanical Problems 

 56 SNE 23(1) – 4/2013 

TN

3.2 Thermal stimulation of a geothermal 
reservoir 

Figure 5: Injectivity  at different values of temperature (T)  
in three wells in the Hsmli Reinjection Zone. The 
injectivity  values for the lowest temperatures in 
wells HN-12 and HN-16 are not very accurate. 

 

 

Figure 6: Injection test in well HN-09 using 120�C water. 
The pressure sensor is placed 30m above the 
bottom of the well showing the pressure and 
temperature over the dura- tion of the test. 
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Model Setup 

Figure 7: Computational domain used for the numerical 
simulations of injection into well HN-09. The red 
zone in the middle of the domain represents the 
fracture zone/fault system comprising the feed 
zone of the well. 

Figure 8: Initial temperature used for the simulations. 

Figure 9: Initial water density distributions used for the 
simulations. 

Figure 10: Predicted thermal contraction of the reservoir 
matrix in the feed zone in the vicinity of well  
HN-09. Note that the deformation is greatly  
exaggerated for illustration purposes. 
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