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Abstract 
 

Field-scale simulation of subsurface flow and reactive transport often requires discretization of complex 

domains. In addition, biogeochemical reactions tend to occur at interfaces between geological layers of varying 

properties, implying that gradients controlling fluid and solute exchange are often large near the interfaces, 

requiring refined spatial discretization in these regions.  The spatial discretization of such domains in 2D and 3D 

can be cumbersome, in particular when using a structured grid that only allows for the generation of rectangular 

meshes.  In such situations, an unstructured grid that can more easily replicate irregular geometries can be 

beneficial. Unstructured grid capabilities not only provide greater flexibility for discretizing complex domains 

but also enable straightforward implementation of adaptive meshing techniques, in order to enhance solution 

accuracy and efficiency.   

 This presentation introduces the approach used to implement fully unstructured grid discretization into 

MIN3P-THCm [1-3], a process-based numerical model designed for the investigation of subsurface fluid flow 

and multicomponent reactive transport in variably saturated media under non-isothermal conditions. The 

unstructured grid code, MIN3P-THCm-USG, uses a hybrid vertex-cell-centered control volume method that can 

support both vertex-based and cell-based material properties. Both Voronoi-diagram control volume 

discretization and median-dual control volume discretization are included, with consideration of sharp cells.  

Three different gradient reconstruction methods have been implemented in the code, including second-order 

Green-Gauss gradient reconstruction, second-order least-square gradient reconstruction, and higher-order least-

square gradient reconstruction. The code is designed for any geometric simulation domain in 2D and 3D with 

consideration of triangular cells, quadrilateral cells, tetrahedral cells, hexahedral cells and prism cells. The user is 

free to use any cell type that can best represent the simulation domain. These enhanced meshing capabilities can 

significantly increase the solution accuracy without significantly increasing computing cost, especially for cases 

with high heterogeneity and anisotropy. Generally, a better mesh quality provides better convergence and more 

precise solutions, especially in regions with high pressure, thermal or concentration gradients. Without local 

refinement, these areas are more likely to cause larger numerical error for the conventional node-centered 

method. The code also provides built-in 2D/3D mesh generation with local mesh refinement and the option to 

perform 3D mesh conversion from other software. 

A 2D variably saturated flow and reactive transport problem including calcite dissolution and 

precipitation is used to demonstrate the functionality of the various discretization capabilities. Figures 1 and 2 

show that a variety of unstructured grid discretization methods produce results very similar to the structured grid 

method for a flow and reactive transport problem with a strong permeability contrast. 

 

 

Figure 1: 2D flow and reactive transport problem with calcite dissolution and precipitation, (a) model 

illustration, (b) structured mesh, (c) unstructured mesh without local refinement, (d) unstructured mesh with 

local refinement 



 

 
 

Figure 2: Pressure head distribution and Ca2+ distribution after T = 10 days, (a, e) results from structured mesh, 

(b, f) results from unstructured mesh without local refinement based on conventional node-centered method, (c, 

g) results from unstructured mesh without local refinement based on hybrid node-cell-centered method, and (d, 

h) results from unstructured mesh with local refinement based on conventional node-centered method 

The verification examples for flow and reactive transport have shown that the results from MIN3P-THCm-USG 

agree well with those from MIN3P-THCm for regular simulation domains.  Simulations with irregular 

geometries demonstrate the code’s capability for modeling of complex geometries with different cell types, for 

both 2D and 3D domains ranging from the lab scale to the regional scale. Results from select demonstration 

examples involving the dissolution of calcite are shown in Figure 3.   

 

 
Figure 3: Demonstration of MIN3P-THCM-USG’s unstructured grid capabilities for various problems involving 

calcite dissolution, (a) 2D triangular mesh, (b) 3D prism mesh, and (c) 3D tetrahedral mesh 
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