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A challenge in modeling reactive transport in discrete fractures is how to conceptualize the matrix-fracture interface. 
Most transport codes assume concentration continuity between the matrix and the fractures. Therefore, fracture and 
matrix cannot be treated as independent geochemical domains. However, the fracture properties should be modified 
by geochemical reactions independently of the processes in the matrix. Precipitation of mineral phases within the 
fracture or dissolution of minerals in the matrix can modify the fracture aperture. To properly model these processes 
and their feedback to the flow and transport properties, independent geochemical domains and aqueous 
concentrations are required. 

To address this, we present an approach that fully couples the equations for solute transport in the matrix and solute 
transport in the fracture (Figure 1). The concentration in the fracture and the concentration in the matrix are coupled 
through a mass transfer term. This approach has been implemented in iCP [1]. iCP (interface Comsol Phreeqc) 
couples the commercial code Comsol Multiphysics and the geochemical code Phreeqc [2]. The result of this interface 
is a tool for solving a wide range of multiphysics and geochemical problems. 

 
Figure 1: Concentration of tracer in the matrix (a) and in the fracture (b) after 2.5 years for the flow and transport 

problem presented by [3]. Note the dilution of tracer in the fracture due to mixing with the larger amount of water in 
the fracture. 

The implementation of the coupled transport is verified by solving a benchmark problem, comparing numerical 
results with an analytical solution derived by [4]. The coupled transport approach is then used to reproduce the 
numerical solutions for a flow and transport problem presented by [3]. Here, the sensitivity of the solution to the 
mass transfer term was also investigated. A reactive transport simulation was performed using the same model set-up 
to model calcite precipitation in fractures, driven by the mixing of granitic waters and pore water from concrete 
leaching.  
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