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Introduction 

Subsurface flow and transport modeling using Discrete Fracture Network (DFN) is an important approach for 
understanding the underground flow and contaminant transport in impermeable fractured rock, where fractures 
provide the dominant flow and transport pathways. Recently developed at Los Alamos Natl. Lab. the computational 
suite based on DFN, dfnWorks [1], has been successfully applied for studying contaminant transport in nuclear waste 
repository, CO2 sequestration and extraction of unconventional hydrocarbons.  

The built high performance computing capabilities and the automatic meshing algorithm, FRAM [2], allow 
dfnWorks to perform flow and transport modeling on large kilometer-scale DFNs. In this study, we use dfnWorks to 
model flow through micro fractures on small, centimeter-scale, DFNs, and study the effect of micro fractures on 
diffusive transport.  

Motivation 

The Long Term Sorption Diffusion Experiment (LTDE) [3], conducted at the Äspö Hard Rock laboratory, served as 
a motivation for the current research.  The main focus of the experiments is the tracer transport in the stagnant pore 
water of the rock matrix. A cocktail of both sorbing and non-sorbing tracers was allowed to contact a natural fracture 
surface, as well as the unaltered rock matrix, for a time period of 200 days. The penetration profiles obtained by 1D 
simulation of tracer diffusion and measured during experiment do not agree and show different behavior.  The DFN 
model is used to validate the hypothesis, which states that LTDE experiments were strongly influenced by 
heterogeneity in the microstructure and the major diffusion of injected tracer into crystalline rock occurs through 
multiple micro fractures, which are observed in the rock samples.  

Numerical Experiments 

In order to verify the proposed hypothesis, two numerical experiments have been performed to simulate two major 
transport processes, 1) transport dominated by advection in a micro-fracture network and 2) diffusive transport in the 
rock matrix. In our simulations, the DFN represents the fractured layer of the sample, and the continuum volume 
mesh corresponds to solid matrix rock, where transport is driven by diffusion only. Varying the layer’s size, we 
investigate, how the thickness of the fractured layer affects the penetration profile of tracer driven by pure diffusion 
in LTDE.  

In the first numerical experiment the modeled micro-fracture network is joined to a continuum volume mesh (Figure 
1a)  and advective transport through micro fractures is simulated. In the second numerical experiment the tracer is 
modeled using ADE, where DFN is mapped into a continuum (Figure 1b), in which combination of cells with higher 
permeability represent the connected fracture network.  

These simulation results allows us to study the effect of the presence of micro-fractures on tracer transport and to 
determine the role of advective term in LTDE experiment.       
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Figure 1: Two micro fractured models, where a fractured layer is connected to a continuum matrix homogeneous 
layer: a) 3D fracture network (blue) is connected to continuum volume layer (red) at the bottom face; b) the modeled 

DFN is mapped into a continuum mesh with color representing the heterogeneous permeability distribution.  
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