
 

 

Fluid flow and solute transfer through a fracture step: mixing models at intersections and retardation effect of 
a step structure 
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Abstract Fluid flow and solute transport in fracture structure step are investigated by the mean of numerical simulation. It is 
found that complete mixing occurs only in cases of T-intersections while streamtube routing model is observed in through-going 
intersections. Both geometric models and splay fracture types of the fracture step significantly influence to solute spreading 
patterns. 
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1. Introduction 
Fracture network model has been widely used when simulating fluid flow and solute transport within a fractured rock mass. The 
problems remain when adopts the discrete network to the analysis of solute transport are (a) how to simplify a complicated 
fracture system; (b) how solute are transported through fractures and mixed with fluid in the fracture intersections. The purposes 
of this study are (1) to examine fluid flow and solute mixing at intersections, and (2) to analyze the retardation effects of step 
structure in fractures. This study is the base for the analysis of solute transport in a large rock mass (network scale). 

2. Methods 

2.1 Idealization of a major fracture: In order to simulate flow 
and solute transport in a natural complex fractured rock mass 
by numerical codes, simplifications are needed. Figure 1a 
shows an idealization model proposed by Mazurek et al (1) 
where a major fracture is represented by master fractures and 
several connecting splays. Three possible types of a common 
fracture or splay are presented in figure 1b, they are the 
models of shear fracture; hydrothermally altered fracture; and 
open fracture. Figure 1c shows three basic types of fracture 
intersections: T-intersection (Ia) where one fracture terminates 
against another; displacement fracture (Ib) formed when a 
fracture displaced along another; and through-going 
intersection (Ic) where one fracture crosses a second fracture. 
We intentionally restricted our investigation to the idealized 
geometry shown in Figure 3 where all intersections among 
fracture are of type Ia.  

2.2 Numerical model: Flow and solute transport within above 
fracture is modeled as a two dimensional process. In this study 
a two dimensional Galerkin finite element model is used to 
obtain flow and solute transport solution by directly solving 
advection-dispersion equation. Flow is assumed to be laminar 
regime. Two-dimensional studies provide insight to the factors 
influencing transport process.  

3. Results of numerical investigation 

Three models have been proposed to describe the manners in 
which fluid and solute are transferred through fracture 
intersections: (i) streamtube routing; (ii) streamtube routing 
with diffusion within fracture intersections; and (iii) complete 
mixing. The majority of model studies at the network scale use 
complete mixing model where mass is transported away from 
intersection in proportion to the discharge in each outflow 
branch. However, in our study the concept of complete mixing 
is not properly observed in various cases.  This assumption is 
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