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Preferential flow pathways in fractured rock
- Formation mechanism and those influences on rock mass permeability -
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Abstract: Flow localization is one of the most fundamental and common issues for characterizing flow in
fractured rocks. In this paper, based on the results from the laboratory tests and the numerical study, the
formation mechanism of the preferential flow paths and the contribution of those paths to the macroscopic
hydraulic conductivity are investigated. The results of the hydraulic tomography and X-ray CT using a 30
cm cube of fractured chert showed that the localized flow is occurring along the interconnected horizontal
and smaller scale semi-vertical fractures. From numerical study, it was shown that the flow localization
starts to occur when, o, the standard deviation of the logarithm of the local hydraulic conductivity, is larger
than one. The preferential flow pathways are created within the contour surface of top 25 % of the hydraulic
conductivity that is equivalent to the “critical path” defined by the percolation theory. The location of the
preferential pathways predicted by the numerical simulation was successfully reproduced by the 3D printed
fracture network model. It was also pointed out that the macroscopic conductivity becomes larger, more than
one order of magnitude comparing to the logarithmic mean of the local conductivity, when ¢ becomes larger
than 1.5 which was also predicted by the percolation theory and the numerical simulation.
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