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Fig. 1 Flowchart for determining the permeability coefficient of a fractured rock mass via the section method
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Fig. 2 Process diagram for segmenting a three-dimensional discrete fracture network (a) into two-dimensional fractures (b)
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Fig. 3 Schematic diagram of the fracture network and seepage network
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simulation
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Calculation method for the permeability coefficient of a fractured rock mass
based on dense sections
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Abstract: [Objective] The seepage in fractured rock masses is non-uniform and anisotropic, with its complexity
reflected in the density, orientation, and trace length of individual fractures, as well as the connectivity of fracture
networks. The connectivity of fracture networks poses a significant challenge in calculating the seepage parameters
of three-dimensional (3D) fractured rock masses. Currently, methods for calculating seepage parameters of 3D
fractured rock masses have their own advantages and disadvantages, depending on the model assumptions they used.
To analyse the hydraulic anisotropy and permeability coefficients of fractured rock masses, a new method for
solving the permeability coefficient of a 3D fractured rock mass based on dense sections is proposed using the
dimensionality reduction. [Methods] This method involves simulating 3D fracture networks and approximating
fractured rock masses using dense sections in different directions. The 3D fracture network is decomposed into
multiple continuous two-dimensional (2D) sectional fracture networks, and the graph theory is applied to analysing
the hydraulic connectivity and permeability paths. Water head boundary conditions are then set to calculate the
permeability coefficient. By leveraging the geometric relationships among lines, surfaces, and volumes in 3D space,
the calculated permeability coefficient is expressed as the directional permeability in 3D space, and a permeability
tensor for the 3D fractured rock mass is constructed. [Results] By treating the section permeability coefficient as a
permeability ellipse, the new method calculates the equivalent permeability coefficient of the section and provides a
formula for the equivalent permeability tensor of the rock mass. The scale effect and representation of anisotropy in
the rock mass are also discussed. The 3D and 2D fracture networks are constructed, and different sizes of unit cells
are intercepted to calculate the permeability coefficient, with a typical unit size determined to be 20 m. The method's
feasibility is verified through field water pressure experiments. [Conclusion] This method provides a important
reference for solving the permeability coefficients in different directions of heterogeneous fractured rock masses at
various scales.

Key words: three-dimensional (3D) fracture network; dimension ality reduction; multi section; permeability

coefficient; fractured rock mass
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