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Abstract
Characterizing flow and transport through low-permeability fractured media is important for many industrial en-
gineering applications including carbon-dioxide sequestration, aquifer storage and management, environmental
restoration of contaminated fractured media, hydrocarbon extraction from unconventional shale aquifers, and
the long-term storage of spent nuclear fuel. Discrete fracture networks (DFN) are one common modelling tool
for the simulation of flow and transport through these fractured subsurface systems. In the DFN methodology
fracture networks are represented as an interconnected set of planar N-1 dimensional objects embedded within
an N-dimensional space, e.g., lines in two dimensions or planar polygons in three dimensions. The structure of a
DFN naturally lends itself to the use of graphs as a coarse-scale representation that retains the multiscale nature
of flow and transport through fractured media.
In this talk, Dr Hyman will introduce a bipartite graph representation that integrates fracture network topology,
fracture geometry, and hydraulic properties and demonstrate how that the twomost common graph-representations
of DFNs, vertices representing intersections and vertices representing fractures, are projections of this bipartite
graph thereby providing a generalisation of previous DFN-graph frameworks. The utility of the bipartite represen-
tation is demonstrated through the application of two e�cient graph-based methods to identify backbones in a
DFN, which are sub-networks that carry the majority of the flow. The first method is a heuristic graph theoretical
approach that identifies the shortest paths through a weighted projection of the graph and the second is a super-
vised machine learning approach that classifies a fracture’s inclusion in the backbone on the bases of geometric,
hydrological, and topological features.
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the University of Arizona in 2014. His research focuses on advancing our understanding of complex subsur-
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performance computing.
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