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Introduction

Fractures, and networks of fractures, in rocks often serve as preferential pathways for fluid flow. In such cases,
the properties of the individual fractures and the geometry of the network determine the rate at which fluid
can flow through the rock, i.e. the permeability. However, characterising fracture networks is a difficult task.
Information is not readily available and is typically laden with uncertainty. This uncertainty is passed on to
any flow quantification that is based on the properties of the fracture networks. It is possible to assess such
uncertainty with fast methods for flow-rate prediction in fractured rock. In the presentation, two such methods
will be explored.

Estimating flow rate

The basic concept here is to represent fluid flow in discrete fracture networks (DFNs) as a network graph with
nodes and edges (see Figure 1). Two methods of extracting a graph from a DFN are presented. One method
uses fracture intersections as nodes, while the other slices the DFN into fracture segments and assigns nodes to
the centres of the segments. Neighbouring segments are connected with edges, and each edge bears a geometry-
dependent capacity value that limits the flow in the combinatorial optimisation problem. Based on the extracted
graphs, off-the-shelf graph algorithms are applied to determine a maximum flow that obeys the capacity bounds
and to translate this mathematical solution to fluid flow. The overall result is a rapidly obtained estimate of
the flow rate through the DFN, thus facilitating the analysis of flow rates in a large number of stochastically
generated DFNs.

ST

Flow rate, Q

10.8 m

10 m

10 m

Pressure BC
2MPa

No flow boundary

No flow 
boundary

Pressure BC
1 MPa

discrete fracture network

flow-rate estimation

extracted graph

graph extra
cti

on

Figure 1: Concept of estimation of flow rate through a fracture network using a network graph.

Verification

The estimated flow rates are compared with the results of direct numerical simulations (finite volume method)
for 100 stochastically generated DFNs for the purpose of verification. The average errors for the 100 cases are
5.1 % and 16.5 %, depending on the graph-extraction method used. Both of the investigated methods are orders
of magnitude faster than the direct simulations. The low computational cost and relatively high level of accuracy
make these methods excellent for screening purposes and will allow in-depth uncertainty quantifications of fluid
flow in DFNs using available statistical data.


