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In the framework of underground exploitation procedures (enhanced Oil & Gas production,
geothermal applications, geological storage of either nuclear waste or carbon dioxide), a large
number of numerical simulations at the scale of a geological basin are typically necessary. In
order to properly take into account the strong and highly variable directionality of the under-
ground flows due to the presence of fractures, an explicit representation of the rock fractures
crossing the basin is required, as fractures provide preferable flow pathways. This is accom-
plished, e.g., by resorting to Discrete Fracture Network (DFN) models. Fractures usually do
intersect each other in a dense and chaotic way. In this context, the possibility of applying a
Galerkin method for the discretization of the differential models, while avoiding mesh generation
problems, is of paramount importance, being almost impossible to accomplish all conformity
mesh constraints with a moderate number of unknowns per geological block or fracture.

Fig. 1: Example of fracture network

In [1, 2, 3] a new optimization approach for flow
problems in large scale DFNs is presented. The ap-
proach is based on a reformulation of the problem as the
minimization of a functional measuring the hydraulic
head mismatch and the flux unbalance at fracture in-
tersections, constrained by the flow equations on the
fractures. This optimization approach can be extended
to the coupling of DFN with the surrounding rock ma-
trix. The minimization is performed via the conjugate
gradient method and is suitably developed to be effi-
ciently parallelized with several approaches and/or dif-
ferent parallel architectures (shared memory and dis-
tributed memory systems or graphical accelerators).
Large scale systems (see Figures 1) have been tack-
led by this approach both considering an impervious
surrounding rock matrix [3] and including in the model the flux exchange with the surrounding
matrix [4]. Overcoming mesh generation problems is a key point both for addressing computa-
tions on huge networks, and for performing massive simulations for uncertainty quantification
analyses in stochastically generated networks [5], which is a crucial issue in this framework, due
to the high uncertainty in geological data and the possible risks related to most underground
exploitation techniques.
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