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Hydraulic fracturing has been an enabling technology for commercially stimulating fracture 
networks for over half of a century. It has become one of the most widespread technologies 
for engineering subsurface fracture systems. Despite the ubiquity of this technique in the 
field, understanding and prediction of the hydraulic induced propagation of the fracture 
network in realistic, heterogeneous reservoirs has been limited. A number of developments in 
multiscale modeling in recent years have allowed researchers in related fields to tackle the 
modeling of complex fracture propagation as well as the mechanics of heterogeneous 
materials. These developments, combined with advances in quantifying solution uncertainties, 
provide possibilities for the geologic modeling community to capture both the fracturing 
behavior and longer---‐‑term permeability evolution of rock masses under hydraulic loading 
across both dynamic and viscosity---‐‑ dominated regimes. Here we will discuss the various 
challenges associated with performing tightly coupled hydromechanical Finite Element/Finite 
Volume simulations of hydraulically induced fracture network propagation at massively 
parallel computing scales. Furthermore, we will discuss validity of various assumptions in 
fracture mechanics, fluid mechanics, as well as mesh topology change in parallel computing 
environments, and the solution of the poorly conditioned systems that result from the coupled 
hydro---‐‑mechanical equations. We will present studies that compare with analytical solutions 
as well as hydraulic fracturing simulations at field scale. 
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