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Hydraulic fracturing is used to increase the stimulated
reservoir volume in low-permeability coals. Small
proppant (e.g. 100-mesh and micron-scale particles)
have been used or proposed to access cleats remote
from the primary fracture. This raises a number of
guestions related to implementation which are difficult
to answer with downhole observations or experiments:

« What is the carrying capacity of a fracture or cleat?
 What drives clogging and screen-out of proppant?
 What permeability is retained after fracture closure?
 How does vertical and horizontal transport differ?
 How do particles ‘leak-off’ into or occlude cleats?

This research has developed and applied high-
fidelity computational models of fluid-solid-
particle interactions relevant to proppant
transport in coals. The models are based on the
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lattice Boltzmann (fluid), discrete element = !
(particles), and finite element (coal) methods, g
and deployed on high-performance computers.
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Figure 3: Results of fully-resolved simulation of polydisperse proppant transport in a channel under constant pressure gradient, showing the
smallest particles forming a plug in the centre of the channel when the solid volume fraction exceeds 0.4. This has implications for injection
sequencing where tight size control is not possible or available (i.e. due to cost) and the smallest particles are intended for cleat stimulation
or blockage (see inset). Further details in Di Vaira et al. (2022) Influence of particle polydispersity on bulk migration and size segregation in
channel flows. Journal of Fluid Mechanics, 939: A30 doi:10.1017/jfm.2022.166
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Probabilistic analysis of proppant

clogging (with electrostatic forces)

Proppant screen-out is a function of fracture width and 0.2
texture, proppant volume fraction, and transport

Figure 1: Rendered image of proppant transport in a synthetic _ _ o _
coal cleat, as modelled using the lattice Boltzmann method (LBM) behaviour (e.g. wall-particle collisions). It is generally
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and discrete element method (DEM). The simulation not a deterministic process. Many realisations of high- <
framework includes non-Newtonian rheology and DLVO forces. fidelity simulations have shed light on this phenomenon
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