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Abstract

The hydraulic fracturing (HF) technique is mainly used to precondition the orebody before mining in the block
caving extraction method. Weakening the rock mass to enhance its caveability, reduce seismic risks and
reduce fragment sizes are the primary objectives of HF in mining. HF is used mainly in large-scale deep
underground mines with low-grade metal orebodies. In this paper, hydraulic fracturing simulation is
conducted based on the finite element method to study the effect of simultaneous and sequential multiple
hydraulic fracturing schemes. The input and in situ data used for this simulation come from the El Teniente
porphyry Cu-Mo mine. The fracture propagation is modelled with the cohesive elements using a traction-
separation law. Comparing 3D and axisymmetric analysis, the similarity between fracture propagation shape
and crack length prompted us to adopt axisymmetric analyses with reduced computational cost. Scenarios of
simultaneous and sequential operations were analysed to consider the stress shadow effect, an
understandable consequence of deformation during hydraulic fracturing. This comparison determined the
fracture aperture, pore pressure, stress, and crack length. Due to the stress shadowing effect, different
fracture lengths are observed. In addition, sequential injections have a subtler effect than simultaneous
injections.

Keywords: hydraulic fracturing, stress shadowing effect, cohesive element, hydro-mechanical coupling, block
caving

1 Introduction

Following the historical use of hydraulic fracturing (HF) to determine the state of stress at Rangely, Colorado
(Haimson 1972) and its widespread application in the oil and gas industries as a stimulation technique,
hydraulic fracturing was introduced into the mining sector in 1997 at Northparkes Mine (Van As & Jeffrey
2000). In cave mining, hydraulic fracturing has been utilised to precondition the rock mass, induce
reactivation after cave arrests, and rockburst mitigation (Catalan et al. 2012; Dou et al. 2009; Jeffrey et al.
2001). Additionally, it has been used in coal mining to improve coal seam permeability, hard roof control,
and enhance top coal caveability (He et al. 2016a; Jeffrey & Mills 2000; Puri et al. 1991; Sun et al. 2021).

In recent years, HF has become a popular preconditioning technigue in mining operations like block caving
(Brown 2007; Flores & Catalan 2019; Gonzalez et al. 2022; Hao et al. 2019; He et al. 2016a). This method
involves producing and extending fractures in rocks by injecting a fluid under pressure into a borehole
section. The fluid pressure creates tensile stresses in the rock at the borehole wall, causing fractures to start
and extend to the far-field (Haimson & Cornet 2003). This technology enables the controlled caving of roof
rock in coal mines and block caving in large low-grade deep metal mines by preconditioning the orebody
before mining (Darling 2011). This method weakens the rock mass enhancing its caveability, reducing seismic
risks and reducing fragment sizes. In hard rock cave mining, similar to hydraulic fracturing in the shale gas
industry, boreholes are drilled from either the surface or subsurface excavations, depending on the target
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Hydraulic fracturing
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Hydraulic fracturing
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