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ABSTRACT

Hydraulic fracturing is a stimulation technique widely used to enhance hydrocarbon production
and geothermal energy extraction. Other applications include waste disposal and cave
inducement and preconditioning of ore for mining. Rocks are naturally fractured and therefore the
little-understood problem of hydraulic fracture growth through these pre-existing discontinuities is

a key area of research.

Mathematical criteria for predicting whether an induced fracture will cross a discontinuity have
been published by several authors. Some used parameters that are difficult to quantify, neglected
the stress induced by the hydraulic fracture itself and ignored fluid viscosity effects on crossing
behaviour. Others ignored the presence of fluid in the hydraulic fracture, the possibility of fracture
re-initiation after slippage and the effect of surface features on crossing. Numerical studies have
shown that viscosity-dominated hydraulic fractures would induce slip on the discontinuity more
easily than toughness-dominated hydraulic fractures. This implies that crossing should be more
difficult for viscosity-dominated hydraulic fractures. To investigate the interaction between
hydraulic and natural fractures, laboratory experiments are combined with numerical and

analytical work in this thesis to extend two previously published criteria.

This thesis shows the effect of viscosity on the crossing interaction is complex and cannot be
predicted based only on whether slip occurs on the discontinuity before the hydraulic fracture
intersects it. The laboratory work can also be applied to improved understanding of the effect of
the stress field on crossing as it relates to hydraulic fracture height growth. Prediction of the effect
of weak bedding planes on height growth has recently gained importance as the risk of vertical
growth of fractures into aquifers has emerged as a concern in shale gas and coal seam gas
operations. The findings herein can be applied to this problem if the frictional interfaces are
considered to represent weak bedding planes. Complete treatment of the height growth problem

requires considering fracture growth through elastic layers with contrasts in physical properties.

The experiments show hydraulic fractures may grow to become elliptical because they extend
more quickly and further in the direction of maximum stress or in the direction with fewer
discontinuities. The preparation of the samples underlined the effect of local imperfections on
discontinuities. Small areas of higher or lower contact stress can aid or inhibit fracture initiation.
Rock plates must be smooth and flat in order to control this parameter and obtain valid

experimental comparisons for contact stress and the other parameters controlling crossing.




Abstract

Numerical and analytical results are presented as a mathematical expression with universal
curves for the locations of slip starting points, providing an important aid for designing industrial
hydraulic fractures. One difference between the approach used here and that used by others is
their use of the fracture-tip singular stress solution, meaning they do not consider the effect of the
non-singular stresses existing around a pressurised fracture. This thesis therefore improves their

work.

Experimental and theoretical outcomes herein suggest that hydraulic fracture growth through an
orthogonal discontinuity does not depend primarily on the interface friction coefficient. This finding

contradicts several models.
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