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Fluid injection in single fractures: induced seismicity and influence on the fracture
slip regime
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2 University of Barcelona, Department of Mineralogy, Petrology and Applied Geology, Barcelona,
Spain

¥ Institut Cartografic i Geologic de Catalunya (ICGC), Barcelona, Spain

albert.griera@uab.cat

S6 Geofluids and their influence on deformation

Introduction

The so-called Enhanced Geothermal Systems (EGS) are characterized by a stimulation
phase that aims to increase fluid flow and heat transfer between wells by increasing the
permeability and transmissibility of the reservoir. This is achieved by injecting fluids at high-
pressure in order to increase the apertures of existing fractures, enhance their sliding and/or
generate new ones. However, this technique induces low-magnitude seismicity that
occasionally results in damage at the Earth’s surface. Numerical simulations able to
reproduce the hydro-thermo-mechanical behaviour of geological reservoirs are an essential
tool for the evaluation and forecasting of induced seismicity in such systems. In this study,
the numerical code CFRAC (e.g. McClure, 2012) is used to systematically evaluate how the
orientation of fractures with respect to the maximum compressive stress (L)) influences
seismicity, the injection rate and the fracture sliding behaviour.

Results

The results show that three main seismic regimes can be distinguished. The first type are
orientations that do not require a large fluid overpressure patch on the fracture before the
onset and nucleation of a seismic event. A small perturbation of strength is enough to
produce a critical load and fracture reactivation. The size of the rupture surface is larger than
the size of the pressurised patch, and therefore, slip along the fracture can expand outside of
the pressurised front leading to situations of uncontrolled rupture propagation. The fractures
oriented between a =40° and a=14° follow this behaviour.

The second type of response is defined by fracture orientations that require longer injection
times before the onset of fracture slip. In this case, the onset of dynamic slip requires that a
large part of the fracture is first uniformly pressurised. Seismic events in this case are not
located near the injection point, but into the pressurised front. They are characterised by high
slip velocities and surface run-outs that can expand outside of the pressurised region, but are
still able to produce rupture surface along the whole fracture distance. The fracture
orientation ranges between 5°< a <14° and 40°< a <45°. Finally, a third case with the fracture
oriented a < 5° can be defined. In this case, dynamic slip is not observed and fracture
propagation is arrested due to the increase of the dynamic friction coefficient during the raise
of the slip velocity. The accommodation of loading, and therefore the accommodation of a
finite displacement along the fracture, takes place by means of slow motion events (i.e. low-
magnitude seismicity) or by aseismic flow.

References
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Figure 1: Sliding velocity (m/s), fluid pressure (MPa), injection rate (kg/s) and event magnitude evolution along
fracture distance and time elapsed (s) for model 6 =88° (A-C), 6 =86° (D-F), 6 =76° (G-I) and 6 =60°(J-L). White
points indicate hypocentre of seismic events. Fracture orientation (6) was defined as the angle between the

principal compressive stress o1 and the fault normal.
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