
16th Swiss Geoscience Meeting, Bern 2018 

 
Reservoir stimulation and its effect on depletion-
induced seismicity   
 
Barnaby Fryer*, Gunter Siddiqi** & Lyesse Laloui* 
 
*Soil Mechanics Laboratory – Chair “Gaz Naturel” Petrosvibri, Station 18, Swiss 
Federal Institute of Technology in Lausanne, Route Cantonale, 1015 Lausanne, 
Switzerland (barnaby.fryer@epfl.ch) 
**Swiss Federal Office of Energy, 3003 Bern, Switzerland 
 
Production from subsurface reservoirs causes stress changes that can lead to 
induced seismicity (Segall 1989). In the fully coupled theory of poroelasticity, 
these stress changes are caused by the gradient of pore pressure which acts as 
an internal force in the momentum balance equation. This implies that, if a 
smaller pore pressure gradient is required to produce the fluid, smaller stresses 
will be induced, likely leading to a lower seismicity rate. 
 
According to Darcy’s Law the gradient of pore pressure required to achieve a 
certain fluid production rate is inversely proportional to the permeability. The 
larger the permeability, the smaller the pore pressure gradient required. 
Therefore, it is possible that reservoir stimulation techniques may be significant 
in terms of induced seismicity because, during the reservoir production phase, 
they will decrease the pore pressure gradient required to produce a certain 
amount of fluid. For this reason, in this work, a hydraulic fracture’s effect on 
induced seismicity is investigated. 
 
Pore pressure and stress changes are modelled using a fully coupled Finite 
Volume flow and Finite Element mechanical model. A pseudo hydraulic fracture 
and the resulting near wellbore permeability increase are modelled using typical 
parameter values reported in the literature for hydraulic fracturing. Calculated 
pore pressure and stress changes are then used in a seismicity model based on 
the model introduced by Dietereich 1994 and extended by Segall & Lu 2015. 
Seismicity rates are compared for the case when the pseudo hydraulic fracture 
permeability increase is included to the the case without a stimulated wellbore 
inflow zone.  
 
The numerical experiment suggests that the near-wellbore permeability 
increase associated with hydraulic fracturing results in decreasing the stress 
changes associated with an imposed fluid production rate and thereby indirectly 
decreases the seismicity rate. These results imply that stimulated wellbore are 
useful for managing fluid production from reservoirs where production-induced 
seismicity is an issue.  
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Figure 1.  Calculation of  (a) the seismicity rate induced by fluid production in an 
unstimulated reservoir subject to a reverse faulting stress regime after ten years 
of production and (b) the resulting seismicity rates for a stimulated and non-
stimulated production well. The seismicity rates are taken at various depths (Y) 
vertically in-line with the producing well. The numerical simulation is plain strain 
with injection occurring via a horizontal well.  
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