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Oil reservoir seals are natural traps that prevent the upward migration of hydrocarbons. 
Geological discontinuities, such as faults, are inherent in most petroleum formations. A fault 
plane (or fault zone) is a discontinuity in the rock mass, quite common in most sedimentary 
basins. These fractures are naturally sealed and they act as a barrier for the migration of 
fluids. In fact, the sealant condition of the fault is an essential requirement for the existence of 
the oil reservoir. However, natural events (e.g. earthquake) or human actions (e.g. CO2 
injection at high pressure) may induce seal rupture with the possibility of connecting the 
reservoir with other rock blocks and finally with the surface. This process may lead to oil 
release and the associated environmental accident. Injection of fluids at high pressure 
represents a central activity around oil production strategies. Perhaps one of the biggest 
challenges of engineers and geologists involved in H2O/CO2 injection projects is to estimate 
the maximum allowable injection pressure that will not hampered the seal condition of the 
fault.  

A number of recent modeling efforts have been made to better understand the mechanical 
and flow behavior in the damage zones. For example Goodarzi et al. (2012) performed a 
deterministic modeling related to CO2 storage in Nisku aquifer in Wabamun Lake area in 
Canada. The hydro-mechanical behavior of a fault running across a reservoir during a CO2 
injection scenario was modeled by Ducellier et al. (2011). The main aim of those works was 
not to estimate the injection pressure that reactivate the fault, but the effects of the flow-
deformation couplings on the behavior of the fault zone. Perera et al. (2013) developed a 2D 
model using the Comsol Multiphysics simulator to find the optimum injection pressure in 
coal seam without breaking its sealant. Kojic and Cheatham (1974) presented a treatment of 
the plasticity theory in porous media with fluid flow. In this work the methodology based on 
coupled numerical analysis and uncertainty quantification proposed by Pereira et al. (2014) is 
investigated further to estimate the maximum injection pressure in oil reservoir systems 
considering different operational conditions. 

 
The mechanical integrity of the reservoir depends on a number of factors, amongst others: 

shear and tensile strengths of the formation rock and changes in fluid pressures (which in turn 
induce changes in effective stresses). If the injection of fluids (i.e. H2O or CO2) at high 
pressures is such that the associated changes in effective stresses induce yielding, significant 
stress re-distribution and plastic deformations are anticipated in the reservoir and fault zone. 
Those changes generally lead to the reactivation of pre-existing discontinuities (and/or the 
formation of new fractures) and the loss of the fault sealing capability. Once the fault is re-
activated, fluids may migrate between blocks and also from the reservoir to shallower depths 
through the reopened discontinuity. For a particular case study, the injection pressure that 
may trigger the fault reactivation will depend on the coupled hydro-mechanical processes 
described above and on the materials properties involved in the analysis. The computer finite 
element program CODE_BRIGHT (Olivella et al., 1996) has been adopted in this work to 
study numerically the problem of fault reactivation.  



  

The numerical analyses presented in this paper focus on the behavior of an oil reservoir 
near a fault zone. The problem has been solved assuming 2D-plain-strain conditions, with a 
rectangular domain 1560 meters (wide) and 750 meters (deep). The reservoir is a 50 meters 
thick consolidated sandstone, overlaid by a 400 meters thick deposit of shale. The sea bed is 
at 130 meters below the water level. The initial stress state was defined assuming geostatic 
conditions. The case study is based on an actual field located in “Campos Basin”, Rio de 
Janeiro, Brazil. It has been assumed that an injection well is located at the left of the fault 
zone and a production well is located at the right (Fig. 1). This well disposition corresponds 
to a plausible scenario in this kind of problem. It has been considered that injection well 
operates with a well bottom hole pressure (BHP) up to 3.8 MPa above the original pressure. It 
has been assumed that the production well operates with a delta pressure of -4.0 MPa. After 
some time pressurizing the reservoir, the effective stresses will reach the yield criterion, 
jeopardizing the entire mechanical stability of the formation and leading to the reactivation of 
the fault zone. The development of (dilatant) plastic strains facilitates the migration of fluids 
into the fault zone; which would compromise the sealing capabilities of this zone. If this 
happens, fluids will migrate from the reservoir up to the surface. The challenge is to estimate 
the maximum allowed increase in pore pressure that will not trigger the exudation process. 
The follow figures illustrate the process of fault reactivation explained above.  
 

Figures 1 below show typical results associated with changes in pore pressure in the fault 
zone for the case that there is a lack of control on reservoir pressurization. Fig. 1.a) illustrates 
the beginning of the reservoir pressurization. Fig. 1.b) presents the adopted scale for contours 
plots. Fig. 1.c) shows the pressure distribution in the reservoir before the fault reactivation 
phenomenon. Fig. 1.d) illustrates the pressure distribution after the fault reactivation. 
 

 

 

 

  

Figure1. Typical results associated with fluid pressure distribution in the reservoir: a) beginning 
of the reservoir pressurization; b) scale of pressure; c) pressure distribution just before the fault 
reactivation phenomenon; and d) just after the fault reactivation. 
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A key characteristic of the fault reactivation problem is the huge range of variation of 
hydraulic and mechanical parameters in this highly heterogeneous zone. Furthermore, the 
lack of reliable experimental data associated with the materials in the damage zone is quite 
common. Therefore, a formal framework is essential for handling the uncertainties associated 
with this kind of analysis. In the analyses presented in this work, the parameter uncertainties 
are mainly related to the lack of (or limited) information about them. In this work the fault 
reactivation case described above has been analyzed using deterministic, probabilistic and 
non-probabilistic methods. It is shown that the non-probabilistic approach is well suited to 
handle the uncertainties associated with this very complex problem.  
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