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Sensitivity analysis of key input parameters on reservoir deformation 
Amour Frédéric, Hajiabadi M.R., Nick, H.M. 

Experimental studies have well-documented the elasto-plastic response of chalk under controlled laboratory 
conditions in term of applied stress, water saturation (Sw), deformation rate, and temperature. The 
application of such knowledge to field case studies remains nevertheless challenging as the precise properties 
of the rock subject to in situ conditions are only partially constrained. Currently, geomechanical simulation 
studies do not consider these uncertainties associated to the input data. Such as for hydrocarbon reserves 
estimation at different confidence levels, acknowledging and quantifying the uncertainty in the simulation 
results is of primary importance to enhance the quality of predictive models. 

In this context, this study consists of a series of 1-D compaction simulation tests, during which the values of 
the yield stress (σy) and Sw of Danian and Maastrichtian chalk are modified. The model outcomes are then 
compared to assess the sensitivity of these two parameters on the total computed strain. The geomechanical 
modelling is applied to Danish fields and quality-checked by seafloor subsidence data. On the one hand, σy 
values assigned to chalk vary between the initial σy that corresponds to the stress at the onset of plastic 
deformation and the final σy defining the onset of linear plastic deformation. The corresponding porosity-
dependent functions for σy are defined by Amour et al (2021) and Al Assaad et al.(subm.). On the other hand, 
for each case study, three simulations are run by considering i) fully oil-saturated chalk (Sw=0%), ii) no change 
in initial water saturation (S0w) during production, and iii) production-induced variation in S0w (ΔSpw) (Fig. 1). 

The results indicate that the choice of σy has a significant impact on the total deformation simulated. For 
instance, the total vertical displacement of the reservoir top can vary by a factor of 30% to 40% in the Dan 
and Halfdan fields when changing the σy value in the constitutive equations (Fig. 1). Besides, the simulation 
outcomes suggest that the softening of chalk strength caused by the presence of water in pore space is mainly 
caused by the amount of Sw initially present in chalk prior to production. The water weakening caused by 
ΔSpw accounts for a negligible amount of the total reservoir deformation (Fig. 1). This study represents the 
first step towards quantifying the uncertainties associated to compaction simulation. 

 

Fig. 1: Displacement of the reservoir top in the Dan (left) and Halfdan field (right) during production according 
to the difference scenarios of change in Sw and considering the initial (green) and final (red) yield stress values 
in the constitutive model. 

 

Sw = S0w+ΔSpw 
Sw = S0w 
Sw = 0% 


