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Fluid Transport in Shale Gas Reservoirs: Simultaneous Effects of Stress 

and Slippage on Matrix Permeability 

Rasoul Nazari Moghaddam, Mahmoud Jamiolahmady 

Institute of Petroleum Engineering, Heriot Watt University 

Abstract 

Gas flow modelling in shale and tight gas reservoirs is challenging mainly due to different 

pore-scale flow regimes present in micro- and nanopores of these reservoirs. The effect of 

geomechanical stress also significantly affect the measurement and prediction of apparent 

matrix permeability. In this study, series of experiments were designed and performed on 

three shale samples to study the simultaneous effects of slippage and stress at five different 

pore pressures and four net stresses. The experimental data were used to obtain a general slip 

plot, which quantifies the effects of slippage on matrix permeability. Then, the stress effects 

were taken into account by modifying the average pore size and non-slip permeability at each 

net stress based on the experimental observations. It is found that the non-slip permeability of 

matrix and average pore size follow an exponential behaviour when changing the net stress. 

These two relationships were then incorporated into the corresponding slip flow model in 

order to capture the effects of slippage and stress at the same time. The validity of the 

proposed model was also investigated (using published data in the literature) which shows 

that the proposed technique is able to capture the intensity of permeability reduction and 

enhancement due to stress and slippage, respectively. This study increases our knowledge of 

rarefied flow dynamic inside micro- and nano-pores under confining stress, which is 

necessary for accurate prediction of apparent matrix permeability in the unconventional 

reservoirs. 

 

1. Introduction 

Decline in gas production from conventional resources and advances in technology have 

increased the important role of the Unconventional Gas Resources (UGRs) in the global gas 

production. The main characteristic of the unconventional reservoirs is low matrix 

permeability that makes the dynamics of fluids flow and their interaction with surfaces to be 

very different from those in conventional systems. 

Gas production in shale reservoirs is attributed to the conductivity of the matrix and fracture 

systems. However, the long term gas production from these reservoirs are known to be a 
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