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Background

Accurately estimating relative permeability (kr) requires a comprehensive understanding of the
fluid and rock properties that influence its behavior. Traditionally, kr has been quantified as a
function of phase saturation. However, recent studies show that kr also depends on factors such as
phase connectivity, wettability, capillary number, and fluid-fluid interfacial area.

A key limitation in past studies 1s the assumption of constant pore structure when estimating kr,
despite the heterogeneous and anisotropic nature of porous media. This research seeks to bridge
this gap by integrating the Rock Quality Index (RQI) to better account for variations in pore
structure and improve kr estimation in complex reservoir conditions..
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Fig . 1 — Rock and fluid properties that impact the
physics of relative permeability. :
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Fig. 2 — Schematic showing water-oil relative
permeabilities for a water-wet medium. Hysteresis in
relative permeabilities is also displayed.

Objectives

Incorporate pore structure in estimating relative permeability, showing relative permeability as

a state function of saturation, connectivity, and pore structure
Explore that RQI is an effective parameter in quantifying pore structure

Show the changes of fluid and rock properties of physical interest with RQI at extreme cases.

Relative Permeability Equation of State

dkrj = O%ige 4 O O O e O K O Ky
~ s, T ax, T e T el “T T A T ok X a1j "

okr. okr. okr.

agJ dg + ‘dA + ldq

- Y a7

Egn. 1 — Conceptual EOS for relative permeability S. 1s saturation of phase j
J

Xj 1s pore connectivity

Aj 1s the rock flow area
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0, is the rock wettability

i 1s the phase viscosity

Egn. 2 — Khorsandi et al. (2017) k is the rock permeability

@ is porosity
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Egn. 3 — Purswani et al. (2019) A 1s the pore structure

{ depicts the rock chemistry
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Eqn. 4 — Current approach
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Methods and Results

ROI = \/g Where k 1s rock permeability and @ is porosity
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Fig. 3 — Disparities in kr and residual saturations with RQI during drainage and imbibition. Data after Leila et al 2021
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Fig. 4 — Illustration of changes of residual water saturation, maximum relative permeability of water, and Corey exponent
for water, respectively at zero to infinite ROI .

400 600
RQI

Fig. 5— Illustration of changes of residual oil saturation, maximum relative permeability of oil, and Corey exponent for oil,
respectively at zero to infinite RQI .

Fig. 6 — Illustration of relative permeability curves for a zero, low, medium, high, and infinite RQI cases, respectively.
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Fig. 7 — lllustration of changes in normalized pore connectivity with zero to infinite RQI
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Fig. 8 — Comparison of residual oil saturations using results from Pore Network Modeling data evaluation.

Conclusion

RQI is an easy and effective quantitative measure for characterizing pore structure.

Graphical 1llustrations have been used to validate physical relationship between RQI and

relative permeability.

Rock porous media heterogeneity and complexity while estimating relative permeability can be

accounted for by rigorously studying RQI as a representation of pore structure.
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