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1. Objective

__%-I

 In-situ measurements of wettability on natural rocks published recently suggest

that wettability heterogeneity of a natural rock iIs at a subpore scale and
wettability has a wide range.

d  This work Is to model the heterogeneous wettability based on in-situ wettability
measurements on a Bentheimer sandstone and explore the implications of pore-

scale wettability heterogeneity on immiscible displacement in a sandstone.
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2. Review on Wettability Heterogeneity Model
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Literature review on wettability heterogeneity model of a porous medium
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3. Modeling Wettability Heterogeneity

I

3.1 In-situ measurements of wettability

» The core flooding experiment and X-ray micro-CT imaging were performed at U.S. Department of Energy
(DOE)’s National Energy Technology Laboratory (NETL).
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3. Modeling Wettability Heterogeneity

3.2 Model heterogeneous wettability as a random field

Model Generation Wettability construction
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3. Modeling Wettability Heterogeneity

I

3.3 Reconstruction of heterogeneous wettability

Wettability Field Generation Reconstruction
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Yo (X) =Yy (X)+ Vg (X) =Y us (X)

Y. Conditional wettability field Yex Wettability field kriged from measured wettability
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4. Implications on immiscible displacements in porous media
I

4.1 Generated hterogeneous wettability models
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4. Implications on immiscible displacements in porous media
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4. Implications on immiscible displacements in porous media

4.3 Impact on Pc-Sw curve

» The Pc-Sw curves for homogeneous and
heterogeneous wetting condition are
consistent.

» Pore-scale heterogeneity effects on local
redistribution of scCO,/water plumes are
averaged out on macroscopic PC-Sw curve.

» Under homogeneous IW condition, the entry
pressure for PD path is zero;

» Under heterogeneous IW condition, the
entry pressure for PD path is negative.
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To ensure the accuracy, enough timesteps are simulated. The average total time step for each case is 3.12 x 10°.
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4. Implications on immiscible displacements in porous media
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5. Summary
| '}Q ]

- In-situ measurements of wettability confirmed that wettability of a natural rock was
heterogeneous at a subpore scale. The wettability followed a lognormal distribution.

] Pore-scale wettability heterogeneity does not cause noticeable impact on Pc-Sw curve, except
that under the heterogeneous IW condition, the entry pressure of the PD stage was negative,
whereas it was zero under the homogeneous I\W condition.

] Pore-scale wettability heterogeneity causes noticeable uncertainty in relative permeabilities.
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Appendix: The impact of pore-scale wettability heterogeneity on relative permeability

__'}Q-I

1 Research plan

Comprehensive sensitivity analysis to study the respective and combined effects of standard
deviation and correlation length of surface CAs.
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Appendix: The impact of pore-scale wettability heterogeneity on relative permeability
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O Results_Impact of SD on relative permeability

» The SD affects the relative permeability of scCO, more than water. Water flow along surface, insensitive to
wettability heterogeneity compared to CO.,.

» The SD affects the relative permeability of scCO, and water in the middle of saturation axis than ends.
When water saturation is in (0.3, 0.7), scCO, distribution is scattered, resulting uncertainty in relative
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Appendix: The impact of pore-scale wettability heterogeneity on relative permeability
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O Results_Impact of SD on relative permeability

» The “A” shape relation between SD of kr and Sw clearly demonstrates that impact: scCO,>water, middle >
ends.

» Larger L leads to larger SD of kr.
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Appendix: The impact of pore-scale wettability heterogeneity on relative permeability
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4 Results_Impact of L on CO,/water configuration

» The L affects the relative permeability of scCO, more than water. Water flow along surface, insensitive to
wettability heterogeneity compared to CO.,.

» The L affects the relative permeability of scCO, and water in the middle of saturation axis than ends. When
water saturation is in (0.3, 0.7), scCO, distribution is scattered, resulting uncertainty in relative permeability.
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Appendix: The impact of pore-scale wettability heterogeneity on relative permeability

4 Results_Impact of L on CO,/water configuration

» The “A” shape relation between SD of kr and Sw clearly demonstrates that impact: scCO,>water, middle >

ends.
» Larger SD leads to larger SD of kr.
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