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Accurate and efficient models are needed to support the safety of geologic carbon sequestration

e Lateral plume migration is often not well predicted by reservoir simulators where small scale rock heterogeneity is
not taken into account.
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How do we incorporate the impact of smaller scale heterogeneity into field scale models?

Rock structure heterogeneity exists from the pore to the meter scale and impacts the
multiphase flow parameters of the rock.

* Which scales, structures are most important?
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How do we incorporate the impact of smaller scale heterogeneity into field scale models?

Rock structure heterogeneity exists from the pore to the meter scale and impacts the
multiphase flow parameters of the rock.

* Which scales, structures are most important?

L> Horizontal laminations
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Horizontal laminations
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Small-scale horizontal laminations impact where the CO, flows



Multi-phase flow experiments



Experimental observations of the CO, saturation distribution in a horizontally layered rock core
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Heterogeneous saturation distributions are the result of capillary heterogeneity



Heterogeneity in the capillary pressure - saturation relationship can lead to heterogeneous
saturation distributions
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Heterogeneity in the capillary pressure - saturation relationship can lead to heterogeneous
saturation distributions
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Heterogeneity in the capillary pressure - saturation relationship can lead to heterogeneous
saturation distributions
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Heterogeneity in the capillary pressure - saturation relationship can lead to heterogeneous
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Heterogeneity in the capillary pressure - saturation relationship can lead to heterogeneous
saturation distributions
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Heterogeneity in the capillary pressure - saturation relationship can lead to heterogeneous
saturation distributions
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A physics-based model to predict the impact of
horizontal laminations on CO2 plume migration



A physics-based model to find upscaled saturation functions and incorporate them into a field-scale model
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A physics-based model to find upscaled saturation functions and incorporate them into a field-scale model
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A physics-based model to find upscaled saturation functions and incorporate them into a field-scale model

* Upscaled flow-rate dependent saturation functions
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A physics-based model to find upscaled saturation functions and incorporate them into a field-scale model

* Upscaled flow-rate dependent saturation functions
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A physics-based model to find upscaled saturation functions and incorporate them into a field-scale model

* Upscaled flow-rate dependent saturation functions
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Upscaled saturation functions
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Upscaled saturation functions

kKrW kKT‘W
u u kkrcoz dp
w = Thx = kN 9Tt 7 = kx - dSC Viw
( rCO2 + rw) ( rCO2 + rw) Hco2 w

Uco?2 Uy Uco?2 Uy

kkrcoz kKrcoz

Hcoz Kcoz KKry dpc

VS

kKrcoz kKkrcoz

dcoz = ( N kKT‘W) qr _(
Uco2 HUw

kKrw) ty dS, "

Ucoz Uy

l

l

|

VL

Transition regime

CL

2
2+

¥

Water flux
CO, flux
High perm layer

Low perm layer

11



Upscaled saturation functions
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Upscaled saturation functions
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Upscaled saturation functions
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Upscaled saturation functions
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Upscaled saturation functions
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Upscaled saturation functions
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Upscaled saturation functions in the CL and VL as a function of fractional flow
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Upscaled saturation functions in the CL and VL as a function of fractional flow
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Upscaled saturation functions in the CL and VL as a function of fractional flow
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A capillary number scaling is used to find the upscaled saturation functions in the transition regime
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A capillary number scaling is used to find the upscaled saturation functions in the transition regime
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A capillary number scaling is used to find the upscaled saturation functions in the transition regime
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A capillary number scaling is used to find the upscaled saturation functions in the transition regime
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A capillary number scaling is used to find the upscaled saturation functions in the transition regime
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A capillary number scaling is used to find the upscaled saturation functions in the transition regime
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A capillary number scaling is used to find the upscaled saturation functions in the transition regime
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Upscaled saturation functions as a function of fractional flow and flow-rate
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Upscaled saturation functions as a function of fractional flow and flow-rate
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A physics-based model to find upscaled saturation functions and incorporate them into a field-scale model
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* Upscaled flow-rate dependent saturation functions
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An extended Buckley-Leverett solution where the fractional flow function depends both on the saturation and

radial distance from the well is used to look at the field scale impact of small scale layered heterogeneity
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An extended Buckley-Leverett solution where the fractional flow function depends both on the saturation and
radial distance from the well is used to look at the field scale impact of small scale layered heterogeneity
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An extended Buckley-Leverett solution where the fractional flow function depends both on the saturation and
radial distance from the well is used to look at the field scale impact of small scale layered heterogeneity
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For injection rates and volumes commonly used at injection sites, the capillary limit is reached quickly
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A physics-based model to predict the impact of horizontal laminations on CO, plume migration
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