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Figure S1. Schematic of the pump system and core holder module used in the core-

flooding setup. 



 

Figure S2. Detailed schematic of the pressure transducer module. 

 

Figure S3. Detailed schematic of the back pressure regulator (BPR) module. 

 



 

Figure S4. Schematic of the multi-layer core assembly used to prepare the core for 

supercritical CO2 flooding. 

 

Relative Permeability Value 

𝒌𝒓𝒘𝒐  1 

𝒌𝒓𝒈𝒐  0.1768 

𝑺𝒘𝒄 0.33 

𝑺𝒈𝒓 0 

𝒏𝒘 2.8 

𝒏𝒈 1.1 

 

Table S1. Relative permeability (water/CO2) values1 used for STARS foam model 

parameters estimation. 



 

Figure S5. Relative permeability (water/CO2) curve used for STARS foam model 

parameters estimation 

Based on Darcy’s law, the viscosity of the gas phase and aqueous phase can be expressed 

by equations shown by Eq. S1 and Eq. S2. The apparent viscosity of foam is expressed 

calculated using Eq. S3. By combining Eq. S1 and Eq. S2, the relative permeability of the 

aqueous phase can be expressed as shown in Eq. S4. 
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Darcy’s law for gas phase 
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Darcy’s law for the aqueous phase 
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Darcy’s law for foam 
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Expression of relative permeability of aqueous phase based on Darcy’s law 

Based on Corey’s model, the relative permeability of the gas phase and the aqueous phase 

are expressed by Eq. S5 and Eq. S6. 

𝑘G; = 𝑘G;N ∗ O P<QP<0
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Expression of relative permeability of aqueous phase based on Corey’s model 

𝑘G* = 𝑘G*N ∗ O RQP<QP3.
RQP<0QP3.
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Expression of relative permeability of gaseous phase based on Corey’s model 

By combining Eq. S4 and Eq. S5, the saturation of water could be expressed as shown in 

Eq. S7. 

𝑆; = W H<
H4/JK∗-.<X

∗ C1 − 𝑓*EY

Z
8<
∗ C1 − 𝑆;[ − 𝑆*GE + 𝑆;[																	(Eq. S7) 

Expression of water saturation 

Once the water saturation is obtained, the value of 𝐹𝑀 at each fractional flow can be 

calculated using experiment data C𝑓*	, 𝜇?@ABE from the foam quality scan as shown in Eq. 

S8. 
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Expression of FM based on experimental data  
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Expression of FM in the STARS foam model 

The dry out function parameters, 𝑒𝑝𝑑𝑟𝑦 and 𝑓𝑚𝑑𝑟𝑦 shown in Eq. S9, can be uniquely 

determined by performing a linear regression for different values of 𝑓𝑚𝑚𝑜𝑏 as shown by 



Eq. S102. Then, by performing a value scan of 𝑓𝑚𝑚𝑜𝑏 , the final 𝑓𝑚𝑚𝑜𝑏  can be 

determined through the minimization of the objective function as shown in Eq. S11.  
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Objective functions for 𝒇𝒎𝒎𝒐𝒃 obtimization 

For estimating the shear thinning parameters, 𝑓𝑚𝑐𝑎𝑝 and 𝑒𝑝𝑐𝑎𝑝, a linear regression using 

𝑓𝑚𝑚𝑜𝑏 and the 𝐹𝑤𝑎𝑡𝑒𝑟 values at a specific flow rate can be performed, as shown in Eq. 

S12 and Eq. S13. The same concept can be used to determine the surfactant concentration 

dependent function, as shown in Eq. S14 and Eq. S15. 
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Expression of FM regarding dry out and shear thinning functions 
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Expression of linear regression form for determining the 𝒇𝒎𝒄𝒂𝒑 and 𝒆𝒑𝒄𝒂𝒑 
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Expression of FM regarding dry out and shear thinning functions 
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Expression of linear regression form for determining the 𝒇𝒎𝒔𝒖𝒓𝒇 and 𝒆𝒑𝒔𝒖𝒓𝒇 
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