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Foam for EOR

Gas mobility visualized in a Foam mobility visualized in a
micromodel with contrasting micromodel with contrasting
permeability permeability



Micromodels
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3. Chilingar, G. V.; Yen, T. F., Energy Sources 1983, 7, (1),

1. Image Source: U.S. Department of Energy 6775

2. Image Source: www.slb.com/Schlumberger



A RICE Generation of Foam in
» Porous Media
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Micromodels

Positive Resist

Negative Resist (

Etch-back

High Permeable Region

egrain radius 150 pm =

-pore throat 60 pm N
sporosity 0.45

Low Permeable Region
egrain radius 50 um
epore throat 20 um
sporosity 0.45



RICE PDMS surface modification by
UV-Ozone
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1. Berdichevsky Y, et al, Sensors and Actuators B-Chemical 2004, 97, (2-3), 402-408.



RICE Patterning wettability

Side view Top view
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Wettability patterning

Homogeneous water
contact angle ~100°

Left: initially saturated with dye solution; Right: after 2 min air injection at a volumetric
flow rate of 1.0 ml/hr. The red scale bar at the upper left corner represents 500 pm.



“surfactant solution
0.2 wt% Mackam CB 35
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Gas Flood

Air is only able to flow through the high permeability region leaving the aqueous
solution trapped in the low permeability region
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Played at 1 frames per second, captured at 10 frames per second.
Injected gas flow rate 5.0 ml/hr, injected liquid flow rate 0.0 mi/hr.



Foam Displacement

98% Gas Injection
injected gas flow rate= 4.90 mL/hr
Injected surfactant flow rate = 0.10 mL/hr




Screening conditions
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Breakihrough Times

Displacement Profile (100% Gas Injection) ’ N ‘ Lo 1.1 sec
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Pore Level
Visualization and
Manipulation of
Foam
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F Foam Stability in the
Presence of Oil

Injection
inl



RICE o0il displacement with
glycerol sweep
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2 RICE Foam Sweep in an oil
saturated porous media

Porous media saturated with a red-dyed paraffin oil



Conclusions

-Micromodels for pore-level
visualization of foam propagation
and stability

-Micromodels for surfactant
stability evaluation

-Micromodels of fractured porous
media

-Patterning and controlling
surface wettability and roughness
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