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ABSTRACT

Despite significant effects on macroscopic migration and distribution of CO, injected during geological sequestration, only
limited information is available on wettability in microscopic scCO,-brine-mineral systems due to difficulties in pore-scale
observation. In this study, a micromodel had been developed to improve our understanding of how scCO, flooding and
residual characteristics of porewater are affected by the wettability in scCO,-water-glass bead systems. The micromodel (a
transparent pore structure made of glass beads and glass plates) in a pressurized chamber provided the opportunity to
visualize scCO, spreading and porewater displacement. CO, flooding followed by fingering migration and dewatering
followed by formation of residual water were observed through an imaging system. Measurement of contact angles of
residual porewater in micromodels were conducted to estimate wettability in a scCO,-water-glass bead system. The
measurement revealed that the brine-3M NaCl solution-is a wetting fluid and the surface of glass beads is water-wet. It is
also found that the contact angle at equilibrium decreases as the pressure decreases, whereas it increases as the salinity
increases. Such changes in wettability may significantly affect the patterns of scCO, migration and porewater residence
during the process of CO, injection into a saline aquifer at high pressures.
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Fig. 1. Making procedure of micromodel; (a) two glass plates and two acryl guards, (b) assembly of a micromodel with glass filter, glass
beads, and pipes, (c) a picture of micromodel prior to epoxy reinforcement, (d) a picture of a completed micromodel.
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Fig. 2. The experimental set-up showing the streamline injection facilities; (a) CO, feeding system, (b) Confining pressure system, (c)

Imaging system.
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Fig. 3. High pressurized chamber; (a) exterior with sapphire windows and safety lock, (b) interior with a micromodel in it.
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Fig. 4. Contact angle measuring procedure of scCO,-porewater on the surface of glass beads using ImageJ; (a) boundary of the surface of
a glass bead, (b) extended circle for a droplet-type residual porewater (c) contact angles measurement using Imagel.
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a) b)

porewater

Fig. 6. Selected images during scCO, injection (Experimental conditions: 1,300 psi and 43°C, flow rate of scCO,: 0.05 ml/min).
Supercritical CO, was injected from the inlet (top). Micromodel was initially saturated with deionized water and the pore space was
getting displaced with scCO, over observation time. (a) Prior to injection of scCO, (b) At 30 seconds after injection, 5.8% of observation
area was filled with scCO, (c) At 120 seconds after injection, 40.3% of observation area was filled with scCO, (d) At 300 seconds after
injection, 72.4% of observation area was filled with scCO,.
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Fig. 8. Effect of pressure on contact angle of residual porewater (Experimental conditions: 43°C, deionized water); (a) 1,300 psi, (b) 700

psi, (¢) 0 psi.

100

N ®
S o
L L

-
o

'S
o
e

contact angle, degree
8 g

N
o
L

=
o
L

0

1400 1200 1000 800 600 400 200 0
pressure, psi

Fig. 9. Variation in the contact angle of residual porewater with
pressure (Experimental conditions: 43°C, deionized water).
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