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Pore-scale Investigation on Displacement of Porewater
by Supercritical CO, Injection Using a Micromodel
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ABSTRACT

A micromodel was applied to estimate the effects of geological conditions and injection methods on displacement of
resident porewater by injecting scCO; in the pore scale. Binary images from image analysis were used to distinguish scCO,-
filled-pores from other pore structure. CO, flooding followed by porewater displacement, fingering migration, preferential
flow and bypassing were observed during scCO, injection experiments. Effects of pressure, temperature, salinity, flow rate,
and injection methods on storage efficiency in micromodels were represented and examined in terms of areal displacement
efficiency. The measurements revealed that the areal displacement efficiency at equilibrium decreases as the salinity
increases, whereas it increases as the pressure and temperature increases. It may result from that the overburden pressure
and porewater salinity can affect the CO, solubility in water and the hydrophilicity of silica surfaces, while the neighboring
temperature has a significant effect on viscosity of scCO,. Increased flow rate could create more preferential flow paths and
decrease the areal displacement efficiency. Compared to the continuous injection of scCO,, the pulse-type injection reduced
the probability for occurrence of fingering, subsequently preferential flow paths, and recorded higher areal displacement
efficiency. More detailed explanation may need further studies based on closer experimental observations.
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Fig. 1. Photographs of quartz sands; (a) Quartz sand prior to pretreatment, (b) Colored particles removed by hand picking, (c) Transparent

and semi-transparent felsic particles applied in micromodels.
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Fig. 2. Making procedure of micromodel; (a) two glass plates and two acryl guards, (b) assembly of a micromodel with glass filter, quartz
sands, and injection/drainage pipes, (c) a micromodel prior to epoxy reinforcement, (d) a completed micromodel.
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Fig. 3. 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. 4. High pressure chamber; (a) exterior with sapphire windows and safety lock, (b) interior with a micromodel in it.
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Fig. 5. Selected actual and binary images before and after the scCO, injection in the micromodel. In binary images (c and d), black areas
indicate pores saturated with water while white areas indicate pores displaced by scCO,., (a) Prior to the injection, all of pore space was
saturated with deionized water., (b) After the completion of the injection, some part of pore water was displaced by scCO,., (c) binary

image of (a), (d) binary image of (b).

Fig. 6. The binary image of the observation area with the
maximum saturation of scCO, in the micromodel. The maximum
CO, saturation is estimated at 51.3% and the irreducible water
saturation is measured at 48.7% of the pore space.
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Fig. 7. Selected binary images for two representative patterns of scCO, plume evolution observed during the injection experiments
(Experimental conditions: 1,300 psi, 40°C, and flow rate of scCO,: 0.1 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.
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Fig. 8. Selected binary images from the scCO, injection experiments for various pressures (Experimental conditions: 40°C and flow rate
of scCO,: 0.1 ml/min). Pressure conditions : (a) 1,100 psi, (b) 1,200 psi, (c) 1,300 psi.

J. Soil Groundw. Environ. Vol. 21(3), p. 35~48, 2016



=

oS

Fe FHski. 439 7R 20 doless ¥3}
H mlola® eyl 1,300 psigh 40°C] 9F B &

T ZAS A, I9PEEE o] 8€3l] scCOS 0.1
ml/min®] o2 mlolaz R YREZ FYsit. o
Ho] Jgkoll ek AP 1,100 psi(7.6 x 10° kPa)2t
1,200 psi(8.3 x 10°kPa)e] & 1S F7IE Z8319e
), 259] g3l tigh AFdME 20°Ce} 60°CY] &=
208 N2 Agste] 47} 334 wkE A3S e)s)
Atk CO2l YAl LE(B1.1°C)ET} ¥e 20°C7} Z8H
ARAMY CO, S HAPFICO IR, T o]2¢]
AFolxe BT 2V (seCOy)°l COF FAE A

Fig. 8 7} ¢F8 Z7ollA] 334 3% scCO, TH
AFeA I UiV 88 ¥ rlolazwd Ul &
49 digt oS e A=, ho] F71st
o me} AT o] viwd JelE= AES vERAL.
vlolaZ g YR o] ke €Y HEet E-COo,
1 AR IS opleked] Wil 3559 A=
de & AFS "X A gEtHBachu and Bennion,
2008; Dandekar, 2006). ©]21g+ HI5E43 94 G419 &
A 71 79 Al -EES 3 ARAEe] Sk 247t
e} 2o oJgt A BT = = 7heA
S 957 =™ (Lenormand et al., 1988), °l& 4¥
71l ok Hxet AW A= gho= AAH Cast Mo
712 5o Ao s 39 4 vk Fig. 9= ol
sPdell digh B o= RE 42HgE FF gl Wbl W
3= Yehd Zo=, 39 349 Qbgo] Il wiet
HE oA WAL FTVehe Ade BoFal Sl o]
Het AR vjo|agwe] I FEE olF= A Y
Ak 743 AR F oF 90%2 XABh=E Si0e] ¥ &
A Wspyl dlo g FdHEr) Si0,9] wHole 3]
Fshze] ARFAR S vAE HEls 2E(ilanol
group, SiOH)°] EAJ8}aL 2lom, o] Aeks 1Fe] 7=
Hslol| wet Sio, W 54d¢] WHelshAl Erh(Behrens
and Grier, 2001). AVJE] &9 pH HH(5.7~7.7)°14
Aehs 25 T4 oS 41 $X5E v dEHE
EAEteg FAS 7 BRA) tiste] 13kl A4F
€ et (Dove and Craven, 2005). 124} pH 3 ©]
ake] A Z30A dehs 258 74 o) Al
we} A YRF 1He] Hspt haslar AvH o 314
o] 7raslA HTHKim et al, 2012). Wk 9 3
739] qteo] F7lsle] F=l digh co) &al=rt &
7V o] B2 Coyt 83lEe] =2 pHrt HolA]

Al = TE FHY Aol i Xggo] v

AP oiksieh: o= QI TS5 thAlell B3 = 71 vho] AR RE A 43

100

80 A

60 -

40 A ] A

20 A

Areal displacement efficiency, %

1000 1100 1200 1300 1400
Pressure, psi
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