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ABSTRACT

TOUGH?2 was used to simulate the migration of CO, injected into a sandy aquifer. A series of numerical simulations was
performed to investigate the effects of a low-permeability layer (LPL) embedded in the aquifer on the injection rate and
the pressure distribution of CO,. The results show that the size and location of the LPL greatly affected the spread of CO..
The pressure difference between two points in the aquifer, one each below and above the LPL, increased as the size of the
LPL increased, showing a critical value at 200 m, above which the size effect was diminished. The location of the LPL
with respect to the injection well also affected the migration of CO,. When the injection well was at the center of the LPL,
the injection rate of CO, decreased by 5.0% compared to the case with no LPL. However, when the injection well was at
the edge of the LPL, the injection rate was decreased by only 1.6%. The vertical distance between the injection point and
the LPL also affected the injection rate. The closer the LPL was to the injection point, the lower the injection rate was, by
up to 8.3%. Conclusively, in planning geologic storage of CO,, the optimal location of the injection well should be
determined considering the distribution of the LPL in the aquifer.
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FHT Feolx] AT o] ZPATo] wEE] YeRe
EFEA olilsteas A A9 o' FEo] =
el gk A7E gt vp vk AT o]y Aol
A = AFS HelMe FYE olisleart 5
ol ofsf AT FFE AssHAl EtkBryant et al,
2006). ofwl] oJxkslekA AdE71E Yol AFS o] AJA)
o] EAG B 1 8l oilslekAa WRo] St
I As/go] dA3| HolRe F-gde] o kslekaigo]
=7V EthHan et al., 2010). ©]2Faleks A W
ofe] 7fe] AFF ol d ATl EAlsk AT 5
o= ol FUIS o B2 ATl o8 o]
2P AsWde] EarEA R Vb A AT
o] oliksleta ¥t FHAslal 2t AT ofefol] %F
78 olkkslgrigko] F71sHAl EThH(Green and Ennis-
King, 2010). ©]3 752 oRSIEAE oz F9)
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cbleaes A Wl el wet FolEe] geiRER
(Szulczewski et al., 2014), &5 W AT o] 2dAE
o] BT} AT RS vAe ¥ 2o wE
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Al Yehs s 7tel o3 A= U7t oA

Table 1. Model input parameters
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der Meer, 1992; Okwen et al., 2010).
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o, TR A AsH & ol FAEHe] Ths
S TOUGH2 (Pruess et al., 1999)2 AR&3}led o|xkslet
A 79 RIS TSIl AR dues tde =
F9 2UdyS AASH7] 98] water, brine, CO,-rich
phase A3%-S TFF= ECO2N EE(Pruess and Spycher,
2007)& AH8-3F53TH.

2 AFeMe oRklsterA aVdds 7Pt o1t
1000 m x 1000 m x 20 mQ] 32M1 AoiFFo= A3
ot ®de] Azle AR F2s AlEstet] F9H A
£91 30 em%H Hl 200m 7R F 20250702 A
2 FAsIAT
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FEAle] HolE ghs olgsitt. E3HEA] dLntellA
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ol A ZAAVIEN] olitslgta o] WEE 11 F AL
ot Asto] AR ks AT o E I o] T

iy
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Parameters Value
Initial Pressure (Mpa) 8.0
Initial Temperature (°C) 45.0
Porosity 0.25 0.05
X, Y Permeability (mD) Sand 60 Shale 0.1
Z Permeability (mD) 30 0.1
Formation Salinity (%o) 15
Relative permeability (Corey’s Curves)
Residual water saturation 0.3
Residual gas saturation 0.05
Capillary pressure (van Genuchten Function)
Exponent 0.457
van Genuchten o (Pa™") 5.1x 107
Injection Pressure (Mpa) 9.5
Carbon dioxide Injection Temperature (°C) 30.0
Injection duration (year) 10
Observation duration (year) 100
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How, 77 BT e R 12 3he ARESie] o]
MY ARTS 78t AT dEH _ee 24
AVdele] olikslera #7dol] et 8.0 Mpa, 45°CE A
At A3 Ul wesh yehue oldke ¥5E
0.05, ¥2% 0.1 mD, 2m F712] sh}e] Fo= H73}
Ao, 71 A7)9} 9o e AT o 2 oliksier
A TS 4] Q8 blo] 2 9ol tigh ¥

ok
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olikslekA: F=YS Boalr] 8l 20 m T AT
< 10719 ZF(layer) 22 vhe H 7P okl 5l =
(layer 1, 2) 4m X1l FYA] 23US AX|o o
Bl F=RlEE 30=2 7PYethFig. 1). olikst
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Table 2. Effects of horizontal location of low-permeability layer
(LPL) on CO, injection

Amount of stored CO,

Location of LPL Increase rate (%)

(ton)
No layer (case 1-1) 1.08E+6 0
Above (case 3-2) 1.03E+6 -5.02
Beside (case 3-3) 1.07E+6 -1.58

Fig. 1. Three-dimensional domain of the conceptual model.
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(case 1-1~1-7)l thet Bo] Ays EAsIqth =4, A
55 ol AR A FAAY Aolrt Fel| v
A= Gl gk A4S 8l case 17 FYSH Hdly)
2ol AR AFFToR JPgstar 73 9AE
layer 85FE] layer 47} YA IHAS R o|AA|7|HA]
(case 2-1~2-5) B E F3YsIHth(Fig. 2a). AA, A5
Well AFS ol d@AT Z719F 24 A7t g = o
R W AFTTH AR A FEAR e F
deF IS T3 case 3). AFTTY A7 case
29} YA AGsH o™, layer 590 YFshs A=
7HsIth. AFTSe] 8 AQ0 fFel wet FHEEe
I 2d, & A5 dol AFTEe] fle -F(case
3-1), FYHo| AFFT T Akl HAX|g 7-F(case
3-2), 7Y AFoE AFEFTo] AAA| BEE do=
OJBAIZ] A9(case 3-3)2 7Pt oS 3515t
(Fig. 2b).
ot AN Ade] BRIE o= FA(1.0 x 10%8))
A7gsle] H2] Al (closed boundary)oll 2J3F &Sl
AFeE slal, TOUGH2 Ed Fa54F MY (1542)S
HolXA] RAEE st A T 2dE A A T
<&@l ZAl(open boundary)oll o]+ Fakel FAwF Y
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Fig. 2. Location of the low-permeability layer (LPL): (a) vertical (cases 2-1~2-5) and (b) horizontal (cases 3-1 and 3-2) locations.
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Fig. 3. Distribution of CO, gas saturation after cessation of CO,
injection: (a) case 1-1, (b) case 1-2, (c) case 1-3, (d) case 1-4, (e)
case 1-5, (f) case 1-6, and (g) case 1-7.
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Fig. 4. Transport characteristics of the injected CO,: (a) temporal variation of gas saturation in layer 4 and (b) total amount of stored CO,

and peak pressure.
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Fig. 5. Distribution of storage temperature after cessation of CO,
injection: (a) case 1-1, (b) case 1-2, (c) case 1-3, (d) case 1-4, (e)
case 1-5, (f) case 1-6, and (g) case 1-7.

Fig. 6. Distribution of gas phase CO, after cessation of CO,
injection: (a) case 2-1, (b) case 2-2, (c) case 2-3, (d) case 2-4, and
(e) case 2-5.
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Fig. 7. Effects of vertical location of the LPL on the total amount
of stored COs.
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