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Received Abstract

29 January 2024 This study analyzed trapping mechanisms for injection scenarios that can reliably store CO, in

Final version Received aquifers for carbon capture and storage (CCS). The injection scenarios included continuous CO,

12 March 2024 injection (CGlI), cyclic CO; injection, and water-alternating gas (WAG) injection, in which CO, and
water are injected alternately. The number of cycles varied from 2 to 20, with times of 1, 3, and 6

Accepted months for the shut-in period of cyclic injection and the water injection period of WAG. The residual,

14 March 2024 dissolved, and structure trapping were analyzed after CO, injection and 180 years of monitoring. The

simulation results showed that cyclic CO, injection did not improve the residual and dissolved
trapping compared to CGI and did not contribute to the stable storage of CO». On the other hand, WAG
significantly increased the residual and dissolved trapping of CO, and decreased the structure
trapping, contributing to CCS stability.
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Fig. 1. CO; storage trapping mechanisms (Benson and Cook,
2005).
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Fig. 2. Schematic of relative permeability hysteresis for Land
model (Juanes et al., 2006).
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Fig. 4. Relative permeability curves for (a) water relative
permeability and (b) CO; relative permeability.

Table 1. Reservoir properties

Parameter Value
Field size (i, j, k) (m) 10,000x10,000x100
Grid size (m) 100x100x10
Depth (m) 1,750
Porosity 0.15~0.35 (avg.: 0.25)

Horizontal permeability, K, (md) 10~500 (avg.: 100)

Vertical permeability, K, (md) 0.1xKp

Aol A2%
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Fig. 6. Schematics of injection scenarios for (a) continuous
injection, (b) cyclic CO; injection, and (c) WAG injection.

Table 2. Operation condition of base scenario

Parameters Value
Injection start 2000 / 01 / 01
Injection rate (m*/day) 300,000
CO; injection period (years) 20
Monitoring period (years) 180
Initial pressure (kPa) 18,000
Max. bottom-hole pressure (kPa) 30,000

Table 3. Scenarios for cyclic CO; injection and WAG injection

Parameters ilfj;zztliign WAG
CO, injection rate (m*/d) 300,000
Total CO; injection period (years) 20
Number of cycles 2 ~20
Monitoring period (years) 180
Shut-in duration per each cycle (months) 1, 3, 6 -
Water injection duration per each cycle L3 6
(months) >
Water injection rate (m’/d) - 2,500

2 7P 5 WAG 93158 2004 20874 3125}
Ark. ol 2 91 $I5E FUHL CO, YA FATH
91 3Jefl 917, A 37 52 A EShe] 2,500 mYid
QI3 £59) 71702 1, 3, 674l 51 WAG
B2 2004 20714 A3HE % B I7HE H 42
Aol 4 Z/h 10 def o] 2A] FIk. 2, 6742 £5-4] 920
5] WAG 1121 7.0l i=CO, 91 717b2] 2]l 50%2] 7]
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Fig. 7. CO; saturation profile for CGI at (a) end of 20-year
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Table 4. Ratio of each trapping mechanism for CGI

Dissolved Residual Mobile
trap (%) trap (%) CO; (%)
After 20-year 14.0 114 74.6
injection
After 180-year 21.6 69.4 8.9
monitoring
O] HAE =ol7] fleliAl= 3¢ 59| CO, mobile &F
I} <=5 Aol 4 CO, plumeo] A A= A4S =
ofof gtk

Cyclic CO, = AlLI2|2

CO, 3t &TA7|7ke] RS EX o2 3} cyclic
CO, 49| AukE £495}7] §i3) et *POl% ok f
A7 W2 Fo] AlEE o] dS 85kglt) Cyclic
CO, F8 AJL2] 2= CO, ) F41 717182014 20 3]

Aol A2%
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Fig. 9. Ratio of trapping mechanisms at end of 180-year
monitoring with respect to the number of cycles in the case of
cyclic CO; injection with (a) 1-month shut-in per cycle and (b)
6-month shut-in per cycle.
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injection and (b) end of 180-year monitoring.
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injection per cycle at (a) end of total cycles and (b) end of
180-year monitoring.
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Fig. 12. CO; saturation profile for WAG injection with 20
cycles and 6-month water injection per cycle at (a) end of total
cycles and (b) end of 180-year monitoring.
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Table 5. Percentage of mobile CO, with various water injection durations

Water injection duration 2-cycle WAG 20-cycle WAG
per cycle (month) End of Injection End of Monitoring End of Injection End of Monitoring
1 71.9 8.7 66.1 6.7
3 67.3 8.1 57.2 45
60.1 7.5 51.6 1.8
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