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Using Hydraulic Barrier Control CO, Plume Migration in Sloping Reservoir
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Abstract: CO, will rapidly migrate toward the up-tilt direction of the formation under buoyancy when CQO, is stored in the slop-
ing aquifers. This phenomenon is not conducive to the storage security. In this paper, we are proposed setting water injection
wells at a certain distance from the CO, injection well in the up-tilt direction of the formation. Then hydraulic barrier is created
to retard upward CO, migration. The numerical model is set up to investigate the effectiveness of this approach, and to analyze
the effects of some factors. for instance. the injection position, the injection distance and the injection rate. The results show
that the hydraulic barrier caused by injecting water can effectively retard upward CO, migration and enhance CO, dissolution.
Pumping water can significantly reduce the formation pressure. To ensure that CO, is completely retarded, the length of the in-
jection water needs to be greater than the thickness of the CO, plume, even injecting water through all thickness of the forma-
tion. The rate of the injection water is the key factor affecting the effectiveness of the hydraulic barrier. The effectiveness is bet-
ter when the injection water well is closer to the CO, injection well. The water can be injected just before the arrival of CO,
plume to reduce the amount of injected water and energy consumption.

Key words: deep aquifer; CO, geological storage; injecting water; pumping water; formation pressure; groundwater; environ-

mental geology.
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Fig.1 The three-dimensional view of the model
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Table 1 The values of main model parameters
2 K, (10715 m?) K./K, a '(MPa)  p(10 19 Pa 1) S S m
i J= 0.001 10 5.00 4.5 0.40 0.15 0.457
1% 2 100 10 0.02 4.5 0.30 0.15 0.457
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Table 2 The parameter values used in the different injection scenarios

LEX =2 HEK A E K B (km)

TR (kg/s)

EIRETEA CO, FHEKBEIE (kg/s) A BE (kg/s)

Base case
i 2 1-#F 100 m
)2 13 40 m
)2 13 20 m

Case la
Case 1b
Case 1c
Case 2a
Case 2b

Case 2¢

[S2BENSCIEN WV}

Case 3a 10.0

Case 3b 5.0
Case 3¢ 1.0
Case 4a
Case 4b
Case 5a
Case 5b

Case 5c

A 2 1 31.7

10 31.7

o

10.0
5.0
OCAHIZK)

42 F ALY Base case 8% & AH[H].
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Fig.3 The distribution of CO, gas saturation and dissolved CO, mass fraction along the A-A’ cross section at different times

for the Base case
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Fig.4 The distribution of CO, gas saturation along the A-A’ cross section at different times for the Cases la and lc
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Fig.5 The distribution of CO, gas saturation along the A-A’ cross section at 50 years for the Cases 2a and 2b
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Fig.6 The distribution of CO, gas saturation along the A-
A’ cross section at different times for the Cases 3a
and 3c
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Fig.7 The distribution of CO, gas saturation along the A-A’ cross section at 100 years for the Cases 4a and 4b
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Fig.8 The pressure buildup of the monitoring point at differ-

ent injection rates
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