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Abstract

In the process of Carbon Capture, Utilization, and Storage (CCUS), CO2 may leak from wellbore, faults,
cracks and fractures, and may also overflow from reservoirs and caprocks by molecular diffusion.
The high concentration CO; from the wellbore leakage may cause great danger to the people’s life on
the wellsite. Therefore, it is necessary to develop an evaluation model for CO, leakage. The risk of
CO: wellbore leakage can be evaluated by the model of toxic gas leakage and diffusion. According to
the gas diffusion concentration, the critical damage and toxicity value of CO; concentration, the in-
fluence region of CO, diffusion can be determined. Based on the simulation model, the leakage
source area is divided into fatal region, heavy injury region, untoward effect region and safety re-
gion. The leakage risk of the CCUS is evaluated in a low permeability reservoir, in Changqing Oilfield,
Ordos Basin, China. The forecast of the CO; leakage risk is then used to guide the installation of the
near surface CO; concentration monitor and to design the CO; leakage disposal scheme.
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Figure 1. Wellbore schematic diagram (cited from literature 10)
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Table 1. Diffusion coefficient in horizontal direction

1. KFHEEENRY

e L) A b g d e
A 0.0048 280.7300 0.9311 —72.0300 1.0740
B 0.0010 245.1368 0.9521 —91.0407 1.0500
C 0.0180 266.5212 0.9776 —163.4154 1.0200
D —-0.0220 2172.3657 0.9972 —2104.2353 1.0000
E 0.0030 243.9271 0.9897 —192.9929 1.0100
F —-0.0150 1905.1755 0.9984 —1871.2704 1.0000

Table 2. Diffusion coefficient in vertical direction

2. BEEAELETHEAR

Fa g FE 3 a b g d e 6 H X []/km
A 0.2116 255.0555 2.9324 128.3861 0.9750 0.01~0.30
433.5448 463.6611 2.1029 —443.9089 0.0400 0.30~3.10
B 0.0050 29.4599 29124 89.0947 0.9270 0.01~0.40
368.8647 112.0109 1.0909 —373.3432 0.0100 0.40~32.00
C 0.0020 65.9466 0.9155 —4.8161 0.9260 0.01~100.00
D 0.1928 385.5170 0.7029 —352.3391 0.6900 0.01~0.35
—5.4895 43.6252 0.6430 —7.2937 0.8550 0.35~100.00
E 0.8166 803.2275 0.5165 —782.5406 0.5100 0.01~0.80
—8.7993 420.0559 0.6342 —389.8360 0.6450 0.80~100.00
F 0.6833 15.1577 0.7375 -1.5122 0.1300 0.01~0.50
—5.2489 350.1995 0.6116 —33.2868 0.6200 0.50~100.00

*A % x>3.10 km, FHUREIESET 5.00 km; B 2% x >32.00 km, F HUREIESE T 5.00 km.
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Figure 2. The relationship between the different distances of
leak points and CO, concentration
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Figure 3. CO, concentration at 100 meters from the leak point

under different leak velocities
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Figure 4. CO, concentration at 100 meters from the leak point
under different surface wind speeds
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Figure 5. CO, concentration at 100 meters from the leak point
under different reservoir permeability
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Table 3. Environmental risk values of CO, leakage at different wind speeds

% 3. FERZET CO, tHRIFER R E

K48 (m) B .
R (m/s) JR 5L ppm
1.0 3.0
X 5.8 22 10 100,000
FEEAHX 10.2 43 4 40,000
AR X 413 19.5 0.5 5000
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Table 4. Risk values for different areas near leakage sources
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