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ABSTRACT: Multi-phase fluid flow numerical modeling integrating a storage formation with an abandoned well
are performed to predict and analyze quantitatively leakage behaviors of brine and carbon dioxide, which may
occur through existing abandoned well or closed injection well. A series of sensitivity analyses is also carried out
according to the changes in permeability of the abandoned well. When an abandoned well exist, brine leakage occurs
rapidly with increasing pressure due to the injection of carbon dioxide. After the carbon dioxide reaches at the
bottom of the abandoned well, brine leakage rate decreases, while leakage rate of carbon dioxide increases
significantly. Carbon dioxide leaks continuously with a constant leakage rate, even after the end of the carbon dioxide
injection. When the closed injection well acts as a leakage path, brine leakage appears for a relatively short period
of time, and carbon dioxide leaks continuously with a constant leakage rate. In both cases, as permeability of the
abandoned well increases, the maximum leakage rates of brine and carbon dioxide increase, and starting points
of leakage are more faster. It is expected that these numerical modeling results can be used as a reasonable and
practical guideline to analyze the sealing capacity of the target formation system and the leakage hazard and risk
assessments for the geologic carbon dioxide storage.
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Fig. 1. Schematic diagram of the aquifer (modeling domain) and grid elements with (a) CO, injection well and aban-
doned well, and (b) CO; injection well abandoned after CO; injection period. The vertical coordinate axis z is ex-

aggerated 100 times.
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Table 1. Representative thermo-hydrological properties of the aquifer.

Property Value
Porosity [%] 5.0
Intrinsic permeability [m’] 1.020 x 10™
Solid density [kg/m’] 2.675 % 10°
Specific heat [J/kg-C] 915.0

Heat conductivity [W/m-C] 2.720
Residual water saturation 0.150
Residual gas saturation 0.050

van Genuchten's (1980) hydraulic parameters

Gas-entry pressure [Pa] 1.887 x 10*
Exponent 0.457
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Fig. 2. Spatial distribution of CO; saturation on the y-z plane for Case A-1 after (a) 1 month, (b) 1 year, (c) 2 years,
(d) 5 years, (e) 10 years, and (f) 100 years. The vertical coordinate axis z is exaggerated 10 times.
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Fig. 3. Temporal changes in (a) fluid pressure and (b) CO; saturation at the storage formation connected with the
abandoned well, and (c) brine (groundwater) leakage rate, (d) CO, leakage rate, (¢) cumulative amount of brine
leakage, and (f) cumulative amount of CO; leakage through the abandoned well. Gray shaded area with dashed

line indicates injection period of 10 years.
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