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Jung-Hwi Kihm and Jun-Mo Kim, 2013, Probabilistic Preliminary Evaluation of Geologic Carbon Dioxide
Storage Capacity of the Hasandong Formation, Gyeongsang Basin, Korea. Journal of the Geological Society
of Korea. v. 49, no. 3, p. 373-388

ABSTRACT: The geologic carbon dioxide storage capacities of the Hasandong Formation (i.e., target geologic
formation) in the Gyeongsang Basin, which is one of the prospective onshore sedimentary basins for geologic carbon
dioxide storage in Korea, were preliminarily evaluated using a probabilistic method. The ranges and probabilistic
distributions of the geologic characteristics (i.e., thickness and dip), property (i.e., porosity), and environments
(i.e., fluid pressure and geothermal gradient with depth) of the target geologic formation in the three areas (i.c.,
northern, central, and southern areas) of the Gyeongsang Basin were selected first from the preexisting literatures.
A probabilistic preliminary evaluation method based on Monte Carlo simulation was then suggested for estimating
the geologic carbon dioxide storage capacities of the target geologic formation. Finally, using this method, the
storage densities (i.e., masses of carbon dioxide stored per unit volume of the target geologic formation) and potential
(theoretical) storage capacities of the free fluid and aqueous phases of carbon dioxide were estimated for the target
geologic formation in the three areas, respectively. The evaluation results show that the storage densities of the
free fluid and aqueous phases of carbon dioxide are greater in the order of the northern area, central area, and southern
area. This trend is similar to that of the porosity of the target geologic formation in the three areas indicating that
the porosity has the most significant impact on the storage densities. On the other hand, the potential storage
capacities of the free fluid and aqueous phases of carbon dioxide are greater in the order of the northern area, southern
area, and central area. In particular, the potential storage capacities in the central area are relatively smaller than
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those in the other areas. It is because the target geologic formation in the central area is thinner and steeper, and
thus its volume within the target depth for geologic carbon dioxide storage is relatively smaller than those in the
other areas. It is expected that the probabilistic preliminary evaluation method and evaluation results using the
method presented in this study can be usefully utilized in anticipated geologic carbon dioxide storage projects in

Korea.

Key words: Gyeongsang Basin, Hasandong Formation, geologic carbon dioxide storage, storage capacity,

probabilistic evaluation method

(Jung-Hwi Kihm, Department of Resources Recycling and Environmental Engineering, Jungwon University,
Goesan-Gun 367-805, Korea; Jun-Mo Kim, School of Earth and Environmental Sciences, Seoul National University,

Seoul 151-742, Korea)
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Fig. 1. Location and Geologic maps of the Gyeongsang Basin with locations of the three study areas. The geologic
map is modified from Lee (2000).
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Table 1. Basic statistical values of porosity of the Hasandong Formation.
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Statistical value [%] Northern area Central area Southern area Total
Number of samples 14 11 19 44
Average 6.41 5.02 3.85 4.96
Standard deviation 2.61 2.93 2.59 2.85
Minimum 2.18 2.18 1.42 1.42
Maximum 9.90 10.55 9.37 10.55
Table 2. Basic statistical values of geothermal gradient around the Hasandong Formation.
Statistical value ['C/m] Northern area Central area Southern area Total
Number of samples 4 4 3 11
Average 0.02517 0.02610 0.02455 0.02534
Standard deviation 0.00298 0.00322 0.00318 0.00287
Minimum 0.02097 0.02152 0.02103 0.02097
Maximum 0.02789 0.02898 0.02723 0.02898
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Fig. 2. Schematic diagram and evaluation domain of the Hasandong Formation in the Gyeongsang Basin for Monte

Carlo simulation.
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Table 3. Statistical values of storage density of free phase CO; (mass of CO; stored by hydrodynamic trapping pet

unit volume) for the Hasandong Formation.

Statistical value [kg/m"’] Northern area

Central area Southern area

Average 40.90
Standard deviation 21.60
Minimum 13.20
Pyo (10th percentile) 23.30
P»s (1st quartile) 31.40
Pso (median) 41.00
P75 (3rd quartile) 50.60
Pogo (90th percentile) 57.90
Maximum 70.20

36.10 29.90
13.30 12.40
12.50 8.68
18.90 14.20
25.60 20.10
35.00 28.60
45.50 38.50
55.00 47.40
74.40 66.00

Table 4. Statistical values of storage density of aqueous CO; (mass of CO; stored by solubility trapping per unit

volume) for the Hasandong Formation.

Statistical value [kg/m3] Northern area

Central area Southern area

Average 2.83 2.54 2.05
Standard deviation 0.86 0.92 0.85
Minimum 0.97 0.94 0.63
P10 (10th percentile) 1.62 1.34 0.98
P»s (1st quartile) 2.18 1.81 1.38
Pso (median) 2.84 2.46 1.97
P75 (3rd quartile) 3.50 3.21 2.65
Pogo (90th percentile) 3.99 3.86 3.26
Maximum 4.63 4.92 4.36
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Fig. 3. Probability density distributions of storage density of free phase CO; (left column) and storage density of
aqueous CO; (right column) for the Hasandong Formation in (a) and (b) the northern area, (c) and (d) the central
area, and (e) and (f) the southern area of the Gyeongsang Basin.
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Table 5. Statistical values of theoretical storage capacity of free phase CO, for the Hasandong Formation.

Statistical value [Mton/km] Northern area

Central area Southern area

Average 299.00
Standard deviation 99.10
Minimum 86.50
P10 (10th percentile) 167.00
P25 (1st quartile) 224.00
Pso (median) 297.00
P75 (3rd quartile) 369.00
Poo (90th percentile) 432.00
Maximum 608.00

60.30 210.00
22.40 127.00
19.80 35.10
31.70 81.70
42.70 120.00
58.10 179.00
75.90 265.00
91.60 379.00
130.00 908.00

Table 6. Statistical values of theoretical storage capacity of aqueous CO, for the Hasandong Formation.

Statistical value [Mton/km] Northern area

Central area Southern area

Average 20.60 4.24 14.40
Standard deviation 6.77 1.55 8.69
Minimum 6.19 1.49 2.49
Pio (10th percentile) 11.60 2.24 5.62
P»s (1st quartile) 15.50 3.01 8.24
Pso (median) 20.50 4.08 12.30
P75 (3rd quartile) 25.50 5.34 18.10
Poo (90th percentile) 29.70 6.44 26.10
Maximum 40.10 8.67 60.2
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Fig. 4. Probability density distributions of theoretical storage capacity of free phase CO, (left column) and theoretical
storage capacity of aqueous CO; (right column) for the Hasandong Formation in (a) and (b) the northern area, (c)
and (d) the central area, and (¢) and (f) the southern area of the Gyeongsang Basin.
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Fig. 5. Tornado diagrams of theoretical storage capacity of free phase CO; (left column) and theoretical storage
capacity of aqueous CO; (right column) for the Hasandong Formation in (a) and (b) the northern area, (c) and (d)
the central area, and (e) and (f) the southern area of the Gyeongsang Basin. The shaded bars indicate positive relation-
ships, and the blank bars indicate negative relationships between factors and theoretical storage capacity values.
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