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ABSTRACT

Carbon capture and storage (CCS) is one of the key technologies for achieving carbon neutrality. It serves as a transitional strategy to
systematically reduce carbon emissions from the existing fossil fuel-based industrial system. In particular, the geological storage of carbon dioxide
constitutes a critical component for achieving large-scale carbon reduction; this requires a quantitative evaluation of the spatial distribution of
reservoir properties and their inherent uncertainties. In this study, we evaluated the distribution and associated uncertainty of reservoir properties
within the Early Miocene stratigraphic unit SUS5, a proposed prospective CO, storage formation, using three-dimensional seismic data acquired
from the western offshore region of the Korean Peninsula. Acoustic impedance derived from seismic data was utilized to construct geostatistical
models of the spatial distribution of rock facies and porosity, and a probabilistic framework was implemented to account for the limited availability
of well data. In addition, an ensemble of models incorporating variations in key geostatistical parameters was generated to evalute the spatial
variability of reservoir properties. This approach aimed to derive more robust and reliable reservoir property models than those obtained using a
single deterministic approach.
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Fig. 1. Comparison of the acoustic impedance distribution within the defined region of interest (ROI), as modeled using (a) the stratigraphic
grid system and (b) the depositional grid system.
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Fig. 2. Geostatistical modeling framework for (a) facies and (b) porosity. Acoustic impedance is employed as secondary soft data for both
attributes. Facies are modeled using multi-point statistics (MPS), whereas porosity is simulated using collocated cokriging—based
sequential Gaussian simulation (Co-SGS). The modeling is performed within the depositional grid system and subsequently
transformed into the stratigraphic grid to achieve the final structural representation.
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Fig. 3. Workflow for ensemble-based uncertainty assessment. The geostatistical modeling process is iteratively executed using varying
parameter sets to generate an ensemble comprising 100 realizations.
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Stratigraphic unit SU5 is identified as the primary CO2 storage target formation on its inferred relatively porosity values.
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Fig. 7. Integrated well data analysis performed in proximity to the seismic survey area: (a) a location map illustrating the survey area and the
Inga—1 well; (b) a suite of well logs, including gamma ray (GR), neutron porosity (NPHI), bulk density (RHOBY), and caliper (CALI), with
the depth interval corresponding to the SU5 (Early Miocene) formation clearly highlighted; (c) facies—dependent correlations between
porosity and acoustic impedance; and (d) porosity distributions systematically classified according to facies. Rock facies are defined
based on shale volume (Vsh), with Vsh > 50% classified as shale and Vsh < 50% classified as sandstone.
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Fig. 8. Representative realizations of facies (top) and porosity (middle) models generated using varying geostatistical input parameters

(bottom). Five representatives examples are presented from the ensemble comprising 100 realizations.

Geophysics and Geophysical Exploration Vol. 29, No. 1, 2026 < 83



A W B9 (percentile) S AlAeto] YT -3=-E0] tf$EP10, P50, Po0 2HE R El-S = E5}9 th(Fig. 9). P50 X2
7Fg 7FsAd0] 2 S AU 2.5, P10 AR 3=-E0] A4 0.2 T Ve Y AU 2.8, PI02 A& AFAE 7T
P E A AU Q.5 242 LERdh FAgH e ut Al oF 2 shofl A o] 2idt B el T Ajol= Aa 20 FA O] EEH g0 AT

P90 (pessimistic)

Sandstone
W Shale

Sandstone
H Shale

Sandstone
H Shale

Facies
models

°

Porosity
models

Porosity, fraction

°
&

Fig. 9. Representative P10, P50, and P90 percentile models of facies distribution and porosity within the predefined volume of interest. These
models were derived from cell-based percentile calculations performed across the ensemble comprising 100 realizations.
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Fig. 10. Distribution of the expected (a) sandstone portion and (b) mean porosity within the defined volume of interest.
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