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Jai-Yong Park, Jun-Mo Kim and Seok-Hoon Yoon, 2015, Three-dimensional geologic modeling of the Pohang
Basin in Korea for geologic storage of carbon dioxide. Journal of the Geological Society of Korea. v. 51,
no. 3, p. 289-302

ABSTRACT: A series of three-dimensional geologic modeling is performed using a three-dimensional geologic
model to characterize quantitatively and visualize realistically geologic structures and formations in the Pohang
Basin, which is considered as a prospective coastal sedimentary basin for geologic storage of carbon dioxide,
distributed in Pohang-Si and Yeongil Bay, Korea. First, three-dimensional structural modeling is performed using
the digital elevation model (DEM) with the surface geologic map and offshore geologic cross-sections, the virtual
boreholes with the geologic structure informations, and the discrete smooth interpolation (DSI) method to predict
distributions of faults. Second, three-dimensional stratigraphic modeling is performed using the digital elevation
model with the surface geologic map and offshore geologic cross-sections, the virtual boreholes with the geologic
formation informations, and the discrete smooth interpolation method to predict distributions of geologic formation
boundaries. Third, three-dimensional grid modeling is performed based on the faults of the three-dimensional
structural model and the geologic formation boundaries of the three-dimensional stratigraphic model to dicretize
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290 EIVE=2

N
HY
o
Ho
1z
ok

spaces between the faults and geologic formation boundaries into hexahedral grids. Fourth, three-dimensional geo-
logic formation modeling is performed polymerizing the three-dimensional structural model, stratigraphic model,
and grid model to visualize distributions of geologic formations. Finally, selection of reservoir and cap rocks, evalua-
tion of storage capacities of reservoir rocks, and suggestion of injection locations for geologic storage of carbon
dioxide in the Pohang Basin are performed using the results of the series of three-dimensional geologic modeling.
As aresult, the Fluvial Conglomerate and Sandstone (FCSS) and Shallow Marine Sandstone (SMSS) are selected
as reservoir rocks, and the Interlayered Sandstone and Mudstone (ISMS) and Marine Mudstone (MRMS) are se-
lected as cap rocks. The theoretical storage capacity of the whole reservoir rocks (Fluvial Conglomerate and
Sandstone, Shallow Marine Sandstone) is evaluated as 8,913.65 Mton, and their effective storage capacity is eval-
uated as 222.84 Mton. In addition, two different injection locations, where the depth and thickness of the reservoir
rocks are favorable for geologic storage of carbon dioxide, are suggested. The three-dimensional geologic modeling
technologies and results presented in this study can be very usefully utilized in quantitative characterization and
realistic visualization of geologic structures and formations in prospective sedimentary basins for geologic storage
of carbon dioxide, and thus hereafter can provide practical guidelines for site selection, behavior prediction, per-
formance evaluation, injection operation design, and leakage risk analysis at the stages of demonstration and com-
mercialization projects of geologic storage of carbon dioxide.

Key words: Pohang Basin, characterization, visualization, three-dimensional geologic modeling, geologic storage
of carbon dioxide, reservoir rock, cap rock, storage capacity, injection location

(Jai-Yong Park and Jun-Mo Kim, School of Earth and Environmental Sciences, Seoul National University,
Seoul 151-742, Republic of Korea, Seok-Hoon Yoon, Department of Earth and Marine Sciences, Jeju National
University, Jeju 690-756, Republic of Korea)
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Fig. 2. Offshore geologic cross-sections of the Pohang Basin with geologic structures (faults) and formations along
(a) Line 1, (b) Line 2, (c) Line 3, (d) Line 4, (e) Line 5, and (f) Line 6 and their locations (Yoon, 2013).
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Digital elevation models
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(d) digital elevation model (DEM) with surface
geologic map and offshore geologic cross-sections
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structures (faults) and formations
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(f) structural
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Fig. 3. Work flow chart of three-dimensional geologic modeling of the Pohang Basin through (a) digital topographic
map and electronic navigational chart, (b) surface geologic map, (c) offshore geologic cross-sections with geologic
structures (faults) and formations, (d) digital elevation model (DEM) with surface geologic map and offshore geo-
logic cross-sections, (e) virtual boreholes with geologic structures (faults) and formations, (f) structural model, (g)
stratigraphic model, (h) grid model, and (i) geologic formation model.
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Fig. 4. Three-dimensional spatial distributions of (a) geologic modeling domain with digital elevation model, (b)
surface geologic map, (c) 6 offshore geologic cross-sections with geologic structures (faults) and formations, and
(d) 464 virtual boreholes with geologic structures (faults) and formations in the Pohang Basin.
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Fig. 5. Three-dimensional structural model of the
Pohang Basin with 8 major faults, which dissect and off-
set geologic formations, using discrete smooth inter-
polation (DSI) method.
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Fig. 6. Three-dimensional stratigraphic model of the Pohang Basin with upper surfaces of (a) Cretaceous Basement
and Tertiary Volcanics (CBTV), (b) Primary and Resedimented Volcanics (PRSV), (c) Fluvial Conglomerate and
Sandstone (FCSS), (d) Shallow Marine Sandstone (SMSS), (e) Interlayered Sandstone and Mudstone (ISMS), and
(f) Marine Mudstone (MRMS) using discrete smooth interpolation (DSI) method.



Fig. 7. Three-dimensional grid model of the Pohang
Basin with boundaries of Cretaceous Basement and
Tertiary Volcanics (CBTV), Primary and Resedimented
Volcanics (PRSV), Fluvial Conglomerate and Sandstone
(FCSS), Shallow Marine Sandstone (SMSS), Interlayered
Sandstone and Mudstone (ISMS), and Marine Mudstone
(MRMS).
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AZ(FCSS)at sl g AFLS-(SMSS)o] A=
o, AYe 2= Aoz ol fAIskL o]
o] $AIgt EFTA Y ElHaS(saline aquitard
or confining layer)?] Akt & o]¢t W & Z(ISMS) 7
34 o1et2(MRMS)o] A =I5ich. 12 1 A}
= 3 19 A= o] Qlth & 104 Bobr|a] A74Het
AA(HE AL R AFS, Al AFS) o AlAe
4.41 x 10" m’o]u], Y AA(AH} & o] 2T

U

rok

E3ERle MRt AT 2gy
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Z, 314 o] A=) 9] A &2 3.00 x 10" m*o]c}.

52 OlMBIERY ME 82 B}

A7) el o] Ao 2 MAH A5
ol 3149 €9t W ARF(FCSS) HAY AtE
(SMSS)ef| srElsgetd o2 23] (hydrodynamic
trapping) == A A4 (free fluid phase) o4t
SetA] o] 2 = A A% &5F(theoretical or
potential storage capacity) 47, (M) ® F8 E
= AR A% 8K effective or realistic storage ca-
pacity) M, o, (M) 8713171 15 thaah 22 4]
2 7]5te] o ikt 2|5 A8 H7H Q1 NETL
" (National Energy Technology Laboratory, 2007,
2008, 2010, 2012)& o]- -3} ck.

Mfﬁ()z = V”/’Ca2 1)

M, foo, = Vn/’ca_,E 2

710 V= Bt H5-9] A A4 (total vol-
ume) (LY), n- g4 B @4=2-9] F=E(porosity)
(L’/L), peos A HE5E W AR 278 A
A= AF9 S AE)S HEs= T 4 2=
o sfshe olAslet2ol W (density) (M/LY),
283 = Y W8S 3= AlH(pore vol-
ume) (L) Vn Z14 o]skafekaol oJa) YA vl
& UEtdl= olitelda A% &8 Alo(storage
efficiency factor) (L’/L%) (0 < E< 1)0]th

Table 1. Number of grids, volumes, volume fractions, and geologic roles of geologic formations.

. . Number of Volume Volu_me . Geologlc role
Geologic formation Hids [m°] fraction  in geologic carbon
& [%] dioxide storage

Marine Mudstone (MRMS) 60,000 1.48x10" 930 Cap rock
Interlayered Sandstone and Mudstone (ISMS) 60,000 1.52x10" 9.54 Cap rock
Shallow Marine Sandstone (SMSS) 40,000 2.71x10° 1.70 Reservoir rock

(saline formation)
Fluvial Conglomerate and Sandstone (FCSS) 40,000 1.70x10"  1.07 R(?servmr rogk

(saline formation)
Primary and Resedimented Volcanics (PRSV) 20,000 1.87x10" 1.18 Bedrock
Cretaceous Basement and Tertiary Volcanics (CBTV) 40,000 1.23x 10" 77.21 Bedrock
Sum 260,000 1.59x 10" 100.00
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(a) [ Marine Mudstone (MRMS) (b) [ Marine Mudstone (MRMS)
Interiayered Sandstone and Mudstone (ISMS) [ interiayered Sandstone and Mudstone (ISMS)

Yeonil Group Yeonil Group
Shallow Marine Sandstone (SMSS) Shallow Marine Sandstone (SMSS)
[ Fiuvial Conglomerate and Sandstone (FCSS) [ Fiuvial Conglomerate and Sandstone (FCSS)
Janggi Group Primary and Resedimented Volcanics (PRSV) Janggi Group = Primary and Resedimented Volcanics (PRSV)
[ Cretaceous Basement and Tertiary Volcanics (CBTV) [ Cretaceous Basement and Tertiary Volcanics (CBTV)

(C) [] Marine Mudstone (MRMS) (d) [] Marine Mudstone (MRMS)
[ interlayered Sandstone and Mudstone (ISMS) [ interlayered Sandstone and Mudstone (ISMS)

Yeonil Grou YYeonil Grouj
P [ shaliow Marine Sandstone (SMSS) P [ shaliow Marine Sandstone (SMSS)
[ Fluvial Conglomerate and Sandstone (FCSS) [l Fiuvial Conglomerate and Sandstone (FCSS)
Janggi Group - [l Primary and Resedimented Volcanics (PRSV) Janggi Group - [l Primary and Resedimented Volcanics (PRSV)
[ Cretaceous Basement and Tertiary Volcanics (CBTV) [ Cretaceous Basement and Tertiary Volcanics (CBTV)

(e) [] Marine Mudstone (MRMS) (f) [] Marine Mudstone (MRMS)
——— [ interlayered Sandstone and Mudstone (ISMS) Yeonil Group [ interlayered Sandstone and Mudstone (ISMS)
Shallow Marine Sandstone (SMSS) Shallow Marine Sandstone (SMSS)
- Fluvial Conglomerate and Sandstone (FCSS) - Fluvial Conglomerate and Sandstone (FCSS)
Janggi Group ~ [l Primary and Resedimented Volcanics (PRSV) Janggi Group ~ [l Primary and Resedimented Volcanics (PRSV)

[ cretaceous Basement and Tertiary Volcanics (CBTV) I Cretaceous Basement and Tertiary Volcanics (CBTV)

Fig. 8. Three-dimensional geologic formation model of the Pohang Basin with (a) Cretaceous Basement and Tertiary
Volcanics (CBTV), (b) Primary and Resedimented Volcanics (PRSV), (c¢) Fluvial Conglomerate and Sandstone
(FCSS), (d) Shallow Marine Sandstone (SMSS), (e) Interlayered Sandstone and Mudstone (ISMS), and (f) Marine
Mudstone (MRMS).
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A A9 F=E(porosity)2 2+ 0.36 2 0.24
o] (Domenico, and Schwartz, 1990), o]Ats}erA
A& & Al4(storage efficiency factor)s= 0.025
o]t}(National Energy Technology Laboratory,
2007). =3 Y dFeS W A% 24L& sk
e Aktoll= 3l G (seawater salinity) 35,000
ppmol Fsh= = U= (seawater density) 1,025
kg/ m’, 3|41 71Z A9 ZZ(hydrostatic con-
dition), o7 (atmospheric pressure) 101,325 Pa
(1 atm) ¥ F27}& % (gravitational acceleration)
9.81 m/sec’] AG-E|gom, 2= ATell 541 50
mo]| Fsh= AT 2% (seafloor temperature)
11.0C (Na et al., 1991) ¥ ]2 7 AKgeothermal
gradient) 26.04 C /km (Estimate 48) (Kim and Lee,
2007)7F AREEI T Foi7l oY, &&= 9 S F=
20X 9] o|ikshrAe] U= Spycher and Pruess
(2005)7} A|2ket el 4] (equation of state, EOS)
Az AR AIe S ol gald 7t
o 5H oo 0 AT AaA Ao (RHg
A olAkEfERs ol W $E A% SFFE E 20
2= o] Aok F 2004 HopA| o] A A (5
d 9d R ARS, Jad AFS) 9l ot o]
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158o]7] whgolch. metd F AARr FolAe A
oz shito] 9Asln B3Eo| B a4 ot
5 AJ9HE(FCSS)0] oliksheba X% o] o H}

s,

>

St A2 Aot A} ol ibekA 2|5 AR
et = 29 o)tk £ AX7 AIEHU
on, 7 A3k= 37 99k gtk 117 994 HriAl v
AHE oliksligta 9] fAE LT AF(HF
A) H ZFEA| F5F A QA B)oltt. sHA|t
et AH(AY A)oll FEsk= ARl AT F4
H olibeigtas A AR 9 s e
oA Q2 SAQ EPA Ho2 olF 3 F=T
T Sle Ao R webEnh B3 gUrt AR F A)
o FEsh= AR 2FEA| F5F AH(HG
B)ol £Esh= A A3 H olibsieta A% &
ol o At wehA vlg g A7 SR A= 23
AJoA] 717k LR A H(AF A)ol F-aaqf R o]
ARk X5 2] BRIk 24 | A
SHol A= AN H ZFEA] H5F A H(A
& B)oll -3 =2 ol Atsteta X5 <o) Bigsitt
S EZFA] MF AFA G Ol BESh= AR
<= 2 FAE FAARE D A=A o= & &
8 &Sl A A= d=hA 7] wiEe] o4t
Sk A5 Aol HedehA] 2 Aoz Akt

=

Table 2. Theoretical and effective carbon dioxide storage capacities of reservoir rocks.

Depth to Carbon . .
Total midpoint dioxide Storage Theoretical Effective
. . Pressure Temperature . . storage  storage
Reservoirrock  volume  Porosity  from o densit efficiency ; ;
3 [MPa] [C] capacity  capacity
[m’] sea level [kg/m’] factor
[Mton] [Mton]
[m] (phase)
Shallow Marine 703.45
Sandstone 2.71x 10" 0.24 865 8.80 3222 (super- 0.025 4,57524 11438
(SMSS) critical)
gl(?r:/;ll(l)merate 10 708.89
1.70 x 10 0.36 992 10.08 35.53 (super- 0.025 4,338.41 108.46
and Sandstone critical)
(FCSS)
Sum 4.41 x 10" 8,913.65 222.84
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Fig. 9. Isopach maps of (a) Fluvial Conglomerate and Sandstone (FCSS) and (b) Shallow Marine Sandstone (SMSS)

with 8 major faults in the Pohang Basin.
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7H 9 ) 9% AEE STt T AT AR
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