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Abstract: Reduction of CO, emission is required as a measure against global warming today. CO, geological
sequestration is assumed to be a feasible answer to this issue in the future. We evaluated potentials of CO,
sequestration in Malay Basin in the South China Sea by numerical simulation on basin modeling. In Malay Basin,
CO, content within producing gas is very high so that it will be an ideal CO, sequestration system to inject the CO,
collected from local wells into the underground of high seal capacity, reducing a large amount of transportation
cost and applying EOR (Enhanced Oil Recovery) if needed.

In this study, development of the Malay Basin was restored by numerical simulation, applying various geologic
and geophysical information. A series of detailed physical properties at the present time was estimated through
calibrations in porosity and vitrinite reflectance variations. Next, CO, injection was numerically executed in the
modeled reservoirs and its stability was examined. For the simulations on basin modeling and CO, injection, a
basin modeling software, Schlumberger (former IES) PetroMod, was used.

As a result of the simulation, it was found that CO, sequestration was feasible in reservoirs at any target depth
below 720 m which is supercritical phase boundary for CO,. These CO, accumulations indicate the higher
maximum column height in the greater depth reservoirs. Maximum column height for CO, is basically higher than
that for natural gas in each reservoir. The simulations do not take account of fractures in the reservoirs so that any
leakage through faults or fractures is not allowed. However, our result can conclude that supercritical CO, is to be
stably stored within the range of the maximum gas column height when the reservoir is previously known as well-
sealed trap for gas accumulation.

Keywords: CO, sequestration, Numerical simulation, Malay Basin, basin modeling
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Fig. 6 Geological structure model along the Line A. A to M are
stratigraphic groups and colors indicate lithology.
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Fig. 11 Schematic SW-NE cross-sections of the Line E, showing the calculated equivalent vitrinite reflectance isolines. (A)
Prospection based on borehole data (Madon ez al., 1999). (B) Simulation results in this study.
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Fig. 12 Restored structural history of the Malay Basin along the
Line A.
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Fig. 13 Restored structural history of the Malay Basin along the
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Fig. 14 Restored structural history of the Malay Basin along the
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Fig. 15 Change of CO, saturation in reservoirs in the site Dulang,
Line E. Using the trigger option, huge CO, was created
in the reservoir layers at the time of Present. Each
reservoir was saturated over with CO, by the time about
a thousand years later.
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Fig. 17 (A-B) Simulation results of CO, sequestration on the Line E. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Fig. 17 (C-D) Simulation results of CO, sequestration on the Line E. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Fig. 17 (E-F)  Simulation results of CO, sequestration on the Line E. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Table 1 Statistics of CO, accumulation in reservoirs in Site Dulang, Line E.

Reservoir  Volume* Density Mass Column height Mean depth
[Mm~3] [g/cc] [Mton] [m] [m]
B3 10.99 0.2 217 22 838
B5 12.53 0.23 2.89 25 958
D2 121 0.25 3.03 28 1087
D4 12.51 0.26 3.3 29 1141
E2 66.08 0.28 18.81 144 1338
E6 20.03 0.31 6.2 54 1488
ES8 59.59 0.32 18.8 204 1632
F3 25.65 0.37 9.38 95 1845
H2 28.18 0.41 11.49 121 2051

* Evaluated as a model cross—section with the thickness of one meter

%2 WHEE L, Tangga %4 DK LT v T2 2EEAR CO, DERDIRVL.

Table 2 Statistics of CO, accumulation in reservoirs in Site Tangga, Line E.

Reservoir  Volume* Density Mass Column height Mean depth
[Mm~3] [g/cc] [Mton] [m] [m]
B3 10.09 0.2 1.99 22 888
B5 11.56 0.23 2.66 26 1014
D2 13.86 0.25 3.48 29 1181
D4 19.1 0.26 5.05 34 1291
E2 222.03 0.28 63.22 193 1614
E6 74.41 0.31 23.03 99 1866
ES8 182.14 0.32 57.46 263 2053
F3 65.29 0.37 23.88 145 2312
H2 66.18 0.41 26.98 171 2524

* Evaluated as a model cross—section with the thickness of one meter
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Fig. 18 (A-B) Simulation results of CO, sequestration on the Line A. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Fig. 18 (C-D) Simulation results of CO, sequestration on the Line A. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Fig. 18 (E-F) Simulation results of CO, sequestration on the Line A. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Table 3 Statistics of CO, accumulation in reservoirs in Site A-I, Line A.

Reservoir  Volume* Density Mass Column height Mean depth
[Mm~3] [g/cc] [Mton] [m] [m]
B1 37.96 0.16 6.14 18 806
B3 46.98 0.21 10.03 24 1067
B5 52.75 0.25 12.98 28 1219
D2 115.97 0.28 31.92 53 1439
D4 184.22 0.3 56.02 76 1600
E2 481.47 0.33 159.21 178 1938
E6 2232 0.36 81.38 134 2199
ES8 349.15 0.37 130.34 194 2330

* Evaluated as a model cross—section with the thickness of one meter

F4 HEA L, ATTHA FOK LTy FI2ET 5EER COy DERIRM.

Table 4 Statistics of CO, accumulation in reservoirs in Site A-II, Line A.

Reservoir  Volume* Density Mass Column height Mean depth

[Mm~3] [g/cc] [Mton] [m] [m]

B1 - - - - -
B3 48.25 0.21 10.3 22 914
B5 55.32 0.25 13.61 26 1044
D2 59.75 0.28 16.44 29 1222
D4 94.46 0.3 28.72 42 1354
E2 252.66 0.33 83.55 82 1637
E6 163.38 0.36 59.57 56 1916
E8 138.12 0.37 51.56 48 2014

* Evaluated as a model cross—section with the thickness of one meter
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Fig. 19 (A-B) Simulation results of CO, sequestration on the Line C. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Fig. 19 (C-D) Simulation results of CO, sequestration on the Line C. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Fig. 19 (E-F) Simulation results of CO, sequestration on the Line C. Schematics show structure of (A) temperature, (B) pore
pressure, (C) porosity, (D) bulk density, (E) capillary pressure and (F) permeability.
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Table 5 Statistics of CO, accumulation in reservoirs in Site C-I, Line C.

Reservoir  Volume* Density Mass Column height Mean depth
[Mm~3] [g/cc] [Mton] [m] [m]
H6 7.22 017 1.21 20 742
H8 9.99 017 1.74 21 172
H10 3.78 0.18 0.67 22 197
I1 11.52 0.19 2.19 22 833
13 13.37 0.22 2.96 25 920
15 17.13 0.27 462 30 1189
17 34.34 0.31 10.54 50 1418
J2 52.91 0.32 16.78 76 1520
J4 65.96 0.33 22.07 89 1604
K2 61.64 0.39 2423 129 1987
K4 33.62 0.43 14.44 153 2218
K6 109.6 0.45 49.08 166 2343

* Evaluated as a model cross—section with the thickness of one meter

#6 Wi CE, CIHA PO/ Ty FIZBT BHEER CO, DERIRM.

Table 6 Statistics of CO, accumulation in reservoirs in Site C-II, Line C.

Reservoir  Volume* Density Mass Column height Mean depth
[Mm~3] [g/cc] [Mton] [m] [m]
D2 22.62 0.15 347 21 805
D4 30.1 0.15 4.64 21 836
E2 24.94 0.15 3.85 48 891
E6 5.87 0.16 0.97 23 902
ES8 11.38 0.15 1.76 49 922
F3 481 0.21 1.03 25 953
H2 11.79 0.15 18 24 1015
H4 8.53 0.16 1.35 25 1070
H6 10.65 017 1.78 26 1146
H8 13.09 0.17 2.28 27 1206
H10 6.48 0.18 1.16 29 1260
I1 20.13 0.19 3.83 38 1336
13 32.39 0.22 7.17 55 1437
15 50.8 0.27 13.71 91 1748
17 74.72 0.31 22.93 124 2004
J2 101.75 0.32 32.28 144 2124
J4 138.66 0.33 46.4 159 2255

* Evaluated as a model cross—section with the thickness of one meter
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Fig. 20 Comparison of column height of supercritical CO,
among the target sites. The column heights change at the
depth along very similar trends at any target sites. The
plots that deviate from the major trend are reservoirs
sealed by coal layers or those where leakage occurs at
spill point.
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Fig. 21 Comparison of column height among supercritical CO,,
oil and natural gas in the site Dulang, Line E.
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Table 7 Statistics of Oil accumulation in reservoirs in Site Dulang, Line E.

Reservoir  Volume* Density Mass Column height Mean depth
[MMbbls]** [g/cc] [Mton] [m] [m]
B3 42472 0.84 56.62 920 875
B5 529.32 0.83 70.11 99 998
D2 168.56 0.83 22.23 106 1129
D4 340.56 0.83 44.77 107 1183
E2 904.41 0.82 117.89 496 1517
E6 288.38 0.81 37.29 177 1554
ES8 744.84 0.81 95.83 641 1856
F3 318.08 0.79 40.17 263 1933
H2 293.9 0.76 35.63 276 2132

* Evaluated as a model cross—section with the thickness of one meter

** MMbbl = Million barrels (1 barrel = 159 litters)

#8 MR E L, Dulang %4 bDK Ty FITEF 5 RERH X DERIRIL.

Table 8 Statistics of hydrocarbon gas accumulation in reservoirs in Site Dulang, Line E.

Reservoir  Volume® Density Mass Column height Mean depth
[Mm~3] [g/cc] [Mton] [m] [m]
B3 8.88 0.06 0.53 19 837
B5 9.69 0.07 0.66 21 956
D2 10.4 0.07 0.77 23 1085
D4 9.39 0.08 0.73 24 1137
E2 55.48 0.08 4.69 114 1323
E6 15.13 0.09 1.41 42 1482
E8 50.76 0.1 487 156 1608
F3 20.19 0.11 2.27 69 1831
H2 22.32 0.13 2.84 84 2031

* Evaluated as a model cross—section with the thickness of one meter
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Fig. 22 Comparison of column height ratios between
supercritical CO»/oil and supercritical CO,/natural gas in
the site Dulang, Line E.
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