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Taehee Kim, 2019, Numerical study on the mechanism of pore pressure changes due to the CO; injection
in the finite reservoir. Journal of the Geological Society of Korea. v. 55, no. 4, p. 445-460

ABSTRACT: In this study, it was investigated with numerical simulations which factors is more important on the
temporal change of the pore pressure, in the case of the long-term CO; injection, for about 20 years, into the finite
reservoir For this purpose, the sensitivity studies on the formation size and the compressibility were applied,
assuming a storage formation having a cylindrical boundary radius of 4 to 10 km and a thickness of 50 m. To clearly
investigate the effect of multi-phase flow, changes of pore pressures in the designed reservoir, with the injection
of water and CO,, were numerically simulated respectively. In the case of the water injection, the pressure change
due to the permeability is effective only for a period of 1 month or less in most cases, and then pore pressures linearly
increase over the elapsed time. And the slope of pressure increase over time is controlled by the bulk compressibility
and the total pore volume. In the case of the CO; injection, the overall changes in pressure is quite similar. But
the change of gas saturations and fluid viscosities due to the spatial migration of CO, made noticeable changes
in the pressure propagation.

Key words: closed boundary condition, pressure change, compressibility, sensitivity, fluid viscosity

(Taehee Kim, Center for CO2 Geological Storage, Petroloeum & Marine Division, Korea institute of Geoscience and
Mineral Resources, Daejeon 34132, Republic of Korea)
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Fig. 1. Conceptual model and boundary conditions for numerical models in this study.
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Table 1. List of input parameters in this study.
Input Parameters Assigned Values

Radius (R) or
(Area)

Injection rate (@,,): brine
CO,

Injection duration
Permeability (k):  reservoir (k,/k,/k,)

y' Tz

well (k,/k,/k,)

y' Ve

Porosity (¢)

Pore compressibility («)

Brine compressibility ()

Bulk thermal conductivity ()
Bulk specific heat (©)

Capillary entry/maximum pressure
Residual water saturation (.9, )
Residual gas saturation (5,,)

van Genuchten parameter A

Initial pressure (£,) at top

Initial temperature ( Z;) at top
Background mass fraction of Salt (X)

Background mass fraction of CO; (X,,)

4.0/5.0/6.0/10.0 km
(50.27/78.54/113.10/314.16 km®)

351,481.25 (kg/day) with 0.035 salt mass fraction

54,432.0 X ¢ (kg/day) 0 <t < 5(day)
272,160.0 (kg/day) t > 5(day)

20 (year)

1.0x10"/1.0x 10" /1.0x 107" (m?)
1.0x10"/1.0x 10" /1.0x 10® (m%)

0.1

0.5/1.02.0x 10° (Pa™)

calculated by TOUGH2 (=4.3x10"" Pa™)
2.0 (W/m/K)

1,000 (J/kg/K)

1,958.9/1.0 x 10’ (Pa)

0.2

0.1

0.457 (both in relative permeability and capillary pressure)
9.0 Mpa)

35C with 6°C/100 m thermal gradient
0.035 in brine

0.0 in brine
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Fig. 2. Pressure rises at injection wells with the arithmetic scale (a), the semi-log scale (b) and pressure rises at injection
wells/boundaries and pressure differences between well and boundary in cases with 6 km radius (c) during brine

injection for 20 years.
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Fig. 3. Pressure rises (a? and pressure gradients (b) along with the distance from injection well in case with 6 km
radius and 1.0x10” pa” pore compressibility during brine injection.
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