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Before Building the Model
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Summary for PetraSim
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PetraSim:
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Background

Carbon neutrality by 2050 Washingtonfﬂonumennﬁgm %

To prevent the worst impacts of climate change and maintain a Empir State Bullding 321 m
habitable planet, it is crucial to limit the global temperature increase Sears Towar 442 m

to 1.5 ° Cabove pre-industrial levels as called for in the Paris o Khalifa (Bubei) 20 m

Agreement.

Impermeable
Seal

Taiwan’s response

In response to the international trend of net-zero transformation, in
addition to the government’s announcement of the “2050 Net-Zero

Emission Pathway”, the government have announced “12 Key
Strategies for Net-zero Transition”. In which, Carbon capture, Europe: FAQ. Clean Air Task Force.
utilization and sequestration is one of the Key strategies.

Carbon capture and sequestration

Carbon capture and sequestration (CCS) is one of the most direct methods of reducing carbon
emissions, which includes a series of engineering processes and ultimately a geological site to inject
CO,into for long term storage.

Oom

304.8m

609.6 m

9144 m

1219.2m

1524 m

18288 m

21336 m

24384 m

Remslie. (2022, January 13). Geologic storage of carbon dioxide in



Research Methods

1’[ FLAC3D" Numerical
Modeling

* FLAC3D, a software developed by Itasca Consulting Group,

Inc. The FLAC3D simulator uses the Finite Volume Method v Y v .
to calculate the changes in deformation and stress sacmosel || PUOLEANS | e
conduction in the model under stress, and FLAC3D will be ]
used in this study for the analysis of the geomechanical Transint sete
impacts on the ground. S

A

* The TOUGH3 simulator uses the Finite Difference Method CO, Injection Simuiation
to calculate the flow and dispersion behavior of multi-
component, multi-phase formation fluids in formation
pore volumes, and in this study, TOUGH3 was used to
simulate CO2 injection and migratory behavior. v

Y

Observation

Analyzation

* Simulator equations provided in appendix section A.



Research Methods — Coupling

-

FLACSD inline Python

Update Model

Model
Fluid
Properties

FLAC3D
Model

Mechanical
Numerical
Simulation

Model
Stress
Properties

Rock fluid

Property
Calculation

TOUGH3
Model

Update Model

Fluid
Mechanics
Numerical
Simulation

N

* Two-way coupling
* Sequentially coupled
*  FLAC3D inline Python

2.592eb6s
1800

Coupling time step

Total time steps



Research Methods
Model Area

Model area is the red box as shown in the figure on the

FLAC3D 9 00

©2024 Htasca Consulling G
Aederiabhodel

Zone Group Slot Default
CAP

FAULT
[ SAND

5kmin east—west direction and 3 km deep from seafloor.

X axis is modeled to be north-south bound
with the grid length of 2~325 m, y axis is
oriented in east-west bound with the grid
length of 100 m, z axis is the depth axis with
the grid length of 90~460 m.

| Iyure 2. ¢ profile in the vic fs ¢ CO020 off Shimokita Peninsula. Gray zones = potential coal-bearingiy]yd D=

r dept! h BSR bottom-simulat: ng fl

Towo-way ravellime (s)
o

Site C0020 seismic profile - the red frame indicates the model limits (5*5km*3km deep).
337 Preliminary Report, 2012




Base Case

Injection ran for ~120 yrs., total injected CO,

yielded around 148 Mtons.

Plume migrated 2480 m N-S, 2000 m E-W,
which can correspond to the difference in
horizontal stresses (stress dependence).

SAT_G z=500 loop 1440

Om
0.0 12500 25000 37500  5000.0
0.0 0.4 SALE 0.6 0.8 1.0
— *
I1,=1.0 1/1,=1.0394 Iy/1,=1.0710
K~1.0 KF12 Kr14
Pore pressu
P e . N . B (MPa)
il & b fi X
ety { 3 {® 10
h oo . v b =
Y
L_X 0
K~16 K18 K720
0.5
0.2

I/1.=1.1256 0/,=1.1604 1/1,=1.2167



Base Case - Stress

At year 50 the X-axis and Y-axis

stresses increase throughout the
model, but the Z-axis stresses are
very similar from the initial state.

At simulation time 120 yr., there is no
significant accumulation of stressin
the Z-axis direction, but the X-axis
and Y-axis directions show high stress
at the junction of the caprock and
sandstone layers.

In addition, a decrease in
compressive stress around the
injection grid can be observed in the
X-axis and Y-axis.

FLAC3D 2.00

FLACID 9.00

FLAC3D 9.00




Permeability Case— Stress inj.

* The increase of stress in high permeability
setting is more rapid, but both ultimately
reach similar magnitude.

* The stress in high perm. setting dissipates
to a larger area, while the low perm.
setting only showed a tiny drop around
the injection area.

* The final stress contour slightly resembles
the CO, plume shape, in high permeability
case, a bulge on the injection site, in low
permeability, shows a flat contour.




Stress Ratio Case — SAT inj.

* In Case X, CO, plume showed a obvious N-S flowing tendency,
which reacted according to the change in stress ratio.

* In CaseY, the flow anisotropy is less obvious.

The long to short axes ratio of Case X and Case Y's
migratory distance is 1.783:1 & 1.200:1.

Possible reason is the difference in grid dimensions,
resulting in fluid flow is slowerin Y direction than in X
direction.

Case X SAT G 50yrs

1250.0

2500.0

T
3750.0

5000.0

0.0

f/‘
1250.0

2500.0

5000.0
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Summary for Flac3D model

1.

It was observed that the increased mobility caused by the increased permeability of
the formation may be the reason for the larger area of influence of the model by
the CO2 plume as well as the larger change in stress and strain.

In order to make a trade-off between the numerical simulation computation time
and the model resolution, a gradient mesh design is adopted.

In this study, we observed the migration anisotropy due to geomechanical stress
with the same three-axis permeability settings by means of the mechanical coupling
method, and thus demonstrated that the importance of geomechanics in the
simulation.
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(a) Structural Trap
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