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2013-2025 Research Experience on Coupled Multiphysics Simulations

: Simulation . Coupled
Topics Simulator
Scale Processes

CCS

Geothermal

Nuclear Waste ZEH|[ZS{/EDECOVALEX, ZEi#EE£RE In-situ Scale

Disposal
Safety o
Assessn

Environ ®
Pollutio
Issues
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BE_ANWR/EKTHERITEZETEESE Core Scale AP Only Multiphase

EfRE, ReteaEBME. EHEFEAW Flow
FEERIYDIRZ O
SR = ISHNRRY, IRTTFAEEERIE, & Field Scale 2/ Multiphase Flow

RN FHE (B aREEE), X REACT/ coupled TMC
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Bolhs., i, hEZRER, B3 Field Scale T/ From Coupled TH
SRR = 45 Bt BB AR AL BR R RERTA to THMC

ET T E IR : Processes

Coupled HM,
THM, HC(R) and
THMC(R)
Processes

#-7K-(THMIB SRR, IRNIRT
From core scale to field scale;
From multiphase to variably saturated flow;

A
S

SR =JZHE (TCE)

From physical to chemical mechanisms; EeEE. FEE
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Different coupled processes;
From using existing codes to developing
our own simulation framework -

... Coupled HC(R)
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Rock Heterogeneity: Rock properties vary spatially

Pore-Scale Sub-Core Scale X-Ray Borehole Plume Scale
Micro-tomography Tomography Logging Seismic Imaging

These different
scales of
heterogeneity
result in
complexity
when solving
multiphase
flow problems

& 2 M wk

Perrin et al., 2009

Core Scale: A Critical Link in the Continuum of Relevant Spatial Scales
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Overview of Geological Storage Options
1. Depleted oil and gas reservoirs
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Fundamental Subsurface Processes
Thermal and Hydrologic Processes

2. Use of CO; in enhanced oil and gas recovery
3. Deep saline formations - (a) offshore (b) onshore
4. Use of CO, in enhanced coal bed methane recovery |

Accumulation
Oil/gas/brine CcO in topographic Abandoned
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production well injection well A . depression well

Shallow groundwater
2 wel
Off-gas ol

- - q ...... from well Accumulation
" Accumulation in co i . in basement
~— v water of deep, stably . <~ " ‘l = - @& =
Produced oil or gas =& ¥ direct L1 Wind —
e |~ Injected CO, ) i | stratified lake e [ o g
RC ! d -
[l Slor=d CO, - Wetlands . h

Multi-component:
CO,, H,0, dissolved
salts in the brine, and
rock minerals
Multi-phase: CO,-rich
phase and brine
Integrated Media:
Porous Media,
fractures,
heterogeneity etc.
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tHEIRYICEMER

JKHHEE S & ( Aqueous speciation )
HEYIRYA BE B2 S FE ( Dissolution
/ Precipitation )
MEMNTENRCERRIE

( Microbial-mediated redox reactions )
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( lon exchange between solutions and
minerals )
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v
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complexation / Sorption )
EE(CE2BENSAEREBERINR
& ( Effects of these processes on
porosity and permeability )
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Fundamental Subsurface Processes
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Fundamental Subsurface Processes
Geo-Mechanical Processes
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Governing equations:
Based on conservation of mass and momentum;

Based on conservation of energy;
Constitutive laws:

Fourier’s law; Darcy’s law; Hooke’s law, poroelastic law or
other models; Law of mass action, rate laws

Couping effects:

Bmimplements a mathematical model for
a physical system to study the behavior
of systems whose mathematical
models are too complex to provide
analytical solutions, as in most
nonlinear systems.
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Multi-component:
CO,, H,0, dissolved salts in the
brine, and rock minerals

Multi-phase:
CO,-rich phase and brine

Integrated Media:
Porous Media, fractures,
heterogeneity etc.
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\ Fractures
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Trapping Mechanisms
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Predict the CO, migration range over time and evaluate
whether it leak through the caprock

Time: 5yrs
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-’ 03
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Saturation of Gas

— 3,

Inject 50 yrs, 1 Mt/yr
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(DePaolo & Cole, 2013; Xu et al. 2004)

Input parameter from previous study : Xu et al. 2004 [ eem g e auy (e o e 1 e s R b

* Geometry/mesh/conceptual model (Axisymmetric)

Geochemical Reaction Networks

under Deep Geological
Formations

* CO,injection rate : ~3 Mt/yr

Reaction network

13 Components
AlO;, Ca*2, CI, Fe*?,
39 AQS . H*, H,0, HCOy, K*, Aqueous
Mg*?, Na*, O,(aq), complexes
1 7 M N SiO,(aq), SO,2 (39)
S. .
Gas c
CO ° omponents
1 Gas ‘ (1 (13)
- 5 6 re a Ct I O n S Calcite, Ankerite-2, Dawsonite, Minerals
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17 precipitation/dissolution reactions

-- minera reaction considered in mineral trapping case
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Case of Mineral trapping
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Geochemical Results of Mineral Trapping
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Case Studies: Large-Scale CO2 Storage Systems at Southern
San Joaquin Basin, California
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point; 1.8 km (near field)
noint; 7.3 km (fault location)
noint; 18.9 km (far field)

(b)

SCDZ

» measures the area of the CO,
plume (SG>residual saturation of
0.25)
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Fig. 4. Time evolution of the performance measures for the reference parameter case: (a) CO; saturation (Sco, ), (b) pressure buildup (AP) and (c) area of CO, plume and

OVErpressure Zonecs.

100
Time, yr

100 150

Tume, yr

50 200

100 150

Time, yr

50 200



@

STR#DE-C

> RIRABEINAHEAE  MEESHE
CCSHERIZFEER
> RAROEAS 25 Ei]

> TE i ELER

Accumulation

[ 17 =2 A B R i EN R A FE R0
Science and Technology Research Institute for DE-Carbonization

&

TRAIAY %0

| v
v

v

R4

{ v

IRIGIEANE
ZDEAH
—ANIREBN S HEEE
— RO EIKAY
P HhEE

I N\ FAALIRTFARARITRIL
EEELEIIEE

EERE DNEE YA W
AIREIRSIEAENREF
BRI

25 4+ BB

nE AN A

L4

~

/////////

il Underground
water

\ Deep hot wate
Volcanic gas, vapor \,

o

Magma

+=A
:%I:I afd

MARERHEE

Geothermal
power plant

¢ J¢ j } Production (steam) well

e Sz) ot /\]f’\ Steam separator
g W level 5
I~ , ateg g Reinjection pipe
D Y/

v
v
v

AL ER?

b= BA[EE U
AR IR I E?

v TRYER. SiREAiEEm R

v EAEESERREE?
v WTEREREEDEL R EL?

Magma chamber

il

Bed rock National
Taiwan
University

v =S b




	投影片 1:  數值模擬在二氧化碳封存與地熱開發中的應用 
	投影片 2
	投影片 3: 2013-2025 Research Experience on Coupled Multiphysics Simulations
	投影片 4
	投影片 5
	投影片 6
	投影片 7
	投影片 8
	投影片 9
	投影片 10
	投影片 11: 數值模擬在地熱中的應用
	投影片 12
	投影片 13
	投影片 14
	投影片 15
	投影片 16
	投影片 17
	投影片 18
	投影片 19
	投影片 20
	投影片 21
	投影片 22
	投影片 23: 數值模擬在二氧化碳封存中的應用
	投影片 24
	投影片 25
	投影片 26
	投影片 27
	投影片 28
	投影片 29
	投影片 30
	投影片 31
	投影片 32
	投影片 33
	投影片 34
	投影片 35
	投影片 36

