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1. Motivation
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In most simulations of CO,-sequestration, occurring time after stop of GQ, —injection (years)
physical processes vary in geochemical
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dissolution and diffusion
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multiphase
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advection-dominated
(viscous, buoyant, capillary)

modified after TPCC (2005)

B Time:
" Displacement processes
= Dissolution, compositional effects

dominating processes

swiL

B Space: o
= Compositional multiphase

= Single-phase transport
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BGR (2010)
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1. Motivation: Idea of “Multi-Physics”

>
>

B Use the appropriate simulation module for each process:
= Only calculate what is relevant: appropriate model.
= Use complex models in time & space only when and where necessary.

v v

a) Multi-physics b) Multi-physics via
sequentially in time. sub-domains in space.
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Outline

1. Motivation
2. Multi-Physics in Time: “Sequential Multi-physics
= Concept to link the different models
= Example
3. Multi-Physics in Space
= Concept to link the different models
= Example
4. Summary&Outlook

n
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2. Sequential Multi-physics: Concept

B Dominant processes change in time
=> Change the model within the simulation!

Time

2pni model 2p2cni model
thermal hydraulic thermal hydraulic,
model compositional model

Darecis et. al (2010)
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2. Sequential Multi-physics: Example

B Seqguential Coupling of different models

2p2cni

0 1 10 100
time [years]

1000

sequential coupling
reference model

B Simulation domain

Neumann
boundary conditions

CO2 injection
0.1 kg/s
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boundary conditions
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2. Sequential Multi-physics: Example

m Simulation results: Dissolved CO, after 1000 years.

X_CO2 (kg/kg) reference model 2 X_CO2 (kg/kg) sequential model
0.02 T Pt T T c]'02| [
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2. Sequential Multi-physics: Example

m Simulation results: Dissolved CO, after 1000 years.

X_CO2 (kg/kg) reference model 2 X_CO2 (kg/kg) sequential model
0.02 o 0.02
| | I 1 L | L 1 | 1 I

T —— —
I I
0.02419

0.02419

B Reduction in computational efforts obtainable.

12

10 - e e ——— -
R .’ -
% 6 ',' Reasonable criteria when to switch are site-
§ M specific, and currently developed for the
& Ketzin site (EU project “CO, sink”)

0 2

’ mojdeltime [years] v
Darecis et. al (2010)
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3. Spatial Multi-physics: Concept of “Sub-domains”

B Simulation domain subdivided into sub-domains.
B Each sub-domain specifies type of numerical model.

5 e —

Transport step Adaption of
sub-domains

-

B Sub-domains are adapted after each transport step
= Decoupled/ Sequential solution strategy
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3. Spatial Multi-physics: Formulation

B Complex sub-domain
* Pressure Equation (implicit)

op Ovy o oy .

oC" oC*
Acs et. al (1985)

= Transport Equation (explicit)

oCcr
o7 — -V Z Va@a ) q c" = (bZ(QaSaXS)

Vo — )\CMK (_VPCB —+ Qag)

= Equilibrium calculation, ,,Flash calculation”
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3. Spatial Multi-physics: Formulation

B Simple sub-domain
* Pressure Equation (implicit)

g]t) z}j}%gv (VaQaXS) :;%qﬁ_l_g

K

Acs et. al (1985)

= Transport Equation (explicit)

oCcr
o7 — -V Z Va@a ) q c" = (bZ(QaSaXS)

+ Equilibrium Calcutatior—¥1ash calculation* Va = AaK(=Vpa +0a8)
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3. Spatial Multi-physics: Example

m Benchmark 3: Injection of CO, into the Johansen formation.

Permeabllity (log10 mA2)
SIS 18 128 128

132 127

Fritz et. al. [2010]
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10. Outlook

B Refine the grid without blasting the system of
equations

= Adaptive refinement of regular grids.
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10. Summary

B Reduction of model complexity via ,,multi-physics” approaches.
B Multi-physics approaches provide efficiency potential. permechly

water saturation

Questionnaire:
B 1. At what scale(s) do you typically apply models for CO2 storage?
- Reservoir Scale b
B 2. For those models, where/how do you obtain input data? / oo

- Literature, measured data from testing site in Ketzin (German ). >0
B 3. In your models, what processes are w
= a. Always included?

- Multiphase displacement, Compressibility of all mobile phases
= b. Sometimes included?
- Dissolution/Miscibility, Non-isothermal effects, Geo-mechanics
= . Not included but you think should be (explain why they are not included)?
- Decoupled/IMPES solution strategies: Capillary pressure
- Background aquifer flow
= d. Never included?
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Thank you for your attention!
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