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heterogeneities

Motivation L =

Multi-phase flow and transport phenomena in the subsurface are the governing processes in many natural and
Industrial systems, e.g. a subsurface system contaminated by a light non-aqueous phase liquid (LNAPL).

These systems are characterised by

upscaling | multi-scale

B heterogeneilties, existing (in general)
on all spatial scales, and
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physical processes on different Physics D Physics:,.w“ |
scales and in different sub domains. | NAP| — A1 T multi-physics
Take the advantages Of the contamination PhYSlCS C ............................

=) combination of upscaling and 1000 m

. . . Bl one phase (water)
multi-physics modeling

B two phases (water, air)

Physics A

Get a framework to calculate real systems B one phase, two components (water, LNAPL)

nd efficiently and accurately o [ (iater s CKAPL)
Multi-Scale Methods: Upscaling Demands on the Upscaling Method
B Upscaling of model parameters: Use of effective ® Ability to account for important small scale effects on the
large scale parameters with existing model equations. large scale: Capillary pressure effects and gravity effects.
W Upscaling of equations: Upscaling of existing fine B Possibility to reconstruct fine scale quantities
scale model equations into new large scale equations. (downscaling) if necessary: Coupling of sub domains of
B Upscaling within the discretisation method: different dominating scales.
Multi-Scale Finite-Volume/Finite-Element Methods. ® Applicability within the simulation framework DUMUX [2].
Fine Scale Equations Coarse Scale Equations
Mbetergt e1t7¢ B Equations are well known and ® Development of coarse scale equations in a
tested. phenomenological approach.
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o ® Describe multiphase flow on the
REV-scale, or on the scale of the
finest resolved heterogeneities.
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=®» Simple equations, motivated by complex and rigorously
upscaled coarse scale equations (see e.g. Quintard and
Whitaker [3], Efendiev and Durlofsky [1]), which

sufficiently describe the physics of a heterogeneous
| ® Different kinds of model system.

km formulations possible.

multi-scale

Multi-Physics — Model Coupling Demands on Multi-Physics Methods

B In different subdomains of a system a different number of phases could ® Coupling of different subdomains:
ne present (1-phase, 2-phase, multi-phase), different composition of % Coupling of physical
phases and different kinds of fluids could occure (miscible/immiscible — models.

1-phase-multi-component, multi-phase-multi-component), isothermal or

. , ®» Coupling of numerical Physic B
non-isothermal processes could dominate, etc.

methods. ' coupling

Physics A

multi-
physics

» |dea: Use for every subdomain the simplest model, which
sufficiently describes the dominant physical processes occuring in this
domain.

B Up-or downscaling
might be necessary.

one phase (water)

two phases (water, air)

no flow saturation saturation Log permeability

.1 0 .1 0 .-9.097

First Upscaling Results

B Saturation of a wetting phase 775 p=0 07 9:620
. . . p=1 5 Outflow 0.50 110.14
infiltrating into a domain saturated g-4 boundary - - y
with a non-wetting phase 025 for saturation 0.25 -10.67 DuMu
fine 0.0 Io.o - I_-H.]Q e
scale  notlow coarse scale permeability field
Next Steps Long-Term Perspective
® Further developement of the upscaling method. B Combination of Multi-Physics and Upscaling approaches to
B Implementation and investigation of different possibilities to a Multi-Scale-Multi-Physics framework.
Include capillary pressure and gravity effects. B Simulation of a real szenario.
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