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Models bridge the gap between domains and processes. They can simulate
the complex flow and transport of several fluid phases, e.g. water, NAPLs (Non-
Aqueous Phase Liquids) and gas, and account for reactions between several
chemical species, e.g. dissolved contaminants, nutrients. Within a hydro– or
technical system, different relevant processes occur within different subdomains.
These relevant processes must be considered on different space and time scales,
and they require different model concepts and data. At first some examples

• migration and storage of greenhouse gases in the subsurface

• atomic waste disposal sites

• subsurface remediation with steam injection

• multiphase processe in a fuel cell

will be used to demonstrate and motivate the necessity of coupling different
model concepts and processes in the field of environmental and technical prob-
lems.

For many multi-phase / multi-component systems, the exchange of chemical
species between the fluid phases is crucial for the behavior of the whole system
because the flow of the phases is strongly affected by their composition.
Usually, the whole volume-coupled system is formulated for the entire solution
domain. For such fully coupled systems, the same assumptions and simplifica-
tions for the model concept have to be made for the whole system. This leads to
model concepts which include the whole complexity of all possible processes and
phase states for the entire domain. As the phase state is variable in space and
time, for example, a computationally expensive three-phase / three-component
model must be chosen for the whole system even if a less expensive single-phase
/ three-component model would be sufficient to describe the relevant processes
in wide areas of the system. To handle such systems, an adaptive switch of the
primary variables depending on the phase state is necessary if a phase totally
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disappears in parts of the domain. Such fully coupled model concepts for multi-
phase problems result in large systems of strongly coupled nonlinear PDEs which
have to be solved in the entire domain. Further, numerical schemes are often
only suitable for parts of the domain depending on the dominant processes. A
general overview of different model concepts for multi-phase / multi-component
systems will be given.

I would present a number of different formulation for multiphase flow and
transport processes. It is very important to recognize the limitaions and advan-
tages of eache formulation; e.g. the phase pressure formulation lead to difficulties
in the non–linear solver if both fluid are present at resudual saturation in the
domain.

Finally, this presentation will point out a number of critical problems and
limitations of the application of numerical model. Problems encountered by
extending single processes to coupled processes, will be disussed.
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