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Problem background
In petroleum reservoir engineering various techniques are used to enhance the oil recovery from a reservoir.
In waterflooding water is injected in one or more places (injection wells) in a reservoir under high enough
pressure for the oil in the reservoir to be moved by the injected water towards the producing wells of the
reservoir (oil displacement). To further enhance the recovery further substances may be added in small
quantities to the injection water. One example is the addition of polymer. The polymer may be tracked by
a separate transport equation for the polymer concentration and coupled to the porous media multiphase
flow model. Other special components may be modelled in a similar way.

Here we consider a water injection with one or more special components added. We assume oil and water
to be incompressible and there is no mass transfer between the phases. The two-phase flow model of
incompressible fluid flow through a porous medium we consider is given by the transport equations for the
phase masses for oil and water (w=water, o=oil),

∂

∂t
(φρoSo) +∇ · (φρovo) = 0,

∂

∂t
(φρwSw) +∇ · (φρwvw) = 0,

and Darcy’s equations,

qo = −kkro
µo
∇dpo = −λo∇po,

qw = −kkrw
µw
∇dpw = −λw∇pw,

These equations are written in terms of the fluid phase pressures (po and pw) and the fluid phase volume
fractions (the saturations So and Sw), which need to be solved from these equations given appropriate data.
The actual velocities vi are related to the Darcy (or superficial) velocities qi by qi = φvi. Additionally, we
require that the saturations add to one:

So + Sw = 1.

Due to surface tension the oil and water pressures are not equal. The difference between the two pressures
is the capillary pressure, pc:

pc = po − pw.

Furthermore, the reservoir is taken horizontal: the effect of gravity is neglected.

For a special component c we add a transport equation including convection, diffusion, dispersion and source
terms, which needs to be solved in combination with the (multiphase) flow equations above. For example,

∂

∂t
(φρwSwc) +∇ · (ρwcqw) = ∇ · (φρwSw(Ddiff +Ddisp))∇c+ q.
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Assignment
In this assignment a numerical model for the combined flow and special component transport system is
developed in one and two space dimensions. Aspects to be investigated are the coupling between the flow
and the transport part of the equation system, the order of accuracy of the numerical model for the transport
equations (high-resolution methods), and the terms in the transport equations for modelling the various
physical phenomena. The numerical model should be robust, stable, and efficient. The model outcome is
meant to be compared to the results obtained from an existing reservoir simulator.
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