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Introduction

A new numerical scheme to simulate fully cou-
pled flow and reactive transport in variably saturated
porous media will be presented. The flow is modeled
by the Richards equation. In this paper we present
a new approach to combine the common linearisation
schemes, such as the L-scheme, Picard and Newton
methods [3, 4, 5, 6, 7], in a more efficient way. We will
observe an improvement in the computational time,
maintaining the accuracy of the classical methods.

Method

The fully coupled flow and transport problem will be
first discretised in time and space, by a forward Euler
method and a two points flux approximation (TPFA)
respectively. The algorithm obtained will be imple-
mented into MRST, a toolbox of Matlab used for reser-
voir simulation [2]. We propose a new approach to treat
the non-linear coupled flow and transport: one itera-
tion of flow and one of transport are alternatively per-
formed until the convergence is attained (see Fig. 1).
The new approach will be tested against illustrative
numerical examples. We prove, comparing the errors
obtained for the different approaches, that the method
here introduced can be a valid alternative to the com-
mon solving algorithms.
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Figure 1: Solving strategies

Result

We will observe as the usual way of iteratively solv-
ing fully coupled Richards and transport, e.g. solve
first the Richards equation until convergence, then the
reactive transport until convergence and then iterate,
can be significantly improved. We propose a new al-
ternate approach: perform one (Newton, L-Scheme,...)
iteration for Richards, one (Newton, L-scheme,...) iter-
ation for transport and then we iterate. The difference
between the two methods is shown in the scheme above,
Fig. 1.

A comparison between the classical scheme and the
new one is presented in Fig. 2. There the classical and
new approaches are compared in combination on the
Picard method and the L-scheme. The new approach
shows a significant improvement in the computational
time. This improvement is observed regardless of the
linearisation scheme. In the new approach the number
of iteration is significantly reduced and the accuracy is
maintained.

Figure 2: Computational times obtained with different ap-
proaches [1]

References

[1] D. Illiano, Iterative schemes for solving coupled,
non-linear flow and transport in porous media,
Master Thesis, 2016.

[2] K-A. Lie, An Introduction to Reservoir Simulation
Using MATLAB, 2016.

[3] F. List, F.A. Radu, A study on iterative methods
for Richards equation, Comput. Geosci. 20: 341-
353, 2016.



[4] I.S. Pop, F.A. Radu, P. Knabner, Mixed finite el-
ements for the Richards’ equation: linearization
procedure, J. Comput. Appl. Math. 168: 365-373,
2004.

[5] M. Celia, E. Bouloutas, R. Zarba, A general mass-
conservative numerical solution for the unsaturated
flow equation, Water Resour. Res. 26: 1483-1496,
1990.

[6] N. Bergamashi, M. Putti, Mixed finite elements
and Newton-type linearizations for the solution of
Richards’ equation, International Journal for Nu-
merical Methods in Engineering 45: 1025-1046,
1999.

[7] I.S. Pop, F.A. Radu, P. Knabner, On the con-
vergence of the Newton method for the mixed fi-
nite element discretization of a class of degener-
ate parabolic equation, Numerical Mathematics and
Advanced Applications, 1194–1200, 2006.

2


