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EXTENDED ABSTRACT 

 
 

This contribution investigates a novel Lagrangian particle method for solute transport 
in groundwater. The grid-free character of particle methods distinguishes them from 
established methods such as finite volumes, finite differences or finite elements. 
Solutions not suffering from numerical dispersion or oscillations can be obtained at 
competitive computational expense.  
 
We treat the advection-dispersion transport equation by means of a particle method 
with the anisotropic Particle Strength Exchange approach (PSE) describing the 
diffusive-dispersive process [Degond and Mas-Gallic, 1989]. This method accounts 
for diffusive effects by appropriately modifying the strength of the particles. The key 
idea is the approximation of the differential diffusion operator by an integral operator, 
and the application of a quadrature rule to this integral using as quadrature points the 
locations of the particles. Each particle is characterised by a regularization function. 
In order to maintain stability and accuracy the particles' regularization functions must 
overlap at all times.  
The numerical scheme, originally developed for viscous fluid flow carrying vorticity, 
is applied here to density-dependent cases of non-reactive solute transport in 
groundwater flow. An iterative approach is taken. The groundwater flow is solved for 
pressure by a standard finite difference method (Mocdense 2D), where density 
corrections are taken into account in buoyancy terms. The transport step is replaced 
by the particle method described above.   
 
A validation study for constant density flow proved the method to be highly accurate 
and an interesting alternative to other particle methods, such as random walk or 
method of characteristics [Zimmermann et al., 2001]. 
In variable-density flow problems, rotational flow and unstable conditions are 
particularly demanding a high resolution of frontal locations. These are investigated in 
2D examples such as the Elder problem. We further propose the numerical tracking of 
concentrations gradients, to improve accuracy and efficiency of the simulations. 
 
We compare our findings against established Lagrangian and non-Lagrangian 
methods, where a disadvantage of the latter is seen in the large numerical effort to 
achieve grid-convergence in density-dependent flow problems. Case studies are taken 
from generic examples and from laboratory experiments. A quantitative comparison 
of the methods can be achieved by additional analytical functions inserted in the 
equations and their treatment as sources or sinks against the exact analytical solution. 
The corresponding boundary conditions for the problem are then given by the 
function values set as Dirichlet type boundary conditions along the model domain. 
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