Macroscopic Cellular Automata for groundwater modelling
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M@DE'TDESGRTPTI@N ABSTRACT: A groundwater model representing two-dimensional flow in
unconfined aquifers is presented. The model is based on the paradigm of the
_ _ macroscopic cellular automata, that represents dynamical systems which are
MACROSCOPIC CELLULAR AUTOMATA Models based on CA paradigm consist of four discrete in space and time, operate on a uniform, regular lattice and are
primary components: a |a_tth€ of cells, the characterised by local interactions. Physically based equations are implemented to
definition of a local neighbourhood area, simulate the flow of water between adjacent cells. The model was validated
transition rules determining the changes in cell against solutions of simple problems both in steady and transient condition
N properties, and boundary conditions including analytical solution and simulation performed with MODFLOW-2000
model. The developed code is simple enough to facilitate its integration into other
models such as land surface models.. The good performance without detriment to
E LOCAL NEIGHBOROUD: accuracy makes the model adequate to perform long simulation time analysis.
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CONCLUSIONS

Test of the model under hypothetical conditions showed that the model is stable and convergent when the time step satisfies the condition that cell Reynolds
number D = 1. The accuracy of the model was evaluated considering three testing problems both in transient and steady state: the steady flow between two streams
In response to uniform recharge, the drawdown due to a constant pumping rate from a well, and the aquifer response to stream-stage variation. Comparison with
analytical solution and MODFLOW-2000 numerical results showed a good agreement.

The MACCA-GW model, thank to the explicit numerical scheme based on macroscopic cellular automata that does not perform inner iterations, proved to be fast
In simulating the investigated transient phenomena: it resulted from 4.6 to 12 times faster than MODFLOW-2000.

The code of MACCA-GW model Is simple enough to facilitate its integration into other models such as distributed model that simulate water and energy fluxes at
the interface between soil and atmosphere. The good performance in terms of calculating time without detriment to model’s accuracy, makes the MACCA-GW
adequate to perform long simulation time analysis.
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