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6. CONCLUSIONS 

 

 The work presented in this thesis provides a first approach towards a better 

understanding of the coastal karstic systems, in special, the one located in the Yucatan 

Peninsula. The main conclusions, which are divided into two issues, groundwater flow 

and variable density flow, are summarized as follows. 

 

1) Groundwater flow model 

 

• The draining effect of the conduit is important when the hydraulic head 

gradients in the matrix are high and becomes less significant if the gradients 

decrease. 

• As only one conduit is considered in the modeling, the hydraulic conductivity 

value given to the matrix is an equivalent value. In other words, this hydraulic 

conductivity is referred to the karstic matrix as well as to the conduits that are 

not taken into account in the model. 

 

2) Variable density flow 

 

• The results of the two-dimensional models show that salinity penetrates further 

when there is a conduit. This large penetration only occurs below the conduit. In 

the upper zone the salinity distribution does not vary with regard to the case 

without conduit. However, in the three-dimensional model it is not observed any 

difference between the models with and without conduit. Then, the three-

dimensional model with conduit does not fit to the reality of the system. 

• The models are not sensible to the depth of the impermeable lower boundary.   

• When the model does not consider the conduit, the permeability value plays an 

important role on the results. Since its implemented value has to be low due to 

convergence reasons, the recharge and the boundary conditions have to be 

modified in order to approach the results to the reality. 

• If the conduit is considered in the two-dimensional model, its presence 

compensates the low value of permeability. Then, it is not necessary to change 

the boundary condition and the value of the recharge. Nevertheless, in the three-

dimensional model with conduit the same does not occur. 

• In the two-dimensional model with conduit, the fact of representing the domain 

by two independent rectangles leads to some incongruities in the results of the 

upper rectangle.  

• The imposition of the Saint Venant equation in the conduit causes a further 

penetration of the salinity below the conduit than if it is just considered as a zone 

of higher permeability. The upper part of the domain is not affected. 

• The nonlinearities of the dispersion coefficients become obvious in the three-

dimensional model, where it causes convergence problems. 

• The dispersion processes are relevant in the plane x-z since the dispersion tensor 

coefficient Dyy has almost no influence on the results. 

• The large mesh size in the three-dimensional models causes low resolution 

results. This, together with the convergence problems suggests that COMSOL 

Multiphysics is not appropriate to model coastal karstic systems in an accurate 

way. Nevertheless, it can be a good tool to get an initial approach to the 

problem. 


