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 Karsts are geologic formations characterized by the existence of high flow areas formed by 

dissolution of the rock matrix due to the effect of groundwater. This process leads to a very high 

heterogeneous media which is difficult to tackle with conventional methods. Karstic systems have a 

crucial importance in water resources management issues, since many regions depend exclusively on 

aquifers placed within them. This fact becomes more relevant if the great sensitivity to contamination of 

karstic aquifers is considered. The present master thesis deals with the specific case of a karstic coastal 

aquifer located at the Yucatan Peninsula, Mexico. This is a high developed cave system that contains the 

only source of freshwater in the region. Moreover, it feeds a natural reserve that has been identified as a 

World Heritage by UNESCO. The increase of population during the last decades has caused a high stress 

upon this fragile aquifer. In order to develop sustainable strategies for the water management in the 

region, it is necessary to improve the understanding of the system.  

 

This master thesis aims at studying the effect that the presence of the caves has on saline 

intrusion in the aquifer. Thus, the final objective is to elaborate a numerical modeling of the groundwater 

flow and salt transport in the karstic aquifer. Despite the fact that many researchers have invested their 

efforts in studying the behavior of continental karsts, the modeling examples of coastal karstic aquifers 

are very rare. Due to the complexity of the problem, it is necessary to apply drastic simplifications. In this 

case, the karstic system has been characterized as a porous matrix crossed by one conduit. In the matrix it 

is considered that the water flow is driven by the variable density. The flow in the conduit does not take 

into account the mass transport processes and, thus, it is supposed to be governed by the Saint Venant 

equation. This approach has not been applied to coastal aquifers previously. The main advantage of this 

methodology is that it considers the exchange between the conduit and the surrounding matrix. In order to 

reach the objective, different models have been implemented in COMSOL Multiphysics, a Finite Element 

Method code. Initially, the groundwater flow in the karstic system has been modeled without considering 

the variable density of the water. Next, the variable density problem in two dimensions with and without 

the conduit is introduced. Finally, the whole problem is extended to three dimensions. 

 

 The results of the groundwater flow model show that the effect of the conduit is greater as the 

hydraulic head gradients increase. Indeed, the hydraulic conductivity assigned to the porous matrix of the 

model should be an equivalent value, representing the conductivity of the actual karstic matrix together 

with the conduits that are not included in the model. As far as the variable density models are concerned, 

the results of the two-dimensional model with conduit reflect that the salinity below the conduit 

penetrates much further than when the conduit is not considered. We found that the use of the Saint 

Venant equation instead of other approaches is, partly, the reason of this large penetration. In short, 

although the definition of the model domain, specially the conduit, leads to some incongruities, the two-

dimensional model provides good results. However, in the three-dimensional models the results are not so 

satisfactory. Indeed, the results of the three-dimensional model including the conduit or excluding it are 

practically identical. It is probably a consequence of the coarse mesh that has been necessary due to 

memory limitations of the program. Apart from this, the nonlinearities of the variable density flow 

equations cause important convergence problems despite some special techniques have been used. 

Therefore, COMSOL Multiphysics is not the appropriate code to obtain accurate results for the variable 

density problem in 3-D karstic systems, although it can provide an initial approach by using the 2-D 

simplified model. 

 

 


