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Abstract 
 
Quantitative estimation of water resources is indispensable when it comes to getting the sustainability of aquifers 
through planning. This becomes an essential aspect in areas whose primary economic activity is agriculture, in which 
ensure the availability of water means ensuring the sustainability of the societal and economic systems. This is the 
example of the Cuellar Moor karstic aquifer, located in the international Duero watershed, in which more than 80% of 
its surface is aimed to agricultural use. 
The main goal of this research is the introduction of a new vulnerability index, which gathers together the 
hydrogeological covariates and the spatial uncertainty associated with the estimation of groundwater level and nitrate 
concentration. An optimized monitoring network to piezometric level and nitrate concentration control is required, as 
well as, to determine the vulnerability associated with pumping wells. 
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INTRODUCTION  
 
The international Douro watershed, which 
extends between Spain and Portugal territories, 
is formed in its central part by a large extension 
of detrital materials. A set of calcareous moors, 
whose sedimentary origin is due to watershed 
clogging in the Pliocene, and which contain 
free karstic aquifers developed through an 
incipient dissolution of the cracking network. 
The Cuellar Moor aquifer is located between 
three rivers: the Douro on the North, Duraton 
on the East and Cega on the Southwest. It 
extends over an area of 543.5 km2, between the 
Spanish provinces of Valladolid and Segovia 
(Figure 1) (Alonso et al., 2015). 
More than 80% of the area of the Cuellar Moor 
aquifer is intended for agricultural activities, 
which is a diffuse source of nitrate pollution 
from fertilizers. Beside it, must be added the 
numerous farms, especially with porcine 
activity, which are distributed throughout the 
moor and act as pockets of nitrate point 
pollution from dung. Taking into account the 

high pressures on nitrate pollution, together 
with the Cuellar Moor aquifer being as a free 
aquifer, the risk of contamination is very high. 
Therefore, it is important to know the 
distribution of nitrate concentrations 
throughout the entire aquifer, in order to 
increase its monitoring in the most problematic 
areas and to establish future actions for its 
remediation. In the present work, a new 
vulnerability index associated with spatial 
uncertainty is presented, through the use of 
Gaussian Sequential Simulation (SGS), in order 
to locate the areas in which a greater 
knowledge about the aquifer dynamics is 
required. The joint evaluation of the associated 
spatial uncertainty (standard deviation) to the 
average spatial distribution will allow to define 
an optimized monitoring network and to define 
strategies of sampling and remediation. There 
have been 100 simulations in which a different 
random initial number has been introduced for 
each of them.  


