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ABSTRACT 
 
PUMP & TREAT is a very common system of aquifer remediation. It consists on 
pumping groundwater to a well and extract a certain concentration of a pollutant. It 
is necessary, thus, a prediction of the pollutant travel time to the well for the 
estimation of the clean-up time of the aquifer. 
 
In a homogeneous aquifer travel time to a single pumping well can be obtained 
analytically. Nature, though, is heterogeneous. Moreover, it has been observed by 
means of numerical simulations that travel time of solute particles to a pumping 
well in a real media is usually larger than that for a equivalent homogeneous 
media. Therefore, the prediction of clean-up times of a polluted aquifer using 
methods based on the assumption of homogeneity will lead us to unsafely 
predictions of pollutant mass recovery because the predicted pumping time will 
always be less than the necessary. 
 
Therefore, a treatment of the heterogeneity becomes necessary. Natural events 
commonly present one structured component and another component, seemingly 
erratic. The latter motivates the use of Geostatistics for the application of the 
random functions formalism to groundwater related variables. So the natural 
logarithm, Y, of aquifer transmissivity, T, is modelled as a Gaussian random field 
with a spatial correlation function. As an immediate consequence, travel time of 
solute particles to a well becomes a random function.  
 
We present a numerical analysis of the travel time statistical moments for non-
reactive solute particles under radial flow to a well. We consider a confined 
heterogeneous aquifer, conditioned on transmissivity data at the well and/or at the 
location where we release the solute particles. 
 
The statement of the problem consists on steady state radial flow to a well, which 
pumps a constant rate Q. The aquifer is characterized by a finite element grid 
(square domain with 100 rows and 100 columns of uniform size) where the 
transmissivity is modelled as a spatial random function. Flow is solved by finite 
elements method and Particle Tracking models solute transport. Both equations are 
solved numerically for a great number of Monte-Carlo simulations (NMC). This 
methodology brings us a sample of NMC arrival times of solute particles released at 
an specific location (injection node).  
 
We aim at evaluating the cumulative distribution and the probability density 
functions and its statistical moments (mean and variance) of the travel time to a 
well of a pollutant particle, considering the following different situations: 
 
- Heterogeneous aquifer characterized by the log-transmissivity, which is assumed 
to be a spatial random function, with deterministic values Yspec at the well and/or at 
the solute injection point. 
 
- Different degrees of heterogeneity, which are defined by the correlation scale of 
log-transmissivity.  




