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Abstract: 
 
One of the most complicated phases of the groundwater flow modelling is the calibration 
phase. Testing the different variants and conceptual models with a great number of 
parameters was frequently exhausting for the modeller, which resulted very often in the 
modeller's inability to totally perceive the hydrogeological system where the groundwater 
circulates. After usually a long-term work on the calibration, only one variant of the 
hydrogeological system would be given and the uncertainty of the acquired solution and 
its influence on the predicted results would be forgotten. 
 
Currently in the programme PEST a new method is implemented - the “pilot point” 
method with regularization. The technique of this new calibration method is to set in the 
“pilot” points with assigned initial values of the hydraulic conductivity and then to start 
the new option in the PEST programme that calculate the new values of these 
parameters in the “pilot” points using e.g. measured water table values as calibration 
targets. After this, by interpolation between the pilot points the hydraulic conductivity 
value is being assigned to other cells in the model. In this way a shape of zones of 
hydraulic parameters zones is also being defined. This procedure significantly shortens 
the time needed for the model calibration if the run time of the model is not to long.  
 
Also, one of the new methods in the programme PEST is the Null Space Monte Carlo 
method, which requires the application of the pilot point method (great number of 
parameters) and enables acquiring the arbitrary number of parameter fields e.g.of the 
hydraulic conductivity, where these fields are conditionally well calibrated. The 
application of this method at the groundwater source Trnovče is the subject of this 
paper. 
 

1) Introduction 

In alluvial deposits of the river Velika Morava in the area of villages Trnovce–Milosevac-
Lozovik (Figure 1) in period 1968-1975 extensive hydrogeological investigations were 
conducted to find solution to the water supply problem of the towns Velika Plana, 
Smederevska Palanka and surrounding settlements. The capacity of the potential 
source was estimated to 600-700 l/s but opening of this new source never took place. 
Caused by these towns being endangered from the aspect of drinking water quantity 
and quality in 1997 this source once more became actual. The main scope of new 



investigations was to define the amount of water that could be exploited from the area of 
the village Milosevac along the river V. Morava. A total number of exploratory objects, 
their disposition and purpose made the application of the mathematical model 
MODFLOW possible, where the hydrodynamic conditions would be properly simulated in 
the study area. 

 

Figure 1. Overview map of the study area 

1) Hydrogeology of the river Velika Morava alluvium at the study 
area 

Study area along the area of villages Trnovce - Milosevac – Lozovik in hydrogeological 
sense represents a typical alluvial formation (Figure 2). Upper strata of lower 
permeability are made of silty-sandy-clay sediments with thickness that varies from 4 to 
6 m. Top of the aquifer have a general dip towards north in the zone covered by the 
model (from 87 m a.s.l. to 78 m a.s.l.), and it is the same case with elevations of the 
strata underlying the aquifer (from 78.5 to 70.5 m a.s.l.).A value of hydraulic conductivity 
of the upper strata is defined according to the sieve analyses and it ranges from K=10-6-
10-7m/s. In the gravel-sandy deposits an alluvial aquifer is formed, and its thickness 
varies from 7 to 12 meters. The aquifer is characterised with relatively high values of 
hydraulic conductivity 0.8-5x10-3 m/s, which are determined by numerous pumping tests 
and sieve analyses as well. Strata underlying the sandy-gravel sediments are 
represented with water impermeable marly-clay of Pleistocene age. 
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Figure 2. Characteristic hydrogeological cross-section 

For the purpose of the mathematical model creation, in the period January-July 1997, 
the water table was monitored at about 50 piezometers every 10 days. Qualitative 
analysis of the water table shows that piezometers (all drilled in the aquifer layer) follow 
the oscillations of the river Velika Morava with amplitudes that depend of their distance 
from the river. The piezometers in the central area of the alluvium and closer to its edge 
display equable water table, i.e. the influence of the river Velika Morava is very low. 
Likewise, on the aquifer regime a significant influence has a vertical balance, then the 
precipitation infiltration and evapotranspiration in a smaller portion. 

A dominant factor of the alluvial aquifer recharge is the river Velika Morava, which along 
the entire flow through the study area cuts in the water bearing horizon to approximately 
3 m depth, which represents almost one third of the aquifer thickness (Figure 3). 

Groundwater chemistry in the source area is characterised with mostly high content of 
iron and manganese as well as the high content of ammonium. The consumption of 
potassium permanganate is also higher as the presence of some bacteria, which 
indicate the organic contamination existence. Water quality of the river Velika Morava is 
satisfactory but due to the active hydraulic river-aquifer relation, it is important not to 
deteriorate. Considering the quality, groundwater treatment for its use is implied i.e. 
without previous treatment it cannot be used for drinking. Very unfavourable fact is that 
on the study area there is no sewage network, and the area covers villages Milosevac, 
Trnovce and Lozovik with population of few thousands. Besides, in this area the 
agriculture is developed and there are several potential contamination sources. 
Hydrodynamic model had also served as the basis for creation of the contaminants 



transport model that would as well include contaminant transport in the vadose zone 
(Kaludjerovic, 1998). 

2) Mathematical model of alluvium of the river Velika Morava along 
the trace over villages Orašje-Trnovče-Miloševac 

Mathematical model is of approximately square shape (10x11 km) and covers the 
alluvium with the area of about 75 sq. km. Model discretization was done with 77x94 
cells with dimensions of 100x100 to 200x200 m (Figure 3). Due to the small thickness 
and the great horizontal spread of the alluvial aquifer a 2D approach was used. On the 
south of the model the boundary conditions are set as the water inflow over the dummy 
wells, i.e. the boundary condition of the II order, Neumann boundary condition, and for 
the control of the values of inflow a piezometer located at the boundary of the model was 
used. Outflow from the model was simulated in the same way as on the south of the 
model, over the dummy wells. At the western side of the model the small inflow was 
assumed of about 1 l/s/km and the river was simulated as the boundary condition of the 
III order, Cauchy condition, where the inflow into the river from the aquifer and the other 
way around depends of the water level in the river, colmatation of the river bed and the 
water table in the aquifer. Furthermore, the wells capturing the aquifer, drilled or dug 
wells existing in a great number in the villages were also placed in the model. At the 
beginning of the simulation the uniform hydraulic conductivity value was set for the entire 
model to 2.5x10-3 m/s. 

3) Calibration using the pilot point method with regularization, option 
implemented in the programme Groundwater Vistas, ver.6 

The first step in the hydrogeological system simulation was the simulation in stationary 
conditions for February 1997 with average values of the watertable in piezometers as 
the targets of the calibration, and in the river as the boundary condition for that month. 

This month was chosen because the water level in the river V. Morava did not have 
significant oscillations in this and previous month as well. For the time of calibration the 
values of the hydraulic conductivity, the values of the river bed colmatation and the 
inflow (outflow) from the model at the boundaries were being changed. Due to the small 
precipitation the vertical balance was not taken into consideration which was very 
favourable because the number of changing parameters in the process of calibration 
was lower. 



 

Figure 3. Overview model map with discretization and boundary conditions 

Currently in the programme PEST a new method is being implemented, the “pilot point” 
method with regularization. This method was supposed to substitute all deficiencies of 
the previous calibration methods. The technique of this new calibration method is to set 
in the model “pilot” points (Figure 5) with assigned initial value of the hydraulic 
conductivity and then to start the new option in the PEST programme that determines 
the values of these parameters in the “pilot” points using measured water table values 
as calibration targets. After this, by interpolation between the pilot points the hydraulic 
conductivity value is being assigned to other cells in the model. In this way a shape of 
hydraulic parameters zones is also being defined. This procedure significantly shortens 
the time needed for the model calibration. Using fast computers that are available 
nowadays, the model can be started and several hundred times before it achieves 
satisfactory compliance of the measured and computed values. For the most of 
piezometers the achieved difference between measured and computed level is below 20 
cm for the piezometers along the river, while for the piezometers in the central area and 
at the edge of alluvium it is below 10 cm – at the edge of alluvium water table 
oscillations are significantly lower than they are close to the river. Contour water table is 
given at the figure 4. 

Figure 5 displays the disposition of pilot points, while the figure 6 displays the distribution 
of the hydraulic conductivity in space acquired with this method. What really impresses 
is that for the complete simulation only 20 minutes was needed. This is a drastic 
difference comparing to the manual method of try and error calibration. 



 

Figure 4 Contour water table 

4) Analysis of the uncertainty of the results acquired using the 
method Null Space Monte Carlo 

Application of the method Null Space Monte Carlo which is implemented in PEST and 
new Groundwater Vistas ver. 6 requires the model to be calibrated with the greater 
number of parameters, i.e. with the pilot point method. This method application can 
produce an arbitrary number of different fields of hydraulic conductivity but successfully 
calibrated for the level which was set in the model. 



 

Figure 5 Disposition of the pilot points in the model 

 

Figure 6. Distribution of the zones of hydraulic conductivity acquired with the pilot point 
method with regularization 



 

 



 

 



 

 



 

 



 

 

Figure 7 Field of hydraulic conductivity acquired from 10 realizations of the Null Space 
Monte Carlo method 



As shown in the figure 7, the distribution of the hydraulic conductivity differs from case to 
case even though all cases are well calibrated. This points to the significant uncertainty 
of the acquired results and repercussions it can have on the prediction of the 
groundwater source capacity in the area of Trnovce village. When the prediction had 
started predicted capacities varied for each variant from 190 to 320 l/s which points to 
significant uncertainty. As a reminder all versions are equally calibrated. 

5)  Conclusion 

With development of computers and programmes for calibration such as the PEST is, it 
is possible to do much more for shorter time. With automatic calibration where the only 
manual part represents a definition of the shape of the hydraulic conductivity zones it 
became possible to do very quickly several variants with different hydraulic conductivity 
values, holding the model calibrated and in this manner do the analysis of the ambiguity 
of the system. This way is also called "rapid fire recalibration" when several models are 
being tested and with the quick programmes for automatic calibration they are being 
calibrated to the desired level. In this way can be tested not only hydraulic conductivity 
zones but different conceptual models as well. 

A culmination in calibration represents the pilot point method with regularization which 
gives not only the hydraulic conductivity values but the shape of the zones as well, 
which significantly shortens the time needed for calibration. In the programme 
Groundwater Vistas ver.6 the method Null Space Monte Carlo is implemented, which 
also provides the ambiguity of the model. 

What must be mentioned is that for the automatic calibration and for the pilot point 
method with regularization one needs to hold a short time for the model execution 
because it is necessary to execute the programme several hundreds of times especially 
in case of the pilot point method with regularization. Figure 5 displays a great number of 
pilot points where each represents one parameter for which is needed to execute at 
least one simulation depending on how the inverse PEST model is approaching the 
solution. 
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