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Introduction 
Groundwater system is essential for freshwater supply, supporting domestic, agricultural, 

and industrial needs, as well as ecological functions.  

There are several contaminant pathways such as agriculture, waste disposal, leaching from 

urbanized area, etc., those are triggering the enrichment of organic, inorganic, 

pharmaceuticals and emerging contaminant compounds in the groundwater and make them 

unfit for usages. In addition, climate changes in the recent times has significantly altered 

groundwater availability and quality through rising temperatures, shifting precipitation 

patterns, prolonged droughts, extreme flooding, and sea-level rise (Barbieri et al., 2023).  

Therefore, avoiding contamination and improving the water resources are of utmost 

important thing at the present.  

Aim and Objective 

 

 

 

 
 

NINFA - funded by European 

Commission, aims to develop cost-

effective groundwater monitoring 

strategies, pollution prevention and 

abatement technologies, and an early 

warning system 

 

One of the aspects is creating 

sophisticated groundwater models 

that can aid in comprehending the 

evolution, transport, and physical-

chemical interactions of solutes at the 

basin scale 

 

The objective of the present study is 

to gain insight in recent groundwater 

contaminants through a numerical 

simulation of nitrate concentration in 

Baakse Beek Basin, Achterhoek 

region at the eastern part of The 
Netherlands. 

The Netherlands:  
• Agriculture is the main source of GDP (2/3 of land) 

• The main irrigation water supply comes from the dense 

surface water networks and shallow groundwater wells.  

• An average of 1643 MCM of groundwater is abstracted every 

year from the well fields located all over the Netherlands 

• The surplus rainfall (851 mm per year) helps to replenish both 

the surface water and groundwater resources.  

• Despite the abundance of water resources in The Netherlands, 

intensive practices of farming has led to a complex nexus of 

surface water-groundwater interactions.  

Study Area: Baakse Beek Basin, Achterhoek 

Fig. kequivalent approach 
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Kequivalent approach 

was implemented in the layer 

configuration to avoid the 

delay in iteration 

Breda (sand dominant) L15 PFZA (Course sand) L8 

 Geological layers 

 Boxtel/Twente formation 
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 Breda formation 

 

 

 

 

Total no. of layers: 17 

Model Conceptualization and Numerical Conversion of Field Data 

Layer 1 

Layer 5 

Layer 8 

Keq Hydraulic 

Conductivity m/d 

Elevation of groundwater 

table between shallow 

and deep screened wells 

Fig. Landuse pattern, 

The Netherlands 

Agriculture land 

Fig. Achterhoek region, The Netherlands (showing the 

location of well fields, Baakse beek basin, surface 

water and groundwater monitoring stations and the 

monthly rainfall during the period of investigation 

Central Eastern part of the Netherlands, Topography: 4 m NAP to 91 

m NAP, Uplands of Pliestocene sediments, Dense surface water 

network, 14 well fields (8 inside the model domain) and volume of 

pumping  is 38.93 MCM + unaccounted pumping, Recharge source: 

Rainfall; Average Annual Rainfall: 798 mm (KNMI 2023) 

• Droughts and intensified rainfall have been increasingly common in the recent years 

(e.g. 2018, 2019, 2020, 2023  ) and it is projected that they will become more severe 

and frequent in the future as a result of climate change (KNMI 2023) 

 

• Groundwater parameters example: Nitrate concentration have been higher than the 

desirable limit at some of the well fields 

USG Model Discretization 

The grid size is reconfigured between 

31 x 31 m at Layer 1 to 500 x 500 m 

from layer 5 to further deep  

Total number of layers: 17 

Data Analysis and Methodology 
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1 0 306 113 

2 5 23 12 

3 10 9 18 

4 15 13 17 

5 20 8 12 

6 25 4 9 

7 32.5 N.M. 6 

8 40 1 4 

9 50 2 8 

10 60 1 3 

11 75 1 1 

12 90 1 2 

13 110 N.M. 2 

14 130 N.M. 1 

15 155 N.M. 1 

16 180 N.M. N.M. 

17 210 N.M. N.M. 

Table Number of filters at 

different layers 

Table Frequency of data at 

different time periods 

 

 Study area 

Groundwater flow equation Contaminant 

(Nitrate) 

transport 

equation 

• A partial differential Darcy equation 
for saturated transient 3-D flow 

• The MODFLOW-USG numerical code 
was implemented using Groundwater 
Vistas 9 as a numerical interface 

The chemical reaction is simulated using a 

first order decay to represent the process of 

denitrification.  

Fig. Model Configuration and Boundary Conditions 
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Model Discretization 

c0 denotes the initial concentration 
and λ is the decay rate per time (t)  

Observation well: B34G0363_1 

The amount of 

rainfall 

recharge ranges 

from 5 mm to 114 

mm per month 

Fig. Subsurface layer configuration (TNO 2021) 

Results and Discussion 

Initial head and surface water stage: Apr il 2004 
R2 : 0.97  RMSE: 1.04 

Steady State 
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Year 

Transient period: April 2004 to December 2023 

R2 : 0.98  

Transient State 
Fig. Spatial distribution of simulated 

groundwater head at Dec 2018 (drought) 

The difference varies from -
1.72 m to 36.8 m 

@ Monthly interval 
 
Total number of wells having 
longterm data for transient 
calibration: 143 
 
Number of wells falling inside ±0.2 
accuracy: 37 

Average spatial residual 

value is from -3.6 m to 

1m 

Meteorological data (KNMI 2023) 

357 observation well for groundwater 

level 

23 multi level monitoring wells for 

groundwater quality 

72 surface water monitoring stations 

In comparing, maximum elevation of groundwater head is lesser than all the other period 

during the month of December 
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Annual Mass Balance 2018 

The recharge of groundwater ranged from 83.86 hm3/year 

(millions of m3 per year) during the year 2018 to 346.64 

hm3/year during the year 2023 

Average spatial residual map  

Nitrate Simulation 
Zone Depth to GWT range 
1 <1 Majority of 0 depth 
2 <2 Majority of 1m depth 
3 <5 Majority of 2 m depth 

4 
2m to 74.69 m Majority 

above 5m 

The total area is 

grouped into 

three classes: 

grassland and 

maize, arable 

farmland and 

unfertilized 

area.  

R² = 0,5849 
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Observed NO3 mg/l 

Conversion of 

N-surplus to 

Nitrate as 

follows 

Fig. Observed Vs Simulated Nitrate 

(mg/l) 

Dispersivity: DL: 25 m DT: 2.5 m 

DV: 0.25 m 

Diffusion: 8.45 x 10-5 m2d-1 

Half Life: 2 Yrs to 20 Yrs 

Fig. Nitrate (mg/l) loading in to the subsurface 

due to landuse pattern 

Conclusion 

• The R2 value of 0.97 in the steady state calibration and 0.98 in the 

transient calibration indicates an excellent agreement between the 

simulated and observed groundwater head 

• The reactive nitrate transport simulation is achieved having a R2 

value of 0.58 
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Continued…. 

• The spatial residual map highlights that when the 

groundwater table is below 25 m NAP, the developed 

flow model responds remarkably well and has more 

accuracy. In the case of the reactive nitrate 

simulation, the monitoring wells having < 1 mg/l of 

nitrate concentration is not included in the  responds 

well  

• The interaction between surface water and 

groundwater is crucial in the model domain that 

governs hydrogeological behavior at shallow 

aquifers, according to the interpretation of mass 

balance. As a result, there is a significant likelihood 

that pollutants will move between surface water and 

groundwater. 

• Further, the impact of climate change on the transport 

of nutrients and pesticides in groundwater would be 

analysed 

Observed Vs Simulated Groundwater Head 
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