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- equation and the continuity equation. This component models the movement
Introduction and dispersion of contaminants within the groundwater system. Transport
models account for processes such as advection, dispersion and chemical
Groundwater extraction is a critical resource management issue, reactions, which influence the spread and concentration of pollutants like
especially in regions impacted by high levels of nitrate contamination. This nitrates [2].
paper examines the application of hydrodynamic modeling and nitrate
tracing to evaluate the viability of groundwater extraction in Serbia, a
country facing significant nitrate contamination in its groundwater sources.
The study integrates hydrodynamic models with nitrate tracing techniques
to assess the sustainability and safety of groundwater extraction practices,
providing a comprehensive approach to managing and mitigating the impacts
of nitrate pollution on groundwater resources. Groundwater is an essential
resource for drinking, agriculture and industrial purposes. However, in many
regions, including Serbia, groundwater sources are increasingly threatened
by pollution, particularly from nitrates. Nitrate contamination primarily
originates from agricultural runoff, which includes fertilizers and animal waste.
The contamination of groundwater by nitrates poses serious environmental
and health risks, including eutrophication of aquatic systems and potential
health issues such as methemoglobinemia, commonly known as blue baby
syndrome [1].

Calibration involves adjusting model parameters to match observed
data, while validation ensures the model's accuracy in predicting real-world
conditions. Calibration and validation are critical for ensuring the reliability
of model predictions. In Serbia, hydrodynamic models have been employed
to simulate groundwater flow and assess the impact of various extraction
scenarios. These models help in identifying potential areas of high nitrate
concentration and evaluating how different extraction rates might influence
the distribution of contaminants. Nitrate tracing is a technique used to track
the movement and sources of nitrate contaminants in groundwater. It involves
analyzing nitrate concentrations and isotopic signatures to identify pollution
sources and understand the pathways through which nitrates travel. Key
aspects of nitrate tracing include, regular monitoring of nitrate concentrations
in groundwater wells provides data on the extent of contamination. High
nitrate levels can indicate sources of pollution and areas of concern. Stable
isotope analysis of nitrogen and oxygen in nitrate molecules helps determine
the source of the contamination. For instance, different sources of nitrates
Description (such as synthetic fertilizers, manure, or atmospheric deposition) have distinct

isotopic signatures that can be traced back to their origin. Artificial tracers,
such as chemicals or dyes, can be introduced into the groundwater system to
observe their movement and behavior. This method helps in understanding
how contaminants disperse and interact with the aquifer [3,4].

In Serbia, nitrate pollution in groundwater has become a significant concern
due to extensive agricultural activities and inadequate waste management
practices. To address these challenges, effective groundwater management
strategies are required. Hydrodynamic modeling combined with nitrate Integrating nitrate tracing data with hydrodynamic models allows for a
tracing techniques offers a powerful approach to understanding groundwater ~ comprehensive assessment of contamination sources and flow dynamics.
flow dynamics and contamination patterns, which is crucial for assessing the  This integration helps in predicting how nitrate concentrations might change
feasibility and impact of groundwater extraction. Hydrodynamic modeling is ~ over time and under different extraction scenarios. In Serbia, nitrate tracing
a computational technique used to simulate the movement and distribution ~ has been used to identify pollution hotspots and evaluate the effectiveness
of groundwater within an aquifer. This modeling helps in understanding the  of mitigation measures. By combining tracing results with hydrodynamic
dynamics of groundwater flow and predicting how different factors influence modeling, researchers can gain insights into the transport and fate of nitrates
groundwater quality and quantity. Key components of hydrodynamic modeling in groundwater systems. The assessment of groundwater extraction viability
include, this involves determining the physical and hydraulic properties of the involves evaluating whether groundwater can be extracted sustainably without
aquifer, such as porosity, permeability and hydraulic conductivity. Data for exacerbating contamination or depleting resources. This assessment includes,
aquifer characterization is typically obtained through field measurements, well Hydrodynamic models are used to simulate different extraction scenarios and
logs and geological surveys. Groundwater flow models use equations based assess their impact on groundwater levels and flow patterns. The goal is to
on Darcy's law to simulate the movement of water through the aquifer. These ensure that extraction rates do not exceed natural recharge rates and that
models consider factors such as hydraulic gradients, recharge rates and groundwater resources are managed sustainably. The interaction between
discharge locations. The primary equations used are the groundwater flow groundwater extraction and nitrate contamination is critical [5].
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that includes monitoring, modeling and mitigation. Hydrodynamic modeling
and nitrate tracing offer powerful tools for understanding and managing
groundwater resources, ensuring their sustainability and protecting water
quality for future generations. The integration of hydrodynamic models
with nitrate tracing data has allowed for a comprehensive assessment of
groundwater extraction viability. Researchers have evaluated how different
extraction scenarios might influence nitrate concentrations and identified
potential risks associated with extraction. Mitigation strategies, such as
reducing extraction rates and improving agricultural practices, have been
proposed to address the challenges of nitrate contamination.
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