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Abstract

Nowadays, due to the expansion of societies and consequently increased use of water resources, abnormalities in rivers
have increased and eventually led to changes in water quality conditions. Therefore, it is essential try to develop a
management system to predict the pollutants behavior and also prevent excessive environmental pollution. The aim of
this research is to model the changes of water quality parameters of Karaj River using CE-QUAL-W2 model. In order
to achieve the research goal, hydrodynamics of the system (water velocity) and river quality parameters including
nitrate, phosphate, algae, ammonium, dissolved oxygen, biological oxygen demand were calibrated and then verified.
The results show a suitable matching with observed data. Moreover comparing the results of simulated concentration of
DO and BOD with the standard level of these parameters for surface water is an evident for the health of the river.
Considering the accurate predictions of the model, it can be concluded that utilizing of appropriate mathematical models
with spending less time and cost compared to field monitoring and laboratory observations for qualitative simulation
and representing management scenarios would be a very useful tool in water resource management and would help the
planners and managers as a decision support tool to achieve the goals of sustainable development.
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Extended abstract

Introduction

Water resources are key factors of sustainable development. Rapid population growth in recent years has led
to increasing water demands. Unsustainable development pathways and governance failures have affected
the quality, quantity and availability of water resources (Kundu et al., 2017).

It should be considered that the amount of contaminants of surface water resources is associated with the
surrounding land-uses. So, Modelling and developing a management system in order to predict the water
resource reactions and prevent excessive environmental pollution, based on a continuous monitoring and
evaluation system is essential (Rui et al., 2015). In this regard, Mathematical models are useful tools to
determine the expected reaction of streamflow by influx of pollutants. These models that are able to simulate
the concentration and distribution of pollutants and predict their behavior under different conditions of
pollutant discharge, climate change and eutrophication could significantly help managers and authorities as a
decision support system by introducing different scenarios of land allocation by comparing the present land-
uses and ecological land capabilities (Torres et al., 2016).

The aim of this research is to model the changes of water quality parameters of Karaj River using CE-
QUAL-W2 model. In order to achieve the research goal, hydrodynamics of the system and river quality
parameters were calibrated and then verified.

Materials and methods

- Case study area

The study area of this research is upstream of the Karaj River, which has an area of 146 square kilometers
and is located between the eastern geographic latitudes of 51° 3' to 51° 36' and northern geographic latitudes
of 35° 53" to 36° 11' (Figure 1).
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Figure (1): Geographical Location of Amir Kabir Dam basin in Alborz Province in Iran

- Methodology
This research employs the CE-QUAL-W2 model and available field data to establish, calibrate, and validate
a eutrophication model for the Karaj River.

This research is done in three different phases:

Phase 1: Data collecting and model development
In this study, the model-required data are divided into quantitative and qualitative components.
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- Quantitative data: these data are divided into two parts: hydrology and meteorology. The hydrological data
includes flow rate, velocity and level of the water level, which were obtained from the hydrometric stations
of Nishtrod, Shahristan, Sira, Gachsar, Morud and Pol Khab (Regional Water Company of Alborz
Province, 2015) and the required meteorological data from the General Directorate of Meteorology.

- Qualitative data: Two series of data including the initial conditions of the model (information about the
level of water, temperature, and water quality on the first day of simulation) and the boundary conditions of
the model (flow rate of inlet streams, the concentration of water quality parameters including ammonium,
phosphate, nitrate, algae, dissolved oxygen and Biochemical oxygen demand streams and inlet water
temperature).

Phase 2: Model calibration

The model was calibrated in two steps: calibration of river flow speed and concentration of water quality
parameters including ammonium, phosphate, nitrate, algae, dissolved oxygen, and Biochemical oxygen
demand.

Phase 3: Model verification

To validate the model, data from May to August 2014 were used to calibrate the model and determine the
appropriate coefficient values affecting the flow rate and concentration of water quality parameters upstream
of the Karaj River. Notably, the results of the model in segment 36, which is one of the river's end segments,
were compared with the quality data of Pul Khab station (the closest station to segment 36).

Result and discussion:

In order to achieve the research goal, hydrodynamics of the system (water velocity) and river quality
parameters including nitrate, phosphate, algae, ammonium, dissolved oxygen, biological oxygen demand
were calibrated and then verified. The results show a suitable matching with observed data. Moreover
comparing the results of simulated concentration of DO and BOD with the standard level of these parameters
for surface water is an evident for the health of the river. Considering the accurate predictions of the model,
it can be concluded that utilizing of appropriate mathematical models with spending less time and cost
compared to field monitoring and laboratory observations for qualitative simulation and representing
management scenarios would be a very useful tool in water resource management and would help the
planners and managers as a decision support tool to achieve the goals of sustainable development.
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