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1. Introduction

Eutrophication is one of the most important environmental problems of the enrichment in surface freshwater
bodies due to organic compounds originating from agricultural activities and industrial effluents. Eutrophication
causes the reduction of water quality in eutrophic lakes and reservoirs. The purpose of this study was two
dimensional simulation of eutrophication in Mahabad Reservoir by using of CE-QUAL-W2 model. Eutrophication
is a process that forms due to excessive accumulation of nutrients in the body of water in the reservoir or lake
sediments. It can lead to the activity of microorganisms and be followed by the uncontrolled growth of aquatic
plants [1]. One of the important studies on the use of CE-QUAL-W2 model in the reservoir can be mentioned by
choi et al. [2]. They used this model for the investigation of possible impacts of enlarged water body according to
dam reconstruction on the hydrodynamics and water quality of the reservoir. For calibration and validation of the
model, field-collected data were compared with model predictions for water level fluctuations and water
temperature and the model results showed a good agreement with field measurements.

Demand for water is steadily increasing throughout the world. Water quality has become increasingly more
important in reservoir management. Reservoir managers and the public have come to the realization that water
quality affects other environmental interests, such as fish and wildlife, and can impact or impair water use. The
Mahabad dam has great importance in the supply of drinking water in Mahabad city. In the present research,
changes of water quality in this reservoir were studied and provide an appropriate model to simulation of
eutrophication in Mahabad Reservoir.

2. Materials and methods

Mahabad storage dam is an embankment dam on the Mahabad River, west of Mahabad city in the West
Azerbaijan province. Mahabad Dam has a nominal capacity of 197 million cubic meters and 172 million cubic
meters of useful capacity which in addition to supplying drinking water to Mahabad, brings under its coverage over
12 thousand hectares of agricultural land in the city. The dam also has a hydroelectric power station. Construction
began in 1968 and the dam was completed in 1970.

The two dimensional model CE-QUAL-W2 was used to simulate the eutrophication in the Mahabad dam
reservoir This model is a water quality and hydrodynamic model in 2D (longitudinal-vertical) for rivers, estuaries,
lakes, reservoirs and river basin systems. W2 models basic eutrophication processes such as temperature-nutrient-
algae-dissolved oxygen-organic matter and sediment relationships. Because the model assumes lateral homogeneity,
it is best suited for relatively long and narrow water bodies exhibiting longitudinal and vertical water quality
gradients .

CE-QUAL-W?2 has been under continuous development since 1975. The original model was known as LARM
(Laterally Averaged Reservoir Model) developed by Edinger and Buchak in 1975. The latest version 3.7 was a
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result of major modifications and improvements in the model development. The model has been applied to different
rivers, lakes, reservoirs, estuaries, and combinations around the world [3].

The input data required for the model run can be divided into 6 categories: geometric data, initial conditions,
boundary conditions, hydraulic parameters, kinetic parameters, and calibration data.

3. Results and discussion
3.1. Sensitivity analysis of the model

Table 1 shows the final calibrated values of the effective coefficients in Mahabad dam. Using these values for
the model showed a good agreement between the observed data and simulation results.

Table 1. The final value of the effective coefficients

Coefficient Value
Wind sheltering coefficient (WSC) 0.50
Solar radiation absorbed in surface layer (BETA) 0.45
Extinction coefficient for pure water (EXH20) 0.30
Sediment temperature (TSED) 10

3.2. Calibration of the model

The next step, after preparing the model setup, is to begin calibration runs. Much of the literature refers to this
step as calibration and verification in which model coefficients are adjusted to match an observed data set
(calibration) and then the model is run on another “independent” data set without adjusting model coefficients to see
if the model reproduces observed data in the prototype. The calibration data of the model includes reservoir
geometry, water level, temperature and water quality parameters such as phosphate, total nitrogen and total
phosphorus.

The usual sequence for the calibration is to first calibrate the water budget (or water surface elevation), then
calibrate temperature (preferably salinity for estuarine applications), and finally water quality, keeping in mind that
water quality calibration can affect temperature/salinity calibration.

The model was calibrated based on the temperature. According to the data in Table 2, it can be concluded that a
good agreement between the observed and simulated data has been obtained.

Table 3 shows the water quality parameters calibration error in Mahabad dam reservoir modelling.

Table 2. Temperature calibration error in model simulations

Reach 21 Bahman 1389 Esfand 1389 Farvardin 1390 Ordibehesht 1390
AME (C) 0.16 0.06 0.41 0.90
RMSE (C) 0.73 0.09 0.92 1.87

Table 3. Water quality parameters calibration error

Reach No. Parameter RMSE AME RAE
po4 (phosphate) 0.03 0.017 0.36
17 Total nitrogen 1.31 1.86 0.054
Total phosphorus 0.024 0.014 0.44

po4 (phosphate) 0.008 0.004 0.28

21 Total nitrogen 1.78 0.89 0.15
Total phosphorus 0.058 0.021 0.86

po4 (phosphate) 0.024 0.031 0.4

34 Total nitrogen 1.29 1.77 0.12

Total phosphorus 0.022 0.016 0.046
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3. 3.Verification of the model

After the model calibration and obtaining effective coefficients for Mahabad Reservoir, the model was verified
on data set of months Khordad to Shahrivar 1390. The results showed good agreement between the simulation and
observed data.

4. Conclusions

In this study, the CE-QUAL-W2 model was used to simulate the eutrophication in Mahabad Reservoir. For the
model calibration, the existing field data set from Bahman 1389 to Ordibehesht 1390 for temperature and
eutrophication parameters including phosphate, total phosphorus and total nitrogen was used in three reach of
reservoir, 17, 21 and 34. The model was verified on the other data set from Khordad to Sharivar 1390 for same
parameters and reaches. Finally a good match between the observed data and model results were obtained.
Temperature profiles showed that the summer stratification is occurred in Mahabad reservoir. Phosphate
concentration in reservoir does not exceed 0.1 mg per liter. However, the maximum allowable limit for drinking
water is 0.2 mg per liter. Therefore, nitrate and phosphate concentrations do not cause any problems in terms of
nutrition policies in reservoir. If the phosphorus concentration exceeds 0.02 mg per liter, then it causes the reservoir
eutrophication. The model results showed that the phosphorus concentration in Mahabad reservoir was greater than
0.05 mg/l, and therefore, the reservoir was in an eutrophication form conditions. Also, results from field sampling
and model simulations showed that the total nitrogen concentration in all months exceeded 1.9 milligrams per liter
and it led to the occurrence of the eutrophication in reservoir.
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