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Introduction

In general, the entry of sewage into rivers and the decomposition into river water has led to a
reduction in water quality and, in particular, a decrease in DO concentration (Sarda and Sadgir 2015).
To have the optimal water quality characteristic, river reception capacity should remain within
acceptable limits along the river. Using management tools, including water quality simulation models,
can benefit can be very beneficial in this context. QUAL2KW is one of the best tools to simulate water
quality due to its flexibility, ease of use, and availability. Studies with the QUAL2KW model for
simulating water quality in rivers and basins using parameters BOD (Fang et al. 2008), Nitrogen,
Phosphorus, and COD (Grabic et al., 2011) have been carried out. This study aims to provide a model
for simulating water quality parameters in rivers with steep slopes and short paths. Therefore, the
analysis of BOD, DO, and COD qualitative parameters and awareness of the Abbas-Abad River's
location and time trends (seasonal) in Hamadan during dry and wet seasons were considered.

Materials and methods

This study used the QUAL2KW model to simulate the Abbas-Abad River's qualitative parameters
(COD, BOD, and DO). The model sensitivity analysis was made on BOD oxidation rates, nitrification,
denitrification, and the MODEL sensitivity to changes in river inlet discharge and point load inlet
discharge. The Environmental Protection Agency of Hamedan prepared the information for 2011-2012
to calibrate the model. We used the measured data for the model validating and testing in 2015. The
simulation was carried out for each parameter in two seasons (May and June) and summer (August).
For evaluation and validation of the model results, the statistical indices of R? SE and NRMSE were
applied. Five sampling stations on the river were elected from the Ganjnameh historical site to the
faculty of agriculture (7.43 km).

Results and discussion

Based on the results of the sensitivity analysis of the model, the DO and BOD parameters to the
BOD oxidation rates and COD parameter to the river inlet discharge are most sensitive. Accordingly,
the BOD oxidation rate has the highest effect on the dissolved oxygen content at 80%.
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DO: The results show that steep gradient and high water velocity cause suitable aeration for the
river, so that the variation of DO in the wet and dry seasons is uniform and linear, without much change.
For example, its concentration ranges from 7.22 upstream in the river (at the beginning of the river
path) up to 6.39 mg/l (at 6.44 km) in the wet season, compared to 6.48 (at 2.61 km) up to 5.97 mg/l (at
5.94 km) decreased in the dry season. Also, SE, R* and NRMSE values for this parameter were 0.509
to 0.870, 0.007 to 0.04, and 0.173 to 1.305. The research results by Sharma et al. (2017) also showed
that this model could simulate a wide range of data with minor errors for this parameter.

BOD: In the case of the BOD, the variation in the two wet and dry seasons differed and changed
from the minimum to the maximum values. As an example, the corresponding concentration from 0.62
(at the beginning of the river) path changed to 4.67 mg/l (at 4.69 km) in the wet season, compared to
the value of 2.37 (at the beginning of the river path) up to 7.31 mg/l (at the end of the river path) in the
dry season. The BOD concentration in the wet season is lower than that in the dry season due to less
pollution and more river discharge in the wet season than in the dry season. The values of SE, R* and
NRMSE for this parameter in the stage of verification range from 0.336 to 0.971, from 0.225 to 0.385,
and from 0.108 to 0.315, respectively. The results of this research are in line with those of Kalburgi et
al. (2015).

COD: Overall, the COD and BOD changes are relatively similar and considerably more than DO
variations and increase from a minimum value to the maximum value several times as high as the initial
value. For example, COD concentration ranged from 1.09 (at the beginning of the river path) to 6.08
mg/l (at 4.69 km) in the wet season to the value of 6.33 (at 0.76 km) to 20.25 mg/I (at the end of river
path) in the dry season. The amount of COD in the wet season is lower than that in the dry season due
to the humble discharge of the river in the dry season and more pollutants than those in the wet season.
The values of SE, R* and NRMSE for this parameter in the validation step range from 0.780 to 0.954,
0.166 to 0.216, and 0.081 to 0.173. These results are consistent with those of Grabig et al. (2011).

Conclusion

The results showed that aeration in the high and shallow mountain rivers is well implanted, as the
river self-purification capacity, especially in high discharges, in wet seasons, significantly increases
compared to low-slope and low-speed rivers. The primary sources of pollution of the Abbas-Abad
River in Hamedan of Iran are restaurants, hotels, gardens, recreational facilities, and camps of
government agencies. This model can be successfully used to define managerial scenarios for the future
study of the area. Based on these results, using the model potential as a management support tool,
short-term corrective actions such as stream reinforcement and discharges control of pollutants in
Hamedan are suggested to improve the water quality of the Abbas-Abad River in Hamedan to achieve
a safe environmental balance.
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Table 1- Sensitivity of the parameters studied to the coefficients and discharges of water and wastewater

to the river
Inlet Sewage River Inlet Denitrification Nitrification Oxidation
Discharge Discharge Rate Rate Rate
DO 0.119 0.072 0.039 0.711 0.8
BOD 0.026 0.143 0.028 0.006 0.217
COoD 0.019 0.121 0.00 0.00 0.00
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Fig. 5- Calibration of QUAL2KW maodel for DO, BOD and COD (mg/l) parameters in wet (A, B and C)
and dry seasons (D, E and F) in Abbas-Abad River, Hamedan
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Table 2. Percentage difference between observed values and simulation of QUAL2KW model for DO,
BOD and COD parameters

Difference between Differences between Difference of
Parameter observed and simulated  observed and simulated simulation values in
values in the wet period  values in the dry period wet and dry seasons
DO 0.60 0.11 0.43
BOD 5.40 3.88 3.04

COoD 2.77 3.22 3.02
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Table 3. Estimated error values (mg/l) for calibration and validation

DO BOD COD
5 S 5 S 5 S
Month g S g S g S
= 5 = 5 = 5
O > O > O >
90 91 94 91 94 90 91 94
R
May 0.46  0.646 0.514 0.933 0.912 0.336 0.854 0.943 0.780
June 0.39 0.389 0.509 0921 0.835 0.904 0.963 0.932 0.950
August 0.627 0.669 0.870 0.986 0.976 0.971 0.974 0.955 0.954
SE
May 0.038  0.046 0.040 0.180 0.126 0.385 0.156 0.081 0.194
June 0.092 0.060 0.027 0.144 0.129 0.225 0.111 0.092 0.166
August  0.044  0.064 0.007 0.058 0.140 0.245 0.091 0.075 0.216
NRMSE
May 2.751 0.508 1.305 0.120 0.104 0.315 0.133  0.087 0.173
June 0.399 0.302 0.663 0.104 0.143 0.108 0.065 0.088 0.081
August 0.840 0.291 0.173 0.050 0.061 0.120 0.077 0.082 0.116
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Fig. 6- QUAL2KW maodel validation for DO, BOD and COD (mg/l) parameters in wet (A, B and C) and
dry seasons (D, E and F) in Abbas-Abad River, Hamadan
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