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The growth of pollutants in surface water resources has significantly increased,
causing adverse effects on the environment and human communities. As a result,
the use of mathematical models to simulate river water quality and evaluate
various scenarios has become essential. This study utilizes the HEC-RAS model to
assess the spatial and temporal distribution of pollutants in mountainous rivers
with steep slopes and a step-pool structure, as well as to examine changes in
pollutants at sections above and below the step. Four main sections on the Dohezar
River in Tonekabon, located upstream, downstream, upstream of the step, and
downstream of the step, were studied. Qualitative samples for dissolved oxygen,
nitrate, inorganic phosphorus, and water temperature were collected and tested
over an eight-month period. The simulation results during calibration and
validation periods showed that the mean minimum and maximum total relative
errors were 1.05 percent for temperature and 10.18 percent for inorganic
phosphorus, respectively, indicating acceptable accuracy of the HEC-RAS model
in simulating water quality parameters. Overall, due to stable flow and reduced
turbulence, errors were lower in upstream and downstream sections, while error
increased in areas downstream of the step due to enhanced turbulence and
movement of settled quality parameters. Another reason for increased error in
these areas is the model's use of hydrostatic pressure instead of hydrodynamic
pressure, which reduces accuracy in turbulent flows. The results indicate that the
HEC-RAS model performs well in simulating water quality in mountainous rivers,
and improving the simulation of settled quality parameters and nitrate and
phosphorus processes can further enhance the model's accuracy.
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Figure 1. The location of the study reach of Dohezhar stream. a) In the map of Iran , b) In Mazandaran province , c)
Schematically and d) Satellite photo
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Figure 2. Dohezar stream in the vicinity of Holu Kale village (4-Nov-2022)
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Table 1. Field surveys and type of sampeling

Date Title and type of visit Type of sampling

5 November 2022 Extraction of topography and stream morphology

7 November 2022 Mapping Processing and preparation

31 December 2022

31 January 2023

3 March 2023 Waetr quality parameters
3 April 2023 Field survevs Flow parameters (Dissolved oxygen, Nitrate,
4 May 20233 4 (Velocity and Water depth) Total inorganic phosphorous
4 Juan 2023 and Water temperature)

5 July 2023

5 Agust 2023
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Figure 4. Verification of the position of study area with satellite image (5-Nov-2022)
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v (bl 03juizmo Lo jutazxo g 4yl (540 / or AT s b s clotilisg; ] CodeS 5 Sl (5 jlwetend

wlous 5 (Suwly (slaoyed 10 dlale 105L o gy o sled dopd 5 Slaslre ¢ Slalin es polis
Abbee (V) Jgio 20

Table 2. Estimated error of observed and calculated depths in steady state flow

Period Observed depth (cm)  Calculated depth (cm) Error (%0) Averaged error (%0)
67 65 2.99
I . 49 56 14.29
Calibration period 80 88 10 7.48
76 78 2.63
74 65 12.16
A . 49 43 12.24
Verification period 50 47 6 9.31
44 41 6.82
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Table 3. Estimated error of observed and calculated depths in unsteady state flow
Period Observed depth (cm)  Calculated depth (cm) Error (%) Averaged error (%)

67 64 4.48
I - 49 56 14.29

Calibration period 80 83 3.75 5.96
76 75 1.32
74 63 13.51
— . 49 43 14.86

Verification period 50 6 8 10.48

44 41 6.82
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Table 4. Calculation values of diffusion coefficient

Values
Total Upstream Downstream
Dmax H Dmin Dmax Dmin Dmax Dmin
Parameters Max (n7fs) Min (n7fs) CS66 (m?s) CS66 (m?s) CS1 (m’)s) CSs1 (m’)s)
U (mfs) 1.22 0.44 1.22 0.82 11 0.7
W (m) 8.91 1.32 4.6 28 4.09 2.77
Y (m) 1 0.23 0.88 0.42 1 0.45
R (m) 0.62 1.457 0.14 0.004 0.47 0.297 0.23 0.067 0.416 0.118 0.57 0.059
S 0.206 0.047 0.123 0.103 0.068 0.075
u'(m/s) 1.21 0.255 0.753 0.483 0.528 0.646
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Table 5. Water quality results

Parameter Observed Simimulated Error Total average
DO CS66 CS42 CS36 CSL  CS66 CS42 CS36 CSL CS66 CS42 CS36 CSL error
31 December 2022 7 73 11 1 7 7 7 7
31 January 2023 71 85 67 86 71 7008 7.007 7.096
3 March 2023 8 79 78 76 8  7.9989 7.9987 7.9980
3 April 2023 117 105 103 121 117 11693 11664 11.697
4 May 20233 1065 985 94 1045 1065 10682 10647 10646 ° 84 791 565 485
4 Juan 2023 96 95 86 88 96 9597 9596 9593
5 July 2023 79 76 73 78 79 7897 7896 7.894
5 Agust 2023 75 15 7 7 75 7497 749 7493
NO; CS66 CS42 CS36 CS1 CS66 CS42 CS36 CS1 CS66 CS42 CS36 CS1 TOtﬂr?‘(’frrage
31 December 2022 205 208 184 192 205 2051 2051 2.051
31 January 2023 156 152 188 151 156 156 15 156
3 March 2023 136 141 142 133 136 136 136 136
3 April 2023 122 123 1067 112 122 122 122 122
4 May 20233 217 219 220 219 217 217 247 217 0 5% 960 642 533
4 Juan 2023 242 294 217 243 242 2.4224 24223 24223
5 July 2023 233 23 237 22 233 2334 2334 2334
5 Agust 2023 125 145 148 164 125 125 125 125
Total norganic  ~ges coap S35 CS1 CS66 CSA2 CS36 CS1 CSB6 CS42 Cs36 cs1 ot average
Phosphorous error
31 December 2022 0.0245 0.0341 0.0245 0.034 0.0245 0.0245 0.0245 0.0245
31 January 2023 0.0461 0.0652 0.065 0.055 00461 0.0461 0.0461 0.0461
3 March 2023 0056 0055 0057 00555 0056 0.056 0056 0.056
3 April 2023 0.0164 00158 0.014 0.0171 0.0164 0.0164 0.0164 0.0164
4 May 20233 0.0151 00152 00129 0.0135 00151 00151 00151 00151 ° 1098 16.76 1299 1018
4 Juan 2023 00121 0.0127 0.0166 0.0143 0.0121 0.0121 0.0121 0.0121
5 July 2023 0.0218 0.0187 0.0254 0.0219 0.0218 0.0218 00218 0.0218
5 Agust 2023 0.0253 0.0198 0.0198 0.0199 0.0253 0.0253 0.0253 0.0253
T CS66 CS42 CS36 CS1 CS66 CS42 CS36 CSL CS66 CS42 CS36 CS1 TOt"’gr"’;‘(’)errage
31 December 2022 211 21 21 212 211 2110 2110 2110
31 January 2023 198 101 195 195 108 198 1980 198
3 March 2023 17 17 177 178 17 17 11 17
3 April 2023 21 22 216 214 21 21 21 21
4 May 20233 24 24 205 2235 24 224 24 224 O 124 135 163 105
4 Juan 2023 173 173 175 178 173 173 173 113
5 July 2023 26 26 26 262 26 26 2 26
5 Agust 2023 236 239 235 238 236 236 236 236
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Figure 9. Spatial plot at the end of the simulation period. a) DO (mg/l), b) NO3 (mg/l), c) Total Inorganic
Phosphorous (mg/l) and d) Temperature (°C)
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