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Figure 1- Geographical location of the study area.
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Figure 2. Geographical location of sampling locations and point pollutant sources.
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Table 1- Titles of point pollutant sources along the studied route.

Name of point source

Point Source

Discharge of wastewater treatment plant of Ardabil Industrial Town No. 2 PS1
Discharge of the Ardabil sewage treatment plant PS2

Wastewater discharge from the Ardabil industrial slaughterhouse PS3
Wastewater discharge of Samian poultry slaughterhouse PS4
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Table 2- Characteristics of the first scenario.

Percentage of

Parameter Increase/Decrease

Headwater of the river -20%
Discharge of Point Pollutant Sources 200%

Temperature of Point Pollutant Sources Constant
Electrical conductivity of Point Pollutant sources 200%
Dissolved Oxygen of Point Pollutant sources -50%
Biochemical Oxygen Demand of Point Pollutant sources 200%
Electrical conductivity of Point Pollutant sources 200%
Nitrate of Point Pollutant sources 200%
Alkalinity of Point Pollutant sources 200%

pH of Point Pollutant sources Constant

£9% G9 b s ST Jgux
Table 3- Characteristics of the second scenario.

Percentage of

Parameter Increase/Decrease
Headwater of the river -20%
Discharge of Point Pollutant Sources 200%
Temperature of Point Pollutant Sources 200%
Electrical conductivity of Point Pollutant sources 200%
Dissolved Oxygen of Point Pollutant sources -50%
Biochemical Oxygen Demand of Point Pollutant sources 200%
Electrical conductivity of Point Pollutant sources 200%
Nitrate of Point Pollutant sources 200%
Alkalinity of Point Pollutant sources 200%

pH of Point Pollutant sources Constant
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Table 4- The values of the percentage increase or decrease of the parameters in the first scenario compared to
the validation stage.

Percentage of

Parameter Increase/Decrease
Q (m3s) 43.26
T(c) 7.27
EC (umhos/cm) 16.64
DO (mg/l) -7.62
BODs (mg/l) 57.56
NOs (mg/l) 53.83
Alkalinity (mgCacos/l) 47.45
pH -0.99

£99 S92 )bw g (T Como Al po Ay S 099 9 J3l Sl law 3o L piolyly Hal b s l38l o jo ol -0 Jouz
Jol g2 bew 4 o

Table 5- The values of the percentage increase or decrease of the parameters in the first and second scenarios
compared to the validation stage and the second scenario compared to the first scenario.

The percentage The percentage The percentage
increase/decrease of the first increase/decrease of the increase/decrease of the
Parameter scenario compared to the second scenario compared second scenario
results of the validation to the results of the compared to the first
stage validation stage scenario
Q (md/s) 43.26 43.26 0.11
T (c°) 7.27 36.93 322
EC (umhos/cm) 16.64 15.64 0
DO (mg/l) -7.62 -17.79 -9.66
BODs5 (mg/l) 57.56 56.41 0.07
NO3 (mg/l) 53.83 52.11 -3.18
Alkalinity (mgCacos/l) 47.45 46.78 0.57
pH -0.99 0.11 1.09
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Table 6- values of percentage of relative error, average absolute error and root mean square error of
calibration and validation stages.

Calibration Validation

Parameter PRE MAE RMSE PRE MAE RMSE

Q (m¥s) 0.16 0.00 0.01 1.25 0.0 0.01

T (c°) 13.08 2.13 2.54 21.67 3.62 4.2

EC (umhos/cm) 30.43 389.44 505.8 15.2 157.64 212.9

DO (mg/1) 4.28 0.22 0.35 212.36 4.3 5.1
BODs (mg/l) 1251 6.38 9.22 160.02 46.45 86.11
NO3 (mg/l) 7.95 0.16 0.22 18.06 6.16 10.79
Alkalinity (mgCacos/l) 24.69 82.97 109.85 5.60 2343 35.54
pH 2.33 0.17 0.22 9.73 0.70 0.89

= Simulation at November 2021 === Simulation at November 2022

B Measured in November 2021 A  Measured in November 2022

19

Temperature (c)

70 60 30 40 30 20 10
Distance Upstream

(tm)

Simulation at November 2021 === Simulation at November 2022

B Measured in Novem ber 2021 A Measured in Novem ber 2022

1.80

1.60 i

1.40

120

Flow (m¥s)

100

|

080 P S p—

0.60

0.40

- -

70 60 30 40 30 20 10 o
Distance Upstream (km)

WJolomo i ( SO 5elamr (Bled ST lod (0 b 2wyl (6l QUALZKW Jowo (ew Cxo g (omwly —F &
ool o5 453, 53 PH 3 ol i« o5 250 gl

VFo




VPV Gliasl o) ojlods qpuididr JLw (65909959 y0ud
Hydrogeology, Volume 8, No. 1, Summer 2023

=== Simulation at November 2022

Simulation at November 2021

B Measured in November 2021 A Measured in Novem ber 2022

ssolved Oxy gen (mgf)

A A

70 60 50 40 30 20 10 0

Distance Upstream (fm)

Simulation at November 2021

B DMeasured in November 2021

== = Simulation at November 2022

& Measured in November 2022

o=
200 H \\
A
H \
! \
150 H
e 1 '
E ]
I} | L]
[} ' ]
2 100 | 1
i 1]
i ]
N 1]
! |
50 1

itttk BT T T T PP ———

M
DM

0 60 30

40 30 20 10 o

Distance Upstream (km)

=== Simulation at November 2022

Simulation at November 2021

W Measured in November 2021 A DMeasured in November 2022

45
y
40
35
=
w30 A
o
S 2 17N
= [ Y
]
20y
1 \ ‘-___-.---------——------—_
| \ f
15 | ' H'Y
1 !
10 1 v !
] [
v
5
A \
! —
D!'-'." T
70 &0 50 40 20 20 10 )

Distance Upstream (km)

Simulation at November 2021

B Measured in November 2021

=== Simulation at November 2022

A Measured in Novem ber 2022

2400

-

N S

E
E
E 1000

70 60 j0

=

40 30 20 10

Distance Upstrem (km)

=== Simulation at November 2022

Simulation at November 2021
B Measured in November 2021 A Measured in Novem ber 2022

10

-
-
-

40 30 20 10 0

Distance Upstream {km)

0 60 30

Simulation at November 2021

B Measured in November 2021

=== Simulation at November 2022

A Measured in Novem ber 2022

600
500 i
= A
§ 400 1 T Nrcmcc e e e e ———
o 1 r
z -
Z 300 :I
g 1
!
< 200
e
100
0
70 60 50 40 30 20 10 0

Distance Upstrem (km)

,_','}.3....5‘ ‘é.v)",.u @‘P oj.:....f‘ APY) (2 ‘sLb).’i.obL; 45‘)'3 QUAL2KW Juw (T S0 g ‘:‘{Ll.wb -F U aelol
«Jad,l g 3 Al09; 50 PH g Cadlals vl i« SO Il ol Jaloxo
Figure 4- Calibration and validation of the QUAL2Kw model for the parameters of flow, temperature, BODs,
DO, EC, NOg, alkalinity and pH in the Qarasu River of Ardabil.
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Figure 5- Comparison of the results of the first scenario with the results of the validation stage of the
QUAL2Kw model for the parameters of flow, temperature, BODs, DO, EC, NOs, alkalinity and pH in the Qarasu River
of Ardabil.
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Figure 5- Comparison of the results of the first scenario with the results of the validation stage of the
QUAL2Kw model for the parameters of flow, temperature, BODs, DO, EC, NOs, alkalinity and pH in the Qarasu
River of Ardabil.
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Figure 6- Comparison of the results of the first and second scenarios with the results of the validation stage of the
QUAL2Kw model for the parameters of flow, temperature, BODs, DO, EC, NOs, alkalinity and pH in the Qarasu
river of Ardabil.
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Figure 6- Comparison of the results of the first and second scenarios with the results of the validation stage of
the QUAL2Kw model for the parameters of flow, temperature, BODs, DO, EC, NOs, alkalinity and pH in the Qarasu
river of Ardabil.
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