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Table 1- Average quantitative and qualitative parameters of hydrometric stations

STATION Mean Daily Discharge (md/s) Mean Density of Nitrate (mg/lit)
Rigcheshmeh 9.2 5.1
Korkheil 3.8 55
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Table 2- Average meteorological parameters of Sari synoptic station

. - Wind ;
Min Temperature Max Temperature Precipitation Relative
STATION (°C) (°C) (mm) S(ﬁf/g;’ Humidity (%)
Sari 8.8 21.2 792.1 0.55 60.6




JS 4 &S Jso s HEC-RAS Juo sl g 4tk Jao

QUAL2KW oo  miwno § (20wl
3 1l HEC-RAS Jso ol (g olel 5 (S Joo

(Fely dloyo sl S3lode g (6Sojlul (ST polie lagel
(S s o) prion g 5 (V) S5 53 (e o)
L S0l clmodls daylages ol )3 .05 o3yl (A) JS5 o
Oiled dogy Jlagel gy (Siludend @S g S e LIS
Bh Jae Callas  viwcous 5 (Suiwly 5l oL aS e 00l
Jeo 2ep il Gy mecd gbold gl
&)1(F) g 53 5 abgsyo (605031l slaodls L QUAL2KW
Stusod NRMSE p3lis 35,5 o onlio 45 obslan A3
BB 8 a2 )3 5l L 35 (R?) s Gy 9 ol 0 05

) (85 Jao ogllee Ul g o

GamRoud River —>|

Jead) WAV olo gl oad (6y915,5 a8 (slwodls )

olo (U1 5 (risly (sl (4ot o (ol @i i

Joo miwcome doye ly (cutSpé Jad) VYAV

Jdo S8 a5 5 00,5 sled S e g eolaiw] QUAL2KW

g S Joab 3 obp e Gl SV slag b
85 )18 Sl g 435 3y90 i et

Con 9 sl

HEC-RAS Ju (mwoone 9 (xiwly
Sl 5 oy S lo Ll o HEC-RAS e
Oows LY Ll Alag) Gl paee Sl gy cupo
5l = daly 31 Slisl b o zialy Jdo s 12,5
sledlo ojl )3 53355 g dada Sy gyieg ) ol
a5 (65505181 3 3ses A Briec o WWAD-ITAY
US55 a5 destin Sy (cliolSiul clyy Jie bawgs o5
b il 31 oLas o8 o S (Y) Jgae ) )bl @l 5 (7)

Non-Point Source

Non-Point Source

«—— Akend Village

Fig. 5- Schematic view of sections and kinds of entrance pollution sources to
Tajan river in research area

BT 30 63940 33y Ail-39 4 (63939 o YT al £lgil § ablae Cilad (Sloi —0 <



a- Righcheshmeh hydrometry station

80
70
@ 60 y = 0.8459x + 2.3369 ~
B2 R? = 0.972 & L
E 50 og
40 PN
£ 30 - .,‘.4
=} [ J
=2 41 @ .o ()
3 20 0.
10
0
0 10 20 30 40 50 60 70 80
Measured Q(m"3/s)
b- Kordkheil hydromety station
400
350 y=0.8791x + 11.824 )
g 300 R2=10.975 .‘:."
£ 250 ° ﬂ-"
2 200 o o8
2 @
: Py
< 100
S 38
50 6 °
0
0 50 100 150 200 250 300 350 400

Measurd Q(m"3/s)

Fig. 6- Comparison of measured discharge versus calculated discharge in a- Righcheshmeh and b-
Kordkheil hydrometry stations
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Table 3- Accuracy indices of HEC-RAS model results
STATION NRMSE R?
Rigcheshmeh hydrometry station 1.09 0.972
Korkheil hydrometry station 0.59 0.975
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STATION NRMSE R?
Calibration (Agricultural season) 0.11 0.971
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Introduction

Water pollution, is considered one of the most important challenges of human societies, has increased in
importance day by day due to the limitation of fresh water resources in the world. The expansion of
urbanization, the development of industries, and the expansion of agriculture, especially inorganic
cultivation, are important factors that cause pollution in water sources, and the increase of these factors has
caused changes in the quality of river water (Enrique et al., 2007). These changes have become a serious
threat to humans and natural ecosystems in recent decades, and therefore the investigation of water quality
changes has become one of the most important subjects in studies (Faryadi et al. 2012) and researches. Due
to the direct impact on the existing ecosystem in the water area and its surrounding environment, the
investigation of river water quality is a sensitive and vital issue that depends on the knowledge of the changes
in water quality along with the identification of the main factors of its pollution (Tahmasebi et al. 2011).
Over the years, modeling has been considered as a useful tool for optimizing water quality, which is used to
check the appropriateness of pollution control policies (Bui et al., 2019) and this issue has progressed in such
a way that today water quality models they are increasingly used to obtain valuable and effective information
for optimal water quality management (Fan et al., 2009).

Study area

Tajan River is one of the most important rivers of Mazandaran province, which originates from the
Alborz mountain and flows from the southwest to the northeast direction and finally reachs to the Caspian
Sea (Figure 1).
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Fig. 1- Research area and location of the hydrometry stations and the sari synoptic station
Methodology
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In this research the water quality of Tajan River was evaluated in term of nitrate along with about 50 km
from the upstream (Rigcheshmeh hydrometry station) to the Kordkheyl hydrometry station in the down
stream. Quantitative and qualitative data of the flow path were collected from the Regional coucil of Water
management of Mazandaran and the General Department of Environmental Protection of Mazandaran.
Required meteorological data for qualitative modeling were also obtained from Sari synoptic station. The
statistical summary of quantitative and qualitative data of hydrometry stations is presented in table (1). The
maps of the geometric sections of the Tajan River (prepared by the Mazandaran Regional Water Company
and with a scale of 1:2000) were transferred to the Arc-GIS 10.8 software and according to the latitudinal
conditions, the changes in the river slope and the vegetation cover of the area were divided into 14 intervals
and were transferred to the HEC-RAS software using the HEC-GeoRAS.

The HEC-RAS model was calibrated under steady state condition and according to the information of
hydrometry stations the optimal value of Manning's coefficient of flow path in Tajan river was determined
and the model was validated in the period of 2017-2018. Then, the final model is extracted in the fourteen
executed intervals in order to evaluate the hyrodynamic characteristics of the river including the depth and
flow speed in each of 14 intervals. Then the Leopold and Maddock (1953) equations (equation 1 and 2) are
fitted to the found out characteristics along with Tajan river and the equations coefficients are determined
for the qualitative modeling of water flow in the QUAL2Kw model.

U=aQ’ 1)
H = cQ* (2
Table 1- Average quantitative and qualitative parameters of hydrometry stations
STATION Mean Daily Discharge (m3/s) Mean Density of Nitrate (mg/lit)
Rigcheshmeh 9.2 51
Korkheil 3.8 55
Findings

The graph of the qualitative values measured and simulated by the Kval model in the calibration phase
(cultivation season), is shown in Figure'(2) and the validation phase (non-cultivation season) in Figure (3).
In these graphs, measured data with square points and simulated results are displayed by a continuous graph,
which shows the desired calibration and validation of the model. The results of the statistical comparison of
the output values of the QUAL2Kw model and the corresponding measured data are also presented in Table
(2). As can be seen, the values of NRMSE and (R"2) show a good agreement between the observed data and
the simulated model and also indicate an acceptable degree of accuracy and ability of the qualitative model.

35.0
30.0
25.0
20.0

15.0 - —— Simulated

Nitrate (mg/l)

100 - Observed

5.0

00 T T T T 1
0 10 20 30 40 50
Distance from upstream (km)

Fig. 2- Nitrate calibrated model results and corresponding measured values in flow path during
cultivation season.
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Fig. 3- Nitrate calibrated model results and corresponding measured values in flow path during
non-cultivation season.

Table 2- Accuracy indices of QUAL2Kw model during calibration and verification

Factor NRMSE R?
Calibration (Agricultural season) 0.11 0.971
Verification (Non-agricultural season) 0.053 0.970

Conclusion

1- Combining the output of the HEC-RAS hydraulic model with the QUAL2Kw model leads to favorable
results in the qualitative analysis of the river.

2- Investigating the quality condition of Tajan River showed that in the cultivation season, the nitrate
concentration has increased about 2.8 times more than non-cultivation season, which is caused by non-point
polluting sources.

3- The concentration of nitrate in the river during the growing season in the mouth of the Caspian sea tends
to 50 mg/liter, which is higher than the permissible level for drinking water and aquatic life’s. Therefore
determining a framework to reduce the nitrate load entering to Tajan river, focusing on non-point sources of
pollution, are necessary in the water ecosystem management policies of Tajan River.

Acknowledgements
We are thankful from Regional Water Company and Environmental Protection Department of
Mazandaran for providing essential data for this article.

References

1-Bui, H.H., Ha, N.H., Nguyen, T.N.D., Nguyen, A.T., Pham, T.T.H., Kandasamy, J., and Nguyen, T.V.
2019. Integration of SWAT and QUALZ2K for water quality modeling in a data scarce basin of Cau River
basin in Vietnam. Ecohydrol. Hydrobiol, 19. 210-223.

2-Enrique, S., Manuel, F., Colmenarejo, J.A., Angel, R.G., Garc, L.T., and Borja, R., 2007. Use of the water
quality index and dissolved oxygen deficit as simple indicators of watersheds pollution. Journal of
Ecological Indicators. 7(2), pp315-328.

3-Fan, C., Ko, C. H., and Wang, W. S., 2009. An innovative modeling approach using Qual2K and HEC-
RAS integration to assess the impact of tidal effect on River Water quality simulation. Journal of
environmental management. 90(5), pp. 1824-1832.

4-Faryadi S., Shahedi K., and Nabatpoor M., 2012. Investigation of Water Quality Parameters in Tadjan
River Using Multivariate Statistical Techniques. journal of watershed management
research. Vol 3. No 6. pp. 75-92(In Persian).


https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=481647
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=208680
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=481650
https://www.sid.ir/en/journal/JournalList.aspx?ID=17920
https://www.sid.ir/en/journal/JournalList.aspx?ID=17920
https://www.sid.ir/en/journal/JournalListPaper.aspx?ID=147999

5-Tahmasebi, S., Afkhami, M., and Takdastan, A., 2011. Study of Chemical, Physical and Microbial
Quality of Gargar River, Sw, Iran, Using Nsf Water Quality Index. jundishapur journal of health
sciences. pp. 55- 64 (In Persian).


https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=373946
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=323816
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=308146
https://www.sid.ir/en/journal/JournalList.aspx?ID=14708
https://www.sid.ir/en/journal/JournalList.aspx?ID=14708

