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Abstract: The present study was conducted to assess the environmental needs of the Tajan River in
Mazandaran Province. The results showed that the average environmental flow in the Tajan River using
different methods had some differences according to the desired method and, on the other hand, the
construction of the dam led to the amount released not being in good agreement with the calculated
amount. The highest value obtained in the flow continuity transfer curve method was equal to 25 cubic
meters per second, so that in these conditions, from a management perspective, it is in the biological
class with the approach of maintaining the minimum biological conditions of the river. The average
flow rate in the presence of the dam during release days is about 16 cubic meters per second, which is
relatively consistent with the values calculated in other methods.
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Introduction: In order to estimate the environmental water rights of rivers in the sustainable management of water
resources and the preservation of ecosystems in watersheds, various methods are examined, taking into account
hydrological, ecological, and hydraulic conditions, and flexibility and compatibility with the region. Methods for
determining environmental flows are classified into four groups: hydrological, hydraulic, habitat simulation, and
comprehensive. The evaluations conducted indicate that the assessment of environmental needs in important rivers
is a priority and therefore it is necessary to estimate them in accordance with the conditions of the region. In this
regard, this important issue has been carried out in the present study using hydrological methods as a case study
in the Tajan River using statistical data collected during the water years 1370-1395. Among the most important
research sources on the issue under consideration in this study are the findings of Ghurghi and Khaledi, 2016,
Rajaei et al., 2021, Naderi et al., 2021, Tasnim et al., 2023, and Behboudian et al., 2023.

Methodology: The Tajan River basin, with an area of about 4015.88 square kilometers and geographical
coordinates of 52 degrees and 56 minutes to 54 degrees and 59 minutes east longitude and 35 degrees and 56
minutes to 36 degrees and 49 minutes north latitude, is located in Zone 39 of the UTM geographical system in
Mazandaran Province. The perimeter of the basin is close to 414 kilometers due to its large extent and elongation.
The Shahid Rajaee Reservoir Dam is a double-arch concrete type that was built on the Tajan River about 40
kilometers south of Sari city at the location of Soleiman-Tangeh with a geographical longitude of 53 degrees and
13 minutes and a geographical latitude of 36 degrees and 14 minutes. Figure 1 shows the location of the Tajan
watershed in Mazandaran province. The distinction and innovation aspect of this research compared to research
on a similar subject is based on the fact that, at first, one of the rivers in the north of the country, which is located
in the vicinity of the main and important dam in the study area, was studied. Secondly, the assessment of the effects
of dam construction is very extensive and in addition to evaluating the hydrological characteristics on the river
flow conditions, the situation resulting from its impact on other parameters is also carried out. The selection of a
station (hydrometry) to analyze the flow conditions in the Tajan River depends on the location of the dam in the
region. For this purpose, the statistics of the stations obtained from the Regional Water Company of Mazandaran
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Province are evaluated with respect to the dispersion of the stations relative to the dam. Table 1 presents the
locations of the hydrometric stations used.

Results and Discussion: This study was conducted to investigate the environmental characteristics and impacts
of Shahid Rajaee Dam on the conditions of the study area. In addition, using hydraulic and hydrological methods,
the amount of environmental flow of this river in the upstream and downstream stations was estimated and its
impact on the characteristics of the river was presented. The chemical quality of Tajan River water for agricultural
purposes was determined as C2S1 based on the minimum and maximum changes in the average values of two
factors: sodium absorption coefficient and electrical conductivity according to the Wilcox classification. In terms
of drinking, the quality of river water in all study stations was acceptable in terms of total hardness and
concentration of dissolved substances in the upstream and middle areas. Biologically, in all studied stations, the
river water is unsuitable for drinking purposes and requires purification and chlorination. Monthly flow rate
changes at two stations, Soleiman-Tangeh and Rig-Cheshmeh, as upstream and downstream stations of the dam,
were investigated during the 26-year statistical period from 1991 to 2016. The results for Soleiman-Tangeh station
indicate flow control in the periods after the construction of the dam from the beginning of the water year to
Farvardin. After that, due to the release of flow during the cultivation seasons, the peak flow value increases
significantly compared to before the construction of the dam. In the hydrological method, the flow continuity curve
transfer method, Tannat and Tasman, and in the hydraulic method, the wetted medium method were used as
appropriate approaches in this regard. The results indicated that the average environmental flow in the Tajan River
using different methods was different according to the desired method, and on the other hand, the construction of
the dam led to the released amount not being in good agreement with the calculated amount. The highest value
obtained in the flow continuity transfer curve method was 25 cubic meters per second, so that in these conditions,
from a management perspective, it is in biological class C with the approach of maintaining the minimum
biological conditions of the river. The average flow value in the presence of the dam during the release period is
about 16 cubic meters per second, which is relatively consistent with the values calculated in other methods. Tables
12 and 13 and 14 and Figures 5 to 11 presents the Results.

Conclusion: The amount of released flow is about one-third of the minimum environmental flow required by the
river downstream. Comparing the statistics of the two stations shows that the changes in water quality parameters
at the Sulayman-Tangeh station are more noticeable than at other stations. Also, the changes in parameters at the
Rig-Cheshmeh station are significant compared to Sulayman-Tangeh. The study of environmental flow conditions
and also flow quality after the construction of the dam indicates that despite the fact that the amount of released
flow is about one-third of the environmental requirement obtained from the flow continuity curve method, for
various reasons such as high groundwater levels, appropriate rainfall in the basin, temporal distribution of rainfall,
etc., no serious problems have been observed, and as a result, no significant changes have been observed in the
environmental characteristics and quality characteristics.
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Table 1 Hydrometric stations on the Tajan River
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Table 2 Water quality classification in terms of Ec and
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Sf?;‘;try Alkali
Salinity . Salinity factor
changing .
class . o class changing
limit limit (Vmg)
(um/cm) g
Cl 100 - 250 S1 0-10
C2 250 - 750 S2 10-18
C3 750 - 2250 S3 18-26
C4 >2250 S4 >26
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Table 3 Chemical quality of Tajan River water for
agricultural use during the statistical period

Station EC GAR Qualitative

class

Soleiman Tange Cl S1 Good

Rig Cheshme C2 S2 Good
Kordkhil C4 S4 Not bad
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Table 4 Water quality classification in terms of TDS and
TH for drinking purposes
i
changing TDS class neing TH class
limit (Vmg) limit
(/mg)
TH1 50-200 TD1 100-500
TH2 200-500 TD2 500-1000
TH3 500-1000 TD3 1000-2000
1000-
TH4 2000 TD4 2000-4000
2000-
TH5 4000 TD5 4000-8000
TH6 >4000 TD6 >8000
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Table 5 Chemical quality of Tajan River water for
drinking purposes during the statistical period

Station TDS TH Qualitative class
Soleiman Tange TDS1 TH3 Not bad

Rig Cheshme TDS2 TH3 Not bad
Kordkhil TDS3 TH3 bad

NP TROTE S Y BT LY LN JUNEL- PO Qi PRE 2
S Sleogas

Table 6 Location of stations to be used for biological

characteristics
Station No Name
1 Soleiman Tange (dam loc)
2 1.5 km down of dam loc
3 Tajan bridge
4 Mouth (1 km before sea)
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Table 7 Number of coliform bacteria at selected sampling stations in the Tajan River

Period

Coliform Station April June August October January Mars
2016 2016 2016 2016 2016 2016

St 1 440 480 325 200 410 360

Total solotion coliform St2 540 630 450 840 580 540
St 3 28000 28000 22000 22000 21000 19000

St 4 460 930 1400 1000 1500 980

St 1 23 26 18 11 25 12

Total solotion coliform St2 42 30 21 51 39 39
settlement St3 2200 2100 1300 2000 2100 2100

St4 22 41 64 64 86 60

Y

! Flow Duration Curve
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Fig. 3 Tajan River Environmental Flow Continuity Curve
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Table 8 Determining environmental water demand using the flow continuity curve transfer method as a percentage of MAR

Environment flow percentage of MAR

F E D C
10 15 23 33

B
46

Q (MAR) (m%/s)
45

A River

68
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Table 10 The environmental flow rate of the Tajan River in
different months based on the transfer curve method

Environment flow

Month

Q (m%/s) FDC
Sep. 18 6.3
Oct. 20.6 6
Nov. 21.2 7.5
Dec. 252 9.1
Jan. 28.3 10.9
Feb. 51.8 26.3
Mar. 134.9 36.1
Apr. 152.7 40.3
May. 50.4 23.8
Jun. 29.9 13.5
Jul. 27.9 12.6
Aug. 25.5 11.6
Average 25 16.4
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Table 11 Calculated environmental flow of the Tajan River
using the Tannat method

Proposed environmental flow

Q (mds)

180

—0— MMF
—0—FDC Shifting

160
140
120
100
80
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40
20

Oct Nov Dec Jan Feb  Mar Apr

Month
Fig. 4 Monthly distribution of environmental flow using
the flow continuity curve method
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classification
Jul - Dec Jan - Jun Table 9 Environmental flow value of Tajan River in flow
Ma.ximum ﬂow 16.85 16.85 continuity transfer method
with flushing — o
Optimal flow rate 5.05-8.42 5.05-8.42 Method M nvironment tlow AR
Very Excellent 3.37 5.05 etho analgement Q (m?/s) o
Excellent 3.37 421 class (%)
good 1.68 3.37 A 23.9 68
Medium 0.84 2.52 B 14.8 46
Weak 0.84 0.84 FDC C 16.4 33
Severe destruction > (.84 >0.84 D 7.5 23
E 5 15
F 19.9 10
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Fig. 5 Diagram of changes in the distribution of environmental flow in the river during different months of the year using
Tannat and modified Tannat methods

oabz Mol il g ol g, 5l eolawl b Jle calises glaols (b 1o ailsog, ;o Jaecens ) obyz aje8 Ol Jloges & S0

0



Slyo g calag haocom -2 315 3590 2 30 (S 3edg b 9 (Sgrud slosds,

Oy gy 5l oolatwl b oo ailsog ) oddianlxe arecansy b, VY Jgus

Table 12 Calculated environmental flow of the Tajan River using the Tasman method

0.4 MMF Proposed environmental
3 3 3
Month MMF (m?/s) (m¥s) MAF (m?/s) 0.4 MAF (m?/s) flow (m¥s)
Sep. 0.856 0.342 8.425 3.27 0.856
Oct. 2.99 1.197 8.425 3.27 2.99
Nov. 3.09 1.237 8.425 3.27 3.093
Dec. 4 1.601 8.425 3.27 3.37
Jan. 5.7 2.281 8.425 3.27 3.37
Feb. 11.86 4.744 8.425 3.27 4.74
Mar. 30.12 1.051 8.425 3.27 12.05
Apr. 31.27 1.551 8.425 3.27 12.551
May. 8.47 3.388 8.425 3.27 3.388
Jun. 1.56 0.627 8.425 3.27 1.568
Jul. 0.61 0.242 8.425 3.27 0.605
Aug. 0.41 0.179 8.425 3.27 0.448
Average 8.42 -— -— - 4.08
40.000
30.000 = "";
—_ ‘J ‘\
= ; X
g 20.000 , !
g i
o : ‘\ —=—MLALF.
o - —o—Tessmsn
10.000 » W ess
yd NN
= 5. N\ h" <
0.000 oL~ I =
s 5 88 88 5kFgz 28

S22 A= g3 &322 34

Fig. 6 Diagram of changes in the distribution of environmental flow in the river during different months of the year using the
Tasman method
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Fig. 7 Section number one and the discharge-wetted medium diagram in the curve slope method
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Fig. 8 Section number two and the discharge-wetted medium diagram in the curve slope method
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Fig. 9 Section number three and the discharge-wetted medium diagram in the curved slope method
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Fig. 10 Section number four and the discharge-wetted medium diagram in the curved slope method
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Fig. 11 Section number five and the discharge-wetted medium diagram in the curved slope method
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Table 13 Discharge and critical depth obtained from the
curved slope hydraulic method

Section Fitted , Critical  Critical
No relationship R depth Q
) (m) (m¥/s)
1 P=3.17q*¥ 095 0.53 1.99
2 P=5.51q%7 0.95 0.46 2.88
3 P=4.92q*¥ 0.84 0.51 6.67
4 P=6.98 q*3¢ 091 0.57 7.09
5 P=6.55¢"% 0.9 0.65 9.35
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Table 14 Critical flow rate obtained from the hydraulic
curvature method

Section
No. 1 2 3 4 5
Critical
Q (m’/s) 026 0.69 087 1.72 1.7

Sy Gy, ,0 dhedun) (20 ale w10 Jgua

Table 15 Results of calculating environmental flow rate
using the hydraulic method

Percentage of Environmental

Method  annual average calculation flow
(m’/s) rate (m%/s)
Curve 69 5.18
slope
Curvature 12 0.94
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5- List of symbols

TDS (/mg) Concentration of dissolved solutes
EC (umohs/cm) Electrical conductivity

El (m) Height

TH (I/mg) Total hardness

Q (m¥/s) Flow rate

P (m?) Wet environment

L (m) Distance
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