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and an undeniable necessity to preserve the ecosystems in the country's
watersheds and also to prevent the destruction of wetlands and rivers
leading to lakes. In Iran, there is a need for much research in order to use
new, advanced and accurate methods in order to environmental flow
evaluation and determine the validity of its use for rivers inside the
country, especially for rivers with high biological value species. The
objective of this research is to conduct an environmental flow evaluation of
the Zayandehroud River using the RVA method and compare it with the
hydrological methods of Tennant, Arkansas and the hydraulic method of
the wetted perimeter in order to determine and suggest the best
environmental flow evaluation method in different areas of the
Zayandehroud River.

Materials and Methods: In the present research, the environmental flow
evaluation of Zayandehroud River was done using the RVA method and
compared with the methods of Tennant, Arkansas and wetted Perimeter
with the curve slope algorithm. The study area between Zayandehroud
Dam and Gavkhouni Wetland was determined and divided into three parts,
which include 8 hydrometric stations along the Zayandehroud River. The
flow statistical series used in this research is considered from the beginning
of the establishment year of hydrometric stations to the last year when data
were available, i.e. 2018, and the mean daily flow values for all existing
hydrometric stations in Zayandehroud River were collected from Isfahan
Regional Water Department. The flow data in this research was normalized
for each station from the year of its establishment to the last year when the
flow data was available and included in the calculations.

Results: Based on the evaluation of the results, the estimated
environmental flow in the hydraulic method is 70%, Arkansas 60%, RVA
49% and Tennant 26% of the mean annual flow. Tennant's method
practically considers a small percentage of the river flow for the river
environmental flow and it is definitely not enough. The methods of wetted
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perimeter and Arkansas also theoretically suggest reliable percentages for
the river environmental flow, Still, in terms of implementation and
considering the water fair allocation among all stakeholders, these two
methods are almost impossible to do. The RVA method provides a better
plan and has suggested a relatively more reasonable and feasible flow
percentage than other methods, which managers and experts should
consider for the allocation of environmental flow.

Conclusion: The suggested values of environmental flow with the methods
carried out in this research, especially the RVA method, for each area of
the river, are able to protect the flow natural regime to maintain the river's
ecological values and provide favorable conditions for aquatic species to
live. Therefore, the mentioned methods can be used in the management
affairs and executive programs of ecohydraulic engineers and specialists
according to their advantages and disadvantages and according to the
conditions of each project. Also, the results of this research help to estimate
a suitable environmental flow range for the Zayandehroud River and
consider it in the river restoration projects.
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1- Environmental Flow Components
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Table 3. Statistical characteristics of flow in selected study stations.
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Figure 2. Comparison of observed and normalized data of Zayandehroud river flow.

Sl VL O > SSle Aoy3 00 580 X Slp s sy 0L & Jodr x5 L
Yo 9 Yo e u‘“’-‘ﬁ‘ E) °L“))-1J€—‘i' G ebdbjjé WJ“MLS\;.’ coks uij)ou.:j)e.)\;{\)' 4.3L>'->))
eLaJM\UeLAJ.,@.a 6‘J;MYL-: Ul‘lj" wi.:[.:ﬂ Ju.p)b w'ﬁﬁé\s.l.ib; Ml}nﬂ L;LOJU? cJ}.sJJB

Ly



V€Y & b)lo.:’ AR 2,90 ‘Jl&, ui cblas dhbwﬁbgr’

oS s bl Bl b amlis 53 (gleity
e GG el sl Vel 5 dzes
bl Gb oy Lalgr SBL wltsy,
3505 5158 o5 U ol g e B elagns b
ot i Jasmaian 3 0L panass Ao s oo
Glaal 5 wls gy Olls o, 6l n LL &S 255
ool 5 A B 58 sl aVsle 5 adlraea

R CRCTPVI T PR B | W

b alabe 55 ¥ SO ezes ol
52 S Gy el L1y abtag, e
Slr See ondy (p S JES) JpE HE onss
dlale 0L Lo boanslie o 1) (Lo S
Aas e 0L iags ol s (MMEF)'
b s &S das e Ol il B, @L:.}
Wiy, Shewedass 0 Cads Sl
o3lie Lol 35106 (635008 5 el o llae andllaes 5o

ST S g 4 s g0l Aa gy e Ob 350 -t s

Table 4. Environmental flow estimation of Zayandehroud river by Tennant method.

Je o PETE o
Excellent Good Acceptable Status
Lo Jsl aes
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Figure 3. Monthly environmental flow distribution diagram of Zayandehroud river using Tennant's method
in acceptable status.

1- Mean Monthly Flow



Ol g 8315 0 ) wgy [ e (SHgpid 9 (Siolg i (S S0g, o

Loy 00 Bl 5 S b s e Jpl b
53 ke ol sl wlale 0L SSla
3,8 5 elinal sy Jasmecen o0 o3
cibizee 0Ll o e 358 Jdoa 3)lee ST 5 15
polis cpl b0l v wilssy, of gl
Slisle 5 S| o 5 35 dalgi Ll LG
S wlale mis ¥ JSE A el &
o Sboelaal Lol sy, o

Aas e OLES Ll IS

Slp ety 0L > 0 sl 4 a5 L

A3 8 ailons I BISST By 4 g0yl dlss,
Lo Ve il 3 ey ol s ey OL >
oo B slernns b sl dlale L Sl
G oelesls e gl dlabe 0L > ke Ao ys 00
Sy 6lale Lz Sk Aoss Tl 5 ol e
oo ol s Sl Lol sbetiand bosbeoll
S o @Vl Ol o S0ke 51 eslinal slra,

bl 55 e eslizal Glale Ol owse 51 (il

Ps™) BT Sy 4 g0ty 6lEs g, 5l 250 ey 0L 3550 2 =0 s
Table 5. Environmental flow estimation of Zayandehroud river by Arkansas method.
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Figure 4. Monthly environmental flow distribution diagram of Zayandehroud river using Arkansas's method.
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Table 6. The results of IHA parameters changes in RVA method for Zayandehroud river.

RVA Gilaal Lo Sl 51 day Aol Ao Sl 1 S sladl
. s gl el L
RVA Boundaries Post-Impact Flows Pre-Impact Flows AT GBS
S| 3| S| 3| L. S| 3| L. Fose S
AW il AW il 4 AW il 4 [HA Parameters
Max. Min. Max. Min. Med. Max. Min. Med.
7.73 5.66 17 4.02 6.61 43.25 52 21.93 e
September/October
R
7.16 6.29 12.41 4.39 6.64 52.15 6.21 19.14 ’
October/November
]
10.79 7.79 15.95 6.06 8.64 56.95 8.07 18.78 >
November/December
ST
12.16 8.11 47.5 6.6 9.67 534 6.83 17.84
December/January
10.79 7.79 28 3.11 8.72 38.35 5.7 10.84 o
January/February
K|
12.86 9.21 19.33 3.03 7.41 31.5 7.6 10.30
February/March
38.2 18.27 37 2.49 18.96 140 11.45 226 s
March/April
- o . 1
50.7 23.9 116.75 5.33 23.68 129.97 18.83 27.65 220
April/May
sls 2
23.6 21.03 55 5.22 21.7 124.66 17.5 28.21
May/June
17.62 15.63 27.92 5.29 15.93 47.23 9.5 28.88 -l
June/July
sls e
14.45 11.92 20.25 5.24 13.65 44.6 5.5 23.76
July/August
11.82 7.6 19.6 5 9.11 42.85 5.21 23.62 SR
August/September
2o OL s (K%
0 0 0 0 0 64 0 0 e
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Figure 5. A) Hydrological alterations of IHA monthly parameters in the Zayandehroud river
B) Monthly flow alteration in pre-impact and post-impact periods.
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Figure 6. Monthly environmental flow distribution diagram of Zayandehroud River with RVA method
in pre-impact and post-impact periods.
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Figure 7. Cross section of study stations in Zayandehroud river.
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Figure 8. Dimensionless curves of Flow - Wetted perimeter in study stations in Zayandehroud River.
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Table 7. The results of wetted perimeter method in selected sections in study stations.

m's™) s Jslas Stsar 5 dales sl oKa! e o5l
Minimum Flow Correlation Coefficient Equation Study Station Section Number
DS
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Figure 9. Comparison of mean monthly flow with the wetted perimeter method at Zayandehroud River.
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Table 8. Comparison of the monthly environmental flow distribution of the methods introduced in this research.
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