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Figure 1- Study area and location of selected hydrometric stations
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(Hydrometric station) ‘J’% "‘.”" Time frame Years number
(Longitude) (Latitude)
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5- Desktop Reserve Model
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1- Tennant
2- Montana
3- Flow Duration Curve
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Table 2- Environmental flow suggested by Tennant

WYl 3591 pSlue 51 (gL (S
4)"&39)

oL Cardy Recommended base flow regimens
(Description of flows) (percent of mean annual runoff)
ol =y o o sle — 551
Apr-Sep Oct-Mar
s b gy (g9 (Flushing or maximum) 200 200
40 0393 (Optimal range) 60-100 60-100
Jle ks (Outstanding) 60 40
e (Excellent) 50 30
oy (Good) 40 20
Jgd 16 (Fair or degrading) 30 10
i (PoOT) 10 10
cans b (Severe degradation) 10< 10<

Reference: Tennant, 1976
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1- Global Environmental Flow Calculator
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Table 3- River environmental flow based on Tennant method

bbiw.\{) 45&59) &,a:,f 43‘&.)3) &).hgs 45&.:5) ‘39,15 451535)
ol Curdg (sbTcuigg blf&..f..gl) (suls3s blfu’b:m.ﬂ) (e¥ bml) (o ! b%‘)
(Description of flows) _BeheshAbad River Koohrang River Koohrang River Karun River
(BeheshtAbad Station)  (DezakAbad Station) (Kaj Station) (Armand Station)
Oct- Mar Apr-Sep  Oct- Mar  Apr- Sep Oct- Mar Apr- Sep Oct- Mar Apr- Sep
Ak g Spiscund 38.05 38.05 50.62 50.62 69.91 69.91 220.06 220.06

(Flushing or maximum)

%bbsm 11.42-19.03 11.42-19.03 15.18-25.31 15.18-25.31 20.97-34.95 20.97-34.95 66.02-110.03 66.02-110.03
(Optimal range)

sl

) 7.61 11.42 10.12 15.18 13.98 20.97 44.01 66.02
(Outstanding)
e 5.71 9.51 7.59 12.65 10.49 17.48 33.01 55.01
(Excellent)
Nl 3.81 7.61 5.06 10.12 6.99 13.98 22.01 44,01
(Good)
. o S8 . 1.90 5.71 2.53 7.59 3.50 10.49 11.00 33.01
(Fair or degrading)
e 1.90 1.90 2.53 2.53 3.50 3.50 11.00 11.00
(Poor)
el <190 <190 <2.53 <2.53 <350 <3.50 <11.00 <11.00

(Severe degradation)
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Figure 2- Minimum environmental flow based on Tennant method
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Table 4- Failure to meet the minimum environmental water requirements based on Tennant method (percentage)

2 5unn! Y Ao bl B @3 ery Wl (39,8 Culigdyl B 55 B3 o e
(Station) (Method) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
ety <oz (Tennant) 176 00 00 00 00 0.0 0.0 59 47.1 735 882 912
(BeheshtAbad) eszMol cils (Modified Tennant) 0.0 00 0.0 0.0 00 0.0 5.9 8.8 59 29 88 88
NESS csbls (Tennant) 69.7 455 273 303 121 0.0 9.1 273 75.8 90.9 100.0 100.0
(DezakAbad) osizMol cils (Modified Tennant) 0.0 0.0 00 00 00 00 10.0 200 550 650 300 0.0
s csls (Tennant) 00 00 00 00 00 0.0 0.0 0.0 20.0 65.0 90.0 100.0
(Kaj) sxsgMeol il (Modified Tennant) 0.0 0.0 0.0 00 00 0.0 10.0 200 550 650 300 0.0
o) <z (Tennant) 00 00 00 00 00 0.0 0.0 0.0 24 214 310 333
(Armand)  sxizMol cils (Modified Tennant)  0.00 0.00 0.00 0.00 0.00 0.00 2.38 238 476 238 0.00 0.00
(M¥s) AWl L yo gl doxio b b Wi -0 Jguo
Table 5- Indicators of annual flow duration curve (m3/s)

oK | (Station) Qso Qo Qs Qg Qos

sblcuiy (BeheshtAbad) 9.969 4.975 4.360 2.342 1.960

sLis 5> (DezakAbad) 17.177 10.361 9.394 6.317 5.101

z% (Kaj) 23.971 15.640 13.200 9.413 8.320

26, (Armand) 82.945 56.296 52.097 37.799 30.620
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Figure 3- Comparison of average and minimum monthly flow with indicators of the flow duration curve
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Figure 4- River environmental flow for different environmental management classes based on flow duration curve shifting
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Table 6- Failure to meet the river environmental water requirements in different environmental management classes

(percentage)
oK oW e U1 ST (65 cpey Wkl (wdy9pd Culigud,l BI5,E s BIdp0 you ke
Station Class Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
C 88 176118 29 59 29 59 88 206 206 11.8 11.8
sUleaia D 29 00 29 29 00 00 59 59 59 00 88 88
(BeheshtAbad) E 00 00 00 00 00 00 00 59 00 00 88 88
F 00 00 00 00 00 00 0.0 00 00 00 59 88
C 97.078878.890.9 87.9 606 63.6 848 97.0 97.0 100.0 100.0
SHRESY D 788758758788 636 39.4 424 818 939 97.0 97.0 90.9
(DezakAbad) E 727 63.6 57.6 63.6 545 21.2 242 66.7 909 939 939 818
F 69.757.6333364 182 91 182 455 879 909 818 758
C 60.0 65.0 60.0 65.0 500 250 20.0 500 80.0 90.0 75.0 70.0
s D 60.0 45.0 40.0 450 200 50 10.0 200 650 70.0 650 55.0
(Kaj) E 450200 250400 150 00 5.0 150 35.0 65.0 450 45.0
F  45.010.0 20.0 25.0 10.0 0.0 0.0 100  25.0 50.0 45.0 45.0
b b &b 1Ol il b0 oS C 100 50 20.0 150 150 00 0.0 50 150 15.0 150 5.0
s gk S ;"J I pre)E D 00 00 50 00 50 00 00 00 50 100 50 0.0
I s E 00000000 00 00 00 00 50 00 00 00
K3gj (ignore Koohrang tunnels) F 0.0 00 00 00 00 00 00 0.0 50 00 00 00
C 190214262167 214 143 95 262 333 381 31.0 214
Lo D 48 7.1 71 95 143 24 24 119 286 31.0 214 7.1
(Armand) E 24 24 24 24 48 00 24 48 238 190 71 48
F 00 00 00 00 00 00 0.0 24 48 24 00 0.0
3 g o ) Jsl T plie 4y dade dsgs jd 4 Sy 6090 b ;5 a5 34 v g5 Alius (pl 4 ol oY pien
du.o9> P ..\J‘9.».1 Jucbo w9> d‘]); b.\.wd).:)ml.s).: uT oS u.:lleLw 1.» Ja.w}m lew W? l., dadlio oS U.)L&’Jl_w Sy P Dyg0
Js s asgs 90 a1y SLablio g it bl e Mg T ool JolS gl ailing, aecanw; o 5l 0dgs dxlge i
pas a8 39 B o odnl o dslllae oyl bt wlwly .ol sals bl 3l o puas JSis &S (60)lse 50 dliiwe Cpl ] s
Jlo OlaS Jad 3 yuivg &334, L5 590  davmociun; o (ol Dl Cl (Son dsge b dlile O ol pls 99 dalgs ks
oanasS 4 bgyye (b 65 mrenad d ol p3Y il of mlie i gS] bl (gbad Slos 3985 ol s 3y90 (aeCn
dbogye slaole ;3 &gy (Jamec b 4 slokg avg ol sl pac g o pglts 9o 13 9 658 o0 8 8L o5

S 4 peimmed b 4ty cewd ol 4 T.\,,o dSg> i wsS|

&l

Ataie Kachouie Z. 2018. Calculation and assessment of environmental flow using hydraulic and hydrological
methods (Case study: Dez diversion check dam to Karun River). M.Sc thesis. Shahid Chamran University of Ahvaz.
(In Persian with English abstract)

Bayat S., Ebrahimi K., Araghinejad Sh., and Yasi M. 2019. Comparison of the environmental flow assessment
methods involving case studies of Karaj and Talar Rivers. Iranian Journal of Watershed Management Science
13(45): 77-86. (In Persian with English abstract)

Caissie D., and El-Jabi N. 1995. Comparison and regionalization of hydrologically based instream flow techniques
in Atlantic Canada. Canadian Journal of Civil Engineering 22(2): 235-246.

Dubey A., Singh O., Shekhar S., and Pohshna C. 2019. Assessment of environmental flow requirement using
environmental management classes-flow duration curve for Narmada River. International Journal of Current
Microbiology and Applied Sciences 8(1): 891-897.

DWAF. 1997. White paper on a national Water Policy for South Africa, Pretoria, South Africa, Department of Water
Affairs and Forestry.

Esmaili K., Sadeghe Z., Kaboli A., and Shafaei H. 2018. Application hydrological methods for estimating river
environmental water rights (Case Study of Gorganroud River). Journal of Natural Environmental (Iranian Journal



AR

Sl gy s sl 9 SV 50 (19,5 4509 i 9 90 (hmmotws § O ol JBlas 055 1 hlKed g o Sl

7-
8-

11-

12-

13-

14-

21-
22-

23-

24-

25-

26

of Natural Resources) 71(4): 437-451. (In Persian with English abstract)

Habibi Alagoz S. 2017. River Environmental Flow. Sumer Publisher. Tabriz. (In Persian)

Hosseinpour D. 2018. Estimation of environmental flow in some rivers of northern Karoun basin using hydrological
and hydraulic methods. M.Sc thesis. Shahrekord University. (In Persian with English abstract)

Isazadeh M., Mohammadi P., and Dinpazhoh Y. 2018. Evaluation of artificial neural network and multiple linear
regression models to estimate the daily missing data flow (runoff) (case study: Santeh gauging station- Kordestan
province). Journal of Water and Soil Science 21(4): 143-159. (In Persian with English abstract)

Kim S. K., and Choi S.U. 2019. Comparison of environmental flows from a habitat suitability perspective: A case
study in the Naeseong-cheon Stream in Korea. Ecohydrology 12(6): e21109.

Mazvimavi D., Madamombe E., and Makurira H. 2007. Assessment of environmental flow requirements for river
basin planning in Zimbabwe. Journal of Physics and Chemistry of the Earth 30: 639-647.

Ministry of Energy. 2012. Guideline for Finding Aquatic Ecosystems Environmental Water Requirement. No 557.
(In Persian)

Ministry of Energy. 2013. Update studies of the comprehensive plan of water resources: Karun basin integration
report. (In Persian)

Mostafavi S., and Yasi M. 2015. Evaluation of environmental flows in rivers using hydrological methods (Case
study: The Barandozchi River- Urmia Lake Basin). Journal of Water and Soil 29(5): 1219-1231. (In Persian with
English abstract)

Naderi M.H., Zakerinia M., and Salarijazi M. 2020. Design and analysis of optimal ecological flow regime Zarrin-
Gol River using hydrological and ecohydraulic habitat simulation model. Water and Soil 34(3): 515-532.

Naghidi R., Shayannezhad M., and Sadati Nejad S.J. 2010. Comparison of different methods for estimating of
monthly discharge missing data in grand Karoon River basin. Journal of Watershed Management Research 1(1): 59-
71. (In Persian with English abstract)

Poff N.L. 1996. A hydro geography of unregulated streams in United States and an examination of scale-dependence
in some hydrological discriptors. Freshwater Biology 36: 71-91.

Pour Sattar S. 2016. Karun River environmental flow calculation and evaluation from Mollasani to Darkhovin. M.Sc
thesis. Shahid Chamran University of Ahvaz. (In Persian with English abstract)

Pyrce R. 2004. Hydrological low flow indices and their uses. Watershed Science Centre. WSC Report No. 04, Trent
University, Peterborough, Ontario, 33p.

Shaeri Karimi S., Yasi M., and Eslamian S. 2012. Use of hydrological methods for assessment of environmental
flow in a river reach. International Journal of Environmental Science and Technology 9: 549-558.

Smakhtin V. 2001. Low flow hydrology: a review. Journal of Hydrology 240: 147-186.

Smakhtin V., and Anpuhas M. 2006. An assessment of environmental flow requirements of Indian River basins.
IWMI Research Report 107. International water Management Institue. Colombo, Sri Lanka, 36p.

Smakhtin V., Revenga C., and Doll P. 2004. A pilot global assessment of environmental water requirements and
scarcity. Water International 29(3): 307-317.

Tennant D.L. 1976. Instream flow regimens for fish, wildlife, recreation and related environmental resources.
Fisheries 1(4): 6-10.

Walker K.F., Sheldon F., and Puckridge J.T. 1995. A perspective on dryland river ecosystems. Regulated Rivers 11:
85-104.

Wallingford H.R. 2003. Handbook for the Assessment of Catchment Water Demand and Use. 248p.


https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=288324
https://www.sid.ir/En/Journal/ViewPaper.aspx?ID=288324

Journal of Water and Soil _ (5329UiS @aluo g polke) S g O & i
Vol. 35, No. 3, Jul.-Agu. 2021, p. 319-333 AT A FIFYY o AFer yo st — 01050 ¥ 0ylans O wlo

Environmental Flow Assessment of Karun River in Upstream and Downstream
of Beheshtabad Dam

F. Hayatgheibi'- N. Shahnoushi?*- B. Ghahreman3- H. Samadi Borujeni*- M. Ghorbani®- M. Sabouhi Sabouni®
Received: 25-11-2020
Accepted: 11-04-2021

Introduction: The development of water resources in many cases has led to increased economic welfare,
improved living and health standards, food production, etc. However, in some cases due to the insufficient attention
to all aspects of these projects, the irreparable environmental effects and subsequent social and economic effects
have been imposed on society. Paying attention to environmental water requirements is one of the most important
issues in decision making in water resources development plans. The objective of this study is to assess river
environmental water requirements in upstream and downstream of Beheshtabad Dam. Beheshtabad Dam has
designed to build on the Karun River for water transfer from Karun to Zayanderood basin. But it has not been
implemented due to the various problems and challenges.

Materials and Methods: Protecting and restoring river flow regimes and hence, the ecosystems they support
by providing environmental flows has become a major aspect of river basin management. Environmental flows
describe the gquantity, timing, and quality of water flows required to sustain freshwater,estuarine ecosystems,the
human livelihoods, and well-being that depend on these ecosystems. Over 200 approaches for determining
environmental flows now exist and used or proposed for use in more than 50 countries worldwide. In the present
study, hydrological methods have been used. These methodes include Tennant and modified Tennant, Flow
Duration Curve (FDC) and FDC shifting (for different environmental management classes). For this purpose, four
hydrometric stations (three stations upstream and one station downstream of the dam) have been selected.

Results and Discussion: The results of the study showed that the river water flow had not been sufficient to
meet environmental water requirements in several cases, especially in years when the region was experiencing
mild to moderate drought conditions. According to the Tennant method, the minimum environmental flow
requirement averages based on Beheshtabad, DezakAbad, Kaj, and Armand stations data were 3.80, 5.06, 6.99,
22.01 m%/s, respectively. Using the mentioned stations data, , the minimum environmental flow requirement
averages were 3.62, 6.07, 7.91, 23.67 m%/s based on the modified Tennant method. According to the flow duration
curve method, minimum environmental flow requirements (Qgs) were 1.96, 5.1, 8.32, 30.62 m?/s, using data
collected from Beheshtabad, DezakAbad, Kaj, and Armand stations, respectively. The results of the flow duration
curve shifting method indicated that the river water flow did not meet the river environmental water requirements
in different environmental management classes in some months and years. Comparative results of different
methods revealed that the minimum environmental flow requirement of Beheshtabad River upstream of
Beheshtabad Dam was 1.22-16.75 m®/s from September to April (based on FDC shifting method, class C). The
estimated minimum environmental flow for Koohrang River was 3.69-16.81 m%/s from September to April. The
downstream of the dam, Karun River requires a minimum flow rate of 20.8-73.29 m®/s from September and
October to April (based on FDC shifting method, class E).

Conclusion: According to the results of various methods used in this study, the Karun River flow is not enough
to meet the minimum river environmental water requirements in some years and months. Therefore, decision-
makers must pay attention to the environmental water requirements in decisions related to the development plans
and water transfer from this river. It should be noted that the river environmental water requirements have not been
met completely when the region has experienced moderate or mild drought, which would be more acute in cases
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of more severe drought conditions. Therefore, the current surplus water of this basin may not be a sustainable
source to transfer to another basin.

Keywords: Beheshtabad dam, Environmental water requirement, Hydrological methods, Karun River, Water
transfer



