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3- Tennant
4- Mean Annual Runoff (MAR)
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1- Tessman

2- Flow Duration Curve Analysis

3- Flow Duration Curve Shifting (FDC shifting)
4- Desktop Reserve Model (DRM)

5- Mean Monthly Flow (MMF)
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Table 1- Annual and monthly flow of Bi-bakran’s hydrometric station
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Oct. Nov. Dec. Jan. Feb. March. April. May. June. July.  Aug. Sept. Annu
Sept Oct  Nov  Dec Jan Feb March April May June  July Aug al
]a.wy.a R
Average rate 223 434 395 332 328 5.17 12.14 2281 175 824  3.08 1.93 7.33
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Figure 1- Location of the Barandozchi River
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Table 2- Evaluation of environmental flows for fish, wildlife and entertainment purposes

Ol gaawd SOl (5oleudy (o Comnj ol >
Description of Tennant proposed environmental flows

flows (% MAR)
Wil = o0 2922 = (03598
October- March  April- September
AL g spdid 200 200
Flushing or maximum
e o2gne 60 -100 60 -100
Optimum range
(e s 40 60
Outstanding
e 30 50
Excellent
N 20 40
Good
o JE 10 30
Fair or degrading
Sl 10 10
Poor or minimum
e s <10 <10

Severe degradation

EF=0.4 MAF

EF=0.4 MMF

EF=MMF
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Figure 2- Tessman flowchart for the evaluation of environmental flows

&S Sl gl Ghmgy 00233 Jae 3 ol ()5l b
Syt InS olr ajls lauk ol @5) b plealisy,
Psie gl w2y b @laadlag, g 55 Jloy bl
() 35,5 5208 oS ol ol
-3l dy L Slusle )3 (giueg) 035 Jdo a4 an g L
(593551 by ((So5gynen bl oMo )l (o8 slo
L gyol 5l famd e plol @y | lislowe 05 (0 5lai 53 o2
L) iegy 03233 Jie 3 C g9 () e oS Sl
alie dwg gl 3929 b () £95 51 Hluk cbli> San

(F) ©)lin g jgm by (Sg) ol 3G 5009 83035 e
0,33 Jdo . &) adilsng, Jaxe G ol ks i)l sl
S S il ]y (Sl ol S el 3B (s
.\._wl.:u_n D5A_>u .)9_'}50 dLO:o.)].) 9 Cowl )Lu .))9@ T u.’l;))‘
b8l oa il sdalin slacunsy (gly Jio opl A8 dpl=e
(F) ol 4Bl dnwgs  ogi>
bl (oo o) 5L sl 0 ok OB by (S i
NP9t (6 pets olido 93 (Siung; 03D Jho ;0 LS o
uab-l_w -y “_J‘)_».uu w).«c ua.’>l.~u =) Z.)).:fu.o )‘)3 ol .))9.0



AP 60— 3T cBojlois YA ulo (S gl 4 i VYYY

23,5 o dlaid g, oyl 3 odcal s o Cawj bya o ((45g; wlols ,>

10,0000

s o

.;Z \\ Shifting Path
~
.§= 1,000.0 4 1
>
£
=
1000 !
001 01 1 5 10 20 30 40 50 6 70 80 90 95 99 939 9999
9 Time flow exceeded
——Orliginal ——Aclass ——Bclass ——Cdass ——Dclass

555 Sl G15b 51 e Cunnsj S yro (GBS (1 (hame o 02 @9lad (foie 351 Y U
Figure 3- Duration curves of environmental flows for different environmental management classes by lateral shifting
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Table 3- Selected environmental management classes of rivers

Cope SIS
e G S90S gl i e ol
Environmental Ecological Condition Management Perspective
Management
Classes
B Sl g 3529 b > ) 855 5 SIS Coall sla iy Sl g wnd plool ()bl 455 Ay b o (el sbog b
il 5 53 o _ Al o gl drug il oo asre Cansj ka5 51 Ll
Slightly Modified I_Eco_loglc_ally important rivers with largely intact Water supply schemes or irrigation development
biodiversity despite water resources development. present and/or allowed
Bt el 2 55 uaosST 2,51 g s e o5l ot Ol CudeS 1ol (ol sl ojls calo 5155 ool Y3
el sl @5 Al ol s Bl ) ol les laaisS el (elonl = o3babl dnugs ) jls (sl ol juiS
&8 oS s il Al dwags ol o5
Moderatly Modified The habitats and dynamics of the biota have been Multiple disturbances (e.g., dams, diversions,
disturbed, but basic ecosystem functions are still intact; habitat modification, and reduced water quality)
some sensitive species are lost and/or reduced in extent; associated with the need for socioeconomic
alien species present development
5 i il Ll olSis; s 5,5 > ob; ol ialS o JUal el sl ojlu cdlu 15 bl Y3
e it L. o . A Ol gl dewgi (6 51 ) 0Ky s 9 ol CotsS
bl s oobj oy w2l sloaiss bl (oles) polie ué (sladisS (ogasy 0 & TS S ) )7
e Large changes in basic ecosystem functions, species Significant disturbances (e.g., dams, transfers,
Highly Modified . ! : ; ; . e .
gty richness is low, lowered presence of intolerant species, hablt_at modlflqauon, a}nd water queail
- : . degradation) associated with basin and water
and alien species prevail.
resources development.
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Table 4- Evaluation of environmental flows, Barandozchi River

ol T ol g, SOy b2
Description of flows Tennant method Proposed flows
(% AAF) (mfs)
! - 40 29 R = (323 9958 ] — o0 39 R = (32 9958
October- March April- September October- March  April- September
&y Syt 200 200 14.72 14.72
Flushing
kg 03930 60 -100 60-100 4.42-7.36 4.42-7.36
Optimum range
e ’L“” 40 60 2.94 4.42
Outstanding
e 30 50 2.21 3.68
Excellent
N 20 40 1.47 2.94
Good
e 10 30 0.74 221
Fair or degrading
s 10 10 0.74 0.74
Poor or minimum
s
S o <10 <10 <0.74 <0.74

Severe degradation
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Table 5- Evaluation of monthly environmental flows from Tennant and Tessman methods, Barandozchi River

obo MMF 04MMF MAR 04MAR Qemant Qressman
Month m¥s) %) (ms) (ms)  (ms)  (mls)
October- September . 2.23 0.82 7.33 2.93 0.73 2.23
November- October i 4.34 1.74 7.33 2.93 0.73 2.93
December- November 31 3.95 1.58 7.33 2.93 0.73 2.93
January- December ¢ 3.32 1.33 7.33 2.93 0.73 2.93
February- January e 3.28 1.31 7.33 2.93 0.73 2.93
March- February ..l 5.17 2.07 7.33 2.93 0.73 2.93
April- March 5,58 12.14 4.86 7.33 2.93 2.20 4.86
May- April cuigos) 2.81 9.12 7.33 2.93 2.20 9.12
June- May b5 17.50 7.00 7.33 2.93 2.20 7.00
July-June s 8.24 3.30 7.33 2.93 2.20 3.30
August- July b, 3.08 1.23 7.33 2.93 2.20 2.93
September- August 4.5 1.93 0.77 7.33 2.93 2.20 1.93

EEN WO PR P KE L 5V ‘_gl.hua&m -5 Jos>

Table 6- Annual flow duration curve indices
Y] Oy Pol (gode sasls
River Flow duration curve indices (m®/s)

Qs Quo Qs Qs Qs Quo
144 170 193 218 251 276

«lj930,L
Barandozchi
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Table 7- Monthly flow duration curve indices

oo MMF Qs Qo Qgs

Month (m’s) (m’s)  (m’s)  (m’ls)
October- September .  2.23 2.14 1.30 0.61
November- October LI 4.34 3.63 1.70 157
December- November ;51 3.95 3.52 2.08 1.81
January- December > 3.32 2.82 2.16 1.89
February- January yex 3.28 3.04 1.97 1.92
March- February ual 5.17 4.47 3.01 2.79
April- March 3,9,8 1214 1011 7.96 6.62
May- April cuigs) 281 2068 10.15 8.49
June- May b 1750  16.04 5.35 4.34
July-June s 8.24 6.67 1.80 1.52
August- July sls,e 3.08 2.42 1.23 0.76
September- August 4,5 1.93 1.67 1.17 0.70

Average Sile 7.33 6.43 3.32 2.75
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Table 8- Environmental flows of Barandozchi River by FDC shifting method as a percentage of MAR

alddg, aYlo oL buwgie G iy (o Conng ; O 5L
River MAR EWR
(m°fs) (% MAR)
s,k
E D C B A
Barandozchi
River 7.33 159 211 28.1 381 528 739
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Table 9- Evaluation of monthly environmental flows from FDC shifting method, Management class ¢

oo MMF EWR
Month (m°fs) (m°fs)
October- September . 2.23 0.93
November- October -\ 4.34 1.94
December- November ,3i 3.95 1.98
January- December ¢ 3.32 1.70
February- January e 3.28 171
March- February ..l 5.17 2.52
April- March 5,4, 12.14 3.99
May- April cuigs) 2.81 7.35
June- May b5 17.50 5.48
July-June s 8.24 .
August- July s, 3.08 1.31
September- August s o5 1.93 0.58
Average Sk 7.33 2.72
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Table 10- Environmental flows in Barandozchi River by DRM as a percentage of MAR

EHES P MAR a¥ls 4l s bawgio EWR daws Conyj 5L
River (m%fs) (% MAR)
b9yl
C.D C B.C B AB A
Barandozchi 7.33
River 16.26 20.94 25.71 3354 412 526 65.32
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Table 11- Evaluation of monthly environmental flows from DRM, Management class ¢

olo MMF 4dlate o gia 0l 2 EWR e S 5 50
Month (m°ls) (m°fs)
October- September . 2.23 0.89
November- October .\ 434 1.03
December- November i 3.95 1.04
January- December ¢ 3.32 1.03
February- January e 3.28 1.05
March- February .l 5.17 1.57
April- March (5,98 12.14 2.90
May- April cuiges)! 2.81 5.73
June- May b s 17.50 2.87
July-June s 8.24 2.84
August- July sls,e 3.08 1.26
September- August s . 1.93 0.92
Average e 7.33 1.93
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Table 12- Comparison of environmental flows of Barandozchi Dam with DRM method

ole DRM (%, S jelyl s (5155

Month C s Barandozchi Dam Report
(m3/s) (m3/s)
October- September . 0.89 0.05
November- October i 1.03 0.06
December- November 3 1.04 0.06
January- December (> 1.03 0.07
February- January e 1.05 0.07
March- February sl 1.57 0.09
April- March 3,9,8 2.90 0.59
May- April cuiges) 5.73 0.87
June- May b5 2.87 0.74
July-June s 2.84 0.26
August- July sls 1.26 0.16
September- August 4 o5 0.92 0.12
Average Sile 1.93 0.26
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Introduction Development of water resources projects are accompanied by several environmental impacts,
among them, the changes in the natural flow regime and the reduction of downstream water flows. With respect
to the water shortages and non-uniform distribution of rainfall, sustainable management of water resources
would be inevitable. In order to prevent negative effects on long-term river ecosystems, it is necessary to
preserve the ecological requirements of the river systems. The assessment of environmental flow requirements in
a river ecosystem is a challenging practice all over the world, and in particular, in developing countries such as
Iran. Environmental requirements of rivers are often defined as a suite of flow discharges of certain magnitude,
timing, frequency and duration. These flows ensure a flow regime capable of sustaining a complex set of aquatic
habitats and ecosystem processes and are referred to as "environmental flows". There are several methods for
determining environmental flows. The majority of these methods can be grouped into four reasonably distinct
categories, namely as: hydrological, hydraulic rating, habitat simulation (or rating), and holistic methodologies.
However, the current knowledge of river ecology and existing data on the needs of aquatic habitats for water
quantity and quality is very limited. It is considered that there is no unique and universal method to adapt to
different rivers and/or different reaches in a river. The main aim of the present study was to provide with a
framework to determine environmental flow requirements of a typical perennial river using eco-hydrological
methods. The Barandozchi River was selected as an important water body in the Urmia Lake Basin, Iran. The
preservation of the river lives, the restoration of the internationally recognized Urmia Lake, and the elimination
of negative impact from the construction of the Barandoz dam on this river were the main concerns in this study.

Materials and Methods: With lack of ecological data, the environmental requirements of the Barandozchi
River were investigated using five eco-hydrological methods (1- Tennant, 2- Tessman, 3- Flow Duration Indices,
4- FDC shifting, 5- DRM). Some of these methods are too simplistic and do not take into account the direct
hydro-ecological interactions (e.g. Tennant method), and some have been developed for a specific
country/region (e.g., DRM), and need to be adapted to a different physiographic environment before they can be
reliably applied. Two ecological friendly models GEFC, and DRM were tested to estimate the environmental
flow of this river. The results were compared with corresponding flows allocated for the release from the
Barandoz Dam (currently under construction).

Results and Discussion: The prediction of the mean annual environmental flows from five eco-hydrological
methods are presented and compared with the corresponding value reported in the downstream dam’s
documents. The ultimate decision making based on the potential flows in the river, the environmental class of the
river management, and engineering judgment is also recommended for the flows in the river towards the Urmia
Lake. The results indicated that the flow allocation for the river environment (4% of mean annual flows) is not
sufficient to meet the minimum flow requirements for any of the targeting species in the river ecosystem. In
order to maintain the Barandozchi River at minimum acceptable environmental status (i.e. Class C of
environmental management), an average annual flow of 1.9 m%s (26% MAR) are to be provided. The
distribution of monthly flow rates in the river is also recommended for sustaining the Barandozchi River life.

Conclusion: The provision for the minimum ecological flows was investigated in the Barandozchi River
ecosystem. The results indicated that, in order to maintain the Barandozchi River at minimum acceptable
environmental status (i.e. Class C), an average annual flow of 1.9 m%/s (26% MAR) are to be provided along the
river towards the internationally recognized Urmia Lake, in Iran. Considering the construction of the Barandoz
dam on this river, the pre-determined environmental flow releases from the dam are to be revised in order to
increase the order of flows from 4% to 26% or more. Further investigation is necessary to take into account for
the targeting riverine species and for the saving of the Urmia lake ecosystem. It is noted that minimum flow
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requirements are to be allocated in critical months of the year or during drought period of the river basin. Water
leasing from agricultural users is an option or a necessary action whenever long-term environmental damages to
the river ecosystem must be avoided.

Keywords: Environmental flow, Eco-Hydro methods, Barandozchi River, Urmia Lake.



