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Conception of Environmental Flow (Case
Study: Selected Inflow Rivers to Lake Urmia)
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Abstract

Lake Urmia located in north-west of Iran has faced a serious
environmental crisis as a result of some natural and
anthropogenic factors. Regulation of rule curve of dams and
their optimum redistribution is among essential actions for
ecosystem conservation of the lake. In a simple hydrological
method, optimum release from dams is estimated by
calculating the runoff of downstream catchment. Accordingly,
in this study the rule curves of the major reservoir dams in the
Lake Urmia basin (ShahidKazemi, ShahrChai, Zola, Derik,
Venyar, Ajabshir and Alavian) has been calculated under three
different operation policies (30%, 50% and 80% of MAF).
Then by using measured data, monthly value of Qresidual (the
runoff of the downstream catchment) has been calculated. In
the next step, the term of Qaap (the volume of annual available
water in the last station on the river) for each scenario has been
determined. The results revealed that by using 80% of MAF
(as scenario 3), the value of Qaap would be positive for all the
assessed stations. So scenario 3 was selected as effective
scenario for restoration of the lake. Finally for scenario 3,
monthly value of Qcan (the nearest hydrograph to natural
hydrograph of rivers) in the last station for each rivers and the
term of Qrw (the monthly volume of water for releasing from
dam) have been calculated.
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Table 1- Morphometric properties of Urmia Lake
from 1969 to 2016
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Mean surface elevation

1274.94 m a.s.l.

Surface Area 4619.52 km?
Length (North to South) 130-146 km
Width (West to East) 15-58 km

Depth 6-13m
Volume 18.34 106 m®
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Table 2- Properties of the Rivers Flowing into Lake Urmia
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River Name Last Station Average Discharge  Standard Coefficient of Time Period
Name (m?/s) Deviation  Variation (m%/s)
ChwanChai KhormaZard 0.303 0.724 2.388 1981-2011
MardoughChai Gheshlagh e 2.284 3.769 1.651 1981-2011
RozehChai Goijali Aslan 1.436 2.261 1.575 1981-2011
Siminehroud Miandoab 18.168 33.015 1.817 1981-2011
SenikhChai Pol e Senikh 0.770 1.828 2.375 1981-2011
GhaleChai Shishvan 2.106 7.430 3.528 1981-2011
Barandouz- Babaroud 8.430 11.952 1.418 1981-2011
NazlouChai Abajalou Sofla 9.804 18.308 1.867 1981-2011
ShahrChai Band 4.774 7.545 1.580 1981-2011
ZolaChai Yalghouz Aghaj 2.226 5.249 2.358 1981-2011
ZarrinehRoud NezamAbad 37.204 85.367 2.295 1993-2011
AjiChai Akhoula 9.019 18.798 2.084 1983-2011
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Fig. 1- Location of the dams under operation (a) and the main rivers and last hydrometric stations (b) in the
Lake Urmia basin
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[me ]: Calculation of the long-term mean monthly flow (MMF) in the downstream of the dam
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[Qmu] : Caleulation of the long-term mean monthly flow (MMF) mn the last hydrometrie

station (Reference Station), [Qgan] = [MMF; MMFs5... MMF;... MMF,  MMF,2]
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Qe Caleulation of the long-term mean annual flow (WMAF) in the upstream of the dam |
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Fig. 2- Flowchart of the calculation of the term Qrw
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KhormaZard 1976-1996 | 1997-2012 | 0.689
Gheshiaghe | 1974-1996 | 1997-2012 | 0.586
Goijali Aslan 1982-1996 | 1997-2014 | 0.409
Shirin Kandi 1973-1996 | 1997-2012 | 0.550
Miandoab 1966-1996 | 1997-2005 | 0.584
Pol e Senikh 1965-1996 | 1997-2012 | 0.539
Shishvan 1982-1996 | 1997-2005 | 0.433
Babaroud 1971-1996 | 1997-2012 | 0.557
Tapik 1965-1996 | 1997-2014 | 0.536
Abajalou Sofla | 1963-1996 | 1997-2014 | 0.444
Keshtiban 1964-1976 | 2003-2005 | 0.56
Nazar Abad 1985-1997 | 1997-2007 | 0.442
Yalghouz Aghaj | 1974-1996 | 1997-2007 | 0.562
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Fig. 4- Changes in standardized annual hydrograph following the construction of dams
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Table 4- Magnitude Impact factor (MIF) of dam construction
Waw 1 gl (MIF2) b 05101 il cu po —F Jgoo

River Name Dam Name Activation Pre-Impact Post-Impact Station MIF>
. 1971 1955-1971 1985-1996 Sarighamish 1.27
Zarrinehroud Shahid Modificated
Kazemi Dam ‘i’n '2(')%356 1997-2005  2005-2012  Sarighamish  0.75
ShahrChai ShaihrChai 2005 1997-2005 2006-2014 Band 0.64
ZolaChai Zola Dam 2009 1997-2009 2010-2012 Ajvaj 0.746
DerikChai Derik Dam 2008 1997-2007 2010-2012 Nazarabad 0.81
GhaleChai Ajabshir Dam 2006 1997-2005 2005-2012 Shishvan 0.295
GadarChai Hassanlou 2000 1972-1997  2000-2012 Pol e 0.437
Dam Bahramlou
Table 5- Available annual discharges at reference Stations (Mm3/year)
(Il 33 uaSo o (y90) 32 3o (SROIRIuas] 55 (g0 phawrd ) YL 03y —0 Jgo
. Qaap (Mm?/year)
. . Reference Time - -
River Name Release Point Station Period Scenario 1 Scenzarlo Scer;arlo
. . . 1382-1391
Zarrinehroud Shahidkazemi Dam Nezamabad (2003-2012) -60.916  185.76  555.774
. . . 1376-1394
ShahrChai ShahrChai Dam (Band) Keshtiban (1997-2015) -39.342 -17.91 14.238
Zola Dam and
ZolaChai Derik Dam (Sum of Nazar Yi{gﬂg_u z &g;g:;gg;) -37.38  103.415 126.242
Abad, Ajvaj, Urban Station) ghay
GhaleChai Ajabshir Dam (Yengije Station) shishvan 1376-1385 -7.684 3.14 19.376
(1997-2006) ' ' '
- Alavian Dam (Maragheh 1344-1370
SoufiChai Station) Bonab (1965-1991) 1.083 22.485 54.588
R Venyar Dam (Venyar Station) 1376-1390
AjiChai Akhoula (1997-2011) 47.654 80.93 130.844
. Venyar Dam (Venyar Station) Lo 1380-1390
AjiChai Sarin Dizaj (2001-2011) 31.259  55.1196  90.912
Table 6- The value of Qcan (Mm3/month) for reference stations in Scenario 3
¥ 92 lew Gl g po (SO (550 (ole 45 xS o (ygabee) Qean Hludle —F Jgun
. Shahr- . Ghale- Soufi- . .
Month Zarrinehroud Chai ZolaChai Chai Chai AjiChai
Nezam Abad  Keshtiban Yalgho_uz Shishvan Bonab Sa}rlr_]
Aghaj Dizaj
Mehr (Oct) 5.724472 0.4727 2.5504 0.2461 1.0372 1.2637
Aban (Nov) 10.39297 0.2791 4.7329 0.8235 1.7250 3.1546
Azar (Dec) 10.94875 0.0413 4.2156 0.6530 2.1398 3.3001
Dey (Jan) 15.95071 0.1139 4.6202 0.7537 1.9543 3.4910
Bahman (Feb) 23.89828 0.1139 4.9432 0.7595 2.1453 3.6910
Esfand (Mar) 67.52654 0.5752 7.1444 1.3834 2.7622 10.9003
Farvardin (Apr) 189.7968 2.2012 22.8735 6.4018 10.4700 21.8643
Ordibehesht (May) 194.8544 5.1356 40.7228 5.5628 15.2573 30.9646
Khordad (Jun) 21.06383 4.0763 23.8267 2.1100 8.8542 9.7821
Tir (Jul) 6.113514 0.8870 7.0382 0.5755 2.5820 0.9637
Mordad (Aug) 5.78005 0.1552 1.9873 0.0736 3.1552 0.19092
Shahrivar (Sep) 3.723686 0.1879 1.5868 0.0329 2.5056 1.3455
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Table 7- The values of Qrw (Mm®/month) for dams in Scenario 3
Y gyt Cod bhaww (ol 33 xS o u,:l;.o) Qrw (548150 wdlao -Y Jgua

Dam Name
Month Shahid Shahr- Zola Derik Ajabshir Alavian Venyar
Kazemi Chai
Mehr (Oct) 21.9045 45727 6.3697 1.6407 -0.6939 -1.4628 0.2817
Aban (Nov) 45,143 0.5891 8.5107 2.1922 -0.0065 -2.2750 2.9076
Azar (Dec) 32.2987 1.1913 7.3360 1.8896 0.1830 3.7398 5.2581
Dey (Jan) 31.8307 1.2439 6.1548 1.5853 2.0137 4.3343 2.4910
Bahman (Feb) 37.6383 0.6439 6.1573 1.5860 1.0895 3.9453 4.7970
Esfand (Mar) 67.9865 1.9652 8.8379 2.2764 3.6634 -4.7778 5.2523
Farvardin (Apr) 198.3168 8.6512 22.7132 5.8504 16.8818 8.5300 31.6573
Ordibehesht (May) 147.0544 16.2557 41.7174 10.7454 23.0628 11.2273 20.5166
Khordad (Jun) 122.5438 18.8763 26.5405 6.8362 12.5800 6.9642 19.0681
Tir (Jul) 102.5335 12.5970 10.1292 2.6090 -1.0045 -2.3580 0.9787
Mordad (Aug) 96.11 11.3152 3.9022 1.0051 -4.0764 -2.0848 0.5809
Shahrivar (Sep) 83.3437 7.8279 3.9973 1.0296 -3.2971 -1.0944 1.6555
8 60 250
@——o DRM Method (Shaeri, 2010) @——=8 DRM Method (Ajh, 2015) &——=& DRM Method (Ashouri, 2015)
#— -¢ FDC Shifting Method (Shaeri, 2010) T 7" FDCShifting Method (Ajh, 2015) 200 | *— * FOCShifing Method (Ashouri, 2015)
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Fig. 5- Comparison between Qcan with the calculated Environmental flow (Qer) by researchers
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1- JICA Japan International Corporation Agency

2- WRMC Water Resources Management Company
3- MIF; Magnitude Impact Factor

4- AOF Annual Outflow

5- AIF Annual Inflow

6- IHA Indicator of Hydrological Alteration

7- AFpost Annual Outflow From the Dam After Dam
Construction

8- AFpre Annual Flow Rate Before Dam Construction
9- SAH Standardised Annual Hydrograph

10- MAF Mean Annual River Flow

11- ULRC Urmia Lake Restoration Committee
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