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Abstract

Background and Objective: One of the the most effective method to protect environment, is to know
minimum amount of water required for environment at the right time. The aim of this study was to
investigate the effects of drought on the environmental flow of Minab River, in order to create
environmental balance.

Material and Methodology: Because of insufficient knowledge of different methods in Iran and their
compatibility with management and climatic conditions of the country, after reviewing all available
methods, the modified Montana and the flow continuity were selected as the optimal methods.
Findings: After selecting the study area, flow discharge at the Brentin station in the Minab River
during the years 1963 to 2017 were collected. Firstly, monthly average flow was calculated and later,
annual average flow was determined which was equal to 8.16 cubic meters per second. Since the
monthly average flow for October, November amd May to September are less than the annual average
flow, they were considered as low water period and from December to April were considered as high
water period. In the next step, river flow for low-water period and high-water period were calculated
and equaled to 2.80 and 15.65 cubic meters per second respectively. Finally, based on different
management classes, environmental flow of the Minab River using modified Montana method was
calculated and equalled to 0.28 for the low water period and 1.56 for the high water period.
Environmental flow with flow duration method equaled to 1.24 cubic meters per second.

Discussion and Conclusion: The results reveals that, minimum flow to meet the environmental needs
for the Minab River during low water period should be considered 0.28 and between 1.24 and 1.56
cubic meters per second at high water period repectively.

Keywords: Drought, Flow duration curve, Modified Montana method, Minab River, Minimum
environmental flow, Minab River.

1- Msc Student of Environmental Engineering — Water Resources, Science and Research Branch, Islamic Azad
University, Tehran, Iran.

2- Assistant professor, Department of Environmental Engineering, Science and Research Branch, Islamic Azad
University, Tehran, Iran. *(Coresponding Author)

3- Industrial Advisor, Deputy of Water & Wastewater Macro Planning Bureau, Ministry of Energy of Iran,
Tehran, Iran.


mailto:rahmati@srbiau.ac.ir

'AQ e 31 00wl b e o ) aT 3o (JluSiis &l 51 Sb 3y

b sl sleanT bl Lise 0 )liKw 56 LV e
Goain ase Gy Dl 31 6l ol lis drvwgi slo
g Lo aslbog) (ornb (o 5 0l SN i o5 Bl
Syl o e ddon 5l cws 8l (e slpl zals
sbe grb cawd ol (VB ohg 4 5 (b SlosinnssS]
oozie gVl ol Jl> 5o ab valss O ple drwys
©Odxie OIS i Hlzo o 7 ,b 45Tl aseiS jo alS (o
a3 Jlw sz gl JLSias o Plas ol a8 ol o
el o syal Sllug g LW S ol Sis s
Mol 000,54l LpaYB

as ol 5l ool loolas ol g 953159, slus;l Lo
mLo)_w Pﬁ)‘l 56))3Lu.\5 9 Cxio su)_w u] L},Uol_a)jja..a
Sty e s (il sLo 035 sl Bl ol 0550
95 2 sl Dlaald bl 5 025 )8 S e il e
IS 4 Wl o o bgrye Gles sl ik 5 b ailsos,
Olg=ie 4y alys oo Ol 033 5 ailog, oz 09,5 By
o=l ST las i leis connds 1o jlasbl Jelge 51 (SO
o35 BT ils Cuw Lasme o g Ol a0 (g Ikl
lod Ghgadee | (g5lhans GBlaal gu 0 wiley co b ojlw
Sial3dl el ol (San o 6 b ojlu sl T s egdle (Y)
broe G Azl 0 g 00l (Jaio 9 D «55HslaS Sl
Lo ol )lg S (G slaided sl 1) canslio 5 Jlad
S ojle (F) 05,5 Ol ceaS zals coge g 03505 ol
Q‘/..ul._l Lg)‘.))_.l o0y 9 u"’"“gs"flo oo J.’>|J.4 5 Q.S"—l
M

B LVl Cendg 4 al S el ST eizeen

i ol Ll s L 5l g el ansls Sl adlias

doddo
adlaie ;o onlil Bl 5l SLdla Cusdge 4 azgi b L)
po S dga> g a8 515 ey S des g S22
Gl Gyl iy calils 5 Sl bawgte (SW)L

S 059, 5 (Slusl calizee Glon )l potis drngd 5 Comox

el as, ccel smio g 65,0liS (solaidl soste
uT Jf D990 ‘ab)‘ 9 )Lo] uJJlMJ‘)JCAAJJ‘ ooy alises LgLe,.‘.m
aS el S i 0,Lla VYr dg0 AVl ] cass LB
A s yon aSn fin lelaa AD ) it 4 sl o s
AL T Jlo Ueas plol slowin i Billae
B 50 0y ol ey doles CaSle o ygudue)  Fe e
Ao YOUP soico g oo VY (65,0lis o, A 0yl
&5 oized 9 ol 09aS 4 a2 b ol (g dalys
Ms) FENKY Sygeo yo ‘)5.:&5 ) u,u)b @LA) 9 G&A &.ML».OLI
o cilo logas Ol ple arws slo z,b &zl S5
b ol O @l ojsm ey JLiil s (o sl ol s
Lo 1l ol a8l Con g 4 a5 Luogy walys
2 6l i LVl o a0l Sloosy S o
Slaog Sy plow @il (i g (w955 5l cbli>
40> (609> 4 LVl &5 cundl o placSe bl Sis
sl SletimnnsST 00 55 (18 9 (n et S (S0 Ol
5 iedeST sasie sl SIS ol lo LVl aginw aisliss
[ ) )L—u.d 6[.‘25.);)[5 » cjy.c LQAYLI REGGOW. S!aw Sy
oy an Yol S o ol s S5 (g @ o anoe S
30 BYS eed 4 aiaie 13 50 cod | LB oS s
Golws Ol i hgmiws Vb Lo sl i8S 3l (6 lws
oilye 4 glpl o Conlas ol a5 wl oo Lot 4 (b
4O L_,’__J b 1 alizes slogjlo 050 abiloe 5 55 Ggal
5 b sl 5l oglane JSal 4 550l sla oj9> alaw

g asg> =l o) ekl &S s pie Oyso i) )




Q‘)MS}L&Q‘W}

YFee olo doiunl o ylosds ciaun ) bmo (65909550 g pole 4.

el o ol mlie anwg gloaslp s azg L
el an Le¥l og 4 g (ormb (SloatigrsST ML
Sl (2995 poid cuw ek 4 9 8L Gals il
Y SleaissST (8ly (2 5L end S sode e
Sledig; ©f lie (all e dasge . (V)31 (b5 oo

G aib cdl) z o 1) e S bz dnlxe

($Seigle e cila )l sl o le Sl iy (nl cosl oo
Cble, o) gilw and Sl Sy 0ue céla,

Wl 0old zresgs S WS Hlen L(VY) oS 5 Cdls, g pel>
5 OLalS Gezmen oy Dlagzge K00 5 (s ph anal> Sl

59,00 pll g (ornb (SleatnnnssST 4 (S SUlg>
ol i Slyds gy (o dnwgs ) Wl o LS| @35S 0

Sl g5 (losilons guome Sy e pae g (L2 )15 50

Ol Ly ojlasil e 0,blsee 4y 1) Slogge 4S5 Ll

it Lo 5l cbla &)955 5 (arome Sy J3lss

S Sl inl g (o 325 (0l 0095 (o0 el A
el 959050 ;5 aal> sldas 1A senmlas 5l oolal
3ol a Sgiie S o iy, aire G sl
SUK! Blos ay azgi b g pujlopm ailbog, ormd w0,
bty Slice 4509, (So3elsST anme i 4y pladl« p3Y
G (Gl -

Sy bapmo 5l 090 Ol Jolao by oy a1 5>

o Ll i gl il 4 ] e ilio,

Ls ol of 5o alog, cany bame S 5 (Su5905S]

o 6539 G Lae 4l 3 Lai> pac. 098 by ) @
Sgte o Q3o psy 5 Slogzge plad (bl (T o]
Qs O o1y ogdle, Wl Ssly ailsog, ol 4 a5

ol U e 48 ola e por sioi ) Sl elie

L e o R

S slyrl iy sl ailag, 2l 5o Sl sz JBlas 052
Ol e g Sl (55978 4535, (soges Ceadls 9 VL o

Slal,z (Sl Jlos 35ine 4By, Syl (23,

Sl 9,5l yolae 4 JLSas Slegoge y opdle ( Jilax

O jebaie 4 (\V)osd 000y )5 4 e lore C

J—olo 5 LB a5 03550 b @S chogi |) (danos S
(@) it (505 (595 3 & pawsS] (5 Wge 9 2550

et & pldl Sedmo 5 (Smm ) E95 10 e (53515
e 1) Sl galyz 45 1y (6 oo Slad g Wig o

ol Joole G e o1 45 45wt _iblis b VG (9)
o VBl 5 38 nale ey b5 5 e s 5
5 LaVlS o YU 6la ofanrnsST 45 ol 052g b (V) iy
Ol 03950l Lol caiSie w0l 31, (go0rie cn Jazme Dloas
Jdo 4 glosldll 358 jLad coos (251 L sl s
Wi g G (o (i ped Gl (Sl slajlad
S 5 G )10 0t g il 2l 6 5505 5 (55,5laS
Sl (A) el onds i) baome g golaidl ( SG5elg 0
4 g 4l dnwgs 4z 1,585 5l (5 ke )3 VB o 55 W,
YU 5l e 990> 039 0l cewl aiE lauay dsngs > o
o8y S 5l g GRalS (L el ai) Sl Ol sle
S 5, Sha 55, 5l Sl s ¢ el NG
(1) 0,800 O yg0 (YU DY g g Sloas) b YU

B Sl o g Syp0 b 4y el it Of sla Y
Sl s 5l g0l glail Slas s 00 5l s (V) W, 8
il 5 W gl el Lot sl iy 5 VU
o ol o ailon s ()5 s lard G 8 Jsb 0
o s 4y VU Bolie | e siash B+ YL e
a8 e 5l k)8 nbo 5 65,08 (Bl 4 ks sl
5 Sl g ol gie gl el 4 argi b ol 5525 .(0))
ez 5l sesie sln Y oljass ol il S
5005 sle azl,s ol > e Kz (Sl e o 050
Slibs 5y jo La ol i &S Canl Cany sl 5L
b3S Jlw oo (b aS wglae JLSisails )8 so
sl S dowi by S o gpel8 plicl Cead a5 1, ol
by a1 VB ey Lo o0 cls w0l 3 56 s
sl oo e 51 oozl (gl uldyigd oailisS o5l
SBllasil slo pllai 35108 5 Sio (slo (Fosll (izmes

Sl o0l d8ls! o) .la.a&m w] U"‘ aQ g).u SRS ).:..\.\



1) e 31 00wl b auxo o ) aT 32 (JluSiis &l 51 Sb 3y

Sl (i ol @l Cavgaze s o lis axwgs sl b

sl 0ads 3)ls 2l (Gl s ST 4 (a5 B

5 = oo e 4 (V) oud ol wliizs bl »
Soslanal b sla 35l ailsog, (e coss olyz 35502
09,5 (et (558 — crae 4l SG3els 00 —oST g 90
Sy Plas o sla Gg)lw aslsg, i gl as
VIe0 ol oot dawgie job 4 Jo8 B (S059)55]
o aV¥lw e bawgie as 0 YT Joles 4l 5 coSo i
O 50l 8 ol cg )l 4zl 0 B ailBog, Jobo
oS ] s gy i (VF) (6,500 Slalllas o L,
YAIB 1) slar Gg)lw o Cows by )0 ailblas (55005 000
el 0305 3,591 5 AVl b, Lasgie oy

5o (ooul8l sl yiio Ol p s LI )y jekaie 4
Sy Oz SlolS ety Oles aln 9 08 lo bz
Sglsad sbe (2Ll Jowe 5l s )S ailssg; asme
4 00,5 et oo ol Slidss 1o (V10)aus S solatul
e 5 2SS sle Gl g58y loj epaldl s 31 5o
500l 1,5 il o |y ol i ol 0,5 walss
Sl dalgs jlas 4 ) 438 s

ey Jebd gy @i 5l (17) ool plonil ualllas (bl
e Ol poldd (poie Julow (e (LS (Sl e
Oz 255l p ly imegy 00 Jae g ool polas imia
o0y ool cdngl )0 (sl sl ailBog, (Jae S
i ol Bl 45 s o (LS ek 0l gl
il o S e VAl sl jeail )l wilssg, L (6l
2ok as adl oo (@Yl Gl > bawgie doys YF Jolee)
33,5 )85 areg)l azl 0 B ailsss) Jsb

Sl péyle 45 005 oo atdne 358 Slalllas (o)
Sy Ol = JleSis Sl ame Gy i
By Sl lzog 10 galz lo (a3lis jleslinul b (agres
L i (ol 5o il 000,55 sl LS o0 sl o
9mas Lo Ly g (o) Uliige ouds ol g, 51 osliul

)b g 09290 (sla 0dls 4 az g b arme Ol 5L
0> S )18 eolitul 950 Al led g, c b 5 (S8 slo
Sy Oz Pl 0yl jshiie 4 2y, Voo Jl 4 b
o)Ll iS5 cpl 4y Wb pioren cl oas plolid o
b ailsag) sl (harmme s Ol Slaal 51 (S oS 9508
s 5 bl Laa gVl (6l oo Ces Ol LS
JB gl )3 b ailsog; 5 b YU cnsST anore S
Al Slodiy,y Olg (o0 e e G o bl (o8
75T el g @ 0g)S 90 ]y asse ey (L >
10505 (5953 o

hee Coj Ol dmlre g Sl 1)

blsge by, ) il

(1555 ) w5, s35lp0em g, ¥ ]

Ol S (e g, VAl

ol aly Gog, F A

(8 i 0250 Zdlin ) (G55l )dd by, B
) e e Ob oz dslne gl by, i
Sl e o) Oy alre galr Gled, 4o
asllas 5 oy 9550 (2l s 5515 O @lie 5l syt
Cbln ) Llge ool 2ol by, 5l o )le a5 05 (0 18
(S2eleST S8la; o (Soiels e

348 el ol Ly ol den oo o S e 4y S
Jlaz o agle o e aleog, 5l culilon b agale
oy aone 4 U dged Jloel ails0g, SG 2 plgtes a5, i
led (et 9985 35 (sl 03528 5

al > p Jlses cliloply Saa by 2o Jlegh ol
@b Cwslond () 050 Oliss a0y, (e Can
Ol 58 gei )l 1) (aome Cnj o¥olas ol o] alewss
Jlos aelgd g Lalss cule) b bz Slslp Jelos addlae
ool Lariio VB pb 5l a5 pelilan .0 ,5ee &9 lold
el 1L 8yl caslio O 3929 4 (oSt Vb Sl oyl
YU 5L 0,50 o gl 5l @bl VB cbila> o aladl

gfi )l_..l u,ua‘)J‘ 9 09— (3[-70‘ 61.@4_»4))_» aQ 4}9.‘ Ll |




ODMS)L“‘ ‘g:u»)

1P oo olo aiiuwl o yloud (o j buxo (65919550 g pole Ay

R d._.d)f)‘)_é oola_wl %3—*’}:—3 Q‘)"‘ )35 ooy assldy
Slasin u.}a_.o; LlL ) l_> LJL..:}G P CL@‘ u"ﬁ)
&y <80 5l aalllas )50 allate (5590551 5 (o9l 00
Sy Olayz dale gl jshaie (e s g ol 1o )55 5
Slowle 050 a5 b\ia)f bl u’JL«JUa.a 0dgdZte ;O b_la.ou

SIS Y S o
oy b Lkl Jase Gy lpasly olul 50 )

535 ) Jyaz 5 s,

al> e o wlog, g dib lilasl faemme bl 5 Y

G Gy 00, ¥ Jga> c:;l)'L,..:.ol [ d;Lla; 5

JQ;WGE.W

gV ald> o 0 aore Conn) a0, jleslaul Ly, Y

olyz oy ol o5 ol o5 sleale ol by
Y dsoz 5l piens 95T Ll Lad> cgz 5l 0550
Ao,y Sl 0ad dwlre 0o )0 00,5 oo dnle
Sy baome 5l e Blis 6l @Vl L > eyt
S8y 5l o 2l 5 ol 05 0090 e sl Sl
Clas 1) @Vl o8 lawgie @ildog, (o0 S iy Ll
}l%@iomw@o@#ﬂdwu.w
Sy ales Lo g o o8 slon Lo sl 4Vl Lansgio
WYL bagto 5l i Uy gyl T 4Vl Lansgio

AJ}AAJLSAM;)JQ.\)\) u").) Lng olo el

oz Ol JBlas adhis 655651 5 (Sujslg e Dlakie
355 (o0 )l addllas 990 Sl wlBoy), (aore

G (o9, =Y

a0y, gy b bl b 56T b g (ol yo

0057 po sl &5 plew il g e Jolse alS 5 Clie
Sl 5 Cudgzge LSl Jlad 4 uizmen 5 (SuelsST Sl
laal Jol adopo 5o 0,Ke S5 (g ) 950 Sgie YU
Sppo S 5 LBl EVEe gy 5 (gl alilS Slallas
L &) guincdilaie )'I Aﬂéjl.? P ‘53‘&?/4 Sldlas v 9 ori..o
il g dilae liagy o) Lamo laasis o lolis I
Sskel sl ools coles ;o 5 sgiin plonil dilaio 51 oo
i () Baezme by e slo Lol g asliiny Bk
] G b 5 o gl @l el g 00,50
Sg=e Ol Doe (e 5 Llige (Bg) 99 4 gy Larme
e Sy 5L 3o 5 e Gl 40 2K

S = 9 (Sl )ilSge g, Jawgs | aslllas 550 ailelw
Ol Slold Jelos p (e oleiian (Selsls e b,
aS Cowl 0005 Al LS wiz jl oolatwl 5 (b Il o

Sgdrs a3l p Ll paise T 4 dalal o

Lligo 09, )-Y
Oz & dmle g, 51 (SO (V) Lilbge b9,

hazmo Can j Gl 2 dwlro gl b dilBog) (P ) dumo CodnS g )lero (B0 Lol - ) Jgum

Table 1. weightage assigned to various river classes

Environmental indicators River Classification Rating
National and International Park A
protected area Natural Effect £
Wildlife Refuge Al
Protected area Y
No hunting area )
Protectiv especies Endangered e
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deficient v
Fish migration Fish existence ¥
Drainage of wetlands int the ground Drainage of wetlands into the ground Y
Evacuation at sea estuary Evacuation at sea estuary \
Recreational Function Recreational Function Y
Commercial and economic Fishing ¥
Sports and recreation Y
River Permanent

Seasonal

Floodway Y-
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Table 2. Environmental Classification

Rank Environmental Classification Rating
(Echo System Conditions)
) excellent YA-YY
Y Excellent VY-Y-
Y Good V-8
\i medium V=Y -
N Weak or at least Y-¢
4 Very destructive oy

Gligo bgy b 409, (aammn Coms 3 oy =Y Jouz

Table 3. Environmental flow using Montana method(percent of mean annual flow)

Description of flow Recommended base flow
High flow Low flow
Flushing or maximum Y Y.
Optimum range gy §ely
Outstanding f. 3
excellent Y. 0
Good v €.
Fair or degrading \ v.
Poor or minimum | \
Sewer degrading -\ -\
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Figure 1. Minab Dam
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Table 4 . Environmental flow using Montana method

Description of percent of mean annual flow(%o)
environment flow Historical mean annual Historical mean annual low
high flow 1a/5a(m/s)" flow Y/A+(m/s)"
Excelent £Iva VIEA
Good f/54 V/¥-
Fair or degrading YAY VY
Poor or minimum \/bF < IA¥
Fair or degrading \IOF “IYA
Sewer degrading - IYA AL
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Table 5. Environmental flow using Flow duration curve

Description of Environmental Classification Indicator Environment
environment flow (Echo System Conditions) Good flow(m/s)?
Normal Natural conditions and slight changes in 6-Q O/AY
the river and surrounding habitat

Optimal Minor Changes and conditions are voQ AAR

largely intact
Normal Some sensitive species will be damaged 1.Q VIV
Critical Sensetive species remain unchanged N/A -

and other species have been imposed on
the ecosystem
G
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