Olnl ot 3 ol g s g s oole i
VFe¥ 3wl oy 9 (ow 05kl o0 Jlw

Journal of Iranian Dam and Hydroelectric Power Plant
10th Year/ No. 35/ December 2023

ailobus 160590 anlllao (g3loxe Ty 51 OT JUil bgkas o 155 (595 wdgi Jurls
ooy 4 39 ;lo duw JUi! ks

* ;o.wtb o).o.: 4.4..01.0

oS
allas g2y cpl b ilansls ye28 1 L2138l & 5, g, 23 Glale 53 O Jlas! slag b
las 3,90 10 K3 e £yd90 Casl 485 )13 4255 350 S o b cnl b dai e 3 5551
Lly ol 5o ool G S Wy el SlaskeS i ads sl ilome ST i (3 59500
b ailobs o 5 celools 18 sy 0550 |y G 69508 94l sl s5lme O e 1> allis
Sile Sl ke a1 5 2lan Goxs S8 Sty (gle S @ 0g)lae w5l OF Jla!
Oghie (pl Sl oud sl g oy B 9 g ke pl dlauly 4 0ad g9 ed 0
oo o 23 59565 0I5 Sl (ol ol 2 5 s3lens oz s Jl38lp 5 po Jiil las-
WG oelo Sl olS o adgs lp il o ol Jawgie sawlxe b 508 (som )il ool
el 00 S dline 215y S92 JMEe pl A D jge 50 0ad (o9 ad e (silxe O Hlade
a5 5,08 092y dileles ol 50 SlEp 59 adg Sl CelblgES VYD was e oylis b
wls> gszadro Jlo 5o ibre ol caSe e FOPYR L olG 0 (553 Jlake (nl s &0 o
o

Sols slaojly

Silme ol el s ool Jiil glaalele

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

samare@uk.ac.ir (ylo,S ol augd oKisls (o] wdige g pole 09,5 bokiwl *

ey ool
VEY 810 sy VEANY/Y sl o fo b


http://journal.hydropower.org.ir/article-1-525-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

N A W5Gwo)W/MQJL”/Ul)JLst)"°l59)'“"9“\““’ks‘°'l';¢’]‘“"’

Oz I (6 b 4255 )90 (53lme Ol llie sz
S ol dle (e o Slalllas g ol a8 5 )13
(sl Gox WP o 0 5 Al leoje o
Ll 00l plool
o s 5o 1) ST b, (VoY) Sl 5 1nSee
5988) wile 5 (Sis el Sis 5508 ) (ST sl
99 2 45 a3 oo i aalllas (plais ST o)l (osb e
ad (jlome O 0aiiS 8 lg i ils g 15150 5988
500 50 Ol mlie @ o] 0si o sl 050 (pl 45
a5 smd e i Slsle ol igd dialy Sz bl
053 oy 5z, o Ol mlbe 4 1V F sga> ST e
Ol mlie 4 720 sga> adda a5 Jl>0 w)ly Sl
Sl oy ool lias dslllas ol jo ol ansly o>
T 650y b & iblie ) ol YIS o5y a5 o) oS
adsle yoS Ol gy505e b (siblie & 355 00 )58 YLy
oz > 2l ps7ad o & Wlsioe Mollim &)l g
D9 s
Voot ohles 5 Yl 0y Res SR 50 (nizes
YIS § glenn sloyeiS o |, s )5 ol s,
spam wile Ol s, S e )l Sl
18Y lade cpl 5o 005 peess YV« « m3/year/cap
GV G5 as T (55,5l oY guao b yno ) Loy o
ol (S O Gpan ay bgy e 1Y 3 Jinio
@ilre oT o)l luslo bLS)I V-V )1 5% 905
oy oS Dbl ez 58S o 1) O wlie Cuxdyg
Pl SRl 5 s dilate A 4 1) ez 555 pslate
5,50 lS Coin 3blie nl gly Yo oA Jlo o o5bone
&ilme ol slagl 2z a8 ol Glas s e85 )18 o)
S8 4295 3550 Wb 9wl oo 3l O mlie g b
DS 13
3l G Saxe 9 o 1y ol s, VoY Tl

olSs s elgsl 10 By odgs sl silme ol ke 5 0905

doddo
535S (635 30 3blia 53 ool dgeaS llie b ag2le sl
Lol el s 2 hae T Jisl alar 1 cilizes (slo Jovel,
Jsl b 52 008 ol e a1 pla il 095 ol L]
Sl e § 52 aloz Il slaanze Jolis oo
JUSt sl 551 S pae an3e Aoz Sl jaie slaause g
Som 4 bgrpe ol Gl Gnyiege 3l (S el O
waie & lane Vs Boae Jolyh 4 arsi b ol (553
iz ol (g BB D0 @ Gleey Sl 3V 55
$lp p3Y 55l nlpl ams e 518 5l oo |, £k
p3Y slme o Sl Sl ee 5 golail Slaie 5l oo sliay
Fr S 0xS B g 3550 b il gl g sl
lslEe ed Canl Sas o fhay Caz daz,b oyl 5l
Sl SlgolsS (ygulen wiz Jlo Jobo j5 a5 w2l p3¥ ol
arg 5 ol g sl ol Slas 4 ST a5 055 o
ol b 530 polie cnl oy gz ol Bjlas sue w5l
S0 Wl a5 og selss azg BB sose (gilre O
So3on 3 Silme Ol gy azpliz 058 HE o)
S erSolr slp Ll e 55) o5 Gilula,
o5 (gl onds B an ilxe Ol ladie wlo (ylis puses
009 ke Wlgioe g 00 ala>dlo LU s
peplie (Vo VA ()0 5 ' (i) 0 s lsws 23 1, 0592
Ol jobate 4 Ol o pae ole o OF b, 5 55lme
SIS 50 ol ez slal g B slagSIl cuonl ol
Wlazd 5518 az g 050 sl 3 slalo 5o ol i
OhSan 5 1aSen o)) TiaSen YoV e T i)
Sl ol pagie (VY (Ko 5 T JE V)
2 Sl NS sl sl e Il sladzely jo Wil o
il axsls (18 leojsy alex (ol zolaw
Y8 Lhen 3 FSSL Yo e g 0L
Sgn 90§ 5lme Of Wlis 4 4 g a5 wiS o 0T

)| o%se g_j OS.AJ u‘l,.a‘ MLY 9 g_j )‘ oolazw! @T)Lf

®Yang

7 Van Oel
8 Zeitoun
9 Martin

! Haghighi
2 UNEP

3 Hoekstra

4 Galli

5 Chapagain


http://journal.hydropower.org.ir/article-1-525-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

PNt W5Gwo)W/MQJL”/Ul)JLst)"°l59)'“"9“\““’ks‘°'l';¢’]‘“"’

S gy g9 bl (59; Silre ol (samalne
Sgr Jle>

4 JUisl b slaossn o gilre of dlas allie ol o
B s 0,50 o Jl (gl 03 (65,1 (i 5o ogas
3 o dlus plas ol salgs ools lid g sl aid S
olsie 4 ol o Jlisil byl >k 5 Slallas al> 1
Sl ol las gl 08 8 ae b asls 5l S
Aaiys SleyS e 4 09lio s O Jlazil aileles 5050
Syge 50 Sl ol 0 g9z ab e (e 5 0ad i S
S 5o 50 Ol B o5 > 25 0 HlEn s s
Soe Al adg p i (Blib g 0929e (Sb
sols plis pols gallie yo el 008 5 anslie o150
dyo 5o ol gl 5 ilre ©f pealis 4isSz 05
S5 o 3l (5550 B pan p Jim boglas > )b
gy g olge

Sile

Grae Ol lake IS ols i (6l (s5lme o pagie
ke S adly 15 8 zylae Jyame oSy alsi gl o
Jyame o 55l sl adg 0205 y0 1) (B pae O
(ilre SV ¥ S g) wiali e s3lme T s
JEN N PN LUR L SN VIRW S JETRRV-JE SR RN 2
057 ssbe b peizen silme O Sl cul 43200 b
8l 5 b O L Ml pens O T len T
Os7ed (stelive moolae 4 o Lol (sl poghe (nl 09 o0
7 5,899) Cul oads Gl 58 028 sboy 5 ek 55
N8l o ) 2 Mas! ol b sl sl Yo¥T (Y- -
5 50 sy 1y alaygls Of e Condg &5 b o
3575 silbme 2l 3y50 50 Gilre juz g el gl
ol ool (Sae (F sl el cnl Calpl oyl
a8 Sl (ol dy a5 (nl 50 (Slome Cudo a8l oaisS
Jyame 19 9gi anld (b oad Brae Ol ones in
Sl G5zl Gion > )0 5000 (Sopb 092y ol

3o &ilg oo Simgh ol o ol Il o 0,5 a1
J.bo‘so uLaug.))th)S oolazwl O)}cdlmdl.bw
6LQM s o @YL S| ‘6}L7.“° u] Lgd.?.uJLZA
5 oo il g (ko

I SRSIRCIUSES JUNUELY S SN RSP peoe
Ol Ll gl iols 41,8 w3 0550 bg)l 2 aSd o
10 e e gk TV JlEe 5l o3l O &ylos ol
s, YoVl o nSe sio iy FA a5 YoV o JLus
6)J)¢4L)4)Q6)l;uu]‘_g»u))45Qubum‘jw‘
ol L ) byl 3 aSed 4y by e

O o TS 1) ez G JUil 4l 5o (g3l
d_iw ‘5)[)9.: R Ls‘)" sols )‘)3 aslllas S)9e YY)
ooz Sl G G JES o & (5l ol slagpl >
ls 60,5 colaiwl asll JuS o 5l wogls 0e2g
sl 00 iy i YVE B Y0 glalo b bl
5ol g5lme of Jlanl Sslis a5 w8 slgin Ll
Syaelin ln phie jsb 4y (bl julw 13 55 odg
D9 b, O vgaaS dlluss

Slasg> G ol Bl slassign YT o, Sen 5 755y
e ool 50 Glsie 4 oz o 1) leme o Jlaml
wals ylis Ll aiols S8 sy 9,90 Ol 9gueS sy
WE 4y Gl soys YLl gilre ol Ul
ol Jsl a5 I 50wl o, Jlo 50 cnSe pslSS
PP a4 sels sy Ve LS gl
Slr @lme T (g 2 (nl ol sl o) S eSS
el (55978 el Zu pe

bwg Gpody b bl e silme ol Wl 55 o)1l 50
4 bl 285 15 oy 0550 VYAR iy 5 (g
Silme ol 5wzl Gp caio 3 ol 6hoy o)
Soollyys ;o Gp CeludlyslS o oy sl (Brae
498 a5 wials s Ll .asols )13 o)y 090 |, calisee

5 Hoekstra
¢ Du Fraiture
7 Allan

! Chini

2 Stillwell
3 Zhange
4 Wang


http://journal.hydropower.org.ir/article-1-525-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

T e s W5Gwo)W/MQJL”/Ul)JLst)"°l59)'“"9“\““’ks‘°'l';¢’]‘“"’

Adg b onisS Brae S ol sbo,y 0,90 0 a5 gl>yo
boy 0,5 )18 colatwl 090 5 99 so Cusro 0uiiS
5 pekis ol Bpas g5 90 10 4T Wb (Bpme e
S e 1 eaSady b caiSOran S oo puf
sl Sloas b Jgame S el 0z S pel e o
Ol s B b (s3lme O (555 w0l ol (b,
)iad.i) 6L> L®) ul.cl o)‘j 9o u.)l 9 Sl 00 OL?U‘ “_;‘)J|
0 B0 gilre T a5 LT 5l ol ol b gl oo ool
» UT 6[43) ‘.b)b o)l..i'a‘ Jyw aS.) B QLQ,..! u] o~
o Jolt o5 il S il O pspdhe ol
56 ot 2l Bpan il e Gl g e a3ls
ol allie 1o sy ol bL.OYAS & gul) 54 o
1,8 ooliiwl 0,90 Jolae &yg0 4 (sjlbe ol g O s,
XS o

G G 9P 50 il o

@5 &5l g p0 Ol Gl (golatdl sanug (I3 L
P S (oo e i Sosal B 590 Wl ogas
dor bz glocwnd o Ol Gy o Wy
el sl eptale S Bras ln e oy Slapien
oole S5 oKl 0 g Olipa (gguiincds (gl e iolo pus L
& )1)3 oolazul Sy90 L:Luoowé LSLQL}QMS‘B LS‘)-’ dw
ol (g3lome o (3 Cnio 0 Ll o )ls 350 (508 @235
ol 5 50 5SS ohg g >l pe 50 (Bran o
Sras s ys> Sollgy jo piind 5 ()l sl
Silme ol Gliwe wiols lias (VFe o) o)) ' Sls,
£ 9 o5 g9 Al e solSy s o (Bpas

Ol 45 5ysb @ wilioe 523 O (oS S s

S Jama 2l 4o iy T lsie 4 ol o b yao
YoV ‘Ycas.o.ii)’ 44y “QYT) aile aalg>

Sl p3Y w059, 0 50 (sl g_)] O Cad] S (61
o gj ‘Lﬁi ui (bbb 5l e B pas u" Cns
slml (wlay) Glals Glacl (g S Ol g (s 9
Lite el ciS ol ae olpl 5o ams oo Las 1) oud
ol s (5lome O 5 ol Silme ST @ 1) (s5lme
Sl s ST V) Ty90)5 5 Vo5 S'y)) 0508 st
Aol bl Byme Voof A LaiSIb Lwgs b sl
3 emlie om0 ST 51 ] SIS Ll
oolarwl b O .é; Co e |) C)T )Jg';o‘) ng C'?L;'“
Sl 5l s 5B bl 4 OlF e waz pstde ol 5l
(2ME Sl s 0 o8 Jlie g op et O 3 e LS
Sl g e 2l Slowsl Y535 57RO 09,00 e 4y
(Ve o) 593,55 poymSs)) Wgdise o 2 T &
5 Jlnl sleasias 4 5L Jdo & o Ol 5l 6,100 40
axgi b Gl ol o O 51 50T Sl ol @9
<l sk,

Ol Gras IS a5 Koges Hlgie Yoo ¥ Y Silo o7l Son
Blg cils 5l s yo slae ol 4y i S SG Bl o
b ogd 00958] J3ls Ol Brae JS 4wl Slo)ly s5lxe
Sz ol gl 4,585 S (8ly 5L 5l (Gwys pga
Wb oad polo gl Ol p eb e 58,5 a5
oA als g g LQ,;‘ Dgd oS J>lo Q] B pas x>
ol sbs,y Glye cov 1) (A3l Ol Grae 5 gjbre ol

e s Slp eadli a5 WSS Byme jeiS SO

¢ Hoekstra
" Hung

8 UNEP

? Omidi

10 Rezaie

I Allan

2 Zygmunt

3 Rockstrom
4 Gordon

5 Falkenmark


http://journal.hydropower.org.ir/article-1-525-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

L PPNt W5Gwo)W/MQJL”/Ul)JLst)"°l59)'“"9“\““’ks‘°'l';¢’]‘“"’

Ll J 0 a8 le,S o)l vw J! s gailoles
5 b oleyS 40y, o v o Jlimil cgz il
s&_J—‘ st‘ M)o ] 00 J.».S..‘..J‘SLFM A-AAJ)‘
50l dales Jaiie Jigh slaml ay v ey aliwg @
5 980 Jite i 05 ol b Jigh 50 ol g Cuond
A & i 550 4 Big (g5 5l ol g Caand o
sl 5l ion aw o 0 0l weler o le,S
Ol po Cond pol> dllde 1o 5 el ool oolazwl (oY 8
—as ez ly Hl58le 0 O (B CS e Cond oyl

el 00l oaly ioles (V) JSi 0 a5 w5 g5l

S 7y

5950 dus 31 T JUisil s gailobs Judspy (1) U
ol i (nl g8 o0 oaalive (V) JS& )0 &5 j5blon
o B g (29 5l Jol gankd ool aalid ez
b (ooaSayio O e (5 jlipys dxlad (oxSoyia B0 -
Foor o b dlbaaal jl (paw (gazhd @ilbanas
5 oeSagia P 5n 3l (sankd 5 oia e

Bedee Jold 1) 7 o)led (55
Syge g ond (psrabyo silme O Hlie b5l sl
Sg)le s Jmil o i (25 )0 2130 s Sy
S50 Selgyies Sl b oS o @Y ll ole ST
oxte oz ply JIRley 5l pelite (al 4 08 3 )
SRl se Jusl bl ks o5 a5 g 0l a8 S
P Silednd @l adls 008 leand el

Lolbe sbeliss ¢l wibe ol Grae
2 YV Ly 5 oge oS S e
b oS5 S 5 550 ol s sl cslulysls
RSN SRS /SR A RVIL AL CEPCHO
S s b (o5 5 SS9 560 sl 05950 6 2
loolS 55 sl weles BlaglsS 1y 1) /Y St saisS
LngoU/ﬁ)‘u Lg‘)" 9 u.CL.q;_;‘ejJ.J P ),.,J Y0 6)6
b 4wl celudlyls pomd o/ Y Soldgend
Y L: )J.‘).g ‘L_';?)‘)? LSLQ °lfjj',f-.’ 50 u] J]«M sJa.w};.c
e ol 5 Salggid olS'g 0 50 5 e yie (galee
3 iy gl o nlply el Jlo o caSe st
&b 9 Seuldogd (635 (S 5 SSem w5l By
ik YoV Ses oY oS (izman el iy
S5 Gy ele DlgelS e Gl 4 (Bras O Gl
Glrps glgl 5 Gp g Gbeidess gl o
ol lid sl Gadios @l w60, pwyp |, S S5
25 haedr BB alnans el o ol Bpas
55 1) il g (rnbe 55 45 )l (sleelS'y e
slp celudloghs » 2 WY 5 5 ogp S
5 TS sl 0351 5, Sy S SiS (sl
9 ).Q.o ‘) 6ab olfﬁru BN g_)—| d)m o YNy u‘)m
Ol ke g celoclyshS o /o | Sllgend
) 5 oS S e b (Sl o895 50 (Bran
Celuwalgghs o xd +/ 5 celuclgglS s o YO
il 03,5 dalinn 38,y Ky S S qras gl

oS s 05l dw T Jlaz! sailels

Ol (2 w9z gk VA alold )0 09, lao ww
&y Lo sliwy) (K905 58 ply Gl o s yeskS Y
O ool opl cle 5 oleils 5l Bus el ouds
5 e Sl 9 2l 5 lo)S lajed o 5 Suli]

| 0g2 J‘?‘) 9 2909, Lglb 4.3‘.509) ‘;..43 Lchb g_)—‘ Q‘S)

2 Macknick

I Kumar


http://journal.hydropower.org.ir/article-1-525-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

L POt W5GMO)W/MQJL.:/U‘)JLSdeog5ﬂawsolcmfm

ST JUEH ppno Sl 4y b o (s5botnd iz (1) Jpor

ey . obols ,
- s Jsb el .
mm) | Km) m) agll 5

a/s) (m) Jsl cgaskai
YYOF/Of YYOF/OF b5 2o | gapd

WO | VWYY | e el =
YY-SIA VIVVYEY | caSeyio 80 v v opke | ol
YITV0) VITVOY | caSagio 0r -+ ojke | oy

WO | VIVEY | Yy 2 O | s askes
YRVN YT Y Waias | obL
VAAY/5A VAAY/54 Wi | gyb

VWO | VYYY | Ay fges (gankas
VASAIVD VACEIAY | xS e e e e e | ol
WEARY VA= ¥IVY Sayie e yke | £oyd

VY [ vaves | oy e O] e ks
VST VWEARE # olad e | okl

P Sn s s y JUiil oz 0 b a0y, 2 O
O sM s 5 ol Al L 350 glis )| H (m¥/s) 4
45 03 eys 9 D08 Heibeyghanl 3 )5l 55 U8 plenil
2 (06),51535 «(Ore) & )38 il 5 lenil) o palol> |
(V) abaly cnlpln oo s & (O10) s Glendl,y
«(Pasalli and Rehiara, 2014) cils poalys 1,

P=98Q.H.0 (v)
9 AY JAF 350> o5 5 4 (Op)g (0G) (OTe) polis
US4 (V) alaly 5 ZA byl O e 5 il e /4
20,5 aoole

P=784Q.H (V)
&ly S 0550 Slaple 5o adsi BB s elsl (2l
QL5 G4 B Gl L oS ankd o slyl o oSy, Slas]
Ol iz o .l ouls a)jTﬁ (V) Jgoz 50 cXloads ools
oms$ Jols plaaly 38,5050 b (S s
Iy wpdier 08y GeedS (FA0) Ll Gl
Sgax 50 5 1y VL slaglessly o300l (slasisl 9SS
(Motwani et al., 2013) s aalss1)ls ADY.

lp WV Jolae l8le s )0 5ely G50 625 oy
Lyls 4 axei b cosl ool a8 3 a3 o goVed gals
o ol B SO 00 Sl Slallhe y )5 ol 2!
b aed go 18 Lzl )0 1) sens a3l 51 cslin )51
Gsele 0 Lawgis > el JEl s b axg
Y olwgie o8 ogylas aw oyl 5l aVle cuSe e
S350 Grizes el ol a3 Sl )3 S ke
A Gl ol ple Cosgame byl 4 axg L cwl
54l 0 caSeyie ¥ g0 b Ol jaue bl le)S
odds plol (gilwdnd 4 azgi b ax 5 .conl ooy o
ssre ablo Sl e il b ol g s et
2 eSeyin ¥ as plea (nlpln g 09 walsss nd Sl

355 )8 aise 6o po s 095 JS 5o Wb 4l
dolies 350 canlad ;o 30 (Godgs GleT (e day Al e 50
Selsi e aulre sl jolate cnl 4y 08 o I8
ol oolaiwl (V) abayly 51 o g, cuad ud)b (65,

]

__pgQHo
~ 1000 ()

SlgslsS w2 (S5 59) (Sl Gl Pyl yo a8

ey JB Sl @ Ol pegate (5 0 (s By



http://journal.hydropower.org.ir/article-1-525-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

L PPt W5sto)Lo..w/‘pbéJLu/ul).s‘@Tdfolf5r;5wsolcmfm

29 bise o JUSH 3 51,85 350 bLE 53 wdyf B ol55 Slolre gyl (1) Jaar

a1 0 ylols Gl1 G2 G3 G4
Lad PR Foves o >
Lad s ()55 Qr7e
Bg s o s blas wlaaar oK) & olosds 35
2855l Jniliy . b = ° 2 . . 3 Oy
kw adgs oo, Yy YAM VY AFY
kW s, oSl ol YYYA YY-0 AQF £4-
ol8 g, (golpinn ooz axlg g0 axlg g0 axly S axly S
ol oy 5 sl B 92k —oel Blogly | i eS| Ced )l - LT ] 2
it SIS VA bl | gl V/F el SIglSa VYD Syl )
m b as \WE VEY Y ¥
mb,o 3 elas )|
2 T ST ER) O YV F (F/) 114 (¥.07) YAY - (Y.07) \VEY
(el )] o p2)
yoles cus b J8las Syl V/F7 SlglKe V/F Syl gl < /A

ool 2 B 95 )0 S e 20,0 5 1985 )0 S92 50
Sl odel VYA Sl caass ol oS, 5)F
2 ) e 5 ol8g50 5 52 gilre O (i rizeen
g VFee e 5 olo, Sldllas gllas celuclsgls
SRARA NI CEIRSUPR SRSV SV PR L ¢

~ddyo (silome O Hlade garule glp BT el se 0
SlysleS s alsi sl oilme o] e lal o o>
on 90 435S )3 Sezse sl glyl 5 el
oaFie B a0 oo g9 8 e 9 S5 )18
@5, &5 0 Silme O liee ool s 0355
G el SlgslS 5o wdgi sl amsgie (g5l S Jlade
Sollgys g8 (V) Jgozr ;o )5 arule j5iS 5o

LT 55 0590 s3lme O g 39S 53 09290 SOl g b Wlasiuo (V) Jgur

b lérn | oS5 S s s,

o5y, g4

A ' ¥ Yv A4 VAIE

(22,9) ;925 5 0gh ;0 oSy, g

RAYA <[-Y0 \/¥

(Celo SlgskS yo 2) olS'g,00 £55 2 (g5lme ]

g e Sl JUml s 5o 2150 o5 55 slaasls
By dplgm> Jl jo CaSa e FOFYA

el SlyshS sy sl siome ol b cal il
(1) Jgaz illas g 09 vales o /7Y ;585 0 5

Sl Dygo 53 ead (pszadio il O ggaze

12 oy 2 gilailely &g 53 oo 19248 po (55lre O Hluie WS35 (F) Jguo

a9 0yl G1 G2 G3 G4
Led L -5 Fowne ot ;
b} S5 550 Oy
5q,5 1o sty blas Al abai oK 7 o Lol 435
2B g5 )l Jeunilty BRITII 5 2 S i ) O
kW odg cod s YEY - YAA) VY ASY
2 Kumar I Macknick



http://journal.hydropower.org.ir/article-1-525-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

L W5wo)W/MQJL”/U‘)JLst)"°l§9)'“"9“\“"’g5‘°‘l';4"]“"’

a1y 0 ylacds Gl G2 G3 G4
kwh o g cud b YAAVY S YOYYVOS- AYAFAY - VOB VY-
M) 00y 5> 480 55lee ] VAA] \0A44 $15F FYOV

Dyge pd odd (ggzabyo silre O Jlaie i (nl @
Cewd a0y lolid gabii oz ;5 230 o5 S5
Jsb 10 ol caSe e FOFYA sas o ylis Slawle el
@ azg b ool Jlade (pl a5l aals g2adie Jlo
ol s BB osae (eaS s Ol seeS sallas
Erose Tkl (b Slallas al> po y5 ST rizmen
Sl o g 051 0ad axgi 2lEn S5 s Sy
dwle Do b @ 85 o JI3 o sy 02
g o ooliinl (cuSal 5l (Ao adg plgre 4 (o
Sl s il il p aid)S bl Slewlo
DYOVY & sjlome o (p57adyo (e o5 w0300 i3
4 gl Coonl gd50 (nl 45 s o0 Jlo 50 Se e

e oy il o aralre 5 230 S ey
ol Jlade 48,5 &g sanlllas yo sl 53 LLs e
Sty &5 3,5 e 30 958 Wy il @ (s 5lne
T S sla i asn sl silme o Slowlone 098 o
Sl b glme O sse oles 50 5 0ad pll O Jlax!

20,5 dslio oo Jaie

carbon and water footprint into a “footprint family” of
indicators: definition and role in tracking human pressure
on the planet. Ecol. Indic. 16, 100-112,
http://dx.doi.org/10.1016/j.ecolind.2011.06.017.

7- Haghighi E., Madani K., Hoekstra A. Y. (2018) The
water footprint of water conservation using shade balls in
California, Nature Sustainability, 1:358-360
https://doi.org/10.1038/s41893-018-0092-2

8- Hoekstra, A.Y., (2003). Virtual water trade. In:
Proceedings of the International ExpertMeeting on Virtual
Water Trade, Delft, The Netherlands. Value of Water
Research Report Series, vol. 12. UNESCO-IHE, Delft, The
Netherlands.

9- Hoekstra, A.Y., (2011). How sustainable is Europe’s
water footprint? Water Wastewater Int. 26, 24-26.

10- Hoekstra, A. Y., Chapagain, A. K. (2007). The water
footprints of Morocco and the Netherlands: Global water
use as a result of domestic consumption of agricultural
commodities. Ecological Economics, 64(1), 143-151.

11- Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M.,
Mekonnen, M.M., (2011). The Water Footprint

Glasdllas Lolul a5 ol ol azgs L oSS iz
35 S el 8.5 S po VYA ailao ol Lawgs aS

ary @lEr G5yl Wy Al a2,k ol Pk al> e
Do sl 4 oyl (3o gy 6l (Sl 55 20
9 =S 9l oS 65 Jdo ol oo eolitul Lo anle
ey o0 VY Gyl o gade lgi S a2l

ININ AR PR ‘5‘9}45).0 6)[7:40 u—| )L)..n.o ‘_}.J‘).JL.J sA..oLJ

2l ol Jle o enSe e

Dygo 400l ez ddyo il O lake alllas ol 5
o JUil b s 55 (218 S5 Jiliy Sl ool
Selgh Joiliy b aball Jlozr (08,5 )58 () 2 090 39 lao
4 azg babis o gly g 0o olobid LIGn go
5 ro2ly JlPle s 5l ead glmial (Sgiaee Sledbl
b dbs adg LB G ke oud slml Sliloe
@ly 4, )5 @ il o jlade sl 4 az g b s

b bawgie job ar j505 0 G Celo Dy olS 50wy
0,8 Al die) () 50 0als plol Olalllas 4y axg5

&l
1- Allan,J. A. (1997). 'Virtual water': a long term solution
for water short Middle Easterneconomies? (pp. 24-29).
London: School of Oriental and African Studies,
University of London.
2- Chinia C. M., Stillwellb A. S. (2020) The changing
virtual water trade network of the European electric grid,
Applied Energy 260(114151)
https://doi.org/10.1016/j.apenergy.2019.114151
3- Chapagain, A. K., Hoekstra, A. Y., Savenije, H. H. G.,
& Gautam, R. (2006). The water footprint of cotton
consumption: An assessment of the impact of worldwide
consumption of cotton products on the water resources in
the cotton producing countries. Ecological economics,
60(1), 186-203.
4- Du Fraiture, C. (2004). Does international cereal trade
save water?: the impact of virtual water trade on global
water use (Vol. 4). Iwmi.
5- Falkenmark, M., & Rockstrom, J. (2006). The new blue
and green water paradigm: Breaking new ground for water
resources planning and management.
6- Galli, A., Wiedmann, T., Ercin, E., Knoblauch, D.,
Ewing, B., Giljum, S., (2012). Integrating ecological,



http://journal.hydropower.org.ir/article-1-525-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-09-04 ]

A PPNt W5sto)Lo..w/‘pbéJLu/ul).s‘@Tdf055)&9Mk5419m].m

22- Samareh Hashemi, M (2020) Investigating the
economic and technical effects of the internal coating of
water transmission pipes in the production of hydroelectric
power and the importance of head loss calculations,
Irrigation and water engineering of Iran, 11(42) 192-202.
(In Persian)

23- Tavanir Company (2020) Report of 53 years of
electricity industry in the mirror of statistics, 57 pages. (In
Persian)

24- UNEP., (2010). Africa Water Atlas, United Nations
Environmental Programme. Available at:
http://books.google.com/books?hl=en&amp;lr=&amp;id=
qjIPf84HHnsC&amp;oi=fnd&amp;pg=PR5&amp;dq=Afr
icatWater+Atlas&amp;ots= qZRwLIxi8&amp;sig=
c4gyzolbfILHpyoKB2R6BzL7Wyl [Accessed September
16,2011].

25- Van Oel, P. R., Mekonnen, M. M., & Hoekstra, A. Y.
(2009). The external water footprint of the Netherlands:
Geographically-explicit — quantification and  impact
assessment. Ecological Economics, 69(1), 82-92.

26- Wang W., Zhuo L., Rulli M. C., Wu P., (2022)
Limited water scarcity mitigation by expanded interbasin
physical and virtual water diversions with unev en
economic value added in China, Science of the Total
Environment 847 (157625)
http://dx.doi.org/10.1016/j.scitotenv.2022.157625

27- Yang, H. O. N. G., Wang, L., Abbaspour, K. C., &
Zehnder, A. J. (2006). Virtual water trade: an assessment
of water use efficiency in the international food trade.
Hydrology and Earth System Sciences Discussions, 10(3),
443-454.

28- Zhang Y., Hou S., Chen S., Long H., Liu J., Wang J.
(2021) Tracking flows and network dynamics of virtual
water in electricity transmission across China, Renewable
and Sustainable Energy Reviews 137 (110475),
https://doi.org/10.1016/j.rser.2020.110475

29- Zeitoun, M. (2011). The global web of national water
security. Global Policy, 2(3), 286-296.

30- Zygment, J. (2007). Hidden waters, a brief review of
the literature and recent research on embedded water.
Available online at: http://www.waterwise.org.uk/.

Assessment Manual. Setting the Global Standard.
Earthscan, London.

12- Hoekstra, A. Y., Hung, P. Q. (2002). Virtual water
trade. A quantification of virtualwater flows between
nations in relation to international crop trade. Value of
water research report series, 11, 166.

13- Kumar S, Managi S, Jain R. (2020) CO2 mitigation
policy for Indian thermal power sector: Potential gains
from emission trading. Energy Economics. 86, 104653.
14- Macknick J, Newmark R, Heath G, Hallett KC. (2012)
Operational water consumption and withdrawal factors for
electricity generating technologies: a review of existing
literature.  Environmental Research Letters. Dec
20;7(4):045802.

15- Martin A. D. (2012) Water footprint of electric power
generation: modeling its ude and analyzing options for a
water-scarce future, MSC thesis of TECHNOLOGY AND
POLICY MIT university. DOI:10.13140/2.1.2864.4643
16- Motwani K. H., Jainb S V, Patel R N (2013) Cost
analysis of pump as turbine for pico hydropower plants —a
case study, Procedia Engineering 51, 721 — 726.

17- Mousavi Rine M, Yousefi H (2020) Examining the
water footprint in electricity production with an emphasis
on renewable energies, Ecohydrology, 7(4) 1007-1019. (In
Persian)

18- Omidi, T (2017) Determining and reviewing the
strategies and priorities of export-import of agricultural
products based on the concept of virtual water, MSc thesis
of water resources engineering, Agriculture faculty, Tarbiat
Modares university, Tehran. (In Persian)

19- Pasalli, Y. R., Rehiara A. B. (2014) Design Planning
of Micro-hydro Power Plant in Hink River, Procedia
Environmental Sciences 20, 55 — 63.

20- Rezaie, N Hejazi, R Yousefi H (2021) Estimating the
amount of virtual water and the cost of virtual water for the
production of electricity in selected fossil and renewable
power plants of the country, Ecohydrology, 8(4) 1147-
1161. (In Persian)

21- Rockstrom, J and L Gordon (2001). Assessment of
green water flows to sustain major biomes of the world:
Implications for future ecohydrological landscape
management. Physics and Chemistry of the Earth, 26(11-
12), 842-851.



http://journal.hydropower.org.ir/article-1-525-en.html

Ol 2! & B ol g i g s (oode @y
VFoY 3wl fpas 9 (ow 0lods /oo Jlw

Journal of Iranian Dam and Hydroelectric Power Plant
10th Year/ No. 35/ December 2023

Analysis of hydroelectric power generation in water transmission lines from
the perspective of virtual water, case study: Safaroud dam transmission line
to Kerman.

Marzie Samare Hashemi*!

Abstract
In recent years the projects of water transmission had an increasing trend in
Iran. However, the issue of electrical energy related to these projects has
received less attention. Another important issue regarding the power
generation is the amount of virtual water to produce each kilowatt hour of
power generation. In this regard, the current paper has examined the amount
of virtual water for the production of electricity, in the water transmission
line from Safaroud dam to Kerman. The potential of producing hydroelectric
power and as a result the amount of virtual water saved due to this amount of
production has been checked and calculated. For this purpose, first, the
transmission line has been simulated in WaterGEMS software, then the
hydroelectric power generation potential has been calculated. On the other
hand, by calculating the average amount of virtual water to produce each
kilowatt hour of electricity, the amount of virtual water saved in the case of
producing this amount of hydroelectric power has been calculated. The
results show that there is 72.5 gigawatt hours of hydroelectric power
production capability in this system, and if this amount of hydroelectric
power is produced, 45639 cubic meters of virtual water will be saved per
year.
Keywords
Water transmission systems, hydroelectric power, virtual water.
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