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An Overview of the Hydrology of the Zayandeh Rud Basin,
Iran

Salemi, H.R.
Esfahan Agricultural & Natural Resources Research
Murray.-Rust, H.
International Water Management Institute, Colimbo, Sri Lanka

Abstract

This paper provides an overview of the hydrology and water use in the Zayandeh Rud
basin based on the data available over the 11- years period 1988-1998. The inflows into
Chadegan reservoir, the releases from the reservoir, and the extractions along the river for
irrigation and other purposes are considered, and a rapid water balance of the basin is
performed. Inflows to the Chadegan reservoir, which serves to collect and regulate the
runoff from the upper catchment of the basin to better meet the downstream water
requirements for irrigation, urban and industrial uses, follow a regular pattern with moderate
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variability. But the limited year-to-year storage in the reservoir makes the basin vulnerable to
prolonged periods of drought. Water releases from the Chadegan reservoir also show a
predictable pattern, with the only deviations occurring during flood events. There is a high
reliability of meeting the water requirements during periods of peak demand. But releases
during the winter months, at the end of the irrigation season, are lower and more variable.
This results in low discharges in the Zayandeh Rud and reduced water quality, especially in
the lower reaches of the river. A simple water-balance approach was used to estimate the
Eroportlor_\ of return flows in the basin. An average annual value of 30% was obtained, with
he magnitude of return flows being Far_tlcularly important in the lower reaches of the basin.
But more investigation, especially including groundwater and water quality aspects, needs to
be carried out before a definitive value can be advanced. Given the limited supply of fresh
water in the Zayandeh Rud basin, further water resources development and water
management improvements can onl Be envisaged in there is scope for real water savings in
the basin. This can be assessed if a basin-wide approach, leading to a good understanding of

water use (and reuse) at the farm, system and basin levels, is adopted.
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Annual Inflow (million cubic meters)

700
600 T
g 500
k]
£
Q
2 400
=
(3]
c
i)
= 300
E
3
o
= 200
100
0 -
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
— 1988 1 1989 —©— 1990 —®— 1991 —XK 1992 —A— 1993 —+— 1994 —H— 1995
—®— 1996 A~ 1997 X 1998
IXTt< o (" . - - £
Q\SJ\?{ J:u 39y °A".'.|J I 4%\1)3 (639,09 Mlc.h\.d Jﬂ.wy ﬂJLM—VJS.A
100
Q
©
o
2
o
3 | ¢
5 10
o
£
S L 2
R
2
*
*
*
Py
\4
* *
] *
100 1000 10000



OBl fowe 53 dew Opw 4 (39,5 SLOL > o o0 il -V ISS

S50l e azlyya 5 (2 B 0L

0L > Sl 5 (Saoob ol glaoyss o
sy ol 53 ssdm 6l Obes WO & S350
ole ole 51 by g sl 5 4 S 50
e 2B s S S s e 0L e 4
55 s e DL 1 A O Sl Ol >
Osdoo VEv v 350> (0 35 aksﬁ?s&uw;
S AV e ailale sla s 2 Al o0 nSe %0
3 Olebl Uy 6l Ygane ol (oole Loyl 5
(Gl S e Sl LS O 515 O3 ol
s Yt 5 a0 b sl sle3l e 31 plasslula,
Sl A sed w3 ,8 s rt?u;‘ﬂ.ﬂl.w))bﬂj)l{&.lj
Lo oD J28 sk a2 0 S5
Sl oS sl e 148F 5 144Y 08 sl o
P s [ SRS Iy W Py P
xS e O gakee YOO 51 Sslte iliale (gla > 5 >
A Open 0,053 1447 51440 cladlu s A3 S
Sod is wlale > 5 Jo s YL a> s
sl 0l S CaSo 20 O g YY

S0l Sl gl e el 55 )
g5 el oS sy o Sl 4y (e ailale (60555
‘osﬁwﬁﬁjudﬁl,:a‘\ﬂ 4o ole 3 Ll 00 Ol
Ogahoo Yo sgu > Lo 85 ayy98 0le )3 aS S50 2
JBU-)JfY}w\) U AN E W FP SPL s
bl b SESLRE Jeost o el Sy a5
O s OVY aSlale (63555 58 s e dd &S
5hels es3ly LS 0 V44Y Jlu s ole 53 CaSe 2
Ole s o5 Dl (2 S8 g8 Jel L L
(s 1y aSs 2o Ogabas £0e Sl Sslte (93555
SNl °->j—."‘—‘l—iJ—1))T olo 93 5l LSS
o J=b s am az b 4 o0 0L
Guc%qﬂmf\)sdwgﬁmégwl
a5 Jss! obo 3l bl of glols .3 8 e Ol
<> ey el Lol ol o s VSASJ}:«L;«
go 3l =B 30l sl ply ol Glate
ol el e dlay 55 A O3 (ol b
S alacMw o b (olal Joad OLL B o b
J&»é@)dudﬂduyjbtjﬂj\&}
Al oo e | 3L g f 585 4 el
VYAY Jle —o+ o, Lé

1500

1250 1

1000 1

750

500

Storage on 1st of month (mill.cu.meters)

250

3

600 ~

T 500

+
o
o
o

N w
o o
o o
Monthly Releases (mill.cu.meters)

T 100

0

1987 1988 1988 1989 1989 1990 1990 1991 1991 1992 1992 1993 1993 1994 1994 1995 1995 1996 1996 1997 1997 1998

—®—Storage ~* Rel




(VA i JIVAAY L3S s O 31 o (g3lw by 5 5k 0,3 ailable b sl (g w8 K&

500

450 [ ]
> °
3 400
2
[
£
© 3507
E .
o

300
5 . L
= [ )
= i [

250 °
E ° S % 8
o ° " PS5 (]
) | ) z 00% 0 o
@ 200 »o »® @ o® ’ [ ]
% [ ) ) :?. ' ...
- | [ [}

150 P °
f o O .‘. O.
5 100 . d °. Com oo %o
= [ ] L] °

R o o .: °o®
50 -
[ ] (4 )
® % ° Q% ey 'o“o
0 T T T . T T T
0 200 400 600 800 1000 1200 1400 1600

Storage at start of month (million cubic meters)

S axly o Slabe gla (g5le bay 5 (g5lw 0 33 o BLIE -0 IS

J.:>-gl_§ Sl A Oy bl cpl 55,8 s 13
R FETSEEVRGNCIN NS PVOL IS G- YR s H P
el 5 azl)s oS s e 0L o en Laasls (]
e dw 53 Loy 0n SO oo s el il s >
53 055U Sl el il JleSas
sl eslias GBI glaxdly i 3o ge bl
S Jyere 5l 3,50 (o> &S () 25 L Jl-
O 1000 29 (O J 28 (s 2 2 )
Sl 2505 Jlsme Jlw o b5 Al S
il f g f 585 4 ReSh CaSa e O s VY0
L S Jlw s Slole aan Ll 55 ol O350
Slaels (M 3lola, ke 4 31l by
s Bl besly (6w 3l Glab saol > sl)ls
Jls 5 s 2 Jie S aS 515 545 OG-
uT Sy 53 Sl Lol 05 S es)ﬂﬂ sl
03 Jde sl 35,8 iy xS s 5 oy ol

A s s aSbale o b UL o

oled a8 35 sﬁj\@w}%giiém:‘f: oLas
(0 JS2) den OF L Gidae oid il SledIb|
S0 529 ol ss aS s e OLAS S & o
Olse (s e Vb (s o azlps o3 515 S
S o3 a8 alye 53 AL WS L Ll
Slale oo o il VL e e O ke VY e
AS Gosmo 03 5 S s V00 s Ll
$3lmlay A3l e e bR 2T s
ol S el 5l S e O gk VYO 51
O3 53 AVl S50 0,505 a8 das e 0L Ll
o Ol st 55008 e i s 5 el oS
9ole Ul aen Lo & 5 iy dal g5 O 5
o3l el 3550 Olanls =T glasss o3 ksl Ll

! Broad Band



Qj_.l./a A=Y o Q\}_:a O‘i| b U’T’L’ o y3 S

250 4d g 53 Of Jlasiul 5 O G e

Jsb 55 OLS sl s dw O35 3l ol s, ;.j
ol Dslae a5 Bl O 3 gsedly abss,
S
Slals slall 2 Gl :SSle (580552 0
el sl osls OLES TN ISKE s sl (6, S eIl

rLAJ 35 a9 gT | Y
Ol BBl 3550 55 3 4 (5 sk (SlaolSans
OLsS Laols w53 ca 58 5w 5il5 slacke 5> dlals

aseis SlaolSe s Cxo 5 o,

A g azbs e aS Cdb a0 L sl
JJGMJJM&)M@J&%)JM
Sl Obiles 6 peaded ool 5 sarkes A
D515 349 (65 9does

sl aAs L ol am s O glacsls
SLTSSS a e o bl ol JMVA
o=l a0 Sledd sy O il 5 5d
a3l i aS ey s LSS Gy o
lGolas jslae an aslbiay, ekl SL 0L~
ol T G as 5 Sp Ol Lo 5 S
33,8 o 5SS pd Gl el s s

o J s 3 53 okl e glacls
sl

éLﬁf}ﬁQT}JSw\oMobbdm* J)J}-
Qb&)j)“c&)}]éuobjbgngﬁ
IR W
05,5 @ al,8 (13 o g SRy Ol Pl g A
oo )3 dewoys Ve Gl S Slaa L dal e
i BB s slazel LB s el 4 ol SbL
ﬁ)ﬁ&blﬁﬁ@pg)lﬂud‘jﬁ|jw‘
O et Ll dal (63 5ms e (D J 1S
Golwla, a8 das s 0lis e Sl O (ilula ke
4ol 3 g g 525 b s s cl ol Oliewy s
U olal Gt ols o, pde s S
35 ol aw ool I s el lo sl e Lol ole
ol Ol i e eeuls okl 4 Sl O e
ub—:,)opdwww@wuw@
w‘)azﬁé&?&m‘jﬂ\ﬂ)z b})b.t‘.i“}
=5 e Ao Ol e gl 1y Ao, fsd s
L S5l s bys 51 ol gslala, Juc
6)L£TJ@6L@\)J\)6MQ|J_:§JJ¢LA;
J_>-).J Jw aJ_:;'-'J d&udl_w DL 'MJL;O QL»:'.'
Vor-YVe 4 aslals 3 QL_iJ?- b &\Ib
&udb)bég)yjbcw‘)&%,&ﬂom

(e J RS (g 5 5 0L 5 ) Dl Glabs sl (5lule ) Klbe-Yd s

(oS o O gubes) Slale (25 5 Ko
SUL |l | e ST | Ve RT3] “ Joss! ool w,s wsly | mles | els el olo
Yova/e | AVA/e | oYevze | oyewse | ovavAa | oveun | o vrese | seavy 14/ YA/t VALY | ovewy SRk
Yo/ Ve V4/A VA \Y/0 WV Y¥/0 \(7) £/ Vo/4 ov/s £¥/4 £0/4 Sl
PR
(17 A4 /A AA o/ AR M/ oA YA/ 0+ /A 00/¥ Yo/4 YA/O <Ll




Flow volumes (million cubic meters)
N

Oct Nov Dec Jan Feb

Apr May Jun Jul Aug Sep

—#—Reservoir —#Regulation Dam —®—Zamankhan —*% Khaleh % Nekouabad — Chom ~—#—Varzaneh

295 0isl3 W2y, s dgb 53 (5558 Ol g dilale Kils T Y

Jﬁ.ol.é A )3 et .J.a”.a)f L (V/ami/s)
568 Dk 35 Comer olulp b —3LISS
A Sl Sty o Yo Wl O
35 S e Oy VY Lol o ST K olgisl
RELISE RGN R - 4.:_9J§ B3 (s/0m>/s 39d>) ol
5 a8 )5 eslizals ge dlale S0l laie (Joke
SOl S 50 &8ss mhan S 03l 2l
R R R PN Rt PP RVITITPY
S50 33 L8 3,50 laesls 5 Sledbl Gl g o]
«ol 0diS G ran o 585 Ol 4 bl i
bl ool slaaSd alns & (6T bl o
Sl 5 Ll Olaad 5, 90 L Ladd 50345 345 50
wlice slasle 5 Ske slin 5 eslizad U &5 ils
ool glaa>d JB polis omas A5 S eSS
C|)>'=:_..«\ sl g, 5l ey o gla s palns
M Sh o o5 0553 S s Jds sl 5 555 o
.Lp)f Ll dlale Sl fol 0 L1444V B V4AY
i) (s 1 215 5 T Ol oS A sk
53 eded (S o3l T sladly iz bl o
e 31 (aSln 3,5 Ik 53 (6 e aen (slaol&anl
b $3y5lES e s susliS slasl &S (6K
VOUSCE s el ol il 2aS S e el
RGSUIU [ WG Y| LA S YR P g | ISV <

by oM andl idey o Jho 4y 45,5 5o 5 Bl
(5300 adat (ol s la (o 5 Ll o 55 ol
(asbale) o (g S o3Il oy (SOl w315 3 i
53 b Al o YMP/S I S ez Bl 3
O ke a8 W T e oyl s T kS €35
8 SlmedS o3 Il 535 Sl S 35
oslai ol adgie 31 xS ke 4ol (g5 5liS
s 5 a5 Ol sdams ealinal a5 sl
Sl el el ) 55 5 o005 slac]
s ws 5 (O s (ol Bl
330 83 S dmin S 3 ] OOy S IS
ey ade e Jice ol 53 [V] s S 15 eslind
b o gl Lapdil 5 s e 3k s wlale
5 meS aSbiagy ol oy s S bl ailts
SOl > 53 U 0l pl sl edd 5 5 ol
2 e Sl s 35 3 s baele s (O
53 Al O o 4 Ol (S o3Il el 5
asls g, 3l andls g Ll (i ms Altagy Job
el 455 3 e bl s i
@il o Glp smeo 5 e Solas sk 4
sl 5 o e O 0 b il S

! Reach



03,50 1y amd g 53 ST slasl aes Cdls o
oS Yol sl 225 5 T 0k S0l il
sl 0l 033
5 sy ol SUlu Sl Ol A IS
sy, e o)'l_.»@)s Ly S J,u,aa
J= ool on s e odalice as e OLAS 3550015
S a5 LB 51l 48 gles sisee) 5T G- alS
Ay o0 00/ ay 238 5 Of Olsae (5513 355 (LT

Aty el o a bl slacils
o) Sl 0350 o Dl b g il Sl s
TS Ol S S ey ol (W Sl
oy 5 Ol 0SS Golas b b, s ol
S els il glacl G 85 il e

i g 5y 0 Alal o s d (550510 OL 2 4 515 o L2l NEE glacls 650y
=sls ol 5 4 3,08 o,Lal GrOSS JAEL glacils o5l 9 o1 cowsVl s s
A 550 03k S s gl Lol 08 03,50 )z

AL Il O/ Gals Il ST - il sl Of = (4 )3) 225 O 2

2500

n

o

o

o
I

1500

1000 +

Annual extractions (million cubic meters)

500 T

I
N.B. Mean value of return flows over 10-
year period = 30%

T35

r 30

T 25

T20

Return Flows (%)

— 0

1987-88 1988-89 1989-90 1990-91 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97

B Net Extractions

T Gross Extractions

—®—Return flow

(VA8N-0Y JIVAAV-AA) 35, ol ad g )3 et 25 5 0L > 5 b LK1 Ul (o Kile jalie -V S

900

800 T

700

600

500 T

400 T

300 T

200 T

100 T

Average annual extractions (million cubic meters)

60
T 50
9\\9

/ 40
T30
T 20
- I K

0 t - } | 0

Reg->Zam Zam->Kal

Kal ->Nek

Nek->Cho Cho->Var

I et extractions per reach

—6—Return flow percentage




39y a..\.'..‘a'b' 43\5-:3) Jﬁud\.ﬁe}lﬁ B g;‘\'..f'.fjf 6\.&&\.1):.-").;.0;3'—/\ JS..Z

il SOl 35 eduls 4 g 03 ate
53 S5 98 WL a4 Yseme O oS Ol a5 2l
SLaOls 2 5o ) ey 0 b sl 5 s
(X 95555 WL & Ll S o b,y Dl
Cl O pa s b 53 Ol Sgdoe 4l o ) ol
lad e IS 1 T g e 2

Ols 0Lz phaie 4 esler ol OO sy G 51 -
S o ol gl s ol 5l susee esliza 350>
g el oslitl O SU S G olas gl ad > 3
s S 53V Olpms 4 (225 5 slaOk
=l 03 eSS plaussdse sl o653 eSS
2L e cplecl 4 8 15 g8 3,5 o
I U R S W RS IS QUK S
2ol 6 i Sladllas

IS 0l b s 4 5L el Ol IS
b Co pde adlllas e 4 5550005 40 5
5l e DLl | sl Cilas ool s
O‘HJ‘W&SJJ}&H&-&HH
PR W o SV U R SRR
HUTL S | i o a0 4 (5055 45
dﬂ—- Pl s as,e clw BERT ‘&,j BINCEEPYS
L ol Sl eslial Ol Ol 55 o lal laasis
03 3 pmad paste Ly Ol Wl o rad o gled) s
Aol s 5L S el ) mads 4 b e
0Py 3wl slaosl 5 ol b s b
el gyl a b e Ol s o
Bl Gras gyt oS Sl ol 5yd
S a5 el e ey o e
Lol = 5l Sl ey w20 8 #ly o ab o
L s eslanal bass (goll 31 ol 255 5
5l b mhae s s VU il 4 e s
odul (Cmwd ol bl js Oley kS U5y el
ad = 3 ol (3uliS slml o s 5 L)

035 o B sla Jdow &Sl S5 LB S

S GOk pe A el ] 3
3ot e () 0SS S Gl s
ot 335 oLl g e as s 3 (Clilg
S g SLaOl e Sl e sk 4
ol e s ol Claa= b Gds b UL 2l

.Jj.w

S S 4o

b 3Ol e 5 S50 S sy
) Sl 5 sy slasyslws s5500ul5 5 0
as e 4

A azrls 4 s, alllw ladls > -
L ki (558 S5 OLSlr Jome 53 3550015
Ol ns g 2) das e QLS ) (g b Ol s
KCVAS

by Ly 58 5 St dlale a0l o -
s s e 0LES N B /Ty ek g
Ol 5SSls & b aw (b 3556 Jssl oo Sl
au Y5l eSS Slass ol Sl s SV s
0593 = = s 45<=j_@_u S ] e s
3515 352 5 YL DlS Jlazx| b slezel LB slagl

S3305 I3 LB 5 o BB oL 2 -
Cos alols el 5§55 S e e 4l s
slagsbolay ol s3la o esla 1y (gole Lol 2
A Sl u,:.aL? sk 4 Olew C’é\}a); sl kel
NI INE TS

Il B o3 S b el e —
FEDNY Lg S8 .l glues (Carryover Storage)
Joad Sl Jd Ol Lol 5 Sl 5o 2005 0L~
= LT~ S (S U= (PR RS b
S Vb slres o Cud |y a5 4zl
il e ik



o aS sy See SIS0 Sl 4t st
Job aoslisS s 3 O Rl a0 S
23 Sl 5 0dd it o D Ol ol (5
03,5 m L oLl sl S8 5 e 5 28
o ol e a o Kos 0558055, Lol 038
Sl esliinl 55 50 G laee 5 g (Sli2b (s

5,8

S Bl
o3y 4 (adame slaoble Colem= 5 (K
A B 8 Dol 5 il sler ol
SIS sy iy adlie ool O s 55 ol
ik OF loslw di)l Wi )8 il edigs
ol b S35 s ol g BT Olgis!
sabge Jaw 500 uly ppl ad e (3oUS



@\.:.a
Droogers, P., Salemi, H.R., and Mamanpoush, H.R., (2000). "Exploring Basin
Scale Salinity Problems Using a Simplified Water Accounting Model.: the
Example of Zayandeh Rud Basin, Iran’, IAERI-IWMI Research Report 5.
IRAN.
Gieske, A., Miranzadeh, M. and Mamanpoush, A., (2000). "Groundwater
Chemistry of the Lenjanat District, Esfahan Province’, IEARI-EARC-IWMI
Research Report 4. IRAN.
Keller, A., Keller, J. and Seckler, D.W., (1996). "“Integrated Water Resources
Systems.: Theory and Policy Implications”. IWMI, Research Report 3,
Colombo, Lanka: International Water Management Institute. Srilanka.
Modlen, D.J., (1997). "Accounting for Water Use and Productivity”, SWIM,
Paper 1. Colombo, Srilanka: International Irrigation Management Institute.
Modlen, D.]J. and Sakthivadivel, R., (1999). "Water Accounting to Assess Use
and Productivity of Water”, International Journal of Water Resources
Development Special Double Issue: Research from the International water
Management Institute (IWMI)]. 15(1/2): 55-71.
Perry, C.J., (1996). "The IIMI Water Balance Framework: A Model for Project
Level Analysis”, IWMI Research Report 5. Colombo, Srilanka: Irrigation
Manangement Institute.
Perry, C.J., (1999). "The IWM Iwater Resources paradigm: Definitions and
Implications’; Agricultural Water Management, 40(1): 45-50.
Salemi, H.R., Mamanpoush, A., Miranzadeh, M., Akbari, Torabi, M.,
Toomanian, N., Murray-Rust, H., Droogers, P., Sally, H., Gieske. A., (2000).
"Water management for Sustainable Irrigated Agriculture in the Zayandeh
Rud Basin, Esfahan Province, Iran”, IAERI-EARC-IWMI Research, Report 1.



