oyl of aalie Clibss
Iran-Water Resources
Research

Conjunctive Use of Surface- and Ground-water
Considering the Effects of the Wastewater
Collection Plan (Case Study: Tehran, Karaj
and Shahryar Plains)

A. Hatamkhani? and A. Moridi %*

Abstract

The increase in population and the expansion of agricultural
and industrial water needs in Tehran-Karaj region has created
a complex system of resources extraction and supply that
necessitates the need to manage the water resources in this
region. The purpose of this study is to analyze the water
resources management in the current and future situations, the
effect of wastewater allocation on supplying demands, and also
to provide strategies for consumption reduction and
management. These objectives are investigated in five
different scenarios. For Groundwater simulation MODFLOW
model is used and WEAP model is employed for water
resources planning. In all scenarios, the first priority is given
to the drinking and industrial demands which are supplied
above 99% in all scenarios. The results showed that
considering the implementation of future projects and
increasing demands, the sustainability of resources was
reduced in the last years of simulation which indicated a
shortage of water resources against demands. According to the
results, if no wastewater is allocated, the annual agricultural
demand should be reduced by 40%, in order to keep the water
shortage below 10%. If wastewater is allocated along with a
30% reduction in agricultural demand, the percentage of
supply would exceed 90% and the water resources of the basin
are in better condition in terms of sustainability and
vulnerability.
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Fig. 3- Tehran-Karaj study area MODFLOW grid cells
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Fig. 4- Distribution of calibrated values of hydraulic conductivity (m/d)
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Fig. 5- Distribution of calibrated values of recharge (m/d)
(39 2 o) a1 42385 ol 0yl y3lio o5 0 JSCud
VF e 5l O o lond qpaaid Jw (ol O galio wiliyiss
Volume 17, No. 3, Fall 2021 (IR-WRR)
oy



(39290 &d9) ¥ (592l =YY=

JWo) 29550 <5 4o 3 4l Jlo plaie L a5 9290 @9 g2yl
3y o pla5 (6l oy JLo (535908 5 Canio oy s Sl
g0 yolaie o g0 g 4D Cuuj laze Sl Ll ol Juo
oA 4185 Jla)d (65)9liS 5 Canio «0pd i 4 ajls oyl
39 o wlio |0y Lo el doyd V Jgds 4 o g bl
Caiao b il o oy ¥V 20 )3 sy @lie jl g oy AV
$59UiS Bylas (sly g 0 (el (e @lie 1 JolS yobo &
e glis | 55 003 ¥r 5 (Gwejpj @lie sl 4oy Ve 390> 43
ol 0145 U""’L

(VY + Jlo b 39290 g, 4osl) ¥ (592 yliw ~¥-Y-¥

@ dallae 3)90 atlate ) (ile (lagsb dang oyl
ilcsliS walgs 15h Jae gl )5 a5 apwy wales (150 00

O b NS (gpslans 2ib sl b (ol o yioe dlos
bl o

Bl pf Joo (Siwions -Y-)-Y
sloly (slaodls jl e noj s ol Bl e Jo (2L s sl
(Jlo Ve e 0) WA BAYAS o sl Lo 4 by yo slosalin
Qa5 g oly il y30lie (6550 polde ¢ yolwl (pl y b ol
G Jle laodly I ealil b dilale <o 4 lgsol pdaw
o [yl (gase Jdo cls po pl 50 0l 0)lg Jdo 4y 5 apd Hain 50
5 Jols ol s duolie dly (claodly b sl cuwd 4 @l 4
&S oy a cuil Slalie polie L o skl oo e
&S Lol Cawds +IAY ] pjieS g /AV ply R? Jsde o i

b o (ilw Jde (YL s odimd L

O pale anass (5w Jde —Y-Y
WEAP Jso 5| oslizl b )5 —ohay ddes (slodusd
Cu e 9 (65)gliS (Canio g pd SIS 4 LA sbvo S
5 &5 ~Old Cbd by silwdnd sl HaS (Syre Jre
2 oMl Gl sblio & (ueins 5 (e o lio Sl panass
cid losul (balddg) 5 dw) xdaw Ol wle slao,S sy
Sy Joe 33 Geeins oS glsis @ 3 e 5 5 —olee
ol |y 258 =l et o sl WEAP Juo & IS5 0535
sl 0 03,91 gy i (g loannss j ol gl aals] )> amd o

River

Tehran-Karaj basin
Tehran bound

1Tehran boundary
Return flow
Diversion

Fig. 6- Modeling of Tehran-Karaj plain in WEAP model
WEAP 3 z,5 -yl 55 Cad (g5lwdde —F IS0

VP e b oF o)lond uaaid JUo ooyl of @ilie olisios
Volume 17, No. 3, Fall 2021 (IR-WRR)



T 121 Ge Ol (iSu o) B 5oyl —F-T-F

(sl
M Sl Blas g lie (lod B)las g glie gl ()
Gk 3l ops 5 S Ol aop Ve S gl opl b Lt
3 Xgd o o MA el g ond 4z lgul 4 oML claols
sl 035 &l)) nn 5 9 Pdams @lie 51l el ol V Jga
BY 9 g (e @lie jl b jl woyd A (Joio &y dagi b
bogio jsb 4 (55,9L8 jlo 290 el (o lia 51 o)
iy g e lio j1ao)d YV jlude o) 51 a8 0 eli Ao ys AF
Sy 5 550l8 ST el b0 ool rejj lie
W OB slayes 5l oS dopd ki g ouds Bl LML
Wz silode 0)9> Jobo 3 139850 03 olaidl (g )sliS
ol dydsy 0‘95‘31 5 00 adls| Oly’;ﬂ oD & S yio yaulio

Lol Cy e g ol oiduoles) O (g9 lw —O-Y-Y
(5359088 S 53

20y YO 390 5 (65,588l elssel (dsu ol sl 5
oy ials |y (65,0liS" 5l gyl oyl j3 cudld 3ueS” Sl ya yd
oS ol @lio Jewdly 398 (ol 10)3 A A+ 3ga5 Sl y2 o
9 Cato copd Sl izmen g 0392 b dawg (glagy lw 5
sl & Cand (5p0liS Sl wmdee LS 1) (55liS
25k ol O el oyd b 4l gl as s ¥r iso ol
Crino g b 50 el doyd dao s Jopd A 4y Jlo o)LL
Ol Conl o > AV 398 (65,58 5L (gl g Mo pd> A2 oYL
sl axSo o ygelee WAyl losel (5 Gl VL oo

i ol @le Jl beadlyyy s 4 g0 slag )l 4y a5 |
&S a7 )5 —old adlate ) Cuntig b ks el gl
Ol)'.f,n Oy i Cwl W6)9buw Lol s &1,V S5 4o

O gl a3 5Sdos b 5,1 Y-

390 dibaie Ol glio 3,Sles p 598 (slag,lw | o o ]
(oo 5 Gboj) Griglisabl (a3LE Y (65 4 L adlas
B 1B oy 3590 Syl g wlie 5k

sy Wbaias Il b glbalbiaias oS5 5 LS
OB o o cppalee VP ¥l sl 005 & 05l o )5
290 Omelg b 5 GlR5 gz ($5)9lS Sl g o398 ddiai )
Il caws jo ol g Abaai YUY Jodo 005 41,8 oolal
dgde dVlw cuwl 3 oS wbagar pl £ LD Jodo g Cunl
2 bl o drwg b 50 S Mg Clug o yio i YFOAY
ol 01 48,8 a3 il ) 5 B Y (gla Jgo cqr i ol
Ooen OF 2935 a0 Ol (50 6y S92 90 g S0 s )3
O3e S s guylies ol (ol B el iy e e
OB)S s LARY e Jlob b gy aabll 28—l ol
o4 gd e odalie N Jodo 4 dagi b adle dnwg slag b
P NS e el |y (655l (sl ) it 5 OB Cluy
OF 390> g (unjnj @lie bawgs 0y 5l 8o pd ¥V gl
Catio (e o Yo 50 (el (s ille b Ao
S39US i sl g 9980 el ol O 1 JulS y5bo 4 5
ol wo WA (OB Gl bawgi oud (el 5o ao)yd O
ol 2 d9bise el e e Sl aops Ve g0 5 (o
ol Jlo 53 00> 8 (W o 5 b (slajls gyl
Comiomed 9 o el 1o yd AT 3gds 53 (6559LiS 5o Lol Wig e

23,8 o ol o> FY dgis asteciuns j jb

(ool (s alss) ¥ (592 L ¥ -
zsS —ols 0197"] a8 0 0alie VFY+ Jlu U dga g0 159, dabdl b
ol sy dalgs isee (oS xS o orlo VOF VL
S b & Cusl g5~ szl () Jolate B gl
w2 5l g 3L ply szl 35 e b lssel Jl alss i
S0y 30 3 gl ol Gy o5 (gl 09 il sl (Seoliz
MODFLOW o golts 5l oMls &y b b pumo § 228 1 ]
O b S OB wsyd o s ol 40wl 0 3l
D9 oo Jitie ool 4 ol oy Fe g ond e oS aSs 4
e pesSle wdd dgame gl I cuslyy Hlde (puisen
435 L blize iejps o Jho gl jl pm olysel 5l cusly
ot olo o 3 395 o el 45 D9 o Jdo 3)lg olo ya 4> el
g2t (2l 3 iz a3 bl sl 4y (63959 ko ) i
1 ol ol (gliucuglgl Camino 5 bl dm e 5L
ol 005 ol 2o 3 A (VU aioCun ) 9 Coxio ey L
e odas g cusly )5 3T coglgl 3 Sl s 4 (65,9LS 5L Lol

A 5L el o yd VY D9 39y anj ) qilio o) ppels

YF oo 5mb Y o5lowd i Jlw oyl ! O aalio Sl
Volume 17, No. 3, Fall 2021 (IR-WRR)

AR



8T 10°€ 8°01C 166 11T LSL LTl T'ISTT STENT 9°TSS L'Tor8 [ S
4 10°¢ 8°01C €1 (943 9°LTIT 0 LTvIT SL881 9°TSS L79€98 cl 14
<l 10°¢ 8°01T 1Tl T'ELE 9'896 LTl ISTI SL881 9°TSS vI8Y8 STl €
9T~ TLS ce6 €11 £08¢ T10El 0 TOIIt S'L88I 9°Css ¥'6198 cl (4
S¢- 0 0 0 881 ¥9C1 0 8°CLS 781 TL9T V'LOYL 4! 1
101J9) % 1a]EM3)SEM 1aeM Iaem
m.wc.,woﬂ, :Mceovn_ omns pajear] Joepmg M5 Joepms M0
AD JUATIONAUT AMMILBY Ansnpuy amALBYy  Ansnpup 1e10L
(quy) Addng (W) spuewaq (;WIA) 1epuajod $301n0s5a1 131 A\ _ #

b0 (= MR g7 e R (e K oS AEE oxf g )
(S4838W 21N UOI||IW Ul SSNJBA) SOLIBUSIS UOITe|NWIS 40§ S}NSaY -T d|ge.L

Lo wolidod

Sl

lo

i Jlw oyl

(RIS

Volume 17, No. 3, Fall 2021 (IR-WRR)

VFee sl o olond



Alborz

ot

Province border

Aquifer

Subsidance (¢cm)

Tehran

Fig. 7- Tehran Karaj basin sub5|dence (1398)
(VYA Jlw) 255 — o3l jod Cndd Conmnnilidg 8 oy 50 Y SIS

oz b liab) (o

S pp 4o 00 s Ol w585 lai i b sl oyl
Joda 53 34 o0 dulire )] ol Lolis a4y s L5 (slao S ]
P> Caglyl Conio ¢ sl Caglgl b L5 ¥ 9 ) ojladd g2yl (gl
Coggl sl 9> cul 0 adliee pow Cuglgl (55psliS
Cogdgl B 5 ¥ 5 ¥ lag )l ) sl BT gyl Jasecow;
iy B Coglgl (sjyoliS cuglyl
0393 13 (559UiS 5L ol duoyd gy sliaw plos 3 sl o 4z S
OIS gl 50 09 4 s gl s 31 405 e o (St
oS ooy 0)93 &) Camd loeiligy (2l e 5 Wb
Ll 48l yialS el

wdile ol Carino 5 b

S olaob! Hasls —)-Y-Y
e spilabl (S
0393 Jsb 13 6,5 1o ;0 cwnSs sl dwlxe b asls oy

Silae lp adls ol bugie (lie 005 Gus (Gjlwdnd

ol 0dal ¥ Jgan D gliw yb 50 (65ygliS 5 Cato oy

395 Mo o jieS ¥ g2l )3 (65y5liS B a6l 6y liselo]
ade ol 4 lesol 5l el 3,8 sgame Ju> 4 a5 ansls |,

ool 48 Canl 04 s Ls ol T30l eeb ¥ gl g Cowl odpus,

Table 2- Average temporal reliability index in each scenario
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Need Supply (%)
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Agriculture 93.86 87.89 63.96 68.87 86.83
Drinking 99.9 94.45 100 100 100
Industry 99.75 99.95 100 100 100
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Table 3- Average percentage of supply in each scenario
gyl 51 S 32 (5151 U5 moli oy Lrwrgio -V Jgu

Supplied in each month (%)

c = 5 - ] _
Scenario  Need £ § 8§ 3 g :cgg = £ 'E = IE 2 g :‘?
S < < 2 5 5 g 35 £ "~ g S gs
m e e 4 5 ©
o
Agriculture 984 999 100 99.8 99.6 99.8 996 991 977 92 882 934 973
1 Drinking 100 100 100 100 100 100 100 100 100 100 100 100 100
Industry 100 100 100 100 100 100 100 100 99.9 99.7 99.7 99.9 99.9
Agriculture 989 991 97.6 957 96.3 99.8 99.7 989 946 846 846 965 955
2 Drinking 98.6 989 100 100 100 100 100 100 100 995 99.3 98.5 96.5
Industry 100 100 100 100 100 100 100 100 100 100 100 100 100
Agriculture 90.1  90.7 943 86 87 90.3 915 744 504 395 452 837 76.9
3 Drinking 100 100 100 100 100 100 100 100 100 100 100 100 100
Industry 100 100 100 100 100 100 100 100 100 100 100 100 100
Agriculture  81.7  90.7 944 86 8/ 90.3 871 878 81 618 648 78 82.6
4 Drinking 100 100 100 100 100 100 100 100 100 100 100 100 100
Industry 100 100 100 100 100 100 100 100 100 100 100 100 100
Agriculture 914 912 985 859 861 91.8 929 965 955 884 788 92 9038
5 Drinking 100 100 100 100 100 100 100 100 100 100 100 100 100
Industry 100 100 100 100 100 100 100 100 100 100 100 100 100
. Ty s Table 4- Sustainability index values for
(VD gl pad L -¥-F-F different chnarios
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min max average
- - 1 -0.2 0.47 0.135
wog ol plhe (6 pdicaml 18L Jho & S35 (a3 (ol 42 y8 2 -2.7 0.3 -1.2
i) ol s e ) S Lol L 3 0.4 0.5 0.45
e ) g 2 5 bl 283 sl el oS OB e 4 0.37 0.52 0.4
A Y gl gy AD ply 1S3k gl & (6 el paS L 5 0.5 0.53 0.52
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1- California Value Integrated Network Model
2- Water Evaluation and Planning System

3- Reliability Index

4- Temporal Reliability Index

5- Volumetric Reliability Index

6- Sustainability Index

7- Vulnerability Index
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Table 5- Vulnerability index values for
different scenarios
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Scenario V_I Vi Vi
min max average
1 0.6 11 0.85
2 0.5 3.1 1.805
3 0.4 0.6 0.53
4 0.5 0.55 0.5
5 0.48 0.52 0.5
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