Journal of Water and Soil
Vol. 31, No. 3, Jul.-Agu. 2017, p. 673-688

s e b
LA GiAy

(5591 Zoluo 9 pole) S 9 O & 2
SYY-SAA .o IVAS 599 e — 315 50 ¥ 0 louis Y il

S5 S Olgul 4 590 O Glaagr poms Jaswe oy O sz

(Qlilj.e C)‘_,P.uj — S5 bl.w‘,é- ol (SS90 asdlao)

*Y

e 4 el desma = pte 013,18 e

VWA il s gl
VALY Y iy

LXVOCS

St s 3 LS g O a5 cudloyy Kigy 4y drgi b Sts (3blis > oguasy &l (Mmoo (o) o S s

e G ol ol o8 JSe 1 ogde lal (sl lssel a0 )V 1 e izmen il 00 O alle iy sl g Glde o 03 1SS
Syt e 5 4l Gl 81 el il U5 oa s s o gy (o oy Sl (s068 y9d Ol (sl daer pooe (6055 3blio 5 5 il
65l e 18l o MODFLOW e csla Jgile 51 oSo & MT3D LS o 5} oslitl b adllae ol 5 23988 (aro Cams 3 MSee
5 oLl (g5l 4 Cgr dmlo o plS b Al 8 (ylol 09 (S .S plos dilate sl ol 1> TDS calé | oslisol U szl LS
DA b Gl e Vol S 4 (dges Sl sl Y el S 4 (Bl Gl el 10 o 85 i b Je ool (el
g g O bl g, dabl &8 ol (i plgel (S Cumdg S e i 208 el sk (Santsy lp Ve g Hse JsSUge
b oy ol 5l cuslsy Co e a5 s o U5 s oyl gols 10 .0d algs oanl Jlo d (b 3 TDS cdale [iolisl g (655 5o0 o slo
Ladl & 5055 155 o waled canilos 5 5055 ladlynl Ol e S50 pslite & (e @bie J) o el Gl (e sl ) oslit

(555 53] o JuSis w5l

295 Ol loage o ¢ xiusly MT3D o oS (ssel 150lS 50jlg

Jo (V) el 0sd o5 o 5 o adlllas )3 Cllas (sl b,
Sl Jdoxis by e o YL w cS s 4 by Pluo (00
bwgs )L (gl (sl (eslyod OYolee &g (300 Sl b,
2 Ogw bl g g g ab 0300 drwgs VAL Jlo ;5 S0 g Cunld
d= sl 058 0l A S amelS sladsl b oljen dgu0e
pae L (Y oY) wols &ly) Jodsaie (sl oo j3 b ys <Yolao
003 Sley 5 (bl Jlg laglgsul ) 0xisd ayaos o 2l
Sgbise s b yob O I g 59 o (S23Y s ol |
Jos S ey yed Sl J315 51 U e < )9 (1Y)
5 e Sy odds ML oy G o 035 lilicuiS
155 o e g 9 550 Ol 105 (1Y) 05 00 £lozz ]
(b s Pl o ol g o ejpj O (2lend Jols
P F) oMoyl B (V) canl 30 o > Gl YUY alys
=86 58 2lagsn Aisee sbaghs) (poyp 4 VY Jlu

doddo

2 el gt oy ool lgis an ey o e

Gl 0dd (eddxio sl (i jlo ) Uy Sis sble
LB a5 il jiolidl o j0 4 )T Oy (ceuldl Ol s
Syl ol plie 5l cciby pumn Copie pis g )b S
ol oa o ccaS el g La g sol s cdl cuw 503
slaf3) U il pale L) 5 (550555 Cdpi L ojaye
Silwtnd Cpr (g3ladas (Lo by, 31 6 odd o (5 350lS
Aee Jlo 5l ol o Jae l oolatwl i edlitul 39550 Cundg
2 by (S Sgnals ()18 JLid 4 canl 0dd £95 (3Mke
S5 oaxe Jooly b (8by sl Juo il oolazwl VA5 and

(—iSaj g d)l_:.g’l (wdiges 09,5 Ll 4 o gl (658 (gommiild =Y 4 )
(Email:banihabib@ut.ac.ir 2 g 0w gi— %)

DOLI: 10.22067/jsw.v3113.48205



YWWAP g9yt — 310 yo ¥ 0 ol F) Ao (S5 g ol ag i FVY¥

ol olio | aimy ey g (o)l o0 4 Llg o g 000 dake
LS Sl S8 re Gy Pluwe Coley b o

L g, 9 dlge

098 ol pgaa -

Ctloy Ly (neing of lio ) 29250 el cale ]38l
ole cpl 50 yed Ol (F25Yh Cuww g oad 3 b ylezl 51 aas
L jei ol Koo aools o Jolo (sle 30 yol oyl 05 0
et ol ceilyp L laglgsol )3 bl o gaudd sl 3y 35
oty ol el Al YU G 0 155 T 2l s
o sz S5 (o e 9 T St b g a8 S5
3 o Sl g y9-0 Ol palag il wdly Colsus jio (pair b
S by s Cglatie Hld b 93 (gl auwddg uud o550
LS5 1y O el clale aoys AF Ly CI g Na' el 5]
aS Sygo yd g 0390 yoid ol palag jl (sl Ol oyl wsb ool
o i e ol e3gasme T sl e Heoy™ g Ca™* clale
gl o IS edale (nli e Lac cpl oo 5 (YF)2gd
Lo oy 959 o p2leg 5 bl S¥olas 51 (S 090 00
o=l 22 (V) 3-8 shsgsl o 9 S slapl 4 iedily 53
Sl gl culses 5 b 9550 O JSo ol o b,
5 Pr L ot O JLSe Lalyy ol )3l )15, 039350 10
glem’ b Ol J8e Ygons 50 4151 ps b y98 ol JS
A 3 VY0 glem’ (IS &g g pite job O (SIS 5 )
g O & G oy O (g S &) 425 L 095 0 485
435 oz 20 )8 ylid g y5d Ol (55, e O
23 Ol o o 5 03 595 O I by o (S5l 51 5L
by s pasde pageits JB e o plie 4 o g
) Caol 5 gy dioutils 93l (gaw | oads &)
H=—ts_Xh=40Xh 0)

Ps-P+

JBas et Ol Byl 5 O slaages pon plSin 0
DSy 9 (Seiodom bul )b (3)95 e e 9 485 g0
d9de 4l 93 Side fye 3 odrmn B ©ypar (alesdsyen
Wl pials lpsol gl (Sl sbaiald Jols &8
sl (GiiSly 9o (unglgd Clyei g (lS g (SLuyS STy
FLY bolyy Sopar e g y9 ol JB105 ol o a8 )5 S

)8 iy Gl

2- Intrusion
3- Wedge

sl lsis 4 RBF Uig, & ol jlis ol gl &5 cslsy
o =g 0399 o3 angy (o bl 5 2l L)
ohLSen g oy S sl aalgs ashio olgsul 5z ¥ B So5YL
g 9 Lyd O pael Wb @l 3l (5l s YoVF Lo 55 (A)
(PCA) ol claadge 5JUT ;1 onlimnl b wuldl s 51 > 2l
i 1 ealazwl .ol ploal [y ¥V e+ B YVY glo Jlw oyed b
3 WL 53 cpped Ol 4 yed OF peos (gjlodnd )5 gose
4 dlo> ‘_’)T Slas cowlas)s ), 8 ool e fivee dsg5 3)50
5 )Swlgos FVY Jlw 3 (Y8) o )LSen § Kyl ol allao
9 Lo ol (250 (5l 4 2 VoY o 3 (VF) o San
93 3l oalatwwl Ly (VO) pe- S5V 0,8 oLl (ool)) i e l,3l
Ll ol eSS s (g5l 40 s SEAWAT  MT3DMS  Ju
(Y2) wlly opmizmas (Fe 5 10) L0y plos] laols ;> O (So;¥L
b bs) guymis PHT3D g MT3DMS e 5 jl esliul Ly
Ll pbosl eMel eS8 > gl 1y (gl calises
a5 a8 s o syl Wl )3 onds plodil sla b
Sl (e i ol b yeh g 50 ol (530 Cldlae
s Ol 298 oS Sid bl ,d Lol ol @83 )5 5 oo
L cidise (Lo pise 1 Ol (el guite ke g 0392 g00ke
9 Sloj canlial (RS1y 4 dogi b gite (pl 05 5 0392 (Jejp
Al Gl gl 1503 s g 3980 Pl 5 GB)L S
oad Ol coaS GialS g byl ad Cdl s (e o
uT L;J)YL) 9429y (— CMID).: C)‘)JI uo9..a.> » Olalae el
2 9 03t pLoml o pund 13 g (ygde g SudS 3blie )3 o
umu)_scﬁ)udd_mou_sldfw‘ui))wwbodl
aS 48,5 O&yeuo SEAWAT e jl calisee (s0ie slo i
Slogad g aibaio )3 ey 55 ol JLSe polly
gl g 03,8 (il |y oMol cdale . g olosol (Saoludg i
a addllae ol 55 Lol (VA) smd oo @8] sl Jlgs o 1y by ye O
3 o 99 o s g y9d O sloden gy yolaie
Aol olg o JS cclale gilwand g odliwl MT3D oS Jao
gyl Jao @l & a2 b .ol atb oy plosl (TDS) Jsloo
2 S (S ol Copae jolale & adllas ol s g 0
Sz 3512 1y sl 5ol catloy jlas 1 oYl Sl o iblie

1- Radial Basis function



YO ns 6l plasl 4 e f (5o ager poza ane o § Ol oy

2Na" + Ca— X, - 2Na- X +Ca*' ()

(YY’,\Y’) Sy Calan g TDS (s clile s o G WS Y Jgas
Table 1- Classification of water by Cl, TDS, Ec

g CT" (meg/l) TDS (ppm) Ec (ds/m)
Class
oryes ! 0-500 <700
Fresh water
5 I gwoy s ol
S SH o5 0 2871 500-1500 700-2000
Slightly saline groundwater
Lo A PSSR |
$0 B0 R i) < 7.1-14.1 1500-7000 2000-10000
Moderately saline groundwater
s s oo O
| F T ) & 14.1-28.2 7000-15000 10000-25000
Highly saline groundwater
Sogd b (Swjpj
YU & 28.2-282.2 15000-35000 25000-45000
Very highly saline groundwater
R >282.2 >35000 >45000
Seawater
sl 015 Lol CaCo, + H,0 — Ca* + HCO; + OH "~ ¥

O (ei0) Ol CalS Camdg l ]y 38 loged (M) sl
5 Lo 35l clile a5 U (oo gl 6 ol o 5l
59 S g edio 93 51 Jlagai ol 08 35l plgies o slagyg]
5 Lo gl g sslS clale ol €M1 () &S 0ud JSits
1y ddlaie o (aejpj Ol amite b Jloges (pl S e
O 6yl 35 511, dilai ] (slacabls & wind e 1)
|y 15 o IYL §] ool golts &0l okl Jogas ol md oo
03 1) (V) S sy 48 > o ) Sl JolS g
(¥ 58)

dadlos o go dilaie
2 oyl el 1e S slaedguss I bl Slalllas 6dguzes
Loy sy oyl oCaol oads @ly psin ol 3 bl G pe Jledd
8l S 5> @pe yraghSTVY s s Coluso b o3y JSU5 (64
zyo yoghS S0 45 130 YO lgsol bawgio culbed b dyw g Suis
¥ 5l a8 iy ol (e2) s bl |y sl colus
W Sl Gl o3gaxe ol 3 (Y JS) 3,05 51,8 a3 oo JSis (e
YIY 58 295 slodrer 9 coSloyio (uben A0 o2 ol all>
V8) 25 o 2,5 it gl 31 Wl |y o o yio yoake
2 9 Olsel e (53935 o ST Ly 5 (V) dlaly bl
5 (Jlo o axo 20 (ygabio YHIP) (5500 (s el 5] (295
oyoj |y ol ye /EY AV Lhwgio job dy Cdl @y puw
o G150 m (V) SIS ol oals )18 lon 35 (slezds

(
CaCo, +CH,0+0, — Ca’ +2HCO; (f
2CaCo, + Mg** — CaMg(CO,), +Ca*™* |
2CH,0+ S0} —2C0O, +2H,0+S* - H,S+2HCO;  (#
bl 058l s g i ¥ iy 53 0ad )l Lulg) bl
Copoglyd (2iSTly O abal) )3 s Pl ¥ o ¥ Ll ) 0ns
st el 0005 A1) 5 alaly &gy lilgus 28Ty 5
e poom plSin 53 i ol ol llyd o 5 9slS
S 5D Slgwy ¢ o Sly ks G, aad o F) Hod
Sy ool S (Gilodlil g o Gl & ble el
s Rl b oped sl sl )5 (iSTy ol (S (F) W)l
et 92 S5l AT g il (s b S ) 008 S 1
NaHCO; Sl &yaay ol Csoli dy yomin &S d4us o0 plowl
yome CpnlS oo oS 5 L A Ceglyd Jas 9 o0
0S8 el 8l e LS sl sl 0 48 550
llg ialS” )5k (VW 5 9) 295 o0 w2juie &) Cond wanadS
5 V0) 2pS e Sygeo ne Slgo g ol Ol 15 )3 Jgene gl
4 (Ee) o (S0l colia Uy TDS (ioliél Jgane jobar (V¥
5 YY) 25 guime ol (gy98 (8, YL 1> (a3l S plgie
Clale (ly O CoisS oy sl 335 sl Jl ) 51 (VO
13 4 01 a,) (1) Jsis &ypes laslgsl ,5 EC TDS IS
O 33 55 yoi O waleg p3b a8 o &il)) o Lawg VAAD Lo

1- Dolomitization



IFAF 599 50 — 010 y0 ¥ oyleds M) il (SB gl s FVE

53x10°
1709 x10° x 0.05

AY

=0.62

8§

) e o i olezal ) als Y0 095 S (b 1) nespj

100,100

so/z}.v;m
o4 N\

Seawater

3«\

T

tun
0/ (Secon: ary 0
nlk-ﬁV [PrimarySaline)
N e
200 gt ﬂ‘%\ 20
40 : %\o 40
100/, 0 3 0, 100
%60‘ Primary /60 50l
B Alkaline
Mgz 2 {f ), Water) oo ¥
°a 50/ 5 a0\ A, ﬁo** a0y Iw- bo\ "“
e ‘i,loomo FE
. 60 & 50”“0 40
Domin!nt Do:_nirllnt
20 \ 80 80/ \ Type 20
catr Nn ork’ HCO, cl
0 Type . S Types N\ 100 100/ Type NS Type' N\,
100 80 60 a0 20 0 0 20 40 60 B0 100
Ca?* c

(YY) y9u5 ©F Sl ague g2 Ha5 51 (Gkis aanallig s Jlaged =) JSWS

Fig 1- Piper diagram illustrating gener

al classifications of water s and seawater intrusion reaction pathways

o0 ol e 4 L

Groundwater level-m

Wl 3510 53 bl gl Casbse —Y IS5

Ol olgtul (Fuojp5 O S1)5'9 e ¥ USG

Fig 3- Groundwater hydrograph in sarayan aquifer

005 i S Al 58 el (295 & Glsl g ble
.AJ)& )I)S C4S4 9 C4S3 GJLS U‘JM{ )2 9

Ol e 0 93T (5 jledso ¥

Ole— 3l eala_wl (g5l wdae > Gl al py tage | S
9 Oy P a Cpe dilale (S5elissn 9 (Sjelg
i o @lie Cupie ol dinge 518y can 5 oS ol
Cilisen (glgy s 51 o3t ccgjludto Llgd o age 5l S s
Al (oo i aliie baylyd ) (635 preual sl

Fig 2- Sarayan aquifer in Basin

weins o CurS g9y p ol U g 2l ol Ll pelaie

8y 5359250 ol jlel (el gt e olsie &
ulH;u g, u,o\.w‘ d—il)—f Ao oalaiwl > OL»l):; & adlaio
As ol b plge 4 (WR=AS) Jlo b b ol coas
2 ol szl loaly 38145 am> (o (L5 (S slo (g2
oS 3 Sy (At Goluly Gl Jlod Cuand
I8 YAD Jlo 3 CaSy oM 13 i o glaols 5 €3S,
sl e 2l i a8 Ol (Jlo & CuddS I L )
2 egmaty Glgsul S Candy U odd o drg) (2 by g



YV 95 6l plasl 4 e f (5o ager pozd lano oy s Ol a0

Conceptual Model
Data & Analsis \L

| S—

Design Model

Sensitivity analysis &
Calibrate

)

Verification

A

Consider Results I

Y

Perdictions

v

Management Strategy

v

Evaluate Model

Results

N

bl 3T 5 s ool (697 e ¢

| SE——

5
|

Csdly b gl anglie |

Y

e
v

sipde ,Saly )l

v

e el

N

s

05225 1 3ladse ©jlagld —£ USS
Fig 4- Flow chart of Groundwater modeling

yaie 4 ey ol 3 aSimd dlal ojlal sl o (a4
9 99-dee LSl 3o g8 Jolgd wil 2bj (BBl A )3 (duejn
Cl @lis (&S 5 (o B @ i Coppte jshaio 4 uSe
A adlaio dg3ge baylyd ¢ losul o3gamme 4 dv i b ey
Olsal a3 gpeyio YO XVO Juolsd b by Juo st
Slogad aang by ploal (g & (0) JSb 05 Gy

el o &) g5

Olgul gy a8l -0 JSL
Fig 5- Aquifer network

lmyiohly 58> (rily 5 o390 ez Ul g Julos cgs
5,55k oy el 55 )5 (gilw and pleel (Sidsierne

429 290 Il CS > 3 ogaty (L) Jde Sl eslia
S gsie Slagsilow and 5 48,5 )18 (uliions Sl (gl
solaie 4 (VY) cl oas ploml OF e s50l )3 (6 piSmsanc
Giladie JSGgp p3 ailyd gl oloie & Gua s o gjlude
slabyy Jie Lol (Juo g5 ol polslys 5 005 gumo
So 0 Siledde O)lagls 9 0 iy ol LIS plo 5 S
oieled 45 o I (F) JSCb Cpgan o ol Jao b
oo Jo o B 3 1) e ol Gl e Sl 5ygas
derg pae s 4 nejps O slare ) S ok ST oo 1))
5 olesul (Sealidgyim SleMbl 4l 39 )l o Jloss! Loyl i
S Lulyd (cw)p 3 &S b Jo cpl 9 odlatul (3L Jae
Oh9y 93 j) edas o Wyl |y (gilodnd cublB sl iy
5 o390 SIS oy )5 & pgam y5- b Loyl oolizal b Jo
Slacisy 151 (IS syl Ny e Jn Sgme slinl cu
Lol ,> 45 s Block center g jl dg0m0 oM sl
() 398050 03] ) 48l 2 S yo )3 Cluogas
@ Gnjn) ol G ey B b bl Gleol (silodnd
03 ddlale (o O (AS Sl gy g gl B s
2 el GlaplS (nytere Sl (S )l )18 Bas pgd ol
S B o plasal (K58 sy (05 (et (giludis

1- Finite Difference Method
2- Finite Element Method



YWWAP g9yt — 310 yo ¥ 0 ol F) Ao (S5 g ol ag i FVA

Sy bawgs Jde (ol g 0 MT3D a8 Jao 3)ls (o5l
Sl g ases VAN (lodls 13 glgngabl jolie (moiine
St )3 sdn A g s 99 S ) (59l b Jao ol
5 ol o ol 5 S SIS g 1 il gy 4 ol
Ol ilwdnd S (o0 (silo e 0390 sla J2li by,
JEASLL e ales ol 51 eslizel b Jgile ol S 4 534l
5 4 e Ly gl osgione 53 oMol €5 s plod
» @S Yokl (S e b (38 olys (585
ol oose gl s ity Coul gydae oy o codS coxy
S Spolinie b Jeudhay  dble 9> b i
oMl U] ke g iaipg of €8 > (dm duo dolas 5 5,Le
3 el JBs b pweip; ol S o dw dblee il o
(F)35 o ol A doleo & pgum J5ileto Layo
2 2 2
Kxa—?+Kya—?+K a?—W Sa—h (A)
oX oy 0z ° ot

o Wil jbh o Sdgpam colan K dblee (p) o0 oS
Copd Sg il (o 48 g adss Slis &5 pors Wy 0 oo
S Shatten Sy %, ¥, 7 5 e e dlge o
A% dw o 3 dge JaSl Sia Jawslyys &Yolee LSl 0
il o A ddlae Oyguas ey O 0yhw SOy

o D ]——X(CV)+ 5 C: +ZRk

Elatoo X (loj 1t Jstoopé eln o1 ¥ clalé :C
ey opghey 555 0 ((Sealiangpdem il g p Dy 03,8
2l o gl G295 5 @909 sl Slge il o
dodsiie b 0 Ol lawgio Ce w1V (Glezul w25

PIISs A tl o Shos G255Ty & bogya i1 Y Ry s

k=1
Shlgrb nl o (85 9 o5 il Jolpe (i3 2 plSLo
R

oC 0

S 9 (45 J30 (o2l g Cunalina LT -
5 Jie ($3939 sLayial)l (295 e Jods 0 Vgane
i 3t oS> glaaial b dny s (a8 5 (i cSLS
sboyiahl yolie ) Cushad pas dllae 350 dilate (S5lg) 00
o il g oyl cul 51 S5y mnl 2l 3525 o 4 (5399
328 syl ol ST ook 5l Glsiee 1) 3ot @l
9 $YL Gplie 3 3usie ol (b el S (25 25k

)33l gy 3 MODFLOW g5l lawg (s5ludie 5 pls] Bkl
9 iy bl Jdo puseo lial jskaie 4 S pol GMS v.10
obej » olesel adsl bulys 4 da g b adlate e ol Mo
o dag b gjludie adgl lpd B Jae 51y VWAD Lo )50 5008
Olgie 4 (5395 slodls pliabl as o (ej0 Ol o g
W Ol WAL Jle jo0 54 (o 0 (gildie s loj p8
5 oMl Juo gosimd JS8 g (ol Cole plsie 4 (e
3939 Olsie 4 yglme Syl | eins (52909 Ol 5 WS
A o p) 29 2l g B ol plie jl adss g Jae sla
ke sl o) jleslinel b plgzal 5l (293 layiall plgis
Colia Lo, S 8y 1y LSl oyl ddlaie S 38555 il lee
5 oS ibdie o bl g 3l plssl sl adsl (Sg e
Oly b 2 d Sl 4 dagi b pisren (Gl pdy plod] 0195”.] S
ool (e e s sgng pased cllas Jlazs] Wosls 53,8
)-8l 5,5 2D scatter data Jg5lo 4 dbgsye (sla toxio ool
ok 3l (5008 PMsl bl glaosly 5 )8 GMS

G483 3909 Slwoaed sl ojs Sl Jse 4 (53959 (sl el
Cople Jhay el (ol 3909 po i) el ploel )3 (550 Ll
aslllae ol o il Cped! Bl 39i50e MBS Y olee
el Leds plosel 4 (o295 5 93909 i ol o
ardng b aS ad ad S i > (gjpe lalpd olsis 4 oS W
b gl e ol el ) JWESl g s ke g (539, ablio
;,j ol wilwdnd (Jio 83959 odly 4 S 3959 5! o
ily § sl JIUT | g g 5500k <l o Lt ej 0
whey pl5 5 oo 4 JBwlel cdls o (g5l 4 Bl Jas
Cpz pte lojline 5l (SGcdpdy plon! o O Jokee wilals
» odds odalie u] ala_«) O N JB]» d)w.)vo Co pdo
CaBd <\_§.\_».sl.: = JA_A )‘ 03— .))91)_3 c_:] C.Ia_ws l_m)f.os)u
ST lailyd oy polaie & 29h OBl Glas laie 4 (10,00
5 plosl JEasbl Jae 15 (6399 (sl el ly ol 36T o]
7l ol (sl eyl o 0333 s (15 Ao | g
Prmwos Jae 385 3lhil jalaio 4 pisren .yl plol
2o o Jgd LB (Stamon 5l g bl Jlo & o 4 Jo
v dw (e Jlo 0 G 4y Jio odd (glwdudd g ol odalie
019 (lowlid jolite an (i Gy ol O Pl ) (e
Cl b Ol sl dger w2lag 5 05 )3 55 | sl i



V4

w285 G olgtal 4 yeh OF Gl agez pazd (e Coum ) Ol T oy

sl 485 g0 D s lye b sl 3T 5o edice Bylhd el b g pakas o0 omily o 5 5l
plosl gy 30,5 oy ad oo )3 odal 39 g 4 Ol s
o33
B qu.fu.uls Fl Wmﬁlm
gt JWEaile Jae Baileld Jao >
Sy 5 i o
BEVIRE SHyor
u:ﬁ-.ul, 9 ot J.LJLJ
< MT3D 25 Jae l
re Feeis I e e e
S bl e e [ SRR
e S8l &
Ol (S 3 oS Cndy
Sensitivity analysis and
Calibration Sy
Sensitivity analysis and N
Steady Model > Calibration K > Un-Steady Model
/
Verification Model
Sensitivity analysis and
Calibration
€ MT3D Model
Perdiction groundwater
Perdiction Quality | Verification model level
parameters Management
Strategy j
Perdiction of Quantity and Qualitative Aquifer

S 5 oS (6 5lade cilise Jol o Oy lagld =1 IS
Fig 6- Flow chart of modeling stages

&

1y

I 1

LA
SN
P
Lot
o

Olgsal 43 00 1yl HESLL Jio —A JSu Olel 93 00 1yl JE Sk Juko —Y S

Fig 8- Unsteady model in aquifer Fig 7- Steady model in aquifer



VAP yg3 50 — 010 yo (¥ 0)leds M) il (S g ol @y pis FAY

TDS yolyb sl olgdul 55 suwd 1ya] &S Jue - UG
Fig 9- Quality model in aquifer by TDS parameter

Slallas s ang L o il ofug (2l 5 (Sgyam colin
8 S S 3 )l Slsren o gjldie 3 4S50
CLssl s Jelse glyis @ (o)e 9 Jsb (Saeddy oy
o riwly Jho o > elus Jalge (0 paseie 4 gl b A3
Sleyioll ao g b el g (a3 g (oms) pudine B9 99
L a8 Pest 8363 oxiwly (hg) 5l (o8 Jde jo i plogl bl
425 b (A Jhe )3 9 WS (o0 oo Joo plas slapsite oS 5
oalme U9y )] u_nif J.J?u S qu}wl L;Lmob Cudgdowe &
Colia suwly oled zols codp a4 VY g Ve S . eolasuwl
S SYolas cali5 (V) Jgiz )3 g 0509 (ol 9 (Sdgyun
2D 0 uL.uJ ‘) X W) ‘5712.‘»‘9
s._;:.u.u [WEND—]

Laodly yliebsl e il g oslatwl coga Jiaw ol 1 (S
WS o oy Canly b1y Jae gudad oS Ml o oo
Jae olss an yidi slasel 53] Cawts dls po ol plil 5l B
5 el Ly Jae 5l Al oo o] DS 5 (S 5 oS
i ol 3 @)y loj d G (RS g (05 Jde yide (g
Jie 3 a8 0 Olouwl  orwcows 0yg lgie 4 Jlw 0 leas
b Oygmar (S S )3 g dale (b (A5 0)9 Ve O g (oS
Ollee 5l (S (viww oo Judoo .88 plodl alusy (15 690
O O Yh cds el &S Wb o S i 5 U8 (oiludde pie
O 0)93 (BT )3 (i Como gl D9 e (gildde > i
(V) 5 (V) B3 3 sy a4y (S 9 (08 Jo 3,5kl el
5 Sl pdlie o YU (Siwed 1 LS a5 wiloss 1)
Ju:)lJUA dlo.\mLﬁw

by oS Ll cuahad pae claaisld b olyon (63459 (slmodly
ol o et b (obj)l Jde (owly

Cilin (639)5 sLoyiahly s 4l )3 (2eiwly by S
Jade ;o wwlas Ul als yo 55 g ol 013,513l 6)bgd
ol o 031 i (o348l el 4 ol i (6 ymelyb

s g5 (650bls e D1 s ool 3T (e
@l oimd L (slaylsges bawgs 9 (2)15 (Sdg)an )b RMS
Wl S 518 o g 4,328 390 Camslus LI

U5 8 (oLt 51 s (s 1 1 el Jaw o iy
e cpl 3yl (Kt Je o 4y Josb 5 (sllas aials 5" 1L,
48)S ;15 3 Lad so 3 ) lgie 4 e o bl Jio and
\u_’gd.wls o b e by JBls o oxiwly jl s .l ouds
oobl o Jae alonl 5l s ddlaio Jao oxiwly Jos il o
A el 5 ol b

o B 555 Jud sl (3 Lalpd (092 5 9
S S g ey

o dibaia JS 5 S (St 392 985 b5 i

Wiy 0 sloal> bwgi (95 g.j ()‘}t‘ &Lj’:b ol el

adlaio (33051 olgsul G dgmg

pis L el plois do (Sdgpin colun (i35 e
b Conlad

gy Jl S Pl 4S8 lased 4 dagi b addlas (nl
Ay dad o Gl a8 WS iz sl o ] giladas
Jie Cuwlus 3BT 3905 0 pbol oxiwly g Cuwlus 3BT dls yo
sl yiolyly & ol 51 Sl Bl g 5 Lle cls 43 15 oS

1- Calibration Criterion



AN

w285 G olgtal 4 yeh OF Gl agez pazd (e Coum ) Ol T oy

WTON

IIE00N

3374007
-

Legend el cloaly

T Pirometers §leasliasls

33%300N

Sy

O —
02 4 8 12 16

S58*100°E

58*200°E

58*300°E

ly 31 e Bl 0309 (BT g g =Y JSCd
BE
Fig 11- Specificyield in aquifer after calibratation

Oladul 45 suwd _Brwnly (g piad Culud (a0 — Y+ IS5
Fig 10-Hydraulic conductivity in aquifer after
calibratation

(YA) (&S Jio (Bumwly I (s (5 daiiSy (6 Adlro D 53 &id )5 Hla5 45 Culpud — Y Jgu

Table 2- Index of dispersion equation after calibrate quality model

<3, Folyly o Ol
Sort Parameter Value
| ok Ly 4 ] sy e 0.5

TRPT
) Sob pisu 4 (93908 iy S 02
TRPV
3 oo Jege iy o ps I'm
DMCOEF
4 b (Saisy 30

Longitudinal Dispersivity

Computed vs. Observed Values (Slalio 5  Jluwlsxe polia

Trame. Heao
T
¥
1a00— o
B —
- = . et
S lzos= —
LI e
F L .t I
J ¢ I e 3 W B e
J R H T
my B
- -
Y e T T T T S T T ST N T T M R T N AN N S S RO
1280 T332 1284 1285 1288 17an 12497 1734 1256 “3aE 1207 1302
Ohbserved
Shalae T 53

Figl2- Validation Unsteady model in 10 stage



1FAF 5g3 50 — 010 yo (¥ 0,leds I Al (S g T @y 25

FAY

Computed vs. Observed Values  shialis 5 Sl polis
TDE
g 000 e
: b —
% a0 P a
F —
e C e
A st T
3 —
c F =
= 5 4000 [ T
3 -
3w T
= E 5ot T
M T T I N Y T T Y T A T T YT T T T Y T Y
1003 2000 3020 400 5700 i) 7nc £000 00 10020
Ozsevec

nlzo TDS clake

o S Je 4D (S o2y 093 (e Cono VY IS
Fig 13- Validation Unsteady model in 5 stage

o Sl pooe il o)lal 55 1) aojns ol Gl e
ang bgodg eS8 p olysul Cuow 4 ol Hod O o35
Syl Jli wlolp jieS clale 4 gty cdale I monn YT !
ko e pomd 0 ol (295 aldale ) (SB claaY
ans U el panles |y lssel LI bl Canms 41 1y 5
5 olgBel g do Jlad Gl e ol €S o e
1o el Jlod & ogir G 10 O slo a2 e
Lol asily jhals )b G 5l e o sladge paley e puo 1
Oiel38l s S35 3l el e (Mt g gy (2 b
5 ke @ 29300 ol s sl Sl )ss O (So5VL
oS Gl o e o i Sl Ol g0 el
D9 sl ped Ol G 9 Of s > (Sgyue
298 @l g JBo 4 a2l plgzal Silas o8 5l 5o OF Jlis]
5 sl s slaaY @ el 3955 o ced Sl & e
s Gl s o2l 25000 498 o sloa 2l
Jie (ot @l & 29800 lpul 3 598 g 98 o]
@l 4@y by polal cplp WS o W3] £9090 (35 (S
s digy TDS cibale s iy s MT3D Jus 1 (o] 5l
S5 pgar (bl gl 3 gl BB (o5 o S
ool Cowds am3 o LS 1) opywds B o slasl (caijye a5 (V)

o ol ys GRALS (5 g9 yLis Jlas) ¥
alie 0 ol 65 GhIBl g Jbo j) 2l sl b 4 g b
oy 4o gl jl ol ey Ghals (ool (dojpj
Jls dw e sl ol cuslyy jals 1o 10 g Ve @ el aw
s 8,5 L 3 g Ol iy e jalS b ogd o (gjlulie
D9-bse plosl il and giludie la el plo sl Jloy
b aas o i 1) ey ol BSg e ol V8 S

(R0t Y
CBy I (Sl (i Cono g (Aeily Sl Jolb ol s
O o ) (A5 g (o5 <l 93 3 0 (gl 4l Je VL
ot pkiie 4 3 TDS (i yielily 5 (e ol o (i
Ot sl Al 0 0y9 Sy (&S g (o8 53 ) lssl Sy
S byl ol L Jace (g Gl 0 488 a5 sl
19y )3y phes el ol SOl ey S5 ) 53 (5
Cyguo o g ddlaio ) Jlin! drwg slo i lal pas ( SwL
oS Jio 3 (woins O e (i e @l 05 sl 0k
bl gy cnl & 2l e ol s g, Lol 5l S
s (o i ]) plsel G135 am & (V) S 4 g L
Obl OIP‘J cew TDS cbale s i ol .Cuol oid
5 Ss cale Ll ol sl STDS clale )Yl §) Sl
sloyisy » pogasy Ol g 2y 5 ol ciby Cll pas
odel Jos any sl oy 5 Slilllao &5 el (55,0l 5 0y
$dgne N9y So b Ll cal 33 )98 Oliee &5 3o (LS
Al yd @l (SVL o aly (ol )3 Sl ok Sley g 035
S a5 ) bl Gl (A sh digg aoys (VF) USS
2 =y 2y Sdio VY 0 TDS lyuss JS6 ol 50 wded o &)
oLty e (25 3 1 o Sebeo A2 b sl o g
Gisjye dibio ) TDS colale lidlay ang b as a0
Candg o dog b A8 oy diliss Ujlae gl Of il
Y 5l sd Ol (gg iy adlaie > TDS clale iy by 9 65
i 4 ik Glsel gt ) 98 sblie 5 Glssel cppj slo
Oyl (go3ga50 13 S Sl i | Jeols s ] e
o os g s Cow el Ol Gl e pee | S
S r3 1 e Jelss 5l adl o oty Jlo 3 plsmel Cuans
5 molid owes Sl Sl 4 ol o bl plssel 3 e
o dibaie 3 Sed sladile Oly'cﬂ IXVLEPIRE dLQj Py v
G 45 gl 50 oty (3o oS uejj slo o |
2 e,y oy pily )8 ol poe el g Ml ailedly



FAY 095 6l plasl 4 ho f (5o agr pozd hano oy § Ol a0

cily ptalS el a3 Glgal (oS (slodnd 5l g5
5y S g S Candg oy S MT3D i
3 S @l s (gjlodwd ailaio 3 opynd g 9 O Gladee>
A o W USs 3 a8 wil o lgsul ;> TDS cdale sgu0
ol o &) s dws )3 w9 490 O

p—

WMETN

Fig 15- Intrusion in fresh water and saltwater

1302
1300
1298
1296
1294
1292
L1290

1288

Groundwater level (m)

1286

1284

1282

1280

‘ Legend 4 gheal;

+ well I W@,.
I Fresh water el

DT e oy N

St water el

-
02 4 L] 12 16

SEDTE SEIUTE 58°300°E

R 9 390 Ol (S agus 55090 IS

3o plgel )3 (eing ol BlSgm b & dm o oLt
s 50 g 0 dtwlS Bl Wgy 1 g 00ly s puuws ole ¥ S
31,5 g0 ovie oo VO e wol cuilyy co Ve gals
LialS s 3 gy cpl 4 3l sl w5 s cud Ll
ol Yo csdS jl o Cpiored Dgd oo odalin 55 (gduo)d VO
@l pobl 2l gy 13y Glssel 435 29, (gjl 4

z
2
-
& e -
+
*
z
Legend  add glaal,
4 [ e
S owell gl
oS L
(ppm) \\'@I.
Tign iy
L) s
Low Hi24 - — — et
624 8 12 18
STE SA0E SIAATE

OUlpw lesul 3 TDS Clalé guivding — V€ JSWi
Fig 14- TDS concentration mapsin sarayan map

- " Jb i (P
Normal Condition

dayn 0 ials
Reduce 5%

w0099 8 g g
e B = N, 00099 @ Ran = = SEa—.
= 9 -0-0-9 @ ¢ 2

—— dz g3 Ve u,.':_nlS
Reduce 10%
—i—_x,,,); V¢ _..l‘.alS

Reduce 15%

12345678 91011121314151617 1810 202122 2324252627 2829303132 33343536
Step simulation (month) °\ ~sile 2.5 8

Ol Calild g odlS Sl daw U o3 O 8159 0 -3 IS5
Fig 16- Groundwater hydrograph by three scenarios of decrease discharge



YWWAP g9yt — 310 yo ¥ 0 ol F) Ao (S5 g ol ag i FA¥

o) - — — ey
o4 8 12 18

- — — ey
e 24 8 12 18

@

- — — ey
e 24 8 12 18

il deo )2V el ()

by do Ve s ()

Cadild o 2l LialS —(call)

Il w4 (o2 yond 9y T (G A 550 Y UKW

Fig 17- Intrusion in fresh water and saltwater in three scenarios

Vol (i & 908 (S Cund sl /Y (Job iy
ok (Sadsy (Ve g See (JeSge i oy sl e
(S Jho (i Como 28515 Qg (Aeiwlg 290
ol cbale (il 5l Sl sl ;3 TDS cbale cloin i
i ol e ) selly ol (3Bl g, 5 030 20l
il plie jome (2]l @lo 4 g b o oo i dilate
Jelse alox 5l it &l il g s Gblie szl oS
Ly atdl ey olgie |y olgsel |, TDS cbale ilial )3 oo
5 ool (2 12 s9b wein ol e Ko i B 4 ay
o o palag g 59 ol JLanl a8 gl o (Sgyn b))
slaysSh oS il g 2l sl @l 4 g b & golao plysel]
oS g ooy S D Cogl 4008 cpl (698 (il 0ad ol
o ol oty 5 050 Ol 6 Ak w2l Bl i Sl Gl
adlalo ) gy9 Sl 3 el G lsie 4 sl S50 s
.\_39)&_.@\_{4_5.\_2,3@0[.:.3 (J‘?’J uju“""u*“""\“’ 1))
G § S8 Gy J) Gl Sk il il g Ol ey
agy aang bogd o 658 hod o b aper b 2l
2ol iy Gl (e gyl (nej) ol e (0850
b i gilw aud adlie gly (s00)3 V0 9V D b aw
olsel (&S 5 (oS 29 | Sl b a3 (gl and
Slecsby copis dase (Li 3adod ol pols 1 .08l
S p2les conilos 5 gl CodeS dgu pskato 4 (5055 sladlys
st 3l o JLSis g b daglssel (ol 4 snsS 598

-wl

S yaSdaais
S 5 oo sledie oy Jie 5l eolizel b adlls ol o
235 ol (slmdgen (1B 5 0k Co e jolaie & bl ol
03 S Clalllae & d2gi b .c8)S )13 Jowi g (pyp )90 S 265
5 bl sblio 3 j9b Ol (sl w2l 3,90 )3 o plox
s o Syl aallln (ol > e mapn ol CashsS 2 o Sl
e ol sl i o pae 5 T Vb o2 4 429 L) oS
4 ol &85 18 o) g Sl 3550 aplsul (695 ptal3il 0
St Al 0 (glel 0,90 G sl (iS5 (oS (s3ludo polate
Sl oM slayiells 3959 9 (Bymo 5l ey 9 L5l gjldae
Comluc 5T gl 55 €8> polato 4y g |2l Jao adlale )3 inej
0> Gt Comls T s 285 plonl Juo (misly pslite &
Sl oig 2anl 5 B8l el > (Sdg)am colin ol &S
o2l yLiis (o0l Jedl wSe Jado (293 4 Cans ,B0LL ¢l
Lo yiehl ol (eiwly 1 5 )18 (oeily )90 Cemsls (o0 9
s3baie o (omis Como il ST Cundy gy ydlaie 4
5 €3 ploul plgsel 3 e o o (i ey Pk ]
dales 8 ol wad i cod bl Glesul a8 ol L mls
s bl anlgs dald] (¢ cud 4 lgsol cél Wg, g cd)S
Jie bawg g5l (&S (il (el (o8 Jhe eSS ]
il ol anle 5 ke IS b ilej 090 sl > MT3D
P TDS jely (6255 s of sl ager 31 g2 psliie
rly Jho (298 @l Gl jelate 4 5 (gjludnd dilate
o (Bl Sty Cud lp /0 oy (85 Sl b e



FAD

w285 S oletul 4 e OF b aus peed (Janmmo oy § Ol S1 (a2

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

&bo

Abd-Elhamid H.F. and Javadi A.A., 2011. A cost-effective method to control seawater intrusion in coastal
aquifers. Water resources management, 25(11), pp.2755-2780.

Almasri M.N., and Kaluarachchi J.J., 2007. Modeling nitrate contamination of groundwater in agricultural
watersheds. Journal of Hydrology, 343(3), pp.211-229.

Anderson M.P., Woessner W.W. 1992. Applied Groundwater Modeling: Simulation of flow and Advective
Transport. San Diego, California: Academic press, 391pp.

Appelo C.A.J., and Postma D. 2004. Geochemistry, groundwater and pollution. CRC press.

Arslan H., Cemek B., and Demir Y. 2012. Determination of seawater intrusion via hydrochemicals and isotopes in
Bafra Plain, Turkey. Water resources management, 26(13), pp.3907-3922.

Arslan H., 2014. Estimation of spatial distrubition of groundwater level and risky areas of seawater intrusion on
the coastal region in Carsamba Plain, Turkey, using different interpolation methods. Environmental monitoring
and assessment, 186(8), pp.5123-5134.

Faust C.R., and Mercer J.W. 1980. Groundwater Modeling. Journal of Groundwater. 18:486-496.

Green N.R., and MacQuarrie, K.T.B., 2014. An evaluation of the relative importance of the effects of climate
change and groundwater extraction on seawater intrusion in coastal aquifers in Atlantic Canada. Hydrogeology
Journal, 22(3), pp.609-623.

Hanshaw, B.B., and Back W. 1979. Major geochemical processes in the evolution of carbonate—Aquifer systems.
Journal of Hydrology, 43(1), pp.287-312.

Hem J.D., 1985. Study and interpretation of the chemical characteristics of natural water (Vol. 2254). Department
of the Interior, US Geological Survey.

Jayasekera D.L., Kaluarachchi J.J., and Villholth K.G. 2011. Groundwater stress and vulnerability in rural coastal
aquifers under competing demands: a case study from Sri Lanka. Environmental monitoring and assessment,
176(1), pp.13-30.

Jones B.F., Vengosh A., Rosenthal E., and Yechieli Y. 1999. Geochemical investigations. In Seawater intrusion in
coastal aquifers—concepts, methods and practices (pp. 51-71). Springer Netherlands.

Konikow L.F., and Reilly T.E. 1999. Seawater intrusion in the United States. In Seawater Intrusion in Coastal
Aquifers—Concepts, Methods and Practices (pp. 463-506). Springer Netherlands.

Langevin C.D., Thorne Jr, D.T., Dausman A.M., Sukop M.C., and Guo W. 2008. SEAWAT Version 4: A
computer program for simulation of multi-species solute and heat transport (No. 6-A22). Geological Survey (US).
Langevin C.D., 2008. Modeling axisymmetric flow and transport. Groundwater, 46(4), pp.579-590.

Loaiciga H.A., Pingel T.J., and Garcia E.S. 2012. Sea Water Intrusion by Sea-Level Rise: Scenarios for the 21st
Century. Groundwater, 50(1), pp.37-47.

Lu C., and Werner, A.D., 2013. Timescales of seawater intrusion and retreat. Advances in water resources, 59,
pp-39-51.

McDonald M.G., and AW H. 1988. MODFLOW, A Modular 3D Finite-Difference Ground-Water Flow Model
USGS. Tec. Water-Resources Inv.

Ministry of Power. 2011. Prohibition discharge in Sarayan plain. (in Persian)

Panteleit B., Hamer K., Kringel R., Kessels W., and Schulz H.D. 2011. Geochemical processes in the saltwater—
freshwater transition zone: comparing results of a sand tank experiment with field data. Environmental Earth
Sciences, 62(1), pp.77-91.

Piper, A.M., 1944. A graphic procedure in the geochemical interpretation of water-analyses. Eos, Transactions
American Geophysical Union, 25(6), pp.914-928.

Rahnama M.B., and Zamzam A. 2013. Quantitative and qualitative simulation of groundwater by mathematical
models in Rafsanjan aquifer using MODFLOW and MT3DMS. Arabian Journal of Geosciences, 6(3), pp.901-912.
Rhoades J.D., Kandiah A., and Mashali A.M. 1992. The use of saline waters for crop production (Vol. 48). Rome:
FAO.

Kreitler C.W. 1993. Geochemical techniques for identifying sources of ground-water salinization. CRC press.
Singhal B.B.S., and Gupta R.P. 2010. Applied hydrogeology of fractured rocks. Springer Science & Business
Media.

Sivsankar V., Ramachandramoorthy T., and Kumar M.S. 2013. Deterioration of coastal groundwater quality in
Rameswaram Island of Ramanathapuram District, Southern India. Journal of Water Chemistry and Technology,
35(2), pp.91-98.

Todd D.K. 1980. Groundwater hydrology 2ed. John Wiley.

USGS  Groundwater software: MODFLOW  2000. Available at:  (http://water.usgs.gov/nrp/
gwsoftware/modflow2000/modflow2000.html)



VWP g9y — 310 o Y G)M‘Y\A&‘Jl,&s%,iq)& FAF

29. Wallis 1., Prommer H., Post V., Vandenbohede A., and Simmons C.T. 2013. Simulating MODFLOW-Based
Reactive Transport Under Radially Symmetric Flow Conditions. Groundwater, 51(3), pp.398-413.

30. Wang H.F., and Anderson M.P. 1995. Introduction to groundwater modeling: finite difference and finite element
methods. Academic Press.

31. Zheng C., and Wang P.P. 1999. MT3DMS: a modular three-dimensional multispecies transport model for
simulation of advection, dispersion, and chemical reactions of contaminants in groundwater systems;
documentation and user's guide. Alabama Univ University.



Journal of Water and Soil ($329US gluo g psle) S5 g Of 4 2
Vol. 31, No. 3, Jul.-Agu. 2017, p. 673-688 A FYY-FAA .o AYAF jg3 50 — 010 o ¥ 0yloud ) >

Investigation of Interference of Salt water in Desert Aquifers
(Case study: South Khorasan, Sarayan Aquifer)

H. Kardan Moghaddam® — M. E. Banihabib?*
Received: 22-09-2015
Accepted: 23-04-2017

Introduction: Due to the increase in water consumption resulting from climate change and rapid population
growth, overexploitation of groundwater resources take place particularly in arid regions. This increased
consumption and reduced groundwater quality is a major problem especially in arid areas of concern among
water resources managers and planners. The use of modern simulation tools to evaluate the performance of an
aquifer could help the managers and planners to decide. In this research, finite difference method was used to
simulate the behavior of the quality and quantity of groundwater.

Materials and Methods: Increasing the concentration of salts in the groundwater aquifers intensifies with
severe water withdrawing and causes the uplift of salt water in aquifers. This is much more severe in adjacent
aquifers of saline aquifers in deserts and coastal areas. Front influx of saltwater into freshwater aquifers causes
interference and disturbance in water quality and complex hydro-chemical reactions occurs in the joint border
area including the process of cation, groundwater flow, the reduction of sulfate, the reaction of Carbonatic and
changes in the dolomitic calcite. Sarayan Aquifer has a negative balance and the annual groundwater table
drawdown of 62 cm.

In this study, Total Dissolved Solids (TDS) as a groundwater quality factor was simulated to investigate the
effect of the overexploitation on the saline interface of desert aquifer using MT3D module of GMS model for a
period of 5 years with time steps of 6 months. One of the most important steps of the simulation of groundwater
quality is to use qualitative model to predict the groundwater level which in this study were performed by
quantitative models in two steady and unsteady flow states with time steps of 6 months The four basic steps of a
proper modeling of the groundwater quality are sensitivity analysis of the input parameters, calibration of the
sensitive parameters of the model, validation of the time step and groundwater quality forecast for the future
periods. These modeling steps were carried out for steady and unsteady states by GMS software.

Aquifer hydraulic conductivity and the specific yield of aquifers were selected as two critical parameters of
quantitative model in steady and unsteady states. The model was calibrated based on these two parameters and
then using pest method, the value of these parameters was finalized. In order to evaluate the response of the
aquifer to different periods of droughts, the verification of the model was conducted during the ten periods. The
results show that observed water level has suitable correlation with simulated water level. In the same period, the
simulation of water quality for TDS parameter carried out using the results of the quantitative model. After
identification of sensitive parameters in the model, calibration of the model was carried out taking into account
the factor of 0.5 for the ratio of horizontal to vertical distribution, vertical diffusion length of 0.2, 1 meter for
effective molecular diffusion coefficient, and 20 for longitudinal diffusion.

Results and Discussion: In the total area of the aquifer, the water demand of all sectors are supplied using
groundwater resources. This water withdrawal trend exacerbated the decline in groundwater levels and reduced
water quality. Also in the southern strip of the aquifer, there is a desert saline groundwater aquifer, which causes
the intrusion of salt water to the aquifer and negative effects on its quality. The factors influencing the salinity of
groundwater in the Sarayan Aquifer are geological formations, supplying the aquifer from salty formations in the
region, evaporation from the shallow part of the aquifer especially in the southern strip that leaves salt and
reducing the volume of water, existence of fine soil in the media of groundwater flow. Front influx is from
saltwater desert aquifer to the Sarayan Aquifer. Due to the osmotic pressure of the soil layers in the aquifer, the
pollutants transferred from the higher concentration to lower concentration and an influx of salt water into the
aquifer will occur from outside of the aquifer. Since the direction of groundwater flow is from the north to the
south of the aquifer and salt water intrusion is from the south to the north, the velocity of saltwater intrusion
dropped so quickly water. However, overexploitation of groundwater and negative aquifer balance caused uplift
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of the salt water in aquifer.

Conclusion: Review of the result of forecasted TDS concentration in Sarayan Aquifer, shows an increase in
TDS concentration. This increase indicates that there is no potential for more water withdrawing in the southern
parts of the aquifer by urban and agricultureal sectors. The variaty of TDS changes between 712 mg/lit in the
northern strip of the aquifer to 8500 mg/lit in the southern strip shows that due to the increased concentration of
TDS, the border area of water users will be changed. The forecasting of the future status of aquifer water quality

showed that continuing withdrawing of water intensifies salt water interference from the desert and
concentration of TDS will increase during the next 5 years. To manage aquifer quality and quantity, three
scenarios of water withdraw reduction were used. The results are shown restoration of the aquifer quality and
quantity using these scenarios.

Therefore the result of this research shows that the management of groundwater is necessary to improve the
quality of desert aquifers and prevent salt water interference from desert considering recent droughts.
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