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Figure 1- Location of the study area and existing piezometric wells
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Figure 2- Trend of the water level changes of Lake Urmia over 2004-2017
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Figure 3- Trend of groundwater level changes in different years
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Table 1- Water level and concentration of Lake Urmia in different years
Jw (R arbypjly (W pes) Sockle Jgs
Year Lake level (m)  Salt concentration (9/L)  Density

1987 1276 230 1.16
1995 1277.8 166 1.11
2004 1274 260 1.19
2008 1272 340 1.25
2012 1270.6 400 1.29

2016 1270.3 426 13




YO Seoiny ol 315 Ol Wig) 2 dmosl a2l 50 OF 515 Sllugs 3G

. MLL;O ’u.’>o ‘.:

JEI Y alas

Iy eas > olge g g JUanl (SisSy (Jlanl gloasy] 3
T bl S o ol smoiot; ol 0,500 (gl &y (oldai
aS ool bl cle & .l mje g JW! ol dlowg ¢ unj
logeds an o] ol b im0 &) bame ) o0 b o) o2
olade ¢ Jloinl s g (obosd OVl g Jad .ol JSiio 0ol
a2 ST (oo 5 ) ol bl 3 005 o Slse 2365 5SS
WS oo &S o g2 g g i il Gl b olyan o3l alls
995 bz dols l)d Qs (S pe 40 Wlgi o 00le oyl Lol
] 33,5 G pas Lo 13 dg390 sl (¢S Lawgs Blsl
Sy oo bapes 1 jline poes S 3 o0l )L 857 (S5 58
Suelindgyin (SaSly g olaals glaa bl Jold wis o
o S o als prew ((Sog Jl Blus 31 (5l 3 ol
el as )y oy Soihisl caps sl e sl laan] s ple
g dde Sl JUisl dlee glajyiehl plo @ Cons plbale o35
(V) S9sm iy ) ©yge 4 &S 358 s0 odliinl Sy

0 oh, 0 ch, 0
o (Gl g (B )2

oK, | e[ PP |O
2l oz o oz

oh,  &p ac
—ps, Lr 9P,y
psf at aC 5[ p\q‘s (‘N)

wl.\_lb :kfxi kl"‘_’f‘ kf'z ‘L)")"—“’ UT u_j )l_g :hf UT P LY

ozl Ol JBs 1P laie can dw 5D cpywd ol (Sgyien
Jodss B oMl clale :C g 0,83 :Sp oyt o JEs :0f
S 00y G L g e S 5l 93959 ST JBs P2 50
Al gl pre sy 2 Ol e 510

S s S vk wanl e plaals oy S Llue 4o
Chomw (399 34 )b dg3g B po plaals &5 Bluw > 9 ol
dw bwg J S5t e (0 el 8 ST (o e Colis o
Shisy (JgSge Ll (JUis)) (wein ol gl el
Olyow 008 Loy el yand dlalee a8l o 3l SO
oy ol el eS8 o b e g oloj 4 Cas odle clale

oc gy <
= =V(DVC)-V(IC)-2C + D R,

k=l

0 (%)

asla aVulas

Ol 93 4 e g 590 ol QS HA00 1 pSLs Yl
o=l 48 09 o prand py> JLESI OYolae 5 by Yolee
J Ba0leps slacdls 5 lojen g JigS ©yp0 4 OYolke
Ol dblee o bl (Slusles oy 53 jslaie cpiy 4535 o
SLeMbl lpisas g ord Jolbs abadi 1o 53 by Car 5 Caspu
odlawl pyn JLaSl Y¥olae | Slaej oS SO > sl (69959
i pLS gl o e A ols s byls bl g 098 0
(V) Mo aalsl alis Jo g 00 (pmani 0Ly St g iy

Ok oYalas

Sy} iy slac] €S o oSl ages dblas
Ol y25 Cyso 4 g bl o Cund 4wyl g (Siwgn Yolso
Sl olor ilowand jolaio 4y (3b) laJe ) &5 39500
GMA] gt o lial asle pols (g3ae sla gy 4 uojp;
0% 9 VF) 25 o > dgam0 px> (550 slin] gace

’h o’h o’h ch
k\‘—7+k1‘—°+kz 2 :Sl'_iqs

Toxt oy cz- ot )

dw  (Sdgpin culia polie (K, K, Kz) o] p oS

059 (il 5ol b gl h o Tl o Slaisio caa

a el 0199}.31 x> .x>|9 5 4\.1...’>o 1.» 4\.:4.» QI)’,.,e d:9 ..\leL;c
= S Juwilyays &Y¥olee h (XY,X) Jotore 4 (oliws jelaie
D5 033 Loy (Stwgy gebles Gk | (i ol Ol
S o (298 9 99 sLa b e g & dre (ph
G ol 5 3l Ssby ol 50,85 Sl iz il b Sl
J> MODFLOW 45 Lawgs 3ga5e S5 g, 51 (V) tloleo

A9

R (M8 b Fua ) 0T ol

9 45 cle ol e 5 ged o BT 4 bgypo 42Ty 0
L ol p3slSe sl e b)) o oo b pite slo JBo b Jbw
cpl s S o e g 0392 Coglito A5 Jlows Sy s 45 jloj
3315 (V) dlay) i Sl Gl olas > S b &8 Sl
(W9 %) 25wl i j ©jge @ by 35
AL
p=11=
P )

o aseio Job : Liccais ey oy ojlail s W] o 5 o8
oy D g o 4By i )3 45 Jgbo (el Ygems



AR 15— 30,5 (¥ 0)leds FF alo (S g ol 4,55 Yo B

4 olgsol Calsus I jie £e dgas DS (Syme Jro 4 (DEM)
542k oo )3 Gos (2l b S laddyn (35 35290 o
u|9_».5 4 (\;’) u&”)) 0390 ui @Ln LS’L"’L”“’ axlllzo ‘51.».0 »
J9Lw;"" .)IA_ul_:J.\_nu_wl 03— ul_’xu] Ja_wy.nd_o.c
Lo Jolo slaay a8 a a8 )3 Jai )3 doly Jie Cuolsus g (gadSiuis
3,5 e s g (n (g0l o) & Gloslone Mzl ulsl
SLs cadl gy 5l S (Sdgyad colin wiile S Slasuin
Slalllas jd oads a3l 3a 590 S (sla idgp & drgi b adlais
OT Hade a8 0308 o (V) 0, (s039400 ol gl ool

..\,.i)o.))‘g').:&d)'s)).))i.o\UJ/\w

axlyl 5 500 Lol pud

Olae by Ol 55 e 4 (50 Ll i poi polate @
Sl o dpog) a2l )d 4 (it oS szl (555 Cua g5y by
03940 > Chomw u.,l.e(bl dl.b:bl% 2 UT @aw )l).: 9 W uﬁ)&p
A3)S By plasel Gyt s gy by lsis 4 Gl
ol 0a 00ly L oF IS5 50 Jdo 4y 0l (B ymo (6 p0 byl i

L2093 3l 53l g9y > adgl Ll iy jglate &
IDW 59y s Yo o ¥/-AIYY 20,6 55 39390 ol> VY Ol g 515
A5 okl 8,8 O yae GMS o o oS

deo sy
I (rimwtons g (Ziwly Jolpe 3 Jie (L)) cre
5 (RMSE) Uss &liayyo (5:ilan diiin yubss s lol csla il
ol 0 030l V 5 5 Llgy 3o (MAE) 3llas (sl 5Solie

(v)
RMSE = li(of -p;)
" ()
MAE :lZ|O[.—P,.|
i (v)

M)‘m PI ch’s\j )].\JM OI ch}J le_h<\_]a.’1) »
03)51)_5 );.)Lmo U&L.a P 0l ol ﬁ)l.&n Uﬁi""ﬁ" O ‘J..\A
Jio ply MAE 5 RMSE sla asls dingy e 15b o ok

Cw!

Jos Sl g aalg
Couabad pae L a S wlue sloyiolb s b Jie oxiulg
Ol S Cpa 5aind ol 3 4S8 .8 )T Oygo Canl ol o
odlaiwl 0359 a0l 5 (Sgyhn colan ol )b 5l s obys

Cey 18 (Salpdgin (Saisy cops i Dyl o o8
z» ZRL{ ol> b dosis 9 b (899 g.j chle G ol
il o cilisee (uiSly NJIK (aisTy 5 s b ads
Sleslarwl by (Seolidgyin  Su oy co s (F) aaly o
ol duwloro LB 55 alal,
V 2 2 2
D=a x—‘—+a, x—"—+a xL—+D" (®)
v i i
Shisy 0 ¢ Sealigyim  Sa ity cops: Dl oS
Vi (Bl Sy 0 ol Job cops s Vi o Jsb
908 Caf o Vi ((e3g08 (ShuiSu 1 Oy by 8l Cae po
3985 cas yas sl 1|V (S SIpe HLisil ey :DF L
A5l e

B a5l a3

Jizio Mol 1 0bj IS s b oojs o Ol e
S9y p 4o 53 85 w3 o i |y JB el clale o5 o
5 iy 2 ol cnlplis 3,138 oo b nej s o b
ool by o olaanld aasg s ) glesel 3 oMl Jlas!
g Wimgn yo-b a2l (F) adsles 5 (V) abiles a5 gy5b @ diun
(V) 95 J> plojon

SEAWAT Jas

LS ol (omlids ooy ligings lojlos bawgy SEAWAT i
S ol anas lond U5 Jae ol ol 015 a5 (V)
sladie 38 Lyt S Laulp b gl JUisl g (i
s 1y 390 e Lolis sg, 4 MT3DMS s MODFLOW
T ol i lwdes MODFLOW g lisyl Juce o) 5o
JUizl gjlansd cae ol (293 Ompm 9 0 bl (eois
)3 MT3DMS o Lis] 3 SaiSlycdyan g0 4 25kl
SEAWAT i 4y 55 MT3DMS oo jl alols gl ¢ 48,5
Spdey Sppe B b cov el sl (il b oas 3l
)

saws I SEAWAT  Jue jl solaiwl gy dalllao oyl 4o
9 1m0t Olas 4oy (SSES lavly 45 GMS ()58l 5
A5 4B 050 sl (pois Sl Jdo iz 10y

SEAWAT Jao 43 &sledsl a9, 9
dibio o&)l pof) SIS b e o B S g98 oML



YoV Gaoiny ol 315 Ol Wig) 2 dmos)l a2l 55 OF 315 Sllugs 3G

ol polie b gt ol 0l dunlio Jdo yguwl S 51 o
Jsiz 0 i (cono 5 Goml S 1o 2 bgrye (s)lel
oolis g Slanlia y3lia o MAE 5 RMSE i .ol ool ¥
adsyo sl Glalitie glaols 5l S o (gl 0ud dnslxe
Ol oy Lo o3 Vel jieS (oriwione g Ggml S
ol |y Jice (6L s 45 1bb e ol 1 Sy ol g

..}Jb.)L;o

Parameter o535 5l Jo o el jo lalo a0 >3
Ol 851 s s e3laz] MODFLOW  Jue Estimation
b plosl Joe (oo eSide sl el )l ol 359l
2 Slalie bla ol yan 4y dalllas 350 639050 g dwlin b S5
03> oyl Jdo [ rwwcons g yguml S jglaie dy odd a8 S s
Sl 005 00 (e sl L Y Jgas jd ol o
el ool Jlaidl 4 guwl yuJlS
01 duolee polie ¢ closalin bl Ol glas,l o S5 5

Observation points for calibration

Al d g0 00g0me 390 rrrrrrrnenen
(The boundary of the study area)

42h,0 j
(The border of the lake)

Gy sl oler
(The border of the lake)

gl pdlS (51 51 ovaline LI

o S0 5l o oualivo blE @
Observation points for verification

Sy b.ll).w 9 PPS] 129 3,90 adkio 839w g Awd -£ Ji.w
Figure 4- Geometry and domain of the study area and boundary conditions

0ol S 51 g olsBell (gl il 2ol - Jga
Table 2- Values of aquifer parameters after calibration

ol Jlde
Parameter Value
“5"']_”'\”“ c’“"'m_ ) 1 m/day
Hydraulic conductivity
pogate o 0.15
Specific yield

Table 3- Average of statistical parameters after calibration and verification

RMSE MAE
wly 033 025

Calibration

RS 0 032

Verification
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Figure 13- Groundwater level profiles in maximum and minimum Lake levels with density changes

1290
1288
1286
1284
1282
— E 1280
3 5 1278 P
-+ E 1276 ,7 == Lake Elevation=1270.6m - No change
RN 5 1274 |f, in density
B 1272 Lake Elevation=1270.6m - By changing
i sty
0 500 1000 1500 2000
(=) azlys ;I alels
Distance from Lake (m)

by 515 Blas )3 JBa jad5 (9 9 b (ejpj O e gy -V E USS
Figure 14- Groundwater level profiles with and without the density variation in the minimum level of Lake

29955 Goptig yio YA 390> 550 Ol (g068 Jlgly bl b slox] b)) S & 35 095 (B8 Cuond bl oo Bl oS o)
LS o o y9d ol 065 9t o3l 3l cdale @l s & o Glyass &8 Sloj Cunl gdly VO S 4 do g b A8 o (g

D90 (Lo e Ve D9l o ol 055 (Sjlwdend opl o &S e Sials b 5gd o 00l ),.:L W& Glyoms dous o g cdale



YAY Sooiny ol 3155 Ol Wig) 2 dmos)l a2l 35 OF 515 Sllugs 3G

1280

1270 Elevation =1277.8m

1260 l Elevation = 1270.6m - By changing density
}f‘ g 1250 \‘ = - = Elevation = 1270.6m - No change in desity
w5 \
T E 1240 |
2 E \

= 1230 :
\
1220 N
1210 >
0 200 600 800 1000
(=) azlys ;I alels
Distance from Lake (m)

S edd (38,5 S5 10 g 9 L a0 15 JBlas g S Tas 53 4eu o 095 -V 0 S
Figure 15- Saltwater wedge in the maximum and minimum lake levels with and without density variation

cilas (A) o )en 5 S mls L &5 35 dalgs 0jbu julp
Sl 35 dagyl 4zl)d 9y 58U poss (sorli 5 )15
L s dlie 03,5 a0 JUSo iy 5B ) e
2B By 45 39 Oygo (wh @l & CES o ped (sl
Voogis Sl Gt e ol e 29 485 0ol S Ol yts
U cod 29 w83 Jlai )5 (JBe Glyess &5 Sloj 4 i il
oiblS g il alog g ol U sy il o dn by 15 ol s
2 ol U Sy J& Sl g Gl 4 3 g clale
Pl ol 53 bl azdly gwejpj Ol Sl il g Ltals
Ol 4 AD y y9 Ol g5 a2l (g U 50
S Clpass donis )3 5 Clle Glposs oS Sloj gy donii
o s ol 055 x> 5 o JilS L 350 03l 45T
S yo-b Sl 055 395 03l 13 clale @i & Sloj 3

XS e

8 5 4ol

angy) ey OF Sy 6 oy sl 4 35 oyl 5

2255 Sl 0sS (g9 5 9ty Ol 9 Sl Sl <l e
P EbS Sygo giliw slee ) igiludnd gglre byl
2 598 O (5095 gy (e oy sobaie 4 Jol 50l
3y50 adlaie g g 3550 9 Jlood > Jidgy dw 31 slaJlo
e pd ] el Jlw jd oy Ll zols a8 15,8 ) ddllles
5 (il g ol 48)S5 090 508 Ol oS plaals ) (6 pSede
Y 095 (alil Cond Lo g Adloo yio B0 )y poye
htide o] Lo a5 4B S 15wl 5 el sbeos
Al ge 0 Jlosl (550 bl yd (g9 dom )3 g a2l Jolo
2 eoins D5 deyl axlyd (sopm 8l pgd o)l
P A o ol Ladssl a S w08 ey J&s ol 45U
ORI33 liee 39 488 Jlas 3 ol by Ol clale & g
a2l o 515 G2l g (I L e ey o Sl telS

&l

1- Abdelaty .M., Abd-Elhamid H.F., Fahmy M.R., and Abdelaal G.M. 2014. Investigation of some potential
parameters and its impacts on saltwater intrusion in Nile Delta aquifer. J Eng Sci Assiut Univ Fac Eng 42(4): 931-

955.

2- Ahmadi H., Hemmati M., and Motallebian M. 2018. Assessment of Accuracy of CTRAN/W and SEAWAT
Models for Prediction of Saltwater Wedge Under Intruding and Receding Conditions. Journal of Water and Soil

32:13-27. (In Persian)

3- Ahmadi R., Negarestan H., Peikaranmana N., Esmailly L., Hosseinpoor R., Shoahasany A., Ganji S., Mehrannejad
R., and Mostfazadeh B. 2007. Artemia population changes on Orumieh Lake. (In Persian)

4-  Ale Sheikh A.A., Mohammadi A.A., and Ghorbanali A. 2005. Monitoring of coastline using remote sensing.
International. Journal of Applied Geosciences Research 4: 9-25. (In Persian)

5- Arlai P., and Koch M. 2009. The importance of density-dependent flow and solute transport modeling to simulate

seawater intrusion into a coastal aquifer system. In International Symposium on Efficient Groundwater Resources
Management (IGSTH 2009), Bangkok, Thailand, February 2009 Feb 16 (pp. 16-21).



WAQ 15— 81,5 Y o,leds FF als (S g ol 4,05 Y

10-

11-

12-

13-

14-
15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-
26-

27-

28-

Artemia cysts and biomass. Faculty of Agriculture and Applied Biological Science, Laboratory of Aquaculture and
Artemia Reference Center, Ghent University, Belgium.

Barlow P.M., and Reichard E.G . 2010. Saltwater intrusion in coastal regions of North America. Hydrogeology
Journal 18: 247-260.

Chang S.W., Clement T.P., Simpson M.J., and Lee K.K. 2011. Does sea-level rise have an impact on saltwater
intrusion? Advances in Water Resources 34(10): 1283-91.

Farhoudi H.R., and Ketabchi H. 2018. Numerical Simulation of Urmia Lake and Ajabshir Coastal Aquifer
Interaction, Iran-Water Resources Research 1: 45-58. (In Persian)

Jafari F., and Eftekhari M. 2013. Investigation of water exchange and penetration of the saltwater of Lake Urmia to
adjoining aquifers, Water and irrigation management (Journal of Agricultural) 3: 29-47. (In Persian)

Javanmard F.Z., Mahdavi M., Malek M.R., and Keirkhah Zarkesh M.M. 2013. Modeling of Groundwater
Vulnerabilities Uncertainty Using GIS & Rough Set. Iran-Water Resources Researchl: 26-38. (In Persian)
Karbassi A., Bidhendi G.N., Pejman A., and Bidhendi M.E. 2010. Environmental impacts of desalination on the
ecology of Lake Urmia, Journal of Great Lakes Research 3: 419-24.

Ketabchi H., Mahmoodzadeh D., Ataie Ashtiani B., Werner A.D., and Simmons C.T. 2014. Sea level rise impact
on fresh groundwater lenses in two-layer small islands. Hydrological Processes 28(24): 5938-5953.

Kresic N. 2006. Hydrogeology and Groundwater Modelling.

Manaffar R. 2012. Genetic diversity of Artemia populations in Lake Urmia, Iran. PhD thesis, Ghent University,
Belgium. P.160.

Montaseri M. 2007. Water Resources Identification Studies. (In Persian)

Motallebian M., Ahmadi H., Raoof A., and Cartwright N. 2019. An alternative approach to control saltwater
intrusion in coastal aquifers using a freshwater surface recharge canal. Journal of Contaminant Hydrology 222: 56-
64.

Nakhaei M., Mohammadi M., and Rezaei M. 2014. Optimizing of Aquifer Withdrawal Numerical Model
UsingGenetic Algorithm (Case Study: Uromiyeh Coastal Aquifer), Iran-Water Resources Research 2: 94-97. (In
Persian)

National Research Council. 1990. GroundWater Models: Scientific and Regulatory Applications, National
Academy Press, Washington, D.C.

Noorabadi S., Nazemi A.H., Sadraddini A.A., and Delirhasannia R. 2017. Laboratory investigation of water
extraction effects on saltwater wedge displacement. Global Journal of Environmental Science and Management
3(1): 21-32.

Rad F.A., Aksoz N., and Hejazi M.A. 2011. Effect of salinity on cell growth and (-carotene production in
Dunaliella sp. isolates from Urmia Lake in northwest of Iran. African Journal of Biotechnology 10(12): 2282-2289.
Rasouli A.A., Abbasian S., and Jahanbakhsh S. 2008. Monitoring lake Urmia water level fluctuations by
processing multi-sensory satellite imagery. Quarterly journal of humanities 2: 53-71. (In Persian)

Rasouli A.A., and Abbasian S. 2007. Preliminary analysis of time series of water level of Lake Urmia, Journal of
Geography and Planning 28: 137-165. (In Persian)

Sorgeloos P. 1997. Lake Urmia cooperation project — contract item A, Report on the ‘Resource assessment of
Urmia Lake

Todd K.D., and Mays L.W. 2005. Groundwater Hydrology. John Wiley & Sons, 508 p.

U.S. Geological Survey (USGS). 2000. Groundwater resources for the future—Atlantic Coastal Zone, Fact Sheet
085-00, Reston, VA.

Zamaniakbari A., and Maleki S. 2010. Assessment of changes in the coastline of Lake Urmia during the period of
1989-2005 using RS and GIS data, National Geomatics Conference 2010, National Cartographic Center. (In
Persian)

Zeaieanfirouzabadi P., Karimi K., and Darouei P. 2014. Evaluation of changes in the southeast of Lake Urmia
during 1984 and 2004 using GIS, First National Environmental Conference, Dehaghan, Payame Noor University
of Dehaghan. (In Persian)

Zheng C., and Bennett G.D. 1995. Applied contaminant transport modeling: Theory and practice, Van Nostrand
Reinhold New York, v. 5.



Journal of Water and Soil (5323UiS @aluo g pole) S g O 4 i
Vol. 34, No. 2, May-June 2020, p. 301-316 i FA-Y15 .o ATAR i — 315 ,5 Y o)led FF uls

Investigating the Effect of Urmia Lake Water-level Fluctuations on
Groundwater Level Changes Trend

M. Motallebian'- H. Ahmadi®’- A. Raoof*- N. Cartwright*
Received: 23-06-2019
Accepted: 09-02-2020

Introduction: Aquifers are the major source of freshwater in many parts of the world. Saltwater intrusion
(SWI) is a serious environmental issue since 80% of the world’s population live along the coast and utilize local
aquifers for their water supply. Globally, coastal aquifers are under threat from saltwater intrusion (SWI). SWI is
caused by changes in coastal aquifer conditions resulting from ground water extraction, climate drivers, sea-level
rise, oceanic over topping events, and land use change. Under natural conditions, these coastal aquifers are
recharged by rainfall events, and the regional groundwater flow towards the ocean counters the intrusion of
saltwater into the freshwater region. However, over-exploitation of coastal aquifers in some regions has resulted
in a reduction in fresh groundwater levels (and hence reduced natural flow) and this has led to an increase in
saltwater intrusion. Saltwater intrusion degrades the quality of coastal aquifer groundwater resource which can
lead to a reduction in crop yield efficiency, limitation on the drinking water resource as well as soil fertility and
salinity of operated wells. Such problems are more crucial where groundwater aquifers are shallow.

Materials and Methods: The aim of this study is to investigate the effect of Lake Urmia water-level
fluctuations on groundwater table and rate of the intruding or receding of salt water to the coastal aquifer. In
order to achieve this purpose, Rashakan coastal aquifer in the vicinity of Lake Urmia in the northwest of Iran
was simulated. In this study, SEAWAT model was used to simulate the problem. SEAWAT was specifically
designed for the simulation of Sl, although it has many other applications as well, notably the combined
simulation of groundwater flow and heat transfer. SEAWAT as a widely used, three-dimensional variable-

density groundwater flow and transport model has been developed by the USGS based on MODFLOW and
MT3DMS and includes two additional packages: Variable-Density Flow (VDF) and Viscosity (VSC). First, the

model was calibrated and then the simulations were defined in four scenarios as follows: a) The rate of the
intruding or receding of salt water to the coastal aquifer during recent years b) The effect of the drop-in lake
water level on groundwater level changes trend regardless of changes in lake water density c) The effect of the
drop-in lake water level on groundwater level changes trend in view of changes in lake water density d) The
effect of the drop-in lake water level on the rate of the intruding or receding of salt water.

Results and Discussion: In this study, simulations were carried out under four scenarios in order to
investigate the effect of Lake Urmia water-level fluctuations on groundwater table and rate of the intruding or
receding of salt water to the coastal aquifer. In the first scenario, in order to assess the rate of the intruding or
receding of salt water to the coastal aquifer in recent years, three profiles have been investigated in the north and
the center and south of the study area, and the results showed that in recent years there has been no significant
change in the displacement of the salt-water wedge and this change was less than 50 meters and only the upper
part of wedge connected to the lake was more affected by dropping water level of lake, which was due to retreat
of the boundary imposed by lake water recession. In the second scenario, the effect of the drop-in lake water
level on groundwater level changes trend, regardless of changes in lake water density, was investigated. The
findings of the study showed that if the concentration of lake water is considered constant, the increase and
decrease in groundwater level across the aquifer would be almost equal to the increase and decrease the lake
water level. In the third scenario, the effect of the drop-in lake water level on groundwater level changes trend in
view of changes in lake water density was investigated and the findings was also made with the second scenario,
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where the results showed that when the effect of the density changes is neglected, the groundwater level is
affected by the lake water level changes more than about 2 times that when the density changes are considered.
However, increasing and decreasing concentrations, and consequently increasing and decreasing the density,
may have a great effect on the reduction and increase of groundwater levels. In the fourth scenario, the effect of
the drop-in lake water level on the rate of the intruding or receding of salt water was also investigated. It can be
concluded that when concentration changes and as a result of variations in density are affected, by decreasing the
level of the lake, saltwater wedge would be intruded and when the effect of the density changes is neglected,
saltwater wedge would be receded.

Conclusion: The results of this study indicated that during recent years there has been no significant change
in the location of the salt water wedge, and this change is less than 50 meters. The upper part of wedge
connected to the lake is more affected by dropping water level of lake, which is due to retreat of the boundary
imposed by lake water recession. Also, the findings of the study showed that if the concentration of lake water is
considered constant, the increase and decrease in groundwater level across the aquifer will be almost equal to the
increase and decrease of the lake water level. When the effect of the density changes is neglected, the
groundwater level is affected by the lake water level changes more than by about 2 times that when the density
changes are considered. Despite the decreasing of about 7 meters of lake Urmia water level, due to increase the
density of water, the wedge has intruded. This research shows that in the event of an increase in the water level
of Lake and consequently a decrease in water density, Saltwater wedge would be receded.

Keywords: Coastal aquifer, Lake Urmia, Saltwater intrusion, SEAWAT model



