WAV Sl ) o,leds (@o0 3l 0,90 ¢ dawore pole dolilad

\-1F

GMS 5l o3lisw! b (g y2 5 O gebaws OUlwgi (paesd g (g 5Luvdnd
(Olsiy cadd (53,90 om0y )

S a9 (Slio ol )57 8Ly (oo

Olpl ol coylos; olKisls «g,9Las saSiisls ool (s 05,5

WNVYE iy g WIANG 22l s &

5339 ) BMS3l aslizal b (o5 o grhaos Sllgi (50055 9 (55lotars IVAS L0 16 yFome 9 3 o Sliso op o oalisy
AVE N assme pole aslibad (ol cobo

Cdgazme aiitS (ol 5L 090 O (el pas azei ) 5 adseds 5 (L slo )l 5 peldl i 25 ans iz )0 idud g Al
Olnl )9S dlox il Hlez Comez @ A (rizeed § (b Dl 09ueS g e ¢ Sloj 50l @55 ol lie 5 caS LB Lol
Comozr 238 (6lajls (el ol g s 51 (S0 el oads cilisee B )laae o 5Li 0550 Ol lie (i ) (338039, ISt S50 s
Sl il 0y 5l eslie sla lSal, ST L il (o ez @ (olices sln ool (T angi g Sl (55,5L88 4 (g s e
Ml e ol Gl ke S plgicas ojlgen o) n ) Glac] 05d (6,5l (sladlaie 1 S50 SEgol wlie g @
2ol ornb Lyl o lesul o Slas g calis 4 5L Jgl alpe 40 (o) ol olie Su e o)l OT plie sy 4o glodns
125555 @Yl Sl 5l e o lie Dledlol g ol (o5 (i 50 (ol ol lie (g 5 (Salsyen Sl i
(S 4z 5 o5 Bl az e ol e p (e slagts, ) g Ssrge Lulyd s aneg 5l A6 ST D) pslatear o
sz Gl ol 3 BaR 098 o0 Cogmme mlio (il Sl dite 550 50 698 ol el ) S5l g 2Ly il

sl (ol Cudad e 5

a8 (8l Wil oo o Jas nl el laglszel 1o O mlio S e sl oo )l (03 Sl so0e (slo e b sba ) 9 Slge
ahonsg 4 (e 2l gl Sllogs (s3loaned (Sirghy cal 5 Ban s soliul Ol wlie Cu e (rizmen 5 (Sdgyee slo el
ar YV B aids Ve gaz o ¥ oo g 5,0 4z, FA L aido 00 5az 0 BV ldlim Jsb o bl olx; lssel 5GMS il 3
Ol 55 wgame Jolis oo b, 5l eolitul b« GIS § MODFLOW o)y ol Joo 5l (oS 5 a5 L0k, Joo il  Jlos
S 515 oo b (251 515 plzel 0 Cambge Jold a5 il 3590 UMbl ko (pl plol (sl S g0 (g3l |y ()
035 g (Sgee Colia Y (glosalin lady 0 O waw jl5 5 Cusdge s lopo e slaoly 5l oy (i g b wiS

A (Feimsly Joeo e g el ol Lulpd o (iludnd sl 5 (6550 Lulyd s 5 (cogrde Joo dntd 3l (i

Corresponding Author. E-mail Address: m.panahi@znu.ac.ir



SUS ¥ bt 5 oabalons 5 suosnbiv 15 ol Jyine ol Jaly Sl 13 Jae iy 3| o ol ins g gl
plsl 5l ams ol Caws 4 =18 g VOITY AVIFY s las Sl g Gllae las oSl das . Sile &oyo A, polae ol
Colan lade el Joo slp (69955 wdni jlade ol VAA Jlade ol aS ael Caws 4y 59, 50 e oo YY) Gl lade ouulg
3 Joe 6-;.;..,419 O Sl Cawd @ 595 50 s ToIF g YANOY ey @ 3 (s amlo) o (cdow @anls) slaasy u>_asl Sy e
4ili9; eadosalin 5l o 4z 0 i 4 Gy Sl U g (a9, LT VBT -V slaJlo Jualgd (6l LU ol o 2>
odsoLis —AFY g YEIYA L ply g polie b od i @y s 80l g s .Sl mo 0 il polie ol ploxl cadianulon 5l g
o ) ol e o &y 35 i srami s ol ol e sl o 15 dlbne 3 ] e g b

Syl Caillas ddlaie LJle o b
2l Ll VoYY B YV Jlo 5l adlo N0 Sl alols (gl i coll jladie g ey o] Lials &5 (5,8 b Jow 16y dois
03 3l asg) o slails p delsl b T 515 aa il sasasylis o Lo ol 10 (e s 515 sl sawlcussds slaaiss 4

a2y 2 s Sllgi « MODFLOW (g 3luanis ool y culss GIS 1 guudS sbdojly

doddo

Joe 90 )l deslie .30 )5 oolazl _zinly (gl Uas ol 5l Lise et s ol ale
VAee v 4 OV e 5l bols ) cils y as ols oylis A oSSl ) iy e s 50 g oolatwl B oy s
a &g, 5l Of Sgi g axdly il 59, 50 e e 4>z pl bl o Jluses g )L Gels
alog, (S5 e 5 8l Gl (e ) slaco a9y Gz 5 (a8 L) (easny slool s
Gurwin and Lubczynski, ) ceol 4l uals 50 Ozred g piy Oladgl mhaw ol Lol asle
S rSeslail sl iy 2l bz s3leJae (2005 Gl (Sl )0 alS Gl es,5LaS Canio dnngs
Yo -5 PR KV PR | SY vov) JUUN | L S Jole 98 .l 0y ol s _iajpj o &l 5l cbls
an T iale 450y, 55> 0 MODFLOW 33l 5 einy ol e GRS 4 e Culgs o 55
oY egpie Jowo G aS wols lad goll ol sl OV Sl 00l S ol slaglgsol e o cal
G Y- Y Jhe jo Jow puwly ol oy ped a5 ol ool 5l by e a5 sas o Hlis a8 o
2 Glgul a5 Saww, ams ol 4 g b el YO cdl el g 009 il 4l e 5l i guej e
5| Goa (Khadri and Pande, 2016) <l oogr Jolss Lol oy omolin 51 (SOl oais Ll jo O mlaw
4 seeis o o Sllog ilodned Glegly ol Joe 5l oalinl sudolm] <l g o S35 sl
el sy cuio Glasul ;o GMS Jl58ls 5 alg @ode oS 5l eolaiwl bocwl glesel oL,
i) 558 3o &l K50 59 dilais MODFLOW
L sy 9 319 Tsly Sl 55 53 5 gy 0yl plegul otz oS
g o0 &8ly oy Sudo )3 (o) 890 ddlaie A5 g g Ik Djgear Joe ol <l el
el 09,0l wilBog, ase> slaclis 5l S pgd Sl ool oriwly ol 5l il lade 28,5
ol mle casl Sl g5 5l Gl cls gl Slol canlsy Jlade 85 s 0 b g Jlaul & g0

5 dei by Jold olwy cuts ylstal swein; o o0y 3 e Sz Jdoas o oeiuly Lol

VWAV s ) o led e 5l 050 ¢ slansme pole aslilad
Y



O 5 oLy (soge

a0 YV U aado Ve g a0 Y7 oye 5 8,0
Ql,:’gfl Colus oo yog S VVOF o)ls 1,8 JLis
2,5 oasline lgs oV S

O S ope l Clis seges cd ol LB
Cad gl Adem Caws Cewl oy Jled 8L
29 J55 Jelatns a0 yoghsS TV 0 dgu> oo
a>,0 FA L 4ids 00 5 ax,0 FV slo Job alols

Oley cild (o Ldl e CoxBge ) SO
Fig. 1- Geographical location of Zanjan plain

®
L]
e
L] A /
¢ | N
Ca A
.A A‘ )
. \
A o = e
observation wets A
@ .A Exploratory wells @
A - i
A
A
e ©
o %
0 ®
A & A

Y
0 510 20 30 \__®
- e Kilometers

T 50 jleoy srole g Glovaline (( SLLSST slaoly Coxdgo - T JSCh
Fig. 2- The location of exploratory wells and pumping wells on the surface

IWAY Sl o) oyl c@io il 0,98 ¢ Jasmo pole aslilad
Y

z [
4 N z
< ey | =4
o \\'@h I
Z | N ‘
>
o High : 2064 m |2
3 2
“low:1233m |8
z
° River =z
g [ £
o ~ T o
™ * o 7 \o’
N 8
z &
5
o ‘ [ z
(%4 S 1 °
8 : 8
y [
z \ P i
4 | ) 10 2 % [ 1z
b ] — — e
@ &
e e
47°40'0"E 47°50'0"E 48°0'0"E 48°10'0"E 48°20'0"E 48°30'0"E 48°40'0"E 48°50'0"E 49°0'0"E 49°10'0"E 3

37°00"N

36°30'0"N

36°0'0°N

35°30'0"N



Sguds oo 48,5 Ll 0 Sed Ohge 4y Jow
laol> Y wledbl lawl (Yang et al., 2009)
e 53 SN0z jebbday SY j2 5040 o0 GMS 5l
c.la_n.c o) Ja,*»}S 4..3[.{;}41 L)“'“> Ls ‘_glﬁsdqy 9 W)
KT A.L>).o )09 .\.UB.;:BGA J.»aa )iﬁ..s_ii A Le_;" uL».A
JJ.A
oy 51 BOB 060 oo dngd Gl i e
E

9 J?d?u ‘g;i?‘iﬁ)"x?b ﬁA.i‘AE ).;.JG.J sihjﬁ)é.hlb

6&..’.34..» uLC)Ua‘ QJ‘ )‘ chﬁ.'}.m‘ L.»

‘SLQ)J.Al)LJ as  Cewl u.:‘ Gwlm Oy )y

J.>‘JA )O 9 W) 0)‘5 U] )Q m.a.:.“.‘o )9.]94..3 o)#é
aSis 4 MODFLOW Ly b, gjlwand
S o Jls! o,

3 eslawl L1y oL, dslee MODFLOW
@ J= lp S e Jo o vgame Jolis g,
LgLa;;‘)T Gomdw OS> oS> i OV JE-TICR U Y P9
o el (655255 sla Joke 4 (lgFul (e
Jo 6llr ba Jobo o sly ol Alsles
Sly el plyzl anaSed 4l e 0o
Sledbl 4y azgi b adsl oaman aSs sl ()l
Ve po ) olul s (So5edese e Ll pd g S92 ge
Moogm.wbhysxw)okbb
Ol b aS conl s sogase 5l 51,5 adgl (saman
0950 Ay JS.MJ .o; C)Lo‘ VR 0dgiste Ay d>gf L> ‘)
VYT 6‘)“5 A Q.g.‘ A8 oo UL.“.: |) ,5 Q—.’.‘
VePe plp X cam yo b sho slol a5 cal Jolo
FoYFe plpZ ez 0 g AT pln Y Cua 0 ke
!

WS 4 (glidiipe) Gomdn adss - F S
ol b Y g ams o olad 1) asl JEsl gomaw
S0 Gy b 5 el el Sl L
] 00U W alols sz.pc

5 ladhie Ol sobges Sledbl jl solizul L

S3bodard sl 5 GIS sl lBlp 5 S5y 5 (oulidlse
o3l GMS (5 5gralS 0S5l )y 3,90 ddlaie
SlassT ol A Sledbl 51 gl cpl o 0ed o0
Gamdw Joo Sl lp adhie 0 o5z
G Ve 5l oly ol Goe o oolasiul (So3505559 000
YY Ol 5y aledbl 5l men ol a2 YAQ
bhug caddailbre Jl5 alie gly losnlin ol
Gly s eslinul gloaslis 515 s MODFLOW
SleMbl I 5 labl s Gl oo sileand
NSFEONE PRAATE PR P3N PR PR I
) 3 i ool 4 4aa dle sl ad
o oolatwl Coly Coyg dawg eadasll Ol o
sleol> cusdse (Thornthwaite and Mather, 1957)
sanlie BB Y K& ) 5heey 5 3LasST o (glovslive

oLz Gilw 4wl Glp goue Joo drw ¢
o) e

9ol JB b e n) oot o by Jae

Uil ) ol bawg Joleie Lal i b Jsdseie olge

g oa 03l

00xkxx0h0x+00ykyyohdy+00zkzz0hoz=0 (\)

A_A:a.J)J a kzz 9 kxx ‘kyy AJQLM ‘}g‘ )O 4.5

LTHZ 3y X slacygs ;0 Sy ous coloa
(Harbaugh, 2005) cawl (L) &G iegim 515 N g
o uLO..Q.?LA Ja....u&g JL«» Yo Gdw a MODFLOW

oolaiwl 0,50 (siwoy) slol a4 baw Sl
553 ca by MODFLOW 5 .l azé 13
Z 9 y 9 X S A o g_)—‘ 9 0049y M:L; u—‘ (5JL§>

Lgl"bJ}l‘*’ IBLQ.J 6‘).’ .IQJ‘JM) 9 KeLY MS)D AJ‘}SGA

VWAV s ) o led e 5l 050 ¢ slansme pole aslilad

¥



O 5 oLy (soge

Ao jpo &y (Gumdw ASoul (b Sgazme -V IS

Fig. 3- Limiting the network to the regional boundary three-dimensional network
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Introduction: Over recent decades, climate change and the lack of adequate and timely rainfall, leading to a
lack of adequate water for irrigated plants and limited renewable land and water resources, has resulted in the
heterogeneous spatial and temporal distribution of fresh water as well as rapid population growth, including in
Iran, There are increasing problems in providing water resources for various uses. One of the main requirements
for meeting global food needs is access to sustainable agriculture and its development. In order to achieve this,
appropriate measures should be adopted to prevent damage to the system of limited resources in each region.
Groundwater is always an important source of fresh water and groundwater management, at the first stage,
requires the identification and operation of aquifers under natural conditions. In most hydrological questions
and groundwater resource studies, the availability of groundwater resource data and statistics is of great
importance. In order to assess the effects of development in existing conditions and to provide management
methods for groundwater resources, both quantitatively and qualitatively, mathematical and computer
simulation of these resources is a powerful tool for the optimal utilization of these resources.

Materials and methods: Numerical modeling of groundwater in aquifers is an important tool for the
management of water resources. This model can be used to estimate the hydraulic parameters as well as water
resource management. The aim of this study was to simulate fluctuations in groundwater levels in the aquifer
Zanjan located at a latitude of 47 degrees 50 minutes 49 ° East and latitude 36 degrees 20 minutes north and
37 degrees using GMS software. This model is a combination of code Modflow and GIS using the finite
difference method, the ground water level simulation. For this research the information needed to run the model
that were introduced to the model, included: positions of border aquifers, at different heights above ground
level bedrock aquifer; the amount of withdrawals from well tapping positions; the position of and water level
in observation wells; the hydraulic conductivity layer; and nutrition. After the preparation of the conceptual
model and the determination of initial and boundary conditions, the simulation will be discussed. The flow
simulation model was calibrated in a steady flow.
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Results and discussion: The results of the calibration results in a steady state showed a reasonable balance
between the observed and calculated results in October 2002. After calibrating the nutritional value 0/000321
meters per day, it was found that this amount is 1/98 times the amount of power input to the model. The amount
of horizontal hydraulic conductivity layers of sand,/silt and sand,/gravel were measured at 28.57 and 40.4 km
per day, respectively, and then the unsteady flow model calibration mode for distances between 2002 and 2007,
using trial and error to achieve the best balance between the level observed daily. Projected drops in
groundwater levels were calculated, based on the implementation of the model for 2007 and 2015 and 2022.
The root mean square error, mean absolute error and mean error, respectively, were 17/41, 15/22 and -0.6. The
root mean square error and average error with respect to the amount equal to 26/29 and -8/43 showed the good
accuracy of the model. The water level calculated for the converter, groundwater flow is from the southeast to
the northwest of the current slope correspond area.

Conclusion: The model was implemented with the assumption of the rate of groundwater abatement and
constant nutrition for a 15-year interval from 2007 to 2022. Maps obtained for the groundwater level in the
years reflect a sharp drop in the water level as the result of continued indiscriminate harvesting of the Zanjan
underground water aquifer.

Keywords: GMS, MODFLOW, Model groundwater level fluctuations, Zanjan plain, Simulation.
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