[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

sy sode saolilas ams § bazo g caodlas aloxs
Oyl e culilage (oode (poxl
Y LA lxio VTRVl sl o)lods (o3l 059

9

Available online: http://ijhe.tums.ac.ir

G

£ & d “
wh K) Jg: Lu %,
“ O
1 of Enyiron®™®

e olood Clis lggul (Swop ) @l by e GO0 (6 lwad

Tailal g5 dpe o ead (s, (58555 Sl e
U‘)"‘ ¢)->>Lo s)J)Lo oKiils ‘6))51.....5 ouSiidls swwb st‘.\.a.e(c 9 r:9lc 09; -\
U‘)"‘ ‘ulm ‘L...\.\.u ‘éJ&}: oli...)lé ‘6))5LM5 o..\S......,lo ‘u—‘ ‘5..1\)..4{4 05; -Y

0 doS> -l Fo ol M Ll

9y0n) 5l el osy Dlogge Dl dnlol gl s Sl s 32 (Sl ol HERV WPy LY AR :g;_él_u.> é-.‘.)t"
b iy ol 500y adlate 1o 65,40k g Cu o 48 slofg Caedl o) 5 o (g5l Joe v/« Ye iowlpg gyl
ol b, e g0 Gilosdds 4 ¢ So5a0g,00m o (Sgyaum ¢ il faey Sledlbl 5l oolazul av/+\/va ey Fo,yb
s a3l GMS Jl3le 5 5 oolial b e - laes s olsdul (o)) AVIeYIY. Ll & ,6

o 9 4l Ol o (Sl ol (s Jae il e (nl 53 ey 2 R
S ol S5t | o 255 (5 Ltnns MODFLOW (sose 55 L s s ol
35 Sloslil b 55 e 05 2l Qb2 s (oo (2T plmil s g g (39, &2 Joe 035
O S i g g axlllas 950 glools i 5blis Lylys 28,5 &, 00 MODPATH (coue
3 e BliSe slocS > loy b (e 2 _ o _.

Slgieas £ YO M jloe 0g0mma 10 00 (g jlmduns § 0 sanlive Ol la s S| L2 asSl ololS gl o igads Ol
Jo aS ol ol MODPATH 6o O b gie) ol Ol e (eSS 09 igllae dlold PP “?" QLJ" ‘éij)M
ATV IPVE M Cde 4 9, &5 52 50 g FYFe - M 0L o JUSH s 00 5 SYsbo gl 05, &5 >
ol s JUE (3lotnd @l 0005 pasiio 0l JES s (23 Y5k (liea,
Olszel (a5 555 0 S 4 Slsmul 550 ) sz JUl 4 0y Camdly () 6bsS (e

RSN SRRV TN
s el ot ol ol oled s, asll W bls el o5 o Eyama 13 (6 35 A
8yly sy 2l eyie 4 6 il iz lac)lus a5 sl aalis g o 1, plgsel (Sl i o 0 o 9 (Srig S oy

890 dalg>  m.bayat.v@malayeru.ac.ir

Please cite this article as: Bayatvarkeshi M, Fasihi R, Zareabyaneh H. Numerical simulation of groundwater flow path in Hamedan-Bahar aquifer.
Iranian Journal of Health and Environment. 2018;11(1):49-62.



https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

21y 8 iy (Slgpaem Colan 5 Lol jlesls
3l S0 laddllas 1o 5)ls (e ol Slg e
e 50 Comola Jolod S8 4y plargd e pls]
il (s o _>yb Jow 8l i GMS Y.\
Cils S i i g el SJg,0ue colon as )
s (V) o o o sl maw ldlae gols (Y +)
oalatwl L (VY) sz o ke o g (VY) 80 5 = Lo
szl GMS Jl58ls 5 .o MODFLOW o0e oS 5
i) 2 gy Sebld p Jod gl s s 24l
adss S sy 0 (OVF) oL Ken g Yarl oy zuls .ol
Ol s 5 09,455 Cubd (L1555 (5] 4 445
Lyl 5 45 ol 5ts MODFLOW Jue by e
3575 i o) Al 5 4l G goly; IS g
slo,lnl o oIS s L(VO) o], g Marofi .o o
Sus plgtel j0 (egtan 48 £ib (6 S el Loty
e ro9nl s e e sl bl Gl - e
a5, 2bdl > Sledlbl giw bae j0 36 6
Jabbari el 1ls g0l Egeas 445 l>l o oewlie
Slosliiwl b1 16 - (g lw civs lesal (V8) o)) Ko 4
ol Ll mlis wisges 55lwacs MODFLOW o
Sl g 0S40 by gy glaceud a5 ol
(V) oL)Ken 5 QIU ol (b2 oS adss css Jles
ek g 0,0 adg> (ieiny ol Ol Siluans b
Sl p lade axidl ;o GMS )33l py e 0 > 0
syamayed Sl ) (o el 355 ] i 4kl
oz MODFLOW  Jow b iSThe j9—i8 0 S)1— o
s glad s 4 snjny o g Sl ol
oL)Kea s Wang aslllas .(VA) o ls K 55kl 5 o)L
el wleles asli s MODFLOW e il 5 (19)
o5t Sl sl ez Jloi 5l Szl o (Ll
sl 9500 Sl alaslgty (o5 ol ilie Condg
,3 MODFLOW (ssae oS 5l eslaul L (Y+) Herzog
o] 1 6y ol 455 wicras ;86 GMS 330 65

w2l Gl e (5335 (55 Lwansd

dodio
i 2l ol @il @5lsiss e Slllas 4o
i Lol i 13 ot s, 5l S
‘_;‘Lﬁs_i...&v 9 Lr‘”))") u] 6[_®LJ|.\.A )‘ oola ! v_w‘
Jlesl 5 JyuS e s slaol, 51 (So pls—ear 65lmanes
le)" M‘ysa l_.QJJ.A 09)'{54.1 (\) Sl s_j é}LA w).»d.,o
Oyl o 18, (ot 9 Sy sla el e
.(Y) ..\49_w oola_ul )La.a.a 9 b_)b.m 9 u_;‘ u_:|).u.su J_>L5.a e
Sl S8l odle (60— g (e 155l slacJlad
Syl laglesel a1y alises slooss VT daylssul O mla
A 6950 (seiny Sl S GialS 5l S sl
s sleol (FSogll Janl g5l as (F) o)
Ll) e 0 9 43S 15z gi 0590 3l slaJlow 3o
8l A g oj‘)?‘ﬂ Sl sl 8B goae Lo Juw
S50z Sl 4o (F) o) 4 Ziael axllas 50 (0)
A yoid JolS b wsols o Lis GMS j138ls 5 S o
YU ool Jlo iz 5o (o) i (5,05 Lol
Ghobadian 094.:‘50 d).:u.w.o ).Q,u.: )‘ (X9 u».?u 9 o]
oliile S a0l ceins lgzul 6 5lamans (V) o) Koo g
plul GMS £.0 1581 0 5 SeS a1y Baile e bl 2 3o
S 2585 g 5kl Al gl ols s bl mls assls
u.....»‘)ﬂ‘ éucb 9 u] dLbolD- )| wléj.v u.....bls g0 ULM’SL?
Sl L (A) o Sen g Banejad .os 5ol O mlas
S8l e base 10 Gom A &y gods Aigles iy gl
Slbl 5l Sogll S 1o cga 4 asls bl GMS V.
756 g e e (Su3slsise e sla Sy (—wyn b (T
95 b seeins 2l g DL s ysleer b
wols ez GMS YA 180 e 5 j0 dgame cdlolas goue
ol a8l alS b sl 5l e ey o]
T b gl gilwans L Q) o Kea ¢ Eftekhar

19Vl /Jg! & /a3 jl :
S /gl oo /pasjbosgs ]

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ol Ko g (S 59 Sl o2 g0

ey 2l e i 5l ebls  Gial3d b (xban Of wlie
> edlS g C bl g,y o 8l il sa s axlge
355" sbaoolys looliil Slilsoay (ool 3 ol (5lsee
aiils Jlis 4 5 1) of CuisS 1als (65l a8 v
3 s ol O S g (o8 Ol i a5 > o ol
sharmelon s olf s 5l g dilate 0 )b 5 (65,0laS slagisy
Olgzel goae gilwacs b cplply o)l oliwas coonl
gl Copie oz ) Sds Sl Sz pliee cmts
Oesi ol 3 Bam gei (L ool & jgoa (ej
b i 2l Ol (e 0g o (35eS et iie
ST o 5o slanlSKa il 5 Dolite Sbej sLapls

el Hlgzul o ilwans @,k 5lea] gl o

gy 9 Slge

axdllo o ygo ddbrio CauxBgo —

St s WA KT Sy oo nom e
3 Jlamd o,e YO Y B YFOFAT o FASYY L5 FACNY
ol 4> )15 3L, ga SAS <)Y m glis)
FRRAN km? o s 45 pamsgs s ol
b GBS it gl gl el )| o asls
10V KM? lelis )| Carnss 5 F9A KM s Lol olys]

9 b 09 Aoy

‘;Lo.,.u a=l )| éb—‘uijs Gbl)‘ )0 Ao g, RER

5 Kol j04.8 slac o b sunjpy ol oyhw gl )l 8

1Z1UE 455200 E 1EOOE ABAVEE 1856
N
380N
N
N

HUOTE HO0E SEI00E 0T E 45°S00°E

IR oy 290 15 1B 0 YLalS' (6 50— dibaie (o) 2
[ C R N NIE JOIF Y PUSETJIN
26 (YY) oK en g Laronne oS o s ey
lszel seins sl Oz g el o il
s esls 8 byl eee |y elandd )3 (s (gl oo
S5 o 98 g (ni s sloo] Dbz ogz adlllas (|
s Kim e85 1,8 b5 00— S plsul 4 pls—]
2555 Olag T4 el (g & 56 (YY) S
Joo bl bl gl (el YU g, (st 5 a0
o, g Pourhaghi .o ss4es o, » MODFLOW
Slezel o5lwacs ;o MODFLOW  Joe 0,015 L (YY)
o gebans 8l e oS aizils Jlobl lals - b ) e
el gy Ve il boanl Jlw Ve (b (e
503 2lsS Ty S9e (6 pSetr Hobas o510 0 o2 slacly
Jos g5lmaings b (YF) o Sen ¢ Sacedi asllas mbs
5 GMS o5 s 5 Syl S 5 o sl
5 eediin ol jo (SO Sl colan clale Lol )3 as ols
ol sl pas 4y cond angy il cenlw Jlasl & g0

il wwlgx rals as 0 VY e 4 ccanlw
ssbieds ozl (5lw oo &g p0 4 az g b dalllas cnl o
3590 e = plamer o plgel (f lie Ay Copoe
Ot 3l (S pled e = Glaes Sds 28 5 | S any
390 oty 1o (gla s b ehas bl glacaso

M&aa)pmwy—\&f_&

® gﬂ/
/%ﬁ J} 1P9Y Jlas /gl 0o /350 0095

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

0)


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

S @l o ol 5l S 2 o ea b S 55
FEOFN s iy 5 ol S5 5 o] wllo o LS

el YEYIAA MM 5 YA XOO/V Y
s s il o oy Bt Cass S i
P) G‘;é).ﬂ ol Jols a5 cwl codid g ¢ )lo el

Canl s_i.._ml)j) 9 6)))3‘55 Lgl.bo)?sb L ulm 6Lm =z W
SleMb| 51 sl ey (gimd—n Jow 3w 5l (YO)
Sl oogass ;o SlziSTasled 1 SY S65els559, 0.0
(ol p Olabee Joli Y o Sledlbl o ool
B ] 6‘ﬁ I ol_? omod,,L&;' slaay O
S iz (bl pl i as0 F solazwl cubo 4 bgy o ygiS
B ey e sy Foe )3 a5 W08 ol St S
Feoom ¢ Jow oaumo LSis lgul 4Y culbks cplpls sl
o JSad glaayy sl aalade ¥ Sl il aid 5 ka5 o

D23 o olad 1) s ooguze

w2l Gl e (5335 (55 Lwansd

B Codee ) S0 )ls (Sojelsig e LS aigled
o oo Hlis 1) aslllas 0,90

oolaiwl )90 leMb| -

ce—lidilgan Sledbl 3l slacgazs axlllas oyl ploxil jglaioa
3590 4 = Olve b pleel (bl (ol 5 (S35l,000
3,50 sl pxio Slase iV Jaaz .28 )5 8 solaz
223 ee ol 1 Ll 51 Sy o ags gt 5 ciogi coslici]
S (@l yo (e sl Gloel sl (Fai )l ailjg, slaosls
b e a5 &dly obT iS5 obT o (LS
T 4385 e dnasloms gl VYV - AYAF la s
ooliinl g angs ples (il (cwlidlyn (ol 5l gies 2
b b ol S Ss p2 (3)k 5eSShe ) Jloged 0s S
a3 se (LA (o 9 90 Sl

2lrasdllae )9 095 (b oad oS Syl G S
Joleo 5T oyt ¢ LIS ol ! ;5 10Y/0 MM
Oeile el ooy Cod 4 il o o] 0 VYO MM

oolawl )90 (5 yutio Olasin - Jou

Fe) Slnsgs oolaiwl 850 juiin
Ol billsn losle (6395 Olyied 02033 5 Uy, (o) 2 Stz dilg) (S L slrosls Loy S
Sles 28,5 )5 eolaiul 550 Joue ’

6[.@05; 9 aglaio ‘sao‘)l ‘_g).g)ls 6me )‘ ul)b) wl;m )5.la.~04.:

Sl olial gladkie Ol

Slaes bl gladhie Ol

2585 (el e sl

Slaen bl gladhie O

(CN) mxio o,los

el Cowddy dibaie ;o S Sojelg,0um

é::Jj)b\:t-“ Solae

20,5 e
SlasT ailed 4 Y ledbl 51 cwlidps) (oman Jow colo jslaie

] ol onips LSS gloayY i ‘Glu‘)-'-"' Slaise Jolis a5

325808859 00

A eolawl

i G AL sl sl 5 S S i (s pslaton
W obL&.L.a‘

18 00l 550 gl peallS jobaieny Slamlive olx 10 T plaws eS|
O 4

e ) e

oY

o J
19Vl /Jsl & /sl % é ﬂg
Sz /Jgl o) /P23l 09> -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ol 5eR g (S j9 Olo w2 po

Der -
3:
v, fee -
2 Yee o
Dl
£
£ oo

P SULST o oL o ST Seivgs

Yo 1TAF 0,95 b andllan 3 90 ool LByl omsileo —) Hlog0s

20
150
- ~NE
2000 -
B
1800+
:;g P lmi:uk 9 I.J\I.‘I-:IIJIN ;1
217 « v
K0T Sttt e gt ;
fa] 1600 o
E% "] Qt: Quatemary deposits — ot
14% | [ ] OMm: Marl = < =
1400 ; i - ———— p—
13 | (B B Cretaceons undivided B & dndalusite-gamet sillimanite schist
1300 Ks: Sand dol Sst. & conglomerate h: Homfels
[ sch: Shale, slate & schist 71 ga: Granodiorite ) ) _
Mo o 6000 wlo owo  mow  heow @0 10 w00 2w W00 260 B0

Distance (m)

(Y9) 5la — oled cuiod 28 1l olasul sdgume & pous —Y S

J:&‘-'- sala _"5.-9 pa———

r S L e
r J— ) A it =t -

¢

i SR S [ L

'

W Bl ) e e

MODFLOW .40

WAL L ol e i~

v

;aﬁd‘&_;;'-u_-'c-_h‘- gy

MODPATH

'

— 5y 8 ey -‘)h'-d J'-J.-_..'—-v"u"—' &t

asllbao plosil Jolpo -1 JSCi

® ﬂﬁ%
_//%9 J 119V lgy /gl 0lads /masjty 093

Ol Bz bl sgy ale ozl iksgy ole owliliad oy
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Sl 28,8 as o b Jaw ol ad ) Ll ool 5l
208 2l o5 lacl adsl 5l 5 adlaie 81,555
MODFLOW (soae o5 ;0 LPF a5l colys jo (YA)
oola il ‘y] c.]a_.u u.uo.?u5 =P g_)—l UL')? J_‘> ‘_g‘).g
Gilwand alBlax 1) S5elg 0 )Lole o iy cpl 0l
s Olggal s o 5 ala |y Jslw 2 50 by g
o gl B8 S ae colas adsl polde (V) wles oo
D (S350 08 (G A Joe agd jolareas (V)
wSlo a8 oS A4S Z Y 9 X Sux ) adsl g 4w
Sz 5 Jokw 10+ 9 X 88l gz 50 Jokw VO Jolis 00l
e F Ko cnl Z (s0g0e gz o qY@sy‘ﬁ_&é\
OY moeai U owlid ey Joo 3l (gom 4w Jow el

Ao oo lid el )l Sledlbl b xda
©o0e 0 S bhug ey ol OS> gilwans
ol cé 5 ois0 GMS Jl5éls 5 I .o MODFLOW
A gilwand Hllss a8 conl dgasme Lolas Jow (goae oS
3 amegi ol o VA ooy Slasl cdls yo b o gas
Sl jsliteds Vb SIS < LELGMS V. 5316 5
S8 a5 cpl yo ol el ol cdl jo by (gam 4w
olan Jo 5 SaASet 1 sasin oo S5 by il o 5
03 ‘579.,..4‘3 J..\.o C"L"' (FY)) WS cnml i ‘) C"L"’ ‘L)L')"’
ol s,5 MODPATH (soue oS sy adgl sols lgicas
5B a8 sa @3l (YY) V2 JLw ,o Pollock Lwg o5
3 (gl i) i @y 5 5 5l a5, 25 > Glule &
dlome o) 5 2l Gl Sl e dalllas ol o el
@9, &S >) aslllas 9,50 slaoly s bl Ll
Oles b (o a5, 25 ) o VT 08 1> C g 5 (e
I ae J)p u]»)A.fM‘ e.)..uYT J)} Lg)L.MJAA )‘
35580 sl pglate (l sl 9o (o) (S0l 2
S 5 o 55 1y ol 5 Sge 5 asile b8 0,8 S
Oy 0ads dwbxe ey b illas atk ie alais S

0¢

w2l Gl e (5335 (55 Lwansd

03051 b esls  —iKan oo «ledbl (5 5lao 5 s
o33l b il pos— Jloyi U8 5 (Run-Test) s
pll (Kolmogorov-Smirnov) G yeew! Bg,5 gelsS
¥ USs 0,8 lgtul Jaw a4 pla 8l am p5 50 0
s o bt | aslllas aloxil ol

ssbiieds (sageie Jos il e Slalllan o390 oms a5l Gy
O 385 Gl 599 jaien—w 4505 (glado i o (pns
Loyl oy ol S cogpio Jo 5l oolai il oy )5 colanl
asle dilaie (o Sojelg e Dliogas @adii ((Sdgyae
39,9 S csoste Joo 3 Ll Ladilog g ool oo
Jol lime (g 90 51 (S59ls559 000 Joe 4 DL
gl Sledlbl g (plgzel 4 69955 T Gliee) 40855 Sy
5 385 dnle (gl 0,5 soliul Slaaliw ol> 10 Ol
Sl Jlade slate cnl (glp s oolil T (Do g,
i ) T Jolis g iyl 5l ol by dloes Gy b
o,leds g, 3 Py, e (gl (V) 9435 daloee ()1
59 Uik ples aSl 2,8 Lo 5 soliiwl (CN) e
b Sllg) Slade 005 oo Uy, 4 ol adg> Sl
(VYY) ol dcslea ¥ g ) OYoles

P2
= o)
S+ P
_ 25400 _»
CN M)

Yl 5, L P amm ces Yl Gllg Jlaie Q i)l jo a8
SICN laie ool S cblagSs co o S MMM v 5
SL (Seigds e ooy I 5 ailaie Ll 6 )5 sloasss

el Cavoas AV B £ asals o
ol 650 bl it b il Joe (Soieds e Slpogas
Sl ye O )ygots (b3 (55 0 bohas jslaie (aoy gD o3l

L 5o Oygots Joe ay a0y, 95,5 2w 9 (3L > (99—

o J
19Vl /Jsl & /sl % é ﬂg
Sz /Jgl o) /P23l 09> -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ol Ko g (S 59 Sl o2 g0

loaisly
Olgzal & ea; ()b bwgie w250 slaosls ol
Jheel b el cwoay +/20 mm/day . YY 6,0 b
/faA — - /f2. mm/day ;5 OUsly, Jlade ) atslas
«blg, 51 oyl S L i jlade cpl pln 0 5 a il
—\VV/Yd mm/year Jol s +/FF4 — «/fAY mm/day
St 10 4IRS (639,59 lgreds 45 A 3,91 VEY/AA
W lo b by, g 0lge Lidu 0 AT 668 le 10 )T colaiul
5 Shwlin glaol> Sledbl 5 Jaw 50,5 0 5 jslaioas
Hlake ygaml pod ST 00118 plast 1wy ol colaiwl VWA Lo
e 5 oy (Sdgyaue Colas Jlade g ¢ /F mm/day «dss
I J&Z.M—lwoqvj\“am/day%;qw)jw
o0 (6 3ludnd § 0o sadl e (o)) o rlaw duslio
ol )b balyd jo (omialy aial® LG o Lo yiegsn 5o
oo Oledbl slas a5 550 10 ¢ Jow syl 3l ey a0 0
oz o0game 10 00l (5 5lwacd O mlaw il o 54
Gl Grsled BB ju K5 a5 aS 090 ples (E Yom) oS
oo oddlive g oo (gjlwacds Ol mhaw S 50 S

A
-k >
Lk s

- b
- G

x___m\}. q. (
—
L iy ] 9'
R b )

00l (6 jlwdndy 9 0uly cudlico of T o A o -0 K0

® ﬁﬂ/
./,AI)?DQ J 119 Jlgs /gl o)l /mas i )95

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

00

CS &y g9 e Sloj 050 S 50 9 (o ]
0ol ahd jl eolaws s g ol G,k 5l (YY) oS
P adlate (7)1 550 eSae (2b3) g ol SH L
0 5ellS slp il )3 00 S (o0 Rt (Bl )
Jolaie (29, plyeds Las g (o (39 5l Joe 05
@ ilmdnd Sl Joe sla el )b il Jolaie
o 6l il yelS e ot oolistl 500 (65 lmiants
iy ol 4 polie po i b g sl <l 50 VYAS
sl Lkl 2y s oy B (B8] (Sdg o0 Culoa
slol> Ol e Sledlbl 5l jelate oy .cdl aslsl Joo
oolaiwl Slasliw sboesls Hlgicas VWA Jlow o ailats
e 5eSles a6 o] (sl el b gl ST 280 s
(MAE) llae sl ;.5ile (NRMSE) Lo ;5 sllas

A5 gy () (Snap 0 5 ME) s (. Sk

Juo 1) (59 39d95 59,008 Gom dw Juo e lu Jol o -F S5
adbio j 50 7 cdalgl (Gom A Al 10 (bl (o) (GeR A
3)lg 1y cadlaio 530 4y (Gum duw Al (o Sguro 10 cdalllan 0590
T 9 (G s A &7 (G i (oulid (0 Al (yils

(i )l SleMb! b oxbaw 43


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

laos b a5 &3 L8l oS 1 g9, 5 ol ol g b

(8 o caél o L)Lo) VALY L o cde 9, J):> 5o

@ 5) lwand @l g salys  Sogll 5l Sl o s
1S S o e (5 Yok a5 aeo o i Olyd Cde
Do b aS cul (b Tae G 4 0l> 2 35 10 5l o]
9 Y-9/AY AYPYIAY o ja e JlwVeer g es

(Y US5) o5 aals> AYY - /mFVY

Yaouti asllas sl 15 geel S 51 Jols a5 e
wlie 2l b iST e 5,T- o lsmel 10 OVA) oK s o
ol @ilsand o plssel andas lade (LsT.cul
Jlade 5 (Y+) Herzog .o ssges 3,155 +/0 mm/day
oy 8L L BT 5o YLalS (6 s dlaio (Sdgyoe Colas
S5 GV 5O MY ot e sl S 5 o
millas slao Lol 51 lssan anlllas iyl s b as
ebin 8 Shoe Sl ol aslllas ;5 Gl IS al> 5o
Z1ael .col Jlg - loea cuis lgsel olwacs jo Joe
&ilwai ;0 GMS Jl58ls 5 slas 0o y0 () o)l
g Jabbari .ssges 5,55 a0 VE 1) 0500 5wl adg>
Sy o) s polie das 0o 3 YO L (VF) ), Sen
MODFLOW (oac oS L, g, cins oylgsul
5 00d luared Ol o 4 argi b disged gjlmand
Al i eesS @ bled Joe O G 50 ould conl i
sBanejad aslas bl o ams ol ol Ol mha
GMS J138le 5 50 Ol gl 9915 (i 2 (e (M) S
5 22U Olyml (29,5 5 69958 by JoliS amsyo )l
5 Yang (3,18 sl jo s (pl g ,ho 4 S05
OB e (A) o5 g Banejad 4 (Y9) <o
)l gl Sl o plssl (g 5 9959 olie szl
3 GMS 3316 5 gl =1L 55 (VA) o, 4 Yaouti

o

w2l Gl e (5335 (55 Lwansd

L lwsie glas cogaze ool it Yo mU + YO o0
VMl e e Soke 5 508 S, ol 05 )
0as (6wt O hans S S s wlul .l
g oS las aals o bol> law 0 #r j0 oo b onnl i g
ol L8 b e glaz ooguse (o lols v y0 Fr g0
Golwads 10 Jow gl udlS cils bl lgs o £g0ome
J3d BB ooguzma ;o aslllas o550 lszul (o) ol lans
ME MAE NRMSE  _zullas slas ol olie .ol
ol Cawods +/AF G YY/VAIM XYY M w0

2 OVAL s o Glsul a (29,5 5 59955 Oz jladio
el Gzl 5l 29 5 89509 2T Ol

Ol b sogss olaz 4 el o Sole Jlaly el
aS 45 yled ol pln o il v S o el g5
5599,9 Ol Joll ao )0 0 5 wonalin ¥ Jgux 5l
ol (22,0 V[ 8) yho & So05 5 b olesul g5
Gt & i Loyl ciplhas Sl cdl o8 L A
o3gaze ;o Slyd (2ldy g (i ol Gl e
Das e plasly Jlo Ver e g Ve e Ve sl ley b lgsul
CAS)}CA.Q_?‘QQ;GAAJ&?)&?JS_&)QJA_};QM
Jlod o @y (g5 ST (ol b sos 55 0l 7
ey el Solas ol ol Jdo cul e85 >y 3,4
CbdS L aS col ] Fole & S (B, 5l og e o
1y oo 5l (o el g a8l (tal3dl cat VT 28 > (e
Aok & U mls elulpols wales 1,8 550 cou
WJ:C\JJLMJ\"‘ 5\“ AR JL&M‘UIA))QOM‘EIOM
OS¢ dalg> FYFe e m 5 VEYEY/F £ - A/AN

29 Gilwderd SSS 5l Gl e (ad i sl
Bl ol A jelaie oy o b ool ul Ol S S > e
g Ve b Syl logcs s I8 u‘ﬁ-’D—‘ 039020 4

alale Olyss 136 pae Jdo 4ol glwand alls Vo v -

o J
19Vl /Jsl & /sl % é ﬂg
Sz /Jgl o) /P23l 09> -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ol Ko g (S 59 Sl o2 g0

(m/day) 1Y AR Jlo 50 olgsul 4 (29,5 3 69959 & polie -Y Jgux

ST 99,9
SAAFA-YIYYA el 5l DAVYYV/E - A i 5l
w3 YAVEYVIVY WS
CAAFALTIYY] s S AOY DA YE ©5555 S

L

(Lo Ve o)

(Vo) (L)

Sl bl gl gl a9y €8 3> yg0 dr Clbd Blybl 5o a8 )5 51,8 bl 1) (b2 o (g3 Lwdans —F S

(L Ve )

(Jlo Ve o) (Jlo0°)

Ol bl 6l e g, S5 > Gjge 4 (LT ol A 35 50 0 48,5 )18 W1y3 (b s (3Ll -V IS

oS YL B pas amy plyi e Slyzel (Sogll JYs

- iS J—g—ld“-} le P .,_I 0393 sto O r;|9=?’3 le-»-w—w

31050 0,Lil g2 g AT Aty ¢ diws jou—w DY gate

® ﬂl/
./21’?99 J 1P9Y Jlas /gl 0o /350 0095

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

ov

Sil- s olsml 2 5 609,5 Jolis aoyo gl Sl
Ol a0 FIFD (Jow y0ged 0 pdlS 51 o 1) i ST g

el addllas )l b b g 45 Widges


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

o o8 S aS el el glasel O o
TP S oot S S i a5l po—wins g (lae
(YO) &5l yoSde i guejp) ol CutS 05y g
P Slllae osgaze oy Jlod 5 08 )3 Sy
B1 b ol sy s a5 4y silate doms (pl el
2 Sl o 5l Ol cmlie Cu e glacaslw
oher 5 Gorgani .o,s1 Jacas 5ol Glse! wlaw
it |y ol Fogl S5 i) ot i (1)

Al iy blie 5 00V sl
Byo sreiny ol Olyz addlas ol o cl S3 0 03Y
Jbaiods aSnl > el o0t ploxl gode Joe sline o
Sy 53 otly el b 5 rten gl Gl (o
il 5 Loz a5 oy ot i oo e 31,5
5 oy 2l alio Sl sy (sloelz 4o LT o
Ol dacgsgame sg2g Jdoay (S0l o el B o
Ol b aSST el i e ol Ll ) s
dales yiol8l (gilual S8 () 0 50 slrol> Slass
slaleslw asls dan Gacle pili s jol (plas il

Slezel oo g5l wars Jow GMS j138ls 5 5l eola ol b
Sl bl ol g Hlal Cdl yo e - (laes o
il Ol s G ST S 0l (i plszl oz
Oy Jeud BB o3b yo blas Cdel (gl oo sumlive 5 00
Coadly ol SbsS (aei s 2l by e (55l b
735 9 35 0 Sy Olgel e 5l Oy JUT S 09
e oz 4z (sly Fagll Lo &5 > el lasi]
Slaoly w4 bz JUikl ogoni g Gloj 0aiiS e die
aalol ols ol ezl Cunsg e e g (Flalllas
s 38l s 53 el (Sl o el i iy,
3yl sy 2l eshe 41 6 3L Gl slad) s oS

Dged dlgs

OA

w2l Gl e (5335 (55 Lwansd

Sy g oo 3510 o (s = ONSL H5ee (S0
Bahmani .(Yf) aue oyl sanS o a5 (5,9 mals
a3l (Sogll p Jge Jslse (o ot (V0) o502
ool 5 (oSt (55,5125 1) e - plaen Glosul o
Sl ONSL  ploads 5 (£p0 5SSl ang) s
e slaazly g (aio o5 a8 Glg g ploss
s (et SEdls (sl g 4l o Bl
il b a8 cl o1 S ol (doepy <l 0l <S>
Condy yd (gl 5l sl Candg wszse bl S
Jen g Nassery a s a s les 05 anlys Sl
Ol - plo—er oo g_;‘)?” Olime sz ils Ll (¥F)
Oeizmed g (olrerd (slaogS jl ooliiwl 4 by e oy
(o3 5 o) @il Slgy 0925 5 CEpl o Cuwlied
G yas bl p cwob oo oleel Copae cplpl .ol
Bahmani adlas o ases opl 00,5 el 55,908
Mohebbi a> 51 .l sai (3,155 55 (Y0) ol Koo o
Oll g5 @l CmeS (e Sike (V) 102
Ol 553 08 sged )5S s Candg o ) laen
S e g g 4295 pAe 45 Sy oo LI (6590 4SS
glo 4 @il ol Slls Wlg e (b Ol el
Egozma ;0 dlei 3,5 ool slaJlw b ejp; ol
ool plowliss 5 Sogll o8 oy 5l 31 L
Bl 4 o JUsl 5 e SLoladl Ly 3l oo 005
Y ;Q}I—I il oty 090 (6 S el o K0
iy 2l SekS S9) t Sla Slr0sS 5 (e
53 liysleS bwgs (B ran 355 liee (halS (b
Ao lgi oo Lo Sogll ol lie (10lS ) gl 0ol
dibie ciS oSl Aol (YA) ,Ken s Nozari .ol
5 sweiny ol emBly (els sl sl )50, 1,
) o,Ken 4 Barikani sliel a4 .ociils QT ‘;ojﬂ
(i ) el 5l cdls n Cysgame g Lo g
Dpdy &)go adlaie L iS 658150 (6 e b il Y

55 e 5l el slsoly 28T iy ol b, e

o J
19Vl /Jsl & /sl % é ﬂg
Sz /Jgl o) /P23l 09> -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ol Ko g (S 59 Sl o2 g0

‘sﬂo)ﬁs s & oo

Js! ‘_g)'l_wc\.ﬁ..:" Olsie basbobb 5l —ase allas ol
53y sl eolarl b jles — olowe o is glgsul o Sodll
Canl VYAZ Jlos jo 0l )| bl IS adaiio ;0 “ GMS V.

Ll 00 ‘).?-l ﬁ)Lo o&iils culas b aS

References

1. Gorgani S, Bafkar A, Fatemi S. Prediction of ground-
water pollution potential using the DRASTIC index
and annual time series analysis (case study: Plain
Mabhidasht, Kermanshah). Iranian Journal of Health
and Environment. 2017;10(3):317-28 (in Persian).

2. Regli C, Rauber M, Huggenberger P. Analysis of
aquifer heterogeneity within a well capture zone,
comparison of model data with field experiments: A
case study from the river Wiese, Switzerland. Aquat-
ic Sciences. 2003;65(2):111-28.

3. Tandiseh Z, Hafezi Moghaddas N, Karami G, Jafari
H. Prediction of wastewater plan effect of groundwa-
ter table (Case study: Mashhad Aquifer). 9th Confer-
ence of the Iranian Association of Engineering Geol-
ogy and the Environment; 2013; Mashhad, Ferdosi
University (in Persian).

4. Dutton AR, Harden B, Nicot J-P, O’Rourke D,
Harden B, O’Rourke D, et al. Groundwater availabil-
ity model for the central part of the Carrizo-Wilcox
aquifer in Texas. Austin, Texas: Texas Water Devel-
opment Board, TWDB; 2003.

5. Harbaugh AW. MODFLOW-2005, the US geo-
logical survey modular ground-water model: The
ground-water flow process. USA: US Department of
the Interior, US Geological Survey Reston; 2005.

6. Ziaei AN, Mohammadi A, JM. The study of the
impact of water conveyed from Maneh Basin on
Bojnourd Aquifer by using GMS model. Interna-
tional Bulletin of Water Resources & Development.
2016;1(13):205-17.

7. Ghobadian R, Fatahi A, Zare M. Studying the ef-
fects of Gavoshan Dam’s irrigation and drainage
network on groundwater of miandarband plain using
GMS 6.5 Model. Iranian Journal of Water Research
in Agriculture. 2014;2(4):759-72 (in Persian).

8. Banejad H, Mohebzadeh H, Ghobadi AG, Heydari
M. Numerical simulation of the flow and contami-

® gﬂ/
./A}?Dg J} 1P9Y Jlas /gl 0o /350 0095

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

S lade
Slaasl e ol @8 pae Jolts IS OIS alds (B wsg
Cole,y dlie ol o 1) (gilawosls g aosls cay o5 caSlE g0

..Aj‘oé;

nant transport in groundwater, case study: Nahavand
plain aquifer. Journal of Water and Soil Science.
2012;23(2):43-57 (in Persian).

9. Eftekhar M, Rakhshandeh G, Mirarabi A. Model-
ling and sensitive analysis on groundwater of Tabriz
plain using GMS. 32th National and 1st International
Geosciences Congress; 2013; Tehran (in Persian).

10. Mazadeh Y. Quantity model of groundwater using
GMS (Case study, Ghoochan Plain) [dissertation].
Mashhad: Ferdousi University; 2013 (in Persian).

11. Mohtasham M, Dehghani A, Akbarpoor A, Meftah
M, Etebari B. Prediction of groundwater in aquifer
by GMS. 4th Congress of Water Resources Manage-
ment; 2011; Tehran (in Persian).

12. Mahdavi G. Study of Optimized exploration of
Bezman plain aquifer using MODFLOW [disserta-
tion]. Zahedan: Sistan and Balouchestan University;
2011 (in Persian).

13. Akbarpour A, Azizi M, Shirazi M. Exploration
management of groundwater of Mokhtaran plain
using GMS. 9th Iranian Hydraulic Congress; 2010
Tehran (in Persian).

14. Yari A, Shaeri S, Dadmehr R. Reaction of ground-
water resource system model of Zarrineh roud plain
to charge and discharge factors. 4th Congress of Wa-
ter Resources Management; 2011; Tehran (in Per-
sian).

15. Maroufi S, Toranjeyan A, Zare AH. Evaluation of
geostatistical methods for estimating electrical con-
ductivity and pH of stream drained water in Hamed-
an-Bahar Plain. Journal of Water and Soil Conserva-
tion. 2009;16(2):169-86 (in Persian).

16. Jabbari P, GhanbarpourM R, Ashbeh A. Parameter
optimization of Sari Neka unconfined aquifer using
mathematical model. 5th National Seminar on Wa-
tershed Management Sciences and Engineering of

04


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Iran; 2009; Gorgan, Gorgan Unaversity (in Persian).

17. Qiu S, Liang X, Xiao C, Huang H, Fang Z, Lv
F. Numerical simulation of groundwater flow in a
river valley basin in Jilin urban area, China. Water.
2015;7(10):5768-87.

18. El Yaouti F, El Mandour A, Khattach D, Kaufmann
O. Modelling groundwater flow and advective con-
taminant transport in the Bou-Areg unconfined aqui-
fer (NE Morocco). Journal of Hydro-environment
Research. 2008;2(3):192-209.

19. Wang S, Shao J, Song X, Zhang Y, Huo Z, Zhou
X. Application of MODFLOW and geographic in-
formation system to groundwater flow simulation in
North China Plain, China. Environmental Geology.
2008;55(7):1449-62.

20. Herzog A. Transient groundwater modelling in
peri-urban Kampala, Uganda: Skolan for arkitek-
tur och samhéllsbyggnad, Kungliga Tekniska hogs-
kolan; 2007.

21. Ben-Itzhak LL, Gvirtzman H. Groundwater flow
along and across structural folding: an example from
the Judean Desert, Israel. Journal of Hydrology.
2005;312(1-4):51-69.

22. Kim J, Sultan M. Assessment of the long-term
hydrologic impacts of Lake Nasser and related ir-
rigation projects in Southwestern Egypt. Journal of
Hydrology. 2002;262(1-4):68-83.

23. Pourhaghi A, Radmanesh F, Maleki A. Simula-
tion of Delfan-Lorestan aquifer and investigation of
management scenarios by using MODFLOW model.
Journal of Water and Soil. 2016;29(4):886-97 (in
Persian).

24. Saeedi H, Akbarpour A, Baghvand A, Niksokhan
MH, Sadeghi Tabas S. Presetting a simulation-opti-
mization quantitative and qualitative model opera-
tion of aquifer in order to adjust pollutant concentra-
tions using Cuckoo algorithm. Journal of Water and
Soil Conservation. 2017;23(5):87-103 (in Persian).

25. Gilan Regional Water Authority. Gilan: Gilan
Regional Water Authority; 2016 [cited 2016 Jul 9].
Available from: http://www.glrw.ir/.

26. Salami H, Nassery H, Massah BA. Probabilistic
forecast of climate change effects on Hamadan-Ba-
har aquifer. Journal of Water and Irrigation Manage-
ment. 2015;5(1):27-41 (in Persian).

T

w2l Gl e (5335 (55 Lwansd

27. Patil J, Sarangi A, Singh A, Ahmad T. Evaluation
of modified CN methods for watershed runoff esti-
mation using a GIS-based interface. Biosystems En-
gineering. 2008;100(1):137-46.

28. Hubbert MK. The theory of ground-water motion.
The Journal of Geology. 1940;48(8, Part 1):785-944.

29. Yang F-R, Lee C-H, Kung W-J, Yeh H-F. The im-
pact of tunneling construction on the hydrogeologi-
cal environment of “Tseng-Wen Reservoir Trans-
basin Diversion Project” in Taiwan. Engineering
Geology. 2009;103(1-2):39-58.

30. Mahmoudian M. Groundwater Hydraulic. 6th ed.
Ahvaz: Shahid Chamran University; 2015 (in Per-
sian).

31. Froukh LJ. Groundwater modelling in aquifers
with highly karstic and heterogeneous characteristics
(KHC) in Palestine. Water Resources Management.
2002;16(5):369-79.

32. Pollock DW. User’s Guide for MODPATH/MOD-
PATH-PLOT, Version 3: A Particle Tracking Post-
processing Package for MODFLOW. USA: Geo-
logical Survey Finite-difference Ground-water Flow
Model; 1994.

33. Delkhahi B, Asadian F, Khodaei K. A comparison
of calculated fixed radius and numerical model meth-
ods to delineate drinking water wellheads protection
area in Yaft Abad district, Tehran. Iranian Journal of
Geology. 2013;7(6):33-43 (in Persian).

34. Ghasemi A, Zareabyaneh H, Shahsavar A, Yag-
houbi B. Evaluation of quality and quantity changes
of groundwater of Hamedan-Bahar plain. Plant and
Ecosystem. 2010; 6(23):109-27.

35. Bahmani B, Alemohammad S, Bahmani O. Evalua-
tion of vulnerability of the nitrate pollution in aquifer
of Hamedan-Bahar. Quarterly Journal of Sabzevar
University of Medical Sciences. 2015;3(22):387-96
(in Persian).

36. Naseri Hr, Nadafian H. Transport modeling of
ground water nitrate contaminant in Hamedan
drinking water wells. Iranian Journal of Geology.
2008;2(6):87-98 (in Persian).

37. Mohebbi M-R, Montazeri A, Abtahi M, Oktahi S,
Gholamnia R, Aliasgari F, et al. Development of a
modified drinking water quality index (MDWQI)
and its application for assessing water quality in

19Vl /Jg! & /a3 jl :
S /gl oo /pasjbosgs ]

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ol Ko g (S 59 Sl o2 g0

groundwater resources of Iran. Iranian Journal of
Health and Environment. 2013;6(2):187-200 (in Per-
sian).

38. Nozari H, Zali A. Investigating Groundwater Ex-
traction from the Hamedan-Bahar Plain,s Aquifer.
Journal of Water and Soil Science. 2013;23(4):277-
90 (in Persian).

39. Barikani E, Ahmadian M, Khalilian S. Optimal
Sustainable Use of groundwater in Agricultural sec-
tor: Case Study Subsector in Qazvin Basin. Jour-
nal of Economics and Agricultural Development.
2011;25(2):253-62 (in Persian).

® gﬂ/
./A}?Dg J} 1P9Y Jlas /gl 0o /350 0095

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

W


https://journals.tums.ac.ir/ijhe/article-1-5975-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

¢
£

"

ﬁ )
%,

o

“ agwy

6,/ 2
0 SN
" Of Environ™®

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2018, Vol. 11, No. 1

&

HERLTHAND ENVIRONIHENT

Original Article

Numerical simulation of groundwater flow path in
Hamedan-Bahar aquifer

M Bayatvarkeshi'*, R Fasihi!, H Zareabyaneh?
1- Department of Soil Science, Agriculture Faculty, Malayer University, Malayer, Iran

2- Department of Water Engineering, Agriculture Faculty, Bu Ali Sina University, Hamedan, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 20 January 2018
Revised: 15 April 2018
Accepted: 18 April 2018
Published: 20 June 2018

Keywords: Aquifer pollution,
Hydraulic gradient, Groundwa-
ter flow

*Corresponding Author:

m.bayat.v@malayeru.ac.ir

Background and Objective: Groundwater resources are very important for
the survival of living beings. Hence, groundwater modeling has a special
importance in water management and planning of each region .In this study,
numerically simulation of Hamedan—Bahar aquifer flow path was done by
GMS software using geological, hydraulic and hydrologic information.
Materials and Methods: First, a 3D hydrogeological model of the aquifer
was prepared and then the aquifer flow was simulated by MODFLOW
numerical code. The model was calibrated using a trial and error method.
Estimation of groundwater flow path was done with MODPATH numeric
code. Finally, the capture area was studied and piezometers and direction of
groundwater movement in different time were built.

Results: The results of calibration showed that the difference between
observed head and computed head was in allowable range (x 35 m).
Estimation of pollution with MODPATH numeric code indicated that in
forward moving, the longest way of pollution transport was 43400 m and
in backward moveing, the longest way of flow transport was 8270.65 m.
The results of the groundwater flow path indicated that the flow transport
direction was from southwest to northeast in line with the hydraulic gradient.
Conclusion: It can be concluded that the current trend of groundwater flow
will increase aquifer pollution level, which will damage groundwater aquifer.
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