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Application of Modflow in Groundwater Management
and Evaluation of Artificial Recharge Project of Ab-barik
Aquifer (Bam)

Katibeh, H. (Ph.D), and Hafezi, S. (M.Sc.)
Faculty of Mining Eng. University of Technology Amirkabir, Tehran

Abstract

This study is an attem':)t in groundwater modeling of Ab-barik aquifer (Bam, Iran), in
order to asses the artificial recharge project and the future situation of the aquifer. Studies
show that the discharge of the aquifer has exceeded the recharge, especially during the
1980-1990. The water table in March 1985 has dropped about 10m as compared with March
1973. Studies indicate that the drawdown of the free surface will continue in the future so
that in March 2004, the drawdown will be about 18m as compared with the March 1973.
Also it was found that despite the artificial recharge of the aquifer (started in 1996), the
drawdown has been continuing. Modeling has showed that artificial recharge project has
caused 12.6 mm3 recharge into the aquifer annually, during 1996-1999.

O S el oSS (e 20SCS 15 Hl sl ¥
O S el s (ke 53K il iyl K ¥

o YYAY Jlw —o+ o,y L



sl 4l gL mbaw T sl s O b Ol s
Iv]

5 0h gle bl adsl s slaslizal b Jue dazf o
et byl 155l pam 5 Cllas ax sbul (6l Jae S
ST L el bzl s baJae 28155 o il s o i
BY VSO B JPRCIN. PR PR LR PRGN P IS SO
I e S seily mha b ol o 0285 S
Al e

Les csoe sladus Sl a2 5 55 4S5l 6 b
slodis aas Olsx olis 5 5 azes J> ¢l 6015
il sands i s (SLS EBs L oS il (gl (g0us
s sbdu 31 S T R (o0 Sad 4y B 6L“’é“Li
$lm S s Sl S8 ol pladl 8
o s sage 1 sl rimnes (5 dallbao
imdls (g3ae (g 3lud e 3 sl Jlsms 55 ol 51 oS e
S5 s 52 o> S, Sl s g3 gl s
BRGSO FGIUPN B { PR KW

seb o Modflow gsae Juo sl 5L 5,50 SleDb
:)\¢SJLLv@a§K5

(S G 4 b5y 0 Sl -

Olgil S Sy 5 5 a1 S5 -

ol (55 m dasl p5 Ciy pai -

e 9 Y X sl 55 s oyl gy Kb s -
LAy sAX s slis

coatda (Sdssaee e el )l s -

il Sy um sla el () (sl

Sloosss 31 o 5 Sl s 5 405 sl s -
b

5= Bt oz seskS A s 0 L o s
O Sds SBax (550 b S8 el 4 e 5o
Jsb s b aids 00 545 YA 5@3s ¥ 54555 YA
Sl Bsak B Ve e, 0% 5423 F0 5 425 0A
OBk 5SSle 5 sl St Sl g5 5l it (Bl
3 Sl ol ol adb e 20 oo 08 dilais GV

-

.ng‘ﬂj\

! Head

doddne

3 ol 53 035l Glmabnds oy S 51 (S
T ol il sl b, 528 o st 4 Oler slay52S
3ol 3 Bl Sl A 5 o slas gl o
te p S sl lpl o sas 4 Ol Stz gl 58
sl iy Uil e 5 ] 3T mels
oy Dad o sl lasaz s s el 5l ol e
LS 5 ol | e Bl 55 e s 5 3NS50
jwﬁ\ixu‘f\w\.@\s&ibkjbzqub’scﬁ\
30V s e sz b s s O gl ale
63 Jie 3l ssliad cilosls 415 18 sl s
SIGIS sz o 5 Sl slasleeul 55 5 65 5l S
By slad o il ol 5 sl (slo Sl

(S 5d Jae S 4 aspie Jae S g0 Jia 6
il Gl glansls sz (2l b (S
a5 1y ol sles > sl 3 5 50 ol Sl daosls
Sl ole and o besls ol (5le salal 5 4 (6108 o
Q‘MTARQM}‘&Q‘(}YsW}&}
il s sy LS 5 3ds oLSe Yl o> el
e 31 (b 35050 ol 0lsil S o 5d Dlasis
smama s lal gbaY calas (S (I xS oab s
Lozl s o g dailssy,) ki (sloT Cnd o coassS
(m alpd iS5 sla s Condgo (s ol 5>
(S=555) e o3 s o dalse (FS 5 5
xSl 2oy olsl STl Colid e A8l 5o 58 e
g el 25 Candly 4 g5l 4l

sl b ol S5 4 Loy e Dbl g 5l ey
s 3 Uil o Jala Il sa Y Salis gy
Cl m Ssoie LI 5055 bk izes 508
5 e (e O 5 230

s 223305 Lo i 8,8 S0 5s g sled e
355 0l anb LAk p 5 a0l s p 8 i Camdse sl
S 5 @i asle o sime 4385 5 bl 5 0L it
L solal 5l (a8 0L 2 L Lasly o dis glaags 5>
oly s w5 T Sl plas 5 s 5l Oz sl
3 Lasg ol 0l Jlake 55 i (glaslin b (gols 00

Dhsls 5 o fp



Sl 50 555 0l kot ol anS i ghB 1) S0
s et Bl Sl LSkl 5 S S
ol s epl ol cZaalos g5l 5 dilate opl 5o sl o5
Shoanal sy ot 2l ol ks g3 als
A s sk 5 e 0l e 4 S e sl ol
s S 1S S Ol 5 e saper S 3 aind b S
FFUPEPRCN i WS JPO I S JUNCH L e Jogs pe |
e D e plSsh S g 9 Jled

o dsb 5 ool IS (S35 Sk T ol S IS
3 s kS PY a3 (B4 Jledn o8 oy sl o
RS 5> B g = b Jled sl s of 5
sga> s aibie Sl .Sl 0 ST 550 s Cend
wibin ol ys pSe ) K3 a8ln me 2SN
JSs ol o ams e 0L 1) B8 sla e ol ge ]
33ame Uy g osl i age (205 0l 5 e el
wloas K5 oM iy

Sk ol ol sl g Kt

O3 oz o el 4 Sk ST olsal ssledws 5
S S s S plal 4ol Calas ol 5 23 ]
L el sl Zass 45 e slslr 55 (Oli (ol e 5
Y ol Cubs s B gl s GV
e g B S5 5 aS S Sy 5 bl
233 0 2

b s ¢ 5 iy 25

Jlss &5 4w o 5l ,» Modflow BFERE
£55 sladsbe 5l sdn iy a5 ol DL glils 5 Jlad 2
ol ool s ez s SOLL Ol plgsul (255 03 el L
T ST SN N PO 885 Joe s Lo sl
e B Y JSE il S B W B 5 s Sole
oLl ghls 5 Wb e o Jled sladsha 5ouad o1
s e olis
GIS ey 4 Jie (535,55 SleNbI

Sl T oyl (65ke 4t 53 GIS 518 ghaslinad
el o3 g oo Sedbl g Y 4 5 shie 4 Baas wad

2 Cell

\A4

b s 9305
Sk el ol g5led

Jlesl o UL ol szl 03 G658 g5ludae Sl 0
el 25 A e slansl g ks S

Sbd gesss 4 ol el
E> 53 Sllns oLl 6l 4t S5 4S b las
Sl rﬂ gdionsyly OV¥slre g pleg e Bl 8
55 s (A) 58 lixl a0 (1) andlls s 50 0o
Sy Ol CBs L S5 S Sles ez opl a8 e
S ssbadas sl oo Gl Ol o Lol 553 oo
e 9 3 4—~4§\u- 0393 Sz ol 4 suasns
Jold a5 o550 0 a5 o0 b S b5 s JlucG bl 2

pdee Sl pBan L S

S5 Ll

e Jols 5 T g3ladin s 650l
58 0 Sl b sl e 5 ol L slag e 3oL 4
it iy a8 BB o e ol 55 4w o 3 0l s
L was S i 550 L lelis sl 4 ol sl 08 550
Ol e sk oS Olsee 5 Sl (P55 ps wad SRS s
Pledl JB 5 52l ol 6 cds (A5 55 ol o 558
b dls aleli ) s o Scwl s e 5, L s
4> U1 ail o S 55 s g i 5o sla b
Sl S 1 o (2155 e (SLl Ols3l i Lo
S ol b g5 S ety al b olsil 550 o
Csloadas S L5 s

] PUES PSS PRGN J5- SO 45 JUFS PRWNRV pE-
Fosb gy s ol Jusle s oLt (a5 25
o Sl oL L e 558 wls g, il s 1 el
NG PRVINK S

£33 3z 5 Jat e i 0l s 50 5
s Lims (s o) adl ihoas a8 S ka5 s 530U 55855 50
S sl n a2l ge L iUn s Y Lssus o s ol il oS
%To\ﬁﬁbﬁia—i:bﬁ@j—?ﬁg‘@—i);—wé
Ol b3 9o (s 0l 2 5o wils oo apliy il 5

! Stressperiod

VYAY Jlw -0+ o, Ld



iz S i ol oy 4y dibte JSU 0l Juaze oo 0
@iﬁd})ﬁdb))ﬁw}w;‘ﬁw.arﬁn‘b
ijmJﬁbﬂU\nu;JL‘mew\}uW

.MTJJ@}BJ
O:.ojckwgcl}.?)la&ﬁ

3 byl Vi e v v 385 5 ki 5l eslizl
G‘J_.’ Lj_b &‘j‘ILWISJ“}é‘rJJJ)W»}bM @‘9:9)
L oju’;...‘ ?Jti‘&ich“&ij"’.‘i‘ﬁuﬁtioﬁJa

Ay Sl -t

LMl SLosss s of @bl glecdls 5l oz
TLWIS 13310 5 3 it gy ol s nsliz ] i Lo
Ol 5,8 &S wd, S (a3 5 & (PR oledb| ﬁm:-w)
alsl sl S 5 O eblis Bl oo s i
DS s 5 ciduie SLebl glaeV 51 G o 4 052
25 0sls med 5
dndllac 3 g0 23 g Al

O sl vaalllae 5 50 03 gumn (335 550 et (sl
Ol bl Caamy am b Vil v v e 31 S 5wt 5l s

-

W Fixed Head Cell
@ Inactive Cell
O Active Cell

ol ol 5 Jlad b (Jld (slod shas 5 00 b (g2 0 St - S

olold 5 ol FA



'Jl
i

[t

| —-—
|

—_— W

M

e

".T."-]H"J —4}—,5;|J)gnﬁgbb;

=

L

W S ol

|
I ,i dREadchacl SHEEEEEA N

13 0 5 509 Lol S 5o Al Y IS

S5 3 G320 Loly s 5o 42D

st 5 S ssm Sl 4 by Sl by s
(ol s LSS UTM Slatie ol s 4 latse ¢l
) 3l eslial Ll a 2o S wm s Slazie o 2
ooy 0 B 555 1 G0 ssb woly o Joe Dlatse
ol o looly Cund g 5 3 ad jasde 5 p ks
sl | boly 2ty 58005 slls (o158 0l e (F US2)
S
53 a5 by ils VY slaas 5250 ;a5 s YT S
o ) il ez il S )5 aalllan 5550 53 game L5
Lal o35 LT Ll VYEF UL B AYOY JL 5l bols
ot sslimal o8 s o \WEF Jlu 51 e o LUl
$lm Jaos (ol 5o cplpl aih i s s 50 Laels
ail> 4 ST VYA JLBAYET Jl 51 e 25 sl g0
Sl s g3 .0 8 )8 eslinal 5,5 g oad ag S0soly
S|y slls adllan 55 5 03900 55 (2095 slasly
Sl a5 T 5l a3 €5 ) 5 a5
slasls Sl as'el =25 e3¥ s ok sl
s 4 ol s el s gl bl S5l pdmy s (glsanlin
mlsagm Jlo lasbe i s Sl o 55831l s
» bbb asbel il Lapass ol ol 6l

4

5 glacsds «So xSl g5 Olalllas @L:s Sleslaul U

Sl ) 035 g, b S 4 S S 515 bshs
L 5 sy s S D50 4 gz 428 2L 05
N353 Pl S iz s S g b S S

..\ATCA..»;

e b el 15Vl s (5l at
S skte ul gl Bl e are 0le3 S s i
N 5 b 55 g5 s T Lo Gl <l Sl
Losly oo ) 68 o5 5 el 40 ot bzl 5l 55T 55 5ams
Gos S L (i) mhas i) 5 ud asidio 4285 ()
S izl U el s ¢ sl oL sl ol lis ) 51
o atiad 4 by o) s DL a2
O (S0 il ol b gl o i AYOY
s Sl 5 o ez Lm0l e 4 428 ) ctal s
b ool aess ol o cd s gl s ol
S8l el s oy s e o il ol e
s Seslazl

! Steady State

VYAY Jlw -0+ oy L



bl g 5 905 5 iy a8 e (gl 5 0 035 e
\J::\dM}aﬁbJ‘bM&ﬁxb&nw‘M}wL;})
%

S8l Lais U Ll sl SalS' & o 4 alais o
JJJJ_AJ'\D.,\_ATCM»J@@bﬁ}ﬁyw‘m.ﬁjbwb
R Jl_”‘ LLSJJJ @M‘ck.wﬁbﬂ,\_ﬁmbbua U'l\
R bﬂuﬁjon—"@b@xam ASLEA&,&U‘J..Z M‘LE.A
enl 3l il Sn g KoK 4 S 551l 4 bl o s
wd ol el Cos 4 S (595 2 3o (s G b o
05 sl s r\:u\ e LBk b s Juw LM‘}
.J..iwlgjjlf.xsbxé e

e il 51 ey 1 (55 s.jckd"ﬁi‘a Jss
3l bghas s IS8 ol s s e olis Bk > s
M%bﬁwoﬂm\var Of."JﬁJ‘éJ" LS’L:""""»’«‘CE“
Lo WOV Ul (psss 8 03 s es5m slaoly 5o oliws]
U‘HMJM%NL‘E'A5JJA“5W(ML5\J‘@L:‘“€‘\
S rw‘j\w.%b;bJ‘jJM‘géLﬁw‘ LY
5301 4o & sl oy 428 o) s S (Je g2
CLJ‘\J:A‘/W?)OM %;guﬁ.&jwlﬁwbﬁlcﬁ»
e e Yo ol U o o 51,5 byes 5 sl b
4.&3.:@‘).))‘;.2‘52.,Jﬁ@aﬂméjjbuw.x\aﬁ
o 5 S Sl S w5l o0 L
o 3 s ol i il ailaza s (S
et Sl Sl e ol 8 aalllae s g0 4 s (3,5
A3l e el opl s (S g
Solss Cuss ol aals a8 e 1 (Slelis )
5 bshks e il oo 4l ol 5s ol sl pad & s
bb#wﬁ&)ﬂ)béabyﬁd‘)‘ééﬁw
sl Gt o O) o8 e Vol S ol g
el K558 Bl g, 4 4ol enl s olyad L Sles

NI ORI FESR SOOI E- Y PR W
S ool e bl iy slae) 51 55 oy (Siran
S 655 Jl s o C‘E‘” slast g5 i gLils « Jlu
2585 Jlo bt S, b pe 03 503585 el 61l
slosls o by e slael 5 ud S8 5 Socen (ol azils

wal s a5 @b ol 5l el gyl

Saub o ol sl aoly BI85 e
olad s oo plis | Q\y‘zj»b KPRV S (¢
2% R3S ol b Ll e JSG pl 53 4S50
e (Sasl GralS 55l 5 il 4 53l sladle
CHINYY e Jlu pseims o sane VP Jl sl ey
L ATOY Ul 5168 555 m sy i o il 4zl (5L
700 0l 4 0l Bl ol o 515 S0l VTV JLe
ol (O 51,5 s 520 OAS/D 515 31) ol 03 505 2
55 0Lz Sl 3 ol o, glesly (2531 s 4 Ll
s shin 41 oV ity s ol 13 5 ol il
edeslasle 3l Claal gl ol (o gias 4355
r\_qd\u_lé;.og)l:ﬁ\"" Corwsy 4 glaibie pulul o
Soad a8 5 s 5580 Sids 5y O iy Dles
el ot ool s aiae ol sgum | JSE sl yp oS s

Jae (il
LBl I s o el -
jgiﬁwd@\w}dﬂJ@xudb
L o oopiw 3l kg so3p b Sl s ol olss
sloelz o Solini a5 L a8 il o Ses laie fBlas
3 S Sl ESG) iz 5 VYOY Jlu s dibats 35 92 50
Sl 03 2l s @) 35558 5wzl slasle s Lol
sl 39,8 o sl (ke cpl s sl (Swiok s
e Sl Sl s Jae ials s \YOY Jl
ol
Jace 53535 sLozal sy ool tls b land Sl onl s
(Slm 23T 5ol S 40) (S sun Sulun Juls
31 550 i (el lis SY Slaal s &) Jalss
Soss by, dhwy o Sds 2505 0l 55 5 Sk

2 Excell

Seld 5 ol 4.



ol e gy

(1FBY cpasn b Jl g3 d) ke

ol sl amly G155 ue -F s

el Al o 4 dlo o Do 4 Sl ipd G5 S
d> e o Sl Ces @ @b RES-JE RSN | BEIPEPS. g
iy e e DLkl eas (- Ss sl slis b
SIS S ghe sty dus slal s wax do e 5558 e
et sloaalia sy s il o il S inin
St etz n el ot o] himlne uolin )
Fre e ) e slansss (sl i) o 2l
sla sy o i ol 51 €s0d 93 S Whhadaulze O

olesss SELLIA 5V

Modflow J. sk 5 >

Lzl Jae idae 53 s 50 ST sV a5 51 g
Sl ol i slazs s S Hsb 4 s S nnls 5
UL POPUR PE S PR PEN PENNRT S SRS SV
:;JS'..:....,.ES
s o s
Q\}@Tmruﬁ ] s 3 s
sl g3ds slemb 55 385 ol sen s
sl sladls 55 gle! ch 9 G55 ol 5 (s
545 5 e 25 50k o, @Lﬁ gl el 8

L5550 18 Jlos

I}

s ComBlg 5l 95 358 5 93 O3 piulisss 5 3

AN VA IV o

Sl s Bk 2 S s g5lu Jus 5l Gus
b b sloaalta sy il VY s i s S i
i s VYA UL BT Jla 5l asls 51 g ls
oo ) 53 bl o a3l o sa T 3 s i Cond
WS pasde el 25 sl
Olsal 05033 o 5o =)
Sleabos gl olag anls 5 o glooyss Y
sl 5 5550 Ll 5 -Y
S dls e o s ol sl s e - F
Slos d> e o s ol gl 4385 Bl e -0
(Jodss (S goue Culas ol 09z el se do e o0l s
wshad and JBul A s oyt 5 b 1S Ll Ll
BN P P PRI S FRRVIEREPS- SN FR g L o
(B s 4035 O30 05500 (5loe 55 53 Sk ol
03ls pand Jaca 53 b Lol 5l adss 5 o 51 (20 0%
e Pl ol 53 o 0 65,8 o Ll e 5 55,500
laslinslr dil> VY (gl cJae 5lonal Cns & ol
L S el Lasly o e (6851l glisl olee b

VYAY Jlw -0+ oy Ld



Watertable
w w v o
5 ¢ 3 ¢ & ¢ B
o -4 wt (=< o o w

;{3 : . =

ww ol

mmM

......................................................
mmmmmmmmmmmmmmmmmmmmmmmmmmm
NNNNNNNNNNNNNNNNNNNNNN

Stress Period

VoSl S 5 03 (slsmlone 5 (sl lie liaws] s deng i -5 S5

FFEEEEE L g
EaRal | |

n EEEEEN N
-; | | o

NENR =y |4
LLLEERLL AR SRRARRRTAY e

[ | Leao HHA T
70 ' | i I

TN, 430 .|_l S

IlI 0 ] 1 ’ [‘ | [ I

Y. @Lnjbjjbdlj@w|ch~)|jb}k’uﬁa—vg}$d

olals g 0T Ay



D+ glo 5393 (51 i) ek 315 b gl 42 A S5

O 35 e Jrols & ISCs sualin 51 &S glases ol
N30 Sly dlomy 40 s 51 Bl g samme oS ]
ek 385 Ol Sl St s 4 3l sl dl s
gt BNy S TSR I PRRCE B SR P By | P g I
3 b s 355 48 el o s ] 5 558 e 42alS
6 Il el sanlin LG 55 JSE pl 5145 5k oles ool
b G5 e WY L gzl il b s L
Ol 5 28l o b s caSe 20 0 sakee AT 5505 350
A Dae e 3 ool s @ ot 51 s Jas 20
Ao dalin 5l iz Sl Jlo s caSe 0 gk
0393 ghazl Jlo o B s b g0 ‘*Sr:f[igw-’
53 5Ly o gte 5 nSe e 150k ) L(VYOY L VYOF)
534S I s il os g caSe e seken 770593 ples
s 85 Lo (VPVE = VYYA) o0 el Lo
YY) M sy hg) 4o (o 5an 485 3525 L
VO o i 5l il o 2o 5 e 20 0 5ka AP (s
Ol e TV (mal (b (i oSl 03 3 S 20 0 ke
S I sl gelS Suib jielS s 4 b v
el o s V/YY Lol sl cils ol e
Sk o ol spl (i paw 2l (&

e 3l ot a5 O Jae s (705

ar

S lwdand S
& O 4o (Al

ol oM s 0LSGl (5 ) (5w 4
d%;w\g.&wﬂmJuQ@wwb\ﬁ
Slosorss So s L olsal s 5 8 olse §yeme
&})@)UC)—:‘ rl_?ﬁ‘ ..\._LLQJ'Ls_A 4._7\)‘34.,..»[:;9 auaﬁb&ﬁ
R FCN P ) 5 SO FCUS S (C PR I
s e 0l Gl (295 9 53909 bbb Ll
alon o sl ol oL il 5 w58 g WS 50
BEREYS (l—’.ﬁ‘ Laof 3550 53 Slewbs 50,8 515 oM
Jbﬂbkj@J}JJ)‘JJLOTM%GJM&Q\}
s olail 58555 g 4 55 5 Slesloe 5 s bl
ol 1 SoLL O plssul (S oM 4o\ s
w2 o0 oLE YV YYA LB YOY JL sl dle S glas 5o
slosls 5l 5y 9 mnb 385 ()l Jgua o) s
3 ek 45 Ol sl sud os 5l Sl e s (6555l
Sk ol J‘—iﬁT sy 5 aldle Suol b sme o5
j‘w‘aﬁ}ﬁfbg‘wj‘mﬁq JS.'ZJJ..MSGA%
;J_;th L_w):aoxbun 5\ M J&ZJ))OM ob\: QL:..; \.ho‘.g
Cﬁjbl}g‘J}b«g.C«w‘oMnJJTdﬁﬁS u‘ﬂj@l.:.n.w
-JJ"EJA:&.)P\N%FJJOTJ?'JLEAGQJL‘Q‘MJ}})JJ

VYAY Jlw -0+ oy Ld



200

—+-Recharge
150 -a—Discharge
-4~ \Water Balance

100

50

Million Cubic Meter

0

-50

VEVA B AFOY cladle b uslie cl GO 5 baslo 51 s 5 otonb 4355 sl $-4 JSs

800
700
M ~+~ Percipitation
E 600 -8- Recharge
5 500
= 400
= 300
200
100
0 . . - .
— M WO M~ D «— MO WU ~ O — M un M~
. o - - - ™ o o (4] o
Year
4385 Ol e 5 WL (SW,b o gt sl SV ¢ IS
: | !’{“]

VPP Aihal G VFDY il 31 (S o 2) (sl prb 31 i -\ IS

Slols 5 ol Hf



VIVA il B VDY il 31 (S i 1) (b e el i VY S5

O é\\ﬂf’f w53 8 ol s ST >4 o sanlin
3929 4l opl js wad Cl Jol cde cailsa 20 VF
S5 ail e S 51 1S ol Lol 5 Gaoe glaely
Q.x_.ﬁ t;‘j J_“.Jb 403 g U‘i\ BE LgJJJ\.J.S(_gl.ho\g .3\9‘)
Sl ey sl ol 5 0K, ST s sl
ot ol il a5l 5,0 Ol el g Lnols
L s 5,20 55 laes gumme olsie 4 b 1) wud &3
Slrls g gloussaime 535 (5 ome s sh Sl >
d\—o&‘ L.&wb).x:ua U‘i‘ BE) bliJ (5\-“5\-::“-.1 9 G Lgt.@ol% J2>
3 905
o Sk ol by (o giae 385 ¢ b s Shes b5, (g
oM acle oSG Modflow (_guﬁﬁc.lg\B Jfa“b Bl
il on s 3530 42U o 4B S sl o 0O
o3 81 2 0 oD et e oS e nl &
S 531 Gl Lo jama Ol 5 o0 (o 350 420
|y i 53 9o ol &S Sl 5 1580 6 3 51 95,8 s Jote
3355 szl 5 @b S kS s e (e S s
9 alxa ( Glajosgn ;o s esgumae cpl 6l oy (29,5 5
S wns a LSl Lot Sl ol oS s | 0T sl
(_g\J‘:L_;“jMdMW\d\J\:«f\J@boajm
23 18 5385 s 250 il on sl 3y Do g2
dbbJHOJjM}‘MJ)&M}S&J}LO\A@
oo Sy sl 4 MENTYY Il s b OF ol sl

40

&O‘H@)@Mbdb)bbﬁ@%‘é‘n&}b
j&:-l}‘s“‘dl-ﬁ%%)b&gj‘}_bg-b)‘é‘)L:.:.A
Ol 5 S5 s5as0me 5 (Salusg,ne lls ) Sl
%j‘r))du-m&mm‘&ﬂ)bhw‘bﬁ
A5 Ui sl acsls glm 1 Lagl Jeils ol 55 o0
SLad sl s cala g sl S8 s ae (gl o s gus 8 8
B ol o ol S S s i i L s
.bﬁwﬁafoﬁu@ﬁblﬁ;

Vol oS 5505 Cogodl 5 ol 5l 0 jis D55 5 inds bl s
Sl S il 5 505 el slo e b3 s o
6JLB\LJU3M°MSMJM°JL‘5‘6J‘JJ€°J€
Jlazol g op el 5 558 glaco! 3l Jbs & 5 ¢l
3l m oy o 53 555 ol Sl YU sy slow
D
.L'JZ—.-»‘)DJJ)R‘)‘)(\Y’??.L'JZ—...»‘)DJJ)L—M‘)‘J)‘J
2550 gl S 5l aS 5 b plesaas e oL (VWYA

! Upcoming

VYAY Jlw -0+ oy L



sl sadle 3 ol gul Curdy i (5

A1 ol Glasl 31 (S s 42 Jaw Sy 53 S 5b (les
dod 4 ..x_.ﬁ\{w o.x_.l.i—\, CM“x_.éj u—“‘:’u:*:-i L.de)l_w 43.\..3
oSl Slaslin s Sl OIS Wlll s al b o i
35153578 gy 2 5550 00y Ll )

ol Gl Lyl s bl ol Cond s i sl
Lyl il S s ms Jae gl Sedbl e Y O 50
ole Cansy Uiy OBlaal (8,8 5 5 L ol g
SV U s sl of sty 55,50 Jus
‘Jr_l‘ﬂﬁw&j\}jajwd_?o.\agjdudbd‘j‘ﬁﬁ

YUV IRLAN PRV 51 t< C ) RGP TR W )
et i ) Ol 5 s T VYYO JL s
3,5 3545 a3 Vs iy S oS ol Tl
oy 0 M iy o il 5kt )l )
Jae S (555 0 039000 5 48 4 B> Dlazsa LGPS
P PRI S WU JrT VoL { P RV U P
QTJJ._Mo.uTﬁw;A{@L:J.MG\J;}.:M\JMJ\«C}UM\
S 0 0sakes VY/7 i o s Lo b 40 S
el 0 535380 105515 2T 4 oV iy o, 5 T
25 M iy 5l ol G slie Y Jsax o

R PR obJJ\ &.:LAJ 09

xS e () sokes o 3 (VWOY 2 VPYA) L O ol gl o 0 4o - Ui

\Weeo L AF0A T AYOA O AYOY L ATOF 1 AYAd o \Yof | ror oY L L
VY LMD L VENY L AVAY L OYAFR L RVY VRN L VY L ATUYD | wis
VA/EY DWW L VE/AR D YYVY D Ye/0) L SAJYA S8/ L SYAY L SVS D
D LMY L VR VAR L VAN L XE LYY L YA L YT L i
VWP | YR L YRR L VYE | FNE L YA | TEAA L YRR L OWE L o
I T T L AT T2 T A T TR
MO L OVVY L OAYRN RS L VEAY T AJAY L OYABE | RAY D EAY L e
SRRV L AV/YY | A0/ L VAW | Re/0F | AMYY L AR | ATAY | AVRE | o
ONY T AN T ONY T AN LN VAR N L N T NE L i
DEYE D YRY YA L VYYD R | AAA L AT | o/ | N L ok
A R A A R O
NTY L ATIOD | RFIAY LAV LAY | VEAY LN/ LAY L VEAAY | o
VAL VWX L N0SE L NTAY L N JBA L VAT L VAT VAL ST
R Y B L YV BV N Y/ S BV RV R RS
PA/EY L YO/TY | VAT | YSIAT L YV/RR L YRR L X/YR L AP G Yoloh | ook

S i O gabes o e 0593 5 55 OV iy 31 ol el 435 sl -Y Ja

YA VY \FYE \FYO JL
oF of 0\ oY 9 o Y [ fA A5 590
Y/SN | A/A) Y/AN /Y4 Y/YO | N/VE [ Y/A0 [ VY | e win
\\/04 Y/ VE/ \Y/5A e

olald g ol 8f



5545 35 055 e ol s S s il
S Sl 5L el 51 SalaS Juca (sl
Jz_“mjfi.&_sg'j‘ d“d)jJ}dLﬁﬁA‘J\i ..X—JJ‘)J}}’ﬁ
B 0l 015 o0 Lol Olases o5 &0 53 bl iz
ol 31 S assl p e olg e 3 e ssb 01, S e
Colae i Jold ST el )l ol 51 S m 5,
ol PO I RCS EPSTIVINTTE S PWES - PpNer
Jie gl (s b g il osls ol G 4 G 5 0
23 L5 (BN o0 demlons 5 S id 51 G o 5l
et Ol a8 e b2l 51 (STl
Ol s 8l 5 sl o3 ao s+ 0 bl 51
g_»._..nl.w ;J._.S‘Jil_:@au Q)j_.é'i..s%o: Mz
23,50 ¥ Ugaz 5 ol s Slles 2t ol
bl S b s sl G 4 B 4 g bl s
3 o 5 ol Sl o 2oy 51D (S g0 Zolas

sl 18 28 s el 5l el v iss o 5w o

) } T T

ol ol gl @l:_wilcla_ucﬁ_é\ﬁ,,ssums.ub—
OV 3 g s VWP s sl (b Lopas o S L
Jlw 0 Cms WYA JL s S (g5b 4 il oo oS0
) e \9UJ¢L&J}|L§.@)>Q\3@T&M\CL» \Yoy
s e olis

2348 sy b by o 4 s ged s 5 JUE s
i gl S oMol s 53 0 485 i 3 o s
iy e Lo g sl (gl Juse Sl 5058 e
(s Sl 5! L;’*KT (S e £3589 Ssp2 3 b sl o0
Lo sl U 2 5L Gind ol 5l il 5525
5 s S sl Y el s i i VYAY
Ol e b gy« i3S JLa YY Ol s sy, el
Sl ol e 5 Wl ity (S b e Gl (S
25 el s s Ll 530 55 ol
gl oo sl o SN0l Jold ity
Olszl 5ol ssds abaii o b (g2 95m sbasly 5> i
o 5> P e iy 1y 3 Ol 5 2l OV 4o
3l ga VYA Jla slesl b Ul o o3l il 5 Jslols
OLE VWAY il 3 1) gl o 2l s N Y IS
VWAY L s 581 € ol g5 n Slolons old s oo a
V/YY —iSas s \YV/YY s A /AY ol sl i
2o 0 3keo ~YY/2F ol 5T 0 il canSe 20 ¢ geks
COATAY Ul 55 48 ol o 0l ol 252 1l 55 an
Sl ol o ) o e 05 ken YY/5F 05

RNV e C’“’[SF"’ oL

2 Sk O P Sl Jloss (o
w0 2l Jas G m el s Ol Les
S o et (53955 Sl S o sy 56 ol

(e o ) VWAY il 53 (ol prdas S iy oy 4 - VY S

ay

VYAY Jlw -0+ oy Ld



(SN ol 300 81> Dmax y Sl a5 L3 ST) L o ol sl Jos ol Julos ol ¥ U5

ALY sz 5l adss 435 Saoer el | b
Dmax SI Dmax SI Dmax SI Dmax SI
\/a¥ \ Y/7) \ YV/4A Y \WALA \ \
\/\Y \ f/v¥ \ \V/fY Y Y/¥N \ Y
\/+0 \ a/\f \ \F/X0 Y 4/4A \ Y
Y/%) \ VAR \ \o/NF Y \Y/Y0 Y ¥
V/YA \ YA/ ¥Y Y \Y/AQ Y \¥/Ya Y A
V/AA \ \Y/Qv Y \Y/¥N Y \V/¥¥ Y 4
\VAAT \ \o/f4 Y 4/AY \ \Y/o¥ Y Y
V/AA \ Y/#A \ a/Yy \ Y\/AY Y A
\/YY \ Y/0 \ f/08 \ YY/\O Y 4
\/A \ Y/va \ Y/YA \ YY/V Y ).
\/Y-Y \ A/XYY \/Y Y/ \/& \F/a4¥ \/Y L g
bolgidn 0o iy s SaS 4 olsil (o 50 ik -

35500 3% oSS Olalllas il ads o 555 o sleriy

dopr 51655 4 (5 pan BT sla i, Sl OF ol
O el (555l b Sl 5l il S sl
Sl Loty sl slinal 5 s Sy paa by (sl
atecdan | 65,5laS Of G e Lid Cond y (gl ks

slS gl s 51 Cils s oyl e 51 g 03 g

e Osakee VY/F GULw as 03958 (x5 Jas e 5 5b
st ol sl 533 G IPYA L ATYO sl b cuse
ol

W95 e 9o Seils Al g 4 (o sme 4055 r‘Ju-l‘ -
O30 VYAY sle il U S g1 58 0 ails aolsl oSS 2
sy sl 2 VA G (IFOY) L Jl 4 Cors 23

&l

ol (Mol il S o e Sk T 0l ol sae sl (VWAY Cotsl) o lon vasS )

Olgto) s oKl

2- Fetter, C. (1994) “Applied Hydrogeology” Printice Hall, New Jersey, USA.

Dhsls 5 o g



