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Summary

Nowadays, groundwater level estimator models have important roles in development and
management of water supplies for agriculture. The analysis of the data obtained from
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quality and quantity monitoring of groundwater resources is related to the environmental
factors and spatial continuous variation is an important common characteristic. For a
guantitative description of the distribution patterns of the environmental variables, in
addition to the determination of the amount of factor, geographical location of the
observations data must be considered. Since the accuracy of the estimator models
depends on the quantity of the measured input data, an optimization process is necessary
to provide an adequate number of data points like the monitoring wells. Therefore, it is
necessary to design and develop a monitoring network in the management programs of
groundwater resources.

The results of various studies have shown that making use of a geostatistic technique,
especially the Kriging method, the groundwater resources could be predicted and
monitored with a good performance. Also, the distribution conditions of the observation
data and its adequacy can be studied with this method. However, monitoring investigation
in Iranian watersheds has been carried out extensively. The subject is very important
because in those country plains that are fertile and have the potential to grow various
crops depending on the climate, the groundwater level monitoring networks must be well
managed.

Arak unchained aquifer with an area of 1946 square kilometers has 1458 deep wells
and 1554 semi-deep wells. The purpose of this research was to prepare a methodology to
investigate on the adequacy of groundwater level monitoring wells in the Arak Plain
using the Kriging geostatistical method and the evaluate its advantages with respect to
statistical methods. To analyse the data, 45 wells were selected from the Arak Plain. First,
Kolmogorov-Smirnov test was carried out for data normality. Then, the best
semivariogram of the Kriging method was determined based on R? and RSS. For
accuracy evaluation of the monitoring network model, statistical analysis m,measures
including the interpolation error, cross validation, and time variation.

According to results of R? and RSS, an experimental variogram in the kriging method
was best model. Also, nugget/sill is 0.22 that indicated spatial correlation was high. Based
on the interpolation error, in borders of the Arak plain, uncertainty was high due to the
lack of observation data. It indicates that the monitoring network needs further
development to make it denser in this regions. Based on cross validation, in wells 6, 29,
35 and 36, the difference between observation and estimation data is high, showing that
uncertainty in those regions has increased. Therefore, observation data in those regions
are important and more wells are necessary. Because Meyghan wetland is located in the
center plain, management programs should be considered in monitoring network. It is
possible to eliminate 5 observation wells from the middle of the Arak plain, while 5 other
wells are needed in the east and northeast of the region. Also, time variation analysis
showed that in 10 monitoring wells, short time scale measurement is not needed and it
suffices to carry out seasonal scale estimates for groundwater level monitoring.

Keywords: groundwater level, monitoring network, Kriging method, estimation error,
cross validation

AU (G35 ST OAP OhSes 5 EoneS) e a4 Ll 5L 5 Olgr Camexr 053855, Rl
A3 AV 5 Sl s 53 s DT s JB me JB S 5 OT e Cosplons 5 s o 1 M2

(dbsse 5 ok Slage ra) L s op <7 e Free oolial 5%t e B3 Gy N g



4 STl 53 bl slabns 5 T Sl eslinal b fnj 25 T law 2ol K8 tnn g 5 (b

Sopdte iEu 0o il Sl & ang s (b
Slaesls Cumdge 5 Mie oMo () ST wle
—ael b e T cols g3esn 5 Bosls sl o
2,8 )5 0l
ST gl Sbelsy 00 e Slhaaiie Y
55 L Ol o bl 4T ol gl o ¢ ) 25
Sadie 5l eslizal b &Sl b 5 555 6,8 o510 6L
(Sols g Osk polaw L bE Gy ST,
S eslizal Gl glaans 3 5,8 S 63557,
) ST e ol ks S a0sT sladaa
A Gl sbsn gy p bl ol Bl (Kt trn 5
i 4 gl Gl i€ i e Shb g laesls CuliS
i Jgone slaogs & 8 ol (IS 4 Ko
3ol 33 1) s p Ol (sl 4 g lT
" ge S b a (KOS LT Syl (sl s,
5 S sph 0 ad S ks edd Sl sl
Gl 5 Jseme sla sy, 5 S (OTAY (6,05
ST gl Gl S arng 5 b ey 2
o ol el sl ST e By (e )
-4 g05 ESKMS LT 3 S sl ol DS LT L
S S (LT amele &K eks a8 S gle
030> G 68 s G50 6 2525 5 L K
by Jepll das 8 s Gday 4 ge
e &S palie o S (Soan 3525 65bT e
S Ol 5 o S sy S o gy 1y 4l S
S 5315 0 o yxie 5l aiwd OT oy 4 5T e
palae o Gole a4 Lo dmes S bl gyl
LUyl &S T (35,05 g 5 Aol Olassline
S iy o 3 OYW ST pns) 3,05 559 oLl
pAdshe G S K S s bl
ol e S aphg e 155557,

. F T 5 - . s -
olb B5,0T 5 e ey opl ol G5 S e

Bshe odal Olgn s A8 5 was . S
LoT Copde s Chli> gl oY bl Jl- oyl
T Do b Ol G L B Gl ola )
g5 ¢ Bon el s s o plail 5 sl b 62,8
g e OT Sl (Gblie (55 55 JLSs
o3 e ¥4 (0T b &y e &S 15) 550 e
SLT Sl 6ols posp anus b Slemal ol Sl
5 0SS Olaal 5 Oojlas glsl Gl onbanp s
S S ns aosamme (T il 48 n bl e
Sde b osk pleld LOlST GS 5 WS
5 S) el Slles @l b b wi€ ity
2 phe p RO a5 ST (S
gl oS Sl o n 03 bl Dlesbse
ST o Ll oyl 6, S0l 4 by T
gl 4 5 Gl ol e, e (AT (055
Cnd Jol 58 ) Dol o5 oo b a8 sl a5 T
Copte 4 Ol 5 r codal Cuzas gl Gl 5 0L &
@ Ol5 oo swn) s T ple S b s o,
FFECT 5 ) Sl et |5 1 SO
OYAF (DT mlin &y ke &S7,8) 5L s Ol 5T
S 5 oS sl S edel Cwsay Sledbl o
S 3T Jaes Jolge b L5l 55 fnj 5 ST e
(amee ol s ol &5t Slis gas 1SS S Sl
S o yshiea Sl BT S ate sy Ol
s opde ¢ Jams (gla iie o ST, (sla SN
@A Cambse Lb s, g0 o gl sld e
sl ssh @8 B s Oljes psbe 5 Sldalis
33 S gzl 51 K eemen (0448 O
o YL Ll baesls CulaS ¢ Jaoes Sla e (o
S5 5 ann s e Laosls LyUST I Olabl a5
9 63,31 p sldde Cés salpl 4 e cesls eSSL

ssbtea Sl 03 oplply s sl LT gl 2alS



IFAF F o yled & o (Ol &K 58 555 s

O\)&A}JA(JP' fr.S,'/ \E

5 b ele Jee 1y S ie dsl B s baels U
S il K Gl sk (V1)) 0L
S5 sl S L e T
L3 S oslizal ST e sla udowi 5 o e Sltalie
9 Wesls wﬂ@# DIl 3 Sy o) b Gb
Lilh 5 mle jereds fo Cupde 53 ISl
L (YY) OLSKer 5 Sl ol ks 453 90 Cudgdoms
2 erins 2T b ol K Jbe 4
ot @las 2l e & 4 8 s a4l
s Glodalin glaolr 1 (6 2in sl b il LL
do o 95 53 Ko S gy 51 OYAQ) o, 5,8
ST e @S K g (b sk
Slodaliv slrol> Jgl a0 5 05 S eslenwl s )
rj;wf);.mgb}ua;\;uw@,y,;
modalin (slasle ylae Ol il 5 4% Sl aslizl |
S ol gyl remes A3 BLS| Gl
ST o 55 3557 53 Kooy S sy 1 eslid
ST oo gl jolie 045 5385 Car e ()
sh n (5,5 3N W6 LUE 3 e
S eslizal & dase Ol GRS Gilae mb
SIS s S S sy o saa 5 5T om)
wils i p) 2T mbe GBL s Gute 02 o
5 Glodalin glaesls (RS, sg pomen Ll
sl el BB Ssy ol LT ol
Ll ol azs Cy}ﬁ ol J“...f Sl Olidss
kol Gy oS Cl Jl> s e I
05 Y pame SAS (gl oob) B &S iS
el e il yls ol g g 4 ar g L 0SS
S g oph Suphe ot Seind o gl
T gle Sl dazas s Sosas o el
23 ST Sts p8 e b ol o gt 005

LS\AQ,.&J )‘ u_i_»' Cg_)u-:ﬁ LSJ.{; UYU ﬁmT aj?

sl Ol codd 3557 5 polie oD S ol
K S AS o Lade 55 1y abi s s 5,0,
23 5 edkd e SLOg LedyB Jyy Ajea
BT Wl el egde 0SLE slaws,
335) Sl by H5 4 Odae 5 ST ple (G555 04)
il 3 93 GRS Sladss (Yo P OKs
5 oS sl bl Blod Sl s ST il Sk
@8 Sy JToms Gl spmes 5 (S
S s 4 das e 0L 0 S8 Sliios gl .o
$lasysTr 53 Il b Kom S SLTom)
Sl il a|f.a4{d.§l:'-3g:ﬁct.a sop 4 by
5 iyl 1988 (pugs 45 @144 (s 5 )
5 S o O 5 5 S5 Y Y O
GYAD OKan 5 (gl 6TV GlegS 6Y ey (S
Oy K 5 S OFM OS5 Lo
o ok Koo S g, 51 (V44Y) (oo1 Sy 5 Wy
oslizal fn) ) ST Sl Kb (b L5 Gl
53 S ann s lp ly Sy ol ) eslizal 5 s S
W5l o 5 obitadls Conlte olgsl 5 o1l (slajlo
o Slodalin as oSS ) shateas (01449) s 23
S bl )3 s S WS slgdy i) T
DL Coalad oo 2l (Ko S 5kl ol
Lo S s ST, 258 03l tn 5 e o
hls 1y GO Ko S Jigy 5l eslizal
Slaslr 05 5 wlol ol sy s Sbyly op i
(Yerf) 0L 5 @ s S POl e
ST S o et il S g b sk
JosSe Koo S 55 I B 1 el
ST ey 3H (YT A) 0K 5 el Ll o,La0
2 s ST ol S leate sk
Lo OLT 5,57 eslizal - Kaal slaol sl
“Ca sl (Jlize gl ol ey 4 Ss SL5)



Al STl 53 bl slaias 5 T o) Sl eslinl b fon) 25 T maw 2ol K8 trn g 5 b

w0313 48 sl ) T e (sl el 1 oslitel b
5 oSk polie Bk 515wl wils Jls mjs e
R o slaal)) wsls o 3 b bl
L bty 035 dloy el o3l () e GWT e
Lo oy g i ml =235 58 5l S 0 g03T 1 slizel
o & Surfer 8.0 ,15le 5 355 Wesls OT 51wy
et Py S S s Sl e
Residuals sum ) Lsetile Slas o g same 5 (R) cpons

s ol (square

4 wJ B |
0 5 1 0 L |
kel sl iy —— T #18 T '

Dlie VG ol o3 Candse N JSKS

e e (5,80 I ey K S sy
AT Comdsn 03,5 5 55 Lol jan siae Glai sl 51
Goarg L P el ol paiee BB s ke e
Lyls pslae blE L oS glalob 5 6T Aol Conise
255 sn 2550
S L W, s b Jes 2 el
bl Sl KL &ls s>« (Variogramm)
5 el T Juol b 4 S 0l il shan (Lo 5o
O 1) Sloj b G ahob 4 s (¢ s o Sl L

.AJ;@Q)‘,J‘MA@

bl s 5 (65slaST 23w 53 5L bl slyls
GBS ColiS (G ol 45 f e Caeal 4 4y
Seslial b i) STl (L s Sletalin
s Glllle aibte 3 Koo S s WT e S ko
o oy p oslas e (Ll 0l (g p ST
Slasbae B s (T ra, L Sl clas sl » Sds

s Al 4SS a5 bl 0 bzl ke U5

3,8 S A i sy SOl a5 T

Gebd gy ¥

o2 3y 0 adlais N-Y

B0 B Colue b Olie VU 30T o5
50T LYY 5P LUl e Slatiee b o e el
Ss oo F7 s YT LR ST, 5 os b ve
ol O JSE 4 s bl il oS e Ol s
OT ok SLOL o dor 5 Sl dy S8 4 4 5>
e (o foshS N0 Colas L) Ol OV &
QJ&L&.UM,:»\‘\\AMy@!%&LEJ\AF@
cbb;;a%;cﬂ\ﬂ?bpé&juﬂ\?%
Ve ssde Sl a¥le Suib Ok .Conl Loy V/AY
a3 VY L eVl slos 580k 5 e Lo BV
fﬂ LVYAY (9,0 s Hsline Oludige) Conl g
Coln b gammal g5 51 ST Ol T ol S5 4y
5 Gene ol VFOA Sl & Sl e e kS VAR
fanme 33,15 513 S S5 53 Gree 4as ol \0OF
Osdes VoY 3gd> s eufﬂ Slool> S alsw
AP O 5 gdams) Sl Jlo 53 CaSe 2o

il 4 Y=Y
c)e.u 3\ daesls 555 ) skateas oY Ji.z 4 =g L
6T b go oy STl s i ol FO i

i GosTaer G ladlie OT alge oS5



IFAF O ol & Al 0l oSG 5 555 alome

Q\)&o.a‘,dacfﬁf Yy

e (bl Y-Y
St oyl Koo S LT e Jibe sl 31 e
oLl iy aw bl swe 5 T Cl“‘ Slodaliv
58 Syl pir A

L oy bas sl 3,7, gl i
pde Sl bl ol s 5 03 o lodalis
L s lodalin 82 (S5 ol L L 25T ol
) b o il g S oslul bl Gl Ods s
Y gans ok 3,57 5 (sl Sltie ST OFWY STy
5 5SS el 1 (ol ol (i w5 i Sl g
BB sy 25 5m dllate Sy i 3 0T 51 5685
Sl bl s b s a5 L 5 Gai opl 3 )l
WSl s gy p) ST mhe il S (gslas!
335,81 5 slas (gl kT I &,;P\h Hldas
s a8 L

Oleabl ) skes ((Cross Validation) e bl
35 oo oslial Gy opl 5 deplle glales 545 )
(Y0 OHSes 5 Jo AL udsleS 5 )
5 Slotalin jole fn eS OMet| oS ol =S5
Glp Glotalin LS 0T 28" Coanl e 63,57 »
b Gatow opl 55 Sl fe ) chbéjjs 3,597
5 Gloalin )i O g polie Ol s
W 6ed 8 oy il ol e Yo alaT o357,
bl (il gk cpl 51 28 Odusl &S dble s
gedia Glodalin (o) o> Cd> (6l e
S

oy (Time  Variation) gy Ss,
Slodalie bl s Ol b OT rl (S )
Woyss dan 53 Ll 0T & s 5l Layy & o
e e U5 g ol sk (5,80
Glodalive LU ol 55 1y 6,5 o3lul canja 5 Olej 5o

3640000 . 5" \'“‘“\____\ L
T e .
¥,
L “~
| | .
//|l -!- \'I\
S ;!_ T 0
3820000 / \
f + j]_ .I-"
/
17
3610000 ! 4+I+' / F
¢ T ot 4+ ~
2 4 o® o= (
& ssooooo | £ b \
5 ~ 4.4 + + + —
= Yy 5 y a + \
5 3790000 |
s B 1 + )
5 ¢ S+ + -I!I_ + 0 sy = L
& ™. 6 14 ":—’J 40 ™
3730000 b = + 4+ + A
15 & f
(—'> + el a1+ = _'-_3
I 23 ++ as :\
3700004 V4 a5 _|;(- a1 + 7
~ 7o+ -Iié 7
i3 _Jl"‘-
FTEO000- L'\ 37 L
kd [
™ —_—
™, T ~
. y
3750000 . L L

Ol WG ul 5 55 lodalin slaolr Condsn ¥ K2

STy ) Sl 5 Dy gty S o Al 33
((VYAF (LT 'C\.L: S AL ATVY

2= T3

- 2 )
N () 2 [Z(x+hy-z(xF, \

S5 50 53 WL gas p3lie Z(X+h) 5 Z(X) OT 43 &5
h dob » 55 Slialis T2) e N(h) s x+h 45X
Semi- ) byl g 1y ¥(h) B8 aal, 55 .ol
g5 3 Sz S sy i geas Al (Variance
ol o3liznl O 31 55 Gowd opl 55 &S Sl Jgama
ol :Sle &S Sl ol o iy o s
23 Slab e 1 .G e OT Hldie Js ¢l
o b Jes 0 el plaal (goliie 55T sl
ol sl @SB e o) WLl p3le
Wesls  Giate Jube 0 i 45 355 oo oaw h Sosliza



A STl 53 bl slabns 5 T Sl eslinal b fnj 25 T law 2ol K8 tnn g 5 (b

Laesls 03 b Opa3l 5 Lo s obl glaasls N Jgde

A\ ol sl
\£PY () 515 ameS
\ASY () 55 s
ey (5) et
fv/4 Sere Gl il
AR sl sma P-value

i Jlirn 3 immen ol s G Sl
55 (CI(Co*C)) wluT & L& e 1okl adl e
Sl oz oslizal glid Hlstle 345 Ob (5l
adje B Al /0 5l 5eSe S Slae ol s
33 5 el Sl gyl gbaadlge I i lsle
5 239 S A aas glas el and
(oo Sl e die & a5 L L(VA8 O)Ses
e o 5 VYl kTt 4 (glasks I s
S5 oy LE aT o )\i’f“*’r“" BB
5 Sl STl e T Sl S Kels
tas o Ol 1) S Aol 4 s Steanens
2 @Rl (G oy e w ik

.:)\::fjojfl}}ftgl.aq.?

Isotropic Variogram

569. m} o
O ]
o 427. [m]
2
8
8
.z 285
£ m]
Q
n
142.
0.+
0.00 13872.95 27745.91 41618.86 55491.81

Separation Distance

Exponential model (Co = 1.0000; Co + C = 471.4000; Ao = 6200.00; r2 = 0.490;

RSS =59839.)

gféﬁélﬁ;}‘}é‘ﬁkﬁﬁd éLMw‘Irﬁ)li.lJ«.:—L“ Y Jg.i

Sl sy e

Sl 510k b e ST e e
ol il sl b 45T Sy g iy ool 3Lzl 315 lul
mole AYAY 5 WYAY cladle (3,97 5 slie 3,k
Ol sl o meS Sladss Jle g3 a s &S ols
Sy b datws bl r§>ﬁ Lzdls 1y s,k
s 2 me (Gloy 95 (615 pd gl
slobas I Jol 428 4w gen b oes
L 5 ey dre 5 oSl lotalinn S0 &7 ibls (5 8
Gble &S g sba tud owd Sl Ol S e
osien iz gy S GG Coalid oo S &8 5eSs
Ls glels nl Sl glelr sl zals
Jsb 53 & slodalin bl (bl ol 53 ol posdle
Go1> i gad hteas (Aid g (6 RS Ok glols Ol

R u.a;;.:m Lg|a)):

Cow gl ¥
olr FO a5 2T 515 oy lao bl V Jsu
oM | 46\:5 (J‘i‘ warg L T Ol 1y lodalin
ST 55 oNle 5 2 Yo gl 3 s T S5
Ly c)e.u 3 e WY spd STl Cls fae) )
~ O, S sdS 0seST 4 g b e
o2 p ol dls 50700 5l i P-value (O g jaa!

el oty 05 Jbe i 9 Ho
Y s 5 Jsame S 57 i) S e v S
" Al 4 a5 L e e 0L | O Slaseie
o2 seS sR? Jldie oy zis (Exponential) o 2o sl
oy 3 S8 Sals S M e gaadze o o
Ol Sill) skwT u>= 4 (Nugget) glasks 31 Cos
AL Aoy YO I 28 s ol o a sd
Loys VO B YO o i3l e (Sals odiasolis

Kol o y3 VO 3l iy 5 8o g2 S Sl s SOl



IFAF F o yled & o (Ol &K 58 555 s

e 5 Jop (5 £ ve

south-nerth direction (m)

west-gast direction (m)

e Ve VL syl gl e Sl L s ¥ JSS

3820000

_|

3810000

3800000

3790000

3780000

3770000 ¢

5 Malie il sl alis o slacistesl a5 O S5

e Yo VL LS%)T;:

S S ol cla..u sbresls gl Ld ol s slaad 5o ASPRES

.Sl
=7 Joe
/¥4 R2
04AY4 RSS

\ Sk 31
V¥ W]
FY e PLAR

Ol Je gligys sl & Lo ga F ‘_}i.z 33
aibie radl> ¢« JS& ol 4 a5 LGl odd a3l
s s ol 35T bt e (s 30
S el e Vel e b e KL
LB Olie VB & Lgy e 33 408 S 0 03, 5 50
Ll (6513 pd gal
5 Glodaline slis o (gla st G;;ap,;
0SS Sl 5 i T b (Slales
Ll ol ok o305 0la5 lize Sbsl Sy elulp
g m Ml S bl s 5o sl sledalin
WT s wousTr 5 Gleslin s OT Gl
o+ T ke o 59T 5 B 5l a6
5 Slhobus pslie (Ml &S bl 45 ol s dizes
Ll slaws j2alS 4 bl 015 e il oS (lodalie
2 fe Yo OVt kT b g g e ol 35 (Slotaliue
25 bl odalie LB YS 50 YA & glaolr 3l bl
4 plll lodalin blG 8l gabge 35
T A0 glaols Jals dats bli5 ¢ w0 oK ol
Lo m5 5 458 ddzms oy 5 Rl K5 SIYA 5 Y7
L& cpl Codo oS 55 o0 podein i § S b

| o:j...}ﬂfj;if J)jTﬂ 6&} ﬁ‘f‘ BEREE W)



3 Il Gl il

> ot 31 Gyt

o

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.

o

0.

e

) Sl 53 65bT a5 bl Sl eslinal b (ion) 5 T o (0l K a5 (b

o T mhae Gl 45 A b S

Ol AYAY-AY Jl 53 o, Sejll Sy (slaeyss
s,lukal ol ol 0558 b 45);19&)\.@ B e
93,8 55 F) 5 Fr MUV Y YV OV OF Y WY b
-3k Olg o cpl ol el s bli 1 S S
S G Sy Glodalin b oyl 45 (o, S
wip oy Ol y e Hshlea (as e 0L
o s Wl Dlais b pilas dl-pll 5 S Ol
L Koo S oas lasysl & bl 53 «(01449)
L las,ls paigod tasl (sl axlge L) Conlad pte

AL ol ed (g i 30

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

Laly oyl

AYAY Dl 53 0lo3 b e 5 f o 5y ois A JSKS

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

[

.\\"M‘JL,J):QLU'Q&A)'J.U'%;TCEM&,:J%M A s

ST e ledslin K2 oy Gble) Cl 5L

(o) (S polio

3820000
_I

3810000

E
c I
£ 3800000
2
4
&
=
=
=]
<
£ 3790000
2 = \
3780000/
G
3770000 =3

- — W=

=
Ak /f' ;@"i;f}q .
A T /of}’ - : )
;5/34/7'73,4/ %%y =
SRR _I,/Qf,"_/‘,’/:?’,'zﬁ/fé‘_/_-,ér{‘ ]
370000 380000 390000 4000007 410000
west-east direction {m}

35l 5 bt ol mlaw jpslie o Ml 5 F JSS

s lasls Gl 5l de

5 sy e o (Soeen VS

03131593 LG 340y . Col odd o33 Ol (glodaline
oS S5 L s Sl Glas,Soslul gwyst 3 ol
b (Strer ol Sl dilate OT 5 (glodalin slaols
molr 4S5y sba 1y LLLID K s M w5 5
ool 1 s YEX L 1 ,es YA 5 YO Y4 F s

e 3515 S1508 L o (sladlate 55 baolsr

0 5 10 15 20 25 30 35 40 45 50

() o (5 5 o3l yylie

.5luuw}53)JTﬁ ﬁ:wwﬁw A% JSJ-



IFAF F o yled & o (Ol &K 58 555 s

O‘)&“’}&bfﬁ ES g \id

oS ams
S5 iz )3 el Gl (Ela 5 i 4 a5 b
Ll O

STl S glasl Gble )57, glas gl
P Coalad e s Olie VU 30T 05 5o
BTN R S 'S o - 3591
odaT 5 g 55 (Slodalin blE Olis e 4 Tas bl
33 s gn sl oie 6850 5 a6 Ty 5 ol
S das o 0L Gble Cpl i bl 0T Koleen
S 3,03 Syg i 5 Sl arw g diajl (slodaline 4SS
5 S e bl 0T )3 lodalive S

Y0 (YA & slaol 3,40 3 ¢ blize bl sl
}Lghu\.au..eg'\—cjb&gg'})&:i\uii\}é\zfj?‘?}
4 Jol> Coabid pis S Sl ok Esl (63,57
S gl bolr ol a3 gutoee 1 (S5 s b
st bl 0T 3 dly lodalin slaslr oyl b
Slodalie 608 & A bl Slii 5 Lls Coen
O Ol Sl s (ST kel
S e bl 58 (oo 1y sl slags S o1l
S ol pl i3l (glodalin a4 el pl ey
33 ‘5J1'L“-V5|j ol o9 ssd jrf\j.n&:u‘\hiid'\—):
FF B men AL ke L ST s A
sl p o Glllae agy S50 53 Olis 5255 VU
23 sl S O;U;duq;)sésﬁwlj
Bl i b S gl s (e slasal

(Able J513 53 aily glodalin Ll s o b )
S S ods 5,57 5 5 lodalin ,slie (oDl &S
ol 05 S Ol (gledalive i 1 015 oo 1) ol
Guas <51, FA 5 Y5 OYF 00 F Glodalive bli s
OI5 (o it (g 2 3550 ailate JLb b (02 40 2
ol ESHlie &S 1,5 0 8 Ol (clodalin S

O‘?UT BE Lf'-’vﬁ)ﬁ-) UTCEM G)}; J)jTﬁ BE) \Ao\?

b Glle s ol Sl e oS5 Sl (e 5
ol 3 el LS el (YA ()5 G il
leolad i 2ol e ls Sl G
Wl o o3lizal o) 25 DT b ol S Ay
O 5 b oY r o) 0L Ken 5 5T, Slidss s
oI sl sl el ke 4 55 (YTIY)
odd slgihey bl S 04d (ST g belr sl
Conlss e oS bl 3 O JSG mls Gb ol
mages ol I Olg e (S Gble) Lsls (g S
L C}.,oy ol e osa sl Sl (Gloy g (s ls
Glaolr Cuaiee &S+ e Oglime (slasjll
51Tl o 0513 o led clins oo Ol 1 (sloutaline
SLE,S I il Gl e ol 555
b oS ool Sl Oloj & S (a5 ST o
Ghle Kby lodd asin sl &S S clacadle
A5 L0l T 5o o dis 1S Coabad pds L
ST e 5l )l 503 (Vb Gl Jol ) S

Ll Jesly S
- PR — 1 ! L
, * r/f_,f'al ’ ¥ 7

38200004~

3800000/

south-north direction (m)

3790000
3780000

3770000

Hit
410000

- ARy

PR S Y
380000 390000 400087
west-east direction (m)

.&ﬂ;f}”;@w&u&;ﬁ;\yu@uﬂg Rt

o,
370000



\% STl 53 bl slabns 5 T Sl eslinal b fnj 25 T law 2ol K8 tnn g 5 (b

e ) Ol Blle 15 e Slissse 5,800

S Ly

cl.:.o

Ao OYAD ey o e cOlidge € s ]
Okl 55 EDI 5 SPI JLSis glajesle SIS
XYV MY 0l 51 O mlin Slidoss dloea 10,5

Oapobidel (g (63 e sl o o3l I (6 AL
S8 sska S o) sduag OYAF e
Jsol s AHP &SCSS Sl oslinal b o sLdd oo
psle hagy dbme (GRS on ) bl s
NN DOYY Sl

CoP S GO g e (Sl O (Y
LB ag 55 LT Slaisy awlie OTAY
Dbl G5 53 gl pobe (S p G 251,
5 S e ske) Sl gla iags aewe 101HA50
YeF-1a0 (NOYY (T

(S linl 53 JbTomes YW g ST s
O, o&isls ool L)

ol S Sl e SIF YA oo
ST s latay Sl eslizal b s T
CS e Gl gkl Sl (654 anlls)
O3l glakie OT algw

5 4 s AYAA “p «s3b CT ke e (S
23 38 5 G5 e SBlE (LT o) o
0lgaol g 53 pls g Olals wa - GlaesSTl
(S503S glo 5 psle) S 5 OT w5
Y-V (FYY

Joddlygns VAP OT ke Cupde OS2
35 S35 s 05 SBOT (oS (il

L e B S = B

r.a;@}a#j!ﬁ%jaw o I3 sma ST
ST phw S50 a sl Sbinse Ol
Slal 4l Os (Al a3 g e e (o))
3348 ol fﬂ adl sss fol= SledMbl ys gyl sne
e el m 5 @ 9ol sl S35 L Dl 85
53 ot e il el (ol 1y Sl Ses
2l 62,551 2 5 Sloalin slae o Dl

PS5 Dk e 4 (Gl G ad i sl
P )Y Glaolr sl mlau 53 351l O3l
33 613 paises Ol o FY 5 Fr PV ORY YV OV
bl il & 2i Glj ol 5o 15 b el
255 Ol g 4 e Sy pde 4 i

GoLT @l Jdows 5 Jool s S 5 4 a5 L
it b a4 b atie i S B, 2
b Glp vore b dled Glaly 53 peyp 35
03 ol el e 5 T e L Sl
G Jad 3 ogasa badl s S Cul J
bl tejls S anmy 5 bl ST Sl
el iy (613 54 g

2 OlF e b 41 G ol ) olgiy S
sshten Sboy S 4 bisys Jde Shes 5 Gl
OF 51 0lg s 35 lodalin &S (ilutig 5 2L
Jéjfjléi): ot 4 el ST3 4.3()'\1 3,5 eslazal
oot K3 151 55 & 35 S5, 155
s on 3050 ikl sl 3 Coslis 55 6 lal
Glisy s saesls Lg)jTCo.?- ey e bl u;jwf
S s el LT om) sy 6,88 L
Gl sty (s 35T, sl I ol s
4 e 0l b DT el (6 0y 85 5 (5,8 5100 o
B (2 Lo e 0 S (ol 2 s

Wby (B8 L5 )3 ciman 5 (6092 Wily (slodalin



IFAF F o yled & o (Ol &K 58 555 s

O, 5 J:p& e £ YA

Environmental Modeling & Software, 18,
853-859.

Desbarats, A.J., Logan, C.E., Hinton, M.J., and
Sharpe, D.R., 2002., On the Kriging of water
table elevations using collateral information
from a digital elevation model: J. Hydrology,
255, 25-38.

Geostatistical Analyst Tutorial, 2010, Esri All
rights reserved.

Gundogdu, K.S. and Guney, l., 2007, Spatial
analyses of groundwater level using universal
Kriging: J. Earth System Science, 116, 49-55.

Hilip, R.D., and Kitanidis, P.K., 1989,
Geostatistical estimation of hydraulic head
gradients: Ground Water, 25, 672-678.

Jolly, W.M., Graham, J.M., Michaelis, A.,
Nemani, R., and Running, S.W., 2005, A
flexible, integrated system for generating
meteorological surfaces derived from point
sources across multiple geographic scales:
Environmental Modelling & Software, 20,
873-882.

Kumar, V., 2007, Optimal contour mapping of
groundwater levels using universal kriging —
a case study: Hydrological Sciences Journal,
52, 1038-1050.

Nabi, A., Gallardo, A. H., and Ahmed, S., 2011,
Optimization of a groundwater monitoring
network for a sustainable development of the
Maheshwaram catchment, India:
Sustainability, 3: 396-409.

Olea, R., and Davis, J., 1999a, Optimizing the
High Plains aquifer water-level observation
network: K.G.S. Open File Report.

Olea, R., and Davis, J., 1999b, Sampling analysis
and mapping of water levels in the High Plains
aquifer of Kansas: K.G.S. Open File Report.

Prakash, M., and Singh, V., 2000, Network design
for groundwater monitoring. A case study:
Environmental Geology, 39, 628-632.

Theodossiou, N., 1999, Evaluation of the
distribution of hydraulic head in an aquifer
using the Kriging method: Scientific Journal
of the Hellenic Hydrotechnical Association-
Hydrotechnika, 9, 3-14.

Woldt, W., and Bogardi, I., 1992, Ground water
monitoring network design using multiple
criteria decision making and geostatistics: J.
the American Water Resources Association,
28(1), 45-62.

Wood, G., Oliver, M., and Webster, R., 1990,
Estimating soil salinity by disjunctive Kriging:
Soil Use and Management, 6, 97-104.

Xu, C., Gong, L., Jiang, T., Chen, D., and Singh,
V.P., 2006, Analysis of spatial distribution

Sol5s g GO SaS ol Jadlly g
S0

Sl gy sh dhuag IYFA)Y p s s “p (Sl
Sl aibte 55 oosh oSy, SLi
s e bl ) Gl i) 3l eslizal b (Olu)
COFD d()sliS ale dloms) (olT nikign
B3-¥4

g A N R
Grind 2T ple &S 5 S Gl Y
aloes (STl 5 osle GOl BuT 163, 5s andllas)
NAAF ((OYY STl 5 OT il

5 &S Oldlas AYAY (50 s Holie Oludigs
SS S cas gl esgdoe ST
O glailaie OT Olejlo s Ao (6555

A R R R e
SVl o 53 oS Wy (3 a5 = s 3557
td s Ol 3T cabl e 5 (63590 anlllae 1 sline

20 N (55,5l psle hagh - ode dbne
N7

Ahmed, S., Kumar, D., and Bhat, A.N., 2007,
Application of geostatistics in optimal
groundwater monitoring network design: In
Ahmed, S., Jayakumar, R. and Salih, A. (Eds.)
Groundwater Dynamics in Hard Rock
Aquifers, Capital Pub. Co., New Delhi, 179-
190.

Bhat, S., Motz, L., Pathak, C., and Kuebler, L.,
2012, Designing a  groundwater-level
monitoring network using geostatistics: A case
study for south and central Florida, USA:
World environmental and water resources
congress, 48-58.

Bouma, J., Booltink, HW.G., and Finke, P.A.,
1996, Use of soil survey data for modeling
solute transport in the Vadoze: J. Environ.
Qual. 25, 519-526.

Caeiro, S., Painho, M., Goovaerts, P., Costa, H.,
and Sousa, S., 2003, Spatial sampling design
for sediment quality assessment in estuaries:



Y4

STl 53 bl slabns 5 T Sl eslinal b fnj 25 T law 2ol K8 tnn g 5 (b

geostatistical groundwater quality monitoring and  temporal trend of  reference
network using factorial Kriging and genetic evapotranspiration and pan evaporation in
algorithms: Environmental Geology, 50, 101- Changjiang (Yangtze River) catchment: J.
121. Hydrology, 327, 81-93.

Yeh, M.S,, Lin, Y.P., and Chang, L.C., 2006,
Designing an optimal multivariate



	چكيده
	1    مقدمه
	2-1   منطقه مورد بررسي
	4    نتیجهگیری


