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vulnerable aquifer areas. The Dezful-Andimeshk Plain has two landfills that do
not comply with the necessary standards for waste disposal and a river that
recharges the aquifer, which can be potential pollutants for the aquifer. Therefore,
evaluating the pollution potential of this aquifer is considered a necessity. To
achieve this goal, for the first time in this area, the assessment of the aquifer
pollution potential was carried out based on the intrinsic vulnerability
(DRASTIC) and specific vulnerability (DLR), and finally, the potential
contamination (PC) in the region was evaluated.. Based on the results, the value
of the inherent vulnerability index ranges from 106 to 162 and has two
vulnerability classes: moderate and high. The high vulnerability is related to the
western margin of the plain and near the outlet of the plain, as well as in the
middle of the plain with a northeast-southwest trend. The low vulnerability is
associated with the northern and southern parts of the region. The specific
vulnerability index ranges from 25 to 75, which, based on expert opinion, is
classified into two classes: low and medium vulnerability. The highest intrinsic
vulnerability is in the middle of the plain and around the Dez River. According
to the results, the aquifer's PC ranges from 130 to 207 due to specific and intrinsic
vulnerabilities. It is classified into three classes: medium, high, and very high,
mainly affected by the river, land use, soil, and hydraulic conductivity.

Introduction

assessment of aquifer contamination potential by

One of the key methods for preventing aquifer
contamination is the assessment of aquifer
vulnerability. This concept can be generalized
into two perspectives in groundwater resources:
Intrinsic Vulnerability and Specific
Vulnerability.  Many  researchers  have
successfully used the DRASTIC method and its
modified models to determine the intrinsic
vulnerability of aquifers (Aghazadeh et al,
2022; Taghavi et al., 2023; Ozegin et al., 2024;
Shirazi et al., 2012; Fijani et al., 2013). In
addition, some researchers have improved the

integrating the DRASTIC method with other
specific vulnerability indices tailored to
environmental conditions and the types of
potential contaminants in the area. These indices
include the DRAIYA index by Vaezihir and
Tabarmayeh (2015), the GQI index by Riahi et
al. (2022), and the NBL index by Casadiegos et
al. (2024), which were used to calculate the
overall risk of the area, leading to a more
accurate  assessment of the aquifer's
contamination potential.
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In the northern Dezful-Andimeshk region, due to
the rapid population growth and increasing
livestock and agricultural activities, groundwater
is heavily affected by pollution from animal
waste and nitrate fertilizers. Additionally, the
region contains two landfills, Jaremeh and
Mahoorberenji, and a river between the counties
of Andimeshk and Dezful, where waste disposal
iS sometimes conducted improperly and
unsanitary. Therefore, assessing the
contamination potential of the aquifer in this
region and providing management strategies to
prevent its pollution is essential. To achieve this
goal, for the first time internationally, a specific
vulnerability index named DLR was defined and
integrated with the intrinsic vulnerability index
DRASTIC, ultimately creating a comprehensive
contaminants potential map for the entire region.

Materials and Methods
In terms of research steps, the first stage
involved collecting data related to the DRASTIC
hydrogeological parameters. Data from the
region's piezometers created the D and R layers.
The A and | layers were developed using
information from the observation wells' logs and
the area's exploratory boreholes. For the Sand T
layers, the region's soil shapefile and Digital
Elevation Model (DEM) were employed, while
the C layer was drawn from the results of well
pump tests and aquifer thickness obtained from
the observation well logs. After gathering the
raw data necessary for each layer, the following
steps were conducted sequentially:
e Data Preparation: An Excel file
containing the essential information for
each layer was prepared.

e Data Conversion: The Excel files were
converted into a format compatible with
ArcGIS software (in this case, they were
converted into point shapefiles).

e Interpolation: Interpolation was
performed using the Kriging method.

o Rasterization: The resulting interpolated
file was rasterized, and cell size was
determined for all layers.

e Reclassification and Weighting: The
raster file created in the previous step
was reclassified, and weights ranging
from 1 to 10 were assigned. Finally, an
overlay operation was performed based
on the weight assigned to each criterion
layer, and the intrinsic vulnerability map
was drawn.

The DLR index is a specific vulnerability index
designed to determine the impact of pollutants
from landfills, rivers, and land use on the aquifer.
Similar to the DRASTIC method, this index
employs an overlay-index approach. In this
index, D represents the distance from the
landfill, L stands for land use, and R represents
the river. This method used expert judgment to
define intervals for each parameter, with a rating
from 1 to 10 assigned to each interval. For
creating the R and D layers, the Euclidean
distance command in the GIS environment was
used, while the L layer was generated using the
land use shapefile of the area. Reclassification
and overlay operations were performed after
creating the R, D, and L layers, and the specific
vulnerability map was drawn.

Finally, the intrinsic and specific vulnerability
maps were integrated using the Raster
Calculator, and the overall pollution potential
map for the area was produced.

Results and Discussion

The pollution potential in the study area ranges
from 130 to 207, which, according to Aller's
(1987) standard, falls into three categories:
moderate, high, and very high vulnerability. The
highest pollution potential is observed around
the Dez River, which is likely influenced by
specific vulnerability factors (R layer) and on the
western edge of the plain, possibly due to
intrinsic vulnerability factors (D component) in
this area. According to the regional risk map, the
western edge of the plain exhibits very high
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vulnerability. The central plain shows high
vulnerability, with a northeast-southwest trend,
particularly reaching its maximum on both sides
of the Dez River. The northern part of the area
has a moderate vulnerability.

A comparison of the intrinsic and specific
vulnerability maps with the overall regional risk
map indicates that the very high vulnerability on
the western edge is probably due to high
hydraulic  conductivity (C), the aquifer
environment (A), and soil composition (S), all of
which are components of intrinsic vulnerability.
The very high vulnerability on both sides of the
Dez River is attributed to the river's influence
(R), a specific vulnerability component. The
high vulnerability observed in the central plain
results from both specific and intrinsic
vulnerabilities, being influenced by the
proximity to landfills (D) and extensive
agriculture (L), both of which are specific
vulnerability factors, and by the appropriate
grain size in the vadose zone (l), the aquifer
environment (A) and, to some extent, the soil
composition  (S), which are intrinsic
vulnerability factors.

Nitrate data from samples collected in 2020 were
used to validate the results of the implemented
models and the resulting risk map. A comparison
of the nitrate concentration distribution with the
overall risk map reveals a high degree of

correlation. In areas with high regional risk,
nitrate concentrations are also high, particularly
in the central plain. Conversely, nitrate
concentrations are also low in the southern tip
and the northwestern part of the plain, where
vulnerability is lower than in other parts.

Conclusion

Comparison of the nitrate distribution across the
plain with the risk map confirms the accuracy
and reliability of the implemented models. In
high-risk areas, higher nitrate levels have
infiltrated the groundwater, leading to nitrate
contamination of the aquifer. Therefore, it is
recommended that relevant  authorities,
particularly in  water and environmental
management, take proactive measures. These
measures should include proper management
and control of contaminated wastewater entering
the Dez River, as well as standardization of
landfills and waste disposal methods to mitigate
the negative impacts of specific vulnerability.
Additionally, reducing the excessive use of
chemical fertilizers, preventing soil
contamination, and implementing artificial
recharge of clean water into the aquifer are
necessary to mitigate the negative impacts of
intrinsic and specific vulnerabilities on the
aquifer.



Journal home page https://jeg.khu.ac.ir
i slE

o131 o

g A L

ALY AP R

91 ST 3 ST b (o Siuos it J 93 sl (FgT Janiliy U !

039

T 2l ot lileocus hagie X oSl oo

sed_shakur@yah00.com :asbL], . o)yl cjlanl lgal o)l pes daed oSl ¢y pole 20Kl ¢ lid pro) 09,5 (6550 555,0m (655 gomiiils .
Chitsazan_m@scu.ac.irasbll, . o))yl claal Gleal olyes daus oKl (o) pole 0aKsils wlinl Y

Yahya2010@yah00.com :asbl], . o)yl ¢jlanl Gloal oyl pes daud oSl ¢ o pole 2aSuiild ¢ li o 09,5 ¢ luils Y

oS>

oo

o OlNb!

sl szl gl 3ble (Lold ej 5 sloel (ST 5l xSl el o slaby, S (S
a8 aldg) S5 g dlly 8 4 JolS slalubinw] cole)y pae b Ldud 90 (sl Kol o855 o
ol 5 (g sty o) 130 il sl sl ool slotis¥T silginn & sl gl (s oS
st dilaie ol ) Jlisinss gy Ban l G5 Cap Cul a2 LB 5 (6905 (590 ]
25 pbsl (DLR) 0325 (s by 9 (DRASTIC) 5 (sl 2 45 b glssel (So9ll Jowily
3 sl (a3ls o s eluly 0.8 (b)) adlato 15 (PC) (Sogll Juilty coled 3 5
Jo}gfo .)L») L;);.bu.wj oS d)}bdu o] .)lJ) 9 Lzm?m d)a.\:w.o-l 03) 93 dl)b 9 ] pyes VY B Y5
gz = (b Jled Bg) b b dlis ) (pizmen § Cudd (29 4 S0P g Cubd ()f Al 4
VO 3l ohy (s plyamsl (asls e sl dilaie gz g Jlod 4 bgje o §plicaml g ol ()%
Ot 2ySee )8 bawgio 9 o8 (S pacanl (835 93 )3 (i) Yo olal &S Csl it VO
dawgio 503y 4w ;> g Canl I3 g 0hg (S plscaun] £95 93 ya j 5L &Sl pie YoV B Y
Sdgin Colin g SB o)) )8 @ling, ¢ Jolgs ) sl S 485,80 )8 oL s g 0L

g5y dlie 1o £od

VYY1l U

VX e8lea 6 ,5050 &, U
RV RS AN JR O T

1o jlgunls
(ot Koy il = Jg355 gl

d)iigwﬂ] (b Ls)e.-'*e.wj

Vrba and ) covloass al)) e slaos! (Sl 5,50
<=1, (Vulnerability) s »3 ! .(Zaporozec,1994
O e 3l Wpoa VT iy g 3588 Sl lgie @ oy
Babiker,) o5 wuy gejny gl piees
S gpdcaw] Bas g0 5l s ol (2005
Special ) o9 s pdscun! o (INStinct Vulnerability)
oeens JB e ool mle o (Vulnerability

jiaetal., 2019; Kardan moghaddam et al., ) c..!

(S Jriliy g
doddio

Gl g ausey e deeipiclac] (Sodl o,
sgdn ool asis Sogl Sley cdil g ol SVeb
oy 31 St 99,5 oo Saned Lyl sl (Sogll o) &5
ool Gl Sl oSl iy el sl
Copde g olpul plycanl Gble olulis ()
20k odsl sl i porie .l Lol 508

15 i T el Al o oM VA5 Lo L3l

ol s e 525 15 5 gl 1 305 Lo Seagd] S ol ST iy s VT 1) 5 sl o it s 14
https://doi.org/10.22034/JEG.2024.18.2.1019821 ¥+ Y-YAZ «(Y) VA « cwiige

©NoE

BY NC

OBy ©

o)l oRasls 1 pab



mailto:Chitsazan_m@scu.ac.ir
mailto:Yahya2010@yahoo.com

Ya.

OSe 5 )8 | (ot Syl o850 szl (Fogll Sy 5

=y 90l g (Jaremeh) ao,l> slapl 4 (owsy Judod
(J5850 3 Sl slagyliw 4,0 (Mahoorberenji)
Sogo oyl s all; & Jos b5 a5 3,10 sS4z
3 eonl R 09 0 pS (oo plnl (Sl et g (Jgele
Sldlae b as oyl 13 50 gailbog, s (pl S
Olseas (Faryabi, 2020) L,6 lwg a5 elxl
5 Colond Bime olesul gly sanS adss sailbsg,
09 e Al slaS ed e bli S e aliwlie
b SlaNSb s sl (e 4 lala>dle SgSgn
Ll 5 5 o lels dools las 5 oliwlow 5l o
5 olgzel (Sogll Jomily b3yl alals Ceslons Joy
S 5l 6 Sslr sl s mre slo S, il 5 adlao
Ot (5 B0 (pl 382 Sz sl (55908 6l ]
DLR (so35 6 gl (ol (Jall (s o 50 b
Distance ) Jboud | alols :pel)ly aw caase a5 |,
alols 5 (Land use) ol s ,l8 «from the Landfill
L 9w, «wl (Distance from the River) als-o,, ;|
5 g ab &4l DRASTIC 13 s pdaml Lasls

A s 2t 5 Fogll Jomily 54285 Sl

o9y 9 dlgo
a plyzel (Sogll Sy 2b3) Cem Ghesi cnl 5
Arc Lo ;o al> o dw ;2 a5 )l 0929 Lol dl>po
1o 45 DRASTIC asls 51 slyu] 1o o6 iy
wasloois 1)l (Aller, 1987) J1 Ly VAAY JLo
(_g).h.bw" w.».u S ‘@9 4.l>).a ) 509.34‘5@ oolazwl
w2 L olsl ot 5 15 s iyl ihis IS Sy

Sleogas b (Sily Jodoay G5 5yl (2020
Oboy 135 50 plgsul G Sluogas plo 5 535l559 e
Gris sl by ohg syl (Jy Conl 2ol
Slp oS il lahs) e 5l el jiie ey )35 30
DRASTIC i) 39,50 )54 515 6yl (235
Depth ) (cies s o Gas o)y i abse a5 o
Olezel l=e «(net Recharge) aiss &, «to water
SSes «Soil type) S (Aquifer media)
Impact of ) elul,e ailie 51 «(Topography)
hydraulic)  SJg,ae <olaa 5 «vadose zon
olsl Grdicaml sanay ol (Conductivity
slp Jolaie slaghy) s3> Ghe) (nl S oo ool
Ciizee a5 (g ysboas el lel 1B (6 pdyl (2]
S S o) s el sl Jow 9 Swlys 51 g0l
Aghazadeh ) ailes S eolal gzl S18 (6 il

et al., 2022; Taghavi et al., 2023; Ozegin et al.,
4 4 (2024; Shirazi et al., 2012; Fijani et al, 2013

Sgat Sz ) 5 (RS W3S Iy s (plaCididge
sheme bulyo b cslie lygl (Sogll il S|
2o bl Szalys by, e ool gloosn YT g0 5
e s 5l ehy spdieew!  sloaasls
Vaezihir and ) a,le 5 g ;o0 Jlicly lawgs DRAIYA
5 b, bwy GQI w3l (Tabarmayeh, 2015
L.y NBL a3ls (Riahi et al., 2022) .l Ko
5 (Casadiegos et al., 2024) ,Ke2 5 osooluls
g oo drulone | adlaie (S Say; 5 005 3l
losls @yl lesal Sogll Jnily 5l 6 pomlio b))
39y S oty Jlod Stia il 55 03gacne 5
L B R I R e N .
S Y8 51 2l Fogll bicos luas e

9 dilaie ol )5 oonl g ogdle 5 ls 13 Ol slassS



Yoo leds VA 0,90 ¢ gudign (owlids (ps

Y4y

Oy Sl Sl 13 00,03 (ST (SBLeis
a3l slacgomme Jold g mdo ool axl ol owlils
chs b 00,5 paes 5 K05 slagmash 5 louadl
ol (B iz = o Jlo g 5 @36 Ysana (59700
Iy ol o A BEY o WL addllas 8 g0 dilate glis)|
Aeyese o Lo a5l e VEVY b )T Gl clelis |
E)| (098) Joo ¢ ol sloaiidl 5 Sl Condse
ol o el sasl Y S o Slods Sas il Jgd30 cus
5 Jaremeh) as,l> slapl 4 ows, Jubos) 9o adlaie
sl g s (Mahoorberenjiy =iy sl
3ol o8 Jes Wl a5 o ls sezs Jsd)o 5 Sciaya]
DS e plml il né 5 ool f 050 bag]
Sz g 50 el albog, Sl nl S50 0 nl 2 s

Siloads 03,91 V S j0 a8 010 04>y b ailsog,

axlllae 3 90 ddbaio

Colas b Jlos Saasl - Jgd50 Slllas oogass
5 i Slooliond o ek VO oy
asg> pj 5l (Seiglese e il g o)l 1,8 Sie ]
2w ol ol e 058 0 Cguie S5 (19,5 o
slaasl elwly ol W})ﬁ)'&?)“— ale s oyl
BT NGRS SRS PSR V) £ BT v S S KVO
SLlpeglSsS ol we slecdpl Jols olidans
sel) T (e w5 5 (gl (5 i il
Gk 3l asllhae 550 ddlaie 4y (s el (g 9
Ol Jg830 = yitng i slgal § Sty il - 35 = jlsal o3l

09 eelbmey B 5l dadbite Gl cwl pd

Z

3572000

26000 244000 252000 260000 268000 276000 284000
DEM

Value(m) [ JEY “
High : 1478 River 5 \

) \
Low : 62 \

260000 280000
: - @
25 e @

N
: Legend
& cy
@ Vvillage
oonsrd 2 o5 Drainage
Fault

= Road
~—— Rail Way

3600000

1. ... Aquifer Boundary
Geology Formation

| MuPL-Aj

| Prex

Jat

B Formal Landill

3580000

-~
°

4 8 16 Kilomete:
)

240000

T L

260000 280000 1cm=3km

Sl Syl Jod50 s gl )| g8 Jow g (gulidh fyao) elaadge aids N S
Fig.1. Map of location, geology and DEM of Dezful Andimeshk North plain

index-) Jligpee _  oasls «(based methods

(statistical methods) s LI 4 (overlap methods

Silwad s Jow 5l o5l 5 sla Jhg, 0,5 (gispands

Sy
CA...J‘OM djl)‘ ‘5)4.»;4“»] gs'l’))‘ (_g|).: GOJ.:JLA (-ngU’”ﬁ)

Processing-) ;s o sig, 09,5 dw 40 g co a5



Yay

OSe 5 )8 | (ot Syl o850 szl (Fogll Sy 5

Lo 40 ) g so00ls plaislO LY 595V UY 6
iy 2l Sogdl ly Jbs e Vg e
bl o Seials (a3 ls gyl ogd oo a3 )5 L 5o
daloe o5 3o yielly Cde 4y (poaS; 5 ()35 9 (V) ala
Aller et al., 1987; Al-Adamat et al.,) s5o 0
(2003

IVI=DDuw+RIRw+AAW+SSw+Tr Twt1rlw+CrCw )
«(Intrinsic Vulnerability Index) IVI aal, ol jo
sz lis 55 By el S s pdcaml a3ls
Sl 39 W s (5)) G50l 4T g iz oyl b
olo 1 e 09l wosld anazs el e 4y oS
& oarde Glyul pdicen] (g Sl asls
Goe il b 13 (s pdycanl lade calal) cpl o 29
slo Gl Jg il malS 3,555 o 5 o el
b oo il o el b

Sl o) G o5 o oy ol ye alxil Ll |
go> DRASTIC _Sijslsiss e slosiolyly s bssye
oMbl IR D (slaay as gl 55, 5bas b 5]
ST s A aY ey lp b ay adlae slayiessy
bales 5 sloaalin slaols Y 4 by Sledlb
IT 5S sloay a5 sl ol osliul adlase SLecs]
=iyl ey asi 5 S (Shape file) LG o
o 1 C Y gy gl g o ooliiwl ailai. (DEM)
ol SY 5 a8 5 1 o olssnl Cwles 5 baol> 5oy iales]
Sy90 pl slaosls a5l o .ol oolatul slovslin o
aimVoad el e g py Jole Y e ln 5l
JeS1 6 Jos =Y ¥ 5 (55,0 Sledb 51 ST 18
4 Ll ) AIC Gis l58le 5 JouB LB oo b 4y condiags
& Shoss bl T (Wisd Joud lehi b ot
5) bols sondanys b (o5 2w, -F Kriging i,
(Cell Size) plo Joo cpmns g 3 al> 0 j0 Sbyg,o

QSLQU"?) J....SLSA ooLa...,..;l Lﬂbcd...uyi us).‘> UM 6‘1.'
Ol 5 G lopaie o (Swspn Lalg, LS)L’J
gy S oo oolitul (e il 3 95290 slaoan Y]
S oS S slogully linen _ sl sla
5 00,5 5l |y eldl adhain 4 o mlaw oa V1
So dilisee blis j3 1) (6 pdycam] (a3li ol 4 Lasls
9 009 ol )5 (500> U o gl )by (goue ;)| bl
o3l 3,90 (Saier B85 By o Slyeds wilel oo
Sledbl aps Sdggus 5 (Solw g9 (pl b0, S I3
09y ol odee bl 5l glaml wline jo lmoi 3L 0590
oBaus g0 5l ca,w ol g Cal W})ﬁ}gT als 4
oS BB e sl @lie 50 035 9 (SIS (6 ]
(Kardan Moghaddam, et al., 2017) <.l
oolidire; Sl Shga aly gl G186 i
el oley 538 L L g ol aihate (S5as85,000
| 6)M L;LQ;.A_JL!_‘) 4.:[.: 5 0)49 6;’.\4%1 6]9 S|
Ll 1l oo o 535 50 oVl ggi (355 L
FIS SUawW- w.{b )l JA.M...A u‘a}u] @lo 9 o'}g.j 6)JJJMT as
Jesliy 1y st ooyl Slsicee 35 cal ol

Das &l lesul  Sogll

DRASTIC b9,
Wyl GI6 pdycaml bl pouye lagbs, 5l (S
ol Ges yall cas ;a5 «wwl DRASTIC g,
SE (A Yyl e (R) 0085 ¢ 5 (D) (s 5
ol g () glusle aihie J1 (T) Sl Sse «S)
olsl rdiees] anay lr (O (Sdsyoe
6 oazmg b byl ol 5 oS ,e 4 S e solizal
a5, «(Alleretal., 1987) JI s lastwl g Sogll Juusils



Y o)l.o...':.» AA 0,99 5@4\.\.‘.9(0 k;uLu.u O

yay

5 ol sl (Overlay) Sligees Slles loe 4Y 10

IRVIPUU S| PSR VO [PV..¥-

G Y soe 5l 2o (59 o Reclassify -0 aY slas sl p

9 8 galo e jo 0l A iy B4 () Jou) Ve
4 o odly plaizl 9 9 (V) alwl, ulelp colys o

o Stapail - Js330 Slszul 15 6 iyl Glojle Glagis 5 25 ) Jgoxr
Table 1. Rates and weights of intrinsic vulnerability criteria of Northern Dezful-Andimeshk aquifer

Depth to Water (m) net Recharge (in/y) Aquifer media Soil media
Range Rating Range Rating Range Rating Range Rating
0-5 10 0-2 1 clay 1 Silty sand 5
5-15 9 2-4 3 Silt 3 Sand 6
15-30 7 4-7 6 Silty sand 4 Sandy gravell 7
30-50 5 7-10 8 Sand 6
50-75 3 >10 10 Sandy gravell 8
75-100 2 gravel 9
>100 1
Weight =5 Weight = 4 Weight =3 Weight = 2

Topography Impact on vadose zone Hydrolic Conductivity
Range Rating Range Rating Range Rating
0-2 10 Silt 3 1-5 1
2-6 9 Silty sand 5 4-20 2
6-12 3 Sand 7 20-35 5
12-18 3 Sandy gravell 8 35-50 7
>18 1 gravel 9 50-65 9
>65 10

Weight = 1 Weight =5 Weight=3

ovgy ) Sy wiile ezl cpl jo 0sd atie
DLR (g by

)‘ alols dj.x.c D .cuslosds oolaiwl Ga>l.w —@L&M
& 2,5 S, L 5 (Distance from the landfill) JLsad
Distance from ) <ils-s4, 8,20 R 5 (Land use) sl
e yalil e gl 5 g, ol e .ol (the River
ojk o lp g ad a8 S i s oleosl (owlid)S L
)l ool plaisl Ve B Y 5l S de il ol
I Sogll Gl b Gaiote Vs GieS sl

sl (05

Ayl g 50 albog, m Sdge bl Jdse
Frolrt ol o all; ads lals a8’ o855 1o (2 50e 5
2 GkeS ol (Fo S ized g 05 o0 pl]
Dy9p8 Ko plggul ohg s piycaml (o))l wilaie ol
as w‘ 0)45 ‘_g).n.b WT ua}LuJ 65.: A_iv DLR !
)J‘ G w‘ o Lé).suo ‘u’“’m?)" u;‘ B )l; BrvewC ) > (5‘f

u‘}"j » ‘S‘al)‘ 6)'.’)[5 9 4.3‘.505) 9 J.JJ.J LngcMyT



YaF

OSe 5 )8 | (ot Syl o850 szl (Fogll Sy 5

ot Stapail - J5330 Slszul o5ag s iyl Glojline Glogis 5 25 Y Jso
Table 2. Rates and weights of special vulnerability criteria of Northern Dezful-Andimeshk aquifer

River Land use Landfill
Range Rating Range Rating Range Rating
<500 10 Agricalture land 10 <500 10
500-1000 8 Wetland 8 500-1000 7
1000-2000 4 Urban land 7 1000-2000 4
2000-4000 2 Dryland farming 3 2000-5000 2
>4000 1 Barren land 4 >5000 1

Pivot irrigation 6
Weight =4 Weight=5 Weight = 3

G55 b g Sl Sl 5 S0kl slooan¥T 51 e
Jedoar ()b 5wl pize loy )38 50 sai ¥l g5
et o 5] Jies lstul 6 iy e 55 50 Cnl S|
Sondy 5l 1) ol Qb Wlgioe g0 Gl Bals
3 om 8 al sl s @l sl S 6 pdyea]
Jol> o5y il 5 G13 Gpipn] 4tk oSl
ygiwd 3 oolaiul b (V) sadolro olulp g ol o5 b e
S9! Jusly azis GIS L= o Raster Calculator
PC=IVI+SV1 )

Potential ) Sogll Jously pggio 4 PC alal, ol o
cwiga SVI 4 IVI (. leel (for contamination

58S e Y e 5 Wy ois 5 IS s ndyee

Cewslonds 18 5 5a 10 S pl 90 2 sl e

TR VY C 1L B | RS VI VYV R Og 3

DRASTIC
U5 S5 50 me Jalse 5l (o syl Ges
Jedsas el cnlaslioe plszul 4 oy sl oY
@ ey 5l S Wb 63485 Ol aS colge Caliis puns

552l oS Ges 0, cueal WS b T gzl

320l o ol @ azg b ezl ol (S se
S S i i s & (Sogll Jasl Ul
DLR axLs 5,0lil wgdo0 ro (O LY (59) (S5
Voaal, Ojgon yll 4w ggeme 4 23055 bol
SVI=D;Du+L Lu+RRu )
Special ) o35 s pdycam! jaxls SVI aal, cpl o
saumslas S5 g, ol (Vulnerability Index
a5 ol (G35 W g (45,) (23l E4T 5 4 aws (slo el )y
AP Al ) Gy 398 e0dls arass el e 4
FS )y Ngd oo ez plezel piyeanl (>15 DLR
& Ol Foke Grdicen] Sl els )l oo
ol 5eS Gl 51 S ol pog e 5wl
s R e slo ol )b lade zols8l s adasl,y cpl o !

sl S8 egSae alasl, VST LD

(PC) oyl Fogll Jomniliy (25
G rdyml g ge dibie Sogll Ll ob5)) ol
&Sy o8 Gl 0o L) ohg el 5 BB
b ey Sla S & atly gl 13 6 p iyl
S 9 05 Oloj CldS b g Sl ddlaie (So5ed5359 000 4

Sriv sbedld Al p oy G pdyeew! Jy ol il



Y b)l.o.oj: AA 0,99 ‘G“W Lf“wa O

Yad

ool JshS b s anle Base olsil Slgw, w
slogize 4 ) Jgazx 5 gldl dilaie ¥ iz wlalp
Lo 0 58,5 s Ve Bl glas, e calize
Sy o o3 plmil 0l yg,0 LT (59, » ATC Map
o o 5 dilate ylgsul lame (gadd Col 5o 9 Ao
Slgs iz aS ‘S,.L?J 51l 0d0] C Ccomnd (¥ S s as
o als 2l yo b awgie Baes lesal saias LSCis
b llgs g Wlosls olaisl sg5 a1, Ve b ¥ e,
logate ol olyon Jlim! sla Sogll Jlil o ol
O b 1y e ailbog, cews b 5 Sle Al o
Seiglsn Collad boas elidlnd dilaie (idu on YL
el 0gd g0 aiaT S e 00,5 o attive odes
sy 0 S0yl gm0 4515 (68985 O (e Lanomae
CS o (Sig%z g gl ity b A 53 5 WS e s
llss g sy i p S lases cil. o)ls ooV
Slp 08 o 3b je0ly Lasee 4 395 (sl oY
c 2005 colarwl ddhaie S aids )l S Lo Y agys
Sy A4 GIS jo (g5losasd) 5l w4t o]
30 gl ool 4, LY ) Joao ululy g ol bos
Coond ¥ S5 50 a5 s angs ddlaie S aid colys
Jol,5 s anle LI S5 iz azi ol o .ol oaal d
asdi Ol ,0 Conl 485 Bl TV 58 gaS, 5 ol
Alg oo g Cal cds dile @ Blate A5, (p S
asls plgl (S8 s pdicanl p 1) 65 S
S Jole ()] Ol g e o (SIS g5 il
Dg,s0 ylos 4 Olilg, JSCis 4 oaws YT 3485 40 (gloasss
SOk (SOl Jomsiliy 9 O 39i Cuo ) (o o o
Pk ey a8 o w)ls 59 oo V1 3485 gl
Dedise FpS Se g Fke Slly, JSi @z 3 VY
il oo oy (e o] s 42 S ol ¥ ol

V Jsdz 50 cods calizee polie (gl ool s polie

oy o3 250 s 2 gy oVl 055 0 sl
OFRS & Ay oG (@04, s o I asl
Gos (ol Saay il o330 Suls 13025 o0 (3laS o
2 e il il ol s e sloc]
Sewd omb 50 g dwjoe St Sgu> 4 dihaie Jled
D ygo yuel e dga dy Sl (058 adl> g 30 ailBog,
Ot g adlate Jlod 4 (Y 45)) 45, (eS¢l ol
ALh 0,8 oo 33 a0y, ()8 adle 4 (V ad)) 4,
ol 000l B oo ¥ S 10 e 5 o o o (s
L a5 ol & 0¥ slga JUitl Lol e 51 5
g a1y 0ol olge 095 L aS 009 O (090 &S >
G a2y b b bl )0 a8 oo Jo () 0950 4
0lS Sl 5l s 3558 ¢ dyliSai ol b
390 5l (B0 488 Jed l eeiae o8 39k (Jg el s0
el oMol 51 b i g 5 0h ol an o ol cd,
i Y A glp osdige eip; slool 4ds
oastin glp Cubs (Byae) axly SIS 00 5l lgsel
Jab 5 (einse! ahw Sl anin) Sdad o5
s 9 98 00l (o 3] s S8 aieS) S
9 S pd lawgi ool &SIl salal) 5l oolawl b asdss e
A% lade .ol acwle (Nadiri taal., 2017) ., Ken
Vo B0 e, gl psio gm0l YV U 5lacass ol jo
00,91 0 B ¥ S o )] (gais aS aid § glas T
bl o adss cp s add cpl eluly caloads
Gk 3l s 4l Jdad Cavs Gl o e (6395
SHgo awloads adly el jo a8 PP VR T A PR
90nl 3l es oo polaidl g3 4 ly Ve gas; 9 905 o
Sl Jdad s b o s dly o dibaie ol
3t ezt (Sogdl b S 18 codlie 5590 jloms
ap Olyzel e Y 05t Glssul ol dsle JAad
aS a0 oeplias SBlisST glaol> doyiegiy SY 5l oads



Yay

OSe 5 )8 | (ot Syl o850 szl (Fogll Sy 5

oo ji> Lags oS _Sdgyomn colas . DRASTIC s
Sl Gl g 9900 et GanY ol g la Susls
o oA |y Olygel lazme Gyl 5l w4 aidly 3545
&5 g € g IVl o el alal) cleay o5l
eodls olaisl (Ssyue colas o i G b (bl &,
Glisee bla jo  Sdgjane colas polie s gl 090
leqi elasl Lisn cwlses p Jlal colild jolae eis
Colan Y 4 6l S 950 5 (swosls g 0 e
0300 «Slkos T (555 32 s 00,5 2l (Sl 000
5 (Raster ., 4 bas «Interpolation) b
3 g &b plml lagl (55, » (Reclassify) la IS,
a5 w5 (C) ditlaie  Sdg 0 Colun gaid Solys
i 458 ) ol ] o] § Ceandd Y S5 o
4 S (Bph il S 5l (Sgyaee Solbe s
Y oag, aS s ek o)l Laoli8l sais, (0,8 apils Coo
Jlade s Bybgs 1o Jg cesl a8 5 3l T Ve b
Bl ez Jlad g i (s 50 b el S o
i Glore YV Glaaldds angd 5l G ey 0 095
h cond ¥ S5 40 a5 0 Jols 518 oy cand]
AV 515 iyl ol ke (S oyl Lolol
ol AT 8t bl 1 el aiie VEY L Vo5 |
4 Cel 0b5 5 syt (6 pdgmlil 00 50 gl adlaie
5 Cedd ()f Al 4 bge ol gyl 45 555k
Ngy b Euds il )0 uizen g SbS (29> 4 S
byiye o5 Grdyaasl 5 ol (08 oy - (B3 o
GadE dglie plulp ol ddbie gz g Jlod @
oY Gadk 5N Cuond ¥ S o0 G gl 2l
S rdya] jlake (o g)ls Lae bLs )| (Sl sla
Gos 5399 Uy SI iz ((Sgyaee colaa 5 SIS
Ol g Col 35 B 5l (S 50 (i slol of

30 L g Gl o5l ol adlnte Cpl o .Cwlonds ools
Ll 8 lgie ol s Jled g (Syd il
Sl o098y Joe S (M) GlSng aY 4 sly
A ool ddlaie Cod (gaidl s sl p ddlaie (DEM)
@V B gleas, ) Jgur g adlate ol a0 elusl
F S o0 T gom angy gaids Colgs ,0 9 o oolo o]
G cls IS cud sl jo 0l g i € Ceond
et b bl 4 o) s Jlod (Alg> 0 S g Sl oS
phiel (e 0V B 4, cnlplo 108 0 9,55 2 S
@) (S0 Al T B ag) 5 (o5 ood Cleay) adlaie
Olnle xS o0 Bl (g ol S S ot Sle
Sel AV ol el el San dilaie S5 81,5 o5
gldl a5 Sl o (YU (495 & 550 43 590l Lo
ghe o S @l G 09 nh 905 ee Ry
sty gedlld als el as S 18 ol
5 2P bt STy Sl YL sl
0 Dz bl 0 a5 wies oleanlF (SusTy,
ol @b 5l laean¥T Jlissl oo ysy ol <l sindy
Y wile je0ly 4Y ad sl WS (oo e 1) e
s e oolial il g > SSY I lysel Lo
SY elsl s (g 5o Sligw; iz 44z L aS O 50
bl Slgw, lgl 6lp V Jgaz o JT o jlaslinl 5 b
Vo) sae 5l glag) gl 4 5 0 (655 e Sile 05
445 Vadose Zone Media L.ST L Lyl o 0s ool
«(Interpolation) b s, coldes T 55,y (om0
» (Reclassify) some gonail 4 (Raster) ;o i,
5990y 095 b st Culeg 0 5 ab planl lagl (s,
el sdal f Corn8 Y S 0 45 0 e 5 () ailato
s gg ddlaie jo cawlio (gais awlo ey alds ol ulul
VI olidl bl g casl oYL as, sl cass S

ailge cp,3 T oI35 o 4 EoBs il 4o Logascs



Y oosleds VA 0,98 ¢ puwiige (ol yae

Yav

245000 260000 275000 245000 260000 275000
a b
(=3 S =3
2 2 8 ]
=3 2 8 2
g - g
o m ™ ~
dimeshk
Legend e Legend
Depth of Groundwater - . Recharge (cmfy)
_ | o High 7 o o mm High:10 &
=3 - (=3
§ B ow:2 § § B ow:s §
IR City oorberenji ® ] & city 8
” — River S © — River
® Landfill ® Landfill
0 5 10 20 Kilometers $ 8 0 ., udometars )
L L L L *
245000 260000 275000 245000 260000 275000
245000 260000 275000 245000 260000 275000
c d
N remeh
o )
o e & 1]
= g 2 ]
g ‘ g g g
(=4 . o © ©
& 3 ]
h Andimeshk
Legend
Legend
Soil Media (Rat
Aquifer Media (Rate} " pes ! Hel ': _‘7 ate)
s High :9 of MmN o
S| - s 8 s ow:s 2
=1 Low:4 - S 0 w
2 . " & B iy 2
g & City = 4 Mahoorher.enjl i g 5] __River ©
— River » ® Langfil
" ‘ anadri
® Landdll . 0 5 10 20 Kilometers
0 5 10 20 Kilometers R | | |
L 1 L | J
245000 260000 275000
245000 260000 275000
245000 260000 275000 245000 260000 275000
e f
=4 =) =]
- g
=3 o (=]
g 8 2
b © ©
Legend Legend 3
Topography (percentage I:'l;g?:)t of vadose zone
1)} gy High :10 2 o po High:e -
[=3
T I__ow 1 § § e awes §
City 8 Bl *owy
— River — River
@ Landfil ® Landiill
] 5 10 20 Kilometers ]
X T L o 5 0 . 20 Kilometers
245000 260000 275000 245000 260000 275000




YaA

Ol 5 558 | o Jlots Stogil 5358 ol (Fogll Jemsly b))l

245000 260000 275000 245000 260000 275000
g %\a J/ﬁ
o < o
2 g 8
(=] [=3 =3
2 2 @
L2l & L
Legend
Legend v N
Hydralic Conductivit .. - ¢ b
(mid) Intrinsic Vulnerability R
e High :10 (DRASTIC) -
o - o | o High :162
<] 1= =4
g Low : 1 s 8 ‘_Low:106 e -
E & City § © (?|ty e ahoor e\rﬁiH
— River — River . : i
® Landill ® Landfill &
0 5 10 20 Kilometers. 0 5 10 20 Kilometers .
| | L ) [ |
245000 260000 275000 245000 260000 275000

SB glale gomaib (@) (gl glalase goudib (€) (alls 435 sanaid 0). (ol zlhw Gos Gan aib @)Y JS

Jo83o olszal 515 s pdyanl 4zt () 5 (S5 000 Colan sauails (@) aoly bue sonail () ((S,55s5 sanail €)

s Koyl

Fig. 2. (a) Classification of depth to water. (b) Classification of the net recharge, (c) Classification of aquifer media,
(d) Classification of soil media, (e) Classification of topography, (f) Classification of the vadose zone, ()
Classification of hydraulic and (h) is intrinsic vulnerable zones of the Northern Dezful Andimeshk aquifer

V5l gl ool 5l eg o a5 (L) ol pnls Y
(6598 isbaee) @ aS gk 85 Bl Ve b
dl.‘.’)\ﬂ 5f 5v 5\‘ 6[&4&)%)&4{5‘@9‘0;‘@5‘){[{56%
a8 2l S et Cules p 5 0 plnl o s,
ol @l 0l eoly Lisle K Ccawnd ¥ S j0 a5 o
S309tS 68 L Jlots Sl Jgdyo cads et
L olgmal & (Sogll 3585 gl anitas ablie a5 oo ls
3 o b By Gl 50 g5 5l 00,8 il
oS Sy s FUY a5, s ol g oo S b
5% oad ool slagyzy o ¥ oabal; il og (5 pdys]
Raster giws 5l eolazwl LArCc Map lasw jo ¥ Jgo
50 45 W S 0% (v (sasds Calculator
0 8 Lo 5 05 Sy 503, 90 40 (ool
5 s ale o S5 Gpdicam! p St 0,5

DLR (bg) 41 059 & pdycam! 2U 3,
o DLR 3 ons 43,5 s L cloay¥ Ll

sSnn alaly (5 sl s 5 aliog, 5 b alols
35S Jolsd sl R zelly o aSs sboay ol 155
g Sl 4B )F Gl Ve 645, ¥ Jguz Blhe e B
Voo Jeolsi sl ok sy e e e 00+ Jolsd el
48,8 3l ) ad; e ¥eee gl g Fag, peVeer b
alive g5 hlinl (owlis I8 L Lululy 5 ke canl
Grdyomml (a3l Jlae sloay (ol I oluilial b
Gl 030l ¥ Jgaz ,0 a5 Cuwloads 48,5 LA 4o oy
Euclidean ,giws 51D 3 R ol )b ags sl o
o>y g M oolaiwl Arc Map lase ,sDistance
Sazme (gainai b ¢ podd; Sllas ool oy pai o lailiul
50 a5 WAl e 5 D g R gloacis colyd jo 5 0 plxl
sloasd ululy il ool isle | 51 Cwond ¥ IS0
& Sobe Jedad 5wy, sl alobbaz 2 D R &Y
S9dse S DLR (a3l )5 adlse 90 nl 6,185 51 o9

atd Sl oS oo 3as bl 4 6505 slaas

3600000

3585000



Yoo leds VA 0,90 ¢ gudign (owlids (ps

¥aq

ailag; 4 009l Ol 995 3l oo S e b g 9,5 518
2l Josds S5l 50

ks (Sph Jled g G0 Bl o g owls

9 S ‘sal.».n é.bLuo U”‘)"L“" w‘ ).._’>La o).vs Ls).nbmi
Edlye 0590 gludl o dled bl 51asl aslsog, &l b

245000 260000 275000 245000 260000 275000
i B . i
hj’/‘l‘ﬁ‘ J hj’/‘.‘ﬁ‘
‘remeh : H
=3 . (=3 =3
=3 - (=3 =3
= =] =]
=3 (=3 =3
=3 =3 =3
@ @ @
~ ™ ~
Legend Legend
Distance from Landfill Distance from River
ol High :10 ° ol High :10
=3 r =] =
S ow:1 2 2" iow:1
I o 20 & o
il City 3 il City
—River —River
® Landfill ® Landfill
0 5 10 20 Kilometers 0 5 10 20 Kilometers
L L L L | L L L 1 L |
245000 260000 275000 245000 260000 275000
245000 260000 275000 245000 260000 275000
. 7 7
(=4 =3 (=4
=3 (=3 =3
=3 (=3 =3
=1 =] =1
=3 (=3 =3
w w o
& “ o .
L d "‘\ Andimeshk
Legend ==genc W
Special Vulnerablity
Land u-se (DLR)
| mm High:2 o o || pr High :75
S 8 8 ] -
2 s Low:1 2 o B Low: 26 -
O City r:] rrd City - ,.‘Ma" renji
~ ~ Ll 4
—River —River A - ‘
@ Landfill @ Landfill .
0 5 10 20 Kilometers 0 5 10 20 Kilometers N |
L I | L I 1 | R
245000 260000 275000 245000 260000 275000

R Lgﬁ;xiwi azdi (1) (ol (5,15 gunaids (K) ilsog, 5l alols gamails (). (Judadd 5l alols gomaids (1) ¥ S
et Saesail Jgi50 olgsul
Fig. 3. (a) Classification distance from landfill. (b) Classification distsnce from the river, (c) Classification of
land use, (d) is special vulnerable zones of the Northern Dezful Andimeshk aquifer

DS oo 518 el 3by (B g b cavgie 5 piyca]
Sl 30 ailBog, Bl,bl 4 by e (5?&9.!1 Jeiliy (9 5 e
ez s R saY) o 6 iy 5 3l Wlgs oo oS
& ] 31 56 Vazo| a8 sl s 56 Al o
wL...J‘).a Clodds \)L?o‘ 4.._‘>L: U"‘ o (D (54.0.15.4) LS'L)

288 Logase el 02 gz (B0 Jled )

axdllao 3 yg0 ailaio (SS9l Jouiliy U3

Goad vy glaasds dibhic (S5 Shw) 2Ll Cux
S oslizul L1, olsel o3 5 18 6 pdvml 51 Jol>
Arc GIS L. ,s Raster Calculator |5l ¢ ¥ sakl,
ST Jemiley 25 lyis Com T ol a5 03,5 5.4l
Jlade wzds cpl wlolp ool soel FSS o dilaie
bl a5 Gl e YV BT g dilate IS S

1605, dw yo ey ol (Aller, 1987) JT s lasbw

3600000

3585000

3600000

3585000



""nu

Ol 5 558 | o Jlots Stogil 5358 ol (Fogll Jemsly b))l

Slezel S s pdcaw! sladdlse 5l aS el (S) S
aidi g oad 2l sladus @i (orin Como pslaien,
ol p ladiges Ol s slaecsls 5l onds Jol> S
oobwlp cewloass oolaiwl YYAQ Jlo [0 dilaie 5l oud
wilaie ;o IS Sty aid g Ol s CBlE m 598 (ganlie
oS bl o aS g sbas wed oo blowl YL cillas
9 Logas 35 &lyis cabale wenl YU dihaie S Sy
S 258 Jlodi g o9 acles ;o g el YU s il
el 505 55 i Sl el 505 (8 ]
G 2B g oad |2l Jue Como a0 ) T USS
Bblie 51 St Sudlpe 5 4295 5 3,15 SOV eilate S,

S (o0 b 1, YL S, b

245000

260000

Jled iz o sy o0 395 JiSTa 4y o ailSog; (d)b
i Lolulyy ol Lawsie 6ol gl adlaie
SIS Sy ga2E b odag 5 SIS ] gloasis
Vsl o) ails o oby L3 s piyon] @ik
5 A) szl beme (C) Y (g yone culoa 1 (30
] sadlse 5 (Sop a5 ol (S) S i
aileog) (edib 5o ok et Spdven] 5wt I8
slades 31 a5 sl (R) alsog, f.;ls 5hesb g
wilo 1 00l @Bly by (6 p iyl enl 0319 (5 ]
el (G135 0525 (5 pdym] £55 99 52 5l 2l o
65,028 5 (D) o Jdud 5 alols 1 5lie o 45’5 psboa
shddlge g0 o a5 cwl (L) ddhie 0 ool
30 cawlio (gasndils 5l ).;L,a R g Sl 0% g ‘SJJJJMT

iz $399> By (A) Glyel bumme g () 4965 banma

275000

3600000

Legend

Groundwater Contamination Potentia
- High : 207
B Low : 131
& NO3 (mg/L)

‘ City

= River
@ Landfill

3585000

0 25 5 10 Kilometers

3600000

3585000

245000

260000

275000

Sty Sog il - Jg850 ceind lggel JS Sooll Jounily asis f S
Fig. 4. Map of the overall groundwater potential contamination of the Northern Dezful- Andimeshk plain



Y b)l.o.oj: AA 0,99 ‘Lf“w Lf“wa O

30 aldog; Blbl o 5 clbs ailwe yo SIS S pdcamw!
s 55 Jg oyl 18 b ko) GLbLI 3 upes 5 Cel
sl 50z oy S ppdpmen] (s (B0 Jlad 5 50
Ll 5l ailssg) Slibl g ot Sl ble (nlple
Sopde bg 08 JLE cdle 8500 Sl slacJlas
G xSl 5o salbog, 4 eagll Cluy 0959 3l e
GV o bl (PC) Sogl Jwily mls wluly
5039 Sndyl g5 90 52 5l (U oS sl e YoV
o 8ok bt g ok cawgine 500, ¥ 0 g cel SIS
Gl 0L (s 50 ailsog, Sl o Sogll Jesly o 5
o ol 33 535, 5 0505 (6 pivamw] 5 256 Yoz
Sy Solaa g S Sl o) sloaY Gun
S0 S W Jeily 09, 2 Ol Lo

adlasls 1, J..qsb R ey s
S S, ans b o 0 Ol e dwnlie
bl ;0 a5 g5k il 0als 1zl la o s g Co
03,5 39d (einy & (55 e Ol Jlade Vb Sy b
1wl 008 @l (Sogll o 1) ezl 5 el
9 A_J—| 0)g> 4O Loﬁ.azn Ja;):é GLQQLQJ Q}Auga OLQ.....M.J
Co e l.: 9 s ‘SW.)JJ e)L?:- Sy90 U"‘ ) ‘w)h.\m

o2 5 30 gailhog; 4 eagll GBSl S 5 enlio
of o all b clo by, 5 b ledad) o jlos Jusbil (piz
Otz 5 3100 JdE | ohg (6 pdya] ke Sl e
S5 ok e pliond GlaogS >l few Brae xS el> b
Ol (aras 4ds5 ! uzed g S o eyl
U RPNV S Y S ONRCH | RN PE P VRPN (e
HESE- ) J....LD.: |) Q‘?”U—‘ o')"g.j 9 LS)L) ‘_;).s.\JwT

IR

2988 ol g ol Kaagy 5l coles Ggaie 5l Barws g
IRCEL PP KR k! coles b4 (INSF)

Jled jo @ly slacuds 5l (o Jlod Siopail Jo350
ool 51l (Brae o phel (isy a5 ol lisje>
pae b Judod) g adbate ol 50 09 gn (el (e )
y90le g dojl> laal 4y ¢ S slao lulis] sden Cole,
8,08 5925 (39) BlgFel (GoatiS 4 3a5 ails-0g, S g (2
oS o el ol @ dlly 5 lay @b L& (S 0 o5
595 08, b Jlad Stapil Jgbjo dilaie oo 52 opdle
ol i (b 1l 5,89, (55)5L8S 5 ez (938!
slool alewges dilate sxio 5 65,5lS Ol 5 oy O
gl Bl Qlalid 13 wgdige el (o))
syl sanl o Jlasl Sogll JuS cas ,0 dbhis
s a8 adlaio o addS Olidoy O sl (59,00
ogdle (g (nl 55 Cul 035 IS (6 iyl 4 Bslans
6 et polaneds oyl S s pipcans] bl
el o Lol G5 5 (L3l )5 a0, o Jdad
o 51 g b o0l o3y (6 prpeccat] 5 gl Syl
Loky s SIS s pdiaml ibie S5 S i sl
S IVI i DRASTIC s, 4 o)) s ol
ol T 0l ololyy 1) il ke VEY V7
@ Sl 0b) g bwgie s pducawljlos, g0 lyls adlats
9 Ced o584y by je ol (s pdya &5 (g 5b
Wgy b Cudd ilie j0 izmen g SBS (29> 4 S
&)l e bl )| iz Zosl (058 0giz = (B0 Jlod
o Slgyed Culas g S8 G pdyea] Jlade

el JLE 0 blas 5l S 0 S
G YO 51 SVI Jluie DLR (oo, a0 b)) gols Lululy
o5y 53 55 alid S L ulalyy a5 el i VO

PG xS P s 9 65 Gadieas]


https://insf.org/
https://insf.org/

Y.y

OSe 5 )8 | (ot Syl o850 szl (Fogll Sy 5

References

Aghazadeh, N., Chitsazan, M., Mirzaei, Y., Ebrahimi,
H., (2022). Development of modified DRAST-
VUL model to determine aquifer vulnerability in
urban areas. Watershed Engineering and
Management, 13(4), 690-703. http://doi:
10.22092/ijwmse.2021.125064.1596

Aller L, Bennet T, Leher JH, Petty RJ, Hackett G
(1987) DRASTIC: a standardized system for
evaluating ground water pollution potential using
hydrogeological settings. Robert S Kerr
Environmental

Al-Adamat, R. A., Foster, I. D., and Baban, S. M.
(2003). Groundwater vulnerability and risk
mapping for the Basaltic aquifer of the Azraq
basin of Jordan using GIS, remote sensing and
DRASTIC. Applied Geography, 23(4), 303-324.

Babiker, I. S., Mohamed, M. A., Hiyama, T., and
Kato, K. (2005). A GIS-based DRASTIC model
for assessing aquifer  vulnerability in
Kakamigahara Heights, Gifu Prefecture, central
Japan. Science of the Total Environment, 345(1-
3),127-140.
https://doi.org/10.1016/j.scitotenv.2004.11.005

Casadiegos-Agudelo, L., Cetina-Tarazona, M. A,
Dominguez-Rivera, I. C., and Gomez-Isidro, S.
(2024). Validation of the intrinsic vulnerability to
pollution of fractured siliciclastic aquifers using
natural background levels. Groundwater for
Sustainable Development, 101143.
https://doi.org/10.1016/j.gsd.2024.101143

Faryabi, M., Chitsazan, M., and Zarasvaandei, A.
(2020). Use of a mathematical modeling approach
to investigate interaction between groundwater
and river: A case study on the north of the Dezful-
Andimeshk plain, southwest of Iran. Journal of
Applied Research in Water and Wastewater, 7(1),
14-22.

Fijani, E., Nadiri, A. A., Moghaddam, A. A, Tsai, F.
T. C., and Dixon, B. (2013). Optimization of
DRASTIC method by supervised committee
machine artificial intelligence to assess
groundwater vulnerability for Maragheh—Bonab
plain aquifer, Iran. Journal of hydrology, 503, 89-
100.

Jia, Z., Bian, J., Wang, Y., Wan, H., Sun, X., and Li,
Q. (2019). Assessment and validation of
groundwater vulnerability to nitrate in porous

aquifers based on a DRASTIC method modified
by projection pursuit dynamic clustering model.
Journal of contaminant hydrology, 226, 103522.
https://doi.org/10.1016/j.jconhyd.2019.103522

Kardan Moghaddam, H., Javadi, S., and Rahimzadeh,
Z. (2020). Evaluation of Aquifer Vulnerability
Assessment Methods for Alluvial and Coastal
Aquifers, Case Study in Astaneh-Koochesfahan
Aquifer, Guilan, Iran. Journal of water and
irrigation management, 10(2), 203-220 [In
Persian.

Ozegin, K. O., llugbo, S. O., and Adebo, B. (2024).
Spatial evaluation of groundwater vulnerability
using the DRASTIC-L model with the analytic
hierarchy process (AHP) and GIS approaches in
Edo State, Nigeria. Physics and Chemistry of the
Earth, Parts A/B/C 134, 103562.

Nadiri, A. A., M. Gharekhani, R. Khatibi, S.
Sadeghfam and A. Asghari Moghaddam. )2017(.
Groundwater vulnerability indices conditioned by
Supervised Intelligence Committee Machine
(SICM). Science of the Total Environment, 574:
691-706.

Riahi, W. F., Danesh Kar Arasteh, P., and Kardan
Moghadam, H. (2022). Using two approaches of
intrinsic and special vulnerability to identify
potentials for the development of exploitation of
underground water resources. Water and
Irrigation Management, 11(4), 739-751.

Shirazi, S. M., Imran, H. M., and Akib, S. (2012).
GIS-based DRASTIC method for groundwater
vulnerability assessment: a review. Journal of
Risk Research, 1-16.

Taghavi, N., Niven, R. K., Kramer, M., and Paull, D.
J. (2023). Comparison of DRASTIC and
DRASTICL groundwater vulnerability
assessments of the Burdekin Basin, Queensland,
Auwustralia. Science of the Total Environment, 858,
159945.

Vaezihir, A., and Tabarmayeh, M. (2015). Total
vulnerability estimation for the Tabriz aquifer
(Iran) by combining a new model with DRASTIC.
Environmental Earth Sciences, 74, 2949-2965.

Vrba, J., and Zaporozec, A. (1994). Guidebook on
mapping groundwater vulnerability. International
Contributions to Hydrogeology. Verlag Heinz
Heise.



