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Depth to water Net Recharge Topography ( slope )
Range (m) Rating Range (cm) Rating Range (%) Rating
0-1.5 10 51 -0 1 0-2 10
1.54.6 - 9 5.1-10.2 3 2-6 9
9.1 46- 7 102 -1738 6 6-12 5
9.1152 - 5 25.417.8- 8 12 -18 3
229152 - 3 25 44 9 18 + 1
305229 - 2
30.5 + 1
Weight : 5 Weight : 4 Weight : 1
Aquifer Media Vadose Zone Material
Type Range Rating Type Range Rating
Massive shale 1 2 Layer Confining 1 1
Metamorphic, Igneous 2-5 3 Silt / Clay 26 — 3
Weathered, Metamorphic,Igneous 3-5 4 Shale 26 — 3
Glacial Till 4-6 5 Limestone 25 - 3
Sandstone, Limestone, shale 5-9 6 Sandstone 25 - 6
Massive Sandstone 4-9 6 Sandstone Limestone shale 27 - 6
Massive Limestone 4-9 8 Sand and Gravel+silt/clay 48 — 6
Sand and Gravel 4-9 8 Sand and Gravel 48 — 8
Basalt 2-10 9 Basalt 210 - 9
Karst Limestone 9-10 10 Karst Limestone 810 - 10
Weight : 3 Weight : 5
Soil Media Hydraulic Conductivity (m/d)
Type Rating Type Rating
Thin or Absent 10 Thin or Absent 10
Gravel 10 Gravel 10
Sand 9 Sand 9
peat 8 peat 8
Shrinking and/or aggregated Clay 7 Shrinking and/or aggregated Clay 7
Sandy Loam 6 Sandy Loam 6
Loam 5
Silty Loam 4
Clay Loam 3
Muck 2
Nonshrinking and Nonaggregated clay 1

Weight :2 Weight :3




243 a9y gl g e >
i] HE
1 B
+ | 1
L gl
i l a:-r:: =
-z il
i U 1
i | = -eaond |7
i v B [0
=04 @
- 3
g. [ i RN
& H -4 O |5
: -0
E- oyl i—'
B et I !
- ] cepsibiie g i
= B
L i
- 3
- 3
.E E
-
- .
Lagand
F] e
02:0 5 o —
056-0.21 @ i
093-057 @l E ! LSS B TR
52-0594 IR R Wm o hohciel Al
- B ] 3] e EXIE 3 ] T ET
g S Az 3 bl s g S g2 & ik T
E.
l.
B
i
k
1
i
ia
i
g

) = = Z . =

(Transmissivity) L by = 3

oSl da des —a

ccasSI &gy (DRASTIC) el ys dumgin Gt slall 48000 puugll e dalaall dall ya 2 S



v padi plasisily dustn sl dbn iiii¥) o gulid] Coplill dubpnd) oleal) duild muidi

242

o pmanill Hasll @l gbll g 18 4l g
Bl Ll (ye Lo yas 35 lie 0Sg e cglill s yae Linl daugrl
LLLe e Al Lal oia o] G Eiglill 3 ye J31 pa
Glolikl 028 2 e ol @39 g olpall Al gl
el 3 Bl Lt o JSadl (e dan My - (3) Jgaadls e 58 LS
99 IS gy Luao @39 Loread ALlD a3 craglald 20 Lall A Lt
o LS (D32 lue) casSIl algs Aalis Sllenl (e
e uﬁmbuubuutmutuuywu\ JSatl
G Ll dasdl Jolo e cogSIl (0 45 500 dgdl 2
AL 0o Lo Lgiae 79l g lacadl (o dagandl oLl o yui
CasSIl Ags ol yal @lane by (2o s (e e 1.5
S50 15 el Il Gl oy gl il AL B o 5
Ly oLVl (p3250) yis 67.6 (pe Lgd

NRES TIPS FERRUN-P POY ¢ JON SN UF- PSR PN PRy
WGS__1984__UTM__Zone__38N Lzl ‘zU'a.’.
o @5 (1) Jsd! le Iolaiel a8 a0 Caions s
e @ o Az )l Jo e Gle ALl al il Jalgal)
SN Jolall po Lgaan @i Lagilinomag AL s S Lol
Jalgall oia prant A5Lgil dlamll slom] @3 ol 1 120y
gl dulies yi%e ol (1) Wolas ‘almb

gl ddgatl oldl abld i
sling (159 I 67 o died 2 gl % (aghit) dnulias)
S Agladie aledl dces Il 58510 @l @ Gl Sle
iiiag (85 = 67) lun adiic a5 A Slegans
(141 = 123) Jley (122 = 105) dawugias (104 - 86)
{(3) JS& 2 cnee ga LS (159 - 142) \»JL@

Ba Ol axg aaly

[_u el 0 ot 245 ,.-;]

I JEE— | — } 1
Lidiold St i o UGt ol Gp gl ol LG ! | el 30 0 el Rl AL
Groundwater Pollution Risk i Groundwater Pollution Hazard i Adquifer Pollution Vulnershility
O  EOREGREEE ,
______________________  pre— I
! Anthropogenic activities i ¥ | DRASTIC METHOD  "chil )" dmgas aldsicl
Sl Joagll Jalza
|
____________ s e Lit ) dihia s
LB Jgial c i
T | . e
R Adl 2 gl Ak AN
3 dael 0 kS| - I
-------------- 1----------------:# MJJJ ;Lhﬂ_Ji
- CLlai ol 2 I
& AN by
I
s () (3
il gl JHA. A A 7 L sal slead 008 Ly A

Gighilt ddoal pluall AuLlE 0y 4BaN

AIEY daadnd

Ahai

Ayl 3 Jaadl ol o Bumgie 1SS

(AL Lae s o 03901 Lglainy cigitly BMall )3 &yl AaisYl Jiad Aalaziall doglasedl sl 3 JISEY -



241

a3l g S wic Pl

(Topography) dataiet! a@l s8 oo

022 ey aliglll gl Gle mladl (e )53
MjAu@!)\L,lg‘_._\.._'J uﬂﬁbwww)a.\l LgiLas
Ll oL Lele 1,4 5o oy Las % 2-0 (s B S|
Jell Ay ya 25 (&5 udy 2l 2 gulall Aty dle gl
@ sllacly ol 52 guladl Aay 301 e Dalatel (5-2 JS4)
(1) Jga 2 e s LS Aaltizel) Sl Gy Aot sl
Jell Jalad (1) diagd ¢339 lael Loty

(Impact of Vadose zone) zLad,¥1 Hlkad »0

WSl slstl aalany Flassyl sla il wad
25 Ayl oLl sytue lel Ladlgll Fayill yud Aadal
CasSI Wy Lmglor Bapys aluial & Fwbyull ola
@ asd (-2 JS&) cossdl dadl S 5 (b (e Al
el Ly «(2) Jgaadl 2 cnae 58 LeS e Liny¥ Gl
oiaa 2. dlalaell 3laall O139¥! Camy (5) diegd 3
TN

Hydraulic) oS4 g -t Juogitt Jolao
(Conductivity

JLES) Aoy 2 Sgruugll Juosill Jalas 5
Jelall 1 515 LalSacd ) Lglging aas ddgamtl oLt 12 cligll]
Slarazg!! d—ucal“ Jelas olaty ‘@513-“ A5 cas))
o 2 whadl I eﬁ‘ﬁ‘ 2501 ol 330 wesﬁ‘ degazma
(g oS Loww Jial Aoyl 1) ISy (52 JS&) casS
degazme Ol 33 Sulg)augl! Juogill Jalas dbo,ls 7 15] &
byl ole LI Al cbily dewd I e casSd
oo ki Gl gl @b slael @ g ol 331 ASLew
A(3) ied 0599 ¢ (1 Jgux) Jolall e

A gt oleall Erglidt Adsld Alo)ls
Lewlin i lumd DRASTIC alslas Gadads
CEN WY SAPeAL sl NYNER NN R UM PR |- 20 QUiptvi]
e e 250,000 o 2l dsliss Hlas] @3 s 2l
te 35553 Ao Ll el el ¢ (2500 X 2500) slasly
il Liwe & 53 &) Aacisieal | dafl 3301 @lans @y uliia

Wes 29 .alislll sia 30 U5 Geadl 513 LalSa (ol 351
Bl 2 yaw e LU abgidl Gleel 75 )3 cussl!
Al duad Ly 2 olai¥l Gaall 31509 cmlinaze il g duds L)
Gaadl s 1305 o 1 s Sgtus o3 |y 190 s
Ol Al le 5355 13 Sl Jolgall @l as ISy <1 I
cobnazilly Al bl 3abill 2 eghill cusSt Acgams
o2 mlan (pe Bgagadl oLl Gae Aay,a ZLB| @ By
ol o (e cle Lany ¥l bl e slaae¥l (-2 K2)
Cain @iy ddgandl olll conlin lily ye Lo yls s
aa (1) Jeuadl Lle Talee! Gl @b Lagllacly 2oy 211
Olag¥1 e Ialaiely  yia ] B (pe ol gl agand @3 0
Geoall Jale cllacl @30z (1) Joaandl 2 dmingll dc gl

(5) 0543 Liys ol ]

(Aquifer Media) o3>3 dawy

Wangdl duesl ol 3l 2 oLl o5 38, Lils
aliglt! Jlaml le 1y aelu dawstl 230 ol Lis
il ddle ol Tas Al (S L.?J\:JL.’} EABYEN
el gy e Bolie ool Ay 2 alSall 2 gl (ol 331
e pmay laazmiing Joog (i o (3o O5ST dungd
i lae «(9) 0yud sus oflhac| @5 Wby by Jlaling
aledl GusS3 Ol35 Laws aiShy iy el oz
o ofllac] @5 uBg GLu)lS (G sz (pe H9Sd 292
u‘)ﬁy‘u-“b\-ﬂ-‘-ﬂ‘ﬁ (@2 J8E) 2 (s 9o LS (10) 0503
.(3) 0543 Ls” Ol dass Jele sllacl @5 158 Ac guingl]

(Soil Media) a1 dawy

A ligltl G Ay 230l dasg Buagh S0
gl 38,5 it 215 15 Lt of LS duingondl oLl
@aly Lgi @B ) A5 jually Lol cslileal! U5 (ye
el g Jaydl caalg)y e 3olue cosSl Ao 4 3 cligSa
Leaglll Adaydl 4,00 Glads ale Sy g puad! pamadly
a3 M1 Al panll BT st By cagSHl plan eliee
g oSl Aguy & )01 e g9 pdis IS (o Al
algd i alasiuliy calyill G (ye ZgsLaall clangll
CasSIl B,a Batill g le¥ olgly e gy @ 4l
(g2 Jsa)



v padi plasisily dustn sl dbn iiii¥) o gulid] Coplill dubpnd) oleal) duild muidi

240

B glgumndl g AN pa enaliitd yuoliall )15l @ 3 pules
dogiuw Jaas olasil oy cogSIl algal Ao gl uglly
IS iy Wy Al 2 @le 112 (e e ¥ 52015 5 Uaal
Jalea slecal @5 0ad ccgsSIl aTgs Ao liss 390 LilSa S
&Y Al ealeall ity Lol (Recharge) 3ol
cadlly Ledde Caylatl ol3e¥ Lgillaely Lgasias o5 azd
Al il @ ey ey Adasdl Lgasd o sty Loy Al
alaie @uad 33l il cilaslell @lai 2 TASEET a3,k
Leie S g5 g po yie 500 @zmomy L3S 1 Al 5!
DRASTIC dimgia 2 danzid| joliall 3l dad Ll
NP IV A PEN PIVPR- R I VRN | PRV POTCA I PN
3,58 M1y Lygllal) Apluandl libaall ol o] Gl Laslael
old) Al A miogs Alayya ZL0Y (1) dolas 2
T

@ (Al e g_'.ml e 3axdl) WOl Al g1 20
apdad P (e Adgandl oluall due ol Eaglill Abl3 yuss
Jie Tl ala sV 13y dlaimll Giglill jalias jan
(Lo ey yusall oy ablad) alSa (platl gl L)
Julong ccaglill A ladl Acsleasd| el s 3o Lit] e Lol il g
Ol lolisy oia Aumlacdl alazi¥l ablge cpy 2530l
Jeall Ul g Auzmgin (1) JS& angyg - gl a1 A dle
IV Lo 5o 2 3Lt 83801 ladieny - Lol joms Al yull 2
L) s ) ol Legd ddgantl olald A ol plill 44L15
Ol b liegy Lumlasall 2la 2Vl palge o 383all Julos
eIl Wgn 2 eglilt ALlat adle

Add el g g0

gl oLl | 2L LA ALa Ll Fa et Ao L1 L5
4! (Groundwater Vulnerability Mapping) &gt
slael @3 odel Lga! 5Lat! DRASTIC dmgio Lgieiam
Selen Lgie SIS lais Zue pall daSly3l (ya e Allas
IS 7 Gl Leudg (2 03 JSLa) A8 95 00g!! cdlalall 4

Ll (1) gl i ady by Lgia

(Depth to water) ¢ Latt 1 Goal
A Jead ol Jd lgll] dalazs Al Geall Jiasg

aolatl apig dalatl Gblitl s clin S8 (DASTIC)
aSlan 2 Lganaal 1,083 (R) Buiuatl Jolas (e s Liaia¥! iy
o)
Gglil) 45U doluwg¥1 Als @ o) LSk yuas|
AeaaV Lo siabag Juds Jo ool Allat daltae Lod o
ol ugiaiy Lagld) 23 551 Jalgall fpe Jele (ST A
Jid (e s cAuladill ¥slaell ylus allad le 33 Ll
(US-EPA) a5 ;¥ 3umill ol¥all a5l dles IS
aay Lesd 4 G pag e LUl ] Gaadl oo juolic Aapw (i
dosgy (A) O 3301 dasagy (R) 263l pgazmay (D) 3 ,Ib
FLan,¥l aatie ;80 (T) aalitl 40 2 (S) @l
ded clhael @iy (C) Sgragd! ol Jalass (I)
e (ye el poliall oda ya jmie JSI (r=Tate)
79\ (w=weight) Ly ymie IS Slans 10-1 pe gl
ey cislill Alae B il 0,805 Gle 1alaie 5- 1 ¢y
dgagadl olyll la) DRASTIC ji5e lasid ol 35¥1 oa
e ol (1 slee) 201 AIslall auiidy cistil
:(Aller, et al. 1985) Di aul .l dabil euglid) Al
D,=DxD_+RxR +AxA +SxS +TxT +1« +C
wa (I
oLl abls ‘Qﬁ.ﬁ] bl o rda_a.n Ciaatel By
Rosen,) :lgiag pucdl @l il oo e caglill dagat
1994; Lobo et al. 1995; Added and Hamza, 1995;
.(Rupert, 2001

Gl g Al galf

EMS (o ol Al o0 2 Jaall dimgio clad

e Jlome 2 dnnid | ol gl b Ao s dd) wligSa
2ol O Abls Leay coplill ddgantl oldl Able
@ 438 dyley Aagad! oliell e il Eiglill Aubslay cuglill
A HNEREM EUSIENE S-S PR R MRSy ]
ol casSIl Wos 2 Al iV e eghill Lgnbile
Legall HLALD gl e LigSla Al e JS Jiad ol pa
a3l pl s lbladl puand @3 1Y als I o
AU ebigially 4,3l Aal y2 sulally A gloundl Lgelgils
dadl a3 gl 450l dadl 5l Jagamig Al yudl dalaid
o2y &0 el leslell @lay dum alusiuly duad)



239

a3l g S wic Pl

Statistical Methods) (Nolan e?) astas¥l gkl (34
.(al. 2002; Twarakavi and Kaluarachchi, 2005
Ay ylalls gbalay Lalolml Gkl ola (e 43,k S
podig L Lgall Jsamgl! g oilily e aatss Ig¥I
o Wgguus 50ag 31 39Y) ping 2 uasidl ozl e
@lal S ¥ Alamill Sl o ¥ Lgal il Lol
lideall Gle Addl 42 Jall (S Sle Aggun Lgidluas
azy ylatl Lal . 23g5gll bl (e 5y 2uaS il 3l
AL Lol V1 e candy 308 730 5 Ailasyl
LSalinngsons 3 pinn sl Ll i Algguns 43,
oLl il AL13 @i 2 dansill Slatl ,iST ya
Lgumgie aaiad il g STl gl ,a5l1 45, )l oo 3090
2 Aol yolidl B3Me Ly Sl W3l sl pex Glo
Sgiway duglguandly 4 ,IS gl AL @ dlac
Glblis slm¥ «lidg Loyt g 06! Jaasy (Adagantl oLl
Ly Buegd @ slhael s bay @b polsll 2 ABLee
Wil Lyl Llaas Gylatl paa .abilad! gLl oigl
Sls Aulyull Bilaie 2 yeniall 13a Aeal e 1sLae!
aay ot olag cdl sl 2t e (gl ol pstl Las oy
Aogntl old) LB @i olighy elaes 2 Aol
DRASTIC aay,b Lelaziw! Gyall 381 ey cughill
Al el 2 Lgelal @3 il (Aller, ef al. 1985)
coasiiol oIl Aga 2 cuglill Abgantl oLl 315 @ st
Lol ol dualys Lgieg @lladl 2 aaly IS0 23,k o0
Eaglilt Adgatl oLl Abld wust ( Rosen, 1994) (439,
Added and Hamza,) afiles dwl)ysy suged! aSleas
ouig B Jlads cnlie Ol 33 gl 3ble @zt (1995
2.5 (GIS) dal st cleglall @y clad alazuul
3g:Lie Zulys <2y (Lobo ef al. 1995) als gl
Gl LS gl Aagantl oLl Alls cn dall 3 LY
Makhokh,) ¢ ,atl 2 egtild aagatl o) dliasd @
a3 yall oia alasial Gelosdl A3l 5 cwily (2000
B @l puoliall cled fwlul albly cad co
Caal ol plid) Aalaie 25 L Eiglill gyingay 3 5all
Ol 31 A3 @ ait] dg pall lLe¥l Algs 2 dul s
5l 35LeY 42,80 Laill 2 sgenmll jub Jomiall 2 5ol
sia aluzinl Lmbaidl iVl e mLII Esbll L
Al S ,a) gl g ((Al-Zabet, 2002) iy bl
A3 LS Byl Aalata s egtuld 3 lall Al Latl ol 3 31510
Eaglilh 2 ol aleadl (4l 33 AbL1B s (2004) Lasgid)
alazialy oyl 3Sles 2 dumbaidl 2Vl (ye g3l
Joand @ 3,390 Alyull 2 aal el cleglall @l

Lmlacadl Y1 Ayl by 539 Aalail iy dan | e
A il Slaslatl e @bl 5l e bl oy
ool Lgandat 2 suiilly Lgue bus 3alely Lgbiaas Layys
G 3,0l Aulasd Tgllall yea¥l (ya

Sl I L 2 awlyudl ol caug Lia (e
gLl (pe eIl algs 2 Adgandl bl dylex 2 daalil
Bl aldll I e Bamlacd! BasiY (e Alaiml
Ahai¥) e mlidl il Lol oldl abls e
AL i ale s La Gle Adadax3 4555 2l g dyela )
dadazes Alee 2 Lgie 3aLana¥) Sy ccaghill ddgantl oLl
L3l el 2 ¥ Jand ol Al | asl Y1 clel aimiia!
2 s Lo ol Ll Lgie @SLaM Bpmlaidl 2a i 2yslal
Apgadloldl egls I (603 Al lil (ye Judteull

Sl A@gdt obiad! Adald @cdl Olingio

byl 20 dansiad! abegid! @il (San
Aa sVl laslgy dglill ddgandl oLl A3 @y dalal!
oLl Bl (1 i ey cilimgie &305 1| Al
(Aquifer Pollution Vulnerability) gl diagal!
daialy AU @il 4135 & s Auols Lgil Lle By
olalilly Laglall Jelsall @baill sia las e
Tegill gl ALle (2 sl AhaY e dealyl
(Groundwater Pollution Hazard) dagtl olwl
Eiglil ¥ gamy 2 gl U allaill 31 35 Ley g
Slasl @ (3 1aalal Lol elalaziny deg
(Groundwater Pollution Risk) aiagad! sleall cglitl
35151 o1 Ol Loy 2l i€l ans 31 se g
Eotill salima asl Jgumy (se @ Ll Jotoed | 5 puially 2!
@ W oha @il climgie daiay Adgal oLl I
bos ey ligSe B Lo Bale e JS4 Lalyas
lgltlg oLl 38 pa Agges Soag dolusgV| Aaglsg (Cglil]
celigll] ool Alat] clgant] i |,y LeISa ye
Lo juskst & Al Al Gylall Caimt (S
Bk O | et Lgadl oldl Ll @i (o i
Index and) <s1,5ly ol ,a5tl Bl (1 iy (A
Overlay Methods) (Aller et al. 1987; Banton
and Villeneuve, 1989; Evans and Myers, 1990;
Rupert, 2001; Babiker, ez al. 2005; Almasri, 2008;
aldeat! Sle aidl 6,101 (24 «(Mimi and Assi, 2009
(Process-based Methods) (Voss, 1984; Carsel et
al. 1985; Wagenet and Histon, 1987):



v padi plasisily dustn sl dbn iiii¥) o gulid] Coplill dubpnd) oleal) duild muidi

238

that included hydrogeologic, topographic, water level, geologic, and soil data. The GIS database is
used to classify the field values of the parameters of the DRASTIC methodology, which included
Depth to water table, Aquifer media, Soil media, Topography, Impact of vadose zone, and Hydraulic
conductivity, and were converted into their respective ratings. The Recharge parameter was excluded
due to its negligible value over Kuwait. These ratings are then multiplied by the parameters relative
weights to produce the final groundwater vulnerability index map. Analysis of the map indicated that
groundwater classified as vulnerable to highly vulnerable occupy about 1100 km? from the total area
of Kuwait and is located mainly in the eastern parts of the country along the coast, where the depth
to groundwater is as low as O to 1.5 m. However, the majority of groundwater areas in Kuwait have
low potential to surface pollution, essentially due to the large depth to groundwater, which is more

than 75 m towards the west.

Keywords: Groundwater, Vulnerability to Pollution, Surface Activities, Assessment, DRASTIC

Methodology, State of Kuwait.
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Abstract: Groundwater represents the only natural source of relatively freshwater available to the
State of Kuwait. However, recent studies have indicated groundwater pollution by agricultural,
petroleum, and dumping activities, which could lead to the loss of this resource in the future if not
properly protected. Hence, there is a need for planning documents representing the vulnerability
of groundwater resources to pollution by surface activities, to be used in land use planning, or
to take required precautionary measures for the existing activities. In the first part of this study,
the vulnerability of groundwater to surface pollution in Kuwait is assessed using the DRASTIC
methodology by employing Geographic Information System in the development of a spatial database
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