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Materials and Methods       

The study area
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Hydrogeology
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3(."-#@_WWJZ_WW#oAl,2C#()&#0-(,=%+!#3(."-#@n#Z_WW#oAl,2C8#

 7.(1#&%++71<"&#+71%&+#@ aAC#-():"+#5-72#_N_#.7#DWED#2:li#

3%.!#()#(<"-(:"#<(14"#75#ZDTg8D#2:li8# !"#?K#<(14"#75#.!"#

(O4%5"-# %)&%,(."+# ()# (1=(1%)"# )(.4-"# 3%.!# ()# (<"-(:"# <(14"#

75#D8YW>#3!"-"#.!"#2(\%242#<(14"#75#Y8Eg#()&#(#2%)%242#

<(14"#75#D8MY#!(<"#0"")#-",7-&"&8

AGJSR 30 (1) 2012: 7-13 A. Batayneh et al.
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B+#"<%&").#5-72#.!"#?-"+").#-"+41.+>#.!"#+7&%42>#,(1,%42>#

+415(."# ()&# ,!17-%&"# %7)+# (-"# ,1"(-1'#&72%)().># (+# "\?",."&#

5-72# .!"# ,!"2%+.-'# 75# .!"# 1(."-(1# :-74)&3(."-# -",!(-:"8#

a4"# .7# .!"# "55",.+# 75# -",!(-:"# 7)# .!"# (O4%5"-# +'+."2# %)#

.!"# +.4&'# (-"(># .!"# :-74)&3(."-# 5(,%"+# @H(JF(JALNJF1C#

%+# +.-7):1'# %)64"),"&# 0'# %7)+# %)?4.# 5-72# .!"# +4--74)&%):#

2(-%)"# +"&%2").+# @+%1.+.7)"># !(1%."># :'?+42># ()!'&-%."#

()&# 24&+.7)"CX# 3!"-"# .!"# &%++714.%7)l"<(?7-(.%7)# ?-7,"++#

?1('%):# (# +%:)%R,().# -71"# %)# -":41(.%):# %7)# ,7),").-(.%7)+#

%)# .!"# :-74)&3(."-8# !"#H(G# ()&#F1J# ,7),").-(.%7)+# ,72"#

2(%)1'#5-72#3"(.!"-%):#75#.!"#2(-%)"#7-%:%)#!(1%."#+"&%2").+X#

3!%1"#.!"#!%:!#,7),").-(.%7)#75#ALNEJ#()&#F(EG#%7)+#,72"#

2(%)1'# 5-72#3"(.!"-%):# 75# :'?+42#()&# ()!'&-%."# -7,=+# %)#

.!"#-",!(-:"#(-"(+8#P4-.!"-#"\?1()(.%7)#(074.#.!"#3"(.!"-%):#

?-7,"++"+#!(+#0"")#&%+,4++"&#%)#.!"#571173%):#?(:"8#

f(."-#O4(1%.'#(++"++2").

 !"# ,1(++%,(1# 4+"# 75# 3(."-# ()(1'+"+# %+# .7# ?-7&4,"#

%)57-2(.%7)# ,7),"-)%):# %.+# O4(1%.'># 3!%,!# 2('# '%"1&#

%)57-2(.%7)# (074.# .!"# ")<%-7)2").+# .!-74:!# 3!%,!# .!"#

3(."-# !(+# ,%-,41(."&# @ (U()'# ".# (18># EWWDX# *(.(')"!# ".# (18>#

EWWYX#9!-"5(.#".#(18>#EWZZX#*(.(')"!#".#(18>#EWZEC8# !"#2(%)#

70[",.%<"# 571173%):# .!"# !'&-7:"7,!"2%,(1# (++"++2").# %+#

.7# &"."-2%)"# .!"# :-74)&3(."-# +4%.(0%1%.'# 57-# &%55"-").# 4+"+#

0(+"&# 7)# .!"# ,7)+.%.4").+# ,!"2%,(1# %)&%,"+8#  7# (++"++# .!"#

+4%.(0%1%.'#75#3(."-#57-#&-%)=%):#()&#&72"+.%,#,7)+42?.%7)+>#

!'&-7,!"2%,(1# ?(-(2"."-+# 75# .!"# +.4&%"&# :-74)&3(."-#

+(2?1"+# !(<"# 0"")# ,72?(-"&#3%.!# ?-"+,-%0"&# +?",%R,(.%7)#

(<(%1(01"#5-72#9AL#()&#fKL#@ (01"#ZC8

 !"#?K#<(14"+#75#.!"#+.4&%"&#:-74)&3(."-#+(2?1"+#<(-'#

0".3"")# D8MY# ()&# Y8Eg># %)&%,(.%):# .!"%-# +1%:!.1'# (1=(1%)"#

.7# (1=(1%)"# )(.4-"8# B,,7-&%):# .7# .!"# 9AL# ()&# fKL#

+?",%R,(.%7)+># .!"# -():"# 75# &"+%-(01"# ?K# <(14"+# %)# 3(."-#

+4::"+."&# 57-# &-%)=%):# ?4-?7+"+# %+# T8_# .7# Y8_# @ (01"# ZC8#

B127+.#(11#.!"#+.4&%"&#3(."-#+(2?1"+#!(<"#0"")#574)&#3%.!%)#

.!"#&"+%-(01"#-():"8# !"#70+"-<"&#`F#()&#.!"#,7),").-(.%7)#

75#  aA# (-"#27-"# .!()# .!"#2(\%242# ?"-2%++%01"# 1%2%.+# 75#

Z_WW#oAl,2#()&#ZWWW#2:li>#-"+?",.%<"1'>#%)#gTS#()&#DZS#75#

.!"#.7.(1#:-74)&3(."-#+(2?1"+8#

 !"#  K# <(-%"+# 5-72# _WW8E# .7# YM_g8T# 2:li8# *(+"&# 7)#

.!"#!(-&)"++#,1(++%R,(.%7)#5-72# 7&&#@ZgYWC>#(11#.!"#+.4&%"&#

:-74)&3(."-#+(2?1"+#(-"#,1(++%R"&#(+#<"-'#!(-&#@n#ZYW#2:liC8#

K(-&#3(."-# %+#:")"-(11'#)7.#!(-2541# .7#!42()U+#!"(1.!>#04.#

%.# ,()# ?7+"# +"-%74+# ?-701"2+# .7# %)&4+.-%(1# +"..%):+># 3!"-"#

3(."-# !(-&)"++# %+# ,7).%)474+1'# 27)%.7-"&# .7# (<7%&# ,7+.1'#

0-"(=&73)+# 75# 07%1"-+># ,771%):# .73"-+># ()&# 7.!"-# -"1(."&#

"O4%?2").+8# ;)#&72"+.%,#,7)+42?.%7)+>#!(-&#3(."-# %+#75.")#

%)&%,(."&#0'#(#1(,=#75#+4&+#57-2(.%7)#3!")#+7(?#%+#&%++71<"&#

%)#3(."-8#f!"-"<"-#!(-&#3(."-#%+#,7)+42"&>#+72"#+75.")%):#

?-7,"&4-"+# (-"# ,7227)1'# 4+"&# .7# -"&4,"# .!"%-# (&<"-+"#

"55",.+8# B# -",722")&"&# 1%2%.# 57-# +7&%42# ,7),").-(.%7)#

%)# &-%)=%):#3(."-# %+# EWW#2:li# @ (01"# ZC8#B# !%:!"-# +7&%42#

%).(="#2('#,(4+"#!'?"-.")+%7)>#,7):")%(1#!"(-.#&%+"(+"+#()&#

=%&)"'#?-701"2+#@A%):!#".#(18>#EWWYC8#;)#.!"#+.4&'#(-"(># .!"#

,7),").-(.%7)#75# +7&%42# %+#!%:!"-# .!()# .!"#?-"+,-%0"&# 1%2%.#

75#EWW#2:li#%)#gN8_S#75#.!"#()(1'/"&#:-74)&3(."-#+(2?1"+8

Potential sources and factors contributing to ions content of 

water

 !"# +4-5(,"# ()&# +40+"O4"),"# :"717:%,(1# +.-(.(+# %)# .!"#

+.4&'# (-"(# ,7)+%+.# 75# 2(-%)"# 24&+.7)"+># ,(-07)(."+# ()&#

"<(?7-%."+8# !"#'74):"+.#-7,=+#(-"#.!"#(114<%(1#+()&+>#:-(<"1+#

()&# ,7):172"-(."+8# j)&"-# )(.4-(1# ,7)&%.%7)+># "1"2").+#

75# :"717:%,(1# 57-2(.%7)+# %+# -"(&%1'# 7\%&%/"&># .-()+?7-."&#

0'# +4-5(,"# -4)755# ()&l7-# 1"(,!"&# %).7# .!"# +4--74)&%):#

:-74)&3(."-8# 7#%)<"+.%:(."#.!"#?7.").%(1#+74-,"#75#%7)+#5-72#

.!"# +4--74)&%):# :"717:%,# 2(."-%(1+># D# -7,=# +(2?1"+# 3"-"#

,711",."&# 5-72# 2(-%)"# +"&%2").(-'# 74.,-7?+# ()&# ()(1'/"&#

57-#2([7-#%7)%,#,7).").+8# !"#-"+41.+#(-"#.(041(."&#%)# (01"#M8#

V"1(.%<"#.7#7.!"-+>#+()&+.7)">#+!(1"#()&#!(1%."#+(2?1"+#@Z#()&#E>#

 (01"#MC#!(<"#!%:!#.7.(1#%7)#,7).").+#&72%)(."&#0'#H(G>#AL
N

EJ>#

F1J>#F(EG>#$:EG# ()&#KFL
M

J8# !"# %7)%,#,7).").+# %)#()!'&-%."#

()&# :'?+42# +(2?1"+# @M# ()&# N>#  (01"# MC# (-"# &72%)(."&# 0'#

F(EG>#AL
N

EJ#()&#KFL
M

J8#A(2?1"+#5-72#24&+.7)">#+%1.+.7)"#()&#

+!(1"#@_>#T#()&#D># (01"#MC#+!73+#!%:!#%7)+#,7).").#75#F(EG>#

$:G>#AL
N

EJ>#F1J>#()&#KFL
M

J8#

 (01"#M8#V7,=#+(2?1"+#()(1'+%+8

AGJSR 30 (1) 2012: 7-13 A. Batayneh et al.
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 !"+"#,!(-(,."-%+.%,+#75#.!"#+.4&%"&#+(2?1"+#+4::"+.#.!(.#

3"(.!"-%):# 75# .!"# +4-5(,"# -7,=# +.-(.(+# %+# ?-70(01'# (#2([7-#

+74-,"#75#%7)+8#K73"<"->#%.#+!741&#0"#)7."&#.!(.#.!"#7<"-(11#

,7).-%04.%7)# 75# ?(-").#2(."-%(1+# @-7,=+# ()&# +7%1+C# .7#2([7-#

%7)# "1"2").+# %)# .!"# :-74)&3(."-# %+# &%55"-").X# +4::"+.%):#

+72"#7.!"-# ,7).-%04.%):# 5(,.7-+# (+#3"118# ;7)+# ,7),").-(.%7)#

%)#:-74)&3(."-#&"?")&+#7)#2()'#5(,.7-+>#%),14&%):#.!"#+%/"#

()&#&"?.!#75#:-74)&3(."->#()&#?-7?"-.%"+#75#?(-").#2(."-%(1#

()&# +7%1># .!-74:!#3!%,!# %7)+J0"(-%):#3(."-#?"-,71(."+# (5."-#

-(%)5(118#;7)+#%)?4.#%)#.!"#:-74)&3(."-#(-"#(1+7#&"?")&").#7)#

.!"#)(.4-"#75#+7%1+#()&#-7,=+#7)#.!"#+4-5(,"8# !"#(O4%5"-#&"?.!#

%)#.!"#+.4&'#(-"(#%+#1"++#.!()#TW#2#3%.!#+!(1173#:-74)&3(."-#

.(01"8#  !"# ?-"+"),"# 75# [7%).+# ()&# 5-(,.4-"+# 2(%)1'# %)# .!"#

"1"<(."&# 3"+."-)># )7-.!"-)# ()&# "(+."-)# ?(-.+# 75# .!"# 0(+%)#

2(="+# .!"# (O4%5"-# %)# .!"# ,").-(1# ()&# +74.!"-)# ?(-.+# 75# .!"#

2(%)#3(&%#p;5(1q#27-"#<41)"-(01"#.7#%7)+#,7),").-(.%7)#(+#(#

-"+41.#75#3"(.!"-%):#()&#1"(,!%):8# !%+#%+#,7)+%+.").#3%.!#.!"#

?-"+").#R)&%):+#.!(.#%7)+#,7).").+#%)#:-74)&3(."-#17,(."&#%)#

.!"#,").-(1#()&#+74.!"-)#?(-.+#75#.!"#+.4&'#(-"(#(-"#(27):#.!"#

!%:!"+.#%)#."-2+#75#,7),").-(.%7)+8#

a-(%)(:"#?(.."-)+#2(?#75#.!"#$%&'()#*(+%)#+!73"&#.!(.#

.!"# +4-5(,"# -4)755# &%-",.%7)# 75# 3(."-# %+# .73(-&+# +74.!# ()&#

+74.!"(+.8# aA#()&#̀ F#&%+.-%04.%7)#2(?+#@P%:4-"#_C#:")"-(11'#

%)&%,(."+#.!"%-#!%:!"-#,7),").-(.%7)+#%)#3"11+#17,(."&#&73)J

+17?"# 75# .!"# 0(+%)># 3!%,!# ,()# 27+.# 1%="1'# 0"# (..-%04."&# .7#

%),-"(+"# 1"(,!%):#(5."-# %).")+"# -(%)5(11# (+# (# -"+41.#75#&73)J

+17?"#%7)+#.-()+?7-.(.%7)#571173%):#.!"#:")"-(1#673#&%-",.%7)8#

Suitability for irrigation uses

 !"#+4%.(0%1%.'#75#:-74)&3(."-#57-# %--%:(.%7)#?4-?7+"+# %+#

,7).%):").#7)#.!"#"55",.+#75#2%)"-(1#,7)+.%.4").+#7)#07.!#.!"#

?1().#()&#.!"#+7%1#@*(.(')"!#".#(18>#EWZEC8#;)#5(,.>#.!"#?-"+"),"#

75#+(1.+#,741&#0"#!%:!1'#!(-2541>#3!%,!#,()#1%2%.#.!"#:-73.!#

75#?1().+#?!'+%,(11'#0'# -"+.-%,.%):# .!"#3(."-# .(=%):# .!-74:!#

27&%R,(.%7)#%)#.!"#7+27.%,#?-7,"++"+8# !"#?-"+"),"#75#+(1.+#

2('#(1+7#&(2(:"#.!"#?1().#:-73.!#,!"2%,(11'#0'#.!"#"55",.+#

75# .7\%,#+40+.(),"+#4?7)#2".(071%,#?-7,"++"+# @I!7&(?()(!#

".# (18># EWWgC8#  !"# (274).# 75# +(1%)%.'># +7&%,%.'# ()&# .7\%,%.'#

(-"#:")"-(11'#)""&"&#.7#"<(14(."#.!"#O4(1%.'#()&#+4%.(0%1%.'#75#

:-74)&3(."-#57-#%--%:(.%7)#?4-?7+"+#@ 7&&>#ZgYWC8#Q(-(2"."-+#

1106

2106

3106

4106

5106

6106

7106

8106

9106

10106

11106

12106

13106

14106

545

1295

2045

2795

3545

4295

5045

5795

6545

mg/L S/cm

(a) (b)

P%:4-"#@_C#A?(.%(1#&%+.-%04.%7)#75#?!'+%,(1#?-7?"-.%"+#7<"-#.!"#+.4&'#

(-"(8#@(C# 7.(1#&%++71<"&#+71%&+8#@0C#`1",.-%,(1#,7)&4,.%<%.'8

P%:4-"#@TC#f(."-#,1(++%R,(.%7)#(,,7-&%):#.7#`F#()&#ABV#<(14"+8

+4,!# (+# `F># +7&%42# ?"-,").(:"# @SH(C># +7&%42# (&+7-?.%7)#

-(.%7#@ABVC#()&#2(:)"+%42#!(/(-&#@$KC#!(<"#0"")#4+"&#.7#

(++"++#.!"#+4%.(0%1%.'#75#.!"#+.4&%"&#:-74)&3(."-#57-#%--%:(.%7)#

?4-?7+"+8##

B,,7-&%):#.7#74-#"+.%2(.%7)+>#.!"#`F#<(14"+#-():"#5-72#

ZZWT# .7#ZNEgW#oAl,28# !%+# 1(-:"#<(-%(.%7)# %)#`F#<(14"+# %+#

2(%)1'#(..-%04."&#.7#1%.!717:%,#,72?7+%.%7)#()&#().!-7?7:")%,#

(,.%<%.%"+# ?-"<(%1%):# %)# .!%+# -":%7)8#9")"-(11'># .!"# %--%:(.%7)#

3(."-#3%.!#`F#<(14"#75#r#DWW#oAl,2#,(4+"+#)7#.!-"(.#.7#27+.#

,-7?+>#3!%1"#%.+#<(14"#75#n#MWWW#oAl,2#2('#1%2%.#.!"%-#:-73.!#

@ %[()%>#ZggNX#*(.(')"!#".#(18>#EWZEC8#*(+"&#7)#.!"#V%,!(-&#

@Zg_NC#,1(++%R,(.%7)#@P%:4-"#TC>#.!"#+.4&%"&#3(."-#+(2?1"+#(-"#

,1(++%R"&#(+#!%:!#+(1%)%.'#!(/(-&#@E_#+(2?1"+C#()&#<"-'#!%:!#

+(1%)%.'#!(/(-&#@ND#+(2?1"+C>#:%<%):#(#&%+.-%04.%7)#75#MN8DS#

()&# T_8MS># -"+?",.%<"1'8#f(."-# %)# .!"# !%:!# +(1%)%.'# !(/(-&#

,(.":7-'#@FMC#2('#!(<"#&".-%2").(1#"55",.+#7)#+")+%.%<"#,-7?+#

()&#(&<"-+"#"55",.+#7)#2()'#7.!"-#?1().+8#;)#A4,!#(#+%.4(.%7)#

,(-"541# 2()(:"2").# ?-(,.%,"+# !(<"# .7# 0"# (&7?."&8# k"-'#

!%:!# +(1%)%.'#3(."-# @FNC# %+# )7.# +4%.(01"# 57-# %--%:(.%7)#4)&"-#

7-&%)(-'#,7)&%.%7)+#04.#2('#0"#4+"&#57-#+(1.#.71"-().#?1().+#7)#

?"-2"(01"#+7%1+#.!-74:!#+?",%(1#2()(:"2").#?-(,.%,"+8#

Electrical Conductivity (EC,  Siemens/cm)
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ZWW ZWWWWEWW _WW EWWW _WWW EWWWW
Sodium (alkali)

Hazard

Very 

High

S4

High

S3

Medium

S2

Low

S1

C1

Low

C2

Medium

C3

High

C4

Very High

Salinity Hazard

100             250                  750                2250

C4-S4

C4-S3

C4-S2

C4-S1

C3-S1C2-S1

The alkali hazard

f!%1"># !%:!# +(1.# ,7).").+# @!%:!# `FC# %)# 3(."-# 1"(&+# .7#

57-2(.%7)#75# +(1%)"#+7%1>#!%:!#+7&%42#,7).").+# @ABVC# 1"(&+#

.7#&"<"17?2").#75#(1=(1%)"#+7%18#;--%:(.%7)#3%.!#H(G#")-%,!"&#

3(."-#-"+41.+#%)#%7)#"\,!():"#-"(,.%7)+>#%8"8>#4?.(=%):#75#H(G#

()&# -"1"(+"# 75# F(EG# ()&#$:EG8#  !%+# .'?"# -"(,.%7)# ,(4+"+#

+7%1#(::-":(."+#.7#&%+?"-+">#-"&4,%):#%.+#?"-2"(0%1%.'#@ %[()%>#

ZggNX# *(.(')"!# ".# (18># EWWYX# *(.(')"!# ".# (18># EWZEC8#  !"#

?-"+"),"#75#+7&%42#7-#(1=(1%#!(/(-&#%)#.!"#%--%:(.%7)#3(."-#%+#

&"."-2%)"&#0'#(0+714."#()&#-"1(.%<"#,7),").-(.%7)#75#,(.%7)+>#

3!%,!#%+#"\?-"++"&#0'#ABV8# !"#571173%):#57-241(#%+#4+"&#.7#

,(1,41(."#ABV>#3!"-"#(11#%7)%,#,7),").-(.%7)+#(-"#"\?-"++"&#

%)#2%11%"O4%<(1").#?"-#1%."-d

AGJSR 30 (1) 2012: 7-13 A. Batayneh et al.
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 !"-"# %+# (# +%:)%R,().# -"1(.%7)+!%?# 0".3"")# .!"# ABV#

<(14"+#%)#%--%:(.%7)#3(."-#()&#.!"#"\.").#.7#3!%,!#+7&%42#%+#

(0+7-0"&#%)#.!"#+7%1+8#F7).%)4"+#4+"#75#3(."-#3%.!#(#!%:!#ABV#

<(14"+#1"(&+#.7#(#0-"(=&73)#%)#.!"#?!'+%,(1#+.-4,.4-"#75#.!"#

+7%1#(+#(#-"+41.#75#"\,"++%<"#(274).+#75#,7117%&(11'#(0+7-0"&#

+7&%428#  !%+# 0-"(=&73)# .!")# -"+41.+# %)# .!"# &%+?"-+%7)# 75#

+7%1#,1('>#,(4+%):# %.# .7#0",72"#!(-&#()&#,72?(,.#3!")#&-'#

()&# %),-"(+%):1'# %2?"-<%74+# .7# 3(."-# ?")".-(.%7)# &4"# .7#

&%+?"-+%7)# ()&# +3"11%):# 3!")# 3".8#  !"# ,(1,41(."&# <(14"+#

75# ABV# %)# .!"# +.4&%"&# +(2?1"+# -():"+# 5-72# M8ZY# .7# _Y8MT#

@ (01"# ZC8# !"# ABV#<(14"+# ?17.."&# 7)# .!"# +(1%)%.'# &%(:-(2#

(+# (1=(1%)%.'# !(/(-&# @P%:4-"# TC# ,1(++%5'# .!"# +7&%42# !(/(-&#

%)#.!"#+.4&%"&#3(."-#(+#173#@TZ8ZSC>#2"&%42#@ZZ8ZSC>#!%:!#

@ZZ8ZSC#()&#<"-'#!%:!# @ZT8DSC8#B+#?"-# .!"#V%,!(-&# @Zg_NC#

,1(++%R,(.%7)#(??1%"&#.7#.!"#,(1,41(."&#ABV#<(14"+>#NN#3(."-#

+(2?1"+#5(11#%).7#.!"#"\,"11").#,(.":7-'>#D#%).7#:77&#,(.":7-'>#

g#(+#&740.541#()&#ZE#(+#4)+4%.(01"8

Sodium content

A7&%42# ,7),").-(.%7)# %)# .!"# %--%:(.%7)# 3(."-# %+# (1+7#
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