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Executive Summary 
D)$%)89!K+)(&!&L$+14$)-(!)(!E-8$%!/9&+)41(!,101+,!%1,!*1+)&<!?-$&($)10!)9?14$,!-(!M1$&+!+&,-8+4&,!1(<!<&?&(<&($!
&(*)+-(9&($10!&4-,#,$&9,!"N%&!?%#,)410!1(<!5&-4%&9)410!+&01$)-(,%)?,!K&$M&&(!$%&!0)$%)89!K+)(&!1(<!
,8++-8(<)(5!.+&,%M1$&+!M&$01(<,!1+&!2&#!.14$-+,!4-($+-00)(5!$%&!&(*)+-(9&($10!)9?14$,!-.!K+)(&!&L$+14$)-(A!O8+!
9-<&0)(5!,$8<#!?+&,&($&<!K&0-M!4-(,$+1)(,!$%&!+&01$)*&!915()$8<&!-.!$%&!)9?14$,!8,)(5!2&#!9&$+)4,!-.!$%&!
&(*)+-(9&($10!4%1+14$&+),$)4,!-.!$%&,&!,#,$&9,A!P&!.)(<!$%1$!.+&,%!5+-8(<M1$&+!1(<!$+1(,)$)-(10!K+)(&!M)$%<+1M10,!
%1*&!1!01+5&+!)9?14$!-(!$-$10!=P!<),4%1+5&!$%1(!%10)$&!K+)(&!&L$+14$)-(,A!N%),!+&,80$!,$+-(50#!,855&,$,!$%1$!.+&,%!
5+-8(<M1$&+!&L$+14$)-(,!,%-80<!K&!9)()9)Q&<A!/<<)$)-(100#3!?+-<84&+,!,%-80<!1*-)<!<&*&0-?)(5!0)$%)89!9)()(5!
-?&+1$)-(,!-+!?+-R&4$,!)(!$+1(,)$)-(10!K+)(&!&(*)+-(9&($,A!N%&,&!1+&!+&5)-(,!$#?)4100#!K&$M&&(!91$8+&!%10)$&!
+&5)-(,!1(<!.+&,%M1$&+!,#,$&9,A!N%&!$)9&,410&,!-.!)9?14$,!)(!5&(&+10!1+&!0-(5&+!.-+!%10)$&!K+)(&!M)$%<+1M10,!1(<!
,%-+$&+!.-+!.+&,%!5+-8(<M1$&+!1(<!$+1(,)$)-(10!K+)(&!M)$%<+1M10,A!N%),!+&,80$!%1,!)9?-+$1($!)9?0)41$)-(,!.-+!$%&!
$)9)(5!-.!)9?14$,!1(<!$%&!0&(5$%!1(<!S810)$#!-.!$%&!9-()$-+)(5!?+-5+19,!8,&<!$-!<&$&4$!4%1(5&,!-+!<&0&$&+)-8,!
)9?14$,A!O8+!,?&4).)4!+&4-99&(<1$)-(,!.+-9!$%&,&!.)(<)(5,!1+&G!TU!1!.-48,!-(!&(*)+-(9&($10!9-()$-+)(5!8,)(5!
)((-*1$)*&!M1#,!$-!9&1,8+&!,?+)(5!<),4%1+5&!$%+-85%!+&9-$&!,&(,)(5!1(<!!"#$!%&!9-()$-+)(53!HU!9-()$-+)(5!-.!
,10)()$#!V1(<!4%&9)410!4-9?-,)$)-(U!),!!)9?-+$1($!1(<!4-9?0)9&($1+#!$-!9-()$-+)(5!-.!?%#,)410!5+-8(<M1$&+!
0&*&0,!1(<!JU!!$%1$!+&51+<0&,,!-.!?89?)(5!4-(<)$)-(,3!$%&!$-$10!19-8($!-.!)(.0-M!$-!M&$01(<,!.+-9!5+-8(<M1$&+!
M)00!<&4+&1,&!1(<!8(<-8K$&<0#!)9?14$!$%&!,10)()$#!<),$+)K8$)-(!-.!M&$01(<,A!7-()$-+)(5!-.!,10)()$#!),!2&#!$-!
8(<&+,$1(<)(5!$%&!)9?14$,!1(<!$%&!$)9&,410&,!1$!M%)4%!$%&#!M)00!K&!1??1+&($A!"
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Introduction and Motivation of Study 
N%&!&L$+14$)-(!-.!0)$%)89!.+-9!K+)(&X+)4%!,10$!.01$,!V,101+,U!)(!E-8$%!/9&+)41!1(<!1,,-4)1$&<!&(*)+-(9&($10!
)9?14$,!),!$%&!,8KR&4$!-.!984%!<&K1$&!V'UA!N%&!915()$8<&!-.!)9?14$,!1(<!&(*)+-(9&($10!,8,$1)(1K)0)$#!<&?&(<,!-(!
,?&4).)4!4%1+14$&+),$)4,!-.!$%&!%#<+-5&-0-5)410!,#,$&9!1(<!%#<+-0-5)410!,$+&,,&,!-(!M1$&+!)(!$%&!K1,)(,!M%&+&!
&L$+14$)-(!),!$12)(5!?014&A!O8+!$&19!%1,!<&.)(&<!$%&!.-00-M)(5!S8&,$)-(,!$-!1<<+&,,!$%),!),,8&G!

TA! ;-M!984%!.+&,%M1$&+!+&4%1+5&,!$%&!K+)(&!1S8).&+!,#,$&9Y!
HA! ;-M!%#<+180)4100#!4-((&4$&<!1+&!$%&!K+)(&!1S8).&+!,#,$&9,!1(<!$%&!.+&,%M1$&+!1S8).&+,!$%1$!.&&<!

91+5)(10!015--(,Y!
JA! P%1$!4-($+-0,!$%&!<#(19)4,!1(<!&L$&($,!-.!.+&,%M1$&+!015--(,Y!
WA! @-&,!$%&!.+&,%M1$&+ZK+)(&!)($&+.14&!%#<+180)4100#!,8??-+$!$%&!015--(,Y!
[A! P%1$!),!$%&!+-0&!-.!40)91$&!*1+)1K)0)$#!-(!-K,&+*&<!4%1(5&,!$-!015--(!1(<!$+1(,)$)-(10!?--0!&L$&($,Y!
\A! P%1$!1+&!$%&!$)9&,410&,!-.!+&,?-(,&!.-+!.+&,%M1$&+!1(<!K+)(&!1S8).&+!,#,$&9,!$-!?89?)(5Y!

E101+,!1+&!<#(19)4!&(*)+-(9&($,!M%&+&!.+&,%M1$&+!V,8+.14&!M1$&+!1(<!5+-8(<M1$&+U!9-*&,!)($-!$%&!K1,)(!.0--+!
1(<!)($&+14$,!M)$%!0)$%)89XK&1+)(5!K+)(&!V#$%&'(")UA!N%&,&!.+&,%M1$&+!)(.0-M,!1+&!<+)*&(!$-!$%&!,8+.14&!$-!.-+9!
,?+)(5,3!M%)4%!$%&(!.&&<!.+&,%!1(<!K+142),%!,8+.14&!M1$&+!M&$01(<,!1(<!015--(,A!N%&!,?+)(5,!1+&!$%&!91)(!,-8+4&!
-.!)(.0-M!$-!$%&!M&$01(<!4-9?0&L&,!1(<!$%8,!1+&!4+)$)410!$-!$%&)+!&L),$&(4&A!]&$!$%&!+&01$)-(,%)?,!K&$M&&(!
.+&,%M1$&+!&L$+14$)-(!1(<!K+)(&!&L$+14$)-(!-(!&(*)+-(9&($10!.&1$8+&,!+&91)(,!-K,48+&A!P%)0&!)$!),!,8+9),&<!$%1$!
+&,-8+4&!&L$+14$)-(!)(!$%&,&!&(*)+-(9&($,!4-80<!0&1<!$-!(&51$)*&!^9?14$,3!S8&,$)-(,!+&91)(!1K-8$!$%&!915()$8<&!
1(<!$)9)(5!-.!,84%!)9?14$,A!

!

!"#$%&'( )!"#$%&'()*+!,++)-(.*(,#$!#/!0.#)$12*(&.!/+#2!,$!(3&!4.,$&5(#5/.&-32*(&.!(.*$-,(,#$!6#$&7!
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Water Types and Interactions 
^$_,!)9?-+$1($!$-!40&1+0#!<&.)(&!$%+&&!?+)91+#!M1$&+!5+-8?)(5,!1(<!$%&)+!+&01$)-(,%)?!$-!-(&!1(-$%&+!)(!$%&,&!
,#,$&9,A!C+&,%M1$&+,!4-(,),$!-.!,$+&19,!1(<!5+-8(<M1$&+,!.0-M)(5!$-M1+<,!$%&!,101+,!.+-9!$%&!%)5%&+!&0&*1$)-(,!
1(<!91+5)(10!1008*)10!1S8).&+,A!N%&,&!M1$&+,!+1(5&!.+-9!IAI[!$-!J!9EZ49!-.!,?&4).)4!4-(<84$1(4&A!"+142),%!
M1$&+,!1+&!,10)(&!5+-8(<M1$&+,!1(<!,8+.14&!M1$&+,!V015--(,U!$%1$!&L),$!M)$%)(!$%&!N+1(,)$)-(!`-(&3!$%&!Q-(&!
K&$M&&(!.+&,%M1$&+!)(.0-M!1(<!$%&!(840&8,!K+)(&!1S8).&+,A!N%&,&!M1$&+,!+1(5&!.+-9!TI!$-!TII!9EZ49!-.!,?&4).)4!
4-(<84$1(4&A!"+)(&,!1+&!%)5%0#!,10)(&!M1$&+,!$%1$!+&,)<&!M)$%)(!$%&!&*1?-+)$&!1S8).&+,!-.!$%&!,101+!(840&8,!1(<!)(!
?--0,!$%1$!.-+9!10-(5!$%&!91+5)(,!-.!$%&!,101+!(840&8,3!%&+&)(!+&.&++&<!$-!1,!N+1(,)$)-(10!a--0,A!N%&,&!M1$&+,!
+1(5&!.+-9!HII!$-!bH[I!9EZ49!-.!,?&4).)4!4-(<84$1(4&A!N%&!)($&+14$)-(,!K&$M&&(!$%&,&!M1$&+,!1+&!2&#!$-!
8(<&+,$1(<)(5!+&,?-(,&,!1(<!)9?14$,!)(!$%&,&!&(*)+-(9&($,A!@8&!$-!01+5&!<&(,)$#!<)..&+&(4&,!K&$M&&(!$%&!
.+&,%M1$&+!1(<!$%&!K+)(&3!1!,%1+?!)($&+.14&!.-+9,!1$!$%&!91+5)(!-.!$%&,&!,101+,!)(!$%&!,8K,8+.14&!1(<!),!1!91R-+!
4-($+-0!-(!M%&+&!.+&,%!5+-8(<M1$&+!<),4%1+5&!1(<!,?+)(5,!-448+!1(<!K+142),%!M&$01(<,!.-+9!V()#*UA!N%),!,%1+?!
<&(,)$#!4-($+1,$!10,-!4+&1$&,!<),$)(4$!.0-M!+&5)9&,!M)$%)(!$%&!K+)(&!1S8).&+,!1,!4-9?1+&<!$-!$%&!.+&,%M1$&+!)(.0-M!
1S8).&+,A!

Work Package Scope and Approach 
N%&!?8+?-,&!-.!$%),!,$8<#!),!$-!<&*&0-?!1!?%#,)410!K1,),!.-+!1,,&,,)(5!$%&!)9?14$,!-.!K+)(&!1(<!.+&,%M1$&+!
M)$%<+1M10,!-(!M1$&+!+&,-8+4&,!)(!,101+!,#,$&9,A!P&!?&+.-+9!$%),!1(10#,),!M)$%!1!?1+19&$+)4!,$8<#!-.!$%&!+&01$)*&!
)9?14$,!-.!$%&,&!M)$%<+1M10,!-(!$%&!S81($)$#!1(<!S810)$#!-.!5+-8(<M1$&+!<),4%1+5&!1,!M&00!1,!+&,?-(,&!$)9&,!-.!
$%&,&!)9?14$,!8,)(5!$M-X<)9&(,)-(103!(89&+)4103!<&(,)$#X<&?&(<&($!5+-8(<M1$&+!.0-M!9-<&0,A!N%&!9-<&0,!
+&?+&,&($!$%&!?+)91+#!5+-8(<M1$&+!.0-M!?1$%M1#!)(!&14%!-.!$%+&&!5+-8(<M1$&+!.0-M!,#,$&9,!0-41$&<!1$!E101+!<&!
/$141913!B%)0&3!1(<!E101+!<&0!;-9K+&!78&+$-3!/+5&($)(1!V#$%&'(")*UA!N%&,&!$%+&&!,#,$&9,!%1*&!<),$)(4$!
%#<+-5&-0-5)4!4%1+14$&+),$)4,!1(<!40)91$&!+&5)9&,!M%)4%!?+-*)<&!,&?1+1$&!&(<?-)($,!$-!4-9?1+&!1(<!),-01$&!$%&!
&..&4$,!-.!K+)(&!1(<!.+&,%!5+-8(<M1$&+!M)$%<+1M10,A!

!
N%&,&!$%+&&!9-<&0,!8$)0)Q&!$%&!K&,$!1*1)01K0&!5&-0-5)43!%#<+-5&-0-5)43!1(<!40)91$&!<1$1!$-!+&?+&,&($!5+-8(<M1$&+!
.0-M!4-(<)$)-(,!10-(5!1!,)(50&!5+-8(<M1$&+!.0-M!?1$%M1#!V#$%&'(")+UA!',)(5!$%&,&!)(?8$,3!$%&!9-<&0,!,)9801$&!
5+-8(<M1$&+!.0-M!1(<!<),4%1+5&!1,!M&00!1,!<),,-0*&<!,10$!4-(4&($+1$)-(,3!M%)4%!,%-M!4%1(5&,!)(!$%&!K+)(&X
.+&,%M1$&+!)($&+.14&A!P&!$%&(!1??0#!5+-8(<M1$&+!M)$%<+1M10,!1$!$%&!8?5+1<)&($!K-8(<1+#!-.!$%&!9-<&0!<-91)(!
1(<!K+)(&!M)$%<+1M10,!&)$%&+!.+-9!$%&!K+)(&!K-<#!)(!$%&!,101+!(840&8,!V(840&8,!K+)(&U!-+!.+-9!$%&!K+)(&!K-<#!
K&(&1$%!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!V$+1(,)$)-(!Q-(&!K+)(&UA!P&!)(<)*)<8100#!$&,$!M)$%<+1M10,!1$!&14%!-.!$%&,&!
0-41$)-(,!8,)(5!1!+1(5&!-.!5+-8(<M1$&+!?89?)(5!+1$&,!1(<!+&4-+<!$%&!4%1(5&,!)(!,)9801$&<!5+-8(<M1$&+!<),4%1+5&!
1(<!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!P&!$%&(!4-9?1+&!$%&,&!4%1(5&,!1(<!$%&!+&,?-(,&!$)9&,!-*&+!M%)4%!$%&,&!
4%1(5&,!-448+!.-+!&14%!9-<&0!$-!&*1081$&!$%&!+&01$)*&!)9?14$,!-.!<)..&+&($!$#?&,!-.!M)$%<+1M10,A!C)(100#3!M&!
4-9?1+&!$%&!,)9801$&<!4%1(5&,!K&$M&&(!$%&!$%+&&!9-<&0,!$-!&*1081$&!$%&!+-0&!-.!%#<+-5&-0-5)4!4-(<)$)-(,!)(!
M)$%<+1M10!)9?14$,A!

!"#$%&'%()#$(*$+",)$)+&-.$,)$+($-#/#0(%$1$%".),210$31),)$*('$1))#)),45$
+"#$,6%12+)$(*$3',4#$14-$*'#)"71+#'$7,+"-'1710)$(4$71+#'$'#)(&'2#)$

,4$)101'$).)+#6)8$
!
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!"#$%&'*)'8*'!#/!(3&!9,(3,):!;.,*$0+&!.&0,#$!#/!(3&!$#.(35%&$(.*+!<$1&-7!8*=#.!+,(3,):!4.,$&!4&*.,$0!-*+*.!4*-,$-!*.&!
#)(+,$&1!,$!4+*%>!*$1!:&*$!*$$)*+!'.&%,',(*(,#$!1&.,?&1!/.#:!(3&!;&..*"+,:*(&!1*(*-&(!,-!-3#2$7!;3&!4*-,$-!*--&--&1!,$!(3,-!
.&'#.(!*.&!#)(+,$&1!,$!.&17!
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Model simulations of groundwater and brine 
withdrawals and relative impact evaluation at Salar de 
Atacama 

Salar de Atacama 
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Introduction and Model Objectives 
N%&!E101+!<&!/$14191!4-($1)(,!$%&!M-+0<e,!01+5&,$!0)$%)89!+&,&+*&!V1??+-L)91$&0#!WHf!-.!
$%&!M-+0<e,!,8??0#U!1(<!%1,!-(&!14$)*&!0)$%)89!9)(&!1(<!980$)?0&!?)0-$!?01($,!1,!-.!HIHT!
VWUA!N%&,&!0)$%)89!9)(&,!M)$%<+1M!K+)(&!.+-9!$%&!%10)$&!1S8).&+!1(<!.+&,%!5+-8(<M1$&+!
.+-9!$%&!$+1(,)$)-(!Q-(&A!/<<)$)-(10!M1$&+!8,&+,!)(!$%&!K1,)(!)(408<&!9&9K&+,!-.!1!(89K&+!
-.!4-998()$)&,3!)(408<)(5!$%&!)(<)5&(-8,!D)421(1($1#!1(<!$%&!4)$#!-.!E1(!a&<+-!<&!
/$141913!15+)480$8+&3!1!,)5().)41($!$-8+),9!)(<8,$+#3!1(<!1!4-??&+!9)()(5!)(<8,$+#3!100!-.!
M%)4%!8,&!.+&,%!5+-8(<M1$&+!&)$%&+!<)+&4$0#!-+!)(<)+&4$0#A!N%&!K1,)(!10,-!4-($1)(,!M&$01(<,!
-.!)($&+(1$)-(10!)9?-+$1(4&!1,!<&.)(&<!K#!$%&!>19,1+!B-(*&($)-(3!1(<!$%&,&!1(<!-$%&+!
M&$01(<,!)(!$%&!K1,)(!1+&!,8,$1)(&<!K#!1(<!<&?&(<&($!8?-(!5+-8(<M1$&+!)(.0-M,A!N%&!HX
<)9&(,)-(10!5+-8(<M1$&+!.0-M!1(<!$+1(,?-+$!9-<&0!.-+!$%),!K1,)(!&*1081$&,!$%&!+&01$)*&!
)9?14$!-.!$%&!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!.+-9!980$)?0&!8,&+,!1,!M&00!1,!$%&!K+)(&!
M)$%<+1M10,!.+-9!0)$%)89!9)()(5!14$)*)$)&,!)(!$%&!%10)$&!1S8).&+!V%10)$&!K+)(&!M)$%<+1M10,UA!
N%&!9-<&0!10,-!&*1081$&,!1!%#?-$%&$)410!,4&(1+)-!)(!M%)4%!K+)(&!M)$%<+1M10,!-448+!)(!$%&!
$+1(,)$)-(!Q-(&!-8$,)<&!-.!$%&!%10)$&!1S8).&+!V$+1(,)$)-(10!K+)(&!M)$%<+1M10,UA!P&!$%&(!
9&1,8+&!$%&!,)9801$&<!4%1(5&!)(!5+-8(<M1$&+!<),4%1+5&!1(<!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!
+&01$)*&!$-!1!K1,&0)(&!,4&(1+)-!)(!M%)4%!(-!M)$%<+1M10,!-448+!1(<!4-9?1+&!$%&!+&01$)*&!
)9?14$,!-.!&14%!M)$%<+1M10!,4&(1+)-A!

Model Design 
N%&!E101+!<&!/$14191!9-<&0!),!0-41$&<!10-(5!$%&!,-8$%&1,$&+(!91+5)(!-.!$%&!,101+!M%&+&!$%&!
7-($8+1S8)Xg&5+)001+XN)0-?-Q-!V7gNU!/S8).&+!&($&+,!$%&!,101+!N+1(,)$)-(!`-(&3!&L$&(<)(5!
$-!(&1+!$%&!4&($&+!-.!$%&!,101+!g840&8,!V#$%&'(",UA!N%),!<-91)(!.-00-M,!$%&!?+)91+#!
5+-8(<M1$&+!.0-M!?1$%!)($-!$%&!,-8$%&+(!N+1(,)$)-(!`-(&3!)(408<)(5!.+&,%M1$&+!M&$01(<,!
,84%!1,!N)0-?-Q-3!$%&!K+142),%!015--(,!a8($1!1(<!"+1*13!1(<!K+)(&XK&1+)(5!N+1(,)$)-(10!
a--0,!10-(5!$%&!(840&8,!91+5)(A!P&!<&*&0-?&<!1!5&-0-5)4!4-(4&?$810!9-<&0!-.!$%&!
,8K,8+.14&!)(!$%&!1+&1!-.!$%&!9-<&0!<-91)(A!P&!,8K,&S8&($0#!&,$1K0),%&<!1!%#<+-5&-0-5)4!
.+19&M-+23!M%&+&)(!M&!1,4+)K&<!%#<+180)4!?+-?&+$)&,!$-!&14%!0)$%-,$+1$)5+1?%)4!8()$!.-+!$%&!
5+-8(<M1$&+!.0-M!9-<&0A!

!

!

Additional water 
users in the basin 
include members 
of a number of 
communities,É  
agriculture, a 
significant tourism 
industry, and a 
copper mining 
industryÉ  

!

!

! !
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2,(3!-,0$,/,%*$(!/&*().&-7!
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Geologic Conceptual Model 
P&!<&*&0-?&<!1!5&-0-5)4!4-(4&?$810!9-<&0!.-+!$%&!,-8$%&1,$&+(!91+5)(!-.!E101+!<&!
/$14191!8,)(5!,&*&+10!,-8+4&,!-.!)(.-+91$)-(!)(408<)(5!,8+.14&!5&-0-5)410!91?,3!<+)00!%-0&!
4-+&!0-5,3!5&-?%#,)410!,8+*&#,3!1(<!1*1)01K0&!0)$&+1$8+&3!1,!M&00!1,!$%&!4-99-(0#!144&?$&<!
4-(4&?$,!-.!,&<)9&($1+#!5&-0-5#!$-!.8+$%&+!)(.-+9!$%&!<),$+)K8$)-(!-.!0)$%-0-5)&,!)(!$%),!?1+$!
-.!$%&!K1,)(!V#$%&'("-UA!N%&!,-8+4&!-.!$%&!?+)91+#!)(.-+91$)-(!8,&<!$-!<&*&0-?!$%),!9-<&0!
),!<&$1)0&<!)(!$%&!,8??0&9&($10!91$&+)10!-.!74F()5%$!&$!10A!VHIHTU!1(<!)(!78(2!&$!10A!
VHIHTUA!=&(&+100#3!$%&!5&-0-5#!41(!K&!<&,4+)K&<!1,!)5()9K+)$&!-*&+0#)(5!8(<)..&+&($)1$&<!
K1,&9&($!8()$,3!-*&+01)(!K#!1008*)10!,&<)9&($,!10-(5!$%&!K1,)(!&<5&!)($&+.)(5&+)(5!M)$%!
&*1?-+)$&!,&<)9&($,!$-M1+<,!$%&!,101+XM1+<!&(<!-.!$%&!$+1(,&4$A!7-*)(5!.8+$%&+!)($-!$%&!
,101+3!&*1?-+)$&!,&S8&(4&,!$+1(,)$)-(!)($-!1!*&+#!$%)42!1(<!&L$&(,)*&!%10)$&!8()$A!
D)$%-,$+1$)5+1?%)4!8()$,!)<&($).)&<!%&+&!)(408<&!1008*)893!,)0$!6!.)(&!,1(<!MZ401#3!,)0$3!%10)$&3!
5#?,893!41+K-(1$&3!1,%3!)5()9K+)$&3!1(<!8(<)..&+&($)1$&<!K1,&9&($!V#$%&'(".*UA!P%)0&!
,9100&+!8()$,!$%1$!91#!(-$!(&4&,,1+)0#!.)$!)($-!-(&!-.!$%&!41$&5-+)Q1$)-(,!M&+&!-K,&+*&<!)(!
4-+&,3!)$!),!)9?-+$1($!$-!(-$&!$%1$!0)$%-0-5)4!4%1+14$&+)Q1$)-(!-448++&<!1$!$%&!9&$&+!,410&!1(<!
$%&+&.-+&!,9100X,410&!0)$%-0-5)4!%&$&+-5&(&)$#!M1,!(-$!41?$8+&<!M)$%)(!$%&!5&-0-5)4!
4-(4&?$810)Q1$)-(A!P&!,8K,&S8&($0#!41$&5-+)Q&<!$%&!5&-0-5)4!9-<&0!)($-!<),$)(4$!
%#<+-,$+1$)5+1?%)4!8()$,A!

!

!

 

'

!"#$%&'+)!@*+*.!1&!<(*%*:*!0&#+#0,%!%#$%&'()*+!:#1&+!-3#2,$0!0&#+#0,%*+!)$,(-D!:*=#.!/*)+(-!*$1!2&++-!*+#$0!(3&!(.*$-&%(!
2,(3!%#.&!1*(*7!;3&!0&$&.*+!+#%*(,#$-!#/!,:'#.(*$(!-)./*%&!2*(&.!/&*().&-!*.&!+*4&+&17!

!

! !
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We used the 
hydrogeologic 
conceptual model to 
create a two-
dimensional, 
numerical, density-
dependent 
groundwater flow 
modelÉ  
!

Hydrogeologic Conceptual Model 
P&!4-9?)0&<!%#<+180)4!?+-?&+$)&,!.-+!&14%!-.!$%&!%#<+-,$+1$)5+1?%)4!8()$,!
)<&($).)&<!)(!$%&!5&-0-5)4!4-(4&?$810!9-<&0!.+-9!1*1)01K0&!?89?)(5!$&,$!
<1$1A!N%&,&!%#<+180)4!?+-?&+$)&,!)(408<&!%#<+180)4!4-(<84$)*)$#3!,?&4).)4!
,$-+15&3!1(<!,?&4).)4!#)&0<A!P%&+&!?89?)(5!$&,$!<1$1!M&+&!8(1*1)01K0&3!M&!
&,$)91$&<!$%&,&!?+-?&+$)&,!K1,&<!-(!1!+1(5&!-.!?8K0),%&<!*108&,!.+-9!
,)9)01+!5&-0-5)4!8()$,A!^(!1<<)$)-(3!$%&!%10)$&!1S8).&+!&L%)K)$,!<&?$%X
<&?&(<&($!%#<+180)4!4-(<84$)*)$#!<8&!$-!4-9?14$)-(!1(<!1!+&,80$)(5!
+&<84$)-(!)(!?&+9&1K)0)$#!M)$%!<&?$%A!N%&+&.-+&3!M&!<&*&0-?&<!<&?$%X
<&?&(<&($!%#<+180)4!4-(<84$)*)$#!*108&,!.-+!$%&!%10)$&!8()$!K1,&<!-(!$%&!
1*1)01K0&!?89?)(5!$&,$!<1$1A!/+*0("1)!0),$,!$%&!%#<+-5&-0-5)4!?1+19&$&+,!
8,&<!)(!$%&!9-<&0A!

Groundwater Flow Model 
P&!8,&<!$%&!%#<+-5&-0-5)4!4-(4&?$810!9-<&0!$-!4+&1$&!1!$M-X
<)9&(,)-(103!(89&+)4103!<&(,)$#X<&?&(<&($!5+-8(<M1$&+!.0-M!9-<&0!
8,)(5!$%&!'E=E!?+-5+19!Ei/P/N!V+UA!N%&!E101+!<&!/$14191!
5+-8(<M1$&+!.0-M!9-<&0!<-91)(!),!HW!29!0-(5!1(<!TII!9!M)<&A!N%&!
K-$$-9!-.!$%&!<-91)(!),!.)L&<!1$!&0&*1$)-(!T3h[I!93!1(<!$%&!$-?!-.!$%&!
<-91)(!),!,&$!$-!1!,9--$%&<!$-?-5+1?%)4!<)5)$10!&0&*1$)-(!9-<&0!V@i7UA!
N%&!9-<&0!4-($1)(,!\W!01#&+,3!1(<!&14%!01#&+!),!<),4+&$)Q&<!)($-!TII!9!
M)<&!K#!TII!9!0-(5!4&00,!V#$%&'("2UA!N%&!K-$$-9!-.!$%&!$-?!01#&+!),!
&0&*1$)-(!H3Hhd!9!M)$%!1!$-?!,&$!$-!$%&!@i7!&0&*1$)-(A!N%&!+&91)()(5!
01#&+,!%1*&!$%)42(&,,&,!-.!H!9!.+-9!&0&*1$)-(!H3Hhd!9!$-!H3H[I!93![!9!
$%)42!.+-9!&0&*1$)-(!H3H[I!9!$-!H3T\I!93!1(<!TI!9!$%)42!K&0-M!&0&*1$)-(!
H3T\I!9A!

"-8(<1+#!4-(<)$)-(,!<&,4+)K&!%-M!$%&!9-<&0!)($&+14$,!M)$%!&L$&+(10!
.14$-+,3!8,)(5!+&1,-(1K0&!1,,89?$)-(,!+1$%&+!$%1(!&L?0)4)$0#!9-<&0)(5!
$%&,&!?+-4&,,&,A!=+-8(<M1$&+!+&4%1+5&!&($&+,!$%&!9-<&0!<-91)(!10-(5!$%&!
8?5+1<)&($!V0&.$U!K-8(<1+#!)(!$%&!8??&+!T[!9-<&0!01#&+,!1$!1!+1$&!-.![II!
48K)4!9&$&+,!?&+!<1#!V9! Z<UA!N%),!*108&!),!<&+)*&<!.+-9!?+&*)-8,!
5+-8(<M1$&+!+&4%1+5&!&,$)91$&,!.-+!$%&!7gN!1S8).&+!V78(2!,%#-./3!HITdUA!
N%&!+)5%$!9-<&0!K-8(<1+#!4-($1)(,!1!5&(&+10!%&1<!K-8(<1+#!4-(<)$)-(3!
M%)4%!1<<,!K+)(&!+&4%1+5&!)($-!$%&!9-<&0!-+!K+)(&!.08L!-8$!-.!$%&!9-<&0!$-!
91)($1)(!1!4-(,$1($!K+)(&!&0&*1$)-(!-.!H3JIHAJJ!9&$&+,A!N%),!K+)(&!
&0&*1$)-(!),!1!0-(5X$&+9!1*&+15&!-.!9&1,8+&9&($,!)(!(&1+K#!M&00,A!/!
4-(<84$1(4&!$&+9!4-($+-0,!$%&!.08L!-(!$%&!5&(&+10!%&1<!K-8(<1+#3!0)9)$)(5!
$%&!915()$8<&!-.!$%&!.08L!$-!?+&*&($!8(+&1,-(1K0#!01+5&!K+)(&!+&4%1+5&!
+1$&,A!/(!&*1?-$+1(,?)+1$)-(!K-8(<1+#!4-(<)$)-(!-(!$%&!$-?!-.!$%&!9-<&0!
<-91)(!,)9801$&,!5+-8(<M1$&+!<),4%1+5&A!N%),!K-8(<1+#!4-(<)$)-(!418,&,!
5+-8(<M1$&+!.08L!-8$!-.!$%&!9-<&0!<-91)(!M%&(!$%&!M1$&+!$1K0&!),!M)$%)(!
-(&!9&$&+!-.!$%&!5+-8(<!,8+.14&j!)$!,)9801$&,!&*1?-4-(4&($+1$)-(!K#!(-$!
+&9-*)(5!,10$!.+-9!$%&!9-<&0!<-91)(A!N%&!&*1?-$+1(,?)+1$)-(!K-8(<1+#!
,)9801$&,!$%&!4-9K)(&<!&..&4$,!-.!&*1?-+1$)-(!1(<!,?+)(5!<),4%1+5&A!/00!
+&91)()(5!9-<&0!K-8(<1+)&,!1+&!1!(-X.0-M!4-(<)$)-(3!M%)4%!<-&,!(-$!
100-M!M1$&+!-+!,10$!.08L!)(!-+!-8$!-.!$%&!9-<&0!<-91)(A!
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 P&!+1(!$%&!9-<&0!8($)0!$%&!,10$!4-(4&($+1$)-(,!)(!$%&!9-<&0!<-91)(!
+&14%&<!1!<#(19)4!,$&1<#!,$1$&A!P&!$%&(!8,&<!$%&!.)(10!4-(<)$)-(,!-.!$%&!
?,&8<-X,$&1<#!,$1$&!9-<&0!1,!$%&!)()$)10!4-(<)$)-(,!.-+!$%&!9-<&0!
,)9801$)-(,A!N%&,&!)()$)10!4-(<)$)-(,!+&?+&,&($!0-(5X$&+9!&S8)0)K+)89!
5+-8(<M1$&+!4-(<)$)-(,!M)$%-8$!1($%+-?-5&()4!)(.08&(4&A!P&!$%&(!8,&<!
$%),!9-<&0!$-!+8(!TJ!,)9801$)-(,!+&?+&,&($)(5!5+-8(<M1$&+!M)$%<+1M10,!
.+-9!$%+&&!<)..&+&($!0-41$)-(,!X!.+&,%!5+-8(<M1$&+!M)$%<+1M10,3!%10)$&!
K+)(&!M)$%<+1M103!1(<!$+1(,)$)-(!Q-(&!K+)(&!M)$%<+1M10!V#$%&'(".3UA!
P)$%<+1M10!+1$&,!+1(5&<!K&$M&&(!1!9)()989!+1$&!-.!TIf!-.!.+&,%!
5+-8(<M1$&+!+&4%1+5&!1(<!1!91L)989!+1$&!-.!WIf!-.!.+&,%!5+-8(<M1$&+!
+&4%1+5&A!C-+!+&.&+&(4&3!)(!HITW3!14$810!.+&,%M1$&+!M)$%<+1M10,!.-+!
0)$%)89!9)()(5!)(!$%&!7gN!1S8).&+!M&+&!1??+-L)91$&0#!TAJf!-.!.+&,%!
5+-8(<M1$&+!+&4%1+5&!1(<!14$810!%10)$&!K+)(&!M)$%<+1M10,!M&+&!
1??+-L)91$&0#!WIf!-.!.+&,%!5+-8(<M1$&+!+&4%1+5&!V'UA!N%&!,)9801$)-(,!
1+&!,8991+)Q&<!)(!/+*0(")A!

/+*0(")!""1&44+'5"67"8'6&9:;+<('"=6:(0"1$4&0+<$69>"?"1+0+'":("@<+3+4+!

,"-$./0"12'
3$-4&%'

!%&56'
7%1$289/0&%'

:&;6/%#&'
<- ! =8>'

!%&56'
7%1$289/0&%'
?"068%/9/.5'

<- ! =8>'

@/."0&!
A%"2&'

?"068%/9/.5'
<- ! =8>'

B%/25"0"12/.'
A%"2&'

?"068%/9/.5'
<- ! =8>'

B10/.'?"068%/9/.5 !
<C'1D':&;6/%#&>'

A/5&."2&'
E' EFF! F! F! F! FG!

!%&56'7%1$289/0&%'?"068%/9/.5 !
( ' EFF! EF! F! F! HFG!
* ' EFF! HFF! F! F! AFG!
F' EFF! HEF! F! F! IFG !
+' EFF! AFF! F! F! JFG!

@/."0&'A%"2&'?"068%/9/.5!
G' EFF! F! EF! F! HFG!
H' EFF! F! HFF! F! AFG!
I ' EFF! F! HEF! F! IFG !
J' EFF! F! AFF! F! JFG!

B%/25"0"12/.'A%"2&'?"068%/9/.5!
K' EFF! F! F! EF! HFG!
(E' EFF! F! F! HFF! AFG!
(( ' EFF! F! F! HEF! IFG !
(* ' EFF! F! F! AFF! JFG!

!

!"#$%&'G)!!@*+*.!1&!<(*%*:*!3C1.#0&#+#0,%!%#$%&'()*+!:#1&+!-3#2,$0!3C1.#0&#+#0,%!)$,(-D!-(*.(,$0!%#$1,(,#$-!/#.!*++!
-,:)+*(,#$-D!2,(31.*2*+!+#%*(,#$-!/#.!(3&!?*.,#)-!-,:)+*(,#$-D!*$1!4#)$1*.C!%#$1,(,#$-!/#.!(3&!0.#)$12*(&.!/+#2!:#1&+7!
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Results 
P&!)(*&,$)51$&!$%&!&..&4$,!-.!.+&,%!5+-8(<M1$&+!1(<!K+)(&!M)$%<+1M10,!-(!$%&!
5+-8(<M1$&+!,#,$&9!1$!E101+!<&!/$14191!K#!4-9?1+)(5!$%&!,)9801$&<!4-(<)$)-(,!.-+!$%&!
.+&,%!5+-8(<M1$&+3!%10)$&!K+)(&3!1(<!$+1(,)$)-(10!K+)(&!,4&(1+)-,!$-!$%&!K1,&0)(&!,4&(1+)-A!
P&!9&1,8+&!$%&!,)9801$&<!4-(<)$)-(,!?+)91+)0#!1,!4%1(5&!+&01$)*&!$-!$%&!K1,&0)(&!
,)9801$)-(3!M%)4%!),-01$&,!$%&!)9?14$,!-.!$%&!M)$%<+1M10,!.+-9!-$%&+!*1+)1K0&,A!N%&!
1,?&4$,!-.!$%&!,#,$&9!$%1$!M&!&*1081$&!1+&!$%&!-*&+100!.0-M!<#(19)4,3!5+-8(<M1$&+!
<),4%1+5&3!1(<!$%&!0-41$)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!

Flow Dynamics 
C0-M!<#(19)4,!<&,4+)K&!%-M!.08)<!9-*&,!$%+-85%!$%&!,#,$&9!1,!1!M%-0&A!^(!$%&!E101+!<&!
/$14191!9-<&03!.+&,%!5+-8(<M1$&+!.0-M,!)($-!$%&!9-<&0!<-91)(!-(!$%&!0&.$!V8?5+1<)&($U!
K-8(<1+#!1(<!&L)$,!$%&!<-91)(!1$!$%&!$-?!9-<&0!K-8(<1+#!1,!5+-8(<M1$&+!<),4%1+5&A!E10$!
<-&,!(-$!&L)$!$%&!9-<&0!<-91)(3!0&1<)(5!$-!&*1?-4-(4&($+1$)-(!-.!,10$!1(<!$%&!.-+91$)-(!
-.!K+)(&A!P%&(!5+-8(<M1$&+!-+!K+)(&!M)$%<+1M10,!-448+3!K-$%!$%&!19-8($!-.!.08)<!
.0-M)(5!$%+-85%!$%&!,#,$&9!4%1(5&,!1(<!$%&!+&01$)*&!?+-?-+$)-(!-.!.+&,%!5+-8(<M1$&+!$-!
K+)(&!4%1(5&,A!#$%&'("A!,%-M,!$%&!.0-M!<#(19)4,!1.$&+!TII!#&1+,!-.!4-($)(8-8,!
M)$%<+1M10,!.-+!E)9801$)-(!I!VK1,&0)(&!,4&(1+)-U3!E)9801$)-(!W!V.+&,%!5+-8(<M1$&+!
M)$%<+1M10!1$!$%&!91L)989!+1$&U3!E)9801$)-(!d!V%10)$&!K+)(&!M)$%<+1M10,!1$!$%&!
91L)989!+1$&U3!1(<!E)9801$)-(!TH!V$+1(,)$)-(10!K+)(&!M)$%<+1M10,!1$!$%&!91L)989!+1$&UA!

^(!$%&!K1,&0)(&!,4&(1+)-3!$%&!91R-+)$#!-.!5+-8(<M1$&+!<),4%1+5&!-448+,!1,!.+&,%!<),4%1+5&3!
M)$%!,-9&!K+142),%!<),4%1+5&!1(<!109-,$!(-!K+)(&!<),4%1+5&A!7-,$!-.!$%&!5+-8(<M1$&+!
.0-M!-448+,!)(!$%&!.+&,%!5+-8(<M1$&+3!M)$%!*&+#!0)$$0&!.0-M!)(!$%&!K+)(&!K-<#A!^(!$%&!.+&,%!
5+-8(<M1$&+!M)$%<+1M10!,4&(1+)-!VE)9801$)-(!WU3!$%&!8?5+1<)&($!.+&,%!5+-8(<M1$&+!
<),4%1+5&!<&4+&1,&,!,)5().)41($0#3!1(<!K+142),%!<),4%1+5&!)(4+&1,&,!?+-?-+$)-(100#A!/,!
$%&!+&01$)*&!?+-?-+$)-(!-.!.+&,%!5+-8(<M1$&+!)(!$%&!,#,$&9!<&4+&1,&,3!$%&!&0&*1$)-(!-.!$%&!
K+)(&X.+&,%M1$&+!)($&+.14&!)(4+&1,&,j!%-M&*&+3!$%&!0-41$)-(!-.!$%&!K+)(&X.+&,%M1$&+!
)($&+.14&!1$!$%&!M1$&+!$1K0&!+&91)(,!+&01$)*&0#!8(4%1(5&<A!

^(!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-!VE)9801$)-(!dU3!5+-8(<M1$&+!<),4%1+5&!+&91)(,!
+&01$)*&0#!8(4%1(5&<A!/,!$%&!+&01$)*&!?+-?-+$)-(!-.!K+)(&!)(!$%&!,#,$&9!<&4+&1,&,3!$%&!
&0&*1$)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!<&4+&1,&,A!/$!$%&!M1$&+!$1K0&3!$%&!.+&,%M1$&+!
K-8(<1+#!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!+&91)(,!+&01$)*&0#!8(4%1(5&<3!K8$!$%&!K+)(&!
K-8(<1+#!9-*&,!$-M1+<!$%&!,101+3!418,)(5!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!$-!5+-M!M)<&+A!
"+)(&!.0-M!*&0-4)$)&,!)(4+&1,&!1(<!$%&!K+)(&!.0-M!*&4$-+,!4%1(5&!<)+&4$)-(!.+-9!$-M1+<,!
$%&!K+)(&X.+&,%M1$&+!)($&+.14&!$-!$-M1+<,!$%&!(840&8,3!)(!$%&!<)+&4$)-(!-.!$%&!K+)(&!
M)$%<+1M10,A!

^(!$%&!$+1(,)$)-(10!K+)(&!M)$%<+1M10!,4&(1+)-!VE)9801$)-(!THU3!8?5+1<)&($!.+&,%!
5+-8(<M1$&+!<),4%1+5&!<&4+&1,&,!1(<!$%&!<-M(5+1<)&($!<),4%1+5&!)(4+&1,&,!
?+-?-+$)-(1$&0#A!"+)(&!.0-M!*&0-4)$)&,!)(4+&1,&!,)5().)41($0#3!1(<!$%&!.0-M!<)+&4$)-(,!
?-)($!$-M1+<,!$%&!0-41$)-(!-.!$%&!K+)(&!M)$%<+1M10,A!^(!$%&!.+&,%!5+-8(<M1$&+3!.0-M!?1$%,!
<)*&+5&!(&1+!$%&!K+)(&!M)$%<+1M10!0-41$)-(3!M)$%!<&&?&+!?1$%,!.0-M)(5!<-M(M1+<,!
$-M1+<,!$%&!K+)(&!M)$%<+1M10!0-41$)-(!1(<!,%100-M&+!?1$%,!4-($)(8)(5!$-!.0-M!8?M1+<!
$-M1+<,!$%&!,8+.14&A!N%&!&0&*1$)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!<&4+&1,&,!1(<!1!4-(&!
-.!<&?+&,,)-(!),!*),)K0&!)(!$%&!,%1?&!-.!$%&!)($&+.14&!M%&+&!$%&!K+)(&!M)$%<+1M10,!-448+A!
/$!$%&!M1$&+!$1K0&3!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!9-*&,!$-M1+<,!$%&!(840&8,!1(<!
(1++-M,A!

 

 

 

 

 

 

 

 

 

Éthe majority of 
groundwater 
discharge occurs 
as fresh 
discharge...  



@+1.$G!71+4%!HIHH! ! ! TW!
!

'

!"#$%&'H)!K+#2!1C$*:,%-!*/(&.!HIF!C&*.-!#/!-,:)+*(&1!/+#2!/#.!(3&!@*+*.!1&!<(*%*:*!:#1&+!-,:)+*(,#$-7!K+),1!/+)L!?&%(#.-!-3#2!4#(3!
(3&!1,.&%(,#$!*$1!.&+*(,?&!:*0$,()1&!#/!0.#)$12*(&.M4.,$&!/+#27!!N.#)$12*(&.!1,-%3*.0&!?&%(#.-!*(!(3&!2*(&.!(*4+&!-3#2!(3&!+#%*(,#$!
*$1!.&+*(,?&!:*0$,()1&!#/!0.#)$12*(&.!1,-%3*.0&7!O:*0&!/.*:&-!-3#2!*!-)4-&(!#/!(3&!0.#)$12*(&.!/+#2!:#1&+!/#%)-,$0!#$!(3&!4.,$&5
/.&-32*(&.!,$(&./*%&7!L>!P*-&+,$&!/+#2!1C$*:,%-!2,(3!$#!/+),1!2,(31.*2*+-7!A>!K+#2!1C$*:,%-!2,(3!/.&-3!0.#)$12*(&.!2,(31.*2*+-!#$!
(3&!+&/(!:#1&+!4#)$1*.C!*(!*!.*(&!#/!JFG!#/!(3&!(#(*+!/.&-3!0.#)$12*(&.!.&%3*.0&7!M>!K+#2!1C$*:,%-!2,(3!3*+,(&!4.,$&!2,(31.*2*+-!
/.#:!*!2&++!+#%*(&1!(#!(3&!.,03(!#/!(3&!,:*0&!/.*:&!*(!*!.*(&!#/!JFG!#/!(3&!(#(*+!/.&-3!0.#)$12*(&.!.&%3*.0&7!N>!K+#2!1C$*:,%-!2,(3!
(.*$-,(,#$*+!4.,$&!2,(31.*2*+-!/.#:!4&$&*(3!(3&!,:*0&!/.*:&!*(!*!.*(&!#/!JFG!#/!(3&!(#(*+!/.&-3!0.#)$12*(&.!.&%3*.0&7!
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Groundwater Discharge 
=+-8(<M1$&+!<),4%1+5&!),!1!4-9K)(1$)-(!-.!,?+)(5!<),4%1+5&!1(<!5+-8(<M1$&+!
&*1?-$+1(,?)+1$)-(3!M%)4%!),!+&9-*&<!.+-9!$%&!,8K,8+.14&!K#!&*1?-+1$)-(!-+!
$+1(,?)+1$)-(!K&.-+&!$%&!M1$&+!+&14%&,!$%&!5+-8(<!,8+.14&A!"-$%!,?+)(5!<),4%1+5&!1(<!
$+1(,?)+1$)-(!?01#!1!4+)$)410!+-0&!)(!,8??-+$)(5!M&$01(<!&4-,#,$&9,A!P&!9&1,8+&!$%&!
,)9801$&<!5+-8(<M1$&+!<),4%1+5&!1,!$%&!.08L!-.!5+-8(<M1$&+!-8$!-.!$%&!$-?!-.!$%&!9-<&0!
<-91)(A!P&!$%&(!4104801$&!$%&!4%1(5&!)(!5+-8(<M1$&+!<),4%1+5&!+&01$)*&!$-!$%&!K1,&0)(&!
,4&(1+)-!VklU!$-!&*1081$&!$%&!)9?14$,!-.!M)$%<+1M10,!-(!5+-8(<M1$&+!<),4%1+5&A!^(!
1<<)$)-(3!M&!,&?1+1$&!-8$!kl!)($-!$%+&&!41$&5-+)&,A!C+&,%!<),4%1+5&!),!5+-8(<M1$&+!
<),4%1+5&!)(!$%&!+&5)-(!-.!$%&!9-<&0!M%&+&!$%&!,10$!4-(4&($+1$)-(!-.!M1$&+!1$!$%&!
<),4%1+5&!?-)($!),!0&,,!$%1(![I!5ZD!)(!$%&!K1,&0)(&!,)9801$)-(A!"+142),%!<),4%1+5&!),!
5+-8(<M1$&+!<),4%1+5&!)(!$%&!+&5)-(!-.!$%&!9-<&0!M%&+&!$%&!,10$!4-(4&($+1$)-(!-.!M1$&+!1$!
$%&!<),4%1+5&!?-)($!),![IXT[I!5ZD!)(!$%&!K1,&0)(&!,)9801$)-(3!1(<!K+)(&!<),4%1+5&!),!
5+-8(<M1$&+!<),4%1+5&!)(!$%&!+&5)-(!-.!$%&!9-<&0!M%&+&!$%&!,10$!4-(4&($+1$)-(!-.!M1$&+!1$!
$%&!<),4%1+5&!?-)($!),!5+&1$&+!$%1(!T[I!5ZD!)(!$%&!K1,&0)(&!,)9801$)-(A!#$%&'("B!,%-M,!$%&!
kl!1,!1!?&+4&($15&!-.!$-$10!5+-8(<M1$&+!+&4%1+5&!.-+!&14%!,)9801$)-(!14+-,,!$%&!M%-0&!
9-<&0!<-91)(!1,!M&00!1,!.-+!&14%!-.!$%&!$%+&&!<),4%1+5&!41$&5-+)&,A!

'

'

!"#$%&'I)''8*L,:):!%3*$0&!,$!0.#)$12*(&.!1,-%3*.0&!QRST!2,(3,$!HFF!C&*.-!#/!%#$-(*$(!.*(&!'):',$0!,$!@*+*.!1&!<(*%*:*!
-,:)+*(,#$-D!.&'#.(&1!*-!*!'&.%&$(*0&!#/!/.&-32*(&.!.&%3*.0&!(#!(3&!:#1&+7!!@,:)+*(,#$-!,$%+)1&1!/.&-3!0.#)$12*(&.!2,(31.*2*+-D!3*+,(&!
4.,$&!2,(31.*2*+-D!*$1!(.*$-,(,#$*+!4.,$&!2,(31.*2*+-!*(!HF5JFG!#/!(3&!:#1&+U-!0.#)$12*(&.!.&%3*.0&!.*(&7!RS!,-!'.&-&$(&1!*-!(#(*+!RS!
*$1!,-!*+-#!-)41,?,1&1!,$(#!/.&-3D!4.*%>,-3D!*$1!4.,$&!1,-%3*.0&!*.&*-7'
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^(!100!M)$%<+1M10!,4&(1+)-,3!M)$%<+1M10,!+&,80$!)(!1!<&4+&1,&!)(!$-$10!5+-8(<M1$&+!
<),4%1+5&A!C+&,%!5+-8(<M1$&+!M)$%<+1M10,!418,&!$%&!5+&1$&,$!<&4+&1,&!)(!5+-8(<M1$&+!
<),4%1+5&3!M)$%!1!TGT!+&01$)-(,%)?!K&$M&&(!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!1(<!klA!
;10)$&!K+)(&!M)$%<+1M10,!%1*&!$%&!0&1,$!)9?14$!-(!kl3!M)$%!.+&,%!5+-8(<M1$&+!
M)$%<+1M10,!+&,80$)(5!)(!T\cf!9-+&!0-,,!-.!5+-8(<M1$&+!<),4%1+5&!$%1(!%10)$&!K+)(&!
M)$%<+1M10,!1$!$%&!%)5%&,$!M)$%<+1M10!+1$&A!N%&!)9?14$,!-.!$+1(,)$)-(10!K+)(&!M)$%<+1M10,!
1+&!,)9)01+!$-!$%-,&!-.!.+&,%!5+-8(<M1$&+!M)$%<+1M10,3!M)$%!$-$10!5+-8(<M1$&+!<),4%1+5&!
<&4+&1,)(5!,0)5%$0#!0&,,!$%1(!$%&!&S8)*10&($!.+&,%!5+-8(<M1$&+!M)$%<+1M10!,4&(1+)-,A!

C-+!100!$%+&&!M)$%<+1M10!,4&(1+)-,3!$%&!91R-+)$#!-.!$%&!4%1(5&!)(!,?+)(5!<),4%1+5&!-448+,!
)(!$%&!.+&,%!<),4%1+5&!1+&1A!N%&!)9?14$,!-.!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!1(<!
$+1(,)$)-(10!K+)(&!M)$%<+1M10,!-(!$%&!.+&,%!<),4%1+5&!1+&1!1+&!(&1+0#!)<&($)4103!M%&+&1,!
$%&!)9?14$,!.+-9!%10)$&!K+)(&!M)$%<+1M10,!1+&!,)5().)41($0#!0&,,A!@&4+&1,&,!)(!.+&,%!
<),4%1+5&!)(!$%&!$+1(,)$)-(10!K+)(&!M)$%<+1M10!,4&(1+)-,!91#!K&!1!+&,80$!-.!$%&!<)*&+5)(5!
.+&,%!5+-8(<M1$&+!.0-M!?1$%,!<&,4+)K&<!1K-*&A!

E)9801$)-(,!.-+!100!$%+&&!M)$%<+1M10!,4&(1+)-,!,%-M!1!,0)5%$!)(4+&1,&!)(!5+-8(<M1$&+!
<),4%1+5&!)(!$%&!K+142),%!<),4%1+5&!1+&1A!"+)(&!M)$%<+1M10!,)9801$)-(,!+&,80$!)(!1!5+&1$&+!
)(4+&1,&!)(!5+-8(<M1$&+!<),4%1+5&!)(!$%&!K+142),%!<),4%1+5&!1+&1!$%1(!.+&,%!5+-8(<M1$&+!
M)$%<+1M10,3!M)$%!$+1(,)$)-(10!K+)(&!M)$%<+1M10,!418,)(5!$%&!5+&1$&,$!)(4+&1,&A!N%&,&!
)(4+&1,&,!)(!K+142),%!5+-8(<M1$&+!<),4%1+5&!1+&!0)2&0#!1!+&,80$!-.!$%&!4%1(5&!)(!.0-M!
<#(19)4,3!M%)4%!418,&,!5+-8(<M1$&+!<),4%1+5&!$-!9-*&!<-M(5+1<)&($!$-M1+<,!$%&!
K+142),%!<),4%1+5&!1+&1A!P%)0&!,-9&!)(4+&1,&!)(!K+142),%!<),4%1+5&!91#!-448+3!)$!<-&,!
(-$!-..,&$!$%&!0-,,!-.!.+&,%!<),4%1+5&!)(!1(#!-.!$%&!,)9801$)-(,A!

N%&+&!),!*&+#!0)$$0&!K+)(&!<),4%1+5&!1$!E101+!<&!/$14191!-M)(5!$-!$%&!?-,)$)-(!1(<!
&0&*1$)-(!-.!$%&!K+)(&!K-<#A!^(!$%&!K1,&0)(&!,)9801$)-(3!$-$10!K+)(&!<),4%1+5&!),!
1??+-L)91$&0#!Tf!-.!.+&,%!5+-8(<M1$&+!+&4%1+5&A!/!Tf!<&4+&1,&!)(!kl!+&,80$,!)(!1!$-$10!
0-,,!-.!100!K+)(&!<),4%1+5&A!/00!$%+&&!M)$%<+1M10!,4&(1+)-,!9&&$!$%),!$%+&,%-0<3!M)$%!%10)$&!
K+)(&!M)$%<+1M10,!1(<!$+1(,)$)-(10!K+)(&!M)$%<+1M10,!9&&$)(5!$%&!$%+&,%-0<!1$!100!
,)9801$&<!M)$%<+1M10!+1$&,!1(<!$%&!.+&,%M1$&+!M)$%<+1M10!,4&(1+)-!9&&$)(5!$%),!
$%+&,%-0<!1$!$%&!%)5%&,$!M)$%<+1M10!+1$&A!!

Fresh 
groundwater 
withdrawals 
cause the 
greatest 
decrease in 
groundwater 
dischargeÉ 
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Response Time 
P&!&*1081$&!+&,?-(,&!$)9&!K#!&L19)()(5!$%&!+1$&!-.!4%1(5&!)(!5+-8(<M1$&+!<),4%1+5&!.-+!
&14%!-.!$%&!,)9801$)-(,A!!P%&(!M)$%<+1M10,!-448+3!kl!4%1(5&,!M)$%!$)9&!144-+<)(5!$-!
1(!&L?-(&($)10!<&41#!.8(4$)-(!1,!<&.)(&<!K#G!

! " # $%! "# & ' $!

M%&+&!$!),!$)9&3!/!),!$%&!)()$)10!*108&3!4" !),!1(!-..,&$!$&+93!1(<!2!<&,4+)K&,!$%&!+1$&!-.!
4%1(5&A!P%&+&!2!),!%)5%&+3!5+-8(<M1$&+!<),4%1+5&!4%1(5&,!1$!1!.1,$&+!+1$&!$%1(!M%&(!2!),!
0-M&+A!#$%&'("C!,%-M,!$-$10!kl!-*&+!$)9&!10-(5!M)$%!$%&!&L?-(&($)10!<&41#!$+&(<0)(&!.-+!
$%&!%)5%&,$!M)$%<+1M10!+1$&!,)9801$)-(,!VWIf!-.!.+&,%!5+-8(<M1$&+!+&4%1+5&U!.-+!$%&!
.+&,%!5+-8(<M1$&+3!%10)$&!K+)(&3!1(<!$+1(,)$)-(10!K+)(&!M)$%<+1M10!,4&(1+)-,A!N%&!2!*108&!
),!%)5%&,$!.-+!$%&!$+1(,)$)-(10!K+)(&!M)$%<+1M10!V2mcAT\LTI#$U!1(<!.+&,%!5+-8(<M1$&+!
M)$%<+1M10!,4&(1+)-!V2m\Ad\LTI#$U!1(<!0-M&,$!.-+!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-!
V2mJAHTLTI#$U3!)(<)41$)(5!$%1$!$+1(,)$)-(10!K+)(&!1(<!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!418,&!
5+-8(<M1$&+!<),4%1+5&!$-!<&4+&1,&!1$!1!+1$&!9-+&!$%1(!$M)4&!1,!.1,$!1,!%10)$&!K+)(&!
M)$%<+1M10,!)(!$%&!E101+!<&!/$14191!9-<&0A! Étransitional 

brine and fresh 
groundwater 
withdrawals 
cause 
groundwater 
discharge to 
decrease at a rate 
more than twice 
as fast as halite 
brine 
withdrawalsÉ  

'

!"#$%&'J)!!@*+*.!1&!<(*%*:*!:#1&+!(,:&-&.,&-!#/!RS!#?&.!(3&!/,.-(!AFF!C&*.-!/#.!(3&!:*L,:):!
2,(31.*2*+!.*(&!-,:)+*(,#$-!QJFG!#/!0.#)$12*(&.!.&%3*.0&T!/#.!(3&!/.&-3!0.#)$12*(&.!
2,(31.*2*+D!3*+,(&!4.,$&!2,(31.*2*+D!*$1!(.*$-,(,#$*+!4.,$&!2,(31.*2*+!-%&$*.,#-7!B*-3&1!+,$&-!
.&'.&-&$(!(3&!&L'#$&$(,*+!1&%*C!(.&$1+,$&!/#.!&*%3!-,:)+*(,#$D!*+#$0!2,(3!(3&!.*(&!#/!%3*$0&!
%#$-(*$(!Q>T!/#.!&*%3!(.&$17!
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Brine-Freshwater Interface 
P&!&*1081$&!4%1(5&,!)(!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!K+)(&X.+&,%M1$&+!
)($&+.14&3!M%)4%!)(<)41$&,!$%&!4%1(5&!)(!4-9?-,)$)-(!1(<!$%&+&.-+&!$%&!S810)$#!-.!
5+-8(<M1$&+!<),4%1+5&A!N%&!K+)(&X.+&,%M1$&+!)($&+.14&!),!1!Q-(&!-.!9)L)(5!K&$M&&(!.+&,%!
5+-8(<M1$&+!1(<!K+)(&!1(<!),!K-8(<&<!K#!1!.+&,%!)($&+.14&!0)9)$3!<&.)(&<!%&+&!1,!$%&![I!
5ZD!,10$!4-(4&($+1$)-(!),-4-($-8+3!1(<!1!K+)(&!)($&+.14&!0)9)$3!<&.)(&<!%&+&!1,!$%&!T[I!5ZD!
,10$!4-(4&($+1$)-(!),-4-($-8+A!P&!9&1,8+&!$%&!4%1(5&!)(!$%&!?-,)$)-(!-.!$%&!)($&+.14&!
0)9)$,!+&01$)*&!$-!$%&!K1,&0)(&!.-+!&14%!-.!$%&!9-<&0!,)9801$)-(,A!#$%&'("D!,%-M,!$%&!
4%1(5&,!)(!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A'

!

'

!"#$%&'K)''@*+*.!1&!<(*%*:*!:#1&+!4.,$&5/.&-32*(&.!,$(&./*%&!4#)$1*.,&-U!:*L,:):!:,0.*(,#$!1,-(*$%&!1).,$0!(3&!/,.-(!!
HFF!C&*.-!#/!%#$(,$)#)-!2,(31.*2*+-7!

"-$%!$%&!.+&,%!)($&+.14&!0)9)$!1(<!$%&!K+)(&!)($&+.14&!0)9)$!9)5+1$&!$-M1+<,!$%&!,101+!
(840&8,!)(!100!M)$%<+1M10!,4&(1+)-,A!^(!$%&!.+&,%M1$&+!M)$%<+1M10!,4&(1+)-3!)($&+.14&!
9)5+1$)-(!),!(&50)5)K0&A!^(!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-,3!$%&!.+&,%!)($&+.14&!0)9)$!
9)5+1$)-(!),!10,-!(&50)5)K0&3!K8$!1$!%10)$&3!K+)(&!M)$%<+1M10!+1$&,!5+&1$&+!$%1(!TIf!-.!
.+&,%!5+-8(<M1$&+!+&4%1+5&3!$%&!K+)(&!)($&+.14&!0)9)$!9)5+1$&,!d\IXhI[!9&$&+,!$-M1+<,!
$%&!(840&8,A!^(!$%&!$+1(,)$)-(10!K+)(&!M)$%<+1M10!,4&(1+)-3!,)5().)41($!)($&+.14&!9)5+1$)-(!
-448+,!-(!K-$%!$%&!.+&,%!)($&+.14&!0)9)$!1(<!$%&!K+)(&!)($&+.14&!0)9)$3!M)$%!8?!$-!
1??+-L)91$&0#!T!29!-.!?-$&($)10!)($&+.14&!9)5+1$)-(A!

'

! !
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-80>54/4.>012<84>:2A4/7B80C012&$# -80>54/4.>012<84>:2A4/7B80C012'$#
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Model simulations of groundwater and 
brine withdrawals and relative impact 
evaluation at the Eastern Subbasin of Salar 
del Hombre Muerto. 

Salar del Hombre 
Muerto Eastern 
Subbasin 
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! Introduction and Model Objectives 
E101+!<&0!;-9K+&!78&+$-!4-($1)(,!$M-!,8KK1,)(,!M)$%!<),$)(4$!5&-0-5)4!1(<!
%#<+-5&-0-5)4!+&5)9&,A!N%&+&!1+&!48++&($0#!$%+&&!0)$%)89!9)()(5!401)9,!)(!
$%&!&1,$&+(!,8KK1,)(3!1(<!1(!14$)*&!0)$%)89!9)(&!)(!$%&!M&,$&+(!,8KK1,)(!%1,!
1!.+&,%!5+-8(<M1$&+!M&00!.)&0<!)(!$%&!,-8$%&+(!?-+$)-(!-.!$%&!&1,$&+(!,8KK1,)(A!
N%&+&!1+&!48++&($0#!(-!-$%&+!,)5().)41($!&4-(-9)4!14$)*)$)&,!-+!M1$&+!8,&+,!)(!
$%&!K1,)(A!N%&!&1,$&+(!,8KK1,)(!4-($1)(,!1!01+5&!K+)(&!015--(!VD158(1!n&+<&U!
1,!M&00!1,!1!01+5&!M&$01(<,!4-9?0&L!4100&<!$%&!D-,!a1$-,!>)*&+!@&0$13!M%)4%!
4-($1)(,!%1K)$1$!.-+!*80(&+1K0&!.019)(5-!,?&4)&,A!N%&!5+-8(<M1$&+!.0-M!
9-<&0!.-+!$%),!,8KK1,)(!&*1081$&,!$%&!+&01$)*&!)9?14$!-.!$%&!.+&,%!
5+-8(<M1$&+!M)$%<+1M10,!1(<!%10)$&!K+)(&!M)$%<+1M10,!.+-9!0)$%)89!9)()(5!
14$)*)$)&,A!P&!$%&(!9&1,8+&!$%&!,)9801$&<!4%1(5&!)(!5+-8(<M1$&+!<),4%1+5&!
1(<!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!+&01$)*&!$-!1!K1,&0)(&!,4&(1+)-!1(<!4-9?1+&!
$%&!+&01$)*&!)9?14$,!-.!&14%!M)$%<+1M10!,4&(1+)-A!

Model Design 
N%&!E101+!<&0!;-9K+&!78&+$-!i1,$&+(!E8KK1,)(!9-<&0!),!0-41$&<!10-(5!$%&!
,-8$%&+(!91+5)(!-.!$%&!,8KK1,)(!M%&+&!$%&!D-,!a1$-,!/S8).&+!&($&+,!$%&!,101+!
N+1(,)$)-(!`-(&3!&L$&(<)(5!?1,$!D158(1!n&+<&!V#$%&'(")EUA!N%),!<-91)(!
.-00-M,!$%&!?+)91+#!5+-8(<M1$&+!.0-M!?1$%M1#!)($-!$%&!&1,$&+(!,8KK1,)(!
(840&8,3!)(408<)(5!$%&!D-,!a1$-,!>)*&+!@&0$13!4-($1)()(5!.+&,%!1(<!K+142),%!
M&$01(<,A!P&!<&*&0-?&<!1!5&-0-5)4!4-(4&?$810!9-<&0!-.!$%&!,8K,8+.14&!)(!
$%&!1+&1!-.!$%&!9-<&0!<-91)(A!N%&(3!8,)(5!)(,)5%$,!.+-9!$%&!5&-0-5)4!
4-(4&?$810!9-<&03!M&!<&*&0-?&<!1!%#<+-5&-0-5)4!4-(4&?$810!9-<&0!1,!$%&!
.+19&M-+2!.-+!$%&!5+-8(<M1$&+!.0-M!9-<&0A!

Geologic Conceptual Model 
/!5&-0-5)4!4-(4&?$810!9-<&0!.-+!$%&!i1,$&+(!E8KK1,)(!M1,!<&*&0-?&<!8,)(5!
,&*&+10!,-8+4&,!-.!)(.-+91$)-(!)(408<)(5!,8+.14&!5&-0-5)410!91?,3!<+)00!%-0&!
4-+&!0-5,3!5&-?%#,)410!,8+*&#,3!1(<!1*1)01K0&!0)$&+1$8+&3!1,!M&00!1,!$%&!
4-99-(0#!144&?$&<!4-(4&?$,!-.!,&<)9&($1+#!5&-0-5#!$-!.8+$%&+!)(.-+9!$%&!
<),$+)K8$)-(!-.!0)$%-0-5)&,!)(!$%),!?1+$!-.!$%&!K1,)(!V#$%&'("))UA!N%&!9-,$!
)9?-+$1($!?+)91+#!<1$1!419&!.+-9!$&4%()410!+&?-+$,!M)$%!4-+&!0-5!
)(.-+91$)-(!1(<!5&-?%#,)410!<1$1!4-(<84$&<!)(!$%&!D-,!a1$-,!/S8).&+3!@&0$13!
1(<!,101+!N+1(,)$)-(!`-(&!+&5)-(,!V0-41$)-(,!-.!<+)00!%-0&,!1+&!,%-M(!)(!
#$%&'(")EUA!=&(&+100#3!$%&!5&-0-5#!41(!K&!<&,4+)K&<!1,!)5()9K+)$&!-*&+0#)(5!
,&<)9&($1+#!1(<!9&$19-+?%)4!K1,&9&($3!-*&+01)(!K#!$%)42!.08*)10!1(<!
4-008*)10!,&<)9&($,!)($&+.)(5&+)(5!M)$%!&*1?-+)$&!,&<)9&($,!$-M1+<,!$%&!(-+$%!
M)$%!1!$%)42!1(<!&L$&(,)*&!K8+)&<!%10)$&!8()$!1$!$%&!(-+$%&+(!&(<!-.!$%&!
$+1(,&4$A!D)$%-,$+1$)5+1?%)4!8()$,!)<&($).)&<!%&+&!)(408<&!5+1*&0!6!,1(<!",1(<!
6!5+1*&0!MZ401#3!.)(&!,1(<!MZ,)0$3!+&<!401#!MZ,)0$3!41041+&-8,!5+1#!,)0$#!401#3!
K0142!41041+&-8,!401#3!5#?,89!MZ41+K-(1$&!0&(,&,3!5#?,893!%10)$&3!
)5()9K+)$&3!1(<!K1,&9&($!8()$,!V#$%&'("))UA!P%)0&!,9100&+!8()$,!$%1$!91#!(-$!
(&4&,,1+)0#!.)$!)($-!-(&!-.!$%&!41$&5-+)Q1$)-(,!M&+&!-K,&+*&<!)(!4-+&,3!)$!),!
)9?-+$1($!$-!(-$&!$%1$!0)$%-0-5)4!4%1+14$&+)Q1$)-(!-448++&<!1$!$%&!9&$&+!,410&!
1(<!$%&+&.-+&!(-$!100!5&-0-5#!1$!,9100&+!,410&,!M&+&!41?$8+&<!M)$%)(!$%&!
5&-0-5)4!4-(4&?$810)Q1$)-(A!N%&!5&-0-5)4!9-<&0!M1,!,8K,&S8&($0#!
41$&5-+)Q&<!)($-!<),$)(4$!%#<+-,$+1$)5+1?%)4!8()$,A!

 

There are 
currently three 
lithium mining 
claims in the 
eastern 
subbasinÉ 

%
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!"#$%&'(E)!8*'!#/!(3&!@*+*.!1&+!V#:4.&!8)&.(#!4*-,$!-3#2,$0!(3&!+#%*(,#$!#/!(3&!A5B!0&#+#0,%!*$1!3C1.#0&#+#0,%!:#1&+-!
*+#$0!2,(3!-,0$,/,%*$(!/&*().&-7!

!"#$%&'()*%&'(')%*+(%,-./)+%01+)2-%3'42+)5%&1//'465%7+-(-768%8-58+921'(%.-*+(%4:-;657%7+-(-768'(%15624%'5*%2:+%;+((4%'(-57%2:+%2)'54+82%;62:%8-)+%*'2'<%=:+%(-8'26-5%->%'%
7+-9:?468'(%41)@+?%(65+%14+*%2-%/16(*%2:64%.-*+(%64%('/+(+*%ABC&%D%E#EFG<%=:+%7+5+)'(%(-8'26-54%->%6.9-)2'52%41)>'8+%;'2+)%>+'21)+4%')+%'(4-%('/+(+*<%
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!"#$%&'(( )!@*+*.!1&+!V#:4.&!8)&.(#!W*-(&.$!@)44*-,$!0&#+#0,%!%#$%&'()*+!:#1&+!
-3#2,$0!0&#+#0,%*+!)$,(-!*$1!(3&!2&++-!*+#$0!(3&!(.*$-&%(!2,(3!%#.&!1*(*7!;3&!+#%*(,#$!#/!
*!0&#'3C-,%*+!-).?&C!+,$&!)-&1!(#!4),+1!(3,-!:#1&+!,-!+*4&+&1!QNK@!X!Y5YUT7!;3&!0&$&.*+!
+#%*(,#$-!#/!,:'#.(*$(!-)./*%&!2*(&.!/&*().&-!*.&!*+-#!+*4&+&17"

Hydrogeologic Conceptual Model 
P&!4-9?)0&<!%#<+180)4!?+-?&+$)&,!.-+!&14%!-.!$%&!0)$%-,$+1$)5+1?%)4!8()$,!
)<&($).)&<!)(!$%&!5&-0-5)4!4-(4&?$810!9-<&0!K1,&<!-(!&)$%&+!%#<+180)4!$&,$)(5!
4-(<84$&<!M)$%)(!$%&!K1,)(!-+!1<1?$&<!.+-9!?+&*)-8,!%#<+-,$+1$)5+1?%)4!
.+19&M-+2,!.+-9!-8+!,$8<)&,!-.!%#<+-5&-0-5#!)(!E101+!<&!/$14191A!^(!1<<)$)-(3!
$%&!%10)$&3!5+1*&0!1(<!,1(<3!1(<!.)(&!,1(<!1(<!,)0$!8()$,!&L%)K)$!<&?$%X<&?&(<&($!
%#<+180)4!4-(<84$)*)$#!<8&!$-!4-9?14$)-(!1(<!$%&!+&,80$)(5!+&<84$)-(!)(!
?&+9&1K)0)$#!M)$%!<&?$%A!P&!<&*&0-?&<!<&?$%X<&?&(<&($!%#<+180)4!4-(<84$)*)$#!
*108&,!.-+!$%&,&!$%+&&!8()$,!K1,&<!-(!$%&!1*1)01K0&!%#<+180)4!$&,$)(5!<1$1A!/+*0("
1.!0),$,!$%&!%#<+-5&-0-5)4!?1+19&$&+,!8,&<!)(!$%&!9-<&0A!

Groundwater Flow Model 
P&!4+&1$&<!1!$M-X<)9&(,)-(103!(89&+)4103!<&(,)$#X<&?&(<&($!5+-8(<M1$&+!.0-M!
9-<&0!8,)(5!$%&!'E=E!?+-5+19!Ei/P/N!V+UA!N%&!E101+!<&0!;-9K+&!78&+$-!
i1,$&+(!E8KK1,)(!5+-8(<M1$&+!.0-M!9-<&0!<-91)(!),!HI!29!0-(5!1(<!TII!9!
M)<&A!N%&!K-$$-9!-.!$%&!<-91)(!),!.)L&<!1$!&0&*1$)-(!J3dII!93!1(<!$%&!$-?!-.!$%&!
<-91)(!),!,&$!$-!1!,9--$%&<!$-?-5+1?%)4!@i7A!N%&!9-<&0!4-($1)(,![I!01#&+,3!
M)$%!&14%!01#&+!<),4+&$)Q&<!)($-!TII!9!M)<&!K#!TII!9!0-(5!4&00,!V#$%&'(").UA!N%&!
$%)42(&,,!-.!$%&!$-?!01#&+!),!*1+)1K0&3!<&?&(<)(5!-(!$%&!&0&*1$)-(!-.!$%&!@i7!
M%)4%!.-+9,!$%&!$-?!-.!$%&!01#&+A!N%&!+&91)()(5!01#&+,!%1*&!$%)42(&,,&,!-.!H!9!
.+-9!&0&*1$)-(!J3h\W!9!$-!J3hTI!9!1(<![!9!$%)42!K&0-M!&0&*1$)-(!J3hTI!9A!

=+-8(<M1$&+!+&4%1+5&!&($&+,!$%&!9-<&0!<-91)(!10-(5!$%&!8?5+1<)&($!V0&.$U!
K-8(<1+#!)(!$%&!8??&+!H[!9-<&0!01#&+,!1$!1!+1$&!-.!J[I!9! Z<A!P&!&,$)91$&<!$%),!
+&4%1+5&!*108&!K1,&<!-(!40)91$&!<1$1!.+-9!P-+2!a14215&!T!-.!$%),!?+-R&4$A!N%&!
+)5%$!9-<&0!K-8(<1+#!4-($1)(,!1!5&(&+10!%&1<!K-8(<1+#!4-(<)$)-(!M)$%!1!K+)(&!

!
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"

/+*0(".!""1&44+'5"67"8'6&9:;+<('"=6:(0"1$4&0+<$69>"?"1+0+'":(0"F64*'("=&('<6"G(><('9"1&**+>$9!

1$4&0+<$69"
H&4*('"

#'(>I"
8'6&9:;+<('"

J(3I+'%("
K4( L:M"

#'(>I"
8'6&9:;+<('"
G$<I:'+;+0>"

K4( L:M"

F+0$<(!
N'$9("

G$<I:'+;+0>"
K4( L:M"

/6<+0"
G$<I:'+;+0>!

KO"67"J(3I+'%(M"
N+>(0$9("

E" J[I! I! I! If!
#'(>I"8'6&9:;+<('"G$<I:'+;+0>"

)" J[I! J[! I! TIf!
." J[I! cI! I! HIf!
," J[I! TI[! I! JIf!
-" J[I! TWI! I! WIf!

F+0$<("N'$9("G$<I:'+;+0>"
2" J[I! I! J[! TIf!
A" J[I! I! cI! HIf!
B" J[I! I! TI[! JIf!
C" J[I! I! TWI! WIf!

!

! !

&0&*1$)-(!-.!J3h\c!9&$&+,3!M%)4%!M&!&,$)91$&<!K1,&<!-(!1*1)01K0&!M&00!<1$1!)(!$%&!
,8KK1,)(A!/(!&*1?-$+1(,?)+1$)-(!K-8(<1+#!4-(<)$)-(!-(!$%&!$-?!-.!$%&!9-<&0!
<-91)(!,)9801$&,!5+-8(<M1$&+!<),4%1+5&!1(<!&*1?-4-(4&($+1$)-(A!/00!+&91)()(5!
9-<&0!K-8(<1+)&,!1+&!1!(-!.0-M!4-(<)$)-(A!

P&!+1(!$%&!9-<&0!8($)0!$%&!,10$!4-(4&($+1$)-(,!)(!$%&!9-<&0!<-91)(!+&14%&<!1!
?,&8<-X,$&1<#!,$1$&A!P&!$%&(!8,&<!$%&!.)(10!4-(<)$)-(,!-.!$%&!?,&8<-X,$&1<#!,$1$&!
9-<&0!1,!$%&!)()$)10!4-(<)$)-(,!.-+!$%&!9-<&0!,)9801$)-(,A!N%&,&!)()$)10!4-(<)$)-(,!
+&?+&,&($!0-(5X$&+9!&S8)0)K+)89!5+-8(<M1$&+!4-(<)$)-(,!M)$%-8$!1($%+-?-5&()4!
)(.08&(4&A!P&!$%&(!8,&<!$%),!9-<&0!$-!+8(!h!,)9801$)-(,!+&?+&,&($)(5!K1,&0)(&!
4-(<)$)-(,3!.+&,%!5+-8(<M1$&+!M)$%<+1M10,3!1(<!%10)$&!K+)(&!M)$%<+1M10,!.+-9!$%&!
K8+)&<!%10)$&!1S8).&+!V#$%&'(").UA!/+*0(".",8991+)Q&,!$%&!,)9801$)-(!?1+19&$&+,A!

'

!"#$%&'(*) !@*+*.!1&+!V#:4.&!8)&.(#!W*-(&.$!@)44*-,$!3C1.#0&#+#0,%!%#$%&'()*+!:#1&+!-3#2,$0!3C1.#0&#+#0,%!)$,(-D!
-(*.(,$0!%#$1,(,#$-!/#.!*++!-,:)+*(,#$-D!2,(31.*2*+!+#%*(,#$-!/#.!(3&!?*.,#)-!-,:)+*(,#$-D!*$1!4#)$1*.C!%#$1,(,#$-!/#.!(3&!
0.#)$12*(&.!/+#2!:#1&+7!
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Results 
P&!)(*&,$)51$&!$%&!&..&4$,!-.!.+&,%!5+-8(<M1$&+!1(<!K+)(&!M)$%<+1M10,!-(!$%&!
5+-8(<M1$&+!,#,$&9!1$!$%&!E101+!<&0!;-9K+&!78&+$-!i1,$&+(!E8KK1,)(!K#!
4-9?1+)(5!$%&!,)9801$&<!4-(<)$)-(,!.-+!$%&!.+&,%!5+-8(<M1$&+!1(<!K+)(&!
M)$%<+1M10!,4&(1+)-,!$-!$%&!K1,&0)(&!,4&(1+)-A!P&!9&1,8+&!$%&!,)9801$&<!
4-(<)$)-(,!?+)91+)0#!1,!4%1(5&!+&01$)*&!$-!$%&!K1,&0)(&!,)9801$)-(3!M%)4%!
),-01$&,!$%&!)9?14$,!-.!$%&!M)$%<+1M10,!.+-9!-$%&+!*1+)1K0&,A!N%&!1,?&4$,!-.!$%&!
,#,$&9!$%1$!M&!&*1081$&!1+&!$%&!-*&+100!.0-M!<#(19)4,3!5+-8(<M1$&+!<),4%1+5&3!
1(<!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!

Évery little change 
occurs in the brine-
freshwater interface. 

Flow Dynamics  
P%&(!5+-8(<M1$&+!-+!K+)(&!M)$%<+1M10,!-448+3!.0-M!<#(19)4,!)(!$%&!,#,$&9!
4%1(5&!1,!1!+&,80$!-.!?&+$8+K1$)-(!)(!$%&!19-8($!-.!.08)<!.0-M)(5!$%+-85%!$%&!
,#,$&9!1,!M&00!1,!$%&!+&01$)*&!?+-?-+$)-(!-.!.+&,%!5+-8(<M1$&+!$-!K+)(&A!#$%&'("
),!,%-M,!$%&!.0-M!<#(19)4,!1.$&+!TII!#&1+,!-.!4-($)(8-8,!M)$%<+1M10,!.-+!$%&!
K1,&0)(&!,4&(1+)-!1,!M&00!1,!$%&!91L)989!M)$%<+1M10!+1$&!,)9801$)-(,!.-+!$%&!
.+&,%!5+-8(<M1$&+!M)$%<+1M10!1(<!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-,A!

^(!$%&!K1,&0)(&!,4&(1+)-3!$%&!91R-+)$#!-.!5+-8(<M1$&+!<),4%1+5&!-448+,!1,!.+&,%!
<),4%1+5&3!M)$%!109-,$!(-!K+142),%!-+!K+)(&!<),4%1+5&A!7-,$!-.!$%&!
5+-8(<M1$&+!.0-M!-448+,!)(!$%&!.+&,%!5+-8(<M1$&+3!M)$%!,-9&!.0-M!)(!$%&!
K+)(&X.+&,%M1$&+!)($&+.14&!1(<!*&+#!0)$$0&!.0-M!)(!$%&!K+)(&!K-<#A!^(!$%&!.+&,%!
5+-8(<M1$&+!M)$%<+1M10!,4&(1+)-!VE)9801$)-(!WU3!5+-8(<M1$&+!<),4%1+5&!1$!$%&!
9-,$!8?5+1<)&($!?-)($!<&4+&1,&,A!n&+#!0)$$0&!4%1(5&!-448+,!)(!$%&!K+)(&X
.+&,%M1$&+!)($&+.14&3!K-$%!1$!$%&!M1$&+!$1K0&!1(<!1$!<&?$%A!

^(!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-!VE)9801$)-(!dU3!5+-8(<M1$&+!<),4%1+5&!
1$!$%&!9-,$!8?5+1<)&($!?-)($!<&4+&1,&,3!,)9)01+!$-!E)9801$)-(!WA!N%&+&!),!10,-!1!
*&+#!,0)5%$!)(4+&1,&!)(!$%&!+&01$)*&!?+-?-+$)-(!-.!K+)(&!1(<!K+142),%!<),4%1+5&A!
/0,-!,)9)01+!$-!E)9801$)-(!W3!*&+#!0)$$0&!4%1(5&!-448+,!)(!$%&!K+)(&X.+&,%M1$&+!
)($&+.14&A!
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!"#$%&'(F)!!K+#2!1C$*:,%-!*/(&.!HIF!C&*.-!#/!-,:)+*(&1!/+#2!/#.!(3&!@*+*.!1&+!V#:4.&!
8)&.(# !W*-(&.$!@)44*-,$!:#1&+!-,:)+*(,#$-7!K+),1!/+)L!?&%(#.-!-3#2!4#(3!(3&!
1,.&%(,#$!*$1!.&+*(,?&!:*0$,()1&!#/!0.#)$12*(&.M4.,$&!/+#27!!N.#)$12*(&.!1,-%3*.0&!
?&%(#.-!*(!(3&!2*(&.!(*4+&!-3#2!(3&!+#%*(,#$!*$1!.&+*(,?&!:*0$,()1&!#/!0.#)$12*(&.!
1,-%3*.0&7!O:*0&!/.*:&-!-3#2!*!-)4-&(!#/!(3&!0.#)$12*(&.!/+#2!:#1&+!/#%)-,$0!#$!(3&!
4.,$&5/.&-32*(&.!,$(&./*%&7!L>!P*-&+,$&!/+#2!1C$*:,%-!2,(3!$#!/+),1!2,(31.*2*+-7!A>!
K+#2!1C$*:,%-!2,(3!/.&-3!0.#)$12*(&.!2,(31.*2*+-!#$!(3&!+&/(!:#1&+!4#)$1*.C!*(!*!
.*(&!#/!JFG!#/!(3&!(#(*+!/.&-3!0.#)$12*(&.!.&%3*.0&7!M>!K+#2!1C$*:,%-!2,(3!3*+,(&!
4.,$&!2,(31.*2*+-!/.#:!*!2&++!+#%*(&1!(#!(3&!.,03(!#/!(3&!,:*0&!/.*:&!*(!*!.*(&!#/!JFG!
#/!(3&!(#(*+!/.&-3!0.#)$12*(&.!.&%3*.0&7!

!

" !
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Groundwater Discharge 
P&!9&1,8+&!$%&!,)9801$&<!5+-8(<M1$&+!<),4%1+5&!1,!5+-8(<M1$&+!.08L!-8$!-.!
$%&!$-?!-.!$%&!9-<&0!<-91)(!10-(5!$%&!&*1?-$+1(,?)+1$)-(!K-8(<1+#A!P&!$%&(!
4104801$&!kl!$-!&*1081$&!$%&!+&01$)*&!)9?14$,!-.!M)$%<+1M10,!-(!5+-8(<M1$&+!
<),4%1+5&A!^(!1<<)$)-(!$-!&*1081$)(5!$%&!$-$10!5+-8(<M1$&+!<),4%1+5&3!M&!
,&?1+1$&!5+-8(<M1$&+!<),4%1+5&!)($-!.+&,%!<),4%1+5&3!K+142),%!<),4%1+5&3!1(<!
K+)(&!<),4%1+5&!8,)(5!$%&!,19&!9&$%-<-0-5#!1,!$%&!E101+!<&!/$14191!9-<&0A!
#$%&'(")-!,%-M,!$%&!kl!1,!1!?&+4&($15&!-.!$-$10!5+-8(<M1$&+!+&4%1+5&!.-+!
&14%!,)9801$)-(!14+-,,!$%&!M%-0&!9-<&0!<-91)(!1,!M&00!1,!.-+!&14%!-.!$%&!$%+&&!
<),4%1+5&!41$&5-+)&,A!

N-$10!5+-8(<M1$&+!<),4%1+5&!<&4+&1,&,!+&01$)*&!$-!K1,&0)(&!)(!100!M)$%<+1M10!
,)9801$)-(,A!E)9)01+!$-!$%&!E101+!<&!/$14191!9-<&03!.+&,%!5+-8(<M1$&+!
M)$%<+1M10,!418,&!$%&!5+&1$&,$!<&4+&1,&!)(!5+-8(<M1$&+!<),4%1+5&3!M)$%!1!TGT!
+&01$)-(,%)?!K&$M&&(!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!1(<!klA!;10)$&!K+)(&!
M)$%<+1M10,!%1*&!1!,9100&+!)9?14$!-(!kl3!M)$%!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!
+&,80$)(5!)(!TJ[f!9-+&!0-,,!-.!5+-8(<M1$&+!<),4%1+5&!$%1(!%10)$&!K+)(&!
M)$%<+1M10,!1$!$%&!%)5%&,$!M)$%<+1M10!+1$&A!

C-+!$%&!.+&,%!5+-8(<M1$&+!M)$%<+1M10!,4&(1+)-3!$%&!91R-+)$#!-.!$%&!4%1(5&!)(!
5+-8(<M1$&+!<),4%1+5&!-448+,!)(!$%&!.+&,%!<),4%1+5&!1+&1A!C+&,%!5+-8(<M1$&+!
M)$%<+1M10,!%1*&!(-!,)5().)41($!&..&4$!-(!K+142),%!<),4%1+5&!1(<!418,&!1!*&+#!
,9100!$-!(&50)5)K0&!<&4+&1,&!)(!K+)(&!<),4%1+5&A!

^(!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-3!$%&!91R-+)$#!-.!$%&!4%1(5&!)(!
5+-8(<M1$&+!<),4%1+5&!-448+,!)(!$%&!K+)(&!<),4%1+5&!1+&1A!;10)$&!K+)(&!
M)$%<+1M10,!418,&!1!,9100!<&4+&1,&!)(!.+&,%!<),4%1+5&!1(<!1!,0)5%$!)(4+&1,&!)(!
K+142),%!<),4%1+5&A!

Halite brine 
withdrawals have a 
smaller impact on 
!QÉ  

Response Time 
P&!&*1081$&!$%&!5+-8(<M1$&+!<),4%1+5&!+&,?-(,&!$)9&!.-+!&14%!-.!$%&!9-<&0!
,)9801$)-(,!K#!4104801$)(5!$%&!+1$&!-.!4%1(5&!V2U!.+-9!$%&!&L?-(&($)10!<&41#!
.8(4$)-(A!!#$%&'(")2!,%-M,!$-$10!kl!-*&+!$)9&!10-(5!M)$%!$%&!&L?-(&($)10!
<&41#!$+&(<0)(&!.-+!$%&!%)5%&,$!M)$%<+1M10!+1$&!,)9801$)-(,!VWIf!-.!.+&,%!
5+-8(<M1$&+!+&4%1+5&U!.-+!$%&!.+&,%!5+-8(<M1$&+!1(<!%10)$&!K+)(&!M)$%<+1M10!
,4&(1+)-,A!!N%&!2!*108&!),!%)5%&,$!.-+!$%&!.+&,%!5+-8(<M1$&+!M)$%<+1M10!
,4&(1+)-!V2mTAJWLTI#HU!1(<!0-M&,$!.-+!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-!
V2m\A[\LTI#$U3!)(<)41$)(5!$%1$!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!418,&!
5+-8(<M1$&+!<),4%1+5&!$-!<&4+&1,&!1$!1!+1$&!9-+&!$%1(!$M)4&!1,!.1,$!1,!%10)$&!
K+)(&!M)$%<+1M10,!)(!$%&!E101+!<&0!;-9K+&!78&+$-!i1,$&+(!E8KK1,)(!9-<&0A!
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!"#$%&'(+)!8*L,:):!%3*$0&!,$!0.#)$12*(&.!1,-%3*.0&!QRST!2,(3,$!HFF!C&*.-!#/!%#$-(*$(!.*(&!'):',$0!,$!@*+*.!1&+!V#:4.&!
8)&.(#!W*-(&.$!@)44*-,$!-,:)+*(,#$-D!.&'#.(&1!*-!*!'&.%&$(*0&!#/!/.&-32*(&.!.&%3*.0&!(#!(3&!:#1&+7!!@,:)+*(,#$-!,$%+)1&1!/.&-3!
0.#)$12*(&.!2,(31.*2*+-!*$1!3*+,(&!4.,$&!2,(31.*2*+-!*(!HF5JFG!#/!(3&!:#1&+U-!0.#)$12*(&.!.&%3*.0&!.*(&7!RS!,-!'.&-&$(&1!*-!
(#(*+!RS!*$1!,-!*+-#!-)41,?,1&1!,$(#!/.&-3D!4.*%>,-3D!*$1!4.,$&!1,-%3*.0&!*.&*-7!
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Brine-Freshwater Interface 
P&!&*1081$&!4%1(5&,!)(!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!K+)(&X
.+&,%M1$&+!)($&+.14&!8,)(5!$%&!,19&!9&$%-<,!<&,4+)K&<!.-+!$%&!E101+!<&!
/$14191!9-<&0A!P&!9&1,8+&!$%&!4%1(5&!)(!$%&!?-,)$)-(!-.!$%&!.+&,%!)($&+.14&!
0)9)$,!1(<!$%&!K+)(&!)($&+.14&!0)9)$,!+&01$)*&!$-!$%&!K1,&0)(&!.-+!&14%!-.!$%&!
9-<&0!,)9801$)-(,A!#$%&'(")A!,%-M,!$%&!4%1(5&,!)(!$%&!M1$&+!$1K0&!,8+.14&!
&L?+&,,)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!

N%&!?-,)$)-(!-.!$%&!.+&,%!)($&+.14&!0)9)$!1(<!$%&!K+)(&!)($&+.14&!0)9)$!+&91)(&<!
+&01$)*&0#!4-(,$1($!.-+!100!M)$%<+1M10!,)9801$)-(,A!N%&!91L)989!9)5+1$)-(!
<),$1(4&!M1,!TIAJ!9!.-+!$%&!.+&,%!)($&+.14&!0)9)$!1(<!THAh!9!.-+!$%&!K+)(&!
)($&+.14&!0)9)$A!N%&!E101+!<&0!;-9K+&!78&+$-!i1,$&+(!E8KK1,)(!9-<&0!%1,!1!
0-M!$-?-5+1?%)4!+&0)&.!M)$%!1!M1$&+!$1K0&!(&1+!$%&!5+-8(<!,8+.14&!10-(5!9-,$!-.!
$%&!9-<&0!<-91)(A!/,!1!+&,80$3!&*1?-4-(4&($+1$)-(!1..&4$,!,10$!4-(4&($+1$)-(,!
)(!5+-8(<M1$&+!14+-,,!1!01+5&!?-+$)-(!-.!$%&!M1$&+!$1K0&3!912)(5!
&*1?-4-(4&($+1$)-(!$%&!?+)91+#!<+)*&+!-.!)($&+.14&!?-,)$)-(!1$!$%&!M1$&+!$1K0&!
+1$%&+!$%1(!5+-8(<M1$&+!.0-M!<#(19)4,A!

!

!

!
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Model simulations of groundwater and brine 
withdrawals and relative impact evaluation in the  
Salar del Hombre Muerto Western Subbasin 

Salar del Hombre 
Muerto Western 
Subbasin 
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! Introduction and Model Objectives 
N%&!M&,$&+(!,8KK1,)(!-.!E101+!<&0!;-9K+&!78&+$-!%1,!-(&!14$)*&!0)$%)89!
9)(&!-?&+1$)(5!)(!$%&!,101+!(840&8,A!N%&+&!1+&!48++&($0#!(-!-$%&+!,)5().)41($!
&4-(-9)4!14$)*)$)&,!-+!M1$&+!8,&+,!)(!$%),!,8KK1,)(A!N%&!M&,$&+(!,8KK1,)(!
4-($1)(,!1!01+5&!K+)(&!015--(!VD158(1!B1$10U!1,!M&00!1,!1!.-+9&+!*&51!$%1$!
%1,!K&&(!01+5&0#!+&?014&<!K#!1(!1+$).)4)10!K+)(&!015--(!4+&1$&<!K#!+&X
)(.)0$+1$)-(!-.!K+)(&!.+-9!0)$%)89!9)()(5!-?&+1$)-(,A!N%&!5+-8(<M1$&+!.0-M!
9-<&0!.-+!$%),!,8KK1,)(!&*1081$&,!$%&!+&01$)*&!)9?14$!-.!$%&!.+&,%!
5+-8(<M1$&+!M)$%<+1M10,!1(<!%10)$&!K+)(&!M)$%<+1M10,!.+-9!0)$%)89!9)()(5!
14$)*)$)&,A!P&!$%&(!9&1,8+&!$%&!,)9801$&<!4%1(5&!)(!5+-8(<M1$&+!<),4%1+5&!
1(<!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!+&01$)*&!$-!1!K1,&0)(&!,4&(1+)-!1(<!4-9?1+&!
$%&!+&01$)*&!)9?14$,!-.!&14%!M)$%<+1M10!,4&(1+)-A!

Model Design 
N%&!E101+!<&0!;-9K+&!78&+$-!P&,$&+(!E8KK1,)(!9-<&0!),!0-41$&<!10-(5!$%&!
,-8$%&+(!91+5)(!-.!$%&!M&,$&+(!?1+$!-.!$%&!;-9K+&!78&+$-!K1,)(!M%&+&!$%&!
N+1?)4%&!/S8).&+!&($&+,!$%&!,101+!$+1(,)$)-(!Q-(&3!&L$&(<)(5!$-!$%&!4&($&+!-.!
$%&!,101+!(840&8,!$-!$%&!M&,$!-.!D158(1!B1$10!V#$%&'(")EUA!N%),!<-91)(!
.-00-M,!$%&!?+)91+#!5+-8(<M1$&+!.0-M!?1$%M1#!)($-!$%&!M&,$&+(!,8KK1,)(!
(840&8,3!)(408<)(5!$%&!/+$).)4)10!D15--(A!N%),!,$8<#!<-&,!(-$!&*1081$&!$%&!
&..&4$,!-.!K+)(&!+&X)(.)0$+1$)-(!1(<!$%&+&.-+&!,)9801$&,!1!%#?-$%&$)410!,4&(1+)-!
)(!M%)4%!K+)(&!+&X)(.)0$+1$)-(!<-&,!(-$!-448+!$-!),-01$&!$%&!&..&4$,!-.!
M)$%<+1M10,!-(!$%&!,#,$&9A!P&!<&*&0-?&<!1!5&-0-5)4!4-(4&?$810!9-<&0!-.!
$%&!,8K,8+.14&!)(!$%&!1+&1!-.!$%&!9-<&0!<-91)(A!N%&(3!8,)(5!)(,)5%$,!.+-9!$%&!
5&-0-5)4!4-(4&?$810!9-<&03!M&!<&*&0-?&<!1!%#<+-5&-0-5)4!4-(4&?$810!9-<&0!
1,!$%&!.+19&M-+2!.-+!$%&!5+-8(<M1$&+!.0-M!9-<&0A!

Geologic Conceptual Model 
/!5&-0-5)4!4-(4&?$810!9-<&0!.-+!$%&!P&,$&+(!E8KK1,)(!M1,!<&*&0-?&<!8,)(5!
,&*&+10!,-8+4&,!-.!)(.-+91$)-(!)(408<)(5!,8+.14&!5&-0-5)410!91?,3!<+)00!%-0&!
4-+&!0-5,3!1(<!1*1)01K0&!0)$&+1$8+&3!1,!M&00!1,!$%&!4-99-(0#!144&?$&<!
4-(4&?$,!-.!,&<)9&($1+#!5&-0-5#!$-!.8+$%&+!)(.-+9!$%&!<),$+)K8$)-(!-.!
0)$%-0-5)&,!)(!$%),!?1+$!-.!$%&!K1,)(!V#$%&'(")BUA!N%&!9-,$!)9?-+$1($!?+)91+#!
<1$1!419&!.+-9!$&4%()410!+&?-+$,!?+-*)<&<!K#!D)*&($!B-+?A!.+-9!$%&!N+1?)4%&!
1S8).&+!1(<!$%&!M&,$&+(!,101+!(840&8,!V0-41$)-(,!-.!<+)00!%-0&,!1+&!,%-M(!)(!
#$%&'(")EUA!=&(&+100#3!$%&!5&-0-5#!41(!K&!<&,4+)K&<!1,!)5()9K+)$&!-*&+0#)(5!
,&<)9&($1+#!K1,&9&($3!M)$%!1008*)10!.1(!1(<!%10)$&!<&?-,)$,!$-!$%&!,8+.14&A!
D)$%-,$+1$)5+1?%)4!8()$,!-.!$%&!M&,$&+(!,8KK1,)(!)(408<&!4-1+,&!,1(<!1(<!
5+1*&03!,)0$!1(<!.)(&!,1(<!MZ401#3!%10)$&!M)$%!401,$)4,3!%10)$&3!)5()9K+)$&3!1(<!
a10&-Q-)4!K1,&9&($!V#$%&'(")BUA!P%)0&!,9100&+!8()$,!$%1$!91#!(-$!
(&4&,,1+)0#!.)$!)($-!-(&!-.!$%&!41$&5-+)Q1$)-(,!M&+&!-K,&+*&<!)(!4-+&,3!)$!),!
)9?-+$1($!$-!(-$&!$%1$!0)$%-0-5)4!4%1+14$&+)Q1$)-(!-448++&<!1$!$%&!9&$&+!,410&!
1(<!$%&+&.-+&!(-$!100!5&-0-5#!1$!,9100&+!,410&,!M&+&!41?$8+&<!M)$%)(!$%&!
5&-0-5)4!4-(4&?$810)Q1$)-(A!N%&!5&-0-5)4!9-<&0!M1,!,8K,&S8&($0#!
41$&5-+)Q&<!)($-!<),$)(4$!%#<+-,$+1$)5+1?%)4!8()$,A!

 

The groundwater 
flow model for 
this subbasin 
evaluates the 
relative impact 
of the fresh 
groundwater 
withdrawals and 
halite brine 
withdrawals 
from lithium 
mining activities. 

%
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!"#$%&'(I)!@*+*.!1&+!V#:4.&!8)&.(#!Z&-(&.$!@)44*-,$!0&#+#0,%!%#$%&'()*+!:#1&+!-3#2,$0!0&#+#0,%*+!)$,(-!*$1!(3&!2&++-!
*+#$0!(3&!(.*$-&%(!2,(3!%#.&!1*(*7!;3&!0&$&.*+!+#%*(,#$!#/!,:'#.(*$(!3C1.#+#0,%!6#$&-!1,-%)--&1!,$!(3,-!.&'#.(!*$1!,:'#.(*$(!
-)./*%&!2*(&.!/&*().&-!*.&!+*4&+&17!

 

Hydrogeologic Conceptual Model 
N%&!<&*&0-?9&($!-.!$%&!%#<+-5&-0-5)4!4-(4&?$810!9-<&0!-.!$%&!P&,$&+(!
E8KK1,)(!),!,)9)01+!$-!$%&!%#<+-5&-0-5)4!.+19&M-+2!-.!$%&!i1,$&+(!
E8KK1,)(A!"-$%!,8KK1,)(,!+&0#!-(!$%&!,19&!%#<+180)4!<1$1,&$!$%1$!M1,!
4-00&4$&<!1(<!,#($%&,)Q&<A!E)9)01+!$-!$%&!&1,$&+(!,8KK1,)(3!M&!<&*&0-?&<!
<&?$%X<&?&(<&($!%#<+180)4!4-(<84$)*)$#!*108&,!.-+!$%&!%10)$&3!5+1*&03!1(<!
,1(<3!1(<!.)(&!,1(<!1(<!,)0$!8()$,A!/+*0("1,!0),$,!$%&!%#<+-5&-0-5)4!
?1+19&$&+,!8,&<!)(!$%&!9-<&0A!

Groundwater Flow Model 
P&!4+&1$&<!1!$M-X<)9&(,)-(103!(89&+)4103!<&(,)$#X<&?&(<&($!5+-8(<M1$&+!
.0-M!9-<&0!8,)(5!$%&!'E=E!?+-5+19!Ei/P/N!V+UA!N%&!E101+!<&0!;-9K+&!
78&+$-!P&,$&+(!E8KK1,)(!5+-8(<M1$&+!.0-M!9-<&0!<-91)(!),!HIAh!29!0-(5!
1(<!TII!9!M)<&A!N%&!K-$$-9!-.!$%&!<-91)(!),!.)L&<!1$!&0&*1$)-(!J3cWI!93!
1(<!$%&!$-?!-.!$%&!<-91)(!),!,&$!$-!1!,9--$%&<!$-?-5+1?%)4!@i7A!N%&!
9-<&0!4-($1)(,![T!01#&+,3!M)$%!&14%!01#&+!<),4+&$)Q&<!)($-!TII!9!M)<&!K#!
TII!9!0-(5!4&00,!V#$%&'(")CUA!N%&!$%)42(&,,!-.!$%&!$-?!01#&+!),!*1+)1K0&!
<&?&(<)(5!-(!$%&!&0&*1$)-(!-.!$%&!@i7A!N%&!+&91)()(5!01#&+,!%1*&!
$%)42(&,,&,!-.!H!9!.+-9!&0&*1$)-(!J3h\H!9!$-!J3hTI!93![!9!.+-9!&0&*1$)-(!
J3hTI!9!$-!J3dWI!93!1(<!TI!9!$%)42!K&0-M!&0&*1$)-(!J3dWI!9A!

=+-8(<M1$&+!+&4%1+5&!&($&+,!$%&!9-<&0!<-91)(!10-(5!$%&!8?5+1<)&($!V0&.$U!
K-8(<1+#!)(!$%&!$-?!9-<&0!01#&+!1$!1!+1$&!-.!HII!9! Z<A!P&!&,$)91$&<!$%),!
+&4%1+5&!*108&!K1,&<!-(!40)91$&!<1$1!.+-9!P-+2!a14215&!T!1,!M&00!1,!
?+&*)-8,!,$8<)&,!)(!$%&!N+1?)4%&!/S8).&+A!N%&!+)5%$!9-<&0!K-8(<1+#!
4-($1)(,!1!5&(&+10!%&1<!K-8(<1+#!4-(<)$)-(!M)$%!1!K+)(&!&0&*1$)-(!-.!
J3h\cAH!93!M%)4%!M&!&,$)91$&<!K1,&<!-(!1!0-(5X$&+9!1*&+15&!-.!1*1)01K0&!
M&00!<1$1!)(!$%&!,101+!(840&8,A!/(!&*1?-$+1(,?)+1$)-(!K-8(<1+#!-(!$%&!$-?!-.!
$%&!9-<&0!<-91)(!)(!$%&!$+1(,)$)-(!Q-(&!,)9801$&,!5+-8(<M1$&+!<),4%1+5&!
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1(<!&*1?-4-(4&($+1$)-(A!/00!+&91)()(5!9-<&0!K-8(<1+)&,!1+&!1!(-!.0-M!
4-(<)$)-(A!!

P&!+1(!$%&!9-<&0!8($)0!$%&!,10$!4-(4&($+1$)-(,!)(!$%&!9-<&0!<-91)(!+&14%&<!
1!?,&8<-X,$&1<#!,$1$&A!P&!$%&(!8,&<!$%&!.)(10!4-(<)$)-(,!-.!$%&!?,&8<-X
,$&1<#!,$1$&!9-<&0!1,!$%&!)()$)10!4-(<)$)-(,!.-+!$%&!9-<&0!,)9801$)-(,A!N%&,&!
)()$)10!4-(<)$)-(,!+&?+&,&($!0-(5X$&+9!&S8)0)K+)89!5+-8(<M1$&+!4-(<)$)-(,!
M)$%-8$!1($%+-?-5&()4!)(.08&(4&A!P&!$%&(!8,&<!$%),!9-<&0!$-!+8(!h!
,)9801$)-(,!+&?+&,&($)(5!K1,&0)(&!4-(<)$)-(,3!.+&,%!5+-8(<M1$&+!
M)$%<+1M10,3!1(<!%10)$&!K+)(&!M)$%<+1M10,!V#$%&'(")CUA!/+*0(",!,8991+)Q&,!
$%&!,)9801$)-(!?1+19&$&+,A!

 
!"#$%&'(J)!@*+*.!1&+!V#:4.&!8)&.(#!Z&-(&.$!@)44*-,$!3C1.#0&#+#0,%!%#$%&'()*+!:#1&+!-3#2,$0!3C1.#0&#+#0,%!)$,(-D!
-(*.(,$0!%#$1,(,#$-!/#.!*++!-,:)+*(,#$-D!2,(31.*2*+!+#%*(,#$-!/#.!(3&!?*.,#)-!-,:)+*(,#$-D!*$1!4#)$1*.C!%#$1,(,#$-!/#.!(3&!
0.#)$12*(&.!/+#2!:#1&+7!

! !
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Results 
P&!)(*&,$)51$&!$%&!&..&4$,!-.!.+&,%!5+-8(<M1$&+!1(<!K+)(&!M)$%<+1M10,!-(!$%&!5+-8(<M1$&+!,#,$&9!1$!$%&!E101+!<&0!
;-9K+&!78&+$-!P&,$&+(!E8KK1,)(!K#!4-9?1+)(5!$%&!,)9801$&<!4-(<)$)-(,!.-+!$%&!.+&,%!5+-8(<M1$&+!1(<!K+)(&!
M)$%<+1M10!,4&(1+)-,!$-!$%&!K1,&0)(&!,4&(1+)-A!P&!9&1,8+&!$%&!,)9801$&<!4-(<)$)-(,!?+)91+)0#!1,!4%1(5&!+&01$)*&!
$-!$%&!K1,&0)(&!,)9801$)-(3!M%)4%!),-01$&,!$%&!)9?14$,!-.!$%&!M)$%<+1M10,!.+-9!-$%&+!*1+)1K0&,A!N%&!1,?&4$,!-.!$%&!
,#,$&9!$%1$!M&!&*1081$&!1+&!$%&!-*&+100!.0-M!<#(19)4,3!5+-8(<M1$&+!<),4%1+5&3!1(<!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!

Flow Dynamics 
P%&(!5+-8(<M1$&+!-+!K+)(&!M)$%<+1M10,!-448+3!.0-M!<#(19)4,!)(!$%&!,#,$&9!4%1(5&!1,!1!+&,80$!-.!?&+$8+K1$)-(!)(!
$%&!19-8($!-.!.08)<!.0-M)(5!$%+-85%!$%&!,#,$&9!1,!M&00!1,!$%&!+&01$)*&!?+-?-+$)-(!-.!.+&,%!5+-8(<M1$&+!$-!K+)(&A!
#$%&'(")D!,%-M,!$%&!.0-M!<#(19)4,!1.$&+!TII!#&1+,!-.!4-($)(8-8,!M)$%<+1M10,!.-+!$%&!K1,&0)(&!,4&(1+)-!1,!M&00!1,!
$%&!91L)989!M)$%<+1M10!+1$&!,)9801$)-(,!.-+!$%&!.+&,%!5+-8(<M1$&+!M)$%<+1M10!1(<!%10)$&!K+)(&!M)$%<+1M10!
,4&(1+)-,A!

!
!"#$%&'(K)'K+#2!1C$*:,%-!*/(&.!HIF!C&*.-!#/!-,:)+*(&1!/+#2!/#.!(3&!@*+*.!1&+!V#:4.&!8)&.(#!Z&-(&.$!@)44*-,$!:#1&+!
-,:)+*(,#$-7!K+),1!/+)L!?&%(#.-!-3#2!4#(3!(3&!1,.&%(,#$!*$1!.&+*(,?&!:*0$,()1&!#/!0.#)$12*(&.M4.,$&!/+#27!!N.#)$12*(&.!
1,-%3*.0&!?&%(#.-!*(!(3&!2*(&.!(*4+&!-3#2!(3&!+#%*(,#$!*$1!.&+*(,?&!:*0$,()1&!#/!0.#)$12*(&.!1,-%3*.0&7!O:*0&!/.*:&-!-3#2!*!
-)4-&(!#/!(3&!0.#)$12*(&.!/+#2!:#1&+!/#%)-,$0!#$!(3&!4.,$&5/.&-32*(&.!,$(&./*%&7!L>!P*-&+,$&!/+#2!1C$*:,%-!2,(3!$#!/+),1!
2,(31.*2*+-7!A>!K+#2!1C$*:,%-!2,(3!/.&-3!0.#)$12*(&.!2,(31.*2*+-!#$!(3&!+&/(!:#1&+!4#)$1*.C!*(!*!.*(&!#/!JFG!#/!(3&!(#(*+!
/.&-3!0.#)$12*(&.!.&%3*.0&7!M>!K+#2!1C$*:,%-!2,(3!3*+,(&!4.,$&!2,(31.*2*+-!/.#:!*!2&++!+#%*(&1!(#!(3&!.,03(!#/!(3&!,:*0&!
/.*:&!*(!*!.*(&!#/!JFG!#/!(3&!(#(*+!/.&-3!0.#)$12*(&.!.&%3*.0&7!
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^(!$%&!K1,&0)(&!,4&(1+)-3!$%&!91R-+)$#!-.!5+-8(<M1$&+!<),4%1+5&!-448+,!1,!.+&,%!
<),4%1+5&3!M)$%!,-9&!,)5().)41($!K+142),%!1(<!K+)(&!<),4%1+5&A!E)9)01+!$-!$%&!-$%&+!
$M-!9-<&0,3!9-,$!-.!$%&!5+-8(<M1$&+!.0-M!-448+,!)(!$%&!.+&,%!5+-8(<M1$&+3!M)$%!
,-9&!.0-M!)(!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!1(<!*&+#!0)$$0&!.0-M!)(!$%&!K+)(&!K-<#A!^(!
$%&!.+&,%!5+-8(<M1$&+!M)$%<+1M10!,4&(1+)-!VE)9801$)-(!WU3!5+-8(<M1$&+!<),4%1+5&!
<&4+&1,&,!)(!$%&!9-+&!8?5+1<)&($!0-41$)-(,3!M)$%!*&+#!0)$$0&!4%1(5&!)(!K+142),%!1(<!
K+)(&!<),4%1+5&A!/,!$%&!+&01$)*&!?+-?-+$)-(!-.!.+&,%!5+-8(<M1$&+!)(!$%&!,#,$&9!
<&4+&1,&,3!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!9-*&,!,0)5%$0#!8?M1+<j!%-M&*&+3!$%&!
0-41$)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!1$!$%&!M1$&+!$1K0&!+&91)(,!+&01$)*&0#!
8(4%1(5&<A!

^(!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-!VE)9801$)-(!dU3!.+&,%!<),4%1+5&!10,-!,%).$,!
<-M(5+1<)&($A!N%&!+&01$)*&!?+-?-+$)-(!-.!K+142),%!1(<!K+)(&!<),4%1+5&!10,-!
<&4+&1,&,A!/$!$%&!M1$&+!$1K0&3!$%&!.+&,%!5+-8(<M1$&+!0)9)$!-.!$%&!K+)(&X.+&,%M1$&+!
)($&+.14&!+&91)(,!+&01$)*&0#!8(4%1(5&<3!K8$!$%&!K+)(&!0)9)$!9)5+1$&,!,-9&M%1$!
$-M1+<,!$%&!(840&8,A!/$!<&?$%3!$%&!.+&,%!5+-8(<M1$&+!0)9)$!-.!$%&!K+)(&X.+&,%M1$&+!
)($&+.14&!9-*&,!8?M1+<!1(<!$%&!K+)(&!0)9)$!9-*&,!<-M(M1+<3!+&,80$)(5!)(!1(!-*&+100!
M)<&()(5!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!

Total groundwater 
discharge 
decreases relative 
to baseline in all 
withdrawal 
simulations. 

Groundwater Discharge 
P&!9&1,8+&!$%&!,)9801$&<!5+-8(<M1$&+!<),4%1+5&!1,!5+-8(<M1$&+!.08L!-8$!-.!$%&!$-?!
-.!$%&!9-<&0!<-91)(!10-(5!$%&!&*1?-$+1(,?)+1$)-(!K-8(<1+#A!P&!$%&(!4104801$&!kl!
$-!&*1081$&!$%&!+&01$)*&!)9?14$,!-.!M)$%<+1M10,!-(!5+-8(<M1$&+!<),4%1+5&A!^(!1<<)$)-(!
$-!&*1081$)(5!$%&!$-$10!5+-8(<M1$&+!<),4%1+5&3!M&!,&?1+1$&!5+-8(<M1$&+!<),4%1+5&!
)($-!.+&,%!<),4%1+5&3!K+142),%!<),4%1+5&3!1(<!K+)(&!<),4%1+5&!8,)(5!$%&!,19&!
9&$%-<-0-5#!1,!$%&!E101+!<&!/$14191!9-<&0A!#$%&'(".E!,%-M,!kl!1,!1!?&+4&($15&!
-.!$-$10!5+-8(<M1$&+!+&4%1+5&!.-+!&14%!,)9801$)-(!14+-,,!$%&!M%-0&!9-<&0!<-91)(!1,!
M&00!1,!.-+!&14%!-.!$%&!$%+&&!<),4%1+5&!41$&5-+)&,A!

N-$10!5+-8(<M1$&+!<),4%1+5&!<&4+&1,&,!+&01$)*&!$-!K1,&0)(&!)(!100!M)$%<+1M10!
,)9801$)-(,A!E)9)01+!$-!$%&!-$%&+!$M-!9-<&0,3!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!418,&!
$%&!5+&1$&,$!<&4+&1,&!)(!5+-8(<M1$&+!<),4%1+5&3!M)$%!1!TGT!+&01$)-(,%)?!K&$M&&(!.+&,%!
5+-8(<M1$&+!M)$%<+1M10,!1(<!klA!;10)$&!K+)(&!M)$%<+1M10,!%1*&!1!,9100&+!)9?14$!-(!
kl3!M)$%!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!+&,80$)(5!)(!TJIf!9-+&!0-,,!-.!5+-8(<M1$&+!
<),4%1+5&!$%1(!%10)$&!K+)(&!M)$%<+1M10,!1$!$%&!%)5%&,$!M)$%<+1M10!+1$&A!

C-+!$%&!.+&,%!5+-8(<M1$&+!M)$%<+1M10!,4&(1+)-3!$%&!91R-+)$#!-.!$%&!4%1(5&!)(!
5+-8(<M1$&+!<),4%1+5&!-448+,!)(!$%&!.+&,%!<),4%1+5&!1+&1A!C+&,%!5+-8(<M1$&+!
M)$%<+1M10,!418,&!,9100!<&4+&1,&,!)(!K+142),%!1(<!K+)(&!<),4%1+5&!1,!M&003!M)$%!$%&!
0&1,$!)9?14$!-(!K+142),%!<),4%1+5&A"

^(!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-3!$%&!91R-+)$#!-.!$%&!4%1(5&!)(!5+-8(<M1$&+!
<),4%1+5&!-448+,!)(!$%&!.+&,%!1(<!K+)(&!<),4%1+5&!1+&1,3!M)$%!1!*&+#!,9100!$-!
(&50)5)K0&!<&4+&1,&!)(!K+142),%!<),4%1+5&A"

!

! !



@+1.$G!71+4%!HIHH! ! ! J[!
!

'
!"#$%&'*E)!!8*L,:):!%3*$0&!,$!0.#)$12*(&.!1,-%3*.0&!QRST!2,(3,$!HFF!C&*.-!#/!%#$-(*$(!.*(&!'):',$0!,$!@*+*.!1&+!V#:4.&!
8)&.(#!Z&-(&.$!@)44*-,$!-,:)+*(,#$-D!.&'#.(&1!*-!*!'&.%&$(*0&!#/!/.&-32*(&.!.&%3*.0&!(#!(3&!:#1&+7!@,:)+*(,#$-!,$%+)1&1!/.&-3!
0.#)$12*(&.!2,(31.*2*+-!*$1!3*+,(&!4.,$&!2,(31.*2*+-!*(!HF5JFG!#/!(3&!:#1&+U-!0.#)$12*(&.!.&%3*.0&!.*(&7!RS!,-!'.&-&$(&1!*-!
(#(*+!RS!*$1!,-!*+-#!-)41,?,1&1!,$(#!/.&-3D!4.*%>,-3D!*$1!4.,$&!1,-%3*.0&!*.&*-7!

Response Time 
P&!&*1081$&!$%&!5+-8(<M1$&+!<),4%1+5&!+&,?-(,&!$)9&!.-+!&14%!-.!$%&!9-<&0!
,)9801$)-(,!K#!4104801$)(5!$%&!+1$&!-.!4%1(5&!V2U!.+-9!$%&!&L?-(&($)10!<&41#!
.8(4$)-(A!!#$%&'(".)!,%-M,!$-$10!kl!-*&+!$)9&!10-(5!M)$%!$%&!&L?-(&($)10!<&41#!
$+&(<0)(&!.-+!$%&!%)5%&,$!M)$%<+1M10!+1$&!,)9801$)-(,!VWIf!-.!.+&,%!5+-8(<M1$&+!
+&4%1+5&U!.-+!$%&!.+&,%!5+-8(<M1$&+!1(<!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-,A!!N%&!2!
*108&!),!%)5%&,$!.-+!$%&!.+&,%!5+-8(<M1$&+!M)$%<+1M10!,4&(1+)-!V2mJAWhLTI#$U!1(<!
0-M&,$!.-+!$%&!%10)$&!K+)(&!M)$%<+1M10!,4&(1+)-!V2mHA\dLTI#$U3!)(<)41$)(5!$%1$!.+&,%!
5+-8(<M1$&+!M)$%<+1M10,!418,&!5+-8(<M1$&+!<),4%1+5&!$-!<&4+&1,&!1$!1!+1$&!-.!
1??+-L)91$&0#!JIf!.1,$&+!$%1(!%10)$&!K+)(&!M)$%<+1M10,!)(!$%&!E101+!<&0!;-9K+&!
78&+$-!i1,$&+(!E8KK1,)(!9-<&0A!

Brine-Freshwater Interface 
P&!&*1081$&!4%1(5&,!)(!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!K+)(&X.+&,%M1$&+!
)($&+.14&!8,)(5!$%&!,19&!9&$%-<,!<&,4+)K&<!.-+!$%&!E101+!<&!/$14191!9-<&0A!P&!
9&1,8+&!$%&!4%1(5&!)(!$%&!?-,)$)-(!-.!$%&!.+&,%!)($&+.14&!0)9)$,!1(<!$%&!K+)(&!)($&+.14&!
0)9)$,!+&01$)*&!$-!$%&!K1,&0)(&!.-+!&14%!-.!$%&!9-<&0!,)9801$)-(,A!#$%&'("..!,%-M,!$%&!
4%1(5&,!)(!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!

!
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C-+!$%&!.+&,%!5+-8(<M1$&+!M)$%<+1M10!,4&(1+)-3!(-!,)5().)41($!4%1(5&!-448+,!)(!$%&!
.+&,%!)($&+.14&!0)9)$A!N%&!K+)(&!)($&+.14&!0)9)$!9)5+1$&,!,-9&M%1$3!8?!$-!cT!9!)(!$%&!
%)5%&,$!M)$%<+1M10!,)9801$)-(A!E)5().)41($0#!9-+&!)($&+.14&!9)5+1$)-(!-448+,!)(!$%&!
K+)(&!M)$%<+1M10!,4&(1+)-3!M)$%!$%&!.+&,%!)($&+.14&!0)9)$!9)5+1$)(5!8?!$-!TJI!9!
$-M1+<,!$%&!(840&8,!1(<!$%&!K+)(&!)($&+.14&!0)9)$!9)5+1$)(5!8?!$-!\[[!9!$-M1+<,!$%&!
(840&8,A!!

Significantly more 
interface 
migration occurs 
in the brine 
withdrawal 
scenarioÉ 

!
!"#$%&'*()!!@*+*.!1&+!V#:4.&!8)&.(#!Z&-(&.$!@)44*-,$!:#1&+!(,:&-&.,&-!#/!RS!#?&.!(3&!
/,.-(!AFF!C&*.-!#/!&L(.*%(,#$!/#.!(3&!:*L,:):!2,(31.*2*+!.*(&!-,:)+*(,#$-!QJFG!#/!
0.#)$12*(&.!.&%3*.0&T!/#.!(3&!/.&-3!0.#)$12*(&.!2,(31.*2*+!*$1!3*+,(&!4.,$&!2,(31.*2*+!
-%&$*.,#-7!B*-3&1!+,$&-!.&'.&-&$(!(3&!&L'#$&$(,*+!1&%*C!(.&$1+,$&!/#.!&*%3!-,:)+*(,#$D!*+#$0!
2,(3!(3&!.*(&!#/!%3*$0&!%#$-(*$(!Q>T!/#.!&*%3!(.&$17!
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!"#$%&'**)!!@*+*.!1&+!V#:4.&!8)&.(#!Z&-(&.$!@)44*-,$!:#1&+!4.,$&5/.&-32*(&.!,$(&./*%&!4#)$1*.,&-U!:*L,:):!:,0.*(,#$! !
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Conclusions  

We summarize our data-driven interpretations 
& their implications.  

!
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Comparison of Salar Systems 
i14%!,101+!,#,$&9!%1,!8()S8&!%#<+-5&-0-5)4!4%1+14$&+),$)4,!$%1$!418,&!$%&!,#,$&9,!$-!
+&,?-(<!<)..&+&($0#!$-!?&+$8+K1$)-(,!.+-9!.+&,%!5+-8(<M1$&+!1(<!K+)(&!M)$%<+1M10,A!
P&!4-9?1+&!$%&!E101+!<&!/$14191!1(<!$%&!E101+!<&0!;-9K+&!78&+$-!i1,$&+(!1(<!
P&,$&+(!E8KK1,)(!9-<&0,!$-!)<&($).#!.&1$8+&,!$%1$!91#!)9?14$!%-M!$%&,&!,#,$&9,!
+&,?-(<!$-!M)$%<+1M10,A!

Geology & Hydroclimate 
N%&,&!,101+!,#,$&9,!1+&!S8)$&!,)9)01+!)(!$&+9,!-.!$%&)+!5&-0-5)410!1(<!
%#<+-40)91$-0-5)410!4%1+14$&+),$)4,!K8$!&L%)K)$!1!.&M!2&#!<)..&+&(4&,!$%1$!%1*&!1!
,$+-(5!)(.08&(4&!-(!$%&!%#<+-<#(19)4,!-K,&+*&<!)(!&14%A!N%&!,101+,!1(<!$%&)+!
M1$&+,%&<,!%1*&!%#?&+X1+)<!$-!1+)<!40)91$&,!1(<!1+&!4-9?-,&<!-.!,-9&!4-9K)(1$)-(!
-.!1008*)10!<&?-,)$,!-*&+0#)(5!$%)42!*-041()4!8()$,!)(!$%&)+!)(.0-MZ8?5+1<)&($!Q-(&!
M%)4%!$%&(!)($&+.)(5&+!$-!<)..&+&($!<&5+&&,!M)$%!&*1?-+)$&!,&<)9&($,!(&1+!$%&!K1,)(!
.0--+,3!$%&!5&(&+10!.+19&M-+2!-.!M%)4%!),!-8$0)(&<!)(!#$%&'(")A!N%&)+!1+)<!40)91$&!
4+&1$&,!%)5%!&*1?-+1$)-(!+1$&,3!0-M!+&4%1+5&!+1$&,3!1(<!<&&?!M1$&+!$1K0&,A!;-M&*&+3!
$%&!K1,)(!.0--+!1$!E101+!<&0!;-9K+&!78&+$-!),!bT3cII!9&$&+,!%)5%&+!)(!&0&*1$)-(!$%1(!
E101+!<&!/$14191A!N%),!0&1<,!$-!1!,-9&M%1$!M&$$&+!40)91$&!1(<!0-M&+!&*1?-+1$)-(!
+1$&,!)(!$%&!$+1(,)$)-(!Q-(&,!-.!$%&!K1,)(A!N%&,&!,0)5%$0#!<)..&+&($!%#<+-40)91$)4!
4-(<)$)-(,!1(<!$%&!?1+$)4801+!-+)&($1$)-(!-.!$%&!i1,$&+(!E8KK1,)(!10,-!100-M!.-+!$%&!
?&+,),$&(4&!-.!1!01+5&!+)*&+3!>)-!D-,!a1$-,3!$%1$!.&&<,!$%&!E101+!<&0!;-9K+&!78&+$-!
$+1(,)$)-(!Q-(&A!N%&!)($&+14$)-(!K&$M&&(!$%&,&!4-(<)$)-(,!1,!M&00!1,!5&-5+1?%)410!1(<!
5&-0-5)410!<)..&+&(4&,!),!)9?-+$1($!$-!)($&+?+&$)(5!$%&!+&,80$,!?+&,&($&<!%&+&A!

N%&!$-?-5+1?%)4!5+1<)&($,!-.!$%&,&!$%+&&!,#,$&9,!1+&!10,-!<),$)(4$3!0&1<)(5!$-!
4-++&,?-(<)(5!<)..&+&(4&,!)(!%#<+180)4!5+1<)&($,!.+-9!$%&)+!)(.0-M,!$-!<),4%1+5&A!
N%&,&!<)..&+&(4&,!+&,80$!.+-9!*1+)1$)-(,!)(!$%)42(&,,3!01$&+10!M)<$%3!1(<!4-9?-,)$)-(!
-.!$%&!,&<)9&($1+#!<&?-,)$,!1(<!,8+.14&!&L?+&,,)-(!-.!$%&)+!N+1(,)$)-(!`-(&,A!N%&!
i1,$&+(!E8KK1,)(!-.!E101+!<&0!;-9K+&!78&+$-!%1,!$%&!,%100-M&,$!$-?-5+1?%)4!
5+1<)&($!-.!$%&!$%+&&!,#,$&9,!1,!)$!0)&,!M)$%)(!$%&!M&00X<&*&0-?&<!1008*)10!1S8).&+!-.!
$%&!D-,!a1$-,!>)*&+!1(<!)$,!@&0$1A!N%),!4+&1$&,!1!M)<&!1(<!$%)42!N+1(,)$)-(!`-(&!.+-9!
.+&,%M1$&+!)(.0-M!$-!K+142),%!$-!K+)(&!1(<!100-M,!.-+!1!+&01$)*&0#!,%100-M!M1$&+!$1K0&!
$%+-85%-8$!$%&!,#,$&9A!N%),!,#,$&9!10,-!%1,!$%&!-*&+100!0-M&,$!%#<+180)4!
4-(<84$)*)$#A!N%&!P&,$&+(!E8KK1,)(!-.!E101+!<&0!;-9K+&!78&+$-!%1,!$%&!,$&&?&,$!
5+1<)&($!1(<!1,!1!+&,80$3!1!*&+#!(1++-M!N+1(,)$)-(!`-(&3!M)$%!5+-8(<M1$&+!<),4%1+5&!
-448++)(5!-*&+!1!,%-+$!01$&+10!<),$1(4&A!N%&!E101+!<&!/$14191!,#,$&9!0)&,!)(!K&$M&&(!
$%&,&!$M-!)(!$&+9,!-.!5+1<)&($!1(<!$%&!+&,80$)(5!M)<$%!-.!$%&!N+1(,)$)-(!`-(&!1(<!$%&!
Q-(&!-.!5+-8(<M1$&+!<),4%1+5&A!N%),!,#,$&9!10,-!%1,!1(!-*&+100!%)5%&+!%#<+180)4!
4-(<84$)*)$#3!M%)4%!),!1!4-&..)4)&($!8,&<!$-!<&,4+)K&!$%&!?&+9&1K)0)$#!-.!,8K,8+.14&!
?-+-8,!9&<)13!M)$%)(!$%&!9-<&0!<-91)(!$%1(!$%&!-$%&+!$M-A!N%&,&!(1$8+10!
<),$)(4$)-(,!1(<!$%&!+&,80$)(5!%#<+-0-5#!<+)*&!984%!-.!$%&!+&,80$,!M&!<&,4+)K&!%&+&!
1(<!41(!,&+*&!1,!&..&4$)*&!.+19&M-+2,!$-!8(<&+,$1(<)(5!1!01+5&!+1(5&!-.!,101+!
,#,$&9,!14+-,,!$%&!/0$)?01(-!+&5)-(A!

Their arid 
climate 
creates high 
evaporation 
rates, low 
recharge 
rates, and 
deep water 
tables.!

"
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Flow Dynamics 
^(!100!,#,$&9,3!M)$%<+1M10,!41(!1..&4$!$%&!<),$+)K8$)-(!-.!5+-8(<M1$&+!<),4%1+5&3!$%&!
<)+&4$)-(!-.!.08)<!.0-M3!1(<!$%&!,)Q&!1(<!?-,)$)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!
P&!4-9?1+&!$%&,&!1,?&4$,!-.!&14%!-.!$%&!$%+&&!5+-8(<M1$&+!.0-M!9-<&0,!1,!M&00!1,!
%-M!$%&,&!.0-M!<#(19)4,!+&,?-(<!$-!M)$%<+1M10,!)(!&14%!-.!$%&!,#,$&9,A!

^(!100!$%+&&!9-<&0,3!$%&!91R-+)$#!-.!5+-8(<M1$&+!<),4%1+5&!-448+,!1,!.+&,%!<),4%1+5&!
+&01$)*&0#!40-,&!$-!$%&!K+)(&X.+&,%M1$&+!)($&+.14&A!N%),!+&01$)-(,%)?!&L),$,!K&418,&!$%&!
<&(,&+!K+)(&!$&(<,!$-!.0-M!<-M(M1+<3!M%&+&1,!$%&!0&,,!<&(,&!.+&,%!5+-8(<M1$&+!
.0-M,!8?M1+<!$-M1+<,!$%&!5+-8(<!,8+.14&!M%&+&!)$!4-9&,!)($-!4-($14$!M)$%!$%&!K+)(&!
K-<#A!N-?-5+1?%#!1(<!$%&!<&?$%!-.!$%&!M1$&+!$1K0&!+&01$)*&!$-!$%&!5+-8(<!,8+.14&!10,-!
?01#!1!+-0&!)(!$%&!<),$+)K8$)-(!-.!5+-8(<M1$&+!<),4%1+5&A!E#,$&9,!M)$%!0-M&+!
$-?-5+1?%)4!+&0)&.!V)A&A3!E101+!<&!/$14191U!%1*&!1!M)<&!<),$+)K8$)-(!-.!5+-8(<M1$&+!
<),4%1+5&!0-41$)-(,!V#$%&'("AU3!M%&+&1,!,#,$&9,!M)$%!%)5%!$-?-5+1?%)4!+&0)&.!VE101+!
<&0!;-9K+&!78&+$-!P&,$&+(!E8KK1,)(U!%1*&!1!.-48,&<!Q-(&!-.!5+-8(<M1$&+!
<),4%1+5&!V#$%&'(")DUA!N%&!?-,)$)-(!-.!$%&!M1$&+!$1K0&!+&01$)*&!$-!$%&!5+-8(<!,8+.14&!
10,-!1..&4$,!$%&!+&01$)*&!?+-?-+$)-(!-.!K+142),%!1(<!K+)(&!<),4%1+5&A!C-+!&L19?0&3!)(!
E101+!<&!/$141913!M%&+&!$%&!M1$&+!$1K0&!),!.8+$%&+!K&0-M!5+-8(<!,8+.14&!)(!$%&!
(840&8,3!$%&+&!),!*&+#!0)$$0&!K+142),%!1(<!K+)(&!<),4%1+5&!)(!$%&!,#,$&9A!/!01+5&+!
?+-?-+$)-(!-.!K+142),%!1(<!K+)(&!<),4%1+5&!-448+,!)(!$%&!E101+!<&0!;-9K+&!78&+$-!
9-<&0,3!M%&+&!$%&!M1$&+!$1K0&!),!4-9?1+1$)*&0#!,%100-M!)(!$%&!(840&8,A!^(!100!9-<&0,3!
5+-8(<M1$&+!<),4%1+5&!0-41$)-(,!9)5+1$&!<-M(5+1<)&($!V$-M1+<,!$%&!K+)(&X.+&,%M1$&+!
)($&+.14&U!1,!$%&!M1$&+!$1K0&!<&40)(&,!<8&!$-!M)$%<+1M10,A!

N%&!K+)(&X.+&,%M1$&+!)($&+.14&!M)<$%!1(<!-+)&($1$)-(!1+&!10,-!)(.08&(4&<!K#!
$-?-5+1?%)4!+&0)&.!1(<!,8K,8+.14&!1+4%)$&4$8+&A!^(!$%&!E101+!<&!/$14191!9-<&03!M%&+&!
$-?-5+1?%)4!+&0)&.!),!+&01$)*&0#!0-M!1(<!%#<+180)4!4-(<84$)*)$)&,!1+&!+&01$)*&0#!%)5%3!
$%&!K+)(&X.+&,%M1$&+!)($&+.14&!),!+&01$)*&0#!(1++-M!1(<!,%100-M!<)??)(5A!^(!$%&!E101+!
<&0!;-9K+&!78&+$-!P&,$&+(!E8KK1,)(!9-<&0!M%&+&!$-?-5+1?%)4!+&0)&.!),!+&01$)*&0#!
%)5%!1(<!%#<+180)4!4-(<84$)*)$)&,!1+&!10,-!%)5%3!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!),!
+&01$)*&0#!(1++-M!1(<!,$&&?0#!<)??)(5A!^(!4-($+1,$3!)(!$%&!E101+!<&0!;-9K+&!78&+$-!
i1,$&+(!E8KK1,)(!9-<&0!$-?-5+1?%)4!+&0)&.!),!+&01$)*&0#!0-M3!1(<!%#<+180)4!
4-(<84$)*)$)&,!(&1+!$%&!M1$&+!$1K0&!1+&!0-MA!^(!$%),!9-<&0!V#$%&'("),U3!$%&!K+)(&X
.+&,%M1$&+!)($&+.14&!),!M)<&!(&1+!$%&!M1$&+!$1K0&!M%&+&!&*1?-4-(4&($+1$)-(!
<-9)(1$&,3!1(<!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!),!,%100-M!<)??)(5!K&(&1$%!$%),!Q-(&A!
N%&,&!,%-M!$%1$!$-?-5+1?%)4!+&0)&.!),!$%&!<-9)(1($!4-($+-0!-(!K+)(&X.+&,%M1$&+!
)($&+.14&!-+)&($1$)-(3!M)$%!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!,$&&?(&,,!9)++-+)(5!
$-?-5+1?%)4!+&0)&.3!1(<!%#<+180)4!4-(<84$)*)$#!),!$%&!<-9)(1($!4-($+-0!-(!K+)(&X
.+&,%M1$&+!)($&+.14&!M)<$%3!M)$%!$%&!)($&+.14&!K&4-9)(5!M)<&+!M)$%!0-M&+!%#<+180)4!
4-(<84$)*)$)&,A!

…the denser 
brine tends 
to flow 
downward, 
whereas the 
less dense 
fresh 
groundwater 
flows 
upward 
towards the 
ground 
surface… !

" !
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Groundwater Discharge 
C+&,%!5+-8(<M1$&+!1(<!K+)(&!M)$%<+1M10,!+&<84&!$%&!$-$10!19-8($!-.!5+-8(<M1$&+!
<),4%1+5&!)(!100!,#,$&9,A!;-M&*&+3!$%&!+&01$)*&!915()$8<&!-.!$%-,&!4%1(5&,!<&?&(<,!
-(!M%&+&!$%&!M)$%<+1M10,!-448+!1(<!$%&!$#?&!-.!.08)<!M)$%<+1M(A!!

^(!100!$%+&&!,#,$&9,3!8?5+1<)&($!.+&,%!5+-8(<M1$&+!M)$%<+1M10,!418,&!$%&!5+&1$&,$!
<&4+&1,&!)(!5+-8(<M1$&+!<),4%1+5&A!N%&+&!),!1!0)(&1+3!TGT!+&01$)-(,%)?!K&$M&&(!.+&,%!
5+-8(<M1$&+!M)$%<+1M10,!1(<!4%1(5&!)(!5+-8(<M1$&+!<),4%1+5&!V#$%&'(".,U3!
9&1()(5!$%1$!.-+!1(#!19-8($!-.!.+&,%!5+-8(<M1$&+!M)$%<+1M(3!$-$10!5+-8(<M1$&+!
<),4%1+5&!M)00!<&4+&1,&!K#!$%&!,19&!19-8($A!N%&!,19&!41((-$!K&!,1)<!.-+!%10)$&!K+)(&!
M)$%<+1M10,3!M%)4%!%1*&!1(!)9?14$!-(!$-$10!5+-8(<M1$&+!<),4%1+5&!$%1$!),!K8..&+&<!
K#!.0-M!<#(19)4,!)(!$%&!,#,$&9A!^(!$%&,&!,101+!,#,$&9,3!$%&!91R-+)$#!-.!5+-8(<M1$&+!
<),4%1+5&!-448+,!1,!.+&,%!<),4%1+5&3!M%)4%!),!%#<+180)4100#!8?5+1<)&($!-.!$%&!%10)$&!
K+)(&A!^(!1<<)$)-(3!$%&!<&(,)$#X<+)*&(!.0-M!<#(19)4,!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!
&..&4$)*&0#!.-+9,!1!.0-M!K1++)&+!M%)4%!912&,!)$!<)..)480$!.-+!4%1(5&,!)(!.0-M!-(!-(&!
,)<&!-.!$%&!K1++)&+!$-!1..&4$!.0-M!-(!$%&!-$%&+!,)<&A!/,!1!+&,80$3!%10)$&!K+)(&!
M)$%<+1M10,!<&9-(,$+1$&!1(!&L?-(&($)10!<&41#!+&01$)-(,%)?!M)$%!$-$10!5+-8(<M1$&+!
<),4%1+5&A!P%&+&!$+1(,)$)-(10!K+)(&!M)$%<+1M10,!1+&!,)9801$&<!M&!,&&!1!%#K+)<!
+&01$)-(,%)?3!M)$%!$%&!$+1(,)$)-(10!K+)(&!M)$%<+1M10,!418,)(5!.+&,%!5+-8(<M1$&+!0&*&0!
<&40)(&,!<8&!$-!$%&)+!?-,)$)-(!K&(&1$%!$%&!.+&,%!5+-8(<M1$&+!1S8).&+!1(<!0&1<)(5!$-!
9-+&!,)5().)41($!+&<84$)-(,!)(!$-$10!<),4%1+5&!+&01$)*&!$-!%10)$&!K+)(&!M)$%<+1M10,A!

C+&,%!5+-8(<M1$&+!M)$%<+1M10,!1(<!$+1(,)$)-(10!K+)(&!M)$%<+1M10,!%1*&!$%&!5+&1$&,$!
)9?14$!-(!.+&,%!<),4%1+5&!14+-,,!100!$%+&&!,#,$&9,A!;10)$&!1(<!$+1(,)$)-(10!K+)(&!
M)$%<+1M10,!%1*&!$%&!5+&1$&,$!)9?14$!-(!K+)(&!<),4%1+5&!14+-,,!100!$%+&&!,#,$&9,A!
N%&,&!+&01$)-(,%)?,!+&,80$!.+-9!$%&!.0-M!<#(19)4,!<&,4+)K&<!1K-*&!)(!M%)4%!$%&!
K+)(&X.+&,%M1$&+!)($&+.14&!K8..&+,!M)$%<+1M10!&..&4$,!-(!$%&!-??-,)$&!,)<&!-.!$%&!
)($&+.14&A!"+142),%!<),4%1+5&!),!0&,,!1..&4$&<!K#!&)$%&+!$#?&!-.!M)$%<+1M103!&)$%&+!
)(4+&1,)(5!,-9&M%1$!-+!<&4+&1,)(5!,-9&M%1$A!7)5+1$)-(!-.!$%&!K+)(&X.+&,%M1$&+!
)($&+.14&!1(<!$%&!?-,)$)-(!-.!$%&!M1$&+!$1K0&!+&01$)*&!$-!$%&!5+-8(<!,8+.14&!?+)91+)0#!
1..&4$!M%&$%&+!K+142),%!<),4%1+5&!,0)5%$0#!)(4+&1,&,!-+!<&4+&1,&,A!P%&(!$%&!K+)(&X
.+&,%M1$&+!)($&+.14&!9)5+1$&,!$-M1+<,!$%&!(840&8,3!K+142),%!<),4%1+5&!$&(<,!$-!
)(4+&1,&j!%-M&*&+3!$%&!,10$!4-(4&($+1$)-(!-.!$%),!<),4%1+5&!10,-!<&4+&1,&,!V.+&,%&(,UA!
^(!1<<)$)-(3!M%&(!K+142),%!<),4%1+5&!)(4+&1,&,3!)$!),!10M1#,!144-9?1()&<!K#!1!984%!
01+5&+!<&4+&1,&!)(!$%&!8?5+1<)&($!.+&,%!<),4%1+5&3!M%)4%!10,-!,8??0)&,!M1$&+!K#!
-*&+01(<!-+!(&1+X,8+.14&!.0-M!$-!1(#!M&$01(<,!$%1$!91#!K&!0-41$&<!)(!$%&!K+142),%!
<),4%1+5&!1+&1!V&A5A!D158(1,!a8($1!1(<!"+1*1U3!+&,80$)(5!)(!1!(&$!<&4+&1,&!)(!
+&4%1+5&!$-!$%-,&!M&$01(<,A!

In all three 
systems, 
upgradient 
fresh 
groundwater 
withdrawals 
cause the 
greatest 
decrease in 
groundwater 
discharge. 
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!"#$%&'*F)!@)::*.C!#/!(3&!,:'*%(-!#/!2,(31.*2*+!.*(&!#$![S!/#.!(3&!@*+*.!1&!<(*%*:*D!@*+*.!
1&+!V#:4.&!8)&.(#!W*-(&.$!@)44*-,$D!*$1!@*+*.!1&+!V#:4.&!8)&.(#!Z&-(&.$!@)44*-,$!
:#1&+-7!B*-3&1!+,$&-!,$1,%*(&!(3&!4&-(!/,(!+,$&!/#.!(3&![S!?*+)&-!*%.#--!(3&!(3.&&!:#1&+-7!
@#+,1!/,++&1!*.&*-!.&'.&-&$(!(3&!.*$0&!#/!*++!?*+)&-!*%.#--!(3&!(3.&&!:#1&+-7!

 

Response Time 
N%&!+1$&!-.!&L?-(&($)10!4%1(5&!V2U!<&,4+)K&,!%-M!S8)420#!5+-8(<M1$&+!<),4%1+5&!
+&,?-(<,!$-!.+&,%!5+-8(<M1$&+!-+!K+)(&!M)$%<+1M10,A!#$%&'(".-!,%-M,!$%&!+1$&!-.!
4%1(5&!4-(,$1($!.-+!$%&!%)5%&,$!M)$%<+1M10!+1$&!VWIf!-.!.+&,%!5+-8(<M1$&+!+&4%1+5&U!
,4&(1+)-,!.-+!&14%!-.!$%&!$%+&&!9-<&0,A!N%&!915()$8<&!-.!2!),!,?&4).)4!$-!&14%!-.!$%&!
5+-8(<M1$&+!9-<&0!<-91)(,!<8&!$-!$%&)+!8()S8&!%#<+-5&-0-5)4!4-(<)$)-(,A!;-M&*&+3!
14+-,,!100!$%+&&!,#,$&9,3!5+-8(<M1$&+!<),4%1+5&!+&,?-(<,!.1,$&+!$-!.+&,%!5+-8(<M1$&+!
M)$%<+1M10,!$%1(!%10)$&!K+)(&!M)$%<+1M10,A!N+1(,)$)-(10!K+)(&!M)$%<+1M10,!10,-!418,&!
1!.1,$&+!5+-8(<M1$&+!<),4%1+5&!+&,?-(,&!$%1(!%10)$&!K+)(&!M)$%<+1M10,A!
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!"#$%&'*+)'@)::*.C!#/! [ S!.&-'#$-&!(,:&-!/#.!(3&!@*+*.!1&!<(*%*:*D!@*+*.!1&+!V#:4.&!
8)&.(#!W*-(&.$!@)44*-,$D!*$1!@*+*.!1&+!V#:4.&!8)&.(#!Z&-(&.$!@)44*-,$!:#1&+-!/#.!(3&!
:*L,:):!2,(31.*2*+!QJFG!#/!/.&-3!0.#)$12*(&.!.&%3*.0&T!-,:)+*(,#$-7!!

When brine 
withdrawals 
occur, the 
brine-
freshwater 
interface 
widens 

Brine-Freshwater Interface 
C+&,%!5+-8(<M1$&+!1(<!K+)(&!M)$%<+1M10,!4%1(5&!$%&!+&01$)*&!?+-?-+$)-(,!-.!.+&,%!
5+-8(<M1$&+!1(<!K+)(&!M)$%)(!$%&!,#,$&93!1(<!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!
+&,?-(<,!144-+<)(5!$-!$%&,&!4%1(5&,A!^(!5&(&+103!M%&(!.+&,%!5+-8(<M1$&+!
M)$%<+1M10,!-448+3!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!K&4-9&,!,%100-M&+3!)(4+&1,)(5!)(!
&0&*1$)-(!1$!$%&!8?5+1<)&($!K-8(<1+#!-.!$%&!9-<&0!<-91)(A!P%&(!K+)(&!M)$%<+1M10,!
-448+3!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!M)<&(,!M)$%!$%&!91R-+)$#!-.!)($&+.14&!9)5+1$)-(!
-448++)(5!-(!$%&!K+)(&!0)9)$!-.!$%&!)($&+.14&3!+&.0&4$)(5!1!<&4+&1,&!)(!$%&!$-$10!,10$!
91,,!)(!$%&!K+)(&!K-<#!V#$%&'("..UA!

^(!1<<)$)-(3!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!?01#,!
1(!)9?-+$1($!+-0&!)(!&*1?-4-(4&($+1$)-(!1(<!$%&!,8K,&S8&($!.-+91$)-(!-.!(&M!K+)(&A!
7-+&!&*1?-4-(4&($+1$)-(!-448+,!M%&+&!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!
K+)(&X.+&,%M1$&+!)($&+.14&!),!M)<&+3!,84%!1,!$%&!E101+!<&0!;-9K+&!78&+$-!i1,$&+(!
E8KK1,)(A!N%),!&*1?-4-(4&($+1$)-(!912&,!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!
K+)(&X.+&,%M1$&+!)($&+.14&!+&,),$1($!$-!4%1(5&!K&418,&!&*1?-4-(4&($+1$)-(!),!
K8..&+)(5!4%1(5&,!)(!,10$!4-(4&($+1$)-(,!)(!$%),!+&5)-(A!N%&!&..&4$,!-.!M)$%<+1M10,!
98,$!&L4&&<!$%),!&*1?-4-(4&($+1$)-(!$%+&,%-0<!.-+!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!
-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!$-!9)5+1$&A!/$!E101+!<&!/$14191!1(<!$%&!E101+!<&0!
;-9K+&!78&+$-!P&,$&+(!E8KK1,)(3!M%&+&!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!
K+)(&X.+&,%M1$&+!)($&+.14&!),!+&01$)*&0#!(1++-M3!%10)$&!K+)(&!M)$%<+1M10,!&L4&&<!$%&!
&*1?-4-(4&($+1$)-(!$%+&,%-0<!1$!+1$&,!-.!HIf!-.!.+&,%!5+-8(<M1$&+!+&4%1+5&!
V#$%&'(>"D"+9:"..UA!;-M&*&+3!1$!$%&!E101+!<&0!;-9K+&!78&+$-!i1,$&+(!E8KK1,)(3!!
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M%&+&!$%&!M1$&+!$1K0&!,8+.14&!&L?+&,,)-(!-.!$%&!K+)(&X.+&,%M1$&+!)($&+.14&!),!+&01$)*&0#!M)<&3!M)$%<+1M10,!(&*&+!
&L4&&<!$%&!&*1?-4-(4&($+1$)-(!$%+&,%-0<3!+&,80$)(5!)(!*&+#!0)$$0&!)($&+.14&!9)5+1$)-(!V#$%&'(")AUA 
Implications and Recommendations 
P&!?+&,&($!$%&!.-00-M)(5!)9?0)41$)-(,!1(<!+&4-99&(<1$)-(,!K1,&<!-(!$%&!+&,80$,!1(<!4-(408,)-(,!.+-9!$%),!
9-<&0)(5!,$8<#A!

¥! C+&,%!5+-8(<M1$&+!1(<!$+1(,)$)-(10!K+)(&!M)$%<+1M10,!%1*&!1!01+5&+!)9?14$!-(!$-$10!=P!<),4%1+5&!$%1(!
%10)$&!K+)(&!&L$+14$)-(,A!

o! P4Q0$3+<$69R!i9?%1,),!,%-80<!K&!?014&<!-(!9)()9)Q)(5!.+&,%!5+-8(<M1$&+!1(<!$+1(,)$)-(10!K+)(&!
M)$%<+1M10,A!/*-)<!<&*&0-?9&($!-.!0)$%)89!9)()(5!-?&+1$)-(,!)(!$+1(,)$)-(10!K+)(&!
&(*)+-(9&($,A!7)()9)Q&!1$!100!4-,$,!.+&,%!5+-8(<M1$&+!M)$%<+1M10,A!

o! P4Q0$3+<$69R"C-48,!&(*)+-(9&($10!9-()$-+)(5!-(!)((-*1$)*&!M1#,!$-!9&1,8+&!,?+)(5!<),4%1+5&!
$%+-85%!+&9-$&!,&(,)(5!1(<!!"#$!%&!9-()$-+)(5A!

¥! iL$&($!-.!,%100-M!<&?$%!$-!M1$&+!),!1!2&#!.14$-+!)(!4-($+-00)(5!,&(,)$)*)$#!-.!)9?14$,!-(!$%&!K+)(&X
.+&,%M1$&+!)($&+.14&A!

o! P4Q0$3+<$69>R!7-()$-+)(5!-.!,10)()$#!V1(<!4%&9)410!4-9?-,)$)-(U!),!9-+&!)9?-+$1($!M%&+&!
<&?$%,!$-!M1$&+!1+&!5+&1$&+!$%1(!1*&+15&A!

¥! ^(!5&(&+103!.+&,%!5+-8(<M1$&+!-+!K+)(&!M)$%<+1M10,!%1*&!0)$$0&!)9?14$!-(!K+142),%!<),4%1+5&!1(<!+&<84&!
.+&,%!<),4%1+5&A!

o! P4Q0$3+<$69R!N-$10!19-8($!-.!)(.0-M!$-!M&$01(<,!.+-9!5+-8(<M1$&+!M)00!<&4+&1,&!1(<!)9?14$!$%&!
,10)()$#!<),$+)K8$)-(!-.!M&$01(<,A!7-()$-+)(5!-.!,10)()$#!),!2&#!$-!8(<&+,$1(<)(5!$%&!)9?14$,A!

¥! N)9&,410&,!-.!)9?14$,!)(!5&(&+10!1+&!0-(5&+!.-+!%10)$&!K+)(&!M)$%<+1M10,!1(<!,%-+$&+!.-+!.+&,%!
5+-8(<M1$&+!1(<!$+1(,)$)-(10!K+)(&!M)$%<+1M10,A!

o! P4Q0$3+<$69R"7-()$-+)(5!,$+1$&5)&,!(&&<!$-!K&!0-(5X$&+9!1(<!4-(,),$&($!M)$%!%)5%!l/ZlB!
,$1(<1+<,A!

 
  
 
!  
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