Lithum Water
Sustainability Project
Work Package 2

Executive Report

Simulating hydrologic responses to pumping scenarios at
Salar de Atacama & Salar del Hombre Muerto

S2)(§) 3 #<t-5&-0-5#1G!=8-4%EO) , $+#1>8, &1+4%! =+~
@UB-+2+1 (I @ACA!" " -88IDA/A 78 (231" N7 ~+L (IEN 7 4F ()5U8316 !N :8.(428,!

@+1.56! 7 1+4%!HIHH!



Table of Contents

Executive Summary

Introduction and Motivation of Study
Water Types and Interactions

Work Package Scope and Approach
Salar de Atacama

Introduction and Model Objectives
Model Design

Geologic Conceptual Model
Hydrogeologic Conceptual Model
Groundwater Flow Model

Results

Salar del Hombre Muerto Eastern Subbasin
Introduction and Model Objectives
Model Design

Geologic Conceptual Model
Hydrogeologic Conceptual Model
Groundwater Flow Model

Results

Salar del Hombre Muerto Western Subbasin
Introduction and Model Objectives
Model Design

Geologic Conceptual Model
Hydrogeologic Conceptual Model
Groundwater Flow Model

Results

Conclusions

Comparison of Salar Systems
Geology & Hydroclimate

Flow Dynamics

Groundwater Discharge

Response Time

Brine-Freshwater Interface
Implications and Recommendations
References

Appendix

@+1.961°7 1+4%!HIHH!
!



Executive Summary |

|
D)$%)8O1K+) (K1&LS+149)- (1) ('E-851/ O&+)AL(!, 101+, 1%L, % 1+)&<12-8&($) 10) O 2148, I - (IM18&+ 148, ~8+4&, 11 (<1<&2& (<& (S!
&(*)+- (98 (SL0184- , #,589 , I'NUI 2%, ) 41011 (<!5&-4%8&O)410148015)- (,%)?, IKESME& (I$%&10)3%) 8O IK#) (&1L (<! !
,8++-8(<) (5146, UMLSEHMENL (<, 114812841 145+, 14— ($+-00) (516%&1& (*)#- (D&($10) 9?2148, 1- . IK+) (&1&L$+149) - (HOBH
O-<80)(5!,$8<#12+8, & (Sa<IK&-M14- (,$+1) (, 1$%8&1+6015)*&1 Q15 ()$8<!- . 1$61) 92148, 18, ) (51284198844, |- . 18%&
&(*)+- (QR(SL014%L+1456+), )4, 1- . 19%&, &1, #, 9.9 NPEL.) (<1181 48, %15+-8 (<MLL (<I$+1(, )9) - (LOIK+) (&IM)$%<+ 1M 10, !
01 *811101458+) 921481 ($-$101=P 1<), A%1+5815%1 (110)S8IK+) (&IALS+148) - ( AINDR) , 148, 808! $+— (504!, 8558, 3, 18181 +&, %!
5+-8(<M18&+ELS+14)- (!, %-80<IK&ID) ()9)Q&<H £ <<)8) - (10083124 -<8A&# , |, h-80<I1*-)<I<&*80-?) (510)8%)89!9) () (5!
~2818)- (, 1-+12+-R84S, D) (1841, )9)- (CLOIKH) (B&(¥)+- (O&(S, ANUE, &11+81485) - (, 162) 4100 IKESMEK (1D 188+81%10)88! |
185)-(,11(<!.+8, UM1SEH , #, 889 , AIN%SIS) O&, 4108, - . 1) 92148, 1) (15& (&+ 101 1+610- (5&+! . ~+%10)$8IK+) (&IM)$h<+IM10, 11 (<!
o= 4881+ 48, 415+ -8 (<MLL (<18+1(,)5) - (LOTKH) (&IM)$H<+ LIMIL0, AINDR) , 148, 8081%1, ) O 2481 (§1) O 20)418) - (, | ~+19&! !
$)9)(5!-.1)9?2148, 11 (<I$h&I06 (58%!1 (<ISBL0)3#1 - 18%81 O - ()8-+) (51 7+-5+19 , 18, 8<I5-1<8864814%1 (5&, -+1<R0&SE+)-8 !
)O?2148, MO8+, 284).)41+84-O O&(<19)-(, |.+-OI%8, &) (<) (5, 'L+&HITUIL!. ~48, I- (1&(*)+- (D& (S1019 - ()$-+)(5'8, ) (5!
)((-*18)*8IM1#, 15-1981, 8481, 24) (51<), A% L+5&18%+-85%1+89-561, &(,) (BI1(<!I"4814&19 - ()$-+) (BIHND-()$-+) (BI-.! !
,10) O$#IVL(<14%&9)41014-92-)8)- (U1), 1O 2451 (§11 (<14-O20) Q& (S1+#18-19 - ()8~+) (5!~ .1 2%, )41015+-8 (<M1$&+!
0880, 11 (<IJUNISLSHE514<08, , I-.12897?) (514~ (<)9)- (, 318%&!8-$10119 -8 (§1-.1) (0-MIS-IMEKL (<, | +-O15+-8 (<M1s&!
M)00I<84+81 811 (<I8 (<-BKS&<0#) O 214518%&! , 10) ()$#1<), $)K8S) - (1~ . IMESIL (<, 7 - ()8-+) (5!-.!, 10) ()$#), 128415 !
8(<&+,$1(<) (518%&) 9?2148, 11 (<ISE1S) &, 4108, 1SIMI)A%IShEAIM)INIKEI 122 1+ (A"
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Introduction and Motivation of Study

NUG&IELS+148)- (1~ 10)$%)8O! . +-OIK#) (&X+)4%!, 1081018, IV, 101+, U) (1E-88%L/ O&+)411(<!1, , ~4) 188<I&(*)+- (9& (510!
)O2148,1), 1808, BKR&AS! - .10 84%!1<&K 186!V UIN%&I O 15 ()88 <8l -.1) 92148, 11 (<I&(*)+- (D&(510!,8,$1) (1K)0)$#1<&28&(<, - (!
,284).)MA%1+14884),9)4, |- 180681 tt<+-58-0-5)A 101, #,$4 O L (<Ihf#<t-0-5)A101 $+&, , &, - (IMLS&+) (181K, ) (, IMOh&+8!
8L5+149)- (1), 1$12) (51201484 08981911, 1<&.) (&<I58! . ~00-M) (51588, 9)- (, §-11<<+4, ,18%), 1), , 8&H!

E101+, 1148I<#(1O)A&(*)+- (Q&(S, IMUEHE! +&, IMLEHV, 8+. 14GIMISEHL (<15+-8(<MLSEHIO-*8, 1) ($-1$&!K1, ) (1.0-—+!
1(<1) (58+148, IM)SH0)S)BONKELH) (5IK+) (BIVAEAE " (")UAINDSE, &1 &, SM188+1) (L0-M, 1 1+81<#)*&.(1$- 16066, 8+. 148181, ~+O!
,24)(5, IMU)AISNE (1. 8&<) 48, HI1(<IK+142), !, 8+. 1ARIMISEHMERIL (<, 11 (<1015-- ( MNUE!, 24) (5, 1 1+&15%&1 O 1) (!, -8+48!

TA!
HA!

Ji!
WAL

[
\i

- -MIOB4%! 48, UMIS&++8AN1+58, ISH&IKH) (81158).8+!, #,88OY!
- —MI%#<+180) 410014 ( (B498<! 1+EIS8IK+) (811S8).&+1, #,989 , 11 (<S8! +8&, UM 188+11S8). &+, 189181 . 8&<!
9145) (101015--(,Y!

@-&, 1998148, M LSEATK+) (&) (56+ . LA <+1B0)4 L1004, 822 -4518%81015-- (, Y!
PULSH) , 18%81+-08!- . 140) O 18&I*1+) 1K)0)$#1- (1-K , &+*8<14%1 (58, 1$-1015-~ (11 (<1$+1(, )9) - (L012--0I&LS&(S, V!
PULSI1+8I8%818) D8, 4108, 1- . 148, 2 (,&).~+1. 48, WMLSEHL (<IKH) (&11S8).&+, #,569,15-12897) (5V!

- 1) (0-MIS-15%8IMESIL (<14-O 08L&, |1 (<!, 1 1+&14+)3)A1015- 18008)+18L) , 36, (48A ] 8815%8.1+8019)- (,%)?, KESM&&(!

48, IM18+&LS+145)- (11 (<IK+) (&1ALSH148) - (1- (1&(*)+- (98 (5101818848, 1+891) (, 1=K, 48+8Al PU)&I)S1) |, 8+9),, &<I5h19)
18, - 8+48IELSH149)- (1) (18968, B1&.(*)+- (D&(S, 14-8I<I081<IS-1 (8518)*61D 2148, 31584, )~ (, 48 O1) (1 1K- 8888 915 ()$8<8!

1(<!$)9) (5!-.!,84%!)92143 A

I"HS08C M HSYOE ()*+!, ++)-(*(HSIH/0.4)$12%(&.1/+#2), $(3&IAHSH. &-32*(&.1(*$-, (HSI6HSR:
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Water Types and Interactions

15 1) 2451 (§15- 1408 1H0#1<8..) (&1506+8812+) O LHIM188+15+-87) (5,1 1 (<IS&)++8018) - () 219~ 1- (&1L (~$%&+) (!$H48., &!
889 MICH, WML%G+, 14 (), 81-.1,$+819 11 (<I5+-8(<M1$&+,1.0-M) (5I$-ML+<, 19%&! , 101+, |+ O1%&1%)5%8+180&*18)- ( !
1(<191+5)(1011008*)1011S8).&+,AIN%&, &M1&+, 1+1(B&! . +-OAI [1$-1JIOQEI49O!- .1, 264).)414- (<841 (4&A!" "+142) , %!
M18&+,11+&!,10) (8!5+-8 (<M18&+,11(<!, 8+. 14&IM18&+, V015 (, UIS1SI&L), $IM)3) (1$%&IN+1(,)9)- (1~ - (831$%8.1Q- (&!
K&SM&& (.48, %M18&+) (.0-MIL(<!$%&! (84068, 'K+) (&!1S8).&+,AIN%E, &IM1%&+, 1+1(5&! .+-OITIS-ITI 1!OEI49!-.1,284).)4!
A (<BASL(48A""+) (&, 11+8&1%)5%04! , 10) (&IM1S&+, 18 151+&., )<&IM)$6) (1$%8&1&*17-+)$81158). &+, . 18%&! , 101+ (84088, 11 (<!) (!
2--0,15%18!. ~+O110- (515%&1Q1+5) (, - 19%&! , 101+ (84088, 31%6&+8) (1+&. &++8&<18-11,IN+1(,)8) - (101a-—0, AIN%A&., &I M 188+, !
+1(58).+-OH 1 15-IbH[ 11 OEZ49!- .1, 284).)414- (<8481 (48&AIN%A!) (56:+148) - (, IK&SME& (198, &IM 158G+, 11481 284151

8(<&+ $1(<)(514&, 2-(,&,11(<!) 9?2148, ) (1$%8, &1&(*)+- (D&(S, N @B&IS-1014581<E(, J$#1<). . &+&.(48, KESME& (158!

48, WM18&HL (<IS%8IK+) (83111, 1+?1) ($&+. 148! . ~+9 , 11918%8&1 O1+5) (!- . 19%&, &1, 101+, 1) (1$%&! , 8K, 8+. 14811 (<!), 111 O1R-+!
A= (§+-01- ((MU&+&) 48, h15+-B(KMLS&H<) , %1451 (<!, 24) (5, 1-448+11 (<IK+142) , HIMESIL(<, . ~+ QW )*UAIND) , !, %1+?!
<&(,)$#14- (541,810, 1448158, 1<), $) (431.0-M1+&5) &, IM)$%) (1$%&!K+) (811S8) &+, 11, 14- O 21 +&<18- 188! . +&, %M 186:+1) (.0-M!
1S8).&+,M

Work Package Scope and Approach

NG 2842, 81-.19%), 1, $8<#1), 18- 1<8*60- 2111204, )A10IKL, ), 1.~+11, &, ,) (5158192148, I- . IK+) (&1 (<. &, WM 188!
M)P<+1M10, 1~ (IM188+148, -8+48, ) (1, 101+, #, 949 N P&I2&+. ~+OIS%) 11 (10#, ), IM)SHI1121+1 O&$H)A! S8 <1 16068 +8018) &
)9?2148,1- 1508, &IM)Sh<t 1M 10, |- (18981 SBL (§)$#11 (<ISBLO)SH#! - . 15+-B(<MLI&H<) , 4% 145811, IMBNIL, 148, 2~ (, &) 98, I-.!
$%8.,81)9?148,18,) (BIM-X<)9&(,)- (103! (8 D&)A LRI ( ,)$#K<& 28, (<& (SI5+-B(<M1$G:+.0-MIQ-<&0, AINY&I O - <&, !
18248, &(SINEI ) O 1415+ -8 (<M188+1.0-MIP1MLA) (1814%! - 1§96+8815+-8 (<M18&+1.0-M!, #, 889 , 11-4186<! 1S EL01+1 <8
/81419 131BY%)083IL (<IEL01+1<E01 5 ~OK+8! 7 881$-31/+56.(5) (LIVESH&." (") VNS, &ISVHEA! , #,889 , 1%1*&1<) $) (48!
Uhth<s-580-5)A14%1+14%8+) )4, 11 (<140) O 1981+65) O, IMU)A%I 2+ %)<, §21+ 18818 (<?-) (8, $-14- D2 1+611 (<1) , ~015815%08.!
&..848, 1= IK#) (B11(<!. 48, %15+ -8 (<M1SE+IM)$h<+ TM10, A

|

NUG&, &1996+881 O ~<&0), 189)0)Q&ISU8IKE, 1% 1)01K0&!5&~(0-5) A0kt ~58~0-5)Ad1 (<140) O 18&I<1$11$- 1482+, & (§15+-8 (<M18&+!
0-M4=(<)9)- (, 110- (5111, ) (50815+-8 (<ML8&+.0-MI2LSMLHIVASHE" ()+UM = ,) (5198, &) (288, 31581 O -<40, |, ) O 80158
5+-8(<ML8&H.0-MI1(<I<), 46145811, IMBNIL, 1<), ~0%&<1, 10814 (A& ($+19)- (, 3IMUE)4%! %6~ M14%L (58, 1) (90681 (&

48, IMLSEH) (58+. 1A8A P &ISUE (1122041548 (<M18&+M)$<+ 1IM10, 1 1916%818 25+ 1<)&(SIK -8 (<L+#1 - 19081 O -<§01<-O1) (!
1(<IKH) (&IM)$Ih<+IM10, 18)8%8+1 . +- O I&IK+) (&IK-<!) (19081, 101+1 (84088, IV(BAIE8, 1K+) (BUI-+1.+-OIShEIK+) (&IK-<H!
K&(ELSRISEIKH) (&Y. +&, M LS&+) (8. 14&NBHL(, )9)- (10- (&!K+) (SUN P &) (<)*)<BLO0ISE, SIM)Sh<+ IML0, 11918.14%1- . 19348, &1
0-419)-(,!8,) (51141 (5&!-.15+-8(<M1$&+12897) (SH18&, 11 (<4~ +<IS%&14%1 (58, 1) (!, OBIL<I5+-8(<M1$&+1<), 4% 1458
1(<ISU8IKH) (BX. +&, SM1SEH) (56+. 148A P &ISE(14- O 2 L+EISE , &14NL (58, 11 (<IN&HE, 2- (, &1S) O, 1-*EHMU)A%ISHE, &!

A%1 (58, 1-448+1 . ~+814%1 O -<801S- 18> 108 15GIS&I+E019)*81) 92148, 1- 1<), . &+& (818428, 1= . IM)h<+ IM10, IC) (L0438
4-O? 1481 ,) OBI1SE<1A%1 (58, KESMEA(1SU&!8%+88 O -<&0, 1~ 18*10815815081+-081 - . 10htt<t-58~0-5) 414~ (<)$)-(, ) (!
M)$<+1M101) 92148, A

4598 Vo (JHS(*$+")$)+&-.$,)$+(S-#/#0(%$1$%".),210$31),)$*

+'HS 6%12+)$(*$3", AHS14-$FH) " T1+#'$7,+"-'1710)$(4S T L+#'$
43$)101'$).)+#638
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I"H$%& ) 8*'I#/1(3&19,(3,):1;. *$0+&!. &0 HSIH/|(3&ISH. (BHES(F+<$1&-718*=#.1+,(3,):14. $&IA&* $OI-*+* 14%. $-1* &I
#)(+,B&L!BIA++06> S 11ZFSIFS)*+1' &%, (*(HS11&., 2811 H:1(3&);&. F"+, *(&I1*(*-&(1,-1-34#2$71;3&14*%- $-1*--&--&11, $1(3,-!
& (1 &1H)(+,$&11 $&1T7
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Salar de Atacama

Model simulations of groundwater and brine
withdrawals and relative impact evaluation at Salar de
Atacama
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Introduction and Model Objectives |

NUEIEL01+<81/$141 9114~ (51)(, [h&IM~+0<e, 101458, S1)S)8O 148, &+*81172+-L) O LSRHHIWHF .|
Sh&IM—Hl<e, |, 8220 (<11, 1- (&148)*8I0)8%)8O19) (&1 (<! O81) 2081 2)-$1201 (S, 1L, 1. HIHT!
VWUAINGSS., B10)SH)8919) (8, IM)Sth<+ LMIK-) (&L +- O ISH&IK10)S81 1S8). &L (<! .+, %15+-B(<ML5&+!
H-OIRISHL(, )5)- (10— (B <<)5)- (LIM1SE+18, &+, ) (19&IKL,) (1) (408<BIO8OKE, - 111 (BOKE+!
_ 14-998()8)8, ) (418<) (5!5%8!)(<)5&(~8, ID)421 (1 (SLHIL (<!$h&!4)$#1— . IEL (lag<+-1<8!
/8141913115+)48088+84111,)5(). )41 (515-8+), O1) (<8, $HAIL(<I114-228+19) () (5!)(<8, $+#311011 .| N
MI)AHIS, &1+, 15+-B (<MLIR+HE)+ 1<) RS-+ (<)+&4S0INKRIKL, ) (110, -4- ) Masin<,!  Additional water

_ 1) (8 (19)- (L0) 92451 (4811, 1<&. ) (8<IKHIHEI>19 , 1B - (*8.(5)- (L (<!, &1L (<!-$hg+! : -
MESIL(<, ) (ISHRIKL, ) (11481, 8.51) (B<IKA!1 (<1<828(<E(3187- (5+-8(MLse ) 0-M ity ASETS 1T the basin
)98(,)- (L0'5+-8(<MLS&H.0-MI1 (<I$+1(, 7—+519-<80l.—+15%), IK1,) (1810818, we019)*6!  include members
)O21481- 188 .+8, %5+-8(<M1S&+IM)S%<+LM10, |+~ O1O85) 20818, &+, 11, IMBNI L, I$&IK+) (8!

M)S%<+LM10, .+~ 910)5%)8919) () (5148)*)9)8., ) (1Sh&%L0)SE!LS8). &+VHL0)88IK+) (&IM)SHh<+LM10, W of a num_b_er Qf
NOKE© - <B0110, 18+ 108158, 114 2-$h5)4101,48(14)-1) (MI)IK) (UM)She M0, 1-4484) (el communitiesE
$+1(,)9)- (10- (81-83, )<81- . ISH&IA10)38 1S8). &41V5+1(,)9)- (L0IK) (&IM)S<+IML0, I PeISHhe (! :

081 8415, ) OBI1SA<IA1 (51)(15+-B(<MLSEHI<) AH1IBEIL(<IHIK) (&l s e 140 AGITICUITUrE, @

FBOLS) 8IS 111KL, 0) (&Y, 48 (L4)~1) (IMU)A%! (~IM)Sh<+LML0, 1-448H 1 (<!4- O P L+8I50&1+801) 8 significant tourisn

)9?2148,1- 1814%IM)S<+ 1M 10!, 48 (1+)-A! .
_ industry, and a
MOdeI DES|gn Copper mining

N%&IE101+!<8!/$1419119-<4&0!),10-4188<!10- (5!$%&! , -8%%&1,$&+ (19 1+5) (- .1$%&! , 101+!M%&+&!$%& ind UStl‘yE
7 - ($8+1S8)Xg&5+)NLHIN)I-?-Q- V7 gNUL/ S8). &+E& (8&+, 19%&!, 101+IN+1(,)8)- (!~ - (&318L$&(<) (5!
§-1(&1+1$%814& (8&+- . 19%&! , 101+19 84088, VA& (", UNINY), I<-91) (1.~ 00-M, 1$%6&! 2+) Q 1+#4!
5+-8(<M18&+.0-M1218%!) ($-15%&! , ~88%&+ (IN+1(,)8)- (1~ - (&3!) (408<) (5!.+&, %UM18&:+!M&SIL (<, !
,84%!1,IN)0-?-Q-315%&!K+142),%1015-~ (, !a8 ($11L1 (<!"+1* 131 L (<!K+) (&XK&1+) (BIN+1(,)8)- (10!
a--0,110- (5'$%&! (84088,191+5) (N P&!<&*&0-28<!1!58-0-5)414- (487381019 -<&0! - . 1§%8!
,8K,8+.1481) (1$%&11+81!-. 15%&1 9 -<&0I<-91) (N P&!, 8K, &S8&($041&.,$1K0) , U&<!11%#<+-58-0-5)4!
A1O8M-+23IM%&+&) (IM&IL, 4+)K&<06tt<+ 180) 41 2+~ 28+9)&, 1§~ 1814%10)$%— , §+19)5+12%) 418 ()31 —+15%8!
5+-8(<M1$&+.0-MI9Q-<&M!

@+1.56!7 1+4%!H I HH! ! ! d!
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HIN&" (", 18* IH/1(38I@*+* 1 1&I< (%% *14%- $1-3#2,$01 (3&1+#Yo*(H#$!H/| CBROBA-+#0, %O 1 HO&H+#0, %! #18+-1*+#$0!
2,(31-,08,/,%*$(1/&*().&F
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Geologic Conceptual Model

P &1<8*80-28<11156-0-5)414- (482981010 -<&0!. ~+1$%&! , ~83%&1, 88+ (191+5) (I-.IEL01+1<&!
/81419118,)(5!,8*6+101,-8+48, 1-.1) (.~+O15)- (1) (408<) (5!, 8+.148!58-0-5)410191?, 31<+)01%-0&!
A4-+810-5 315820, )4101, 8+, 311 (<I1*1)01K0RI0)S&+ 188+8311, ML, 1§%814- O O - ((#11448288<!
4-(4875,1-.1,8<) O& (SLHHI58~0-5H13-1 8+%&+) (. ~+O8%&!<), §+)K89) - (1-.10)-0-5)&, 1) (19%), 121+
— ISURIKL, ) (VA& (VNG ~8+4&1- 18981 2+) O L+#) (.~+O15) - (18, 8<1$-1<&*&0-215%) , 19 -<&!
), 1<881)08<!) (1$%&!, 8220898 ($101 D 186:+)10!- .1 7 4F () SUSIESILMVH THTUIL(<1) (1 7 8 (21881 10K

VH I HTU=8.(&+L00A3ISA8I58~0-5#141 (IK8&I<&, 4+)K&<11,1)5 () OK#)88!-*8:+0#) (518 (<). .&+&.(§) 198<!
K1,&96($18()8,31-*&+01) (IKAHI1008%)10!,8<) Q& (5,110~ (51S&IKL, ) (18<581) ($+.) (5&+) (5IM)$Hh!
8X12-+)381,8<)O&(S, 5-M1+<, 198!, L0LHML+<I& (<1 1S%&IS+L(, &4SH 7 -*) (5).8+%8+) (5-16%8!
,1014318*12-+)581, &S8E (48, 18+1(,)8)- (1) ($-111*&+#189)4211 (<IELI&.(, ) <81 10)3818 ()$h!
D)$h-,$+19)5+12)418 ()3, 1)<&(S). )&<1%8:+&!) (408<8I 1008*)893!, )0816.) (&!, L(<IMZA0LE!, 53196 10)883)
547, 893141+K- (188311, %315 () OK+)8EIL(<18(<). .&+&.(§) L&KL, O (SNASE™ (" * U PY)0R!
,O1008+8()S, %1810 1#1 (-§1 (84&, , 1)0H#L.)81) (8- 1 (8- . 198141885 -4)018) - (, IM&s&I-K , 8+*8<1) (!
A4-+8,31)81), 1O 2451 (815-! (~S&8%1810)80%~0-5)414%1+14884)018) - (1-448+E< 191698 Q888+, 410811 (<!
$968:+8. —+81, 100K, 410810)8%-0-5)41%856+-5& (&)SHIML, | (-$1412$8+&<IM)$%6) (1$%8/58-0-5)4!

4- (4623810)Q18)- (A P&, 8K, &SB8&(SUH#141585-+)Q8<!58158-0-5)410 -<80)1) ($-1<) ,$) (48!

Uhth<s -, $418)5+12%) 418 (S, A

I"HS0o& M@ *+* | 1&I<(*%6* +I0&H+H0, Y01 06H#SY08& () *+! #18&+1-3#2, $OI0&H+H0,%6*+1)$, (-DI¥=.1/*)+ (- S L1 28++-I+#S01(
2,(3106#.811%(*71: 38 0&BE&. -+ +#06*(HS- W/ H.(*$(1-)./V6&I 2*(&.V&*().&-1* &I +4&+&1T

@+1.56! 7 1+4%!H I HH! ! ! T
!



We used the
hydrogeologic

Hydrogeologic Conceptual Model

P &14-O7?)08<1U#<+180)4 2+~ 28+9)&, | ~+814%! - . 1§8105¢i<+ - $+19)5+12%)418 ()8,
)<&.(5).)&<") (1$%8158-0-5)414- (482381019 -<&0! .+~ O11*1)11K08!2892) (5158, §!
<ISTAINOGE, &< +180)H 24~ 28:+9)8, |) (A0B<&UH<+180)414- (<B4S)*)$#1 , 284).)4!
S-+158311(<!, 284). J41)80<H PY&+812897?) (5156, $1<181IM&+IB (1*1)01K0E3IME!
&,9)Q188<158, &12+-2849)&, 1K1, &<!- (111+1(5&! - .128K(), %&<1* 1088, .+-9O!

) O)I1+158-0-5)418 ()%, AN (11<<)$) - (3ISEIHL0)88I 158) . &HELI)K)S, I<&28%X
<828(<&(SH<+180)414- (<B4S)*)$H1<88IS-14-O2148) - (11 (<!11+&, 818) (5!
+8:<848) - (1) (128+ OELK)0)$HIM)S61 <& 234N+ ~+E3IMEI<&*80- 28:<I<& 23X
<828(<&(§0ht<+180)414- (<BAS)*)$#1* 1088, . ~+1$%&1% 108618 (SIK1, &<!- (1$%8!
1*1)01K0812897?) (5188, $I<181A/+*0("1) 10),§, IS8 04#<+-58-0-5)4171+ 10888+,
8,8<!) (1$%& O -<8H

Groundwater Flow Model

conceptual model to Peas,a<iani<-58-1-5)414- (442381019 -<a01s- 14+4188 L1IM-X

create a two
dimensional,
numerical, density
dependent
groundwater flow
modelE

@+1.56! 7 1+4%!H I HH!
!

<)9&(,)- (1031 (BO&H)ALBIE(, )$H#<E 28 (<& ($15+-B(<MLSEH.0-MIO -<&!
8,)(5!%8! " E=EI?2+-5+19IE i /P /NI+AIN%&IEL01+1<8! /8141911
5+-8(<M18&+.0-MI9-<80l<-91) (1), IHWI2910- (511 (<!T1 1'QIM)<EAIN%E!
K-$5-91- . 19%81<-91) (1), !.)L&<!181808*18)- (' T3 [ 11O3I1 (<IS%&ls-21- . 15%&
<-91)()),!,8815-111, O - ~$hE<I$-2-5+12%)41<)5)$101806*18) - (| O-<AN@ i 7!
N8I O -<80l4- ($1) (, INWIOLHE+ , 311 (<I&LAKI0LHEH) , 1<), 4+88) Q<) (§-IT1 11O}
M)<&IKHT 1 1110~ (514800, VAU&." ("2UAINUGEIK-$- O - 150815 21014:+1)
80815)- (IHHNI D IM)SHI118-21, &815- 1581 @ i 7180815)- (AIN%&!+891) () (5!
0L#8+, 11 *819)42(&, ,&, - HIO!. +-O1808*15)- ('HHhd! O~ IHH[ 11 O3 [1O!
$6)421.+-O1808*15)- (IHH[ 1191~ IHIT\ O3 (<!T 11 O1§%)421K&0-M1&0&*18) - (!
HIT\11OM!

"8 (<LHHA- (<)9)- (, 1<, 4+)K&I%-MIShEI O ~<&01) ($6:+148, IM)SHI&L S8+ (10!
148-+,318,) (51481, - (1K0&1, ,8929)- (, 1+1508:+18%1 (18.L 20)4)$04#1 9 -<80) (5!

$968., 817+-48, , &, H1=+-8 (<MLSGH+EA%1+5818 ($6+, 1981 O -<80I<-O 1) (110~ (558!
825+1<)& (SIV08..8UIK-8 (< L+1) (18182 28+ T [1 O -<&0I01#&+, 11811 1+188 - 11 1!
48K)A10836+, 128+1<1HIVO' I<UAINY), 1¥10881) , 1<&+)*8<!. +-O1248*)-8,

5+-8 (<M18&+H1484%1+5818,8) 188, 1. ~+158! 7 gNI1S8).&+V 78 (2!, - AHI Tl
NG&I4)5%61O - <B0IK-8 (< L+#H14- (81) (, 11158 (&+ 101%&1<IK-8 (< L+#H14- (<)9)- (!
MIE)A%I1<<, IK+) (&1H+&A%1+581) ($- 199661 O~ <&0I-+1K+) (&!.08LI-8! - 1§%&! O <8013
O1)($1) (1114~ (,$1($IK+) (&1808*19)- (I- . 1T T HAJ J1 O 88e+ , IN), 1K) (&
808*15)- (1), 1110~ (5X$8+O11%8+158! - 1981, 848985, 1) (! (&L+KHIMEN, AL/ !

4- (<BASL(48186:+O14- ($+-0, 198 .08L!- (19858 (&+1018&1<IK -8 (<14310) O)8) (5!
$9681915 ()$8<!- . 19081 .08LIS-12+8*& (S18(+6.1, - (LKI#INL+5&IK+) (&1 +64%1+58!
F188 M1/ (18*12-$+1(, 2)+18)- ('K-8 (<L##14- (<)9) - (- ($819- 21~ . %&1 O -<&!
<-91)(!,) 98188, I5+-8 (<M18&+1<) , 4%1+58AIN%), IK-8 (< L+#14- (<)9)- (1418, &,
5+-8(<M18&+.08L1-881 . 1§%8! O -<80!<- O 1) (IMU&('S&IMLSE+SLKOE!) , IM)$%) (!
- (1O888+ - 18815+-8 (<!, 8+.14&j1)3!, ) OBILSE, 16*17- 4 (48($+19)- (KH#! (-S)!
+89-*)(5!, 108).+- O 1581 O -<&0I<-O1) (NHEI&*1?-8+1(, 2)+18) - (K-8 (<L+#!
)OB0188,, %814~ OK) (&<14.. .&48, I .18*17-+18)- (11(<!, 24) (1<), A% 145841/ )
1891) () (5!9-<8IK-8(<1+)8, 16111 (-X.0-M!4- (<)$)- GIMU)A%I< -, 1 (!
100-MIM18&+1-+1, 1081.08L1) (1-+1-88!- . 19181 O ~<&01<-O 1) (M

1L



P&!+1(1$%8! 9-<&0!8 (5)018%&! , 10814~ (4& (5+15)- (,1) (1$%&! 9 -<&0!<-91) (!
1814%&<!11<#(19)4!,861<#!,$156A P &!I$%&. (18, &<!§%&!.) (1014- (<))~ (, ! -. 1$%&!
?,8&8<-X,861<#!,$18819-<&0!1, 1§%&!) ()9) 1014~ (<)) - (, !. - +1$%&! 9 -<&0!
,)98018)- (AIN%&, &) ()9)1014- (<)5)- (, +&2+&, &(810- (5X8&+918S8)0)K+)89!
5+-8(<M1%&+!4-(<)$)-(,'M)$%-8%!1 (§%+-2-5&()4!) (.08& (4&A P &!$%&.(18,&<!
$%),19-<&018-1+8(ITJ!,)98015)- (, 1+&?+&,& () (5!5+-8 (<MLS&+M)$%<+1M10,!
+-O1%t881<). . &+&(B10-415)- (, IX!.+&,%!5+-8 (<M18&+!M)$%<+1M10,3!%10)$&!
K+) (&!M)$%<+1M1031L(<!$+1(,)8)- (1Q- (&!K+) (&!M)$%<+1ML0NVA§%& " (" - UM
P)%<+1M10!+18&,1+1 (58<!K&IM&& (1119)()989!1+18&!- . ITI F!-.1.4&, %!
5+-8(<M18&+!+&4%1+58!11(<!1191L)989!1+18&!- . \WIF!-.1.+&, %!5+-8 (<M 1$&+!
184%1+58AIC—+1+&. &+& (4&31) ((HITW3!148810!.+& , %M18&+IM)$%<+1M10, 1. —+!
0)8%)89!19) () (5") (1$%&! 7 gN!1S8).&+M&+&!122+-L) O 1880 TATFF- .| +&, %!
5+-8(<M18&+!+&4%1+5&!1(<!1458101%10)$&!K+) (& M)$%<+1M10, IME&+&!

1?2?2+-L) O L8Q0#IW I 1~ 1. +&,%!5+-8 (<M18&+!1+84%1+58!1V " UIN%E! ) ©8018)- (!
1+&!,899 1)< (I/+*0("A!

/+*0(")!"1844+"5"67'86&9: ; +<(""=6: (0"18480+<569>"?"1+0+"": ("@<+3+4+!

19%&56' 19%&56' @/."0& B%/25"0"12/.'
7%1%$289/0&%'| 7%1$289/0&%' A%"2&' A%"2&'
,-$./0"12' '&;6/%H#&' ?"068%/9/.5' ?"068%/9/.5' ?"068%/9/.5' | B10/.'?"068%/9/.5!
3%-4&%' <-'=8> <-'=8> <-'=8> <-'=8> <C'lD"&;6/%#&>

A/5&."2&

1%&56'7%1$289/08&96068%/9/.5

( EFF ER H H HFQ
*! EFF HFF H H AFQ
F EFF HEF H H IFG!
+ EFF AFF F H JFG!
G EFF H ER H HFQ
H EFF H HFF H AFQ
I EFF H HEF H IFG!
J' EFF H AFF H JFG!
K EFF H H ER HFQ
(E' EFF H H HFF AFQ
(@ EFF H H HEF IFG!
*' EFF H H AFF JFG!

I"H$06& B)@*+*.11&I<(*%* *I3CL HO&H+H0, %! VoHSY& )+ #1&+1-3#2, $013C 1 HO&H+H0,%1)$, (-DI-(*.(SO1VHSL, (HS-1/#.1++!
- )FE(HS-DI2, (3L 525+ +HYo* (H$-#.1(3&I 2% #)-1-, ) +*( #S-DISLIAH) S1UBIBL, (#S$-1/#.1 (3810 .#)$12%(&. I/ +#2!:#18+7

@+1.56! 7 1+4%!H I HH! ! ! TH!
!



Results

P& (*,9)518&I%818. . 848, 1-.1.+8&, %I5+-8 (<KMLS&HL (<IKH) (&IM)S%<+1IM10, 1~ (158!
5+-8(<M18&+, #, 8691 1$IEL01+1<8 /$141 O 1IK#14-O21+) (518! ,) O81188<14~ (<)§)- (. ~+§%&
48, I15+-8(<MLIEHIBL0)S&IKH) (BHL(<IS1(, )9) - (LOK+) (&, 48(1+)-, 1S-18%&IK L, &0) (&, 48 (14)-A!
P&IO&L, 8+8I%&! ) OB186<!4- (<)9)- (, 12+)Q L)1, 14%1 (S&ME0L8)*815-1S&!K 1, &0) (&!

) O80LS)- (GIMOR)A%), 0188, 15981 O 2148, 1 - IS&IM)S%<+IM10, |+~ Ol -$0h8+1*1+) 1K0&,, AIN%AS!
1,2848,1- 19981, #, 5.9 18018 IMEIE* 1081881 1+8159481-*&+1001.0-MI<# (19)4, 315+-8 (<M1$&+!

<), AKL5831L (<IS8I0-415)- (I- . IS08IK+) (BX. 48, SMLSEH) (56+. 146

Flow Dynamics

CO-MI<#(19)4,1<8,4+)K&I%-M!.08)<!O-*&, 19%+-85%!$%8. , #5491, 11IM%-08AIN(1$%8& EL01+1<&!
/81419119 <8031 +&,%!5+-8 (<M18&+.0-M, 1) ($-1$%&! O -<&0!<- O 1) (1~ (1$%810&.81V8 25+ 1<) (V!
K-8(<1HH1(<1&L)S, 1$%&1<-91) (11815%&1$- 219 -<&UK-8 (<111, 15+-8 (<M1$8+1<), 4%1+5AE 105!
<-8,1(-$18L)8!$%&1 9 -<&01<-91) (31081<) (51$-18*12-4- (4&($+18)- (I-.!, 10811 (<!1$%&! . -+918)- (!
- 1K) (BAI P Y& (15+-8 (<M 188+ -+1K+) (&IM)§%<+1M10, |- 448+IK-§%18%81 19 -8 (§!-.1.08)<!

0-M) (5!8%+-85%!9%&! , #,38914%1 (58, 11 (<15%&!+&018)*&1 2+~ 2—4§) - (1.1 +&, %15+ -8 (<M L$&+HS-!
K+) (&14%1 (58, A1%& " ("Al,%-M, 1§%&1.0-MI<#(19)4, 11 8&+HT 1 11481+, !- .14~ (8)(8-8,!
M)$%<+1M10,!.-+1E)98018)- (1 11VK1,&0)(&!,4&(1+)-U3IE) Q801S) - (WIV. +&, %!5+-8 (<M1$8+! Ethe m ajority of
M)$h<+1M10!1$1$%&!91L) 989 1+1$8U31E) 98018)- (1d!V%10)$8!K+) (&IM)§<+1M10, | 1819%&!

91L)989 141881311 (<!E)9801$)- (ITHIV+1(,)$)- (101K+) (&IM)$%<+1M10, 1515%8&! 91L) O8O 1+ 1$&LA! groundNater

NISHRIKL, 80) (8!, 48(L4) -SRI O Th-+)sH1-. 15+-8 (<M1S+1<), 4%1+581-448+, 11,142, 1<), 4%1:53. dISCharge occurs
M)S, ~O8IK+142), <), 4145811 (<TI0~ SI(-1KA)(81<), 4414561 7 - 8- il5+-8(<MIs! 55 frash

0-MI-448+, ) (IS8 .48, %15+-8 (<MLS&HIM)SbI 8+ #10)55081.0-MI) (981K (RIK-<HIN(98L 18, % <
5+-8(<MLI&HM)Sh<+LM10!, 4&(1+)-1VE) O8ILS) - (MUBSH&I825+1<)& (8! +&, %15+-8 (<M1 discharge..

<), A%145RI<AA481,E,1,)5(). )AL (SHAIL(<IK+142), %1<) , ARLH58) (4481, &, 12+-2—+5)- (LOVHHL/
SHLHR0LS) <R1P4—248) - (1|48, HI5+-B(<MISEH) (188!, #, B OI<BA8L, &, IFHRI0E*15)- (1. 158!
IC#) (8K, BMLI&+) (88 L48Y) (4481, &, 190~ ME*EH31S810-415) (1. 1S8IK#) (8. 48, HMLS&:+!

) (58+. 14811515 1SHSTK0R 18O 1) (, 1+6015) 20418 (4% (58<!

N(IS81910)381K+) (IM)S%<+1M 10!, 48.(1+)-VE) O8015) - (dU3I5+-B (KM1$&+<) , 4%1+581+89 1) (!
+ROL9)*&0HI8 (4%1 (58N, 068 1+ROLY)*&I 2+ 2—48) - (1-.1K+) (&) ('SW8! , #, $8.O1<84+81, &, IS
808*19) (1. I9H8IK) (8X. 48, UM LI&+H) 88+ . 148I<84+81 , &, ML/ SIH&IMLS&HISTKIBISHR) . +&, M 188!
K-8(<L+#1- . IS06IK+) (81 +&, WM1S&+) (86:+. 1A8HEO 1), HEDL9)* 80418 (4%L (SE<IKBSISHEIK+) (8!
K-8(<1+#19-%8, 15-M1+<I$%8! , 101431418, ) (SIS&IK+) (8X 46, M 18&+) (S8 . 14818~ 15+-MIM)<&+!
") (8L0-MI*80-4)3)8., 1) (4461, &1L (<ISUEIKH) (&1.0-MI*84$-+, 1A% (5&I<)+849) - (1. +-Ol-M1+<, |
$068IK#) (8. +&, IMLSGH) (386 14GIS-18-M1L+<, 19081 (84088, 31) (199481<)+8:49) - (1~ 18068IK#) (&!
M)§%<+LM10, A

A(1$%&I+1(,)$)- (L0IK+) (&IM)$%<+1M10!, 4&(1+)-IVE) 98018)- ('THU3I8?5+1<)&(§!.4&, %!
5+-8(<M18&+!<),4%1+5&!<84+&1,&,11(<I$%&!I<-M (5+1<)&(§!<),4%1+5&!) (4+&1,4&,!

24-2-48)- (L8804 "+) (&1.0-M!*80-4)$)&, 1) (4+81,8!,)5(). )AL (S0#31 L (<!$%&!.0-MI<)+&49$)- (!
?-)(§1$-M1+<, 18%&10-418)- (!~ .15%&!IK+) (&!M)$%<+1ML0, AN (1$%8. . +8., %!5+-8 (<M18&+3! .0-M!1?218%, !
<)*&+58! (&1+!8%6&!IK+) (&!IM)$%<+1M1010-415)- (3IM)$%!<&& 26+ ?18%,1.0-M) (5!<-M(M1+<, !
$-M1+<, 15%&!K+) (&IM)$%<+1M1010-41%)- (11 (<!, %100-ME&+21%%, 14~ (8) (8) (5!$-!1.0-M!8?M1+<!
§-M1+<,18%8!, 8+. 148AIN%&I&0&* 1) - (1~ . 1$%&IK+) (&X.+&, %M 18&+) (8&+.148!1<84+&1,&,!1 (<114~ (&!
- 1<8248,,)-(1),!*),)K0&!) (1$%&!, %1 2&!- . 1§%&!) ($&+. 14&IM%&+&!1S%&!IK+) (&IM)$%<+1M10, ! -448+A!
7 S190&IM186+11K083!8%&!K+) (&X.+&, %M 18&+!) (8&+.14&1 9 -*&, 1§-M1+<, 1§%&! (84088, 11 (<!
(1+-M,A

@+1.56!7 1+4%!HIHH! ! ! TJ!
!



I"H$%6& HIK+#211CS*:, %-1%/(&.HIFIC&* - 1#1- ) +*(&LY+H#2V . (3&I@*+* J1&I<(*Uo* I HL&+1-, 1) +*( #$-TIK+), 11/+) L1 289 (#.-1-31
(3811, .8%( HSI*$11.&+*(,2&1:+0$, () 1&#/10.#)$12%(&. M4 $&I+#2 TN H)$12*(&.11,-%3*. 081 28Y0(#.-1*(1(3812*(&.| (*4-1FNBHEN
*$11.&+*(,2&1%0$, () L&IH/10.#)$12%(8..!1,-%3%.08 71008/ *:&-1-3H#211-)4-& (1H#/1(3&10.#)$ 1 2*(&. | [+#2V:#1 &+ /#%)- SO (3812
1.8&-32%(&.), $(&.I*Y&BIP*-&+ $&I+H211CH*:, %-12, (31$#1/+), 112, (3L * 2+ ATK+#211C$*:, %-12,(31/.8-310.#)$12%(&..12, (31 *2%+-I##
(B&I+&I(I:#1&+1AH)$1* CI*(1*| *(&IHNIFG I/ (3&I(H(*+/.&-310.#)$12%(&..!. &MBHOGRN 1 CS*:, %-12, (313*+,(&14.,$&!12, (31 . *2%+-!

| #1128+ +1+HY* (&L (#(3&).,03(H/1(3&), +0&I/ ¥ &I*(1H *(&IHN IF G I/ (3&I (F#(*+1/.&-310.#)$12*(&... &I6IK BB CS*:, %32, (3!
(F$-,(H$*+14.,$&12, (315241 #148$8*(31(3&!,:*O&Y *:&I*(I%1 *(EI/| IF G (&) (#(*+1/.&-310.#)$12*(&.1. &%3B*.0&7

@+1.961°7 1+4%!H I HH! ! ! ™



Groundwater Discharge

=1-8(<M188+1<), 4%1+581) , 1 114-OK) (19)- (I-.!, 24) (5!<), 4% 145811 (<!5+-8 (<M 148+
8*12-$+1(, 2)+15)- (IMU)A%!), +8O-*8<!.+-Ol§8! , 8K , 8+. 14&IKHI&*17-+15)- (I-+!

$+1(, 2)+18)- (IK&. ~+BISHEIMLSEHE14%S., IS8I5+-8 (<!, 8+. 14GAI" ~$1, 24) (51<), A%1+5811 (<!
$+1(, 2)+19)- (1201#1114+)8)4104-081) (1, 822-+8) (5IMESIL (<184 , #,589 I P&IO&1 , B+EI58!

) OBILSE<I5+-8(<MLIEH<), A%1+5811, 19061 .0BLI - 154 -8 (<ML8&+-851 - 1896818~ 21~ . 19481 O ~<0!
<-O1) (M P&IH& (1410480158481 4%1 (58!) (15+-8 (<ML&+<) , A%1+581+8019) &1~ 16%6&!K L, &0) (&!
A8(14)- VK B UIS-18*10818815%8!)9 2148, I- . IM)$<+ IM10, - (15+-8 (KML$&+1<) , A% 158411 (!
1<<)$)- (BIM&, &21+1881-881K 1) (819488141885 —+)&, MIC+&, 1<), A%1+581), 15+-8 (<M 188+

<), A%1+581) (1981+85) - (I- . 19981 O ~<BOIMUE+&IS8! , 10814~ (48.($+15)- (I- . IM18&+1 1815948

<), 4%1+5812-) (81), 08, , 181 (! [ 1'52D!) (1$%8&1K1, 80) (&!,) O 801S) - (A" +142), %1<) , 4%1+581), !
5+-8(<M18&+1<), A%14581) (1$661+85) - (I-. %81 O - <BOIMUE+&ISUE!, 10814 (4&($+19)- (I- . IM 1884115
$681<) , 4%145812-) (81), | [ IXT[ 1'52D!) (1$%&IK1, 0) (&!,) O801S)- (1L (<IK#) (&!<), 4%1+581),
5+-8(<M18&+1<), A%14581) (1$9661+85) - (I-. 1981 O - <BOIMUE+&ISHE!, 10814 (4&($+15)- (I . IM 198411
$681<), A%1+5812-) (81), 15+&186HSHL(IT[ 115ID!) (1S%&IKL, 80) (&!,) O801S)- (A& ("BL, %-M, 1§%&
K 111, 11128+48 ($158!- . 5-$1015+-8 (<M18&+ H+84%1+58). ~+8&14%!,) O8018) - (114+-, , 1$&M%h-08!
O-<401<-O1)(I1, IMENIL, L. ~+E14%! - . I&IS+EEI<), A%L+5141585-+)&, A

||$# +# )EBT
#

*
#
& &t
[ Y%oH&H &#

$#

" e
VBV gy gy (g (g (g g g g g
" BH

2%$H#

2&$H#

| "HSYOHE H()*+, - [FWHO*1,.)2*3

7' IS '$# :
-/01234567089: ;8:57234567089: <806=457234567089: <84>:2345670809:
;8:572@A2A4/7BB0CO12"$# B 8:572@A2A4/7B80C0O12%$#
B 8:572@A2A4/7B80C0O12&$# B 8:572@A2A4/7B80CO12'$#

D014/:2<84>:2A4/7B80C012"$# B DO014/:2<84>:2A4/7B80CO1 2% $#
I DO014/:2<84>:2A4/7B80C012&$# B DO014/:2<84>:2A4/7B80C012'$#

-80>54/4.>012<84>:2A4/7880C012"$l  -80>54/4.>012<84>:2A4/7B80C012
B -80>54/4.>012<84>:2A4/7B80C012& Ml -80>54/4.>012<84>:2A4/7B80C012

I"#$%6&'1) 8+L,:):1963*$0&!, $10.#)$12*(&.11,-%3* 0&IQRST!2, (3, $IHFFICE&* IHHS- (*$(1.*(&!):', $0! $1@*+* 1 1&I<(*%%o*:*!

- )R HS-DLEH (&LI%-11'€. Y& B (X8I &-32*(&.). &% 3* O&! (#I(3&LHLEATN@, ) +*( #$-1,$%+) 1&11/.&-310.#)$12%(&. IN3L+]
4.,$812,(31.*2%+-DIFSLI(*$-, (HS*+14.,$&I2, (3L *2%+-I*GHIG 1#/1 (38! #1 8+ DH)$12%(8...&%3*.0&). *(&7IRS! -I' &-&B(&1L*- (#(*
*$11,-P+-#1-)41,?,1& 11 $(#1/.&-3D!4.*%> -3D1*$114. $&I1,-%3*.0&!*.&*-7
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ACLLO0IM)$6<+ M0, A& (14) -, AIM)SH<+LML0, 148, 8081) (111<84+81 , &1) (1$-$1015+-8 (<M 198+

<), A%1+5ENCHE, I5+-8 (MISEHM)S<+IML0, 1418, IH&IS+H198., $1<84+61, &) (15+-8 (<M 1%+

<), A%L+5E3IM)SA LITETH8018) - (, %) 2 KESME& (1. 48, %15+ -8 (<MLSEHM)$<+ IM10, 11 (<!K B A

; 10)8&K4) (&IM)$%<+IML0, 161 *61$%8108.1,$1) 921481~ (1 B3IM)S%L 48, %15+-8 (<M188!
M)$<+1M10, 148, 808) (51) ([ TNCTIO-+810-, , 115+ -8 (KML$8+1<) , A% 14581501 (1% 10)88&K+) (&
M)$06<+ LM10, L181998.196) 5%, SIM)$06<+ IM L0+ LSGAINEL) © 2148, 1- 16+1(,)8) - (LK) (&IM)S%<+1M 10,
1481, ) O)ILHS- 1%, &1 1. +&, %15+-8 (<M1S&+HM)$<+ IM10, SIM)SIS-$1015+ -8 (<ML$6:+<) , 4% 1458
<84+81,) (5!, 0)5%S0108., , 1891 (1$%&IES8)* 108 (8! .48, %15+-8 (<MLS&+HM)$h<+ IM10!, 46.(1+)- A

C—+10018%+&&!M)$%<+1M10!, 4&(1+)- , 31681 O 1R—+)$#1 - . 18%814%1 (5&!) (!, 2+) (5!<), 4%1+5&!-448+ |

) (19%8.. &, %1<) , 4%1+581 1 +& TAINY%&!) 92148, 1- .1 +&, %!5+-8 (<M 18&+M)$%<+1M10, 11 (<! Fresh
$+1(,)9)- (L0IKH) (RIM)S<+1IM10, I - (1§81 +&, %1<) , 4% 1+5&11+8111+&] (&1+0#1) <& (5)4108IM%&+&1., !
§0&1)972148,1.+-91%10)3&!K+) (&IM)$U<+1M10, 11481 ,)5(). )AL (§0#10&, , A @84+8&1, &, 1) (1.+&, %! 9 r_ou ndwater
<), 4%1+581) (18%&I$1(, )9)- (LOIKH) (&IM)S%<+IM10, 46 (14)-, 1O 1HIK&I L&, 808!- . &1y *&+5) (5! Withdrawals
A&, %15+-8(<M1$&H.0-MI?18%, 1<&, 4+)K&<! 1K -*&A!

4 HI5-B (ML I-MIZL, <k, di)Ka< cause the

E)O81LS)-(, . ~+10015%+8RIM)SH<+ IML0L 48, (1), 1, %-MIL! 0)51) (4+61 , &1) (15+-8 (<M 188+ reatest
<), A14581) (19K 142), 1<), AL 45EILAGLA" ) (GIM)Sh<+TMIDL, ) OBILS)- (146, 808) (1115458 I _
(4481, 81) (15+-8(<M1S+1<) A% 14561 (ISHEIK+142) 1<) A% 14581118191 (.18, %5-8(<M1%+  decrease in
M)S<TM10, M1, )9)- CLOIK#) CRIM)SH<+ 1M 10, 1418, ) (5ISEI5HLSE, §1) (4+1, BAINUE, &!

(446,81 (IK+142) , 15+-8(<M1S8+1<), AH1+5811+£10) 26041146, 8151 9814%1 (581) (1.0-M! groundwat,er
<#(19)4,3IM¥%)4%!418, &, 15+-8 (<M18&+<), 4%1+5&15-19 -*&I<-M(5+1<)&(§!$-M1+<, 1§08 dischargeE
KFL42),31<) , A%1+58 1IN PU)R!, -O81) (4481, 81) (1K+142), 1<), 44 14581Q 1#1-448HI)I<-8,|
(-1~ GSISHRID- , - 1 48, 1<), 41+581) (1L (#1- . 198!, )O8ILS)- (A

NIG&+81) , I*&+#H10)38081K#) (81<) , A%1+58I1SIEL01+1<E1 /8141 O 11-M) (51$-18%812-, )9) - ("1 (<!
80815)- (1- . 199%&IK+) (&IK-<HAN(IS%8IK 1, &0) (&), ) 98019) - (A1S-$101K+) (&I<) , 4%1+58d), !

1224-L) Q18T -1 +&, I5+-8(<M18&+1+84%1+5841 /1 THFI<84+81, &1) (K 11 1+&, 808, ) (11145101
0-,, 1= TL00IK4) (&1<), A%1+58A1 Z00IS0+E8IM)S<+ IM 101, A& (L+) - , | O&SSISH), 19%+&., h-0<3IM)ShIO610)88!
K#) (&IM)$<+ IM10, 11 (<I$+1(, )9)- (LOIK#) (&IM)$h<+ IM10, | O&8S) (5$0&IS%+&., Yo-0<1 1611001

) OBILSE<IM)$H<+ IML01+188., 11 (<! . 46, M 188+ IM)$h<+ IML01, 4&.(14)-19849) (58%),

896+, Y-0<1181998.19) 5968, SIM)$06<+ IM 101+ 186!

@+1.56!7 1+4%!H I HH! ! ! T\!
!



Response Time

P&I&*10818814&, 2- (,819) Q&IKHIEL19) () (51$%8!+156! - . 14%1 (58!) (15+-8 (<M188+1<), 4% 1+58! . ~+!
814%!- 15981, ) 980L5)- (Al PU&(IM)$h<+ 1M10, 1-448431 Kk 1 14%L (58, IM)$%!$) 98! 144-+<) (515-!
1(18L?- (&(5)101<841#!.8(49)- (11, 1<8.) (&<!K#s!

1" # % &

MU6&+8191),15)O831/1), 19081) ()5) L01* 1088314+ 1), 11 (- .., 5188+ O (<121<&, 4+)K&,, 19068+ 188 - .1

A%1 (584 PY&I21) , 19)5%8:+15+-8 (<ML8E+<) , A% 145814%1 (58, 118111, 1, $8+1+ 1881801 (IMU&(121) !
0-MEHIHE" ("C!,%-M, 5-$101K B 1-*&+8) O&110- (5IM)SISHEIEL P - (&(5) 101<8ALHISH&(<0) (&) ~+!
$96819%)5%8, SIM)SU<+IM101+1881 ) OBLS) - (, VW1 HF1- .1 +&, HI5+-8 (<M18&+ 1+84%1+58U1. ~+§Hh8!

48, 015+-8 (<M18&1%L0)$8IK+) (8311 (<18+1(,)9) - (L0IK+) (&IM)$<+ IML01, 48, (1+)- , AINSI21* 1088
), 190)5%8, 31, ~+S8IS+1.(, )8) - (L0IK#) (&IM)S%<+LMI0N2mCATAL T 18011 (<148, %!5+-8 (<M18&+!
M)$0<+IM101, 48(1+)-V2m\AI\LT U1 (<10-M&, 81 ~+1$%&I%10)$81K+) (&IM)$3<+ IM101, 46, (1+)-!
V2mIMHTLT 18031) (<)418) (519181941 (,)8) - (LOIK4) (&L.(<!. +&, %15+~ 8 (<M18&+HM)§<+1M10, 1418, &
54+-8(<M18&H1<), A% 145813-1<G4+81, 4118111415810 —+&ISHL (1SM)4&I1, 1. 1,911, 19610)88K+) (& < L
M)$h<+1M10, ) (1S%&IE101+1<€1 /1419119 -<80 Etransitional

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

I"HS8I)N@*+* 1 1&I<(*Uo**1: #1&+](,:&-&., &-HIRSIH#?&.1(3&/,.-(AFFIC&* -1/#.1(3&1:*L, ) !
2,(31.42%+1 *(&l-,)+*(#$-1QIFGI#/10.#)$12*(&.). &%3* 0&T!/#.1(3&!/.&-310.#)$12*(&..!
2,(31.#2%+DI3*+,(&!14.,$&12,(31. 524+ DI*$11(*$-,(#$*+14.,$&12,(31.52*+1-%&S$*. #-7IB&I&1!
&' &-8$(I(BRIGL'HSESB(,*+!18&*CI(.&B1+, S&I/H#.1&*%31-, ) +*( HSDI*+#$012, (31(3&!. *(&I#/1Y
YoHS-(*$(1Q>TI/H#.18+%31(.8$17
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Brine-Freshwater Interface

P&I&*10818814%1 (5&, 1) ('$%& M1SE+HSIKIE!, 8+, 14RIGL 248, )~ (1~ 1S%&IK+) (8. +&, M 136G+

) 88+ 1483IMOR)A%E) (<)4186,, 1$%6814%1 (581) (14-972-,)9)- (1L (IS4, ~+&I8%8I SBLO)$# - .

5+-8 (<M18&+1<), 4% 1+58AINUEIKH) (&X. +8&, M 18&+) ($&+. 1481), 1110 (&~ .19)L) (5IK&ME&(! . +8, %!,
5+-8 (<KMLSEHL(<IKH) (BIL(!), IK-8(<E<IKHILL+8, ) (86+. 14810) O)8I<8..) (&<1U&s&I1, 18I 1!
51D, 10814 (48(5+18)- (1), -4- (3-8+31 L (< LIK#) (&) (88+. 14810) O)$31<8..) (&<I%8+611, IS%&I T 115D
10814 (48 (5+18)- (1), -4- (5-8+A P&IO&L , B+815814%1 (58!) (154812~ ,)8)- (! -. 18%&!) ($8+. 148!
0)9)$, H8018)*&1S-1SEIK1, &0) (&) ~+1814%! - . 19981 O-<&0! ) OB01S)- (, A#5%& " ("D, %-M, 18%!
A%1(58, ") (SHEIMISEHSIKOE!, 8+, 1AGIEL24E, ,)- (- 18%&IK+) (X &, M 198+) (56+. 148N

m ||$$$
+ A
x_ &
Hg +$%
Fw
+ %
X+ $$
Co

H+
23
©cF
S B/
LW
—~ .= %$$
R
<

$ — ——————

:8:572E>/:8F06:2G4H4/ <84>:2E>/:8F06:2G4H4/

;8:572@A2A4/7B80C012"$# [ |
B 8:572@A2A4/7B80CO128$# B 8:572@A2A4/7B80CO12'$#
D014/:2<84>:2A4/7B80C012"$# I DO014/:2<84>:2A4/7B80C012%$#
B D014/:2<84>:2A4/7B80C01 28 $# B D014/:2<84>:2A4/7B80C0O12'$#
-80>54/4.>012<84>:2A4/7B80C012"${ll  -80>54/4.>012<84>:2A4/7B80C012
B -80>54/4.5012<84>:2A4/7B80C012& 4l -80>54/4.>012<84>:2A4/7B80C012

;8:572@A2A4/7B80C012%$#

I"HS00& KXD*+* 1 1&I<(*%0**|: #1&+14. BRE-32%(&.!, B(&.*%&IAH)$1* ., &-UI*L,:):1: 0.5(#S1,-(*$%&!1)., $0!(3&Y/,.-{!
HFFIC&* - 1#/1%6#$(,$)#)-12,(31.¥2%4-7

T SISO 48, 41) (S8t 14810) )11 (<ISU&IK) (&) (88+. 14610) O)810)5+ 18815~ ML+<, 908!, 10141
(84088, ) (LOIM)$H<+ IM 10!, A& (L+)- , AN (IS8 . &, SMLSE+ IM)$06<+ TML01, A&, (14)-31) ($8+. 148!
9)5+18)- (1), (&50)5) KOGAN (15819 10)$8IK+) (&IM)S<+LM10!, 46 (14)-, 3159481 .48, %1) ($&+. 14810) D)1
9)5+15)- (1), 110, -1 (&50)5)KO&IKSS 1515 10)8831K+) (&IM)$h<+ IM101+18&, 15+8.188+$ (! T 171!
48, I5+-8(<MLIEHHEANLH5EANEIK#) (&1) ($6+. 14810)O)$19)5+188, 1A\ XN 1 [ D88+, §-M1+<, |
$968.1 (84088, AN (IS (, )8)- (L0IK#) (&IM)S<+ 1ML, 48(14)-31,)5.().)AL(8)) ($6+. 1481 9)5+15)- (!
~ 448+, 1- (IK-SHISUE) . +8., %) (58&+. 14810) Q)81 1 (<IS&IKH) (&) (5&+. 14810) O)S3IM) 618215 -
122+-L)Q 198041291~ .12-$6.(5)101) (6+. 148! 9)5+15) - (A
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Salar del Hombre
MuertokEastern
Subbasin

Model simulations of groundwater and
brine withdrawals and relative impact
evaluation at the Eastern Subbasin of Salar

del Hombre Muerto.
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There are
currently three
lithium mining
claims in the

eastern
subbasinE

Introduction and Model Objectives

EL101+1<80! ; ~OK+81 78848-14- ($1) (, SM-1,8KKL,) (, IM)$¥h!<) ,$) (4$158-0-5)411 (<!
Uttt -58-0-5)41+85)O&, INUE+EI1+8148+E (SHI%+6R10)§%)8919) () (5!401) 9, (!
$968161,98:+(1, 8KKL,) (311 (<11 (1148)*810)8%)8919) (&!) (1$%&IME, 88+ (!, 8KK1, ) (1%1,!
11,48, %I5+-8(<MLIEHMEINN.)&0<!) (18%8! , 858+ (12-45)- (1. 19%&I&1, 88+ (!, 8KKL, ) (M
NUG&+&I 146148 H& (S0 (- 1508+ ,)5.(). )41 ($184- (- O)41149)%)9)8, | -+IM188+18, &+, ) (!
$68IKL, ) (AIN%&IEL, 36+ (1, BKKL, ) (14— ($1)(, 11101+581K#) (81015~ - (VD158 (1IN&s+<8l!
1,IM&0IL,, 11101458IMESIL(<, 14- O 208L 14 1008<I$%&ID -, aL$-, 1>) <&+ @80 13IMI) 4d%!
4-($1) (, 61K)S18!. ~+1*80(8+1K08).019) (5-!, 284)&, AINY&I5+-8 (<M18841.0-M!
O-<801.—+18%), 1, 8KKL, ) (1> 108188, I50%&H8018)*81) O 21481~ 18081 . +8, %!

5+-8 (<MLS&HM)$<+ 1IM10, 11 (<1%10)$8!K+) (&IM)$h<+1M10, ! +-910)§%)8919) () (5!
149)%)9)8., A P&IS%E (1 O&1, 8+ISHE!, ) OBN188<14%1 (58!) (15+-8 (<M18&+ 1<), 4%1+58!
1(<ISU&IK+) (BX. +8, M1SE+H) (56:+. 1481+8018)*&I8- 111K, &0) (8!, 48 (1+)-11(<14-9?1+8!
$68148018)*61) 92148, 1- .18 14IM)$h<+ IML0!, 46.(1+)-A

Model Design

NG E101+1<80! 5 ~OK+&d 7 88+8-1i 1,96+ (IEBKKL,) (1 9-<&0!), 10-4188<110- (5!$%e!
,-83%8+(19145) (I-.15%8!, 8KK1,) (IMU&+&IS%&ID-, lals-, 1/ S8).&+&(56+, 190! , 10141
N+1(,)8)- (1 - (B1ELSE(<) (5171, $1D158 (LIN&+<&IVHSHE" (") EWIN%), 1<-O1) (!
~00-M, 1$%68124) O 14415+ -8 (<ML8&+H.0-MIP 1M1 ($-15%8181, $6+ (!, BKKL, ) (!
(84088, 31) (408<) (5!9%8!D-,1als-, !>)*&+@E0S134- (51) () (5! +&, W11 (<IK+142) !
MESIL(<, N P&I<&*8)-26<!1158-0-5)414- (442381019 -<&0!- . I8%&! , 8K, 8+.14&1) (!
$681 1461118981 O -<&01<-O 1) (INU& (318, ) (51) (,)5%S, | +- O I18I58~0-5)4!

4- (482881010 -<ERIMEI<8*8&0- 28< I 1106t <+-58~0-5)414- (482881019 -<8!1, 190!
+198M-+21. ~+156815+-8 (<M 136+ .0-M!O ~<&0N

Geologic Conceptual Model

7158-0-5)414- (482$81019-<801. ~+1$%&! 1 1,88+ (VESKKL,) (ML, 1<&*80-28<!8, ) (5!
L&*8+101,-8448,1-.1) (.-+O18)- (1) (408<) (5!, 8+.148158-0-5)4101917  31<+)001%~08!
4-+810-5, 315820, )4101, 8+*8&# 311 (<I1*1)01K0GI0)88+1$8+8311, IMBOIL,, 1§08
4-99- (#11448256<14- (4878, |- .1, 8<) Q& (SL+#158-0-5413-1 . 8+8%&+) (. ~+O 58!
<),$1)K85)- (I-.10)8%-0-5)&, 1) (19%), 121481- . I&IK1, ) (VA& () YUIN%SIO - 8!
)O?-451(§124)Q1+#1<15114108! . +-O1884% ()A1014+62-+5, IM)§h14—+&0-5!
)(.~+O15)- (11(<I58&- 2, )A101<18114- (<8488<!) (1$%8&!D-, !als-, |/ S8). &+ @&0S13!
1(<!, 1014INEL(,)9)- (1 - (81485) - (, V0-418) - (, 1-.1<4)001% 08, 11481, %-M (1) !
H88." (") EUAI=8(&+ 10031508158 -0-5#141 (IK&I<&, 44)KE<I1, )5 () OK+)$&d -*&+0) (5!
,8<) Q& (S1+#11 (<! O8S19-+2%)41K1, D& ($1-*8+01) (IKHIS)421.08%) 1011 (<!
4-008%)101,&<)Q&(S, ) ($&+.) (5&+) (5IM)SIE*17-+)38! , &<) D& (S, 1$-ML+<, 948! (~+$%!
M)SHAI L1921 1 (<IBLSE( , ) *&IKBH)&<I9410)$818 ()1 181S%8! (~ 4988+ (18(<! . 8%

$+1(, RASHD)%-,$+18)5+ 12%)418 ()8, <& (5). &<1&+&) (408<&I5+1 %601 61, 1 (<!", 1 (<!
615+ 1*80IMIAILAL) (&, 1(<IMZ, J0SHE<IA0LHIML, \II4 1041488, 15+ 1#! 0S4 401!
K014214104148-8 1401431542, 8OIMIA1+K - (L8&0&.( , &, 31547, 8931%10)383!
)5()OKSENL(<IKL, &O&(SIB()S, VA& (") YU PU)IE! , O 10088 ()8, 15151O 141 (!
(848, , 1901 )81) (8- (&!- . $&141885-+)Q19) - (, IM&HI-K , &++8<1) (14-+&, 3)31), !

)9 2451 (8151 (~$&IS1810)8%-0-5)414%1+1458:+)QL5) - (I-448++< 1518%8&I D888+, 4108!
1(<I58+6.. ~+81 (~$1100158-0-5#118!, O 1008+, 4108, IM&+&I412$8+&<IM)$36) (15948
58-0-5)414- (48&2$810)Q15)- (AIN%E!58-0-5)419-<&IIM1, !, 8K , &S8E (504!
41885-4)08<1) ($-1<),8) (4810t  $+19)5+12%) M8 ()8, M

! ! HI!



I"HS&(E)IB* I#/1(38I @*+*.11&+IVH#:4.818) & (H14*- $I-34#2, SO! (3&!+#%*(#$!H/| BEDAH+H0,%1*$113C 1 HOKH+H0, %! #1&+-!
*+#$012,(31-,08,/,%*$(1/&*().& 7
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I"H$%&(( )| @*+*.11&+IV#:4.&18)&. (HIW*-(&.$! @) 4BIO&H+#0, %! %oHSY& )+ #1&+
-3#2 $0108H+#0,%6*+)$, (-F$11(3&I2&++-*+#$01(3&!(+$-896(12, (3196#.&11*(*71;3&!
*108#3C-,%*+1-).28Cl+ $&1)-&11(#14),+11(3,-1:#1&+],-1+*48+ SIORKIDY, 38 108$&.*
HHYO*(HS- I, 1 (B(1). 08I 2*(BUBH(). &- 1% &l*+-H++4&+& 1T

Hydrogeologic Conceptual Model

P&14-O2)8<1H<+180)41 24~ 28488, | ~+1814%! - . 19%810)30h-, $+15)5+12%)418 ()3, !
)<&(9).)8<!) (1$9%&I58-0-5)414- (482881019 -<BIIKL, &<!- (18)h&htE<+180)4158,9) (5!

4~ (<BAR<IM)SI) (IS8IKL, ) (1-+11<1288<! . +-O17+8*)-8, Yttt §+18)5+12%)41
+198M-+2,1.+-O1-84 §8<)8,, - . tt<+-58-0-5#1) (EL01+1<8l /81419 14N (11<<)$)- (3!
81910)38315+ 18011 (<!, (<YL (<L) (&, 1(<IL(<!, YBIB ()8, IRLUK)SI<& 280K <& & (<& (S
Uhth<+ 180)414- (<B4S)*)$#<B&IS-14-O2148) - (11 (<I§H8I+, 808) (51+4<849)- (1) (!
28+ORLK)0)$HIM)$Hh! <& 2500 P &I<E*8- 28.<1<8 2800 <E 28 (<& (S1<+180) M4 - (<BAS))s#!
*1088, 1. ~+18%&., &15%+8&18 ()8, 1K1, &<! - (19981 1* 1)) 1K0&IY6A<+180) 4186, $) (5I<1$14/+*0("
1.10),8, 9481 06#<+-58-0-5)4121+1 9888+, 18, &<!) (19481 O ~<&ON

Groundwater Flow Model

P&14+8188<111M-X<)O&(,) - (103 (8O&H)ALMI<E( , $#X<&28(<&($I5+-8 (<M18&s1.0-M!
O-<418,) (5!$%8! * E=E!?+-5+19IE i / P /NI+UANUEIEL)1+<80! ; ~OK+81 7 8843-!

i 1,88+ (VESKKL, ) (I5+-8 (<M1$&+.0-MI9-<&i<-91) (1), H112910- (511 (<!TI1 119!
M)<8AINU&IK-$6- O - . 19081<-O1) (1), . L&<!1$180818)- (133l | 119311 (<!$%&18-2! - . 19048,
<-91)(!),!,8818-111, O--§%&<1$-2-5+12%)41@ i 7AN%EIO -<&014- ($1)(, | [ 101#8+,3!
M)SHIELA%I01#EH1<), 4+88)Q8<!) ($-IT1 11OIM)<EIKAIT 1 11D10- (51480, VAS%E" (") . UNNE
SH)A2 (&, , |- ISHRIS-210148) , I 14)LKOII<E 28 (<) (51— (1S81808*15) - (I-. SR @ 1 7!
MU6)4%!. —+O, 198121~ 1N HEHINYEI+&O1) () (5I0LHE+ , IH1*8)42 (&, , &, I- . IHIO!
+-O1808*18)- (\II\WI Q18- J5hT 11O (<! [1O18%)421K&I-M!&IE*15)- (! 3 T 11 OM!

=1-8(<M188+1+84%1+5818.(86+ , 199681 O - <801<- O 1) (110- (51581825 1<)& (SIV08..8U!

K-8 (<L) (1$%818228+ H[! O - <800 L#&+, 118111+ 1881~ 1T [ 119! 1<K P88, §) O 186<!8%),
+RA%1+581%10881K1 , 4<!- (140) O 18&I<1$1!. +-O1 P-+21a142158!TI-.18%) , 17+ -RRASINUE!
+)5U819 - <0IK-8 (<1414~ (1) (, 11158 (&+L0E1<IK-8 (<L+#14- (<)8)- (M) LIK+) (&
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80815)- (I- .13\ CIO8S&+, IMU)A%IMBI&, §) D 18<IK1 , &<!- (11*1)11KI&IMEII<LSL!) (%68
LBKKL,) (M (18*12-$+1(, 2)+1)- (K-8 (<L+#14 (<)9)- ('~ ('$%&13-2!- . 19481 O <&l
<-91)(!,) 981188, 5+-8 (<M188+1<), 4%1+5811 (<1&*17-4- (48($+15)- (/01489 1) () (5!
O-<80IK-8(<14)&, 1148111 (~1.0-MI4- (<)$)- (M

P &I+ (156819 -<80I8 ($)0I8! , 10514~ (46 (5+18)- () (19%8&I O -<&0I<-O 1) (+&14%E<!1!
2,88<-X,$61<H#! $1564 P&IS&(18, &<I8!.) (1014 (<)9)-(, |- 19817, &8< X, S 1<, $188!
O-<80I1, 15481) ()9)1014- (<)8)- (1. ~+$%8I O <801 ,) O 8115) - (, AIN%S, &) ()9) 1014~ (<)9)- (!
18246, & (310~ (5X88+O18S8)1)K+)8O!5+-8 (<M18&+4- (<)) - (, IM)$-8811 (§%+-2-5& ()4!

) (088 (481 P&ISH&(18,8<!8%), O -<&08-1+8 (th!, ) O80L9)- (, +&7+&, & (5) (5'K1, &0) &!
4-(<)8)-(, 348, %I5+-8 (<KMLS&HM)$<+ IM10, 311 (<1%10)38!K+) (&IM)$<+LM10, | +-O 1%,
K8+)&<1%10)$81158). VA& (") . UL/+*0(".",89O1+)Q8, 1$%&!, ) 9801S) - (1?1+1 9886+, 4

# 01" # 01" F+0%(!
87689: ;+<("" | 8"6&9: ;+<(™ N"$9(" /6<+("
1$4.&0+<§69" JEI+"%((" GKIZ"+;+0" | GKIZ™+ ;40" GKI -+ ;+0!
H&A>("" kALl kAL kAL KO"67'I(31+" %N
N+>(059(
e .../ | If
#(C1'8"689: ; +<(""GKI:"+;+D>
)" JLI! J[! 1! TIF
J[n cl! I! HIF!
, J[I! TI[! 1! JIF!
- J[I! TWI! I! WIF!
F+<("N"$9(" .
2" J[n I J[! TIF!
A" J[n I cl! HIF!
B" J[n I T JIF!
C" J[n I TWI! WIF!

I"H$068() 1@*+*.11&+IV#:4.&18) & (/*-(&.$! @)44*-, $13C L HOKHH0, %01 %6H#$%0& () *+!:#18&+!-3#2,$013C L. #O&H+#0,%!
A(*.(,SOIHSL, (HB-1/4 541 ) +5(HS-DI2, (3L 524+ 4 (HS-1/#.1(3&17%. #)-1- ) +*( #$-DI*$114#)$1* Clo6#$1, ( #$-1/4.!
0.#)$12%(&.!/+#21: #1847
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Results

P& (%8, 851581818, .84, 1.1 +§, 415+-8 (<M18&+1 (<IK+) (&IM)S%<+LM10, - (19548
5+-8(<M18&+ , #, 5691 19168 EL01+1<80! ; ~OK+&! 7 88+-1i 1,38+(ESKKL, ) (IK#!
4-97214) (518!, ) OBIL8E<14- (<)$)- (, . ~+1$U&) . +&., WI5+-8 (<MLL (<IK#) (&!

M)$h<+ IM101, 4&(L+)-, 1$-15%8IKL, 80) (&, 4&.(1+)-H P& O&1, 8+&I08! , ) O 80188
4-(<)5)-(,12+)QLHIH#I1, 1401 (S&I+ED19)*EIS-189%&IK 1, 80) (8! ,) DB01S) - (3IM%)4%!

), ~0188, 18%&1) 9214, 1~ 1606&IM)$6<+LM10, ! +- Ol ~$U6&+1*1+)1KO&, INUSI1, 2848, 1 . 1908
4,580 19 18IMBI&* 108188 1+E15081 - *&+101.0-MI<#(19)4, 315+-8 (<M188+1<) , 4% 1+583!
1(<ISU8IK#) (BX. #8, ML8E+) ($6:+. 148

Flow Dynamics

P8 (15+-8 (<MLK (UM<t IM10, 1-448+1.0-MI<#(19)4, 1) (198!, #, 889!
A%1(5811, 11148, 8081 -.128:+88+K18)- (1) (1948119 -8 (51~ .1.08)<L.0-M) (5!$%+-85%I5H48!
H,58011, IMBQIL, IS81+8018)*81 24— P—48) - (1.} 48, 15 +-8 (<M 188+ 18- 1K+) (BAESME " ("
), 1,%-M, 1981 0-MI<#(1O)4, 11 86HT 181+, 1-.14- (5) (8-8, IM)S%<+1M10, 1. ~+ 158!
K1,80) (&, 48(1+)-11, IM&NIL, 1$%8 O 1L) O8O IM)$h<+ IML01+ 198! ,) O 8018) - (, !~ &
48, U15+-8 (<KMLS&HM)S%<+IML01L (<% 10)8&1K+) (&IM)$<+ IM101, 48 (14)- A

NCISUEIKL, 80) (8!, 48 (14)-3IS&I O 1R—+)$#1 - 15+-8 (<M18&+ 1<), A%1+581-448+, 11,148, 4
<), A%1+583IM)SHI 10O -, §1 (~1K+142), hl-+1K#) (81<), A% L5801 7 -, §1-. 1808
5+-8(<M1S&H.0-M1-448+, 1) (18%8]. 48, %415+ -8 (KMLSEHIM)SHA!, - O&L.0-M1) (1808

K+) (8., WM 188+1) (S8t 14811 (<! &+#H10)38081.0-M!) (1S%&1K+) (&IK - <#AIN (108 . 6.,
5+-8 (<M18&HM)$<+ IM10!, 4&(1+)-IVE) Q8018) - ('WU3I5+ -8 (<M188+1<), A%1+581 181538
O-,$1825+1<)8.($12-) ($1<84+a1, &, AINE+HI0)SS0814%1 (581-448+ , ) (1$6&IK#) (&X

48, MIL98:+1) (58:+. 1483IK - 5301 1815968 M188:+STKORIL (<1 1$1<8 2834

N(IS81910)381K+) (&IM)S<+1M10!, 48.(1+)- VE) O8018) - (1dl3l5+-8 (<M18&+ 1<) , 4% 14581
18159819~ $1825+1<)&(817-) ($1<84+E1,&,3!,) O)I1+1$-1E) O801S) - (MAINU&E!), 110, ~11!
gt 0)5U81) (4481, 81) (169%81+8018) *&124-2-49)— (1= 1K#) (&1L (<IK+142) , 41<),, A% 1+58
/0,-1,)9)01+15-1E) O8015)- (I3 *&+#10)350814%1 (58! -448+, 1) (1S0%&IK+) (8X. 4, M 18&:+!
)($8+. 14841
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Every little change
occurs in the brine
freshwater interface.
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"#S%&(F)IK+#211C$*:,%-1*/(& I HIFIC&*.- /- ) +*(&1L+#21/#.1(3&! @*+*.11&+!V# |

8)&.(# IW*-(&.$!@)44*- BlIH#1&+1-, 1) +*(#$-7TIK+), 11/+)L12&%%(#.-1-34#214#(3!(3&!

1, &Y% HSI*$11.&+4(,2&1 0%, () 1&I#/10.#)$12%(& M4, $&I/+#2TIIN.#)$12*(&.11,-%3
28Y0(#.-1(1(3&12%(&.|(*4+&1-3H2) (3&I+HY*(HBIFS11.&+*(,281:+0%, () L&IH/10.#)$12*
1,-%3*.0&710:*0&H&:1-3#21*1-)4-&(1#/1 (3810 #)$12%(& V/+#21:#1 &+ /#%)- SO1HS$! (3¢
4.,$60.8-32%(&.) $(&.I*%&PBIP*-&+ $&I+#211C$*:, %-12,(3I$#1/+),112,(31.*2* AT !
K+#211C$*:,%-12,(31/.8-310.#)$12%(&.12, (31 *2%+-1#$! (3&I+&/(1:#1&+14#)$1*.CI*(I*
F(&MHNIFG I (& (H(*8-310.#)$12*(&.). &%3* ORIBK+#211C$*:, %-12, (313%+,(&!
4., $&12, (312541 #4128 ++1+#%6* (&1 (#!(3&..,03(1H/1(3&,:*0&)/ *:&*(1*1 *(&I#/1 JF
#11(3&I(F#(*+1/.&-310.#)$12*(&.). &% 34 0&7
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Groundwater Discharge

P&IO&L, 8+8I5%8! ) OBI186<!5+-8 (<M18&+1<), 4% 145811, 15+-8 (<M1$4+!.08L -85 - !
$6818-21- . 19810 ~<801<-O 1) (110- (51$&IE*12-$+1(, 2)+18) - (K-8 (<L+#A P &ISIE (!
4104801581K 1 19-18*108188/%61+8018)*81) 9 2148, 1- . IM)S<+LM10, - (15+-8 (<M18&+!
<), AH15EAN(11<<)S) - (18-18*10818) (518%&!$-$1015+-B(<M1$G+1<) , 4%1+583IMa!
LE21+18615+-8 (<KML$8+1<) , A%1+581) ($-1.+&, 1<) , A%145831K+142), %1<) , A%1+5831 1 (<!
K+) (1<), 4%1+5818, ) (519!, 1O&I Q88%-<~0-5#11, IShGIEL01+1<E1 /$141 9 11O -<&(
& (") =1, %-M, 190681 11,111 28+48 ($1581- . 15-$1015+ -8 (<M 188+ 1+84%1+581 . —+1
814%!,)98015)- (114+- ,, 9%&IM%-0819 -<&01<-O1) (11, IMRNIL, | ~+1&14%! - . IS8 5%h+84!
<), A%1+58141865-+)8, A

N-$1015+-8(<ML$&+<), A%1+581<BA+E1, &, +E015)*&I8-IK1,&0) (&1) (! LO0IM)$Hh<+ LM 10!
)98018)- (,IE) O)ILHS-IS&IE101+1<81/$141 D119 -<80! .48, %15+ -8 (<M18&+!
M)$<+1M10, 1418, 88981548188, 81<84+481,&1) (15+-8 (<M188&+1<) , 4% 1+583IM)SILITGT!
+8018)- (%) ?IKESMB&(! - +&, %15+-8(<MIS&HM)S%<+LMI0, 11 (<IK DA 5 10)8&1K+) (!
M)$<+ IM10, 1%61%8111, ©1008+) 921481~ (1 E3AIM)SHL 46, h15+-8 (<ML8&+IM)$%<+LM10,
+8,808) (5) ([ TI[F1O-+810-, ,1-.15+-8 (KML$&+1<) , A%1+5815061 (1% 10)8&1K+) (&

M)$0<+ LM10, L181598.196) 5%, SIM)$06<+ LM 101+ 1864 Halite brine

C-+1§%8!.+€, %I5+-8 (<M LS&HM)SH<+IM10!, 46 (1+)-38%&I O 1R-+)8#1- . 19061 4%1 (56 wWithdrawals have a
54-8(<MLS&H<), 4% 14581448+, 1) (1$%&!.. +6.,%!<) , A%1+581 1+&1NCHE, Uo!5+ -8 (<M18&+H! :

M)SHh<+ IM10, 196181 (=1,)5().)A1(818... 8481 (1K+142) %61<), 4%145811 (<1418, &1 18+ smaller impact on

, 9100151 (850)5)K08!<84+&1, &1) (K+) (&I<), 4%1+584! IQE

A(IS8110)381K#) (&IM)S<+LM0L, 48.(1+)- 3181 O 1R—+)$# - . 1981401 (581) (!
5+-8(<M18&+1<), 4%1+581-448+, 1) (IShEIK+) (81<), A%L+5&11+&14 5 10)88&IK+) (&
M)$h<+1M10,1418, 811!, O1001<84+81,81) (1.4, %I<), A%L+5&11 (<11, 0)5%81) (4481, &) (!
K+142) 1<), A%1+58

Response Time

P &1&*108188!8%8!5+-8 (<ML$&+ 1<), A%1+58148,, 7- (, 819) D81 ~+E14%! - 18981 O -<8!
,)O80LS)- (, IK#141048018) (5808141981~ . 1491 (5&IV2U!. +- O1§8IEL 2 (&(8) 101<841#!
B(49)- (A& (") 2!, %-M, 1$-$101K 1 1-*8&+18) 98110~ (5!M)SHhIS&I&L - (&(5) 10!
<BALHISH(<0) (8. ~+15008.1%) 5%, SIM)Hh<+ LM 101+ 138!, ) OBIL9) - (, VW1 1.1 +&, 5
5+-8(<MLS&+H+8A% 145! ~+ISU&) . +&, W15+ -8 (<MLIEHL (<19 10)381K+) (&M <+ LM 0!
A&(L¥)- , MINUGRI2I*1088Y), 96)5%8,, 51 ~+15%68! .+, %415+~ B (<M LS8+ M%<+ IM 10!

A& (L)~ V2MTAIWLT 1#UIL (<10-M&,, §1. ~+8%& 94 10)$81K+) (&!M)$¥<+ IM 10!, 48 (14)-1
V2m\ADALT 18031) (<)418) (5180181 +8., %15+-8(<ML$&HM)S%<+1M10, 1418, &!
5+-8(<M18&+<), A%145819-1<84+81, &1181 1141581 O —+&IS1 (1SM)4&I1, 1. 1,511, 1%10)86!
K+) (&IM)$<+ IM10, 1) (1$%&I E101+1<60! 5 ~OK+&! 7 888111, 88+ (!EBKKL,) (19 -<&M!
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:8:572@A2A4/7B80C0O12"$# [ ;8:572@A2A4/7B80CO12%3$#
B 8:572@A2A4/7B80C0128$# M ;8:572@A2A4/7B80C0O12'$#
DO014/:2<84>:2A4/7880C012"$#ll DO014/:2<84>:2A4/7B80C012¢

B D014/:2<84>2A4/7B80C012& Ml DO014/:2<84>:2A4/7B80CO12"

I
I"#$%E&(+)!8*L,:):1%3*$0&!,$!10.#)$12*(&.11,-%3*.0&!QRST!2,(3,$!HFFIC&*.- #/1%#$-(*$(1. *(&!")',$0!, $! @*+*.11&+!V#:4.&!
8)&.(HIW*-(&.5!@)44*-,$!-,)+*(#$-D!.&'#.(&1!*-1*1'& Y% &S (*0&#/!/.&-32*(&.).&%3*.0&! (#!(3&! H#1&+TN@,:) +*(,#$-!, $BH) 1&
0.#)$12*(&.12,(31.%2*+-1*$113*+,(&!4.,$&!2,(31.*2*+-*(IEIFG1#/! (3&! #1&+U-10.#)$12*(&.!.&%3*.0&! *(&7'RS!,-I". &-&$(&1!*
(#H(+IRSIFSL! -1%+-#1-)41,?,1&1!, $(#!/.&-3D!4.*%>,-3D!*$114.,$&!1,-%3*10&!*.&*-7

I"#$%68& (AY@*+*.11&+IVH#:4.818)&. (#!
WH-(&.$1@)44*- $1:#1&+](,:&-&. &
RSI#2&.1(3&)/,.-(|AFFIC&* -H/1&L(*%(,;
J#.0(3&)*L,1):12, (3L #2%+ *(&!
- ) HS-IQIFGIH10.4#)$12%(8.!
&9%3*.0&T!/#.1(3&!/.8-310.#)$12*(&.!
2,(31.2%+1*$113%+ (&14.,$&12,(31.%2*+!
-06&$*. #-TIB*-3& 11+ $&-1.&' . &-&S(I(3&!
BLHSES(,*+1&%*CI(.&$1+,S&YEBI&
- ) HSDIFHH$012, (3138 * (&I

I %3*$08&!%64#$-(*$(1Q>TI#.1&*%3!(.&$17
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Brine-Freshwater Interface

P&1&*1081814%1 (5&, 1) (|S&M1SEHSIKE!, 8+. 148I8L 4L, ,)- (. 1$06&IK+#) (&X

48, M18841) ($8+.14818, ) (515%8! , 1O&IO8-<, 1<&, 4+)K&<! . ~+ISH&IE 101+ <8
/51419119 -<80H P&IO&L, 8+8ISh814%1 (58!) (194812, )8)- (- 18968 +&, %) ($6+ . 148
0)9)8, 11 (<IS&IKH) (&) (86+. 14810) D)8, 148018)*&IS-15%&IK1 , 80) (&) ~+1814%!- . 150!
O-<40)!,)98015)- (,AH&" (DAL, %-M, 1$%8&14%1 (58, ) (!SEIMLSEHSTKIE! , 8+. 148!
8LPHE, ,)- (- IS8IK#) (8X. &, WM 188+) ($8+. 1484

NUG&IP-,)8)— (1. 19081 +&., %) (5. 14810) O)SI1 (<ISWRIK+) (&) (8&+.14810) 9)$1+8.91) (<!
+8018)* 80414 (,$1(S!. ~+ 100M)S%<+LM10!,) O8015)- ( AN%&IQ1L)98919)5+15)- (!
<),S1(48IM1, ITIAJION. ~+1%6&) . +&,%!) ($&+. 14&10) Q)SI L (<! THENI O ~+1$%&IK+) (&)
)($8+.14810) O)SINUEIEL01+1<80!  ~OK+E! 7 88+$-11 1,86+ (!ESKKL, ) (19-<&01%1, 11!
0-M1$-2-5+12%)41+60)8. IM)SUILIML8+S K08 (&L+$08I5+-8 (<!, 8+.148110- (51—, §1-.!
$6819-<80I<-O1) (A, 1114, BIGIE*1?-4- (4&(5+15)- (1848, !, 10814 (4&($+18)- (!
)(15+-8(<M18&+144-, 1110145817 -49)- (1. 1§%&M18&+1$1K 0831 O 12) (5!

8%17-4- (48.(8+19) - (198! 24) O LHHI<H)*&+1- 1) (8&:+. 14817~ )9) - (1151698 M18&+S1K08!
+18068+18%1 (15+-8 (<M18&+1.0-MI<#(19)4, A

-
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:8:572@A2A4/7B80C0O12"$# [l ;8:572@A2A4/7B80CO12%3$#
:8:572@A2A4/7B80C0128%# M ;8:572@A2A4/7B80OC0O12'$#
DO014/:2<84>:2A4/7880C012"$#ll DO014/:2<84>:2A4/7B80C012¢
B D014/:2<84>:2A4/7880C012&$Ml DO014/:2<84>:2A4/7B80C0O12"

!
#5068 (H)@*+* 1 1&+IV#:4.818) &. BV*-(&.$! @)44*- ) #1&+14. B&-32%(&.!, B(&.[%&IA#)$1*., &-UI*L,):1: 0.5 (HSIL,-(*$%&!
1).,$01(3&/,.-(IHFFIC&* - 1#/1%6#$(,$)#)-12, (31 24+-7
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Salar del Hombre
Muerto Western
Subbasin

Model simulations of groundwater and brine
withdrawals and relative impact evaluation in the

Salar del Hombre Muerto Western Subbasin
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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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Introduction and Model Objectives

NUG&IME, $6:+(!, 8KK1,) (I- . IEL01+<0! 5 ~OK+8&1 7 8848-1%1 1~ (&1149)*80)$%)8O)!
0)(&!-26+18) (5!) (158!, 101+ (84088, AINUG&&11+8148+8& (081 (- 1-$0&+,)5.().) AL (5!
84-(~9)41148)%)9)8, I-+IM13&+H8, &+, 1) (15%) |, 8KKL, ) (AIN%&IM&, $&+(1, 8KK1, ) (!
4- ($1) (,11101+581K+) (&1015-- (VD158 (L1B1S1001L, IMENIL , 111 ~+O8&+H*E5 1150415
41, IK&&(I0L+5801HE 20146<IK#I 1 (1145).)4) L0IK+) (81015 - (1448 18< K 148X
)()08+15)- (1- . 1K#) (&1 +-910)8%)8919) () (5!-28:+15)- (, AINUG&I5+-8 (<M 188+ .0-M!
O-<801.~418%), 1, 8KKL, ) (1* 108188, I0%&H8018)*81) O 21481~ 18081 . +8, %!

5+-8 (<MLS&HM)$<+ 1IM10, 11 (<1%10)$8!K+) (&IM)$h<+1M10, ! +-910)§%)8919) () (5!
149)%)9)8., A P&IS%E (1 O&1, 8+ISNE!, ) O8N188<14%1 (58!) (15+-8 (<M18&+ 1<), 4%1+58!
1(<ISU&IK+) (BX. +8, M18E+H) (56:+. 1461+8018)*&I8-111K 1, 80) (8!, 4&(1+)-11(<14- 9?1+
$968.1+8018)*&1) 92148, 1- 1 1A%IM)$h<+ IML01, A& (14) -

Model Design

NUGEIE101+1<80! 5 ~OK+8d 7 88+8-1P&, &+ (EBKKL,) (19 -<&0)), -4156<!10- (515%8!
,-8%%8+ (19 145) (I- . I9H&IME, $6+ (121451 - 198! 5 ~OK+&1 7 88$-1KL, ) (IMU&+HEIS%8!
N+1?)4%81/ S8). &+HE(88+, 188!, 101+15+1(, )9)- (1Q- (BIELSE(<) (515- 1898148 (381!
$9681, 101+ (84088, 1$-18%&IME, $1- . 1D158 (LI BLSLONAS&." (") ELAINK), !<-91) (!
~00-M, I$968124) O 1+#15+ -8 (<ML$&+..0-MIP18%6M 1) (- 18%&IME, 88+ (1, BKKL, ) (!
(84088,31) (408<) (51581/+3).)4) 101D15-- (AIN%), !, $8<#1<~&, | (-$16* 108 15815%8!
8..848, 1= 1IK#) (81+8X) ()08+18) - (VL (<088 ~+8! , O BULSE, 111062~ $489) 4101, A& (14)-!
) (IMIB)A%IKH) (&I46X) ()08+19) - (1<-&, | (-§1-448+5-1), ~018815%481. 848, 1.1
M)$h<+IM10, |- (198, #, S OM P &I<8*80-28<11158-0-5)414- (482581019 -<4() - !
§%68), 8K, 8+. 1481) (198! 14611~ . 14819 -<801<- O 1) (UIN& (218, ) (51) (,)5%S, .+~ O1$%&!
58-0-5)414- (482381019 -<&MIMEI<8*80- 28<! 1106t <+-58-0-5)414- (482881019 <8
1,190%8) +198M—+21 .~ H1§%815+-8 (<M188+1.0-MI O ~<&H

Geologic Conceptual Model

7158-0-5)414- (482481019 - <801 ~H$%& P&, $6+ (IESKKL, ) (IM1, I<&*80-28<18,) (5!
%8410, -8+48,1-.1) (. ~+O18)- (1) (408<) (5!, 8+.148!58-0-5)410191?, 1<+)01%-08!
4-+810-5, 311 (<I1*1)011K0810)86+ 18848311, IMENIL, 189814~ O O - (1#11448288<!

4- (4878, 1- .1, 8<) O& (SLH#158-0- 54151 8+8%8+1) (. ~+O!§81<) , $)K89)- (I-.!
0)8%=-0-5)&, 1) (15%), 121+81- . 10&IKL, ) (VAEU&." (") BUIN&IO - $1) Q2451 (817+) O L4##!
<1$1141 98! +-O1SRA% ()4101+87 43, 124*)<E<IKHID)*& (1B —+7 . +- O IH&IN+12) 408!
158).&H1(<IEIME, $&+(!, 101+ (84088, W0-418)- (,1-.1<+)001%~08, 1148, %-M (1) (!
08" (") EU =& &+ L00HIRI5&~0-5H141 (IK&I<&, 4+)K8&<I1,1)5 () OK+)8&!-*&+H) (5!
,8<) Q& (S14#1KL, & O&(SIM)$11008%)101. 1 (1L (<!L0)88&I<E2-, )3, 18- 198!, B+. 14841
D)$¥h-,$+19)5+12%)418 ()5, 1. 18%&IM&, $&+ (!, 8KK1, ) (1) (408<814-1+,8), 1 (<!1.(<!
5+1%6081,)0811(<!.) (&1, 1 (<IMZA0LI10)38!M)31401, $)4 , 39410)8631)5 () QK 38311 (<!
al08-Q-)4IK1, &O&(SIVASHE " (") BUA PY%)08!, O 1008418 (), %1810 141 (-$!

(848, , 1H)0#.)81) (51 (&!- . 98141885 -+)Q19) - (, IM&+E!-K , &+*8<1) (1448, 181 !

)9 2451 (8151 (~$&IS1810)8%-0-5)414%1+1498:+)QL) - (1-448++8< 1$15%8&I D888+, 4108!
1(<I508+6..~+81 (~$1100158-0-5#118!, O 1008+, 4108, IM&+&I412$8+&<IM)$36) (15948
58-0-5)414- (482$810)Q15)- (AN%&!58-0-5)419-<&0IM1, !, 8K, &S8& (0!
A1885-+)Q8<!) (8-1<) ,8) (4810tE< - $+18)5+1 2%) 418 ()8, A



!
I"#$%& (N @*+*.11&+IV#:4.&18)&. (H1Z&-(&.$! @)44*- $I0&H+#0, %ol Yot $Y0&, ()*+!:#18&-+1-3#2, $0I0&#+#0,%*+1)$, (-1*$11
“+H$01(3&I(*$-&%6(12, (31%6#. 81 1*(*71;3&I0&S&. *+1+#Y* (#S1#), 1. (*$(13CL.#+#0,%!6#$&-11,-%)--& 11 $1(3,-|.&'#.(*$1
2). &I 2% (& S&H(). &-1* &I+ A&+RIT

Hydrogeologic Conceptual Model

NIG&I<E*80- 2O (51~ ISRIhH<+ ~58~0-5)414- (48238101 -<80) - . I$&I P&, $6+ (!
ESKKL,)(!),!,)O)IL+$-15%80h#<+-58-0-5)4!.+1 O&M—+21- . 18%&! i 1,96+(!
ESKKL,)(AI"*-$%!, 8KKL, ) (, Ha0#! - (188!, 1 O&104#<+180)41<181 , SIS ISIML, !
A-008438<I1 (<!, # (S8, )Q&<AIE) Q)01+~ 1908181, 88+ (!, 8KK1,) (IM&I<&*80-28<!
<8PYN<& P& (<& (St <+180)414- (<BAS)*)$#1*1088,, | ~+I$&1%10)36315+1 %0311 (<!
LL(<IL(LL) (8L L(RIL(LE)8IBQ)S, ALZ+%0(" , 10), 8, 19080t <+-58~0-5) 4!
21+19886+,18, 8<!) (1$%8&1 O -<8H

Groundwater Flow Model

P&I4+8156<! 1ISM-X<)O&(,)- (103! (BO&HALMI<E(, )$#<8 28 (<& (8I5+-8 (<M18&t!
0-MI9-<8018,) (5!4%8! " E=E!?+-5+191E i / P/ NIV+AINUEIEL01+1<E0! 5 ~OK+&
7 8843-1P8, 88+ (JESKKL,) (15+-8(<ML$&H.0-MIO -<&01<-91)(!), H14h!1291- (5!
1(<IT1HOIM)<BAINUEIK-$5-O!1 - 1381<-O1) (1), 1. L&<! 1$1808*15) - (1J3cW1 13!
1(<IS815-21- 18%81<-O1) (1), 1, 8818~ 111, O —~$h8&<1$-2-5+12%)41@ i 7 AINUE!
O-<§014- ($1) (, | [TIOL#&+  AIM)SHIELA%I0LHE+<) , 4+88)Q8<!) (5~ T 1 1OIM)<&IKH!
THNOI0-(514800, VA%&." (") CUINURISH)A2 (&, , 1. IS&IS-2101#8+), 1*14)1K0!
<828(<) (5!- (1%&I808*19)- (I-.19%81@ T ZAN%&+891) () (510146, 11 %8
$)42(&, ,&, !~ IHIO! +-O1808*15)- (L II\HIO - 1T T 11 O [1O1.+-O1808*15)- (!
JT 1OIS-133dW I OL(<!T 1'OI5%)421K&0-MI&0&*16)- (1331 1 OM!

—+-8(<M1S&+HEA%L+5818 (58+, 18681 O -<801<-O1) (110~ (51$%&!875+1<)& (SIV08..3!
K-8 (<1+#H) (1§%&18-219 -<EIN1#E+18111+138!- . IHI 11Q' I<MP&I&, 9D 188<18%) !
H8AB1+581*1088IK L, 8<!- (140)O1881<1$1! . +-O! P-+21a142158!T!1, IMENIL, !
248*)-8,1,88<)8, ) (1$%8&IN+1?)4%81/ S8). &+HHINU&IH) 5% O ~<B0IK -8 (<L+##!

4- ($1) (, 11158 (&+101E1<IK-8(<1+#14- (<)8)- (M)SILIKH) (&1608*18) - (- !
JI\CAHIO3IMU)A%IMELS, $) D 188<IK1 , &<! - (1110~ (5¥8&+ O11*E+158) -1 1*1)11K08!
M&00I<1811) (18%&!, 101+ (84088, A1/ (18*12-$+1(, ?)+19)- (K-8 (<L+#1- ($081$-21-.
$6819-<801<-91) (1) (ISh&I$+1(,)9)- (1Q- (&!,) OB118E, 15+-8 (<M18&+1<) , 4%1+58!

@+1.56!7 1+4%!H I HH! ! ! JT!
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1(<18*12-4- (48(8+19)- (AL Z001+691) () (59 -<&IK-8(<14)&, 1148111 (~1.0-M!
4-(<)f)-(A!

P &I+ (156819 -<80I8 ($)01508! , 10514~ (46 (5+18)- () (1$%8&I O -<&0I<-O 1) (+14%E<!
112,88<-X,$81<#1 S1S&NPRIHE(18, &<IS8!.) (1014~ (<)8)-(, !-. 1590817, &8<~X
SRL<H, $19819 <8011, 15%81) ()9)1014- (<)8)- (, 1. ~+1$%&I D -<&0! ) OB01S) - ( AIN%S., &
)(8)1014- (<)8)- (, 48248, & ($10- (5X$6+O18SB))KH)8OI5+-8 (<M188+ 14 (<)S)- (.
M)$%-8811 ($6+-2-5& ()41) (.08& (484 P&ISHE (18, &<I$%), 19 -<801$-1+8 (Ih!
)O8018)- (, 148248, &(9) (51K, 80) (814 (<)9)- (, 3148, %I5+-8 (<M18&:+!

M)$<+ 1M 10,311 (<I9610)8&!K+) (&IM)Sh<+ LM 10, VA& * (") CUALZ+*0(", 1, 89O 1+)08, !
$%81,)98018)- (121+1 9886+, Al

I"H$06& (J)@*+*.11&+IVH#:4.818)&. (#12&-(&.$!@)44*- $13C 1 HO&H+H0, %! %o#$Y6& )+ #18&+1-3#2, $013C L. HO&H+H#0, %
S(5.(,SOIHSL, (HB-1/4. 5 ++1- ) +5(H$-DI2, (3L 524++#%*(#S-1/#.1(3&IF*. #)-1- ) +*( #$-DI*$114#)$1* Cloo#S$1, (#$-1/#.1(.
0.#)$12%(&.!/+#21:#18+7

! !
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Results

P& (*&, 8515819818848, 1-.1. &, 15+ -8 (<M18&+1 1 (<IK#) (&IM)S%<+LM1D, I ($815+-8 (<M18&+! , #, S8 O 191808 E101+1<&0!
; ~OK+! 7 8848-1P&, $6+ (IESKKL, ) (IK#14-921+) (518%&!, ) O8118<14- (<)) - (, 1. ~+1$U6& . +&, %15+~ 8 (<MIS&HL (<IK#) (&!
M)$b<+ IM101, 48.(L1+)-, 18- 181K 1, 80) (&, 4&.(1+)-H P &IO&1, 8+8I58!, ) OBILSE<!4~ (<)8)- (,124) D 1)1, 14%1 (581+8018)*8!
$-1581K1,80) (&!,) O 8018)- (3IMU)4%!) , ~0156., 1§%&!) 92148, - . IShEIM)S<+LM10, | +-O 1 -§96&+1* 1+)1K0&, N1, 2848, 1- . 18%&
4,580 1918IMRIE* 108188 L+&19068! - *&+1001.0-MI<#(1O)4, 315+-8 (KM18&+1<),, AUL+5831 L (<ISEIKH) (&Y. +&, ML) (§8+. 148A!

Flow Dynamics

P& (15+-8(<ML8&H -+K+) (&IM)§%h<+1M10, 1-448431 .0-MI<#(19)4, ) (1$%8., #,$6914%1 (5811, 111+&, 805! - .128:+$8+K18)- (1) (!
$8119-8(§1-.1.08)<!.0-M) (5!8%+-85%!$%&! , #,589!1, IM&II1 , 188 1+&018)* &I 24-2-+8) - (I-. 1. +8&, %!5+-8 (<M18&+$-1K+) (&A!
#3%&" (")D!,%-M, 1$%&1.0-MI<#(19)4, 1 1.8&+HT L 11#&1+,!- 14~ (8)(8-8,M)$%<+1M10,!. ~+1$%&IK1,&0) (&', 4& (14)-1, IM&0!1,,!
$%&191L)989IM)§h<+1M101418&!, ) O81LS)- (, . ~+1§%&! . +&, %! 5+-8 (<MLS&HM)$%<+1ML01L (<I%10)$8!K+) (&IM)$%<+1ML0!

A& (14)- M

|

I"#$%6& (KK+#211CS*:,%-1%/(&IHIFICE* - 1#/1- )+ *(&LY+#21/#.1 (381 @*+*.11&+IVH#:4.818)&. (HIZ&-(&.$! @) 44*- $I:#1&+
- )H(HS-TIK), 11/+)L128% (#.-1-3#214#(31(3&!1,. &% ( #$!1*$11.&+*(,281:50$, () 1&1#10.#)$12*(8&. M4, $&/+#2TIN.#)$12
1,-%3*.0&!2&Y6(#.-*(1(3&12%(&.1(*4+&-3#2! (3&I+H#Yo* (#$1*$11.&+*(,2&1:*0$, () 1&#/10.#)$12*(&.!1,-%3*.0&710:*0&!/.*
)A-&(H1(3810.#)$12% (&I H2V H1&+!/H%)- SOHS! (3814 B &-32%(&.) $(&./*V&FIP*-&+ $&I+H2I1C$*:,%-12, (31$#1/+), 1!
2,(31.42%+-TAIK+#211C$*:, %-12,(31/.8&-310.#)$12%(&.12, (3L *2*+- B! (3&I+&/(1:H1&+A#)$1*. CI*(I* *(&HHI IFG 14/ (3&(
1.&-310 #)$12*%(&.!. &%3* OKIIK+#211CB,%-12,(313%+, (&14.,$&12, (3L *2%+-1/ #:1%12&++1+#%* (&1 (#!(3&.!.,03(1#/1(3&!,*O.
1% &% (141 *(&HHN IF G I/ (38 (#(*+1/.&-310.#)$12*(&.). &% 3 0&7
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ACISUEIKL, 80) (&), 48 (14)-31S08 O 1R—4)8#1- .15+ -8 (<M1$8+1<) , A 1+581-448+ 11, . +8., !

<), A%1583IM)SA!, ~O&!,)5(). )41 (SIK+142) WL (<IKH) (&<) , A%1+5ENE) O)IL 31§48 -§%h8
SM-19-<80,310 - §1- 18%&15+-8 (<M18&+!.0-MI-448+ 1) (1898 +&., %I5+-8 (<M LS&+3IM)S!
,—O&).0-MI) (1SU&IK+) (8X. 4§, MLE+) (86:+. 1481 (< *&+#H0)3508).0- M) (189%681K#) (&IK-<H#AIN(!
§68) 48, %15+~ 8 (<M1S&HM)S%<+1M 10!, 4& (14)-VE) O8018) - (WUI5+-8 (<M188+1<), A%1+5&!
<84+81,8,1) (188! 9 ~+81825+1<)& ($10-419)- (, SIM)§HhI&-+#10)580814%1 (5&1) (1K+142) 11 (<!
K#) (1<), 4%1+580 7 , 1068H8018)* 812+~ 2-1§) - (I- .1 48, %I5+-B (<M1S&H) (108!, #, 89!
<8481, &, ISNRIKH) (848, M L88+1) ($8+. 1481 Q- *&, | ) SIS 2ML4<] 10h-ME*&+3150%8!
0-418)- (1~ 1S9&IK+) (8X.+&., IMLSE+H) (86:+ . 14&I 11S%&IMLSE+HSTKO&+E O 1) (, HE01S) &0

8 (4%1 (58<

NIS81910)381K+) (&IM)S<+LM 0!, 48(1+)-VE) O801S) - (U3l 46, 1<), A%1+58110, 1, %).5, !
<=M (5+1<)& (SINUEHE018)*812+-2—48) - (- 1K+ 142) L (<IK#) (&I<), A%1+58110, !

<841, &, M /SISUEIMLSEHSLKIBUE! 4§, 415+~ B (<MLS&+0)O)S! - I9H&IK+) (BX. +&, M 158+
)($8+.1481+8.91) (, HE018)*80#18 (4%1 (SE<IKBSISHEIK+) (810)D)$19)5+ 188, !, - OEMHLS!
§-M14<, 18%8) (84088, L/ SI<&2SM3ISNE) . +&., %15+~ 8 (<M1S&+10) )81 . IS0&IK+) (8X. 48, %M 188!

) (8814819 -, 182ML+<IL(<ISEIKH) (810) Q)51 9-*&, I<-M(ML+<314&, 808) (51) (11 (1-*&+ 100!
M)<&Q) (5!-. 1$%&IK+) (&X. 6, M L9&+) (56+. 148A!

Groundwater Discharge

P&IO&L, 8+8I%&!,) OBI16<!5+-8 (<M18&+<), A% 145811, 15+-8(<ML$&+.08L1- 88!~ . 1§%&15-2!
- 1819 -<801<-O1) (110- (5I$h8IE*12-$+1(, 2)+18)- (IK-8 (< L+ P &ISH& (1410480 18! K 1
$-18*10815615%6.1+8018)*81) 92148, 1 - IM)S%<+1M10, |- (15+-8 (<M18841<), A% L5 (11<<)8) - (!
§-18*10818) (5'6%8/$-$1015+-8(<M1$8+1<) , A%L+583IME! , &21+18815+-8 (<M18&+1<), A%1+58!
)($-1.48,%1<), A%145831K+142) 1<), A% 1+5831 1 (<IK#) (&I<) , 4%1+5818, ) (515%8! , 198!
O8%-<-0-5#11, IShEIEL01+1<8! /81419119 - <GS (".E!,%-M, I 11, 11128+4&($158!

- 18-$1015+-8 (<M18&++84%1+58! . ~+1814%!,) O801S)- (114+-, , 1$%6&IM%h-081 9 -<&01<-91) (11,
MEOIL, . —H& 1A%~ I&ISN+ERI<), A%1+58141985-4)&, N

N-$1015+-8(<ML$&+<), A%1+581<BA+E1, &, +E015)*&I$-IK1,&0) (&1) (! LO0IM)$Hh<+ LM 10!
)9801)- (,IE) O)ILHS-I5%81-$&+SM-19-<80, 3148, %15+-8 (<M18&+ M)$h<+ IM10, 1418, &
$6815+8.188, 81<84+81, 1) (15+-8 (<M18&+1<), A% L+583IM)SH! LITET148018) - (, %) 2 KESME& (1. 48, %!
5+-8 (<MLS&HM)$<+1IM10, 11 (<K AL 3 10)38!K+) (&IM)$<+1M10, %1 %8111, ©1008+1) 921481~ (!
K B3IM)SAL. 48, %615+ -8 (<MLS&HM)$<+ IM10, 14, 808) (5!) (ITI I 1O -4810-, , 1~ .15+-8 (<M18&!
<), A%1+58IS%1 (1910)38!K+) (&M< +LM10, 11819%661%)5%&, §IM)$6<+L M0+ 158

C—+S068. +8, 415+ -8 (<MLS&HM)$<+ IML01, A& (14)- 31981 O 1R—4)8#1- . 1504814%1 (581) (!
5+-8(<M18&+1<), A%14581-448+, 1) (198! +&, 1<) , A% 14581 1+&1AIC+8, %15+ -8 (<M 19+!
M)$<+1M10,1418, 81, O1001<84+81, &, ) (1K+142), %11 (<IK#) (&1<), A%1+5811, IMEIOSIM)SHhIS066!
081,$) 921481~ (1K+142), %!<), A%1+584"

NS89 10)8&IK+) (&IM)$<+ M0, 46, (1+)-315%81 O 1R—+)8#1 - . 190814%1 (58!) (15+-8 (<M18&+!
<), A%1+581-448¢ 1) (10681 +8, WL (<IK#) (81<), A% 145811481 IM)SHLLI* &+, O 100151
(850)5)K08I<84+81, 81) (1K+142), 1<), A% 1+584"
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?'$H 1)

-/01234567089: ;8:57234567089: <806=457234567089:

:8:572@A2A4/7B80C0O12"$# [l ;8:572@A2A4/7B80CO12%3$#
B 8:572@A2A4/7B80C0128$# M ;8:572@A2A4/7B80C0O12'$#
DO014/:2<84>:2A4/7880C012"$#ll DO014/:2<84>:2A4/7B80C012¢
B D014/:2<84>:2A4/7880C012&$Ml DO014/:2<84>:2A4/7B80C012"

<84>:234567089:

I"#$06& *E)8*L,:):1%3*$0&!, $10.#)$12%(&.!1,-%3* 0& QRS T!2, (3, $IHFFIC&* WS- (*$(1.*(&"):", $0!, $! @*+*.11&+IV#:4.&!
8)&.(HI1Z&-(& $!@)44*- $- ) +*(#$-DI.&'H.(&11*-1*'& Y&$(*0&H/.&-32*(&.1. &%3* 0&! (#! (3&IH1&+T1@, ) +*( #$-1 $%+4) 1&1
0.4)$12%(&.12,(31.*2%+-1¥$113%+ (&14.,$&12, (31 *2%+-1*(|EIF G 14/ (3&! #1&+U-10 #)$12*(8E&%3*.0&! *(&7IRS! -I' &-&$(&1!*-!

(H(+'RSI*$LL-1*+-#1-)41,?,1& 1! $(#!/.&-3D!14.*%>,-3D1*$114.,$&!1,-%3*10&*. &*-7

Response Time

P &1&*108188!8%8!5+-8 (<M1$&+ 1<), A%1+58148, 7- (, 819) D81 ~+E14%! - 18981 O -<8!
,)O8015)- (, IK#141048018) (51898141581~ . 14%L (58IV2U!. +- O1§%&IEL 2 (&(S) 101<841H#!
B48)- (U™ ("), %-M, 15-$101K B 1-*&:+1$) O&!10- (5IM)SIS%EIEL - (&(8) 10!<841#!
$+8.(<0) (&1 ~H1S&1%)5%&, SIM)h<+ IM101+188., ) O8018) - (, WWI 1= .1+, 415+ -8 (<M18&:+!
HRANT+5RU!. —HIHE! . &, %15+-B(<MLSE+H (<1%10)36!K+) (&IM)S<+LMI0!, 4&(1+)- , MINUGI2!
*10881),19)5%8.,$1. ~+$081 .6, h15+-8 (<ML8E+M)$h<+LM10!, 4&(L+)-V2mIANLT 1011 (<!
0-M&,$1. ~H$&I%10)58IK+) (&IM)$h<+LM10!, 48 (14)-2mHANALT 18031) (<)419) (5180181, 48, %!
5+-8(<MLS&HM)$<+1M10, 1418, &15+-8 (<M1$&+1<), A%1+5818-1<@4+E1, &I 191 11+188! - !
122+-L) Q1880413 11, 1, $8+15%1 (1610)86!K+) (&IM)S%<+1M10, 1) (ISH&IEL01+1<80! 5 ~OK+8!
7884811 1,86+ (IESKKL,) (19 -<&l!

Brine-Freshwater Interface

P&I&*10818814%1 (5&, 1) ('$%&M1SE+HSIKIZ!, 8+, 14RIGL 248, )~ (1. 1S%&IK+) (8. +&, M 136+
)($8+.14818,) (518!, 1O&IQ&N%-<, 1<&, 4+)K&<!. ~+§UEIEL01+1<8! /81419119 -<& P&
O81, B+8I5&IANL (5&!) (19812~ )9)- (1. 190681 +8, %) ($6+. 14810) ©)$, 11 (<ISW&IK+) (&) ($+. 148!
0)9)8, H+8018)* &S~ IS8IK 1, 80) (&1 ~+E&14%! - . 1%81 O -<80)!, ) OB0LS) - ( A#U&" ("~ .|, %-M, 1$%&!
A%1(58, ) ('SH&IMISEHSLKOG!, 8+ 14RIGL 248, ,)- (!~ 19&IK+) (8X . +&, WM 18&+1) (S&:+ . 148N
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C—+I$081 46, Y1548 (<MIS&HM)S<+IML0!, 48 (14)-31(=1,)5(). )41 (814%1 (581-448+ 1) (S8
48, 001) ($8+. 14810) O)SINUEIKH) (&) (88+.14810) O)819)5+188., |, - O&MU1RIB215-ICTIO1) (15%8
04)5%8., SIM)§%<+1M10!,) O801S)- (HE)5 (). )41 (S0 O ~+81) ($6+. 14819)5+18) - (1-448+, 1) (15348
K+) &IM)SU<+LM0!, 48 (14)-3IM)SHISNE! . +6, %!) ($8+. 14810) 9)819)5+18) (518?18~ 1TI 1 1!
$-MLt<, 9% (84088, 11 (<I$EIK+) (&) (3+. 14810)9)$19)5+15) (51821~ N[ [1 O15-M1+<, 1§%8!
(84088, !

|
I"#$%&™(JI@*+*.11&+IV#:4.818)&. (HIZ&-(&.$! @) 44*- $1:#1&+!(,:&-&.,&-H#/IRSI#?&.1(38&!
1,.-(|AFFIC&* - &L (%6 ( HSU#.1(3&LFL,:):12, (315 2%+ *(&)-,:) +*( #$-IQIFG /!
0.#)$12%(&.1.8%3*.0&T/#.1(38!/.8-310 #)$12%(&.12, (31 *2++1*$113%+ (&14.,$&12,(31.*2*+
-%&$*. #-THRB&1I+,$&-1. &' &-&B(I(B&IEL HS&S(,*+11&%*C(.&P1+ S&IH.18&*%31-,:)+*(#]
2,(31(3&! *(&IHN%3*$0&IVoHS-($(1Q>TI/#.1&*%31(.&$17
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Significantly more
interface
migration occurs
in the brine
withdrawal
scenarioE
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:8:572E>/:8F06:2G4H4/ <84>:2E>/:8F06:2G4H4/

:8:572@A2A4/7B80C0O12"$# [ ;8:572@A2A4/7B80CO12%3$#
:8:572@A2A4/7B80C0128%# M ;8:572@A2A4/7B80OC0O12'$#

DO014/:2<84>:2A4/7880C012"$#ll DO014/:2<84>:2A4/7B80C012¢
DO014/:2<84>:2A4/7880C0128 Ml DO014/:2<84>:2A4/7B80C012"

I"HBY6& ) @*+* 1 1&+IVH#:4.818)&. (H1Z&-(&.$! @) 44*- B #1 &+ AFHB32(&.), $(&./*%&IA#)$1*. &-UL*L,:):1:,0.5( #$! |
1,-(*$%&!1).,$0!(3&!/, .-(IHFFIC&* - /1%6H#$(,$)#)-12,(31.4D*+-7
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Conclusions

We summarize our data-driven interpretations
& their implications.
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Comparison of Salar Systems

i 14%!, 101+, #, 8911, 18 ()SB&Ikti<+-5&-0-5)414%1+1436+) )4, 94181418, &IS%&) , #, 989, 18!
18, 27— (<I<). .8HG(SUHIS-128:+58+K 1)~ (, 1.+~ O .48, 15+ -8 (KML$&HL (<IKH) (&IM)S%<+IM10, A
P&14-O? 1+8IShEIE10141<81/$141 O 111 (<ISHEIEL01+1<80! ; -OK+E! 7 88+8-1i 1,86+ (11 (<!
P&, $8+(1EBKK1,) (19-<80,18-1)<&(8).#!.8138+&, 061819 1#1) 9 21481%-MISU&, &1 ,#,589
18, 2- (<I$-IM)$h<+ IM10, A

Geology & Hydroclimate

NG&, &1, 10141, #, 889 , 11+61S8)8&!,) O)I1+) (198+O , - . 19008)+158~0-5) 41011 (<!
Uhti<t-40)918-0-5)41014%1+14584) )4, IKBSIELI)K)SIL1 &MI28H1<) .. &+& (46, 16181961 *611!
$+-(51) (088 (48! - (181 <t -<#(19)4, 1-K, &+*8<!) (LG LAMAINIE!, 101+, 11 (<I58)+!

M1$&+, %48, 161 * G106 28X 14)<IS-1 14)<I40) O 188, 11 (<1 1+814-9?- &<~ .|, -O&I4-OK) (19)- (!
- 11008%)101<82-, )8, 1-*&+0) (519%)42!1%~041 () 418 ()8, ) (15%8)+) (.0-MI825+1<)&($1Q- (&!
MIE)A%ISE (1) (58+.) (5EHS-1<). . &+& (SI<85+8&, IM)SHI&*12-4)88!, <) D& (S, (BLHH&IKL, ) (!
-+, 3158158 (&+ 101 +1 OEM—+21- . IMU)A%1) , 1-880) (&<!) (H#E&." (")AINE)#11+)<140) O 158!
A+8188,, 96) 50181 2-+18) - (14188, J10-M1&A%L+581+186., 311 (<I<&&PIM1SEHSLKOG A 5 ~M&*8+3!
$08IK1,) (1.0-—+1SIEL0LH<E0 5 ~OK+EI 7 8&48-1), 0 TiC | 110858+, 1%)5%8+) (1806*18)- (1891 (!
E101+1<81/$141O 1AIN%), 1081<, 18- 111, - O &MU 18IMESSEHA0) D 18811 (<10-MEHE*17-+15) - (!
+188, 1) (818 1(,)8)- (10- (&, - [98IK L, ) (AINE, &, 0)5U80#1<) .. &+& ($106<+-40) O 15)4!
4-(<)9)- (1 L(<$81 2149480 1+-+)&(518) - (- 18%8! 1 1, 88+ (!ESKKL,) (110, ~1100-M!. %8
28+,),$6.(481- 11I01+5&14)*8131>)- 1D - 1a1s- , 31181 &&<, IS%&IE101+1<80! 5 ~OK+&! 7 8&$-!
$+1(,)8)- (10— (BAINOASY) ($6:+145)- (IK&SMEE (1$%6&., 814 (<)8)- (, 11, IM&INIL, 158-5+12%)41011 (<!
58-0-5)4101<). .&+(4&,1), 1) Q2481 ($13-1) ($6:+2+69) (51588, 818, 124, & (8<1%&+84!

NIG&IS-2-5+1 20)AI5+1<)8 (S, |- 19068, &Ih+88) , #, 589, 1146110, - 1<), §) (4831081 <) (515~
418,27~ (<) (5'<). .8+8 (48, ) (WH<+180)H5+1<)&(S, | +-O158)+) (0-M, $-1<), A%1+58M
NI&, 81<). . &t& (48, 148, 8081 . +-O1*14)19)- (, ) (1$%)42 (&, , I018&+L0IM) <11 (<14-92-, )9)- (!
- 1581, 8<) OB (SLH#I<&?- )8, I1(<!, 8+. 148181 248, ,) - (1- . 1%8&)HIN+L(, )8) - (1 - (&, AINYG&!

i 1,88+ (VEBKKL, ) (I- . IEL01+1<80!  ~OK+8&1 7 88+8-1%1, 18%&!, %100-M&, $18-2-5+12%)d!
BH1<)&(S1- . IS081+8&1, #,98.9 , 11, 1)810)&., IM)$%) (1898 MBDOI<E*80-28.<!1008%)101158). &+ - !
81D -, lals-, 1>)*EH1(<I)S, |@EISIAING), 1446188, I1IM)<&I1 (<I$%)42IN+1(,)8) - (!~ - (&1.+-9!
48, IM18841) (L0-MIS-1K+142), 1$-1K#) (811 (<!100-M, 1. ~+111+8018) &0, % L00-MIMLSE+S K08
$6+-85%- 831808, #, SR OMN), |, #, 580110, - 941, 199681 -*&:+10010-M&,, $1%6#<+180)4!

4- (<BAS)*)SHAINUE! P&, $8+(IEBKKL, ) (I- . JEL01+1<E0! 5 ~OK+&1 7 8848-101, 198!, 36828, §!
5+1<)R(SIL(<!L, 18, BIRILI*&H (L++-MINHL(,)9)- (1 - (BIM)SHI5+-8 (<M18&+ 1<), 4% 1458
~8484+4) (51-*E+11, %-+$10156:+101<) , $1 (ABAINUEIE 101+1<61 /8141911, #,$8.910)&, 1) (IKESME&(!
$968, &ISM-1) (196:+9), 1-. 15+ 1<)& (811 (<5018, 808) (5IM) <81 - 1IN+ L(,)8)- (1~ - (&L (<!$%8!
Q- (&-.15+-8(<M188+1<), A%L+5EAINI) !, #, 989110, 1961, 11 (1~ *&+ 1001%) 508+ 06ti<+ 180)4!

A (<BA3)*)SHIMU)AN!), 11148 .)4)& (818, &<I$-1<&, 4+)K&ISH&I 28+ ORLK)0)$#1 .1, 8K, 8+. 148
?2-+-8,198<) LIIM)$) (1$%8) O - <801<- O 1) (IS (199481~ Sh&-+HSM-AIND%E., &1 (188+10!

<),9) (49)- (, ' L(<IS081+&, BUS) (5106t ~0-5#1<4)*&1OBA%I - . 19081+, 808, IMEI<E, 4+)K& 48+
1(<UML(, &8I, 18 .848)*81 +1O8M-+2, 18-18 (<&, 81 (<) (5!1101+5841 (5&I- .1, 101+!
H,589,1144-,, 19%81/08) 201 (- 1+85)- (A
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Their arid
climate
creates high
evaporation
rates, low
recharge
rates, and
deep water
tables.,




Flow Dynamics

ACIL00!, #,589 , IM)S<+ IM10, 141 (11. . &451581<) , $)K8S) - (1. 15+ B (<M1L8&+ 1<), A% 1458315048
<)4848)- (1-.1.08)<1.0-M3IL (<1581, )Q&IL(<12-,)9) - (I- . I9RIKH) (8. +&, M 188+1) (S8t 14841
P&14-921+&15%&, &1, 7848, 1- 18.14%!- . I$815%+8&15+-8 (<M18&+.0-MI9-<80, 11, IM&IL,, !
Uh-MISE., &1.0-MI<#(19)4, 14, 2- (<I$-IM)§%<+1M10, ) (1&14%!- 198!, #,$69 , A

AIL0090+881 O ~<&0, ISHEI O 1R—+)5#1- . 15+-8 (<MLS&H<) , A% 14581448+ 11,148, 1<), 4%1458!
+8018)* 804140~ , B13-1S98IKH) (8X.+&., IMLSEH) ($6:+. 14GAINY) , 1+8018) - (, %) ?18L) . $, IK&A18 , &1gHh8!
<8, &HKH) (B8, 18-1.0-MI<-M(ML+<3IMUEHEL, IS8108., , 1<B.( , &) +&., WI5+-8 (<M18&!
0-M, 182M14<I8-M14<, 18%815+-8 (<!, 8+. 14&IMUE+)$14- &, ) ($-14- (SLASIM)SHhISU&IK+) (6!
K- <#HIN-2-5+1 2011 (<I$0681<8 29%!- . 19008188+ S TKORI+B018) 815~ 1800615+ -8 (<!, 8+. 148110, -1
LH14-081) (1$%&!<), $+)K8S) - (1-.15+-8 (<M 1$8+1<) , AU L+5EMEH, 369 , IM)S%10-M&+

$-2-5+1 20)41+80)8. V)RRIEL01+1<81 /5141 1IN *&I1IM)<EI<) , $)K8S) - (!~ 15+-8 (<M18&!
<), A%1+5810-418)- (, VA& " CABIMUGHEL, !, #,589 , IM)SHhI%6) 58— 2 5+12%)41480)&. VEL01+!
<801 5 -OK+8! 7 86+5-1P&, 88+ (IEBKKL, ) (VI%1*6!11. ~48, &<1Q- (&!-.15+-8 (<M18&+!

<), A%L+58IVASS." (") DURINUE! -, )9)- (I~ ISA&IM LS8+ ST KOG H+8018) <815~ 1900815+ -8 (<!, 8+. 148!
10, -11. 843, 199681+8018) <812+~ 2-45) - (1. 1K+ 142), 1L (<IKH) (1<), A% 1+58AC—+EL 1920831 (!
E101+1<81 /$141O 13IMUE+&ISHEIMISEHSIKOR), | 84898+ 1K&O-MI5+-8 (<!, 8+. 1481) (1§48
(84088, 315%&+&1) , I *&+#10)3808K+142), %11 (<IK+) (&1<), A%1+581) (16%&. , #, S&OM/101458+!
24-2-49)- (1-.1K+142) WL (<IK#) (1<), 4%1+581-448¢ , 1) (SH&IEL01H<E0! 5 ~OK+81 7 8843-!
O-<80, IMUEHEISHEIM1SEHSTKIRY), 14-OP1418) 8041, L00-M!) (18%8&! (84088, AN (110019 -<80, 31
5+-8(<M18&+<), 4%145810-418)- (,1O)5+1981<-M (5+1<)& (SVS-ML+<., I96&IK+H) (&X. 4, UM 168+
)(8&+. 148011, 1S06&IMLSE+HSTK081<840) (&, 1<88IS-IM)§%<+1M10,

NOGIKH) (8. +&., IMLSEH) (86 14&IM)<$h! L (<! ~+4)&.($19) - (1148110, -1) (08&(4&<IKH!
§-2-5+12%)41480)&. 11(<!, 8K, B+.14811+4%)88438+&AIN (ISURIE101+1<8! /$141 9119 -<8BIM%8HE!
§-2-5+1 200)41+80)&. 1), H8018)* 8010~ MIL (<1<+180)H A~ (<BAS)¥)0)&, 11+&ME018)*80#196) 50631
$9681K#) (8. 6., M L9&+) (56:+. 1481), H+8018)*&0#1 (L+-MIL (<!, %L100-MI<)2?) (AN (IS&IEL0L+!
<801 ; ~OK+41 7 88+3-1P&, 88+ (IESKKL, ) (1O -<80IMU&+&IS-2-5+12%)41480)8..1), 1+4018)*80#!
06) 5611 (<10t <+180)414- (<B4S)*))&, 1148110, ~106)SUBISHEIK+) (BX. 48, M 188+1) (88&+. 1481) !
+R018)* 808! (L++-MI1 (<!, 888 20#1<)22) (BN (14— ($+1,$3) (ISH&IEL01+1<80)! § - OK+81 7 88+5-1
i 1,88+ (VESKKL,) (19-<8018-7-5+120)414&0)&. 1), +8018) *&0#10- M1 (<1t<+180) 4

4- (<849)*)9)8, | (&1HSEIMLSEHSTKIGI1+810-MAN(1$6) , | O - <BONAU&." (*) , U3ISHH&IK) (&
48, M18841) (88 1481), IM) <& (&1+$%8IMLSE+ S TKOBIMORHEI&*12-4 - (48 ($+18) - (!

<-O) (188, 311 (<ISH&IKH) (&Y. +&, UM18E+1) ($&+.1481) 1, %100-MI<)2?) (5IK&(&L!S%), 10— (&
NOG&, &1, Y- MISh1$15-2-5+12%)41480)8..1), 189681 <~ O) (L ($14- ($+-01- (IK+) (8X. +&, %M 188!

) (884 1481-4)&(518) - (BIM)SHAIEIKH) (8X. 6., M L98+) (86+. 148, 8882 (&, , 1 O)+-4) (5!
§-2-5+12%)41460)8. 31 1 (<I0%#<+ 180)414- (<BA48)¥)$#), 9%8&1<-9) (1 (814- (5+-01- (1K+) (&X

48, MLS8H) (88+. 1AGIM)<SU3IM)S615%81) ($8+. 1481K8A- O) (5IM) <& IM)$0h10- M+ 0té<+180) 4!
4- (<848)*)8)&, M
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...the denser
brine tends
to flow
downward,
whereas the
less dense
fresh
groundwater
flows
upward
towards the
ground
surface... :




Groundwater Discharge

C+8, WI5+-8(<MLSEH (<IKH) (&IM)$Hh<+ IM10, HE<BA&ISH8IS-$1011 9 -8 (51~ . 15+-8 (<M1$8+!
<), 4%1+581) (11001, #,889 Al 5 ~M&*&+3180&H+8018)*61 915 ()$8<8!-. 1%~ , £14%1 (58, 1<&26(<, !
- (IMOA&HEISEIM)SU<+IM 10, 1-448+1 (<IS8ISH281- .1.08)<IM)S%<+ 1M (!

AOLISHES!, #, 889 , 11825+ 1<)& (8. +6., WI5+-8 (<M1S&+IM)S%<+1M10, 1418, &ISH&I5+E188,, 9
<84+81,8!) (15+-8 (<M18&+1<), 4%1+58AINU&8L) , 1110) (&LHITET148019) - (, %) 21 KESME& (1. +6, !
5+-8 (<MLS&HM)$<+ IM10, 11 (<14%1 (581) (15+-8 (KML$&+ <), A% L+58IVESH&" (" , U3l

981 () (51$%18!. ~+1 (#119-8(§1-.!. 4§, WI5+-8(<M1S&+M)S<+IM (31$-$10!5+-8 (<M18&+!

<), A%RL5EIMYNI<EAIET , &IKAIE! , 196119 -8 (SINUE!, 1O&IAL((-$IK&!, 1)<!. ~+h10)88IK+) (8!
M)$0<+ 1M 10, 3IM%)A%1%1 %811 (1) D 21481 (1$-$1015+-8 (<M18&H<) , 4% 145815%11), IK8 .. &+8<!
Ki#.0-MI<#(LO)4,1) (IS8, #, SEOAN(ISE, &1, 101+, #, 589 , &I O 1h—+)3#1 - 15+-8 (<M1$G+!
<), A%1+581-448+ 11,148, %1<) , A%14583IMOR)A%) , et <+180) 41001825+ 1<)& (51 . 1$968.19 10)8&
K#) BAIN(11<<)8) - (QISH&I<&(, $#H<4)*E (. 0-MI<#(1O)4, - ISEIKH) (&Y. +&, M 188+1) (8&+. 148!
& .848)*80#!. 49, 111.0-MIKLH)&HMU)A%I 128, 81<)...)48081. ~+14%1 (58, 1) (1.0-MI- (1~ &
)<8- ISUIKL+)&HS-11. . 8481.0-M1- (I9%81-$0&+ ) <BAL/ , 11148, BUSHL0)S&IK+) (&
M)§H<+1M10, 1<8 O - (, $+19811 (18L 2~ (& () L01<&AL#+8019) - (, ) ?M)S15-$1015+-8 (<M 158+
<), AU1584 PU&&ISHL(, )8)- (L0IK#) (&IM)Sh<+1M10, 11+8), ) OBILSE<IME! , B LI04#K:)<!
+8015)- (%) 23IM)S%IS%&I$+1(,)8) - (L0IK+) (&IM)S<+1M10, 1418, ) (5148, %15+~ 8 (<M18&:+08*&0!
<840) (&, 1<B88I$-18%8)+12-,)9) - (K& (&LSISHE!. +8, %I5+-8 (<M1SE+1S8).&+1 (<1081<) (51$-!
O-481,)5().)AL(8148<848)- (,1) (1$-$101<) , A%1+581+8018)*&1$-19610)$81K+) (&IM)$Hh<+ IM10, A

C+8, %I5+-8(<MLSEHM)S<+IM10, L1 (<I$+1(, )$)- (L0IK+) (&IM)$<+ IM10, 11 *RIS&IS+E188., 8
)O21481- (148, 1<), A%1+58114+- | 100I8%+88! , #, 889, Al 5 10)8611(<I$+1(,)9)- (L0IK#) (&!
M)$h<+ 1M 10, 1961 8158546188, 81) 921481~ (IK#) (&1<) , A% 1458114+~ , , 1100I5+88) , #,889 , A
NU&, 81+8015)- (%), 148, 818!, +- O ISEL.0-MI<# (19)4, 1<&, 4+)K&<ITK-*&!) (M) 4%18%e!

K#) (8.4, IM188:+1) ($8+. 1481K8. . &+, IM)Sh<+LM10I&.. . 848, I~ (IS&1-2?-, 38! ,) <&~ 19068

) (S8t 148A1""+142)  41<), A%L+5&1) 108, , 11 . QASK<IKHI&)SEH$H 281 . IM)SIh<+ LM 1031&)$%48+!
)(4+81,) (5!, -OaMNLSI-+1<84+E1,) (5!, - O&MULH 7)5+19)- (1. I96&IK+) (8. +&., IM18E:+!

) (S8t 14811 (<1812, )8)— (1. 18968 M1S&HSLKORHEO18) *6IS-18%&I5+-B (<!, 8+. 14&12+) O 1+)0#!
1. 8ASIMURESEHK+142),%1<), 4% 14581, 0)5US0H) (4+81, &, I-H1<BAHE1, &, NP Y& (19%8&IK+) (&X
48, IM18841) ($8+.14819)5+158, 18-M1+<, 1§%8! (84088, 3IK+142) , 1<) , A% 1458198, (<, 18!

) (4481, 8]1%-ME*8+315%8! , 10814~ (48.($+15)- (I-.15%), 1<), A% 1458110, ~1<B4+E1, &, V. 48, %&(, !
A(11<<)9)- GIMUE(K+142), 1<), 4%1+581) (4481, &, 3)81) , | 10M1#, 1144-O21 ()&<!K#!11084%!
D1+58+1<84+81, 81) (S4&1825+1<)&(S!. 48, 1<), A%1+5EIIMI)A%IL0, 1, 8220)&, IMLS&+K!
%801 (<1-+ (&14, 8+. 1461 0-MIS-11 (HIMESIL (<, 181 O L#IKEIN-4188<1) (1$%68!K+142) !
<), A%1+5811+& LVGASID158 (L, 1a8 (SLIL (<" +1*1U31+&, 808) (5!) (11! (&81<&4+81,81) !

+8AN L5818~ 19—, &IMESIL (<, A
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In all three
systems,
upgradient
fresh
groundwater
withdrawals
cause the
greatest
decrease in
groundwater
discharge.

! WT!



0%

AN
115% NS S~ o
N
120% N
125% LSRN

130% < N

' Q (% of Fresh Groundwater Recharge)

135% N

140%
10% 20% 30% 40%

Withdrawal Rate (% of Fresh Groundwater Recharge)

Fresh Groundwater Withdrawal Mean Values

Linear Relationship
Range of Simulated Fresh Groundwater Withdrawals

Halite Brine Withdrawal Mean Values
Exponential Decay Relationship

Range of Simulated Halite Brine Withdrawals

Transitional Brine Withdrawal Mean Values
Linear Relationship
|

I"HS%&F)@):*. CI#/(3&L, V(- 1#12, (31 %2%+1 *(&IHSI[SI/#.1(3& @*+*.1 1&I<(*%**DI @*4
18+ IV#:4.818)&. (HW*-(&.5!@)44*- $DI*$11@*+* 11&+IV#:4.&18)&. (H1 Z&-(8.3' @) 44*-,$!
#1&+-7IB*-3& 11+ $&-!, $1,%*(&!(3&I4&-(I/, (1+,$&I/#.1(3&I[SI7%+)&- 106 #--1(3&](3.&&! #1
@#+, 11 ++&11* &1 &' &-&$(1(3&) *SOGIHI*++12%+) &1 #--1 (38! (3 18 &):#1&+-7

Response Time

N8I+ 188! - 1L 27— (&(5) 1014%1 (5EIV2UI<E, 4+)KE, %6~ MIS8)420#15+-8 (<M1$&+<) , 4% 1458
1, 2= (<, 19-1.48, 548 (<M18&H-+1K+) (RIM)Sh<+IM10, A& " (" =1, %0-M, 1896814188 - .
A%1.(5814- (,$1(81. ~+1S%&I%)5%8 , $IM)S<+ IML0H 1S&IVW I 1 1,48, 415+-8 (<M18&++84%1+580)!
A8 (14)-, - HELA%- 1%8IS+E81 O ~<&0, NI O 15 ()$8<8l -.121), !, 284).) 415~ 1814%! 150
5+-8(<M1$8H9-<80I<-O1)(, 1<BIS-18%8) 8 () SBENHH<+ -58-0-5) 414~ (<)8)- (Al 5 ~-ME*&H!
144, V10018488, #,889 , 315+ -8(<KMLSEHS) , A%L58148, 2- (<, 1.1, $6+H$-1 . +8, %I5+-8 (<M18&+!
M)$<+ LM10, 1961 (9 L0)881K#) (&IM)S%<+IML0, IN#L(,)8) - (LOIK#) (&IM)$%<+1M10, 110, ~1418 &1
11.1,36+5+-8 (<M18&+1<), 4%1+58148., 2- (, &L (1 10)$81K+) (&IM)$Sh<+LM10, A

|
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IS8 H)B):*. CIH [ SL&H#S-&I(,:&-1/#.1(3&I@*+*.11&I<(*%**DI@*+*.11&+V#:4.&!
8)&.(HIW*-(&.$!@)44*- $DI*@I+*.118+IV#:4.&18)&. (H1 Z8-(&.5!@)44*- Sl #18&+-1/#.)(3&/!
*L,2):12,(31.%2*+1QIFGI#/1/.&-310.#)$12*(&.). &%3* 0&T!- ) +*( #$-7!

Brine-Freshwater Interface

C#8, 548 (<MLSEHL (<IKH) (RIM)$h<+ IML0, 14%1 (5EISE1+8018)*81P+-2—48) - (, I-. 148, !
5+-8 (<MLS&HL(<IKH) (&IM)S%) (18%8, #, 389311 (<IS&IK+) (8X. #8., M 188+) (58+. 148!

18, 2- (<, 1144-4<) (515- 19068, 814%1 (58, M (158 (&+LOIMUE(!. 48, %15+ -8 (<M188+!
M)$h<+IM10, [-4484318%81K+) (8X. 16, %M L98+) (56:+. 148IKEA-O&, |, W100-M&+3l) (4+&,) (51 !
808*15)- (119189818 25+1<)& (SIK-8 (<1441 18981 O -<80I<-O1) (M PU&(1K+) (&I M)S%<+1M10, !
—A4BHISHEIK) (8. 6, M 188+1) ($8+ . 148IM) <&, IM)SHISHEI O 1R—+)5#1 - . 1) ($&+. 1481 9)5+19) - (!
~4484+4) (5! - (1$%8IK+) (&10) D)1 . 190081) (88 14831+8..06.48) (5111<&A+E.1, &) (190815101, 105!
OL,, ) (1$U&IK+) (BIK-<HIVASHE" (" . Al

A(11<<)9)- (QIEIMLIEHSIKOR!, 8+ 148IBL 248, ,)- (!~ I9RIKH) (&N +&., M L$8+) (58+. 14812014,
1(1)9Q 7?1 (§H+-081) (18*17-4- (48 (5+18)- (LL(<!98! , 8K , &S8&(S!. ~+O19)- (I-.! (EMIK+) (&
7 —+16*17-4- (48($+19)- (1-448+, IM&+ISEIM LGS TKI! , 8+. 148IEL 248, ,) - (1. 18%&

K#) (848, IMLS&+1) ($8+. 1481) , IM)<&+31, BA%IL, ISUEIEL01+1<80! 5 ~OK+&I 7 88+8-1i 1,96+(!
ESKKL,) (AIN%), 18*17-4- (48.($+15)- (19128, I$h8IMISE+SIKOR!, 8+. 148IEL 248, ,)- (!~ 190!
K#) (846, M 188+H) (S8 148148, ), $1 ($18-14%1 (581K&418, &18*17-4- (48($+19)- (1), !

K8..&+) (514%1(5&, 1) (!, 10814~ (48 ($+18)- (1) (I59), 1+85) - (AINUIE. 848, - . IM)$h<+ IM10, !
08, $IALAE<ISM), 187174 (A& ($+15)- (19048, Uo-0<! . ~+ISUHEIMLI&HSIKOR!, B+ 1481L 24, ,)- (!
- ISOARIK+) (8. +&, %M18&+) (S8t 14815-19)5+188A /SIEL01+1<81 /$141 9111 (<IIE101+1<E0!

; ~OK+! 7 8848-1P&, $6+ (IESKKL, ) (3IMU&+EIS&IMLS8HSIKI! , 8+. 148IEL 248, ,) - (. 1808
K#) (848, IML88:+1) (S8 1481) , 1+8018) =808 (L+-M3I%10)38!K+) (&M< +1M10, I8 L AGE< 1548
8%17-4- (A8 ($+18) - (1SU+&., h-0<!181+188, 1- . IH I TF1- 148, 415+ -8 (<M 1S&+H484%1+58!

VA" (>'D'+9 1" UMl 5 ~M&*&3 1916%&E101+1<G0! 5 ~OK+&) 7 88481 1,88+ ('ESKKL,) (3!
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When brine
withdrawals
occur, the
brine-
freshwater
Interface
widens
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MUGEA&ISEIMISEHSIKOR!, 8+, TAGIEL 4G, ,)- (- ISEIK+) (8X. &, MLS&+) (8&+. 1481), 1+E019) *RU#IM)<8IIM)$h<+ IM10, | (&*&+!
SLAGK<ISNEIE*1 P-4 (A& ($+18)- (1SU+E., h-0<31+&, 818) (51) (1*E+H10)89081) ($&+. 14819)5+15) - (IVAHSU%E" ()AL

Implications and Recommendations

P8I+, &(§18%&). ~00-M) (51 920)419)- (, 11 (<1484-9O&(<1S)- (, K1, &<!- (158148, 808, 11 (<14- (408, )~ (, | +-O15%), !
9-<&0) (5!, $8<#il

¥ C+,%!5+-8(<MLS&HL(<15+1(,)9)- (101K+) (&!M)$%<+1M10,1%1*&!1101+5&+!) 9 ?145! - (1$-$10!=P!<), 4%1+5&!$%1 (!
%10)$&!K+) (&1&L5+14%)- (Al
o! PAQIS3+<$69R 1 9?%1,),!,%-80<IK&!?2014&<!-(19)()9)Q) (5!.+&,%!5+-8 (<M18&+ 1 (<!1$+1(,)8)- (10'K+) (&!
M)$%<+1M10,AL/ *-)<I<¢*&0-?9& (8! -.10)5%)89!19) () (5!-2&+18)- (, ) (!$+1(,)$)- (L0IK+) (&!
&(*)+-(9&(5,M7)()9)Q&!1 18110014~ ,8,1.+&, %! 5+-8 (<M1§&+M)$%u<+1M10,A!
o! PAQIS3+<$69R"C-48,186(*)+-(9&(81019-()8-4) (B!- () ((-*1§)*&!M1#,15-198&1,8+&!,?24) (5!<),4%1+54!
$6+-85%14849-8&!,&(,) (BIL(<!"#$14&! 9 - ()$-+) (A
¥ L& (8!-.1,%100-M!<&?$%!8-IM18&+!), 1112841, 145-+1) (14- (§+-00) (B!,&(,)$)*)$#!-.1) O 2148, |- (1$%&!K+) (&X
&, %ML8&+) (86+. 148A!
o! PAQIs3+<$69>R! 7 - ()5-1)(5!-.1,10) ()$#V1(<!4%&9)41014-97?-,)5)-(U!),!9-+&1) 9 ?-+51 (SIM%&+&!
<&?%%, 1$-IM19&+!1+815+8186+18%1 (1 1*&+158A!
¥ N(158(&+103!. 48, %!5+-8 (<M 18&+!-+IK+) (&IM)$%<+1M10, 1%1*&!10)$806!) O 21481 - (1K+142) , %!<), 4%1+5&! 1 (<!+&<84¢&!
18, %I<), 4% 158!
o! PAQIS3+<$69RIN-$10119-8(8!-.1) (.0-M!$-IM&SNL(<,!.+-O15+-8(<M13&+!M)00I<&4+&1, &1L (<) O 214815%8!
,10) O8#1<),§+)K88)- (1-. 1ML (<, A7 - ()$-+) (B!-.1,10) O$#!), 128#18-18 (<&+,$1 (<) (5!$%&!) 9 2145, Al
¥ N)9&,4108,!-.1Y972148,1) (15& (&+1011+&!10- (B&H. - +1%10)8&!K+) (&IM)$%<+1M10,11 (<!, %-+8&+! . - +1.4&, %!
5+-8(<M18&+H1(<I$+1(,)9)- (L0IK+) (&'M)§%<+1M10,A!
o! PAQIS3+<$69R" 7 - ()$-+)(5!,5+1865)&, | (&&<!$-1K&!0- (5X86+O11(<14-(,),$&(§'M)§%!%)5%! I /71 B!
SL(<L< A
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