
 

 

 

 

 

!"#$%"&'$!#"()#"*&%+$,*+#%%

%

)-.%

%

+$/$0")#"*&%,1)&%

%

%

%

!"#$%"&'()$*+,-$#+-".$/'*0)*+,$()%0+!12$'!($

!34$%35678$*9:93$,:;<=$

*#>?@$*#>?@$*37968;$>A2$->B*2$.C@"$

$

$

*:D94:93E$/6=9E6FG968;$,6;3$,3:H$

I8J;=8;$,3:=3$

$

$

$

$

*GFK6993<$98L$

!34$%35678$*:D9$#:93E$/6=M8=:D$(8KM:;N$

@BB$03;;$0D:O:2$*G693$>BBB$

.8=43DD2$!%$$PPQBQ$

$

$

$

0E3M:E3<$FNL$

#J8D3$":E9J$";R6E8;K3;9:D2$';7S$

Q>BC$+EF8E$(8R3$

T:9N2$-&$$UU@V@$

$

$

$

$

$

$

%:N$>U2$QB>>$

$

$

$

$

$

$



 ii 

!

!

!

!

"#$%&!'(!)'*"&*"+!

!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,-./! !

!

!

01! 023456783952!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! !!! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! :!

!

001! $-8;.45726!02<54=-3952!! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >!

! !

001#1! %-26!?@/! ! ! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >!

001$1! +93/!,AB@98-C!+/3392.! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >!

001)!! +59C!D/@5748/! ! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >!

001E!! F45726G-3/4!HB645./5C5.B!5<!3A/!#4/-I!!

! ! J%-B=-2K@!#LL45-8AM!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! NOP!

!

0001! ! +93/!02Q/@39.-3952!-26!R54;!+85L/! ! ! ! !!! ! ! ! ! ! ! !!!! ! ! ! ! ! ! P!

0001#! ,4/C9=92-4B!+93/!02Q/@39.-3952!

0001$1! +85L/!5<!R54;!-26!02Q/@39.-39Q/!+34-3/.B! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! S!

0001)1! &TON:!+74Q/B!! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! S!

0001E! (9/C6!-26!%-U54-354B!,45.4-=! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! !

0001E1:! +A-CC5G!$5492.@! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! S!

0001E1>! E//L!$5492.@!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! V!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !!!!

0W1! ! D/@7C3@!-26!E9@87@@952! ! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! V!

0W1#1! &T!+74Q/B@! ! ! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! V!

0W1$1! +A-CC5G!+59C!$5492.@!-26!+59C!+-C9293B! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! V!

0W1)! E//L!+59C!$5492.!(92692.@! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! X!

0W1)1:! &-@3!%/-;!+5748/!R/CC!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! X!!

0W1)1>! *543AG/@3!$-8;.45726!$5492.!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :Y!

0W1)1N!!*543A/-@3!$-8;.45726!$5492.!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :Y! !

0W1)1Z!!+573A!$-8;.45726!R/CC!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ::!

0W1)1[!!R/@3!%/-;!+5748/!$5492.!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ::!

0W1E1! E9@87@@952!5<!+59C!-26!F45726!R-3/4!(92692.@!!! ! ! ! ! ! ! ! ! ! ! ! ! ! :>!

0W1&1! ,A9C5@5LA98-C!0@@7/@!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :>!

!

W1! !!!!!!D/=/69-3952!,45L5@-C !!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :N!

W1#1! +59C!+74<-8/!D/=/69-3952! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !!!!!!:N!

W1$1!!!!!!E//L/4!W-65@/!\52/!D/=/69-3952!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :Z!

W1)!! D/=/69-3952!,458/674/@!! ! ! ! ! !!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :Z!

W1E1! D/=/69-3952!D-3952-C!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :Z!

W1E1:1! "53-C!E9.!-26!H-7C!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :Z!

W1E1>1! ,-439-C!E9.!-26!H-7C!-26!%92/4!02@3-CC-3952!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :Z!

W1E1N! F/2/4-C!D/=/69-3952!E9@87@@952!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :[!

W1E1Z1! +93/!+L/89<98!#LL45-8A! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :[!

! ! ! !!!!

!

!

!

!
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' ' ' ' ' ' /*(62-'':H'' V+;'>+W6@:[')3'D(**62':H'.9+'!+W(-'U(.+0'A+Q+*:B1+2.'#:(05X'

' ' ' ' ' CX' ZJ+:*:<6@'(25'Y350:<+:*:<6@'%Q(*7(.6:2':H'#:062<-'(25'>:26.:0'U+**'".'"25'"0:725''

' ' ' ' ' ' V+;'>+W6@:'&(*.'U(.+0'A6-B:-(*'=:XE'F2@X'&.(.6:2',,N'"/TG?'*:@(.+5'62'&+@.6:2'8,E''
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' ' '

"BB+256W''D' U(.+0'U+**'L+@:05-'(25'>(B'
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!"##!$%&'()*%+'$##

!

"#$%&!'()*#!'+,-)$+.&+*(%/!0+12!3"''4!#(5!6)&6()&7!(!8-*&!0+,&5*-9(*-$+!:&6$)*!(+7!

:&.&7-(*-$+!;%(+!$+!<&#(%=!$=!>&?!@&A-1$!8(%*!"(*&)!B-56$5(%!C$.6(+D!342!!E#-5!)&6$)*!

6)$,-7&5!(+!$,&),-&?!$=!(!5(%*F?(*&)!%&(G!5-*&!%$1(*&7!-+!*#&!5$H*#!#(%=!$=!8"IJK!8"!IJK!$=!

5&1*-$+!IL/!EIM8/!:NK'!-+!+$)*#&)+!O&(!C$H+*D2!E#&!)&5H%*5!$=!*#&!-+1-7&+*/!&.&)9&+1D!)&56$+5&!

(1*-$+5/!(+7!5-*&!-+,&5*-9(*-$+5!1$+7H1*&7!<D!"''!()&!-+1%H7&7!#&)&-+2!!

!

P77-*-$+(%%D/!*#-5!)&6$)*!6)$6$5&5!(!6)(1*-1(%!(+7!1$5*!&==&1*-,&!.&*#$7!$=!)&5*$)-+9!*#&!

-.6(1*&7!()&(!*$!-*5!+$).(%!)(+9&%(+7!1(6(<-%-*D!?-*#!.-+-.(%!5H)=(1&!7-5*H)<(+1&/!?#-%&!

&+5H)-+9!*#(*!(+D!H+7&)%D-+9!9)$H+7?(*&)!-5!6)$*&1*&72!E#-5!5-*&!-5!%$1(*&7!-+!(!G+$?+!#(<-*(*!

()&(!$=!*#&!O&55&)!;)(-)-&!C#-1G&+!3O;C4/!?#-1#!1H))&+*%D!-5!(!#-9#%D!-.6&)-%&7!6)(-)-&!9)$H5&!

56&1-&5!$=!*#&!5$H*#&)+!Q)&(*!;%(-+52!!!>&?!@&A-1$!#$%75!(!5-9+-=-1(+*!6&)1&+*(9&!$=!*#&!

)&.(-+-+9!6$6H%(*-$+/!?#-1#!-5!*#)&(*&+&7!<D!#(<-*(*!%$55/!7&9)(7(*-$+!(+7!=)(9.&+*(*-$+2!!

!

R+=$)*H+(*&%D/!*#-5!56&1-&5!-5!$+!*#&!1(+7-7(*&!%-5*!=$)!=&7&)(%!%-5*-+92!!P**(1#&7!-5!S-9H)&!T/!?#-1#!

5#$?5!(!UO@!E-.-+9!:&5*)-1*-$+!@(62!!E#&!5-*&!-5!%$1(*&7!-+!*#&!$H*&)!=)-+9&5!$=!*#&!#(<-*(*!()&(2!

!

P%%!6()*-&5!-+,$%,&7!#$6&=H%%D!?-%%!(9)&&!*#(*!*#&!5*(*&!$=!>@!-5!.$)&!-+!%-+&!?-*#!6)$,-7-+9!*#&!

6)$6&)!6)$*&1*-$+!$=!*#&!O;C!*#(+!*#&!S&7&)(%!Q$,&)+.&+*2!!0*!-5!*#-5!-.6%-1(*-$+!*#(*!>@8"B!

(+7!"''!?(+*5!*$!5&&G!*#&!&A6&)*!(7,-1&!$=!*#&!8*(*&!(9&+1-&5!-+!$)7&)!*$!6)$,-7&!*#&!

.(A-.H.!6)$*&1*-$+!$=!*#&!56&1-&5!?#-%&!(*!*#&!5(.&!*-.&!(%%$?-+9!*#&!-+7H5*)D!*$!=H+1*-$+!-+!

$)7&)!*$!6)$,-7&!9$$7!V$<5!(+7!(!*(A!<(5&!=$)!*#&!5*(*&!$=!>&?!@&A-1$2!!

!

E#&!*#)&&!.(-+!1$+1&)+5!)&9()7-+9!*#-5!5-*&!()&W!!!!

!

P2!!:&5*$)-+9!*#&!5H)=(1&!?-*#!(5!%-**%&!5H)=(1&!7-5*H)<(+1&!(5!6$55-<%&/!-+!$)7&)!*$!1$+5&),&!

+(*H)(%!)&5$H)1&5!(+7!.-+-.-X&!1$%%(*&)(%!7(.(9&!*$!!6)$*&1*!?-%7%-=&!#(<-*(*2!!!

!

U2!!B&=-+&!*#&!7&6*#!(+7!&A*&+*!$=!*#&!,(7$5&!X$+&!(+7!9)$H+7?(*&)!1$+*(.-+(*-$+/!-=!6)&5&+*/!

(+7!7&*&).-+&!-=!*#&!,(7$5&!X$+&!-5!5H==-1-&+*!-+!-*5!6#D5-$1#&.-1(%!1$.6$5-*-$+!*$!(%%$?!(!

5H)=(1&!(9)$+$.-1!*D6&!*)&(*.&+*!$=!*#&!$-%D!5$-%5!(+7!(+!-$+-1!&A1#(+9&!.&*#$7!=$)!*#&!5(%*F!!

1$+*(.-+(*&7!()&(52!!

!

C2!;&)=$).!(!1$5*!&==&1*-,&!)&.&7-(*-$+!6%(+!*$!(11$.6%-5#!*#&!(<$,&!1$+1&)+5!?#-%&!&+5H)-+9!

*#(*!*#&!9$(%5!$=!*#&!>@8OY/!YCB!(+7!QZS!()&!1())-&7!$H*!-+!(!*-.&%D!(+7!1$+51-&+*-$H5!

.(++&)2!!!

!

S-9H)&!I!5#$?5!*#&!%$1(*-$+!$=!*#&!%&(G!5-*&!$+!(!>&?!@&A-1$!! 8*(*&!E)H5*5!O(+7!@(62!!E#&!

1&+*&)!$=!*#&!5-*&!-5!%$1(*&7!(*!(66)$A-.(*&%D!%(*-*H7&!NN[\]^\L2_`a!>$)*#!(+7!%$+9-*H7&!

IMN[\_^NI2MNa!"&5*2!!!

! !

>@8"B!(+7!"''!6&)=$).&7!b'.&)9&+1D!:&56$+5&!P1*-$+5a!-+!$)7&)!*$!6)$,-7&!6)$*&1*-$+!*$!

1(**%&!(+7!?-%7%-=&2!!S)&&!%-cH-75!?&)&!6-1G&7!H6!*$!6)&,&+*!(+D!=H)*#&)!7$?+?()7!.-9)(*-$+!$=!

*#&!=%H-75!(+7!7(.6!*$!?&*!$-%D!5$-%5!?&)&!5*(<-%-X&7!<D!.-A-+9!?-*#!$+!5-*&!5$-%5!*$!.(-+%D!)&7H1&!

*#&!&A6$5H)&!$=!*#&!1$+*(.-+(*-$+!*$!1(**%&!(+7!?-%7%-=&2!!!

!

E#-5!-5!(!cH-1G!7$?+!(+7!7-)*D!.&*#$7!$=!)&+7&)-+9!*#&!5$-%5!*$!(+!H+5(*H)(*&7!1$+7-*-$+!*$!

6)&,&+*!=H)*#&)!7$?+?()7!(+7!%(*&)(%!.-9)(*-$+2!!0*!&+#(+1&5!*#&!+(*H)(%!.-1)$<&5!*$!5*()*!(!

+(*H)(%!<-$F)&.&7-(*-$+!6)$1&552!!

!

!

!
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!

!!"####$%&'()*+,-#!,.*)/%01*,##

!

"#$!%#&'()!*+,-!.+-#/!'0!+!()11#/('+,!()12+345!$6'(6!(),,#(-0!+37!7'02)0#0!)8!920-/#+1!)',!

+37!:+0!2/)79(#!$+0-#$+-#/;!!<6#!()12+34!#12,)40!+!0#/'#0!)8!2'2#,'3#05!-+3=!>+--#/'#05!+37!

7'02)0+,!$#,,0!-)!+(()12,'06!-6#!-+0=;!

!

?3!@(-)>#/!)8!ABCB5!-6#!()12+34!7'0()D#/#7!-6+-!+!0#(-')3!)8!-6#'/!7'02)0+,!2'2#,'3#!6+7!8+',#7!

'3!-$)!2,+(#0;!!!<6#!/#,#+0#!$+0!/#2)/-#7!-)!-6#!,)(+,!@EF!F'0-/'(-!)88'(#!+37!+!09>0#G9#3-!02',,!

/#2)/-!EHCIC!$+0!8',#7;!!J,#+0#!8'37!+!()24!)8!-6#!EHCIC!'3!-6#!,'0-!)8!8':9/#0!+0!K':9/#!L!CB;!!

!

<6#!02',,!()30'0-#7!)8!)',4!2/)79(#7!$+-#/!+37!-6#!/#,#+0#!$+0!/#2)/-#7!+-!CABB!>+//#,0;!!<6#!

-/9#!+1)93-!)8!-6#!02',,!'0!+(-9+,,4!93=3)$35!+0!-6#!,#+=!1+4!6+D#!)((9//#7!)D#/!0#D#/+,!6)9/0!

)/!7+40;!!!

!

<6#!CABB!>+//#,0!$+0!+!8':9/#7!90#7!0'3(#!-6+-!$+0!-6#!+1)93-!)8!$+-#/!-6+-!$+0!+(-9+,,4!

/#()D#/#7;!!"%*.F!/#():3'M#0!-6+-!+!1)/#!+22/)2/'+-#!/#2)/-'3:!391>#/!)8!>+//#,0!$)9,7!

6+D#!'37'(+-#7!-6+-!+3!93=3)$3!)/!>#0-!8,)$!/+-#!#0-'1+-#!$)9,7!6+D#!>##3!1)/#!+((9/+-#;!!N3!

+#/'+,!26)-)!)8!-6#!02',,!0'-#!'0!'3(,97#7;!O0##!8':9/#!LP;Q!

!

!!"2"#3%,-#456#

!

<6#!09/8+(#!2/)2#/-45!+37!1'3#/+,0!+-!-6#!,#+=!0'-#!+/#!)$3#7!>4!-6#!*-+-#!)8!"#$!%#&'()!+37!

+71'3'0-#/#7!>4!-6#!"#$!%#&'()!*-+-#!R+37!@88'(#!O"%*R@Q;!!!%/;!S90-'3!S)630)35!+!,)(+,!

/+3(6#/5!,#+0#0!-6#!09/8+(#!8)/!/+3:#,+37!'3!+!>##8!(+--,#!)2#/+-')3;!!<6#!+/#+!6+0!8)/!4#+/0!>##3!

+3!+(-'D#!)',!+37!:+0!2/)79(-')3!+/#+!$'-6!391#/)90!$#,,0!-6/)9:6)9-;!!J/#0#3-,45!-6#/#!+/#!3)!

>9',7'3:05!$'371',,0!)/!)-6#/!'12/)D#1#3-0!'3!-6#!'11#7'+-#!D'('3'-4!)8!-6#!,#+=!0'-#;!!"%*.F!

6+0!+!/':6-H)8H$+4!$'-6!-6#!"%*R@!8)/!'-0!2'2#,'3#!)2#/+-')30;!!

!

!!"$###7106#89:51&%;#76001,(#

!

<6#!,#+=!0'-#!'0!,)(+-#7!'3!3)/-6#/3!R#+!E)93-45!"#$!%#&'()!+>)9-!T;I!1',#0!0)9-6$#0-!)8!

'3-#/0#(-')3!>#-$##3!EU!CVB!+37!*-+-#!W$4!ABX!+37!I;T!1',#0!79#!0)9-6!)8!EU!CVB!+-!-6#!:+-#!

#3-/+3(#!-)!-6#!2/)2#/-4;!!!<6#!,#+=!0'-#!'0!,)(+-#7!'3!+3!92,+37!+/#+!+-!+3!#,#D+-')3!/+3:'3:!

8/)1!+>)9-!ICYP!-)!ICYY!8##-!+>)D#!1#+3!0#+!,#D#,!O10,Q!+37!-6#!,+37!09/8+(#!0,)2#0!:#3-,4!-)!

-6#!#+0-;!!

!

*6+,,)$!0)',0!+-!-6#!0'-#!6+D#!+!8'3#!0+37!09/8+(#!,+4#/!'3!#&(#00!)8!AB!'3(6#0!)D#/!09>09/8+(#!

,+4#/0!)8!0+374!(,+4!,)+1!-)!8'3#!0+37;!!<6#0#!0)',0!+/#!(,+00'8'#7!+0!$#,,!7/+'3#7!-)!#&(#00'D#,4!

7/+'3#7;!!!

!

!!"<###7*1;#=65*+)&6#

!

?-!$+0!7#-#/1'3#7!8/)1!-6#!R#+!E)93-4!*)',!*9/D#4!+#/'+,!06)$3!'3!K':9/#!A!-6+-!-6#!,+37!

/#0)9/(#!+-!-6#!0'-#!'0!2/#7)1'3+-#,4!+!<'D),'HZ/)$38'#,7!8'3#!0+370!()12,#&;!!N!()12,#&!'0!90#7!

-)!7#0(/'>#!+!1+2!93'-!)8!-$)!)/!1)/#!()12)3#3-!0)',0!-6+-!+/#!()1'3:,#7!)3!-6#!,+370(+2#!'3!

+/#+0!-))!01+,,!-)!>#!7#,'3#+-#7!+-!-6#!0(+,#!)8!C[AIBBB;!!<'D),'!+37!0'1',+/!0)',0!1+=#!92!\B!

2#/(#3-!)8!-6#!1+2!93'-;!!Z/)$38'#,7!+37!0'1',+/!0)',0!1+=#!92!+>)9-!IB!2#/(#3-!)8!-6#!1+2!93'-!

$'-6!+>)9-!CB!2#/(#3-!+0!01+,,!'3(,90')30!)8!*2/'3:#/!+37!])1#M!0)',0;!!!!

!

<'D),'!8'3#!0+370!O<42'(!^0-'20+11#3-0Q!6+D#!3)!0':3'8'(+3-!6)/'M)3+-')3!$'-6'3!-6#!2/)8',#!+2+/-!

8/)1!+!(6+3:#!'3!(),)/!>#-$##3!-6#!N!+37!E!6)/'M)30;!!<6#0#!0)',0!)((9/!'3!793#!+/#+0;!!

Z/)$38'#,7!8'3#!0+370!ON/#3'(!N/'7'(!J+,#90-+,80Q!6+D#!+!-6'(=!8'3#!0+37!09/8+(#!,+4#/!)D#/!0+374!
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!"#$%"&#'%()*(&+",%%-.&/01+2"3%(&+"(%&!!).%+0%#.2#(%*24/220%3)02(%#03%#.2%/2""%3.#+023%/+45%

'&32.#42%62.'2#*+"+4$,%%76.+082.%"&#'$%1+02%(#03%9:$6+!%;#"2)(4#"1(<%#03%=&'2>%"&#'$%1+02%(#03%

9?.+3+!%@#"!+)(4264(<%&!!).%&0%(+'+"#.%"#03(!#62(%#(%-.&/01+2"3%(&+"(,%%76.+082.%(&+"(%3&%0&4%5#A2%

#(%45+!B%#0%?%5&.+>&0%#03%"2((%!"#$%+0%452%-%5&.+>&0,%%=&'2>%(&+"(%5#A2%(2!&03#.$%!#.*&0#42(%

45.&)85&)4%452%6.&1+"2%#03%5#A2%#%321+023%-%5&.+>&0%1+02.%+0%42C4).2%45#0%452%?%5&.+>&0%*)4%5#A2%

0&4%32A2"&623%#0%#.8+""+!%5&.+>&0,%%%72.+2(%32(!.+64+&0(%#03%&452.%62.4+0204%(&+"(%+01&.'#4+&0%+(%

6.2(20423%+0%?66203+C%?,%

%

!!"#$$$%&'()*+,-.&$/0*&'1.'2'10$'3$-4.$5&.,6$78,09,):;$5<<&',=4>$

%

:52%(+42%+(%"&!#423%+0%D&.452.0%E2#%@&)04$F%D2/%G2C+!&%#03%+(%&0%452%1#.%2C4.2'2%/2(4%(+32%&1%

452%E"#0&%H(4#!#3&F%/5+!5%+(%452%(&)452.0%2C420(+&0%&1%452%I+85%;"#+0(%+0%(&)452#(42.0%D2/%

G2C+!&,%

%

:52%#.2#%&1%452%"2#B%(+42%+(%"&!#423%+0%#%"+02#4+&0%&1%&02%&1%452%/2""J321+023%204.#0!2(%4&%452%5+85%

6"#+0(%B0&/0%#(%452%K7#03%=#42L,%%M4%5#(%#%(+80+1+!#04%(+80#4).2%#(%+4%.26.2(204(%#0%#.2#%/52.2%

452%/2(4%(+32%&1%452%!#6.&!B%62.%(2F%3&2(%0&4%2C+(4%#03%5#(%(&'2%&1%452%(#'2%().1#!2%12#4).2(%

#03%1&.'#4+&0(%#(%452%;2!&(%N#""2$%/2(4%&1%452%(+42,%%%

%

G&(4%+'6&.4#04"$%+(%452%1#!4%45#4%452%O8#""#"#%1&.'#4+&0%+(%2+452.%A2.$%45+0%&.%A+.4)#""$%'+((+08%+0%

45+(%#.2#,%%:52%.&!B(%#03%(&+"(%&1%45+(%#.2#%8202.#""$%!#00&4%*2%3+(4+08)+(523%*24/220%O8#""#"#%

'#42.+#"(%1.&'%'&.2%&"32.%&.%.2!204%326&(+423%'#42.+#"(,%%P+03*"&/0%(#03(%8202.#""$%!&A2.%452%

#.2#%#03%+0%(&'2%#.2#(%#.2%)032."#+0%*$%45+0%*23(%&1%@#"+!52,%%

%

@#"+!52%9!#6.&!B<%5#(%#"/#$(%*220%#((&!+#423%/+45%452%O8#""#"#%1&.'#4+&0%45.&)85&)4%

(&)452#(42.0%D2/%G2C+!&,%%I&/2A2.F%1&.%&02%4&%'#B2%#%8202.+!%!&0!")(+&0%45#4%+1%!#"+!52%+(%

1&)03F%+4%/&)"3%+'6"$%45#4%452%O8#""#"#%'#$%*2%6.2(204F%6.&*#*"$%+(%0&4%4&4#""$%#!!).#42,%%@#(2%+0%

6&+04%+(%452%1#!4%45#4%+0%452%;2!&(%N#""2$%Q)(4%/2(4%&1%452%(+42F%/5+!5%+(%8202.#""$%A&+3%&1%452%

O8#""#"#%1&.'#4+&0F%5#(%A#(4%(#03%3)02(%/+45%)032."$+08%!#"+!52,%%%%%

%

?4%452%204.#0!2%&1%452%7#03%=#42F%:.+#((+!%R23%-23(%#.2%2C6&(23%#4%452%().1#!2%#(%+(%452%O8#""#"#%

1&.'#4+&0F%#(%+(%452%"+'2(4&02%&1%452%E&/2.%@.24#!2&)(%)0+4F%6#.4%&1%452%:)!)'!#.+%(5#"2,%

%

:52.2%+(%#%"#.82%#.2#%45#4%5#(%#0%+..28)"#.%*&)03#.$%95+85"+85423%+0%?66203+C%S%'#6(<%/52.2%452%

:)!)'!#.+%(5#"2%#!4)#""$%&)4!.&6(%+0%(2A2.#"%6"#!2(%#03%+(%8202.#""$%&A2."#+0%*$%#"")A+)'%

326&(+4(,%M4%+(%+0%45+(%#.2#%/52.2%452%.2"2#(2%(+42%+(%'&.2%&.%"2((%"&!#423,%%

%

;"2#(2%.212.%4&%452%=.&)03JP#42.%@&03+4+&0(%+0%D&.452.0%E2#%@&)04$F%D2/%G2C+!&F%.26&.4(%*$%

7+302$%R,%?(5%TUVW%!&04#+023%+0%+4(%204+.24$%+0%?66203+C%(2!4+&0%&1%45+(%.26&.4,%9?66203+C%S<%

%

?"(&%M0!")323%+0%?66203+C%S%+(%#%!&6$%&1%#%TUXX%.26&.4%K%I$3.&82&"&8$%&1%E&/2.%@.24#!2&)(%

(4.#4#%)032.%452%(&)452.0%I+85%;"#+0(%&1%D2/%G2C+!&L%*$%Y#""+0%&1%452%:2C#(%P#42.%S2A2"&6'204%

-&#.3,%

%

:52%+..28)"#.%*&)03#.$%+(%0&423%4&%*2%452%#66.&C+'#42%*&)03#.$%&1%*23.&!B%5+85(%45#4%+042..)64%

452%/#42.%4#*"2%+0%452%326&(+4(%&1%452%@20&>&+!%#82F%+,2,%452%O8#""#"#%1&.'#4+&0%#Z)+12.,%%M0!")323%

+0%?66203+C%YF%+(%#%5+85"+85423%(2!4+&0%&1%45+(%#.2#%:(JT[7%R%W\H%326+!4+08%452%"&!#4+&0%&1%452%(+42%

#03%.2!&.3(%1.&'%452%(4#42%208+022.(%&11+!2%(5&/+08%45#4%0&%/#42.%/2""%.2!&.3(%#.2%.28+(42.23%+0%

45+(%#.2#,%

%

?"(&%+0!")323F%#.2%(&'2%/2""%.2!&.3(%45#4%#.2%Q)(4%#%12/%'+"2(%#/#$%1.&'%452%(+42%+0%#0%#3Q#!204%

:&/0(5+6%:(JTT7,%%%:5+(%+01&.'#4+&0%+(%+0!")323%4&%*#(+!#""$%(5&/%5&/%Z)+!B%#%4.#0(+4+&0%&!!).(%

+0%45+(%#.2#,%%:52.2%#.2%(2A2.#"%/#42.%/2""(%+0%45+(%#.2#F%/5+!5%+(%452%O8#""#"#%?Z)+12.,%
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!

"#$%!&'()*#+,#!#)!()&,#!)-#!./*/!#.+#!0+12!)3!4/00!*/1)*5%!&%!,)#!+!5/3&,&#/!&,5&1+#&),!#./*/!&%!,)!

(*)#/1#+60/!7*)-,5!4+#/*!&,!#.&%!+*/+8!6-#!&#!1/*#+&,09!%.)4%!#.&%!&%!+,!+*/+!4./*/!:/*9!0&##0/!

4+#/*!&%!3)-,5!+,5!6/,/3&1&+009!-%/5;!!!

!

<./!4+#/*!&,!#.&%!6)-,5/5!+*/+8!4./*/!(*/%/,#8!&%!7/,/*+009!5/*&:/5!3*)'!#./!0)4/*!=*/#+1/)-%!

6/5%!)3!#./!%+,5%#),/!,/+*!#./!6+%/!)3!#./!<-1-'1+*&!%.+0/;!!<./!>+00&,!*/()*#!%.)4%!+!7))5!

1)'()%&#/!%#*+#&7*+(.&1!%/1#&),!)3!#.&%!3)*'+#&),;!!<./!*/0/+%/!%&#/!')*/!0&2/09!%/#%!&,!)*!):/*!#./!

?-12!=*//2!)*!@&+'&1.&!3)*'+#&),%8!+%!1),3&*'/5!69!#./!9/00)4!10+9!#.+#!&%!3)-,5!+#!%.+00)4!

5/(#.%;!

!!!

<./!+:/*+7/!#.&12,/%%!)3!#./!9/00)4!10+9!&%!+((*)A&'+#/09!BCDEC!3//#!+1*)%%!#./!%&#/!+11)*5&,7!#)!

#./!6)*&,7!0)7%!3)-,5!&,!+((/,5&A!F;!!<./!5/(#.!)3!#.&%!-,&#!+((/+*%!#)!6/!+((*)A&'+#/09!GHDIH!

3//#!FJK;!!<.&%!-,&#!(*)6+609!&%!+!:/*9!7))5!6+**&/*!3)*!+,9!5)4,4+*5!'&7*+#&),!)3!&,3&0#*+#/5!

4+#/*8!,+#-*+0!)*!'+,D'+5/;!

!

<./!0)4/*!-,&#!)3!#./!<-1-'1+*&!%.+0/!&%!7/,/*+009!4./*/!7*)-,54+#/*!&%!,)*'+009!3)-,5!&,!%'+00!

-%+60/!L-+,#&#&/%8!&;/;!3)*!4&,5'&00%!+,5!%#)12!#+,2%;!!<./!5/(#.!&%!7/,/*+009!7*/+#/*!#.+,!MHH!

3//#!4&#.!+!%+#-*+#/5!#.&12,/%%!)3!-%-+009!0/%%!#.+,!MC!3//#!&,!#./!*/0/+%/!+*/+;!!!<./!

7*)-,54+#/*!30)4!*+#/%!+*/!7/,/*+009!-,2,)4,!&,!#./!%#-59!+*/+8!6-#!')%#!0&2/09!/A#*/'/09!0)4;!!

N:/,!&,!+*/+%!)3!0+*7/!30)4%!%-1.!+%!&,!#./!</A+%DO/4!P/A&1)!%#+#/!0&,/!+*/+8!5-/!/+%#!)3!#./!

%&#/8!30)4!*+#/%!+*/!7/,/*+009!0/%%!#.+,!),/!3))#Q5+9;!!!

!

<./!),09!)11-**/,1/!)3!<-1-'1+*&!%.+0/!4+#/*%!5&%1.+*7&,7!&,#)!#./!R7+00+0+!&%!3)-,5!,/+*!#./!

O/4!P/A&1)D</A+%!%#+#/!0&,/!+,5!&,!(+*#%!)3!</A+%;!

!

NA1/(#&),%!+*/!#)!#./!,)*#.4/%#!&,!#./!=+-%/9QS&,7)!+*/+!4./*/!&**&7+#&),!4/00%!(-'(/5!.&7.!

:)0-'/%!5-*&,7!#./!:/*9!0+#/!.)'/%#/+5!9/+*%!+,5!-(!#)!#./!5-%#!6)40!5+9%;!!K)'/!)3!#./%/!

4/00%!+*/!,)4!5*9!+,5!,)!0),7/*!-%/5!3)*!&**&7+#&),!3+*'&,7;!

!

<./!4+#/*!L-+0&#9!)3!#./%/!4+#/*%!&%!7/,/*+009!)3!0/%%/*!L-+0&#9!#.+,!#./!+5T+1/,#!R7+00+0+!

4+#/*%;!!OPKU?!.+%!1)00/1#/5!4+#/*!%+'(0/%!3*)'!#.*//!4+#/*!4/00%!0)1+#/5!+%!%.)4,!),!

>&7-*/!MM!+,5!#./!+,+09#&1+0!&%!&,10-5/5!&,!V((/,5&A!N;!

!

<./!1.0)*&5/%!3)*!#./%/!4/00%!+*/!GHH!'7Q0!3)*!#./!S-129!4/00!0)1+#/5!+((*)A&'+#/09!B!'&0/%!

%)-#.4/%#!)3!#./!%&#/8!CEH!'7Q0!3)*!#./!K+,5!4/00!S)1+#/5!+((*)A&'+#/09!M;WC!'&0/%!#)!#./!

,)*#.4/%#8!+,5!IH!'7Q0!3)*!#./!X).,%),!Y+,1.!4/00!0)1+#/5!+6)-#!B!'&0/%!%)-#.D%)-#.!/+%#!)3!

#./!%&#/;!

!

"#!&%!)6:&)-%!#.+#!#./!S-129!+,5!K+,5!4/00%!+*/!')%#!0&2/09!&,!#./!<-1-'1+*&!Z=*/#+1/)-%[!4+#/*!

\),/!4.&0/!#./!)#./*!4/00!&%!(*)6+609!&,!%.+00)4!%+,5!+00-:&-'!)*!&,!+!5*+&,+7/!1)-*%/!1),,/1#/5!

#)!+5T+1/,#!)*!-(D7*+5&/,#!R7+00+0+!4+#/*;!!

!

<./!7/)1./'&%#*9!)3!#./!#4)!=*/#+1/)-%!4/00%!.+%!.&7.!*/0+#&:/!1+01&-'!1),#/,#!:/*%-%!#./!

)#./*!4/00!),!#./!)*5/*!)3!E]M;!!<.&%!')%#!0&2/09!&,5&1+#/%!#./!#4)!4/00%!+*/!&,5//5!6/&,7!

(*)5-1/5!3*)'!+!0&'/%#),/!3)*'+#&),!:/*%-%!3*)'!%+,5!+,5!7*+:/0!6/5;!!!!

!

<./!*/1.+*7/!)3!#./!=*/#+1/)-%!4+#/*!&,!#.&%!+*/+!.+%!6//,!%-77/%#/5!#)!6/!3*)'!#./!R7+00+0+!

3)*'+#&),!4/%#!+,5!%)-#.4/%#!)3!#./!%&#/!Z%//!>+0&,!3&7!I!^W[;!!Y/3/**&,7!#)!V%.!M_IE8!#.&%!+*/+!&%!

+0%)!4./*/!#./!<-1-'1+*&!%.+0/!)-#1*)(%!+#!%/:/*+0!(0+9+!0+2/%!&,!#./!+*/+;!!"#$%!0&2/09!#.&%!&%!

4./*/!#./!%+0#!&%!6/&,7!(&12/5!-(!4./*/!#./!R7+00+0+!):/*30)4%!&,#)!#./!=*/#+1/)-%!3)*'+#&),;!!

<./!)-#1*)(%!.+:/!6//,!)6%/*:/5!#)!1),%&%#!)3!5+*2!7*+9!%&0#%#),/!+,5!#.&,!&,#/*6/55/5!

%#*&,7/*%!)3!0&'/%#),/;!!ZV%.!M_IE[!!!
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!

"#$%!&'(#&$)!(#*+$!#,$!$%-$!$%'!.'+'&-/!0*(!1#&!2#$%!$%'!3.-//-/-!-+0!$%'!4,5,65-&*!)%-/'!*)!

.'+'&-//7!$#!$%'!'-)$!-+0!)#,$%'-)$8!!!9#:';'&<!*+!$%'!=-+0!>-$'!/*+'-$*#+<!*$!$%*5?'+)!-+0!0*()!

$#!$%'!+#&$%'-)$!:*$%!/#5-/!0';*-$*#+)8!!4%*)!*)!5#+)*)$'+$!:*$%!$%'!*+1'&&'0!.&#,+0:-$'&!

5#+$#,&)!)%#:+!#+!$%'!@)%!&'(#&$!=%''$!A!#1!A8!

!

B$!*)!6#&'!$%-+!#2;*#,)!$%'&'!*)!+#!3.-//-/-!@C,*1'&!.&#,+0:-$'&!(&')'+$!-$!$%'!&'/'-)'!)*$'8!!

4%'&'!*)!-!%*.%!(&#2-2*/*$7!#1!D&'$-5'#,)!:-$'&!*+!-!0''('&!%#&*E#+8!!4%*)!:-$'&!*)!5#+)*0'&'0!-+!

@C,*5/,0'<!-)!+#$'0!*+!$%'!&'1'&'+5'0!&'(#&$)<!)*+5'!*$F)!#;'&!-+0!,+0'&/-*+!27!5/-7)!#1!$%'!,(('&!

D&'$-5'#,)!-+0!G#5?,6!.&#,(!&')('5$1,//78!!H-&$)!#1!$%'!1#&6-$*#+!%-;'!0'6#+)$&-$'0!$#!! 2'!

,+0'&!5#+1*+'0!5#+0*$*#+)!:*$%!:-$'&!/';'/)!&*)*+.!$#!$%'!),&1-5'8!!4%*)!#55,&&'+5'!*)!(&#2-2/7!

+#$!/*?'/7!-$!$%'!/'-?!)*$'<!0,'!$#!$%'!1-5$!*$!*)!)#!5/#)'!$#!$%'!&'5%-&.'!(#*+$8!

!

@+!'C,-//7!*6(#&$-+$!C,')$*#+<!*)!$%'&'!(&#$'5$-2/'!.&#,+0!:-$'&!/7*+.!#+!$%'!,(('&!D&'$-5'#,)!

5/-7!/-7'&I!!B+5/,0'0!*+!@(('+0*J!G!!*)!-!5#(7!#1!$%'!K>'#/#.*5!-+0!970&#.'#/#.*5!L;-/,-$*#+!#1!

"#&*+.)!-+0!M#+*$#&!N'//!@$!@+0!@&#,+0!O':!M'J*5#!=-/$!N-$'&!G*)(#)-/!D#8<!B+58!=$-$*#+!PPQ!

@HRST!/#5-$'0!*+!='5$*#+!AP<!4#:+)%*(!PR!=#,$%<!U-+.'!TV!L-)$8W!!!G&8!X-7!9-;'+#&Q!H&#1'))*#+-/!

>'#/#.*)$!-,$%#&'0!$%*)!&'(#&$8!

!

4%*)!)*$'!*)!/'))!$%-+!#+'!6*/'!:')$!#1!$%'!OM=NG!Y#%+)#+!&'/'-)'!!)*$'<!)''!$#(#!6-(!*+!$%'!

1*.,&'!)'5$*#+8!Z[*.8!PA!\8!!G&8!9-;'+#&F)!&'(#&$!*+0*5-$')!$%'!/#:'&!D&'$-5'#,)!:-$'&!E#+'!%-)!

+#$!2''+!! *6(-5$'0!1&#6!=$-$*#+!PP!(&#0,5'0!:-$'&!)(*//)8!!4%'!&'(#&$!-/)#!5#+5/,0')!$%-$!$%'!

)-+0!1#,+0!#+!$#(!$%'!,(('&!D&'$-5'#,)!5/-7!,+*$!!"#$%&'(!-!:-$'&!E#+'!$%-$!(&#0,5')!2'+'1*5*-/!

,)'!:-$'&8!

N%-$!$%'!&'(#&$!0#')!)%#:<!*)!$%-$!6-+Q6-0'!:-$'&!*)!(&')'+$!#+!$#(!#1!$%'!5/-7!-+0!%-)!$%'!

)-6'!(%7)*5-/!-+0!5%'6*5-/!!5%-&-5$'&*)$*5)!-)!#*/1*'/0!(&#0,5'0!:-$'&8!!4%'!)-6'!5#+5/,)*#+!

6-7!2'!0'$'&6*+'0!1#&!$%'!OM=NG!Y#%+)#+!)*$'8!

!

4%'!9-;'&+#&!&'(#&$!-/)#!5#&&'/-$'0!$%'!1-5$!$%-$!.&#,+0:-$'&!1/#:!*+!$%'!-&'-!*)!1&#6!$%'!

)#,$%:')$!$#!$%'!+#&$%'-)$8!!4%*)!:-)!! 5#+5/,0'0!27!$%'!1-5$!$%-$!$%'!]A!^,5?7!:'//<!0*)5,))'0!

-2#;'<!%-0!+*$&-$')<!:%*5%!6*.&-$'0!$#:-&0!$%'!=$-$*#+!PP!-&'-8!!4%'!0*)5,))*#+!#+!$%'!0'($%)!

#1!$%*)!:'//!-/)#!5#&&'/-$')!$%-$!$%'!4,5,65-&*!)%-/'!0*(!*+!$%'!=-+0!>-$'!-&'-<!*)!$#!$%'!

+#&$%'-)$8!!!

!

4%*)!&'-//7!),2)$-+$*-$')!:%7!$%'!:-$'&!/';'/!*+!$%'!^,5?7!:'//!*)!(&#0,5*+.!-$!-!)%-//#:'&!/';'/!

$%-+!-$!$%'!=$-$*#+!PP!#&!$%'!Y#%+)#+!/'-?!)*$'8!!@55#&0*+.!$#!Y,)$*+!Y#%+)#+<!$%'!/#5-/!&-+5%'&<!

$%'!:-$'&!/';'/!*+!$%*)!:'//!*)!SRQ_R!1''$!">=8!!4%*)!:-$'&!:'//!*)!!-((&#J*6-$'/7!P8S!6*/')!$#!$%'!

)#,$%:')$!#1!=$-$*#+!PP8!!=$-$*#+!PP!:-$'&!/';'/<!*+!$%'!/#:'&!,+*$<!*)!&'(#&$'0!$#!2'!-2#,$!PP`!1$!

">^8!

!

4%'!0*)$-+5'!1&#6!=$-$*#+!PP!-+0!O#&$%!^-?'!*)!-2#,$!$%&''!6*/')8!!!=*+5'!$%'&'!*)!0#5,6'+$'0!

';*0'+5'!#1!$%'!/#:'&!4,5,65-&*!)%-/'!#,$5&#((*+.!*+!$%*)!-&'-<!-+!')$*6-$'0!:-$'&!/';'/!0'($%!

5-+!2'!5-/5,/-$'0!*+!$%'!^,5?7!N'//8!!!

!

=*+5'!$%'!^,5?7!:'//!*)!-/6#)$!0*&'5$/7!*+/*+'!2'$:''+!=$-$*#+!PP!-+0!O#&$%!^-?'<!-!1#&6-$*#+!

.&-0*'+$!ZPP`!1$a!T!6*/')\!'C,-$')!$#!-2#,$!Tb!1''$a6*/'8!!4%'!^,5?7!:'//!*)!-((&#J*6-$'/7!P8S!

6*/')!1&#6!=$-$*#+!PP<!6,/$*(/7*+.!$%*)!0*)$-+5'!27!$%'!.&-0*'+$!#1!Tb!1$a6*/'!'C,-/)!$#!-2#,$!Sc!

1''$8!!=,2$&-5$!$%*)!1&#6!PP`QSc!d!Sb!1''$!$#!$%'!0'($%!#1!:-$'&8!!4%*)!5#&&'/-$')!:*$%!:%-$!$%'!

&-+5%'&!%-)!*+0*5-$'08!

!

4%'!)*.+*1*5-+5'!#1!$%*)!*)!$%'!1-5$!$%-$!$%'!-.'+57!Z3DG\!6-7!%-;'!')$*6-$'0!#&!-))*.+'0!-!

.&#,+0!:-$'&!0'($%!$#!-!DQPVP!&'6'0*-$*#+!(&#e'5$!*+!#&0'&!$#!0'$'&6*+'!-!5/'-+Q,(!&-+?*+.8!!
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!"#$%&#$'()%*$)+$'%)$'%&#,%&"-)#,.)+$)/0"#),)1"2,1)1,-3"4-$0()4,%$0)4$11)30&11$0)"0)/0"#)'"#$)

3,%,+,'$()"0)%*$)1"2,1)/&$13)&-'5$2%"0')6$-$0,1)$75$0&$-2$8)))

)

9*,%)%*$),6$-2.)6$-$0,11.)3"$')-"%)3")&')5$0/"0#),)*.30":6$"1"6&2)'%;3.),')2"#51$%$3)*$0$&-8)

)

9*&1$)%*$),6$-2.)*,'),)<$0.)6""3)*&'%"0.)"/)$<,1;,%&-6)';2*)'&%$'()'"#$%&#$'(),')&-)%*&')2,'$()&%)

#,.)50"<&3$),)/,1'$)5"'&%&<$8))=-)%*&')5,0%&2;1,0)2,'$()+"%*)&-)!%,%&"-)>>),-3)%*$)?"*-'"-)1$,@)'&%$)

,0$,()&%),55$,0')%*$),6$-2.)#,.)*,<$)&-,550"50&,%$1.)3$%$0#&-$3)%*,%)*&6*)A;,1&%.)B6,11,1,)

4,%$0)&')50$'$-%)&-)%*&'),0$,),%)'*,11"4)3$5%*'8)))

)

!;2*),)2"-21;'&"-)&')-"%);-*$,03)"/)'&-2$)'"#$)#,5')"0)3,%,+,'$')3")-"%)50"<&3$)%*$)50"5$0)

6$"1"6&2)3,%,()4,%$0)2*$#&'%0.()"0)"%*$0)$''$-%&,1)&-/"0#,%&"-)0$A;&0$3)%")#,@$),-),22;0,%$)

,''$''#$-%8)))=/)%*$),6$-2.);'$3)4,%$0)3$5%*')/";-3)&-)%*$),3C,2$-%)B6,11,1,)DA;&/$0)/"0#,%&"-)

"0)/0"#)%*$)?"*-'"-)E";'$)9$11()%*&')4";13)*,<$)1$,3)%"),)/,1'$)2"-21;'&"-)%*,%)'*,11"4)*&6*)

A;,1&%.)60";-3)4,%$0)&')50$'$-%),%)%*$)?"*-'"-)'&%$8)

)

B-)%*$)"%*$0)*,-3()2"#5,-&$'),'';#$)%*,%)';2*)3$%$0#&-,%&"-')2,-)+$)#,3$)"-)1&#&%$3)

3,%,)';551&$3()4*&2*)*,#5$0')%*$),6$-2.F'),+&1&%.)%")5$0/"0#),)50"5$0),''$''#$-%8))G';,11.)

4*$-)';2*)3,%,)&')-"%)50"5$01.)';551&$3()%*$)50"C$2%)&')'%,11$3(),-3)'"#$%&#$')-$<$0)2"#51$%$38)))

)

E"4$<$0()%*$0$),0$)2,'$')4*$0$)%*$),6$-2.)-$<$0),22$5%')3,%,)/"0)4*,%)$<$0)0$,'"-(),-3)%*$)

50"C$2%)&')'%,11$38)H*$)+"%%"#)1&-$)"-)%*$'$)'&%;,%&"-')&')%*,%)%*$)$-<&0"-#$-%),-3)4&131&/$)

6$-$0,11.)';//$0'8)

)

G'&-6)%*$'$)0$5"0%'(),1"-6)4&%*)"%*$0)'%;3&$')"/)%*$),0$,()&-21;3&-6),-$23"%,1)$<&3$-2$()

$75$0&$-2$)4"0@&-6)&-)%*$),0$,(),-3)&-5;%)/0"#)"%*$0)'%,%$),6$-2&$'()IJ!9K)'$$@')%")"+%,&-),)

%$2*-&2,1)3$%$0#&-,%&"-),-3),-),550"<$3)5,%*)/"04,03)/0"#)%*$)BLK)2"-2$0-&-6)&-:'&%;)

0$#$3&,%&"-8))

)

)

!!!"# $%&'#!()'*&%+,&%-(#,(.#/-01#$2-3'#

)

!!!"4# 50'6%7%(,08#$%&'#!()'*&%+,&%-(#

)

9MM)2"-3;2%$3),)50$1&#&-,0.)&-<$'%&6,%&"-)"/)%*$)1$,@)'&%$)2"-'&'%&-6)"/),-)$1$2%0"#,6-$%&2)

&-3;2%&"-)NMJO)';0<$.)%")3$1&-$,%$)%*$)*"0&P"-%,1)$7%$-%)"/)50"3;2$3)4,%$0)&#5,2%$3)'"&1),-3),)

1&6*%)30&11&-6)0&6)%")2"11$2%)'"&1')/"0),-,1.'&')%")3$1&-$,%$)&#5,2%$3)'"&1)<$0%&2,11.8))H*$)MJ)';0<$.)

4,')#,3$);'&-6),-)MJ:QR)3$<&2$8))MJ)3$<&2$')4"0@)"-)%*$)50&-2&5,1)%*,%)'"&1'),0$)-,%;0,11.)1"4)

&-)$1$2%0&2,1)2"-3;2%&<&%.8))!&-2$)50"3;2$3)4,%$0)&')*&6*)&-)',1%)4*$-)'5&11$3)%")'"&1)&%)30,#,%&2,11.)

&-20$,'$')%*$)'"&1')MJ)0$'5"-'$)4&%*)%*$)0$'5"-'$)50"5"0%&"-,1)%")%*$),#";-%)"/)',1%)&-)%*$)'"&18)))

)

!%,&-$3),0$,')2,5%;0$3)&-)%*$),$0&,1)5*"%"60,5*)50$'$-%$3)&-)S&6;0$)Q)2"00$'5"-3)4$11)%")%*$)

/&-3&-6')"/)%*$)MJ:QR)';0<$.)'*"4-)&-)S&6;0$)T8))H*$)&-%$050$%,%&"-)&')%*,%)%*$)'%,&-$3),0$,')

0$/1$2%)%*$)3&'%0&+;%&"-)"0)5,%%$0-)"/)%*$)0$1$,'$)%")%*$)1,-3)';0/,2$8))!"&1)',#51$')';##,0&P$3)&-)

H,+1$)>)'*"4$3)$1$<,%$3)2*1"0&3$')&-)%*$)&#5,2%$3),0$,)%")%*$)#,7&#;#)3$5%*)',#51$3)+$/"0$)

,;6$0)0$/;',18))=%)4,')2"-21;3$3)%*,%),)1,06$0)30&11&-6)0&6)2,5,+1$)"/),3<,-2&-6),)*"11"4)'%$#)

,;6$0)%")>UU)51;')/$$%),-3)2"11$2%&-6);-3&'%;0+$3)'"&1)/"0),-,1.'&')4,')-$2$'',0.)%")3$1&-$,%$)%*$)

<$0%&2,1)$7%$-%)"/)%*$)50"3;2$3)4,%$0)1$,@8)

)

S"11"4&-6),)0$<&$4)"/)%*$)50$<&";')3,%,()9MM)50$5,0$3),)4"0@)51,-)4&%*)'5$2&/&2)"+C$2%&<$')%")

,;6#$-%)%*$)$7&'%&-6)3,%,)%")50"<&3$),)';0/,2$)'"&1)0$'%"0,%&"-)51,-()%")/;11.)2*,0,2%$0&P$)

2*$#&2,1')"/)2"-2$0-)&-)';+';0/,2$)'"&1'()'5$2&/&2,11.)%*$&0)3&'%0&+;%&"-)4&%*)3$5%*),-3)5"%$-%&,1)

/"0),-),3<$0'$)&#5,2%)%")60";-34,%$0)0$'";02$'8))



 7 

!

!!!"#"$ %&'()$'*$+',-$./0$!/1)2345.34'/$%3,.3)56$

!

"#$!%&'%'($)!(*'%$!'+!,'&-!,.(!.(!+'//',(0!

!

• 1'2)3*4!56789!.2)!5678:!(3&;$<(!';$&!.!=&>)!.&$.!$?4$2)>2=!4'!@.*-=&'32)!('>/!

*'2)>4>'2(!>2!.//!)>&$*4>'2(!+&'A!4#$!/$.-!(>4$(B!!

!

• C'>/!@'&>2=(!,$&$!*'A%/$4$)!.4!D!4.&=$4!/'*.4>'2(!3(>2=!.!E7>2!#.2)!.3=$&B!!C'>/(!@'&>2=(!

,>//!@$!.);.2*$)!4'!.!4'4./!'+!)$%4#!'+!D7+4!,>4#!4#$!(.A%/$(!*'//$*4$)!>2!:7+4!>24$&;./(!

4'!)$;$/'%!(./>2>4<!%&'+>/$(!+'&!*'&&$/.4>'2!4'!56789!&$.)>2=(B!

!

• F!4'4./!'+!D!)$$%!@'&>2=(!,$&$!*'A%/$4$)!>2!4#$!;>*>2>4<!'+!4#$!4,'!/$.-!(>4$(!.2)!.4!

4#&$$!@.*-=&'32)!.&$.(!4'!)$+>2$!@.*-=&'32)!('>/!G3./>4<!.2)H'&!=&'32),.4$&I!>+!

$2*'324$&$)B!!F))>4>'2./!@'&>2=(!A.<!@$!2$*$((.&<!4'!)$4$&A>2$!4#$!;$&4>*./!.2)!

/.4$&./!$?4$24!'+!>A%.*4$)!A$)>.B!

!

• J$$%!@'&>2=(!,$&$!*'A%/$4$)!3(>2=!.!#'//',!(4$A!.3=$&!,>4#!)>(*&$$4!(.A%/$(!

*'//$*4$)!3(>2=!.!(%/>4!(%''2!)$;>*$!$;$&<!D7+4!4'!.!)$%4#!'+!EK!+$$4!.2)!.4!:K7+4!

>24$&;./(!4'!4'4./!)$%4#B!

!

• F!%'&4>'2!'+!$.*#!(.A%/$!,.(!(*&$$2$)!+'&!%$4&'/$3A!#<)&'*.&@'2!3(>2=!.2!'&=.2>*!

;.%'&!.2./<L$&!MNOFP!$G3>%%$)!,>4#!.!%#'4'>'2>L.4>'2!)$4$*4'&!MQRJP!.2)!+'&!(./>2>4<!

A$.(3&>2=!4#$!$/$*4&>*./!*'2)3*4>;>4<!M51P!>2!.!:0:!('>/0!,.4$&!$?4&.*4B!

!

• F!%'&4>'2!'+!$.*#!(.A%/$!>24$&;./!,>4#!.!2'4$)!$/$;.4$)!QRJ!&$.)>2=!,.(!%/.*$)!>2!S7'L!

T.&(!/.@$/$)!.(!4'!@'&$#'/$I!)$%4#I!).4$!.2)!4>A$!4#$2!%/.*$)!'2!>*$!+'&!4'4./!%$4&'/$3A!

#<)&'*.&@'2!M"QUPI!@$2L$2$I!4'/3$2$I!$4#</!@$2L$2$I!?</$2$(!MV"5WP!.2)!*#/'&>)$(B!!!

!

• F!A>2>A3A!'+!E!(.A%/$(!%$&!@'&>2=!&$+/$*4>2=!4#$!#>=#$(4!QRJ!&$.)>2=!.2)!4#$!)$$%$(4!

(.A%/$!>24$&;./!,$&$!4&.2(%'&4$)!32)$&!*#.>2!'+!*3(4')<!4'!.2!.2./<4>*./!/.@'&.4'&<!+'&!

"QUI!V"5W!.2)!*#/'&>)$B!!

!!

!!!"7"$ 89:;<$%=,1)6$

!

X#>/$!4#$!56789!(3&;$<!>)$24>+>$)!.2'A./'3(!#>=#!.&$.(!.(('*>.4$)!,>4#!4#$!4,'!($%.&.4$!/$.-!

(>4$(I!>2>4>./!@'&>2=(!.4!4#$($!/'*.4>'2(!>2)>*.4$)!4#.4!(./4!/$;$/(!,$&$!>2*&$.(>2=!,>4#!)$%4#!

@$/',!4#$!&.2=$!'+!4#$!56789!)$;>*$B!!"#>(!&$G3>&$)!.!2$,!(3&;$<!,>4#!4#$!5678:!($2('&B!!"#>(!

(3&;$<!,.(!*'2)3*4$)!3(>2=!.!*'24>23'3(!).4.!/'==$&!.2)!"&$A@/$!YQC!4&.*->2=!)$;>*$!4'!)$+>2$!

4#$!.&$.!(3&;$<$)!>2!%&$%.&.4>'2!'+!4#$!K7:9!+4!(./>2>4<!*'24'3&!A.%B!!!!

!

"#$!5678:!&$(%'2($!,.(!3($)!4'!/'*.4$!4#$!)$$%!@'&>2=(!.2)!*#.&4!4#$!)>(4&>@34>'2!'+!(./4!

.(('*>.4$)!,>4#!4#$!4,'!/$.-!(>4$(B!

!

!!!">$ ?4)@0$./0$A.B',.3',6$C,'5,.D$

!

!!!">"<$$$%E.@@'F$#',4/52$$

!

F(!2'4$)!%&$;>'3(/<I!(#.//',!@'&>2=(!,$&$!*'A%/$4$)!4'!.!)$%4#!'+!D7+4!3(>2=!.!E7>2!>B)B!#.2)!

#$/)!(.2)!.3=$&B!!C.A%/$(!,$&$!*'//$*4$)!>2!:7+4!>24$&;./(!+'&!4#$!%3&%'($!'+!A$.(3&>2=!('>/!51!

.2)!*./*3/.4>2=!4#$!%&'+>/$!51B!!Q&'+>/$!51!>(!4#$!4$(4!(4.4>(4>*!3($)!4'!*'&&$/.4$!4'!4#$!56789!

&$(%'2($!.2)!)$4$&A>2$!('>/!(./>2>4<!'+!4#$!$24>&$!&''4!L'2$B!!Q&'+>/$!51!>(!*./*3/.4$)!+&'A!

(.43&.4$)!%.(4$!;./3$(B!!R2!%&.*4>*$!4#$!('>/!51!>(!A$.(3&$)!3(>2=!.!:0:!('>/0!,.4$&!$?4&.*4!,#>*#!
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!"#$%&'#()'*&+$&,#$)#-#"-$.+-$&,#/-"$&#01#234015#."!'6#$%&#"-$.+-$&,#/-"$&#7)!"$.+&#2345#

&8.!*-9&'$#,&$&+7!'&,#)'#-')$%&+#/)+$!)'#:+)7#$%&#"-7&#,&/$%#!'$&+*-9#&;/+&""&,#!'#/&+(&'$#

7)!"$.+&<##=%&#()7/.$!'6#:)+7.9-#!"#-"#:)99)>"?#

#

3401#@#01A?A#;#ABBC34#

#

!!!"#"$% #&&'%()*+,-.%

#

D&&/#E)+!'6"#>&+&#()'"$+.($&,#."!'6#-#%)99)>#"$&7#-.6&+#$)#-,*-'(&#$%&#E)+&%)9&<##3-7/9&"#

>&+&#()99&($&,#."!'6#-#FG:$#"/9!$#"/))'#-$#$%&#"$-+$#):#&-(%#E)+!'6#-',#-$#HG:$#!'$&+*-9"#$)#-#,&/$%#

):#FB#:&&$#-',#-$#ABG:$#!'$&+*-9"#$%&+&-:$&+#$)#$)$-9#,&/$%<#

#

3-7/9&"#>&+&#-'-9IJ&,#:)+#=4K#."!'6#04L#M&$%),#NBAH#M#>!$%#,!::&+&'$!-$!)'#-"#$)#6-"#+-'6&#

)+6-'!("#1OG1AB#2PQR5#-',#,!&"&9#+-'6&#)+6-'!("#1ABG1FN#2DQR5<##3-7/9&"#>!99#E&#-'-9IJ&,#:)+#

S=0T#()7/)'&'$"#E&'J&'&U#$)9.&'&U#&$%I9#E&'J&'&#-',#;I9&'&"#."!'6#04L#M&$%),#NFOBS<##

1%9)+!,&#>-"#-'-9IJ&,#."!'6#04L#M&$%),#VFHW#)+#)$%&+#-//+)*&,#04L#7&$%),<#

# #

#

!/"%0&.123.%4,5%#+.61..+),%

#

!/"7% 89%:1*;&<.%

#

1)'$).+#7-/"#):#$%&#0MGWN#-',#0MGWA#")!9#&9&($+!(-9#()',.($!*!$IU#7&-".+&,#!'#$%&#*&+$!(-9#

,!/)9&#()':!6.+-$!)'U#-+&#/+&"&'$&,#!'#X!6.+&"#Y#-',#HU#+&"/&($!*&9I<##=%&"&#/9)$"#"%)>#*&+I#

"!7!9-+#,!"$+!E.$!)'#/-$$&+'"#!'#$%-$#$%&#-')7-9)."#%!6%#-+&-"U#>%!(%#()++&"/)',#$)#$%&#$>)U#

/+),.(&,#>-$&+#9&-Z"#:).',<###=%&#&-"$#9&-Z#").+(&#>-"#)E*!)."9I#$%&#9-+6&"$#!'#$&+7"#):#

*)9.7&<##S)$%#/9)$"#+&:9&($#$%&#,!"$+!E.$!)'#/-$$&+'#):#$%&#"$-!'&,#")!9#7&'$!)'&,#/+&*!)."9I<###

#

=%&#7-6'!$.,&#):#$%&#0MGWN#+&"/)'"&#()7/-+&,#$)#0MGWA#*-9.&"#!'#-')7-9)."#%!6%#-+&-"#

".66&"$"#$%-$#$%&#7-""#):#"-9$#!"#6+&-$&+#!'#$%&#.//&+#/-+$#):#$%&#/+):!9&#E.$#$%&+&#%-"#E&&'#

"!6'!:!(-'$#7)*&7&'$#,)>'<##[$#>-"#)E"&+*&,#$%-$#$%&#0MGWN#,&*!(&#!,&'$!:!&,#-#".+:-(&#-+&-#):#

!7/-($#&"$!7-$&,#-$#\BUBBB#:$
F
U#()7/-+&,#$)#-'#-+&-#):#-E).$#OHUBBB#:$

F
#."!'6#$%&#0MGWA#.'!$#

-',#$%&#"-7&#0M#+&"/)'"&#*-9.&#):#AHB#73C7<###

#

[$#!"#!'"$+.($!*&#$)#')$&#$%-$#$%&#0MGWN#,&*!(&#,)&"#')$#!'$&6+-$&#")!9#&9&($+!(-9#()',.($!*!$I#

9!'&-+9I#>!$%#,&/$%<##Q&-,!'6"#-+&#>&!6%$&,#/+)/)+$!)'-$&9I#>!$%#,&/$%#"!7!9-+9I#$)#$%&#>-I#

/9-'$#+))$"#-E")+E#>-$&+#:+)7#$%&#")!9<###

#

!/"(% :=422)>%:)+2%()*+,-.%4,5%:)+2%:42+,+3<%

#

=%+&&#"%-99)>#E)+!'6"#3SAU#3SW#-',#3SY#2X!6.+&#O5#>&+&#()'"$+.($&,#!'"!,&#$%&#-')7-9)."#%!6%#

-+&-#-',#3SF#-$#$%&#E-(Z6+).',#9)(-$!)'#$)#7&-".+&#"-$.+-$&,#/-"$&#&9&($+!(-9#()',.($!*!$I#-"#-#

:.'($!)'#):#,&/$%#$)#6+).',#$+.$%#0MGWN#".+*&I#+&".9$"#-',#&*-9.-$&#")!9#8.-9!$I#!'#$&+7"#):#

-6+)')7!(#/)$&'$!-9<###=%&#"-$.+-$&,#/-"$&#&9&($+!(-9#()',.($!*!$I#234015#-',#/-"$&#7)!"$.+&#-+&#

".77-+!J&,#!'#=-E9&#F<##['#)+,&+#$)#()7/-+&#0M#+&-,!'6"#$)#$%&#>-$&+G./$-Z&G>&!6%$&,#

()',.($!*!$I#>&#:!+"$#(-9(.9-$&#$%&#>&!6%$&,#/+):!9&#01#:+)7#$%&#7&-".+&,#3401#*-9.&"#."!'6#$%&#

:)99)>!'6#&8.-$!)'?#

#

4+):!9&#01#@#B<YW]01BGA:$#^#B<FA]01AGF:$#^#B<A]01FGW:$#^#B<BO]01WGY:$#^#B<A]01YGH:$#

#

4+):!9&#01#>-"#$%&'#()++&9-$&,#"$-$!"$!(-99I#$)#$%&#()++&"/)',!'6#0MWN#+&-,!'6#!'#$%&#*&+$!(-9#

7),&#$)#,&:!'&#-#+&"/)'"&#(.+*&<##Q&6+&""!)'#-'-9I"!"#+&*&-9&,#$%&#,-$-#E&"$#:!$#-#7.9$!/9!(-$!*&#

7),&9#2_#@#-]T`E5#>!$%#$%&#a4+):!9&b#01#@#B<BBBFOOHB\]0MWNc`A<NWW\#-',#>!$%#-#+
F
#@#VV<A#
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!"#$%&'()*+((,-./0(123%'4(#5(67'(1'&6#823(9:;'(&25$';(<&:9(2(7#$7(:<(=>?(9@A9(26(67'('246(3'2B(

4:%&8'(6:(2(3:C(:<(>?(9@A9(#5(67'(D28B$&:%5;(2&'2+((E:&&'4F:5;#5$(F&:<#3'(,E(8238%326';(<&:9(

67'(&'$&'44#:5(9:;'3(67'5(&25$'(<&:9(,E(?+/>(997:4A89(6:(,E()0+)(997:4A89+(((((

(

G7'(92$5#6%;'(:<(4236(#5(67'(25:923:%4(7#$7H(#9F286(2&'24(83'2&3I(47:C(6726(67#4(4#6'(8255:6(

&'8:1'&(C#67:%6(&'9';#26#:5(6:(3'44'5(67'(3'1'3(:<(4236(#5(67'(&::6(J:5'+((K246'(9:#46%&'4(

8:5<#&9(67'(4'L%'58'(:<(425;(:1'&(425;I(832I(3:29(25;(67'(M&:C5<#'3;(4:#3(&'4:%&8'+((((

(

!"#$#% &''(%)*+,%-*.+/0%1+/2+/034%

(

"#1'(;''F(D:&#5$4(3#46';(#5(67'(:&;'&(8:546&%86';(2&'(#;'56#<#';(#5(NFF'5;#O(M(24(67'(,246(P'2B(

@:%&8'(Q'33H(R:&67C'46(M28B$&:%5;(Q'33H(R:&67'246(M28B$&:%5;(M:&#5$H(@:%67(M28B$&:%5;(

Q'33(25;(Q'46(P'2B(@:%&8'(M:&#5$(3:826#:54+((,287(D:&#5$('O8'F6(67'(C'46(4:%&8'(C24(

8:546&%86';(%4#5$(2(7:33:C(46'9(2%$'&(C#67(67'($:23(:<(429F3#5$(#5(>(<''6(#56'&1234(6:(2(;'F67(:<(

S?(<''6H(67'5(#5(T?(<''6(#56'&1234(67'&'2<6'&(6:(6:623(;'F67+((U5;%&26';(823#87'(D'6C''5(67'(4:#3(

92563'(25;(3:C'&(4:#34(&'4%36';(#5(2(<'C(5:(429F3'4(8:33'86';(<:&(4:9'(#56'&1234+(

(

@:#3(D:&#5$(F7I4#823(;'48&#F6#:54(2&'(F&'4'56';(#5(G2D3'(/(C#67(67'(;&#33'&4(3:$4(266287';(24(

NFF'5;#O(M+((G7'(3#67:3:$I(:D4'&1';(#5('287(:<(67'(D:&#5$4(8:5<#&9';(67'(4'L%'58'(:<(4:#3(:1'&(

823#87'(<:33:C';(DI(;&I(625(3::4'(425;H(425;I(832IH(25;(425;46:5'(25;(67'(%FF'&(25;(3:C'&(%5#64(

:<(67'(G%8%982&#(4723'(!E&'628':%4(%5#64*+(((

(

"#'3;(9'24%&'9'564(25;(48&''5#5$(:<(423#5#6I(24(873:&#;'(25;(6:623(;#44:31';(4:3#;4H(25;(

F'6&:3'%9(7I;&:82&D:5(DI(:&$25#8(12F:&(2523I4#4(!KUV*(2&'(F&'4'56';(#5(G2D3'(WNH(WMH(WEH(WV(

25;(W,(G7#4(;262(&'1'234(6726(4236(3'1'34(C'&'(7#$7'46(#5(67'('246(4:%&8'(D:&#5$(<:33:C';(DI(67'(

C'46(3'2B(4:%&8'+((G7'4'(2&'(67'(6C:(2&'24(C7'&'(67'(F#F'3#5'(<2#3';+(

(

!"#$#5%6738%9'7:%)*;.<'%=',,%

(

G7'(F&'4'58'(:<(4236(67&:%$7:%6(67'(F&:<#3'(#5(67'('246(4:%&8'(D:&#5$(92I(721'(D''5(266&#D%6';(

6:(8&:44(8:5629#526#:5(<&:9(67'(%FF'&(9';#2(C#67(F&:;%8';(C26'&H(82&&#';(;:C5(#56:(67'(3:C'&(

7:&#J:54(;%&#5$(67'(;&#33#5$(F&:8'44+(((

(

@:#3(2523I4'4(47:C';(25(2D&%F6(;'8&'24'(#5(423#5#6I(F2&29'6'&4(D'6C''5(67'(W0(25;(>0(<''6(

429F3'(#56'&1234(<:&(67'('246(D:&#5$(!G2D3'(WN*+((G7'4'(C'&'(429F3';(:5(V'8'9D'&(XH(S?T?(C#67(

;&#33#5$(4%4F'5;';(26(2(;'F67(:<(XW(<''6+((G7'(2%$'&4(&'92#5';(#5(67'(D:&'7:3'(:1'&(5#$76(C#67(

;&#33#5$(8:99'58#5$(67'(5'O6(;2I+(G7'('246(4:%&8'(D:&#5$(C24(8:9F3'6';(6:(2(6:623(;'F67(:<(=0(

<''6+(((

(

V&#33#5$(C24(46:FF';(26(67#4(;'F67(2<6'&(2(47:C(:<(C726(2FF'2&';(6:(D'(:#3(;&:F3'64(25;(4:9'(

46&'2B4(#5(426%&26';(D&:C5#47(I'33:C(832I(8#&8%326';(6:(67'(4%&<28'+((E:5<#&926#:5(4:#3(429F3'4(

C'&'(8:33'86';(<:&(32D:&26:&I(2523I4'4(<&:9(67'('246(4:%&8'(D:&#5$(26(=?(25;(=0(<''6+((G'46(

&'4%364(4%992&#J';(#5(G2D3'(>(25;(F&'4'56';(#5(NFF'5;#O(E(47:C';(7#$7(873:&#;'4(#5(67'(4:#3(

9:46(3#B'3I(;%'(6:(8&:44(8:5629#526#:5(C#67(F&:;%8';(C26'&(<&:9(67'(%FF'&(J:5'(82&&#';(;:C5(

;%&#5$(67'(;&#33#5$(F&:8'44+(((

(

GKY(25;(1:326#3'(:&$25#84(C'&'(5:6(;'6'86';('O8'F6(<:&(6&28'(3'1'34(:<(6:3%'5'(6726(C24(234:(

&'F:&6';(#5(67'(&'2$'56(D325B(26('44'56#233I(67'(429'(3'1'3+(V&#33#5$(C24(6'&9#526';(26(67'('246(

4:%&8'(6:(F&'1'56(8:99%5#826#:5(C#67(67'(3:C'&(E&'628':%4(%5#6+((G7#4(;'8#4#:5(C24(92;'(2<6'&(

8:54%36#5$(C#67(67'(R-ZEV(#54F'86:&([':<<&'I(P'B#5$+((((

(
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!"#$%&'#$"&(#$)*+$,'&-.#/$%*01$)2."$%#3.&32.#$0(*4$.&$56$7##.$*3/$*$8&32.&'23,$)#(($23+.*((#/$

)2."$9:$7##.$&7$)#(($+0'##3$*3/$;<$7##.$&7$72(.#'$=*01$.&$0&((#0.$)*.#'$7'&8$;6$.&$56$7##.$%,+$>?##$

@*+.$?&-'0#$A#((B$C==#3/2D$EFG$$

$

A*.#'$+*8=(#+$)#'#$0&((#0.#/$7'&8$."#$0&8=(#.#/$)#(($*3/$."#$'#+-(.+$0*3$%#$7&-3/$23$

C==#3/2D$@G$$!"#$+*8=(#$"*/$0"(&'2/#+$'#=&'.#/$*.$HHB<<<$8,I($)2."$.'*0#+$&7$E!@J$>K;H<EFG$$

!"2+$0&''#(*.#+$7*2'(4$)#(($)2."$='#L2&-+$='&/-0#/$)*.#'$+*8=(#+$0&((#0.#/$7'&8$."2+$+4+.#8$23$

."#$=*+.G$$A"2(#$3&.$230(-/#/$23$."2+$'#=&'.B$."#$+&-'0#$)*.#'$"*+$%##3$3&.#/$.&$%#$*+$"2,"$*+$

K<B<<<$8,I($*+$'#=&'.#/$23$."#$M-(4$N9B$;<<6$O*L#3&'$'#=&'.G$P.$)*+$/#.#'823#/$."*.$*34$7-'."#'$

/'2((23,$23$"2,"(4$0&3.*823*.#/$Q&3#+$)&-(/$%#$=#'7&'8#/$/277#'#3.(4$.&$='#L#3.$0'&++R

0&3.*823*.2&3$7'&8$."#$/277#'#3.$"&'2Q&3+G$

$

!"#$#%&'()*+,-.*&/0123)(456&/()7538&

$

S#+-(.+$7&'$."#$3&'.")#+.$%*01,'&-3/$%&'23,$='#+#3.#/$23$!*%(#$5E$+"&)$*$+(2,".(4$#(#L*.#/$

0"(&'2/#$(#L#($*.$:<$7##.$0&''#+=&3/23,$.&$)*.#'$#30&-3.#'#/$23$+*3/+.&3#$(*4#'$T-+.$*%&L#$."#$

-==#'$!-0-80*'2$+"*(#$4#((&)$0(*4$-32.$*.$:K$*3/$:6$7##.$%*,+G$

$

!"#$%&'#$"&(#$)*+$,'&-.#/$%*01$)2."$%#3.&32.#$0(*4$.&$U<$7##.$*3/$*$8&32.&'23,$)#(($23+.*((#/$

)2."$9:$7##.$&7$)#(($+0'##3$*3/$9K$7##.$&7$72(.#'$=*01$.&$0&((#0.$)*.#'$7'&8$:;$.&$U<$7##.$%,+$>?##$

V&'.")#+.$E*01,'&-3/B$C==#3/2D$EFG$$

$

A*.#'$+*8=(#+$)#'#$0&((#0.#/$7'&8$."2+$)#(($)2."$."#$'#+-(.+$+"&)3$23$C==#3/2D$

@G$$$!"#$'#+-(.+$7&'$0"(&'2/#+$)#'#$95B5<<$8,I($)2."$E!@J$'#+-(.+$+"&)23,$+(2,".$"2.+G$$!*%(#$5E$

0(#*'(4$+"&)+$."*.$7'&8$."#$+-'7*0#$/&)3$.&$*$+*.-'*.#/$Q&3#B$2+$3&.$28=*0.#/G$$$

$

P.$*==#*'+$."*.$."#$+*8#$72#(/$82+.*1#$)*+$8*/#$%4$/'2((23,$."'&-,"$."#$0&3.*823*.#/$Q&3#B$

)"20"$='&%*%(4$0*''2#/$."#$0&3.*823*.2&3$/&)3$.&$."#$(&)#'$Q&3#+G$$W'&8$H<$7##.$.&$9<<$7##.$

."#$0"(&'2/#+$)#'#$*(8&+.$2/#3.20*(G$$!"2+$2+$*3$23/20*.2&3$&7$0'&++R0&3.*823*.2&3$7'&8$*$+23,(#$

+&-'0#G$$?230#$."2+$)#(($)*+$/'2((#/$23$*$3&3R0&3.*823*.#/$*'#*$."#$2++-#$&7$0'&++R0&3.*823*.2&3$

*==#*'#/$.&$%#$3&.$'#(#L*3.$*.$."#$.28#$&7$/'2((23,G$$$

$

P.$*==#*'+$."*.$8&-3/23,$&7$='&/-0#/$)*.#'$23$%&."$."#$#*+.$*3/$)#+.$(#*1$+&-'0#$*'#*+$"*L#$

0*-+#/$='&/-0#/$)*.#'$.&$7(&)$+&8#)"*.$23$*$"&'2Q&3.*($'*/2*($/2'#0.2&3$*(&3,$."#$4#((&)$0(*4$

%*''2#'G$$$$$$$

$

!"#$#9&'()*+-0.*&/0123)(456&/()753&&

&

A*+$0&3+.'-0.#/$*%&-.$;;<$7.$3&'."#*+.$&7$."#$#*+.$(#*1$+&-'0#$>W2,-'#$HFG$$!#+.$'#+-(.+$

='#+#3.#/$23$!*%(#$5X$+"&)#/$&3#$+*8=(#$0&((#0.#/$23$*$+*3/+.&3#$(*4#'$T-+.$*%&L#$."#$-==#'$

!-0-80*'2$+"*(#$4#((&)$0(*4$-32.G$$$!"2+$+*8=(#$+"&)#/$#(#L*.#/$0"(&'2/#+$)2."$3&."23,$#(+#$

'#8*'1*%(#$*%&-.$."#$'#+-(.+G$$Y*%&'*.&'4$0&372'8*.2&3$+*8=(#+$+-88*'2Q#/$23$!*%(#$:$'#L#*(#/$

*$"2,"$&7$5N5R==8$0"(&'2/#G$$$

$

X"(&'2/#$(#L#(+$7&'$+*8=(#+$0&((#0.#/$*.$."#$.&=$*3/$%&..&8$&7$."#$"&(#$)*+$U5$==8B$*3/$&."#'$

'#+-(.+$+"&)#/$+282(*'$'#+-(.+B$*==*'#3.(4$%*01,'&-3/G$$$Z3#$*'#*$*.$5<$7##.$+"&)#/$72#(/$

0"(&'2/#+$&7$9K5N$==8$*3/$)2."$."#$(*%&'*.&'4$0&372'8*.2&3$L*(-#$&7$5N5$8,I1,$2+$7&-3/$23$

!*%(#$:G$$$$

$

[#.'&(#-8$"4/'&0*'%&3$8#*+-'#/$*+B$![O$*3/$E!@JB$)#'#$3&.$/#.#0.#/$*.$."#$%&..&8$&7$."#$

%&'#"&(#$0&''#+=&3/23,$)#(($.&$."#$L#'4$(&)$[P\$'#*/23,$&7$<G:$==8$>!*%(#$5XFG$$$

$
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!"#$%&'((%&)$%)%*!"#$%&'(+%&#,"%-.%./$'01'2%30''%(#45#2%'-6.5-,'0'2%)-2%&)$%70.5,'2%/)68%,.%

,"'%$503)6'%&#,"%/'-,.-#,'%6()9:%;<''%=.0,"')$,%>)6870.5-2?%@AA'-2#B%>C%%%

$

)*+,+-$.&/0%$12345"&/6!$7(''$$

%%%

D)$%(.6),'2%)/.5,%EFG%3'',%$.5,"')$,%.3%,"'%&'$,%(')8%$.506'%)-2%)/.5,%HIG%3'',%$.5,"&'$,%.3%

,"'%')$,%(')8%$.506'%;J#750'%KC:%%!'$,%0'$5(,$%3.0%,"#$%/.0#-7%A0'$'-,'2%#-%!)/('%FL%$".&'2%,"'%

"#7"'$,%6"(.0#2'%('1'(%#-%)%FM#-6"%()9'0%$)NA('2%/',&''-%FO%)-2%FO:PP%3'',%/7$:%%%D),'0%&)$%

./$'01'2%#-#,#)((9%#-%,"#$%/.0'%".('%),%)/.5,%FH%3'',%/7$:%%%

%

Q"(.0#2'$%./$'01'2%#-%$)NA('$%6.(('6,'2%/'(.&%KG%3'',%&'0'%),,0#/5,'2%,.%60.$$%6.-,)N#-),#.-%

.3%,"'%)/.1'%N'2#)%&"'0'%"#7"'0%6.-6'-,0),#.-%.3%$)(,%&),'0%&)$%3.5-2:%%!"'%$)N'%60.$$M

6.-,)N#-),#.-%#$$5'%)$%-.,'2%)/.1'%&)$%-.,%)-,#6#A),'2%3.0%,"#$%&'((?%$#-6'%#,%&)$%.0#7#-)((9%

()/'('2%2.&-M70)2#'-,%&'((%/9%,"'%20#(('0:%

%

J#'(2%6"(.0#2'%N')$50'2%RGO%AAN%3.0%)%$)NA('%6.(('6,'2%),%RO:S%3'',%)-2%6.NA)0'$%3)1.0)/(9%,.%

,"'%6.-3#0N),#.-%()/.0),.09%1)(5'%.3%RIE%AAN%;!)/('%S%)-2%@AA'-2#B%QC:%%!"'%/.0'%".('%&)$%

70.5,'2%/)68%&#,"%/'-,.-#,'%6()9%,.%FP%3'',%)-2%)%N.-#,.0#-7%&'((%#-$,)(('2%&#,"%ES%3'',%.3%&'((%

$60''-%)-2%EI%3'',%.3%3#(,'0%A)68%,.%6.(('6,%&),'0%30.N%FP%,.%HS%3'',%/7$%%%%%%%%%

%

!"#$%&'((%A0.1#2'2%#-$533#6#'-,%&),'0%,.%./,)#-%)%(#45#2%$)NA(':%%@3,'0%,"'%&'((%&)$%6.NA(','2%#,%

)AA')0$%30.N%,"'%(.7%,"),%#,%N)9%")1'%/''-%6.NA(','2%#-%,"'%&0.-7%T.-':%%!"'%(.7%#-2#6),'2%)%

&',%T.-'%),%SG%3'',:%%!"'%&'((%&)$%6.NA(','2%)/.1'%,"#$%-.,'2%&',%)0'):%%%;<''%<.5,"%

>)6870.5-2%D'((%#-%@AA'-2#B%>C%

%

)*+,+8$7(90$:(24$.&/"3($1&";65$

%

L5'%,.%20#((#-7%#$$5'$%)-2%60.$$M6.-,)N#-),#.-%,"),%&)$%'BA'0#'-6'2%.-%A0'1#.5$%&'(($%20#(('2?%

,"'%&'$,%(')8%$.506'%;<''%D'$,%<.506'%D'((?%@AA'-2#B%>C:%&)$%20#(('2%,.%KK%3'',%5$#-7%)-%)#0%20#((%

0#7%,.%6.-$,056,%)%".('%,.%$',%$,''(%6)$#-7%)-2%6'N'-,%,.%#$.(),'%,"'%'BA'6,'2%#-3#(,0),'2%N)-M

N)2'%&),'0%#:'%A0.256'2%&),'0%30.N%,"'%(.&'0%$.#($%)-2%0.68$:%%

%

!"'%#2')%&)$%,.%./,)#-%45)(#,9%#-3.0N),#.-%/.,"%)/.1'%)-2%/'(.&%,"'%&',%T.-'$%&#,".5,%60.$$%

6.-,)N#-),#-7%,"'%(.&'0%$.#($:%%!"'%".('%&)$%)21)-6'2%,"0.57"%,"'%6'N'-,%,.%)%,.,)(%2'A,"%.3%

EEG%3'',%/'(.&%70.5-2%$503)6':%%!'$,%0'$5(,$%A0'$'-,'2%#-%!)/('%FU%$".&'2%)%$#7-#3#6)-,%

2'60')$'%#-%6"(.0#2'%&#,"%2'A,"%&"'-%,"'%&),'0%&)$%#$.(),'2%30.N%(.&'0%209?%$,#33%6()9$%)-2%,"'%

5-2'0(9#-7%Q0',)6'.5$%$")(':%%%%

%

J#'(2%6"(.0#2'%0)-7'2%30.N%FIHP%AAN%3.0%,"'%IMEG%3..,%$)NA('?%)-2%KEHI%AAN%3.0%,"'%PIMFG%3..,%

$)NA('?%)-2%2'60')$'2%$5/$,)-,#)((9%/'(.&%KG%3'',%30.N%OGO%AAN%,.%EGP%AAN%3.0%,"'%EGG%3..,%

$)NA('%)-2%EPR%AAN%3.0%,"'%EEG%3..,%$)NA(':%%Q"(.0#2'%0'$5(,$%3.0%()/.0),.09%6.-3#0N),#.-%

$)NA('$%0'A.0,'2%#-%!)/('%S%)-2%A0'$'-,'2%#-%@AA'-2#B%Q%N')$50'2%KKSG%AAN?%RO%AAN%)-2%HGK%

AAN?%0'$A'6,#1'(9:%%

%

!"#$%&'((%&)$%5$'2%)$%)-%'BA(.0),.09%&'((%,.%2','0N#-'%#3%,"'%2''A'0%T.-'$%")2%/''-%

6.-,)N#-),'2:%%!"'%0'$5(,$%&'0'%1'09%3)1.0)/('?%)$%,"'%2''A'0%$.#($%)AA')0'2%,.%/'%),%

/)6870.5-2%('1'($:%%!"#$%&'((%&)$%70.5,'2%/)68%,.%,"'%$503)6'%&#,"%/'-,.-#,'%6()9%#-%.02'0%,.%

A0'1'-,%A.$$#/('%N#70),#.-%.3%6.-,)N#-)-,$%,.%,"'%2''A'0%T.-'$:%%%%%%

%

%

%

%

%
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!"#$% $&'()''&*+%*,%-*&.%/+0%12*)+03/452%6&+0&+7'% %

%

!"#$%&'($)*+#,$#&-%.&+#,#/$0&$+"01$0&2#1+03*+0%&$*44#*,#/$+%$5#$6*&76*/#$)*+#,$%51#,2#/$

*5%2#$+"#$1+088$-'*(1$*&/$1*&/($-'*(1$*+$+"#$+%4$%8$+"#$!.-.6-*,0$1"*'#$*&/$)#''$*5%2#$+"#$

*5,.4+$'0+"0-$-%&+*-+$)0+"$+"#$'%)#,$/*,9$3,*($+%$5'*-9$:,#+*-#%.1$1"*'#;$$$

$

!"#$5#1+$/#6%&1+,*+#/$#20/#&-#$+"*+$+"#$1"*''%)$<%&#$/%#1$&%+$-%&+*0&$4,%+#-+*5'#$)*+#,$01$

+"#$8*-+$+"*+$+"#$=%,+"#*1+$>*-93,%.&/$>%,0&3$)*1$*$?028%9*.5;@$$!"01$5%,0&3$01$*-+.*''($/%)&$

3,*/0#&+$%8$+"#$10+#$*1$4%0&+#/$%.+$0&$+"#$"(/,%3#%'%3($1#-+0%&$*5%2#;$

$
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!"#$#%%&'()*+*,'(-.)%!++/0+1%

!

"#$%&!'())*!(+,-./01+,/!0210!02-!13-+4*!21/!02-!.5320!1+,!.-/67+/585)50*!07!6.70-40!

3.7(+,910-.!1+,!21/!1!.-/67+/585)50*!07!6.70-40!027/-!:-.*!'-9!-;4-6057+/!<-+057+-,!187:-=!!

>79-:-.?!7+4-!:1)5,!-:5,-+4-!5/!6.-/-+0-,!0210!+7!(/18)-!3.7(+,!910-.!-;5/0/!5+!1!@7+-!7'!

5+0-.-/0?!1+,!/7)5,!3-7)7354!-:5,-+4-!5/!6.7:5,-,!/2795+3!1+*!(+,-.)*5+3!3.7(+,910-.!95))!8-!

6.70-40-,!5+!02-!'7.-/--18)-!'(0(.-?!02-+!02-!13-+4*!/27(),!14A+79)-,3-!/(42!-:5,-+4-!1+,!

21/!1!.-/67+/585)50*!07!1))79!1!6102!'7.91.,=!

!

"#$%&!1)/7!'())*!(+,-./01+,/!1+*!/(42!,-0-.<5+1057+!5/!:-.*!/50-!/6-45'54!1+,!0210!47+05+(1)!

)-1A/!1+,!/65))/!5+!02-!1.-1!<1*!+-310-!1+*!'(.02-.!166.7:1)/=!!!!

!

"#$%&!(+,-./01+,/!02-!13-+4*!<1*!8-!47+4-.+-,!0210!025/!/50-!1+,!702-./!)5A-!50?!<1*!8-47<-!

+7025+3!702-.!021+!1!/7)5,!91/0-!<1+13-<-+0!(+50=!!!B2-.-'7.-?!"#$%&!97(),!)5A-!07!,5/4(//!

1+,!(+,-./01+,!5'!02-.-!21/!8--+!1!67)54*!421+3-!47+4-.+5+3!279!91/0-!<1+13-<-+0!6.14054-/!

7'!02-!$(.'14-!%1/0-!#1+13-<-+0!1+,!C50!D()-/!97(),!47<-!5+07!6)1*!10!025/!/50-=!!!

!

E+!8702!41/-/?!"#$%&!(+,-./077,!0210!02-!F3-+4*!0-/05'5-,!,(.5+3!2-1.5+3/!0210!)7+3G0-.<!

5+0-+057+1)!91/0-!,5/67/1)!7+07!7.!(+,-.!02-!3.7(+,!91/!1!/-61.10-!5//(-!47+4-.+5+3!279!

1445,-+01)!)-1A/!1+,!/65))/!95))!8-!21+,)-,!5+!02-!'(0(.-=!!"#$%&!91+0/!07!-+/(.-!0210!02-!

6.70747)!8-5+3!6.767/-,!95))!140(1))*!6.7:5,-!1!8-00-.!7(047<-!021+!H(/0!8(.*5+3!91/0-=!!

!

%25)-!50!5/!.-1/7+18)-!07!1//(<-!0210!02-!4)1*/!1//74510-,!9502!02-!(66-.!B(4(<41.5!/21)-!

*-))79!4)1*!(+50!95))!6.70-40!02-!)79-.!I.-014-7(/!3.7(+,910-.?!6(<65+3!025/!910-.!97(),!

6.7:5,-!1+!1,,5057+1)!/1'-3(1.,!1+,!02-!/50-!97(),!8-+-'50!8*!.-<7:5+3!02-!/7(.4-!7'!02-!

47+01<5+1057+=!

!

"#%%%20304(.5(*6%&7*,*+.)%

!

"#8% 9*()%9/7:.-0%20304(.5(*6%%

!

J1/-,!7+!02-!.-/()0/!7'!025/!5+:-/0531057+!50!91/!47+4)(,-,!0210!-;4-//5:-!/1)5+50*!5/!02-!)5<505+3!

47+/050(-+0!.-K(5.5+3!.-<-,51057+!07!.-/07.-!02-!13.7+7<54!670-+051)!7'!02-!1''-40-,!1.-1!

-/05<10-,!10!LM?MMM!'0
N
!OP=Q!14.-R=!!!E0!91/!-/05<10-,!0210!187(0!SM?MMM!'0

N
!OM=L!14.-R!7.!187(0!TS!

6-.4-+0!7'!02-!0701)!1.-1!5/!1.850.1.5)*!4)1//-,!1/!<1.35+1))*!5<6140-,!9502!6.7'5)-!UI!V!T!

<<27/W4<!8(0!X!PN!<<27/W4<!O47..-/67+,5+3!UIGSY!X!PZM!<$W<!1+,!V!SZM!<$W<?!

.-/6-405:-)*R!<-1+5+3!0210!02-!)1+,!41+!8-!.-/07.-,!07!50/!'())!13.7+7<54!670-+051)!9502!02-!

5+47.67.1057+!7'!NM?MMM!)8W14.-!7.31+54!<100-.!5+!02-!'7.<!7'!2532!K(1)50*!21*?!1!0-1/-!

166)541057+!7'!'-.05)5@-.!1+,!/--,5+3!9502!1!<5;0(.-!7'!01))!3.1//-/?!'7.8/!1+,!95),!')79-./!

47<61058)-!9502!<1+13-,!3.1@5+3!1+,!95),)5'-!2185010=!!

!

B25/!)-1:-/!187(0!TM?MMM!'0
N
!7'!/1)0!5<6140-,!/75)!0210!41+!8-!<1+13-,!7+!/50-!8*!)-1425+3!9502!

910-.!5+!47+H(+4057+!9502!02-!(/-!7'!1!,-/1)05+3!1<-+,<-+0=!!B2-!)1+,!5/!425/-)-,!6)79-,!07!

8.-1A!(6!1+*!4.(/0!1+,!)77/-+!02-!/75)!07!.-4-5:-!02-!1<-+,<-+0!166)541057+=!!B2-!1<-+,<-+0!

7'!42754-!&-/1)0!C)(/
B#!

5/!166)5-,!5+!1K(-7(/!/7)(057+!07!'145)5010-!,-/7.6057+!7'!/7,5(<!8*!1!

41057+!-;421+3-!.-14057+=!!B2-!0.-10<-+0!5/!1,,-,!5+!1!0701)!7'!T=S!5+42-/!7'!910-.!O-K(5:1)-+0!07!

T=L!14.-W5+42-/R=!!F+!1,,5057+1)!Y=Q!5+42-/!7'!910-.!O[=T!14.-W5+42-/R!5/!1,,-,!'7))795+3!025/!

0.-10<-+0!07!')(/2!/1)0!,--6!5+07!02-!/75)!6.7'5)-!1+,!7(0!7'!02-!.770!@7+-=!!!!

!

>*,.741.87+!/015+-,!/75)/!95))!8-!0.-10-,!1'0-.!,-/1)5+5@1057+!(/5+3!1(3<-+0-,!857.-<-,51057+!

92-.-!1!<5;0(.-!7'!75)!-105+3!8140-.51!1+,!+(0.5-+0/!1.-!5+H-40-,!5+07!02-!/(.'14-!NG'0=!!$75)/!1.-!

9-0!07!'5-),!4161450*!,(.5+3!02-!0.-10<-+0!6.74-//!1,,5+3!1+!1,,5057+1)!T=S!5+42-/!7'!910-.!07!

6.7'5)-=!



After desalinization and bioremediation an acre-foot of fresh topsoil will be brought in to
restore the normal grade and contour of the site. The application of topsoil is followed by
incorporation of 32,000 lb of organic material to the 1.6 acre site to address slight salt residuals
in marginally impacted soil.

V.B. Deeper Vadose Zane Remediation

Based on the amount of water quantities observed during the drilling process, and the results
of the water samples, it certainly appears that the physical and chemical characteristics of the
water encountered is produced water generated by the releases.

Sixteen (16) inches of water proposed for application in desalinization and bioremediation
treatments will add relative fresh water to the impacted areas. The recommendation is to
remove the water collected under the impacted zones.

Another recovery well or wells, will be installed in close proximity to the leak source(s) to
maximize the removal of salt with the water extracted. As previously discussed, this method
actually removes source loading that would not otherwise have been accomplished.

V.C. Remediation Procedures

The restoration procedure proposed for the salt impacted and hydrocarbon stained soil is
defined by the work elements listed below:

L. Resurvey impact area to define EM-38 150 and 350 mS/m contours
2. Construct recovery well in perched water zone at west leak source
3. Level and chisel plow area > EM-38 350 mS/m
4. Apply Desalt PlusrM in 2790 bbls water
5. Flush Desalt PlusrM treatment with 5581 bbls fresh water.
6. Treat hydrocarbon stained soil with microbe/nutrient media in2790 bbls water.
7. Pump recovery wells to remove produced water and dry-up man-made water zone.
8. Apply 1 acre-foot soil to impact area and level to establish natural grade and contour.
9. Apply 32,000 lb feed quality, ground hay to 1.6 acre of impacted area and incorporate

by disc operation to a depth of 6 inches.
10. Roll treated area to compact soil in preparation of planting.
11. Plant mixture of tall grasses, forbs and wild flowers as approved bythe landowner.

12. Fence area to isolate restoration site from grazing animals for 2 years.
13. Continue pumping recovering wells until dry for 2 quarters.
14. After 2 years remove fence.
15. Remove recovery and monitoring wells to complete site restoration.

V.D. RemediotionRationql

V.D.7 Totql Diq and Haul

Using the most conservative estimates, the following is a brief summary of associated cost.
Using a 100 ft radius around each spill site, and excavating to a depth of 50 feet, which equates
to approximately 30,000 yards for disposal. At 5150/yard, which includes back-fill, but no other
charges, the cost would be over S 4.3 million dollars.

I4



 15 

!

"#$#%! &'()*'+!$*,!'-.!/'0+!'-.!1*-2(!3-4)'++')*5-6!

!

!"#$%&'()*+")*$,)-.)/""*0)1+&2+)&3)2$'3&4"5"4),562*&267)1&*+)*$46893)":;&,#"'*0)1&*+$;*)

3*6(&'()*+")+$7")4$1'1654<))=+")4&5*)4&3,$367)1$;74))>")6,,5$?&#6*"78)@)A<B-)#&77&$')4$77653<))

C'3*6776*&$')$/)6)D&'"5)1$;74)644)644&*&$'67)@)E.0...)4$776530)/$5)6)*$*67)$/)@A<E)#&77&$')4$77653<))

=+&3)4$"3)'$*))&'27;4")677)$*+"5)3&*")2+65("3<)

)

"#$#7! 82-2('+!92:2.*')*5-!$*4;044*5-!

)

F"&*+"5)$,*&$')6>$%")&3)1&*+&')*+")#$'"*658)26,6>&7&*8)/$5)6)3#677)2$#,6'8)7&G")FHIJK<))J+&7")

*+")6("'28)+63)"'2$;56("4)$5)5"2$##"'4"4)>$*+)$/)*+"3")$,*&$'30)'"&*+"5)&3)2$3*)"//"2*&%"0)$5)

,562*&267)&')*+&3)3&*;6*&$'<)

)

C/)*+")($67)$/)*+")6("'28)&3)*$),;'&3+)6'4)4&32$;56(")FHIJK)/5$#)4$&'()>;3&'"33)&')F"1)

H"?&2$0)"&*+"5)6>$%")$,*&$')1&77)#$3*)7&G"78),;*)FHIJK)$;*)$/)>;3&'"33)6'4)>")6)3"%"5")

4"*5&#"'*)*$)*+")&'4;3*58);'*&7)6'$*+"5)383*"#)2$;74)>"),;*)&'),762"<)

)

C')*+"),63*0)*+")6("'28)+63)677$1"4)#6L$5)3$;52")5"#$%67)'"65)*+"))3;5/62")6'4)6,,5$%"4)7&'"5)

383*"#3)*$),5"%"'*)/;5*+"5)4$1'1654)#&(56*&$')*$),5$*"2*)(5$;'416*"5<))=+&3)6,,5$62+0)6*)*+&3)

3&*")3&#,78)4$"3)'$*)#6G")3"'3")>"26;3")*+")#6L$5&*8)$/)*+")2$'*6#&'6*&$'0)&<"<)$&7/&"74)

,5$4;2"4)16*"50)675"648)3"*3)6*)6)4",*+)$/)M.)/""*<)))))

)

"#$#<! !=*)2!=>2;*?*;!@>>(5';A!

)

FHIJK),5$,$3"3)*$)&'3*677)644&*&$')5"2$%"58)1"773)6'4)62*;6778);3")/5"3+)16*"5)*$)/7;3+)*+")

2$'*6#&'6'*3)4$1'1654)*$)>")5"2$%"5"4)67$'()1&*+),5$4;2"4)16*"5<))=+&3)6,,5$62+)62*;6778)

5"#$%"3)*+")2$'*6#&'6*&$')56*+"5)*+6')+6%&'()&*)>"2$#")6),"5#6'"'*)>;5&67)3&*"<)))

)

C*)#;3*)>")633;#"40)*+6*)*+")76'4$1'"5)1$;74),"5/"5)*$)+6%")6)#6L$5)3$;52")$/)*+")

2$'*6#&'6*&$')5"#$%"4)56*+"5)*+6')>;5&"4<))N73$0)*+")&'O3&*;)3;5/62")5"3*$56*&$')1&77),5$%&4")6)

3&('&/&26'*78)5"4;2"4)/$$*,5&'*)4;5&'()5"#"4&6*&$')6'4)>5&'()*+")3;5/62")>62G)*$)&*3)$5&(&'67)

2$'4&*&$')&')6)/63*"50)36/"5)6'4)#$5")"'%&5$'#"'*6778)/5&"'478)#6''"5<)

)

)

)

)

)

))

)

)

))

)

)

)

)



TABLES



TABLE 1 - TEST PARAMETERS ANALYZED IN PRELIMINARY STUDY
NEW MEXICO SALT WATER DISPOSAL CO., INC

Borings West Source, #1,#2,#3 and#4

NA refers to not analyzed

Bore
ID

Depth
ft

Chemical Parameterr
Soil Volatile Orqanics TPH
ct Benzene Ethyl

Benzene
Toluene Xylenes GRO DRO

West
Source

0.5 3440 .0113 .0225 .0422 .a877 5460 32400
5 4800 <0.025 <0,025 0.033 <0.025 <10 53.7

#1 0.5 282 NA NA NA NA NA NA
5 7750 NA NA NA NA NA NA
10 4245 NA NA NA NA NA NA
15 3182 NA NA NA NA NA NA

#2 ,5 113 NA NA NA NA NA NA
5 51 15 NA NA NA NA NA NA
10 3510 NA NA NA NA NA NA
15 5250 NA NA NA NA NA NA

#3 0.5 966 NA NA NA NA NA NA
5 495 NA NA NA NA NA NA
10 206 NA NA NA NA NA NA
15 118 NA NA NA NA NA NA

H 0.5 134 NA NA NA NA NA NA
5 3542 NA NA NA NA NA NA
10 5197 NA NA NA NA NA NA



TABLE 2 - SHALLOW BORINGS PASTE EC AND PASTE MOISTURE
NEW MEXICO SALT WATER DISPOSAL CO., INC

SB1, SB2, SB3 and SB4

Boring
ID

Depth
lnterval

Saturated Paste Parameter
EC Moisture

ft mmhos/cm ot,o
SB1 0-1 39.9 27.1

1-2 50.8 26.2
2-3 55.0 37.1
3-4 53.3 36.8
4-5 No samole auoer refusal

S82 0-1 0.62 26.0
1-2 0.23 26.5
2-3 0.17 34.7
34 0.24 37.O
4-5 0.32 37.6

SB3 0-1 40.9 37.5
1-2 28.7 36.9
2-3 28.7 40.8
34 31.0 43.2
4-5 No sample auoer refusal

S84 0-1 19.6 26.3
1-2 25.8 25.2
2-3 19.7 36.1
34 14.6 36.7
4-5 No samole auqer refusal



TABLE 3A - SOIL BORING PHYSICAL DESCRIPTIONS
NEW MEXICO SALT WATER DISPOSAL CO., INC

East Leak Source

GPS WGS84: N 33" 26'25.836" W 103" 27' 30.219"

humic refers to naturally occurring organic matter

TABLE 38 - SOIL BORING PHYSICAL DESCRIPTIONS
NEW MEXICO SALT WATER DISPOSAL CO., INC

Northwest Background

GPS WGS84: N 33" 26' 27.010" W 103" 27' 37.783"

Borinq lD Deoth. ft Descriptionr
East
Source

5 7.5YR713 pink sandv clav loam. caliche rock, damp
11-13 7.lYRAIz pinkish white loam, caliche rock, damp
14.5 7.5YR8/2 pinkish white loam, caliche rock, damp
19.5 7.5YR7/3 pinkish white loam, caliche rock, damp
28.3 7.5YR8/2 pinkish white, stickv clav loam, damp
38.5 7.5YR5/6 strong brown sand, siliceous pebbles,

damo
47-48 7.5YR6/4 liqht brown loamv sand, qravel, saturated
48.5 10YR4/6 dark vellowish brown clav, wet

56-58 10YR6/6 brownish vellow clav, wet
58.3 2.5Y6l4lisht vellowish brown sandy clay, wet

74-75 2.5Y3l1verv dark orav clav. humic carbon. damp
79-80 2.5YR210 black clay, humic carbon, damp
85-86 2.5YR210 black clay, humic carbon, damp
97-98 2.5YR210 black clav. humic carbon, damp

Borinq lD Depth. ft Description
NW
Background

0.5 7.5YR6/4 liqht brown loamv sand, dry
9.75 No sample, spoon refusal
20 7.sYRglz pinkish white caliche, dry

29.3 No sample, spoon refusal
40 5YR8/3 pink fine sandv clav loam, dry
50 7.1YRO14liqht brown sandy clav, wet
60 10YR714 very pale brown clay, damp
70 2.5YR4l1olive brown clav. damp
80 5YR2.5/1 black sandv clav, damp
90 Glev 1 2.511 black sandv clav, dry
100 Gley 1 2.511 black sandy clay, dry
110 Glev 1 2.511 black sandv clav, drv



TABLE 3C - SOIL BORING PHYSICAL DESCRIPTIONS
NEW MEXICO SALT WATER DISPOSAL CO., INC

Northeast Background

GPS WGS84: N 33o 26' 27.723" W 103" 27'28.669"

y occurring orga

TABLE 3D - SOIL BORING PHYSICAL DESCRIPTIONS
NEW MEXICO SALT WATER DISPOSAL CO., INC

South Background

GPS WGS84: N 33o 26' 27.723" W 103" 27' 28.669"

Borinq lD Deoth. ft Descriotionr
NE
Background

0.5 7,5YR6/4 lisht brown loamv sand, dry
10 No samole. sooon refusal
20 7.5YR8l2 pinkish white caliche, dry
30 No sample, spoon refusal
40 5YR8/3 pink fine sandv clav loam, dry
50 10YR6/8 brownish vellow clav,
60 10YR6/6 brownish vellow clav
70 10YR6/6 brownish vellow clav
80 10YR3/1 very dark gray clay, humic carbon
90 7.5YR210 black clav, humic carbon
101 7.5YR2/0 black clay, humic carbon

umic refers to naturallv occu nic matter

Borinq lD Deoth. ft Descriptionr
South
Background

0.5 5YR6/4 liqht reddish brown loamy sand, dry
9.7 No sample, spoon refusal
19.2 5YR8/1 white fractured caliche, dry
29 No samole. sooon refusal

39.75 5YR6/4 light reddish brown sandy loam, few black
oebbles. drv

49.33 7.5YR6/6 reddish yellow clay loam, with
interspersed 7.5YR8/0 white caliche

60-61 2.5Y516liqht olive brown sandy clay,
69.5 10YR6/4 liqht vellowish brown clay
79.5 10YR3/1 very dark qray clay, humic carbon, damp
90 7.5YR2/0 black clay, humic carbon
100 7.5YR2/0 black clav. humic carbon

occurriumic refers to nic matternaturally occurring orga



TABLE 3E - SOIL BORING PHYSICAL DESCRIPTIONS
NEW MEXICO SALT WATER DISPOSAL CO., INC

West Leak Source

GPS WGS84: N 33o 26'25.455" W 103' 27'35,576"

humic refers to naturally occurring organic matter

Borino lD Depth. ft Descriptionr
West
Source

8-1 0 7.5YR8/2 pinkish white, hard rocky caliche, damp
18-20 7.5YR812 oinkish white, hard rockv caliche. damp
28-30 7.5YR8/2 pinkish white, hard caliche, sandy, damp
3B-40 10R6/4 pale red, rockv clavev sand, damp

50 5YR4/3 reddish brown qravelv sand, damp
60 Sampling stopped to set casing and grout with

cement to isolate uoper perched water
70 10YR6/4 liqht vellowish brown clay, dry
80 Glev 1/5 orav sandv clav. drv
90 Glev 1/4 dark qrav sandv clav, humic carbon, dry
100 Glev 1/4 dark qrav clav, humic carbon, dry
110 Glev 114 dark gray clay, humic carbon, dry



Borinq lD

Depth
lnterval

Chemical Parameterr
Chloride EC TDS PID

ft ppm mmhos/cm Ppm PPm
East Leak
Source

5 6495 17.7 11328 0.0
11-13 5654 12.8 8192 0.0
14.5 5147 12.1 7744 0.0
19.5 5981 11.8 7552 3.0
28.3 6321 13.7 8760 0.8
38.5 10699 18.5 11840 1.6
47-48 7831 15.7 10048 1.9
48.5 5317 14.0 8960 1.3
57-58 631 0.79 506 0.0
74-75 840 5.67 3629 0.6
79-80 4010 4.87 3117 1.1
85-86 2669 9.01 5766 0.3
97-98 7621 16.9 10816 0.2

S calculated from EG

TABLE 4A . FIELD CHLORIDE, EC, TDS AND PID ANALYSES
NEW MEXICO SALT WATER DISPOSAL CO., INC

East Leak Source

TABLE 49 - FIELD CHLORIDE, EC, TDS AND PID ANALYSES
NEW MEXICO SALT WATER DISPOSAL CO., INC

Northwest Background

Borinq lD

Depth
lnterval

Chemical Parameterr
Chloride EC TDS PID

ft ppm mmhos/cm Ppm Ppm
NW
Background

0.5 74 4.02 12.8 0.0
9.75 83 0.10 64.0 0.6
20 50 0.18 115 1.0

29.3 54 0.15 96 7.2
40 58 0.19 122 1.0
50 1145 3.17 2029 2.3
60 334 1.01 646 1.0
70 301 0.78 499 0.6
80 390 0.27 173 0.6
90 256 0.80 512 0.3
100 325 0.57 365 0.9
110 1145 NA NA NA

refers to not analvzed: TDS calculated from EGlyzed;



TABLE 4C - FIELD CHLORIDE, EC, TDS AND PID ANALYSES
NEW MEXICO SALT WATER DISPOSAL CO., INC

Northeast Background

analyzed;

TABLE 4D - FIELD CHLORIDE, EC, TDS AND PID ANALYSES
NEW MEXICO SALT WATER DISPOSAL CO., ING

South Background

Borins lD

Depth
lnterval

Chemical Parameterr
Chloride EC TDS PID

ft ppm mmhos/cm Ppm Ppm
NE
Background

0.5 74 0.08 51.2 0.0
10 No Sample
20 50 0.33 211 .1

30 No Sample
40 1843 1.09 698 .2
50 124 0.38 243 1.0
60 130 0.19 122 .3
70 112 0.36 230 .1

80 108 0.27 173 ,2
90 65 0.70 448 0.6
101 74 0.80 512 0.5

refers to not zed: TDS calculated from EC

Boring lD

Depth
lnterval

Chemical Parameterr
Chloride EC TDS PID

ft PPm mmhos/cm ppm Ppm
South
Background

0.5 126 0.03 19.2 0.3
9.7 139 0.13 83.2 0.0
19.2 195 0.31 198 0.1
29 No Sample

39.75 342 0.92 589 0.2
49.33 2803 9.17 5869 0.0
60-61 1006 1.83 1171 0.2
69.5 1222 4.99 3194 0.1
79.5 709 2.01 1286 0.0
90 1201 0.80 512 0.1
100 819 0.57 365 0.2

S calculated from EC



TABLE 4E - FIELD CHLORIDE, EC, TDS AND PID ANALYSES
NEW MEXICO SALT WATER DISPOSAL CO., INC

West Leak Source

refers to not analyzed; TDS calculated from EG

Boring lD

Depth
lnterval

Chemical Parametert
Chloride EC TDS PID

ft ppm mmhos/cm PPm Ppm
West Leak
Source

8-10 4823 9.48 6067 3.3
18-20 3507 9.06 5798 1.1
28-30 3060 7.21 4614 1.8
38-40 6128 7.62 4877 3.4

50 3575 10.2 6528 1.0
60 No Sample
70 909 NA NA NA
80 437 NA NA NA
90 243 NA NA NA
100 103 1.27 3629 0.6
110 137 1.31 3117 1.1



TABLE 5 . LABORATORY CONFIRMATION ANALYSES
NEW MEXICO SALT WATER DISPOSAL CO., INC

Deep Boring Soil Samples

Notes:
*CL refers to Cardinal Laboratories; ELI refers to Energy Laboratories lnc.**TPH refers to total petroleum hydrocarbon; GRO refers to gas range organics; DRO

refers to diesel range organics
***NA refers to not analyzed

Parameter*

Analytical Results by Source and Depth. mq/kq***
East
Leak

East
Leak

NE
Bkod

NE
Bkqd

NE
Bkod

S
Bkod

West
Leak

West
Leak

West
Leak

90ft 98ft 40ft 90ft 101 ft
79.5
ft 10ft 100 ft 110 ft

lnoroanic
Chloride,

CL 7360 7360 NA NA <16 NA NA NA NA
Chloride,

ELI NA 10200 4U <10 12 781 6650 79 206
Orqanics

TPH""
GRO C6-

c10 <10.0 <10.0 NA NA <10.0 NA NA NA NA
DRO >C10-

c28 <10.0 <10_0 NA NA <10.0 NA NA NA NA
Volatiles
Benzene <0.050 <0,050 NA NA <0.050 NA NA NA NA
Toluene 0.128 0.128 NA NA <0.050 NA NA NA NA

Ethyl
Benzene <0.050 <0.050 NA NA <0.050 NA NA NA NA

Total
Xvlenes <0.050 <0.050 NA NA <0.050 NA NA NA NA



TABLE 6 - LABORATORY GROUNDWATER ANALYSES
NEW MEXICO SALT WATER DISPOSAL CO., INC

East Source and Northwest Background

Parameter
Analvtical Results. mo/liter

East Source Well NW Backqround Well
lnoroanic

Chloride 66,000 14,400

Volatile Oroanics
Benzene 0.011 0.002
Toluene 0.003 0.003
Ethyl Benzene <0.001 <0.001
Xvlenes <0.001 0.003
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Figure 3. Aerial View of Stained Soil



Figure 4. EM-38 Salinity Contour Map





Figure 5. EM-31 Salinity Contour Map
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APPENDIX A

Lea County Soil Survey lnformation
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map, Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Custom Soil Resource Report

MAP LEGEND MAP INFORMATION

Mep Scale: 1:2,900 if printed on A siee (8.5" x 11") sheel.

The soil surveys that comprise your AOI were mapped at 1 :20,000.

Please rely on the bar scale on each map sheet for accurate map
measurcments,

Source of Map: Natural Resources Conservalion Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: UTM Zone 13N NAD83

This product is gerlerated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area: Lea County, New Mexico
Survey Area Dala: Version g, Dec 9, 2008

Date(s) aedal images were pholographed: 9/19/1S96

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evidenl,

Area of lntercst (AOl)

t] Area of lnterest (A0l)

Soilg
Soil Map Units
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Custom Soil Resource Reporl

Map Unit Legend

Lea County, New Mexico (NM025)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

AU

TB

Erownfieid-Springer association

Tivoli-Brownfield fine sands. 0 to 5 percent slopes

5.3

26.9

32.3

16.5%

Totals for Area of lnterest 100-a%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soii survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and prcperties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely deflned limits for the properties of the soils. On the landscape.
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever. can be mapped without including areas of other taxonomic
classes. Consequently. every map unit is made up of the soils or miscellaneous areas
for which rt is named and some minor components that belong to taxonomic classes
other than those of the major soils,

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting. or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscelianeous areas are identified
by a special symbol on the maps. lf included in the database for a given area, ihe
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed. and consequently they are not mentioned in the descriptions, especially
where ihe pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the iandscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to cielineate pure taxonomic
classes but rather to separate the landscape inio landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. lf
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

10



Custom Soil Resource Report

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a sorl series. Except for
differences in texture of the surface layer. all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into sorT phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An assocr'atlon is made up of two or more geographically associated solls or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.
Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

11



Custom Soil Resource Report

Lea County, New Mexico

BO-Brownfield-Sprin ger association

Map Unit Sefting
Elevation:3,600 to 4,400 feet
Mean annual precipitation: 12 to 15 inches
Mean annual air temperature.' 58 to 60 degrees F
Frost-free peiod: 195 to 205 days

Map Unit Composition
Brownfield and similar sor/s. 60 percent
Springer and similar soils: 30 percent

Description of Brownfield
Setting

Landform: Plains
La n dfo rm po s ition (th ree -di m e nsionaf : Rise
Down-slope shape; Linear
Across-s/ope shape: Linear
Parent material: Eolian deposits derived from sedimentary rock

Properties and qualities
Slope.0to3percent
Depth to restictive feature: More than 80 inches
Drainage c/ass: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high

(0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
F req u e n cy of ponding: None
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 2.O
Available water capacity: Moderate (about 7.0 inches)

lnterpretive groups
Land capability classification (inigated) : 6e
Land capability (nonirrigated): 6e
Ecological slfe: Sandy 12-17" PZ (R077DY046TX)

Typical profile
0 to 22 inches: Fine sand
22 to 60 inches: Sandy clay loam

Description of Springer
Setting

Landform:Plains
La ndform position (th ree-dimenslonaf ; Rise
Down-slope shape: Linear
Across-s/ope shape: Linear
Parent mateial: Eolian deposits derived from sedimentary rock

Properties and qualities
S/ope:0 to 3 percent

12



Custom Soil Resource Report

Depth to restictive feature: More than 80 inches
Drainage c/ass: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high

(0.60 to 6.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
F re q ue ncy of pondlng: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity:Nonsaline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 2.0
Available water capacity: Moderate (about 7.1 inches)

lnterpretive groups
Land capability classification (inigated): 4e
Land capability (nonirigated): 4e
Ecolag ical srfe: Sandy 1 2-17" PZ (R077DY046TX)

Typical profile
0 to 14 inches: Loamy fine sand
14 to 60 inches: Fine sandy loam
60 to 79 inches: Fine sandy loam

TB-Tivoli-Brownfield fine sands, 0 to 5 percent slopes

Map Unit Setting
Elevation: 3,500 to 4,400 feet
Mean annual precipitation: 12 lo 15 inches
Mean annual air temperature; 58 to 60 degrees F
Frost-free peiod:190 to 205 days

Map Unit Compasition
Tivoli and similar soils: 50 percent
Brownfield and similar soris: 40 percent

Description of Tivoli
Setting

Landform: Dunes
La n dfo rm p o sitio n (two-d i m e n s ional) : S h ou lder, backslope
Landform position (three-dimensianal): Side slope
Down-slope shape: Convex, linear
Across-s/ope shape: Linear
Parent mateial: Sandy eolian deposits derived from sedimentary rock

Properties and qualities
Slope:lto5percent
Depth to restictive feature: More than 80 inches
D ra in ag e c/ass; Excessively drained
Capacity of the most limiting layer to transmit water (Ksat): High to very high (6.00

to 20.00 in/hr)
Depth to water table. More than 80 inches

13



Custom Soil Resource Report

Frequency of flooding: None
Frequency ofpondrng; None
Calcium carbonate, maximum eontent:2 percent
Gypsum, maximum content: 1 percent
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Sadium adsorption ratio, maximum: 2.0
Available water capacity: Low (about 4.7 inches)

lnterpretive groups
Land capability (noninigated): 6e
Ecological site: Sandy 12-17" PZ (R077DY046TX)

Typicalprofile
0 to 5 inches.' Fine sand
5 to 60 inches: Fine sand

Description of Brownfi eld
Setting

Landform: lnterdunes
La n df o rm p o s iti o n (two- d i m e n s i onal) ; Footsl ope
Landform position (th ree-dime n sional) : Base slope
Down-slope shape: Concave
Across-s/ope shape : Concave
Parent mateial: Sandy eolian deposits derived from sedimentary rock

Properties and qualities
S/ope:0 to 5 percent
Depth to restictive feature: More than 80 inches
Drainage c/ass: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high

(0.60 to 2,00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
F requency of pondlng: None
Calcium carbonate, maximum content: 5 percent
Gypsum, maximum content: 1 Percent
Maximum salinity: Nonsaline (0.0 to 2.0 mmho#cm)
Sodium adsorption ratio, maximum: 2.4
Available water capacity: Moderate (about 7.0 inches)

lnterpretive groups
Land capability classification (irigated): 6e
Land capability (nonirigated) : 6e
Eco I og i ca I sife: Sandy 1 2-1 7 " PZ (R07 7 DY046TX)

Typical profile
0 to 22 inches: Fine sand
22 to 60 inches: Sandy clay loam

14



APPENDIX B

Atkins Log Showing Monitoring Well Construction



EASI- LEAK SOURCE WELL

Whcle Ea(h Environmeniai. lnc.
2103 Arbor Cove

TX77494
Contactr Mike Griffin

Job#: CROSSRD.DRL.l0

Dni{ Stad
Driii End
Bcring Lcc6lion
Sii! Locelion
Auger Type

i 2:06li 0 (07:c0)
i2i08i13 li3:30)
Easi side oi sp:ll
Nt45t/1JD. Ciossroads
3?: Holiov,,

- 4"x4"x5'Well Coverr-,:? 2'x2' conciete Pad

Caliche, hard. grayish white, dry

30

40

45

50

Silica sancj pack
2" Sch. 40 PVC 0.C20 slot screen

Log of Boring East 2" Monitor Well

CD

CI

GW
ce

at

DESCRIPTION

Oily sand, loose, tan. damp

Caliche. flrrn, ian, reddish tan, damP

Sandy gravel, loose, tan, wet

Sandstone, firm, tan, wet

Caliche. flim. ien. dry

Sand, loose. tan. dry

Clay. stiff. yellowish tan, damp

Ciay sirff. gray. clamP

Free phase oil ai 92



NORTHVVE*.ST BACKGROU N D WELL

Log of Boring West Background Well

Contact: tvlike Griffin
Job#: CROSSRD DRL 10

Drill Siart : 12lAan0 {4:g9t
Drill End : 1209/10 (16:30)
Boring Localion : NW of spill 200'1
Siie Locetion : NMSWD. Crcssrcads
,Auger Tyoe : 3% Hollo!./

DESCRIPTION

Wesi Backgrounci Well

6

1n

'15

'A

40

AC

50

55

60

7A

75

r- 4"x4"x5'Well Cover
ffi 2'x2'Concrete Padl:il I

Sancisione, firm. reddish ian, ciry

Bentonite Seal2'Sch. 40 PVC Casing

Silica sand pack
2'Sch 40 PVC 0.020 siot screen

Bentonite Seai

5
e

.J

g
-9

I

a

=

f
O

c
1

I

ll
I

8C

85

OA

05

10

15

1

1

Whole Earth Environmental, lnc-
21 03 Arbor Cove

q)

;
cq)o

Sandstone, firm, yellow dry
Sandstone, hard, yellowish ian, dry
Sandstone, firm, yellowish tan, wel

Clay. stiff, yellowish brown. moist

Clayey sand, stiff, grayish black, damp

Total Depth 110'



NORTHEAST BACKGROUND BORI NG

Log of Boring East Background Well

Whole Earth Environm!ntai, lnc
2103 Arbor Cove
Kaiv TX 77494

: Mcrt EatesLoEgect By: rZtt 1/'10 (10:30)
: 12!i4113 i36:39j
: NE oi sDill 200't
: NMSWD, Crossroads
:3% Hdlow

Drill Stad
Drill Fnci
Borir! Lo!tion
Site Locatlon
Auger Type

Cantacl Mike Griffin
Job#: CROSSRD.BRL.l0

0,
{1)

LL

;
ct
o

II
g(,

U}

a:l

o
Esa

DESCRIPTION

East Background Well

lv..-"4ti . /., ..,t| .,,It. ,,.1
i,tr:.. ,.1

l:,'" 1I' t':t 
1

h,i:'lt,.'t'l
Y;;;'O
L.i''1
l; I I

l:t:;: '''ll'. ,,'lI .t
l'. ',t' 

I

Vi,'',)
li:'1'l
l, : ..1

|'"11. .: ,.1
i::::' :l
t., . .)
l:"t '.1)

[;7fe"nton't"s""tl. ,;'.1
i1'-'.:.. I
l,t.'.'l
l;:,t, Ii , .,,.1

l,' .l
Ytt 

", 
''l

V,,,':Al..t'Il.: ,;' lt.".I
I .a a.. .'l
l''.: t" 'l
f, '-l
l'. :'.''l
V.l":1'l

l,'.. . ;;lt . .t !
i...;'1I t;.. I

Y;;. ,.1
| . /..1L:-;2J

0

5

10

'15

20

30

35

40

44,

50

q4

60

65

ac

80

85

on

95

100

'105

sPl

1

l

I

I

I

l

I

l
I

i
I

I

I

*.1
I

SSI
J

i

I

I

i

"'ii
I

I
I

I-.
I
Icl I

I
I

I
CLI

i

Sand, loose, tan, dry

Caliche- hard, tan and whiie, dry

Sandslone, firm, tan, dry

Sandsione, firm, damp

Clay, sh'ff, yellow, damp

Clay. stiff, gray, damp

Clay. stifi, dark gray, damp

Total Depth 100'
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SCU-TH tsACKGROUND WELL

Log of Boring Down Gradient Well

Whoie Earth Environmental, lnc
2 i 03 Arbor Cove

i orirt start
i Ddll End

T

45

qn

55

60

65

70

75

80

85

s0

o<

Clayey sand. firm, yellow, wet

100

105

ij

t\alY tx t /4v4
Contact: Mike Griffin

BorinE Location
Site Locetion

South of soill 200'=
NtdSWD. Crossroads

JOb#: CROSSRD.DRL-10 AugerType :3% Hollow

c)
0i

LL

;
oc)

tro
a
(-)af

oa
E(o(t

DESCRIPTION

Dov/n Gradient Weli

4"x4"x5'Well Cover
2'x2'Concrete Pad

Bentonite Seai

2" Sch. 40 PVC Casing

Silica sand pack

2" Sch. 40 PVC 0.020 slot screen

5

10

2A

25

JU

.E

4A

SP Sand. loose, ian, dry

Caliche, firm. white. dry

sc

Caiiche, hard. v/hite, dry

Clayey sand. loose, tan to yellow, dry

Total Depth 100'

tti,'lLj



WEST LEA.K SOURCE BORING

Whole Earth Environmental, lnc.
2 1 C3 Arbor Cove

Kal,i TX77494
Drili End
Borifig Location
Site Location
Auger Type

DESCRIPTION

I

Log of Boring \Alest Side Leak Test Hole

Logged By : Mon Bates
12l3gii0 (15:00)
Wesi side of leak area
NMSWD, Crossroads
Air rotary

8'steel casing cemenied from 66'
back tc land surface

oentni

Job#: CROSSRD.DRL l0

Poorly graded sand. loose. tan and black. damp

Caliche, firm, tan, dry

Poorly graded sand, loose. ian, damp

Sandslone, firm. tan, damp

<n-..E

i,__ I55--+
II60jI{et A-l
7',
Ito-*7',
-)

t51'
IJL80-+
-F=
L_85{_
JtE,s0+
1'..

IJ.
00i,'

J)'J05-1,

ULi

IQ

,'t cL

Sandstone, firm. yeilovrish tan. wet Eenionite seal to surface inside casing

7 718 open hole with benionite seal to total

Sand and gravel, loose, yellow, wet
Sandy clay. soft, yellowish tan, wet

Clay, stiff, yeilow, moist

Clay. siiif. yellowish brown, dry

Limestone with clay, firm. gray, dry
Limestone, hard, gray. Cry

Clay, irm, gray. dry

15

Total Depth 1 10'



APPENDIX C

Cardinal Laboratories and Energy Laboratories, lnc
Soil Analysis Reports
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l--1. L: c-t t-.t-lc; r i ct:=,
r :ri.:r:; +: .; .r ..:\

pHoilE (5751 393-2125 . 10r E, BARUTD " HOBaS, M S240

A nalytical Results For:
WHOLE EARTH ENVIRONMENTAL. INC.
ROY R. MSCON
2103 ARBOR COVE
KATv IX,77494
Fax To: (281) 394-2051

Received:
Reported:
Project Name:
Project Number:
Projeci Location:

t2/0812010
r2l09l2an
NMSW DISPOSAL 6" LEAK

NONE GWEN
CROSSROADS

Sampling Date:
Sampling Type:
5ampling Condition:
Sample Received By:

12107 /2010
Soil
Cool & Intact
Jodi Henson

Sample ID: SOURCE BORE E @ 90'BGS (HO2L472-OL)
BTEX 80218 mglkg Analf2ed By; CK

Analyte

B!nzene*

Toluene*

Ethylbenzene"

Total Xylenes*

Result Report'ng Lim;t

<0.050 0.050

0.128 0.050

<0.050 0.050

<0.150 0.150

Anaiyzed lvlethod Elank BS

1210912070 ND 1.89

1210912010 0.108 z.o2

12109/?0t0 ND 1.89

1210912010 ND 5,58

8,/" Recovery True Value QC RPD

94.6 2.00 5.00

101 2.00 4.29

94.3 2.00 4.72

93.0 6.00 1.25

Qualifier

Sut'ogtn,'. 1-Bronollmn'olsert:erre t [' II
chloride, SM45oocl-B

i tt.l ",4

mglks Analyzed Ey: H!'{

.qnalyte

Chloride
TPH 80T5M

Result Reporhng Limit

7360 15.0

mg/kg

Analyzed Method Blank

l2/08t20r0 ND

Analyzed 8y: AB

o/o Recovery True Value QC RPD

108 400 0.00

8S

432

Qualifer

Anallte

GRO C6-Cr0

DRO >C10-C28

Resuit Reportinq limit

< 10.0 10.0

< 10.0 10.0

Analyued llethod Blank

72108/2010 ND

ru08l20lo ND

o/o Recovery True value QC RPt)

96.5 200 19.4

94.8 200 9.14

8S

193

190

Qualifier

Si it'i'ogLt t.' : I -i lt l o roat t ore'

Silrrogit ! t : I -C lt lorant titi e canz

t)3 t 1i

91 I ',!;

'0-i 3t)

-('- | )0

Cardinal Laboratories x=Accredited Analyte

Page 2 of 4

:l::rr r &:a u:-n:;r or ic

.a ,t. ,' .r'\.,^'-.1:4e.i n* . -l' ':::i4iL7---

Celey D. Keene, Lab Director/Quality Manager
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Analytical Resulb For:
WHOLE EARTH ENVIRONMENTAL, INC,
ROY R, RASCON

2103 ARBOR COVE
KAW TX, 77494
FaxTo: Q81)394-205t

r2l08l2Dt0
izlfi12010
NMSIV DISPOSAL 6" LEAK

NONE GiVEN
CROSSROADS

fi*lij

ra rl l- lLfl-a
FgEt PHotlE (575) 393-2326 o 1o1 E. !4ARIAND ' HOBBS, lll'{ 88240

hc

Received:
Repofted:
Project Name:
Project Number:
Project Location:

Sampling Date:
Samplinq Type:
Sampling Condition:
Sample Received BY:

1207 l20Lo
Soil
Cool & Intact
lodr Henson

Sample ID: SOURCE BORE E @ 98' BGS (H021472-01)
BTEX 80218 mg/kg Analyzed By: cK

Result Reporting Lrmit Analyzed Method Blank BS

l2l09l20to ND 1.89

lJiagpcr? 0.108 7.s2

i2/s912010 ND 1.89

i2109/20r0

Analyzed BY: HM

olo Rtrovery True Valw QC RPD

94.6 2.00 5.00

1C1 2.00 4.29

9.{.3 2.00 1.72

:o 
4'N

QualtfrerAnalyte

Benzenax

Toluene*

Ethylbenzene-

Total Xylenes*

<0.050

o,128
<0,050

0.050

0.050

0.050

5?o?lr.latle j .J - I ]r on oll u tv'ob en:t tt c lP Il-

Chloride, SM4500Cl-B

<0-150 0.150

iN ?.i. -t,)-l30

m9/kg

Resu't Reportingl-imrt

736A 16.0

mglkg

Analyzed l'lethod Blank

r2lo8l20L0 ND

Analyzed BY: AB

dA Rtrovery Truevalue QC RPD

108 400 0.00

AS

432

Qualitrer.\mlyte

Chloride
TPH AO15M

An3lyte

GRO C6-C10

DRO >c10-c28

Surrttg:t!!: l -( liior*t.ttuie

SurrogLlte : l -( - hlorooc tudecatrc

ResJlt RePo(inO I rrnit

<10.0 10.0

< 10.0 10.0

qi..j ?1, .(t_l l0
97.t ,)i -t)-t j0

Anzlyzed l'4!fhoC Blani

tu0u2a1o ND

tz/Y}to _ 
Np

BS .'c Recoven/ True Value QC RPD

193 96.5 200 19.4

t_no j*

Quaiifier

Cardinal Laboratories
*=Accredited Anal!,te

ridrNffi:rd,RdD*@.&d}.$rtr&tN.drdd!sd6,ye.d,.rsdyd{anrq,rffiEdh.+!racqs{4*ldr*lloh:*rFdhdi!'l 
6sdF6tll drsr'ld@bd|treqrad't"tr

J:i3l:*j!tl.;rrrjir?aa:5::.i=raF.r'i_:-.1t:1=-brd,:edir-c'::nJ=rl3irtet';'ii:r-ira:'?r'!:'i'5-:_:''*::::rrllirn

..:'t I
', -grr:rzri.i ' "--...t -1' :'!i''ni::'' --*

'Lt

Ceiey D. Keene, Lab Director/QualitY Manager 2of4



:,j ,o,ij q*tr-b ffi * H r"td FJ4 F. =
r:i: .-it; I t Ig*! La[:nralt:r tc:=

Received:
Reported:
Project Name:
Project Number:
Project Location: CROSSROADS

Sample ID: NE BKGRD @ 101'BGS (H021522-01)

12/7q2010
12/1512010
NfqSW DISPOSAL 6'' LEAK
NONE GIVFN

pHoilE (575) 393-2326 o 101 E, HARLAITD " HOSB' ill,l 86240

Analytical Results For:
WHOLE EARTH ENVIRONMENTAL, INC-
ROY R. MSCON
2103 ARBOR COVE
KArv rx,77494
Fax To: (281) 394-2051

Sampling Date:
Sampling Type:
Sampling Condition:
Sample Received By:

t2114/2410
Soil
Cool & intact
Jodi Henson

BTEX 8O218 mglkg Analyzed 8y: CMS

Analyte

Benzenet

Toluene*

Ethylbenzene=

Total Xylenes*

Chloride, SM45O0Cl-B

Result Reportinq Limit Analyzed Plethod Blank BS 3/q Rtrovery True Value QC RPD Quatifier

<0.050 0.0s0 r2i,15/2010 ND t.92 96.2 2.00 6.34

<0.050 0.050 12115i2JL0 ND 2.03 10r 2.00 6.79

<0.050 0.050 1211512a70 ND 2.O7 10.r 2.00 6.52

<0.150 0.150 1211512010 ND 6.07 101 6.00 6.05

n9lk9 An3lyzed By: HM

Chloride

TPH 8015M

Analyte Result Reporting I imit Analyzel l.'lethod Blank BS o/o Rtrovery True Value QC RPD Qualifier

<15.0 15.0 12/1s170]r0 ND 415 104 400 0.00

mglkg Analyzed By; AB

Analyte Resull Repotin! limit Analvzed I'iethod Blank BS o,h Rtro,rery True t/alue QC RPD Qualifrel

cRo c6{10 <r0.0 10.0 1uL512010 ND 205 103 200 20.2

DRO >C10-C28

Surrog*e : | -(' h lorooi lltle

Stut't'gate: l -( hloraotlatlecane 97.9 !; :{i-l 3A

<10.0 10.0 17115/2010 ND L74 87.1 200 3.23

9q 0 ,);, :a- i 3a

Cardinal Laboratories *=Accredited Analyte

4Nr S@: !,addard &irF Qd,nal! i&/ nd tu* d(]fu !jq: au 4vdah&rse, lidd bdh.odr* dffi, rd b. IsrLd{utue1el FiJ ry rrd d edFa 4 daht, 'nedd tuiorGdgso #

ar:ri ! EaJ -f :i a^ :'l:3:_.. !jij3 r!!r:i jI .!rE n!. q--i! r3e :-ll :r i: ;nd= !. i_ d :::.<

z:-.t L.
.. -;-;'-zi::l' ;**--l':'tL'r:i1-:?- -/

t'I

Paoe 2 of 4Celey D. Keene, Lab Director/Quality Manager



*r{!r.enar&-lab,cnrd
Aallticat lwilettE Sit s M2

LABORATORY ANALYTICAL REPORT
Prepared by College Station, TX Branch

Whole Earth Environmental
NMSWD Johnson
T1 1 01 001 8-002
East Source 98'

i{:leca. ifll 8l?-412-0tl I 8il;ings, lli 80ll-?35448$ Cesper.'*Y 888-235-0il t
Gilletie,lTY85i-i88-?l15 RapicCiiy,3088$-6?2-1225'ColiegeStatiot.TXSES-[90-2218

Client:
Project:
Lab lD:
Client Sample lD

Report Date: 01/18/11
Collection Dale:. 12/07/10 10:'15

IlateB!ceived: 0'l/06/1 I
Matrix: Soil

Analyses Resuli Units Oualiliers RL
MCU
OCL Method Analysis Date/ By

1:1 EXTRACT
Chloride 10200 ppm 100 O1i1A11 14:17 / ajm

Report
Detinitions:

RL - Analyte repofiing lirnit.
QCL - Quality control limiL
D - FiL increased due to sample mairix

MCL - Maximum contaminanl level.
ND 'Not detecled at the repsting limit

The results teprcsented within this repott relate onty to the samples as submitted- This repoft may not be reproduced except in full.

Page 3 of 9



-, ::'
rn:r:AmilEJl A*tvthdF,oltuws.1* tctz ci,nl!.*rY t's-tgt-7'?5 ' napic ciiv, s0 188-6?2-t2?S c'llee. siaiisn' TX 8Bg-Es0-2?18

*to***, i*o."rlcAl REPoRT
Prepared by Collrye Station, TX Branch Revised Date: 01/i4l1 j

Clienl: Soii Analytical Services lnc Reporl Da!c:. A1/14111

Proiect: NMSWD collection Dale: 12J11/10

Lab lD: T101200s7-002 DateReceived: 1u21na
Client Sample ID NE Bkgd 40' Matrix: Soil

Analyses
MCU

Besult Units Qualitiers RL QCL Melhod Analysis Date / By

1:1 EXTRACT
Chloride 434 ppm D 10 E300'0 12t28nA 12:58 I alm

Repo* RL - Analyle reporting limit.
Delinitiora: eCL - euat\ controt timit.

D - RL increased due to sarnple matrix-

MCL - Maximum coniaminant level.
ND - Not deiected at:he reporting limit.

Page 3 of 14

me results represented within this repoft relate only to tle #mples as submrfied. This repoft may not be reproduced except in full.



,_i. __,1_ _- ,, Y--n mrw.enetgia0-eon, Hai:na. it{i 0?I-1?2-071I BiijinSs, }ri 800-}35-tH89 Casper, }11 088-23t-0il I
iffiffitb tnfind&ccilwfiece t*fr cilelie, ti'y E6ts086-Ii?5 Rapid ii:y, S0 g8g-6?l-t??5 . 

Cotiege Srrtion. TX 088-6S0-2118

LAEORATORY ANALYTICAL REPOHT
Prepared by Gollege Station, TX Branch Revised Dale: 01i14/1 1

Client: Soil Analytical Services lnc Report Dalet 01114111
Project: NMSWD Collection Dale:. 12114110 12:30
LablD: T10120097-003 DateReceived:1A21nO
Client Sample lD NE Bkgd 90-91 Matrix: Soil

Analyses
MCU

Result Units Qralifiers hL OCL Method Analysis Oale / By

Organic Carbon, Total (TOC) 0.8 0/" 0.1 ASA29-3 12n7n$ 10:141 ndc

1:1 EXTRACT
Chloride ND ppm D 10 E30O.0 1U28i10 13:15/ ajm

Report RL - Analyte reporting limit.
Definitions: eCL - eudity controt timii.

D - RL incre6ed due to samDle matrix,

MCL - Ma:<imum conlaninant l! /el.
ND - Not detecled at the reporting limit.

Page 4 of 14
The rcsulls repre*nted within this ropoft rilate only to the samples as submitted. This repott may not he reproduced except in full.



nryrd.efiergr.ab.c0n

,tdfriEal Ace,Erl!e Sig,z t I 52

LABORATORY ANALYTICAL REPORT
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Soil Analytical Services lnc
NMSWD
T10120097-004
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Helena, I'lT 8?7-412-0ll I Eiilings, tll 80ll'?35'&89 Casper, ltY {$t'?35'0tl 5

Gillelie, ?YY 855-686-?l 15 Rapic Cit], S0 Sa0-5??-]215 collese Siation. Tx t88-t90-22t g

Clienl:
Project:
Lab lD:
Client Sample lD

Revised Date:
Report Date:

Collection Date:
DateReceived:

Matrix:

a1n4!11
01i14111
1V1411013:20
1A21rO
Soil

Analyses Fesult Units Qraliliers RL
ttcu
QCL Method Analysid Datel By

Organic Carbon, Total (TOC)

1:1 EXTRACT
Chloride

0.8

12 ppm

0.1 ASA29-3

E300.0

1A27l1O 10: l7 l mdc

12J28i10 1333 / ajm

Report
Definitions:

RL - Analyte reporting limit.
QCL - Qualiry conlrol limit.
D - RL increased due to sample mafix.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.

The results represented within this repott retate only ta the samples as submitted. This repoft may not be reproduced except in full.
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RevisEd Date:
Report Date:

Collection Date:
DateReceived:

Matrix:

a|n4111
a1n4t11
12115i10'16:00
12t21t10
Soil

Analyses Result Units (hralifiers RL
mcu
OCL Method Analysis Date / By

Organic Cabon, Total [fOC)

1:1 EXTFACT
Chloride

0.10.4

741 ppm

ASA29.3

E300.0

12J27110 10:19 I ndc

12128110 13:50 I ajm

Report
Detinitions:

RL - Analyte reporting limh.
QCL - Qualiry control limit
D - RL increased due to satnple mairix.

fulCL - Maximum contaminant levd.
ND - Not detffted aithe reporting limit

The results represented within this repod relate only to the sartples as submifted. This repoft may not be reqoduced except in full
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Soil Analytical Services lnc
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West 8'> 10'

xelena, IHI 8?I4??-0?1 1 Sillirgs, l,lT 800-?35-44S9 easper, WY 888-335-051 5

Gilletie,WY80L686-7175 Rapidcity,$DBN8{ll-1??5:cottegeSirtion.Txt6S-lSt-2218

Client:
Proiect:
Lab lD:
Client Sample lD

Revised Date:
Report Date;

Collection tlate:
DateReceived:

Matrix:

01 114i11
a1n4!11
12/1511012:40
1U21t10
Soil

Analyses Result Udb Qualifiers RL
MCU
QCL lllethod Analysis Date / By

1:'l EXTFACT
Chloride 6650 ppm l2j28i1} 12:n I a)m

Beport
Ilelinitions:

RL - Analyte reporting limit.
QCL - Quality control limit.
D - RL increased due to sample matrix.

MCL - Maximum contaminant level.
ND - Noi detected at the reporring limit.

The results represented within this repaft relate only to the samples as submifted. This repoft may not be rcproduced except in futl.
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LABORATORY ANALYTICAL PEPORT
Prepared by College Station, TX Branch

Client: Whole Earth Environmental Report Date: 01/18/1 .l

Proiect: NMSWD Johnson Collection Date: 1 ?3011 0 12:05
Lab lD: T1 1 01 001 8-003 DateReceived: 0'1/0611 1

Client Sample lD West Source 100' Matrix: Soil

Analyses
MCU

Result Units Qualifiers RL OCL Method Analysis Date/ By

Organic Carbon, Total (TOC) O.7 V" 0.1 ASA29-3 0l/11i.11 14:03 / rndc

't:1 EXTBACT
Chloride 79 ppm D 10 E30O.0 Ul1A11 14:36 l{m

Feport RL - Analyte reporting limit.
Deliniiions: eCL - eualitycontrot li'nit_

D - RL increased due to sarnple mdrix

MCL - Maximum conaminafit levd.
ND - Not deieded at the reporting I'mit

The results repreented within this report relate only to the sa/rples as srbnritted. This repoft may nat be reproduced except in full.
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LABORATORY ANALYTICAL HEPORT
Prepared by Gollege Station, TX Branch

Client: Whole Earth Environmental
Proiect: NMSWD Johnson
Lab lD: T11010018-001
Client Sample lD Wesi Leak 110'

H:Jena, MT 8?1-4??-071 1 Eiliings, tit 800-1354489 Caspi wY S88-?35'0i1 5

Gillelte,sYS66-t86-11?5 napidCity,s0ESF[?2-|2?5'NdlleseSi6tian,TXABS-E90-2118

Report Date: 01118/11
collection Dlle: 1213a/ 10 .l 2:1 0

DateReceived: 01106/1 1

Matrix: Soil

Analyses
MCU

Resull Units Qilalifiers RL QCL Method Analysas Date / By

1:1 EXTRACT
chtoride 206 ppm D 10 E300.0 01112i1'l 13,221 4m

Feport RL - Analyte reporting limit.
Definitions: eCL - Guality control limit.

D - RL increased due to sample rnatrix,

MCL - Maximurn contaminant level.
ND - Noi detected at the reporting limit

The results rcpre*nted within this reryd relate anly to the samples as submitEd. This repoft may not be rcproduced except in fult.
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Appendix D

L. Highlighted Map of Sand Gate Area.
Z. Ground-Water Conditions in Northern Lea County, New Mexico, reports by

Sidney R. Ash 1963.
3. 1988 report " Hydrogeology of Lower Cretaceous strata under the southern High

Plains of New Mexico" by Fallin of the Texas Water Development Board.
4. "Geologic and Hydrogeologic Evaluation of Borings and Monitor Well At And

Around New Mexico Salt Water Disposal Co., lnc. Station L1- AP053 located in
Section 21, Township 10 South, Range 34 East." Dr. Kay Havenor
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Executive Summary

As the result of New Mexico Salt Water Disposal Co., Inc., (NMSWDC) produced water
releases at its Station 11 tank battery, Unit D of Sec. 21, T10S-R34E, Lea Co., New
Mexico State Land Office (SLO) directed soil borings be made to determine the extent of
the contamination, if any, resulting from the releases. See page 1.

Four soil borings, SB-1, 2, 3, and 4, from 11 ft to 16 ft were made and found no water,
but soil chlorides analyzed in the laboratory exceeded 250 ppm (mdkg) and the SLO
initiated requirements for additional deeper borings. See page 1.

Four deeper soil borings, SB-1A, 2A,3A, and 4A were drilled to 36 ft with SB-4A
stopping at3l ft due to penetrating 0.18 ft (2.16 n) of produced water saturated silty clay.
See p. 2.

Recovery well RW-1 was drilled a few feet from SB-4A and encountered no water after
sitting for one hour. After one week, only enough water was recovered for an analysis
sample. A year later less that one liter of water was recovered. The term aquifer is
defined at length and the conclusion is that this is not in an aquifer. See p. 3.

Monitor wells MW-1, MW-2, and MW-3 were drilled to 135 ft, 139 ft, and 135 ft.
MW-2 and MW-3 had no shows of water until penetrating the water table of the
Cretaceous sandstone aquifer at ll7+ ft. MW-1 had a small accumulation of produced
water at 61 ft to 63 ftinbasal Ogallala sand on top of the disconformity at the top of the
Cretaceous shale aquiclude. Water in the Cretaceous sandstone is below 117 ft in the
USGS aquifer unit designated as Cretaceous System (2l0CRCS). See p. 5.

Three more monitor wells found small accumulations of produced water seen at 61 ft in
MW-l. MW-4, MW-5, and MW-6 were drilled to 65 ft, 30.5 ft, and 65 ft, respectively.
MW-5 encountered a show of produced water 0.9 ft (10.8 in) thick across the base of a
sand and the top of a fat clay at 30 ft TD. MW-4 had3.27 ft of produced water at 64.49
ft (basal) Ogallala sand to 63.49 ft in the Cretaceous shale at 63 ft. MW-6 similarly had
3.36 ft of water from 59.87 ft in lower Ogallala sand and Cretaceous shale to 63 ft. See
page 5.

Vm. The produced waters found in RW-l and MW-5 are very small accumulations tn
restricted areas, trapped on and in the top of a clay barrier. Produced water found in
MW-l, MW-4, and MW-6 at approximately 60 ft is captured in and on the top of the
Cretaceous shale, an aquiclude. The quantities are small as evidenced by their thickness,
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lack of response to bailing and recharge, and their absence in MW-2 and MW-3. The
produced water occurs in zones that are otherwise void of fluid. None of the zones are in
paths of recharge to the Cretaceous sandstone aquifer. Individually and collectively they
form no threat to the Cretaceous sandstone aquifer. No potable or protectable water
supplies are present in the area above the isolated Cretaceous aquifer.

Concems as to contamination of windmill wells are not valid. The Lucky windmill is
contaminated with nitrates from livestock watering at the well. Nitrates are not found in
oiVgas produced waters. Nitrates found in MW-6 had to be present in the zone prior to
the accumulation of produced water at the 60 ft zone from spill(s) at Station 11. The
leakage direction from the Lucky windmill to the MW-6 arca is confrmed because of the
absence of bromide in the Lucky water analysis, plus the nitrates occurring in MW-6.

The compilation of a geological profile of the shallow subsurface demonstrates that very
small volumes of produced water are trapped on and in the upper surface of either the 30
ft deep fat clay in the Ogallala Formation, or the 60 ft deep disconformable Cretaceous
shale. The data also shows the respective clays/shale are significant aquicludes that
protect the fresh water of the deeper Cretaceous sandstone aquifer.

This study concludes that the produced water releases at Station 11 have not
contaminated or endangered any groundwater under or immediately adjacent to Station
11. There is no protectable water in the greater Station II area above the underlying
Cretaceous sandstone aquifer.

The Cretaceous sandstone aquifer and its water are safe and highly protected by at least
one overlying, thick, contiguous Cretaceous shale aquiclude. The water in the Cretaceous
sandstone aquifer is of generally good quality. No evidence can be found that places the
Cretaceous aquifer water at risk, save the nitrates emanating from Lucky windmill.

XIII. More than adequate monitoring capability at Station 11 is present to insure these
conclusions remain correct. The recommendation of this report is that monitoring
continue for a reasonable time. No further testing is required. The meager amounts of
produced water found should be left undisturbed for natural attenuation. They pose no
threat of vertical or horizontal migration.
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Introduction

NMSWD's Station 11 is located in New Mexico Oil Conservation Division (OCD) Unit D
of Sec. 21, T10S-R34E,Lea Co., New Mexico.

Since 1999, NMSWD has experienced produced water releases totaling approximately
1,700 bbls, of which about92Yo was recovered. The unrecovered water amounts to approximately
136 bbls. In 2003, NMSWD was required by the SLO to make soil borings to preliminarily
evaluate possible contamination as a result of the releases.

Initially, four shallow borings were scheduled with locations approximately at the corners
of the E-W orientated Station 11 tank battery, Figure 1, p. 1. SB-1, SB-2, and SB-3 were 11 ft
deep. SB-4 was drilled to 16 ft. No BTEX or TPH was detected. No water was detected. Soil
chlorides were laboratory measured and found to be above 250 ppm (mgll).

The SLO required addition soil borings (Figure 1, p. 1) be made because the soil chlorides
were greater than 250 ppm (mg&g) (the EPA ppm maximum recommendation for drinking
water).

I
ry

I

sB-3.3-a

LO'0io. So;' Borinq (frP.)

CMB ENVIRONMENTAL & GEOLOGICAL SERVICES' INC.

SITE ]NVESTICATION
SOIL BORINC LOCATION MAP

lo^t, lr&. a I "2:i,'" ffi .w n t

Figure I Locations of soil borings SB-1 to SB-4 and SB-1A to SB-4A (Barnhill,2007)
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Secondary Soil Borings

Soil borings SB-1A, SB-2A, and SB-3A were drilled to depths of 36 ft without
encountering water. SB-4A drilled a clayey sand from 19 ft to 27 ft, followed by a tighter fat clay
fromT7 ft to TD 31 ft. Water was found within the silty fat clay at30.82 to 31 ft that field tested
45,000 mg/l chloride, but had no hydrocarbon odor or staining. The thickness of this water zone
was only 0.18 ft (2.2 inches).

Discussion of SB-4A water zone characterization

Barnhill (2004,p.14) in reporting the drilling of SB-4A described the thin water zone
saying, "A perched aquifer was found in soil boring 44' perched on top ofthe cLay zone at3l' feet
(sic) below ground surface." After examination of the drilling data, log descriptions and chemical
analyses, along with numerous conversations with Mr. Barnhill, two facts emerge. First, a
corrected and more appropriate description of the SB-4A water zone would have been, "A very
thin water saturated zone was found within a tight silty fat clay drilled from27 to 31 ft BGS."
Those depths are from the penetration rate and descriptions of the split spoon samples of drilling
the interval from27 to 31 ft. The correctly reported show of produced water was 2.2 inches thick
and almost 4 ft beneath the top of, and within, the clayey interval. Second, unfortunately, the
graphically plotted sample log is not quite as detailed as are the on-site in-drilling handwritten
descriptions. The graphic log simply is too small to accommodate the lithology change at27 ftto
31 ft. The level of the water show interval displayed on the graphic log is correct. The field notes
do correspond to Barnhill's (2004, p. 14) textual discussion. The graphic log places the water
show in clayey sand whereas the on-site drilling log indicates the interval27 to 31 ft was fat clay
with brown inorganic silts. The plotted sample log notes soil chlorides from 29-31 fr. at 3900
ppm. The field notes show the HrO chlorides at8220 ppm and VOC's at8260 ppm. VOC's had
been non-detect in all the other wells.

Unfortunately, the reader tends to focus on the graphical depictions of test holes and
bypass the more tedious examination of handwritten field notes. In the case of SB-4A the
difference, although small, is significant. The implications of the presence of water, albeitZ.2
inches, in the bottom of a sand is substantially different than when within a silty fat clay. Clays
have very significant porosity, very low horizontal permeability, but virrually no vertical
permeability. Water in a sand is visualized to have the capacity to move horizontally and
vertically. The water in a clay is, for all practical pu{poses, immobile.

The water zone in SB-4A was not bailer tested during drilling. The show of water was
correctly handled on-site by Bamhill's not penetrating deeper and potentially opening a conduit to
any water that might be deeper. Bailer testing was performed after the development of a twin
recovery well, RW-4, as discussed later.



Connotation of "Aquifer"

The unintended application of the word "aquifer," in it's technical sense, combined with
the insufficient graphical representation of the water show having occurred in a sand instead of a
clay may have allowed a misreading of the geological implications of groundwater at and around
Station 11. That raised concern as to potential contamination of much deeper, quasi-potable
(livestock) water suspected to underlie the immediate area. The OCD's initially conservative
approach was to the presence of water with high chloride concentrations in the immediate vicinity
of Station 1 1 and potentially above a regionally recognized aquifer.

The conclusion in Mr. Price's letter (AP053,2008, p. 4) in rtem 12, that "the deeper,
regional aquifer encountered at 100-105 feet BGS has not been contaminated by a release from
Station 11" implies a shallow aquifer to be locally present. However, the OCD's concern also
appears to have been to the protection of any water in a recognized aquifer, and the "perched
aquifer" fell into that broad grouping. A brief discussion of the hydrogeological and scientific
understanding of the word "aquifer" seems in order.

The lay meaning of "aquifer," from Webster (1980), is simply a"watet bearing stratum of
permeable rock, sand, or gravel." In the scientific realm, Todd (1980 , p. 25) states, "An aqurkr
may be defined as a formation that contains sufficient saturated penneable material to yield
significant quantities of water to wells and springs." A highly respected and accepted authority on
groundwater, Driscoll (1986), describes an aquifer (p. 19) thus: "An aquifer is a water-bearing
reservoir capable of yielding enough water to satisfy a particular demand." On the more
contemporaneous side, Wikipedia (2009) states, "An aquifer is an undergtound layer of
water-bearing permeable rock or unconsolidated materials (gravel, sand, silt, or clay) from which
groundwater can be usefully extracted using a water well." The OCD definition is: "Aquifer"
means a geological formation, group of formations or a part of a formation that is capable of
yielding a significant amount of water to a well or spring (NMAC 19.15.2.7.A.(13).

Discussion of recovery well RW-l

Based on Bamhill's (2004) report of 2.2 inches of water in clay in SB-4A, a recovery well,
RW-l, was drilled a few feet away from the SB-4A boring, on the northwest corner of Station 11

as shown in Figure.2, p. 4. RW-1 ws drilled on June 13,2007 and the well was developed
(completed) on June 21,2A07 . Bamhill {2007 , p. 1 1) reports that during drilling to TD 33 feet no
water was encountered. The SB-4A wet zone, only a few feet away, was not present. Upon
completion of drilling, the well was rested for 60 minutes to allow water entry. No water entry
occurred. During development of the recovery well, one week later, a water sample was
recovered, but the well "quickly bailed down and had slow recovery . . ." (Bamhtll,2007 , p. 11).



The very small amount of water recovered and the nature of the poor r!covery initially led
Barnhill to consider the fluid was derived from construction. The well was left to recover and was
completely secured. On July 10,2007 the well was bailed dry after yielding atotal of eight (8)
gallons of water. After 45 minutes the well had not recovered any water.

After receiving the laboratory analysis of the RW-l captured water, Barnhill (personal
communication) reconsidered and concluded that the original sample was from produced water.
Approximately one year later the well was unlocked and bailer tested for water by Mr. Barnhill
accompanied by Mr. Rory McMinn. Less than a full liter of water was obtained for analysis,
reportedly with considerable difficulty. The hole, for practical purposes, was virtually empty.
That information is completely consistent with the lithologic description of the produced water
zone in SB-4A, detailed above. It is also apparent this zone is not an aquifer.

Monitor Well Development

Monitor well development began on June 12,20A7 with the drilling of MW-1, MW-2, and
MW-4. The details of drilling and construction are in Bamhill's (2007) comprehensive report.

Monitor Wells - First Phase

MW- 1 is located toward the southwest corner of Station I 1 , as shown on Figure 2, p. 4.
No water was observed at the 30 ft depth interval of SB-4A. When the driller pulled the center
rod at 63 ft, after having drilled sand from 41 ft, he noticed clay. Upon going back in the hole
there was 2 ft of water on top of a 40 ft thick, very-tight Cretaceous shale. The Cretaceous local
aquifer, discussed below, was found beneath the shale in the lower part of a sandstone at 117.23
ft. TD was 135 ft.

MW-2 is located north of the northwest corner of Station 11. The hole was dry in drilling
to below 120 ft, A 1og notation indicated that no water came into the hole. Drilling was
temporarily suspended at I24 ft due to lightning. After resumption of drilling shale (fat clay) was
penetrated from 133 to 135 ft. The well was completed at 139 ft (rathole) because of heaving
sand from I29 - I33 ft. The well was set to 135 ft. Top of water was called at ll7 ft, with water
level at ll6.9t ft, upon completion in the Cretaceous local aquifer.

MW-3 is located southeast of Station 11. After drilling the sand from 49 ftto 64 ft
(through the interval with water in MW-l and MW-4) with no show of water, drilling was shut-
down for night. The next moming the hole was dry. Driling was advanced to 119 ft where the
hole was dry. Additional drilling with meager to no sample retums went to 139 ft. The water
level on completion was at 119 ft in the Cretaceous local aquifer. Based upon meager samples,
the TD of the well appears to have been at the top of the Triassic Dockum Formation.
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An annotated cross-section including MW-1, MW-2, and MW-3 from Barnhill (2007) is
shown below as Figure 3,p.7, and is helpful in following these discussions.

Monitor Wells - Second Phase

The second phase of monitor well construction was precipitated, in part, by the ocflrrence
of 2 ft of water on top of the Cretaceous shale in IVIW- 1 at 6I ft to 63 ft. The drilling of this
second phase began April 14, 2009 under the direction and supervision of Mr. Barnhill.

MW-4 was drilled to south of Station 11 to TD 65'. No water was encountered in the

interval observed in SB-4A. A test in the clay at 30.30 ft showed the hole was dry. Produced

water was fognd from60.22'to 63.49' (3.27 ft thick) in sand overlying the disconformity on top
of the Cretaceous shale (fat clay) and into the top of the shale. Lab chlorides jn the water sample
were 33,000 mg/I. The borehole log for MW-4 is shown in Figure 4, p. 8.

MW-5 was drilled 100 ft north of MW-2 as shown in Figure 2,p.4. The well encountered

0.9 ft of water interval from 29.6 ft to 30.5 ft. Drilling was not taken deeper to prevent potential
communication with deeper zones. L,ab chlorides on the water sample were 28,000 mg/I. The
borehole log for MW-5 is shown in Figure 5, p.9.

MW-6 was drilled west of Station 1 1 (see Figure 2, p. 4) to a depth of 67 ft. Drilling was

halted for 24 hours to test for water from 30 ft to 32 fu. Water observed at this depth in MW-5
was not found in this well. Water was encountered at 59.87 ft in sand overlying Cretaceous shale

and its disconformity at 63 ft.. TD was at 65 ft in Cretaceous shale. The top of the water was

reported at 59.87 ft. Lab chlorides on the water sample were 20,000 mgll. The borehole 1og for
MW-6 is shown in Figure 6, p. 10.

Monitor wells MW-1, MW-2, and MW-3, as shown by Barnhill (2007) in cross-section,
Figure 3,p.7,provide important hydrogeological information relating to this immediate area as

regards strucfual attitude, sedimentary depositional environment, and the Cretaceous local aquifer
water table. These wells penetrate the Cretaceous shale that forms the aquiclude above the water-
bearing sandstone beneath.
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Figure 4 Borehole log MW4 (Barnhill,2009)

CME Environmental & Seological Services, lnc,

PO Box 23O4 Rostpelr, NM 88202-23o,4
c 4n h e q, yqr o,:ft df 4 " 

p: o nt
lsW

FIELD BOREHOLE LOG
Er-rREH,-iLE l'.l(j hI\\'-{
TTITI\L DEF'TH 65'

trRlLLll'1ri tllF{'RF.4ATll-)l,lp['r]r,lIr;f ll.,lFOF'h,lATl(:jl.l
lRlLLll'lG C'] . Perersorr l)rrthrrg (_,0

DRILLER (.'h:ules Jolurson
Frlt-i T'|FE IR TH-oO
l',,'1ETH(lD (lF DFIILLII'IG -\x R{'tlr"}'
SAMPL|l'JG hIETH{-]D:; Spht lipool
HAI./I,/ER V'...T JDRI)F N .\

FF(r-lEi-T NNIS\U) l\I\\ I)r'lhrrg
S|TE L(_ri,ATltuJ Lea (,,orurrr.. NAI
.rilB t.J(-j,

LilGGEtr Ei (.'hI Barllull. Pi,i
PRC'-IECT l'4AllA{lEF Rorw I\IrAluur
DATEg tiFIILLEtI OJ I{ 09

llalTtr:l
31ilit ipoon Prr-:.lryil rry TH-Elt [tr'llr.rg Frg

s V{il,:r let/Bl durinll drillin!l
r lrvatBr letL'l rn lprnrrlet!r1 well FillE 1 n{ 1

SrlrlL DESr:r RtFTlCrr.t
(/ELL

DEEiiFrlPTlr rl'l

B

-1L-l

-tt

-15
-30
-:1 5

- +r:l

-{5
-50
-55.:
v

- ri5

-f rl

5lI

Slil

:il
L:L

l{L

5ti

i-lH

!h,1. Tan ElroYrn :5
'/RrE.r: rine $ t0 nedium
!r:and , lift,.q cnlif;he

gp1 1r
ljFoorr
sril
gsFl.e s

0,5

[, -c

1,lr

r.0

1.rl

I. r:l

1.0

lIT.l/
l:
tt! /

Nf,T /
4rlLl

,tJ,/
960

1-rti

l,lfr ,/
r 1.00

l,lD ,]
I 400

:+f Blorrr ite(t gr rand,
\qell :0ded I 5 lR 6/4

for TFH
HFd
g0r5
GFN
rf,Ei
ETE)i.

!a (:14,,/iy lilti, Snnil,

dL Brr"r 'tr Fet {:lay

ttl a_rlfi yey -.,ilt!, Snn{i,
\,ell0\'n-redbrc,en,f fl 5fl nd,
15Y. rlfr"/

t r!D

'Iot aI
teFEh
.t
E La r rrrg
0 EvEr-t
.trl'
taPt.

:1,.V \Jet,/ iineBr D$'rrlqrrd
715 i'E 6.'E ,:ilt irclsylrare
rjrivel, Ferrlred t Jalir
brl.::'BGS 51.48' frBn
TaC aontleled \A/eil

CH ilE\,. laght oli'/e br,rlvn
t! ll(.lhl t4llo*iih broriln.

l:enent / Grout

Eent,rni te

TD 65' CEnert
rirEut 0'-
,5' ,Frf,.rnlt.e
.s,-4:'. :n,,.t!
Sald 45-
E5'.0,0I1r ilnt,
S,lreen {.5r-65 |

8



Figure 5 Borehole log MW-5 (Barnhill, 2009)
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Figure 6 Monitor well MW-6 (Barnhill, 2009)
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Geology Revealed by First and Second Phase Borings

Monitor well elevations, Figure 7,p. 12, illustrate the Station 11 area is close to 4,218 ft
MSL. MW-l is mounded 3-feet higher than the surrounding wells and is less than 10 ft south of
the intersection of a N-S road into an E-W road. The contouring ignores the roads and the likely
man-made mound related to the construction immediately north of the well. The regional ground
surface in Section 21 is known to slope east at 25 feet per mile, approximately Il4. Station 11 is
essentially aflat arca. The USGS topographic quadrangle map shown in Barnhill (2004) marks
the elevation of the southwest corner of Station 11 tank battery tobe 4217 ft MSL.

Two horizons provide excellent structural reference for all three first phase wells. The
uppermost horizon is at the base of the Quatemary sand, silt, caliche horizon to about 19 ft as
highlighted by Barnhill {2007), shown here in Figure 3,p.7. This marker is the top of a beveled
Ogallala Formation overlain by Quatemary sediment. The marker is essentially flat. The
lowermost marker is the groundwater table for the local area's groundwater in Cretaceous age
sediments. Figure 3 demonstrates the Cretaceous water table as essentially flat. The water levels
on July 7,2007 were: MW-2: Ll6.9I ft, MW-l : 117.23 ft, and IvIW-3 : 116.85 fto a maximum
variation of only 0.28 ft (3.36 in). Figure 3 shows the ground's surface, the eroded surface of the
Ogallala Formation, the lowermost bed of Cretaceous sandstone, and the water table in each of
the wells, all of which are quasi-parallel with only a 0.38 ft gtadient from MW-2 to MW-l

Beneath the clayey, brown sand, silty unit and brown clay unit of the Ogallala Formation
(at 42 ft in MW-2) is the first sand in which produced water occurs, but only in MW-1. Both
MW-2 and MW-3 are dry in that interval. This sand is the same zone in which produced water
also has been found in MW-4, and MW-6, p. 8 and 10, respectively. In all three of these wells
(MW-1, MW-4, and MW-6) produced water is only in the most basal part of the Ogallala sand
that is disconformable on top of Cretaceous shale. These three wells are located to the west and
southwestof Station 1l tank(Figure 2,p.4).Figure 3,p.7, illustratesthatthedepthsofthissand
in MW-1 and MW-3 are essentially the same, but MW-2, located on the northwest corner of
Station 11 tank battery, is structurally higher.

The sand at 42 ft in MW-2 was not penetrated in MW-5, located 100 ft north, because it
stopped at TD 30 ft. The top of the MW-2's clay at 30 ft overlays sand (42 ftto 57 ft). The clay is
also present in MW-5 at 30 ft and is the bed that traps and holds the very thin occurrence of
produced water shown at29.60 ft on the borehole log, Figure 5,p.9. The water zone in MW-5
extends into the clay layer to 30.5 ft, a water column thickness of 0.9 ft. Lab chlorides on the
water measured 28,000 mg/I.
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The 40 ft thick shale beneath the Ogallala and the Cenozoic-Paleozoic disconformity is on
top, the aquiclude, of the water bearing sandstone in MW-1, MW-2, and MW-3, as shown above
in Figure 3,p.7. MW-4 and MW-6 were only drilled to 65 ft, but both have the same shale
underlying their happed water zone in the 60 ft range. It is a reasonable geological projection that
the shale zone is present with consistent thicknesses in MW-4, MW-6, and beneath Station 11 as
evidenced by its presence in MW-2 and MW-3.

Shallow Stratigraphy and Structure of the Study Area

Fluids must move through soil, sediment and rock to penetrate into the subsurface. The
fate of the fluid's movement is dependent upon many factors including the mass/volume of the
fluid, time, and most importantly, the formations through which they must move.

Within the immediate study area the surface is covered with 15 ft to 19 ft of Quatemary
alluvium, mostly in the form of fine blow sand and caliche. The underlying Tertiary Ogallala
Formation extends from about 19 ft to a depth ranging from 57 ft in MW-2 to a maximum 63 ft
depth in the remaining wells. The Ogallala aquifer is not present in this greater study area as
mapped by Ash, 1963. The Ogallala Formation is present, but all fresh water in the greater part of
T10S-R348 is derived from the Ash's (1963) Cretaceous unit mapped with the symbol Kcl. The
Cretaceous unit is an erosional remnant upon which Ogallala was later deposited.

A disconformity is present and identified as such from a split-spoon samples in MW-4
across 63 ft. The zone has excellent correlativity to all the sands found in that interval in the other
wells. The disconformity is the Cretaceous-Ogallala contact and is a time break of some 42
million years. A significant change of lithology is apparent below the formation contact.

Figure 3 , p. 7 , shows that MW- 1 is located in a structurally lower position than the tops of
the correlative sands in MW-2 and MW-4, especially at the base of MW-l's Cretaceous shale at
104 ft.. The slight structural depression developed as a slight reduction in the thickness of the
Cretaceous sand beneath the shale at 104 ft in MW-l. This slightly lower structural position in
MW-l reflects upward into the overlying Ogallala. It forms the sag, or sump, into which 3.5 ft of
produced water accumulated in the basal Ogallala sand in MW-l. This is significant because it
shows 1) the upper Cretaceous shale is a strong aquiclude preventing downward movement of
produced water from Station 11, and 2) the trapped water at this horizon is isolated to a small area
around the southwest corner of Station 1 1. This additionally shows the volume of water in the
sump is relatively small. The contaminated thickness in the lower Ogallala thins slightly from
MW-1 to both MW-4 on the south and MW-6 on the north (Figure 2, p.4). The produced water is
absent in both MW-3, approximately 165 ft west, and MW-2, approximately 140 ft north.
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The log plot of MW-1 in Figure 3, p.7 , appears to be anomalous immediately above the
46 ft top of sand. In the adjoining wells, MW-2 and MW-3, the sand at 46 ft is overlain by a
brown clay. Comparison of the graphic plot of that interval with the on-site data recorded during
drilling discloses that a sandy, silty brown clay is actually present from 39 ft to 46 ft. The unit is
not as strong in clay as the correlative zones in all the other wells, but it is present. It also
provides a possible conduit to allow produced water from the surface to reach the 60 ft interval in
MW-1.

Drilling Testing Information

Soil boring and monitor well development details aid the understanding of the data being
reviewed. MW-l was at 63 ft on June 12,2007 when the driller noted clay on the bit when he
tripped out of the hole. Upon returning to bottom there was 2 ft of water which they sampled.
The hole was drilled to 65 ft in fat clay and millimeter thin stringers of sandstone and mudstone.
It is important to note that the recorded 2 ft were not logged as sand and clay, but as sandstone and
mudstone. At temporary TD of 65'the drilling was suspended by the contractor and was shut-
down for five days. Recovery well RW-l was completed before resuming drilling in MW-l. The
lithology encountered at63 to 65 ft in MW-l was reconfirmed with sligbtly more detailed sample
descriptions and finished drilling to TD at 135 ft.

Monitor wells MW-2 and MW-3 were drilled into the Cretaceous sandstone aquifer with
no observed water zones above the basal sandstone. Both were completed in the Cretaceous
sandstone.

Five monitor wells, MW-1, MW-2, MW-3, MW-4, and MW-6, penetrated the local
Ogallala Formation into the top few feet of the Cretaceous shale. The first three listed penetrated
the 40 ft thick upper shale unit of the Cretaceous in which the hydraulic conductivity is very low,
Ksat: 5.2-8. MW-5 was drilled into the Ogallala Formation, TD 30 ft, where it encountered 0.9 ft
of water in the Cretaceous shale (fat clay) beneath a clayey Ogallala sand.

Three monitor wells were drilled beneath the Cretaceous shale into the lower part of the
underlying Cretaceous sandstone. This sandstone has a measured water level 14 ft to 17 ft below
the base of the overlying shale aquiclude. MW-2 encountered heaving sediment in the basal part
of the sandstone layer at about 133 ft. The formation was drilled from 133 ft to 135 ft, and then
ratholed to 139 ft, into what may be the top of the Triassic Dockum Formation.

The Cretaceous water in MW-2 is effectively confined by the overlying shale, but is not
artesian because the sandstone is not water filled and therefore has no driving hydraulic head. The
Cretaceous waters do not have high chlorides content, but range from 538 to 648 mg[in MW-1,
MW-2, and MW-3. The chloride levels are all above EPA MCL levels of 250 mgA.
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Area Windmills

Two windmills tap the Cretaceous sandstone aquifer in the local area. The Lucky
windmill in Section 20 is l-mile southwest of Station 11 and the Sand windmill is 1.3 miles north
in Section 9. The chlorides in the two wells were 638 and 548 mg/l respectively. The Lucky
windmill wells and one additional unsampled well located in the NW4 of Section 27 , about | .7 5

miles southeast of Station ll, arc classified in the USGS groundwater data base as producing from
the Cretaceous System (210CRCS). The Sand well is not in the USGS well records.

The productive capacity of the Lucky and Sand windmills was described by Bamhill
(personal communication) as extremely weak when sampled in May 2009. When asked to
explain, Mr. Barnhill reflected that it was about enough water to allow the cows to get a drink,
illustrating a finger size stream from the windmill at Lucky well and from the solar powered
electric pump at Sand we1l.

Bailing from the bottom of the Cretaceous sandstone aquifer in the Station 11 MW-3
completed well yielded approximately 15 gallons of fresh water from lL7 ft. The well completion
field notes indicated "slow recovery!" That suggests the visual pumping discharge described by
Mr. Barnhill at the Lucky and Sand windmill wells was reasonable.

Windmill Contamination

USGS water levels have been reported in the "Cretaceous System local aquifer" Lucky and
the ranch well southeast in Section2T . Total depths of the ranch well and Lucky well are not
reported in the USGS files. The OSE records suggest the Lucky well is at least 101 ft deep. The
last reported water level in the Luckywindmill well was 1981 at a depth of 34.11 ft. The water
analysis of water taken from the Sandy windmill is geochemically inconsistent with the Lucky
windmill data. No information is available on the Sandy windmill as to depth or water level. The
Sandy well has therefore been disregarded in this analysis. Cretaceous water analyses from the
Station 1l monitor wells MW-1, MW-2 and MW-3 were reported by Bamhill (2007) and are
geochemically consistent with the water from Lucky windmill, except for nitrate levels. No
Ogallala aquifer is reported in the sections surrounding Station 11, or in most of this township, by
Ash (1963).

The water level in the Lucky windmill is at a height approximately the same as the top of
the first significant fat clay encountered about 30 ft in all the Station 1 1 monitor wells, except
possibly MW-l. The 34 ft deep water level in the Lucky windmill was not observed in the Station
11 wells, except for MW-5. The difference undoubtly has to do with the professional installation
of the monitor wells, their casing, screening, and grouting to prevent water zone mixing. That
cannot be assumed for the windmill well. The Lucky's well depth, at a minimum, puts the hole
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into the Cretaceous local aquifer, as the water chemistry very clearly confirms.

The Station 11 well lithology logs, water levels and analyses shows the aquifer beneath
Station 11 is not artesian. The water level is about 15 ft beneath the top of the sandstone host.
Lack of evidence otherwise requires we assume the Lucky windmill is similar. There is also
evidence, discussed below, that some communication exists between MW-6 and the Lucky well at
the 60 ft level. That communication presents conditions that must be met in MW-6, namely that
the incoming volume must be extremely small to match the amount of water accurately measured
in MW-6. It would further require that water being pumped from the Lucky borehole would stand
and maintain a water level around 34 ft over many years. USGS water level records from 1970 to
1981 show water levels from 37.01 ft to 34.11..

To evaluate the local rancher's expressed concern that produced water releases from
Station 11 have contaminated the Lucky stock water supply, a sample of water from the Lucky
windmill was taken at the same time as from MW-4, MW-5, MW-6. Samples from MW-l, MW-
2, andMW-3 had previously been collected and analyzed. Those analyses permit cornparisons of
bromide and nitrate to evaluate possible migration of contamination from Station 11 to the Lucky
area one-mile southwest.

Bromide and nitrates are each normally less than 10 mg/l in groundwater, except in special
circumstances not known to be present in this region. Nitrate in fresh water is characteristically
indicative of septic systems, livestock feeding, and commercial farming, none of which exist in
the Station 11 or Lucky windmill area, except livestock watering at the latter. Bromide is
generally in oil/gas related produced water in high quantities. Livestock presence is not physically
excluded from the Station II arca except from the fenced tank battery.

Unfortunately, the laboratory failed to analyze nitrates in the MW-5 sample submitted, but
it was analyized in the Lucky windmill well plus MW-4 and MW-6. EPA limits (MCL) for
nitrate as N in public drinking water is 10 mg/I. The EPA has no MCL for bromide, but it is
considered as dangerous over 10 mgll. Table 1 shows the concentrations found in the Lucky
windmill, MW-4, MW-5, and MW-6.

Table 1 Bromide and nitrate-N concentrations in Lucky windmill and momtor wells.

Compound in mgll Lucky MW-4 MW-5 MW-6

Nitrate as N ls.9 <2.50 NA 49.4

Bromide <2.50 940 512 609
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The hydrogeochemical argument is relatively simple. Nitrate is not found in oiVgas
produced water. Bromide is uncommon in fresh waters. Nitrate source is present in the Lucky
windmill at contamination levels. Professional well construction of the Station 11 monitor wells
is specifically engineered to prevent subsurface water contamination via the well bore except from
a specific horizon. Common construction of ranch water wells, including many domestic wells,
does not have the grouting and/or isolation to prevent contamination via the open borehole.

The Lucky well analysis shows it has 15.9 mg/l nitrate-N in its well water produced from
the Cretaceous groundwater aquifer. MW-4 has below measurable nitrate in water taken from the
lower Ogallala at TD 65 ft. MW-6 shows 49.4mgl nitrate-N from the bottom of the 65 ft grouted
and surface isolated well. The Lucky windmill well is the only potential source of nitrate and it is
assumed to be the up-gradient well. The higher level of nitrate in MW-6 can be directly related to
concentration caused by HrO adsorption and the resulting concentration of nitrates as very small
volumes of water have moved from Lucky to the MW-6 site for decades. The volumes constitute
seepage rather than flow. The Lucky windmill is one-mile southwest of Station 11.

The Lucky windmill has below detectable bromide whereas MW-4, and MW-6 have
940 mgfl and 609 mgll respectively. The high oil/gas produced water concentrations of bromide
are not seen in the Lucky windmill. The hydrogeochemistry demonstrates that water movement,
albeit small, is from Lucky windmill to the MW-6 site. Were there any water from Station 11

moving into the Lucky windmill there would be unquestionably high concentrations of bromide as

well as highly elevated chlorides and sodium. Water from Lucky windmill is and has moved into
the MW-6 site through the sand along the top of the Cretaceous disconformity at 63 ft. No
bromides, and no high sodium-chlorides (elevated above that seen in the Cretaceous sandstone)
demonstrates that water is not moving from the Station 11 area to the Lucky windmill. An
additional consideration to these indicated movements is that of time. With no driving flow of
water, and the observed minuscule, isolated volumes, the rate of movement of either fresh or
produced water through the Ogallala sandy horizons present in this environment would be truly of
geological proportions.

The initial round of soil borings (SB-1, SB-2, SB-3), at the corners of Station 11, found no
shallow indications of water, but did record soil chlorides above 250 mg/kg (ppm). As has been
noted, the 250 ppm value is the EPA's MCL limits in water for safe consumption by humans.
New Mexico has no health or environmental standards for soil chlorides. If soil chloride
standards were set at250 mdkg there would be large areas, especially in southern New Mexico,
where soils in their native/natural state would be in extreme violation.

Septic systems are an excellent example of using soils as filters to puri$ waste water. The
filtering and ion exchange processes essentially adsorb ions andlor particles as well as exchange
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ions such as Na/K, but generally excepting nitrates. However, there no known water/rock
(mineral) interaction that will remove chloride from groundwater.

The chloride content of the 61 - 63.5 ft produced water in MW-1 was 21,000 mg/l whereas
the underlying regional aquifer water was 550 mg/I. The separation of the two zonss is effected
by the 40 ft+ Cretaceous shale (fat clay horizon) above the Cretaceous aquifer sand. The water
samples from the Cretaceous aquifer in MW-2, and MW-3, plus the more distant Luckywindmill,
individually and collectively confirm that the Cretaceous shale has effectively prevented any
downward migration into the Cretaceous aquifer from the thin, dispersed and areally isolated
produced water shows at Station 1 1. Unfornrnately, the Cretaceous sandstone aquifer beneath
Lucky windmill has nitrate contamination.

Conclusions

Four shallow borings, SB-1, 2, 3, and 4,were drilled to a maximum depth of 16 ft. No
water, BTEX or TPH was detected, but laboratory analyses found soil chlorides to be above 250
ppm (mg/l). Although 250 mg/l chloride is an EPA MCL for drinking water, New Mexico has no
standard fot soil chloride concenffations.

Because of the >250 mgll chlorides in soil samples, the SLO required additional soil
borings. Four new borings were drilled close to the original soil borings near the corners of
Station 11. SB-1A, SB-2A and SB-3A were drilled to 36 ft into a clay layer without encountering
any water. SB-4A was drilled at the northwest corner of Station 1 1 to a TD of 3 1 ft in clay.
Water was noted in the clay from 30.82 ft to 31 ft, a thickness of 2.16 inches. Chloride content of
the water was 45,000 mgll.

The SB-4A water zone in clay was inappropriately referred to by Barnhill (2004) as a
"perched aquifer." This writer, following geological concepts, disagrees with the SB-4A zone
being classified as an aquifer. It should more appropriately have been described as "A very thin
water saturated zone was found within a tight silry fat clay drilled ftom27 to 31 ft BGS." Less
than2.2 inches of water in a fat clay does not constitute an aquifer or groundwater protected by
the OCD's abatement regulations.

Three monitor wells plus a recovery well immediately next to SB-4A were ordered by the
OCD. MW-1, MW-2, and MW-3 were drilled at locations shown on Figure 2,p.4. Two monitor
wells were drilled to TD 135 ft. MW-3 was drilled to TD t39 ft. Water levels were found in all
three wells at about lI7 ft tn Cretaceous sandstone. No contamination was found in the
Cretaceous aquifer water. The USGS classifies other wells in this aquifer in the immediate area
as Cretaceous local aquifer (Cretaceous System (21OCRCS)) (Ash, 1963).
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Water was found during the drilling of MW-2 in Ogallala sand from 63 ft to 65 ft, directly
on top of the Cretaceous shale. The hole was cased and drilling continued to TD 135 ft in the
Cretaceous aquifer sandstone where the well was completed. No contamination was found in the
fresh water at TD. The Cretaceous clay above the aquifer sandstone is an effective aquiclude to
downward fluid migration.

Recovery well RW-l was drilled to TD 33 ft and completed. During drilling it reported no
water in the Ogallala sand penetrated. After completion a sample of water was collected for
chemical analysis. The fat clay that is present throughout the study area beneath the Ogallala sand
will act as a barrier to any downward migration toward the Cretaceous sandstone aquifer. Again,
the 40 ft thick Cretaceous shale that is found about 60 ft deep presents an excellent example of a
groundwater barrier to downward migrating water.

Hydrogeochemistry demonstrates that the Lucky windmill has no contamination from
Station 11 produced water migrating to or entering the well. That is verified by the absence of any
measurable bromide content that might have migrated from MW-6 or through subsurface paths.
The hydrogeochemistry further confirms that some water moved from the Lucky windmill, which
was contaminated by niffates, into the area where MW-6 was developed.

All of the wells in the study area are underlain by the Cretaceous shale, an aquiclude, that
prevents downward migration of water and contaminates into the Cretaceous sandstone aquifer.
In most cases the fat clay horizons in the Ogallala Formation will trap any aqueous contaminates
and prevent most fluids from going deeper. Where the upper Ogallala {at clay is silty to sandy, as

in MW-1, the top of Cretaceous shale will continue to shield the local aquifer.

The local Ogallala Formation has no indication of groundwater accumulations. The only
known groundwater in the area is in the Cretaceous that disconformably underlies the Ogallala
Formation. No Ogallala aquifer is present in most of T10S-R34E, especially the greuter area
around Station I 1.

The mechanical problems that resulted in produced water releases at Station 11 have all
been corrected. With the construction of six monitor wells, and the RW-l recovery well, the local
area is more than adequately positioned to monitor any possible future releases, should such
occuf.

The small amounts of water found during drilling pose no threat to any potable waters in
the greater area. Bailer tests in the recovery and monitor wells all indicate no hydraulic drive, or
influx of fluid that is present to enable lateral flow. The recovery well RW-1 only yielded about a
iiter of produced water into the hole in approximately one year. All wells, monitor and recovery,
have exhibited poor recoveries, hence insufficient volume and orldrive to create athreatto any
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fresh water supplies. The most important hydrogeological conclusion conceming the greater
Station 11 area is that there is no protectable groundwater above the aquiclude isolated Cretaceous
aquifer.

The previous corrections of the mechanical problems that caused produced water releases

at Station 11 are to be further enhanced by NMSWDC's installation of a liner and berms with
larger capacity that will hold 150% of the capacity of the storage tanks. Additionally, the
verification of no effect, or potential affect(s), on any fresh water supply demonstrates that natural
attenuation processes have/will insure that no imminent nor future threat is present due to the
Station 11 releases. Monitoring could continue for a reasonable time to insure the minuscule
water volumes observed remain harmless. There is no threat of potable water being impaired. It
is recommended that no frrther action be required by the SLO or OCD at Station 11.
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Statement of Qualifications

Kay C. Havenor

Ph.D. Geoscientist
Certified Professional Geologist AIPG #673
Registered Geologist Anzona #30438
Registered Professional Geologist Texas #5 806

Professional Experience

Field, subsurface and research geology; regional structural, stratigraphy, oil and gas,
hydrodynamics, environmental and hydrogeological investigations, with primary emphasis in
Adzona, New Mexico, West Texas, and other portions of the western United States, Canada and
Mexico. Mining experience in New Mexico and western Mexico. Professionally active in
geology from1958 to present. Geological consulting and independent oiVgas and groundwater
activities ftom 1962 to the present. Oil and gas production operator (Havenor Operating
Company), Texas and New Mexico.

Geological research, exploration and development, extensive field experience in drilling,
completion, testing, and evaluation of wells for hydrocarbons and water. Non-drilling geological
field mapping, surface and subsurface exploration in New Mexico, Texas, Aizona, Colorado,
Mexico and British Columbia includes geologic surface mapping, stratigraphic analysis, base
metal prospecting, mining, environmental, groundwater, and geologic hazards evaluation.

Environmental and preconsffuction site evaluations, dairy and cheese plants monitoring, discharge
plans, isotopic determinations of nitrate sources. Hydrogeochenical forensics, hydrogeochemical
and isotopic water mapping.

Adjunct Faculty Geology, Eastern New Mexico University,1992 to the present.

Present and recent consulting areas include investigation and mapping of groundwater in West
Texas and southeastem New Mexico. Surface and subsurface geology of Ouachita overthrust area
of portions of Terrell and Val Verde Counties, Texas. Structureo stratigraphy and hydrogeology of
the northern Tularosa Basin, Otero County, New Mexico. Structure and subsurface stratigraphy
of Mehsana area, Cambay Basin, Guarat, India. Produced water disposal in southeastern New
Mexico.

Education

Colorado College, Colorado Springs, Colorado, I953-t957
BS Geology, magna cum laude

University of Arizona, Tucson, Aizona, I 95 7- 1 95 8
MS Geology
Graduate Teaching Fellow
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MS thesis on The Pennsylvanian System of Arizona

University of Arizona, Tucson, Aizona,lgg} and,1995
Ph.D. Geoscience 1996
Graduate Teaching Assistant

Emphasis in hydrogeology, remote sensing, environmental geology.
Dissertation: The hydrogeologic framework of the Roswell groundwater basin, Chaves,

Eddy, Lincoln, and Otero Counties, New Mexico

Professional Affiliation s

Geological Society of America, Senior Fellow
American Association of Petroleum Geologists, Member
American Institute of Professional Geologists,#673, charter Member

former State Chapter Newsletter Editor
Roswell Geological Society

former President, Vice-president, Secretary, and Treasurer
Aizona Hydrological Society
Arizona Geological Society
New Mexico Geological Society
Sigma Xi

Publications in geology

Foster, R. w., Hawks, w.L., Parkhill, T.A., smith, c. T., and Havenor, K.c., 196g. Mineral
Resource Evaluation of State Lands in East-Central New Mexico: New Mexico Bureau of Mines
and Mineral Resources, pp.7l p., 5 tables, 26 figs.
Havenor, K. C., 1958. Pennsylvanian Framework of Sedimentation in Aizona Pennsylvanian

framework of sedimentation in Anzona, MSc.:Tucson, Aizona,University oiArizona, p.
73.

-----,1964. Oil and gas tests in Lincoln County, New Mexico, in IithAnnual Field Conference
Guidebook: Socorro, New Mexico, New Mexico Geological Sociefy, pp. 155-5g.

-----, 1968. Structure, Stratigraphy, and Hydrogeology of the Northern Roswell Artesian Basin,
Chaves County, New Mexico, Circular 93: Socorro, New Mexico, New Mexico Institute
Mining and Techaology, 30.

--'-',1996. The hydrogeologic framework of the Roswell groundwater basin, Chaves, Eddy,
Lincoln, and Otero Counties, New Mexico, Ph. D. Diss.: Geoscience, University oi
Arrzona,p.274, University of Arizona; University Microfilms, Anarbor, Michigan.

-----,1998. Hydrogeochemical investigation of the major aquifers in the northern portion of the
Roswell groundwater basin, Chaves and northern Eddy Counties, New Mexico: Roswell,
New Mexico, County Manager, Chaves County, Roswell, New Mexico.

-----, 2001. Hydrogeochemical distinction, differentiation and mapping of multiple aquifers in the
Roswell groundwater basin of southeastern New Mexico, Geological Society of America,
2001 Rocky Mountain-Southeast Section Annual Meeting, April 29-May2,200I,
Albuquerque,NM, Abstracts with Programs - Geological Society of America, inKay
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Article 08: Boulder, CO, Geological Society of America (GSA).

-----,2002a. The geological framework of the Pecos Valley and the evolution of the Roswell
Groundwater Basin in Chaves and Northern Eddy Counties, New Mexico, ln Transactions
Southwest Section AAPG Convention, 6-8lJune, Ruidoso, New Mexico: Roswell, New
Mexico, Roswell Geological Society, pp. 170-89.

--'--,2002b. Phase II Hydrogeological Investigation of the Major Aquifers in the Northern Portion
of the Roswell Groundwater Basin, Chaves and Northern Eddy Counties, New Mexico,
Chaves County Commissioners, Technical report for P-99-10: Chaves County, New
Mexico,604 p.

-----,2004. Groundwater Mapping Using Hydrogeochemistry, in Greg Bushner, ed., Water
Resources Investigations II: Tucson, AZ, Aitzona Hydrological Society, 17 Sept.

Kottlowski, F. E., and Havenor, K. C., 1962. Pennsylvanian rocks of the Mogollon fum, Arizona,
in 13th Field Conference: New Mexico Geological Society, pp.77-83.

Roswell Geological Society, 1977.The Oil and Gas Fields of Southeastern New Mexico, A
symposium, Havenor, K C., ed.: Roswell, NM, Roswell Geological Society, 185 p.

GeoScience Technologies

GeoScience Technologies is owned and operated by Deborah Havenor. Kay Havenor is the
geoscientist.

GeoScience Technologies
200 West l't Sffeet, Suite 747
Roswell, NM 88203-4678
G eo(lit qeoresourc es. com
(s7s) 622-0283

Expert Witness Summary

Qualified as an expert witness in various areas, including geoscience, hydrogeology, hydrology,
paleoclimatology, hydrogeochemistry, groundwater, oil and natural gas, and economics thereof in
hearings/trials before :

New Mexico Oil Conservation Commission
New Mexico State Engineer
US District Court, Albuquerque, New Mexico
Fifth Judicial District Court of New Mexico
Twelfth Judicial District Court of New Mexico
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Appendix E- Water Analysis Reports

. Northwest Background Well. East Leak Source Well. Local Water Wells Map and Analysis
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Analytical Resul8 For:
WHOLE EARTH ENWRONMEI,ITAL, INC.
ROY R. RASCON
2103 AR80R COVE
KATY TX,7749+
Fax To: (281) 394-2051

Received:
Reported:
Project Name:
Project Number:
Project Location:

1212912010
a2/0312011
NMSWD NW BACKGROUOND MW
NONE GIVEN
CROSSROADS, NM

Sampling Date:
Sampling Type:
SamSing Condition:
Sample Received By:

t2127/?:010*r
xx (see Notes)
.lodi Henson

samde ID; PURGE (l 4.25 6AtS (H021620-01)
8TEX802ta mgll- Analf:ed B$ CilS

Analyte

Eenzene*

Toluene*

Ethylbenzene*

Total Xylenes*

Result Reporting Limit AnalyEd Method Bank BS % Reovery True Value QC RPD

o.oo2 0.001 1zl30/20r0 ND 0.050 101 0.0s00 1.73

o.o03 0.001 t2l30l2oL0 ND 0.049 98.1 0.0500 1.38

<0.001 0.001 t2l3o/7010 ND 0.04s 97.8 0.0500 0.494

o.oo3 0.003 12/30i2010 ND 0.143 95.5 0.150 1.60

Qualifier

Sn'ogate : l-Bronnfluot obarene (P I L

Chlorlde, Sit4sOoO-B

I tl%
mslL

80-t 2a

Analf.ed 8y: CX

Anah/te Resuh Reporting Umit AnalEed

144{Xt 4.00 L2l30l7OtO

Med1d, Bbnk

ND

BS

108

9o Rtro\!ry True ValE @ RPD

108 100 0.00

Qualifier

Chloride

Cardinal Laboratories
DSil@: Ldb --! *::@ :Fc!rsia- d+3 xtu|@ &Fa6 #4. r.a! g rr dr::rr.1 deffit,:r f.n!d:rd* i3 dF s 3-4 tuTture.4.F.d
r, e el-!e rt*:*s *il te 1ka rBd u! de !i ft-i a{ rsr6 5r Gs r*.9n as) # # !ed3* 3'h. -!T*aY. f*e h ro.4 !r.r irer3:! t* ftr iefd o: .<"s4::# @s.
.r&Gv\,furldas,s_c:-l5's:.i. lcdd*orbd*r.:-.Jt@6!6dr!,r+.!!-er.*ar-En!*dtr&5h6!ffiz.=n6eaee.sati!#rta6rrlr.gd6tc:&-d-58
3r? 6 M uF: arry d * &Ir s4{ tffi r *rr'*, C3 r& S7 o A F 3'6f d *a ft r r+-_, S d E r#rd x+ i .rr ^r *.1:_ .-# d *3d !e]l!.

.4 A *i , ..':'s ;"'' .' K'i-84(et zi '---:-7 LiLL4;iri:---
.+

*=Accredited Analyte

2of 4Celey D. Keene, Lab Direcior/Quality Manager



pHoNE (575) 393-2326'1O1 E. l.lARLAliD o HO88t trH S240

Analytical Results For:
WHOLE EARTH ENVIRONMENTAL, INC,
ROY R. RASCON

2103 ARBOR COVE
KptrY rx,77494
Fax To: (281) 394-2C51

Received:
Repofted:
Project Name:
Project Number:

t2/22/2010
L2/29/2010
NMSW DISPOSAL 6'' LEAK
NONE GIVEN

Sampling Date:
Sampling Type:
Sampling Condition:
Sample Received By:

12122120t0
sHs
Cool & Intact
lodi Henson

Project Location: CROSSROADS

Sample ID: LEAK SOURCE EASr (H021594-01)
BTEX 82608 mslL Analyzed By: cMs

Analyte

Benzener

Toluene*

Ethylbenzene'

Total Xylenes*

Result Repoftrng Limit Analyzed Methcd Blank BS c4 Recover'/ True Vaiue QC RPD Qualiil!f

0,011 0.001 1212817010 ND 0.019 94.1 0.0200 0.2\z

o.oo3 0.001 l2l28i2at0 ND 0.018 92.4 0.0200 5.47

<0.001 0.001 L2l28l20Lo IID 0.020 98.6 0.0200 0.253

<0.003 0.003 12/28/2010 ND 0.958 97.0 0.0600 2.49

-tarrtlltc l)rh,ontttftuoronethcut -7 t tro ,\0- l 20

5urroguIe. I r;Iuerte-tl| l!):: 'r;, 8tj- ! 20

lirrrrr.lcrl;. -l-Bronolluorobett:enc li)-'.'; 8{)-l20

Chloride, 5M45ooCl-B Analyzed 8y: HM

Analyte Result Reporting Limit Anal}r?ed Method Blank BS o/o R{overy True Value QC RPD Qualif!r

Chloride 55OOo 4.00 12123/2010 ND 108 108 100 0'00

Cardinal Laboratories -=Accredited Analyte

2of 4

mglL

Celey D. Keene, Lab Director/Quality Manager
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f,:rsE3!HnL pHoNE (575) 393-2326 c 101 E. IIARLAND o HO8BS,1{ll 88240

April 15,2011

ROY R. RASCON

WHOLE EARTH ENVIRONMENTAL, INC.

2103 ARBOR COVE

KATr,rX77494

RE: NMSWD

Enclosed are the results of analyses for samples received by the laboratory on 04/05/11 8:05.

Cardinal Laboratories is accredited through Texas NELAP for:

Method SW-846 8021 Benzene, Toluene, Ethyl Benzene, and Total Xylenes
Method SW-845 8260 Benzene, Toluene, Ethyl Benzene, and Total Xylenes

Method TX 1005 Total PeFoleum Hydorcarbons

Certificate number T104704398-OB-TX. Accreditation applies to solid and chemical materials and non-potable

water matrices.

Cardinal Laboratories is accreditated through the State of Colorado Departrnent of Public Health and Environment for:

Method EPA 552.2 Haloacetic Acids (HM-5)
Method EPA 524.2 Total Trihalomethanes fl-THM)
Method EPA 524.4 Regulated VOCS (V2, V3)

Accreditation applies to public drinking water mafices.

This report meets NELAP requirements and is made up of a cover page, analwcal results, and a copy of the original

chain-of-custody. If you have any guestions concerning this repoG please feel Fee to contact me.

Sincerely,

&E* )'-,-*;-i- *--
,fl;

Celey D. Keene

Lab Director/Quality Manager
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lI|FSSBLH#L

Received:
Reported:
Project Name:
Project Number:
Project Locationi

Sample IDr MILL #l STOCK (H1q1666-01)
Eicarbonab31o.lltl ulftlL

04l0sl20Lt
04l1sl20tt
NMSWD
NONE GIVEN
NMSWD. ]USTIN ]OHNSON

Analyt'al ReulB For:
WHOLE EARTH ENVIRONMENTAL, INC,
ROY R. RASCON
2103 ARBOR COVE
KATY TX, 77494
FaxTo: (281) 394-2051

PHOilE (575) 393-2325 " 101 E. lrrARr-AilD o HOBBS, Nlt 882{r

Sampling Date;
Sampling Type:
Sampling Condition:
Sample Received By:

04lo4l20tr
Water
Cool & Intact
Jodi Henson

Analfz!d By: Hil

Analyte

Alkalinity, Bicarbonate
8TD( 826t,8

Result Reportirg Umit Anatfzed Method Blank S o/o Recouery Tnle Valu! QC RPD Qualifier

148 5.00 04108120tt ND 964 96.4 1000 28.6

nrg/L Analy.!d 8yr CIIIS

AnaVte

Benzene*

Toluene*

Ethylbenzene*

Total Xylenes*

Result Reporting Limit Analyzed Method Blank BS o/o Recovery True Value QC RPD Qualif!r

<0.001 0.001 04/0512011 ND 0.020 99.2 0.0200 9.45

<0.001 0.001 0410512011 ND 0.019 96.3 0.0200 8.s5

<0.001 0.001 04105/20L7 ND 0.020 102 0.0200 9.14

<0.003 0.003 0410512011 ND 0.056 93.9 0.0600 8.01

Surrogate: DibromoJluoromethane 122% 80-120

Sunogate: Toluene-d8 87.8 % 80-120

Surrogate: 4-Bromofluorobenzene 70.4 % 80-120

Cakium,2oo.7 mglL Anatyzed By: lH

Anafyte Resuft Reporting Umit Analfzed Method Bhnk BS o/o Recovery True Value QC RPD Qualifier

Calcium 8s.7 0.s00 04lltl201l ND 5.09 102 s.00 1.s6 GAL

CalbonaE 310.1n mg/f AnaW By: Hlil

Analyte Restt Reporting Umit Anatfzed lvtethod Blank 8S o/o Recovery True Value QC RPD Qualifier

Alkalinity, carbonate 8.qt 0.00 04lo8l20t! ND ND 0.00

Chlodde, Sil/lslIIO-B nlg,lL Analyred Byr HM

Analyte Resutt Reporting Limit Arntyzed Method Blank BS o/o Recovery Truevalue QC RPD Qualifier

64.0 4.00 04108120tt ND r08 108 r00 0.00Chloride

2o112

Cardinal Laboratories *=Accredited Analyte
re m: ffifltyd EmF @imre ldi'ty d dds ffie EnEy ery&im.niq, $& M in @ d4 *9 E Iru b&.@frFts by dbdtu dF dr dre, idiE rc tu qkrc ad
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Celey D. Keene, Lab Director/Quality Manager
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Received:
Reported:
Project Name:
Project Number:
Project Location:

PHONE (575) 393-2326 o 101 E. ltlARlIND " HOBBT 1l[l 882/0

Analytical ReulE For:
WHOLE EARTH ENVIRONMENTAL, INC,
ROY R. RASCON
2103 ARBOR COVE
KATY rX,77494
Fax To: (281) 394-2051

04/05/aOLL
04/t5l20Lt
NMSWD
NONE GIVEN
NMSWD - JUSNN JOHNSON

Sampling Date:
Sampling Type:
Sampling Condition:
Sample Received By:

04104120Lt
Water
Cool & Intact
Jodi Henson

Sample ID: MILL #1 STOCK (H1OO666'O1)
Conductivity 120,1 us/cm Analy:ed By: H$

Anatyte

Conductivity
Magnssilm,2ur.7

Result

7(x,
ms/L

Reportirg Limit

1.00

Anatyzed Method Bhnk BS

0410812011 1420

Anatyzed By: lM

o/o Recovery TnE Value QC RPD Qualifier

101 1410 0.00

AnaMe

Magnesium
pH

Resuk Reporting Limit

11.5 0.500

pH Units

Analyzed Method Blank BS

04l1u2ot1 ND 25.6

Analyz!d BY: Hlil

Yo Recovery TrueValueQC

102 25.0

RPD

1.55

Qualifier

GAL

Repofiing Limit Analyzed

0.100 041081201t

Method Blank BS o/o Recovery

7.04 101

TrueValeQC RPD

7.OO 0.00

QralifierAnalyte

pH

Potassium,2OO,T

Result

,.93
mg/L Analfred By: JH

Analyt!

Potassium

Result Reportirg Limit

1.80 0.s00

Anatyzed

04/14/2011

Method Blank BS

ND 10.6

o/o Recovery True Value QC

106 10.0

RPD Qualner

2.87 GAL

Analyte

Sodium

Sulfate 375,4

Result

36.5
mslL

Reporting Limit Analfzed

0.s00 04/tu2o11

Method Blank BS o/o Recovery

ND 8.72 108

True Value QC

8.10

Qualifier

GAL

RPD

2.16

Analyz!d 8y: HH

Analyte Resuh

97.O

m9/L

Reporting Umit

10.0

Anatyzed l"lethod Blank BS

04l1u2ot1 ND 39.9

Analfred By: HM

o/o Recovery True Value QC

99.8 40.0

RPD

o.254

Qualifier

Sulfate
TDS 160.1

Analyte

TDS

Total Alkalinity 310.1r,1

Resuft

423
trts/L

Reporting Limit Analfzed

s.00 04107/2otL

Method Blank

ND

BS Yo Re@very True Value QC RPD

1.30

Qualifier

Anal}zed By! HH

Result Reporting Limit Anafyzed l"lethod Blank BS o/o Recovery Tru! Valu! QC QualifierAnatyte

Cardinal Laboratories
*=Accredited Analyte

F4ffiffi: &uhty and ImF. edFls lbblq d ddsdNe rof,gy tu ary dn adsq, stu M h ffiffdt, sEr h !@ bft aMdFid by dbfttu adF al si@ iddiru rc 6r qiise ad

any6s6et@#l b(l@Fid ht! m& inMtE d t# try fthd 6insfq @)elFtuorpHjd dtu appr* d6. h rc*rttu{ Grdl!l E lde h ill(ffil s@w@ &mF'
iddng6dti|ffi,NtEt!]@te,t6orue.trt6dtr66Mbyd!bs@tsn!am[Gdffia64dd*ddbhFffiffidfts*6t!!ffithimtqdl6dlffis
@m b bd @ any d h tue dd ffi d (M. lts de 6v b ft snd! ffi E alm ti! qd fr fl d h qt@ sc+t h tuI ff tu al)lful d wd ffi

-Z ,.r?{ z-Laa a.-*-, -? ^@a 4. 
-tI

3ai12
Celey D. Keene, Lab Director/Quality Manager



Irrs'Estx#L

Receivedi
Reported:
Project Name:
Project Number;
Project Locationi

PHOI{E (57s) 393-2326 o 101 E' I.IARLAND o HOBBT ilil 88240

Analytial RxulE For:
WHOLE EARTH ENVIRONMENTAL, INC,
ROY R. RASCON
2103 ARBOR COVE
KAI'( TX,77494
Fax To: (281) 394-2051

04rc512011
MlLsl20Ll
NMSWD
NONE GIVEN
NMSWD - JUSTIN JOHNSON

Sampling Date:
Sampling Type:
Sampling Condition:
Sample Received By:

04l04l20LL
Water
Cool & Intact
Jodi Henson

Sample ID: MILL #1 STOCK (H10O666'O1)
Tobl Alkalinity 310'1u 'f'g'IL

Anily:ed By: HU

Analyte

Alkalinity, Total

Result Reporting Limit Analyzed Method Bank BS o/o Recovery True Value QC RPD Qualifier

155 4.00 o4lo8/2011 ND 79O 96'3 820 28.6

Cardinal Laboratories *=Accredited Analyte

pffi ffi: Wlty and m@6 ffimt3 l!Hty # ddsedde rcody tury 6m diq, S& M if, @d@ # h lit@btu atlMtFid bv dhd h amlF Al 6re' iddiq lM tu @licre d

ary ftr ffi @ tuI h @ M uk d in mi*! d l# by (Md ffin birty (s) d# e@nttds dft 4did * ln m @s GdiBl E lbd! b !r@ d @d &|lw'

tudtq{hdllrrilam,t)iJ!i6rl)@@tcofqs16dtrdbiftudbyd46sMGfrli#dffi*4dd6lwbftFMdtu3#snffiffibyadid'qtdl6offfi5d
daim is M uFn any ot ft aft ffi ffi s M. bb M mt E h snpl6 Mfi d ah. tas wt ft ll d F qM @t h tuI ffi v@ affil d ffi tffi

t3E^ . t>-, -/';;*. *- ---4)

Paoe 4 ol 1

Celey D. Keene, Lab Director/Quality Manager



slFss3'.x,+:

Received:
Reported:
Project Name:
Project Number:
Project Location:

Sample ID: MILL #2 STOCK (H10O666-02)
Sicarbonab 31O,1ll ln9IL

04/0s12011
04/Lslz0LL
NMSWD
NONE GIVEN
NMSWD - ]USTIN ]OHNSON

Analytical ResulB For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KAly IX,77494
Fax To: (281) 394-2051

PHOI{E (575) 393-2326 o 101 E. MARIAND " HOBBS, t{ll 8E2/O

Sampling Date:
Sampling Type:
Sampling Condition:
Sample Received By:

04104/20tr
Water
Cool & Intact
Jodi Henson

Analfz!d By; HM

Anatyte

Alkalinity, Bicarbonate
BTEX 82608

Result Reporting Limit Anatfzed Method Bank BS o/o Remvery True Value QC RPD Qualifier

190 5.00 041081201t ND 964 96.4 1000 28.6

m9/L Anallrred 8yr Cl.lS

Analyte

Benzene*

Toluenex

Ethylbenzene*

Total Xylenes*

Resuft Reporting Limit Analyzed l"lethod Bank BS o/o Reovery True Value QC RPD Qualifier

<0.001 0.001 a4/o5120t1 ND 0.020 99.2 0.0200 9.45

<0.001 0.001 0410s12011 ND 0.019 96.3 0.0200 8.55

<0.001 0.001 041051201L ND 0.020 102 0.0200 9.14

<0.003 0.003 04i05/2011 ND 0.056 93.9 0.0600 8.0r

Surrogate: Dibromofluoromethane 123 % 80-120

Sunogate: Toluene-d8 89.7 % 80-120

Sunogate:4-Bromofluorobereene 73.0% 80-120

Calclum,200.7 mgll- Analfred 8yr tl.l

Analyte Result Reporting Limit Anatfzed Method Blank BS yo Recovery True Value QC RPD Qualifier

Calcium 247 2.50 04l1vZ0lt ND 5.09 102 5.00 1.56 GAL

Cartonate 31O.lH rilc/L Anatyz!d By: Htil

Anatyte Result Reporting Limit Anaffzed Method Blank BS o/o Recovery True Value QC RPD QrEliirer

Alkalinity, Carbonate <0.00 0.00 MlO8l20L1 ND ND 0.00

Chbride, Sll4sltOCFB mg/L Analrz!d By: HM

Analyte Result Reporting Limit Analfed Method Eank BS o/o Recovery Trw Value QC RPD Qualif!r

53O 4.00 0410812011 ND 108 108 100 0.00Chloride

5o112

Cardinal Laboratories *=Accredited Analyte

P!$S! m: WIty and &f,E96 Hmlt lilItf fi fficrN! EnEd tu ry dim #re, ffi M lnffi *uq si h lru bft lnMtFidiy dtsfttu dys Al &ire, iddq & tu qlig@ ad
ary&@ vvl!@ $a[ & (j@ !d 16 @ tn wdp d l# by HBI ffin siny (n) eF & 6npHb dh apdffi se. ln m ed fl m E ld. tu id@ trdE4ffi &lls,
mdng6dliffi,E6ffiF&rE,6duqfr16dFdEl@!yd$qEsMd6ffic69@aigqddd|!6bhF@dhsdlf,ffibywDtqdsdffis
6tm ls ld up ary 6t ft &e # ffi d M. bb l# ff ly b & sfipl6 ffi id tu. n. !pt #[ d h rydd @t in tuI 6 M6 affil d wd Lffi.

xz.-z* ): *;:-
"J

Celey D. Keene, Lab Director/Quality Manager



$I T#"EBi}AL

Received:
Repofted:
Project Name:
Project Number:
Project Location:

PHOilE (575) 393-2326o 101 E, MARIAI{D o HOBBq ilH 882t1{l

Analytial ResulE For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KAry TX,77494
Fax To: (281) 394-2051

04l0sl20LL
04/ts12011
NMSWD
NONE GIVEN
NMSWD . JUSTIN JOHNSON

Sampling Date:
Sampling Type:
Sampling Condition:
Sample Received By:

o4l04l20Lt
Water
Cool & Intact
lodi Henson

Sample ID: MILL #2 STOCK (H1OO666-O2)
c.onductivity 12t.1 us/cm Analfred By: Hlil

Anabrte

Conductivity
MagneCum,2OO,T

Result Reporting Limit Anal).zed Method Blank BS o/o Recovery True Value QC RPD Qualifier

22OO 1.00 M/08120r1 t420 101 1410 0.00

ms/t Analyz!d Ey! Jtl

Analyte Result Reporting Limit Analyzed Method Blank BS o/o Recovery True Value QC RPD Qualifter

32,6 2.50 04l1v20tt ND 25.6 102 25.0 1.55 GALMagnesium
pH pH Units Analy:!d By: Hl.l

Analrie Result ReportirE Limit Analf2ed Method Blank BS o/o Recovery True Value QC RPD Qualifier

pH 7./t4 0.100 o4lo8l2o11 7.04 101 7.00 0^00

Potassium,zoo.7 mg/t Analy.ed By:til

AnalYte

Potassium

Sodium,200.7

Resuft ReportirE Umit Anatyzed Method Blank BS 7o Recovery True Valu! QC RPD Qualifier

3,7O 2.50 0417412011 ND 10.6 106 10.0 2.87 GAL

mslL Analfzed By: tltl

Analyte

Sodium

sulfate 375,4

Result Reporting Limit Analfzed Method Blank BS o/o Recovery True Value QC RPD Qualifiet

122 2.s0 O4l1ll201t ND 8.72 108 8.10 2.16 GAL

lmsla Analfred 8y3 HU

Analyt! Result Reporting Limit Anatyzed Method Blank m 7o Recovery True Value QC RPD Qualifiet

Sulf;ate 185 10.0 cp.ll1l2011 ND 39.9 99.8 40.O 0.254

TDS 160.1 mS/L Analfzed BY! Hlil

AnaVte

TDS

Total Alkalinity 310.11t1

Result Reporting Limit Anal}rzed I'l!thod Bhnk BS o/o Recovery True Value QC RPD Q'ralifer

L32O s.00 04107120t1 ND

rnglL Analyzed 8yr HH

1.30

Analyte Result Reporting Limit Anatyzed Method Blank S % Recovery TrueValue QC RPD Qualifier

Cardinal Laboratories *=Accredited Analyte

pffi ffi Ehtityand bmF. admh tbutty ad didsMeedy tu dy dm adgq, sffiM inffisffi, ffi h u@ bft arud Fid by dhrth ad)6 al &lm, idd4 rc tu regiirc ad
any @ !E @ tun h ll@ dd u.r6 m& in ffi4 ad @H !y ktd 6n hity @) eF ab@ftpletd d tu applbtr sE. ln msed #[ edtul * l& b ,ll:ltffil d rywftl datlrc,
iddingffidliffi,ffil6inMlsft,t6d@,fGdFdEirudbydisr,Bffinafrliscsrcdc4dofdlE@@ftFffieed*s!fuh!lwbyedd'qad6dffisd
6m 6 td up ily d ft tu # reffi d (M. M & dt b ft srtss @fi d ah. tu Wt *f, d e qtud acqt in tu| ffi ffi affir d Gdd Ldffi

{3*L^ i'--l-J** -a)'

6o112

Celey D. Keene, Lab Director/Quality Manager



slFssBIH#L

Received:
Reported:
Project Name:
Project Number:
Project Location:

PHOI{E (575) 393-2326 o 1O1 E' ltlARl-At{D o HOBBS' Nl'l 832lo

Analytial Resulb For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. MSCON
2103 AR80R COVE
KAIYIX,77494
FaxTo: (281) 394-2051

04/as/20t1
0411512011
NMSWD
NONE GIVEN
NMSWD - JUSTIN JOHNSON

Sampling Date:
Sampling Type:
Sampling Condition:
Sample Received By:

04l04l2oLr
Water
Cool & Intact
Jodi Henson

Sample ID: MILL #2 STOCK (H1qt666'O2)
Total Alkalinity 310.1M rrE IL Analfzed 8y: Hil

Analyte

Alkalinityr Total

Result Reporting Limit Analfzed M!thod Blank 8S o/o Recovery True Value QC RPD Qtnlifier

156 4.00 04/08/2011 ND 79O 96.3 820 28'6

Cardinal Laboratories *=Accredited Analyte

t1ffffir butirysd EmF odd,s tidf,ty d d# e'@ !nEy tu ry &im ffi& stu M in @nu! *N h utu b& anMFid bv dbfrtu analF al 6iffi, iddE @ tu qug# d

ry tu 6e @s d * (M !yd uk @ in frtry d lM by 6dhd wn 6idy ci) eF tu onpldtm dtu ry!* g@ ln ft d*l ffi & 16* h tu(ffil s@bi ei@'

ifttdhoffidtiffi.ElEiffiptisE6ofugor16drcGimdtyd6t,6sbdBdqafriGqslffidlryeofdlffibhFffircdftsffil1@qodml'qad6orffiM
eimist#wanyofhaM@lEffid(lffi. R!s!&6Vbhend6ffituaM Aiswtsn dEqdqahilffi ffi alrylofffi ffi'

{:ZE-- Z--*-t*-*,--
LT

7o112
Celey D. Keene, Lab Director/Quality Manager



ncARDll\l^l\,LaJ La.L:oi-:toiie=

Received:
Reported:
Project Name:
hoject Number:
Project Location:

Sample ID: MILL #3 STOCK (H10O666-03)
ElcarbonaE 31O.11'l tn{tlL

04105/2011
ulLsl20t|
NMSWD
NONE GIVEN
NMSWD . JUSTIN JOI.INSON

Analytial Reslults For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY TX,77494
Fax To: (281) 394-2051

PHOilE (5r5) 393-2:t26 o 101 E. ilARr-AilD c HOBBS, l{H 88240

Sampling Date:
Sampling Type:
Sampling CondiUon:
Sample Received By:

o4lM/20r7
Water
C.ool & Intact
Jodi Henson

AnalF!d By: Hll

Analyte

Alkalinity, Bicarbonate
8TEX 82608

Result Reporting Limit Anatfzed Method Blank BS o/o Recovery True Value QC RPD Qualif!r

185 5.00 04/0812011 ND 964 96.4 1000 28.6

m9/1 Analyzed By: Cl.lS

Analyte

Benzene*

Toluene*

Etiylb!nzenex

Total Xylenesr

Result Reporting Umit Anafyzed f"letM Blank BS % Recovery True Value QC RPD Qualifier

<0.001 0.001 M10512011 ND 0.020 99.2 0.0200 9.45

<0.001 0.001 04l0sl20tt ND 0.019 96.3 0.0200 8.ss

<0.001 0.001 04105120t1 ND 0.020 Lo2 0.0200 9.14

<0.003 0.003 04/05l2ott ND 0.056 93.9 0.0600 8.01

Surrogate: Dibromofluoromethane 127% 80-120

Surrogate: Toluene-d8 87.3 % 80-120

Surrogate:4-Bromofluorobenzene 70.4% 80-120

Cakium,2oo.7 mC/L Analfzed 8y: lll
AnaMe Result Reporting Limit Analfzed Method Blank BS o/o Recovery True Value QC RPD Qualifier

Calcium 333 2.50 04|LU20LI ND 5.09 102 5.00 1.56 GAL

Carbomb 3f0,lt -ra AnalFed 3y: H].l

AnalyE Resuft Reporting Limit Arulped Method Bank BS o/o Recovery Tn!Value QC RPD Qualifer

Alkalinity, Carbonate <0.00 0.00 04108/20t1 ND ND 0.00

Orloride, Slr'145{lO!l-B mg/L Analyzed By: Hlt

Analyte Result Reporting Limit AnatneO Method Bhnk BS o/o Reco\!ry True Value QC RPD Qualifier

4fi1 4.00 M/08/2011 ND 108 108 100 0.00Chloride

8ot12

Cardinal Laboratories *=Accredited Analyte
ffircE: &dntY ild ImF edimll ldlt} ad ffie@ cf,dy bry6m dry, ffi H lnffidEG *n h fru b h.llMtFid byffi bffit]* Al dG iM,19 rc b negtigre aft
ary&ee@$a[ h(ffi 6d d6 M ln trniry d lM ryffi| ffin6fty @) eF tu@fip!b dhapdie**, rn m *ftsil @d b t*tuidffi qqc@ !roF,
illffi$ffidIffi,IMltudidq16de,n16dFd6[1@utds&6ffidqffiGdffian9EddtrG&bftFffidhsdGMbywd,qdEdd]&s
6im 6 @ w any of h tue # ffi d ffi. R* & 6t b h etrttE @E dm ns wt ft [ d & qd@ qt h tuI 6 @ al@t d@d tM.

Celey D. Keene, Lab Director/Quality Manager



lI|F#R'.H#L

Received:
Reported:
Project Name:
Project Number:
Project Location:

Sample ID: MILL #3 STOCK (H10O666-O3)
CondrcUvity 120,1 us/cm

Mlosl2otL
04/15l20Lt
NMSWD
NONE GTVEN

NMSWD - JUSTIN JOHNSON

Analytical RuulB For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY TX,77494
Fax To: (281) 394-2051

PHOI{E (575) 393-2:126 o 101 E. ilARLAl{D o HOBBS, l{tl 8824{,

Sampling Date;
Sampling Type:
Sampling Condition:
Sample Received By:

04/M/20t1
Water
Cool & Intact
Jodi Henson

Analyz!d By! Hil

Analyte

Conductivity
llagneCum,200.7

Result Reporting Limit

2530 r.00

ms/t

Anatfzed Method Bhnk BS

cH'l08l20tt 1420

Analyz!d By; tM

o/o Re@\!ry True Value QC

101 1410

RPD Qualifier

0.00

Analyte

Magnesium
pH

Result Reporting Limit

43,9 2.50

pH Unlts

Analyzed Method Bhnk BS

o4ltu201t ND 2s.6

Anallzed By: Hll

0,6 Recovery True Value QC

102 25.0

RPD

1.55

Qualifier

GAL

Analyte

pH

PotasslurL 20O.7

Result Reporting Limit Analyzed Method Bank BS o/o Recovery

7.68 0.100 0410812ot1 7.o4 101

mS/L AJralyred 8y: lll

True Value QC RPD

7.O0 0.00

Qualifrer

Analyte

Potassium

Sodium,200.7

Result Reporting Limit

<2.50 2.50

tutlL

Anatfzed Method Eank BS

Mlt4/201t ND 10.6

Analrzed 8yr Jltl

o/o Recovery True value QC

106 10.0

RPD Qualifier

2.87 GAL

Analyte

Sodium
Sulfate 375.4

Result Reporting Limit Analfzed l"tethod Blank BS

145 2.50 04ltv20tt ND 8.72

mg/t Analyzed By: Hlll

Yo Recovery True Value QC

108 8.10

RPD

2.16

Qualifier

GAL

Anaty@ Result Reporting Limit

515 10.0

mg/L

Anatyzed Method Bhnk 6
a4/ttl2ott ND 39-9

Analy:ed By: Hl.l

7o Recovery True Value QC RPD

99.8 40.0 0.2s4

Qualifier

Sulfate
TDS 160.1

Analyte

TDS

Total Alkalinity 310.lH

Resuh Reportinq Limit

1820 5.00

rnclL

Anaffzed I'lethod Bank

Ml07l20Lt ND

Analfzed By: Hl{

o/o Re@very True Value Ql RPD

1.30

BS Qualifier

AnaMe Result Reporting Limit Analyzed Method Bhnk BS o/o Recovery True Value QC RPD Qualifier

C-ardinal La boratories *=Accredited Analyte

9o112

W limr Ednty nd EffiF @idl rHrity d di$ud@e rcdy tu ary &im rdiq, ffi M in ffisdt # h [ru b h alrMt Fid by dd tr ffilyes Al cbic, iffing rc k @lrc d
ry fr oetu $d h ffi M ud6 me h wng d e@ by ffi wn srty (I) ds & 6nddo dtu ap0@ de. tn m 4d # offi b l* b mdel d @ne4|l@ 4llry,
ddngffidt'Dffi,MlEi@ptiryBde,tr6dgft[duydst,b#nqfr[GcffidiEdddddbeFblrrcdtus!,GtMbyhid.qa|Gdffid
@im l5 M W any olft tu W ffi q tu. @E & sry b & $tr96 ffi f d tu. ft Wt *l d h qdd aqt b tuil ffi ffi aml d ffi !l ffi .

4dt_z/_*4 -- ._l'u*. --r)

Celey D. Keene, Lab Director/Quality Manager



fIFs"Est}*L

Received:
Reported:
Project Name:
Project Number:
Project Location:

Sample ID: MILL #3 STOCK (H1OO666-O3)

04l05l2otL
04lLsl20tt
NMSWD
NONE GIVEN
NMSWD - JUSTIN JOHNSON

Analy'tica I Resu IE For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY D<,77494
FaxTo: (281) 394-2051

PHOIIE (575) 393-2326 o 101 E, ItlARllllo o HOBB9 tlM E82ll(t

Sampling Date:
Sampling Type:
Sampling Condition:
Sample Received By:

04104120t1
Water
Cool & Intact
Jodi Henson

Total alkalinity 310.lH Nr'.IL Analfzed By: Hltl

Anatyte

Alkalinity, Total

Resuft Reporting Limit Analfzed Method Bbnk BS o/o Reovery True Value QC RPD Qualifier

1s2 4.00 04/08/20tt ND 790 96.3 820 28,6

Cardinal Laboratories *=Accredited Analyte

ffi ffi Hlity.tu FmF. wdb t!dlty d dffis#e !ndy tuery dm ddq, @ M in ffiqdt, d b [ffi &ft amnt Fd by dd b adF al dm, iffiiq @ tu q[rc ad

ry # re@ ffi b d# M uE m* in sttB ad d by Gd.d ffin sidy (4) @F e onddn dtu apd6* se. ln m .@ hil ddl h ld. b ffiffi| d @ro 6t@,
iddin4 6d liffi, t'66 i|lhpriG t6 d q 6 B d rtu md by dg& 6 s#bdq ffilc d @ dlg d d d l# b h Fffi d ft sN lM bv adid' @dr6 d ffi s
6m ls M up my of h.M tr ffi s M. @b @ oV b h snd6 ffi .& ft @t St d E q# ryt h tuI 6 v{@ WM d dd ffi .

z{'2-ZZ*. ---,_/'wa e. ---,4

10of1
Celey D, Keene, Lab Director/Quality Manager



lsFs"E3iHA!
Notes and Definitions

GAL Analysis sub@ntracted to Gr!en Anatytical Laboratories, a subsldiary of Grdinal LaboGtories

ND Analyte NOT DETECTED at or above the reportirE limit

RPD Relawe Percent Difference

*+ Samples not received at proper temperature of 6oC or below.

*** Insufficient tirne to reach temperature.

- Chloride by SM4500CFB does not rcquirc samphs be received at or below 6"C

Samples reported on an as received basis (wet) unless o0lerwise noH on report

PtlOt{E (575) 393-2:t26 o 101 E. llARtAilD c HOaBq il]rl 882/fl,

Cardinal laboratories *=Accredited Analyte
re m: 6lily d Enb96 @dt ldity d d# e@ rcndy tu ry dm #q ffi bg in ffi a rq ffi h tffi b tu anMFid bY dffi b aEs Al dG, iMng tu tu ildFE d
ary tu * tu $all b &d d! dG @ h d4 d l@ by @nd 6n 6kV @) eF tu @ntsdid dh !pdb* Sq ln m .@d Cdd b @ b iffil dryro @fiEgs,
id&gffi|iffi.ffi!l&p!o(q16de66dFftmdtt*n,Eslffin.+afriGdwdq*dsffibhFlfud&#&euyodid,qffidffis
dn b bg W -y dft & ld ffi 6 ffi . Rs & dE b h sdp6 ffi E e ft @t *1 d E qd qt h U # ffi @l dHd ffi

{ "? ,, J--*;-i-**--
il
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Celey D. Keene, Lab Director/Quality Manager



,.,"',,, Labo rato ries
101 East Marland, hlobbs, Nli'l 88240
575) 3S3-2326 FAX {575) 3S3-2476

cardinal canl.lot accepl verbal changes. Please {ax written changes to 505-3.93-2476
:r]-r/-fu
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Appendix F Water Well Records and MaP

Map
Ts 10s-34e
Ts 11s-34e



DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
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New Mexico Office of the State Engineer
Water Column/Average Depth to Water

No records found.

Basiry'County Search:
Basin: Lea County

PLSS Search:
Township:10S Range:34E

The data is turnished by the NMOSE/ISC and is accepted by the recipient with th6 expressed understanding that the OSE/ISC make no warranties,
expressed or implied, concerning the accuracy, completeness, reliability, usability, or suitability lor any particular purpose of the data.

WATER COLUMN/ AVERAGE
DEPTH TO WATER
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Average Depth to Water: 48 feet

Minimum DePth: 25 feet

Maximum DePth: 85 feet

Record Count:23

Basin/County Search:

Fasin: Lea CountY

PLSS Search:

TownshiP:11S Range:34E
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New Mexico Office of the State Engineer
Water Column/Average Depth to Water

Sub
basin Use Gounty 6,416 4 Sec Tws Rng

(quarters are 1=NW 2=NE 3=SW 4=SE)
(quarters are smallest to largest) (NAD83 UTM in meters)

ooo
(ln feet)

x
Depth Depth Water

Y WellWaterGolumnPOD Number

L 00371

L 00394

L 03137

L 03137 APPRO

L 05023

L 05024

L 05345

L 06122

L 06133

L 06239

L 06372 (E)

L 06394 (E)

L 0e45 (E)

L 06458 (E)

L 06784

L 10196

L 10'197

L 10198

L 10199

L 10200

L 10201

L 10202

L 1 1021

PRO LE

PRO LE

PRO LE

PRO LE

PRO LE

PRO LE

PHO LE

PRO LE

PRO LE

PRO LE

PRO LE

PRO LE

PRO LE

PRO LE

STK LE

STK LE

STK LE

STK LE

STK LE

STK LE

STK LE

STK LE

PRO LE

3 2 23 1'tS 34E

1 2 25 1rS 34E

3 3 16 11S 34E

3 3 16 11S 34E

2 2 07 11S 34E

4 3 28 11S 34E

1 1 32 11S 34E

3117 11S3/.E
1 1 19 11S 34E

2 2 35 11S 34E

3 1 16 11S 34E

1 1 03 1ls 34E

3 2 18 11s 34E

1 2 08 11S 34E

21 11S 34E

4 1 29 11S 34E

1 4 26 11S 34E

1 2 05 11S 34E

2 2 21 11S 34E

3 3 17 11S 34E

2 3 07 t1S 34E

4 4 28 11S 34E

3 3 24 11S 34E

641408 3691556. 76

64it035 3690371. 100

637470 3692208' 85

637470 3692208' 85

635415 3695003. 140

637918 3688997' 90

635912 3688568- 70

635844 3692990- 73

634i]00 3691762' 90

641951 3688646- 72

637458 36930t3- 124

110

635041 3692978- 95

636622 3695021. 90

638097 3691202- 61

636297 3689779- 60

641538 3689447'* 50

60

638684 3691821" 51

635858 3692185. 60

634623 3694178. 80

638723 3689008' 70

642224 3690762- 100

45

45

85

30

40

43

45

25

80

80

60

32

25

40

40

55

60

30

30

45

47

44

30

35

58

36

'UTM location wa6 derlved from PLSS - see Help

The data iS furnished by the NMOSE/ISC and is accepted by the recipient with the expressed understanding that the OSE/ISC make no warranties,
expressed or implied, concerning the accuracy, completeness, reliability, usability, or suitability lor any particular purpose ol the data.
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