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(7JA;=!YMVfM!&8?=B<978!:F!<!5D<@9!FA;E<8=!8;:@@U@=897:E!iYcN!eWjM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!Yc!

(7JA;=!YMVeM!/@:UQ7@8:@796!8:=FF787=E9@!K7@:R:B@L!7E!1:7@=!:F!8<D7ABU<DAB7E<U@7D78<!B=D9@!<9!
VfWWlG!ieajM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!_f!

!
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(7JA;=!YMV`M!+=D<97:E@?7H!:F!Q7@8:@796!<EC!5<@78796!:F!@D<J@!ieajM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!_e!

(7JA;=!YMVcM!27B=U<DAB7E<U@7D78<!@6@9=B!H?<@=!C7<J;<B!ieajM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!_`!

(7JA;=!_MVM!&?;7ER7EJ!8:;=!B:C=D!;=H;=@=E9<97:E!i`fjM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!f^!

(7JA;=!_M^M!,=?<Q7:;!:F!;=<897EJ!@:D7C!H<;978D=@!i`ejM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!fY!

(7JA;=!_MYM!&?;7ER7EJU8:;=!B:C=D!8:EQ=;@7:E!H;:J;=@@7:E!S79?!;=@H=89!9:!;<C7<D!H:@797:E!i`ejM!MM!ff!

(7JA;=!_M_M!&8?=B<978!;=H;=@=E9<97:E!:F!;=<89<E9@!<EC!H;:CA89@!F:;!9?=!;=<897:E!F:;!<!H<;978D=!!!!!!
:F!AE8?<EJ7EJ!@7>=!i`ejM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ff!

!
(7JA;=!_MfM!1;:J;=@@7Q=U8:EQ=;@7:E!B:C=D!@8?=B<978M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!fc!

(7JA;=!fMVM!1;:8=@@!S79?!F<89:;@!<EC!;=@H:E@=@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!eW!

(7JA;=!fM^M!&8?=B<978!;=H;=@=E9<97:E!:F!D7E=<;!B=@?M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ef!

(7JA;=!fMYM!+=89<EJAD<;!J=:B=9;6!S79?!:H=E!B=@?M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ef!

(7JA;=!fM_M!+=89<EJAD<;!J=:B=9;6!S79?!C=E@=!B=@?M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ef!

(7JA;=!eMVM!G:B57E<97:E!:F!B<9=;7<D@O!H<7E9!@DACJ=!KJ;<6LN!B<JE=979=!:;=!K5D<8RL!<EC!!!!!!
D7B=@9:E=!KS?79=LM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ec!

!
(7JA;=!eM^M!+:DD=C!H=DD=9@N!;<EJ7EJ!F;:B!aUVe!BB!7E!C7<B=9=;M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ea!

(7JA;=!eMYM!&8?=B<978!;=H;=@=E9<97:E!:F!C;:H!9=@9M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!̀V!

(7JA;=!eM_M!.<;RUVW!$&.VfWWk$&.`fW!X!.:9:;7>=C!"=E@7:EkG:BH;=@@7:E!"=@9!&9<EC@M!MMMMMMMMM!̀Y!

(7JA;=!eMfM!&8?=B<978!C7<J;<B!:F!8:BH;=@@7Q=!HD<9=@!<EC!H=DD=9M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!̀Y!

(7JA;=!eMeM!&8?=B<978!C7<J;<B!:E!@<9A;<97:E!H;:8=@@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!̀e!

(7JA;=!eM`M!"A5=!FA;E<8=!<EC!@<BHD=!@=9AH!F:;!;=CA897:E!9=@9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!̀`!

(7JA;=!`MVM!("/+!<E<D6@7@!@8?=B<978!iaWjM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!cW!

(7JA;=!`M^M!+=H;=@=E9<97:E!:F!H;7E87HD=!-.+!9?=:;6!ia^jM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!cV!

(7JA;=!`MYM!36E<B78!"4*!S79?!8:E@9<E9!?=<97EJ!;<9=!iafjM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!cY!

(7JA;=!`M_M!/@:9?=;B<D!@9<978!"4*!iafjM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!cY!



! \ !

(7JA;=!`MfM!4;<CA<D!7@:9?=;B<D!IA<@7@9<978!"4*!iafjM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!c_!

(7JA;=!`MeM!37<J;<B!:F!5:B5!8<D:;7B=9=;!@=9AH!iVWWjM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!cf!

(7JA;=!`M`M!+=H;=@=E9<97:E!:F!D<@=;!C7FF;<897:E!@=9AH!iVWVjM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!c`!

(7JA;=!cMVM!("/+!@H=89;<!:F!H<7E9!@DACJ=!@<BHD=!F;:B!5<98?!VM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ca!

(7JA;=!cM^M!("/+!@H=89;<!:F!H<7E9!@DACJ=!@<BHD=!F;:B!5<98?!^M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ca!

(7JA;=!cMYM!VYGU-.+!@H=89;AB!:F!H<7E9!@DACJ=!@<BHD=!F;:B!5<98?!VM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!aV!

(7JA;=!cM_M!VYGU-.+!@H=89;AB!:F!H<7E9!@DACJ=!@<BHD=!F;:B!5<98?!^M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!aV!

(7JA;=!cMfM!"?=;B:J;<Q7B=9;78!<E<D6@7@!:F!H<7E9!@DACJ=!@<BHD=!F;:B!5<98?!VM!MMMMMMMMMMMMMMMMMMMMMMMMMMMM!aY!

(7JA;=!cMeM!"?=;B:J;<Q7B=9;78!<E<D6@7@!:F!H<7E9!@DACJ=!@<BHD=!F;:B!5<98?!^M!MMMMMMMMMMMMMMMMMMMMMMMMMMMM!a_!

(7JA;=!cM`M!&$.!7B<J=!:F!H<7E9!@DACJ=!@<BHD=!F;:B!5<98?!VM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ae!

(7JA;=!cMcM!&$.!7B<J=!:F!H<7E9!@DACJ=!@<BHD=!F;:B!5<98?!VM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!a`!

(7JA;=!cMaM!$3&!@H=89;<!:F!@H:9!VM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ac!

(7JA;=!cMVWM!$3&!@H=89;<!:F!@H:9!YM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!ac!

(7JA;=!cMVVM!$3&!@H=89;<!:F!@H:9!_M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!aa!

(7JA;=!cMV^M!g+3!@H=89;<!:F!H<7E9!@DACJ=!@<BHD=!7E!5<98?!VM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!aa!

(7JA;=!cMVYM!1<;978D=!@7>=!<E<D6@7@!:F!HADQ=;7>=C!H<7E9!@DACJ=!@<BHD=M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VWV!

(7JA;=!cMV_M!1<;978D=!@7>=!<E<D6@7@!:F!B<JE=979=!:;=M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VW^!

(7JA;=!cMVfM!1<;978D=!@7>=!<E<D6@7@!:F!5=E9:E79=M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VW^!

(7JA;=!cMVeM!1<;978D=!@7>=!<E<D6@7@!:F!D7B=@9:E=M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VWY!

(7JA;=!cMV`M!1=;8=E9!1<@@7EJ!:F!D7B=@9:E=N!5=E9:E79=N!H<7E9!@DACJ=N!<EC!B<JE=979=!:;=M!MMMMMMMMMMMMM!VWY!

(7JA;=!aMVM!G:DC!G;A@?7EJ!&9;=EJ9?!KGG&L!F:;!5<98?!V!H=DD=9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VWc!

(7JA;=!aM^M!G;A@?7EJ!&9;=EJ9?!:F!3;6!Q@M!(7;=C!,<98?!V!1=DD=9@!<9!c`WGM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VWa!

(7JA;=!aMYM!G;A@?7EJ!&9;=EJ9?!:F!3;6!Q@M!(7;=C!,<98?!V!1=DD=9@!<9!VVfWGM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VVW!
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(7JA;=!aM_M!G:DC!G;A@?7EJ!&9;=EJ9?!F:;!,<98?!^!H=DD=9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VV^!

(7JA;=!aMfM!G;A@?7EJ!&9;=EJ9?!F:;!3;6!Q@M!(7;=C!,<98?!^!1=DD=9@!<9!c`WGM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VV^!

(7JA;=!aMeM!G;A@?7EJ!&9;=EJ9?!F:;!3;6!Q@M!(7;=C!,<98?!^!1=DD=9@!<9!VVfWGM!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VVY!

(7JA;=!aM`M!3;:H!"=@9!-AB5=;@!F:;!(7;=C!,<98?!V!1=DD=9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VVf!

(7JA;=!aMcM!3;:H!"=@9!-AB5=;@!F:;!(7;=C!,<98?!^!1=DD=9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VV`!

(7JA;=!aMaM!3;:H!EAB5=;!Q=;@A@!9=BH=;<9A;=!:F!7ECA;<97:E!F:;!H=DD=9@!:F!5<98?!V!<EC!^M!MMMMMMMMMMM!VVc!

(7JA;=!aMVWM!,<8R@8<99=;!7B<J=!<EC!F<D@=U8:D:;!7B<J=!:F!V+!H=DD=9M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V^_!

(7JA;=!aMVVM!,<8R@8<99=;!7B<J=!<EC!F<D@=U8:D:;!7B<J=!:F!^c(!H=DD=9M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V^_!

(7JA;=!aMV^M!1=;8=E9!;=CA897:E!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!V!S9MZ!H<7E9!@DACJ=N!W!S9MZ!
5=E9:E79=N!<EC!Y!S9MZ!D7B=@9:E=M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V^e!

!
(7JA;=!aMVYM!1=;8=E9!;=CA897:E!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!W!S9MZ!H<7E9!@DACJ=N!V!S9MZ!

5=E9:E79=N!<EC!W!S9MZ!D7B=@9:E=M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V^e!
!
(7JA;=!aMV_M!1=;8=E9!;=CA897:E!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!WMf!S9MZ!H<7E9!@DACJ=N!!!!!!!!!!!!!!

WMf!S9MZ!5=E9:E79=N!<EC!VMf!S9MZ!D7B=@9:E=M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V^`!
!
(7JA;=!aMVfM!1=;8=E9!;=CA897:E!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!V!S9MZ!H<7E9!@DACJ=N!!!!!!!!!!!!!!!!!!!!

V!S9MZ!5=E9:E79=N!<EC!Y!S9MZ!D7B=@9:E=M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V^`!
!
(7JA;=!aMVeM!%E;=<89=C!8:;=!B:C=DO!8?=B78<D!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!!!!!!!!!!!!!!!!

W!S9MZ!H<7E9!@DACJ=N!V!S9MZ!5=E9:E79=N!<EC!W!S9MZ!D7B=@9:E=!H=DD=9@M!MMMMMMMMMMMMMMMMMMM!VYW!
!
(7JA;=!aMV`M!%E;=<89=C!8:;=!B:C=DO!8?=B78<D!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!!!!!!!!!!!!!!

WMf!S9MZ!H<7E9!@DACJ=N!WMf!S9MZ!5=E9:E79=N!<EC!VMf!S9MZ!D7B=@9:E=!H=DD=9@M!MMMMMMMMMM!VYV!
!
(7JA;=!aMVcM!%E;=<89=C!8:;=!B:C=DO!8?=B78<D!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!!!!!!!!!!!!!!!!!

V!S9MZ!H<7E9!@DACJ=N!W!S9MZ!5=E9:E79=N!<EC!Y!S9MZ!D7B=@9:E=!H=DD=9@M!MMMMMMMMMMMMMMMMMMM!VY^!
!
(7JA;=!aMVaM!%E;=<89=C!8:;=!B:C=DO!8?=B78<D!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!!!!!!!!!!!!!!!!

V!S9MZ!H<7E9!@DACJ=N!V!S9MZ!5=E9:E79=N!<EC!Y!S9MZ!D7B=@9:E=!H=DD=9@M!MMMMMMMMMMMMMMMMMMM!VYY!
!
(7JA;=!aM^WM!%E;=<89=C!8:;=!B:C=DO!<@?!C7FFA@7:E!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!!!!!!!!!!

V!S9MZ!H<7E9!@DACJ=N!W!S9MZ!5=E9:E79=N!<EC!Y!S9MZ!D7B=@9:E=!H=DD=9@M!MMMMMMMMMMMMMMMMMMM!VY_!
!
(7JA;=!aM^VM!%E;=<89=C!8:;=!B:C=DO!<@?!C7FFA@7:E!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!!!!!!!!!!

W!S9MZ!H<7E9!@DACJ=N!V!S9MZ!5=E9:E79=N!<EC!W!S9MZ!D7B=@9:E=!H=DD=9@M!MMMMMMMMMMMMMMMMMMM!VYf!
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!
(7JA;=!aM^^M!%E;=<89=C!8:;=!B:C=DO!<@?!C7FFA@7:E!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!!!!!!!!!!

V!S9MZ!H<7E9!@DACJ=N!V!S9MZ!5=E9:E79=N!<EC!Y!S9MZ!D7B=@9:E=!H=DD=9@M!MMMMMMMMMMMMMMMMMMM!VYe!
!
(7JA;=!aM^YM!%E;=<89=C!8:;=!B:C=DO!<@?!C7FFA@7:E!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!!!!!!!

WMf!S9MZ!H<7E9!@DACJ=N!WMf!S9MZ!5=E9:E79=N!<EC!VMf!S9MZ!D7B=@9:E=!H=DD=9@M!MMMMMMMMMM!VY`!
!
(7JA;=!aM^_M!#<DFU-:;B<D!1D:9!F:;!GG&!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VYc!

(7JA;=!aM^fM!1<;=9:!8?<;9!F:;!GG&!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!VYa!

(7JA;=!aM^eM!*-'0*!<EC!F79!@9<97@978@!;=@AD9@!F:;!GG&M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_W!

(7JA;=!aM^`M!-:;B<D!1D:9!:F!+=@7CA<D@!F:;!GG&!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_V!

(7JA;=!aM^cM!+=@7CA<D@!Q@M!1;=C789=C!HD:9!F:;!GG&!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_V!

(7JA;=!aM^aM!+=@7CA<D@!Q@M!+AE!F:;!GG&!;=@AD9@!:F!5<98?!V!H=DD=9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_Y!

(7JA;=!aMYWM!,:\UG:\!1D:9!F:;!1:S=;!";<E@F:;B@!F:;!GG&!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V__!

(7JA;=!aMYVM!/E9=;<897:E!HD:9!F:;!GG&!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_f!

(7JA;=!aMY^M!Y3!@A;F<8=!HD:9!F:;!GG&!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_e!

(7JA;=!aMYYM!#<DFU-:;B<D!1D:9!F:;!3;:H!"=@9!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_`!

(7JA;=!aMY_M!1<;=9:!G?<;9!F:;!3;:H!"=@9!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_c!

(7JA;=!aMYfM!*-'0*!<EC!F79!@9<97@978@!;=@AD9@!F:;!3;:H!"=@9!;=@AD9@M!MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM!V_a!
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"<5D=!aMVM!,<98?!V!H=DD=9!C;6!<EC!8:DC!8;A@?7EJ!@9;=EJ9?M!

1=DD=9!"6H=! "=BH=;<9A;=!
KG=D@7A@L!

"7B=!
KB7EA9=@L!

3;6!G;A@?7EJ!
&9;=EJ9?!KRJkH=DD=9L!

G:DC!G;A@?7EJ!
&9;=EJ9?!KRJkH=DD=9L!

W1&UW,UW2&! c`W! aW! V !̂ Va !̀
W1&UW,UY2&! c`W! YW! VV! ^VW!
W1&UV, UW2&! c`W! YW! V !̂ ^Va!
V1&UW,UW2&! c`W! YW! VY! ^Va!
W1&UV, UY2&! c`W! aW! VW! ^_W!
V1&UW,UY2&! c`W! aW! V^! ^_f!
W1&UW,UW2&! VVfW! YW! ^e! ^_a!
V1&UV, UW2&! c`W! YW! VV! ^fY!
V1&UV,UY2&! c`W! YW! VY! ^f_!
W1&UV, UY2&! VVfW! YW! ^V! ^f_ !
W1&UV,UW2&! VVfW! aW! ^`! ^f_!
V1&UV, UW2&! VVfW! aW! V_! ^fa !

WMf1&UWMf,UVMf2&!VWVW! eW! ^Y! ^fa!
V1&UW,UY2&! VVfW! YW! ^c! ^eV!

WMf1&UWMf,UVMf2&!VWVW! eW! ^V! ^e_!
W1&UW,UY2&! VVfW! aW! ^e! ^ef !

WMf1&UWMf,UVMf2&!VWVW! eW! ^W! ^ec!
V1&UW,UW2&! VVfW! aW! ^a! ^ea!
V1&UV,UY2&! VVf! aW! ^Y! ^c_!
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CCS for Batch 1 pellets
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Dry vs. Fired Batch 1 pellets at 870¼C

Fired Pellets Dry Pellets



! VVW!

!

!

!

!

!

!

!

(7JA;=!aMYM!G;A@?7EJ!&9;=EJ9?!:F!3;6!Q@M!(7;=C!,<98?!V!1=DD=9@!<9!VVfWGM!

!

!

!

!

!

0

50

100

150

200

250

300

0P
S_1

B_3
LS

1P
S_1

B_3
LS

0P
S_0

B_3
LS

1P
S_0

B_3
LS

0P
S_1

B_0
LS

1P
S_1

B_0
LS

0P
S_0

B_0
LS

1P
S_0

B_0
LS

C
ru

sh
in

g 
S

tr
en

gt
h 

(k
g/

pe
lle

t)

Dry vs. Fired Batch 1 pellets at 1150¼C
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! VVV!

"<5D=!aM^M!,<98?!^!H=DD=9@!C;6!<EC!8:DC!8;A@?7EJ!@9;=EJ9?M!

1=DD=9!"6H=! "=BH=;<9A;=!
KG=D@7A@L!

"7B=!
KB7EA9=@L!

3;6!G;A@?7EJ!
&9;=EJ9?!KRJkH=DD=9L!

G:DC!G;A@?7EJ!
&9;=EJ9?!KRJkH=DD=9L!

W1&UW,UW2&! c`W! aW! V !̂ VaW!
V1&UV,UY2&! c`W! YW! VY! ^WW!
W1&UW,UY2&! c`W! YW! VV! ^VY!
V1&UW,UW2&! c`W! YW! VY! ^V_!
W1&UV, UW2&! c`W! YW! V !̂ ^^V!
V1&UV,UW2&! c`W! YW! VV! ^^c!
W1&UW,UW2&! VVfW! YW! ^e! ^YW!
V1&UW,UY2&! c`W! aW! V^! ^_f!
W1&UV, UY2&! c`W! aW! VW! ^_a!
W1&UW,UY2&! VVfW! aW! ^e! ^_a!

WMf1&UWMf,UVMf2&! VWVW! eW! ^Y! ^e^!
V1&UV, UW2&! VVfW! aW! V_! ^e_!
V1&UW,UW2&! VVfW! aW! ^a! ^ef!

WMf1&UWMf,UVMf2&! VWVW! eW! ^W! ^ec!
V1&UW,UY2&! VVfW! YW! ^c! ^`W!

WMf1&UWMf,UVMf2&! VWVW! eW! ^V! ^`Y!
W1&UV,UW2&! VVfW! aW! ^`! ^`e!
V1&UV, UY2&! VVfW! YW! VY! ^`c !
V1&UV,UY2&! VVfW! aW! ^Y! ^c_!
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CCS for Batch 2 pellets

870 C 1150 C 1010 C
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?7J?!9=BH=;<9A;=O!VWVWlG!<EC!VVfWlGM!!/E!"<5D=!aMY!S=!@==!9?<9!@:B=!:F!9?=!H=DD=9@!9?<9!H<@@!9?=!
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@DACJ=N!B<JE=979=N!<ECk:;!D7B=@9:E=!K=MJMN!V1&PW,PY2&!<EC!V1&PW,PW2&L!:;!?<DF!:F!9?=!
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Dry vs. Fired Batch 2 pellets at 1150¼C
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9?<9!B<JE=979=!:;=!H=DD=9@!@A5@979A9=C!8:BHD=9=D6!:;!H<;97<DD6!S79?!<A9:B:97Q=!H<7E9!@DACJ=!@97DD!

C7@HD<6!7BH<89!Q<DA=@!8:BH<;<5D=!9:!H=DD=9@!S79?!5=E9:E79=!8D<6M!!!

!

"<5D=!aMYM!3;:H!EAB5=;!F:;!C;6!<EC!F7;=C!5<98?!V!H=DD=9@M!

1=DD=9!"6H=! "=BH=;<9A;=!
KG=D@7A@L!

"7B=!KB7EA9=@L!3;:H!EAB5=;!F:;!
C;6!H=DD=9@!

3;:H!EAB5=;!F:;!
F7;=C!H=DD=9@!

W1&UW,UW2&! VVfW! YW! V! V!
W1&UV,UW2&! c`W! YW! V! _!
V1&UW,UW2&! c`W! YW! ^! _!
V1&UV,UY2&! c`W! YW! _! _!
W1&UV, UY2&! c`W! aW! ^! f !
W1&UW,UY2&! c`W! YW! _! f!
V1&UV, UW2&! c`W! YW! V! ` !
W1&UW,UW2&! c`W! aW! ^! `!
V1&UW,UY2&! c`W! aW! Y! ` !

WMf1&UWMf,UVMf2&! VWVW! eW! e! a!
V1&UW,UY2&! VVfW! YW! e! a!
W1&UV, UY2&! VVfW! YW! ` ! a!
W1&UW,UY2&! VVfW! aW! f! VW!
W1&UV, UW2&! VVfW! aW! e! VW!

WMf1&UWMf,UVMf2&! VWVW! eW! `! VW!
V1&UV, UY2&! VVfW! aW! _! VV!
V1&UV,UW2&! VVfW! aW! e! VV!
V1&UW,UW2&! VVfW! aW! f ! V !̂

WMf1&UWMf,UVMf2&! VWVW! eW! f! V^!
!

(7JA;=!aM`!@?:S@!9?=!C;:H!9=@9!Q<DA=@!F:;!F7;=C!H=DD=9@!B<C=!F;:B!5<98?!V!H<7E9!@DACJ=!

B<9=;7<D!F:;!7ECA;<97:E!9=BH=;<9A;=@!c`WlGN!VWVWlGN!VVfWlGM!!"?7@!J;<H?!@?:S@!9?=!9=BH=;<9A;=!

C=H=EC=E8=!<J<7EN!7BHD67EJ!9?=!7BH:;9<E8=!:F!@7E9=;7EJ!7E!9?=!@9;=EJ9?=E7EJ!:F!7;:E!:;=!H=DD=9@M!!

"?=!H=DD=9!96H=!W1&PW,PW2&!C:=@!E:9!@?:S!<E6!H;:B7@7EJ!7BH<89!Q<DA=@N!B:@9!D7R=D6!CA=!9:!9?=!

D<8R!:F!5=E9:E79=!<EC!H<7E9!@DACJ=!B<9=;7<D@M!!

!



! VVf!

!

(7JA;=!aM`M!3;:H!"=@9!-AB5=;@!F:;!(7;=C!,<98?!V!1=DD=9@M!

!

d#$#\!=4(>!Y,7'!;,7&1'7!?(4!Q.'5D!"!-,11,'7!

! *@!C7@8A@@=C!7E!9?=!@=897:E!5=F:;=N!9?=!@<B=!C;:H!EAB5=;!:F!c!7@!8:E@7C=;=C!9?=!CA;<5D=!

9?;=@?:DC!F:;!@A79<5D=!7;:E!:;=!H=DD=9@M!!.:@9!:F!9?=!H=DD=9@!9?<9!H<@@!9?7@!9?;=@?:DC!Q<DA=!<;=!

H=DD=9@!7ECA;<9=C!<9!VWVWlG!<EC!VVfWlG!S?=;=!@7E9=;7EJ!=FF=89@!@7JE7F78<E9D6!7E8;=<@=!9?=!

@9;=EJ9?!<EC!?<;CE=@@!:F!<!H=DD=9M!!"<5D=!aM_!@?:S@!H=DD=9!96H=!8:B57E<97:E@!9?<9!C:!E:9!7E8DAC=!

9?=!<CC797:E!:F!5=E9:E79=!:;!9?=!H<;97<D!<CC797:E!:F!5=E9:E79=!K=MJMN!WMf1&PWMf,PVMf2&!<EC!

V1&PW,PW2&N!<EC!V1&PW,PY2&LN!7EC78<97EJ!9?=!H<7E9!@DACJ=!B<9=;7<D!<@!<!@A79<5D=!8:BHD=9=!:;!

H<;97<D!@A5@979A97:EM!!(7JA;=!aMc!C7@HD<6@!9?=!C;:H!EAB5=;!Q<DA=@!F:;!F7;=C!H=DD=9@!F;:B!5<98?!^!

H<7E9!@DACJ=!B<9=;7<D!7ECA;<9=C!<9!c`WlGN!VWVWlG!<EC!VVfWlGM!!)?7D=!E:9!<DD!9?=!F7;=C!H=DD=9@!

C;:H!EAB5=;N!Q<DA=@!H<@@!9?=!c!C;:H!9?;=@?:DCN!79!C:=@!@?:S!?:S!9?=!9=BH=;<9A;=!C=H=EC=E8=m!

9?=!H=DD=9@!S79?@9<EC!B:;=!C;:H@!<@!9?=7;!7ECA;<97:E!9=BH=;<9A;=!7E8;=<@=@M!!!
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Drop Test for Batch 1 pellets

870 C 1150 C 1010 C



! VVe!

"<5D=!aM_M!3;:H!EAB5=;!F:;!C;6!<EC!F7;=C!5<98?!^!H=DD=9@M!

1=DD=9!"6H=! "=BH=;<9A;=!
KG=D@7A@L!

"7B=!KB7EA9=@L!3;:H!-AB5=;!
F:;!C;6!H=DD=9@!

3;:H!-AB5=;!
F:;!F7;=C!H=DD=9@!

W1&UW,UW2&! c`W! aW! ^! ^!
W1&UW,UW2&! VVfW! YW! ^! Y!
W1&UW,UY2&! c`W! YW! ^! _!
W1&UV,UW2&! c`W! YW! ^! _!
V1&UV, UW2&! c`W! YW! ^! f !
V1&UW,UY2&! c`W! aW! Y! f!
V1&UV, UY2&! c`W! YW! Y! f !
W1&UV,UY2&! c`W! aW! ^! e!
W1&UV,UW2&! VVfW! aW! `! a!

WMf1&UWMf,UVMf2&! VWVW! eW! f ! VW!
W1&UW,UY2&! VVfW! aW! e! VW!
V1&UV, UY2&! VVfW! aW! ` ! VW!

WMf1&UWMf,UVMf2&! VWVW! eW! c! VW!
V1&UW,UW2&! c`W! YW! ^! VV!
V1&UW,UY2&! VVfW! YW! f! VV!
V1&UW,UW2&! VVfW! aW! e! VV!

WMf1&UWMf,UVMf2&! VWVW! eW! e! VV!
W1&UV, UY2&! VVfW! YW! ` ! VV!
V1&UV,UW2&! VVfW! aW! `! VV!

!

&7B7D<;!9:!S?<9!7@!@==E!7E!(7JA;=!aM`N!9?=!H=DD=9!96H=!W1&PW,PW2&!8<EE:9!S79?@9<EC!

EAB=;:A@!C;:H@!CA=!9:!9?=!D<8R!:F!5=E9:E79=!<EC!H<7E9!@DACJ=!B<9=;7<D!9:!@9;=EJ9?=E!9?=!H=DD=9@M!

(7E<DD6N!(7JA;=!aMa!@?:S@!<!8:BH<;7@:E!5=9S==E!C;:H!9=@9!Q<DA=@!5=9S==E!5<98?!V!<EC!5<98?!^!

F7;=C!H=DD=9@M!!1=DD=9@!7ECA;<9=C!<5:Q=!VWWWlG!<;=!@?:SE!9:!S79?@9<EC!BAD97HD=!C;:H@!<EC!<;=!

8:E@7C=;=C!CA;<5D=!=E:AJ?!F:;!?<ECD7EJ!<EC!9;<E@H:;9<97:E!7E!<!B<EE=;!96H78<D!:F!<E!7ECA@9;7<D!

H=DD=97>7EJ!HD<E9M!!

d#"!%>>.4,/'!-(4(7*'<!./2!;,2&5'*(/!;,7&1'7!?(4!Q.'5D!$!./2!Q.'5D!"!-,11,'7!
! !
"?7@!@=897:E!C7@8A@@=C!9?=!<HH<;=E9!H:;:@796!<EC!H=;8=E9!;=CA897:E!;=@AD9@!F:;!9?=!H=DD=9@!B<C=!

F;:B!5<98?=@!V!<EC!^!:F!H<7E9!@DACJ=!B<9=;7<DM!!"?=!H;:8=CA;=!F:;!C=9=;B7E7EJ!9?=!<HH<;=E9!

H:;:@796!:F!<!H=DD=9!7@!C=9<7D=C!7E!@=897:E!eM^MYM!!"?=!=\H=;7B=E9<D!H;:8=CA;=!F:;!C=9=;B7E<97:E!:F!

;=CA897:E!H=;8=E9<J=!7@!7E!@=897:E!eM^M_!<EC!=IA<97:E@!aMV!<EC!aM^!S=;=!A@=C!9:!8<D8AD<9=!9?=!



! VV !̀

H=;8=E9!;=CA897:Em!H:;:@796!:F!<!H=DD=9!7@!C=9<7D=C!7E!@=897:E!eM^MYM!!"?=!=\H=;7B=E9<D!H;:8=CA;=!

F:;!C=9=;B7E<97:E!:F!;=CA897:E!H=;8=E9<J=!7@!7E!@=897:E!eM^M_!<EC!9?=!F:DD:S7EJ!=IA<97:E@!S=;=!

A@=C!9:!8<D8AD<9=!9?=!H=;8=E9!;=CA897:EO!!

!

!

(7JA;=!aMcM!3;:H!"=@9!-AB5=;@!F:;!(7;=C!,<98?!^!1=DD=9@M!

!

KWMYWL!\!KZ(=! ' ' L!\!K) =L!v!7E797<D!'! !<@@:87<9=C!
S79?!(=!7E!H=DD=9!

KaMVL$

!
!

WK)2X+#59((#'+ #+)YK#+
)=)+)'5#/ ( BZK#)=#;K55K+

" N #<K87*+)9=!
KaM^L$

!
!

)?=;=O!!

) =!v!7@!9?=!7E797<D!S=7J?9!:F!9?=!H=DD=9!5=F:;=!;=CA897:E!;=<897:E!

WMYW!v!F;<897:E!:F!'! !7E!(=! ' ' !!
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Drop Test for Batch 2 pellets

870 C 1150 C 1010 C



! VVc!

Z!(= ! ' ' !v!S=7J?9!H=;8=E9!:F!?=B<979=!A@=C!7E!H=DD=9N!<@@AB7EJ!<DD!B<JE=979=!8:EQ=;9@!9:!?=B<979=!

!

!!

(7JA;=!aMaM!3;:H!EAB5=;!Q=;@A@!9=BH=;<9A;=!:F!7ECA;<97:E!F:;!H=DD=9@!:F!5<98?!V!<EC!^M!

!

"?=!8<D8AD<97:E!:F!9?=!<HH<;=E9!H:;:@796!:F!9?=!H=DD=9!7@!7BH:;9<E9!F:;!=FF787=E9!

;=CA8757D796M!!*D9?:AJ?!<HH<;=E9!H:;:@796!C:=@!E:9!C=9=;B7E=!9?=!H=;8=E9<J=!:F!8D:@=C!H:;=@!

S79?7E!<!H=DD=9!@<BHD=N!79!8<E!8<D8AD<9=!:H=E!H:;:@796M!!1:;=@!<DD:S!F:;!9?=!;=CA87EJ!J<@=@!9:!

H=E=9;<9=!9?=!H=DD=9@!B:;=!=<@7D6!<EC!<7C!7E!9?=!;=CA897:E!H;:8=@@M!!/ECA@9;6!@9<EC<;C@!8:E@7C=;!<!

H:;:@796!:F!^WZ!@A79<5D=!F:;!9?=7;!;=CA897:E!H;:8=@@=@M!!"<5D=!aMf!<EC!"<5D=!aMe!@?:S!9?=!

<HH<;=E9!H:;:@796!<EC!9?=!;=@AD97EJ!H=;8=E9!;=CA897:EM!!1=DD=9!96H=!W1&PW,PW2&!S?78?!S<@!

7ECA;<9=C!<9!c`W¡G!F:;!YW!B7EA9=@!@?:S=C!<E!<HH<;=E9!H:;:@796!:F!VfMWWZ!<EC!79!;=@AD9=C!7E!<!

Y_MeZ!;=CA897:E!<F9=;!V!?:A;!S79?!8<;5:E!B:E:\7C=!J<@!=\H:@A;=!K"<5D=!aMfLM!!'E!9?=!:9?=;!
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! VVa!

?<ECN!9?=!H=DD=9!96H=!V1&PW,PY2&!S?78?!S<@!7ECA;<9=C!<9!VVfW¡G!F:;!YW!B7EA9=@!;=@AD9=C!7E!<!

_eMcZ!<HH<;=E9!H:;:@796!<EC!`cMeZ!;=CA897:E!K"<5D=!aMfLM!!4;=<9=;!<HH<;=E9!H:;:@796!Q<DA=@!<;=!

@?:SE!9:!;=@AD9!7E!<!?7J?=;!H=;8=E9!;=CA897:EM!!

/E!"<5D=!aMeN!9?=!H=DD=9!96H=!V1&PW,PY2&!S?78?!S<@!7ECA;<9=C!<9!VVfW¡G!F:;!YW!B7EA9=@!

@?:S=C!<!_^MVZ!<HH<;=E9!H:;:@796!<EC!`_MYZ!;=CA897:EM!!*E:9?=;!=\<BHD=!F;:B!5<98?!^!H=DD=9@!

7@!9?=!WMf1&PWMf,PVMf2&!H=DD=9!96H=!S?78?!S<@!7ECA;<9=C!VWVW¡G!F:;!eW!B7EA9=@!@?:S=C!<!

_`M`Z!<HH<;=E9!H:;:@796!<EC!`WM^Z!;=CA897:E!K"<5D=!aMeLM!!"<5D=!aM`!<D@:!@?:S@!9?=;=!7@!<!

8:EQ=;@7:E!:F!B<JE=979=!9:!?=B<979=!7E!H=DD=9@!D<5=D=C!V1&PV,!<EC!V1&PVMf2&U(M!!1=DD=9!96H=!

V1&PV,!S<@!E:9!F7;=C!CA;7EJ!9?=!97B=!:F!*./G&!<E<D6@7@!<EC!7@!@?:SE!9:!8:E9<7E!`_M_WZ!:F!

B<JE=979=!<EC!9?=;=!S<@!E:!?=B<979=!B7E=;<D!H?<@=!C=9=89=CM!!V1&PVMf2&U(!H=DD=9!96H=!S<@!F7;=C!

<9!9?=!97B=!:F!*./G&!<E<D6@7@!<EC!@?:S=C!9:!8:E9<7E!`_MecZ!:F!?=B<979=!5A9!E:!B<JE=979=!

B7E=;<D!H?<@=!C=9=89=CM!!1=DD=9!96H=!WMf1&PWMf,PVMf2&!S?78?!7@!D<5=D=C!<@!V+!7E!"<5D=!aM`!

@?:S@!efMVVZ!B<JE=979=!H?<@=!<EC!^WM`_Z!?=B<979=M!!"?7@!H=DD=9!S<@!;=CA8=C!F:;!V!?:A;!<EC!

@?:S@!9?=!;=CA897:E!F;:B!?=B<979=!9:!B<JE=979=M!!'E!9?=!8:E9;<;6N!H=DD=9!96H=!V1&PW,PY2&N!

D<5=DD=C!<@!^c(N!C:=@!@?:S!<E6!@=8:EC<;6!B<JE=979=!H?<@=N!5A9!:ED6!9?=!cVMcfZ!?=B<979=!H?<@=M!!

"?=!7B<J=@!7E!(7JA;=!aMVW!<EC!(7JA;=!aMVV!@?:S!9?=!5<8R@8<99=;!<EC!F<D@=!8:D:;!7B<J=@!:F!/+!<EC!

^c(!H=DD=9N!;=@H=897Q=D6N!S?=;=!9?=!8:D:;!@8?=B=!9:!9?=!F<D@=!8:D:;!7B<J=@!7E!@?:SE!7E!"<5D=!aMcM!

,<@=C!:E!9?=!<HH<;=E9!H:;:@796!<EC!;=@AD97EJ!H=;8=E9!;=CA897:E!;=@AD9@!H;=@=E9=C!7E!9?7@!

@=897:EN!H=DD=9!96H=@!S79?!E:!5=E9:E79=!:;!H<;97<D!5=E9:E79=!<;=!<D@:!8<H<5D=!:F!8:BH<;<5D=!

H:;:@796!Q<DA=@!<EC!;=@AD97EJ!H=;8=E9!;=CA897:E!Q<DA=@!9:!9?:@=!A@=C!7E!9?=!7;:EU!<EC!@9==DB<R7EJ!

7ECA@9;7=@M!!"?=!5<8R@8<99=;!<EC!F<D@=!8:D:;!7B<J=@!<D@:!H;:Q7C=!B:;=!7EF:;B<97:E!:E!9?=!

:\7C<97:E!:F!9?=!B<JE=979=!H=DD=9@!9:!?=B<979=!<EC!9?=E!9?=7;!;=CA897:E!F;:B!?=B<979=!9:!

@=8:EC<;6!B<JE=979=M!!!



! V^W!

!

!

!

!

!

"<5D=!aMf!*HH<;=E9!H:;:@796!<EC!1=;8=E9!+=CA897:E!:F!5<98?!V!H=DD=9@M!

1=DD=9!"6H=! "=BH=;<9A;=!
KG=D@7A@L!

"7B=!KB7EA9=@L! *HH<;=E9!
1:;:@796!KZL!

1=;8=E9!
+=CA897:E!KZL!

W1&UV, UY2&! c`W! aW! _YMYY! _`M!̂
W1&UV,UY2&! VVfW! YW! __Mec! `fM^!
V1&UV, UY2&! c`W! YW! _`M_e! _^M_!
V1&UV,UY2&! VVfW! aW! _`Ma^! c_M`!
W1&UW,UY2&! c`W! YW! VfMWW! Y_Me!
W1&UW,UY2&! VVfW! aW! _fM_f! `eM^!
V1&UW,UY2&! c`W! aW! _fMWW! fVMc!
V1&UW,UY2&! VVfW! YW! _eMcV! `cMe!
W1&UV, UW2&! c`W! YW! YeMc_! f`M_!
W1&UV,UW2&! VVfW! aW! YaM`V! `fMa!
V1&UV, UW2&! c`W! YW! _cMWW! f_M!̀
V1&UV,UW2&! VVfW! aW! __M__! `fM_!
W1&UW,UW2&! c`W! aW! __M__! _aMe!
W1&UW,UW2&! VVfW! YW! _`M`c! `fMV!
V1&UW,UW2&! c`W! YW! YWMeV! fWM_!
V1&UW,UW2&! VVfW! aW! __Me_! ecMf!

WMf1&UWMf,UVMf2&! VWVW! eW! _YMYY! eYM^!
WMf1&UWMf,UVMf2&! VWVW! eW! _YM^c! eWMf!
WMf1&UWMf,UVMf2&! VWVW! eW! _eMa_! e_M!̀

!

!

!

!

!

!

!



! V^V!

!

!

!

!

!
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7E!9?=!1<;=9:!8?<;9!7E!(7JA;=!aM^fM!!"?=!1<;=9:!8?<;9!@?:S@!9?<9!:ED6!9?=!9=BH=;<9A;=N!H<7E9!@DACJ=!
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! VYW!

!

(7JA;=!aMVeM!%E;=<89=C!8:;=!B:C=DO!8?=B78<D!8:E9;:D@!Q=;@A@!97B=!<EC!9=BH=;<9A;=!F:;!W!S9MZ!
H<7E9!@DACJ=N!V!S9MZ!5=E9:E79=N!<EC!W!S9MZ!D7B=@9:E=!H=DD=9@M!
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!

!

"<5D=!aMaM!$IA<97:E@!<EC!+U@IA<;=C!Q<DA=@!F:;!9;=ECD7E=@!7E!(7JA;=!`cM!

Y,)>,4.'&4,!GA,17*&7I! Y4,/21*/,!B^&.'*(/!./2!; %!

cfW! 6!v!WMWWV`\!u!WMWfVY!
+ !/ v!WMaca`!

aWW! 6!v!WMWW^Y\!u!WMWV^!
+ ! !v!WMaacc!

afW! 6!v!WMWW^_\!u!WMWYc!
+ ! !v!WMacca!
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"<5D=!aMVWM!$IA<97:E@!<EC!+U@IA<;=C!Q<DA=@!F:;!9;=ECD7E=@!7E!(7JA;=!`aM!

Y,)>,4.'&4,!GA,17*&7I! Y4,/21*/,!B^&.'*(/!./2!; %!

cfW! 6!v!WMWW^`\!u!WMVWa`!
+ !/ v!WMcce`!

aWW! 6!v!WMWWY^\!u!WMV^ce!
+ ! !v!WMaec`!

afW! 6!v!WMWW`\!X!WMWffV!
+ ! !v!WMaYW^!
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"<5D=!aMVVM!$IA<97:E@!<EC!+U@IA<;=C!Q<DA=@!F:;!9;=ECD7E=@!7E!(7JA;=!cWM!

Y,)>,4.'&4,!GA,17*&7I! Y4,/21*/,!B^&.'*(/!./2!; %!

cfW! 6!v!WMWWf_\!u!WMWW_!
+ !/ v!WMaac`!

aWW! 6!v!WMWWe`\!X!WMWfWf!
+ ! !v!WMaaff!

afW! 6!v!WMWWf\!u!WMW_^f!!
+ ! !v!WMaff!
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"<5D=!aMV^M!$IA<97:E@!<EC!+U@IA<;=C!Q<DA=@!F:;!9;=ECD7E=@!7E!(7JA;=!cVM!

Y,)>,4.'&4,!GA,17*&7I! Y4,/21*/,!B^&.'*(/!./2!; %!

cfW! 6!v!WMWW^\!u!WMW`aV!
+ !/ v!WMa`fV!

aWW! 6!v!WMWWYf\!X!WMWWW`!!
+ ! !v!WMaae_!

afW! 6!v!WMWWY`\!u!WMWVfV!
+ ! !v!WMa`ea!
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"<5D=!aMVYM!$IA<97:E@!<EC!+U@IA<;=C!Q<DA=@!F:;!9;=ECD7E=@!7E!(7JA;=!c^M$

Y,)>,4.'&4,!GA,17*&7I! Y4,/21*/,!B^&.'*(/!./2!; %!

cfW! 6!v!WMWW`^\!X!WMVeY`!!
+ !/ v!WMaaVV!

aWW! 6!v!WMWWcc\!X!WM^^^f!!!
+ ! !v!WMaa^V!

afW! 6!v!WMWWe`\!X!WMVWc^!!
+ ! !v!WMaeVf!
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1 wt.% paint sludge, 0 wt.% bentonite, 3 wt.% limestone
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Y,)>,4.'&4,!GA,17*&7I! Y4,/21*/,!B^&.'*(/!./2!; %!

cfW! 6!v!WMWWVf\!X!WMW^Wa!!
+ !/ v!WMacWY!

aWW! 6!v!WMWW^\!X!WMWfW`!!
+ ! !v!WMac``!

afW! 6!v!WMWW^_\!X!WMWfV^!!!
+ ! !v!WMafcY!
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0 wt.% paint sludge, 1 wt.% bentonite, 0 wt.% limestone

850 C 900 C 950 C Linear (850 C) Linear (900 C) Linear (950 C)
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S9MZ!H<7E9!@DACJ=N!V!S9MZ!5=E9:E79=N!<EC!Y!S9MZ!D7B=@9:E=!H=DD=9@M!

!

!

!

"<5D=!aMVfM!$IA<97:E@!<EC!+U@IA<;=C!Q<DA=@!F:;!9;=ECD7E=@!7E!(7JA;=!c_M!

Y,)>,4.'&4,!GA,17*&7I! Y4,/21*/,!B^&.'*(/!./2!; %!

cfW! 6!v!WMWW^V\!X!WMWVYa!!
+ !/ v!WMa`aa!

aWW! 6!v!WMWW_\!X!WMVWca!!
+ ! !v!WMa`!

afW! 6!v!WMWW_f\!X!WMVV_`!!!
+ ! !v!WMa_`f!
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1 wt.% paint sludge, 1 wt.% bentonite, 3 wt.% limestone

850 C 900 C 950 C Linear (850 C) Linear (900 C) Linear (950 C)
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"<5D=!aMVeM!$IA<97:E@!<EC!+U@IA<;=C!Q<DA=@!F:;!9;=ECD7E=@!7E!(7JA;=!cfM!

Y,)>,4.'&4,!GA,17*&7I! Y4,/21*/,!B^&.'*(/!./2!; %!

cfW! 6!v!WMWWYf\!X!WMW^_`!
+ !/ v!WMcfec!

aWW! 6!v!WMWW__\!X!WMWVfe!!!
+ ! !v!WMaf_c!

afW! 6!v!WMWWa\!X!WM^^`Y!
+ ! !v!WMaY^a!
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0.5 wt.% paint sludge, 0.5 wt.% bentonite, 1.5 wt.% limestone

850 C 900 C 950 C Linear (850 C) Linear (900 C) Linear (950 C)
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! V_W!
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"?=!*-'0*!<EC!F79!@9<97@978@!;=@AD9@!@?:SE!7E!(7JA;=!!aM^e!C7@HD<6!?:S!S=DD!9?=!F<89:;@!
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ieVj! "?=!$C79:;@!:F!$E868D:H=C7<!,;79<EE78<N!},D<@9!(A;E<8=N}!&=H9=B5=;!^WVeM!i'ED7E=jM!
*Q<7D<5D=O!?99H@OkkSSSM5;79<EE78<M8:Bk9=8?E:D:J6k5D<@9UFA;E<8=M!

ie^j! *M!#=7RR7D<N!.M!/DT<E<N!#M!,<;9A@8?!<EC!"M!(<5;797A@N!}+=CA897:E!:F!/;:E!';=!1=DD=9@N!
&7E9=;N!<EC!2ABH!';=!AEC=;!&7BAD<9=C!,D<@9!(A;E<8=!G:EC797:E@N}!L&%%($
@%*%'1>+$J.&%1.'&-4.'(F$Q:DM!aVN!E:M!VVN!^W^WM!!

ieYj! %M&M!3=H<;9B=E9!:F!";<E@H:;9<97:EN!}%@=;!4A7C=D7E=@!F:;!)<@9=!<EC!,6H;:CA89!
.<9=;7<D@!7E!1<Q=B=E9!G:E@9;A897:EN}!(=C=;<D!#7J?S<6!*CB7E7@9;<97:EN!
^WVeM!

ie_j! *M!*J;<S<DN!},D<@9!(A;E<8=!1=;F:;B<E8=!%EC=;!0<;67EJ!1=DD=9!1;:H:;97:EN}!
K1'.*'>&-4.*$4,$&+%$J.0-'.$J.*&-&5&%$4,$E%&'(*F$^WVcM!!

iefj! "M!GM!$7@=D=!<EC!&M!]<S<9;<N!}*!;=Q7=S!:F!57EC=;@!7E!7;:E!:;=!H=DD=97><97:EN}!E-.%1'($
314>%**-.7$'.0$%M&1'>&-9%$/%&'((5172$1%9-%WF$Q:DM!^_N!E:M!VN!HHM!VUaWN!^WWYM!!



! Vea!

ieej! zM!&8?B799N!}*!B=9?:C!F:;!7BH;:Q7EJ!9?=!H;:8=@@!<EC!IA<D796!:F!7;:E!:;=!H=DD=9@!B<C=!
S79?!:;J<E78!57EC=;@N}!7E!ZB&+$I..5'($E-..%*4&'$L%>&-4.$4,$LED$/%%&-.7$[$
YY&+$I..5'($\.-9%1*-&2$4,$E-..%*4&'$E-.-.7$L2/34*-5/N!3ADA9?N!^WWfM!!

ie`j! +M!2M!&9:E=!<EC!3M!&M!G<?EN!}%D9;<F7E=U1<;978D=!G:E8=E9;<97:E!<EC!9?=!&;=EJ9?!:F!
%EF7;=C!/;:E!';=!1=DD=9@N}!K1'.*'>&-4.*$4,$&+%$L4>-%&2$4,$E-.-.7$D.7-.%%1*F$
IJEDF$HHM!fYYUfY`N!VaecM!!

iecj! #M!+M!]:R<D!<EC!.M!4M!+<E<C=N!}.=9<DDA;J78<D!%@=@U(DA\=@!F:;!.=9<DDA;J6N}!J.0)$
E-.%1)$@4>?*F$Q:DM!VfN!HHM!eeVUe`fN!Vaa_M!!

ieaj! *M!]M!,7@S<@N!1;7E87HD=@!:F!,D<@9!(A;E<8=!/;:EB<R7EJO!"?=:;6!<EC!1;<8978=N!
G<D8A99<O!&,*!1A5D78<97:E@N!VacVM!!

i`Wj! "M!1<<E<E=E!<EC!]M!]7EEAE=EN!}$FF=89!:F!"7'^U8:E9=E9!:E!+=CA897:E!:F!/;:E!';=!
*JJD:B=;<9=@N}!L&%%($@%*%'1>+$J.&%1.'&-4.'(F$Q:DM!cWN!E:M!eN!HHM!_WcU_V_N!
^WWaM!!

i`Vj! +M!,AC>7RN!}"?=!,<D<E8=!:F!"79<E7AB!<EC!0<E<C7AB!7E!9?=!,D<@9!(A;E<8=!S79?!9?=!
%@=!:F!&7E9=;!G:E9<7E7EJ!<!"79<E7ABU0<E<C7ABU.<JE=979=!G:E8=E9;<9=N}!
E%&'(517-]'F$Q:DM!_eN!E:M!^N!HHM!V_fUV_`N!^WW`M!!

i`^j! +M!,AC>7RN!}"79<E7AB!7E!9?=!1;:8=@@!:F!&B=D97EJ!17J!/;:E!S79?!<E!/E8;=<@=C!&7D78:E!
G:E9=E9N}!E%&'(517-]'F$Q:DM!_^N!E:M!VN!HHM!_VU_fN!^WWYM!!

i`Yj ! &M!&9;==9N!+M!1M!&9:E=!<EC!1M!zM!]:;:@N!J14.$'.0$L&%%($K%>+.4(472F$HHM!efÙYN!^WWfM!!
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