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)3!,12',55%*/!(4,%'!:*)-$,./,!%*!(4,!3)'7!)3!'9$,5!3)'!2')&$,7!5)$+%*/;!

?12,'(!505(,7!.%5#.+#*(#/,5!%*"$9.,A!

• F#":!)3!")77)*!5,*5,;!G)'!,1#72$,8!,12,'(!505(,75!4#+,!.%33%"9$(0!%*!',")/*%C%*/!

.)7#%*!&)9*.#'%,5;!>4,*!/%+,*!#!(#5:!.%33,',*(!3')7!(4,!(02%"#$!2')&$,75!H3)'!

,1#72$,!-4,*!#!")72$,1!#*.!9*959#$!9*:*)-*!52,"('978!59"4!#5!7%1,.!*9"$,#'!

-#5(,8!%5!2',5,*(,.!()!"#$%!&'I8!#*!,12,'(!505(,7!7%/4(!#((,72(!()!5)$+,!%(!#*.!3#%$!

%*!'#(4,'!9*2',.%"(#&$,!-#058!

• F#":!)3!"',#(%+%(0;!Human experts can respond creatively to unusual situations, expert 

systems cannot,!

• Problems with excessive scope expansion of the knowledge base: for example adding 

new nuclides in HPGe ID, can create conflicts with existing rules, increasing the 

difficulty of knowledge-base maintenance,!

• 6)!,''!%5!497#*;!?+,*!#!&'%$$%#*(!,12,'(!%5!)*$0!#!497#*!#*.!(495!"#*!7#:,!

7%5(#:,5;!!64%5!59//,5(5!(4#(!#*!,12,'(!505(,7!&9%$(!()!2,'3)'7!#(!#!497#*!,12,'(!

$,+,$!54)9$.!#$5)!&,!,12,"(,.!()!7#:,!)""#5%)*#$!7%5(#:,5;!?'')'5!#*.!)7%55%)*5!%*!

(4,!:*)-$,./,!&#5,!"#*!$,#.!()!%*")'',"(!3%*.%*/5;!?12#*.%*/!#*.!.,&9//%*/!(4,!

"#$%!&'!:*)-$,./,!&#5,!4#5!&,,*!%*!2')/',55!3)'!*%*,!0,#'5;!!=(!%5!*)-!+#$9,.!&0!%(5!

95,'5!&9(!5(%$$!',7#%*5!#!-)':!%*!2')/',55;!J,7#%*%*/!,'')'5!%*!%(5!")*"$95%)*5!4#+,!

2')+,*!()!&,!',#.%$0!.,(,"(#&$,!&0!%(5!95,'5K,12,'%,*",.!/#77#@'#0!

52,"(')7,('%5(58!,12,'(5!(4,75,$+,5;!D5!59"48!"#$%!&'!%5!#!())$!()!)**+*,!,12,'%,*",.!

/#77#@'#0!52,"(')7,('%5(58!*)(!',2$#",!(4,7;!=(!2')+%.,5!'#2%.!2',$%7%*#'0!',59$(5!

3)'!(4,!#*#$05(!&9(!%5!*)(!#!())$!%*(,*.,.!3)'!95,!&0!(4)5,!9*3#7%$%#'!-%(4!/#77#@'#0!

52,"(')7,('0;!
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!"#$%&$'()*$+&

"#$%&'(!)*+'!,''-!./011'-!*,#%1!%/*-0%&2!3'/'!.'!4#-4'-1/*1'!#-!1)#('!*(5'41(!#6!

%/*-0%&!1)*1!4*-!,'!/'+'*$'7!,8!/*507!*%1#&*104!-%4$07'!07'-10604*10#-!*-7!*11/0,%10#-!,8!

)09):/'(#$%10#-!9*&&*:/*8!(5'41/#&'1/82!

,(%$'(-&$'()*$+&

;/*-0%&!0(!*!5/0&#/70*$!/*70#*410+'!'$'&'-1!6#%-7!0-!1/*4'!*&#%-1(!0-!*$$!/#4<(!*-7!(#0$=!0-!

.*1'/!*-7!*0/=!*-7!0-!&*1'/0*$(!&*7'!6/#&!-*1%/*$!(%,(1*-4'(2!>'+'/1)'$'((=!01!0(!#-'!#6!1)'!

&#/'!4#&&#-!'$'&'-1(!0-!1)'!?*/1)@(!4/%(1=!/#%9)$8!(#&'!AB!10&'(!&#/'!4#&&#-!1)*-!

(0$+'/!*-7!CBB!10&'(!&#/'!4#&&#-!1)*-!9#$7!DE=!FB=!FFG2!

;/*-0%&!*55'*/(!-*1%/*$$8!0-!1)'!6#/&!#6!*!+'41#/!#6!1)/''!0(#1#5'(=!HIA;=!HIC;=!*-7!HIJ;2!K8!

&#$'!6/*410#-!1)'0/!-*1%/*$!0(#1#504!*,%-7*-4'(!*/'!B2BBBBCALCM!6#/!HIA;=!B2BBNHBALOM!6#/!

5/0&#/70*$!HIC;=!*-7!B2EEHNAHLFBM!6#/!5/0&#/70*$!HIJ;!DFHG!,%1!+*/0*10#-!7#'(!'P0(1!0-!

%/*-0%&!0(#1#5'!/*10#(!L6#/!'P*&5$'=!DFIGM2!;/*-0%&:HIA!0(!-#1!5/0&#/70*$!,%1!*55'*/(!*(!

#-'!#6!1)'!7'4*8!7*%9)1'/(!#6!HIJ;2!!

.'()*$+&#'/&

Q)0$'!%/*-0%&!18504*$$8!#44%/(!0-!1/*4'!*&#%-1(!0-!1)'!'*/1)@(!4/%(1=!01!0(!*$(#!6#%-7!

4#-4'-1/*1'7!0-!*!/*-9'!#6!&0-'/*$(!DFA=!FC=!FOG2!R#&'!*/'!S%01'!,'*%106%$!*-7!*!6'.!*/'!

6#%-7!0-!'P1'-(0+'!7'5#(01(!1)*1!*/'!'4#-#&04*$$8!/'4#+'/*,$'T1)'('!*/'!1)'!%/*-0%&!#/'(2!!

;/*-0%&!#44%/(!0-!-*1%/'!*(!*!&0P1%/'!#6!-%&'/#%(!%/*-0%&!#P07'(2!U)'!&#(1!4#&&#-!

6#/&(!#6!%/*-0%&!#P07'!*/'!1/0%/*-0%&!#41*#P07'!L;IVJM!*-7!%/*-0%&!70#P07'!L;VHM2!

U/0%/*-0%&!#41*#P07'!0(!1)'!&#(1!4#&&#-!6#/&!6#%-7!-*1%/*$$8!*-7!4*-!/'&*0-!0-!1)'!(#0$!

6#/!1)#%(*-7(!#6!8'*/(!.01)#%1!&#+0-9!7#.-.*/7!0-1#!9/#%-7.*1'/!DFNG2!K#1)!#P07'!6#/&(!

*/'!(#$07(=!)*+'!$#.!(#$%,0$018!0-!.*1'/=!*-7!*/'!/'$*10+'$8!(1*,$'!#+'/!*!.07'!/*-9'!#6!

'-+0/#-&'-1*$!4#-7010#-(2!!

;-(%/5/0(0-9$8=!,#1)!1/0%/*-0%&!#41*#P07'!*-7!%/*-0%&!70#P07'!*/'!4#&&#-$8!6#%-7!0-!

%/*-0%&!#/'(!DFJ=!FEG2!U)'!1.#!5/0&*/8!%/*-0%&!#/'(!*/'!%/*-0-01'!*-7!5014),$'-7'2!

;/*-0-01'!4#-1*0-(!,#1)!;VH!*-7!;IVJ=!.01)!;VH!7#&0-*10-92!;/*-0-01'!%(%*$$8!6#/&(!,$*4<=!

9/*8=!#/!,/#.-!4/8(1*$(!1)*1!*/'!&#7'/*1'$8!)*/7!*-7!9'-'/*$$8!#5*S%'2!W!+*/0'18!#6!

%/*-0-01'!#/'!1)*1!0(!7'-('!*-7!6#%-7!0-!9/*-%$*/!&*(('(!.01)!*!9/'*(8!$%(1'/!0(!4*$$'7!

5014),$'-7'=!0-!.014)!;IVJ!7#&0-*1'(!DHBG2!

0)'*12/3&$'()*$+&

Q)'-!5/#4'(('7=!%/*-0%&!0(!4)'&04*$$8!5%/060'7=!/'&#+0-9!1)'!7*%9)1'/(!#6!HIC;!*-7!HIJ;=!

'P4'51!6#/!01(!HIA;!7*%9)1'/2!X/#4'(('7!%/*-0%&!0(!18504*$$8!'-/04)'7!0-!1)'!0(#1#504!6/*410#-!

#6!HIC;2!Y6!-#1!'-/04)'7=!1)'!5/#4'(('7!%/*-0%&!4*-!,'!&*7'!0-1#!)'*+8:.*1'/!/'*41#/!6%'$2!Y1!

.0$$!)*+'!/'1*0-'7!01(!-*1%/*$!0(#1#504!+'41#/!*-7=!*$1)#%9)!5/#4'(('7=!0(!4#-6%(0-9$8!

/'6'//'7!1#!*(!-*1%/*$!%/*-0%&!L>;M2!U)'!1*0$0-9(!#6!1)'!'-/04)&'-1!5/#4'((=!7'5$'1'7!

%/*-0%&!LZ;M=!*/'!/'7%4'7!0-!1)'0/!HIC;!4#-1'-12!;/*-0%&!'-/04)&'-1!9/*7'(!*/'!()#.-!0-!

U*,$'!F2!
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!"#$%&'(&)*"+,-.&%+*,/0.%+1&2*"3%4&

"#$%&! '&#(&)*!+,-.! /012($3!45&5!

6&13&*&%!4#$)247!86.9! :;<=>>!?+>@! A$%2$*2B)!5C2&3%2)DE!$#7B#F

12&#(2)D!G433&*5E!G$33$5*!

H$*4#$3!4#$)247!8H.9! ;<=>>!!!?+>@! I&$J0FK$*&#!#&$(*B#!L4&3!

MBKF&)#2(C&%!4#$)247!8MN.9! ;<=>>O!:!MN.:!+;O!!?+>@! M2DC*!K$*&#!#&$(*B#!L4&3!

I2DC30!&)#2(C&%!4#$)247!

8IN.9!

P+;O!!?+>@! H$J$3!$)%!L$5*!)&4*#B)!

#&$(*B#!L4&3E!7&%2($3!

#$%2B)4(32%&!1#B%4(*2B)!

Q&$1B)5FD#$%&!4#$)247!

8Q".9>!

PR-ST;O!?++E!+,@! H4(3&$#!&U13B52J&5E!H$J$3!

#&$(*B#!L4&3!?+V@!

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

A&1#B(&55&%!4#$)247!8A&1.9!25!*C&!4#$)247!#&(BJ&#&%!L#B7!)4(3&$#!#&1#B(&552)DE!$5!%B)&!

(B77&#(2$330!2)!W#$)(&E!*C&!.XE!Y$1$)E!$)%!G0!)4(3&$#!K&$1B)5!5*$*&5Z!7232*$#0!134*B)247!

1#B%4(*2B)!1#BD#$75<!/C25!4#$)247!$(*4$330!7$[&5!41!*C&!G43[!BL!*C&!7$*&#2$3!5&1$#$*&%!

%4#2)D!#&1#B(&552)D<!\B77&#(2$3!32DC*FK$*&#!#&$(*B#!51&)*!L4&3!(B)*$2)5!B)!$J&#$D&!

8&U(34%2)D!(3$%%2)D!B)30!LB4#!1&#(&)*!134*B)247E!72)B#!$(*2)2%&5E!$)%!L2552B)!1#B%4(*5!G0!

K&2DC*<!A&45&!BL!#&1#B(&55&%!4#$)247!C$5!)B*!G&&)!(B77B)!G&($45&!BL!3BK!1#2(&5!2)!*C&!

4#$)247!7$#[&*!BL!#&(&)*!%&($%&5E!$)%!G&($45&!2*!(B)*$2)5!4)%&52#$G3&!25B*B1&5!BL!4#$)247!

?+-@<!

!64#2)D!2*5!2##$%2$*2B)!2)!$!#&$(*B#E!4#$)247!25!1#BLB4)%30!7B%2L2&%<!/C&!4#$)247!*C$*!3&$J&5!

*C&!#&1#B(&552)D!13$)*!(B)*$2)5!$33!*C&!25B*B1&5!BL!4#$)247!G&*K&&)!+,+.!$)%!+,R.<!.#$)247F

+,=E!K2*C!B)30!$!]<=-F%$0!C$3LF32L&E!%&($05!#$12%30!*B!+,=H1!?+]@<!&

/C&!(B71B52*2B)!BL!#&1#B(&55&%!4#$)247!%&1&)%5!B)!*C&!2)2*2$3!&)#2(C7&)*!$)%!*C&!*27&!

*C&!L4&3!C$5!G&&)!2)!*C&!#&$(*B#!?+=@<!^!*012($3!J&(*B#!BL!4#$)247!25B*B1&5!2)!#&1#B(&55&%!

4#$)2475!K2*C!$**#2G4*&5E!25!325*&%!2)!/$G3&!+<!!

!"#$%&6(&!78,/"$&,49198,/&:%/19*&9;&*%8*9/%44%3&-*"+,-.&?+-@&

Isotope Proportion (%) Half-life Characteristics 

238U 99 4.47e9 y Fertile material 

237U ~0.001 6.75 d Decays rapidly to 237Np 
236U 0.4–0.6 2.34e7 y Neutron absorption lowers reactivity, also produces 237Np 
235U 0.4–0.8 7.04e8 y Fissile material 
234U >0.02 2.46e5 y Fertile material, neutron absorption increases reactivity 
233U trace 1.59e5 y Fissile material 
232U trace 68.9 y Decay product 208Tl emits strong gamma radiation making 

handling difficult 

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

>!/C25!%&52D)$*2B)!25!$)!4)BLL2(2$3!54G5&*!BL!IN.!G4*!25!2)!K2%&51#&$%!45&<!
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!"#$%&'()%*$+#,'-$.#&)#.$

"#$!%&'(&)(*+!,(-+&).%$,!*/!+&).%&0!&+'!1%*2$,,$'!.%&+(.3!(+!-&33&4%&5!,1$2)%&!2&+!6$!

.+'$%,)**'!&+'!'(,)(+-.(,#$'!65!)#$!'$2&5!*/!789:!&+';!(31*%)&+)05;!65!(),!%&'(*&2)(<$!

'&.-#)$%,=!:%&+(.34789!(,!)#$!1%*-$+()*%!*/!&!0*+-!%&'(*&2)(<$!'$2&5!,$%($,=!>!'(&-%&3!?()#!

)#$!3&(+!/$&).%$,!*/!)#$!.%&+(.3!,$%($,!(,!,#*?+!(+!@(-=!A=!!

!

!

B!

!

!

!

!

!

!

!

"#$!/(-.%$!(00.,)%&)$,!)#&)!)#$!(+)$%3$'(&)$!+.20('$,!(+!)#$!,$%($,!#&<$!,#*%)!#&0/40(<$,!(+!

2*31&%(,*+!)*!.%&+(.347897=!B/!&!.%&+(.346$&%(+-!,5,)$3!(,!0$/)!.+'(,).%6$'!/*%!&!/$?!

3(00(*+!5$&%,;!&!,)&)$!*/!,$2.0&%!C0*+-4)$%3D!$E.(0(6%(.3!6$2*3$,!$,)&60(,#$'=!B+!)#(,!2&,$;!

)#$!&2)(<()($,!*/!&00!*/!)#$!'&.-#)$%!+.20('$,!&%$!$E.&0!)*!)#$!789:!&2)(<()($,=!F*?$<$%;!'.%(+-!

-$*0*-(2&0!1%*2$,,$,!,.2#!&,!$%*,(*+;!,$'(3$+)&)(*+;!3$0)(+-;!*%!2%5,)&00(G&)(*+;!'(//$%$+)!

+.20('$,!(+!)#$!'$2&5!,$%($,!2&+!6$2*3$!/%&2)(*+&)$'!%$0&)(<$!)*!*+$!&+*)#$%;!'.$!)*!

<&%(&)(*+,!(+!)#$(%!2#$3(,)%5!*%!)#$!,)%.2).%&0!,()$!)#$5!*22.15!H79I=!!

J#$+!3&K(+-!-&33&4%&5!3$&,.%$3$+),!(+!)#$!/($0';!?$!$+2*.+)$%!+&).%&0!.%&+(.3!(+!)?*!

/*%3,=!"#$!/(%,)!(,!)#&)!-&33&4%&5!/($0'!3$&,.%$3$+),;!(+20.'$!,*3$!6&2K-%*.+'!%&'(&)(*+;!

(+!?#(2#!789:!&+'!(),!'&.-#)$%!+.20('$,!2*+)%(6.)$!,(-+(/(2&+)05=!L&2K-%*.+'!%&'(&)(*+!(,!

.6(E.()*.,;!'(//.,$;!&+'!<$%5!0*?40$<$0!6.)!2&+!&2)!&,!&+!(+)$%/$%$+2$!?()#!3$&,.%$3$+),!*/!

?$&K!%&'(*&2)(<$!,*.%2$,=!"#$!,$2*+'!+&).%&0!.%&+(.3!/*%3;!*22&,(*+&005!$+2*.+)$%$'!(+!

2*33$%2$;!(,!.%&+(.3!*%$=!!

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

7!"#$,$!,#*%)!#&0/40(<$,!&%$!.,$/.0!/*%!'&)(+-!M0$(,)*2$+$!-$*0*-(2&0!$<$+),!)#&)!&%$!)**!*0'!)*!6$!?$00!

%$,*0<$'!65!%&'(*2&%6*+!'&)(+-!&+'!)**!5*.+-!)*!6$!?$00!%$,*0<$'!65!3$)#*',!$310*5(+-!0*+-$%!!

#&0/40(<$,!H79I!

!"#$%&$%'()%*+,-.+//0%122-.."*#%

-.+*"-3%4)2+0%5).")5%6.13%789:;%

4"5</+0)4%"*%=/+2>%,1%"*4"2+,)%,(+,%",%

"5%+%<."31.4"+/%.+4"1*-2/"4)$%789?-%

"5%+%@).0%3"*1.%4)2+0%<.14-2,%16%
789:%61-*4%"*%*+,-.)$%!

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

"#$%&#!'#!#()*+,#!-.#!/)**)0&)1!23#4-&)!%$!5)46/&%7,8!),8!7&),+7*!%&#9!'#!,##8!-%!

4%,2+8#&!-.#!%-.#&!-'%!2%7&4#2!5#2+8#2!-.#!7&),+7*!2#&+#2!-.)-!4%,-&+57-#!2752-),-+)::1!-%!

-.#!2-&74-7&#!%$!5)46/&%7,8!23#4-&);!<.#!$+&2-!%$!-.#2#!+2!=>?9!)!3&+*%&8+):!&)8+%,74:+8#!

$%7,8!+,!)::!3%-)22+7*!),8!+2!75+@7+-%72!+,!-.#!#,A+&%,*#,-;!B!2+,/:#!C=D>;E06#F!/)**)!

&)1!+2!#*+--#8!$%::%'+,/!-.#!#:#4-&%,04)3-7&#!8#4)1!%$!=>?;!<.#!%-.#&!*)G%&!2%7&4#!%$!

2-&74-7&#!+,!5)46/&%7,8!23#4-&)!+2!$&%*!-.#!-.%&+7*!8#4)1!2#&+#2!2.%',!+,!H+/;!I;!<.#!$+/7&#!

):2%!+,4:78#2!JKJL9!)!*),0*)8#!513&%874-!%$!3:7-%,+7*!3&%874-+%,9!),8!JKDM79!-.)-!)&#!

8+24722#8!+,!-.#!$%::%'+,/!2#4-+%,!%,!7&),+7*!#,&+4.*#,-;!

!

!

!

!

!

!

!

!

!

!

!"&'()*01123$4#5)/$6),7(+#8-$)9(:)(%&)/$-6+$-*9(;)&)/$/(;6-%)'#$

<.#!,)-7&):!-.%&+7*!8#4)1!2#&+#2!)&+2#2!$&%*!-.#!8#4)1!%$!-.#!C;=(C>C>01!3&+*%&8+):!

&)8+%,74:+8#!JKJ<.;!<.%&+7*0JJE9!'+-.!)!C;N01!.):$0:+$#9!+2!-.#!/&#)-!/&),88)7/.-#&!%$!JKJ<.;!

O-!8#4)12!-%!2#A#,!2744#22+A#!&)8+%)4-+A#!8)7/.-#&2;!<.#2#!8)7/.-#&2!)&#!2%!2.%&-0:+A#8!-.)-!

-.#1!&#@7+&#!-.#!3&#2#,4#!%$!-.#!:%,/#&0:+A#8!JJE<.!-%!272-)+,!-.#+&!#(+2-#,4#!$%&!*%&#!-.),!)!

$#'!'##62;!P,#!%$!-.#2#!8)7/.-#&29!J>E<:9!3&%A+8#2!%,#!%$!-.#!*%2-!&#4%/,+Q)5:#!2+/,)-7&#2!

+,!5)46/&%7,8!&)8+)-+%,!'+-.!2-&%,/!/)**)!&)12!)-!IEK09!EDC09!),8!JDCI06#F;!P52#&A)-+%,!

%$!J>E<:9!-.#&#$%&#9!):*%2-!):')12!+,8+4)-#2!-.#!3&#2#,4#!%$!JJE<.;!B!4%*37-#&02+*7:)-#8!

3%+,-02%7&4#!JJE<:!23#4-&7*!+2!2.%',!+,!H+/;!D!+::72-&)-#2!-.#!JJE<.!2+/,)-7&#;!

<.#!+*3%&-),4#!%$!JJE<.!+2!-.)-!+-!+2!-.#!,#(72!%$!-'%!8#4)1!2#&+#2!'+-.!-.#!,74:+8#29!JKJ<.9!
JKJL9!),8!JKDM7!)2!-.#+&!3&%/#,+-%&2!RH+/;!IS;!<.#!3&#2#,4#!%$!JJE<.!+,!)!/)**)0&)1!23#4-&7*!

+2!-.#&#$%&#!,%-!7,+@7#!-%!)!3)&-+47:)&!3)&#,-9!'.+4.!4),!*)6#!+-!)!3&%5:#*)-+4!57-!

2%*#-+*#2!72#$7:!2+/,)-7&#;!<)5:#!K!+::72-&)-#2!2%7&4#!-13#2!-.)-!3&%874#!JJE<.!),8!-.#+&!

!

"#$%!&%!'()!*+,-.+//0!122-..#*$!

,(1.#-3!4)2+0!5).#)5!6)$#**#*$!

7#,(!898'(:!4#5;/+0)4!#*!6/+2<!,1!

#*4#2+,)!,(+,!#,!#5!+!;.#31.4#+/!

.+4#1*-2/#4)%!=!3+*>3+4)!

21//+,).+/!5).#)5:!5(17*!#*!.)4:!

6)$#**#*$!7#,(!89?@-!#5!5(17*!

A1#*#*$!,()!,(1.#-3!5).#)5!+,!88B'(%!

!
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"#$%&'()!*+%!"$%(%&,%!-.!/01*2!#&3!4'(!(45&4.4,#&,%!4&!'+%(%!(-6$,%!'7"%(!4(!34(,6((%3!

(%"#$#'%27)!!

!

!

!

!

!

!

!

!

!

!

"#$%!&%!'(()*+,-+#./!.0!+12!33451!*#$/-+),2!6#+1!-!7.89)+2,:*#8)(-+2;!<=>2!

*927+,)8!0,.8!-!?2-,:.(;!33451!9.#/+!*.),72!

5-@(2!A%!B.),72!+?92*!2C1#@#+#/$!-!33451!*#$/-+),2!

Source Type 228Th parent nuclide 

   Background radiation 232Th 

   Gas lantern mantles3 232Th 

   HEU and WGU 232U 
    233U  232U 

   Heat-source Pu 236Pu 

Pu graded by 240Pu content [29]  

  Weapons-grade Pu  (<7% 240Pu) 236Pu 

  Fuel-grade Pu  (7% >240Pu <19%) 236Pu 

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

86$4&5!6$#&469!"$-,%((4&5:!9422%3!6$#&469!-$%;-$!7%22-<,#=%!>"$4&,4"#227!>'$46$#&469!

-,'#-?43%:!@AB1C;4(!,+%94,#227!"$-,%((%3!'-!"$-36,%!6$#&469!+%?#.26-$43%!>@DEC)!@$#&469!

+%?#.26-$43%!4(!6(%3!4&!F-'+!-.!'+%!9#4&!6$#&469!%&$4,+9%&'!9%'+-3(:!5#(%-6(!34..6(4-&!

#&3!'+%!5#(!,%&'$4.65%!9%'+-3. @$#&72!.26-$43%!>@B/D/C!4(!#&!4&'%$9%34#'%!,-9"-6&3!4&!'+%!

,-&G%$(4-&!-.!@DE!'-!#!6$#&469!-?43%!-$!9%'#2!.-$9!HA0I)!

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

A!*+%!6(%!-.!'+-$469!4&!2#&'%$&!9#&'2%(!+#(!F%%&!34(,-&'4&6%3!4&!(-9%!,-6&'$4%()!
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"#!$%&'!()*!+#,!(-.)./!01+#203/!+#!+45'+!5+1&2647!732&&71/!28!2#!2#&23+&7!6%#&+6&!92&'!

:40%12#7!&'+&!28!&'7#!80$;76&!&%!$%&'!<=)>?/#@..A+!+#,!<=)>?/5@..A7!17+6&2%#8B!C%&'!17+6&2%#8!

5%504+&7!&'7!<.DEBFGHI7J!7K62&7,!8&+&7!%:!..A7!&'+&!732&8!+!L+33+!1+M!%:!&'+&!7#71LM!8'%9#!

2#!)2LB!<GB!N7!,%!#%&!60117#&4M!'+O7!+66788!&%!+!8576&103!%:!()*!$0&!2&!28!17+8%#+$47!&%!

5178037!&'+&!+!<.DF!I7J!57+I!9%04,!+48%!$7!3+#2:78&!2#!()*B!

P'7!<.DF!I7J!L+33+!1+M!28!&'7!8+37!L+33+!1+M!732&&7,!$M!6%33%#4M!087,!..A+!

6+42$1+&2%#!8%01678B!Q%97O71!&'7!6%33%#!51787#67!%:!01+#203!2#!+!8576&103!+#,!+!<.DF!

I7J!L+33+!1+M!28!+!42I74M!82L#+&017!:%1!01+#203!2#!&'7!32,8&!%:!51%67882#LB!!

!

!

!

!

!

!

!

!

!

!

!"#$%&'$%()**)+,)-%./012,3*%45%06,"1708%3,)6"3*%,0."8309%"61:38"6#%3,)6-:%5:34,"809%.74;"6#%

270%&<=>+?0@%/0)?%0*"2208%54::4;"6#%):/7)+/),2"1:0%)12"A)2"46%45%&B!$%

!"#$%&'()%*$+,(-&).%-),($-,$.'+/0&,%(1$23#+-&'$

P'7!QRS7!$+6IL1%0#,!8576&103!2#!)2LB!D!9+8!+660304+&7,!:%1!#7+14M!<T!,+M8!&%!17O7+4!

3+#M!%:!&'7!$+6IL1%0#,!57+I8!&'+&!+17!#%&!%$871O7,!2#!8'%1&71!6%0#&2#L!2#&71O+48EB!P'7!

01+#203!%17!8576&103!2#!)2LB!D!9+8!+660304+&7,!:%1!F*E!8!42O7!&237. P%!28%4+&7!+#,!

735'+82U7!&'7!8&106&017!%:!&'7!%17!8576&103/!97!51787#&!2&!+8!+!V#7&W!8576&103X!+!1742+$47!

$+6IL1%0#,!8576&103!9+8!&+I7#!2337,2+&74M!+:&71!&'7!:%17L1%0#,!8576&103!+#,!

80$&1+6&7,!%#!+!6'+##74H$MH6'+##74!$+828B!"#!&'28!8576&103!&'717!+17!FY!%1!3%17!3+#2:78&!

57+I8B!P'7!3+;%12&M!%:!&'7!57+I8!+17!:1%3!,76+M!%:!&'7!,28&+#&!.GT(!,+0L'&71!.<EC2B!A7K&!2#!

#03$71!+17!5'%&%57+I8!:1%3!.<ER$!+#,!+!82#L47!57+I!:1%3!..*Z+!+&!<T*B.HI7JB![+O7!:%1!&'7!
..*Z+!57+I!2&874:/!+44!%:!&'787!+17!..*Z+!,+0L'&718B!N717!2&!#%&!:%1!&'7!51787#67!%:!&'7!.GE3R+!

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

E!\+#M!3%17!$+6IL1%0#,!57+I8!6+#!$7!%$871O7,!2:!$+6IL1%0#,!,+&+!+17!+660304+&7,!:%1!+!

6%#82,71+$4M!7K&7#,7,!5712%,!%:!&237B![77!]G<^!:%1!+!8576&103!+660304+&7,!:1%3!Y_<FEYHI7J!:%1!

<BYG!x!<YT!8!>`GBG!M@B!
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"##"$%&'!(&)%*!+,&-!./012!3&(3&4&5+!)!4(&6+307!/8!(03&!99:;)!406,!)4!04&2!7&2<6)11-!8/3!

=3)6,-+,&3)(-!)52*!<5!+,&!()4+*!/5!3)2</107<5&46&5+!.)+6,!)52!<54+307&5+!2<)14!>?"@A!

B/7()3<5C!+,&!=)6%C3/052!4(&6+307!+/!+,&!5&+!03)5<07!/3&!4(&6+307*!.&!4&&!+,&!D#E!(&)%!

)+!"D:"$%&'*!9"DF=!(&)%4*!)52!(&)%4!83/7!5061<2&4!<5!+,&!+,/3<07!4&3<&4*!5/+)=1-!99GH6!)52!
9#GI1A!!

!

!

!

!

!

!

!

!

!

!

!

"#$%!&%!'())(*+(,!-./01*21#$23!0-143+(!56!7(48$+5.9:!(9:!.+(9#.)!5+1!3(819!;#32!<='1!

:131435+0!56!>?@!95)#9(/!+1/(3#A1!166#4#194,!BCCD%!E21!7(48$+5.9:!0-143+.)!;(0!(44.)./(31:!

65+!F%GC>!H!F?I!0J!5+!(75.3!FK!:(,0%!E21!5+1!0-143+.)!;(0!(44.)./(31:!65+!GIL!0!/#A1!3#)1!(3!

F??!4)!;#32!FC@!:1(:!3#)1. M!7(48$+5.9:!0-143+.)J!3(819!(631+!321!65+1$+5.9:!0-143+.)J!

;(0!0.73+(431:!35!-+5:.41!(!913!5+1!0-143+.)%!E21!0()1!9(3.+(/!.+(9#.)!-1(80!(--1(+!#9!321!

7(48$+5.9:!0-143+.)!;21+1!321!4593+#7.3#590!6+5)!L?N!(9:!>C>E2!:14(,!(+1!(/05!(--(+193%!

O5)1!56!321!)503!-+5)#9193!7(48$+5.9:!-1(80!(+1!4(//1:!5.3!65+!0.701P.193!:#04.00#59%!

J&6)04&!/8!<+4!4+3/5C!(3&4&56&!<5!=)6%C3/052*!<5!4/7&!6<36074+)56&4!=)6%C3/052!03)5<07!

3)2<)+</5!6/012!1)3C&1-!7)4%!+,&!(3&4&56&!/8!)!03)5<07!/3&!4<C5)+03&A!K/.&L&3*!=&6)04&!

03)5<07!<4!040)11-!)!2<8804&!+3)6&!&1&7&5+!<5!+,&!&)3+,M4!6304+*!<5+&35)1!6/5L&34</5!8/11/.<5C!

)1(,)!2&6)-4!/8!+,&!03)5<07!<4/+/(&4!3&401+4!<5!+,/3<07!E!N$3)-!&7<44</54!+,)+!)3&!040)11-!

+//!.&)%!<5!=)6%C3/052!+/!=&!3&1<)=1-!/=4&3L&2A!O5!+,&!6)4&!/8!03)5<07!/3&*!,/.&L&3*!+,&!

2&54<+-!/8!03)5<07!)+/74!<4!6/54<2&3)=1&!)52!+,&!2&6)-!(3/206+4!/8!+,&!)1(,)!2&6)-4!

4+<701)+&!03)5<07!E$4&3<&4!810/3&46&56&!<5!5&)3=-!03)5<07!)+/74A!I,<4!)((&)34!<5!+,&!PQR

""Q!%&'!3&C</5A!I,&!4+3/5C&4+!/8!+,&4&!<4!+,&! N$3)-!)+!PGADD!%&'!)52!+,&!

!(&)%!)+!"""!%&'!+,)+!)3&!)5!/=4&3L)=1&!+&11!8/3!+,&!(3&4&56&!/8!1<C,+1-!

/3!054,<&12&2!03)5<07!/3&A!I,<4!N$3)-!4<C5)+03&!<4!L<4<=1&!<5!S<CA!T!)52!7/3&!61&)31-!<5!)5!

&U()52&2!L<&.!/8!+,&!1/.$&5&3C-!3&C</5!<5!S<CA!GA!
! 

K"
1

!K"1
K"1

+ K"3
+ K"5( )
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"#$%!&%!'(!)*+,(-)-!.#)/!01!23)!3#$345)60782#0(!$,99,45,:!6+);2589!1509!85,(#89!05)!1509!

"#$%!<!630/#($!23)!10854+),=!>>?@,!6#$(,285)%!!A3)!1#562!01!23)!1085!+),=6!#6!,(!8(5)607.)-!

-08B7)2!/#23!,(!,.)5,$)!)()5$:!,2!,508(-!C&?4=)DE!1059)-!B:!23)!C&?%>4=)D!+),=!1509!>>?@,!

,(-!23)!C&F%<4=)D!>GFH!+),=!1509!23)!';2#(#89!-);,:!6)5#)6%!A3)!023)5!235))!+),=6!,5)!1509!

23)!>CIJB!-,8$32)56!01!>>?@,%!

"#$!%&'()%*!+&$!,-$./&%*!)(!0)12!3!#',!$4.$55$(/!.+%(/)(1!,/'/),/).,!'(67!/+!/#$!$4-$&)$(.$6!

$8$!+9!'!1'**':&'8!,-$./&+*$/&),/7!/#$&$!'./%'558!),!6)&$./!$;)6$(.$!+9!/#$!-&$,$(.$!+9!<=>?2!

@$'A!<=>?!-$'A,!'&$!+B,$&;'B5$!'/!CD=:!'(6!<E>:A$F2!G)6H'8!B$/H$$(!/#$!CD=:!'(6!C3>:

A$F!-$'A,!/#$&$!),!'!I(%BB)(J!/#'/!),!'(!)(.)-)$(/!CK=:A$F!=>?!-$'A2!"#$!!"#$%&'%6)6!(+/!9)(6!

/#$!L+),,+(!,)1('5:/+:(+),$!&'/)+,!9+&!/#$!CK=:!'(6!<E>:A$F!-$'A,!/+!$4.$$6!/#$!6$/$./)+(!

/#&$,#+56,2!"#$!,)1('5:/+:(+),$!&'/)+!9+&!/#$!CD=!A$F!-$'A!H',!M%,/!#)1#!$(+%1#!9+&!!"#$%&'!

/+!$4.$$6!)/,!,)1('5:/+:(+),$!NOPQR!/#&$,#+56!+9!*'&1)('5)/8!ND!S!OPQ!T!>R!B%/!(+/!/+!B$!

6$.5'&$6!*'()9$,/!NOPQ!U!>R2!

!"#$%"&'$#()*+",'%)&"-*%&)./0#"-,1%+,*$#2$#$,.$%+,%2+$31%4$)'-#$4$,*'%

V'.A1&+%(6!&'6)'/)+(!),!$;$&!-&$,$(/!)(!9)$56!,-$./&'!'(6!.'(!)(/$&9$&$!H)/#!/#$!,)1('5!+9!

)(/$&$,/!9&+*!'!*$',%&$6!&'6)'/)+(!,+%&.$2!W9!/#$!,)1('5!+9!)(/$&$,/!),!$,-$.)'558!H$'A7!

B'.A1&+%(6!.'(!$;$(!*',A!/#$!,+%&.$!-&$,$(.$!$(/)&$582!"+!*)/)1'/$!/#),!6)99).%5/87!)(!

/8-).'5!&'6)+'('58/).'5!5'B+&'/+&8!*$',%&$*$(/,7!,'*-5$,!'&$!-&$-'&$6!B8!'!&'6)+.#$*),/!

)(!'!,/'(6'&6!1$+*$/&8!'(6!.+%(/$6!)(!'!,/'(6'&6!1$+*$/&8!)(!'!#$';)58!,#)$56$6!.+%(/)(1!

.#'*B$&!)(!'!5'B+&'/+&82!"#),!6&'*'/).'558!&$6%.$,!B'.A1&+%(6!)(/$(,)/8!'(6!6)%&('5!

B'.A1&+%(6!;'&)'/)+(!)(!/#$!.#'*B$&!'(6!'55+H,!9+&!'(!'..%&'/$!B'.A1&+%(6!*$',%&$*$(/!

H#$(!/#$!,+%&.$!),!'B,$(/2!!

W(!.+(/&',/7!)/!),!$4/&$*$58!6)99).%5/!/+!*$',%&$!'!/&%,/H+&/#8!B'.A1&+%(6!,-$./&%*!)(!/#$!

9)$562!G+;)(1!+&!&$+&)$(/)(1!/#$!6$/$./+&!/+!+B/')(!'!,+%&.$:9&$$!B'.A1&+%(6!*$',%&$*$(/!

H)55!9&$X%$(/58!-&+6%.$!'!*$',%&$*$(/!/#'/!H)55!5)A$58!6)99$&!,)1()9).'(/587!'(6!,+*$/)*$,!

$;$(!$4.$$6)(17!/#$!/&%$!B'.A1&+%(6!'/!/#$!,+%&.$!-+,)/)+(2!W/!),!(+/!'/!'55!%(%,%'5!9+&!

$(;)&+(*$(/'5!B'.A1&+%(6!/+!;'&8!,)1()9).'(/58!+;$&!6),/'(.$,!+9!'!9$H!*$/$&,2!Y,!'!&$,%5/7!

H$!/8-).'558!.+(9)($!+%&!'('58,$,!/+!/#$!9+&$1&+%(6!,-$./&%*7!',!1$($&'558!&$95$./$6!)(!/#$!

&$*')(6$&!+9!/#),!-'-$&7!'5/#+%1#!'!.)&.%*,/'(.$!/#'/!&$X%)&$,!B'.A1&+%(6!.+(,)6$&'/)+(!),!

(+/$6!)(!/#$!9+55+H)(1!,$./)+(!+(!%&'()%*!$(&).#*$(/2!



!   

 

! ! ! ! !
!"!

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

2"3(./445"&"+'3(*"06,(.+-1(/+0&%/1(%,-#-*",(0&7($-440#"+04(&/$4%7",(

"#$%$!&%$!'&()!*+,-,.$+!,/!0%&(*0'1!2(!-#*+!+$3-*,(!4$!5*+30++!-#,+$!-#&-!,330%!*(!(&-0%$!,%!

&%$!-#$!%$+06-!,/!%$.%,3$++*(7!0%&(*0'1!"#$!%&5*&-*,(!+*7(&-0%$+!,/!0%&(*0'!8&%)!/%,'!*-+!

(&-0%&6!+-&-$+!-,!*-+!'&()!.%,3$++$5!/,%'+1!9#*6$!-#$%$!&%$!#0(5%$5+!,/!7&''&!%&)+!

$'*--$5!:)!-#$+$!(036*5$+!&(5!-#$*%!5$3&)!5&07#-$%+;!-#$!8&+-!'&<,%*-)!,/!-#$+$!$'*++*,(+!

&%$!-,,!4$&=!-,!:$!%$6*&:6)!,:+$%8$5!4*-#!/*$65!'$&+0%$'$(-+!,/!-).*3&66)!+#,%-!50%&-*,(1!

>,%!%&.*5!*5$(-*/*3&-*,(!,/!0%&(*0'!/%,'!+.&%+$!7&''&?%&)!+.$3-%&;!,/!($3$++*-);!4$!($$5!-,!

:$!3,(3$%($5!4*-#!-#$!',+-!*(-$(+$!7&''&!%&)+!&++,3*&-$5!4*-#!-#$*%!5$3&)1!"#$+$!&%$!

+#,4(!*(!"&:6$!@!4*-#!-#$*%!$($%7*$+!&(5!$'*++*,(!*(-$(+*-*$+!*(!.$%3$(-;!2!ABC;!&6,(7!4*-#!

,-#$%+!-#&-!&%$!'$(-*,($5!*(!-#*+!.&.$%1!!!!!

Table 4. Key peaks and emission intensities from uranium isotopes and collateral nuclides [34] 

Nuclide     Daughters Energy (keV)    I!(%) Nuclide     Daughters Energy (keV) I!(%) 

 

U U Ka1 X-ray 98.44 (100 rel.) 19F  Stable no g  
 U Kb1’ X-ray 111. (38 rel.)  19F(a,n)22Na 1274.53  
232U  57.77 0.1999  19F(a,p)22Ne 1274.53  

  129.06 0.0682 Pb Pb Ka1 X-ray 74.97 (100 rel.) 
  270.24 0.00316  Pb Ka2´ X-ray 84.8 (35 rel.) 
  328.00 0.00283 214Bi  609.31 46.1 
 208Tl 583.19 84.5   768.36 4.94 
  2614.53 99. 226Ra  186.21 3.59 
233U  317.16 0.00776  214Pb 242.00 7.43 
  320.54 0.00290   295.22 19.3 
  323.42 0.00077   351.93   37.6  
234U  120.9 0.0342 2337Np Np Ka1 X-ray 101.07 (100 rel.) 
235U  143.76 10.96  Np Kb1’ X-ray 104.   (39 rel.)  

  163.36 5.08  233Pa 300.34 6.62 

  185.70 57.2   312.17 38.6 

  205.31 5.01   340.81 4.47 
238U  Various Weak 228Ac  911.20 25.8 

 234mPa 766.38 0.294 228Th  Few   Weak 

  1001.03 0.837  208Tl 583.19 84.5 

 226Ra 186.21 3.59   2614.53 99. 

 214Pb 242.00 7.43  212Pb 238.63 43.3 

  295.22 19.3   Bi Ka1 X-ray 77.11 (100 rel.) 

  351.87 37.6   Bi Ka2´ X-ray 87.2 (36 rel.) 

 214Bi 609.31 46.1 238Pu  766.38 0.000022 

  768.36 4.94   1001.03 0.0000010 

        

    239Pu  375.04 0.001554 

      413.71 0.001416 
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!"#$%&'()*+,-./01$2304%55%2/06"%'1"7%#20$&82%7/900

"#$%&'()*+,!&-!$!#$.&/&-/0/12!/3!'#$%&'(!($4&%5!'1!678,,9!/3!%$0'#$:!'#$%&'(!;<!=2&5>0!

=&0>!$!>$:3):&32!/3!86?!(&::&/%!<2$#-7!@0!&-!0>2!1#/52%&0/#!/3!$%/0>2#!.2A$<!-2#&2-B!0>2!$A0&%&'(!

-2#&2-B!=>/-2!.$'5>02#-!0<1&A$::<!./!%/0!1#/.'A2!($%&32-0!5$(($)#$<!2(&--&/%-!&%!3&2:.!

(2$-'#2(2%0-7!@0!&-!$:-/!0>2!/%:<!3&--&:2!&-/0/12!0>$0!&-!$!1#&(/#.&$:!%'A:&.2!/#!3/'%.!&%!

-&5%&3&A$%0!C'$%0&0<!&%!%$0'#27!"#$%&'()*+,!&-!/3!5#2$0!&(1/#0$%A2!$-!0>2!1#&($#<!2%2#5<!

-/'#A2!'-2.!&%!(/-0!%'A:2$#!1/=2#!#2$A0/#-!$%.!;2A$'-2!.omestic and international 

safeguards recognize that uranium enriched to ! 20% of 
235

U by weight (highly enriched uranium, 

HEU) can be used to build nuclear weapons [35].  

"#$%&'()*+,!./2-!%/0!'-'$::<!.&-1:$<!$!'-$;:2!5$(($)#$<!-&5%$0'#2!&%!;$A45#/'%.!

#$.&$0&/%!;2A$'-2!&0!&-!($-42.!;<!**DE$7!F>2!.&-0&%5'&->&%5!#$.&$0&/%!-&5%$0'#2!/3!**DE$!&-!0>2!

1&A420)32%A2):&42!-0#'A0'#2!/3!3/'#!12$4-!#$%5&%5!3#/(!GHD)!0/!+,*)42I!->/=%!&%!0>2!

'#$%&'(!/#2!-12A0#'(!->/=%!&%!J&57!H7!J#/(!F$;:2!?!=2!-22!0>$0!0>2!(/-0!&%02%-2!5$(($!

#$<!3#/(!*+,"!/AA'#-!$0!GH,786)42I!$%.!0>2!%2K0!(/-0!=>&:2!**DE$!2(&0-!$!5$(($!#$<!$0!

GHD7*G)42I7!LF>2-2!12$4-!$#2!-/!A:/-2!0/520>2#!0>$0!.2A/%M/:'0&/%!&%!#2$:!2%M&#/%(2%0$:!

-12A0#$!&-!'%:&42:<!0/!5&M2!#2-':0-!0>$0!/%2!A$%!>$M2!A/%3&.2%A2!&%!!N+DO7P!Unshielded or lightly 

shielded processed 
235

U is easily detected by the presence of the four 
235

U low-energy gamma 

rays at 143-, 163-, 186-, and 205-keV and the absence of strong peaks from 
214

Pb as shown in 

Fig. 8.!
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"#$%!&%!'()*+,+-$.!/(-0#(,!(1!2!$2332*-2.!4/+50-63!(1!6-2,#637!+,-#58+9!0(!&:;!<:=>7!

48()#,$!08+!?+.!/+2?4!64+9!1(-!#9+,0#1#520#(,!(1!08+!/-+4+,5+!(1!<:=>!2,9!08+!@<A%&A*?+B!/+2?!

1-(3!<:C>!9+52.%!
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!"!

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

If the four characteristic 
235

U gamma peaks are manifest, we can have high confidence in the 

identification of 
235

U. However, weak emissions, shielding, or downscatter from higher energy 

peaks can obscure the peaks at 143-, 163-, and 205-keV, such that only the 185.7-keV peak 

remains manifest. Several radionuclides of interest in !"#$%&' have strong gamma lines near 

185.7-keV and can mask the presence of HEU in situations where the 
238

U signature is too weak 

to be manifest as well. These nuclides are medical 
67

Cu (184.58-keV), medical 
67

Ga (184.58-keV, 

same gamma ray as 
67

Cu), check source 
166m

Ho (184.41-keV), and naturally occurring
 226

Ra 

(186.21). The !"#$%&' rules include a section that steps through each of these nuclides and 

provides methods that undertake detecting such masking. 

!"#$%&'()*+,-./0"1%20.3"%'4"5%#2.$&62%507..

"#$%&'()*+,!&-!./0!(1-.!21((1%!%$.'#$334!122'##&%5!'#$%&'(!&-1.1607!($8&%5!'6!

99:*;<=!1>!%$.'#$3!'#$%&'(!?4!@0&5/.!@&./!$!/$3>)3&>0!1>!<:<A,!?&33&1%!40$#-:!B.!&-!%1.!>&--&30!

?'.!&-!$!>0#.&30!($.0#&$3C!&.!2$%!2$6.'#0!$!-31@!%0'.#1%!$%D!$>.0#!.@1!?0.$!D02$4-!?021(0!

>&--&30!*+9E':!"#$%&'()*+,!&-!>&--&1%$?30!?4!>$-.!%0'.#1%-7!?'.!2$%%1.!-'661#.!$!2/$&%!

#0$2.&1%:!F/0!D&-.$%.!D$'5/.0#-!1>!*+,"7!6$#.&2'3$#34!**AG$7!*H<E?7!$%D!*H<I&!$221'%.!>1#!$!

($J1#&.4!1>!./0!60$8-!($%&>0-.!&%!./0!-602.#'(!1>!'#$%&'(!1#0: 

!K0!-00!>#1(!F$?30!<!./$.!D&#02.!#$D&$.&1%-!>#1(!31%5)3&L0D!*+,"!$#0!.11!@0$8!1#!.11!31@!&%!

0%0#54!.1!?0!'-0>'3!>1#!>&03D!(0$-'#0(0%.-:!F/&-!&-!$3-1!.#'0!1>!&.-!D$'5/.0#!*+<F/:!M#1(!!

M&5:!<!@0!1?-0#L0!./$.!*+<F/!/$-!$!/$3>)3&>0!1>!*<:H!D$4-:!K&./&%!>&L0!*+<F/!/$3>)3&L0-7!1#!30--!

./$%!N!(1%./-7!-02'3$#!0O'&3&?#&'(!1>!*+<F/!@&33!?0!@&./&%!$!>0@!60#20%.!1>!0-.$?3&-/(0%.:!
*+<(E$!@&./!&.-!/$3>)3&>0!1>!H:H;(!@&33!/$L0!?00%!&%!0O'&3&?#&'(!@&./!*+<F/!&%!(&%'.0-:!

F/1#&'()*+<!&%!.'#%!3$#5034!D02$4-!.1!./0!(0.$-.$?30!-.$.0!1>!&.-!D$'5/.0#!*+<(E$!./$.!./0%!

3$#5034!?0.$!D02$4-!D&#02.34!.1!0P2&.0D!-.$.0-!1>!*+<":!F/0-0!-.$.0-!0(&.!/&5/34!60%0.#$.&%5!

5$(($)#$4!0(&--&1%-!$.!;AA:<H)!$%D!HQQH:Q+)80R:!F/0!6#0-0%20!1>!*+,"!2$%!?0!&%&.&$334!

&%>0##0D!>#1(!./0!6#0-0%20!1>!./0-0!.@1!5$(($!#$4-:!

-./&0%1%2"0%3&(31(
)*4
,(%&(&"056"7(56"&%58(

!B%!%$.'#$3!'#$%&'(!&.!&-!.0(6.&%5!.1!-&(634!&D0%.&>4!./0!6#0-0%20!1>!*+,"!-13034!>#1(!./0!

;AA:<H!$%D!HQQH:Q+)80R!60$8-7!/1@0L0#!./0#0!&-!&%.0#>0#0%20!>#1(!$%!'%#0-13L0D!*H<I&!

60$8!>#1(!%$.'#$3!'#$%&'(!$.!;A,:+,)80R!SM&5:HQT:!K0!>1'%D!./$.7!>1#!D0.02.&1%!1>!*+,"7!

&%.05#$.&%5!./0!D1'?30.7!#$./0#!./$%!#0-13L&%5!&.7!&-!D0-&#$?30!$%D!./0!(1.&L$.&1%!>1#!D1&%5!

./&-!&-!D&-2'--0D!&%!./0!>&%$3!-02.&1%!1>!./&-!6$60#:!M'#./0#(1#07!./0!6#0-0%20!1>!'#$%&'(!1#07!

&D0%.&>&0D!>#1(!./0!6#0-0%20!1>!($%&>0-.!**AG$7!$%D!./0!HQQH:Q+)80R!*+<(E$!5$(($!#$4!

&%D&2$.0!./$.!*+,"!&-!6#0-0%.:!B%!2/0(&2$334!6#120--0D!'#$%&'(7!./0!6#120--&%5!#0(1L0-!./0!
*+,"!D$'5/.0#-7!0P206.!>1#!*+<"!$%D!&%5#1@./!1>!**AG$!$%D!&.-!*H<I&!D$'5/.0#!5$(($!#$4!$.!

;A,:+A)80R!&-!.11!-31@!.1!?0!21(60.&.&L0!@&./!./0!*+,"!;AA:<H)80R!60$8!&%!$!/'($%!3&>0.&(0:!

U1!.0%.$.&L0!&D0%.&>&2$.&1%!1>!*+,"!&-!61--&?30!@&./!./0!6#0-0%20!1>!./0!;AA:+,!$%D!HQQH:Q+)

80R!5$(($!#$4-:!F/0&#!6#0-0%20!&-!%020--$#4!?'.!%1.!-'>>&2&0%.!.1!$L1&D!(&-&D0%.&>&2$.&1%!$-!
*+,E':!

!
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!"#$%&'()*+,-#.&"#//01233&""%$451$2.16"%'2"7%#/,#$2.89"1793#01:9"%9:1$9;&:!

!"#$%&'()*+,!&-!%$.'#$//0!122'##&%3!4'.!%1.!5#&(1#6&$/!472$'-7!&.-!8$/9)/&97!&-!1%/0!*,:;:<<!

07$#-=!>.-!7?&-.7%27!&-!.87!#7-'/.!19!.87!672$0!19!5#&(1#6&$/!*+@"!$%6!&-!&.-!3#7$.)

3#$%66$'38.7#=!>.!($A7-!'5!1%/0!<=<<::B!19!%$.'#$/!'#$%&'(=!C87!&(51#.$%27!19!*+,"!91#!

'#$%&'(!&67%.&9&2$.&1%!&-!.8$.!&.-!7?2&.76!-.$.7-!0&7/6!.87!61(&%$%.!3$(($!#$0-!.8$.!&%6&2$.7!

.87!5#7-7%27!19!*+@"=!C87-7!-$(7!3$(($!#$0-;!4'.!D&.8!7?.#7(7/0!/1D!7(&--&1%!&%.7%-&.&7-!

$%6!6&997#7%.!"#$%&'(#!&%.7%-&.&7-;!$#7!$/-1!.87!61(&%$%.!-&3%$.'#7!19!-'4-.$%.&$/!E'$%.&.&7-!19!
*+@F'=!

G%#&2876!'#$%&'(!21%.$&%-!(1#7!*+,"!.8$%!%$.'#$/!'#$%&'(!$-!$!405#16'2.!19!.87!'#$%&'(!

7%#&28(7%.!.8$.!21%27%.#$.7-!/&38.7#!&-1.157-!7H7%!(1#7!-.#1%3/0!.8$%!&.!617-!*+:"!I+JK=!

L8&/7!*+,"!&-!%1.!9&--&/7!&.!&-!97#.&/7!$%6!$4-1#4-!-/1D!%7'.#1%-!&%!$!%'2/7$#!#7$2.1#!.1!4721(7!

9&--&/7!*+:"=!C8&-!($0!47!'%67-&#$4/7!&%!-1(7!#7$2.1#-!$-!&.!28$%37-!.87!#7$2.&H&.0!19!.87!

'#$%&'(!I*MK= 

!C87!5#7-7%27!19!*+,"!&%!.87!3$(($)#$0!-572.#'(!19!NG"!2$%!47!14-7#H76!$/.81'38!&.-!

3$(($)#$0!7(&--&1%-!$#7!E'&.7!D7$A=!C87!.D1!-.#1%37-.!$#7!:+=*<)A7O!$.!<=P*+B!7(&--&1%!

&%.7%-&.0!$%6!P*<=Q<)A7O!$.!<=<+,*B=!C87!/1D)7%7#30!#73&1%!19!.87!3$(($)#$0!-572.#'(!19!

LR"!&-!-81D%!&%!S&3=!Q=!C87!67.72.1#!799&2&7%20!&-!673#$676!$.!:+)A7O!4'.!$%!$55$#7%.!.&%0!

H&-&4/7!57$A!$.!$41'.!:+)A7O!(&38.!47!9#1(!*+,"=!C87!67.72.1#!&-!9$#!(1#7!799&2&7%.!$.!!

P*P)A7O!$%6!$!-($//!57$A!&-!($%&97-.!47.D77%!.87!T91#7-.U!19!/1D)7%7#30!3$(($!#$0-!$%6!!

"!V)-7#&7-!W)#$0-!47/1D!$41'.!PP:)A7O!$%6!.87!P,+)A7O!*+:"!3$(($!#$0=!!

"#$%!&'%!()*!+,-./*0!1,23*+!.4!0)*!

566%7&!8973:;!<*;=!;>+!0)*!56?%96@

=*A!<*;=!12,3!8&7B#!#>!0)*!-2;>#-3!

,2*!C<*D02-3!C),E>!#>!"#$%!5%!



!   

 

! ! ! ! !
!!!

!"#$%&'()*)+,-..%/01
2
34!2.%5$#6&"1728#"#.%6%92%'8&"%6:

2

"#$%!&'()!*!+,-).*/!%*(0-(#0.1!2324!5&.6!'&$!&778/!#'!'*$8/.!98$!#6!#'$/&587.5!*6!*!/.68($!&0!

/.*7$&/!#//*5#*$#&'!&0!8/*'#8:;!<'!$%.!=,+>?61!8/*'#8:!$%*$!%*5!@/.A#&86()!9..'!#//*5#*$.5!

#'!/.*7$&/6!B*6!#'$/&587.5!#'$&!4;C;!D*6.&86!5#0086#&'!@(*'$6!$&!9.!/.-.'/#7%.5;!

E&'6.F8.'$()1!$/*7.!F8*'$#$#.6!&0!2324!B./.!.'$/*#'.5!#'!$%.!D*6.&86!5#0086#&'!7*67*5.6!

B%./.!$%.)!/.:*#'!$&5*)!*'5!9.7*:.!*!:#'&/!7&'$*:#'*'$!#'!'.B!0..56$&7G!*6!#$!B*6!

#'$/&587.5!$&!$%.!7*67*5.;!H8/#'D!.'/#7%:.'$!#$!#6!@/.0./.'$#*(()!6B.@$!#'$&!$%.!(#D%$!#6&$&@.!

0/*7$#&'!$%*$!9.7&:.6!IJ4;!<$6!@/.6.'7.!*6!*!@&66#9(.!#'5#7*$&/!&0!6%#.(5.5!IJ4!#6!5#67866.5!

#'!*!0&((&B#'D!6.7$#&';!

4/*'#8:-232!#6!0&8'5!#'!/.@/&7.66.5!8/*'#8:;!H8/#'D!#$6!#//*5#*$#&'!#'!*!/.*7$&/1!8/*'#8:!

#6!@/&0&8'5()!:&5#0#.5;!<$!7&'$*#'6!*((!$%.!#6&$&@.6!&0!8/*'#8:!9.$B..'!2324!*'5!23K4!.L7.@$!
23M41!B%#7%!#6!/*@#5()!$/*'60&/:.5!#'$&!23MN@;!!

4/*'#8:-232!#6!*(6&!*!@*/*6#$#7!#:@8/#$)!0&/:.5!#'!$%.!@/&587$#&'!&0!0#66#(.!2334;!<$6!

#:@&/$*'7.!#6!5#67866.5!#'!$%.!0&((&B#'D!5.67/#@$#&'!&0!2334;!

!"#$%&'()**+;--<%$526-26=12>&6&"12#$?26=126=-"%&'2>&1029:9012

4/*'#8:-233!#6!*!0#66#(.!8/*'#8:!#6&$&@.!B#$%!*!%*(0-(#0.!&0!=O,;2!$%&86*'5!).*/6!$%*$!5&.6!

'&$!&778/!#'!$%.!.*/$%?6!7/86$;!<$!#6!9/.5!0/&:!232P%!$&!9.7&:.!@*/$!&0!*!$%&/#8:!08.(!7)7(.;!

Q.7*86.!2334!#6!0#66#(.1!$%./.!%*A.!9..'!7&'7./'6!$%*$!#$!7&8(5!9.!86.5!#'!'87(.*/!B.*@&'6;!
2334!%*6!*(6&!9..'!7&'6#5./.5!*6!*!/.*7$&/!08.(!98$!B*6!'.A./!86.5!7&::./7#*(()!0&/!$%#6!

@8/@&6.;!P%#6!#6!9.7*86.!$%.!#'$.'6.!D*::*!/*5#*$#&'!0/&:!$%.!5.7*)!5*8D%$./6!&0!@*/*6#$#7!
23241!*!9)@/&587$!&0!2334!@/&587$#&'1!:*G.6!$%.!2334!%*R*/5&86!$&!%*'5(.;!!

S/&587$#&'!&0!2334!A#*!'.8$/&'!#//*5#*$#&'!&0!232P%!@/&587.6!6:*((!*:&8'$6!&0!2324!*6!*'!

#:@8/#$)1!9.7*86.!&0!T'12'U!/.*7$#&'6!&'!2334!#$6.(01!&/!&'!233S*!V3K1!3,WX!

232P%!T'1YU!233P%!TZ[U!233S*!TZ!U!2334!T'12'U!2324! ! ! ! T=U! !

232P%!T'1YU!233P%!TZ[U!233S*!T'12'U!232S*!TZ[U!2324! ! ! ! T2U!

232P%!T'12'U!23=P%!TZ[U!23=S*!T'1YU!232S*!TZ[U!2324! ! ! ! T3U!

P%.!5.7*)!@/&587$6!&0!@*/*6#$#7!2324!.'$./!$%.!$%&/#8:!5.7*)!6./#.6!*'51!9.7*86.!&0!#$6!%#D%!

6@.7#0#7!*7$#A#$)!/.(*$#A.!$&!&$%./!@/.6.'$!8/*'#8:!#6&$&@.61!F8#7G()!)#.(56!*!6$/&'D!22KP%!

6#D'*$8/.;!\&/!$%#6!/.*6&'!2324!%*6!9..'!7#$.5!*6!*'!&96$*7(.!$&!'87(.*/!@/&(#0./*$#&'!9)!

86#'D!2334!*6!$%.!0#66#(.!:*$./#*(!V]>W;!P%#6!#6!9.7*86.!#$!:*G.6!:*'8*(!6@.'$!08.(!%*'5(#'D!#'!

*!D(&A.!9&L!B#$%!&'()!(#D%$!6%#.(5#'D!T*6!7&::&'()!5&'.!B#$%!@(8$&'#8:U!$&&!%*R*/5&861!

T.L7.@$!@&66#9()!#'!*!6%&/$!@./#&5!#::.5#*$.()!0&((&B#'D!7%.:#7*(!@8/#0#7*$#&'!&0!$%.!

8/*'#8:U;!<'6$.*5!#$!B#((!/.F8#/.!86#'D!7&6$()!/.:&$.!:*'#@8(*$#&';!!

N.A./$%.(.661!#'$./'*$#&'*(!#'$./.6$!#'!$%&/#8:!.'./D)!%*6!/.'.B.5!V]=W;!^&/.&A./1!0&/!&A./!

O>!).*/6!<'5#*!%*6!#'A.6$.5!#'!$%.!(&'D-$./:!5.A.(&@:.'$!&0!*!$%&/#8:!08.(!7)7(.;!<'5#*?6!

A*6$!@&@8(*$#&'!*'5!B#5.6@/.*5!@&A./$)!@(*7.6!#$!#'!D/.*$!'..5!&0!#'7/.*6.5!.'./D)!

@/&587$#&'!$&!#:@/&A.!F8*(#$)!&0!(#0.;!<'5#*?6!7&*(!*'5!8/*'#8:!/.6./A.6!*/.!(#:#$.5;!

I&B.A./1!<'5#*?6!/.6./A.!#'!$%&/#8:!#6!.6$#:*$.5!*$!3>>1>>>!:.$/#7!$&'6;!"#$%!$%.!7&8'$/)_6!

D/.*$!'..5!0&/!.'./D)!*'5!#$6!A*6$!$%&/#8:!/.6./A.61!#'!$%.!=,O>?6!<'5#*'!@%)6#7#6$!I&:#!
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"#$%&'()!*$%+$%!,)-,-.#/!%!0$)##1.0%'#!,)-')%2!0-!+--0.0)%,!(0.!3(2(0#/!&453#%)!)#.-4)5#.!

(&0-!%!6(%+3#!0$-)(421+%.#/!&453#%)!#&#)'7!,)-')%2!89:;<!=$(.!0$-)(42!>4#3!5753#!(.!

#?,#50#/!0-!3#%/!0-!0$#!4.#!->!0$-)(421+%.#/!)#%50-).!0-!2##0!@AB!->!(0.!#3#50)(5(07!

/#2%&/.!+7!:ACA!89@;<!=$#!D&/(%&!,3%&!$%.!#&0#)#/!(0.!0$()/!.0%'#!%&/!%!0$-)(42!>4#3!5753#!

E/6%&5#/!F#%67!G%0#)!H#%50-)!IEFGHJ!K(0$!2(?#/!-?(/#!>4#3!I=$1LMNJ!(.!,3%&&#/!>-)!

-,#)%0(-&!+#>-)#!0$#!#&/!->!0$(.!/#5%/#<!

E&0(5(,%0(&'!0$#!,-..(+3#!>404)#!%,,#%)%&5#!->!(33(5(0!:@@N!O(&!0$#!K(3/PQ!(0!(.!,)4/#&0!0-!

#?%2(&#!(0.!3(R#37!'%22%1)%7!.('&%04)#<!G(0$!%!4)%&(42!(.-0-,(5!6#50-)!%0!)#%50-)!

/(.5$%)'#P!K#!5%&!2-/#3!(0.!3(R#37!'%22%1)%7!.,#50)42!%&/!.04/7!0$#!#>>#50!->!::S=$!

(&')-K0$!-&!0$#!.,#50)%3!.0)4504)#!%.!%!>4&50(-&!->!0(2#<!=$(.!.0)4504)#!K(33!/#,#&/!-&!0$#!

&%04)#!->!0$#!)#%50-)!>4#3!%&/!(0.!+4)&4,<!G#!5%&!4.#!0$#!,)-T#50#/!EFGH!4)%&(42!(.-0-,(5!

(&,40!%&/!-40,40!6#50-).!899;P!.$-K&!(&!=%+3#!CP!0-!(334.0)%0#!0$#!)%,(/(07!->!::S=$!(&')-K0$<!!

!"#$%&'(&Uranium isotopic vectors for initial and discharged AWHR fuel&

Fuel burnup 232U % 233U % 234U % 235U % 236U % 237U % 238U % 

Initial 0.0 0.0 0.0 19.75 0.0 0.0 80.25 

Discharge 

(64 GWd/Te) 

0.02 6.51 1.24 1.62 3.26 0.00 87.35 
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107.!%(/4&'/%!'!&404&)&!5'7)%!21*!%0*436&%0/#!

@# $%!'7(1!3'0!6'5%!01!!"#$%&$%"901D7%+,%!12!/6%!0'/)*%!12!/6%!)*'04)&!4/%&!/6'/!4(!

M%40,!&%'()*%+#!I(!'!*%()7/?!'0!'33)*'/%!%(/4&'/%!12!(%72-'M(1*8/410!3'001/!M%!

31&8)/%+#!S/!4(!749%7.!/6'/!/6%!,*%'/%(/!(%72-'M(1*8/410!D1)7+!133)*!D4/6!8)*%!

)*'04)&!&%/'7!'0+!/6'/!4(!1)*!'(()&8/410#!C)*/6%*?!42!D%!'(()&%!/6'/!/6%!4/%&!4(!

*%8*%(%0/%+!M.!'!740%!(1)*3%!87'3%+!'710,!/6%!+%/%3/1*!'K4(?!D%!3'0!+1!'!(4&87%!

40/%,*'/410!12!%K810%0/4'7!'//%0)'/410!/1!+%/%*&40%!/6%!(%72-'M(1*8/410!12!'!)*'04)&!

4/%&!12!/64390%((?!!?!D6436!4(!749%7.!/1!*%8*%(%0/!/6%!&'K4&)&!(%72-'M(1*8/410!/6'/!

D477!M%!%031)0/%*%+#!L6%!40/%,*'/410!7%'+(!)(!/1!NJ#!B#!

!

! ! ! ! ! ! PBQ!

D6%*%!µ!4(!/6%!740%'*!'//%0)'/410!31%22434%0/!12!/6%!4/%&!&'/%*4'7!P3&-AQ?!'(!4(!/6%!

/1/'7!'3/454/.!12!/6%!(1)*3%!'0+!'!4(!/6%!'3/454/.!&%'()*%+!D6%0!10%!%0+!12!/6%!

(1)*3%!4(!(4/)'/%+!'/!/6%!+%/%3/1*!2'3%#!L1!3611(%!'!5'7)%!12!!,!D%!)(%+!NJ#!O!'0+!B!/1!

31&8)/%!/6%!*'/41!12!(%72-'M(1*8/410!40!)*'04)&!21*!/6%!AEO-!'0+!A==A-9%H!,'&&'!

*'.(?!'(!D%77!'(!/6%!*'/41!12!/6%!/D1?!'(!'!2)03/410!12!)*'04)&!/64390%((#!L6%(%!*%()7/(!

'*%!(61D0!40!C4,#!AF#!

S0!/6%!24,)*%!/6%*%!4(!'!,%0/7%!T90%%U!'/!'M1)/!=#F!3&!12!)*'04)&!M%21*%!/6%!(%72-

'M(1*8/410!*'/41!4(!+1&40'/%+!M.!"GEV#!I/!A#F!3&!4/!4(!M%,40040,!/1!('/)*'/%!(1!D%!(%/!

1)*!5'7)%!12!!!'/!A#F!3&?!'!()M(/'0/4'7!V!/64390%((#!$%!/6%0!31&8)/%+!NJ#!B!21*!/6%!

21)*!+%/%3/1*(!)(%+!21*!%0%*,.!3'74M*'/410!/1!8*154+%!'!*1),6!%(/4&'/%!12!/6%!

&'K4&)&!*'0,%!12!(%72-'M(1*8/410#!!

!

!

!!!!!!!!!!
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! ! ! ! !
!"!

!

!

!

!

!

!

!

"#$%!&'%!()*+,-./0123#04!0+!&5'%6!-47!&88&%89,:);!$-<<-!1-=/!-47!3>)#1!1-3#0!

#4!?1-4#?<!<)3-*!

"#$%!&'!()*+(!,)-!.-(/0,(!*1!,)-!2302/03,#*4(!1*.!5678!2*42-4,.3,#*4(!*1!98!3,!:%&;<=!

43,/.30!/.34#/>!3,!:%?&&<=!@A8!3,!7<=!B*.C-.0#4-!@A8DEA8!3,!5:<!34C!FG8!3,!H6<%!

8(#4$!,)-!2*>I/,-C!(-01J3,,-4/3,#*4!.34$-(!3(!3!$/#C-=!34C!(*>-!->I#.#230!3CK/(,>-4,(!

3(!3!C#L-.(#,M!*1!-NI-.#>-4,30!.-(/0,(!+-.-!*B,3#4-C=!+-!C#L#C-C!,)-!2*/4,!.3,#*(!#4,*!(#N!

2*/4,J.3,#*!O*4-(=!,)3,!300*+!/(!,*!-(,#>3,-!>#4#>/>!-4.#2)>-4,!$.3C-!1.*>!>-3(/.-C!

&;7%?D&::&%:6JP-Q!2*/4,!.3,#*(%!R)-!L-.,#230!B3.(!.-I.-(-4,!,)-!(-01J3,,-4/3,#*4!.34$-!

34C!.-(/0,!#4!*L-.03I!*1!(*>-!*1!,)-!-4.#2)>-4,!$.3C-!3((#$4>-4,(=!)-42-!(*>-!

3>B#$/#,M%!R)-!O*4-!.34$-(!34C!-4.#2)>-4,!$.3C-!3((#$4>-4,(!3.-!I.-(-4,-C!#4!!

R3B0-!'%!!

!!

!

!

!

!

!

!

!

!

!

"#$%!&@%!&5@A&88&,:);!2>0302)-:!1-3#0!)/3#<-3)/!+01!?4/>#)*7)7!?1-4#?<!-/!-!
+?4B3#04!0+!)41#B><)43C!7)3)B301!1)*-3#D)!)++#B#)4B=C!-47!?1-4#?<!3>#B:4)//%!

!



!   

 

! ! ! ! !
!"!

!"#$%&'(&)**+,-.%-/&01&%-2+34.%-/&,2"5%&6*+-,&70-%&#06-5"2+%*&5%1+-%5&+-&8+,(&9'(&

Zone 
Enrichment grade 186/1001 count range 

f DU <0.35 

e DU or NU 0.35–3.86 

d NU or LEU 3.86–16.28 

c LEU or HEU 16.28–118.70 

b HEU 118.70–2000.00 

a WGU >2000.00 

"#$%&!'&%()*+',-./$,0!.-&(&-&0/$*%%1!*//&02*/&'!/#&!34567)8&9!%$0&:!/#$'!$'!*%',!/-2&!(,-!

&;/&-0*%!*+',-+&-'6!<2-!'&%()*+',-./$,0!=,>.&0'*/$,0'!&;/&0?!,@&-!+-,*?!-*0A&'!,(!=,20/!

-*/$,'!*0?!*-&!=,>.2/&?!(,-!'&%()*+',-./$,0!=,>.&0'*/$,0!,0%16!B&@&-/#&%&'':!/#&'&!+-,*?!

-*0A&'!>*1!+&!20$0/&0/$,0*%%1!#&%.(2%!C#&0!&;/&-0*%!*+',-+&-'!*-&!.-&'&0/6!

D,!/&'/!/#&!2/$%$/1!,(!/#$'!*..-,*=#!C&!>&*'2-&?!&$A#/!B&C!E-20'C$=8!F*+,-*/,-1!GBEFH!

I5JK!/#$0)C$0?,C!=&-/$($&?!-&(&-&0=&!>*/&-$*%'!,(!2-*0$2>!&0-$=#>&0/!*0?!=,>.*-&?!/#&!

>*/&-$*%L'!=&-/$($&?!&0-$=#>&0/!A-*?&'!/,!/#&!A-*?&'!?&/&->$0&?!+1!!"#$%&'6!D#&'&!-&'2%/'!

*..&*-!$0!M$A6!376!D#&!>&*'2-&>&0/!-&'2%/'!(,-!/#&!34JN3OO3)-*/$,!(,-!*%%!,(!/#&'&!'/*0?*-?'!

(*%%!0&*/%1!$0!/#&!*..-,.-$*/&!P,0&'!?&($0&?!$0!D*+%&!J6!Q'!/#&!$/&>'!$0=-&*'&!$0!&0-$=#>&0/:!

C&!0,/$=&!/#*/!/#&1!*..&*-!*..-,;$>*/&%1!%$0&*-%1!,0!/#&!%,A)%,A!.%,/!2.!/,!ROS6!Q'!/#&!

&0-$=#>&0/!$0=-&*'&':!/#&!3OO3!.&*8!=,20/'!+&A$0!/,!?$>$0$'#!-*.$?%1!*0?!-*.$?%1!$0=-&*'&!

/#&!.&*8!-*/$,6!!

M$A6!37!'#,C'!-&'2%/'!,(!&''&0/$*%%1!+*-&!',2-=&'6!!T2(($=$&0/%1!'#$&%?&?!$/&>'!C$/#!34J)8&9!

=,20/'!?$>$0$'#&?!-&%*/$@&!/,!3OO3)8&9!=,20/'!C,2%?!*..&*-!%,C&-!$0!/#&!.%,/:!(*%%$0A!$0/,!

%,C&-!P,0&'!/#*/!C,2%?!20?&-&'/$>*/&!/#&!&0-$=#>&0/6!

!

&
8+,(&9:(&)&/%*/&01&/4%&%-2+34.%-/&,2"5+-,&

#;&9<'=>%?@9AA9=>%?&B%">&"2%"&2"/+0(&

!4%&#$6%&*;.#0$*&+-5+3"/%&.%"*62%5&

2"/+0*&120.&C%D&E26-*D+3>&F"#02"/02;&

62"-+6.&%-2+34.%-/&*/"-5"25*&"2%&

3022%3/$;&,2"5%5&"33025+-,&/0&!"#$%&'(&&

!



!   

 

! ! ! ! !
!"!

!"#"$#%&'()*+(,-"&(&.(
/01
+(2%'&34(%2(53&%6"2#(

"#!$%$&'(#)!$!%*+,#-!./!0%.1%!"23!45#67-$!8%!19869!79#!:;<3!48=%$7*-#!1$4!%.7!+$%8/#47!

7.!!"#$%&'>!?.1#@#-A!79#!:;B3!48=%$7*-#!8%!79#4#!45#67-$!1$4!+$%8/#47!1879!47-.%=!CD;EA!

CF;EA!C<FEA!$%)!:GBE0#H!&8%#4>!"23!45#67-$!/-.+!.79#-!4.*-6#4!6$%!9$@#!$!6.%48)#-$,&'!

&$-=#-!:;:3!6.%7#%7A!&#$)8%=!7.!$!&$-=#!I.+57.%!6.%78%**+!/-.+!874!)$*=97#-!:G<J&!79$7!

+$404!79#!CGGCE0#H!5#$0>!"#-#!79#4#!/8#&)!45#67-$!./!*%0%.1%!5-.@#%$%6#!79#%!79#!

+#$4*-#+#%7!1.*&)!,#!8%)86$78@#!79$7!79#!+#$4*-#)!87#+4!1#-#!&8=97&'!498#&)#)>!K8=97!

498#&)8%=!$%)!$!47-.%=!:;B3!48=%$7*-#!6.+,8%#)!1879!79#!$,4#%6#!./!$!+$%8/#47!:;<3!

48=%$7*-#!47-.%=&'!4*==#47!79$7!79#!*-$%8*+!84!?L3!1879!98=9!:;B3!6.%7#%7!$%)A!M*87#!

5.448,&'A!"23>!

!"#"$#%&'(2-%"47"7()*+(

N#6$*4#!87!6$%!,#!*4#)!8%!79#!+$%*/$67*-#!./!%*6&#$-!#O5&.48@#4A!8&&8687!7-$//86!8%!?L3!84!$!

+$77#-!./!4#-8.*4!6.%6#-%>!P$7#-8$&4!8%7#-@#%8%=!,#71##%!79#!)#7#67.-!$%)!$%!?L3!4.*-6#!

18&&!5-#/#-#%78$&&'!-#)*6#!79#!:;B3!48=%$&A!#&8+8%$78%=!.-!=-#$7&'!-#)*68%=!79#!$,8&87'!7.!+$0#!

-.*=9&'!$66*-$7#!#%-869+#%7!#478+$7#4!,'!79#!5#$0!-$78.!+#79.)>!Q%!$&7#-%$78@#!4*--.=$7#!

?L3!48=%$7*-#!+8=97!,#!79$7!./!:;:3>!

!"#$%&'()*)+,-"#./%$-,#0,.0"#1.,02,340450,.6%47343,89!,

!"879!.%&'!$!FRE'#$-!9$&/E&8/#A!:;:3!).#4!%.7!.66*-!8%!%$7*-#!,*7!84!8%7-.)*6#)!$4!$!-#4*&7!./!

-#$67.-!8--$)8$78.%!./!*-$%8*+!-#4*&78%=!8%!$!%*+,#-!./!6.+5&#O!-#$678.%!$%)!)#6$'!69$8%4>!

S.*-!./!79#!+.47!48=%8/86$%7!./!79#4#!6.+5&#O!69$8%4!$-#!TBUVW!

:;B3X!Y!:;CJ9X"EY!!:;CZ$X%A#Y!!:;:Z$X"EY!!:;:3! !!!!!!!!!!!!!! ! ! ! ! !!X<Y!

:;D3X!!Y!!:;GJ9X%A#Y!!:;CJ9X"EY!!:;CZ$X%A#Y!!:;:3!! ! ! ! ! !!XRY!

:;B3X%A#Y!!:;F3!X%A#Y!!:;U3X"EY!!:;U[5X%A:%Y!!:;F+[5X"EY!!:;FZ*X!Y!!:;:3!!! ! XCGY! !

:;<3X%A:%Y!!:;U3X"EY!!:;U[5X%A:%Y!!:;F+[5X"EY!!:;FZ*X!Y!!:;:3!! ! ! ! XCCY!

! ! ! !

N#6$*4#!*-$%8*+!+$'!6.%7$8%!:;F3!$4!$!-#4*&7!./!79#!8%6&*48.%!./!5-#@8.*4&'!-#$67.-E

5-.6#44#)!*-$%8*+A!$%.79#-!-#$678.%!69$8%!+$'!$&4.!,#!8+5.-7$%7W!

:;F3X%A:%Y!!:;U3X"EY!!:;U[5X%A:%Y!!:;F+[5X"EY!!:;FZ*X!Y!!:;:3!!!! ! ! XC:Y!

\%!79#!CRFG]4A!*-$%8*+!79$7!9$)!5-#@8.*4&'!,##%!8--$)8$7#)!8%!-#$67.-4!1$4!8%7-.)*6#)!8%7.!

3>^>!=$4#.*4!)8//*48.%!5&$%74!7.!,#!-#E#%-869#)>!I.%4#M*#%7&'A!7-$6#!M*$%7878#4!./!:;:3!1#-#!

#%7-$8%#)!8%!79#!=$4#.*4!)8//*48.%!6$46$)#4!19#-#!79#'!-#+$8%!7.)$'!$%)!,#6$+#!$!+8%.-!

6.%7$+8%$%7!8%!%#1!/##)47.60!$4!87!1$4!8%7-.)*6#)!7.!79#!6$46$)#>!\7!84!,#&8#@#)!79$7!48+8&$-!

68-6*+47$%6#4!9$@#!.66*--#)!#&4#19#-#>!L@8)#%6#!!TB<V!$&4.!4*==#474!79$7A!)*-8%=!79#!

#%-869+#%7!5-.6#44A!79#!:;:3!84!5-#/#-#%78$&&'!41#57!8%7.!79#!&8=97!84.7.5#!/-$678.%!79$7!

,#6.+#4!?L3!$%)!8++#$4*-$,&'!4+$&&!$+.*%74!=.!8%7.!79#!9#$@'!84.7.5#!/-$678.%!79$7!

,#6.+#4!)#5&#7#)!*-$%8*+>!J9#-#/.-#A!79#!+$%8/#47!5-#4#%6#!./!:;:3!8%!*-$%8*+!84!

6.%4847#%7!1879!79$7!*-$%8*+!,#8%=!?L3!.-A!+.-#!&80#&'A!"23>!



!   

 

! ! ! ! !
!"!

"#$!%&'!$($)*+$,!-(.!$/+,,+&(!+(0$(,+0+$,!&1!0#$!*-//-!)-2,!1)&/!.$3-2!&1!4546!7)$8$(0,!+0!

1)&/!9$+(*!)$-.+%2!.$0$30-9%$!.+)$30%2:!;&(,$<=$(0%2>!'$!)$%2!&(!2$0!-(&0#$)!,=))&*-0$>!4?@"%>!

-!.+,0-(0!)-.+&-30+8$!.-=*#0$)!&1!4546!AB+*:!CD!-(.!-!/-E&)!3&(0)+9=0&)!0&!0#$!44@"#!,+*(-0=)$!

+(!B+*:!F:!"#$!.$3-2!&1!4?@"%!)$,=%0,!+(!0#$!$/+,,+&(!&1!,$8$)-%!*-//-!)-2,!'+0#!,0)&(*!

+(0$(,+0+$,:!G1!/&,0!+(0$)$,0!+,!0#$!#+*#%2!7$($0)-0+(*!*-//-!)-2!-0!4FHI:C5JK$L!'+0#!MMN!

$/+,,+&(!+(0$(,+02:!O#+%$!0#+,!*-//-!)-2!+,!)$-.+%2!.$0$30-9%$!1)&/!PQ6>!+0,!7)$,$(3$!+,!(&0!

=(+<=$>!,&!0#-0>!'+0#&=0!$%+/+(-0+&(!&1!&0#$)!7&,,+9%$!,&=)3$,!&1!0#+,!)-.+&(=3%+.$>!+0!3&=%.!

%$-.!0&!/+,+.$(0+1+3-0+&(!&1!,#+$%.$.!PQ6:!

B+*:!H@!+(.+3-0$,!0#$!7)$,$(3$!&1!4546!-0!4FHCJK$L!+(!-!*-//-J)-2!,7$30)=/!&1!OR6:!"#$!

1+*=)$!-%,&!+%%=,0)-0$,!0#+,!7$-K>!1)&/!0#$!"#!.$3-2!,$)+$,>!+(!+0,!9-3K*)&=(.!,7$30)=/>!,3-%$.!

0&!0#$!/$-,=)$/$(0!0+/$!&1!0#$!OR6!,7$30)=/>!-(.!0-K$(!'#$(!0#$!OR6!'-,!-9,$(0!1)&/!

0#$!%-9&)-0&)2:!"#$!4FHCJK$L!7$-K!+(!0#$!*)&,,!,7$30)=/!&1!0#$!OR6!,-/7%$!,#&',!-(!

$S3$,,!&1!3&=(0,!-9&8$!9-3K*)&=(.>!92!-9&=0!-!1-30&)!&1!0#)$$>!0#-0!+,!-00)+9=0-9%$!0&!4546:!

!

!

!

!

!

!

!

!

!

!"#$%&'$%()*%+,&-./*0%1*2/3%"4%5)*%31*6572%89%:26/#78;4<%=:>;*?%24<%5)*%#7833%31*657;@%89%

ABC%=7*<?$%()*%17*3*46*%89%+D+C%"3%"4<"625*<%:E%5)*%*F6*33%68;453%2:8G*%:26/#78;4<%"4%5)*%

ABC%31*657;@$%

"#$!,+/7%$!1-30!0#-0!$S3$,,!4546!-9&8$!9-3K*)&=(.!4546!3-(!9$!1&=(.!+(!)$7)&3$,,$.!

=)-(+=/!/-2!9$!+(,=11+3+$(0!0&!+(1$)!0#-0!+0,!7)$,$(3$!-%&($!+,!-(!+(.+3-0&)!&1!0#$!7)$,$(3$!&1!

,#+$%.$.!PQ6:!O$!/-2!'&(.$)!+1!-!,#+$%.+(*!,3$(-)+&!3&=%.!-30=-%%2!&33=)!0#-0!'&=%.!/-K$!

-(!$S3$,,!&1!0#$!4FHCJK$L!*-//-!)-2!-!%+K$%2!+(1$)$(3$!&1!,#+$%.$.!PQ6:!"&!+(8$,0+*-0$!0#+,>!

'$!.+.!,&/$!,+/7%$!3&/7=0$)!,+/=%-0+&(,!&1!0'&!,#+$%.+(*!8-)+-0+&(,>!'+0#!)$,=%0,!1)&/!&1!

-(!&%.!9$(3#/-)K!,0=.2!0&!*=+.$!=,:!

T-(2!2$-),!-*&!'$!.+.!-!9$(3#/-)K!,0=.2!0&!-33=)-0$%2!/&.$%!0#$!PUR$!.$0$30&)!!

*-//-J)-2!,7$30)=/!1)&/!0#+3K!-30+(+.$!,&=)3$,!VCMW:!!X,!7-)0!&1!0#-0!,0=.2!'$!=,$.!-(!

PUR$!.$0$30&)!'+0#!4MN!)$%-0+8$!$11+3+$(32!0&!-3<=+)$!-!,7$30)=/!1)&/!-!5:HC!3/!)-.+=,!

M5N!45C6!,7#$)$:!X(.>!,=9,$<=$(0%2>!'$!/$-,=)$.!-!0)=,0'&)0#2!&8$)(+*#0!9-3K*)&=(.!



!   

 

! ! ! ! !
!!!

"#$%&'()!&*+&!,$!&-)$."%+/$0!+10!"(2&'+%&$0!3'4)!&*$!34'$5'4(10!"#$%&'()!&4!42&+-1!+!1$&!

"#$%&'()!&*+&!'$6$+/$0!&*$!$7%$""!89:;.<$=!#$+<>!

?1!&*$!4'-5-1+/!"&(0@!,$!)40$/$0!&*$!"#*$'$A!,-&*!-&"!0$%/+'$0!-"4&4#-%!6$%&4'!B$7%$#&!34'!
8C8DEA!+10!-&"!$16-'41"!-1!0$&+-/!,-&*!&*$!FGHI!C.J!F41&$!G+'/4!%40$!K9LM!&4!42&+-1!&*$!

5+))+.'+@!3/(7!+&!&*$!0$&$%&4'!3+%$>!N$!&*$1!%4164/6$0!&*4"$!'$"(/&"!,-&*!+!3(//."#$%&'()!

'$"#41"$!3(1%&-41!34'!4('!0$&$%&4'A!0$&$')-1$0!,-&*!&*$!)$&*40!43!F-&%*$//!K9:MA!&4!42&+-1!+!

*-5*/@!+%%('+&$!"-)(/+&-41!43!&*$!OIP$!"#$%&'()>!D"-15!&*-"!"-)(/+&-41!,$!,$'$!+2/$!&4!
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