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Range of US processing options

Recovery process to weaponize based on

A) The “Do-Nothing” processing option
Approach (Not in PWG) Retain pits as
: packagedat & + ¢ ¢« ¢ ¢ ¢ e 4 e e 4 e e 4 e e e e e e e e e e e e e e e e e e e e e e e e e e e X
( PX
Fails to meet disposition strategy
B) The “Do-Almost-Nothing”
i a
Approach {NOt n PWG) L Or\;EI;;ai::rtD L Placeinto Remove from Reuse intact
( - sthdardy Repository Repository Pit
. . [ ]
C) The Sterilization Geologic
. Repository « - :
Approach (Not in PWG) Renderpit Overpa.:kto 1) | [——— RChemlcaI/ T Casting &
( " Unusable repository . Repository SR aterialFrep Machining
standard ) Separation
Monitored
3 Storage - -
D) Downblending Approaches (c2) A
-(Dilute and Dispose)
TrimE: Beess (Opt'on 4in PWG Report) Downblend Overpack to Place into
it High Scrty ~#» repository Repository |-
it Dissy N Convert Pu (D1) standard . :
to Oxide : Remove from RChemlcaI Material P Casting & Remanufactured
Downblend Overpack to . o Repository eccve_ry/ aterlal¥rep Machining Pit
LowScrty — repository —p- Laceinto Separation
(D2) (PWG) standard RErceiely A
E) The MOX Approach Burn MOX Place int
) A ) pp Rodsin = Overpack = Re?)coesilro:)v LR Remove from Chemical Isotopic Material P Casting and
(Opt’on 1in PWG Report) Reactor Repository Separation “Adjustment” atertal Frep Machining
Purify Oxide
. Convert Pu ) Produce MOX
>~ Pit Dissy —» to Oxide > blend with ~» Rods

uo2

The “Spent Fuel
Standard”
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Fabrication Facility project, to reduce costs if feasible; and
e Examining how diflerent risk assumptions can impact the total lifecycle cost
estimates.

In addition, the assessment should analyze the following:

Schedule to begin disposition and complete the 34 metric ton mission;
Technical viability:

Ability to meet international commitments; and

Regulatory and other issues.

With full appreciation of the scope and difficulty of this tasking, I ask that you provide
your recommendation to me by August 10, 2015, Sachiko McAlhany, Office of Defense
Nuclear Nonproliferation, will serve as your point of contact.



This page left blank intentionally



5&H# | #  0&
HOOH&I 7& &.& & #. &# &0 &+ &
00,7# (/# '& &# &0 &+ &
&07 0& &# &0 &+ &
"1& 57 3& -. 1 #
/, '%&' &# &0 (0& &+ & ,
#% -+ 0&
3&06%& &# & (0& &+ & ,
" & 6 08&
$ 0&
5&0 O# #. #,)"1&
7 # 08 &# &0 &+ &
& # &# &0 &+ & , "&I3 A( &
"8 8& &* # &# &0 &+ & , "8 &
+ 8 #& 0&
" OBH(&0* &.& & #. &# &0 &+ & ,
O#( 8 & && & #. &# &0 &+ &
5& " <&00, #,
"t & T( 0 &# &0 (

2 #C

7(7.8& & # &# &0 &+ &
7H& %00 & # &# &0 &+ &
#)#'6(* 0&

#& &I &#& (0& &+ & ,
8&* & WO &# &0 (0& &+ & ,
5 $00/& & # &# &0 &+ &

%%
&(#* 8(0&,

8

0& "% & # &# &0 &+ & ,
L7, && & # #

&& & & # &# &0 &+ &

8&,8(-&., & # &# &0 &+ & ,
0'& &% & # &# &0 &+ & ,



This page left blank intentionally






This page left blank intentionally



0&

S&H# [ # &21,& )1$ # (#
& &&# )/ #' & &&0 (&
#()/ &&03 -&& ( 0%HO #
# & 5%&/ ) ,>5?6&)
&& &' & ) O# /1&& ) #
&#HKS $+ ' &

8 /#) '#(& # (Il (#&O

& (0& & $$0,, /.' [+ #
0& - &# &# '# & $) &
3 # (0&&5&#7 (0&3% &
) () (/$01$ +0/ O # #.0#

& )&(HO# , +&(* # 0& 4=

5&#:7 W& Y ) # (0& $0& %
+# & 0 (W (# /&
/$01  '& (. # #(0'' $0
3(# &WHO#, &' &0 & 3 ( #
(Il (#&0 (0& #' , # 44C %& +
#( & B8#O0 (0& 3% &# %
)00 %#  )&HO# , +# "% + (0
#O" &0 H# + &), (# *

8 /# & I
HHOOH +# # )&# - $
) # &'&) ,I&& 1 ('()$ &
+ % H S &H#H (IS&H &'HHH
%& 0('& 1(# <#(3 # &
TH#H -$%  $$ ' 3 # #
%H#H( #(0'" #LI&A 5 # # O
# &# & (0& #' , 6 %& (& '%#
1&& 1 1$'# &' &) . #
HHEHEH 0& #$

0)1(#
&#

8 /I # (&
# > ?2# &0,
#' & H(#H# 0$'()

(W () .&# & 0 #(0'#
)OO $ &# '8 [#KO& #S$

TT# 4%  %& + D
&) &

0& #' , 6+& # (& # &
/&' +&# '&8& K # 8&& /
&, ) 0&# &, A#'
H " % & & H) S &H
H#&O( 0&') & 01" &®#HO#,

0& $% #' 4= G )#

# # # 88&& & 3&0 <
& $0& &' & # & <#(
# " 0'S(HE&O # 'H(HSOH&, &*
# # & S&H# H#H (.,$H#H'&

%& $& ) 0& #$ &
&1 &' $&# 5 (0&
&(1 “"##/ &HO#, 5) &
&HOH,$ A(  &"H# S&HT #
H& <H(3H#H ) # # &

%& # | &0# 0&# (. ,&(#
& 0& , Il # 6# $ #+#O##
#1 $ &

0&

<#(3 # )&# -./ &B!
&0>-7 # 08 /# %& $ #

# &% $ & &', #

&/1& $--.1 8 |#

'5% ,- &08&& 686#00 (0&

& &# '&,; ;& $ &# ) $
( &' | ###8&( & #

#$ H# ('()S&# &3 A(

&0 # $)I&(/# # &' $#&O

0, 0('&3 # ) (0& O
"% & )&(HOH# , % #( %& # &0
)0) (0& &, 60 & #
&' &&0 & " $0& %&
6 #')/ #

(#,

)

)

+0



3 "> ,>
5%, #H& 5# ( (0& 8& #&0 8& &
&& & #. &# &0 &+ &

7THO07& & .
L/ # ) 1& WO &# &'( O
#O'" # # 8&& /1 ) & |/

x 0) # # 88&& #6# .0
(#@&0&S$( ) 6 &"&*&I& &
$&# 8&& /I 6# $ &# &#O#,8&
8&& ) &> 82?

&>$ 03 &?8&' (## T&#
>87'# 5 30 #/ O#H&# &I$&
)&00 # &#& '6# 0, #( ' &#/>6 ?#
& 1+0# )/ & %H( % $& )

)t o = &

0 &' E&#, &( 6 ' $
5# ( &'0& 5# ( ) (0& 8& #&0
3 &# &&' & #HOH # O
( #+# 3 O#&# )| &% (
&# &0 &+ & , 5 # #/1&& |
/& #8&0 /& & | & %00& | &

=,& ) 0& 1% # (

Yo#( & $ H'H#H( & (&S&(H, &' (&S&+HOH

1& #&O0# # & * 0
8& #80 88 & /| 3 & # && & #
8&& | ) # (#$ & &''HS$ #
#oO&# &' SHHQ&#H ) (0 & )&(
) 5 & ) &S$ & 6 & &7&(
Y # # O#&HB&I+ ) #
##@ ) (0&"( 0, %&

#O# # $$

&# # & "(0,& # # &
H ] BHH(&H S HHHOH#
&# 0 I#; 44 T#0O

$ #+0) &00
& #H#

&I
#
4> 2
#(0''5% , &(#HO#,

& , I #
& & # # >
&1 0 &
) N# 0 &' &#HO#,8&& ) &
#  &MHO#,888& 0 '#.
&") & 8% 6 )0
K70 ' %; #(' &#/$ &
8&& ) &7# 3 & 3 A(
&# 8&&/ #0& =& 5%,
& %#(#(0''&00) 3&'$ 0
%& ( #@ '+, HHE & ) #
#.] &# &0 &+ & ,&' 0&/
# & . &% $&# & (0&
( .&0 &')&HOH#, 13& # $ A(
) ( O#&# &' &) $(#&O (0&
)5%, #& &+ & ,5#( ) (0
&# &0 &+ & , $ #+0) 3 &
#H# #  &'6&&&%00&
%&' | (0& I# #
OK )@ (' # O(H#& # #
) (0& 8& #&0 8&& | &'



+ (>
5% ,5#( '& &# &0 &+ &

5 00,7# (# #( 0, 5%, &+
& '& &H# & &+ & ,> 726 & .

/& #8&0; 0& 'T5 $'(# &' $ &# |/
S#H ( &'# $ #+0) # # # &00&
$ & &'$SA( 6# $ #0) $ #
&0 (0& &'0&+ & , $ &# &  #
() )0)&+#&# &'S # &H&H#

& & &# &0 (# #H#H(  &HO# , &'# &.&HDHO

1$ #/ #& (0& , ( 0,8&'
$ H#H & HO& #$&''# (#
('( &# & % /&
(‘## &# )/HO $ C &
& #(# (# ) ( H#&OH@&# )
&'".09/ 1&& 1 )*, #)&
I# #

3# A## 00, %& & # &#
# (5% (& $ #0)

$% )0$0 " ("# S #+HO#,
HE L) (& B

& (% &' # 'I& #&0

&' $$ # . & &00, 6 %& &0

$ & & =!/&%W& & ( &
&'# $$'(# 5# # #/ & 5

| &%& )$ ., & G&' $
R L (U ) &
1 # +&0# & ') & ('

1 #.0, # &# & &H# ,+&' #(0'
&+ & G $& $8&00&# (# O0&
SQOH&G &' &$& 3 ((0 &  &(

& 5# () (0& &' &+ & , $ &#

& V1S # (# # # (0& &'
&& / 00, $ &+ &
H#$# (0& $&# &' (0& $$

# & #(0&

/& #8&0 '.0$/
" # &
#&O# +A ("

HS H (# &'H &H#

(O'# 88& #&0 &' 0 /$01 % #( # K
#G& "&('"
HoOHH &'H#' ) ('(# #

& /%01 ' # &

6#&0 $ #+0)
&(HO# , $ (H)#(&00, + #0
$0 & (& #/0&

&(#  00,# & $ #+0 ) $ ##

$,#&O#)& (
( (/%

&' 0$&.&( &
$$ # &+ &

&0 &+ & , (#& &+ & ,5# ( > 5?

$&00& #

(>? %O0K/

#OO&H &I #,) # #
)D& /(' '/& +#0 ,&")

&SSOH(&# ) (& # (#D

$ #40) $&# ) 6# 01
HE& (& # I& #8&0 # &H&#
()00, . &% $% $;&/$

& # B & ) $$
($# ## 0&#%# &)00+#0; )#
& &# 5# #$#' 00,
# $3 & ) " $%$0

‘G $ 30 &OH& # %& &( #
I$S01# &$&

)



>
5% ,3##$&0 #H& S5# ( # ( "(
0& &# &0 &+ &

5 &07 ( 0, . &5$ ,3##HS&
# # >35"?2& 0& &# &0 &+ &
1&& | $ #+#O#,) N1 /$0, &'#
(0,& # # & 0&+ & ,

&0 (#' 7 # It ,)/# #
'&# 00%& # #,) &O#) #&&
$$ # 3 '( &0 00% &' & + /$0
&.&# ,)0# &'$S &II&& | $ ##
5$&/ ) , .'& & # 3
30#(,# 2% S .#' (#&0&'
# (& (0.,# #.0# ') #)

& 0%& &%& "

#& 00% ) [ #H& (H&#
1$ # &(## &' &H(H , %o#t |
(& &'& & I+ ) '# #&0+
5 &# ,$& 0 &' &# &0 (&'/, '#
# $$'(# (©O& ,)0((0
&# (I,

00% 3+0#(&# 3#@ #
) & (]

0,&" # #

0 (#& 5#( ) #("(0,&"
> ? " 35" &H@&# & O#
$ #+0) # &# & ,) (# (

#,&' 35# [# ,& &6 @
7*0, & @ && +

& &+ & L H( & H  ##
&'('(# % *&( &OO/# # & & )
O#(, '# # () # (&'"( 0
SOH( & # &( &# &0&' /0&' (#,
& (&' &% $&"

&' %N& &'& &+ & , 00 % #
)#( #& (#@
& B H% SHOH&H &'#HH '+ *

&' H%+&' &'&H , $ HO#
18&& 1 ) & &#(&'/H1' %&
&% *( '# (0& (# (&'



$">

<#(3 # Q3 A(8&&/ &' # # ) 3& -. 1 #

5"/&57  #( 0, <#(3 # 5% ,3A(8&& S# ( ) # #

) 3& K &0 & 3 ( # &HO#,>3? '#+#07$& $SA( " 3SA(# &
[0 #:+#00# '00& ) ;)& #' &#( H(&0 $ ( # $0& ) &+HOH@# | & [HO  O#
&00 )0 &(, %& ) /$0 #/&' ##/ $'(# & &&& H# # > ?

5% ,3A(8&& 5#( ) # # ) 357 &+ $ #40) &
(#&0% *) ()/ &='$ 0 $$ # &00&$( ) (0,.0%/
HO## (0& & ,$(/ ( (# (Il ## & $&# 5
7 # (#@'& & 1(00 ( #(&00& # 5 (/$01% & + #D 0,
()O# O# #HHO (0, # (&00 &' (/$O#(& ' . # 0& ,

# & # )/(/$01 ( &' # D&O# YH&# 0& (&0 &#:$0 & #& [H#1#
$) /& ( .&OH&H# #

3# A## 3& 57 .'&+ & 1(# # %# 83 (H& $ ##
( 0# $$ #( 5 &'(// (#&0 O& #' ,(0# &'& & # "( #(&0
&)/1+ ) 5) (0& &HO## &) 7&'S5 72 5# #  %#
5757 .&&HO $ &# & + &' 08 &# &0 &+ & , %
$ #HHOHH H(O'H & #(& | ) 0& %&b $ & &' (0& /& #&0
$(# &(HHH & %00& S ( &' $& H#& . # ) (0&/& #&0 $&&# &'
/] &00 , (0& /& #&0 # (0& %& U HHE  HHIS (# &' &0& (H&
&) +&# &(HH#

3# A## 57 8&)57 & & & &(& (H& & + &# &0&'
# O&# &O0&+ & # #H(O'# & # &  H#& &+ & , '& &H# & # #
&+ & , &' II# &#& &OK # [#D & &&(  &(

57 #& && ) # #,)<## H& &# (#.'# ' && 8& &'

5( &' # (0& # #



D "(#
"(#&08&& ) (0& (#, 7 &' HO# (
&# &0 (0& &+ & ,

# &0, ,& 13 # (% *# %# &# &0 (0& &+ & , &'# )
&H@&H# I, +# * %0' &' &%& )  ##0 0& $ &I

(1307 '+, $#H#( ( #&0 *#00 " # 0" ".0% & )S# # &'
&O&# $( ) (/3013 A( #(0O# 0 ; /OH&HHO## & (H& 'Yo#
( &#&'0&'" *#00 % &"## &00, HOH@ ' #) /'(## 0&# &+& /
O# ) )0 #(& C(I1H #H# >'+D (.,?2)''& &
H(& $HBO#H &' # %H# & #&0'# (& /L $$ ' $'(# )& "5

> C4? X (#(&0)&( #IS&(# ‘H#HIH S () # ] &0
['#& # K

6 +D 0,0'& &'0O# # .# | &0 & ,& | I&A $ &# &0&'
(&$#H &0 +#0'S A( $3$ # ##0 (0 &$ &I &# & )$SA( &'
(#@&0# & ##0 0& & G&' # # $ A('0#. ,

#( . , &1&& " '.0% &' '0#. ,)& (0& (#,&' &

Y(# (BS&AHOH Vo # &# &0 (0& &+ & , (0''%#H # # ($# (#,)
(0& &' &#0 #(&0/& #&0 (0& &) & '&' ;$ O#) &# G( $0' %# 7

$ & &' HOH ( (#HH#H #(0' (& S&(#, +H#OH )+ &'# &# &0$&
(#&0& [ '.0% ) (&$&+#O#, & '&$$ &( /0" 'O# ,)&
$& MHEH ) H(# ) % & # # $ &IG&'$ O,
$$ HIHO& O+&O##H#&#H. 6 #( 0, $$ # # HE ' &(

3 &1) .08 ) (0& (#, /] 8 '0# > 82 %# # % #(
#&& (& &## 1 &00,) “"$A( //&& # &00,)"
&($ & & &+ & # # & &

0" $ $&&# ) &# &0 ( 0& &+ & , (( )00, # $&
& &' &(&'5.0%  (#&# > 57 /S #/# 8&( G&'/
(0, & ' & & #%)$0 #/ T5 *#00 D# ' |  (

$ &I D#/



6 1

'S 0& H3 &3 A(8&&/ #I&# 3 A( 0&"#*
8& & / /

8 -+ #3% 0,&#'$' ( 0& % # .2,& )$ #0,/ $ #+0
1$ # (# &00)&( )( # # ( 1&& 1 &'$ A(/&& 1 &'( O

0& ' ( (# $&# &' (/IH# ## )(/$01(&SH&0S$ A( "#

1$ # (%& &# '"%#0 /$0,'+, # # &'( 0# &H@&H# $H#H % &
&#'$" ( 0& %H#H &+ '# )/ & 1,& 8 -+ K 1$ # (
#O' $ ) # #'$' #% #'$" ( #& &' .&0#&# )$ A()

5%/ ) ,>57? /, $) # &# &0 [H#(

( &".&# $#& ( (/$&# #O'# . &O# O #( #0#, ( 1#( &0
&'$( # # 8-+ & . 2,& K1$ # (%# (/| #&0 0& ( (#
$&# &''(I### $A( & %00& L& )ISH# (%H# 5
$A(&'S & #(0'# $ A( #% ># &0 &' 1 &0?)/&,I&A , |
&D### $A( #H% )$( &'(&%& +HHO##  &H# S $&&# ) . | (
#& $ & B0& # $ A($0& # &' 1(# & %00& $O0#(, &' #&(
".0% &' #% 8 -+ & 0'&'’ (#& "#*& | ) + 5
&' (Il (&0 %  %& &*,( #+ ) ' 0%/ ) $&'5 -# )

#&# &' #*8& &/ &'%N& 0&'" 0% ) %5 $A(/&& &##
( #+ &&

8 -+ && ' && ' #T7# ( M &'&87T# #&( 6 # &%$&
NH( &'7&'8/+ ) #H&# ) &(1 ) # O# &# &0

> ?2&'/1+ ) S5#H# & #*8&& I I# 6 %& & #H)#'

0& +, )/ 4= >( 0, &(#?&'& #H#'38Y3 A(
8& &/ 3) # &0) / >( 0, &(#.7?

&"##  +# &I+ ) & & 'H# & ( & &0,# ) ( #( &
8#1' 1#' 0 &+#(&# &HO#,&' & O#'#)#(&# THO# $ A( 8 - +
$#0 .'&&IH )& 3 # % && # $)/&() $A(&'
( & &) 8#1'1# 0 &+#&# &#HO#,>8 ?3 A( (/$0 '& /& & /
& /) 8 $A() & % '&03 A(S#( &S #'&& [ )
0O#0,( ) 8 $A( ' .&# )'# (&# +& ' ( +& O# (&

$$8&0+ S$A(( & & / LS ) # O#'S ( #He&



!
8& &# 5# ( &# &0 (0& &+ & ,
3&06%& 8&&# 5# ( ) &# &0
&) I1&# &-. 1 %'-. 1 $

S &

6#& 1(# 5#( )7& 00 , &
8&( % # : (;) ' 5&0
37&'& & ;1(# 5# (

380 0'.&#%# # 0 &7 % *'
&$S0H(&# )$0&/& (0,6 # .&#
#&e# ) '$'  &(T"( O,

360 0'' #3,# & $,# &'
0&K ) # $ &I # & 00% ) #
0(" &0 (&'1,) # # # 2

& HHEH $) &

0& &+ & ,> ? &0 #
&' &#H&#H *, K (0&

#O#,)

(0& # 5(/+ 23&0A#"

&$& (0&$ &I &' #' #&0
5 /II# &' 78&")
&#&# > "7

7TH# I## &# 6 &H#'# 35
)3, #( &' (0& # &' %&



$Il
&'H& &# &0 &+ & # > # ?

5 " /& >"[? 6 #'# 0, &

&# &0 &+ & # & 'H& %# $HH$&KO # # 0+D D 8 &' #. /

$ &I0&+ & ,$ &'+ &HE $&# )
O& (#,'l## &# 5 6 A#'
6# S H+HOHH #(0''/&&H &+ &

/$0 & 0 %&$ &00,
D# ' &# 0& # 1(# +&(
%& (& '%# $ #H# & &( ) #&O
& (& 0& $ 0#) &#

8& 5 ( &, &$$# '5

# B & & % *'%H# 73 HH&O
56 %& &$$# ' &#/& ) 53%&

I (I (& "%H# # #)# )

.09/

56 #&/I+ ) # # #,
# 0&# 6 # (&#/& ) &# &0
&(3 & (0, %& &//+ )
& #( NI&'K & #('# ,- $6 &
] &'%# 5 08+ & # O
0& %& /8&/ &'& & &A ($)
#/ 56 &+ &I+ ) 3
$$ #,F" ) &(  $#
30H(, #H#&H. ) THSE #& 3 OH(,
#.o#,)0#& 00 ) # # &
$&S &'S &# 6 # & (HSH )

56 & .' /&, &#
& ) 1 ( #(&0 $&S$
# # ) # #,)0#8& &8
%81# &8 # (0& # # )
#Oo# ) #HO#,)H(#

#oO#,)0 #H&&' # #

,t&)
&'$ &#

/

>

6 0
) #

3 # &' &+ & # 5#( ) &'H&
#&I0H#
5%8&/ ) K &# &0
&'H&# 4C&' +(& $ # # $#0 |
# KB +#00# & &0+
#.0.'# $$
) .1 &'#
0/ ) ©0&"
& &#K T5& '&

) &# &0 (#.,# &

&'& H#

6 &0&) )' & ./ Z
0$&'8&8&0,@ O #
I ) #Z (&

(0, "))

’ &-) 1 '-# ’
#0 &' &

7&')  # #,)0 #&&' (#0
&1, )#( # ,7&') -0)
| #& O0& #,&' .
O&H #% $) ' &0
( & 8& & # )"(0,
& # O #,) %BIH( #(
"$& 0) $ 0"&) /&# &'
J 6 & &+&'I+)
6 ( O (&# &# ,(IH# )
s # 6# & )/ (#

C %8 1#( 5# # # '3+0#( .#( %&'
HOHH &' .| ## &'#
56 & '&7 #/(&#&0
#I(&H#EO # # )1 # #,)
#.#,)H#H( # &'&35# (0&
& (H@'& &'# # # '&0/ + +

( #

&'&$$ 1#/& 0,

73 #0 $#00 & O, #

(&0



4 D
&.,> #'?

& '#&0 $ K
#O#" # O #

# #> ;C1? "## &00, V& &
# D) +H&# D& . & &
5# () 0 #&# &' lI&'# ))#(

&> < =?

L& &.&0 (&
& 00 > 7

& &D### $) # &0 '1#8&0

O( #(, /'$ &>38;2 2 '# (#

S H(S HE&H |, 1& (+& &'
O(# 0& &* .'& /&' &
5# ( [+& $$ ) /&# &'"( O,
/&' 35;17G&'5# () &  I'#&
>3;:7 $ #+0) ['H&H# ) &
$#

+D )/ #1 )I&# "', H&
%# & #H(P0&# # $ &/I&& ]
& & (0,&4# #00#&/ #+#
&(/ & %#H &' & &(+ ( 0)
&+ # &'# $ #&08&& /
+# &# &' 1(# (& $

)7 # ##,) & O#& $ &
1(# &) <# & &# & % O
+# 0& +(/+ 0& /& +

'I# &0 & (#.' 1 &%&'
%&'? 8 # #  H(8'&0> %&'? &.
1(00 ( %&'>2 %&'? &' | # &%&

#O'" H(#) (0& +&#
E?>70 & N1&T) #,) $
&# (& &, 0&3% ( O

D#/ ) &, &) &'&

&## & SHH## ) &&0 &( &.&0

& 8&A 3 &/8&& ) +& #
&D### ) & K)# ;00;% &#
1) <# ##& 0& +HI&# )
&0 ) /1&# , | 8&& / G
, I >%&( &' &&0 &)& , /
# &)) #)) &&0 $ &#
)& 0 ,;'& ;0 #($ +0/ &( &.&0

0 &S H#'#' L& &E& &
& +A(/& 1$ #( 6 &
) $ #/&'"( 0,

B O# #OH#,)&0H) #& & 5# G&

& 54 & # #,G&'&
#, # (& - B5& (0
>$8 &+ ? #&  # & &# &'
'K 0O&# [+ #$ &#H@&H# | #

‘HHE &'+ 0

#(& #OW # )8 # >
I '&# 8'&0> %&'? <# & &#



+
#& <#( &(00 ) &( #. #,

5 580 0# & + & (& '%#  #
&' &(& (S ## & %00& &$) )/

& &$ # #80&$S # 0& #&
) |/ (& %& & I # )
% & &HI&) ] 4

5580 0# '# &&$) )/
& (H& '# () L # &
#& <#( &(00 ) &(& #
I$& , &' 3# &(0 #@ &3
&#1& ) (0& )I8# # It
&"# # . It ) (&3
0&$ &

)" 1&

#,)"1& #( 4CC#H & .&# , ) &## & #.

(&#@&0 # # > (0&$ &7 6

OT7#0 #@&05) 3 & & 3 &
0& 0& , /It # )1/
(&H#&O # # > (0&$ &2&'&
#oO#,)"1& & # + (&
#,)"1& , /6 & . 7&'

+0#( #( 5 O#( O, . &
) "k O(#(3% /$&,
% &HH O H#' &+ IH&  #



> +

3HHSE0 (#& S5# ( &% 3 &
0&/ &# &0 &+ &
8 # #& ,&. &# (/01

$0 #/$ &# &' (08& )&HO#,$0& #
%&S /& )&( H# & 3& 1 & & #,8&"

$'(# $0& '# $&,& ) (O
& (H& '%H#  $0 #/)&®HO#, "I &
44 $ 0 & $A(0&
(. $& '(& &+ #0

1&& | &' & #($0& # & (#& 't
30#) &# $0 #/ (# (&' (0& %
$ &M () $0 #/ & # &S
$ &I&(H# (+#' S0 #I)&HOH,
#.1 ' &) & &0& | $
# +&0& (# $ & D# | %# )&HO#
308 # $( W &%H &#,)( | &
( &# %# $0& # &' O# '.0
#/ (08& )&HO## $$ # $0 #/$ &
8 # 8(&H#&O # #

Ul &+&(* H# %&$ /& )&( #
6# &0, (& %& & (#& '%# (0&
(,0& & &' # & ([ $ &# &
%& $& ,& 8 # & +
0&  ##8&00,& &)//+ & "# &
$ &//&& &'#( 0,&$ &
#1&& 1 $A(L1(# $A(
H# $0&# )5) $ & (0&
&$ ( HHE&# &(H#HH#H# 6 # ( O,
#& S# (K ) & 08& &'#
& ,& %00& 0& $ &#.
(8 # )(# $H#H&#0,& & , /
o &' (0&
'& 0 8 # #)D O
$ ) &DH## H#HO# &'(
/] 8 # 0 &7 # ##0 # #

& &
) O#

& 1



D 3+
$3'(# 8&&
& # &# &0 &+ &

ST (# &0 # # #
HOH & H( &) H O#7?
&# 80 &+ & ,> ? 8 & '&
./ &3 O0( .& 5
3A() % ,& &&# 1 ) %#
& $3'(# 8&& 8 ( #&
& #&('&(%# 5K $3 &
3A( '5K &H## $3% , /3
$&( (# (& '&

8 KS$.# & # 1$# (#(0'
# 1 8008 $& %& /&& 1 $ &
(/1$&,)10, $ #0) | ) %&

3# /4 " 8 &
8 ' &WHOH ., # # %  %& $ #+0)
HS HH# S5# #8 %& $ /

) 0& #$) # (0O $ A(

& &0 .'& <H#( 3 # &'3&H)
( O# W/ &&&3A( & ) #

O# &#&(# %& $&# & 0& &

I$SO#& (| 3 A( H& % *# '
0 &

#( & S### 8&& ) &I&GA # | &0

/

L #,) +&*&Q #(0G8 # # | &
& $3'(# 8&& & & #

# 4& %N&

& # '

"&03 A(S# () . SH#HS ##
(#.' % ( &#8&0 (#./ &%&' %

&+0 &' &## $$'(# $&#
I$# ## &'1&&  3; = $%0,

& # $$ )

# & # 3
& ; &'&

#
$&# # & # &

& 8&&/ 3

K$0& &,&""$

&/ 5#
3

()
' & )&SHE
138" (&

3

&/8&& & 5

;# N& /&& 1 &'0 &(, %&
5%, # 8&& &'%& $ #+0

&0 &# $A( & (# &)

# &0 &+ &
#(0,) 5 &

6+& # (& # 4=&
(*, 0& 30& #

0



$ " #
&+ & ,5# (
& # &# &0 &+ &

" & 8& >7 # $,#( 5&0 # #.

8(8& #. H2HHW( )& # &#
44=8& (# #H#H(5# ()  $&00& #
#& &+ & ,5# ( >5?) #

7) A#H# " I%& &)&0,//+ #
)" | 44 44 %& & # (#
& &0 (# ( &' # # &( (#O
700 &+ & # )/ 44 #O 44

"IK & (& THH# &SSOH&H )

1& #(/& #&0 &' $ ('( # &.&#
$ 5#( ) 5%8& / )

0&+ & , & & # # &.&(# & #&0
G ( '## &# &' (H#H&0 O #

& 00% ) 3 &'

#.G35# (' '1& (#(
&0 &+ & ,> ? " IA#' #
(> ?$ A( 6 %& &
&' 5) # (#

5$& / )3,#( & # #,
4 & #[&H# &0 &+ & , 6 0'&
) &&&$ '( &0)00% #$& T

& # (#D .0
C))&HOHH # ] #H& &'
KO0& (#(& (0,

0& &'(/$ &# &0
0.& &' 0+&0 (#, 6 #



>

0&
58 #& %*&&( 0& #& & ) & #I$ (# , # & &# &0

(#l
6# % *#  (0& )0 ((0 &' &#/$ ( # WO & #(0'' 0 & & #'HH# &0
&( & %00& #F T5/&& | G # # G'# &'( (# $A(/&&I G
&'$0& $&# 6 & $ /| ) # (& #O&& ) &#I #(I  &#/
$(# & &H(MHE& $( # # & " #)&IHOHE Yot ( :(# )

& #&' (0O# $( & D#$ 6 & % *' &'/&&"' '.0%/

&''$0,/ )& .&# ,) $(H&OH@ 'S '(# &' $&&#H $( & (H& '%H# &#

$# (0&)0(0O #(O% )0 $ (# %& 1&& 1 &#I$( # &

# S $8&#H T+ & 0&&#,) ( HEO&'I& & #&0 O #  &(#.H## #(0 '#
# & # O<H#( 3 # 8& # 8&# & ,,/ >887?> ) &00 88
&Q(### # & # > ; 1T &0 #(?3&(@& &'3/ 62&'&

#& &+ & ,5# (

7+ 07 ><&' +#07? 8 &'35> #. #, )" 2" &O0# ( /#&O # #

6 & (/30 ' 1(# /1&& 1 $ & & # #,)3% +

6#& (H$# ) 5K &% ( %&' &' +  HO %&'$ '+

(0& # # SHH## ) | #& # ) &0 H# # ) # % *#

(0&) 0((0

7+%& &0 &//+ ) (0& 00# (3 &0 # # (



$( B
1(# <#(3 # &'5#(
&& & #. &# &0 &+ & |

&& & #. (0& O #

5", SH(&O* # && & #. (0&
5# () 5$&/ ) ,K>52?
SH#E H# S #0) /&& I $

0, O0&+ & , & &$$ 1#/& 0,4 [$
&'#. HH'$S )O# )) &0& (# $$
&# &0 (#,&'(0& , 5 #
# HH(&' (0 #&0 & #('# (#
0& $$ &

5 8#(&0* &/ & ,& ) 1$ # (
H# (0, ,(# (& &# &0 (#,
A## 5 B#(&0* & .'& ) '#
& (O# S5# () 5 I+ #

S# () H# T#H , # &'5#
&# &0 &+ & #

&'HH# H#H( H & &F &

#oO#,&T& )S# ( I+ ) #

&#18& )
30#(, (#0

&# &0 &+ & ,5# ( (

6 . & / , # #&0 '#

& O#&Q#* # # '# ,7&'&'
00 Y7# '# ,7&'
5 8#(&0* & #H)#'+) &
0 #0& ) &0#) #& %81#( &' &
(#,&" # | &0(0& $6 # & 00%
<&( /1 (#,

5 8#(&0* 0 . $& & & '4
L&0+* 6 # &I+ ) . &0 ( #(&0
I (#&0% * $ &' J$ #& 5 8#(
( %&'G& T5 &%W&'> )&H&O (
08 (# ( %&") / &# &0
| #(& &H( (# , 6 %& & % ;# Yo#
&'# "( 0 #(&0 ((/$O# /

#

'$ & $$ )

(

&'6

O# > 2 1(# <#(3 # &'
&& & # &H# &0 &+ & ,> ? #
&# &' & #('H (# ) 0&+ & ,
0, &('( &(&'".0% )
&H#H&OM # # # | &0/&& [

| &08&& | &+ & , $ #

&# K 0 &(, %&

# WO )& #&0 # ( & (O,
Ll # &H# S HHE S#
5() 5 ) &'
&( &HOH, &H#I& ) T&')
) L&' (H#,, | & &'H&

5# (
, &'
HO &' #

5 8#(&0* . & &"
& O#& &(

(&)

) O
#,
K &+ &

7&'
- H#&

S &H# &'&II+ ) # O#,)
#. #,8& 8600

) $ &% &' &
o#& S$H(#O# & (O,
) & & # L& | #&

A &O$+OH@&# &' & + &(00&+ &
H# $&0&&H ,+&' &' & (&#
&0*K & ( &%&' # (0"
8#( ($?G 0/& 0 &# &0
-0& G &' NH 3, %&') |
) 5 7 8& #&0 (# ( %&')



(
5%, #& &+ & ,5# (
&.& & #. &# &0 &+ &

58 &# 5%, (#& &+ & ,5# ( ) #(&"(0,& &&&
# O&H# &0 &+ & > ? 6%. # # & (# 5) #(&"(O
HO & $ ## # )#00' 5 8 & &+ & '& & &( /&& &' ( #(&0
(0&) =& # &&) &(&' '.0$/ ) (0& /& #&0$ ( &

(*, 0& 30& > 3?&' 0, # # & 30 #/3( # )
8+#0 30 #/ &HOH#, &' $ &#. 5$& / )6/0&' (#,K 30 #/
1$ 3& 0

6 $) # &O&(H#HH# #(O' [I+ ) | #(& &0 # ,> ?>4==Q% 2G
"& ) S#H## ) 0& [# &"(0,#( G 38&'

$  &#. (## $&&H# ) (7&' 44 Q 44: &' Q$
$(#0G $ &# # ,7&' ) (0& # /& # # &'

# (3 && 0/ # #,> ;$ 28&'  # ,T&'")

# 1 8& # # &' & (#( 5%& /| & O/ # #,> Q$ 2
58 & & &+ &* %0 #+ $, (1 &0&'& $0 #/ (., &'

$ HH(& # (*, 0& 30&  %& $  H/&H#O,#.0.'%# /0 &0 $ ( /
& ##/1) /& '$0 #/ &0 %& #.0. # /0 &0 $ (# #O# # (
1# '(# &' O( )# &.& & # &H#H &0 &+ & , + & % *#
&D $ (# )$0 #/&'& I&& ) (## "( 0, (# . &%

0%/ &''$0,/ ) .&0)0% ) WO # )&/ H& )$0 #/ 1#

/& #&0 & %00& &# 1(& $( '.0% /| $#),30 #/&' $ #/ O #
%# +D (. # 1&0& 1#

58 & & $& H(HS& '# &%k & )5 ; 0& & /[$01&(H#HH# #(O'HF &
)  3#5#& /40, . # "&) | $01 3 A(>44 Q 4417 8&& ) (0&
8& #8&0 ( &8& #&0 3 ( # 3 '( #> Q ?/l+ ) 7&0#

&O&#H "&I) $O #/$ #HHE&H# (., $( ) 8' 3# &HO#,3 A(

> 2+ )% "(#H&0 # &("& H%S (# SH#H ) &HHOH@&H )
(0 #:( &H#H# $O #//8& #8&0 &  (* L 0& #/ &"(0,# > 2&'&
6&) 'H# > 2 &' [+ ) "( 0, &%# | "&l) 3#

S#H& [+0,&' . # 3A(> 4 2 & .'& $ &# #

& #'#'l# *# -8%) (O & 8& #&0 # /# > Q C?



# 8&& /&008'0& &(

<800, #,

5& # # 8&& /&008'0& & >82"( 0,) "  <&00,
#,>'<? 6# $ #0) (0&$ A('.08 #0O%# 1&&# ($

("0 +' &'+ # $0& # & (H& '% #OOH( # &'$S #80'$0# 8 & "<K

O# (( #. # # & #

8 & . & )1$ # (# 0& , ( 6A#'"<# $#0 4

% /&& ' '&03 & #(O# ##/ $'(# 89)0 HOH@&# &' &.& ('

['0# &' #/0&# )O# %& & HO& [# $ #+#O#,) "<K /&008'0&
& $ &/#

3# "< 8 & 5#H( (0& 0 ((0# & 5%&/ ) ,%

%& $ #+0 ) $0& # &' $OH#(,'.09/ &# (0&)0 ((O# 3# &

Yl 44 18 % *'H#  &#] #(l #' ,$'H&0,& (

Vo# $ H+HOH,) TS5 # # &' O#( # O)&&( &#I #H (O0#

&' )&(HOH #

| 4=1;44 8 CH# &, & & (0& +&# )#H( 6 &0 .'#

&8&0 . # &&0 $(#&0 &)& (/I # )1 44; C H#H# & & /&'

8 &&"') ! &.80 (&'/, # 4= 6 (#.'#8& K5 #

# # 8&& /1 )/ &# &0"( O # (&0 #. #,# 44C



$( 8
3 # &'- &08&&
7(0&# &0 (

) (0& 3%

OI&#
+# 6 .
# &# &00,

&0/&& )7( 0 (0&
&$ )0# ) (/I (#&O (

L &7(0. & " I1& & 1 #
1&& | # & &0& &, (##&0$
Y(# ) (& (#,T # 1/ &0
18& Y( (#) # +# #
$A( % 0%H " /& & O H#&0S$ ##
/| +HO#@& # $0& # 6&) ' & # &'

3.# (0& (#,T # 1/ & "
7(0 (# .& (0& $A( #
5°' 3% &# &'7& <&00, (0& 3%

"H O+ & HO # # ( (#

& #% &' &#
&S A( &

6 $& #(H$& ' 0' "
$A(#O% "3 3
&+ & #

/& %& O('&7( O$#(#$&0 #( $ #

(#,7T # /| &K (0& 3%
0& $% $ A( &'

1$#(#( (# $&# &'
A( 8 (0 %& /&& )
+# 3# & 0 .'&

$ H#H# ) (#&0/&& | . # )

) $SA(#OH# & "&/ &'
08/ &# &0 &+ & ,# %8 1#(

1& % *'# 7( 03% &')

O '# (# &* 3% &#
&# O# &# $#H# #

&'$A(/&& ]

#% ) . &0 (##&05 &'
0&/ &' &% ( #. |

#



This page left blank intentionally



# ( #@' & VeHHE # & $H( ) 0.&(# 385 $(#HH&00, #)&(#. #
&# )3:23;4 & & # )& 0/& #8&0) /+(/ & $#()# %
$# & % ( # &#F

00%& () )#&0S$'()/ #H##&OOH# $ ## $0 #/J D#/ +

08&1' &00%&0% 3;2 3; 4 &# # W&0$ '( /.80 )&, # $H(
$ (FHH& #

00%& () +0'# ) $&& ') 0 & & 3 %H  %&S ; & OHS$ ##
3] &(#.&3;23;48&%# )\ #3 + 1% +0 '

("$# $&&"' $0 ) O & 3 &' (HHOH& $&& ' & & 3
(0'+ ' +0'%# 28") %&S$ &3 #(& 3:23;48&#
"D&#,) )0 & 3## H#H &(#. & . &0 &#\  H#H#&0 #% )
*HHE& &'$'H $EH( ( * &$$ 1#/& 0, 48"% 0'+ D# '

#( & 38+.8&3:23;48&#) # (#H@' & &, (#HHOH& 3 % O
D# &5) 5 [#&# $# &($&( & 33 "# &$$ &( % 0'&0 #.0.
#oO&# &0 #ESH (#S &S ( # ) | +0* 8 %#( % 0'0#0,#( & . &00
$ &( " 1&+$ #&O( ; & | 00)  H(& #H) )'H #
$H#) HSHH#E () )&# ) (HOH& 3

&$$ & % O' D# #% 0& ' #0 :) 38 &' 1
B# # &' S$(# (# #/ &' | #(& &O0%&+0 & )+0 ' (

+ H#1 %# %&$ & 3



