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%3.2&)6/M+L+/W+&N12&W6/X+/+-&56&W6/2.-+L&5N6&_O+25.6/2`&)1/&3;PL.-&MO2.6/RM.22.6/&2;25+Q2&-+1,&N.53&

53+&O2+-&MO+,&EaN125+bH&ML6Q&/OW,+1L&M.22.6/&L+1W56L2Z&F/-7&W1/&2OW3&1&2;25+Q&P+&-+X+,6K+-&./&1&

L+126/1P,+&1Q6O/5&6M&5.Q+Z&&&

D5&N12&-.MM+L+/5&ML6Q&Q1/;&2W.+/5.M.W&W6/M+L+/W+2&./12QOW3&12&.52&KOLK62+&N12&1&aW1,,&56&1W5.6/b&12&QOW3&

12&1/&+YW31/4+&6M&.-+129&$/+&2+/.6L&155+/-++&NL65+&aD&+/c6;+-&;6OL&Q++5./4&.QQ+/2+,;9&D5&L+Q./-+-&Q+&

6M&53+&466-&6,-&-1;2&N3+/&N+&N+L+&;6O/4+L&1/-&PL1X+L9b&IL61-,;&2K+1]./47&14L++Q+/5&N12&L+1W3+-&

1Q6/4&26Q+&>S&2W.+/5.252&1/-&+/4./++L2&5315&2OW3&1&KL64L1Q&Q.435&N6L]&1/-&W6O,-&3+,K&26,X+&53+&/OW,+1L&

N125+&KL6P,+Q7&N3.,+&4+/+L15./4&2.4/.M.W1/5&1--.5.6/1,&+/+L4;9&F&Q6L+&KL+W.2+&2515+Q+/5&6M&N315&N12&

14L++-&56&M6,,6N2&53.2&./5L6-OW5.6/9&(+L+&N+&+YK,1./&N315&1,,&6M&53.2&Q+1/29&&

F&5;K.W1,&/OW,+1L&L+1W5.6/&6K+L15+2&P;&2K,.55./4&3+1X;&156Q27&O2O1,,;&1&2K+W.M.W&.2656K+&6M&OL1/.OQ7&P;&

3.55./4&1/&156Q&N.53&1&/+O5L6/9&C6Q+&6M&53+&/+O5L6/2&W1O2+&2K,.55./4&N.53&1&2OP2+_O+/5&L+,+12+&6M&+/+L4;7&

PO5&653+L2&1L+&1P26LP+-&P;&53+&OL1/.OQ&W1O2./4&5315&OL1/.OQ&56&P+&5L1/2QO5+-&./56&653+L&+,+Q+/52&5315&

W1//65&P+&2K,.5&E./&1&W6/X+/5.6/1,&L+1W56LH&1/-&53O2&WL+15./4&1&L1-.656Y.W&aN125+b9&%3+&+/+L4;&5315&.2&

L+,+12+-&P;&53.2&2K,.55./4&.2&W6,,+W5+-&1/-&53+/&O2+-&56&Q1]+&+,+W5L.W.5;9&%3+2+&L+1W56L2&1L+&W1,,+-&aWL.5.W1,b&

M.22.6/&L+1W56L27&P+W1O2+&N3+/&OL1/.OQ&156Q2&./&53+&KL6K+L&W6/M.4OL15.6/&1L+&2K,.57&6/+&6M&53+&P;KL6-OW52&

.2&2+X+L1,&Q6L+&/+O5L6/2&N3.W3&W1/&-6&Q6L+&2K,.55./4&1/-&3+/W+&W1LL;&6/&53+&L+1W5.6/&./&1&2+,MR2O251./+-&

Q1//+L9&$M&W6OL2+7&2OW3&1&aWL.5.W1,b&L+1W5.6/&QO25&P+&W6/5L6,,+-&26&5315&.5&-6+2&/65&P+W6Q+&1/&156Q.W&

P6QP7&PO5&.5&-6+2&/65&/++-&1/&+Y5+L/1,&26OLW+&6M&/+O5L6/2&56&6K+L15+9&&

03+/&1&OL1/.OQ&MO+,&L6-&.2&O2+-&./&1&M.22.6/&L+1W56L&6/,;&&1&2Q1,,&ML1W5.6/&6M&.52&1X1.,1P,+&+/+L4;&W6/5+/5&

.2&+Y5L1W5+-9&DM&53+&O2+-&MO+,&L6-&E53+&aN125+bH&W6O,-&P+&Q1-+&./+L57&K+L31K2&P;&MOL53+L&a2K,.55./47b&EN.53&1&

4+/+L6O2&26OLW+&6M&+/+L4+5.W&/+O5L6/2H7&N+&W6O,-&26,X+&53+&KL6P,+Q&6M&N125+&-.2K621,&1/-&4+/+L15+&

1--.5.6/1,&+/+L4;9&%3+2+&2K,.55./4&L+1W56L2&W6/X+L5&,6/4R,.X+-&L1-.61W5.X+&156Q2&./56&236L5+LR,.X+-&6/+2&

E53O2&L+-OW./4&53+&31d1L-&6M&53+&Q15+L.1,H&PO5&53+;&-6&/65&KL6-OW+&+/6O43&/+O5L6/2&56&KL6W++-&./&1&2+,MR

2O251./+-&Q1//+L9&%3+2+&1L+&a2OPWL.5.W1,b&L+1W56L2&1/-&L+_O.L+&1/&+Y5+L/1,&E2+K1L15+H&/+O5L6/&26OLW+&M6L&

53+.L&6K+L15.6/9&%3+&aN125+&POL/./4b&KL6W+-OL+&KL6-OW+2&L6O43,;&>Ue&12&QOW3&1--.5.6/1,&+/+L4;&12&N12&

KL6-OW+-&./&53+&6L.4./1,&O5.,.5;&L+1W56L29&&

%3+&-L+1Q&6M&aMO2.6/&+/+L4;b&.2&56&W6QP./+&3;-L64+/&156Q2&56&Q1]+&3+,.OQ7&cO25&,.]+&53+&2O/7&N.53&

X.L5O1,,;&+/-,+22&W,+1/&+/+L4;9&%3.2&.2&KL6P1P,;&1&-.251/5&461,7&PO5&2OW3&L+1W5.6/27&+X+/&15&,+22+L&K6N+L7&-6&

KL6-OW+&/+O5L6/27&1/-&53+2+&/+O5L6/2&W1/&P+&O2+-&56&-L.X+&1&2OPWL.5.W1,&M.22.6/&L+1W56L9&*6N&,+5f2&KO5&.5&1,,&

564+53+L9&&&

DM&N+&NL1K&53+&/OW,+1L&N125+&1L6O/-&1&,6NRK6N+L&MO2.6/&L+1W56L7&N+&W1/&O2+&53+&MO2.6/&/+O5L6/2&56&2K,.5&

EaPOL/&OKbH&53+&O2+-&MO+,&1/-&Q1]+&Q6L+&+/+L4;&15&53+&21Q+&5.Q+9&%3.2&.2&53+&+22+/W+&6M&53+&3;PL.-&
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MO2.6/RM.22.6/&L+1W56L`&1&2OPWL.5.W1,&aP,1/]+5b&6M&M.22.6/1P,+&Q15+L.1,&2OLL6O/-./4&1&,6N+LRK6N+L&MO2.6/&

L+1W56L&O2+-&56&4+/+L15+&+/+L4+5.W&/+O5L6/29&&$OL&)6/M+L+/W+&-.2WO22+-&N3+53+L&53.2&Q.435&N6L]&1/-&36N&

266/9&D5&N12&4+/+L1,,;&14L++-&5315&53+&2.4/.M.W1/5&25+K2&56&P+&51]+/&+/51.,+-&+/4./++L./4&1/-&Q15+L.1,2&

1-X1/W+2&Q6L+&531/&2W.+/5.M.W&PL+1]53L6O4329&%3+L+&1L+&X1L.6O2&26L52&6M&MO2.6/&-+X.W+2&1/-&.5&.2&/65&W,+1L&

N3.W3&N.,,&N6L]&P+25&./&53.2&3;PL.-&2W+/1L.69&*6L&.2&.5&;+5&W,+1L&N3.W3&-+X.W+&W1/&P+&PO.,5&+W6/6Q.W1,,;&./&

1&L+126/1P,+&5.Q+&ML1Q+9&(6N&,6/4&53.2&N.,,&51]+&56&-6&.2&12&QOW3&1&MO/W5.6/&6M&6OL&./5+L+25&1/-&L+26,X+&12&

.5&.2&1&MO/W5.6/&6M&2W.+/5.M.W&1/-&5+W3/6,64.W1,&PL+1]53L6O4329&06L]&15&53.2&)6/M+L+/W+&236N+-&5315&1&

3;PL.-&2;25+Q7&N.53&1KKL6KL.15+&W36.W+2&E6M&MO+,&W;W,+27&M6L&./251/W+H7&Q1;&KL6X.-+&1&2.4/.M.W1/5,;&W3+1K+L&

N1;&56&-+1,&N.53&O2+-&MO+,&531/&W6QK+5./4&5+W3/6,64.+2&EN3.W3&31X+&1,L+1-;&P++/&25O-.+-&1/-&M6O/-&56&P+&

X+L;&+YK+/R2.X+H9&%3.2&.2&P+W1O2+&KL+,.Q./1L;&W6QKO515.6/2&236N&5315&N3.,+&.5&Q.435&51]+&VU&aM125&

L+1W56L2b&56&-.2K62+&6M&53+&N125+&ML6Q&6OL&<?g&KL+2+/5,;&6K+L15.6/&L+1W56L27&53+&21Q+&c6P&W6O,-&KL6P1P,;&

P+&-6/+&N.53&gRT&3;PL.-&2;25+Q29&(;PL.-2&N.,,&O/-6OP5+-,;&P+&Q6L+&+YK+/2.X+&56&PO.,-&PO5&N+&Q1;&/++-&

M1L&M+N+L&6M&53+Q9&

%3+&KO/W3&,./+&3+L+&.2&6PX.6O2`&+MM+W5.X+,;&-+1,./4&N.53&/OW,+1L&N125+&1,26&Q+1/2&N+&3+,K&Q./.Q.d+&53+&

KL6P,+Q&6M&KL6,.M+L15.6/9&#L6,.M+L15.6/&N6LL.+2&25+Q7&./&K1L57&ML6Q&53+&M1W5&5315&KOL+&K,O56/.OQ&E1&X+L;&

-1/4+L6O2&P6QPR4L1-+&Q15+L.1,H&W1/&P+&+Y5L1W5+-&EW3+Q.W1,,;H&ML6Q&O2+-&/OW,+1L&MO+,9&&DM&N+&31-&1&X.1P,+&

N1;&56&5L+15&O2+-&MO+,7&1&W6O/5L;&N.23./4&56&2+5&OK&/OW,+1L&4+/+L15.6/&6M&+,+W5L.W.5;&W6O,-&KOLW312+&MO+,&

L6-2&ML6Q&O2&E53O2&21X./4&1&,1L4+&251L5ROK&W625H&1/-&N+&W6O,-&51]+&P1W]&53+&O2+-&MO+,&56&5L+15&53+&N125+9&D/&

53.2&Q1//+L&5315&W6O/5L;&N6O,-&/+X+L&31X+&53+&O2+-&MO+,&ML6Q&N3.W3&56&+Y5L1W5&K,O56/.OQ9&%3.2&X+L;&.-+1&

312&L+W+/5,;&P++/&1-X1/W+-&P;&!O22.1&56&C+LP.19&&

%3+&W6/W,O2.6/&6M&53+&)6/M+L+/W+&N12&5315&N+&236O,-&Q6X+&13+1-&N.53&1&L6PO25&L+2+1LW3&1/-&

-+X+,6KQ+/5&KL64L1Q&56&+YK,6L+&53+&KL1W5.W1,.5;&6M&53+2+&.-+12&1/-&56&KOL2O+&53+&+/4./++L./4&1/-&

Q15+L.1,2&W31,,+/4+29&%3.2&L+K6L5&.2&53+&M.L25&56&KO5&M6LN1L-&53+2+&/12W+/5&.-+129&C+WL+51L;&6M&"/+L4;&

C5+K3+/&)3O&N12&L+W+/5,;&12]+-7&./&1/&./5+LX.+N&M6L&53+&:D%&Q141d./+&!"#$%&'&()*+",-".7&M6L&3.2&

K+L2K+W5.X+&6/&Q1/14./4&53+&L6O43,;&U?7???&Q+5L.W&56/2&6M&/OW,+1L&N125+&256L+-&15&26Q+&<V?&2.5+2&1WL622&

53+&W6O/5L;7&/6N&5315&53+&@OWW1&:6O/51./&256L14+&M1W.,.5;&312&+MM+W5.X+,;&P++/&W1/W+,,+-9&(+&L+K,.+-&

aN+fL+&,66]./4&15&L+1W56L2&5315&31X+&1&3.43R+/+L4;&/+O5L6/&2;25+Q&5315&W1/&1W5O1,,;&1,,6N&;6O&56&POL/&

-6N/&53+&,6/4R,.X+-&1W5./.-+&N125+9&%3+2+&1L+&M125&/+O5L6/&hM.22.6/i&L+1W56L29&%3+L+f2&653+L27&1&L+2OL4+/W+&

6M&3;PL.-&26,O5.6/2&6M&MO2.6/&M.22.6/&N3+L+&53+&MO2.6/&N6O,-&.QK6L5&/65&6/,;&+/+L4;7&PO5&141./&WL+15+2&

3.43R+/+L4;&/+O5L6/2&5315&W1/&POL/&-6N/&53+&,6/4R,.X+-&1W5./.-+29b&&

0+&Q1;&P+&L+1-;&M6L&1&aKL.Q+&5.Q+b&W6/2.-+L15.6/&6M&3;PL.-&MO2.6/RM.22.6/&2;25+Q2&12&N125+&POL/+L2j&

%3.2&N125+&-6+2&./-++-&K62+&1&2+L.6O2&KL6P,+Q9&D5&Q1;&N+,,&P+&5315&53+&3;PL.-&2;25+Q2&N.,,&KL6X.-+&53+&

P+25&26,O5.6/&M6L&4+55./4&L.-&6M&53+&5L6OP,+26Q+&,6/4R,.X+-&1W5./.-+29&&

%3.2&!k8&KL64L1Q&N.,,&2+,+W5&N3.W3&26L5&6M&MO2.6/&L+1W56L&.2&P+25R2O.5+-&56&53.2&KL6W+229&F,536O43&53.2&

2+,+W5.6/&N.,,&Q1]+&1&K1L5.WO,1L&,1P&6L&4L6OK&6M&2W.+/5.252&53+&aKL.Q1L;&W6/5L1W56Lb&M6L&53+&MO2.6/&-+X.W+7&.5&

.2&W,+1L&15&53+&6O52+5&5315&53+L+&N.,,&P+&+/6O43&3.43R,+X+,&-+X+,6KQ+/5&N6L]&56&]++K&1,,&./5+L+25+-&K1L5.+2&

PO2;9&&

!
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+YK1/-./4&/OW,+1L&+/+L4;&53+&O2+-&MO+,&.22O+&.2&1&Q1c6L&-+5+LL+/5&56&MOL53+L&-+X+,6KQ+/59&F5&1&L+W+/5&:D%&

W6/M+L+/W+&C+/156L&%6Q&)1LK+L&E8R8+,9H7&N36&W31.L2&53+&C+/15+&COPW6QQ.55++&6/&),+1/&F.L&1/-&*OW,+1L&

C1M+5;7&2515+-&aN+&/++-&1/653+L&:1/31551/&#L6c+W5&56&M.4OL+&6O5&N315&56&-6&N.53&1,,&53+&2K+/5&MO+,9b&*

F&MO2.6/&M.22.6/&3;PL.-&.2&1&/OW,+1L&M1W.,.5;&N.53&1&W+/5L1,&W6L+&N3+L+&53+&MO2.6/&L+1W5.6/2&51]+&K,1W+7&

2OLL6O/-+-&P;&1&P,1/]+5&6M&O2+-&/OW,+1L&Q15+L.1,&W6Q./4&ML6Q&53+&L+KL6W+22+-&O2+-&MO+,&ML6Q&,.435&N15+L&

L+1W56L29&&%3+&MO2.6/&L+1W5.6/2&4+/+L15+&/+O5L6/2&5315&N6O,-&+/5+L&53+&P,1/]+5&L+4.6/&M.22.6/./4&53+&MO+,&

1/-&5L1/2QO5./4&53+&653+L&,6/4+L&,.X+-&L1-.61W5.X+&.2656K+2&./56&236L5+L&,.X+-&.2656K+2&1,,6N./4&M6L&+12.+L&
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+Y5L+Q+,;&-.MM.WO,5&K,12Q1&K3;2.W2&L+_O.L+Q+/52&M6L&31L/+22./4&53+&K6N+L&6M&MO2.6/&+/+L4;&12&+Y.25&M6L&53+&

-.L+W5&KL6-OW5.6/&6M&+,+W5L.W.5;&P;&+.53+L&Q14/+5.W&6L&./+L5.1,&W6/M./+Q+/59&&%3.2&.QK,.+2&5315&1&MO2.6/&

-+X.W+7&N3.W3&.2&W1K1P,+&6M&KL6X.-./4&1&,1L4+&/OQP+L&6M&/+O5L6/2&/++-+-&M6L&O2+-&MO+,&5L+15Q+/5&

E5L1/2QO515.6/H7&.2&1&/+1L+L&5+LQ&K622.P.,.5;9&&%3+2+&,6N&K6N+L&41./&Q1W3./+27&36N+X+L7&25.,,&QO25&-+1,&
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D/&5+LQ2&6M&53+&/OW,+1L&MO+,&W;W,+7&53+&MO/-1Q+/51,,;&21Q+&KL6,.M+L15.6/&L+2.251/5&5+W3/6,64.+2&/++-&56&P+&

-+X+,6K+-&56&1,,6N&M6L&5L1/2QO515.6/&P;&+.53+L&KOL+&M.22.6/&6L&3;PL.-&L+1W56L29&&%3+&]+;&5+W3/6,64;&

-+X+,6KQ+/5&.22O+&.2&53+&MO+,&M6LQ&O2+-&./&+.53+L&5;K+&6M&2;25+Q9&

%3+&5+W3/6,64.W1,&W31,,+/4+2&M1W./4&53+&&3;PL.-&31X+&P++/&]/6N/&M6L&-+W1-+2&PO5&KL64L+22&./&L+26,X./4&

53+&.22O+2&312&P++/&2,6N&P+W1O2+&6M&-N./-,./4&L+2+1LW3&MO/-2&K1L5.WO,1L,;&./&53+&+/4./++L./4&1/-&Q15+L.1,2&

1L+19&%3.2&2.5O15.6/&/++-2&56&P+&W6LL+W5+-&1/-&,+1-2&56&53+&53.L-&M./-./49&

%3+&)6/M+L+/W+&W6/W,O-+-&5315&N315&.2&/++-+-&/6N&.2&1&L6PO25&!+2+1LW3&1/-&8+X+,6KQ+/5&KL64L1Q&56&

W1L+MO,,;&1/-&KL6QK5,;&-+M./+&53+2+&KL6P,+Q2&1/-&6MM+L&KL+,.Q./1L;&122+22Q+/52&6M&K622.P,+&26,O5.6/29&
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$/,;&53+/&W1/&1&M1.L&122+22Q+/5&P+&Q1-+&12&56&53+&O2+MO,/+22&6M&3;PL.-&2;25+Q2&12&W6QK1L+-&56&W6QK+5./4&

5+W3/6,64.+2&2OW3&12&26-.OQ&W66,+-&M125&L+1W56L2&1/-&K1L5.W,+&1WW+,+L156L2&O2+-&12&1&/+O5L6/&26OLW+9&&&

%3+&W6/X+/5.6/1,&5.Q+&ML1Q+&56&-+K,6;&2OW3&1&M1W.,.5;&.2&KL6P1P,;&>URV?&;+1L29&%3.2&5.Q+,./+&.2&W6/2.25+/5&

N.53&+YK+W515.6/2&6M&1,5+L/15.X+&5L1/2QO515.6/&2;25+Q2&P+./4&W6/2.-+L+-9&0.53&1&a:1/31551/R,.]+&#L6c+W5b&

12&+/X.2.6/+-&P;&C+/156L&)1LK+L&1/-&N.53&1&W6QQ+/2OL15+,;&144L+22.X+&MO/-./4&K,O2&1&KL+2.-+/5.1,&

Q1/-15+&1&M.M5++/&;+1L&5.Q+&ML1Q+&Q.435&P+&K622.P,+9&&"X+/&N.53&53+&1--+-&L+26OLW+2&53+&5+W3/6,64.W1,&

KL6P,+Q2&Q1;&P+&2OMM.W.+/5,;&-.MM.WO,5&12&56&N1LL1/5&1/653+L&-+W1-+&6M&!k89&&03.,+&53+&W31,,+/4+2&

1226W.15+-&N.53&Q1LL;./4&MO2.6/&1/-&M.22.6/&5+W3/6,64.+2&1L+&,1L4+&1/-&236O,-&/65&P+&O/-+L2515+-7&53+&

K622.P,+&41./2&1L+&1,26&,1L4+&N3.W3&N6O,-&P+/+M.5&53+&1-X1/W+Q+/5&6M&P653&MO2.6/&1/-&M.22.6/&

5+W3/6,64.+29&&(6N&2+L.6O2,;&N+&L+41L-&53+&KL6P,+Q2&56&P+&26,X+-&N.,,&/6&-6OP5&25L6/4,;&./M,O+/W+&36N&

,6/4&.5&N.,,&51]+&56&26,X+&53+Q9&

& '
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%3+L+&1L+&Q1/;&X1L.1/52&6M&2.4/.M.W1/5,;&-.MM+L+/5&MO2.6/&/+O5L6/&26OLW+2&5315&W6O,-&P+&1KKL6KL.15+&M6L&53+&

MO2.6/&M.22.6/&3;PL.-9&&8OL./4&53+&W6/M+L+/W+&53+L+&N+L+&5N6&51,]2&5315&,1.-&6O5&53+&6K5.6/2`&M6L&Q14/+5.W&

MO2.6/&-L.X+L27&m1L/256LMM7&1/-&M6L&./+L5.1,&W6/M./+Q+/57&C56LQ9&&D/&1&PL+1]6O5&2+22.6/&1-X6W15+2&6M&2+X+L1,&

Q14/+5.W&MO2.6/&-L.X+L2&KL+2+/5+-&53+.L&.-+12&1/-&53+L+&N12&1&W6/5./O+-&-.2WO22.6/&6M&53+&./+L5.1,&MO2.6/&

6K5.6/29&&%3+&K1L5.W.K1/52&15&53+&Q++5./4&W,+1L,;&,1W]+-&53+&5.Q+&M6L&1&536L6O43&1/-&WL.5.W1,&+X1,O15.6/&6M&

1/;&1/-&1,,&6M&53+&6K5.6/27&&*6/+53+,+227&.5&.2&K622.P,+&56&6P51./&26Q+&2+/2+&6M&53+&2515O2&6M&53+&-L.X+L27&X.2R

oRX.2&53+&L+_O.L+Q+/52&M6L&53+&3;PL.-9&&%3+&KL6K6/+/52&5;K.W1,,;&KL+2+/5+-&53+&P+25&W12+&M6L&53+.L&.-+12&1/-&

N+L+&1P,+&56&-+2WL.P+&26Q+&6M&53+&O/L+26,X+-&.22O+2&1226W.15+-&N.53&+1W3&KL6K621,9&

%3+&W6/2+/2O2&N12&5315&53+L+&1L+&./-++-&WL+-.P,+&KL6K621,2&M6L&MO2.6/&26OLW+2&56&-L.X+&1&3;PL.-&2;25+Q9&&

*6&+Y.25./4&M1W.,.5;&.2&KL+W.2+,;&N315&.2&/++-+-&M6L&53+&3;PL.-9&&%3O27&+1W3&KL6K621,&.2&1/&+Y5L1K6,15.6/&

ML6Q&53+&+Y.25./4&-151&P12+&6M&+YK+L.Q+/51,&1/-&53+6L+5.W1,&O/-+L251/-./49&&%3+&+Y5+/5&6M&53+&+Y5L1K6,15.6/&

.2&,1L4+,;&./&53+&+;+&6M&53+&P+36,-+L9&&*6/+&.2&1/&O/L+126/1P,+&25L+5W3&ML6Q&N315&.2&]/6N/&/6N7&PO5&/6/+&

.2&1P26,O5+,;&122OL+-9&&%3+&/++-&M6L&1--.5.6/1,&+YK+L.Q+/51,&M1W.,.5.+2&.2&X+L;&K622.P,+&M6L&Q1/;&6M&53+2+&

W6/W+K529&&03+53+L&2OW3&M1W.,.5.+2&W6O,-&P+&1/&./.5.1,&K312+&6M&1&M./1,&MO2.6/&-L.X+L&.2&1,26&1/&6K+/&

_O+25.6/9&&D/5+L/15.6/1,&W6,,1P6L15.6/&312&P++/&1/&+22+/5.1,&+,+Q+/5&6M&53+&N6L,-&MO2.6/&KL64L1Q27&1/-&

Q1/;&6M&53+&KL6K621,2&-+K+/-&3+1X.,;&6/&N6L]&5315&312&P++/&1/-&N.,,&P+&-6/+&6O52.-+&53.2&W6O/5L;9&&&

"1W3&6M&53+&KL6K621,2&312&1&/OQP+L&5+W3/6,64.W1,&1/-&+/4./++L./4&W31,,+/4+29&&F,536O43&53+;&W1/&P+&

-+2WL.P+-&N.53&53+&21Q+&N6L-2&53+;&1L+7&M6L&53+&Q625&K1L57&-.MM+L+/5&./&2W6K+&M6L&+1W3&-+2.4/9&&%3+;&1,,&

/++-&56&./2OL+&2OMM.W.+/5&1X1.,1P.,.5;&1/-&1-+_O15+&,+/453&6M&-O5;&W;W,+9&&'6L&26Q+&6K5.6/2&53+LQ1,&W;W,./4&

Q1;&W1O2+&KL6P,+Q29&&%3+;&1,,&L+_O.L+&Q15+L.1,2&5315&W1/&31/-,+&53+&3+15&1/-&/+O5L6/&,61-./4&K,1//+-9&&&

#L6P,+Q2&6M&1WW+22.P.,.5;&1/-&L+K1.L1P.,.5;&./&1&3625.,+&+/X.L6/Q+/5&1L+&W6QQ6/9&&I,1/]+5&-+2.4/2&1L+&/65&

MO,,;&536O435&6O59&&&"Y5+L/1,&+/+L4;&26OLW+27&1/-&.2&26Q+&W12+2&WOLL+/5&26OLW+2&&1L+&/++-+-&1/-&Q1;&W1O2+&

-.MM.WO,5.+29&&DM&6/+&N+L+&56&2+,+W5&6/+&6L&2+X+L1,&6M&53+&6K5.6/2&6/+&W6O,-&+12.,;&251L5&53+&W6/2.-+L15.6/&6M&

53+2+&KL6P,+Q2&./&K1L1,,+,&N.53&53+&/++-+-&-+X+,6KQ+/5&6M&53+&-L.X+L9&

%3.2&2+W5.6/&1.Q2&56&4.X+&1&PL.+M&-+2WL.K5.6/&6M&1&/OQP+L&6M&53+&MO2.6/&-L.X+L2&12&2++/&P;&53+.L&1-X6W15+29&

0+&L+K+15&53+L+&N12&/6&155+QK5&56&W3662+&1Q6/4&53+&K622.P.,.5.+29&&%3.2&5+Y5&N6O,-&P+&P+25&L+1-&./&

W6/cO/W5.6/&N.53&53+&KL+2+/515.6/27&N3.W3&W6/51./&K.W5OL+2&5315&Q1]+&53+&-+2WL.K5.6/2&W,+1L+L9&&%3+&6K5.6/2&

-.X.-+&/15OL1,,;&./56&./+L5.1,&W6/M./+Q+/5&2W3+Q+27&&C56LQ7&1/-&Q14/+5.W&W6/M./+Q+/5&2W3+Q+27&

m1L/256LMM9&&%3+&Q14/+5.W&W6/M./+Q+/5&2W3+Q+2&2K,.5&./56&6K+/&2;25+Q27&!;O56X7&./&N3.W3&53+&Q14/+5.W&

M.+,-&,./+2&1L+&/65&W6/M./+-&./&2K1W+7&1/-&W,62+-&2;25+Q2&./&N3.W3&53+&Q14/+5.W&M.+,-&,./+2&53L6O43&53+&

K,12Q1&L+Q1./&./&26Q+&P6O/-+-&-6Q1./7&5;K.W1,,;&26Q+53./4&5315&,66]2&,.]+&1&-6/O57&6L&1&56LO29&&"1W3&

4L6OK&N.,,&P+&-+2WL.P+-&2+K1L15+,;9&

%3+&./+L5.1,&W6/M./+Q+/5&6K5.6/&-.2WO22+-7&C56LQ7&.2&P12+-&6/&1/-&.2&-+K+/-+/5&6/&W6/5./O+-&2OWW+22MO,&

6K+L15.6/&6M&53+&*D'&M1W.,.5;&1/-&53+&2OWW+22MO,7&2OP2+_O+/5&.4/.5.6/&+YK+L.Q+/529&&&F&PL61-&4L6OK&6M&

K622.P,+&6K5.6/27&W1,,+-&GD'"7&G12+L&D/+L5.1,&'O2.6/&"/4./+7&N.,,&P+&53+&M6,,6NR6/&56&*D'9&8.MM+L+/5&
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+/+L4;&26OLW+27&,12+L27&3+1X;&.6/&P+1Q&1WW+,+L156L27&6L&m&K./W3+2&1L+&K622.P,+p&-.MM+L+/5&51L4+52&1L+&

W6/2.-+L+-7&1/-&X1L.6O2&.4/.5.6/&W31QP+L2&1L+&K622.P,+9&&F&KL+M+LL+-&-+2.4/&.2&/65&;+5&1&2+55,+-&.22O+9&&D5&.2&

+YK+W5+-&5315&-.MM+L+/5&Q6-+2&6M&3;PL.-&6K+L15.6/&W6O,-&P+&-+2.4/+-7&L1/4./4&ML6Q&KOL+,;&2K+/5&MO+,&

-+25LOW5.6/7&56&2K+/5&MO+,&-+25LOW5.6/&K,O2&26Q+&+/+L4;&KL6-OW5.6/7&56&53+&K622.P.,.5;&6M&1&W6QK,+5+&W;W,+&

6M&/+5&+/+L4;&KL6-OW5.6/&W6OK,+-&N.53&&POL/&OK&6M&1,,&M.22.6/&KL6-OW529&%3+&W36.W+2&N.,,&P+&Q1-+&15&1&,15+L&

-15+&1/-&-+K+/-&6/&/++-27&+/4./++L./4&W6/25L1./527&1/-&*D'&+YK+L.+/W+9&&D5&.2&4+/+L1,,;&1WW+K5+-&5315&53+&

+/4./++L./4&&.22O+2&1L+&53+&Q625&WL.5.W1,&KL6P,+Q27&1/-&6/+&W6O,-&1WW+,+L15+&53+&KL64L1Q&.M&6/+&W1LL.+-&6O5&

+/4./++L./4&25O-.+2&./&K1L1,,+,&N.53&53+&WOLL+/5&1/-&K,1//+-&+YK+L.Q+/529&&

%3+&O/._O+&a6K+/b&Q14/+5.W&MO2.6/&6K5.6/7&!;O56X7&.2&P12+-&6/&53+&1Y.2;QQ+5L.W&Q.LL6L&Q1W3./+9&%3+&

B9C9&256KK+-&+YK+L.Q+/51,&L+2+1LW3&6/&Q.LL6L&Q1W3./+2&6X+L&M.M5++/&;+1L2&1467&1,536O43&53+6L+5.W1,&1/-&

+/4./++L./4&25O-.+2&31X+&W6/5./O+-9&&%3+L+&31X+&P++/&1W5.X+&+YK+L.Q+/51,&KL64L1Q2&./&!O22.1&1/-&./&

n1K1/7&1/-&B9C9&2W.+/5.252&31X+&K1L5.W.K15+-&./&L+2+1LW3&6/&53+2+&Q1W3./+29&&D/&1/&1Y.2;QQ+5L.W&&Q.LL6L7&

53+&Q14/+5.W&M.+,-2&1L+&KL6-OW+-&P;&L+,15.X+,;&2.QK,+&2OK+LW6/-OW5./4&W6.,29&&%3+&K,12Q1&.2&3+15+-&P;&

K6N+LMO,&/+O5L1,&P+1Q&1WW+,+L156L29&&'O2.6/&6WWOL2&KL.Q1L.,;&./&53+&K,12Q1&W6L+&/+1L&53+&L+4.6/&6M&,1L4+25&

Q14/+5.W&M.+,-7&1/-&53+&K,12Q1&.2&251P.,.d+-&P;&2K+W.1,&W31QP+L2&15&53+&+/-2&6M&53+&-+X.W+9&&%3+&!O22.1/&

+YK+L.Q+/57&A8%7&412&-;/1Q.W&5L1K7&312&&-+Q6/25L15+-&QOW3&6M&53+&K+LM6LQ1/W+&/++-+-&M6L&53+&3;PL.-7&

1,536O43&1&/OQP+L&6M&/6/R5L.X.1,&_O+25.6/2&L+Q1./9&&%3+&3;PL.-&N6O,-&L+_O.L+&1&2W1,+ROK&ML6Q&A8%&1/-&

P+55+L&K+LM6LQ1/W+&5315&.5&312&236N/9&&%3+&.22O+2&W1/&,.]+,;&P+&L+26,X+-7&PO5&./&1--.5.6/7&Q6L+&536L6O43&

3;PL.-&-+2.4/2&1L+&/+W+221L;&56&122+22&53+&L+_O.L+Q+/52&6M&53+&A8%&2;25+Q9&

%3+&L+Q1././4&Q14/+5.W&MO2.6/&6K5.6/2&1,,&31X+&K,12Q12&5315&,66]&X+L;&QOW3&,.]+&1&56LO29&&C+X+L1,&1L+&

2;QQ+5L.W&1L6O/-&53+&56LO2&1/-&1L+&,662+,;&-+L.X15.X+&6M&53+&56]1Q1]9&&$/+&2;25+Q7&53+&25+,,1L156L7&.2&/65&

MO,,;&2;QQ+5L.W&1L6O/-&53+&56LO29&&%3+&-+2.4/2&P12+-&6/&1&W6/X+/5.6/1,&56]1Q1]7&:1//3+.Q+L&1/-&C51W+;&

E53+&,155+L&/65&KL+2+/5&15&53+&Q++5./4H7&./&1&W6/X+/5.6/1,&1LL1/4+Q+/57&1L+&+YK+W5+-&56&P+&MO+,&1/-&+/+L4;&

KL6-OW+L27&12&N+,,&12&2K+/5&MO+,&-+25L6;+L29&&%3+2+&-+2.4/2&L+_O.L+&215.2M1W56L;&W6QK,+5.6/&6M&53+&D%"!&

KL64L1Q&P+M6L+&6/+&W6O,-&46&6/&53+&-+2.4/&1&3;PL.-9&&%3+&KL6P,+Q2&53+;&M1W+&1L+&+Y1W5,;&53+&KL6P,+Q2&

D%"!&312&P++/&-+2.4/+-&56&+YK,6L+&1/-&26,X+9&

%3+L+&1L+&36N+X+L&X1L.15.6/2&6/&53+&56]1Q1]&W6/W+K5&N3.W3&31X+&-+X+,6KQ+/5&K1532&/65&-+K+/-+/5&6/&

D%"!9&&%N6&1L+&P12+-&6/&-+2.4/&6M&1&56LO2&N.53&1&L+,15.X+,;&2Q1,,&12K+W5&L15.67&.9+9&L15.6&6M&53+&L1-.O2&6M&53+&

L./4&56&53+&53.W]/+22&6M&53+&56LO2&.52+,M9&&%3+2+&W6/M.4OL15.6/2&31X+&P++/&25O-.+-&+YK+L.Q+/51,,;&1/-&

53+6L+5.W1,,;&L6PO25&251P.,.5;&15&3.43&/6LQ1,.d+-&EPO5&/65&1P26,O5+H&K,12Q1&KL+22OL+&312&P++/&-+Q6/25L15+-9&&

F&251/-1L-&KL6P,+Q&M6L&1,,&53+&56L6.-1,&-+X.W+2&.2&36N&56&5L+15&53+&K,12Q1&+-4+9&

$/+&-+X.W+7&J652W3+/L+O53+Ll:131c1/7&O2+2&1&2K+W.1,,;&-+2.4/+-&-.X+L56L&56&31/-,+&53+&+-4+&KL6P,+Q29&&

%3+.L&-+2.4/&312&653+L&/6X+,&M+15OL+2&./W,O-./4&1&L+K,1W+1P,+&MO2.6/&W6L+9&&&&$O52.-+&53+&MO2.6/&W6L+&.2&53+&

L+4.6/&N.53&53+&2K+/5&MO+,&N3.W3&.2&56&P+&5L+15+-9&&%3+.L&1KKL61W3&26,X+2&1&/OQP+L&6M&-.MM.WO,5&5+W3/.W1,&

1/-&2W.+/5.M.W&KL6P,+Q29&&F--.5.6/1,&-+2.4/&.22O+2&W1/&P+&25O-.+-&1/-&5L+15+-&./&53+&#L./W+56/&*C%q&

+YK+L.Q+/59&&&F/653+L&X1L.15.6/7&m1]31L6X7&1.Q2&56&26,X+&53+&+-4+&KL6P,+Q&1/-&.22O+2&6M&251P.,.5;&./&53+&

K,12Q1&W6L+&./&6L-+L&56&6P51./&1&_O.+2W+/57&P+55+L&P+31X+-&K,12Q19&&F&M,6N./4&,._O.-&,.53.OQ&2OLM1W+&6/&53+&

M.L25&N1,,&312&P++/&236N/&56&4L+15,;&.QKL6X+&K,12Q1&KL6K+L5.+29&%3+L+&.2&1,26&26Q+&53+6L+5.W1,&X1,.-15.6/&

6M&53+2+&.-+129&&'OL53+L&5+252&W6O,-&1,26&P+&-6/+&6/&*C%q9&&03.,+&1N1.5./4&MOL53+L&W6/M.LQ15.6/&6/+&W6O,-&

+12.,;&251L5&3;PL.-&-+2.4/&25O-.+29&&%3.2&1KKL61W3&.2&W,62+,;&W6//+W5+-&56&N6L]&./&(+M+.7&)3./19&
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%3+&L+Q1././4&MO2.6/&6K5.6/&-.2WO22+-&.2&53+&25+,,1L156L7&(1LL.29&&F,536O43&53.2&W6O/5L;&312&6/+&6M&53+&

Q1c6L&53+6L+5.W1,&KL64L1Q2&./&53.2&M.+,-7&53+&+YK+L.Q+/51,&KL64L1Q&.2&,.Q.5+-&56&5N6&O/.X+L2.5;&Q6-+25&

2.d+-&+YK+L.Q+/529&&%3+&,1W]&6M&2;QQ+5L;&1L6O/-&53+&56LO2&6K+/2&53+&K622.P.,.5;&6M&1&K,+536L1&6M&-+2.4/&

6K5.6/29&&%3+2+&W6/M.4OL15.6/2&L+26,X+&5N6&K,12Q1&K3;2.W2&KL6P,+Q2&./&5315&53+;&+12.,;&1,,6N&25+1-;&2515+&

6K+L15.6/&1/-&1KK+1L&56&P+&-.2LOK5.6/&ML++9&&&&%3+L+&.2&/6&W,+1L&aP+25b&W36.W+&15&53.2&5.Q+9&&%3+L+&.2&1&X+L;&

2OWW+22MO,&+YK+L.Q+/5&./&n1K1/7&G(8&./&6K+L15.6/7&1/-&A+LQ1/;&312&O/-+L&W6/25LOW5.6/&1/&+/5.L+,;&

-.MM+L+/5&]./-&6M&25+,,1L156L7&&0[Rq9&&C5+,,1L156L2&31X+&6K+L15+-&2OWW+22MO,,;&M6L&1/&36OL&6L&Q6L+&N.53&

K,12Q12&L+,+X1/5&M6L&MO2.6/9&&&C5+,,1L156L2&1L+&4+/+L1,,;&W6/2.-+L+-&-.MM.WO,5&56&PO.,-7&PO5&+12;&56&6K+L15+9&&

%3+&BC&31-&1&25+,,1L156L&6M&W6/2.-+L1P,+&./5+L+25&O/-+L&W6/25LOW5.6/&15&#L./W+56/7&N3.W3&N12&W1/W+,,+-&./&

53+&Q.--,+&12&1&L+2O,5&6M&W625&6X+LLO/29&&F&X1L.15.6/&6M&53+&G(87&1,536O43&/65&1/&6K5.Q1,&-+2.4/7&312&P++/&

KL6K62+-&12&1-+_O15+&M6L&3;PL.-&KOLK62+29&&&:6L+&1-X1/W+-&-+2.4/2&N.,,&31X+&56&N1.5&M6L&L+2O,52&ML6Q&0[R

q9&&%3+&W6/W+K5&.2&L+1-;&M6L&2+L.6O2&3;PL.-&-+2.4/&25O-.+29&

& '
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F&MO2.6/RM.22.6/&3;PL.-&.2&1&/OW,+1L&M1W.,.5;&W6/2.25./4&6M&1&MO2.6/&W6L+7&+.53+L&:14/+5.W&E:'"H&6L&D/+L5.1,&

'O2.6/&"/+L4;&ED'"H7&2OLL6O/-+-&P;&1&M.22.6/&P,1/]+59&&%3+&MO2.6/&W6L+&1W52&12&1/&./-+K+/-+/5&26OLW+&6M&

3.43&+/+L4;&/+O5L6/2&N3.W3&W1/&P+&O2+-&M6L&1&X1L.+5;&6M&1KK,.W15.6/2&./&53+&M.22.6/&P,1/]+5&-+K+/-./4&

OK6/&.52&-+2.4/9&&%3+2+&1KK,.W15.6/2&1L+&E<H&53+&KL6-OW5.6/&6M&+/+L4;&E.9+9&POL/./4H7&E>H&53+&KL6-OW5.6/&6M&

M.22.,+&MO+,&E.9+9&PL++-./4H7&1/-&EVH&53+&Q1/14+Q+/5&6M&/OW,+1L&N125+&E.9+9&POL/./4&1/-&5L1/2QO515.6/H9&

%6&O/-+L251/-&53+&-.MM+L+/5&1KK,.W15.6/2&.5&.2&O2+MO,&56&]++K&./&Q./-&5315&53+L+&1L+&5N6&_O1,.515.X+,;&

-.MM+L+/5&5;K+2&6M&/OW,+1L&L+1W5.6/2&5315&W6Q+&./56&K,1;&^&/+O5L6/&W1K5OL+&1/-&/OW,+1L&M.22.6/9&&D/&/+O5L6/&

W1K5OL+&1&/+O5L6/&.2&1P26LP+-&P;&1&/OW,+O2&O,5.Q15+,;&KL6-OW./4&1&/+N&+,+Q+/59&&%3.2&.2&.QK6L51/5&M6L&MO+,&

KL6-OW5.6/&N3+L+&/+O5L6/&W1K5OL+&P;&1&M+L5.,+&Q15+L.1,&2OW3&12&BR>VS&6L&%3R>V>&KL6-OW+2&M.22.,+&MO+,&./&

53+&M6LQ&6M&#OR>V=&6L&BR>VV9&&D5&W1/&1,26&P+&.QK6L51/5&./&N125+&-.2K621,&N3+L+&,6/4&,.X+-&L1-.61W5.X+&

M.22.6/&P;KL6-OW52&2OW3&12&%WR==7&DR<>=7&1/-&)2R<VU7&N.53&Q.,,.6/&;+1L&31,MR,.X+27&W1/&1P26LP&1&/+O5L6/&

1/-&5L1/2QO5+&./56&1/653+L&L1-.61W5.X+&+,+Q+/5&N.53&1&QOW3&236L5+L&31,M&,.M+&

%3+&2+W6/-&KL6W+22&6M&./5+L+25&.2&/OW,+1L&M.22.6/7&N3+L+&1&/+O5L6/&W6,,.-+2&N.53&53+&/OW,+O2&6M&1&M.22.,+&

Q15+L.1,7&M6L&./251/W+&BR>VU&6L&#OR>V=&1/-&2K,.52&.5&./56&2+X+L1,&2Q1,,+L&K.+W+2&./W,O-./4&1--.5.6/1,&

/+O5L6/29&&%3+&M.22.6/&KL6W+22&4+/+L15+2&,1L4+&1Q6O/52&6M&+/+L4;7&O2+-&56&KL6-OW+&+,+W5L.W.5;7&1/-&53+&

+YW+22&/+O5L6/2&WL+15+&1&W31./&L+1W5.6/&5315&2+,MR2O251./2&53+&/OW,+1L&L+1W5.6/29&

)6/2.-+L&/6N&53+&X1L.6O2&1KK,.W15.6/2&6M&3;PL.-29&&D/&4+/+L1,&53+L+&.2&26Q+&1Q6O/5&6M&POL/./47&PL++-./47&

1/-&5L1/2QO515.6/&./&1/;&6M&53+&1KK,.W15.6/2&PO5&M6L&KOLK62+2&6M&-.25./W5.6/&122OQ+&53+&P,1/]+5&312&P++/&

-+2.4/+-&N.53&6/+&6M&53+2+&KL6W+22+2&12&.52&KL.Q1L;&Q.22.6/9&&%3+&-.2WO22.6/&15&53+&W6/M+L+/W+&./-.W15+2&

5315&E<H&1&M6WO2&6/&+/+L4;&N.,,&KL6P1P,;&/65&P+&53+&Q625&+W6/6Q.W1,&6K5.6/7&E>H&1&M6WO2&6/&MO+,&KL6-OW5.6/&

Q1;&P+&1&466-&,6/4&5+LQ&1KK,.W15.6/&PO5&N.,,&/65&P+&/++-+-&M6L&1P6O5&U?&;+1L27&1/-&EVH&1&M6WO2&6/&

5L1/2QO515.6/&Q1;&P+&53+&236L5+25&5+LQ&1KK,.W15.6/&E.9+9&>U&^&V?&;+1L2H&PO5&53+L+&1L+&Q1c6L&5+W3/6,64.W1,&

1/-&+W6/6Q.W&.22O+2&5315&/++-&56&P+&1--L+22+-9&&%3+&-+51.,2&6M&53.2&2OQQ1L;&1L+&-+2WL.P+-&P+,6N9&

%3+&M.L25&1KK,.W15.6/&6M&./5+L+25&.2&+/+L4;&KL6-OW5.6/9&&%3+&1-X1/514+&3+L+&./X6,X+2&21M+5;9&&0.53&1/&

./-+K+/-+/5&26OLW+&6M&/+O5L6/2&53+&M.22.6/&P,1/]+5&W1/&P+&6K+L15+-&2OPRWL.5.W1,,;9&&%315&.27&N.536O5&53+&

MO2.6/&/+O5L6/&26OLW+&53+&P,1/]+5&-6+2&/65&WL+15+&+/6O43&/+O5L6/2&56&2O251./&1&W31./&L+1W5.6/9&&(6N+X+L7&

53.2&.2&/65&1&Q1c6L&21M+5;&M+15OL+&2./W+&+Y.25./4&,.435&N15+L&L+1W56L2&1L+&-+2.4/+-&N.53&/+415.X+&M++-P1W]&

N.53&L+2K+W5&56&5+QK+L15OL+&+YWOL2.6/2&53+L+P;&Q1]./4&1&WL.5.W1,.5;&1WW.-+/5&1,,&PO5&.QK622.P,+9&&%3+&Q625&

.QK6L51/5&-1/4+L&56&KL65+W5&141./25&.2&1&,622&6M&W66,1/5&1WW.-+/5&1M5+L&53+&L+1W56L&312&P++/&23O5&-6N/9&&

I653&1&3;PL.-&1/-&1&G.435&015+L&!+1W56L&EG0!H&N6O,-&M1W+&2.Q.,1L&21M+5;&.22O+2&26&53+L+&.2&/6&41./&3+L+&

M6L&53+&3;PL.-9&&&

D/&KL1W5.W+&WOLL+/5&L+1W56L2&KL6X.-+&21M+5;&P;&-+M+/2+&./&-+K53&1/-&/+N+L&-+2.4/2&31X+&K122.X+&21M+5;&

N3+L+&/15OL1,&W6/X+W5.6/7&N.536O5&1/;&3OQ1/&1W5.6/&6L&Q+W31/.W1,&./5+LX+/5.6/&.2&2OMM.W.+/5&56&W66,&-6N/&

53+&L+1W56L&W6L+&./&53+&+X+/5&6M&1&,622&6M&W66,1/59&&'OL53+LQ6L+7&53+L+&.2&1&X+L;&3.43&KL6P1P.,.5;&5315&1&
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MO2.6/RM.22.6/&3;PL.-&N6O,-&W625&2OP251/5.1,,;&Q6L+&531/&1&,.435&N15+L&L+1W56L&Q1]./4&53+&+W6/6Q.W2&

O/155L1W5.X+&M6L&251/-R1,6/+&+/+L4;&KL6-OW5.6/9&&%3+&W6/W,O2.6/&.2&5315&.M&53+&Q1./&461,&.2&56&KL6-OW+&

/OW,+1L&+/+L4;&21M+,;&1/-&+W6/6Q.W1,,;&53+&P+25&W36.W+&M6L&53+&M6L+2++1P,+&MO5OL+&.2&53+&G0!9&

%3+&/+Y5&1KK,.W15.6/&6M&./5+L+25&.2&53+&KL6-OW5.6/&6M&M.22.,+&MO+,9&&%3+L+&.2&+/6O43&/15OL1,&OL1/.OQ&56&,125&

M6L&1P6O5&U?&^&<??&;+1L2&+X+/&N.53&2OP251/5.1,&4L6N53&./&53+&/OQP+L&6M&G0!&/OW,+1L&L+1W56L2&./&53+&

N6L,-9&&C5.,,7&1M5+L&53.2&K+L.6-&.5&Q1;&P+W6Q+&566&+YK+/2.X+&56&Q./+&/+N&OL1/.OQ&1/-&3+L+&53+&3;PL.-&

6MM+L2&1&466-&6KK6L5O/.5;&56&+YK1/-&53+&MO+,&2OKK,;9&&CK+W.M.W1,,;7&Q625&6M&53+&2K+/5&MO+,&./&1&L+1W56L7&

1P6O5&=Ve7&W6/2.252&6M&53+&M+L5.,+&Q15+L.1,&BR>VS9&&F2&2515+-7&P6QP1L-./4&53.2&Q15+L.1,&N.53&3.43&+/+L4;&

/+O5L6/2&KL6-OW+2&#OR>V=&N3.W3&W1/&P+&O2+-&12&1&M.22.,+&MO+,&./&1&53+LQ1,&G0!9&&C.Q.,1L,;7&PL++-./4&W1/&

51]+&K,1W+&N.53&%3R>V>&N3.W3&KL6-OW+2&BR>VV7&1/653+L&M.22.,+&MO+,&N+,,&2O.5+-&M6L&G0!&K6N+L&

KL6-OW5.6/9&&%3+&/+5&L+2O,5&.2&5315&PL++-./4&MO+,&O2./4&3;PL.-2&W1/&+Y5+/-&53+&O2+&6M&G0!2&M6L&536O21/-2&

6M&;+1L27&1&W,+1L&1-X1/514+9&&&

%3+L+&1L+&2+X+L1,&W6QK+5.56L2&5315&QO25&P+&W6/2.-+L+-7&/1Q+,;&53+&M125&PL++-+L7&53+&1WW+,+L156L&-L.X+/&

3;PL.-7&1/-&+Y5L1W5.6/&ML6Q&6W+1/&N15+L9&&%3+&M125&PL++-+L&.2&WOLL+/5,;&53+&ML6/5&LO//+L&1/-&312&P++/&QOW3&

Q6L+&-+X+,6K+-&531/&53+&3;PL.-9&&%3+L+&.2&1&4+/+L1,&M++,./4&5315&./&5+LQ2&6M&W1K.51,&W625&53+&M6,,6N./4&

3.+L1LW3;&36,-2`&G0!&rIL++-+Lr3;PL.-9&&%3.2&3.+L1LW3;&-+K+/-2&6/&53+&1KK,.W15.6/&Q.22.6/9&&'6L&

+Y1QK,+7&+X+/&536O43&1&MO2.6/&3;PL.-&Q1;&P+&Q6L+&+YK+/2.X+&531/&1&PL++-+L&L+1W56L7&M+N+L&Q1;&P+&

/++-+-&M6L&53+&Q.22.6/&53O2&Q1]./4&53+&3;PL.-&2;25+Q&W625&,6N+L9&&&!+,.1/W+&6/&53+&M125&PL++-+L&M6L&MO+,&

Q1;&L+_O.L+&W6/X+L5./4&53+&+/5.L+&M,++5&6M&G0!2&56&PL++-+L2&N3.W3&W6O,-&1,26&P+&Q6L+&W625,;&531/&G0!29&&

%3.2&N6O,-&+/51.,&1/&+W6/6Q.W&K+/1,5;&12&W6QK1L+-&56&3;PL.-2&N3.W3&N6O,-&+/1P,+&W6/5./O+-&O2+&6M&

G0!29&&&

FWW+,+L156L&-L.X+/&3;PL.-2&1L+&_O1,.515.X+,;&2.Q.,1L&56&MO2.6/RM.22.6/&3;PL.-2&+YW+K5&5315&53+&MO2.6/&26OLW+&

.2&L+K,1W+-&P;&1&3.43&+/+L4;&E.9+9&A+sH&K1L5.W,+&1WW+,+L156L9&&COW3&1WW+,+L156L2&1L+&15&1&Q6L+&1-X1/W+-&

2514+&6M&-+X+,6KQ+/5&531/&MO2.6/&-+X.W+2&PO5&Q1/;&53./]&53+.L&W1K.51,&W625&K+L&/+O5L6/&Q1;&P+&3.43+L9&&

G125,;7&53+L+&.2&1&X125&L+26OLW+&6M&OL1/.OQ&./&53+&6W+1/2&1,536O43&./&X+L;&-.,O5+&_O1/5.5.+29&&$W+1/&

+Y5L1W5.6/&2+52&1&W+.,./4&6/&53+&KL.W+&M6L&MO+,&5315&QO25&P+&P+25+-&P;&3;PL.-2&.M&53+;&E3;PL.-2H&1L+&56&P+&53+&

26OLW+&6M&W36.W+9&&$X+L1,,7&53+&+W6/6Q.W2&N.,,&K,1;&1&Q1c6L&L6,+&1/-&.2&X+L;&-.MM.WO,5&56&KL+-.W5&26&M1L&./56&

53+&MO5OL+9&&F,267&MO+,&.2&1&L+,15.X+,;&2Q1,,&ML1W5.6/&6M&53+&W625&6M&/OW,+1L&KL6-OW+-&+,+W5L.W.5;&26&,1L4+&

M,OW5O15.6/2&./&OL1/.OQ&KL.W+&Q1;&P+&56,+L1P,+&N.536O5&31X./4&566&QOW3&6M&1/&.QK1W5&6/&53+&W625&6M&

+,+W5L.W.5;9&&'6L&53+&/+1L&5+LQ&MO5OL+&.5&Q1]+2&2+/2+&56&W6/5./O+&Q././4&OL1/.OQ&ML6Q&53+&+1L53&1/-&

W6/5./O./4&N.53&1/&!k8&,+X+,&-+X+,6KQ+/5&KL64L1Q&M6L&53+&X1L.6O2&6K5.6/29&&D5&236O,-&P+&/65+-&5315&53+&

P;KL6-OW5&6M&OL1/.OQ&+/L.W3Q+/57&Q625,;&OL1/.OQ&>VS7&.2&1X1.,1P,+&M6L&PL++-./4&N3.W3&W6O,-&+Y5+/-&53+&

MO+,&2OKK,;&M6L&536O21/-2&6M&;+1L29&&&

%3+&,125&3;PL.-&1KK,.W15.6/&6M&./5+L+25&.2&N125+&Q1/14+Q+/5&N3.W3&N12&,1L4+,;&53+&M6WO2&6M&53.2&

W6/M+L+/W+9&&%6&3+,K&O/-+L251/-&53+&.22O+2&/65+&5315&N3+/&MO+,&.2&M.L25&./5L6-OW+-&./56&1/&G0!&.5&W6/2.252&

6M&+/L.W3+-&OL1/.OQ&ge&BR>VU&1/-&=Te&BR>VS9&&%3+&MO+,&L+Q1./2&./&53+&L+1W56L&M6L&1P6O5&V&^&g&;+1L2&

1M5+L&N3.W3&.52&L+1W5.X.5;&312&-+WL+12+-&2OMM.W.+/5,;&5315&.5&QO25&P+&L+K,1W+-9&&%3+&L+2O,5./4&2K+/5&MO+,&.2&

W6QKL.2+-&6M&1KKL6Y.Q15+,;&=>e&BR>VS7&<e&BR>VU7&<e&#OR>V=7&?9<e&Q./6L&1W5./.-+27&1/-&Ue&M.22.6/&

P;KL6-OW529&&F,,&6M&53+&L1-.61W5.X+&+,+Q+/52&/15OL1,,;&-+W1;&./56&251P,+&+,+Q+/52&6/&1&5.Q+&2W1,+&

KL6K6L5.6/1,&56&53+.L&31,MR,.M+9&&F&,1L4+&ML1W5.6/&6M&53+&2K+/5&MO+,&312&31,MR,.X+2&6/&53+&6L-+L&6M&V?&;+1L2&6L&

,+229&&%3O27&1M5+L&256L./4&53+&2K+/5&MO+,&M6L&1&3OQ1/,;&W6QKL+3+/2.P,+&5.Q+&6/&53+&6L-+L&6M&U?&^&<??&;+1L2&
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1&,1L4+&ML1W5.6/&6M&53+&2K+/5&MO+,&-+W1;2&./56&31LQ,+22&+,+Q+/529&&D/&1&2+/2+&53.2&.2&.-+1,&N125+&^&.5&,1L4+,;&

2+,M&-+25LOW52&./&,+22&531/&1&W+/5OL;9&

%3+&5L6OP,+26Q+&W6QK6/+/52&6M&2K+/5&MO+,&1L+&53+&,6/4R,.X+-&W6QK6/+/52&N3.W3&W6/2.25&KL.Q1L.,;&6M&

K,O56/.OQ7&53+&Q./6L&1W5./.-+2&1Q+L.W.OQ7&/+K5O/.OQ7&WOL.OQ7&1/-&53+&M.22.6/&P;KL6-OW52&%WR==7&)2R<VU7&

1/-&DR<>=9&&D5&.2&.QK6L51/5&56&]++K&./&Q./-&5315&53+&X6,OQ+&6M&53+2+&,6/4&,.X+-&L1-.61W5.X+&+,+Q+/52&.2&

X+L;7&X+L;&2Q1,,9&&'6L&+Y1QK,+7&53+&X6,OQ+&6M&Q./6L&1W5./.-+2&KL6-OW+-&P;&1&<&A0+&G0!&-OL./4&6/+&

;+1L&6M&6K+L15.6/&W6LL+2K6/-2&L6O43,;&56&?9<g&WOP.W&M++57&+_O.X1,+/5&56&1&2.YRK1W]&6M&P++L9&

%3+L+&1L+&5N6&3;PL.-&1KKL61W3+2&5315&W1/&P+&O2+-&56&+,.Q./15+&53+&KOP,.W,;&O/1WW+K51P,+&,6/4&,.X+-&

L1-.61W5.X+&+,+Q+/529&&D/&53+&M.L25&1KKL61W3&53+&2K+/5&MO+,&.2&W3+Q.W1,,;&L+KL6W+22+-&./&6L-+L&56&K3;2.W1,,;&

2+K1L15+&.5&./56&.52&2+K1L15+&W6QK6/+/529&&C6Q+&Q./6L&1W5./.-+2&W1/&53+/&P+&W125&./56&1&MO+,&M6LQ&N3.W3&

W1/&P+&M.22.6/+-&N3+/&P6QP1L-+-&P;&3.43&+/+L4;&/+O5L6/2&2OW3&12&KL6-OW+-&./&1&3;PL.-9&&D/&1--.5.6/&56&

+,.Q./15./4&53+&N125+7&+/+L4;&.2&KL6-OW+-&^&1&466-&2.-+&P+/+M.59&&%3+&L+Q1././4&Q./6L&1W5./.-+2&W1/&P+&

5L1/2QO5+-&./56&.2656K+2&N.53&236L5+L&31,M&,.X+2&12&N+,,9&&(6N+X+L7&12&1&L+2O,5&6M&53+&M.22.6/&KL6W+227&1&

W+L51./&ML1W5.6/&6M&53+&L+1W5.6/2&./X6,X+&/+O5L6/&W1K5OL+7&53+L+P;&KL6-OW./4&Q6L+&1W5./.-+29&&%3+&+/-&

L+2O,5&.2&5315&53+&1Q6O/5&6M&Q./6L&1W5./.-+2&W1/&P+&2OP251/5.1,,;&L+-OW+-&PO5&/+X+L&W6QK,+5+,;&+,.Q./15+-9&&

F&4+6,64.W1,&L+K62.56L;&N.,,&25.,,&P+&/++-+-7&1,536O43&.52&+MM+W5.X+&W1K1W.5;&W1/&P+&./WL+12+-&P;&Q6L+&531/&

1/&6L-+L&6M&Q14/.5O-+9&&&

%3+&,6/4R,.X+-&M.22.6/&P;KL6-OW52&W1/&1,26&P+&P6QP1L-+-&N.53&3.43&+/+L4;&/+O5L6/27&5L1/2QO5./4&53+Q&

./56&653+L&L1-.61W5.X+&+,+Q+/52&N.53&236L5+L&31,MR,.X+29&&%3+2+&W1/&P+&256L+-&N.53&53+&PO,]&6M&53+&2K+/5&MO+,&

1/-&-+W1;&56&31LQ,+22&251P,+&+,+Q+/52&./&1&L+,15.X+,;&236L5&5.Q+9&

%3+L+&1L+&5N6&-.MM.WO,5.+2&N.53&53.2&1KKL61W39&!+KL6W+22./4&6M&2K+/5&MO+,&.2&1&W6QK,+Y&W3+Q.W1,&KL6W+22&6M&

2+K1L15.6/2&56&+Y5L1W5&O2+MO,&Q15+L.1,2&ML6Q&53+&N125+9&&%+W3/6,64.+2&M6L&2+K1L15.6/2&31X+&P++/&-+X+,6K+-&

1/-&1L+&WOLL+/5,;&-+K,6;+-&./&"OL6K+7&n1K1/&1/-&!O22.19&&%3+2+&5+W3/6,64.+2&./X6,X+&2+K1L15./4&

K,O56/.OQ&N3.W3&.2&W6/2.-+L+-&P;&Q1/;&56&P+&1&KL6,.M+L15.6/&L.2]&+X+/&O/-+L&25L.W5&21M+4O1L-29&&#L+2+/5,;&

1,5+L/15.X+&L+KL6W+22./4&2W3+Q+2&1L+&P+./4&W6/2.-+L+-&5315&N6O,-&1X6.-&53+&O2+&6M&2+K1L15+-&K,O56/.OQ&

N3.,+&25.,,&P+./4&1P,+&56&51]+&1-X1/514+&6M&.52&+/+L4;&K65+/5.1,9&&C+W6/-7&53+&-+X+,6KQ+/5&6M&1W5./.-+&MO+,2&

1/-&5L1/2QO515.6/&51L4+52&.2&./&.52&./M1/W;&N3.W3&QOW3&L+2+1LW3&1/-&-+X+,6KQ+/5&/++-+-9&&D/&53+&

5L1/2QO515.6/&Q6-+7&5+W3/6,64;&-+X+,6KQ+/5&M6L&53+&3;PL.-&1/-&M6L&M.22.6/&aPOL/+Lb&2;25+Q2&.2&

1KKL6Y.Q15+,;&53+&21Q+9&&'6L&53+&3;PL.-7&53+&M6LQ&6M&53+&MO+,7&,._O.-&6L&26,.-&.2&25.,,&56&P+&-+5+LQ./+-&

P12+-&6/&53+&-+2.4/&6M&53+&2;25+Q29&

%3+&2+W6/-&1KKL61W3&56&-+1,&N.53&53+&,6/4&,.X+-&L1-.61W5.X+&KL6-OW52&./X6,X+2&-++K&POL/9&&0.53&1/&

./-+K+/-+/5&26OLW+&6M&/+O5L6/2&6/+&W1/&,+1X+&53+&MO+,&./&53+&L+1W56L&M6L&1&QOW3&,6/4+L&K+L.6-&6M&5.Q+9&&F2&

53+&MO+,&L+1W5.X.5;&/15OL1,,;&-+WL+12+2&-OL./4&POL/7&1--.5.6/1,&/+O5L6/2&KL6-OW+-&P;&53+&3;PL.-&W6L+&2+LX+&

56&]++K&6X+L1,,&L+1W5.X.5;&15&53+&-+2.L+-&,+X+,&56&KL6-OW+&K6N+L9&&0315&53.2&KL6W+22&-6+2&./&L+Q6X+&Q1/;&

6M&53+&O/-+2.L1P,+&1W5./.-+2&1/-&M.22.6/&KL6-OW52&N.536O5&/+W+221L.,;&/++-./4&56&L+KL6W+229&&D/&53+&+/-7&

53+L+&.2&1&W6QK1L1P,+&1Q6O/5&6M&N125+&12&N6O,-&P+&KL6-OW+-&./&53+&O2O1,&V&^&g&;+1L&MO+,&,.M+5.Q+&PO5&

W6/51././4&,+22&,6/4&,.X+-&.2656K+29&

%3+&Q1c6L&-.MM.WO,5;&N.53&1,,&6M&53+2+&6K5.6/2&.2&+W6/6Q.W29&&%3+&1--.5.6/&6M&53+&MO2.6/&W6L+&1--2&

W6/2.-+L1P,;&56&53+&W1K.51,&W625&6M&53+&K,1/59&&%3+&21Q+&1Q6O/5&6M&+/+L4;&W6O,-&P+&KL6-OW+&O2./4&251/-1L-&
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G0!2&1/-&53+&_O+25.6/&5315&53+/&1L.2+2&.2&N3+53+L&53+&W625&-.MM+L+/5.1,&1226W.15+-&N.53&53+&3;PL.-&.2&53+&

Q625&+W6/6Q.W1,&N1;&56&+,.Q./15+&53+&N125+9&

%3+&Q1./&W6QK+5.56L2&56&53+&3;PL.-&M6L&N125+&Q1/14+Q+/5&1L+&-++K&POL/&M125&L+1W56L27&4+6,64.W1,&

L+K62.56L.+27&./5+L.Q&256L14+7&6/&2.5+&256L14+7&1/-&1W5./.-+&POL.1,&./&-++K&P6L+&36,+29&&F,,&6M&53+2+&1L+&

MOL53+L&-+X+,6K+-&531/&MO2.6/RM.22.6/&3;PL.-2&PO5&1L+&/65&Q6X./4&M6LN1L-&P+W1O2+&53+&BC&312&;+5&56&

-+W.-+&1&K153&M6LN1L-&M6L&/OW,+1L&N125+&Q1/14+Q+/59&

D/&53+&,6/4&5+LQ&53+&3;PL.-&Q1;&6MM+L&1&W6QK+5.5.X+&26,O5.6/&56&N125+&Q1/14+Q+/57&6/W+&53+&K153&M6LN1L-&

.2&+251P,.23+-9&&D/&53+&236L5&56&Q.-&5+LQ&E53+&/+Y5&<?&RU?&;+1L2H&53+&,.]+,;&-+M1O,5&1KKL61W3&N.,,&P+&56&

W6/5./O+&6/R2.5+&256L14+7&K+L31K2&1--./4&W+/5L1,.d+-&./5+L.Q&256L14+&26Q+N3+L+&./&53+&BC9&C36O,-&53+&

*OW,+1L&!+4O,156L;&)6QQ.22.6/&M./-&5315&@OWW1&:6O/51./&.2&1/&1WW+K51P,+&-.2K621,&2.5+7&.5&KL6X.-+2&

1/653+L&6K5.6/&56&W6/2.-+L&M6L&+.53+L&-.L+W5&-.2K621,&6M&2K+/5&MO+,&6L&KL6W+22+-&N125+29&&DM&53+&3;PL.-&W1/&P+&

236N&56&6MM+L&1/&+W6/6Q.W1,&26,O5.6/&56&N125+&Q1/14+Q+/57&53.2&W6O,-&W31/4+&53+&-+M1O,5&2.5O15.6/9&

%3.2&2OQQ1L;&-6+2&/65&155+QK5&56&Q1]+&1&W36.W+&P+5N++/&Q14/+5.W&6L&./+L5.1,&MO2.6/&+/+L4;&PO5&L153+L&

M6WO2+2&6/&K622.P,+&1KK,.W15.6/29&&%6&Q1]+&2OW3&1&W36.W+&N.,,&L+_O.L+&W6/2.-+L1P,+&+/4./++L./47&-+2.4/&

1/-&W625&+25.Q15.6/&M6L&+1W3&1KK,.W15.6/&Q.22.6/9&&&%3+&W6QP./15.6/&6M&5+W3/6,64;&L+1-./+22&1/-&

+W6/6Q.W&W6QK+5.5.X+/+22&N.,,&P+&53+&-+5+LQ././4&M1W56L&P+5N++/&Q14/+5.W&1/-&./+L5.1,&MO2.6/&2;25+Q2&

1/-&653+L&1,5+L/15.X+&5+W3/6,64.+2&M6L&+1W3&1KK,.W15.6/9&

& '
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%3+L+&1L+&1&/OQP+L&6M&K65+/5.1,&W6/W+L/2&1P6O5&53+&O2+&6M&/OW,+1L&K6N+L&W6X+L./4&1&N.-+&L1/4+&6M&.22O+29&&

F,536O43&Q1/;&6M&53+2+&W6/W+L/2&1L+&/65&/+N7&53+.L&K+LW+.X+-&.QK6L51/W+&312&P++/&./25LOQ+/51,&./&K125&

-+W.2.6/2& 6/& 53+& -.L+W5.6/2& 6M& /OW,+1L& +/+L4;& L+2+1LW3& 1/-& -+X+,6KQ+/5& ./& 53+& B/.5+-& C515+29&& %3+&

-.2K62.5.6/& 6M& 53+& O2+-& /OW,+1L& MO+,& 1/-& 653+L& L1-.61W5.X+&N125+2& .2& /65& ;+5& L+26,X+-7& 1/-& 53+L+& .2& 25.,,&

2OP251/5.1,&O/W+L51./5;&1P6O5&53+&+X+/5O1,&26,O5.6/&56&53+&/OW,+1L&N125+&.22O+9&&%3+&O2+&6M&W.X.,.1/&/OW,+1L&

K6N+L&1/-&53+&1P.,.5;&56&KL6,.M+L15+&/OW,+1L&N+1K6/2&W1K1P.,.5;&W1/&P+&W6//+W5+-7&L+2O,5./4&./&1--.5.6/1,&

W6/W+L/2& 1P6O5& 53+& L.2]2& 6M& O2./4& /OW,+1L& K6N+L9&& $53+L& .22O+2& 2OW3& 12& 21M+5;7& +W6/6Q.W27& 1/-&

2O251./1P.,.5;& 5315& N+L+&Q6L+& KL6Q./+/5& ./& 53+& K125& 1L+& 25.,,& L+,+X1/59&& './1,,;7& ./& 53+& 1M5+LQ153& 6M& 53+&

5+LL6L.25&1551W]2&6M&C+K5+QP+L&<<7&>??<7&2+WOL.5;&1/-&53+&L.2]&ML6Q&5+LL6L.25&53L+152&M+15OL+&KL6Q./+/5,;&6/&

53+&,.259&&&&

03.,+&.5&.2&KL6P1P,;&/65&K622.P,+&56&1LL.X+&15&1&W6/2+/2O2&6/&53+&L+,15.X+&.QK6L51/W+&6M&53+2+&W6/W+L/27&.5&.2&

K622.P,+& 56& .-+/5.M;& 53+& 26OLW+&6M& 53+& W6/W+L/2& 1/-&W6/2.-+L& 53+& L+_O.L+-& W31L1W5+L.25.W2& M6L& 1KKL61W3+2&

5315&Q1;&6MM+L&53+&K65+/5.1,&56&,+22+/&6L&+X+/&+,.Q./15+&53+&W6/W+L/29&&%3+&6/46./4&F-X1/W+-&'O+,&);W,+&

D/.5.15.X+&EF')DH&$K5.6/2&C5O-;&2OKK6L5+-&P;&8$"R*"&N12&251L5+-&+1L,.+L&53.2&;+1L&56&51]+&1&PL61-&,66]&

15&/OW,+1L&K6N+L&1/-&53+&.22O+29&&%3+&461,&6M&53+&25O-;&.2&56&.-+/5.M;&1/-&1/1,;d+&K65+/5.1,&6K5.6/2&M6L&53+.L&

1P.,.5;& 56& L+26,X+& 53+& .22O+2&N.53& /OW,+1L& K6N+L7& P+4.//./4&N.53& -6WOQ+/5./4& 53+& .22O+2& 1/-& W6/W+L/27&

M6,,6N+-& P;& 1/& 1WW6O/5./4& 6M& 1,,& 6M& 53+& KL+X.6O2& 25O-.+2& ,66]./4& 15& /OW,+1L& K6N+L& 1/-& 53+& .22O+27& 1/-&

12]./4&53+&_O+25.6/&.M&N+&W1/&W6/5./O+&N.53&53+&WOLL+/5&t6/W+R53L6O43f&1KKL61W3&M6,,6N+-&P;&-.2K621,&6M&

O2+-&MO+,7&6L&-6&N+&/++-&1&-.MM+L+/5&25L15+4;&M6L&53+&MO5OL+&O2+&6M&/OW,+1L&K6N+LZ&&%3+&L+2O,52&1L+&./5+/-+-&

56& ./M6LQ& -+W.2.6/2& 6/& 53+& MO5OL+& -.L+W5.6/2& 6M& /OW,+1L& +/+L4;& !k87& 122+22./4& 36N& M1L& +Y.25./4& 6L&

+X6,O5.6/1L;& 5+W3/6,64.+2& W1/& 46& ./& 1--L+22./4& 53+& .22O+2& 1/-& .-+/5.M;./4& N315& 5+W3/6,64.W1,&

PL+1]53L6O432&Q1;&P+&/++-+-&56&P+&1P,+&56&2OWW++-9&

%3+&F')D&$K5.6/2&C5O-;&312& .-+/5.M.+-&2.Y&4+/+L1,&1L+12&N3+L+& 53+L+&1L+& .22O+2&N.53& 53+&WOLL+/5&O2+&6M&

/OW,+1L& K6N+L& ./& 53+&B/.5+-&C515+2& 1/-& ./5+L/15.6/1,,;9&&"1W3&6M& 53+2+& .22O+2& L+2O,52& ML6Q&6/+&6L&Q6L+&

W31L1W5+L.25.W2&1226W.15+-&N.53&53+&O2+&6M&/OW,+1L&K6N+L9&&

,7KL3:9!E:<23&R&D/&4+/+L1,7&53+&L1-.61W5.X+&N125+2&ML6Q&O2./4&/OW,+1L&K6N+L7&./W,O-./4&53+&O2+-&

MO+,7&3.43R,+X+,&N125+&E(G0H&1/-&,6NR,+X+,&N125+&EGG0H7&W1/&P+&31d1L-6O2&M6L&1&X+L;&,6/4&5.Q+&

Q1./,;&-O+&56&53+&KL+2+/W+&6M&,6/4R,.X+-&L1-.61W5.X+&.2656K+29&&03.,+&53+&K65+/5.1,&L.2]&ML6Q&GG0&

.2&,6N7&1/-&53+L+M6L+&53.2&Q15+L.1,&312&P++/&5;K.W1,,;&POL.+-&O2./4&/+1LR2OLM1W+&-.2K621,7&53+&O2+-&

MO+,&1/-&(G0&L+KL+2+/5&1&QOW3&3.43+L&L.2]&-O+&56&53+&1Q6O/5&1/-&31d1L-&6M&53+&W6/51./+-&

Q15+L.1,29&&%3+&L.2]&ML6Q&+YK62OL+&312&KL6QK5+-&-+W.2.6/2&5315&53+&6/,;&1WW+K51P,+&-.2K621,&K153&

M6L&O2+-&MO+,&1/-&(G0&.2&.26,15.6/&O/5.,&53+&31d1L-&312&P++/&2OMM.W.+/5,;&L+-OW+-&53L6O43&

L1-.61W5.X+&-+W1;7&1&KL6W+22&5315&Q1;&51]+&3O/-L+-2&6M&536O21/-2&6M&;+1L2&6L&,6/4+L9&&"X+/&536O43&

-++K&4+6,64.W&-.2K621,&.2&53+&WOLL+/5,;&KL+M+LL+-&Q+536-&M6L&.26,15.6/7&O/W+L51./5;&1P6O5&53+&
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1P.,.5;&56&KL6X.-+&2OMM.W.+/5&.26,15.6/&-6Q./15+2&L+2+1LW3&1/-&-+X+,6KQ+/5&6M&-.2K621,&K153N1;27&

12&M6L&53+&KL6K62+-&L+K62.56L;&15&@OWW1&:6O/51./9&&

Y91L>839:2>1?!%><;&^&BL1/.OQ&+/L.W3Q+/5&5+W3/6,64;&56&WL+15+&,6NR+/L.W3+-&OL1/.OQ&M6L&L+1W56L&

MO+,&W1/&P+&O2+-&56&KL6-OW+&3.43R+/L.W3+-&OL1/.OQ&M6L&/OW,+1L&N+1K6/29&&*+O5L6/&.LL1-.15.6/&6M&

OL1/.OQ&6L&536L.OQ&W1/&KL6-OW+&Q15+L.1,2&2OW3&12&K,O56/.OQR>V=&6L&OL1/.OQR>VV&KL+2+/5&./&O2+-&

/OW,+1L&MO+,&5315&N6O,-&P+&2O.51P,+&M6L&O2+&./&/OW,+1L&N+1K6/29&&%3+&5+W3/6,64.+2&M6L&KL6W+22./4&

53+&O2+-&MO+,&56&L+W6X+L&2OW3&Q15+L.1,2&M6L&MOL53+L&5L+15Q+/5&Q1;&1,26&P+&O2+-&56&2+K1L15+&53+Q&M6L&

K65+/5.1,&/OW,+1L&N+1K6/2&O2+9&&%3+&2KL+1-&6M&KL6W+22./4&5+W3/6,64;&./M6LQ15.6/&1/-&+_O.KQ+/5&

Q1;&/++-&56&P+&W6/5L6,,+-&.M&53+&KL6,.M+L15.6/&L.2]&.2&56&P+&1--L+22+-9&&

*:832B&^&*OW,+1L&K6N+L&L+1W56L2&O2+&M.22.6/1P,+&Q15+L.1,2&56&KL6-OW+&,1L4+&_O1/5.5.+2&6M&+/+L4;&./&

1&L+,15.X+,;&W6QK1W5&/OW,+1L&L+1W56L9&&)6/5L6,,./4&53+&+/+L4;&KL6-OW5.6/7&+/2OL./4&1-+_O15+&3+15&

L+Q6X1,7&1/-&L+51././4&53+&L1-.61W5.X+&Q15+L.1,2&N.53./&53+&L+1W56L&1L+&1,,&.QK6L51/5&./&6L-+L&56&

215.2M;&21M+5;&L+_O.L+Q+/529&&%3+&21M+5;&6M&/OW,+1L&K6N+L&312&P++/&1/&.22O+&./&53+&K1257&+2K+W.1,,;&

./&53+&1M5+LQ153&6M&53+&%3L++&:.,+&D2,1/-&1/-&)3+L/6P;,&1WW.-+/52&1/-&W6/W+L/2&K+L2.25&56-1;&

1P6O5&53+&1P.,.5;&56&O2+&/OW,+1L&K6N+L&21M+,;9&&8O+&56&53+&L1-.61W5.X+&Q15+L.1,27&1,,&M1W.,.5.+2&1/-&

1W5.X.5.+27&./W,O-./4&KL6W+22./47&5L1/2K6L515.6/7&1/-&256L14+7&Q1;&31X+&21M+5;RL+,15+-&L.2]2&-O+&56&

53+&K65+/5.1,&M6L&1WW.-+/52&5315&W1/&-.2K+L2+&L1-.61W5.X+&Q15+L.1,29&&

*3K79>2B&^&8O+&56&53+&KL+2+/W+&6M&L1-.61W5.X+&Q15+L.1,2&./&53+&O2+-&MO+,&./&53+&M1W.,.5.+2&L+_O.L+-&

M6L&O2+&6M&/OW,+1L&K6N+L7&2OW3&12&L+1W56L2&1/-&O2+-&MO+,&256L14+7&53+L+&.2&1&L.2]&5315&1&5+LL6L.25&

1551W]&6L&21P6514+&W6O,-&L+2O,5&./&L1-.61W5.X+&L+,+12+&1/-&+YK62OL+&6M&53+&KOP,.W&1/-&53+&

+/X.L6/Q+/59&&%3+&1P.,.5;&56&KL6X.-+&2+WOL.5;&6M&53+&L1-.61W5.X+&Q15+L.1,2&1/-&M1W.,.5.+2&56&KL+X+/5&

2OW3&+X+/52&.2&1&4L6N./4&W6/W+L/9&&

/K1?1N>K<&^&)625&W6QK+5.5.X+/+22&6M&/OW,+1L&K6N+L&312&P++/&1/&.22O+&M6L&2+X+L1,&-+W1-+27&

KL.Q1L.,;&-O+&56&53+&,1L4+&W1K.51,&./X+25Q+/5&15&L.2]&./&PO.,-./4&/OW,+1L&K6N+L&L+1W56L27&4.X+/&

O/W+L51./5.+2&1P6O5&,.W+/2./47&5.Q+&L+_O.L+-&M6L&K,1/5&W6/25LOW5.6/&KL.6L&56&6K+L15.6/7&K+LQ.22.6/&

56&6K+L15+&53+&K,1/5&6/W+&W6/25LOW5+-7&1/-&W625&L+W6X+L;&6/W+&53+&K,1/52&31X+&P++/&1KKL6X+-&M6L&

6K+L15.6/9&&

*7<2:>?:[>L>2B&^&%3+&1P.,.5;&56&2O251./&/OW,+1L&K6N+L&-+K+/-2&6/&L+26,X./4&+Y.25./4&.22O+2&1/-&

N.,,&1,26&-+K+/-&6/&53+&1X1.,1P.,.5;&6M&L+26OLW+2&./&53+&MO5OL+9&&$X+L1,,&+/X.L6/Q+/51,&.QK1W5&Q1;&

P+&1/&.22O+&.M&53+&.QK1W5&.2&cO-4+-&56&P+&2.4/.M.W1/59&&

'6L& 1,,& 2.Y&6M& 53+2+&4+/+L1,& 1L+12&6M& W6/W+L/27& 5+W3/6,64;& 1/-&-+2.4/& W36.W+2& 1L+& 1X1.,1P,+& 5315& .QK1W5&

53+2+& .22O+2& 56& 6/+& -+4L++& 6L& 1/653+L9&& %3+& 1WW+K51P.,.5;& 6M& 53+& W36.W+& 6M& 1& 2K+W.M.W& 5+W3/6,64;& W6O,-&

-+K+/-&6/&53+&+Y5+/5&56&N3.W3&53+2+&W6/W+L/2&1L+&1--L+22+-9&&&

F--L+22./4&53+&D22O+2&

D/&W6/2.-+L15.6/&6M&53+2+&.22O+27&53+&-+2.L1P,+&155L.PO5+2&M6L&K65+/5.1,&/OW,+1L&+/+L4;&2;25+Q27&./W,O-./4&

MO2.6/RM.22.6/&3;PL.-27&W1/&P+&.-+/5.M.+-9&&%3+&N125+&Q1/14+Q+/5&.22O+2&1L+&L+,15+-&56&53+&31d1L-2&

L+KL+2+/5+-&P;&53+&,6/4R,.X+-&1W5./.-+2&1/-&M.22.6/&KL6-OW527&1/-&2;25+Q2&5315&5L1/2QO5+&53+2+&+,+Q+/52&
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W1/&31X+&1&M1X6L1P,+&.QK1W5&6/&N125+&Q1/14+Q+/59&&'6L&Q1/;&6M&53+2+&+,+Q+/527&5L1/2QO515.6/&W1/&P+&

1WW6QK,.23+-&N.53&MOL53+L&/+O5L6/&.LL1-.15.6/7&KL+M+L1P,;&M125&/+O5L6/2&M6L&53+&1W5./.-+&+,+Q+/529&&$/+&

1KKL61W3&.2&53+&M125&/+O5L6/&L+1W56L7&1/-&2OW3&2;25+Q2&31X+&P++/&25O-.+-7&-+X+,6K+-7&1/-&2OWW+22MO,,;&

6K+L15+-&O2./4&OL1/.OQ&1/-&K,O56/.OQ&MO+,9&&(6N+X+L7&N.53&53+&1-X+/5&6M&53+&/++-&M6L&5L1/2QO515.6/&6M&

5L1/2OL1/.W&+,+Q+/52&1/-&M.22.6/&KL6-OW527&53+L+&.2&53+&K622.P.,.5;&5315&1&L+1W56LRP12+-&1KKL61W3&Q1;&/65&P+&

53+&Q625&2O.51P,+&6K5.6/&./&1,,&W12+27&K1L5,;&-O+&56&53+&L+1W5.X.5;&.QK,.W15.6/2&ML6Q&./W,O-./4&2OW3&

Q15+L.1,2&./&53+&MO+,&1/-&K1L5,;&ML6Q&53+&KL1W5.W1,&W31,,+/4+2&1226W.15+-&N.53&-+2.4/./4&1/-&M1PL.W15./4&

2OW3&MO+,2&M6L&O2+&./&1&L+1W56L9&&D/&1--.5.6/7&53+L+&1L+&./-.W15.6/2&5315&2;25+Q2&,.]+&MO2.6/RM.22.6/&3;PL.-&

L+1W56L2&Q1;&N6L]&M125+L&15&N125+&-.2K621,&531/&M125&L+1W56L27&1/-&53O2&Q1;&L+_O.L+&2.4/.M.W1/5,;&M+N+L&

-+X.W+2&56&2+LX.W+&6OL&M,++5&6M&+Y.25./4&,.435&N15+L&L+1W56L29&8+K+/-./4&6/&53+&./5+/-+-&KOLK62+&6M&53+&

MO2.6/RM.22.6/&3;PL.-&1/-&53+&1KKL61W3&51]+/7&2OW3&12&5L1/2QO515.6/&6M&1W5./.-+2&N.53&L+W;W,+&6M&.LL1-.15+-&

M.22.6/&P,1/]+5&Q15+L.1,27&53+&L+Q1./-+L&6M&53+&2;25+Q&W6O,-&./X6,X+&M1W.,.5.+2&1/-&6K+L15.6/2&5315&1L+&

W6QK1L1P,+&56&5362+&M6L&L+1W56L2&./W,O-./4&KL6W+22./4&1/-&MO+,&M1PL.W15.6/&M1W.,.5.+27&1,,&6M&N3.W3&N.,,&

W6/5L.PO5+&56&4+/+L15.6/&6M&L1-.61W5.X+&N125+29&&F,,&6M&53+2+&K+LM6LQ1/W+&W31L1W5+L.25.W2&/++-&56&P+&

+YK,6L+-&MOL53+L&1/-&X+L.M.+-&P+M6L+&1&W6QK1L.26/&W1/&P+&Q1-+&P+5N++/&53+&-.MM+L+/5&2;25+Q29&&'6L&53+2+&

L+126/27&2;25+Q2&2OW3&12&53+&MO2.6/RM.22.6/&3;PL.-&2;25+Q&236O,-&P+&+Y1Q./+-&./&-+51.,7&1,536O43&.5&.2&1,26&

.QK6L51/5&56&1W]/6N,+-4+&5315&26Q+&6M&53+&21Q+&L+1W56LRL+,15+-&.22O+2&Q1;&P+&L+,+X1/5&M6L&53+&3;PL.-&

2;25+Q29&&&&

%3+&MO2.6/&l&M.22.6/&3;PL.-&2;25+Q2&1L+&5;K.W1,,;&KL6K62+-&N.53&1&t2Q1,,f&MO2.6/&-+X.W+&6M&<?R>?&:0&5315&

.2&O2+-&56&4+/+L15+&/+O5L6/2&N3.W3&1L+&53+/&5L1/2K6L5+-&./56&1/&1-c1W+/5&L+4.6/&N3+L+&53+&/+O5L6/&

.LL1-.15.6/&6M&1W5./.-+2&1/-&M.22.6/&KL6-OW52&N6O,-&6WWOL7&1&tM.22.6/&P,1/]+5f9&&D/&1,,&W12+27&53+L+&.2&53+&

W31,,+/4+&6M&-+2.4/./4&1&M.22.6/&P,1/]+5&5315&W1/&P+&K,1W+-&./&53+&X.W./.5;&6M&53+&MO2.6/&-+X.W+9&&%3+&M.22.6/&

P,1/]+5&Q1;&1,26&/++-&56&4+/+L15+&1&2OP251/5.1,&1Q6O/5&6M&+/+L4;&N3.W3&N6O,-&L+_O.L+&2.4/.M.W1/5&/+O5L6/&

QO,5.K,.W15.6/&./&53+&P,1/]+59&&%3+&3;PL.-&M.22.6/&P,1/]+5&N6O,-&L+_O.L+&1--L+22./4&53+&21Q+&+/4./++L./4&

.22O+2&5315&W6/ML6/5&L+1W56L&-+2.4/+L27&./W,O-./4&1-+_O15+&W66,./4&6M&53+&Q15+L.1,29&&%3+&1W5./.-+2&1/-&

M.22.6/&KL6-OW52&W6O,-&P+&W6/51./+-&./&tMO+,f&./&1&Q1//+L&2.Q.,1L&56&5315&O2+-&M6L&L+1W56L&MO+,7&1,536O43&53+&

1KKL61W3&Q1;&/65&P+&53+&5L1-.5.6/1,&1KKL61W3&6M&MO+,&./2.-+&Q+51,,.W&W,1--./49&&$K5.6/2&2OW3&12&31X./4&53+&

Q15+L.1,2&-.226,X+-&./&53+&W66,1/5&6L&12&2Q1,,&K1L5.W,+2&6M&tMO+,f&./&53+&W66,1/5&W6O,-&P+&W6/2.-+L+-&M6L&53+&

3;PL.-7&./&53+&21Q+&Q1//+L&12&53+;&1L+&P+./4&W6/2.-+L+-&M6L&L+1W56L29&&:15+L.1,2&.22O+2&2.Q.,1L&56&5362+&M6L&

L+1W56L2&1L+&1,26&KL+2+/57&-+K+/-./4&6/&53+&-+2.4/&1/-&53+&KL6c+W5+-&/+O5L6/&M,O+/W+7&cO25&12&53+2+&.22O+2&

1MM+W5&L+1W56L&-+2.4/9&&%3+&M.22.6/&P,1/]+5&M1W+2&53+&21Q+&.22O+2&6M&K65+/5.1,&X1L.15.6/&./&K6N+L&KL6-OW5.6/&

1WL622&53+&M.22.6/&P,1/]+5&12&6/+&312&./&L+1W56L2&1/-&53+&W66,1/5&2;25+Q&-+2.4/&QO25&1WW6O/5&M6L&2OW3&

X1L.15.6/29&&D/&Q1/;&N1;27&53+&-+2.4/&6M&53+&M.22.6/&P,1/]+5&.2&W6QK1L1P,+&56&-+2.4/&6M&1&L+1W56L&W6L+7&N.53&

1,,&6M&53+&21Q+&.22O+27&1/-&6MM+L2&6KK6L5O/.5.+2&M6L&L+2+1LW3&1/-&-+X+,6KQ+/5&5315&W6O,-&P+&2O.51P,+&M6L&

+.53+L&1KKL61W39&&&

%3+&MO2.6/&-+X.W+&N.,,&1,26&31X+&-+X+,6KQ+/5&1/-&+/4./++L./4&W31,,+/4+27&1,536O43&53+&2Q1,,&K6N+L&

6O5KO5&6M&53+&-+X.W+&Q1;&Q1]+&53+&W31,,+/4+2&,+22&2+X+L+&12&W6QK1L+-&56&1&MO2.6/&L+1W56L9&&%3+&MO2.6/R

M.22.6/&3;PL.-&N6O,-&1,26&/++-&1&K6N+L&KL6-OW5.6/&2;25+Q&56&6MM2+5&53+&K6N+L&L+_O.L+-&56&LO/&53+&MO2.6/R

M.22.6/&3;PL.-7&K622.P,;&KL6-OW./4&+YW+22&K6N+L&./&26Q+&-+2.4/2&L+2O,5./4&./&/+5&K6N+L&4+/+L15.6/&ML6Q&

53+&M1W.,.5;9&&A.X+/&5315&53+&M.22.6/&P,1/]+5&.2&2.Q.,1L&56&1&L+1W56L&W6L+7&2;25+Q2&5315&31X+&P++/&-+X+,6K+-&

M6L&O2+&N.53&L+1W56L2&W6O,-&1,26&P+&W6/2.-+L+-&M6L&53+&MO2.6/RM.22.6/&3;PL.-&1/-&236O,-&/65&KL+2+/5&1/;&

O/O2O1,&W31,,+/4+29&
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Good morning and thank you for the invitation to address the topic of the United States 
nuclear waste management program. Before I begin my remarks I would like to say that  
these are my personal comments and since I serve as a Presidential appointee on the 
United States Nuclear Waste Technology Review Board, my comments do not 
necessarily represent the thoughts or positions of the Nuclear Waste Board.  
 
First allow me to review the status of the United States nuclear program to provide some 
perspective on the problem. We have 104 operating reactors in the US that provide 
approximately 20% of the electricity for this nation. There have been no new orders since 
the mid 1970‘s, before the Three Mile Island accident. At present, there is however 
renewed interest in new nuclear plants. Twenty six new license applications have been 
filed with the Nuclear Regulatory Commission for construction and operating licenses.  
Of those 26, four have firm contracts to build new reactors. The current state of the 
commercial nuclear technology is evolutionary light water reactors. These reactors are 
improvements over the current designs based on years of operating experience to improve 
their safety, reliability and cost of production.   Some are more robust relying on active 
safety systems and others are more passive relying more on natural gravity feed systems 
to provide emergency core cooling.   
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One of the challenges of these new reactor designs is that despite efforts to simplify 
designs and reduce complexity, these plants are very capital intensive.  A typical 1500 
Mwe plant can cost over $ 6 Billion in overnight capital cost.  While the fuel and 
production costs are low, the upfront capital cost makes investment in such plants a 
financial challenge.  Thus the decision to build a new plant is a significant one despite the 
long term cost savings and contribution to reduction in CO2 emissions.  Should price on 
carbon be included in the cost of fossil power, nuclear plants can be competitive in the 
near term as well. 
 
One of the critical questions is how many new reactors will actually be built and what are 
we going to do with the waste from the existing and new reactors.  Today, the public is 
generally more confident about the safety of reactors since the Three Mile Island  
accident that occurred over 30 years ago. The industry has made substantial 
improvements in the safety of the plants and their performance.   
 
Support for new nuclear construction is at an all time high.   
 

 
 
 
Recent surveys indicate that approximately 75% of the people in the US believe that 
nuclear power should be used as part of our future energy mix. This dramatic change in 
position over the early 80’s is due to several factors. First is the excellent safety record; 
second is that these nuclear plants are very reliable performers operating at over 90% 
capacity factor (which is a measure of its useful output over the course of the year); and 
third, an increasing awareness and concern about global warming and the emissions from 
fossil plants.  
 
Even though much is made of reducing our dependence on foreign oil, actually very little 
oil is burned in electric generating plants (less than 8%). It should be note that close to 
50% of our power comes from coal fired plants. This is obviously a problem due to the 
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emissions from these plants, but coal is a naturally abundant resource in the US and an 
inexpensive alternative. Future coal plants will likely be required to have more stringent 
pollution control systems and the ability to capture the carbon dioxide emitted and store 
or sequester it in underground geological repositories. The technology for carbon capture 
and sequestration is not commercialized or necessarily demonstrated. Most studies, 
including the recent MIT coal study produced in 2006, suggest that the cost of power 
could go up by 30-40%, should carbon capture and sequestration be required. This, of 
course, would not be a good thing for the American economy, but needed if human 
caused climate change is real.   
 
Now back to the question of nuclear waste. At present we produce about 2,000 metric 
tons of spent nuclear fuel each year from the existing operating reactors. This translates 
to approximately 7,000 fuel assemblies per year for the nation.  
 

 
 
 
Fuel assemblies are made up of fuel rods in which the chalk size diameter uranium pellets 
are contained in zircaloy tubes, arranged in 12 foot long bundles containing anywhere 
from 110 to 290 fuel pins.  
 
Once out of the reactor, these fuel assemblies are very radioactive and generate about 120 
kilowatts of heat when initially discharged which reduces to less than 5 kilowatts in one 
year after discharge.  This decay heat initially requires that these spent fuel assemblies be 
stored in water cooling pools that are found at the reactors.  
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Due to the failure of the Department of Energy to provide a disposal site which was 
supposed to open in 1998 according to the 1987 Nuclear Waste Policy Act, the spent fuel 
storage pools are being filled to capacity.  Thus, the utilities operating nuclear plants are 
forced to store fuel in dry cask storage canisters shielded by concrete on storage pads at 
the reactor sites.  In some communities there is considerable controversy about expanding 
these because they believe that these storage sites will be become permanent storage sites 
for the used fuel, which was not what the local communities signed up for when they 
originally supported the construction of these plants.  
 
 

Maine Yankee Spent Fuel
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In the Department of Energy’s defense, Congress selected, out of several alternatives, the 
Yucca Mountain site for the nation’s nuclear waste repository. Yucca Mountain borders 
the Nevada testing site, the location of atmospheric and underground nuclear weapons 
tests.  
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Nevada was also chosen because it was a dry, arid area with a low population. The 
Department of Energy, many of the nation’s national laboratories and the US Geological 
Survey have been studying Yucca Mountain for over 10 years, much to the objection of 
the state of Nevada. The culmination of these studies and analyses was a license 
application filed with the Nuclear Regulatory Commission in June 2008 to construct and 
operate a nuclear waste repository for the spent fuel from commercial plants, the Navy 
Nuclear program, and the nation’s laboratories, including defense laboratories.  
 
Congress, in its wisdom, restricted the size of the repository to a maximum of 77,000 
metric tons of heavy metal nuclear waste. This artificially imposed limit was established  
to assure that there would be a need for a second repository and thus showing the state of 
Nevada that they would not be singled out as the only repository site for the nation. This 
strategy did not work however since the state leaders are strongly opposed to the Yucca 
Mountain project.  Studies have shown, however, that Yucca Mountain can hold many 
times this amount of nuclear waste if legislatively permitted.  
 
At the present time, due to the strong objections of the senior senator from Nevada, and 
the newly elected President’s position taken during the campaign that he would prevent 
Yucca Mountain from opening, the future of the Yucca Mountain is in doubt.  While the 
NRC is reviewing the license application, the administration has zeroed out any DOE 
money to be spent on the project development or continued studies. There have been 
some proposals that call for a Blue Ribbon Commission to essentially start over and 
review the entire issue of what we are going to do with our nuclear waste.   
 
This review, which has not yet begun, is supposed to examine all possible means of waste 
management, including reprocessing and recycling of the spent fuel, using fast reactors 
for transmutation which means to convert the waste materials into other materials that 
have a shorter radiological half life, or can be completely consumed by the fission 
process in the hopes of reducing the hazard of the material and the volume of waste to be 
disposed of.  This may be an opportunity for the fusion-fission hybrid as a transmutation 

YUCCA MOUNTAIN IN THE 
BACKGROUND 

Other view from the Mountain 
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machine as I am sure we will hear about in the next few days.  It should be pointed out, 
there is, at present, no plan to begin searching for another repository site should President 
Obama’s  desire to cancel the Yucca Mountain project succeeds.  
 
Ultimately it will be Congress that determines the fate of the nation’s repository program. 
What is interesting about this entire political situation is that regardless of what waste 
management strategy is chosen, a geological repository for the residues will be needed in 
any case.  
 
So where do we stand at present? The NRC is reviewing the license application which 
must be completed in approximately 3 years to determine whether the site can meet the 
standards established by the Environmental Protection Agency.  Utilities are continuing 
to store spent fuel at their reactor sites.  Proposals for regional storage sites are being 
suggested which would require the shipment of spent fuel from the utilities to 2 or 3 
regional locations for interim storage for as long as necessary.  
 

 
 
 
 
Until such time that the nation decides what it’s going to do with the spent fuel generated 
from our nuclear power stations, the cleanup of waste from former sites of the weapons 
program such as those in Hanford Washington, DOE research laboratories and the 
nuclear navy, we will be in a state of limbo.  While whatever studies are going on, the 
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spent fuel from our commercial reactors continues to accumulate.  By 2020 we will have 
about 300,000 spent fuel assemblies in storage. By 2040 that number will increase to 
420,000.   
 
In the United States, it is the government’s responsibility by law to dispose of nuclear 
waste. There are several challenges facing the government.  First, all US utilities have 
contracts with the DOE to take spent fuel in 1998.  Based on the breach of  the contracts, 
most utilities have sued the DOE for failure to meet the contract terms. Estimates have 
been made that show this liability could reach as high as $ 11 billion coming from the US 
taxpayer. To pay for waste disposal, utilities collect one tenth of a cent per kilowatt hour 
for electricity produced by nuclear plants which they give to the government.  This 
money plus earnings on the payments have totaled about $ 19 billion. Congress uses that 
money to balance the budget and only allocates a small portion of that amount to the 
development of a nuclear waste repository. The utilities have threatened that if Yucca 
Mountain project is canceled, they will not only seek to have the payments stopped, but 
also have all the monies paid into their fund returned since the government has no plan 
for spent nuclear waste disposal if Yucca Mountain is cancelled.  
 
In short, we have a political mess. Out of this mess comes opportunity for innovative 
ideas for what to do with the nuclear waste. In June of 2008, when the DOE filed its 
license application with the NRC, there were high hopes that finally there could be some 
disposition as to whether the Yucca Mountain site was a suitable waste disposal site for 
this country. That question may not ever be answered if things continue to proceed as 
they are. If this question is not answered and, if we do not have a place to dispose of 
nuclear waste, the likelihood of any community stepping forward and volunteering to 
host a regional interim storage facility is quite low in my opinion. This is the likely 
reaction since they will not have any assurance that the waste will move for many years, 
if ever.   
 
In the recent past, the former administration proposed the Global Nuclear Energy 
Partnership (GNEP) to deal with a number of problems due mostly in the non-
proliferation concerns.  The US government does not want other nations to develop 
reprocessing and enrichment technologies that could be used to make nuclear weapons.   
The GNEP program called for providing fuel to nations, reprocessing their spent fuel and 
transmutation of the waste with even the possibility of disposing its waste if these 
countries would agree to forgo enrichment and reprocessing.   
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The keystone of the GNEP program was the assurance of a reliable fuel supply and waste 
management service.  The US would build proliferation resistant reprocessing plants that 
would separate fission products for decay, separate actinides for conversion into fuels to 
allow for fissioning of some and transmuting others into less long lived isotopes.  The 
transmutation process would not only reduce the volume of nuclear waste, but also 
reduce the long term radioactive hazard from hundreds of thousands of years to 
potentially less than a thousand.  
 
Due to the DOE’s premature announcements about the ability to technically execute these 
programs, Congress became skeptical and has essentially canceled the program replacing 
it with a more research focused program called the Advanced Fuel Cycle Initiative 
(AFCI).  
 
Now to the question of urgency and role of the fusion-fission hybrid in this process. It is 
pretty clear that the commercial industry is able to store spent fuel for 60 years or longer 
without any difficulty at their existing reactor sites or at interim storage facilities. 
However, that is not a solution to the waste management problem.  The solution comes 
with ultimately disposing of the nuclear waste in geological repositories which the 
National Academy of Sciences and numerous other organizations worldwide believe is 
the best strategy. However, the question of what to dispose of is now being discussed.  
 
My thoughts on the timing on the deployment of future fuel cycle activities is shown on 
this chart. 
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The role of the fusion hybrid as a transmutation device is being actively discussed with 
several proposals on the table.  Where it fits on this time line will depend on the ability to 
demonstrate sustainable fusion reactions.  We, at MIT, several years ago, actually did a 
several small studies on fusion fission hybrids showing that technically it could be done 
but there were questions on detailed design issues and economics, which is where many 
such conceptual proposals encounter difficulties. Should the fusion-fission hybrid for 
waste transmutation continue its development, it will have to compete with other 
transmutation reactors including the sodium cooled fast reactors which are further along 
in development, possibly light water thermal reactors, and accelerator based 
transmutation systems.  Whichever technology can show superior economics and 
technological reliability for the mission will win. 
 
The urgency of solving the nuclear waste problem is really one of perception rather than 
reality.  Utilities can store nuclear waste safely for many years so that is not the question.  
What is the question is what is it that we will ultimately dispose of which is a political 
policy question.  We do not know when such a decision will be made and how long it 
will last.  While it is a good idea to review waste disposal options, the reality is that a 
repository is needed regardless of what form the waste takes.  It is hoped that the 
commission will focus on the key questions of what is the best fuel cycle associated with 
the long term sustainable nuclear energy option.  MIT has such a study now underway.  

Projected Time Table 
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Until that commission completes its job, no policy decisions will be made; no law 
changes will be attempted. At present the law of the land says that Yucca Mountain is the 
place to dispose of spent fuel in a once through cycle.   
 
How this issue will be solved in the future is not clear.  
 
The best advice I can give you regarding the fusion-fission hybrid is to put this 
technology on the table for the blue ribbon commission for not only transmutation of 
nuclear waste but also for the production of fissile fuel for light water reactors using the 
breeding of thorium 232  or Uranium 238 to produce U-233 or Pu-239 respectively. 
 
I hope I’ve helped you better appreciate the status of the US nuclear waste program, I’d 
be happy to answer any questions.  
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