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7KH�LQMHFWRU�IRU�WKH�6�%DQG�7HVW�)DFLOLW\�DW�'(6<�LV�EDVHG
RQ�D�FRQYHQWLRQDO�GHVLJQ��(TXLSSHG�ZLWK�D�JULGGHG�FDWKRGH�D
��N9�WKHUPLRQLF�JXQ�SURGXFHV���V�ORQJ�PXOWLEXQFKWUDLQV�ZLWK
D� UHSHWLWLRQ� RI� XS� WR� ��+]��7KH�PLFURSXOVHV� KDYH� D� ):+0�
OHQJWK� RI� OHVV� WKDQ� ���QV� FRQWDLQLQJ� D� PD[LPXP� FKDUJH� RI
DERXW���Q&�����������H

�
���)RU�WKH�SXUSRVH�RI�ZDNHILHOG�UHODWHG

VWXGLHV�WKH�LQWHUEXQFK�VSDFLQJ�FDQ�EH�YDULHG�EHWZHHQ��QV����QV
DQG���QV��ZKLOH� NHHSLQJ� WKH� DYHUDJH�EHDP�FXUUHQW�ZLWKLQ� WKH
EXQFKWUDLQ�FRQVWDQW�DW����P$�

7KH� EXQFKLQJ� ZLOO� EH� GRQH� E\� PHDQV� RI� WZR� VLQJOH� FHOO
VWDLQOHVV�VWHHO�EXQFKHU�FDYLWLHV�UXQQLQJ�DW����0+]�������VXE�
KDUPRQLF��DQG����0+]������VXEKDUPRQLF��IROORZHG�E\�WZR�6�
EDQG�WUDYHOOLQJ�ZDYH�VWUXFWXUHV�ZLWK�GLIIHUHQW�SKDVH�YHORFLWLHV�

6LQFH�VXPPHU������WKH�LQMHFWRU�EHDPOLQH�LV�DVVHPEOHG�XS
WR�WKH����0+]�EXQFKHU�DV�VKRZQ�LQ�ILJXUH����)RXU�ZDOO�FXUUHQW
PRQLWRUV�� WKUHH� EXWWRQ�W\SH� SRVLWLRQ� PRQLWRUV�� D� IOXRUHVFHQW
VFUHHQ�� D� PXOWLKROH� DSHUWXUH� IRU� WKH� SXUSRVH� RI� HPLWWDQFH
PHDVXUHPHQW�DQG�D�IDUDGD\�FXS�DW�WKH�HQG�VHUYH�DV�GLDJQRVWLF
WRROV��(PSKDVL]LQJ�RQ�WKH�EXQFKLQJ�EHKDYLRXU��UHVXOWV�IURP�WKH
RSHUDWLRQ�RI�WKLV�ILUVW�SDUW�RI�WKH�LQMHFWRU�ZLOO�EH�SUHVHQWHG�DQG
FRPSDUHG�ZLWK�SUHGLFWHG�UHVXOWV�IURP�VLPXODWLRQ�FRGHV�

,,�� ,QWURGXFWLRQ

7KH�6�%DQG�7HVW� )DFLOLW\� FXUUHQWO\� XQGHU� FRQVWUXFWLRQ� DW
'(6<� LQYHVWLJDWHV� WKH� IHDVLELOLW\� RI� D� ODUJH� 6�%DQG� /LQHDU
&ROOLGHU� �6%/&�� SURMHFW�� 'HOLYHUHG� E\� DQ� LQMHFWRU� WKH� EHDP
ZLOO�EH�DFFHOHUDWHG�E\����E ����S���PRGH����09�P��WUDYHOOLQJ
ZDYH�VHFWLRQV�RI��P�OHQJWK�HDFK�� LQWHUVHFWHG�E\���TXDGUXSROH
WULSOHWWV�DQG�IHG�E\�WZR����0:���V�6�EDQG�NO\VWURQV��%HIRUH
EHLQJ�GXPSHG�DW�WKH�HQG�RI�WKH���P�ORQJ�WHVW�IDFLOLW\�WKH�TXDO�
LW\� RI� WKH� ���0H9�F� EHDP� ZLOO� EH� PHDVXUHG� XVLQJ� D� VSHF�
WURPHWHU�EHDPOLQH�LQFOXGLQJ�DQ�275�VFUHHQ�

7KH�6%/&�GHVLJQ� LV�EDVHG�RQ� WKH� VDPH�EXQFKWUDLQ� VWUXF�
WXUH�DQG�FXUUHQW�DV�XVHG�LQ�WKH�WHVW�IDFLOLW\�H[FHSW�IRU�WKH�LQWHU�
EXQFK� VSDFLQJ�� 7KLV� YDOXH� KDV� EHHQ� UHFHQWO\� FKDQJHG� LQ� WKH
6%/&�SDUDPHWHUOLVW�IURP���QV�WR��QV�JLYLQJ�D�UHGXFHG�EXQFK�

FKDUJH�ZLWK�ORRVHU�WROHUDQFHV�LQ�WKH�PDLQ�OLQDF��)URP�WKLV�SRLQW
RI�YLHZ�WKH�WHVW�IDFLOLW\�UXQV�XQGHU�PRUH�VHYHUH�RSHUDWLRQ�FRQ�
GLWLRQV�� %HIRUH� HQWHULQJ� WKH� ILUVW� VHFWLRQ� RI� WKH� WHVWOLQDF� WKH
EXQFKHV� KDYH� WR� EH� VKRUWHU� WKDQ� ):+0 ����*+] ����SV� DQG
VXIILFLHQWO\� UHODWLYLVWLF� ZLWK� (NLQt�0H9�Et������ 7KLV� JXDU�
DQWHHV�D�FRUUHVSRQGLQJ�HQHUJ\�VSUHDG�RI� OHVV� WKDQ�r�����DQG
QR�IXUWKHU�ORQJLWXGLQDO�G\QDPLFV�LQ�WKH�DFFHOHUDWLQJ�VHFWLRQV�

%DVHG�RQ�WKHVH�UHTXLUHPHQWV�WKH�LQMHFWRU�ZDV�GHVLJQHG�RQ
D� FRQYHQWLRQDO� VFKHPH� E\� PHDQV� RI� (*81� DQG� 3$50(/$
FDOFXODWLRQV�>�@��1HYHUWKHOHVV�LW�LV�D�VWHS�LQWR�D�FKDOOHQJLQJ�RS�
HUDWLRQ� GRPDLQ� GXH� WR� WKH� FRPELQDWLRQ� RI� KLJK� EXQFKFKDUJH
DQG� VKRUW� LQWHUEXQFK� VSDFLQJ�� 7KH� SXOVHV� DUH� JHQHUDWHG� DW� D
WKHUPLRQLF� JXQ� DQG� FRPSUHVVHG� E\� PHDQV� RI� WZR� VWDQGLQJ
ZDYH� VXEKDUPRQLF� EXQFKHUV� 6+%�� ����0+]���N9�� DQG
6+%�� ����0+]���N9�� DV�ZHOO� DV� WZR� WUDYHOOLQJ�ZDYH� VWUXF�
WXUHV� �E ����� �FHOO�� �S���� �09�P� DQG� E ������ ��FHOO�� �S���
��09�P��� 7KH� ODWWHU� RQH� VHUYHV� DOVR� IRU� DFFHOHUDWLRQ�� 7ZR
�0:� NO\VWURQV� ZLOO� EH� XVHG� WR� VXSSO\� ERWK� WUDYHOOLQJ� ZDYH
EXQFKHUV� LQGLYLGXDOO\�� $� ORZ� JURXS� YHORFLW\� LV� QHFHVVDU\� WR
EXLOG� XS� WKH� KLJK� JUDGLHQW� LQ� WKH� ��FHOO� VWUXFWXUH� ZLWK� RQO\
�0:�� 7KHUHIRU� WKH� �S���PRGH� ZDV� FKRVHQ�� 6WDUWLQJ� ZLWK� D
��N9� JXQSXOVH� FDUU\LQJ� ��Q&� ���������H

�
�� LQ� D� ):+0�

EXQFKOHQJWK�RI����QV��3$50(/$�VLPXODWLRQ�SUHGLFWV� D� FRP�
SUHVVLRQ�E\�D�IDFWRU�RI�PRUH�WKDQ�����WR�D�SXOVHOHQJWK�VKRUWHU
WKDQ���SV�ZLWK�D�WUDQVPLVVLRQ�RI�EHWWHU�WKDQ�����

7KH�LQMHFWRU�KDUGZDUH�ZLOO�EH�EXLOW�XS�IROORZLQJ�WKH�GLUHF�
WLRQ�RI� WKH�EHDP�� ,Q� WKLV�SURFHVV� LQWHUPHGLDWH�VHWXSV�DUH�XVHG
LQ�RUGHU� WR�FRPPLVVLRQ�PDMRU�SDUWV�RI� WKH�FRPSRQHQWV�� ,Q� WKH
ILUVW�KDOI�RI������D�VKRUW�EHDPOLQH�ZDV�LQVWDOOHG�IRU�JXQ�FRP�
PLVVLRQLQJ�>�@��$�VKRUW�UHYLHZ�RI�WKH�UHVXOWV�LV�JLYHQ�LQ�VHFWLRQ
,,,�� ,Q� WKH� QH[W� VWDJH� WKH� LQMHFWRU�ZDV� H[SDQGHG� E\� LQFOXGLQJ
6+%��DQG�6+%��DV�FDQ�EH�VHHQ�LQ�ILJXUH����6WDUWLQJ�DW�WKH�JXQ
DQRGH� DW� ] �FP� WKH� EHDPOLQH� HQGV� �����FP� IXUWKHU� GRZQ�
VWUHDP�ZLWK�D�IDUDGD\�FXS��7KH�JDS�FHQWHUV�RI�ERWK�6+%©V�DUH
VLWWLQJ�DW�] ��FP�DQG�] ���FP�

6LQFH� WXQLQJ� FRQFHQWUDWHV� RQ� WUDQVPLVVLRQ� DQG
EXQFKOHQJWK�PRVW�LPSRUWDQW�GLDJQRVWLF�WRROV�DUH���ZDOO�FXUUHQW
PRQLWRUV� ����FP�EHKLQG� WKH� JXQ� �&0���� ��FP�EHKLQG� 6+%�
JDSFHQWHU� �&0���DQG�����FP�EHKLQG�RI�6+%�� �&0�������FP

)LJXUH����6HWXS�RI�ILUVW�SDUW�RI�WKH�LQMHFWRU
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GRZQVWUHDP� RI� HYHU\� &0� EXWWRQ�W\SH� SRVLWLRQ� PRQLWRUV
�%30������� DUH� LQVWDOOHG�� 7UDQVYHUVH� EHDPSURILOH� FDQ� EH
PHDVXUHG� DW� ] �����FP� ZLWK� D� IOXRUHVFHQW� VFUHHQ�� 7RJHWKHU
ZLWK�D�PXOWLKROH�DSHUWXUH��SHSSHUSRW�������FP�XSVWUHDP�RI�WKH
VFUHHQ�� HPLWWDQFH� PHDVXUHPHQW� LV� SRVVLEOH� DQG� ZLOO� EH� GLV�
FXVVHG�LQ�VHFWLRQ�,9��,QVWHDG�RI�WKH�VFUHHQ�D�PLUURU�FDQ�EH�SXW
LQ� DW� WKH� VDPH� SODFH� RIIHULQJ� WKH� SRVVLELOLW\� RI� LQVSHFWLQJ� LU�
UHJXODULWLHV�DW�WKH�KHDWHG�FDWKRGH�ZKLOH�QRW�SXOVLQJ�WKH�JXQ�

*HWWLQJ� VKRUWHU�� WKH�EHDPSXOVHV� DUH� WUDQVYHUVHO\� IRFXVVHG
E\�PHDQV�RI�D�ORQJLWXGLQDO�PDJQHWLF�ILHOG�FUHDWHG�E\�VROHQRLGV
$)��$)����:LWK�D�OHYHO�RI����*DXVV�DURXQG�6+%��WKH�ILHOG�
VWUHQJWK� LQFUHDVHV� XS� WR� DERXW� ����*DXVV� DW� WKH� HQG� RI� WKH
EHDPOLQH��0DWFKLQJ�WKH�EHDP�FRPLQJ�IURP�WKH�JXQ�LV�GRQH�E\
$)��DQG�$)���7KH�ILUVW�VROHQRLG�$)��FHQWHUHG�DW�] ��LV�SRZ�
HUHG�UHYHUVHO\�DQG�XVHG�WR�FRPSHQVDWH�WKH�PDJQHWLF�ILHOG�DW�WKH
FDWKRGH�DV�JRRG�DV�SRVVLEOH�

,Q�DGGLWLRQ���FRUUHFWRU�GLSROHV�LQ�ERWK�SODQHV��HDFK���FP
ORQJ� ZLWK� D� PD[LPXP� ILHOG� RI� ��*DXVV�� ORFDWHG� EHKLQG� WKH
JXQ��EHKLQG�6+%��DQG�LQ�IURQW�RI�6+%��DUH�XVHG�WR�FRPSHQ�
VDWH�RUELW�GLVWRUWLRQV�DQG�DOLJQPHQW�HUURUV��2QH�KDV�WR�NHHS�LQ
PLQG�� WKDW� WKH� UHVXOWDQW�GLVSODFHPHQW�RI� WKH�EHDP�GHSHQGV�RQ
WKH�VWUHQJWK�RI�WKH�ORQJLWXGLQDO�ILHOG�%]��VLQFH�ERWK�WKH�FRUUHF�
WRU�ILHOG�DQG�%]�DGG�OLNH�SHUSHQGLFXODU�YHFWRUV�

3XPSLQJ�LV�GRQH�DW� WKH�JXQ�DQG�ERWK�6+%©V�E\�PHDQV�RI
ODUJH� ���O�V� JHWWHUSXPSV��$� YDFXXP�YDOYH� �9��� DW� ] ����FP
FDQ� VHSDUDWH� WKH� JXQ� YDFXXP� IURP� WKH� XSVWUHDP� V\VWHP�� 7KH
DSHUWXUH�RI�WKH�ZKROH�V\VWHP�KDV�D�GLDPHWHU�RI���PP��H[FHSW
DW�WKH�JXQ��ZKHUH�WKH�KROH�LQ�WKH�DQRGH�PHDVXUHV�RQO\���PP�LQ
GLDPHWHU��7KLV�VHWXS�ZDV�RSHUDWHG�IURP�DXWXPQ������XQWLO�HQG
RI�MXQH�������%XQFK�FRPSUHVVLRQ�UHVXOWV�DUH�SUHVHQWHG�LQ�VHF�
WLRQ�9�

,,,�� %XQFKWUDLQV�IURP�WKH�*XQ

3URGXFWLRQ�RI� ��V� ORQJ�EXQFKWUDLQV�ZLWK� ���P$� DYHUDJH
FXUUHQW�LV�UHTXLUHG��7KH�VLQJOH�EXQFK�):+0�OHQJWK�KDV�WR�EH
OHVV�WKDQ����QV�LQ�RUGHU� WR�EH�FOHDQO\�DFFHSWHG�E\�6+%���'H�
SHQGLQJ� RQ� WKH� FKRVHQ� LQWHUEXQFK� VSDFLQJ� WKH� VLQJOH� EXQFK�
FKDUJH�KDV�WR�EH�DW�OHDVW�
��� ���Q&���������H
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H
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�DW���QV�VSDFLQJ�DQG���EXQFKHV�WUDLQ

� 7KHVH�EXQFKHV�DUH�SURGXFHG�DW�D���N9�WKHUPLRQLF�JXQ�RS�
HUDWHG� DW� DLU� DQG� HTXLSSHG�ZLWK� D� JULGGHG� FDWKRGH� RI� WKH� (,�
0$&�<���� W\SH�� 7KH� JXQ� JHRPHWU\� ZDV� PRGHOOHG� ZLWK� WKH
(*81�FRGH��$W�D���PP�FDWKRGH�DQRGH�GLVWDQFH�LW�UHVXOWV�LQ�D
FDOFXODWHG�SHUYHDQFH�RI������$�9

���
��$W� ��N9� WKLV� LV� HTXLYD�

OHQW�WR��$�VSDFHFKDUJH�OLPLWHG�FXUUHQW��ZKLFK�ZDV�H[SHULPHQ�
WDOO\�SURYHQ�ZKHQ�GULYLQJ�WKH�JXQ�ZLWK�D�WHVWSXOVHU�WKDW�FUHDWHV
�V�ORQJ�VLQJOH�SXOVHV�
� ([WUDFWLRQ� RI� EXQFKWUDLQV� FRQVLVWLQJ� RI� VKRUW� SXOVHV� LV
DFKLHYHG�E\�PHDQV�RI�D�VSHFLDO�SXOVHU�WKDW�LV�KRXVHG�LQVLGH�WKH
���PP�ORQJ�JXQFHUDPLF�FORVHO\�WR�WKH�JXQFDWKRGH��7KH�LQSXW
SXOVH� LV� DPSOLILHG� ZLWK� D� WKUHH� VWDJH� WULRGH� FLUFXLW� LQWHUFRQ�
QHFWHG�E\�IHUULWH�ORDGHG�FRD[LDO�WUDQVIRUPHUV�LQ�ZKLFK�WKH�WKLUG
WULRGH�ZLWK�LWV�DQRGH�GLUHFWO\�FRQQHFWHG�WR�WKH�JXQFDWKRGH�RS�
HUDWHV�LQ�D�FXUUHQW�VRXUFH�PRGH��6XSSO\LQJ�WKH�SXOVHULQSXW�ZLWK
�QV�ZLGH�SXOVHV�RI���9�SHDN�DQG�WKH�GHVLUHG�WLPHVWUXFWXUH�WKH
JXQ�SURGXFHV�WKH�UHTXLUHG�EXQFKWUDLQV��0HDVXUHG�DW�&0���VHH
ILJ�� �D�� WKH� EHDP� SXOVHV� KDYH� D� ):+0�OHQJWK� RI� W\SLFDOO\
���QV�� D� VXEQDQRVHFRQG� ULVHWLPH� DQG� D� SHDNFXUUHQW� RI� XS� WR
���$��ZKLFK� LV� OHVV� WKDQ� WKH�JXQ�FDSDELOLW\�� VLQFH� LW� LV� OLPLWHG
E\�WKH�FXUUHQW�RXWSXW�RI�WKH�ODVW�WULRGH�VWDJH��1HYHUWKHOHVV�WKH
EXQFKHV� FDUU\� D� FKDUJH� RI� DERXW� ��Q&� ����������H

�
�� JLYLQJ� D

���� VDIHW\�PDUJLQ� ZLWK� UHVSHFW� WR� ���Q&� DV� GHVLUHG� LQ� ��QV
PRGH�
� 7KH�DPSOLWXGHV�RI�DOO�EXQFKHV�DV�PHDVXUHG�DW�&0��DUH�VWD�
EOH� ZLWKLQ� OHVV� WKDQ� ��� RYHU� WKH� ZKROH� EXQFKWUDLQ� LQ� ��QV
PRGH��7KH�VDPH�VWDELOLW\�LV�DFKLHYHG�DW���QV�RU��QV�RSHUDWLRQ
H[FHSW�DW�WKH�EHJLQQLQJ�RI�WKH�WUDLQ��,Q�WKH���QV�PRGH�WKH�ILUVW
SXOVH�KDV�D�����LQFUHDVHG�DPSOLWXGH�DQG�LQ�WKH��QV�PRGH�WKHUH
LV� D� GURS� GRZQ� WR� ����RYHU� WKH� ILUVW� �� SXOVHV� DIWHU� UHDFKLQJ
HTXLOLEULXP�OHYHO��7KLV�HIIHFW�FDQ�EH�H[SODLQHG�E\�VDWXUDWLRQ�RI
WKH� LQWHUVWDJH� WUDQVIRUPHU� FRUHV�� ZKLFK� FDQ� QRW� UHOD[� WRWDOO\
ZKHQ� SXOVH� VSDFLQJ� LV� JHWWLQJ� VKRUWHU�� 6LQFH� WKH� UHTXLUHG
EXQFKFKDUJH� LV� LQYHUVHO\� SURSRUWLRQDO� WR� WKH� LQWHUEXQFK� VSDF�
LQJ�WKH�VDIHW\�PDUJLQ�LV�HYHQ�KLJKHU�DW���QV�RU��QV�RSHUDWLRQ�
� )RU� WKH� 6�%DQG� 7HVW� )DFLOLW\� WKLV� VFKHPH� RI� EXQFKWUDLQ
SURGXFWLRQ�KDV�EHHQ� VXFHVVIXOO\�FRPPLVVLRQHG�DQG� IXOILOOV� DOO
WKH� UHTXLUHPHQWV� LQ� WHUPV� RI� WLPH� VWUXFWXUH�� EXQFKFKDUJH� DV
ZHOO�DV�VWDELOLW\�RI�LQWHQVLW\�DQG�WLPLQJ��1RW�EHLQJ�WHVWHG�\HW�LW
PD\�HYHQ�ZRUN�LQ��QV�RSHUDWLRQ�PRGH�DV�SURSRVHG�IRU�6%/&�
,I�QRW�DSSOLFDEOH�D�UHVRQDQW�GULYLQJ�FLUFXLW� IRU� WKH�JXQ�FDQ�EH
XVHG�IRU�WKLV�SXUSRVH�

,9�� (PLWWDQFH�0HDVXUHPHQW

$W�] ����FP�D�SHSSHUSRW�FDQ�EH�GULYHQ�LQWR�WKH�EHDPOLQH�
,W�LV�PDGH�IURP�D��PP�WKLFN�FRSSHU�SODWH�GULOOHG�ZLWK����PP
KROHV�RQ�WKH�YHUWLFDO��KRUL]RQWDO�DQG�ERWK�GLDJRQDO�D[LV�LQ�D�UD�
GLDO�GLVWDQFH�RI�HYHU\��PP�VWDUWLQJ�IURP�WKH�FHQWHU�KROH��7KHVH
KROHV�GHILQH�WKH�SRVLWLRQ�RI� WKH�EHDPOHWV��7KHLU�DQJXODU�ZLGWK
FDQ� EH� FDOFXODWHG� IURP� WKH� FRUUHVSRQGLQJ� VSRWVL]H� DW� WKH
VFUHHQ��ZKLFK� LV� ORFDWHG� O ����FP� IXUWKHU� GRZQVWUHDP�� )URP
ERWK�LQIRUPDWLRQV�WKH�HPLWWDQFH�DW� WKH�SRVLWLRQ�RI� WKH�SHSSHU�
SRW�FDQ�EH�GHULYHG��)RU�VLPSOLFLFLW\�LQ�PRVW�DSSOLFDWLRQV�D�GULIW
VSDFH�LV�FKRVHQ�EHWZHHQ�SHSSHUSRW�DQG�VFUHHQ�>�@�

8QIRUWXQDWHO\� WKH� ODUJH� JHWWHUSXPSV� FUHDWH� D� WUDQVYHUVH
PDJQHWLF�VWUD\ILHOG�RI�WKH�RUGHU�RI��*DXVV�P�DW�WKH�EHDP�D[LV�
ZKLFK� WRWDOO\� SUHYHQWV� WUDQVPLVVLRQ� EHWZHHQ� SHSSHUSRW� DQG
VFUHHQ�ZLWKRXW�DQ\�VROHQRLGDO�ILHOG��7KXV�WKH�HPLWWDQFH�PHDV�
XUHPHQW�ZDV�PDGH�ZLWKLQ�D�ORQJLWXGLQDO�PDJQHWLF�ILHOG�%]�>�@�
,I�%] FRQVW� WKH� WUDQVIHUPDWUL[�RI� D� VROHQRLG�ZLWK� OHQJWK� O� FDQ
EH� DSSOLHG�� 8QLW\� PDWUL[� LV� DFKLHYHG� ZKHQ� N�O�� Q�S�� ZLWK
N H�%]�S��Q ���������HOHFWURQ�FKDUJH�H�DQG�EHDP�PRPHQWXP�S�
,Q�WKLV�FDVH�WKH�VFUHHQ�VKRZV�D�����SLFWXUH�RI�WKH�SHSSHUSRW�EXW
WKH� LQIRUPDWLRQ� RQ� WKH� EHDPOHW� DQJOHV� LV� QRW� DFFHVVLEOH�� ,I
N�O�� �Q������S�DOO�WKH�HOHPHQWV�RI�WKH�WUDQVIHU�PDWUL[�DUH�]HUR�
H[FHSW� WKH� RQHV� RQ� WKH� VHFRQGDU\� GLDJRQDO�� ,Q� WKLV� FDVH� WKH
VFUHHQ�ORRNV�DW�WKH�IRFDO�SODQH��L�H��DQJOHV�DW�WKH�SHSSHUSRW�DUH
WUDQVODWHG� LQWR� GLVSODFHPHQWV� DW� WKH� VFUHHQ�� :LWK� Q �� FRUUH�
VSRQGLQJ�WR�%] �����*DXVV�HPLWWDQFH�PHDVXUHPHQW�ZDV�PDGH
LQ� WKH� WHVW� IDFLOLW\��)URP�WKH�KRUL]RQWDO� �YHUWLFDO��ZLGWK�RI� WKH
VSRWVL]H�DW�WKH�VFUHHQ�WKH�YHUWLFDO��KRUL]RQWDO��DQJXODU�ZLGWK�RI
WKH�FRUUHVSRQGLQJ�EHDPOHW�DW� WKH�SHSSHUSRW�ZDV�GHULYHG��3DU�
WLFXODU� DWWHQWLRQ� KDV� WR� EH� SDLG� RQ� WKH� ULJKW� FRUUHVSRQGHQFH�
VLQFH�WKH�WUDQVYHUVH�SODQH�LV�URWDWHG�E\�����DURXQG�WKH�]�D[LV�LQ
WKLV� VLWXDWLRQ�� :KHQ� PRYLQJ� WKH� SHSSHUSRW� KRUL]RQWDOO\� WKH
SLFWXUH� RQ� WKH� VFUHHQ� PRYHV� YHUWLFDOO\�� 0HDVXULQJ� WKH� DUHD
) E�J�HQ�UPV�RI� WKH� UHFRQVWUXFWHG�[�[©�SKDVH� VSDFH�JDYH�D�QRU�
PDOL]HG�UPV�HPLWWDQFH�HQ�UPV�RI�DERXW���S�PP�PUDG�DW�WKH�SRVL�
WLRQ� RI� WKH� SHSSHUSRW�� 6LQFH� WKLV� YDOXH�ZDV� QRW� FRUUHFWHG� IRU
DGGLWLRQDO�HIIHFWV�FRQWULEXWLQJ�WR�WKH�VSRWVL]H�OLNH�VSDFHFKDUJH
DQG� ILQLWH� SHSSHUSRW� KROH� GLDPHWHU�� LW� FDQ� EH� UHJDUGHG� DV� DQ
XSSHU�OLPLW�RI�WKH�HPLWWDQFH�

7KH� W\SLFDO� EXQFKFKDUJH� GXULQJ� WKLV� PHDVXUHPHQW� ZDV
�Q&��UHVXOWLQJ�IURP�D��QV�JXQSXOVH�RI����$�SHDN��6WDUWLQJ�ZLWK
����S�PP�PUDG�DW� WKH�JXQ�H[LW� WKH�3$50(/$�SUHGLFWHG�QRU�
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PDOL]HG�UPV�HPLWWDQFH�DW�WKH�SHSSHUSRW�LV�����S�PP�PUDG�IRU�D
EXQFKFKDUJH�RI��Q&��7KH�LQSXW�SDUDPHWHUV�IRU�WKH�3$50(/$
VLPXODWLRQ� ZHUH� GHULYHG� IURP� (*81� FDOFXODWLRQV� ZLWK� D
VSDFHFKDUJH� OLPLWHG� FXUUHQW� RI� �$� DQG� DEVHQFH� RI� PDJQHWLF
ILHOG�RYHU�WKH�ZKROH�JXQ�DUHD��7KH�VLPXODWLRQV�GR�QRW�UHSUHVHQW
WKH� H[SHULPHQW� YHU\� ZHOO� ZKLFK�PLJKW� EH� RQH� UHDVRQ� IRU� WKH
GLVFUHSDQF\�RI�PRUH�WKDQ�D�IDFWRU�RI���

9�� %XQFKLQJ�3HUIRUPDQFH

$FFRUGLQJ� WR� 3$50(/$� FDOFXODWLRQV� 6+%�� DQG� 6+%�
KDYH�WR�UXQ�DW�D�JDSYROWDJH�RI���N9�DQG���N9�UHVSHFWLYHO\��,Q
WKDW�FDVH�WKH�SURJUDP�SUHGLFWV�D�EXQFK�RI����SV�):+0�OHQJWK
DW�WKH�SRVLWLRQ�RI�&0���7KLV�EXQFK�FDQ�EH�FOHDQO\�FDSWXUHG�E\
WKH� �FHOO� WUDYHOOLQJ� ZDYH� 6�EDQG� EXQFKHU� ZLWK� LWV� ILUVW� FHOO
FHQWHUHG� DW� ] ���FP�� 7KH� DUULYDO� WLPH� RI� WKH� EXQFK� DW� &0�
FKDQJHV�ZKHQ�WKH�UI�SKDVH�LV�YDULHG�LQ�6+%��RU�6+%���)URP
WKHVH�PHDVXUHPHQWV� WKH� JDSYROWDJH�8�� DQ� LQIRUPDWLRQ� RQ� WKH
DEVROXWH� SKDVH� VHWWLQJ�ZLWK� UHVSHFW� WR� WKH� EHDP� DQG� WRJHWKHU
ZLWK�WKH�PHDVXUHG�SRZHU�3�IORZLQJ�LQWR�WKH�FDYLW\�WKH�DEVROXWH
VKXQWLPSHGDQFH� 5V 8

�
���3�� ZDV� H[SHULPHWDOO\� GHWHUPLQGHG�

7KH�TXDOLW\�IDFWRU�4��ZDV�PHDVXUHG�ZLWK�D�VSHFWUXP�DQDO\]HU�
7KH�UHVXOWV�DV�VKRZQ�LQ�WDEOH���DJUHH�ZLWKLQ�����ZLWK�0$),$
FDOFXODWLRQV�

2SWLPL]LQJ�SKDVHV�DQG�DPSOLWXGHV�RI�ERWK�6+%©V�D�EXQFK
RI� ���SV� ):+0�OHQJWK� ZLWK� ��$� SHDNFXUUHQW� JLYLQJ� ���Q&
ZDV� DFKLHYHG� DW� &0�� �VHH� ILJ�� �E�� IRU� D� W\SLFDO� JXQSXOVH
����QV����$�� RI� DERXW� ��Q&�� )RXU� ��:� UHVLVWRUV� DUH� VROGHUHG
DFURVV� WKH� FHUDPLF� JDS� RI� &0��� 7RJHWKHU� ZLWK� WKH� JDS�
FDSDFLWDQFH� DQ� XSSHU� IUHTXHQF\� OLPLW� DURXQG� �����*+]� ZDV
HVWLPDWHG�E\�WKH�GHVLJQ�HQJLQHHU�RI�WKLV�PRQLWRU��&RPELQHG�E\
D���WR���FLUFXLW�RI���*+]�EDQGZLGWK��EZ��WKH�PRQLWRU�VLJQDO�LV
JXLGHG�E\� D� ��P� ORQJ� ���©©� DLU� GLHOHFWULF� )OH[ZHOO� FRD[FDEOH
ZLWK�D��GE�EZ�RI��*+]�RQ�WR�D��*+]�RVFLOORVFRSH��WHNWURQL[
7'6����%���7DNLQJ� LQWR�DFFRXQW� WKH�PHDVXUHG�FDEOH�DWWHQXD�
WLRQ�RI����GE�DW��*+]��ZKLFK�LV�DURXQG�WKH�IXQGDPHQWDO�IRU�D
���SV�SXOVH��WKH�FKDUJH�WUDQVPLVVLRQ�XS�WR�&0��LV�EHWWHU�WKDQ
�����$V�D�UHVXOW�RI�WKH�EDQGZLGWK�OLPLWV��PDLQO\�DW�WKH�PRQLWRU
LWVHOI��D�SXOVH�VKRUWHU�WKDQ����SV�LV�QRW�PHDVXUDEOH��7KH�DQVZHU
ZKHWKHU� WKH� UHDO� EXQFKOHQJWK� DJUHHV�ZLWK� WKH� H[SHFWHG� ���SV
ZLOO�EH�JLYHQ�LQ�WKH�QH[W�VWDJH�RI� WKH�LQMHFWRU�H[WHQGHG�E\�WKH
6�EDQG� EXQFKHUVWUXFWXUHV�� $V� H[SHFWHG� WKH� SKDVHV� RI� ERWK
6+%©V�KDYH�EHHQ�VHW�ZLWKLQ����DURXQG�]HUR�FURVVLQJ��5XQQLQJ
DW���N9� WKH�6+%��DPSOLWXGH�DJUHHG� IDLUO\�ZHOO�ZLWK� WKH� SUH�
GLFWLRQV��EXW�6+%��RSHUDWHG�DW� ��N9� LQVWHDG�RI� WKH� H[SHFWHG
��N9�

:LWKRXW�IXUWKHU�PHDVXUHV�WKH�WUDQVPLVVLRQ�DQG�EXQFKLQJ�LV
RQO\�YDOLG� IRU� WKH� ILUVW�SXOVHV� LQ� WKH�EXQFKWUDLQ�� VLQFH� WKH� IRO�
ORZLQJ� RQHV� DUH� DIIHFWHG� E\� DPSOLWXGH� DQG� SKDVH� FKDQJHV� LQ
WKH� FDYLWLHV� GXH� WR� EHDPORDGLQJ� �VHH� ILJ�� �D��� 1HJOHFWLQJ� LWV
GHFD\�WKH�EHDP�LQGXFHG�YROWDJH��8 Z�5�4�T��DIWHU�KDOI�RI�WKH
��V� EXQFKWUDLQ� ZLWK� ���P$� DYHUDJH� FXUUHQW� KDV� SDVVHG� WKH
FDYLWLHV� KDV� ULVHG� XS� WR� ��N9� LQ� 6+%�� DQG� ��N9� LQ� 6+%��
6WDUWLQJ�ZLWK�WKH�GHVLJQ�DPSOLWXGHV�D�SKDVH�FKDQJH�RI�����UH�
VSHFWLYHO\� ���� DSSHDUV� LQ� 6+%�� DQG� 6+%��� 7KH� DPSOLWXGHV
ZLOO� FKDQJH� IURP� ��N9� WR� ��N9� UHVSHFWLYHO\� IURP� ��N9� WR
���N9��7KHVH�YDULDWLRQV�FDQ�EH�FRPSHQVDWHG�ZKHQ�IHHGLQJ�DQ
H[WHUQDO�VLJQDO�RI�RSWLPL]HG�VKDSH��DPSOLWXGH�DQG� WLPLQJ� LQWR

WKH�SKDVH�DQG�DPSOLWXGH�FRQWURO�FLUFXLWV�RI�ERWK�UI�WUDQVPLWWHUV�
$IWHU�KDYLQJ�FDUHIXOO\�DGMXVWHG�WKLV�IHHGIRUZDUG�V\VWHP�DOO���
EXQFKHV� LQ� ��QV�PRGH� DUH� FRPSDUDEOH� WR� WKH� ILUVW� RQH�ZLWKLQ
���SHDNFXUUHQW� DQG�����EXQFKOHQJWK�YDULDWLRQ� VHHQ� DW�&0�
�VHH�ILJ���E���1HYHUWKHOHVV�PRUH�GHWDLOHG�VWXGLHV�DUH�QHFHVVDU\
WR� LPSURYH� WKH� LQIOXHQFH� RI� WKH� IHHGIRUZDUG� HVSHFLDOO\� DW� WKH
���0+]�V\VWHP�ZKHUH� LW�KDV� WR� ILJKW� DJDLQVW� ODUJH� DPSOLWXGH
DQG�SKDVH�FKDQJHV�

9,�� 6XPPDU\

7KH�ILUVW�SDUW�RI� WKH� ,QMHFWRU� IRU� WKH�6�%DQG�7HVW�)DFLOLW\
LQFOXGLQJ� WKH� JXQ� DQG� WZR� VXEKDUPRQLF� EXQFKHU� FDYLWLHV
�6+%��ZDV�VXFFHVVIXOO\�FRPPLVVLRQHG��7KH�JXQ�SURGXFHV���V
ORQJ�EXQFKWUDLQV�ZLWK�GLIIHUHQW�LQWHUEXQFK�VSDFLQJ��(DFK�VLQJOH
SXOVH�ZLWK�D����QV�):+0�OHQJWK�FDUULHV�XS�WR���Q&�RI�FKDUJH�
0HDVXUHG�ZLWK�WKH�SHSSHUSRW�WHFKQLTXH�LQVLGH�D�FRQVWDQW�VROH�
QRLGDO� ILHOG� WKH� QRUPDOL]HG� UPV�HPLWWDQFH� ZDV� ��S�PP�PUDG
EHLQJ� D� IDFWRU� ���� VPDOOHU� WKDQ� H[SHFWHG�� 2SWLPL]HG� IRU
EXQFKLQJ� WKH� JDSYROWDJHV� GLIIHU� IURP�3$50(/$�SUHGLFWLRQV
E\������LQ�6+%��DQG������LQ�6+%���7KH\�ZHUH�PHDVXUHG�E\
D�WLPH�RI�IOLJWK�PHWKRG�WDNLQJ�DGYDQWDJH�RI�WKH���N9�QRQUHOD�
WLYLVWLF� EHDP�� ���SV� ORQJ� SXOVHV� DUH� H[SHFWHG� DIWHU� FRPSUHV�
VLRQ� E\� ERWK� 6+%©V�� %DQGZLGWK� OLPLWHG� E\� WKH� ZDOO� FXUUHQW
PRQLWRU����SV�ORQJ�VLJQDOV�DQG�D�WUDQVPLVVLRQ�EHWWHU�WKDQ����
ZHUH� REVHUYHG��2WKHUZLVH� KHDYLO\� DIIHFWHG� E\� EHDPORDGLQJ� D
IHHGIRUZDUG�V\VWHP� NHHSV� WKH� FDYLW\� SDUDPHWHUV� DOPRVW� FRQ�
VWDQW�RYHU�WKH�ZKROH�WUDLQ�RI�SXOVHV�

9,,�� 5HIHUHQFHV

>�@ 7KH� ,QMHFWRU� IRU� WKH� 6�%DQG� 7HVW� /LQDF� DW� '(6<�� 0�
6FKPLW]�� $�'�� <HUHPLDQ�� 3URFHHGLQJV� RI� WKH� ����� ,Q�
WHUQDWLRQDO�/LQDF�&RQIHUHQFH��S�������7VXNXED��-DSDQ

>�@ )LUVW�7HVWV� DW� ,QMHFWRU� IRU� WKH�6�%DQG�7HVW�)DFLOLW\��0�
6FKPLW]�HW�DO���3URFHHGLQJV�RI� WKH������3DUWLFOH�$FFHO�
HUDWRU�&RQIHUHQFH��S����������'DOODV�7H[DV��86$

>�@ %HDP� (PLWWDQFH� 0HDVXUHPHQW� E\� WKH� 3HSSHUSRW
0HWKRG��-�*��:DQJ��'�;�:DQJ��0��5HLVHU��1,0�$���
��������S��������

>�@ ,QEHWULHEQDKPH�GHU�(OHNWURQHQ�*XQ�GHV�6�%DQG�7HVWOL�
QDF� XQG�%HVWLPPXQJ� GHU� 6WUDKOHLJHQVFKDIWHQ�� 5��:DO�
WKHU��)DFKKRFKVFKXOH�2VWIULHVODQG��(PGHQ��*HUPDQ\

7DEOH����6+%�SURSHUWLHV

5V�>N:@
0$),$���PHDV�

4�

0$),$���PHDV�
5V�4��>:@

0$),$���PHDV�
6+%� ���������r� ����������� �������

6+%� ���������r�� ����������� ��������

D��,SHDN ���$���QV�GLY E��,SHDN ��$��):+0 ���SV

)LJXUH����7\SLFDO�SXOVHVVKDSH�PHDVXUHG�DW�&0���VHH��D��DQG
DIWHU�FRPSUHVVLRQ�DW�&0���VHH��E�

D��ZLWKRXW�IHHGIRUZDUG E��ZLWK�IHHGIRUZDUG

)LJXUH����%XQFKWUDLQ�DIWHU�FRPSUHVVLRQ�DW�&0������QV�GLY
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