
�
�

4XLFN�DQG�(FRQRPLFDO�3RZHU�$XJPHQWDWLRQ�DQG�(PLVVLRQV�&RQWURO�8VLQJ�1HZ�$GYDQFHPHQWV�LQ�&RPEXVWLRQ�7XUELQH�6WHDP�,QMHFWLRQ��7KH�$GYDQFHG�&KHQJ�6\VWHP70��$&670��LV�&KHQJ�3RZHU�6\VWHPV¶��&KHQJ¶V��SURSULHWDU\�WHFKQRORJ\�IRU�PRGLI\LQJ�QHZ�DQG�H[LVWLQJ�FRPEXVWLRQ�WXUELQHV�IRU�VWHDP�LQMHFWLRQ�WR�LQFUHDVH�WKHLU�HIILFLHQF\�DQG�FDSDFLW\���7KH�$&670�LV�D�SDUDOOHO�FRPELQDWLRQ�RI�WKH�%UD\WRQ�F\FOH�DQG�WKH�5DQNLQH�F\FOH���7KH�$&670�LQFRUSRUDWHV�IXOO�KHDW�UHFRYHU\�PDVVLYH�VWHDP�LQMHFWLRQ�DQG�XVHV�DQ�HQHUJ\�VWRUDJH�KHDW�UHFRYHU\�VWHDP�JHQHUDWRU��+56*��GHVLJQ�WKDW�LQFRUSRUDWHV�WKHUPRG\QDPLF�IHHGEDFN�IRU�DXWRPDWLF�FRQWURO�DQG�VWDEOH�RSHUDWLRQ�DW�PD[LPXP�HIILFLHQF\���7KH�$&670�KDV�D�VPDOO�SODQW�IRRWSULQW�DUHD�UHODWLYH�WR�D�VLPLODU�VL]HG�FRPELQHG�F\FOH�SRZHU�SODQW���$�UHODWHG�SURGXFW�RI�WKH�$&670��WKH�&KHQJ�%226770�V\VWHP��FDQ�EH�XVHG�WR�SURYLGH�SDUWLDO�VWHDP�LQMHFWLRQ�WR�LQFUHDVH�WKH�FDSDFLW\�RI�FRPEXVWLRQ�WXUELQHV�UHJDUGOHVV�RI�DPELHQW�FRQGLWLRQV��XVXDOO\�RQO\�XS�WR�WKH�OLPLWV�RI�WKHLU�H[LVWLQJ�HOHFWULFDO�VLGH�HTXLSPHQW��JHQHUDWRUV��VWHS�XS�WUDQVIRUPHUV��VZLWFKJHDU��HWF�����7KH�&KHQJ�%226770�V\VWHP�LV�HVSHFLDOO\�FRVW�HIIHFWLYH�ZKHQ�WKHUH�LV�DQ�H[LVWLQJ�VRXUFH�RI�VWHDP��VXFK�DV�D�VLPSOH�F\FOH�FRJHQHUDWLRQ�SODQW�RU�D�FRPELQHG�F\FOH�SODQW���&KHQJ�KDV�DOVR�GHYHORSHG�D�ORZ�HPLVVLRQ�FRPEXVWLRQ�V\VWHP��WKH�&KHQJ�/RZ�12[��&/170��V\VWHP��ZKLFK�UHGXFHV�12[�DQG�&2�VLPXOWDQHRXVO\���7KH�&/170�V\VWHP�XVHV�RQO\�VWHDP�WR�FRQWURO�WKH�12[�DQG�&2�HPLVVLRQV�RI�FRPEXVWLRQ�WXUELQHV��ILUHG�ERLOHUV�DQG�RWKHU�HTXLSPHQW�EXUQLQJ�JDVHRXV�IXHOV���1R�FDWDO\VWV��DPPRQLD��XUHD�RU�RWKHU�UHDJHQWV��VXEV\VWHPV��RU�DGGLWLRQDO�HTXLSPHQW�DUH�UHTXLUHG���12[�OHYHOV�DV�ORZ�DV���SDUWV�SHU�PLOOLRQ�RQ�D�YROXPHWULF�GU\�EDVLV��SSPYG���FRUUHFWHG�WR�����2���KDYH�EHHQ�DFKLHYHG�ZLWK�YHU\�VWDEOH�RSHUDWLQJ�FKDUDFWHULVWLFV�IRU�VRPH�FRPEXVWLRQ�WXUELQH�KDUGZDUH��ZLWK�VRPH�H[SHULPHQWV�DFKLHYLQJ�OHYHOV�DV�ORZ�DV���SSPYG��FRUUHFWHG�WR�����2����8QOLNH�FRQYHQWLRQDO�VWHDP�RU�ZDWHU�LQMHFWLRQ�IRU�12[�FRQWURO��&2�OHYHOV�DUH�YHU\�ORZ��W\SLFDOO\�LQ�WKH�UDQJH�RI���WR���SSPYG��FRUUHFWHG�WR�����2����&2�OHYHOV�DUH�RIWHQ�ORZHU�ZKHQ�XVLQJ�WKH�&/170�V\VWHP�WKDQ�IRU�WKH�XQDEDWHG�FRPEXVWLRQ�WXUELQH���7KLV�LQGLFDWHV�WKDW�WKH�&/170�V\VWHP�KDV�HQKDQFHG�FRPEXVWLRQ�HIILFLHQF\��ZKLFK�LV�FRQWUDU\�WR�WKH�HIIHFWV�RI�RWKHU�VWHDP�LQMHFWLRQ�RU�ZDWHU�LQMHFWLRQ�V\VWHPV���(IIRUWV�DUH�XQGHUZD\�WR�FHUWLI\�WKH�&/170�V\VWHP�DV�%HVW�$YDLODEOH�&RQWURO�7HFKQRORJ\��%$&7��DQG�/RZHVW�$FKLHYDEOH�(PLVVLRQV�5DWH��/($5��WHFKQRORJ\�IRU�FRPEXVWLRQ�WXUELQHV��ERLOHUV��IXUQDFHV�DQG�RWKHU�GHYLFHV���7KLV�SDSHU�GRFXPHQWV�D�UHFHQW�SRZHU�DXJPHQWDWLRQ�DQG�HPLVVLRQV�FRQWURO�SURMHFW�WKDW�ZDV�FRQFHLYHG��LPSOHPHQWHG�DQG�SDUWLDOO\�FRPSOHWHG�LQ�6XPPHU��������7KH�RZQHUV�RI�D�PDMRU�LQGXVWULDO�IDFLOLW\�LQ�6RXWKHUQ�&DOLIRUQLD�GHFLGHG�WR�LQVWDOO�WKH�&KHQJ�%226770�V\VWHP�RQ�WKUHH�H[LVWLQJ�*(�)UDPH��%�FRPEXVWLRQ�WXUELQHV���7KH�GHFLVLRQ�WR�PRGLI\�WKH�)UDPH��%�HQJLQHV�ZDV�GULYHQ�E\�WKH�HOHFWULFDO�SRZHU�DQG�QDWXUDO�JDV�FULVLV�WKDW�XQIROGHG�LQ�&DOLIRUQLD�LQ�WKH�HDUO\�PRQWKV�RI��������7DEOH���VKRZV�WKH�W\SLFDO�SHUIRUPDQFH�RI�WKH�WKUHH�)UDPH��%�HQJLQHV�DW�WKH�EHJLQQLQJ�RI�WKH�SURMHFW���7KH�HQJLQHV�DOO�SHUIRUPHG�VOLJKWO\�GLIIHUHQWO\��UHIOHFWLQJ�GLIIHUHQFHV�LQ�WKHLU�YLQWDJH�DQG�PLQRU�GLIIHUHQFHV�LQ�WKHLU�SODQW�FRQILJXUDWLRQV�����



�
�

�
$�7UDLQ� %�7UDLQ� &�7UDLQ�3RZHU�2XWSXW���0:�� ����� ����� �����

6LPSOH�&\FOH�+HDW�5DWH����%78�N:K�� ������� ������� �������
$YDLODEOH�3URFHVV�6WHDP�ZLWK����������������'XFW�)LULQJ��SSK�� ��������� ��������� ���������

*(�)UDPH��%�3HUIRUPDQFH�'DWD�DW�WKH�6WDUW�RI�WKH�3URMHFW���R)������5HODWLYH�+XPLGLW\��,QOHW�)RJJLQJ�2Q���������SSK�6WHDP�IRU�12[�&RQWURO�
�7DEOH�����7KH�$�7UDLQ�DQG�WKH�%�7UDLQ�RI�WKH�HOHFWULFDO�SODQW�DUH�ERWK�*(�3*����%�FRPEXVWLRQ�WXUELQHV�ZLWK�0DUN�,9�FRQWUROV��6WUXWKHUV�:HOOV�+56*V�DQG�&RHQ�GXFW�EXUQHUV���7KH�XQLWV�ZHUH�LQVWDOOHG�LQ������DQG�KDYH�DERXW���������DQG���������RSHUDWLQJ�KRXUV��UHVSHFWLYHO\���7KH�&�7UDLQ�LV�D�ODWHU�PRGHO�*(�3*����%�FRPEXVWLRQ�WXUELQH�ZLWK�0DUN�9�FRQWUROV��D�'HOWDN�+56*�DQG�&RHQ�GXFW�EXUQHUV���7KH�&�7UDLQ�ZDV�LQVWDOOHG�LQ������DQG�KDV�DERXW��������RSHUDWLQJ�KRXUV���7KH�SHUIRUPDQFH�RI�DOO�RI�WKH�HQJLQHV�KDV�EHHQ�JRRG���7KH�IDFLOLW\�KDV�DQ�HOHFWULFDO�ORDG�WKDW�LV�IDLUO\�ZHOO�PDWFKHG�ZLWK�WKH�RXWSXW�RI�WKH�WKUHH�)UDPH��%�XQLWV�ZKHQ�RSHUDWLQJ�RQ�FRROHU�GD\V�LQ�WKH�ZLQWHU�PRQWKV���7KH�)UDPH��%�XQLWV�DOUHDG\�KDYH�LQOHW�FRROLQJ�LQVWDOOHG���7KH�LQOHW�FRROLQJ�LV�HIIHFWLYH�DW�SURYLGLQJ�D�SRZHU�RXWSXW�ERRVW�RQ�PDQ\�GD\V��DQG�ZLWK�WKH�ULJKW�DPELHQW�FRQGLWLRQV��WKH�IDFLOLW\�ZRXOG�EHFRPH�D�VPDOO�QHW�SRZHU�H[SRUWHU���2Q�ZDUPHU�GD\V��HVSHFLDOO\�ZKHQ�WKH�KXPLGLW\�LV�KLJKHU��WKH�IDFLOLW\�ZRXOG�EHFRPH�D�QHW�SRZHU�LPSRUWHU���7KH�RZQHUV�DUH�LQFUHDVLQJ�WKH�DYHUDJH�HOHFWULFDO�SRZHU�GHPDQG�RI�WKH�IDFLOLW\�WKURXJK�DQ�RQJRLQJ�SURJUDP�WR�HOHFWULI\�VRPH�PHFKDQLFDO�GULYH�IXQFWLRQV���7KH�LQVWDOODWLRQ�RI�YDULDEOH�VSHHG�HOHFWULFDO�GULYHV�LPSURYHV�WKH�RYHUDOO�HQHUJ\�HIILFLHQF\�RI�WKH�IDFLOLW\��DV�FRPSDUHG�WR�WKH�XVH�RI�PHFKDQLFDO�GULYHV��EXW�DW�WKH�FRVW�RI�D�KLJKHU�HOHFWULFDO�GHPDQG���7KH�RZQHUV�ZHUH�FRQFHUQHG�DERXW�LQFUHDVLQJ�WKH�HOHFWULFDO�GHPDQG�LQ�DQ�DOUHDG\�WLJKW�SRZHU�PDUNHW�WKDW�ZDV�H[SHFWHG�WR�JHW�WLJKWHU�DQG�PRUH�FRVWO\�LQ�WKH�VXPPHU�PRQWKV���1RW�RQO\�ZDV�WKHUH�FRQFHUQ�WKDW�WKH�FRVW�RI�EX\LQJ�DGGLWLRQDO�HOHFWULFLW\�ZRXOG�EH�KLJK��EXW�WKHUH�ZDV�DOVR�FRQFHUQ�WKDW�VXIILFLHQW�HOHFWULFDO�SRZHU�PLJKW�QRW�EH�DYDLODEOH�DW�DQ\�SULFH�DQG�WKDW�HOHFWULFLW\�VXSSO\�FXUWDLOPHQWV�ZRXOG�KDYH�FRQVHTXHQWLDO�FRVWV�DVVRFLDWHG�ZLWK�SURGXFWLRQ�LQHIILFLHQFLHV�IDU�LQ�H[FHVV�RI�WKH�FRVW�RI�LQFUHPHQWDO�HOHFWULFLW\�������7KH�IDFLOLW\�RSHUDWHV�WKH�)UDPH��%�HQJLQHV�LQ�VLPSOH�F\FOH�FRJHQHUDWLRQ�PRGH�ZLWK�D�FRPPRQ�KLJK�SUHVVXUH�VWHDP�KHDGHU���7KH�VWHDP�KHDGHU�SURYLGHV�VWHDP�IRU�D�QXPEHU�RI�SURFHVV�IXQFWLRQV�LQFOXGLQJ�KHDWLQJ�DQG�WKH�RSHUDWLRQ�RI�PHFKDQLFDO�GULYHV���6HYHUDO�VWHDP�WXUELQHV�ZLWK�H[WUDFWLRQ�VWDJHV�DUH�SUHVHQW�WR�VXSSO\�YDULRXV�VWHDP�ORDGV���7KH�VWHDP�GHPDQG�IRU�WKH�IDFLOLW\�LV�JHQHUDOO\�KLJKHU�LQ�WKH�ZLQWHU�WKDQ�LQ�WKH�VXPPHU��DQG�WKH�WRWDO�VWHDP�GHPDQG�UDQJHV�IURP�DERXW���������SRXQGV�SHU�KRXU�WR�DERXW���������SRXQGV�SHU�KRXU��GHSHQGLQJ�XSRQ�DPELHQW�WHPSHUDWXUH�DQG�WKH�SURGXFW�PL[�WKDW�LV�EHLQJ�SURGXFHG�DW�DQ\�SDUWLFXODU�WLPH���$X[LOLDU\�ERLOHUV�EDODQFH�WKH�VWHDP�ORDG�ZLWK�WKH�RXWSXW�RI�WKH�VLPSOH�F\FOH�FRJHQHUDWLRQ�SODQW���:LWK�WKH�HOHFWULILFDWLRQ�RI�VRPH�RI�WKH�PHFKDQLFDO�GULYHV��WKH�DPRXQW�RI�VWHDP�UHTXLUHG�LV�GHFUHDVLQJ��ZKLOH�WKH�SHDN�HOHFWULFDO�GHPDQG�IRU�WKH�IDFLOLW\�LV�LQFUHDVLQJ���)XWXUH�FDSDFLW\�LQFUHDVHV�DQG�FKDQJHV�LQ�SURGXFW�PL[��KRZHYHU��ZLOO�LQFUHDVH�WKH�WRWDO�VWHDP�GHPDQG�XQGHU�VRPH�FRQGLWLRQV��VR�WKH�RZQHUV�DOVR�ZDQWHG�WR�PDLQWDLQ�IOH[LELOLW\�ZLWK�UHJDUG�WR�YDU\LQJ�VWHDP�DQG�HOHFWULFDO�SRZHU�SURGXFWLRQ��
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KLJK�HIILFLHQF\�DQG�KLJK�RXWSXW�WKDW�DUH�DFKLHYHG�DW�WKH�VWHDP�PDVV�IORZ�UDWHV�XVHG�LQ�&KHQJ¶V�WHFKQRORJLHV����� ����������������������� )LJXUH�����7\SLFDO�5HWURILW�IRU�*(�)UDPH�(QJLQH�&RPEXVWRUV���7KH�&/170�V\VWHP�LV�D�SDWHQWHG�SURFHVV�GHYHORSHG�E\�&KHQJ�IRU�FRPEXVWLRQ�WXUELQH�HPLVVLRQV�FRQWURO���8QH[SHFWHG�SKHQRPHQD�WKDW�ZHUH�REVHUYHG�GXULQJ�FRPEXVWLRQ�WXUELQH�VWHDP�LQMHFWLRQ�WHVWLQJ�OHG�&KHQJ�WR�FDUU\�RXW�DQ�LQ�GHSWK�SURJUDP�IRFXVHG�RQ�XQGHUVWDQGLQJ�WKH�IXQGDPHQWDO�PHFKDQLVPV�RI�12[�IRUPDWLRQ���&/170�LV�D�FRPEXVWLRQ�WHFKQRORJ\�WKDW�VLPXOWDQHRXVO\�UHGXFHV�12[�DQG�&2�HPLVVLRQV�LQ�D�GLIIXVLRQ�IODPH���7KH�&/170�V\VWHP�SUHFLVHO\�PHWHUV�DQG�PL[HV�VWHDP�DW�VSHFLILHG�FRQGLWLRQV�ZLWK�IXHO�JDV�DQG�VHQGV�WKH�VWHDP�IXHO�PL[WXUH�WR�VSHFLDOO\�GHVLJQHG�IXHO�QR]]OHV���7KH�&/170�QR]]OH�GHVLJQ�LQFUHDVHV�WKH�PRPHQWXP�RI�WKH�IXHO�MHWV��EXW�QRW�WKH�IXHO�IORZ�UDWH��DQG�WKH�V\VWHP�XVHV�VSHFLDO�PL[LQJ�HTXLSPHQW�WR�KRPRJHQL]H�WKH�IXHO�ZLWK�WKH�VWHDP���7KH�KLJKHU�IXHO�MHW�PRPHQWXP�RI�WKH�&/170�V\VWHP�IODPH�HQKDQFHV�WKH�GLIIXVLRQ�UDWH�RI�R[\JHQ�WRZDUGV�WKH�IODPH�IURQW���7KH�&/170�V\VWHP�DOVR�UHGXFHV�WKH�QLWURJHQ�FRQFHQWUDWLRQ�DW�WKH�IODPH�IURQW�E\�WKH�FRXQWHU�GLIIXVLRQ�RI�D�ZDWHU�YDSRU�IOX[���2QH�RI�WKH�XQLTXH�IHDWXUHV�RI�WKH�&/170�V\VWHP�LV�WKH�PL[LQJ�RI�WKH�VWHDP�LQWR�WKH�IXHO�UDWKHU�WKDQ�LQWR�WKH�FRPEXVWLRQ�DLU���7KH�EHQHILW�RI�GLOXWLQJ�WKH�IXHO�UDWKHU�WKDQ�WKH�DLU�LV�WKDW�WKH�GLOXHQWV�GR�QRW�RSSRVH�WKH�IOX[�RI�WKH�FRPEXVWLRQ�SURGXFWV���$OVR��GLOXWLQJ�WKH�IXHO�DQG�LQFUHDVLQJ�WKH�IXHO�MHW�PRPHQWXP�FDXVHV�WKH�IODPH�IURQW�WR�PRYH�FORVHU�WR�WKH�IXHO�MHW���$V�D�UHVXOW��WKH�WHPSHUDWXUH�JUDGLHQW�LQ�WKH�IODPH�LQFUHDVHV��ZKLFK�EUHDNV�GRZQ�WKH�IXHO�IDVWHU��DQG�WKH�GLIIXVLRQ�UDWHV�DQG�FRQFHQWUDWLRQ�JUDGLHQWV�RI�WKH�FRPEXVWLEOHV�LQFUHDVH��ZKLFK�LQFUHDVHV�WKH�FRPEXVWLRQ�UDWH���7KHVH�FKDQJHV�LQ�IODPH�NLQHWLFV�SURGXFH�D�VPDOOHU�IODPH�IRU�WKH�VDPH�KHDW�UHOHDVH�UDWH�ZLWK�D�

&KHQJ�%226770

6WHDP 6WHDP�0DQLIROG
&RROLQJ�6WHDP

7UDQVLWLRQ�3LHFH

$LU

&RPEXVWLRQ�
&DVLQJ

&RPEXVWLRQ�/LQHU

&/170

6WHDP�
	�)XHO

&KHQJ�%226770

6WHDP 6WHDP�0DQLIROG
&RROLQJ�6WHDP

7UDQVLWLRQ�3LHFH

$LU

&RPEXVWLRQ�
&DVLQJ

&RPEXVWLRQ�/LQHU

&/170

6WHDP�
	�)XHO
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PRUH�XQLIRUP�WHPSHUDWXUH�GLVWULEXWLRQ��ORZHU�SHDN�WHPSHUDWXUH�DQG�VKRUWHU�UHVLGHQFH�WLPHV�IRU�1�VSHFLHV��DOO�RI�ZKLFK�LQKLELW�12[�IRUPDWLRQ���)LJXUH���VKRZV�VHYHUDO�WZR�GLPHQVLRQDO�IDOVH�FRORU�LPDJHV�RI�D�PHWKDQH��QDWXUDO�JDV��IODPH�XQGHU�WKH�IXOO�ORDG�RSHUDWLQJ�FRQGLWLRQV�IRXQG�LQ�D�:HVWLQJKRXVH�����'��FRPEXVWLRQ�WXUELQH�FRPEXVWRU���7KH�FRORU�VFDOHV�FRUUHVSRQG�WR�WKH�PDVV�IUDFWLRQ�RU�FRQFHQWUDWLRQ�RI�&+���12�DQG�&2�DQG�WKH�DEVROXWH�WHPSHUDWXUH�RI�WKH�IODPH�VWUXFWXUH��DV�LQGLFDWHG�LQ�HDFK�SDUW�RI�)LJXUH�����7KH�XSSHU�OHIW�TXDGUDQW�RI�WKH�ILJXUH�VKRZV�WKH�&+��FRQFHQWUDWLRQ��ZKLFK�HVVHQWLDOO\�GHILQHV�WKH�IODPH�ERXQGDU\�VLQFH�FRPEXVWLRQ�FRPSOHWHV�ZKHQ�DOO�WKH�IXHO�LV�FRQVXPHG���1RWLFH�KRZ�PXFK�WKH�IODPH�HQYHORSH�VKULQNV�ZLWK�WKH�&/170�V\VWHP���7KH�XSSHU�ULJKW�TXDGUDQW�RI�WKH�ILJXUH�VKRZV�WKH�WHPSHUDWXUH�SURILOH�LQ�WKH�FRPEXVWRU���1RWLFH�WKDW�WKHUH�LV�D�VLJQLILFDQW�ORZHULQJ�RI�WKH�SHDN�WHPSHUDWXUH�ZLWK�WKH�&/170�V\VWHP��EXW�DOVR�LPSRUWDQW�LV�WKH�IDFW�WKDW�WKH�KRWWHVW�UHJLRQV�LQ�WKH�FRPEXVWRU�DUH�PXFK�VPDOOHU���7KH�ORZHU�OHIW�TXDGUDQW�RI�WKH�ILJXUH�VKRZV�WKH�GUDPDWLF�LPSDFW�WKDW�WKH�&/170�V\VWHP�KDV�RQ�12[�SURGXFWLRQ���1RW�RQO\�LV�WKH�PD[LPXP�12[�FRQFHQWUDWLRQ�JUHDWO\�UHGXFHG��EXW�DJDLQ��WKH�VL]H�RI�WKH�DFWLYH�12[�IRUPLQJ�UHJLRQV�DUH�DOVR�PXFK�VPDOOHU�ZLWK�WKH�&/170�V\VWHP��)LQDOO\��WKH�ORZHU�ULJKW�TXDGUDQW�RI�WKH�ILJXUH�VKRZV�WKH�FRQFHQWUDWLRQ�RI�&2�LQ�WKH�IODPH�VWUXFWXUH���,Q�WKLV�FDVH��WKH�UHJLRQV�LQ�ZKLFK�&2�LV�SUHVHQW�LQ�VLJQLILFDQW�FRQFHQWUDWLRQV�DUH�PXFK�VPDOOHU��DQG�WKH�SHDN�&2�FRQFHQWUDWLRQ�LV�ORZHU���

1R�6WHDP

:LWK�&/1��6WHDP

�����9DULDWLRQ�RI�&+�
+LJK�0L[WXUH�'LIIXVLYLW\�
DOORZV�IRU�TXLFN�IXHO�EUHDNGRZQ

:LWK�&/1��6WHDP

1R�6WHDP 0D[LPXP�RI������

0D[LPXP�RI������
5HGXFWLRQ�E\�D�)DFWRU�RI��

9DULDWLRQ�RI�12[�
:LWK�&/1��6WHDP

1R�6WHDP

9DULDWLRQ�RI�&2

1R�6WHDP

:LWK�&/1��6WHDP

0D[LPXP�7HPSHUDWXUH�������.

0D[LPXP�7HPSHUDWXUH������.
�'LIIHUHQFH�RI�����.������9DULDWLRQ�RI�7HPSHUDWXUH

)LJXUH�����:����'��&RPEXVWRU�)ODPH�&KDUDFWHULVWLFV�8QGHU�)XOO�/RDG�&RQGLWLRQV�
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�7KH�&/170�V\VWHP�KDV�EHHQ�WKH�VXEMHFW�RI�H[WHQVLYH�UHVHDUFK�DQG�GHYHORSPHQW���,Q�DGGLWLRQ�WR�QXPHURXV�ODERUDWRU\�EHQFK�VFDOH�WHVWV�DQG�GHPRQVWUDWLRQV��WKH�&/170�WHFKQRORJ\�KDV�EHHQ�H[WHQVLYHO\�PRGHOHG�XVLQJ�WKH�PRVW�VRSKLVWLFDWHG�FRPSXWDWLRQ�UHVRXUFHV�DYDLODEOH���&KHQJ�XVHV�WKH�67$5�&'�9�������FRPSXWDWLRQDO�IOXLG�G\QDPLFV�VRIWZDUH�ZLWK�WKH�,&(0�&)'�PHVKLQJ�SURJUDP�DQG�WKH�1�6WHS�FRPEXVWLRQ�NLQHWLFV�PRGHO�WR�VLPXODWH�WKH�&/170�WHFKQRORJ\���$PRQJ�KXQGUHGV�RI�DYDLODEOH�PHFKDQLVPV��&KHQJ�FKRVH�WR�VHSDUDWH�RXW�IRU�LWV�FDOFXODWLRQV�WKH����PRVW�SURPLQHQW�UHDFWLRQ�VWHSV�DPRQJ�WKH�FRPEXVWLRQ�UHDFWLRQV�IRU�DOO�WKH�VSHFLHV�&[+\��+���&2��1���HWF��SUHVHQW�LQ�WKH�IODPH���6LPXODWLRQV�KDYH�EHHQ�UXQ�WKDW�LQFRUSRUDWH�DV�PDQ\�DV���������FHOOV���&KHQJ�KDV�DOVR�LQYHVWHG�KHDYLO\�LQ�DQ�H[WHQVLYH�WHVW�IDFLOLW\�WKDW�HQDEOHV�WKH�IXOO�VFDOH��OLYH�ILUH�WHVWLQJ�RI�DFWXDO�FRPEXVWLRQ�WXUELQH�KDUGZDUH���7KH�WHVW�IDFLOLW\�XVHV�DQ�$OOLVRQ������.+�YHUVLRQ�RI�WKH�RULJLQDO�&KHQJ�&\FOH�WR�SURYLGH�VWHDP�IRU�LQMHFWLRQ�LQWR�WKH�&/170�DQG�&KHQJ�%226770�WHVW�KDUGZDUH���$�VFKHPDWLF�RI�WKH�WHVW�IDFLOLW\�LV�VKRZQ�LQ�)LJXUH�����7KH�WHVW�IDFLOLW\�DOORZV�D�VLQJOH�FRPEXVWLRQ�WXUELQH�KDUGZDUH�VHW��FRQVLVWLQJ�RI�WKH�FRPEXVWRU�FDQ��FRPEXVWLRQ�OLQHU��IORZ�VOHHYHV��LI�DSSOLFDEOH���WUDQVLWLRQ�SLHFH��FRPEXVWRU�HQGSODWH�DQG�IXHO�QR]]OH��DORQJ�ZLWK�WKH�DSSURSULDWH�&KHQJ�KDUGZDUH��WR�EH�WHVWHG���

)LJXUH�����&KHQJ¶V�&RPEXVWLRQ�7XUELQH�+DUGZDUH�7HVW�5LJ�6FKHPDWLF�'LDJUDP�
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�)LJXUH���VKRZV�WKH�H[KDXVW�SRUWLRQ�RI�WKH�WHVW�ULJ�GXULQJ�D�WHVW�ILULQJ�RI�WKH�:HVWLQJKRXVH�����'��KDUGZDUH���7KH�LPSUHVVLYH�KHDW�UHOHDVH�UDWH�WKDW�UHVXOWV�IURP�WKH�IXOO�VFDOH�WHVWLQJ�RI�D�VLQJOH�FRPEXVWRU�LV�FOHDUO\�YLVLEOH���)LJXUH���VKRZV�D�FORVH�XS�RI�DQ�LQWHUHVWLQJ�IHDWXUH�WKDW�KDV�EHHQ�LQFRUSRUDWHG�LQWR�WKH�WHVW�ULJ��D�ZLQGRZ�WR�DOORZ�RSWLFDO�LPDJLQJ�RI�WKH�IODPH�GXULQJ�RSHUDWLRQ���)LJXUH���VKRZV�WKH�DFWXDO�IODPH�FRQGLWLRQV�LQ�WKH�YLFLQLW\�RI�WKH�GRZQVWUHDP�GLOXWLRQ�DLU�KROHV�LQ�WKH�FRPEXVWLRQ�OLQHU�GXULQJ�RQH�RI�WKH�:HVWLQJKRXVH�����'��WHVWV���7KH�TXDOLWDWLYH�DIIHFWV�RI�VWHDP�LQMHFWLRQ�RQ�WKH�IODPH�VL]H�DQG�WHPSHUDWXUH��DV�HYLGHQFHG�E\�LWV�OXPLQRVLW\�DQG�WKH�KHDWLQJ�RI�WKH�HGJH�RI�WKH�OLQHU�GLOXWLRQ�DLU�KROH��DUH�FOHDUO\�YLVLEOH���

�)LJXUH�����&KHQJ¶V�&RPEXVWLRQ�7XUELQH�+DUGZDUH�7HVW�5LJ�([KDXVW�'XULQJ�2SHUDWLRQ���)LJXUH���LV�D�JHQHULF�3	,'�IRU�W\SLFDO�FRPEXVWLRQ�WXUELQH�&/170�DQG�&KHQJ�%226770�V\VWHP�LQVWDOODWLRQV���7KH�FRQILJXUDWLRQ�VKRZQ�LV�VLPLODU�WR�WKDW�ZKLFK�ZDV�XVHG�RQ�WKH�WKUHH�)UDPH��%�HQJLQHV���7KH�VWDQGDUG�3	,'�DVVXPHV�WKDW�DQ�HQJLQH�ZLOO�EH�PRGLILHG�WR�DFFHSW�WKUHH�VWHDP�VRXUFHV��&/170�VWHDP��&KHQJ�$XJPHQWDWLRQ�6\VWHP��&$6��VWHDP��ZKLFK�LV�FRPPRQ�WR�ERWK�WKH�&KHQJ�%226770�V\VWHP�DQG�WKH�$&670��DQG�FRROLQJ�VWHDP���,W�DOVR�DVVXPHV�WKDW�VWHDP�LV�VXSSOLHG�IURP�DQ�+56*�ZLWK�D�VXSHUKHDWHU�DQG�WKDW�RQH�PDLQ�VWHDP�OLQH�IHHGV�WKH�WKUHH�VWHDP�OLQHV���,Q�WKH�FDVH�RI�WKH�)UDPH��%�HQJLQHV��WKH�+56*V�ZHUH�WDSSHG�LQ�WKH�YLFLQLW\�RI�WKHLU�FRQQHFWLRQV�WR�WKH�IDFLOLW\�PDLQ�SURFHVV�VWHDP�KHDGHU���7KH�QRPLQDO�VWHDP�FRQGLWLRQV�LQ�WKH�PDLQ�SURFHVV�VWHDP�KHDGHU�DUH�����SVLD�DQG����R�)���6WHDP�IURP�WKH�+56*�JRHV�WKURXJK�DQ�H[WHUQDO�PRLVWXUH�VHSDUDWRU�WR�UHPRYH�DQ\�ZDWHU�GURSOHWV�DQG�WR�DFKLHYH�WKH�UHTXLUHG�VWHDP�SXULW\���7KH�PDLQ�VWHDP�OLQH�LV�WKHQ�VSOLW�LQWR�WKUHH�VWUHDPV���)RU�WKH�&/170�VWHDP��VDWXUDWHG�VWHDP�LV�PL[HG�ZLWK�VXSHUKHDWHG�VWHDP�WR�DFKLHYH�WKH�GHVLUHG�GHJUHH�RI�VXSHUKHDW���,Q�D�V\VWHP�ZLWK�VDWXUDWHG�RU�
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VOLJKWO\�VXSHUKHDWHG�VWHDP��WKH�&$6�VWHDP�WKDW�VXSSOLHV�WKH�&KHQJ�%226770�V\VWHP�JRHV�WKURXJK�D�VXSHUKHDWHU�WR�UDLVH�WKH�VWHDP�WHPSHUDWXUH���7KH�RXWOHW�WHPSHUDWXUH�LV�FRQWUROOHG�E\�WKH�WKUHH�ZD\�E\SDVV�YDOYH��ZKLFK�FRQWUROV�WKH�DPRXQW�RI�VXSHUKHDW�DQG�WKH�UHVXOWLQJ�WHPSHUDWXUH�RI�WKH�VWHDP�IXHO�PL[WXUH���$�IL[HG�RULILFH�UHJXODWHV�FRROLQJ�VWHDP�IORZ���$XWRPDWLF�GUDLQ�YDOYHV��SXUJH�YDOYHV�DQG�E\SDVV�YDOYHV�EORFN�VWHDP�IORZV��GUDLQ�FRQGHQVDWH�DQG�SUH�KHDW�WKH�V\VWHP�GXULQJ�VWDUWXS�WR�HQVXUH�WKDW�RQO\�GU\�VWHDP�ZLWK�WKH�SURSHU�SDUDPHWHUV�LV�LQWURGXFHG�LQWR�WKH�HQJLQH���3UHVVXUH�UHGXFHUV��GUDJ�YDOYHV�RU�DWWHPSHUDWRUV�DUH�LQFRUSRUDWHG�LQWR�VSHFLILF�LQVWDOODWLRQV�GHSHQGLQJ�XSRQ�WKH�VWHDP�VRXUFHV�DQG�VXSSO\�FRQGLWLRQV�DYDLODEOH��DQG�WKHVH�DUH�QRW�VKRZQ�RQ�WKH�JHQHULF�3	,'���,QSXWV�WR�DQG�RXWSXWV�IURP�WKH�$&670�FRQWURO�V\VWHP�DUH�VKRZQ�DV�KH[DJRQV�RQ�WKH�3	,'���7KH�FRQWURO�V\VWHP�SURYLGHV�VHTXHQFLQJ�IRU�VWDUW�XS�DQG�VKXWGRZQ�IXQFWLRQV��DV�ZHOO�DV�IRU�QRUPDO�SODQW�FRQWURO���)LJXUH���VKRZV�WKH�RULJLQDO��YHU\�RSWLPLVWLF�SURMHFW�VFKHGXOH�IRU�&KHQJ�%226770�V\VWHP�LQVWDOODWLRQ���8QIRUWXQDWHO\��WKH�VFKHGXOH�ZDV�QRW�DFKLHYHG��HYHQ�WKRXJK�LW�ZDV�EDVLFDOO\�VRXQG��GXH�WR�D�YDULHW\�RI�IDFWRUV���/RQJ�OHDG�WLPH�LWHPV��VXFK�DV�FRQWURO�YDOYHV�DQG�LQVWUXPHQWV��SURYHG�PRUH�GLIILFXOW�WR�JHW�WKDQ�ZDV�DQWLFLSDWHG�ZKHQ�WKH�VFKHGXOH�ZDV�GHYHORSHG���,Q�PDQ\�FDVHV��LW�WRRN�DV�ORQJ�DV����ZHHNV�WR�JHW�VRPH�RI�WKH�YDOYHV�DQG�LQVWUXPHQWV�WKDW�ZHUH�QHHGHG���$OVR��WKHUH�ZHUH�VRPH�IDEULFDWLRQ�LVVXHV�ZLWK�WKH�FXVWRP�GHVLJQHG�&KHQJ�KDUGZDUH��DQG�VHYHUDO�SURWRW\SLQJ�F\FOHV�ZHUH�QHHGHG�WR�SHUIHFW�WKH�GHVLJQ�IRU�PDQXIDFWXULQJ���,Q�WKH�HQG��RQO\�WKH�%�7UDLQ�ZDV�FRPSOHWHG�LQ�2FWREHU��������7KH�$�7UDLQ�DQG�WKH�&�7UDLQ�ZHUH�GHIHUUHG�XQWLO�VFKHGXOHG�RXWDJHV�LQ�HDUO\��������7KH�%�7UDLQ�FRXOG�SRVVLEO\�KDYH�EHHQ�FRPSOHWHG�ZLWK�ZHHNHQG�RXWDJHV�RQO\��EXW�EHFDXVH�RI�WKH�RYHUDOO�VOLS�LQ�VFKHGXOH��LW�ZDV�FRPSOHWHG�LQ�D�VLQJOH�RXWDJH��6XEVHTXHQW�VKRUW�RXWDJHV�ZHUH�QHHGHG�WR�RSWLPL]H�LWV�SHUIRUPDQFH���1RZ�WKDW�WKH�IDEULFDWLRQ�LVVXHV�IRU�WKH�SURSULHWDU\�SDUWV�KDYH�EHHQ�UHVROYHG��WKH�RULJLQDO�VFKHGXOH�FDQ�EH�PHW��

&/170�6WHDP�

%DVH�&DVH�

)LJXUH�����:HVWLQJKRXVH�����'��±�&RPSDULVRQ�RI�WKH�'RZQVWUHDP�'LOXWLRQ�+ROH�'XULQJ�7HVWLQJ��
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ZLWK�EHWWHU�DYDLODELOLW\�RI�FRQWURO�YDOYHV��LQVWUXPHQWV�DQG�3/&V���&KHQJ�LV�WDNLQJ�VRPH�RI�WKLV�HTXLSPHQW�LQWR�LQYHQWRU\�WR�HQDEOH�D�IDVWHU�UHVSRQVH�WLPH�����)LJXUH���VKRZV�RQH�RI�WKH�VWHSV�LQ�WKH�IDEULFDWLRQ�RI�WKH�)UDPH��%�FRPEXVWRU�FDQV���+LFNKDP�,QGXVWULHV��,QF��RI�+RXVWRQ��7H[DV��D�&KHQJ�SDUWQHU��IDEULFDWHG�WKH�FRPEXVWLRQ�WXUELQH�SDUWV�IRU�WKH�)UDPH��%�HQJLQHV�DQG�GLG�WKH�RQ�VNLG�LQVWDOODWLRQ�ZRUN���/RFDO�PHFKDQLFDO��HOHFWULFDO�DQG�LQVWUXPHQW�DQG�FRQWURO�FRQWUDFWRUV�WKDW�DOUHDG\�KDG�VHUYLFH�DJUHHPHQWV�ZLWK�WKH�RZQHUV�

)LJXUH�����*HQHULF�3	,'�IRU�$&&70��&KHQJ�%226770�DQG�&/170�,QVWDOODWLRQV�ZLWK�([LVWLQJ�+56*��

)LJXUH�����,QLWLDO�2YHUDOO�3URMHFW�6FKHGXOH�
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