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)LJXUH� ��� 5HDFWLRQ� FRROLQJ� F\FOH� ZLWK� WZR� UHDFWRUV�RSHUDWLQJ� LQ� FRXQWHU�SKDVH��7KH� UHDFWRU�5�� LV� LQ� WKH�V\QWKHVLV� SKDVH�� UHDFWRU� 5�� LQ� WKH� GHFRPSRVLWLRQ�SKDVH�� +;�� UHSUHVHQWV� WKH� LQWHUQDO� OLTXLG�JDV� KHDW�H[FKDQJHU�� +;��� WKH� JDV�JDV� KHDW� H[FKDQJHU�� RSHQHG�YDOYH�� � FORVHG�YDOYH�,Q�WKH�IROORZLQJ�WKH�F\FOLF�RSHUDWLRQ�RI�WKH�GHYLFH�ZLOO�EH�SUHVHQWHG��7KH�HPSKDVLV�ZLOO�EH�ODLG�RQ�WKH�SUHVVXUH�DQG� WHPSHUDWXUH� FRQGLWLRQV� LQ� WKH� UHDFWRUV�� ,Q� WKH�DQDO\VLV� RI� WKH� FDOFXODWHG� GDWD�� ZH� ZLOO� UHVWULFW�RXUVHOYHV� WR� WKH� KHDW� IORZV� DQG� WKH� FRROLQJ� HIILFLHQF\�&23����&<&/,&�23(5$7,21�2)�7+(�5($&7,21�&22/,1*�'(9,&(7KH� ILUVW� WDVN� ZDV� WR� HVWDEOLVK� WKH� WLPH� FRXUVH� RI� WKH�SURFHVV� SKDVHV�� WR�PDNH� WKH� HYDOXDWLRQ� RI� WKH� SURFHVV�GDWD� SRVVLEOH�� 7KLV� ZDV� UHTXLUHG� IRU� D� ODWHU�GHWHUPLQDWLRQ�RI� WKH�DYHUDJHG�YDOXHV�DQG�TXDQWLWLHV�RI�KHDW��ZKLFK�ZHUH�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�LQWHUQDO�SURFHVV�DQG�RI�WKH�SHUIRUPDQFH�RI�WKH�UHDFWLRQ�GHYLFH�7KH� RSHUDWLRQ� RI� WKH� GHYLFH� KDV� EHHQ� FXW� LQWR� KDOI�F\FOHV�� LQ� ZKLFK� WKH� UHDFWRUV� SHUIRUPHG� RQH� UHDFWLRQ�SKDVH�� ,Q� WKLV�ZD\� WKH� G\QDPLFV� LQ� HDFK� UHDFWRU�FRXOG�EH� REVHUYHG� DQG� DQDO\VHG�� (DFK� KDOI�F\FOH� KDV� EHHQ�IXUWKHU�GLYLGHG�LQWR�VLQJOH�SKDVHV�DV�SUHVHQWHG�LQ�)LJXUH���� 7KLV� KDV� EHHQ� SHUIRUPHG� ZLWK� WKH� DQDO\VLV� RI� WKH�SUHVVXUH�DQG�WHPSHUDWXUHV�LQ�WKH�V\VWHP�����7HPSHUDWXUH�DQG�SUHVVXUH�OHYHOV�LQ�UHDFWRUV�7KH� WZR� UHDFWRUV�RI� WKH� WRSSLQJ�GHYLFH�RSHUDWH�F\FOLF��FRQVWDQWO\� VZLWFKLQJ� EHWZHHQ� WKH� GHFRPSRVLWLRQ� DQG�V\QWKHVLV�SKDVH��7R�SUHVHQW�FOHDUO\�WKH�F\FOLF�RSHUDWLRQ�RI� WKH� H[SHULPHQWDO� WRSSLQJ� GHYLFH� GXULQJ� D� ORQJHU�SHULRG�� WKH� FRXUVH� RI� WKH� PHDQ� WHPSHUDWXUHV� LQ� WKH�UHDFWRUV� DUH� SUHVHQWHG� ILUVW� �)LJXUH ���� 7KH� PHDQ�WHPSHUDWXUHV�UHSUHVHQW�WKH�DYHUDJH�H[WHUQDO�WHPSHUDWXUH�RI�WKH�UHDFWRU�WXEHV�LQ�WKH�VLQJOH�UHDFWRU�
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)LJXUH����0HDQ�WHPSHUDWXUH�OHYHOV�LQ�WKH�UHDFWRUV�RYHU�VL[�VXFFHVVLYH�KDOI�F\FOHV�
,Q� )LJXUH � VL[� VXFFHVVLYH� KDOI�F\FOHV� RI� WKH� VDPH� GD\�PHDVXUHPHQW�DUH�SUHVHQWHG��WRJHWKHU�ZLWK�WKH�FRQQHFWLRQ�DQG� KHDWLQJ�FRROLQJ� SKDVHV�� $V� LW� FDQ� EH� VHHQ� WKH�WHPSHUDWXUHV� LQ� UHDFWRUV� 5�� DQG� 5�� FKDQJH� LQ� D� UDQJH�EHWZHHQ� ����&� DQG� ����&�� GHSHQGLQJ� RQ� WKH� UHDFWLRQ�SKDVH�� 'XULQJ� WKH� V\QWKHVLV� SKDVH� D� UDWKHU� FRQVWDQW�WHPSHUDWXUH� OHYHO� LV�QRWHG��ZKLFK�FDQ�EH�OLQNHG�ZLWK�WKH�FRQVWDQW�KHDW�WUDQVIHU�WR�WKH�ERWWRPLQJ�DEVRUSWLRQ�GHYLFH��7KH� WHPSHUDWXUH� GXULQJ� WKH� GHFRPSRVLWLRQ� SKDVH�LQFUHDVHV�GXH�WR�WKH�LQVXIILFLHQW�KHDW�WUDQVIHU�IURP�WKH�KRW�DLU�� ZKLFK� LV� XVHG� WR� KHDW� XS� WKH� UHDFWRU� WXEHV�� :LWK�KLJKHU�WHPSHUDWXUH�RI�WKH�UHDFWRUV��WKH�UHDFWLRQ�SURFHVV�LV�LQWHQVLILHG�� &RQVHTXHQWO\�� WKH� GXUDWLRQ� RI� WKH� UHDFWLRQ�SKDVH�LV�UHGXFHG��,Q�FDVH�RI�D�PRUH�FRQVWDQW�WHPSHUDWXUH��WKH� SKDVH� ZRXOG� EH� ORQJHU� DQG� WKH� RSHUDWLRQ� RI� WKH�UHDFWRUV�ZRXOG�EH� OHVV� DGMXVWHG��$V�D� UHVXOW� WKH�H[WHUQDO�FRROLQJ�SRZHU�DQG�&23�ZRXOG�GHFUHDVH�)RU� WKH� IROORZLQJ� GLVFXVVLRQ�ZH� FKRVH� D� VLQJOH� UHDFWLRQ�F\FOH��ZLWK�WKH�HPSKDVLV�RQ�WKH�ILUVW�KDOI�F\FOH�
������&RQQHFWLRQ�SKDVH� ,Q�RXU�FDVH� WKH� ILUVW�KDOI�F\FOH�VWDUWV� ZKHQ� WKH� UHDFWRUV� DUH� GLUHFWO\� FRQQHFWHG� �OHW� XV�VWDUW� DW� �����V�± 3RLQW� �� LQ�)LJXUH ����$W� WKLV� SRLQW� WKH�V\QWKHVLV� UHDFWRU� 5�� LV� DW� WKH� ORZHVW� DQG� WKH�GHFRPSRVLWLRQ� UHDFWRU� 5�� DW� WKH� KLJKHVW� WHPSHUDWXUH�OHYHO�� 6RPH� GHYLDWLRQV� FDQ� RFFXU� GXH� WR� WKH� ZDLWLQJ�SKDVH��ZKLFK�FRXOG�QRW�EH�VXFFHVVIXOO\�HOLPLQDWHG��,Q�WKH�FDVH� WKDW� LV� SUHVHQWHG� LQ� )LJXUH � WKH� UHDFWRU�5�� KDV� WR�ZDLW� RQ� 5�� WR� ILQLVK� WKH� GHFRPSRVLWLRQ� SKDVH�� 7KLV�UHVXOWV�LQ�D�VPDOO�WHPSHUDWXUH�GURS�LQ�WKH�UHDFWRU��EHFDXVH�WKH�V\QWKHVLV�UHDFWLRQ�LV�WHUPLQDWHG�DQG�QR�IXUWKHU�KHDW�RI�UHDFWLRQ� LV� UHOHDVHG� �EHWZHHQ� �� DQG� �� LQ�)LJXUH ����7KH�ZDLWLQJ�SKDVH�DSSHDUV�GXH�WR WKH�IDFW�WKDW�WKH�UHDFWRU�KDV�WR�GHFRPSRVH�WR�VXFK�DQ�H[WHQG�WKDW�LQ�WKH�QH[W�V\QWKHVLV�SKDVH�LW�ZRXOG�VDWLVI\�WKH�UHTXLUHG�FRROLQJ�HQHUJ\��,Q�WKH�FDVH� ZKHQ� ZH� ZRXOG� VWRS� WKH� GHFRPSRVLWLRQ� SKDVH� DW�3RLQW���WKH�UHDFWRU�ZRXOG�UHDFW�ZLWK�OHVV�DPPRQLD�LQ�WKH�QH[W�SKDVH��ZKLFK�ZRXOG� UHVXOW� LQ� LUUHJXODU�DOORFDWLRQ�RI�WKH� DPPRQLD� LQ� WKH� UHDFWRUV�� 7KLV� ZRXOG� OHDG� WR�DGGLWLRQDO� LUUHJXODULWLHV� LQ� WKH� RSHUDWLRQ� RI� UHDFWLRQ�FRROLQJ�GHYLFH�$IWHU� WKH� GLUHFW� FRQQHFWLRQ� EHWZHHQ� WKH� UHDFWRUV�� WKH\�WHQG�WRZDUGV�WKH�HTXLOLEULXP�WHPSHUDWXUH�DW�WKH�SUHVVXUH��ZKLFK�ZDV� UHDFKHG�DIWHU� WKH�SUHVVXUH�HTXDOLVDWLRQ��$IWHU����PLQ�� RI� WKH� FRQQHFWLRQ� SKDVH�� WKH� UHDFWRUV� DUH�GLVFRQQHFWHG�DJDLQ����LQ�)LJXUH ���
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�� ± HQG� RI� V\QWKHVLV� SKDVH�� SRVVLEOH� VWDUW� RI� WKH�FRQQHFWLRQ� SKDVH�� �� ± HQG� RI� GHFRPSRVLWLRQ� SKDVH��SRVVLEOH� VWDUW� RI� WKH� FRQQHFWLRQ� SKDVH�� � �� ± HQG� RI�FRQQHFWLRQ�SKDVH����� VWDUW�RI�GHFRPSRVLWLRQ�SKDVH����±VWDUW� RI� V\QWKHVLV� SKDVH�� ,QGH[HV� D�� E� ± UHSUHVHQWV� WKH�VDPH�SRLQWV�LQ�VXEVHTXHQW�KDOI�F\FOHV�)LJXUH� ��� &RPSDULVRQ� RI� WKH� WHPSHUDWXUH� LQ� WKH�UHDFWRUV��)RU�WKH�GLVFXVVLRQ�D�F\FOH�LV�GLYLGHG�LQWR�WKH�SKDVHV�>�@�
7R�SUHVHQW�WKH�SURFHVV�PRUH�FOHDUO\�WKH�SUHVVXUH�OHYHOV�LQ�DOO�PDLQ�KHDW�H[FKDQJHUV�ZLOO�EH�GLVFXVVHG�LQ�SDUDOOHO��)LJXUH ����,I�ZH�FORVHO\�ORRN�DW�WKH�PHDVXUHG�SUHVVXUH�OHYHOV�LQ�WKH�HYDSRUDWRU��FRQGHQVHU��DQG�LQ�ERWK�UHDFWRUV��)LJXUH ����ZH�FDQ�HDVLO\�GLVWLQFW�EHWZHHQ�WKH�SKDVHV�LQ�WKH�SURFHVV�$W� WKH� EHJLQQLQJ�RI� WKH� FRQQHFWLRQ�SKDVH� WKH�SUHVVXUH�LQ�WKH�UHDFWRUV�5��DQG�5��LV�HTXDOLVHG��'XH�WR�WKH�GLUHFW�FRQQHFWLRQ� EHWZHHQ� WKH� UHDFWRUV�� WKH� DPPRQLD� YDSRXU�IORZV�IURP�WKH�UHDFWRU�5��WR�UHDFW�LQ�5���$V�D�UHVXOW�WKH�SUHVVXUH� OHYHO� GHFUHDVHV�� 7KH� HQG� RI� WKH� FRQQHFWLRQ�SKDVH�FDQ�EH�QRWLFHG�E\�WKH�GLIIHUHQWLDWLRQ�EHWZHHQ�WKH�SUHVVXUH�OHYHOV�LQ�WKH�UHDFWRUV����LQ�)LJXUH ���
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)LJXUH����3UHVVXUH�LQ�WKH�HYDSRUDWRU��(9���FRQGHQVHU��&2�� DQG� LQ� WKH� UHDFWRUV� GXULQJ� RQH� FRPSOHWH�UHDFWLRQ�F\FOH��$EEUHYLDWLRQV�DUH�H[SODLQHG�LQ�)LJXUH���FDSWLRQ�>�@�
������ 6HQVLEOH� KHDWLQJ�FRROLQJ� SKDVH� :KHQ� WKH�FRQQHFWLRQ� SKDVH� LV� RYHU�� WKH� UHDFWRU� ZLWK� ILQLVKHG�V\QWKHVLV� �5��� LV� IXUWKHU� KHDWHG� XS�� ZKLFK� FDXVHV� WKH�LQFUHDVH�LQ�WKH�SUHVVXUH�DQG�WHPSHUDWXUH�LQ�WKH�UHDFWRU�2Q� WKH� RWKHU� VLGH� WKH� UHDFWRU� 5�� KDV� WR� EH� IXUWKHU�FRROHG�GRZQ��'XULQJ�WKH�FRROLQJ�GRZQ�SKDVH��WKH�KHDW�SLSH� ORRS� LV� IXQFWLRQLQJ� WR� DFFHOHUDWH� WKH� FRROLQJ�SURFHVV�

������ 5HDFWLRQ� SKDVH��7KH� GHFRPSRVLWLRQ� SKDVH� LQ� WKH�UHDFWRU�5��EHJLQV�ZKHQ�WKH�SUHVVXUH�LV�QRWLFHDEO\�KLJKHU�WKDQ� LQ� WKH�FRQGHQVHU� ��� LQ�)LJXUH ����$IWHU� WKH�RSHQLQJ�RI� D� YDOYH�� ZKLFK� LV� FRQQHFWLQJ� WKH� FRQGHQVHU� VHFWLRQ�ZLWK� WKH� UHDFWRU�5��� WKH�SUHVVXUH� LQ� WKH� UHDFWRU�GURSV� WR�WKH�FRQGHQVHU�SUHVVXUH�OHYHO��7KLV�OHYHO�LV�IROORZHG�XQWLO�WKH� HQG� RI� WKH� GHFRPSRVLWLRQ� SKDVH�� 6WDUW� RI� WKH� SKDVH�FDQ� EH� VHHQ� DV� D� VPDOO� WHPSHUDWXUH� GURS� LQ� UHDFWRU� 5��DOVR����LQ�)LJXUH ���2Q�WKH�RWKHU�VLGH��ZKHQ�WKH�SUHVVXUH�LQ�UHDFWRU�5��GURSV�EHORZ�WKH�SUHVVXUH�LQ�WKH�HYDSRUDWRU��WKH�V\QWKHVLV�SKDVH�LQ� WKH� UHDFWRU� 5�� EHJLQV� ��� LQ� )LJXUH ���� $IWHU� WKH�FRQQHFWLRQ�RI�WKH�HYDSRUDWRU�DQG�UHDFWRU�5��WKH�SUHVVXUH�LQ� WKH� UHDFWRU� HTXDOLVHV� ZLWK� WKH� SUHVVXUH� LQ� WKH�HYDSRUDWRU�� 7KH� HQG� RI� GHFRPSRVLWLRQ� SKDVH�� ZKLFK�GHQRWHV�WKH�HQG�RI�WKH�ILUVW�KDOI�F\FOH��LV�RYHU�DW�3RLQW��D�LQ�)LJXUH ��7KH� ILUVW�KDOI� RI� FRPSOHWH� F\FOH� LV� RYHU� ZKHQ� ERWK��V\QWKHVLV� DQG� GHFRPSRVLWLRQ� SKDVH� DUH� ILQLVKHG� ��D� LQ�)LJXUH ���� ,Q� WKH� QH[W� KDOI�F\FOH�� UROHV� DUH� H[FKDQJHG�EHWZHHQ�WKH�UHDFWRUV�5��DQG�5�������� :DLWLQJ� SKDVH�� ,Q� )LJXUH� �� WKH� ZDLWLQJ� SKDVH��ZKLFK� GHQRWHV� WKH� WLPH� EHWZHHQ� WKH� HQG� RI� UHDFWLRQ�SKDVHV�� LV� SHULRGLFDOO\� SUHVHQW� EHWZHHQ� WKH�SRLQWV���DQG����,Q� WKH� ILUVW� KDOI�F\FOH�� WKH� UHDFWRU� 5�� ZLWK� ILQLVKHG�V\QWKHVLV�� KDG� WR� ZDLW� RQ� UHDFWRU� 5�� WR� ILQLVK� WKH�GHFRPSRVLWLRQ� WR� WKH� DGHTXDWH� OHYHO��/HW�XV�REVHUYH� WKH�SUHVVXUH� LQ� WKH� UHDFWRU� 5�� IURP� WKH� VDPH� VWDUWLQJ�SRLQW�OLNH� EHIRUH� ��� LQ� )LJXUH ���� ,W� FDQ� EH� VHHQ� WKDW� WKH�SUHVVXUH� LQ� WKH� UHDFWRU� GHFUHDVHV� DW� WKH�HQG�RI� V\QWKHVLV�SKDVH��ZKLOH�WKH�SUHVVXUH�LQ�WKH�HYDSRUDWRU�LQFUHDVHV��7KH�SUHVVXUH� GURS� LQ� WKH� UHDFWRU� 5�� LV� OLQNHG� ZLWK� WKH�WHPSHUDWXUH� GURS� DQG� LW� LV� D� UHVXOW� RI� D� WHQGHQF\� WR� WKH�UHDFWLRQ�HTXLOLEULXP�LQ�WKH�UHDFWRU��1DPHO\��DW�WKH�HQG�RI�WKH�V\QWKHVLV�WKHUH�LV�VWLOO�VRPH�VDOW�WKDW�GLG�QRW�UHDFW�ZLWK�DPPRQLD�� 7KLV� VDOW� UHDFWV� ZLWK� WKH� UHVW� RI� DPPRQLD�YDSRXU�LQ�WKH�UHDFWRU�FDXVLQJ�WKH�GHFUHDVH�LQ�SUHVVXUH�,Q�WKH�UHDFWRU�5��WKH�GHFRPSRVLWLRQ�SKDVH�LV�QRW�RYHU�DW�3RLQW���LQ�)LJXUH ���7KH�HQG�RI�SKDVH�FDQ�EH�REVHUYHG�DV�D�SUHVVXUH�GURS�LQ�WKH�UHDFWRU�GXH�WR�WKH�FRQQHFWLRQ�ZLWK�WKH�RWKHU�UHDFWRU�5�����LQ�)LJXUH ���'XULQJ� WKH� VHFRQG� KDOI�F\FOH� WKH� UHDFWRU� 5�� ��D��D� LQ�)LJXUH�����ZKLFK�ILQLVKHG�WKH�V\QWKHVLV�SKDVH��KDG�WR�ZDLW�RQ� WKH� UHDFWRU� 5��� 'LIIHUHQWO\� LV� LQ� WKH� WKLUG� KDOI�F\FOH���E��E�LQ�)LJXUH�����ZKHUH�WKH�UHDFWRU�5��KDG�WR�ZDLW�RQ�WKH�5��WR�ILQLVK�WKH�V\QWKHVLV�SKDVH��%HFDXVH�DW�WKH�HQG�RI�WKH� GHFRPSRVLWLRQ� SKDVH� WKH� YDOYHV� DUH� FORVHG� DQG� WKH�UHDFWRU� LV� VWLOO� KRW�� WKH� SUHVVXUH� LQ�5�� LQFUHDVHV� UDSLGO\��7KLV� LV� GXH� WR� DPPRQLD� YDSRXU�� ZKLFK� LV� DGGLWLRQDOO\�UHOHDVHG�����0HDVXUHPHQW�UHVXOWV�LQ�SUHVVXUH�WHPSHUDWXUH�GLDJUDP7R� LPDJLQH� WKH� RSHUDWLRQ� UDQJH� RI� WKH� H[SHULPHQWDO�UHDFWLRQ� GHYLFH� WKH� UHVXOWV� IRU� ERWK� UHDFWRUV�� ZKLFK� DUH�SUHVHQWHG� DERYH�� DUH� SORWWHG� LQ� D� SUHVVXUH�WHPSHUDWXUH�GLDJUDP��)LJXUH ����7KH�FRQGLWLRQV�LQ�WKH�UHDFWRU�5��DUH�SUHVHQWHG�ZLWK�FLUFOH�PDUNV�DQG�FRQGLWLRQV�LQ�WKH�UHDFWRU�
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5�� ZLWK� FURVV� PDUNV�� 7R� EH� EHWWHU� LPDJLQHG�� WKH�HTXLOLEULXP�UHDFWLRQ�OLQH�>�@��LV�SUHVHQWHG�DOVR��7ZR�UHJLRQV�FDQ�EH�FOHDUO\�VHHQ�LQ�WKH�)LJXUH ���2Q�WKH�OHIW� VLGH� RI� WKH� HTXLOLEULXP� OLQH� WKH� V\QWKHVLV� SKDVH�UHJLRQ�� DQG� RQ� WKH� ULJKW� VLGH� WKH� GHFRPSRVLWLRQ�SKDVH�UHJLRQ�� 7KH� GLIIHUHQFH� EHWZHHQ� WZR� PHDVXUHPHQW�SRLQWV�LQ�)LJXUH � HTXDOV�WR�WKH�VFDQ�UDWH�RI��V�)RU� D� PRUH� GHWDLOHG� GLVFXVVLRQ� ZH� ZLOO� IROORZ� WKH�FRQGLWLRQV� LQ� WKH� UHDFWRU� 5��� ZKLFK� VWDUWV� ZLWK� WKH�ILQLVKHG� V\QWKHVLV�� ILUVW� ���� 5�� LQ� )LJXUH ���� $IWHU� WKH�FRQQHFWLRQ�ZLWK�WKH�UHDFWRU�5��WKH�SUHVVXUH�LQFUHDVHV�LQ�D�PDWWHU�RI�VHFRQGV��5����,Q�WKLV�PRPHQW�WKH�DGGLWLRQDO�DPPRQLD� YDSRXU� IORZV� IURP� WKH� DOUHDG\� GHFRPSRVHG�UHDFWRU� 5��� 7KH� YDSRXU� UHDFWV� ZLWK� WKH� VDOW� LQ� WKH�UHDFWRU�5��DQG�WKH�SUHVVXUH�VWDUWV� WR�GHFUHDVH�DIWHU� WKH�ILUVW� VKRFN��:LWK� WKH� FRQQHFWLRQ� EHWZHHQ� WKH� UHDFWRUV�DOVR�WKH�H[WHUQDO�KHDWLQJ�ZLWK�WKH�KRW�DLU�VZLWFKHV�WR�WKH�UHDFWRU� 5��� $V� D� UHVXOW� WKH� WHPSHUDWXUH� RI� WKH� 5��LQFUHDVHV� GXULQJ� WKH� FRQQHFWLRQ� SKDVH� ������ 5�� LQ�)LJXUH ���� $IWHU� D� FHUWDLQ� WLPH� SHULRG� D� PLQLPXP�SUHVVXUH� LV� UHDFKHG�� $W� WKLV� SRLQW� WKH� KHDWLQJ� RI� 5��RYHUFRPHV� WKH� FRQWULEXWLRQ� RI� WKH� UHDFWLRQ� SURFHVV� VR�WKDW�WKH�SUHVVXUH�VWDUWV�WR�LQFUHDVH�DJDLQ�:KHQ� WKH�FRQQHFWLRQ�SKDVH� LV� ILQLVKHG�� WKH� UHDFWRU�5��LV� IXUWKHU�KHDWHG�XS� ������5�� LQ�)LJXUH ����'XULQJ� WKLV�SKDVH� WKH� FRQGLWLRQV� LQ� WKH� UHDFWRU� IROORZ� WKH�HTXLOLEULXP�OLQH��VROLG�OLQH�LQ�)LJXUH ����7KH�GLIIHUHQFH�WR�WKH�HTXLOLEULXP�OLQH�LV�DVVXPHG�WR�EH�WKH�UHVXOW�RI�WKH�UHDFWRU� WHPSHUDWXUH�PHDVXUHPHQW�� ZKLFK� LV� SHUIRUPHG�RQ� WKH� H[WHUQDO� VLGH� RI� WKH� UHDFWRU� WXEHV�� 7KXV� WKH�PHDVXUHG�GHFRPSRVLWLRQ�WHPSHUDWXUH�LV�KLJKHU�WKDQ�WKH�WHPSHUDWXUH�RI�WKH�GHFRPSRVLWLRQ�SURFHVV��2Q�WKH�RWKHU�VLGH�� WKH�PHDQ� WHPSHUDWXUH�RI� WKH� UHDFWRU� WXEHV�GXULQJ�WKH�V\QWKHVLV�SKDVH�LV�DOVR�GLIIHUHQW�WR�WKH�PHDQ�SURFHVV�WHPSHUDWXUH�� ,W�GHSHQGV�RQ�WKH�KHDW� WUDQVIHU�FRQGLWLRQV�GXULQJ�WKH�UHDFWLRQ�SKDVH�
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)LJXUH� ��� 3UHVVXUH� DQG� WHPSHUDWXUH� FRQGLWLRQV�GXULQJ� RQH� F\FOH� RI� WKH� GHYLFH�� 7KH� FLUFOH� PDUNV�UHSUHVHQWV� WKH� FRQGLWLRQV� LQ� WKH� UHDFWRU� 5�� DQG� WKH�FURVV�PDUNV�WKH�FRQGLWLRQV�LQ�WKH�UHDFWRU�5��>�@��7KH�DEEUHYLDWLRQV�DUH�H[SODLQHG�LQ�)LJXUH���FDSWLRQ�
$W�3RLQW���WKH�GHFRPSRVLWLRQ�SKDVH�VWDUWV�����D��5��LQ�)LJXUH ����$IWHU�WKH�FRQQHFWLRQ�ZLWK�WKH�FRQGHQVHU��WKH�SUHVVXUH� LQ� WKH� UHDFWRU� 5�� GHFUHDVHV� WR� WKH�FRQGHQVDWLRQ� OHYHO� RI� ��� EDU�� $W� WKLV� SRLQW� WKH�WHPSHUDWXUH� DQG� SUHVVXUH� OHYHO� LQ� WKH� UHDFWRU� DUH� IDU�HQRXJK� IURP� WKH� HTXLOLEULXP� VR� WKDW� WKH� UHDFWLRQ�� WKH�

GHFRPSRVLWLRQ�RI�VDOW�LV�LQWHQVH�HQRXJK��7KH�WHPSHUDWXUH�LQ�WKH�UHDFWRU�GHFUHDVHV�IRU����.�LQ�WKH�EHJLQQLQJ��ZKLFK�FDQ� EH� H[SODLQHG� ZLWK� WKH� VXGGHQ� WUDQVIHU� RI� DPPRQLD�UHOHDVHG� IURP� UHDFWRU��$W� WKLV� SRLQW� WKH� H[WHUQDO� GULYLQJ�KHDW�GRHV�QRW�PHHW�DOO�QHHGV�IRU�WKH�GHFRPSRVLWLRQ�RI�VDOW�DQG�IRU�WKH�VHQVLEOH�KHDWLQJ�RI�WKH�UHDFWRU��$IWHU�D�ZKLOH��WKH� WHPSHUDWXUH� VWDELOLVHV� DOVR� DQG�ZLWK� WKH� WLPH� VORZO\�LQFUHDVHV��2Q� WKH�RWKHU�VLGH�� LQ� WKH�UHDFWRU�5��� WKH�SUHVVXUH�GXULQJ�WKH�FRQQHFWLRQ�SKDVH�GRHV�QRW�GHFUHDVH�DV�PXFK�DV�LQ�WKH�5��������5��LQ�)LJXUH ����7KLV�LQGLFDWHV�WKDW�WKHUH�LV�VWLOO�D�ORW�RI�DPPRQLD�LQ�WKH�UHDFWRU�5���ZKLFK�FRXOG�EH�IUHHG�E\�UHDFWLRQ��,W�UHDFWV�LQ�WKH�5��VORZO\�DW�D�UDWH��ZKLFK�LV�GHILQHG� E\� WKH� UHDFWRU� 5��� 7KDW� H[SODLQV� WKH� SUHVVXUH�GURS� DIWHU� WKH� HTXDOLVDWLRQ� DOVR�� ,I�ZH� FRPSDUH� WKH� ILUVW�FRQQHFWLRQ�SKDVH�������5��DQG������5��LQ�)LJXUH ���ZLWK�WKH�VHFRQG�RQH���D��D��5��DQG�5��LQ�)LJXUH ���LW�FDQ�EH�QRWLFHG� WKDW� LQ� WKH� VHFRQG�RQH� WKHUH� LV�QR�SUHVVXUH�GURS�DIWHU� WKH� SUHVVXUH� HTXDOLVDWLRQ�� ,W� FDQ� EH� FRQFOXGHG� WKDW�WKH� DPPRQLD� LV� QRW� HTXDOO\� GLVWULEXWHG� EHWZHHQ� WKH� 5��DQG� 5�� DW� WKH� EHJLQQLQJ� RI� WKH� ILUVW� F\FOH�� 7KLV�SKHQRPHQRQ� ZDV� QRWLFHG� IUHTXHQWO\� GXULQJ� WKH�PHDVXUHPHQWV�,Q� WKH�QH[W�SKDVH� WKH�UHDFWRU�5��LV�VORZO\�FRROLQJ�GRZQ������� 5�� LQ� )LJXUH ���� ,W� WDNHV� VRPH� WLPH� WKDW� WKH� KHDW�SLSH�VWDUWV� WR�UHMHFW�WKH�KHDW�IURP�WKH�UHDFWRU�HIIHFWLYHO\��7KLV�FDQ�EH�QRWLFHG�DV�D�VOLJKW�LQFUHDVH�LQ�WKH�WHPSHUDWXUH�JUDGLHQW��:KHQ�WKH�SUHVVXUH�LV�ORZHU�WKDQ�WKH�HYDSRUDWLRQ�SUHVVXUH��WKH�V\QWKHVLV�SKDVH�VWDUWV�����D��5��LQ�)LJXUH ����$W� WKH� EHJLQQLQJ� RI� WKH� V\QWKHVLV� SKDVH� WKH� SUHVVXUH� LV�HTXDOLVHG� ZLWK� WKH� HYDSRUDWLRQ� SUHVVXUH�� ZKLFK� FDQ� EH�VHHQ�DV�D�TXLFN�LQFUHDVH�LQ�WKH�SUHVVXUH�OHYHO��$IWHUZDUGV� WKH� UHDFWRU� KDV� WR� EH� FRROHG� GRZQ� ILUVW� WR�EHJLQ� ZLWK� WKH� V\QWKHVLV�� ,W� FDQ� EH� VHHQ� WKDW� WKH�WHPSHUDWXUH� JUDGLHQW� GRHV� QRW� FKDQJH� PXFK� XQWLO� WKH�SURFHVV� WHPSHUDWXUH� UHDFKHV� WKH� HTXLOLEULXP� OLQH�� 7KHQ�WKH� JUDGLHQW� UHGXFHV� GXH� WR� WKH� IDFW� WKDW� WKH� KHDW� RI�V\QWKHVLV�LV�UHOHDVHG�E\�WKH�UHDFWLRQ�SURFHVV��$IWHU�D�IHZ�PLQXWHV�WKH�FRQGLWLRQV�LQ�WKH�UHDFWRU�VWDELOLVH��ZKLFK�FDQ�EH�GHQRWHG�LQ�)LJXUH � DV�D�FRQFHQWUDWLRQ�RI�WKH�PHDVXUHG�SRLQWV��7KH� V\QWKHVLV� SKDVH� ILQLVKHV� EHIRUH� WKH� GHFRPSRVLWLRQ�GRHV� DQG� WKHUHIRUH� WKH� UHDFWRU� 5�� KDV� WR� ZDLW� RQ� WKH�UHDFWRU�5�� WR� ILQLVK� ��D��D��5��LQ�)LJXUH ����'XULQJ�WKLVWLPH� WKH� KHDW� LV� QRW� UHMHFWHG� IURP� WKH� UHDFWRU� DQG�WKHUHIRUH�LW�VORZO\�FRROV�GRZQ�$IWHU� WKH� SRLQW� �D� LQ� WKH� UHDFWRUV�� WKH� FRQQHFWLRQ� SKDVH�VWDUWV� DJDLQ�� 7KLV� WLPH� WKH� UHDFWRUV� KDYH� FKDQJHG� WKH�UROHV�� 7KH� 5�� SHUIRUPV� WKH� V\QWKHVLV� SKDVH� DQG� WKH� 5��WKH�GHFRPSRVLWLRQ�SKDVH��6LPLODU�SDWWHUQV�FDQ�EH�QRWLFHG�LQ�WKH�VHFRQG�KDOI�F\FOH�DV�LQ�WKH�ILUVW�RQH��DOWKRXJK�WKHUH�DUH� VRPH� FKDQJHV� FRQQHFWHG� ZLWK� WKH� GLIIHUHQW� UHDFWHG�TXDQWLWLHV�RI�DPPRQLD�LQ�WKH�UHDFWRUV�������/HYHO�PHDVXUHPHQW1H[W�� YHU\� LQWHUHVWLQJ� PHDVXUHG� GDWD�� LV� D� OHYHO� RI�DPPRQLD�LQ�WKH�UHFHLYHUV��,Q�)LJXUH � WKH�PHDVXUHG�OHYHO�RI� WKH� OLTXLG� DPPRQLD� LQ� WKH� UHFHLYHUV�� ZKLFK� DUH�PRXQWHG�DIWHU�WKH�FRQGHQVHU��DUH�SUHVHQWHG�'XULQJ� WKH� GHFRPSRVLWLRQ� SKDVH� WKH� OHYHO� LQFUHDVHV��ZKLOH�GXULQJ� WKH� V\QWKHVLV�SKDVH� LW�GHFUHDVHV��7KH�VORSH�RI� WKH�SORW�JLYHV�XV�D�URXJK�HVWLPDWH�RI� WKH�KHDW�UDWH�IRU�
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WKH� V\QWKHVLV� DQG�GHFRPSRVLWLRQ�SKDVH�� ,W� FDQ�EH� VHHQ�WKDW�IRU�WKH�V\QWKHVLV�SKDVH��WKH�OHYHO�FKDQJH�UDWH�FDQ�EH�WDNHQ� DV� OLQHDU�� 7KLV� FDQ� EH� H[SODLQHG� ZLWK� WKH� TXLWH�FRQVWDQW�KHDW�WUDQVIHU�WR�WKH�ERWWRPLQJ�GHYLFH�,Q� WKH� GHFRPSRVLWLRQ� UHDFWRU� WKH� VORSH� LV� VOLJKWO\�SDUDEROLF��7KH�GHFRPSRVLWLRQ�UDWH�VORZV�GRZQ�ZLWK�WKH�WLPH�� GXH� WR� WKH� VPDOOHU� TXDQWLW\� RI� DPPRQLD�� ZKLFK�FDQ�EH� GHFRPSRVHG��7KH� VORSH�RI� WKH� OHYHO�GXULQJ� WKH�GHFRPSRVLWLRQ� FDQ� EH� FRQWUROOHG�ZLWK� WKH� WHPSHUDWXUH�RI�WKH�KRW�DLU�RQ�WKH�H[WHUQDO�VLGH�RI�WKH�UHDFWRU�6PDOO� FKDQJHV� RI� WKH� OHYHO� DW� WKH� HQG� DQG� DW� WKH�EHJLQQLQJ� RI� WKH� UHDFWLRQ� SKDVHV� DUH� OLQNHG� ZLWK� WKH�VXGGHQ�SUHVVXUH�FKDQJHV�LQ�WKH�UHFHLYHUV��ZKLFK�FDXVHV�WKH�VKLIW�RI�WKH�DPPRQLD�OHYHO�
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)LJXUH� ��� &RPSDULVRQ� RI� WKH�PHDVXUHG� OHYHOV� LQ� WKH�DPPRQLD�UHFHLYHUV�>�@�
���&$/&8/$7('�9$/8(6,Q�WKH�IROORZLQJ�WKH�FDOFXODWHG�YDOXHV�IRU�KHDW�IORZV�DW�PDLQ� KHDW� H[FKDQJHUV� DQG� WKH� &23� ZLOO� EH� SUHVHQWHG��7DEOH�����,Q�DGGLWLRQ��WKH�PHDVXUHG�FKDQJH�LQ�WKH�OHYHO�RI�WKH�DPPRQLD�LQ�WKH�UHFHLYHUV�LV�SUHVHQWHG�DOVR��,Q�WKH�7DEOH���KDOI�F\FOHV�IRU�WKH�WKUHH�GD\�PHDVXUHPHQWV�DUH�SUHVHQWHG�� ,Q� WKH� ODVW� OLQH�� WKH� UHVXOWV� DUH� DYHUDJHG� LQ�GHSHQGHQF\�RQ�WKH�UHDFWLRQ�SKDVH�LQ�WKH�UHDFWRUV�����+HDW�IORZV7KH� KHDW� IORZV� DW� WKH� HYDSRUDWRU� DQG� FRQGHQVHU� ZHUH�FDOFXODWHG� IURP� WKH� PHDVXUHG� WHPSHUDWXUHV� DQG� PDVV�IORZ� RQ� WKH� H[WHUQDO� VLGH� RI� WKH� KHDW� H[FKDQJHUV�� 7KH�KHDW�IORZV�WR�WKH�UHDFWRU�LQ�WKH�GHFRPSRVLWLRQ�SKDVH�LV�WDNHQ�DV� WKH�HOHFWULFDO�SRZHU��ZKLFK�LV�XVHG�WR�KHDW�XS�WKH�KRW�DLU�0RUH�GLIILFXOW�ZDV� WKH�GHWHUPLQDWLRQ�RI� WKH�KHDW�DW� WKH�V\QWKHVLV� UHDFWRU�� %HFDXVH� WKH� PDVV� IORZ� DW� WKH� KHDW�SLSH� KDV� QRW� EHHQ� PHDVXUHG�� DQRWKHU� DSSURDFK� ZDV�XVHG��7KH�KHDW� IORZ�ZDV�FDOFXODWHG�IURP�WKH�PHDVXUHG�YDOXHV��ZKLFK�ZHUH� DYDLODEOH� RQ� WKH� VLGH�RI� FRQGHQVHU�RI� WKH�KHDW�SLSH�� ,Q�RXU�FDVH� WKH�FRQGHQVHU�RI� WKH�KHDW�SLSH�ZDV�WKH�LQWHUQDO�VLGH�RI� WKH�WXEHV�LQ�WKH�JHQHUDWRU�*��RI�WKH�DEVRUSWLRQ�GHYLFH�>�@�,Q� )LJXUH � WKH� WLPH� FRXUVH� RI� WKH� KHDW� IORZV� DW� WKH�HYDSRUDWRU��FRQGHQVHU�DQG�LQ�WKH�UHDFWRUV�LV�SUHVHQWHG��)URP� WKH� UHVXOWV� IRU� WKH� KHDW� IORZ� DW� WKH� FRQGHQVHU� D�VKRUW��EXW�KLJK�LQFUHDVH�FDQ�EH�VHHQ�LQ�WKH�EHJLQQLQJ�RIHDFK�KDOI�F\FOH��&2�LQ�)LJXUH ����7KLV�LV�D�UHVXOW�RI�WKH�FRQGHQVDWLRQ� RI� ODUJH� TXDQWLWLHV� RI� DPPRQLD�� ZKLFK�

FDPH�IURP�UHDFWRU�DW�WKH�EHJLQQLQJ�RI�WKH�GHFRPSRVLWLRQ�SKDVH�� ,W�FRUUHODWHV�ZLWK� WKH�SUHVVXUH�GURS� LQ� WKH� UHDFWRU��DIWHU� ��� �D� LQ� )LJXUH ����:KHQ� WKH� SUHVHQW� DPPRQLD� LV�FRQGHQVHG�� WKH� FRQGHQVHU� UHWXUQV� WR� WKH� QRUPDO�RSHUDWLRQDO�FRQGLWLRQV�
7DEOH����&DOFXODWHG�YDOXHV� IURP� WKH�PHDVXUHPHQWV�RQ�WKH�UHDFWLRQ�GHYLFH�>�@�

1U� 3+$6( 4HY 4FR 4GHF 4V\Q 4ORVV ''4 ''/� ''/� &23>N-@ >N-@ >N-@ >N-@ >N-@ >N-@ >�@ >�@ >�@� 5��'(& ���� ���� ����� ����� ���� ���� �� �� ����� 5��6<1 ���� ���� ����� ����� ���� ����� �� �� ����� 5��'(& ���� ���� ����� ����� ���� ���� �� �� ����� 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ����� 5��'(& ���� ���� ����� ����� ���� ���� �� �� ����� 5��6<1 ���� ���� ����� ����� ���� ��� �� �� ����� 5��'(& ���� ���� ����� ����� ���� ���� �� �� ����� 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ����� 5��'(& ���� ���� ����� ����� ���� ���� �� �� ����
�� 5��'(& ���� ���� ����� ����� ���� ��� �� �� ������ 5��6<1 ���� ���� ����� ����� ���� ����� �� �� ������ 5��'(& ���� ���� ����� ����� ���� ����� �� �� ������ 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ������ 5��'(& ���� ���� ����� ����� ���� ���� �� �� ������ 5��6<1 ���� ���� ����� ����� ���� ����� �� �� ������ 5��'(& ���� ���� ����� ����� ���� ���� �� �� ������ 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ����
�� 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ������ 5��'(& ���� ���� ����� ����� ���� ����� �� �� ������ 5��6<1 ���� ���� ����� ����� ���� ����� �� �� ������ 5��'(& ���� ���� ����� ����� ���� ����� �� �� ������ 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ������ 5��'(& ���� ���� ����� ����� ���� ����� �� �� ������ 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ������ 5��'(& ���� ���� ����� ����� ���� ��� �� �� ������ 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ����$9 5��'(& ���� ���� ����� ����� ���� ��� �� �� ����$9 5��6<1 ���� ���� ����� ����� ���� ���� �� �� ����$9 0($1 ���� ���� ����� ����� ���� ���� �� �� ����5��6<1��5��LQ�V\QWKHVLV�SKDVH��5��LQ�GHFRPSRVLWLRQ�SKDVH5��'(&��5��LQ�GHFRPSRVLWLRQ�SKDVH��5��LQ�V\QWKHVLV�SKDVH2Q� WKH� VLGH� RI� WKH� HYDSRUDWRU� D� VLPLODU� HIIHFW�ZRXOG�EH�H[SHFWHG� �(9� LQ� )LJXUH ���� 'XH� WR� WKH� IDFW� WKDW� WKH�V\QWKHVLV� FRQGLWLRQV� LQ� WKH� UHDFWRU� XVXDOO\� KDV� WR� EH�HVWDEOLVKHG� ILUVW�� WKH� SHDN� DW� WKH� EHJLQQLQJ� RI� WKH�V\QWKHVLV� SKDVH� GRHV� QRW� RFFXU�� 7KH� UHDFWLRQ� RFFXUV�UDWKHU� VORZHU� DW� WKH� EHJLQQLQJ��$W� WKLV�SRLQW�ZH�KDYH� WR�VWUHVV�WKDW�WKH�SUHVVXUH�DQG�WHPSHUDWXUH�FRQGLWLRQV�GLIIHU�EHWZHHQ� WKH� UHDFWRU� WXEHV� LQ� HDFK� RI� WKH� UHDFWRUV�� 7KH�UHDFWRU� WXEHV�� ZKLFK� ILQLVKHG� FROGHU� GXULQJ� WKH�GHFRPSRVLWLRQ�SKDVH��FRXOG�VWDUW�DW� WKH�EHJLQQLQJ�RI� WKH�V\QWKHVLV� SKDVH� ZLWK� WKH� UHDFWLRQ� DOPRVW� LQVWDQWO\�� 7KH�ZDUPHU� UHDFWRU� WXEHV�KDV�WR�EH�FRROHG GRZQ�E\�WKH�KHDW�SLSH� HYDSRUDWRU� ILUVW� WR� EH� SUHSDUHG� IRU� WKH� V\QWKHVLV�SKDVH��
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)LJXUH���� �+HDW�IORZV�RQ�WKH�H[WHUQDO�KHDW�H[FKDQJHUV�RI� WKH� UHDFWLRQ� FRROLQJ� GHYLFH�� $EEUHYLDWLRQV�� '(&��GULYLQJ� KHDW� IORZ�� 6<1�� KHDW� IORZ� WR� WKH� ERWWRPLQJ�GHYLFH��&2��KHDW� IORZ�DW� WKH�FRQGHQVHU��(9��KHDW� IORZ�DW�WKH�HYDSRUDWRU�>�@�
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)RU� WKH� HOHFWULFDO� SRZHU� �'(&� LQ� )LJXUH ��� LW� FDQ� EH�VHHQ� WKDW� LW� LV� FRQVWDQWO\� LQ�XVH��GXULQJ� WKH�FRQQHFWLRQ�SKDVH�DOVR��6PDOO�LQWHUUXSWLRQV�DUH�GXH�WR�WKH�FRQWURO�RI�WKH�GULYLQJ�KHDW� WHPSHUDWXUH� OHYHO��2QO\�D�IHZ�WLPHV�LW�ZDV�VZLWFKHG�RII�IRU�D�VKRUWHU�SHULRG�WR�VORZ�GRZQ�WKH�GHFRPSRVLWLRQ� SKDVH� ZLWK� DQ� LQWHQWLRQ� WR� OHW� WKH�V\QWKHVLV�SKDVH�PRUH�WLPH�7KH�KHDW�UHOHDVHG�GXULQJ�WKH�V\QWKHVLV�KDOI�F\FOH��6<1�LQ� )LJXUH ��� LV� LQ� RXU� FDVH� QRW� IXOO\� UHSUHVHQWDWLYH� IRU�WKH� KHDW� IORZ�� %HFDXVH� WKH� KHDW� WUDQVIHUUHG� WR� WKH�ERWWRPLQJ� GHYLFH� UHOLHV� RQ� WKH� PDVV� IORZ� RI� WKH�VROXWLRQ� EHWZHHQ� WKH� JHQHUDWRU� *�� DQG� WKH� VROXWLRQ�VWRUDJH� WDQN� >�@�� D� WLPH� VKLIW� LV� H[SHFWHG�� ,Q� WKLV� WLPH�VKLIW� WKH� WUDQVIHUUHG�HQHUJ\�KDV� WR�KHDW�XS� WKH�VROXWLRQ�LQ� WKH� JHQHUDWRU� *��� LW� KDV� WR� EH� WUDQVIHUUHG� WR� WKH�JHQHUDWRU� *�� DQG� IXUWKHUPRUH� LW� KDV� WR� EH� QRWLFHG� RQ�WKH�VROXWLRQ�IORZ�IURP�WKH�JHQHUDWRU�*��$QRWKHU� WLPH� VKLIW� HPHUJHV� DW� WKH� HQG� RI� V\QWKHVLV�SKDVH�� EHFDXVH� WKHUH� LV� VWLOO� VRPH� VWRUHG� KHDW� LQ� WKH�WUDQVIHU� V\VWHP��$V� D� UHVXOW� WKH� KHDW� RI� V\QWKHVLV�� DV� D�WLPH� GHSHQGHQW� YDOXH�� LV� WUDQVIHUUHG� DOPRVW� WKH�ZKROH�F\FOH� WLPH�� ZLWK� D� VKRUW� SDXVH� GXULQJ� WKH� FRQQHFWLRQ�SKDVH��%HFDXVH�LW�GRHV�QRW�SUHVHQW� WKH�GLUHFW�KHDW�IORZ�IURP� WKH� UHDFWRU�� LW� FDQ� EH� XVHG� DV� DQ� DYHUDJHG� YDOXH�RQO\�� $V� D� SDUWLFXODULW\�� VRPH� VXGGHQ� FKDQJHV� LQ� WKH�KHDW� IORZ� FDQ� EH� QRWLFHG� DW� WKH� EHJLQQLQJ� RI� WKH� KHDW�WUDQVIHU�� 7KH\� UHVXOWV� IURP� WKH� EUHDNGRZQ� RI� WKH�VROXWLRQ�IORZ�LQ�WKH�DEVRUSWLRQ�GHYLFH�,Q� DGGLWLRQ� WR� WKH� KHDW� IORZV� DW� WKH� PDLQ� KHDW�H[FKDQJHUV�� WKH�KHDW� ORVV��7DEOH���� WR�WKH�HQYLURQPHQW�KDV� EHHQ� HVWLPDWHG� IURP� WKH� JHRPHWU\� GDWD�� ,W� VHUYHG�IRU� WKH� DQDO\VLV� RI� WKH� HQHUJ\� EDODQFH� RI� WKH� UHDFWLRQ�GHYLFH�>�@��$V�LW�FDQ�EH�VHHQ��7DEOH����WKHVH�KHDW�ORVVHV�UHSUHVHQW� RI� DERXW� ���� RI� WKH� HQHUJ\� WKDW� LV� XVHG� IRU�WKH�KHDWLQJ�RI�WKH�FLUFXODWLQJ�DLU��7KHUHIRUH�DQ�LQFUHDVH�LQ� &23� ZRXOG� EH� H[SHFWHG� LI� WKH� KHDW� ORVVHV� WR� WKH�HQYLURQPHQW�ZRXOG�EH�UHGXFHG�����'HYLFH�HIILFLHQF\)LUVW�� WKH� HQHUJ\� EDODQFH� KDV� EHHQ� FKHFNHG� IRU� HDFK�KDOI�F\FOH�E\�WKH�IROORZLQJ�HTXDWLRQ �44444 ORVVFRV\QHYGHF  ���� �,W�FDQ�EH�QRWHG�IURP�WKH�UHVXOWV�IRU�WKH�PHDQ�GLIIHUHQFH�LQ�WKH�EDODQFH��'4�LQ�7DEOH����WKDW�D�KLJKHU�GLIIHUHQFHRFFXUV�� ZKHQ� WKH� UHDFWRU� 5�� LV� LQ� WKH� V\QWKHVLV� SKDVH��DYHUDJH�IRU�5��6<1��7DEOH�����,I�ZH�ORRN�DW�WKH�PHDQ�TXDQWLWLHV� RI� KHDW� DW� WKH� VLQJOH� KHDW� H[FKDQJHUV�� D�GLIIHUHQFH�LQ�WKH�KHDW�DW� WKH�HYDSRUDWRU�LV�QRWHG��,W�FDQ�EH�VHHQ� WKDW� IRU�DERXW�����OHVV�FRROLQJ�KHDW� LV�JDLQHG�GXULQJ�WKH�5��6<1�DV�FRPSDUHG�WR�WKH�SKDVH��ZKHQ�WKH�5�� LV� LQ� WKH� GHFRPSRVLWLRQ� SKDVH� �5�� '(&���$GGLWLRQDOO\�� WKH�KHDW� UHMHFWHG� IURP� WKH�5�� �5��6<1��LV� ORZHU� IRU� WKH�����DOVR��)XUWKHUPRUH� WKH� UHDFWRU�5��XVXDOO\�ILQLVKHV�WKH�SKDVH�IDVWHU�WKDQ�WKH�GHFRPSRVLWLRQ�UHDFWRU�5���ZKLFK�LV�SUHVHQWHG�ZLWK�WKH�ZDLWLQJ�SKDVH�DW�WKH�UHDFWRU�5��W:D�5���7KH� PRVW� LPSRUWDQW� FRPSDULVRQ� SDUDPHWHU� RI� WKH�FRROLQJ� VRUSWLRQ� GHYLFH� LV� WKH� FRROLQJ� HIILFLHQF\� RU�&23��7KH� H[WHUQDO� &23� RI� WKH� UHDFWLRQ� FRROLQJ� GHYLFH LV�GHILQHG�DV�D�UDWLR�RI�WKH�H[WHUQDOO\�PHDVXUHG�TXDQWLW\�RI�

WKH�KHDW�DW�WKH�HYDSRUDWRU�WR�WKH�GULYLQJ�HQHUJ\�EURXJKW�WR�WKH�UHDFWLRQ�FRROLQJ�GHYLFH
GHF
HY44&23  �

7KH�FDOFXODWHG�&23�RI�WKH�H[SHULPHQWDO�FRROLQJ�GHYLFH�LV�SUHVHQWHG� LQ� 7DEOH� �� DQG LQ� )LJXUH ���� ,W� KDV� D� PHDQ�YDOXH�RI�������ZLWK�GLIIHUHQW�YDOXHV� IRU�ERWK�KDOI�F\FOHV��$JDLQ�� WKLV� LV� GXH� WR� WKH� GLIIHUHQW� G\QDPLFV� RI� WKH�UHDFWLRQ�SURFHVV�LQ�WKH�UHDFWRUV��$V�GLVFXVVHG�EHIRUH��WKH�GHYLFH�KDV�UHDFKHG�D�KLJKHU�HIILFLHQF\��ZKHQ�WKH�5��ZDV�LQ�WKH�GHFRPSRVLWLRQ�SKDVH��,Q�DGGLWLRQ��D�KLJKHU�H[WHUQDO�FRROLQJ�SRZHU�KDV�EHHQ�DWWDLQHG�
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>�@
)LJXUH� ���� (IILFLHQF\� RI� WKH� H[SHULPHQWDO� GHYLFH�SUHVHQWHG�LQ�WKH�UHODWLRQ�WR�WKH�H[WHUQDO�FRROLQJ�SRZHU�
7KH� H[WHUQDO� FRROLQJ�SRZHU�GHSHQGV�PRVWO\�RQ� WKH� WLPH�UDWLR� EHWZHHQ� WKH� V\QWKHVLV� SKDVH� WLPH� DQG� KDOI�F\FOH�WLPH�� /HVV� V\QFKURQRXV� RSHUDWLRQ� RI� WKH� UHDFWRUV�ZRXOG�UHIOHFW� LQ�D� ORZHU�WLPH�UDWLR��&RQVHTXHQWO\��WKH�V\QWKHVLV�SKDVH�ZRXOG�EH� UHODWLYHO\� VKRUWHU� DQG� WKH PHDQ�H[WHUQDO�FRROLQJ�SRZHU�RI�WKH�GHYLFH�VPDOOHU�����&21&/86,21,Q� WKLV�ZRUN� WKH�SUHOLPLQDU\�PHDVXUHPHQW� UHVXOWV�RQ� WKH�QRYHO�UHDFWLRQ�FRROLQJ�GHYLFH�ZLWK�WZR�UHDFWRUV�ZRUNLQJ�LQ�FRXQWHU�SKDVH�ZHUH�SUHVHQWHG��7KH�HPSKDVLV�ZDV�ODLG�RQ�WKH�SUHVHQWDWLRQ�RI WKH�F\FOLF�RSHUDWLRQ�RI�WKH�GHYLFH��,W� KDV� EHHQ� VKRZQ� WKDW� WKH� GHYLFH� RSHUDWHG� TXDVL�FRQWLQXRXVO\�� ZLWK� FRQVWDQW� VKLIWLQJ� RI� WKH� UHDFWLRQ�SKDVHV� SDUDOOHO� LQ� WKH� ERWK� UHDFWRUV�� )URP� WKH�PHDVXUHPHQW� UHVXOWV� LW� KDV� EHHQ� IRXQG�� WKDW� WKH� UHDFWRU�5��SURGXFHG�OHVV�FRROLQJ�HQHUJ\�WKDQ�WKH�UHDFWRU�5���7KH�UHDVRQV� FRXOG� EH� FRQQHFWHG� ZLWK� WKH� ORVV� RI� DPPRQLD�PDVV� LQ� WKH� GHYLFH�� ,W� KDV� EHHQ� QRWHG� GXULQJ� WKH�PHDVXUHPHQWV�WKDW�WKH�UHDFWHG�TXDQWLW\�GLIIHUHQFH��ZKLFK�LV� GHSHQGHQW� RQ� WKH� PDVV� RI� DPPRQLD� LQ� WKH� V\VWHP��GHFUHDVHG� GXULQJ� WKH� F\FOLF� RSHUDWLRQ�� 7KH� RWKHU�SRVVLELOLW\� ZRXOG� EH� WKH� OHDNDJH� EHWZHHQ� WKH� KHDW� SLSH�DQG�WKH�UHDFWLYH�PDWUL[�LQ�WKH�UHDFWRU�5���7KLV�ZDV�PRUH�OLNHO\� SUHVHQW�� GXH� WR� WKH� TXLWH� ODUJH� TXDQWLWLHV� RI�DPPRQLD�� ZKLFK� KDG� WR� EH� UHSODFHG� GXULQJ� WKH�PHDVXUHPHQWV�� $QRWKHU� SRVVLEOH� H[SODQDWLRQ� LV� WKH�SUHVHQFH�RI�OLTXLG�SKDVH�LQ�WKH�YDSRXU�IORZ�WR�WKH�UHDFWRU�5��� 7KLV� FDQ� RFFXU�� ZKHQ� OLTXLG� DPPRQLD�� ZKLFK� LV�SUHVHQW� LQ� WKH� VHSDUDWRU�� PL[HV� ZLWK� WKH� YDSRXU� OHDYLQJ�WKH� HYDSRUDWRU�� ,W� FRXOG� EH� DOVR� SRVVLEOH� WKDW� WKH�DPPRQLD� PDVV� ZDV� WUDQVSRUWHG� EHWZHHQ� WKH� UHFHLYHUV��GXH�WR�WKH�PDOIXQFWLRQ�RI�WKH�FRQWURO�V\VWHP�
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%��&HUNYHQLN��ERVWMDQ�FHUNYHQLN#IV�XQL�OM�VL ���

)URP� WKH� DQDO\VLV� RI� WKH� KHDW� IORZV� D� &23� RI�&23 ����� UHVXOWHG��ZKLFK� GRHV� QRW� FRUUHVSRQG� WR� WKH�H[SHFWHG�&23�YDOXH��ZKLFK� VKRXOG�EH�DW� OHDVW������� ,W�KDV� EHHQ� IRXQG� WKDW�� LI� WKH� GLIIHUHQFH� EHWZHHQ� WKH�RSHUDWLRQ� RI� WKH� GHYLFH� GXULQJ� WKH� VLQJOH� KDOI�F\FOHV�ZRXOG�EH�GLPLQLVKHG��DQ�LQFUHDVH�RI� WKH�&23�RI�DERXW����� WR� WKH� ����� FRXOG� EH� UHDFKHG� �7DEOH� ���� ,Q�DGGLWLRQ�� PLQLPLVDWLRQ� RI� KHDW� ORVVHV� WR� WKH�HQYLURQPHQW� FRXOG� EULQJ� DQRWKHU� ���� LQFUHDVH� LQ� WKH�&23�� 6WLOO� WR� UHDFK� WKH� PHDQ� &23� YDOXHV� RYHU� ���� D�GLIIHUHQW� DSSURDFK� WR� WKH� GHVLJQ�RI� WKH� UHDFWRUV�ZRXOG�EH� UHTXLUHG�� 'XH� WR� WKH� QXPHURXV� UHDFWLRQ� WXEHV� WKH�LQDFWLYH�� LQHUW� PDVV� RI� WKH� UHDFWRUV�� ZKLFK� KDV� WR EH�F\FOHG�WRJHWKHU�ZLWK�WKH�UHDFWLYH�VDOW��LV�YHU\�KLJK��:LWK�UHGXFWLRQ� RI� WKH� LQHUW� PDVV�� H�J�� ORZHU� PDVV� RI� WKH�UHDFWRU�WXEHV��LQQHU�LQVXODWLRQ�RI�WKH�UHDFWRU�FDVLQJ��WKH�UHVXOWLQJ�&23�FRXOG�EH�LQFUHDVHG�WR�WKH�H[SHFWHG�OHYHO����5()(5(1&(6>�@�&HUNYHQLN�%���3RUHGRã $���=LHJOHU�)���,PSURYHPHQW�RI� WRSSLQJ�F\FOH� HIILFLHQF\� ZLWK� DQ� LQFUHDVH� LQ�HYDSRUDWLRQ� SUHVVXUH�� -RXUQDO� RI� 0HFKDQLFDO�(QJLQHHULQJ��9RO�����1R�����������>�@� &HUNYHQLN� %��� 3RUHGRã� $��� &RPSDULVRQ� EHWZHHQ�KHDW� SXPSV� ZLWK� OLTXLG� DQG� VROLG� VRUEHQWV�� ��� 6'+.�PHHWLQJ��=UHFH��6ORYHQLD��������>�@� =LHJOHU� )��� %UDQGO� )��� 9|ONO� -��� $OHIHOG� *��� $�FDVFDGLQJ� WZR�VWDJH� VRUSWLRQ� FKLOOHU� V\VWHP� FRQVLVWLQJ�RI� D�ZDWHU�]HROLWH� KLJK�WHPSHUDWXUH� VWDJH� DQG� D�ZDWHU�/L%U� ORZ�WHPSHUDWXUH� VWDJH�� 3URF�� $EVRUSWLRQ� +HDW�3XPSV�&RQJUHVV��SS����������3DULV���������>�@� %HUOLW]� 7��� /HPNH� 1��� 6DW]JHU� 3��� =LHJOHU� )���$EVRUSWLRQ� FKLOOHU� ZLWK� LQWHJUDWHG� FROG� VWRUDJH� 3URF��,QW�� $E�VRUSWLRQ� +HDW� 3XPS� &RQIHUHQFH�� 0RQWUHDO��������

>�@�6SLQQHU�%���6WLWRX�'���*ULQL�3��*���&DVFDGLQJ�6RUSWLRQ�0DFKLQHV��1HZ�&RQFHSWV�IRU�WKH�3RZHU�&RQWURO�RI�6ROLG�*DV� 7KHUPRFKHPLFDO� 6\VWHPV�� 3URF�� ,QW�� $E�VRUSWLRQ�+HDW� 3XPS�&RQIHUHQFH��0RQWUHDO��9RO�� ��� SS�� ���������������>�@� 6WLWRX� '��� 6SLQQHU� %��� 0D]HW� 1��� 3URWRW\SH� GH�WUDQVIRUPDWHXU� WKHUPRFKLPLTXH� VLPSOH� HIIHW� GH�SURGXFWLRQ�FRQWLQXH�GH��N:�IURLG�D���&�HW�GH���N:�GH�FKDOHXU� D� ����&� XWLOLVDQW� GHV� EUXOR�UHDFWHXUV� HW� GHV�FDORGXFV� D� HDX�� 5HVHDUFK� UHSRUW� RI�&156�,03� �,QVWLWXW�GH� 6FLHQFH� HW� GH� *HQLH� GHV� 0DWHULDX[� HW� 3URFHGHV���3HUSLJQDQ��)UDQFH���������>�@� &HUNYHQLN� %��� 8VH� RI� VTXDUH�URRW� FULWHULRQ� IRU�LQFUHDVH� LQ� HIILFLHQF\� RI� VRUSWLRQ� FRROLQJ� GHYLFHV�� 3K'�7KHVLV��8QLYHUVLW\�RI�/MXEOMDQD��������>�@� 1HYHX� 3��� &DVWDLQJ� -��� 6ROLG�*DV� &KHPLFDO� 3XPSV��)LHOG� RI� $SSOLFDWLRQ� DQG� 3HUIRUPDQFH� RI� WKH� ,QWHUQDO�+HDW� RI� � 5HDFWLRQ� 5HFRYHU\� 3URFHVV�� +HDW� 5HFRYHU\�6\VWHPV�	�&+3��9RO������1R����������
120(1&/$785(&23 >�@ FRHIILFLHQW�RI�SHUIRUPDQFHS >3D@ SUHVVXUH4 >-@ KHDW7 >�&@ WHPSHUDWXUH'/ >NJ�NJ��@ OHYHO�GLIIHUHQFH
,QGLFHVHY HYDSRUDWLRQFR FRQGHQVDWLRQV\Q V\QWKHVLVGHF GHFRPSRVLWLRQORVV ORVVHV
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