
(;'�3������
/L�H[SHULPHQWV�RQ�7���0�DQG�7����LQ�VXSSRUW�RI�VWHDG\�VWDWH�WRNDPDN�FRQFHSW�ZLWK�/L�FORVHG�ORRS�FLUFXODWLRQ��6�9�0LUQRY����(�$�$]L]RY����$�*�$OHNVHHY����$�9�9HUWNRY����9�$�9HUVKNRY����9�%�/D]DUHY����,�(�/\XEOLQVNL����5�5�.KD\UXWGLQRY�������*6&�3)�75,1,7,���������7URLWVN�0RVF��5HJ��5XVVLD�����56&�³.XUFKDWRY�,QVWLWXWH´�.XUFKDWRY�$FDG��6F�����0RVFRZ���������5XVVLD�����)68(�³5HG�6WDU´��(OHNWUROLWQ\M�SU���$��0RVFRZ����������5XVVLD��

( PDLO�FRQWDFW�RI�PDLQ�DXWKRU���PLUQRY#WULQLWL�UX
$EVWUDFW��7KH�SDSHU�SUHVHQWV�UHYLHZ�RI�WKH�ODVW�7���0�DQG�7����DFWLYLW\�LQ�ILHOG�RI�/L�H[SHULPHQW�LQ�WRNDPDNV��7KH�PDLQ� DWWHQWLRQ� LV� VSDUHG� WR� UHDOL]DWLRQ�RI� FRQFHSW� RI� FORVHG� ORRS�/LWKLXP�FLUFXODWLRQ� DV VROXWLRQ�RI� SODVPD� IDFLQJ�FRPSRQHQWV� �3)&�� SUREOHP�RI� VWHDG\� VWDWH� WRNDPDN�UHDFWRU�� 5HDOL]DWLRQ� RI� WKLV� FRQFHSW� GHPDQGV� WKH� GHFLVLRQ� RI�WKUHH�PDLQ�WDVNV��/LWKLXP�LQMHFWLRQ�LQWR�WKH�SODVPD��/L�FROOHFWLRQ�EHIRUH�LWV�GHSRVLWLRQ�RQ�WKH�YDFXXP�YHVVHO�DQG�/L�UHWXUQLQJ� WR� WKH� LQMHFWLRQ� ]RQH� IURP� WKH� FROOHFWRU��7KLV� HPLWWHU�FROOHFWRU� FRQFHSW� DVVXPHV�� WKDW� WKH�PDLQ�KHDW� IOX[�IURP�D�KRW�SODVPD�WR�WKH�3)&���OLPLWHUV��GLYHUWRU�SODWHV���FDQ�EH�GLVWULEXWHG�RQ�DOO�ILUVW�ZDOO�VXUIDFH�E\�QRQ�FRURQDO�/L�UDGLDWLRQ�� ZKLFK� VKRXOG� GHFUHDVH� WKH� ORFDO� KHDW� ORDGV� RI� WKH� UHDFWRU� 3)&�� ,Q� WKH� ODVW� ��� H[SHULPHQWV� ZHUH�VXFFHVVIXO� WHVWHG� WKH� SURWRW\SH� RI� VWHDG\� VWDWH� /L� HPLWWHU� �OLPLWHU�� RQ� WKH� EDVLV� RI� FDSLOODU\� SRURXV� �&36�� V\VWHP��PDQXIDFWXUHG� IURP� WXQJVWHQ� IHOW��7KH�H[SHULPHQWV�ZLWK�/L�FROOHFWLRQ�E\� ODWHUDO� VLGHV�RI� UDLO� OLPLWHU�ZLWK�:�ZLQJV�VKRZHG� WKDW� VLJQLILFDQW� SDUW� RI� /L�� LQMHFWHG� WR� SODVPD� �a������ FDQ� EH� FROOHFWHG� E\� WKLV� ZD\�� 7���� H[SHULPHQWV�VKRZHG� WKDW� /L� PLJUDWLRQ� DURXQG� WKH� WRUXV� IURP� OLWKLDWLRQ� UHJLRQ� LV� SUHWW\� ORZ�� 7KH� H[SHULPHQW� ZLWK� /L� SHOOHW�LQMHFWLRQ�LQ�7����SHUPLWWHG�WR�ILQG��WKDW�SUREDELOLW\�RI�/L�SHQHWUDWLRQ�LQWR�WKH�KRW�SODVPD�FRUH�IURP�LWV�ERXQGDU\�LV�LQ�D IDFWRU�RI������ORZHU�WKDQ�WKDW�RI�GHXWHULXP��7KLV�UHVXOW�FDQ�H[SODLQ�WKH�HIIHFW�RI�SODVPD�FOHDQLQJ��=HII����a���GXULQJ�
WRNDPDN�OLWKLDWLRQ�H[SHULPHQWV�

��,QWURGXFWLRQ�
�7KH� LGHD� RI� VWHDG\� VWDWH� WRNDPDN� XVH� DV� D� YROXPHWULF� QHXWURQ� VRXUFH� EHFRPHV� WRGD\� D� KLJK�SRSXODULW\��,WV�ILUVW�UHDVRQ�LV�³WKH�UHQDLVVDQFH�RI�QXFOHDU�HQHUJHWLF´��ZKLFK�DSSHDUHG�DV�DQ�DQVZHU�WR�WKH�FKDOOHQJHV�RI�;;,�FHQWXU\��6HYHUDO�QHHGV�RI�QXFOHDU�HQHUJHWLF�FDQ�EH�VROYHG�E\�WKH�XVH�RI�WKH�KLJK� SRZHU� LQGHSHQGHQW� IDVW� QHXWURQ� VRXUFHV�� 7KHVH� DUH�� WKH� EXUQLQJ� RI� ILVVLRQ� DVKHV� �PLQRU�DFWLQLGHV�1S��$P��3X���WKH�EUHHGLQJ�RI�ILVVLRQ�UHDFWRU�IXHO�����8�����3X��DQG�WKH�LQGHSHQGHQW�FRQWURO�RI�ILVVLRQ�UHDFWRU�RSHUDWLRQV��7KH�PDLQ�IHDWXUH�RI�VXFK�QHXWURQ�VRXUFHV�RQ�WRNDPDN�EDVLV�VKRXOG�EH�WKH�VWHDG\�VWDWH��ZLWK�F\FOH�HIILFLHQF\�!�����RSHUDWLRQ�UHJLPHV���,W� LV� ZHOO� NQRZQ�� WKDW� VWHDG\� VWDWH� RSHUDWLRQ� RI� FXUUHQW� WRNDPDNV� KLQGHUV� WKH� LQYHQWRU\� RI�+\GURJHQ� LVRWRSHV� �'7�� DQG� GHSRVLWLRQ� RI� VSXWWHUHG� PDWHULDOV� RI� WRNDPDN� SODVPD� IDFLQJ�FRPSRQHQWV��GXVW�SUREOHP���7KH�XVH�RI�OLTXLG�/LWKLXP�DV�WKH�PDWHULDO�RI�SODVPD�IDFLQJ�FRPSRQHQWV��3)&��>�@�FDQ�EH�WKH�SULQFLSDO�QHZ�VROXWLRQ�RI�WRNDPDN�ILUVW�ZDOO�SUREOHP���7KLV� LGHD�KDV�RSSRQHQWV��7KH�PDLQ�PLVJLYLQJV� DUH�� ��� OLTXLG�PHWDO� VSODVKLQJ� XQGHU� WKH� -[%�IRUFHV�GXULQJ�0+'�LQVWDELOLWLHV�DQG�GLVUXSWLRQV�����DEQRUPDO�LRQ�VSXWWHULQJ�DV�D�UHVXOW�RI�SODVPD�OLTXLG� /LWKLXP� LQWHUDFWLRQ�� ��� KHDW� UHPRYDO� SUREOHP� ZLWK� 3)&� WKHUPDO� VWDELOL]DWLRQ� IRU� WKH�SUHYHQWLRQ� RI� VWURQJ� /LWKLXP� HYDSRUDWLRQ� DQG� DV� WKH� ILQDO� SUREOHP� RI� WULWLXP� UHPRYDO� IURP�/LWKLXP�3)&�����VWHDG\�VWDWH�FRROLQJ�RI�OLWKLXP�3)&���$OPRVW� DOO� RI� WKHVH� TXHVWLRQV� ZHUH� VROYHG� E\� WKH� FRPPXQLW\� 75,1,7,�³5HG� 6WDU´��³.XUFKDWRY�LQVWLWXWH´�7HDP�DFWLYLW\�GXULQJ�WKH�ODVW����\HDUV�����������\\��>���@�����



(;'�3������
7KH�FUXFLDO�VXJJHVWLRQ�ZKLFK�DOORZHG�WR�VXSSUHVV�/LWKLXP�VSODVKLQJ�ZDV�EDVHG�RQ�WKH�LGHD�RI�FRPSHQVDWLRQ�RI�SRQGHU�PRWLYH�IRUFHV�LQ�OLTXLG�PHWDO�E\�WHQVLRQ�IRUFHV�LQ�FDSLOODU\�FKDQQHOV��9��(YWLNKLQ�HW�DO�>���@���7KH�FDSLOODU\�FKDQQHOV�IURP�0R��VWDLQOHVV�VWHHO��66���9�RU�:�PDQXIDFWXUHG�DV� SUHVVHG� ZLUH� JULGV� ZHUH� FDOOHG� ³FDSLOODU\� SRUH� V\VWHPV´� �&36��� 7KH� /L� &36� OLPLWHUV� ZHUH�VXFFHVVIXOO\� XVHG� ILUVWO\� LQ� WRNDPDN� 7���0� ������ 75,1,7,�� DQG� WKDQ� LQ� )78� DQG� 7����H[SHULPHQWV�>���@��)LJ���SUHVHQWV�VRPH�UHVXOWV�RI�YHVVHO�ZDOO�OLWKLDWLRQ��FRYHULQJ�RI�ILUVW�ZDOO�E\�/L�ILOP��LQ�7����>��@��7KH�FRPPRQ�HIIHFWV�RI�VXFK�NLQG�RSHUDWLRQV�LQ�DOO�WRNDPDNV�IURP�ILUVW�7)75�H[SHULPHQWV�DUH��WKH�SODVPD�FOHDQLQJ��GHFUHDVH�RI�=HII�XS�WR�RQH���VXSSUHVV�RI�KHDY\�LPSXULWLHV�DQG�OLJKW�LPSXULW\�GHFUHDVH��

),*����(YROXWLRQ�RI�PDLQ�7����SDUDPHWHUV��=HII���%RORPHWULFDO��VLJQDO��$8;9�DQG�6;�VLJQDOV��&DUERQ�VSHFWUDO�OLQHV�LQWHQVLW\��DV�UHVXOWV��RI�GLIIHUHQW�FRQGLWLRQLQJ�SURFHGXUHV��OLWKLDWLRQ��JUD\�UHG�UHFWDQJXODU��+H�*'�DQG�GHXWHULXP�GLVFKDUJHV�>�@���7KH�PDLQ�UHVXOWV��ZKLFK�ZHUH�REWDLQHG�LQ��/L�H[SHULPHQWV�ZLWK�&36��3)&�>���@��DUH�����7KH�VXUIDFH�WHQVLRQ�IRUFHV�LQ�&36�PD\�EH�XVHG�IRU�VXSSUHVVLRQ�RI�OLTXLG�/L�VSODVKLQJ���������7KH�VXUIDFH�WHQVLRQ�IRUFHV�PD\�HQVXUH�WKH�3)&�UHJHQHUDWLRQ�LQ�VWHDG\�VWDWH�UHJLPH�����(URVLRQ�RI�/L�3)&�LQ�WRNDPDN�62/�LV�FORVH�WR�WKH�OHYHO�RI�VLPSOH�LRQ�EHDP�VSXWWHULQJ�RI�OLTXLG�OLWKLXP�WDUJHWV�����7KH� /L� QRQ�FRURQDO� UDGLDWLRQ� �UDGLDWLRQ� RI� QRQ� IXOO� VWULSSHG� /LWKLXP� LRQV�� FDQ� FRRO� WKH�WRNRPDN� ERXQGDU\� SODVPD� DQG� WKXV� SURWHFW� WKH� 3)&� IURP� WKH� KLJK� SRZHU� ORDG� GXULQJ� TXDVL�VWHDG\� VWDWH� DQG� GLVUXSWLRQV� UHJLPHV� �����PV��� 7KH� PDLQ� REMHFWLYH� RI� WKLV� LV� D� IDVW� /L� LRQV�FLUFXODWLQJ�EHWZHHQ�SODVPD�DQG�WKH�WRNDPDN�3)&��ZKLFK�SUHYHQWV�WKH�IXOO�VWULSSLQJ�RI�/L�LRQV�XS�WR� WKH� FRURQDO�PRGHO� OLPLW� DQG� DOORZV�� IRU� H[DPSOH�� WR� UHGLVWULEXWH� DOPRVW� ����RI� WRWDO� RKPLF�KHDWLQJ�SRZHU��32+� RQ�WKH�7���0�YHVVHO�ZDOO�E\�OLWKLXP�QRQ�FRURQDO�89�UDGLDWLRQ������$V�D�UHVXOW�WKH�VROLG�EDVLV�RI�&36�OLPLWHU�KDV�KLJK�UHVLVWDQFH�WR�GLVUXSWLRQV��



(;'�3������
��� 7KH� WHPSHUDWXUH� RI� +\GURJHQ� LVRWRSHV� UHFRYHU\� IURP� OLTXLG� /L� DIWHU� K\GURJHQ� SODVPD�H[SRVLWLRQ�LV��������R&��7ULWLXP�FDQ�EH�UHPRYHG�IURP�/L�3)&�E\�LWV�KHDWLQJ�XS�WR��������R&�����(IIHFW� RI� ³/LWKLXP� VFUHHQLQJ´� �ORZ�=HII���� DV� UHVXOW� RI� ORZ�SUREDELOLW\� RI�/L� SHQHWUDWLRQ�LQWR� SODVPD� FHQWHU�� FDQ� EH� D� EDVLV� RI� FRQFHSW� RI� VR�FDOOHG� FORVHG� /L� ORRS� >���@� LQ� VWHDG\� VWDWH�WRNDPDN�RSHUDWLRQV�ZLWK�/L�HPLWWHU�DQG�FROOHFWRU��� 7KLV�/LWKLXP�HPLWWHU�FROOHFWRU�FRQFHSW�VXSSRVHV�WKH�/LWKLXP�FLUFXODWLRQ�ORRS�GHYHORSPHQW�FORVH� WR� WKH� YHVVHO� ZDOO� DQG� SODVPD� SHULSKHU\�ZLWK� WKH�PDLQ� KRW� ���������&�� OLPLWHU� DV� D� /L�HPLWWHU�DQG�WKH�VHFRQGDU\�OLPLWHU�DV�D�FROGHU�/L�FROOHFWRU���,Q�WKH�PDLQ�FXUUHQW�/L�H[SHULPHQWV�WKH�VXUIDFH�RI�WRNDPDN�FKDPEHU�SOD\V�D�UROH�RI�/L�FROOHFWRU�����7KLV�FRQFHSW�KDV�IRXU�FKDUDFWHULVWLF�VWHSV��/L�HPLVVLRQ�IURP�3)&�LQWR�WKH�SODVPD��HPLWWHU���WKH�ERXQGDU\�SODVPD�FRROLQJ�E\�QRQ�FRURQDO�/L�UDGLDWLRQ��/L�LRQV�FDSWXUH�E\�WKH�FROOHFWRU�EHIRUH�WKHLU�GHSRVLW�RQ�WKH�WRNDPDN�YHVVHO�ZDOO�DQG�/L�UHWXUQ�IURP�WKH�FROOHFWRU�DQG�WKH�ILUVW�ZDOO�LQWR�HPLWWHU�RU�SODVPD�FROXPQ�DJDLQ��7KH�ILUVW�VWHS�RI�/L�OLPLWHU�LQYHVWLJDWLRQV�ZDV�WKH�VWXG\�RI�SURSHUWLHV�RI�OLWKLXP�OLPLWHU�DV�/L�HPLWWHU��,Q�HDUO\�7���0�H[SHULPHQWV�>�@�LW�ZDV�HVWDEOLVKHG�WKDW�WKH�OLWKLXP�HPLVVLRQ�KDV�D�VWURQJ�GHSHQGHQFH�RQ�HPLWWHU� WHPSHUDWXUH��7KH�XVHIXO� LQWHUYDO�RI�/L�OLPLWHU� WHPSHUDWXUHV�VXQN� LQ�62/�WRNDPDN�SODVPD�FDQ�EH�FKRVHQ�IURP�/L�PHOWLQJ�SRLQW������&��XS�WR�WKH�DSSUR[LPDWHO\�����&��6SRQWDQHRXV�OLTXLG�PHWDO�SODVPD�LQVWDELOLWLHV�FDQ�RULJLQDWH�FORVH�WR�WKH�OLPLWHU�VXUIDFH�LI�WKH�OLPLWHU� WHPSHUDWXUH� LQFUHDVHV�XS� WR�����&��7KH�QH[W� VXEMHFWV�RI�7���0�DQG�7���� � � H[SHULPHQWV�ZHUH� LQYHVWLJDWLRQ� RI� /L� PLJUDWLRQ� LQ� WKH� WRNDPDN� YHVVHO� DQG� LWV� FROOHFWLRQ� E\� GLIIHUHQW� NLQG�OLPLWHUV��6XPPDU\�RI�WKHVH�LQYHVWLJDWLRQV�LV�WKH�PDLQ�VXEMHFW�RI�WKLV�SDSHU�����7���0�DQG�7����RSHUDWLRQV�� 7KH�7���0��5�D ��������P��-S ������N$��%7 ���7�� W ���V��DQG�7�����5�D ��������P��-S �������N$��%7 ���7�� W �V��DUH�WKH�FODVVLFDO�WRNDPDNV��)LJ�������

),*����6FKHPDV�RI�/L�H[SHULPHQWV�LQ�7���0�$��DQG�7����%���



(;'�3������
7ZR�ORFDO�PRYDEOH�UDLO�OLPLWHUV�ZHUH�XVHG�LQ� WKH�7��� H[SHULPHQWV��)LJ���$���/LWKLXP�&36� �D � ���������P��� DQG� JUDSKLWH� �&�OLPLWHU��� >���@�� 7KH� OLWKLDWLRQ� RI� WKH� ILUVW� ZDOO� ZDV�SHUIRUPHG�LQ�7���0�E\�WKH�WZR�ZD\V��EHWZHHQ�WRNDPDN�VKRWV�E\�+H�*'�ZLWK�/L�OLPLWHU�DV�DQRGH�DQG�E\�/L�HPLVVLRQ�IURP�/L�OLPLWHU�GXULQJ�VKRW��7KH�/LWKLXP�PLJUDWLRQ�LQ�WKH�62/�UHJLRQ�DQG�LWV�FROOHFWLRQ�E\� OLPLWHUV�ZHUH�VWXGLHG�E\�/L� OLJKW�HPLVVLRQ�IURP�PRYDEOH�SUREH��&�OLPLWHU���ZKLFK�FRXOG� EH� FRQVLGHUHG� DV� D� UHFRPELQDWLRQ� WDUJHW� IRU� WKH� LQFLGHQW� IOX[� RI� /L� LRQV� >�@� DQG� E\� WKH�SRVWPRUWHP�DQDO\VLV�RI�WKH�ZLWQHVV�VDPSOHV�ORFDWHG�RQ�D�VXUIDFH�RI�/L��OLPLWHU���� 7���� KDV� WZR� OLPLWHUV�� D� PDVVLYH� JUDSKLWH� UDLO� OLPLWHU� �)LJ���%� D ��FP�� DQG� D� FLUFXODU�JUDSKLWH�OLPLWHU��D ��FP���SRVLWLRQHG�FORVH�WR�LW��7KH�OLWKLDWLRQ�RI�WKH�ILUVW�ZDOO�ZDV�SHUIRUPHG�LQ�7����E\�KHDWLQJ�RI�PRYDEOH�/L�&36�HYDSRUDWRU��GXULQJ�WRNDPDN�FRQGLWLRQLQJ��OLPLWHUV�DQG�YHVVHO�ZDOO� JHWWHULQJ��� 7KH� /L� SHQHWUDWLRQ� LQWR� 62/� RI� 7���� ZDV� GHWHUPLQHG� E\� SKRWRPHWULF�PHDVXUHPHQWV� RI� WUDQVOXFHQW� /L�&2� OD\HU� RQ� WKH� VXUIDFH� RI� WKH� UDLO� JUDSKLWH� OLPLWHU� DIWHU�H[SHULPHQWV��/L�PLJUDWLRQ�DURXQG�WKH�WRUXV�ZDV�HVWLPDWHG�GXULQJ�GLVFKDUJH�E\�PHDVXUHPHQW�RI�/L�UHFRPELQDWLRQ�UDGLDWLRQ��/L,,���7KH�DEVROXWH�FDOLEUDWLRQ�RI�/L�IOX[�ZDV�SHUIRUPHG�E\�WKH�XVH�RI�/L�SHOOHW�LQMHFWLRQ��������7���0�H[SHULPHQW��0DLQ�DLPV�RI� WKH� ODVW�7���0�H[SHULPHQWV�ZHUH� WR� WHVW� WKH�QHZ�³:�/L´�OLPLWHU�ZLWK�:��FDSLOODU\�SRURXV�VWUXFWXUH��&36��DV�SURWRW\SH�RI�VWHDG\�VWDWH�/L�HPLWWHU�DQG�WKH�LQYHVWLJDWLRQ�RI�/L� FROOHFWLRQ�E\� ODWHUDO� VXUIDFHV�RI� ³:��/L´�±OLPLWHU�ZLWK�:�ZLQJV�DV� WKH� ILUVW�VWHS�RI�/L�ORRS�GHYHORSPHQW��� )LJ���SUHVHQWV�WKH�VFKHPH�RI�WKH�QHZ�³:��/L´�±OLPLWHU�ZLWK�ZDWHU�FRROLQJ������&��ZKLFK�FDQ� SHUPLW� VLPXOWDQHRXVO\� WKH� /LWKLXP� SUHKHDWLQJ� WR�PHOWLQJ� WHPSHUDWXUH� �����&�� DQG� FRROLQJ�GXULQJ�DQG�DIWHU�SODVPD�VKRW��7KH�&36�RI�WKH�QHZ�OLPLWHU�ZDV�PDGH�IURP�:�IHOW��7KH�ODWHUDO�VLGHV�RI� WKH� QHZ� OLPLWHU� ZHUH� FRDWHG� E\� WXQJVWHQ�ZLQJV� IRU� /L� FROOHFWLRQ�� DV� LW� ZDV� LQ� WKH� SUHYLRXV�OLPLWHU�YHUVLRQ�>�@���

),*���6FKHPD�RI�VWHDG\�VWDWH�³:�/L´�OLPLWHU�RI�7���0��7KH�QHZ� OLPLWHU�ZDV� WHVWHG� VXFFHVVIXOO\�GXULQJ� HTXDO� ����� VKRWV� RI�7���0�ZLWK�SRZHU�ORDG� HTXDO� WR� ���0:�P� DQG� VKRWV� GXUDWLRQ� HTXDO� ���VHF�� $ERXW� ���� VKRWV�ZHUH� ILQLVKHG� E\�GLVUXSWLRQV�� 7KH� PDLQ� GLIIHUHQFH� IURP� 66�OLPLWHU� ZDV� LQFUHDVH� RI� KHDW� FRQGXFWLYLW\� RI� DFWLYH�&36�OD\HU�XS�WR�����WLPHV��WKDQ�LQ�66�FDVH��� )LJ���SUHVHQWV� WKH�FRPPRQ�YLHZ�WKH�SODVPD�IDFLQJ�VXUIDFHV�RI�HOHFWURQ�DQG�LRQ�VLGHV�RI�³:�/L´�ZLWKRXW� DQ\� VLQJV� RI� SODVPD� ±OLPLWHU� LQWHUDFWLRQV�� 7KH� WRWDO� /L�ZHLJKW� ORVV� RI� ³:�/L´�OLPLWHU�GXULQJ� WKH�YHVVHO�ZDOO� OLWKLDWLRQ�SURFHGXUHV� >�@�DQG�GXULQJ�SODVPD�RSHUDWLRQV�ZDV�DERXW�



(;'�3������
���J��7KH�WRWDO�DPRXQW�RI� OLWKLXP��FROOHFWHG�E\�ODWHUDO�VXUIDFHV�RI� WKH� OLPLWHU�DQG�:�ZLQJV�ZDV�DERXW����J��ZKLFK�ZDV��E\�WKH�DFFRXQW��FORVH�WR�WKH�WRWDO�/L�DPRXQW�ORVW�E\�OLPLWHU�LQ�SURFHVV�RI�SODVPD�OLPLWHU� LQWHUDFWLRQ� GXULQJ� WKH� DOO� WHVW� FDPSDLJQ�� 7KH� DEVROXWH�PHDVXUHPHQWV� RI� VXUIDFH�GLVWULEXWLRQ� RI� /L� GHSRVLW� ZHUH� SHUIRUPHG� E\� SRVW� PRUWHP� FKHPLFDO� DQDO\VLV� >�@� RI� ZLWQHVV�VDPSOHV��SRVLWLRQHG�RQ�WKH�OLPLWHU�VLGHV���

),*����+HDG�RI�³:�/L´�OLPLWHU�DIWHU�H[SRVLWLRQ�LQ������VKRWV�RI�7���0��H�VLGH��WRS��DQG�L�VLGH��GRZQ��������7KH�FKHPLFDO� ILQGLQJ�RI� WKH�DEVROXWH� OLWKLXP�DPRXQW� LQ� WKH�ZLWQHVV�VDPSOHV��/LWKLXP�KDV�D�VWURQJ� FKHPLFDO� DFWLYLW\� WR� WKH� EDVLF� FRPSRQHQWV� RI� DLU� �� QLWURJHQ�� R[\JHQ� DQG� ZDWHU� YDSRU��'XULQJ� WKH� H[WUDFWLRQ� RI� ZLWQHVV�VDPSOHV� IURP� OLPLWHU� ODWHUDO� VXUIDFHV� /LWKLXP� GHSRVLW� KDV� DQ�LQHYLWDEOH�FRQWDFW�ZLWK�1LWURJHQ�DQG�WKH�2[\JHQ�RI�WKH�DLU�DQG�IRUPV�PL[�/L�1�/L�2 ����>�@��$V�D UHVXOW� WKH� DQDO\VHV�RI� WKH� DEVROXWH� DPRXQW�RI� WKH�/LWKLXP�GHSRVHG�RQ� D� VDPSOH�� UHSUHVHQWV� D�VHULRXV�SUREOHP��,Q�7���0�H[SHULPHQWV�LW�ZDV�EHHQ�UHVROYHG�E\�WKH�IROORZLQJ�ZD\��WKH�ZLWQHVV�VDPSOHV� ZHUH� VXEMHFWHG� WR� H[SRVXUH� LQ� SODVPD� DQG� WKHQ� ZHUH� JRW� RQ� DLU� GXULQJ� YHQWLQJ� WKH�WRNDPDN�YHVVHO�DQG�VHDWHG�LQ�WKH�ERLOLQJ�ZDWHU���� 9DULRXV�FKHPLFDO�FRPSRXQGV�RI�/LWKLXP��ZKLFK�FDQ�IRUP�GXULQJ�WKH�SODVPD�H[SRVXUH�RI�ZLWQHVV�VDPSOHV� DQG� WKHLU� WUDQVSRUWDWLRQ� WKURXJK� DLU�� HQWHU� WKH� IROORZLQJ� UHDFWLRQV�ZLWK�ERLOLQJ�ZDWHU���/L���� �  �/L2+���+� � /L�1 ���+�2  ��/L2+���1+���� /L�2 ���+�2  ��/L2+���+�� ��/L�&�� ��+�2  � �/L2+� ��&�+��� �$ONDOL� /L2+� DSSHDUV� DOZD\V� DV� WKHLU� ILQLVKHG� SURGXFW�/L2+� DPRXQW� LQ� WKH� ZDWHU� VROXWLRQ� DQG�� DFFRUGLQJO\�� WKH� LQLWLDO� OLWKLXP� PDLQWHQDQFH� LQ� WKH�ZLWQHVV�VDPSOHV�ZHUH�GHWHUPLQHG�E\�D�NQRZQ�PHWKRG�RI�FKHPLFDO�WLWULPHWULF�DQDO\VLV��$EVROXWH�FDOLEUDWLRQ�RI�WKH�PHWKRG�ZDV�FDUULHG�RXW�E\�WKH�WHVW�/LWKLXP�VDPSOH�������/LWKLXP�FROOHFWLRQ�E\�ODWHUDO�VLGHV�RI�/L�OLPLWHU��)LJ���VKRZV�WKH�GLVWULEXWLRQ�RI�FROOHFWHG�/L�GHSRVLW�DFURVV�R�ODWHUDO�VLGH�RI�³:�/L´�OLPLWHU�IURP�WKH�UDQG�RI�LWV�/L�UHVHUYRLU�WR�WKH�YHVVHO�ZDOO��,W� LV� REYLRXV�� WKDW� /L� GLVWULEXWLRQ� KDV� PLQLPXP� FORVH� WR� WKH� OLPLWHU� KHDG�� ZKLFK� KDG� KLJK�WHPSHUDWXUH�GXULQJ�SODVPD�VKRW�� LQFUHDVHV� LQWR� WKH� OLPLWHU� VKDGRZ�DQG�GURSV� WR� WKH�YHVVHO�ZDOO�ZLWK� � H�IROG� OHQJWK� DERXW����FP��7KLV� OLPLWHU� UHJLRQ� LV� DV� D�PDLQ� FROOHFWRU�RI�/L� ORVVHV��ZKLFK�VKRXOG�EH�UHWXUQHG�LQ�IXWXUH�DJDLQ�WR�WKH�HPLWWHU�KHDG�RI�WKH�OLPLWHU��7KH�PHDVXUHPHQWV�RI�/L�IOX[�GLVWULEXWLRQ�LQ�VKDGRZ�RI�OLPLWHU�GXULQJ�GLVFKDUJH�FRQILUP�WKLV�H[SHFWDWLRQ���



(;'�3������
)LJ���� �,�� >�@� VKRZV� WKH� VPDOO� UDGLDO� �=&� GLVWULEXWLRQ�RI� WKH� OLWKLXP� IOX[�DORQJ� WKH� WRUXV� LQ� WKH�VKDGRZ� RI� 7���0� /L�OLPLWHU� GXULQJ� PLGGOH� SDUW� RI� SODVPD� VKRW�� ,W� ZDV� REWDLQHG� IURP�UHFRPELQDWLRQ� SUREH� GDWHV�� ,W� LV� REYLRXV�� WKDW� /L� IOX[� UDGLDO� GLVWULEXWLRQ� KDV� WZR� H[SRQHQWLDO�YLHZV�±�ZLWK�H�IROG�OHQJWK�DERXW�  ���FP�DQG����FP��,W�ZDV�VXSSRVHG��WKDW�WKH�VHFRQG�H[SRQHQW�ZLWK�  ���FP�ZDV� D� VHFRQGDU\� HIIHFW�� FRQQHFWHG�ZLWK� /L� IOX[� LQWHUVHFWLRQ� E\� VHPL� ULQJ� ,&5+�DQWHQQD��SRVLWLRQHG�RQ�WKH�ORZ�PDJQHWLF�ILHOG�VLGH�ZLWK�=F ��FP��7KH�GHOD\�SODVPD�FROXPQ�XS�WR��FP�RXWZDUG����FP��FRQILUPHG��)LJ����,��GDVKHG�OLQH��WKLV�VXSSRVLQJ����

),*����9LHZ�WR�H�VLGH�RI�³:�/L´�OLPLWHU�DIWHU�H[SRVLWLRQ��OHIW��DQG�GLVWULEXWLRQ�RI�/L�GHSRVLW��ULJKW��LQ�VKDGRZ�RI�OLPLWHU��PLGGOH�RI�OLPLWHU���7KH�YHUWLFDO�VWULS�LV�WKH�ZLWQHVV�±�VDPSOH���

),*����,����7KH�VPDOO�UDGLDO��=&� GLVWULEXWLRQ�RI�WKH�OLWKLXP�IOX[�DORQJ�WKH�WRUXV�LQ�WKH�VKDGRZ�RI�7���0�/L�OLPLWHU��PLGGOH�RI�GLVFKDUJH����,,���WKH�VPDOO�UDGLDO�GLVWULEXWLRQ�RI�WKH�OLWKLXP�GHSRVLW�RQ�&�UDLO�OLPLWHU�RI�7�����



(;'�3������
7KH� QXPHULFDO� PRGHO� RI� WKH� /LWKLXP� WUDQVSRUW� LQ� 62/� >�@� VKRZHG� WKDW� WKH� PHDVXUHG� /L�GLVWULEXWLRQ�FDQ�EH�H[SODLQHG�E\�DEQRUPDO�GLIIXVLRQ�ZLWK�FRHIILFLHQW�DSSUR[LPDWHO\�����%RKP�������7����H[SHULPHQW��)LJ�����,,��VKRZV�WKH�VPDOO�UDGLDO�GLVWULEXWLRQ�RI� WKH�OLWKLXP�GHSRVLW�RQ�&�UDLO� OLPLWHU�� SRVLWLRQHG� FORVH� HYDSRUDWRU�� E\� SKRWRPHWULF� PHDVXUHPHQWV� RI� WUDQVOXFHQW� /L�&2�OD\HU� RQ� WKH� OLPLWHU� VXUIDFH� �VHFRQG� OLWKLDWLRQ� FDPSDLJQ��� ,W� LV� FOHDU� YLVLEOH� DJDLQ� WKH� WZR�H[SRQHQWLDO� YLHZV� ±�ZLWK� WKH� H�IROG� OHQJWK� DERXW� �FP� DQG� �� FP�� 7KH� VHFRQG� H[SRQHQW�ZLWK� �FP�LV�UHVXOW�RI��/L�IOX[�LQWHUVHFWLRQ��FROOHFWLRQ�RU�UHIOHFWLRQ��E\�FLUFXODU�JUDSKLWH�OLPLWHU��7KLV�FRLQFLGHQFH�ZLWK�7���0�SHUPLWV�WR�VXJJHVW�DQ�LGHD�RI�WZR�&36�OLPLWHUV�±�UDLO�DQG�FLUFXODU�LQ�LWV�VKDGRZ�IRU�FROOHFWLRQ�RI�/L�UHVW��PLJUDWHG�WR�WKH�YHVVHO�ZDOO��� 2QH�RI� WKH� LPSRUWDQW� FKDUDFWHULVWLF� IHDWXUHV�RI� WKH�/L�EHKDYLRU� LQ�7���� LV� WKH�YHU\� VORZ��PLJUDWLRQ�RI�/L�GHSRVLW�DORQJ�WKH�WRNDPDN�FKDPEHU��7KHUH�ZHUH�IRXU�7����FDPSDLJQV�ZLWK����/L�JHWWHULQJ�SURFHGXUHV��7KH� HVWLPDWHG� WRWDO� DPRXQW�RI�/L� LQWURGXFHG� LQWR� WKH� FKDPEHU�ZDV� DERXW���J��%XW�QHLWKHU�VSHFWURVFRS\��QR�FKDPEHU�LQVSHFWLRQ�DIWHU�YHQWLQJ�GHWHFWHG�DQ\�/L�WUDFHV�DW�WKH�FKDPEHU�VLGH��RSSRVLWH�WR�/L�JHWWHULQJ�SRUW��7KLV�SKHQRPHQRQ�GHILQLWHO\�FRQQHFWHG�ZLWK�WKH�KLJK�HIILFLHQF\�RI�WKH�/L�VFUHHQLQJ�E\�WKH�OLPLWHUV���� 7KLV� ZDV� SURYHG� TXDOLWDWLYHO\� E\� WKH� FRPSDULVRQ� RI� /L� EHKDYLRU� GXULQJ� WKH� ILUVW� 7����OLWKLDWLRQ�FDPSDLJQ��ZKHUH�/L�FRYHUHG�PDLQO\�WKH�ZDOO�YHVVHO�DQG�WKH�VHFRQG�FDPSDLJQ��ZKHUH�WKH�UDLO�DQG�FLUFXODU�OLPLWHUV�ZHUH�DOVR�FRYHUHG�E\�/L��7KH�LQFUHDVH�RI�WKH�/L�VSHFWUDO�OLQHV�DURXQG�WKH�WRUXV�LQ�IDFWRU�RI�����ZDV�REVHUYHG�LQ�WKH�VHFRQG�FDPSDLJQ�ZLWK�UHVSHFW�WR�WKH�ILUVW�RQH��,W�PHDQV�WKDW�/L�� GHSRVLWHG� WR� WKH�YHVVHO�ZDOO�KDG� ORZ�SUREDELOLW\� WR�HQWHU� WKH�SODVPD��REYLRXVO\��GXH� WR�OLPLWHUV�VFUHHQLQJ����� 7KH�FRPSDUDWLYH�DQDO\VLV�RI�WKH�/L�GLVWULEXWLRQ�RYHU�WKH�VXUIDFH�RI�WKH�UDLO�OLPLWHU�DIWHU�WKH�ILUVW�DQG�WKH�VHFRQG�FDPSDLJQ�ZDV�FDUULHG�RXW�LQ�RUGHU�WR�SURYH�WKH�K\SRWKHVLV�RI�WKH�/L�VFUHHQLQJ�E\� OLPLWHUV��$V�/L� FRQYHUWV� WR� WKH� ILQDO�ZKLWH�GXVW� RI�/L��&2�� DIWHU� WZR�ZHHNV�RI� H[SRVXUH� WR�DWPRVSKHUH��VR� LWV�GLVWULEXWLRQ�ZDV�HVWLPDWHG�E\� WKH�GHJUHH�RI� ORFDO� ³ZKLWHQHVV´�� � ,W�ZDV� IRXQG�WKDW�DIWHU�WKH�ILUVW�JHWWHULQJ��ZKHQ�WKH�SULPDU\�/L�VRXUFH�ZDV�YHVVHO�ZDOO��/L�ZDV�GHSRVLWHG�RQO\�DW�WKH�UDLO�OLPLWHU�HGJHV��$IWHU�WKH�VHFRQG�JHWWHULQJ��ZKHQ�WKH�SULPDU\�/L�VRXUFHV�ZHUH�ERWK�OLPLWHUV�DQG�ZDOO��/L�ZDV�GHSRVLWHG�PDLQO\� DW� WKH�FHQWHU� RI� UDLO� OLPLWHU� LQ�FRQWUDVW� WR� WKH� ILUVW� JHWWHULQJ��7KDW�FDQ�EH� WKH�DGGLWLRQDO�HYLGHQFH�RI� ORZ�SUREDELOLW\�RI�/L�SHQHWUDWLRQ�GXULQJ�GLVFKDUJH� IURP�YHVVHO�ZDOO�WR�WKH�SODVPD����� 7KH� DEVROXWH� /L� RXWIOX[� IURP� SODVPD� ZDV� HVWLPDWHG� E\� PHDQV� RI� WKH� LQMHFWLRQ� RI� /L�SHOOHWV�E\�SQHXPDWLF�JXQ��7KH�LQFUHDVH�RI�WKH�SODVPD�GHQVLW\�DQG�WKH�GHFD\�UDWH�ZDV�FRQWUROOHG�E\� HLJKW� FKDQQHO� LQWHUIHURPHWHU��$VVXPLQJ� WKDW� DOO� SODVPD� GHQVLW\� LQFUHDVH� DQG� LWV� GHFD\�ZHUH�FRQVHTXHQFHV�RI�/L�LQMHFWLRQ��LW�ZDV�SRVVLEOH�WR�FDOFXODWH�WKH�/L�RXWIOX[�IURP�WKH�SODVPD��$V�WKH�H[SHULPHQWV�VKRZHG� WKDW� LQ�VWDWLRQDU\�FRQGLWLRQV�/L� LQIOX[�ZDV�VLJQLILFDQW�RQO\�QHDU� WKH� OLPLWHU��ZKHUH�HYDSRUDWLRQ�ZDV�PDGH���VR�WKH�EULJKWQHVV�RI�WKH�/L�OLQHV�DZD\�IURP�WKH�OLPLWHU�VKRXOG�EH�GHWHUPLQHG�RQO\�E\� UHFRPELQDWLRQ�RI�/L�RXWIOX[��7KXV� WKH� LQFUHDVH�RI�/L,,� LQWHQVLW\�DIWHU�SHOOHW�LQMHFWLRQ� FDQ� JLYH� LQIRUPDWLRQ� DERXW� WKH� VWDWLRQDU\� /L� RXWIOX[�� 7KH� LQWHQVLW\� RI� WKH� /L,,� OLQH�LQFUHDVHG�DSSUR[LPDWHO\� LQ�WZR�WLPHV��6R�WKH�/L�RXWIOX[�IURP�WKH�SHOOHW�ZDV�HTXDO�WR�WKH�VWHDG\�VWDWH�RQH��7KH�GDWD�IRU�OLWKLXP�RXWIOX[�ZDV�FDOFXODWHG�IURP�WKH�GHFD\�UDWH�RI�WKH�WRWDO�QXPEHU�RI�SDUWLFOHV�IURP�WKH�PHDVXUHG�GHQVLW\�SURILOH��7KH�GHFD\�UDWH�ZDV�HVWLPDWHG�DW����PV�DIWHU�LQMHFWLRQ��ZKHQ�WKH�SODVPD�SDUDPHWHUV�SHUWXUEDWLRQ�ZDV�UHOD[HG��7KH�YDOXH�RI�LQWHJUDO�/L�LRQV�RXWIOX[�ZDV��î�����LRQV�V��7KLV�YDOXH�ZDV�DSSUR[LPDWHO\�����RI�WKH�LQWHJUDO�GHXWHULXP�LQIOX[��$VVXPLQJ�WKH�HTXDO� SHQHWUDWLRQ� SUREDELOLW\� RI� /L� DQG� '� WR� WKH� FRUH� RQH� FDQ� HVWLPDWH� =HII� DERXW� ����� $V� WKH�H[SHULPHQWDO� YDOXH� RI�=HII����  � �������� >�@�� WKH� SHQHWUDWLRQ� SUREDELOLW\� RI� /L� LQ� D� IDFWRU� RI� ����ORZHU� WKDQ�WKDW�RI�GHXWHULXP��,W�VKRXOG�EH�QRWHG�WKDW�WKH�UHDO�/L�SHQHWUDWLRQ�SUREDELOLW\�PXVW�EH�



(;'�3������
PXFK� ORZHU� �VXSSRVHG� ������� DV� WKH� LQIOX[HV� RI� FDUERQ� DQG� LURQ� GHFUHDVHG� RQO\� LQ� D� IDFWRU� RI�WKUHH�>�@�DQG�VWLOO�PXVW�EH� WKH�PDLQ�FRQWULEXWRUV� WR�=HII� 7KH�PRUH�DFFXUDWH�PHDVXUHPHQWV�RI�/L�SHQHWUDWLRQ�SUREDELOLW\�ZLOO�EH�REWDLQHG�LQ�IXWXUH�7����H[SHULPHQWV�ZLWK�&+(56�GLDJQRVWLF��
���&RQFOXVLRQV�� ��'XULQJ� WKH� ODVW� /L� H[SHULPHQWV� RQ� 7���0� DQG� 7���� LQ� VXSSRUW� RI� VWHDG\� VWDWH� WRNDPDN�FRQFHSW�ZLWK�/L�FORVHG�ORRS�FLUFXODWLRQ�WKH�QHZ�VWHDG\�VWDWH�³:�/L´�OLPLWHU�ZDV�VXFFHVVIXOO\�WHVWHG� LQ� ����� VKRWV� RI� 7���0�� &OHDU� YLVLEOH� DGYDQWDJH� RI� QHZ� OLPLWHU� LV� XS� WR� ���� WLPHV�KLJKHU�KHDW�FRQGXFWLYLW\�RI�DFWLYH�OD\HU��WKDQ�LQ�66�FDVH�DQG�KLJK�UHVLVWDQFH�WR�UXQDZD\�DQG�GLVUXSWLRQV����7KH� 7���0� H[SHULPHQWV� ZLWK� /L� FROOHFWLRQ� E\� ODWHUDO� VLGHV� RI� UDLO� OLPLWHU� ZLWK�:�ZLQJV�VKRZHG�WKDW�VLJQLILFDQW�SDUW��a�����RI�/L��LQMHFWHG�WR�WKH�SODVPD�DQG�GLIIXVHG�WKDQ�RXW��FDQ�EH�FROOHFWHG�E\�WKLV�ZD\�����7���� H[SHULPHQWV� VKRZHG� WKDW� PLJUDWLRQ� RI� /L� GHSRVLW� DURXQG� WKH� WRUXV� IURP� OLWKLDWLRQ��JHWWHULQJ��UHJLRQ�ZDV�SUHWW\�ORZ��/L�ILOPV�ZDV�DEVHQW�LQ�RSSRVLWH�YDFXXP�SRUW�RI�7��������$V�ZDV�VKRZHG�E\�XVH�/L�SHOOHW�H[SHULPHQW� LQ�7����WKH�SUREDELOLW\�RI�/L�SHQHWUDWLRQ�LQWR�KRW�SODVPD�FRUH�LV�LQ�D�IDFWRU�RI������ORZHU�WKDQ�WKDW�RI�GHXWHULXP���

5()(5(16(6��
>�@� (97,.+,1� 9�$��� HW� DO��� ³/LTXLG� OLWKLXP� WRNDPDN� UHDFWRU�´� 3URF�� RI� ��WK� ,$($� &RQI�� RQ�)XVLRQ�(QHUJ\��0RQWUHDO�������9RO��� ,$($��9LHQQD��������S������������>�@�(97,.+,1�9�$���HW�DO����³/L�GLYHUWRU�FRQFHSW´��3ODVPD�3K\V��&RQWUROOHG�)XV�����������������>�@�0,5129��6�9���HW�DO��³([SHULPHQWV�ZLWK�OLWKLXP�OLPLWHU�RQ�7���0�WRNDPDN�DQG�DSSOLFDWLRQV��RI�WKH�OLWKLXP�FDSLOODU\�SRUH�V\VWHP�LQ�IXWXUH�IXVLRQ�UHDFWRU�GHYLFHV´�3ODVPD�3K\V�&RQWURO��)XVLRQ������������������>�@�0,5129�6�9�³3ODVPD�ZDOO�LQWHUDFWLRQV�DQG�SODVPD�EHKDYLRXU�LQ�IXVLRQ�GHYLFHV�ZLWK�OLTXLG�OLWKLXP�SODVPD�IDFLQJ�FRPSRQHQWV´�-RUQ��RI�1XFOHDU�0DWHULDOV������Y�������� S��������>�@�9(56+.29�9�$���HW�DO��³([SHULPHQWV�ZLWK�/LWKLXP�*HWWHULQJ�RI�WKH�7����7RNDPDN´����3URF��RI���QG�,$($�)XVLRQ�(QHUJ\�&RQIHUHQFH�*HQHYD��6ZLW]HUODQG��������,$($�&1�����(;�3������
>�@� /$=$5(9� 9�%��� HW� DO�� ³,QYHVWLJDWLRQ� RI� OLWKLXP� GLVWULEXWLRQ� LQ� WKH� 62/� RI� 7���0�WRNDPDN� ZLWK� OLWKLXP� OLPLWHUª�� ��� (36� &RQI�� RQ� 3ODVPD� 3K\VLFV� DQG� &RQWUROOHG� )XVLRQ��+HUVRQLVVRV������-XQH������(&$�9RO����� �±������>�@�$=,=29�(�$�HW� � DO�� ³([SHULPHQWV�DW� WKH�7���0�GHYLFH� LQ� VXEVWDQWLDWLRQ�RI� WKH� WRNDPDN�ZLWK� /LWKLXP� ORRS� F\FOH´� ��� (36� &RQI�� RQ� 3ODVPD� 3K\VLFV� DQG� &RQWUROOHG� )XVLRQ�� 6RILD����� � 3�������


