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7KH�4XHHQVODQG�'HSDUWPHQW�RI�3ULPDU\�,QGXVWULHV�DQG�)LVKHULHV��'3,	)��UHFHQWO\�GHYHORSHG�D�GULS�
LUULJDWHG�QDWLYH�KDUGZRRG�WUHH�SODQWDWLRQ�DW�WKH�1HVWOp�*\PSLH�FRIIHH�IDFWRU\��7KLV�LQQRYDWLYH�
DSSURDFK��GHVLJQHG�DQG�PDQDJHG�E\�WKH�'3,	)��KDV�UHVXOWHG�LQ�WKH�LPSOHPHQWDWLRQ�RI�DQ�
HQYLURQPHQWDOO\�VXVWDLQDEOH�VROXWLRQ�WR�PDQDJLQJ�LQGXVWULDO�ZDVWH��
7KH�1HVWOp�*\PSLH�)DFWRU\��EDVHG�LQ�4XHHQVODQG��LV�WKH�ODUJHVW�FRIIHH�IDFWRU\�LQ�$XVWUDOLD��
SURGXFLQJ�QHDUO\��������WRQQHV�RI�LQVWDQW�DQG�URDVW�	�JURXQG�FRIIHH�SHU�\HDU��2QH�RI�WKH�E\�
SURGXFWV�RI�FRIIHH�PDQXIDFWXUH�LV�FRIIHH�ZDVWHZDWHU��ZKLFK�LV�VLPLODU�LQ�FRORXU�DQG�FRQVLVWHQF\�WR�D�
FXS�RI�YHU\�ZHDN�EODFN�FRIIHH��6LQFH�������1HVWOp�*\PSLH�KDV�EHHQ�LUULJDWLQJ�WKLV�FRIIHH�ZDVWHZDWHU�
YLD�WUDYHOOLQJ�LUULJDWRU�RQWR�D���KD�SDVWXUH��ZKLFK�LV�JUD]HG�E\�FDWWOH��7KLV�PHWKRG�LV�D�FRQYHQLHQW�
DQG�HIIHFWLYH�PHDQV�RI�ZDVWHZDWHU�GLVSRVDO��EXW�1HVWOp�*\PSLH�)DFWRU\�ZDV�FRQFHUQHG�ZLWK�WKH�
ORQJ�WHUP�VXVWDLQDELOLW\�RI�SDVWXUH�LUULJDWLRQ���
,Q�������1HVWOp�*\PSLH�FRPPHQFHG�LQYHVWLJDWLRQV�WR�GHWHUPLQH�WKH�HQYLURQPHQWDO�SHUIRUPDQFH�RI�
ZDVWHZDWHU�LUULJDWLRQ�SUDFWLFHV��,QLWLDOO\��WKH�LQYHVWLJDWLRQ�IRFXVVHG�RQ�ZDVWHZDWHU�TXDOLW\�DQG�
TXDQWLW\��VRLO�DQG�JURXQGZDWHU�FKDUDFWHULVWLFV��K\GUDXOLF�DQG�QXWULHQW�XSWDNH�RI�WKH�FURS��DQG�ULVN�
PDQDJHPHQW�VFHQDULRV�LQFOXGLQJ�ZHW�ZHDWKHU�PDQDJHPHQW��7KH�LQYHVWLJDWLRQ�LGHQWLILHG�
LPSURYHPHQWV�ZKLFK�FRXOG�EH�PDGH�ERWK�DV�SDUW�RI�IDFWRU\�RSHUDWLRQV��DQG�DW�WKH�LUULJDWLRQ�SDGGRFN��
$�QXPEHU�RI�WULDOV�FRPPHQFHG�LQ�������LQFOXGLQJ�GHWHUPLQLQJ�WKH�HIIHFWLYHQHVV�RI�JURZLQJ�WUHHV�DQG�
ZHWODQG�SODQWV�ZLWK�FRIIHH�ZDVWHZDWHU��YDULRXV�PHWKRGV�RI�VROLGV�UHPRYDO��DQG�ZDWHU�UHXVH�ZLWKLQ�
WKH�IDFWRU\��
2QH�RI�WKH�ILUVW�LPSURYHPHQWV�PDGH�E\�1HVWOp�*\PSLH�)DFWRU\�ZDV�WKH�LQVWDOODWLRQ�RI�D�WULSOH�HIIHFW�
ZDVWHZDWHU�HYDSRUDWRU��7KLV�DOORZHG�VRPH�RI�WKH�KLJKO\�FRORXUHG�ZDVWHZDWHU�VWUHDPV�WR�EH�
HYDSRUDWHG��UHVXOWLQJ�LQ�D�FOHDU�FRQGHQVDWH�VWUHDP��7KH�UHPRYDO�RI�VROLGV�DOVR�FRQWULEXWHG�WR�D�
GUDPDWLF�UHGXFWLRQ�LQ�%2'��&2'�DQG�QLWURJHQ�RI�WKH�ZDVWHZDWHU��5HXVH�LQLWLDWLYHV�RI�VRPH�FOHDU�
VWUHDPV�ZLWKLQ�WKH�IDFWRU\�KHOSHG�FRQWULEXWH�WR�UHGXFLQJ�WKH�WRWDO�YROXPH�LUULJDWHG�RQWR�WKH�SDGGRFN�
WR�DSSUR[LPDWHO\�KDOI�RI�WKH�SUHYLRXV�YROXPH��
,Q�������KHDUWHQHG�E\�SRVLWLYH�UHVXOWV�IURP�WKH������WUHH�WULDOV�DQG�E\�WKH�OX[XULRXV�JURZWK�RI�WKH�
JUDVVHV��PDLQO\�.LNX\X�DQG�*UHHQ�&RXFK��RQ�WKH�LUULJDWHG�SDVWXUH��D�IXOO�VFDOH�LUULJDWHG�IRUHVW�
SURMHFW�FRPPHQFHG��PDQDJHG�E\�WKH�'3,	)��7KH�DUHD�FKRVHQ�IRU�WKH�SXUSRVH�RI�JURZLQJ�GULS�
LUULJDWHG�QDWLYH�KDUGZRRG�WUHH�VSHFLHV�ZDV�WKH�YDFDQW��KD�RI�JUDVVHG�ODQG�QH[W�WR�WKH�LUULJDWHG�VLWH��
6RLO�LQ�WKLV�DUHD�FRQVLVWV�RI�D�VKDOORZ�VDQG\�ORDP�ZLWK�URFN\�VXUIDFH�KRUL]RQ�DQG�FOD\�VXEVRLO��7KH�
FOLPDWH�LV�VXE�WURSLFDO�ZKHUH�WKH�EXON�RI�WKH�DQQXDO�UDLQIDOO�����SHU�FHQW��IDOOV�EHWZHHQ�'HFHPEHU�
DQG�0DUFK��
)RXUWHHQ�QDWLYH�KDUGZRRG�VSHFLHV�ZHUH�VHOHFWHG�EHFDXVH�RI�WKHLU�FDSDELOLW\�WR�ZLWKVWDQG�FRQGLWLRQV�
WKDW�WKH\�ZHUH�OLNHO\�WR�UHFHLYH�>LH��IURVWV�DQG�ZDWHUORJJLQJ��WKH�ORZ�O\LQJ�DUHD�DWWUDFWV�ERWK�IURVWV�
DQG�WKH�ZDWHUV�RI�WKH�0DU\�5LYHU�GXULQJ�IORRGLQJ@��WKH�QDWXUH�RI�WKHLU�IDVW�JURZWK�UDWHV��ZKLFK�ZHUH�D�
FRPPHUFLDOO\�HFRQRPLF�FRQVLGHUDWLRQ���DQG�WKHLU�DELOLW\�WR�XSWDNH�ERWK�KLJK�OHYHOV�RI�QXWULHQWV�DQG�
ZDWHU�RQ�D�VXVWDLQDEOH�EDVLV��
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0HDVXUH�SORWV�ZLWKLQ�HDFK�VSHFLHV�ZLOO�UHFRUG�DQQXDOO\�VXFK�WKLQJV�DV�WUHH�GLDPHWHU��KHLJKW��OHDI�DUHD��
FURZQ�VL]H�DQG�ELRPDVV��$�NH\�REMHFWLYH�RI�WKLV�SURMHFW�LV�WR�FRQILUP�WKDW�LUULJDWLRQ�RI�FRIIHH�HIIOXHQW�
ZLOO�QRW�DGYHUVHO\�DIIHFW�WUHH�JURZWK�SHUIRUPDQFH��,W�LV�H[SHFWHG�WKDW�WKLQQLQJ�ZLOO�EH�FKLSSHG�DW�DJH�
WKUHH�\HDUV�DQG�WKH�WRWDO�WUHH�KDUYHVW�ZLOO�EH�DW�DJH�������\HDUV��
*\SVXP�ZDV�DSSOLHG�RYHU�WKH�XQGXODWLQJ�WHUUDLQ�IROORZHG�E\�ULSSLQJ�DQG�FRQWRXU�PRXQGLQJ�DW���
PHWUH�LQWHUYDOV��0RXQGV�FUHDWHG�ZHUH�VSUD\HG�ZLWK�D�NQRFNGRZQ�KHUELFLGH�MXVW�SULRU�WR�SODQWLQJ�LQ�
'HFHPEHU�������6RLO�VDPSOHV�ZHUH�FROOHFWHG�SULRU�WR�LUULJDWLRQ�WR�KDYH�EDVH�GDWD�RQ�WKH�SK\VLFDO�DQG�
FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�VRLO��1LQH�ERUHV�SRVLWLRQHG�ZLWKLQ�DQG�RXWVLGH�WKH�SODQWDWLRQ�VLWH�ZLOO�
EH�UHJXODUO\�LQVSHFWHG�IRU�FKDQJLQJ�ZDWHU�OHYHOV�DQG�VDPSOHG�IRU�FKHPLFDO�FRPSRVLWLRQ��
'ULSSHU�LUULJDWLRQ�ZDV�FKRVHQ�IRU�WKH�SURMHFW��ZKLFK�DOORZV�ZDVWHZDWHU�WR�EH�LUULJDWHG�RYHU�D�JUHDWHU�
DUHD�WKDQ�WKH�WUDYHOOLQJ�LUULJDWRUV��DQG�DOVR�HOLPLQDWHV�WKH�LVVXHV�DVVRFLDWHG�ZLWK�VSUD\�LUULJDWLRQ��
QRWDEO\�RGRXU�IURP�DHURVROV�DQG�VSUD\�GULIW�GXULQJ�ZLQG\�GD\V��'ULS�LUULJDWLRQ�ODWHUDOV�ZHUH�SODFHG�
RQ�PRXQGV�ZLWK�HPLWWHUV�SRVLWLRQHG�HYHU\���FP�DORQJ�WKH�GULSSHU�OLQH��7KH�1HWDILP�8QLUDP�KHDY\�
GXW\�GULS�OLQH�VHOHFWHG�KDV�SUHVVXUH�FRPSHQVDWLQJ�HPLWWHUV�ZLWK�D�QRPLQDO�IORZ�UDWH�RI����/�KU��7KLV�
V\VWHP�ZDV�FKRVHQ�IRU�LWV�UHOLDELOLW\�DQG�ORZ�FORJJLQJ�KD]DUG�DQG�SURYLGHV�VLJQLILFDQW�FRQWURO�RI�
HIIOXHQW�RGRXU��
$Q�$UNDO�3RO\�6SLQ�.OLQ���IRXU�LQ�OLQH��ILOWUDWLRQ�V\VWHP�ZLWK�DXWRPDWLF�EDFNIOXVK�RSHUDWLRQ�ILWWHG�
ZLWK�����PLFURQ�GLVFV�ZDV�LQVWDOOHG�WR�HIIHFWLYHO\�UHPRYH�WKH�ELRGHJUDGDEOH�RUJDQLFV��$V�D�EDFN�XS�
V\VWHP��WKUHH�6SLQ�.OLQ�V\VWHPV�ZLWK�PDQXDO�ILOWHUV�DUH�SRVLWLRQHG�LQ�WKUHH�VWUDWHJLF�ORFDWLRQV�ZLWKLQ�
WKH�SODQWDWLRQ��
&RQWLQXRXV�VRLO�PRLVWXUH�PRQLWRULQJ�WR��P�GHSWK�LV�FDUULHG�RXW�XVLQJ�IRXU�SHUPDQHQW�(QYLUR6FDQ��
XQLWV�SRVLWLRQHG�PLG�VORSH�LQ�HDFK�RI�WKH�LUULJDWLRQ�PDQDJHPHQW�XQLWV��,QIRUPDWLRQ�UHWULHYHG�IURP�WKH�
XQLWV�ZLOO�EH�XVHG�RQ�D�UHJXODU�EDVLV�WR�UHJXODWH�WKH�DPRXQW�RI�HIIOXHQW�DSSOLHG�WR�HDFK�LUULJDWLRQ�
PDQDJHPHQW�XQLW�DQG�UHGXFH�WKH�SRWHQWLDO�IRU�SHUFRODWLRQ�LQWR�WKH�XQGHUO\LQJ�ZDWHU�WDEOH��
$Q�RQ�VLWH�DXWRPDWLF�ZHDWKHU�VWDWLRQ�ZLOO�SURYLGH�FOLPDWLF�LQIRUPDWLRQ�LQFOXGLQJ�ZLQG�VSHHG��ZLQG�
GLUHFWLRQ��DLU�WHPSHUDWXUH��UHODWLYH�KXPLGLW\��WLSSLQJ�EXFNHW�UDLQ�JDXJH��GDWD�ORJJHU��VRODU�UDGLDWLRQ�
IRU�FDOFXODWLRQ�RI�HYDSRUDWLRQ��PP�GD\���VRODU�SDQHO�DQG�FRPSXWHU�VRIWZDUH��
$�0RWRUROD�,55,QHW�ZDWHU�GLVWULEXWLRQ�FRPSXWHUL]HG�FRQWURO�V\VWHP�ZDV�LQVWDOOHG�RQ�VLWH�WKDW�
FRPPXQLFDWHV�GLUHFWO\�WR�WKH�1HVWOH�)DFWRU\�YLD�D�WZR�ZD\�ORZ�SRZHU�UDGLR��7KLV�V\VWHP�DOORZV�WKH�
RSHUDWRU�WR�YLHZ�WKH�VWDWXV�RI�LUULJDWLRQ�VFKHGXOHV�IRU�HDFK�ILHOG�XQLW��HTXLSPHQW�SHUIRUPDQFH��IORZ�
UDWHV��GRZQORDG�UHFRUG�VHQVRU�PHDVXUHPHQWV�DQG�FOLPDWLF�GDWD�DQG�PXFK�PRUH��
7KH�PDMRU�REMHFWLYH�RI�WKLV�SURMHFW�LV�WKH�GHYHORSPHQW�RI�D�VXVWDLQDEOH�ZDVWHZDWHU�GLVSRVDO�V\VWHP�
WKDW�LV�HQYLURQPHQWDOO\�UHVSRQVLEOH�DQG�DGGUHVVHV�QRW�RQO\�WKH�FRQFHUQV�RI�WKH�IDFWRU\��EXW�DOVR�WKDW�
RI�WKH�ORFDO�FRPPXQLW\��UHJXODWRUV��DQG�1HVWOp�:RUOGZLGH��
,Q�WKH�IXWXUH��WKH�WHUP��FRIIHH�WDEOH��PD\�OLWHUDOO\�FRPH�WR�PHDQ�QRW�RQO\�WKH�WDEOH�XSRQ�ZKLFK�\RX�
UHVW�\RXU�FXS�RI�FRIIHH��EXW�DOVR�WKDW�ZKLFK�FDPH�DERXW�EHFDXVH�RQH�RI�WKH�DVSHFWV�RI�LWV�SURGXFWLRQ�
PDGH�LW�SRVVLEOH�«�DQG�PD\EH��D�WDEOH�ZLWK��OLNH�&DPSKRU�/DXUHO��D�GLVWLQFW�DURPD�WKDW�ZDIWV�
WKURXJK�WKH�DLU��LQYLWLQJ�\RX�WR�\HW�DQRWKHU�FXS�RI�FRIIHH��RU�D�FKRPS�LQWR�RQH�RI�LWV�IODYRXUVRPH�
OHJV��
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0DUN�3RGEHUVFHN�LV�D�3URMHFW�/HDGHU�LQ�WKH�4XHHQVODQG�'HSDUWPHQW�RI�3ULPDU\�,QGXVWULHV�DQG�
)LVKHULHV�$JHQF\�IRU�)RRG�DQG�)LEUH�6FLHQFH��$))6���)RUHVWU\�5HVHDUFK��

-HQQ\�*RXJK�LV�DQ�(QYLURQPHQWDO�2IILFHU�DW�WKH�1HVWOH�)DFWRU\�LQ�*\PSLH���
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byz014
FRPPXQLFDWHV�GLUHFWO\�WR�WKH�1HVWOH�)DFWRU\�YLD�D�WZR�ZD\�ORZ�SRZHU�UDGLR��7KLV�V\VWHP�DOORZV�WKH�

byz014
WKDW�LV�HQYLURQPHQWDOO\�UHVSRQVLEOH�DQG�DGGUHVVHV�QRW�RQO\�WKH�FRQFHUQV�RI�WKH�IDFWRU\��EXW�DOVR�WKDW�
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