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1R�SDUW�RI�WKLV�ZRUN�FRYHUHG�E\�FRS\ULJKW�PD\�EH�UHSURGXFHG�RU�FRSLHG�LQ�DQ\�IRUP�RU�
E\�DQ\�PHDQV��JUDSKLF��HOHFWURQLF�RU�PHFKDQLFDO�� LQFOXGLQJ�SKRWRFRS\LQJ��UHFRUGLQJ��
WDSLQJ��LQIRUPDWLRQ�UHWULHYDO�V\VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�
WKH�SXEOLVKHU��

�
�
'LVFODLPHU�

7KH�ILQGLQJV�LQ�WKLV�UHSRUW�DUH�VSHFLILF� WR�WKLV�SURMHFW��/DQGFDUH�5HVHDUFK�DFFHSWV�QR�
UHVSRQVLELOLW\�ZKHUH�LQIRUPDWLRQ�LQ�WKH�UHSRUW�LV�XVHG�IRU�DQ\�RWKHU�SXUSRVH��DQG�ZLOO�
QRW�EH�OLDEOH�IRU�DQ\�ORVV�RU�GDPDJH�VXIIHUHG�DV�D�UHVXOW�RI�VXFK�RWKHU�XVH��
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�
6XPPDU\�

'HQLWULILFDWLRQ�EHGV�KDYH�EHHQ�VXFFHVVIXOO\�XVHG�WR�UHGXFH�QLWUDWH�OHYHOV�RI�DSSUR[LPDWHO\����PJ�/���
LQ�PXQLFLSDO�ZDVWHZDWHU�GLVFKDUJH��7R�WHVW�ZKHWKHU�QLWUDWH�FDQ�EH�UHPRYHG�IURP�VWUHDP�ZDWHU�ZLWK�
D�ORZHU�QLWUDWH�ORDG��XVH�RI�D�ZRRGFKLS�EDVHG�GHQLWULILFDWLRQ�EHG�ZDV�LQYHVWLJDWHG��7KH�WHVW�VLWH�ZDV�
D�VSULQJ�IHG�VWUHDP�ZLWKLQ�WKH�5RWRHKX�DUHD�FDUU\LQJ�D�FRQVLVWHQW�QLWURJHQ�OHYHO�RI�DSSUR[LPDWHO\�
����PJ�/����$�EHG�ZDV�FRQVWUXFWHG�WR�LQWHUFHSW�DQG�GHQLWULI\�D�SURSRUWLRQ�RI�WKH�VWUHDP���
�
7KH�EHG�UHPRYHG�DSSUR[LPDWHO\�����RI�WKH�QLWURJHQ�SUHVHQW��7KH�GHQLWULILFDWLRQ�UDWH�YDULHG�RYHU�
WLPH�EXW�DSSHDUV�WR�KDYH�VHWWOHG�WR�DERXW���J�12[�P����RI�EHG��G����3HUIRUPDQFH�KDV�EHHQ�QRWHG�WR�EH�
KLJKHU�ZKHUH�LQSXW�ZDWHU�KDV�KLJKHU�QLWUDWH�OHYHOV���
�
2UJDQLF�QLWURJHQ�SURGXFWLRQ�ZDV�HYLGHQW�IRU�VHYHUDO�PRQWKV�DIWHU�LQVWDOODWLRQ�EXW�GHFUHDVHG�RYHU�
WLPH�DQG�FXUUHQW�OHYHOV�RI�RUJDQLF�1�DW�WKH�RXWOHW�DUH�VLPLODU�WR�LQOHW�YDOXHV���
�
$OWKRXJK�VWUHDP�QLWUDWH�OHYHOV�ZHUH�UHGXFHG�E\�DSSUR[LPDWHO\������H[SDQGLQJ�WKH�LQVWDOODWLRQ�WR�
WUHDW�WKH�HQWLUH�VWUHDP�IORZ�ZRXOG�QRW�VHHP�WR�EH�HFRQRPLFDOO\�RU�WHFKQLFDOO\�VHQVLEOH�DV�
GHQLWULILFDWLRQ�EHGV�DSSHDU�WR�EH�PRUH�DSSOLFDEOH�WR�ZDWHU�V\VWHPV�FDUU\LQJ�KLJKHU�OHYHOV�RI�QLWUDWH��
&RQWLQXHG�PRQLWRULQJ��EL�DQQXDOO\��RI�WKH�H[LVWLQJ�VHW�XS�LV�HQFRXUDJHG�DV�LW�ZRXOG�GHWHUPLQH�WKH�
ORQJHYLW\�RI�WKH�GHQLWULILFDWLRQ�EHG��LI�WKH�GHQLWULILFDWLRQ�UDWH�VHWWOHV�WR�D�FRQVWDQW�OHYHO�DQG�LI�UHOHDVH�
RI�RUJDQLF�1�SURYHV�WR�EH�D�VKRUW�WHUP�LQLWLDO�UHDFWLRQ��
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�
��� ,QWURGXFWLRQ�
�
([FHVV�QLWUDWH�QLWURJHQ�ZLWKLQ�ZDWHUZD\V�LQ�WKH�FDWFKPHQWV�RI�WKH�5RWRUXD�/DNHV�LV�RQH�IDFWRU�WKDW�
PD\�OHDG�WR�XQGHVLUDEOH�OHYHOV�RI�DTXDWLF�SODQW�JURZWK��&RRSHU�	�7KRPVHQ�������������2QH�
PHWKRG�IRU�UHPRYLQJ�H[FHVV�QLWUDWH�LV�WR�SDVV�WKH�ZDWHU�WKURXJK�D�GHQLWULILFDWLRQ�EHG��'HQLWULILFDWLRQ�
EHGV�DUH�VXFFHVVIXOO\�HPSOR\HG�LQ�7DXSR�IRU�PXQLFLSDO�ZDVWHZDWHU�WUHDWPHQW��GHQLWULI\LQJ�QLWUDWH�
OHYHOV�RI�DSSUR[LPDWHO\���PJ�/��SHUVRQDO�FRPPXQLFDWLRQ�1LFROD�&KXUFK��7DXSR�'LVWULFW�&RXQFLO��
�
7KH�UHPRYDO�RI�QLWUDWH�IURP�VWUHDP�ZDWHU�XVLQJ�D�ZRRGFKLS�EDVHG�GHQLWULILFDWLRQ�EHG�ZDV�
LQYHVWLJDWHG�IRU�(QYLURQPHQW�%D\�RI�3OHQW\�LQ�D�5RWRHKX�VWUHDP���
�
�
���%DFNJURXQG�
�
,Q�D�SUHYLRXV�/DQGFDUH�5HVHDUFK�VWXG\��7D\ORU�	�7KRUQERUURZ��������D�SRUWLRQ�RI�WKH�VWUHDP�ZDV�
GLYHUWHG�LQWR�D�GHQLWULILFDWLRQ�EHG��ZKLFK�FRQWDLQHG�ORFDOO\�VRXUFHG�EDUN�IURP�3LQXV�UDGLDWD��5HVXOWV�
LQGLFDWHG�WKDW�UHGXFWLRQ�RI�QLWUDWH�ZDV�WDNLQJ�SODFH�DW�D�UDWH�RI�����J�GD\����KRZHYHU��WKH�OHDFKLQJ�RI�
RUJDQLF�1�DW����J�G���DSSHDUHG�WR�EH�D�E\�SURGXFW�RI�WKH�SURFHVV��,Q�GLVFXVVLRQV�ZLWK�(%23�LW�ZDV�
HOHFWHG�WR�VFDOH�XS�WKH�LQVWDOODWLRQ�FRQVLGHUDEO\�DQG�UHSODFH�WKH�EDUN�ZLWK�3LQXV�UDGLDWD�ZRRGFKLS�WR�
VHHN�SHUIRUPDQFH�LPSURYHPHQW��
�
�
���2EMHFWLYHV�
�
7KH�REMHFWLYH�ZDV�WR�GHWHUPLQH�WKH�HIILFDF\�RI�HPSOR\LQJ�ZRRGFKLS�EDVHG�GHQLWULILFDWLRQ�EHGV�WR�
UHPRYH�ORZ�OHYHO�QLWUDWH�ZLWKLQ�VWUHDP�V\VWHPV��
�
�
���0HWKRGV�
�
$�VSULQJ�ZLWKLQ�D�ORFDO�IDUP�DGMRLQLQJ�/DNH�5RWRHKX�JHQHUDWHV�D�VWUHDP�FDUU\LQJ�D�FRQVLVWHQW�
QLWUDWH�ORDG�RI�DERXW�����PJ�/���DQG�YROXPH�RI����±����OLWUHV�SHU�PLQXWH��7KLV�VLWH�KDG�EHHQ�XVHG�LQ�
D�SUHYLRXV�GHQLWULILFDWLRQ�VWXG\�XVLQJ�EDUN�DV�WKH�FDUERQ�VRXUFH��7D\ORU�	�7KRUQERUURZ��������7KH�
ROG�GHQLWULILFDWLRQ�EHG�DQG�EDUN�ZHUH�UHPRYHG�DQG�DERXW����PHWUHV�RI�VWUHDP�FKDQQHO�ZDV�FOHDUHG�
RI�GHEULV�WR�D�ZLGWK�RI�DERXW���P��$���P�KLJK�ZRRGHQ�UHWDLQLQJ�ZDOO�ZDV�IL[HG�DFURVV�WKH�FKDQQHO�DW�
WKH�GRZQVWUHDP�HQG�RI�WKH�LQVWDOODWLRQ�DQG�D�GRXEOH�OD\HU�RI�39&�OLQHU������PLFURQ��VSUHDG�RYHU�WKH�
EDVH��EDQNV�DQG�HQGV�RI�WKH�FKDQQHO��WR�IXOO\�FRQWDLQ�ERWK�ZDWHU�DQG�ZRRGFKLSV��$SSUR[LPDWHO\����
FXELF�PHWUHV�RI�3LQXV�UDGLDWD�ZRRGFKLS��VFUHHQHG�WR�D�VL]H�RI��±���PP��ZDV�WKHQ�SODFHG�LQ�WKH�
OLQHG�FDYLW\��UHVXOWLQJ�LQ�DQ�DYHUDJH�FKLS�GHSWK�RI�DSSUR[LPDWHO\�����P��)LJ������
�
$Q�XSULJKW�ULVHU��PDGH�IURP�IDUPWXII�SLSLQJ��ZDV�SODFHG�DW�WKH�KHDG�RI�WKH�LQVWDOODWLRQ�WR�LQWHUFHSW�
WKH�VWUHDP�SLSHG�IURP�D�FXOYHUW��)LJ������)ORZ�LQWR�WKH�GHQLWULILFDWLRQ�EHG�ZDV�FRQWUROOHG�E\�RULILFHV�
GULOOHG�LQWR�WKH�ULVHU��ZKLOH�RYHUIORZ�ZDV�E\SDVVHG�EDFN�WR�WKH�VWUHDP�EHG��)LJ������,QVWDOODWLRQ�ZRUN�
ZDV�FRPSOHWHG�RQ���)HEUXDU\��������
�
'XSOLFDWH�VDPSOHV�RI�LQOHW�DQG�RXWOHW�IORZ�ZHUH�WDNHQ�DW�VHYHUDO�LQWHUYDOV�RYHU����PRQWKV�RI�
RSHUDWLRQ��/HYHOV�RI�WRWDO�QLWURJHQ�ZHUH�PHDVXUHG�DIWHU�SHUVXOSKDWH�GLJHVWLRQ��XVLQJ�FRORXULPHWU\���
�
�
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$PPRQLXP�DQG�QLWUDWH�DV�12[���EHLQJ�12��1�DQG�12��1��OHYHOV�ZHUH�PHDVXUHG�GLUHFWO\�RQ�WKH�
ZDWHU�VDPSOHV�E\�FRORXULPHWU\��2UJDQLF�QLWURJHQ�ZDV�GHWHUPLQHG�E\�WKH�GLIIHUHQFH�EHWZHHQ�WRWDO�
QLWURJHQ�DQG�WKH�VXP�RI�DPPRQLXP�DQG�12[��
�

�
)LJ����%HG�RYHUYLHZ�RQ�FRQVWUXFWLRQ�
�
�
���5HVXOWV�
�
7HFKQLFDO�FKDOOHQJHV��
,Q�WKH�ILUVW�PRQWK�RI�RSHUDWLRQ�WKH�RYHUIORZ�SLSH�ZRUN�VHSDUDWHG�IURP�WKH�ULVHU�DQG�ZDWHU�ZDVKHG�
LQWR�WKH�EHG��IOXVKLQJ�VLJQLILFDQW�YROXPHV�RI�FKLSV�RYHU�WKH�EDUULHU��7KHVH�FKLSV�ZHUH�UHFRYHUHG�DQG�
WKH�SLSH�ZRUN�UHVHFXUHG��$V�DOJDO�JURZWK�ZDV�IRXQG�WR�KDYH�EORFNHG�WKH�IHHGHU�WXEHV�WR�WKH�SRLQW�
ZKHUH�WKH�EHG�ZDV�GU\LQJ�RXW��LW�ZDV�GHFLGHG�WR�OHDYH�DOO�EXW�RQH�RI�WKH�IHHGHUV�EORFNHG�DQG�WKH�
UHPDLQGHU�ZDV�VLPSOLILHG�WR�D�ILQJHU�VL]H�ERUH�KROH�LQ�WKH�ULVHU�ZDOO��$�ODWHU�SUREOHP�ZLWK�VHGLPHQW�
EXLOG�XS�LQ�WKH�ULVHU�UHTXLUHG�WKDW�WKLV�KROH�EH�EXQJHG�DQG�QHZ�KROHV�GULOOHG��GLDPHWHU�DSSUR[����
PP��KLJKHU�XS�RQ�WKH�O\VLPHWHU�ZDOOV�QHDU�WKH�SRLQW�RI�E\SDVV�IORZ��$W�WKLV�KHLJKW��ZDWHU�WXUEXOHQFH�
ZDV�H[SHFWHG�WR�DOOHYLDWH�VHGLPHQW�EORFNDJH�DQG�LQKLELW�DOJDO�JURZWK�����
�
�
�
�
�
�
�
�
�
�
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�

�
)LJ����+HDGZRUNV�0DUFK������

�
)LJ����+HDGZRUNV�2FWREHU������
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�
2YHUDOO��WKH�GHQLWULILFDWLRQ�EHG�UHPRYHG�DERXW�����RI�WRWDO�1��)LJ�����EXW��WKH�EHGV�QLWUDWH�
UHPRYDO�HIILFLHQF\�GHWHULRUDWHG�RYHU�WLPH��)LJ������7RWDO�QLWURJHQ�OHYHOV�LQ�WKH�VWUHDP�YDULHG�
OLWWOH�LQ�OHYHO�RYHU�WLPH�DQG�QLWURJHQ�LV�DOPRVW�ZKROO\�LQ�QLWUDWH��RU�SDUWO\�QLWULWH��IRUP��7KH�
QLWUDWH�UHPRYDO�SHU�GD\�LV�LQ�WKH�RUGHU�RI���WR���WLPHV�WKDW�REVHUYHG�E\�7D\ORU�DQG�
7KRUQEXUURZ��������DW�WKH�VLWH��ZKLFK�LV�LQ�OLQH�ZLWK�WKH�LQFUHDVHG�VL]H�RI�WKH�EHG��7KH�
GHQLWULILFDWLRQ�UDWH�SHU�FXELF�PHWUH�WKHUHIRUH�DSSHDUV�WR�EH�VLPLODU�IRU�EDUN�DQG�ZRRGFKLS��
1LWURJHQ�UHGXFWLRQ�RI���PJ�/���IURP�D�IORZ�RI����/�PLQ���UHSUHVHQWV�D�UHPRYDO�UDWH�RI����J�1�
G����IURP�DQ����P��GHQLWULILFDWLRQ�EHG��7KLV�\LHOGV�D�UHPRYDO�UDWH�RI���J�12[�P���G����+LJKHU�
UHPRYDO�UDWHV�KDYH�EHHQ�REVHUYHG�DW�7DXSR�PXQLFLSDO�ZDVWHZDWHU�WHUWLDU\�WUHDWPHQW�EHGV�
ZKHUH�QLWUDWH�LQSXWV�KDYH�EHHQ�KLJKHU��SHUVRQDO�FRPPXQLFDWLRQ�1LFROD�&KXUFK��7DXSR�'LVWULFW�
&RXQFLO��
�
6LPLODU�WR�WKH�UHVXOWV�RI�7D\ORU�DQG�7KRUQEXUURZ���������D�IOXVK�RI�RUJDQLF�1��)LJ�����ZDV�
VHHQ�DW�WKH�RXWOHW�LQ�WKH�HDUO\�PRQWKV�RI�WKH�H[SHULPHQW��7KLV�GLG�FRUUHVSRQG�ZLWK�WKH�SHULRG�
RI�JUHDWHVW�UHGXFWLRQ�LQ�QLWUDWH��$V�QLWUDWH�OHYHOV�DW�WKH�RXWOHW�LQFUHDVHG��RUJDQLF�1�GHFUHDVHG�
DQG�FXUUHQW�OHYHOV�RI�RUJDQLF�1�DW�WKH�RXWOHW�DUH�QRZ�VLPLODU�WR�LQOHW�YDOXHV��
�
�����

�
�
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�
���&RQFOXVLRQV�
�
7KH�EHG�UHPRYHG�DSSUR[LPDWHO\�����RI�WKH�QLWURJHQ�SUHVHQW�LQ�WKH�VWUHDP�IORZ��HTXDWLQJ�WR�D�
QLWUDWH�UHPRYDO�UDWH�RI�DERXW���J�12[�P����RI�EHG��G����
�
/RZHU�OHYHOV�RI�GHQLWULILFDWLRQ�ZHUH�REWDLQHG�WUHDWLQJ�VWUHDP�ZDWHU�ZLWK�DERXW�����PJ�/���
QLWUDWH�WKDQ�WKRVH�REWDLQHG�WUHDWLQJ�VHZDJH�HIIOXHQW�ZLWK�DERXW����PJ�/���QLWUDWH�LQ�D�VLPLODU�
GHQLWULILFDWLRQ�EHG��SHUVRQDO�FRPPXQLFDWLRQ�1LFROD�&KXUFK��7DXSR�'LVWULFW�&RXQFLO��
,Q�WKH�SUHVHQW�FDVH��GHQLWULILFDWLRQ�UDWHV�DSSHDU�WR�EH�OLPLWHG�E\�WKH�DPRXQW�RI�1�LQ�WKH�VWUHDPV�
DV�KLJKHU�GHQLWULILFDWLRQ�UDWHV�ZHUH�REVHUYHG�ZKHUH�LQSXW�ZDWHU�KDV�KLJKHU�QLWUDWH�OHYHOV��
�
2UJDQLF�QLWURJHQ�SURGXFWLRQ��DV�GHVFULEHG�E\�7D\ORU�DQG�7KRUQEXUURZ��������ZDV�HYLGHQW�EXW�
DV�QLWUDWH�OHYHOV�DW�WKH�RXWOHW�LQFUHDVHG��RUJDQLF�1�GHFUHDVHG�DQG�FXUUHQW�OHYHOV�RI�RUJDQLF�1�DW�
WKH�RXWOHW�DUH�QRZ�VLPLODU�WR�LQOHW�YDOXHV��
�
��
���5HFRPPHQGDWLRQV�
�
:H�UHFRPPHQG�IXUWKHU�PRQLWRULQJ�RI�WKH�EHG�DW�ORQJHU�LQWHUYDOV��VXFK�DV�WZLFH�SHU�\HDU��WR�
GHWHUPLQH��
�

•� WKH�ORQJHYLW\�RI�WKH�GHQLWULILFDWLRQ�EHG�
•� ZKHWKHU�WKH�GHQLWULILFDWLRQ�UDWH�VHWWOHV�WR�D�FRQVWDQW�OHYHO�RYHU�WLPH�RU�IOXFWXDWHV�
•� ZKHWKHU�WKH�UHOHDVH�RI�RUJDQLF�QLWURJHQ�SURYHV�WR�EH�D�VKRUW�WHUP�LQLWLDO�UHDFWLRQ����

�
([SDQGLQJ�WKH�LQVWDOODWLRQ�WR�WUHDW�WKH�HQWLUH�VWUHDP�IORZ�PD\�QRW�EH�HFRQRPLFDOO\�RU�
WHFKQLFDOO\�VHQVLEOH��DQG�GHQLWULILFDWLRQ�EHGV�PD\�EH�PRUH�DSSOLFDEOH�WR�ZDWHU�V\VWHPV�
FDUU\LQJ�KLJKHU�OHYHOV�RI�QLWUDWH����
�
�
���$FNQRZOHGJHPHQWV�
$QGUHZ�)LWFKHWW��/DQGFDUH�5HVHDUFK��IRU�SKRWRV�DQG�HQGOHVV�ZRRGFKLS�VKRYHOOLQJ��DQG�5RE�
5HHYHV��*16�6FLHQFH��IRU�VDPSOLQJ�DQG�EHG�PDLQWHQDQFH��
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�
���5HIHUHQFHV�
&RRSHU�$%��7KRPVHQ�&(�������1LWURJHQ�DQG�SKRVSKRUXV�LQ�VWUHDP�ZDWHUV�IURP�

DGMDFHQW�SDVWXUH��SLQH�DQG�QDWLYH�IRUHVW�FDWFKPHQWV��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�
)UHVKZDWHU�5HVHDUFK�������������±�����

�
7D\ORU�0'��7KRUQEXUURZ�'�������5HPRYDO�RI�QLWURJHQ�IURP�D�VWUHDP�IORZLQJ�LQWR�/DNH�

5RWRHKX�XVLQJ�D�GHQLWULILFDWLRQ�ER[��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������WR�
(QYLURQPHQW�%D\�RI�3OHQW\��

�
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�
���� $SSHQGLFHV�

$QDO\WLFDO�UHVXOWV�DQG�VLWH�YLVLW�QRWHV�DUH�DSSHQGHG��
�
$SSHQGL[���±�5RWRHKX�UHFRUGV�
�

)ORZ�������������
�
*UDHPH��
��,�VDPSOHG�WKH�EHG�WRGD\���$OO�ORRNV�JRRG���WKH�EHVW�,
YH�HYHU�VHHQ�LW���7KHUH�DSSHDUV�WR�EH�QR�
OHDNV�DW�DOO��
7KH�VDPSOHV�DUH�EHLQJ�VHQW�E\�RYHUQLJKW�FRXULHU�WR�3DOP\�WRQLJKW���&RXOG�\RX�OHW�WKH�ODE�
PDQDJHU�NQRZ�WKH\�ZLOO�DUULYH�WRPRUURZ���WKH�UHTXLUHG�DQDO\VHV��
��
%HG�LQIORZ� �����O����VHF�
%HG�RXWIORZ�DSSUR[�����O���VHF�
��
7KHUH�DUH�FOHDUO\�UHGXFLQJ�FRQGLWLRQV�LQ�WKH�EHG���7KHUH�LV�D�IDLQW�VXOSKXU�VPHOO�IURP�WKH�ZDWHU�
DW�WKH�RXWOHW��DQG�ZKLWH��6XOSKLGH�"��GHSRVLWV�RQ�WKH�EDUN�DW�WKH�RXWOHW��
��
5RE�
�
)ORZ�������������
�
*UDHPH��
6DPSOHV�FROOHFWHG�������������%ULDQ�ZLOO�UHFHLYH�WKH�VDPSOHV�WRPRUURZ��
7KH�GHQLWULILFDWLRQ�EHG�ORRNV�JRRG�DQG�QR�DSSDUHQW�OHDNV��
,QOHW�IORZ� ���O����VHF�
2XWOHW�IORZ� ���O����VHF�
��
7KH�RXWOHW�IORZ�PHDVXUHPHQW�FRQWDLQV�DERXW�����RI�WKH�RXWOHW�IORZ���9LVXDOO\��LW�GRHV�ORRN�DV�
LI�WKH�RXW�RXWOHW�LV�IORZLQJ�DW�D�VORZHU�UDWH�WKDQ�WKH�LQOHW���3RVVLEOH�OHDN�LQ�WKH�ERWWRP�RI�WKH�
EHG"�
��
6RPH�ZKLWH�GHSRVLWV�REVHUYHG�RQ�ZRRG�FKLSV�#�WKH�RXWOHW�DQG�RQ�WKH�SODVWLF�DW�WKH�RXWOHW��
��
7KH�RXWOHW�ZDWHU�VDPSOH�GRHV�FRQWDLQ�VRPH�VHGLPHQW���:RXOG�\RX�OLNH�PH�WR�ILHOG�ILOWHU�������
PLFURQ��DOO�VDPSOHV�QH[W�WLPH"�
5RE�
�
)ORZ�������������
�
*UDKDP��
��6DPSOHG�WKH�5RWRHKX�'HQLWULILFDWLRQ�:DOO�WRGD\���6HQW�VDPSOHV�RQ�WRQLJKW¶V�FRXULHU��
6WDWV�EHORZ��
5RE�
��
=HUR�LQIORZ�DQG�]HUR�RXWIORZ�RQ�DUULYLQJ�DW�����DP�GXH�WR�KLJK�VHGLPHQW�OHYHOV�LQ�WKH�
O\VLPHWHU��
��
&OHDQHG�RXW�O\VLPHWHU�DQG�ZDLWHG�RYHU�DQ�KRXU��
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��
,QOHW�IORZ�#������ ���O����VHF�
�
2XWOHW�IORZ� ���O����VHF�
��
6DPSOHV�FROOHFWHG�DW�WKLV�WLPH��
6WUXFWXUH�ORRNV�LQ�JRRG�VKDSH���0LQRU�OHDNDJH�DW�WKH�FXOYHUW���SLSH�WR�O\VLPHWHU�MRLQ���1RWKLQJ�
WR�ZRUU\�DERXW�\HW��
��
,�ZLOO�JR�EDFN�RXW�QH[W�PRQWK��
5RE�
�
)ORZ�������������
�
*UDHPH��
��,�KDYH�MXVW�JRW�EDFN�IURP�WKH�VDPSOLQJ���%DG�QHZV�LV�WKDW�VHGLPHQW�KDV�DJDLQ�FORJJHG�WKH�
O\VLPHWHU�RXWOHW��VR�WKHUH�ZDV�QR�ZDWHU�HQWHULQJ�WKH�EHG���+RZHYHU��WKH�OHYHO�LQ�WKH�EHG�ZDVQ
W�
YHU\�ORZ���LW�RQO\�WRRN�DERXW���������PLQV�RI�ZDWHU�UXQQLQJ�LQWR�WKH�EHG�WR�JHW�LW�RYHUIORZLQJ�
DJDLQ���7KLV�VXJJHVWV�WKH�EORFNDJH�PD\�KDYH�RFFXUUHG�ZLWKLQ�WKH�ODVW�ZHHN���EXW�ZKR�NQRZV��
��
2Q�OHDYLQJ�WKH�VLWH��
RXWOHW�IORZ� ��O����VHF�
LQOHW�IORZ� ��O����VHF�
��
,�GLG�FROOHFW�VDPSOHV�DW�ERWK�LQOHW�DQG�RXWOHW���2XWOHW�ZDWHU�KDG�DQ�+�6�RGRXU��
��
'R�\RX�WKLQN�,�VKRXOG�SD\�D��PDLQWHQDQFH��YLVLW�LQ���ZHHNV�WR�FOHDU�VHGLPHQW�IURP�WKH�
O\VLPHWHU��ZLWKRXW�FROOHFWLQJ�D�VDPSOH���RU�FROOHFW�D�VDPSOH�DQ\KRZ�JLYHQ�WKDW�,�ZRXOG�EH�
JRLQJ�WKHUH�"�
��
2WKHU�DOWHUQDWLYHV�FRXOG�EH��
���,QVWDOO�DQRWKHU�KROH�KLJKHU�XS�WKH�O\VLPHWHU���WKLV�FRXOG�EX\�XV�PRUH�WLPH�EHWZHHQ�YLVLWV��
���,QFUHDVH�IUHTXHQF\�RI�YLVLWV��FOHDULQJ�WKH�O\VLPHWHU�HDFK�WLPH��
���,QVWDOO�D��VHGLPHQW�WUDS��EHIRUH�WKH�O\VLPHWHU���7KLV�FRXOG�WDNH�WKH�IRUP�RI�WKH�FXUUHQW�
O\VLPHWHU�LQVWDOOHG�XSVWUHDP�IURP�WKH�FXUUHQW�O\VLPHWHU��
���'HVLJQ�D�EDIIOH�V\VWHP�LQ�WKH�FXUUHQW�O\VLPHWHU�WKDW�HQVXUHV�WKH�ZDWHU�LV�DOZD\V�IORZLQJ�
SDVW�WKH�O\VLPHWHU�RXWOHW��WKHUHIRUH�QRW�DOORZLQJ�VHGLPHQW�WR�VHWWOH�DURXQG�WKH�KROH��
��
5RE�
�
)ORZ���±����������
�
*UDHPH��
��
%DG�QHZV���,QOHW�DQG�RXWOHW�IORZ� ���ZKHQ�,�DUULYHG���,W�DSSHDUV�ZH�KDYH�D�QHZ�HQHP\���DOJDH���
,W�DSSHDUV�DV�LI�D�EXLOG�XS�RI�DOJDH�VRPHKRZ�EORFNHG�WKH�O\VLPHWHU�RXWOHW��WKHUHIRUH�QR�ZDWHU�
WR�WKH�EHG����7KH�VHGLPHQW�OHYHO�ZDV�DERXW���FP�EHORZ�WKH�O\VLPHWHU�RXWOHW�KROH��
��
$�VPDOO�OHDN�KDV�GHYHORSHG�DURXQG�WKH�FXOYHUW�SLSH�MRLQ���:LOO�EH�ZRUWK�NHHSLQJ�DQ�H\H�RQ�
WKLV��
��
$V�GLVFXVVHG��,�SHUIRUPHG�VRPH�PRGLILFDWLRQV��
�
�
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�
���,�FXW�DERXW��FP�RII�WKH�HQG�RI�WKH�LQOHW�SLSH�WR�WKH�O\VLPHWHU�WR��PRYH��WKH�ORFDWLRQ�RI�
ZKHUH�WKH�IORZ�KLWV�WKH�O\VLPHWHU���3UHYLRXVO\��PRVW�RI�WKH�IORZ�ZDV�JRLQJ�GLUHFWO\�LQWR�WKH�
E\SDVV�SLSH���,W�KDV�QRZ�PRYHG�EDFN�DERXW��FP��KLWWLQJ�WKH�MRLQ�EHWZHHQ�WKH�O\VLPHWHU�DQG�WKH��
E\�SDVV�SLSH���,�GLG�WKLV�LQ�RUGHU�WR�JHQHUDWH�PRUH�WXUEXOHQFH�QHDU�WKH�O\LVPHWHU���E\�SDVV�SLSH�
MRLQ���,�GLG�WKLV�ZLWKRXW�GLVFXVVLRQ�ZLWK�\RX��
�
���,�EXQJHG�XS�WKH�H[LVWLQJ�O\VLPHWHU�RXWOHW��
�
���,�GULOOHG���KROHV�IXUWKHU�XS�WKH�O\VLPHWHU��QHDU�WKH�E\SDVV�SLSH���7KLV�LV�MXVW�EHORZ�WKH�ZDWHU�
OHYHO�LQ�WKH�O\VLPHWHU�DQG�LQ�DQ�DUHD�RI�WXUEXOHQFH���+ROH��� ���PP��KROH�� ���PP�GLDPHWHU���
,�QHHGHG�ERWK�KROHV�WR�REWDLQ�D�IORZ�HTXLYDOHQW�WR�WKH�ROG�KROH���,�ZLOO�GULOO�PRUH�KROHV�ZKHQ�
\RX�ZDQW�WR�LQFUHDVH�WKH�IORZ�ODWHU���,�DP�KRSLQJ�WKDW�WKH�ODUJHU�KROH�ZLOO�EH�OHVV�SURQH�WR�
EORFNLQJ�E\�DQ\WKLQJ���
���&OHDQHG�RXW�DQRWKHU�EDWFK�RI�VHGLPHQW��:DQW�WR�VWDUW�D�EHDFK�IHDWXUH�VRPHZKHUH"�
��
,�WRRN�VDPSOHV���1RWH�WKDW�VDPSOHV�ZHUH�FROOHFWHG�DERXW�����KRXUV�DIWHU�WKH�IORZ�LQ�WKH�EHG�KDG�
EHHQ�UHVWRUHG���,�XVHG�SODVWLF�ERWWOHV�ZH�QRUPDOO\�XVH�IRU�QXWULHQW�DQDO\VLV��DQG�QRW�WKH�SLQN�OLG�
ERWWOHV���7KHUH�LV�OHVV�FKDQFH�RI�GDPDJH�WR�WKHVH�ERWWOHV�IURP�FRXULHUV�DQG�RU�VDPSOHUV��
��
)ORZ�IURP�KROH�� ��O����VHF�
)ORZ�IURP�KROH�� ��O����VHF�
2XWOHW�IORZ� ��O����VHF�
6DPSOHV�FROOHFWHG�DERXW��������1='7�
��
5RE�
�
)ORZ���±����������
�
*UDKDP��
$OO�V\VWHPV�RSHUDWLRQDO����
'HWDLOV��
6DPSOHV�FROOHFWHG������������DW�DERXW�������
,QOHW�IORZ�KROH��� ��O����VHF�DQG�KROH��� ��O����VHF�
2XWOHW�IORZ� ��O�����VHF�
��
,�FOHDQHG�WKH�VDQG�RXW�RI�WKH�O\VLPHWHU��
��
:H�KDYH�DQ�DOJDH�HFRV\VWHP�LQ�WKH�PDNLQJ���%URZQ�DOJDH�DW�WKH�VXUIDFH�DW�WKH�ZDWHU�LQOHW��DQG�
JUHHQ�DOJDH�QHDU�WKH�RXWOHW��VHH�SLFWXUHV���
��
5RE�
�
)ORZ���±���������
�
*UDHPH�YLVLWV�±�DOO�RSHUDWLRQDO�ZLWK�OHDNDJH�IURP�FXOYHUW�QRZ�QRW�HYLGHQW��
�
,QOHW�±�IORZ�QRZ����OLWUHV�LQ����VHFV�LQ�WRWDO�IURP�ERWK��
2XWOHW�±���OLWUHV�LQ����VHFV��
�
6DPSOHV�FROOHFWHG�DURXQG���SP��
1HHGHG�ZHHGLQJ�DQG�VHGLPHQW�KDG�KDOI�ILOOHG�WKH�O\VLPHWHU�EXW�QRW�UHVWULFWLQJ�DQ\�IORZV��
6HGLPHQW�UHPRYHG�ZLWKLQ�UHDFK��$OJDH�SUHVHQW�EXW�QR�PDMRU��
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�
$SSHQGL[����$QDO\WLFDO�5HVXOWV�
�
$QDO\VLV�5HVXOWV�
(QYLURQPHQWDO�&KHPLVWU\�/DERUDWRU\

&OLHQW��������*UDHPH�$QGHUVRQ��/DQGFDUH�5HVHDUFK��+DPLOWRQ 'DWH�,Q���������������
-RE�1R�����/-����� 'DWH�2XW�������������

&OLHQW 6DPSOH $PPRQLD�1 12[�1 7RWDO 2UJDQLF
,' 1R� 1LWURJHQ 1LWURJHQ

�PHWKRG����� �PHWKRG����� �PHWKRG����� �FDOFXODWLRQ�
PJ�/ PJ�/ PJ�/ PJ�/

,QOHW�������
 �� �� � � � 0��� ��� ��
 ����� ���� ���� 
 ���
,QOHW�������
 �� �� � � � 0��� ��� ��� ����� � ���� ���� 
 ���
2XWOHW������� 
 �� ��� �� 0��� ��� �� � ����� ���
 � ��� � � 
 ���
2XWOHW������� 
 �� ��� �� 0��� ��� �� � ������ ���� � ��� � � ���

�
:DWHU�$QDO\VLV�5HVXOWV�
(QYLURQPHQWDO�&KHPLVWU\�/DERUDWRU\

&OLHQW��������*UDHPH�$QGHUVRQ��/DQGFDUH�5HVHDUFK��+DPLOWRQ 'DWH�,Q���������������
-RE�1R�����/-����� 'DWH�2XW�������������

&OLHQW 6DPSOH $PPRQLD�1 12[�1 7RWDO 2UJDQLF
,' 1R� 1LWURJHQ 1LWURJHQ

�PHWKRG����� �PHWKRG����� �PHWKRG����� �FDOFXODWLRQ�
PJ�/ PJ�/ PJ�/ PJ�/

,QOHW��������� ��� ��� 0��� �� �� �� ����� ���� ���� ���
,QOHW��������� ��� ��� 0��� �� �� �� ������ ���� ���� ���
2XWOHW��������� ��� ��� 0��� �� �� �� ������ ������ ���� ���
2XWOHW��������� ��� ��� 0��� �� �� ��� ����� ������ ���� ���

�
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:DWHU�$QDO\VLV�5HVXOWV�
(QYLURQPHQWDO�&KHPLVWU\�/DERUDWRU\

&OLHQW��������*UDHPH�$QGHUVRQ��/DQGFDUH�5HVHDUFK��+DPLOWRQ 'DWH�,Q���������������
-RE�1R�����/-����� 'DWH�2XW�������������

&OLHQW 6DPSOH $PPRQLD�1 12[�1 7RWDO 2UJDQLF
,' 1R� 1LWURJHQ 1LWURJHQ

�PHWKRG����� �PHWKRG����� �PHWKRG����� �FDOFXODWLRQ�
PJ�/ PJ�/ PJ�/ PJ�/

,QOHW��������� �� �� ��� �� 0�� �� ����� ������ ���� ���� ����
,QOHW��������� �� �� ��� �� 0�� �� ����� ������ ���� ���� ����
2XWOHW������� �� �� ��� �� 0�� �� ����� ����� ������ ����� �����
2XWOHW������� �� �� ��� �� 0�� �� ���� ������ ������ ���� ���
%ODQN��1�EXEEOHG� 0�� �� ���� ����� ������ ����� ����
%ODQN��1�EXEEOHG� 0�� �� ���� ����� ������ ����� ����
,QOHW�������� �� ��� �� ��� ���
 0�� �� ���� � ������ ���� ���� ����
,QOHW�������� �� ��� �� ��� ���

 0�� �� ���� ��

2XWOHW������� �� ��� �� ��� ��� 0�� �� ���� �� ����� � ����� ���� ���� �
2XWOHW������� �� ��� �� ��� ��� 0�� �� ���� �� ����� �� ����� ���� ���� �


�FRQWDLQHU�FUDFNHG��VDPSOH�VWLOO�SUHVHQW


�FRQWDLQHU�VPDVKHG��QR�VDPSOH�SUHVHQW
&RQWDLQHUV�EHLQJ�VFUHZHG�WRR�WLJKW" ��
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:DWHU�$QDO\VLV�5HVXOWV�
(QYLURQPHQWDO�&KHPLVWU\�/DERUDWRU\

&OLHQW��������*UDHPH�$QGHUVRQ��/DQGFDUH�5HVHDUFK��+DPLOWRQ 'DWH�,Q����������������
-RE�1R�����/-����� 'DWH�2XW��������������

&OLHQW 6DPSOH $PPRQLD�1 12[�1 7RWDO 2UJDQLF
,' 1R� 1LWURJHQ 1LWURJHQ

�PHWKRG����� �PHWKRG����� �PHWKRG����� �FDOFXODWLRQ�
PJ�/ PJ�/ PJ�/ PJ�/

,QOHW��������� ���� ��� �� 0�� �� ��� ��� ���� ���� ����� �
,QOHW��������� ���� ��� �� 0�� �� ��� ��� ���� ���� ����� �
2XWOHW��������� ���� ��� �� 0�� �� ��� �� ���� ���� �� ����� ���
2XWOHW��������� ���� ��� �� 0�� �� ��� �� ���� ���� �� ���� ���

�
:DWHU�$QDO\VLV�5HVXOWV�
(QYLURQPHQWDO�&KHPLVWU\�/DERUDWRU\

&OLHQW��������*UDHPH�$QGHUVRQ��/DQGFDUH�5HVHDUFK��+DPLOWRQ 'DWH�,Q����������������
-RE�1R�����/-����� 'DWH�2XW��������������

&OLHQW 6DPSOH $PPRQLD�1 12[�1 7RWDO 2UJDQLF
,' 1R� 1LWURJHQ 1LWURJHQ

�PHWKRG����� �PHWKRG����� �PHWKRG����� �FDOFXODWLRQ�
PJ�/ PJ�/ PJ�/ PJ�/

,QOHW��������� ���� ��� ��� 0�� �� ���� ������ ���� ���� �����
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