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6XPPDU\

x $� IOX[JDWH� JUDGLRPHWHU� VXUYH\� ZDV� XQGHUWDNHQ� RQ� F��� KHFWDUHV� RI� ODQG� DW�
+RUHVWRQH�%URRN��1HWKHU�+H\IRUG��1RUWKDPSWRQVKLUH

x 7KH� VXUYH\� LGHQWLILHG� WKH� RXWOLQH� UHPDLQV� RI� WKH� SDUWLDOO\� H[FDYDWHG� 5RPDQ�
9LOOD��DORQJ�ZLWK�SUREDEOH�DVVRFLDWHG�5RPDQ�VHWWOHPHQW�UHPDLQV��

x $�VHULHV�RI�UHJXODUO\�VSDFHG�OLQHDU�DQRPDOLHV�DOLJQHG�QRUWK�WR�VRXWK�LQGLFDWH�
WUDFHV�RI�PHGLHYDO�ULGJH�DQG�IXUURZ�SORXJKLQJ�

x 7UDFHV�RI�IRUPHU�TXDUU\LQJ�DFWLYLW\�ZHUH�GHWHFWHG�LQ�$UHD���

)LJ����/RFDWLRQ�RI�VLWH��VFDOH���������
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��� ,QWURGXFWLRQ
6WHSKHQ� <RXQJ�� DFWLQJ� RQ� EHKDOI� RI� WKH� &RPPXQLW\� /DQGVFDSH� DQG� $UFKDHRORJ\�
6XUYH\� 3URMHFW� �&/$63��� FRPPLVVLRQHG� 3UH�&RQVWUXFW� *HRSK\VLFV� WR� XQGHUWDNH� D�
JUDGLRPHWHU�VXUYH\�RQ�ODQG�DW�+RUHVWRQH�%URRN��1HWKHU�+H\IRUG��1RUWKDPSWRQVKLUH��
7KH�VXUYH\�PHWKRGRORJ\�GHVFULEHG�LQ�WKLV�UHSRUW�ZDV�EDVHG�XSRQ�JXLGHOLQHV�VHW�RXW�LQ�
WKH� (QJOLVK� +HULWDJH� GRFXPHQW� µ*HRSK\VLFDO� 6XUYH\� LQ� $UFKDHRORJLFDO� )LHOG�
(YDOXDWLRQ¶ �'DYLG��������

��� /RFDWLRQ�DQG�GHVFULSWLRQ

7KH�VLWH�OLHV�LQ�D�IODW�ILHOG�DW�F����P2'�DQG�LV�FXUUHQWO\�XQGHU�DUDEOH�FXOWLYDWLRQ��7KH�
JHRORJ\�RI� WKH�DUHD� LV�FRPSULVHG�RI�JODFLDO�6DQGV�DQG�*UDYHOV�RYHUODLQ�E\�$OOXYLXP�
FORVH� WR� +RUHVWRQH� %URRN� �%ULWLVK� *HRORJLFDO� 6XUYH\� VKHHW� ����� 1RUWKDPSWRQ��
SXEOLVKHG��������

��� $UFKDHRORJLFDO�DQG�KLVWRULFDO�EDFNJURXQG

7KH�ODQGVFDSH�VXUURXQGLQJ�1HWKHU�+H\IRUG�LV�SUROLILF�LQ�5RPDQ�UHPDLQV��7R�WKH�ZHVW�
RI� WKH� YLOODJH� OLHV� :KLWHKDOO� )DUP� 5RPDQ� YLOOD� ZKHUH� H[WHQVLYH� FRYHUDJH� E\�
JUDGLRPHWU\�KDV�EHHQ�XQGHUWDNHQ�DV�ZHOO�DV�VXEVHTXHQW�H[FDYDWLRQ��0DVWHUV������	�
������:KLWHKDOO� 5RPDQ� 9LOOD� ZHE� VLWH��� 7KH� VLWH� LV� VLWXDWHG� F��NP WR� WKH� QRUWK� RI�
:DWOLQJ�6WUHHW�5RPDQ�5RDG��)LJ����
7KH� VLWH� ZDV� ILHOGZDONHG� LQ� ����� DQG� DJDLQ� LQ� ������ 2YHU� ����� VKHUGV� RI� 5RPDQ�
SRWWHU\�� QHDUO\� ����� WHVVHUDH� DQG� �� NJ� RI� URRI� WLOH�ZHUH� UHFRYHUHG��7ULDO� WUHQFKLQJ�
DQG� OLPLWHG� DUHD� VWULSSLQJ� WRRN� SODFH� EHWZHHQ� ����� DQG� ������ $� URXQGKRXVH� DQG�
HOHPHQWV�RI�D�PDLQ�UDQJH��FRUULGRU��SRUFK�DQG�SDYLOLRQV�ZHUH�LGHQWLILHG��
7KH�HDUOLHVW�UHPDLQV�DUH�DVVRFLDWHG�ZLWK�D��P�GLDPHWHU�FLUFXODU�VWRQH�EXLOGLQJ�HUHFWHG�
LQ� WKH�HDUO\��QG FHQWXU\�$'��7KH�EXLOGLQJ�KDG� WZR�PDMRU�SKDVHV�RI�XVH�� LQLWLDOO\� IRU�
GRPHVWLF�SXUSRVHV�GXULQJ�WKH��QG WR�HDUO\��UG FHQWXULHV��DQG�D�ODWHU�SKDVH�UHIOHFWLQJ�DQ�
DJULFXOWXUDO�LQGXVWULDO�IXQFWLRQ�LQ�WKH�PLG��UG FHQWXU\�$'�
'XULQJ� WKH�PLG��UG FHQWXU\�� WKH� VHWWOHPHQW�XQGHUZHQW�PDMRU� UHGHYHORSPHQW�ZLWK WKH�
FRQVWUXFWLRQ�RI�D�ZLQJHG�FRUULGRU�YLOOD�FRPSOH[��7KHUH�ZHUH�DW� OHDVW� WKUHH�SKDVHV�RI�
YLOOD� UDQJH� GHYHORSPHQWV� DQG� HQKDQFHPHQWV�� WZR� RI� ZKLFK� LQFRUSRUDWHG� WKH� URXQG�
KRXVH�VWUXFWXUH�LQ�WKH�RYHUDOO�YLOOD�GHVLJQ�EHIRUH�WKDW�VWUXFWXUH�ZDV�GHPROLVKHG�VRPH�
WLPH� LQ� WKH� �WK FHQWXU\�� $� FRUQGULHU� ZDV� LQVHUWHG� LQWR� WKH� QRUWK�HDVW� SDYLOLRQ� DORQJ�
ZLWK�RWKHU�HYLGHQFH�� VXJJHVWV�DFWLYLW\�FRQWLQXHG�RQ� WKH� VLWH�ZHOO� LQWR� WKH��WK FHQWXU\�
$'��)LQGV�VXFK�DV�ZULVW�FODVSV�DQG�D�EURRFK�FOHDUO\�VXSSRUWV�WKLV�FKURQRORJ\�
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��� 0HWKRGRORJ\
*UDGLRPHWU\�LV�D�QRQ�LQWUXVLYH�VFLHQWLILF�SURVSHFWLQJ�WHFKQLTXH�XVHG�WR�GHWHUPLQH�WKH�
SUHVHQFH�DEVHQFH� RI� VRPH� FODVVHV� RI� VXE�VXUIDFH� DUFKDHRORJLFDO� IHDWXUHV� �HJ� SLWV��
GLWFKHV�� NLOQV�� DQG� RFFDVLRQDOO\� VWRQH� ZDOOV��� %\� VFDQQLQJ� WKH� VRLO� VXUIDFH��
JHRSK\VLFLVWV� LGHQWLI\�DUHDV�RI�YDU\LQJ�PDJQHWLF�VXVFHSWLELOLW\�DQG�FDQ�LQWHUSUHW�VXFK�
YDULDWLRQ�E\�SUHVHQWLQJ�GDWD� LQ�YDULRXV�JUDSKLFDO�IRUPDWV�DQG�LGHQWLI\LQJ�LPDJHV�WKDW�
VKDUH�PRUSKRORJLFDO�DIILQLWLHV�ZLWK�GLDJQRVWLF�DUFKDHRORJLFDO�UHPDLQV�
7KH�XVH�RI�JUDGLRPHWU\� LV�XVHG� WR�HVWDEOLVK� WKH�SUHVHQFH�DEVHQFH�RI�EXULHG�PDJQHWLF�
DQRPDOLHV��ZKLFK�PD\�UHIOHFW�VXE�VXUIDFH�DUFKDHRORJLFDO�IHDWXUHV�
7KH� DUHD� VXUYH\�ZDV� FRQGXFWHG� XVLQJ� D�%DUWLQJWRQ�*UDG� ± ��� ± ����� GXDO� IOX[JDWH�
JUDGLRPHWHU� ZLWK� '/���� GDWD� ORJJHU� VHW� WR� WDNH� �� UHDGLQJV� SHU� PHWUH� �D� VDPSOH�
LQWHUYDO� RI� ����P��� 7KH� ]LJ]DJ� WUDYHUVH�PHWKRG� RI� VXUYH\�ZDV� XVHG��ZLWK� �P�ZLGH�
WUDYHUVHV� DFURVV� ��P� [� ��P� JULGV�� 7KH� VHQVLWLYLW\� RI� WKH�PDFKLQH�ZDV� VHW� WR� GHWHFW�
PDJQHWLF�YDULDWLRQ�LQ�WKH�RUGHU�RI�����QDQR7HVOD��
7KH� GDWD� ZDV� SURFHVVHG� XVLQJ� $UFKHRVXUYH\RU� Y���� ,W� ZDV� FOLSSHG� WR� UHGXFH� WKH�
GLVWRUWLQJ� HIIHFW� RI� H[WUHPHO\� KLJK� RU� ORZ� UHDGLQJV� FDXVHG� E\� GLVFUHWH� SLHFHV� RI�
IHUURXV�PHWDO� RQ� WKH� VLWH��7KH� UHVXOWV� DUH� SORWWHG� DV� JUH\VFDOH� DQG� WUDFH�SORW� LPDJHV�
�)LJ�����

,QVWUXPHQW %DUWLQJWRQ�*UDG����
*ULG�VL]H ��P�[���P
6DPSOH�LQWHUYDO ����
7UDYHUVH�LQWHUYDO ���P
7UDYHUVH�PHWKRG =LJ]DJ
6HQVLWLYLW\ ���Q7
3URFHVVLQJ�VRIWZDUH $UFKHRVXUYH\RU�Y��
:HDWKHU�FRQGLWLRQV &ORXG\�UDLQ�
$UHD�VXUYH\HG ���KD
'DWH�RI�VXUYH\ ��������
6XUYH\�SHUVRQQHO 3HWHU�0DVWHUV
&HQWUDO�1DWLRQDO�*ULG�5HIHUHQFH

7DEOH����6XPPDU\�RI�VXUYH\�SDUDPHWHUV
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��� 5HVXOWV��)LJV������
7ZR�DUHDV�ZHUH�VXUYH\HG��$UHD����ORFDWHG�LPPHGLDWHO\�WR�WKH�VRXWKHDVW�RI�+RUHVWRQH�
%URRN�RYHU�WKH�5RPDQ�9LOOD�UHPDLQV��DQG�$UHD����SRVLWLRQHG�LPPHGLDWHO\�WR�WKH�VRXWK�
RI�$UHD���LQ�RUGHU�WR�LQYHVWLJDWH�WKH�H[WHQW�RI�IRUPHU�TXDUU\LQJ�DFWLYLW\�DQG�VXUYLYDO�RI�
DUFKDHRORJLFDO�UHPDLQV��)LJ������
(YLGHQFH� RI� WUXQFDWHG� ULGJH� DQG� IXUURZ� ZDV� GHWHFWHG� LQ� ERWK� DUHDV�� 7KH IXUURZV�
DSSHDU� DV� D� VHULHV� RI� SDUDOOHO� OLQHDU� DQRPDOLHV� �RUDQJH� OLQHV�� UXQQLQJ� LQ� D� QRUWK� WR�
VRXWK� GLUHFWLRQ�� ZKLFK� DSSHDU� WR� WUDYHUVH� D� QXPEHU� RI� XQGHUO\LQJ� DUFKDHRORJLFDO�
IHDWXUHV��
2WKHU�DQRPDOLHV�GHWHFWHG�LQ�$UHDV���DQG���RI�DQ�LVRODWHG�QDWXUH��FLUFOHG�SLQN��LQGLFDWH�
PRGHUQ� IHUURXV�OLNH� UHPDLQV� VXFK�DV�KRUVHVKRHV�DQG�RWKHU�PRGHUQ�GHEULV� �D�QXPEHU�
OLH�FORVH�WR�WKH�PRGHUQ�ILHOG�ERXQGDU\�ZKHUH�DQ�H[LVWLQJ�IRRWSDWK�UXQV�SDUDOOHO�WR�LW����

$UHD��
7KH� VXUYH\� FRYHUHG� WKH� SDUWLDOO\� H[FDYDWHG� UHPDLQV� RI�+RUHVWRQH�5RPDQ�9LOOD�� DQG�
WKH�UHVXOWV�SURGXFHG�DQ�H[FHSWLRQDO�UHVSRQVH��VKRZLQJ�WKH�RXWOLQH�RI�ZDOO�IRXQGDWLRQV�
DV� QHJDWLYH� DQRPDOLHV� �DOVR� NQRZQ� DV� D� µGHSOHWHG¶� PDJQHWLF� ILHOG�� �)LJ�� ��� ���� $�
QHJDWLYH� UHVSRQVH� WR� WKH� ZDOOV� RI� EXLOGLQJ� UHPDLQV� LV� GXH� WR� WKH� ORZ� PDJQHWLF�
VXVFHSWLELOLW\�RI�VXUYLYLQJ�OLPHVWRQH�IRRWLQJV�
:LWKLQ� WKH� EURDGHU� VWUXFWXUDO� RXWOLQHV�� LQGLYLGXDO� URRPV� DUH� GLVFHUQLEOH� ZLWKLQ� WKH�
UHVXOWDQW�SORW��7KLV�IORRU�SODQ�UHIOHFWV�D�W\SLFDO�5RPDQ�ZLQJHG� FRUULGRU�YLOOD��D�ORQJ�
SDVVDJH�ZLWK�URRPV�RSHQLQJ�RII�IURP�LW��$W�LWV�QRUWK�HQG�LV�D�FLUFXODU�VKDSHG�DQRPDO\�
VLPLODU�WR�WKDW�H[FDYDWHG�DW�WKH�VRXWKHUQ�HQG��)LJV���	��������7KLV�GHQRWHV�WKH�UHPDLQV�
RI�D�URXQGKRXVH�SUHGDWLQJ�WKH�YLOOD��6WHSKHQ�<RXQJ�SHUV�FRPP����ZKLFK�ODWHU�EHFDPH�
LQFRUSRUDWHG� LQWR� WKH�PDLQ�EXLOGLQJ�FRPSOH[�� �7UDFHV�RI� WKH�H[DYDWLRQ�DUH�VKRZQ�LQ�
WKH�UHVXOWDQW�SORW�DV�DQ�DQRPDORXV�]RQH�RI�PDJQHWLF�YDULDWLRQ�WKDW�JLYHV�QR�GLVFHUQLEOH�
XQGHUO\LQJ�SDWWHUQ��)LJ��������
7KH�JUDGLRPHWHU�VXUYH\�KDV�QRW�FOHDUO\�ORFDWHG�WKH�FRUQGULHU��ZKLFK�ZDV�H[FDYDWHG�LQ�
WKH� QRUWKHDVW� SDYLOLRQ�� 7KLV� DUHD� FRQWDLQV� D� PDJQHWLF� DQRPDO\� �)LJ�� ��� ���� WKH�
PDJQHWLF�VLJQDWXUH�RI�ZKLFK�GRHV�QRW�UHVHPEOH�D�W\SLFDO�GRXEOH�SHDN�GHQRWLQJ�VXFK�D�
IHDWXUH�
7R� WKH� VRXWK� RI� WKH� YLOOD� UHPDLQV�� D� QXPEHU� RI�PDJQHWLF� DQRPDOLHV� ZHUH GHWHFWHG��
SULQFLSDOO\�� ZKDW� DSSHDUV� WR� EH� DQ� HDVW�ZHVW� DOLJQHG� SRVVLEOH� 5RPDQ� VHWWOHPHQW��
FRPSULVHG� RI� D� VHULHV� RI� OLQHDU� DQRPDOLHV� ZLWK� FRQMRLQHG� VXE�UHFWDQJXODU� DQG�
UHFWLOLQHDU� VKDSHG�DQRPDOLHV� �)LJ��������� �7KHVH�FDQ�EH� LQWHUSUHWHG�DV�HQFORVXUHV�DQG�
DGMRLQLQJ�WUDFNZD\V�VRPH�RI�ZKLFK�DSSHDU�WR�FRQWDLQ�LQWHUQDO�IHDWXUHV�VXFK�DV�SLW�OLNH�
DQRPDOLHV��)LJ�������� UHG�FLUFOH��
7KH�ZLGH� VSDFH�EHWZHHQ� WKH� HQFORVXUHV� LQ�$UHDV��� DQG��� FRQWDLQV� D� VHULHV�RI� OLQHDU�
DQRPDOLHV��)LJ���������ZKLFK�SRVVLEO\�UHSUHVHQW�OHQJWKV�RI�URDGVLGH�GLWFKHV��
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7KH�SXWDWLYH�WUDFNZD\V�DQG�DGMRLQLQJ�HQFORVXUHV�SUREDEO\�IRUP�PRUH�WKDQ�RQH�SKDVH�
RI�VHWWOHPHQW�DFWLYLW\��7KH�IUDJPHQWHG�QDWXUH�RI�WKH�DQRPDOLHV�DSSHDUV�WR�LQGLFDWH�WKLV�
WR�EH�WKH�FDVH��HVSHFLDOO\�JLYHQ�WKH�ZLGH�VSDFH�EHWZHHQ�WKHP��
7ZR�SDUDOOHO� GLIIXVH� OLQHDU� DQRPDOLHV� �JUHHQ� OLQHV�� VSDFHG� DSSUR[LPDWHO\���P�DSDUW�
SRVVLEO\� LQGLFDWH� WKH� UHPDLQV� RI� D� KHDGODQG�� DOWKRXJK� WKH\� FRXOG� MXVW� EH� PRGHUQ�
SORXJK�PDUNV�
$UHD��
7KLV�DUHD�ZDV�VLWXDWHG�WR�WKH�VRXWK�RI�$UHD����,W�ZDV�VXUYH\HG�WR�GHWHUPLQH�WKH�H[WHQW�
RI�IRUPHU�TXDUU\LQJ�DFWLYLW\�DQG�WR�DVVHVV�WKH�VXUYLYDO�RI�DQ\�DUFKDHRORJLFDO�UHPDLQV�
7ZR�GLVWLQFW�]RQHV�RI�VWURQJ�PDJQHWLF�YDULDWLRQ�LQ�$UHD����\HOORZ�RXWOLQH��GHQRWH�WKH�
H[WHQW�RI�IRUPHU�TXDUU\LQJ�DFWLYLW\��
&RQWLQXDWLRQ�RI�WKH�VHWWOHPHQW�UHPDLQV�FDQ�EH�GLVWLQJXLVKHG�LQ�WKH�SORW�DV�D�VHULHV�RI�
IUDJPHQWHG� OLQHDU� DQG� UHFWLOLQHDU� GLWFK�OLNH� DQRPDOLHV� WKDW� SUREDEO\� IRUP� SDUWV� RI�
HQFORVXUH� GLWFKHV� DQG� SRVVLEOH� WUDFNZD\V� EHWZHHQ� WKHP�� ,W� DSSHDUV� WKDW� WKHVH� GLWFK�
OLNH� IHDWXUHV�VWUDGGOH� WKH�H[LVWLQJ�PRGHUQ�KHGJHOLQH��VXJJHVWLQJ�D�VKLIWLQJ�VHWWOHPHQW�
SDWWHUQ��

��� &RQFOXVLRQV
7KH� VXUYH\� KDV� UHYHDOHG� WKH� IORRU� SODQ� RI� WKH� SUHYLRXVO\� NQRZQ� ZLQJHG�FRUULGRU�
5RPDQ�9LOOD�RI�+RUHVWRQH�%URRN��H[FDYDWHG�LQ������DQG�������$�5RPDQ�VHWWOHPHQW�
SODQ�KDV�EHHQ�UHYHDOHG�E\�JUDGLRPHWHU��ZKLFK�ZDV�GHWHFWHG�WR�WKH�LPPHGLDWH�VRXWK�RI�
WKH� 5RPDQ� YLOOD� UHPDLQV�� 7KLV� VXJJHVWV� WKDW� WKHVH� UHPDLQV� PD\� KDYH� EHHQ�
FRQWHPSRUDU\�RU�PD\�SUH�GDWH�WKH�YLOOD�UHPDLQV��,Q�DGGLWLRQ��WKH�VHWWOHPHQW�DSSHDUV�WR�
EH�RI�PRUH�WKDQ�RQH�SKDVH��HVSHFLDOO\�JLYHQ�WKH�QDWXUH�RI�ZKDW�DSSHDUV�WR�EH�D�VKLIWLQJ�
URDGZD\�EHWZHHQ�WKH�QRUWKHUQ�HQFORVXUHV�DQG�WKH�VRXWKHUQ�H[DPSOHV�LQ�$UHD����
1R�GLVWLQFW�PDJQHWLF� VLJQDWXUH�ZDV�GHWHFWHG� WR� LQGLFDWH� WKH� UHPDLQV�RI� WKH�FRUQGULHU�
H[FDYDWHG� LQ� WKH� QRUWKHDVW SDYLOLRQ�� 7KH� UHDVRQ� IRU� WKLV� PD\� EH� GXH� WR� LWV� WRWDO�
H[FDYDWLRQ�
7KH� UHPDLQV� WKDW� KDYH� EHHQ� GHWHFWHG� E\� WKLV� VXUYH\� DSSHDU� WR� ILW� ZHOO� LQWR� WKH�
RUJDQLVHG� 5RPDQ� SDWWHUQ� RI� VHWWOHPHQW� LQ� WKLV� DUHD�� 7KH� H[FDYDWHG� UHPDLQV� RI�
:KLWHKDOO� 5RPDQ�9LOOD� LV� ORFDWHG F��NP� WR� WKH�ZHVW�� DQG� WKH�5RPDQ� URDG�:DWOLQJ�
6WUHHW�OLHV�MXVW�RYHU��NP�WR�WKH�VRXWK�ZHVW�
7KH� UHPDLQV� RI� PHGLHYDO� ULGJH� DQG� IXUURZ� ZHUH� GHWHFWHG� UXQQLQJ� LQ� D� QRUWK�VRXWK�
GLUHFWLRQ�� DORQJ� ZLWK� ODWHU� HYLGHQFH� RI� TXDUU\LQJ� DFWLYLW\� GHWHFWHG� LQ� $UHD� �� WR� WKH�
VRXWK��

��� $FNQRZOHGJHPHQWV

3UH�&RQVWUXFW�*HRSK\VLFV�ZRXOG�OLNH�WR�WKDQN�6WHSKHQ�<RXQJ�IRU�WKLV�FRPPLVVLRQ��
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��� 5HIHUHQFHV

%�*�6� ������6KHHW�����1RUWKDPSWRQ�6ROLG�DQG�'ULIW�(GLWLRQ��
���������6HULHV��.H\ZRUWK��%ULWLVK�*HRORJLFDO�6XUYH\�

&ODUN��$��-� ���� 6HHLQJ�%HQHDWK�WKH�6RLO��/RQGRQ��%DWVIRUG�
'DYLG��$� ����� *HRSK\VLFDO� 6XUYH\� LQ� $UFKDHRORJLFDO� )LHOG�

(YDOXDWLRQ�� /RQGRQ�� (QJOLVK� +HULWDJH�� 5HVHDUFK� 	�
3URIHVVLRQDO�*XLGHOLQHV�1R���

0DVWHUV��3� ����� *HRSK\VLFDO� 6XUYH\� DW� 1HWKHU� +H\IRUG�� 1RUWKDQWV��
XQSXEOLVKHG�1RUWKDPSWRQVKLUH�$UFKDHRORJ\�5HSRUW

0DVWHUV��3� ����� $GGLWLRQDO� *HRSK\VLFDO� 6XUYH\� DW� 1HWKHU� +H\IRUG��
1RUWKDQWV�� XQSXEOLVKHG� 1RUWKDPSWRQVKLUH� $UFKDHRORJ\�
5HSRUW
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