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)LJ�� /RFDWLRQ�RI�VLWH��6FDOH���������
)LJ�� /RFDWLRQ�RI�VXUYH\��6FDOH��������
)LJ�� *UH\VFDOH�LPDJH�RI�XQFOLSSHG�GDWD��6FDOH�������

7UDFH�SORW�RI�UDZ�GDWD��6FDOH��������
*UH\VFDOH�LPDJH�RI�FOLSSHG�GDWD��6FDOH��������
,QWHUSUHWLYH�SODQ��6FDOH���������

7DEOH��� 6XPPDU\�RI�VXUYH\�SDUDPHWHUV�
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6XPPDU\

x $� IOX[JDWH� JUDGLRPHWHU� VXUYH\� ZDV� XQGHUWDNHQ� RQ� ����� KHFWDUHV� RI� ODQG� DW�
+DUSROH��1RUWKDPSWRQVKLUH

x 7KH� VXUYH\� LGHQWLILHG� ZLGHVSUHDG� PDJQHWLF� YDULDWLRQ�� UHIOHFWLQJ� SUREDEOH�
5RPDQR�%ULWLVK� VHWWOHPHQW� UHPDLQV�� 7KH� PDMRULW\� RI� DQRPDOLHV� REVHUYHG�
UHVROYH� DV� D� VHULHV� RI� HQFORVXUHV� DQG� SRVVLEOH� EXLOGLQJ� UHPDLQV�� LQFOXGLQJ�
DVSHFWV�RI�D�YLOOD�FRPSOH[�ZKLFK�ZDV�DOUHDG\�WKRXJKW�WR�RFFXS\�WKH�VLWH

x $�VHULHV�RI�UHJXODUO\�VSDFHG�OLQHDU�DQRPDOLHV�SUREDEO\�LQGLFDWH�WUDFHV�RI�ODWHU�
ULGJH�DQG�IXUURZ�SORXJKLQJ�

)LJ����/RFDWLRQ�RI�VLWH��VFDOH���������

2�6��&RS\ULJKW�/LFHQFH�1R��$/����������
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��� ,QWURGXFWLRQ
6WHSKHQ� <RXQJ�� DFWLQJ� RQ� EHKDOI� RI� WKH� )ULHQGV� RI� 7KH� 8SSHU� 1HQH� $UFKDHRORJ\�
&RPPLWWHH�� FRPPLVVLRQHG� 3UH�&RQVWUXFW� *HRSK\VLFV� WR� XQGHUWDNH� D� JUDGLRPHWHU�
VXUYH\�RQ�ODQG�DW�+DUSROH�LQ�1RUWKDPSWRQ��
7KH� VXUYH\�PHWKRGRORJ\�ZDV�EDVHG�XSRQ�JXLGHOLQHV� VHW� RXW� LQ� WKH�(QJOLVK�+HULWDJH�
GRFXPHQW�µ*HRSK\VLFDO�6XUYH\�LQ�$UFKDHRORJLFDO�)LHOG�(YDOXDWLRQ¶ �'DYLG��������

��� /RFDWLRQ�DQG�GHVFULSWLRQ
7KH�VLWH�LV�ORFDWHG�WR�WKH�VRXWK�ZHVW�RI�+DUSROH��
FRPSULVHV� VXE�UHFWDQJXODU� XQLW� RI� SDVWXUH�� F����KD� LQ� H[WHQW�� RI� ZKLFK� ����� KD� ZDV�
VXUYH\HG��
7KH�GULIW�JHRORJ\�RI�WKH�DUHD�LV�FRPSULVHG�RI�0DUOVWRQH�XQGHUODLQ�E\�0LGGOH�/LDV�6LOWV�
DQG�&OD\V�DQG�WKH�VLWH� LV�VLWXDWHG�RQ�HYHQ�JURXQG�DW�DSSUR[LPDWHO\���P�2'��%�*�6��
�������

��� $UFKDHRORJLFDO�DQG�KLVWRULFDO�EDFNJURXQG

7KH� VLWH� OLHV� F����NP� WR� WKH� VRXWK� RI� D� NQRZQ� 5RPDQ� 5RDG� WKDW� H[WHQGV� DORQJ� D�
ULGJHZD\�IURP�'XVWRQ�WR�:KLOWRQ�
$�PRVDLF�SDYHPHQW�ZDV�H[SRVHG�GXULQJ�WKH�H[FDYDWLRQ�RI�D�5RPDQ�YLOOD�FRPSOH[�LQ�
����� DQG� ����� �9&+� ������ ����� 5&+0(� ������ �������� 7KH� H[WHQW� RI� WKHVH�
H[FDYDWLRQV�KDV�QRW�EHHQ�HVWDEOLVKHG��
3ULRU� WR� GXHOOLQJ� RI� WKH� $���� IXUWKHU� LQYHVWLJDWLRQ� RI� WKH� SXWDWLYH� YLOOD� FRPSOH[� LQ�
����� H[SRVHG� D� VWRQH� FLVWHUQ� ��P� [� �P� LQ� H[WHQW��� DQG� D� �WK FHQWXU\� µVWUXFWXUH¶�
RYHUO\LQJ�UREEHG��QG FHQWXU\�ZDOOV��5&+$0(���������7KH�H[DFW�ORFDWLRQ�RI�WKLV�VLWH�
LV�QRW�NQRZQ��EXW�LV�EHOLHYHG�WR�OLH�LQ�WKH�VRXWKZHVW�FRUQHU�RI�WKH�VXUYH\�DUHD��6WHSKHQ�
<RXQJ�SHUV��FRPP����
,Q�������DQ�LQWHQVLYH�ILHOGZDONLQJ�VXUYH\�RI�WKH�VLWH�UHFRYHUHG�D�FRQVLGHUDEOH�TXDQWLW\�
RI� PDWHULDO� WKDW� H[WHQGHG� RYHU� D� �KD� DUHD�� 7KH� DVVHPEODJH� FRPSULVHG� VRPH� �����
VKHUGV�RI�5RPDQ�SRWWHU\�������WHVVHUDH������NLORJUDPV�RI�WLOH�DQG���5RPDQ�FRLQV�

��� 0HWKRGRORJ\
*UDGLRPHWU\� LV� D� QRQ�LQWUXVLYH� VFLHQWLILF� SURVSHFWLQJ� WHFKQLTXH� WKDW� LV� 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�
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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� *HRSORW YHUVLRQ� ����� ,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� LPDJHV� �)LJ��
���

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

7DEOH����6XPPDU\�RI�VXUYH\�SDUDPHWHUV

��� $QDO\VLV�DQG�,QWHUSUHWDWLRQ�RI�5HVXOWV
7KH� VXUYH\� UHFRUGHG� D� FRPSOH[� QHWZRUN� RI� OLQHDU� DQG� FXUYLOLQHDU� DQRPDOLHV��ZKLFK�
DSSHDU� WR� UHODWH� WR� DW� OHDVW� WZR� GLVWLQFW� SHULRGV� RI� DFWLYLW\�� $� VHULHV� RI� HDVW�ZHVW�
DOLJQHG� OLQHDU� DQRPDOLHV� SUREDEO\� UHSUHVHQW� WUDFHV� RI� PHGLHYDO� ULGJH� DQG� IXUURZ�
SORXJKLQJ� �)LJ� ��� ���� 7KHLU� ZHVWHUQPRVW� H[WHQW� OLHV� FORVH� WR� D� QRUWK�VRXWK� DOLJQHG�
OLQHDU�DQRPDO\������ZKLFK�FRXOG�UHSUHVHQW�D�KHDGODQG��
7KH� ULGJH� DQG� IXUURZ� DSSHDUV� WR� WUDYHUVH� DQG� IUDJPHQW� XQGHUO\LQJ� OLQHDU� DQG�
FXUYLOLQHDU� IHDWXUHV�� 7KH� ODWWHU� DOPRVW� FHUWDLQO\� UHSUHVHQW� WUDFHV� RI 5RPDQR�%ULWLVK�
RFFXSDWLRQ� RI� WKH� DUHD�� DQG� IRU� WKH� PRVW� SDUW�� DSSHDU� WR� UHVROYH� DV� HQFORVXUHV� RI�
YDU\LQJ� VL]H�� *HQHUDOO\�� WKH� OLQHDUV� DOLJQ� HLWKHU� QRUWK� WR� VRXWK� RU� HDVW� WR� ZHVW��
([FHSWLRQV� WR� WKLV� WUHQG� LQFOXGH� OLQHDU� ����� �7KH� ODUJHVW�HQFORVXUH� ����H[WHQGV�DFURVV�
PRVW�RI� WKH�VXUYH\�DUHD�DQG�SUREDEO\�RULJLQDOO\�FRQWLQXHG�DFURVV� ODQG�QRZ�RFFXSLHG�
E\�WKH�$����/LQHDU���FRXOG�UHSUHVHQW�LWV�ZHVWHUQPRVW�HGJH��DOWKRXJK�LW�LV�PRUH�OLNHO\�
WR�EH�RQH�RI�D�VHULHV�RI�LQWHUQDO�GLYLVLRQ�RI�WKH�ODUJHU�HQFORVXUH��ZKLFK�H[WHQGV�EH\RQG�
WKH�ZHVWHUQ�HGJH�RI�WKH�VXUYH\�DUHD��7KH�5RPDQ�YLOOD�UHPDLQV�DUH�WKRXJKW�WR�OLH�LQ�WKH�
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VRXWK�ZHVW� FRUQHU� RI� WKH� VXUYH\� DUHD� �SHUV�� FRPP��� 6WHSKHQ�<RXQJ�� DQG�PD\� KDYH�
EHHQ�GHILQHG�E\�WKH�ODUJH�HQFORVXUH���$�FRQFHQWUDWLRQ�RI�OLQHDU�DQG�GLVFUHWH�DQRPDOLHV�
LQ� WKLV� DUHD� ���� ER[HG� LQ� JUHHQ�� PD\� UHIOHFW� WUDFHV� RI� WKH� YLOOD� FRPSOH[�� LQFOXGLQJ�
UREEHU� WUHQFKHV� �ZKLFK� ZRXOG� UHVROYH� PDJQHWLFDOO\� DV� GLWFK�W\SH� IHDWXUHV�� DQG�
SRVVLEOH� SLWV�DUHDV� RI� EXUQLQJ� �WUDFH� SORW�� H[DPSOHV� FLUFOHG� LQ� UHG��� ,W� LV� WHQWDWLYHO\�
VXJJHVWHG�WKDW�D�VLPLODU�JURXS�RI�DQRPDOLHV�LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�VLWH�FRXOG�DOVR�
LQGLFDWH�VWUXFWXUDO�UHPDLQV�����ER[HG�LQ�JUHHQ��
$� QXPEHU� RI� OLQHDU� DQRPDOLHV� H[WHQG� QRUWKZDUGV� IURP� HQFORVXUH� �� �H[DPSOHV�� ����
6RPH�SUREDEO\�UHIOHFW�FRPSRQHQWV�RI D�IRUPHU�ILHOG�V\VWHP��RWKHUV�PD\�EH�HYLGHQFH�
RI�PRUH�LQWHQVLYH�RFFXSDWLRQ�RI�WKH�DUHD��VHH�DERYH��

��� &RQFOXVLRQV
7KH�VXUYH\�KDV�LGHQWLILHG�DQ�H[WHQVLYH�DUUD\�RI� OLQHDU�DQG�UHFWLOLQHDU�DQRPDOLHV��,W� LV�
OLNHO\�WKDW�PRVW�RI� WKHVH�UHSUHVHQW�WUDFHV�RI�5RPDQR�%ULWLVK�DFWLYLW\��LQFOXGLQJ�VPDOO�
HQFORVXUHV�DQG�SRVVLEOH�YLOOD�UHPDLQV�VLWXDWHG�ZLWKLQ�D�ODUJHU��VXE�GLYLGHG��HQFORVXUH��
7KHUH�DUH�WUDFHV�RI�ODWHU�ULGJH�DQG�IXUURZ�SORXJKLQJ�

��� $FNQRZOHGJHPHQWV

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

��� 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���

*DIIQH\�� &��� *DWHU�� -��
	�2YHQGRQ��6�

�����7KH�8VH�RI�*HRSK\VLFDO�7HFKQLTXHV�LQ�$UFKDHRORJLFDO�
)LHOG� (YDOXDWLRQ� /RQGRQ�� (QJOLVK� +HULWDJH�� 7HFKQLFDO�
3DSHU�1R����

5&+0( ����� � 5R\DO� &RPPLVVLRQ� RQ� +LVWRULFDO� 0RQXPHQWV� IRU�
(QJODQG�� $Q� ,QYHQWRU\� RI� $UFKDHRORJLFDO� 6LWHV� LQ� 6RXWK�
:HVW�1RUWKDPSWRQVKLUH

9&+ �����9LFWRULD�&RXQW\�+LVWRULHV�9RO��



)LJ����/RFDWLRQ�RI�VXUYH\ ������
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