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$Q�DUFKDHRORJLFDO�VXUYH\�LQ������RI�WKH�SURSRVHG�
6KDFNOHIRUG�&UHHN�5HVLGHQWLDO�'HYHORSPHQW��D�IHGHUDOO\�
SHUPLWWHG�SURMHFW��LQ�WKH�XSSHU�$QJHOLQD�5LYHU�EDVLQ�LQ�
(DVW�7H[DV�E\�7HMDV�$UFKDHRORJ\��1HOVRQ�DQG�3HUWWXOD�
������LGHQWL¿HG�WKH�DQFHVWUDO�&DGGR�6KDFNOHIRUG�&UHHN�
VLWH����60������%HFDXVH�WKH�VLWH�ZDV�RQO\�LQYHVWLJDWHG�
ZLWK�D�IHZ�VKRYHO�WHVWV�GXULQJ�WKH�DUFKDHRORJLFDO�VXUYH\��
DOWKRXJK�VXI¿FLHQW�WR�LGHQWLI\�WKH�VLWH�H[WHQW�DQG�JHQHUDO�
FKDUDFWHULVWLFV�RI�GHSRVLW�GHSWK�DQG�DUWLIDFW�FRQWHQW��
EXW�DSSHDUHG�WR�FRQWDLQ�LQWDFW�DUFKDHRORJLFDO�GHSRVLWV�
RI�DQFHVWUDO�&DGGR�DJH��1HOVRQ�DQG�3HUWWXOD��������
UHFRPPHQGHG�WKDW�WKH�VLWH�ZDUUDQWHG�IXUWKHU�HYDOXDWLRQ�
E\�D�SODQ�RI�WHVW�H[FDYDWLRQV�WR�GHWHUPLQH�LWV�UHVHDUFK�
SRWHQWLDO�DQG�HOLJLELOLW\�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�
5HJLVWHU�RI�+LVWRULF�3ODFHV��15+3���7HMDV�$UFKDHRORJ\�
FRPSOHWHG�WKH�WHVW�H[FDYDWLRQV�LQ�)HEUXDU\������
�3HUWWXOD�HW�DO��������
� 7KH�WHVW�H[FDYDWLRQV�DW�WKH�VLWH�¿UVW�FRQVLVWHG�
RI����VKRYHO�WHVWV�WR�EHWWHU�GH¿QH�LWV�LQWUD�VLWH�FKDUDFWHU��
HVSHFLDOO\�VSDWLDO�DUWLIDFW�SDWWHUQLQJ��IROORZHG�E\�WKH�
H[FDYDWLRQ�RI������[���P�XQLWV�LQ�VHYHUDO�DUHDV�RI�WKH�
VLWH��ÀRWDWLRQ�VDPSOHV�ZHUH�WDNHQ�IURP�FROXPQV�LQ�
VHYHUDO�OHYHOV�LQ�VHYHUDO�RI�WKH�XQLWV�WR�UHFRYHU�SUHVHUYHG�
SODQW�UHPDLQV�DQG�IDXQDO�UHPDLQV�LQ�FRQWH[W��7KLV�
ZRUN�LQ�WRWDO�LQGLFDWHG�WKDW�WKHUH�DUH�YHUWLFDOO\�DQG�
KRUL]RQWDOO\�GLVFUHWH�DUFKDHRORJLFDO�GHSRVLWV�LQ�D�ORDP\�
VDQG�$�DQG�(�KRUL]RQ�WKDW�UDQJHG�IURP�������FP�EV��7KH�
6KDFNOHIRUG�&UHHN�VLWH�FRYHUV�D�FD�������VTXDUH�PHWHUV�
RI�DQ�XSODQG�ODQGIRUP�LQ�WKH�XSSHU�$QJHOLQD�5LYHU�EDVLQ�
LQ�(DVW�7H[DV��)LJXUH����
� 7KHUH�DUH�WZR�FOXVWHUV�RI�VKRYHO�WHVWV�ZLWK�
KLJKHU�DUWLIDFW�GHQVLWLHV�LGHQWL¿HG�DW�WKH�6KDFNOHIRUG�
&UHHN�VLWH��RQH�LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�VLWH�WKDW�LV�
DVVRFLDWHG�ZLWK�)HDWXUH����D�GDUN�EURZQ�DQG�FKDUFRDO�
ÀHFNHG�DQWKURSRJHQLF�GHSRVLW��)HDWXUH�����DQG�D�VHFRQG�
FOXVWHU�DERXW�������P�WR�WKH�VRXWK�VRXWKZHVW��7KHVH�
WZR�FOXVWHUV�OLNHO\�UHSUHVHQW�DUHDV�RI�PRUH�FRQFHQWUDWHG�
DFWLYLW\�GXULQJ�WKH�DQFHVWUDO�&DGGR�RFFXSDWLRQ�DW�WKH�

VLWH�DV�ZHOO�DV�WKH�GLVFDUG�LQ�WKHVH�SODFHV�RI�PRUH�EURNHQ�
DUWLIDFWV�DQG�WUDVK�
� )HDWXUH���ZDV�RULJLQDOO\�FRQVLGHUHG�D�PLGGHQ�
GHSRVLW�EHFDXVH�RI�LWV�GDUN�FRORULQJ�RU�PHODQL]DWLRQ��
EXW�GXH�WR�WKH�UHODWLYHO\�ORZ�GHQVLW\�RI�FKDUUHG�SODQW�
UHPDLQV�DQG�DQLPDO�ERQHV�LQ�WKLV�]RQH��LW�LV�QRZ�
LQWHUSUHWHG�DV�DQ�DQWKURSRJHQLF�GHSRVLW�OLNHO\�DVVRFLDWHG�
ZLWK�WKH�FRQVWUXFWLRQ�DQG�XVH�RI�DQ�DQFHVWUDO�&DGGR�
KRXVH�VWUXFWXUH�WKDW�KDG�UHFHLYHG�RU�KDG�DFFXPXODWHG�D�
VLJQL¿FDQW�RUJDQLF�FRQWULEXWLRQ��OLNHO\�IURP�KDELWDWLRQ�
GHEULV�LQ�DQG�DURXQG�WKH�KRXVH�VWUXFWXUH��)HDWXUH���LV�FD��
��P�LQ�GLDPHWHU�ZLWK�GHSRVLWV�WKDW�H[WHQG�IURP�FD������
FP�EV�WR�������FP�EV��=RQH�����7KH�IHDWXUH�KDV�RUJDQLF�
UHPDLQV�DQG�GLVFDUGHG�DUWLIDFWV��SDUWLFXODUO\�FHUDPLF�
YHVVHO�VKHUGV��DV�ZHOO�DV�PDQ\�VPDOO�SLHFHV�RI�EXUQHG�
FOD\��WKDW�EHFDPH�LQFRUSRUDWHG�LQ�WKH�ORDP\�¿QH�VDQG�
(�KRUL]RQ��$�VHFRQG�IHDWXUH�ZDV�LGHQWL¿HG�LQ�WKH�WHVW�
H[FDYDWLRQV�DW�WKH�6KDFNOHIRUG�&UHHN�VLWH��7KLV�LV�D�SRVW�
KROH��)HDWXUH����DVVRFLDWHG�ZLWK�)HDWXUH����H[SRVHG�¿UVW�

&XUUHQW�5HVHDUFK�
$UFKDHRORJLFDO�,QYHVWLJDWLRQV�DW�WKH�6KDFNOHIRUG�&UHHN�6LWH�
���60������6PLWK�&RXQW\��7H[DV

7LPRWK\�.��3HUWWXOD��DQG�%R�1HOVRQ�
�$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��//&�
�7HMDV�$UFKDHRORJ\

)LJXUH����0DS�RI�WKH�6KDFNOHIRUG�&UHHN�VLWH�VKRZLQJ�LWV�
ERXQGDULHV��ORFDWLRQV�RI�SRVLWLYH�DQG�QHJDWLYH�VKRYHO�WHVWV��
VKRYHO�SUREHV����[���P�XQLWV��DQG�WKH�H[WHQW�RI�)HDWXUH���
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DW�WKH�EDVH�RI�WKH�=RQH���GHSRVLWV��DQG�H[WHQGLQJ�WR�����
FP�EV��$QFHVWUDO�&DGGR�FHUDPLF�VKHUGV�DQG�SLHFHV�RI�
EXUQHG�FOD\�ZHUH�LQ�WKH�IHDWXUH�¿OO�
� 7KH�DUFKDHRORJLFDO�GHSRVLWV�DW�WKH�6KDFNOHIRUG�
&UHHN�VLWH�LQFOXGH�SODLQ��Q �����DQG�GHFRUDWHG�
FHUDPLF�YHVVHO�VKHUGV��Q ������FHUDPLF�SLSH�VKHUGV�
�Q ����EXUQHG�FOD\��Q ������GDXE��Q ����FKLSSHG�
VWRQH�WRROV��Q ����OLWKLF�GHEULV��Q �����DQG�D�PRGL¿HG�
UHG�RFKUH�SHEEOH��7KH�SODLQ�WR�GHFRUDWHG�VKHUG�UDWLR�
RI�WKH�DVVHPEODJH�LV�������FRQVLVWHQW�ZLWK�ERWK�FD��
$�'������������DQG�FD��$�'������������)UDQNVWRQ�
SKDVH�FRPSRQHQWV�LQ�WKH�UHJLRQ��VHH�3HUWWXOD�HW�DO��
�����7DEOH������EXW�WKH�RYHUDOO�VW\OLVWLF�FKDUDFWHU�RI�WKH�
FHUDPLF�DVVHPEODJH�VXJJHVWV�WKDW�LW�ZDV�PRVW�OLNHO\�
DFFXPXODWHG�EHWZHHQ�FD��$�'�������������$W���VLJPD�
������SHUFHQW�SUREDELOLW\���WKH�VL[�FDOLEUDWHG�UDGLRFDUERQ�
GDWHV�IURP�WKH�VLWH¶V�DUFKDHRORJLFDO�GHSRVLWV�KDYH�
PHGLDQ�SUREDELOLWLHV�WKDW�UDQJH�IURP�$�'�������������
DQG�WKRVH�LQ�VWUDWLJUDSKLF�RUGHU�E\�GHSWK�UDQJH�IURP�
$�'�������������%\�FDOLEUDWHG�DJH�UDQJH��WKRVH�ZLWK�WKH�
KLJKHVW�SUREDELOLWLHV�WKDW�DUH�LQ�VWUDWLJUDSKLF�RUGHU�E\�
GHSWK�DUH�$�'�������������$�'�������������$�'�������
������$�'�������������DQG�$�'������������
� 7KH�FHUDPLF�VKHUGV�DUH�IURP�YHVVHOV�WHPSHUHG�
ZLWK�JURJ��DOWKRXJK�EXUQHG�ERQH�RU�KHPDWLWH�ZHUH�DOVR�
UHJXODUO\�DGGHG�WR�WKH�SDVWH�RI�YHVVHOV��7KHVH�VKHUGV�DUH�
IURP�SODLQ�ZDUH��XWLOLW\�ZDUH��DQG�¿QH�ZDUH�YHVVHOV��7KH�
XWLOLW\�ZDUHV�DUH�IURP�MDUV�WKDW�KDYH�EHHQ�GHFRUDWHG�RQ�
WKH�ULP�DQG�RU�WKH�ERG\�ZLWK�EUXVKHG��EUXVKHG�LQFLVHG��
EUXVKHG�SXQFWDWHG��LQFLVHG��DQG�SXQFWDWHG�HOHPHQWV�
�)LJXUH�����ZKLOH�WKH�IHZ�¿QH�VKHUGV�DUH�IURP�FDULQDWHG�
ERZOV�RU�ERWWOHV�ZLWK�HQJUDYHG�RU�UHG�VOLSSHG�GHFRUDWLYH�
HOHPHQWV��'H¿QHG�XWLOLW\�ZDUH�FHUDPLF�W\SHV�SUHVHQW�
LQ�WKH�DVVHPEODJH�LQFOXGH�%XOODUG�%UXVKHG��.LOORXJK�
3LQFKHG��/D�5XH�1HFN�%DQGHG��/LQGVH\�*URRYHG��
0D\GHOOH�,QFLVHG��DQG�6DXQGHUV�3XQFWDWHG��DOO�NQRZQ�
WR�RFFXU�LQ�)UDQNVWRQ�SKDVH�FRQWH[WV�LQ�WKH�UHJLRQ��7KH�
¿QH�ZDUH�VKHUGV�IURP�WKH�6KDFNOHIRUG�&UHHN�VLWH�DUH�
IURP�3R\QRU�(QJUDYHG��YDU��&RRN�DQG�YDU��+RRG�YHVVHOV�
�)LJXUH����
� 7KH�SODLQ�DQG�GHFRUDWHG�SLSH�VKHUGV�LQ�WKH�
6KDFNOHIRUG�&UHHN�DUWLIDFW�DVVHPEODJH�DUH�IURP�HOERZ�
SLSHV��)LJXUH�����NQRZQ�WR�KDYH�EHHQ�SURGXFHG�LQ�WKH�
XSSHU�1HFKHV�DQG�$QJHOLQD�5LYHU�EDVLV�DIWHU�FD��$�'��
������7KH�UHFRJQL]HG�YDULHWLHV�IURP�WKH�VLWH���YDU��&�
DQG�YDU��*���DUH�SUHVHQW�LQ�ODUJH�HOERZ�SLSH�DVVHPEODJHV�

LQ�WKH�UHJLRQ�WKDW�GDWH�IURP�FD��$�'�������������VHH�
3HUWWXOD�������
� 7KH�PDQ\�SLHFHV�RI�VPDOO�EXUQHG�FOD\�LQ�WKH�
DUFKDHRORJLFDO�GHSRVLWV�DW�WKH�VLWH�PD\�EH�WKH�UHPQDQWV�
RI�WKH�OLQLQJ�RI�KHDUWKV�RU�RWKHU�IHDWXUHV�OLNHO\�SUHVHQW�
DW�WKH�VLWH�ZKHUH�D�FOD\�OLQLQJ�ZDV�H[SRVHG�WR�KHDW��DQG�
WKHQ�IUDJPHQWHG�DQG�VSUHDG�LQWR�WKH�DUFKDHRORJLFDO�
GHSRVLWV��7KH�GDXE��ZLWK�VPDOO�VWLFN�LPSUHVVLRQV��PD\�
KDYH�FRPH�IURP�WKH�EXUQLQJ�RI�VRPH�VHFWLRQ�RI�D�JUDVV�
WKDWFKHG�VWUXFWXUH�RQ�WKH�VLWH�
� &KLSSHG�VWRQH�WRROV�DUH�XQFRPPRQ�LQ�WKH�
DUFKDHRORJLFDO�GHSRVLWV�DW�WKH�6KDFNOHIRUG�&UHHN�VLWH��
7KH\�LQFOXGH�WZR�3HUGL]�DUURZ�SRLQWV��D�VFUDSHU��DQG�
D�ELODWHUDO�ÀDNH�WRRO��7KHVH�WRROV�DUH�SULPDULO\�PDGH�
IURP�QRQ�ORFDO�FKHUWV��PRVW�OLNHO\�REWDLQHG�IURP�&HQWUDO�
7H[DV�VRXUFHV��7KH�OLWKLF�GHEULV��Q ����IURP�WKH�WHVW�
H[FDYDWLRQV�DW�WKH�6KDFNOHIRUG�&UHHN�VLWH�LV�XQLIRUPO\�
VPDOO�LQ�VL]H��OHVV�WKDQ���PP�LQ�OHQJWK���DQG�PRVW�OLNHO\�
LV�WKH�SURGXFW�RI�WKH�PDLQWHQDQFH�DQG�UHVKDUSHQLQJ�RI�
FKLSSHG�VWRQH�WRROV�E\�&DGGR�NQDSSHUV�WKDW�KDG�QRW�

)LJXUH����6HOHFWHG�GHFRUDWHG�EUXVKHG�DQG�EUXVKHG�SXQFWDWHG�
VKHUGV�IURP�WKH�6KDFNOHIRUG�&UHHN�VLWH��D��SDUDOOHO�RYHUODSSLQJ�
EUXVKHG�PDUNV��/RW�������E��SDUDOOHO�EUXVKHG�PDUNV��/RW��������
F��SDUDOOHO�EUXVKHG�PDUNV��/RW��������G��EUXVKHG�SXQFWDWHG��/RW�
�������

centimeters 
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EHHQ�PDGH�RQ�VLWH��EXW�ZHUH�EURXJKW�WR�WKH�VLWH�IURP�
HOVHZKHUH��5DZ�PDWHULDOV�RI�QRQ�ORFDO�RULJLQ�FRPSULVH�
���SHUFHQW�RI�WKH�OLWKLF�GHEULV�DVVHPEODJH�NQDSSHG�DW�WKH�
VLWH�
� ,Q�DGGLWLRQ�WR�PDWHULDO�FXOWXUH�UHPDLQV�IURP�WKH�
VLWH¶V�SUHVHUYHG�DQFHVWUDO�&DGGR�DUFKDHRORJLFDO�GHSRVLWV��
WKH�6KDFNOHIRUG�&UHHN�VLWH�DOVR�FRQWDLQV�FKDUUHG�SODQW�
UHPDLQV�DV�ZHOO�DV�DQLPDO�ERQHV�LQ�ó�LQFK�DQG�ÀRWDWLRQ�
VDPSOHV��7KH�FKDUUHG�SODQW�UHPDLQV��%XVK�������FRQVLVW�
RI�WKH�QHDU�XELTXLWRXV�RFFXUUHQFH�RI�GRPHVWLFDWHG�FRUQ�
�=HD�PD\V��FXSXOHV�DQG�NHUQHOV��D�PDMRU�VRXUFH�RI�IRRG�

SURGXFWLRQ�DIWHU�FD��$�'������������LQ�(DVW�7H[DV�E\�
&DGGR�SHRSOHV��VHH�3HUWWXOD�HW�DO��������:LOVRQ�������
:LOVRQ�DQG�3HUWWXOD��������KLFNRU\�DQG�DFRUQ�QXWVKHOO��
DQG�VWDUFK\�DQG�RLO\�VHHGV�RI�FKHQRSRGV��PD\JUDVV��DQG�
DPDUDQWK��WKHVH�DUH�IURP�QDWLYH�FURSV�WKDW�DUH�SDUW�RI�WKH�
(DVWHUQ�$JULFXOWXUDO�&RPSOH[��*UHPLOOLRQ��������������
2WKHU�ZLOG�SODQW�IRRGV�SUHVHUYHG�LQ�WKH�DUFKDHRORJLFDO�
GHSRVLWV�DUH�VXPDF��EODFNEHUU\��DQG�HOGHUEHUU\�VHHGV��
ZLOG�OHJXPH�RU�EHDQ�VHHGV��DQG�SXUVODQH�VHHGV��2DN�
DQG�SLQH�ZRRG�FKDUFRDO�LV�DOVR�SUHVHQW��2YHUDOO��SODQW�
UHPDLQV�UHFRYHUHG�DW�WKH�6KDFNHOIRUG�&UHHN�VLWH�DUH�

)LJXUH����6HOHFWHG�3R\QRU�(QJUDYHG�VKHUGV�IURP�WKH�6KDFNOHIRUG�&UHHN�VLWH��D��3R\QRU�(QJUDYHG��YDU��&RRN��/RW��������E��3R\QRU�
(QJUDYHG��YDU��&RRN��/RW��������F��3R\QRU�(QJUDYHG��YDU��+RRG��/RW��������G��3R\QRU�(QJUDYHG��YDU��XQVSHFL¿HG�ERWWOH�VKHUG��/RW�
������

)LJXUH����(OERZ�SLSH�VKHUGV�IURP�WKH�6KDFNOHIRUG�&UHHN�VLWH�D��HQJUDYHG�HOERZ�SLSH�VWHP�ULP��/RW��������E��SODLQ�HOERZ�SLSH�
VWHP�ULP��/RW��������F��SODLQ�HOERZ�SLSH�ERZO�ULP��/RW�������
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W\SLFDO�RI�DQFHVWUDO�&DGGR�IDUPVWHDGV�LQ�WKH�&DGGR�
DUHD��ZLWK�FRUQ�DQG�QXWVKHOO�ZHOO�UHSUHVHQWHG�EXW�RWKHU�
FURSV�DQG�ZLOG�SODQWV�UHODWLYHO\�VFDUFH��7KH�GDWD�IRU�FRUQ�
FXSXOH�GLPHQVLRQV�LV�FRQVLVWHQW�ZLWK�WKH�FRUQ�JURZQ�DW�
RWKHU�&DGGR�VLWHV�LQ�WKH�DUHD�
� 7KH�IDXQDO�UHPDLQV�IURP�WKH�VLWH�DUH�GRPLQDWHG�
E\�ZKLWH�WDLOHG�GHHU�DQG�ODUJH�PDPPDO�VL]HG�ERQH�
�&RUO���������7KH�UHPDLQGHU�LQFOXGHV�WXUWOHV��ELUGV��DQG�
UDEELW��DQG�GRJ�VL]HG�IDXQDO�UHPDLQV��WKH�ODWWHU�PDPPDOV�
WKDW�VXSSOHPHQWHG�WKHLU�GLHW��:KLWH�WDLOHG�GHHU�ZHUH�D�
NH\�IRRG�UHVRXUFH�IRU�WKRVH�OLYLQJ�DW�WKH�6KDFNOHIRUG�
&UHHN�VLWH��ZKLFK�LV�FRQVLVWHQW�ZLWK�RWKHU�DQFHVWUDO�
&DGGR�)UDQNVWRQ�SKDVH�VLWHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�
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