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� UEURRNV#RX�HGX� JVDER#XDUN�HGX

� 'RQDOG�*��:\FNRII� 0DU\�%HWK�7UXELWW
� 6DP�1REOH�2NODKRPD�0XVHXP� $UNDQVDV�$UFKHRORJLFDO�6XUYH\
� RI�1DWXUDO�+LVWRU\�� +HQGHUVRQ�6WDWH�8QLYHUVLW\
� 8QLYHUVLW\�RI�2NODKRPD� $UNDGHOSKLD��$UNDQVDV
� 1RUPDQ��2NODKRPD� 7UXELWP#KVX�HGX
� [WUDPEOHU#RX�HGX
� � /RXLVLDQD
� 7H[DV� -HII�*LUDUG
� 7RP�0LGGOHEURRN� /RXLVLDQD�5HJLRQDO�$UFKDHRORJ\�3URJUDP
� 7H[DV�$UFKHRORJLFDO� 1RUWKZHVWHUQ�6WDWH�8QLYHUVLW\
� 6WHZDUGVKLS�1HWZRUN� 1DWFKLWRFKHV��/RXLVLDQD
� 1DFRJGRFKHV��7H[DV� JLUDUGM#QVXOD�HGX
� 70GOEUN#DRO�FRP
� � 3HWH�*UHJRU\�
� 7LPRWK\�.��3HUWWXOD� 7KH�:LOOLDPVRQ�0XVHXP�
� $UFKHRORJLFDO�	�(QYLURQPHQWDO� 1RUWKZHVWHUQ�6WDWH�8QLYHUVLW\
� &RQVXOWDQWV��//&� 1DWFKLWRFKHV��/RXLVLDQD
� $XVWLQ��7H[DV� JUHJRU\K#QVXOD�HGX
� WNS����#DRO�FRP
� � 'D\QD�/HH
� � (DUWK�6HDUFK��,QF�
� � 1HZ�2UOHDQV��/RXLVLDQD
� � GD\QD�E�OHH#JPDLO�FRP
�

'XQFDQ�3��0F.LQQRQ��HGLWRU
'HSDUWPHQW�RI�6RFLRORJ\��&ULPLQRORJ\��DQG�$QWKURSRORJ\

8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV
&RQZD\��$UNDQVDV
GPFNLQQRQ#XFD�HGX

7LPRWK\�.��3HUWWXOD��&XUUHQW�5HVHDUFK�HGLWRU
$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��//&

$XVWLQ��7H[DV
WNS����#DRO�FRP

,661����������

��&DGGR�&RQIHUHQFH�2UJDQL]DWLRQ�����

6WHSKHQ�)��$XVWLQ�6WDWH�8QLYHUVLW\�3UHVV

3ULQWHG�LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD�DW�+XGVRQ�3ULQWLQJ�LQ�/RQJYLHZ��7H[DV
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)URP�WKH�(GLWRU� �

$UWLFOHV

7KH�$QFHVWUDO�&DGGR�&HUDPLF�9HVVHO�6KHUG�DQG�&HUDPLF�3LSH�6KHUG�$VVHPEODJH�IURP�WKH
$��&��6DXQGHUV�6LWH����$1����LQ�WKH�8SSHU�1HFKHV�5LYHU�%DVLQ��$QGHUVRQ�&RXQW\��7H[DV� �
� � 7LPRWK\�.��3HUWWXOD

&XUUHQW�5HVHDUFK

6HOHFWHG�+LVWRULF�&DGGR�$OOHQ�3KDVH�9HVVHOV�IURP�WKH�'HVKD]R�6LWH����1$�������RQ� ��
%D\RX�/RFR��1DFRJGRFKHV�&RXQW\��7H[DV
� 7LPRWK\�.��3HUWWXOD

$UFKDHRORJLFDO�,QYHVWLJDWLRQV�DW�WKH�6KDFNOHIRUG�&UHHN�6LWH����60������6PLWK�&RXQW\��7H[DV� ��
� 7LPRWK\�.��3HUWWXOD�DQG�%R�1HOVRQ

8SGDWH�RQ�WKH�+RGJHV�&ROOHFWLRQ�RI�1DWLYH�$PHULFDQ�$UWLIDFWV� ��
� 0DU\�%HWK�7UXELWW

3UHOLPLQDU\�6XUYH\�RI�WKH�(DVWHUQ�+DOI�RI�WKH�%R[HG�6SULQJ�6LWH����85���� ��
� &DPEULD�+DOH\�DQG�&U\VWDO�$��'R]LHU

$�3LORW�6WXG\�LQ�WKH�8VH�RI�S;5)�$QDO\VLV�RI�&DGGR�&HUDPLFV� ��
� 7RP�0LGGOHEURRN�DQG�&��&ROOHHQ�+DQUDWW\

5HSRUWV

$EVWUDFWV�IURP�WKH���VW�&DGGR�&RQIHUHQFH�KHOG�DW�8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV� ��
� 'XQFDQ�3��0F.LQQRQ

�����&DGGR�&XOWXUH�&OXE�$FWLYLWLHV�5HSRUW� � � � � � � �������������
� 0LFKDHO�0HHNV
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7KH�FXUUHQW�YROXPH�FRQWDLQV�VHYHUDO�IXOO�OHQJWK�DUWLFOHV��
VKRUW�FXUUHQW�UHSRUWV�RI�UHVHDUFK��DQG�D�UHSRUW�RI������
DFWLYLWLHV�IURP�WKH�&DGGR�&RQIHUHQFH�

7KH�UHFHQW�DGGLWLRQ�RI�WKH�&XUUHQW�5HVHDUFK�KDV�EHHQ�
ZHOO�UHFHLYHG�DQG�VHYHUDO�FRQWULEXWLRQV�DUH�LQFOXGHG�LQ�
WKLV�YROXPH��&RQWULEXWLRQV�WR�WKLV�VHFWLRQ�ZHUH�FRPSLOHG�
E\�7LPRWK\�.��3HUWWXOD�DQG�UHSUHVHQW�VRPH�RI�WKH�FXUUHQW�
SURMHFWV�RI�&DGGR�UHVHDUFKHUV�

,�DP�JUDWHIXO�WR�UHYLHZHUV�ZKR�DOORFDWHG�WLPH�DQG�HIIRUW�
WR�UHYLHZ�WKH�DUWLFOHV�LQ�WKH�FXUUHQW�YROXPH�DQG�,�ORRN�
IRUZDUG�WR�VXEPLVVLRQV�IRU�WKH�QH[W�YROXPH�

'XQFDQ�3��0F.LQQRQ��(GLWRU

7KH�&DGGR�$UFKHRORJ\�-RXUQDO�LV�GHYRWHG�WR�WKH�
DQWKURSRORJ\��KLVWRU\��JHRJUDSK\��DQG�FXUUHQW�DFWLYLWLHV�
RI�WKH�&DGGR�1DWLRQ��DQ�$PHULFDQ�,QGLDQ�JURXS�ZLWK�D�
KLVWRULFDO�UDQJH�FRYHULQJ�WKH�IRXU�VWDWH�DUHD�RI�7H[DV��
/RXLVLDQD��$UNDQVDV��DQG�2NODKRPD��7KH�&DGGR�
$UFKHRORJ\�-RXUQDO�EHJDQ�DV�WKH�&DGGRDQ�$UFKHRORJ\�
1HZVOHWWHU�LQ������DQG�LQ������WKH�QDPH�FKDQJHG�WR�
VLPSO\�&DGGRDQ�$UFKHRORJ\��,Q������WKH�QDPH�RI�WKH�
MRXUQDO�ZDV�FKDQJHG�WR�&DGGRDQ�$UFKHRORJ\�-RXUQDO��
DQG�LQ������WKH�QDPH�ZDV�FKDQJHG�DJDLQ�WR�&DGGR�
$UFKHRORJ\�-RXUQDO��

7LPRWK\�.��3HUWWXOD�ZDV�IRXQGHU�DQG�HGLWRU�IURP������
XQWLO������ZKHQ�/RLV�$OEHUW�EHFDPH�HGLWRU��3HUWWXOD�
UHVXPHG�KLV�HGLWRULDO�UROH�LQ������XQWLO�*HRUJH�$��
$YHU\�EHFDPH�HGLWRU�LQ�������'XQFDQ�3��0F.LQQRQ�LV�
WKH�FXUUHQW�HGLWRU�EHJLQQLQJ�LQ�������6WHSKHQ�)��$XVWLQ�
6WDWH�8QLYHUVLW\�LV�FXUUHQWO\�SXEOLVKLQJ�WKH�MRXUQDO��7KH�
&DGGR�$UFKHRORJ\�-RXUQDO�LV�SXEOLVKHG�RQFH�D�\HDU�LQ�
WKH�6SULQJ�

0HPEHUV�RI�WKH�&DGGR�&RQIHUHQFH�2UJDQL]DWLRQ�UHFHLYH�
D�FRS\�RI�WKH�MRXUQDO�DQG�DFFHVV�WR�GLJLWDO�FRSLHV�RQ�
WKH�&DGGR�&RQIHUHQFH�2UJDQL]DWLRQ�ZHEVLWH��KWWS���
ZZZ�FDGGRFRQIHUHQFH�RUJ����3ULQW�EDFNRUGHUV�FDQ�EH�
RUGHUHG�E\�FRQWDFWLQJ�WKH�MRXUQDO�HGLWRU�RU�DW�WKH�&DGGR�
&RQIHUHQFH�2UJDQL]DWLRQ�PHHWLQJ�
7KH�&DGGR�$UFKDHRORJ\�-RXUQDO�SXEOLVKHV�

�� $UWLFOHV�GLUHFWO\�UHODWHG�WR�WKH�LQWHUSUHWDWLRQ�DQG�
HYDOXDWLRQ�RI�&DGGR�DUFKHRORJ\�DQG�KLVWRU\�WKDW�
SURYLGH�UHOHYDQW�FRQVLGHUDWLRQ�RI�DQ�LVVXH�RU�
WKHRUHWLFDO�SRVLWLRQ�

�� 3UHOLPLQDU\��UHYLHZ��DQG�XSGDWHG�UHJLRQDO�
VXPPDULHV�RI�DQWKURSRORJLFDO�DQG�KLVWRULFDO�ZRUN�
FRQGXFWHG�ZLWKLQ�WKH�&DGGR�UHJLRQ�RU�KDV�OLQNDJHV�
WR�&DGGR�VWXGLHV�

�� 7HFKQLFDO�DQG�PHWKRGRORJLFDO�UHSRUWV�WKDW�DUH�
FRPSUHKHQVLEOH�WR�PRVW�UHDGHUV�DQG�SURYLGH�QHZ�
LQVLJKWV�LQWR�HYDOXDWLQJ�&DGGR�DUFKHRORJ\�

�� %RRN�UHYLHZV�UHODWHG�WR�&DGGR�SXEOLFDWLRQV�RQ�
KLVWRU\��JHRJUDSK\��HWKQRJUDSK\��DQWKURSRORJ\��DQG�
FXUUHQW�DFWLYLWLHV�RI�&DGGR�1DWLRQ�

,QIRUPDWLRQ�IRU�$XWKRUV

$UWLFOHV�VKRXOG�QRW�H[FHHG��������ZRUGV�LQ�OHQJWK��
LQFOXGLQJ�UHIHUHQFHV��5HSRUWV�VKRXOG�QRW�H[FHHG�������
ZRUGV�LQFOXGLQJ�UHIHUHQFHV�

3OHDVH�VXEPLW�WKH�IROORZLQJ�WR�GPFNLQQRQ#XFD�HGX
�� D�3')�¿OH�RI�WKH�FRPSOHWH�VXEPLVVLRQ��IROORZLQJ�

$PHULFDQ�$QWLTXLW\�VW\OH�
�� 25�D�:RUG�¿OH�FRQWDLQLQJ�WKH�FRPSOHWH�SDSHU��L�H���

LQFOXGLQJ�DEVWUDFW��WDEOHV�DQG�¿JXUHV�
�� 25�D�:RUG�¿OH�FRQWDLQLQJ�WKH�WH[W��UHIHUHQFHV��WDEOH�

DQG�¿JXUH�FDSWLRQV��SOXV�DQ�LQGLYLGXDO�¿OH�RI�HDFK�
¿JXUH������GSL��DQG�RU�WDEOH��([FHO�¿OH�RI�WDEOHV�LV�
SUHIHUUHG�

$IWHU�VXEPLVVLRQ��SDSHUV�ZLOO�EH�VHQW�RXW�WR�D�PLQLPXP�
RI�WZR�UHYLHZHUV��5HYLHZHU�FRPPHQWV�DUH�UHTXHVWHG�
ZLWKLQ����GD\V�

)URP�WKH�(GLWRU
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7LPRWK\�.��3HUWWXOD
$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��//&

7KH�$QFHVWUDO�&DGGR�&HUDPLF�9HVVHO�6KHUG�DQG�
&HUDPLF�3LSH�6KHUG�$VVHPEODJH�IURP�WKH�$��&��
6DXQGHUV�6LWH����$1����LQ�WKH�8SSHU�1HFKHV�5LYHU�
%DVLQ��$QGHUVRQ�&RXQW\��7H[DV

,QWURGXFWLRQ�DQG�6LWH�6HWWLQJ

7KH�$��&��6DXQGHUV�VLWH����$1����LV�DQ�LPSRUWDQW�
DQFHVWUDO�&DGGR�VHWWOHPHQW�LQ�WKH�XSSHU�1HFKHV�5LYHU�
EDVLQ�LQ�$QGHUVRQ�&RXQW\�LQ�(DVW�7H[DV��)LJXUH��D���
7KH�VLWH�LV�RQH�RI�RQO\�D�IHZ�DQFHVWUDO�&DGGR�VLWHV�
ZLWK�PRXQG�IHDWXUHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��
SDUWLFXODUO\�WKRVH�WKDW�DUH�NQRZQ�WR�GDWH�DIWHU�FD��$�'��
������EXW�WKLV�SDUW�RI�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��
LQFOXGLQJ�LWV�PDQ\�WULEXWDULHV��VXFK�DV�&DGGR�&UHHN�
MXVW�WR�WKH�VRXWK�DQG�ZHVW��VHH�3HUWWXOD�DQG�:DOWHUV�
�������ZDV�ZLGHO\�VHWWOHG�E\�&DGGR�IDUPHUV�DIWHU�WKDW�
WLPH��7KHVH�&DGGR�JURXSV�OHIW�EHKLQG�HYLGHQFH�RI�
\HDU�URXQG�RFFXSLHG�VHWWOHPHQWV�ZLWK�KRXVH�VWUXFWXUHV��

PLGGHQV��DQG�RXWGRRU�DFWLYLW\�DUHDV��LPSUHVVLYH�DUWLIDFW�
DVVHPEODJHV��DV�ZHOO�DV�WKH�FUHDWLRQ�RI�QXPHURXV�
FHPHWHULHV��)LJXUH��E���PRVW�DSSDUHQWO\�WKH�SURGXFW�RI�
XVH�E\�IDPLOLHV�RU�OLQHDJH�JURXSV�
� :KDW�PDNHV�WKH�$��&��6DXQGHUV�VLWH�XQLTXH�LQ�
XSSHU�1HFKHV�5LYHU�EDVLQ�&DGGR�DUFKDHRORJ\�DUH�WKH�
WZR�PRXQG�IHDWXUHV�WKHUH��VLWXDWHG�RQ�D�EURDG�XSODQG�

)LJXUH��D��7KH�$��&��6DXQGHUV�VLWH�LQ�WKH�XSSHU�1HFKHV�5LYHU�
EDVLQ��LPSRUWDQW�H[FDYDWHG�&DGGR�VLWHV�LQ�WKH�&DGGR�&UHHN�
YDOOH\�DQG�VXUURXQGLQJ�GUDLQDJHV�LQ�$QGHUVRQ�DQG�+HQGHUVRQ�
FRXQWLHV��7H[DV�

)LJXUH��E��.QRZQ�&DGGR�FHPHWHU\�DQG�GRPHVWLF�VLWHV�LQ�WKH�
XSSHU�1HFKHV�5LYHU�EDVLQ�
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ODQGIRUP�OHVV�WKDQ�D�PLOH�ZHVW�RI�WKH�1HFKHV�5LYHU�
DQG�D�FRPSDUDEOH�GLVWDQFH�QRUWK�RI�WKH�FRQÀXHQFH�RI�
&DGGR�&UHHN�ZLWK�WKH�1HFKHV�5LYHU��VHH�)LJXUH��D���
7KH�¿UVW�PRXQG��)HDWXUH����LV�DQ�DVK�PRXQG�WKDW�KDV�
EHHQ�OLQNHG�ZLWK�WKH�XVH�RI�¿UH�WHPSOHV�DQG�SHUSHWXDO�
¿UHV�E\�WKH�[LQHVL�RI�+DVLQDL�&DGGR�JURXSV�LQ�KLVWRULF�
WLPHV��-DFNVRQ�������.OHLQVFKPLGW�������������3HUWWXOD�
������:\FNRII�DQG�%DXJK��������7KH�VHFRQG�PRXQG��
QRW�IDU�WR�WKH�VRXWKHDVW��LV�D�WKLFN�PLGGHQ�PRXQG�
�)HDWXUH����WKDW�DFFXPXODWHG�RYHU�D�ODUJH�VWUXFWXUH��
7KH�FRQFHQWUDWHG�PLGGHQ�DFFXPXODWLRQ�QHDU�WKH�DVK�
PRXQG�VXJJHVWV�LW�PD\�UHSUHVHQW�WKH�UHPDLQV�RI�PXOWLSOH�
IHDVWLQJ�HYHQWV��H�J���.DVVDEDXP�������DQG�RWKHU�ULWXDO�
DFWLYLWLHV�ZKHUH�ODUJH�DPRXQWV�RI�IRRG�ZHUH�FRQVXPHG��
FOD\�SLSHV�ZHUH�VPRNHG��DQG�FRRNLQJ�DQG�VHUYLQJ�
YHVVHOV�ZHUH�XVHG��DQG�WKXV�WKH�GLVFDUGHG�IUDJPHQWV�
RI�WKHVH�DFWLYLWLHV�FUHDWLQJ�WKH�PLGGHQ�GHSRVLWV��7KHVH�
LWHPV�FRQVWLWXWH�D�GLVFUHWH�DQG�VXEVWDQWLDO�FRUSXV�RI�
PDWHULDO�FXOWXUH�UHPDLQV�WKDW�KDYH�SOD\HG�D�ODUJH�UROH�
LQ�GH¿QLQJ�DQG�IUDPLQJ�WKH�DUFKDHRORJLFDO�FKDUDFWHU�
RI�ZKDW�KDV�FRPH�WR�EH�NQRZQ�DV�WKH�/DWH�&DGGR�
SHULRG�)UDQNVWRQ�SKDVH��FD��$�'��������������WKH�$��&��
6DXQGHUV�VLWH�LV�WKH�TXLQWHVVHQWLDO�)UDQNVWRQ�SKDVH�VLWH�
LQ�(DVW�7H[DV��$V�VXFK��WKHVH�PDWHULDO�FXOWXUH�UHPDLQV�
FXUDWHG�DW�WKH�7H[DV�$UFKHRORJLFDO�5HVHDUFK�/DERUDWRU\�
DW�7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ���LQ�SDUWLFXODU�WKH�
ODUJH�QXPEHU�RI�FHUDPLF�YHVVHO�VKHUGV�DQG�FHUDPLF�SLSH�
VKHUGV�IURP�WKH�$��&��6DXQGHUV�VLWH���ZDUUDQW�FRQWLQXHG�
DUFKDHRORJLFDO�VWXG\�DV�D�PHDQV�WR�EHWWHU�XQGHUVWDQG�
WKH�VW\OLVWLF�DQG�WHFKQRORJLFDO�FKDUDFWHU�RI�WKH�FHUDPLF�
YHVVHOV�DQG�SLSHV�PDGH�DQG�XVHG�E\�DQFHVWUDO�&DGGR�
SHRSOHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��3HUWWXOD�������
������������

8QLYHUVLW\�RI�7H[DV�$UFKDHRORJLFDO�
,QYHVWLJDWLRQV�LQ������DQG�����

87�DUFKDHRORJLVWV�FRPSOHWHG�H[FDYDWLRQV�DW�WKH�$��&��
6DXQGHUV�VLWH�LQ������DQG�������-DFNVRQ��������������
7KLV�ZRUN�IRFXVHG�VROHO\�RQ�WKH�WZR�PRXQGV��)LJXUH�����
ZLWK�QR�LQYHVWLJDWLRQV�GRQH�WR�LGHQWLI\�QRQ�PRXQG�
KDELWDWLRQ�DUHDV�RU�DVVRFLDWHG�FHPHWHU\�DUHDV�

)HDWXUH����$VK�0RXQG
7KH�ODUJHU�RI�WKH�WZR�PRXQGV��WKH�)HDWXUH���DVK�PRXQG�
RU�DVK�KHDS��-DFNVRQ������������VLWV�DW�WKH�QRUWKHUQ�HQG�

RI�WKH�VLWH��VHH�)LJXUH�����,W�LV�FD������[�����IW��LQ�OHQJWK�
DQG�ZLGWK�������[������P���DQG�VWDQGV���IW��������P��LQ�
KHLJKW��)LJXUHV���DQG�����7KH�PRXQG�ZDV�FRQVWUXFWHG�
RQ�D�ORZ�QDWXUDO�ULVH��-DFNVRQ������������7ZR�WUHQFKHV�
ZHUH�H[FDYDWHG�LQ�)HDWXUH����D�QRUWK�VRXWK�WUHQFK�LQ�
�����DQG�DQ�HDVW�ZHVW�WUHQFK�LQ�������VHH�)LJXUH����
� $FFRUGLQJ�WR�-DFNVRQ������������WKH�PRXQG��
ZKLFK�ZDV�DOPRVW�GHYRLG�RI�DUWLIDFWV��KDG�VHYHUDO�¿OO�
]RQHV��WKH�ODWWHU�WZR�ZLWK�PXFK�DVK��LQFOXGLQJ�

�� =RQH��������LQFKHV��VDQG\�ORDP�$�KRUL]RQ�
�� =RQH���������LQFKHV��³UHG�VDQG��LQWHUPL[HG�ZLWK�
UHG�FOD\��VRPH�FKDUFRDO�DQG�D�VPDOO�DPRXQW�RI�
DVKHV�´�QR�HYLGHQFH�RI�D�VWUXFWXUH

�� =RQH����������LQFKHV��³ZKLWH�DVK��FRQWDLQLQJ�D�
IHZ�OXPSV�RI�FKDUFRDO�DQG�UHG�FOD\�´�DQ

)LJXUH����3ODQ�PDS�RI�WKH�$��&��6DXQGHUV�VLWH�
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�� =RQH����������LQFKHV��³EURZQLVK�EODFN�DVK�
FRQWDLQLQJ�PXFK�KDUG�SDFNHG�UHG�VDQG�WKDW�KDV�
WKH�DSSHDUDQFH�RI�FOD\�´

� %HORZ�WKHVH�PRXQG�]RQHV�ZHUH�WZR�QDWXUDO�
VRLO�]RQHV��D�UHG�VDQG��������LQFKHV��DQG�D�UHG�FOD\�����
LQFKHV����SUHVXPDEO\�WKH�%�KRUL]RQ�

)HDWXUH����0LGGHQ�0RXQG
7KH�)HDWXUH���PLGGHQ�PRXQG�ZDV�DSSUR[LPDWHO\�����
IW��������P��VRXWK�VRXWKHDVW�RI�)HDWXUH����VHH�)LJXUH�����
7KH�PLGGHQ�PRXQG��ZKLFK�ZDV����[����IW��LQ�OHQJWK�DQG�
ZLGWK�������[������P��DQG�VWRRG�����IW��LQ�KHLJKW������P���
ZDV�WRWDOO\�H[FDYDWHG�LQ�������)LJXUH����LQ�D�FD�����IW��
VTXDUH�XQLW��ZLWK�RUJDQLFDOO\�HQULFKHG�PLGGHQ�GHSRVLWV�
ZLWK�DVK�UHPRYHG�LQ�WKUHH����LQFK�OHYHOV��-DFNVRQ�
����������������'LUHFWO\�EHQHDWK�WKH�PLGGHQ�GHSRVLWV�
ZDV�HYLGHQFH�WKDW�D�ODUJH�FLUFXODU�VWUXFWXUH��)HDWXUH�����
PDUNHG�E\�DQ�DUF�RI����SRVW�KROHV�LGHQWLI\LQJ�WKH�RXWHU�
ZDOO�RI�WKH�6WUXFWXUH��)LJXUHV���DQG�����VWRRG�KHUH�DQG�
ZDV�VXEVHTXHQWO\�EXULHG�E\�WKH�PLGGHQ�PRXQG�GHSRVLWV��
6HYHUDO�LQWHULRU�SRVW�KROHV�PD\�UHSUHVHQW�WKH�FHQWHU�SRVW�
����LQFKHV�DQG�GLDPHWHU�DQG�����IW��LQ�GHSWK��DV�ZHOO�DV�
YDULRXV�LQWHUQDO�SDUWLWLRQV�
� 7KH�SRVW�KROHV�ZHUH�HQFRXQWHUHG�EHWZHHQ�
������LQFKHV��FD��������FP�EV���DQG�ZHUH�¿OOHG�ZLWK�
³UHG�VDQG\�VRLO��DVKHV�DQG�VRPH�FKDUFRDO´��-DFNVRQ�
�����������7KH\�UDQJHG�LQ�GLDPHWHU�IURP��������LQFKHV��
DQG�VRPHWLPHV�RFFXUUHG�DV�DOWHUQDWH�ODUJH�DQG�VPDOO�SRVW�
KROHV��,Q�DGGLWLRQ�WR�WKH�)HDWXUH���SRVW�KROH�DUF��WKHUH�
LV�D�VPDOO�SRUWLRQ�RI�DQRWKHU�FLUFXODU�DUF�RI�SRVW�KROHV�
�)HDWXUH����LQ�WKH�HDVWHUQ�DUHD�RI�WKH�H[FDYDWLRQV��VHH�
)LJXUH�����-DFNVRQ������������DOVR�UHFRJQL]HG�IHDWXUHV�
�)HDWXUHV������ZLWK�FRQFHQWUDWHG�DVK�GHSRVLWV�WKDW�KH�

FRQVLGHUHG�WR�EH�KHDUWKV��2QH��)HDWXUH����ZDV�ZLWKLQ�
)HDWXUH����DQG�DQRWKHU�ZDV�ZLWKLQ�WKH�)HDWXUH���SRVW�
KROH�DUF��)HDWXUH�����ZKLOH�)HDWXUH���ZDV�MXVW�RXWVLGH�
RI�)HDWXUH����VHH�)LJXUH�����)HDWXUHV���DQG����KRZHYHU��
DUH�DPLGVW�WKH�)HDWXUH���ZDOO�RI�SRVW�KROHV��DQG�PXVW�
SRVWGDWH�WKH�XVH�RI�)HDWXUH����VHH�-DFNVRQ�����������
� 7KH�PLGGHQ�GHSRVLWV�DERYH�)HDWXUH���FRQWDLQHG�
DQ�DEXQGDQFH�RI�FHUDPLF�VKHUGV��HVWLPDWHG�DW�����OEV�
LQ�ZHLJKW��-DFNVRQ������������DV�ZHOO�DV�FD������OEV�RI�
ZHOO�SUHVHUYHG�DQLPDO�ERQH�DQG�PXVVHO�VKHOO��)LJXUHV�
��DQG�����2QO\�D�VPDOO�SRUWLRQ�RI�WKHVH�UHPDLQV�ZHUH�
UHWDLQHG�E\�7KH�8QLYHUVLW\�RI�7H[DV�DUFKDHRORJLVWV��
XQIRUWXQDWHO\��LQFOXGLQJ�RQO\�����PXVVHO�VKHOO�YDOYHV�
�1HFN�������DQG�����DQLPDO�UHPDLQV��.OHLQVFKPLGW�
��������������
� %DVHG�RQ�GLIIHUHQFHV�LQ�WKH�GHSWK�RI�UHFRYHUHG�
DUWLIDFWV��-DFNVRQ��������QRWHG�FHUWDLQ�QRWDEOH�FKDQJHV�
LQ�WKH�FKDUDFWHU�RI�WKH�FHUDPLF�YHVVHO�VKHUGV�DQG�
FHUDPLF�SLSH�VKHUGV�DW�WKH�$��&��6DXQGHUV�VLWH�WKDW�OLNHO\�
KDYH�FKURQRORJLFDO�VLJQL¿FDQFH�LQ�/DWH�&DGGR�SHULRG�
)UDQNVWRQ�SKDVH�VLWHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��
7KHVH�LQFOXGH�

D��HI¿J\�ERZO�VKHUGV��-DFNVRQ������3ODWH�������
RFFXU�WKURXJKRXW�WKH�PLGGHQ�GHSRVLWV�

E��SHGHVWDO�EDVH�YHVVHO�VKHUGV�ZHUH�PRVW�FRPPRQ�
LQ�WKH�XSSHUPRVW�PLGGHQ�GHSRVLWV�

F��SLJPHQWV�UXEEHG�LQ�WKH�HQJUDYHG�OLQHV�RI�YHVVHO�
VKHUGV�ZHUH�IRXQG�RQO\�LQ�WKH�XSSHU�PLGGHQ�
GHSRVLWV�

G��YHVVHOV�ZLWK�KDQGOHV��VHH�-DFNVRQ�
�����3ODWH�����ZHUH�PRVW�FRPPRQ�LQ�WKH�XSSHU�
DQG�PLGGOH�SRUWLRQV�RI�WKH�PLGGHQ�PRXQG�

)LJXUH����/RRNLQJ�DW�)HDWXUH���$VK�
0RXQG�DW�WKH�$��&��6DXQGHUV�VLWH��
�����

)LJXUH���������YLHZ�QRUWK�DW�)HDWXUH����3HWH�7KXUPRQG�
VWDQGV�RQ�WKH�FUHVW�RI�WKH�PRXQG�DORQJ�WKH�SURSHUW\�
OLQH�

)LJXUH���������H[FDYDWLRQV�LQ�
WKH�)HDWXUH���PLGGHQ�PRXQG�
DW�WKH�$��&��6DXQGHUV�VLWH�
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H��1HFKHV�VW\OH��VHH�-DFNVRQ�������SLSHV�ZLWK�
SXQFWDWHG�GHFRUDWLYH�HOHPHQWV�RFFXU�RQO\�LQ�
WKH�XSSHUPRVW�PLGGHQ�GHSRVLWV��LQFLVHG�HOERZ�
SLSHV�DUH�GRPLQDQW�LQ�WKH�PLGGOH�SDUW�RI�WKH�
PLGGHQ�GHSRVLWV��DQG�SODLQ�HOERZ�SLSHV�ZHUH�
IRXQG�RQO\�LQ�WKH�ORZHUPRVW�SDUW�RI�WKH�PLGGHQ�
�-DFNVRQ���������������DQG�3ODWH�������

� (��%��6D\OHV��������FRPSOHWHG�OLPLWHG�WHVW�
LQYHVWLJDWLRQV�LQ�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�LQ�
������7KLV�ZDV�DSSDUHQWO\�SDUW�RI�KLV�DUFKDHRORJLFDO�
VXUYH\�RI�7H[DV�GRQH�RQ�EHKDOI�RI�WKH�*LOD�3XHEOR�LQ�
*OREH��$UL]RQD��.OHLQVFKPLGW��������������SURYLGHV�
DQ�LQYHQWRU\�RI�WKH�PDWHULDOV�FROOHFWHG�E\�6D\OHV��ZKLFK�
ZHUH�¿UVW�KHOG�E\�WKH�$UL]RQD�6WDWH�0XVHXP��EXW�ZHUH�
HYHQWXDOO\�UHWXUQHG�WR�7$5/�LQ�WKH�����V�

.OHLQVFKPLGW�6XUYH\�,QYHVWLJDWLRQV�LQ������
DQG�����

.OHLQVFKPLGW�UHORFDWHG�WKH�$��&��6DXQGHUV�VLWH�LQ�������
DV�ZHOO�DV�WKH�ORFDWLRQV�RI�)HDWXUHV���DQG����DQG�YLVLWHG�
WKH�VLWH�DJDLQ�LQ������WR�UHFRUG�LWV�VXUIDFH�FKDUDFWHU��
)HDWXUH���LV�ELVHFWHG�E\�D�QRUWK�VRXWK�SURSHUW\�IHQFH��
DQG�WKHUH�LV�D�FD������[�����P�DUHD�VRXWK�DQG�HDVW�RI�
)HDWXUH���WKDW�KDG�DQFHVWUDO�&DGGR�DUWLIDFWV�RQ�WKH�VLWH�
VXUIDFH��)LJXUH������D�PXFK�VPDOOHU�VXUIDFH�VFDWWHU�RI�
DUWLIDFWV�ZDV�QRWHG�ZHOO�WR�WKH�HDVW�RI�)HDWXUHV���DQG����
7KH�DUHD�RI�)HDWXUH����WR�WKH�VRXWKHDVW�RI�)HDWXUH����
LV�PDUNHG�E\�D�GHSUHVVHG�DUHD�UHSUHVHQWLQJ�WKH�QRQ�
EDFN¿OOHG�H[FDYDWLRQ�DUHD�DURXQG�WKH�PLGGHQ�PRXQG�

5HPRWH�6HQVLQJ�,QYHVWLJDWLRQV�DW�WKH�$��&��
6DXQGHUV�6LWH�LQ�����

7KH�7H[DV�$UFKHRORJLFDO�5HVHDUFK�/DERUDWRU\�DW�7KH�
8QLYHUVLW\�RI�7H[DV�FRPSOHWHG�D�PDJQHWRPHWHU�VXUYH\�
RI�FD����DFUHV�RI�WKH�$��&��6DXQGHUV�VLWH�LQ�'HFHPEHU�
������+XGOHU�HW�DO���������7KH�ZRUN�ZDV�GRQH�RQ�WKH�
ZHVWHUQ�KDOI�RI�WKH�VLWH��ZHVW�RI�)HDWXUHV���DQG����WKH�
SRUWLRQ�RZQHG�E\�7KH�$UFKDHRORJLFDO�&RQVHUYDQF\��
'XULQJ�WKH�ZRUN��HLJKW�FLUFXODU�IHDWXUHV��0DJQHWLF�
IHDWXUHV������ZHUH�LGHQWL¿HG�WKDW�PD\�EH�UHPQDQWV�RI�
DUFV�RI�SRVW�KROHV�IURP�DQFHVWUDO�&DGGR�VWUXFWXUHV��
7KHVH�FLUFXODU�PDJQHWLF�IHDWXUHV�UDQJH�IURP���������P�
LQ�GLDPHWHU��+XGOHU�HW�DO�������)LJXUHV������

.OHLQVFKPLGW��������&HUDPLF�$QDO\VHV

7KH�SULPDU\�IRFXV�RI�.OHLQVFKPLGW¶V��������DQDO\VLV�
RI�WKH�FHUDPLF�YHVVHO�VKHUGV�IURP�)HDWXUH���DW�WKH�$��&��
6DXQGHUV�VLWH�ZDV�WR�GHWHUPLQH�YHVVHO�EDWFKHV��L�H���³D�
VKHUG�RU�VKHUGV�IURP�D�VLQJOH�YHVVHO´��.OHLQVFKPLGW�
����������7KLV�DSSURDFK�ZDV�GHVLJQHG�WR�³GHWHUPLQH�
WKH�RFFXUUHQFH�RI�W\SHV�DW�WKH�VLWH��,Q�DGGLWLRQ��GHWDLOV�
RQ�WKH�YDULDWLRQ�LQ�IRUP��GHFRUDWLRQ��DQG�RWKHU�DWWULEXWHV�
FDQ�EH�VWXGLHG�PRUH�DFFXUDWHO\�IRU�WKH�LQGLYLGXDO�YHVVHO�
JURXSV��DQG�WKHQ�EH�FRPSDUHG�WR�WKH�LQIRUPDWLRQ�IURP�
ZKROH�YHVVHO�FROOHFWLRQV�IURP�FHPHWHULHV�LQ�WKH�VWXG\�
DUHD´��.OHLQVFKPLGW�����������+H�UHOLHG�RQ�ERZO�DQG�MDU�
ULPV�DQG�ERWWOH�ERGLHV�LQ�WKH�DVVHPEODJH�RI������YHVVHO�
VKHUGV�WR�LGHQWLI\������YHVVHO�EDWFKHV��.OHLQVFKPLGW�

)LJXUH����3RVW�KROH�DUF�RI�WKH�
)HDWXUH���VWUXFWXUH�DW�WKH�$��&��
6DXQGHUV�VLWH�

)LJXUH����3ODQ�PDS�RI�)HDWXUH���XQGHUQHDWK�WKH�
PLGGHQ�PRXQG�

)LJXUH����3LOH�RI�DQLPDO�ERQHV�IURP�
)HDWXUH���PLGGHQ�PRXQG�DW�WKH�$��&��
6DXQGHUV�VLWH�
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�����7DEOH�����DQG�UHGH¿QHG�3R\QRU�(QJUDYHG��WKH�
SULQFLSDO�¿QH�ZDUH�LQ�WKH�DVVHPEODJH��DV�WZR�YDULHWLHV��
32�DQG�33��7KH�WDEXODWLRQ�RI�YHVVHO�EDWFKHV�LV�SURYLGHG�
LQ�7DEOH����7KH�PRVW�FRPPRQ�LGHQWL¿HG�W\SHV�LQ�WKH�
$��&��6DXQGHUV�DVVHPEODJH�DUH�3R\QRU�(QJUDYHG��32�
YDULHW\���%XOODUG�%UXVKHG��0D\GHOOH�,QFLVHG��DQG�/D�
5XH�1HFN�%DQGHG��0RUH�WKDQ����SHUFHQW�RI�WKH�YHVVHO�
EDWFKHV�FRXOG�QRW�EH�LGHQWL¿HG�WR�D�GH¿QHG�W\SH�
� %DVHG�VWULFWO\�RQ�VKHUG�FRXQWV��Q ������DV�
WDEXODWHG�E\�.OHLQVFKPLGW��PRUH�WKDQ����SHUFHQW�RI�
WKH�VKHUGV�DUH�IURP�EUXVKHG�YHVVHOV��7DEOH�����EXW�WKH�
SURSRUWLRQ�RI�EUXVKHG�YHVVHOV�LQ�WKH�YHVVHO�EDWFKHV�LV�

RQO\����SHUFHQW��2WKHU�XWLOLW\�ZDUHV�DUH�OHVV�FRPPRQ�LQ�
WKH�VKHUG�FRXQWV��EXW�ERWK�LQFLVHG��0D\GHOOH�,QFLVHG��
DQG�¿QJHUQDLO�LPSUHVVHG�VKHUGV�DUH�ZHOO�UHSUHVHQWHG�LQ�
WKH�YHVVHO�EDWFKHV�����DQG�����SHUFHQW��UHVSHFWLYHO\��
� 7KH�¿QH�ZDUH�VKHUGV��LQFOXGLQJ�ERWK�HQJUDYHG�
DQG�UHG�VOLSSHG�VKHUGV��UHSUHVHQW�DSSUR[LPDWHO\����
SHUFHQW�RI�WKH�VKHUGV�IURP�WKH�$��&��6DXQGHUV�VLWH��EXW�
PRUH�WKDQ����SHUFHQW�RI�WKH�YHVVHO�EDWFKHV��VHH�7DEOH�����
&OHDUO\��WKH�¿QH�ZDUHV�ZHUH�DQ�LQWHJUDO�SDUW�RI�WKH�YHVVHO�
DVVHPEODJH�SURGXFHG�DQG�LQ�XVH�GXULQJ�WKH�DQFHVWUDO�
&DGGR�RFFXSDWLRQ�RI�WKH�VLWH�LQ�/DWH�&DGGR�SHULRG�
)UDQNVWRQ�SKDVH�WLPHV�

)LJXUH����6HOHFWHG�PXVVHO�VKHOO�YDOYHV�DQG�DQLPDO�UHPDLQV�LQ�
WKH�7$5/�FROOHFWLRQV�IURP�WKH�$��&��6DXQGHUV�VLWH�

)LJXUH�����.OHLQVFKPLGW¶V��������PDS�RI�WKH�$��&��6DXQGHUV�
VLWH�VKRZLQJ�WKH�ORFDWLRQV�RI�)HDWXUHV���DQG����DQG�WKH�VXUIDFH�
H[WHQW�RI�DUWLIDFWV�DURXQG�WKH�WZR�IHDWXUHV�

7DEOH����9HVVHO�EDWFKHV�LQ�WKH�)HDWXUH���FHUDPLF�YHVVHO�VKHUG�
DVVHPEODJH�


+RRG�(QJUDYHG��3HUWWXOD������


.OHLQVFKPLGW�QHJOHFWHG�WR�LQFOXGH�DW�OHDVW�RQH�YHVVHO�EDWFK�
EDVHG�RQ�WKH�UHFRYHU\�RI�WKUHH�UHG�VOLSSHG�VKHUGV

7DEOH����6KHUG�FRXQWV�DQG�YHVVHO�EDWFK�FRXQWV�IRU�WKH�)HDWXUH���
FHUDPLF�YHVVHO�DVVHPEODJH�DW�WKH�$��&��6DXQGHUV�VLWH�


LQFOXGHG�EHORZ�DV�JURRYHG�SRWWHU\�VKHUGV


GRHV�QRW�LQFOXGH�DW�OHDVW�RQH�UHG�VOLSSHG�YHVVHO�EDWFK



ͳͲ������Ȉ������������͹Ͷǡ�͸Ͷ͸Ͷ

� 3ODLQ�ZDUHV�DUH�UDUH�LQ�WKH�YHVVHO�EDWFKHV�DW�
WKH�VLWH��DV�WKH\�UHSUHVHQW�RQO\�����SHUFHQW�RI�WKH�YHVVHO�
EDWFK�DVVHPEODJH��VHH�7DEOH�����3ODLQ�VKHUGV�DFFRXQW�IRU�
DERXW����SHUFHQW�RI�WKH�VKHUGV��EXW�PRVW�RI�WKHVH�PRVW�
OLNHO\�DUH�IURP�WKH�XQGHFRUDWHG�SRUWLRQV�RI�XWLOLW\�ZDUH�
DQG�¿QH�ZDUH�YHVVHOV�
� 7KH�YHVVHOV�DW�WKH�$��&��6DXQGHUV�VLWH��
DFFRUGLQJ�WR�.OHLQVFKPLGW�������7DEOH������ZHUH�
WHPSHUHG�PRVW�FRPPRQO\�ZLWK�JURJ�RU�FUXVKHG�VKHUGV�
������SHUFHQW���$QRWKHU������SHUFHQW�ZHUH�WHPSHUHG�
ZLWK�JURJ�DQG�ERQH������SHUFHQW���JURJ�DQG�KHPDWLWH�
�����SHUFHQW���RU�JURJ�KHPDWLWH�ERQH������SHUFHQW���
$SSUR[LPDWHO\�����SHUFHQW�RI�WKH�YHVVHOV�ZHUH�WHPSHUHG�
ZLWK�KHPDWLWH��DQG�����ZHUH�WHPSHUHG�ZLWK�EXUQHG�ERQH�
DQG�KHPDWLWH��$V�D�JURXS�RQO\�����SHUFHQW�RI�WKH�YHVVHO�
EDWFKHV�KDYH�EXUQHG�ERQH�LQFOXVLRQV�DQG�����SHUFHQW�
KDYH�FUXVKHG�SLHFHV�RI�KHPDWLWH�DGGHG�DV�WHPSHU�
� $QRWKHU�LPSRUWDQW�DVSHFW�RI�.OHLQVFKPLGW¶V�
�������DQDO\VLV�RI�WKH�$��&��6DXQGHUV�FHUDPLF�YHVVHO�
VKHUGV�ZDV�WR�FRGLI\�GHFRUDWLYH�PRWLIV�IRU�WKH�HQJUDYHG�
ZDUHV��PRVW�QRWDEO\�WKH�3R\QRU�(QJUDYHG��32�DQG�
33�YDULHWLHV��WKH�ODWWHU�KDV�GHFRUDWLYH�IHDWXUHV�RI�ERWK�
3R\QRU�(QJUDYHG�DQG�3DWWRQ�(QJUDYHG��3HUWWXOD��������
ODWHU�OLQNHG�WKH�33�YDULHW\�RI�3R\QRU�(QJUDYHG�ZLWK�

3R\QRU�(QJUDYHG��YDU��)UHHPDQ��OLNHO\�UHSUHVHQWLQJ�WKH�
ODWHVW�3R\QRU�(QJUDYHG�YHVVHOV�PDGH�DQG�XVHG�LQ�WKH�
XSSHU�1HFKHV�5LYHU�EDVLQ��.OHLQVFKPLGW�DOVR�LGHQWL¿HG�
GLVWLQFWLYH�PRWLIV�IRU�3DWWRQ�(QJUDYHG��+XPH�(QJUDYHG��
DQG�HI¿J\�ERZOV��ODWHU�GH¿QHG�DV�+RRG�(QJUDYHG��VHH�
EHORZ��

&XUUHQW�$QDO\VLV�RI�WKH�&DGGR�&HUDPLF�
9HVVHOV�DQG�9HVVHO�6KHUGV

,Q�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ�DIWHU�FD��$�'��
�����������WKH�SULQFLSDO�¿QH�ZDUHV�LQ�DQFHVWUDO�
&DGGR�)UDQNVWRQ�SKDVH�FRQWH[WV�DUH�VHYHUDO�YDULHWLHV�
RI�3R\QRU�(QJUDYHG�ERZOV�DQG�FDULQDWHG�ERZOV��VHH�
3HUWWXOD������)LJXUHV������DQG��������)LJXUHV����
DQG������LQFOXGLQJ�UHJLRQDO�YDULHWLHV�FRGL¿HG�¿UVW�
E\�.OHLQVFKPLGW�������)LJXUHV���������IROORZHG�E\�
3R\QRU�(QJUDYHG�ERWWOHV�RI�YDULRXV�IRUPV��3DWWRQ�
(QJUDYHG��GDWLQJ�PDLQO\�DIWHU�FD��$�'��������LQ�$OOHQ�
SKDVH�FRQWH[WV���)LJXUH���D�G���WKUHH�YDULHWLHV�RI�+RRG�
(QJUDYHG�HI¿J\�ZDUH�YHVVHOV��3HUWWXOD������������
ZLWK�RU�ZLWKRXW�WDLO�ULGHUV��DQG�EHDNHU�VKDSHG�+XPH�
(QJUDYHG�ERWWOHV��)LJXUH���H�J���7KHUH�DUH�DOVR�GH¿QHG�
ORFDO�YDULHWLHV�RI�3R\QRU�(QJUDYHG�¿UVW�UHFRJQL]HG�DW�WKH�

)LJXUH�����'H¿QHG�YDULHWLHV�RI�3R\QRU�(QJUDYHG��D�E¶��YDU��
%ODFNEXUQ��F�G��YDU��&RRN��H��YDU��+RRG��I�J¶��YDU��/DQJ��K�L��
YDU��)UHHPDQ�

)LJXUH�����5HJLRQDO�YDULHWLHV�RI�3R\QRU�(QJUDYHG�LQ�WKH�XSSHU�
1HFKHV�5LYHU�EDVLQ�
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/DQJ�3DVWXUH�VLWH����$1����VHH�3HUWWXOD����������DQG�
)LJXUH��������)LJXUH���D�H��
� 0RUH�WKDQ�����YHVVHOV�GRFXPHQWHG�IURP�SRVW�
$�'�������DQFHVWUDO�&DGGR�VLWHV�DQG�EXULDO�IHDWXUHV�LQ�
WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��3HUWWXOD������7DEOH�������
DUH�SULPDULO\�¿QH�ZDUHV�����SHUFHQW���IROORZHG�E\�XWLOLW\�
ZDUHV�������SHUFHQW���DQG�SODLQ�ZDUHV�������SHUFHQW���
.OHLQVFKPLGW¶V�������7DEOH����VRUWLQJ�RI�WKH�VKHUGV�
IURP�WKH�$��&��6DXQGHUV�VLWH�LQWR�YHVVHO�EDWFKHV�IURP�
WKH�)HDWXUH���PLGGHQ�PRXQG�SUHVHQWV�D�YHU\�GLIIHUHQW�
DVVHPEODJH�RI�ZDUHV�ZKHQ�FRPSDUHG�WR�EXULDO�IXQHUDU\�
RIIHULQJV�������SHUFHQW�¿QH�ZDUHV��)LJXUH�����������
SHUFHQW�XWLOLW\�ZDUHV��DQG�RQO\�����SHUFHQW�SODLQ�ZDUHV�
� $PRQJ�WKH�XWLOLW\�ZDUHV�LQ�)UDQNVWRQ�SKDVH�
FRQWH[WV��WKH�PDMRU�W\SHV�LQFOXGH�%XOODUG�%UXVKHG��
.LOORXJK�3LQFKHG��0D\GHOOH�,QFLVHG��SXQFWDWHG�MDUV��DQG�
EUXVKHG�SXQFWDWHG�MDUV�RI�XQLGHQWL¿HG�W\SHV��0RVW�RI�
WKH�SODLQ�ZDUHV�DUH�VLPSOH�ERZOV��FDULQDWHG�ERZOV��DQG�
VHYHUDO�IRUPV�RI�ERWWOHV�

)HDWXUH���FHUDPLF�YHVVHO�VKHUGV
87�H[FDYDWLRQV�LQ�)HDWXUH���UHFRYHUHG�RQO\�HLJKW�
FHUDPLF�YHVVHO�VKHUGV��DPRQJ�WKHP�D�JURJ�WHPSHUHG�

VWUDS�KDQGOH�������PP�LQ�ZLGWK��GHFRUDWHG�ZLWK�FLUFXODU�
SXQFWDWLRQV��2QH�VKHUG�LV�DQ�XQGHFRUDWHG�JURJ�KHPDWLWH�
WHPSHUHG�ERG\�VKHUG��IRXU�RWKHUV�DUH�SDUDOOHO�EUXVKHG�
ERG\�VKHUGV�WHPSHUHG�ZLWK�JURJ��Q ���DQG�JURJ�
KHPDWLWH��Q ����DQG�WKHUH�DUH�WZR�HQJUDYHG�¿QH�ZDUH�

)LJXUH�����'H¿QHG�YDULHWLHV�RI�3DWWRQ�(QJUDYHG�DQG�+XPH�
(QJUDYHG��D��3DWWRQ�(QJUDYHG��YDU��$OOHQ��E��3DWWRQ�(QJUDYHG��
YDU��3DWWRQ��F��3DWWRQ�(QJUDYHG��YDU��)UHHPDQ��G��3DWWRQ�
(QJUDYHG��YDU��)DLU��H��+XPH�(QJUDYHG��YDU��+XPH��I��+XPH�
(QJUDYHG��YDU��$OOHQ��J��+XPH�(QJUDYHG��YDU��XQVSHFL¿HG�

)LJXUH�����/RFDO�YDULHWLHV�RI�3R\QRU�(QJUDYHG�DW�WKH�/DQJ�
3DVWXUH�VLWH����$1�����D��ORFDO�YDULHW\����E��ORFDO�YDULHW\����F��
ORFDO�YDULHW\����G��ORFDO�YDULHW\����H��ORFDO�YDULHW\���

)LJXUH�����6HOHFWHG�3R\QRU�(QJUDYHG�YHVVHO�VHFWLRQV�IURP�WKH�
$��&��6DXQGHUV�VLWH�
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VKHUGV��OLNHO\�IURP�3R\QRU�(QJUDYHG��YDU��&RRN�YHVVHOV�
�VHH�)LJXUH���F�G���RQH�LV�IURP�D�JURJ�WHPSHUHG�YHVVHO�
DQG�WKH�RWKHU�LV�IURP�D�ERQH�WHPSHUHG�YHVVHO��7KH�
JURJ�WHPSHUHG�3R\QRU�(QJUDYHG��YDU��&RRN�ERG\�VKHUG�
KDV�FORVHO\�VSDFHG�FXUYLOLQHDU�HQJUDYHG�OLQHV��ZKLOH�WKH�
VHFRQG�ERG\�VKHUG��IURP�D�FDULQDWHG�ERZO��KDV�D�VLQJOH�
KRUL]RQWDO�HQJUDYHG�OLQH�DERYH�WKH�FDULQDWLRQ�DORQJ�
ZLWK�D�VLQJOH�FXUYLOLQHDU�HQJUDYHG�OLQH�H[WHQGLQJ�RQWR�
WKH�ULP�SDQHO��WKH�ERG\�RI�WKH�FDULQDWHG�ERZO�VKHUG�KDV�
KRUL]RQWDO�EUXVKLQJ�PDUNV�

:KROH�9HVVHO�IURP�)HDWXUH���H[FDYDWLRQV
7KH�RQH�ZKROH�FHUDPLF�YHVVHO�IURP�WKH�$��&��6DXQGHUV�
VLWH�ZDV�IRXQG�LQ�)HDWXUH���PLGGHQ�GHSRVLWV��FD����P�
HDVW�RI�WKH�HQWUDQFH�WR�WKH�ODUJH�&DGGR�VWUXFWXUH�XQGHU�
WKH�)HDWXUH���PLGGHQ�PRXQG��$FFRUGLQJ�WR�-DFNVRQ�
������������WKH�YHVVHO�ZDV�IRXQG�DW�FD�����FP�EV��,W�GRHV�
QRW�DSSHDU�WR�EH�WKH�FDVH�WKDW�WKH�YHVVHO�LV�DVVRFLDWHG�
ZLWK�DQ�DQFHVWUDO�&DGGR�EXULDO�IHDWXUH��DQG�-DFNVRQ�
�����������QRWHG�WKDW�LW�³LV�RQH�RI�WKH�YHU\�IHZ�ZKROH�
YHVVHOV�IRXQG�LQ�(DVW�7H[DV�QRW�ZLWK�D�JUDYH�´

&HUDPLF�9HVVHO�6KHUGV�LQ�)HDWXUH��
,Q�WKLV�FXUUHQW�DQDO\VLV�RI�WKH�FHUDPLF�YHVVHO�VKHUGV�IURP�
WKH�$��&��6DXQGHUV�VLWH��QR�DWWHPSW�LV�PDGH�WR�VRUW�WKH�
VKHUGV�LQWR�YHVVHO�EDWFKHV���XQOHVV�DFWXDO�VKHUG�UH¿WV�
FDQ�EH�LGHQWL¿HG���EXW�VROHO\�WR�LGHQWLI\�WKH�DWWULEXWHV�RI�
HDFK�VKHUG�WKDW�DUH�RI�SDUWLFXODU�LQWHUHVW�LQ�VW\OLVWLF�DQG�
WHFKQRORJLFDO�VWXGLHV�RI�XSSHU�1HFKHV�5LYHU�DQFHVWUDO�
&DGGR�FHUDPLFV��QDPHO\�GHFRUDWLYH�PHWKRGV�DQG�
HOHPHQWV��WHPSHU��DQG�VKHUG�W\SH��ULP��ERG\��DQG�EDVH���
7KHVH�DWWULEXWHV�VKRXOG�EH�VXI¿FLHQW�WR�VRUW�WKH�VKHUGV�
LQWR�FHUDPLF�ZDUHV��LGHQWLI\�DQG�UHFRJQL]H�GHFRUDWLYH�
PHWKRGV�DQG�HOHPHQWV�DV�ZHOO�DV�GH¿QHG�W\SHV�DQG�
YDULHWLHV��DQG�TXDQWLI\�WKH�XVH�RI�GLIIHUHQW�FRPELQDWLRQV�
RI�WHPSHU�LQFOXVLRQV�DPRQJ�WKH�SODLQ��XWLOLW\��DQG�¿QH�
ZDUH�VKHUGV��6XFK�GDWD�ZLOO�DOVR�EH�HPSOR\HG�LQ�EURDGHU�
UHJLRQDO�FRPSDULVRQV�RI�WKH�$��&��6DXQGHUV�FHUDPLF�
DVVHPEODJH�ZLWK�RWKHU�UHSRUWHG�XSSHU�1HFKHV�5LYHU�
EDVLQ�VLWHV��VHH�3HUWWXOD�DQG�:DOWHUV������7DEOH�����
� 7KH�UHFRQVWUXFWHG�PDQXIDFWXULQJ�SURFHVV�RI�
DQFHVWUDO�&DGGR�FHUDPLF�YHVVHOV��SDUWLFXODUO\�XWLOLW\�
ZDUH��LQGLFDWH�WKDW�

6,7(�1$0(�25�6,7(�180%(5��$��&��6DXQGHUV

9(66(/�12�������)HDWXUH���PLGGHQ

9(66(/�)250��&DULQDWHG�ERZO

121�3/$67,&6�$1'�3$67(��JURJ

5,0�$1'�/,3�)250��'LUHFW�ULP�DQG�URXQGHG�OLS

&25(�&2/25��$��¿UHG�DQG�FRROHG�LQ�DQ�R[LGL]LQJ�
HQYLURQPHQW�

,17(5,25�685)$&(�&2/25��EURZQ��¿UH�FORXGV�RQ�
WKH�EDVH

(;7(5,25�685)$&(�&2/25��EURZQ��¿UH�FORXGV�RQ�
WKH�ERG\�DQG�EDVH

:$//�7+,&.1(66��,1�00���ULP������PP

,17(5,25�685)$&(�75($70(17��EXUQLVKHG

(;7(5,25�685)$&(�75($70(17��EXUQLVKHG
+(,*+7��,1�&0������

25,),&(�',$0(7(5��,1�&0������

',$0(7(5�$7�%27720�2)�5,0�25�1(&.��,1�
&0������

%$6(�',$0(7(5��,1�&0��$1'�6+$3(�2)�%$6(��
����FP��FLUFXODU�DQG�ÀDW

(67,0$7('�92/80(��,1�/,7(56������

'(&25$7,21��,1&/8',1*�027,)�$1'�
(/(0(176�:+(1�$33$5(17���7KH�ULP�SDQHO�KDV�
IRXU�WR�¿YH�DOWHUQDWLQJ�VHWV�RI�H[FLVHG�EUDFNHWV�DQG�
FXUYLOLQHDU�H[FLVHG�]RQHV�WKDW�KDYH�FUHDWHG�QHJDWLYH�
RYDO�VKDSHG�]RQHV��)LJXUH�����

3,*0(17�86(�$1'�/2&$7,21�21�9(66(/��QRQH�

7<3(�$1'�9$5,(7<��,)�.12:1���3R\QRU�
(QJUDYHG��YDU��+RRG
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&DGGR�SRWWHU\«UHSUHVHQWV�DQ�DQFLHQW�
WUDGLWLRQ�RI�YHVVHO�PDNLQJ�WKDW�SUHWW\�
PXFK�KDG�DOO�WKH�EXJV�ZRUNHG�RXW�RI�LW��
(YHQ�YHVVHOV�WKDW�VKRZ�SRRU�DUWLVDQVKLS�
H[KLELW�JRRG�³HQJLQHHULQJ´��'XULQJ�WKH�
URXJK�VWDJHV�RI�ZRUN��SRWWHUV�WKLQQHG�
YHVVHOV�RQ�WKH�LQVLGH�E\�VFUDSLQJ�KHP�
ZLWK�JRXUG�SLHFHV�RU�RWKHU�VL]HDEOH�EXW�
WKLQ�REMHFWV��DQG�WKHQ�HYHQHG�XS�WKH�
VXUIDFHV�E\�UXEELQJ�WKHP��DSSDUHQWO\�
ZLWK�D�VWRQH��)LQDOO\��WKH\�VPRRWKHG�WKH�
YHVVHOV�ZLWK�EXQGOHV�RI�JUDVV��SLHFHV�
RI�KLGH��RU�ZHW�EUXVKHV�WKDW�ZHUH�QRW�
WRR�FRDUVH��,Q�WKHLU�VKDSLQJ�RI�YHVVHOV��
&DGGR�SRWWHUV�FHUWDLQO\�GLG�QRW�PHVV�
DERXW�ZLWK�WKH�ÀDW�HQG�RI�VWLFNV«RU�ZLWK�
EXQFKHV�RI�VKDUS�WZLJV��)XUWKHUPRUH��WKH�
ULPV�RI�PRVW�&DGGR�YHVVHOV��H[FHSW�IRU�
VKDUS�ULPPHG�ERWWOHV��ZHUH�PDGH�WKLFN�
HQRXJK�WR�VWDQG�XS�XQGHU�ODGOH�EDQJLQJ��
DQG�,�KDYH�VHHQ�QR�HYLGHQFH�RI�VORSSLO\�
UHSDLUHG�JUHHQZDUH�FUDFNV�RU�JUHHQZDUH�
ULP�SHHOLQJ��,Q�IDFW��&DGGR�SRWWHUV�
KDELWXDOO\�PDGH�DQ�HIIRUW�WR�HUDGLFDWH�FRLO�
MRLQV�DQG�WRRO�PDUNV�H[FHSW�LQVLGH�VRPH�

QDUURZ�PRXWKHG�MDUV�DQG�ERWWOHV«$OO�
WKHVH�WKLQQLQJ�DQG�VPRRWKLQJ�WHFKQLTXHV�
DUH�DGYDQFHG�DQG�TXLWH�VDWLVIDFWRU\�
�-RKQVRQ����������

� $�WRWDO�RI������FHUDPLF�VKHUGV�KDYH�EHHQ�
UHFRYHUHG�IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�
IURP�SODLQ�ZDUH��XWLOLW\�ZDUH��DQG�¿QH�ZDUH�YHVVHOV�
�7DEOH�����RI�WKHVH��DSSUR[LPDWHO\����SHUFHQW��Q ������
DUH�IURP�D�NQRZQ�DUELWUDU\�SURYHQLHQFH�OHYHO��VHH�
$SSHQGL[����LQ�)HDWXUH����7KH�SODLQ�ULP��ERG\��DQG�EDVH�
VKHUGV�FRPSULVH�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�YHVVHO�
VKHUG�DVVHPEODJH��DQG�WKH�¿QH�ZDUH�VKHUGV�DFFRXQW�
IRU�DQRWKHU�����SHUFHQW�RI�WKH�DVVHPEODJH��8WLOLW\�ZDUH�
VKHUGV�DUH�E\�IDU�WKH�PRVW�FRPPRQ�LQ�)HDWXUH���DW�
WKH�VLWH��UHSUHVHQWLQJ�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�
FHUDPLF�ZDUHV��7KH�SODLQ�WR�GHFRUDWHG�VKHUG�UDWLR�IRU�WKH�
)HDWXUH���DVVHPEODJH�LV�D�ORZ������
� %\�WKH�SURSRUWLRQ�RI�ULP�VKHUGV���D�EHWWHU�
PHDVXUH�RI�WKH�UHODWLYH�IUHTXHQF\�RI�WKH�WKUHH�ZDUHV�LQ�
WKH�DVVHPEODJH�DV�D�ZKROH���XWLOLW\�ZDUH�ULPV�FRPSULVH�
���SHUFHQW�RI�WKH�VDPSOH�RI�����ULPV��VHH�7DEOH�����
)LQH�ZDUH�ULPV�DFFRXQW�IRU�DQRWKHU����SHUFHQW�RI�WKH�
ULP�DVVHPEODJH��DQG�SODLQ�ZDUH�ULPV��)LJXUH���D�F��
UHSUHVHQW�RQO\������SHUFHQW�RI�WKH�ULP�DVVHPEODJH��%\�
ERWK�PHDVXUHV��L�H���WRWDO�VKHUGV�DQG�WRWDO�QR��RI�ULP�

)LJXUH�����3R\QRU�(QJUDYHG��YDU��+RRG�FDULQDWHG�ERZO��1R������IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�
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VKHUGV���XWLOLW\�ZDUHV�DUH�WKH�SULQFLSDO�FHUDPLF�ZDUH�
PDGH�DQG�XVHG�DW�WKH�$��&��6DXQGHUV�VLWH��IROORZHG�
E\�¿QH�ZDUHV�DQG�SODLQ�ZDUHV��,Q�WKH�ULP�VKHUGV�IURP�
NQRZQ�SURYHQLHQFH�OHYHOV��Q �����VHH�$SSHQGL[����������
SHUFHQW�DUH�IURP�XWLOLW\�ZDUHV��HVSHFLDOO\�IURP�0D\GHOOH�
,QFLVHG�DQG�%XOODUG�%UXVKHG�MDUV���DQRWKHU������SHUFHQW�
DUH�IURP�¿QH�ZDUHV��HVSHFLDOO\�IURP�3R\QRU�(QJUDYHG�
YHVVHOV���DQG������IURP�SODLQ�ZDUHV�
� $SSUR[LPDWHO\����SHUFHQW�RI�WKH�FHUDPLF�YHVVHO�
VKHUGV�IURP�WKH�$��&��6DXQGHUV�VLWH�ZHUH�H[DPLQHG�
IRU�WHPSHU�LQFOXVLRQV�LQ�WKH�FOD\�SDVWH��7DEOH�����7KH�
VKHUGV�DUH�IURP�YHVVHOV�WHPSHUHG�DOPRVW�H[FOXVLYHO\�
ZLWK�JURJ��L�H���¿UHG�FOD\�DQG�RU�FUXVKHG�VKHUGV���
%HWZHHQ�����������SHUFHQW�RI�WKH�VKHUGV�E\�ZDUH�KDYH�
JURJ�WHPSHU�LQFOXVLRQV��2WKHU�WHPSHU�LQFOXVLRQV��VXFK�
DV�EXUQHG�ERQH�DQG�KHPDWLWH��ZHUH�FRPPRQO\�DGGHG�WR�
WKH�JURJ�WHPSHUHG�SDVWH��DQG�ZLWK�UHJXODULW\�LQ�WKH�FDVH�
RI�KHPDWLWH�LQ�DOO�WKUHH�ZDUHV������������SHUFHQW���7KH�
IHZ�VKHUGV�LQ�WKH�GLIIHUHQW�ZDUHV�WKDW�KDYH�FUXVKHG�DQG�

EXUQHG�ERQH�UDQJH�IURP�����SHUFHQW�LQ�WKH�SODLQ�ZDUHV��
����SHUFHQW�LQ�WKH�XWLOLW\�ZDUHV��DQG�����SHUFHQW�LQ�WKH�
¿QH�ZDUHV��7DEOH����
� 7KHUH�LV�RQO\�PRGHUDWH�YDULDELOLW\�LQ�WHPSHU�
SDVWH�XVH�EHWZHHQ�WKH�GLIIHUHQW�ZDUHV�LQ�WKH�$��&��
6DXQGHUV�FHUDPLFV��DV�WKHUH�DUH�RQO\�VL[�WHPSHU�SDVWH�
FRPELQDWLRQV�KHUH��VHH�7DEOH�����DV�ORZ�DV�WKH�WHPSHU�
SDVWH�FRPELQDWLRQV�LQ�HDUO\�+LVWRULF�&DGGR�VLWHV�LQ�WKH�
XSSHU�1HFKHV�5LYHU�EDVLQ��VHH�3HUWWXOD��������EXW�PXFK�
OHVV�GLYHUVH�WKDQ�WKH����WHPSHU�SDVWH�FRPELQDWLRQV�DW�
WKH�FD��$�'������������0DZL�KDLD�LQD�VLWH����5.�����
UHSRUWHG�E\�3HUWWXOD�DQG�1HOVRQ���������IRU�H[DPSOH��LQ�
WKH�$QJHOLQD�5LYHU�EDVLQ�LQ�(DVW�7H[DV��7KLV�VXJJHVWV�
WKDW�WKH�$��&��6DXQGHUV�VLWH�FHUDPLFV�DUH�D�SURGXFW�RI�D�
FHUDPLF�YHVVHO�PDNLQJ�WUDGLWLRQ�WKDW�ZDV�VWDQGDUGL]HG�
LQ�PDQXIDFWXULQJ�DQG�YHVVHO�HQJLQHHULQJ��DQG�³SUHWW\�
PXFK�KDG�DOO�WKH�EXJV�ZRUNHG�RXW�RI�LW´��-RKQVRQ�
����������7KH�KHDY\�XVH�RI�JURJ�WHPSHU�LQ�WKLV�FHUDPLF�
DVVHPEODJH�LV�FRPSOHWHO\�FRQVLVWHQW�ZLWK�RWKHU�XSSHU�

7DEOH����&HUDPLF�ZDUHV�LQ�WKH�$��&��6DXQGHUV�VLWH�DVVHPEODJH��
)HDWXUH���


LQFOXGHV�VKHUG�KDQGOHV


�SHGHVWDO�EDVH�OHJV



DOVR�LQFOXGHV�DOO�HI¿J\�KHDG��WDE�WDLO��DQG�WDLO�ULGHU�VKHUGV�LQ�
WKH�DVVHPEODJH���GRHV�QRW�LQFOXGH�����VXUIDFH�GDPDJHG�ERG\�
DQG�EDVH�VKHUGV�

)LJXUH�����([DPSOHV�RI�SODLQ�ULP�VKHUGV�IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH��D��OLS�
QRWFKHG��E��FDULQDWHG�ERZO��F��ERWWOH�ULP�DQG�QHFN�

7DEOH����8VH�RI�WHPSHUV�LQ�WKH�FHUDPLF�ZDUHV�DW�WKH�$��&��
6DXQGHUV�VLWH�
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1HFKHV�5LYHU�EDVLQ�&DGGR�VLWHV��ZKHUH�JURJ�WHPSHUHG�
VKHUGV�FRPSULVH�PRUH�WKDQ����SHUFHQW�RI�DOO�WKH�VKHUGV�
IURP�&DGGR�RFFXSDWLRQV�GDWLQJ�DIWHU�FD��$�'�������
� 7KH�YHU\�KLJK�IUHTXHQF\�RI�JURJ�WHPSHUHG�
SRWWHU\�DW�WKH�VLWH�LV�WKRXJKW�WR�UHSUHVHQW�D�VSHFL¿F�
DWWHPSW�RQ�WKH�SDUW�RI�WKH�&DGGR�SRWWHUV�WR�VORZ�WKH�
R[LGDWLRQ�SURFHVV�RI�WKH�FHUDPLF�YHVVHOV�GXULQJ�¿ULQJ��
7KLV�ZRXOG�KDYH�FUHDWHG�GDUNHU�FRORUHG�YHVVHOV�LQ�WKH�
UHGXFLQJ�HQYLURQPHQW��RU�OLJKWHU�WDQ��RUDQJH��DQG�EURZQ�
FRORUV�LQ�R[LGL]LQJ�HQYLURQPHQWV���ZKLOH�DOORZLQJ�WKHP�
WR�EH�¿UHG�ORQJHU��DQG�SURGXFLQJ�D�KDUGHU�FHUDPLF�YHVVHO�
�5LFH�����������7HOWVHU�����������������6LQFH�JURJ�KDV�
H[SDQVLRQ�FRHI¿FLHQWV�FRPSDUDEOH�WR�WKH�FRHI¿FLHQWV�RI�
WKH�FOD\�SDVWH���HVSHFLDOO\�ZLWK�WKH�¿QHO\�FUXVKHG�JURJ�
SLHFHV�DV�VHHQ�LQ�WKH�¿QH�ZDUHV���WKLV�ZRXOG�KDYH�IXUWKHU�
FRQWULEXWHG�WR�WKH�DELOLW\�RI�¿UHG�YHVVHOV�WR�ZLWKVWDQG�
KHDW�UHODWHG�VWUHVVHV��DV�ZHOO�DV�LQFUHDVLQJ�WKHLU�ÀH[XUDO�
VWUHQJWK��5LFH�����������
� 7KH�DGGLWLRQ�RI�EXUQHG�ERQH�DV�D�WHPSHU�LQ�WKH�
YHVVHOV�ZDV�UDUH�LQ�PRVW�SRVW�$�'�������&DGGR�VLWHV�LQ�
WKH�XSSHU�1HFKHV�5LYHU�EDVLQV��7KH�DGGLQJ�RI�FUXVKHG�
DQG�EXUQHG�ERQHV�WR�WKH�SDVWH�RI�FHUDPLF�YHVVHOV�PD\�
DOVR�KDYH�EHHQ�DQ�DWWHPSW��DOWKRXJK�RQO\�DQ�RFFDVLRQDO�
DWWHPSW��WR�JLYH�YHVVHOV�WHPSHUHG�ZLWK�FRDUVH�SDUWLFOHV�
OLNH�ERQH�WKH�DELOLW\�WR�ZLWKVWDQG�WKHUPDO�VKRFN�
� 7KH�XVH�RI�KHPDWLWH�DV�D�WHPSHU�PD\�KDYH�
VHUYHG�WKH�VDPH�SXUSRVH�DV�IHOGVSDUV��ZKLFK�DUH�RIWHQ�
IRXQG�WRJHWKHU�LQ�WKH�SDVWH�RI�&DGGR�YHVVHOV��5HHVH�
7D\ORU��������WKH�SUDFWLFH�RI�DQFHVWUDO�&DGGR�SRWWHUV�
XVLQJ�KHPDWLWH�DV�D�WHPSHU�EHJDQ�LQ�WKH�:RRGODQG�
SHULRG�LQ�(DVW�7H[DV��VHH�5RELQVRQ�����������7KH�
RFFXUUHQFH�RI�¿QH�JUDLQV�RI�WKHVH�PLQHUDOV�LQ�WKH�SDVWH�
ZRXOG�KDYH�HQKDQFHG�D�YHVVHO¶V�DELOLW\�WR�ELQG��PHOW��
DQG�IXVH�WKH�SDVWH�FRQVWLWXHQWV�GXULQJ�¿ULQJ�DW�ORZHU�
WHPSHUDWXUHV��OHVV�WKDQ������GHJUHHV�)���UHVXOWLQJ�LQ�D�
GHQVH��KDUG�ERG\��DQG�D�UHGXFHG�YHVVHO�SRURVLW\��5LFH�
����������,WV�FRDUVH�WH[WXUH�DQG�ODUJH�JUDLQ�VL]H�ZKHQ�
DGGHG�WR�WKH�FOD\�UHFLSH�PD\�KDYH�DOVR�KHOSHG�LQ�KROGLQJ�
WKH�FOD\�SDVWH�WRJHWKHU��$OVR��WKH�DGGLWLRQ�RI�D�FRDUVH�
WHPSHU�OLNH�KHPDWLWH�ZRXOG�KDYH�DLGHG�D�YHVVHO¶V�DELOLW\�
WR�ZLWKVWDQG�WKHUPDO�VKRFN�
� 7KH�XVH�RI�KHPDWLWH�DV�D�WHPSHU��DQG�LWV�
UHJXODU�RFFXUUHQFH�LQ�WKH�SDVWH�RI�WKH�FHUDPLF�YHVVHOV�
�SDUWLFXODUO\�WKH�¿QH�ZDUHV��DW�WKH�$��&��6DXQGHUV�
VLWH��IXUWKHU�VXJJHVWV�WKDW�WKH�PDMRULW\�RI�WKH�FHUDPLF�
YHVVHOV�DW�WKH�VLWH�ZHUH�PDGH�IURP�ORFDO�FOD\V��+HPDWLWH�

WHQGV�WR�EH�GHSOHWHG�IURP�ZHVW�WR�HDVW�DQG�DW�IDUWKHU�
UHDFKHV�IURP�(DVW�7H[DV�VWUHDP�KHDGZDWHUV��3HUWWXOD�
�����������DQG�HQULFKHG�LQ�GHSRVLWV�FORVHU�WR�ZHVWHUQ�
VWUHDP�KHDGZDWHUV��7KH�$��&��6DXQGHUV�VLWH�LV�QHDU�WKH�
KHDGZDWHUV�RI�WKH�1HFKHV�5LYHU�LQ�WKH�XSSHU�1HFKHV�
5LYHU�EDVLQ�
� 3HWURJUDSKLF�DQDO\VLV�RI�VL[�SODLQ�VKHUGV�IURP�
WKH�$��&��6DXQGHUV�VLWH�E\�%DUNZLOO�/RYH�����������
�����GLVFORVHG�WKDW�WKH\�ZHUH�IURP�YHVVHOV�ZLWK�JURJ�
WHPSHU��2WKHU�PLQHUDOV�LQ�WKH�SDVWH�LQFOXGH�TXDUW]��
PLFD��PXVFRYLWH���SRO\FU\VWDOOLQH�TXDUW]��IHOGVSDU��FOD\�
SHOOHWV��ERQH��WRXUPDOLQH��DQG�FKHUW��7KHVH�VKHUGV�DUH�
LQFOXGHG�LQ�KHU�*URXS�����OLJKWO\�JURJ�WHPSHUHG��OLJKWO\�
VDQG\�SDVWH���*URXS�����OLJKWO\�JURJ�WHPSHUHG��VDQG\�
SDVWH���*URXS�����OLJKWO\�ERQH�DQG�JURJ�WHPSHUHG��
OLJKWO\�VDQG\�SDVWH���DQG�*URXS�����PRGHUDWHO\�
JURJ�WHPSHUHG��OLJKWO\�VDQG\�SDVWH���%DUNZLOO�/RYH�
��������������
� ,Q�WKH�GLVFXVVLRQV�WKDW�IROORZ�RI�WKH�UHVXOWV�
RI�WKH�FHUDPLF�DQDO\VLV�RI�DOO�WKH�GHFRUDWHG�VKHUGV�
IURP�WKH�$��&��6DXQGHUV�VLWH��,�IRFXV�RQ�WKH�YDULRXV�
GHFRUDWLYH�PHWKRGV�UHFRJQL]HG�LQ�ERWK�WKH�XWLOLW\�ZDUH�
DQG�¿QH�ZDUH��7DEOH�����SULQFLSDOO\�RQ�WKRVH�IURP�WKH�
UHFRJQL]HG����LQFK�DUELWUDU\�OHYHOV��L�H���$&6����$&6����
DQG�$&6����VHH�$SSHQGL[�����,Q�H[DPLQLQJ�SURSRUWLRQDO�
VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�WKH�IUHTXHQFLHV�RI�WKH�
GLIIHUHQW�GHFRUDWLYH�PHWKRGV�E\�OHYHO��WKHUH�DUH�JHQHUDO�
GLIIHUHQFHV�IURP�WKH�ERWWRP�WR�WKH�WRS�RI�WKH�)HDWXUH���
GHSRVLWV��PRUH�VSHFL¿F�GLIIHUHQFHV�ZLOO�EH�GLVFXVVHG�
IXUWKHU�EHORZ��)LUVW��LQ�WKH�ERWWRP�OHYHO�RI�)HDWXUH���
�$&6�����ULP�VKHUGV�ZLWK�EUXVKHG�GHFRUDWLYH�HOHPHQWV�
DUH�PRUH�FRPPRQ�������SHUFHQW��WKDQ�LQ�ODWHU�OHYHOV�
FRPSDUHG�WR�XSSHU�OHYHOV������������SHUFHQW���DV�DUH�
¿QJHUQDLO�SXQFWDWHG�������SHUFHQW��6DXQGHUV�3XQFWDWHG��
DQG�WRRO�SXQFWDWHG�������SHUFHQW��0DQQ�3XQFWDWHG��
ULP�VKHUGV��DV�ZHOO�DV�+RRG�(QJUDYHG�ULP�VKHUGV������
SHUFHQW���,Q�WKH�$&6���OHYHO�RI�)HDWXUH����DSSOLTXHG�
ULP�VKHUGV�DUH�PRVW�FRPPRQ�KHUH�WKDQ�LQ�WKH�RWKHU�
OHYHOV��DV�DUH�JURRYHG��LQFLVHG��LQFLVHG�SXQFWDWHG��DQG�
/D�5XH�1HFN�%DQGHG�ULP�VKHUGV��,Q�WKH�XSSHUPRVW�
OHYHO��$&6�����.LOORXJK�3LQFKHG�ULP�VKHUGV�DUH�PRVW�
DEXQGDQW������SHUFHQW���DV�DUH�UHG�VOLSSHG�ULP�VKHUGV��
DQG�3R\QRU�(QJUDYHG�YHVVHO�ULPV�������SHUFHQW���7KH�
IUHTXHQF\�RI�3R\QRU�(QJUDYHG�ULP�VKHUGV�LQFUHDVHV�
IURP������SHUFHQW�LQ�$&6���WR������SHUFHQW�LQ�$&6���
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� 2XU�FRQFHUQ�LV�SDUWLFXODUO\�LQ�LGHQWLI\LQJ�
DQG�WDEXODWLQJ�WKH�GLIIHUHQW�GHFRUDWLYH�HOHPHQWV�RQ�
WKH�ULP�DQG�ERG\�VKHUGV�IURP�XWLOLW\�ZDUH�DQG�¿QH�
YHVVHOV��VHH�EHORZ���7KH�GLVFXVVLRQ�EHJLQV�ZLWK�WKH�
VKHUGV�IURP�YHVVHOV�WKDW�KDYH�DSSOLTXHG�GHFRUDWLYH�
HOHPHQWV�RQ�WKHP��5LP�DQG�ERG\�VKHUGV�ZLWK�DSSOLTXHG�
HOHPHQWV�KDYH�QRGHV�DQG�RU�DSSOLTXHG�ULGJHV�RU�¿OOHWV�
�)LJXUH���D���ZKLOH�WKH�RQH�DSSOLTXHG�EUXVKHG�ERG\�
VKHUG�KDV�DSSOLTXHG�ULGJHV�DERYH�YHUWLFDO�EUXVKHG�
LQFLVHG�PDUNV�DQG�OLQHV�RQ�WKH�YHVVHO�ERG\��7DEOH�����

6KHUGV�ZLWK�DSSOLTXHG�HOHPHQWV�DUH�UDUH�LQ�WKH�)HDWXUH���
DVVHPEODJH��FRPSULVLQJ�DERXW�����SHUFHQW��LQ�$&6����
DSSOLTXH�VKHUGV�FRPSULVH�RQO\�����SHUFHQW�RI�WKH�
GHFRUDWHG�VKHUGV�IURP�WKH�VLWH��0RVW�RI�WKH�DSSOLTXHG�
HOHPHQWV�DUH�OLNHO\�HPEHOOLVKPHQWV�RQ�XWLOLW\�ZDUH�
MDUV�ZLWK�RWKHU�SULPDU\�GHFRUDWLYH�HOHPHQWV��LQFOXGLQJ�
.LOORXJK�3LQFKHG�DQG�%XOODUG�%UXVKHG�MDUV�
� 2QH�ERG\�VKHUG�IURP�D�YHVVHO�RI�XQGH¿QHG�
W\SH�KDV�DSSOLTXHG�SXQFWDWHG�HOHPHQWV��7DEOH����VHH�
)LJXUH���E���7KLV�KDV�]RQHV�GH¿QHG�E\�VHPL�FLUFXODU�

7DEOH����6XPPDU\�RI�WKH�GHFRUDWLYH�PHWKRGV�LQ�WKH�$��&��
6DXQGHUV�VLWH�FHUDPLF�DVVHPEODJH�

)LJXUH�����$SSOLTXHG�VKHUGV�IURP�)HDWXUH����YHUWLFDO�DSSOLTXHG�
¿OOHWV��DSSOLTXHG�SXQFWDWHG��

7DEOH����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�DSSOLTXHG�
DQG�DSSOLTXHG�EUXVKHG�XWLOLW\�ZDUHV�DW�WKH�$��&��6DXQGHUV�VLWH�
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DQG�YHUWLFDO�DSSOLTXHG�ULGJH�HOHPHQWV�¿OOHG�ZLWK�WRRO�
SXQFWDWHG�URZV�
� 6KHUGV�ZLWK�EUXVKHG�HOHPHQWV�DUH�E\�IDU�WKH�
PRVW�FRPPRQ�RI�WKH�GHFRUDWHG�VKHUGV�LQ�WKH�)HDWXUH���
DVVHPEODJH��$ERXW����SHUFHQW�RI�WKH�GHFRUDWHG�ULP�
DQG�ERG\�VKHUGV�KDYH�EUXVKHG�PDUNV��7DEOH�����7KHVH�
VKHUGV�DUH�IURP�%XOODUG�%UXVKHG�MDUV�PRVWO\�FRYHUHG�
ZLWK�EUXVKLQJ�PDUNV�RQ�WKH�ULP�DQG�ERG\��VHH�6XKP�DQG�
-HONV������3ODWH������%\�YHUWLFDO�SURYHQLHQFH��EUXVKHG�
ULP�DQG�ERG\�VKHUGV�DUH�SURSRUWLRQDOO\�PRVW�DEXQGDQW�
LQ�WKH�ORZHU�OHYHOV�RI�)HDWXUH����LQ�$&6�������SHUFHQW���
EXW�VWLOO�FRPSULVH�EHWZHHQ�������SHUFHQW�LQ�$&6���DQG�
$&6����VHH�$SSHQGL[����
� %XOODUG�%UXVKHG�ULP�VKHUGV�DW�WKH�$��&��
6DXQGHUV�VLWH�FRPPRQO\�KDYH�YHUWLFDO�EUXVKLQJ�PDUNV�
�)LJXUH���D�E���DQG�LW�LV�VXVSHFWHG�WKDW�PXFK�RI�WKH�
EUXVKLQJ�RQ�YHVVHO�ERGLHV�LV�DOVR�YHUWLFDOO\�RULHQWHG��
DOWKRXJK�WKLV�LV�GLI¿FXOW�WR�GHWHUPLQH�RQ�ERG\�VKHUGV�
�VHH�7DEOH�����1HYHUWKHOHVV�����SHUFHQW�RI�WKH�%XOODUG�
%UXVKHG�ULPV�KDYH�GLDJRQDO�EUXVKHG�PDUNV�DQG�DQRWKHU�
���SHUFHQW�KDYH�KRUL]RQWDO�EUXVKHG�PDUNV
� $�IHZ�%XOODUG�%UXVKHG�MDU�VKHUGV������SHUFHQW�
RI�WKH�GHFRUDWHG�VKHUG�DVVHPEODJH��DOVR�KDYH�DSSOLTXHG�
HOHPHQWV�DGGHG�WR�WKH�EUXVKHG�DUHDV�RQ�WKH�ULP�DQG�ERG\�
�7DEOH�����7KHVH�ULP�VKHUGV�KDYH�KRUL]RQWDO�GLDJRQDO�
RSSRVHG��YHUWLFDO��DQG�YHUWLFDO�GLDJRQDO�EUXVKHG�
PDUNV�DQG�FXUYLOLQHDU�RU�YHUWLFDO�DSSOLTXHG�ULGJHV�
�)LJXUH���E�௘F��RU�DSSOLTXHG�QRGHV��)LJXUH���D��
� 7KHUH�DUH�D�IHZ�EUXVKHG�DSSOLTXHG�VKHUGV�
LQ�WKH�DVVHPEODJH�ZLWK�SURYHQLHQFH�LQIRUPDWLRQ��VHH�
$SSHQGL[�����7KH\�DUH�SUHVHQW�RQO\�LQ�$&6��������
SHUFHQW��DQG�$&6��������SHUFHQW��RI�WKH�GHFRUDWHG�
VKHUGV�
� 5LP�DQG�ERG\�VKHUGV�ZLWK�EUXVKHG�LQFLVHG�
PDUNV�DQG�OLQHV��7DEOH�����DUH�SULPDULO\�IURP�%XOODUG�
%UXVKHG�YHVVHOV��7KH\�GLIIHU�IURP�WKH�%XOODUG�%UXVKHG�
VKHUGV�LQ�WKDW�D�GLIIHUHQW�WRRO�ZDV�XVHG�WR�PDUN�WKH�
ZHW�ERG\�RI�YHVVHOV��OHDYLQJ�QRW�MXVW�EUXVKHG�PDUNV�

7DEOH����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�DSSOLTXHG�
SXQFWDWHG�XWLOLW\�ZDUHV�DW�WKH�$��&��6DXQGHUV�VLWH��

7DEOH����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�EUXVKHG�
XWLOLW\�ZDUHV�DW�WKH�$��&��6DXQGHUV�VLWH�

)LJXUH�����%XOODUG�
%UXVKHG�ULP�VKHUGV�
IURP�)HDWXUH���DW�
WKH�$��&��6DXQGHUV�
VLWH�
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�L�H���PDUNV�PDGH�ZLWK�JUDVV�VZLWFKHV��EXW�DOVR�LQFLVHG�
OLQHV��L�H���VWLFNV�RU�FRPEV�DI¿[HG�WR�JUDVV�VZLWFKHV��
LQWHUPL[HG�ZLWK�WKH�EUXVKHG�PDUNV��)LJXUH���D�E���$�
QXPEHU�RI�WKHVH�VKHUGV�KDYH�EUXVKHG�LQFLVHG�OLQHV�WKDW�
ZHUH�RULHQWHG�YHUWLFDOO\�RQ�WKH�ULP�����SHUFHQW��DQG�
ERG\��EXW�KRUL]RQWDO�����SHUFHQW���GLDJRQDO�����SHUFHQW���
RSSRVHG�����SHUFHQW���DQG�RSSRVHG�GLDJRQDO����SHUFHQW��

HOHPHQWV�DUH�DOVR�SUHVHQW�LQ�WKLV�FODVV�RI�XWLOLW\�ZDUH�
�7DEOH�����
� 7KH�EUXVKHG�LQFLVHG�VKHUGV�FRPSULVH������
SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�LQ�)HDWXUH����VHH�
7DEOH�����%\�GHSWK�LQ�WKH�PLGGHQ�PRXQG��WKH\�DUH�PRVW�
DEXQGDQW�LQ�WKH�WRS�PRXQG�OHYHO��$&6�����DW����SHUFHQW��
DQG�DFFRXQW�IRU����SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�LQ�
$&6���DQG�RQO\����SHUFHQW�LQ�$&6���
� $ERXW����SHUFHQW�RI�WKH�EUXVKHG�LQFLVHG�
ULP�DQG�ERG\�VKHUGV�LQ�WKH�DVVHPEODJH��VHH�7DEOH�����
DUH�GLVWLQFWLYH�LQ�WKDW�WKH\�KDYH�EUXVKHG�PDUNV�WKDW�
DUH�RYHUODLQ�ZLWK�LQFLVHG�OLQHV�SLWFKHG�LQ�GLIIHUHQW�
GLUHFWLRQV��7KHVH�VKHUGV�PD\�EH�IURP�HDUO\�YDULHWLHV�
RI�6SUDGOH\�%UXVKHG�,QFLVHG��VHH�0DUFHDX[����������
DQG�)LJXUH�������D�XWLOLW\�ZDUH�IRXQG�RQ�+LVWRULF�&DGGR�

)LJXUH�����%UXVKHG�DSSOLTXHG�ULP�VKHUGV�LQ�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�

)LJXUH�����%UXVKHG�LQFLVHG�ULP�DQG�ERG\�VKHGV�IURP�)HDWXUH���
DW�WKH�$��&��6DXQGHUV�VLWH�

7DEOH����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�EUXVKHG�
DSSOLTXHG�XWLOLW\�ZDUHV�DW�WKH�$��&��6DXQGHUV�VLWH�
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$OOHQ�SKDVH�VLWHV�LQ�WKH�1HFKHV�$QJHOLQD�ULYHU�EDVLQV�LQ�
(DVW�7H[DV��$V�GH¿QHG�RQ�WKRVH�VLWHV��6SUDGOH\�%UXVKHG�
,QFLVHG�VKHUGV�KDYH�SDUDOOHO�EUXVKLQJ�HOHPHQWV�ZLWK�
RYHUODSSLQJ�VWUDLJKW�LQFLVHG�OLQHV�WKDW�DUH�RSSRVHG�RU�
SHUSHQGLFXODU�WR�WKH�EUXVKLQJ�

� 2QO\�WKUHH�ERG\�VKHUGV�IURP�%XOODUG�%UXVKHG�
YHVVHOV�KDYH�EUXVKHG�LQFLVHG�DSSOLTXHG�GHFRUDWLYH�
HOHPHQWV��VHH�7DEOH������RQO\�RQH�KDV�D�YHUWLFDO�
SURYHQLHQFH��$&6����7KHVH�VKHUGV�KDYH�DSSOLTXHG�QRGHV�
LQ�SUR[LPLW\�WR�EUXVKHG�PDUNV�RULHQWHG�LQ�RSSRVHG��
SDUDOOHO��DQG�YHUWLFDO�GLUHFWLRQV�
� %RWK�EUXVKHG�SLQFKHG�VKHUGV�DUH�IURP�%XOODUG�
%UXVKHG�YHVVHOV��VHH�6XKP�DQG�-HONV�����������7KH�RQH�
ULP�KDV�KRUL]RQWDO�EUXVKHG�PDUNV�DQG�DQ�DWWDFKHG�KDQGOH�
ZLWK�YHUWLFDO�SLQFKHG�ULGJHV��7DEOH������7KH�RWKHU�LV�D�
ERG\�VKHUG�ZLWK�SLQFKHG�ULGJHV�SXVKHG�WKURXJK�SDUDOOHO�
EUXVKHG�PDUNV�
� 7KH�EUXVKHG�SXQFWDWHG�ULP�DQG�ERG\�VKHUGV�
FRPSULVH�EHWZHHQ���������SHUFHQW�RI�WKH�GHFRUDWHG�
VKHUGV�LQ�$&6���$&6����ZLWK�WKH�JUHDWHVW�SHUFHQWDJH�
LQ�$&6����7KH\�DUH�IURP�%XOODUG�%UXVKHG�YHVVHOV��VHH�
6XKP�DQG�-HONV�����������7KH�EUXVKHG�SXQFWDWHG�ULP�
VKHUGV�PRVW�FRPPRQO\�KDYH�GLDJRQDO��KRUL]RQWDO��
DQG�YHUWLFDO�EUXVKHG�PDUNV��ZLWK�URZV�RI�SXQFWDWLRQV�
�W\SLFDOO\�WRRO�SXQFWDWLRQV��HLWKHU�EHQHDWK�WKH�OLS�
�)LJXUH���F���RQ�D�FROODU�DW�WKH�OLS��)LJXUH���G���DW�
WKH�ULP�ERG\�MXQFWXUH��RU�LQ�URZV�SXVKHG�WKURXJK�WKH�
EUXVKLQJ��2WKHU�ULP�VKHUGV�DUH�IURP�0DQQ�3XQFWDWHG�
YHVVHOV�WKDW�KDYH�SXQFWDWHG�URZV�RQ�WKH�ULP�DQG�EUXVKHG�
PDUNV�DUH�FRQ¿QHG�WR�WKH�YHVVHO�ERG\��)LJXUH���D�௘E���
%RG\�VKHUGV�KDYH�EUXVKHG�PDUNV�ZLWK�GLIIHUHQW�
RULHQWDWLRQV�EHORZ�WKH�ULP�ERG\�MXQFWXUH�
� 2QH�GLVWLQFWLYH�EUXVKHG�SXQFWDWHG�DSSOLTXHG�
ULP�VKHUG�LV�LQ�WKH�DVVHPEODJH��)LJXUH���D���,W�KDV�
D�WRRO�SXQFWDWHG�URZ�EHORZ�WKH�OLS��D�VHPL�FLUFXODU�
DSSOLTXHG�ULGJH�RQ�WKH�ULP��DQG�GLDJRQDO�EUXVKHG�PDUNV�
RQ�WKH�YHVVHO�ERG\��$SSUR[LPDWHO\�����SHUFHQW�RI�WKH�
ULP�DQG�ERG\�VKHUGV�LQ�WKH�DVVHPEODJH�KDYH�EUXVKHG�
SXQFWDWHG�LQFLVHG�HOHPHQWV��VHH�7DEOH������7ZR�RI�WKH�
ULPV��RQH�RI�ZKLFK�DOVR�KDV�D�OXJ�KDQGOH��KDYH�WRRO�
SXQFWDWHG�URZV�DQG�DUH�IURP�0DQQ�3XQFWDWHG�YHVVHOV�
�)LJXUH���E���ZKLOH�WKH�WKLUG��IURP�D�%XOODUG�%UXVKHG�
YHVVHO��KDV�KRUL]RQWDO�EUXVKHG�LQFLVHG�PDUNV�DQG�OLQHV�
ZLWK�WRRO�SXQFWDWHG�URZV�SXVKHG�WKURXJK�WKH�EUXVKLQJ��
9HVVHO�ERGLHV�KDYH�HLWKHU�EUXVKHG�LQFLVHG�PDUNV�DQG�
OLQHV�RU�EUXVKHG�EUXVKHG�LQFLVHG�PDUNV�DQG�OLQHV�ZLWK�
SXQFWDWLRQV��DOPRVW�DOZD\V�WRRO�SXQFWDWLRQV�UDWKHU�WKDQ�
¿QJHUQDLO�SXQFWDWLRQV��SXVKHG�WKURXJK�WKH�EUXVKLQJ��WKH�
ULP�ERG\�MXQFWXUH�FRPPRQO\�KDV�D�KRUL]RQWDO�URZ�RI�
SXQFWDWLRQV�GLYLGLQJ�WKH�ULP�IURP�WKH�YHVVHO�ERG\�

7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�EUXVKHG�
LQFLVHG�DQG�EUXVKHG�LQFLVHG�DSSOLTXHG�XWLOLW\�ZDUHV�DW�WKH�
$��&��6DXQGHUV�VLWH�
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� 7KH�PDMRULW\�RI�WKH�ULP�DQG�ERG\�VKHUGV�ZLWK�
LQFLVHG�OLQH�HOHPHQWV�LQ�WKH�$��&��6DXQGHUV�GHFRUDWHG�
VKHUG�DVVHPEODJH�DUH�IURP�0D\GHOOH�,QFLVHG�YHVVHOV�

�VHH�6XKP�DQG�-HONV������3ODWH������7KHVH�KDYH�D�
YDULHW\�RI�LQFLVHG�GHFRUDWLYH�HOHPHQWV�RQ�WKH�ULP��
SULQFLSDOO\�GLDJRQDO��GLDJRQDO�RSSRVHG��)LJXUH���D�E��H���
KRUL]RQWDO�GLDJRQDO��KRUL]RQWDO�YHUWLFDO��DQG�YHUWLFDO�
LQFLVHG�OLQHV��)LJXUH���G���7DEOH������$�QXPEHU�RI�ULP�
VKHUGV�KDYH�KRUL]RQWDO�LQFLVHG�OLQHV��VRPH�EURDGO\�
VSDFHG��)LJXUH���F���DQG�WKHVH�PD\�EH�IURP�HI¿J\�ERZOV�
�VHH�6XKP�DQG�-HONV����������FRPSDUDEOH�WR�+RRG�

7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�EUXVKHG�
SLQFKHG��EUXVKHG�SXQFWDWHG��EUXVKHG�SXQFWDWHG�DSSOLTXHG��DQG�
EUXVKHG�SXQFWDWHG�LQFLVHG�XWLOLW\�ZDUHV�DW�WKH�$��&��6DXQGHUV�
VLWH��
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(QJUDYHG�YHVVHOV��VHH�EHORZ���H[FHSW�WKDW�WKH�GHFRUDWLYH�
HOHPHQW�LV�VHYHUDO�KRUL]RQWDO�LQFLVHG�OLQHV�RQ�WKH�ULP�
� 7KH�VKHUGV�ZLWK�LQFLVHG�GHFRUDWLYH�HOHPHQWV�
DUH�HTXDOO\�FRPPRQ�WKURXJKRXW�WKH�PLGGHQ�OHYHOV��
7KH�LQFLVHG�VKHUGV�UHSUHVHQW�EHWZHHQ���������SHUFHQW�
RI�WKH�GHFRUDWHG�VKHUGV�LQ�$&6����$&6����DQG�$&6����
UHVSHFWLYHO\�
� 7KH�LQFLVHG�DSSOLTXHG�VKHUGV�LQ�WKH�DVVHPEODJH�
DUH�ERG\�VKHUGV��VHH�7DEOH�����IURP�0D\GHOOH�,QFLVHG�
YHVVHOV��7KH\�KDYH�GLDJRQDO��GLDJRQDO�RSSRVHG��SDUDOOHO��
DQG�YHUWLFDO�LQFLVHG�OLQHV�LQ�FRPELQDWLRQ�ZLWK�DSSOLTXHG�

QRGHV��ULGJHV��DQG�¿OOHWV��)LJXUH���D���7KH�LQFLVHG�
EUXVKHG�ULP�DQG�ERG\�VKHUGV��FRPSULVLQJ�����SHUFHQW�
RI�WKH�GHFRUDWHG�VKHUGV�LQ�WKH�DVVHPEODJH��DUH�DOVR�
SULPDULO\�IURP�0D\GHOOH�,QFLVHG�YHVVHOV�ZLWK�LQFLVHG�
HOHPHQWV�RQ�WKH�ULP�DQG�EUXVKHG�RU�EUXVKHG�LQFLVHG�
ERGLHV��)LJXUH���E��VHH�DOVR�7DEOH�����
� 2QO\�����SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�LQ�
WKH�$��&��6DXQGHUV�DVVHPEODJH�KDYH�LQFLVHG�EUXVKHG�
SXQFWDWHG�GHFRUDWLYH�HOHPHQWV��VHH�7DEOH������7KHVH�
DUH�IURP�0D\GHOOH�,QFLVHG�YHVVHOV�WKDW�KDYH�GLDJRQDO��
GLDJRQDO�RSSRVHG��GLDJRQDO�KRUL]RQWDO��KRUL]RQWDO��DQG�
KRUL]RQWDO�FXUYLOLQHDU�LQFLVHG�OLQHV�DERYH�ERGLHV�ZLWK�
EUXVKHG�PDUNV��DV�ZHOO�DV�]RQHV��VHH�)LJXUH���F��RU�URZV�
RI�WRRO�RU�¿QJHUQDLO�SXQFWDWLRQV�
� ,QFLVHG�SXQFWDWHG�VKHUGV�UHSUHVHQW�����SHUFHQW�
RI�WKH�)HDWXUH���GHFRUDWHG�VKHUGV��VHH�7DEOH�����%\�
YHUWLFDO�SURYHQLHQFH��VKHUGV�ZLWK�WKHVH�GHFRUDWLYH�
HOHPHQWV�DUH�PRVW�FRPPRQ�LQ�$&6���DQG�$&6��������
����SHUFHQW��FRPSDUHG�WR�RQO\�����SHUFHQW�LQ�$&6���
�VHH�$SSHQGL[�����7KH�LQFLVHG�SXQFWDWHG�VKHUGV�DUH�
IURP�0D\GHOOH�,QFLVHG�YHVVHOV��VHH�6XKP�DQG�-HONV�
�����������7KH�YHVVHOV�KDYH�GLDJRQDO�RSSRVHG��)LJXUH�
��D��F���KRUL]RQWDO��)LJXUH���G���KRUL]RQWDO�GLDJRQDO�
�)LJXUH���E���KRUL]RQWDO�YHUWLFDO��DQG�WULDQJXODU�LQFLVHG�
OLQHV�ZLWK�]RQHV�¿OOHG�ZLWK�SXQFWDWLRQV�RU�RQH�RU�PRUH�
URZV�RI�WRRO�RU�¿QJHUQDLO�SXQFWDWLRQV�
� 7ZR�VKHUGV�KDYH�LQFLVHG�SLQFKHG�GHFRUDWLYH�
HOHPHQWV��VHH�7DEOH������%RWK�KDYH�YHUWLFDO�SLQFKHG�
OXJ�KDQGOHV��EXW�WKH�ULPV�RQ�WKHVH�YHVVHOV�KDYH�HLWKHU�
GLDJRQDO�RSSRVHG�LQFLVHG�OLQHV��0D\GHOOH�,QFLVHG��RU�D�

)LJXUH�����%UXVKHG�SXQFWDWHG�ULP�VKHUGV�IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�

)LJXUH�����%UXVKHG�SXQFWDWHG�DSSOLTXHG�DQG�EUXVKHG�LQFLVHG�
SXQFWDWHG�ULP�VKHUGV�IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�



ʹʹ������Ȉ������������͹Ͷǡ�͸Ͷ͸Ͷ

� $�VPDOO�QXPEHU�RI�ULP�DQG�ERG\�VKHUGV�
�Q ��������SHUFHQW��KDYH�JURRYHG�GHFRUDWLYH�HOHPHQWV��
HLWKHU�DV�WKH�VROH�GHFRUDWLYH�HOHPHQW�RU�LQ�FRPELQDWLRQ�
ZLWK�EUXVKHG��)LJXUH������EUXVKHG�SXQFWDWHG��LQFLVHG��
DQG�SXQFWDWHG�HOHPHQWV��7DEOH������E\�GHSWK��WKH\�
DUH�UHVWULFWHG�WR�$&6���DQG�$&6���LQ�)HDWXUH����VHH�
$SSHQGL[�����7KH\�PD\�UHSUHVHQW�HDUO\�YDULHWLHV�RI�
/LQGVH\�*URRYHG��DQ�$OOHQ�SKDVH�XWLOLW\�ZDUH�W\SH�
FRPSULVHG�RI�ODUJH�ERZOV�RU�MDUV�ZLWK�GLUHFW�RU�VOLJKWO\�
HYHUWHG�ULPV��7KH�ULPV�KDYH�VKDOORZ�KRUL]RQWDO�JURRYHV�
�0DUFHDX[����������������/LQGVH\�*URRYHG�YHVVHOV�
DOVR�RFFXU�LQ�FRQMXQFWLRQ�ZLWK�DSSOLTXHG��EUXVKHG��
LQFLVHG��RU�SXQFWDWHG�HOHPHQWV��W\SLFDOO\�HLWKHU�DW�WKH�
ULP�ERG\�MXQFWXUH�RU�RQ�WKH�YHVVHO�ERG\�

)LJXUH�����,QFLVHG�ULP�VKHUGV�IURP�)HDWXUH���DW�WKH�$��&��
6DXQGHUV�VLWH��D�E��G�H��0D\GHOOH�,QFLVHG�ULP�VKHUGV��F��
KRUL]RQWDO�LQFLVHG�ULP�

)LJXUH�����,QFLVHG�DSSOLTXHG��LQFLVHG�EUXVKHG��DQG�LQFLVHG�
SXQFWDWHG�EUXVKHG�VKHUGV�IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�
VLWH�



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������ʹ͵

�7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�LQFLVHG��
LQFLVHG�DSSOLTXHG��LQFLVHG�EUXVKHG��LQFLVHG�EUXVKHG�
SXQFWDWHG��LQFLVHG�SLQFKHG��DQG�LQFLVHG�SXQFWDWHG�XWLOLW\�
ZDUHV�DW�WKH�$��&��6DXQGHUV�VLWH�



ʹͶ������Ȉ������������͹Ͷǡ�͸Ͷ͸Ͷ

/D�5XH�1HFN�%DQGHG�MDUV��VHH�6XKP�DQG�-HONV���������
DQG�3ODWH�����LV�D�UDUH�XWLOLW\�ZDUH�W\SH�DW�WKH�$��&��
6DXQGHUV��7KH�IHZ�ULP�DQG�ERG\�VKHUGV�FRPSULVH�����
SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�LQ�WKH�DVVHPEODJH��7DEOH�
����VHH�DOVR�7DEOH�����$OWKRXJK�/D�5XH�1HFN�%DQGHG�
VKHUGV�RFFXU�LQ�DOO�OHYHOV�LQ�)HDWXUH����WKH\�DUH�PRVW�
DEXQGDQW�LQ�$&6����VHH�$SSHQGL[����

� 7KH�VKHUGV�IURP�)HDWXUH���DUH�IURP�MDUV�WKDW�
KDYH�KRUL]RQWDO�URZV�RI�QHFN�EDQGLQJ��L�H���FULPSLQJ�
RI�WKH�QHFN�FOD\�FRLOV��6XKP�DQG�-HONV����������
�)LJXUH���D���7KH\�DOVR�KDYH�EUXVKHG�DQG�EUXVKHG�
LQFLVHG�PDUNV�DQG�OLQHV�RQ�WKH�YHVVHO�ERG\�EHORZ�
WKH�QHFN�EDQGV��)LJXUH���E���DV�ZHOO�DV�D�URZ�RI�WRRO�
SXQFWDWLRQV�DW�WKH�ULP�ERG\�MXQFWXUH��EHORZ�WKH�QHFN�
EDQGV�RQ�WKH�XSSHU�SDUW�RI�WKH�ULP��)LJXUH���F��
� 5LP��ERG\��DQG�SHGHVWDO�OHJ�VKHUGV�LQ�WKH�$��
&��6DXQGHUV�FHUDPLF�YHVVHO�DVVHPEODJH�ZLWK�SLQFKHG�
GHFRUDWLYH�HOHPHQWV�DUH�IURP�.LOORXJK�3LQFKHG�MDUV��VHH�
6XKP�DQG�-HONV���������DQG�3ODWH������7KHVH�MDUV�RIWHQ�
KDYH�OXJ�KDQGOHV�DQG�VWUDS�KDQGOHV�ZLWK�YHUWLFDO�SLQFKHG�
ULGJHV��DQG�D�QXPEHU�KDYH�ULQJ�EDVHV�ZLWK�IRXU�YHUWLFDO�
SLQFKHG�OHJV��VHH�6XKP�DQG�-HONV������3ODWH���D�F���
6KHUGV�ZLWK�SLQFKHG�GHFRUDWLYH�HOHPHQWV�FRPSULVH�RQO\�

)LJXUH�����0D\GHOOH�,QFLVHG�ULP�DQG�ERG\�VKHUGV�ZLWK�LQFLVHG�
SXQFWDWHG�HOHPHQWV�

)LJXUH�����*URRYHG�EUXVKHG�ERG\�VKHUG�IURP�)HDWXUH���DW�WKH�
$��&��6DXQGHUV�VLWH�

7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�JURRYHG��
JURRYHG�EUXVKHG���JURRYHG�EUXVKHG�SXQFWDWHG��JURRYHG�
LQFLVHG��DQG�JURRYHG�SXQFWDWHG�XWLOLW\�ZDUHV�DW�WKH�$��&��
6DXQGHUV�VLWH��



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������ʹͷ

����SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�LQ�WKH�DVVHPEODJH��
DQG�E\�YHUWLFDO�SURYHQLHQFH�VKHUGV�ZLWK�SLQFKHG�
GHFRUDWLRQV�DUH�PRVW�FRPPRQ�LQ�$&6���DQG�$&6����VHH�
$SSHQGL[����
� 7KH�VKHUGV�ZLWK�RQO\�SLQFKHG�HOHPHQWV�WHQG�WR�
KDYH�YHUWLFDO�SLQFKHG�ULGJHV�RQ�WKH�ULP�DQG�OLNHO\�RQ�WKH�
ERG\��)LJXUH���D���DOWKRXJK�WKHUH�DUH�ULP�VKHUGV�ZLWK�
GLDJRQDO�SLQFKHG�ULGJHV�LQ�WKH�DVVHPEODJH��VHH�7DEOH�
�����2WKHU�ERG\�VKHUGV�KDYH�FXUYLOLQHDU��FRQFHQWULF�
FLUFXODU��)LJXUH���E�F���FXUYLOLQHDU�RSSRVHG��)LJXUH�
��G���RSSRVHG��KRUL]RQWDO�GLDJRQDO�RSSRVHG��DQG�
KRUL]RQWDO�YHUWLFDO�SLQFKHG�ULGJHV�RQ�WKH�YHVVHO�ERG\��
/XJ�KDQGOHV��VWUDS�KDQGOHV��DQG�SHGHVWDO�OHJV��)LJXUH�
��D�F��RQ�WKH�.LOORXJK�3LQFKHG�YHVVHOV�KDYH�YHUWLFDO�
SLQFKHG�ULGJHV�

� 2WKHU�.LOORXJK�3LQFKHG�VKHUGV�KDYH�GLIIHUHQW�
GHFRUDWLYH�HOHPHQWV��VHH�7DEOH������LQFOXGLQJ�D�ULP�
VKHUG�ZLWK�KRUL]RQWDO�SLQFKHG�ULGJHV�DV�ZHOO�DV�YHUWLFDO�
DSSOLTXHG�ULGJHV��VHH�)LJXUH���H���$�IHZ�RWKHUV��Q ���

)LJXUH�����/D�5XH�1HFN�%DQGHG�VKHUGV�IURP�)HDWXUH���DW�WKH�
$��&��6DXQGHUV�VLWH�

7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�QHFN�
EDQGHG��QHFN�EDQGHG�EUXVKHG��QHFN�EDQGHG�EUXVKHG�LQFLVHG��
DQG�QHFN�EDQGHG�SXQFWDWHG�XWLOLW\�ZDUHV�DW�WKH�$��&��6DXQGHUV�
VLWH��

7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�SLQFKHG��
SLQFKHG�DSSOLTXHG��SLQFKHG�EUXVKHG��SLQFKHG�LQFLVHG��DQG�
SLQFKHG�SXQFWDWHG�XWLOLW\�ZDUHV�DW�WKH�$��&��6DXQGHUV�VLWH��



ʹ͸������Ȉ������������͹Ͷǡ�͸Ͷ͸Ͷ

KDYH�EUXVKHG�PDUNV�RQ�WKH�YHVVHO�ERG\�DORQJ�ZLWK�
SLQFKHG�ULGJHV��DQG�RQH�ULP�KDV�D�ULP�FROODU�ZLWK�
SLQFKHG�URZV�DERYH�YHUWLFDO�EUXVKHG�PDUNV��$QRWKHU�
ULP�KDV�YHUWLFDO�SLQFKHG�ULGJHV�DV�ZHOO�DV�DQ�LQFLVHG�OXJ�
KDQGOH��WZR�RWKHU�.LOORXJK�3LQFKHG�ULP�VKHUGV�KDYH�
YHUWLFDO�SLQFKHG�ULGJHV�ZLWK�URZV�RI�SXQFWDWLRQV�RQ�WKH�
YHVVHO�ERG\��VHH�7DEOH������$�6DXQGHUV�3XQFWDWHG�ULP�
VKHUG�LQ�WKH�DVVHPEODJH�KDV�D�SLQFKHG�OXJ�KDQGOH��VHH�
7DEOH�����
� 7KH�SXQFWDWHG�ULP�DQG�ERG\�VKHUGV��DQG�RQH�
SXQFWDWHG�DSSOLTXHG�ULP�VKHUG��IURP�)HDWXUH���DW�WKH�
$��&��6DXQGHUV�VLWH�DUH�IURP�WZR�QHZO\�GH¿QHG�XWLOLW\�
ZDUH�W\SHV��6DXQGHUV�3XQFWDWHG�DQG�0DQQ�3XQFWDWHG��
6DXQGHUV�3XQFWDWHG�YHVVHOV�KDYH�URZV��SULPDULO\�LQ�
KRUL]RQWDO�URZV��RI�¿QJHUQDLO�SXQFWDWLRQV�RQ�WKH�ULP�
DQG�RU�DW�WKH�ULP�ERG\�MXQFWXUH��7DEOH����DQG�)LJXUH�

)LJXUH�����.LOORXJK�3LQFKHG�ULP�DQG�ERG\�VKHUGV�IURP�
)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�

)LJXUH�����.LOORXJK�3LQFKHG�ULQJ�EDVHV�ZLWK�YHUWLFDO�SLQFKHG�
OHJV�



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������ʹ͹

��D�F���DQG�WKLV�W\SH�KDV�EHHQ�GH¿QHG�EDVHG�RQ�WKH�PDQ\�
¿QJHUQDLO�SXQFWDWHG�VKHUGV�DW�WKH�$��&��6DXQGHUV�VLWH��
2QH�6DXQGHUV�3XQFWDWHG�ULP�KDV�D�URZ�RI�¿QJHUQDLO�
SXQFWDWLRQV�DORQJ�ZLWK�DQ�DSSOLTXHG�QRGH�EHORZ�WKH�OLS�
�7DEOH�����
� 0DQQ�3XQFWDWHG�VKHUGV�KDYH�URZV�RI�WRRO�
SXQFWDWLRQV��)LJXUH���D�E����VRPHWLPHV�SXQFWDWLRQV�
PDGH�ZLWK�D�FLUFXODU�VKDSHG�WRRO��)LJXUH���G��RU�OLQHDU�
WRRO�SXQFWDWLRQV��)LJXUH���F���VHH�7DEOH������0DQQ�
3XQFWDWHG�ZDV�¿UVW�GH¿QHG�EDVHG�RQ�VHYHUDO�WRRO�
SXQFWDWHG�MDUV��DQG�RQH�ERWWOH��LGHQWL¿HG�LQ�D�UHFHQW�
H[DPLQDWLRQ�RI�WKH�ODUJH�YHVVHO�DVVHPEODJH��Q �����
IURP�WKH�$��6��0DQQ�VLWH����$1�����LQ�WKH�&DGGR�&UHHN�
YDOOH\�D�IHZ�PLOHV�ZHVW�RI�WKH�$��&��6DXQGHUV�VLWH��7KH�
URZV�DUH�PRVW�FRPPRQO\�KRUL]RQWDO�LQ�RULHQWDWLRQ��EXW�
WKHUH�DUH�DOVR�ULPV�ZLWK�GLDJRQDO��KRUL]RQWDO�YHUWLFDO��
RSSRVHG��DQG�YHUWLFDO�URZV��VHH�7DEOH�����
� 7KH�6DXQGHUV�3XQFWDWHG�DQG�0DQQ�3XQFWDWHG�
ULP�DQG�ERG\�VKHUGV�FRPSULVH�����SHUFHQW�DQG�����
SHUFHQW��UHVSHFWLYHO\��RI�WKH�GHFRUDWHG�VKHUGV�LQ�

)HDWXUH����%\�SURYHQLHQFH��6DXQGHUV�3XQFWDWHG�VKHUGV�
DUH�PRUH�FRPPRQ�LQ�$&6���DQG�$&6���OHYHOV��ZLWK�WKH�
H[FHSWLRQ�RI�ULPV�ZLWK�KDQGOHV��SUHVHQW�RQO\�LQ�WKH�XSSHU�
PLGGHQ�PRXQG�OHYHOV��$&6����VHH�$SSHQGL[�����0DQQ�
3XQFWDWHG�VKHUGV��LQFOXGLQJ�RQH�ULP�ZLWK�D�KDQGOH��DUH�
PRUH�FRPPRQ�LQ�$&6���WKDQ�WKH�RWKHU�PLGGHQ�PRXQG�
OHYHOV��VHH�$SSHQGL[����
� 7KH�¿QH�ZDUH�VKHUGV�IURP�)HDWXUH���DW�WKH�
$��&��6DXQGHUV�VLWH�LQFOXGH�ULP�DQG�ERG\�VKHUGV�ZLWK�
HQJUDYHG��HQJUDYHG�DSSOLTXHG��HQJUDYHG�EUXVKHG��
HQJUDYHG�EUXVKHG�LQFLVHG��HQJUDYHG�H[FLVHG��HQJUDYHG�
VOLSSHG��DQG�VOLSSHG�GHFRUDWLYH�HOHPHQWV��7DEOH������
7KHVH�¿QH�ZDUHV�FRPSULVH������SHUFHQW�RI�WKH�GHFRUDWHG�
VKHUGV�LQ�WKH�$��&��6DXQGHUV�DVVHPEODJH��VHH�7DEOH�����
SULPDULO\�ZLWK�RQO\�HQJUDYHG�HOHPHQWV��%\�SURYHQLHQFH��
¿QH�ZDUH�VKHUGV�DUH�PRVW�DEXQGDQW�LQ�$&6���������

7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�SXQFWDWHG�
DQG�SXQFWDWHG�DSSOLTXHG�XWLOLW\�ZDUHV�DW�WKH�$��&��6DXQGHUV�
VLWH��

)LJXUH�����6DXQGHUV�3XQFWDWHG�ULP�VKHUGV�IURP�)HDWXUH���DW�WKH�
$��&��6DXQGHUV�VLWH�



ʹͺ������Ȉ������������͹Ͷǡ�͸Ͷ͸Ͷ

)LJXUH�����0DQQ�3XQFWDWHG�ULP�VKHUGV�IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�

7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�¿QH�ZDUHV�
�HQJUDYHG��HQJUDYHG�DSSOLTXHG��HQJUDYHG�EUXVKHG��HQJUDYHG�
EUXVKHG�LQFLVHG��HQJUDYHG�H[FLVHG��HQJUDYHG�VOLSSHG��DQG�
VOLSSHG��DW�WKH�$��&��6DXQGHUV�VLWH�



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������ʹͻ
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SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�ZLWK�D�NQRZQ�$&6���
SURYHQLHQFH���LQ�WKH�WRSPRVW�GHSRVLWV�LQ�WKH�)HDWXUH���
PLGGHQ�PRXQG��ZLWK�OHVVHU�DPRXQWV�LQ�$&6��������
SHUFHQW���DQG�$&6��������SHUFHQW���:KHUH�¿QH�ZDUH�
W\SHV�FDQ�EH�LGHQWL¿HG�LQ�WKH�VDPSOH��D�PDMRU�FKDOOHQJH�
LQ�LWVHOI�JLYHQ�WKH�YDU\LQJ�VL]H�RI�WKH�VKHUGV��WKH�XQFOHDU�
QDWXUH�RI�WKH�HQJUDYHG�HOHPHQWV��DQG�WKH�QXPEHU�RI�
ULP�VKHUGV���GH¿QHG��UHJLRQDO��DQG�ORFDO�FDULQDWHG�ERZO�
YDULHWLHV�RI�3R\QRU�(QJUDYHG��VHH�)LJXUHV��������DQG�����
VHH�DOVR�3HUWWXOD�������GRPLQDWH�WKH�DVVHPEODJH��ZLWK�D�
IHZ�RWKHU�VKHUGV�IURP�+RRG�(QJUDYHG��+XPH�(QJUDYHG�
�VHH�)LJXUH���H�J���DQG�3DWWRQ�(QJUDYHG��VHH�)LJXUH�
��D�G��YHVVHOV��$�IHZ�RWKHU�VKHUGV�DUH�IURP�3R\QRU�
(QJUDYHG��YDU��XQVSHFL¿HG�ERWWOHV��VHH�6XKP�DQG�-HONV�
�����3ODWH�����
� 6KHUGV�ZLWK�HQJUDYHG�DSSOLTXHG�HOHPHQWV�
FRPSULVH�����SHUFHQW�RI�WKH�¿QH�ZDUH�VKHUGV�IURP�WKH�
$��&��6DXQGHUV�VLWH��VHH�7DEOH���DQG������7KH�HQJUDYHG�
DSSOLTXHG�ERG\�VKHUGV�DUH�DPRQJ�WKH�PRVW�GLVWLQFWLYH�
RI�WKH�¿QH�ZDUHV�LQ�WKH�)HDWXUH���DVVHPEODJH��7KHVH�
KDYH�HLWKHU�DSSOLTXHG�QRGHV�RU�YHUWLFDO�DSSOLTXHG�
ULGJHV�DGMDFHQW�WR�RU�VXUURXQGHG�E\�HQJUDYHG�HOHPHQWV�
�)LJXUH���D�E���%\�SURYHQLHQFH��HQJUDYHG�DSSOLTXHG�
VKHUGV�DUH�SUHVHQW�RQO\�LQ�WKH�PLGGOH��$&6����DQG�WRS�
�$&6����OHYHOV�RI�WKH�PLGGHQ�PRXQG�
� $�QXPEHU�RI�VKHUGV�IURP�HQJUDYHG�FDULQDWHG�
ERZOV��OLNHO\�DOO�3R\QRU�(QJUDYHG�YHVVHOV��KDYH�EUXVKHG�
PDUNV�RQ�WKH�YHVVHO�ERG\��VHH�7DEOH������7KHVH�VKHUGV�
DFFRXQW�IRU�DOPRVW����SHUFHQW��Q ����RI�WKH�¿QH�ZDUHV�

LQ�WKH�DVVHPEODJH��DQG�WKH\�DUH�PRVW�DEXQGDQW�LQ�$&6�
��DW�WKH�WRS�RI�)HDWXUH����7KH�ULP�VKHUGV�DUH�IURP�
3R\QRU�(QJUDYHG��YDU��&RRN��Q ����VHH�)LJXUH���E��
EHORZ��DQG�3R\QRU�(QJUDYHG��YDU��+RRG��Q ����VHH�
)LJXUH���G��EHORZ��YHVVHOV��7KH�YHVVHO�ERGLHV�KDYH�
KRUL]RQWDO��Q �����GLDJRQDO��Q ����GLDJRQDO�RSSRVHG�
�Q ����KRUL]RQWDO�GLDJRQDO��Q ����RYHUODSSLQJ��Q ����
DQG�YHUWLFDO��Q ���EUXVKHG�RU�EUXVKHG�LQFLVHG�PDUNV�DQG�
OLQHV�
� 6KHUGV�ZLWK�HQJUDYHG�VOLSSHG�HOHPHQWV��ZLWK�
HLWKHU�D�UHG�RU�EODFN�VOLS��RU�VLPSO\�ZLWK�D�UHG�VOLS�
UHSUHVHQW�DSSUR[LPDWHO\�����SHUFHQW�RI�WKH�¿QH�ZDUHV�LQ�
WKH�)HDWXUH���DVVHPEODJH��VHH�7DEOHV���DQG������7KH\�DUH�
PRVW�DEXQGDQW�LQ�$&6���LQ�WKH�WRS�OHYHO�RI�WKH�PLGGHQ�
PRXQG��6HYHUDO�DUH�IURP�3R\QRU�(QJUDYHG��YDU��+RRG�
�Q ���DQG�3R\QRU�(QJUDYHG��YDU��&RRN��Q ���YHVVHOV��
DQG�WKRVH�ZLWK�D�KRUL]RQWDO�HQJUDYHG�OLQH�EHORZ�WKH�OLS�
�VHH�7DEOH�����PD\�EH�IURP�XQLGHQWL¿HG�YDULHWLHV�RI�
3R\QRU�(QJUDYHG�RU�+RRG�(QJUDYHG�YHVVHOV���2QH�RI�WKH�
EODFN�VOLSSHG�ERG\�VKHUGV�ZLWK�YHUWLFDO�DQG�FXUYLOLQHDU�
HQJUDYHG�OLQHV�PD\�EH�IURP�D�3R\QRU�(QJUDYHG�ERWWOH�
�VHH�6XKP�DQG�-HONV������3ODWH���D��F�J��
� 7KH�UHG�VOLSSHG�VKHUGV��Q ���KDYH�D�KHPDWLWH�
ULFK�FOD\�VOLS�WKDW�KDV�EHHQ�DSSOLTXHG�WR�WKH�LQWHULRU�

7DEOH�����'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LQ�WKH�¿QH�ZDUHV�
�HQJUDYHG��HQJUDYHG�DSSOLTXHG��HQJUDYHG�EUXVKHG��HQJUDYHG�
EUXVKHG�LQFLVHG��HQJUDYHG�H[FLVHG��HQJUDYHG�VOLSSHG��DQG�
VOLSSHG��DW�WKH�$��&��6DXQGHUV�VLWH�


LQFOXGHV�OLS�QRWFKHG�ULPV


RQH�VKHUG�LV�IURP�D�ERWWOH

)LJXUH�����(QJUDYHG�DSSOLTXHG�ERG\�VKHUGV�LQ�)HDWXUH���DW�WKH�
$��&��6DXQGHUV�VLWH�
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DQG�RU�H[WHULRU�YHVVHO�VXUIDFH��VHH�7DEOH������7KH�ERG\�
VKHUGV�PD\�EH�IURP�YHVVHOV�ZLWK�HQJUDYHG�HOHPHQWV�RQ�
WKH�ULP��EXW�RQH�ULP�VKHUG�ZLWK�DQ�H[WHULRU�UHG�VOLS�LV�
IURP�D�YHVVHO�GHFRUDWHG�RQO\�ZLWK�D�VOLS��5HG�VOLSSHG�
YHVVHOV�RI�DQ\�NLQG�DUH�UDUH�LQ�XSSHU�1HFKHV�5LYHU�EDVLQ�
VLWHV��$QGHUVRQ�HW�DO��������.OHLQVFKPLGW�������3HUWWXOD�
������������6KDIHU�������
� +RRG�(QJUDYHG��YDU��+RRG��VHH�3HUWWXOD�
����������HI¿J\�ERZO�ULP�DQG�ORZHU�ULP�VKHUGV��Q ����
DUH�SUHVHQW�LQ�DOO�OHYHOV�RI�WKH�)HDWXUH���DVVHPEODJH�DW�
WKH�$��&��6DXQGHUV�VLWH��DQG�DUH�PRVW�FRPPRQ�LQ�$&6�
���+RRG�(QJUDYHG�YHVVHOV�KDYH�����ZLGHO\�VSDFHG�
KRUL]RQWDO�HQJUDYHG�OLQHV�RQ�WKH�ULP��)LJXUH���D�E��VHH�
DOVR�7DEOH�����
� $QRWKHU�¿QH�ZDUH�W\SH�LQ�WKH�)HDWXUH���
DVVHPEODJH�LV�+XPH�(QJUDYHG��VHH�)LJXUH���H�J���
7KH�VKHUGV�DUH�IURP�ERWWOHV�ZLWK�YHUWLFDO�FROXPQV�RQ�
WKH�YHVVHO�ERG\�¿OOHG�ZLWK�KDWFKHG�RU�FURVV�KDWFKHG�
OLQHV��Q ����VHH�)LJXUH���F��VHH�DOVR�6XKP�DQG�
-HONV�����������+XPH�(QJUDYHG�VKHUGV�ZLWK�NQRZQ�
SURYHQLHQFH�DUH�SUHVHQW�LQ�DOO�WKUHH�)HDWXUH���OHYHOV��VHH�
$SSHQGL[����
� 2QH�ERG\�VKHUG�LQ�WKH�DVVHPEODJH�LV�IURP�D�
3DWWRQ�(QJUDYHG��YDU��)DLU�YHVVHO��VHH�)LJXUH���G���7KLV�
+LVWRULF�&DGGR�SHULRG�$OOHQ�SKDVH�W\SH�DQG�YDULHW\�
KDV�FXUYLOLQHDU�HQJUDYHG�OLQHV�RQ�WKH�YHVVHO�ERG\�ZLWK�
VPDOO�H[FLVHG�WULDQJOHV�RQ�WKH�HQJUDYHG�OLQHV��7KLV�VKHUG�
LQGLFDWHV�D�YHU\�PLQRU�XVH�RI�WKH�$��&��6DXQGHUV�VLWH�
DIWHU�FD��$�'�������
� 3R\QRU�(QJUDYHG�LV�WKH�SULQFLSDO�¿QH�ZDUH�LQ�
)UDQNVWRQ�SKDVH�VLWHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��
'LVWLQFWLYH�HQJUDYHG�ULP�SDQHOV��VHH�6XKP�DQG�-HONV�
���������DQG�3ODWH�����RQ�FDULQDWHG�ERZOV�PDUN�WKH�
PDQ\�GLIIHUHQW�GH¿QHG��UHJLRQDO��DQG�ORFDO�YDULHWLHV�
RI�WKH�W\SH��VHH�)LJXUHV���������DQG�����DV�GH¿QHG�E\�
3HUWWXOD����������������������2Q�3R\QRU�(QJUDYHG�
ERWWOHV��WKH�ULP�SDQHOV�DUH�WXUQHG�YHUWLFDOO\�RQ�WKH�YHVVHO�
ERG\�
� 7KH�GH¿QHG�YDULHWLHV�RI�3R\QRU�(QJUDYHG�
LQFOXGH�YDU��%ODFNEXUQ��VHH�)LJXUH���D�E���YDU��&RRN�
�VHH�)LJXUH���F�G���YDU��+RRG��VHH�)LJXUH���H���YDU��
/DQJ��VHH�)LJXUH���I�J¶���DQG�YDU��)UHHPDQ��VHH�)LJXUH�
��K�L���$�IHZ�VKHUGV�ZLWK�FRQFHQWULF�FLUFOH�HOHPHQWV�
�VHH�7DEOH�����FDQ�EH�LQFOXGHG�LQ�YDU��$QGHUVRQ��D�QHZ�
3R\QRU�(QJUDYHG�YDULHW\�LGHQWL¿HG�LQ�WKH�DVVHPEODJH�RI�
YHVVHOV�IURP�WKH�QHDUE\�$��6��0DQQ�VLWH����$1�����

�

3R\QRU�(QJUDYHG��YDU��%ODFNEXUQ�VKHUGV��)LJXUH���D��
KDYH�UHFWDQJXODU�SDQHOV��ZKLOH�YDU��&RRN�VKHUGV�KDYH�
SDQHOV�¿OOHG�ZLWK�RYDOV�GH¿QHG�E\�VHWV�RI�YHUWLFDOO\�
DUFLQJ�HQJUDYHG�OLQHV��7KH�RYDOV�FRPPRQO\�KDYH�
KDWFKHG�WULDQJOH�DWWDFKPHQWV�DW�WKH�WRSV�DQG�ERWWRPV�RI�
WKH�SDQHO��)LJXUH���E�H��

)LJXUH�����+RRG�(QJUDYHG�DQG�+XPH�(QJUDYHG�VKHUGV�IURP�
)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�



͵ʹ������Ȉ������������͹Ͷǡ�͸Ͷ͸Ͷ

� 3R\QRU�(QJUDYHG��YDU��+RRG�ULP�SDQHOV�KDYH�
EUDFNHWV��L�H���KRXU�JODVV�VKDSHG�GLYLGHUV��¿OOHG�ZLWK�
FORVHO\�VSDFHG�KDWFKHG�RU�FURVV�KDWFKHG�HQJUDYHG�OLQHV��
7KHVH�EUDFNHWV�FUHDWH�D�VHULHV�RI�QHJDWLYH�RYDOV�ZLWKLQ�
WKH�ULP�SDQHO��)LJXUH���D�G��
� 7KH�GH¿QLQJ�SDUW�RI�WKH�HQJUDYHG�PRWLI�RQ�
3R\QRU�(QJUDYHG��YDU��/DQJ�YHVVHOV�LV�WKH�VPDOO�FHQWUDO�
FLUFOHV�ZLWKLQ�D�VHW�RI�VHPL�FLUFOHV�RQ�WKH�ULP�SDQHO��7KH�
VPDOO�FHQWUDO�FLUFOHV�PD\�KDYH�VSXUV�RU�EH�¿OOHG�ZLWK�
VPDOO�H[FLVHG�SXQFWDWLRQV��)LJXUH���D�E��)LJXUH�����3R\QRU�(QJUDYHG��YDU��%ODFNEXUQ�DQG�YDU��&RRN�

VKHUGV�IURP�)HDWXUH���DW�KH�$��&��6DXQGHUV�VLWH�

)LJXUH�����3R\QRU�(QJUDYHG��YDU��+RRG�VKHUGV�IURP�)HDWXUH���
DW�WKH�$��&��6DXQGHUV�VLWH�
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� 7KH�ODVW�FXUUHQWO\�GH¿QHG�YDULHW\�LV�3R\QRU�
(QJUDYHG��YDU��)UHHPDQ��7KLV�YDULHW\�KDV�EUDFNHW�
GLYLGHUV�DV�ZHOO�DV�KDWFKHG�H[FLVHG�SHQGDQW�WULDQJOHV�DW�
WKH�WRS�DQG�ERWWRP�RI�HDFK�ULP�SDQHO��)LJXUH������YHVVHO�
ERGLHV�PD\�EH�¿OOHG�RU�KDYH�FRQFHQWULF�VHPL�FLUFOHV�WKDW�
HQG�ZLWK�D�KRRNHG�DUP�HOHPHQW��VHH�)LJXUH���L���7KLV�
YDULHW\�VKDUHV�WKHVH�IHDWXUHV�ZLWK�3DWWRQ�(QJUDYHG��YDU��
)UHHPDQ��VHH�)LJXUH���F���H[FHSW�WKH�FRQFHQWULF�VHPL�
FLUFOHV�RQ�WKLV�3DWWRQ�(QJUDYHG�YDULHW\�KDYH�H[FLVHG�WLFN�
PDUNV��7KH�VW\OLVWLF�OLQNV�EHWZHHQ�3R\QRU�(QJUDYHG��YDU��
)UHHPDQ�DQG�3DWWRQ�(QJUDYHG��YDU��)UHHPDQ�VXJJHVWV�
WKDW�3R\QRU�(QJUDYHG��YDU��)UHHPDQ�LV�WKH�ODWHVW�GH¿QHG�
3R\QRU�(QJUDYHG�YDULHW\��GDWLQJ�IURP�FD��$�'�������
������ZKLOH�3DWWRQ�(QJUDYHG��YDU��)UHHPDQ�LV�OLNHO\�WKH�
ROGHVW�YDULHW\�RI�3DWWRQ�(QJUDYHG�LQ�WKH�XSSHU�1HFKHV�
5LYHU�EDVLQ�
� 2WKHU�OHVV�ZHOO�GH¿QHG�YDULHWLHV�RI�3R\QRU�
(QJUDYHG�LQFOXGH�UHJLRQDO�YDULHWLHV�%��&��'��(��)LJXUH�
��D���,��1��)LJXUH���E�F���4��)LJXUH���G���5��DQG�6¶��VHH�
)LJXUH�����DV�ZHOO�DV�/RFDO�9DULHW\����)LJXUH���H��VHH�

DOVR�)LJXUH���F���9DU��&�KDV�FRQWLQXRXV�XSSHU�DQG�ORZHU�
URZV�RI�KDWFKHG�WULDQJOHV�RQ�WKH�ULP�SDQHO��YDU��'�KDV�
YHUWLFDO�FURVV�KDWFKHG�SDQHOV��YDU��(�KDV�VFUROO�HOHPHQWV�
DQG�YDU��,�KDV�FRQWLQXRXV�VFUROO�HOHPHQWV��YDU��1�KDV�
RSHQ�KRRNHG�DUPV�DQG�RYDOV��YDU��4�KDV�KDWFKHG�QHVWHG�
WULDQJOH�HOHPHQWV��YDU��5�KDV�FRQFHQWULF�VHPL�FLUFOHV��
DQG�YDU��6¶�KDV�FRQFHQWULF�RYDOV�DQG�YHUWLFDO�SDQHOV��
/RFDO��L�H���WR�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��YDULHW\���
RI�3R\QRU�(QJUDYHG�KDV�SDQHOV�ZLWK�FXUYLOLQHDU�DQG�
KRRNHG�DUP�HOHPHQWV�ZLWK�RSHQ�SHQGDQW�WULDQJOHV��
FLUFOHV�ZLWK�SHQGDQW�WULDQJOHV��DQG�FRQFHQWULF�VHPL�
FLUFOHV�ZLWK�SHQGDQW�WULDQJOHV�RQ�WKH�RXWHU�FRQFHQWULF�
FLUFOH�OLQH�
� 7KH�LGHQWL¿HG�3R\QRU�(QJUDYHG��YDU��
XQVSHFL¿HG�ERWWOH�VKHUGV�LQ�WKH�)HDWXUH���GHFRUDWHG�
VKHUG�DVVHPEODJH�KDYH�YHUWLFDO�HQJUDYHG�OLQHV�RQ�
WKH�YHVVHO�ERG\�ZLWK�WULDQJXODU�VKDSHG�H[FLVHG�
]RQHV��)LJXUH���D��DQG�H[FLVHG�SHQGDQW�WULDQJOHV�
�)LJXUH���E�௘F���7KH�H[WHULRU�VXUIDFH�RI�WKHVH�UHGXFHG�
¿UHG�ERWWOH�VKHUGV�LV�ZHOO�EXUQLVKHG�
� 2QH�ULP�VKHUG�LQ�)HDWXUH���LV�IURP�D�5LSOH\�
(QJUDYHG��YDU��'LDQD�RU�YDU��3LQH�7UHH�FDULQDWHG�ERZO�
�)LJXUH�����VHH�)LHOGV������)LJXUH��������,W�KDV�D�
UHFWLOLQHDU�PRWLI�ZLWK�DQ�6=�HOHPHQW�RXWOLQHG�E\�H[FLVHG�
DUHDV��WKH�YHVVHO�DOVR�KDV�LQWHULRU�DQG�H[WHULRU�UHG�
VOLSSHG�VXUIDFHV��5LSOH\�(QJUDYHG�LV�WKH�SULQFLSDO�¿QH�
ZDUH�W\SH�LQ�/DWH�&DGGR�SHULRG�7LWXV�SKDVH�FHUDPLF�
DVVHPEODJHV�PDGH�E\�SRWWHUV�LQ�WKH�%LJ�&\SUHVV�&UHHN�
DQG�6DELQH�5LYHU�EDVLQV�LQ�(DVW�7H[DV��DQG�WKLV�RQH�
VKHUG�UHSUHVHQWV�HYLGHQFH�RI�FRQWDFW�WUDGH�EHWZHHQ�WKH�
DQFHVWUDO�&DGGR�OLYLQJ�DW�DQG�XVLQJ�WKH�$��&��6DXQGHUV�
VLWH�DQG�7LWXV�SKDVH�&DGGR�SHRSOHV��$FFRUGLQJ�WR�)LHOGV�
������7DEOH��������WKHVH�YDULHWLHV�DUH�QRW�FRPPRQ�LQ�
7LWXV�SKDVH�VLWHV��DFFRXQWLQJ�IRU�EHWZHHQ�����DQG�����

)LJXUH�����3R\QRU�
(QJUDYHG��YDU��/DQJ�VKHUGV�
IURP�)HDWXUH���DW�WKH�$��&��
6DXQGHUV�VLWH�

)LJXUH�����$�3R\QRU�(QJUDYHG��YDU��)UHHPDQ�ULP�VKHUG�IURP�
)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�
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)LJXUH�����5HJLRQDO�DQG�ORFDO�YDULHWLHV�RI�3R\QRU�(QJUDYHG�LQ�
)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH��

)LJXUH�����3R\QRU�(QJUDYHG��YDU��XQVSHFL¿HG�ERWWOH�VKHUGV�
IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�

)LJXUH�����5LSOH\�(QJUDYHG��YDU��'LDQD�RU�YDU��3LQH�7UHH�ULP�
VKHUG�LQ�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�
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SHUFHQW�RI�LGHQWL¿HG�5LSOH\�(QJUDYHG�YDULHWLHV�LQ�D�
VDPSOH�RI�����YHVVHOV��7KH�5LSOH\��YDU��'LDQD�YHVVHOV�
DUH�PRVW�DEXQGDQW�DW�WKH�3LQH�7UHH�0RXQG�VLWH����+6����
LQ�WKH�PLGGOH�6DELQH�5LYHU�DV�ZHOO�DV�WKH�KHDGZDWHU�
DUHDV�LQ�+RSNLQV�DQG�)UDQNOLQ�FRXQWLHV��)LHOGV�
�����)LJXUH������DQG�7DEOH�������5LSOH\�(QJUDYHG��YDU��
3LQH�7UHH�YHVVHOV�DUH�IRXQG�DOPRVW�H[FOXVLYHO\�DW�WKH�
3LQH�7UHH�0RXQG�VLWH��
� 7KH�WKUHH�PRVW�FRPPRQ�YDULHWLHV�E\�YHUWLFDO�
OHYHOV�LQ�)HDWXUH���DUH�YDU��&RRN��YDU��+RRG��DQG�YDU��
%ODFNEXUQ��7DEOH������3URSRUWLRQDOO\��YDU��%ODFNEXUQ�
DQG�YDU��&RRN�DUH�PRVW�DEXQGDQW�LQ�WKH�ORZHU�GHSRVLWV�
LQ�)HDWXUH����ZKLOH�YDU��+RRG�LV�EHVW�UHSUHVHQWHG�LQ�
$&6���DQG�$&6����WKH�PLGGOH�DQG�XSSHU�PLGGHQ�OHYHOV�
LQ�)HDWXUH����,Q�D�VDPSOH�RI�PRUH�WKDQ�����3R\QRU�
(QJUDYHG�YHVVHOV�IURP�EXULDO�IHDWXUHV�LQ�WKH�XSSHU�
1HFKHV�5LYHU�EDVLQ��3HUWWXOD������7DEOH��������WKH�YDU��
%ODFNEXUQ�DQG�YDU��&RRN�YHVVHOV�DUH�PRVW�DEXQGDQW�LQ�
FD��$�'������������FRQWH[WV��ZKLOH�YDU��+RRG�LV�PRVW�
FRPPRQ�LQ�FD��$�'������������FRQWH[WV��DV�LV�YDU��
/DQJ��DV�ZHOO�DV�WR�D�OHVVHU�GHJUHH�LQ�FD��$�'�������
�����FRQWH[WV��9DU��)UHHPDQ�YHVVHOV�LQ�WKH�EXULDO�IHDWXUH�
VDPSOH�DUH�UHVWULFWHG�WR�FD��$�'������������FRQWH[WV��
7KHVH�QXPEHUV�LQGLFDWH�WKDW�)HDWXUH���SULPDULO\�
DFFXPXODWHG�EHWZHHQ�FD��$�'�������������EXW�WKHUH�LV�
HYLGHQFH�IURP�WKH�FKDQJLQJ�SURSRUWLRQ�RI�WKHVH�SULQFLSDO�
YDULHWLHV�WKDW�WKH�XSSHUPRVW�OHYHOV�RI�WKH�PLGGHQ�PRXQG�
DFFXPXODWHG�DIWHU�FD��$�'�������XQWLO�SHUKDSV�WKH�HDUO\�
��WK�FHQWXU\��7KH�ORZ�IUHTXHQF\�RI�YDU��)UHHPDQ�VKHUGV�
LQ�WKH�DVVHPEODJH�LQGLFDWHV�WKDW�WKH�RFFXSDWLRQ�OLNHO\�
GLG�QRW�H[WHQG�PXFK�LQWR�WKH�ODWHVW�VXE�SKDVH��FD��$�'��
�����������RI�WKH�)UDQNVWRQ�SKDVH�
� 2WKHU�HDUO\�3R\QRU�(QJUDYHG�YDULHWLHV�DW�WKH�$��
&��6DXQGHUV�VLWH�DUH�YDU��(��YDU��6¶��DQG�/RFDO�9DULHW\���
�VHH�7DEOH������,Q�$&6����RWKHU�3R\QRU�(QJUDYHG�
YDULHWLHV�WKDW�DUH�UHODWLYHO\�FRPPRQ�DUH�YDU��,��YDU��1��
DQG�YDU��5��WKHVH�RFFXU�LQ�FD��$�'������������DQG�SRVW�
$�'�������EXULDO�IHDWXUHV��VHH�3HUWWXOD������7DEOH��������
9DU��'�DQG�YDU��4�DUH�SURSRUWLRQDOO\�PRVW�DEXQGDQW�LQ�
$&6����WKH�WRS�PLGGHQ�GHSRVLWV��VHH�7DEOH������7KHVH�
YDULHWLHV�KDYH�EHHQ�IRXQG�LQ�EXULDO�IHDWXUHV�GDWLQJ�IURP�
FD��$�'������������LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��VHH�
3HUWWXOD������7DEOH�������

+RRG�(QJUDYHG�HI¿J\�ERZO�VKHUGV
&HUDPLF�HI¿J\�YHVVHOV�DUH�D�YHU\�UDUH�YHVVHO�IRUP�IRXQG�

RQ�&DGGR�VLWHV��DV�WKH\�FRPSULVH�DERXW���SHUFHQW�RI�WKH�
PRUH�WKDQ������&DGGR�YHVVHOV�FXUUHQWO\�LQ�WKH�7$5/�
ZKROH�YHVVHO�FROOHFWLRQV��7KUHH�GLIIHUHQW�HI¿J\�ERZO�
VKDSHV�KDYH�EHHQ�LGHQWL¿HG�LQ�(DVW�7H[DV�&DGGR�YHVVHO�
DVVHPEODJHV��7KH�GLIIHUHQFHV�SULPDULO\�UHVROYH�DURXQG�
WKH�FKDUDFWHU�RI�WKH�HI¿J\�KHDG��ERWK�ELUG�DQG�DEVWUDFW�
IRUPV��DV�ZHOO�DV�WKH�QDWXUH�RI�DQ\�RWKHU�DSSHQGDJHV��
VXFK�DV�WDE�WDLOV�DQG�WDLO�ULGHUV��7KH�HI¿J\�ERZOV�
WKHPVHOYHV�DUH�VLPSOH�LQ�IRUP��ZLWK�URXQGHG�ERG\�ZDOO�
FRQWRXUV��VHH�6XKP�DQG�-HONV������3ODWH�����
� 7KH�PDMRULW\�RI�WKH�&DGGR�HI¿J\�YHVVHOV�
IRXQG�LQ�(DVW�7H[DV�FRPH�IURP�DQFHVWUDO�&DGGR�VLWHV�
RI�)UDQNVWRQ��FD��$�'�������������DQG�$OOHQ�SKDVH��FD��
$�'�������������LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��6XKP�
DQG�-HONV������3ODWH������0DUN�3DUVRQV��DQ�(DVW�7H[DV�
&DGGR�DUFKDHRORJLVW��UHIHUUHG�WR�WKLV�DUHD�DV�³(I¿J\�
/DQG�´�7KLV�LV�DQ�DUHD�WKDW�ZDV�KHDYLO\�SRSXODWHG�E\�
&DGGR�SHRSOHV��DQG�WKHUH�DUH�QRZ�NQRZQ�PDQ\�&DGGR�
VHWWOHPHQWV�DQG�FHPHWHULHV�SUHVHUYHG�LQ�WKH�UHJLRQDO�
DUFKDHRORJLFDO�UHFRUG�%RWK�+RRG�(QJUDYHG��YDU��+RRG�
DQG�+RRG�(QJUDYHG��YDU��$OOHQ�HI¿J\�YHVVHOV�KDYH�
EHHQ�UHFRYHUHG�IURP�XSSHU�1HFKHV�5LYHU�EDVLQ�&DGGR�
FHPHWHULHV�DQG�+RRG�(QJUDYHG��YDU��+RRG�YHVVHOV�IURP�
)UDQNVWRQ�SKDVH�FRQWH[WV�KDYH�D�EURDGHU�GLVWULEXWLRQ�
LQ�WKH�EDVLQ�WKDQ�GR�WKH�+RRG�(QJUDYHG��YDU��$OOHQ�
HI¿J\�YHVVHOV�ZLWK�WDLO�ULGHUV�NQRZQ�IURP�$OOHQ�SKDVH�
FHPHWHULHV��3HUWWXOD�DQG�6HOGHQ������)LJXUH��D�E��
� (I¿J\�ERZO�VKHUGV�IURP�+RRG�(QJUDYHG�
YHVVHOV��QRW�LQFOXGLQJ�ULP�VKHUGV�ZLWK�ZLGHO\�VSDFHG�
KRUL]RQWDO�HQJUDYHG�OLQHV��DUH�ZHOO�UHSUHVHQWHG��Q ����
LQ�WKH�FHUDPLF�YHVVHO�VKHUGV�IURP�WKH�$��&��6DXQGHUV�

7DEOH�����9HUWLFDO�SURYHQLHQFH�RI�UHFRJQL]HG�YDULHWLHV�RI�
3R\QRU�(QJUDYHG�LQ�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�
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VLWH��7KHVH�LQFOXGH�³KLJKO\�FRQYHQWLRQDOL]HG´�ELUG�
HI¿J\�KHDGV��Q ����VHH�6XKP�DQG�-HONV����������
�)LJXUH���D�௘H���HI¿J\�DSSHQGDJHV�RI�XQFHUWDLQ�NLQG�
�Q ����WDE�WDLOV��DW�WKH�RSSRVLWH�HQG�RI�WKH�YHVVHO�IURP�
WKH�HI¿J\�KHDG���Q ����)LJXUH�����VHH�DOVR�6XKP�DQG�
-HONV������3ODWH���E�F��J����WDE�WDLOV�ZLWK�YLVLEOH�WDLO�
ULGHU�DWWDFKPHQWV��Q ����)LJXUH���D���DQG�VWDQGLQJ�
]RRPRUSKLF�WDLO�ULGHUV��Q ���RI�GLIIHUHQW�IRUPV�ZLWK�
KHDGV��DQG�ZLWK�H\HV��HDUV��DQG�PRXWKV�GHSLFWHG�RQ�
WKHP��SUREDEO\�IURP�GRJV�RU�EHDUV��)LJXUH���E�G��VHH�
DOVR�6XKP�DQG�-HONV������3ODWH���D��G��I��N���7KH�HI¿J\�
YHVVHO�VKHUGV�ZLWK�WDLO�ULGHUV�DUH�IURP�+RRG�(QJUDYHG��
YDU��$OOHQ�HI¿J\�ERZOV��ZKLOH�WKH�RWKHU�HI¿J\�ERZOV�DUH�
IURP�+RRG�(QJUDYHG��YDU��&RRN�DQG�YDU��+RRG�YHVVHOV�
�3HUWWXOD�����������
� 2QH�QRWFKHG�ELUG�KHDG�HI¿J\�KDV�FORVHO\�
VSDFHG�FXUYLOLQHDU�HQJUDYHG�OLQHV�RQ�LW��VHH�)LJXUH���E���
DQG�DQRWKHU�HI¿J\�DSSHQGDJH�KDV�KRUL]RQWDO��FXUYLOLQHDU��
DQG�FXUYLOLQHDU�KDWFKHG�HQJUDYHG�OLQHV��HOHPHQWV�
FRPPRQ�RQ�3R\QRU�(QJUDYHG��YDU��&RRN�QRQ�HI¿J\�
YHVVHOV��7KH�RQH�FOHDU�+RRG�(QJUDYHG��YDU��&RRN�HI¿J\�
ERZO�WDE�WDLO�VKHUG��IURP�$&6����LQ�WKH�FROOHFWLRQ�KDV�DQ�
HQJUDYHG�WULDQJOH�HOHPHQW�RQ�WKH�WDE�WDLO�ZLWK�GLDJRQDO�
DQG�GLDJRQDO�RSSRVHG�KDWFKHG�FRUQHUV��IRUPLQJ�D�
QHJDWLYH�RYDO��WKH�QHJDWLYH�RYDO�HOHPHQW�LV�DOVR�VHHQ�RQ�
3R\QRU�(QJUDYHG��YDU��)�YHVVHOV��3HUWWXOD������)LJXUH�
������
� (I¿J\�ERZO�VKHUGV�DUH�SUHVHQW�WKURXJKRXW�WKH�
)HDWXUH���GHSRVLWV�LQ�OHYHOV�$&6���$&6����7DEOH������
DV�-DFNVRQ�KDG�QRWHG�LQ�WKH�����V��VXJJHVWLQJ�WKHLU�
PDQXIDFWXUH�DQG�XVH�WKURXJKRXW�PXFK�RI�WKH�)UDQNVWRQ�
SKDVH�DQG�RQ�LQWR�WKH�SRVW�$�'�������$OOHQ�SKDVH��
7KH�HI¿J\�ERZO�VKHUGV�DUH�PRVW�FRPPRQ�LQ�$&6���
DQG�$&6���GHSRVLWV��6KHUGV�ZLWK�WDLO�ULGHUV�RU�WDE�WDLOV�
ZLWK�WDLO�ULGHU�DWWDFKPHQWV�DUH�PRVW�SUHYDOHQW�LQ�WKH�
XSSHUPRVW�PLGGHQ�GHSRVLWV�

)LJXUH�����(I¿J\�KHDGV�DW�WKH�$��&��6DXQGHUV�VLWH��D�����LQFKHV�
EV��E��(+�����F�����LQFKHV�EV��G�����LQFKHV�EV��H�����LQFKHV�EV��

)LJXUH�����+RRG�(QJUDYHG�HI¿J\�WDLO�ULP�VKHUG��$&6���
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3LJPHQW�8VH�RQ�&HUDPLF�9HVVHO�6KHUGV
5HG��KDWLQX��RFKUH�DQG�ZKLWH��KDNDD\XK��NDROLQLWH�
FOD\�SLJPHQWV�ZHUH�RIWHQ�DGGHG�WR�WKH�GHFRUDWLRQV�RQ�
DQFHVWUDO�&DGGR�FHUDPLF�ERWWOHV�DQG�FDULQDWHG�ERZOV��
JUHHQ��KDVDKNXK��SLJPHQWV��VHH�)LHOGV�DQG�*DGXV�
�����7DEOH������KDYH�DOVR�EHHQ�GRFXPHQWHG�RQ�VRPH�

HQJUDYHG�YHVVHOV��VHH�&KDIH�>����@�IRU�D�GLFWLRQDU\�RI�
&DGGR�ZRUGV���$�SUHYLRXV�VWXG\�RI�FOD\�SLJPHQW�XVH�LQ�
WKH�XSSHU�1HFKHV�5LYHU�EDVLQ�GHWHUPLQHG�LQ�D�WHPSRUDO�
VHULHV�RI�/DWH�&DGGR�)UDQNVWRQ�SKDVH�¿QH�ZDUH�YHVVHOV�
WKDW�WKH\�DUH�GRPLQDWHG�E\�YHVVHOV�ZLWK�D�UHG�FOD\�
SLJPHQW��DW�OHDVW�IURP�FD��$�'�������������VHH�3HUWWXOD�
�����7DEOH�����,Q�WKRVH�DVVHPEODJHV�������SHUFHQW�RI�WKH�
¿QH�ZDUH�YHVVHOV�ZLWK�SLJPHQW�KDYH�D�UHG�FOD\�SLJPHQW��
DQG�WKLV�LQFOXGHV�ERWWOHV��ERZOV��DQG�HI¿J\�ERZOV��
$IWHU�FD��$�'��������RQO\����SHUFHQW�RI�WKH�YHVVHOV�ZLWK�
SLJPHQW�KDYH�D�UHG�FOD\�SLJPHQW��DQG�LQVWHDG�XVH�RI�D�
ZKLWH�FOD\�SLJPHQW�SUHGRPLQDWHV��PRVW�RI�WKHVH�YHVVHOV�
DUH�FDULQDWHG�ERZOV��3HUWWXOD���������������
� $W�WKH�$��&��6DXQGHUV�VLWH��RQO\�D�VPDOO�
SURSRUWLRQ�RI�WKH�HQJUDYHG�¿QH�ZDUH�VKHUGV�DUH�IURP�
YHVVHOV�WKDW�KDYH�KDG�D�UHG�RU�ZKLWH�FOD\�SLJPHQW�

)LJXUH�����7DE�WDLO�ZLWK�WDLO�ULGHU�DWWDFKPHQW�DQG�]RRPRUSKLF�
WDLO�ULGHU�VKHUGV��D����LQFKHV�EV��E����LQFKHV�EV��F�����LQFKHV�EV��
G�����LQFKHV�EV�

7DEOH�����9HUWLFDO�SURYHQLHQFH�RI�+RRG�(QJUDYHG�HI¿J\�ERZO�
VKHUGV�LQ�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�

7DEOH�����8VH�RI�FOD\�SLJPHQWV�RQ�HQJUDYHG�¿QH�ZDUH�VKHUGV�DW�
WKH�$��&��6DXQGHUV�VLWH�

%W ERWWOH��%: ERZO��&% FDULQDWHG�ERZO
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UXEEHG�LQ�WKH�HQJUDYHG�OLQHV��DSSUR[LPDWHO\���SHUFHQW�
RI�WKH�HQJUDYHG�¿QH�ZDUH�DVVHPEODJH��7DEOH������7KHVH�
LQFOXGH�FHUWDLQ�ERZOV��FDULQDWHG�ERZOV��DQG�ERWWOHV��0RVW�
RI�WKH�VKHUGV�ZLWK�SLJPHQW�DUH�IURP�3R\QRU�(QJUDYHG�
YHVVHOV��Q �������SHUFHQW���SULPDULO\�IURP�YDU��&RRN�
DQG�YDU��+RRG�YHVVHOV��DV�ZHOO�DV�3R\QRU�(QJUDYHG��
YDU��XQVSHFL¿HG�ERWWOHV��DQG�����SHUFHQW�DUH�IURP�+XPH�
(QJUDYHG�ERZOV�DQG�ERWWOHV�

/XJ�DQG�6WUDS�+DQGOHV
$SSOLTXHG�OXJ�KDQGOH��Q �����)LJXUH���D�E��DQG�VWUDS�
KDQGOH��Q �����)LJXUH���F�G��VKHUGV�DUH�FRPPRQ�
IHDWXUHV�RI�WKH�SODLQ�ZDUH�DQG�XWLOLW\�ZDUH�YHVVHOV�LQ�
)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH��WKH�KDQGOHV�DUH�
W\SLFDOO\�DWWDFKHG�RQ�WKH�ULP�DW�RSSRVHG�ULP�SHDNV��
$OWKRXJK�PRVW�RI�WKH�KDQGOH�VKHUGV�GR�QRW�KDYH�D�
VSHFL¿F�YHUWLFDO�SURYHQLHQFH��WKRVH�WKDW�GR�VXJJHVW�WKDW�
KDQGOHG�YHVVHOV�ZHUH�PXFK�PRUH�FRPPRQ�LQ�WKH������
LQFK��$&6����Q ����DQG�������LQFK��$&6����Q ����
OHYHOV�WKDQ�WKH\�DUH�LQ�$&6��������LQFKHV��Q ���
� 7KH�OXJ�KDQGOHV�DQG�VWUDS�KDQGOHV�FRPH�LQ�
GLIIHUHQW�VL]HV��OLNHO\�UHODWHG�WR�WKH�VL]H�RI�WKH�YHVVHOV�
RQ�ZKLFK�WKH\�ZHUH�DWWDFKHG��/XJ�KDQGOHV�DUH�JHQHUDOO\�
VPDOOHU�WKDQ�VWUDS�KDQGOHV��UDQJLQJ�SULPDULO\�IURP�������
PP�DQG�������PP�LQ�OHQJWK��EXW�UDQJLQJ�WR����PP�LQ�
OHQJWK��DQG������PP�LQ�ZLGWK��ZKLOH�VWUDS�KDQGOHV�DUH�
SULPDULO\�������PP�LQ�OHQJWK��EXW�UDQJLQJ�WR����PP�LQ�
OHQJWK��DQG�������PP�LQ�ZLGWK�
� $QRWKHU�GLIIHUHQFH�EHWZHHQ�OXJ�KDQGOHV�DQG�
VWUDS�KDQGOHV�DW�WKH�$��&��6DXQGHUV�VLWH�LV�WKDW�OXJ�
KDQGOHV�DUH�SULPDULO\�SODLQ�����SHUFHQW���ZKLOH�RQO\������
SHUFHQW�RI�WKH�VWUDS�KDQGOHV�DUH�SODLQ��7KH�GHFRUDWHG�OXJ�
KDQGOHV�DQG�VWUDS�KDQGOHV�KDYH�D�UDQJH�RI�GHFRUDWLYH�
HOHPHQWV��7DEOH������7KH�PRVW�FRPPRQ�GHFRUDWLYH�
HOHPHQWV�RQ�ERWK�W\SHV�RI�KDQGOHV�DUH�YHUWLFDO�SLQFKHG�
ULGJHV��DQG�DOO�WROG�������SHUFHQW�RI�WKH�OXJ�KDQGOHV�
DQG������SHUFHQW�RI�WKH�VWUDS�KDQGOHV�KDYH�SLQFKHG�
GHFRUDWLYH�HOHPHQWV��)LJXUH���D�H��
� %HWZHHQ�����������SHUFHQW�RI�WKH�OXJ�DQG�VWUDS�
KDQGOHV�KDYH�SXQFWDWHG�URZV��ZKHWKHU�ZLWK�¿QJHUQDLOV�RU�
WRRO�SXQFWDWLRQV��)LJXUH���D�E���VHH�7DEOH������2QO\�RQH�
RI�WKH�GHFRUDWHG�KDQGOHV������SHUFHQW���QDPHO\�D�VWUDS�
KDQGOH��KDYH�EUXVKHG�PDUNV������SHUFHQW�KDYH�DSSOLTXHG�
QRGHV�DW�WKH�WRS�RI�WKH�KDQGOHV��VHH�)LJXUH���D���DQG�����
SHUFHQW�KDYH�LQFLVHG�GHFRUDWLYH�HOHPHQWV��)LJXUH���F��

&HUDPLF�6KHUGV�ZLWK�'ULOOHG�+ROHV
&HUDPLF�VKHUGV�ZLWK�GULOOHG�KROHV��RWKHUZLVH�NQRZQ�
DV�VSLQGOH�ZKRUOV��DUH�SUHVHQW�LQ�WKH�DQFHVWUDO�&DGGR�
FHUDPLF�DVVHPEODJH�IURP�)HDWXUH����0LGGHQ�0RXQG��
DW�WKH�$��&��6DXQGHUV�VLWH��)LJXUH���D�G���7KH�VSLQGOH�
ZKRUOV�ZRXOG�KDYH�EHHQ�DI¿[HG�RQ�D�VSLQGOH�WR�KHOS�

)LJXUH�����([DPSOHV�RI�KDQGOHV�RQ�XWLOLW\�ZDUH�YHVVHOV��D�E��
OXJ�KDQGOHV��F�G��VWUDS�KDQGOHV�
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PDLQWDLQ�LWV�URWDU\�PRWLRQ�GXULQJ�VSLQQLQJ�DFWLYLWLHV��
7KHVH�VKHUGV�KDYH�EHHQ�GHOLEHUDWHO\�PRGL¿HG�IURP�
HLWKHU�ERG\�RU�EDVH�VKHUGV�IURP�SUHYLRXVO\�EURNHQ�
FHUDPLF�YHVVHOV��VHYHUDO�RI�WKH�VSLQGOH�ZKRUOV�KDYH�
YLVLEOH�GHFRUDWLYH�HOHPHQWV�IURP�WKRVH�EURNHQ�
YHVVHOV��LQFOXGLQJ�EUXVKHG��)LJXUH���D��DQG�HQJUDYHG�
GHFRUDWLRQV��6SLQGOH�ZKRUOV�UHSUHVHQW�HYLGHQFH�RI�
WH[WLOH�PDQXIDFWXUH�ZHDYLQJ��FI��$OW�������IURP�YDULRXV�
YHJHWDEOH�¿EHUV�E\�WKH�&DGGR�SHRSOHV�OLYLQJ�DW�WKH�VLWH��
DPRQJ�WKHP�KHPS��VOLSSHU\�HOP��PXOEHUU\��PLONZHHG��
DQG�QHWWOH��DV�ZHOO�DV�WKH�EDUN�RI�WUHHV�
� 7KH����FLUFXODU�VKDSHG�VSLQGOH�ZKRUOV�RFFXU�
WKURXJKRXW�WKH�)HDWXUH���GHSRVLWV��DOWKRXJK�VOLJKWO\�
PRUH�FRPPRQ�LQ�$&6���������LQFKHV�EV��DQG�$&6���
�������LQFKHV�EV���7DEOH������$ERXW����SHUFHQW�RI�WKH�
VSLQGOH�ZKRUOV�DUH�IURP�JURJ�WHPSHUHG�YHVVHOV�����
SHUFHQW�DUH�IURP�JURJ�KHPDWLWH�WHPSHUHG�YHVVHOV����
SHUFHQW�DUH�IURP�JURJ�ERQH�WHPSHUHG�YHVVHOV��DQG�����
SHUFHQW�DUH�IURP�ERQH�WHPSHUHG�YHVVHOV��7KH�VSLQGOH�
ZKRUOV�DUH�PDGH�IURP�ERWK�ERG\�����SHUFHQW��DQG�EDVH�
����SHUFHQW��VKHUGV��WKLFNHU�VKHUGV�ZHUH�SUHIHUUHG�IRU�
VSLQGOH�ZKRUO�XVH�
� 7KH�VSLQGOH�ZKRUOV�KDYH�GULOOHG�KROHV�WKDW�IDOO�
LQ�WKUHH�JURXSV�EDVHG�RQ�GULOOHG�KROH�GLDPHWHUV�����������
PP��VHH�)LJXUH���D�DQG���G�������������PP��VHH�)LJXUH�
��F���DQG�����������PP��VHH�7DEOH����DQG�)LJXUH���E���
7KHVH�VL]H�GLIIHUHQFHV�LQGLFDWH�WKDW�VSLQGOHV�RI�GLIIHUHQW�
VL]HV�ZHUH�HPSOR\HG�E\�WKH�DQFHVWUDO�&DGGR�SHRSOHV�
OLYLQJ�DW�WKH�$�&��6DXQGHUV�VLWH�WR�PDQXIDFWXUH�WH[WLOH�
DQG�FORWK�

7DEOH�����'HFRUDWLYH�HOHPHQWV�RQ�OXJ�KDQGOHV�DQG�VWUDS�
KDQGOHV�DW�WKH�$��&��6DXQGHUV�VLWH�

)LJXUH�����6WUDS�KDQGOHV�ZLWK�SLQFKHG�ULGJHV�DW�WKH�$��&��
6DXQGHUV�VLWH�
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�����6XUIDFH�&ROOHFWLRQ�RI�&HUDPLF�9HVVHO�6KHUGV
.OHLQVFKPLGW�FROOHFWHG�D�VPDOO�QXPEHU�RI�FHUDPLF�YHVVHO�
VKHUGV��Q ����IURP�WKH�VXUIDFH�RI�WKH�$��&��6DXQGHUV�VLWH�
LQ�������7HQ�RI�WKH�VKHUGV�DUH�SODLQ�ULP�RU�ERG\�VKHUGV�
WHPSHUHG�ZLWK�JURJ��JURJ�KHPDWLWH��DQG�ERQH�KHPDWLWH��
7KHUH�DUH�DOVR�JURJ�WHPSHUHG�ERG\�VKHUGV�IURP�XWLOLW\�
ZDUH�YHVVHOV�ZLWK�SDUDOOHO�EUXVKHG��Q ���DQG�SDUDOOHO�
EUXVKHG�LQFLVHG�PDUNV�DQG�OLQHV��Q ����JURJ�KHPDWLWH�
WHPSHUHG�ERG\�VKHUGV�ZLWK�SDUDOOHO��Q ���RU�RSSRVHG�
�Q ���EUXVKLQJ�PDUNV��D�JURJ�KHPDWLWH�WHPSHUHG�ERG\�
VKHUG�ZLWK�SDUDOOHO�EUXVKHG�LQFLVHG�PDUNV��DQG�OLQHV��DQG�
D�JURJ�KHPDWLWH�/D�5XH�1HFN�%DQGHG�ERG\�VKHUG��2QH�
JURJ�WHPSHUHG�¿QH�ZDUH�VKHUG�KDV�D�UHG�VOLS�RQ�LQWHULRU�
DQG�H[WHULRU�YHVVHO�VXUIDFHV�

&HUDPLF�3LSHV�DQG�3LSH�6KHUGV�IURP�)HDWXUHV���DQG��
&HUDPLF�SLSHV�DQG�SLSH�VKHUGV�DUH�FRPPRQ�DUWLIDFWV�
IRXQG�LQ�XSSHU�1HFKHV�5LYHU�EDVLQ�&DGGR�VLWHV��
HVSHFLDOO\�WKRVH�VLWHV�RFFXSLHG�DIWHU�FD��$�'�������OLNH�
WKH�$��&��6DXQGHUV�VLWH��*LOPRUH������7DEOH�����-DFNVRQ�
������������.OHLQVFKPLGW������������������DQG������

)LJXUH�����3XQFWDWHG�RU�LQFLVHG�VWUDS�KDQGOHV�DW�WKH�$��&��
6DXQGHUV�VLWH�

)LJXUH�����6HOHFWHG�FHUDPLF�VSLQGOH�ZKRUOV�IURP�)HDWXUH���
DW�WKH�$��&��6DXQGHUV�VLWH��D�E��XQNQRZQ�GHSWK��F��$&6�������
LQFKHV���G��$&6�������LQFKHV��
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&HUDPLF�SLSHV�DQG�SLSH�VKHUGV�DUH�UHODWLYHO\�DEXQGDQW�
LQ�ERWK�GRPHVWLF�DQG�PRUWXDU\�DUFKHRORJLFDO�GHSRVLWV�
LQ�DQFHVWUDO�&DGGR�VLWHV�LQ�WKH�UHJLRQ��WKH�FHUDPLF�
SLSHV�IURP�$��&��6DXQGHUV�DUH�IRXQG�LQ�PRXQG�FRQWH[WV�
LQ�)HDWXUHV���DQG����7KH�SUHYDOHQFH�RI�FOD\�SLSHV�LQ�
ERWK�GRPHVWLF�DQG�PRUWXDU\�FRQWH[WV�WKURXJKRXW�WKH�
XSSHU�1HFKHV�5LYHU�EDVLQ�LQGLFDWH�WKH�ULWXDO�DFWLYLWLHV�
DVVRFLDWHG�ZLWK�SLSH�VPRNLQJ���DQG�WKH�VPRNLQJ�RI�
WREDFFR��VHH�5DIIHUW\�DQG�0DQQ�������:LQWHU�������
��ZHUH�DFWXDOO\�SDUW�RI�GDLO\�OLIH�DQG�WKH�HYHU\�GD\�
FHUHPRQLHV�WKDW�WKH�&DGGR�FDUULHG�RXW�LQ�LQWHUDFWLQJ�ZLWK�
WKH�VSLULWV�DQG�VRXOV�DURXQG�WKHP��3LSHV�ZHUH�SUREDEO\�
VPRNHG�RQ�D�GDLO\�EDVLV�E\�DGXOW�PHPEHUV�RI�IDUPVWHDGV�
DQG�FRPPXQLWLHV���PDLQO\�DGXOW�PDOHV��EXW�QRW�DOZD\V���
DQG�ZKHQ�WKH�SLSHV�EURNH��WKH\�ZHUH�GLVFDUGHG�LQ�QHDUE\�
PLGGHQV��3LSHV�ZHUH�PDGH�ORFDOO\�IRU�GDLO\�XVH��DQG�IRU�
XVH�LQ�PRUWXDU\�ULWXDOV�
� $Q�H[DPLQDWLRQ�RI�WKH�FOD\�HOERZ�SLSHV�IURP�
VLWHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��VHH�3HUWWXOD��������
LQFOXGLQJ�IURP�FHPHWHULHV�RI�NQRZQ�DJH��LQGLFDWHV�WKH�
IROORZLQJ�VW\OLVWLF�DQG�PRUSKRORJLFDO�WUHQGV��)LJXUHV����
DQG�����

7DEOH�����6SLQGOH�ZKRUOV�IURP�WKH�)HDWXUH���H[FDYDWLRQV�DW�WKH�
$��&��6DXQGHUV�VLWH�

)LJXUH�����(OERZ�SLSH�YDULHWLHV�$�)�LQ�WKH�XSSHU�1HFKHV�5LYHU�
EDVLQ�

)LJXUH�����
$�VDPSOH�
RI�LQFLVHG�
DQG�LQFLVHG�
SXQFWDWHG�HOERZ�
SLSH�VKHUGV�
IURP�WKH�$��&��
6DXQGHUV�VLWH��
)URP�7H[DV�
%H\RQG�+LVWRU\�
ZHEVLWH�
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�� WKH�HDUOLHVW�HOERZ�SLSHV��9DU��$��DUH�SODLQ�
/�VKDSHG�IRUPV�

�� ÀDULQJ�ERZO�IRUPV�DUH�VW\OLVWLFDOO\�VHTXHQW��
ZLWK�GLVWDO�VWHP�NQREV��WKHVH�SLSHV��9DU��%��
KDYH�WKUHH�HQJUDYHG�RU�GHHS�LQFLVHG�OLQHV�RQ�WKH�
VWHP�DQG�VKRUW�OLQHV�RQ�WKH�ORZHU�ERZO��VRPH�
H[DPSOHV�KDYH�SHGHVWDO�EDVHV�

�� 9DU��&�SLSHV�KDYH�HQJUDYHG�LQFLVHG�OLQHV�RQ�WKH�
VWHP��DQG�OLQHV�RQ�WKH�SLSH�WKDW�H[WHQG�DORQJ�
WKH�HQWLUHW\�RI�WKH�VWHP�DQG�EDVDO�SRUWLRQV�RI�
WKH�ERZO�

�� ,Q�9DU��'�SLSHV��WKH�SDUDOOHO�HQJUDYHG�RU�
LQFLVHG�OLQHV�H[WHQGLQJ�DORQJ�WKH�VWHP�DQG�WKH�
ORZHU�ERG\�DUH�UHSODFHG�E\�ORQJ�URZV�RI�VPDOO�
SXQFWDWLRQV�

�� 9DU��(�HOERZ�SLSHV�DUH�WKH�¿UVW�IRUPV�WKDW�DUH�
FRPSOHWHO\�FRYHUHG�ZLWK�GHFRUDWLRQ��LQ�WKLV�
FDVH�FXUYLOLQHDU�LQFLVHG�OLQHV�

�� FURVV�KDWFKHG�HQJUDYHG�HOERZ�SLSHV��9DU��)���
DQG

�� SLSHV�ZLWK�D�YDULHW\�RI�LQFLVHG�SXQFWDWHG�
GHFRUDWLRQV��9DU��*���-DFNVRQ�����������UHIHUV�
WR�WKHVH�DV�1HFKHV�SLSHV��XVXDOO\�ZLWK�URZV�
RI�SXQFWDWLRQV�RQ�WKH�VWHP��KHHO��DQG�ERZO��RU�
FRYHULQJ�WKH�HQWLUH�SLSH��WKLV�LV�WKH�ODWHVW�HOERZ�
SLSH�IRUP�DW�WKH�$��&��6DXQGHUV�VLWH�DFFRUGLQJ�
WR�-DFNVRQ���������7KLV�YDULHW\�PD\�DOVR�KDYH�
URZV�RI�UDLVHG�EDQGV�RI�SXQFWDWLRQV��IRUPLQJ�
D�FROODU�DW�WKH�VWHP��6KDIHU������)LJXUH��H��
�)LJXUH�����

� 7KHUH�DUH�IRXU�FHUDPLF�HOERZ�SLSH�VKHUGV�
IURP�WKH�)HDWXUH����0RXQG����H[FDYDWLRQV�DW�WKH�$��&��
6DXQGHUV�VLWH��7ZR�VWHP�DQG�EDVDO�VWHP�SLSH�VKHUGV�KDYH�
GHFRUDWLYH�HOHPHQWV�DQG�WKH�RWKHU�WZR��D�VWHP�DQG�D�
ERZO��DUH�XQGHFRUDWHG��7KUHH�RI�WKH�IRXU�SLSH�VKHUGV�DUH�
IURP�SLSHV�WHPSHUHG�ZLWK�JURJ��DQG�WKH�RWKHU�SLSH�VKHUG�
KDV�ERWK�JURJ�DQG�KHPDWLWH�WHPSHU�
� 7KH�GHFRUDWHG�SLSH�VKHUGV�IURP�)HDWXUH���
DUH�IURP�9DU��%�HOERZ�SLSHV��VHH�)LJXUH������RQH�KDV�
WKUHH�KRUL]RQWDO�HQJUDYHG�OLQHV�RQ�WKH�XSSHU�VWHP�DQG�
WKH�RWKHU�KDV�WKUHH�KRUL]RQWDO�LQFLVHG�OLQHV�RQ�WKH�EDVDO�
VWHP��7KHVH�SLSHV�DUH���������PP�LQ�WKLFNQHVV��DQG�WKH�
RUL¿FH�GLDPHWHU�RQ�WKH�XSSHU�VWHP�ULP�LV������PP��7KH�
SODLQ�VWHP�VKHUG�LV�����PP�LQ�WKLFNQHVV�DQG�KDV�D������
PP�RUL¿FH�GLDPHWHU�DW�WKH�ÀDW�OLS��7KH�SODLQ�ERZO�VKHUG�
KDV�D�URXQGHG�OLS��LV�����PP�LQ�WKLFNQHVV��DQG�LWV�RUL¿FH�
GLDPHWHU�LV������PP�

� 7KH�$��&��6DXQGHUV�DUWLIDFW�DVVHPEODJH�IURP�
)HDWXUH����0LGGHQ�0RXQG��DW�7$5/�KDV�RQH�FRPSOHWH�
FHUDPLF�SLSH�DQG����VWHP�DQG�ERZO�VKHUGV��7KHVH�
SLSHV�DUH�IURP�VHYHUDO�RI�WKH�GH¿QHG�SLSH�YDULHWLHV�
LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��VHH�)LJXUH������7KH�
SLSHV�ZHUH�FRPPRQO\�EXUQLVKHG�RU�VPRRWKHG�DQG�
PDQXIDFWXUHG�ZLWK�JURJ�WHPSHU�����SHUFHQW��HVSHFLDOO\�
WKH�SODWIRUP�SLSHV�DQG�9DU��$�SLSHV���DOWKRXJK����
SHUFHQW�DUH�WHPSHUHG�ZLWK�JURJ�DQG�FUXVKHG�EXUQHG�
ERQH��HVSHFLDOO\�9DU��&�SLSHV���DQRWKHU�����SHUFHQW�DUH�
WHPSHUHG�VROHO\�ZLWK�EXUQHG�ERQH��DOO�IURP�XQLGHQWL¿HG�
SLSH�YDULHWLHV���DQG�����SHUFHQW�RI�WKH�SLSH�VKHUGV�DUH�
WHPSHUHG�ZLWK�HLWKHU�JURJ�KHPDWLWH�RU�ERQH�KHPDWLWH�
�ERWK�IURP�XQLGHQWL¿HG�SLSH�YDULHWLHV��
� 7ZR�RI�WKH�SLSH�VKHUGV�LQ�WKH�DVVHPEODJH�DUH�
SDUW�RI�WZR�GLIIHUHQW�FLUFXODU�SODWIRUP�SLSHV��7DEOH������
2QH�LV�DW�OHDVW����PP�LQ�OHQJWK��)LJXUH���D���$����
PP�KLJK�ERZO�VLWV�RQ�WKH�SODWIRUP��7KH����PP�ZLGH�
SODWIRUP�RQ�RQH�SODWIRUP�SLSH�KDV�D�VHULHV�RI�XSSHU�
DQG�ORZHU�ODUJH�H[FLVHG�WULDQJOHV�SHQGDQW�IURP�D�VLQJOH�
HQJUDYHG�OLQH�WKDW�HQFLUFOHV�WKH�RXWHU�SODWIRUP�HGJH��
ZKLOH�WKH�RWKHU�KDV�KDWFKHG�HQJUDYHG�WULDQJOHV�RQ�HLWKHU�

)LJXUH�����9DU��*�SLSHV�IURP�WKH�$��&��6DXQGHUV�VLWH�
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7DEOH�����&HUDPLF�SLSHV�DQG�SLSH�VKHUGV�IURP�)HDWXUH���DW�WKH�
$��&��6DXQGHUV�VLWH�
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VLGH�RI�WKH�SODWIRUP��)LJXUH���E���7KLV�ODWWHU�SODWIRUP�
SLSH�LV�IURP����LQFKHV�EV�LQ�$&6����
� 7KH�UHPDLQGHU�RI�WKH�FHUDPLF�SLSHV�DQG�SLSH�
VKHUGV�DUH�IURP�HOERZ�SLSHV��7KLV�LQFOXGHV�VKHUGV�IURP�
GH¿QHG�9DU��$��Q ����9DU��%��Q �����9DU��&��Q ����9DU��'�

�Q ����DQG�9DU��*��Q �����$QRWKHU����VKHUGV�FDQQRW�EH�
DVVLJQHG�WR�D�GH¿QHG�8SSHU�1HFKHV�5LYHU�EDVLQ�HOERZ�
SLSH�YDULHW\��VHH�7DEOH�����
� 7KH�9DU��$�HOERZ�SLSH�VKHUGV�KDYH�SODLQ�VWHPV�
DQG�ERZOV��)LJXUH���D�E���7KH\�UDQJH�IURP�DW�OHDVW����
�����PP�LQ�OHQJWK��KDYH�VPRRWKHG�H[WHULRU�VXUIDFHV��DQG�
KDYH�URXQGHG�OLSV��RQH�9DU��$�SLSH�KDV�D�ÀDW�GLVWDO�NQRE�
�)LJXUH���D��
� 9DU��%�HOERZ�SLSHV�DOO�KDYH�EHWZHHQ�WZR�WR�VL[�
KRUL]RQWDO�LQFLVHG�����SHUFHQW��RU�HQJUDYHG�����SHUFHQW��
OLQHV�RQ�WKH�VWHP��)LJXUH���D��F�H���DQG�VHYHUDO�H[DPSOHV�
DOVR�KDYH�KRUL]RQWDO�LQFLVHG�OLQHV�RQ�WKH�ORZHU�ERZO�DQG�
VWHP�RU�WKH�GLVWDO�VWHP�NQRE��RU�HQJUDYHG�OLQHV�RQ�WKH�
SLSH�ERZO��)LJXUH���E���7KHVH�SLSHV�WHQG�WR�EH�VPRRWKHG�
RU�EXUQLVKHG�RQ�WKHLU�H[WHULRU�VXUIDFHV��7KLFNQHVV�DQG�
VWHP�RUL¿FH�GLDPHWHUV�VXJJHVW�WKH�9DU��%�SLSHV�ZHUH�
PDGH�LQ�VHYHUDO�VL]HV��UDQJLQJ�IURP���������PP�LQ�
WKLFNQHVV�RQ�WKH�VWHP�DQG�KDYH�����������PP�ÀDW�VWHP�
EDVH�GLDPHWHUV��VHH�7DEOH�����
� 7KH�9DU��&�HOERZ�SLSH�VKHUGV�DUH�FRPPRQO\�
WHPSHUHG�ZLWK�JURJ�DQG�ERQH�����SHUFHQW��VHH�7DEOH������
DQG�DOVR�EXUQLVKHG�RQ�WKHLU�H[WHULRU�VXUIDFH��)RXU�RI�WKH�
9DU��&�SLSH�VKHUGV�KDYH�WZR�WR�¿YH�KRUL]RQWDO�LQFLVHG�
OLQHV�RQ�WKH�VWHP�DV�ZHOO�DV�YHUWLFDO�LQFLVHG�OLQHV�RQ�
WKH�ORZHU�VWHP��2QH�SLSH�VKHUG�KDV�ERWK�KRUL]RQWDO�DQG�

7DEOH�����&HUDPLF�SLSHV�DQG�SLSH�VKHUGV�IURP�)HDWXUH���DW�WKH�
$��&��6DXQGHUV�VLWH�

67 VXUIDFH�WUHDWPHQW��/ OHQJWK��LQ�PP���7+ WKLFNQHVV�
�LQ�PP���2' RUL¿FH�GLDPHWHU��LQ�PP���% EXUQLVKHG��
60 VPRRWKHG

)LJXUH�����3ODWIRUP�SLSHV�IURP�)HDWXUH���DW�WKH�$��&��6DXQGHUV�
VLWH��D��QR������E��$&6�������LQFKHV�EV��
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YHUWLFDO�LQFLVHG�OLQHV�RQ�WKH�VWHP�DV�ZHOO�DV�D�URZ�RI�WRRO�
SXQFWDWLRQV�DGMDFHQW�WR�WKH�YHUWLFDO�LQFLVHG�OLQHV�RQ�WKH�
ORZHU�VWHP��)LJXUH�����
� 7KH�RQH�9DU��'�HOERZ�SLSH�VKHUG�LQ�WKH�$��
&��6DXQGHUV�DVVHPEODJH�LV�JURJ�ERQH�WHPSHUHG�DQG�
VPRRWKHG�RQ�LWV�H[WHULRU�VXUIDFH��7KH�VWHP�LV�GHFRUDWHG�
ZLWK�¿YH�KRUL]RQWDO�LQFLVHG�OLQHV�ZKLOH�WKH�ORZHU�VWHP�
KDV�DW�OHDVW�WZR�YHUWLFDO�URZV�RI�WRRO�SXQFWDWLRQV��VHH�
7DEOH�����
� 7KH�9DU��*�HOERZ�SLSHV�DQG�SLSH�VKHUGV�DUH�
FRPPRQO\�JURJ�WHPSHUHG�����SHUFHQW��RU�JURJ�ERQH�
WHPSHUHG�����SHUFHQW��DQG�KDYH�EXUQLVKHG�H[WHULRU�
VXUIDFHV��VHH�7DEOH������7KH\�KDYH�VHYHUDO�GLIIHUHQW�
GHFRUDWLYH�HOHPHQW�FRPELQDWLRQV��LQFOXGLQJ�LQFLVHG�
RU�HQJUDYHG�OLQHV�RQ�WKH�VWHP��VRPHWLPHV�FROODUHG��
EHWZHHQ�SXQFWDWHG�URZV�EHQHDWK�WKH�OLS��)LJXUH���D��
RU�ZLWK�URZV�RI�FLUFXODU�SXQFWDWLRQV�RQ�WKH�ORZHU�VWHP�
�)LJXUH���E���2WKHU�9DU��*�SLSHV�KDYH�SXQFWDWHG�URZV�RQ�
WKH�VWHP��)LJXUH���G��RU�RQ�WKH�ORZHU�VWHP��)LJXUH���F���
RU�KDYH�WRRO�SXQFWDWHG�URZV�RQ�ERWK�WKH�VWHP�DQG�ORZHU�
VWHP��)LJXUH���H�I���ZKLFK�VRPHWLPHV�KDV�D�FROODU�
� 7KH�RQH�FRPSOHWH�9DU��*�HOERZ�SLSH�
�)LJXUH�����LV�JURJ�WHPSHUHG�DQG�EXUQLVKHG��DQG�
GHFRUDWHG�RQ�WKH�ERZO��WKH�VWHP��DQG�WKH�ORZHU�VWHP��
7KHUH�DUH�VPDOO�FLUFXODU�SXQFWDWHG�URZV�RQ�WKH�ERZO�

)LJXUH�����9DU��$�SLSH�VKHUGV�IURP�WKH�$��&��6DXQGHUV�VLWH��D��
1R������E��1R������

)LJXUH�����9DU��%��SLSH�VKHUGV�IURP�WKH�$��&��6DXQGHUV�VLWH��D��
1R�����E��1R������F��$&6������LQFKHV�EV���G��$&6�������LQFKHV�
EV���H��$&6�
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)LJXUH�����9DU��&�SLSH�VKHUG��QR������IURP�WKH�$��&��6DXQGHUV�
VLWH�

)LJXUH�����9DU��*�HOERZ�SLSH�VKHUGV�IURP�WKH�$��&��6DXQGHUV�
VLWH��D��LQFLVHG�SXQFWDWHG�GHFRUDWLYH�HOHPHQWV��QR������RQ�WKH�
FROODUHG�VWHP��

)LJXUH�����9DU��*�HOERZ�SLSH�VKHUGV�IURP�WKH�$��&��6DXQGHUV�VLWH��E��LQFLVHG�SXQFWDWHG�HOHPHQWV��QR������RQ�WKH�VWHP��F��SXQFWDWHG�
URZV�RI�ORZHU�VWHP��QR�������G��WRRO�SXQFWDWHG�URZV�RQ�VWHP��QR�������H��WRRO�SXQFWDWHG�URZV�RQ�WKH�VWHP�DQG�ORZHU�VWHP��QR��
�����
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OLS��¿YH�URZV�RI�FLUFXODU�SXQFWDWLRQV�DW�WKH�EDVH�RI�WKH�
VWHP�DQG�ERZO��DQG�¿YH�URZV�RI�FLUFXODU�SXQFWDWLRQV�
RQ�WKH�VWHP�EHORZ�WKH�OLS��6HYHUDO�RI�WKHVH�FLUFXODU�
SXQFWDWLRQV�KDYH�D�NDROLQ�ULFK�FOD\�SLJPHQW�UXEEHG�LQ�
WKH�SXQFWDWLRQV��VHH�)LJXUH�����
� $ERXW�KDOI�RI�WKH�SLSH�VKHUGV�WKDW�FDQQRW�EH�
DVVLJQHG�WR�DQ�HOERZ�SLSH�YDULHW\�VLPSO\�DUH�VPDOO�SODLQ�
VWHP�DQG�VWHP�ERG\�VKHUGV��VHH�7DEOH������DV�ZHOO�DV�
SODLQ�ERZO�VKHUGV�WKDW�FRXOG�EH�IURP�9DU��$�&�SLSHV��
2WKHUV�KDYH�KRUL]RQWDO�HQJUDYHG�RU�LQFLVHG�OLQHV�RQ�WKH�
VWHP��VRPHWLPHV�FROODUHG���)LJXUH���D���DQG�WKHVH�PD\�
EH�IURP�9DU��%��RU�9DU��&�SLSHV��2WKHUV�KDYH�KRUL]RQWDO�
DQG�GLDJRQDO�HQJUDYHG�OLQHV�RQ�WKH�VWHP��)LJXUH���E���
HQJUDYHG�SXQFWDWHG�HOHPHQWV��RU�GLDJRQDO�RSSRVHG�
HQJUDYHG�OLQHV�RQ�WKH�VWHP��)LJXUH���F���2WKHUV�KDYH�
KDWFKHG�SHQGDQW�WULDQJOH�HOHPHQWV��)LJXUH���G��RU�RSHQ�
SHQGDQW�WULDQJOHV��VHH�7DEOH������2QH�HOERZ�SLSH�ERZO�
ULP�VKHUG�KDV�OLS�QRWFKHV��VHH�7DEOH�����
� 7KH�PRVW�XQLTXH�XQDVVLJQHG�HOERZ�SLSH�KDV�
KRUL]RQWDO�YHUWLFDO�HQJUDYHG�OLQHV�RQ�WKH�ORZHU�VWHP�
ERZO��)LJXUH���H�I��DQG�GLIIHUHQW�GHFRUDWLYH�HOHPHQWV�
RQ�HLWKHU�VLGH�RI�WKH�VWHP��2QH�VLGH�KDV�IRXU�HQJUDYHG�
FRQFHQWULF�FLUFOHV��)LJXUH���H���DQG�WKH�RWKHU�VLGH�RI�
WKH�VWHP�KDV�IRXU�GLDJRQDO�URZV�RI�WRRO�SXQFWDWLRQV�
�)LJXUH���I��
� 2I�WKH�HOERZ�SLSH�VKHUGV�WKDW�KDYH�D�YHUWLFDO�
SURYHQLHQFH�����SHUFHQW�DUH�IURP�$&6���������
LQFKHV�EV������SHUFHQW�DUH�IURP�$&6����������FP�EV���
DQG����SHUFHQW�DUH�IURP�$&6����������FP�EV���2QO\�SLSH�
YDULHWLHV�%�DQG�*�DUH�UHSUHVHQWHG�LQ�WKH�$&6���SLSHV��
9DU��*�RQO\�LQ�$&6����DQG�9DU��%�LQ�DOO�WKUHH�OHYHOV�LQ�
)HDWXUH����7KLV�VXJJHVWV�WKDW�9DU��*�LV�WKH�\RXQJHVW�
HOERZ�SLSH�IRUP��IROORZHG�E\�9DU��%��(OERZ�SLSH�

YDULHWLHV�$��&��DQG�'�RFFXU�LQ�RQO\�GHHSHU�$&6���DQG�
$&6���OHYHOV��7DEOH�����DW�WKH�$��&��6DXQGHUV�VLWH��DQG�
WKH�RQH�SODWIRUP�SLSH�VKHUG�ZLWK�YHUWLFDO�SURYHQLHQFH�
FRPHV�IURP�$&6����LQGLFDWLQJ�LW�RFFXUUHG�DPRQJ�WKH�
HDUOLHVW�FHUDPLF�SLSHV��9DUV��$��&��DQG�'��PDGH�DQG�XVHG�
DW�WKH�$��&��6DXQGHUV�VLWH�

&HUDPLF�%HDG
$�VLQJOH�ODUJH�FHUDPLF�EHDG�ZDV�UHFRYHUHG�LQ�WKH�
)HDWXUH���H[FDYDWLRQV�DW�WKH�$��&��6DXQGHUV�VLWH��7KH�
EHDG�LV�WXEXODU�VKDSHG�������PP�LQ�OHQJWK�DQG������
PP�LQ�GLDPHWHU��ZLWK�D������PP�GLDPHWHU�KROH�DW�HLWKHU�
ÀDWWHQHG�HQG��)LJXUH���D�E���7KH�EHDG�KDV�DQ�H[WHULRU�
VPRRWKHG�VXUIDFH�
� &HUDPLF�EHDGV�DV�RUQDPHQWV�DUH�UDUH�LQ�
WKH�&DGGR�DUFKDHRORJLFDO�UHFRUG�LQ�(DVW�7H[DV�DQG�
1RUWKZHVW�/RXLVLDQD��VHH�6LWWHUV�DQG�3HUWWXOD������7DEOH�
����DQG�EHVLGHV�WKH�FOD\�EHDG�IURP�WKH�$��&��6DXQGHUV�
VLWH��RQO\����RWKHU�VLWHV�KDYH�EHHQ�LGHQWL¿HG�LQ�WKH�
SXEOLVKHG�OLWHUDWXUH��7KH����EHDGV�IURP�WKHVH�VLWHV�DUH�
ERWK�WXEXODU�DQG�GLVF�VKDSHG��DQG�DUH�SODLQ��H[FHSW�IRU�
WKH�ODUJH�³HJJ�VKDSHG´�EHDG�IURP�WKH�3LQH�7UHH�0RXQG�
VLWH����+6����ZLWK�IRXU�VHWV�RI�LQFLVHG�FLUFOHV�RQ�WKH�
ERG\��)LHOGV�DQG�*DGXV��������������DQG�)LJXUH�
����D��G��
� 7KH�FHUDPLF�EHDGV�RFFXU�LQ�)RUPDWLYH�&DGGR�
�FD��$�'�������������0LGGOH�&DGGR��FD��$�'�������
�������DQG�/DWH�&DGGR��FD��$�'�������������SHULRG�
DVVHPEODJHV�LQ�(DVW�7H[DV��DOPRVW�DOZD\V�LQ�KDELWDWLRQ�
FRQWH[WV��DQG�PRVW�FRPPRQO\�LQ�/DWH�&DGGR�SHULRG�
FRPSRQHQWV��7KH�$��&��6DXQGHUV�FHUDPLF�EHDG�LV�IURP�
D�/DWH�&DGGR�SHULRG�)UDQNVWRQ�SKDVH�FRPSRQHQW��WKH�
)HDWXUH���PLGGHQ�PRXQG���0RUH�WKDQ�KDOI�RI�WKH�FHUDPLF�

)LJXUH�����9DU��*�HOERZ�SLSH�VKHUGV�IURP�WKH�$��&��6DXQGHUV�
VLWH��I��WRRO�SXQFWDWHG�URZV�RQ�FROODUHG�VWHP�DQG�ORZHU�VWHP�
�QR�������

)LJXUH�����9DU��*�SLSH��QR������ZLWK�SXQFWDWHG�URZV�RQ�WKH�
FROODUHG�ERZO�ULP��DW�WKH�VWHP��DQG�DW�WKH�ORZHU�VWHP�
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)LJXUH�����3LSH�VKHUGV�WKDW�FDQQRW�EH�DVVLJQHG�WR�D�GH¿QHG�
8SSHU�1HFKHV�5LYHU�EDVLQ�HOERZ�SLSH�YDULHW\��D��HQJUDYHG�
OLQHV�RQ�WKH�VWHP�FROODU��QR�������E��KRUL]RQWDO�DQG�GLDJRQDO�
HQJUDYHG�OLQHV�RQ�WKH�VWHP��QR�������F��GLDJRQDO�RSSRVHG�
HQJUDYHG�OLQHV�RQ�WKH�VWHP��QR�������G��KDWFKHG�SHQGDQW�
WULDQJOH�HOHPHQWV�RQ�WKH�ORZHU�VWHP��QR�������H��KRUL]RQWDO�
YHUWLFDO�DQG�FRQFHQWULF�FLUFOH�HQJUDYHG�HOHPHQWV�RQ�WKH�VWHP�
DQG�ORZHU�VWHP�ERZO��QR�������I��RSSRVLWH�VLGH�RI�QR�����VWHP�
ZLWK�GLDJRQDO�WRRO�SXQFWDWHG�URZV�DQG�KRUL]RQWDO�YHUWLFDO�
HQJUDYHG�OLQHV�RQ�WKH�ORZHU�VWHP�ERZO��J��SODLQ�HOERZ�SLSH�
ERZO��$&6�������LQFKHV�EV�

7DEOH�����(OERZ�SLSH�YDULHWLHV�E\�GHSWK�LQ�)HDWXUH���
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EHDGV�DUH�IURP�/DWH�&DGGR�SHULRG�FRQWH[WV��6SDWLDOO\��
WKH�EHDGV�DUH�IRXQG�RQ�VLWHV�LQ�WKH�5HG�5LYHU��Q ����
6DELQH�5LYHU��Q ����XSSHU�DQG�ORZHU�6XOSKXU��Q ����%LJ�
&\SUHVV��Q ����DQG�WKH�1HFKHV�$QJHOLQD�5LYHU��Q ���
EDVLQV�

6XPPDU\�DQG�&RQFOXVLRQV

7KH�$��&��6DXQGHUV�VLWH����$1����LV�DQ�LPSRUWDQW�
DQFHVWUDO�&DGGR�VHWWOHPHQW�DQG�PRXQG�FHQWHU�RQ�WKH�
1HFKHV�5LYHU�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��7KH�
PRXQG�FHQWHU�ZDV�FRQVWUXFWHG�RQ�DQ�XSODQG�ODQGIRUP�
QHDU��EXW�RQ�WKH�ZHVW�VLGH�RI��WKH�1HFKHV�5LYHU��LQ�WKH�
XSSHU�SDUW�RI�WKH�ULYHU�EDVLQ��DQG�QHDU�WKH�FRQÀXHQFH�
RI�&DGGR�&UHHN�ZLWK�WKH�ULYHU��7KH�VPDOO�)HDWXUH���
PRXQG������P�LQ�KHLJKW�DQG����[����P�LQ�OHQJWK�DQG�
ZLGWK��IRXQG�WKHUH��DQG�H[FDYDWHG�LQ�WKH�����V�E\�7KH�
8QLYHUVLW\�RI�7H[DV��-DFNVRQ�������.OHLQVFKPLGW��������
KDG�D�WKLFN�������P��DQG�YLUWXDOO\�FXOWXUDOO\�VWHULOH�DVK�
GHSRVLW�DQG�¿OO�]RQHV��DQG�SUREDEO\�UHSUHVHQWV�D�&DGGR�
¿UH�WHPSOH�XVHG�E\�WKH�VRFLDO�DQG�SROLWLFDO�HOLWH��7KH�VLWH�
PD\�KDYH�EHHQ�WKH�QH[XV�RI�ULWXDO�DQG�IHDVWLQJ�DFWLYLWLHV�
IRU�D�&DGGR�FRPPXQLW\�OLYLQJ�LQ�WKLV�SDUW�RI�WKH�XSSHU�
1HFKHV�5LYHU�EDVLQ�
� 6RXWK�RI�WKH�PRXQG�DERXW����P�DZD\�ZDV�
D�ODUJH�DQG�WKLFN��XS�WR����FP�WKLFN��PLGGHQ�PRXQG�
GHSRVLW��)HDWXUH����WKDW�FRYHUHG�DQ�LPSRUWDQW�FLUFXODU�
VWUXFWXUH�ZLWK�D�SRVVLEOH�HQWUDQFH�RQ�LWV�HDVWHUQ�VLGH��
EDVHG�RQ�LWV�LPSUHVVLYH�VL]H�����[������P��DQG�VHYHUDO�
ODUJH�LQWHULRU�KHDUWKV�DQG�LQWHULRU�VXSSRUW�SRVWV��7KH�
VWUXFWXUH�ZDV�DSSDUHQWO\�EXLOW�DQG�GLVPDQWOHG�LQ�WKH���WK�
FHQWXU\��EDVHG�RQ�D�VHULDWLRQ�RI�)UDQNVWRQ�SKDVH�FHUDPLF�
DVVHPEODJHV�IURP�RWKHU�XSSHU�1HFKHV�&DGGR�VLWHV��VHH�
3HUWWXOD���������EXW�QRW�E\�UDGLRFDUERQ�GDWHV�DV�RI�\HW�

��WKHQ�RYHUODLQ�E\�OLNHO\�UHGHSRVLWHG�PLGGHQ�GHSRVLWV��
7KHUH�ZHUH�DOVR�WZR�KHDUWKV�H[FDYDWHG�MXVW�RXWVLGH�WKH�
HDVWHUQ�ZDOOV�RI�WKH�VWUXFWXUH��VXJJHVWLQJ�VRPH�RXWGRRU�
FRRNLQJ�DFWLYLWLHV�PD\�KDYH�WDNHQ�SODFH�WKHUH�GXULQJ�WKH�
RFFXSDWLRQ�
� 7KH�)HDWXUH���PLGGHQ�GHSRVLWV�FRQWDLQHG�DQ�
DEXQGDQFH�RI�&DGGR�DUWLIDFWV�IURP�DSSDUHQW�UHVLGHQWLDO�
RU�GRPHVWLF�VHWWOHPHQWV�LQ�WKH�DUHD��LQFOXGLQJ�IUDJPHQWV�
IURP�PRUH�WKDQ�DQ�HVWLPDWHG������FHUDPLF�YHVVHOV��VHH�
.OHLQVFKPLGW��������7KHVH�YHVVHOV�DUH�GRPLQDWHG�E\�
¿QH�ZDUH�3R\QRU�(QJUDYHG�ERZOV�IURP�D�QXPEHU�RI�
GH¿QHG�YDULHWLHV��HQJUDYHG�HI¿J\�ERZOV��DQG�XWLOLW\�
ZDUH�MDUV�RI�WKH�%XOODUG�%UXVKHG��.LOORXJK�3LQFKHG��
0D\GHOOH�,QFLVHG��6DXQGHUV�3XQFWDWHG��0DQQ�3XQFWDWHG��
DQG�/D5XH�1HFN�%DQGHG�W\SHV��7KH�UHPDLQGHU�RI�
WKH�PDWHULDO�FXOWXUH�DVVHPEODJH�LQFOXGHG�QXPHURXV�
GHFRUDWHG�HOERZ�SLSHV�RI�VHYHUDO�YDULHWLHV��3HUGL]�
DUURZ�SRLQWV��VWRQH�GULOOV��PXVVHO�VKHOO�GLJJLQJ�WRROV��DQ�
DVVRUWPHQW�RI�ERQH�WRROV��DZOV��QHHGOHV��DQG�EHDPHUV���
DQG�VKHOO�FROXPQHOOD�EHDGV�
� 7KH�WZR�PRXQGV�DW�WKH�VLWH���)HDWXUH����DVK�
PRXQG�DQG�SRVVLEOH�¿UH�WHPSOH��DQG�)HDWXUH����PLGGHQ�
PRXQG����ZHUH�H[FDYDWHG�E\�8QLYHUVLW\�RI�7H[DV�
DUFKDHRORJLVWV�XQGHU�WKH�GLUHFWLRQ�RI�$��7��-DFNVRQ�LQ�
�����DQG�������$�VXEVWDQWLDO�DVVHPEODJH�RI�FHUDPLF�
YHVVHO�VKHUGV�DQG�FHUDPLF�SLSH�VKHUGV�ZHUH�UHFRYHUHG�
IURP�WKH�DUFKDHRORJLFDO�GHSRVLWV��DQG�DUH�QRZ�FXUDWHG�
DW�WKH�7H[DV�$UFKHRORJLFDO�5HVHDUFK�/DERUDWRU\�DW�7KH�
8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ���DQG�WKLV�UHVWXGLHG�DQG�
UHDQDO\]HG�DVVHPEODJH�GDWHV�WR�VRPH�SDUW�RI�WKH�/DWH�
&DGGR�SHULRG�)UDQNVWRQ�SKDVH��FD��$�'�������������LQ�
WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��)LJXUH�����
� ,Q�WKLV�GHWDLOHG�DQDO\VLV�RI�WKH�FHUDPLF�YHVVHO�
VKHUGV�DQG�SLSH�VKHUGV�IURP�)HDWXUH���DW�WKH�$��&��

)LJXUH�����&HUDPLF�EHDG�������IURP�WKH�$��&��6DXQGHUV�VLWH��D��VLGH�YLHZ��E��YLHZ�RI�KROH�RSHQLQJ�DW�RQH�HQG�
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6DXQGHUV�VLWH��D�WRWDO�RI������FHUDPLF�VKHUGV�KDYH�EHHQ�
UHFRYHUHG�LQ�WKLV�PLGGHQ�PRXQG�DW�WKH�$��&��6DXQGHUV�
VLWH�IURP�SODLQ�ZDUH��XWLOLW\�ZDUH��DQG�¿QH�ZDUH�YHVVHOV��
RI�WKHVH��DSSUR[LPDWHO\����SHUFHQW��Q ������DUH�IURP�
D�NQRZQ�DUELWUDU\�OHYHO��$&6���$&6�������LQFK�WKLFN�
OHYHOV��LQ�)HDWXUH����7KH�SODLQ�ULP��ERG\��DQG�EDVH�
VKHUGV�FRPSULVH�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�YHVVHO�
VKHUG�DVVHPEODJH��DQG�WKH�¿QH�ZDUH�VKHUGV�DFFRXQW�
IRU�DQRWKHU�����SHUFHQW�RI�WKH�DVVHPEODJH��8WLOLW\�ZDUH�
VKHUGV�DUH�E\�IDU�WKH�PRVW�FRPPRQ�LQ�)HDWXUH���DW�
WKH�VLWH��UHSUHVHQWLQJ�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�
FHUDPLF�ZDUHV��7KH�SODLQ�WR�GHFRUDWHG�VKHUG�UDWLR�IRU�WKH�
)HDWXUH���DVVHPEODJH�LV�D�ORZ������
� 'H¿QHG�XWLOLW\�ZDUH�W\SHV�LGHQWL¿HG�LQ�WKH�
FHUDPLF�YHVVHO�VKHUGV��IURP�MDUV��LQFOXGH�%XOODUG�
%UXVKHG��.LOORXJK�3LQFKHG��/D�5XH�1HFN�%DQGHG��
/LQGVH\�*URRYHG��DQG�0D\GHOOH�,QFLVHG��DV�ZHOO�DV�
VKHUGV�IURP�WZR�QHZ�W\SHV��0DQQ�3XQFWDWHG��ZLWK�
WRRO�SXQFWDWHG�HOHPHQWV�RQ�WKH�ULP�DQG��RU�ERG\���DQG�
6DXQGHUV�3XQFWDWHG��ZLWK�¿QJHUQDLO�SXQFWDWHG�HOHPHQWV�
RQ�WKH�ULP�DQG�RU�ERG\���%DVHG�RQ�WKH�QXPEHU�RI�ULP�
VKHUGV��WKH�PRVW�FRPPRQ�XWLOLW\�ZDUHV�DUH�0D\GHOOH�
,QFLVHG��Q �����%XOODUG�%UXVKHG��Q �����6DXQGHUV�
3XQFWDWHG��Q �����DQG�0DQQ�3XQFWDWHG��Q ����
� 7KH�¿QH�ZDUH�VKHUGV�DUH�IURP�FDULQDWHG�
ERZOV�SULPDULO\�IURP�D�QXPEHU�RI�YDULHWLHV�RI�3R\QRU�

(QJUDYHG��Q ���ULP�VKHUGV���SDUWLFXODUO\�YDU��&RRN�
�Q ���ULP�VKHUGV��DQG�YDU��+RRG��Q ���ULP�VKHUGV���DV�
ZHOO�DV�+RRG�(QJUDYHG�DQG�+XPH�(QJUDYHG�YHVVHOV��
7KH�SUHGRPLQDQFH�RI�YDU��&RRN�DQG�YDU��+RRG�YHVVHOV�
VXJJHVWV�WKDW�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�
DFFXPXODWHG�IURP�VRPH�WLPH�LQ�WKH���WK�FHQWXU\�WR�WKH�
PLG�ODWH���WK�FHQWXU\��VHH�3HUWWXOD������7DEOH��������
+RRG�(QJUDYHG�HI¿J\�ERZOV�ZHUH�DOVR�PRVW�FRPPRQO\�
PDQXIDFWXUHG�E\�&DGGR�SRWWHUV�GXULQJ�WKDW�HUD�LQ�WKH�
XSSHU�1HFKHV�5LYHU�EDVLQ�
� 7KH�VKHUGV�IURP�WKH�$��&��6DXQGHUV�VLWH�DUH�
IURP�YHVVHOV�WHPSHUHG�DOPRVW�H[FOXVLYHO\�ZLWK�JURJ�
�L�H���¿UHG�FOD\�DQG�RU�FUXVKHG�VKHUGV���%HWZHHQ������
�����SHUFHQW�RI�WKH�VKHUGV�E\�ZDUH�KDYH�JURJ�WHPSHU�
LQFOXVLRQV��2WKHU�WHPSHU�LQFOXVLRQV��VXFK�DV�EXUQHG�
ERQH�DQG�KHPDWLWH��ZHUH�FRPPRQO\�DGGHG�WR�WKH�
JURJ�WHPSHUHG�SDVWH��DQG�ZLWK�UHJXODULW\�LQ�WKH�FDVH�
RI�KHPDWLWH�LQ�DOO�WKUHH�ZDUHV������������SHUFHQW���7KH�
IHZ�VKHUGV�LQ�WKH�GLIIHUHQW�ZDUHV�WKDW�KDYH�FUXVKHG�DQG�
EXUQHG�ERQH�UDQJH�IURP�����SHUFHQW�LQ�WKH�SODLQ�ZDUHV��
����SHUFHQW�LQ�WKH�XWLOLW\�ZDUHV��DQG�����SHUFHQW�LQ�WKH�
¿QH�ZDUHV�
� ,Q�DGGLWLRQ�WR�WKH�������VKHUGV�IURP�SODLQ�
ZDUH��XWLOLW\�ZDUH��DQG�¿QH�ZDUH�YHVVHOV��WKHUH�DUH�
RWKHU�GLVWLQFWLYH�FKDUDFWHULVWLFV�RI�WKH�)UDQNVWRQ�SKDVH�
DVVHPEODJH�DW�WKH�$��&��6DXQGHUV�VLWH��7KHVH�LQFOXGH�
VWUDS�DQG�OXJ�KDQGOHV��Q ����RQ�XWLOLW\�ZDUH�MDUV��
SHGHVWDO�OHJV�DQG�EDVHV��Q ����IURP�.LOORXJK�3LQFKHG�
MDUV��VSLQGOH�ZKRUOV��Q �����DQG�RQH�FHUDPLF�EHDG�
� 7KH�$��&��6DXQGHUV�DUWLIDFW�DVVHPEODJH�IURP�
)HDWXUH���KDV�RQH�FRPSOHWH�FHUDPLF�SLSH�DQG����VWHP�
DQG�ERZO�VKHUGV��7KHVH�SLSHV�DUH�IURP�VHYHUDO�GH¿QHG�
SLSH�YDULHWLHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��VHH�
3HUWWXOD��������7ZR�RI�WKH�SLSH�VKHUGV�LQ�WKH�DVVHPEODJH�
DUH�SDUW�RI�WZR�GLIIHUHQW�FLUFXODU�SODWIRUP�SLSHV�WKDW�KDYH�
HLWKHU�D�VHULHV�RI�XSSHU�DQG�ORZHU�ODUJH�H[FLVHG�SHQGDQW�
WULDQJOHV�RU�KDWFKHG�HQJUDYHG�WULDQJOHV�RQ�HLWKHU�VLGH�RI�
WKH�SODWIRUP�
� 7KH�UHPDLQGHU�RI�WKH�FHUDPLF�SLSHV�DQG�SLSH�
VKHUGV�DUH�IURP�HOERZ�SLSHV��LQFOXGLQJ�VKHUGV�IURP�9DU��
$��Q ����9DU��%��Q �����9DU��&��Q ����9DU��'��Q ����DQG�
9DU��*��Q �����WKH�1HFKHV�SLSH��-DFNVRQ��������$QRWKHU�
���VKHUGV�FDQQRW�EH�DVVLJQHG�WR�D�GH¿QHG�8SSHU�1HFKHV�
5LYHU�EDVLQ�HOERZ�SLSH�YDULHW\�
� 7KH�9DU��$�HOERZ�SLSH�VKHUGV�KDYH�SODLQ�
VWHPV�DQG�ERZOV��7KH\�UDQJH�IURP�DW�OHDVW���������PP�
LQ�OHQJWK��KDYH�VPRRWKHG�H[WHULRU�VXUIDFHV��DQG�KDYH�

)LJXUH�����7KH�VSDWLDO�H[WHQW�RI�/DWH�&DGGR�SHULRG�SKDVHV�LQ�
WKH�VRXWKHUQ�&DGGR�DUHD��LQFOXGLQJ�WKH�)UDQNVWRQ�SKDVH�
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URXQGHG�OLSV��RQH�9DU��$�SLSH�KDV�D�ÀDW�GLVWDO�NQRE��
9DU��%�HOERZ�SLSHV�KDYH�EHWZHHQ�WZR�WR�VL[�KRUL]RQWDO�
LQFLVHG�RU�HQJUDYHG�OLQHV�RQ�WKH�VWHP��DQG�VHYHUDO�
H[DPSOHV�DOVR�KDYH�KRUL]RQWDO�LQFLVHG�OLQHV�RQ�WKH�ORZHU�
ERZO�DQG�VWHP�RU�WKH�GLVWDO�VWHP�NQRE��RU�HQJUDYHG�OLQHV�
RQ�WKH�SLSH�ERZO��)RXU�RI�WKH�9DU��&�SLSH�VKHUGV�KDYH�
WZR�WR�¿YH�KRUL]RQWDO�LQFLVHG�OLQHV�RQ�WKH�VWHP�DV�ZHOO�
DV�YHUWLFDO�LQFLVHG�OLQHV�RQ�WKH�ORZHU�VWHP��2QH�SLSH�
VKHUG�KDV�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�LQFLVHG�OLQHV�RQ�
WKH�VWHP�DV�ZHOO�DV�D�URZ�RI�WRRO�SXQFWDWLRQV�DGMDFHQW�
WR�WKH�YHUWLFDO�LQFLVHG�OLQHV��7KH�RQH�9DU��'�HOERZ�SLSH�
VKHUG�LQ�WKH�$��&��6DXQGHUV�DVVHPEODJH�LV�JURJ�ERQH�
WHPSHUHG�DQG�VPRRWKHG�RQ�LWV�H[WHULRU�VXUIDFH��7KH�VWHP�
LV�GHFRUDWHG�ZLWK�¿YH�KRUL]RQWDO�LQFLVHG�OLQHV�ZKLOH�
WKH�ORZHU�VWHP�KDV�DW�OHDVW�WZR�YHUWLFDO�URZV�RI�WRRO�
SXQFWDWLRQV�
� 7KH�9DU��*�HOERZ�SLSHV�DQG�SLSH�VKHUGV�KDYH�
VHYHUDO�GLIIHUHQW�GHFRUDWLYH�HOHPHQW�FRPELQDWLRQV��
LQFOXGLQJ�LQFLVHG�RU�HQJUDYHG�OLQHV�RQ�WKH�VWHP�EHWZHHQ�
SXQFWDWHG�URZV�EHQHDWK�WKH�OLS�RU�ZLWK�URZV�RI�FLUFXODU�
SXQFWDWLRQV�RQ�WKH�ORZHU�VWHP��2WKHU�9DU��*�SLSHV�KDYH�
SXQFWDWHG�URZV�RQ�WKH�VWHP�RU�RQ�WKH�ORZHU�VWHP��RU�
KDYH�WRRO�SXQFWDWHG�URZV�RQ�ERWK�WKH�VWHP�DQG�ORZHU�
VWHP��7KH�RQH�FRPSOHWH�9DU��*�HOERZ�SLSH�LV�GHFRUDWHG�
RQ�WKH�ERZO��WKH�VWHP��DQG�WKH�ORZHU�VWHP��7KHUH�DUH�
VPDOO�FLUFXODU�SXQFWDWHG�URZV�RQ�WKH�ERZO�OLS��¿YH�URZV�
RI�FLUFXODU�SXQFWDWLRQV�DW�WKH�EDVH�RI�WKH�VWHP�DQG�ERZO��
DQG�¿YH�URZV�RI�FLUFXODU�SXQFWDWLRQV�RQ�WKH�VWHP�EHORZ�
WKH�OLS��6HYHUDO�RI�WKHVH�FLUFXODU�SXQFWDWLRQV�KDYH�D�
NDROLQ�ULFK�FOD\�SLJPHQW�UXEEHG�LQ�WKH�SXQFWDWLRQV�

8SSHU�1HFKHV�5LYHU�%DVLQ�&HUDPLF�$VVHPEODJHV
5HFHQW�DQDO\VHV�RI�WKH�FKDUDFWHU�RI�DQFHVWUDO�&DGGR�
FHUDPLF�VKHUG�DVVHPEODJHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�
EDVLQ�LQ�(DVW�7H[DV�KDYH�LQGLFDWHG�VHYHUDO�WHPSRUDO�
FKDQJHV�LQ�WKH�SURSRUWLRQ�RI�EUXVKHG�VKHUGV�LQ�GHFRUDWHG�
VKHUG�DVVHPEODJHV��WKH�SHUFHQWDJH�RI�RWKHU�ZHW�SDVWH�
GHFRUDWLRQV��L�H���LQFLVHG��LQFLVHG�SXQFWDWHG��SXQFWDWHG��
HWF���RQ�VKHUGV��FKDQJHV�LQ�WKH�UDWLR�RI�SODLQ�WR�GHFRUDWHG�
VKHUGV��3�'5���DQG�WKH�UDWLR�RI�EUXVKHG�VKHUGV�WR�RWKHU�
ZHW�SDVWH�GHFRUDWHG�VKHUGV��7DEOH������7KHVH�DQDO\VHV�
KDYH�OHG�WR�WKH�UHFRJQLWLRQ�RI�VL[�WHPSRUDO�VHTXHQW�
JURXSV�RI�DVVHPEODJHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ�
WKDW�FDQ�EH�VHULDWHG��VHH�2¶%ULHQ�DQG�/\PDQ��������
LQFOXGLQJ�VHYHUDO�VLWHV�GDWLQJ�IURP�DV�HDUO\�DV�FD��$�'��
����������LQ�WKH�(DUO\�&DGGR�SHULRG��*URXS�9,��WR�

7DEOH�����&RPSDUDWLYH�VKHUG�DVVHPEODJH�GDWD�IURP�DQFHVWUDO�
&DGGR�VLWHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��LQFOXGLQJ�WKH�$��
&��6DXQGHUV�VLWH�

3�'5 SODLQ�WR�GHFRUDWHG�VKHUG�UDWLR

VLWHV�ZLWK�3DWWRQ�(QJUDYHG�VKHUGV


VLWH�LV�LQ�WKH�DGMRLQLQJ�&RRQ�&UHHN�&DW¿VK�&UHHN�GUDLQDJH�
LQ�WKH�7ULQLW\�5LYHU�EDVLQ



XQUHFRUGHG�VLWH�LQ�WKH�&DGGR�&UHHN�YDOOH\
" LQIRUPDWLRQ�QRW�SURYLGHG�LQ�$QGHUVRQ�HW�DO��������
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+LVWRULF�&DGGR�$OOHQ�SKDVH�FHUDPLF�DVVHPEODJHV�
�*URXS��,��WKDW�GDWH�DIWHU�FD��$�'�������
� 7KHVH�JURXSV�VHHP�WR�UHÀHFW�WHPSRUDO�FKDQJHV�
GXH�WR�WKH�KLJK�IUHTXHQF\�RI�/DWH�&DGGR�)UDQNVWRQ�
SKDVH�GHFRUDWHG�W\SHV��VXFK�DV�3R\QRU�(QJUDYHG��
0D\GHOOH�,QFLVHG��%XOODUG�%UXVKHG��+XPH�(QJUDYHG��
DQG�HQJUDYHG�HI¿J\�YHVVHOV��WKDW�DUH�IRXQG�LQ�WKH�
*URXSV�,,�,9�VLWHV��FRUUHVSRQGLQJ�WR�WKH�HDUO\��PLGGOH��
DQG�ODWH�SDUWV�RI�WKH�)UDQNVWRQ�SKDVH����DV�ZHOO�DV�
3DWWRQ�(QJUDYHG�VKHUGV�IURP�VLWHV�LQ�*URXS�,���DQG�WKH�
RFFXUUHQFH�RI�(DUO\�DQG�0LGGOH�&DGGR�SHULRG�W\SHV�
VXFK�DV�&DQWRQ�,QFLVHG��'XQNLQ�,QFLVHG��+ROO\�)LQH�
(QJUDYHG��DQG�3HQQLQJWRQ�3XQFWDWHG�,QFLVHG�LQ�WKH�
*URXS�9�DQG�9,�XSSHU�1HFKHV�5LYHU�VLWHV��VHH�7DEOH�����
� 7KLV�SDUWLFXODU�VHULDWLRQ��IRFXVLQJ�RQ�WKH�WKUHH�
GLIIHUHQW�WHPSRUDO�JURXSLQJV�RI�)UDQNVWRQ�SKDVH�VLWHV�
DQG�RQH�JURXS�RI�$OOHQ�SKDVH�VLWHV��LV�DOVR�VXSSRUWHG�E\�
GLIIHUHQFHV�LQ���D��WKH�SURSRUWLRQV�RI�YHVVHOV�RI�3R\QRU�
(QJUDYHG�YDULHWLHV��3DWWRQ�(QJUDYHG��HQJUDYHG�HI¿J\�
YHVVHOV��0D\GHOOH�,QFLVHG��/D�5XH�1HFN�%DQGHG��DQG�
%XOODUG�%UXVKHG�LQ�XSSHU�1HFKHV�5LYHU�&DGGR�EXULDOV�
�VHH�3HUWWXOD���������E��GLIIHUHQFHV�LQ�WKH�UHODWLYH�
IUHTXHQFLHV�RI�FRPPRQ�YHVVHO�IRUPV�LQ�3R\QRU�DQG�
3DWWRQ�(QJUDYHG�YHVVHOV��.OHLQVFKPLGW������)LJXUH������
DV�ZHOO�DV��F��WKH�RFFXUUHQFH�RI�(XURSHDQ�WUDGH�JRRGV��
7KH�*URXS�,�,9�&DGGR�VLWHV�DUH�SDUW�RI�DQ�XSSHU�1HFKHV�
5LYHU�FOXVWHU�WKDW�UHSUHVHQWHG�D�FRQJORPHUDWLRQ�RI�
FRQVWLWXHQW�JURXSV��L�H���JURXSV�UHODWHG�E\�NLQVKLS�DQG�
FORVH�LQWHUDFWLRQ�DQG�FXOWXUDO�WUDQVPLVVLRQ�RI�NQRZOHGJH�
DQG�SUDFWLFHV��WKDW�VKDUHG�D�EURDGO\�VLPLODU�VRFLR�
SROLWLFDO�RUJDQL]DWLRQ�WKURXJK�WLPH�DQG�VSDFH��VHH�6WRU\�
DQG�&UHHO�������������
� 8VLQJ�WKHVH�VKHUG�DVVHPEODJH�PHWULFV�WR�DVVHVV�
WKH�WHPSRUDO�SODFHPHQW�RI�WKH�&DGGR�RFFXSDWLRQ�LQ�
)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH�LQGLFDWHV�WKDW�WKH�
RFFXSDWLRQ�PD\�ZHOO�GDWH�WR�WKH�PLGGOH�DQG�ODWWHU�SDUW�RI�
WKH�/DWH�&DGGR�SHULRG��FD��$�'������������DQG�SRVW�
FD��$�'��������JLYHQ�WKH�UHODWLYHO\�KLJK�SURSRUWLRQ�RI�
EUXVKHG�VKHUGV�DQG�WKH�SURSRUWLRQ�RI�RWKHU�GHFRUDWHG�
ZHW�SDVWH�VKHUGV��RU�LQ�*URXS�,9��VHH�7DEOH������7KH�
FRPPRQ�RFFXUUHQFH�RI�3R\QRU�(QJUDYHG��YDU��+RRG�
�PRVW�FRPPRQ�EHWZHHQ�FD��$�'������������DQG�$�'��
�����������DQG�YDU��&RRN��PRVW�FRPPRQ�EHWZHHQ�FD��
$�'������������DQG�FD��$�'�������������DUH�JHQHUDOO\�
FRQVLVWHQW�ZLWK�WKH�WHPSRUDO�HVWLPDWH�IRU�XVH�RI�WKH�$��&��
6DXQGHUV�VLWH�E\�DQFHVWUDO�&DGGR�SHRSOHV��VHH�3HUWWXOD�

�����7DEOH��������3R\QRU�(QJUDYHG��UHSUHVHQWHG�E\�
PDQ\�VKHUGV�LQ�WKH�DVVHPEODJH��LV�D�)UDQNVWRQ�SKDVH��FD��
$�'�������������W\SH��GHYHORSHG�LQ�D�VW\OLVWLF�WUDGLWLRQ�
ZLWK�GLVWLQFWLYH�¿QH�ZDUH�DQG�XWLOLW\�ZDUH�FHUDPLFV�WKDW�
H[WHQGV�EDFN�VRPH�DPRXQW�RI�WLPH�EHIRUH�$�'�������DW�
VHYHUDO�VLWHV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��3HUWWXOD�
�����������*LYHQ�WKHVH�DUFKDHRORJLFDO�¿QGLQJV�DQG�WKH�
RYHUDOO�FKDUDFWHU�RI�WKH�VKHUG�PHWULFV�VXPPDUL]HG�LQ�
7DEOH�����LW�FDQ�EH�VXJJHVWHG�WKDW�WKH�&DGGR�RFFXSDWLRQ�
RI�WKH�$��&��6DXQGHUV�VLWH�PD\�ZHOO�KDYH�EHJXQ�LQ�
WKH���WK�FHQWXU\��DQG�OLNHO\�HQGHG�VRPHWLPH�LQ�WKH�
HDUO\���WK�FHQWXU\��&OHDUO\��D�ZHOO�FRQWUROOHG�VHULHV�RI�
FDOLEUDWHG�UDGLRFDUERQ�GDWHV�DUH�QHHGHG�IURP�)HDWXUH���
GHSRVLWV�DW�WKH�VLWH�WR�GH¿QLWLYHO\�HVWDEOLVK�LWV�DJH��DQG�
WKXV�FODULI\�LWV�UHODWLRQVKLS�WR�RWKHU�VLWHV�DORQJ�&DGGR�
&UHHN�DQG�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ�
� ,Q�FRQFOXVLRQ��WKH�FHUDPLF�DVVHPEODJH�IURP�
WKH�$��&��6DXQGHUV�VLWH�LV�SDUW�RI�DQ�DQFHVWUDO�&DGGR�
FHUDPLF�WUDGLWLRQ�WKDW�H[WHQGV�RYHU�D�FD������[����NP�
DUHD�RI�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��)LJXUH������IURP�
3UDLULH�&UHHN�VLWHV�WR�WKH�QRUWK��VHH�3HUWWXOD�������DERYH�
/DNH�3DOHVWLQH��WR�WKH�/DNH�3DOHVWLQH�DUHD�DV�ZHOO�DV�WKH�

)LJXUH�����8SSHU�1HFKHV�5LYHU�EDVLQ�)UDQNVWRQ�SKDVH�FHUDPLF�
WUDGLWLRQ�DQG�JHQHUDO�DUHD�RI�FHUDPLF�VW\OLVWLF�DI¿OLDWLRQ�
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/DQJ�3DVWXUH�VLWH�WR�WKH�VRXWK����$1����VHH�3HUWWXOD�
�������7KH�GHWDLOHG�DQDO\VLV�RI�WKH�FHUDPLF�DUWLIDFWV�
IURP�WKH�VLWH�FOHDUO\�LQGLFDWH�WKDW�WKH�DVVHPEODJH�LV�WKH�
SURGXFW�RI�WKH�PDQXIDFWXUH�DQG�XVH�RI�DQFHVWUDO�&DGGR�
YHVVHOV��DQG�HOERZ�SLSHV��VSHFL¿F�WR�WKH�SRVW�$�'�������
)UDQNVWRQ�SKDVH�RI�WKH�/DWH�&DGGR�SHULRG�LQ�WKLV�SDUW�RI�
WKH�1HFKHV�5LYHU�EDVLQ��7KH�SULQFLSDO�WHFKQLTXH�XVHG�
LQ�WKH�PDQXIDFWXUH�RI�&DGGR�FHUDPLFV�ZDV�WKH�EXLOGLQJ�
RI�YHVVHOV�XVLQJ�FRLOV��EHJLQQLQJ�DW�WKH�ÀDW�GLVN�VKDSHG�
EDVH�DQG�ZRUNLQJ�XS�WKH�YHVVHO�ERG\��8VLQJ�WKH�FRLOLQJ�
PHWKRG��FRLOV�RI�FOD\��LQ�WKH�IRUP�RI�URSHV��UROOV��RU�
¿OOHWV��ZHUH�EXLOW�XS�WR�FUHDWH�WKH�GHVLUHG�VL]H�DQG�KHLJKW�
RI�WKH�YHVVHO��&RLOLQJ�LV�D�WHFKQLTXH�HVSHFLDOO\�VXLWHG�WR�
WKH�FRQVWUXFWLRQ�RI�ODUJH��VWXUG\�YHVVHOV��VXFK�DV�VWRUDJH�
MDUV��5LFH������������EXW�LQ�WKH�FDVH�RI�&DGGR�SRWWHUV��
FRLOLQJ�RI�SODVWLF�FOD\V�OHG�WR�WKH�PDQXIDFWXUH�RI�D�ZLGH�
YDULHW\�RI�YHVVHO�IRUPV�RI�YDU\LQJ�VL]HV��,Q�SDUWLFXODU��
WKH�XVH�RI�GLIIHUHQW�SURSRUWLRQV�RI��D��WHPSHUV���E��¿ULQJ�
FRQGLWLRQV���F��VXUIDFH�WUHDWPHQWV�LQ�WKH�VKHUGV���G��
YHVVHO�DQG�ULP�IRUPV��DV�ZHOO�DV��H��WKH�NLQGV�DQG�UDQJHV�
RI�GHFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�LGHQWL¿HG�LQ�WKH�
VKHUGV�IURP�PDQXIDFWXUHG�SODLQ��XWLOLW\��DQG�¿QH�ZDUH�
YHVVHOV�DOO�DUH�HYLGHQFH�WKDW�WKH�FHUDPLF�YHVVHOV�DQG�
YHVVHO�VKHUGV�UHFRYHUHG�IURP�WKH�$��&��6DXQGHUV�&DGGR�
RFFXSDWLRQ�LV�DI¿OLDWHG�ZLWK�DQ�XSSHU�1HFKHV�5LYHU�
EDVLQ�FHUDPLF�WUDGLWLRQ�GXULQJ�WKH�)UDQNVWRQ�SKDVH�
� 8WLOLW\�ZDUH�YHVVHOV�LQ�)UDQNVWRQ�SKDVH�VLWHV�
ZHUH�XVHG�IRU�FRRNLQJ��VWRUDJH��DQG�RWKHU�FXOLQDU\�
DFWLYLWLHV��WKH\�WHQG�WR�KDYH�D�FRDUVH�SDVWH��UHODWLYHO\�
WKLFN�ERG\�ZDOOV��ZKHQ�FRPSDUHG�WR�¿QH�ZDUHV���
VPRRWKHG�LQWHULRU�VXUIDFHV��DQG�DUH�GHFRUDWHG�ZLWK�
ZHW�SDVWH�GHVLJQV��L�H���GHFRUDWLRQV�ZHUH�PDGH�ZLWK�
WRROV�DQG�¿QJHUV�SULRU�WR�WKH�YHVVHO�EHLQJ�¿UHG��ZKHQ�
WKH�YHVVHO�KDG�D�ZHW�H[WHULRU�VXUIDFH���7KLFNHU�ERG\�
ZDOOV�RQ�XWLOLW\�ZDUH�YHVVHOV�ZHUH�OLNHO\�UHODWHG�WR�WKH�
SHUIRUPDQFH�QHHGV�RI�WKH�FRRNLQJ�SRW�WR�ZLWKVWDQG�
WKHUPDO�VKRFN�DQG�FUDFNLQJ�GXULQJ�XVH��7\SLFDO�XWLOLW\�
YHVVHO�VKDSHV�LQFOXGHG�VPDOO�WR�ODUJH�MDUV��DV�ZHOO�DV�D�
YDULHW\�RI�FRQLFDO�DQG�VLPSOH�ERZO�DQG�ERWWOH�IRUPV��
PRVW�RI�WKH�ODWWHU�LQ�WKH�HDUOLHU�&DGGR�FHUDPLFV�EHLQJ�
SODLQ�DQG�XQSROLVKHG��7KH�XWLOLW\�YHVVHOV�KDYH�FDUERQ�
HQFUXVWDWLRQV��IRRG�UHVLGXHV��DQG�VRRW�VWDLQV��VXJJHVWLQJ�
WKH\�ZHUH�HPSOR\HG�E\�WKH�&DGGR�RYHU�RSHQ�¿UHV�DV�
FRRNLQJ�SRWV��6RPH�RI�WKHVH�NLQGV�RI�YHVVHOV�ZHUH�XVHG�
SULPDULO\�IRU�VWRUDJH��WKRVH�ZLWK�ODUJH�RUL¿FH�GLDPHWHUV�
DQG�YHVVHO�YROXPHV��RI�IRRGVWXIIV�DQG�OLTXLGV��)LQH�
ZDUHV�DUH�HQJUDYHG�DQG�YHU\�UDUHO\�UHG�VOLSSHG�YHVVHOV�

WKDW�ZHUH�XVHG�IRU�IRRG�VHUYLFH�DQG�WR�KROG�OLTXLGV��DV�
ZHOO�DV�IRU�RWKHU�SXUSRVHV��HI¿J\�YHVVHOV�DQG�RWKHU�
YHVVHO�IRUPV�PD\�KDYH�KHOG�SLJPHQWV�RU�WREDFFR���7KH\�
WHQG�WR�KDYH�¿QH�SDVWHV��ZLWK�¿QHO\�FUXVKHG�WHPSHUV��DUH�
IUHTXHQWO\�EXUQLVKHG�RQ�LQWHULRU�DQG�RU�H[WHULRU�YHVVHO�
VXUIDFHV��H[FHSW�WKH�ERWWOHV��ZKLFK�ZHUH�EXUQLVKHG�
RQ�H[WHULRU�VXUIDFHV�RQO\���DQG�KDYH�UHODWLYHO\�WKLQ�
ERG\�ZDOOV�FRPSDUHG�WR�WKH�XWLOLW\�ZDUHV��7KHUH�LV�DQ�
LPSUHVVLYH�GLYHUVLW\�RI�YHVVHO�IRUPV�DPRQJ�WKH�&DGGR�
¿QH�ZDUHV�LQ�)UDQNVWRQ�SKDVH�VLWHV��7KLV�LQFOXGHV�
FDULQDWHG�ERZOV��GHHS�FRPSRXQG�ERZOV��GRXEOH�DQG�
WULSOH�YHVVHOV��FRQMRLQHG�RU�IXVHG�ERZOV�DQG�ERWWOHV��
DQG�ERWWOHV���ROODV��]RRPRUSKLF�DQG�DQWKURSRPRUSKLF�
HI¿J\�ERZOV�DQG�ERWWOHV��ODGOHV��SODWWHUV��ULP�SHDNHG�
MDUV��DQG�JRXUG�DQG�ER[�VKDSHG�ERZOV��3ODLQ�ZDUHV�KDYH�
WHFKQRORJLFDO�DWWULEXWHV�FRPPRQ�WR�ERWK�XWLOLW\�ZDUHV�
DQG�¿QH�ZDUHV��H[FHSW�WKDW�WKH�SODLQ�ZDUH�YHVVHOV�UHPDLQ�
XQGHFRUDWHG��7KH�FRPPRQ�RFFXUUHQFH�RI�SODLQ�ERZOV�
DQG�ERWWOHV�LQ�(DVW�7H[DV�&DGGR�SODLQ�ZDUH�DVVHPEODJHV�
VXJJHVWV�WKDW�WKH\�ZHUH�PDLQO\�XVHG�IRU�IRRG�VHUYLFH�DQG�
WR�KROG�OLTXLGV��DV�ZLWK�WKH�¿QH�ZDUHV�
� ,W�LV�ZLWK�WKH�UHFRJQLWLRQ�RI�WKH�VW\OLVWLF�
FKDUDFWHU�RI�WKH�XWLOLW\�ZDUH�DQG�¿QH�ZDUH�VKHUGV�IURP�
WKH�$��&��6DXQGHUV�VLWH�DQG�RWKHU�VLWHV�LQ�WKH�XSSHU�
1HFKHV��VHH�7DEOH�����WKDW�LW�EHFRPHV�DSSDUHQW�WKDW�
WKHUH�DUH�FHUWDLQ�VKDUHG�DQG�GLVWLQFWLYH�VW\OLVWLF�PRWLIV�
DQG�GHFRUDWLYH�SDWWHUQV�RQ�FHUDPLF�YHVVHOV�IURP�FORVHO\�
UHODWHG�FRPPXQLWLHV�DQG�FRQVWLWXHQW�JURXSV�LQ�WKH�XSSHU�
1HFKHV�5LYHU�EDVLQ�WKDW�KDG�GHYHORSHG�WKHLU�RZQ�HWKQLF�
DQG�VW\OLVWLF�H[SUHVVLRQV�DQG�FHUDPLF�SUDFWLFHV��/DWH�
&DGGR��FD��$�'�������������SHULRG�FHUDPLFV�LQ�WKLV�
SDUW�RI�(DVW�7H[DV�DUH�VW\OLVWLFDOO\�KHWHURJHQHRXV��EXW�
WKHVH�DVVHPEODJHV�RI�¿QH�ZDUH��XWLOLW\�ZDUH��DQG�SODLQ�
ZDUHV�DUH�SDUW�RI��DQG�DVVRFLDWHG�ZLWK��UHFRJQL]DEOH�DQG�
UHODWLYHO\�JHRJUDSKLFDOO\�FRKHUHQW�VRFLR�SROLWLFDO�HQWLWLHV�
WKDW�DURVH�RXW�RI�HDUOLHU�DQG�GLVWLQFWLYH�DUFKDHRORJLFDO�
WUDGLWLRQV�RI�WKH�&DGGR�SHRSOHV��&DGGR�JURXSV�RI�
YDU\LQJ�VL]HV��FRPSOH[LW\��DQG�ORFDO�KLVWRU\�ZHUH�ZLGHO\�
GLVWULEXWHG�DFURVV�ERWK�PDMRU�DQG�PLQRU�VWUHDPV�LQ�WKH�
DUHD��)RU�ZDQW�RI�D�EHWWHU�WHUP��WKHVH�VRFLR�SROLWLFDO�
JURXSV�DQG�FRPPXQLWLHV�DUH�UHFRJQL]HG�DV�SDUW�RI�WKH�
)UDQNVWRQ�DQG�SRVW�$�'�������$OOHQ�SKDVHV�LQ�WKH�
1HFKHV�$QJHOLQD�ULYHU�EDVLQV��VHH�)LJXUH�����
� ,Q�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ�DIWHU�FD��$�'��
������WKH�SULQFLSDO�¿QH�ZDUHV�DUH�VHYHUDO�YDULHWLHV�
RI�3R\QRU�(QJUDYHG�ERZOV�DQG�FDULQDWHG�ERZOV��VHH�
3HUWWXOD��������IROORZHG�E\�3R\QRU�(QJUDYHG�ERWWOHV�



ͷͶ������Ȉ������������͹Ͷǡ�͸Ͷ͸Ͷ

RI�YDULRXV�IRUPV��+RRG�(QJUDYHG�HI¿J\�ZDUH�YHVVHOV��
ZLWK�RU�ZLWKRXW�WDLO�ULGHUV��DQG�EHDNHU�VKDSHG�+XPH�
(QJUDYHG�ERWWOHV��$PRQJ�WKH�XWLOLW\�ZDUHV�LQ�)UDQNVWRQ�
SKDVH�FRQWH[WV��WKH�PDMRU�W\SHV�LQFOXGH�%XOODUG�%UXVKHG��
0D\GHOOH�,QFLVHG��.LOORXJK�3LQFKHG��DQG�SXQFWDWHG�MDUV�
RI�WKH�0DQQ�3XQFWDWHG�DQG�6DXQGHUV�3XQFWDWHG�W\SHV��
0RVW�RI�WKH�SODLQ�ZDUHV�DUH�VLPSOH�ERZOV��FDULQDWHG�
ERZOV��DQG�VHYHUDO�IRUPV�RI�ERWWOHV�
� 6W\OLVWLF�H[SUHVVLRQV��DQG�YDULDWLRQV�LQ�
WKDW�H[SUHVVLRQ��LQ�PDWHULDO�FXOWXUH��GUHVV��ERG\�
RUQDPHQWDWLRQ��IRRG�SUDFWLFHV��HWF��DUH�PHDVXUHV�
RI�VRFLDO�LGHQWLW\��%XW�WKH�UHFRJQLWLRQ�RI�VW\OH�LQ�
DUFKDHRORJLFDO�PDWHULDOV�LV�PRUH�WKDQ�³WKH�PDWHULDO�
FRUUHODWH´�>HPSKDVLV�LQ�WKH�RULJLQDO@�RI�VRFLDO�DI¿OLDWLRQ´�
�:REVW������������EHFDXVH�SDWWHUQV�RI�VW\OH�UHÀHFW�
YDULDELOLW\�LQ�ERWK�LQGLYLGXDO�FKRLFHV�DV�ZHOO�DV�VRFLDO�
JURXS�PHPEHUVKLS��&RQVHTXHQWO\��WKH�H[LVWHQFH�DQG�
SHUYDVLYHQHVV�RI�VW\OHV�LQ�PDWHULDO�FXOWXUH��LQ�SDUWLFXODU�
WKH�H[LVWHQFH�RI�ORFDO�VW\OHV�RI�FHUDPLF�GHFRUDWLRQ�LQ�
XSSHU�1HFKHV�5LYHU�EDVLQ�&DGGR�VLWHV�DQG�DVVHPEODJHV�
UHÀHFW�WKH�VWUHQJWK�RI�LQWHUDFWLRQ�EHWZHHQ�LQGLYLGXDOV�
�LQGLYLGXDO�SRWWHUV���WKH�IRUP�RI�FXOWXUDO�WUDQVPLVVLRQ�
�L�H���IURP�SDUHQW�WR�FKLOG��IURP�D�WHDFKHU�WR�D�SXSLO��IURP�
ROGHU�WR�\RXQJHU�PHPEHUV�RI�D�VRFLDO�JURXS��RU�EHWZHHQ�
XQUHODWHG�LQGLYLGXDOV��VHH�0F&OXUH������7DEOH�����DQG�
WKH�DELOLW\�RI�VW\OHV�WR�EH�LQKHULWHG�IURP�RQH�JHQHUDWLRQ�
WR�WKH�QH[W��&HUDPLF�SUDFWLFH�DPRQJ�&DGGR�SRWWHUV�
ZRXOG�KDYH�GLFWDWHG�WKH�UDQJH�RI�DFFHSWDEOH�YDULDWLRQ�LQ�
VW\OLVWLF�FKRLFHV�WKDW�ZHUH�PDLQWDLQHG�IRU�JHQHUDWLRQV�LQ�
XSSHU�1HFKHV�5LYHU�EDVLQ�FRPPXQLWLHV�
� 6W\OHV�RI�GHFRUDWLRQ�RQ�&DGGR�SRWWHU\�YHVVHOV�
LQ�XSSHU�1HFKHV�5LYHU�EDVLQ�FRPPXQLWLHV�FKDQJHG�PRUH�
UDSLGO\�WKDQ�GLG�IXQFWLRQDO�IRUPV�RI�WRROV�DQG�SRWWHU\�
YHVVHOV��6W\OLVWLF�WUDLWV�KDYH�D�UHODWLYHO\�UDSLG�WXUQ�
RYHU�EHFDXVH�RI�WKHLU�XVH�LQ�JHQHUDWLQJ�DQG�UHLQIRUFLQJ�
FXOWXUDO�LGHQWLW\��WKHLU�VHOHFWLYHO\�QHXWUDO�FKDUDFWHU��L�H���
VW\OLVWLF�HOHPHQWV�KDYH�QR�GLIIHUHQWLDO�HIIHFW�RQ�VXUYLYDO���
DQG�WKH�SRWHQWLDO�KLJK�YDULDWLRQ�EHWZHHQ�LQGLYLGXDOV�
DQG�JURXSV�LQ�OHDUQLQJ�DQG�UHSOLFDWLQJ�VSHFL¿F�VKDUHG�
VW\OHV��7KLV�LV�SDUWLFXODUO\�WKH�FDVH�LI�&DGGR�SRWWHUV�ZHUH�
SURGXFLQJ�YHVVHOV�LQGHSHQGHQWO\�UDWKHU�WKDQ�LQ�FUDIW�
ZRUNVKRSV��WKH�DPDOJDPDWLRQ�RI�WKH�ZRUN�RI�LQGLYLGXDO�
SRWWHUV�LQ�D�FRPPXQLW\�WRJHWKHU�FRPSULVLQJ�D�FHUDPLF�
WUDGLWLRQ�DW�DQ\�RQH�PRPHQW�LQ�WLPH�
� 7KH�GHFRUDWLYH��WHFKQRORJLFDO��DQG�IRUPDO�
DWWULEXWHV�RI�VKHUGV�DQG�ZKROH�YHVVHOV�FKRVHQ�DQG�

PDQXIDFWXUHG�E\�D�SRWWHU�RU�JURXS�RI�SRWWHUV�ZKHQ�WKH\�
PDGH�SRWWHU\�YHVVHOV�DUH�D�UHÀHFWLRQ�RI�FHUDPLF�SUDFWLFH�
ZLWKLQ�D�GLVWLQFWLYH�VRFLDO�FRPPXQLW\�RU�QHWZRUN�
RI�VRFLDOO\�UHODWHG�LQGLYLGXDOV��VHH�(FNHUW�����������
���௘�����$V�6WDUN�����������QRWHG��³SHRSOH�UHSURGXFH�
WKHLU�FXOWXUDO�DQG�VRFLDO�SRVLWLRQV�WKURXJK�GDLO\�SUDFWLFH��
WKDW�GDLO\�SUDFWLFH�LV�VWUXFWXUHG�E\�EDVLF�RUJDQL]DWLRQDO�
SULQFLSOHV�´�DQG�WKDW�GDLO\�SUDFWLFH�LV�H[SUHVVHG�
WKURXJK�WHQGHQFLHV�DQG�WUHQGV��KDELWXV��³WKDW�GHYHORS�
DV�D�SUDFWLFDO�VROXWLRQ�WR�D�SDUWLFXODU�GHPDQG�ZLWKLQ�
WKH�IUDPHZRUN�RI�FHUWDLQ�HQYLURQPHQWDO�DQG�FXOWXUDO�
FRQGLWLRQV´��(FNHUW����������
� 7KH�FKRLFHV�DQG�WHQGHQFLHV�H[KLELWHG�LQ�WKH�
PDQXIDFWXUH�DQG�GHFRUDWLRQ�RI�FHUDPLFV�E\�&DGGR�
SRWWHUV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ�EHWZHHQ�
FD��$�'�������������GXULQJ�WKH�)UDQNVWRQ�SKDVH��
SDUWLFXODUO\�DV�VHHQ�DW�WKH�$��&��6DXQGHUV�VLWH��LQGLFDWH�
WKDW�WKH�SDUWLFXODUV�RI�FHUDPLF�SUDFWLFH�DQG�WHFKQLFDO�
FKRLFH�WKDW�KDYH�EHHQ�LGHQWL¿HG�LQ�D�WHPSRUDOO\��DQG�
VRFLDOO\��UHODWHG�JURXS�RI�DQFHVWUDO�&DGGR�VLWHV�KHOS�
WR�UHFRJQL]H�VRFLDOO\�GH¿QHG�JURXSV�WKDW�FORVHO\�
LQWHUDFWHG��WUDQVPLWWHG�³NQRZOHGJH�DPRQJ�LQGLYLGXDOV�
FUHDWLQJ�SRWWHU\´��0F&OXUH�����������DV�D�PHDQV�RI�
VRFLDO�OHDUQLQJ��DQG�WKLV�NQRZOHGJH�RI�PDQXIDFWXUH�DQG�
GHFRUDWLRQ�FKRLFHV�ZDV�LQKHULWHG�E\�RWKHU�GHVFHQGDQW�
SRWWHUV�LQ�JURXSV�LQ�WKH�XSSHU�1HFKHV�5LYHU�EDVLQ��
&HUDPLF�SUDFWLFHV�VKDUHG�RU�QRW�VKDUHG�E\�ZRPHQ�
SRWWHUV�LQ�WKHVH�XSSHU�1HFKHV�5LYHU�EDVLQ�FRPPXQLWLHV�
UHÀHFW�WKH�OHDUQLQJ�RI�WKHLU�FUDIW�IURP�RWKHU�ZRPHQ�LQ�
WKHLU�&DGGR�FRPPXQLWLHV��DQG�WKDW�³SDWWHUQV�LQ�ORFDO�
SRWWHU\�VW\OHV��ERWK�WHFKQRORJLFDO�DQG�GHFRUDWLYH��UHVXOW�
IURP�SRWWHUV�PDNLQJ�GLIIHUHQW�GHFLVLRQV�WKURXJKRXW�WKH�
SURGXFWLRQ�SURFHVV�EXW�XVLQJ�D�VLPLODU�VHW�RI�WRROV�DQG�
WHFKQLTXHV�DYDLODEOH�WR�RWKHU�SRWWHUV�ZLWKLQ�DQ�DUHD´�
�(FNHUW���������

$FNQRZOHGJPHQWV

7KDQNV�YHU\�PXFK�WR�WKH�VWDII�DW�WKH�7H[DV�$UFKHRORJLFDO�
5HVHDUFK�/DERUDWRU\�DW�7KH�8QLYHUVLW\�RI�7H[DV�DW�
$XVWLQ�IRU�DFFHVV�WR�WKH�LPSUHVVLYH�$��&��6DXQGHUV�VLWH�
FROOHFWLRQV�DQG�UHFRUGV��SDUWLFXODUO\�0DU\EHWK�7RPND�
DQG�$QQLH�5LHJHUW��DQG�IRU�WROHUDWLQJ�P\�RFFDVLRQDO�
SHVWHULQJ��/DQFH�7UDVN�SUHSDUHG�PDQ\�RI�WKH�¿JXUHV�LQ�
WKLV�DUWLFOH��DQG�VHYHUDO�¿JXUHV�IURP�WKH�7H[DV�%H\RQG�
+LVWRU\�ZHEVLWH�DUH�DOVR�XVHG�LQ�WKLV�DUWLFOH�
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5HIHUHQFHV�&LWHG

$OW��6�
����� 6SLQGOH�:KRUOV�DQG�)LEHU�3URGXFWLRQ�DW�(DUO\�

&DKRNLDQ�6HWWOHPHQWV��6RXWKHDVWHUQ�$UFKDHRORJ\�
��������������

$QGHUVRQ��.��0���.��*LOPRUH��2��)��0F&RUPLFN�,,,��DQG�
(��3��0RUHQRQ

�����$UFKDHRORJLFDO�,QYHVWLJDWLRQV�DW�/DNH�3DOHVWLQH��
7H[DV��&RQWULEXWLRQV�LQ�$QWKURSRORJ\�1R������
'HSDUWPHQW�RI�$QWKURSRORJ\��6RXWKHUQ�0HWKRGLVW�
8QLYHUVLW\��'DOODV�

%DUNZLOO�/RYH��/�
�����$SSHQGL[�)��3HWURJUDSKLF�$QDO\VLV�RI�/HRQ�

3ODLQ�DQG�&DGGRDQ�&HUDPLFV��,Q�$UFKHRORJLFDO�
7HVWLQJ�DQG�'DWD�5HFRYHU\�DW�WKH�)ODWURFN�5RDG�
6LWH����.0����.LPEOH�&RXQW\��7H[DV��E\�-��/��
7KRPSVRQ��5��3��0DXOGLQ��6��$��7RPND��DQG�(��
2NVDQHQ��SS�����������$UFKHRORJLFDO�6WXGLHV�
3URJUDP��5HSRUW�1R�������(QYLURQPHQWDO�$IIDLUV�
'LYLVLRQ��7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��
$XVWLQ��DQG�$UFKDHRORJLFDO�5HSRUW�1R�������
&HQWHU�IRU�$UFKDHRORJLFDO�5HVHDUFK��7KH�
8QLYHUVLW\�RI�7H[DV�DW�6DQ�$QWRQLR�

&KDIH��:�
�����7KH�&DGGR�/DQJXDJH��$�JUDPPDU��WH[WV��DQG�

GLFWLRQDU\�EDVHG�RQ�PDWHULDOV�FROOHFWHG�E\�WKH�
DXWKRU�LQ�2NODKRPD�EHWZHHQ������DQG�������
0XQGDUW�3UHVV��3HWRVNH\��0LFKLJDQ�

(FNHUW��6��/�
�����3RWWHU\�DQG�3UDFWLFH��7KH�([SUHVVLRQ�RI�,GHQWLW\�

DW�3RWWHU\�0RXQG�DQG�+XPPLQJELUG�3XHEOR��
8QLYHUVLW\�RI�1HZ�0H[LFR�3UHVV��$OEXTXHUTXH�

)LHOGV��5��&�
����� 6SDWLDO�9DULDWLRQ�LQ�5LSOH\�(QJUDYHG�%RZOV�

$PRQJ�WKH�7LWXV�3KDVH�&DGGR�RI�1RUWKHDVW�7H[DV�
DQG�&RPPXQLWLHV�RI�,GHQWLW\��,Q�$QFHVWUDO�&DGGR�
&HUDPLF�7UDGLWLRQV��HGLWHG�E\�'��3��0F.LQQRQ��
-��6��*LUDUG��DQG�7��.��3HUWWXOD��/RXLVLDQD�6WDWH�
8QLYHUVLW\�3UHVV��%DWRQ�5RXJH��LQ�SUHVV�

)LHOGV��5RVV�&��DQG�(��)��*DGXV��HGLWRUV�
������$UFKHRORJ\�RI�WKH�1DGDFR�&DGGR��7KH�9LHZ�IURP�

WKH�3LQH�7UHH�0RXQG�6LWH����+6�����+DUULVRQ�
&RXQW\��7H[DV����9ROV��5HSRUWV�RI�,QYHVWLJDWLRQV�
1R�������3UHZLWW�DQG�$VVRFLDWHV��,QF���$XVWLQ�

*LOPRUH��.�
�����$SSHQGL[�,���$QDO\VLV�RI�3LSHV��,Q�$UFKDHRORJLFDO�

,QYHVWLJDWLRQV�DW�/DNH�3DOHVWLQH��7H[DV��E\�.��
0��$QGHUVRQ��.��*LOPRUH��2��)��0F&RUPLFN�,,,��
DQG�(��3��0RUHQRQ��SS�����������&RQWULEXWLRQV�
LQ�$QWKURSRORJ\�1R������'HSDUWPHQW�RI�
$QWKURSRORJ\��6RXWKHUQ�0HWKRGLVW�8QLYHUVLW\��
'DOODV��

�����$��&��6DXQGHUV�6LWH��,Q�7KH�1HZ�+DQGERRN�RI�
7H[DV��9RO�����HGLWHG�E\�5��7\OHU��S�����7H[DV�6WDWH�
+LVWRULFDO�$VVRFLDWLRQ��$XVWLQ�

+XGOHU��'���-��-DUYLV��DQG�7��*ULI¿WK
�����$�3DUWLDO�0DJQHWRPHWHU�6XUYH\�RI�WKH�

$UFKDHRORJLFDO�&RQVHUYDQF\¶V�3RUWLRQ�RI�WKH�$��
&��6DXQGHUV�6LWH����$1�����7H[DV�$UFKHRORJLFDO�
5HVHDUFK�/DERUDWRU\��7KH�8QLYHUVLW\�RI�7H[DV�DW�
$XVWLQ�

�����$�3DUWLDO�0DJQHWRPHWHU�6XUYH\�RI�7KH�
$UFKDHRORJLFDO�&RQVHUYDQF\¶V�3RUWLRQ�RI�WKH�$��
&��6DXQGHUV�6LWH����$1�����-RXUQDO�RI�1RUWKHDVW�
7H[DV�$UFKDHRORJ\������������

-DFNVRQ��$��7�
����� 6RPH�3LSHV�RI�(DVW�7H[DV��%XOOHWLQ�RI�WKH�7H[DV�

$UFKHRORJLFDO�DQG�3DOHRQWRORJLFDO�6RFLHW\������
���

�����$VK�0RXQG�DQG�0LGGHQ�+HDS�$��&��6DXQGHUV�
)DUP�ô�0LOH�ZHVW�RI�1HFKHV�5LYHU�DQG���ò�0LOHV�
(DVW�RI�)UDQNVWRQ��$QGHUVRQ�&RXQW\��7H[DV��
([FDYDWHG�2FWREHU���WR�2FWREHU����������

�����$�3HUSHWXDO�)LUH�6LWH��%XOOHWLQ�RI�WKH�7H[DV�
$UFKHRORJLFDO�DQG�3DOHRQWRORJLFDO�6RFLHW\�������
����
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-RKQVRQ��/���-U�
����� 6WHDOLQJ�6HFUHWV�IURP�'HDG�3RWWHUV��$�3OHD�IRU�

3DLQVWDNLQJ�&HUDPLF�6OHXWKLQJ��$35�1HZV�	�
9LHZV�������������'HSDUWPHQW�RI�$UFKHRORJLFDO�
3ODQQLQJ�	�5HYLHZ��7H[DV�+LVWRULFDO�&RPPLVVLRQ��
$XVWLQ�

.DVVDEDXP��0��&�
�����$�0HWKRG�IRU�&RQFHSWXDOL]LQJ�DQG�&ODVVLI\LQJ�

)HDVWLQJ��,QWHUSUHWLQJ�&RPPXQDO�&RQVXPSWLRQ�LQ�
WKH�$UFKDHRORJLFDO�5HFRUG��$PHULFDQ�$QWLTXLW\��
KWWSV���RUFLG�RUJ����������������������SS�������

.OHLQVFKPLGW��8�
������5HYLHZ�DQG�$QDO\VLV�RI�WKH�$��&��6DXQGHUV�6LWH��

��$1����$QGHUVRQ�&RXQW\��7H[DV��0DVWHU¶V�
WKHVLV��'HSDUWPHQW�RI�$QWKURSRORJ\��7KH�
8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�

����� 7KH�$��&��6DXQGHUV�6LWH�5HYLVLWHG��$�+DVLQDL�
)LUH�7HPSOH"�3DSHU�SUHVHQWHG�DW�WKH���WK�&DGGR�
&RQIHUHQFH��1DFRJGRFKHV�

0F&OXUH��6��%�
�����*HQGHU��7HFKQRORJ\��DQG�(YROXWLRQ��&XOWXUDO�

,QKHULWDQFH�7KHRU\�DQG�3UHKLVWRULF�3RWWHUV�LQ�
9DOHQFLD��6SDLQ��$PHULFDQ�$QWLTXLW\�����������
����

1HFN��5��:�
����� (QYLURQPHQWDO�$QDO\VLV�RI�)UHVKZDWHU�0XVVHOV�

IURP�WKH�$��&��6DXQGHUV�6LWH����$1����,Q�5HYLHZ�
DQG�$QDO\VLV�RI�WKH�$��&��6DXQGHUV�6LWH����$1����
$QGHUVRQ�&RXQW\��7H[DV��E\�8��.OHLQVFKPLGW��
SS�����������0DVWHU¶V�WKHVLV��'HSDUWPHQW�RI�
$QWKURSRORJ\��7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�

2¶%ULHQ��0��-��DQG�5��/��/\PDQ
�����6HULDWLRQ��6WUDWLJUDSK\��DQG�,QGH[�)RVVLOV��7KH�

%DFNERQH�RI�$UFKDHRORJLFDO�'DWLQJ��.OXZHU�
$FDGHPLF�3OHQXP�3XEOLVKHUV��1HZ�<RUN�

3HUWWXOD��7��.�
�����³7KH�&DGGR�1DWLRQ´��$UFKDHRORJLFDO�	�

(WKQRKLVWRULF�3HUVSHFWLYHV��8QLYHUVLW\�RI�7H[DV�
3UHVV��$XVWLQ�

�����5HJLRQDO�&RPSDULVRQV�LQ�3DVWH�&RPSRVLWLRQ�IURP�
3HWURJUDSKLF�$QDO\VHV��,Q�7KH�+XUULFDQH�+LOO�6LWH�
���+3������7KH�$UFKDHRORJ\�RI�D�/DWH�$UFKDLF�
(DUO\�&HUDPLF�DQG�(DUO\�0LGGOH�&DGGRDQ�
6HWWOHPHQW�LQ�1RUWKHDVW�7H[DV��HGLWHG�E\�7��.��
3HUWWXOD��SS�������������9ROV��6SHFLDO�3XEOLFDWLRQ�
1R�����)ULHQGV�RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��
3LWWVEXUJ�DQG�$XVWLQ��

�����8SSHU�1HFKHV�5LYHU�%DVLQ�&DGGR�&HUDPLFV��DQ�
$WWHPSW�DW�DQ�8SGDWHG�6HULDWLRQ�DQG�D�&RQWH[W�IRU�
8QGHUVWDQGLQJ�)UDQNVWRQ�WR�$OOHQ�3KDVH�&HUDPLF�
6W\OLVWLF�DQG�7HFKQRORJLFDO�&KDQJHV��-RXUQDO�RI�
1RUWKHDVW�7H[DV�$UFKDHRORJ\������������

����� 7KH�&HUDPLF�$UWLIDFWV�IURP�WKH�/DQJ�3DVWXUH�
6LWH����$1����DQG�WKH�3ODFH�RI�WKH�6LWH�ZLWKLQ�
DQ�8SSHU�1HFKHV�5LYHU�%DVLQ�&DGGR�&HUDPLF�
7UDGLWLRQ��,Q�$UFKHRORJLFDO�,QYHVWLJDWLRQV�DW�WKH�
/DQJ�3DVWXUH�6LWH����$1����LQ�WKH�8SSHU�1HFKHV�
5LYHU�%DVLQ�RI�(DVW�7H[DV��DVVHPEOHG�DQG�HGLWHG�
E\�7LPRWK\�.��3HUWWXOD��'DYLG�%��.HOOH\��DQG�
5REHUW�$��5LFNOLV��SS�����������$UFKHRORJLFDO�
6WXGLHV�3URJUDP�5HSRUW�1R�������7H[DV�
'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��(QYLURQPHQWDO�
$IIDLUV�'LYLVLRQ��$XVWLQ�

������&DGGR�&HUDPLFV�LQ�(DVW�7H[DV��%XOOHWLQ�RI�WKH�
7H[DV�$UFKHRORJLFDO�6RFLHW\������������

����� 7KH�8VH�RI�&OD\�3LJPHQWV�RQ�&HUDPLF�9HVVHO�
6KHUGV�IURP�WKH�+DWFKHO�6LWH����%:���DQG�
&RPSDULVRQV�WR�$QFHVWUDO�(DVW�7H[DV�&DGGR�
&HUDPLF�9HVVHO�$VVHPEODJHV��-RXUQDO�RI�
1RUWKHDVW�7H[DV�$UFKDHRORJ\�����������

�����$QDO\VLV�RI�$QFHVWUDO�&DGGR�&HUDPLF�9HVVHO�DQG�
3LSH�6KHUGV�IRU�6LWHV�RQ�WKH�7ROO����3URMHFW��6PLWK�
&RXQW\��7H[DV��06�RQ�¿OH��$WNLQV�1RUWK�$PHULFD��
'DOODV�

����� (DVW�7H[DV�&DGGR�&HUDPLF�7UDGLWLRQV��,Q�
$QFHVWUDO�&DGGR�&HUDPLF�7UDGLWLRQV��HGLWHG�E\�
'��3��0F.LQQRQ��-��6��*LUDUG��DQG�7��.��3HUWWXOD��
/RXLVLDQD�6WDWH�8QLYHUVLW\�3UHVV��%DWRQ�5RXJH��LQ�
SUHVV�
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3HUWWXOD��7��.��DQG�%��1HOVRQ
�����7KH�1DZL�KDLD�LQD�6LWH����5.������$UFKHRORJLFDO�

,QYHVWLJDWLRQV�LQ�WKH�&LW\�RI�+HQGHUVRQ¶V�6RXWKVLGH�
:DVWHZDWHU�7UHDWPHQW�3ODQW��5XVN�&RXQW\��7H[DV��
5HSRUW�RI�,QYHVWLJDWLRQV�1R������$UFKHRORJLFDO�	�
(QYLURQPHQWDO�&RQVXOWDQWV��//&��$XVWLQ�

3HUWWXOD��7��.��DQG�5��=��6HOGHQ�-U�
�����(I¿J\�9HVVHO�'RFXPHQWDWLRQ��&DGGR�&ROOHFWLRQV�

DW�WKH�7H[DV�$UFKHRORJLFDO�5HVHDUFK�/DERUDWRU\�
DW�7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ��6SHFLDO�
3XEOLFDWLRQ�1R������)ULHQGV�RI�1RUWKHDVW�7H[DV�
$UFKDHRORJ\��$XVWLQ�DQG�3LWWVEXUJ�

3HUWWXOD��7��.��DQG�0��:DOWHUV
�����&DGGR�$UFKDHRORJ\�LQ�WKH�&DGGR�&UHHN�9DOOH\�

RI�WKH�8SSHU�1HFKHV�5LYHU�%DVLQ��$QGHUVRQ�DQG�
+HQGHUVRQ�&RXQWLHV��7H[DV��6SHFLDO�3XEOLFDWLRQ�
1R������)ULHQGV�RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��
$XVWLQ�DQG�3LWWVEXUJ�

5DIIHUW\��6��0��DQG�5��0DQQ
����� ,QWURGXFWLRQ��6PRNLQJ�3LSHV�DQG�&XOWXUH��,Q�

6PRNLQJ�DQG�&XOWXUH��7KH�$UFKDHRORJ\�RI�
7REDFFR�3LSHV�LQ�(DVWHUQ�1RUWK�$PHULFD��HGLWHG�
E\�6��5DIIHUW\�DQG�5��0DQQ��SS��[L�[[��7KH�
8QLYHUVLW\�RI�7HQQHVVHH�3UHVV��.QR[YLOOH��

5HHVH�7D\ORU��.�
����� (YLGHQFH�RI�5HVRXUFH�3URFXUHPHQW�DQG�

0DQXIDFWXULQJ�7HFKQLTXHV�LQ�&DGGRDQ�&HUDPLF�
$VVHPEODJHV�IURP�WKH�6DELQH��&\SUHVV��DQG�
6XOSKXU�5LYHU�'UDLQDJH�%DVLQV��5XVN�DQG�7LWXV�
&RXQWLHV��7H[DV��-RXUQDO�RI�1RUWKHDVW�7H[DV�
$UFKDHRORJ\��������

5LFH��3��0�
�����3RWWHU\�$QDO\VLV��$�6RXUFHERRN��8QLYHUVLW\�RI�

&KLFDJR�3UHVV��&KLFDJR�

5RELQVRQ��'��*�
�����&HUDPLF�3HWURJUDSKLF�$QDO\VLV�RI�3UHKLVWRULF�

3RWWHU\�IURP�WKH�*HRUJH�&��'DYLV�6LWH����&(�����
&KHURNHH�&RXQW\��7H[DV��,Q�6SHFLDOL]HG�&HUDPLF�
$QDO\VHV�RI�WKH�*HRUJH�&��'DYLV�6LWH����&(����
&HUDPLF�$VVHPEODJH��&KHURNHH�&RXQW\��7H[DV��
DVVHPEOHG�E\�7��.��3HUWWXOD��SS���������5HSRUW�
RI�,QYHVWLJDWLRQV�1R�������$UFKHRORJLFDO�	�
(QYLURQPHQWDO�&RQVXOWDQWV��//&��$XVWLQ�

6D\OHV��(��%�
�����$Q�$UFKDHRORJLFDO�6XUYH\�RI�7H[DV��0HGDOOLRQ�

3DSHUV�1R��;9,,��7KH�0HGDOOLRQ��*LOD�3XHEOR��
*OREH�$UL]RQD��

6KDIHU��+��-�
�����$UFKHRORJLFDO�,QYHVWLJDWLRQV�DW�WKH�$WWDZD\�6LWH��

+HQGHUVRQ�&RXQW\��7H[DV��%XOOHWLQ�RI�WKH�7H[DV�
$UFKHRORJLFDO�6RFLHW\������������

6LWWHUV��-��$��DQG�7��.��3HUWWXOD
�����$Q�$QFHVWUDO�&DGGR�6LWH����&6�����RQ�WKH�

6XOSKXU�5LYHU�DW�/DNH�:ULJKW�3DWPDQ��&DVV�
&RXQW\��7H[DV��&DGGR�$UFKHRORJLFDO�-RXUQDO�
�����������

6WDUN��0��7�
�����*OD]H�:DUH�7HFKQRORJ\��WKH�6RFLDO�/LYHV�RI�

3RWV��DQG�&RPPXQLWLHV�RI�3UDFWLFH�LQ�WKH�/DWH�
3UHKLVWRULF�6RXWKZHVW��,Q�7KH�6RFLDO�/LIH�RI�
3RWV��*OD]H�:DUHV�DQG�&XOWXUDO�'\QDPLFV�LQ�
WKH�6RXWKZHVW��$'������������HGLWHG�E\�-��$��
+DELFKW�0DXFKH��6��/��(FNHUW��DQG�'��/��+XQWOH\��
SS���������8QLYHUVLW\�RI�$UL]RQD�3UHVV��7XFVRQ�

6WRU\��'��$��DQG�'��*��&UHHO
������7KH�&XOWXUDO�6HWWLQJ��,Q�7KH�'HVKD]R�6LWH��

1DFRJGRFKHV�&RXQW\��7H[DV��9RO�����HGLWHG�E\�
'��$��6WRU\��SS���������7H[DV�$QWLTXLWLHV�3HUPLW�
6HULHV�1R�����7H[DV�$QWLTXLWLHV�&RPPLWWHH��$XVWLQ�

7HOWVHU��3��$�
�����$Q�$QDO\WLF�6WUDWHJ\�IRU�6WXG\LQJ�$VVHPEODJH�

6FDOH�&HUDPLF�9DULDWLRQ��$�&DVH�6WXG\�IURP�
6RXWKHDVW�0LVVRXUL��$PHULFDQ�$QWLTXLW\�
��������������
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:LQWHU��-��&�
����� )URP�(DUWK�0RWKHU�WR�6QDNH�:RPDQ��7KH�5ROH�

RI�7REDFFR�LQ�WKH�(YROXWLRQ�RI�1DWLYH�$PHULFDQ�
5HOLJLRXV�2UJDQL]DWLRQ��,Q�7REDFFR�8VH�E\�1DWLYH�
1RUWK�$PHULFDQV��6DFUHG�6PRNH�DQG�6LOHQW�.LOOHU��
HGLWHG�E\�-��&��:LQWHU��SS�����������8QLYHUVLW\�RI�
2NODKRPD�3UHVV��1RUPDQ�

:REVW��+��0�
����� 6W\OH�LQ�$UFKDHRORJ\�RU�$UFKDHRORJLVWV�LQ�6W\OH��

,Q�0DWHULDO�0HDQLQJV��&ULWLFDO�$SSURDFKHV�WR�WKH�
,QWHUSUHWDWLRQ�RI�0DWHULDO�&XOWXUH��HGLWHG�E\�(��
6��&KLOWRQ��SS�����������8QLYHUVLW\�RI�8WDK�3UHVV��
6DOW�/DNH�&LW\�

:\FNRII��'��*��DQG�7��*��%DXJK
����� (DUO\�+LVWRULF�+DVLQDL�(OLWHV��$�0RGHO�IRU�

WKH�0DWHULDO�&XOWXUH�RI�*RYHUQLQJ�(OLWHV��
0LGFRQWLQHQWDO�-RXUQDO�RI�$UFKDHRORJ\�����������
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$SSHQGL[�,��3URYHQLHQFH�RI�&HUDPLF�9HVVHO�6KHUGV�E\�/HYHO�LQ�)HDWXUH���DW�WKH�$��&��
6DXQGHUV�6LWH����$1���

7KLV�DSSHQGL[�LV�D�WDEXODWLRQ�RI�WKH�VKHUGV�UHFRYHUHG�LQ�DUELWUDU\�OHYHOV�HPSOR\HG�E\�8QLYHUVLW\�RI�7H[DV�
DUFKDHRORJLVWV�LQ�WKH�H[FDYDWLRQ�RI�)HDWXUH���DW�WKH�$��&��6DXQGHUV�VLWH��6KHUGV�ZLWKRXW�D�YHUWLFDO�SURYHQLHQFH�DUH�
QRW�LQFOXGHG�KHUHLQ�
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$SSHQGL[�,��3URYHQLHQFH�RI�&HUDPLF�9HVVHO�6KHUGV�E\�/HYHO�LQ�)HDWXUH���DW�WKH�$��&��
6DXQGHUV�6LWH����$1���
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&RQWLQXLQJ�ZLWK�WKH�RQ�JRLQJ�VWXG\�RI�DQFHVWUDO�
&DGGR�FHUDPLF�YHVVHOV�IURP�(DVW�7H[DV�&DGGR�VLWHV��,�
GRFXPHQW�WKUHH�FHUDPLF�YHVVHOV�DQG�D�IRXUWK�FHUDPLF�
YHVVHO�VHFWLRQ�IURP�H[FDYDWLRQV�DW�WKH�'HVKD]R�VLWH�
���1$�������E\�7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�
�87��LQ������������7KH�'HVKD]R�VLWH�LV�WKH�EHVW�VWXGLHG�
$OOHQ�SKDVH�VHWWOHPHQW��6WRU\�������������LQ�(DVW�7H[DV��
DQG�WKH�DUFKDHRORJLFDO�LQYHVWLJDWLRQV�WKHUH�LQGLFDWHV�LW�
ZDV�D�VPDOO�FHQWUDOL]HG�KDPOHW�RI�DQ�DI¿OLDWHG�JURXS�
ZLWK�D�VHULHV�RI�FLUFXODU�VWUXFWXUHV�DQG�DQ�DVVRFLDWHG�
KRXVHKROG�RU�IDPLO\�FHPHWHU\��0RVW�VLWHV�RI�WKH�$OOHQ�
SKDVH�ZHUH�DSSDUHQWO\�RFFXSLHG�IRU�RQO\�VKRUW�SHULRGV�RI�
WLPH��SHUKDSV�DQ�DYHUDJH�RI����WR����\HDUV��EDVHG�RQ�DQ�
DQDO\VLV�RI�VWUXFWXUH�UHEXLOGLQJ�HSLVRGHV�DW�WKH�'HVKD]R�
VLWH��*RRG�������������
� 7KH�'HVKD]R�VLWH�LV�VLWXDWHG�MXVW�QRUWK�RI�
(O�&DPLQR�5HDO�GH�ORV�7HMDV��RQ�DQ�DOOXYLDO�IDQ�QHDU�
%D\RX�/RFR��QRZ�VXEPHUJHG�XQGHU�WKH�ZDWHUV�RI�/DNH�
1DFRJGRFKHV��)LJXUH�����,W�LV�OLNHO\�SDUW�RI�WKH���WK�WR�
HDUO\���WK�FHQWXU\�+DLQDL�&DGGR�YLOODJH�RI�%D\RX�/RFR�
�3UHZLWW������)LJXUH�����$�FRQWHPSRUDQHRXV�+DLQDL�
&DGGR�YLOODJH�ZDV�QHDUE\�WR�WKH�ZHVW�DORQJ�WKH�$QJHOLQD�
5LYHU�DQG�/HJJ�&UHHN��ZLWK�D�1DFRJGRFKH�&DGGR�
YLOODJH�RQ�%D\RX�/D�1DQD�WR�WKH�HDVW��$UFKDHRORJLFDO�
LQYHVWLJDWLRQV�LQGLFDWH�LW�KDG�D�VHULHV�RI�QLQH�FLUFXODU�
VWUXFWXUHV�DORQJ�ZLWK�DQ�DVVRFLDWHG�KRXVHKROG�RU�IDPLO\�
FHPHWHU\��7KH�VLWH�ZDV�DSSDUHQWO\�RFFXSLHG�IRU�RQO\�D�
VKRUW�SHULRG�RI�WLPH�EHWZHHQ�WKH�ODWH���WK�DQG�HDUO\���WK�
FHQWXU\��EDVHG�RQ�DQ�DQDO\VLV�RI�VWUXFWXUH�UHEXLOGLQJ�
HSLVRGHV��DUFKDHRPDJQHWLF�GDWHV��DQG�WKH�VL]H�RI�WKH�
IDPLO\�FHPHWHU\��$Q�$06�UDGLRFDUERQ�GDWH�REWDLQHG�RQ�
D�SLHFH�RI�VSOLW�FDQH�PDWWLQJ�WKDW�DGKHUHG�WR�D�(XURSHDQ�
KDQG�EHOO�IURP�%XULDO����%HWD���������VHH�*RRG�
�����)LJXUH���D��\LHOGHG�D�FRQYHQWLRQDO�UDGLRFDUERQ�
DJH�RI������������%�3��RU�$�'���������������7RP�
0LGGOHEURRN�������SHUVRQDO�FRPPXQLFDWLRQ���DQG�WKHUH�
DUH�WZR�DUFKDHRPDJQHWLF�GDWHV�IURP�IHDWXUHV��$�'�������
�������DQG�$�'���������������6WRU\�����������

� 7KH�VWUXFWXUHV�RFFXUUHG�LQ�WKUHH�GLIIHUHQW�
FOXVWHUV��ZLWK�HYLGHQFH�RI�VWUXFWXUH�UHEXLOGLQJ�LQ�
QRUWKHUQ��6WUXFWXUHV������DQG�VRXWKHUQ�FOXVWHUV�
�6WUXFWXUHV���������DQG�����ZLWK�DQ�RSHQ�FRXUW\DUG�
RU�VPDOO�SOD]D�EHWZHHQ�WKHP��)LJXUH�����6WUXFWXUH���
ZDV�RQ�WKH�RSSRVLWH�VLGH�RI�WKH�FUHHN�IURP�WKH�PDLQ�
VHWWOHPHQW�DUHD��$�FRPPXQDO�WUDVK�PLGGHQ�DFFXPXODWHG�
LPPHGLDWHO\�WR�WKH�VRXWK�RI�WKH�VRXWKHUQ�FOXVWHU�RI�KRXVH�
VWUXFWXUHV��7KH�VWUXFWXUHV�UDQJHG�EHWZHHQ��������P�LQ�
GLDPHWHU��HDFK�KDG�D�FHQWHU�SRVW��DQG�WKHUH�ZHUH�ODUJH�
FOD\�OLQHG�KHDUWKV�LQVLGH�DV�ZHOO�DV�LPPHGLDWHO\�RXWVLGH�
VHYHUDO�RI�WKH�VWUXFWXUHV��7KUHH�FKLOGUHQ�ZHUH�EXULHG�LQ�
SLWV��%XULDOV��������GXJ�WKURXJK�WKH�ÀRRU�RI�WZR�RI�WKH�
VWUXFWXUHV�LQ�WKH�YLOODJH�LQ�6WUXFWXUH����$UHD�'��8QLW����
DQG�6WUXFWXUH����$UHD�'��8QLW�����(DFK�RI�WKHVH�YHVVHOV�
KDG�D�VLQJOH�FHUDPLF�YHVVHO�OHIW�DV�D�IXQHUDU\�RIIHULQJ��

7LPRWK\�.��3HUWWXOD
$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��//&

)LJXUH����/RFDWLRQ�RI�WKH�'HVKD]R�VLWH����1$�������DW�/DNH�
1DFRJGRFKHV��DQG�RWKHU�VLWHV�LQYHVWLJDWHG�WKHUH�E\�WKH�7H[DV�
$UFKHRORJLFDO�6XUYH\�LQ�WKH�HDUO\�����V�

&XUUHQW�5HVHDUFK�
6HOHFWHG�+LVWRULF�&DGGR�$OOHQ�3KDVH�9HVVHOV�IURP�WKH�'HVKD]R�6LWH�
���1$�������RQ�%D\RX�/RFR��1DFRJGRFKHV�&RXQW\��7H[DV
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7KHVH�YHVVHOV�DUH�GRFXPHQWHG�LQ�WKLV�DUWLFOH��DORQJ�
ZLWK�D�YHVVHO�VHFWLRQ�IRXQG�QHDU�+HDUWK���LQ�6WUXFWXUH���
�$UHD�'��
� 7KH�VLWH�KDG�VPDOO�DPRXQWV�RI�(XURSHDQ�WUDGH�
JRRGV�IRXQG�WR�RQO\�D�OLPLWHG�H[WHQW�LQ�WKH�YLOODJH�EXW�
WKH\�DUH�PXFK�PRUH�FRPPRQ�LQ�EXULDO�FRQWH[WV��7KH�
IDPLO\�FHPHWHU\�KDG����DGXOW�LQGLYLGXDOV��EXULHG�LQ�
DQ�H[WHQGHG�SRVLWLRQ�ZLWK�WKH�GHFHDVHG¶V�KHDGV�IDFLQJ�
XQLIRUPO\�WRZDUGV�WKH�QRUWKZHVW��7KH�PDMRULW\�RI�WKH�
(XURSHDQ�JRRGV�XVHG�DV�IXQHUDU\�REMHFWV�ZHUH�JODVV�
EHDGV��Q �������ZRUQ�DV�QHFNODFHV�WKDW�DFFRPSDQLHG�
WKH�GHFHDVHG�RQ�WKH�MRXUQH\�WR�WKH�+RXVH�RI�'HDWK��
2WKHU�IXQHUDU\�RIIHULQJV�LQFOXGHG����FHUDPLF�YHVVHOV�
IURP�EXULDOV�LQ�WKH�$UHD�$�FHPHWHU\��VHYHUDO�VWRQH�WRROV��
D�FOD\�SLSH��SLJPHQWV��PHWDO�WUDGH�JRRGV��LURQ�NQLYHV�
DQG�D�EHOO���DQG�D�SRVVLEOH�UDWWOH�
� &DGGR�GRPHVWLF�UHPDLQV�DW�WKLV�VHWWOHPHQW�
LQFOXGHG�DQ�DEXQGDQFH�RI�SODLQ�DQG�GHFRUDWHG�FHUDPLF�
¿QH�ZDUHV��SULQFLSDOO\�3DWWRQ�(QJUDYHG��DQG�XWLOLW\�
ZDUHV��WKH�ODWWHU�XVXDOO\�ERQH�WHPSHUHG�DQG�ZLWK�
EUXVKHG�YHVVHO�ERGLHV��WULDQJXODU�DQG�VWHPPHG�DUURZ�

SRLQWV��LQFOXGLQJ�7XUQH\�DQG�3HUGL]�W\SHV���HOERZ�SLSHV�
�SODLQ�DQG�GHFRUDWHG���JURXQG�VWRQH�WRROV��DQG�ERQH�
WRROV��7KHVH�&DGGR�JURXSV�ZHUH�VXFFHVVIXO�DJULFXOWXULVWV�
DQG�KXQWHUV�RI�ZLOG�JDPH��VHH�+HQGHUVRQ�������
� %RE�7XUQHU�DQG�KLV�IDWKHU�H[FDYDWHG�QLQH�
EXULDOV��%XULDOV������IURP�$UHD�$�DW�WKH�VRXWKHUQ�HQG�RI�
WKH�'HVKD]R�VLWH�LQ�WKH�ODWH�����V��6WRU\����������7KH\�
UHFRYHUHG����FHUDPLF�YHVVHOV�IURP�WKHVH�EXULDOV��DQG�
WKH\�KDYH�EHHQ�GHVFULEHG�E\�)LHOGV����������������DQG�
GRFXPHQWHG�LQ�GHWDLO�E\�3HUWWXOD�HW�DO�����������������
� 7KH�¿QH�ZDUH�YHVVHOV�IURP�WKH�$UHD�$�
FHPHWHU\�LQFOXGH�3DWWRQ�(QJUDYHG��YDU��$OOHQ�DQG�YDU��
3DWWRQ�ERZOV�DQG�MDUV��Q ����VHH�3HUWWXOD������)LJXUH�
����D�E���7D\ORU�(QJUDYHG�FDULQDWHG�ERZOV��Q ����
1DWFKLWRFKHV�(QJUDYHG�ERZOV��Q ����D�SRVVLEOH�+XPH�
(QJUDYHG�ERZO��DQG�XQLGHQWL¿HG�HQJUDYHG�FDULQDWHG�
ERZOV�DQG�FRPSRXQG�ERZOV��Q ����7KH�XWLOLW\�ZDUHV�
DUH�LQFLVHG�EUXVKHG�MDUV��Q ����EUXVKHG�SXQFWDWHG�MDUV�
�Q ����SXQFWDWHG�MDUV��Q ����DSSOLTXHG�MDUV��Q ����DQG�D�
EUXVKHG�DSSOLTXHG�MDU��Q ����7KHUH�LV�DOVR�D�SODLQ�ERZO�
�Q ���
� 7KH�IRXU�FHUDPLF�YHVVHOV�UHFRYHUHG�LQ�WKH�87�
DUFKDHRORJLFDO�LQYHVWLJDWLRQV�DUH�GRFXPHQWHG�EHORZ�

6,7(�1$0(�25�6,7(�180%(5��'HVKD]R

9(66(/�12���%XULDO�����9HVVHO����VHH�*RRG�
�����)LJXUH���G�DQG�)LHOGV������)LJXUH���E��LQ�$UHD�'��
8QLW����MXYHQLOH�EXULDO

9(66(/�)250��&DULQDWHG�ERZO

121�3/$67,&6�$1'�3$67(��KHPDWLWH

5,0�$1'�/,3�)250��'LUHFW�ULP�DQG�URXQGHG�OLS

&25(�&2/25��$��¿UHG�DQG�FRROHG�LQ�DQ�R[LGL]LQJ�
HQYLURQPHQW�

,17(5,25�685)$&(�&2/25��UHGGLVK�EURZQ��¿UH�
FORXGV�RQ�WKH�ERG\�DQG�EDVH

(;7(5,25�685)$&(�&2/25��UHGGLVK�EURZQ��¿UH�
FORXGV�RQ�WKH�EDVH

)LJXUH����3ODQ�RI�H[FDYDWHG�VWUXFWXUHV�DQG�PLGGHQ�GHSRVLWV�DW�
WKH�'HVKD]R�VLWH����1$�������
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:$//�7+,&.1(66��,1�00���ULP������PP

,17(5,25�685)$&(�75($70(17��VPRRWKHG

(;7(5,25�685)$&(�75($70(17��VPRRWKHG

+(,*+7��,1�&0������

25,),&(�',$0(7(5��,1�&0������

',$0(7(5�$7�%27720�2)�5,0�25�1(&.��,1�
&0������

%$6(�',$0(7(5��,1�&0��$1'�6+$3(�2)�%$6(��
����FP��FLUFXODU�DQG�ÀDW

(67,0$7('�92/80(��,1�/,7(56������

'(&25$7,21��,1&/8',1*�027,)�$1'�
(/(0(176�:+(1�$33$5(17���3ODLQ��)LJXUH���

3,*0(17�86(�$1'�/2&$7,21�21�9(66(/��QRQH

7<3(�$1'�9$5,(7<��,)�.12:1���8QLGHQWL¿HG�
SODLQ�ZDUH

6,7(�1$0(�25�6,7(�180%(5��'HVKD]R

9(66(/�12���%XULDO�����9HVVHO����VHH�*RRG�
�����)LJXUH���D�DQG�)LHOGV������)LJXUH���F���$UHD�'��
8QLW����MXYHQLOH�EXULDO

9(66(/�)250��*OREXODU�FDULQDWHG�ERZO

121�3/$67,&6�$1'�3$67(��JURJ�DQG�KHPDWLWH

5,0�$1'�/,3�)250��'LUHFW�ULP�DQG�URXQGHG�OLS

&25(�&2/25��$��¿UHG�DQG�FRROHG�LQ�DQ�R[LGL]LQJ�
HQYLURQPHQW�

,17(5,25�685)$&(�&2/25��UHGGLVK�EURZQ��¿UH�
FORXGV�RQ�WKH�ERG\�DQG�EDVH

(;7(5,25�685)$&(�&2/25��UHGGLVK�EURZQ

:$//�7+,&.1(66��,1�00���ULP������PP��ERG\������
PP��EDVH������PP

,17(5,25�685)$&(�75($70(17��VPRRWKHG

)LJXUH����3ODLQ�FDULQDWHG�ERZO��9HVVHO����LQ�%XULDO����DW�WKH�'HVKD]R�VLWH�
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(;7(5,25�685)$&(�75($70(17��VPRRWKHG

+(,*+7��,1�&0������

25,),&(�',$0(7(5��,1�&0�������

',$0(7(5�$7�%27720�2)�5,0�25�1(&.��,1�
&0�������

%$6(�',$0(7(5��,1�&0��$1'�6+$3(�2)�%$6(��
1�$

(67,0$7('�92/80(��,1�/,7(56������

'(&25$7,21��,1&/8',1*�027,)�$1'�
(/(0(176�:+(1�$33$5(17���7KH�VKRUW�ULP�SDQHO�
RQ�WKLV�YHVVHO�KDV�XSSHU�DQG�ORZHU�KRUL]RQWDO�HQJUDYHG�
OLQHV�ZLWK�WLFN�PDUNV��)LJXUH�����7KH�YHVVHO�ERG\�KDV�
IRXU�VHWV�RI�FRQFHQWULF�HQJUDYHG�FLUFOHV�ZLWK�WLFN�PDUNV�

3,*0(17�86(�$1'�/2&$7,21�21�9(66(/��QRQH

7<3(�$1'�9$5,(7<��,)�.12:1���3DWWRQ�(QJUDYHG��
YDU��)DLU��3HUWWXOD������)LJXUH�����G�

6,7(�1$0(�25�6,7(�180%(5��'HVKD]R

9(66(/�12���%XULDO����9HVVHO����VHH�*RRG������)LJXUH�
��F�DQG�)LHOGV������)LJXUH���F���$UHD�'��8QLW����
MXYHQLOH�EXULDO

9(66(/�)250��*REOHW�MDU

121�3/$67,&6�$1'�3$67(��JURJ�DQG�KHPDWLWH

5,0�$1'�/,3�)250��'LUHFW�ULP�DQG�URXQGHG��H[WHULRU�
IROGHG��OLS

&25(�&2/25��$��¿UHG�DQG�FRROHG�LQ�DQ�R[LGL]LQJ�
HQYLURQPHQW�

,17(5,25�685)$&(�&2/25��\HOORZLVK�EURZQ��¿UH�
FORXGV�RQ�WKH�EDVH

(;7(5,25�685)$&(�&2/25��GDUN�\HOORZLVK�
EURZQ��¿UH�FORXGV�RQ�WKH�ULP�DQG�ERG\

:$//�7+,&.1(66��,1�00���ULP������PP

,17(5,25�685)$&(�75($70(17��QRQH

)LJXUH����3DWWRQ�(QJUDYHG��YDU��)DLU�FDULQDWHG�ERZO��1R�����LQ�%XULDO����DW�WKH�'HVKD]R�VLWH�
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(;7(5,25�685)$&(�75($70(17��QRQH

+(,*+7��,1�&0������

25,),&(�',$0(7(5��,1�&0�������

',$0(7(5�$7�%27720�2)�5,0�25�1(&.��,1�
&0�������

%$6(�',$0(7(5��,1�&0��$1'�6+$3(�2)�%$6(��
����FP��FLUFXODU�DQG�ÀDW

(67,0$7('�92/80(��,1�/,7(56������

'(&25$7,21��,1&/8',1*�027,)�$1'�
(/(0(176�:+(1�$33$5(17���3ODLQ��)LJXUH���

3,*0(17�86(�$1'�/2&$7,21�21�9(66(/��QRQH

7<3(�$1'�9$5,(7<��,)�.12:1���8QLGHQWL¿HG�
SODLQ�ZDUH

6,7(�1$0(�25�6,7(�180%(5��'HVKD]R

9(66(/�12����������VHH�)LHOGV������)LJXUH������QHDU�
+HDUWK���LQ�$UHD�'��8QLW����6WUXFWXUHV������VHH�*RRG�
�����)LJXUH����

9(66(/�)250��&DULQDWHG�ERZO

121�3/$67,&6�$1'�3$67(��JURJ

5,0�$1'�/,3�)250��'LUHFW�ULP�DQG�URXQGHG�OLS

&25(�&2/25��$��¿UHG�DQG�FRROHG�LQ�DQ�R[LGL]LQJ�
HQYLURQPHQW�

,17(5,25�685)$&(�&2/25��UHGGLVK�EURZQ��¿UH�
FORXGV�RQ�WKH�ERG\

(;7(5,25�685)$&(�&2/25��UHGGLVK�EURZQ��¿UH�
FORXGV�RQ�WKH�ERG\

:$//�7+,&.1(66��,1�00���ULP�������PP��ERG\������
PP

,17(5,25�685)$&(�75($70(17��VPRRWKHG

)LJXUH����3ODLQ�MDU��1R�����IURP�%XULDO����DW�WKH�'HVKD]R�VLWH�
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(;7(5,25�685)$&(�75($70(17��EXUQLVKHG�RQ�
WKH�ERG\

+(,*+7��,1�&0��������

25,),&(�',$0(7(5��,1�&0��������

',$0(7(5�$7�%27720�2)�5,0�25�1(&.��,1�
&0��������

%$6(�',$0(7(5��,1�&0��$1'�6+$3(�2)�%$6(��
1�$

(67,0$7('�92/80(��,1�/,7(56�������

'(&25$7,21��,1&/8',1*�027,)�$1'�
(/(0(176�:+(1�$33$5(17���7KH�YHVVHO�ULP�
KDV�KRUL]RQWDO�DQG�RYHUODSSLQJ�EUXVKHG�PDUNV��7KH�
YHVVHO�ERG\�KDV�D�XQLTXH�VHW�RI�QRQ�UHSHWLWLYH�HQJUDYHG�
HOHPHQWV��LQFOXGLQJ�GLDJRQDO�RSSRVHG�OLQHV��ODUJH�VHPL�
FLUFOHV��GLDJRQDO�KDWFKHG�WULDQJOHV��DQG�GLDJRQDO�KDWFKHG�
]RQHV��)LJXUH����

3,*0(17�86(�$1'�/2&$7,21�21�9(66(/��QRQH�

7<3(�$1'�9$5,(7<��,)�.12:1���8QLGHQWL¿HG�
¿QH�ZDUH

� 7KH����FHUDPLF�YHVVHOV�DQG�YHVVHO�VHFWLRQV�
IURP�WKH�'HVKD]R�VLWH�SURYLGH�DQ�H[FHOOHQW�YLHZ�RI�
WKH�FKDUDFWHU�RI�DQ�HDUO\���WK�FHQWXU\�$OOHQ�SKDVH�
IXQHUDU\�DVVHPEODJH�LQ�WKH�$QJHOLQD�5LYHU�EDVLQ�LQ�(DVW�
7H[DV��7KH�DVVHPEODJH�LQFOXGHV��3DWWRQ�(QJUDYHG��YDU��
$OOHQ��YDU��)DLU��DQG�YDU��3DWWRQ�ERZOV�DQG�MDUV��Q ����
D�7D\ORU�(QJUDYHG�FDULQDWHG�ERZO��D�1DWFKLWRFKHV�
(QJUDYHG�ERZO��D�SRVVLEOH�+XPH�(QJUDYHG�ERZO��D�
EUXVKHG�HQJUDYHG�FDULQDWHG�ERZO�VHFWLRQ�RI�XQLGHQWL¿HG�
W\SH��DQG�XQLGHQWL¿HG�HQJUDYHG�FDULQDWHG�ERZOV�DQG�
FRPSRXQG�ERZOV��Q ����7KH�¿QH�ZDUHV�FRPSULVH����
SHUFHQW�RI�WKH�YHVVHO�DVVHPEODJH�IURP�WKH�'HVKD]R�
VLWH��7KH�XWLOLW\�ZDUHV�LQ�EXULDO�IHDWXUHV�LQFOXGH�
LQFLVHG�EUXVKHG�MDUV��Q ����EUXVKHG�SXQFWDWHG�MDUV�
�Q ����SXQFWDWHG�MDUV��Q ����DSSOLTXHG�MDUV��Q ����DQG�D�
EUXVKHG�DSSOLTXHG�MDU��Q ����7KH�XWLOLW\�ZDUHV�UHSUHVHQW�
DQRWKHU����SHUFHQW�RI�WKH�'HVKD]R�YHVVHO�DVVHPEODJH��
)LQDOO\��WKHUH�DUH�DOVR�SODLQ�ERZOV��Q ����FDULQDWHG�ERZOV�
�Q ����DQG�MDUV��Q ���LQ�WKH�DVVHPEODJH��FRPSULVLQJ����
SHUFHQW�RI�WKH�IXQHUDU\�YHVVHOV�DW�WKH�VLWH�

)LJXUH����%UXVKHG�HQJUDYHG�FDULQDWHG�ERZO�VHFWLRQ���������QHDU�+HDUWK���LQ�$UHD�'��8QLW����DW�WKH�'HVKD]R�VLWH�
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$FNQRZOHGJPHQWV

7KDQNV�WR�0DU\EHWK�7RPND�RI�WKH�7H[DV�$UFKHRORJLFDO�
5HVHDUFK�/DERUDWRU\�DW�7KH�8QLYHUVLW\�RI�7H[DV�DW�
$XVWLQ�IRU�DFFHVV�WR�WKH�YHVVHOV�IURP�WKH�'HVKD]R�VLWH�
LQ�WKHLU�ZKROH�YHVVHO�FROOHFWLRQ��/DQFH�7UDVN�SUHSDUHG�
)LJXUHV�����IRU�WKLV�DUWLFOH�

5HIHUHQFHV�&LWHG

)LHOGV��5��&�
������$QDO\VLV�RI�1DWLYH�0DGH�&HUDPLFV��,Q�7KH�

'HVKD]R�6LWH��1DFRJGRFKHV�&RXQW\��7H[DV��9ROXPH�
���$UWLIDFWV�RI�1DWLYH�0DQXIDFWXUH��HGLWHG�E\�'��
$��6WRU\��SS�����������6WXGLHV�LQ�$UFKHRORJ\�����
7H[DV�$UFKHRORJLFDO�5HVHDUFK�/DERUDWRU\��7KH�
8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�

*RRG��&��(�
�����$QDO\VLV�RI�6WUXFWXUHV��%XULDOV��DQG�2WKHU�&XOWXUDO�

)HDWXUHV��,Q�7KH�'HVKD]R�6LWH��1DFRJGRFKHV�
&RXQW\��7H[DV��9RO�����7KH�6LWH��,WV�6HWWLQJ��
,QYHVWLJDWLRQ��&XOWXUDO�)HDWXUHV��$UWLIDFWV�RI�
1RQ�1DWLYH�0DQXIDFWXUH��DQG�6XEVLVWHQFH�
5HPDLQV��HGLWHG�E\�'��$��6WRU\��SS����������7H[DV�
$QWLTXLWLHV�3HUPLW�6HULHV����7H[DV�$QWLTXLWLHV�
&RPPLWWHH��$XVWLQ�

+HQGHUVRQ��-�
����� )DXQDO�$QDO\VLV��,Q�7KH�'HVKD]R�6LWH��

1DFRJGRFKHV�&RXQW\��7H[DV��9ROXPH����7KH�6LWH��
,WV�6HWWLQJ��,QYHVWLJDWLRQ��&XOWXUDO�)HDWXUHV��
$UWLIDFWV�RI�1RQ�1DWLYH�0DQXIDFWXUH��DQG�
6XEVLVWHQFH�5HPDLQV��HGLWHG�E\�'��$��6WRU\��SS��
���������7H[DV�$QWLTXLWLHV�3HUPLW�6HULHV�1R�����
7H[DV�$QWLTXLWLHV�&RPPLWWHH��$XVWLQ�

3HUWWXOD��7��.�
����� 7KH�&HUDPLF�$UWLIDFWV�IURP�WKH�/DQJ�3DVWXUH�

6LWH����$1����DQG�WKH�3ODFH�RI�WKH�6LWH�ZLWKLQ�
DQ�8SSHU�1HFKHV�5LYHU�%DVLQ�&DGGR�&HUDPLF�
7UDGLWLRQ��,Q�$UFKHRORJLFDO�,QYHVWLJDWLRQV�DW�
WKH�/DQJ�3DVWXUH�6LWH����$1����LQ�WKH�8SSHU�
1HFKHV�5LYHU�%DVLQ�RI�(DVW�7H[DV��DVVHPEOHG�
DQG�HGLWHG�E\�7��.��3HUWWXOD��'��%��.HOOH\��DQG�5��
$��5LFNOLV��SS�����������$UFKHRORJLFDO�6WXGLHV�
3URJUDP�5HSRUW�1R�������7H[DV�'HSDUWPHQW�RI�
7UDQVSRUWDWLRQ��(QYLURQPHQWDO�$IIDLUV�'LYLVLRQ��
$XVWLQ�

3HUWWXOD��7��.���0��:DOWHUV��DQG�%��1HOVRQ
�����&DGGR�3RWWHU\�9HVVHOV�DQG�3LSHV�IURP�6LWHV�LQ�

WKH�%LJ�&\SUHVV��6XOSKXU��1HFKHV�$QJHOLQD��
DQG�0LGGOH�6DELQH�5LYHU�%DVLQV�LQ�WKH�7XUQHU�
DQG�-RKQV�&ROOHFWLRQV��&DPS��&DVV��&KHURNHH��
+DUULVRQ��0RUULV��7LWXV��DQG�8SVKXU�&RXQWLHV��
7H[DV�DQG�6DELQH�3DULVK��/RXLVLDQD��6SHFLDO�
3XEOLFDWLRQ�1R������)ULHQGV�RI�1RUWKHDVW�7H[DV�
$UFKDHRORJ\��3LWWVEXUJ�DQG�$XVWLQ�

3UHZLWW��(��5�
�����%D\RX�/RFR��,QYHVWLJDWLRQV�DQG�6SHFXODWLRQV��

-RXUQDO�RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\���������

6WRU\��'��$���HGLWRU�
������7KH�'HVKD]R�6LWH��1DFRJGRFKHV�&RXQW\��7H[DV��

9RO�����7H[DV�$QWLTXLWLHV�3HUPLW�6HULHV�1R�����
7H[DV�$QWLTXLWLHV�&RPPLWWHH��$XVWLQ�

�����7KH�'HVKD]R�6LWH��1DFRJGRFKHV�&RXQW\��7H[DV��
9ROXPH����$UWLIDFWV�RI�1DWLYH�0DQXIDFWXUH��6WXGLHV�
LQ�$UFKHRORJ\�����7H[DV�$UFKHRORJLFDO�5HVHDUFK�
/DERUDWRU\��7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�
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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�
�������
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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�
EDVLQ��'HHU�ZHUH�LPSRUWDQW�UHVRXUFHV�IRU�WKH�&DGGR�
SHRSOH�QRW�MXVW�IRU�WKHLU�PHDW��EXW�DOVR�IRU�WKHLU�SHOWV�DQG�
ERQHV�
� :H�KDYH�UHFRPPHQGHG�WKDW�WKH�6KDFNOHIRUG�
&UHHN�VLWH�LV�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�15+3�XQGHU�
FULWHULD�G�EHFDXVH�LW�KDV�³\LHOGHG��RU�PD\�EH�OLNHO\�WR�
\LHOG��LQIRUPDWLRQ�LPSRUWDQW�LQ�KLVWRU\�RU�SUHKLVWRU\�´�
%DVHG�RQ�WKH�UHVXOWV�RI�WKH�WHVW�H[FDYDWLRQV��WKH�
6KDFNOHIRUG�&UHHN�VLWH�FDQ�FRQWULEXWH�QHZ�DQG�LPSRUWDQW�
LQIRUPDWLRQ�RQ�/DWH�&DGGR��FD��$�'�������������
)UDQNVWRQ�SKDVH�UHVLGHQWLDO�VHWWOHPHQWV�RU�KRXVHKROGV�
LQ�WKH�UHJLRQ��6SHFL¿FDOO\��LW�FRQWDLQV�SUHVHUYHG�
DUFKDHRORJLFDO�GHSRVLWV�DQG�DUFKDHRORJLFDO�GDWD�IURP�
DQ�LPSRUWDQW�SURSHUW\�W\SH�LQ�WKH�XSSHU�$QJHOLQD�5LYHU�
EDVLQ�WKDW�FDQ�DGGUHVV�VHYHUDO�UHVHDUFK�LVVXHV�LQ�³7KH�
'HYHORSPHQW�RI�$JULFXOWXUH�LQ�1RUWKHDVW�7H[DV�EHIRUH�
$�'������´��3HUWWXOD�������KLVWRULF�FRQWH[W�GHYHORSHG�
E\�WKH�7H[DV�+LVWRULFDO�&RPPLVVLRQ�DV�SDUW�RI�WKHLU�
3UHVHUYDWLRQ�3ODQ�IRU�WKH�UHJLRQ�

5HIHUHQFHV�&LWHG

%XVK��/��/�
�����0DFURERWDQLFDO�5HPDLQV�IURP�WKH�6KDFNOHIRUG�

&UHHN�6LWH����60������6PLWK�&RXQW\��7H[DV��,Q�
7HVW�([FDYDWLRQV�DW�WKH�6KDFNOHIRUG�&UHHN�6LWH�
���60�����LQ�WKH�8SSHU�$QJHOLQD�5LYHU�%DVLQ��
6PLWK�&RXQW\��7H[DV��E\�7��.��3HUWWXOD��%��1HOVRQ��
/��/�%XVK��DQG�.��&RUO��5HSRUW�RI�,QYHVWLJDWLRQV�
1R�����7HMDV�$UFKDHRORJ\��3LWWVEXUJ��7H[DV��LQ�
SUHVV�

&RUO��.�
������=RRDUFKDHRORJLFDO�$QDO\VLV�RI�)DXQDO�5HPDLQV�

IURP�WKH�6KDFNOHIRUG�&UHHN�6LWH����60������,Q�
7HVW�([FDYDWLRQV�DW�WKH�6KDFNOHIRUG�&UHHN�6LWH�
���60�����LQ�WKH�8SSHU�$QJHOLQD�5LYHU�%DVLQ��
6PLWK�&RXQW\��7H[DV��E\�7��.��3HUWWXOD��%��1HOVRQ��
/��/�%XVK��DQG�.��&RUO��5HSRUW�RI�,QYHVWLJDWLRQV�
1R�����7HMDV�$UFKDHRORJ\��3LWWVEXUJ��7H[DV��LQ�
SUHVV�

*UHPLOOLRQ��.��-�
�����)RRG�3URGXFWLRQ�LQ�1DWLYH�1RUWK�$PHULFD��$Q�

$UFKDHRORJLFDO�3HUVSHFWLYH��7KH�6$$�3UHVV��
:DVKLQJWRQ��'�&�

1HOVRQ��%��DQG�7��.��3HUWWXOD
�����$UFKDHRORJLFDO�6XUYH\�RI�WKH�6KDFNOHIRUG�&UHHN�

5HVLGHQWLDO�'HYHORSPHQW�3URMHFW��6PLWK�&RXQW\��
7H[DV��/HWWHU�5HSRUW�1R������7HMDV�$UFKDHRORJ\��
3LWWVEXUJ�

3HUWWXOD��7��.�
����� 7KH�'HYHORSPHQW�RI�$JULFXOWXUH�LQ�1RUWKHDVW�

7H[DV�EHIRUH�$�'��������,Q�$UFKHRORJ\�LQ�WKH�
(DVWHUQ�3ODQQLQJ�5HJLRQ��7H[DV��$�3ODQQLQJ�
'RFXPHQW��HGLWHG�E\�1��$��.HQPRWVX�DQG�7��
.��3HUWWXOD��SS�����������&XOWXUDO�5HVRXUFH�
0DQDJHPHQW�5HSRUW����'HSDUWPHQW�RI�$QWLTXLWLHV�
3URWHFWLRQ��7H[DV�+LVWRULFDO�&RPPLVVLRQ��$XVWLQ�

����� 7KH�&HUDPLF�$UWLIDFWV�IURP�WKH�/DQJ�3DVWXUH�
6LWH����$1����DQG�WKH�3ODFH�RI�WKH�6LWH�ZLWKLQ�
DQ�8SSHU�1HFKHV�5LYHU�%DVLQ�&DGGR�&HUDPLF�
7UDGLWLRQ��,Q�$UFKHRORJLFDO�,QYHVWLJDWLRQV�DW�
WKH�/DQJ�3DVWXUH�6LWH����$1����LQ�WKH�8SSHU�
1HFKHV�5LYHU�%DVLQ�RI�(DVW�7H[DV��DVVHPEOHG�
DQG�HGLWHG�E\�7��.��3HUWWXOD��'��%��.HOOH\��DQG�5��
$��5LFNOLV��SS�����������$UFKHRORJLFDO�6WXGLHV�
3URJUDP�5HSRUW�1R�������7H[DV�'HSDUWPHQW�RI�
7UDQVSRUWDWLRQ��(QYLURQPHQWDO�$IIDLUV�'LYLVLRQ��
$XVWLQ�
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3HUWWXOD��7��.���%��1HOVRQ��/��/��%XVK��DQG�.��&RUO
�����7HVW�([FDYDWLRQV�DW�WKH�6KDFNOHIRUG�&UHHN�6LWH�

���60�����LQ�WKH�8SSHU�$QJHOLQD�5LYHU�%DVLQ��
6PLWK�&RXQW\��7H[DV��5HSRUW�RI�,QYHVWLJDWLRQV�1R��
���7HMDV�$UFKDHRORJ\��3LWWVEXUJ��7H[DV�

3HUWWXOD��7��.���5��=��6HOGHQ��-U���DQG�'��:LOVRQ
�����&RUQ�LV�/LIH��7HPSRUDO�7UHQGV�LQ�WKH�8VH�RI�&RUQ�

�=HD�PD\V��E\�&DGGR�3HRSOHV�IURP�5DGLRFDUERQ�
GDWHG�6DPSOHV�DQG�6WDEOH�,VRWRSH�$QDO\VHV��
%XOOHWLQ�RI�WKH�7H[DV�$UFKHRORJLFDO�6RFLHW\�
�����������

:LOVRQ��'�
�����%LRDUFKDHRORJLFDO�(YLGHQFH�RI�6XEVLVWHQFH�

6WUDWHJLHV�DPRQJ�WKH�(DVW�7H[DV�&DGGR��,Q�7KH�
$UFKDHRORJ\�RI�WKH�&DGGR��HGLWHG�E\�7��.��3HUWWXOD�
DQG�&��3��:DONHU��SS����������8QLYHUVLW\�RI�
1HEUDVND�3UHVV��/LQFROQ�

:LOVRQ��'��DQG�7��.��3HUWWXOD
�����5HFRQVWUXFWLQJ�WKH�3DOHRGLHW�RI�WKH�&DGGR�WKURXJK�

6WDEOH�,VRWRSHV��$PHULFDQ�$QWLTXLW\�����������
����
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'XULQJ�WKH�����V�DQG�����V��7KRPDV�DQG�&KDUORWWH�
+RGJHV�RI�%LVPDUFN��$UNDQVDV��VXUIDFH�FROOHFWHG�
DQG�H[FDYDWHG�DUWLIDFWV�IURP�DUFKDHRORJLFDO�VLWHV�LQ�
$UNDQVDV��0RVW�FDPH�IURP�DQFHVWUDO�&DGGR�VLWHV�LQ�
WKH�0LGGOH�2XDFKLWD�5LYHU�YDOOH\�LQ�&ODUN�DQG�+RW�
6SULQJ�FRXQWLHV��ZLWK�D�VPDOO�SRUWLRQ�RULJLQDWLQJ�IURP�
6RXWKHDVW�$UNDQVDV�VLWHV��7KH�+RGJHVHV��DORQJ�ZLWK�9HUH�
+XGGOHVWRQ�DQG�5REHUW�3URFWRU�RI�$UNDGHOSKLD��ZHUH�
DPDWHXU�DUFKHRORJLVWV�DW�D�WLPH�ZKHQ�WKHUH�ZHUH�IHZ�
SURIHVVLRQDO�DUFKHRORJLVWV�ZRUNLQJ�LQ�WKH�VWDWH��3KLOLS�
3KLOOLSV�RI�+DUYDUG�8QLYHUVLW\�SKRWRJUDSKHG�VRPH�RI�
WKH�+RGJHV�DQG�+XGGOHVWRQ�FROOHFWLRQV�GXULQJ�KLV������
2XDFKLWD�5LYHU�9DOOH\�VXUYH\��DQG�$OH[�.ULHJHU�IURP�
WKH�8QLYHUVLW\�RI�7H[DV�SKRWRJUDSKHG�DUWLIDFWV�IURP�
WKH�+RGJHV��+XGGOHVWRQ��DQG�3URFWRU�FROOHFWLRQV��XVLQJ�
VRPH�WR�LOOXVWUDWH�D�W\SRORJ\�RI�&DGGR�SRWWHU\��6XKP�
DQG�-HONV�������WKDW�ZH�VWLOO�HPSOR\�WRGD\�
� ,Q�������WKH�-RLQW�(GXFDWLRQDO�&RQVRUWLXP��,QF��
�-(&���D�FRRSHUDWLYH�YHQWXUH�EHWZHHQ�+HQGHUVRQ�6WDWH�
8QLYHUVLW\��+68��DQG�2XDFKLWD�%DSWLVW�8QLYHUVLW\�LQ�
$UNDGHOSKLD��DFTXLUHG�WKH�+RGJHV�&ROOHFWLRQ��ZKLFK�
E\�WKDW�SRLQW�LQFOXGHG�+XGGOHVWRQ¶V�FROOHFWLRQ���6LQFH�
������LW�KDV�EHHQ�FXUDWHG�E\�WKH�$UNDQVDV�$UFKHRORJLFDO�
6XUYH\¶V�+68�UHVHDUFK�VWDWLRQ�VWDII��:H�KDYH�
LQYHQWRULHG��SKRWRJUDSKHG��DQG�GRFXPHQWHG�REMHFWV��
SXEOLVKHG�UHVHDUFK�DUWLFOHV��DQG�FUHDWHG�HGXFDWLRQDO�
H[KLELWV�IURP�WKLV�ODUJH�FROOHFWLRQ��(DUO\��������
$QQ�(DUO\�ZDV�DEOH�WR�XVH�WKH�+RGJHV�FDWDORJ�DQG�
+XGGOHVWRQ¶V�QRWHERRNV��SOXV�3KLOOLSV¶V�SKRWRJUDSKV��
WR�OLQN�VRPH�RI�WKH�DUWLIDFWV�WR�NQRZQ�DUFKDHRORJLFDO�
VLWHV�LQ�WKH�$UNDQVDV�VWDWH�VLWH�¿OH�V\VWHP��$V�ZH�KDYH�
¿QLVKHG�GHWDLOHG�GRFXPHQWDWLRQ�RI�ZKROH�DQG�SDUWLDO�
FHUDPLF�YHVVHOV�LQ�WKH�FROOHFWLRQ��ZH�KDYH�EHJXQ�
SXEOLVKLQJ�WKLV�LQIRUPDWLRQ�LQ�WKH�&DGGR�$UFKHRORJ\�
-RXUQDO��7UXELWW�������������7UXELWW�DQG�(YDQV��������
7KH�+RGJHV�FDWDORJ�GHVFULEHV�LQGLYLGXDO�DUWLIDFWV�DQG�
VLWH�ORFDWLRQV��+XGGOHVWRQ�OHIW�PRUH�GHWDLOHG�QRWHV�WKDW�
ZH�KDYH�XVHG�WR�UHFRQVWUXFW�JUDYH�ORWV�IURP�VLWHV�KH�
FROOHFWHG�

� 2QH�RI�WKH�PDLQ�SXUSRVHV�RI�RXU�YHVVHO�
GRFXPHQWDWLRQ�KDV�EHHQ�WR�DGYLVH�WKH�-(&�DV�WKH\�
FRQVXOW�ZLWK�WKH�&DGGR�1DWLRQ�RI�2NODKRPD�DERXW�
WKH�FROOHFWLRQ��,Q�WKH�VSLULW�RI�FRRSHUDWLRQ��WKH�-(&�
WUDQVIHUUHG����ORWV�RI�KXPDQ�ERQH��DQG����YHVVHOV�DQG�
���RWKHU�DUWLIDFWV�WKDW�FRXOG�UHDVRQDEO\�EH�LGHQWL¿HG�
DV�DVVRFLDWHG�IXQHUDU\�REMHFWV��WR�WKH�$UNDQVDV�
$UFKHRORJLFDO�6XUYH\¶V�&RRUGLQDWLQJ�2I¿FH�LQ�
)D\HWWHYLOOH�LQ������IRU�1DWLYH�$PHULFDQ�*UDYHV�
3URWHFWLRQ�DQG�5HSDWULDWLRQ�$FW�RI�������1$*35$��
GRFXPHQWDWLRQ��)RUPDO�QRWLFHV�RI�1$*35$�LQYHQWRU\�
FRPSOHWLRQ�KDYH�QRZ�EHHQ�SXEOLVKHG�LQ�WKH�)HGHUDO�
5HJLVWHU������D������E��
� +HQGHUVRQ�6WDWH�8QLYHUVLW\�LV�FRPPLWWHG�WR�WKH�
RQ�JRLQJ�VWHZDUGVKLS�DQG�SUHVHUYDWLRQ�RI�WKLV�VLJQL¿FDQW�
KLVWRULFDO�FROOHFWLRQ��8VLQJ�XQLYHUVLW\�IXQGLQJ�DQG�JUDQWV�
IURP�WKH�$UNDQVDV�1DWXUDO�DQG�&XOWXUDO�5HVRXUFHV�
&RXQFLO��+68�LV�UHKDELOLWDWLQJ�WKH�KLVWRULF�&DGGR�&HQWHU�
EXLOGLQJ�RQ�FDPSXV��7KH�PDLQ�KDOOZD\�LV�¿QLVKHG�DV�
D�SHUPDQHQW�VSDFH�IRU�VWRUDJH�DQG�LQWHUSUHWDWLRQ�RI�
WKH�-(&�+RGJHV�&ROOHFWLRQ��DQG�WKHUH�LV�D�FODVVURRP�
IRU�LQWHUSUHWDWLRQ��PXVHXP�VWXGLHV��DQG�DQWKURSRORJ\�
FODVVHV�
� ,Q�������ZH�PRYHG�PXFK�RI�WKH�-(&�+RGJHV�
&ROOHFWLRQ�DUWLIDFWV�IURP�FORVHG�FXUDWLRQ�WR�³RSHQ�
FXUDWLRQ´�LQ�WKH�&DGGR�&HQWHU��)LJXUH�����XVLQJ�WKH�
8QLYHUVLW\�RI�$UNDQVDV�0XVHXP�&ROOHFWLRQV�)DFLOLW\�LQ�
)D\HWWHYLOOH�DV�RXU�PRGHO��2SHQ�FXUDWLRQ��DOVR�NQRZQ�
DV�RSHQ�VWRUDJH�RU�YLVLEOH�VWRUDJH���PDNHV�WKH�FROOHFWLRQ�
PRUH�DFFHVVLEOH�WR�XQLYHUVLW\�VWXGHQWV�DQG�IDFXOW\��
ORFDO�UHVLGHQWV��UHVHDUFKHUV��PHPEHUV�RI�GHVFHQGDQW�
FRPPXQLWLHV��DQG�RWKHU�LQWHUHVWHG�YLVLWRUV�ZKLOH�
PDLQWDLQLQJ�D�VHFXUH��FOLPDWH�FRQWUROOHG�IDFLOLW\��'XULQJ�
WKH�PRYH��ZH�FRPSOHWHG�D�UH�LQYHQWRU\�RI�WKH�FROOHFWLRQ�
�7DEOH�����7KH�WRWDO�DUWLIDFW�FRXQW�LV�ORZHU�WKDQ�WKH�
�����LQYHQWRU\�RI�FD���������REMHFWV��LQ�SDUW�EHFDXVH�
LQ������ZH�FRXQWHG�³VKHUG�ORWV´�DV�XQUHFRQVWUXFWHG�
SDUWLDO�YHVVHOV��UDWKHU�WKDQ�DV�LQGLYLGXDO�VKHUGV��,Q�
DGGLWLRQ��,�KDYH�XVHG�LQIRUPDWLRQ�IURP�+RGJHV�DQG�

&XUUHQW�5HVHDUFK�
8SGDWH�RQ�WKH�+RGJHV�&ROOHFWLRQ�RI �1DWLYH�$PHULFDQ�$UWLIDFWV

0DU\�%HWK�7UXELWW
$UNDQVDV�$UFKHRORJLFDO�6XUYH\
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+XGGOHVWRQ�UHFRUGV�WR�LGHQWLI\�WKH�FRQWH[W�RI�REMHFWV�LQ�
WKH�FROOHFWLRQ��2YHUDOO�����SHUFHQW�RI�WKH�DUWLIDFWV�FDQ�EH�
OLQNHG�WR�VSHFL¿F�DUFKDHRORJLFDO�VLWHV��ZLWK����SHUFHQW�
RI�XQNQRZQ�SURYHQLHQFH��7KH�PDMRULW\�RI�WKH�ZKROH��
SDUWLDO��DQG�UHFRQVWUXFWHG�SRWWHU\�YHVVHOV�KDYH�NQRZQ�
VLWH�SURYHQLHQFH��DQG���SHUFHQW�RI�WKH�YHVVHOV�KDYH�EHHQ�
LGHQWL¿HG�DV�DVVRFLDWHG�IXQHUDU\�REMHFWV�����SHUFHQW�
DV�XQDVVRFLDWHG�IXQHUDU\�REMHFWV��DQG����SHUFHQW�IURP�
XQVSHFL¿HG�FRQWH[WV�
� 3XEOLFDWLRQ�RI�WKH�DUWLIDFW�GRFXPHQWDWLRQ�
FRQWLQXHV��7R�GDWH��GHWDLOHG�GHVFULSWLRQV�RI�����FHUDPLF�
YHVVHOV�KDYH�EHHQ�SXEOLVKHG��-RKQ�+RXVH�DQG�,�DUH�
SUHSDULQJ�D�MRXUQDO�DUWLFOH�WKDW�GHVFULEHV����YHVVHOV��
SDUWLDO�YHVVHOV��DQG�FHUDPLF�HI¿J\�IUDJPHQWV�LQ�WKH�-(&�
+RGJHV�&ROOHFWLRQ�IURP�WKH�0HQDUG�+RGJHV�PRXQG�VLWH�
��$5���LQ�$UNDQVDV�&RXQW\��$Q�DGGLWLRQDO�����RU�VR�
YHVVHOV�FROOHFWHG�E\�+XGGOHVWRQ�ZLOO�EH�GHVFULEHG�ZLWK�
DYDLODEOH�LQIRUPDWLRQ�RQ�FRQWH[W�LQ�D�IXWXUH�SDSHU�
� :LWK�D�VPDOO�JUDQW�IURP�WKH�$UNDQVDV�
$UFKHRORJLFDO�6XUYH\¶V�+HVWHU�'DYLV�)XQG��7HND�
0F*ORWKOLQ�DQG�6DUDK�6KHSDUG��$UNDQVDV�$UFKHRORJLFDO�
6XUYH\��&RRUGLQDWLQJ�2I¿FH��FDPH�WR�$UNDGHOSKLD�
LQ�1RYHPEHU������WR�XVH�LQQRYDWLYH��'�VFDQQLQJ�

WHFKQRORJ\�WR�GRFXPHQW�D�VHW�RI�HI¿J\�YHVVHOV�LQ�WKH�
+RGJHV�&ROOHFWLRQ�IRU�IXUWKHU�UHVHDUFK�DQG�LQWHUSUHWDWLRQ�
�)LJXUH�����7KH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\¶V��'�
GLJLWDO�LPDJLQJ�ODE�KDV�EHHQ�IXQGHG�LQ�SDUW�E\�WKH�5R\�
DQG�&KULVWLQH�6WXUJLV�&KDULWDEOH�DQG�(GXFDWLRQDO�7UXVW��
7KH�WHDP�GRFXPHQWHG����RI�WKH�PRVW�XQLTXH�DQG�IUDJLOH�
REMHFWV�LQ�WKH�FROOHFWLRQ�ZLWK�KLJK�UHVROXWLRQ��'�PRGHOV��
7KLV�ZRUN�EXLOGV�RQ�SUHYLRXV��'�VFDQQLQJ�RI�&DGGR�
FHUDPLFV�IURP�7H[DV�VLWHV�E\�5REHUW�=��6HOGHQ��������
� &XUUHQWO\��ZH�DUH�SUHSDULQJ�JUDQW�SURSRVDOV�
WR�IXQG�WKH�GHYHORSPHQW�RI�LQWHUSUHWLYH�PDWHULDOV�LQ�
VHYHUDO�GLIIHUHQW�PHGLD��2XU�JRDO�LV�WR�XVH���VW�FHQWXU\�
WHFKQRORJ\�WR�HQJDJH�ZLWK�VWXGHQWV�DQG�YLVLWRUV�WR�WKH�
&DGGR�&HQWHU�DV�ZHOO�DV�WR�FRQQHFW�XVLQJ�WKH�,QWHUQHW�
ZLWK�WKRVH�ZKR�FDQQRW�WUDYHO�WR�$UNDGHOSKLD��:H�SODQ�
WR�H[SODLQ�WKH�VLJQL¿FDQFH�RI�WKH�+RGJHV�&ROOHFWLRQ�DQG�
XVH�WKH�REMHFWV�WR�HGXFDWH�YLVLWRUV�DERXW�SDVW�DQG�SUHVHQW�
&DGGR�,QGLDQV�

5HIHUHQFHV�&LWHG

(DUO\��$QQ�0��
�����'U��7KRPDV�/��+RGJHV�DQG�+LV�&RQWULEXWLRQ�WR�

$UNDQVDV�$UFKHRORJ\��7KH�$UNDQVDV�$UFKHRORJLVW�
����������

)HGHUDO�5HJLVWHU
����D� 1RWLFH�RI�,QYHQWRU\�&RPSOHWLRQ��$UNDQVDV�

$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH��$5��)HGHUDO�
5HJLVWHU����������������������7KXUVGD\��2FWREHU�
����������1RWLFHV���86�*RYHUQPHQW�3XEOLVKLQJ�
2I¿FH��:DVKLQJWRQ��'&��(OHFWURQLF�GRFXPHQW��

)LJXUH����0XVHXP�VWXGLHV�LQWHUQ�5DH¶6KDZQ�-RQHV�LQVWDOOV�
DUWLIDFWV�LQ�WKH�&DGGR�&HQWHU��0DUFK�������$UNDQVDV�
$UFKHRORJLFDO�6XUYH\�SKRWRJUDSK��

)LJXUH����7HND�0F*ORWKOLQ�DQG�6DUDK�6KHSDUG�GHPRQVWUDWH�
�'�VFDQQLQJ�SURFHVV�WR�3URIHVVRU�'DYLG�6HVVHU¶V�PXVHXP�
VWXGLHV�FODVV��1RYHPEHU�������$UNDQVDV�$UFKHRORJLFDO�6XUYH\�
SKRWRJUDSK��
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KWWSV���ZZZ�JRYLQIR�JRY�FRQWHQW�SNJ�)5������
������SGI������������SGI��DFFHVVHG�'HFHPEHU�
���������

����E� 1RWLFH�RI�,QYHQWRU\�&RPSOHWLRQ��$UNDQVDV�
$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH��$5��
&RUUHFWLRQ��)HGHUDO�5HJLVWHU���������������
��������������������)ULGD\��1RYHPEHU����������
1RWLFHV���86�*RYHUQPHQW�3XEOLVKLQJ�2I¿FH��
:DVKLQJWRQ��'&��(OHFWURQLF�GRFXPHQWV��KWWSV���
ZZZ�JRYLQIR�JRY�FRQWHQW�SNJ�)5������������
SGI������������SGI�DQG�KWWSV���ZZZ�JRYLQIR�JRY�
FRQWHQW�SNJ�)5������������SGI������������SGI��
DFFHVVHG�'HFHPEHU����������

6HOGHQ��5REHUW�=���-U�
����� �'�6FDQ�'DWD�IRU�&DGGR�&HUDPLF�9HVVHOV�IURP�

WKH�*HRUJH�&��'DYLV�6LWH����&(�����-RXUQDO�
RI�7H[DV�$UFKDHRORJ\�DQG�+LVWRU\��'DWD�3DSHU�
6HULHV�,������(OHFWURQLF�GRFXPHQW��KWWSV���MWDK�
RUJ�������������G�VFDQ�GDWD�IRU�FDGGR�FHUDPLF�
YHVVHOV�IURP�WKH�JHRUJH�F�GDYLV�VLWH���FH�����
DFFHVVHG�'HFHPEHU�����������

6XKP��'HH�$QQ��DQG�(GZDUG�%��-HONV��HGLWRUV�
������+DQGERRN�RI�7H[DV�$UFKHRORJ\��7\SH�

'HVFULSWLRQV��6SHFLDO�3XEOLFDWLRQ�1R�����7H[DV�
$UFKHRORJLFDO�6RFLHW\��DQG�%XOOHWLQ�1R�����7H[DV�
0HPRULDO�0XVHXP��$XVWLQ�

7UXELWW��0DU\�%HWK
����� (I¿J\�3RWWHU\�LQ�WKH�-RLQW�(GXFDWLRQDO�

&RQVRUWLXP¶V�+RGJHV�&ROOHFWLRQ��&DGGR�
$UFKHRORJ\�-RXUQDO����������

�����&DGGR�3RWWHU\�IURP�(LJKW�6LWHV�LQ�WKH�0LGGOH�
2XDFKLWD�5LYHU�9DOOH\��&DGGR�$UFKHRORJ\�-RXUQDO�
���������

7UXELWW��0DU\�%HWK�DQG�/LQGD�(YDQV
�����5HYLVLWLQJ�D�+LVWRULF�0DQXVFULSW��9HUH�

+XGGOHVWRQ¶V�5HSRUW�RQ�(DVW�3ODFH���&/����
([FDYDWLRQV��&DGGR�$UFKHRORJ\�-RXUQDO�������
����

7DEOH����&RQWH[W�RI�,QYHQWRULHG�$UWLIDFWV��-(&�+RGJHV�&ROOHFWLRQ��
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7KH�%R[HG�6SULQJV�VLWH����85����LV�DQ�(DUO\�&DGGR�
VLWH�ORFDWHG�LQ�(DVW�7H[DV�QHDU�WKH�6DELQH�5LYHU��
7KLV�VLWH�FRYHUV�URXJKO\������DFUHV�DQG�FRQWDLQHG�
DW�OHDVW�IRXU�PRXQGV��PLGGHQV��DQG�DQ�H[WHQGHG�
FHPHWHU\��3HUWWXOD��������)LJXUHV���DQG�����7KH�VLWH¶V�
ORFDWLRQ�KDV�EHHQ�NQRZQ�VLQFH�WKH�ODWH�����V��ZLWK�D�
VHULHV�RI�XQFRQQHFWHG�DYRFDWLRQDO�DQG�SURIHVVLRQDO�
DUFKDHRORJLFDO�LQYHVWLJDWLRQV�DV�ZHOO�DV�XQIRUWXQDWH�
ORRWLQJ��3HUWWXOD��������$V�RQH�RI�WKH�IHZ�(DUO\�&DGGR�
VLWHV�LQ�7H[DV�WKDW�FRQWDLQ�PXOWLSOH�PRXQGV��3HUWWXOD�
�������������WKH�%R[HG�6SULQJV�VLWH�LV�SRLVHG�WR�SURYLGH�
JUHDW�LQVLJKW�LQWR�(DUO\�&DGGR�PRXQG�FRQVWUXFWLRQ�
WHFKQRORJLHV��VHWWOHPHQW�SDWWHUQV��VXEVLVWHQFH�VWUDWHJLHV��
DQG�WUDGH�DQG�H[FKDQJH�
� 3URIHVVLRQDO�DUFKDHRORJLFDO�LQYHVWLJDWLRQ�DW�WKH�
VLWH��KRZHYHU��KDV�EHHQ�OLPLWHG��$YRFDWLRQDO�H[FDYDWLRQV�
ZHUH�FRQGXFWHG�E\�%XGG\�&��-RQHV�LQ������DQG������
DQG�6DP�:KLWHVLGH��D�PHPEHU�RI�WKH�(DVW�7H[DV�
$UFKHRORJLFDO�6RFLHW\��LQ�������-RQHV¶V�H[FDYDWLRQV�
ZHUH�OLPLWHG�WR�0RXQGV�&�DQG�'��:KLWHVLGH�H[FDYDWHG�
LQWR�0RXQG�$��3HUWWXOD�DQG�:LOVRQ��������$�PDS�RI�WKH�
VLWH�ZDV�SURGXFHG�E\�'U��'HH�$QQ�6WRU\�ZKR�YLVLWHG�WKH�
VLWH�LQ������EXW�GLG�QRW�H[FDYDWH��3HUWWXOD�KDV�WKLV�PDS�
UHGUDZQ�E\�6DQGUD�+DQQXP��VHH�)LJXUH�����DV�ZHOO�DV�
-RQHV�DQG�:KLWHVLGHV¶�QRWHV��DOWKRXJK�LQIRUPDWLRQ�IURP�
DYRFDWLRQDO�DQG�YLVLWLQJ�DUFKDHRORJLVWV�GLG�QRW�SURYLGH�
VFDOH�LQ�RUGHU�WR�ODWHU�ORFDWH�WKHVH�IHDWXUHV��:H�XWLOL]H�
6WRU\¶V�GHVLJQDWLRQV�IRU�WKH�PRXQGV�LQ�WKLV�UHSRUW�
� ,Q�������WKH�VLWH�ZDV�YLVLWHG�EULHÀ\�IURP�D�
FUHZ�IURP�WKH�8QLYHUVLW\�RI�1RUWK�7H[DV�DQG�VKRUWO\�
WKHUHDIWHU�DW�OHDVW�����LQGLYLGXDOV�ZHUH�GLVLQWHUUHG�
LQ�D�ORRWLQJ�HSLVRGH�IURP�D�FHPHWHU\�FRQWH[W�DW�WKH�
VLWH��3HUWWXOD����������3HUWWXOD�DQG�:DOWHUV��������,Q�
������D�YROXQWHHU�FUHZ�SURYLGHG�WKH�PRVW�WKRURXJK�
LQYHVWLJDWLRQ�RI�WKH�VLWH��LQFOXGLQJ�VKRYHO�WHVWV��OLPLWHG�
XQLW�H[FDYDWLRQ��DQG�JURXQG�SHQHWUDWLQJ�UDGDU��WKDW�KDYH�
SURYLGHG�WKH�EHVW�UHVROXWLRQ�GDWD�WKXV�IDU��3HUWWXOD��������
7KLV�VXUYH\��KRZHYHU��ZDV�OLPLWHG�WR�WKH�ZHVWHUQ�KDOI�RI�

WKH�VLWH�GXH�WR�SULYDWH�ODQGRZQHU�DFFHVV��1R�SURIHVVLRQDO�
VXUYH\�RI�WKH�HDVWHUQ�KDOI�RI�WKH�VLWH�KDV�EHHQ�SUHYLRXVO\�
FRQGXFWHG�DQG�PDQ\�DOWHUDWLRQV�KDYH�EHHQ�PDGH�WR�WKH�
ODQGVFDSH�GXH�WR�WKH�FRQVWUXFWLRQ�RI�VHYHUDO�EXLOGLQJV�
DQG�SRQGV�RQ�WKH�SURSHUW\�LQ�WKH�����V�
� 6LQFH�WKH������VXUYH\��WKH�HDVWHUQ�KDOI�RI�WKH�
VLWH�KDV�DFTXLUHG�QHZ�ODQGRZQHUV��)URP�WKH�6WRU\�PDS��
WKH�PHWDO�EXLOGLQJ�VWLOO�VWDQGV��DQG�LW�LV�VDIH�WR�DVVXPH�
WKDW�ORFDWLRQV�WR�WKH�HDVW�RI�WKH�EXLOGLQJ�DUH�QRZ�ORFDWHG�
RQ�WKH�HDVWHUQ�KDOI�RI�WKH�VLWH��ZKLFK�VKRXOG�LQFOXGH�
WZR�PRXQGV��0RXQGV�%�DQG�'��DQG�VHYHUDO�PLGGHQ�
DUHDV��,Q�WKH�LQWHUHVW�RI�SURWHFWLQJ�DQG�SURPRWLQJ�WKH�
XQGHUVWDQGLQJ�RI�WKH�%R[HG�6SULQJV�6LWH��WKH�QHZ�
ODQGRZQHUV�LQYLWHG�DUFKDHRORJLVWV�IURP�:LFKLWD�6WDWH�

&XUUHQW�5HVHDUFK�
3UHOLPLQDU\�6XUYH\�RI �WKH�(DVWHUQ�+DOI �RI �WKH�%R[HG�6SULQJ�6LWH�
���85���

&DPEULD�+DOH\�DQG�&U\VWDO�$��'R]LHU�
'HSDUWPHQW�RI�$QWKURSRORJ\��:LFKLWD�6WDWH�8QLYHUVLW\

)LJXUH����0DS�RI�WKH�%R[HG�6SULQJV�VLWH�E\�'HH�$QQ�6WRU\�LQ�
������DQG�DV�DGDSWHG�LQ�3HUWWXOD�����������
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8QLYHUVLW\�WR�LQYHVWLJDWH�WKH�SURSHUW\��2YHU�WZR�GD\V�
LQ�6HSWHPEHU�������D�SUHOLPLQDU\�VXUYH\�RI�WKLV�QHZ�
SURSHUW\�ZDV�FRQGXFWHG�
� 7KH�JRDOV�RI�WKH�SUHVHQW�SUHOLPLQDU\�VXUYH\�
ZHUH�VLPSOH������WR�GHWHUPLQH�WKH�OLNHOLKRRG�WR�UHFRYHU�
DUFKDHRORJLFDO�PDWHULDOV�UHODWHG�WR�WKH�(DUO\�&DGGR�
RFFXSDWLRQ�RI�%R[HG�6SULQJV�DQG�����WR�DVVHVV�WKH�
SUHVHQFH�DQG�RU�FRQGLWLRQ�RI�WKH�SURSRVHG�WZR�PRXQGV�
RQ�WKH�SURSHUW\�
� /LPLWHG�QRQ�SUREDELOLVWLF�VKRYHO�WHVW�SLWWLQJ�
ZDV�FKRVHQ�WR�LQYHVWLJDWH�DUHDV�SUHYLRXVO\�LGHQWL¿HG�
DV�OLNHO\�FRQWDLQLQJ�PRXQG�RU�PLGGHQ�DUHDV��*URXQG�
VXUIDFH�YLVLELOLW\�ZDV�]HUR�GXH�WR�D�WKLFN�ORZ�FXW�FDUSHW�
RI�JUDVVHV��OLPLWLQJ�WKH�SHGHVWULDQ�VXUIDFH�VXUYH\�DV�D�
PHDQV�WR�UHFRYHU�DUWLIDFWV��+HDY\�JURXQG�FRYHU�DQG�
PRGHUQ�VXUIDFH�DOWHUDWLRQV�PHDQW�WKDW�PRXQG�ORFDWLRQV�
ZHUH�QRW�GLVWLQFW�IURP�WKH�UHVW�RI�WKH�ODQGVFDSH��7KH�
VXUYH\�FRQVLVWHG�RI�HLJKW�VKRYHO�WHVW�SLWV��673��DFURVV�
WKH�SURSHUW\��VHH�)LJXUH�����7KHVH�SLWV�ZHUH����FP�
GLDPHWHU��GXJ�LQ����FHQWLPHWHU�OHYHOV�WR�XS�WR���PHWHU�LQ�
GHSWK�RU�WHUPLQDWHG�DW�WKH�FRQWDFW�ZLWK�VWHULOH�%�KRUL]RQ�

VHGLPHQW��/HYHOV�ZHUH�VFUHHQHG�WKURXJK�ó�LQFK�PHVK��
2QO\�GLDJQRVWLF�DUWLIDFWV�RU�DUWLIDFWV�UHODWHG�WR�PRXQG�
FRQVWUXFWLRQ�ZHUH�FROOHFWHG��VXFK�DV�DUWLIDFWV�IRXQG�
LQ�PRXQG�¿OO�RU�GLDJQRVWLF�FHUDPLFV�RU�SURMHFWLOH�
SRLQWV��,Q�WRWDO��WKH�DUWLIDFWV�IURP�RQO\�WZR�VKRYHO�WHVW�
SLWV�ZHUH�UHWDLQHG��$OO�RWKHU�DUWLIDFWV�ZHUH�UHFRUGHG��
SKRWRJUDSKHG��DQG�UHWXUQHG�WR�WKH�673��3UR¿OHV�RI�DOO�WKH�
SLWV�ZHUH�UHFRUGHG�DQG�SKRWRJUDSKHG�
� 7KH�PDMRULW\�RI�673�FRQWDLQHG�FXOWXUDO�
PDWHULDOV�FRQVLVWHQW�ZLWK�DQ�LQGLJHQRXV�&DGGR�
RFFXSDWLRQ��673�������DQG���ZHUH�SODFHG�WR�DWWHPSW�WR�
ORFDWH�0RXQG�%��673���DQG���ZHUH�SODFHG�WR�ORFDWH�
0RXQG�'��673���DQG���ZHUH�SODFHG�WR�ORFDWH�D�SURSRVHG�
PLGGHQ�DUHD��DQG�673���ZDV�LQFOXGHG�WR�KHOS�HVWDEOLVK�
WKH�H[WHQW�RI�FXOWXUDO�PDWHULDO�DFURVV�WKH�QRUWKHUQ�SRUWLRQ�
RI�WKH�SURSHUW\��2QO\�673���DQG���KDG�QR�FXOWXUDO�
PDWHULDOV��7DEOH����
� $FURVV�WKH�VLWH��QR�FXOWXUDO�PDWHULDO�ZDV�IRXQG�
EH\RQG����FP�EHORZ�WKH�VXUIDFH��7KH�FRPPRQ�VRLO�
SUR¿OH�RI�WKH�VLWH�PDWFKHG�3HUWWXOD¶V�¿QGLQJV���������
ZLWK�D�VDQG\�RU�VLOW\�ORDP�$�KRUL]RQ�IROORZHG�E\�D�

)LJXUH����0DS�RI�VXUYH\HG�DUHD�DW�WKH�%R[HG�6SULQJV�VLWH�
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VLOW\�FOD\�ORDP�%�KRUL]RQ��6PDOO������FP���XQGHFRUDWHG�
VKHUGV�ZHUH�WKH�PRVW�FRPPRQ�DUWLIDFW�UHFRYHUHG��
IROORZHG�E\�OLWKLF�ÀDNHV��7ZR�QRWDEOH�GLVFRYHULHV�
ZHUH�PDGH�LQ�WKLV�VPDOO�VXUYH\������D�GLDJQRVWLF�
GHFRUDWHG�VKHUG�FRQVLVWHQW�LQ�VW\OH�ZLWK�WKH�(DUO\�&DGGR�
RFFXSDWLRQ��DQG�����D�673���VRLO�SUR¿OH�WKDW�LV�LQGLFDWLYH�
RI�0RXQG�%�GHSRVLWV�
� 2QH�GHFRUDWHG�VKHUG�ZDV�UHFRYHUHG�LQ�673�����
ZKLFK�ZDV�SODFHG�QHDU�D�SURSRVHG�PLGGHQ�ORFDWLRQ�
�)LJXUH�����7KH�SLHFH�KDV�FORVHO\�LQFLVHG�OLQHV�DW�WKH�ULP�
DQG�D�VLQJOH�OLQH�RI�¿QJHUQDLO�SXQFWDWLRQV��7KH�¿QH�JURJ�
WHPSHULQJ�LV�FRQVLVWHQW�ZLWK�HLWKHU�:HFKHV�)LQJHUQDLO�
,PSUHVVHG�RU�.LDP�,QFLVHG��ERWK�(DUO\�&DGGR�SHULRG�
FHUDPLF�W\SHV��3HUWWXOD�������3HUWWXOD�HW�DO��������6XKP�
DQG�.ULHJHU��������7KLV�VKHUG�ZDV�UHWDLQHG�IRU�IXWXUH�
VWXG\�DQG�FRPSDULVRQ�
� 673���SURYLGHG�D�FRPSOHWHO\�XQLTXH�VRLO�
SUR¿OH��7KH�WRS����FHQWLPHWHUV�FRQWDLQHG�D�KHDYLO\�
PRWWOHG�VLOW\�ORDP�WKDW�FRQWDLQHG�IUHTXHQW�SLHFHV�
RI�FKDUFRDO��EXUQW�VDQGVWRQH��DQG�EXUQW�VRLO��2QH�
FOHDU�SLHFH�RI�KLVWRULF�JODVV�ZDV�IRXQG�LQ�WKLV�OHYHO��
7KH�IROORZLQJ����FHQWLPHWHUV��KRZHYHU��ZDV�D�¿QH��
UHPDUNDEO\�KRPRJHQRXV��OLJKW�JUD\�VLOW\�VDQG��7KH�
JUDLQ�DQG�FRQVLVWHQF\�RI�WKH�VHGLPHQW�ZDV�FOHDUO\�
DQWKURSRPRUSKLF��DV�WKLV�VDQG�ZDV�QRW�IRXQG�LQ�DQ\�
RWKHU�SDUW�RI�WKH�VLWH�DQG�WKLV�SDUW�RI�WKH�VLWH�LV�IDU�
UHPRYHG�IURP�DQ\�ÀXYLDO�DFWLRQ�IURP�WKH�6DELQH�5LYHU��
:LWKLQ�WKLV�¿OO��WKUHH�VPDOO�OLWKLF�ÀDNHV�ZHUH�UHFRYHUHG�
XS�WR����FHQWLPHWHUV�EHORZ�WKH�VXUIDFH��7KLV�VHGLPHQW�

FRQWLQXHG�SDVW����FHQWLPHWHUV�EHORZ�WKH�VXUIDFH�ZKHQ�
WKH�673�KDG�WR�EH�WHUPLQDWHG��7KHVH�ÀDNHV�ZHUH�
FROOHFWHG�IRU�IXUWKHU�VWXG\��7KH�ORFDWLRQ�RI�WKLV�IHDWXUH�LQ�
673���EURDGO\�PDWFKHV�WKH�ORFDWLRQ�RI�0RXQG�%�
� %RWK�RI�WKH�JRDOV�IRU�WKLV�LQLWLDO�VXUYH\�ZHUH�
SDUWLDOO\�PHW��$Q�(DUO\�&DGGR�FRPSRQHQW�LQ�WKH�HDVWHUQ�
SDUW�RI�WKH�VLWH�ZDV�FRQ¿UPHG�E\�WKH�UHFRYHU\�RI�D�
VLQJOH�GLDJQRVWLF�VKHUG��EXW�DV�WKH�RQO\�GLDJQRVWLF�
DUWLIDFW�UHFRYHUHG�LQ�RXU�YHU\�OLPLWHG�ZRUN��PDQ\�
TXHVWLRQV�UHPDLQ�FRQFHUQLQJ�WKH�RFFXSDWLRQ�KLVWRU\�RI�
WKH�VLWH��7KH�GHFRUDWHG�VKHUG�PDWFKHV�HLWKHU�WKH�:HFKHV�
)LQJHUQDLO�,PSUHVVHG�RU�.LDP�,QFLVHG�W\SHV��DQG�VKHUGV�
RI�ERWK�W\SHV�ZHUH�IRXQG�LQ�WKH������H[FDYDWLRQV�DV�
ZHOO�DV�WKH������LQYHVWLJDWLRQV��SUHVXPDEO\�IURP�PRXQG�
FRQWH[WV��1R�UDGLRFDUERQ�VDPSOHV�ZHUH�WDNHQ�IURP�WKLV�
LQLWLDO�VXUYH\��DQG�IXWXUH�VWXG\�RI�WKH�VLWH�ZLOO�KRSHIXOO\�
EH�DEOH�WR�REWDLQ�PRUH�GDWD�RQ�WKH�SUHFLVH�WLPLQJ�RI�WKH�
VLWH¶V�IRXQGLQJ��RFFXSDWLRQ��XVH��DQG�DEDQGRQPHQW�
� 7KH�SUHVHQFH�RI�RQH�RI�WKH�PRXQGV��0RXQG�%��
ZDV�ORFDWHG�GXH�WR�WKH�REYLRXV�PRXQG�¿OO�SUR¿OH�VHHQ�
LQ�673����+RZHYHU��PRUH�ZRUN�ZLOO�QHHG�WR�EH�GRQH�LQ�
RUGHU�WR�XQGHUVWDQG�WKH�H[WHQW�RI�WKH�PRXQG�LQ�WHUPV�RI�
LWV�IRRWSULQW��KHLJKW��SRVVLEOH�DOWHUDWLRQV��DQG�SRVVLEOH�
XVHV��)URP�WKH�RQH�VKRYHO�WHVW�SLW��LW�LV�XQFOHDU�LI�WKH�WRS�
���FHQWLPHWHUV�DUH�SDUW�RI�WKH�PRXQG�FRQVWUXFWLRQ�RU�GXH�
WR�WKH�KLVWRULF�EXLOGLQJ�RI�WKH�KRXVH�DQG�VWRFN�SRQG�DV�
VKRZQ�LQ�)LJXUH����:KLWHVLGH�QRWHG�WKDW�0RXQG�%�ZDV�
D�VDQG�¿OO�PRXQG��IXUWKHU�VXSSRUWLQJ�RXU�LGHQWL¿FDWLRQ�
RI�WKH�DUHD�RI�673���DV�EHLQJ�LQ�0RXQG�%��EXW�KH�GLG�

)LJXUH����,PDJH�RI�(DUO\�&DGGR�VKHUG�IURP�673����'HFRUDWLRQV�
PDUNHG�LQ�UHG�IRU�FODULW\�

7DEOH����$UWLIDFWV�UHFRYHUHG�LQ�VKRYHO�WHVW�SLWV�DW�WKH�%R[HG�
6SULQJV�VLWH�
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QRW�IXUWKHU�GRFXPHQW�WKH�PRXQG��$V�WKH�RQO\�PRXQG�DW�
WKH�VLWH�WR�QRW�KDYH�UHFHLYHG�GRFXPHQWHG�DYRFDWLRQDO�
H[FDYDWLRQV��LW�LV�HVSHFLDOO\�LPSRUWDQW�WR�GRFXPHQW�DQG�
SUHVHUYH�0RXQG�%�ZLWK�DV�OLWWOH�GDPDJH�DV�SRVVLEOH�
� :KLOH�0RXQG�%�ZDV�OLNHO\�ORFDWHG��0RXQG�
'�ZDV�QRW�LGHQWL¿HG�IURP�WKLV�LQLWLDO�VXUYH\��0RXQG�'�
KDG�EHHQ�H[FDYDWHG�LQ������ZLWK�D����[���IRRW�WUHQFK���LW�
DSSDUHQWO\�VWRRG�RQH�PHWHU�WDOO�ZLWK�PXOWLSOH�PRXQG�¿OOV�
�3HUWWXOD������������LQ�WKH�:KLWHVLGH�H[FDYDWLRQ��0RXQG�
'�ZDV�UHFRUGHG�DV�RQO\����FP�WDOO�RYHU�D�SUHSDUHG�FOD\�
ÀRRU��6LPLODUO\��LQ�WKH�VXUYH\�RI�WKH�ZHVWHUQ�KDOI�RI�
WKH�VLWH�E\�3HUWWXOD�DQG�FUHZ��WKH�ORFDWLRQ�RI�0RXQG�
$��ZKLFK�KDG�EHHQ�GDPDJHG�E\�ERWK�ORRWHUV�DQG�6DP�
:KLWHVLGH¶V������H[FDYDWLRQV��ZDV�QRW�DSSDUHQW�LQ�WKHLU�
�����VXUYH\��3HUWWXOD���������
� 7KHUH�LV�PXFK�SRWHQWLDO�IRU�DUFKDHRORJLFDO�
UHVHDUFK�DQG�GDWD�UHFRYHU\�DW�WKH�%R[HG�6SULQJV�VLWH��
7KLV�VPDOO�LQLWLDO�VXUYH\�FRQ¿UPHG�DQ�(DUO\�&DGGR�
SUHVHQFH�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�VLWH�DQG�WKH�¿QGLQJV�
SURYLGH�FOHDU�GLUHFWLRQ�IRU�IXWXUH�UHVHDUFK�WR�LQYHVWLJDWH�
WKH�PRXQGV�DQG�UHVLGHQWLDO�IHDWXUHV�DW�%R[HG�6SULQJV�

5HIHUHQFHV�&LWHG

3HUWWXOD��7��.�
����� 7KH�3UHKLVWRULF�DQG�&DGGRDQ�$UFKHRORJ\�RI�WKH�

1RUWKHDVW�7H[DV�3LQH\ZRRGV��,Q�7KH�3UHKLVWRU\�RI�
7H[DV��HGLWHG�E\�7��.��3HUWWXOD��SS�����±�����7H[DV�
$	0�8QLYHUVLW\�3UHVV��&ROOHJH�6WDWLRQ

����� 7KH�$UFKDHRORJ\�RI�WKH�&DGGR�LQ�6RXWKZHVW�
$UNDQVDV��1RUWKZHVW�/RXLVLDQD��(DVWHUQ�
2NODKRPD��DQG�(DVW�7H[DV��$Q�,QWURGXFWLRQ�WR�
WKH�9ROXPH��,Q�7KH�$UFKDHRORJ\�RI�WKH�&DGGR��
HGLWHG�E\�7��.��3HUWWXOD�DQG�&��3��:DONHU��SS���±����
8QLYHUVLW\�RI�1HEUDVND�3UHVV��/LQFROQ�

�����&DGGR�/DQGVFDSHV�LQ�WKH�(DVW�7H[DV�)RUHVWV��
2[ERZ�%RRNV��2[IRUG��(QJODQG�

3HUWWXOD��7��.���HGLWRU�
����� $UFKDHRORJLFDO�DQG�$UFKDHRJHRSK\VLFDO�

,QYHVWLJDWLRQV�DW�DQ�(DUO\�&DGGR�0RXQG�&HQWHU�
LQ�WKH�6DELQH�5LYHU�%DVLQ�RI�(DVW�7H[DV��6SHFLDO�
3XEOLFDWLRQ�����)ULHQGV�RI�1RUWKHDVW�7H[DV�
$UFKDHRORJ\��3LWWVEXUJ�DQG�$XVWLQ�

3HUWWXOD��7��.��DQG�0��:DOWHUV
�����'RFXPHQWDWLRQ�RI�&HUDPLF�9HVVHOV�IURP�DQ�(DUO\�

&DGGR�3HULRG�)HDWXUH�DW�WKH�%R[HG�6SULQJ�6LWH�
���85����6LWH��8SVKXU�&RXQW\��7H[DV��-RXUQDO�RI�
1RUWKHDVW�7H[DV�$UFKDHRORJ\������±���

3HUWWXOD��7��.��DQG�'��:LOVRQ
�����$Q�(DUO\�&DGGR�3HULRG�&UHPDWLRQ�IURP�WKH�

%R[HG�6SULQJ�6LWH����85����LQ�8SVKXU�&RXQW\��
7H[DV��DQG�D�5HSRUW�RQ�3UHYLRXV�$UFKDHRORJLFDO�
,QYHVWLJDWLRQV��-RXUQDO�RI�1RUWKHDVW�7H[DV�
$UFKDHRORJ\����������

3HUWWXOD��7��.���0��5��0LOOHU��5��$��5LFNOLV��'��-��3ULNU\O��
DQG�&��/LQW]

����� 3UHKLVWRULF�DQG�+LVWRULF�$ERULJLQDO�&HUDPLFV�LQ�
7H[DV��%XOOHWLQ�RI�WKH�7H[DV�$UFKHRORJLFDO�6RFLHW\�
������±����

6XKP��'��$��DQG�$��'��.ULHJHU��ZLWK�FRQWULEXWLRQV�E\�(��
%��-HONV

�����$Q�,QWURGXFWRU\�+DQGERRN�RI�7H[DV�$UFKHRORJ\��
%XOOHWLQ�RI�WKH�7H[DV�$UFKHRORJLFDO�6RFLHW\������
����
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:LOVRQ�³'XE´�&URRN�,,,¶V��������SDSHU�SUHVHQWHG�WR�WKH�
(DVW�7H[DV�$UFKHRORJLFDO�&RQIHUHQFH�FRQFHUQLQJ�WKH�
XVH�RI�;�UD\�)OXRUHVFHQFH��;5)��LQ�VRXUFLQJ�WXUTXRLVH�
DUWLIDFWV�VSDUNHG�DQ�LQWHUHVW�LQ�XWLOL]LQJ�S;5)�WR�UHVROYH�
DQ�ROG�&DGGR�FHUDPLF�UHVHDUFK�TXHVWLRQ��:KLOH�;5)�
KDV�EHHQ�XVHG�LQ�DUFKDHRORJ\�IRU�PRUH�WKDQ����\HDUV�
�6KDFNOH\����������DQG�WKHUH�KDYH�EHHQ�DSSOLFDWLRQV�LQ�
FHUDPLF�VWXGLHV��6KDFNOH\�������2ZQE\�������+XQW�
DQG�6SHDNPDQ�������)RUVWHU�HW�DO��������6SHDNPDQ�HW�
DO��������6KXJDU�DQG�0DVV��������D�UHFHQW�UHYLHZ�RI�
WKH��WK�(GLWLRQ�RI�7KH�$UFKDHRORJ\��%LRDUFKDHRORJ\��
(WKQRKLVWRU\��DQG�+LVWRU\�RI�WKH�&DGGR�,QGLDQ�3HRSOHV�
RI�$UNDQVDV��/RXLVLDQD��2NODKRPD��DQG�7H[DV��3HUWWXOD�
�������D�FRPSUHKHQVLYH�ELEOLRJUDSK\��GLG�QRW�\LHOG�D�
VLQJOH�UHIHUHQFH�WR�D�S;5)�VWXG\�LQ�&DGGR�FHUDPLFV��
7KLV�DUWLFOH�ZLOO�VXPPDUL]H������WKH�UHVHDUFK�TXHVWLRQ�
DULVLQJ�IURP�ZRUN�DW�WKH�0RUVH�0RXQG�6LWH����6<�����
����DQ�RYHUYLHZ�RI�KRZ�S;5)�ZRUNV��DQG�����WKH�GDWD�
DQDO\VLV�IURP�WKLV�SLORW�VWXG\�
� ,Q�-DQXDU\�DQG�)HEUXDU\�������DUFKDHRORJLVWV�
IURP�WKH�7H[DV�+LVWRULFDO�&RPPLVVLRQ�DQG�WKH�7H[DV�
$UFKHRORJLFDO�6WHZDUGVKLS�1HWZRUN�H[FDYDWHG�SRUWLRQV�
RI�WZR�&DGGR�HDUWKHQ�PRXQGV�DW�WKH�0RUVH�0RXQG�VLWH�
QHDU�&HQWHU��7H[DV��%UXVHWK�HW�DO��������0LGGOHEURRN�
�������7KH�ODUJHU�PRXQG��0RXQG�$��ZDV�D�ORZ�FRQLFDO�
PRXQG�VWDQGLQJ�����PHWHU��P��KLJK�DQG����P�LQ�
GLDPHWHU��%HQHDWK�WKLV�PRXQG�ZDV�WKH�SRVWKROH�RXWOLQH�
RI�D�����P�URXQG�KRXVH�FRQWDLQLQJ�D�FHQWUDO�����P�URXQG�
VKDIW�WRPE�RI�DQ�LPSRUWDQW�HOLWH�LQGLYLGXDO��(YLGHQFH�
VXJJHVWHG�WKDW�WKH�KRXVH�KDG�EHHQ�EXUQHG�DQG�SXVKHG�
LQWR�WKH�SLW�DIWHU�LQWHUPHQW�DQG�SDUWLDO�¿OOLQJ�RI�WKH�SLW��
7KH�EXLOGLQJ��SHUKDSV�WKH�UHVLGHQFH�RI�WKH�GHFHDVHG�
HOLWH��DQG�WKH�WRPE��ZHUH�FRPPHPRUDWHG�ZLWK�WKH�
FRQVWUXFWLRQ�RI�WKH�PRXQG��7KH�DFLGLF�VRLO�FKHPLVWU\�
DW�WKH�VLWH�OHG�WR�WKH�FRPSOHWH�GLVVROXWLRQ�RI�DOO�VNHOHWDO�
DQG�GHQWDO�UHPDLQV��,QWHUHVWLQJO\��PRVW�RI�WKH�SHULVKDEOH�
PDWHULDOV�SODFHG�LQ�WKH�JUDYH�VXFK�DV�ZRRGHQ�ER[HV��
EDVNHWV��PDWWLQJ��DUURZ�VKDIWV��DQG�FRUGDJH�ZHUH�

UHSODFHG�E\�D�GLVWLQFW�¿QH�JUD\�VLOW\�PDWHULDO��,QVLGH�WKH�
RXWOLQH�RI�WKH�&DGGR�HOLWH¶V�FRI¿Q�ZDV�D������FP�ORQJ�
$QGHUVRQ�NQLIH��WZR�FDUYHG�VWRQH�HDUVSRROV��DQG�WZR�
VHWV�RI�%DVVHWW�SRLQWV��Q ����DQG�Q �����-XVW�RXWVLGH�WKH�
FRI¿Q�DQG�WR�WKH�LQGLYLGXDO¶V�XSSHU�OHIW�ZDV�D�VPDOO�JUD\�
VLOW\�DUHD�FRQWDLQLQJ�DQRWKHU�TXLYHU�RI�%DVVHWW�SRLQWV�
�Q ����WZR�FDUYHG�VWRQH�HDUVSRROV��DQG�D�FOD\�SLSH��7KLV�
ODWWHU�FROOHFWLRQ�PD\�KDYH�UHSUHVHQWHG�WKH�LQWHUPHQW�RI�
D�VHFRQG�LQGLYLGXDO�RU�WKH�SODFHPHQW�RI�D�VDFUHG�EXQGOH��
2XWVLGH�RI�WKH�FRI¿Q�DQG�WR�WKH�LQWHUUHG�SHUVRQV¶�ULJKW�
VLGH�ZHUH����FHUDPLF�YHVVHOV��WZR�*ODVVHOO�(QJUDYHG�
JOREXODU�ERWWOHV�ZLWK�ORQJ�QHFNV��IRXU�7\VRQ�(QJUDYHG�
ERZOV��D�%URDGGXV�%UXVKHG�MDU��D�%HOFKHU�5LGJHG�MDU��
DQ�XQW\SHG�EUXVKHG�MDU��DQ�XQW\SHG�SLQFKHG�MDU��DQG�DQ�
HORQJDWHG�+XPH�(QJUDYHG�ERWWOH��7KLV�ODVW�YHVVHO�ZDV�
LQ�SRRU�FRQGLWLRQ�GXH�WR�LWV�YHU\�VRIW�VXUIDFH�DQG�FRXOG�
QRW�EH�IXOO\�UHFRQVWUXFWHG��)LJXUH�����)URP�WKH�WLPH�RI�
LWV�LQLWLDO�DVVHVVPHQW��WKLV�³,QGH[�9HVVHO´�ZDV�FRQVLGHUHG�
WR�KDYH�EHHQ�D�SRVVLEOH�WUDGH�LWHP�IURP�D�)UDQNVWRQ�
SKDVH�&DGGR�FRPPXQLW\�LQ�WKH�8SSHU�1HFKHV�UHJLRQ��
VRPH����PLOHV�WR�WKH�ZHVW��7KLV�VSHFXODWLRQ�ZDV�EDVHG�
RQ�LWV�GLVWLQFWLYH�YHVVHO�IRUP��HQJUDYHG�GHFRUDWLRQ��DQG�
LWV�VRIW��RUDQJLVK�H[WHULRU�VXUIDFH��$OO�WKH�RWKHU�¿QH�ZDUH�
YHVVHOV�IURP�WKH�0RUVH�0RXQG�VLWH�DUH�IURP�YHVVHO�W\SHV�
WKDW�DUH�NQRZQ�IURP�RWKHU�6KHOE\�&RXQW\�VLWHV��,Q�RUGHU�
WR�REWDLQ�DGGLWLRQDO�FRPSDUDWLYH�FRPSRVLWLRQDO�GDWD�
EHDULQJ�RQ�WKH�TXHVWLRQ�RI�WKH�YHVVHO¶V�WUDGH�VWDWXV��DOO�
FHUDPLF�REMHFWV�IURP�WKH�0RUVH�0RXQG�VKDIW�WRPE�ZHUH�
VXEMHFW�WR�S;5)�DQDO\VLV�GRQH�DW�WKH�8QLYHUVLW\�RI�7H[DV�
DW�7\OHU�LQ�)HEUXDU\������
� ;�UD\�ÀXRUHVFHQFH�DQDO\VLV�GHWHUPLQHV�WKH�
TXDOLWDWLYH�HOHPHQWDO�FRPSRVLWLRQ�RI�DQ�REMHFW�DQG�PD\�
SURYLGH�TXDQWLWDWLYH�GDWD�LQ�SDUWV�SHU�PLOOLRQ��+DQG�KHOG�
SRUWDEOH�(QHUJ\�'LVSHUVLYH�;5)�LQVWUXPHQWDWLRQ�KDV�
PXOWLSOH�DGYDQWDJHV������WKH�SRWHQWLDO�IRU�EHLQJ�QRQ�
GHVWUXFWLYH�WR�WKH�VWXGLHG�REMHFW������PLQLPDO�SUHSDUDWLRQ�
WR�VWXG\�DQ�REMHFW������IDVW�GDWD�UHFRYHU\������HDVH�RI�XVH��
DQG�����FRVW�HIIHFWLYHQHVV��6KDFNOH\�������I���6RPH�

&XUUHQW�5HVHDUFK�
$�3LORW�6WXG\�LQ�WKH�8VH�RI �S;5)�$QDO\VLV�RI �&DGGR�&HUDPLFV

7RP�0LGGOHEURRN��DQG�&��&ROOHHQ�+DQUDWW\�
�7H[DV�$UFKHRORJLFDO�6WHZDUGVKLS�1HWZRUN���8QLYHUVLW\�RI�7H[DV�DW�7\OHU
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OLPLWDWLRQV�RI�;5)�LQFOXGH�WKH�QHHG�IRU�DW�OHDVW����PP��
VXUIDFH�DUHD�WR�VWXG\��D�PLQLPXP�WKLFNQHVV�RI�WKH�REMHFW�
LV���PP��DQG�LW�LV�QRW�XVHIXO�IRU�WKH�OLJKWHU�HOHPHQWV�
�W\SLFDOO\�S;5)�LV�XVHG�IRU�PLG�UDQJH�DWRPLF�QXPEHU�
= ���6LOLFRQ�DQG�DERYH��
� ;�UDGLWLRQ�UHIHUV�WR�WKDW�SDUW�RI�WKH�
HOHFWURPDJQHWLF�VSHFWUXP�LQWHUPHGLDWH�EHWZHHQ�
XOWUDYLROHW�DQG�JDPPD�UDGLDWLRQ��ZDYHOHQJWK� ������
��QP��IUHTXHQF\� ��;��������;�����+]��ZLWK�HQHUJLHV�
LQ�WKH�UDQJH�RI����H9�WR����NH9��7KH�S;5)�LQVWUXPHQW�
LUUDGLDWHV�WKH�VWXGLHG�REMHFW�ZLWK�KLJK�HQHUJ\�;�5D\V�
WKDW�GLVORGJH�HOHFWURQV�IURP�WKH�WLJKWO\�ERQG�LQQHU�
VKHOOV��:KHQ�DQ�HOHFWURQ�IURP�KLJKHU�VKHOOV�GURSV�LQWR�
WKH�YDFDWHG�VSRW�WR�PDLQWDLQ�DWRPLF�VWDELOLW\��HQHUJ\�LV�
UHOHDVHG�LQ�WKH�IRUP�RI�DQ�;�UD\�SKRWRQ��WKLV�LV�NQRZQ�
DV�;�UD\�ÀXRUHVFHQFH��7KH�.Į�HPLVVLRQ�UHVXOWV�ZKHQ�
DQ�HOHFWURQ�¿OOV�D�VSRW�LQ�WKH�LQQHUPRVW�.�VKHOO�E\�DQ�
HOHFWURQ�IURP�WKH��S�RUELWDO�RI�WKH�VHFRQG�RU�/�VKHOO��
/Į�UHIHUV�WR�DQ�HOHFWURQ�IDOOLQJ�LQWR�WKH�YDFDQF\�LQ�WKH�
/�VKHOO�IURP�WKH�WKLUG�RU�0�VKHOO��,Q�DGGLWLRQ�WR�VHQGLQJ�
D�EHDP�RI�;�UD\V�LQWR�WKH�VWXGLHG�REMHFW��WKH�S;5)�
LQVWUXPHQW�FRQWDLQV�D�GHWHFWRU�WKDW�PHDVXUHV�WKH�HQHUJ\�
�NH9��RI�ÀXRUHVFHQW�;�UD\�SKRWRQV�HPLWWHG�E\�WKH�
HOHFWURQ�WUDQVLWLRQV��7KH�NH9�RI�HDFK�SKRWRQ�LV�GLUHFWO\�
UHODWHG�WR�WKH�VSHFL¿F�HOHPHQW���7KH�GHWHFWRU�DOVR�
PHDVXUHV�WKH�HPLVVLRQ�UDWHV�LQ�FRXQWV�SHU�VHFRQG��FSV���
LQGLFDWLQJ�WKH�FRQFHQWUDWLRQ�RI�WKH�LGHQWL¿HG�HOHPHQW��
7KHVH�WZR�PHDVXUHG�IDFWRUV��HQHUJ\�DQG�HPLVVLRQ�
UDWHV��DUH�WKH�EDVLV�RI�SURGXFLQJ�DQ�;�UD\�ÀXRUHVFHQFH�
VSHFWUXP�RI�DQ\�REMHFW�

� :H�FROOHFWHG�GDWD�IURP�HDFK�RI�WKH�0RUVH�
0RXQG�FHUDPLF�REMHFWV�ZLWK�D�%XUNHU�7UDFHU�,,,�6'�
V\VWHP�XWLOL]LQJ�D�UKRGLXP�WDUJHW�;�UD\�WXEH�DV�DQ�
H[FLWDWLRQ�VRXUFH�DQG�D�VLOLFRQ�GULIW�GHWHFWRU�ZLWK�D�
UHVROXWLRQ�RI�DSSUR[LPDWHO\�����H9�DW���������FSV��
1R�¿OWHU�ZDV�XVHG��'DWD�ZDV�SURFHVVHG�ZLWK�%UXNHU¶V�
VRIWZDUH�VXLWH�ZLWK�EDVLF�HPSLULFDO�FDOLEUDWLRQ��'DWD�
ZDV�FROOHFWHG�RYHU�DQ�DUHD�RI����PP��IRU����VHFRQGV�
SHU�VDPSOH��7ZR�WR�IRXU��DYHUDJH�WKUHH��VDPSOHV�ZHUH�
FROOHFWHG�SHU�REMHFW��W\SLFDOO\�IURP�VPRRWK�VSRWV�RQ�
WKH�LQWHULRU�VXUIDFH��H[WHULRU�VXUIDFH��DQG�DW�D�SDWFK�RI�
H[SRVHG�SDVWH��7KH�VDPSOHV�IURP�HDFK�FHUDPLF�REMHFW�
ZHUH�DYHUDJHG�IRU�FRPSDULVRQ�DQG�XVH�LQ�GHYHORSPHQW�
RI�VFDWWHUSORWV�LQ�0LFURVRIW�([FHO��3HDN�FRXQWV�IRU�.Į�
�DQG�/Į�LQ�WKH�FDVH�RI�7K��ZHUH�UHFRUGHG�IRU����HOHPHQWV�
LQFOXGLQJ�VLOLFRQ��FKORULQH��DUJRQ��SRWDVVLXP��FDOFLXP��
VFDQGLXP��WLWDQLXP��YDQDGLXP��FKURPLXP��PDQJDQHVH��
LURQ��FREDOW��]LQF��JDOOLXP��DUVHQLF��UXELGLXP��VWURQWLXP��
\WWULXP��]LUFRQLXP��QLRELXP��UXWKHQLXP��UKRGLXP��
FHVLXP��DQG�WKRULXP�
� ,QLWLDOO\��ZH�VHOHFWHG�WKUHH�HOHPHQWV�WKDW�
KDG�FOHDU�SHDNV�RQ�WKH�S;5)�VSHFWUXP�WR�XVH�IRU�
FRPSDULVRQV�RI�WKH�FHUDPLF�YHVVHOV�DQG�SLSH��SRWDVVLXP�
�.���&DOFLXP��&D���DQG�,URQ��)H���:KLOH�PLQRU�RU�WUDFH�
HOHPHQWV�DUH�PRVW�IUHTXHQWO\�XVHG�LQ�VRXUFLQJ�VWXGLHV�
RI�FKHUWV�DQG�PDQ\�RWKHU�DUFKDHRORJLFDO�PDWHULDOV��
ZH�GHFLGHG�LQ�WKLV�SLORW�VWXG\�WR�XVH�VRPH�RI�WKH�PRVW�
FRPPRQ�HOHPHQWV�WKDW�SHUKDSV�ZRXOG�GLVWLQJXLVK�
YDULRXV�FOD\V���:KHQ�WKH�WKUHH�VFDWWHUSORWV�ZHUH�
SURGXFHG��)H�.��)H�&D��.�&D���WKH�,QGH[�YHVVHO��9����
ZDV�DQ�RXWOLHU�RQ�DOO�WKH�SORWV��2I�DOO����FHUDPLF�YHVVHOV��
9���KDG�WKH�ORZHVW�DYHUDJH�.�DQG�&D�FRQWHQW��DQG�WKH�
VHFRQG�KLJKHVW�)H�FRQWHQW��,QWHUHVWLQJO\��WZR�RWKHU�
REMHFWV��QDPHO\�WKH�SLSH�DQG�WKH�SLQFKHG�GHFRUDWHG�
9HVVHO����FOXVWHUHG�ZLWK�9���RQ�DOO�WKUHH�SORWV��%RWK�RI�
WKHVH�LWHPV�DOVR�KDG�WKH�UHGGLVK�RUDQJH�FRORU�DQG�VRIWHU�
VXUIDFH�WKDW�FKDUDFWHUL]HG�WKH�,QGH[�YHVVHO��%RWK�REMHFWV�
PD\�KDYH�EHHQ�SURGXFHG�LQ�WKH�8SSHU�1HFKHV�UHJLRQ�DV�
ZHOO�EDVHG�RQ�VW\OH�DQG�GHFRUDWLRQ��7LPRWK\�.��3HUWWXOD��
SHUVRQDO�FRPPXQLFDWLRQ��)HEUXDU\��������%HFDXVH�WKH�
SURGXFWLRQ�PHWKRGRORJ\�RI�&DGGR�¿QH�ZDUHV�PD\�GLIIHU�
IURP�XWLOLW\�ZDUHV��D�VHW�RI�VFDWWHUSORWV�IRU�)H�.��)H�&D��
DQG�.�&D�ZHUH�PDGH�MXVW�ORRNLQJ�DW�WKH�VHYHQ�¿QH�ZDUH�
REMHFWV��7KH�,QGH[�YHVVHO�VWRRG�RXW�DV�DQ�RXWOLHU�LQ�DOO�
WKUHH�FDVHV��)LJXUHV������

)LJXUH����3KRWRV�RI�9HVVHO����,QGH[�9HVVHO���D�+XPH�(QJUDYHG�
ERWWOH�
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)HUJXVRQ��������UHDQDO\]HG�WKH�7H[DV�&DGGR�1HXWURQ�
$FWLYDWLRQ�$QDO\VLV�GDWDEDVH�IURP�QLQH�GHVLJQDWHG�
GUDLQDJH�EDVLQV�LQ�(DVW�7H[DV���6KHOE\�&RXQW\�VLWHV�IDOO�
LQ�WKH�VWXG\¶V�5HJLRQ����DQG�WKH�8SSHU�1HFKHV�VLWHV�
DUH�ZLWKLQ�5HJLRQ�����+LV�UHVHDUFK�HPSOR\HG�ELYDULDQW�
VFDWWHUSORWV�RI�)H�DQG����RWKHU�WUDFH�HOHPHQWV��FHVLXP��
FKURPLXP��DUVHQLF��KDIQLXP��WLWDQLXP��DQWLPRQ\��
YDQDGLXP��OXWHWLXP��FHULXP��DQG�WKRULXP���8WLOL]LQJ�
WZR�HOHPHQWV��QDPHO\�FKURPLXP�DQG�DUVHQLF��KHOSIXO�
LQ�DQDO\]LQJ�VLWHV�ZLWKLQ�5HJLRQ���LQ�)HUJXVRQ¶V�VWXG\��
ZH�FRQVWUXFWHG�D�VFDWWHUSORW�RI�WKH�VHYHQ�0RUVH�0RXQG�
¿QH�ZDUH�YHVVHOV�WR�VHH�LI�WUDFH�HOHPHQWV�FRXOG�SURYLGH�
KHOSIXO�LQIRUPDWLRQ�UHJDUGLQJ�FRPSRVLWLRQDO�GLVWLQFWLRQV�
EHWZHHQ�RXU�,QGH[�YHVVHO�DQG�RWKHUV�WKRXJKW�WR�EH�
ORFDOO\�PDGH��$JDLQ��WKH�GDWD�IURP�9���ZDV�DQ�RXWOLHU�
�)LJXUH����
� 7KLV�VPDOO�SLORW�VWXG\�LV�RQH�RI�WKH�¿UVW�WR�
XVH�S;5)�LQ�&DGGR�FHUDPLF�UHVHDUFK��,W�SURYHG�WR�
EH�D�UDSLG��QRQ�GHVWUXFWLYH��DQG�LQH[SHQVLYH�PHWKRG�
IRU�JHQHUDWLQJ�HOHPHQWDO�FRPSRVLWLRQ�GDWD�UHJDUGLQJ�
&DGGR�SRWWHU\��7KH�UHVXOWV�JHQHUDOO\�VXSSRUWHG�WKH�
QRWLRQ�WKDW�9HVVHO���ZDV�QRW�W\SLFDO�RI�PRVW�RI�WKH�
RWKHU�FHUDPLF�LWHPV�LQ�WKH�0RUVH�0RXQG�VKDIW�WRPE�
DQG�PD\�UHSUHVHQW�D�WUDGH�LWHP��7KH�SLSH�DQG�9HVVHO���
DSSHDU�FRPSRVLWLRQDOO\�VLPLODU�WR�WKH�,QGH[�YHVVHO�DQG�
PD\�KDYH�GHULYHG�IURP�D�VLPLODU�SURGXFWLRQ�ORFDWLRQ��
$GGLWLRQDO�S;5)�GDWD�IURP�NQRZQ�FHUDPLFV�IURP�
WKH�8SSHU�1HFKHV�UHJLRQ�ZLOO�EH�QHHGHG�WR�FRQ¿UP�D�
FRPSRVLWLRQDO�VLPLODULW\�RI�9HVVHO���ZLWK�)UDQNVWRQ�
SKDVH�FHUDPLF�DVVHPEODJHV�

)LJXUH����%LYDULDQW�6FDWWHUSORW�RI�)H�DQG�.�FRQFHQWUDWLRQV�LQ�
WKH�¿QH�ZDUHV�

)LJXUH����%LYDULDQW�6FDWWHUSORW�RI�)H�DQG�&D�FRQFHQWUDWLRQV�LQ�
WKH�¿QH�ZDUHV�

)LJXUH����%LYDULDQW�6FDWWHUSORW�RI�.�DQG�&D�FRQFHQWUDWLRQV�LQ�
WKH�¿QH�ZDUHV�

)LJXUH����%LYDULDQW�6FDWWHUSORW�RI�&U�DQG�$V�FRQFHQWUDWLRQV�LQ�
WKH�¿QH�ZDUHV�
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� 7KH�OLPLWDWLRQV�RI�WKLV�VWXG\�DUH�QXPHURXV��
,Q�IXWXUH�VWXGLHV��PDQ\�PRUH�VDPSOHV�RU�FRXQWV�IURP�
HDFK�REMHFW�ZRXOG�EH�QHHGHG��:H�SURSRVH�WKDW�VL[�WR�
HLJKW�UHDGLQJV�EH�WDNHQ�IRU�HDFK�FHUDPLF�LWHP��SHUKDSV�
GURSSLQJ�WKH�KLJK�DQG�ORZ�FRXQW��DQG�DYHUDJLQJ�WKH�
UHPDLQLQJ�RQHV��7KLV�VHHPV�SUXGHQW�LQ�FRPSOH[��
WHPSHUHG��KHWHURJHQRXV�REMHFWV�OLNH�&DGGR�SRWWHU\��
%H\RQG�WKH�EDVLF�FRXQWV�XVHG�IRU�FRPSDULVRQ��IXOO�
TXDQWLWDWLYH�GDWD�LQ�SDUWV�SHU�PLOOLRQ�QHHG�WR�EH�
UHFRUGHG��'XE�&URRN��SHUVRQDO�FRPPXQLFDWLRQ��
)HEUXDU\��������������NLQGO\�SURYLGHG�XVHIXO�IHHGEDFN�
VKRUWO\�DIWHU�WKLV�SDSHU�ZDV�RULJLQDOO\�SUHVHQWHG��+H�
VXJJHVWHG������ORQJHU�FRXQWV��SHUKDSV�����VHFRQGV������
XVH�RI�IUHVKO\�EURNHQ�VXUIDFH�IRU�WDNLQJ�UHDGLQJV�LQ�
WKH�FRUH�RI�WKH�FHUDPLF�REMHFWV�ZKLOH�DOVR�WDNLQJ�LQWR�
FRQVLGHUDWLRQ�WKH�HIIHFWV�RI�JURXQGZDWHU�GHSRVLWLRQ�
RQ�H[WHULRU�VXUIDFHV������IRFXV�RQ�PLQRU�DQG�WUDFH�
HOHPHQWV�IRU�FRPSDULVRQ��DQG�����WKH�GHYHORSPHQW�RI�D�
PHDQLQJIXO�UHJLRQDO�VKHUG�DQG�FOD\�GDWDEDVH�IRU�DQDO\WLF�
FRPSDULVRQ�

5HIHUHQFHV�&LWHG

%UXVHWK��-���0��3DUVRQV��7��0LGGOHEURRN��DQG�%��0DUWLQ
�����8QSUHFHGHQWHG�)LQG�8QFRYHUHG�DW�WKH�5RQDOG�DQG�

.D\�0RUVH�6LWH����6<�����&XUUHQW�$UFKHRORJ\�LQ�
7H[DV����������

)HUJXVRQ��-��5�
����� 3UHOLPLQDU\�5HSRUW�RQ�WKH�5HDQDO\VLV�RI�WKH�

7H[DV�&DGGR�1$$�'DWDEDVH��,Q�6WXGLHV�RQ�WKH�
,QVWUXPHQWDO�1HXWURQ�$FWLYDWLRQ�$QDO\VLV�RI�
:RRGODQG�3HULRG�DQG�&DGGR�7UDGLWLRQ�&HUDPLFV�
IURP�(DVWHUQ�7H[DV��FRPSLOHG�E\�7��.��3HUWWXOD��
$UWLFOH����6SHFLDO�3XEOLFDWLRQ�1R������)ULHQGV�
RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��$XVWLQ�DQG�
3LWWVEXUJ�

)RUVWHU��1���3��*UDYH��1��9LFNHU\��DQG�/��.HDOKRIHU
����� 1RQ�'HVWUXFWLYH�$QDO\VLV�8VLQJ�3;5)��

0HWKRGRORJ\�DQG�$SSOLFDWLRQ�WR�$UFKDHRORJLFDO�
&HUDPLFV��;�5D\�6SHFWURPHWU\���������������

+XQW��$��DQG�5��6SHDNPDQ
����� 3RUWDEOH�;5)�$QDO\VLV�RI�$UFKDHRORJLFDO�

VHGLPHQWV�DQG�&HUDPLFV��-RXUQDO�RI�
$UFKDHRORJLFDO�6FLHQFH���������

0LGGOHEURRN��7�
������(DUO\�(XURSHDQ�'HVFULSWLRQV�RI�+DVLQDL�(OLWHV�

DQG�8QGHUVWDQGLQJ�3UHKLVWRULF�&DGGR�0RUWXDU\�
3UDFWLFHV�LQ�6KHOE\�&RXQW\��7H[DV��%XOOHWLQ�RI�WKH�
7H[DV�$UFKHRORJLFDO�6RFLHW\�����������

2ZQE\��0�)�
����� 7KH�8VH�RI�3RUWDEOH�;�UD\�)OXRUHVFHQFH�

6SHFWURPHWU\�IRU�$QDO\]LQJ�$QFLHQW�&HUDPLFV��
$UFKDHRORJ\�6RXWKZHVW�0DJD]LQH��������ZZZ�
DUFKDHRORJLFDOVRXWKZHVW�RUJ�DVZ�����

3HUWWXOD��7��.���HGLWRU�
������WK�(GLWLRQ�RI�WKH�$UFKDHRORJ\��%LRDUFKDHRORJ\��

(WKQRJUDSK\��(WKQRKLVWRU\��DQG�+LVWRU\�RI�WKH�
&DGGR�3HRSOH�RI�$UNDQVDV��/RXLVLDQD��2NODKRPD��
DQG�7H[DV��6SHFLDO�3XEOLFDWLRQ�1R������)ULHQGV�
RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��$XVWLQ�DQG�
3LWWVEXUJ�

6KDFNOH\��0��6�
����� 3RUWDEOH�;�UD\�)OXRUHVFHQFH�6SHFWURPHWU\�

�S;5)���7KH�*RRG��WKH�%DG��DQG�WKH�8JO\��
$UFKDHRORJ\�6RXWKZHVW�0DJD]LQH��������ZZZ�
DUFKDHRORJLFDOVRXWKZHVW�RUJ�DVZ�����

6KDFNOH\��0��6���HGLWRU�
����� ;�5D\�)OXRUHVFHQFH�6SHFWURPHWU\��;5)��LQ�

*HRDUFKDHRORJ\��6SULQJHU��1HZ�<RUN�

6KXJDU��$��1��DQG�-��/��0DVV��HGLWRUV�
�����6WXGLHV�LQ�$UFKDHRORJLFDO�6FLHQFHV��+DQGKHOG�

;5)�IRU�$UW�DQG�$UFKDHRORJ\��/HXYHQ�8QLYHUVLW\�
3UHVV��/HXYHQ�

6SHDNPDQ��5���1��/LWWOH��'��&UHHO��0��0LOOHU��DQG�-��
,xDxH]

����� 6RXUFLQJ�&HUDPLFV�ZLWK�3RUWDEOH�;5)�
6SHFWURPHWHUV"�$�&RPSDULVRQ�ZLWK�,1$$�XVLQJ�
0LPEUHV�3RWWHU\�IURP�WKH�$PHULFDQ�6RXWKZHVW��
-RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH��������������
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7KH���VW�&DGGR�&RQIHUHQFH�ZDV�KHOG�RQ�0DUFK��������
�����LQ�WKH�0F&DVWODLQ�+DOO�%DOOURRP�RQ�WKH�FDPSXV�RI�
8&$��7KH�&DGGR�&RQIHUHQFH�FRLQFLGHG�ZLWK�$UNDQVDV�
$UFKHRORJ\�0RQWK��)XQGLQJ�ZDV�SURYLGHG�E\�8&$�
)RXQGDWLRQ��WKH�'HSDUWPHQW�RI�6RFLRORJ\��&ULPLQRORJ\��
DQG�$QWKURSRORJ\��6&$��DW�8&$��WKH�&DGGR�
&RQIHUHQFH�2UJDQL]DWLRQ��WKH�$UNDQVDV�$UFKHRORJLFDO�
6XUYH\��DQG�WKH�$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�
� 7KH�FRQIHUHQFH�EHJDQ�)ULGD\��0DUFK���VW�DW�
�DP�ZLWK�VHYHUDO�UHVHDUFK�SUHVHQWDWLRQV�WKURXJKRXW�WKH�
GD\��7ZHOYH�SUHVHQWDWLRQV�DQG�WKUHH�UHVHDUFK�SRVWHUV�
ZHUH�SUHVHQWHG��$GGLWLRQDOO\��VHYHUDO�ERRN�SXEOLVKHUV�
DQG�&DGGR�DUWLVWV�GLVSOD\HG�ERRNV�DQG�DUW�IRU�VDOH��
7KHUH�ZHUH����SDLG�UHJLVWUDQWV�DWWHQGLQJ�WKH�FRQIHUHQFH��
0D[LPXP�DWWHQGDQFH�ZDV�GXULQJ�WKH�6DWXUGD\�DIWHUQRRQ�
SXEOLF�VHVVLRQ��ZKLFK�LV�HVWLPDWHG�DURXQG�����SHRSOH�
� $�VSHFLDO�6DWXUGD\�DIWHUQRRQ�³&DGGR�$UW�DQG�
+HULWDJH´�VHVVLRQ�IHDWXUHG�&DGGR�FXOWXUH��DUW��DQG�GDQFH��
,Q�WKH�VHVVLRQ��VL[�FRQWHPSRUDU\�&DGGR�DUWLVWV�GLVFXVVHG�
WKHLU�FHUDPLF��EHDGZRUN��DQG�VWRQHZRUN�DUW�

$%675$&76�IRU�WKH���VW�&$''2�&21)(5(1&(

'UH[OHU��&DUO�*���$UNDQVDV�$UFKHRORJLFDO�6XUYH\���
DQG�)LRQD�0��7D\ORU��$UNDQVDV�$UFKHRORJLFDO�
6XUYH\�
/RVW�LQ�WKH�/LWWOH�5LYHU�5HJLRQ��3UHOLPLQDU\�1RWHV�RQ�
/RFNHVEXUJ�0RXQGV

1HVWOHG�EHWZHHQ�WKH�*UHDW�%HQG�DQG�0LGGOH�2XDFKLWD�
UHJLRQV�RI�VRXWKZHVW�$UNDQVDV��WKH�/LWWOH�5LYHU�5HJLRQ�
KDV�UHFHLYHG�FRPSDUDWLYHO\�OLWWOH�DWWHQWLRQ�IURP�
DUFKHRORJLVWV��:LWK�QR�VXPPDU\�RI�LWV�DUFKHRORJLFDO�
VLJQL¿FDQFH�SXEOLVKHG�LQ�WKH�SDVW�IRUW\�HLJKW�\HDUV��
LW�FRPHV�DV�QR�VXUSULVH�WKDW�RXU�XQGHUVWDQGLQJ�RI�WKH�
DUHD�LV�SDUWLDO��DW�EHVW��7KLV�SDSHU�VHHNV�WR�DGGUHVV�WKDW�
VKRUWIDOO�E\�SUHVHQWLQJ�VRPH�EDFNJURXQG�RQ�D�VLWH�WKDW�

KDV�EHHQ�ODUJHO\�RYHUORRNHG�E\�DUFKHRORJLVWV��DQG�ZKLFK�
VWDQGV�WR�VXEVWDQWLDOO\�DOWHU�KRZ�ZH�XQGHUVWDQG�WKH�
&DGGR�SUHVHQFH�LQ�WKH�/LWWOH�5LYHU�5HJLRQ��,W�DOVR�DGGV�D�
GLPHQVLRQ�WR�WKH�HDUO\�KLVWRU\�RI�&DGGR�$UFKDHRORJ\�

(DUOHV��$��:D\QH�7D\�6KD��&DGGR�1DWLRQ�RI�
2NODKRPD�
&DGGR�DQG�6SLUR�/LWKLFV��&XOWXUDO�DQG�&RQWHPSRUDU\�$UW

7KLV�SUHVHQWDWLRQ�ZLOO�EHJLQ�ZLWK�VRPH�EDFNJURXQG�
LQIRUPDWLRQ��GLVFXVV�LQIRUPDWLRQ�RQ�P\�PHWKRGV�DQG�
PDWHULDOV��DQG�H[SODLQ�P\�RZQ�LQVSLUDWLRQV�DQG�P\�
KRSHV�IRU�&DGGR�\RXWK�WR�FRQWLQXH�RXU�DUW��,�ZLOO�EH�
GLVFXVVLQJ�VHYHUDO�SLHFHV�RI�DUW�WKDW�DUH�FXUUHQWO\�LQ�
WKH�6WHSKHQ�)��$XVWLQ�6WDWH�8QLYHUVLW\�&ROH�$UW�&HQWHU�
H[KLELW��³&DGGR�&RQWHPSRUDU\��3UHVHQW�DQG�5HOHYDQW´�
LQ�1DFRJGRFKHV��7;��,�ZLOO�DOVR�EH�GLVFXVVLQJ�VHYHUDO�
RWKHU�DUWZRUNV�LQFOXGLQJ�ERWK�FXOWXUDO�VWRQH�DUW�DQG�
FRQWHPSRUDU\�VWRQH�MHZHOU\�ZLWK�HQJUDYHG�WUDGLWLRQDO�
DQFLHQW�&DGGR�6SLUR�GHVLJQV�

(DUO\��$QQ�0���$UNDQVDV�$UFKHRORJLFDO�6XUYH\�
&DGGR�3RWWHU\�$ZD\�IURP�+RPH"��$�)LUVW�ORRN�DW�&DGGR�
9HVVHOV�LQ�WKH�:KROH�9HVVHO�,QYHQWRU\�IURP�10$,��
*LOFUHDVH�DQG�WKH�8�RI�$�0XVHXP�DVVHPEOHG�IRU�WKH�
&DUGHQ�%RWWRPV�3URMHFW

2QH�WDVN�IRU�WKH�&DUGHQ�%RWWRPV�5HVHDUFK�3URMHFW�
XQGHUWDNHQ�E\�WKH�$UFKHRORJLFDO�6XUYH\�DQG�,QGLDQ�
1DWLRQ�SDUWQHUV�ZDV�WR�SKRWRJUDSK�DQG�GRFXPHQW�&DUGHQ�
%RWWRPV�UHJLRQ�SRWWHU\�LQ�WKUHH�PDLQ�UHSRVLWRULHV��
WKH�1DWLRQDO�0XVHXP�RI�WKH�$PHULFDQ�,QGLDQ��WKH�
*LOFUHDVH�0XVHXP��DQG�WKH�8QLYHUVLW\�RI�$UNDQVDV�
0XVHXP��*UDGXDWH�6WXGHQW�/HVOLH�:DONHU�XVHG�VRPH�
RI�WKH�LQIRUPDWLRQ�IRU�KHU�GLVVHUWDWLRQ��DQG�WKH�GDWDEDVH�
ZLOO�SOD\�LQ�LQWHJUDO�SDUW�LQ�WKH�IXOO�DQDO\VLV�RI�DUWLIDFWV�
UHFRYHUHG�GXULQJ�H[FDYDWLRQ�RI�VHYHUDO�KRXVHV�DW�WKH�

5HSRUW�
$EVWUDFWV�IURP�WKH���VW�&DGGR�&RQIHUHQFH�KHOG�DW�8QLYHUVLW\�RI �
&HQWUDO�$UNDQVDV

'XQFDQ�3��0F.LQQRQ
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV
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&DUGHQ�%RWWRPV�VLWH�EHWZHHQ������DQG�������,�ZLOO�XVH�
WKH�GDWDEDVH�WR�FRPSDUH�WKH�UDQJH�DQG�GLVWULEXWLRQ�RI�
&DGGR�YHVVHOV�LQ�WKH�ZKROH�YHVVHO�DVVHPEODJH�DQG�LQ�
WKH�GRPHVWLF�IHDWXUHV��7KLV�LV�D�SUHOLPLQDU\�ORRN�DW�WKH�
DFWXDO�W\SHV�RI�&DGGR�YHVVHOV�LQ�WKH�KHULWDJH�FROOHFWLRQ�

5HQHH�(ULFNVRQ��&HQWHU�IRU�(QYLURQPHQWDO�
0DQDJHPHQW�RI�0LOLWDU\�/DQGV�
$Q�$UFKDHRORJLFDO�6WXG\�RI�WKH�(DUVSRROV�RI�WKH�
$UNDQVDV�5LYHU�9DOOH\�DQG�6XUURXQGLQJ�5HJLRQV

$UFKDHRORJLVWV�DQG�FROOHFWRUV�KDYH�UHFRYHUHG�HDUVSRROV�
IURP�VLWHV�WKURXJKRXW�WKH�$UNDQVDV�5LYHU�9DOOH\�DQG�
VXUURXQGLQJ�UHJLRQV��7KHVH�LWHPV�YDU\�LQ�IRUP��PDWHULDO�
W\SH��DQG�GHFRUDWLYH�PRWLIV��,Q�WKLV�SDSHU��,�GLVFXVV�KRZ�
WKH�GLIIHUHQFHV�LQ�WKH�GLVWULEXWLRQ�DQG�YDULDELOLW\�RI�
HDUVSRRO�DWWULEXWHV�FRUUHVSRQG�WR�WKH�DUFKDHRORJLFDOO\�
GH¿QHG�QRUWKHUQ�DQG�VRXWKHUQ�&DGGR�UHJLRQV��,�
LGHQWLI\�ZKDW�FKURQRORJLFDO�YDULDWLRQ�LV�SUHVHQW�LQ�WKH�
HDUVSRROV�DQG�LI�FHUWDLQ�HDUVSRRO�W\SHV�DUH�GLDJQRVWLF�RI�
6SLUR�FXOWXUDO�SKDVHV��,�DOVR�H[DPLQH�ZKDW�WKH�GHJUHH�
RI�GLYHUVLW\�DQG�VWDQGDUGL]DWLRQ�RI�HDUVSRROV�ZLWK�
GHFRUDWLYH�HOHPHQWV�LQGLFDWHV�DERXW�WKH�QDWXUH�RI�WKHVH�
LWHPV�RI�SHUVRQDO�DGRUQPHQW�
�
(DUOHV��&KDG�1LVK��&DGGR�1DWLRQ�RI�2NODKRPD�
&RQWHPSRUDU\�&DGGR�$UW

&KDG�³1LVK´�(DUOHV��YLVXDO�DUWLVW�DQG�JUDSKLF�GHVLJQHU��
ZDV�ERUQ�DQG�UDLVHG�LQ�2NODKRPD�&LW\�DQG�LV�D�PHPEHU�
RI�WKH�&DGGR�1DWLRQ�RI�2NODKRPD��&KDG�HQMR\V�FUHDWLQJ�
DUWZRUN�LQ�YDULRXV�PHGLXPV�VXFK�DV�GUDZLQJ��SDLQWLQJ��
VFUHHQ�SULQWLQJ�DQG�GLJLWDO�DUW��$IWHU�UHFHLYLQJ�KLV�
%)$�LQ�*UDSKLF�'HVLJQ�IURP�$WODQWD�&ROOHJH�RI�$UW�
LQ�*HRUJLD��&KDG�EHJDQ�KLV�FDUHHU�LQ�DUW�DQG�GHVLJQ�DW�
DZDUG�ZLQQLQJ�GHVLJQ�¿UP�&ULWW�*UDKDP���$VVRFLDWHV��
:RUNLQJ�KLV�ZD\�XS�WR�6HQLRU�'HVLJQHU�$UW�'LUHFWRU�
DQG�:HE�'HVLJQHU��&KDG�FUHDWHG�D�ZLGH�YDULHW\�RI�
SURMHFWV�IRU�QDWLRQZLGH�FOLHQWHOH�LQFOXGLQJ��$pURSRVWDOH��
$11�,1&���$QQ�7D\ORU�DQG�/2)7���7KH�&RFD�&ROD�
&RPSDQ\��.RGDN��3KLOLSV�DQG�:HQG\¶V��,Q�������&KDG�
IRXQGHG�1LVKRORJ\��KLV�VLJQDWXUH�DUW�DQG�GHVLJQ�EUDQG�
ZLWK�D�PLVVLRQ�WR�SHUSHWXDWH�&DGGR�DUW��FXOWXUH�DQG�
WUDGLWLRQV��%DVHG�LQ�KLV�KRPHWRZQ�RI�2.&��&KDG�LV�
FXUUHQWO\�SDUWLFLSDWLQJ�DQG�H[KLELWLQJ�KLV�DUWZRUN�DW�
QXPHURXV�DUW�PDUNHWV��IHVWLYDOV��PXVHXPV�DQG�FXOWXUDO�

HYHQWV�LQ�2NODKRPD��1HZ�0H[LFR��7H[DV��$UNDQVDV�DQG�
/RXLVLDQD�

(DUOHV��&KDVH�.DKZLQKXW�(DUOHV��&DGGR�1DWLRQ�RI�
2NODKRPD�
7UDGLWLRQDO�&DGGR�3RWWHU\

,�FUHDWH�P\�WULEH¶V�WUDGLWLRQDO�SRWWHU\�WR�KHOS�HGXFDWH�
DQG�FDUU\�RQ�WKH�FXOWXUH�RI�P\�SHRSOH��7KH�RQFH�JUDQG�
DQG�ZLGHVSUHDG�WUDGLWLRQ�RI�P\�SHRSOH¶V�&DGGR�SRWWHU\�
KDV�QRZ�EHHQ�UHGXFHG�WR�D�VKDGRZ�RI�LWV�IRUPHU�VHOI�
DQG�DOPRVW�HYHQ�GLVDSSHDUHG�FRPSOHWHO\��:LWK�WKH�
KHOS�RI�WKH�RQO\�OLYLQJ�&DGGR�SRWWHU\�UHYLYDOLVW��,�JRW�
VWDUWHG�GRZQ�WKH�SDWK�RI�P\�DUWLVWLF�H[SUHVVLRQ�RI�RXU�
WULEH¶V�WUDGLWLRQDO�SRWWHU\�WR�KHOS�FXUUHQW�DQG�IXWXUH�
JHQHUDWLRQV�XQGHUVWDQG�WKH�EHDXW\�DQG�FUDIWVPDQVKLS�
DQG�XQLTXHQHVV�RI�RXU�DQFLHQW�SRWWHU\�PHWKRGV�DQG�
FXOWXUH��,�ZLOO�EH�WDONLQJ�DERXW�KRZ�,�JRW�VWDUWHG�FUHDWLQJ�
&DGGR�SRWWHU\�DQG�ZKDW�LQVSLUHG�PH��,�ZLOO�GLVFXVV�KRZ�
,�FUHDWH�P\�ZRUN�IURP�KDQG�GXJ�FOD\�DQG�SLW�¿ULQJ�DQG�
WKH�FKDOOHQJHV�RI�SUHVHQWLQJ�&DGGR�SRWWHU\�WR�WKH�1DWLYH�
$PHULFDQ�$UW�ZRUOG�

)RUG��3DLJH��8QLYHUVLW\�RI�2NODKRPD�
1HZ�$SSURDFKHV�WR�8QDQVZHUHG�4XHVWLRQV��1HRVKR�
3KDVH��$'������������3LORW�6WXG\�5HVXOWV

7KH�1HRVKR�FXOWXUH��$'������������LQ�QRUWKHDVWHUQ�
2NODKRPD�LV�ZLGHO\�GLVFXVVHG�LQ�DUFKDHRORJLFDO�
OLWHUDWXUH�EHJLQQLQJ�ZLWK�%DHUUHLV¶��������������
GH¿QLWLRQ�RI�LW�DV�D�GLVWLQFW�IRFXV��+RZHYHU��LQ�WUDFLQJ�
WKH�LQWHOOHFWXDO�KLVWRU\�RI�UHVHDUFK�FRQFHUQLQJ�1HRVKR��
LW�LV�FOHDU�WKDW�UHVHDUFKHUV�KDYH�VWUXJJOHG�LQ�LWV�GH¿QLWLRQ�
DQG�LQ�FODULI\LQJ�LWV�UHODWLRQVKLS�WR�SUHFHGLQJ�DQG�
VXUURXQGLQJ�FXOWXUHV��,Q�SDUWLFXODU��DUFKDHRORJLVWV�
KDYH�EHHQ�SULPDULO\�FRQFHUQHG�ZLWK�TXHVWLRQV�RI�
RULJLQV��ZKHUH�1HRVKR�SHRSOH�FDPH�IURP��DQG�FXOWXUDO�
DI¿OLDWLRQ��5HVHDUFKHUV�KDYH�UHOLHG�XSRQ�VLPLODULWLHV�
LQ�PDWHULDO�FXOWXUH�WUDLW�OLVWV�WR�DUJXH�IRU�1HRVKR�
FRPSULVLQJ�D�JURXS�RI�PLJUDWRU\�3ODLQV�DJULFXOWXUDOLVWV�
RU�LQGLJHQRXV�GHVFHQGDQWV�RI�&DGGRDQ�0LVVLVVLSSLDQ�
SHRSOHV�LQ�WKH�$UNDQVDV�5LYHU�9DOOH\��6XFK�PHWKRGV�
KDYH�SURYHQ�LQVXI¿FLHQW��DQG�1HRVKR�UHODWHG�UHVHDUFK�
KDV�EHHQ�VWXFN�ZLWK�WKHVH�XQDQVZHUHG�TXHVWLRQV��
8VLQJ�VRFLDO�QHWZRUN�DQDO\VHV�RQ�FHUDPLF�DWWULEXWH�
GDWD�GHULYHG�IURP�1HRVKR�DQG�QHDUE\�)RUW�&RIIHH��$'�
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�����������VLWHV�LQ�2NODKRPD��WKH�UHVHDUFK�SUHVHQWHG�
ZLOO�GHPRQVWUDWH�QHZ�DSSURDFKHV�WKDW�VHUYH�WR�VLGHVWHS�
WKRVH�XQDQVZHUHG�TXHVWLRQV�DQG�IRFXV�LQVWHDG�RQ�
WKH�UHODWLRQVKLSV�EHWZHHQ�1HRVKR�SHRSOHV�DQG�WKHLU�
QHLJKERUV�GXULQJ�WKH�/DWH�3UH�&RQWDFW�SHULRG�

+DOIPRRQ��5DYHQ��&DGGR�1DWLRQ�RI�2NODKRPD�
5DYHQ�+DOIPRRQ�$UWZRUN

5DYHQ�+DOIPRRQ�LV�IURP�1RUPDQ��2NODKRPD��6KH�
DWWHQGHG�WKH�8QLYHUVLW\�RI�$UNDQVDV�ZKHUH�VKH�HDUQHG�
D�GRXEOH�%DFKHORUV�'HJUHH�LQ�FHUDPLFV�SDLQWLQJ�DQG�
FXOWXUDO�DQWKURSRORJ\��+HU�ZRUN�KDV�EHHQ�IHDWXUHG�
LQ�PXOWLSOH�H[KLELWLRQV�WKURXJKRXW�WKH�86�DV�ZHOO�DV�
LQWHUQDWLRQDOO\��,Q�������5DYHQ�FRPSOHWHG�D�ORQJ�
WHUP�UHVLGHQF\�DW�WKH�5HG�/RGJH�&OD\�&HQWHU�LQ�5HG�
/RGJH��0RQWDQD��5DYHQ�LV�FXUUHQWO\�EDVHG�LQ�1RUPDQ��
2NODKRPD�ZKHUH�VKH�LV�ZRUNLQJ�WR�HVWDEOLVK�KHU�RZQ�
VWXGLR�DQG�FRQWLQXHV�WR�SURGXFH�ZRUN�DW�WKH�8QLYHUVLW\�
RI�2NODKRPD��6KH�LV�UHSUHVHQWHG�E\�*DOOHU\�)5,7=�LQ�
6DQWD�)H��1HZ�0H[LFR��,Q�WKLV�SUHVHQWDWLRQ�VKH�ZLOO�EH�
GLVFXVVLQJ�ZKDW�LQVSLUHV�KHU�DQG�KRZ�VKH�FUHDWHV�KHU�
ZRUN�DQG�WKH�FKDOOHQJHV�VKH�IDFHV�LQ�WKH�¿HOG�RI�¿QH�DUW�
WRGD\�

+DPPHUVWHGW��6FRWW�:���2NODKRPD�$UFKHRORJLFDO�
6XUYH\�
2QJRLQJ�)LHOGZRUN�DW�WKH�$QGUHZV�6LWH��6HTXR\DK�
&RXQW\��2NODKRPD

6LQFH�WKH�VSULQJ�RI�������2NODKRPD�$QWKURSRORJLFDO�
6RFLHW\�YROXQWHHUV�XQGHU�P\�VXSHUYLVLRQ�KDYH�
SDUWLFLSDWHG�LQ�H[FDYDWLRQV�DW�WKH�$QGUHZV����64�����
LQ�6HTXR\DK�&RXQW\��2NODKRPD��7KH�RULJLQDO�VXUIDFH�
FROOHFWLRQV�FRQGXFWHG�DW�WKH�VLWH�E\�6RFLHW\�PHPEHU�
0HO�3KLOOLSV�DV�SDUW�RI�KLV�/LWWOH�6NLQ�%D\RX�VXUYH\�
VXJJHVWHG�WKDW�LW�GDWHG�WR�WKH�$UFKDLF��6XEVHTXHQWO\��
ZH�FRQGXFWHG�JHRSK\VLFDO�VXUYH\�DQG�¿YH�GD\V�RI�
H[FDYDWLRQV��WKH�UHVXOWV�RI�ZKLFK�LQGLFDWH�WKDW�WKH�
VLWH�PD\�DOVR�KDYH�D�6SLURDQ�FRPSRQHQW��,�GLVFXVV�
SUHOLPLQDU\�GDWD�SURGXFHG�E\�RXU�UHPRWH�VHQVLQJ�DQG�
OLPLWHG�H[FDYDWLRQV��DQG�RXWOLQH�RXU�SODQV�IRU�IXWXUH�
ZRUN�LQ�0D\������

+DZNLQV��<RQDYHD��&DGGR�1DWLRQ�RI�2NODKRPD�
%HDG�:RUN�DQG�&DGGR���+RZ�LW�FDPH�WR�EH���

7KRXJK�VKH�KDV�D�GHJUHH�LQ�)LQH�$UWV�DQG�DQ�DGYHUWLVLQJ�
SULQWLQJ�EDFN�JURXQG�DV�D�JUDSKLF�GHVLJQHU�DQG�SULQW�
EX\HU��<RQDYHD�VWDUWHG�EHDGLQJ�FXOWXUDO�LWHPV�DQG�
VHZLQJ�IRU�KHUVHOI�DQG�IDPLO\��:KHQ�DVNHG�WR�SDUWLFLSDWH�
LQ�KHU�¿UVW�DUW�PDUNHW�VKH�HQWHUHG�KHU�RZQ�SDLU�RI�
'HODZDUH�PRFFDVLQV�LQ�WKH�%HDG�ZRUN�FDWHJRU\�DW�5HG�
(DUWK��6KH�KDV�VLQFH�FRQWLQXHG�WR�FRPSHWH�LQ�RWKHU�
MXULHG�1DWLYH�$PHULFDQ�DUW�PDUNHW�FRPSHWLWLRQV�ZLWK�
PRFFDVLQV��EHDGHG�FXOWXUDO�LWHPV�DQG�ORRPHG�EHDGHG�
EHOWV�LQ�WKH�%HDG�ZRUN�RU�&XOWXUDO�FDWHJRULHV�

+D]HVOLS��/LQGVH\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV���
5REHUW�0DXOGLQ��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV���
DQG�'XQFDQ�3��0F.LQQRQ��8QLYHUVLW\�RI�&HQWUDO�
$UNDQVDV�
&ODVVL¿FDWLRQ�RI�&DGGR�3RWWHU\�6KHUGV�XVLQJ�6(0�('6

7KH�SXUSRVH�RI�WKLV�SURMHFW�LV�WR�FODVVLI\�WHPSHU�IURP�
GLIIHUHQW�W\SHV�RI�&DGGR�SRWWHU\�VKHUGV�DQG�GHWHUPLQH�
VXE�FDWHJRULHV�WKDW�H[LVW��LI�DQ\��7KLV�SURMHFW�DOVR�
DQDO\]HG�UHG�SLJPHQW�IURP�WKH�VXUIDFH�RI�&DGGR�SRWWHU\�
VKHUGV�WR�GHWHUPLQH�WKH�FRPSRVLWLRQ��7KH�SRWWHU\�VKHUGV�
DUH�IURP�WKH�%RZPDQ�VLWH��FD��$�'�������������ORFDWHG�
RQ�WKH�5HG�5LYHU�LQ�VRXWKZHVWHUQ�$UNDQVDV�DQG�ZHUH�
LQLWLDOO\�FODVVL¿HG�EDVHG�RQ�SK\VLFDO�DSSHDUDQFH�XVLQJ�
D�OLJKW�PLFURVFRSH��7KH�VKHUGV�ZHUH�LQLWLDOO\�GLYLGHG�
LQWR�FDWHJRULHV�EDVHG�RQ�GRPLQDQW�WHPSHU��ERQH��FOD\��
VKHOO�DQG�JURJ��(DUO\�&DGGR�SRWWHUV�XVHG�RQO\�FOD\��RU�
D�ODFN�RI�WHPSHU���ZKHUHDV�ODWHU�SURGXFWLRQ�LQFOXGHG�
WKH�DGGLWLRQ�RI�ERQH��VKHOO��RU�JURJ��JURXQG��SUHYLRXVO\�
¿UHG�FOD\���7KH�QH[W�VWHS�LQ�WKH�SURMHFW�XVHG�D�VFDQQLQJ�
HOHFWURQ�PLFURVFRSH�ZLWK�DQ�HQHUJ\�GLVSHUVLYH�[�UD\�
VSHFWURPHWHU��6(0�('6��WR�DQDO\]H�WKH�SRWWHU\�
VKHUGV�LQ�DQ�DWWHPSW�WR�YHULI\�RU�PRGLI\�SUHYLRXV�
SK\VLFDO�FODVVL¿FDWLRQV��6(0�('6�GDWD�LQGLFDWHG�WKH�
ERQH�WHPSHUHG�SRWWHU\�VDPSOHV�FRQWDLQHG�DGGLWLRQDO�
SKRVSKRUXV�DQG�FDOFLXP��ZKLOH�WKH�VKHOO�WHPSHUHG�
VDPSOHV�FRQWDLQHG�RQO\�DGGLWLRQDO�FDOFLXP��6(0�('6�
DQDO\VLV�RI�WKH�UHG�SLJPHQW�LQGLFDWHG�LW�ZDV�UHG�RFKUH�
�IHUULF�R[LGH�RU�LURQ��,,,��R[LGH��
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+RXVH��-RKQ�+���$UNDQVDV�$UFKHRORJLFDO�6XUYH\�
&HUDPLF�9DULDWLRQ�DW�.X\NHQGDOO�%UDNH

([FDYDWLRQV�DW�WKH�.X\NHQGDOO�%UDNH�VLWH�LQ�3XODVNL�
&RXQW\��$UNDQVDV�LQ�WKH�����V�H[SRVHG�UHPDLQV�RI�
D�EXUQHG�ODWH�SUHKLVWRULF�SURWRKLVWRULF�VWUXFWXUH�DQG�
DFFRPSDQ\LQJ�EXULDO�IHDWXUH�EHQHDWK�D�VPDOO�PRXQG��
&XOWXUDO�PDWHULDO�OHIW�RQ�WKH�VWUXFWXUH�ÀRRU�DW�WKH�WLPH�
RI�WKH�VWUXFWXUH¶V�GHVWUXFWLRQ�E\�¿UH�LQFOXGH�GHSRVLWV�
RI�EXUQHG�JUDLQ�DQG�RWKHU�ERWDQLFDO�PDWHULDOV��JURXQG�
OLWKLF�DUWLIDFWV��DQG����ZKROH�RU�IUDJPHQWDU\�SRWWHU\�
YHVVHOV��7KH�YHVVHOV�LQFOXGH�MDUV��ERZOV��DQG�ERWWOHV�
H[KLELWLQJ�D�YDULHW\�RI�VKDSHV��GHFRUDWLYH�WUHDWPHQWV��DQG�
GHVLJQV��7KLV�JURXS�RI�YHVVHOV�H[LVWHG�LQ�D�VLQJOH�FXOWXUDO�
FRQWH[W�DW�D�VLQJOH�SRLQW�WLPH��5HVXOWV�IURP�GHWDLOHG�
VWXG\�RI�IRUPDO�YDULDWLRQ�LQ�WKLV�JURXS�RI�YHVVHOV�PD\�
IXUWKHU�LQWHUSUHWDWLRQ�RI�YHVVHOV�DVVHPEODJHV�IURP�RWKHU�
DUFKDHRORJLFDO�VLWH�FRQWH[WV�LQ�WKH�UHJLRQ�DQG�EH\RQG�

/RFNKDUW��-DPL�-���$UNDQVDV�$UFKHRORJLFDO�6XUYH\�
8SGDWLQJ�0DSV�IRU�&DGGR�6LWHV�LQ�$UNDQVDV

7KLV�SUHVHQWDWLRQ�ZLOO�GHVFULEH�DQ�LQWHJUDWHG�
WHFKQRORJLFDO�PHWKRGRORJ\�EHLQJ�XVHG�WR�VXSSOHPHQW�
DUFKHRORJLFDO�PDSV�LQ�RXU�GLJLWDO�VLWH�¿OHV��'UDZLQJ�
XSRQ�LQIRUPDWLRQ�IRU�D�QXPEHU�RI�&DGGR�VLWHV�
LQ�$UNDQVDV��HQKDQFHG�GLJLWDO�PHWKRGV�DUH�XVHG�
WR�GLVFRYHU��ORFDWH��LQWHUSUHW��DQG�SUHFLVHO\�PDS�
DUFKHRORJLFDO�IHDWXUHV�LQ�WKH�6WDWH�

0LGGOHEURRN��7RP��7H[DV�$UFKHRORJLFDO�6WHZDUGVKLS�
1HWZRUN���DQG�&ROOHHQ�+DQUDWW\��8QLYHUVLW\�RI�7H[DV�
DW�7\OHU�
$�3LORW�6WXG\�LQ�WKH�8VH�RI�S;5)�$QDO\VLV�RI�&DGGR�
&HUDPLFV

;�5D\�)OXRUHVFHQFH�DQDO\VLV�KDV�EHHQ�XVHG�LQ�
DUFKHRORJ\�IRU�RYHU�¿IW\�\HDUV�\HW�WKHUH�PD\�EH�QR�
SXEOLVKHG�UHSRUWV�RI�LWV�XVH�LQ�&DGGR�FHUDPLF�VWXGLHV�
EDVHG�RQ�D�UHYLHZ�RI�D�UHFHQW�FRPSUHKHQVLYH�&DGGR�
ELEOLRJUDSK\��7KLV�SLORW�VWXG\�HPSOR\HG�S;5)�GDWD�
WR�DVVHVV�HOHPHQWDO�FRPSRVLWLRQ�RI����FHUDPLF�REMHFWV�
H[FDYDWHG�IURP�D�VKDIW�WRPE�LQ�6KHOE\�&RXQW\��7H[DV�
���6<����LQ������E\�7+&�DUFKHRORJLVWV�DQG�6WHZDUGV��
2QH�YHVVHO��D�+XPH�(QJUDYHG�ERWWOH��DSSHDUHG�WR�KDYH�
EHHQ�D�WUDGH�LWHP�IURP�WKH�8SSHU�1HFKHV�)UDQNVWRQ�

SKDVH�VRPH�VHYHQW\�¿YH�PLOHV�GLVWDQW��7KLV�YHVVHO�
\LHOGHG�S;5)�FRXQW�YDOXHV�WKDW�PDUJLQDOO\�GLIIHUHG�IURP�
WKH�UDQJH�RI�WKH�RWKHU�FHUDPLF�REMHFWV�ZKHQ�XVLQJ�LURQ��
FDOFLXP��SRWDVVLXP��FKURPLXP�DQG�DUVHQLF�FRPSDULVRQV��
/LPLWDWLRQV�DQG�IXWXUH�RSSRUWXQLWLHV�ZLWK�S;5)�ZLOO�EH�
GLVFXVVHG�

0LGGOHEURRN��7RP��7H[DV�$UFKHRORJLFDO�6WHZDUGVKLS�
1HWZRUN�
7KH�:HVWHUPDQ�0RXQG����+2���

*HRUJH�.HJOH\�RI�7+&¶V�%XLOGLQJ�&RPPLVVLRQ�6XUYH\�
UHFRUGHG�D���P�;���P�PRXQG�RQ�WKH�*URYHU�:HVWHUPDQ�
SODFH�VRXWKHDVW�RI�.HQQDUG��7H[DV�LQ�$XJXVW�������
6XEVHTXHQWO\�'HH�$QQ�6WRU\�YLVLWHG�WKH�VLWH�LQ������DQG�
�����PDNLQJ�DGGLWLRQDO�VXUIDFH�FROOHFWLRQV�LQ�WKH����WR�
���DFUH�YLOODJH�DUHD�DURXQG�WKH�PRXQG��7LP�3HUWWXOD¶V�
�������UHYLHZ�RI�UHFRYHUHG�DUWLIDFWV�VXJJHVW�WKDW�WKH�
PRXQG�PD\�UHODWH�WR�DQ�(DUO\�&DGGR�RFFXSDWLRQ�RI�
VLPLODU�DJH�DV�WKH�RQHV�DW�*HRUJH�&��'DYLV�VLWH����PLOHV�
WR�WKH�QRUWK��5DGLRFDUERQ�GDWLQJ�RI�D�FKDUUHG�FRUQFRE�
KDG�D�PHGLDQ�FDOLEUDWHG�DJH�RI�$�'��������$�QXPEHU�RI�
VDQG\�SDVWH�VKHUGV�DW�WKH�VLWH�OHG�6WRU\�WR�VSHFXODWH�WKDW�
WKH�RULJLQV�RI�WKH�VLWH�PD\�OLH�LQ�WKH�:RRGODQG�SHULRG��
7KLV�SDSHU�ZLOO�UHSRUW�RQ�UHFHQW�YLVLWV�WR�WKH�VLWH�DQG�
IXWXUH�SODQV�IRU�OLPLWHG�LQYHVWLJDWLRQ�

0F.LQQRQ��'XQFDQ�3���8QLYHUVLW\�RI�&HQWUDO�
$UNDQVDV�
&DGGR�&HUDPLF�'DWDEDVH��$Q�8SGDWH

2YHU�WKH�SDVW�VHYHUDO�\HDUV��,�KDYH�EHHQ�V\QWKHVL]LQJ��
ZLWK�WKH�KHOS�RI�QXPHURXV�&DGGR�DUFKDHRORJLFDO�
UHVHDUFKHUV��D�FRPSUHKHQVLYH�PXOWL�VWDWH�PDWHULDO�
FXOWXUH�GDWDEDVH�WR�HYDOXDWH�LQWHUUHJLRQDO�LQWHUDFWLRQ�
DQG�FRPPXQLW\��7KH�GDWDEDVH�LV�SULPDULO\�FRPSRVHG�
RI�ZKROH�&DGGR�YHVVHOV�GRFXPHQWHG�IURP�SXEOLVKHG�
H[FDYDWLRQ�VXPPDULHV��DUFKDHRORJLFDO�UHSRUWV�RU�JUH\�
OLWHUDWXUH��DQG�YDULRXV�SKRWRJUDSKV�WDNHQ�RI�SULYDWH�
FROOHFWLRQV��7KLV�SUHVHQWDWLRQ�ZLOO�SURYLGH�DQ�XSGDWH�RQ�
UHFHQW�FDVH�VWXGLHV�DV�WKH�GDWDEDVH�FRQWLQXHV�WR�JURZ�
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0XOYLKLOO��7LP���$UNDQVDV�$UFKHRORJLFDO�6XUYH\��
*HRUJH�6DER�,,,��$UNDQVDV�$UFKHRORJLFDO�6XUYH\���
-DPL�-��/RFNKDUW��$UNDQVDV�$UFKHRORJLFDO�6XUYH\���
-HVVLFD�&UDZIRUG��$UNDQVDV�$UFKHRORJLFDO�6XUYH\���
DQG�/DUU\�3RUWHU��$UNDQVDV�$UFKHRORJLFDO�6XUYH\�
7KH�3UHVHUYDWLRQ�RI�&DYDQDXJK�0RXQG��6%��

/RFDWHG�ZLWKLQ�WKH�FLW\�OLPLWV�RI�)RUW�6PLWK��$UNDQVDV��
&DYDQDXJK�0RXQG�LV�D�ODWH�SUHKLVWRULF�SODWIRUP�PRXQG��
1R�IRUPDO�H[FDYDWLRQV�KDYH�HYHU�WDNHQ�SODFH��EXW�LQ�
WKH�SDVW�WXQQHOV�ZHUH�GXJ�LQWR�WKH�HDVWHUQ�DQG�VRXWKHUQ�
VLGHV�RI�WKH�PRXQG�ZLWK�QR�UHSRUWHG�DUWLIDFWV��'XULQJ�WKH�
����V��D�ODUJH�VHFWLRQ�RI�WKH�HDVWHUQ�VLGH�ZDV�UHPRYHG��
FDXVLQJ�VHYHUH�HURVLRQ�RYHU�WKH�\HDUV��,Q�������WKH�
$UFKDHRORJLFDO�&RQVHUYDQF\�DFTXLUHG�WKH�PRXQG�DQG�
LQ������WKH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\�FRQGXFWHG�
D�OLPLWHG�JHRSK\VLFDO�VXUYH\��,Q�������WKH�&RQVHUYDQF\�
¿QDQFHG�WKH�UHFRQVWUXFWLRQ�RI�WKH�HDVWHUQ�VLGH�WR�SUHYHQW�
IXUWKHU�HURVLRQ�DQG�WKH�6XUYH\�ZDV�DEOH�WR�UHFRUG�
SRUWLRQV�RI�WKH�HDVW�SUR¿OH�RI�WKH�PRXQG�

5HGFRUQ��-HUL��&DGGR�1DWLRQ�RI�2NODKRPD�
:KDW¶V�LQ�D�1DPH"�&DOO�LW�&DGGR�

-HUL�5HGFRUQ�LV�UHFRJQL]HG�LQWHUQDWLRQDOO\�IRU�UHYLYLQJ�
WKH�&DGGR�SRWWHU\�PDNLQJ�WUDGLWLRQ��)LUVW�/DG\�0LFKHOOH�
2EDPD�VHOHFWHG�5HGFRUQ¶V�³,QWHUWZLQLQJ�6FUROOV´�
SRW�IRU�GLVSOD\�LQ�WKH�2YDO�2I¿FH��7KH�DUWZRUN�LV�D�
WUDGLWLRQDO�&DGGR�GHVLJQ�IURP�PRUH�WKDQ�����\HDUV�DJR��
7KH�6PLWKVRQLDQ��WKH�2NODKRPD�0XVHXP�RI�+LVWRU\��
6SLUR�0RXQGV��DQG�WKH�%RE�%XOORFN�7H[DV�6WDWH�+LVWRU\�
0XVHXP�SHUPDQHQWO\�GLVSOD\�KHU�ZRUN��5HGFRUQ¶V�
KRQRUV�LQFOXGH�$UWLVW�LQ�5HVLGHQFH�DW�WKH�$UW�,QVWLWXWH�RI�
&KLFDJR��ZKHUH�VKH�ZDV�IHDWXUHG�LQ�WKH�YLGHR��³+HUR��
+DZN�DQG�2SHQ�+DQG�´�5RFNHIHOOHU�)HOORZ��&KLFDJR�
1HZEHUU\�/LEUDU\��DQG�-RKQ�+D\�:KLWQH\�)HOORZ��
8QLYHUVLW\�RI�2NODKRPD��7KH�8QLYHUVLW\�RI�7H[DV�DQG�
WKH�8QLYHUVLW\�RI�2NODKRPD�KDYH�LQFOXGHG�KHU�VWRU\�RQ�
WKHLU�ZHEVLWHV��5HGFRUQ�KDV�OHFWXUHG�DW�WKH�6PLWKVRQLDQ��
WKH�$UW�,QVWLWXWH�RI�&KLFDJR��<DOH�8QLYHUVLW\��,OOLQRLV�
8QLYHUVLW\��DQG�WKH�:KLWH�+RXVH�,QVWLWXWH�RI�0XVHXP�
DQG�/LEUDU\�6HUYLFHV�FRQIHUHQFH��+HU�VWRU\�ZDV�VKRZQ�
LQ�³$UNDQVDV¶V�),567�3(23/(´�RQ�$(71��$UNDQVDV��
7KH�GRFXPHQWDU\�LV�WKH�FRPSDQLRQ�VHULHV�WR�:*%+�
3%6��³:H�6KDOO�5HPDLQ�´�,Q�WKLV�SUHVHQWDWLRQ�-HUL�ZLOO�
EH�DGGUHVVLQJ�WKH�UHDVRQV�WR�FKDQJH�&DGGR�3RWWHU\�7\SH�

1DPHV�WR�PRUH�FXOWXUDOO\�UHOHYDQW�GHVLJQDWLRQV�IRU�WKH�
&DGGR�SHRSOH��7KLV�QHHG�UHÀHFWV�SROLFLHV�FRQWULEXWLQJ�WR�
&DGGR�ORVV�RI�KRPHODQG��ODQJXDJH�DQG�FXOWXUH��0RYLQJ�
IRUZDUG�WR�EULQJ�&DGGR�KLVWRU\�WR�WKH�SUHVHQW��E\�WKH�
&DGGR��IRU�WKH�&DGGR�RI�ZKDW�LV�LPSRUWDQW�WR�&DGGR�
1DWLRQ�

6DER�,,,��*HRUJH��$UNDQVDV�$UFKHRORJLFDO�6XUYH\�
7KH�$UFKHRORJ\�RI�6WRU\WHOOLQJ�DW�WKH�6SLUR�&HUHPRQLDO�
&HQWHU

6WRU\WHOOLQJ�LV�D�SRZHUIXO�LQVWUXPHQW�IRU�WHDFKLQJ��
OHDUQLQJ��DQG�FUHDWLQJ�QHZ�NQRZOHGJH�DQG�LQIRUPDWLRQ�
DPRQJ�FRPPXQLWLHV�DURXQG�WKH�ZRUOG��LQFOXGLQJ�1DWLYH�
$PHULFDQV�SDVW�DQG�SUHVHQW��6WRU\WHOOLQJ�LV�SULPDULO\�
D�GUDPDWLF�SHUIRUPDQFH�WKDW�GRHV�QRW�RIWHQ�\LHOG�D�
GLDJQRVWLF�PDWHULDO�VLJQDWXUH��WR�ZKDW�H[WHQW��WKHQ��PLJKW�
VXFK�SHUIRUPDQFHV�EH�UHÀHFWHG�LQ�WKH�DUFKHRORJLFDO�
UHFRUG"�7KLV�SUHVHQWDWLRQ�H[SORUHV�OLQNV�EHWZHHQ�
QDUUDWLYH�WUDGLWLRQV�DQG�DUWLVWLF�UHSUHVHQWDWLRQ��DQG�
UHYLHZV�UHFHQW�UHVHDUFK�DQG�D�QHZ�GLJLWDO�SURMHFW�DERXW�
HDUO\���WK�FHQWXU\�VWRU\WHOOLQJ�SHUIRUPDQFHV�DW�WKH�6SLUR�
&HUHPRQLDO�&HQWHU�

6HOGHQ�-U���5REHUW�=���&HQWHU�IRU�5HJLRQDO�+HULWDJH�
5HVHDUFK��6WHSKHQ�)��$XVWLQ�6WDWH�8QLYHUVLW\�
&HUDPLF�0RUSKRORJLFDO�2UJDQL]DWLRQ��4XLGGLW\�RI�
6KDSH�IRU�+LFNRU\�(QJUDYHG�%RWWOHV

7KLV�VWXG\�H[SDQGV�XSRQ�D�SUHYLRXV�DQDO\VLV�RI�WKH�
&ODUHQFH�+��:HEE�FROOHFWLRQ��ZKLFK�UHVXOWHG�LQ�WKH�
LGHQWL¿FDWLRQ�RI�WZR�&DGGR�ERWWOH�VKDSHV�XVHG�LQ�
WKH�PDQXIDFWXUH�RI�+LFNRU\�(QJUDYHG��+(��ERWWOHV��
7KH�FXUUHQW�VDPSOH�RI�&DGGR�ERWWOHV�DGGXFHV�WKUHH�
GLPHQVLRQDO�PHVKHV�IURP�WKH�+(�VSHFLPHQV�LQ�WKH�:HEE�
FROOHFWLRQ��DV�ZHOO�DV����QHZ�PHVKHV�IURP�VL[�VLWHV�DQG�
RQH�FROOHFWLRQ��DOO�RI�ZKLFK�IDOO�XQGHU�WKH�SXUYLHZ�RI�WKH�
1DWLYH�$PHULFDQ�*UDYHV�3URWHFWLRQ�DQG�5HSDWULDWLRQ�
$FW��1$*35$���5HVXOWV�FRQ¿UP�WKDW�+(�ERWWOH�VKDSH�
GLIIHUV�VLJQL¿FDQWO\�E\�VLWH�LQ�VRPH�FDVHV��WKDW�WKH�WZR�
GLVFUHWH�VKDSHV�LGHQWL¿HG�LQ�WKH�SUHYLRXV�VWXG\�SHUVLVW�
LQ�WKLV�ODUJHU�VDPSOH��DQG�WKDW�PRUSKRORJLFDO�LQWHJUDWLRQ�
LV�QRW�VLJQL¿FDQW��PHDQLQJ�WKDW�WKRVH�WUDLWV�XVHG�WR�
FKDUDFWHUL]H�ERWWOH�VKDSH��ULP��QHFN��ERG\��DQG�EDVH��
ZHUH�QRW�IRXQG�WR�YDU\�LQ�D�FRRUGLQDWHG�PDQQHU��7KXV��
ZKLOH�UHVXOWV�FRQ¿UP�VLWH�VSHFL¿F�GLIIHUHQFHV�LQ�VKDSH�
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DQG�WKH�PDQXIDFWXUH�RI�WZR�GLVFUHWH�ERWWOH�VKDSHV�IURP�
WZR�GLIIHUHQW��QRUWK�VRXWK��JHRJUDSKLHV��UHVXOWV�GR�
QRW�VXSSRUW�WKH�K\SRWKHVLV�WKDW�&DGGR�SRWWHUV�DGKHUHG�
WR�D�WHPSODWH�RI�YHVVHO�VKDSH�DVVRFLDWHG�ZLWK�VSHFL¿F�
GHFRUDWLYH�PRWLIV�IRU�WKLV�VDPSOH�RI�+(�ERWWOHV�

6HOGHQ�-U���5REHUW�=���&HQWHU�IRU�5HJLRQDO�+HULWDJH�
5HVHDUFK��6WHSKHQ�)��$XVWLQ�6WDWH�8QLYHUVLW\���-RKQ�
(��'RFNDOO��3UHZLWW�DQG�$VVRFLDWHV��,QF����DQG�+DUU\�
-��6KDIHU��7H[DV�$	0�8QLYHUVLW\�
/LWKLF�0RUSKRORJLFDO�2UJDQL]DWLRQ��*DKDJDQ�%LIDFHV�
IURP�7H[DV�DQG�/RXLVLDQD

7KLV�VWXG\�LV�IRFXVHG�XSRQ�DQ�DQDO\VLV�RI�*DKDJDQ�
ELIDFH�PRUSKRORJ\�DQG�HQOLVWV�WKH�WKUHH�ODUJHVW�VDPSOHV�
RI�WKHVH�ELIDFHV��WR�LQFOXGH�WKDW�RI�WKH�W\SH�VLWH��*DKDJDQ�
0RXQG��DV�ZHOO�DV�WKH�0RXQGV�3ODQWDWLRQ�DQG�*HRUJH�&��
'DYLV�VLWHV��5HVXOWV�LQGLFDWH�D�VLJQL¿FDQW�GLIIHUHQFH�LQ�
*DKDJDQ�ELIDFH�PRUSKRORJ\�DW�WKH�0RXQGV�3ODQWDWLRQ�
VLWH�ZKHQ�FRPSDUHG�ZLWK�*DKDJDQ�ELIDFHV�IURP�WKH�
*DKDJDQ�0RXQG�DQG�*HRUJH�&��'DYLV�VLWHV��$�WHVW�RI�
PRUSKRORJLFDO�LQWHJUDWLRQ�LQGLFDWHV�WKDW�WKH�ELIDFHV�
DUH�VLJQL¿FDQWO\�LQWHJUDWHG��PHDQLQJ�WKDW�WKRVH�WUDLWV�
XVHG�WR�FKDUDFWHUL]H�WKHLU�VKDSH��EODGH�DQG�EDVH��
YDU\�LQ�D�FRRUGLQDWHG�PDQQHU��7HVWV�IRU�DOORPHWU\�
DQG�DV\PPHWU\�ZHUH�QRW�VLJQL¿FDQW��5HVXOWV�FRQ¿UP�
WKDW�*DKDJDQ�ELIDFH�SURGXFWLRQ�DW�0RXQGV�3ODQWDWLRQ�
GLIIHUV�VLJQL¿FDQWO\�ZKHQ�FRPSDUHG�ZLWK�LQGXVWULHV�DW�
*DKDJDQ�0RXQG�DQG�*HRUJH�&��'DYLV��5HVXOWV�DXJPHQW�
SUHYLRXV�LQTXLULHV��DQG�SURYLGH�DGGLWLRQDO�HYLGHQFH�
IRU�D�QRUWK�VRXWK�GLYLGH�EDVHG�XSRQ�WKH�PRUSKRORJ\�
DVVRFLDWHG�ZLWK�FRPPXQLWLHV�RI�SUDFWLFH�IRU�*DKDJDQ�
ELIDFHV��:KHQ�YLHZHG�LQ�FRQFHUW�ZLWK�VLPLODU�VKLIWV�
LQ�+LFNRU\�)LQH�(QJUDYHG�DQG�6PLWKSRUW�3ODLQ�ERWWOH�
PRUSKRORJ\��PXOWLSOH�OLQHV�RI�HYLGHQFH�OHQG�VXSSRUW�
WR�DQ�LQFUHDVLQJO\�UREXVW�DUJXPHQW�IRU�WZR�SUHYLRXVO\�
XQUHFRJQL]HG�DQG�PRUSKRORJLFDOO\�XQLTXH�&DGGR�
FRPPXQLWLHV�RI�SUDFWLFH�

6ZLIW��&DWKHULQH��)DLU¿HOG�%D\�&RPPXQLW\�
(GXFDWLRQ�&HQWHU�
0\WKV�DQG�0LVFRQFHSWLRQV�RI�WKH�(GJHPRQW�6KHOWHU

7KH�(GJHPRQW�6KHOWHU�LV�SDUW�RI�WKH�&LW\�RI�)DLU¿HOG�
%D\¶V�+HULWDJH�&HQWHU�DQG�LV�LGHQWL¿HG�E\�WKH�WULQRPLDO�
�9%���RQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV��

&RPPRQO\�NQRZQ�DV�,QGLDQ�5RFN�&DYH�LW�FRQWDLQV�
���FDUYHG�SHWURJO\SKV�RQ�WKH�$UNDQVDV�$UFKHRORJLFDO�
6XUYH\¶V�URFN�DUW�GDWDEDVH��$UFKDHRORJLVWV�KDYH�EHHQ�
YLVLWLQJ�VLQFH�WKH�ODWH�����¶V�DQG�EHOLHYH�WKH�FDYH�ZDV�
XVHG�DV�D�SODFH�RI�FHOHEUDWLRQ�DQG�VKHOWHU�IRU�¿YH�WULEHV��
LQFOXGLQJ�WKH�&DGGR��7KHUH�DUH�VWRULHV�DERXW�WKHVH�
LPDJHV�DQG�WKHLU�FRQQHFWLRQ�WR�WKLV�UHYHUHG�VLWH��VRPH�
DUH�WUXH�DQG�VRPH�DUH�OHJHQG�

7DKODWH��$ODLQD��&DGGR�1DWLRQ�RI�2NODKRPD�
&DGGR�/DQJXDJH

,�ZLOO�SUHVHQW�D�VHOHFWLRQ�RI�VWRULHV�IURP�7KH�&DGGR�
/DQJXDJH��$�*UDPPDU��7H[WV��DQG�'LFWLRQDU\�%DVHG�
RQ�0DWHULDOV�&ROOHFWHG�E\�WKH�$XWKRU�LQ�2NODKRPD�
%HWZHHQ������DQG������E\�WKH�ODWH�'U��:DOODFH�&KDIH��
7KHUH�ZLOO�EH�D�GLVFXVVLRQ�RI�+DVLQDL�FXOWXUDO�YDOXHV�DQG�
ZRUOGYLHZV�HQFRGHG�ZLWKLQ�WKH�ODQJXDJH�RI�WKH�WH[WV�

7D\ORU��)LRQD�0���$UNDQVDV�$UFKHRORJLFDO�6XUYH\���
DQG�&DUO�*��'UH[OHU��$UNDQVDV�$UFKHRORJLFDO�
6XUYH\�
$Q�8SGDWH�RQ�WKH�+ROPDQ�6SULQJV�6LWH��3DVW��3UHVHQW��
DQG�)XWXUH�5HVHDUFK

([FDYDWHG�LQ�WKH�����V�E\�WKH�$UNDQVDV�$UFKHRORJLFDO�
6RFLHW\��WKH�+ROPDQ�6SULQJV�LV�D�PDVVLYH�&DGGR�VLWH�DQG�
RQH�RI�D�IHZ�VDOW�SURFHVVLQJ�VLWHV�LQ�6RXWKHUQ�$UNDQVDV��
7KLV�ODUJH�FROOHFWLRQ�RI�DUFKHRORJLFDO�PDWHULDO�ZDVQ¶W�
UH�RSHQHG�XQWLO������ZKHQ�WKH�6$8�5HVHDUFK�6WDWLRQ�
EHJDQ�D�UH�ER[LQJ�LQLWLDWLYH��7KDW�HQGHDYRU�HYHQWXDOO\�
OHG�WR�PH�EHJLQQLQJ�D�V\VWHPDWLF�FHUDPLF�LQYHQWRU\�LQ�
������UHVHDUFK�,�DP�VWLOO�FRQGXFWLQJ�WRGD\��7KLV�SDSHU�
ZLOO�LQFOXGH�DQ�XSGDWH�RQ�P\�FXUUHQW�UHVHDUFK��D�UHSRUW�
RQ�WKH�UHFHQW�UDGLRFDUERQ�DQG�ERWDQLFDO�DQDO\VHV��DV�ZHOO�
DV�RXU�SODQV�WR�ZUDS�XS�WKLV�VLWH�DW�WKH������$UNDQVDV�
$UFKHRORJLFDO�6RFLHW\�7UDLQLQJ�3URJUDP�LQ�-XQH�

7UXELWW��0DU\�%HWK��$UNDQVDV�$UFKHRORJLFDO�6XUYH\���
&KHOVHD�&LQRWWR��$UNDQVDV�$UFKHRORJLFDO�6XUYH\���
DQG�5DH¶6KDZQ�-RQHV��+HQGHUVRQ�6WDWH�8QLYHUVLW\�
8SGDWH�RQ�WKH�+RGJHV�&ROOHFWLRQ�RI�1DWLYH�$PHULFDQ�
$UWLIDFWV�DW�+HQGHUVRQ�6WDWH�8QLYHUVLW\

7KH�-RLQW�(GXFDWLRQDO�&RQVRUWLXP��-(&���PDGH�XS�RI�
+HQGHUVRQ�6WDWH�DQG�2XDFKLWD�%DSWLVW�XQLYHUVLWLHV�LQ�
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$UNDGHOSKLD��$UNDQVDV��DFTXLUHG�WKH�+RGJHV�&ROOHFWLRQ�
RI�1DWLYH�$PHULFDQ�DUWLIDFWV�LQ�������0RVW�RI�WKH�LWHPV�
ZHUH�FROOHFWHG�IURP�DUFKHRORJLFDO�VLWHV�LQ�WKH�0LGGOH�
2XDFKLWD�5LYHU�YDOOH\�E\�7KRPDV�DQG�&KDUORWWH�+RGJHV�
LQ�WKH�����V�DQG�����V��7KH�$UNDQVDV�$UFKHRORJLFDO�
6XUYH\¶V�+HQGHUVRQ�6WDWH�8QLYHUVLW\�UHVHDUFK�VWDWLRQ�
VWDII�FXUDWHV�WKH�FROOHFWLRQ��DQG�ZH�KDYH�LQYHQWRULHG��
SKRWRJUDSKHG��DQG�GRFXPHQWHG�REMHFWV��SXEOLVKHG�
UHVHDUFK�DUWLFOHV��DQG�FUHDWHG�HGXFDWLRQDO�H[KLELWV�
IURP�WKLV�ODUJH�FROOHFWLRQ��,Q�������KXPDQ�UHPDLQV�
DQG�DVVRFLDWHG�IXQHUDU\�REMHFWV�ZHUH�WUDQVIHUUHG�
IURP�WKH�-(&�WR�WKH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\¶V�
)D\HWWHYLOOH�RI¿FH�IRU�D�1$*35$�LQYHQWRU\��:RUN�
FRQWLQXHV�RQ�LGHQWLI\LQJ�XQDVVRFLDWHG�IXQHUDU\�REMHFWV�
EDVHG�RQ�DUFKLYDO�UHFRUGV��7KLV�\HDU��ZH�DUH�PRYLQJ�
WKH�+RGJHV�&ROOHFWLRQ�IURP�FORVHG�FXUDWLRQ�WR�RSHQ�
VWRUDJH�LQ�WKH�UHQRYDWHG�&DGGR�&HQWHU�RQ�WKH�+HQGHUVRQ�
6WDWH�8QLYHUVLW\�FDPSXV�WR�PDNH�LW�PRUH�DFFHVVLEOH�WR�
VWXGHQWV�DQG�IDFXOW\��UHVLGHQWV�RI�WKH�ORFDO�DUHD��&DGGR�
,QGLDQV��DQG�RWKHU�YLVLWRUV�

:LOOLDPV��-HIIUH\�0���)ULHQGV�RI�&DGGR�0RXQGV�
6WDWH�+LVWRULF�6LWH���DQG�9LFWRU�*DODQ��)ULHQGV�RI�
&DGGR�0RXQGV�6WDWH�+LVWRULF�6LWH�
.RR�+RRW�.LZDW��7KH�&DGGR�*UDVV�+RXVH�

7KH�WUDGLWLRQDO�&DGGR�*UDVV�+RXVH�EXLOW�LQ������DW�
&DGGR�0RXQGV�6WDWH�+LVWRULF�6LWH�QHDU�$OWR��7H[DV�ZDV�
WKH�VXEMHFW�RI�D����PLQXWH�3%6�VSHFLDO�WKDW�GRFXPHQWHG�
FRQVWUXFWLRQ�IURP�WKH�LGHQWL¿FDWLRQ�DQG�FROOHFWLRQ�RI�
UDZ�PDWHULDOV�WKURXJK�WKH�¿QDO�WKDWFKLQJ��)ROORZLQJ�WKH�
YLHZLQJ�RI�WKH�GRFXPHQWDU\��ZH�ZLOO�GHVFULEH�GDPDJH�
WR�WKH�VWUXFWXUH�H[SUHVVHG�DV�D�QRWLFHDEOH�OHDQ�WKDW�
SURJUHVVHG�RYHU�WKH�IDOO�RI������DQG�WKH�HPHUJHQF\�
UHSDLUV�WR�WKH�VWUXFWXUH�WKDW�ZHUH�PDGH�LQ�WKH�ZLQWHU�RI�
���������7KH�UHSDLUV�KDYH�GLVWLQFW�IHDWXUHV�WKDW�PD\�EH�
H[SUHVVHG�LQ�WKH�DUFKDHRORJLFDO�UHFRUG��7KLV�LQIRUPDWLRQ�
FDQ�EH�XVHG�WR�DLG�LQ�LQWHUSUHWDWLRQ�RI�FLUFXODU�KRXVH�
SDWWHUQV�IRXQG�WKURXJKRXW�WUDGLWLRQDO�&DGGR�ODQGV�
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