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¦7KH�6SULQJV§� IDUP� LV� VLWXDWHG�RQ�6RXWKHUQ�<RUNH�3HQLQVXOD�����NP�¦DV� WKH� FURZ� IOLHV§� IURP
$GHODLGH�� DFURVV� *XOI� 6W� 9LQFHQW�� ���� NP� E\� URDG� IURP�$GHODLGH�� DQG� �NPV� IURP� WKH� FRDVW
�)LJXUH� ���� � ,W� KDV� D� 0HGLWHUUDQHDQ� FOLPDWH� DQG� LV� DFNQRZOHGJHG� DV� RQH� RI� WKH� EHVW� EDUOH\
JURZLQJ�DUHDV�LQ�$XVWUDOLD�� �7KH�XQGXODWLQJ�ODQGVFDSH�RI�<RUNH�3HQLQVXOD�KDV�RQO\����RI� WKH
RULJLQDO� QDWLYH� YHJHWDWLRQ� OHIW� DIWHU� H[WHQVLYH� FOHDULQJ�� DQG�PRVW� RI� WKLV� LV� LQ�1DWLRQDO� 3DUNV�
7RWDO�FOHDUDQFH�RI�QDWLYH�YHJHWDWLRQ�ZDV�DQ�DWWHPSW�WR�GHVWUR\�WKH�KDELWDW�RI�UDEELWV�

)LJXUH����/RFDWLRQ�RI�¦7KH�6SULQJV§�IDUP�DW�3RUW�9LQFHQW��RQ�WKH�<RUNH�3HQLQVXOD�

+,6725<

)LUVW� VHWWOHG� LQ� WKH�����©V� WKH�<RUNH�3HQLQVXOD�ZDV�FOHDUHG� LQ� DUHDV�ZKHUH�JRRG�XQGHUJURXQG
ZDWHU�FRXOG�EH�IRXQG�IRU�VWRFN���$����VTXDUH�NP�DUHD�NQRZQ�DV�WKH�¦6WDQVEXU\�6FUXE§�LQFOXGLQJ
D�ODUJH�SRUWLRQ�RI�RXU�SURSHUW\��ZDV�QRW�FOHDUHG�XQWLO�WKH�����V�DQG���V�DV�QR�JRRG�XQGHUJURXQG
ZDWHU�FRXOG�EH�IRXQG�

<RUNH� 3HQLQVXOD� ODQG� ZDV� VRXJKW� DIWHU� EHFDXVH� RI� WKH� FORVH� SUR[LPLW\� RI� VPDOO� SRUWV� IRU
¨VKLSSLQJ©� SURGXFH� WR�$GHODLGH�� DQG� ODWHU� WKH� ,QWHUQDWLRQDO� WUDGH� YLD� WKH�:LQGMDPPHUV� RXW� RI
3RUW�9LFWRULD���/DQG�RQ�<RUNH�3HQLQVXOD�WRGD\�VHOOV�IURP������SHU�DFUH�WR��������SHU�DFUH�LQ�WKH
PRVW�VRXJKW�DIWHU�DUHDV���'URXJKWV�DUH�UDUH�EHFDXVH�RI�WKH�JHRJUDSKLFDO�ORFDWLRQ�DQG�EHFDXVH�WKH
3HQLQVXOD� LV� QDUURZ� DQG� VXUURXQGHG� E\�ZDWHU�� � 7KH� QDWLYH� YHJHWDWLRQ� RQ� WKH� SURSHUW\� YDULHG
IURP� ��§� KLJK� PDOOHHV�� EURRPEXVK� DQG� DFDFLDV� RQ� WKH� VDQG\� ORDP�� ZLWK� ODUJHU� PDOOHHV� DQG
VKHRDNV�RQ�WKH�KHDYLHU�VRLOV���6RLO�W\SHV�UDQJH�IURP�UHG�ZLWK�D�KLJK�OLPHVWRQH�SHUFHQWDJH��VDQG\



ORDP�RYHU�FOD\��DQG�GHHS�ZKLWH�QRQ�ZHWWLQJ�VDQG�RYHU�FOD\�RQ�WKH�KLOOV����6DQGKLOOV�ZHUH�FOHDUHG
EHFDXVH�RI�WKH�UDEELW�SUREOHP��

,Q������ZDWHU�ZDV�SLSHG�WR�<RUNH�3HQLQVXOD�IURP�WKH�5LYHU�0XUUD\��DQG�WKLV�EURXJKW�DERXW�D
ODUJH�LQFUHDVH�LQ�VWRFN�QXPEHUV���2XU�IDUP�ZDV�SURGXFLQJ�H[FHOOHQW�SULPH�ODPEV��ZRRO��PDOWLQJ
EDUOH\��SHDV�ZKHDW�DQG�RDWV�������ZDV�D�YHU\�ZHW�� ODWH�ZLQWHU�HDUO\�VSULQJ��ZKLFK� OHIW�XV�ZLWK
���� DFUHV� RI� ¦ORZ�ODQG§� XQGHU� ZDWHU�� 7KLV� ZDWHU� KDG� FRPH� IURP� WKH� KHDG� RI� WKH� FDWFKPHQW
��NPV�DZD\�

:H�ZHUH�XQDZDUH�RI�WKH�DPRXQW�RI�VDOW�LQ�WKDW�ZDWHU�DQG�ZLWK�VKHHS�¦FDPSLQJ�LQ�WKHVH�DIIHFWHG
DUHDV�IRU�WKH�QH[W���VXPPHUV��ZH�ZHUH�OHIW�ZLWK�D�KXJH�EDUUHQ�DUHD��7KH�WRS�VRLO��ZKLFK�ZDV�QRZ
VDOW\��GULIWHG�RQWR�XQDIIHFWHG�VRLO��ZKLFK�LQ�WXUQ�UXLQHG�WKDW�WRR�EHFDXVH�LW�ZDV�OHIW�ZLWK�D�OD\HU
RI�VDOW�RQ�LW���:H�ZHUH�VWLOO�TXLWH�LJQRUDQW�DW�WKLV�WLPH�VR�ZH�WULHG�WR�WDON�WR�WKH�IDUPHUV�IXUWKHU�XS
WKH�FDWFKPHQW�ZKR�WROG�XV�LW�ZDVQ©W�WKHLU�SUREOHP�����\HDUV�ODWHU�� WKHVH�VDPH�IDUPHUV�DUH�QRZ
FR�RSHUDWLQJ�EHFDXVH�RI�D�1DWLRQDO�*UDQW�WKURXJK�WKH�6RLO�%RDUG�

'XULQJ������ZH�WULHG�WR�JHW�LQIRUPDWLRQ�UH�VDOLQLW\�EXW�YHU\�OLWWOH�ZDV�NQRZQ���:H�GHFLGHG�WR
PDNH�D�VWDQG�DV�ZH�ZHUH�JRLQJ�RXW�RI�EXVLQHVV�IDVW��DV�RXU�EHVW�FURSSLQJ�ODQG�KDG�JRQH���,Q�WKH
VXPPHU� RI� ������� DIWHU� GLVFXVVLRQ� ZLWK� WKH� ORFDO� &RXQFLO�� �WKH� &KDLUPDQ� ZDV� D� 6RLO� %RDUG
0HPEHU��D�FXOYHUW�ZDV�SXW�XQGHU�WKH�URDG�ZKHUH�WKH�ZDWHU�HQWHUV�RXU�SURSHUW\����$�VPDOO�JUDQW
ZDV�REWDLQHG�IURP�WKH�6WDWH�DQG�)HGHUDO�*RYHUQPHQW��DQG�D�GUDLQ�ZDV�JUDGHG�WKURXJK�WKH�IDUP
WR� WKH�DGMDFHQW�VDOW� ODNH��:H�IHQFHG�RII�DSSUR[LPDWHO\�����DFUHV�RI� WKH�ZRUVW�DIIHFWHG�DUHD� WR
NHHS�VWRFN�DQG�WR�¦WLG\§�LW�XS��EHOLHYLQJ�LW�ZRXOG�QHYHU�EH�SURGXFWLYH�DJDLQ�

:H�SODQWHG�VDOW�WROHUDQW�JUDVVHV��SXFFLQHOOLD�DQG�WDOO�ZKHDW�JUDVV��DQG�WUHHV�PRVWO\�IRU�DHVWKHWLF
SXUSRVHV��,Q�������D�VWDQG�RI�������5LYHU�5HG�*XPV�ZDV�SODQWHG�WR�ORZHU�WKH�ZDWHU�WDEOH�DQG�DV
D� IXWXUH�ZRRGORW� LI� QHHG� EH�� $ERXW� �����ZH� UHDOLVHG�ZH� FRXOG� ¦FHQWUDO� JUD]H§� VKHHS� RQ� WKH
JUDVVHV�LQ�WKH�DIIHFWHG�DUHD�VR�WKH�FRXQWU\�ZDV�ORRNLQJ�PXFK�EHWWHU�� �:H�GHFLGHG�WR�IHQFH�WKH
����DFUHV�LQWR���VPDOOHU�SDGGRFNV����7KH�XQGHUJURXQG�ZDWHU�OHYHO�DW�WKLV�WLPH�ZDV����FP�EHORZ
WKH� VXUIDFH�� ,Q������ZH� VKLIWHG�D� IHQFH�DQG� IRXQG� WKH�ZDWHU� OHYHO�WDEOH� LQ� WKLV� VDPH�DUHD�KDG
GURSSHG�WR�DERXW���PHWUH�

,Q������ZH� WUDYHOOHG� WR�D�6DOW�%XVK�)LHOG�7ULS� LQ� WKH�6RXWK�$XVWUDOLDQ�0DOOHH� ���KRXUV�GULYH
DZD\�� DQG� ZHUH� YHU\� LPSUHVVHG� E\� KRZ� ZH� FRXOG� DGDSW� WKLV� SODQW� WR� RXU� VDOLQH� DUHDV�� :H
SODQWHG�RXU�ILUVW��������2OG�0DQ�6DOWEXVK� LQ�-XO\������� � �:H�GHFLGHG� WR�SODQW� LQ�EORFNV�RI��
URZV����PHWUHV�DSDUW�ZLWK�WKH�SODQWV�DOVR���PHWUHV�DSDUW�ZLWK�D�ODQHZD\���PHWUHV�ZLGH�EHWZHHQ
WKH�EORFNV�RI���URZV�H�J��ZH�DLP�IRU�DURXQG�������SODQWV�SHU�DFUH�

7KH� UHDVRQLQJ� EHKLQG� WKH� ¨ODQHZD\©� LGHDV� ZDV� WR� DOORZ� WKHLU� PRYHPHQW� RI� VWRFN� DQG
EURDGFDVWLQJ�RI�IHUWLOL]HU�HWF���7KH���PHWUH�VSDFLQJV�ZHUH�IRU�HDVLHU�DFFHVV�IRU�VKHHS�DURXQG�WKH
SODQW�DQG�WKH�VSDFLQJV�DOORZHG�SXFFLQHOOLD��WDOO�ZKHDW�JUDVV�DQG�FORYHUV�WR�HVWDEOLVK�IRU�D�EURDGHU
IHHG�EDVH�IRU�VWRFN���,Q�WKH�IROORZLQJ���\HDUV�ZH�LQFUHDVHG�RXU�SODQWLQJV�RI�2OG�0DQ�6DOWEXVK�WR
��������SODQWHG�IHQFHG�RII�LQWR���SDGGRFNV��WKH�ODUJHVW�EHLQJ����DFUHV�WKH�VPDOOHVW����DFUHV�DQG
WKH�UHVW�DYHUDJLQJ�DURXQG����DFUHV��)LJXUH�����7KHVH�SDGGRFNV�DUH�SXUHO\�IRU�VWRFN�� �:H�KDYH
LQFOXGHG� WKH� DIIHFWHG� ODQG� SOXV� DGMDFHQW� ¨DW� ULVN©� ODQG�� DQG� ¨GRXEOH� IHQFHG©� WR� SODQW
ZLQGEUHDNV�VKHOWHU�EHOWV��FRUULGRUV�IRU�ELUGV�DQG�WR�ORZHU�WKH�ZDWHU�WDEOH��SOXV�VKDGH�WUHHV�LQ�DOO
WKHVH�DUHDV��:H�KDYH�SXW�LQ�ZDWHULQJ�SRLQWV�DQG�WKH�ODUJHU�SDGGRFNV�KDYH���ZDWHULQJ�SRLQWV��DV
ZDWHU�LV�D�YHU\�LPSRUWDQW�SDUW�RI�WKH�DQLPDOV�GLHW�LQ�VDOLQH�SDVWXUHV�



)LJXUH�����'HYDVWDWLRQ�FDXVHG�E\�VDOLQLW\���������RQFH�H[FHOOHQW�FURSSLQJ�ODQG��WRS���DQG�WKH
VDPH�DUHD�LQ������VKRZLQJ�UHFODPDWLRQ�DQG�D�UHWXUQ�WR�SURGXFWLYLW\��ERWWRP��

:H� KDYH� QRZ� OHDUQW� WR� ORRN� DW� RXU� SUREOHP� RQ� D� ZKROH� IDUP� EDVLV� DQG� WDNH� LQWR� DFFRXQW
UHFKDUJH� DUHDV�� GLVFKDUJH� DUHDV�� VRLO� W\SHV� DQG� SODQQLQJ� IRU� FURSSLQJ� DQG� VWRFNLQJ� WKH�ZKROH
IDUP��:H�DUH� IHQFLQJ� UHFKDUJH�DUHDV�DV�ZH�DUH�GHVSHUDWH� WR� LQWHUFHSW� WKH�ZDWHU� LQWR� WKH� ORZHU
GLVFKDUJH�DUHDV��ZKLFK�LV�RXU�EHVW�FURSSLQJ�ODQG��)RUHVWU\�KDV�EHHQ�FRQVLGHUHG�EXW�PDUNHWV�DUH
WRR�IDU�DZD\�DQG�ZDWHU�XSWDNH�LV�VORZ�

7KH� WULDOV� ZH� KDYH� GRQH�ZLWK� OXFHUQH� KDYH� FRQYLQFHG� XV� WKDW� OXFHUQH� LV� RXU� EHVW� RSWLRQ�� 7R
HQKDQFH� RXU� SURVSHFWV� IRU� VXFFHVV� LQ� JURZLQJ� OXFHUQH� ZH� KDYH� FOD\�VSUHDG� RXU� QRQ� ZHWWLQJ
ZKLWH�VDQG�DQG�ZLOO�VRZ����DFUHV� WR� OXFHUQH� WKLV�PRQWK�ZKLOH� WKH�VRLO� LV�VWLOO�ZDUP�DQG�GDPS
�OXFHUQH�ZLOO�QRW�JHUPLQDWH�ZHOO�LI�LW�LV�WRR�FROG�	�ZHW���3DVWXUH�PL[WXUHV�RI�)URQWLHU��6DQWLDJR�
&DVEDK�	�1LWUR�HWF�DUH�EHLQJ�VRZQ�WR�LPSURYH�WKH�IHUWLOLW\�IRU�FURSSLQJ�DQG�DOVR�DV�KLJK�TXDOLW\
QXWULWLRQ�IRU�VWRFN��:LWK�PRVW�RI�RXU�VDOWEXVK�QRZ�����\HDUV�ROG��ZH�FDQ�JUD]H�RU�PDLQWDLQ�DQ
DGGLWLRQDO�����HZHV�DQG�WKHLU�ODPEV�ZKLFK�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�LQ�WKH�SDVW�

7KH� IHHGLQJ� SURJUDPPH� ZH� DUH� XVLQJ� DW� WKH� PRPHQW� DOORZV� WKH� JHQHUDO� IDUP� SDVWXUHV� WR
HVWDEOLVK�DIWHU�WKH�RSHQLQJ�UDLQV��WKHQ�VKHHS�DUH�UHWXUQHG�IRU�SHULRGLFDO�JUD]LQJ����:H�EHOLHYH�WKLV
NHHSV�DQLPDOV�KHDOWKLHU�ZLWK�OHVV�VFRXULQJ�



)LJXUH�����)DUP�PDS��LQGLFDWLQJ�FURSSLQJ�DQG�JUD]LQJ�ODQG��VDOWODQG�SDVWXUHV�DQG�ZRRGODQGV�
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7KH�FRQVLGHUDEOH�LQYHVWPHQW�RI�SODQWLQJ�VDOWEXVK�DQG�SXFFLQHOOLD�RQ�WKH�PRVW�VDOLQH�VLWHV�RI�WKH
IDUP� ZDV� FOHDUO\� EHJLQQLQJ� WR� RIIHU� SURILWDEOH� DQG� VXVWDLQDEOH� JUD]LQJ� V\VWHPV�� � 5HFHQW
H[SHULHQFH� IRXQG� ODPEV�JUHZ�ZHOO�ZLWK� ODFWDWLQJ�HZHV�JUD]LQJ� VDOWEXVK�SDVWXUHV�� D� UHVXOW� WKDW
ZDV� ODUJHO\� DWWULEXWHG� LW� WR� WKH� LQWHU�URZ� SDVWXUH� WKDW� DFWV� DV� D� VXSSOHPHQW� WR� WKH� VDOW\� EXW
QLWURJHQ�ULFK� VDOWEXVK�� � +RZHYHU�� D� ERG\� RI� SXEOLVKHG� UHVHDUFK� VXJJHVWV� WKDW� DQLPDO
SHUIRUPDQFH� LV� SRRU� ZKHQ� VKHHS� JUD]H� VDOWEXVK� ZLWKRXW� DQ\� VXSSOHPHQWDU\� IHHG� �:DUUHQ� 	
&DVVRQ�������������������������0RUFRPEH�HW�DO��������0DVWHUV�HW�DO���������DOWKRXJK�VXFK�D
FRQFOXVLRQ� LV�QRW�KHOG�XQLYHUVDOO\� �:LOVRQ�������+DQMUD�	�5DVRRO�������� �$� UHVHDUFK�SURMHFW
ZDV�XQGHUWDNHQ�LQ�DXWXPQ������WR�LQYHVWLJDWH�WKH�RSWLPDO�XVH�RI�VDOWEXVK�IRUDJH��DQG�DLPHG�WR
GHWHUPLQH�ZKHWKHU�VXSSOHPHQWDWLRQ�FDQ�LPSURYH�VKHHS�SHUIRUPDQFH�WR�JHQHUDWH�SURILWDEOH�UDWHV
RI� OLYHZHLJKW� JDLQ�� DW� D� WLPH� RI� \HDU� ZKHQ� LW� LV� RIWHQ� H[SHFWHG� WKDW� JUD]LQJ� VKHHS� ZLOO� RQO\
PDLQWDLQ�RU�ORVH�ERG\�ZHLJKW�

2OG�PDQ�VDOWEXVK��$WULSOH[�QXPPXODULD��DQG�SXFFLQHOOLD��3XFFLQHOOLD�FLOLDWD��ZHUH�WKH�GRPLQDQW
VSHFLHV� LQ� WKH�SORWV�XVHG� LQ� WKH� UHVHDUFK�SURMHFW�� DOWKRXJK�RWKHU� JUDVVHV�� VDPSKLUH�� DQG�PHGLF
ZHUH�DOVR�SUHVHQW�LQ�VPDOO�DPRXQWV�

3RWHQWLDO�YDOXH�RI�VDOWEXVK�WR�OLYHVWRFN

7KH� QLWURJHQ� FRQWHQW� RI� VDOWEXVK� LV� WKHRUHWLFDOO\� DGHTXDWH� WR� VXSSRUW� ZHLJKW� JDLQ� LQ� DGXOW
DQLPDOV��:DUUHQ�HW�DO��������� �7KLV� LV�DQ�LPSRUWDQW�DWWULEXWH�RI�VDOWEXVK��DV� WKH�0HGLWHUUDQHDQ
VXPPHU�DXWXPQ�SHULRG�LV�XVXDOO\�FKDUDFWHULVHG�E\�ORZ�IHHG�DYDLODELOLW\�DQG��LQ�SDUWLFXODU�� ORZ
SDVWXUH� QLWURJHQ� �1�� FRQWHQW� �&KUL\DD� HW� DO�� ����D�� 5REHUWV� ������� � 7KH� KLJK� 1� FRQWHQW� RI
VDOWEXVK� GRHV� QRW� GHWHULRUDWH� GXULQJ� WKH� GU\� VXPPHU�DXWXPQ� SHULRG� �-RQHV� 	�:LOVRQ� �����
$WLT�XU�5HKPDQ�HW�DO��������ZKLOH� WKH�SODQW� LV� DFWLYHO\�JURZLQJ�PHDQV� WKDW� LW� LV�SRWHQWLDOO\�D
YHU\�YDOXDEOH�IRUDJH�WR�ILOO�WKH�DXWXPQ�IHHG�JDS�

6DOWEXVK�OHDYHV�FRQWDLQ������QLWURJHQ��$ULHOL�HW�DO��������:LOVRQ��������VLPLODU�WR�OXFHUQH�KD\
�&KUL\DD�HW�DO������E���&UXGH�SURWHLQ��&3��LV�PDWKHPDWLFDOO\�GHULYHG�IURP�WKLV�1�FRQWHQW��&3� 
1�[��������VXJJHVWLQJ�WKDW�VDOWEXVK�FRQWDLQV����������SURWHLQ��DGXOW�VKHHS�UHTXLUH�D�GLHW�RI�DW
OHDVW�����SURWHLQ�IRU�OLYHZHLJKW�JDLQ��$VKWRQ�	�0RUEH\��������%XW�5REHUWV��������VWDWHV�WKDW
&3�GRHV�QRW�JLYH�D�WUXH�PHDVXUH�RI�VDOWEXVK�SURWHLQ�FRQWHQW�DV�XS�WR�����RI�WKH�1�LQ�VDOWEXVK�LV



QRQ�SURWHLQ�QLWURJHQ��¦131§��H�J��QLWUDWH�DQG�EHWDLQH���131�LV�XWLOLVHG�E\�UXPHQ�PLFUREHV�OHVV
HIILFLHQWO\� WKDQ�SURWHLQ�1��0F'RQDOG�HW�DO��������0DVWHUV�HW�DO��������� ORZHULQJ� WKH�QXWULWLYH
YDOXH� RI� WKH�1� SUHVHQW�� )XUWKHUPRUH�� WKH�1� LQ� VDOWEXVK� XQGHUJRHV� UDSLG� SURWHLQ� IHUPHQWDWLRQ
�GHVSLWH�UHGXFHG�UXPHQ�UHWHQWLRQ�WLPH�GXH�WR�WKH�HIIHFWV�RI�VDOW�RQ�GLJHVWLYH�SK\VLRORJ\���OHDGLQJ
WR�KLJK�UXPLQDO�DPPRQLD�DQG�ORVV�RI�1�LQ�XULQH��+DVVDQ�	�$EGHO�$]L]�������

'HVSLWH�D�SRVLWLYH�1�EDODQFH��5REHUWV� ������� IRXQG� WKDW� VKHHS� IHG�VDOWEXVK�DORQH�� ORVW�ZHLJKW
UDSLGO\�� LPSO\LQJ� WKDW� WKH� DQLPDOV� ZHUH� HQHUJ\� GHILFLHQW�� � 7KLV� VXJJHVWV� WKDW� D� VRXUFH� RI
FDUERK\GUDWH�LV�UHTXLUHG�WR�HQDEOH�WKH�PLFUREHV�LQ�WKH�UXPHQ�WR�¨FDSWXUH©�D�JUHDWHU�SRUWLRQ�RI�WKH
1�DV�SURWHLQ���7KLV�SURMHFW�ZDV�GHVLJQHG�WR�FRPSDUH�WZR�VRXUFHV�RI�FDUERK\GUDWH��D�KLJK�ILEUH
VRXUFH��EDUOH\�VWUDZ��DQG�D�VRXUFH�RI�PRUH�UHDGLO\�IHUPHQWDEOH�FDUERK\GUDWH��EDUOH\�JUDLQ��

6XSSOHPHQWLQJ�ZLWK�URXJKDJH

6XFFHVVIXO�VDOWEXVK�JUD]LHUV�EHOLHYH�URXJKDJH�LV�LPSHUDWLYH�IRU�RSWLPXP�XWLOLVDWLRQ�RI�VDOWEXVK�
XVLQJ� LQWHU�URZ�SDVWXUH�� FHUHDO� VWXEEOH� RU� KD\�ZKHUH� QHFHVVDU\� �6H\PRXU� �������5RXJKDJH� LV
UHTXLUHG�DV�D�VRXUFH�RI�IHUPHQWDEOH�ILEUH�DQG�VROXEOH�FDUERK\GUDWH� WR�XWLOLVH� WKH�KLJK�QLWURJHQ
FRQWHQW� RI� VDOWEXVK� DQG� WR� GLOXWH� WKH� VDOWV� �5REHUWV� ������� )HHGLQJ� VDOWEXVK� DQG� URXJKDJH
LQFUHDVHV� IRUDJH� LQWDNH� DQG� OLYHZHLJKW� JDLQ� �:DUUHQ� HW� DO�� ������ :DUUHQ� 	� &DVVRQ� �����
&DVVRQ� HW� DO�� ������ +RSNLQV� 	� 1LFKROVRQ� ������� DOWKRXJK� WKHVH� VWXGLHV� GLG� QRW� LQFOXGH� D
FRUUHFWLRQ�IRU�DQ\�FKDQJHV�LQ�ERG\�ZDWHU�FRQWHQW��5REHUWV��������GRXEOHG�GU\�PDWWHU�LQWDNH�RI
VKHHS�E\�PL[LQJ� VDOWEXVK� DQG� FKDII�� DWWULEXWLQJ� LW� WR� VWLPXODWLRQ�RI�PLFURELDO� GLJHVWLRQ� LQ� WKH
UXPHQ��,Q�JUDLQ�JURZLQJ�DUHDV�RI�$XVWUDOLD��URXJKDJH�LV�DEXQGDQW�DV�FURS�UHVLGXHV��0RUFRPEH
HW�DO���������HLWKHU�IURP�JUD]LQJ�SDGGRFNV�DGMDFHQW�WKH�VDOWEXVK�RU�DV�EDOHG�VWUDZ�

6XSSOHPHQWLQJ�ZLWK�JUDLQ

*UDLQ�SURYLGHV�D�VRXUFH�RI� UDSLGO\� IHUPHQWDEOH�FDUERK\GUDWHV� �PDLQO\�VWDUFK�� WR�DLG�PLFURELDO
XWLOLVDWLRQ�RI�QLWURJHQ�IURP�VDOWEXVK��DV�ZHOO�DV�NHHSLQJ�WKH�DQLPDOV�LQ�D�SRVLWLYH�HQHUJ\�EDODQFH
�)RQWHQRW� HW� DO�� ������ /HZLV� ������ 5REHUWV� ������� $Q� LQFUHDVHG� GLHWDU\� HQHUJ\� FRQWHQW
LQFUHDVHV�QLWURJHQ�XWLOLVDWLRQ��$ULDV�HW�DO��������)RQWHQRW�HW�DO��������'HLI�HW�DO��������+HPVOH\
HW� DO�� ������ +DVVDQ� 	� $EGHO�$]L]� ������� \HW� PDQ\� VDOWODQG� JUD]LHUV� EHOLHYH� WKDW� JUDLQ
VXSSOHPHQWDWLRQ�LV�QRW�QHFHVVDU\�ZKHQ�VXIILFLHQW�VDOWEXVK�OHDI��ZLWK�D�PRGHUDWH�WR�KLJK�HQHUJ\
FRQWHQW��LV�SUHVHQW��6H\PRXU�������

0HWKRGV

(LJKW� UHVHDUFK� SORWV� ZHUH� HVWDEOLVKHG� RQ� RQH� SDGGRFN� WKDW� KDG� D� UHODWLYHO\� XQLIRUP� JURZWK
SDWWHUQ�RI�VDOWEXVK�DQG�SXFFLQHOOLD��(DFK�SDGGRFN�ZDV�VXSSOLHG�ZLWK�IUHVK�ZDWHU��DQG�VL[�VKHHS
JUD]HG�HDFK�SORW���)RXU�WUHDWPHQW�JURXSV�ZHUH�XVHG��KHQFH�HDFK�WUHDWPHQW�ZDV�UHSOLFDWHG�RQFH��
�L��VDOWEXVK�DQG�SXFFLQHOOLD�SDVWXUH�RQO\��6%�3����LL��6%�3�ZLWK�����J�KHDG�GD\�RI�EDUOH\�VWUDZ�
�LLL�� 6%�3� ZLWK� ���� J�KHDG�GD\� R�I� EDUOH\� VWUDZ�� DQG� �LY�� 6%�3� ZLWK� ERWK� JUDLQ� DQG� VWUDZ
VXSSOHPHQWV��HDFK�DW�����J�KHDG�GD\���7KH�JUDLQ�ZDV�IHG�RXW�GDLO\��DQG�IUHVK�VWUDZ�ZDV�DGGHG
ZKHQ�QHFHVVDU\��*UD]LQJ�FRPPHQFHG�RQ����0DUFK������DQG�ODVWHG�IRU����GD\V��DW�ZKLFK�SRLQW
WKHUH�ZDV�LQVXIILFLHQW�GU\�PDWWHU�RQ�RIIHU�WR�FRQWLQXH�WKH�WULDO�

3UHOLPLQDU\�UHVXOWV

7KH�UHVXOWV�DUH�FXUUHQWO\�EHLQJ�FRPSLOHG�DQG�DQDO\VHG�

7KH�LQWDNH�RI�VDOWEXVK�DQG�LQWHU�URZ�SODQW�PDWHULDO�ZDV��EDVHG�RQ�YLVXDO�DVVHVVPHQWV��LQFUHDVHG
E\� SURYLGLQJ� WKH� VXSSOHPHQW� RI� EDUOH\� JDLQ� �)LJXUH� ���� +HUEDJH� FXWV� DQG� VDPSOLQJ� ZHUH
XQGHUWDNHQ� WR�SHUPLW�DQ�HVWLPDWLRQ�RI� IHHG�RQ�RIIHU� IURP�VDOWEXVK�DQG� LQWHU�URZ�SDVWXUH��ZLWK
WKH�GDWD�VWLOO�EHLQJ�DQDO\VHG�

9LUWXDOO\�QR�VWUDZ�ZDV�FRQVXPHG�LQ�VKHHS�IHG�6%�3�ZLWK�EDUOH\�VWUDZ�EXW��LQWHUHVWLQJO\��VRPH
VWUDZ��DSSUR[LPDWHO\���J�GD\��ZDV�FRQVXPHG�ZKHQ�LW�ZDV�IHG�ZLWK�EDUOH\�JUDLQ��7KH�IRUDJH�RQ
RIIHU�LQ�WKH�SORWV�ZDV�UHGXFHG�WR�YHU\�ORZ�OHYHOV�E\�WKH�HQG�RI�WKH�H[SHULPHQW��LQWHU�URZ�'0�RQ
RIIHU�ZDV������NJ�KD��DQG�PRVW�VDOWEXVK�SODQWV�ZHUH�QHDUO\�GHYRLG�RI�OHDI�PDWHULDO���+RZHYHU�



IROORZLQJ� UHPRYDO� RI� VKHHS� DQG� WKH�RSHQLQJ� UDLQV�� WKHUH�KDV�EHHQ� D� WUHPHQGRXV� UH�JURZWK�RI
VDOWEXVK�DQG�LQWHU�URZ�SODQW�VSHFLHV��LQFOXGLQJ�OHJXPHV��PHGLF���)LJXUH����

$OO�VKHHS�JDLQHG�QHDUO\�����J�GD\�GXULQJ� WKH�ILUVW���ZHHNV�RI� WKH� WULDO� �)LJXUH�����3DUW�RI� WKLV
ZHLJKW�JDLQ�PD\�KDYH�EHHQ�ERG\�ZDWHU��ERG\�ZDWHU�FRQWHQW�ZLOO�EH�HVWLPDWHG�� WKURXJK�XVH�RI
GHXWHULXP�R[LGH� LQMHFWLRQV��EXW� WKH�GDWD�DUH�QRW�\HW�DYDLODEOH���%HWZHHQ�ZHHNV���DQG����VKHHS
WKDW�UHFHLYHG�JUDLQ�RQO\�DV�WKH�VXSSOHPHQWV�FRQWLQXHG�WR�JDLQ�DERXW�����J�KHDG�GD\��D�ILJXUH�WKDW
LV�XQOLNHO\�WR�EH�GXH�WR�DQ\�IXUWKHU�LQFUHDVHV�LQ�ERG\�ZDWHU��7KLV�H[FHHGHG�WKH�ZHLJKW�JDLQ�RI�DOO
RWKHU�VKHHS��LQFOXGLQJ�WKRVH�WKDW�UHFHLYHG�JUDLQ�DQG�VWUDZ�VXSSOHPHQWV��7KH�UHDVRQ�ZK\�LW�ZDV
EHWWHU�WR�VXSSOHPHQW�ZLWK�JUDLQ�DORQH�UDWKHU�WKDQ�ZLWK�JUDLQ�DQG�VWUDZ�LV�QRW�FOHDU��EXW�PD\�EH
GXH�WR�WKH�ZKROH�GLHW�EHLQJ�EHWWHU�¨EDODQFHG©�ZLWK�VDOWEXVK��GU\�SXFFLQHOOLD�DQG�JUDLQ�WKDQ�ZLWK
DGGLWLRQDO�URXJKDJH�DV�VWUDZ�LQFOXGHG�WKH�GLHW��DOEHLW�D�VPDOO�DPRXQW�RI�VWUDZ����7KLV�ZDUUDQWV
IXUWKHU�LQYHVWLJDWLRQ�

'XULQJ�WKH�ODVW���ZHHNV�RI�WKH�WULDO��DOO�VKHHS�ORVW�ZHLJKW�GXH�WR�LQVXIILFLHQW�IHHG�EHLQJ�DYDLODEOH�
EXW�WKRVH�WKDW�UHFHLYHG�WKH�JUDLQ�VXSSOHPHQWV��HLWKHU�DORQH�RU�ZLWK�VWUDZ��ORVW� WKH�OHDVW�ZHLJKW
�RQO\�DERXW����J�KHDG�GD\�UDWKHU�WKDQ�DERXW�����J�GD\���2YHU�WKH�GXUDWLRQ�RI�WKH�H[SHULPHQW����
GD\V�LQ�DXWXPQ���VKHHS�UHFHLYLQJ�6%�3�ZLWK�JUDLQ��DORQH��SHUIRUPHG�WKH�EHVW��DYHUDJLQJ�DERXW
���J�GD\���8QGHU�D�FRPPHUFLDO�VLWXDWLRQ��WKH�JUD]LQJ�SUHVVXUH�ZRXOG�KDYH�EHHQ�UHGXFHG�HDUOLHU
WKDQ� ��0D\� �HLWKHU� E\� UHGXFLQJ� WKH� VWRFNLQJ� UDWH� RU� SURYLGLQJ� DGGLWLRQDO� SDVWXUH�IRUDJH��� DQG
KHQFH�LW�LV�UHDOLVWLF�WR�H[SHFW�WKDW�D�FRUUHFWO\�PDQDJHG�JUD]LQJ�V\VWHP�ZLWK�VDOWEXVK�DQG�VWUDWHJLF
VXSSOHPHQWDWLRQ�FRXOG�GHOLYHU�ZHLJKW�JDLQV�RI�DW�OHDVW�����J�GD\�WKURXJKRXW�WKH�DXWXPQ�SHULRG�

)LJXUH�����$Q�H[DPSOH�RI�WZR�RI�WKH�H[SHULPHQWDO�SORWV���6KHHS�LQ�WKH�SORW�RQ�WKH�OHIW�VLGH�RI�WKH
IHQFHOLQH�UHFHLYHG�JUDLQ�DQG�VWUDZ�VXSSOHPHQWV��ZKLOVW�VKHHS�LQ�WKH�SORW�RQ�WKH�ULJKW�KDQG�VLGH
GLG�QRW�UHFHLYH�DQ\�VXSSOHPHQWV���7KH�KHUEDJH�UHPDLQLQJ�RQ�WKH�VDOWEXVK�DQG�LQ�WKH�LQWHU�URZ�LV
OHVV�LQ�WKH�OHIW�KDQG�SORW��7KH�SKRWR�ZDV�WDNHQ�RQ����$SULO�������EHIRUH�WKH�EUHDN�RI�VHDVRQ��



)LJXUH�����7KH�VDPH�WZR�SORWV�DV�VKRZQ�LQ�)LJXUH����QRZ�VKRZLQJ�FRQVLGHUDEOH�UHJURZWK�RI
IRUDJH�E\�ODWH�-XO\������

)LJXUH�����/LYHZHLJKW�JDLQ�RI�VKHHS�JUD]LQJ�VDOWEXVK�SXFFLQHOOLD�IRUDJH��ZLWK�RU�ZLWKRXW
VXSSOHPHQWDWLRQ�

&RQWLQXDWLRQ�RI�WKH�GHPRQVWUDWLRQ��UHVHDUFK�VLWH

7KH� SORWV� XVHG� LQ� WKH� VWXG\� GHVFULEHG� EULHIO\� DERYH� KDYH� EHHQ� UHWDLQHG� IRU� XVH� DV� D
GHPRQVWUDWLRQ�DQG�RU�UHVHDUFK�VLWH�� �7KHUH� LV�DQ�DQQXDO�YLVLW�E\�VWXGHQWV�IURP�WKH�5RVHZRUWK\
&DPSXV� RI� 7KH�8QLYHUVLW\� RI� $GHODLGH� VWXG\LQJ� 3DVWXUH� $JURQRP\� �ZKLFK� LQFOXGHV� JUD]LQJ
PDQDJHPHQW� DQG� VDOWODQG� SDVWXUHV��� � 6WXGHQW� IHHGEDFN� IURP� WKH� WRXUV� KDYH� EHHQ� H[WUHPHO\
SRVLWLYH��DV�WKH\�KDYH�DSSUHFLDWHG�WKH�H[DPSOH�RI�ZKROH�IDUP�PDQDJHPHQW�IRU�VDOLQLW\��DQG�KDYH
OHDUQW� DERXW� WKH� SURILWDEOH� DQG� VXVWDLQDEOH� JUD]LQJ� V\VWHPV� WKDW� FDQ� EH� HVWDEOLVKHG� RQ� VDOLQH
ODQG��,W�LV�HQYLVDJHG�WKDW�WKH�HVWDEOLVKHG�VLWH��DQG�SRVVLEO\�RWKHU�SDGGRFNV�RQ�WKH�IDUP��ZLOO�EH
XVHG�IRU�RWKHU�VWXGLHV�LQ�WKH�IXWXUH�DV�D�VKRZSLHFH�VKRZLQJ�WKH�SURGXFWLYH�XVH�DQG�UHKDELOLWDWLRQ
RI�VDOLQH�ODQG�
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6DOWEXVK���SDVWXUH��QR�VXSSOHPHQWDWLRQ�

6WUDZ�VXSSOHPHQW

*UDLQ�VXSSOHPHQW

6WUDZ���JUDLQ�VXSSOHPHQW



:+(5(�72�12:"

$V� D� UHVXOW� RI� WKH� 5RVHZRUWK\� 7ULDO� ZH� QRZ� SODQ� WR� IHHGORW� ;%� VWRUH� ODPEV� LQ� WKHVH� VDOLQH
SDVWXUHV� ZLWK� D� VPDOO� VXSSOHPHQW� RI� JUDLQ� LQ� WKH� DXWXPQ� SHULRG� ZKHQ� EDUOH\� DQG� OHJXPH
VWXEEOHV�KDYH�EHHQ�HDWHQ�RXW��DQG�SULPH�ODPEV�DUH�DW�WKHLU�EHVW�SULFH��:LWKLQ�DQRWKHU���\HDUV�WKH
OXFHUQH� ZLOO� EH� HVWDEOLVKHG� ZKLFK� ZLOO� JUHDWO\� LQFUHDVH� WKH� VKHHS� FDUU\LQJ� FDSDFLW\� RI� WKH
SURSHUW\�

,Q�FRQMXQFWLRQ�ZLWK�RXU�VRQ�LQ�ODZ�0LOHV�&RFNLQJWRQ���D�SDVWRUDOLVW�IURP�WKH�1RUWK�(DVW�3DVWRUDO
$UHD��ZH�DUH�GHYHORSLQJ�D�VKHHS�SURMHFW�WR�SURGXFH�KLJK�TXDOLW\�VXSHULRU�ZRRO�DQG�PHDW�ZKLOVW
LQFUHDVLQJ�WKH�FDUU\LQJ�FDSDFLW\�RI�DQ�DUHD� WKURXJK�D�FRPELQDWLRQ�RI�RXWVWDQGLQJ�SDVWXUHV�DQG
XWLOLVLQJ� UHFODLPHG� VDOLQH� ODQGV� WKDW� KDYH� EHHQ� UHVWRUHG� ZLWK� VDOW� WROHUDQW� SODQW� VSHFLHV�� 7KH
XOWLPDWH�JRDO�EHLQJ�KLJK�UHWXUQ�VKHHS�WKDW�FDQ�GHPRQVWUDWH�WR�DQG�LQVSLUH�RWKHU�ODQGKROGHUV�DQG
VKHHS�SURGXFHUV�WKH�RXWVWDQGLQJ�EHQHILWV�RI�ERWK�UHVWRULQJ�VDOLQH�ODQG�DQG�GLYHUVLI\LQJ�LQWR�ODUJH
ZHGJHG� IUDPHG�� ORQJ� VWDSOHG�� ILQH�PLFURQ�� KLJK� YDOXH� UHG�PHDW� FXWV�PHULQR� VKHHS��:H� KDYH
SXUFKDVHG� D� QXFOHXV� VWXG� IORFN� RI� YHU\� ODUJH� IUDPHG� HZHV�� VHOHFWHG� IRU� D� ODSDURVFRSLF� $,
SURJUDPPH��XVLQJ�WKH�EHVW�JHQHWLFV�DYDLODEOH���,Q���\HDUV�RXU�DLP�LV�WR�SURGXFH���NJ�RU�PRUH�RI
���PLFURQ�ZRRO�ZLWK�D�VWDSOH�OHQJWK�DSSUR[LPDWHO\�����PP��2XU�SURJUDPPH�QRW�RQO\�IRFXVHV
RQ�LPSURYLQJ�ZRRO�TXDOLW\�RI�VKHHS�RQ�VDOLQH�ODQG�EXW�LQ�DGGLWLRQ�WKH�VW\OH�RI�VKHHS�EHLQJ�XVHG
DOVR�KDV�EHQHILWV�IRU�ODPE�DQG�PHDW�WUDGH�

&21&/86,216

x� 7R�ZLQ�WKH�ILJKW�DJDLQVW�VDOLQLW\�D�ZKROH�IDUP�SODQ�DSSURDFK�LV�HVVHQWLDO���:H�KDYH�OHDUQW
WKDW� VDOLQH� ODQG�ZLOO� QHYHU� EH� FURSSHG� DJDLQ� EXW� FDQ� EH� UHVWRUHG� WR� KLJK� YDOXH� JUD]LQJ
ODQG�

x� :H�DUH�QRZ�DGGUHVVLQJ�DOO�UHFKDUJH�DUHDV�EHFDXVH�ZLWKRXW�DGGUHVVLQJ�WKHVH�DUHDV�ZH�ZLOO
QRW�ZLQ�WKH�EDWWOH�

x� &RRSHUDWLRQ�RI�DOO�WKH�IDUPHUV�LQ�WKH�FDWFKPHQW�LV�HVVHQWLDO�

x� 3ODQWLQJ� RI� WUHHV� IRU� VKHOWHU�� ELUG� FRUULGRUV� DQG� VKDGH� DGGLQJ� WR� WKH� ELRGLYHUVLW\� LV� DQ
LPSRUWDQW�SDUW�RI�WKH�RYHUDOO�SODQ���:H�KDYH�SODQWHG�DSSUR[LPDWHO\���������WUHHV�RQ�RXU
SURSHUW\�

x� +DYH�D�SODQ��D�EDQN�ORDQ��DQG�D�SRVLWLYH�RXWORRN

x� 7KLV�GHJUDGHG�ODQG�FDQ�EH�WXUQHG�LQWR�D�SURILWDEOH�HQWHUSULVH�IRU�IXWXUH�JHQHUDWLRQV��:KDW
KDV�WDNHQ�XV����\HDUV�FDQ�QRZ�EH�GRQH�LQ���RU���\HDUV�

5()(5(1&(6

$ULDV��&���%XUURXJKV��:���*HUODXJK��3��	�%HWKNH��5�0��������¦7KH�LQIOXHQFH�RI�GLIIHUHQW�DPRXQWV�DQG
VRXUFHV�RI�HQHUJ\�XSRQ�LQ�YLWUR�XUHD�XWLOL]DWLRQ�E\�UXPHQ�PLFURRUJDQLVPV§��-RXUQDO�RI�$QLPDO
6FLHQFH�YRO������SS����������

$ULHOL��$���1DLP��(���%HQMDPLQ��5�:��	�3DVWHUQDN��'��������¦7KH�HIIHFW�RI�IHHGLQJ�VDOWEXVK�DQG�VRGLXP
FKORULGH�RQ�HQHUJ\�PHWDEROLVP�LQ�VKHHS§��$QLPDO�3URGXFWLRQ�YRO�����SS����������

$VKWRQ��%��	�0RUEH\��7��������)HHGLQJ�VKHHS��3ULPDU\�,QGXVWULHV�6RXWK�$XVWUDOLD�
$WLT�XU�5HKPDQ��0DFNLQWRVK��-�%���:DUUHQ��%�(��	�/LQGVD\��'�5��������¦5HYHJHWDWHG�VDOLQH�SDVWXUHV�DV

D�IRUDJH�UHVHUYH�IRU�VKHHS�����(IIHFWV�RI�VHDVRQ�DQG�JUD]LQJ�RQ�PRUSKRORJ\�DQG�QXWULWLYH�YDOXH�RI
VDOWEXVK§��5DQJHODQGV�-RXUQDO�YRO������SS�������

&DVVRQ��7���:DUUHQ��%�(���6FKOHXWHU��.��	�3DUNHU��.��������¦2Q�IDUP�VKHHS�SURGXFWLRQ�IURP�VDOWEXVK
SDVWXUHV§��3URFHHGLQJV�RI�WKH�$XVWUDOLDQ�6RFLHW\�RI�$QLPDO�3URGXFWLRQ�YRO������SS����������

&KUL\DD��$���0RRUH��.�-��	�:DOOHU��6�6������E��¦,QWDNH��GLJHVWLRQ��DQG�QLWURJHQ�EDODQFH�RI�VKHHS�IHG
VKUXE�IROLDJH�DQG�PHGLF�SRGV�DV�D�VXSSOHPHQW�WR�ZKHDW�VWUDZ§��$QLPDO�)HHG�6FLHQFH�DQG
7HFKQRORJ\�YRO����������SS����������

'HLI��+�,���$ERX�$NNDGD��$�5��	�(O�6KD]O\��.��������¦$�QRWH�RQ�WKH�XWLOL]DWLRQ�RI�XUHD�QLWURJHQ�E\
VKHHS§��$QLPDO�3URGXFWLRQ�YRO������SS����������



)RQWHQRW��-�3���*DOOXS��:�'��	�1HOVRQ��$�%��������¦(IIHFW�RI�DGGHG�FDUERK\GUDWH�RQ�WKH�XWLOL]DWLRQ�E\
VWHHUV�RI�QLWURJHQ�LQ�ZLQWHULQJ�UDWLRQV§��-RXUQDO�RI�$QLPDO�6FLHQFH�YRO������SS����������

+DQMUD��6�+��	�5DVRRO��6��������¦3RWHQWLDO�RI�$WULSOH[�DV�D�)RUDJH�IRU�/LYHVWRFN�LQ�3DNLVWDQ§��3URGXFWLYH
8VH�RI�6DOLQH�/DQG��3URFHHGLQJV�RI�D�ZRUNVKRS�KHOG�DW�3HUWK��:HVWHUQ�$XVWUDOLD��������0D\������

$&,$5�3URFHHGLQJV�QR������SS��������
+DVVDQ��1�,��	�$EGHO�$]L]��+�0��������¦(IIHFW�RI�EDUOH\�VXSSOHPHQWDWLRQ�RQ�WKH�QXWULWLYH�YDOXH�RI

VDOWEXVK��$WULSOH[�QXPPXODULD�§��:RUOG�5HYLHZ�RI�$QLPDO�3URGXFWLRQ�YRO�������SS��������
+HPVOH\��-�$���+RJDQ��-�3��	�:HVWRQ��5�+��������¦(IIHFW�RI�KLJK�,QWDNHV�RI�6RGLXP�&KORULGH�RQ�WKH

8WLOL]DWLRQ�RI�D�3URWHLQ�&RQFHQWUDWH�E\�6KHHS��,,�'LJHVWLRQ�DQG�$EVRUSWLRQ�RI�2UJDQLF�0DWWHU�DQG
(OHFWURO\WHV§��$XVWUDOLDQ�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�YRO������SS����������

+RSNLQV��'�/��	�1LFKROVRQ��$��������¦0HDW�TXDOLW\�RI�ZHWKHU�ODPEV�JUD]HG�RQ�HLWKHU�VDOWEXVK��$WULSOH[
QXPPXODULD��SOXV�VXSSOHPHQWV�RI�OXFHUQH��0HGLFDJR�VDWLYD�§��0HDW�6FLHQFH�YRO������SS��������

-RQHV��'�,�+��	�:LOVRQ��$��������¦1XWULWLYH�TXDOLW\�RI�IRUDJH§��LQ�7KH�1XWULWLRQ�RI�+HUELYRUHV��HGV��-�%�
+DFNHU�	�-�+��7HUQRXWK��$FDGHPLF�3UHVV�$XVWUDOLD��SS��������

/HZLV��'��������¦%ORRG�XUHD�FRQFHQWUDWLRQ�LQ�UHODWLRQ�WR�SURWHLQ�XWLOL]DWLRQ�LQ�WKH�UXPLQDQW§��-RXUQDO�RI
$QLPDO�6FLHQFH�YRO������SS����������

0DVWHUV��'�*���1RUPDQ��+�&��	�'\QHV��5�$��������¦2SSRUWXQLWLHV�DQG�/LPLWDWLRQV�IRU�$QLPDO
3URGXFWLRQ�IURP�6DOLQH�/DQG§��$VLDQ�$XVWUDOLDQ�-RXUQDO�RI�$QLPDO�6FLHQFH�YRO������SS����������

0F'RQDOG��3���(GZDUGV��5�$���*UHHQKDOJK��-�)�'��	�0RUJDQ��&�$��������$QLPDO�1XWULWLRQ���WK�HGLWLRQ�
/RQJPDQ�6FLHQWLILF�	�7HFKQLFDO��(VVH[�

0RUFRPEH��3���<RXQJ��*��	�%RDVH��.��������¦/LYH�:HLJKW�&KDQJHV�DQG�:RRO�*URZWK�RI�6KHHS�*UD]LQJ
6DOWEXVK§��3URGXFWLYH�8VH�RI�6DOLQH�/DQG��3URFHHGLQJV�RI�D�ZRUNVKRS�KHOG�DW�3HUWK��:HVWHUQ

$XVWUDOLD��������0D\�������$&,$5�3URFHHGLQJV�QR������SS��������
0RUFRPEH��3�:���<RXQJ��*�(��	�%RDVH��.�$��������¦*UD]LQJ�D�VDOWEXVK��$WULSOH[�0DLUHDQD��VWDQG�E\

0HULQR�ZHWKHUV�WR�ILOO�WKH�¦DXWXPQ�IHHG�JDS§�H[SHULHQFHG�LQ�WKH�:HVWHUQ�$XVWUDOLDQ�ZKHDW�EHOW§�
$XVWUDOLDQ�-RXUQDO�RI�([SHULPHQWDO�$JULFXOWXUH�YRO�����SS����������

5REHUWV��=��������¦)HHGLQJ�VDOWEXVK�DQG�ZKHDW�FRFN\�FKDII�HQKDQFHV�WKH�LQWDNH�DQG�SHUIRUPDQFH�RI
0HULQR�ZHWKHUV§��%��6FLHQFH�LQ�$JULFXOWXUH�7KHVLV��8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD�

6H\PRXU��0��������¦6DOWEXVK�SURYHV�LWV�ZRUWK�RQ�ZKHDWEHOW�IDUP§��)DUPLQJ�$KHDG�QR������S�����
:DUUHQ��%�(���%XQQ\��&�-��	�%U\DQW��(�5��������¦$�3UHOLPLQDU\�([DPLQDWLRQ�RI�WKH�1XWULWLYH�9DOXH�RI
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