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DQWR�UDXNDV#JL�HH��SXQQLQJ#WOX�HH

5HFHLYHG��UG�1RYHPEHU��������$FFHSWHG���WK�)HEUXDU\�����

)LUVW�SXEOLVKHG�RQ�WKH�ZHE��WK�$SULO�����

,Q�(VWRQLD�WHFKQRORJLHV�IRU�RLO�VKDOH�PLQLQJ�DQG�FRQVXPLQJ�KDYH�EHHQ�FRQWLQXRXVO\�GHYHORSHG�IRU�PRUH

WKDQ����\HDUV��%\�0DUFK������RQH�ELOOLRQ�WRQQHV�RI�RLO�VKDOH�KDG�EHHQ�SURGXFHG�LQ�(VWRQLD��6LQFH�WKH

����V��(VWRQLD�KDV�EHHQ�WKH�ODUJHVW�RLO�VKDOH�SURGXFHU�DQG�FRQVXPHU�LQ�WKH�ZRUOG��,Q�WKH�����V�DERXW

WZR�WKLUGV�RI�WKH�ZRUOG
V�RLO�VKDOH�RXWSXW�FDPH�IURP�(VWRQLD��6HULRXV�SUREOHPV�LQ�WKH�PLQLQJ�FRPSOH[

DUH�FRQQHFWHG�ZLWK�ODUJH�ORVVHV�RI�RLO�VKDOH�DW�PLQLQJ�DQG�HQULFKPHQW��PRUH�WKDQ������DQG�YROXPLQRXV

GHZDWHULQJ�����P��SHU�WRQQH�RI�RLO�VKDOH���$IWHU�PLQLQJ�DQG�EHQHILFLDWLRQ��PXFK�OLPHVWRQH�UHPDLQV

XQXVHG�DQG�LV�GHSRVLWHG�LQ�ZDVWH�GXPSV��2LO�VKDOH�ZDVWH�DQG�ZDVWH�KHDSV�PD\�EH�FRQVLGHUHG�D�UDWKHU

LQQRFHQW�SURGXFWLRQ�UHVLGXH��KRZHYHU��IURP�WLPH�WR�WLPH�WKH\�DUH�VXEMHFW�WR�VHOI�LJQLWLRQ��)ROORZLQJ

FRPEXVWLRQ�RI�HQULFKHG�RLO�VKDOH��DVK�UHPDLQV�ZKLFK�DOVR�KDV�WR�EH�GHSRVLWHG��7KH�PRVW�WR[LF�ZDVWH

�VHPLFRNH��FRPHV�IURP�WKH�RLO�VKDOH�FKHPLFDO�LQGXVWU\��3RZHU�VWDWLRQV�XVLQJ�RLO�VKDOH�HPLW�ODUJH

DPRXQWV�RI�FDUERQ�GLR[LGH�DQG�RWKHU�JDVHV��WKH�JURXQGZDWHU�UHJLPH��DQG�RIWHQ�DOVR�WKH�ZDWHU�TXDOLW\�

DUH�DOWHUHG�LQ�PLQHG�RXW�DUHDV��(QYLURQPHQWDO�HIIHFWV�DQG�WKH�UHVXOWLQJ�LPPHGLDWH�KD]DUGV�ZHUH�JUHDWHVW

LQ�WKH�����V��QRZ�WKH�VLWXDWLRQ�LV�LPSURYLQJ�

3URIHVVRU�'6F�$QWR�5DXNDV�VWXGLHG�JHRORJ\�DW�WKH�8QLYHUVLW\�RI�7DUWX��+H�LV�D�0HPEHU�RI�WKH

(VWRQLDQ�$FDGHP\�RI�6FLHQFHV��D�+RQRUDU\�'RFWRU�RI�WKH�/DWYLDQ�8QLYHUVLW\��DQG�(GLWRU�LQ�FKLHI�RI

WKH�MRXUQDO� 2LO�6KDOH ��+H�LV�D�+RQRUDU\�0HPEHU�RI�WKH�5R\DO�*HRJUDSKLFDO�6RFLHW\��WKH

,QWHUQDWLRQDO�8QLRQ�IRU�4XDWHUQDU\�5HVHDUFK�DQG�WKH�:RUOG�,QQRYDWLRQ�)RXQGDWLRQ�

3URIHVVRU�-DDQ�0DWL�3XQQLQJ�VWXGLHG�FKHPLVWU\�DW�WKH�8QLYHUVLW\�RI�7DUWX��+H�KDV�D�3K'�LQ

*HRORJ\�DQG�'6F�LQ�*HRJUDSK\��+H�IRXQGHG�WKH�,QVWLWXWH�RI�(FRORJ\�DW�WKH�(VWRQLDQ�$FDGHP\�RI

6FLHQFHV�DQG�KDV�EHHQ�ORQJ�WLPH�3UHVLGHQW�RI�WKH�(VWRQLDQ�*HRJUDSKLFDO�6RFLHW\��+H�LV�D�+RQRUDU\

0HPEHU�RI�WKH�5XVVLDQ�*HRJUDSKLFDO�6RFLHW\�DQG�(GLWRU�LQ�&KLHI�RI� (VWRQLDQ�-RXUQDO�RI�(FRORJ\ �

3UHVHQWO\�KH�LV�D�SURIHVVRU�DW�7DOOLQQ�8QLYHUVLW\�

%URDGHU�FRQWH[W

5HVHUYHV�RI�RLO�VKDOH�DUH�LPPHQVH��H[FHHGLQJ�WKH�UHVRXUFHV�RI�DOO�RWKHU�VROLG�IXHOV�FRPELQHG��6LQFH

WKH�����V��(VWRQLD�KDV�EHHQ�WKH�ODUJHVW�RLO�VKDOH�SURGXFHU�DQG�FRQVXPHU�LQ�WKH�ZRUOG�DQG�WKLV�KDV

FDXVHG�VHULRXV�HQYLURQPHQWDO�SUREOHPV��YROXPLQRXV�GHZDWHULQJ�LQ�XQGHUJURXQG�PLQHV��WR[LF�ZDVWH
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KHDSV��DWPRVSKHULF�HPLVVLRQV�RI�VXOIXU��QLWURJHQ�DQG�FDUERQ�GLR[LGH��ODQG�VXEVLGHQFH���7KH

QHJDWLYH�DVSHFWV�RI�RLO�VKDOH�HQHUJ\�FRXOG�EH�UHGXFHG�E\�D�WUDQVLWLRQ�IURP�SXOYHUL]HG�FRPEXVWLRQ

WHFKQRORJ\�WR�FLUFXODWLQJ�IOXLGL]HG�EHG�FRPEXVWLRQ�WHFKQRORJ\��,Q�VKDOH�RLO�SURFHVVLQJ�YHUWLFDO

UHWRUWV�ZLOO�EH�FKDQJHG�ZLWK�VROLG�KHDW�FDUULHU�GHYLFHV��1HZ�WHFKQRORJLHV�VKRXOG�KDYH�KLJKHU

WKHUPDO�HIILFLHQFLHV��ODUJHU�RLO�\LHOGV�DQG�SURGXFH�PXFK�OHVV�DWPRVSKHULF�HPLVVLRQV�DQG�ZDVWHV��,Q

WKH�FRPLQJ�\HDUV�DOO�HQYLURQPHQWDO�SDUDPHWHUV�LQ�WKH�(VWRQLDQ�RLO�VKDOH�LQGXVWU\�VKRXOG�EH�LQ

KDUPRQ\�ZLWK�WKH�UHTXLUHPHQWV�RI�(8�GLUHFWLYHV�

���,QWURGXFWLRQ

2LO�VKDOH�GHSRVLWV�UDQJH�IURP�HDUO\�3DODHR]RLF�WR�&HQR]RLF�LQ�DJH��7KH�UHVHUYHV�RI�RLO�VKDOH�LQ�WKH�ZRUOG

DUH�LPPHQVH��VRPH������WRQQHV���H[FHHGLQJ�WKH�UHVRXUFHV�RI�RWKHU�VROLG�IXHOV��FRDO��OLJQLWH��EURZQ�FRDO�

FRPELQHG��2YHU�����GHSRVLWV�DUH�NQRZQ�ORFDWHG�LQ�PRUH�WKDQ����FRXQWULHV�RQ�DOO�FRQWLQHQWV���7KH

ODUJHVW�UHVRXUFHV�DUH�NQRZQ�LQ�WKH�86$��������%UD]LO���������-RUGDQ���������0RURFFR��������DQG

$XVWUDOLD���������:RUOG�RLO�VKDOH�VFLHQFH�DQG�WHFKQRORJ\�KDYH�D�ORQJ�KLVWRU\��KRZHYHU�ZLWK

FRQVLGHUDEOH�XSV��DURXQG�WKH�:RUOG�:DU�,,�DQG�DIWHU�WKH�$UDE�RLO�HPEDUJR��DQG�GRZQV��'HSOHWLRQ�RI�RLO

UHVHUYHV�DQG�HPSKDVLVH�RQ�HQHUJ\�VHFXULW\�FDQ�EH�H[SHFWHG�WR�JLYH�DQ�LPSHWXV�WR�RLO�VKDOH�UHVHDUFK�LQ

WKH�QHDU�IXWXUH��+RSHIXOO\�(VWRQLDQ�DFKLHYHPHQWV�FDQ�GHPRQVWUDWH�WR�RWKHU�RLO�VKDOH�PLQLQJ�FRXQWULHV

WKDW�VKDOH�RLO�SURGXFWLRQ�ZLOO�EH�LQFUHDVLQJO\�SURILWDEOH�DQG�WKDW�SRZHU�JHQHUDWLRQ�RQ�WKH�EDVLV�RI�RLO

VKDOHV�LV�HIILFLHQW�

���&RPSRVLWLRQ�RI�RLO�VKDOH

:RUOG�RLO�VKDOHV�YDU\�ZLGHO\�LQ�WKHLU�FRQWHQW�DQG�FRPSRVLWLRQ�RI�RUJDQLF�FRPSRXQGV�±�NHURJHQ�

3UHVHQWO\�WKHUH�LV�QR�XQDQLPRXVO\�DFFHSWHG�ORZHU�OLPLW�RI�VDSURSHOLF�RUJDQLF�PDWWHU�SHUFHQWDJH�IRU�RLO

VKDOHV��7KH�ORZHU�OLPLW�YDULHV�IURP���WR�����DQG�WKH�XSSHU�OLPLW�IURP����WR������,W�LV�GLIILFXOW�WR�ILQG

WZR�DQDORJRXV�RLO�VKDOHV��PDLQO\�EHFDXVH�RI�WKHLU�H[WUHPHO\�YDULDEOH�GHSRVLWLRQ�FRQGLWLRQV�DV�ZHOO�DV

SRVW�VHGLPHQWDWLRQ�DOWHUDWLRQV��%HVLGHV��WKH�FRPSRVLWLRQ�DQG�TXDOLW\�RI�RLO�VKDOH�YDU\�DOVR�ZLWKLQ�WKH

OLPLWV�RI�RQH�GHSRVLW��'HSHQGLQJ�RQ�WKH�FKDUDFWHU�RI�WKH�GHSRVLW��WKHUH�FRXOG�EH�FRQVLGHUDEOH�YDULDWLRQV

DPRQJ�UHVXOWV�REWDLQHG�E\�DQDO\VLV�RI�GLIIHUHQW�VDPSOHV�WDNHQ�IURP�WKH�VDPH�GHSRVLW��,Q�RUGHU�WR�WDNH

WKH�EHVW�DGYDQWDJH�RI�XS�WR�GDWH�DQDO\WLFDO�WHFKQLTXHV�DQG�FRUUHVSRQGLQJ�H[SHUWLVH��FXUUHQWO\�VFDWWHUHG

DW�GLIIHUHQW�ODERUDWRULHV�ZRUOGZLGH��DQ�RLO�VKDOH�VDPSOH�EDQN�VKRXOG�EH�GHYHORSHG���7KLV�ZRXOG�PDNH�LW

HDVLHU�WR�EHQHILW�IURP�WKH�SURJUHVV�PDGH�LQ�HQJLQHHULQJ�GLVFLSOLQHV��IOXLG�G\QDPLFV��WKHUPRG\QDPLFV�

KHDW�DQG�PDVV�WUDQVIHU���FKHPLVWU\�DQG�JHRFKHPLVWU\��JHRORJ\�DQG�PLQLQJ�RI�RLO�VKDOHV�

7KH�(VWRQLDQ�NXNHUVLWH�RLO�VKDOH�VHDPV�FRQWDLQ�RUJDQLF�PDWWHU��FDUERQDWH�DQG�FODVWLF�PDWHULDOV�LQ

YDULRXV�SURSRUWLRQV��7KH�FDUERQDWH�PDWHULDO�FRQVLVWV�PDLQO\�RI�SRUH�ILOOLQJ�PLFULWLF�FDUERQDWH�PXG

WRJHWKHU�ZLWK�D�YDULDEOH�FRQWHQW�RI�ILQH�WR�FRDUVH�VNHOHWDO�GHEULV��7KH�FDUERQDWH�FRQWHQW��PDLQO\�FDOFLWH�

UDQJHV�LQ�GLIIHUHQW�NXNHUVLWH�VHDPV�IURP����WR�����DQG�WKH�RUJDQLF�PDWWHU�FRQWHQW�IURP���±����WR

��±�����7KH�FODVWLF�PDWUL[�LV�FRPSRVHG�PDLQO\�RI�VLOW�VL]H�TXDUW]�DQG�LOOLWH��WKH�PLQRU�FODVWLF�PLQHUDOV

DUH�IHOGVSDUV�DQG�FKORULWH��S\ULWH�LV�D�UDWKHU�FRPPRQ�DXWKLJHQLF�PLQHUDO�LQ�NXNHUVLWH�RLO�VKDOH���7KH

RUJDQLF�PDWWHU�RI�(VWRQLDQ�RLO�VKDOH��NHURJHQ��UHSUHVHQWV�D�PL[WXUH�RI�KLJK�PROHFXODU�SRO\IXQFWLRQDO

RUJDQLF�FRPSRXQGV��WKH�UHDO�VWUXFWXUH�RI�ZKLFK�LV�VWLOO�D�VXEMHFW�RI�VWXGLHV��

,Q�IDFW�(VWRQLD�KDV�WZR�GLIIHUHQW�RLO�VKDOHV��NXNHUVLWH�DQG�JUDSWROLWLF�DUJLOOLWH��DOVR�NQRZQ�DV

'LFW\RQHPD�DUJLOOLWH�RU�'LFW\RQHPD�VKDOH��7KH�ODWWHU�LV�D�GDUN��EODFNLVK��RU�JUH\LVK�EURZQ�ILQH�JUDLQHG

UDGLRDFWLYH�FOD\VWRQH�ZLWK�D�ORZ�RUJDQLF�PDWWHU�FRQWHQW�����WR������DQG�FDORULILF�YDOXH�����±����0-

NJí����$UJLOOLWH�LV�DW�LWV�WKLFNHVW��PRUH�WKDQ���P��LQ�ZHVWHUQ�(VWRQLD�DQG�LWV�UHVRXUFHV�DUH�HVWLPDWHG�DW���

ELOOLRQ�WRQQHV���,W�FRQWDLQV�VHYHUDO�UDUH�HOHPHQWV��DPRQJ�WKHP�PRO\EGHQXP��XS�WR�����J�Wí����YDQDGLXP

�XS�WR������J�Wí���DQG�XUDQLXP��XS�WR����±����J�Wí����)URP������WR������JUDSWROLWLF�DUJLOOLWH�ZDV�PLQHG

DW�6LOODPlH�LQ�1(�(VWRQLD�IRU�WKH�SURGXFWLRQ�RI�XUDQLXP��2I�VRPH���� ����WRQQHV�RI�RUH�XQHDUWKHG�

PRUH�WKDQ����WRQQHV�RI�XUDQLXP�FRPSRXQGV�ZHUH�SURGXFHG��/DWHU�WKH�6LOODPlH�SODQW�VZLWFKHG�WR

SURFHVVLQJ�LPSRUWHG�UDZ�PDWHULDO���*UDSWROLWLF�DUJLOOLWH�LV�XQGRXEWHGO\�D�SRWHQWLDO�FRPSOH[�PLQHUDO

(QYLURQPHQWDO�SUREOHPV�LQ�WKH�(VWRQLDQ�RLO�VKDOH�LQGXVWU\��'2,����������� KWWS���ZZZ�UVF�RUJ�GHOLYHU\�B$UWLFOH/LQNLQJ�'LVSOD\+70/$UWLFOHIRUIU���
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UHVRXUFH�

���7KH�%DOWLF�2LO�6KDOH�%DVLQ�DQG�LWV�UHVRXUFHV

7KH�%DOWLF�2LO�6KDOH�%DVLQ�LV�VLWXDWHG�PRVWO\�LQ�1(�(VWRQLD�DQG�H[WHQGV�HDVWZDUGV�LQWR�5XVVLD��FRYHULQJ

D�WRWDO�DUHD�RYHU��� ����NP���7KH�EDVLQ�LV�DGPLQLVWUDWLYHO\�GLYLGHG�LQWR�WKH�(VWRQLD�DQG�/HQLQJUDG

ILHOGV��FRPSULVLQJ�WZR�FXUUHQWO\�PLQHDEOH��(VWRQLD�DQG�/HQLQJUDG��GHSRVLWV�DQG�WKH�SURVSHFWLYH�7DSD

GHSRVLW��7R�GLVWLQJXLVK�(VWRQLDQ�RLO�VKDOH�IURP�WKH�RWKHU�NLQGV�RI�RLO�VKDOH�LQ�WKH�ZRUOG�LW�LV�FDOOHG

NXNHUVLWH��IURP�WKH�ZRUG�.XFNHUV��WKH�*HUPDQ�QDPH�IRU�.XNUXVH�PDQRU��ZKHUH�WKH�URFN�ZDV�ILUVW

GHVFULEHG���7KH�PDLQ�NXNHUVLWH�VHTXHQFH�EHORQJV�WR�WKH�.XNUXVH�5HJLRQDO�6WDJH�RI�WKH�8SSHU

2UGRYLFLDQ��DQG�FRQWDLQV�XS�WR����LQGLYLGXDO�NXNHUVLWH�EHGV��ZKLFK�KDYH�EHHQ�WUDFHG�RYHU�����NP�LQ�DQ

HDVW±ZHVW�GLUHFWLRQ��8QOLNH�PRVW�RWKHU�RLO�VKDOHV��NXNHUVLWH�EHGV�FRQWDLQ�D�ULFK�DQG�GLYHUVH�PDULQH

IDXQDO�DVVHPEODJH�LQGLFDWLQJ�WKH�SUHVHQFH�RI�ZHOO�R[LGL]HG�ERWWRP�ZDWHUV�DW�WKH�WLPH�ZKHQ�NXNHUVLWH

RUJDQLF�PDWWHU�ZDV�DFFXPXODWHG�

7KH�(VWRQLD�GHSRVLW��)LJ�����LV�WKH�ODUJHVW�H[SORUHG�DQG�FRPPHUFLDOO\�H[SORLWHG�RLO�VKDOH�GHSRVLW�LQ

WKH�ZRUOG��LWV�WRWDO�UHVRXUFHV�H[FHHG���ELOOLRQ�WRQQHV�RI�RLO�VKDOH��7KH�UHVRXUFHV�RI�WKH�SURVSHFWLYH�7DSD

GHSRVLW�DUH�RI�WKH�RUGHU�RI�����ELOOLRQ�WRQQHV��7KH�PLQHDEOH�VHDP�LQ�WKH�(VWRQLD�GHSRVLW�FRQVLVWV�RI

VHYHQ�NXNHUVLWH�OD\HUV�DQG�IRXU�WR�VL[�OLPHVWRQH�LQWHUOD\HUV�DW�D�GHSWK�RI��±����P�ZLWK�D�WKLFNQHVV�RI

���±����P�LQ�DQ�DUHD�RI������NP���7KH�HQHUJ\�UDWLQJ�RI�WKH�EHG�LV���±���*-�Pí���7KH�FULWHULD�RI�RLO�VKDOH

UHVHUYHV�DUH��HQHUJ\�UDWLQJ��FDORULILF�YDOXH�RI�WKH�OD\HUV��WKLFNQHVV�DQG�GHSWK�RI�WKH�VHDP��ORFDWLRQ�

DYDLODEOH�PLQLQJ�WHFKQRORJ\��ZRUOG�SULFH�DQG�WUDQVSRUWDWLRQ�FRVWV�RI�WKH�DOWHUQDWLYH�IXHO��RLO�VKDOH

PLQLQJ�DQG�WUDQVSRUWLQJ�FRVW��QDWXUH�SURWHFWLRQ�DUHDV�DQG�RWKHU�OLPLWLQJ�IDFWRUV�IRU�PLQLQJ���$FFRUGLQJ

WR�WKH�FDOFXODWLRQV�RI�(VWRQLDQ�1DWXUDO�5HVRXUFHV��WKH�RLO�VKDOH�UHVHUYH�LV�VRPH���ELOOLRQ�WRQQHV

�HFRQRPLF�UHVHUYH� ����ELOOLRQ�DQG�VXEHFRQRPLF�����ELOOLRQ�WRQQHV���$W�SUHVHQW�RLO�VKDOH�LV�XVHG�IRU

HOHFWULFLW\�JHQHUDWLRQ�LQ�SRZHU�SODQWV��VKDOH�RLO�SURGXFWLRQ�DQG�LQ�VPDOO�DPRXQWV�IRU�FHPHQW�SURGXFWLRQ�

)LJ����/RFDWLRQ�PDS�RI�(VWRQLD�DQG�7DSD�RLO�VKDOH

GHSRVLWV�DQG�1DUYD�SRZHU�SODQWV�

,Q�(VWRQLD�WHFKQRORJLHV�IRU�RLO�VKDOH�PLQLQJ�DQG�H[SORLWDWLRQ�KDYH�EHHQ�FRQWLQXRXVO\�GHYHORSHG�IRU

PRUH�WKDQ����\HDUV��6LQFH�WKH�����V��(VWRQLD�KDV�EHHQ�WKH�ODUJHVW�RLO�VKDOH�SURGXFHU�DQG�FRQVXPHU�LQ

WKH�ZRUOG��8QWLO�������WKH�PDLQ�RLO�VKDOH�FRQVXPHUV�ZHUH�WKH�.RKWOD�-lUYH�DQG�.LYL}OL�VKDOH�RLO�SODQWV

DQG�WKH�UDLOZD\��)LQH�RLO�VKDOH�ZDV�XVHG�DV�D�IXHO�DW�ORFDO�SRZHU�VWDWLRQV��/DWHU�ODUJH�SRZHU�VWDWLRQV

XVLQJ�RLO�VKDOH�ZHUH�LQVWDOOHG�LQ�1DUYD²WKH�%DOWL�7KHUPDO�3RZHU�6WDWLRQ�LQ������DQG�WKH�(HVWL�7KHUPDO

(QYLURQPHQWDO�SUREOHPV�LQ�WKH�(VWRQLDQ�RLO�VKDOH�LQGXVWU\��'2,����������� KWWS���ZZZ�UVF�RUJ�GHOLYHU\�B$UWLFOH/LQNLQJ�'LVSOD\+70/$UWLFOHIRUIU���
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3RZHU�6WDWLRQ�LQ�������7KLV�DOWHUHG�WKH�VWUXFWXUH�RI�RLO�VKDOH�FRQVXPSWLRQ��QRZ� ����RI�PLQHG�RLO

VKDOH�ZDV�XVHG�IRU�SURGXFLQJ�HQHUJ\��2LO�VKDOH�SURGXFWLRQ�UHDFKHG�LWV�SHDN�LQ�������ZKHQ������PLOOLRQ

WRQQHV�ZDV�PLQHG��1RZ�RLO�VKDOH�SURGXFWLRQ�KDV�VWDELOL]HG�DW�D�OHYHO�RI�VRPH����PLOOLRQ�WRQQHV�SHU�\HDU�

+RZHYHU��FUXGH�RLO�SULFHV�LQ�WKH�ZRUOG�PDUNHW�VWURQJO\�LQIOXHQFH�WKH�(VWRQLDQ�RLO�VKDOH�LQGXVWU\�

7KHUHIRUH��WKH�PLQLQJ�FDSDFLW\�QHHGV�UHJXODWLRQ�EHFDXVH�WKH�SURGXFWLRQ�RI�RLO�VKDOH�DQG�LWV�XVH�DV�D�UDZ

PDWHULDO�LQ�WKH�RLO�DQG�FKHPLFDO�LQGXVWU\�DQG�SRZHU�HQJLQHHULQJ�FRXOG�FDXVH�VHULRXV�HQYLURQPHQWDO

SUREOHPV�

���,PSURYHPHQW�RI�PLQLQJ�WHFKQRORJ\�DQG�XWLOL]DWLRQ

&XUUHQWO\��NXNHUVLWH�RLO�VKDOH�LQ�(VWRQLD�LV�PLQHG�LQ�VL[�XQGHUJURXQG�PLQHV�DQG�LQ�WKUHH�RSHQ�FDVW�SLWV�

8QWLO�WKH�����V��LQ�XQGHUJURXQG�PLQLQJ�ORQJZDOO�PLQLQJ�WHFKQLTXHV�ZHUH�ZLGHO\�XVHG��ZKHUH�WKH�EHG�LV

PLQHG�ZLWK�D�FRDO�FXWWLQJ�VKHDUHU�ORDGHU�DQG�WKH�URRI�LV�WHPSRUDULO\�VXSSRUWHG�E\�K\GUDXOLF�MDFNV��7KLV

PHWKRG�ZDV�SURGXFWLYH�EXW�FDSLWDO�LQWHQVLYH�DQG�LW�FDXVHG�QRWLFHDEOH�FKDQJHV�LQ�ODQG�VXUIDFH��$OO

UHDVRQV�ZKLFK�OHG�WR�WKH�DEDQGRQLQJ�RI�ORQJZDOO�PLQLQJ�LQ�WKH�����V�WR�EH�UHSODFHG�E\�SLOODU�PLQLQJ���,Q

SLOODU�PLQLQJ�WKH�URRI�DQG�PLQHG�RXW�ODQG�DUH�VXSSRUWHG�ZLWK�SLOODUV�RI�XQH[WUDFWHG�RLO�VKDOH��DYHUDJLQJ

����RI�WKH�UHVHUYH���$V�D�UHVXOW�WKH�JURXQG�GRHV�QRW�VXEVLGH�EXW�ORVVHV�RI�RLO�VKDOH�DUH�UDWKHU�ODUJH��)LJ�

���

)LJ����,Q�SLOODU�PLQLQJ��WKH�URRI�DQG�WKH�PLQHG�RXW

ODQG�DUH�VXSSRUWHG�ZLWK�SLOODUV�RI�XQH[WUDFWHG

URFN��ZLWK�VLJQLILFDQW�ORVVHV�RI�RLO�VKDOH��VRPH

�����3KRWR�E\�+��%DXHUW�

,Q�VXUIDFH�PLQLQJ�WHFKQRORJ\�GHYHORSHG�DIWHU�:RUOG�:DU�,,�ODUJH�EXFNHW����±���P���H[FDYDWRUV�

PDLQO\�GUDJOLQHV��VWDUWHG�WR�EH�XVHG��%RWK�WKH�RYHUEXUGHQ�DQG�WKH�EHG�ZHUH�ILUVW�EURNHQ�XS�E\�EODVWLQJ�

6WULSSLQJ�ZDV�GRQH�ZLWK�VPDOOHU�H[FDYDWRUV�LQ�RSHQ�FDVWV�ZLWK�D�WKLQ�RYHUEXUGHQ�XVLQJ�IURQW�HQG�ORDGHUV

DQG�K\GUDXOLF�H[FDYDWRUV��7KH�RYHUEXUGHQ�ZDV�WUDQVSRUWHG�ZLWK�IURQWHQG�ORDGHUV�DQG�WUXFNV��,Q�����

KLJKO\�VHOHFWLYH�H[WUDFWLRQ�ZDV�VWDUWHG��XVLQJ�D�PLOOLQJ�FXWWHU�VXUIDFH�PLQHU�IURP�WKH�*HUPDQ�&RPSDQ\

:LUWJHQ��7KH�VXUIDFH�PLQHU�EUHDNV��FUXVKHV�DQG�ORDGV�PDWHULDO�LQ�RQH�RSHUDWLRQ��7KH�VL]H�RI�WKH

SDUWLFOHV�RI�WKH�H[WUDFWHG�URFN�GHSHQGV�RQ�PLOOLQJ�GHSWK�DQG�RSHUDWLQJ�VSHHG���

0RVW�RLO�VKDOH�PLQHG�LQ�(VWRQLD�WRGD\�LV�XVHG�DV�D�IHHGVWRFN�IRU�WKH�SURGXFWLRQ�RI�HQHUJ\��(HVWL

(QHUJLD�$6��(VWRQLDQ�(QHUJ\��ZLWK�LWV���� ����FXVWRPHUV�DQG�PRUH�WKDQ������HPSOR\HHV�LV�WKH�OHDGLQJ

%DOWLF�HQHUJ\�XWLOLW\�DV�ZHOO�DV�RQH�RI�WKH�ELJJHVW�FRPSDQLHV�LQ�(VWRQLD��LW�JHQHUDWHV�����RI�WKH�HOHFWULF

SRZHU�SURGXFHG�LQ�WKH�FRXQWU\��(HVWL�(QHUJLD�RZQV�WKH�ODUJHVW�RLO�VKDOH�IXHOOHG�SRZHU�SODQWV�LQ�WKH

ZRUOG��WKH�%DOWL�DQG�(HVWL�3RZHU�3ODQWV��)LJ�����EXUQ�DERXW����PLOOLRQ�WRQQHV�RI�RLO�VKDOH�DQQXDOO\��6LQFH

������D�QHZ�FLUFXODWLQJ�IOXLGL]HG�EHG��&)%��ERLOHU�WHFKQRORJ\�KDV�EHHQ�XVHG�IRU�HOHFWULF�SRZHU

JHQHUDWLRQ��7KH�QHZ�WHFKQRORJ\�KDV�PHW�H[SHFWDWLRQV�LQ�DOO�UHVSHFWV��7KH�SHUIRUPDQFH�DQG�HIILFLHQF\

RI�ERLOHUV�KDYH�ULVHQ�DQG�WKH�SHUFHQWDJH�RI�KDUPIXO�LQGXVWULDO�FRQWDPLQDQWV�HPLWWHG�KDV�IDOOHQ

VXEVWDQWLDOO\�DQG�LV�QRZ�EHORZ�(VWRQLDQ�DQG�(8�SHUPLVVLEOH�OLPLWV��$ERXW�����NJ�RI�RLO�VKDOH�LV�EXUQW�LQ

ROGHU��SXOYHUL]HG�FRPEXVWLRQ��1DUYD�3RZHU�3ODQWV�ERLOHUV�WR�JHQHUDWH���N:�RI�HOHFWULF�SRZHU��WKH�QHZ

WHFKQRORJ\�KDV�GHFUHDVHG�WKLV�ILJXUH�WR������NJ�UHVXOWLQJ�LQ�VXEVWDQWLDO�IXHO�VDYLQJV��

7KH�WRWDO�RLO�UHVRXUFH�LQ�WKH�(VWRQLDQ�GHSRVLW�DPRXQWV�WR�������PLOOLRQ�WRQQHV����3UHVHQWO\�VKDOH�RLO�LV

(QYLURQPHQWDO�SUREOHPV�LQ�WKH�(VWRQLDQ�RLO�VKDOH�LQGXVWU\��'2,����������� KWWS���ZZZ�UVF�RUJ�GHOLYHU\�B$UWLFOH/LQNLQJ�'LVSOD\+70/$UWLFOHIRUIU���
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PDLQO\�XVHG�IRU�SURGXFLQJ�IXHO�RLO��DQG�VPDOO�DPRXQWV�JR�WR�WKH�SURGXFWLRQ�RI�FDOFLQHG�SHWUROHXP�FRNH

DQG�URDG�DVSKDOW��$OVR�SKHQROV��UHVLQV��JOXHV��LPSUHJQDWRUV��WDQQLQJ�DJHQWV��PDVWLF��DQG�RWKHU�SURGXFWV

DUH�SURGXFHG��7KH�FRPSRVLWLRQ�RI�FUXGH�VKDOH�RLO�LV�GLVWLQJXLVKHG�E\�D�KLJK�FRQWHQW�RI�R[\JHQ

FRPSRXQGV�LQ�DGGLWLRQ�WR�DOLSKDWLF�DQG�DURPDWLF�K\GURFDUERQV���'XULQJ�WKH�ODVW�GHFDGHV��WZR�PHWKRGV

ZHUH�XVHG�IRU�VKDOH�RLO�SURFHVVLQJ��7KH�.LYLWHU�SURFHVV��YHUWLFDO�UHWRUWV�ZLWK�LQWHUQDO�KHDWLQJ��VRPH�����

W�RLO�VKDOH�SHU�GD\��ZLWK�WKH�XVH�RI�HQULFKHG�RLO�VKDOH�HQVXUHV���±����RLO�\LHOG��8QIRUWXQDWHO\��ODUJH

DPRXQWV�RI�RUJDQLF�PDWWHU�JHW�ORVW�ZLWK�KDUPIXO�VHPLFRNH��ZKLFK�DFFXPXODWHV�LQ�ODUJH�ZDVWH�SLOHV��)LJ�

���

)LJ����.LYL}OL�VHPLFRNH�SLOH�LQ�0D\�������3KRWR

E\�$��.llUG�

7KH�*DORWHU�RU�76.�����SURFHVV�ZLWK�VROLG�KHDW�FDUULHU�LQ�ZKLFK�SRRUHU�ILQH�RLO�VKDOH�LV�XVHG�KDV

ORZHU�HQYLURQPHQWDO�LPSDFW�DQG�LV�UHFRPPHQGHG�LQ�WKH�QDWLRQDO�GHYHORSPHQW�SODQ��1DUYD�3RZHU�3ODQWV

SODQ�WR�LQVWDOO�WZR�QHZ�76.�����GHYLFHV�WKXV�EULQJLQJ�WKH�GDLO\�WKURXJKSXW�RI�RLO�VKDOH�WR��� ���

WRQQHV��7KH�9LUX�.HHPLD�*UXSS�LQ�.RKWOD�-lUYH�VWDUWHG�WR�GR�WKH�VDPH�DQG�WKLV�EULQJV�WKH�WRWDO�QXPEHU

RI�VROLG�KHDW�WUDQVIHU�UHWRUWV�WR�VL[�ZLWK�D�WRWDO�HVWLPDWHG�WKURXJKSXW�RI�VRPH���0W�RI�RLO�VKDOH�SHU�\HDU

LQ�������$OO�WKLV�WRJHWKHU�ZLWK�WKH�YHUWLFDO�UHWRUWV�ZRXOG�VXSSO\�PRUH�WKDQ���PLOOLRQ�EDUUHOV�RI�KLJK

TXDOLW\�VKDOH�RLO�SHU�\HDU�

���(QYLURQPHQWDO�SUREOHPV

%HIRUH�WKH�FROODSVH�RI�WKH�6RYLHW�8QLRQ�(VWRQLD�ZDV�RQH�RI�WKH�ELJJHVW�XUDQLXP�SURGXFHUV�LQ�(XURSH�

'XULQJ�����±������PRUH�WKDQ���PLOOLRQ�WRQQHV�RI�XUDQLXP�RUH�ZDV�SURFHVVHG�DQG�RYHU���� ����WRQQHV

RI�XUDQLXP�ZHUH�SURGXFHG�DW�WKH�6LOODPlH�3ODQW�LQ�1(�(VWRQLD��$W�ILUVW�'LFW\RQHPD�DUJLOOLWH�ZDV�XVHG�DV

D�UDZ�PDWHULDO��,Q������WKLV�ZDV�UHSODFHG�E\�D�ULFKHU�RUH�LPSRUWHG�IURP�&HQWUDO�(XURSH��PDLQO\�IURP

+XQJDU\�DQG�&]HFKRVORYDNLD��,Q�SDUDOOHO��WKH�SODQW�VWDUWHG�SURFHVVLQJ�ORSDULWH��D�UDGLRDFWLYH�PLQHUDO

PLQHG�LQ�WKH�.ROD�3HQLQVXOD��LQ�RUGHU�WR�VHSDUDWH�UDUH�HDUWK�PHWDOV�VXFK�DV�QLRELXP��WDQWDOXP��HWF�

/RSDULWH�DOVR�FRQWDLQV�XUDQLXP��DERXW��������DQG�WKRULXP���������$�WRWDO�RI�VRPH���� ����WRQQHV�RI

ORSDULWH�ZDV�SURFHVVHG�DW�WKH�SODQW���7KH�ZDVWHV�IURP�SURFHVVLQJ�ZHUH�FRQYH\HG�WR�WKH�ILUVW�PDULQH

WHUUDFH�RI�&DSH�3lLWH�QHDU�WKH�SODQW�DQG�VWRUHG�RQ�WKH�VXUIDFH�XQWLO�������ZKHQ�D�ZDVWH�WDLOLQJV�SLOH�ZDV

HVWDEOLVKHG��7KH�SLOH�KDV�EHHQ�UHVKDSHG�D�FRXSOH�RI�WLPHV�DQG�LQ�����±���LW�ZDV�H[SDQGHG�WR�LWV�SUHVHQW

VL]H�ZLWK�DQ�RYHUDOO�DUHD�RI�VRPH���� ����P��DQG�DQ�HOHYDWLRQ�RI�DERXW����P�DERYH�VHD�OHYHO��,W

FRQWDLQV�FD�������PLOOLRQ�WRQQHV�RI�YDULRXV�ZDVWHV��LQFOXGLQJ�����PLOOLRQ�WRQQHV�RI�ZDVWH�IURP�SURFHVVHG

XUDQLXP�RUH�DQG�����PLOOLRQ�WRQQHV�RI�RLO�VKDOH�DVK�PL[HG�ZLWK�ZDVWH�IURP�ORSDULWH�SURFHVVLQJ����7KH

HVWLPDWHG�DPRXQW�RI�QDWXUDOO\�RFFXUULQJ�UDGLRQXFOLGHV�LQ�WKH�GHSRVLWRU\�LQFOXGHV�VRPH������WRQQHV�RI

XUDQLXP������WRQQHV�RI�WKRULXP�DQG�����NJ����î������%T��RI�UDGLXP��3UHYLRXVO\�VWRUHG�XQGHU�DQ�RSHQ

VN\�DW�WKH�ZDWHUIURQW�RI�WKH�*XOI�RI�)LQODQG��KHOS�DQG�IXQGLQJ�IURP�1RUGLF�FRXQWULHV�DQG�WKH�(XURSHDQ

&RPPLVVLRQ�HQDEOHG�WKLV�H[WUHPHO\�KD]DUGRXV�SROOXWLRQ�VRXUFH�WR�EH�PDGH�VDIH�LQ������

7KH�WKHUPDO�FRPEXVWLRQ�RI�RLO�VKDOH�LQ�SRZHU�SODQWV�OHDGV�WR�LQFUHDVLQJ�DPRXQWV�RI�KHDY\�PHWDOV�

LQFOXGHG�UDGLRDFWLYH�RQHV��LQ�WKH�DVK�GHSRVLWHG�RQ�DVK�ILHOGV�RU�HPLWWHG�LQWR�WKH�DWPRVSKHUH��6R�WKH

FRQFHQWUDWLRQ�RI�UDGLRDFWLYH�LVRWRSHV�LQ�WKH�RLO�VKDOH�GXPSV��ZKLFK�FRYHU�PRUH�WKDQ����NP��LQ�1(

(QYLURQPHQWDO�SUREOHPV�LQ�WKH�(VWRQLDQ�RLO�VKDOH�LQGXVWU\��'2,����������� KWWS���ZZZ�UVF�RUJ�GHOLYHU\�B$UWLFOH/LQNLQJ�'LVSOD\+70/$UWLFOHIRUIU���
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(VWRQLD��LV�PDQ\�WLPHV�KLJKHU�WKDQ�WKH�EDFNJURXQG�YDOXHV�LQ�VRLOV��UHDFKLQJ�����J�7í���$QQXDOO\�DERXW���

WRQQHV�RI�XUDQLXP�LV�WUDQVSRUWHG�ZLWK�DVK�WR�WKH�DVK�ILHOGV��,Q�����±�����PRUH�WKDQ���� ����WRQQHV�RI

IO\�DVK�ZDV�HPLWWHG�LQWR�WKH�DWPRVSKHUH��7KH�FRQFHQWUDWLRQ�RI�XUDQLXP�LQ�WKH�IO\�DVK�SDVVLQJ

SUHFLSLWDWRUV�HYHQ�KLJKHU������PRUH�WKDQ�LQ�WKH�DVK�WUDQVSRUWHG�WR�WKH�DVK�ILHOGV��7KLV�PHDQV�WKDW�\HDUO\

VRPH�����WRQQHV�RI�XUDQLXP�LV�HPLWWHG��'XH�WR�GU\�DQG�ZHW�GHSRVLWLRQ��VRPH�����RI�WKH�SROOXWDQWV

UHPDLQ�ZLWKLQ����NP�IURP�WKH�SROOXWLRQ�VRXUFH�DQG�VRPH�����WRQQHV�RI�XUDQLXP�LV�GHSRVLWHG�DQQXDOO\�LQ

WKH�YLFLQLW\�RI�RLO�VKDOH�ILUHG�SRZHU�SODQWV��'DWD�IURP�WKH�����V���GHPRQVWUDWH�WKDW�LQ�WKLV�DUHD�WKH

HVWLPDWHG�UDGLDWLRQ�GRVHV�ZHUH�WKH�KLJKHVW����±����5�Kí���

:KHUH�WKH�EHGURFN�FRQVLVWV�RI�DUJLOOLWH�DQG�LV�FRYHUHG�RQO\�E\�D�WKLQ�4XDWHUQDU\�FRYHU��D�KLJK�UDGRQ

ULVN�H[LVWV��7KH�DYHUDJH�DQG�PD[LPXP�UDGRQ�FRQFHQWUDWLRQV�UHDFKHG����DQG�����%T�Pí��IRU�7DOOLQQ�

����DQG������%T�Pí��IRU�.XQGD�DQG�����DQG�����%T�Pí��IRU�7RLOD����7KH�KLJKHVW�PHDVXUHG�LQGRRU

UDGRQ�OHYHO�ZDV������%T�Pí����

�����,PSDFW�RQ�K\GURORJ\�DQG�JURXQGZDWHU

2LO�VKDOH�PLQLQJ�LV�DFFRPSDQLHG�E\�D�ORZHULQJ�RI�WKH�ZDWHU�OHYHO�DQG�GLVFKDUJH�RI�PLQH�ZDWHU�LQWR

ERGLHV�RI�VXUIDFH�ZDWHU��7KH�WRWDO�DPRXQW�RI�GUDLQHG�ZDWHU�LV�IRUPHG�IURP�SUHFLSLWDWLRQ�ZDWHU��VXUIDFH

ZDWHU��VXEVXUIDFH�ZDWHU��IUHH�VXUIDFH�JURXQGZDWHU��DQG�SUHVVXUL]HG�JURXQGZDWHU��DQG�PLQH�ZDWHU�LV

DFWXDOO\�SDUW�RI�WKH�QDWXUDO�F\FOH�RI�ZDWHU��WKH�FRPSRQHQWV�RI�WKH�EDODQFH�RI�ZDWHU�SXPSHG�RXW�IURP

RSHQ�FDVWV�DQG�XQGHUJURXQG�PLQHV�GLIIHU�VLJQLILFDQWO\�

7R�FDOFXODWH�WKH�EDODQFH�RI�PLQH�ZDWHU�LQIORZ��UHVXOWV�RI�PRQLWRULQJ�RI�WKH�XVHG�PLQH�ZDWHU�LQIORZ

DQG�ERUHKROH�ZDWHU�OHYHO�DV�ZHOO�DV�K\GURJHRORJLFDO�PRGHOOLQJ�ZHUH�XVHG��,Q�WKH�FDVH�RI�1DUYD

RSHQ�FDVW��ZKLFK�FRQVLVWV�RI�9LLYLNRQQD��6LUJDOD�DQG�1DUYD�RSHQ�FDVW�ILHOGV��DQDO\WLFDO�VROXWLRQV�EDVHG

RQ�K\GURG\QDPLF�HTXDWLRQV�ZHUH�XVHG�WR�HVWLPDWH�WKH�JURXQGZDWHU�FRPSRQHQW��7KH�DUHD�RI�PLQHV

IORRGHG�LV�SUHVHQWO\�RYHU�����NP���WKH�YROXPH�RI�ZDWHU�LQ�WKHVH�PLQHV�LV�PRUH�WKDQ�����POQ�P��

&DOFXODWLRQV�RI�WKH�FRPSRQHQWV�RI�WKH�LQIORZ�EDODQFH�RI�RSHQ�FDVW�PLQH�ILHOGV�VKRZHG�WKDW�SUHVVXUL]HG

JURXQGZDWHU�PDNHV�XS�����RI�WKH�WRWDO�LQIORZ��WKH�SURSRUWLRQ�RI�IUHH�VXUIDFH�JURXQGZDWHU�LQ�GLIIHUHQW

RSHQ�FDVW�PLQH�ILHOGV�DFFRXQWV�IRU��±����DQG�SUHFLSLWDWLRQ�ZDWHU�PDNHV�XS���±����LQ�WKH�GHSOHWHG

DUHD��,Q�FORVHG�PLQHV�WKH�LQIORZ�RI�JURXQGZDWHU�PDNHV�XS�����RI�WKH�WRWDO�ZDWHU�SXPSHG�RXW����0LQLQJ

DFWLYLWLHV�KDYH�D�GLUHFW�LQIOXHQFH�RQ�JURXQGZDWHU�TXDOLW\�GXH�WR�WKH�XVH�RI�PDFKLQHU\��EODVWLQJ��IXHO�DQG

RLO�UHVLGXHV��HWF��7KH�NLQHWLFV�RI�WKH�R[LGDWLRQ�UHDFWLRQ�FKDQJHV�VLJQLILFDQWO\�DV�D�UHVXOW�RI�JULQGLQJ�URFNV

DQG�DFFHVV�RI�DLU�R[\JHQ�GXH�WR�WKH�ORZHULQJ�RI�WKH�ZDWHU�OHYHO��'XH�WR�R[LGDWLRQ�RI�S\ULWH�ZKLFK�RFFXUV

LQ�2UGRYLFLDQ�URFNV�WKH�ZDWHU�SXPSHG�RXW�IURP�PLQHV�FRQWDLQV�ODUJH�DPRXQWV�RI�VXOIDWHV��DW

FRQFHQWUDWLRQV�XS�WR�����PJ�Oí���6XOIDWHV�DUH�HDV\�WR�DQDO\VH�DQG�WKHUHIRUH�DUH�JRRG�LQGLFDWRUV�WR

GHVFULEH�WKH�PRYHPHQW�RI�PLQH�ZDWHUV��6XOIDWHV�DUH�D�SRWHQWLDO�WKUHDW�WR�WKH�HQYLURQPHQW�DV�LQ�VWURQJO\

DQDHURELF�HQYLURQPHQWV�WR[LF�K\GURJHQ�VXOILGH�PD\�EH�UHOHDVHG�

2LO�VKDOH�PLQLQJ�DQG�SURFHVVLQJ�KDYH�D�FRPSOLFDWHG�LPSDFW�RQ�VXUURXQGLQJ�ODQGVFDSHV��RQ�WKHLU

HFRORJLFDO�VWDWH��PDWWHU�F\FOLQJ��GHYHORSPHQW�HWF��'HWDLOHG�VWXGLHV�ZHUH�FRQGXFWHG�LQ�WKH�.XUWQD

/DQGVFDSH�5HVHUYH����7KH�.XUWQD��,OOXND��.DPH�ILHOG�IRUPHG�LQ�D�PDUJLQDO�DUHD�RI�WKH�ODVW�FRQWLQHQWDO

JODFLDWLRQ�GXULQJ�WKH�3DQGLYHUH�VWDJH�DERXW��� ���±�� ����UDGLRFDUERQ�\HDUV�DJR��7KH�.DPH�ILHOG�KDV

IRUPHG�DERYH�D�GHHS��XS�WR�����P�LQ�GHSWK��EXULHG�9DVDYHUH�DQFLHQW�YDOOH\��ILOOHG�ZLWK�4XDWHUQDU\

GHSRVLWV��,W�LV�D�W\SLFDO�PDUJLQDO�IRUPDWLRQ�RI�DV\PPHWULF�FURVV�VHFWLRQ�ZLWK�D�UHODWLYHO\�KLJK��VWUDLJKW

DQG�DEUXSW�LFH�FRQWDFW�VORSH�WR�ZHVW�DQG�JUDGXDOO\�ORZHULQJ�DQG�XQGHILQHG�VORSH�WR�WKH�HDVW��7KH�UHOLHI

LV�HVSHFLDOO\�YDULHG�GXH�WR�QXPHURXV�JODFLRNDUVWLF�KROORZV��LQ�ZKLFK�PRVW�RI�WKH�ODNHV�ZHUH�IRUPHG

GXULQJ�WKH�3UHERUHDO�FKURQR]RQH��7KLUW\�QLQH�ODNHV�RI�GLIIHUHQW�VKDSH��VL]H��GUDLQDJH�FDWFKPHQW�

K\GURORJLFDO�UHJLPH�DQG�WURSKLF�OHYHO�H[LVW�LQ�WKH����NP��DUHD��7ZR�PDLQ�IDFWRUV�FDXVHG�E\�WKH�RLO�VKDOH

LQGXVWU\�KDYH�DIIHFWHG�WKH�VWDWH�RI�WKHVH�ODNHV��DV�ZHOO�DV�WKH�VXUURXQGLQJ�PLUHV��6LQFH�WKH�����V�ZDWHU

OHYHOV�KDYH�VWDUWHG�WR�IDOO�LQ����RI�WKH�ODNHV�EHFDXVH�RI�GUDLQDJH�LQWR�RLO�VKDOH�RSHQ�FDVWV��SHDW�FXWWLQJ�LQ

WKH�QRUWK�DQG�HDVW�RI�WKH�9DVDYHUH�YDOOH\��VDQG�SURGXFWLRQ�LQ�WKH�3DQQMlUYH�RSHQFDVW�DQG�ZDWHU

FRQVXPSWLRQ�LQ�WKH�9DVDYHUH�LQWDNH�VWUXFWXUH����$V�D�UHVXOW��DW�WKH�VWDUW�RI�WKH�����V�WKH�ZDWHU�OHYHO�LQ

WKH�FHQWUH�RI�WKH�.DPH�ILHOG�KDG�IDOOHQ�E\��±��P��)LJ�����

(QYLURQPHQWDO�SUREOHPV�LQ�WKH�(VWRQLDQ�RLO�VKDOH�LQGXVWU\��'2,����������� KWWS���ZZZ�UVF�RUJ�GHOLYHU\�B$UWLFOH/LQNLQJ�'LVSOD\+70/$UWLFOHIRUIU���

��YRQ�� ����������������



)LJ����,Q�ODUJH�DUHDV�RI�1(�(VWRQLD��ODQGVFDSHV

KDYH�EHHQ�DIIHFWHG�E\�RLO�VKDOH�PLQLQJ�ZKLFK�KDV

ORZHUHG�WKH�JURXQGZDWHU�OHYHO�E\�XS�WR��±�

PHWUHV��3RZHU�SODQWV�HPLW�PLOOLRQV�RI�WRQQHV�RI�IO\

DVK�LQWR�WKH�DWPRVSKHUH�

�����,PSDFW�RQ�WKH�DWPRVSKHUH

&RPEXVWLRQ�RI�RLO�VKDOH�LQ�WKHUPDO�SRZHU�SODQWV�LV�DQRWKHU�LPSRUWDQW�IDFWRU�WKDW�KDV�DIIHFWHG

HFRV\VWHPV�LQ�1(�(VWRQLD�GXULQJ�WKH�VHFRQG�KDOI�RI�WKH�ODVW�FHQWXU\��7KH�ILUVW�RLO�VKDOH�ILUHG�SRZHU

SODQW�LQ�1(�(VWRQLD�ZDV�HUHFWHG�LQ�������)ROORZLQJ�WKLV�WKH�.RKWOD�-lUYH�DQG�$KWPH�SRZHU�SODQWV�ZHUH

EXLOW�LQ������DQG������FRUUHVSRQGLQJO\��7KH�ODWWHU�LV�ORFDWHG�RQO\����NP�IURP�/DNH�1{PPHMlUY�

(UHFWHG�LQ�WKH�ODWH�����V�DQG�HDUO\�����V�WKH�%DOWL�DQG�(HVWL�WKHUPDO�SRZHU�SODQWV�ZHUH�PXFK�PRUH

SRZHUIXO�WKDQ�WKH�ROGHU�SODQWV��$V�D�UHVXOW�RI�WKLV�LQFUHDVHG�SRZHU�JHQHUDWLRQ�VRPH���� ����WRQQHV�RI

IO\�DVK�LV�HPLWWHG�LQWR�WKH�DWPRVSKHUH�DQQXDOO\����)O\�DVK�GHSRVLWLRQ�KDV�UHVXOWHG�LQ�DQ�LQFUHDVH�LQ�WKH

DFFXPXODWLRQ�UDWHV�RI�VHYHUDO�PLFURHOHPHQWV�LQ�ODNH�VHGLPHQWV�DQG�D�GHFUHDVH�LQ�WKHLU�RUJDQLF�PDWWHU
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