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6WDQGDORQH�(QHUJ\�6\VWHP�IRU�D�5HPRWH�)LVKLQJ�,VODQG�LQ�6UL�/DQND�

$��-��$EH\ZDUGDQD���+��0��,��6��0DGKXUDQJD���$��6��3HUHUD���,��+��7��'��/LRQHO���6��.RKRPEDQJH���$�5��,��:��
,QGXQLO���5XFKLUD�$EH\ZHHUD���1��6��6HQDQD\NH���*ZHQDsOOH�*XLOOHUPH��

�7KH�2SHQ�8QLYHUVLW\�RI�6UL�/DQND��6UL�/DQND���7�,�0�(��$VVRFLDWLRQ��3DULV��)UDQFH�

$EVWUDFW�
7KH�VWXG\�SUHVHQWV�WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�WKH�
IHDVLELOLW\� RI� D� VXVWDLQDEOH� HOHFWULFLW\� JHQHUDWLRQ�
V\VWHP� IRU� %XWKWKDODQJXQGXZD�� D� VPDOO� LVODQG�
VLWXDWHG�LQ�3RUWXJDO�%D\��RII�WKH�QRUWK²ZHVWHUQ�FRDVW�
RI�6UL�/DQND��,W�LV�D�UHPRWH�ILVKLQJ�LVODQG�RI�DERXW���
NP��ZLWK�D�SRSXODWLRQ�RI�DERXW���������)LVKLQJ�DQG�
SURGXFWLRQ� RI� GULHG� ILVK� LV� WKH�PDLQ� OLYHOLKRRG��$�
SULYDWHO\�RZQHG� GLHVHO� JHQHUDWRU� SURYLGHV� DQ�
HUUDWLF� SRZHU� VXSSO\�� .HURVHQH� LV� SUHGRPLQDQWO\�
XVHG�IRU�OLJKWLQJ�DQG�FRRNLQJ��7KH�SURSRVHG�SURMHFW�
ZRXOG�VHUYH�HOHFWULFLW\�QHHGV�LQ�KRXVHKROGV��D�ZDWHU�
SXULILFDWLRQ� SODQW� DQG� IRU� ILVK� SUHVHUYDWLRQ�� $�
FRPELQDWLRQ� RI� VRODU�� ZLQG� DQG� /L�LRQ� EDWWHU\�
VWRUDJH� LV� SURSRVHG�� +20(5�352� VRIWZDUH� ZDV�
XVHG�WR�RSWLPL]H�WKH�V\VWHP��7KH�RSWLPXP�V\VWHP�
FRQVLVWV�RI�����N:�RI�VRODU�39�DQG�����N:�RI�ZLQG�
WXUELQHV� WRJHWKHU�ZLWK� ���� N:K� FDSDFLW\� RI� /L�LRQ�
EDWWHU\� VWRUDJH�� )LQDO� OHYHOL]HG� FRVW� RI� HQHUJ\� LV� ��
������SHU�N:K��ZKLFK�LV�PRUH�FRPSHWLWLYH�FRPSDUHG�
ZLWK�WKH�SUHVHQW�SUDFWLFH�RI�XVLQJ�IRVVLO�IXHOV���

,QWURGXFWLRQ�
6UL� /DQND� LV� DQ� LVODQG� LQ� WKH� ,QGLDQ�2FHDQ�ZLWK� D�
SRSXODWLRQ�RI�RYHU����PLOOLRQ��%\�HQG�������6UL�/DQND�
KDG�DERXW�������0:�RI�LQVWDOOHG�SRZHU�JHQHUDWLRQ�
FDSDFLW\� LQFOXGLQJ� K\GUR�� WKHUPDO� DQG� UHQHZDEOH�
HQHUJ\�VRXUFHV��VHUYLQJ�WKH�QDWLRQDO�JULG���7KH�WRWDO�
HOHFWULFLW\�JHQHUDWLRQ�ZDV�DERXW��������*:K��������
FRPSULVLQJ�����IURP�FRDO������IURP�RLO��DQG�WKH�EDO�
DQFH�����IURP�UHQHZDEOH�VRXUFHV�VXFK�DV�ODUJH�K\�
GUR�� PLQL� K\GUR�� ZLQG� DQG� VRODU� >�@�� 7KH� QDWLRQDO�
HOHFWULFLW\� WUDQVPLVVLRQ� QHWZRUN� LV� PDLQWDLQHG� E\�
WKH� JRYHUQPHQW� RZQHG� XWLOLW\� SURYLGHU�� &H\ORQ�
(OHFWULFLW\�%RDUG��&(%���&(%�PDLQWDLQV�DQG�VXSSOLHV�
HOHFWULFLW\� WR� ����� PLOOLRQ� FXVWRPHUV� DOO� RYHU� WKH�
FRXQWU\�H[FHSW�VRPH�:HVWHUQ�DQG�6RXWKHUQ�FRDVWDO�
DUHDV�ZKLFK� DUH� VHUYHG� E\� /DQND� (OHFWULFLW\� &RP�
SDQ\��/(&2���,Q�������&(%�GLVWULEXWHG��������*:K�
RI� HOHFWULFLW\� WR� LWV� FXVWRPHUV�� 6UL� /DQND� GHFODUHG�
DFKLHYLQJ� ����� HOHFWULILFDWLRQ� LQ� ������ EXW� FRQ�
VWUDLQWV� WR� H[WHQG� WKH� WUDQVPLVVLRQ�QHWZRUN� WR� LVR�
ODWHG�DUHDV�VXFK�DV�RII�VKRUH�LVODQGV�DQG�VPDOO�FRP�
PXQLWLHV�LQ�GLIILFXOW�WHUUDLQ�UHPDLQV�D�FKDOOHQJH���$V�
DQ� RSWLRQ�� WKH� JRYHUQPHQW� SURPRWHV� RII�JULG� V\V�
WHPV�WR�DFKLHYH������HOHFWULILFDWLRQ� LQ� WKH�QHDU�IX�
WXUH�>�@��$OVR��WKH�JRYHUQPHQW�SROLF\�WDUJHWV�WR�HQ�
KDQFH�WKH�UHQHZDEOH�HQHUJ\�FRQWULEXWLRQ�WR�WKH�PDLQ�

JULG�DQG�WR�SURGXFH�ODUJHU�VKDUHV�RI�HOHFWULFLW\�IURP�
VRODU�DQG�ZLQG�VRXUFHV���

,PSURYHPHQW�RI�VRFLR�HFRQRPLF�FRQGLWLRQV�LQ�UXUDO�
DUHDV�KDYH� FUHDWHG� DQ� LQFUHDVLQJ� GHPDQG� IRU� HOHF�
WULFLW\��PDLQO\�IRU� OLJKWLQJ�DQG� WR�RSHUDWH�FRPPRQ�
KRXVHKROG� HOHFWULFDO� DSSOLDQFHV�� 7R� PHHW� WKLV� GH�
PDQG�DPRQJ�UHPRWH�FRPPXQLWLHV��LPSOHPHQWDWLRQ�
RI�UHQHZDEOH�HQHUJ\�EDVHG�RII�JULG�V\VWHPV�LV�DQ�DS�
SURSULDWH�PHDVXUH�ZKLFK�LV�LQ�OLQH�ZLWK�WKH�JRYHUQ�
PHQW� SROLF\� WDUJHWV�� ,W� ZLOO� LQFUHDVH� WKH� VKDUH� RI�
SRZHU�JHQHUDWLRQ�IURP�UHQHZDEOH�VRXUFHV�DQG�SUR�
YLGH�DFFHVV�WR�HOHFWULFLW\�WR�DOO��$OWKRXJK�DV�D�VKDUH�
RI�WKH�FRXQWU\�SRSXODWLRQ��WKH�SHRSOH�OLYLQJ�LQ�UXUDO�
FRPPXQLWLHV� LV� VPDOO�� HOHFWULILFDWLRQ� UDWH�� SDUWLFX�
ODUO\�LQ�PRVW�RI�WKH�LVODQGV�LV�YHU\�ORZ��2QH�RI�VXFK�
LVODQG�LV�%DWKWKDODQJXQGXZD�� VLWXDWHG����NP�RII� WKH�
QRUWK�ZHVWHUQ�FRDVW��>�@��

$W�SUHVHQW�GLHVHO�JHQHUDWRUV�VXSSO\�HOHFWULFLW\�WR�WKLV�
LVODQG�IRU�D�OLPLWHG�QXPEHU�RI�KRXUV��DOVR�FRYHULQJ�
OLPLWHG� SXEOLF� SODFHV�� (OHFWULFLW\� JHQHUDWLRQ� IURP�
GLHVHO�JHQHUDWLRQ�LV�H[SHQVLYH�GXH�WR�GLIILFXOWLHV�LQ�
WUDQVSRUWLQJ� IXHO�� 'LHVHO� JHQHUDWRUV� DOVR� FDXVH� DLU�
SROOXWLRQ���+HQFH��GHYHORSPHQW�RI�D�WKHUPDO�SRZHU�
SODQW�RI�DGHTXDWH�FDSDFLW\�WR�VHUYH�WKH�QHHGV�RI�WKH�
SRSXODWLRQ�FRXOG�QRW�EH�FRQVLGHUHG�DV�D�IHDVLEOH�RS�
WLRQ��7KHUHIRUH��GHVLJQLQJ�RI�DQ�RII�JULG�SRZHU�V\V�
WHP�XVLQJ�UHQHZDEOH�HQHUJ\�LV�D�JRRG�RSWLRQ�WR�PHHW�
HQHUJ\�GHPDQG�RI�WKH�LVODQG���

6LQFH�6UL�/DQND�LV�VLWXDWHG�FORVH�WR�WKH�HTXDWRU��VRODU�
UDGLDWLRQ�DQG�ZLQG�UHVRXUFH�DUH�KLJK��DQG�HDVLO\�EH�
XVHG� WR�GHYHORS�VWDQGDORQH�HQHUJ\�V\VWHPV� IRU� UH�
PRWH�FRPPXQLWLHV��7KH�VWXG\�VSHFLILFDOO\�DLPHG�DW�
GHVLJQLQJ� D� VWDQGDORQH� HQHUJ\� V\VWHP� WR� SURYLGH�
VXVWDLQDEOH��FRVW�HIIHFWLYH�HOHFWULFLW\�VXSSO\�IRU�WKLV�
ILVKLQJ�LVODQG�XVLQJ�UHQHZDEOH�HQHUJ\�WHFKQRORJLHV�
LQ�RUGHU�WR�PHHW�WKH�HOHFWULFLW\�GHPDQG�RI�GRPHVWLF�
OLJKWLQJ�DQG�RWKHU�XVHV��ZDWHU�SXULILFDWLRQ�IRU�GULQN�
LQJ�ZDWHU� VXSSO\�� DQG�HOHFWULFLW\� IRU� ILVK�SUHVHUYD�
WLRQ��

0HWKRGRORJ\�

7KH�WRWDO�DUHD�RI�WKH�LVODQG�LV�DERXW���NP��DQG�KDV�D�
SRSXODWLRQ� RI� DERXW� ������� 7KH�PDLQ� OLYHOLKRRG� RI�
WKH�LVODQG�SHRSOH�LV�ILVKLQJ����7KH�VWDQGDUG�RI�OLYLQJ�
DQG� WKH� SUHYDLOLQJ� LVVXHV� ZHUH� LGHQWLILHG� WKURXJK�
SDSHU� DUWLFOHV� DQG� GRFXPHQWV� ZULWWHQ� E\� YLVLWRUV��
(OHFWULFLW\�GHPDQG�DQG� ORDG�HVWLPDWLRQ�ZHUH�GRQH�
WKURXJK� D� VXUYH\�� :LQG� DQG� VRODU� UHVRXUFH� GDWD�
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ZHUH� FROOHFWHG� IURP� DYDLODEOH� UHVRXUFHV� �15(/��
6/6($���+20(5�3UR�$QDO\WLFDO� 7RRO�ZDV�XVHG� WR�
HVWLPDWH�WKH�SRWHQWLDO�HOHFWULFLW\�JHQHUDWLRQ�IURP�UH�
QHZDEOH� HQHUJ\� VRXUFHV�� VHOHFWLRQ� RI� VXVWDLQDEOH�
FRVW�HIIHFWLYH� WHFKQRORJLHV� DQG� V\VWHP� GHVLJQ� DQG�
FRVW�HVWLPDWLRQ���

3URMHFW�/RFDWLRQ�

%DWKWKDODQJXQGXZD�LV�DQ�HORQJDWHG�VDQG\�LVODQG�OR�
FDWHG�LQ�WKH�3RUWXJDO�%D\�LQ�6UL�/DQND�DV�VKRZQ�LQ�
)LJXUH� ��� � � H[WHQGLQJ� DERXW� ��� NP� LQ� OHQJWK� IURP�
VRXWK� �����
���1�/DWLWXGH�	������
���(�/RQJLWXGH��
WR� QRUWK� �����
���1� /DWLWXGH� 	 �����
���(� /RQJL�
WXGH���DQG�PD[LPXP�ZLGWK�LV��DERXW�����P�IURP�H[�
WHQGLQJ�IURP�HDVW�WR�ZHVW�>�@���

)LJXUH�����/RFDWLRQ�RI�WKH�%DWKWKDODQJXQGXZD��
,VODQG�

7KLV� LVODQG�H[SHULHQFHV� SHULRGV� RI� ORZ� UDLQIDOO�� LQ�
WHQVH�VXQOLJKW�DQG�VWURQJ�VHDVRQDO�ZLQGV��7KH�DYHU�
DJH�UDLQIDOO�LV����������PP�SHU�\HDU��EXW�KHDY\�UDLQ�
IDOO�FDQ�EH�REVHUYHG�LQ�$SULO�WR�0D\��DQG�2FWREHU�WR�
'HFHPEHU� >�@�� &RPPXQLW\� LQ� WKH� LVODQG� KDV� EDVLF�
SDOP�IURQG�KXWV��ZLWK�OLWWOH�IUHVK�ZDWHU��7KH\�GR�QRW�
KDYH� EDVLF� VDQLWDWLRQ� RU� KHDOWK� IDFLOLWLHV�� 7KH� ORFDO�
OLIHVW\OH� FRQVLVWV� RI� ILVKLQJ� LQ� WKH� HDUO\� PRUQLQJV��
WKHQ� SUHSDULQJ� DQG� GU\LQJ� WKH� ILVK�� DQG� UHSDLULQJ�
ILVKLQJ�QHWV�LQ�WKH�DIWHUQRRQ�DQG�HYHQLQJV���3HRSOH�
XVH�NHURVHQH�ODPSV�DQG�VPDOO�JHQHUDWRUV�IRU�OLPLWHG�
OLJKWLQJ�����$�IHZ�JHQHUDWRUV�DUH�RSHUDWHG�LQ�WKH�QDY\�
FDPS�DQG� LQ� WKH� � � FKXUFK�� 7KH�FORVHVW�SRLQW�RI� WKH�
QDWLRQDO� JULG� LV� ��� NP� DZD\�� LQ� WKH� PDLQODQG�>�@��
7KHUH�DUH�QR�JUDYHO�RU�WDUUHG�URDGV�LQ�WKH�LVODQG��EXW�
QDUURZ�VDQG\�SDWKV�OLQHG�ZLWK�KRXVHV�KDYH�FUHDWHG�
D� FRQYROXWHG� QHWZRUN� RI� URXWHV�� )XUWKHUPRUH��
WUDQVSRUW�LV�PDLQO\�ZLWK�SRUWDJH�ZKLOH�EXOORFN�FDUWV�
DUH�HPSOR\HG�DW�WLPHV�WR�KDXO�KHDY\�ORDGV�VXFK�DV�
ZDWHU�EDUUHOV��1R�ODQG�WHOHSKRQH�IDFLOLWLHV�DUH�DYDLO�
DEOH�LQ�WKH�LVODQG��EXW�RQH�PRELOH�QHWZRUN�LV�DFWLYH�
LQ�WKH�DUHD��$�IHZ�VKRSV�DUH�DYDLODEOH��DQG�JRRGV�DUH�

YHU\�H[SHQVLYH��3HRSOH�XVH�NHURVHQH�VWRYHV�IRU�FRRN�
LQJ� DV� ILUHZRRG� LV� QRW� DYDLODEOH�� 3RWDEOH� ZDWHU� LV�
DYDLODEOH�DQG�RQO\�D�IHZ�ZDWHU�SLWV�DUH�VXLWDEOH�IRU�
GULQNLQJ��7KH\�WRR�DUH�QRW�DGHTXDWH�IRU�JHQHUDO�XVH�
>�@��

(OHFWULFLW\� 5HTXLUHPHQW� RI� WKH� ,VODQG� DQG� 3UR�
SRVHG�0HDVXUHV�
7KH�SHRSOH�QHHG�HOHFWULFDO�HQHUJ\�DW�WKHLU�KRPHV�IRU�
OLJKWLQJ�DQG�IRU�KRXVHKROG�DSSOLDQFHV��,Q�DGGLWLRQ��
WKH� LVODQG�QHHGV� HOHFWULFLW\� IRU� WKH�SURSRVHG�ZDWHU�
SXULILFDWLRQ�V\VWHP�WR�SURYLGH�SRWDEOH�ZDWHU�DQG�IRU�
D�IHZ�IUHH]HU�SODQWV�IRU�WKH�SUHVHUYDWLRQ�RI�ILVK��

(OHFWULFLW\�
*ULG�HOHFWULILFDWLRQ�LV�QRW�HFRQRPLFDOO\�IHDVLEOH�RZ�
LQJ�WR�WKH�GLVWDQFH�WR�WKH�FRXQWU\·V�PDLQ�JULG�DQG�WKH�
VXEPDULQH�FRQQHFWLRQ�UHTXLUHG��$Q�RII�JULG�HOHFWULF�
LW\� V\VWHP�ZRXOG� EH� VXIILFLHQW� DV� DQ� LQGHSHQGHQW�
VRXUFH�RI�HQHUJ\�WR�FDWHU�WR�WKH�GHPDQG�RI�WKLV�VPDOO�
ILVKLQJ�LVODQG��%XWKWKDODQJXQGXZD�LV�EOHVVHG�ZLWK�LQ�
WHQVH�VRODU�UDGLDWLRQ�DQG�VWURQJ�VHDVRQDO�ZLQG��PDN�
LQJ�ZD\�IRU�VXVWDLQDEOH�SRZHU�JHQHUDWLRQ��$FFRUG�
LQJO\�� D� ZLQG� DQG� URRI�WRS� VRODU� 39� EDVHG� SRZHU�
V\VWHP�LV�SURSRVHG��'XH�WR� WKH� LQWHUPLWWHQW�QDWXUH�
DQG� KHDY\� IOXFWXDWLRQV� RI� WKHVH� WZR� UHVRXUFHV�
WKURXJKRXW�WKH�\HDU��D�EDWWHU\�VWRUDJH�V\VWHP�LV�SUR�
SRVHG�DV�WKH�EDFNXS�V\VWHP�IRU�WKH�WRWDO�SRZHU�V\V�
WHP��

'ULQNLQJ�:DWHU�
3HRSOH� LQ�%XWKWKDODQJXQGXZD�FXUUHQWO\�ILQG�LW�GLIIL�
FXOW� WR�VHFXUH�GULQNLQJ�ZDWHU� IURP�QDWXUDO�VRXUFHV�
DQG�WKH�RQO\�VROXWLRQ�LV�WR�GHVDOLQDWH�VHD�ZDWHU���7KLV�
FDQ�EH�DFKLHYHG�ZLWK�D�5HYHUVH�2VPRVLV��52��SODQW��
,W� UHPRYHV� VDOW� IURP� VHD�ZDWHU� SURGXFLQJ�SXULILHG�
IUHVK�ZDWHU�IRU�GULQNLQJ��LUULJDWLRQ�DQG�LQGXVWU\��

,Q� WKH� 52� SURFHVV�� ZDWHU� DW� KLJK� SUHVVXUH� SDVVHV�
WKURXJK�YHU\�ILQH�PHPEUDQHV�ZKLFK�DOORZ�SDVVLQJ�
RI� RQO\� ZDWHU� PROHFXOHV� WKURXJK� WKHP�� 52� SODQW�
FRQVLVWV� RI� WZR� SKDVHV� QDPHO\� SUHWUHDWPHQW� DQG�
PHPEUDQH�ILOWUDWLRQ��,Q�SUHWUHDWPHQW��ILOWUDWLRQ�DQG�
FRDJXODWLRQ�UHPRYHV�WKH�VROLGV�DQG�VXVSHQGHG�SDU�
WLFOHV��7KHQ��WKURXJK�FKORULQDWLRQ�DQG�RWKHU�FKHPL�
FDOV��WKH�ELRORJLFDO�RUJDQLVPV�DUH�UHPRYHG��)LQDOO\��
S+�DQG�KDUGQHVV�RI�ZDWHU� LV� FRQWUROOHG�E\�DGGLQJ�
UHOHYDQW�FKHPLFDOV�� ,Q� WKH�PHPEUDQH� ILOWUDWLRQ�� VHD�
ZDWHU�DW�KLJK�SUHVVXUH�LV�SXPSHG�WR�WKH�ILOWHUV�DQG�
SDVVHG� WKURXJK� D� VSHFLDO� PHPEUDQH� ZUDSSHG�
DURXQG�DQ�LQQHU�WXEH��7KHQ��ZDWHU�PROHFXOHV�DUH�GL�
UHFWHG�WR�WKH�LQQHU�WXEH�DV�WKH�SUHVVXUH�IRUFHV�WKHP�
WKURXJK� WKH� PHPEUDQH�� 52� V\VWHP� \LHOGV� ���� RI�
IUHVK� ZDWHU� DQG� WKH� UHPDLQLQJ� VHD� ZDWHU� FDUULHV�
DZD\�WKH�FROOHFWHG�VDOW�DQG�ILQDOO\�UHWXUQHG�EDFN�WR�
WKH�RFHDQ��
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)LVKLQJ�,QGXVWU\� 0RVW�RI�UHVLGHQWV�DUH�
)LVKHUPHQ�DQG� LW� LV� WKH�PDLQ� LQFRPH�VRXUFH�RI� WKH�
LVODQG�� ,W�KDV�EHFRPH�D�KXE� IRU�PLJUDQW� ILVKHUPHQ�
ZKR�RFFXS\�WKH�LVODQG�RQ�D�VHDVRQDO�EDVLV��6WDWLVWLFDO�
GDWD� UHODWHG� WR� WKH� LVODQG·V� ILVK� SURGXFWLRQ� LV� QRW�
DYDLODEOH���7KHUHIRUH��MXGJPHQWDO�FRQFOXVLRQV�KDG�WR�
EH�PDGH�DERXW�WKH�HOHFWULFDO�HQHUJ\�UHTXLUHPHQW�IRU�
DFWLYLWLHV�DVVRFLDWHG�ZLWK�WKH�ILVKLQJ�LQGXVWU\���7KH�
WRWDO�SURGXFWLRQ�RI�PDULQH�ILVK�LV���������PHWULF�WRQV�
SHU�\HDU�LQ�WKH�ZKROH�FRXQWU\�>�@��7KH�WRWDO�QXPEHU�
RI� ILVKLQJ� ERDWV� HPSOR\HG� LQ� WKH�ZKROH� FRXQWU\� LV�
��������DQG�RXW�RI�WKLV�������������DUH�RSHUDWHG�LQ�WKH�
3XWWDODP�GLVWULFW�ZKHUH�WKLV�LVODQG�LV�VLWXDWHG�>�@���,W�
LV�UHDVRQDEOH�WR�DVVXPH�WKDW�DQQXDO�ILVK�SURGXFWLRQ�
LV� SURSRUWLRQDO� WR� WKH� QXPEHU� RI� ERDWV�� 7KHUHIRUH��
WKH� HVWLPDWHG� DQQXDO� ILVK� SURGXFWLRQ� RI� 3XWWDODP�
GLVWULFW� LV� ������� PHWULF� WRQV� ����� PHWULF� WRQV� SHU�
GD\����

(OHFWULFLW\�'HPDQG�$QDO\VLV�
(VWLPDWHG�HOHFWULFLW\�UHTXLUHPHQW�IRU�EDVLF�GRPHVWLF�
QHHGV�LV�JLYHQ�LQ�7DEOH����

7DEOH�����(OHFWULFDO�5HTXLUHPHQW�RI�D�7\SLFDO��
+RXVHKROG

/RFDWLRQ�
(OHFWULFLW\�8VDJH��:��

/LJKWLQJ�
0HFKDQLFDO�
9HQWLODWLRQ�

2WKHU�

5RRP���
��:����/('�
EXOE�� ���:����)DQ��

��� :� �5DGLR��
7HOHSKRQH�
&KDUJLQJ�HWF��

5RRP��� ��:����/('�
EXOE��

���:����)DQ��

.LWFKHQ�
��:����/('�
EXOE��

��

:DVK�
5RRP�

��:����/('�
EXOE��

��

7RWDO� ���:� ����:� ���:�

3HRSOH� LQ�%XWKWKDODQJXQGXZD� FXUUHQWO\� OHDG� D�YHU\�
EDVLF�OLIHVW\OH�ZLWK�D�FRPELQDWLRQ�RI�SRRU�DQG�IDLUO\�
ZHOO�RII�IDPLOLHV��ZLWK�WKH�PDMRULW\�EHLQJ�SRRU��:LWK�
WKH� OLPLWHG� IDFLOLWLHV�� SHRSOH� IXOILOO� WKHLU� EDVLF� UH�
TXLUHPHQWV�DQG�WKH�VROH�SXUSRVH�RI�WKH�VWDQGDORQH�
V\VWHP�LV�WR�PHHW�WKH�SUHVHQW�HOHFWULFLW\�GHPDQG�RI�
WKHVH� SHRSOH� WR� LQFUHDVH� WKHLU� OLYLQJ� VWDQGDUGV��
7KHUHIRUH��LQ�WKH�FDVH�VWXG\��RQO\�WKH�EDVLF�UHTXLUH�
PHQWV�RI�WKH�SHRSOH�ZHUH�FRQVLGHUHG�DYRLGLQJ�XQDI�
IRUGDEOH� HOHFWULFLW\� UHTXLUHPHQWV� VXFK� DV� GRPHVWLF�
UHIULJHUDWRUV��2QFH�WKH�OLYLQJ�VWDQGDUG�UHDFKHV�D�FHU�
WDLQ�OHYHO��DQ�H[SDQVLRQ�RI�WKH�V\VWHP�FDQ�EH�FRQVLG�
HUHG�WR�PHHW�WKH�DGGLWLRQDO�HOHFWULFLW\�GHPDQG�DV�WKH�
QH[W�VWDJH�RI� WKH�SURSRVHG�SURMHFW�� �0HDQ�YDOXH�RI�
KRXVHKROG�LQFRPH�SHU�PRQWK�LQ�WKH�UXUDO�VHFWRU�RI�
6UL�/DQND�LV�DURXQG���������>�@���

7DEOH�����7LPH�'XUDWLRQ�WKH�$SSOLDQFHV�DUH�EHLQJ�XVHG�

$SSOLDQFH� /RFDWLRQ�
7LPH�GXUDWLRQ�RI�XVH�

SHU�GD\�

/LJKWLQJ�

5RRPV�
�����DP������DP�	��
�����SP�WR������SP�

.LWFKHQ�
�����DP������DP�	
�����SP�WR������SP�

:DVKURRP�
�����DP������DP�	��
�����SP�WR������SP�

0HFKDQLFDO�
YHQWLODWLRQ�

5RRPV�
�����DP�WR������SP�	
�����SP�WR������SP�

5DGLR� ��
������DP������DP�	�
�����DP�WR������SP��

&RQVLGHULQJ�WKH�WLPH�GXUDWLRQ��7DEOH����WKH�HOHFWULFDO�
DSSOLDQFHV�DUH�OLNHO\�WR�EH�XVHG��GDLO\�HOHFWULFDO�HQ�
HUJ\�XVH�ZDV�HVWLPDWHG�DV�IROORZV��
(QHUJ\�IRU�OLJKWLQJ� � � �������N:K�
(QHUJ\�IRU�PHFKDQLFDO�YHQWLODWLRQ� �������N:K�
(QHUJ\�IRU�RWKHU�XVH� � � �������N:K�
7RWDO�GDLO\�GRPHVWLF�HOHFWULFLW\��

5HTXLUHPHQW� � ���������N:K�
0RQWKO\�HOHFWULFLW\�UHTXLUHPHQW�� ��������N:K�

(OHFWULFLW\�'HPDQG�IRU�'ULQNLQJ�:DWHU�6XSSO\�
$V� SURSRVHG�� VHD� ZDWHU� ZRXOG� EH� FRQYHUWHG� WR�
GULQNLQJ�ZDWHU� E\� LQWURGXFLQJ� D� 5HYHUVH� 2VPRVLV�
�52��SODQW��(VWLPDWLRQ�RI�HOHFWULFLW\�UHTXLUHPHQW�RI�
WKH�52�SODQW�LV�VKRZQ�DV�EHORZ��
������������������ ൌ ͳͲ��������������������������>�@�
����������� ൌ ͵ǡͲͲͲ
��������������������������������� ൌ �͵Ͳ��ଷ

$VVXPLQJ� WKH� 52� SODQW� RSHUDWHV� �� K�GD\�� D� 52�
SODQW�ZLWK�D�FDSDFLW\�RI���P��SHU�KRXU�ZDV�VHOHFWHG��

3RZHU�UDWLQJ�RI�WKH�52�SODQW�LV�JLYHQ�DV������N:�>�@�

�������������������������������������� ൌ ͻǤͻ������ͷ��
ൌ ૡǤ ૠ ܐ܅ܓ

(OHFWULFLW\�'HPDQG�IRU�,FH�3ODQW�
(VWLPDWLRQ�RI�DPRXQW�RI�ILVK�WR�EH�FRROHG�
(OHFWULFLW\�GHPDQG�IRU�WKH�LFH�SODQW�GHSHQGV�RQ�WKH�
DPRXQW�RI�ILVK�WR�EH�SUHVHUYHG�E\�FRROLQJ��7KHUHIRUH��
WKH� GDLO\� ILVK� KDUYHVW� ZDV� HVWLPDWHG� E\� XVLQJ� WKH�
QXPEHU�RI�ILVKLQJ�ERDWV��

��Ǥ ���������ሺ�ሻ �ൌ
	Ǥ �Ǥ �Ǥ �

�
)������1R��RI�IDPLOLHV�
[���3HUFHQWDJH�LQYROYHG�LQ�ILVKLQJ�LQGXVWU\�
\���3HUFHQWDJH�DPRXQW�JRLQJ�IRU�ILVKLQJ�
G���3HUFHQWDJH�GD\�IDFWRU�
�����1R��RI�ILVKHUPHQ�SHU�ERDW�
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���������������������������ൌ
ሺͻͲ ൈ ͲΨ ൈ ͲΨ ൈ ͷͲΨሻ

ͷ
ൌ ͵͵

7RWDO�ILVK�KDUYHVW�SHU�GD\�ZDV�HVWLPDWHG�WR�EH��������
NJ��FRQVLGHULQJ�������NJ�RI�ILVK�SHU�ERDW��$ERXW�����
RI�ILVK�LV�SUHVHUYHG�E\�FRROLQJ��ZKLFK�PHDQV�D�WRWDO�
RI��������NJ�RI�ILVK�QHHGV�WR�EH�FRROHG���1RUPDOO\����
P��VSDFH�LV�XVHG�WR�VWRUH�����NJ�RI�ILVK��KHQFH�VSDFH�
UHTXLUHPHQW�IRU�FRROLQJ�LV����P���

&RROLQJ�ORDG�FDOFXODWLRQ�
)LVK� LV� FRROHG�GRZQ� WR� ��R&�EHIRUH� WUDQVSRUWLQJ� WR�
RWKHU� PDUNHWV�� &RROLQJ� LV� WR� EH� FDUULHG� RXW� IURP�
DURXQG������DP�WR������SP�RYHU�D�SHULRG�RI���KRXUV���
,Q�RUGHU�WR�HVWLPDWH�WKH�FRROLQJ�ORDG��WKH�SURSHUWLHV�
RI�FRROHU�FRQVWUXFWLRQ�PDWHULDO�JLYHQ�LQ�WKH�7DEOH���
ZHUH�XVHG��

7DEOH�����0DWHULDO�3URSHUWLHV�DQG�6SHFLILFDWLRQV�RI�WKH�
&RROHU�

0DWHULDO�
+HDW� 7UDQVIHU� &R�
HIILFLHQW��:�P�.��

7KLFNQHVV�
�PP��

)LEHU� *ODVV� �.���
RXWHU�VXUIDFH��

������ ������

3RO\XUHWKDQH� �.���
PLGGOH�OD\HU�� ������ �����

)LEHU�*ODVV��.���LQ�
QHU�VXUIDFH��

������ ������

&RROLQJ�ORDG�FRQVLVWV�RI�WZR�SRUWLRQV��
4�� �+HDW�UHPRYDO�IURP�ILVK�WR�EULQJ�GRZQ�WKH�WHP�
SHUDWXUH�IURP���R&�WR����R&��
4�� �+HDW�JDLQ�GXULQJ�FRROLQJ�GRZQ�SHULRG���
,Q�RUGHU�WR�HVWLPDWH�WKH�DERYH�KHDW�WUDQVIHUV��VWDQG�
DUG�KHDW�WUDQVIHU�HTXDWLRQV�ZHUH�XVHG�DV�IROORZV��
�ଵ ൌ ���οɅ���

������ൌ ʹͻǡ ͲͲ��� ൈ ͶǡʹͲͲ���ିଵ�ିଵ ൈ ൫͵ͳ െ ሺെͳሻ൯

�

���ൌ ͵ǡͻͻͳǡͺͲ��

������������������������ ൌ
͵ǡͻͻͳǡͺͲ

͵ǡͲͲ
����

ൌ ͳǡͳͲͺǤͺ����

������������������ ൌ �
ͳǡͳͲͺǤͺ

ͺ�
��� ൌ ͳ͵ͺǤ���

+HDW�JDLQ�IURP�WKH�ZDOOV��4���ZDV�FDOFXODWHG�XVLQJ�
WKH�IROORZLQJ�HTXDWLRQ��

� ൌ �
ο�

ͳ
�
൬
�ଵ
�ଵ


�ଶ
�ଶ


�ଷ
�ଷ


ͳ
�
൰

:KHUH�
���� െ ����������ሺ�ሻ�

���� െ ����������ሺ�ሻ�
���� െ ���������������������ሺ��ିଵ�ିଵሻ
���� െ �����ሺ�ଶሻ
ο�� െ ����������������������������ሺ�ሻ
�୭ ��െ ������������������������
�����������������������������ሺ��ିଶ�ିଵሻ
6XIIL[HV���������IRU�GLIIHUHQW�OD\HUV�

�ଶ ൌ �
ሺ͵ͳ െ ͳͷሻ

ͳ
ͳͲ�

ቀ
ͲǤͲͲͷ
ͲǤͲ͵


ͲǤͳͷ
ͲǤͲͶʹ


ͲǤͲͲ͵
ͲǤͲ͵


ͳ

ͳͲǤͶͷ
ቁ

�ଶ ൌ �ͲǤͲͶ����

)LJXUH���VKRZV�WKH�ORDG�SURILOHV�GHYHORSHG�IRU�HDFK�
FXVWRPHU�JURXS��DQG� WKH�FRPSRVLWH� ORDG�SURILOH� WR�
EH�VHUYHG�E\�WKH�SURSRVHG�V\VWHP��

6RXUFH��$XWKRU·V�HVWLPDWHV�

)LJXUH�����(OHFWULFLW\�'HPDQG�9DULDWLRQV�

7HFKQRORJ\�2SWLRQV�$QDO\VLV�

6RODU�3RZHU�3RWHQWLDO�
6LQFH�6UL�/DQND�LV�ORFDWHG�QHDU�WKH�HTXDWRU��WKH�FRXQ�
WU\�UHFHLYHV�ULFK�VRODU�UDGLDWLRQ�WKURXJKRXW�WKH�\HDU�
ZLWKRXW� D� VLJQLILFDQW� GLIIHUHQFH�� %DWKWKODQJXQGXZD
UHFHLYHV� YHU\� ORZ� UDLQIDOO� DQG� KDV� D� GU\� FOLPDWH�
DURXQG�WKH�\HDU��,W�UHFHLYHV�������N:K�P��DYHUDJH�
*OREDO�+RUL]RQ�,UUDGLDWLRQ�SHU�\HDU�ZKLFK�LV�IDYRXU�
DEOH� WR� KDUQHVV� VRODU� HQHUJ\� >��@�� &XUUHQWO\� 6UL�
/DQND�KDV����0:�ODUJH�VRODU�39�SRZHU�SODQWV�DQG�
����0:�RI�URRIWRS�VRODU�39�LQVWDOODWLRQV��7KH�DYHU�
DJH�FDSDFLW\�IDFWRU�RI�ODUJH�VRODU�39�LV�DURXQG�����
DQG�LW�YDULHV�EHWZHHQ�����WR�����IRU�URRIWRS�VRODU�
39�>��@���

39:DWWV� FDOFXODWRU� ZDV� XVHG� WR� HVWLPDWH�PRQWKO\�
HOHFWULFLW\� JHQHUDWLRQ�� � )RU� HVWLPDWLRQ� SXUSRVHV�� D�
����N:�39�V\VWHP�ZDV�XVHG�WR�FKHFN�WKH�PRQWKO\�

HOHFWULFLW\�JHQHUDWLRQ�YDULDWLRQ��7KH�SHUFHQWDJH�GLIIHU�
HQFH�EHWZHHQ�PD[LPXP�DQG�PLQLPXP�HOHFWULFLW\�JHQ�
HUDWLRQ�SHU�PRQWK�ZDV�FDOFXODWHG�WR�EH�DERXW������7KH�

DYHUDJH�DQQXDO�HVWLPDWHG�SODQW�IDFWRU� LV�DURXQG�����
ZKLFK�LV�VDWLVIDFWRU\���

Ϭ
ϱϬ

ϭϬϬ
ϭϱϬ
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ϮϱϬ
ϯϬϬ
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ŵ
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ĂŶ
Ě�
;Ŭ
t
Ϳ

dŝŵĞ�
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:LQG�3RZHU�$VVHVVPHQW�
$FFRUGLQJ�WR�WKH�ZLQG�PDS�GHYHORSHG�E\�1DWLRQDO�
5HQHZDEOH�(QHUJ\�/DERUDWRU\�ZLWK�WKH�&H\ORQ�(OHF�
WULFLW\�%RDUG��%XWKWKDODQJXQGXZD�IDOOV�XQGHU�1R����
H[FHOOHQW�ZLQG�FODVV�ZKLFK�FRXOG�SURYLGH�ULFK�ZLQG�
SRZHU�WKURXJKRXW�WKH�\HDU��7KH�LPSRUWDQW�IHDWXUH�LQ�
WKLV�DUHD�LV�WKH�GLUHFWLRQDO�DQG�SHUVLVWHQFH�RI�ZLQGV��
$ERXW�����RI�WLPH��ZLQG�EORZV�IURP������²�������GL�
UHFWLRQ�VHFWRU��6:�ZLQGV��DQG�WKH�1(�ZLQGV�IDOO�EH�
WZHHQ�WKH����²�����VHFWRU�IRU������0RVW�RI�WKH�WLPH��
ZLQGV�IURP�ERWK�PRQVRRQV�UHPDLQ�VWHDG\�WKURXJK�
RXW�WKH�GD\��'XH�WR�WKHVH�FKDUDFWHULVWLFV�RI�WKH�ZLQG�
UHJLPH��LW�LV�IHDVLEOH�WR�JHQHUDWH�SRZHU�IURP�ZLQG�LQ�
%DWKWKDODQJXQGXZD�>��@���+RZHYHU��ZLQG�SRZHU�JHQ�
HUDWLRQ�UDSLGO\�FKDQJHV�ZLWK�WKH�ZLQG�VSHHG�DV�ZHOO�
DV� ZLWK� VHDVRQDO� ZLQG� SDWWHUQV�� .DOSLWL\D� ZLQG�
SRZHU�SODQW�ORFDWHG�FORVH�E\�KDV�DQ�DYHUDJH�DQQXDO�
SODQW�IDFWRU�RI�����>��@��

3URSRVHG�6\VWHP�DQG�$QDO\VLV�
+RPHU3UR�VRIWZDUH�ZDV�XVHG�IRU�DQDO\VLV�ZLWK�LQL�
WLDO�LQSXW�GDWD�UHODWLQJ�WR�D�K\EULG�V\VWHP�ZLWK�����
N:�ZLQG�WXUELQHV�DQG�����N:K�EDWWHULHV��7RWDO�GDLO\�
UHTXLUHPHQW� ZDV� FDOFXODWHG� WR� EH� ��������� N:K�
ZKHUH�WKH�SHDN�GHPDQG�ZDV�FDOFXODWHG�WR�EH��������
N:��DV�VKRZQ�LQ�WKH�)LJXUH����

)LJXUH�����6XPPDU\�RI�GDWD�LQSXW�
�+RPHU3UR�6RIWZDUH��

)RU� WKH� DQDO\VLV� RI� WKH� SURSRVHG� K\EULG� SODQW� RI�
ZLQG� DQG� VRODU�� QHFHVVDU\� GDWD� ZHUH� LPSRUWHG�
WKURXJK�WKH�1$6$�6XUIDFH�0HWHRURORJ\�	�6RODU�(Q�
HUJ\�'DWD�%DVH���7KH�DYHUDJH�GDLO\�VRODU�UDGLDWLRQ�DW�
WKLV�VSHFLILF�ORFDWLRQ�RI�WKH�LVODQG�ZDV�WDNHQ�DV������
N:K�P���ZKHUHDV�DQQXDO�DYHUDJH�ZLQG�VSHHG�ZDV�
WDNHQ�DV�����P�V�����

6LQFH�JULG�HOHFWULFLW\�LV�QRW�DYDLODEOH�LQ�WKH�LVODQG��WR�
WDO�HOHFWULFLW\�UHTXLUHPHQW�ZLOO�EH�IXOILOOHG�ZLWK�WKH�

HQHUJ\�IURP�WKH�ZLQG�WXUELQH�DQG�VRODU�V\VWHP��2Z�
LQJ�WR�LPWHUPLWWHQF\�LQ�ZLQG�DQG�VRODU�39��D�EDWWHU\�
EDQN�ZLOO�EH�XVHG�IRU�VXSSO\LQJ�VWHDG\�DQG�FRQWLQX�
RXV�HOHFWULFLW\�WR�WKH�LVODQG���

%\�PRGHOLQJ� WKH�K\EULG�V\VWHP�RI�ZLQG�DQG�VRODU��
WKH�IROORZLQJ�UHVXOWV�ZHUH�REWDLQHG���

��� 1HW�SUHVHQW�FRVW��13&��RI�WKH�K\EULG�SODQW��
��� /HYHOLVHG�&RVW�RI�(QHUJ\��&2(��
��� 7RWDO�RSHUDWLQJ�FRVW�RI�WKH�SODQW�SHU�\HDU�

)LJXUH�����2SWLPL]HG�$OWHUQDWLYH�6ROXWLRQV�

)LJXUH���LV�WKH�VFUHHQ�VKRW�RI�WKH�+RPHU3UR�VRIWZDUH�
WKDW�JLYHV�WKH�GLIIHUHQW�RSWLRQV�DQG�UHODWHG�FRVWV��

7KH� VRODU�ZLQG� K\EULG� V\VWHP� LQFOXVLYH� RI� EDWWHU\�
VWRUDJH�ZLWK�DQ�LQLWLDO�FDSLWDO�LQYHVWPHQW�RI������PLO�
OLRQ�ZDV�VHOHFWHG�WR�IXOILOO�WKH�UHTXLUHPHQWV�RI�WKH�LV�
ODQG����

7DEOH���JLYHV�WKH�DQQXDO�HOHFWULFLW\�JHQHUDWLRQ�IURP�
WKH�VHOHFWHG�V\VWHP�ZKHUHDV�)LJXUH���VKRZV�WKH�H[�
SHFWHG�PRQWKO\�YDULDWLRQ�RI�HOHFWULFLW\�SURGXFWLRQ�RI�
WKH�V\VWHP��

7DEOH�����(OHFWULFLW\�*HQHUDWLRQ�RI�WKH�+\EULG��
6\VWHP�

'HVFULSWLRQ�
*HQHUDWLRQ�

�N:K�\��
3HUFHQW�
DJH�����

*HQHULF�IODW�SODWH�VRODU�39 ��������� ����

:LQG�WXUELQH��;$17�0�² ��� ��������� ����

7RWDO� ���������� ������

&RVW�$QDO\VLV�
7DEOH� �� VKRZV� WKH� VXPPDU\� RI� FRVWV� RI� GLIIHUHQW�
FRPSRQHQWV�RI�WKH�K\EULG�V\VWHP��DQG�7DEOH���FRP�
SDUHV�WKH�FRVWV�IRU�GLIIHUHQW�RSWLRQV��6DOYDJH�FRVW�LV�
D�PLQXV�YDOXH�VLQFH�VHOOLQJ�RI�VDOYDJHV�ZLOO�EH�D�UH�
SD\PHQW� WR� WKH� FDVK� IORZ�RI� WKH�SURSRVHG� V\VWHP��
7KHQ�� WKH� XQLW� FRVW� RI� HOHFWULFLW\� SURGXFHG�ZLOO� EH�
DERXW����������ZKLFK�LV�DSSUR[LPDWHO\��/.5��������

:LWK� WKH� GDLO\� DYHUDJH� HQHUJ\� UHTXLUHPHQW� RI�
��������N:K�DQG�WKH�SURMHFW�FDSLWDO�RI��������PLOOLRQ�
�/.5�����PLOOLRQ���WKH�VLPSOH�SD\EDFN�RI�WKLV�SURMHFW�
LV������\HDUV��
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)LJXUH�����0RQWKO\�(QHUJ\�2XWSXW�RI�6RODU�DQG�ZLQG�&RPELQHG�6\VWHP�

7DEOH�����6XPPDU\�RI�WKH�&RVW�IRU�WKH�+\EULG�(QHUJ\�6\VWHP�

&RPSRQHQW� &DSLWDO����
5HSODFHPHQW�
����

0DLQWHQDQFH�
���\HDU��

6DOYDJH��
����

7RWDO��
����

*HQHULF ����N:K�/L�,URQ �������� ������� ���� �������� ��������
*HQHULF�IODW�SODWH�39� ���������� ������ ���������� ������ ����������
2WKHU� ��������� ������ ������ ������ ���������
6\VWHP�FRQYHUWHU� ��������� ������ ������ ������ ���������
;$17�0���������N:�� ���������� ������ ��������� ������ ����������
7RWDO�6\VWHP�&RVW���� ���������� ������� �������� �������� ����������

7DEOH�����&RVW�&RPSDULVRQ�RI�GLIIHUHQW�&RPELQDWLRQV�

'HVFULSWLRQ�
6RODU�	�:LQG�
�K\EULG��

6RODU��
39�2QO\�

:LQG��
2QO\�

7RWDO�6\VWHP�&RVW����� ������������ ����������� �����������
/HYHOLVHG�&RVW�RI�(QHUJ\��&2(�����N:K� ������� ������� �������
2�	�0�&RVW����\HDU�� ���������� ���������� ����������

&RQFOXVLRQV�
7KUHH�FRVW�IDFWRUV�ZHUH�FRQVLGHUHG�ZKLFK�DUH�WKH�QHW�
SUHVHQW�FRVW��13&���FRVW�RI�HQHUJ\��&2(��DQG� WRWDO�
RSHUDWLQJ� FRVW� RI� WKH� SODQW�SHU� DQQXP�� )RU� DOO� WKH�
FRVW�IDFWRUV��WKH�PLQLPXP�YDOXH�ZDV�IRU�WKH�FRPEL�
QDWLRQ�RI�WKH�VRODU�DQG�ZLQG�K\EULG�SODQW��7KH�RSWL�
PXP�V\VWHP�FRQVLVWV�����N:�6RODU�39�DQG�����N:�
ZLQG�WXUELQH�V\VWHP��$OVR�����N:K�/L�LRQ�EDWWHU\�LV�
WR�EH�LQWHJUDWHG�LQ�WR�WKH�V\VWHP�WR�PDLQWDLQ�JULG�VWD�
ELOLW\��7KH�XQLW�FRVW�RI�HOHFWULFLW\�SURGXFHG�WKURXJK�
WKH�SURSRVHG�V\VWHP�LV�DURXQG����������/.5���������
ZKLFK�LV�OHVV�WKDQ�WKH�DYHUDJH�HOHFWULFLW\�JHQHUDWLRQ�
FRVW� E\� WKHUPDO� SRZHU� JHQHUDWLRQ� LQ� 6UL� /DQND��
ZKLFK�LV���������SHU�N:K���

:LWK�WKH�GDLO\�DYHUDJH�GHPDQG�RI���������N:K�DQG�
WKH�SURMHFW� FDSLWDO� RI� �������PLOOLRQ� �/.5�����PLO�
OLRQ���WKH�VLPSOH�SD\�EDFN�RI�WKLV�SURMHFW�LV������\HDUV���
7KLV�PD\�QRW�EH�DWWUDFWLYH�IRU�D�SULYDWH�LQYHVWRU�IRU�
WKH�SURMHFW����+RZHYHU��DV�WKH�REMHFWLYHV�RI�WKH�VWXG\�
ZDV�WR�GHVLJQ�D�VWDQGDORQH�HQHUJ\�V\VWHP�ZLWK�UH�
QHZDEOH�HQHUJ\�WHFKQRORJLHV��WKH�SURSRVHG�VROXWLRQ�
FDQ�EH�DFFHSWHG�DV�D�YLDEOH�RSWLRQ�ZKLFK�DOVR�JLYHV�
EHQHILWV�RI�UHGXFLQJ�HQYLURQPHQWDO�SROOXWLRQ��

$FNQRZOHGJHPHQW�
7KH�DXWKRUV�H[SUHVV�WKHLU�DSSUHFLDWLRQ�WR�WKH�7RS�,Q�
GXVWULDO�0DQDJHUV�IRU�(XURSH��7�,�0�(��$VVRFLDWLRQ�
�ZZZ�WLPH�DVVRFLDWLRQ�RUJ��� IRU� IDFLOLWDWLQJ� WKLV�
VWXG\��

5HIHUHQFHV
�� 6WDWLVWLFDO�'LJHVW� ������ &H\ORQ� (OHFWULFLW\� %RDUG��

6UL�/DQND��
�� 3HUIRUPDQFH������DQG�3URJUDPV�������0LQLVWU\�RI�

3RZHU� 	� 5HQHZDEOH� (QHUJ\�� *RYHUQPHQW� RI� 6UL�
/DQND��������

�� KWWS���VUL�ODQNDQ�WUDYHORJXH�EORJ�
VSRW�FRP���������EDWWDODQJXQGXZD�EDWK�
WKDODQJXQGXZD�KWPO��$FFHVVHG�RQ�������������

�� 1�3��.RGLSSLOL�� -��.DWXSRWKD��*�0�7�6�� )HUQDQGR��
&RDVWDO�3URFHVVHV�DQG�&DXVHV�RI�6KRUHOLQH���(URVLRQ�
DQG�$FFUHWLRQ�RI�WKH�%DWKWKDODQJXQGXZD�,VODQG�LQ�
6UL� /DQND��7KH���WK�$VLDQ�&RQIHUHQFH� RQ�5HPRWH�
6HQVLQJ��$&56�²�������

�� &HQVXV� RI� )LVKLQJ� %RDW� ���������� �KWWS���ILVK�
HULHVGHSW�JRY�ON�Y��HQB86�KLJK�VHDV�ILVKHU�
LHV����$FFHVVHG�RQ�������������
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3DJH����

�� &HQVXV� RI� 3RSXODWLRQ� DQG�+RXVLQJ� RI� 6UL� /DQND��
������

�� KWWS���ZZZ�VWDWLVWLFV�JRY�ON�+,(6�+,(6�����
�+,(6����B)LQDO5HSRUW�SGI��$FFHVVHG� RQ� ������
������

�� %�� -��5HHG�6HULHV��5��$��5HHG��*��0F0DKRQ��5�� -��
6KDZ�� .HQ� &KDWWHUWRQ�� :DWHU�� (QJLQHHULQJ� DQG�����
'HYHORSPHQW� &HQWUH�� /RXJKERURXJK� 8QLYHUVLW\��
/HLFHVWHUVKLUH��8.�

�� KWWSV�����LPLPJ�FRP�GDWD��50�<)�0<�
�������������OSK�UR�SODQW�SGI��$FFHVVHG� RQ� ���
���������

��� *OREDO�+RUL]RQWDO�,UUDGLDWLRQ� �*+,��LQ�6UL�/DQND��
6UL�/DQND�6XVWDLQDEOH�(QHUJ\�$XWKRULW\��

��� *HQHUDWLRQ�3HUIRUPDQFH�LQ�6UL�/DQND�������3XEOLF�
8WLOLWLHV�&RPPLVVLRQV�RI�6UL�/DQND��

��� ZZZ��:LQSRZHU�ON��$FFHVVHG�RQ�������������


