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7KH�LQYHQWLRQ�UHODWHV�WR�WKH�SURFHVV�IRU�ODUYDO�UHDULQJ�RI�PXG�SRO\FKDHWH��0DUSK\VD�LORLORHQVLV��

XVLQJ�RSWLPL]HG�UHJLPHV�IRU�ODUYDO�IRRG�SUHIHUHQFH��OLJKW�FRQGLWLRQ�UHTXLUHPHQW��DQG�UHDULQJ�ZDWHU�

PDQDJHPHQW�ϭϬ

%$&.*5281'

7KH�ZRUOGZLGH�GHPDQG�IRU�SRO\FKDHWHV�IURP�VHD�DQJOHUV�DQG�WKH�DTXDFXOWXUH�LQGXVWU\�KDV�OHG�WR�WKH�

PDVVLYH�FROOHFWLRQ�IURP�WKH�ZLOG��7KXV� WKH QDWXUDO�SRSXODWLRQ�VWDUWHG�WR�GHFOLQH�WKURXJK�WKH�\HDUV��,Q�ϭϱ

DTXDFXOWXUH��SRO\FKDHWHV�DUH�XVHG�DV�D�VXSSOHPHQWDO�GLHW�IRU�FUXVWDFHDQ�EURRGVWRFN��/XLV�DQG�3DVVRV�

������ 0HXQSRO� HW� DO��� ������� 0XG� SRO\FKDHWH�� 0DUSK\VD� LORLORHQVLV�� LV� D� QHZO\�GLVFRYHUHG��

LQGLJHQRXV� VSHFLHV� IRXQG� LQ� WKH� PDQJURYH� PXGIODWV� DQG� EUDFNLVK� ZDWHU� ILVKSRQGV� RI� ,ORLOR��

3KLOLSSLQHV�� ,W� LV�QDPHG�DIWHU� WKH�SURYLQFH�RI� ,ORLOR��3DQD\� ,VODQG�� LQ� WKH�:HVWHUQ�9LVD\DV�UHJLRQ��

3KLOLSSLQHV� �*ODVE\� HW� DO��� ������ 3RO\FKDHWH� VSHFLHV� XQGHU� WKH� IDPLO\ 1HUHLGLGDH� DUH� FRPPRQO\�ϮϬ

FXOWXUHG��KRZHYHU��QHUHLG�VSHFLHV�GLH ULJKW�DIWHU�VSDZQLQJ��KHQFH� VXVWDLQDELOLW\�LV�TXHVWLRQDEOH��0��

LORLORHQVLV��RQ� WKH�RWKHU�KDQG� KDV�D�GHVLUDEOH FKDUDFWHULVWLF� IRU�DTXDFXOWXUH� VLQFH� WKH\�FDQ�VSDZQ�

PDQ\� WLPHV� WKURXJKRXW� WKHLU� OLIHWLPH�� 6H[XDO� PDWXULW\� LV� XVXDOO\� DWWDLQHG DIWHU � PRQWKV� �IURP�

WURFKRSKRUH�WR�DGXOW�VWDJH�� ,Q�WKH�ZLOG��VSDZQLQJ�SHDNV�RI�WKLV�VSHFLHV�VWDUW�IURP�$SULO�WR�-XO\�ZKHQ�

VHDZDWHU�WHPSHUDWXUH�EHFRPHV�ZDUPHU��*HODWLQRXV�HJJ�PDVVHV��MHOO\�FRFRRQV��FRQWDLQLQJ�SRO\FKDHWH�Ϯϱ

HJJV�HPHUJH�IURP�WKH�VHGLPHQW�VXUIDFH�GXULQJ�VSDZQLQJ��6LQFH�WKLV�LV�D�QHZ�VSHFLHV��ODUYDO�UHDULQJ�

ZKLFK� LQFOXGHV�SUHIHUUHG� OLJKW�FRQGLWLRQ�� IRRG�SUHIHUHQFH��DQG� UHDULQJ�ZDWHU�PDQDJHPHQW� KDV QRW�

EHHQ�RSWLPL]HG�

ϯϬ
,Q�WKH�QDWXUDO�HQYLURQPHQW��WKLV�VSHFLHV�LV DEXQGDQW�LQ�WKH�PDQJURYH�DUHDV ZKHUH�H[SRVXUH�WR�VXQOLJKW�

LV�OLPLWHG�E\�WKH�PDQJURYH�OHDYHV��0DQJURYH�PXGIODW�LV�DQ�RUJDQLF�ULFK�HQYLURQPHQW�DQG�KRPH�WR�WKH�

GLIIHUHQW VSHFLHV�RI�DOJDH��EDFWHULD��]RRSODQNWRQ��DQG�RWKHU�PLFURRUJDQLVPV��7KHVH�RUJDQLVPV�VHUYH�

DV�IRRG�IRU�EHQWKLF�LQYHUWHEUDWHV� SDUWLFXODUO\�SRO\FKDHWHV� 3RO\FKDHWH�ODUYDH�FRQVXPH�PLFURDOJDH��

EDFWHULD��DQG�RWKHU�VPDOO�DQLPDOV�SUHVHQW�LQ�WKH�PXGG\ VHGLPHQW��0��LORLORHQVLV FDQ�DOVR�EH�IRXQG�LQ�ϯϱ

DQ�RUJDQLF�ULFK�EUDFNLVK�ZDWHU�ILVKSRQGV� 2UJDQLF�PDWWHU�ZKLFK�LV�FRPSRVHG�PDLQO\�RI�XQFRQVXPHG�

IHHGV�DQG�IHFDO�ZDVWHV�DFFXPXODWHV�LQ�WKH�SRQG�ERWWRP�
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,Q�PRVW DTXDWLF�VSHFLHV��WKH�HDUO\�OLIH�VWDJH LV�FRQVLGHUHG�DV�D�FULWLFDO�VWDJH�RI�KDWFKHU\�SURGXFWLRQ�ϱ

$V� VXFK� D� VXFFHVVIXO ODUYDO� UHDULQJ� RI� PXG� SRO\FKDHWH�0�� LORLORHQVLV UHTXLUHV� RSWLPDO� FXOWXUH�

FRQGLWLRQV WR�LPSURYH�VXUYLYDO�DQG�JURZWK��6XLWDEOH IRRG�LWHPV DQG�VHWWOHPHQW�VXEVWUDWH WKURXJKRXW�

WKH�ODUYDO�VWDJH�RI�SRO\FKDHWH�DUH�LPSRUWDQW�IDFWRUV�WR�EH�FRQVLGHUHG� ,Q�DGGLWLRQ� WKHVH�IRRG�LWHPV�

VKRXOG�PLPLF� WKH�QDWXUDO�GLHW�RI�PXG�SRO\FKDHWH� ,Q� WKLV� LQYHQWLRQ��ELRIORFV�DUH�XVHG�DV� IRRG�DQG�

VHWWOHPHQW�VXEVWUDWH�RI�WKH�SRO\FKDHWH�ODUYDH��%LRIORFV�DUH�DJJUHJDWHV�RI�DOJDH��]RRSODQNWRQ��EDFWHULDO�ϭϬ

ELRPDVV�� DQG� RUJDQLF�PDWHULDO� SURGXFHG� XQGHU� DHURELF� FRQGLWLRQ �&UDE� HW� DO��� ������� 7KH� XVH� RI�

ELRIORFV�LQ�WKH�UHDULQJ�RI�EHQWKLF�LQYHUWHEUDWHV��SDUWLFXODUO\ OXJZRUP LV�IRXQG XQGHU�SDWHQW�QXPEHU�

.5��������������ZKHUHLQ�ELRIORF�ZDWHU�LV�VXSSOLHG�LQ�WKH�ODUYDO�UHDULQJ�WDQNV�XVLQJ�D�UHFLUFXODWLQJ�

V\VWHP �.LP�	�.LP���������,Q�WKH�SUHVHQW�LQYHQWLRQ��ELRIORFV�DUH�EHLQJ SURGXFHG�LQ D�VHSDUDWH�WDQN�

DQG�ELRIORFV�DUH FROOHFWHG�IURP�WKH�VDLG�WDQN��ZDVKHG�ZLWK�IUHVKZDWHU� DQG�VWRFNHG�LQ�WKH�ODUYDO�UHDULQJ�ϭϱ

WDQNV��$�ZHOO�DHUDWHG��89�WUHDWHG�VHDZDWHU� LV�UHFLUFXODWHG�LQ� WKH�UHDULQJ�WDQNV�VXFK�WKDW�FOHDQ�DQG�

R[\JHQ�ULFK�VHDZDWHU�LV VXSSOLHG�WR�WKH�ODUYDH��)XUWKHUPRUH��ELRIORFV�DUH ZDVKHG�XVLQJ�IUHVKZDWHU�WR�

NLOO�SRWHQWLDO�SUHGDWRUV� �SDUWLFXODUO\�FRSHSRGV��SULRU� WR� VWRFNLQJ� LQ� WKH� ODUYDO� UHDULQJ� WDQNV��:KHQ�

ELRIORFV�DUH�QRW�ZDVKHG�ZLWK� IUHVKZDWHU��RWKHU�RUJDQLVPV�SUHVHQW� LQ� WKH�ELRIORFV FRXOG�SUHGDWH�RU�

LQGXFH�VWUHVV�WR�WKH�SRO\FKDHWH�ODUYDH��,Q�DQRWKHU�SDWHQW��(3����������WKH�LQYHQWLRQ�UHODWHV�WR�D�FORVHG�ϮϬ

UHFLUFXODWLQJ�DTXDSRQLFV�V\VWHP�XVLQJ�ELRIORF�WHFKQRORJ\ �.LP�HW�DO����������KRZHYHU� WKLV LV�TXLWH�

GLIIHUHQW�IURP WKH�SUHVHQW�LQYHQWLRQ��,Q�VDLG�SDWHQW��ELRIORFV�DUH�JHQHUDWHG�IURP�WKH�RUJDQLF�IHFHV�RI�

DTXDWLF�VSHFLHV� DQG�ELRIORF�ZDWHU�LV�SXULILHG�DQG�XVHG�DV�FXOWXUH�ZDWHU�IRU�JURZLQJ�DTXDWLF�VSHFLHV��

%LRIORFV�DUH�GLUHFWO\ XVHG�DV�D�QXWULHQW�VRXUFH�RI�SODQWV�LQ�WKH�DTXDSRQLF�V\VWHP DQG�SXULILHG�ZDWHU�LV�

VXSSOLHG WR�DTXDWLF�VSHFLHV�Ϯϱ

7KH� DTXDFXOWXUH� RI�PXG�SRO\FKDHWH� SDUWLFXODUO\� WKH� ODUYDO� UHDULQJ� RI�0�� LORLORHQVLV KDV� QRW� EHHQ�

HVWDEOLVKHG��7KXV��D�FXOWXUH�SURFHVV�IRU�WKLV�VSHFLHV�WKDW�DLPV�WR�LQFUHDVH�LWV�VXUYLYDO�DQG�JURZWK�LV�RI�

SDUDPRXQW LPSRUWDQFH��,W�LV�WKHUHIRUH�WKH�REMHFW�RI�WKH�SUHVHQW�LQYHQWLRQ�WR�SURYLGH�VXFK�D�FXOWXUH�ϯϬ

SURFHVV�

5HIHUHQFHV�

*ODVE\��&��-���0DQGDULR��0��$��(���%XUJKDUGW��,���.XSUL\DQRYD��(���*XQWRQ��/��0���	�+XWFKLQJV��3��ϯϱ

$����������$�QHZ�VSHFLHV�RI�WKH�VDQJXLQHD�JURXS�4XDWUHIDJHV��������$QQHOLGD��(XQLFLGDH��0DUSK\VD��

IURP�WKH�3KLOLSSLQHV��=RRWD[D����������
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&UDE�� 5��� 'HIRLUGW�� 7��� %RVVLHU�� 3��� 	�9HUVWUDHWH��:�� �������� %LRIORF� WHFKQRORJ\� LQ� DTXDFXOWXUH��ϱ

EHQHILFLDO�HIIHFWV�DQG�IXWXUH�FKDOOHQJHV��$TXDFXOWXUH������ ��������

.LP��6��.���-DQJ��,��.���	�/LP��+����������8UEDQ�W\SH�ELRIORF�FXOWXUH�DQG�SODQW�FXOWLYDWLRQ�V\VWHP

XVLQJ�DTXDSRQLFV���(8�3DWHQW�1R��(3�������$����(XURSHDQ�3DWHQW�2IILFH��ϭϬ

KWWSV���ZRUOGZLGH�HVSDFHQHW�FRP�SDWHQW

.LP� &��+� 	 .LP��.� +� ��������$TXDFXOWXUH�V\VWHP�IRU�WKH�VHHGLQJ�SURGXFWLRQ�RI�SRO\FKDHWH�

XVLQJ�ELRIORF���(8�3DWHQW�1R��.5�����������$���(XURSHDQ�3DWHQW�2IILFH��ϭϱ

KWWSV���ZRUOGZLGH�HVSDFHQHW�FRP�SDWHQW

/XLV�� 2�� -��� 	� 3DVVRV�� $��0�� �������� 6HDVRQDO� FKDQJHV� LQ� OLSLG� FRQWHQW� DQG� FRPSRVLWLRQ� RI� WKH�

SRO\FKDHWH� 1HUHLV� �+HGLVWH�� GLYHUVLFRORU�� &RPSDUDWLYH� %LRFKHPLVWU\� DQG� 3K\VLRORJ\� 3DUW� %��ϮϬ

%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\������������������

0HXQSRO��2���0HHMLQJ��3���	�3L\DWLUDWLWLYRUDNXO��6����������0DWXUDWLRQ�GLHW�EDVHG�RQ�IDWW\�DFLG�FRQWHQW�

IRU�PDOH�3HQDHXV�PRQRGRQ �)DEULFLXV��EURRGVWRFN��$TXDFXOWXUH�5HVHDUFK��������������������Ϯϱ

6800$5<�2)�7+(�,19(17,21

7KH�SUHVHQW�LQYHQWLRQ�HVWDEOLVKHV�WKH�FXOWXUH�SURFHVV�RI�0��LORLORHQVLV WR�LPSURYH�WKH�VXUYLYDO�DQG�

JURZWK� RI� WKH� ODUYDH� LQ� FDSWLYLW\��7KLV� LQYHQWLRQ� GHWDLOV� WKH� FXOWXUH� SURFHGXUHV� IRU WKH VXFFHVVIXO�ϯϬ

UHDULQJ� RI�PXG� SRO\FKDHWH� ODUYDH� XVLQJ� RSWLPL]HG� UHJLPHV� IRU� QDWXUDO� IRRG�� OLJKW� FRQGLWLRQ�� DQG�

UHDULQJ�ZDWHU�PDQDJHPHQW��7KH�SUHIHUUHG� OLJKW�FRQGLWLRQ�IRU� WKH� ODUYDO� UHDULQJ�RI� WKH� WURFKRSKRUH�

ODUYDH����'$+��GD\�DIWHU�KDWFKLQJ��WR�HDUO\�MXYHQLOHV�����'$+��UDQJHG IURP���WR����OX[��%LRIORFV�LV�

WKH�SUHIHUUHG�IRRG�LWHP�DQG�VHWWOHPHQW�VXEVWUDWH�RI�WKH�ODUYDH��%LRIORFV�DUH SURGXFHG�XVLQJ�DTXDWLF�

IHHGV����DQG�VXJDUFDQH�PRODVVHV�DW�&�1�UDWLR�RI����WR����LQ�D�ZHOO�DHUDWHG�V\VWHP��$HUDWHG��89�ϯϱ

WUHDWHG�VHDZDWHU�ZLWK�������SSW� LV�XVHG� LQ�VXSSO\LQJ� WKH� ODUYDO� UHDULQJ� WDQNV�IROORZLQJ�D�GULSSLQJ�

PHWKRG��7KLV�PHWKRG RI�ZDWHU�GHOLYHU\ LV�XVHG�WR�SURYLGH�HQRXJK�GLVVROYHG�R[\JHQ�IRU�WKH�ODUYDH�

7KH� ILUVW� REMHFWLYH� RI� WKLV� LQYHQWLRQ� LV� WR� GHWHUPLQH� WKH� SUHIHUUHG� OLJKW� FRQGLWLRQ� RI� WKH� ODUYDH� WR�ϰϬ

LPSURYH�LWV�VXUYLYDO�DQG�JURZWK�

;8&��*%��%;�����.������$SU���������������30
3DJH���RI���
0$1'$5,2��0$(B5HVSRQVH�OHWWHU�	�RWKHU�GRFXPHQWV�SGI



ϱ

7KH� VHFRQG� REMHFWLYH� RI� WKLV� LQYHQWLRQ� LV� WR� GHWHUPLQH� WKH� SUHIHUUHG� QDWXUDO� IRRG� DQG� VHWWOHPHQW�ϱ

VXEVWUDWH�RI�WKH�ODUYDH�

7KH� WKLUG�REMHFWLYH�RI� WKLV� LQYHQWLRQ� LV� WR� HVWDEOLVK� WKH�SURGXFWLRQ�RI ELRIORFV� LQ� LQGRRU� WDQN�DQG�

SUHSDUDWLRQV�LQYROYH�SULRU�WR�IHHGLQJ�WR�WKH ODUYDH�ϭϬ

7KH�IRXUWK�REMHFWLYH�RI�WKLV�LQYHQWLRQ�LV�WR�HVWDEOLVK�WKH�XVH RI 89�WUHDWHG�VHDZDWHU�LQ�VXSSO\LQJ�WKH�

ODUYDO�UHDULQJ�WDQNV�

ϭϱ

7KH�HVWDEOLVKPHQW�RI�WKLV�FXOWXUH�SURFHVV LV�DQ�LPSRUWDQW�SUHUHTXLVLWH�WR�WKH VXFFHVVIXO�SURGXFWLRQ�RI�

0��LORLORHQVLV LQ�FDSWLYLW\�

ϮϬ

'(7$,/('�'(6&5,37,21

7KH�SUHVHQW�LQYHQWLRQ�LV�D�FXOWXUH SURFHVV�IRU�FXOWXULQJ WKH EHQWKLF�LQYHUWHEUDWHV��PXG�SRO\FKDHWH�

0DUSK\VD�LORLORHQVLV�

Ϯϱ
0XG�SRO\FKDHWH��0�� LORLORHQVLV�� LV� D�QHZO\�GLVFRYHUHG� LQGLJHQRXV� VSHFLHV� IRXQG� LQ� WKH�PDQJURYH�

PXGIODWV�DQG�EUDFNLVK�ZDWHU�ILVKSRQGV�RI�,ORLOR��3KLOLSSLQHV���7KH�RYHUH[SORLWDWLRQ�RI�SRO\FKDHWHV�LQ�

WKH� ZLOG� UHVXOWHG� LQ D� GUDVWLF� GHFOLQH� RI� WKH� QDWXUDO� SRSXODWLRQ�� 3RO\FKDHWHV� DUH� LPSRUWDQW� LQ�

DTXDFXOWXUH�DV�D�VXSSOHPHQWDO�GLHW�WR�LPSURYH�WKH�UHSURGXFWLRQ�RI�FUXVWDFHDQ�EURRGVWRFN��7KH�FXOWXUH�

RI�QDWLYH�SRO\FKDHWH� VSHFLHV�ZLWK�KLJK�VSDZQLQJ� UDWH�DQG� ORQJHYLW\� LV� LPSRUWDQW� WR�HQVXUH� VWHDG\�ϯϬ

VXSSO\�DQG�VXVWDLQDELOLW\��0RUHRYHU��DTXDFXOWXUH�RI�WKLV�VSHFLHV�XQGHU�ELRVHFXUH�FRQGLWLRQ�LV�FULWLFDO�

IRU�D�GLVHDVH�IUHH�SRO\FKDHWH�IHG�WR�FXOWXUHG�VKULPSV� 7KXV��WKH�HVWDEOLVKPHQW�RI�D�FXOWXUH�SURFHVV IRU�

WKLV�VSHFLHV�LV�LPSRUWDQW�

ϯϱ
,Q�WKH�SUHVHQW�LQYHQWLRQ��WKH�ODUYDO�UHDULQJ�VHW�XS�VKRXOG EH�ORFDWHG�LQ�D�VKDG\�DUHD�DZD\�IURP�GLUHFW�

VXQOLJKW� GXULQJ� GD\WLPH� DW �� WR� ��� OX[�� 7KH� SUHVHQW� LQYHQWLRQ� FDQ� EH� IXUWKHU� VXSSRUWHG� E\� WKH�

H[SHULPHQW�EHORZ�

$���[���IDFWRULDO�GHVLJQ�SOXV�WKH�FRQWURO��ZLWKRXW�OLJKW��ZDV�HPSOR\HG�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�

OLJKW� LQWHQVLW\�DQG�SKRWRSHULRG�RQ�VXUYLYDO�DQG�JURZWK�RI�SRO\FKDHWH�ODUYDH�� ,Q�HDFK�H[SHULPHQWDO�ϰϬ

URRP�H[FHSW�WKH�FRQWURO��LOOXPLQDWLRQ�ZDV�SURYLGHG�E\�LQFDQGHVFHQW�EXOEV��3KLOLSV�/('�EXOE��FRRO�

GD\OLJKW���([SHULPHQWDO�FXSV�ZHUH�VXEMHFWHG�WR�RQH�RI���OLJKW�WUHDWPHQWV���������OX[����������OX[��RU�
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���������OX[��7KHVH���OLJKW�FRPELQDWLRQV�ZHUH�WHVWHG�VLPXOWDQHRXVO\�XQGHU�HDFK�RI�WKUHH�SKRWRSHULRGVϱ

������K�OLJKW�GDUN�������K�OLJKW�GDUN��������K�OLJKW�GDUN���7KHUH�ZHUH���UHSOLFDWHV�RI�HDFK�RI�WKH������

WUHDWPHQWV� (DFK� UHSOLFDWH�FXS�ZDV� ILOOHG�ZLWK�����PO�89� WUHDWHG�VHDZDWHU�FRQWDLQLQJ�����������

WURFKRSKRUH�ODUYDH��$HUDWLRQ�ZDV�QRW�SURYLGHG�WKURXJKRXW�WKH�H[SHULPHQW�ZKLOH�ZDWHU�FKDQJH�ZDV�

GRQH�HYHU\�RWKHU�GD\���������RI�ZDWHU�ZDV�GUDZQ�LQ�HDFK�UHSOLFDWH�FXS��DQG�UHQHZHG�ZLWK�IUHVK�89�

WUHDWHG�VHDZDWHU��5HVXOWV�VKRZHG�WKDW�SRO\FKDHWHV�LQ���OX[ WUHDWPHQW KDG�WKH�KLJKHVW�VXUYLYDO�������ϭϬ

����DPRQJ�RWKHU�OLJKW�WUHDWPHQWV�IROORZHG�E\�WUHDWPHQWV ���OX[����K�OLJKW����K�GDUN���������������

OX[�� �� K� OLJKW���� K� GDUN� ���� ������� DQG� ��� OX[�� ��� K� OLJKW���� K� GDUN� ���� �� ������$PRQJ� OLJKW�

WUHDWPHQWV��RQO\�WKRVH�SRO\FKDHWHV�XQGHU���K�OLJKW����K�GDUN�VXUYLYHG��7KH�QXPEHU�RI�VHJPHQWV�RI�WKH�

VXUYLYLQJ�SRO\FKDHWHV�ZDV WKH�VDPH������������VHJPHQWV��H[FHSW�WKRVH�LQ������OX[����K�OLJKW����K�

GDUN��WUHDWPHQW������������VHJPHQWV���*UDSKLFDO�SUHVHQWDWLRQ�RI�WKH�UHVXOW�LV�VKRZQ�LQ�)LJXUH���ϭϱ

-HOO\�FRFRRQV DUH FROOHFWHG�IURP�WKH�SRO\FKDHWH�EUHHGHU�WDQNV�DQG�FKHFNHG�XQGHU�WKH�PLFURVFRSH�IRU�

HJJ�YLDELOLW\�DIWHU����KRXUV�RI�FROOHFWLRQ��$IWHU�FKHFNLQJ��WURFKRSKRUH�ODUYDH�DUH�VWRFNHG�LQ�WKH�ODUYDO�

UHDULQJ�WDQNV��%LRIORFV RI ������J� ZHUH�VWRFNHG�LQ�WKH�UHDULQJ�WDQNV���GD\V�DIWHU�VWRFNLQJ��3ULRU�WR�ϮϬ

VWRFNLQJ��ELRIORFV�ZHUH�FROOHFWHG�IURP�WKH�ELRIORF�WDQN�XVLQJ D�SODQNWRQ�QHW�����XP�PHVK���%LRIORFV�

DUH�WKHQ�VRDNHG�LQ�IUHVKZDWHU�WR�NLOO RWKHU�RUJDQLVPV�WKDW�FRXOG�SRWHQWLDOO\�GLVWXUE�WKH�GHYHORSPHQW�

RI�WKH�ODUYDH��WKHUHDIWHU� ULQVHG�XVLQJ�VHDZDWHU��7KH�SUHVHQW�LQYHQWLRQ FDQ�IXUWKHU�EH�H[SODLQHG�E\�WKLV�

H[SHULPHQW�

7KH�VXLWDELOLW\�RI�ELRIORFV�DV�SRO\FKDHWH�ODUYDO�IHHG�ZDV�HYDOXDWHG�DQG�FRPSDUHG�WR�RWKHU�QDWXUDO�IRRG�Ϯϱ

LWHPV�VXFK�DV�1DYLFXOD� VS���$PSKRUD VS���1DYLFXOD� VS� ��$PSKRUD�VS��� DQG�PL[�GLDWRPV��5HVXOWV

VKRZHG�WKDW�RQ�WKH��WK�GD\�VDPSOLQJ�QR�SRO\FKDHWH�ODUYDH�ZHUH�IRXQG�LQ�DOO���PLFURDOJDH�WUHDWPHQWV�

DQG�LW�ZDV�DVVXPHG�WKDW�DOO�KDG�GLHG�DV�QR�UHPQDQWV�ZHUH�IRXQG�LQ�WKH H[SHULPHQWDO�FRQWDLQHUV� 2Q�

WKH�RWKHU�KDQG��LQ�WKH�ELRIORF�WUHDWPHQW������RI�WKH�SRO\FKDHWHV�VXUYLYHG�DQG���VHJPHQWV�IRUPHG�LQ�

WKHLU�ERG\ DIWHU���GD\V��%LRIORFV LPSURYHG WKH�VXUYLYDO�DQG�JURZWK�RI�WKH�SRO\FKDHWH�ODUYDH��7KH�ODFN�ϯϬ

RI�DHUDWLRQ�LQ�WKH�UHDULQJ�ZDWHU FDQ�EH�RQH�RI�WKH�SRVVLEOH�UHDVRQV�ZK\�DOO�SRO\FKDHWH�ODUYDH�GLG�QRW�

VXUYLYH� LQ�DOO�GLDWRP� WUHDWPHQWV��7KH�GHFRPSRVLWLRQ�RI�GLDWRPV� UHVXOWHG� LQ ORZ GLVVROYHG�R[\JHQ�

OHYHO�RI WKH�ZDWHU�FDXVHG�E\ KLJK�EDFWHULDO�R[\JHQ�GHPDQG�GXULQJ�WKH�EUHDNGRZQ�SURFHVV� 2Q�WKH�

RWKHU� KDQG�� ELRIORFV� DUH� GRPLQDWHG� E\� EDFWHULDO� ELRPDVV� ZKLFK� DUH� WKH� HQG� SURGXFWV� RI� WKH

GHFRPSRVLQJ DTXDWLF� IHHGV� DQG� VXJDUFDQH� PRODVVHV� XQGHU� DHURELF� FRQGLWLRQ�� ,Q� WKLV� FDVH�� WKH�ϯϱ

GHFRPSRVLWLRQ�SURFHVV�LV�VNLSSHG�DQG�ZDWHU�TXDOLW\�XQGHU�ELRIORF�WUHDWPHQW�ZDV�QRW�SROOXWHG�
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ϳ

%LRIORFV� DUH� SURGXFHG� LQ� D� VHSDUDWH� WDQN� WKURXJK� D FRPELQDWLRQ� RI� DTXDWLF� IHHGV� DQG� VXJDUFDQH�ϱ

PRODVVHV DW�&�1�UDWLR�RI������ �)LJ����� 7KH�SUHVHQW�LQYHQWLRQ�FDQ�EH�IXUWKHU�H[SODLQHG�DV�IROORZV�

2QH�WRQ�FDSDFLW\�FLUFXODU�ILEHUJODVV�WDQNV�ZDV�GHVLJQHG�IRU�ELRIORF�SURGXFWLRQ�E\�LQVWDOOLQJ�IRXU�ZDWHU�

SXPSV�DW�WKH�FHQWHU�DQG�HLJKW�VXUURXQGLQJ�DLU�GLIIXVHUV�WR�PDLQWDLQ�FRQWLQXRXV�ZDWHU�PRYHPHQW�DQG

VXVSHQVLRQ� RI� GHFD\LQJ� PDWWHU�� $ERXW� ���� J� RI� IHHG�PLOO� VZHHSLQJV� ZLWK� ������� FUXGH� SURWHLQ�

�QLWURJHQ�VRXUFH��DQG ����J VXJDUFDQH�PRODVVHV��FDUERQ�VRXUFH��ZKLFK�FRQWDLQ�����QLWURJHQ�IUHH�ϭϬ

H[WUDFWV�ZHUH�DGGHG�WR WKH�ELRIORF�WDQN �&�1�UDWLR�RI��������RQFH�D�ZHHN��%LRIORF�ZDWHU�ZDV�DJLWDWHG�

��WLPHV�D�GD\��7KH�GDLO\�PHDVXUHG�ZDWHU�TXDOLW\�SDUDPHWHUV�RI�WKH�ELRIORF�V\VWHP�VWD\HG�ZLWKLQ�WKH�

UDQJH����������PJ�/�GLVVROYHG�R[\JHQ���������&�WHPSHUDWXUH��������SSW�VDOLQLW\��DQG���������S+��7KH�

IRUPDWLRQ�RI�PLFURELDO�IORFV�VKRZHG�DQ�LQFUHDVH�LQ�WKH�WRWDO�VXVSHQGHG�VROLGV����������PJ�/��LQ�WKH�

ELRIORF�V\VWHP�ϭϱ

$QRWKHU� UHVXOW� RI� WKH H[SHULPHQW� VKRZHG� WKDW� SRO\FKDHWH� ODUYDH� JURZQ� LQ� ELRIORF� ZLWKRXW� OLJKW�

H[SRVXUH�KDG�������������� VXUYLYDO�ZLWK�������QXPEHU�RI�VHJPHQWV DIWHU����GD\V�RI�ODUYDO�UHDULQJ�

ϮϬ

,Q� WKH�SUHVHQW� LQYHQWLRQ�� UHDULQJ�ZDWHU ZKLFK� LV� DQ� DHUDWHG� 89�WUHDWHG� VHDZDWHU�RI�������SSW�� LV

UHFLUFXODWHG�LQ�WKH�ODUYDO�UHDULQJ�WDQNV� 6HDZDWHU�IURP�D WDQN�UHVHUYRLU�LV VXSSOLHG�LQ�WKH�UHDULQJ�WDQNV�

XVLQJ� D� GULSSLQJ�PHWKRG�� 6LQFH� DHUDWLRQ� LV QRW SURYLGHG�� WKLV�PHWKRG� DJLWDWHV WKH�ZDWHU� FROXPQ�

6HDZDWHU�IURP�WKH�UHDULQJ�WDQNV�RYHUIORZV LQ�WKH�GUDLQ�SLSH�DQG�GLUHFWHG�WR�WKH�UHVHUYRLU�WDQN�DQG�WKH�Ϯϱ

F\FOH�FRQWLQXHV�
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