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$EVWUDFW
$� FULWLFDO� SKDVH� RI� SUHSDULQJ� WKH� ZHOO� IRU� WKH� FRPSOHWLRQ�

RSHUDWLRQ� LV� WKH� ZHOOERUH� FOHDQXS� �:%&8�� DQG� GLVSODFHPHQW��
ZKLFK� LV� GRQH� WR� WUDQVLWLRQ� WKH� ZHOO� IURP� D� GULOOLQJ� IOXLG� WR�
FRPSOHWLRQ�EULQH�DQG�UHPRYH�UHVLGXDO�PDWHULDO�IURP�WKH�ZHOOERUH��
7KH� GLVSODFHPHQW� SHUIRUPDQFH� FDQ� VLJQLILFDQWO\� LPSDFW� WKH�
FRPSOHWLRQ� RSHUDWLRQV�� DQG� WKXV� WKH� ZHOOERUH� SURGXFWLYLW\��
2SHUDWRUV� DQG� VHUYLFH� FRPSDQLHV� DOLNH� JHQHUDOO\� UHFRJQL]H� WKDW�
HQJLQHHUHG�GLVSODFHPHQWV� UHGXFH�RSHUDWLQJ�FRVWV��GHFUHDVH�QRQ�
SURGXFWLYH�WLPH��DQG�PLQLPL]H�WKH�ULVN�RI�IDLOXUH�IRU�VXEVHTXHQW�
FRPSOHWLRQ�RSHUDWLRQV�

$� VXFFHVVIXO� GLVSODFHPHQW� UHTXLUHV� QRW� RQO\� DQ� DSSURSULDWH�
VSDFHU� WUDLQ� GHVLJQ�� EXW� DOVR� RSWLPL]DWLRQ� RI� WKH� RSHUDWLRQDO�
SDUDPHWHUV�� 7KH� FRQWULEXWLRQ� RI� WKHVH� IDFWRUV� WR� WKH� RYHUDOO�
GLVSODFHPHQW�SHUIRUPDQFH�FDQ�EH�FDWHJRUL]HG�LQWR�WKUHH�DVSHFWV��
FKHPLFDO�� K\GUDXOLF� DQG� PHFKDQLFDO�� ,Q� PRVW� FDVHV�� WKH�
RSHUDWLRQDO� SDUDPHWHUV� DUH� OLPLWHG� E\� WKH� ZHOO� GHVLJQ� DQG� ULJ�
HTXLSPHQW�

(QJLQHHULQJ� VRIWZDUH� IRU� :%&8� RSHUDWLRQV� PRGHO� SXPS�
UDWHV��IORZ�SURILOHV��DQQXODU�YHORFLW\��FRYHUDJH�DQG�FRQWDFW�WLPHV�
IRU�HOHPHQWV�RI�WKH�VSDFHU�WUDLQ��7KLV�SDSHU�SUHVHQWV�DQG�GLVFXVVHV�
XVH�RI�WKH�VRIWZDUH�LQ�WKH�GHYHORSPHQW�DQG�ILHOG�DSSOLFDWLRQV�RI�
HQJLQHHUHG� GLVSODFHPHQWV� IRU� *XOI� RI� 0H[LFR� GHHSZDWHU�
FRPSOHWLRQ� RSHUDWLRQV�� FRPSDUHV� SUHGLFWLYH� PRGHOV� ZLWK� ILHOG�
GDWD�IURP�WZR�ZHOOV��DQG�GLVFXVVHV�FRPPRQ�SUDFWLFHV�IRU�VSDFHU�
WUDLQ�GHVLJQ�

(QJLQHHUHG 'LVSODFHPHQW
$Q� HQJLQHHUHG� GLVSODFHPHQW� LQYROYHV� IROORZLQJ� EHVW�

SUDFWLFHV�EDVHG�RQ�SULRU� VXFFHVVIXO� H[SHULHQFH�� FKHPLVWU\� IRU�
WKH� WUDQVLWLRQDU\� IOXLGV� VSHFLILF� WR� WKH� GLVSODFHPHQW� EHLQJ�
GHVLJQHG��VHOHFWLQJ�WKH�DSSURSULDWH�HTXLSPHQW��HYDOXDWLRQ�XVLQJ�
VRIWZDUH�IRU�K\GUDXOLFV�FDOFXODWLRQV��DQG�FROODERUDWLRQ�EHWZHHQ�
WKH�RSHUDWRU��VHUYLFH�SURYLGHUV��ULJ�SHUVRQQHO��DQG�PDWHULDO�WRRO�
YHQGRUV�� � 3RRUO\� GHVLJQHG GLVSODFHPHQWV� FDQ� FRPSURPLVH�
VXEVHTXHQW�FRPSOHWLRQ�RSHUDWLRQV�GXH�WR�LVVXHV�DVVRFLDWHG�ZLWK�
VWXFN�SDFNHUV��FRUURVLRQ�RI�WXEXODUV��IRUPDWLRQ�GDPDJH��LVVXHV�
ZLWK�VHWWLQJ�FRPSOHWLRQ�WRROV�DQG�FHPHQW�SODFHPHQW��LQFUHDVHG�
ILOWUDWLRQ� WLPH� DQG� FRVW�� LQFUHDVHG� GLVSRVDO� FRVWV� DQG� WKH�
LQDELOLW\�WR�GHOLYHU�H[SHFWHG�SURGXFWLRQ����7\SLFDO�HOHPHQWV�RI�
DQ�HIIHFWLYH HQJLQHHUHG�GLVSODFHPHQW�LQFOXGH�����FLUFXODWLQJ�DQG�
FRQGLWLRQLQJ�WKH�GULOOLQJ�IOXLG�����VKRUW�WULSSLQJ�WKH�ZRUN�VWULQJ�
��� SXPSLQJ� D� VHULHV� RI� GLVSODFHPHQW� VSDFHUV� WKURXJK� WKH�

ZHOOERUH�� ��� URWDWLQJ� DQG� UHFLSURFDWLQJ� WKH� ZRUN� VWULQJ� DQG�
:%&8�WRROV DQG����ILOWHULQJ�WKH�FRPSOHWLRQ�IOXLG�WR�WKH�GHVLUHG�
FOHDQOLQHVV�DQG�VROLGV�OHYHOV���)DLOXUH�WR�HIIHFWLYHO\�GLVSODFH�WKH�
LQFXPEHQW� GULOOLQJ� IOXLG� IURP� WKH� ZHOOERUH� VLJQLILFDQWO\�
FRPSOLFDWHV� VXEVHTXHQW� FRPSOHWLRQ� DQG� WRRO� RSHUDWLRQ�� 7KH�
DSSURDFKHV� WDNHQ� WRZDUGV� WKH K\GUDXOLF�� FKHPLFDO� DQG�
PHFKDQLFDO HOHPHQWV� RI� HQJLQHHUHG� GLVSODFHPHQWV� YDU\�
EHWZHHQ� RSHQ� DQG� FDVHG� KROH� GLVSODFHPHQWV�� � � &DVHG� KROH�
GLVSODFHPHQWV�FHQWHU�RQ�UHPRYDO�RI GHEULV�DQG�UHVLGXDO�GULOOLQJ�
IOXLG��ZDWHU�ZHWWLQJ�WXEXODUV��PLQLPL]LQJ�FRQWDPLQDWLRQ�ZDVWH�
YROXPHV� DQG� ILOWUDWLRQ� WLPH�� 7KH� REMHFWLYHV� RI� RSHQ� KROH�
GLVSODFHPHQWV�DUH�WR�FOHDQ�WKH�ZHOOERUH��SHUPLW�LQVWDOODWLRQ�RI�
WKH� ORZHU� FRPSOHWLRQ� DVVHPEO\� DQG� UHPRYDO� RI� WKH� UHVHUYRLU�
GULOO�LQ�IOXLG��5')��ILOWHU�FDNH����

$GGLWLRQDOO\��WKH W\SH�RI�GLVSODFHPHQW�YDULHV�EHWZHHQ�GLUHFW�
DQG� LQGLUHFW� GLVSODFHPHQWV�� ZLWK� ERWK� IRUZDUG� DQG� UHYHUVH�
FLUFXODWLRQ� SDWKZD\V�� � � 'LUHFW� GLVSODFHPHQWV� DUH� FRPPRQO\�
XVHG�RQ�ZHOOV�XVLQJ�QRQ�DTXHRXV�IOXLGV��1$)���ZLWK�KLJK�GDLO\�
FRVWV�����$�W\SLFDO�H[DPSOH�RI�D�GLUHFW��FDVHG�KROH�GLVSODFHPHQW�
ZRXOG�EH�D�*XOI�RI�0H[LFR��GHHSZDWHU�GLVSODFHPHQW�

%HVW�3UDFWLFHV IRU�'LUHFW�'LVSODFHPHQWV
7KH�IRFXV�RI� WKLV�SDSHU� LV� WKH� HQJLQHHUHG GLVSODFHPHQW��PRUH�
VSHFLILFDOO\� GLUHFW�� FDVHG� KROH� GLVSODFHPHQWV ZLWK� 1$)� 7R
GLVVHPLQDWH�ZKDW�DUH��LQ�WKH�DXWKRUV¶�H[SHULHQFH��VRPH�KHOSIXO�
UXOHV� RI� WKXPE� IRU� VSDFHU� WUDLQ� GHVLJQV�� VRPH� JHQHUDO� EHVW�
SUDFWLFHV� DUH� QRZ� SUHVHQWHG�� � $GYDQWDJHV� RI� WKH� GLUHFW�
GLVSODFHPHQW�LQFOXGH VKRUWHQHG GLVSODFHPHQW�WLPHV��UHGXFHG�ULJ�
WLPH�DQG�ZDVWHV JHQHUDWLRQ�� LPSURYHG� ORJLVWLFV�DQG� LPSURYHG�
SUHVVXUH� SURILOH�� � 7KH� SULPDU\� GRZQVLGH� WR� D� GLUHFW�
GLVSODFHPHQW� LV� WKH�ULVN�RI�SRRU�GLVSODFHPHQW�GHVLJQ��DQG� WKH�
UHVXOWDQW�FRVW�LPSOLFDWLRQV�IRU�ZDVWH��ULJ�WLPH�� IOXLG�WUHDWPHQW�
DQG� GLVSRVDO�� 7KH� WHUP� ³HQJLQHHUHG´� GLVSODFHPHQW� LV� RIWHQ�
XVHG�WR�GHVFULEH�WKH�GLUHFW�GLVSODFHPHQW�EHFDXVH�WKH�K\GUDXOLF��
FKHPLFDO� DQG�PHFKDQLFDO� OHYHUV�RI� WKH�GLVSODFHPHQW�PXVW� EH�
HIIHFWLYHO\�GHVLJQHG��LQWHJUDWHG�DQG�H[HFXWHG�LQ�DQ�HQJLQHHUHG�
PDQQHU�

7KHUH�DUH�W\SLFDOO\�����IOXLGV�FRQVLGHUHG�LQ�DQ�HQJLQHHUHG��
GLUHFW�GLVSODFHPHQW����7KHVH�DUH�WKH��D��LQFXPEHQW�GULOOLQJ�IOXLG��
E��EDVH�RLO�VSDFHU��ZLWK�1$)���F��WUDQVLWLRQ�VSDFHU��G��FOHDQLQJ�
VSDFHU��H��YLVFRXV��WDLO��VSDFHU�DQG�I��WKH�FRPSOHWLRQ�IOXLG����$Q�
HQJLQHHUHG� GLVSODFHPHQW� LV� GHVLJQHG� WR� KDUPRQL]H�
UHTXLUHPHQWV� IRU� DQQXODU� YHORFLW\�� DQQXODU� FRYHUDJH�� FRQWDFW�
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WLPH�DQG�IORZ�UHJLPH�IRU�HDFK�HOHPHQW�RI�WKH�VSDFHU�WUDLQ���
0RVW� GLUHFW� GLVSODFHPHQWV� DUH� SXPSHG� LQ� WKH� IRUZDUG�

FLUFXODWLQJ GLUHFWLRQ��PHDQLQJ�WKH�GLVSODFHG�IOXLGV�DUH�SXPSHG�
GRZQ�WKH�ZRUN�VWULQJ�DQG�XS�WKH�DQQXOXV��ZLWK�SUHVVXUH�DSSOLHG�
WR�WKH�GULOO�VWULQJ�� 7KLV�LV�WKH�PRVW�FRPPRQO\�XVHG�SXPSLQJ�
GLUHFWLRQ��ZLWK�EHQHILWV�DURXQG�ORZHULQJ�GLIIHUHQWLDO�DQG�SXPS�
SUHVVXUHV��DV�ZHOO�DV�PLQLPL]LQJ�WKH SRWHQWLDO�IRU�SOXJJLQJ�WKH�
ELW�� 5HYHUVH�FLUFXODWLRQ�LV�RIWHQ�XVHG�LQ�SLFNOLQJ�RSHUDWLRQV��
ZKHQ�SXPSLQJ�IORFFXODQW�SLOOV RU�LQVWDOOLQJ�SDFNHU�IOXLGV����7KH�
GLVSODFHG�IOXLGV�DUH�SXPSHG GRZQ�WKH�DQQXOXV�DQG�XS�WKH�ZRUN�
VWULQJ��ZLWK�SXPS�SUHVVXUH�DSSOLHG�WR�WKH DQQXOXV����

7KH� K\GUDXOLF� GHVLJQ� IRFXVHV� RQ� DQQXODU� YHORFLW\� DQG�
FRYHUDJH�� IOXLG� W\SHV�� FRQWDFW� WLPH�� IORZ� GLUHFWLRQ� DQG� IORZ�
UHJLPH�� � �&KHPLVWU\�RI�WKH�VSDFHU�WUDLQ�LV�LPSRUWDQW�WR�HQVXUH�
FRPSDWLELOLW\�RI�QHLJKERULQJ�VSDFHU�WUDLQ�HOHPHQWV��UHPRYDO�RI�
UHVLGXH�� ZDWHU�ZHWWLQJ� DQG� YLVFRVLW\�� � 0HFKDQLFDO�
FRQVLGHUDWLRQV� LQFOXGH� WKH� XVH� RI� VSHFLDOL]HG� :%&8� WRROV��
ILOWUDWLRQ�DQG�SLSH�URWDWLRQ�DQG�UHFLSURFDWLRQ����

/DVWO\��D KLJK�YLVFRXV�WDLO�VSDFHU�VHUYHV�DV�D�EDUULHU�EHWZHHQ�
WKH�FOHDQLQJ�VSDFHU�DQG�WKH�FRPSOHWLRQ�IOXLG���7KLV�WDLO�VSDFHU�
DOVR� ILQLVKHV� FOHDQLQJ� WKH� ZHOOERUH�� UHPRYLQJ� WKH� UHPDLQLQJ�
QRQ�FRPSOHWLRQ� IOXLGV�� GHEULV DQG� SDUWLFOH UHVLGXH�� �$� ���� IW
FROXPQ�LQ�WKH�ODUJHVW�DQQXODU�FURVV�VHFWLRQ�LV�RIWHQ�FRQVLGHUHG�
HQRXJK���

6SDFHU�7UDLQ�'HVLJQ � &KHPLVWU\
7KH�VSDFHU�GHVLJQV�UHTXLUH�WKDW�HDFK�HOHPHQW�LV�FRPSDWLEOH�

ZLWK� LWV� QHLJKERULQJ� IOXLG DQG� WKLV� LV� YHULILHG� YLD� ODERUDWRU\
WHVWLQJ���7KH�SULPDU\�IXQFWLRQ�RI�WKH�WUDQVLWLRQ�VSDFHU�LV�UHPRYDO�
RI�WKH�LQFXPEHQW�GULOOLQJ�IOXLG IURP�WKH�ZHOOERUH���7KLV�VSDFHU�
DOVR� IXQFWLRQV�DV�D�SK\VLFDO�EDUULHU�EHWZHHQ� WKH� GULOOLQJ� IOXLG�
DQG�VSDFHU�WUDLQ���7KH�WUDQVLWLRQ�VSDFHU�VKRXOG�KDYH�D�FROXPQ�
KHLJKW� EHWZHHQ� ���� WR� ������ IHHW� LQ� OHQJWK� DORQJ� WKH� ODUJHVW�
DQQXODU�FURVV�VHFWLRQ��ZKLFK�LV�W\SLFDOO\�WKH�ULVHU�LQ�D�GHHSZDWHU�
GLVSODFHPHQW���,W�LV�LPSRUWDQW�WKDW�WKH�GHQVLW\�RI�WKH�WUDQVLWLRQ�
VSDFHU��RIWHQ�UHIHUUHG�WR�DV�D�ZHLJKWHG�WUDQVLWLRQ�VSDFHU��LV�����
± ��� OEV�JDO� KLJKHU� WKDQ� WKH� LQFXPEHQW� GULOOLQJ� IOXLG�� � 7KH�
UKHRORJLFDO�SURSHUWLHV�DUH�DGMXVWHG�WR�DOORZ�WKH�WUDQVLWLRQ�VSDFHU�
WR�DFW�OLNH�D�SXVK�SLOO��KHOSLQJ�WR�EUHDN�WKH�JHO�VWUHQJWK�RI�WKH�
PXG�DQG�LQLWLDWH�PRYHPHQW�RI�WKH�UHVLGXDO�GULOOLQJ�IOXLG��'XH�WR�
WKH� UKHRORJLFDO� SURSHUWLHV� DQG� KLJK� GHQVLW\�� WKLV� VSDFHU� LV�
SXPSHG LQ�WKH�ODPLQDU�IORZ�UHJLPH�

7KH�UROH�RI�WKH�FOHDQLQJ�VSDFHU LV�UHPRYDO�RI GULOOLQJ�IOXLG�
UHVLGXH�IURP�WXEXODU�VXUIDFHV��DQG�WR�UHQGHU�WKRVH�VXUIDFHV�WR�D�
ZDWHU�ZHW� VWDWH�� � � 7KH� FOHDQLQJ� VSDFHU� YROXPH� VKRXOG� WR� EH�
HQRXJK� WR�DOORZ�IRU�FRQWDFW� WLPH�RI������PLQXWHV�DW� WKH�IORZ�
UDWH�RI�LQWHUHVW��DQG�ZLWK�DQQXODU�YHORFLWLHV�UDQJLQJ�IURP�����
���� IHHW� SHU� PLQXWH�� � $GGLWLRQDOO\�� WKH� IORZ� UHJLPH� RI� WKH�
FOHDQLQJ�VSDFHU�VKRXOG�EH�LQ�WXUEXOHQW�IORZ�DW�WKLV�IORZ�UDWH���

7KH� ILQDO� VSDFHU� LV� D� KLJK� YLVFRVLW\� WDLO� VSDFHU�� � 7KH� WDLO�
VSDFHU� LV� GHVLJQHG� ZLWK� KLJK� VXVSHQVLRQ� FKDUDFWHULVWLFV� WR�
VZHHS� DQ\� UHPDLQLQJ� GHEULV� RXW� RI� WKH� ZHOO�� 7KLV� VSDFHU� LV�
SXPSHG�LQ�WKH�ODPLQDU�IORZ�UHJLPH���)ROORZLQJ�WKH�WDLO�VSDFHU�
WKH FRPSOHWLRQ�EULQH�LV�FLUFXODWHG�LQWR�WKH�ZHOOERUH�

6SDFHU�7UDLQ�'HVLJQ�� +\GUDXOLFV
%RWK�RIIVKRUH ULJV�IRU�WKH�ZHOOV�SUHVHQWHG�LQ�WKLV�SDSHU�KDG�

HQRXJK� SXPSLQJ� FDSDFLW\� IRU� WKH� HQJLQHHUHG� VSDFHU� WUDLQ�
SURMHFW� H[HFXWLRQ�� � � 7KH� ILJXUH� EHORZ� VKRZV� DQ� H[DPSOH� ULJ�
SXPS�IRU�GHHSZDWHU�GLVSODFHPHQWV�

7KH�PDLQ�FRQVLGHUDWLRQV�IRU�ULJ�SXPSV�DUH�WKH�GHVLUHG�UDWHV��
WKH� RYHUDOO� SUHVVXUH� OLPLWDWLRQV�� DQG� IULFWLRQ� SUHVVXUH� ORVVHV�
SUHGLFWHG���2IWHQ WKH�GHVLJQ�LQFOXGHV�D�SXPS�IRU�WKH�FKRNH�DQG�
NLOO�OLQHV��D�SXPS�IRU�WKH�ERRVW�OLQH��DQG�WZR�SXPSV�IRU�WKH�GULOO�
SLSH���:KLOH�WKH�ILUVW�GLVSODFHPHQW�SUHVHQWHG�LQ�WKLV�SDSHU KDG�
WZR� ULJ�SXPSV� DYDLODEOH� IRU� WKH�GULOO� SLSH�� RQH�RI� WKH�SXPSV�
DYDLODEOH� IRU� WKH� VHFRQG� GLVSODFHPHQW� �ZHOO� ��� ZDV� RIIOLQH
GXULQJ� WKH� GLVSODFHPHQW�� � $IWHU� UHUXQQLQJ� WKH� K\GUDXOLFV�
FDOFXODWLRQV�� LW ZDV� GHWHUPLQHG� WKDW� WKH� OHDG� DQG� FOHDQLQJ�
VSDFHUV� FRXOG� VWLOO� EH� SXPSHG� LQ� WXUEXOHQW� IORZ� DQG� WKH� MREV�
SURFHHGHG�DV�SODQQHG�ZLWK�QR�LVVXHV�

3URSHU� HQJLQHHULQJ� DQDO\VLV� RI� GRZQKROH�RSHUDWLRQV�RIWHQ�
UHTXLUHV�VRIWZDUH�PRGHOLQJ�GXH�WR�WKH�ODUJH�QXPEHU�RI�FRPSOH[�
FDOFXODWLRQV�WR�FRQVLGHU���:KHQ�HYDOXDWLQJ�WKH�LPSDFW�RI�D�UDQJH�
RI� YDULDEOHV�� VXFK� DV� UKHRORJLFDO� RU� GHQVLW\� YDOXHV�� VRIWZDUH�
EHFRPHV�HYHQ�PRUH�QHFHVVDU\���:KLOH�WKH�EDVH�FDOFXODWLRQV�IRU�
IULFWLRQDO� SUHVVXUH� ORVVHV�� IORZ� UHJLPHV�� K\GURVWDWLF SUHVVXUH�
DQG�RWKHU�FRQVLGHUDWLRQV�IRU�PXOWLSOH�GHQVLW\�IOXLGV�SUHVHQW�LQ�
WKH� ZHOOERUH� VLPXOWDQHRXVO\� LV� FRPSOH[�� WKH� VWUXFWXUH� RI� WKH�
VRIWZDUH�LV�DOVR�FULWLFDO��

$� ZHOOERUH� GLVSODFHPHQW� VRIWZDUH� SURJUDP� KDV� UHFHQWO\�
EHHQ�GHYHORSHG�WR PRGHO�SODFHPHQW��SXPS�UDWHV��IORZ�SURILOHV��
ULVHU�ERRVW��DV�ZHOO�DV�DQQXODU�FRYHUDJH�DQG�FRQWDFW� WLPHV�IRU�
HDFK� HOHPHQW� RI� WKH� VSDFHU� WUDLQ�� � � � 7KH� VRIWZDUH� FDQ�PRGHO�
XSZDUGV�RI�QLQH�����IORZ�SDWKV�DQG�WZHOYH������IOXLGV�XVHG�LQ�D�
GHHSZDWHU� GLVSODFHPHQW�� � � ,W DOVR� DOORZV� WKH� XVHU� WR� UXQ�
DQLPDWHG�� WZR�GLPHQVLRQDO� VLPXODWLRQV� RI� WKH� GLVSODFHPHQW�
VFHQDULR��&LUFXODWLQJ� WHPSHUDWXUHV�� SUHVVXUHV��(&'��YROXPHV��
KRUVHSRZHU�� DQG� IOXLG� FRPSUHVVLELOLW\� DUH� FDOFXODWHG� DQG�
JUDSKLFDOO\� SUHVHQWHG� WR� IDFLOLWDWH� GHOLYHU\� RI� D� FRPSHWHQW�
GLVSODFHPHQW�SURFHVV��OHDGLQJ�WR�UHGXFHG�RSHUDWLRQDO�FRVWV�DQG�
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LPSURYHG�SURMHFW�HFRQRPLFV� �����

,Q� FROODERUDWLRQ� EHWZHHQ� WKH� FRPSOHWLRQ� IOXLG� VHUYLFH�
FRPSDQ\�DQG�WKH�K\GUDXOLF�VRIWZDUH�SURYLGHU��WKH�EHVW�SUDFWLFHV�
IRU�VSDFHU�WUDLQ�GHVLJQ�ZHUH�DGGHG�WR�WKH�K\GUDXOLFV�VRIWZDUH�WR�
DVVLVW�ZLWK�MRE�SODQQLQJ �ILJXUH������$Q�H[DPSOH�RI�WKH�GHVLJQ�
ZLQGRZ�XVHG� WR�DVVLVW� LQ�GHWHUPLQLQJ�DSSURSULDWH�YROXPHV�RI�
VSDFHUV�IRU�WKH�VSDFHU�WUDLQ�LV�DOVR�VKRZQ LQ�ILJXUH���

)LJXUH����6SDFHU�7UDLQ�'HVLJQ�%HVW�3UDFWLFHV

)LJXUH����6SDFHU�7UDLQ�'HVLJQ�:LQGRZ

$Q� H[LVWLQJ� K\GUDXOLFV� VRIWZDUH� XVLQJ� FDOFXODWLRQV� WHVWHG�
RYHU� WZR� GHFDGHV� ZDV� VHOHFWHG� WR� SODQ� WKH� GLVSODFHPHQWV���
([WHQVLYH�ILHOG�YDOLGDWLRQ�FRQGXFWHG�IRU�SUHVVXUH�PDWFKLQJ�DQG�
WKH� DELOLW\� WR�PRGHO� FRPSOH[� VFHQDULRV� VXFK� DV� SUHVVXUH� DQG�
WHPSHUDWXUH� GHSHQGHQW� UKHRORJ\� DQG� GHQVLW\� FKDQJHV� ZHUH�
WHFKQLFDO� UHTXLUHPHQWV�� � 7R� IDFLOLWDWH� SURSHU� SODQQLQJ� DQG�
VLPSOLI\�WKH�GHVLJQ�SURFHVV IRU FRPSOH[�IORZ�SDWKV FRPPRQ�WR�
RIIVKRUH�GLVSODFHPHQWV��HDV\�WR�XVH�PHQXV�ZHUH�GHYHORSHG�DV�
VKRZQ�EHORZ��DSSHQGL[�$��

'HHSZDWHU HQJLQHHUHG� GLVSODFHPHQWV� DUH FRPSOH[� DQG�
UHTXLUH� WKH� :%&8� VRIWZDUH� WKDW� FDQ� DFFXUDWHO\� PRGHO� WKH�
K\GUDXOLFV� RI� WKH� FLUFXODWLQJ� V\VWHP� ZKHQ� GLVSODFLQJ���
$GGLWLRQDO� IHDWXUHV� WR� WKH� VRIWZDUH�� WR� LQFOXGH�
LQWHUPL[LQJ�FRQWDPLQDWLRQ� FDOFXODWLRQV� KDYH� EHHQ� GHYHORSHG�
IRU� XVH� LQ� WKH� :%&8 VRIWZDUH� $GGLWLRQDOO\�� URWDWLRQ� DQG�
UHFLSURFDWLRQ� FDOFXODWLRQV� KDYH� DOVR� EHHQ� HVWDEOLVKHG� DQG�
YDOLGDWHG�WR�FRQVLGHU�WKHLU�LPSDFW�RQ�SUHVVXUH�ORVVHV�DQG�(&'
GXULQJ�WKH�GLVSODFHPHQW���$QLPDWLRQV�UHSUHVHQWDWLYH�RI WKH�IOXLG�
SDWKV� DQG� WLPLQJ� DUH� DOVR� FULWLFDO� WR� WKH� HQJLQHHUV¶� DELOLW\� WR�
YHULI\�WKH�VRIWZDUH�LQSXWV�DUH�WKH�VDPH�DV�LQWHQGHG��DQG�WKDW�WKH�
VRIWZDUH� LV� WKHUHIRUH� UXQQLQJ� WKH� DSSURSULDWH� FDOFXODWLRQV�
�DSSHQGL[�%��

&ROODERUDWLRQ
3ODQQLQJ� DW� DOO� VWDJHV� ZDV� FROODERUDWLYH� EHWZHHQ� WKH�

RSHUDWRU�� FRPSOHWLRQ� IOXLGV� SURYLGHU�� DQG� YDULRXV� SURGXFW�
YHQGRUV�WR�HQVXUH�DSSURSULDWH�TXDOLW\��DYDLODELOLW\��DQG�FRUUHFW�
XVH�RI�DOO�PDWHULDOV�DQG�WRROV���&RPSOHWLRQ�HQJLQHHUV�ZLWQHVVHG�
DQG� HYDOXDWHG� WKH� SURSRVHG� VSDFHU� FKHPLVWU\� DQG� WHVWLQJ�
PHWKRGV� DW� WKH� ODE� WHVWLQJ� IDFLOLW\�� �0RGLILFDWLRQV� ZHUH� DOVR�
LPSOHPHQWHG�WR� WKH�K\GUDXOLFV�VRIWZDUH�WR�LPSURYH�ZRUNIORZ�
DQG�FODULW\�IRU�HQJLQHHUV�GXULQJ�WKH�MRE�GHVLJQ�SURFHVV�

&ROODERUDWLRQ� IRU� WKH� HQJLQHHUHG� GLVSODFHPHQWV� LQYROYHG�
WUDLQLQJ�IRU�WKH�VHUYLFH�FRPSDQ\�UHSUHVHQWDWLYHV�LQYROYHG�LQ�WKH�
MRE� SODQQLQJ� DQG� H[HFXWLRQ�� � 7KRXJK� WKH� SHUVRQQHO� LQYROYHG�
ZHUH�H[SHULHQFHG��WKH�WUDLQLQJ�ZDV XVHG�DV�D�UHIUHVKHU�DQG�DQ�
RSSRUWXQLW\�WR�SODQ�WKH�GLVSODFHPHQWV���7KH�VSHFLILF FKHPLVWU\�
RI�IOXLGV�LQYROYHG�ZDV�GLVFXVVHG�E\�ODE�SHUVRQQHO�DQG�VRIWZDUH�
WUDLQLQJ� ZDV� FRQGXFWHG� WR� HQVXUH� DSSURSULDWH� XVH� RI� WKH�
FDOFXODWLRQ�DQG�SODQQLQJ�WRRO�DYDLODEOH���

-RE 'HVLJQ
%RWK�ZHOOV� FRQVLGHUHG� IRU� SODQQLQJ� DQG� SRVW�MRE� SUHVVXUH�

PDWFKLQJ�ZLWK� WKH�K\GUDXOLFV�VRIWZDUH�ZHUH�RIIVKRUH�ZHOOV� LQ�
WKH�*XOI�RI�0H[LFR��*20��� �7KH� WZR�ZHOOV�ZHUH�GULOOHG�DQG�
FRPSOHWHG�DW� D�ZDWHU�GHSWK�DSSURDFKLQJ������� IHHW� DQG�ZLWK
LQFOLQDWLRQV� UDQJLQJ� IURP� ��������� � %RWK� ZHOOV� ZHUH� GULOOHG�
XVLQJ� D� GULOO� VKLS FDSDEOH� RI� RSHUDWLQJ� LQ� ZDWHU� GHSWKV�
DSSURDFKLQJ������� IHHW�

7KH�SXPSLQJ�VFKHGXOH�IRU�ZHOO����LV�VKRZQ�EHORZ�
6WDJH�� ± 'LVSODFH�WKH�LQFXPEHQW�6%)�IURP�WKH�FKRNH DQG�

NLOO OLQHV�ZLWK����EEOV RI�EDVH�RLO��IROORZHG�E\����EEOV FOHDQLQJ
VSDFHU��IROORZHG�E\����EEOV EULQH�DW�IORZ UDWHV�RI����EEO�PLQ�

6WDJH�� ±'LUHFW�GLVSODFHPHQW�RI�WKH�ORZ�(&'�6%)�ZLWK�����
EEOV� RI EDVH� RLO�� IROORZHG� E\� ���� EEOV ZHLJKWHG� WUDQVLWLRQ�
VSDFHU������EEOV FKHPLFDO�ZDVK��DQG����EEOV YLVFRXV�VSDFHU��DOO�
DW����EEO�PLQ��� 7KLV�ZDV�IROORZHG�E\�FLUFXODWLQJ�DSSUR[LPDWHO\
������ EEOV� RI� FRPSOHWLRQ� IOXLG� SXPSHG DW� ��� EEO� �PLQ���
$GGLWLRQDO�FRPSOHWLRQ�IOXLG ZDV�FLUFXODWHG�GRZQ�WKH�SLSH�DW�����
EEO�PLQ�ZKLOH�DOVR�ERRVWHG�YLD� WKH�NLOO�DQG�ERRVW� OLQHV� WR� WKH�
ULVHU�DW����EEO�PLQ�

>-HW�%23V@
6WDJH�� � 5HYHUVH�FLUFXODWHG ����EEOV�RI�IORFFXODQW�WUHDWHG�

FRPSOHWLRQ�EULQH�GRZQ�WKH�DQQXOXV�DQG�XS�WKURXJK�WKH�NLOO�OLQH�
DW����EEO��PLQ���7KLV�ZDV�IROORZHG�E\�FLUFXODWLQJ�DSSUR[LPDWHO\�
������EEOV�RI�FRPSOHWLRQ�IOXLG�DW ���ESP�

)LHOG�'DWD &RPSDULVRQ
:HOO���

7KH�SUHVVXUH�SUHGLFWLRQ�YV��WKH�ILHOG�YDOXHV�ZHUH�YHU\�FORVH��
ZLWK�WKH�WUHQGV�DFFXUDWHO\�IROORZLQJ�WKH�FKDQJHRYHU�WR�GLIIHUHQW�
GHQVLW\�IOXLGV��FKDQJLQJ�IORZ�UDWHV��DQG�RWKHU�SDUDPHWHUV���7ZR�
KRXUV� LQWR� WKH� GLVSODFHPHQW�� WKH� ULJ� EHJDQ� URWDWLQJ� DQG�
UHFLSURFDWLQJ� WKH� ZRUN� VWULQJ ZKLOH� SXPSLQJ�� ZKLFK� KDG� QRW�
EHHQ� IDFWRUHG� LQWR� WKH� K\GUDXOLF� VLPXODWLRQ�� � 7KH� VWHDG\�
GLIIHUHQFH�RI�URXJKO\�������SVL�GXH�WR�SLSH�PRYHPHQW�FDQ�EH�
VHHQ�IURP�����PLQXWHV�WKURXJK�WKH�HQG�RI�WKDW�VWDJH �ILJXUH����
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)LJXUH����3UHVVXUH�0DWFK�:HOO����6WDJH��

)URP�WKH�K\GUDXOLF� VRIWZDUH�� WKH�SUHGLFWHG�SXPS�SUHVVXUH�
WKURXJK�WKH�GULOO�SLSH�VWDUWV�RXW�DW�������SVL�XQWLO�DSSUR[LPDWHO\�
���� PLQXWHV�� DW� ZKLFK� WLPH� WKH� FKHPLFDO� ZDVK� HQWHUV� WKH�
DQQXOXV�DQG�WKH�SUHVVXUH�GURSV�WR�DSSUR[LPDWHO\������ SVL�E\�
����PLQXWHV�LQWR�WKH�MRE���$W�WKLV�SRLQW�WKH�FKHPLFDO�ZDVK�HQWHUV�
D� ODUJHU� DQQXODU� VSDFH�� UHVXOWLQJ� LQ� D� IXUWKHU� GURS� LQ� SXPS�
SUHVVXUH��DOEHLW�DW�D�ORZHU�VORSH��WR�DSSUR[LPDWHO\�������SVL�E\�
����PLQXWHV�LQWR�WKH�MRE�

7KH� SXPS� UHTXLUHPHQWV� IRU� ERRVWLQJ� ZHUH ORZHU� DV DQ�
DGGLWLRQDO SXPS ZDV XVHG���7KH�SXPS SUHVVXUHV SUHGLFWHG�ZHUH�
YHU\�VLPLODU�WR�WKDW�VHHQ�GXULQJ�WKLV�VWDJH�RI�WKH�GLVSODFHPHQW�

7KHUH� ZHUH� VRPH� SUREOHPV� ZLWK� JDWKHULQJ� SXPS�
LQIRUPDWLRQ�IURP�WKH�ULJ��UHVXOWLQJ�LQ�WKH�HQG�SUHVVXUHV�DV�WKH�
RQO\�NQRZQ�SUHVVXUHV�IRU�FRPSDULVRQ���$V�WKH�HQG�SUHVVXUH�IRU�
WKLV�VWDJH�RI�WKH�GLVSODFHPHQW�PDWFK�DOPRVW�LGHQWLFDOO\��DQG�WKLV�
LV� WKH� RQO\� ILHOG� YDOXH� DFTXLUHG�� WKH� SUHVVXUH� SUHGLFWLRQ� ZDV�
FRQVLGHUHG�VXFFHVVIXO �ILJXUH����

)LJXUH����3UHVVXUH�0DWFK�:HOO ���6WDJH��

:HOO���
5HYHUVH�FLUFXODWLQJ�SUHVVXUH�SUHGLFWLRQV�LQ�ZHOO����SURYLGHG�

D�VOLJKWO\�PRUH�FRQVHUYDWLYH�LQLWLDO�YDOXH�WKDW�ZDV�UHDFKHG�E\�
WKH� ULJ� SXPS�ZLWKLQ� ���PLQXWHV�� � 7KLV� LV� DOVR� FRQVLGHUHG� DQ�
H[FHOOHQW�PDWFK �ILJXUH������7KH�VRXUFH�RI�WKH�LQLWLDO�GLIIHUHQFH�
LQ� SXPS� SUHVVXUHV� LV� QRW� NQRZQ�� WKRXJK� WKHUH� DUH� QXPHURXV�
GRZQKROH�HYHQWV�WKDW�DUH�GLIILFXOW�WR�PHDVXUH���,Q�WKH�DXWKRUV¶�
H[SHULHQFH��WKHVH�VOLJKW�GLIIHUHQFHV�DUH�QRW�XQFRPPRQ�

)LJXUH����3UHVVXUH�0DWFK�:HOO����5HYHUVH�&LUFXODWLRQ

7KH� HQJLQHHUHG� GLVSODFHPHQW VRIWZDUH� VKRZV� D� FOHDU�
LQFUHDVH�LQ�UHTXLUHG�SXPS�SUHVVXUH�DV�WKH�KHDYLHU�IOXLG�HQWHUV�
WKH�DQQXOXV��WKRXJK�WKH�ULJ�SUHVVXUHV�ZHUH�RQO\�FDSWXUHG�IRU�WKH�
HQG�RI�WKLV�VWDJH���7KLV�SUHGLFWLYH�PDWFKLQJ�DWWHPSW�ZDV�QRW�DV�
VXFFHVVIXO� DV� PRVW� RI� WKH� RWKHU� VWDJHV�� � ,Q� WKLV� LQVWDQFH� WKH�
K\GUDXOLF� VRIWZDUH� SUHGLFWHG� DSSUR[LPDWHO\� ���� KLJKHU� WKDQ�
WKH�HQG�YDOXH�IRU�WKH�ULJ �ILJXUH����

)LJXUH����3UHVVXUH�0DWFK�:HOO����$QQXOXV

3XPSLQJ� GRZQ� WKH� GULOO� SLSH� ZKLOH� FLUFXODWLQJ� WKH�
FRPSOHWLRQ�EULQH�SURYLGHG�D�YHU\�FORVH�PDWFK�ZLWK�WKH�ULJ�GDWD��
ZLWKLQ�D�WROHUDQFH�RI��� �ILJXUH����

)LJXUH����3UHVVXUH�0DWFK�:HOO����'ULOO�3LSH
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&RQFOXVLRQV
7KHUH� DUH� PDQ\� GLIIHUHQW� DVSHFWV� WR� DSSURSULDWHO\�

HQJLQHHULQJ�D�GHHSZDWHU�GLVSODFHPHQW�IURP�DQ�LQ�VLWX�GULOOLQJ�
IOXLG� WR� D� FRPSOHWLRQ�EULQH�� �8VLQJ� WKH� DSSURSULDWH� WRROV� LV� D�
SUHUHTXLVLWH� IRU� VXFFHVV�� �$SSURSULDWH� WUDLQLQJ�� FROODERUDWLRQ��
DQG�SODQQLQJ�DUH�DOVR�FULWLFDO�WR�XVLQJ�WKRVH�WRROV�FRUUHFWO\���
+\GUDXOLFV� VRIWZDUH� LV� D� QHHGHG� WRRO� IRU� FRPSOH[� ZHOOERUH�
FOHDQXS�RSHUDWLRQV��DQG� WKHUH�DUH�SURJUDPV�DYDLODEOH� WKDW�FDQ�
KDQGOH� WKH� FKDOOHQJHV� RI� PXOWLSOH� GLIIHUHQW� GHQVLWLHV� WKURXJK�
YDULRXV� FRPELQDWLRQV� RI� IORZ� SDWKV�� � 6RIWZDUH� FDQ� DOVR� EH�
FXVWRPL]HG� DQG� VWUHDPOLQHG� WR� DOORZ� IRU� XVH� LQ� VSHFLILF�
DSSOLFDWLRQV�� OLNH�RIIVKRUH�GLVSODFHPHQWV�� WR�DLG� LQ� WKH�GHVLJQ�
DQG� DSSOLFDWLRQ� SURFHVV� ZKHQ� GHVLJQLQJ� VSDFHU� WUDLQV� WR�
VXFFHVVIXOO\� UXQ� LQ� WKH� WXUEXOHQW� IORZ� UHJLPH�� FRQWDFW� WKH�
DQQXOXV� IRU� D� VSHFLILHG� SHULRG� RI� WLPH�� DQG� RWKHU� LPSRUWDQW�
GHVLJQ�FULWHULD�

,Q� WKH� FDVH� RI� WKH� WZR� RIIVKRUH� ZHOOV� HYDOXDWHG�� SUHVVXUH�
SUHGLFWLRQ�ZDV YHU\�DFFXUDWH�� �7KH�RQO\�VLJQLILFDQW�GLIIHUHQFH�
ZDV�UHODWHG�WR�SLSH�PRYHPHQW��ZKLFK�KDV�EHHQ�QRWHG�DQG�FDQ�
EH� DFFRXQWHG� IRU�� � %DVHG� RII WKLV� H[SHULHQFH� LQ� WKH� *20��
FRUUHFWO\�HQJLQHHUHG�GLVSODFHPHQW�FDOFXODWLRQV�FDQ�EH� WUXVWHG�
ZLWK�D�UHDVRQDEOH�GHJUHH�RI�DFFXUDF\�WR�SUHGLFW�ULJ�UHTXLUHPHQWV�
DQG� WKH� DELOLW\� WR� SXPS� DW� WKH� UHTXLUHG� UDWHV� WR� VXFFHVVIXOO\�
FOHDQ�DQG�GLVSODFH�WKH�ZHOOERUH�

1RPHQFODWXUH
:%&8�± ZHOOERUH�FOHDQXS
5')�± UHVHUYRLU�GULOO�LQ�IOXLG
1$)�± QRQ�DTXHRXV�IOXLG
6%)�± V\QWKHWLF�EDVHG�IOXLG
OEV�JDO ± GHQVLW\��SRXQGV�SHU�JDOORQ
IW�± IHHW
(&'� HTXLYDOHQW�FLUFXODWLQJ�GHQVLW\
*R0�± *XOI�RI�0H[LFR
EEOV�± YROXPH��RLOILHOG�EDUUHOV ����JDOORQV�
EEO �PLQ ± IORZUDWH��EDUUHOV�SHU�PLQXWH
%23�± EORZ�RXW�SUHYHQWHU
SVL�± SUHVVXUH��SRXQGV�SHU�VTXDUH�LQFK

5HIHUHQFHV
�� 6PLWK��6���.UDW]HU��0���.RPDURP\��-���'X���*UD\��/���0LOOHU��

0��� ³$Q� ,QWHJUDWHG�$SSURDFK� RI�'ULOOLQJ� DQG�&RPSOHWLRQ�
)OXLG�6ROXWLRQV�DQG�)DFLOLWLHV�'ULYHV�(IILFLHQFLHV�LQ�*XOI�RI�
0H[LFR� 'HHSZDWHU´�� ����� $$'(� 1DWLRQDO� 7HFKQLFDO�
&RQIHUHQFH�DQG�([KLELWLRQ�KHOG�DW� WKH�+LOWRQ�'HQYHU�&LW\�
&HQWHU��'HQYHU��&RORUDGR��$SULO�����������

�� %XVVDJOLD�� /��� 'L0DULQR�� 5��� 6PLWK�� 9��� ³)LUVW� 'HHSZDWHU�
&DPSDLJQ��2IIVKRUH�5RPDQLD�� ,QIUDVWUXFWXUH��'HVLJQ�� DQG�
([HFXWLRQ�WR�'HOLYHU�'ULOOLQJ�DQG�&RPSOHWLRQ�)OXLGV´��63(�
�������� ����� 63(� $QQXDO� 7HFKQLFDO� &RQIHUHQFH�� 	�
([KLELWLRQ��'DOODV��7H[DV��������6HSWHPEHU�������

�� 'HWLYHDX[��&���*UD\��/���.UDW]HU��0���&KDEDXG��*���6PLWK��
6���5LNHU��5���'H)UHHV��$���³([FHOOHQFH�'HPRQVWUDWHG�RQ�D�
&ROODERUDWLYH� 7HDP� $SSURDFK� WR� 'HHSZDWHU� *20
&RPSOHWLRQ� )OXLG� 2SHUDWLRQV´� $$'(����)7&(������
SUHVHQWHG�DW� WKH������$$'(�)OXLGV 7HFKQLFDO�&RQIHUHQFH�
DQG� ([KLELWLRQ� KHOG� DW� WKH� 0DUULRWW� 0DUTXLV�� +RXVWRQ��
7H[DV��$SULO�������������



� 0F&RUPLFN��-���6KXDL��:���5LNHU��5���'HWLYHDX[��&���*UD\��/���'H)UHHV��$� $$'(����)7&(����

$SSHQGL[�$��)ORZSDWK�6HOHFWLRQ�:LQGRZ
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$SSHQGL[�%��6RIWZDUH�$QLPDWLRQ�:HOO���

2ULJLQDO�ZHOOERUH�IOXLG��OHIW��DQG�6SDFHU�7UDLQ��ULJKW�

¶
6SDFHU�7UDLQ�DQG�,QLWLDO�%ULQH�'LVSODFPHQW��ERWK�

%ULQH�&LUFXODWLRQ�3UH�%RRVWLQJ��OHIW�
%ULQH�&LUFXODWLRQ�DQG�%RRVWHG�)OXLG��ULJKW�
�WKH�EULQH�SXPSHG�GXULQJ�ERRVW�LV�VKRZQ�ERWK� LQ�WKH�

FKRNH�NLOO� OLQHV� DQG� LQ� WKH� SLSH� DV� \HOORZ�� WKH� PL[HG�
ERRVWHG�EULQH�DQG�SUHYLRXVO\�SXPSHG�EULQH�LV�VKRZV�DV�D�
JUH\�FRORU

5HSUHVHQWDWLYH� RXWSXW� ZLQGRZ� ZLWK� DQLPDWLRQ� IOXLG�
VFKHPDWLF�� WXEXODU� YDOXHV�� DQG� IORZ� UHJLPH� YLVXDOO\�
UHSUHVHQWHG���1XPEHURXV�WDEOXODU�RU�JUDSKLFDO�GLVSOD\V�RI�
GLIIHUHQW�YDULDEOHV�DUH�DYDLODEOH�


