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,QWURGXFWLRQ�

7KH�H[LVWHQFH�RI�ZDWHU�RQ�0DUV�DQG�LWV�LPSOLFDWLRQV��KDV�VSDUNHG�D�JURZLQJ�FXULRVLW\�LQ�KXPDQNLQG�WR�NQRZ�
PRUH�DERXW�LWV�DQFLHQW�UHG�QHLJKERU��DQG�ZKDW�LWV�FXUUHQW�VWDWH�PD\�PHDQ�IRU�WKH�IXWXUH�RI�(DUWK��7KH�UHVXOWV�
DW�KDQG��IURP�SUHYLRXV�H[SHGLWLRQV�DQG�WKH�DGYDQFHPHQW�RI�UHOHYDQW�WHFKQRORJ\��KDV�EURXJKW�WKH�SURVSHFWV�
RI�0DUV�FORVHU�WR�WKH�HDUWK�WKDQ�LW�HYHU�ZHUH��:LWK�WKH�QHDULQJ�ODXQFK�RI�1$6$¶V�³,Q6LJKW´�0DUV�PLVVLRQ�
DQG�WKH�LQFUHDVHG�SD\ORDG�VL]H�WKDW�WKH�6SDFH�/DXQFK�6\VWHP�ZLOO�PDNH�SRVVLEOH��VFLHQWLVWV�DQG�HQJLQHHUV�
FDQ� H[SORUH� EROGHU� DYHQXHV� RI� VSDFH� H[SORUDWLRQ�� ,Q�VLWX� UHVRXUFH� XWLOL]DWLRQ� �,658�� LV� D� GLIILFXOW� DQG�
FXPEHUVRPH�SURFHVV�UHTXLULQJ�DGDSWDWLRQ�RI�HDUWK�EDVHG�WHFKQRORJLHV�WR�KDUVKHU�HQYLURQPHQWV��+RZHYHU�
FKDOOHQJLQJ�� ,658� WHFKQRORJLHV� DUH� UHTXLUHG� IRU� WKH� �UG� SKDVH� RI� 1$6$¶V� -RXUQH\� WR� 0DUV�� (DUWK�
,QGHSHQGHQFH��,Q�WKLV�SDSHU��DQ�HIILFLHQW�GHVLJQ�LV�GLVFXVVHG��WR�H[FDYDWH�DQG�SURFHVV�0DUWLDQ�,FH��$�FULWLFDO�
UHVRXUFH�IRU�IXWXUH�UHVHDUFK�RQ�PDNLQJ�0DUV�KDELWDEOH�LV�ZDWHU��,Q�LWV�QDWXUDO�VWDWH��L�H��EULQ\��IUR]HQ�DQG�
EXULHG�XQGHU�WKH�XQUHOHQWLQJ�0DUWLDQ�VXUIDFH��LW�LV�QRW�D�XVDEOH�UHVRXUFH��0DNLQJ�WKLV�UHVRXUFH�DYDLODEOH�ZLOO�
RSHQ�GRRUV�IRU�IXWXUH�PLVVLRQV�WR�IXUWKHU�RXU�SDWK�WR�FRORQL]DWLRQ��7KH�GHVLJQ�H[SORUHV�WKH�IHDVLELOLW\�RI�D�
GULOOLQJ� DXJHU� WKDW� GHVFHQGV� WKURXJK� WKH� VXEVXUIDFH� RI� PDUV�� H[FDYDWHV� LFH� DQG� SURFHVV� LW� LQWR� OLTXLG�
ZDWHU���7KH�GHYLFH�ZLOO�GUDZ��D�SRZHU�RI�����:�DW�SHDN�ORDGV�GXULQJ�GULOOLQJ�DQG�PHOWLQJ�RI�LFH��

^ǇƐƚĞŵ��ĞƐĐƌŝƉƚŝŽŶ�

7KH�HQWLUH�WDVN�IRU�WKLV�FRPSHWLWLRQ�KDV�EHHQ�GLVFUHWL]HG�LQWR�GLIIHUHQW�VXEV\VWHPV�DQG�GHVFULEHG�EHORZ��$�
JORVVDU\�RI�LPSRUWDQW�IUHTXHQWO\�UHIHUUHG�FRPSRQHQWV�KDYH�EHHQ�QDPHG�DQG�GHVFULEHG�LQ�dĂďůĞ�ϭ��DSSHQGL[��

0RXQWLQJ�6\VWHP�

7KH�GHVLJQ�RI�WKH�EDVH�IUDPH�FRPSULVHV�IRXU�������DOXPLQXP�FKDQQHOV�LQ�D�UHFWDQJXODU�IRUPDWLRQ�DURXQG�
WKH�GULOOLQJ�DUHD��7ZR�RI� WKHVH�KDYH�D�FURVV�VHFWLRQDO�DUHD�RI��´[�´��³VLQJOH´�FKDQQHOV��DQG�D� OHQJWK�RI�
����´��DQG�WKH�RWKHU�WZR�KDYH�D��´[�´�FURVV�VHFWLRQ��³GRXEOH´�FKDQQHOV��DQG�D�OHQJWK�RI���´��2Q�HDFK�RI�
WKH�³GRXEOH´�FKDQQHOV��WZR�ò´�GLDPHWHU�WKUX�KROHV�DUH�GULOOHG�����´�DSDUW��7KH�FDUULDJH�EROWV�WKDW�SURWUXGH�
IURP�WKH�LFH�FKHVW�OLG�JR�WKURXJK�WKHVH�KROHV��DQG�DUH�IDVWHQHG�GRZQ�DW�WKH�WRS�IDFHV�RI�WKH�IUDPHV��7KH�UHVW�
RI�WKH�GULOO�V\VWHP�LV�DVVHPEOHG��GLUHFWO\�RU�LQGLUHFWO\��WR�WKHVH�FKDQQHOV��

6\VWHP�([FDYDWLRQ�2SHUDWLRQV

7KH�LFH�LV�H[FDYDWHG�E\�DQ�DXJHU�GULOOLQJ�V\VWHP�ZKLFK�FRQVLVWV�RI�DQ�DXJHU�ZLWK��´�GLDPHWHU�IOXWH�DQG�D�
���´�GLDPHWHU�LFH�FXWWLQJ�ELW��D�39&�VKURXG�ZLWK����´�2'�WKDW�HQFORVHV�WKH�DXJHU�DQG�DOORZV�PDWHULDO�WR�EH�
WUDQVSRUWHG�XS��DQG�D�FRUGHG�SRZHU�GULOO�ZLWK�D�PD[LPXP�UDWHG�SRZHU�FRQVXPSWLRQ�RI����:�ZLWK�DQ�DFWXDO�
UDWHG�PD[LPXP� RXWSXW� RI� ���:� LV� DGDSWHG� WR� VHUYH� DV� WKH� DXJHU�PRWRU��$� IODQJHG�$%6� DGDSWHU� ULQJ�
FRQQHFWV� WKH� VKURXG� WR� WKH� WDEOH��7KLV� WDEOH�DORQJ�ZLWK� WKH� VKURXG�DQG�DXJHU� LV� DFWXDWHG� LQ� WKH�YHUWLFDO�
GLUHFWLRQ� �WKH�=�D[LV��E\�D�EDOO�VFUHZ��SRZHUHG�E\�D�JHDUHG�VWHSSHU�PRWRU��$� WKURXJK�KROH� ORDG�FHOO� LV�
LQVWDOOHG�RQ� WKH� VKDQN�RI� WKH�DXJHU�DQG�PRXQWHG�RQWR� WKH� WDEOH� WR�SURYLGH�IRUFH� �ZHLJKW�RQ�ELW� �:2%��
PHDVXUHPHQWV��,I�WKH�:2%�LV�WRR�FORVH�WR�WKH�SUHVFULEHG�OLPLW�RI�����1��WKH�GULOO�LV�DFWXDWHG�XSZDUG�IRU�D�
VKRUW�GLVWDQFH�E\�FRQWUROOLQJ� WKH�=�D[LV� VWHSSHU�PRWRU�GLUHFWLRQ�� ,W� LV� LPSRUWDQW� WR�QRWH� WKDW�D�QHRSUHQH�
UXEEHU�GDPSLQJ�SDG�LV�XVHG�RQ�HLWKHU�VLGH�RI�WKH�WDEOH�WR�GDPSHQ�WKH�YLEUDWRU\�DQG�:2%�ORDGV�WKDW�DUH�
WUDQVPLWWHG�WKURXJK�WKH�DXJHU�VKDIW�WR�RWKHU�FRPSRQHQWV�PRXQWHG�RQ�WKH�WDEOH�DQG�HQVXUH�WKDW�PRVW�RI�WKH�
ORDG�SDWK�IORZV�SULPDULO\�WKURXJK�WKH�ORDG�DXJHU�ORDG�FHOO���

7KH�RSHUDWLRQDO�SDUDPHWHUV�LQFOXGH�D�UHODWLYHO\�ORZ�:2%��FRUUHVSRQGLQJ�WR�D�ORZ�=�D[LV�PRWRU�WRUTXH��ORZ�
DXJHU�PRWRU�WRUTXH��DQG�KLJK�DXJHU�PRWRU�URWDWLRQDO�VSHHG��7KLV�UHVXOWV�LQ�VKDOORZHU�FXWV��ZKLFK�SURGXFH�
VPDOOHU�LFH�VKDYLQJV��LQ�D�FRQVLVWHQF\�OLNH�VQRZ��ZKLFK�LV�LGHDO�IRU�IDVW�PHOWLQJ�LQ�D�PLFURZDYH�FKDPEHU��

;ĂͿ�



7KH�EDOO�VFUHZ�DQG�LWV�PRWRU��LV�IL[HG�WR�EDVH��ZKLFK�FDQ�WUDYHUVH�DORQJ�WKH�KRUL]RQWDO��;<��SODQH��(DFK�RI�
WKH� FRUQHUV� RI� WKH� EDVH� UHVWV� RQ� D� OLQHDU� EHDULQJ� FDUULDJH��ZKLFK� VOLGHV� DORQJ�<�UDLOV�� HQDEOLQJ�<� D[LV�
DFWXDWLRQ��(DFK�HQG�RI�WKH�UDLOV�LV�PRXQWHG�WR�;�D[LV�FDUWV��DOORZLQJ�PRWLRQ�LQ�WKH�;�D[LV��3RZHU�LV�SURYLGHG�
E\�D�SDLU�RI������JHDUHG�1(0$����VWHSSHU�PRWRU��RQH�IRU�HDFK�D[LV��$�WLPLQJ�EHOW�DQG�SXOOH\�DUUDQJHPHQW�
WUDQVODWHV�WKH�URWDWLRQDO�PRWLRQ�RI�WKH�PRWRUV�WR�OLQHDU�PRWLRQ�RI�WKH�EHOWV��7KH�;�D[LV�EHOW�LV�IDVWHQHG�WR�
RQH�RI�WKH�HQGV�RI�WKH�������UDLOV��ZKLOH�WKH�<�D[LV�EHOW�LV�IDVWHQHG�WR�RQH�RI�WKH�VLGHV�RI�WKH�EDVH�

7KH�39&�VKURXG��ZKLFK�HQFORVHV�WKH�DXJHU��KDV�D�KROH�RQ�LWV�VLGH��FROORFDWHG�YHUWLFDOO\�DW�WKH�HQG�RI�WKH�
DXJHU�IOXWH��6DGGOH�WDS��DOORZV�WKH�LFH�GXFW�WR�EH�DWWDFKHG�WR�WKH�VKURXG�KROH��7KH�RWKHU�HQG�RI�WKH�GXFW�H[LWV�
LQWR�WKH�PLFURZDYH�FKDPEHU��$Q�RSHQLQJ�KDWFK�LV�ORFDWHG�RQ�WKH�XQGHUVLGH�RI�WKH�GXFW��ZKLFK�FDQ�EH�RSHQHG�
XVLQJ�D�'&�VHUYR�PRWRU��

7KH�ILUVW�VWHS�LQ�WKH�H[FDYDWLRQ�SURFHVV�LV�WR�DFWXDWH�WKH�DXJHU�GULOO�LQ�WKH�KRUL]RQWDO�SODQH�WR�LWV�GULOOLQJ�VLWH��
NHHSLQJ� LW� IL[HG�DERYH� WKH�RYHUEXUGHQ��7KH�KRUL]RQWDO�PRWLRQ� LV�DQ�RSWLPL]HG�VWDJJHUHG�SDWWHUQ��ZKLFK�
PD[LPL]HV�WKH�QXPEHU�RI�SRVVLEOH�GULOO�VLWHV�LQ�WKH�DYDLODEOH�GULOOLQJ�DUHD��DQG�PLQLPL]HV�GULOOLQJ�WKURXJK�
RYHUEXUGHQ�WKDW�KDV�DOUHDG\�EHHQ�H[FDYDWHG��2QFH�VWDEO\�SRVLWLRQHG��WKH�DXJHU�PRWRU�LV�SRZHUHG�RQ��DQG�
WKH� ]�D[LV� PRWRU� ORZHUV� WKH� GULOO� LQWR� FRQWDFW� ZLWK� WKH� RYHUEXUGHQ�� $V� WKH� GULOO� GHVFHQGV�� WKH� GULOOHG�
RYHUEXUGHQ� LV� WUDQVSRUWHG� XS� WKURXJK� WKH� VKURXG� DQG� RXW� WKURXJK� WKH� KDWFK� LQ� WKH� LFH� GXFW��:KLOH� WKH�
RYHUEXUGHQ�LV�EHLQJ�WUDQVSRUWHG�WKURXJK�WKH�GXFW��WKH�LFH�KDWFK�EORFNV�WKH�GXFW�SDVVDJH�OHDGLQJ�XSWR�WKH�
0:�FKDPEHU��WR�SUHYHQW�WKH�RYHUEXUGHQ�IURP�JRLQJ�LQ�WKH�PLFURZDYH�FKDPEHU��7KH�VKDSH�RI�WKH�GXFW�DQG�
WKH�SRVLWLRQLQJ�RI�WKH�KDWFK�FRQWULEXWH�WR�H[SHO�WKH�RYHUEXUGHQ�DZD\�IURP�WKH�GULOOLQJ�KROH��$IWHU�WKH�DXJHU�
GULOOV�LQWR�WKH�LFH�DQG�LFH�FRXOG�EH�VHHQ�IORZLQJ�RXW�RI�WKH�KDWFK��WKH�KDWFK�LV�VHW�WR�FORVHG�SRVLWLRQ�WR�EULGJH�
WKH�JDS�LQ�WKH�GXFW��DQG�DOORZ�WKH�LFH�WR�HQWHU�WKH�PLFURZDYH�FKDPEHU��7R�HQVXUH�WKDW�QR�RYHUEXUGHQ�ZLOO�
EH�OHIW�LQVLGH�WKH�GXFW�ZKHQ�WKH�KDWFK�LV�DFWXDWHG��DV�ZHOO�DV�WR�HQVXUH�WKH�LFH�LV�WUDQVSRUWHG�HIIHFWLYHO\�WR�
WKH�0:�FKDPEHU��WKH�GXFW�LV�LQFOLQHG�GRZQZDUG�E\�DERXW���GHJUHHV�IURP�WKH�H[LW�KROH�RI�WKH�VKURXG�WR�WKH�
HQWUDQFH�RI�WKH�PLFURZDYH�FKDPEHU��

7KH�PLFURZDYH�LV�PRXQWHG�WR�WKH�WDEOH�WKURXJK�WKH�0:�ORDG�FHOO�DW�WKH�HQG�RI�DQ�DOXPLQXP�VWUXW�DVVHPEO\�
FRQQHFWHG�WR�WKH�WDEOH��7KLV�ORDG�FHOO��KHQFHIRUWK�UHIHUUHG�WR�DV�0:�ORDG�FHOO��PHDVXUHV�WKH�LQVWDQWDQHRXV�
ZHLJKW�RI�WKH�0:�FKDPEHU�WR�VHQVH�ZKHQ�WKH�FKDPEHU�LV�ILOOHG�ZLWK�LFH�WR�FDSDFLW\�RU�HPSW\��2QFH�WKH�
FKDPEHU�LV�QHDU� LWV�SUHGHWHUPLQHG�IXOO�FDSDFLW\��WKH�DXJHU�PRWRU� LV�VWRSSHG��WKH�H[WUDFWLRQ�WXEH�KDWFK�LV�
HOHYDWHG�EDFN�DJDLQ��VHDOLQJ�WKH�FKDPEHU�IURP�PLFURZDYH�UDGLDWLRQ�OHDNDJH�DQG�WKH�DXJHU�GULOO�LV�OLIWHG�
DERYH�WKH�RYHUEXUGHQ�OHYHO��

6ROXWLRQ�WR�GHDO�ZLWK�WKH�RYHUEXUGHQ�

$V�WKH�DXJHU�GULOOV�WKURXJK�WKH�RYHUEXUGHQ��LW�LV�WUDQVSRUWHG�XS�WKH�VKURXG�DQG�RXW�WKH�KROH�DW�WKH�WRS�HQG�RI�
WKH�DXJHU�IOXWH��,W�WKHQ�H[LWV�WKURXJK�DQ�RSHQ�KDWFK�LQ�WKH�ERWWRP�RI�WKH�LFH�WUDQVSRUW�GXFW��ZKLFK�DOVR�VHDOV�
WKH�PLFURZDYH�FKDPEHU�VKXW�WR�SUHYHQW�DQ\�RYHUEXUGHQ�IURP�HQWHULQJ��7KH�H[SHOOHG�RYHUEXUGHQ�IDOOV�EDFN�
WR�WKH�GULOOLQJ�DUHD��EXW�DZD\�IURP�WKH�ERUHKROH�EHLQJ�FXUUHQWO\�GULOOHG��7KH�LFH�H[WUDFWLRQ�V\VWHP�PRYHV�
DURXQG�WKH�GULOOLQJ�DUHD�LQ�D�SDWWHUQ�WKDW�DOORZV�LW�WR�DYRLG�H[FDYDWLQJ�WKH�GLVFDUGHG�RYHUEXUGHQ��

3URFHVV�IRU�PDQDJLQJ�WHPSHUDWXUH�FKDQJHV�WR�SUHYHQW�GULOO�IURP�IUHH]LQJ�LQ�WKH�LFH�

,FH�IUR]HQ�ZHOO�EHORZ����&�EHKDYHV�GLIIHUHQWO\�WKDQ�IUHH]LQJ�LFH�DW����&�DV�WKH�VXUIDFH�WHPSHUDWXUH�RI�WKH�
LFH�TXLFNO\�UHPRYHV�KHDW�IURP�DQ\�OLTXLG�ZDWHU�WKDW�LV�LQ�FRQWDFW�ZLWK�LW��7KH�GULOO�UHPRYHV�LFH�YROXPH�LQ�
FKLSV�VKDYLQJV��(YHQ�WKRXJK�LQFUHDVHG�SUHVVXUH�RQ�LFH�ORZHUV�LWV�PHOWLQJ�SRLQW��WKH�DXJHU¶V�GULOOLQJ�DFWLRQ�
QRW�RQO\�SXWV�SUHVVXUH�RQ�LFH�EXW�DOVR�IUDFWXUHV�WKH�LFH�VXUIDFH�DQG�WUDQVSRUWV�LW�XS�WKURXJK�WKH�IOXWH��7KH�LFH�
DXJHU�GULOO�XVHG�KHUH�LV�PDGH�RI�FDUERQ�VWHHO�DQG�LV�PHDQW�WR�SHUIRUP�RQ�IUR]HQ�ODNHV�DQG�FDQ�ZLWKVWDQG�



VXVWDLQHG� WHPSHUDWXUHV� RI� a� �����&�� 7KLV� LV� ZHOO� ORZHU� WKH� WHPSHUDWXUH� WR� EH� HYHU� HQFRXQWHUHG� LQ� WKH�
FRPSHWLWLRQ��,W�LV�DOVR�WR�EH�QRWHG�WKDW�WKH�GULOO�GRHV�QRW�RSHUDWH�ZKHQ�WKH�0:�LV�UXQQLQJ�RU�ZKHQ�WKH�DXJHU�
LV�UHORFDWHG�WR�WKH�QH[W�GULOOLQJ�KROH�SRVLWLRQ��KHQFH�LW�LV�UXQQLQJ�DW�MXVW�a����GXW\�F\FOH��

:DWHU�([WUDFWLRQ�6\VWHP�7HFKQLTXH�

7KH�FROOHFWHG�LFH�LQ�WKH�0:�FKDPEHU�LV�FRQYHUWHG�WR�ZDWHU�YLD�0:�KHDWLQJ��&DUH�KDV�EHHQ�WDNHQ�WR�HQVXUH�
PLQLPDO� OHDNDJH�RI�HOHFWURPDJQHWLF�UDGLDWLRQ��(05��DQG�VSDUNLQJ�DV�HODERUDWHG�LQ�WKH�VDIHW\�SODQ��7KH�
0:�FKDPEHU�LQ�LWV�FXUUHQW�IRUP�KDV�EHHQ�UHGHVLJQHG�EDVHG�RQ�D�IHZ�SUHOLPLQDU\�H[SHULPHQWDO�REVHUYDWLRQV�
FDUULHG�RXW�LQ�WKH�UHFHQW�SDVW��2QH�PDMRU�VWUXFWXUDO�PRGLILFDWLRQ�ZDV�VKLIWLQJ�IURP�D�VKHHW�PHWDO�PRQRFRTXH�
GHVLJQ� WR�D� ULJLG�VWUXFWXUDO� IUDPH�PDGH�RI�VTXDUH�DOXPLQXP�WXELQJ��7KH�DGYDQWDJHV�ZHUH�PDQLIROG��WKH�
VLJQLILFDQW�RQHV�EHLQJ�WKH�UREXVWQHVV�RI�PRXQWLQJ�WKH�0:�FKDPEHU�WR�WKH�=�D[LV�WDEOH�DQ\ZKHUH�RQ�WKH�
SDUDOOHOHSLSHG�VTXDUH�WXELQJ�IUDPH��VWUXFWXUDO�ULJLGLW\�DQG�PRGXODULW\��6LQFH�DOO�WKH���IDFHV�RI�WKH�FKDPEHU�
DUH�PDGH�RI�VHSDUDWH�UHFWDQJXODU�DOXPLQXP�VKHHWV��GDPDJH�RU�GHVLJQ�FKDQJHV�DW�DQ\�RI�WKH�IDFHV�VLPSO\�
UHTXLUHV�FKDQJLQJ� WKH�DIIHFWHG� IDFH��%DVHG�RQ�H[SHULPHQWDWLRQ�� LW�ZDV�REVHUYHG� WKDW� WKH�PHOWLQJ� UDWH� LV�
IDYRUDEO\�DIIHFWHG�E\�WKH�DFFXPXODWLRQ�RI�PHOWZDWHU�ZLWKLQ�WKH�FKDPEHU��7R�IXUWKHU�IDFLOLWDWH�WKLV�WKH�0:�
ERWWRP�IDFH�KDV�EHHQ�SURYLGHG�ZLWK�D�VXPS��ZKHUH�WKH�LFH�FROOHFWV�DQG�PHOWV��:KHQ�WKH�PHOWZDWHU�UHDFKHV�
D�VSHFLILF�OHYHO��LW�GUDLQV�RXW�SDVVLYHO\�IURP�WKH�VWDJJHUHG�KROHV�DV�VHHQ�LQ�&ŝŐƵƌĞ�ϭ�EHORZ��7KH�VXPS�DOVR�
VHUYHV�WKH�GXDO�IXQFWLRQ�RI�DOORZLQJ�WKH�RYHUEXUGHQ��LI�DQ\�LQ�WKH�ZDWHU��WR�VHWWOH�GRZQ�EHIRUH�WKH�ZDWHU�
IORZV�RXW�RI�WKH�FKDPEHU�DQG�LQWR�WKH�ILOWUDWLRQ�WXEH�YL�

&ŝŐƵƌĞ�ϭ͘�;ĂͿ�dŚĞ�Dt�ƐƵďƐǇƐƚĞŵ�ƐŚŽǁŝŶŐ�ƚŚĞ�ŝŵƉŽƌƚĂŶƚ�ĚĞƐŝŐŶ�ĨĞĂƚƵƌĞƐ�ŝŶ�����ĂŶĚ�ŝŶ�ĂĐƚƵĂů�ƉŚŽƚŽŐƌĂƉŚ͘�
;ďͿ�&ŝůƚƌĂƚŝŽŶ�ƐǇƐƚĞŵ�ƐĐŚĞŵĂƚŝĐ�ǁŝƚŚ�ĂĐƚƵĂů�ƉŚŽƚŽŐƌĂƉŚ͘�

7KH�ZDWHU�VHDOLQJ�LQVLGH�WKH�0:�FKDPEHU�LV�HQVXUHG�E\�XVLQJ�HOHYDWHG�WHPSHUDWXUH�UHVLVWDQW��a������&��
579�VLOLFRQH�VHDODQW�DQG�JDVNHW�PDNHU��

)LOWUDWLRQ�DQG�:DWHU�&ROOHFWLRQ�

7KH�ZDWHU�GLVFKDUJHG�E\�WKH�0:�FKDPEHU�XQGHUJRHV�D�SDVVLYH�JUDYLW\�DVVLVWHG�ILOWUDWLRQ�SURFHVV��ZKHUH�
WKH�ZDWHU�WULFNOHV�WKURXJK�OD\HUV�RI�JUDYHO��VDQG�DQG�FKDUFRDO�DQG�LV�JXLGHG�RXWVLGH�WKH�GULOOLQJ�DUHD�YLD�
TXDUWHU�LQFK�UHFRLOHG�DLU�KRVH��7KH�FXUUHQW�SDVVLYH�ILOWUDWLRQ�V\VWHP�KDV�EHHQ�FRQVWUXFWHG�RXW�RI�D�39&���
LQFK�FRPSUHVVLRQ�FRXSOLQJ�OD\HUHG�ZLWK�JUDYHO��VDQG�DQG�FKDUFRDO�DQG�KHOG�LQ�SODFH�E\�VFUHHQ�ZLUH�PHVK�
ILOWHUV��7KH�ILOWUDWLRQ�UDWH�KDV�EHHQ�REVHUYHG�WR�EH�DW�OHDVW�WZLFH�WKH�LFH���PHOWLQJ�UDWH�RI�LFH�LQ�PLFURZDYH�a�
����J�PLQ��+HQFH��WKH�ILOWUDWLRQ�V\VWHP�ZRXOG�QHYHU�EH�WKH�ERWWOHQHFN�RI�WKH�V\VWHP��$�E\SDVV�WXEH�IURP�

;ĂͿ� ;ďͿ�



WKH�LQOHW�RI�WKH�FRPSUHVVLRQ�FRXSOLQJ�FRQQHFWV�DW�WKH�RXWOHW�WXEH�DV�D�VDIHW\�PHDVXUH�WR�SUHYHQW�EDFNIORZ�RI�
ZDWHU�LQWR�WKH�0:�FKDPEHU��LQ�FDVH�WKH�PHOWLQJ�UDWH�H[FHHGV�WKH�ILOWUDWLRQ�UDWH�GXH�WR�FORJJLQJ�RU�EORFNDJH�
RI�WKH�ILOWHU�

&RQWURO�DQG�&RPPXQLFDWLRQ�6\VWHP�

&RQWURO�VLJQDOV�DUH�VHQW�WR�WKH�$UGXLQR�0HJD�5�������PLFURFRQWUROOHU�DV�VHQ�LQ�WKH�ERWWRP�ULJKW�RI�WKH�
HOHFWURQLFV�HQFORVXUH�DV� VKRZQ� LQ�&ŝŐƵƌĞ�Ϯ��YLD�D� VWDQGDUG�86%�FDEOH� IURP�D� UHPRWH� ODSWRS�ZLWK� VHULDO�
SURWRFRO���

&ŝŐƵƌĞ�Ϯ͘��ůĞĐƚƌŽŶŝĐƐ�ĞŶĐůŽƐƵƌĞ�ƉŚŽƚŽŐƌĂƉŚ�ŚŽƵƐŝŶŐ�ƚŚĞ�ŵŝĐƌŽĐŽŶƚƌŽůůĞƌ͕����ƌĞůĂǇƐ�ĂŶĚ�ƐƚĞƉƉĞƌ�ŵŽƚŽƌ�
ĚƌŝǀĞƌƐ͘

7KH�FRQWURO�VRIWZDUH�SURPSWV�WKH�ODSWRS�WKURXJK�WKH�VHULDO�SRUW�IRU�YDULRXV�LQLWLDO�LQSXWV�VXFK�DV�GHVLUHG�
VWHSSHU�VSHHG��PDQXDO�RU�DXWRPDWHG�WLPLQJV��DQG�SUHIHUHQFHV�RQ�GULOOLQJ�HIILFLHQF\�YV�SRZHU��1XPHURXV�
YDOXHV�DUH�SUHGHILQHG�VXFK�DV�GULOOLQJ�JULG�ORFDWLRQV��FDOLEUDWHG�VWHSSHU�YDOXHV��FDOLEUDWHG�GULOOLQJ�WLPHV�DQG�
GHSWKV��DQG�PLFURZDYH�GXUDWLRQ��7KH�XVHU�KDV�WKH�IOH[LELOLW\�WR�PDQXDOO\�WULJJHU�DQ\�WLPHG�HYHQW�RU�VWRS�
WKHP�LI�DOUHDG\�LQ�SURJUHVV��7KH�SRZHU�VZLWFKLQJ�RI�WKH�GULOOLQJ�DFWLYLW\�DQG�PLFURZDYH�DFWLYLW\�LV�JRYHUQHG�
E\�WKH�VQDS�DFWLRQ�OLPLW�VZLWFKHV�DQG�D�VWUDLQ�JDXJH�ORDG�FHOO��UHVSHFWLYHO\��7KH�IRUPHU�DUH�VZLWFKHV�DWWDFKHG�
WR�WKH�WZR�H[WUHPHV�RI�HYHU\�D[LV��WR�EULQJ�WKH�GULOO�WR�D�µKRPH¶�LQLWLDOO\�LQ�DGGLWLRQ�WR��PDNLQJ�VXUH�LW�FRPHV�
WR�D�FRQWUROOHG�VWRS�DW�WKH�SK\VLFDO�ERXQGDULHV�RI�WKH�V\VWHP��7KH�PLFURFRQWUROOHU�KDV�EHHQ�FRGHG��WR�VWDUW�
PLFURZDYH�RSHUDWLRQV�ZKHQ�WKH�FKDPEHU�LV�a�����ILOOHG��,W�KDV�NQRZOHGJH�RI�WKLV�YDOXH��IURP�WKH�VWUDLQ�
JDXJH�ORDG�FHOO��ZKLFK�LV�DWWDFKHG�WR�WKH�FKDPEHU��7KH�PDJQHWURQ�KDV�D�JUDFHIXO�IDLOXUH�PRGH�LI�RYHUKHDWLQJ�
RFFXUV�ZKLFK�LV�GLVFXVVHG�IXUWKHU�LQ�WKH�PLFURZDYH�VDIHW\�SODQ��7KH�WKHUPDO�IXVH�DFWLYDWHV�DW�D�WHPSHUDWXUH�
RI������&��ZKLFK�LV�VWDQGDUG�IRU�WKH�PDJQHWURQ�DSSOLHG�LQ�RXU�GHVLJQ��6DIHW\�LV�WKXV�KDUGZLUHG�DQG�FRGHG�
LQWR�WKH�V\VWHP�

$OO�SRZHUHG�UDGLDWLQJ�RU�DFWXDWLQJ�FRPSRQHQWV�DUH�SK\VLFDOO\�RU�HOHFWULFDOO\�GHWDFKHG�IURP�SRZHU��,I�SRZHU�
LV� ORVW� WR�WKH�FRQWUROOHU�ZKLOH�DQ\�RWKHU�GHYLFH� LV�SRZHUHG�RQ�� WKDW�GHYLFH�ZLOO�DOVR�SRZHU�RII�DV�D�µRQ¶�
FRPPDQG� UHTXLUHV� DYDLODEOH� YROWDJH� DQG�FXUUHQW� WR� WKH�PLFURFRQWUROOHU��$&� FRPSRQHQWV� DUH� SK\VLFDOO\�
GLVFRQQHFWHG� E\� GHIDXOW� IURP� SRZHU� YLD� UHOD\� VZLWFKHV��7KH�86%� FDEOH�ZLOO� QRW� SURYLGH� SRZHU� WR� WKH�
$UGXLQR�DV�WKH�)(7�KDV�EHHQ�UHPRYHG��7KLV�DOORZV�D�IDLOVDIH�SK\VLFDO�VZLWFK�WR�FXWRII�SRZHU�WR�WKH�$UGXLQR�
DQG�WKHUHE\�DOO�RWKHU�FRPSRQHQWV��$OVR�FRQQHFWHG�WR�WKH�PLFURFRQWUROOHU��LV�WKH�FDUG�UHDGHU�DV�VKRZQ�LQ���
WKDW�KROGV�WKH�PLFUR�6'�FDUG��IRU�GDWD�ORJJLQJ���



&ŝŐƵƌĞ�ϯ͘�KŶďŽĂƌĚ�ƉŚǇƐŝĐĂů�ĚĂƚĂ�ƐƚŽƌĂŐĞ͕�ŵŝĐƌŽ�^��ĐĂƌĚ͘

7KH�YDOXH�RI�IRUFH�RQ�ELW��RYHU�WLPH�DQG�GHSWK�RI�GULOOLQJ��LV�UHDG�IURP�WKH�GRQXW�FHOO��7KLV�DQDORJ�UHDGLQJ��
LV�WKHQ�FDOLEUDWHG�DQG�ZULWWHQ�RQ�WR�WKH�6'�FDUG��E\�PHDQV�RI�ILOH�KDQGOLQJ�RQ�WKH�$UGXLQR�,'(��

7HFKQLFDO�6SHFLILFDWLRQV���
dĂďůĞ�ϭ͘��dŚĞ�ƚĂďůĞ�ƐƵŵŵĂƌŝǌĞƐ�ƚŚĞ�ƐǇƐƚĞŵ�ƐƉĞĐŝĨŝĐĂƚŝŽŶƐ�ĂŶĚ�ƚŚĞ�ŵŽƚŽƌ�ƉƌŽƉĞƌƚŝĞƐ͘�

6\VWHP 6SHFLILFDWLRQV
2YHUDOO�PDVV �����NJ
2YHUDOO�YROXPH �����P�

/HQJWK�RI�GULOO�ELW �����P
0D[�ZHLJKW�RQ�ELW�GULOO�IRUFH ����1
0D[�GULOOLQJ�VSHHG �IXOO�VSHHG� �����PP�V�LQ�LFH
'ULOO�RSHUDWLQJ�VSHHG �����530
'ULOO�RSHUDWLQJ�WRUTXH �����1�P
2Q�ERDUG�FRPSXWHU�V\VWHP $UGXLQR�0HJD�����5�
&RPPXQLFDWLRQV�LQWHUIDFH $UGXLQR�VHULDO�PRQLWRU
6RIWZDUH $UGXLQR������
0D[�SRZHU�± 0:�RSHUDWLRQ �����:
0D[�SRZHU�± GULOO�RSHUDWLRQ ����:
0RWRU�6SHFLILFDWLRQV
yͲ ĂŶĚ�zͲ�ǆŝƐ�DŽƚŽƌƐ
ZĂƚĞĚ�ǀŽůƚĂŐĞ Ϯ͘ϴ�s��ͬƉŚĂƐĞ�;Ϯ�ƉŚĂƐĞƐͿ
ZĂƚĞĚ�ĐƵƌƌĞŶƚ ϭ͘ϲϴ��ͬƉŚĂƐĞ�;Ϯ�ƉŚĂƐĞƐͿ
,ŽůĚŝŶŐ�ƚŽƌƋƵĞ Ϭ͘ϰϰ�EͲŵ�;ďĞĨŽƌĞ�ŐĞĂƌďŽǆͿ
'ĞĂƌ�ƌĂƚŝŽ ϭϵ͗ϭ
�Ͳ�ǆŝƐ�DŽƚŽƌ
ZĂƚĞĚ�ǀŽůƚĂŐĞ Ϯ͘ϴ�s��ͬƉŚĂƐĞ�;Ϯ�ƉŚĂƐĞƐͿ
ZĂƚĞĚ�ĐƵƌƌĞŶƚ Ϯ͘Ϭ��ͬƉŚĂƐĞ�;Ϯ�ƉŚĂƐĞƐͿ
,ŽůĚŝŶŐ�ƚŽƌƋƵĞ Ϭ͘ϱϵ�EͲŵ�;ďĞĨŽƌĞ�ŐĞĂƌďŽǆͿ
WĞĂŬ�ƚŽƌƋƵĞ Ϭ͘ϰϮ�EͲŵ
^ƉĞĞĚ�Ăƚ�ƉĞĂŬ�ƚŽƌƋƵĞ ϵϬ�ƌƉŵ
'ĞĂƌ�ƌĂƚŝŽ ϱ͗ϭ
�ƵŐĞƌ�DŽƚŽƌ
ZĂƚĞĚ�ǀŽůƚĂŐĞ ϭϮϬ�s��
ZĂƚĞĚ�ĐƵƌƌĞŶƚ ϳ��
DĂǆ�ŽƵƚƉƵƚ�ƉŽǁĞƌ ϱϱϬ�t



7KH�ZHLJKW�GLVWULEXWLRQ�IRU�RXU�V\VWHP�WR�EH�XVHG�IRU�WKH�FRPSHWLWLRQ�LV�VKRZQ�LQ�&ŝŐƵƌĞ�ϰ�EHORZ��

&ŝŐƵƌĞ�ϰ͘�dŚĞ�ǁĞŝŐŚƚ�ĚŝƐƚƌŝďƵƚŝŽŶ�ƐĐŚĞŵĂƚŝĐ͘

'HVLJQ�&KDQJHV�,PSURYHPHQWV���

,QLWLDOO\��WKH�PLFURZDYH�ZDV�GHVLJQHG�WR�EH�PRXQWHG�WR�WKH�VLGH�RI�RQH�RI�WKH�YHUWLFDO�VXSSRUW�URGV�E\�FRUQHU�
EUDFHV��+RZHYHU��WKLV�ZRXOG�KDYH�UHTXLUHG�URXWLQJ�WKH�H[WUDFWLRQ�GXFW�DURXQG�WKH�VXSSRUW�URG��ZKLFK�ZRXOG�
KLQGHU�WKH�PRYHPHQW�RI�LFH�LQWR�WKH�PLFURZDYH�FKDPEHU��6R��WKH�PLFURZDYH�SRVLWLRQ�ZDV�FKDQJHG�WR�EH�
RSSRVLWH� WKH� EDOO� VFUHZ� UHODWLYH� WR� WKH� DXJHU�� EHWZHHQ� WKH� WZR� VXSSRUW� URGV�� $� PRUH� ULJLG� /�VKDSHG�
DOXPLQXP�VWUXW�FKDQQHO�DVVHPEO\�UHSODFHG�WKH�FRUQHU�EUDFHV��

7KH�DXJHU�PRWRU�ZDV�FKDQJHG�IURP�DQ�$&�PRWRU�WKDW�ZDV�VXSSOLHG�ZLWK�D�SUHYLRXVO\�SXUFKDVHG�DXJHU�WR�D�
FRPPHUFLDOO\�DYDLODEOH�� FRUGHG�SRZHU� GULOO�� WR� UHGXFH�ZHLJKW� DQG� SRZHU� FRQVXPSWLRQ�� 6LQFH� WKH� DXJHU�
PRWRU�ZDV�RQH�RI� WKH�KHDYLHVW� VLQJOH� FRPSRQHQWV� LQ� WKH� HQWLUH� V\VWHP�� UHGXFLQJ� LWV�ZHLJKW�ZDV�NH\� WR�
UHGXFLQJ�WKH�ZHLJKW�RI�WKH�RYHUDOO�DVVHPEO\��7KH�FRUGHG�GULOO�WKDW�ZDV�VHOHFWHG�SURYLGHV�D�IRXUIROG�ZHLJKW�
UHGXFWLRQ�DQG�SRZHU�FRQVXPSWLRQ�ZLWKLQ�VDIH�OLPLWV�RI�FRPSHWLWLRQ�FRQVWUDLQWV��

7KH�QHZ�GHVLJQ�IRU�WKH�DXJHU�ORDG�FHOO�DVVHPEO\�LQYROYHV�PRXQWLQJ�GLUHFWO\�WR�WKH�WDEOH�XVLQJ�FRXSOLQJ�
QXWV��UDWKHU�WKDQ�PRXQWLQJ�WR�WKH�VKURXG�XVLQJ�EUDFNHWV��DV�RULJLQDOO\�GHVLJQHG��7KLV�ZDV�FKDQJHG�WR�DYRLG�
H[FHVVLYH�VWUHVV�LQ�WKH�VKURXG�FDXVHG�E\�WUDQVIHUULQJ�WKH�:2%�WR�LW��DV�ZHOO�DV�PDNLQJ�WKH�DXJHU�ORDG�FHOO�
DVVHPEO\�PRUH�ULJLG�WR�HQVXUH�WKDW�QHDUO\�DOO�:2%�LV�VXSSRUWHG�E\�LW�LQVWHDG�RI�WKH�DXJHU�EHDULQJ�DQG�PRWRU�
PRXQWLQJ�SODWH���

7KH�RULJLQDO�GHVLJQ�IRU�WKH�;<�SODQH�DFWXDWLRQ�LQFRUSRUDWHG�WKH�XVH�RI�OLQHDU�EDOO�EHDULQJV�RQ�VWHHO�URGV��
EXW� WKHUH� ZHUH� FRPSOLFDWLRQV� ZLWK� DFKLHYLQJ� DGHTXDWH� VKDIW� DOLJQPHQW� DQG� PDLQWDLQLQJ� SURSHU�� OHYHO�
RULHQWDWLRQ�RI�WKH�EDVH��GXH�WR�SRRU�FRQVWUDLQW�RI�WKH�VKDIWV�LQ�EHQGLQJ�DQG�WRUVLRQ��$V�D�UHVXOW��WKH�URGV�DQG�
EHDULQJV�ZHUH�UHSODFHG�E\�������DOXPLQXP�FKDQQHOV�ZLWK�VOLGLQJ�FDUULDJHV��7KH�FKDQQHOV�DUH�PXFK�PRUH�
UHVLVWDQW�WR�EHQGLQJ��DQG�WKH�FDUULDJHV�DUH�ZHOO�FRQVWUDLQHG�LQ�WKH�WRUVLRQDO�GLUHFWLRQ�RI�WKH�FKDQQHOV��7KLV�
PRGLILHG�GHVLJQ�KDV�WKH�DGGHG�EHQHILW�RI�EHLQJ�VLJQLILFDQWO\�OLJKWHU�DV�ZHOO��

7KH�RULJLQDO�GHVLJQ�IRU�VHSDUDWLRQ�RI�LFH�DQG�RYHUEXUGHQ�FDOOHG�IRU�WZR�VHSDUDWH�KROHV�LQ�WKH�VKURXG��WR�EH�
DFWXDWHG�VHSDUDWHO\�GHSHQGLQJ�RQ�ZKLFK�UHJLRQ�ZDV�EHLQJ�GULOOHG��7KH�KROH�IRU�LFH�ZRXOG�EH�FRQQHFWHG�WR�
WKH�PLFURZDYH�FKDPEHU�YLD�D�URXQG�GXFW��ILWWHG�ZLWK�D�EXWWHUIO\�YDOYH�WR�SUHYHQW�OHDNDJH�RI�PLFURZDYHV��
7KLV�GHVLJQ�ZRXOG�UHTXLUH�WKUHH�VHSDUDWH�VHUYR�PRWRUV��EHVLGHV�WKH�GLIILFXOW\�WR�DFWXDWH�RSHQLQJV�RQ�WKH�
VKURXG�LWVHOI��7KH�FXUUHQW�GHVLJQ�QRZ�FDOOV�IRU�D�VLPSOH�KROH�LQ�WKH�VKURXG��ZLWK�WKH�VDGGOH�WDS�PDNLQJ�WKH�



WUDQVLWLRQ��7KH�LFH�GXFW�KDV�D�KLQJHG�LFH�IODS��WKDW�FDQ�EH�DFWXDWHG�OLNH�D�GRRU��:KHQ�KRUL]RQWDO��WKH�IODS�
DOORZV�WKH�LFH�WR�EH�IHG�LQWR�WKH�PLFURZDYH�FKDPEHU��DQG�ZKHQ�YHUWLFDO��WKH�IODS�FORVHV�WKH�FKDPEHU��VHDOLQJ�
LW� IURP�PLFURZDYH� OHDNDJH�ZKHQ� WKH�PDJQHWURQ� LV�PHOWLQJ� WKH� LFH�� RU� SUHYHQWLQJ� WKH� RYHUEXUGHQ� IURP�
HQWHULQJ�WKH�FKDPEHU��ZKHQ�RYHUEXUGHQ�LV�EHLQJ�GULOOHG��

$�JHDUER[�ZDV�DGGHG�WR�WKH�]�D[LV�PRWRU�WR�SURYLGH�KLJKHU�WRUTXH��7KLV�DOORZV�WKH�EDOO�VFUHZ�WR�VXSSRUW�D�
JUHDWHU�YHUWLFDO�ORDG�UHTXLUHG�WR�RYHUFRPH�WKH�V\VWHP�IULFWLRQ�DQG�WKH�:2%�ORDG��ZKLOH�DOORZLQJ�WKH�DXJHU�
WR�GHVFHQG�DW�DQ�DGHTXDWH�VSHHG�GXULQJ�WKH�GULOOLQJ�RSHUDWLRQ��7KLV�FRPHV�DV�D�WUDGHRII�ZLWK�DVFHQW�VSHHG�
ZKHQ�UHWUDFWLQJ�WKH�GULOO��+RZHYHU��VLQFH�WKLV�DVFHQW�RI�WKH�DXJHU�V\VWHP�LV�D�PLQRU�SRUWLRQ�RI�WKH�RSHUDWLRQ��
WKH�WUDGHRII�ZDV�DGMXGJHG�ZRUWKZKLOH��

%DVHG�RQ�WHVW�UHVXOWV�DQG�WKH�IHHGEDFN�JLYHQ�IRU�WKH�PLGSRLQW�UHYLHZ��LW�ZDV�GHWHUPLQHG�WKDW�WKH�RULJLQDO�
VKURXG�ZDV�FDXVLQJ�XQQHFHVVDU\�UHVLVWDQFH�IRU�WKH�GHVFHQW�RI�WKH�DXJHU�GXULQJ�GULOOLQJ�RSHUDWLRQV��7KLV�ZDV�
PRVW� OLNHO\� GXH� WR� LWV� RXWHU� GLDPHWHU� EHLQJ� ODUJHU� WKDQ� WKH� GLDPHWHU� RI� WKH� FXWWLQJ� ELW� RI� WKH� DXJHU�� ,Q�
UHVSRQVH��D�QHZ�VKURXG�ZLWK�D�VPDOOHU�RXWVLGH�GLDPHWHU�WKDQ�WKH�FXWWLQJ�ELW�ZDV�LPSOHPHQWHG��

7KUHH�'&�UHOD\V�ZKLFK�SUHYLRXVO\�WRJJOHG�SRZHU�WR�WKH�VWHSSHU�PRWRUV�DUH�QR�ORQJHU�QHHGHG�GXH�WR�WKH�
³HQDEOH´�IXQFWLRQ�RQ�WKH�PRUH�DGYDQFHG�%LJ�(DV\�VWHSSHU�PRWRU�GULYHUV��7KLV�GHVLJQ�FKDQJH�VDYHG�ZHLJKW�
ZLWKRXW� UHGXFLQJ� V\VWHP� IXQFWLRQDOLW\�� $GGLWLRQDO� HOHFWURQLFV� GHVLJQ� FKDQJHV� LQFOXGH� D� PRGXODU� ZLUH�
LQSXW�RXWSXW�FRQWURO�ERDUG�IRU�TXLFN�WHDUGRZQ�DQG�DVVHPEO\��7KH�ZLUH�JDXJH�RI�WKH�VWHSSHU�PRWRUV�ZDV�
UHGXFHG�IURP����$:*�WR����$:*�DIWHU�DQDO\]LQJ�WKH�SHDN�ORDGV�DQG�DOORZDEOH�YROWDJH�GURS�WR�WKH�VWHSSHU�
PRWRUV�� 7KH� HOHFWURQLFV� ER[� GHVLJQ� ZDV� FKDQJHG� WR� DOORZ� IRU� EHWWHU� ZLUH� PDQDJHPHQW� DQG� LPSURYHG�
FRROLQJ��7KH�PRGLILHG�GHVLJQ�ZDV��'�SULQWHG�LQ�$%6�SODVWLF��ZKLFK�GRHV�QRW�GHIRUP�DW�KLJKHU�WHPSHUDWXUHV�
DQG�SURYLGHV�VXLWDEOH�ULJLGLW\��

&KDOOHQJHV
�� 0HFKDQLFV�

D� ;<�EHDULQJV�DOLJQPHQW���UDQ�LQWR�SUREOHPV�WR�JHW�WKH�<�D[LV�UDLOV�SDUDOOHO��ZKLFK�FDXVHG�WKH�HQWLUH�
DVVHPEO\�WR�PRYH�ZLWK�PRUH�IULFWLRQ�WKDQ�DQWLFLSDWHG��6ROYHG�E\�PDLQWDLQLQJ�WKH�VDPH�GLVWDQFH�
EHWZHHQ�HDFK�SDLU�RI�EHDULQJ�E\�DWWDFKLQJ�WKHP�ZLWK�WKH�;�D[LV�FDUW��VR�WKH\�PRYH�LQ�D�FRXSOHG�
IDVKLRQ�

E� 0DQXIDFWXULQJ� SODQQLQJ� �� PDFKLQH� VKRS� DYDLODEOH� IRU� XVH� E\� WKH� PHFKDQLFDO� HQJLQHHULQJ���
GHSDUWPHQW�KDG�D�ORQJ�EDFNORJ�RI�MREV��ZKLFK�OHG�WR�GHOD\V�RU�HYHQ�FDQFHOODWLRQ�RI�PDFKLQLQJ�MREV�
RI�LPSRUWDQW�SDUWV��VXFK�DV�WKH�WDEOH�DQG�EDVH��0LWLJDWHG�E\�REWDLQLQJ�DFFHVV�WR�VKRSERW�IURP�WKH�
1&�6WDWH�(QWUHSUHQHXUVKLS�*DUDJH�IRU�SUHFLVLRQ�PLOOLQJ�DQG�GULOOLQJ��

F� PDQXIDFWXULQJ� SODQQLQJ� �� PDFKLQH� VKRS� DYDLODEOH� IRU� XVH� E\� WKH� PHFKDQLFDO� HQJLQHHULQJ���
GHSDUWPHQW�KDG�D�ORQJ�EDFNORJ�RI�MREV��ZKLFK�OHG�WR�GHOD\V�RU�HYHQ�FDQFHOODWLRQ�RI�PDFKLQLQJ�MREV�
RI�LPSRUWDQW�SDUWV��VXFK�DV�WKH�WDEOH�DQG�EDVH��0LWLJDWHG�E\�REWDLQLQJ�DFFHVV�WR�VKRSERW�IURP�WKH�
1&�6WDWH�(QWUHSUHQHXUVKLS�*DUDJH�IRU�SUHFLVLRQ�PLOOLQJ�DQG�GULOOLQJ��

G� +ROH�VL]H�DQG�WROHUDQFHV���FRQFHUQV�ZLWK�DOLJQPHQW�DQG�WKH�SUHFLVLRQ�RI�WKH�GLDPHWHUV��0LWLJDWHG������
E\�XVLQJ�6KRSERW�PDFKLQLQJ��

H� 9LEUDWLRQ�RI�WKH�=�D[LV�VWUXFWXUH���WKH�KLJK�530�RI�WKH�DXJHU�FDXVHV�WKH�WDEOH�DQG�DOO�FRPSRQHQWV�
DWWDFKHG�WR�LW��VXFK�DV�WKH�EDOO�VFUHZ��WKH�PLFURZDYH�FKDPEHU��WKH�VKURXG��DQG�WKH�=�D[LV�JXLGH�
URGV��WR�YLEUDWH��ZKLFK�PD\�FDXVH�VFUHZ�ORRVHQLQJ��0LWLJDWHG�E\�PDNLQJ�WKH�KROH�RQ�WKH�EDVH�ZKHUH�
WKH�VKURXG�VOLGHV�WKURXJK�ZLWK�D�YHU\�WLJKW�WROHUDQFH�DURXQG�WKH�VKURXG��FRQVWUDLQLQJ�LWV�PRWLRQ��
$OVR��E\�ZHOGLQJ�D�����´�GULOO�ELW�WR�WKH�WLS�RI�WKH�DXJHU��D�SLORW�KROH�LV�GULOOHG�EHIRUH�WKH�PDLQ�EODGHV�
WRXFK�WKH�RYHUEXUGHQ��6LQFH�WKH�GULOOLQJ�V\VWHP�LV�EHLQJ�FRQVWUDLQHG�LQ�WZR�SRLQWV��WKH�YLEUDWLRQ�
ZDV�VLJQLILFDQWO\�UHGXFHG��)LQDOO\��VSOLWORFN�ZDVKHUV�ZHUH�DGGHG�WR�WKH�VFUHZV�WKDW�ZHUH�SURQH�WR�
YLEUDWLRQ�ORRVHQLQJ��

�� 0:�VXEV\VWHP�



D� 6WUXFWXUDO�VWUHQJWK�RI�0:�FKDPEHU�ZDV�LQDGHTXDWH��ZLWK�WKH�ORZ�ULJLGLW\�UHVXOWLQJ�LQ�PRXQWLQJ�
DQG�DOLJQPHQW�LVVXHV�ZLWK�WKH�VKHHW�PHWDO�PRQRFRTXH�GHVLJQ��7KH�PRGLILHG�GHVLJQ�XVHG�DOXPLQXP�
WXELQJ�IRU�WKH�0:�IUDPH�ZKLFK�IDFLOLWDWHV�HDV\�PRXQWLQJ�DQG�VLJQLILFDQW�LPSURYHPHQW�RI�VWUXFWXUDO�
VWUHQJWKV��

E� 0:� OHDNDJH�SUHYHQWLRQ�ZDV� D� VHULRXV� VDIHW\� LVVXH� DQG�HQVXULQJ�KROH� VL]HV�RU�JDSV� LQ� WKH�0:�
FKDPEHU�OHVVHU�WKDQ����PP�KHOSHG�SUHYHQW�OHDNDJH��$OVR��HQVXULQJ�HOHFWULFDO�FRQWLQXLW\�DFURVV�WKH�
0:�FKDPEHU�DQG�WKHQ�JURXQGLQJ�WKH�FKDPEHU�VROYHG�WKH�LVVXH�RI�DUFLQJ�IURP�VKDUS�PHWDO�HGJHV�
LQVLGH�WKH�0:�FKDPEHU��

�� (OHFWURQLFV�	�&RQWUROV�
D� :LUH�JDXJH�	�RSWLPL]DWLRQ��7KH�ORFDWLRQ�RI�HOHFWURQLFV�ER[�LV�D�FRPSURPLVH�EHWZHHQ�ZLUH�ZHLJKW�

DQG�SUR[LPLW\�WR�VHQVRUV��7R�UHGXFH�ZHLJKW�DQG�LPSURYH�VHQVRU�UHDGLQJV��FDUH�ZDV�WDNHQ�WR�XVH�
PLQLPXP�ZLUH�JDXJH�DQG�WDNH�YROWDJH�GURS�LQWR�FRQVLGHUDWLRQ�IRU�VHQVRU�UHDGLQJV��

E� :LUH� PDQDJHPHQW�� 7KH� ODUJH� DPRXQW� RI� FRQQHFWLRQV� IRUFHG� VPDUW� ZLUH� PDQDJHPHQW�� FDUHIXO�
FRQVLGHUDWLRQ� ZDV� WDNHQ� WR� VKRUWHQ� ZLUHV� DQG� VWDJJHU� WKHLU� OHQJWKV� WR� UHGXFH� ZLUH� PDVV� DQG�
REVWUXFWLRQ���

F� +HDW�PDQDJHPHQW��7KH�VWHSSHU�PRWRU�GULYHUV�SURGXFH�D�FRQVLGHUDEOH�DPRXQW�RI�ZDVWH�KHDW��VR�WKH�
HOHFWURQLFV�HQFORVXUH�ZDV� UHGHVLJQHG�ZLWK� DLU� YHQWV� DW� ���� DQJOHV� WR� WKH� WRS�DQG�ERWWRP�RI� WKH�
HQFORVXUH��7KH�KRWWHVW� FRPSRQHQWV�ZHUH�SODFHG�DW� WKH� WRS�RI� WKH�ER[� WR� IDFLOLWDWH� FRROLQJ� IURP�
DPELHQW�GUDIW��

G� $UGXLQR�VWDUWXS�SURWRFRO��7KH�$UGXLQR�GLJLWDO�SLQ���� UDSLGO\�JRHV�KLJK�ORZ�DW� VWDUWXS��7KH�$&�
UHOD\V�ZHUH�ZLUHG�WR�SLQV����DQG����EHIRUH�WKLV�ZDV�NQRZQ��$IWHU�WURXEOHVKRRWLQJ�WKH�V\PSWRP�RI�
WKH�VWDUWXS�SURWRFRO�SLQV����DQG����ZHUH�XVHG��

6XPPDU\�RI�,QWHJUDWLRQ�DQG�7HVW�3ODQ

7KH�V\VWHP�LQWHJUDWLRQ�LQYROYHV�EULQJLQJ�WRJHWKHU�WKH�WKUHH�VXEV\VWHPV��QDPHO\��HOHFWURQLFV��PHFKDQLFDO�
DQG�0:��IRU�SURWRW\SLQJ�D�IXOO\�IXQFWLRQDO�GULOOLQJ�V\VWHP�FDSDEOH�RI�H[WUDFWLQJ�LFH�IURP�WKH�VXEVXUIDFH�RI�
0DUV�� 7KH� LQWHUIDFLQJ� FRPSRQHQWV� EHWZHHQ� PHFKDQLFDO� DQG� 0:� VXEV\VWHPV� KDYH� EHHQ� GHVLJQHG� WR�
IDFLOLWDWH�TXLFN�FRQQHFWLRQ�DQG�GLVDVVHPEO\�DV�ZHOO�DV�VHDPOHVV�IXQFWLRQDOLW\��

7KH�0:�V\VWHP�LV�LQWHUIDFHG�ZLWK�WKH�PHFKDQLFDO�VXEV\VWHP�WKURXJK�D�/�VKDSHG�DOXPLQXP�VWUXW�FKDQQHO�
ZLWK�D�FDQWLOHYHU�ORDG�FHOO�DQG�LV�IL[HG�WR�WKH�WDEOH��7KH�VWUXFW�FKDQQHO�LV�SRVLWLRQHG�QRW�DW�WKH�JHRPHWULFDO�
FHQWHU�RI�WKH�0:�V\VWHP�EXW�DW�WKH�FHQWHU�RI�JUDYLW\�ZKLFK�LV�ELDVHG�WRZDUGV�WKH�PDJQHWURQ��ZKLFK�LV�WKH�
ELJJHVW�FRQWULEXWRU�WRZDUGV�WKH�ZHLJKW�RI�WKH�0:�FKDPEHU��$�UHFWDQJXODU�LFH�GXFW�ZDV�GHVLJQHG�WR�FRQQHFW�
WKH�VKURXG�FRYHULQJ�WKH�GULOO�ELW��WR�WKH�PLFURZDYH�FKDPEHU��WKHUHE\�DOORZLQJ�WKH�PDWHULDOV�H[WUDFWHG�E\�WKH�
GULOO�WR�EH�WUDQVSRUWHG�IRU�KHDWLQJ��7KH�LFH�GXFW�LV�FRQQHFWHG�WR�WKH�VDGGOH�WDS�RQ�RQH�HQG��ZKLFK�LV�IL[HG�WR�
WKH�VKURXG��WKH�RWKHU�HQG�LV�FRQQHFWHG�WR�WKH�PLFURZDYH�FKDPEHU�YLD�LWV�IODQJHG�HQG��$Q�DFWXDWHG�KDWFK�LQ�
WKH�EDVH�RI�WKH�SLSH�DOORZV�IRU�WKH�UHMHFWLRQ�RI�RYHUEXUGHQ�ZKHQ�RSHQHG��DQG�WKH�DFFHSWLQJ�LFH�ZKHQ�FORVHG��

7KH�PHFKDQLFDO�DQG�PLFURZDYH�V\VWHPV�ZHUH�LQWHJUDWHG�ZLWK�WKH�HOHFWULFDO�V\VWHP��WKURXJK�WKH�HOHFWURQLF�
ER[��PRXQWHG�RQWR�WKH�EDVH�IUDPH��3RZHU�VXSSO\�WR�WKH�GULOO�DQG�PLFURZDYH�WUDQVIRUPHU�ZDV�JLYHQ�WKURXJK�
���JDXJH�ZLUHV�DQG�ZDV�PRQLWRUHG��E\�$&�EHHIFDNH�UHOD\�VZLWFKHV��WKDW�DUH�WULJJHUHG�E\�3:0�SLQV�RQ�WKH�
$UGXLQR�0HJD� ����� 5��PLFURFRQWUROOHU�� 7KH�PLFURZDYH� WUDQVIRUPHU� XSV� WKH� LQSXW� SRZHU� VXSSO\� DQG�
RXWSXWV� �.9�ZKLFK� LV� VHQW� WR� WKH�PLFURZDYH�PDJQHWURQ� YLD� ��� JDXJH�ZLUHV��7KH�PLFURFRQWUROOHU� DOVR�
DFWXDWHV�WKH�VWHSSHU�DQG�VHUYR�PRWRUV�DQG�GULYHV�WKH�HQWLUH�VHTXHQFH�RI�RSHUDWLRQV��ZLWK�LQSXWV�IURP�WKH�
YDULRXV�VHQVRUV�LQ�SODFH��

)RU�RXU�WHVWLQJ�SODQ��ZH�XVHG�D�ILEHUJODVV�WRWH�ER[��/ �������: ���������+ ���������DV�RXU�WHVW�EHG��ZKHUH�
ZH�KDG�����9�9��RI�WKH�WRWH�ZLWK�LFH�DQG�WKH�UHPDLQLQJ�����SDFNHG�ZLWK�WKH�RYHUEXUGHQ�PL[WXUH�RI���
LQFK�DQJXODU�JUDYHO�DQG�PRXQG�FOD\��7KH�GULOOLQJ�V\VWHP�ZDV�SDUWLDOO\�SODFHG�RQ�D�K\GUDXOLF�OLIW�DQG�SDUWLDOO\�



RQ�D�WDEOH�ZLWK�WKH�DXJHU�GULOO�SODFHG�EHWZHHQ�WKH�JDS�RI�WKHVH�WZR�VXSSRUWLQJ�VWUXFWXUHV�DQG�OLIWHG�DERYH�
WKH�KHLJKW�RI�WKH�WRWH��7KH�WRWH�ZDV�WKHQ�SRVLWLRQHG�XQGHU�WKH�GULOOLQJ�V\VWHP��PLPLFNLQJ�WKH�GULOOLQJ�VHFWLRQ�
RQ�WKH�WHVW�EHG�DW�WKH�FRPSHWLWLRQ��$Q�LQLWLDO�V\VWHP�FKHFN�ZLWK�FDOLEUDWLRQ�RI�WKH�ORDG�FHOOV��DV�VKRZQ�LQ�
&ŝŐƵƌĞ�ϲ��DQG�VHQVRUV�ZDV�SHUIRUPHG��7KLV�LQFOXGHV�WKH�=�D[LV�DFWXDWLRQ�WR�PHDVXUH�WKH�DFWXDWLRQ�VSHHGV��
GHEXJJLQJ�$UGXLQR�FRGH�DQG�FKHFNLQJ�YLEUDWLRQ�OHYHOV�DW�PD[HG�RXW�GULOO�VSHHG���

$�GHWDLOHG�IORZFKDUW�HQXPHUDWLQJ�WKH�VHTXHQFH�RI�RSHUDWLRQV�DORQJ�ZLWK�WKH�SRZHU�FRQVXPSWLRQ�DW�HYHU\�
VWDJH�LV�VKRZQ�LQ�&ŝŐƵƌĞ�ϱ��

&ŝŐƵƌĞ�ϱ͘���ĨůŽǁĐŚĂƌƚ�ŝůůƵƐƚƌĂƚŝŶŐ�ƚŚĞ�ŽǀĞƌĂůů�ƐĞƋƵĞŶĐĞ�ŽĨ�ŽƉĞƌĂƚŝŽŶƐ�ĂůŽŶŐ�ǁŝƚŚ�ƉŽǁĞƌ�ĐŽŶƐƵŵƉƚŝŽŶ�;ŝŶ�
tͿ�Ăƚ�ĞǀĞƌǇ�ƐƚĞƉ�ŽĨ�ŽƉĞƌĂƚŝŽŶ͘



&ŝŐƵƌĞ�ϲ͘dŚĞ�ƉůŽƚ�ƐŚŽǁƐ�ƚŚĞ�ǀĂƌŝĂƚŝŽŶ�ŽĨ�ĨŽƌĐĞ�ŽŶ�ďŝƚ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƚŝŵĞ�ĨŽƌ�ŚĂůĨ�ƐƉĞĞĚ�ĂŶĚ�ĨƵůů�ƐƉĞĞĚ�
ƚƌĂǀĞů�ŽĨ�ƚŚĞ���ĂǆŝƐ͘�dŚĞ�ƌĞĚ�ĚĂƐŚĞĚ�ůŝŶĞ�ŵĂƌŬƐ�ƚŚĞ�ƉŽŝŶƚ�ǁŚĞƌĞ�ƚŚĞ�ƉŽǁĞƌ�ƚŽ�ƚŚĞ�ĚƌŝůůŝŶŐ�ƐǇƐƚĞŵ�ŝƐ�ĐƵƚͲŽĨĨ͘�

7DFWLFDO�3ODQ�IRU�&RQWLQJHQFLHV�5HGXQGDQFLHV

�� 2EVWUXFWLRQ�RI�LFH�GXFW���,Q�WKH�HYHQW�WKDW�WKHUH�LV�D�EORFNDJH�LQ�WKH�LFH�GXFW��WKH�HQWLUH�RSHUDWLRQ�
ZLOO�EH�VWRSSHG�DQG�WKH�VHUYR�FDQ�EH�XVHG�WR�DFWXDWH�WKH�LFH�KDWFK�WR�DQG�IUR��WR�FOHDU�LW��

�� ([FHVVLYH�PLFURZDYH�RU�ZDWHU�OHDNDJH���7KH�VRXUFH�RI�OHDNDJH��ZLOO�EH�LGHQWLILHG�DQG�VHDOHG�XVLQJ�
DQ�DOXPLQXP�WDSH�IDUDGD\�IDEULF�RU�VHDODQW���

�� 0HOW�ZDWHU�EDFNIORZ���7KH�PHOW�ZDWHU�UDWH�OHDYLQJ�IURP�0:�FKDPEHU�PLJKW�KDYH�D�KLJKHU�UDWH�
WKDQ�ZKDW�WKH�ILOWUDWLRQ�V\VWHP�FDQ�SURFHVV�RU�LQ�FDVH�RI�EORFNDJH�DW�WKH�ILOWUDWLRQ�XQLW��7KH�EDFNIORZ�
PLJKW�FDXVH�WKH�0:�FKDPEHU�WR�ILOO�XS�DQG�ZDWHU�WR�VHHS�XS�WR�WKH�ZDYHJXLGH�OHYHO��$Q\�VHHSDJH�
LQWR�WKH�ZDYHJXLGH�ZRXOG�UHQGHU�WKH�PDJQHWURQ�LQRSHUDEOH�GXH�WR�HOHFWULFDO�VKRUW�FLUFXLWLQJ��7R�
SUHYHQW�WKLV�D�E\SDVV�YDOYH�DW�WKH�LQOHW�RI�WKH�ILOWUDWLRQ�XQLW�E\SDVVHV�RYHUIORZ��XQILOWHUHG�ZDWHU�LQWR�
WKH�FROOHFWLRQ�XQLW�

�� ,FH�IRUPDWLRQ���VKURXG�DQG�GULOO�DVVHPEO\�DUH�SXOVHG�GXULQJ�LQDFWLYH�SHULRGV�DV�ZHOO�DV�RIIVHW�IURP�
XQGULOOHG�LFH�WR�UHGXFH�FU\VWDOOL]DWLRQ�DQG�KHDW�WUDQVIHU�UHVSHFWLYHO\��

�� &UDFNHG� SODVWLF� ��ZKLOH� ORDGV� RQ� WKH� VKURXG� DQG� RWKHU� SODVWLF� SDUWV� DUH�PLQLPDO�� WKH� WHDP� KDV�
SUHSDUHG�VSDUHV�RI�DOO�SODVWLF�SDUWV�VKRXOG�DQ\�IDLO�GXULQJ�WKH�KDQGV�RQ�SDUW�RI�WKH�FRPSHWLWLRQ��

�� 1RQ�WLJKWHQHG� EROWV� �� ([WUD� EROWV�ZLOO� EH� DYDLODEOH� RQ� WKH�KDQGV�RQ� GD\�� WR� UHSODFH� DQ\� ORVW� LQ�
WUDQVSRUW�RU�IDOOHQ�LQWR�RYHUEXUGHQ���

�� 'DPDJHG�ZLUHV���6ROGHULQJ�VWDWLRQ�DQG�VSDUH�ZLUHV�ZLOO�EH�DYDLODEOH���
�� 8QFRQWUROODEOH�8QSUHGLFWDEOH�PRWLRQ���7KH�PLFURFRQWUROOHU�KDV�D�NLOO�VZLWFK��WKDW�LV�FRGHG�WR�VWRS�

DOO�RSHUDWLRQV���

6DIHW\�3ODQ

D� 0:�OHDNDJH�UDGLDWLRQ�LV�D�VHULRXV�KHDOWK�KD]DUG�DQG�RQH�VKRXOG�EH�DZDUH�RI�WKH�SRWHQWLDO�ULVNV�LW�
SRVHV� WRZDUGV� KXPDQ� H\H� DQG� UHSURGXFWLYH� V\VWHPV�� +RZHYHU�� FRQWDLQLQJ� WKH�0:� LQVLGH� WKH�
FKDPEHU�PHDQV�HQVXULQJ�KROHV�JDSV�DUH�ZHOO�EHORZ�WKH�KRXVHKROG�0:�ZDYHOHQJWK�RI�a����FP��
&DUH�KDV�EHHQ�WDNHQ�WKDW�JDSV�KROHV�DUH�OHVV�WKDQ����PP�LQ�VL]H�ZLWKLQ�WKH�0:�FKDPEHU��

E� 2YHUKHDWLQJ� RI� WKH� PDJQHWURQ� LV� DQRWKHU� FDXVH� RI� HOHFWULFDO� KD]DUG�� (YHQ� WKRXJK� D� IRUFHG�
FRQYHFWLYH�FRROLQJ�LV�DSSOLHG�DW� WKH�PDJQHWURQ�ILQV��DGGLWLRQ�WHPSHUDWXUH�VHQVRUV�DQG�D�WKHUPDO�
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IXVH��DOORZV�FRPSOHWH�VKXW�GRZQ�RI�SRZHU�IORZLQJ�LQWR�WKH�0:�V\VWHP��7KH�PDJQHWURQ�SRZHU�ZLOO�
EH�FXW�RII�LQ�WKH�HYHQW�WKDW�WKH�WHPSHUDWXUH�VHQVRU�PHDVXUHV�D�WHPSHUDWXUH�RQ�WKH�VXUIDFH�RI�WKH�
PLFURZDYH�JUHDWHU�WKDQ������&��WR�EH�UHVWRUHG�ZKHQ�WKH�IDQ�FRROV�WKH�PDJQHWURQ�WR�D�VDIH�OHYHO��,I�
WKH� VHQVRU� IDLOV� WR� UHSRUW� DQ� RYHUKHDWLQJ� HYHQW� WKH� ����� &� WKHUPDO� IXVH� ZLOO� VHYHU� WKH� SRZHU�
SUHYHQWLQJ� DQ� DFFLGHQW� IURP�RFFXUULQJ��$� VFKHPDWLF�RXWOLQLQJ� WKH� VDIHW\� FLUFXLW� FDQ� EH� VHHQ� LQ�
)LJXUH�����DSSHQGL[���6LQFH�VWUHQJWK�RI�0:�UDGLDWLRQ�VFDOHV�LQYHUVHO\�ZLWK�VTXDUH�RI�GLVWDQFH��
VWDQGLQJ�EH\RQG���PHWHUV�ZRXOG�EH�VDIH�DV�REVHUYHG�E\�0:�OHDNDJH�WHVWLQJ�FRQWRXU�VKRZQ�EHORZ�
LQ�)LJXUH����

&ŝŐƵƌĞ�ϳ͘��ŽŶƚŽƵƌ�ƉůŽƚ�ƐŚŽǁŝŶŐ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚĂůůǇ�ĚĞƚĞĐƚĞĚ�Dt�ƌĂĚŝĂƚŝŽŶ�ůĞǀĞůƐ͘�dŚĞ�ďůĂĐŬ�ĚŽƚƐ�ĂƌĞ�ƚŚĞ�
ĂĐƚƵĂů�ĚĂƚĂ�ƉŽŝŶƚƐ͘�dŚĞ�Dt�ŝƐ�ƉůĂĐĞĚ�Ăƚ�ƚŚĞ�ŽƌŝŐŝŶ�ǁŝƚŚ�ƚŚĞ�ŝĐĞ�ĚƵĐƚ�ĂŶĚ�ŵĂŐŶĞƚƌŽŶ�ĨĂĐŝŶŐ�нz�ĂŶĚ�Ͳy�

ƌĞƐƉĞĐƚŝǀĞůǇ͘�

3DWK�WR�IOLJKW��

7KH�GULOOLQJ�DQG�H[FDYDWLRQ�RI�LFH�IURP�WKH�0DUWLDQ�VXE�VXUIDFH��ZRXOG�SRVH�VLJQLILFDQW�FKDOOHQJHV��D�ORW�
GLIIHUHQW� IURP� WKRVH� RQ� WKH� VLPXODWHG�0DUWLDQ� FRQGLWLRQV��7KH� UHG� SODQHW�� DV� WKH� QDPH� VXJJHVWV�� KDV� D�
VXUIDFH��WKDW�KDV�D�YHU\�KLJK�FRQFHQWUDWLRQ�RI�R[LGL]HG�LURQ��UXVW���'ULOOLQJ�WKURXJK�VXFK�D�WHUUDLQ��ZRXOG�
UHTXLUH�WKRURXJK�DQDO\VLV�EHIRUH�LPSOHPHQWDWLRQ��:KHUH�DQG�ZKHQ�WR�GULOO��DUH�RI�FUXFLDO�LPSRUWDQFH��7KH�
VWXG\�RI�WKH�SRODU�LFH�FDSV�DQG�WKH�UHFXUULQJ�VORSH�OLQHDH��56/���ZRXOG�EH�YHU\�KHOSIXO�WR�XQGHUVWDQG�WKH�
JHRJUDSK\� RI� WKH� SODQHW�� LQ� WHUPV� RI� LWV� LFH�ZDWHU� SUHVHQFH� DQG� WKHLU� FOLPDWLF� FRQGLWLRQV�� ,W� PXVW� EH�
FRQVLGHUHG�� WKDW� WKH�ZDWHU�RQ�PDUV�LV�PHUHO\�MXVW�K\GUDWHG�VDOWV�DQG�LW� LV�UHTXLUHG�WR�EH�SUHSDUHG�IRU� WKH�
FKDQJHV�WKDW�WKLV�FRXOG�GHPDQG�RQ�WKH�GULOOLQJ��KHDWLQJ�DQG�ILOWUDWLRQ��7KH�HQYLURQPHQW�KDV�DQ�DEXQGDQW�
VXSSO\� RI� KLJKO\� UHDFWLYH� HOHPHQWV� OLNH� VRGLXP�� PDJQHVLXP�� EDVDOW�� SHUFKORUDWHV� DQG� LURQ�� ,W� LV� WKXV�
UHFRPPHQGHG�WR�EH�SUHSDUHG�IRU�WKH�VDPH��E\�D�EHWWHU�FKRLFH�RI�PDWHULDOV��)RU�WKH�DXJHU��WLWDQLXP��ZRXOG�
EH�D�EHWWHU�ILW��DV�RSSRVHG�WR�VWHHO���IRU�LWV�DELOLW\�WR�ZLWKVWDQG�H[WUHPH�WHPSHUDWXUH�FRQGLWLRQV��ZKLOH�EHLQJ�
FKHPLFDOO\� LQHUW�� 7KH� KDUVK� HQYLURQPHQWDO� FRQGLWLRQV�� FRXOG� UHVXOW� LQ� WKH� DEVRUSWLRQ�� GLVVROXWLRQ� DQG�
IUHH]LQJ�RI�ORFDO�JDVHV��E\�FRQYHQWLRQDO�RII�WKH�VKHOI�PDWHULDOV��7KLV�ZRXOG�OHDG�WR�XQGHVLUDEOH�HIIHFWV�VXFK�
DV�RXWJDVVLQJ��7R�FRPEDW�WKLV��WKH\�FRXOG�EH�VXEVWLWXWHG�E\�PDWHULDOV�WKDW�DUH�NQRZQ�WR�SHUIRUP�ZHOO�LQ�
YDFXXP��0RVW�SODVWLFV�DUH�NQRZQ�IRU�WKHLU�YHU\�KLJK�RXWJDVVLQJ�UDWH�DQG�LW�ZRXOG�EH�HIILFLHQW�WR�UHSODFH�
SDUWV�PDGH�RI�39&��VKURXG���ZLWK�D�PDWHULDO�WKDW�KDV�D�ORZHU�UDWH��OLNH�3RO\WHWUDIOXRURHWK\OHQH��37)(���7KH�
QHRSUHQH��XVHG�LQ�DUUHVWLQJ�YLEUDWLRQV��KDV�D�YHU\�KLJK�RXWJDVVLQJ�UDWH�DQG�PXVW�EH�UHSODFHG�E\�D�PDWHULDO�
ZLWK�VLPLODU�VWLIIQHVV�DQG�ORZ�RXWJDVVLQJ�SURSHUW\���7KH�WZR�SDUW�HSR[\�DGKHVLYH�XVHG�WR�ERQG�FRPSRQHQWV�
OLNH�WKH�ZDWHU�RXWOHW�RI�WKH�0:�FKDPEHU�FRXOG�EH�HDVLO\�DGDSWHG�IRU�XVH�LQ�VSDFH�DV�WKH�RXWJDVVLQJ�SURSHUW\�
RI�VXFK�DGKHVLYHV�DUH�VLJQLILFDQWO\�LPSURYHG�DQG�ORZHUHG�ZHOO�EHORZ�WKH�$670�(����VWDQGDUG�E\�DOORZLQJ�



WKH�HSR[\�WR�FXUH�WKURXJK�D�KHDWLQJ�F\FOH��6LOLFRQH�VHDOLQJ�XVHG�LQ�WKH�0:�FKDPEHU�FRXOG�DOVR�EH�DGRSWHG�
LQ�WKH�YDFXXP�FRQGLWLRQV�RI�0DUV�DV�WKH\�KDYH�EHHQ�VKRZQ�WR�EH�UHVLVWDQW�WR�RXWJDVVLQJ�>�@��$GKHVLYH�XVHG�
LQ�WKLV�GHVLJQ�KRZHYHU��LV�/RFWLWH�+\VRO����&��ZKLFK�LI�VDIH�IRU�XVH�RQ�0DUV��7KH�OXEULFDWLRQ�RI�EHDULQJV�IRU�
WKH�V\VWHP��ZRXOG�KDYH�WR�EH�SHUIRUPHG�ZLWK�XQFRQYHQWLRQDO�OXEULFDQWV��IRU�WKH�VDPH�UHDVRQ��$GGLWLRQDOO\��
LW�ZLOO�EH�FUXFLDO��WR�PDNH�VXUH�WKDW�WKHVH�OXEULFDQWV��GR�QRW�IUHH]H�LQ�H[WUHPH�IUHH]LQJ�FRQGLWLRQV��+H[DJRQDO�
ERURQ�QLWULGH�IRU�LQVWDQFH��FRXOG�EH�XVHG�DV�D�GU\�OXEULFDQW��IRU�WKH�OLQHDU�FDUULDJH�EHDULQJV��&DVWURO�%UD\FRWH�
���()��WKDW�LV�NQRZQ�IRU�LWV�ORZ�RXWJDVVLQJ�UDWH�DQG�DELOLW\�WR�ZLWKVWDQG�YHU\�KLJK�UDQJHV�RI�WHPSHUDWXUH���
��&�WR����&��KDV�EHHQ�XVHG�LQ�WKH�SDVW�RQ�WKH�FXULRVLW\�URYHU�DQG�LV�WKXV�UHFRPPHQGHG��7KH�EHDULQJV��ZLOO�
DOVR�KDYH�WR�EH�SURYLGHG�ZLWK�OLS�VHDOV�WR�SUHYHQW�GXVW�SDUWLFOHV�IURP�HQWHULQJ�WKHP�DQG�FRQWDPLQDWLQJ�WKH�
OXEULFDQWV�>�@��>�@��

,W� LV� LPSRUWDQW� WR� FRQVLGHU� WKH� HIIHFWV� WKDW� WKH� ORZHU�DWPRVSKHULF�SUHVVXUH�RQ�0DUV�� KDV�RQ� WKH�GULOOLQJ�
RSHUDWLRQ��7KH�DWPRVSKHULF�SUHVVXUH�RQ�0DUV�LV�YHU\�FORVH�WR�WKH�WULSOH�SRLQW�RI�ZDWHU��$V�WKH�FXWWLQJ�ELW�
GULOOV�WKURXJK�WKH�LFH��LW�FDQ�KHDW�LW�WR�YDSRU�WHPSHUDWXUHV�DW�WKDW�SUHVVXUH��UHVXOWLQJ�LQ�VXEOLPDWLRQ�RU�UDSLG�
HYDSRUDWLRQ�RI�WKH�LFH�VKDYLQJV��7KH�UHVXOWLQJ�JDV�H[SDQGV�UDSLGO\�DQG�EORZV�WKH�VKDYLQJV�XSZDUG�>�@��7KLV�
DLGV�LQ�WKH�WUDQVSRUW�RI�LFH�XS�WKH�DXJHU��WKRXJK�FDUH�QHHGV�WR�EH�WDNHQ�WR�HQVXUH�WKDW�WKH�VKURXG�LV�VHDOHG�
ZHOO�IURP�WKH�DWPRVSKHULF�JDV�IRU�WZR�UHDVRQV��$�JRRG�VHDO�DW�WKH�ERWWRP�RI�WKH�VKURXG��ZKLFK�PD\�EH�DLGHG�
E\�D�SLOH�RI�FXWWLQJV�RXWVLGH�WKH�VKURXG�EHFDXVH�RI�WKH�GLIIHUHQFH�LQ�FXWWLQJ�ELW�DQG�VKURXG�RXWHU�GLDPHWHUV��
LV�LPSRUWDQW�IRU�DOORZLQJ�PRVW�RI�WKH�LFH�VKDYLQJV�WR�WDNH�WKH�SDWK�RI�OHDVW�UHVLVWDQFH�LQVLGH�WKH�VKURXG�UDWKHU�
WKDQ�RXWVLGH�RI�LW��+RZHYHU��LI�WKLV�GRHV�QRW�IRUP�DQ�HIIHFWLYH�VHDO��D�PRGLILFDWLRQ�WR�WKH�VKURXG�GHVLJQ��VXFK�
DV�PDNLQJ�LWV�RXWHU�GLDPHWHU�ODUJH��PD\�QHHG�WR�EH�FRQVLGHUHG�LQ�RUGHU�WR�IRUP�D�VHDO�ZLWK�WKH�RXWHU�ZDOOV�
RI�WKH�ERUH�KROH��$OWHUQDWLYHO\��DQ�DGGLWLRQDO�VKURXG�ZKLFK�VHDOV�WKH�H[FDYDWHG�KROH�DW�WKH�VXUIDFH�ZRXOG�
SUHYHQW� FXWWLQJV� IURP� H[LWLQJ� WKH� KROH�� ,Q� DGGLWLRQ� WR� HIIHFWLYH� LFH� FXWWLQJ� WUDQVSRUWDWLRQ�� WKH� LVVXH� RI�
SUHYHQWLQJ�LFH�IURP�DGKHULQJ�WR�WKH�VKURXG�RU�DXJHU�DQG�FDXVLQJ�DQ�REVWUXFWLRQ�PXVW�EH�DGGUHVVHG��2QH�
SRVVLEOH�VROXWLRQ�LV�UXQQLQJ�D�KLJKO\�WKHUPDOO\�FRQGXFWLYH�PDWHULDO� IURP�WKH�FXWWLQJ�ELW�XS�WKH�DXJHU�WR�
SUHYHQW� WKH�ZDWHU�YDSRU� IURP�GHSRVLWLQJ�RQ� WKH� DXJHU�XQWLO� LW� FDQ� HVFDSH� WKURXJK� WKH� WRS�RI� WKH�DXJHU��
7UHDWLQJ�WKH�PDWHULDO�ZLWK�D�K\GURSKRELF�FRDWLQJ��LI�VXFK�D�FRDWLQJ�FDQ�VXUYLYH�WKH�FRQGLWLRQV�LQ�VSDFH�DQG�
RQ�0DUV�ZLWKRXW�RXWJDVVLQJ�RU�HURGLQJ��ZRXOG�EH�DQRWKHU�SRVVLEOH�VROXWLRQ���

7KH�DWPRVSKHULF�SUHVVXUH��EHLQJ������RI�WKDW�RQ�(DUWK����3D���LV�YHU\�FORVH�WR�WKH�WULSOH�SRLQW�RI�ZDWHU��
VKRZQ�LQ�)LJXUH����$GGLQJ�KHDW�HQHUJ\�WR�LFH�DW�WKLV�SUHVVXUH�ZLOO�GLUHFWO\�FRQYHUW�LW�WR�LWV�YDSRU�VWDWH��7KLV�
VXJJHVWV�WKDW�RXU�PLFURZDYH�FKDPEHU��ZLOO�UHTXLUH�DOWHUDWLRQV�WR�FDUU\�RXW�WKH�PHOWLQJ�SURFHVV�XQGHU�WKH�
UHTXLUHG�FRQGLWLRQV��$V�PRUH�LFH�LV�FRQYHUWHG�WR�YDSRU��WKH�SUHVVXUH�ULVH�LQVLGH�WKH�FKDPEHU�ZLOO�UHFRQYHUW�
WKLV�YDSRU�WR�ZDWHU��+HQFH��WKH�PLFURZDYH�FKDPEHU�QHHGV�WR�ZLWKVWDQG�KLJK�SUHVVXUH��ZKLFK�ZLOO�SUHYHQW�
LFH�IURP�XQGHUJRLQJ�UDSLG�YDSRUL]DWLRQ�RU�IUHH]LQJ��&XUUHQW�VFLHQWLILF�LQIRUPDWLRQ�K\SRWKHVL]HV�WKDW�WKH�LFH�
IRXQG� WUDSSHG� XQGHUQHDWK� WKH� 0DUWLDQ� VXUIDFH� ZLOO� EH� PL[HG� ZLWK� PLQHUDO� VDOWV� LQ� YDU\LQJ� W\SH� DQG�
FRQFHQWUDWLRQV�ZKLFK� LQFUHDVHV� WKH� HOHFWULFDO� FRQGXFWLYLW\� RI� LFH��7KLV� LQ� WXUQ� LQFUHDVHV� WKH�PLFURZDYH�
DEVRUSWLRQ�E\�LFH�PDNLQJ�WKLV�WHFKQRORJ\�HYHQ�PRUH�DWWUDFWLYH��

2XWVLGH�RI�WKH�VSKHUH�RI�WKH�HDUWK��HOHFWULFDO�DQG�HOHFWURQLF�FRPSRQHQWV�DUH�VXEMHFW�WR�6LQJOH�(YHQW�(IIHFWV�
�66(��DQG�7RWDO�,RQL]LQJ�'RVHV��7,'���7KHVH�LQFOXGH�XSVHWV�DQG�EXUQRXWV��ZKHUH�FKDUJHG�SDUWLFOHV�ORVH�
HQHUJ\�GXH�WKHLU�H[SRVXUH�WR�UDGLDWLRQ��7KLV�FRUUXSWV�LQIRUPDWLRQ�RQ�UHJLVWHUV�DQG�PHPRU\�HOHPHQWV�DQG�
GUDZV�ODUJH�FXUUHQWV��GHVWUR\LQJ�FLUFXLWV��7KH�HOHFWURQLFV�LQYROYHG�LQ�WKH�SRZHULQJ�DQG�DFWXDWLRQ�RI�WKLV�
V\VWHP��ZRXOG� WKXV�� VKRXOG� EH�PRGLILHG� VLJQLILFDQWO\�� IRU� VPRRWK� IXQFWLRQLQJ�� �7KLV� FRXOG� EH�GRQH�� E\�
LPSOHPHQWLQJ�PDWHULDOV�DQG�VHPLFRQGXFWRUV�WKDW�SURYLGH�UHVLVWDQFH�WR�UDGLDWLRQ�DQG�HOHFWURVWDWLF�GLVFKDUJH��
0HPRU\�FDQ�EH�VHFXUHG��E\�XVLQJ�SURJUDPPDEOH�UHDG�RQO\�PHPRU\��3520���&KDOFRJHQLGH�UDQGRP�DFFHVV�
PHPRU\��&50��RU�ILHOG�SURJUDPPDEOH�JDWH�DUUD\V��)3*$V���LQ�WKH�SODFH�RI�FRQYHQWLRQDO�RU�HDUWK�EDVHG��
GLJLWDO�PHPRU\��,W�ZRXOG�EH�FRQYHQLHQW��WR�XVH�PLFURFRQWUROOHUV�WKDW�KDYH�LQFRUSRUDWHG�WKH�DIRUHPHQWLRQHG�
LQ�WKH�SDVW��VXFK�DV�WKRVH�PDQXIDFWXUHG�ZLWK�+$5'6,/�WHFKQRORJ\��E\�9RUDJR�WHFKQRORJLHV���7KH�PRUH�
UHFHQW�SURGXFWV�LQ�WKLV�OLQH��DUH�HYHQ�$UGXLQR�FRPSDWLEOH��HJ��9$��������



&ŝŐƵƌĞ�ϴ͘�dƌŝƉůĞ�ƉŽŝŶƚ�ŽĨ�ǁĂƚĞƌ�;ĐŽƵƌƚĞƐǇ͗��ĞŶƚĞƌ�ĨŽƌ�ŝĐĞ�ĂŶĚ�ĐůŝŵĂƚĞ�Ͳ�EĞŝůƐ��ŽŚƌ�ŝŶƐƚŝƚƵƚĞͿ�

7KH� VROGHULQJ� RQ� WKH� FLUFXLWV��PXVW� EH� SHUIRUPHG�ZLWK� OHDG�IUHH� HXWHFWLF� WLQ�� WKDW� FDQ� HQGXUH� HOHYDWHG�
WHPSHUDWXUHV�ZKLOH�SUHYHQWLQJ�ZKLVNHUV��ZKLFK�ZRXOG�RWKHUZLVH�JURZ�RXW�RI�VROGHUV�� LQ� WKH�SUHVHQFH�RI�
YDFXXP��,QVXODWLQJ�WDSH��WKDW�FRPELQHV�SRO\LPLGH�ILOP�ZLWK�D��0�DGKHVLYH�DQG�D�ILEHUJODVV�UHLQIRUFHPHQW�
OD\HU��FRXOG�EH�XVHG�DV�PXOWLOD\HU�LQVXODWLRQ��0/,���IRU�DOO�WKH�HOHFWULFDO�ZLULQJ��7KLV�ZLOO�DFW�WR�WKHUPDOO\�
SURWHFW� V\VWHPV�� WR�PDLQWDLQ� WHPSHUDWXUHV� LQ� YHU\� VSHFLILF� UDQJHV�� )RU� RSWLPXP� LQVXODWLRQ� LI� UHTXLUHG��
VXFFHVVLYH�PHWDOOLF�OD\HUV�VHSDUDWHG�E\�PDWHULDOV�ZLWK�ORZ�WKHUPDO�FRQGXFWLYLW\�OLNH�1RPH[�RU�3RO\HVWHU�
QHWWLQJ��FDQ�EH�LPSOHPHQWHG��2QH�OD\HU�RI�VXFK�DQ�0/,�VWUXFWXUH�KDV�EHHQ�SURYHQ�LQ�WKH�SDVW��WR�UHIOHFW�DV�
PXFK�DV����SHUFHQW�RI�WKH�LQFLGHQW�UDGLDWLRQ��

7KH�V\VWHP��ZRXOG�EH�EHVW�WUDQVSRUWHG��LI�LW�LV�EURNHQ�LQWR�VXE�DVVHPEOLHV��ZKLFK�DUH�WKHQ�HDVLO\�DVVHPEOHG�
RQ�0DUV��7KLV�ZLOO�KHOS�ZLWK�WKH�SDFNDJLQJ�DQG�ZLOO�UHGXFH�WKH�DVVHPEO\�WLPH�DQG�HIIRUW��7KH�HQWLUH�V\VWHP��
FDQ�EH�VXSSRUWHG�E\�WKH�EDVH�RI�D�VXLWDEOH�YHKLFOH��ZKLFK�FDQ�DVVLVW�ZLWK�WUDQVSRUWDWLRQ�RQ�0DUV����

7KH�UHGXFHG�JUDYLWDWLRQDO�DFFHOHUDWLRQ�FRQVWDQW�RQ�0DUV�FDXVHV�VHYHUDO�GLIIHUHQFHV�LQ�KRZ�WKH�GULOO�RSHUDWHV��
)LUVW��WKH�ORZHU�ZHLJKWV�UHVXOWLQJ�IURP�WKLV�DSSUR[LPDWHO\�����UHGXFWLRQ�ZRXOG�WHQG�WR�GHFUHDVH�WKH�WRUTXH�
UHTXLUHG�WR�DFWXDWH�WKH�V\VWHP�LQ�WKH�;<�SODQH�GXH�WR�ORZHU�UHVXOWLQJ�IULFWLRQ��WKH�WRUTXH�IRU�OLIWLQJ�WKH�GULOO�
LQ�WKH�]�D[LV��DQG�WKH�SRZHU�GUDZ�IURP�WKH�DXJHU�PRWRU�IRU�WUDQVSRUWLQJ�WKH�LFH�XS�WKH�DXJHU��,W�ZRXOG�DOVR�
GHFUHDVH�WKH�EHQGLQJ�ORDG�IURP�RIIVHW�PDVVHV��VXFK�DV�WKH�PLFURZDYH��UHVXOWLQJ�LQ�EHWWHU�DOLJQPHQW�IRU�PRUH�
HDVH�RI�PRWLRQ�RI�WKH�EDOO�VFUHZ�DQG�]�D[LV�OLQHDU�EHDULQJV��+RZHYHU��D�FRQVLGHUDEOH�GLVDGYDQWDJH�HPHUJHV�

LQ�V\VWHPV�WKDW�UHO\�RQ�SDVVLYH�PRWLRQ�RI�SDUWLFOHV�DQG�IOXLGV��2YHUEXUGHQ�DQG�LFH�SDUWLFOHV�ZRXOG�QRW�PRYH�
GRZQ�WKH� LFH�GXFW�DV�TXLFNO\��DQG�ZDWHU�ZRXOG� WDNH�ORQJHU� WR�GLIIXVH� WKURXJK� WKH� ILOWHU�DV�ZHOO�� ,I� LW� LV�
QHFHVVDU\� WR�KDVWHQ� WKHVH�SURFHVVHV��DFWLYH�PHWKRGV�� VXFK�DV� WKH�XVH�RI�VPDOO�SXPSV��FDQ�EH�HPSOR\HG�
ZLWKRXW�IRUFLQJ�WKH�V\VWHP�WR�GUDZ�WRR�PXFK�SRZHU��

7KH�LFH�GULOO�V\VWHP�ZLOO�XQGHUJR�H[WHQVLYH�ODXQFK�DQG�VSDFH�HQYLURQPHQW�WHVWLQJ�DQG�YDOLGDWLRQ�EHIRUH�LW�
EHJLQV�LWV�MRXUQH\�WR�0DUV��3D\ORDG�LQWHJUDWLRQ�GHVLJQ�PXVW�EH�FDUHIXOO\�FRQVLGHUHG�WR�HQVXUH�WKDW�QR�FULWLFDO�
GDPDJH�RFFXUV�WR�DQ\�FRPSRQHQWV�EHIRUH�WKH\�UHDFK�WKHLU�ILQDO�GHVWLQDWLRQ��,W�LV�UHFRPPHQGHG�WKDW�DOO�ORDG�
EHDULQJ� SDUWV� �� HVSHFLDOO\� VOHQGHU� PHPEHUV�� LQFOXGLQJ� WKH� EDOO� VFUHZ�� VXSSRUW� URGV�� DQG� DOO� DOXPLQXP�
FKDQQHOV���PD\�QHHG�WR�EH�GLVDVVHPEOHG�EHIRUH�EHLQJ�SDFNDJHG�LQ�WKH�SD\ORDG�ED\�LI�LW�LV�QRW�GHVLJQHG�WR�
ZLWKVWDQG�LQHUWLDO�DQG�YLEUDWLRQDO�ODXQFK�IRUFHV��DV�GRLQJ�VR�FRXOG�UHVXOW�LQ�DQ�RYHU�HQJLQHHUHG�V\VWHP�IRU�
RSHUDWLRQDO�FRQGLWLRQV�RQ�0DUV��7KLV�PHWKRG�RI�SDFNDJLQJ�ZRXOG�DOVR�OLPLW�WKH�YROXPH�RFFXSLHG��DOORZLQJ�
DGHTXDWH�VSDFH�IRU�RWKHU�SD\ORDGV��2WKHUZLVH��PDMRU�VXEDVVHPEOLHV�FRXOG�EH�SUH�DVVHPEOHG�EHIRUH�ODXQFK�
LQWHJUDWLRQ��$OVR��SDUWV�WKDW�DUH�FULWLFDO�IRU�PRWLRQ��LQFOXGLQJ�EHDULQJV�DQG�PRWRUV��VKRXOG�EH�SDFNDJHG�VR�
WKDW�LQWHUQDO�FRPSRQHQWV�DUH�QRW�ORDGHG�WR�IDLOXUH���



:LWK�UHVSHFW�WR�WKH�VSDFH�HQYLURQPHQW��WKH�SDFNDJLQJ�VKRXOG�EH�GHVLJQHG�WR�SURWHFW�YXOQHUDEOH�HOHFWURQLF�
SDUWV�IURP�LQWHQVH�UDGLDWLRQ�DQG�RXWJDVVLQJ�IURP�YRODWLOH�PDWHULDOV��,W�PXVW�UHJXODWH�WHPSHUDWXUHV�WR�SUHYHQW�
OXEULFDQWV�IURP�IUHH]LQJ��PRYLQJ�FRPSRQHQWV�IURP�ORFNLQJ��DQG�HOHFWURQLFV�IURP�RYHUKHDWLQJ��7R�SUHYHQW�
FROG�ZHOGLQJ��PHWDO� SDUWV�RI� OLNH�PDWHULDO�PXVW�EH�SDFNDJHG� VHSDUDWHO\�� WUHDWHG�ZLWK�SURWHFWLYH� FRDWLQJ�
�dŝϲ�ůϰsͿ�΀ϱ΁��RU�EH�PDGH�ZLWK�D�VXIILFLHQWO\�ORZ�SXULW\��7KH�SURFHGXUH�IRU�YDOLGDWLQJ�WKH�SD\ORDG�LQWHJUDWLRQ�
GHVLJQ��EDVHG�RQ�WKH�DIRUHPHQWLRQHG�FULWHULD��ZLOO�LQYROYH�H[WHQVLYH�UDQGRP�YLEUDWLRQ�DQG�WKHUPDO�YDFXXP�
FKDPEHU�WHVWLQJ�WR�VLPXODWH�WKH�ODXQFK�DQG�VSDFH�HQYLURQPHQWV��UHVSHFWLYHO\�

dĂďůĞ�Ϯ͘�dĞĐŚŶŽůŽŐŝĐĂů�ƌĞĂĚŝŶĞƐƐ�ůĞǀĞů�;dZ>Ϳ�ŽĨ�ĚŝĨĨĞƌĞŶƚ�ĐŽŵƉŽŶĞŶƚƐ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ĚĞƐŝŐŶ�ŽĨ�ƚŚĞ�ƐǇƐƚĞŵ͘�

7HFKQRORJ\ $SSOLFDWLRQ 75/�

0DJQHWURQ +HDWLQJ�RI�WKH�FROOHFWHG�LFH ���

$XJHU 'ULOOLQJ�WKURXJK�RYHUEXUGHQ�DQG�LFH ���

6WHSSHU�PRWRUV $FWXDWHV�WKH�GULOO�DORQJ�;�<�DQG�=�D[LV ���

6HUYR�PRWRUV $FWXDWHV�KDWFK ���

$XJHU�ORDG�FHOO 0HDVXUHV�IRUFH�RQ�ELW� ���

$UGXLQR�
0LFURFRQWUROOHU

&RQWUROV�DQG�DFWXDWLRQ ���

7UDQVIRUPHU 6WHSSLQJ�XS�YROWDJH�IURP����9�WR��N9 ���

7HPSHUDWXUH�VHQVRU� )LUVW�VDIHW\�PHDVXUH���WHPSHUDWXUH�RI�PLFURZDYH�V\VWHP�0DJQHWURQ��
XS�WR����&�

���

7KHUPRIXVH 6HFRQG�VDIHW\�PHDVXUH���WHPSHUDWXUH�RI�PLFURZDYH�
V\VWHP�0DJQHWURQ��XS�WR����&

���

'ULOO�0RWRU 3RZHUV�WKH�$XJHU�GULOO�ELW� ���

6QDS�DFWLRQ�/LPLW�
VZLWFKHV

6HQVHV�WKH�GULOO��ZKHQ�LW�DSSURDFKHV�IUDPH�ERXQGDU\ ���

1RLVH�ILOWHU� 5HPRYHV�QRLVH�IURP�HOHFWULFDO�VLJQDO�WR�JLYH�EHWWHU�WUDQVIRUPHU�
RXWSXW

���

0:�ORDG�FHOO 0HDVXUHV�ZHLJKW�RI�0LFURZDYH�FKDPEHU ���

%XGJHW�

7KH�1&68�0DUV�,FH�'ULOOLQJ�7HDP�$SSHWLWH�IRU�,FH�ZRXOG�OLNH�WR�DFNQRZOHGJH�WKH�1&�6SDFH�*UDQW�DQG�
WKH�1&68�(PHUJHQF\�7HDFKLQJ�)XQG��(7)��IRU�WKHLU�VXSSRUW�RI��������DQG��������UHVSHFWIXOO\��7KH�WHDP�
DOVR�DFNQRZOHGJHV�'U��6LPXQRYLF� IRU�KLV�JXLGDQFH�DQG�SULPHU� LQWR�PLFURZDYH�VDIHW\� LQ�DGGLWLRQ�WR�KLV�
FRQWULEXWLRQ�RI�PLFURZDYH�SDUWV�YDOXLQJ�DSSUR[LPDWHO\��������:H�DOVR�DFNQRZOHGJH�WKH�KHOS�SURYLGHG�E\�



WKH�2YDO�1&68�GLQLQJ��IRU�VXSSO\LQJ�XV�ZLWK�LFH�DQG�RWKHU�WHVWLQJ�PDWHULDOV�OLNH�FRQWDLQHUV�DQG�FDUWV��(,�
JDUDJH�DOVR�VXSSRUWHG�XV�E\�SURYLGLQJ�DFFHVV�WR�LWV�PDFKLQHV�DQG�WRROV��$�GHWDLOHG�EXGJHWDU\�GLVWULEXWLRQ�LV�
VKRZQ�LQ�)LJXUH���

5HIHUHQFHV�

>�@� -��5��)LQNEHLQHU��3��+��-��'XQODS��DQG�%��0��6WHLQHW]��³$SROOR�6HDOV��$�%DVLV�IRU�WKH�&UHZ�
([SORUDWLRQ�9HKLFOH�6HDOV�´�LQ�$,$$�$60(�6$(�$6((�-RLQW�3URSXOVLRQ�&RQIHUHQFH��
������

>�@� &��'DQLHOV�DQG�1��*DUDIROR��³6HDOV�+DYLQJ�7H[WXUHG�3RUWLRQV�IRU�3URWHFWLRQ�LQ�6SDFH�
(QYLURQPHQWV�´�86�3DWHQW������������������

>�@� &��'HOOD&RUWH��³1(6&�$VVHVVHV�WKH�)HDVLELOLW\�RI�&RUURVLRQ�,PPXQH��6KRFNSURRI�
%HDULQJV�´�������

>�@� .��$��=DFQ\��0��&��4XD\OH��DQG�*��$��&RRSHU��³/DERUDWRU\�GULOOLQJ�XQGHU�0DUWLDQ�
FRQGLWLRQV�\LHOGV�XQH[SHFWHG�UHVXOWV�´�-��*HRSK\V��5HV��(�3ODQHWV��YRO�������QR�����SS���±���
������

>�@� /��9��6DQWRV��9��-��7UDYD�$LUROGL��(��-��&RUDW��-��1RJXHLUD��DQG�1��)��/HLWH��³'/&�FROG�
ZHOGLQJ�SUHYHQWLRQ�ILOPV�RQ�D�7L�$O�9�DOOR\�IRU�VSDFH�DSSOLFDWLRQV�´�6XUI��&RDWLQJV�
7HFKQRO���YRO�������QR�����SS������±������������

&ŝŐƵƌĞ�ϵ͘�;ƚŽƉ�ůĞĨƚͿ�^ŚŽǁƐ�ƚŚĞ�ďƌĞĂŬƵƉ�ŽĨ�ƚŚĞ�ƚŽƚĂů�ĞǆƉĞŶĚŝƚƵƌĞ�ŝŶĐƵƌƌĞĚ�ĨŽƌ�ƚŚŝƐ�ƉƌŽũĞĐƚ͕�Ψϭϳ͕ϮϬϬ͘�;ƚŽƉ�
ƌŝŐŚƚͿ�ďƵĚŐĞƚ�ďƌĞĂŬƵƉ�ŽĨ�ĨŽƌ�ŵĞĐŚĂŶŝĐƐ�ƐƵďƐǇƐƚĞŵ͘�;ďŽƚƚŽŵ�ůĞĨƚͿ��ƵĚŐĞƚ�ďƌĞĂŬƵƉ�ĨŽƌ�Dt�ĂŶĚ�ĨŝůƚƌĂƚŝŽŶ�

ƐƵďƐǇƐƚĞŵ͘�;ďŽƚƚŽŵ�ƌŝŐŚƚͿ��ƵĚŐĞƚĂƌǇ�ďƌĞĂŬƵƉ�ŽĨ�ĞůĞĐƚƌŽŶŝĐƐ�ƐƵďƐǇƐƚĞŵ͘�



$SSHQGL[�

dĂďůĞ�ϯ͘�'ůŽƐƐĂƌǇ�ŽĨ�ŝŵƉŽƌƚĂŶƚ�ĐŽŵƉŽŶĞŶƚƐͬƉĂƌƚƐ�ĂŶĚ�ŝƚƐ�ďƌŝĞĨ�ĨƵŶĐƚŝŽŶĂůŝƚǇ�ƌĞĨĞƌƌĞĚ�ƚŽ�ŝŶ�ƚŚĞ�ƌĞƉŽƌƚ͘�

&RPSRQHQW�SDUW�QDPH 'HVFULSWLRQ�DQG�IXQFWLRQDOLW\ 6XEV\VWHP
0:�ORDG�FHOO� 7KH� VWUDLQ� JDXJH� VHQVRU� PHDVXULQJ� LQVWDQWDQHRXV�

ZHLJKW�RI�0:�FKDPEHU
0:��HOHFWURQLFV�

,FH�GXFW� 7KH� VTXDUH� FURVV� VHFWLRQDO� FRQQHFWLQJ� WXEH� IRU�
WUDQVSRUWLQJ�RYHUEXUGHQ�RXW�RI�WKH�DXJHU�VKURXG�DQG�
LFH�LQWR�WKH�0:�FKDPEHU

0:��PHFKDQLFV�

,FH�KDWFK� 6HUYR� FRQWUROOHG� KDWFK� ORFDWHG� DW� XQGHUVLGH� RI� ,FH�
GXFW�� SUHIHUHQWLDOO\� UHMHFWV� RYHUEXUGHQ� DQG� DFFHSWV�
LFH�LQWR�0:�FKDPEHU�

0:�

7DEOH� WKH�=�D[LV�DOXPLQXP�SODWIRUP�RQ�ZKLFK�DXJHU�PRWRU�
LV�PRXQWHG

PHFKDQLFV�

%DVH� WKH� DOXPLQXP� SODWIRUP� WKURXJK� ZKLFK� WKH� VKURXG�
SDVVHG�DQG�EDOO VFUHZ�PRWRU�LV�PRXQWHG

PHFKDQLFV�

%DOO�VFUHZ� FRQYHUWV�URWDU\�WR�OLQHDU�PRWLRQ��FRQWUROV�WKH�=�D[LV�
DFWXDWLRQ�RI�WKH�DXJHU�GULOO�

PHFKDQLFV�

$XJHU�ORDG�FHOO� 7KURXJK� KROH� ELD[LDO� ORDG� FHOO�� )87(.� /7+� �����
FHOO�VHQVHV�UHDO�WLPH�IRUFH�RQ�ELW������)�WR�����)

0HFKDQLFV��HOHFWURQLFV�

0DJQHWURQ� ����� *+]� ���� :� KRXVHKROG� PDJQHWURQ� GUDZLQJ�
����:�PD[�SRZHU

0:�

6DGGOH�WDS� D��'�SULQWHG�SDUW� WKDW�PDNHV�WKH�WUDQVLWLRQ�EHWZHHQ�
WKH�FLUFXODU�KROH�LQ�WKH�VKURXG�DQG�WKH�VTXDUH�LFH�GXFW

PHFKDQLFV�

$XJHU )OXWHG�VFUHZ�FRQYH\HU�GHVLJQHG�WR�FDUU\�PDWHULDO PHFKDQLFV
$XJHU�GULOO $XJHU�ZLWK�WKH�LFH�FXWWLQJ�ELW PHFKDQLFV
<�UDLOV� ������FKDQQHOV�ZKHUH�WKH�EDVH�ZLOO�LQGLUHFWO\�UHVW�RQ�

WR��YLD�WKH�OLQHDU�FDUULDJH�EHDULQJV
PHFKDQLFV�

;�D[LV�FDUWV�� $%6�SLHFH�ZKHUH�WKH�<�D[LV�UDLOV�UHVWV�RQ�WRS�RI��DQG�
ZKLFK� VOLGHV� RQ� WKH� VLQJOH� ������ FKDQQHOV� RI� WKH�
IUDPH�PRXQWLQJ

PHFKDQLFV�
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'HWDLOHG�DVVHPEO\�SODQ�

���3ODFH�WKH�GRXEOH�������FKDQQHOV�RQ�WKH�PRXQWLQJ�EROWV�
�� ;�D[LV�FDUW�DVVHPEO\��

ā���3ODFH�WKH�;�D[LV�FDUW��ZRRG��RQWR�WZR�OLQHDU�FDUULDJH�EHDULQJV�DW�WKH�GHVLJQDWHG�ORFDWLRQ
ā���3ODFH�WZR��´[�´�/�EUDFNHW�RQ�WRS�RI�WKH�;�D[LV�FDUW��LQ�OLQH�ZLWK�WKH�OLQHDU�FDUULDJH�EHDULQJ�VFUHZ�

KROHV
ā����,QVHUW�WKH�����´�VFUHZV�WKURXJK�WKH�/�EUDFNHWV�DQG�WKH�EHDULQJ�KROHV
ā����5HSHDW�WKH�SURFHVV�DERYH�IRU�WKH�VHFRQG�OLQHDU�FDUULDJH�EHDULQJ�RI�WKH�;�D[LV�FDUW

���6OLGH�WKH�FDUULDJH�EHDULQJV�RI�WKH�;�D[LV�FDUW�RQWR�WKH�VORWV�RI�WKH�VLQJOH�������FKDQQHO
���3XW�IRXU��WZR�RQ�HDFK�HQG���´[�´�/�EUDFNHWV�RQ�WKH�HQGV�RI�HDFK�VLQJOH�������FKDQQHO
���6OLGH�WKH�VLQJOH�������FKDQQHOV�LQWR�WKH�GRXEOH�������FKDQQHOV�VORWV�YLD�WKH�JXLGH�IDVWHQHUV�RI�WKH��´[�´�

/�EUDFNHWV�
���5HSHDW�SURFHGXUH�����IRU�WKH�VHFRQG�VLQJOH�������FKDQQHO
���6OLGH�WKH�<�D[LV��WKH�VHFRQG�SDLU�RI�GRXEOH�������FKDQQHOV��UDLOV�WKURXJK�WKH�FKDQQHO�JXLGH�IDVWHQHUV�RQ�

WKH��´[�´�/�EUDFNHWV�RI�WKH�;�D[LV�FDUW�
���0DNH�PHDVXUHPHQWV�DQG�DGMXVWPHQWV�WR�DOO�FKDQQHOV�WR�HQVXUH�DFFXUDWH�SDUDOOHOLVP�	�SRVLWLRQLQJ�EHIRUH�

WLJKWHQLQJ�DOO�WKH�VFUHZV������´�GLD��EODFN�KHDG��
���3URFHHG�ZLWK�WKH�WLJKWHQLQJ�RI�DOO�VFUHZV
����0RXQWLQJ�EORFN���EDOO�VFUHZ���EDOO�QXW�DVVHPEO\�

ā���6OLGH�WKH�PRXQWLQJ�EORFN�LQ�WKH�PDFKLQHG�HQG�RI�WKH�EDOO�VFUHZ�DOO�WKH�ZD\�LQ��VXFK�WKDW�VRPH�RI�WKH�
WKUHDGHG�SDUW�RI�WKH�EDOO�VFUHZ�H[WHQGV�EHORZ�WKH�PRXQWLQJ�EORFN

ā���7LJKWHQ�WKH�ORFNQXW�LQ�WKH�WKUHDG�RI�WKH�EDOO�VFUHZ�XVLQJ�D�IL[HG�KRRN�VSDQQHU��$V�WKH�ORFNQXW�WUDYHOV�
LQ�WKH�WKUHDG�RI�WKH�EDOO�VFUHZ��LW�ZLOO�SXOO�WKH�EDOO�VFUHZ�IXUWKHU�LQ�WKH�PRXQWLQJ�EORFN��XQWLO�WKH�WRS�
EHDULQJ�RI�WKH�PRXQWLQJ�EORFN�WRXFKHV�WKH�XQGHUVLGH�RI�WKH�EDOO�VFUHZ

ā����,QVHUW�WKH�LQWHUQDO�EDOO�EHDULQJV�LQ�WKH�EDOO�QXW��ZKHQ�GRQH��VFUHZ�WKH�IODQJH�LQ
ā����6OLGH�WKH�EDOO�QXW�RQWR�WKH�WRS�RI�WKH�EDOO�VFUHZ

�����%DVH�DVVHPEO\�
ā����6FUHZ�WKH�UHPDLQLQJ�IRXU�OLQHDU�FDUULDJH�EHDULQJV�WR�WKH�FRUQHUV�RI�WKH�EDVH�XVLQJ�WKH�ó´�GLD��

EXWWRQ�KHDG�VFUHZV��DQG�IDVWHQ�XVLQJ�����´�QXWV
ā���)DVWHQ�WKH�IODQJHG�VKDIW�FROODUV�WR�WKHLU�UHVSHFWLYH�ORFDWLRQV�XVLQJ������´�ORQJ�KH[�KHDG�VFUHZV
ā���2Q�WKH�WRS�VXUIDFH�RI�WKH�EDVH��RQ�WKHLU�UHVSHFWLYH�KROHV��DWWDFK�WZR��´�ORQJ�DOXPLQXP�SODWHV�IRU�

JULSSLQJ�WKH�<�D[LV�EHOW��XVLQJ�����´�VFUHZV
����3DVV�WKH�DXJHU�WKURXJK�WKH�FHQWUDO�KROH�LQ�WKH�EDVH�IURP�WKH�ERWWRP
����6OLGH�WKH�EDVH�RQWR�WKH�<�D[LV�UDLOV�WKURXJK�WKH�FKDQQHOV�YLD�LWV�OLQHDU�FDUULDJH�EHDULQJV��PDNLQJ�VXUH�

WKDW�WKH�KROH�IRU�VKURXG�LV�WR�WKH�EDFN��DQG�WKH�KROH�IRU�WKH�EDOO�VFUHZ�LV�WR�WKH�IURQW��DQRWKHU�SHUVRQ�
QHHGV�WR�KROG�WKH�DXJHU�YHUWLFDOO\

����3XW�WKH�PRXQWLQJ�EORFN�DVVHPEO\�RQ�WKH�EDVH�VXFK�WKDW�WKH�PDFKLQHG�HQG�RI�WKH�EDOO�VFUHZ�JRHV�LQ�LWV�
KROH�LQ�WKH�EDVH

�����=�D[LV�PRWRU�DVVHPEO\�
ā���)DVWHQ�WKH�����JHDUHG�1(0$����VWHSSHU�PRWRU�WR�LWV�RII�WKH�VKHOI�EUDFNHW�XVLQJ�IRXU�0�[��PP�

VFUHZV
ā� ��$WWDFK�WKH�ERWWRP�RI�WKH�1(0$�EUDFNHW�WR�WKH��'�SULQWHG�=�D[LV�EUDFNHW�XVLQJ�IRXU�0�[���

VFUHZV
ā����6OLGH�WKH�=�D[LV�VKDIW�FRXSOLQJ�RQWR�WKH�VKDIW�RI�WKH�=�D[LV�PRWRU�DQG�WLJKWHQ�LWV�VHW�VFUHZ�XVLQJ�

DQ�$OOHQ�NH\
����3ODFH�IRXU�0��[��PP�VFUHZV�WKURXJK�WKH�WKURXJK�KROHV�RI�WKH�PRXQWLQJ�EORFN
����3XW�WKH�=�D[LV�PRWRU�DVVHPEO\�LQ�LWV�SODFH�E\�VOLGLQJ�WKH�RWKHU�VLGH�RI�WKH�=�D[LV�PRWRU�FRXSOLQJ�RQWR�

WKH�PDFKLQHG�HQG�RI�WKH�EDOO�VFUHZ��DQG�WKH�WZR�WKURXJK�KROHV�RI�WKH��'�SULQWHG�=�D[LV�EUDFNHW�RQWR�
WKH�WZR�0���VFUHZV��6HFXUH�WKH�VFUHZV�LQ�SODFH�E\�XVLQJ�D�VSOLW�ORFN�ZDVKHU�DQG�QXW

�����3ODFH�VKURXG�RYHU�DXJHU�DQG�WKURXJK�WKH�FHQWUDO�KROH�LQ�EDVH



����6OLGH�WKH�ORDG�FHOO�VKDIW�FROODU�RQWR�WKH�DXJHU��VXFK�WKDW�WKH�ERWWRP�IDFH�RI�WKH�VKDIW�FROODU�LV�����PP�
IURP�WKH�WRS�RI�WKH�DXJHU

����,QVHUW�WKH�=�D[LV�JXLGH�URGV�LQ�WKH�IODQJHG�VKDIW�FROODU�RQ�WKH�EDVH�DQG�WLJKWHQ�LWV�VHW�VFUHZV�XVLQJ�DQ�
$OOHQ�NH\

����$XJHU�ORDG�FHOO��/&��DVVHPEO\�
ā���6FUHZ�IRXU�FRXSOLQJ�QXWV�RI�����´����WKUHDG�����´�OHQJWK�WR�WKH�XQGHUVLGH�RI�WKH�PRXQWLQJ�SODWH�

RI�WKH�/&�XVLQJ�����´������´�ORQJ�VFUHZV
ā����,QVHUW�IRXU�����´����WKUHDG���´�ORQJ�WKUHDGHG�URGV�RQWR�WKH�HQGV�RI�WKH�FRXSOLQJ�QXWV��+DOI�RI�

WKH�OHQJWK�RI�WKH�WKUHDGHG�URGV�VKRXOG�VWLFN�RXW�RI�WKH�FRXSOLQJ�QXWV
ā����6FUHZ�WKH�RWKHU�IRXU�FRXSOLQJ�QXWV�WR�WKH�SURWUXGLQJ�HQGV�RI�WKH�WKUHDGHG�URGV
ā���8VLQJ�FRQVWUXFWLRQ�DGKHVLYH�JOXH��MRLQ�RQ�WRS�RI�WKH�PRXQWLQJ�SODWH�WKH�/&�ZDVKHU��WKH�/&��/&�

ORDG�ZDVKHU��DQG�/&�EHDULQJ��LQ�WKDW�RUGHU
�����7DEOH�DVVHPEO\�

ā����)DVWHQ�WKH�WZR�OLQHDU�=�D[LV�EHDULQJV�WR�WKH�VLGH�WKURXJK�KROHV�RI�WKH�WDEOH�XVLQJ�IRXU����WKUHDG��
����´�VFUHZV�IRU�HDFK�EHDULQJ

ā����6FUHZ�WKH�IRXU��´[�´�EUDFNHWV�IRU�WKH�KDQG�GULOO�VXSSRUW�WR�WKH�WDEOH��VOLGH�WKH�KDQG�GULOO�VXSSRUW�
LQ�WKH�VSDFH�EHWZHHQ�LWV�EUDFNHWV��DQG�VFUHZ�WKH�FRPSRQHQWV�WRJHWKHU

ā���$WWDFK�WKH�WZR�IRDP�SLHFHV�WR�WKH�WRS�DQG�ERWWRP�VXUIDFHV�RI�WKH�WDEOH��VXFK�WKDW�WKHLU�FHQWHU�
KROHV�PDWFK

ā����3ODFH�WKH�KDQG�GULOO�EHDULQJ�RQ�WRS�RI�WKH�WRS�IRDP��DQG�VFUHZ�XVLQJ�IRXU�����´����WKUHDG���´�
ORQJ�VFUHZV��ZLWK�QXWV�RQ�WKH�ERWWRP�

ā�����3ODFH�WKH�DXJHU�FRXSOLQJ�LQ�WKH�H[WHQVLRQ�URG�RI�WKH�GULOO�EHDULQJ
ā���)DVWHQ�WKH�/&�DVVHPEO\�WR�WKH�ERWWRP�RI�WKH�EDVH��VFUHZLQJ�WKH�FRXSOLQJ�QXWV�WR�LWV�GHVLJQDWHG�

KROHV�XVLQJ�����´����WKUHDG���´�ORQJ�VFUHZV
����0RXQW�WKH�WDEOH�DVVHPEO\�WR�WKH�UHVW�RI�WKH�SURWRW\SH�E\�VOLGLQJ�WKH�RWKHU�HQG�RI�WKH�=�D[LV�VXSSRUW�URGV�

LQVLGH�WKH�=�D[LV�IODQJHG�VKDIW�FROODU�RQ�WKH�EDVH��VOLGLQJ�WKH�HQG�RI�WKH�EDOO�VFUHZ�LQ�WKH�KROH�IRU�LW�RQ�
WKH�WDEOH��DQG�WKH�WRS�RI�WKH�DXJHU�LQVLGH�WKH�DXJHU�FRXSOLQJ

����7LJKWHQ�WKH�VFUHZV�RI�WKH�IODQJHG�VKDIW�FROODU��WKH�DXJHU�FRXSOLQJ
����%ULQJ�WKH�EDOO�QXW�XS�XQWLO�LW�WRXFKHV�WKH�ERWWRP�VXUIDFH�RI�WKH�EDVH��DQG�VFUHZ�LW�WR�LWV�GHVLJQDWHG�KROHV�

XVLQJ�����´����WKUHDG������´�ORQJ�VFUHZV
����+ROGLQJ�XS�DXJHU��WLJKWHQ�WKH�DXJHU�FRXSOLQJ�WR�WKH�DXJHU
����7LJKWHQ�WKH�VKURXG�FROODU�WR�WKH�WDEOH�XVLQJ�����´����WKUHDG������´�ORQJ�VFUHZV
����0RXQW�WKH�KDQG�GULOO�WR�WKH�KDQG�GULOO�VXSSRUW�XVLQJ�WKH�SURYLGHG�8�EROW
����&RQQHFW�WKH�KDQG�GULOO�WR�WKH�DXJHU�DGDSWRU�VKDIW�DQG�WLJKWHQ�WKH�FKXFN
����)L[�WZR��´[�´�EUDFNHWV�WR�WKH�HQG�RI�WKH�GRXEOH�������FKDQQHO�RI�WKH�EDVH�RQ�HLWKHU�VLGH�
����)DVWHQ�D��´�ORQJ�������H[WHQVLRQ�WR�HDFK�RI�WKH�SDLUV�RI��´[�´�EUDFNHWV
����6HFXUH�D�SDLU�RI��´� ORQJ�DOXPLQXP�SODWHV� WR� WKH�������H[WHQVLRQV�WR�WKH� OHIW��DQG�D�SDLU�RI��´� ORQJ�

DOXPLQXP�SODWHV�WR�WKH�������H[WHQVLRQV�WR�WKH�ULJKW
����2Q�WKH��´�DOXPLQXP�SODWHV��VFUHZ�WZR�1(0$�EUDFNHWV�LQ�SODFH��DQG�RQH�RQ�WKH��´�DOXPLQXP�SODWHV
����8VLQJ� FRQVWUXFWLRQ� DGKHVLYH�� VHFXUH� D������´� ,'�RYHUVL]HG�ZDVKHU� WR� WKH� IURQW� IDFH� RI� WKH�1(0$�

EUDFNHW�RQ�WKH�ULJKW��DQG�DQRWKHU�WR�WKH�IURQW�1(0$�EUDFNHW�RQ�WKH�OHIW��DQG�D�����´�,'�IODQJHG�VOHHYH�
EHDULQJ�WR�HDFK�RI�WKH�ZDVKHUV

����)DVWHQ�RQH�RI�WKH������JHDUHG�1(0$����VWHSSHU�PRWRU�WR�WKH�EDFN�IDFH�RI�WKH�EDFN�1(0$�EUDFNHW�RQ�
WKH�OHIW�XVLQJ�IRXU�0�[��PP�VFUHZV

����$WWDFK�RQH�RI�WKH�;<�VKDIW�FRXSOLQJV�WR�WKH�VKDIW�RI�WKH�1(0$�PRWRU��DQG�RQH�RI�WKH�URG�H[WHQVLRQV�
IRU�;<�SXOOH\V�WR�WKH�RWKHU�VLGH�RI�WKH�VKDIW�FRXSOLQJ��PDNLQJ�VXUH�WKH�URG�JRHV�WKURXJK�WKH�VOHHYH�
EHDULQJ

����2Q�WKH�1(0$�EUDFNHW�RQ�WKH�ULJKW��LQVHUW�D�URG�H[WHQVLRQ�LQ�WKH�VOHHYH�EHDULQJ��DQG�VHFXUH�LWV�EDFN�VLGH�
XVLQJ�D�VHW�VFUHZ�VKDIW�FROODU

����6OLGH�WKH�SXOOH\V�RQ�WKH�URG�H[WHQVLRQV��WLJKWHQLQJ�WKH�VHW�VFUHZV��DQG�SODFH�WKH�EHOW�DURXQG�WKHP



����2Q�WKH�<�D[LV�UDLO�WR�WKH�OHIW��VOLGH�IRXU��´�ORQJ�DOXPLQXP�SODWH�H[WHQVLRQV��WZR�IURP�WKH�IURQW�DQG�WZR�
IURP�WKH�EDFNVLGH

�����5HSHDW�VWHSV�������WR�LQVWDOO�WKH�SXOOH\�V\VWHP�IRU�WKH�<�D[LV�UDLOV
����7R�JULS�WKH�EHOWV�LQ�SODFH��VFUHZ�D�SDLU�RI��´�ORQJ�DOXPLQXP�SODWHV�RQ�WRS�RI�WKH��´�SODWHV�H[WHQGLQJ�

IURP�WKH�VLGH�RI�WKH�EDVH��DQG�VOLGH�DQRWKHU�SDLU�IURP�WKH�IURQW�RI�WKH�<�D[LV�UDLOV
����)DVWHQ�WKH�PLFURZDYH�VXSSRUW�YHUWLFDO�VWUXW�FKDQQHO�WR�LWV�FRQQHFWRU��DQG�DWWDFK�WKDW�FRQQHFWRU�WR�WKH�

PLFURZDYH�VXSSRUW�H[WHQVLRQ�RQ�WKH�WDEOH�XVLQJ�����´���������´�ORQJ�VFUHZV
����0LFURZDYH�DVVHPEO\�

ā� ���2QH� HQG� RI� WKH� LFH� GXFW� LV� DWWDFKHG� WR� WKH� UHFWDQJXODU� RSHQLQJ� RI� WKH� VDGGOH� WDS� ��� EHORZ�
KRUL]RQWDO

ā�����7KH�RWKHU�HQG�RI�WKH�LFH�GXFW�LV�FRQQHFWHG�WR�WKH�PLFURZDYH�FKDPEHU
ā�����$�ZDWHU�H[LW�WXEH�LV�XVHG�WR�FRQQHFW�WKH�PLFURZDYH�WR�WKH�ILOWHU

�����7KH�PLFURZDYH�FKDPEHU�LV�WKHQ�IL[HG�WR�WKH�PLFURZDYH�VXSSRUW�VWUXW�FKDQQHO�


