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L�7HPSOH���7KH�ODUJH�DJJUHJDWH�ZDV�FUXVKHG�TXDUW]��DSSUR[LPDWHO\�����ZKLWH�DQG�����FU\VWDO�FOHDU��DERXW������PD[LPXP�GLDPHWHU���7KH�ILQH�DJJUHJDWH�ZDV�DOVR�FUXVKHG�TXDUW]���:KLWH�SRUWODQG�FHPHQW�DQG�FOHDU�ZDWHU�ZHUH�WKH�UHPDLQLQJ�LQJUHGLHQWV���1R�DLU�HQWUDLQLQJ�DJHQW�ZDV�XVHG���*DOYDQL]HG�UHLQIRUFLQJ�VWHHO��EHQW�DQG�RIWHQ�VSRW�ZHOGHG�LQWR�FRPSOH[�WKUHH�GLPHQVLRQDO�QHWZRUNV��DQG�DQFKRUV�RI�HLWKHU�JDOYDQL]HG�VWHHO�ORRSV�RU�VWDLQOHVV�VWHHO�EROWV�ZHUH�FDVW�LQWR�WKH�RUQDPHQWDO�VHFWLRQV���� :RUNLQJ�IURP�%RXUJHRLV
�GUDZLQJV�DQG�DV±EXLOW�PHDVXUHPHQWV�RI�WKH�VXSHUVWUXFWXUH��(DUO\�6WXGLRV�VFXOSWHG�FOD\�DQG�SODVWHU�PRGHOV����7KH�VWXGLR�SURGXFHG�HODERUDWH�SODVWHU�PROGV�IRU�ERWK�SUHFDVW�SDQHOV�DQG�FDVW±LQ±SODFH�FRPSRQHQWV���(DUO\
V�FUDIWVPHQ�RIWHQ�VHW�WKLQ��SUHFDVW�HOHPHQWV�LQWR�PROGV�RQ�WKH�EXLOGLQJ�EHIRUH�WKHQ�FDVWLQJ�IUHVK�FRQFUHWH�LQWR�WKH�PROG�DQG�SURGXFLQJ�VHDPOHVV�RUQDPHQWDWLRQ�RI�YLEUDQW�UHOLHI�DQG�FRPSOH[�JHRPHWU\���� )RU�VXFK�LQWULFDWH�VFXOSWXUDO�VKDSHV��-RKQ�(DUO\�GHYHORSHG�PHWKRGV�WR�SODFH�FRQFUHWH�LQWR�WKH�IRUPV�ZLWK�D�YHU\�KLJK�ZDWHU�WR�FHPHQW�UDWLR�DQG�WKHQ�UHPRYH�H[FHVV�ZDWHU�IURP�WKH�ZHW�FRQFUHWH�LQ�RUGHU�WR�DFKLHYH�D�ORZHU�ZDWHU�WR�FHPHQW�UDWLR�IRU�K\GUDWLRQ���+H�SXOOHG�ZDWHU�RXW�WR�WKH�VXUIDFH�RI�WKH�FRQFUHWH�WKURXJK�FDSLOODU\�DFWLRQ�E\�SUHFLVHO\�JDS�JUDGLQJ�KLV�ODUJH�DQG�ILQH�DJJUHJDWH���(DUO\�ZDV�VR�GHPDQGLQJ�DERXW�WKH�VL]LQJ�DQG�FRORU�RI�WKH�DJJUHJDWH�WKDW�KH�KLJK�JUDGHG�UDLOURDG�FDU�ORDGV�RI�URFN�DW�KLV�VWXGLR�EHIRUH�FUXVKLQJ�LW�WKHUH���� 7R�H[SRVH�WKH�VSDUNOLQJ�TXDUW]�DJJUHJDWH�ZKLFK�JDYH�VXFK�YLWDOLW\�WR�WKH�ILQLVKHG�PDWHULDO��WKH�VWXGLR�VWULSSHG�WKH�IRUPV�ZLWKLQ�HLJKWHHQ�KRXUV�DQG�VFUDWFKHG�WKH�FHPHQW�SDVWH�RII�WKH�VXUIDFH���7KH�FUDIWVPHQ�XVHG�VPDOO�ZLUH�EUXVKHV�DERXW�RQH�LQFK�LQ�VL]H�WR�VFUDSH�HYHU\�SDUW�RI�WKH�WHPSOH
V�VXUIDFH���$�ILQDO�ULQVLQJ�ZLWK�D�ZDVK�RI�DFLG�DQG�ZDWHU�FOHDQHG�WKH�SDQHOV���$OO�RI�WKH�SUHFDVW�FRPSRQHQWV�ZHUH�FXUHG�LQ�PRLVWXUH�FRQWUROOHG�FKDPEHUV�DW�WKH�VWXGLR�����
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,QLWLDO�:HDWKHULQJ��� 7KH�EULOOLDQW�ZKLWH�FODGGLQJ�VXIIHUHG�VLJQLILFDQW�ZHDWKHULQJ�HYHQ�EHIRUH�LW�ZDV�ILQLVKHG���'XVW�VWRUPV�RI������GHSRVLWHG�VRLO�RQWR�WKH�QHZO\�FRPSOHWHG�GRPH�DQG�QRWLFHDEO\�GDUNHQHG�LW���$OWKRXJK�DQ�DWWHPSW�ZDV�PDGH�LQ������WR�FOHDQ�WKH�GRPH��WKH�ILUVW�HIIHFWLYH�FOHDQLQJ�ZDV�WKLUW\�\HDUV�ODWHU���� %\�WKH�HDUO\�����
V�WKH�OXPLQRXV�TXDUW]�FRQFUHWH�ZDV�KHDYLO\�YHLOHG�XQGHU�GHSRVLWV�RI�GXVW��FDOFLXP�VXOIDWH��FDUERQ��OLFKHQ��DOJDH��JUHDVH�DQG�FDOFLXP�FDUERQDWH���$�PDMRU�FKHPLFDO�FOHDQLQJ�UHPRYHG�PRVW�RI�WKH�VWDLQV���%XW�WKH�FDOFLXP�VXOIDWH��FRPPRQO\�UHIHUUHG�WR�DV�EODFN�VFDE��SURYHG�UHVLVWDQW�WR�WKH�FKHPLFDOV�DQG�UHPDLQHG�DV�EODFN�GHSRVLWV������ 6DQGEODVWLQJ�ZDV�WKHQ�XVHG�WR�UHPRYH�WKH�FDOFLXP�VXOIDWH���6DQGEODVWLQJ�KDG�EHHQ�UHFRPPHQGHG�E\�WKH�(DUO\�6WXGLRV�LQ�WKHLU�UHYLHZ�RI�WKH�RUQDPHQWDO�FRQFUHWH�LQ��������$W�WKH�WLPH��VDQGEODVWLQJ�ZDV�ZLGHO\�DFFHSWHG�DV�D�YLDEOH�PHWKRG�IRU�UHPRYDO�RI�GLIILFXOW�GHSRVLWV�IURP�PDVRQU\���� $OWKRXJK�RQH�RI�WKH�ZRUNHUV�RQ�WKH�SURMHFW�GHVFULEHG�LW�DV�D�VHOHFWLYH��ILQHO\�FRQWUROOHG�PHWKRG��WKH�VDQGEODVWLQJ�KDG�D�YHU\�KDUPIXO�HIIHFW�RQ�WKH�FUXVKHG�TXDUW]�DJJUHJDWH���7KH�KLJKO\�UHIOHFWLYH��VKDUSO\�IUDFWXUHG��MHZHO±OLNH�IDFHWV�RI�WKH�TXDUW]�DJJUHJDWH�ZHUH�HWFKHG�DQG�URXQGHG�VR�WKDW�WKH�VSDUNOLQJ�ILQLVK�ZDV�LUUHSDUDEO\�GXOOHG���7KH�TXDUW]�VXUIDFHV��SUHYLRXVO\�DFWLQJ�OLNH�WLQ\�PLUURUV�IRU�WKH�VXQ��QRZ�UHVHPEOHG�ZKLWH��EHDFK±ZDVKHG�VWRQHV��±±�EULJKW��EXW�OLIHOHVV���)XUWKHUPRUH��WKH�FULVS�HGJHV�RI�WKH�RUQDWH�FDUYLQJV�ZHUH�DOVR�VRIWHQHG�VR�WKDW�WKH�FODULW\�RI�WKH�VFXOSWRUV
�GHWDLO�ZDV�ORVW���� ��7KH�PRQXPHQWDO�VWDLUV�HQFLUFOLQJ�WKH�7HPSOH�DQG�ILYH�RI�WKH�ILUVW�VWRU\�HOHYDWLRQV�KDG�EHHQ�VDQGEODVWHG�EHIRUH�D�OD\PDQ�RQ�WKH�%DKD
L�VWDII�SRLQWHG�RXW�WKH�GLIIHUHQFH�EHWZHHQ�WKH�RULJLQDO�DQG�WKH�VDQGEODVWHG�VXUIDFHV���7KH�VDQGEODVWLQJ�ZDV�VWRSSHG���7KH�%DKD
LV�GHFLGHG�WR�ZDLW�XQWLO�D�EHWWHU�PHWKRG�ZDV�IRXQG�WR�UHPRYH�WKH�EODFN�FUXVWV����
%ODFN��&DOFLXP�6XOIDWH�&UXVWV��� &DOFLXP�VXOIDWH��RU�J\SVXP��IRUPV�ZKHQ�DLUERUQH�VXOIXU�SROOXWDQWV�FRPH�LQ�FRQWDFW�ZLWK�D�PRLVW�PDVRQU\�RU�FRQFUHWH�VXUIDFH�RIIHULQJ�FDOFLXP�LQ�D�ZDWHU�VROXWLRQ���7KH�FKHPLFDOV�LQWHUDFW�DQG�DV�WKH�ZDWHU�HYDSRUDWHV��WKH�FDOFLXP�DQG�VXOIDWH�FU\VWDOOL]H�LQWR�VROLG�IRUP���1RUPDOO\�ZKLWH��WKH�J\SVXP�FU\VWDOOL]HV�RQ�D�EXLOGLQJ�DURXQG�FDUERQ�DQG�RWKHU�SROOXWDQWV��WKXV�FUHDWLQJ�D�JUD\±EODFN�HQFUXVWDWLRQ������ 7KH�FU\VWDOOLQH�VWUXFWXUH�ZDV�H[WUHPHO\�KDUG�DQG�UHVLVWDQW�WR�VWUHDPV�RI�ZDWHU��GHWHUJHQW��DFLGLF�DQG�DONDOLQH�FOHDQHUV���$W�EHVW��WKH�FOHDQHUV�PD\�SURGXFHG�D�EOHDFKLQJ�HIIHFW���7KH�FU\VWDO�ZDV�DOVR�UHVLVWDQW�WR�VRIWHU�DEUDVLYH�FOHDQLQJ�PHWKRGV�VXFK�DV�EUXVKLQJ���7KH�FUXVW�VHHPHG�WR�EUHDNGRZQ�RQO\�ZLWK�JULQGLQJ�RU�VDQGEODVWLQJ��
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�� $�FORVHU�H[DPLQDWLRQ�RI�ZKHUH�WKH�FDOFLXP�VXOIDWH�IRUPV�ZLOO�SURYLGH�DQ�LQVLJKW�LQWR�PHWKRGV�RI�FRQWUROOLQJ�LWV�JURZWK�DQG�UHPRYLQJ�LW�IURP�PDQ\�FRQFUHWH�VXUIDFHV���7KH�FU\VWDOV�EXLOG�XS�LQ�DUHDV�DORQJ�WKH�ERXQGDULHV�RI�ZDWHU�IORZ�DFURVV�WKH�FRQFUHWH�VXUIDFH���&OHDU�H[DPSOHV�DUH�WKH�ERWWRP�RI�ZLQGRZ�OHGJHV�RU�OLQWHOV��EHORZ�KRUL]RQWDO�EDQGV�RI�WULP��DW�WKH�GULS�HGJHV�RI�FRUQLFHV�RU�DORQJ�WKH�XQGHUVLGH�RI�FROXPQ�FDSLWDOV���7KH�JURZWKV�DOVR�EXLOG�XS�DW�WKH�OLPLWV�RI�UDLQZDWHU�PRYHPHQW�DURXQG�SURMHFWLQJ�RUQDPHQWDWLRQ��FDUYHG�UHOLHI��RU�VORSHG�VXUIDFHV���� $W�WKH�HGJHV�RI�ZDWHU�IORZ��WKH�VXUIDFH�DOWHUQDWHV�EHWZHHQ�ZHW�DQG�GU\�FRQGLWLRQV�EXW�WKHUH�LV�QR�EHQHILFLDO�ULQVLQJ�HIIHFW���:KHUH�UDLQZDWHU�UHJXODUO\�ULQVHV�WKH�VXUIDFH��WKH�FU\VWDOV�GR�QRW�EXLOG�XS�EHFDXVH�WKH\�UHPDLQ�LQ�VROXWLRQ�DQG�DUH�FDUULHG�DZD\�EHIRUH�WKH�ZDWHU�HYDSRUDWHV���2Q�WKH�RWKHU�KDQG��ORFDWLRQV�WKDW�DOZD\V�UHPDLQ�GU\�ODFN�FDOFLXP�LQ�VROXWLRQ�VR�WKH�FDOFLXP�VXOIDWH�QHYHU�IRUPV���� 7KH�JURZWK�RU�GHSRVLWLRQ�RI�FDOFLXP�VXOIDWH�FUXVWV�FDQ�EH�FRQWUROOHG�WKURXJK�FDUHIXO�GHWDLOLQJ�RI�VXUIDFHV�IRU�ZDWHU�IORZ���*URZWK�ZLOO�EH�UHGXFHG�E\�LQFUHDVLQJO\�EHWWHU�DLU�TXDOLW\��DQG�EXLOG±XS�FDQ�EH�LQKLELWHG�E\�SHULRGLF�ULQVLQJ�RI�EXLOGLQJ�VXUIDFHV�DW�WKH�ERXQGDULHV�RI�QDWXUDO�ZDWHU�ULQVLQJ���:DWHU�UHVLVWDQW�VHDODQWV�WKDW�ZLOO�PLQLPL]H�WKH�PRYHPHQW�RI�FDOFLXP�LQWR�VROXWLRQ�PD\�DOVR�EH�HIIHFWLYH�GHWHUUHQWV���� 5HPRYDO�RI�FDOFLXP�VXOIDWH�FUXVWV�IURP�FRQFUHWH�VXUIDFHV�FDQ�RIWHQ�EH�DFFRPSOLVKHG�ZLWK�QHEXORXV�ZDWHU�PLVWLQJ�WHFKQLTXHV���)RJJLQJ��DV�FRPSDUHG�WR�VROLG�VWUHDPV�RI�ZDWHU��VHHPV�WR�SODFH�WKH�FU\VWDOV�EDFN�LQ�VROXWLRQ���*HQWOH�DJLWDWLRQ�ZLWK�MHWV�RI�ZDWHU�PD\�DFFHOHUDWH�WKH�UHPRYDO�SURFHVV���:HWWLQJ�DQG�GU\LQJ�F\FOHV�KDYH�DOVR�SURYHG�HIIHFWLYH�LQ�WKH�PLVWLQJ�SURFHVV���7KLV�FOHDQLQJ�WHFKQLTXH�LV�QRQ±DEUDVLYH�DQG�GRHV�QRW�KDUP�WKH�VXUIDFH�RI�WKH�FRQFUHWH����
$WPRVSKHULF�6WDLQLQJ��� %ODFN��FDOFLXP�VXOIDWH�FUXVWV�FRYHUHG�RQO\�D�VPDOO�SRUWLRQ�RI�WKH�7HPSOH
V�VXUIDFH���$WPRVSKHULF�VWDLQLQJ�ZDV�ZLGHVSUHDG�DQG�PDGH�WKH�ZKLWH�FRQFUHWH�ORRN�D�VWUHDN\��JUD\�EURZQ���:LQG�FDUULHV�GXVW�DQG�RUJDQLF�PDWHULDO�RQWR�WKH�EXLOGLQJ���%LUGV�ORYH�WKH�SURWHFWLYH�FUHYLFHV�RI�WKH�RUQDPHQWDWLRQ�DQG�EULQJ�WZLJV��OHDYHV�DQG�VHHGV���%LUG�GURSSLQJV�DUH�KLJKO\�DFLGLF�DQG�GRQ
W�ULQVH�RII�LQ�WKH�UDLQ���6SLGHUV�DUH�IRUHYHU�ZHDYLQJ�ZHEV�DQG�VSLQQLQJ�FRFRRQV�IRU�WKHLU�HJJV���$�VTXLUUHO�ZDV�RQFH�GLVFRYHUHG�VWDVKLQJ�DZD\�DFRUQV�DW�WKH�YHU\�WRS�RI�WKH�GRPH���� 0RLVWXUH�LQ�WKH�DLU�LV�D�VRXUFH�RI�OLIH�IRU�DOJDH��OLFKHQ�DQG�PRVV���0RLVW�FRQFUHWH�VXUIDFHV�VXSSRUW�IXQJL�DQG�EDFWHULD�MXVW�OLNH�QDWXUDO�VWRQH���6RPH�VSHFLHV�GR�QRW�HYHQ�QHHG�VXQOLJKW��VHFUHWLQJ�DQ�DFLG�WR�EUHDN�GRZQ�WKH�PDVRQU\�IRU�WKHLU�GLJHVWLRQ���6SRUHV�DUH�HYHU\ZKHUH�LQ�WKH�DLU��GXVW�DQG�RUJDQLF�PDWHULDOV���&RORQLHV�RI�DOJDH�DQG�IXQJL�GDUNHQ�WKH�DSSHDUDQFH�RI�WKH�FRQFUHWH�VXUIDFH���
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� 5DLQ�EULQJV�SROOXWDQWV�OLNH�GXVW��PLQHUDO�SDUWLFOHV�DQG�GLVVROYHG�FKHPLFDOV�RQWR�WKH�EXLOGLQJ���5DLQ�DOVR�PL[HV�DQG�PRYHV�GHSRVLWV�DURXQG�RQ�WKH�FRQFUHWH�VXUIDFHV���7KLV�QRW�RQO\�ULQVHV�VRPH�DUHDV�FOHDQ��EXW�IXUWKHU�FRQFHQWUDWHV�VRLODJH�DW�SXGGOHV��GULSV��KRUL]RQWDO�DQG�SRURXV�DUHDV���:KLOH�KHDY\�UDLQV�JHQHUDWH�WKH�JUHDWHVW�VFRXULQJ�DQG�ULQVLQJ�DFWLRQ��HYHQ�WKH\�GR�QRW�FOHDQ�DOO�RI�WKH�7HPSOH���� ,Q�RUGHU�WR�PDLQWDLQ�D�KLJK�TXDOLW\�DSSHDUDQFH�DQG�PLQLPL]H�DFFXPXODWLRQ�RI�SROOXWDQWV��ZH�SHULRGLFDOO\�SUHVVXUH�ZDVK�DUHDV�RI�WKH�RUQDPHQWDO�FRQFUHWH���)UHTXHQF\�YDULHV�E\�ORFDWLRQ�RQ�WKH�EXLOGLQJ���7KH�ODQGLQJV��WUHDGV�DQG�ULVHUV�RI�WKH�PRQXPHQWDO�VWDLUV�TXLFNO\�FROOHFW�VRLODJH�LQ�WKH�FRDUVH�VXUIDFH���7KH\�QHHG�ZDVKHG�HYHU\�VSULQJ��VXPPHU�DQG�IDOO���)LUVW�VWRU\�ZLQGRZ�RUQDPHQWDWLRQ�PD\�EH�ULQVHG�WZLFH�D�\HDU���8SSHU�VWRU\�ZLQGRZ�DUHDV�DQG�FRUQLFHV��IDUWKHU�IURP�YLHZ�DQG�PRUH�GLIILFXOW�WR�DFFHVV��DUH�FOHDQHG�HYHU\�WZR�WR�WKUHH�\HDUV���7KH�GRPH�UHWDLQV�HQRXJK�GXVW�WR�ZDUUDQW�ZDWHU�ULQVLQJ�HYHU\�IRXU�RU�ILYH�\HDUV���� 7KH�7HPSOH
V�FRQVHUYDWLRQ�VWDII�ZLOO�DOVR�FOHDQ�DFFXPXODWLRQV�RI�VRLODJH�RU�VWDLQV�EHIRUH�WKH\�UHDFK�DQ�DGYDQFHG�VWDWH���*HQWOHU�FOHDQLQJ�PHWKRGV�FDQ�EH�XVHG�ZKHQ�WKH�GHSRVLWV�DUH�VPDOO���:LWK�WKH�LQFUHDVHG�FXVWRGLDO�ULQVLQJ�DQG�WKH�UHGXFWLRQ�RI�DLU�SROOXWDQWV��ZH�KRSH�WKDW�WKH�%DKD
L�+RXVH�RI�:RUVKLS�ZLOO�QRW�QHHG�DQRWKHU�H[WHQVLYH�UHVWRUDWLRQ�FOHDQLQJ�IRU�DW�OHDVW�WZHQW\±ILYH�\HDUV����
�6XUIDFH�(URVLRQ�
�� �7KH�VFXOSWXUDO�TXDOLW\�RI�WKH�RUQDPHQWDO�FRQFUHWH�LV�WKUHDWHQHG�E\�VXUIDFH�HURVLRQ�IURP�WKH�QDWXUDO�IRUFHV�RI�WKH�ZHDWKHU���7KH�RULJLQDO�ILQLVK�ZDV�VPRRWK�DQG�H[SRVHG�RQO\�WKH�IDFH�RI�WKH�ODUJH�TXDUW]�DJJUHJDWH�ZLWKLQ�WKH�PDWUL[�RI�ILQH�TXDUW]�DJJUHJDWH�DQG�FHPHQW���7KH�LQLWLDOO\�FULVS�HGJHV�ZKLFK�GHILQHG�HYHU\�GHWDLO�DUH�QRZ�VRIWHQHG�E\�HURVLRQ�LQ�PDQ\�ORFDWLRQV���� :H�KDYH�PHDVXUHG�XS�WR������LQFK�LQ�HURVLRQ�RI�WKH�FHPHQW�DQG�VDQG�PDWUL[�LQ�DUHDV�ZKHUH�UDLQZDWHU�IORZV�DUH�FRQFHQWUDWHG���7KH�ODUJH�TXDUW]�DJJUHJDWH�DOPRVW�DSSHDUV�WR�EH�DERYH�WKH�PDWUL[��SUHFDULRXVO\�DWWDFKHG�RQO\�E\�LWV�LQZDUG�IDFH���,Q�IDFW��WKH�ODUJH�DJJUHJDWH�UHPDLQV�ZHOO�ERQGHG�WR�WKH�SDQHO�EXW�PRUH�VXVFHSWLEOH�WR�GLVORGJHPHQW�IURP�PHFKDQLFDO�DEUDVLRQ���7KH�ORVV�RI�WKH�RXWHU�OD\HU�RI�ODUJH�TXDUW]�ZRXOG�GLPLQLVK�WKH�DUWLVW
V�EHDXWLIXOO\�FDUYHG�UHOLHI�LQ�WKH�RUQDPHQWDWLRQ���� $UHDV�SURWHFWHG�IURP�URXWLQH�IORZ�RI�UDLQZDWHU�DQG�WKH�PRVW�GLUHFW�ZLQG�DUH�OLNH�QHZ���7KH�LQZDUG�VLGHV�RI�FROXPQV�DQG�GHQWLOV��WKH�XQGHUVLGHV�RI�VRIILWV�DQG�DUFKHV��WKH�GHHSO\�VHW�ZDOO�VXUIDFHV�DUH�DOO�LQ�VXSHUE�FRQGLWLRQ���7KH�H[SRVHG�SRUWLRQV�RI�WKHVH�VDPH�FRPSRQHQWV�DUH�HURGHG���7KH�WUDQVLWLRQ�EHWZHHQ�VPRRWK�DQG�HURGHG�RFFXUV�DW�WKH�ERXQGDU\�RI�ZDWHU�IORZ���� $OWKRXJK�F\FOHV�RI�ZHW�GU\�DQG�IUHH]H�WKDZ�PD\�DOVR�KDYH�DQ�LQIOXHQFH��GLUHFWLRQDO�IORZ�DQG�FRQFHQWUDWLRQ�RI�UDLQZDWHU�FOHDUO\�DIIHFWV�WKH�UDWH�RI�VXUIDFH�HURVLRQ�DQG�WKH�ZHDWKHUHG�DSSHDUDQFH�RI�WKH�DUFKLWHFWXUDO�FRPSRQHQWV���&RQFUHWHV�DQG�QDWXUDO�
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VWRQHV�DUH�DOLNH�LQ�WKLV�UHJDUG���:LWKLQ�HLWKHU�FDWHJRU\�WKH�GHVLJQHU
V�SDUWLFXODU�FKRLFH�LQ�WKH�PDWHULDO
V�FRPSRVLWLRQ��VXUIDFH�VKDSH�DQG�ILQLVK�ZLOO�JUHDWO\�LQIOXHQFH�LWV�GXUDELOLW\���� )RU�WKH�%DKD¶L
�7HPSOH�ZH�FRQWLQXH�WR�UHVHDUFK�DQG�WHVW�PHWKRGV�WR�VORZ�WKH�HURVLRQ��FRQVROLGDWH�RU�VWUHQJWKHQ�WKH�H[LVWLQJ�VXUIDFH�DQG��SRWHQWLDOO\��WR�UHVWRUH�WKH�PDWUL[�RI�ILQH�TXDUW]�VDQG�DQG�FHPHQW�WKDW�KDV�EHHQ�ORVW���:H�DUH�SUHFHGLQJ�ZLWK�FDXWLRQ�DV�WKH�VFLHQFH�RI�FRQFUHWH�PDWHULDOV�LV�UDSLGO\�DGYDQFLQJ�DQG�ZH�GR�QRW�ZDQW�WR�SUHYHQW�DGGLWLRQDO�WUHDWPHQW�LQ�WKH�IXWXUH���0DLQWDLQLQJ�WKH�EULOOLDQW��VSDUNOLQJ�ZKLWH�TXDOLWLHV�RI�WKH�H[SRVHG�TXDUW]�FRQFUHWH�SUHVHQWV�DGGLWLRQDO�FKDOOHQJHV�WR�FKHPLFDO�WUHDWPHQWV���� %HFDXVH�WKH�DUFKLWHFWXUDO�FRQFUHWH�VXUIDFH�LV�WUXO\�D�ZRUN�RI�DUW��VHULRXV�HURVLRQ�RI�LWV�IHDWXUHV�PD\�UHTXLUH�D�IXWXUH�UHVWRUDWLRQ�ZLWKRXW�DQ�DFFXUDWH�PRGHO�WR�FRS\���(YHQ�ZLWK�D�GXSOLFDWH�FRPSRQHQW�RQ�DQRWKHU�VLGH�RI�WKH�7HPSOH�LQ�H[FHOOHQW�FRQGLWLRQ��FUHDWLQJ�GLPHQVLRQDOO\�DFFXUDWH�PROGV�E\�KDQG�IURP�WKH�ILQLVKHG�VXUIDFH�LV�H[WUHPHO\�FRPSOH[���$V�D�SUHFDXWLRQDU\�PHDVXUH�ZH�FRQGXFWHG�D�SKRWRJUDPHWULF�VXUYH\�LQ������VR�WKDW�ZH�FDQ�ORFDWH�DQ\�SRLQW�RQ�WKH�LQWHULRU�RU�H[WHULRU�VXUIDFH�RI�WKH�7HPSOH
V�FRQFUHWH�LQ�WKUHH�GLPHQVLRQV�ZLWKLQ�RQH±HLJKWK�RI�DQ�LQFK���:H�KDYH�DUFKLYHG�WKH�GDWD�DQG�LW�FRXOG�EH�XVHG�ZLWK�FRPSXWHUV�WR�FUHDWH�DFFXUDWH�PRGHOV�IRU�VFXOSWRUV�LQ�WKH�IXWXUH����
7UDSSHG�0RLVWXUH��� $Q�LQDGHTXDWH�XQGHUVWDQGLQJ�RI�WKH�PRYHPHQW�RI�ZDWHU�WKURXJK�FRQFUHWH�FDQ�OHDG�WR�GHVLJQ�RU�PDLQWHQDQFH�WKDW�XOWLPDWHO\�JHQHUDWHV�XQVLJKWO\�FRQGLWLRQV�RU��HYHQ�GDPDJH���(LJKWHHQ�OHYHOV�RI�PRQXPHQWDO��SUHFDVW�DUFKLWHFWXUDO�FRQFUHWH�VWDLUV�VXUURXQG�WKH�EDVH�RI�WKH�7HPSOH���(DFK�VWHS�ZDV�FDVW�DV�D�FRPSRVLWH�RI�SODLQ�FRQFUHWH�ZLWK�D�RQH�LQFK�OD\HU�RI�ZKLWH��TXDUW]�DJJUHJDWH�FRQFUHWH�RQ�WKH�WUHDG�DQG�ULVHU���� 7KH�VWDLUV�OLH�DERYH�RFFXSLHG�EDVHPHQW�VSDFH���-RKQ�(DUO\
V�GHVLJQ�FOHYHUO\�LQFRUSRUDWHG�D�IXOO�GUDLQDJH�V\VWHP�RII�WKH�ZDWHUSURRIHG��VORSLQJ�VWUXFWXUDO�FRQFUHWH�GHFN�EHORZ�WKH�VWHSV���&RQFUHWH�ULVHUV�KHOG�WKH�SUHFDVW�VWHSV�VHYHUDO�LQFKHV�DERYH�WKH�GHFN�ZKLOH�FUHDWLQJ�VFXSSHUV�EHORZ�WKH�UDGLDO�MRLQWV�EHWZHHQ�VWHSV���7KH�VL[�LQFK�WKLFN�VWHSV�ZHUH�PDGH�ZLWK�RYHUODSSLQJ�OLSV�DW�WKH�EDFN�RI�WKH�WUHDG�DQG�WKH�IDFH�RI�WKH�ULVHU�WR�PLQLPL]H�ZDWHU�PRYHPHQW�WKURXJK�WKH�KRUL]RQWDO�MRLQWV���$OO�RULJLQDO�MRLQWV�LQ�WKH�VWDLUZD\�ZHUH�RSHQ�DQG�IUHH�WR�GUDLQ������ 7KH�ODUJH�ODQGLQJ�DW�WKH�WRS�RI�WKH�VWDLUV�ZDV�FDVW�GLUHFWO\�RQ�WRS�RI�D�FRDO�WDU�ZDWHUSURRILQJ�PHPEUDQH���+RUL]RQWDO�MRLQWV�RQ�WKH�ODQGLQJ�LWVHOI�DQG�ZKHUH�WKH�ODQGLQJ�PHW�WKH�ZDOO�XWLOL]HG�D�IOH[LEOH�VHDODQW���� <HDUV�ODWHU��ZKHQ�ZDWHU�OHDNHG�LQWR�WKH�EDVHPHQW�VSDFH�EHORZ��WKH�RSHQ�VWDLUZD\�MRLQWV�ZHUH�KLJKO\�VXVSHFWHG�DV�WKH�FDXVH���$OO�RI�WKH�MRLQWV�LQ�WKH�VWDLUZD\�ZHUH�WKHQ�FDXONHG���$V�WKH�EDVHPHQW�FRQWLQXHG�WR�OHDN��WKH�MRLQWV�ZHUH�FDXONHG�UHSHDWHGO\��VHDODQW�RQ�WRS�RI�VHDODQW���:DWHU�PRYHG�WKURXJK�IDLOHG�VHDODQWV�DQG�LQWR�WKH�MRLQW���:DWHU�PLJUDWHG�GRZQ�WKURXJK�WKH�FRQFUHWH�PDWHULDO���6RPH�ZDWHU�DOVR�ZLFNHG�XS�DQG�RXW�
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WKURXJK�WKH�FRQFUHWH���%XW�PRVW�RI�WKH�ZDWHU�ZDV�WUDSSHG���7KH�DUHDV�DGMDFHQW�WR�WKHVH�MRLQWV�ZHUH�YHU\�VORZ�WR�GU\�DIWHU�D�UDLQ�RU�VQRZ�PHOW���� 7KH�H[FHVV�PRLVWXUH�EHKLQG�WKH�MRLQW�DQG�LQ�WKH�FRQFUHWH�ULVHU�VXSSRUWHG�IXQJXV�DQG�DOJDH���7KH\�IORXULVKHG�LQ�WKH�MRLQWV��RQ�WKH�VXUIDFH�DQG�ZLWKLQ�WKH�WLQLHVW�FUDFNV�RI�WKH�FRQFUHWH���&KHPLFDO�FOHDQLQJ�DQG�SHULRGLF�KRW�ZDWHU�ZDVKHV�UHPRYHG�HYLGHQFH�RI�WKH�VWDLQ�IURP�WKH�ZKLWH�VXUIDFH�EXW�FRXOG�QRW�FRPSOHWHO\�UHPRYH�WKH�JURZWKV�IURP�WKH�LQWHULRU���:LWKLQ�IRXU�PRQWKV�WKH�VWDLQV�ZRXOG�EH�FOHDUO\�YLVLEOH�DW�ORFDWLRQV�RI�MRLQW�VHDODQW�IDLOXUH���7KH�ULVHUV�RI�WKH�VWDLUV�ZRXOG�VRRQ�EH�GDUNHQHG�DJDLQ�E\�RYHUDOO�JURZWK���:H�IRXQG�WKDW�ZDWHU�UHVLVWDQW��SHQHWUDWLQJ�VHDODQWV�FRXOG�QRW�SUHYHQW�UHJURZWK�RI�WKH�RUJDQLVPV�DGMDFHQW�WR�WKH�IDLOHG�MRLQWV���� 7KH�RUJDQLVPV�UHWDLQHG�DGGLWLRQDO�PRLVWXUH�DV�WKH\�JUHZ���7KH�VDWXUDWHG�FRQFUHWH�GHWHULRUDWHV�IURP�F\FOLF�IUHH]LQJ�DQG�WKDZLQJ���$V�FRQGLWLRQV�ZRUVHQ��WKH�ZKLWH�FRQFUHWH�H[KLELWV�VFDOLQJ��VSDOOLQJ�DW�WKH�MRLQWV�DQG�GHODPLQDWLRQ���(YHQWXDOO\��WKH�ZKLWH�OD\HU�RI�TXDUW]�DJJUHJDWH�FRQFUHWH�GHODPLQDWHV�IURP�WKH�JUD\�FRQFUHWH�DORQJ�WKHLU�LQWHUIDFH������ 2XU�GHWDLOHG�LQVSHFWLRQV�VKRZ�WKDW�WKH�DGYDQFHG�VWDJHV�RI�WKLV�GHWHULRUDWLRQ�GRHV�UHODWH�WR�FRPSDVV�RULHQWDWLRQ���*UHDWHU�GDPDJH�QRZ�H[LVWV�RQ�WKH�HDVWHUQ�DQG�VRXWKHUQ�SRUWLRQV�RI�WKH�VWDLUV���7KHVH�DUHDV�DUH�ZDUPHG�HDUOLHU�LQ�WKH�GD\�E\�WKH�VXQ�DQG��WKXV��KDYH�JRQH�WKURXJK�D�KLJKHU�QXPEHU�RI�IUHH]H�WKDZ�F\FOHV���,Q�VRPH�DUHDV�RI�WKH�VWDLUZD\��VXGGHQ��FRPSOHWH�GHODPLQDWLRQ�RI�WKH�ZKLWH�FRQFUHWH�OD\HU�KDV�RFFXUUHG�LQ�WKH�HDUO\�VSULQJ�ZKHQ�WHPSHUDWXUHV�IOXFWXDWHG�DURXQG�IUHH]LQJ�����7KH�ILIW\�\HDU�ROG�PRQXPHQWDO�VWDLUV�QRZ�UHTXLUH�UHPRYDO�DQG�UHVXUIDFLQJ�RI�WKH�RQH�LQFK�WRS�OD\HU�RI�ZKLWH�FRQFUHWH���$OWKRXJK�GHWHULRUDWLRQ�RI�WKH�ULVHUV�ZDV�DFFHOHUDWHG�E\�WKH�LPSURSHU�FDXONLQJ�RI�WKH�MRLQWV��WKH�0LGZHVW
V�ZHDWKHU�XOWLPDWHO\�FDXVHG�WKH�WUHDGV�WR�GHODPLQDWH��WRR���(DUO\�6WXGLRV�EXLOW�SURMHFWV�XVLQJ�VLPLODU�WHFKQLTXHV�LQ�DQG�QHDU�:DVKLQJWRQ��'�&��ZKHUH�ZLQWHUV�DUH�PLOG���7KRVH�VWUXFWXUHV�GR�QRW�H[KLELW�WKLV�W\SH�RI�ZHDWKHU±LQGXFHG�VXUIDFH�IDLOXUH���� �-RLQW�'HWHULRUDWLRQ��� 7KH�JUHDW�PDMRULW\�RI�GHWDLOV�HPSOR\HG�E\�(DUO\�6WXGLRV�KDYH�SURYHQ�WR�EH�KLJKO\�HIIHFWLYH�GXULQJ�WKH�ILUVW�VL[W\�\HDUV�RI�WKH�%DKD
L�7HPSOH
V�OLIH���7KH\�VWLOO�RIIHU�H[FHOOHQW�PRGHOV�IRU�QHZ�FRQVWUXFWLRQ���6RPH�RWKHU�GHWDLOV��KRZHYHU��KDYH�FUHDWHG�GLIILFXOWLHV�DQG�ZRXOG�QRW�EH�UHFRPPHQGHG�IRU�VLPLODU�FRQVWUXFWLRQ�WRGD\���� 0RVW�RI�WKH�FRQVWUXFWLRQ�MRLQWV�LQ�WKH�RUQDPHQWDO�FRQFUHWH�FODGGLQJ�V\VWHP�ZHUH�SRXUHG�WLJKW�ZLWK�QR�GHILQHG�JDS�DQG�QR�ZDWHU�VWRS���5HLQIRUFLQJ�VWHHO�XVXDOO\�EULGJHG�WKH�MRLQW���5HPDUNDEO\��WKH�JUHDW�PDMRULW\�RI�WKHVH�MRLQWV�UHPDLQ�WLJKW�WRGD\�RU�H[KLELW�D�ILQH�KDLUOLQH�FUDFN���9HU\�IHZ�VKRZ�DQ\�VLJQV�RI�ZDWHU�PRYHPHQW�WKURXJK�WKH�MRLQW�DQG�WKRVH�H[LVW�RQO\�ZKHUH�D�VHULRXV�GHILFLHQF\�RI�WKH�URRILQJ�RU�IODVKLQJ�V\VWHPV�H[LVWHG�IRU�\HDUV���
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� :KHUH�YLVLEOH�FRQVWUXFWLRQ�MRLQWV�ZHUH�SODQQHG�EHWZHHQ�SUHFDVW�RUQDPHQWDO�SDQHOV��(DUO\�6WXGLRV�FUHDWHG�D�VXUIDFH�MRLQW�WKUHH�HLJKWKV�RI�DQ�LQFK�ZLGH���7KH�MRLQWV�ZHUH�WKHQ�EHDXWLIXOO\�SRLQWHG�ZLWK�D�PRUWDU�RI�ZKLWH�SRUWODQG�FHPHQW�DQG�ILQH�TXDUW]�DJJUHJDWH���7KH�VSDFLQJ�EHWZHHQ�MRLQWV�RFFXUV�DW�IDU�JUHDWHU�LQWHUYDOV�WKDQ�ZRXOG�EH�XVHG�RQ�D�XQLW�PDVRQU\�VWUXFWXUH���8QOLNH�VRIWHU�PRUWDUV�XVHG�LQ�XQLW�PDVRQU\��WKLV�KDUG�PRUWDU�RIIHUV�QR�FDSDFLW\�WR�H[SDQG�DQG�FRQWUDFW�LQFUHPHQWDOO\�ZLWK�WKH�PRYHPHQW�RI�WKH�SDQHOV���$V�D�UHVXOW��WKH�SRLQWHG�MRLQWV�DUH�QRZ�XQERQGHG�DORQJ�RQH�HGJH�ZKHUH�D�KDLUOLQH�FUDFN�H[LVWV������ 5HSRLQWLQJ�WKH�MRLQWV�WR�FORVH�WKH�KDLUOLQH�RSHQLQJ�RU�LQVWDOOLQJ�D�IOH[LEOH�MRLQW�PDWHULDO�SUHVHQWV�FRQVLGHUDEOH�GLIILFXOW\���7KH�PRUWDU�LV�YHU\�KDUG�WR�FKLS�RXW�ZLWK�WUDGLWLRQDO�WXFN�SRLQWHU
V�WRROV���7KH�TXDUW]�DJJUHJDWH�LV�H[WUHPHO\�KDUG�DQG�UDSLGO\�ZHDUV�GRZQ�JULQGLQJ�ZKHHOV���7KH�FULVS�HGJHV�RI�WKH�SUHFDVW�FRQFUHWH�SDQHOV�DUH�SDFNHG�ZLWK�ODUJH�TXDUW]�DJJUHJDWH�WKDW�SRSV�RXW�ZLWK�SUHVVXUH�IURP�JULQGLQJ�DW�WKH�MRLQW������ 7KH�VXSHUVWUXFWXUH�DQG�RUQDPHQWDO�FODGGLQJ�RI�WKH�%DKD
L�+RXVH�RI�:RUVKLS�ZHUH�FRQVWUXFWHG�ZLWK�QR�IOH[LEOH�MRLQWV�IRU�H[SDQVLRQ�DQG�FRQWUDFWLRQ���7KH�EXLOGLQJ�QDWXUDOO\�FUHDWHG�VRPH�RI�LWV�RZQ���0RVW�RI�WKH�FUDFNV�ZKLFK�QRZ�PRYH�IROORZ�FRQVWUXFWLRQ�MRLQWV�LQ�WKH�RUQDPHQWDO�FODGGLQJ���2WKHU�SODFHV�RI�PRYHPHQW�DUH�DW�FUDFNV�DFURVV�ZLQGRZ�OHGJHV�RU�IODW�ZDOO�DUHDV���*DSV�YDU\�IURP�KDLUOLQH�WR�RQH�HLJKWK�LQFK�ZLGH���:DWHU�FDQ�PRYH�LQ�DQG�RXW�RI�WKH�FODGGLQJ�V\VWHP�WKURXJK�WKHVH�FUDFNV���7KHLU�VPDOO�ZLGWK�SURKLELWV�WKH�LQVWDOODWLRQ�RI�DQ�HIIHFWLYH��IOH[LEOH�VHDODQW�MRLQW�ZLWKRXW�DQ�XQDFFHSWDEOH�QHJDWLYH�LPSDFW�RQ�WKH�DUFKLWHFWXUDO�DHVWKHWLFV������
:HHSLQJ�RI�WKH�&ODGGLQJ��� 7KH�H[WHULRU�GRPH�SDQHOV�DUH�SUHFDVW�FRQFUHWH�WKDW�LV�HIIHFWLYHO\�RSHQ�RQ�DOO�VLGHV���7KH�SUHFDVW�SDQHOV�DUH�VHW�RQ�DQG�DQFKRUHG�WR�FRSSHU�EHDULQJ�VWHHO�WHHV�UXQQLQJ�ORQJLWXGLQDOO\�IURP�WRS�WR�ERWWRP�RI�WKH�GRPH���$Q�LQWHUPHGLDWH�VN\OLJKW�GRPH�RI�JODVV�RQ�DQ�DOXPLQXP�IUDPH�SURYLGHV�WKH�ZDWHUWLJKW�FORVXUH�IRU�WKH�WRS�RI�WKH�EXLOGLQJ���$�WKLUG�GRPH�RI�SUHFDVW�FRQFUHWH�SDQHOV�FUHDWHV�WKH�LQWHULRU�ILQLVKHG�VXUIDFH������ 0DQ\�SUHFDVW�FRPSRQHQWV�ZHUH�XVHG�IRU�RUQDPHQWDO�FROXPQV�DQG�RUQDPHQWDO�ZLQGRZ�JULOOHV���$OWKRXJK�LQWHUORFNHG�DQG�KHOG�E\�WKH�ZDOO�DUHDV�WKDW�ZHUH�FDVW�GLUHFWO\�DURXQG�WKHP��WKHVH�HOHPHQWV�DUH�DOVR�RSHQ�RQ�PRVW�VLGHV���� 7KH�ODUJHVW�SRUWLRQ�RI�WKH�IRXU�WR�ILYH�LQFK�WKLFN�DUFKLWHFWXUDO�FRQFUHWH��KRZHYHU��LV�FDVW�GLUHFWO\�RQWR�WKH�FRQFUHWH�VXSHUVWUXFWXUH���)HPDOH�DQFKRUV�FDVW�LQWR�WKH�VXSHUVWUXFWXUH�ZHUH�XVHG�E\�(DUO\�WR�DQFKRU�UHLQIRUFLQJ�DQG�IRUP�WLHV���:KHUH�(DUO\�6WXGLRV�XWLOL]HG�SUHFDVW�SDQHOV�RQ�WKH�ZDOO�LWVHOI��WKH�SUHFDVW�FRPSRQHQW�ZDV�WZR�DQG�RQH�KDOI�LQFK�WKLFN�ZLWK�UHLQIRUFLQJ�ORRSV�SURMHFWLQJ�IURP�WKH�EDFN���7KH�SUHFDVW�HOHPHQW�ZDV�VHW�LQWR�WKH�ZDOO�IRUP�DQG�JURXWHG�LQWR�SODFH�DV�WKH�IODW�ZDOO�VXUIDFHV�ZHUH�FDVW���



�:HDWKHULQJ�RI�$UFKLWHFWXUDO�&RQFUHWH�RQ�WKH�%DKD
L�+RXVH�RI�:RUVKLS��5REHUW�)��$UPEUXVWHU����1RYHPEHU������
�

�
��

� 7KHUH�ZDV�QR�SURYLVLRQ�IRU�DQ�LQWHUQDO�FDYLW\�WR�WUDQVSRUW�ZDWHU�WKDW�SHUPHDWHG�WKH�FODGGLQJ�V\VWHP���7KHUH�ZDV�QR�ZHHS�V\VWHP�SURYLGHG�RXW�RI�WKH�FODGGLQJ�V\VWHP���&UDFNV�IURP�H[SDQVLRQ�FRQWUDFWLRQ�PRYHPHQW�RU�IURP�GU\LQJ�VKULQNDJH�OHW�ZDWHU�ERWK�LQWR�DQG�RXW�RI�WKH�FODGGLQJ�V\VWHP������
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