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SUHVHQW �WKH �UHVXOWV �RI �$$$�LQ ��� �SDWLHQWV ���� �DQNOHV� �ZLWK �IL[DWLRQ �E\ �WZR �SDUDOOHO �����PP�PHGLRODWHUDO �KHDGOHVV
FRPSUHVVLRQ�VFUHZV��+&6V��LQ�GLIIHUHQW�FOLQLFDO�LQGLFDWLRQV�

:H�GHVFULEH�D�GHWDLOHG�WKUHH�VWHS�VXUJLFDO�WHFKQLTXH�WKDW�KHOSV�VXUJHRQV�DYRLG�VWUXJJOLQJ�ZLWK�$$$�IL[DWLRQ�ZKLOH
PDLQWDLQLQJ �WKH �GHVLUHG �IRRW �SRVLWLRQ� �7KH �SUHVHQWHG �WHFKQLTXH �LV �EDVHG �RQ �WKH �RULJLQDO �RSHQ �DUWKURGHVLV �PHWKRG
GHVFULEHG�E\�0DQQ�HW�DO��LQ������DQG�IXUWKHU�PRGLILHG�>������@��7KH�DUWKURVFRSLF�MRLQW�VXUIDFH�SUHSDUDWLRQ�WHFKQLTXH
VSDUHV�ORFDO�FLUFXODWLRQ�DQG�FUHDWHV�D�PRUH�IDYRUDEOH�HQYLURQPHQW�IRU�DUWKURGHVLV�WR�RFFXU��UHVXOWLQJ�LQ�KLJK�IXVLRQ�DQG
ORZ�VRIW�WLVVXH�FRPSOLFDWLRQ�UDWHV��$$$�UHGXFHV�VRIW�WLVVXH�GLVUXSWLRQ�DURXQG�WKH�DQNOH�MRLQW��ZKLFK�PD\�GLPLQLVK�WKH
IXQFWLRQDO�LPSDLUPHQW�RI�VXUURXQGLQJ�MRLQWV��:H�K\SRWKHVL]HG�WKDW��DIWHU�DUWKURVFRSLF�SUHSDUDWLRQ�RI�D�MRLQW�VXUIDFH�
IL[DWLRQ�SHUIRUPHG�ZLWK�RQO\�WZR�SDUDOOHO��PHGLRODWHUDO�+&6V�SURYLGHV�DGHTXDWH�VWDELOLW\�WR�DFKLHYH�ERQH�IXVLRQ�>���
��@��7KH�XVH�RI�RQO\�WZR�VFUHZV�UHTXLUHV�OHVV�WDODU�DQG�WLELDO�VXUIDFH��IXUWKHU�IDFLOLWDWLQJ�ERQH�IXVLRQ��PLQLPL]LQJ�WKH
VRIW�WLVVXH�GDPDJH�IURP�VXUJLFDO�DSSURDFKHV��DQG�SRWHQWLDOO\�GHFUHDVLQJ�WKH�QHHG�IRU�KDUGZDUH�UHPRYDO�>������@�
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:H �UHWURVSHFWLYHO\ �YHULILHG ��� �FRQVHFXWLYH �SDWLHQWV ���� �IHPDOHV� ��� �PDOHV� ��� �DQNOHV� �ZKR �XQGHUZHQW �$$$
VWDELOL]HG �ZLWK �WZR �SDUDOOHO �����PP�+&6V �LQWURGXFHG �IURP�WKH �VXSHURPHGLDO �WLELD �LQWR �WKH �LQIHURODWHUDO �WDOXV� �7KH
SDWLHQWV�ZHUH�WUHDWHG�EHWZHHQ������DQG�������7KH�DYHUDJH�IROORZ�XS�ZDV����PRQWKV��UDQJH����WR����PRQWKV��

$UWKURGHVLV�ZDV�SHUIRUPHG�LQ����SDWLHQWV�GXH�WR�SRVWWUDXPDWLF�DUWKULWLV��LQ���DV�D�VHTXHOD�RI�SLORQ�IUDFWXUHV����DQNOH
IUDFWXUHV����VSLUDO�WLELD�IUDFWXUHV��DQG���KDG�DUWKULWLV�GXH�WR�FKURQLF�LQVWDELOLW\�DIWHU�ODWHUDO�OLJDPHQW�LQMXU\���LQ���SDWLHQWV
GXH �WR �QHXURPXVFXODU �DQNOH �MRLQW �GHIRUPLWLHV ��RQH �P\HORPHQLQJRFHOH� �RQH �SDUDO\WLF �GURS �IRRW� �DQG �WZR �SRVW�SROLR
FDVHV���DQG�LQ���SDWLHQWV�GXH�WR�UKHXPDWRLG�DUWKULWLV����SDWLHQWV�ZLWK�VHTXHOD�RI�VSLUDO�WLELD�IUDFWXUHV��GXH�WR�WKH�REYLRXV
LQMXU\�WR�WKH�WLELD��KDG�RYHUORRNHG�DQG�QRW�WUHDWHG�V\QGHVPRWLF�LQMXU\�ZLWK�LQWDFW�ILEXOD�LQ���DQG�0DLVRQQHXYH�IUDFWXUH
LQ���SDWLHQW�ZKLFK�FUHDWHG�ORQJ�VWDQGLQJ�LQVWDELOLW\�DQG�VHFRQGDU\�RVWHRDUWKULWLV�RI�WKH�DQNOH�MRLQW�

3UH�RSHUDWLYHO\��DOO�SDWLHQWV�ZHUH�LQGHSHQGHQW�DPEXODWRUV��RFFDVLRQDOO\�XVLQJ�ZDONLQJ�DLGV�DV�FUXWFKHV��%LODWHUDO
IXVLRQ�ZDV�FDUULHG�RXW�LQ�RQH�SDWLHQW�ZLWK�ELODWHUDO�SRVW�SLORQ�IUDFWXUH�DUWKULWLV��7KH�PHDQ�DJH�RI�WKH�SDWLHQWV�DW�WKH�WLPH
RI�VXUJHU\�ZDV����\HDUV��UDQJH����WR����\HDUV���,Q�WZR�SDWLHQWV�ZLWK�SRVW�SLORQ�IUDFWXUH�DUWKULWLV�DQG�WZR�SDWLHQWV�ZLWK
SRVW�WLELD�IUDFWXUH�DUWKULWLV��PHWDO�KDUGZDUH�IURP�D�SUHYLRXV�VXUJHU\�ZDV�UHPRYHG�GXULQJ�WKH�LQGH[�SURFHGXUH��3DWLHQWV
ZLWK �QHXURPXVFXODU �DQNOH �GHIRUPLW\ �XQGHUZHQW �DGGLWLRQDO �SURFHGXUHV� �SHUFXWDQHRXV �$FKLOOHV �WHQRWRP\ ��Q �� �DQG
WLELDOLV�SRVWHULRU�WHQGRQ�WUDQVIHU�RQ�WKH�SHURQHXV�WHUWLXV�WHQGRQ��Q ���

7KH�PHDQ�DQJOH�RI�WKH�SUH�RSHUDWLYH�GHIRUPLW\�RI�WKH�DQNOH�MRLQW�PHDVXUHG�LQ�ZHLJKW�EHDULQJ�DQWHURSRVWHULRU�DQG
ODWHUDO�UDGLRJUDPV�ZDV����GHJUHHV�LQ�WKH�FRURQDO�SODQH�d�YDUXV�RU�YDOJXV��UDQJH���WR����GHJUHHV��DQG����GHJUHHV�LQ�WKH
VDJLWWDO�SODQH���SODQWDU�IOH[LRQ��UDQJH����WR����GHJUHHV���7KH�KLJKHVW�VDJLWWDO�GHIRUPLW\��XS�WR����GHJUHHV��ZDV�REVHUYHG
LQ �WZR �SRVW�SROLR �SDWLHQWV� �$FKLOOHV �WHQGRQ �SHUFXWDQHRXV �WHQRWRP\�ZDV �SHUIRUPHG �DW �WKH �EHJLQQLQJ �RI �WKH �VXUJLFDO
SURFHGXUH�ZKHQ�WKH�HTXLQXV�SRVLWLRQ�RI�WKH�IRRW�ZDV�UHGXFHG�WR����GHJUHHV�DQG�WKH�DUWKURVFRSLF�SURFHGXUH�LQLWLDWHG�

7KH�SULPDU\�REMHFWLYH�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�HYDOXDWH�WKH�FOLQLFDO�HIIHFWLYHQHVV�RI�$$$�ZLWK�VWDELOL]DWLRQ�ZLWK
XVLQJ �WZR �SDUDOOHO �PHGLRODWHUDO �����PP �+&6V �LQ �D �KHWHURJHQLF �SDWLHQW �SRSXODWLRQ �LQYROYLQJ �SRVWWUDXPDWLF�
QHXURPXVFXODU��DQG�LQIODPPDWRU\�DUWKULWLV��%HFDXVH�SDLQ�SHUFHSWLRQ��DFWLYLW\�OHYHO��XVH�RI�ZDONLQJ�DLG��RU�XVH�RI�VKRH
PRGLILFDWLRQV �DUH �GLIIHUHQW �LQ �VXFK �D �KHWHURJHQLF �JURXS� �QR �IRUPDO �YDOLGDWHG �RXWFRPH�PHDVXUH �FRXOG �EH �XVHG� �7KH
SULPDU\�RXWFRPH�ZDV�UDGLRORJLFDO�DQG�FOLQLFDO�IXVLRQ�RI�WKH�DQNOH�MRLQW��7KH�VHFRQGDU\�RXWFRPH�ZDV�SDWLHQW�VDWLVIDFWLRQ
ZLWK�WKH�SHUIRUPHG�SURFHGXUH��ZKLFK�ZDV�PHDVXUHG�DV�VDWLVILHG�DQG�ZRXOG�XQGHUJR�WKH�SURFHGXUH�DJDLQ�RU�QRW�VDWLVILHG
DQG�ZRXOG�QRW�XQGHUJR�WKH�SURFHGXUH�DJDLQ�

3RVW�RSHUDWLYH �PDQDJHPHQW �FRQVLVWHG �RI �� �ZHHNV �RI �QRQ�ZHLJKW�EHDULQJ�LQ �D �EHORZ�NQHH�FDVW� �IROORZHG�E\�IXOO
ZHLJKW�EHDULQJ�LQ�D�:DONHU�ERRW�XQWLO�WUDEHFXODU�FRQWLQXLW\�ZDV�HYLGHQW�RQ�FRQWURO�UDGLRJUDSKV��,Q�GRXEWIXO�FDVHV��D�&7
VFDQ�ZDV�XVHG�WR�FRQILUP�H[FOXGH�QRQ�XQLRQ��3DWLHQWV�UHFHLYHG�WKURPERSURSK\OD[LV�ZLWK�ORZ�PROHFXODU�ZHLJKW�KHSDULQ
GXULQJ�WKH�IXOO�SHULRG�RI�LPPRELOL]DWLRQ�LQ�WKH�FDVW

6XUJLFDO�7HFKQLTXH

,Q �WKH �VXSLQH �SRVLWLRQ� �ZLWK �DQ �DERYH �NQHH �WRXUQLTXHW �DQG �VDQGEDJ �XQGHU �WKH �LSVLODWHUDO �EXWWRFN �WR �DFKLHYH �D
SHUSHQGLFXODU�IRRW�SRVLWLRQ��WZR�VWDQGDUG�DUWKURVFRSLF��DQWHURPHGLDO�DQG�DQWHURODWHUDO��SRUWDOV�ZHUH�XWLOL]HG�WR�SUHSDUH
WKH�MRLQW�IRU�IXVLRQ��$�����PP���b�VFRSH��V\QRYLDO�VKDYHU��RYDO�DFURPLRQL]HU��VPDOO�FKLVHO��PLFURIUDFWXUDWLRQ�FKLVHOV�
DQG�FXUHWWHV�ZHUH�XVHG��1R�MRLQW�GLVWUDFWLRQ�V\VWHP�ZDV�XVHG��,I�SUHVHQW��DQWHULRU�RVWHRSK\WHV�ZHUH�UHPRYHG�ZLWK�WKLQ
RVWHRWRPH�DQG�RYDO�DFURPLRQL]HU��5HPDLQLQJ�DUWLFXODU�VXUIDFH�ZDV�UHPRYHG�ZLWK�DFURPLRQL]HU�DQG�FXUHWWH��WR�FUHDWH
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KHDOWK\ �FDQFHOORXV �EDVH� �$UWLFXODU �VXUIDFHV �RI �WKH �PHGLDO �PDOOHRODU �JXWWHUV �ZHUH �UHPRYHG� �/DWHUDO �JXWWHU �ZDV
PHWLFXORXVO\�FOHDUHG�WR�DOORZ�SURSHU�MRLQW�SRVLWLRQLQJ�DQG�FRPSUHVVLRQ��&XUYHG�PLFURIUDFWXUDWLRQ�FKLVHO�ZDV�WKHQ�XVHG
WR��HVSHFLDOO\�LQ�SRVWHULRU�SDUW�RI�WKH�MRLQW��WR�HQODUJH�EOHHGLQJ�VXUIDFH��$IWHU�MRLQW�VXUIDFH�SUHSDUDWLRQ��WKH�IRRW�ZDV
SRVLWLRQHG �FRUUHFWO\ �LQ �QHXWUDO �IOH[LRQ� �IURP ��b �XS �WR ��b �RI �KLQGIRRW �YDOJXV �DQG �H[WHUQDO �URWDWLRQ �IURP ��b �WR ���b�
)ROORZLQJ�MRLQW�VXUIDFH�SUHSDUDWLRQ�WKUHH�VWHSV�DUH�WDNHQ�IRU�VFUHZ�IL[DWLRQ��)ROORZLQJ�MRLQW�VXUIDFH�SUHSDUDWLRQ�WKUHH
VWHSV�DUH�WDNHQ�IRU�VFUHZ�IL[DWLRQ�

6WHS����5HWURJUDGH�����PP�.LUVFKQHU�ZLUH��.�ZLUH��LQWURGXFWLRQ�LQWR�WKH�ODWHUDO�WDODU�SURFHVV

7KH�ODWHUDO�WDODU�SURFHVV�LV�DQ�HDVLO\�SDOSDWHG�VWUXFWXUH��HYHQ�LQ�FDVHV�ZLWK�VHYHUHO\�GLVWRUWHG�DQNOH�DQDWRP\��$�VPDOO
����FP�DSSURDFK�LV�FUHDWHG�RYHU�WKH�VLQXV�WDUVL�IROORZLQJ�D�UHOD[HG�VNLQ�WHQVLRQ�FUHDVH��:KHQ�WKH�FRUUHFW�IRRW�DOLJQPHQW
ZDV�KHOG�PDQXDOO\�E\�DQ�DVVLVWDQW��WZR�SDUDOOHO�.�ZLUHV������PP�GLDPHWHU������PP�OHQJWK��ZHUH�LQWURGXFHG�LQWR�WKH
LQIHURODWHUDO�SDUW�RI�WKH�ODWHUDO�WDODU�SURFHVV�DQG�GLUHFWHG�XSZDUG�DQG�VOLJKWO\�SRVWHULRU�WR�HQWHU�WKH�PHGLDO�WLELDO�FRUWH[�
&�DUP�FRQWURO�LQ�WZR�SHUSHQGLFXODU�SODQHV�LV�PDQGDWRU\�)LJ�������7KH�ZKROH�DUHD��IURP�WKH�SRVWHULRU�HGJH�RI�WKH�ODWHUDO
WDODU�SURFHVV�WR�WKH�EDVH�RI�WKH�WDODU�QHFN��ZDV�DYDLODEOH�WR�LQWURGXFH�WKH�.�ZLUH��3HURQHDO�WHQGRQV�PXVW�EH�SURWHFWHG
ZLWK�D�EOXQW�UHWUDFWRU�DQG�FDUH�PXVW�EH�WDNHQ�WR�SXOO�WHQGRQV�DZD\�GXULQJ�.�ZLUH�LQWURGXFWLRQ�DQG�SDVVDJH��7KH�VKDUS
.�ZLUH�WLS�HDVLO\�SHQHWUDWHV�WKH�VRIWHU�ERQH�RI�WKH�ODWHUDO�WDODU�SURFHVV��ZKLFK�IDFLOLWDWHV�LWV�IXUWKHU�LQWURGXFWLRQ�DQG
DGYDQFHPHQW�FRQWURO�

6WHS����$QWHJUDGH��PHGLDO�WLELD��.�ZLUH�ZLWKGUDZDO�DQG�PHDVXUHPHQW�VFUHZ�OHQJWK

7KH�.�ZLUHV�ZHUH�ZLWKGUDZQ�ZLWK�WKH�SRZHU�GULOO�RQ�WKH�RSSRVLWH�VLGH�RI�WKH�PHGLDO�WLELD�XQWLO�WKH\�ZHUH�FRPSOHWHO\
IOXVK�ZLWK�WKH�ODWHUDO�WDODU�SURFHVV��ZKLFK�FDQ�EH�FKHFNHG�E\�ILQJHU�SDOSDWLRQ�DQG�RU�&�DUP�FRQWURO�)LJ�������7KLV�VWHS
DOORZV�IRU�YHU\�SUHFLVH�PHDVXUHPHQW�RI�WKH�VFUHZ�OHQJWK�RYHU�WKH�.��ZLUH��$IWHU�PHDVXULQJ�WKH�VFUHZ�OHQJWK�RYHU�WKH�.�
ZLUH�)LJ�������WKH�.�ZLUHV�ZHUH�SXVKHG�EDFN�ZLWK�WKH�SRZHU�GULOO�DJDLQ�WR�VWLFN�RXW�IURP�WKH�WDOXV�HQWU\�SRLQWV��7KLV
PDQHXYHU�VHUYHV�DV�D�EDFNXS�DQG�KHOSV�UHPRYH�.�ZLUHV�LQ�FDVH�WKH\�EUHDN�RU�EHQG�ZKLOH�GULOOLQJ�ZLWK�D�FDQQXODWHG�GULOO
RU�GXULQJ�ILQDO�VFUHZ�LQVHUWLRQ�

)LJ�������&�DUP�YLHZ�RI�WKH�ULJKW�DQNOH�ZLWK�WZR�SDUDOOHO�.�ZLUHV�LQWURGXFHG�IURP�ODWHUDO�WDODU�SURFHVV�DFURVV�GHEULGHG�DQNOH�MRLQW�LQ
6WHS���RI�WKH�SURFHGXUH��OHIW���.�ZLUHV�DUH�WKHQ�ZLWKGUDZQ�ZLWK�WKH�SRZHU�GULOO�RQ�WKH�PHGLDO�VLGH��XQWLO�WKH\�DUH�FRPSOHWHO\�IOXVK
ZLWK�WKH�ODWHUDO�WDODU�SURFHVV��ZKDW�FDQ�EH�FKHFNHG�E\�D�ILQJHU�SDOSDWLRQ�DQG�RU�&�DUP�FRQWURO�LQ�6WHS����ULJKW��
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)LJ�������3UHFLVH�PHDVXUHPHQW�RI�WKH�VFUHZ�OHQJWK��7KH�.�ZLUHV�ZHUH�ZLWKGUDZQ�RQ�WKH�PHGLDO�WLELD�XQWLO�WKH\�ZHUH�FRPSOHWHO\�IOXVK
ZLWK�WKH�ODWHUDO�WDODU�SURFHVV��ZKLFK�FDQ�EH�FKHFNHG�E\�ILQJHU�SDOSDWLRQ�DQG�RU�&�DUP�FRQWURO� �7KLV�VWHS�DOORZV�IRU�YHU\�SUHFLVH
PHDVXUHPHQW�RI�WKH�VFUHZ�OHQJWK�RYHU�WKH�.��ZLUH�

6WHS����$QWHJUDGH�GULOOLQJ�DQG�VFUHZ�LQVHUWLRQ

$ �VWDE �LQFLVLRQ �ZDV �SHUIRUPHG �DURXQG �WKH �.�ZLUHV �WR �WKH �PHGLDO �WLELD� �D �VRIW �WLVVXH �SURWHFWRU �LQVHUWHG� �DQG
FDQQXODWHG�GULOO�LQWURGXFHG�IURP�WKH�WLELDO�PHGLDO�FRUWH[�LQWR�WKH�WDOXV��$�����PP�FDQQXODWHG�+&6�ZDV�LQWURGXFHG�WR�WKH
SRLQW�WKDW�WKH�HQWLUH�KHDG�ZDV�LQVLGH�WKH�FRUWH[�)LJ�������7ZR�+&6V�ZHUH�XVHG�LQ�HYHU\�SDWLHQW�)LJV��������

)LJ�������$QWHJUDGH�GULOOLQJ�ZLWK�VRIW�WLVVXH�SURWHFWRU�LQVHUWHG��1RWH�WKH�.�ZLUHV�DUH�SXVKHG�EDFN�GRZQ�DJDLQ�DQG�H[WHQG�IURP�ZRXQG
RQ�WKH�ODWHUDO�VLGH��7KDW�PDQRHXYUH�VHUYHV�DV�D�EDFNXS�DQG�KHOSV�WR�UHPRYH�.�ZLUHV�LQ�FDVH�WKH\�EUDNH�RU�EHQW�ZKLOH�XVLQJ�FDQQXODWHG
GULOO�
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)LJ�������&�DUP�FRQWURO�ZKLOH�LQVHUWLQJ�VHFRQG�+&6��%RWK�VFUHZV�DUH�WLJKWHQHG�DQG�EXULHG�LQVLGH�PHGLDO�WLELDO�FRUWH[�

)LJ�������1RQ�ZHLJKW�EHDULQJ�$3�DQG�ODWHUDO�UDGLRJUDSKV�WZR�ZHHNV�DIWHU�$$$�ZLWK�WZR�SDUDOOHO�+&6�FRPSUHVVLRQ��1RWH�GLVWDO�+&6
WKUHDGV�DUH�ZLWKLQ�ODWHUDO�WDODU�SURFHVV�DQG�SUR[LPDO�FRYHUHG�LQ�WKLQQHU�PHGLDO�WLELDO�FRUWH[�FDXVLQJ�DQ\�LPSLQJHPHQW�RQ�VRIW�WLVVXHV�
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)LJ�������:HLJKW�EHDULQJ�$3�DQG�ODWHUDO�UDGLRJUDSKV�VL[�ZHHNV�DIWHU�$$$�ZLWK�WZR�SDUDOOHO�+&6�FRPSUHVVLRQ��1RWH�UDGLRJUDSKLF
ERQH�XQLRQ�DW�WKH�DUWKURGHVLV�VLWH�
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)XVLRQ�RFFXUUHG�LQ����MRLQWV�������RYHU�DQ�DYHUDJH�RI����ZHHNV��UDQJH���WR����ZHHNV���$QNOH�DUWKURGHVLV�ZDV�QRW
DFKLHYHG �LQ �� �MRLQWV ������ �ERWK �LQ �SRVW�SLORQ �IUDFWXUH �SDWLHQWV� �DQG �WKH\ �XQGHUZHQW �VXEVHTXHQW �UHYLVLRQ �VXUJHU\ ���
PRQWKV�DIWHU�WKH�LQGH[�SURFHGXUH��7KH�FRUUHFW�IRRW�DOLJQPHQW��QHXWUDO�IOH[LRQ�DQG�IURP��b�XS�WR��b�RI�KLQGIRRW�YDOJXV�
ZDV�QRW �DFKLHYHG�LQ���IHHW ������� �7ZR�IHHW �UHPDLQHG�LQ�UHVLGXDO �HTXLQXV�����GHJUHHV� �DQG���LQ�YDUXV�����GHJUHHV�
GHIRUPLW\� �7ZR�UHVLGXDO �HTXLQXV �GHIRUPLWLHV �SHUVLVWHG �LQ �SRVW�SLORQ �IUDFWXUH �SDWLHQWV� �5HVLGXDO �YDUXV �PDODOLJQPHQW
SHUVLVWHG�LQ�D�SDWLHQW�ZLWK�SHUVLVWHQW�WDODU�WLOW�LQ�FKURQLF�ODWHUDO�LQVWDELOLW\�DUWKULWLV�DQG�RQH�SDWLHQW�ZLWK�SDUDO\WLF�GURS
IRRW��1RQH�RI�WKH�SDWLHQWV�ZLWK�PDOXQLRQ�DJUHHG�ZLWK�IXUWKHU�UHYLVLRQ�VXUJHU\��2QH�SDWLHQW�ZLWK�ELODWHUDO�DQNOH�IXVLRQ
GHYHORSHG�V\PSWRPDWLF�DUWKULWLV�LQ�RQH�VXEWDODU�MRLQW�GXULQJ�WKH�IROORZ�XS�SHULRG�DQG�ZDV�WUHDWHG�ZLWK�SDQWDODU�IXVLRQ�
1R�ZRXQG�LQIHFWLRQ�RU�WKURPERHPEROLF�FRPSOLFDWLRQV�ZHUH�QRWHG�GXULQJ�WKH�IROORZ�XS�SHULRG�

7ZHQW\�SDWLHQWV�������ZHUH�VDWLVILHG�ZLWK�WKH�DQNOH�IXVLRQ�DQG�ZRXOG�XQGHUJR�WKH�SURFHGXUH�DJDLQ��)RXU�SDWLHQWV
ZHUH �QRW �VDWLVILHG �DQG �ZRXOG �QRW �XQGHUJR �DQNOH �IXVLRQ �DJDLQ� �WZR �EHFDXVH �RI �QRQ�XQLRQ� �RQH �ZLWK �HDUO\ �VXEWDODU
DUWKULWLV��DQG�RQH�ZLWK�UHVLGXDO�YDUXV�PDODOLJQPHQW��7KUHH�RXW�RI�IRXU�GLVVDWLVILHG�SDWLHQWV�EHORQJHG�WR�WKH�SRVW�SLORQ
IUDFWXUH�JURXS��1RQH�RI�WKH�SDWLHQWV�UHTXLUHG�VFUHZ�UHPRYDO�IRU�SURPLQHQFH�GXULQJ�WKH�IROORZ�XS�SHULRG�
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$QNOH�DUWKURGHVLV�UHPDLQV�WKH�SURFHGXUH�RI�FKRLFH�WR�UHGXFH�SDLQ�DQG�UHFUHDWH�SODQWLJUDGH�IRRW�LQ�SDWLHQWV�ZLWK�HQG�
VWDJH�DQNOH�DUWKULWLV�DQG�GHIRUPLW\�FDXVHG�E\�D�VSHFWUXP�RI�GLVHDVHV�>�����@��$QNOH�DUWKURGHVLV�LV�LQFUHDVLQJO\�SHUIRUPHG
ZLWK�DUWKURVFRSLF�DVVLVWDQFH�>����@��8QFRPSOLFDWHG�IL[DWLRQ�PHWKRGV�WR�PDLQWDLQ�SURSHU�IRRW�DOLJQPHQW�ORQJ�HQRXJK�WR
DFKLHYH�VROLG�ERQH�XQLRQ�LV�D�PDMRU�FRQFHUQ�RI�PDQ\�RUWKRSHGLF�VXUJHRQV�>��������������@� �7KH�LGHDO�WHFKQLTXH�IRU
REWDLQLQJ�DGHTXDWH�IXVLRQ�LV�EDVHG�RQ�WKH�OHDVW�DPRXQW�RI�KDUGZDUH�WR�DFKLHYH�WKH�VWURQJHVW�PHFKDQLFDO�VWDELOLW\�ZKLOH
SUHVHUYLQJ�WKH�ELRORJLFDO �HQYLURQPHQW�IRU�IXVLRQ�WR�RFFXU� �7KH�QXPEHU�RI�VFUHZV�QHFHVVDU\�WR�DFKLHYH�VROLG�IXVLRQ
YDULHV�EHWZHHQ�VWXGLHV��,Q�D�VDZERQHV�PRGHO�VWXG\��%URGVN\�HW�DO��IRXQG�WKDW�WKH�DGGLWLRQ�RI�D�WKLUG�VFUHZ�GRHV�QRW
UHVXOW�LQ�D�PDMRU�GHFUHDVH�LQ�WKH�DPRXQW�RI�ERQH�FRQWDFW�DYDLODEOH�IRU�IXVLRQ�>��@��,Q�D�FRPSRVLWH�DQNOH�MRLQW�PRGHO�
&OLIIRUG�HW�DO��IRXQG�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�EHQGLQJ�VWLIIQHVV�EHWZHHQ�DQWHULRU�SODWH�RU�ODWHUDO�SODWH�IL[DWLRQ�DQG
WKH�WKUHH�FRPSUHVVLRQ�VFUHZV�FRQVWUXFW��VXJJHVWLQJ�WKDW�WKH�DGGLWLRQ�RI�D�FRPSUHVVLRQ�VFUHZ�ZLOO�FRQVLGHUDEO\�LQFUHDVH
WKH�SULPDU\�EHQGLQJ�VWLIIQHVV�RI�DQNOH�DUWKURGHVLV�>��@��<RVKLPXUD�HW�DO��IRXQG�WKDW�WKH�IDVWHVW�ERQH�XQLRQ�LQ�$$$�LV
DFKLHYHG�ZLWK�WKUHH�SDUDOOHO�����PP�FDQQXODWHG�FDQFHOORXV�VFUHZV�SODFHG�PHGLDOO\�IURP�WKH�GLVWDO�WLELD�LQWR�WKH�WDOXV
>��@� �$UWKURVFRSLF �MRLQW �SUHSDUDWLRQ �FUHDWHV �D �PRUH �IDYRUDEOH �HQYLURQPHQW �IRU �IXVLRQ �DQG �GHFUHDVHV �WKH �QXPEHU �RI
VFUHZV�XVHG�>����@��9DXJKDQ�HW�DO��SUHVHQWHG�WKH�UHVXOWV�RI�ELODWHUDO�DQNOH�DUWKURGHVLV�YLD�D�PLQL�RSHQ�WHFKQLTXH�DQG
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IL[DWLRQ�ZLWK�RQO\�WZR�FDQFHOORXV�VFUHZV��DFKLHYLQJ�D������IXVLRQ�UDWH�>��@��,Q�WKH�ODUJHVW�SXEOLVKHG�$$$�VHULHV�WR
GDWH��:LQVRQ�HW�DO��XVHG�RQO\�WZR�SDUDOOHO�����PP�$2�VFUHZV�SODFHG�PHGLDOO\�IURP�WLELD�LQWR�WKH�WDOXV��DFKLHYLQJ�ERQH
XQLRQ �LQ ���� �RI �FDVHV �DIWHU �DQ �DYHUDJH �RI ��� �ZHHNV� �7KH �LPSRUWDQW �FRPSOLFDWLRQ �PHQWLRQHG �E\ �WKH �DXWKRUV �ZDV
SURPLQHQW�KDUGZDUH�WKDW�KDG�WR�EH�UHPRYHG�LQ�����RI�SDWLHQWV�>�@��'DQDZL�HW�DO��DFKLHYHG�D�����IXVLRQ�UDWH�XVLQJ�WZR
SDUDOOHO �FRPSUHVVLRQ �VFUHZV �EXW �UHSRUWHG �SUREOHPV �ZLWK �D �VXEVHTXHQW �QHHG �IRU �SURPLQHQW �KDUGZDUH �UHPRYDO �>�@�
7RZQVKHQG�UHSRUWHG�WKH�UHPRYDO�RI�V\PSWRPDWLF�LPSODQWV�RQO\�LQ�WKH�DUWKURVFRSLF�JURXS�ZKHQ�FRPSDULQJ�RSHQ�DQG
DUWKURVFRSLF�DQNOH�DUWKURGHVLV�>�@��7KXV��RSHQ�WHFKQLTXHV�PD\�DOORZ�IRU�PRUH�SUHFLVH�VFUHZ�OHQJWK�PHDVXUHPHQW�WKDQ
DUWKURVFRSLF �WHFKQLTXHV� �+&6 �LQWURGXFWLRQ �VHHPV �WR �UHVROYH �WKH �SUREOHPV �RI �HDVLHU �IL[DWLRQ� �LQWHU�IUDJPHQWDU\
FRPSUHVVLRQ��DQG�QHHG�IRU�KDUGZDUH�UHPRYDO��8VLQJ�RQO\�WZR�$FXWUDN�����PP�+&6V��2GXWROD�HW�DO� �DFKLHYHG����
ERQ\ �IXVLRQ �DQG �QR �FRPSOLFDWLRQV �RU �SDLQ �FDXVHG �E\ �PHWDOZRUN �>�@� �,Q �D �FDGDYHU �PRGHO� �6RPEHUJ �HW �DO� �IRXQG �QR
GLIIHUHQFH�LQ�ELRPHFKDQLFDO�VWDELOLW\�EHWZHHQ�WKUHH�$FXWUDN�+&6V�DQG�WKUHH�WUDGLWLRQDO�VFUHZV�>��@��-HKDQ�DQG�2e+LOO
SUHVHQWHG�D�WHFKQLTXH�IRU�SDUDOOHO�FRPSUHVVLRQ�VFUHZ�IL[DWLRQ�HQKDQFHG�ZLWK�DXWRORJRXV�ERQH�JUDIW��HYHQ�LQ�GLIILFXOW
FDVHV�DIWHU�IDLOHG�DQNOH�DUWKURSODVW\�>��@��.HQQHG\�HW�DO��FRQILUPHG�WKDW�D�VLPSOH�WZR�VFUHZ�WHFKQLTXH�VXSSRUWHG�ZLWK
ELRORJLFDO�DQG�PHFKDQLFDO�SULQFLSOHV�FDQ�DFKLHYH�H[FHOOHQW�IXVLRQ�UDWHV�>��@��-DLQ�HW�DO���XVLQJ�WZR�VFUHZ�VWDELOL]DWLRQ
DQG�DQ�DUWKURVFRSLF�WHFKQLTXH�LQ�D�VHULHV�RI����IXVHG�DQNOHV��DFKLHYHG�D�IXVLRQ�UDWH�VLPLODU�WR�WKH�SUHVHQW�VWXG\������
>��@��7KH\�UHSRUWHG�GHOD\HG�XQLRQ�LQ�D�SRVW�SLORQ�IUDFWXUH�SDWLHQW��7ZR�QRQ�XQLRQ�FDVHV�IURP�WKH�SUHVHQW�SDSHU�ZHUH
DOVR�VHTXHODH�RI�SLORQ�IUDFWXUH��$QRWKHU�SRVW�SLORQ�IUDFWXUH�SDWLHQW�GHYHORSHG�PDOXQLRQ�LQ�WKH�HTXLQXV�SRVLWLRQ��,W�LV�QRW
XQXVXDO�WR�ILQG�ERQH�GHIHFWV�LQ�WKH�WLELDO�SODIRQG�IROORZLQJ�SLORQ�IUDFWXUH�DQG�LWV�VXUJLFDO�WUHDWPHQW�>�@��3DWLHQWV�ZLWK
DQNOH�DUWKULWLV�VHFRQGDU\�WR�SLORQ�IUDFWXUH�PD\�UHTXLUH�PRUH�FDUHIXO��GHWDLOHG�SUH�RSHUDWLYH�DVVHVVPHQW�RI�WKH�WLELD�ERQH
VWRFN�ZLWK�&7�LPDJLQJ�DQG�RSHQ�IXVLRQ�XVLQJ�ERQH�JUDIWV��-DLQ�HW�DO��GLVWLQJXLVKHG�WZR�RWKHU�IDFWRUV�SRWHQWLDOO\�OHDGLQJ
WR�QRQ�XQLRQ��VPRNLQJ�DQG�QHXURPXVFXODU�GLVRUGHUV��+RZHYHU��DOO�QHXURPXVFXODU�SDWLHQWV�LQ�WKH�SUHVHQW�VWXG\�DFKLHYHG
VROLG�IXVLRQ�XS�WR����ZHHNV��$OO�QHXURPXVFXODU�SDWLHQWV�XQGHUZHQW�DGGLWLRQDO�VRIW�WLVVXH�EDODQFLQJ�SURFHGXUHV��ZKLFK
KHOSHG�UHGXFH�WKH�FRQVWDQW�SDWKRORJLFDO�RYHUSXOO�IURP�FRQWUDFWXUH�PXVFOHV��1RQH�RI�WKH�WUHDWHG�SDWLHQWV�ZHUH�DFWLYH
VPRNHUV�EHFDXVH�WKH\�ZHUH�VWURQJO\�DGYLVHG�WR�UHIUDLQ�IURP�VPRNLQJ���PRQWKV�EHIRUH�VXUJHU\��RWKHUZLVH�SDWLHQWV�ZHUH
QRW�TXDOLILHG�IRU�VXUJHU\�

7KH�PDLQ�OLPLWDWLRQV�RI�WKH�SUHVHQW�VWXG\�DUH�WKH�ODFN�RI�D�FRQWURO�JURXS�DQG�WKH�ODFN�RI�D�YDOLG�RXWFRPH�PHDVXUH�
7KXV��IXQFWLRQDO�UHVXOWV�FDQQRW�EH�FRPSDUHG�ZLWK�RWKHU�WHFKQLTXHV�DQG�VWXGLHV��+RZHYHU��WKH�YHU\�ORZ�QRQ�XQLRQ�UDWH�LV
FRPSDUDEOH�WR�RWKHU�DQNOH�DUWKURVFRSLF�DQG�RSHQ�WHFKQLTXHV�>�����������������@�
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7KH�SUHVHQWHG�WHFKQLTXH�ZDV�VXFFHVVIXO�LQ�DFKLHYLQJ�D�KLJK�IXVLRQ�UDWH�LQ�D�YDULHW\�RI�GLVHDVHV��GHFUHDVLQJ�LQWUD��DQG
SRVW�RSHUDWLYH �KDUGZDUH �FRPSOLFDWLRQV �ZKLOH �PDLQWDLQLQJ �WHPSRUDU\ �DQG �ILQDO �ERQH �VWDELOLW\� �3DWLHQWV �ZLWK �DQNOH
DUWKULWLV�VHFRQGDU\�WR�SLORQ�IUDFWXUH�PD\�UHTXLUH�DFFHVVRU\�DVVHVVPHQW�RI�WKH�WLELDO�ERQH�VWRFN�SULRU�WR�DUWKURGHVLV�DQG�
LQ�GRXEWIXO�FDVHV��ERQH�JUDIWLQJ�ZLWK�PRUH�ULJLG�VWDELOLW\�WR�DFKLHYH�DQNOH�IXVLRQ

&21)/,&7�2)�,17(5(67

7KH�DXWKRUV�FRQILUP�WKDW�WKLV�DUWLFOH�FRQWHQW�KDV�QR�FRQIOLFW�RI�LQWHUHVW�

$&.12:/('*(0(176

'HFODUHG�QRQH�

5()(5(1&(6

>�@ 1LHOVHQ�..��/LQGH�)��-HQVHQ�1&��7KH�RXWFRPH�RI�DUWKURVFRSLF�DQG�RSHQ�VXUJHU\�DQNOH�DUWKURGHVLV��D�FRPSDUDWLYH�UHWURVSHFWLYH�VWXG\�RQ����
SDWLHQWV��)RRW�$QNOH�6XUJ��������������������
>KWWS���G[�GRL�RUJ���������M�IDV������������@�>30,'����������@

>�@ 7RZQVKHQG�'��'L�6LOYHVWUR�0��.UDXVH�)��HW�DO��$UWKURVFRSLF�YHUVXV�RSHQ�DQNOH�DUWKURGHVLV��D�PXOWLFHQWHU�FRPSDUDWLYH�FDVH�VHULHV��-�%RQH
-RLQW�6XUJ�$P���������������������
>KWWS���G[�GRL�RUJ���������-%-6�.������@�>30,'����������@

>�@ 'DQQDZL�=��1DZDEL�'+��3DWHO�$��/HRQJ�--��0RRUH�'-��$UWKURVFRSLF�DQNOH�DUWKURGHVLV��DUH�UHVXOWV�UHSURGXFLEOH�LUUHVSHFWLYH�RI�SUH�RSHUDWLYH
GHIRUPLW\"�)RRW�$QNOH�6XUJ��������������������
>KWWS���G[�GRL�RUJ���������M�IDV������������@�>30,'����������@

>�@ *RXJRXOLDV�1(��$JDWKDQJHOLGLV�)*��3DUVRQV�6:��$UWKURVFRSLF�DQNOH�DUWKURGHVLV��)RRW�$QNOH�,QW����������������������
>KWWS���G[�GRL�RUJ���������)$,����������@�>30,'����������@
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>�@ %HVW�0-��%XOOHU�/7��0LUDQGD�$��1DWLRQDO�7UHQGV�LQ�)RRW�DQG�$QNOH�$UWKURGHVLV�����<HDU�$QDO\VLV�RI�WKH�1DWLRQDO�6XUYH\�RI�$PEXODWRU\
6XUJHU\�DQG�1DWLRQDO�+RVSLWDO�'LVFKDUJH�6XUYH\��-�)RRW�$QNOH�6XUJ����������������������
>KWWS���G[�GRL�RUJ���������M�MIDV������������@�>30,'����������@

>�@ &RWWLQR�8��&ROOR�*��0RULQR�/��HW�DO��$UWKURVFRSLF�DQNOH�DUWKURGHVLV��D�UHYLHZ��&XUU�5HY�0XVFXORVNHOHW�0HG�������������������
>KWWS���G[�GRL�RUJ���������V���������������[@�>30,'����������@

>�@ 6PLWK�5��:RRG�3/��$UWKURGHVLV�RI�WKH�DQNOH�LQ�WKH�SUHVHQFH�RI�D�ODUJH�GHIRUPLW\�LQ�WKH�FRURQDO�SODQH��-�%RQH�-RLQW�6XUJ�%U�������������
������
>KWWS���G[�GRL�RUJ�����������������;���%�������@�>30,'����������@

>�@ :LQVRQ�,*��5RELQVRQ�'(��$OOHQ�3(��$UWKURVFRSLF�DQNOH�DUWKURGHVLV��-�%RQH�-RLQW�6XUJ�%U��������������������
>KWWS���G[�GRL�RUJ�����������������;���%�������@�>30,'����������@

>�@ 2GXWROD �$$� �6KHULGDQ �%'� �.HOO\ �$-� �+HDGOHVV �FRPSUHVVLRQ �VFUHZ �IL[DWLRQ �SUHYHQWV �V\PSWRPDWLF �PHWDOZRUN �LQ �DUWKURVFRSLF �DQNOH
DUWKURGHVLV��)RRW�$QNOH�6XUJ��������������������
>KWWS���G[�GRL�RUJ���������M�IDV������������@�>30,'����������@
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IRU�DQNOH�DUWKURGHVLV�LQ�D�FDGDYHU�PRGHO��)RRW�$QNOH�6XUJ�������������������
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>��@ -DLQ�6.��7LHUQDQ�'��.HDUQV�65��$QDO\VLV�RI�ULVN�IDFWRUV�IRU�IDLOXUH�RI�DUWKURVFRSLF�DQNOH�IXVLRQ�LQ�D�VHULHV�RI����DQNOHV��)RRW�$QNOH�6XUJ
������������������
>KWWS���G[�GRL�RUJ���������M�IDV������������@�>30,'����������@

>��@ 0DQQ�5$��9DQ�0DQHQ�-:��:DSQHU�.��0DUWLQ�-��$QNOH�IXVLRQ��&OLQ�2UWKRS�5HODW�5HV��������������������
>30,'���������@
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