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+RUL]RQWDO�LPSDFW�WHVWV�RQ�([HO�DLUSRUW�DSSURDFK�OLJKW�PDVWV�KDYH�EHHQ�SHUIRUPHG�LQ
RUGHU�WR�HYDOXDWH�WKH�EUHDNLQJ��L�H��WKH�IUDQJLELOLW\��RI�WKH�PDVWV�LI�LPSDFWHG�E\�DQ�DLUFUDIW�
$�ZLQJ�VHFWLRQ�DWWDFKHG�WR�D�KLJK�VSHHG�WUXFN�ZDV�XVHG�DV�DQ�LPSDFWRU��,PSDFW�HQHUJLHV
ZHUH�GHWHUPLQHG�XVLQJ�WKH�PHDVXUHG�YDOXHV�RI�LPSDFW�IRUFHV��WKH�FRQWDFW�WLPH�DQG�WKH
VSHHG��7KH�GDPDJH�FDXVHG�WR�WKH�ZLQJ�VHFWLRQ�ZDV�FDUHIXOO\�LQVSHFWHG�WR�EH�DEOH�WR
HVWLPDWH�WKH�HIIHFWV�RI�DQ�LPSDFW�RQ�WKH�SHUIRUPDQFH�RI�D�UHDO�DLUFUDIW��7KH�EHKDYLRXU�RI
WKH�PDVW�GXULQJ�WKH�LPSDFW�ZDV�LQYHVWLJDWHG�XVLQJ�WKH�KLJK�VSHHG�FDPHUD
GRFXPHQWDWLRQ��%DVHG�XSRQ�WKHVH�WHVW�UHVXOWV��WKH�PDVWV�ZHUH�FRQVLGHUHG�WR�EH�IUDQJLEOH�
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��7(67�6(7�83 ������������������������������������������������������������������������������������������������
����*HQHUDO�GHVFULSWLRQ�RI�WKH�WHVW�SURFHGXUH�����������������������������������������������
����0DVWV �������������������������������������������������������������������������������������������������
����7HVW�HTXLSPHQW������������������������������������������������������������������������������������

������,PSDFWRU��������������������������������������������������������������������������������
������)RUFH�DQG�DFFHOHUDWLRQ�PHDVXUHPHQW ���������������������������������������
������9HORFLW\�PHDVXUHPHQW �������������������������������������������������������������
������6LJQDO�FRQGLWLRQLQJ�����������������������������������������������������������������

����&DOLEUDWLRQ�RI�WKH�WHVW�HTXLSPHQW ����������������������������������������������������������
������/RDG�FHOOV ������������������������������������������������������������������������������
������$FFHOHURPHWHUV ����������������������������������������������������������������������

����3KRWRJUDSKLF�DQG�YLGHR�GRFXPHQWDWLRQ������������������������������������������������

���7(67�5(68/76 ��������������������������������������������������������������������������������������������
�����$QDO\VLV�RI�WKH�UHFRUGHG�GDWD��������������������������������������������������������������
����,QYHVWLJDWLRQ�RI�QDWXUDO�IUHTXHQFLHV ������������������������������������������������������
����)LQDO�WHVW�UHVXOWV ����������������������������������������������������������������������������������

������1XPHULFDO�UHVXOWV�������������������������������������������������������������������
������)DLOXUH�PHFKDQLVPV ���������������������������������������������������������������

���',6&866,21���������������������������������������������������������������������������������������������
����1XPHULFDO�UHVXOWV��������������������������������������������������������������������������������
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$����5HVXOWV�IURP�WKH�WHVW�� �����������������������������������������������������������������������
$����5HVXOWV�IURP�WKH�WHVW�� �����������������������������������������������������������������������
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$����5HVXOWV�IURP�WKH�WHVW�� �����������������������������������������������������������������������
$����5HVXOWV�IURP�WKH�WHVW�� �����������������������������������������������������������������������
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$W�DLUSRUWV��DSSURDFK�OLJKWV�DUH�XVHG�WR�JLYH�DSSURDFKLQJ�DLUFUDIW�FRUUHFW
LQIRUPDWLRQ�RI�GLUHFWLRQ�DQG�GLVWDQFH�WR�WKH�UXQZD\��7KHVH�OLJKWV�DUH�ORFDWHG�DW
HDFK�HQG�RI�WKH�UXQZD\V�LQ�D�FRPSOH[�SDWWHUQ�FRQVLVWLQJ�RI�D�ORQJLWXGLQDO�PDLQ
OLQH�VHYHUDO�KXQGUHG�PHWHUV�ORQJ�DQG�RI�FURVVLQJ�OLQHV�RI�YDU\LQJ�ZLGWK��7KH�OHYHO
DW�ZKLFK�WKH�OLJKWV�DUH�ORFDWHG�LV�VORSHG�GRZQ�WRZDUGV�WKH�HQG�RI�WKH�UXQZD\�
7KHVH�OLJKWV�DUH�VHW�WR�WKHLU�FRUUHFW�SRVLWLRQV�E\�WKH�XVH�RI�DSSURDFK�OLJKW�PDVWV�

7LJKW�UHTXLUHPHQWV�KDYH�EHHQ�VHW�WR�WKH�ULJLGLW\�RI�WKH�PDVWV�LQ�WKH�IRUP�RI
DOORZHG�DQJXODU�GHIOHFWLRQV�RI�WKH�OLJKW�EHDPV��+RZHYHU��LQ�FDVH�RI�D�FROOLVLRQ
ZLWK�D�ORZ�IO\LQJ�DLUFUDIW��WKHVH�PDVWV�VKRXOG�EUHDN�ZLWK�PLQLPXP�GDPDJH�WR�WKH
DLUFUDIW��L�H��WKH�PDVWV�VKRXOG�EH�IUDQJLEOH��7KH�SUREOHP�KDV�W\SLFDOO\�EHHQ
VROYHG�E\�DSSO\LQJ�RQH�RU�VHYHUDO�EUHDN�DZD\�SRLQWV�LQ�ULJLG�PHWDO��DOXPLQLXP�
PDVWV��7KLV�PHWKRG����DOWKRXJK�VLPSOH�DQG�SUDFWLFDO����KDV�VRPH�GLVDGYDQWDJHV�
(�J��WKH�EUHDN�DZD\�SRLQW�DW�WKH�PDVW�EDVH�LV�QDWXUDOO\�UDWKHU�LQVHQVLWLYH�WR�WKH
FDXVH�RI�WKH�ORDG��7KH�EUHDN�DZD\�ORDGV�PD\�DV�ZHOO�EH�GXH�WR�QDWXUDO�ORDGLQJ�
QRW�DQ�LPSDFW��7KH�GDPDJH�FDXVHG�WR�DQ�LPSDFWLQJ�VWUXFWXUH�LV�DOVR�JUHDWO\
LQIOXHQFHG�E\�WKH�RYHUDOO�PDVV�RI�WKH�PDVW��)RU�WKLV�UHDVRQ�PHWDO�PDVWV�DUH�QRW
QHFHVVDULO\�WKH�LGHDO�VROXWLRQ�WR�IUDQJLEOH�PDVWV�

$�FRPSOHWHO\�GLIIHUHQW�DSSURDFK�KDG�EHHQ�WDNHQ�LQ�WKH�GHVLJQ�RI�WKH�FRPSRVLWH
([HO�PDVWV�RI�D�ODWWLFH�VWUXFWXUH��7KH\�KDYH�EHHQ�FRQVWUXFWHG�E\�XWLOLVLQJ�WKH
IUDQJLELOLW\�RI�WKH�VWUXFWXUH�LWVHOI�LQ�FDVH�RI�D�VXGGHQ�LPSDFW��7KLV�EXLOW�LQ
IUDQJLELOLW\�PDNHV�WKH�VHSDUDWH�EUHDN�DZD\�SRLQWV�XQQHFHVVDU\��:KHQ�D�QRQ�
LPSDFWLQJ�ORDG�RU�PRUH�HYHQO\�GLVWULEXWHG�ORDG�LV�DSSOLHG��ZLQG��MHW�EODVW���([HO�
PDVWV�DFW�DV�VWLII�DQG�ULJLG�ODWWLFH�VWUXFWXUHV��7KH�OLJKW�ZHLJKW�RI�FRPSRVLWHV�PDNH
WKHP�D�VXLWDEOH�PDWHULDO�IRU�WKLV�DSSOLFDWLRQ�

7R�DVVHVV�WKH�IUDQJLELOLW\�RI�D�PDVW�VWUXFWXUH�DQG�WR�JHW�DEVROXWH�YDOXHV�RI�WKH
LPSDFW�HQHUJLHV��IXOO�VFDOH�LPSDFW�WHVWV�DUH�UHTXLUHG��,Q�WKLV�UHSRUW�WKH�LPSDFW
WHVWV�RI�([HO�PDVWV�KDYH�EHHQ�GHVFULEHG��7KHVH�WHVWV�ZHUH�SHUIRUPHG�RQ�$XJXVW
��WK�DQG���WK�������DW�WKH�-RHQVXX�DLUSRUW�LQ�)LQODQG��7KH�DFWXDO�WHVWV�ZHUH
SHUIRUPHG�E\�1HVWH�&RPSRVLWH�7HFKQRORJ\��1HVWH�&KHPLFDOV�5	7��0DWHULDO
5HVHDUFK�DQG�7HVWLQJ�GHSDUWPHQW�DQG�WKH�ORFDO�([HO�.LYDUD�)DFWRU\��([HO�LV�D
VXEVLGLDU\�RI�1HVWH�DQG�D�SDUW�RI�1HVWH�&RPSRVLWH�0DWHULDOV�GLYLVLRQ�
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7KH�ILUVW�PDLQ�REMHFWLYH�RI�WKH�WHVWV�ZDV�WR�HYDOXDWH�WKH�IUDQJLELOLW\�RI�([HO�PDVWV�
7KLV�UHTXLUHG�WKH�GHWHUPLQDWLRQ�RI�WKH�LPSDFW�IRUFHV��LPSDFW�HQHUJLHV�DQG
FRQWDFW�WLPHV��$�YLVXDO�GRFXPHQWDWLRQ�RI�WKH�PDVW�EHKDYLRXU�GXULQJ�WKH�LPSDFW
DQG�D�FORVH�LQVSHFWLRQ�RI�WKH�GDPDJHV�VXIIHUHG�E\�WKH�LPSDFWRU�ZHUH�DOVR
FRQVLGHUHG�PRVW�HVVHQWLDO�IRU�WKH�MXGJHPHQW�RI�WKH�IUDQJLELOLW\�

$QRWKHU�PDLQ�REMHFWLYH�RI�WKH�WHVWV�ZDV�WR�JLYH�JXLGDQFH�WR�WKH�)UDQJLELOLW\�$LG
6WXG\�*URXS�VHW�E\�,&$2�WR�GHYHORS�QHZ�)UDQJLELOLW\�6WDQGDUGV�IRU�$LUSRUW
$SSURDFK�/LJKWLQJ��7KH�DLP�RI�WKLV�JURXS�LV�WR�KDYH�WKH�QHZ�VWDQGDUGV�ILQLVKHG
DQG�HIIHFWLYH�E\�������,W�ZDV�FRQVLGHUHG�HVSHFLDOO\�LPSRUWDQW�WR�SUHVHQW�WKH
IUDQJLELOLW\�RI�FRPSRVLWH�ODWWLFH�PDVWV�WR�WKH�JURXS�UHVSRQVLEOH�IRU�SUHSDULQJ�WKH
QHZ�UHJXODWLRQV�QRZ��DV�WKH�QHZ�VWDQGDUGV�ZLOO�FRYHU�D�PXFK�ZLGHU�VSHFWUXP�RI
DLUSRUW�PDVWV�WKDQ�WKH�SUHVHQW�VWDQGDUGV��7KH�QHZ�VWDQGDUGV�ZLOO�YHU\�OLNHO\�EH
XVHG�IRU�PDQ\�\HDUV�LQIOXHQFLQJ�WKH�FRQVWUXFWLRQ�RI�DLUSRUW�OLJKWLQJ�V\VWHPV�D
ORQJ�ZD\�LQWR�WKH�QH[W�FHQWXU\�
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��7(67�6(7�83

��� *HQHUDO�GHVFULSWLRQ�RI�WKH�WHVW�SURFHGXUH

7KH�WHVWV�ZHUH�SHUIRUPHG�DW�WKH�-RHQVXX�DLUSRUW��)LQODQG��7KH�WHVWHG�([HO�PDVWV
ZHUH�HUHFWHG�DW�RQH�VLGH�RI�WKH�DLUSRUW�UXQZD\��7KH�PDVWV�ZHUH�LPSDFWHG�E\�DQ
DLUFUDIW�ZLQJ�VHFWLRQ�DWWDFKHG�WR�D�WUXFN��$W�WKH�LPSDFW��IRUFHV��DFFHOHUDWLRQV�DQG
YHORFLWLHV�ZHUH�PHDVXUHG�IRU�ODWHU�FDOFXODWLRQ�RI�WKH�LPSDFW�HQHUJLHV��7KH�WHVWV
ZHUH�DOVR�UHFRUGHG�ZLWK�VHYHUDO�VWLOO�FDPHUDV�DQG�D�YLGHR�FDPHUD�IRU�ODWHU
HYDOXDWLRQ�

)LJXUH � *HQHUDO YLHZ RI WKH WHVW VHW XS�
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7KH�ZLQJ�VHFWLRQ�ZDV�DWWDFKHG�WR�WKH�VXSSRUWLQJ�FDQWLOHYHU�EHDP�YLD�WZR�ORDG
FHOOV��)URP�WKHUH�WKH�LPSDFW�ORDGV�ZHUH�WUDQVIHUUHG�WR�WKH�KHDY\�VXSSRUWLQJ�VWHHO
VWUXFWXUH�PRXQWHG�RQ�WKH�ERG\ZRUN�RI�WKH�WUXFN��$���WRQ�6LVX�UDFLQJ�WUXFN�
FRPSHWLQJ�LQ�WKH�(XURSHDQ�WUXFN�UDFLQJ�FLUFXLW��ZDV�XVHG�WR�JLYH�WKH�LPSDFWRU
WKH�UHTXLUHG�YHORFLW\�

��� 0DVWV

6L[�LQGLYLGXDO�WHVWV�ZHUH�SHUIRUPHG�ZLWK�LGHQWLFDO�PDVW�FRQILJXUDWLRQ�EXW�ZLWK
GLIIHUHQW�DUUDQJHPHQW�ZLWK�WKH�OLJKWLQJ�FDEOHV��$OO�WKH�PDVWV�ZHUH�FRPSRVLWH
([HO�PDVWV�ZLWK�IROORZLQJ�GLPHQVLRQV�DQG�IHDWXUHV�

• FRPSRVLWH�ODWWLFH�VWUXFWXUH��JODVVILEUH�SRO\HVWHU�
 

• VTXDUH�FURVV�VHFWLRQ�RI�����[�����PP
 

• ��PHWHUV�LQ�KHLJKW
 

• WRS�PDVV�RI����NJ�VLPXODWLQJ�WKH�HIIHFW�RI�D�FURVV�EDU�ZLWK���DSSURDFK�OLJKWV
 

• YHUWLFDO�WXEHV���������PP�DQG�GLDJRQDO�WXEHV���������PP

7KLV�PDVW�FRQILJXUDWLRQ�ZDV�VHOHFWHG�VLQFH�LW�ZDV�FRQVLGHUHG�WR�EH�D
UHSUHVHQWDWLYH�H[DPSOH�RI�W\SLFDO�DSSURDFK�OLJKW�PDVW�

7KUHH�RI�WKH�WHVWHG�PDVWV�KDG�QR�OLJKWLQJ�FDEOHV�VLQFH�WKH�IUDQJLELOLW\
RI�WKH�([HO�PDVW�VWUXFWXUH�LWVHOI�ZDV�RI�SULPDU\�LQWHUHVW��%HFDXVH�WKH�FDEOHV�KDYH
D�JUHDW�LQIOXHQFH�RQ�WKH�IUDQJLELOLW\��WKUHH�GLIIHUHQW�DUUDQJHPHQWV�IRU�WKH�FDEOHV
ZHUH�XVHG�LQ�WKH�UHPDLQLQJ�WKUHH�WHVWV��,Q�WKH�ILUVW�RQH��WKH�FDEOHV�KDG�WZR
FRQQHFWLRQ�SRLQWV�DW�WZR�PHWHU�LQWHUYDOV�DQG�WKH�FDEOHV�ZHUH�ORFDWHG�DW�WKH
RSSRVLWH�VLGH�RI�WKH�LPSDFW�SRLQW��,Q�WKH�VHFRQG�DQG�WKLUG�PDVW�WKHUH�ZHUH�QR
FRQQHFWLRQ�SRLQWV�DORQJ�WKH�PDVW��7KH�VHFRQG�RQH�KDG�WKH�FDEOHV�RQ�WKH�VLGH�RI
WKH�LPSDFW�SRLQW�DQG�WKH�WKLUG�RQH�RQ�WKH�RSSRVLWH�VLGH��,Q�DOO�WKH�WKUHH�FDVHV�WKH
FDEOHV�ZHUH�WLJKWO\�FRQQHFWHG�DW�WKH�WRS�DQG�DW�WKH�EDVH��7KH�FDEOHV�ZHUH�LQVLGH
RI�D�SURWHFWLQJ�39&�WXEH�W\SLFDOO\�XVHG�IRU�WKLV�SXUSRVH�E\�WKH�FRQVWUXFWLRQ
LQGXVWU\�

7KH�PDVWV�ZHUH�LPSDFWHG�DW�WKH�KHLJKW�RI�����P�

$GGLWLRQDO�WHVW�ZDV�SHUIRUPHG�ZLWK�D�PDVW�RI�FRPSOHWHO\�GLIIHUHQW�VL]H�DQG�QDWXUH
�WHVW�QXPEHU����QRW�UHSRUWHG�KHUH��

7KH�WHVW�SURJUDP�LV�SUHVHQWHG�ZLWK�WKH�WHVW�UHVXOWV�LQ�FKDSWHU���
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����7HVW�HTXLSPHQW

������,PSDFWRU

,Q�HDUOLHU�WHVWV��UHI�����D�VROLG�VWHHO�EDU�ZDV�XVHG�DV�DQ�LPSDFWRU��7KLV�DOORZHG
WKH�PHDVXUHPHQW�RI�WKH�LPSDFW�IRUFHV�DQG�HQHUJLHV��+RZHYHU��WKH�H[WHQW�RI�WKH
GDPDJH�WR�WKH�DLUFUDIW�VWUXFWXUHV�FRXOG�QRW�EH�DVVHVVHG��,Q�DGGLWLRQ��LW�ZDV
UHDOLVHG�WKDW�WKH�IDLOXUH�PHFKDQLVP�RI�WKH�PDVW�LWVHOI�PD\�KDYH�EHHQ�DIIHFWHG�E\
WKH�W\SH�RI�WKH�LPSDFWRU��'XH�WR�WKH�PRUH�EULWWOH�IDLOXUH�PHFKDQLVP��WKH�VROLG
VWHHO�EDU�ZDV�FRQVLGHUHG�WR�KDYH�EHHQ�PRUH�IDYRXUDEOH�LQ�UHJDUGV�WR�IUDQJLELOLW\
WKDQ�D��VRIWHU��DLUFUDIW�VWUXFWXUH�

7R�HOLPLQDWH�WKH�HIIHFWV�RI�D�VROLG�LPSDFWRU�DQG�WR�EH�DEOH�WR�HYDOXDWH�WKH
EHKDYLRXU�RI�D�UHDO�DLUFUDIW�VWUXFWXUH��D�ZLQJ�VHFWLRQ�ZDV�XVHG�DV�DQ�LPSDFWRU
�ILJ������7KH�VDPH�W\SH�RI�ZLQJ�VHFWLRQ�KDG�EHHQ�XVHG�HDUOLHU�LQ�WHVWV�RI�VLPLODU
QDWXUH������,W�LV�D�VWUXFWXUDOO\�LGHQWLFDO�EXW�DHURG\QDPLFDOO\�VLPSOLILHG�VHFWLRQ�RI�D
%HHFK�4XHHQ�$LU�W\SH�DLUFUDIW�ZLQJ��7KLV�DLUFUDIW�LV�D�W\SLFDO�H[DPSOH�RI�D
OLJKWZHLJKW��������NJ��FRPPHUFLDO�DLUFUDIW��������NJ�ZDV�HDUOLHU�FRQVLGHUHG�WR
EH�D�VXLWDEOH�PLQLPXP�PDVV�XQGHU�ZKLFK�D�IUDQJLEOH�PDVW�VKRXOG�EUHDN�
5HFHQWO\�WKLV�UHTXLUHPHQW�KDV�EHHQ�VHW�DW�WKH�OHYHO�RI�������NJ�����

7KH�ZLQJ�VHFWLRQ�XVHG�ZDV������PP�ZLGH�DQG�����PP�GHHS��7KH�PDWHULDO
XVHG�ZDV������7��DOXPLQLXP��,W�ZDV�EDFNHG�E\�D�VWHHO�FROXPQ�ZLWK�D�VTXDUH
FURVV�VHFWLRQ�RI�����[�����[�����PP��7KH�ZLQJ�VHFWLRQ�ZDV�ULYHWHG�WR�WKH�VWHHO
FROXPQ�DFWLQJ�DV�WKH�PDLQ�VSDU�RI�WKH�ZLQJ��7R�FRPSHQVDWH�WKH�HIIHFWV�RI�WKH
ILQLWH�OHQJWK�RI�WKH�ZLQJ�VHFWLRQ�WKH�RXWPRVW�ULEV�ZHUH�VXSSRUWHG�IURP�RXWVLGH�
7KH�LGHD�ZDV�WR�SUHYHQW�WKH�XQUHDOLVWLF�IDLOXUH�PRGH�RI�WKH�RXWHU�ULEV�FROODSVLQJ
LQZDUGV�DV�REVHUYHG�LQ�HDUOLHU�WHVWV������7KH�ZLQJ�VHFWLRQV�ZHUH�PDQXIDFWXUHG�E\
9DOPHW�$LUFUDIW�,QGXVWULHV�DFFRUGLQJ�WR�VWDQGDUG�DLUFUDIW�PDQXIDFWXULQJ
SURFHGXUHV�
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)LJXUH � 7KH VWUXFWXUH DQG GLPHQVLRQV RI WKH LPSDFWRU�

������)RUFH�DQG�DFFHOHUDWLRQ�PHDVXUHPHQW

$OO�WKH�KRUL]RQWDO�ORDGV�FDXVHG�E\�WKH�LPSDFW�LQ�WKH�GLUHFWLRQ�VWUDLJKW�DJDLQVW�WKH
ZLQJ�VHFWLRQ�ZHUH�WUDQVIHUUHG�WKURXJK�WZR�ORDG�FHOOV�ORFDWHG�EHWZHHQ�WKH�ZLQJ
EDFNLQJ�FROXPQ�DQG�WKH�FDQWLOHYHU�EHDP�RI�WKH�VXSSRUW�VWUXFWXUH���7KH�ORDG�FHOOV
XVHG�ZHUH�+%0�=������?SP���aN1��VKHDU�VWUDLQ�W\SH�ORDG�FHOOV�

7ZR�DFFHOHURPHWHUV�ZHUH�DWWDFKHG�WR�WKH�FDQWLOHYHU�EHDP�WR�PHDVXUH�ERWK�WKH
KRUL]RQWDO�DQG�WKH�YHUWLFDO�DFFHOHUDWLRQV�RI�WKH�EHDP��+RUL]RQWDOO\��WKH
DFFHOHURPHWHUV�ZHUH�SRVLWLRQHG�LQ�WKH�PLGGOH�RI�WKH�ZLQJ�VHFWLRQ���7KH
KRUL]RQWDO�DFFHOHURPHWHU�XVHG�ZDV�D�%UXHO�	�.MDHU�SLH]RHOHFWULF�WUDQVGXFHU�RI
W\SH�������IUHTXHQF\�UHVSRQVH�IURP�����+]�WR����N+]��DQG�WKH�YHUWLFDO
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DFFHOHURPHWHU�D�%UXHO�	�.MDHU�SLH]RHOHFWULF�WUDQVGXFHU�RI�W\SH�������IUHTXHQF\
UHVSRQVH�IURP�����+]�WR����N+]���$�VFKHPDWLF�YLHZ�RI�WKH�PHDVXULQJ�V\VWHP�LV
VKRZQ�LQ�)LJXUH���

)LJXUH � 6FKHPDWLF YLHZ RI WKH PHDVXULQJ V\VWHP�

����� 9HORFLW\�PHDVXUHPHQW

$�SKRWRHOHFWULF�SXOVH�FRXQWHU�ZDV�XVHG�WR�PRQLWRU�WKH�UHYROXWLRQV�RI�WKH�WUXFN
GULYH�VKDIW���7KH�YHORFLW\�FDOFXODWLRQ�SHUIRUPHG�DIWHUZDUGV�ZDV�EDVHG�RQ�WKH�WLPH
GLIIHUHQFH�EHWZHHQ�SXOVHV���$�UDGDU�ZDV�DOVR�XVHG�WR�FRQILUP�WKLV�YHORFLW\
PHDVXUHPHQW�DQG�WR�JHW�LQVWDQW�PHDVXUHPHQW�DIWHU�HDFK�WHVW���$V�FDQ�EH�VHHQ
ODWHU�IURP�WKH�ILQDO�WHVW�UHVXOWV��WKHVH�WZR�YHORFLWLHV�SURYHG�WR�EH�YHU\�FORVH�WR
HDFK�RWKHU�

7KH�SKRWRHOHFWULF�VZLWFK�XVHG�LQ�WKH�SXOVH�FRXQWLQJ�ZDV�DQ�2PURQ�(�6�;�&(�
KDYLQJ�DQ�RSHUDWLQJ�YROWDJH�IURP����WR����9�'&���$�SLHFH�RI�UHIOHFWLQJ�WDSH�RQ
WKH�GULYH�VKDIW�VHUYHG�DV�D�SXOVH�JHQHUDWRU�
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������6LJQDO�FRQGLWLRQLQJ

7KH�IRUFH��DFFHOHUDWLRQ�DQG�SXOVH�VLJQDOV�ZHUH�DPSOLILHG�DQG�UHFRUGHG�E\�D�GDWD
UHFRUGHU�IRU�ODWHU�DQDO\VLV���$OO�WKLV�HTXLSPHQW�ZDV�ORFDWHG�LQ�WKH�WUXFN�FDELQ�

7KH�DPSOLILHUV�XVHG�IRU�ORDG�FHOOV���DQG���ZHUH�+%0�.��&�'&V��IUHTXHQF\
UHVSRQVH�IURP�'&�WR����N+]����7KH�DPSOLILHU�IRU�DFFHOHURPHWHU����%�	�.������
ZDV�D�%UXHO�	�.MDHU�FKDUJH�DPSOLILHU�RI�W\SH�������IUHTXHQF\�UHVSRQVH�IURP����
+]�WR����N+]��DQG�WKH�DPSOLILHU�IRU�DFFHOHURPHWHU����%�	�.�������ZDV�D�.LVWOHU
FKDUJH�DPSOLILHU�RI�W\SH�������IUHTXHQF\�UHVSRQVH�IURP�����+]�WR�����N+]��

$�7HDF�;5������+�WDSH�UHFRUGHU�ZLWK�D�WDSH�VSHHG�RI�������FP�VHF�DQG�D
IUHTXHQF\�UHVSRQVH�IURP�'&�WR����N+]�)0��IUHTXHQF\�PRGXODWLRQ��ZDV�XVHG�WR
UHFRUG�WKH�PHDVXUHG�GDWD���)RU�ODWHU�DQDO\VHV�D�GLJLWDO�RVFLOORVFRSH�RI�W\SH
3DQDVRQLF�93�����$�ZDV�XVHG�

����&DOLEUDWLRQ�RI�WKH�WHVW�HTXLSPHQW

������/RDG�FHOOV

7KH�FDOLEUDWLRQ�ZDV�FDUULHG�RXW�LQ�WKH�ODERUDWRU\�RI�1HVWH�&KHPLFDOV�5	7�
0DWHULDO�5HVHDUFK�DQG�7HVWLQJ�GHSDUWPHQW���,QVWHDG�RI�WKH�FRPSOHWH�ZLQJ�VHFWLRQ
RQO\�WKH�VWHHO�EDFNLQJ�FROXPQ�ZDV�DWWDFKHG�WR�WKH�ORDG�FHOOV���7KH�FDOLEUDWLRQ
ORDG�ZDV�LQWURGXFHG�LQ�WKH�PLGGOH�EHWZHHQ�WKH�DWWDFKPHQW�SRLQWV�E\�DQ�,QVWURQ
VHUYRK\GUDXOLF�DFWXDWRU��)LJXUH������7KH�DFWXDWLQJ�IRUFH�ZDV�PHDVXUHG�XVLQJ�DQ
,QVWURQ����N1�ORDG�FHOO�

������$FFHOHURPHWHUV

%RWK�RI�WKH�DFFHOHURPHWHUV�DQG�DPSOLILHUV�ZHUH�FDOLEUDWHG�XVLQJ�D�FDOLEUDWHG
YLEUDWLRQ�H[FLWHU�%UXHO�	�.MDHU�7\SH��������7KH�DFFXUDF\�RI�WKH�FDOLEUDWRU�LV

EHWWHU�WKDQ�±�����
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)LJXUH � &DOLEUDWLRQ RI WKH ORDG FHOOV�

����3KRWRJUDSKLF�DQG�YLGHR�GRFXPHQWDWLRQ

$�YLGHR�FDPHUD�ZDV�XVHG�WR�JHW�D�JHQHUDO�YLHZ�RI�WKH�WHVW�SURFHGXUH���$
VWDQGDUG�6RQ\�0��$�FRORXU�YLGHR�FDPHUD�����IUDPHV�VHF��ZDV�XVHG�

$�KLJK�VSHHG�ILOP�FDPHUD�ZDV�XVHG�WR�UHFRUG�WKH�EHKDYLRXU�RI�WKH�ZLQJ�VHFWLRQ
DQG�HVSHFLDOO\�WKH�PDVW�GXULQJ�WKH�LPSDFW���7KH�)$67$;����PP�KLJK�VSHHG
FDPHUD�XVHG�ZDV�FDSDEOH�RI�WDNLQJ������IUDPHV�VHF���:KHQ�GHYHORSHG��WKH
ILOP�ZDV�FRQYHUWHG�LQWR�YLGHR�PRGH���)LQDOO\�WKLV�EODFN�DQG�ZKLWH�YLGHR�WDSH�DQG
WKH�RULJLQDO�FRORXU�YLGHR�WDSH�ZHUH�HGLWHG�WR�IRUP�D�VLQJOH�YLVXDO�GRFXPHQW�

,Q�DGGLWLRQ��WKUHH�DXWRPDWLF����PP�FDPHUDV��1LNRQ�)�������IUDPHV�VHF��ZHUH
XVHG�WR�JHW�WKH�SKRWRJUDSKLF�GRFXPHQWDWLRQ��2QH�RI�WKH�FDPHUDV�ZDV�DWWDFKHG
WR�WKH�WUXFN�PLUURU�KDQGOH�WR�WDNH�VLQJOH�SKRWRJUDSKV��DW�FORVH�UDQJH�GXULQJ�WKH
LPSDFW�

$�VFKHPDWLF�YLHZ�RI�WKH�SKRWRJUDSKLF�DQG�YLGHR�GRFXPHQWDWLRQ�VHW�XS�LV
SUHVHQWHG�LQ�)LJXUH���
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)LJXUH � 6FKHPDWLF YLHZ RI WKH SKRWRJUDSKLF DQG YLGHR GRFXPHQWDWLRQ VHW XS�
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���7(67�5(68/76

�����$QDO\VLV�RI�WKH�UHFRUGHG�GDWD

7KH�VLJQDOV�UHFRUGHG�DW�WKH�ILHOG�GXULQJ�WKH�WHVWV�ZHUH�WKHQ�DQDO\VHG�WR�FRQYHUW
WKH�LQIRUPDWLRQ�LQWR�D�PRUH�XVDEOH�IRUP�DQG�WR�PDNH�DOO�WKH�QHFHVVDU\
FRUUHFWLRQV���7KH�UHFRUGHG�IRUFHV��DFFHOHUDWLRQV�DQG�GULYH�VKDIW�SXOVH�VLJQDOV
ZHUH�IHG�IURP�WKH�GDWD�UHFRUGHU�WR�WKH�GLJLWDO�RVFLOORVFRSH���7KH�IRUFH�DQG
DFFHOHUDWLRQ�VLJQDOV�ZHUH�ILOWHUHG�ZLWK�D���N+]�ORZ�SDVV�ILOWHU�����G%�RFWDYH
DWWHQXDWLRQ����7KH�GLJLWDOL]HG�VLJQDOV�ZHUH�WUDQVIHUUHG�WR�D�SHUVRQDO�FRPSXWHU�IRU
IXUWKHU�FDOFXODWLRQV�

7KH�YHORFLW\�RI�WKH�LPSDFWRU��L�H��WKH�VSHHG�RI�WKH�WUXFN�DW�WKH�PRPHQW�RI�WKH
LPSDFW��ZDV�FDOFXODWHG�E\�XVLQJ�WKH�UHFRUGHG�SXOVH�FRXQW�YV��WLPH�GDWD�

7KH�DEVROXWH�PD[LPXP�YDOXH�RI�WKH�WRWDO�IRUFH�GXULQJ�WKH�LPSDFW�ZDV
GHWHUPLQHG�WR�EH�WKH�SHDN�IRUFH���7KH�WRWDO�IRUFH�ZDV�FDOFXODWHG�DV�WKH�VXP�RI
LQGLFDWLRQV�RI�WKH�ORDG�FHOOV���DQG���

7KH�LPSDFW�HQHUJ\�ZDV�GHWHUPLQHG�E\�LQWHJUDWLQJ�WKH�LPSDFW�IRUFH�ZLWK�WKH
IRUZDUG�PRYHPHQW�RI�WKH�LPSDFWRU���7KH�PRYHPHQW�ZDV�UHYHUVO\�FDOFXODWHG�IURP
WKH�UHFRUGHG�SXOVH�FRXQW�YV��WLPH�UHODWLRQVKLS�� �WLPH�DQG�YHORFLW\����7KH
FRUUHFWLRQ�WDNLQJ�LQWR�DFFRXQW�WKH�SURSRUWLRQDO�PRYHPHQW�RI�WKH�LPSDFWRU�DQG
WKH�WUXFN�ERG\�ZDV�FDOFXODWHG�E\�XVLQJ�WKH�KRUL]RQWDO�DFFHOHUDWLRQ�PHDVXUHG�E\
WKH�DFFHOHURPHWHU���

7KH�FRQWDFW�WLPH�GHWHUPLQDWLRQ�ZDV�EDVHG�RQ�WKH�HQHUJ\�YV��WLPH�FXUYH��7KH�ULVH
WLPH�IURP�]HUR�HQHUJ\�OHYHO�WR�WKH�PD[LPXP�HQHUJ\�OHYHO�ZDV�GHWHUPLQHG�WR�EH
WKH�FRQWDFW�WLPH�

����,QYHVWLJDWLRQ�RI�QDWXUDO�IUHTXHQFLHV

7KH�QDWXUDO�IUHTXHQF\�RI�WKH�LPSDFWRU�DVVHPEO\�ZDV�GHWHUPLQH�E\�JHQHUDWLQJ�DQ
LPSDFW�ZLWK�D�UXEEHU�PDOOHW���$�UHODWLYHO\�ORZ�QDWXUDO�IUHTXHQF\�ZDV�IRXQG�E\
DQDO\VLQJ�D��IUHH�UXQ�WHVW���WKDW�LV�D�WHVW�UXQ�DW�WKH�VSHHG�RI�����NP�K�ZLWKRXW
H[WHUQDO�LPSDFWV���7KH�LQWHUIHUHQFH�FDXVHG�E\�WKHVH�QDWXUDO�IUHTXHQFLHV�ZHUH
ILOWHUHG�IURP�WKH�UHFRUGHG�GDWD�LQ�RUGHU�WR�JHW�WKH�ILQDO�UHVXOWV�

7ZR�REYLRXV�KRUL]RQWDO�QDWXUDO�IUHTXHQFLHV�ZHUH�IRXQG������+]��ORFDO
UHVRQDQFH�IUHTXHQF\�RI�WKH�LPSDFWRU�DQG�����+]��ZKLFK�LV�D�JOREDO�UHVRQDQFH
IUHTXHQF\�RI�WKH�ZKROH�V\VWHP��WKH�WUXFN��WKH�VXSSRUWLQJ�VWUXFWXUH�DQG�WKH
LPSDFWRU��
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����)LQDO�WHVW�UHVXOWV

����� 1XPHULFDO�UHVXOWV

7KH�PRVW�LPSRUWDQW�QXPHULFDO�WHVW�UHVXOWV�ZHUH�WKH�YHORFLW\�RI�WKH�LPSDFWRU��WKH
SHDN�IRUFH��WKH�LPSDFW�HQHUJ\�DQG�WKH�FRQWDFW�WLPH�RI�HDFK�WHVW���7KHVH�UHVXOWV
DUH�SUHVHQWHG�LQ�WKH�WDEOH�����7KH�IRUFHV�DQG�HQHUJLHV�DUH�DOVR�SUHVHQWHG�DV
FXUYHV���,Q�WKLV�FKDSWHU��WKH�FXUYHV�IRU�RQH�WHVW�RQO\�DUH�VKRZQ���&XUYHV�IRU�DOO�WKH
RWKHU�WHVWV�FDQ�EH�IRXQG�LQ�$SSHQGL[�����$FFHOHUDWLRQ�FXUYHV�RI�WHVW���DUH�VKRZQ
WR�JLYH�DQ�LGHD�RI�W\SLFDO�DFFHOHUDWLRQ�OHYHOV�DW�WKH�LPSDFW���$FFHOHUDWLRQ�FXUYHV
IURP�WKH�RWKHU�WHVWV�KDYH�QRW�EHHQ�SUHVHQWHG�EHFDXVH�RI�WKHLU�PDUJLQDO
LQIRUPDWLYH�YDOXH�

7KH�DYHUDJH�YDOXH�IRU�WKH�LPSDFW�HQHUJ\�ZDV������N1P��)RU�WKH�ILUVW�WKUHH�PDVWV
�QR�FDEOHV��WKH�DYHUDJH�LPSDFW�HQHUJ\�ZDV������N1P�DQG�IRU�WKH�ODVW�WKUHH
PDVWV��ZLWK�FDEOHV�������N1P�

7KH�WHVW�SURJUDP�LV�SUHVHQWHG�LQ�WKH�WDEOH�����7KH�SURJUDP�LV�QHHGHG�WR�LQWHUSUHW
WKH�WHVW�QXPEHUV�LQ�WDEOH���

7DEOH � 7KH ILQDO WHVW UHVXOWV�

7HVW
QXPEHU

9HORFLW\
�UDGDU�
NP�K

9HORFLW\
�SXOVH�FRXQW�
NP�K

3HDN
IRUFH
N1

,PSDFW
HQHUJ\
N1P

&RQWDFW
WLPH
PV

� ��� ����� ���� ���� ���
� ��� �
 ���� ���� ���
� ��� ����� ���� ���� ����
� ��� ����� ���� ���� ���
� ��� ����� ���� ���� ���
� ��� ����� ���� ���� ���


�SXOVH�FRXQWHU�IDLOHG

$OO�WKH�WHVWV�
$YHUDJH�LPSDFW�HQHUJ\  �����N1P
6WDQGDUG�GHYLDWLRQ  �����N1P ��������

7HVWV�����
$YHUDJH�LPSDFW�HQHUJ\  �����N1P
6WDQGDUG�GHYLDWLRQ  �����N1P ��������

7HVWV�����
$YHUDJH�LPSDFW�HQHUJ\  �����N1P
6WDQGDUG�GHYLDWLRQ  �����N1P ��������
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7DEOH � 7KH WHVW SURJUDP� 1RWH WKDW LQ WHVWV ��� WKH QXPEHU RI WKH FRQQHFWLRQV RQO\
LQGLFDWHV WKH QXPEHU RI FDEOH FRQQHFWLRQ SRLQWV DORQJ WKH PDVW� ,Q DOO WKH FDVHV�
WKH FDEOHV ZHUH WLJKWO\ FRQQHFWHG DW WKH WRS DQG DW WKH EDVH�

7HVW
QXPEHU

&DEOHV &RQQHFWLRQV &DEOH�ORFDWLRQ

� 1R � �
� 1R � �
� 1R � �
� <HV � 2SSRVLWH�VLGH
� <HV 1R 2SSRVLWH�VLGH
� <HV 1R ,PSDFW�VLGH

)LJXUH � ([DPSOH RI D W\SLFDO LPSDFW IRUFH YV� FRQWDFW WLPH FXUYH �WHVW ���
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)LJXUH � ([DPSOH RI D W\SLFDO LPSDFW HQHUJ\ YV� FRQWDFW WLPH FXUYH �WHVW ���

)LJXUH � ([DPSOH RI D W\SLFDO KRUL]RQWDO DFFHOHUDWLRQ YV� FRQWDFW WLPH FXUYH �WHVW ���
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)LJXUH � ([DPSOH RI D W\SLFDO YHUWLFDO DFFHOHUDWLRQ YV� FRQWDFW WLPH FXUYH �WHVW ���

,Q�RUGHU�WR�GHWHUPLQH�ZKHWKHU�WKH�VLJQLILFDQW�GLIIHUHQFHV�LQ�LPSDFW�HQHUJLHV�DUH
SDUWO\�GXH�WR�WKH�YDULDWLRQV�LQ�YHORFLWLHV��WKH�HQHUJ\�YDOXHV�ZHUH�FRUUHFWHG�E\
UHIHUULQJ�WKHP�WR�WKH�YHORFLW\�RI�����NP�K��7KLV�ZDV�VLPSO\�GRQH�E\�DVVXPLQJ
WKDW�D�FHUWDLQ�NLQHWLF�HQHUJ\�� YHORFLW\�Y��DXWRPDWLFDOO\�OHDGV�WR�D�FHUWDLQ�LPSDFW
HQHUJ\�:

L
�VXEVFULSW�L�UHIHUV�WR�LPSDFW����7KLV�DVVXPSWLRQ�FDQ�EH�H[SUHVVHG�ZLWK

WKH�IRUPXOD

:  
Y

Y

�
:L

UHI
LUHI





 ���

ZKHUH�:
L UHI
LV�WKH��FRUUHFWHG��QHZ�LPSDFW�HQHUJ\���7KH�UHVXOWV�RI�WKLV�DSSURDFK

DUH�SUHVHQWHG�LQ�7DEOH�����)URP�WKH�UHVXOWV�LW�FDQ�EH�QRWLFHG�WKDW�WKH�VFDWWHU�LV
KDUGO\�UHGXFHG�DW�DOO��WKXV�SURYLQJ�WKDW�WKH�HIIHFW�RI�YHORFLW\�YDULDWLRQV�LV
QHJOLJLEOH�ZKHQ�ZLWKLQ�FHUWDLQ�OLPLWV���7KH�GLIIHUHQFHV�LQ�LPSDFW�HQHUJLHV�ZHUH
SUREDEO\�FDXVHG�E\�GLIIHUHQFHV�LQ�WKH�LQGLYLGXDO�PDVWV�DQG�E\�VOLJKWO\�YDU\LQJ
FRQGLWLRQV�LQ�HDFK�WHVW���7KLV�DOVR�PHDQV�WKDW�WKH�GLVFXVVLRQ�ODWHU�RQ�FDQ�EH
EDVHG�XSRQ�WKH�PHDVXUHG�YDOXHV��QRW�RQ�WKH�FRUUHFWHG�YDOXHV�
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7DEOH � ,PSDFW HQHUJLHV UHIHUUHG WR WKH UHIHUHQFH YHORFLW\ RI ��� NP�K� 7KH RULJLQDO
LPSDFW HQHUJLHV FDOFXODWHG IURP WKH PHDVXUHG GDWD DUH VKRZQ IRU FRQYHQLHQFH�

7HVW
QXPEHU

9HORFLW\
�SXOVH�FRXQW�
NP�K

,PSDFW�HQHUJ\
�PHDVXUHG�
N1P

,PSDFW�HQHUJ\
�UHIHUUHG�WR�����NP�K�

N1P

� ����� ���� ����
� ���
 ���� ����
� ����� ���� ����
� ����� ���� ����
� ����� ���� ����
� ����� ���� ����


�UDGDU�PHDVXUHPHQW

������)DLOXUH�PHFKDQLVPV

,Q�DOO�WKH�WHVWV�WKH�PDVWV�EURNH�LQ�D�IUDQJLEOH�PDQQHU���7\SLFDOO\�WKH�PDVWV�EURNH
LQWR�WZR�PDLQ�VHFWLRQV�DW�DERXW�������PHWHUV�DERYH�WKH�JURXQG�OHYHO���7KH�PDVWV
DOVR�EURNH�LQWR�VHYHUDO�VPDOOHU�VHFWLRQV�DQG�LQWR�VHSDUDWH�SDUWV�� �GLDJRQDOV��
7KLV�IDLOXUH�PHFKDQLVP�LV�FOHDUO\�GHPRQVWUDWHG�LQ�WKH�SLFWXUHV����DQG������7KH
VDPH�EHKDYLRXU�LV�VKRZQ�HYHQ�EHWWHU�LQ�WKH�KLJK�VSHHG�FDPHUD�UHFRUGLQJ
�$SSHQGL[�����8QIRUWXQDWHO\�WKHUH�DUH�RQO\�IHZ�LQIRUPDWLYH�SKRWRJUDSKV�RI�WKH
LPSDFW�LWVHOI��EHFDXVH�WKH�VWDQGDUG�FDPHUD�XVHG�ZDV�UDWKHU�VORZ�����

IUDPHV�VHF��FRPSDUHG�WR�WKH�YHU\�VKRUW�FRQWDFW�WLPH��≈�����VHF���,Q�VRPH�WHVWV
�HVSHFLDOO\�ZKHQ�WKH�FDEOHV�ZHUH�XVHG��SDUW�RI�WKH�GDPDJHG�PDVW�VKRZHG�D
WHQGHQF\�WR�ZUDS�DURXQG�WKH�ZLQJ�VHFWLRQ�RU�WR�JHW�VWXFN�ZLWK�WKH�WRUQ
DOXPLQLXP�VNLQ���7KH�SDUW�WKDW�ZUDSSHG�DURXQG��RU�EHQW�DURXQG��WKH�ZLQJ�ZDV
WKH��UHDU��SODQH�RI�WKH�ODWWLFH�VWUXFWXUH��L�H��WKH�WZR�YHUWLFDO�WXEHV�DQG�WKH
FRQQHFWLQJ�GLDJRQDOV�DW�WKH�RSSRVLWH�VLGH�RI�WKH�LPSDFW����7KH����NJ�ZHLJKW�DW
WKH�WRS�RI�WKH�PDVW�DOZD\V�IHOO�ZLWKLQ���RU���PHWHUV�IURP�WKH�EDVH�SODWH��,Q�WKH
ZLQJ�VHFWLRQV�WKH�GDPDJHV�ZKHUH�OLPLWHG�WR�WKH�OHDGLQJ�HGJH�DUHD��7KH�YHU\�WKLQ
����PP�VNLQ�ZDV�VHYHUHO\�GDPDJHG�EHWZHHQ�WKRVH�ULEV�ZKHUH�WKH�PDVW�ZDV�KLW�
'XH�WR�WKH�GLPHQVLRQV�RI�WKH�ZLQJ�DQG�WKH�PDVW��WKH�PDVW�ZDV�W\SLFDOO\�LPSDFWHG
VR�WKDW�WZR�RXW�RI�WKH�WKUHH�ULE�VHFWLRQV�� �D�VHFWLRQ�EHWZHHQ�WZR�ULEV��ZHUH�KLW
E\�WKH�PDVW�DQG�WKH�WKLUG�ULE�VHFWLRQ�UHPDLQHG�XQGDPDJHG�RU�VKRZHG
VXEVWDQWLDOO\�OHVV�GDPDJH�

,Q�DOO�WKH�ZLQJ�VHFWLRQV�WKH�SHQHWUDWLRQ�RI�WKH�PDVW�LQWR�WKH�ZLQJ�VWUXFWXUH�ZDV
VWRSSHG�EHIRUH�WKH�IURQW�VSDU�RU�E\�WKH�IURQW�VSDU��WKH�IURQW�VSDU�LV�WKH�ILUVW
VSDQZLVH��EHDP��LQ�WKH�ZLQJ�VWUXFWXUH��VHH�)LJXUH������7KH�IURQW�VSDU�DOZD\V
UHPDLQHG�LQWDFW���7KH�ZLQJ�VNLQ�ZDV�QRW�GDPDJHG�IXUWKHU�EDFN�IURP�WKH�IURQW
VSDU���/RFDO�EXFNOLQJ�RI�WKH�VNLQ�SDQHOV�RFFXUUHG�LQ�VRPH�FDVHV�ULJKW�EHKLQG�WKH
VSDU���7KH�ULYHWV�XVHG�IRU�ULYHWLQJ�WKH�VNLQ�WR�WKH�ULEV�LQ�WKH�GDPDJHG�DUHDV�ZHUH
PDLQO\�FXW�E\�VKHDU���2QO\�IHZ�RI�WKH�VNLQ�IURQW�VSDU�ULYHWV�IDLOHG�
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,Q�WKLV�FKDSWHU�RQO\�W\SLFDO�SLFWXUHV�RI�WKH�LPSDFW�DQG�RI�WKH�GDPDJHG�ZLQJ
VHFWLRQ�DUH�VKRZQ���$�IXOO�SKRWRJUDSKLF�GRFXPHQWDWLRQ�RI�DOO�WKH�WHVWV�FDQ�EH
IRXQG�LQ�$SSHQGL[���ZLWK�D�FRPSOHWH�VHW�RI�WKH�QXPHULFDO�UHVXOWV�

)LJXUH �� 0DVW � GXULQJ WKH LPSDFW�
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)LJXUH �� 5HPDLQV RI WKH PDVW � DIWHU WKH WHVW�

)LJXUH �� 'DPDJHG ZLQJ VHFWLRQ DIWHU WKH WHVW �� 7KH OHDGLQJ HGJH VNLQ
SDQHOV ZHUH VHYHUHO\ GDPDJHG EXW WKH LQQHU ORDG FDUU\LQJ VWUXFWXUH
UHPDLQHG LQWDFW�
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���',6&866,21

7KH�ILQDO�WHVW�UHVXOWV�KDYH�WR�EH�DQDO\VHG�XVLQJ�WZR�GLIIHUHQW�PHWKRGV��$W�ILUVW�E\
DQDO\VLQJ�WKH�QXPHULFDO�YDOXHV��PDLQO\�WKH�LPSDFW�HQHUJLHV��DQG�WKHQ�E\
LQVSHFWLQJ�WKRURXJKO\�WKH�SKRWRJUDSKLF�DQG�YLGHR�GRFXPHQWDWLRQ�WR�GHWHUPLQH
WKH�IDLOXUH�PHFKDQLVPV�DQG�WKH�H[WHQW�RI�IDLOXUH�

����1XPHULFDO�UHVXOWV

7KH�PRVW�LPSRUWDQW�LQWHUSUHWDWLRQ�RI�WKH�QXPHULFDO�GDWD�LV�ZKDW�WKH
FRQVHTXHQFHV�ZRXOG�EH�WR�D�UHDO�DLUFUDIW���2QH�RI�WKH�ULVNV�LV�WKDW�HYHQ�LI�WKH
DLUFUDIW�VXUYLYHG�WKH�FROOLVLRQ�ZLWKRXW�ORRVLQJ�LWV�VWUXFWXUDO�LQWHJULW\���LW�ZRXOG
ORRVH�VR�PXFK�RI�LWV�NLQHWLF�HQHUJ\�� �YHORFLW\��WKDW�LW�ZRXOG�VWDOO�RU�RWKHUZLVH
ORRVH�WKH�PDQRHXYUDELOLW\���7KH�ORVV�RI�YHORFLW\�FDQ�EH�WKHRUHWLFDOO\�GHULYHG�IURP
WKH�IDFW�WKDW�NLQHWLF�HQHUJ\�DIWHU�WKH�LPSDFW�LV�WKH�RULJLQDO�NLQHWLF�HQHUJ\�PLQXV
WKH�LPSDFW�HQHUJ\���7KLV�OHDGV�WR�D�VLPSOH�IRUPXOD�ZKHUH�WKH�FKDQJH�LQ�YHORFLW\

∆Y��L�H���WKH�YHORFLW\�ORVV��FDQ�EH�H[SUHVVHG�DV

∆Y Y Y �: �P� L�
�= − − ���

ZKHUH�Y
�
�LV�WKH�YHORFLW\�RI�WKH�LPSDFWRU�EHIRUH�WKH�LPSDFW��:

L
�WKH�PHDVXUHG

LPSDFW�HQHUJ\�DQG�P�WKH�PDVV�RI�DQ�LPDJLQDU\�DLUFUDIW�

,Q�WDEOH����YHORFLW\�DQG�HQHUJ\�ORVVHV�IRU�WZR�GLIIHUHQW�DLUFUDIW�ZHLJKW�FDWHJRULHV
DUH�SUHVHQWHG���,Q�WKH�ILUVW�FDVH��D�������NJ�DLUFUDIW��UHIHUULQJ�WR�WKH�,&$2�
UHTXLUHPHQWV��WKH�YHORFLW\�ORVV�LV�EHWZHHQ���DQG���NP�K��ZKLFK�FDQ�KDUGO\�EH
FRQVLGHUHG�FULWLFDO���7KH�RWKHU�FDVH���������NJ��ZDV�FDOFXODWHG�RQO\�WR
GHPRQVWUDWH�WKH�QHJOLJLEOH�HIIHFW�RI�IUDQJLEOH�PDVWV�RI�WKLV�W\SH�IRU�D�PHGLXP�
FODVV�SDVVHQJHU�WUDQVSRUW�DLUFUDIW��0'����VHULHV�RU�DQ�HTXLYDOHQW��
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7DEOH � 7KH ORVV RI WRWDO NLQHWLF HQHUJ\ DQG YHORFLW\ GXH WR WKH LPSDFW IRU WZR GLIIHUHQW

DLUFUDIW ZHLJKW FDWHJRULHV�

7HVW
QXPEHU

,PSDFW
HQHUJ\

(QHUJ\�ORVV 9HORFLW\�ORVV

������NJ �������NJ ������NJ �������NJ
N1P � � NP�K NP�K

� ���� ���� ���� ���� �����
� ���� ���� ���� ���� �����
� ���� ���� ���� ���� �����
� ���� ���� ���� ���� �����
� ���� ���� ���� ���� �����
� ���� ���� ���� ���� �����

7KH�UHVXOWV�VHHP�WR�EH�LQ�IDLU�DFFRUGDQFH�ZLWK�HDUOLHU�UHVXOWV���,I�WKH�LPSDFW
HQHUJLHV�PHDVXUHG�ZLWK�WKH�VROLG�LPSDFWRU�����DUH�UHIHUUHG�WR�WKH�YHORFLW\�OHYHO
RI����aNP�K�XVLQJ�HT�?������WKH\�JLYH�DQ�DYHUDJH�YDOXH�RI�����aN1P���7KH
GLIIHUHQFH�WR�WKH�SUHVHQW�FDVH�LV�H[SODLQHG�E\�KHDYLHU�PDVV�RQ�WRS�RI�WKH�PDVW
���aNJ�LQ�UHI�?��������7KLV�DFFRUGDQFH�LV�HQFRXUDJLQJ�VLQFH�LW�VKRZV�WKDW�WKH�WHVW
SURFHGXUH�XVHG�LV�DGHTXDWHO\�UHSHDWDEOH�GHVSLWH�WKH�UHDVRQDEO\�KLJK�VFDWWHU�
7KLV�LV�D�VLJQ�RI�UHOLDELOLW\�WKDW�DOVR�PDNHV�WKHVH�UHVXOWV�LQFUHDVLQJO\�XVHIXO�IRU�WKH
IUDQJLELOLW\�HYDOXDWLRQ�LQ�JHQHUDO���%DVHG�XSRQ�WKHVH�UHVXOWV��LW�LV�REYLRXV�WKDW
WKUHH�WHVWV�SHU�PDVW�FRQILJXUDWLRQ�VKRXOG�EH�D�PLQLPXP�UHTXLUHPHQW���,W�ZRXOG
EH�YHU\�GLIILFXOW�RU�PLVOHDGLQJ�WR�GUDZ�FRQFOXVLRQ�IURP�D�VPDOOHU�DPRXQW�RI�WHVWV�

7KH�UHVXOWV�SUHVHQWHG�LQ�WKH�WDEOH���DOVR�FOHDUO\�LQGLFDWH�WKDW�WKH�LPSDFW�HQHUJLHV
RI�WKH�PDVWV�ZLWK�FDEOHV�ZHUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�WKH�HQHUJLHV�PHDVXUHG�IRU
PDVWV�RQO\���7KH�DYHUDJH�YDOXHV�VKRZ�DQ�DOPRVW���?��LQFUHDVH�LQ�HQHUJ\�GXH�WR
FDEOHV���7KLV�LV�YHU\�OLNHO\�DQ�H[DJJHUDWHG�ILJXUH�VLQFH�LW�UHVXOWV�SDUWO\�IURP�WKH
YHU\�KLJK�VLQJOH�PHDVXUHG�YDOXHV�RI�WHVW�����+RZHYHU��WKLV�GLIIHUHQFH�LV�D�VLJQ�RI
D�GHILQLWH�WUHQG���1RW�FRXQWLQJ�WKH�ORZHVW�DQG�KLJKHVW�PHDVXUHPHQWV�UHGXFHV�WKH
GLIIHUHQFH�RQO\�WR�D���������?��OHYHO���,W�FDQ�QRW�EH�VDLG��ZKHWKHU�WKLV�GLIIHUHQFH
LV�GXH�WR�WKH�FDEOHV�RQO\���7KH�FRYHU�WXEH�PD\�DOVR�KDYH�DQ�HIIHFW�RI�VRPH
VLJQLILFDQFH�

$OWKRXJK�WKH�WHVWV�SURYHG�WR�JLYH�UHOLDEOH�UHVXOWV�DQG�D�JUHDW�GHDO�RI�YDOXDEOH
LQIRUPDWLRQ��RQH�PDMRU�SUREOHP�VWLOO�H[LVWV���,W�LV�QRW�NQRZQ�KRZ�WKHVH�WHVW�UHVXOWV
DSSO\�WR�GLIIHUHQW�PDVW�FRQILJXUDWLRQV���7KHUH�VKRXOG�EH�HVWDEOLVKHG�SURFHGXUHV�
FRPPRQO\�DSSURYHG�IRU��KRZ�WR�GHULYH�WKH�IUDQJLELOLW\�SURSHUWLHV�IURP�RQH�WHVW
VHULHV�IRU�D�ZKROH�IDPLO\�RI�VLPLODU�VWUXFWXUHV���7KH�DSSOLFDELOLW\�UDQJH�RI�RQH�WHVW
VHULHV�VKRXOG�DOVR�EH�GHWHUPLQHG���,W�LV�VWURQJO\�UHFRPPHQGHG�WKDW�UXOHV�RU
JXLGHOLQHV�IRU�WKLV�NLQG�RI�D�IUDQJLELOLW\�HYDOXDWLRQ�VKRXOG�EH�LQFOXGHG�LQ�WKH�QHZ
VWDQGDUG�UHJXODWLRQV���1DWXUDOO\��WKHVH�UXOHV�ZRXOG�DSSO\�RQO\�LQVLGH�D�FHUWDLQ
IDPLO\�RI�VWUXFWXUHV�ZKLFK�DUH�NQRZQ�WR�KDYH�WKH�VDPH�IDLOXUH�PHFKDQLVP���,W�KDV
WR�EH�SRLQWHG�RXW�WKDW�DOWKRXJK�UXOHV�DUH�UHTXLUHG��LW�LV�REYLRXV�WKDW�WRR�WLJKW
OLPLWV��H�J�?�IRU�WKH�DSSOLFDELOLW\�UDQJH�RI�WHVWV��ZRXOG�UHVXOW�LQ�D�GHYDOXDWLRQ�RI
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WKH�UHJXODWLRQV���7KH�DPRXQW�RI�WHVWV�UHTXLUHG��DQG�WKH�UHJXODWLRQV�LQ�JHQHUDO�
KDV�WR�EH�LQ�EDODQFH�ZLWK�WKH�UHVRXUFHV�DQG�FDSDELOLWLHV�RI�WKH�PDQXIDFWXUHUV�
&RPSOHWH�WHVWLQJ�RI�VHYHUDO�GLIIHUHQW�PDVW�VL]HV�DQG�FRQILJXUDWLRQV�ZRXOG�QRW�EH
D�UHDOLVWLF�UHTXLUHPHQW��VLQFH�IXOO�VFDOH�LPSDFW�WHVWV�DUH�H[WUHPHO\�H[SHQVLYH�
%HFDXVH�QR�UHJXODWLRQV�RI�WKLV�NLQG�H[LVW�VR�IDU��LW�LV�DVVXPHG�WKDW�WKH�UHVXOWV�RI
WKHVH�WHVWV�FDQ�EH�FRQVLGHUHG�WR�DSSO\�WR�DOO�([HO�DLUSRUW�PDVWV�RI�VLPLODU
VWUXFWXUH�

����)DLOXUH�PHFKDQLVPV

7KH�PRVW�LPSRUWDQW�UHVXOW�IURP�WKHVH�WHVWV�LQ�JHQHUDO�ZDV�WKH�IDFW�WKDW�WKH�WHVWHG
PDVWV�GLG�QRW��EUHDN�WKH�ZLQJ�VWUXFWXUH���$W�WKH�ILUVW�VLJKW�WKH�GDPDJHV�VXIIHUHG
E\�WKH�ZLQJ�VHFWLRQ�DSSHDUHG�WR�EH�TXLWH�VHYHUH���&ORVHU�LQVSHFWLRQ�VRRQ
UHYHDOHG��KRZHYHU��WKDW�WKH�ZLQJ�ORDG�FDUU\LQJ�VWUXFWXUH����WKH�IUDPH�ZRUN�RI
VSDUV�DQG�ULEV����ZDV�QRW�GDPDJHG�DW�DOO���7KH�DHURG\QDPLF�VKDSH�RI�D�QDUURZ
OHDGLQJ�HGJH�VHFWLRQ�ZDV�ORVW�ZLWK�WKH�FUXVKHG�OHDGLQJ�HGJH�SDQHOV���7KH
WRUVLRQDO�VWLIIQHVV�ZDV�DOVR�VOLJKWO\�UHGXFHG�VLQFH�WKLV�QRVH�VHFWLRQ�IRUPV�D�SDUW�RI
WKH�ZLQJ�WRUVLRQ�ER[���7KH�HIIHFW�RI�WKLV�UHGXFWLRQ�LV�PLQLPDO���:KDW�LV�PRUH
LPSRUWDQW��WKH�FDSDELOLW\�RI�WKH�VWUXFWXUH�WR�FDUU\�EHQGLQJ�DQG�VKHDU�ORDGV�ZDV
QRW�DIIHFWHG�DW�DOO�

7KH�IDLOXUH�PHFKDQLVP�RI�WKH�PDVWV�FRXOG�EH�GHVFULEHG�DV�IUDQJLEOH��7\SLFDOO\
WKH�PDVWV�EURNH�DZD\��OHDYLQJ�QR�RU�RQO\�PLQRU�SDUWV�RI�WKH�PDVW�DWWDFKHG�WR�WKH
GDPDJHG�ZLQJ���7KH�PD[LPXP�ZHLJKW�RI�WKH�SDUWV�OHIW�KDQJLQJ�IURP�WKH�ZLQJ�
ZDV�EHWZHHQ��a��a�aNJ��DERXW����aNJ�P����7KHVH�VWUXFWXUDOO\�GDPDJHG�
SDUWO\�GLVLQWHJUDWHG�UHPDLQV�RI�WKH�PDVW�FDQ�KDUGO\�EH�FRQVLGHUHG�DV�D�ULVN���,I
WKH�SDUWV�KDQJLQJ�IURP�WKH�ZLQJ�WHQGHG�WR�JHW�VWXFN�WR�DQRWKHU�PDVW�LQ�WKH�OLQH�
LW�ZRXOG�PRVW�OLNHO\�OHDG�WR�D�FRPSOHWH�GLVLQWHJUDWLRQ�RI�WKRVH�SDUWV��ZLWK
PLQLPXP�IXUWKHU�GDPDJH�H�DQG�YHORFLW\�ORVV�WR�WKH�DLUFUDIW�

,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�ZUDSSLQJ�WHQGHQF\�WKDW�RFFXUUHG�HVSHFLDOO\�ZLWK�WKH
PDVWV�ZLWK�FDEOHV��ZDV�QRW�FULWLFDO�EXW�VKRXOG�EH�UHPRYHG��3DUWO\�WKH�ZUDSSLQJ
ZDV�FDXVHG�E\�WKH�FDEOHV��DQG�WKH�FRYHU�WXEH��ZKLFK�GLG�QRW�DOZD\V�EUHDN�DV
ZDQWHG���7KLV�FDQ�EH�DYRLGHG�ZLWK�DGGLWLRQDO�FRQQHFWLRQ�SRLQWV�LQ�WKH�FDEOH�

$QRWKHU�UHDVRQ�WR�WKH�ZUDS�DURXQG�ZDV�WKH�FRPSRVLWH�VWUXFWXUH�LWVHOI��7KLV�ZDV
GHWHFWHG�HVSHFLDOO\�LQ�WHVW�����/RQJLWXGLQDO�VSOLWWLQJ�RI�WKH�FRPSRVLWH�VWUXFWXUH�LQ
WKH�YHUWLFDO�WXEHV�SUHYHQWHG�WKH�FXW�WKURXJK�RI�WKH�WXEHV�DW�WKH�RSSRVLWH�VLGH�RI
WKH�LPSDFW���,W�KDV�EHHQ�DVVXPHG�WKDW�D�VPDOO�FKDQJH�LQ�WKH�WXEH�VWUXFWXUH�ZRXOG
WXUQ�WKH�FUDFN�JURZWK�LQ�WKH�WXEH�ZDOO�SDUWO\�LQ�WUDQVYHUVH�GLUHFWLRQ��WKXV�KHOSLQJ
WKH�YHUWLFDO�WXEHV�WR�FXW�DSDUW�PRUH�HDVLO\��LQ�FDVH�RI�D�VXGGHQ�LPSDFW�
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���&21&/86,216

7KHVH�LPSDFW�WHVWV�RI�([HO�DSSURDFK�OLJKW�PDVWV�FOHDUO\�VKRZHG�WKDW�LPSDFW
HQHUJLHV�H[SHULHQFHG�DW�WKH�FROOLVLRQ�RI�DQ�DLUFUDIW�ZLQJ�ZLWK�DQ�([HO�PDVW�DUH
UHODWLYHO\�VPDOO�LQ�UHODWLRQ�WR�WKH�NLQHWLF�HQHUJ\�DQG�YHORFLW\�RI�WKH�DLUFUDIW���(YHQ
LQ�WKH�PRVW�FULWLFDO�ZHLJKW�FODVV�������NJ���WKH�WKHRUHWLFDO�YHORFLW\�ORVV�ZDV�IRXQG
WR�EH�OHVV�WKDQ��aNP�K��SURYLGHG�WKDW�WKH�YHORFLW\�LV�DERXW����aNP�K����)RU
KHDYLHU�DLUFUDIW�WKH�YHORFLW\�ORVV�ZRXOG�EH�QHJOLJLEOH���$�YHORFLW\�ORVV�RI�WKLV
PDJQLWXGH�LV�IDU�IURP�FULWLFDO�DQG�FDQQRW�VWDOO�DQ�DLUFUDIW��QRW�HYHQ�LQ�WDNH�RII�RU
ODQGLQJ�

6RPHZKDW�KLJKHU�LPSDFW�HQHUJLHV�ZHUH�PHDVXUHG�IRU�WKH�PDVWV�ZLWK�FDEOHV�
DOWKRXJK�WKH�HQHUJ\�OHYHO�ZDV�VWLOO�UHDVRQDEO\�ORZ���7KH�FDEOHV�DOVR�VHHPHG�WR
LQFUHDVH�WKH�WHQGHQF\�RI�WKH�PDVW�WR�ZUDS�DURXQG�WKH�ZLQJ��7KLV�LQGLFDWHV�WKDW
EHWWHU�IDLOXUH�PHFKDQLVPV�IRU�WKH�FDEOHV�DQG�PRUH�VXLWDEOH�FRYHU�WXEHV�VKRXOG
EH�GHYHORSHG�RU�DOWHUQDWLYH�DSSURDFKHV�VKRXOG�EH�WDNHQ���)RU�WKH�WLPH�EHLQJ�
WKH�SUREOHP�FDQ�EH�GHDOW�ZLWK�DGHTXDWHO\�E\�XVLQJ�EUHDN�DZD\�SRLQWV�LQ�WKH
FDEOHV�DQG�FRYHU�WXEHV��EXW�D�PRUH�IDYRXUDEOH�VROXWLRQ�VKRXOG�EH�VRXJKW�DIWHU�
7KH�SRVVLELOLW\�WR�IXUWKHU�LPSURYH�WKH�IDLOXUH�PHFKDQLVP�RI�WKH�PDVW�LWVHOI�E\
FKDQJLQJ�WKH�WXEH�VWUXFWXUH�KDV�WR�EH�WKRURXJKO\�LQYHVWLJDWHG�

7KH�GDPDJHV�FDXVHG�WR�WKH�ZLQJ�VHFWLRQV�E\�WKH�LPSDFW�ZHUH�PDLQO\�VXSHUILFLDO�
7KH�OHDGLQJ�HGJH�VHFWLRQ�FRYHUHG�RQO\�ZLWK�����PP�DOXPLQLXP�VNLQ�ZDV
GDPDJHG�LQ�WKH�QDUURZ�VHFWLRQ��ZKHUH�WKH�PDVW�ZDV�KLW���7KH�IURQW�VSDU�DQG�WKH
ORDG�FDUU\LQJ�VWUXFWXUH�IXUWKHU�EDFN�ZHUH�QRW�GDPDJHG�DW�DOO���,W�FDQ�EH
FRQFOXGHG�WKDW�WKH�FDSDELOLW\�RI�WKH�ZLQJ�WR�FDUU\�DHURG\QDPLF�ORDGV�ZDV�QRW
UHGXFHG���)URP�D�VWUXFWXUDO�SRLQW�RI�YLHZ��LW�LV�HYLGHQW�WKDW�DQ�DLUFUDIW��HYHQ�LQ�WKH
PRVW�FULWLFDO�FDWHJRU\��GDPDJHG�E\�D�FROOLVLRQ�ZLWK�WKH�WHVWHG�PDVWV�GXULQJ�WKH
DSSURDFK��ZRXOG�EH�DEOH�WR�FRQWLQXH�IO\LQJ�DQG�PDNH�D�VDIH�ODQGLQJ���,Q�WKH
VFRSH�RI�WKHVH�UHVXOWV��LW�DOVR�VHHPV�WKDW�LQ�FDVH�RI�D�FROOLVLRQ�DW�WKH�WDNH�RII��WKH
DLUFUDIW�ZRXOG�EH�DEOH�WR�JHW�PRUH�KHLJKW��WXUQ�EDFN�DQG�ODQG�VDIHO\�

7KH�YLGHR�WDSH�EDVHG�RQ�WKH�KLJK�VSHHG�FDPHUD�ILOP�DQG�WKH�SKRWRJUDSKV��DUH
DQ�H[WUHPHO\�LPSRUWDQW�DLG�LQ�HYDOXDWLRQ�RI�WKH�IUDQJLELOLW\�RI�WKH�([HO�PDVWV�
:LWK�WKH�H[SHULHQFH�RI�DOO�WKH�WHVWV�SHUIRUPHG�ZLWK�([HO�PDVWV��LW�FDQ�EH�VDLG�WKDW
QR�GHFLVLRQV�FRQFHUQLQJ�WKH�IUDQJLELOLW\�RI�D�VLQJOH�PDVW�W\SH�RU�IUDQJLELOLW\�LQ
JHQHUDO�VKRXOG�EH�EDVHG�XSRQ�QXPHULFDO�GDWD�RQO\���7KH�SKRWRJUDSKV�DQG�WKH
YLGHR�WDSH�RI�WKHVH�WHVWV�PD\�SURYH�WR�EH�XVHIXO�DOVR�IRU�WKH�)UDQJLELOLW\�6WXG\
*URXS�

)URP�WKHVH�UHVXOWV�DQG�IURP�WKH�UHFRUGHG�IDLOXUH�PHFKDQLVPV�RI�WKH�PDVWV�LWVHOI�
LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�WHVWHG�([HO�PDVWV�DUH�IUDQJLEOH�VWUXFWXUHV�WKDW�FRXOG
UHPDUNDEO\�LQFUHDVH�DYLDWLRQ�VDIHW\�
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7KH�IUDQJLELOLW\�LV�WKH�PRVW�LPSRUWDQW�UHTXLUHPHQW�FRQFHUQLQJ�WKH�PDVWV�XVHG�IRU
DLUSRUW�DSSURDFK�OLJKWLQJ�LQ�DGGLWLRQ�WR�WKH�VWUXFWXUDO�UHTXLUHPHQWV���7KH�PDVWV
DUH�UHTXLUHG�WR�KDYH�VSHFLDO�EUHDN�DZD\�SRLQWV�RU�EXLOW�LQ�IUDQJLELOLW\��VR�WKDW�LI
LPSDFWHG�E\�DQ�DLUFUDIW��WKH�PDVW�ZRXOG�IDLO�ZLWKRXW�VHULRXV�GDPDJH�WR�WKH
DLUFUDIW�

,Q�WKHVH�WHVWV�WKH�IUDQJLELOLW\�RI�([HO�DLUSRUW�DSSURDFK�OLJKW�PDVWV�ZDV�HYDOXDWHG�
7KH�PDVWV�ZHUH�RI�FRPSRVLWH�ODWWLFH�VWUXFWXUH���7KH�WHVWV�ZHUH�SHUIRUPHG�E\
LPSDFWLQJ�([HO�PDVWV�RI�D�W\SLFDO�FRQILJXUDWLRQ�ZLWK�DQ�DLUFUDIW�ZLQJ�VHFWLRQ���6L[
PDVWV�ZHUH�WHVWHG���'XULQJ�WKH�LPSDFW��FULWLFDO�SDUDPHWHUV�OLNH�LPSDFW�HQHUJ\�
LPSDFW�IRUFH��FRQWDFW�WLPH�DQG�LPSDFWRU�YHORFLW\�ZHUH�PHDVXUHG���7KH�WHVWV�ZHUH
DOVR�GRFXPHQWHG�XVLQJ�D�KLJK�VSHHG�FDPHUD��VHYHUDO�VWDQGDUG�FDPHUDV�DQG�D
YLGHR�FDPHUD�IRU�ODWHU�HYDOXDWLRQ�

7KH�WHVWV�VKRZHG�WKDW�WKH�LPSDFW�GDPDJHG�RQO\�WKH�OHDGLQJ�HGJH�VNLQ�SDQHOV�RI
WKH�ZLQJ�VHFWLRQ���7KH�ORDG�FDUU\LQJ�ZLQJ�VWUXFWXUH�ZDV�QRW�GDPDJHG���7KH
GHWHUPLQHG�LPSDFW�HQHUJLHV�SURYHG�WR�EH�UHDVRQDEO\�ORZ�LQ�UHODWLRQ�WR�WKH
NLQHWLF�HQHUJ\�DQG�YHORFLW\�HYHQ�IRU�WKH�PRVW�FULWLFDO�PLQLPXP�ZHLJKW�FDWHJRU\
DLUFUDIW���7KLV�UHVXOWV�LQ�D�YHU\�VPDOO�YHORFLW\�ORVV�VXIIHUHG�E\�WKH�DLUFUDIW�DW�WKH
LPSDFW���7KH�IDLOXUH�PHFKDQLVP�RI�WKH�PDVW�ZDV�IRXQG�WR�EH�RI�IUDQJLEOH�QDWXUH
DOWKRXJK�VRPH�WHQGHQFLHV�IRU�WKH�PDVW�WR�ZUDS�DURXQG�WKH�ZLQJ�ZDV�GHWHFWHG�
7KLV�EHKDYLRXU�ZDV�QRW�FRQVLGHUHG�WR�EH�FULWLFDO��EHFDXVH�RI�WKH�PDUJLQDO�PDVV
DQG�WKH�GLVLQWHJUDWHG�QDWXUH�RI�WKH�SDUWV�ZUDSSHG�DURXQG�WKH�ZLQJ�
5HFRPPHQGDWLRQV�ZHUH�PDGH�IRU�FKDQJHV�LQ�WKH�PDVW�VWUXFWXUH�WR�SUHYHQW�WKLV
EHKDYLRXU�

,W�ZDV�FRQFOXGHG�WKDW�LQ�WKHVH�WHVWV�([HO�PDVWV�SURYHG�WR�EH�IUDQJLEOH�LQ�FDVH�RI
D�VXGGHQ�LPSDFW���,W�ZDV�DOVR�XQGHUVWRRG�WKDW�WKH�UHVXOWV�IURP�WKHVH�WHVWV�LQ
JHQHUDO�ZRXOG�EH�XVHIXO�WR�WKH�)UDQJLELOLW\�$LG�6WXG\�*URXS�ZRUNLQJ�IRU�,&$2�WR
VHW�XS�QHZ�IUDQJLELOLW\�UHJXODWLRQV�IRU�DOO�DLUSRUW�PDVWV�
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���5()(5(1&(6

��� (HUR�6DOOLQHQ�DQG�0DUNNX�9DKWHUL��+RUL]RQWDO�,PSDFW�7HVWV�RQ
$SSURDFK�/LJKW�0DVWV��7HVW�5HSRUW��1HVWH�&RUSRUDWH�5	'��0DWHULDOV
5HVHDUFK�'HSDUWPHQW��)LQODQG������

��� -��2OWKRII��,PSDFW�7HVWLQJ�RI�D�)XOO�6FDOH�)UDQJLEOH
$SSURDFK�/LJKWLQJ�6WUXFWXUH��1/5�&RQWUDFW�5HSRUW��1DWLRQDO�$HURVSDFH
/DERUDWRU\�1/5��7KH�1HWKHUODQGV�

��� *|UDQ�(ULNVVRQ��+RUL]RQWDO�,PSDFW�7HVWV�RQ�$SSURDFK�/LJKW
0DVWV��7HVW�5HSRUW��6ZHGLVK�%RDUG�RI�&LYLO�$YLDWLRQ��7HFKQLFDO
'HSDUWPHQW��6ZHGHQ�������

��� &��'HYDVHQDSDWK\��1HZ�6SHFLILFDWLRQV�IRU�1DYLJDWLRQDO�$LGV
:LOO�,QFOXGH�%XLOW�LQ��%UHDN�DZD\��RU�)DLOXUH�0HFKDQLVP��,&$2�-RXUQDO�
-XQH������
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$����5HVXOWV�IURP�WKH�WHVW��

)LJXUH $��� ,PSDFW IRUFHV YV� FRQWDFW WLPH�

)LJXUH $��� ,PSDFW HQHUJ\ YV� FRQWDFW WLPH
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)LJXUH $��� 7HVW ZLQJ VHFWLRQ LPPHGLDWHO\ DIWHU WKH LPSDFW� 3DUW RI RQH VLGH RI WKH PDVW
UHPDLQHG KDQJLQJ IURP WKH ZLQJ� ,Q WKLV FDVH LW ZDV FRPSOHWHO\ ORRVH� LW GLG QRW
JHW VWXFN� 1RWH WKDW WKH SHQHWUDWLRQ KDV VWRSSHG DW WKH IURQW VSDU DQG WKDW LQ WKH
RXWPRVW ULE VHFWLRQ HYHQ WKH WKLQ VNLQ SDQHOV UHPDLQ XQGDPDJHG�

)LJXUH $��� 7KH ORZHU VHFWLRQ RI WKH FROODSVHG PDVW� 7KH PDVW ZDV FXW Q WKH PLGGOH DW WKH
LPSDFW VLGH DQG DOPRVW DW WKH EDVH DW WKH RWKHU VLGH� ,W DOVR EURNH LQWR WZR SDUWV
ORQJLWXGLQDOO\ ZKLFK FDQ EH VHHQ DOVR IURP WKH SUHYLRXV SLFWXUH� 1RWH WKH IDOOHQ
ZHLJKW LQ WKH XSSHU OHIW FRUQHU�
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)LJXUH $��� 7KH GDPDJHV FDXVHG WR WKH ZLQJ DUH FOHDUO\ YLVLEOH LQ WKLV SLFWXUH� 7KH ��� PP
VNLQ KDV EHHQ WRUQ DQG FUXVKHG� EXW WKH IURQW VSDU KDV QRW EHHQ WRXFKHG� 7KH RQO\
GDPDJHV IXUWKHU EDFN DUH WKH VPDOO EXFNOH LQ WKH ULJKWPRVW SDQHO DQG WKUHH ORRVH
ULYHWV �ULE�VNLQ MRLQW LQ WKH PLGGOH��
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$����5HVXOWV�IURP�WKH�WHVW��

)LJXUH $��� ,PSDFW IRUFHV YV� FRQWDFW WLPH�

)LJXUH $��� ,PSDFW HQHUJ\ YV� FRQWDFW WLPH�
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)LJXUH $��� 7KH RXWPRVW ULE VHFWLRQ ZDV FUXVKHG DV LQ WHVW �� EXW D IHZ ULYHWV IURP WKH
VNLQ�IURQW VSDU MRLQW ZHUH FXW� $OVR WKH RWKHU WZR ULE VHFWLRQV ZHUH WRUQ DSDUW IURP
WKH ULEV E\ ORQJ VSOLW ILEUHV RI WKH µUHDUµ � RSSRVLWH VLGH WR WKH LPSDFW� YHUWLFDO
PDVW WXEHV� 7KLV ZDV WKH RQO\ WHVW ZKHQ WKLV RFFXUUHG�

)LJXUH $���� 7KH PDVW EURNH LQWR WZR PDLQ VHFWLRQV DQG LQWR QXPHURXV VHSDUDWH SDUWV�
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)LJXUH $���� 7KH XQLTXH IDLOXUH PRGH RI WKLV WHVW LV FOHDUO\ YLVLEOH� 7KH IURQW VSDU ZDV QRW
GDPDJHG GHVSLWH WKH FXW ULYHWV�
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$����5HVXOWV�IURP�WKH�WHVW��

)LJXUH $���� ,PSDFW IRUFHV YV� FRQWDFW WLPH�

)LJXUH $���� ,PSDFW HQHUJ\ YV� FRQWDFW WLPH�
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)LJXUH $���� 7KH PDVW ZDV FXW WKURXJK E\ WKH LPSDFWRU� 7KH XSSHU SDUW EURNH LQWR VHYHUDO SDUWV
DQG WKH ORZHU VHFWLRQ VXIIHUHG D WRWDO FROODSVH ZKHQ WKH YHUWLFDO WXEHV ZHUH EHQW
DW WKH URRW DQG PRVW RI WKH GLDJRQDOV FDPH ORRVH� 7KLV LV D YHU\ JRRG H[DPSOH RI
WKH IUDQJLEOH EHKDYLRXU RI WKH PDVWV�
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)LJXUH $���� 7KH ��� PP ZLGH PDVW KLW WKH ZLQJ VHFWLRQ ZLWK ��� PP ULE VSDFLQJ VR� WKDW WKH
YHUWLFDOV PHW WKH OHDGLQJ HGJH MXVW RQ WKH RXWHU VLGHV RI WKH ULEV LQ WKH PLGGOH�
'XH WR WKLV� DOO WKH WKUHH OHDGLQJ HGJH SDQHOV ZHUH GDPDJHG ZKHQ WKH GLDJRQDOV
KLW WKH ULE VHFWLRQ LQ WKH PLGGOH� $JDLQ WKH GDPDJHV ZHUH OLPLWHG WR WKH DUHD LQ
IURQW RI WKH IURQW VSDU�
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$����5HVXOWV�IURP�WKH�WHVW��

)LJXUH $���� ,PSDFW IRUFHV YV� FRQWDFW WLPH

)LJXUH $���� ,PSDFW HQHUJ\ YV� FRQWDFW WLPH
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)LJXUH $�� �� 0DVW � ZDV WKH ILUVW RQH ZLWK FDEOHV� 7KH PDVW VKRZHG D WHQGHQF\ WR ZUDS
DURXQG EHFDXVH QHLWKHU RI WKH UHDU YHUWLFDOV ZDV FXW E\ WKH LPSDFWRU�

)LJXUH $���� 7KH FDEOHV DQG WKH FRYHU WXEHV ZHUH FXW E\ WKH LPSDFWRU DV FDQ EH VHHQ�
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)LJXUH $���� 'DPDJHV ZHUH YHU\ VLPLODU WR WHVW � H[FHSW D VOLJKW EHQGLQJ RI WKH ULE DQG WKH
GHIRUPDWLRQ LQ WKH XSSHU ULJKW FRUQHU� 7KH ODWWHU ZDV FDXVHG E\ D VLQJOH GLDJRQDO
WKDW ZDV VWLOO DWWDFKHG WR WKH YHUWLFDO WXEH ZKHQ LW EHQW RYHU WKH ZLQJ�
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$����5HVXOWV�IURP�WKH�WHVW��

)LJXUH $���� ,PSDFW IRUFHV YV� FRQWDFW WLPH�

)LJXUH $���� ,PSDFW HQHUJ\ YV� FRQWDFW WLPH�



5HYLVLRQ �
,03$&7 7(676 2) (;(/ 0$676 �������

)7HVW5HS�GRF

3DJH �� ����

)LJXUH $���� 6LGH YLHZ RI WKH GDPDJHG ZLQJ� 'DPDJHV DUH YHU\ VLPLODU WR WKRVH RI WHVWV � DQG
�� 7KH EHKDYLRXU RI WKH PDVW ZDV DOPRVW LGHQWLFDO WR WKH WHVW � �QRW VKRZQ��
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)LJXUH $���� $V VHHQ DOUHDG\ IURP WKH SUHYLRXV SLFWXUH WKLV D YHU\ W\SLFDO H[DPSOH RI WKH ZLQJ
VHFWLRQ RI WKHVH WHVWV� WZR FUXVKHG OHDGLQJ HGJH VHFWLRQV� WKH QH[W ULE VHFWLRQ LQ
SHUIHFW FRQGLWLRQ DQG WKH IURQW VSDU LQWDFW� ,W LV REYLRXV WKDW DQ DLUFUDIW ZLWK WKLV
NLQG RI GDPDJH ZRXOG VWLOO EH DEOH WR IO\� 7KH IDFW WKDW WKLV ZLQJ VHFWLRQ VXIIHUHG
WKH KLJKHVW LPSDFW HQHUJ\� FRXOG QRW EH GHWHFWHG LQ WKH SRVW�LPSDFW LQVSHFWLRQ�
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$����5HVXOWV�IURP�WKH�WHVW��

)LJXUH $���� ,PSDFW IRUFHV YV� FRQWDFW WLPH�

)LJXUH $���� ,PSDFW HQHUJ\ YV� FRQWDFW WLPH�
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)LJXUH $���� ,Q WHVW � WKH PDVW VWUXFWXUH DFWHG OLNH LQ WHVWV � DQG � EXW WKH FDEOHV DQG WKH
FRYHU WXEH IDLOHG WR FXW� ,Q WKLV WHVW WKH\ ZHUH ORFDWHG DW WKH VLGH RI WKH LPSDFW�
)URP WKH KLJK VSHHG FDPHUD UHFRUGLQJ LW FDQ EH VHHQ WKDW WKLV LV DOVR WKH VLGH RI
FRPSUHVVLYH ORDGLQJ� ZKLFK LV D SRVVLEOH UHDVRQ WR WKLV FDEOH EHKDYLRXU� ,W FDQ EH
VHHQ WKDW DJDLQ LW ZDV WKH µUHDUµ SODQH RI WKH ODWWLFH VWUXFWXUH WKDW EHQW DURXQG WKH
ZLQJ VHFWLRQ�
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)LJXUH $���� 7KH ORZHU VHFWLRQ RI WKH EURNHQ PDVW ZDV OHIW VRPHZKDW VKRUWHU LQ WKLV WHVW� 7KH
PDVW WRS ZHLJKW LV DJDLQ YLVLEOH LQ WKH XSSHU ULJKW FRUQHU�




