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DISCLAIMER
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States Government.  Neither the United States Government nor any agency thereof, nor
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nor any of its subcontractors, makes any warranty, expressed or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or usefulness of any
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infringe privately owned rights.  Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof.  The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government
or any agency thereof.

Available to the public from the National Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161.  Phone orders
accepted at (703) 487-4650.
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����� 3&'�7HPSHUDWXUHV�'XULQJ�(OHPHQW�)DLOXUH�RI�6HSWHPEHU��������������������������������
������ 3&'�7HPSHUDWXUHV�'XULQJ�&RDO�)HHGHU�8SVHW�RQ�1RYHPEHU���������������������������
������ %URNHQ�&RRUV�)LOWHUV�$IWHU�7UDQVLHQW�RI�1RYHPEHU���������������������������������������������
������ /RFDWLRQ�RI�%URNHQ�)LOWHUV�$IWHU�7UDQVLHQW�RI�1RYHPEHU�������� ���������������������������
������ /RFDWLRQ�RI�,QVWUXPHQWHG�)LOWHU�(OHPHQWV�RI�$SULO������������������������������������������������
������ 3&'�7HPSHUDWXUHV�'XULQJ�&DQGOH�)DLOXUHV�RI�$SULO��������������������������������������������
������ %URNHQ�&RRUV�)LOWHU�(OHPHQW�+DQJLQJ�)URP�7KHUPRFRXSOH �����������������������������������
������ 3UREDEOH�$[LDO�7HQVLOH�6WUHVV�6WUDLQ�5HVSRQVHV�IRU

&RRUV�3����$���)LOWHU�(OHPHQW��������������������������������������������������������������������������������������
������ 7KHUPDO�([SDQVLRQ�RI�&RRUV�3����$���)LOWHU�(OHPHQW���������������������������������������������
������ &XWWLQJ�3ODQ�IRU�2�5LQJ�7HVWLQJ�RI�&RRUV�)LOWHU���������������������������������������������������������
������ +RRS�7HQVLOH�6WUHQJWK�RI�&RRUV�3����$�� ������������������������������������������������������������������
������ &UDFN�3URSRJDWLQJ�7KURXJK�+RRS�7HQVLOH�6SHFLPHQV�RI

&RRUV�)LOWHU�(OHPHQW�.&��� ������������������������������������������������������������������������������������������
������ 'LDJUDP�RI�&UDFNV�LQ�%URNHQ�&RRUV�3�����$��(OHPHQW�.&��� �����������������������������
������ $SSUR[LPDWH�/RFDWLRQV�RI�,'�DQG�2'�7KHUPRFRXSOHV��������������������������������������������
������ 7KHUPRFRXSOHV�RQ�3DOO�DQG�&RRUV�)LOWHU�(OHPHQWV ����������������������������������������������������
������ %URNHQ�)LOWHUV�$IWHU�6WDUW�8S�RQ�$SULO��������������������������������������������������������������������
������ 3DOO�)LOWHU�(OHPHQW�7KHUPRFRXSOH�5HVSRQVH�RQ�$SULO�����������������������������������������
������ 7KHUPDO�([SDQVLRQ�RI�9DULRXV�&HUDPLF�)LOWHU�0DWHULDOV �������������������������������������������
������ $[LDO�7HQVLOH�6WUHVV�6WUDLQ�5HVSRQVH�RI�9DULRXV�&HUDPLF

)LOWHU�0DWHULDO ��������������������������������������������������������������������������������������������������������������������
������ 7KHUPDO�&RQGXFWLYLW\�RI�&RRUV��3DOO��DQG�6FKXPDFKHU

)LOWHU�(OHPHQWV ������������������������������������������������������������������������������������������������������������������
������ 65,�)ODW�3ODWH�7KHUPDO�0RGHO ����������������������������������������������������������������������������������������
������ &DOFXODWHG�7KHUPDO�*UDGLHQW�)URP�65,�)ODW�3ODWH�0RGHO �����������������������������������������
������ $16<6�)LQLWH�(OHPHQW�0RGHO�RI�)LOWHU�(OHPHQW��������������������������������������������������������
������ 7KHUPDO�*UDGLHQW�$SSOLHG�WR�´+RW�6SRWµ��������������������������������������������������������������������
������ 5HVXOWV�RI�$16<6�0RGHO�IRU�&RRUV�)LOWHU �������������������������������������������������������������������
������ 5HVXOWV�RI�$16<6�0RGHO�IRU�6FKXPDFKHU�7)���)LOWHU����������������������������������������������
������ *UDGLHQW�&DOFXODWHG�E\�$16<6�IRU�&RRUV��3DOO��DQG�6FKXPDFKHU

)LOWHU�(OHPHQWV ������������������������������������������������������������������������������������������������������������������

����� &������6\VWHP�3URILOH ������������������������������������������������������������������������������������������������������
����� 6WDUW�8S�%UXQHU�)ORZ�7HPSHUDWXUH�������������������������������������������������������������������������������
����� 6\VWHP�3UHVVXUHV�'RZQVWUHDP�RI�3&'�������������������������������������������������������������������������
����� 7RWDO�*DV�,Q�2XW�)ORZ�5DWHV �����������������������������������������������������������������������������������������
����� 5HDFWRU�0L[LQJ�=RQH�DQG�5LVHU�7HPSHUDWXUH���������������������������������������������������������������
����� 6WDQGSLSH�7HPSHUDWXUHV ���������������������������������������������������������������������������������������������������
����� &\FORQH�'LSOHJ�7HPSHUDWXUHV �����������������������������������������������������������������������������������������
����� 7HPSHUDWXUH�3URILOHV�'RZQVWUHDP�RI�5HDFWRU �������������������������������������������������������������
����� 5HDFWRU�3UHVVXUH�5LVHU�'LIIHUHQWLDO�3UHVVXUH�3URILOHV �������������������������������������������������
������ 6WDQGSLSH�'LIIHUHQWLDO�3UHVVXUH�3URILOHV�������������������������������������������������������������������������
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7KLV�UHSRUW�GLVFXVVHV�WHVW�FDPSDLJQ�7&���RI�WKH�.HOORJJ�%URZQ�	�5RRW��.%5���WUDQVSRUW
UHDFWRU�WUDLQ�ZLWK�D�6LHPHQV�:HVWLQJKRXVH�SDUWLFOH�ILOWHU�V\VWHP�DW�WKH�3RZHU�6\VWHPV
'HYHORSPHQW�)DFLOLW\��36')��ORFDWHG�LQ�:LOVRQYLOOH��$ODEDPD���7KH�WUDQVSRUW�UHDFWRU�LV�DQ
DGYDQFHG�FLUFXODWLQJ�IOXLGL]HG�EHG�UHDFWRU�GHVLJQHG�WR�RSHUDWH�DV�HLWKHU�D�FRPEXVWRU�RU�D
JDVLILHU�XVLQJ�RQH�RI�WZR�SRVVLEOH�KRW�JDV�FOHDQ�XS�ILOWHU�WHFKQRORJLHV��SDUWLFXODWH�FRQWURO
GHYLFH�WHFKQRORJ\�RU�3&'V����7KH�WUDQVSRUW�UHDFWRU�ZDV�RSHUDWHG�DV�D�SUHVVXUL]HG�FRPEXVWRU
GXULQJ�7&���

7KH�REMHFWLYHV�RI�WKH�36')�DUH�WR�

�� 'HYHORS�DGYDQFHG�FRDO�ILUHG�SRZHU�JHQHUDWLRQ�WHFKQRORJLHV�WKURXJK�WHVWLQJ�DQG
HYDOXDWLRQ�RI�KRW�JDV�FOHDQ�XS�V\VWHPV�DQG�RWKHU�PDMRU�FRPSRQHQWV�DW�WKH�SLORW
VFDOH�

�� $VVHVV�DQG�GHPRQVWUDWH�WKH�SHUIRUPDQFH�RI�WKH�FRPSRQHQWV�LQ�DQ�LQWHJUDWHG�PRGH
RI�RSHUDWLRQ�

7KH�SULPDU\�IRFXV�RI�WKH�36')�SURMHFW�LV�WR�GHPRQVWUDWH�DQG�HYDOXDWH�KLJK�WHPSHUDWXUH�3&'V�
ZKLFK�DUH�WKH�VLQJOH�PRVW�LPSRUWDQW�FRPSRQHQW�UHTXLUHG�IRU�VXFFHVVIXO�GHYHORSPHQW�RI
DGYDQFHG�SRZHU�JHQHUDWLRQ�V\VWHPV���+LJK�WHPSHUDWXUH�3&'V�DUH�D�FRPPRQ�FRPSRQHQW�RI
DGYDQFHG�JDVLILFDWLRQ�DQG�$GYDQFHG�3UHVVXUL]HG�)OXLGL]HG�%HG�&RPEXVWLRQ��$3)%&�
WHFKQRORJLHV��ERWK�RI�ZKLFK�ZLOO�EH�HYDOXDWHG�DW�WKH�IDFLOLW\���7KH�IDFLOLW\�LV�VL]HG�WR�WHVW�WKH
FRPSRQHQWV�DW�FDSDFLWLHV�WKDW�DUH�UHDGLO\�VFDOHDEOH�WR�FRPPHUFLDO�V\VWHPV�

&RPPLVVLRQLQJ�DFWLYLWLHV�EHJDQ�LQ�6HSWHPEHU������DQG�SURFHHGHG�LQ�SDUDOOHO�ZLWK�FRQVWUXFWLRQ
DFWLYLWLHV���&RQVWUXFWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�DQG�DVVRFLDWHG�HTXLSPHQW�ZDV�FRPSOHWHG�LQ
HDUO\�VXPPHU�RI��������%\�PLGVXPPHU�DOO�VHSDUDWH�FRPSRQHQWV�DQG�VXEV\VWHPV�ZHUH�IXOO\
RSHUDWLRQDO��DQG�FRPPLVVLRQLQJ�ZRUN�ZDV�IRFXVHG�RQ�LQWHJUDWLRQ�LVVXHV�IRU�WKH�HQWLUH�WUDQVSRUW
UHDFWRU�WUDLQ���7KH�ILUVW�FRDO�ILUH�ZDV�DFKLHYHG�RQ�$XJXVW������������$�VHULHV�RI�FKDUDFWHUL]DWLRQ
WHVWV�ZDV�LQLWLDWHG�WR�GHYHORS�DQ�XQGHUVWDQGLQJ�RI�UHDFWRU�V\VWHP�RSHUDWLRQV�

7HVW�UXQV�&&7���&&7���DQG�&&7��ZHUH�FRPSOHWHG�E\�'HFHPEHU��������'XULQJ�WKHVH�WHVW�UXQV
VROLGV�FDUU\RYHU�IURP�WKH�UHDFWRU�WR�WKH�3&'�ZDV�IRXQG�WR�EH�H[FHVVLYH���$�QXPEHU�RI�VWDUW�XS
DQG�GHVLJQ�SUREOHPV�DVVRFLDWHG�ZLWK�YDULRXV�HTXLSPHQW�ZHUH�VXFFHVVIXOO\�DGGUHVVHG�

7KUHH�DGGLWLRQDO�VHWV�RI�FKDUDFWHUL]DWLRQ�WHVW�UXQV��&&7���&&7���DQG�&&7���DQG�RQH�PDMRU�WHVW
FDPSDLJQ��7&����ZHUH�XQGHUWDNHQ�GXULQJ��������7KH�PDMRU�DFFRPSOLVKPHQWV�LQ������LQFOXGHG
WKH�IROORZLQJ�

                                                          
�� 'XULQJ�WKH�SUHSDUDWLRQ�RI�WKLV�UHSRUW��WKH�0��:��.HOORJJ�&RPSDQ\�ZDV�PHUJHG�ZLWK�%URZQ

	�5RRW�WR�EHFRPH�.HOORJJ�%URZQ�	�5RRW�
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• 2SHUDWLQJ�WKH�6LHPHQV�:HVWLQJKRXVH�3&'�IRU�RYHU�������KRXUV�RQ�FRDO�LQ
FRPEXVWLRQ�PRGH�ZLWKRXW�DVK�EULGJLQJ�DW�3&'�LQOHW�WHPSHUDWXUHV�EHWZHHQ������
DQG�������)�

• 'HPRQVWUDWLQJ�VWDEOH�UHDFWRU�RSHUDWLRQV�E\�VXFFHVVIXOO\�DGGUHVVLQJ�WKH�H[FHVVLYH
VROLGV�FDUU\RYHU�SUREOHP�

• $FKLHYLQJ�RYHU�������KRXUV�RQ�FRDO�DQG�DSSUR[LPDWHO\�������KRXUV�RI�VROLGV
FLUFXODWLRQ�LQ������

• $FKLHYLQJ�QHDUO\�����SHUFHQW�RQ�OLQH�DYDLODELOLW\�GXULQJ�WKH�ODVW����GD\V�RI�WHVW�UXQ
7&���

([FOXGLQJ�WKH�RXWDJHV�FDXVHG�E\�WKH�LQKHUHQW�WHVWLQJ�QDWXUH�RI�WKH�WUDQVSRUW�UHDFWRU�DQG�3&'�
WKH�RQ�OLQH�DYDLODELOLW\��EDVHG�RQ�FRDO��IRU�WKH�HQWLUH�7&���WHVW�UXQ�ZDV�DERXW����SHUFHQW���7KH
PDMRU�ERWWOHQHFN�IRU�VXVWDLQHG�KLJK�RQ�OLQH�DYDLODELOLW\�ZDV�WKH�XQUHOLDELOLW\�RI�WKH�FRDO�IHHG�DQG
ILQH�DVK�UHPRYDO�V\VWHPV���7HVW�UXQ�PRGLILFDWLRQV�ZHUH�PDGH�LQ�WKH�VHFRQG�KDOI�RI�WHVW�UXQ�7&��
WR�WKH�ILQH�DVK�UHPRYDO�V\VWHP�WKDW�VLJQLILFDQWO\�LQFUHDVHG�LWV�DYDLODELOLW\���$OVR��PRGLILFDWLRQV
PDGH�WR�WKH�FRDO�IHHG�V\VWHP�LPSURYHG�LWV�DYDLODELOLW\�WR�QHDUO\�����SHUFHQW�LQ�WKH�ODVW���ZHHNV�RI
WKH�WHVW�UXQ�

:LWK�WKHVH�DFKLHYHPHQWV��7&���ZDV�SODQQHG�IRU�UHDFWRU�SDUDPHWULF�WHVWLQJ�WR�EHWWHU�TXDQWLI\�WKH
HIIHFW�RI�GLIIHUHQW�YDULDEOHV�RQ�UHDFWRU�RSHUDWLRQ���7HVW�UXQ�7&���ZDV�VWDUWHG�RQ�$SULO���������
DQG�ZDV�FRPSOHWHG�RQ�0D\������������7KH�PDMRU�DFFRPSOLVKPHQWV�DQG�REVHUYDWLRQV�GXULQJ
7&���LQFOXGH�WKH�IROORZLQJ�

�� +LJKHU�WHPSHUDWXUHV�ZHUH�DFKLHYHG�ZLWK�WKH�VWDUW�XS�EXUQHU�EHIRUH�IHHGLQJ�FRDO�
7KH�VWDUW�XS�EXUQHU�ILULQJ��RULJLQDOO\�GHVLJQHG�IRU�����0%WX�KU�ZDV�LQFUHDVHG�WR
����0%WX�KU��ZKLFK�UHVXOWHG�LQ�D�3&'�LQOHW�VWDUWLQJ�WHPSHUDWXUH�RI�����)�DQG�D
UHDFWRU�VWDUWLQJ�WHPSHUDWXUH�RI�������)�

�� 7KH�7&���WHVW�UXQ�LQFOXGHG�WKH�ORQJHVW�FRQWLQXRXV�WURXEOH�IUHH�RSHUDWLRQV�����
KRXUV��WR�GDWH���$�WRWDO�RI�����KRXUV�RQ�FRDO�IHHG�ZDV�DFFXPXODWHG�GXULQJ�WKLV�UXQ�
7R�GDWH��36')�KDV�DFKLHYHG�RYHU�������KRXUV�RI�RSHUDWLRQ�RQ�FRDO�IHHG�DQG�DERXW
������KRXUV�RI�VROLGV�FLUFXODWLRQ�

�� &RDO�IHHG�V\VWHP�PRGLILFDWLRQV�ZHUH�HIIHFWLYH�DQG�WKH�V\VWHP�RSHUDWHG�UHOLDEO\�RYHU
D�ORQJHU�SHULRG�RI�WLPH�

�� 7KH�6LHPHQV�:HVWLQJKRXVH�3&'�RSHUDWHG�ZLWKRXW�DVK�EULGJLQJ�ZLWK�RQH
FRDO�VRUEHQW�DW�3&'�LQOHW�WHPSHUDWXUHV�RYHU�������)�

�� 0RQLWRULQJ�DQG�FRQWUROOLQJ�DVK�OHYHO�LQ�WKH�3&'�FRQWLQXHG�WR�EH�VXFFHVVIXO�

�� 7KH�SXOVH�YDOYHV�VXSSOLHG�ZLWK�WKH�3&'�ZHUH�PRGLILHG�DQG�WKH�PRGLILFDWLRQV�ZHUH
SURYHQ�VXFFHVVIXO�
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�� 7KH��0�&RPSDQ\�UHVROYHG�DQ�LVVXH�RI�GXVW�OHDNLQJ�DURXQG�WKH��0�HOHPHQWV��DQ
LVVXH�UHVXOWLQJ�IURP�WKH�ILOWHU�YHVVHO�VXSSOLHG�JDVNHWLQJ�VFKHPH��E\�GHVLJQLQJ�D
FHUDPLF�LQVHUW�WR�DOORZ�XVH�RI�WKH�´VWDQGDUGµ�JDVNHWLQJ�VFKHPH�

�������6TCPURQTV�4GCEVQT

7&���ZDV�SODQQHG�DV�D�����KRXU�WHVW�UXQ�IRU�UHDFWRU�SDUDPHWULF�WHVWLQJ�WR�EHWWHU�TXDQWLI\�WKH
HIIHFW�RI�GLIIHUHQW�YDULDEOHV�RQ�UHDFWRU�RSHUDWLRQ����7KH�REMHFWLYHV�RI�WHVW�UXQ�7&���IRU�WKH
WUDQVSRUW�UHDFWRU�ZHUH�

• 3HUIRUP�UHDFWRU�FDSDFLW\�WHVW���'HWHUPLQH�WKH�PD[LPXP�FRDO�IHHG�UDWH��VROLGV�FLUFXODWLRQ
UDWH��DQG�UHDFWRU�SUHVVXUH�

• (YDOXDWH�HIIHFWV�RI�UHDFWRU�FRQGLWLRQV�RQ�12
[
�HPLVVLRQV���9DU\�H[FHVV�DLU��SULPDU\�VHFRQGDU\

DLU�UDWLR��DQG�RSHUDWLRQ�WHPSHUDWXUH�

• (YDOXDWH�HIIHFWV�RI�UHDFWRU�FRQGLWLRQV�RQ�62
[
�HPLVVLRQV���9DU\�&D�6�PRODU�UDWLR��VROLGV

LQYHQWRU\��DQG�RSHUDWLRQ�WHPSHUDWXUH�

• ,QYHVWLJDWH�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�PL[LQJ�]RQH�GHQVLW\���'HFUHDVH�YDULRXV�DHUDWLRQ�IORZV
DQG�LQFUHDVH�VROLGV�LQYHQWRU\�

2YHUDOO��WKLV�WHVW�UXQ�ZDV�TXLWH�VXFFHVVIXO���7KHUH�ZHUH�����KRXUV�RI�VROLG�FLUFXODWLRQ�DQG����
KRXUV�RI�FRDO�IHHG�DWWDLQHG���7KH�SURFHVV�DYDLODELOLW\�IRU�WKH�WUDQVSRUW�UHDFWRU�WUDLQ��H[FOXGLQJ�DQ
LQGXFHG�RXWDJH�RQ�WKH�3&'��ZDV�PXFK�KLJKHU��DW����SHUFHQW��WKDQ�SUHYLRXV�WHVW�UXQV�GXH�WR�WKH
KLJKHU�UHOLDELOLW\�RI�DOO�GHQVH�SKDVH�V\VWHPV���$QRWKHU�LPSRUWDQW�IDFWRU�ZDV�WKDW�WKH�GRORPLWH
IHHG�UDWH�FRXOG�EH�FRQWUROOHG�DW�GHVLUHG�ORZ�IHHG�UDWHV�DQG�H[FHVV�GRORPLWH�IHHG�ZDV�QRW�QHHGHG
WR�PDLQWDLQ�WKH�UHDFWRU�VROLGV�LQYHQWRU\�

0RVW�RI�WKH�WHVWV�SODQQHG�ZHUH�VXFFHVVIXOO\�FRPSOHWHG���+RZHYHU��RQH�VWDJLQJ�DLU�WHVW�FRXOG�QRW
EH�FRPSOHWHG�EHFDXVH�RI�RSHUDWLQJ�GLIILFXOWLHV�ZLWK�WKH�F\FORQH�GLSOHJ�DQG�UHDFWRU�SUHVVXUH
OLPLWDWLRQV�RI�����SVLJ���7KHVH�UHDFWRU�SUHVVXUH�OLPLWDWLRQV�ZHUH�FDSDFLW\�OLPLWDWLRQV�RI�WKH�PDLQ
DLU�FRPSUHVVRU�DQG�WKH�QLWURJHQ�V\VWHP�DQG�SUREOHPV�ZLWK�WKH�UHF\FOH�JDV�V\VWHP���+LJK�KHDW�
UHOHDVH�UDWHV�DQG�VROLGV�FLUFXODWLRQ�UDWHV�ZHUH�DFKLHYHG�

,Q�DGGLWLRQ�WR�LPSURYHG�UHDFWRU�RSHUDWLRQV�WKHUH�ZHUH�VHYHUDO�RWKHU�QRWDEOH�ILQGLQJV���*UHDWHU
WKDQ����SHUFHQW�VXOIXU�FDSWXUH�ZDV�DFKLHYHG�ZLWK�GRORPLWH�DW�&D�6�PRODU�IHHG�UDWLRV�RI�OHVV�WKDQ
������&RQFHUQLQJ�VXOIXU�UHPRYDO��D�KLJKHU�WKDQ�H[SHFWHG�VXOIXU�R[LGL]DWLRQ�ZLWKLQ�WKH�UHDFWRU�ZDV
IRXQG���:LWKRXW�DGGLWLRQ�RI�GRORPLWH��WKH�62��OHYHO�GHWHFWHG�ZDV�DSSUR[LPDWHO\���WLPHV�WKH�62�

OHYHO���7KH�12;�HPLVVLRQV�ZHUH�ORZ�DW������OE�12;�0%WX�DQG�YDULHG�XS�WR������OE�12;�0%WX
DV�SURFHVV�SDUDPHWHUV�ZHUH�YDULHG�WR�VWXG\�WKHLU�HIIHFW���7KH�12;�HPLVVLRQV�LQFUHDVHG�ZLWK
LQFUHDVHG�H[FHVV�DLU�DQG�ZLWK�LQFUHDVHG�DLU�WKURXJK�WKH�ORZHU�OHYHO�RI�SULPDU\�FRPEXVWLRQ�DLU�
7KH�12;�HPLVVLRQV�GHFUHDVHG�DV�WKH�DPRXQW�RI�VWDJLQJ�DLU�ZDV�LQFUHDVHG��12;�IRUPDWLRQ�ZDV
REVHUYHG�WR�EH�VLJQLILFDQWO\�KLJKHU�ZKHQ�GRORPLWH�ZDV�IHG�WR�WKH�UHDFWRU�
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���������5KGOGPU�9GUVKPIJQWUG�2%&

7KH�6LHPHQV�:HVWLQJKRXVH�3&'�RSHUDWHG�IRU�VOLJKWO\�RYHU�����KRXUV�RQ�FRDO�GXULQJ�7&���
7KHUPRFRXSOHV�ZHUH�DWWDFKHG�WR�D�3DOO�����DQG�D�&RRUV�3����$���HOHPHQW�WR�JDLQ�D�EHWWHU
XQGHUVWDQGLQJ�RI�ZKDW�RFFXUV�LQ�WKH�IDLOXUH�RI�PRQROLWKLF�R[LGH�HOHPHQWV���7KHVH�WKHUPRFRXSOHV
SURYHG�LQYDOXDEOH�GXULQJ�D�IDLOXUH�HYHQW�RQ�$SULO����������ZKHQ�GXULQJ�WUDQVLWLRQ�WR�FRDO��ODUJH
WHPSHUDWXUH�VSLNHV�ZHUH�UHFRUGHG�E\�WKH�WKHUPRFRXSOHV���7KLV�OHDG�WR�VSHFXODWLRQ�WKDW�EXUQLQJ
FRDO�ZDV�EORZQ�RYHU�LQWR�WKH�3&'�IURP�WKH�WUDQVSRUW�UHDFWRU���1LQH�HOHPHQWV�IDLOHG��LQFOXGLQJ
VL[�%ODVFK��WZR�&RRUV��DQG�RQH�6SHFLILF�6XUIDFH�HOHPHQW���7KH�WKHUPRFRXSOH�GDWD�IURP�WKH�$SULO
���������IDLOXUH�HYHQW�EHFDPH�D�NH\�FRPSRQHQW�RI�XQGHUVWDQGLQJ�WKH�URRW�FDXVH�RI�WKH�&RRUV
3����$���ILOWHU�IDLOXUHV��VHH�VHFWLRQ������

6RXWKHUQ�5HVHDUFK�,QVWLWXWH·V��65,��SDUWLFXODWH�FROOHFWLRQ�V\VWHP�FRQWLQXHG�LWV�IODZOHVV
RSHUDWLRQ���$GGLWLRQDOO\��65,�UHTXHVWHG�D�GLUW\�VKXWGRZQ�RI�WKH�3&'�YHVVHO�WR�VWXG\�WKH�DVK�FDNH
MXVW�SULRU�WR�EDFN�SXOVLQJ���,W�ZDV�GLVFRYHUHG�GXULQJ�WKLV�RXWDJH�WKDW�DVK�ZDV�OHDNLQJ�DURXQG�WKH
�0�ILOWHUV�GXH�WR�WKH�6LHPHQV�:HVWLQJKRXVH�VXSSOLHG�JDVNHWLQJ�VFKHPH���0�KDV�VLQFH
UHGHVLJQHG�WKH�IODQJH�RI�WKHLU�HOHPHQWV�VR�WKDW�WKH�´VWDQGDUGµ�JDVNHWLQJ�VFKHPH�FDQ�EH�XVHG�

2SHUDWLRQ�RI�WKH�3&'�DQG�DX[LOLDU\�V\VWHPV�JUHDWO\�LPSURYHG�GXULQJ�7&�����1R�GRZQWLPH�ZDV
DWWULEXWHG�WR�WKH�DVK�UHPRYDO�V\VWHPV�DV�LQ�SUHYLRXV�UXQV���$�GHVLJQ�FKDQJH�ZLWK�WKH�VSKHUL�YDOYH
VHDO�PDWHULDO�ZDV�WKH�PDMRU�UHDVRQ�IRU�WKH�LPSURYHPHQWV���3UREOHPV�ZLWK�WKH�ILQH�DVK�VFUHZ
FRROHU��KRZHYHU��UHTXLUHG�DWWHQWLRQ�GXULQJ�WKH�UXQ��DQG�OHDNLQJ�VKDIW�ULGHU�VHDOV�UHTXLUHG
DGGLWLRQDO�PRQLWRULQJ�E\�SODQW�SHUVRQQHO���2SHUDWLRQ�VWDII�FRQWLQXHG�WR�PRQLWRU�DVK�OHYHO�LQ�WKH
3&'�ZLWK�JUHDW�VXFFHVV��ULVLQJ�DVK�OHYHOV�EHFDPH�DQ�LVVXH�RI�FRQFHUQ�VHYHUDO�WLPHV�GXULQJ�WKH
UXQ�EXW�DW�QR�WLPH�GLG�WKH�DVK�OHYHO�DSSURDFK�WKH�ILOWHU�HOHPHQWV���7KH�PRGLILFDWLRQV�PDGH�WR�WKH
SXOVH�YDOYHV�ZHUH�FKDUDFWHUL]HG�DQG�FRQILUPHG�WR�KDYH�EHHQ�VXFFHVVIXO��VHH�VHFWLRQ������
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0DMRU�DFFRPSOLVKPHQWV�RI�WHVW�UXQ�7&���DUH�VXPPDUL]HG�LQ�VHFWLRQV�������DQG���������7KHVH
DFFRPSOLVKPHQWV�LQFOXGH�HLWKHU�LPSURYHG�HTXLSPHQW�DQG�SURFHVV�GHVLJQ��KLJKHU�DYDLODELOLW\�
LPSURYHG�SURFHVV�SHUIRUPDQFH��RU�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�WUDQVSRUW�UHDFWRU�DQG�3&'
RSHUDWLRQV�

�������6TCPURQTV�4GCEVQT�6TCKP

�� +LJKHU�WHPSHUDWXUHV�ZHUH�DFKLHYHG�ZLWK�WKH�VWDUW�XS�EXUQHU�EHIRUH�WUDQVLWLRQLQJ�WR
FRDO���7KH�VWDUW�XS�EXUQHU�ILULQJ�ZDV�LQFUHDVHG�WR�����0%WX�KU�WKDW�SURYLGHG�D�3&'
LQOHW�VWDUWLQJ�WHPSHUDWXUH�RI�����)�DQG�D�UHDFWRU�VWDUWLQJ�WHPSHUDWXUH�RI�������)�
$OVR��WKH�EXUQHU�ZDV�VXFFHVVIXOO\�RSHUDWHG�XS�WR�D�UHDFWRU�SUHVVXUH�RI�����SVLJ���7KH
VWDUW�XS�EXUQHU�ZDV�RULJLQDOO\�GHVLJQHG�IRU�����0%WX�KU�RI�RSHUDWLRQ�DW����SVLJ�

�� 7HVW�UXQ�7&���LQFOXGHG�WKH�ORQJHVW�FRQWLQXRXV�WURXEOH�IUHH�RSHUDWLRQV������KRXUV�
WR�GDWH���7RWDOV�LQFOXGLQJ�����KRXUV�RQ�FRDO�IHHG�DQG�����KRXUV�RI�VROLGV�FLUFXODWLRQ
ZHUH�DFFXPXODWHG�GXULQJ�WKLV�UXQ���2YHU�������KRXUV�RI�RSHUDWLRQ�RQ�FRDO�DQG������
KRXUV�RI�VROLGV�FLUFXODWLRQ�ZHUH�DFKLHYHG�LQ�WKLV�WHVW�UXQ�

�� 8QOLNH�SUHYLRXV�WHVW�UXQV��QR�PDNH�XS�VROLGV�ZHUH�QHFHVVDU\�IRU�UHDFWRU�VROLGV
LQYHQWRU\�

�� &RDO�IHHG�V\VWHP�PRGLILFDWLRQV�ZHUH�HIIHFWLYH�DQG�WKH�V\VWHP�RSHUDWHG�UHOLDEO\�RYHU
D�ORQJHU�SHULRG�RI�WLPH�

�� 7KH�WHVW�ZDV�FRPSOHWHG�ZLWKLQ�WKH�VFKHGXOHG�WLPH�SHULRG�GXH�WR�VWDEOH�UHDFWRU
RSHUDWLRQV�

�� 2YHU�DHUDWLRQ�RI�WKH�VWDQGSLSH�FRXOG�FDXVH�F\FORQH�GLSOHJ�LQVWDELOLW\�

�� 2YHU����SHUFHQW�VXOIXU�FDSWXUH�ZDV�DFKLHYHG�ZLWK�GRORPLWH�DW�D�&D�6�PRODU�IHHG
UDWLR�RI�OHVV�WKDQ�����

�� /RZ�12;�HPLVVLRQV�RI������OE�12;�0%WX�RI�IXHO�ILUHG�ZHUH�DFKLHYHG�

�� :LWKRXW�DGGLWLRQ�RI�GRORPLWH��WKH�62��OHYHO�GHWHFWHG�ZDV�DSSUR[LPDWHO\���WLPHV�WKH
62��OHYHO�

��� $Q�LQFUHDVH�LQ�GRORPLWH�IHHG�LQFUHDVHG�WKH�12;�IRUPDWLRQ�VLJQLILFDQWO\�
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 �������2%&�4GNCVGF�5[UVGOU
 

�� 7KH�6LHPHQV�:HVWLQJKRXVH�3&'�ZDV�RSHUDWHG�IRU�RYHU�����KRXUV�RQ�FRDO�LQ
FRPEXVWLRQ�ZLWKRXW�DVK�EULGJLQJ�ZLWK�RQH�FRDO�VRUEHQW�DW�3&'�LQOHW�WHPSHUDWXUHV
RYHU�������)�

�� 7KH�SURFHVV�RI�PRQLWRULQJ�DQG�FRQWUROOLQJ�DVK�OHYHO�LQ�WKH�3&'�FRQWLQXHG�WR�EH
VXFFHVVIXOO\�SURYHQ�

�� 7KH�SXOVH�YDOYHV�VXSSOLHG�ZLWK�WKH�3&'�ZHUH�PRGLILHG��DQG�WKHVH�PRGLILFDWLRQV�ZHUH
SURYHQ�WR�EH�VXFFHVVIXO�

�� &RQFHUQV�ZHUH�LGHQWLILHG�ZLWK�WKH�FXUUHQW�ILOWHU�HOHPHQW�JDVNHWLQJ�DUUDQJHPHQW�DQG
LQVWDOODWLRQ���'XVW�OHDNDJH�DURXQG�WKH��0�HOHPHQWV�ZDV�GXH�WR�WKH�6LHPHQV�
:HVWLQJKRXVH�VXSSOLHG�JDVNHWLQJ�VFKHPH���7KH�LVVXH�ZDV�UHVROYHG�E\��0�GHVLJQLQJ�D
FHUDPLF�LQVHUW�WR�DOORZ�XVH�RI�WKH�´VWDQGDUGµ�JDVNHWLQJ�VFKHPH�

�� ,VRNLQHWLF�DVK�VDPSOHV�RQ�ERWK�WKH�3&'�LQOHW�DQG�RXWOHW�FRQWLQXHG�WR�EH�UHOLDEO\�
VDIHO\��DQG�URXWLQHO\�WDNHQ���2XWOHW�ORDGLQJV�ZHUH�UHODWLYHO\�KLJK����WR����SSPZ��GXH�WR
WKH�GXVW�OHDNDJH�DURXQG�WKH��0�ILOWHUV�

�� $VK�FKDUDFWHULVWLFV�ZHUH�VWXGLHG�IXUWKHU���6DPSOHV�RI�ERWK�WKH�WUDQVLHQW�DQG�UHVLGXDO
GXVW�FDNH�ZHUH�WDNHQ�E\�VKXWWLQJ�GRZQ�WKH�V\VWHP�ZLWKRXW�EDFN�SXOVLQJ�

�� 7KH�DFRXVWLF�GHWHFWRUV�ZHUH�UHGHVLJQHG�DQG�LQVWDOOHG�SULRU�WR�7&�����+RZHYHU�
HOHFWULFDO�FURVV�WDON�EHWZHHQ�WKH�LQOHW�DQG�RXWOHW�SUREH�SUHYHQWHG�WKH�REWDLQLQJ�RI
PHDQLQJIXO�GDWD�

�� 7KHUH�DUH�FXUUHQWO\�������KRXUV�RI�FRDO�FRPEXVWLRQ�H[SHULHQFHG�RQ�D�VLJQLILFDQW
QXPEHU�RI�3DOO����7������DQG�3DOO���������ILOWHU�HOHPHQWV���6L[�W\SHV�RI�ILOWHU�HOHPHQWV
�&RRUV�3���$��3DOO������3DOO����7��6FKXPDFKHU�7)����6FKXPDFKHU�7�������DQG��0
W\SH������KDYH�EHHQ�WHVWHG�WR�GDWH�DQG�WKHVH�HOHPHQWV�DUH�DW�YDULRXV�OHYHOV�RI�H[SRVXUH�

�� 36')�LV�FRQWLQXLQJ�ZRUN�ZLWK�5RJHU�&KHQ�WR�GHYHORS�DFRXVWLF�PHWKRGV�IRU
QRQGHVWUXFWLYH�HYDOXDWLRQ�RI�PRQROLWKLF�FHUDPLF�ILOWHU�PDWHULDO�

��� 1HZ�VHDO�PDWHULDOV�ZLWK�ORZHU�WHPSHUDWXUH�UDWLQJV�LQ�WKH�VSHQW�ILQHV�WUDQVSRUWHU�V\VWHP
DOORZHG�IRU�UXQV�ZLWK�QR�VHDO�IDLOXUHV���$�QHZ�VHDO�PDWHULDO�ZDV�GHYHORSHG�DQG
GHOLYHUHG�WR�WKH�VLWH�

��� &KDQJHV�EDVHG�RQ�RSHUDWLRQDO�H[SHULHQFH�EHJDQ�WR�EH�LQFRUSRUDWHG�LQ�D�QHZ�GHVLJQ�IRU
WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�VFUHZ�FRROHU�

��� &XW�VL]H�WHVWV�ZHUH�SHUIRUPHG�WR�KHOS�GHWHUPLQH�WKH�DPRXQW�RI�DVK�UHPRYHG�IURP�WKH
3&'�E\�F\FORQLF�DFWLRQ�
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��� 1HZ�ILOWHU�HOHPHQWV�ZHUH�LQWURGXFHG�LQWR�WKH�ILOWHU�V\VWHP���7KHVH�LQFOXGH�HOHPHQWV
IURP�'X3RQW��%ODVFK��0F'HUPRWW��,)	3��6SHFLILF�6XUIDFH���0��R[LGH���DQG�)H�$O
HOHPHQWV�IURP�3DOO�

 
��� 7KH�ILUVW�ILOWHU�HOHPHQW�VXSSOLHU�UHYLHZ�PHHWLQJ�ZDV�KHOG�DW�WKH�36')�IDFLOLW\�LQ

-DQXDU\��������3UHYLRXV�WHVWV�ZHUH�GLVFXVVHG�ZLWK�WKH�VXSSOLHUV�LQ�WKHVH�PHHWLQJV�DV
ZHOO�DV�DOO�RSHUDWLRQDO�SUREOHPV��ILOWHU�HOHPHQW�IDLOXUHV��HWF����VR�WKDW�VXSSOLHUV�FRXOG
JHW�D�EHWWHU�XQGHUVWDQGLQJ�RI�ZKDW�WKH�ILOWHU�HOHPHQWV�DUH�VXEMHFWHG�WR�GXULQJ
RSHUDWLRQ���6XSSOLHUV�ZHUH�DOORZHG�WR�VHH�WKH�ILOWHU�HOHPHQWV�LQVWDOOHG�LQ�WKH�6LHPHQV�
:HVWLQJKRXVH�SOHQXP�ZLWK�WKH�UHVLGXDO�GXVW�FDNH�HVVHQWLDOO\�LQWDFW���6LPLODU�SHULRGLF
PHHWLQJV�DUH�SODQQHG�IRU�WKH�IXWXUH�

��� 7KHUH�ZDV�D�KRW�JDV�FOHDQ�XS�V\PSRVLXP�LQ�%LUPLQJKDP�LQ�$SULO������MRLQWO\
VSRQVRUHG�E\�WKH�8��6��'HSDUWPHQW�RI�(QHUJ\��'2(��DQG�(OHFWULF�3RZHU�5HVHDUFK
,QVWLWXWLRQ��(35,����7HFKQLFDO�SDSHUV�ZHUH�SUHVHQWHG�RQ�36')�DFWLYLWLHV�DQG�D�WRXU
RI�WKH�36')�ZDV�SURYLGHG�DV�SDUW�RI�WKLV�HYHQW�
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7KH�SODQV�IRU�WKH�UHPDLQGHU�RI������DQG������DUH�VKRZQ�EHORZ�

�� 7KH�QH[W�WHVW�UXQ��7&����ZDV�VFKHGXOHG�IRU�WKH�VHFRQG�DQG�WKLUG�TXDUWHUV�RI������

�� 7KH�SODQV�DUH�WR�VWD\�LQ�FRPEXVWLRQ�RQ�WKH�.%5�WUDQVSRUW�UHDFWRU�WKURXJKRXW������
7KLV�ZRXOG�DOORZ�RSHUDWLRQDO�KRXUV�IRU�WKH�FRQWLQXHG�GHYHORSPHQW�RI�ERWK�WKH
WUDQVSRUW�UHDFWRU�DQG�3&'���*DVLILFDWLRQ�LV�VFKHGXOHG�IRU�$XJXVW������

�� 7KH�ELJJHVW�´KXUGOHµ�RI�WKH�\HDU�FRQWLQXHV�WR�EH�WKH�VWDUW�XS�RI�WKH�):�FRPEXVWLRQ
V\VWHP�ZLWK�LWV�3&'�WKDW�FRQWDLQV�����ILOWHUV���,QVWDOODWLRQ�RI�WKH�SOHQXPV�DQG�ILOWHU
HOHPHQWV�ZDV�VFKHGXOHG�WR�EHJLQ�LQ�WKH�VHFRQG�TXDUWHU�RI������

�� $�V\VWHP�LV�SODQQHG�WR�EH�EXLOW�WKDW�ZLOO�EH�HVVHQWLDOO\�LGHQWLFDO�WR�)/�����DV�WKH
3&'�IRU�WKH�):�FDUERQL]HU���7KLV�5HTXHVW�IRU�3URSRVDO��5)3��LV�RXW�WR�VXSSOLHUV�

�� 0DWHULDO�WHVWLQJ��ERWK�GHVWUXFWLYH�DQG�QRQGHVWUXFWLYH��VKRXOG�FRQWLQXH�WR�JDLQ
PRPHQWXP�IRU�WKH�UHPDLQGHU�RI������DV�PDWHULDOV�JDLQ�KRXUV�RI�H[SRVXUH�

�� 1HZ�ILOWHU�HOHPHQWV�ZLOO�EH�LQWURGXFHG�LQWR�WKH�ILOWHU�V\VWHP�IRU�WKH�ILUVW�WLPH�DW
WKH�36')���7KHVH�LQFOXGH�HOHPHQWV�IURP�(QVWR����PHWHU�ORQJ��0�R[LGH�HOHPHQWV�
��PHWHU�ORQJ�3DOO�����HOHPHQWV��3DOO�����HOHPHQWV��DQG�D�QHZ�3DOO�)H�$O�HOHPHQW�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

25&(>6%��>���
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7KLV�UHSRUW�SURYLGHV�DQ�DFFRXQW�RI�WHVW�FDPSDLJQ�7&���ZLWK�WKH�.HOORJJ�%URZQ�	�5RRW��.%5��

WUDQVSRUW�UHDFWRU�DQG�WKH�:HVWLQJKRXVH�ILOWHU�YHVVHO�DW�WKH�3RZHU�6\VWHPV�'HYHORSPHQW�)DFLOLW\
�36')��ORFDWHG�LQ�:LOVRQYLOOH��$ODEDPD�����PLOHV�VRXWKHDVW�RI�%LUPLQJKDP���7KH�36')�LV
VSRQVRUHG�E\�WKH�8��6��'HSDUWPHQW�RI�(QHUJ\��'2(��DQG�LV�DQ�HQJLQHHULQJ�VFDOH�GHPRQVWUDWLRQ
RI�WZR�DGYDQFHG�FRDO�ILUHG�SRZHU�V\VWHPV���,Q�DGGLWLRQ�WR�'2(��6RXWKHUQ�&RPSDQ\�6HUYLFHV�
,QF����6&6���(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH��(35,���DQG�3HDERG\�+ROGLQJ�&RPSDQ\�DUH
FRIXQGHUV���2WKHU�FRIXQGLQJ�SDUWLFLSDQWV�VXSSO\LQJ�VHUYLFHV�RU�HTXLSPHQW�LQFOXGH�.%5��)RVWHU
:KHHOHU��):���:HVWLQJKRXVH��DQG�&RPEXVWLRQ�3RZHU�&RPSDQ\���6&6�LV�UHVSRQVLEOH�IRU
FRQVWUXFWLQJ��FRPPLVVLRQLQJ��DQG�RSHUDWLQJ�WKH�36')�

7KH�WUDQVSRUW�UHDFWRU�LV�DQ�DGYDQFHG�FLUFXODWLQJ�IOXLGL]HG�EHG�UHDFWRU�DFWLQJ�DV�HLWKHU�D
FRPEXVWRU�RU�DV�D�JDVLILHU�XVLQJ�RQH�RI�WZR�SRVVLEOH�KRW�JDV�FOHDQ�XS�ILOWHU�WHFKQRORJLHV
�SDUWLFXODWH�FRQWURO�GHYLFHV�RU�3&'V��DW�D�FRPSRQHQW�VL]H�UHDGLO\�VFDOHDEOH�WR�FRPPHUFLDO
V\VWHPV���'HVLJQ�DQG�FRQVWUXFWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�DQG�UHTXLUHG�DVVRFLDWHG�HTXLSPHQW
ZHUH�FRPSOHWHG�LQ�HDUO\�VXPPHU�RI��������$OO�VHSDUDWH�FRPSRQHQWV�DQG�VXEV\VWHPV�ZHUH�IXOO\
RSHUDWLRQDO�E\�PLGVXPPHU�DQG�FRPPLVVLRQLQJ�ZRUN�ZDV�IRFXVHG�RQ�LQWHJUDWLRQ�LVVXHV�IRU�WKH
HQWLUH�UHDFWRU�V\VWHP���$W�WKH�VDPH�WLPH��WKH�ILUVW�VHW�RI�FHUDPLF�FDQGOHV�ZDV�ORDGHG�LQWR�WKH
:HVWLQJKRXVH�3&'���,QLWLDO�RSHUDWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�DV�D�FRPEXVWRU�ZDV�FRPSOHWHG�LQ
ODWH�$XJXVW��ZLWK�IXUWKHU�FRPEXVWLRQ�FRPPLVVLRQLQJ�WHVWV�FRPSOHWHG�LQ�WKH�ODVW�TXDUWHU�RI������
&RPEXVWLRQ�FKDUDFWHUL]DWLRQ�WHVWV�ZHUH�WKHQ�SHUIRUPHG�DQG�WKH�ILUVW�PDMRU�WHVW�FDPSDLJQ��7&���
ZDV�FRPSOHWHG�E\�WKH�HQG�RI������

7HVW�FDPSDLJQ�7&���ZDV�WKHQ�SODQQHG�IRU�UHDFWRU�SDUDPHWULF�WHVWLQJ�WR�EHWWHU�TXDQWLI\�WKH�HIIHFW
RI�GLIIHUHQW�YDULDEOHV�RQ�UHDFWRU�DQG�FDQGOH�ILOWHU�RSHUDWLRQ���7KLV�WHVW�UXQ�EHJDQ�RQ�$SULO���
������LQ�WKH�FRPEXVWLRQ�PRGH�RI�RSHUDWLRQ�DIWHU�WKH�UHDFWRU�LQVSHFWLRQV��SUHYHQWLYH
PDLQWHQDQFH�DFWLYLWLHV��DQG�SURFHVV�PRGLILFDWLRQV�ZHUH�FRPSOHWHG���7KH�WHVW�UXQ�HQGHG�RQ�0D\
�����������7KH�SUHYLRXV�WHVW�UXQ��7&����IRFXVHG�RQ�H[SRVLQJ�WKH�3&'�FDQGOHV�WR�SURFHVV�JDV�IRU
������KRXUV�DW�WHPSHUDWXUHV�IURP�������WR�������)�DQG�RQ�DFKLHYLQJ�PRUH�VWDEOH�UHDFWRU
RSHUDWLRQV���7KH�REMHFWLYHV�RI�WHVW�UXQ�7&���IRU�WKH�WUDQVSRUW�UHDFWRU�ZHUH�

• 3HUIRUP�UHDFWRU�FDSDFLW\�WHVW���'HWHUPLQH�WKH�PD[LPXP�FRDO�IHHG�UDWH��VROLGV�FLUFXODWLRQ
UDWH��DQG�UHDFWRU�SUHVVXUH�

• (YDOXDWH�HIIHFWV�RI�UHDFWRU�FRQGLWLRQV�RQ�12
[
�HPLVVLRQV���9DU\�H[FHVV�DLU��SULPDU\�VHFRQGDU\

DLU�UDWLR��DQG�RSHUDWLRQ�WHPSHUDWXUH�

• (YDOXDWH�HIIHFWV�RI�UHDFWRU�FRQGLWLRQV�RQ�62
[
�HPLVVLRQV���9DU\�&D�6�PRODU�UDWLR��VROLGV

LQYHQWRU\��DQG�RSHUDWLRQ�WHPSHUDWXUH�

• ,QYHVWLJDWH�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�PL[LQJ�]RQH�GHQVLW\���'HFUHDVH�YDULRXV�DHUDWLRQ�IORZV
DQG�LQFUHDVH�VROLGV�LQYHQWRU\�

                                                          
�� 'XULQJ�WKH�SUHSDUDWLRQ�RI�WKLV�UHSRUW��WKH�0��:��.HOORJJ�&RPSDQ\�ZDV�PHUJHG�ZLWK�%URZQ

	�5RRW�WR�EHFRPH�.HOORJJ�%URZQ�	�5RRW�
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7KH�VXSSOHPHQWDO�REMHFWLYHV�IRU�WKH�3&'�LQFOXGHG�WKH�IROORZLQJ�

• 6XSSRUW�WKH�SULPDU\��VHH�EXOOHWHG�OLVW�DERYH��REMHFWLYH�DQG�DFFXPXODWH�H[SRVXUH�WLPH
IRU�WKH�ILOWHU�HOHPHQWV�DW�D�3&'�RSHUDWLQJ�WHPSHUDWXUH�RI�DSSUR[LPDWHO\�������)
�����&��

• 2EWDLQ�GDWD�IURP�WKH�HOHPHQWV�HTXLSSHG�ZLWK�WKHUPRFRXSOHV�

• &KDUDFWHUL]H�WKH�QHZO\�UHGHVLJQHG�SXOVH�YDOYHV�

• 0HDVXUH�WKH�SOHQXP�SUHVVXUH�ULVH�ZLWK�HDFK�EDFN�SXOVH�

• 3HUIRUP�FXW�VL]H�WHVWLQJ�IRU�WKH�DVK�FROOHFWHG�IURP�WKH�3&'�

�����6*'�219'4�5;56'/5�&'8'.12/'06�(#%+.+6;

6&6�HQWHUHG�LQWR�DQ�DJUHHPHQW�ZLWK�'2(�)HGHUDO�(QHUJ\�7HFKQRORJ\�&HQWHU��)(7&��IRU�WKH
GHVLJQ��FRQVWUXFWLRQ��DQG�RSHUDWLRQ�RI�D�KRW�JDV�FOHDQ�XS�WHVW�IDFLOLW\�IRU�JDVLILFDWLRQ�DQG
SUHVVXUL]HG�FRPEXVWLRQ���7KH�SXUSRVH�RI�WKH�36')�LV�WR�SURYLGH�D�IOH[LEOH�WHVW�IDFLOLW\�VXLWDEOH
IRU�WKH�GHYHORSPHQW�RI�DGYDQFHG�SRZHU�V\VWHP�FRPSRQHQWV��HYDOXDWLRQ�RI�DGYDQFHG�WXUELQH
V\VWHP�FRQILJXUDWLRQV��DQG�DVVHVVPHQW�RI�WKH�LQWHJUDWLRQ�DQG�FRQWURO�LVVXHV�RI�WKHVH�DGYDQFHG
SRZHU�V\VWHPV���7KH�IDFLOLW\�ZRXOG�SURYLGH�D�UHVRXUFH�IRU�ULJRURXV��ORQJ�WHUP�WHVWLQJ�DQG
SHUIRUPDQFH�DVVHVVPHQW�RI�KRW�VWUHDP�FOHDQ�XS�GHYLFHV�DQG�RWKHU�FRPSRQHQWV�LQ�DQ�LQWHJUDWHG
HQYLURQPHQW�

7KH�36')�ZLOO�FRQVLVW�RI�ILYH�PRGXOHV�IRU�V\VWHPV�DQG�FRPSRQHQW�WHVWLQJ���7KHVH�PRGXOHV
LQFOXGH�

• $Q�DGYDQFHG�SUHVVXUL]HG�IOXLGL]HG�EHG�FRPEXVWLRQ�PRGXOH��$3)%&��

• $�WUDQVSRUW�UHDFWRU�PRGXOH�

• $�KRW�JDV�FOHDQ�XS�PRGXOH�

• $�FRPSUHVVRU�WXUELQH�PRGXOH�

• $�IXHO�FHOO�PRGXOH�

7KH�$3)%&�PRGXOH�FRQVLVWV�RI�):�WHFKQRORJ\�IRU�VHFRQG�JHQHUDWLRQ�3)%&���7KLV�PRGXOH
UHOLHV�RQ�SDUWLDO�FRQYHUVLRQ�RI�FRDO�WR�IXHO�JDV�LQ�D�FDUERQL]HU��ZLWK�WKH�UHPDLQLQJ�FKDU�FRQYHUWHG
LQ�D�3)%&���%RWK�WKH�IXHO�JDV�DQG�3)%&�H[KDXVW�JDV�VWUHDPV�DUH�ILOWHUHG�WR�UHPRYH�SDUWLFXODWHV
DQG�DUH�WKHQ�FRPELQHG�WR�ILUH�D�FRPEXVWLRQ�WXUELQH���7KH�DGYDQFHG�JDVLILHU�PRGXOH�LQFOXGHV
0:.�WUDQVSRUW�WHFKQRORJ\�IRU�SUHVVXUL]HG�FRPEXVWLRQ�DQG�JDVLILFDWLRQ�WR�SURYLGH�HLWKHU
R[LGL]LQJ�RU�UHGXFLQJ�JDV�IRU�SDUDPHWULF�WHVWLQJ�RI�KRW�SDUWLFXODWH�FRQWURO�GHYLFHV�
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7KH�ILOWHU�V\VWHPV�WKDW�ZLOO�EH�WHVWHG�DW�36')�LQFOXGH�3&'V�VXSSOLHG�E\�&RPEXVWLRQ�3RZHU
&RPSDQ\�IURP�0HQOR�3DUN��&DOLIRUQLD��DQG�:HVWLQJKRXVH�IURP�3LWWVEXUJK��3HQQV\OYDQLD���$
5HTXHVW�IRU�3URSRVDO��5)3��KDV�EHHQ�LVVXHG�IRU�WKH�3&'�WKDW�WUHDWV�WKH�FDUERQL]HU�
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7KH�WUDQVSRUW�UHDFWRU�WUDLQ�RSHUDWLQJ�LQ�WKH�FRPEXVWLRQ�PRGH�LV�VKRZQ�VFKHPDWLFDOO\�LQ�ILJXUH
��������$�WDJOLVW�RI�DOO�PDMRU�HTXLSPHQW�LQ�WKH�SURFHVV�WUDLQ�DQG�DVVRFLDWHG�EDODQFH�RI�SODQW�LV
SURYLGHG�LQ�WDEOHV�������DQG������7ZR�3&'V�DUH�VKRZQ�LQ�WKLV�IORZ�GLDJUDP��KRZHYHU��GXULQJ
RSHUDWLRQV�RQO\�RQH�3&'�LV�WHVWHG�ZLWK�WKH�WUDQVSRUW�UHDFWRU�DW�DQ\�JLYHQ�WLPH���7KH�LQWHQW�LV�WR
KDYH�WKH�FDSDELOLW\�WR�LQVWDOO��FKDQJH�RXW��RU�SURYLGH�PDLQWHQDQFH�RQ�D�VHFRQG�3&'�ZKLOH�RQH�LV
WHVWHG��ZKLFK�SURYLGHV�LQFUHDVHG�IOH[LELOLW\�IRU�WKH�WHVW�IDFLOLW\�DQG�UHGXFHV�GRZQWLPH���7KH
IDFLOLW\�LV�VL]HG�WR�SURFHVV�QRPLQDOO\���WRQV�KRXU�RI�FRDO���7KLV�VL]H�JHQHUDWHV�VXIILFLHQW�JDV�WR
WHVW�WKH�3&'V�DW�D�QRPLQDO�������$&)0�RI�JDV�DW�WKH�3&'�LQOHW���,QGLUHFW�FRROLQJ�RI�WKH�JDV
IURP�WKH�WUDQVSRUW�UHDFWRU�DOORZV�WHVWLQJ�RI�WKH�3&'V�ZLWK�LQOHW�WHPSHUDWXUHV�EHWZHHQ�����DQG
������)�DQG�DW�SUHVVXUHV�UDQJLQJ�IURP�����WR�����SVLD���7KH�3&'�LQ�WKLV�WUDLQ�UHFHLYHV
SDUWLFXODWH�ODGHQ�JDV�IURP�WKH�WUDQVSRUW�UHDFWRU��ZKLFK�FDQ�RSHUDWH�LQ�HLWKHU�JDVLILFDWLRQ�RU
FRPEXVWLRQ�PRGH���,Q�WKH�JDVLILFDWLRQ�PRGH��WKH�JDV�H[LWLQJ�WKH�3&'V�LV�R[LGL]HG��FRROHG��DQG
ILOWHUHG�LQ�D�EDJKRXVH�EHIRUH�EHLQJ�GLVFKDUJHG�IURP�D�VWDFN���7KH�DVK�DQG�FKDU�SURGXFHG�LQ�WKH
JDVLILFDWLRQ�PRGH�DUH�R[LGL]HG�LQ�D�VXOIDWRU�SULRU�WR�GLVSRVDO�

&RDO�LV�JURXQG�WR�D�QRPLQDO�DYHUDJH�SDUWLFOH�GLDPHWHU�RI�����DQG�����PLFURQV��UHVSHFWLYHO\�
ZKHQ�WKH�WUDQVSRUW�UHDFWRU�LV�RSHUDWHG�LQ�JDVLILFDWLRQ�PRGH�DQG�FRPEXVWLRQ�PRGH���6RUEHQW�LV
JURXQG�WR�D�QRPLPDO�DYHUDJH�SDUWLFOH�GLDPHWHU�RI�����PLFURQV���%RWK�FRDO�DQG�VRUEHQW�DUH
SQHXPDWLFDOO\�IHG�FRQWLQXRXVO\�LQWR�WKH�WUDQVSRUW�JDVLILHU�FRPEXVWRU�E\�IHHGHUV�DW�D�FRQWUROOHG
UDWH�

$LU�LV�FRPSUHVVHG�WR�DERXW�����SVLD�LQ�WKH�PDLQ�DLU�FRPSUHVVRU�DQG�IHG�GLUHFWO\�WR�WKH�WUDQVSRUW
UHDFWRU���)RU�VWDUW�XS�SXUSRVHV��D�EXUQHU��%5������LV�SURYLGHG�DW�WKH�UHDFWRU�PL[LQJ�]RQH�
/LTXHILHG�SURSDQH�JDV��/3*��LV�XVHG�DV�VWDUW�XS�IXHO���)XHO��VRUEHQW��DQG�JDV�IHHGV�HQWHU�WKH
UHDFWRU�LQ�D�PL[LQJ�]RQH�DW�WKH�ERWWRP�ZKHUH�WKH\�PL[�ZLWK�UHF\FOHG�VROLGV�IURP�WKH�GLVHQJDJHU
F\FORQH���&RDO�FRQYHUVLRQ�EHJLQV�LQ�WKLV�]RQH�DQG�WKH�UHDFWLRQ�PL[WXUH�IORZV�XSZDUG�DW�KLJK
YHORFLW\�LQWR�WKH�PRUH�QDUURZ�ULVHU�VHFWLRQ�DQG�WKHQ�IORZV�WR�WKH�GLVHQJDJHU�

7KH�UHDFWRU�W\SLFDOO\�RSHUDWHV�DW�WHPSHUDWXUHV�RI�������WR�������)�LQ�FRPEXVWLRQ�PRGH�
3URYLVLRQ�LV�PDGH�WR�LQMHFW�DLU�DW�VHYHUDO�GLIIHUHQW�SRLQWV�DORQJ�WKH�ULVHU�WR�FRQWURO�WKH�IRUPDWLRQ
RI�12[���/LPHVWRQH�GRORPLWLF�VRUEHQWV�IHG�ZLWK�WKH�FRDO�DUH�XVHG�IRU�VXOIXU�FDSWXUH��ZKLFK
HOLPLQDWHV�WKH�QHHG�IRU�GRZQVWUHDP�IDFLOLWLHV�RWKHUZLVH�QHHGHG�WR�UHGXFH�SODQW�VXOIXU�HPLVVLRQV�

6ROLGV�DQG�JDVHV�OHDYLQJ�WKH�UHDFWRU�IORZ�WR�WKH�GLVHQJDJHU�IRU�EXON�VHSDUDWLRQ�RI�WKH�WZR�SKDVHV�
0RVW�RI�WKH�VROLGV�FROOHFWHG�LQ�WKH�GLVHQJDJHU�DUH�UHF\FOHG�WR�WKH�UHDFWRU���&RDO�DVK�DQG�VSHQW
VRUEHQW�DUH�GLVFKDUJHG�IURP�WKH�WUDQVSRUW�UHDFWRU�WR�PDLQWDLQ�WKH�VROLGV�LQYHQWRU\�LQ�WKH�V\VWHP�
,Q�WKH�FRPEXVWLRQ�PRGH��KHDW�UHPRYDO�IURP�WKH�UHDFWRU�V\VWHP�LV�QHFHVVDU\�WR�FRQWURO�WKH
UHDFWRU�WHPSHUDWXUH����7KLV�LV�DFFRPSOLVKHG�E\�UHPRYLQJ�VROLGV�IURP�WKH�GLVHQJDJHU��FRROLQJ�WKH
VROLGV�LQ�WKH�FRPEXVWRU�KHDW�H[FKDQJHU��+;�������DQG�UHWXUQLQJ�WKH�VROLGV�WR�WKH�UHDFWRU�V\VWHP�

7KH�JDV�OHDYLQJ�WKH�GLVHQJDJHU�VWLOO�FRQWDLQV�D�KLJK�ORDGLQJ�RI�SDUWLFXODWHV���7KLV�JDV�LV�WKHQ�VHQW
WR�D�F\FORQH�V\VWHP�IRU�DGGLWLRQDO�VROLGV�UHFRYHU\�SULRU�WR�EHLQJ�IHG�WR�WKH�3&'V���7KH�F\FORQH�LV
SURYLGHG�ZLWK�VSRLOLQJ�JDV�WR�YDU\�WKH�VROLGV�ORDGLQJ�LQWR�WKH�HIIOXHQW�JDV���7KH�FRQGLWLRQHG�JDV
HQWHUV�WKH�3&'�ZKHUH�HVVHQWLDOO\�DOO�RI�WKH�UHPDLQLQJ�SDUWLFXODWHV�LQ�WKH�JDV�DUH�UHPRYHG���7KH
FOHDQHG�JDV�OHDYLQJ�WKH�3&'�LV�VHQW�WR�D�VHFRQGDU\�JDV�FRROHU��+;������DQG�XOWLPDWHO\�FRROHG�WR
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DERXW�����)���$OO�JDV�VWUHDP�FRROLQJ�LV�DFFRPSOLVKHG�E\�JHQHUDWLQJ�VWHDP���$�SRUWLRQ�RI�WKH
FRROHG�JDV�LV�IXUWKHU�FRROHG�LQ�WKH�FRPSUHVVRU�IHHG�FRROHU��+;������DQG�VHQW�WR�WKH�UHF\FOH�JDV
ERRVWHU�FRPSUHVVRU��&2�������ZKLFK�LQFUHDVHV�WKH�SUHVVXUH�WR�DERXW�����SVLD���7KLV�JDV�LV�IRU
DHUDWLRQ�IOXLGL]DWLRQ�JDV�LQ�WKH�FRPEXVWRU�KHDW�H[FKDQJHU�

7KH�PDLQ�JDV�VWUHDP�IURP�WKH�VHFRQGDU\�JDV�FRROHU�LV�FRROHG�IXUWKHU�E\�GLOXWLRQ�DLU�DQG�FOHDQHG
LQ�D�EDJKRXVH�RI�DQ\�UHPDLQLQJ�SDUWLFXODWHV�EHIRUH�EHLQJ�GLVFKDUJHG�WR�WKH�DWPRVSKHUH�WKURXJK
D�VWDFN�
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6CDNG������

/CLQT�'SWKROGPV�KP�VJG�6TCPURQTV�4GCEVQT�6TCKP
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$4���� 4GCEVQT�5VCTV�7R�$WTPGT
$4���� 6JGTOCN�1ZKFK\GT
$4���� 5WNHCVQT�5VCTV�7R�2%&�2TGJGCV�$WTPGT
%1���� /CKP�#KT�%QORTGUUQT
%1���� 4GE[ENG�)CU�$QQUVGT�%QORTGUUQT
%1���� 5WNHCVQT�#KT�%QORTGUUQT
%;���� 2TKOCT[�%[ENQPG�KP�VJG�4GCEVQT�.QQR
%;���� &KUGPICIGT�KP�VJG�4GCEVQT�.QQR
%;���� 5WNHCVQT�%[ENQPG
&4���� 5VGCO�&TWO
&;���� (GGFGT�5[UVGO�#KT�&T[GT
(&���� 5RGPV�5QNKFU�5ETGY�%QQNGT
(&���� %QCN�(GGFGT�5[UVGO
(&���� 5QTDGPV�(GGFGT�5[UVGO
(&���� (KPGU�5ETGY�%QQNGT
(&���� 5RGPV�5QNKFU�6TCPURQTVGT�5[UVGO
(&���� (KPGU�6TCPURQTVGT�5[UVGO
(&���� 5RGPV�5QNKFU�(GGFGT�5[UVGO
(&���� 5WNHCVQT�5QNKFU�5ETGY�%QQNGT
(&���� 5WNHCVQT�5QTDGPV�(GGFGT�5[UVGO
(.���� 2%&� �9GUVKPIJQWUG
(.���� 2%&� �%QODWUVKQP�2QYGT
(.���� %QORTGUUQT�+PVCMG�(KNVGT
*:���� 2TKOCT[�)CU�%QQNGT
*:���� %QODWUVQT�*GCV�'ZEJCPIGT
*:���� 6TCPURQTV�#KT�%QQNGT
*:���� 5GEQPFCT[�)CU�%QQNGT
*:���� %QORTGUUQT�(GGF�%QQNGT
*:���� 5WNHCVQT�*GCV�4GEQXGT[�'ZEJCPIGT
/'���� *GCV�6TCPUHGT�(NWKF�5[UVGO
4:���� 6TCPURQTV�4GCEVQT
5+���� 5RGPV�5QNKFU�5KNQ
57���� 5WNHCVQT
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6CDNG�������
2CIG���QH���

/CLQT�'SWKROGPV�KP�VJG�$CNCPEG�QH�2NCPV

6#)�0#/' &'5%4+26+10
$1���� #WZKNKCT[�$QKNGT
$1���� #WZKNKCT[�$QKNGT���5WRGTJGCVGT
%.���� %QQNKPI�6QYGT
%1����#�& 5GTXKEG�#KT�%QORTGUUQT�#�&
%1���� #KT�%QQNGF�5GTXKEG�#KT�%QORTGUUQT
%1���� *KIJ�2TGUUWTG�#KT�%QORTGUUQT
%1����#�% 4GEKRTQECVKPI�0��%QORTGUUQT�#�%

%4���� %QCN�CPF�5QTDGPV�%TWUJGT
%8���� %TWUJGF�(GGF�%QPXG[QT
%8���� %TWUJGF�/CVGTKCN�%QPXG[QT
&2���� $CIJQWUG�$[RCUU�&CORGT
&2���� +PNGV�&CORGT�QP�&KNWVKQP�#KT�$NQYGT
&2���� 1WVNGV�&CORGT�QP�&KNWVKQP�#KT�$NQYGT
&;�����#�& 5GTXKEG�#KT�&T[GT�#�&
&;���� #KT�%QQNGF�5GTXKEG�#KT�%QORTGUUQT�#KT�&T[GT
&;���� *KIJ�2TGUUWTG�#KT�%QORTGUUQT�#KT�&T[GT
(&���� /9-�%QCN�6TCPURQTV�5[UVGO
(&���� /9-�%QCN�/KNN�(GGFGT
(&���� 5QTDGPV�/KNN�(GGFGT
(&���� %QMG�$TGG\G�CPF�$GF�/CVGTKCN�6TCPURQTV�5[UVGO
(&���� /9-�.KOGUVQPG�6TCPURQTV�5[UVGO
(&���� #UJ�7PNQCFKPI�5[UVGO
(&���� $CIJQWUG�#UJ�6TCPURQTV�5[UVGO
(.���� $CIJQWUG
(0���� &KNWVKQP�#KT�$NQYGT
*1���� 4GENCKO�*QRRGT
*1���� %TWUJGF�/CVGTKCN�5WTIG�*QRRGT
*1���� %QCN�5WTIG�*QRRGT
*1���� 5QTDGPV�5WTIG�*QRRGT
*6���� /9-�'SWKROGPV�%QQNKPI�9CVGT�*GCF�6CPM
*6���� 5%5�'SWKROGPV�%QQNKPI�9CVGT�*GCF�6CPM
*6���� ���6QP�$TKFIG�%TCPG
*:���� /9-�5VGCO�%QPFGPUGT
*:���� /9-�(GGF�9CVGT�*GCVGT
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*:���� /9-�5WDEQQNGT
*:����# 5%5�%QQNKPI�9CVGT�*GCV�'ZEJCPIGT
*:����% /9-�%QQNKPI�9CVGT�*GCV�'ZEJCPIGT
.(���� 2TQRCPG�8CRQTK\GT
/%��������� /%%U�HQT�8CTKQWU�'SWKROGPV
/'���� /9-�5VCEM
/'���� (NCTG
/'���� &T[�#UJ�7PNQCFGT�HQT�/9-�6TCKP
/.���� %QCN�/KNN�HQT�/9-�6TCKP
/.���� 5QTDGPV�/KNN�HQT�$QVJ�6TCKPU
2)���� 0KVTQIGP�2NCPV
27����#�$ /9-�(GGF�9CVGT�2WOR�#�$
27����#�$ 4CY�9CVGT�2WOR�#�$
27����#�$ 5GTXKEG�9CVGT�2WOR�#�$
27����#�$ %QQNKPI�6QYGT�/CMG�7R�2WOR�#�$
27����#�& %KTEWNCVKPI�9CVGT�2WOR�#�&
27���� 5%5�%QQNKPI�9CVGT�/CMG�7R�2WOR
27����#�$ 5%5�%QQNKPI�9CVGT�2WOR�#�$
27����#�$ /9-�%QQNKPI�9CVGT�2WOR�#�$
27���� 2TQRCPG�2WOR
27���� &KGUGN�4QNNKPI�5VQEM�2WOR
27���� &KGUGN�)GPGTCVQT�6TCPUHGT�2WOR
27���� &KGUGN�6CPM�5WOR�2WOR
27���� (KTG�2TQVGEVKQP�,QEMG[�2WOR
27���� &KGUGN�(KTG�9CVGT�2WOR���
27���� &KGUGN�(KTG�9CVGT�2WOR���
27����#�$ 9CUVG�9CVGT�5WOR�2WOR�#�$
27���� %QCN�CPF�.KOGUVQPG�5VQTCIG�5WOR�2WOR
27����#�$ &GOKPGTCNK\GT�(QTYCTFKPI�2WOR�#�$
27���� 5%5�%NQUGF�.QQR�5[UVGO�/CMG�7R�2WOR
27���� %QTTQUKQP�+PJKDKVQT�2WOR
27���� 9CUVG�9CVGT�#NWO�2WOR
27���� 9CUVG�9CVGT�%CWUVKE�2WOR
27���� #EKF�2WOR
27���� 9CUVG�9CVGT�#EKF�2WOR
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27���� /9-�5VGCO�5[UVGO�2JQURJCVG�2WOR
27���� %QQNKPI�6QYGT�5QFKWO�$KUWNHCVG�2WOR
27���� %QQNKPI�6QYGT�5QFKWO�$KUWNHCVG�2WOR
27���� /9-�5VGCO�5[UVGO�1��5ECXGPIGT�CPF�R*�2WOR

27����#�% %JGOKECN�+PLGEVKQP�2WOR�#�%
27����#�$ #WZKNKCT[�$QKNGT�(GGF�9CVGT�2WOR�#�$
5$���� ���8�&%�5VCVKQP�$CVVGT[
5$���� 725
5%���� $CIJQWUG�5ETGY�%QPXG[QT
5)��������� ����8�����8�5YKVEJIGCT�$WUGU
5+���� /9-�%TWUJGF�%QCN�5VQTCIG�5KNQ
5+���� %TWUJGF�5QTDGPV�5VQTCIG�5KNQ
5+���� /9-�2WNXGTK\GF�%QCN�5VQTCIG�5KNQ
5+���� /9-�.KOGUVQPG�5KNQ
5+���� (9�.KOGUVQPG�5KNQ
5+���� #UJ�5KNQ
56���� 0��5VQTCIG�6WDG�$CPM

6-���� /9-�%QPFGPUCVG�5VQTCIG�6CPM
6-���� (9�%QPFGPUCVG�6CPM
6-���� 4CY�9CVGT�5VQTCIG�6CPM
6-����#�& 2TQRCPG�5VQTCIG�6CPM�#�&
6-���� &KGUGN�5VQTCIG�6CPM
6-���� (KTG�9CVGT�6CPM
:(����# ���������M8�/CKP�2QYGT�6TCPUHQTOGT
:(����$��$ ��������8�55�6TCPUHQTOGT�0Q�����
:(����) �������8�/KUEGNNCPGQWU�6TCPUHQTOGT
:(����) ��������&KUVTKDWVKQP�6TCPUHQTOGT
:(����) 725�+UQNCVKQP�6TCPUHQTOGT
85���� *KIJ�2TGUUWTG�#KT�4GEGKXGT
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(KIWTG��������(NQY�&KCITCO�QH�VJG�6TCPURQTV�4GCEVQT�6TCKP�KP�%QODWUVKQP�/QFG�QH�1RGTCVKQP
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3ODQV�IRU�WKH�36')�FDOO�IRU�D�YDULHW\�RI�3&'V�WR�EH�HYDOXDWHG�RQ�WKH�WUDQVSRUW�UHDFWRU�WUDLQ�
7KH�ILUVW�3&'��FRPPLVVLRQHG�LQ������DQG�XVHG�LQ�WKH�DOO������DQG������WHVWLQJ��ZDV�WKH�ILOWHU
V\VWHP�GHVLJQHG�E\�:HVWLQJKRXVH���'LUW\�JDV�HQWHUV�WKH�3&'�EHORZ�WKH�WXEHVKHHW�DQG�IORZV
WKURXJK�WKH�ILOWHU�HOHPHQWV��WKH�DVK�FROOHFWV�RQ�WKH�RXWVLGH�RI�WKH�ILOWHU���7KH�FOHDQ�JDV�SDVVHV
IURP�WKH�SOHQXP�ILOWHU�HOHPHQW�DVVHPEO\�WKURXJK�WKH�SOHQXP�SLSH�WR�WKH�RXWOHW�SLSH���$V�DVK
FROOHFWV�RQ�WKH�RXWVLGH�VXUIDFH�RI�WKH�ILOWHU�HOHPHQWV�WKH�SUHVVXUH�GURS�DFURVV�WKH�ILOWHU�V\VWHP
JUDGXDOO\�LQFUHDVHV���7KH�ILOWHU�FDNH�UHVXOWLQJ�IURP�DVK�FROOHFWLRQ�LV�SHULRGLFDOO\�GLVORGJHG�E\
LQMHFWLQJ�D�KLJK�SUHVVXUH�JDV�SXOVH�WR�WKH�FOHDQ�VLGH�RI�WKH�FDQGOHV���7KH�FDNH�WKHQ�IDOOV�WR�WKH
GLVFKDUJH�KRSSHU�

7KH�WUDQVSRUW�UHDFWRU�KDG�EHHQ�RSHUDWHG�RQO\�LQ�WKH�FRPEXVWLRQ�PRGH�DW�WKH�WLPH�WKLV�UHSRUW�LV
EHLQJ�ZULWWHQ���,QLWLDOO\��KLJK�SUHVVXUH�DLU�ZDV�XVHG�DV�WKH�SXOVH�JDV�IRU�WKH�3&'���+RZHYHU��WKH
SXOVH�JDV�ZDV�FKDQJHG�WR�QLWURJHQ�HDUO\�LQ��������7KH�SXOVH�JDV�ZDV�URXWHG�LQGLYLGXDOO\�WR�WKH
WZR�SOHQXP�ILOWHU�HOHPHQW�DVVHPEOLHV�YLD�LQMHFWLRQ�WXEHV�PRXQWHG�RQ�WKH�WRS�KHDG�RI�WKH�3&'
YHVVHO���7KH�SXOVH�GXUDWLRQ�ZDV�W\SLFDOO\�����WR�����VHFRQGV�

$�VNHWFK�RI�WKH�:HVWLQJKRXVH�3&'�LV�VKRZQ�LQ�ILJXUH�������



+PVTQFWEVKQP� 6%���4GRQTV
9GUVKPIJQWUG�2CTVKEWNCVG�%QPVTQN�&GXKEG 6TCPURQTV�4GCEVQT�6TCKP

�����

(KIWTG��������9GUVKPIJQWUG�2%&

(KIWTG��������5MGVEJ�QH�VJG�9GUVKPIJQWUG�2%&

5�>25&(>>6%��>���

• 91 filter element candles on two
plenums.

• Top and bottom plenums are back-
pulsed separately.

• Tangential inlet.

• Cylindrical shroud.

Westinghouse PCD FL0301

Dirty Gas
In

Shroud Shroud

Top View

Clean
Gas Out



Section 3.0

Particle Filter System
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��� 6%���2%&�18'48+'9

�������4WP�5WOOCT[

7KH�:HVWLQJKRXVH�3&'�RSHUDWHG�IRU�VOLJKWO\�RYHU�����KRXUV�RQ�FRDO�LQ�7&�����7KHUPRFRXSOHV
ZHUH�DWWDFKHG�WR�D�3DOO�����DQG�D�&RRUV�3����$���HOHPHQW�WR�REWDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI
WKH�PHFKDQLVP�IRU�WKH�IDLOXUH�RI�WKH�PRQROLWKLF�R[LGH�HOHPHQWV���7KHVH�WKHUPRFRXSOHV�SURYHG
LQYDOXDEOH�GXULQJ�D�IDLOXUH�HYHQW�RQ�$SULO�����������'XULQJ�WUDQVLWLRQ�WR�FRDO��ODUJH�WHPSHUDWXUH
VSLNHV�ZHUH�UHFRUGHG�E\�WKH�WKHUPRFRXSOHV��OHDGLQJ�WR�WKH�VSHFXODWLRQ�WKDW�EXUQLQJ�FRDO�ZDV
EORZQ�RYHU�LQWR�WKH�3&'�IURP�WKH�WUDQVSRUW�UHDFWRU���1LQH�HOHPHQWV�IDLOHG�LQFOXGLQJ�VL[�%ODVFK�
WZR�&RRUV��DQG�RQH�6SHFLILF�6XUIDFH�HOHPHQW���7KH�WKHUPRFRXSOH�GDWD�IURP�WKH�$SULO���������
IDLOXUH�HYHQW�EHFDPH�D�NH\�FRPSRQHQW�WR�XQGHUVWDQGLQJ�WKH�URRW�FDXVH�RI�WKH�&RRUV�3����$��
ILOWHU�IDLOXUHV��VHH�VHFWLRQ������

7KH�6RXWKHUQ�5HVHDUFK�,QVWLWXWH��65,��SDUWLFXODWH�FROOHFWLRQ�V\VWHP�FRQWLQXHG�LWV�IODZOHVV
RSHUDWLRQ���$GGLWLRQDOO\��65,�UHTXHVWHG�D�GLUW\�VKXWGRZQ�RI�WKH�3&'�YHVVHO�WR�VWXG\�WKH�DVK�FDNH
MXVW�SULRU�WR�EDFN�SXOVLQJ���,W�ZDV�GLVFRYHUHG�GXULQJ�WKH�RXWDJH�WKDW�DVK�ZDV�OHDNLQJ�DURXQG�WKH
�0�ILOWHUV�GXH�WR�WKH�:HVWLQJKRXVH�VXSSOLHG�JDVNHWLQJ�VFKHPH���7KH�IODQJH�RI��0�HOHPHQWV�KDV
VLQFH�EHHQ�UHGHVLJQHG�VR�WKDW�WKH�´VWDQGDUGµ�JDVNHWLQJ�VFKHPH�FDQ�EH�XVHG�

2SHUDWLRQ�RI�WKH�3&'�DQG�DX[LOLDU\�V\VWHPV�JUHDWO\�LPSURYHG�GXULQJ�7&�����1R�GRZQWLPH
ZDV�DWWULEXWHG�WR�WKH�DVK�UHPRYDO�V\VWHPV�DV�LQ�SUHYLRXV�UXQV���$�GHVLJQ�FKDQJH�ZLWK�WKH�VSKHUL
YDOYH�VHDO�PDWHULDO�ZDV�WKH�PDMRU�UHDVRQ�IRU�WKH�LPSURYHPHQWV���3UREOHPV�ZLWK�WKH�ILQH�DVK
VFUHZ�FRROHU��KRZHYHU��UHTXLUHG�DWWHQWLRQ�GXULQJ�WKH�UXQ���/HDNLQJ�VKDIW�ULGHU�VHDOV�UHTXLUHG
DGGLWLRQDO�PRQLWRULQJ�E\�SODQW�SHUVRQQHO���2SHUDWLRQ�VWDII�FRQWLQXHG�PRQLWRULQJ�DVK�OHYHO�LQ�WKH
3&'�ZLWK�JUHDW�VXFFHVV���5LVLQJ�DVK�OHYHOV�EHFDPH�DQ�LVVXH�IRU�FRQFHUQ�VHYHUDO�WLPHV�GXULQJ�WKH
UXQ��EXW�DW�QR�WLPH�GLG�WKH�DVK�OHYHO�DSSURDFK�WKH�ILOWHU�HOHPHQWV���7KH�PRGLILFDWLRQV�PDGH�WR�WKH
SXOVH�YDOYHV�ZHUH�FKDUDFWHUL]HG�DQG�FRQILUPHG�WR�KDYH�EHHQ�VXFFHVVIXO�DQG�DUH�GLVFXVVHG�LQ
VHFWLRQ�����

�������6%���#EEQORNKUJOGPVU

7KH�DFFRPSOLVKPHQWV�IRU�7&���LQFOXGH�

• 7KH�:HVWLQJKRXVH�3&'�ZDV�RSHUDWHG�IRU�RYHU�����KRXUV�RQ�FRDO�LQ�FRPEXVWLRQ
ZLWKRXW�DVK�EULGJLQJ�DQG�ZLWK�RQO\�RQH�FRDO�VRUEHQW�DW�3&'�LQOHW�WHPSHUDWXUHV�RYHU
������)�

• $�SURFHVV�RI�PRQLWRULQJ�DQG�FRQWUROOLQJ�DVK�OHYHO�LQ�WKH�3&'�FRQWLQXHG�WR�EH
VXFFHVVIXOO\�SURYHQ�

• 7KH�SXOVH�YDOYHV�VXSSOLHG�ZLWK�WKH�3&'�ZHUH�PRGLILHG�DQG�WKH�PRGLILFDWLRQV�ZHUH
SURYHQ�WR�EH�VXFFHVVIXO�



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
6%���2%&�1XGTXKGY 6TCPURQTV�4GCEVQT�6TCKP

�����

• &RQFHUQV�ZHUH�LGHQWLILHG�ZLWK�WKH�FXUUHQW�ILOWHU�HOHPHQW�JDVNHWLQJ�DUUDQJHPHQW�DQG
LQVWDOODWLRQ���'XVW�OHDNDJH�DURXQG�WKH��0�HOHPHQWV�ZDV�GXH�WR�WKH�:HVWLQJKRXVH�
VXSSOLHG�JDVNHWLQJ�VFKHPH���0�UHVROYHG�WKH�LVVXH�E\�GHVLJQLQJ�D�FHUDPLF�LQVHUW
ZKLFK�DOORZHG�XVH�RI�WKH�´VWDQGDUGµ�JDVNHWLQJ�VFKHPH�

• ,VRNLQHWLF�DVK�VDPSOHV��RQ�ERWK�WKH�3&'�LQOHW�DQG�RXWOHW��FRQWLQXHG�WR�EH�UHOLDEO\�
VDIHO\��DQG�URXWLQHO\�WDNHQ���2XWOHW�ORDGLQJV�ZHUH�UHODWLYHO\�KLJK����WR����SSPZ��GXH
WR�WKH�OHDNLQJ�DURXQG�WKH��0�ILOWHUV�

• $VK�FKDUDFWHULVWLFV�ZHUH�VWXGLHG�IXUWKHU���6DPSOHV�RI�ERWK�WKH�WUDQVLHQW�DQG�UHVLGXDO
GXVW�FDNHV�ZHUH�WDNHQ�E\�VKXWWLQJ�GRZQ�WKH�V\VWHP�ZLWKRXW�EDFN�SXOVLQJ�

• 7KH�DFRXVWLF�GHWHFWRUV�ZHUH�UHGHVLJQHG�DQG�LQVWDOOHG�SULRU�WR�7&�����+RZHYHU�
HOHFWULFDO�FURVV�WDON�EHWZHHQ�WKH�LQOHW�DQG�RXWOHW�SUREH�SUHYHQWHG�WKH�REWDLQLQJ�RI
PHDQLQJIXO�GDWD�

• $W�WKH�WLPH�RI�WKLV�UHSRUW��WKHUH�DUH�������KRXUV�RI�FRDO�FRPEXVWLRQ�H[SHULHQFHG�RQ
D�VLJQLILFDQW�QXPEHU�RI�3DOO����7�ILOWHU�HOHPHQWV������DQG�RQ�3DOO�����������6L[�W\SHV
RI�ILOWHU�HOHPHQWV�KDYH�EHHQ�WHVWHG�WR�GDWH�DQG�DUH�DW�YDULRXV�OHYHOV�RI�H[SRVXUH
�&RRUV�3���$��3DOO������3DOO����7��6FKXPDFKHU�7)����6FKXPDFKHU�7�������DQG��0
7\SH������

• 7KH�36')�LV�FRQWLQXLQJ�ZRUN�ZLWK�5RJHU�&KHQ�WR�GHYHORS�DFRXVWLF�PHWKRGV�IRU
QRQGHVWUXFWLYH�HYDOXDWLRQ�RI�PRQROLWKLF�FHUDPLF�ILOWHU�PDWHULDO�

• 1HZ�VHDO�PDWHULDOV�ZLWK�ORZHU�WHPSHUDWXUH�UDWLQJV�LQ�WKH�VSHQW�ILQHV�WUDQVSRUWHU
V\VWHP�DOORZHG�IRU�UXQV�ZLWKRXW�VHDO�IDLOXUHV���$�QHZ�VHDO�PDWHULDO�ZDV�GHYHORSHG
DQG�GHOLYHUHG�WR�WKH�VLWH�

• %DVHG�RQ�RSHUDWLRQDO�H[SHULHQFH��FKDQJHV�EHJDQ�WR�EH�LQFRUSRUDWHG�LQ�D�QHZ�GHVLJQ
IRU�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�VFUHZ�FRROHU�

• &XW�VL]H�WHVWV�ZHUH�SHUIRUPHG�WR�KHOS�GHWHUPLQH�WKH�DPRXQW�RI�DVK�UHPRYHG�IURP
WKH�3&'�E\�F\FORQLF�DFWLRQ�

• 1HZ�ILOWHU�HOHPHQWV�ZHUH�LQWURGXFHG�LQWR�WKH�ILOWHU�V\VWHP���7KHVH�LQFOXGH�HOHPHQWV
IURP�'X3RQW��%ODVFK��0F'HUPRWW��,)	3��6SHFLILF�6XUIDFH���0��R[LGH���DQG�)H�$O
HOHPHQWV�IURP�3DOO�

�����������&GXGNQROGPVCN�#TGCU

7KH�V\VWHP�ZDV�SHUIRUPLQJ�ZHOO�E\�WKH�HQG�RI�7&�����7KH�SUHYLRXV�SUREOHPV�ZLWK�WKH�VSHQW
ILQHV�UHPRYDO�V\VWHP�ZHUH�OHVV�DSSDUHQW�GXULQJ�WKLV�UXQ�WKDQ�HYHU�EHIRUH���+RZHYHU��WKHUH�DUH
VWLOO�DUHDV�RI�FRQFHUQ�WKDW�UHTXLUH�IXUWKHU�HYDOXDWLRQ�LQ�WKH�IXWXUH���7KHVH�LQFOXGH�WKH�IROORZLQJ�
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• 3HUIRUPDQFH�RI�IDLO�VDIHV�DQG�ILOWHU�JDVNHWV�FRQWLQXH�WR�QHHG�DWWHQWLRQ���'LIIHUHQW
JDVNHWLQJ�PDWHULDOV�IRU�WKH�IDLO�VDIH�ZHUH�H[SHULPHQWHG�ZLWK�GXULQJ�WKH�UXQ���:RUN
FRQWLQXHV�ZLWK�:HVWLQJKRXVH�WR�LPSURYH�ERWK�WKH�GHVLJQ�DQG�WKH�LQVWDOODWLRQ�RI�WKH
ILOWHU�JDVNHWV�

• 7KH�IDLOXUH�RI�WKH�&RRUV�3���$�ILOWHU�HOHPHQWV�LV�VWLOO�XQGHU�LQYHVWLJDWLRQ���7KH�GDWD
IURP�WKH�WKHUPRFRXSOHV�DUH�EHLQJ�HYDOXDWHG���+RSHIXOO\��WKLV�LQIRUPDWLRQ�ZLOO�VKHG
DGGLWLRQDO�OLJKW�RQ�ZK\�WKHVH�ILOWHU�HOHPHQWV�IDLOHG�

• 0RGLILFDWLRQV�WR�WKH�VFUHZ�FRROHU�DUH�EHLQJ�PDQXIDFWXUHG�IRU�GHOLYHU\�WR�WKH�SODQW�E\
WKH�HQG�RI�WKH�\HDU�

���������(WVWTG�2NCPU

7KH�SODQV�IRU�WKH�UHPDLQGHU�RI������DQG������DUH�VKRZQ�EHORZ�

• 7KH�QH[W�WHVW�UXQ��7&����ZDV�VFKHGXOHG�IRU�WKH�VHFRQG�DQG�WKLUG�TXDUWHUV�RI������

• 7KH�ELJJHVW�´KXUGOHµ�RI�WKH�\HDU�FRQWLQXHV�WR�EH�WKH�VWDUW�XS�RI�WKH�)RVWHU�:KHHOHU
FRPEXVWLRQ�V\VWHP�ZLWK�LWV�3&'�WKDW�FRQWDLQV�����ILOWHUV���,QVWDOODWLRQ�RI�WKH
SOHQXPV�DQG�ILOWHU�HOHPHQWV�LV�VFKHGXOHG�WR�EHJLQ�LQ�WKH�VHFRQG�TXDUWHU�RI������

• 7KH�SODQV�DUH�WR�VWD\�LQ�FRPEXVWLRQ�RQ�WKH�.%5�WUDQVSRUW�UHDFWRU�WKURXJKRXW������
7KLV�ZRXOG�DOORZ�RSHUDWLRQDO�KRXUV�WR�FRQWLQXH�GHYHORSPHQW�RQ�WKH�LVVXHV�UDLVHG�LQ
VHFWLRQ���������*DVLILFDWLRQ�LV�VFKHGXOHG�IRU�$XJXVW������

• $�V\VWHP�HVVHQWLDOO\�LGHQWLFDO�WR�)/�����LV�SODQQHG�WR�EH�EXLOW�DV�WKH�3&'�IRU�WKH
)RVWHU�:KHHOHU�&DUERQL]HU���7KLV�UHTXHVW�IRU�SURSRVDO��5)3��LV�RXW�WR�VXSSOLHUV�

• 0DWHULDO�WHVWLQJ��ERWK�GHVWUXFWLYH�DQG�QRQGHVWUXFWLYH��VKRXOG�FRQWLQXH�WR�JDLQ
PRPHQWXP�IRU�WKH�UHPDLQGHU�RI������DV�PDWHULDOV�JDLQ�KRXUV�RI�H[SRVXUH�

• 1HZ�ILOWHU�HOHPHQWV�ZLOO�EH�LQWURGXFHG�LQWR�WKH�ILOWHU�V\VWHP�IRU�WKH�ILUVW�WLPH�DW�WKH
36')���7KHVH�LQFOXGH�HOHPHQWV�IURP�(QVWR����PHWHU�ORQJ��0�R[LGH�HOHPHQWV����
PHWHU�ORQJ�3DOO�����HOHPHQWV��3DOO�����HOHPHQWV��DQG�D�QHZ�3DOO�)H�$O�HOHPHQW�

25&(>6%��>���
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�������4WP�5WOOCT[

7HVW�FDPSDLJQ�7&���EHJDQ�HDUO\�LQ�WKH�PRUQLQJ�RI�$SULO����������IRU�WKH�SXUSRVH�RI�HYDOXDWLQJ
WKH�WUDQVSRUW�UHDFWRU�SHUIRUPDQFH���%DVHG�RQ�WKH�PXOWLSOH�IDLOXUHV�RI�PRQROLWKLF�R[LGH�ILOWHUV�LQ
������WKHUPRFRXSOHV�ZHUH�DWWDFKHG�WR�WZR�ILOWHU�HOHPHQWV�LQ�DQ�DWWHPSW�WR�PHDVXUH�WKHUPDO
JUDGLHQWV�WKDW�PLJKW�EH�FDXVLQJ�WKH�IDLOXUHV���1HRSUHQH�VHDOV�ZHUH�UHLQVWDOOHG�LQ�WKH�VSHQW�ILQHV
WUDQVSRUW�V\VWHP��)'������IRU�WKLV�UXQ�EHFDXVH�RI�WKHLU�VXFFHVV�LQ�WHVW�UXQ�7&���

'XH�WR�WKH�OHQJWK�RI�WKH�SUHYLRXV�RXWDJH�WKH�UHIUDFWRU\�KDG�WR�EH�UHFXUHG���7KLV�SURYLGHG�WLPH
IRU�FKDUDFWHUL]DWLRQ�RI�WKH�QHZO\�PRGLILHG�EDFN�SXOVH�YDOYHV���$�GHWDLOHG�UHSRUW�LV�LQFOXGHG�LQ
VHFWLRQ�������7KH�WKHUPRFRXSOH�WHPSHUDWXUHV�ZHUH�PRQLWRUHG�ZLWK�D�IDVW�GDWD�DFTXLVLWLRQ�GHYLFH
GXULQJ�WKH�WUDQVLWLRQ�WR�FRDO�ZKLFK��XSRQ�HYDOXDWLRQ��UHYHDOHG�WKH�SRVVLELOLW\�RI�FDUU\RYHU�RI
EXUQLQJ�FRDO�IURP�WKH�WUDQVSRUW�UHDFWRU�WR�WKH�SDUWLFXODWH�FRQWURO�GHYLFH��3&'����$�GHWDLOHG
UHSRUW�RI�WKLV�FDUU\RYHU�HYHQW�LV�LQFOXGHG�LQ�VHFWLRQ�������7KH�3&'�DWWDLQHG������°)�����°&�
WHPSHUDWXUH�HDUO\�LQ�WKH�DIWHUQRRQ�RI�$SULO�����������&RPSOLFDWLRQV�ZLWK�WKH�DVK�UHPRYDO�V\VWHP
EHJDQ�HDUO\�LQ�WKH�PRUQLQJ�RI�$SULO�����������ZKHQ�FRQWLQXHG�VORZ�GHSUHVVXUL]DWLRQ�RI�WKH�ORFN
YHVVHO�WULSSHG�WKH�XQLW���6PDOO�SLHFHV�RI�FDQGOHV�ZHUH�UHPRYHG�WKDW�DIWHUQRRQ���(DUO\�LQ�WKH
PRUQLQJ�RI�$SULO�����������DGGLWLRQDO�SLHFHV�ZHUH�UHPRYHG�IURP�WKH�)'�����V\VWHP�
&RLQFLGHQWDOO\��DW�DSSUR[LPDWHO\���D�P��WKDW�VDPH�GD\��WKH�WRS�SOHQXP�EDFN�SXOVH�YDOYH�VWRSSHG
RSHUDWLQJ���,W�ZDV�UHSDLUHG�DQG�UHWXUQHG�RQ�OLQH�DW���D�P���%\���S�P��RQ�$SULO�����������WKH
)'�����V\VWHP�ZDV�SOXJJHG�ZLWK�D�ODUJH�YROXPH�RI�ILOWHU�HOHPHQW�SLHFHV���$�ODUJH�YROXPH�RI�DVK
EDFNHG�XS�LQ�WKH�3&'�FRQH�ZKLOH�WKHVH�SLHFHV�ZHUH�EHLQJ�UHPRYHG���7KH�FRDO�IHHGHU�WULSSHG�
DQG�WKH�VXEVHTXHQW�XSVHW�RI�WKH�WUDQVSRUW�UHDFWRU�GLSOHJ�IRUFHG�WKH�XQLW�WR�FRPH�RII�OLQH�GXH�WR
FRQFHUQ�DERXW�DGGLWLRQDO�DVK�EXLOGXS�LQ�WKH�3&'�FRQH���&RDO�IHHG�ZDV�UHVXPHG�HDUO\�LQ�WKH
PRUQLQJ�RI�0RQGD\��$SULO�����������EXW�TXLFNO\�VWRSSHG�MXVW�DIWHU�QRRQ�ZKHQ�RXWOHW�DVK
FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�DW�����SSP���6SHFXODWLRQ�ZDV�WKDW�RQH�RI�WKH�LQVWUXPHQWHG
HOHPHQWV�KDG�EURNHQ�ZLWK�WKH�UHVXOWLQJ�IORZ�WKURXJK�WKH�PRGLILHG�IDLO�VDIH�DERYH�WKH�HOHPHQW
FRQWULEXWLQJ�WR�WKH�KLJK�RXWOHW�ORDGLQJ���7KH�UXQ�ZDV�UHVXPHG�LQ�WKH�HDUO\�DIWHUQRRQ�RI�$SULO����
������IROORZLQJ�D�EULHI�RXWDJH�WR�UHSDLU�WKH�EURNHQ�FDQGOHV���7KH�RSHUDWLRQ�RI�WKH�3&'�ZDV
XQHYHQWIXO�IURP�WKLV�GDWH�XQWLO�0D\������������7KH�UXQ�HQGHG�ZKHQ�WKH�XSSHU�QHRSUHQH�VSKHUL
YDOYH�VHDO�RQ�)'�����IDLOHG�RQ�0D\����������

���������6GUV�1DLGEVKXGU

7KH�SULPDU\�REMHFWLYH�RI�7&���ZDV�WR�FKDUDFWHUL]H�UHDFWRU�SHUIRUPDQFH���6XSSOHPHQWDO
REMHFWLYHV�IRU�WKH�3&'�LQFOXGHG�

�� $FFXPXODWLQJ�H[SRVXUH�WLPH�IRU�WKH�ILOWHU�HOHPHQWV�DW�D�3&'�RSHUDWLQJ�WHPSHUDWXUH�RI
DSSUR[LPDWHO\�������)������&��

�� 2EWDLQLQJ�GDWD�IURP�WKH�HOHPHQWV�HTXLSSHG�ZLWK�WKHUPRFRXSOHV�
�� &KDUDFWHUL]LQJ�WKH�QHZO\�UHGHVLJQHG�SXOVH�YDOYHV�
�� 0HDVXULQJ�WKH�SOHQXP�SUHVVXUH�ULVH�ZLWK�HDFK�EDFN�SXOVH�
�� 3HUIRUPLQJ�FXW�VL]H�WHVWLQJ�IRU�WKH�DVK�FROOHFWHG�IURP�WKH�3&'�
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���������1DUGTXCVKQPU�'XGPVU

/HWWHU�GHVLJQDWLRQV�EHVLGH�WKH�LQIRUPDWLRQ�OLVWHG�EHORZ�DUH�VKRZQ�RQ�WKH�ILJXUHV�DW�WKH�HQG�RI
WKLV�VHFWLRQ�DV�HYHQWV�RFFXUULQJ�GXULQJ�UXQ�7&�����5HIHU�WR�WKH�7HUPV�VHFWLRQ�DW�WKH�HQG�RI�WKLV
UHSRUW�IRU�H[SODQDWLRQ�DQG�RU�GHILQLWLRQ�RI�DEEUHYLDWLRQV�IRXQG�LQ�WKLV�LQIRUPDWLRQ�
'HVFULSWLRQV�RI�HTXLSPHQW�WDJ�QDPHV��H�J���GHVFULSWLRQ�IRU�)'������DUH�IRXQG�LQ�WDEOHV������
DQG����

$� 7HVW�6WDUWHG²$SULO���DW���������7KH�PDLQ�DLU�FRPSUHVVRU��0$&��ZDV�VWDUWHG�$SULO���
������WR�EHJLQ�7&��$�

%� 6WDUW�8S�%XUQHU�/LW²$SULO���DW�������

&� %DFN�3XOVH�9DOYH�7HVWLQJ�%HJDQ²$SULO���DW���������7KH�QHZ�EDFN�SXOVH�YDOYHV�ZHUH
WHVWHG�DW�YDULRXV�GLIIHUHQWLDO�SUHVVXUHV��RSHQ�WLPHV��DQG�SLORW�SUHVVXUHV�LQ�RUGHU�WR
GHWHUPLQH�WKH�IORZ�FKDUDFWHULVWLFV�

'� 6DQG�$GGLWLRQ�%HJDQ²$SULO���DW�������

(� %DFN�3XOVH�9DOYH�7HVWLQJ�(QGHG²$SULO���DW�������

)� %DFN�3XOVH�7LPHU�6HW�WR����0LQXWHV²$SULO���DW�������

*� 3ODQW�3RZHU�)DLOXUH²$SULO���DW���������6HYHUH�WKXQGHUVWRUPV�FDXVHG�D�SODQWZLGH
SRZHU�IDLOXUH�

+� &DQGOH�'DWD�$FTXLVLWLRQ�%HJDQ²$SULO���DW���������7KH�IDVW�GDWD�DFTXLVLWLRQ�V\VWHP
EHJDQ�UHFRUGLQJ�GDWD�IURP�WKH�HOHPHQWV�DQG�IDLO�VDIHV�RXWILWWHG�ZLWK�WKHUPRFRXSOHV�

,� &RDO�)HHG�%HJDQ²$SULO���DW�������

-� %HJDQ�3URSDQH�WR�&RDO�7UDQVLWLRQ²$SULO���DW�������

.� 6WRSSHG�3URSDQH�)HHG²$SULO���DW�������

/� 'LSOHJ�8SVHW��6ROLGV�6HQW�WR�3&'²$SULO���DW�������

0� )'�����3UREOHPV²$SULO����DW���������6ORZ�GHSUHVVXUL]DWLRQ�RI�WKH�)'�����V\VWHP
FDXVHG�PXOWLSOH�WULSV�RI�WKH�XQLW�GXULQJ�WKH�HDUO\�PRUQLQJ�KRXUV�

1� 'LSOHJ�8SVHW��6ROLGV�6HQW�WR�3&'²$SULO����DW���������7KH�EDFN�SXOVH�XSVHW�WKH�GLSOHJ�

2� )'�����6HW�RQ�7LPHU²$SULO����DW���������7KH�OHYHO�SUREH�UHSHDWHGO\�IDLOHG�WR�RSHUDWH
FRUUHFWO\���7KH�ORFNKRSSHU�ORJLF�ZDV�FKDQJHG�VR�WKDW�LW�ZRXOG�F\FOH�RQ�D�WLPHU�LQVWHDG
RI�WKH�OHYHO�SUREH�
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3� )'�����3UREOHPV²$SULO����DW���������6ORZ�GHSUHVVXUL]DWLRQ�RI�WKH�)'�����V\VWHP
FDXVHG�PXOWLSOH�WULSV�RI�WKH�XQLW���7KH�GULOOHG�JDWH�YDOYH�ZDV�RSHQHG�RQH�URXQG�EXW
WKH�SUREOHP�VWLOO�SHUVLVWHG�

4� %DFN�3XOVH�9DOYH�)DLOXUH²$SULO����DW���������7KH�EDFN�SXOVH�YDOYH�RQ�WKH�WRS�SOHQXP
VWRSSHG�RSHUDWLQJ���,W�ZDV�UHSDLUHG�DIWHU���KRXUV���,W�ZDV�QRW�GLVFRYHUHG�DV�D�SUREOHP
XQWLO�������

5� )'�����3UREOHPV²$SULO����DW���������6PDOO�FDQGOH�SLHFHV�ZHUH�UHPRYHG�IURP
)'�����

6� )'�����3OXJJHG��2SHUDWLRQ�6WRSSHG²$SULO����DW���������$�ODUJH�YROXPH�RI�FDQGOH
SLHFHV�ZDV�UHPRYHG�IURP�)'�������7KH�V\VWHP�ZDV�GRZQ�IRU���KRXUV�IRU�UHPRYDO�RI
WKH�EURNHQ�HOHPHQWV�

7� &RDO�)HHGHU�7ULSSHG²$SULO����DW���������7KH�FRDO�IHHG�UDWHV�ZHUH�GURSSHG�WR�PLQLPDO
OHYHOV�ZKLOH�ZDLWLQJ�IRU�UHSDLU�RI�)'�������7KH�FRDO�IHHGHU�V\VWHP�WULSSHG�GXULQJ�WKLV
WLPH�DQG�XSVHW�WKH�GLSOHJ���7KH�V\VWHP�ZDV�WDNHQ�RII�FRDO�IHHG�GXH�WR�WKH�SUHH[LVWLQJ
SUREOHPV�ZLWK�WKH�)'�����V\VWHP�

8� 6WDUWHG�6WDUW�8S�%XUQHU²$SULO����DW���������7KH�GHFLVLRQ�ZDV�PDGH�WR�QRW�UHVXPH
FRDO�IHHG�WKDW�HYHQLQJ���7KH�EXUQHU�ZDV�VWDUWHG�WR�PDLQWDLQ�UHDFWRU�WHPSHUDWXUH�

9� )'�����5HVXPHG�2SHUDWLRQ²$SULO����DW���������7KH�FDQGOH�SLHFHV�KDG�EHHQ�UHPRYHG
IURP�)'������WKH�V\VWHP�ZDV�SXW�EDFN�LQ�VHUYLFH�WR�EHJLQ�HPSW\LQJ�DFFXPXODWHG�DVK
IURP�WKH�FRQH�IRU�)/�����

:� 5HVXPHG�&RDO�)HHG²$SULO����DW���������&RDO�IHHG�ZDV�UHVWDUWHG�HDUO\�LQ�WKH�PRUQLQJ
VR�D�VWHDG\�VWDWH�RXWOHW�SDUWLFXODWH�FRQFHQWUDWLRQ�FRXOG�EH�REWDLQHG�

;� 'LSOHJ�8SVHW��6ROLGV�6HQW�WR�3&'²$SULO����DW�������

<� +LJK�2XWOHW�/RDGLQJ�)URP�3&'�'HWHFWHG²$SULO����DW���������7KH�GHFLVLRQ�ZDV�PDGH
WR�VKXW�GRZQ�DQG�UHSDLU�EURNHQ�HOHPHQWV�ZKHQ�����SSP�RXWOHW�FRQFHQWUDWLRQ�IURP
WKH�3&'�ZDV�GHWHFWHG�

=� 5XQ�5HVXPHG²$SULO����DW�������

$$� 0DLQ�&RPSUHVVRU�2II²$SULO����DW���������$�OHDN�LQ�WKH�VWDUW�XS�EXUQHU�LJQLWHU�FRROLQJ
SXUJH�OLQH�IRUFHG�D�VKXWGRZQ�

%%� 0DLQ�&RPSUHVVRU�6WDUWHG²$SULO����DW�������

&&� %XUQHU�)LULQJ�,QFUHDVHG�WR�0D[LPXP²$SULO����DW�������

''� &RDO�)HHG�6WDUWHG²$SULO����DW�������
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((� 'LSOHJ�8SVHW²$SULO����DW�������

))� 'LSOHJ�8SVHW²$SULO����DW�������

**� 'LSOHJ�8SVHW²$SULO����DW�������

++� 5HF\FOH�*DV�&RPSUHVVRU�5XQ�6WRSSHG²$SULO����DW��������$�OHDNLQJ�LQWDNH�ILOWHU�ZDV
IRXQG�ZKLOH�WHVWLQJ�WKH�UHF\FOH�JDV�FRPSUHVVRU�

,,� &RDO�)HHGHU�7ULSSHG²$SULO����DW�������

--� &RDO�)HHG�,QFUHDVHG²0D\���DW���������6OXPSLQJ�WHPSHUDWXUHV�IRUFHG�DQ�LQFUHDVH�LQ
FRDO�IHHG�

..� &RDO�)HHGHU�7ULSSHG²0D\���DW�������

//� &RDO�)HHG�3UREOHPV²0D\���DW���������&RQWLQXHG�SUREOHPV�ZLWK�WKH�FRDO�IHHGHU�OHYHO
SUREH�FDXVHG�LQWHUPLWWHQW�FRDO�IHHG�IRU�DSSUR[LPDWHO\���KRXUV�

00� &RDO�)HHGHU�6WRSSHG²0D\���DW���������7KH�IHHGHU�ZDV�VWRSSHG�WR�IL[�WKH�FRQWLQXHG
SUREOHPV�

11� &RDO�)HHG�6WDUWHG²0D\���DW�������

22� 'LSOHJ�8SVHW²0D\���DW�������

33� 'LSOHJ�8SVHW²0D\���DW�������

44� 'LSOHJ�8SVHW²0D\���DW�������

55� 'LSOHJ�8SVHW²0D\���DW�������

66� &RDO�)HHG�6WRSSHG²0D\���DW�������

77� 3URSDQH�%XUQHU�6WDUWHG²0D\���DW�������

88� &RDO�)HHG�6WDUWHG²0D\���DW�������

99� )R[ERUR�6\VWHP�'RZQ²0D\����DW���������7KH�)R[ERUR�V\VWHP�ZDV�LPSDLUHG�IRU
DSSUR[LPDWHO\���KRXUV�

::� 6ROLGV�6HQW�WR�3&'²0D\����DW�������

;;� 'LSOHJ�8SVHW²0D\����DW�������
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<<� &RDO�)HHG�6WRSSHG��/HDN�RQ�)'�����7RS�6HDO�²0D\����DW�������

==� 5XQ�(QGHG²0D\����DW�������

���������4WP�1WVEQOG

7KHUPRFRXSOHV�RQ�(OHPHQWV

$�3DOO�����HOHPHQW�DQG�D�&RRUV�3����$�HOHPHQW�ZHUH�RXWILWWHG�ZLWK�WKHUPRFRXSOHV�GXULQJ�WKH
ILUVW�KDOI�RI�WKH�UXQ�WR�DWWHPSW�PHDVXUHPHQW�RI�DQ\�WKHUPDO�JUDGLHQWV�WKDW�FRXOG�EH�FDXVLQJ
PRQROLWKLF�R[LGH�ILOWHUV�WR�IDLO���$GGLWLRQDOO\��DQ�LQVWUXPHQWHG�IDLO�VDIH�ZDV�SODFHG�DERYH�D�3DOO
����DQG�&RRUV�3����$�HOHPHQW���7KHVH�HOHPHQWV��RU�WKHLU�UHPQDQWV��ZHUH�UHPRYHG�RQ�$SULO����
�������0HDVXUHPHQWV�WDNHQ�DUH�UHSRUWHG�LQ�VHFWLRQ�����WKDW�GHVFULEH�WKH�RSHUDWLRQ�H[SHULHQFH�IRU
&RRUV�HOHPHQWV�

)/����

7KH�SOHQXP�DVVHPEO\�ZDV�SXOOHG�RQ�$SULO�����������DIWHU�WKH�ILUVW�IDLOXUH�HYHQW���1LQH�ILOWHU
HOHPHQWV�KDG�IDLOHG�GXULQJ�WKH�UXQ��VL[�%ODVFK��WZR�&RRUV�3����$��DQG�RQH�6SHFLILF�6XUIDFH�
7ZR�RI�WKHVH�%ODVFK�HOHPHQWV�ZHUH�SUHYLRXVO\�H[SRVHG�HOHPHQWV�IURP�.DUKXOD���$GGLWLRQDOO\�
GXULQJ�LQVSHFWLRQ�RI�WKH�SOHQXP��D�'XSRQW�35'���ZDV�DFFLGHQWDOO\�EURNHQ���)RU�HYDOXDWLRQ
SXUSRVHV��D��0�2[LGH�HOHPHQW��WKH�UHPDLQLQJ�6SHFLILF�6XUIDFH�HOHPHQW��WKH�WZR�UHPDLQLQJ�LQWDFW
%ODVFK�HOHPHQWV��DQG�D�6FKXPDFKHU�7)���EHORQJLQJ�WR�5RJHU�&KHQ�ZHUH�UHPRYHG�DQG�UHSODFHG�
$�GHWDLOHG�UHSRUW�RI�WKLV�IDLOXUH�HYHQW�LV�LQ�VHFWLRQ�����DQG�DQ�LQVSHFWLRQ�UHSRUW�LV�LQFOXGHG�LQ
VHFWLRQ�����

7KH�SOHQXP�ZDV�SXOOHG�DQG�LQVSHFWHG�RQFH�DJDLQ�DW�WKH�FRQFOXVLRQ�RI�7&�����7KH�UXQ�ZDV
WHUPLQDWHG�MXVW�SULRU�WR�D�QRUPDOO\�VFKHGXOHG�EDFN�SXOVH�LQ�RUGHU�IRU�6RXWKHUQ�5HVHDUFK
,QVWLWXWH��65,��WR�LQVSHFW�WKH�GXVW�FDNH�SULRU�WR�EDFN�SXOVLQJ���$�JUDGXDOO\�LQFUHDVLQJ�OHDN�ZDV
GHWHFWHG�QHDU�WKH�HQG�RI�7&����ZKLFK�OHDG�WR�VSHFXODWLRQ�WKDW�WKH�JDVNHWV�IRU�WKH��0�HOHPHQWV
PD\�EH�SURYLGLQJ�D�OHDN�SDWK���$�GHWDLOHG�UHSRUW�RI�WKLV�LQVSHFWLRQ�LV�LQ�VHFWLRQ�����

)'�����)'����

/HDNLQJ�DURXQG�WKH�VKDIW�ULGHU�VHDO�SDFNLQJ�JODQGV�RQ�)'�����GXULQJ�WKH�UXQ�UHTXLUHG�FRQVWDQW
DWWHQWLRQ���7KH�IROORZHU�IRU�WKH�SDFNLQJ�JODQGV�ZDV�WLJKWHQHG�DV�D�PHDQV�WR�UHPHG\�WKH�OHDNLQJ�
&RQVHTXHQWO\��DOO�IRXU�EROWV�RQ�WKH�IROORZHU�EURNH���7KH�IROORZHU�ZDV�EUDFHG�ZLWK�DQJOH�LURQ�DQG
WKH�OHDNDJH�ZDV�UHPHGLHG�IRU�WKH�UHPDLQGHU�RI�WKH�UXQ���1R�VLJQLILFDQW�VHDO�SUREOHPV�ZHUH
QRWLFHG�LQ�VSLWH�RI�WKH�EURNHQ�IROORZHU���7KH�QHRSUHQH�VHDOV�H[SHULHQFHG�������F\FOHV�IRU�WKH
XSSHU�VHDO�DQG�������F\FOHV�IRU�WKH�ORZHU�VHDO�GXULQJ�WHVW�UXQ�7&�����$�IDLOXUH�RI�WKH�XSSHU�VHDO
IRUFHG�DQ�HQG�WR�WKH�UXQ�
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2WNUG�8CNXG�1RGP�6KOG� ����UGE�
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6CDNG�������
2CIG���QH���

6%���/CLQT�'XGPVU

'XGPV &GUETKRVKQP &CVG�CV�6KOG
# 6GUV�5VCTVGF #RTKN���CV������

$ 5VCTV�7R�$WTPGT�.KV #RTKN���CV������

% $CEM�2WNUG�8CNXG�6GUVKPI�$GICP #RTKN���CV������

& 5CPF�#FFKVKQP�$GICP #RTKN���CV������

' $CEM�2WNUG�8CNXG�6GUVKPI�'PFGF #RTKN���CV������

( $CEM�2WNUG�6KOGT�UGV�VQ���
/KPWVGU

#RTKN���CV������

) 2NCPV�2QYGT�(CKNWTG #RTKN���CV������

* %CPFNG�&CVC�#ESWKUKVKQP�$GICP #RTKN���CV������

+ %QCN�(GGF�$GICP #RTKN���CV������

, $GICP�2TQRCPG�VQ�%QCN�6TCPUKVKQP #RTKN���CV������

- 5VQRRGF�2TQRCPG�(GGF #RTKN���CV������

. &KRNGI�7RUGV��5QNKFU�5GPV�VQ�2%& #RTKN���CV������

/ (&�����2TQDNGOU #RTKN����CV������

0 &KRNGI�7RUGV��5QNKFU�5GPV�VQ�2%& #RTKN����CV������

1 (&�����5GV�QP�6KOGT #RTKN����CV������

2 (&�����2TQDNGOU #RTKN����CV������

3 $CEM�2WNUG�8CNXG�(CKNWTG #RTKN����CV������

4 (&�����2TQDNGOU #RTKN����CV������

5 (&�����2NWIIGF��1RGTCVKQP
5VQRRGF

#RTKN����CV������

6 %QCN�(GGFGT�6TKRRGF #RTKN����CV������

7 5VCTVGF�5VCTV�7R�$WTPGT #RTKN����CV������

8 (&�����4GUWOGF�1RGTCVKQP #RTKN����CV������

9 4GUWOGF�%QCN�(GGF #RTKN����CV������

: &KRNGI�7RUGV��5QNKFU�5GPV�VQ�2%& #RTKN����CV������

; *KIJ�2%&�1WVNGV�.QCFKPI
&GVGEVGF�1RGTCVKQP�5VQRRGF

#RTKN����CV������

< 4WP�4GUWOGF #RTKN����CV������

## /CKP�%QORTGUUQT�1HH #RTKN����CV������

$$ /CKP�%QORTGUUQT�5VCTVGF #RTKN����CV������
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#RTKN����CV������

&& %QCN�(GGF�5VCTVGF #RTKN����CV������

'' &KRNGI�7RUGV #RTKN����CV������

(( &KRNGI�7RUGV #RTKN����CV������

)) &KRNGI�7RUGV #RTKN����CV������
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#RTKN����CV������
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00 %QCN�(GGF�5VCTVGF /C[���CV������

11 &KRNGI�7RUGV /C[���CV������
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66 2TQRCPG�$WTPGT�5VCTVGF /C[���CV������

77 %QCN�(GGF�5VCTVGF /C[���CV������

88 (QZDQTQ�5[UVGO�&QYP /C[����CV������

99 5QNKFU�5GPV�VQ�2%& /C[����CV������

:: &KRNGI�7RUGV /C[����CV������

;; %QCN�(GGF�5VQRRGF��.GCM�QP
(&�����6QR�5GCN

/C[����CV������

<< 4WP�'PFGF /C[����CV������
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ZDV�YDFXXPHG�RII�SULRU�WR�UHLQVWDOODWLRQ�RI�WKH�SOHQXP�LQ�WKH�YHVVHO�

$�FORVH�XS�RI�WKH�EURNHQ�%ODVFK�HOHPHQWV�LV�VKRZQ�LQ�ILJXUH���������6RPH�RI�WKH�HOHPHQWV
VKRZHG�DGGLWLRQDO�FUDFNLQJ�LQ�D�VSLGHU�ZHE�IDVKLRQ��DV�VHHQ�EHIRUH�ZLWK�&RRUV�HOHPHQW�IDLOXUHV�
0RVW�RI�WKH�EUHDNV�ZHUH�RI�D�9�VKDSH�W\SLFDO�RI�WKHUPDO�IDLOXUHV���)LJXUH�������VKRZV�D�FORVH�XS
RI�WKH�EURNHQ�%ODVFK�ILOWHUV���65,�WRRN�VDPSOHV�RI�WKH�HOHPHQWV�IRU�IXUWKHU�WHVWLQJ���$�'XSRQW
35'���HOHPHQW�ZDV�LQDGYHUWHQWO\�EURNHQ�GXULQJ�WKH�UHPRYDO�SURFHVV���$GGLWLRQDOO\��WKH�IDLOHG
6SHFLILF�6XUIDFH�HOHPHQW�ZDV�UHPRYHG�DV�ZHOO�DV�WKH�LQWDFW�RQH���7KH�LQWDFW�HOHPHQW�ZDV�VHQW�WR
65,�IRU�VWXG\�DQG�WKH�UHPDLQLQJ�SLHFHV�RI�WKH�EURNHQ�HOHPHQW�ZHUH�WDNHQ�E\�WKH�PDQXIDFWXUHU�

���������+PURGEVKQP�4GUWNVU

7KH�IDLOXUH�RI�WKH�VL[�%ODVFK�HOHPHQWV�SURPSWHG�WKH�UHPRYDO�RI�DOO�HOHPHQWV���7KH
WKHUPRFRXSOHV�ZHUH�KHOSIXO�LQ�JDLQLQJ�XQGHUVWDQGLQJ�RI�ZKDW�FRXOG�EH�FDXVLQJ�WKH�IDLOXUH�HYHQWV
HYHQ�WKRXJK�SUREOHPV�ZHUH�NQRZQ�WR�EH�SUHVHQW�ZLWK�&RRUV�3���$�HOHPHQWV�SULRU�WR�WKHLU
LQVWDOODWLRQ�IRU�WHVW�UXQ�7&�����7KH�GDWD�REWDLQHG�IURP�WKH�3DOO�����DQG�&RRUV�3���$�HOHPHQWV
HTXLSSHG�ZLWK�WKHUPRFRXSOHV�KHOSHG�WR�GHWHUPLQH�WKH�SUREDELOLW\�RI�FDUU\RYHU�RI�EXUQLQJ�FRDO�
$GGLWLRQDOO\��RQH�6FKXPDFKHU�7)���HOHPHQW�IURP�5RJHU�&KHQ�DQG�RQH��0�R[LGH�HOHPHQW�ZHUH
UHPRYHG�IRU�DQDO\VLV���)LIWHHQ�HOHPHQWV�ZHUH�UHPRYHG�IURP�WKH�SOHQXP���7KRVH�HOHPHQWV
FRQVLVWHG�RI�HLJKW�%ODVFK��VL[�RI�ZKLFK�ZHUH�EURNHQ���WZR�6SHFLILF�6XUIDFH��RQH�RI�ZKLFK�ZDV
EURNHQ���RQH��0�R[LGH��WZR�&RRUV��RQH�'XSRQW�35'����EURNHQ�GXULQJ�LQVSHFWLRQ���DQG�RQH
6FKXPDFKHU�7)����IRU�5RJHU�&KHQ����)LJXUH�������VKRZV�WKH�ILQDO�HOHPHQW�DUUDQJHPHQW�DV
LQVWDOOHG�IRU�WKH�UHPDLQGHU�RI�7&���



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%���+PURGEVKQP�4GRQTV��

�����

(KIWTG��������$QVVQO�2NGPWO�QP�#RTKN���������

(KIWTG��������$TQMGP�$NCUEJ�(KNVGT�'NGOGPVU



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
6%���+PURGEVKQP�4GRQTV�� 6TCPURQTV�4GCEVQT�6TCKP

�����

(KIWTG��������$TQMGP�5RGEKHKE�5WTHCEG�(KNVGT�'NGOGPV

(KIWTG��������$TQMGP�%QQTU�'NGOGPV�%NQUG�7R



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%���+PURGEVKQP�4GRQTV��

�����

(KIWTG��������6YQ�$TQMGP�%QQTU�'NGOGPVU



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
6%���+PURGEVKQP�4GRQTV�� 6TCPURQTV�4GCEVQT�6TCKP

�����

(KIWTG��������.C[QWV��



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%���+PURGEVKQP�4GRQTV��

�����

(KIWTG��������.C[QWV���(CKNWTGU



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
6%���+PURGEVKQP�4GRQTV�� 6TCPURQTV�4GCEVQT�6TCKP

�����

(KIWTG��������$TQMGP�$NCUEJ�'NGOGPVU�4GOQXGF



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%���+PURGEVKQP�4GRQTV��

�����

(KIWTG��������(KPCN�#TTCPIGOGPV�6%���4WP

25&(>6%��>���



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%���+PURGEVKQP�4GRQTV��

�����

��� 6%���+052'%6+10�4'2146��

�������4WP�5WOOCT[

7HVW�FDPSDLJQ�7&���ZDV�FRQFOXGHG�ZLWK�D�QRUPDOO\�VFKHGXOHG�VKXWGRZQ�RQ�0D\������������7KH
SOHQXP�ZDV�SXOOHG�DQG�LQVSHFWHG�RQFH�DJDLQ���7KH�UXQ�ZDV�WHUPLQDWHG�MXVW�SULRU�WR�D�QRUPDOO\
VFKHGXOHG�EDFN�SXOVH�LQ�RUGHU�IRU�6RXWKHUQ�5HVHDUFK�,QVWLWXWH��65,��WR�LQVSHFW�WKH�GXVWFDNH
SULRU�WR�EDFN�SXOVLQJ���$�JUDGXDOO\�LQFUHDVLQJ�OHDNDJH�ZDV�GHWHFWHG�WRZDUGV�WKH�HQG�RI�7&���
ZKLFK�OHDG�WR�VSHFXODWLRQ�WKDW�WKH�JDVNHWV�IRU�WKH��0�HOHPHQWV�FRXOG�EH�SURYLGLQJ�D�OHDN�SDWK�
7KLV�ZDV�IRXQG�WR�EH�WUXH��SURPSWLQJ�WKH�UHPRYDO�RI�DOO�LQVWDOOHG��0�HOHPHQWV���$�WRWDO�RI���
HOHPHQWV�ZHUH�UHPRYHG��LQFOXGLQJ�����0����3DOO��DQG���6FKXPDFKHU�HOHPHQWV�

�������2%&�+PURGEVKQP�CPF�&WUVECMG�1DUGTXCVKQPU

7KH�3&'�ZDV�UHPRYHG�RQ�0D\������������)LJXUH�������VKRZV�WKH�ERWWRP�SOHQXP�DIWHU�UHPRYDO�
8SRQ�FORVHU�LQVSHFWLRQ��VHYHUDO�JDVNHWV�IRU�WKH��0�HOHPHQWV�VKRZHG�VLJQV�RI�OHDNLQJ�DW�WKH
LQWHUIDFH�EHWZHHQ�WKH�ILOWHU�DQG�WKH�WXEHVKHHW���7KH�HOHPHQW�LWVHOI�ZDV�QRW�OHDNLQJ��KRZHYHU�
EHFDXVH�RI�WKH�JDVNHW�DUUDQJHPHQW�GXVW�ZDV�OHDNLQJ�DURXQG�WKH�IDLO�VDIH���)LJXUH�������VKRZV�WKH
OHDNDJH�DURXQG�WKH�JDVNHWV���%HFDXVH�RI�WKLV��DOO�RI�WKH�LQVWDOOHG��0�ILOWHUV��R[LGH�DQG�6L&��ZHUH
UHPRYHG���6LQFH�65,�ZDQWHG�WR�REVHUYH�D�GLUW\�VKXWGRZQ�WKH�FDQGOHV�KDG�D�QRWLFHDEO\�WKLFNHU
GXVWFDNH���)LJXUHV�������WKURXJK����VKRZ�WKH�DSSHDUDQFH�RI�WKH�FDQGOHV���$GGLWLRQDOO\��WKH�3DOO
����HOHPHQW�HTXLSSHG�ZLWK�WKHUPRFRXSOHV�DQG�WKH�IDLO�VDIH�ZLWK�WKHUPRFRXSOHV�ZHUH�UHPRYHG�
$VK�ZDV�YLVLEOH�RQ�PDQ\�RI�WKH�IDLO�VDIHV�GXH�WR�WKH�SUHYLRXV�IDLOXUH�HYHQW�GXULQJ�7&�����$�WRWDO
RI�����0�HOHPHQWV����RI�ZKLFK�ZHUH��0�W\SH�����DQG���RI�ZKLFK�ZHUH��0�2[LGHV��ZHUH
UHPRYHG���,Q�DGGLWLRQ����3DOO�����HOHPHQWV����6FKXPDFKHU�7)���HOHPHQWV��DQG���3DOO����7
HOHPHQW�ZHUH�UHPRYHG��IRU�D�WRWDO�RI������7KH�HOHPHQWV�UHPRYHG�ZHUH�UHSODFHG�E\���0F'HUPRWW
2[LGHV����'XSRQW�35'���HOHPHQWV�����0�R[LGHV�ZLWK�PRGLILHG�IODQJH�DVVHPEOLHV��DQG���
6FKXPDFKHU�7)������RI�ZKLFK�ZHUH�WHVW�HOHPHQWV�RZQHG�E\�5RJHU�&KHQ��

�������+PURGEVKQP�4GUWNVU

6SHFXODWLRQ�DERXW�WKH�OHDNDJH�DURXQG�WKH�JDVNHWV�RQ�WKH��0�ILOWHUV�SURPSWHG�WKH�PDQXIDFWXUHU
WR�PRGLI\�WKH�IODQJH�WR�FRQIRUP�WR�WKH�VWDQGDUG�HOHPHQW�GHVLJQ���1R�RWKHU�VLJQLILFDQW�LVVXHV
FDPH�IURP�WKLV�LQVSHFWLRQ���7KH�SOHQXP�ZDV�UHLQVWDOOHG�LQ�WKH�YHVVHO�LQ�SUHSDUDWLRQ�IRU�7&���
)LJXUH�������VKRZV�WKH�HOHPHQW�OD\RXW�DV�LQVWDOOHG�IRU�7&���



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
6%���+PURGEVKQP�4GRQTV�� 6TCPURQTV�4GCEVQT�6TCKP

�����

(KIWTG��������4GOQXCN�QH�2%&�2NGPWO�QP�/C[���������



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%���+PURGEVKQP�4GRQTV��

�����

(KIWTG��������.GCMKPI�)CUMGVU�QP��/�%CPFNGU

(KIWTG��������&WUVECMG�QP�VJG�'NGOGPVU

.GCM�2CVJ



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
6%���+PURGEVKQP�4GRQTV�� 6TCPURQTV�4GCEVQT�6TCKP

�����

(KIWTG��������#UJ�#EEWOWNCVKQP�QP�VJG�(KNVGT�(NCPIGU

(KIWTG��������&WUV�4KFIGU�QP�VJG�'NGOGPVU



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%���+PURGEVKQP�4GRQTV��

�����

(KIWTG���������'NGOGPV�.C[QWV�HQT�6%��

25&(>6%��>���



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%���#UJ�%JCTCEVGTKUVKEU�CPF�2%&�2GTHQTOCPEG

�����

��� 6%���#5*�%*#4#%6'4+56+%5�#0&�2%&�2'4(14/#0%'

,Q�WHVW�FDPSDLJQ�7&���LQ�VLWX�SDUWLFXODWH�VDPSOLQJ�UXQV�ZHUH�SHUIRUPHG�RQ�D�UHJXODU�EDVLV�DW�WKH
3&'�LQOHW�DQG�RXWOHW���,QLWLDO�VDPSOLQJ�UXQV�SHUIRUPHG�DW�WKH�3&'�LQOHW�ZHUH�GLUHFWHG�DW
PRQLWRULQJ�FKDQJHV�LQ�VROLGV�FDUU\RYHU�IURP�WKH�WUDQVSRUW�UHDFWRU�V\VWHP�GXULQJ�VWDUW�XS�VROLGV
FLUFXODWLRQ�DQG�GXULQJ�WUDQVLWLRQ�WR�FRDO���2QH�LQOHW�VDPSOLQJ�UXQ�ZDV�SHUIRUPHG�LQ�WKH�DEVHQFH
RI�VRUEHQW�DGGLWLRQ�WR�EHWWHU�GHILQH�WKH�FRQWULEXWLRQ�RI�WKH�VRUEHQW�WR�WKH�WRWDO�SDUWLFXODWH
ORDGLQJ���7KUHH�FXW�VL]H�WHVWV�ZHUH�DOVR�SHUIRUPHG�WR�TXDQWLI\�WKH�IUDFWLRQ�RI�VROLGV�WKDW�GURSV
RXW�DKHDG�RI�WKH�ILOWHU�HOHPHQWV���6DPSOLQJ�UXQV�ZHUH�DOVR�SHUIRUPHG�DW�WKH�3&'�RXWOHW�WR
TXDQWLI\�SDUWLFOH�SHQHWUDWLRQ�WKURXJK�WKH�3&'�GXULQJ�7&�����7KH�LQ�VLWX�SDUWLFXODWH�VDPSOHV
FROOHFWHG�GXULQJ�7&���LQFOXGHG�HLJKW�VDPSOHV�RI�WKH�SDUWLFXODWH�PDVV�HQWHULQJ�WKH�3&'�DQG�QLQH
VDPSOHV�RI�WKH�SDUWLFXODWH�PDVV�H[LWLQJ�WKH�3&'���$OO�RI�WKH�VDPSOHV�FROOHFWHG�DW�WKH�3&'�LQOHW
DQG�VL[�RI�WKH�VDPSOHV�FROOHFWHG�DW�WKH�3&'�RXWOHW�ZHUH�WRWDO�SDUWLFXODWH�PDVV�VDPSOHV�FROOHFWHG
RQ�D�VLQJOH�ILOWHU��PDVV�VDPSOHV����7KUHH�RI�WKH�VDPSOHV�FROOHFWHG�DW�WKH�3&'�RXWOHW�ZHUH�VL]H�
VHJUHJDWHG�VDPSOHV�FROOHFWHG�LQ�D�FDVFDGH�LPSDFWRU�

7KLV�UHSRUW�VXPPDUL]HV�WKH�SDUWLFXODWH�PDVV�ORDGLQJV�GHWHUPLQHG�IURP�WKH�7&���VDPSOLQJ�UXQV�
DORQJ�ZLWK�3&'�FROOHFWLRQ�HIILFLHQFLHV�FDOFXODWHG�IURP�WKH�LQOHW�DQG�RXWOHW�ORDGLQJV���3DUWLFOH�VL]H
GLVWULEXWLRQV�GHWHUPLQHG�E\�FDVFDGH�LPSDFWRU�DQG�E\�SDUWLFOH�VL]H�DQDO\VLV�LQ�WKH�ODERUDWRU\�DUH
GLVFXVVHG�DQG�FRPSDUHG�WR�SDUWLFOH�VL]H�PHDVXUHPHQWV�IURP�SUHYLRXV�WHVW�VHULHV���6LJQLILFDQW
SK\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�LQ�VLWX�VDPSOHV�DUH�SUHVHQWHG�DQG�FRPSDUHG�WR�WKH
FKDUDFWHULVWLFV�RI�DVK�VDPSOHV�WDNHQ�IURP�WKH�3&'�KRSSHU�DQG�RI�GXVWFDNH�VDPSOHV�WDNHQ�IURP
WKH�ILOWHU�HOHPHQWV�DIWHU�WKH�GLUW\�VKXWGRZQ�LQ�0D\�

���������/GCUWTGOGPVU�QH�2CTVKEWNCVG�/CUU�.QCFKPIU

+PNGV�/GCUWTGOGPVU���7DEOH�������JLYHV�D�VXPPDU\�RI�WKH�UHVXOWV�RI�DOO�3&'�LQOHW�SDUWLFOH�PDVV
FRQFHQWUDWLRQ�PHDVXUHPHQWV�SHUIRUPHG�GXULQJ�DOO�VHJPHQWV�RI�7&�����7R�HYDOXDWH�WKH�HIIHFWV�RI
VWDUW�XS�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�LQLWLDO�GXVWFDNH�EXLOGXS�RQ�WKH�3&'�FDQGOHV��WKH�ILUVW�WZR
PHDVXUHPHQWV�ZHUH�PDGH�XQGHU�XQVWDEOH�VWDUW�XS�FRQGLWLRQV���7KH�ILUVW�PHDVXUHPHQW
�7&��,07�����ZDV�PDGH�GXULQJ�VWDUW�XS�RQ�SURSDQH�ZLWK�FLUFXODWLRQ�RI�KRW�EHG�PDWHULDO���7KH
VHFRQG�PHDVXUHPHQW��7&��,07�����ZDV�PDGH�GXULQJ�WKH�WUDQVLWLRQ�WR�FRDO�FRPEXVWLRQ�ZLWK
UHODWLYHO\�ORZ�IHHG�UDWHV�RI�FRDO�DQG�GRORPLWH���7DEOH�������VKRZV�WKDW�WKH�ORDGLQJ�PHDVXUHG
GXULQJ�WKH�VWDUW�XS�FRQGLWLRQ���������SSPZ��ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�ORDGLQJ�PHDVXUHG
RQ�WKH�QH[W�GD\�GXULQJ�WKH�WUDQVLWLRQ�WR�FRDO��������SSPZ����7KH�UHODWLYHO\�KLJK�ORDGLQJ�REWDLQHG
GXULQJ�KRW�VROLGV�FLUFXODWLRQ�ZDV�WKH�UHVXOW�RI�LQHIILFLHQW�RSHUDWLRQ�RI�WKH�SULPDU\�F\FORQH�XQGHU
WKH�ORZ�IORZ�VWDUW�XS�FRQGLWLRQV���7KH�ORZHU�ORDGLQJ�REWDLQHG�GXULQJ�WKH�WUDQVLWLRQ�WR�FRDO�LV
FRQVLVWHQW�ZLWK�WKH�UHODWLYHO\�ORZ�VROLGV�IHHG�UDWHV�DQG�ORZ�FLUFXODWLRQ�UDWHV�GXULQJ�WKH�WUDQVLWLRQ
SHULRG�

)RXU�WHVWV�ZHUH�FRQGXFWHG�GXULQJ�FRQGLWLRQV�WKDW�ZRXOG�EH�GHVFULEHG�DV�QRUPDO�RSHUDWLRQ�IRU
7&�����7HVWV�7&��,07���������������DQG�����ZHUH�PHDVXUHG�XQGHU�VWDEOH�RSHUDWLQJ�FRQGLWLRQV
ZLWK�GRORPLWH�DGGLWLRQ���7KH�PHDVXUHG�SDUWLFOH�ORDGLQJV�UDQJHG�IURP�������WR��������SSPZ�DQG
ZDV�JHQHUDOO\�ZLWKLQ�WKH�UDQJH�RI�ORDGLQJV�PHDVXUHG�GXULQJ�7&�����������±�������SSPZ��
([FHSW�IRU�UXQ�7&��,07�����WKH�WHVWV�ZHUH�FRQGXFWHG�VR�WKDW�WKH�VDPSOH�ZDV�FROOHFWHG�EHWZHHQ
3&'�EDFN�SXOVHV��WKHUHIRUH�DYRLGLQJ�DQ\�PDWHULDO�FDUU\RYHU�FDXVHG�E\�D�F\FORQH�GLSOHJ�XSVHW�



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
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�����

+RZHYHU��7&��,07����UHVXOWV�GLG�QRW�LQGLFDWH�DQ\�HIIHFW�RQ�PDVV�FRQFHQWUDWLRQ��7&��,07���
ZDV�FRQGXFWHG�GXULQJ�D�EDFN�SXOVH��

2QH�WHVW�ZDV�FRQGXFWHG�ZLWK�GRORPLWH�DGGLWLRQ�WXUQHG�RII�LQ�RUGHU�WR�HYDOXDWH�WKH�HIIHFWV�RI
VRUEHQW�DGGLWLRQ�RQ�62;�UHPRYDO��GLVFXVVHG�HOVHZKHUH����7KH�DGGLWLRQ�RI�GRORPLWH�KDG�EHHQ
WHUPLQDWHG�DERXW����KRXUV�SULRU�WR�WKH�VDPSOLQJ�UXQ�VR�WKDW�62;�FRQFHQWUDWLRQV�FRXOG�VWDELOL]H
LQ�WKH�DEVHQFH�RI�VRUEHQW���7DEOH�������VKRZV�WKDW�WKH�ORDGLQJ�PHDVXUHG�ZLWKRXW�GRORPLWH
DGGLWLRQ��������SSPZ��ZDV�URXJKO\�KDOI�WKDW�PHDVXUHG�GXULQJ�GRORPLWH�DGGLWLRQ��������WR�������
SSPZ����7KH�PDJQLWXGH�RI�WKLV�HIIHFW�LV�JUHDWHU�WKDQ�H[SHFWHG��VLQFH�WKH�GRORPLWH�UHDFWLRQ
SURGXFWV��&D&2���&D62���&D2•0J2��DQG�0J2��W\SLFDOO\�DFFRXQW�IRU�RQO\����SHUFHQW�RI�WKH
WRWDO�SDUWLFXODWH�PDVV���7KH�JDV�IORZ�UDWH�ZDV�DERXW�WKH�VDPH�GXULQJ�WKH�WHVWV�GRQH�ZLWK�DQG
ZLWKRXW�GRORPLWH�DGGLWLRQ��VR�WKHUH�ZDV�SUHVXPDEO\�QR�GLIIHUHQFH�LQ�WKH�FROOHFWLRQ�HIILFLHQFLHV
RI�WKH�SULPDU\�F\FORQH�GXULQJ�WKHVH�WHVWV���7KLV�UHVXOW�PD\�VXJJHVW�WKDW�WKH�SUHVHQFH�RI�GRORPLWH
LQ�WKH�WUDQVSRUW�UHDFWRU�ORRS�KDV�D�VHFRQGDU\�HIIHFW�RQ�WKH�SDUWLFXODWH�FDUU\RYHU�IURP�WKH�ORRS
�L�H���WKH�DGGLWLRQ�RI�GRORPLWH�PD\�LQFUHDVH�WKH�FDUU\RYHU�RI�FRDO�DVK�SDUWLFOHV�WKURXJK�D
VHFRQGDU\�HIIHFW�RQ�WKH�JDV�SDUWLFOH�IORZ�G\QDPLFV��

$IWHU�WKH�GRORPLWH�IHHG�ZDV�UHVXPHG�RSHUDWLRQV�SHUVRQQHO�ZHUH�XQDEOH�WR�PDLQWDLQ�WKH�VHDO�RQ
WKH�F\FORQH�GLSOHJ��UHVXOWLQJ�LQ�ODUJH�IOXFWXDWLRQV�LQ�SDUWLFXODWH�FDUU\RYHU���7KH�ODVW�VDPSOLQJ�UXQ
�7&��,07�����ZDV�SHUIRUPHG�XQGHU�WKHVH�XQVWDEOH�FRQGLWLRQV�DQG�\LHOGHG�D�SDUWLFXODWH�ORDGLQJ
RI��������SSPZ��DOPRVW�GRXEOH�WKH�ORDGLQJ�PHDVXUHG�GXULQJ�VWDEOH�RSHUDWLRQ���$IWHU�WKLV�UXQ�DQ
DGKHUHQW�FRDWLQJ�RI�ILQH�DVK�ZDV�IRXQG�RQ�WKH�VDPSOHU�VXUIDFHV�WKDW�IDFHG�LQWR�WKH�JDV�IORZ�
3DUWLFOH�LPSDFWLRQ�VHHPV�WR�EH�WKH�PRVW�OLNHO\�IRUPDWLRQ�PHFKDQLVP�VLQFH�WKH�FRDWLQJ�ZDV
SUHVHQW�RQ�RQO\�WKH�VXUIDFHV�WKDW�IDFHG�LQWR�WKH�IORZ���7KH�FRDWLQJ�FRXOG�QRW�EH�UHPRYHG�E\
EUXVKLQJ�RU�VFUDSLQJ�DQG�UHPDLQHG�RQ�WKH�PHWDO�VXUIDFHV�HYHQ�DIWHU�FOHDQLQJ�WKH�SDUWV�LQ�DQ
XOWUDVRQLF�EDWK���3ULRU�WR�WKLV�VDPSOLQJ�UXQ�QR�VXFK�FRDWLQJ�KDG�HYHU�EHHQ�REVHUYHG�RQ�DQ\�RI
WKH�VDPSOHUV�XVHG�DW�WKH�36')���1R�XQXVXDO�WKHUPDO�H[FXUVLRQV�RU�RWKHU�SURFHVV�XSVHWV�ZHUH
GHWHFWHG�GXULQJ�WKH�VDPSOLQJ�UXQ���3URFHVV�HQJLQHHUV�DQG�RSHUDWLQJ�SHUVRQQHO�ZHUH�XQDEOH�WR
RIIHU�DQ\�H[SODQDWLRQ�IRU�WKH�IRUPDWLRQ�RI�WKLV�WLJKWO\�ERQGHG�ILOP�RI�DVK�RQ�WKH�VDPSOHU���7KH
FDXVH�DQG�VLJQLILFDQFH�RI�WKLV�LQFLGHQW�UHPDLQV�XQNQRZQ�EXW�LW�VXJJHVWV�WKDW�WKH�WUDQVSRUW
UHDFWRU�V\VWHP�FDQ�SURGXFH�XOWUDILQH��VWLFN\�DVK�SDUWLFOHV�XQGHU�FHUWDLQ�FRQGLWLRQV�

1WVNGV�/GCUWTGOGPVU���7KH�RXWOHW�SDUWLFXODWH�PHDVXUHPHQWV�PDGH�GXULQJ�7&���DUH�VXPPDUL]HG�LQ
WDEOH���������3ULRU�WR�WKH�ILUVW�RXWOHW�PHDVXUHPHQW�ILOWHU�HOHPHQW�IUDJPHQWV�ZHUH�UHFRYHUHG�IURP
WKH�DVK�GLVFKDUJH�V\VWHP�RQ�6DWXUGD\��$SULO������6LQFH�WKLV�LQFLGHQW�RFFXUUHG�RQ�D�6DWXUGD\
RSHUDWLRQV�SHUVRQQHO�GHFLGHG�WR�GLVFRQWLQXH�WKH�FRDO�IHHG�ZKLOH�NHHSLQJ�WKH�WUDQVSRUW�UHDFWRU
V\VWHP�KRW�XQWLO�65,�SHUVRQQHO�FRXOG�PDNH�D�PHDVXUHPHQW�RI�WKH�RXWOHW�SDUWLFXODWH�ORDGLQJ�RQ
0RQGD\��$SULO������&RDO�IHHG�ZDV�UHVWDUWHG�DW�DERXW������D�P��0RQGD\�DQG�DQ�RXWOHW�VDPSOLQJ
UXQ�ZDV�EHJXQ�ZKHQ�VXLWDEOH�RSHUDWLQJ�FRQGLWLRQV�ZHUH�HVWDEOLVKHG�DW������D�P���$V�VKRZQ�LQ�WKH
WDEOH��WKH�UHVXOWV�RI�WKH�ILUVW�UXQ��7&��207�����VXJJHVWHG�WKDW�WKHUH�ZDV�VLJQLILFDQW�OHDNDJH
�����SSPZ��IURP�WKH�GLUW\�VLGH�WR�WKH�FOHDQ�VLGH�RI�WKH�ILOWHU�V\VWHP�DIWHU�WKH�LQFLGHQW�PHQWLRQHG
DERYH���7KH�WUDQVSRUW�UHDFWRU�V\VWHP�ZDV�LPPHGLDWHO\�VKXW�GRZQ�DQG�WKH�ILOWHU�LQWHUQDOV�ZHUH
UHPRYHG��UHYHDOLQJ�QLQH�EURNHQ�HOHPHQWV���1RUPDOO\��QLQH�EURNHQ�HOHPHQWV�ZLWK�SURSHUO\
LQVWDOOHG�IDLO�VDIHV�ZRXOG�QRW�SURGXFH�D�OHDN�DV�ODUJH�DV�����SSPZ���,Q�WKLV�LQVWDQFH��KRZHYHU��WKH
OHDN�ZDV�PXFK�ODUJHU�WKDQ�QRUPDO��EHFDXVH�RQH�RI�WKH�EURNHQ�HOHPHQWV�ZDV�HTXLSSHG�ZLWK�D
PRGLILHG�IDLO�VDIH�WKDW�FRQWDLQHG�D�IHHGWKURXJK�IRU�LQVWUXPHQWDWLRQ�ZLULQJ���7KH�LQVWUXPHQWDWLRQ
IHHGWKURXJK�ZDV�DSSDUHQWO\�SURYLGLQJ�D�VLJQLILFDQW�OHDNDJH�SDWK�WKURXJK�WKH�IDLO�VDIH�RQ�WKDW
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EURNHQ�HOHPHQW���)XWXUH�GHVLJQ�RI�WKH�LQVWUXPHQWDWLRQ�ZLULQJ�ZLOO�EH�PRGLILHG�WR�DYRLG�DQ\
SRWHQWLDO�OHDNDJH�SDWKV�LQ�WKH�HYHQW�RI�D�ILOWHU�IDLOXUH�

7KH�RXWOHW�UXQV�SHUIRUPHG�DIWHU�WKH�EURNHQ�HOHPHQWV�ZHUH�UHSODFHG��7&��207����DQG�����
FRQILUPHG�WKDW�WKH�OHDNDJH�KDG�EHHQ�GUDPDWLFDOO\�UHGXFHG������WR�����SSPZ���DOWKRXJK�WKHUH�ZDV
DSSDUHQWO\�VWLOO�VRPH�SHQHWUDWLRQ�RI�DVK�WKURXJK�WKH�ILOWHU�V\VWHP����([SHULHQFH�KDV�VKRZQ�WKDW
WKH�RXWOHW�ORDGLQJV�DUH�QRUPDOO\�EHORZ���SSPZ�ZKHQ�DOO�WKH�ILOWHU�HOHPHQWV�DUH�LQWDFW�DQG
SURSHUO\�LQVWDOOHG��

,QDGHTXDWH�JDVNHWLQJ�EHWZHHQ��0�ILEHU�UHLQIRUFHG�HOHPHQWV�DQG�WKHLU�IDLO�VDIHV�ZDV�VXVSHFWHG�DV
WKH�VRXUFH�RI�WKH�UHODWLYHO\�PLQRU�OHDN�VLQFH��0�HOHPHQWV�GLIIHU�IURP�WKH�RWKHU�HOHPHQWV�LQ�WKH
GHVLJQ�RI�WKH�IODQJHG�HQG�WKDW�PDWHV�WR�WKH�IDLO�VDIH����6XEVHTXHQW�LQVSHFWLRQ�RI�WKH�HOHPHQW
IODQJH�DQG�IDLO�VDIH�JDVNHWLQJ�UHYHDOHG�WKDW�WKH�OHDNDJH�ZDV�DFWXDOO\�RFFXUULQJ�DURXQG�WKH�RXWVLGH
RI�WKH�IDLO�VDIH���:LWK�WKHUPDO�F\FOLQJ��WKH�GLIIHUHQFH�LQ�WKHUPDO�H[SDQVLRQ�EHWZHHQ�WKH�PHWDO
IDLO�VDIH�DQG�WKH�FHUDPLF�ILOWHU�HOHPHQW�ZDV�DSSDUHQWO\�FDXVLQJ�FRPSUHVVLRQ�RI�WKH�IDLO�VDIH
JDVNHWLQJ���7KLV�JDVNHW�FRPSUHVVLRQ�DOORZHG�WKH�IDLO�VDIH�WR�VOLS�GRZQZDUG��RSHQLQJ�XS�D�JDS�DW
WKH�IDLO�VDIH�IODQJH��

7KH�UHVXOWV�RI�VXEVHTXHQW�RXWOHW�PHDVXUHPHQWV��7&��207����������DQG������VKRZHG�WKDW�WKH
OHDNDJH��ZKLFK�ZDV�DW�D�OHYHO�RI�����WR�����SSPZ�LQ�ODWH�$SULO��ZDV�LQFUHDVLQJ���$V�QRWHG�LQ�WKH
WDEOH��WKH�OHDNDJH�UHDFKHG�D�OHYHO�RI������SSPZ�RQ�0D\�����ZKHQ�LQDELOLW\�WR�PDLQWDLQ�WKH
F\FORQH�GLSOHJ�VHDO�IRUFHG�D�VKXWGRZQ�RI�WKH�WUDQVSRUW�UHDFWRU�V\VWHP���6XEVHTXHQW�LQVSHFWLRQ�RI
WKH�ILOWHU�LQWHUQDOV�GXULQJ�WKH�VKXWGRZQ�FRQILUPHG�WKDW�WKHUH�ZDV�D�VHDOLQJ�SUREOHP�EHWZHHQ�WKH
�0�HOHPHQWV�DQG�WKH�IDLO�VDIHV�DV�GLVFXVVHG�DERYH���7KH��0�&RUSRUDWLRQ�KDV�VLQFH�GHYHORSHG�D
FHUDPLF�LQVHUW�WKDW�SURYLGHV�EHWWHU�VHDOLQJ�DW�WKH�IDLO�VDIH�IODQJH�DQG�WKLV�PRGLILFDWLRQ�KDV�VROYHG
WKLV�OHDNDJH�SUREOHP�

%QNNGEVKQP�'HHKEKGPE[���7KH�SDUWLFOH�FROOHFWLRQ�SHUIRUPDQFH�RI�WKH�3&'�ZDV�FDOFXODWHG�IURP�WKH
LQOHW�DQG�RXWOHW�PDVV�FRQFHQWUDWLRQV�DQG�WKH�UHVXOWV�DUH�VKRZQ�LQ�WDEOH���������7KH�WDEOH�FRQWDLQV
ERWK�YDOXHV�RI�3&'�FROOHFWLRQ�HIILFLHQF\��WKH�SHUFHQWDJH�RI�SDUWLFOH�PDVV�FROOHFWHG��DQG�WKH
SDUWLFOH�SHQHWUDWLRQ�RI�WKH�3&'��SHUFHQWDJH�RI�SDUWLFOH�PDVV�WKDW�HVFDSHV�FROOHFWLRQ����7KH�RXWOHW
VDPSOLQJ�UXQV�ZHUH�PXFK�ORQJHU�LQ�GXUDWLRQ�WKDQ�WKH�LQOHW�UXQV��W\SLFDOO\���KRXUV�YHUVXV���
PLQXWHV��EHFDXVH�RI�WKH�JUHDW�GLIIHUHQFH�LQ�PDVV�FRQFHQWUDWLRQ�DW�WKH�LQOHW�DQG�RXWOHW���6LQFH�WKH
LQOHW�DQG�RXWOHW�VDPSOHV�ZHUH�QRW�VLPXOWDQHRXV��DQG�EHFDXVH�RI�FRQVLGHUDEOH�YDULDELOLW\�LQ�WKH
LQOHW�FRQFHQWUDWLRQ��WKH�3&'�SHUIRUPDQFH�YDOXHV�ZHUH�FDOFXODWHG�EDVHG�RQ�DQ�LQOHW�ORDGLQJ�RI
�������SSPZ��ZKLFK�LV�WKH�DYHUDJH�RI�WKH�IRXU�UXQV�SHUIRUPHG�GXULQJ�VWDEOH�RSHUDWLRQ�ZLWK�FRDO
DQG�GRORPLWH���7KH�YHU\�ORZ�FROOHFWLRQ�HIILFLHQF\�UHFRUGHG�RQ�$SULO����LV�D�FRQVHTXHQFH�RI
SDUWLFOH�SHQHWUDWLRQ�WKURXJK�WKH�LQVWUXPHQWHG�IDLO�VDIH�GLVFXVVHG�HDUOLHU���7KH�RWKHU�FROOHFWLRQ
HIILFLHQFLHV�DUH�JHQHUDOO\�ORZHU�WKDQ�WKRVH�UHFRUGHG�GXULQJ�7&����EHFDXVH�RI�WKH�OHDNDJH�DURXQG
WKH��0�HOHPHQW�IDLO�VDIHV�GLVFXVVHG�SUHYLRXVO\���1HYHUWKHOHVV��WKHVH�HIILFLHQFLHV�DUH�VWLOO�TXLWH
JRRG�FRPSDUHG�WR�WKH�SHUIRUPDQFH�RI�PRVW�SDUWLFXODWH�FRQWURO�V\VWHPV�WKDW�DUH�FXUUHQWO\
RSHUDWLQJ�RQ�FRDO�ILUHG�SRZHU�SODQWV�
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�����������/GCUWTGOGPVU�QH�2CTVKENG�5K\G�&KUVTKDWVKQPU

+PNGV�/GCUWTGOGPVU���)LJXUH�������VKRZV�SDUWLFOH�VL]H�GLVWULEXWLRQV�PHDVXUHG�RQ�WZR�RI�WKH�LQ�VLWX
PDVV�VDPSOHV�GLVFXVVHG�SUHYLRXVO\��7&��,07����DQG��������$�UHSUHVHQWDWLYH�SDUWLFOH�VL]H
GLVWULEXWLRQ�IURP�RQH�RI�WKH�7&���PDVV�VDPSOHV��7&��,07�����LV�DOVR�VKRZQ�IRU�FRPSDULVRQ�
$OO�RI�WKHVH�GLVWULEXWLRQV�ZHUH�REWDLQHG�E\�DQDO\]LQJ�WKH�PDVV�VDPSOHV�RQ�D�/HHGV�	�1RUWKUXS
0LFURWUDF�;�����SDUWLFOH�VL]H�DQDO\]HU���7KH�UHVXOWV�VXJJHVW�WKDW�VDPSOH�7&��,07�����ZKLFK�ZDV
FROOHFWHG�RQ�$SULO�����FRQWDLQHG�PRUH�ILQH�SDUWLFOHV��'S������µm��WKDQ�GLG�VDPSOH�7&��,07���
FROOHFWHG�RQ�$SULO������7KH�KLJKHU�FRQFHQWUDWLRQ�RI�ILQH�SDUWLFOHV�PD\�DW�OHDVW�SDUWLDOO\�H[SODLQ�WKH
KLJKHU�PDVV�ORDGLQJ�PHDVXUHG�RQ�$SULO������������SSPZ�YHUVXV�������SSPZ�PHDVXUHG�RQ�$SULO
������7KH�WZR�PDVV�ORDGLQJ�PHDVXUHPHQWV�ZHUH�PDGH�ZLWK�QRPLQDOO\�HTXLYDOHQW�IHHG�UDWHV�RI
FRDO�DQG�GRORPLWH���7KH�RQO\�LQWHQWLRQDOO\�LQWURGXFHG�GLIIHUHQFH�LQ�SURFHVV�RSHUDWLQJ�FRQGLWLRQV
ZDV�DVVRFLDWHG�ZLWK�FKDQJHV�LQ�WKH�VWDJLQJ�RI�WKH�FRPEXVWLRQ�DLU�LPSOHPHQWHG�WR�H[DPLQH�WKH
HIIHFW�RQ�12;�HPLVVLRQV���3UHYLRXV�UHVHDUFK�KDV�VKRZQ�WKDW�WKH�VWDJLQJ�RI�FRPEXVWLRQ�DLU�FDQ
FUHDWH�ORFDOL]HG�UHGXFLQJ�FRQGLWLRQV�WKDW�DIIHFW�WKH�YRODWLOL]DWLRQ�RI�FHUWDLQ�DVK�FRPSRQHQWV�
WKHUHE\�DOWHULQJ�ILQH�SDUWLFOH�JHQHUDWLRQ��6DURILP��HW��DO��&RPEXVWLRQ�6FLHQFH�DQG�7HFKQRORJ\��SJV������
�����������'DPOH��HW��DO��$HURVRO�6FLHQFH�DQG�7HFKQRORJ\��SJV�����������������

1WVNGV�/GCUWTGOGPVU���)LJXUHV�������DQG����VKRZ�SDUWLFOH�VL]H�GLVWULEXWLRQV�PHDVXUHG�DW�WKH�RXWOHW
RI�WKH�3&'�GXULQJ�7&�����7KHVH�VL]H�GLVWULEXWLRQV��ZKLFK�UHSUHVHQW�WKH�DYHUDJH�RI�WKUHH�FDVFDGH
LPSDFWRU�UXQV��FRQILUP�WKDW�WKH�DVK�SHQHWUDWLQJ�WKURXJK�WKH�3&'�LV�TXLWH�ILQH��PPG�≅����P��
7KH�FXPXODWLYH�SHUFHQWDJH�GLVWULEXWLRQ�LV�QHDUO\�OLQHDU�ZKHQ�SORWWHG�LQ�ORJ�SUREDELOLW\�VSDFH
�ILJXUH���������LQGLFDWLQJ�WKDW�WKH�RXWOHW�VL]H�GLVWULEXWLRQ�LV�DOPRVW�SHUIHFWO\�ORJ�QRUPDO�DQG
XQLPRGDO���$�XQLPRGDO��ORJ�QRUPDO�VL]H�GLVWULEXWLRQ�XVXDOO\�LQGLFDWHV�WKDW�WKH�SDUWLFOHV�KDYH�EHHQ
JHQHUDWHG�E\�D�VLQJOH�PHFKDQLVP�RU�WKDW�RQH�RU�PRUH�VL]H�PRGHV�KDYH�EHHQ�HOLPLQDWHG�E\�VRPH
VRUW�RI�VL]H�FODVVLI\LQJ�PHFKDQLVP���,Q�WKLV�SDUWLFXODU�FDVH�WKH�VL]H�FODVVLI\LQJ�PHFKDQLVP�FRXOG
EH�DVVRFLDWHG�ZLWK�WKH�OHDNDJH�SDWK�EHWZHHQ�WKH�WXEHVKHHW�DQG�WKH��0�ILOWHU�HOHPHQWV�GLVFXVVHG
HDUOLHU���3UHIHUHQWLDO�HQWUDSPHQW�RI�ODUJH�SDUWLFOHV�FRXOG�SURGXFH�DQ�RXWOHW�VL]H�GLVWULEXWLRQ�WKDW�LV
PXFK�ILQHU�WKDQ�WKH�LQOHW�VL]H�GLVWULEXWLRQ��EXW�VRPH�RI�WKH�SDUWLFOHV�WKDW�SHQHWUDWH�WKURXJK�WKH
3&'�PD\�VWLOO�EH�ODUJH�HQRXJK�WR�EH�RI�FRQFHUQ�IURP�WKH�VWDQGSRLQW�RI�WXUELQH�EODGH�HURVLRQ�
,Q�WKLV�SDUWLFXODU�FDVH�SDUWLFOHV�ODUJHU�WKDQ����P�DFFRXQW�IRU�DSSUR[LPDWHO\����SHUFHQW�RI�WKH
WRWDO�SDUWLFXODWH�PDVV��RU�DERXW�����SSPZ���:KLOH�HPLVVLRQV�RI�WKLV�PDJQLWXGH�PD\�KDYH�DQ
DGYHUVH�LPSDFW�RQ�WXUELQH�RSHUDWLRQ��SUHYLRXV�WHVWV�KDYH�GRFXPHQWHG�WKDW�WKLV�SDUWLFOH
SHQHWUDWLRQ�LV�VXEVWDQWLDOO\�HOLPLQDWHG�ZKHQ�DOO�RI�WKH�ILOWHU�HOHPHQWV�DUH�LQWDFW�DQG�WKHUH�LV
DGHTXDWH�VHDOLQJ�EHWZHHQ�WKH�WXEHVKHHW��ILOWHU�HOHPHQWV��DQG�IDLO�VDIHV�

���������%WV�5K\G�6GUVU

3UHYLRXV�FRPSDULVRQ�RI�WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ�RI�GXVW�FROOHFWHG�RQ�WKH�3&'�ILOWHUV�ZLWK
WKH�VL]H�GLVWULEXWLRQ�RI�GXVW�VXVSHQGHG�LQ�WKH�LQOHW�JDV�VWUHDP�KDV�LQGLFDWHG�WKH�SRVVLELOLW\�WKDW
VRPH�SDUWLFOHV�PD\�IDOO�LQWR�WKH�3&'�KRSSHU�ZLWKRXW�UHDFKLQJ�WKH�ILOWHUV���6LQFH�NQRZLQJ�WKH
PDVV�DQG�VL]H�GLVWULEXWLRQ�RI�WKH�GXVW�DFWXDOO\�FROOHFWHG�RQ�WKH�3&'�ILOWHUV�LV�FULWLFDO�WR
XQGHUVWDQGLQJ�3&'�SHUIRUPDQFH��WKUHH�FXW�VL]H�WHVWV�ZHUH�SHUIRUPHG�WR�DWWHPSW�WR�TXDQWLI\�WKLV
HIIHFW���7KHVH�WHVWV�XWLOL]HG�WKH�3&'�DVK�UHPRYDO�V\VWHP�WR�DWWHPSW�WR�FROOHFW�RQO\�WKH�SDUWLFXODWH
PDVV�WKDW�VHWWOHG�LQWR�WKH�KRSSHU�EHWZHHQ�EDFN�SXOVHV�DQG�WR�H[FOXGH�WKH�PDVV�WKDW�HQWHUHG�WKH
KRSSHU�DIWHU�EHLQJ�SXOVHG�RII�WKH�ILOWHUV���7KH�GURS�RXW�PDVV�ZDV�FRPSDUHG�WR�WKH�PHDVXUHG�LQ
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VLWX�WRWDO�PDVV�FRQFHQWUDWLRQ�HQWHULQJ�WKH�3&'���7KH�UHVXOWV�RI�WKH�PHDVXUHPHQWV�LQGLFDWHG�WKDW
IURP����WR�����SHUFHQW�RI�WKH�PDVV�HQWHULQJ�WKH�3&'�IHOO�LQWR�WKH�KRSSHU�EHIRUH�UHDFKLQJ�WKH
ILOWHUV���2EYLRXVO\�WKHVH�UHVXOWV�DUH�VR�VFDWWHUHG�WKDW�WKH\�DUH�QRW�PHDQLQJIXO���6XEVHTXHQW
DQDO\VLV�RI�WHPSHUDWXUHV�DW�WKH�LQOHW�DQG�RXWOHW�RI�WKH�VFUHZ�FRROHU�EHORZ�WKH�3&'�KRSSHU
VXJJHVWV�WKDW�DOO�RI�WKH�DVK�IURP�WKH�PRVW�UHFHQW�EDFN�SXOVH�PD\�QRW�KDYH�FOHDUHG�WKH�DVK
UHPRYDO�V\VWHP�ZKHQ�WKH�´QRQSXOVHGµ�GXVW�ZDV�FROOHFWHG���$GGLWLRQDO�HIIRUWV�ZLOO�EH�PDGH
GXULQJ�7&���WR�SURSHUO\�LVRODWH�WKH�SXOVH�YHUVXV�GURS�RXW�PDVV�

���������%JGOKECN�#PCN[UGU

7DEOH�������VXPPDUL]HV�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�VHOHFWHG�3&'�KRSSHU�VDPSOHV�FROOHFWHG
GXULQJ�7&�����7DEOH�������JLYHV�WKH�VDPH�LQIRUPDWLRQ�IRU�WKH�LVRNLQHWLFDOO\�FROOHFWHG�DVK
VDPSOHV��ZKLOH�WDEOHV������������DQG����FRQWDLQ�WKH�GDWD�IRU�WKH�GXVWFDNH�VDPSOHV�WDNHQ�IURP�WKH
3&'�FDQGOHV�GXULQJ�WKH�SRVW�7&���3&'�LQVSHFWLRQ���:LWK�WKH�H[FHSWLRQ�RI�WKH�ODVW�WDEOH�DOO�RI
WKH�DQDO\WLFDO�UHVXOWV�DUH�UHSRUWHG�DV�WKH�HOHPHQW�RQ�DQ�LJQLWHG�EDVLV���7KH�HOHPHQWDO
FRQFHQWUDWLRQV�DUH�QRW�UHSRUWHG�LQ�WKHLU�R[LGH�IRUPV�VLQFH�FDOFLXP�LV�SUHGRPLQDQWO\�SUHVHQW�LQ
WKH�IRUP�RI�WKH�VXOIDWH�DQG�FDUERQDWH���2WKHU�DVK�FRQVWLWXHQWV�DUH�DOVR�SUHVHQW�DV�VXOIDWHV�DQG
FDUERQDWHV�DV�ZHOO�DV�RWKHU�IRUPV�VXFK�DV�VLOLFDWHV��DOXPLQRVLOLFDWHV��KDOLGHV��DQG�VXOILGHV�

*QRRGT�5CORNGU���%DVHG�RQ�WKH�KRSSHU�DVK�DQDO\VHV�VKRZQ�LQ�WDEOH�������WKH�FDOFLXP�XWLOL]DWLRQ
�L�H���WKH�SHUFHQWDJH�RI�WKH�FDOFLXP�WKDW�LV�FRQYHUWHG�WR�FDOFLXP�VXOIDWH�RQ�D�PRODU�EDVLV��YDULHG
IURP�DERXW����WR����SHUFHQW�GHSHQGLQJ�RQ�WKH�WHVW�FRQGLWLRQV�DQG�WKH�DPRXQW�RI�GRORPLWH
EHLQJ�DGGHG���7KHVH�YDOXHV�RI�FDOFLXP�XWLOL]DWLRQ�DUH�JHQHUDOO\�LQ�WKH�UDQJH�H[SHFWHG�EDVHG�RQ
WKH�REVHUYHG�62��UHPRYDOV�DQG�WKH�DPRXQW�RI�GRORPLWH�LQMHFWHG����$W�D�GRORPLWH�DGGLWLRQ
UDWH�HTXLYDOHQW�WR�D�QRPLQDO�&D�6�PRODU�UDWLR�RI���WR����WKH�REVHUYHG�62��UHPRYDO�ZDV�QHDUO\
����SHUFHQW��ZKLFK�ZRXOG�FRUUHVSRQG�WR�D�FDOFLXP�XWLOL]DWLRQ�RI����SHUFHQW����6LQFH�WKH�UDZ
GRORPLWH�FRQWDLQV�HTXLPRODU�DPRXQWV�RI�FDOFLXP�DQG�PDJQHVLXP�DQG�WKH�LQKHUHQW�FDOFLXP�LQ
WKH�FRDO�LV�TXLWH�ORZ��W\SLFDOO\����SHUFHQW�RI�WKH�FRDO�DVK��WKH�FDOFLXP�WR�PDJQHVLXP�PRODU�UDWLR
LQ�WKH�DVK�ZRXOG�EH�H[SHFWHG�WR�EH�FORVH�WR���WR�����7KH�DYHUDJH�YDOXH�FDOFXODWHG�IURP�WKH
KRSSHU�DVK�DQDO\VLV�LV������WR�����

7KH�KRSSHU�DVK�DQDO\VHV�ZHUH�XVHG�WR�FDOFXODWH�WKH�DYHUDJH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�VROLGV
FROOHFWHG�LQ�WKH�3&'�DVVXPLQJ�WKDW�DOO�RI�WKH�VXOIXU�ZDV�SUHVHQW�DV�&D62��DQG�DOO�RI�WKH�FDUERQ
ZDV�SUHVHQW�DV�&D&2����$Q\�UHPDLQLQJ�FDOFLXP�WKDW�ZDV�QRW�DFFRXQWHG�IRU�DV�&D62��RU�&D&2�

ZDV�DVVXPHG�WR�EH�SUHVHQW�DV�&D2 0J2���$Q\�UHPDLQLQJ�PDJQHVLXP�WKDW�ZDV�QRW�DFFRXQWHG
IRU�DV�&D2 0J2�ZDV�DVVXPHG�WR�EH�SUHVHQW�DV�0J2���7KH�EDODQFH�RI�HDFK�VDPSOH�ZDV�DVVXPHG
WR�EH�DVK�DQG�VDQG��EHG�PDWHULDO����7KH�FKRLFH�RI�WKHVH�SDUWLFXODU�FDOFLXP�DQG�PDJQHVLXP
FRPSRXQGV�ZDV�EDVHG�RQ�IUHH�HQHUJ\�PLQLPL]DWLRQ�FDOFXODWLRQV�SHUIRUPHG�E\�'U��/��6KDGOH�DW
'2(�)(7&�DV�UHSRUWHG�LQ�WKH�7&���UXQ�UHSRUW���7KH�DYHUDJH�7&���FKHPLFDO�FRPSRVLWLRQ
FDOFXODWHG�LQ�WKLV�PDQQHU�LV�FRPSDUHG�WR�WKH�DYHUDJH�FRPSRVLWLRQ�IRU�7&���EHORZ�
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7&���+RSSHUV
���

7&���+RSSHUV
���

&D62� ����WR����� �����WR�����

&D2 0J2 ����WR����� ��WR����

&D&2� ����WR���� ����WR����

0J2 ����WR���� ����WR����

$VK�6DQG �����WR����� �����WR�����

7KH�ORZHU�OLPLW�RI�]HUR�RQ�WKH�&D2 0J2�ZDV�FDOFXODWHG�IRU�WZR�KRSSHU�VDPSOHV�WDNHQ�ZKHQ
WKH�GRORPLWH�ZDV�WXUQHG�RII���:KLOH�WKHUH�LV�FRQVLGHUDEOH�RYHUODS�EHWZHHQ�WKH�FKHPLFDO
FRPSRVLWLRQV�IRU�7&���DQG�7&���WKHUH�DSSHDUV�WR�EH�D�WUHQG�WRZDUG�D�KLJKHU�GHJUHH�RI
VXOIDWLRQ�RU�KLJKHU�FDOFLXP�XWLOL]DWLRQ�GXULQJ�7&���

+P�5KVW�5CORNGU���(OHPHQWDO�DQDO\VHV�DQG�FDOFXODWHG�FKHPLFDO�FRPSRVLWLRQV�IRU�WKH�7&���LQ�VLWX
VDPSOHV�DUH�VXPPDUL]HG�LQ�WDEOH���������&DOFLXP�XWLOL]DWLRQV�FDOFXODWHG�IRU�WKHVH�VDPSOHV�WHQGHG
WR�EH�VOLJKWO\�KLJKHU�WKDQ�WKH�XWLOL]DWLRQV�FDOFXODWHG�IRU�WKH�KRSSHU�VDPSOHV�DQG�DUH�LQ�FORVHU
DJUHHPHQW�ZLWK�REVHUYHG�62��UHPRYDOV�DQG�QRPLQDO�GRORPLWH�DGGLWLRQ�UDWHV���7KH�FKHPLVWU\�RI
WKH�7&���LQ�VLWX�VDPSOHV�FDQQRW�EH�FRPSDUHG�WR�WKDW�RI�WKH�7&���LQ�VLWX�VDPSOHV�EHFDXVH�WKH
ODWWHU�VDPSOHV�ZHUH�QRW�DQDO\]HG�IRU�VXOIXU���7KH�LQIRUPDWLRQ�EHORZ�FRPSDUHV�WKH�FDOFXODWHG
FKHPLFDO�FRPSRVLWLRQ�RI�WKH�7&���LQ�VLWX�VDPSOHV�WR�WKDW�RI�WKH�KRSSHU�VDPSOHV�GLVFXVVHG
DERYH�

7&���,Q�6LWX
���

7&���+RSSHUV
���

&D62� ����WR����� �����WR�����
&D2 0J2 ��WR���� ��WR����
&D&2� ����WR���� ����WR����
0J2 ����WR���� ����WR����
$VK�6DQG �����WR����� �����WR�����

7KH�ORZHU�OLPLW�RI�]HUR�RQ�WKH�&D2 0J2�IRU�WKH�LQ�VLWX�VDPSOHV�ZDV�FDOFXODWHG�IRU�RQH�VDPSOH
WDNHQ�ZKHQ�WKH�GRORPLWH�ZDV�WXUQHG�RII���$V�H[SHFWHG��LQ�WKH�DEVHQFH�RI�GRORPLWH�WKLV�VDPH
VDPSOH�ZDV������SHUFHQW�DVK�VDQG���7KLV�HIIHFW�ZDV�QRW�HYLGHQW�LQ�WKH�KRSSHU�VDPSOHV
SUHVXPDEO\�EHFDXVH�RI�WKH�WLPH�DYHUDJLQJ�HIIHFW�RI�WKH�DVK�FROOHFWLRQ�DQG�DVK�GLVFKDUJH�V\VWHPV�
2YHUDOO��WKH�FDOFXODWHG�FKHPLFDO�FRPSRVLWLRQV�IRU�LQ�VLWX�VDPSOHV�DUH�JHQHUDOO\�LQ�WKH�VDPH�UDQJH
DV�WKRVH�RI�WKH�KRSSHU�VDPSOHV�

&WUVECMG�5CORNGU���7DEOHV������������DQG����VXPPDUL]H�WKH�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV�RI
VHYHUDO�GLIIHUHQW�W\SHV�RI�GXVWFDNH�VDPSOHV�UHPRYHG�GXULQJ�WKH�3&'�LQVSHFWLRQ�DW�WKH�HQG�RI
7&�����3ULRU�WR�WKH�7&���VKXWGRZQ�DOO�V\VWHP�VKXWGRZQV�KDG�LQFOXGHG�H[WHQVLYH�SXOVLQJ�RI�WKH
3&'�GXULQJ�DQG�DIWHU�WKH�VKXWGRZQ��OHDYLQJ�RQO\�UHVLGXDO�GXVWFDNH�RQ�WKH�ILOWHU�HOHPHQWV���7KH
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VKXWGRZQ�H[HFXWHG�DW�WKH�HQG�RI�7&���IROORZHG�D�GLIIHUHQW�SURFHGXUH�WR�DOVR�DOORZ�VDPSOLQJ�RI
WKH�WUDQVLHQW�GXVWFDNH���7KH�FRDO�IHHG�ZDV�WXUQHG�RII�DW�D�SRLQW�QHDU�WKH�HQG�RI�D�ILOWUDWLRQ�F\FOH�
DERXW���PLQXWHV�EHIRUH�WKH�QH[W�VFKHGXOHG�EDFN�SXOVH���7KH�EDFN�SXOVH�V\VWHP�ZDV�WKHQ�GLVDEOHG
VR�DV�WR�SUHVHUYH�WKH�HQWLUH��WUDQVLHQW�SOXV�UHVLGXDO��GXVWFDNH�RQ�WKH�ILOWHU�HOHPHQWV���7KLV
SURFHGXUH�ZDV�LQWHQGHG�WR�DOORZ�WKH�FROOHFWLRQ�RI�VHSDUDWH�VDPSOHV�IURP�WKH�RXWHU��VR�FDOOHG
WUDQVLHQW��OD\HU�DQG�IURP�WKH�LQQHU��VR�FDOOHG�UHVLGXDO��OD\HU��DV�ZHOO�DV�VDPSOHV�RI�WKH�HQWLUH
GXVWFDNH���&KDUDFWHUL]DWLRQ�RI�WKHVH�VDPSOHV�FRXOG�WKHQ�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�RQ�WKH
SK\VLFDO�DQG�FKHPLFDO�GLIIHUHQFHV�EHWZHHQ�WKHVH�LQQHU�DQG�RXWHU�OD\HUV�RI�WKH�GXVWFDNH�DQG
SHUKDSV�SURYLGH�LQVLJKW�LQWR�WKH�GLIIHUHQFH�EHWZHHQ�WKH�VR�FDOOHG�WUDQVLHQW�DQG�UHVLGXDO�FDNHV�
7KH�IROORZLQJ�GLVFXVVLRQ�ZLOO�DGGUHVV�WKH�FKHPLFDO�GLIIHUHQFHV���7KH�GLIIHUHQFHV�LQ�SK\VLFDO
SURSHUWLHV�ZLOO�EH�DGGUHVVHG�LQ�VHFWLRQ�����RI�WKLV�UHSRUW�

6HSDUDWH�VDPSOHV�RI�WKH�RXWHU��WUDQVLHQW��DQG�LQQHU��UHVLGXDO��OD\HUV�ZHUH�REWDLQHG�E\�WZR
GLIIHUHQW�WHFKQLTXHV���7KH�WUDQVLHQW�OD\HU�LQ�WKH�ILUVW�SURFHGXUH�ZDV�UHPRYHG�E\�JHQWO\�WDSSLQJ
RQ�WKH�GXVWFDNH�VXUIDFH�ZLWK�D�VRIW�EULVWOH�DUWLVW�EUXVK���7KH�UHVLGXDO�OD\HU�ZDV�WKHQ�UHPRYHG�E\
VFUDSLQJ�RII�DOO�RI�WKH�XQGHUO\LQJ�PDWHULDO�LQ�WKH�VDPH�DUHD���,Q�WKH�VHFRQG�SURFHGXUH�WKH
WUDQVLHQW�OD\HU�ZDV�UHPRYHG�XVLQJ�D�VFUDSHU�GHVLJQHG�WR�OHDYH�EHKLQG�D�OD\HU�ZLWK�D�WKLFNQHVV�RI
DERXW������LQ���7KH�UHVLGXDO��RU������LQ��OD\HU��ZDV�WKHQ�UHPRYHG�E\�VFUDSLQJ�RII�DOO�WKH
XQGHUO\LQJ�PDWHULDO�LQ�WKH�VDPH�DUHD���7KHVH�WZR�PHWKRGV�RI�VHSDUDWLQJ�WKH�GXVWFDNH�LQWR�OD\HUV
PD\�RU�PD\�QRW�\LHOG�FRPSDUDEOH�UHVXOWV��GHSHQGLQJ�RQ�WKH�DFWXDO�WKLFNQHVV�RI�WKH�UHVLGXDO
GXVWFDNH���'HVSLWH�WKH�SRVVLEOH�GLIIHUHQFHV�LQ�H[DFWO\�ZKHUH�WKH�GXVWFDNH�LV�VHSDUDWHG��HLWKHU
SURFHGXUH�VKRXOG�EH�VXIILFLHQW�IRU�XVH�LQ�GHWHUPLQLQJ�ZKHWKHU�GXVWFDNH�SURSHUWLHV�YDU\�ZLWK
WKLFNQHVV�

7DEOH�������LOOXVWUDWHV�WKH�GLIIHUHQFHV�LQ�FKHPLFDO�FRPSRVLWLRQ�EHWZHHQ�WKH�LQQHU�DQG�RXWHU
OD\HUV�RI�WKH�GXVWFDNH���7KH�PRVW�VWULNLQJ�GLIIHUHQFH�LV�LQ�VXOIXU�FRQWHQW���7KH�WUDQVLHQW�OD\HUV
FRQWDLQ������WR�����SHUFHQW�VXOIXU��H[SUHVVHG�DV�WKH�HOHPHQW��FRPSDUHG�WR������WR�����SHUFHQW
VXOIXU�LQ�WKH�UHVLGXDO�OD\HUV���,W�LV�YHU\�LQWHUHVWLQJ�WKDW�WKH�PRODU�UDWLR�RI�FDOFLXP�WR�VXOIXU�LQ�WKH
UHVLGXDO�OD\HUV�LV�RQO\������WR���WR������WR����VXJJHVWLQJ�WKDW�WKH�VDPSOHV�FDQ�FRQWDLQ�RYHU�WZLFH�DV
PXFK�VXOIXU�DV�H[SHFWHG�LI�DOO�RI�WKH�VXOIXU�ZHUH�SUHVHQW�DV�&D62����7KH�H[WUD�VXOIXU�LV
SUHVXPDEO\�SUHVHQW�DV�RWKHU�VXOIDWHV��H�J���1D�62���.�62���DQG�)H��62�����WKDW�DUH�IRUPHG�GXULQJ
WKH�FRQWLQXRXV��ORQJ�WHUP�H[SRVXUH�RI�WKH�UHVLGXDO�OD\HU�WR�62����7KH�IROORZLQJ�WDEOH�FRPSDUHV
WKH�FDOFXODWHG�FRPSRVLWLRQV�RI�WKH�WUDQVLHQW�DQG�UHVLGXDO�GXVWFDNH�OD\HUV�WR�WKRVH�RI�WKH�KRSSHU
VDPSOHV�DQG�LQ�VLWX�VDPSOHV�

7UDQVLHQW�&DNH
���

5HVLGXDO�&DNH
���

7&���,Q�6LWX
���

7&���+RSSHUV
���

&D62� �����WR����� �����WR����� ����WR����� �����WR�����
&D2 0J2 ��WR���� � ��WR���� ��WR����

&D&2� ����WR���� ����WR���� ����WR���� ����WR����

0J2 ����WR���� ����WR����� ����WR���� ����WR����

$VK�6DQG �����WR����� �����WR����� �����WR����� �����WR�����

7KLV�FRPSDULVRQ�UHYHDOV�WKDW�WKH�FRPSRVLWLRQ�RI�WKH�WUDQVLHQW�GXVWFDNH�LV�QRW�VXEVWDQWLDOO\
GLIIHUHQW�IURP�WKDW�RI�WKH�KRSSHU�VDPSOHV�DQG�WKH�LQ�VLWX�VDPSOHV���,Q�FRQWUDVW��WKH�FRPSRVLWLRQ
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RI�WKH�UHVLGXDO�GXVWFDNH�LV�VWULNLQJO\�GLIIHUHQW�IURP�WKH�FRPSRVLWLRQ�RI�DOO�RWKHU�VDPSOHV���7KH
GLIIHUHQFHV�SUREDEO\�UHIOHFW�WKH�FRQWLQXHG�VXOIDWLRQ�RI�DQ\�XQUHDFWHG�FDOFLXP�LQ�WKH�UHVLGXDO
GXVWFDNH���7KH�DEVHQFH�RI�DQ\�&D2 0J2�LQ�WKH�UHVLGXDO�GXVWFDNH�VXJJHVWV�WKDW�WKH�VRUEHQW�KDV
EHHQ�FRPSOHWHO\�FRQYHUWHG�WR�&D62��DQG�0J2�

7DEOH�������VXPPDUL]HV�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�VDPSOHV�RI�WKH�HQWLUH��WUDQVLHQW�SOXV
UHVLGXDO��GXVWFDNH�DQG�FRPSDUHV�WKHP�WR�WKH�DYHUDJH�SURSHUWLHV�RI�WKH�WUDQVLHQW�DQG�UHVLGXDO
OD\HUV�GLVFXVVHG�DERYH���7KH�HQWLUH�FDNH�VDPSOHV�ZHUH�QRW�UHPRYHG�IURP�WKH�VDPH�DUHDV�RI�WKH
ILOWHU�HOHPHQWV�IURP�ZKLFK�WKH�VHSDUDWH�WUDQVLHQW�DQG�UHVLGXDO�VDPSOHV�ZHUH�REWDLQHG���7KHUHIRUH�
WKH�GXVWFDNH�SURSHUWLHV�JLYHQ�LQ�WDEOH�������DUH�QRW�GLUHFWO\�FRPSDUDEOH�WR�WKRVH�JLYHQ�SUHYLRXVO\
LQ�WDEOH���������,Q�WHUPV�RI�FKHPLFDO�FRPSRVLWLRQ�WKH�HQWLUH�FDNH�VDPSOHV�FRQWDLQ�PRUH�FDOFLXP
DQG�PDJQHVLXP�WKDQ�HLWKHU�WKH�WUDQVLHQW�RU�WKH�UHVLGXDO�OD\HUV���7KLV�GLIIHUHQFH�LQ�FKHPLFDO
FRPSRVLWLRQ�FDQQRW�EH�H[SODLQHG�E\�DQDO\WLFDO�YDULDELOLW\�DQG�DSSHDUV�WR�LQGLFDWH�WKDW�WKHUH�DUH
VLJQLILFDQW�YDULDWLRQV�LQ�WKH�PDNH�XS�RI�WKH�GXVWFDNH�IURP�RQH�ORFDWLRQ�WR�WKH�QH[W����,I�WKLV�ZHUH
QRW�WKH�FDVH�WKH�FRPSRVLWLRQ�RI�WKH�HQWLUH�FDNH�VDPSOHV�ZRXOG�OLH�VRPHZKHUH�EHWZHHQ�WKRVH�RI
WKH�WUDQVLHQW�FDNHV�DQG�WKRVH�RI�WKH�UHVLGXDO�FDNHV����$GGLWLRQDO�DQDO\VHV�WR�LQYHVWLJDWH�WKHVH
YDULDWLRQV�IXUWKHU�ZHUH�SHUIRUPHG�RQ�GXVWFDNH�VDPSOHV�REWDLQHG�IURP�HDFK�W\SH�RI�ILOWHU
HOHPHQW���5HVXOWV�RI�WKHVH�DQDO\VHV�DUH�VXPPDUL]HG�LQ�WDEOH�������DORQJ�ZLWK�FRUUHVSRQGLQJ
PHDVXUHPHQWV�RI�GXVWFDNH�WKLFNQHVV�DQG�TXDOLWDWLYH�VWDWHPHQWV�FRQFHUQLQJ�GXVWFDNH�WHQDFLW\�
7KHVH�UHVXOWV�GR�QRW�VKRZ�DQ\�GLVFHUQLEOH�WUHQGV�ZLWK�UHVSHFW�WR�YDULDWLRQV�LQ�WKH�FKHPLFDO
FRPSRVLWLRQ�RI�WKH�GXVWFDNH�

�����������/GCUWTGOGPVU�QH�2J[UKECN�2TQRGTVKGU

7DEOHV�������DQG�����JLYH�D�VXPPDU\�RI�SK\VLFDO�PHDVXUHPHQWV�PDGH�RQ�WKH�7&���LQ�VLWX
VDPSOHV�DQG�KRSSHU�VDPSOHV���7KH�PHDVXUHG�SDUDPHWHUV�LQFOXGHG���WUXH��VNHOHWDO�SDUWLFOH�
GHQVLW\��EXON�GHQVLW\��XQFRPSDFWHG�EXON�SRURVLW\��8%3���%(7�VXUIDFH�DUHD��PDVV�PHGLDQ
GLDPHWHU��00'���DQG�GUDJ�HTXLYDOHQW�GLDPHWHU��'('����7KH�'('�LV�QRW�D�SK\VLFDO�VL]H��EXW
UDWKHU�LV�D�ILWWHG�SDUDPHWHU�WKDW�FDQ�EH�XVHG�WR�UDQN�WKH�FKDUDFWHULVWLF�JDV�IORZ�UHVLVWDQFH�RI�DVKHV
DW�HTXDO�SRURVLWLHV���0HDVXUHPHQWV�RI�SK\VLFDO�VL]H�JHQHUDOO\�FRUUHODWH�ZLWK�'('��EXW�WKH�'('
EHVW�H[SUHVVHV�WKH�ILQHQHVV�RI�DQ�DVK�DV�LW�UHODWHV�WR�LWV�HIIHFW�RQ�JDV�IORZ�UHVLVWDQFH��GUDJ��
,QFUHDVLQJ�YDOXHV�RI�'('�LQGLFDWH�ORZHU�UHVLVWDQFH�WR�JDV�IORZ��OHVV�GUDJ��DW�D�JLYHQ�SRURVLW\�
8VLQJ�WKH�'('�DV�DQ�LQGLFDWRU�RI�IORZ�UHVLVWDQFH�HOLPLQDWHV�PXFK�RI�WKH�DPELJXLW\�DVVRFLDWHG
ZLWK�GUDJ�PHDVXUHPHQWV��ZKLFK�DUH�D�VWURQJ�IXQFWLRQ�RI�SRURVLW\���'('�ZDV�PHDVXUHG�RQ�DOO�RI
WKH�KRSSHU�VDPSOHV�GLVFXVVHG�SUHYLRXVO\�DQG�RQ�DOO�RI�WKH�GXVWFDNH�VDPSOHV�OLVWHG�LQ�WDEOHV������
DQG������'('�ZDV�QRW�PHDVXUHG�RQ�WKH�LQ�VLWX�VDPSOHV�EHFDXVH�DQ�LQDGHTXDWH�DPRXQW�RI�VDPSOH
ZDV�OHIW�DIWHU�RWKHU�WHVWV�

7UXH�GHQVLW\�PHDVXUHPHQWV�ZHUH�PDGH�E\�KHOLXP�S\FQRPHWU\�XVLQJ�D�4XDQWDFKURPH�0RGHO
�����8OWUDS\FQRPHWHU���%XON�GHQVLW\�ZDV�GHWHUPLQHG�E\�PHDVXULQJ�WKH�YROXPH�RI�D�NQRZQ
ZHLJKW�RI�DVK�DQG�XQFRPSDFWHG�EXON�SRURVLW\�ZDV�FDOFXODWHG�IURP�WKH�WUXH�GHQVLW\�DQG�EXON
GHQVLW\���6SHFLILF�VXUIDFH�DUHD�ZDV�GHWHUPLQHG�E\�WKH�%(7�PHWKRG�XVLQJ�D�0LFURPHULWLFV
)OR6RUE�,,�DQDO\]HU�DQG�WKH�00'�ZDV�EDVHG�RQ�SDUWLFOH�VL]H�DQDO\VLV�RQ�D�/HHGV�	�1RUWKUXS
0LFURWUDF�;�����DQDO\]HU�
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+P�UKVW�5CORNGU���7DEOH�������FRQWDLQV�WKH�SK\VLFDO�SURSHUWLHV�PHDVXUHG�IRU�LQ�VLWX�VDPSOHV
FROOHFWHG�GXULQJ�7&�����:LWK�WKH�H[FHSWLRQ�RI�WKH�ODVW�LQ�VLWX�VDPSOH��ZKLFK�ZDV�REWDLQHG�GXULQJ
D�GLSOHJ�XSVHW�MXVW�SULRU�WR�VKXWGRZQ��DOO�RI�WKH�LQ�VLWX�VDPSOHV�KDYH�JHQHUDOO\�VLPLODU�PHDQ
SDUWLFOH�VL]HV�LQ�WKH�UDQJH�RI����WR�����P���,Q�WHUPV�RI�RWKHU�SK\VLFDO�SURSHUWLHV��KRZHYHU�
GLIIHUHQFHV�FDQ�EH�VHHQ�ZKHQ�FRPSDULQJ�WKH�VWHDG\�VWDWH�VDPSOHV�WR�VDPSOHV�REWDLQHG�GXULQJ
VWDUW�XS�DQG�GXULQJ�WKH�GLSOHJ�XSVHW�MXVW�SULRU�WR�VKXWGRZQ�

*QRRGT�5CORNGU���3K\VLFDO�SURSHUWLHV�RI�VHOHFWHG�7&���KRSSHU�VDPSOHV�DUH�VXPPDUL]HG�LQ�WDEOH
���������7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�SDUWLFOHV�FDUULHG�RXW�RI�WKH�WUDQVSRUW�UHDFWRU�V\VWHP�GXULQJ
VWDUW�XS��00'�≅������P��DUH�PXFK�ODUJHU�WKDQ�WKH�SDUWLFOHV�JHQHUDWHG�GXULQJ�VWHDG\�VWDWH
RSHUDWLRQ��00'�≅����WR�����P����$V�QRWHG�LQ�SUHYLRXV�WHVWV��WKH�KRSSHU�VDPSOHV�DUH�DOVR
JHQHUDOO\�FRDUVHU�WKDQ�WKH�LQ�VLWX�VDPSOHV�

&WUVECMG�5CORNGU���'XVWFDNH�SURSHUWLHV�JLYHQ�LQ�WDEOHV������������DQG����DUH�LQ�FRQMXQFWLRQ�ZLWK
WKH�HOHPHQWDO�DQDO\VHV�RI�WKH�VDPSOHV���%HIRUH�GLVFXVVLQJ�WKH�YDULDWLRQ�LQ�SK\VLFDO�SURSHUWLHV
VKRZQ�LQ�WKHVH�WDEOHV�LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�VRPH�RWKHU�REVHUYDWLRQV�FRQFHUQLQJ�WKH
GXVWFDNH�WKLFNQHVV�DQG�WHQDFLW\���&RQVLGHUDEOH�YDULDWLRQ�ZDV�QRWHG�LQ�WKH�WKLFNQHVV�DQG�WHQDFLW\
RI�WKH�GXVWFDNH�GXULQJ�WKH�SRVW�7&���LQVSHFWLRQ�RI�WKH�3&'�LQWHUQDOV���0HDVXUHG�WKLFNQHVVHV�RI
WKH�HQWLUH�FDNH��WUDQVLHQW�SOXV�UHVLGXDO��YDULHG�IURP�������WR�������LQFKV���7KLV�YDULDWLRQ�LQ
GXVWFDNH�WKLFNQHVV�LV�QRW�WRR�VXUSULVLQJ�JLYHQ�WKDW�WKH�ILOWHU�HOHPHQWV�KDYH�GLIIHUHQW
SHUPHDELOLWLHV���6LQFH�WKH�WRWDO�SUHVVXUH�GURS�DFURVV�WKH�ILOWHU�HOHPHQW�DQG�GXVWFDNH�PXVW�EH�WKH
VDPH�IRU�DOO�HOHPHQWV�WKH�GXVWFDNH�WKLFNQHVV�PXVW�YDU\�ZLWK�WKH�W\SH�RI�HOHPHQW���(YHQ�RQ�D
JLYHQ�ILOWHU�HOHPHQW�WKH�WKLFNQHVV�YDULHG�E\�DV�PXFK�DV�D�IDFWRU�RI�����7KLV�UHVXOW�LV�VRPHZKDW
PRUH�VXUSULVLQJ�DQG�PD\�UHIOHFW�YDULDWLRQV�LQ�GXVWFDNH�SHUPHDELOLW\�UHODWHG�WR�SDUWLFOH�VL]H�HIIHFWV
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PCD Inlet Particle Size Distribution
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Calcium, Wt % as Element, Ignited Basis
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Nonlinear Regression Equation:

(KIWTG��������&TCI�'SWKXCNGPV�&KCOGVGT�8GTUWU�%CNEKWO�%QPVGPV�QH�6%���&WUVECMG�5CORNGU



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
6%���#UJ�%JCTCEVGTKUVKEU�CPF�2%&�2GTHQTOCPEG 6TCPURQTV�4GCEVQT�6TCKP

������
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���������6GUV�1DLGEVKXGU

7KH�PDLQ�REMHFWLYH�RI�WKLV�WHVWLQJ�ZDV�WR�HYDOXDWH�WKH�LPSURYHPHQW�RI�YDOYH�SHUIRUPDQFH�DIWHU
WKH�YDOYH�PDQXIDFWXUHU�PRGLILHG�WKH�YDOYHV���0RUH�GDWD�ZDV�DFTXLUHG�WR�HVWDEOLVK�D�GDWDEDVH�IRU
FRQWUROOLQJ�3&'�RSHUDWLRQV�

����� +PVTQFWEVKQP

,Q�SUHYLRXV�RSHUDWLRQV�WKH�EDFN�SXOVH�YDOYHV��0�OOHU�696�)����GLG�QRW�SHUIRUP�SURSHUO\�LQ�WKH
UHJLRQ�RI�KLJK�YDOYH�GLIIHUHQWLDO�SUHVVXUH�� 3��SUHVVXUH�GLIIHUHQFH�EHWZHHQ�WKH�DFFXPXODWRU�WDQN
DQG�WKH�3&'����6\VWHPDWLF�YDOYH�WHVWLQJ�LQ�7&���UHYHDOHG�WKDW�WKH�PDVV�GLVFKDUJH�GXULQJ�D�EDFN�
SXOVH�GHFUHDVHG�DV�WKH�YDOYH�GLIIHUHQWLDO�SUHVVXUH�H[FHHGHG�D�FHUWDLQ�YDOXH����&KDUDFWHULVWLF
DQDO\VLV�FRQFOXGHG�WKDW�WKH�YDOYHV�KDG�GHVLJQ�VKRUWFRPLQJV�WKDW�UHVXOWHG�LQ�LQVXIILFLHQW�DFWXDWLRQ
IRUFH�DW�KLJK� 3�

7KH�YDOYH�PDQXIDFWXUHU��0�OOHU�&RD[��PRGLILHG�WKH�YDOYHV�DIWHU�WHVW�UXQ�7&����IRXU�YDOYHV�RQ
WKH�.%5�VLGH�DQG�IRXU�RQ�WKH�)RVWHU�:KHHOHU�VLGH����7KH�PDMRU�FKDQJHV�LQFOXGHG�D�ODUJHU�SLVWRQ
VL]H��EHWWHU�VHDW�SURILOH��DQG�VHDO�PRGLILFDWLRQ���7KH�YDOYHV�ZHUH�WKHQ�UHLQVWDOOHG�SULRU�WR�WHVW�UXQ
7&�����7KH�IRXU�YDOYHV�RQ�WKH�.%5�VLGH�ZHUH�WHVWHG�GXULQJ�WKH�7&���WR�YHULI\�WKH�LPSURYHPHQW
RI�YDOYH�SHUIRUPDQFH���7KH�YDOYH�WHVWLQJ�LQFOXGHG�FRQVLVWHQF\�DQG�FKDUDFWHULVWLF�WHVWV�

&RQVLVWHQF\�WHVWLQJ�ZDV�FRPSULVHG�RI�WHVWLQJ�WKH�IRXU�YDOYHV�XQGHU�WKH�VDPH�RSHUDWLQJ
FRQGLWLRQV�WR�FRQILUP�WKDW�WKH�SHUIRUPDQFH�RI�WKH�IRXU�YDOYHV�ZDV�FRQVLVWHQW���7KUHH�YDOYHV�ZHUH
H[WHQVLYHO\�WHVWHG�DIWHU�WKH�FRQVLVWHQF\�ZDV�FRQILUPHG�WR�FKDUDFWHUL]H�WKH�RSHQLQJ�EHKDYLRU�
7KH�WHVW�GDWD�ZDV�DQDO\]HG�DQG�FRPSDUHG�ZLWK�GDWD�REWDLQHG�EHIRUH�WKH�YDOYH�PRGLILFDWLRQ���7KH
UHVXOWV�VKRZHG�WKDW�WKH�YDOYH�SHUIRUPDQFH�ZDV�VLJQLILFDQWO\�LPSURYHG�LQ�WKH�WHVW�UHJLRQ�

7KH�GHWDLOHG�WHVWLQJ�SURFHGXUH�DQG�GDWD�DQDO\VLV�PHWKRGV�DUH�QRW�UHSRUWHG�KHUH��VHH�UHIHUHQFH����
DW�WKH�HQG�RI�WKLV�FKDSWHU�IRU�WKH�RULJLQDO�WHVWLQJ�SULRU�WR�YDOYH�PRGLILFDWLRQV��

����� 6GUV�2TQEGFWTG

7DEOH�������VKRZV�WKH�WHVW�SDUDPHWHUV���)RXUWHHQ�WHVWV�ZHUH�FRQGXFWHG�IRU�GLIIHUHQW�SXUSRVHV�
7KH�HOHFWULFDO�SXOVH�GXUDWLRQ��W��ZDV�YDULHG�IURP�����WR�����VHFRQGV���7KH�SLORW�SUHVVXUH�3SLORW��ZDV
HLWKHU�LQVWUXPHQW�DLU��,$������SVLJ��RU�QLWURJHQ��1�����������SVLJ�WKURXJK�D�UHJXODWRU�����,W�VKRXOG
EH�QRWHG�WKDW�WKH�SUHVVXUH�JDXJH�RQ�WKH�QLWURJHQ�SLORW�OLQH�KDG�D����SVL�V\VWHP�HUURU�LQ�WKH
UHJLRQ�RI���������SVLJ����7KH�VDPH�JDXJH�SUHVVXUHV������������DQG�����SVLJ��ZHUH�XVHG�LQ�WKLV
WHVWLQJ�WR�NHHS�WKH�GDWD�FRPSDUDEOH�WR�WKH�SUHYLRXV�UHVXOWV�

                                                
� Technical Progress Report for M. W. Kellogg Transport Reactor Train With Westinghouse
Particulate Control Device, January 1997 - December 1997, Section 3.27, prepared by
Southern Company Services, Inc., DOE Cooperative Agreement Number DE-FC21-
90MC25140, December 1998.



2CTVKENG�(KNVGT�5[UVGO� 6%���4GRQTV
%QCZ�8CNXG�6GUVKPI�#HVGT�/QFKHKECVKQP 6TCPURQTV�4GCEVQT�6TCKP

�����

����� 4GUWNVU�CPF�1DUGTXCVKQPU

7HVW�UHVXOWV�ZHUH�DQDO\]HG�LQ�WZR�FDWHJRULHV��PDVV�GLVFKDUJH�DQG�FKDUDFWHULVWLF�WLPHV���0DVV
GLVFKDUJH�ZDV�FDOFXODWHG�IURP�WKH�PHDVXUHG�SUHVVXUH�DQG�WHPSHUDWXUH�FKDQJHV�LQ�WKH
DFFXPXODWRU�WDQNV�GXULQJ�D�EDFN�SXOVH���7KH�FKDUDFWHULVWLF�WLPHV�LQFOXGH�IXOO\�RSHQ�WLPH�
UHVSRQVH�WLPH��WLPH�WR�RSHQ��DQG�WLPH�WR�FORVH��VHH�UHIHUHQFH�����DW�WKH�HQG�RI�WKLV�FKDSWHU�IRU
GHWDLOHG�GHILQLWLRQV��
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&RQVLVWHQF\�WHVWV�ZHUH�FRQGXFWHG�DW�3SLORW� �����SVLJ�DQG�W� �����VHF���)LJXUHV�������WR����VKRZ
WKH�PDVV�GLVFKDUJH��IXOO\�RSHQ�WLPH��DQG�UHVSRQVH�WLPH�DV�D�IXQFWLRQ�RI�YDOYH�GLIIHUHQWLDO
SUHVVXUH�� 3���UHVSHFWLYHO\���7KH�WUHQGV�DUH�FRQVLVWHQW�IRU�WKH�IRXU�YDOYHV���7KH�GLIIHUHQFH�RI�WKH
DEVROXWH�YDOXHV�EHWZHHQ�GLIIHUHQW�YDOYHV�LV�GXH�WR�WKH�YDOYH�WR�YDOYH�YDULDWLRQ���7KH�UHVXOWV�VKRZ
WKDW�WKH�IRXU�YDOYHV�SHUIRUPHG�FRQVLVWHQWO\�

������� %JCTCEVGTKUVKE�6GUV

&KDUDFWHULVWLF�WHVWV�ZHUH�FRQGXFWHG�E\�YDU\LQJ�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ�W�DQG�WKH�SLORW
SUHVVXUH�3SLORW�

W� �����VHFRQGV��69����%�

)LJXUH�������VKRZV�WKH�PDVV�GLVFKDUJH�GDWD���,Q�WKH�WHVW�UHJLRQ�� 3� ����²����SVL��WKH�PDVV
GLVFKDUJH�LQFUHDVHG�OLQHDUO\�ZLWK� 3�DQG�ZDV�QRW�DIIHFWHG�E\�WKH�SLORW�SUHVVXUH���7KLV�LQGLFDWHV
WKDW�WKH�DFWXDWLRQ�IRUFH�ZDV�VXIILFLHQW�DQG�WKHUH�ZDV�QR�PDVV�UHGXFWLRQ���7KH�PDVV�GLVFKDUJH
UHDFKHG�DERXW����OE�DW� 3� �����SVL���+LJKHU� 3�ZDV�QRW�WHVWHG�EHFDXVH�WKH�ODUJHU�PDVV
GLVFKDUJH�ZRXOG�FDXVH�XQIDYRUDEOH�HIIHFWV�RQ�WKH�UHDFWRU���7KH�FRPSDULVRQ�RI�WKH�GDWD�ZLWK�WKH
SUHYLRXV�UHVXOWV�FOHDUO\�VKRZV�WKDW�WKH�QHZ�FXUYHV�OLQHDUO\�H[WHQG�WKH�LQLWLDO�OLQHDU�SRUWLRQ�RI�WKH
ROG�FXUYHV����7KH�ROG�FXUYHV�GLYHUJH�DW�����WR�����SVL�DV�DIIHFWHG�E\�WKH�SLORW�SUHVVXUH�DQG�WKH
PDVV�GLVFKDUJH�VWDUWHG�WR�GHFUHDVH�LQ�WKH�KLJKHU� 3�UHJLRQ�

)LJXUH�������VKRZV�WKH�IXOO\�RSHQ�WLPH�DV�D�IXQFWLRQ�RI� 3���7KH�IXOO\�RSHQ�WLPH�ZDV�DERXW����
PV�OHVV�WKDQ�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ��ZKLFK�ZDV�FRQVLVWHQW�ZLWK�WKH�SUHYLRXV�WHVWLQJ���7KH
IXOO\�RSHQ�WLPH�VOLJKWO\�GHFUHDVHG�ZLWK� 3�LQ�WKH�WHVW�UHJLRQ���$JDLQ��WKH�SLORW�SUHVVXUH�GLG�QRW
DIIHFW�WKH�IXOO\�RSHQ�WLPH���7KLV�WUHQG�H[SODLQV�WKH�OLQHDU�LQFUHDVH�LQ�WKH�PDVV�GLVFKDUJH���:LWK
WKH�DOPRVW�FRQVWDQW�YDOYH�RSHQ�WLPH�WKH�PDVV�IORZ�ZDV�PDLQO\�FRQWUROOHG�E\� 3��L�H���WKH�KLJKHU
WKH� 3��WKH�ODUJHU�WKH�PDVV�GLVFKDUJH����%\�FRPSDULVRQ��WKH�IXOO\�RSHQ�WLPH�EHIRUH�WKH
PRGLILFDWLRQ�ZDV�GHFUHDVLQJ�VLJQLILFDQWO\�ZLWK� 3�DQG�ZDV�DIIHFWHG�E\�WKH�SLORW�SUHVVXUH���7KH
UHGXFHG�RSHQ�WLPH�FDXVHG�WKH�GUDPDWLF�GHFUHDVH�LQ�PDVV�GLVFKDUJH�

)LJXUH�������VKRZV�WKH�UHVSRQVH�WLPH�YV� 3���7KH�UHVSRQVH�WLPH�OLQHDUO\�LQFUHDVHG�ZLWK� 3�DQG
ZDV�LQGHSHQGHQW�RI�WKH�SLORW�SUHVVXUH���7KH�UHVSRQVH�WLPH�ZDV�ORQJHU�WKDQ�WKH�SUHYLRXV�YDOXH
EHFDXVH�WKH�PRGLILHG�SLVWRQ�LV�D�ODUJHU�VL]H�DQG�KDV�LQHUWLDO�PRPHQWXP���7KH�UHVSRQVH�WLPH�KDG

                                                
��,ELG�
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D�VOLJKW�LQFUHDVH�LQ�WKH�KLJK� 3�UHJLRQ�FRPSDUHG�WR�WKH�GUDPDWLF�LQFUHDVH�REVHUYHG�EHIRUH�WKH
PRGLILFDWLRQ���:LWK�WKH�SURSHUO\�PRGLILHG�YDOYH�VWUXFWXUH�WKH�VXIILFLHQW�DFWXDWLRQ�IRUFH�HQVXUHG�D
IDVW�DQG�VWDEOH�RSHQLQJ�SURFHVV���$Q�LPSURYHG�IORZ�SDWWHUQ�DURXQG�WKH�PRGLILHG�VHDW�DOVR
FRQWULEXWHG�WR�WKH�IDVW�UHVSRQVH�RI�WKH�YDOYH�PRYHPHQW�WR�DFWXDWLRQ�LQ�WKH�KLJK� 3�UHJLRQ�

7KH�WLPH�WR�RSHQ�DQG�WLPH�WR�FORVH�ZHUH�LQ�WKH�UDQJH�RI����WR����PV�DQG�ZHUH�YHU\�FORVH�WR�WKH
SUHYLRXV�GDWD���7KLV�LV�H[SHFWHG�EHFDXVH�WKH�PRYHPHQW�RI�WKH�YDOYH�LQWHUQDO�SDUW�KDV�D�UHVLVWDQFH
FRQWULEXWHG�WR�E\�WKH�IULFWLRQ�RI�WKH�VHDOV��VWUXFWXUHV�ZKLFK�ZHUH�QRW�VLJQLILFDQWO\�PRGLILHG�

W� �����VHFRQGV��69����%�

)LJXUHV�������WR����VKRZ�WKH�PDVV�GLVFKDUJH��IXOO\�RSHQ�WLPH��DQG�UHVSRQVH�WLPH�IRU�W� �����VHF�
%DVLFDOO\��WKH�WUHQGV�DUH�WKH�VDPH�DV�WKRVH�IRU�W� �����VHF���7KH�OLQHDULW\�RI�WKH�FXUYHV�VWLOO�H[LVWV�
:LWK�WKH�ORQJHU�HOHFWULFDO�SXOVH�GXUDWLRQ��W� �����VHF��WKH�PDVV�GLVFKDUJH�ZDV�JUHDWHU��WKH�IXOO\
RSHQ�WLPH�ZDV�ORQJHU��EXW�WKH�UHVSRQVH�WLPH�ZDV�DOPRVW�WKH�VDPH�FRPSDUHG�WR�WKRVH�IRU�W� ����
VHF���7KH�WLPH�WR�RSHQ�DQG�WLPH�WR�FORVH�UHPDLQHG�WKH�VDPH��LQ�WKH�UDQJH�RI����WR����PV�

7KH�FRPSDULVRQ�EHWZHHQ�WKH�WHVW�GDWD�DQG�SUHYLRXV�UHVXOWV�FOHDUO\�VKRZV�WKDW�WKH�YDOYHV�ZHUH
SURSHUO\�PRGLILHG�DQG�WKH�SHUIRUPDQFH�ZDV�VLJQLILFDQWO\�LPSURYHG�

W� ���������VHFRQGV��69����$�

7KH�YDOYH�SHUIRUPDQFH�ZDV�DOVR�WHVWHG�DW�VKRUWHU�HOHFWULFDO�SXOVH�GXUDWLRQ���)LJXUHV��������WR����
VKRZ�WKH�PDVV�GLVFKDUJH��IXOO\�RSHQ�WLPH��DQG�UHVSRQVH�WLPH�IRU�W� �����VHF���$V�VKRZQ�LQ�ILJXUH
��������WKH�PDVV�GLVFKDUJH�VWLOO�FRUUHVSRQGHG�OLQHDUO\�ZLWK� 3�DW�VKRUWHU�W�DQG�UHODWLYHO\�ORZHU� 3
UHJLRQ���7KH�YDOYH�ZDV�IXOO\�RSHQ�DQG�WKHUH�ZDV�QR�GUDPDWLF�LQFUHDVH�LQ�WKH�UHVSRQVH�WLPH�

:KHQ�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ�YDULHG�WKH�PDVV�GLVFKDUJH�GHYLDWHG�IURP�WKH�OLQHDU�WUHQG�DW�W
 �����VHF��DV�VKRZQ�LQ�ILJXUH����������7KH�UHDVRQ�LV�WKDW�WKH�YDOYH�ZDV�QRW�IXOO\�RSHQ�DW�W� ����
VHF��VHH�ILJXUH�����������7KH�PHDVXUHG�GDWD�LQGLFDWH�WKDW�WKH�YDOYH�ZDV�SDUWLDOO\�RSHQ�DW�WKLV�SRLQW�
7KH�HOHFWULFDO�SXOVH�GXUDWLRQ�ZDV�VR�VKRUW�WKDW�WKH�PRYLQJ�SLVWRQ�GLG�QRW�KDYH�HQRXJK�WLPH�WR
UHDFK�WKH�RSHQ�OLPLW�VZLWFK���7KLV�SURFHVV��LQ�WXUQ��UHGXFHG�WKH�PDVV�GLVFKDUJH���,I�WKH�HOHFWULFDO
SXOVH�GXUDWLRQ�ZHUH�IXUWKHU�UHGXFHG�WKH�YDOYH�ZRXOG�QRW�HYHQ�KDYH�EHHQ�SDUWLDOO\�RSHQ���7KH
PDVV�GLVFKDUJH�ZRXOG�KDYH�GHFUHDVHG�VKDUSO\���,QFUHDVLQJ�WKH�SLORW�SUHVVXUH�FRXOG�QRW�KHOS�WKH
RSHQLQJ�SURFHVV�XQGHU�VXFK�FRQGLWLRQ�EHFDXVH�LW�LV�FRQWUROOHG�E\�WKH�WLPH�VSDQ��QRW�WKH
DFWXDWLRQ�IRUFH���)URP�D�FRQWURO�SRLQW�RI�YLHZ�WKLV�RSHUDWLQJ�FRQGLWLRQ�VKRXOG�EH�DYRLGHG���,Q
QRUPDO�RSHUDWLRQ�WKH�YDOYH�VKRXOG�EH�RSHUDWHG�DW��DQ�HOHFWULFDO�SXOVH�GXUDWLRQ�HTXDO�WR�RU�ORQJHU
WKDQ�����VHF�WR�REWDLQ�D�ZHOO�FRQWUROOHG�EDFN�SXOVH�FOHDQLQJ�HIIHFW�

W� ���������VHFRQGV��69����$�

7KH�WHVW�UHVXOWV�DUH�YHU\�FORVH�WR�WKRVH�RI�69����$�DQG��IRU�EUHYLW\��DUH�QRW�LQFOXGHG�LQ�WKLV
UHSRUW�
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�����������%QPENWUKQPU

• 7KH�YDOYH�PDQXIDFWXUHU�SURSHUO\�PRGLILHG�WKH�EDFN�SXOVH�YDOYHV���7KH�SLVWRQ��VHDW��DQG
VHDOV�ZHUH�UHFRQVWUXFWHG�WR�REWDLQ�D�VWURQJHU�DFWXDWLRQ�IRUFH�DQG�RSWLPL]HG�IORZ
SDWWHUQ���7KH�IRXU�YDOYHV�WHVWHG�EHKDYHG�FRQVLVWHQWO\���7KH�YDOYHV�KDYH�EHHQ�ZRUNLQJ
ZHOO�VLQFH�WKH�PRGLILFDWLRQ�

• 7KH�YDOYH�SHUIRUPDQFH�KDV�EHHQ�VLJQLILFDQWO\�LPSURYHG���,Q�WKH�WHVW�UHJLRQ�ZLWK�WKH
HOHFWULFDO�SXOVH�GXUDWLRQ�ORQJHU�WKDQ�����VHF�WKH�YDOYHV�ZHUH�IXOO\�RSHQ���7KH�PDVV
GLVFKDUJH�LQFUHDVHG�OLQHDUO\�ZLWK�WKH�YDOYH�GLIIHUHQWLDO�SUHVVXUH���7KHUH�ZDV�QR�GUDPDWLF
LQFUHDVH�LQ�UHVSRQVH�WLPH�

• ,Q�QRUPDO�RSHUDWLRQ�WKH�YDOYHV�VKRXOG�EH�RSHUDWHG�DW�HOHFWULFDO�SXOVH�GXUDWLRQ�RI����
VHF�RU�ORQJHU�

���������4GHGTGPEGU�HQT�5GEVKQP����

7HFKQLFDO�3URJUHVV�5HSRUW�IRU�0��:��.HOORJJ�7UDQVSRUW�5HDFWRU�7UDLQ�:LWK�:HVWLQJKRXVH
3DUWLFXODWH�&RQWURO�'HYLFH��-DQXDU\��������'HFHPEHU�������6HFWLRQ�������SUHSDUHG�E\�6RXWKHUQ
&RPSDQ\�6HUYLFHV��,QF���'2(�&RRSHUDWLYH�$JUHHPHQW�1XPEHU�'(�)&�����0&������
'HFHPEHU������
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Ppilot = 105 psig, t = 0.4 sec
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(KIWTG��������4GURQPUG�6KOG�8U�8CNXG�&KHHGTGPVKCN�2TGUUWTG�CV�V�������UGE
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Ppilot = 105 psig, t = 0.4 sec
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SV3112A: t = 0.2 sec, Ppilot = 105 psig
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SV3112A: t = 0.2 sec, Ppilot = 105 psig
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Ppilot = 105 psig, Valve Differential Pressure = 225 psi
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Ppilot = 105 psig, Valve Differential Pressure = 225 psi
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���������6GUV�1DLGEVKXGU

3OHQXP�SUHVVXUH�ULVHV�LQ�3&'�)/�����ZHUH�PHDVXUHG�GXULQJ�WKH�VWDEOH�RSHUDWLRQ�RI�7&�����7KH
PDLQ�REMHFWLYH�RI�WKHVH�PHDVXUHPHQWV�ZDV�WR�JDWKHU�PRUH�GDWD�IRU�EHWWHU�XQGHUVWDQGLQJ�WKH
EDFN�SXOVH�FOHDQLQJ�PHFKDQLVP���$QRWKHU�REMHFWLYH�ZDV�WR�RSWLPL]H�WKH�EDFN�SXOVH�V\VWHP
SDUDPHWHUV�WR�DFKLHYH�DGHTXDWH�FOHDQLQJ�HIIHFW�RQ�WKH�ILOWHUV�DQG�PLQLPL]H�WKH�QHJDWLYH�HIIHFW�RI
WKH�WUDQVSRUW�UHDFWRU�RQ�WKH�RSHUDWLRQ�

���������+PVTQFWEVKQP

3UHVVXUH�ULVH�LQ�D�SOHQXP�GXULQJ�EDFN�SXOVH�LV�GLUHFWO\�UHODWHG�WR�RSHUDWLQJ�SDUDPHWHUV�RI�WKH
EDFN�SXOVH�YDOYH��JHRPHWU\�RI�WKH�SOHQXP��IORZ�UHVLVWDQFH�RI�WKH�ILOWHU�HOHPHQWV��DQG
PRUSKRORJ\�RI�WKH�DVK�OD\HU���:KHQ�D�FHUWDLQ�DPRXQW�RI�PDVV�LV�LQMHFWHG�LQWR�WKH�SOHQXP
WKURXJK�D�9HQWXUL�GHYLFH�WKH�IORZ�UHVLVWDQFH�RI�WKH�ILOWHU�ZDOOV�DQG�DVK�OD\HU�FDXVHV�D�VKDUS
SUHVVXUH�ULVH�LQ�WKH�SOHQXP���7KLV�SUHVVXUH�ULVH�LV�ODUJH�HQRXJK�WR�UHYHUVH�WKH�JDV�IORZ�DFURVV�WKH
ILOWHUV���7KH�DVK�FDNH�LV�WKHQ�EURNHQ�E\�WKH�WHQVLOH�VWUHVV�GXH�WR�WKH�SUHVVXUL]DWLRQ�DQG�UHPRYHG
E\�IORZ�GUDJ���7KH�ZKROH�SURFHVV�RFFXUV�G\QDPLFDOO\�LQ�WKH�RSHQ�EDFN�SXOVH�V\VWHP�LQ�D�VKRUW
SHULRG�RI�WLPH���3DUW�RI�WKH�LPSXOVH�PDVV�PD\�ERXQFH�EDFN�WR�WKH�GRPH�GXULQJ�WKH�EDFN�SXOVH
EHFDXVH�WKH�SOHQXP�LV�RSHQ�DW�WKH�WRS���$OVR��WKH�FRPELQDWLRQ�RI�WKH�UHYHUVH�IORZ�WKURXJK�WKH
ILOWHUV�FDXVHV�D�SUHVVXUH�ULVH�RQ�WKH�GLUW\�VLGH�RI�WKH�3&'���7KHVH�SUHVVXUH�FKDQJHV�DIIHFW�WKH
XSVWUHDP�DQG�GRZQVWUHDP�VXEV\VWHPV��SDUWLFXODUO\�WKH�WUDQVSRUW�UHDFWRU���7KH�VWDEOH�RSHUDWLQJ
FRQGLWLRQ�RI�WKH�ZKROH�V\VWHP�LV�XSVHW�LQ�VRPH�VLWXDWLRQV�GXH�WR�WKH�EDFN�SXOVH���7KHUHIRUH��WKH
EDFN�SXOVH�SDUDPHWHUV�VKRXOG�EH�GHWHUPLQHG�QRW�RQO\�E\�WKH�DVK�FOHDQLQJ�UHTXLUHPHQW�EXW�DOVR
E\�WKH�VWDEOH�RSHUDWLQJ�FRQGLWLRQV�RI�RWKHU�VXEV\VWHPV�LQ�WKH�WUDLQ�

$�WHVW�EDVHG�RQ�RSHUDWLRQDO�QHHGV�IRU�WKH�EDFN�SXOVH�V\VWHP�LQIRUPDWLRQ�ZDV�FRQGXFWHG�LQ�7&��
WR�PHDVXUH�WKH�SUHVVXUH�ULVH�LQ�SOHQXPV���7KH�PHDVXUHPHQW�SURYLGHG�GLUHFW�GDWD�RI�KRZ�WKH
EDFN�SXOVH�V\VWHP�UHVSRQGV�WR�WKH�LPSXOVH�JDV�LQMHFWLRQ���7KH�ILQGLQJV�ZLOO�EH�XVHG�WR�FRQWURO
3&'�RSHUDWLRQ��DQDO\]H�ILOWHU�HOHPHQW�IDLOXUHV��DQG�HYDOXDWH�3&'�SHUIRUPDQFH�

���������6GUV�2TQEGFWTG

7KH�WHVW�DUUDQJHPHQW�LV�VNHWFKHG�LQ�ILJXUH���������7KH�SUHVVXUH�ULVH�LQ�D�SOHQXP�ZDV�PHDVXUHG
XVLQJ�D�SUHVVXUH�GLIIHUHQWLDO�WUDQVPLWWHU��3'7��������7KH�PHDVXUHG�GDWD�ZDV�DFWXDOO\�WKH
SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�ILOWHU�HOHPHQWV���7KH�DEVROXWH�SUHVVXUH�ULVH�LQ�WKH�SOHQXP�GLIIHUV
IURP�WKH�PHDVXUHG�SUHVVXUH�GLIIHUHQFH�VLQFH�WKH�GLUW\�VLGH�SUHVVXUH��EHIRUH�ILOWUDWLRQ��YDULHV
GXULQJ�EDFN�SXOVH���+RZHYHU��WKLV�SUHVVXUH�GLIIHUHQFH�LV�GHVLUHG�VLQFH�LW�FDQ�EH�FRUUHODWHG�WR�WKH
LPSXOVH�JDV�IORZ�WKURXJK�WKH�ILOWHUV���7KH�WHUP�´SOHQXP�SUHVVXUH�ULVHµ�LQ�WKLV�UHSRUW�UHIHUV�WR�WKH
SUHVVXUH�GLIIHUHQFH�PHDVXUHG�E\�3'7�������$OVR��QRWH�WKDW�WKH�ORQJ�LQVWUXPHQW�WXELQJ
FRQWULEXWHG�WR�D�SUHVVXUH�ORVV�ZKHQ�WKH�SUHVVXUH�ZDYH�UHDFKHG�WKH�WUDQVPLWWHU���7KH�UHDGLQJ
IURP�WKH�WUDQVPLWWHU�PD\�EH�VPDOOHU�WKDQ�WKH�UHDO�SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�ILOWHUV���7KLV
UHSRUW��KRZHYHU��SUHVHQWV�RQO\�WKH�PHDVXUHG�GDWD��DQG�FRUUHFWLRQV�ZLOO�EH�FRQGXFWHG�LQ�WKH
IXWXUH�
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7KH�WRS�DQG�ERWWRP�SOHQXP�SUHVVXUHV�ZHUH�PHDVXUHG�LQ�WKH�WHVW�ZKHQ�WKH�SOHQXPV�ZHUH�EDFN�
SXOVHG�VHSDUDWHO\���7KH�SUHVVXUH�FKDQJH�DQG�EDFN�SXOVH�YDOYH�OLPLW�VZLWFK�VLJQDOV�ZHUH�UHFRUGHG
E\�D�IDVW�GDWD�DFTXLVLWLRQ�GHYLFH�GXULQJ�D�EDFN�SXOVH���2WKHU�V\VWHP�SDUDPHWHUV�ZHUH�REWDLQHG
IURP�WKH�SODQW�LQIRUPDWLRQ��3,��V\VWHP���9DULRXV�RSHUDWLQJ�SDUDPHWHUV�ZHUH�YDULHG�GXULQJ�WKH
PHDVXUHPHQW�WR�VWXG\�WKHLU�LQIOXHQFH�RQ�WKH�SOHQXP�SUHVVXUH�ULVH�

���������%QPENWUKQPU

5HVXOWV�DQG�REVHUYDWLRQV�DUH�QRW�GLVFXVVHG�LQ�GHWDLO�LQ�WKLV�UHSRUW�GXH�WR�WKH�SURSULHWDU\�QDWXUH
RI�WKH�LQIRUPDWLRQ���+RZHYHU��VRPH�JHQHUDO�FRQFOXVLRQV�GUDZQ�IURP�WKH�UHVXOWV�RI�WKLV�ZRUN
LQFOXGH�

• ,Q�WKH�WHVW�UDQJH��WKH�SOHQXP�SUHVVXUH�ULVH�LQFUHDVHG�OLQHDUO\�ZLWK�LQFUHDVLQJ�YDOYH
GLIIHUHQWLDO�SUHVVXUH��PDVV�GLVFKDUJH��HOHFWULFDO�SXOVH�GXUDWLRQ��DQG�WLPH�EHWZHHQ�EDFN�
SXOVHV�

• 7RS�DQG�ERWWRP�SOHQXPV�KDG�GLIIHUHQW�SUHVVXUH�ULVHV�

• 7KH�EDFN�SXOVH�V\VWHP�ZRUNHG�ZHOO�LQ�7&���ZLWK� 3� �����SVL�DQG�W� �����VHF���7KH
WUDQVSRUW�UHDFWRU�XSVHWV�ZHUH�PLQLPL]HG�DQG�DVK�FOHDQLQJ�ZDV�VDWLVILHG�
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(KIWTG��������5EJGOCVKE�QH�2NGPWO�2TGUUWTG�4KUG�/GCUWTGOGPVU
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&RRUV�3����$���DOXPLQD�PXOOLWH�ILOWHU�HOHPHQWV�KDYH�EHHQ�XVHG�LQ�KLJK�WHPSHUDWXUH��KLJK�
SUHVVXUH��+7+3��JDV�ILOWUDWLRQ�WHVW�IDFLOLWLHV�HVVHQWLDOO\�VLQFH�WKH�LQFHSWLRQ�RI�UHVHDUFK�LQWR�WKLV
WHFKQRORJ\���7KH�HOHPHQWV�KDYH�EHHQ�VXFFHVVIXOO\�WHVWHG�DW�WKH�$PHULFDQ�(OHFWULF�3RZHU�7LGG
'HPRQVWUDWLRQ�3URMHFW��WKH�.DUKXOD�5	'�&HQWHU��DQG�DW�PDQ\�RWKHU�IDFLOLWLHV�DURXQG�WKH�ZRUOG�
7KURXJK�WKH�8��6��'HSDUWPHQW�RI�(QHUJ\��'2(��VSRQVRUHG�HIIRUWV�RI�6LHPHQV�:HVWLQJKRXVH�
WKH�&RRUV�3����$���PDWHULDO�ZDV�GHPRQVWUDWHG�WR�EH�D�FKHPLFDOO\�VWDEOH��UHOLDEOH�ILOWHU�HOHPHQW�
7KH�DOXPLQD�PXOOLWH�ILOWHU�HOHPHQW�LV�VXSHULRU�WR�FOD\�ERQGHG�VLOLFRQ�FDUELGH�HOHPHQWV��3DOO�DQG
6FKXPDFKHU��DW�WKH�������)�RSHUDWLQJ�WHPSHUDWXUHV�H[SHULHQFHG�E\�ILOWHU�HOHPHQWV�XVHG�LQ�ILUVW
JHQHUDWLRQ�SUHVVXUL]HG�IOXLGL]HG�EHG�FRPEXVWLRQ��3)%&��XQLWV�EHFDXVH�WKH�PDWUL[�GRHV�QRW
HORQJDWH�DQG�UHVLVWV�JDV�SKDVH�FKHPLFDO�DWWDFNV�DW�WKDW�WHPSHUDWXUH�

2QH�GUDZEDFN�WR�WKH�ILOWHU�HOHPHQW�LV�LWV�VXVFHSWLELOLW\�WR�WKHUPDO�VWUHVV�IDLOXUH����7KLV
VXVFHSWLELOLW\�WR�WKHUPDO�VWUHVV�KDV�SODJXHG�WKH�WHVWLQJ�RI�WKH�&RRUV�3����$���ILOWHUV�DW�WKH�3RZHU
6\VWHPV�'HYHORSPHQW�)DFLOLW\��36')��

7KH�ILUVW�&RRU�3����$���ILOWHU�HOHPHQWV�ZHUH�LQVWDOOHG�GXULQJ�WKH�$SULO������RXWDJH���$�WRWDO�RI
���&RRUV�3����$���HOHPHQWV�KDYH�EHHQ�LQVWDOOHG�VLQFH�WKDW�WLPH�LQ�WKH�6LHPHQV�:HVWLQJKRXVH
3&'��)/������RQ�WKH�.%5�WUDQVSRUW�UHDFWRU�WUDLQ���2I�WKH����HOHPHQWV�����IDLOHG�GXULQJ
RSHUDWLRQ�����SHUFHQW��DQG�RQH�IDLOHG�XSRQ�UHPRYDO�GXULQJ�DQ�LQVSHFWLRQ���$W�QR�WLPH�ZDV�WKHUH
DQ\�EULGJLQJ�RI�DVK�EHWZHHQ�WKH�ILOWHUV��ZKLFK�KDV�FDXVHG�PXOWLSOH�IDLOXUHV�DW�RWKHU�IDFLOLWLHV���$W
WKH�WLPH�RI�WKH�LQVSHFWLRQV�LW�ZDV�JHQHUDOO\�DJUHHG�WKDW�WKH�IDLOXUHV�ZHUH�GXH�WR�WKHUPDO�DQG�QRW
PHFKDQLFDO�VWUHVV�

,W�LV�YHU\�LPSRUWDQW�WR�QRWH�WKDW�DW�DOO�WLPHV�WKHUH�KDV�EHHQ�D�ZLGH�YDULHW\�RI�ILOWHU�HOHPHQWV
LQVWDOOHG�LQ�WKH�VDPH�ILOWHU�YHVVHO���0RQROLWKLF�VLOLFRQ�FDUELGH�ILOWHUV�IURP�3DOO�DQG�6FKXPDFKHU
DQG�FRPSRVLWH�ILOWHUV�IURP��0��'X3RQW��DQG�0F'HUPRWW�KDYH�DOO�HQGXUHG�DQG�VXUYLYHG�WKH
VDPH�WKHUPDO�HYHQWV�WKDW�KDYH�FDXVHG�IDLOXUH�RI�WKH�&RRUV�3����$��ILOWHUV���2QO\�WZR�RWKHU�W\SHV
RI�ILOWHUV�KDYH�IDLOHG�GXULQJ�RSHUDWLRQ��WKH�DOXPLQD�R[LGH�ILOWHU�IURP�%ODVFK�3UHFLVLRQ�&HUDPLFV
DQG�WKH�FRUGLHULWH�ILOWHU�IURP�6SHFLILF�6XUIDFH�

+RZHYHU��WKH�VWDII�ZRUNLQJ�ZLWK�WKH�ILOWHU�V\VWHP�DW�WKH�36')�EHOLHYHV�WKDW�LW�LV�YHU\�LPSRUWDQW�
LQ�IDLUQHVV�WR�&RRUV��WR�DFNQRZOHGJH�WKDW�WKH�IDLOXUHV�ZHUH�FDXVHG�E\�RSHUDWLRQDO�XSVHWV���7KH�ILOWHU
HOHPHQWV�GLG�QRW�IDLO�GXH�WR�SRRU�TXDOLW\��EXW�ZHUH�VXEMHFWHG�WR�RSHUDWLRQDO�FRQGLWLRQV�WKDW�WKH\
ZHUH�QRW�GHVLJQHG�WR�KDQGOH���&RRUV�ILOWHUV�ZRXOG�SUREDEO\�VWLOO�EH�LQ�XVH�WRGD\�KDG�WKH
RSHUDWLRQDO�XQGHUVWDQGLQJ�RI�WKH�WUDQVSRUW�UHDFWRU�DGYDQFHG�WR�D�SRLQW�ZKHUH�WKHVH�XSVHWV�KDG
QRW�RFFXUUHG�

 ,Q�WKLV�GRFXPHQW�WKH�IROORZLQJ�WRSLFV�ZLOO�EH�GLVFXVVHG�
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• 7KH�RSHUDWLRQDO�KLVWRU\�RI�&RRUV�3����$���ILOWHU�HOHPHQWV�DW�WKH�36')�
 

• 7KH�JDWKHULQJ�RI�LQIRUPDWLRQ�ZKLFK�OHDG�WR�D�K\SRWKHVLV�RI�ZK\�WKH�&RRUV�3����$��
ILOWHUV�IDLOHG�

 

• 7KH�LQVWDOODWLRQ�RI�WKHUPRFRXSOHV�WKDW�SURYLGHG�WKH�LQIRUPDWLRQ�QHHGHG�WR�FRQILUP
WKH�K\SRWKHVLV�

 

• 7KH�WKHUPDO�PHFKDQLFDO�PRGHO�WKDW�DQVZHUV�ZK\�WKH�&RRUV�3����$���ILOWHUV�IDLOHG
DQG�WKH�VLOLFRQ�FDUELGH�DQG�FRPSRVLWH�ILOWHUV�GLG�QRW�

 

• &RQFOXVLRQV��RQ�JRLQJ�ZRUN��DQG�IXWXUH�SODQV�
 

 ���������%QQTU�2����#���6GUV�*KUVQT[�CV�VJG�25&(
 

 ������� (KTUV�+PUVCNNCVKQP #RTKN�����
 
 $�WKHUPDO�HYHQW�FDXVHG�WKH�IDLOXUH�RI����FOD\�ERQGHG�VLOLFRQ�FDUELGH�HOHPHQWV��VHH�VHFWLRQ
���������IURP�3DOO�DQG�6FKXPDFKHU�RQ�$SULO����������DQG�OHDG�WR�WKH�ILUVW�LQVWDOODWLRQ�RI�&RRUV�3�
����$��HOHPHQWV�DW�WKH�36')���7KH�GHFLVLRQ�ZDV�PDGH�ZKHQ�WKH�ILOWHU�V\VWHP�ZDV�RSHQHG�WR
UHPRYH�DOO�RI�WKH�H[LVWLQJ�ILOWHU�HOHPHQWV�DQG�UHSODFH�WKHP�ZLWK�D�PL[WXUH�RI�3DOO������3DOO����7�
DQG�&RRUV�3����$���ILOWHU�HOHPHQWV���2QH�6FKXPDFKHU�)���ILOWHU�HOHPHQW�WKDW�ZDV�EHLQJ
HYDOXDWHG�E\�5RJHU�&KHQ�ZDV�LQVWDOOHG�WR�LQFUHDVH�LWV�H[SRVXUH�WLPH��VHH�VHFWLRQ������������$�WRWDO
RI����&RRUV�HOHPHQWV�ZHUH�LQVWDOOHG�����RQ�WKH�WRS�SOHQXP�DQG���RQ�WKH�ERWWRP�SOHQXP���$OO�RI
WKHVH�ILOWHU�HOHPHQWV�ZHUH�QHZ�DQG�ZHUH�SXUFKDVHG�IRU�WHVWLQJ�DW�WKH�36')���7KH�ORFDWLRQ�RI
WKHVH�ILOWHUV�LV�VKRZQ�LQ�ILJXUH�������DQG�WKH�LQGLYLGXDO�HOHPHQW�VHULDO�QXPEHUV�DUH�OLVWHG�LQ�WDEOH
������
 
 7KHVH�ILOWHU�HOHPHQWV�ZHUH�LQ�VHUYLFH�ZLWKRXW�LQFLGHQW�IRU�DERXW�����KRXUV�RQ�FRDO�XQWLO�WKH
QH[W�PDLQWHQDQFH�SHULRG�RQ�)/�����LQ�-XO\��������7KH�SULPDU\�JDV�FRROHU��+;������ZDV�XVHG
LQ�D�E\SDVV�PRGH�IRU�DSSUR[LPDWHO\�����RI�WKH�����KRXUV��OLPLWLQJ�WKH�3&'�LQOHW�WHPSHUDWXUH
WR�EHORZ�������)���$�WLPH�YV�WHPSHUDWXUH�KLVWRJUDP�RI�WKLV�RSHUDWLQJ�SHULRG�LV�VKRZQ�LQ�ILJXUH
������
 

 ������� 5GEQPF�+PUVCNNCVKQP�CPF�(KTUV�(CKNWTG
 
 6LHPHQV�:HVWLQJKRXVH�UHTXHVWHG�LQ�-XQH������WKDW�WKH�36')�SHUIRUP�D�������KRXU�WHVW�ZLWK�WKH
3&'�OLPLWHG�WR�D�PD[LPXP�LQOHW�WHPSHUDWXUH�RI�������)�WR�HYDOXDWH�WKH�HORQJDWLRQ�SRWHQWLDO�RI
3DOO�FOD\�ERQGHG�VLOLFRQ�FDUELGH�ILOWHU�HOHPHQWV���$GGLWLRQDO�ILOWHU�HOHPHQWV�IURP�6FKXPDFKHU
�7)����DQG��0��6L&��KDG�EHHQ�UHFHLYHG�DQG�WKHVH�ZHUH�LQVWDOOHG�GXULQJ�WKH�ZHHN�RI�-XO\����
�������6HOHFWHG�3DOO�DQG�6FKXPDFKHU�HOHPHQWV�ZHUH�PHDVXUHG�DQG�LQVWDOOHG�DV�SDUW�RI�WKLV�WHVW
SODQ�
 
 '2(�)(7&�KDG�EHHQ�IXQGLQJ�'U��5RJHU�&KHQ�DW�:HVW�9LUJLQLD�8QLYHUVLW\�WR�GHYHORS�D
YLEUDWLRQDO�UHVSRQVH�PHWKRG�IRU�WKH�QRQGHVWUXFWLYH�HYDOXDWLRQ�RI�FHUDPLF�ILOWHU�HOHPHQWV���7KH
36')�KDG�VXSSOLHG�DV�PDQXIDFWXUHG�ILOWHU�HOHPHQWV�IURP�&RRUV��3DOO��DQG�6FKXPDFKHU�WR
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VXSSRUW�WKLV�ZRUN���'U��&KHQ�KDG�HYDOXDWHG����DV�PDQXIDFWXUHG�&RRUV�3�����$��HOHPHQWV�DW�WKH
WLPH�RI�WKLV�LQVWDOODWLRQ�DQG����RI�WKHVH�ZHUH�LQVWDOOHG�LQ�WKH�WRS�SOHQXP���(LJKW�RI�WKH���
HOHPHQWV�SUHYLRXVO\�LQVWDOOHG�LQ�WKH�WRS�SOHQXP�ZHUH�UHPRYHG�
 
 $OVR��WKHUH�ZDV�FRQVLGHUDWLRQ�RI�WDNLQJ�D�QRQLVRNLQHWLF�H[WUDFWLYH�VDPSOH�IURP�QHDU�WKH�ILOWHU
HOHPHQWV���7KUHH�&RRUV�HOHPHQWV�RQ�WKH�ORZHU�SOHQXP�ZHUH�UHPRYHG�DQG�UHSODFHG�ZLWK�EODQNV
WR�DFFRPPRGDWH�WKH�VDPSOLQJ�SUREH���7KH�WXEHVKHHW�OD\RXW�DW�WKH�FRQFOXVLRQ�RI�WKH�LQVWDOODWLRQ
LV�VKRZQ�LQ�ILJXUH�������DQG�LQGLYLGXDO�HOHPHQW�QXPEHUV�DUH�VKRZQ�LQ�WDEOH�������
 
 7KH�QH[W�VWDUW�XS�IROORZLQJ�WKLV�LQVWDOODWLRQ�RFFXUUHG�LQ�WKH�ODVW�ZHHN�RI�$XJXVW��������7KH�XQLW
ZDV�WUDQVLWLRQLQJ�WR�FRDO�DW�PLGQLJKW�RQ�$XJXVW����ZKHQ�SLHFHV�RI�&RRUV�ILOWHU�HOHPHQWV�ZHUH
GHWHFWHG�LQ�WKH�3&'�DVK�UHPRYDO�V\VWHP���7KH�ILOWHU�SLHFHV�ZHUH�FROOHFWHG�DQG�E\�ZHLJKW�LW�ZDV
HVWLPDWHG�WKDW�DW�OHDVW�WKUHH�&RRUV�HOHPHQWV�KDG�IDLOHG���7KH�GHFLVLRQ�ZDV�PDGH�WR�VKXW�GRZQ�WKH
V\VWHP�DQG�LQVSHFW�WKH�3&'�DIWHU�DERXW����KRXUV�RQ�FRDO�
 
 )LJXUH�������VKRZV�D�WUDFH�RI�WKH�3&'�LQOHW��RXWOHW��DQG�SOHQXP�WHPSHUDWXUHV�GXULQJ�WKLV
WUDQVLWLRQ�WR�FRDO���7KH�WHPSHUDWXUH�LQVLGH�WKH�3&'�LQFUHDVHG�DW�D�UDWH�RI�����)�KU�ZKHQ�FRDO
IHHG�EHJDQ���:KHUHDV�WKLV�LV�KLJK��LW�LV�ZHOO�EHORZ�WKH�UDPS�UDWHV�HYDOXDWHG�E\�6LHPHQV�
:HVWLQJKRXVH�LQ�WKHLU�WHVW�IDFLOLW\�WKDW�GLG�QRW�SURGXFH�IDLOXUH���$OVR�RI�LQWHUHVW�ZHUH�WKH�WKUHH
´VSLNHVµ�LQ�WKH�ORZHU�SOHQXP�WHPSHUDWXUH��7,��������7KLV�WKHUPRFRXSOH�LV�ORFDWHG�YHU\�FORVH�WR
WKH�HOHPHQWV�ZKLFK�IDLOHG�DQG�LQLWLDOO\�LW�ZDV�EHOLHYHG�WKDW�WKLV�ZDV�DQ�LQGLFDWLRQ�RI�WKH�6LHPHQV�
:HVWLQJKRXVH�IDLO�VDIHV�SOXJJLQJ�VLQFH�WKH�PHDVXUHG�WHPSHUDWXUH�DSSURDFKHG�EXW�QHYHU
H[FHHGHG�WKH�LQOHW�WHPSHUDWXUH���+RZHYHU��LQ�KLQGVLJKW��WKLV�PD\�KDYH�EHHQ�DQ�LQGLFDWLRQ�WKDW
WKHUH�ZDV�ORFDO�FRPEXVWLRQ�RI�FRDO�RQ�WKH�HOHPHQWV�LQ�WKH�ORZHU�SOHQXP�
 
 8SRQ�LQVSHFWLRQ��WKUHH�RI�WKH�ILOWHU�HOHPHQWV��/&�����%�����.&�����%�����DQG�.&�����%����
ZHUH�EURNHQ���$OO�WKUHH�KDG�9�VKDSHG�EUHDNV�RQ�RSSRVLWH�VLGHV�RI�WKH�HOHPHQW�DQG�ZHUH�EURNHQ
ZLWKLQ����LQFKHV�RI�WKH�IODQJH���$�IRXUWK�ILOWHU�HOHPHQW��.&�����%����EURNH�DERXW�WKH�PLGSRLQW
XSRQ�LQVSHFWLRQ�DQG�UHPRYDO���7KH�DSSHDUDQFH�RI�WKH�EUHDN�ZDV�QRW�9�VKDSHG��EXW
FLUFXPIHUHQWLDO���$SSUR[LPDWHO\����WR����GHJUHHV�RI�WKH�EUHDN�ZDV�ILOOHG�ZLWK�DVK�LQGLFDWLQJ
IDLOXUH�GXULQJ�RSHUDWLRQ�ZLWK�WKH�UHPDLQLQJ�IUDFWXUH�VXUIDFH�FRPSOHWHO\�FOHDQ���)LJXUH������
VKRZV�WKH�ORFDWLRQ�RI�WKLV�HOHPHQW�UHODWLYH�WR�WKH�WKUHH�WKDW�EURNH�GXULQJ�RSHUDWLRQ���7KH
ORFDWLRQ�RI�WKH�´GLUW\µ�SDUW�RI�WKH�EUHDN�ZDV�IDFLQJ�HOHPHQWV�%���DQG�%�����,W�LV�SRVVLEOH��JLYHQ
WKH�RULHQWDWLRQ�DQG�QDWXUH�RI�WKH�FUDFN��WKDW�WKH�HOHPHQW�ZDV�GDPDJHG�DV�/&����DQG�RU�.&���
EURNH���,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�3DOO������3DOO����7��6FKXPDFKHU�7)����DQG��0�6L&�ILOWHUV
ZHUH�QRW�YLVLEO\�DIIHFWHG��L�H���EURNHQ��E\�WKLV�HYHQW�
 
 7KH�GHFLVLRQ�ZDV�PDGH�GXULQJ�WKH�RXWDJH�WR�UHPRYH�.&�����%���DQG�.&�����%����IRU�PDWHULDOV
WHVWLQJ���2QH�REVHUYDWLRQ�PDGH�ZDV�WKDW�WKH�RQO\�HOHPHQWV�WKDW�KDG�IDLOHG�ZHUH�WKH�´XVHGµ
HOHPHQWV�LQVWDOOHG�LQ�$SULO���7KHUH�ZDV�PXFK�GLVFXVVLRQ�DERXW�WKH�FDXVH�RI�IDLOXUH�DQG�ZKHWKHU
WKH�´XVHGµ�HOHPHQWV�.&����DQG�.&����ORFDWHG�LQ�WKH�WRS�SOHQXP�VKRXOG�EH�UHPRYHG���7KH
SRVVLELOLW\�RI�FRDO�FDUU\RYHU�IURP�WKH�WUDQVSRUW�UHDFWRU�ZDV�QRW�FRQVLGHUHG�DW�WKH�WLPH��VR�WKH
OHDGLQJ�WKHRU\�ZDV�DFFXPXODWHG�GDPDJH�GXH�WR�WKH�PDQ\�WKHUPDO�WUDQVLHQWV�H[SHULHQFHG�IURP
$SULO�WR�-XO\�FDXVHG�E\�FRDO�IHHGHU�WULSV���$�FRPSURPLVH�GHFLVLRQ�ZDV�PDGH�WKDW�OHIW�.&����DQG
.&����LQ�WKH�YHVVHO�EXW�WR�PRYH�WKHP�WR�WKH�ORZHU�SOHQXP�VR�WKDW�LI�WKH\�EURNH�WKHUH�ZRXOG�EH
PLQLPDO�FRQVHTXHQWLDO�GDPDJH�WR�RWKHU�ILOWHU�HOHPHQWV�DV�WKH\�IHOO�LQWR�WKH�DVK�KRSSHU���7KH
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WXEHVKHHW�OD\RXW�DW�WKH�FRQFOXVLRQ�RI�WKH�RXWDJH�LV�VKRZQ�LQ�ILJXUH�������DQG�WKH�OLVW�RI�HOHPHQWV
LQVWDOOHG�LQ�VKRZQ�LQ�WDEOH�������
 

 ������� 5GEQPF�(CKNWTG 5GRVGODGT��������
 
 'XULQJ�WKH�QH[W�WUDQVLWLRQ�WR�FRDO�DQRWKHU�&RRUV�3�����$��ILOWHU�HOHPHQW�IDLOHG���7KH�IDLOXUH
RFFXUUHG�DW�DERXW������D�P��RQ�WKH�PRUQLQJ�RI�6HSWHPEHU�����7KH�WHPSHUDWXUH�SORW�IRU�WKLV
IDLOXUH�LV�VKRZQ�LQ�ILJXUH���������,W�ZDV�GHVLUHG�WR�FRQWURO�WKH�WHPSHUDWXUH�UDPS�UDWH�WR�VHH�ZKDW�
LI�DQ\��LPSDFW�WKLV�ZRXOG�KDYH�RQ�WKH�3&'���7KLV�ZDV�DFFRPSOLVKHG�E\�F\FOLQJ�WKH�FRDO�IHHGHU
RQ�DQG�RII�WR�JUDGXDOO\�LQFUHDVH�WKH�WHPSHUDWXUH�WR�WKH�3&'���7KH�´EXPSVµ�LQ�WKH�3&'�LQOHW
WHPSHUDWXUH�IURP�EHIRUH������WR������DUH�D�UHVXOW�RI�WKH�FRDO�IHHGHU�F\FOLQJ���'XULQJ�WKLV
WUDQVLWLRQ��WKH�DYHUDJH�WHPSHUDWXUH�UDWH�RI�ULVH�ZDV�DERXW�����)�KU�
 
 ,W�ZDV�GHWHUPLQHG��EDVHG�RQ�WKH�PDVV�RI�SLHFHV�IURP�WKH�DVK�UHPRYDO�V\VWHP��WKDW�RQO\�RQH�ILOWHU
KDG�EURNHQ���7KHUH�ZDV�QR�ZD\�WR�WHOO�ZKLFK�ILOWHU�IDLOHG�EXW�VSHFXODWLRQ�ZDV�WKDW�LW�ZDV�RQH�RI
WKH�WZR�HOHPHQWV�LQVWDOOHG�LQ�$SULO����7KLV�ZDV�FRQILUPHG�GXULQJ�WKH�1RYHPEHU�RXWDJH����$
GHFLVLRQ�WR�FRQWLQXH�RSHUDWLRQ�DQG�HYDOXDWH�WKHLU�SHUIRUPDQFH�ZDV�PDGH�EHFDXVH�WKH�36')�KDG
QR�H[SHULHQFH�DW�WKH�WLPH�RQ�KRZ�ZHOO�WKH�6LHPHQV�:HVWLQJKRXVH�IDLO�VDIHV�ZRXOG�SHUIRUP�
 

 ������� 6JKTF�(CKNWTG 5GRVGODGT���������
 
 7HVWLQJ�FRQWLQXHG�IURP�6HSWHPEHU���WR�6HSWHPEHU����ZLWK�QR�IDLOXUHV���3DUWLFXODWH�VDPSOHV
WDNHQ�E\�6RXWKHUQ�5HVHDUFK�,QVWLWXWH��65,��RQ�WKH�RXWOHW�RI�WKH�3&'��VKRZQ�LQ�ILJXUH�������
UHYHDOHG�WKDW�WKH�ORDGLQJ�ZDV�TXLWH�ORZ��EHORZ���SSP��LQGLFDWLQJ�YHU\�JRRG�SHUIRUPDQFH�RI�WKH
6LHPHQV�:HVWLQJKRXVH�IDLO�VDIH���$QRWKHU�&RRUV�3�����$��ILOWHU�IDLOHG�ZKLOH�WKH�XQLW�ZDV�DW
VWHDG\�VWDWH�ODWH�LQ�WKH�HYHQLQJ�RQ�6HSWHPEHU������7KH�WHPSHUDWXUH�SORW�IRU�WKLV�IDLOXUH�LV�VKRZQ
LQ�ILJXUH���������7KH�RQO\�DQRPDO\�LQ�WKH�JUDSK�LV�WKH�WHPSHUDWXUH�GURS�LQ�WKH�ORZHU�SOHQXP
WKHUPRFRXSOH�MXVW�EHIRUH������S�P���7KLV�ZDV�VWLOO�XQH[SODLQHG�DW�WKH�WLPH�RI�WKLV�UHSRUW�
 
 2SHUDWLRQDOO\��WKH�RQO\�3&'�WHVWLQJ�WKDW�RFFXUUHG�RQ�6HSWHPEHU����ZDV�SDUDPHWULF�WHVWLQJ�RI
WKH�SXOVH�YDOYHV���+RZHYHU��WKH�OLPLWDWLRQV�RI�WKH�SXOVH�YDOYHV�ZHUH�UHFRJQL]HG�E\�WKLV�WLPH�DQG
WKH�UDQJH�RI�SXOVH�SDUDPHWHUV�XVHG�LQ�WKH�WHVWLQJ�ZDV�QRW�VHYHUH���%XW�LW�LV�SRVVLEOH��VLQFH�WKLV
HOHPHQW�KDG�VXUYLYHG�WKH�WKHUPDO�HYHQWV�OHDGLQJ�WR�IDLOXUHV�RI�WKH�HOHPHQWV�RQ�$XJXVW����DQG
6HSWHPEHU����WKDW�LW�ZDV�DOUHDG\�LQ�D�ZHDNHQHG�VWDWH�DQG�WKH�SXOVH�RSWLPL]DWLRQ�ZDV�VXIILFLHQW�WR
OHDG�WR�LWV�IDLOXUH�
 
 7KH�FROOHFWLRQ�HIILFLHQF\�RI�WKH�3&'�GHWHULRUDWHG�DIWHU�6HSWHPEHU����IRU�D�YDULHW\�RI�UHDVRQV
�VHH�ILJXUH����������,W�ZDV�GHWHUPLQHG�XSRQ�GLVDVVHPEO\�RI�WKH�3&'�LQ�1RYHPEHU�WKDW�WKH�EODQNV
LQVWDOOHG�LQ�-XO\�DV�ZHOO�DV�WKH�IDLO�VDIH�DW�WXEHVKHHW�ORFDWLRQ�%���ZHUH�OHDNLQJ��VHH�VHFWLRQ
�����������7KH�IDLO�VDIH�DW�WXEHVKHHW�ORFDWLRQ�%��ZDV�FRPSOHWHO\�SOXJJHG���7KHUHIRUH��LW�LV�DVVXPHG
WKDW�.&�����%���IDLOHG�RQ�6HSWHPEHU����DQG�.&�����%����IDLOHG�RQ�6HSWHPEHU������7KH�GHFLVLRQ
ZDV�PDGH�WR�FRQWLQXH�RSHUDWLRQ�EDVHG�RQ�WKH�UHODWLYHO\�ORZ�RXWOHW�ORDGLQJ������SSP��DQG�WKH
GHVLUH�WR�FRQWLQXH�PRQLWRULQJ�WKH�IDLO�VDIH�SHUIRUPDQFH�
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 ������� (QWTVJ�(CKNWTG 0QXGODGT��������
 
 7KH�IRXUWK�IDLOXUH�RFFXUUHG�RQ�1RYHPEHU����DOVR�GXULQJ�D�WUDQVLWLRQ�IURP�WKH�VWDUW�XS�EXUQHU�WR
WKH�FRDO�IHHGHU���$W�DERXW������S�P��WKH�FRDO�IHHGHU�SOXJJHG��VR�WKH�SUHVVXUH�XSVWUHDP�RI�WKH
SOXJJLQJ�ZDV�UDLVHG�LQ�DQ�DWWHPSW�WR�FOHDU�WKH�OLQH���$W�WKH�WLPH��WKH�FRDO�IHHGHU�URWDU\�YDOYH�KDG
EHHQ�WXUQHG�RII���:KHQ�WKH�SOXJJLQJ�FOHDUHG��DSSDUHQWO\�WKH�JDV�IORZ�FDXVHG�D�´VXFWLRQ�HIIHFWµ
RI�FRDO�WKURXJK�WKH�GLVDEOHG�URWDU\�IHHGHU���7KLV�PRPHQWDU\�ORVV�RI�FRQWURO�FDXVHG�VHYHUDO�IDLUO\
VLJQLILFDQW�WKHUPDO�F\FOHV�WKURXJKRXW�WKH�WUDQVSRUW�UHDFWRU�DQG�3&'�DV�VKRZQ�LQ�ILJXUH��������
7KH�WHPSHUDWXUH�UDWH�RI�ULVH�H[FHHGHG�D�PD[LPXP�RI�����)�PLQ�GXULQJ�WKH�XSVHW���$OPRVW
LPPHGLDWHO\��WKH�DVK�UHPRYDO�V\VWHP�SOXJJHG�ZLWK�SLHFHV�RI�&RRUV�ILOWHU���*LYHQ�WKH�ODUJH
TXDQWLW\�RI�SLHFHV��WKH�XQLW�ZDV�VKXW�GRZQ�WR�LQVSHFW�WKH�3&'���7KH�WUDQVSRUW�UHDFWRU�ZDV�SODFHG
EDFN�RQ�WKH�VWDUW�XS�EXUQHU�DOPRVW�LPPHGLDWHO\�DIWHU�WKH�HYHQW��VR�WKHUH�ZDV�YHU\�OLWWOH�DVK
JHQHUDWHG�DIWHU�WKH�IDLOXUH�
 
 ,W�ZDV�IRXQG�ZKHQ�WKH�SOHQXP�ZDV�UHPRYHG�WKDW�DOO����RI�WKH�&RRUV�3�����$��ILOWHUV�LQ�SODFH�LQ
HDUO\�6HSWHPEHU��DV�ZHOO�DV�RQH�RI�WKH��0�ILOWHU�HOHPHQWV��%����KDG�IDLOHG���$QRWKHU��0�ILOWHU
�%����KDG�D�YLVLEOH�´QLFNµ�LQ�RQH�VLGH���)RU�WKH�PRVW�SDUW��DOO�RI�WKH�&RRUV�ILOWHUV�KDG�WKH
FKDUDFWHULVWLF�´9µ�FUDFN�VHHQ�GXULQJ�WKH�6HSWHPEHU�RXWDJH��ILJXUH�����������$�WXEHVKHHW�PDS
VKRZLQJ�WKH�ORFDWLRQ�RI�WKH�IDLOHG�HOHPHQWV�LV�VKRZQ�LQ�ILJXUH����������5HSUHVHQWDWLYHV�IURP
&RRUV��65,��DQG�6LHPHQV�:HVWLQJKRXVH�ZHUH�DOO�SUHVHQW�IRU�WKH�LQVSHFWLRQ�DQG�ILOWHU�UHPRYDO�
 
 $OO�RI�WKH�IUDJPHQWV�DV�ZHOO�DV�WKH�IDLO�VDIHV�ZHUH�ODEHOHG�DQG�UHPRYHG���$QDO\VLV�RI�WKH�IDLO�VDIHV
VKRZHG�WKDW�WKH����RI�WKH�&RRUV�HOHPHQW�LQ�WKH�WRS�SOHQXP�DQG�WKH�IDLOHG��0�HOHPHQW�LQ�WKH
ORZHU�SOHQXP�IDLOHG�VLPXOWDQHRXVO\���7KHUH�ZDV�YHU\�OLWWOH�DVK�LQ�WKH�LQQHU�ERUH�RI�WKH��0
HOHPHQW��ZKLFK�DOVR�VXJJHVWV�VLPXOWDQHRXV�IDLOXUH���7KHUHIRUH��LW�LV�EHOLHYHG�WKDW�WKH��0�HOHPHQW
ZDV�KLW�DV�WKH�&RRUV�ILOWHUV�LQ�WKH�WRS�SOHQXP�EURNH�DQG�IHOO�LQWR�WKH�DVK�KRSSHU�
 
 7KH�&RRUV�ILOWHUV�ZHUH�UHSODFHG�ZLWK�VLOLFRQ�FDUELGH�ILOWHUV�IURP�3DOO�DQG�6FKXPDFKHU�WR�ILQLVK
WKH�������KRXU�UXQ�
 

 ������� (KPCN�+PUVCNNCVKQP�CPF�(CKNWTG ,CPWCT[�#RTKN�����
 
 $V�SDUW�RI�WKH�DQDO\VLV�IRXQG�LQ�VHFWLRQV�������DQG�������LW�ZDV�GHFLGHG�WR�PRXQW�WKHUPRFRXSOHV
WR�WKH�RXWVLGH�GLDPHWHU��2'��DQG�LQVLGH�GLDPHWHU��,'��RI�D�&RRUV�DQG�D�3DOO�����ILOWHU�HOHPHQW�
7KH�SXUSRVH�RI�WKHVH�WKHUPRFRXSOHV�ZDV�WR�GHWHUPLQH�WKH�JUDGLHQW�DFURVV�WKH�ILOWHU�HOHPHQW
 ZDOO�GXULQJ�VWDUW�XS�DQG�QRUPDO�RSHUDWLRQ���7KH�WKHUPRFRXSOHV�DQG�WKHLU�DWWDFKPHQW�DUH
GHVFULEHG�PRUH�IXOO\�LQ�VHFWLRQ�������DQG�WKH�WXEHVKHHW�ORFDWLRQ�RI�WKHVH�HOHPHQWV�LV�VKRZQ�LQ
ILJXUH����������,Q�DGGLWLRQ�WR�WKH�WZR�&RRUV�ILOWHUV�LQVWDOOHG��HLJKW�PRQROLWKLF�DOXPLQD�R[LGH
HOHPHQWV�IURP�%ODVFK�3UHFLVLRQ�&HUDPLFV�ZHUH�LQVWDOOHG���7ZR�RI�WKHVH�HOHPHQWV�ZHUH�H[SRVHG
HOHPHQWV�IURP�WKH�.DUKXOD�5	'�FHQWHU�DQG�VL[�ZHUH�QHZ�HOHPHQWV�VKLSSHG�GLUHFWO\�WR�WKH
36')�
 
 7KH�ILUVW�WUDQVLWLRQ�WR�FRDO�RFFXUUHG�RQ�$SULO����������HYHQ�WKRXJK�WKHVH�HOHPHQWV�ZHUH�LQVWDOOHG
LQ�-DQXDU\���7KH�3&'�WKHUPRFRXSOH�UHDGLQJV�VKRZQ�LQ�ILJXUH��������LQGLFDWH�D�UHODWLYHO\�VPRRWK
WUDQVLWLRQ�WR�FRDO��EXW�WKH�WKHUPRFRXSOHV�PRXQWHG�RQ�WKH�ILOWHU�HOHPHQWV�UHFRUGHG�D�YHU\
GLIIHUHQW�SLFWXUH��VHH�VHFWLRQ����������7KH�HQG�UHVXOW�ZDV�WKDW�ERWK�&RRUV�ILOWHUV�DV�ZHOO�DV�VL[�RI
WKH�HLJKW�%ODVFK�ILOWHUV�IDLOHG�GXULQJ�WKH�XSVHW���,W�ZDV�YHU\�LQWHUHVWLQJ�WR�VHH�WKDW�WKH
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LQVWUXPHQWHG�&RRUV�ILOWHU�GLG�QRW�IDLO�DW�WKH�WKHUPRFRXSOH�EXW�ZDV�YLUWXDOO\�KDQJLQJ�E\�WKH
WKHUPRFRXSOH�ZLUH��VHH�ILJXUH���������
 

 ���������#PCN[UKU�QH�&CVC
 
 %DVHG�RQ�WKH�ODFN�RI�DVK�EULGJLQJ��DQG�WKH�IDFW�WKDW�DOO�EXW�RQH�RI�WKH�IDLOXUHV�RFFXUUHG�GXULQJ
WKH�WUDQVLWLRQ�IURP�WKH�VWDUW�XS�EXUQHU�WR�FRDO�IHHG��WKH�FDXVH�RI�IDLOXUH�ZDV�JHQHUDOO\�DJUHHG�WR
EH�GXH�WR�WKHUPDO�LQVWHDG�RI�PHFKDQLFDO�VWUHVV���7KURXJK�OLWHUDWXUH�VHDUFKHV��DQDO\VLV�RI�WKH
RSHUDWLRQDO�GDWD�DW�WKH�36')��WHVWLQJ�RI�WKH�ILOWHU�HOHPHQWV�H[SRVHG�DW�WKH�36')��DQG
FRQYHUVDWLRQV�ZLWK�VWDII�DW�RWKHU�WHVW�IDFLOLWLHV��WKH�IROORZLQJ�K\SRWKHVHV�ZHUH�GHYHORSHG�
 

• 7KH�&RRUV�ILOWHUV�IDLOHG�GXH�WR�D�WKHUPDO�JUDGLHQW�DFURVV�WKH�ILOWHU�ZDOO�
 

• 7KH�&RRUV�ILOWHUV�IDLOHG�GXH�WR�DFFXPXODWHG�GDPDJH�FDXVHG�E\�PXOWLSOH�WKHUPDO
WUDQVLHQWV�GXULQJ�SXOVH�FOHDQLQJ��FRDO�IHHGHU�WULSV��HWF�

 

 ������� 9JCV�FQGU�KV�VCMG�VQ�VJGTOCNN[�DTGCM�C�%QQTU�HKNVGT!
 
 7KH�&RRUV�ILOWHU��ZKLFK�LV�PDGH�RI�PRQROLWKLF�FHUDPLF�PDWHULDO��GHPRQVWUDWHV�URXJKO\�OLQHDU
HODVWLF�EHKDYLRU�XS�WR�WKH�SRLQW�RI�IDLOXUH�ZKHQ�VXEMHFWHG�WR�D�PHFKDQLFDO�ORDG���)DLOXUH�LV�EULWWOH
DQG�FDWDVWURSKLF�ZKHQ�WKH�PD[LPXP�VWUHVV�IRU�WKH�ILOWHU�HOHPHQW�LV�UHDFKHG���7KH�VWUHVV�VWUDLQ
FXUYH�IRU�WKH�&RRUV�3����$���PDWHULDO�DV�PHDVXUHG�E\�65,�LV�VKRZQ�LQ�ILJXUH����������7KH
DYHUDJH�URRP�WHPSHUDWXUH�XOWLPDWH�WHQVLOH�VWUHQJWK�IRU�WKH�HOHPHQW�WHVWHG�ZDV�������SVL�DQG�WKH
HOHPHQW�KDG�D�URRP�WHPSHUDWXUH�VWUDLQ�WR�IDLOXUH�RI���������LQFKHV�SHU�LQFK�
 
 /LNH�PRVW�PDWHULDOV��FHUDPLFV�H[SDQG�XSRQ�KHDWLQJ���7KH�XQLW�WKHUPDO�H[SDQVLRQ�FXUYH�IRU�WKH
&RRUV�PDWHULDO�LV�VKRZQ�LQ�ILJXUH����������7KH�WHPSHUDWXUH�GLIIHUHQFH�UHTXLUHG�WR�FDXVH
PLFURFUDFNLQJ�DW�WKH�VXUIDFH��a����)�LQ�WKH�QRUPDO�RSHUDWLQJ�UDQJH��LV�VKRZQ�LQ�WKH�ILJXUH���7KLV
DQDO\VLV�DVVXPHV�D�XQLIRUP�WHPSHUDWXUH�WKURXJKRXW�WKH�ZDOO�RI�WKH�HOHPHQW�ZLWK�WKH�WHPSHUDWXUH
GLIIHUHQFH�DSSOLHG�DW�WKH�VXUIDFH�WKDW�VLPXODWHV�WKH�FRQGLWLRQV�GXULQJ�EDFN�SXOVLQJ���7KH�DQDO\VLV
LV�EDVHG�RQ�D�IODW�SODWH�EXW�LV�D�JRRG�DSSUR[LPDWLRQ�IRU�D�F\OLQGHU�
 

 ������� #PCN[UKU�QH�25&(�&CVC
 
 2QFH�WKH�PDJQLWXGH�RI�WKH�JUDGLHQW�ZDV�GHWHUPLQHG�WKH�GDWD�IURP�WKH�3&'�ZDV�DQDO\]HG�IURP
$SULO������WR�'HFHPEHU��������7KH�GDWD�ZDV�DQDO\]HG�LQ�WKH�IROORZLQJ�ZD\V�
 

• 3ORWWLQJ�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WKH�LQOHW�DQG�RXWOHW�RI�WKH�3&'�
 

• 3ORWWLQJ�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WKH�LQOHW�QR]]OH�DQG�WKH�SOHQXP�
 

• 3ORWWLQJ�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WKH�SOHQXP�DQG�RXWOHW�QR]]OH�
 

• 3ORWWLQJ�WHPSHUDWXUH�UDWH�RI�FKDQJH��G7�GW��ZLWK�WLPH�LQWHUYDOV�RI��������DQG���
PLQXWHV�
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7KH�ILQDO�DQDO\VLV�UHYHDOHG�RQH�VLJQLILFDQW�SUREOHP���(YHQ�WKRXJK�WKH�QR]]OH�WR�QR]]OH�JUDGLHQWV
DQG�UDWH�RI�FKDQJH�GXULQJ�WKH�IDLOXUHV�ZDV�VLJQLILFDQW�WKHUH�ZHUH�DOZD\V�HYHQWV�WKDW�FRXOG�EH
IRXQG�RI�D�JUHDWHU�PDJQLWXGH�WKDQ�WKH�HYHQWV�ZKLFK�FDXVHG�IDLOXUH�

������� 5KGOGPU�9GUVKPIJQWUG�+PHQTOCVKQP

$�VLJQLILFDQW�VRXUFH�RI�LQIRUPDWLRQ�ZDV�D�UHSRUW�E\�0DU\�$QQH�$OYLQ�RI�6LHPHQV�:HVWLQJKRXVH
WLWOHG�´7KHUPDO�&KHPLFDO�'HJUDGDWLRQ�RI�&HUDPLF�&URVV�)ORZ�)LOWHU�0DWHULDOV���)LQDO�5HSRUW�µ
6LHPHQV�:HVWLQJKRXVH�KDG�FRQGXFWHG�WHVWLQJ�RQ�ERWK�QHZ�DQG�XVHG�&RRUV�ILOWHUV�LQ�D�VHULHV�RI
LQFUHDVLQJ�WKHUPDO�WUDQVLHQWV��ZKHUH�WKH�V\VWHP�ZDV�KHDWHG�WR�������)���9DULRXV�DLU�IORZV�ZHUH
LQWURGXFHG�WR�WKH�YHVVHO�WR�UDSLGO\�GURS�WKH�WHPSHUDWXUH�RQFH�WKH�FRPEXVWRU�IODPH�ZDV
H[WLQJXLVKHG���7KH�ILOWHU�HOHPHQW�WHPSHUDWXUH�ZRXOG�GURS�DERXW�����)�LQ���VHFRQGV�DQG�DERXW
����)�LQ�VHYHQ�PLQXWHV�GHSHQGLQJ�RQ�WKH�WHVW�FRQGLWLRQV���6HYHUDO�&RRUV�ILOWHUV�IDLOHG�GXULQJ�WKLV
WHVWLQJ��SULPDULO\�H[SRVHG�HOHPHQWV�IURP�3)%&�XQLWV��ZKLFK�VXJJHVWV�WKH�SRVVLELOLW\�WKDW
HOHPHQWV�H[SRVHG�WR�RSHUDWLRQ�PD\�EH�PRUH�VXVFHSWLEOH�WR�IDLOXUH�WKDQ�QHZ�ILOWHUV�

7KHUPRFRXSOHV�ZHUH�LQVWDOOHG�RQ�WKH�2'�RI�WKH�ILOWHU�DQG�WKURXJK�WKH�ILOWHU�ZDOO�WR�PHDVXUH�WKH
,'�WHPSHUDWXUH�GXULQJ�WKH�WUDQVLHQW�WHVWLQJ�DW�6LHPHQV�:HVWLQJKRXVH���7KHVH�WKHUPRFRXSOHV
ZHUH�DGGHG�WR�GHWHUPLQH�WKH�WKHUPDO�JUDGLHQW��2'�WHPSHUDWXUH���,'�WHPSHUDWXUH��GXULQJ�WKHVH
WKHUPDO�WUDQVLHQWV���7KH�WKHUPDO�JUDGLHQW�DFURVV�WKH�ZDOO�GXULQJ�WKH�PRVW�VHYHUH�WHVWLQJ�ZDV
DSSUR[LPDWHO\�����WR�����)����%HFDXVH�WKH�JDV�LV�IORZLQJ�WKURXJK�D�SRURXV�ZDOO�LW�LV�ORJLFDO�WKDW
WKH�WHPSHUDWXUH�RI�WKH�HOHPHQW�ZRXOG�UHVSRQG�TXLFNO\��PLQLPL]LQJ�WKH�WKHUPDO�JUDGLHQW�

,W�LV�XQOLNHO\��EDVHG�RQ�WKH�LQIRUPDWLRQ�LQ�WKH�6LHPHQV�:HVWLQJKRXVH�UHSRUW��WKDW�WKH�HOHPHQW
IDLOXUHV�LQ�WKH�3&'�ZHUH�FDXVHG�E\�D�UDSLG�FKDQJH�LQ�JDV�WHPSHUDWXUH���7KH�DQDO\VLV�RI�WKH�36')
RSHUDWLQJ�GDWD�LQGLFDWHG�WKDW�WKH�UDWH�RI�FKDQJH�LQ�EXON�WHPSHUDWXUH�RI�WKH�JDV�ZDV�DOZD\V�ZHOO
EHORZ�WKH�UDWH�RI�FKDQJH�XVHG�LQ�WKH�WHVWLQJ�DW�6LHPHQV�:HVWLQJKRXVH���+RZHYHU��WKHUH�ZDV�VWLOO
FRQVHQVXV�WKDW�WKH�IDLOXUH�ZDV�GXH�WR�WKHUPDO�VWUHVV�VLQFH�WKHUH�ZDV�QR�DSSDUHQW�PHFKDQLFDO
FDXVH�RI�IDLOXUH��H�J���DVK�EULGJLQJ��

7KH�ILUVW�ILOWHU�HOHPHQW�VXSSOLHU�PHHWLQJ�ZDV�KHOG�DW�WKH�36')�RQ�-DQXDU\��������������ZKLOH�WKLV
DQDO\VLV�ZDV�XQGHUZD\���:KHQ�WKH�SUHOLPLQDU\�UHVXOWV�RI�WKH�GDWD�DQDO\VLV�ZHUH�SUHVHQWHG�'U�
/LSSHUW�IURP�6LHPHQV�:HVWLQJKRXVH�VXJJHVWHG�WKH�SRVVLELOLW\�RI�FDUU\RYHU�RI�EXUQLQJ�FRDO�IURP
WKH�WUDQVSRUW�UHDFWRU�WR�WKH�3&'���,QLWLDOO\��WKLV�ZDV�QRW�FRQVLGHUHG�WKH�SULPDU\�FDXVH�RI�WKH
IDLOXUH�GXH�WR�WKH�H[SHULHQFH�RI�$SULO������

$ERXW�����OE�RI�FRDO�ZHUH�LQDGYHUWHQWO\�IHG�WR�WKH�WUDQVSRUW�UHDFWRU�GXULQJ�WKH�VWDUW�XS�RI�$SULO
�����ZKLOH�WKH�WHPSHUDWXUH�LQ�WKH�UHDFWRU�ZDV�DW�DERXW�����)�DQG�LQ�WKH�3&'�DW�DERXW�����)�
7KH�FRDO�DSSDUHQWO\�ZDV�KHDWHG�WR�D�SRLQW�ZKHUH�LW�EHJDQ�WR�VPROGHU�E\�WKH�WLPH�LW�HQWHUHG�WKH
3&'���:KHQ�LW�HQWHUHG�WKH�3&'�LW�EXUQHG��FDXVLQJ�D�VKDUS�ULVH�LQ�WKH�3&'�RXWOHW�WHPSHUDWXUH�
,Q�WKLV�HYHQW�WKH�3&'�RXWOHW�WHPSHUDWXUH�H[FHHGHG�WKH�3&'�LQOHW�WHPSHUDWXUH�E\�RYHU�����)�
KRZHYHU��WKH�DFWXDO�ILOWHU�HOHPHQW�WHPSHUDWXUH�ZDV�SUREDEO\�PXFK�KLJKHU��DV�DOPRVW�DOO�RI�WKH
FOD\�ERQGHG�VLOLFRQ�FDUELGH�ILOWHUV�ZHUH�GHVWUR\HG���7KH�WHPSHUDWXUH�WUDFHV�VKRZQ�LQ�ILJXUHV
������DQG����LQGLFDWHG�WKDW�WKHUH�ZDV�D�ULVH�LQ�WKH�WHPSHUDWXUH�RI�WKH�ORZHU�SOHQXP��EXW�LW�QHYHU
H[FHHGHG�WKH�3&'�JDV�LQOHW�WHPSHUDWXUH���+RZHYHU��RQFH�WKH�6LHPHQV�:HVWLQJKRXVH�UHSRUW�ZDV
UHYLHZHG�DQG�LW�ZDV�DSSDUHQW�WKDW�WKH�HOHPHQWV�SUREDEO\�GLG�QRW�IDLO�GXH�WR�UDSLG�FKDQJHV�LQ�JDV
WHPSHUDWXUH��WKH�FDUU\RYHU�RI�EXUQLQJ�FRDO�WR�WKH�3&'�ZDV�VHULRXVO\�FRQVLGHUHG�
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������� /GEJCPKECN�6GUVKPI�QH�'ZRQUGF�(KNVGT�'NGOGPVU

$QRWKHU�SRVVLEOH�FDXVH�RI�IDLOXUH�ZDV�DFFXPXODWHG�GDPDJH��VHH�VHFWLRQ����������7KLV�FRXOG�KDYH
EHHQ�FDXVHG�E\�WKH�DFFXPXODWLRQ�RI�PLFURFUDFNV�LQ�WKH�&RRUV�ILOWHU�GXULQJ�WHPSHUDWXUH�VZLQJV�LQ
WKH�SURFHVV�FDXVHG�E\�IHHGHU�WULSV��VWDUW�XS��HWF���,W�KDV�EHHQ�UHSRUWHG�WKDW�FUDFNLQJ�RI�WKH�&RRUV
ILOWHU�FDQ�EH�FDXVHG�E\�SXOVH�FOHDQLQJ��EXW�RQH�RI�WKH�IXQFWLRQV�RI�WKH�6LHPHQV�:HVWLQJKRXVH
IDLO�VDIH�UHJHQHUDWRU�ZDV�WR�SUHKHDW�WKH�SXOVH�JDV�WR�PLQLPL]H�WKHUPDO�VWUHVV�

6L[�&RRUV�ILOWHU�HOHPHQWV�ZHUH�JLYHQ�WR�65,�IRU�PHFKDQLFDO�WHVWLQJ�DIWHU�WKH�LQLWLDO�IDLOXUH�LQ
6HSWHPEHU���7ZR�RI�WKH�ILOWHU�HOHPHQWV��.&����DQG�/&�����ZHUH�YLUJLQ�HOHPHQWV���7KUHH�ILOWHUV
�.&�����.&�����DQG�/&�����ZLWK�DERXW�����KRXUV�RI�RQ�FRDO�H[SRVXUH�ZHUH�UHPRYHG�GXULQJ
WKH�-XO\������RXWDJH�DQG�RQH�ILOWHU��.&�����ZDV�UHPRYHG�GXULQJ�WKH�RXWDJH�DIWHU�WKH�ILUVW
IDLOXUH���.&����KDG�RQO\����PRUH�KRXUV�RI�H[SRVXUH�WKDQ�WKH�HOHPHQWV�UHPRYHG�LQ�-XO\�DQG�
WKHUHIRUH��VKRXOG�KDYH�EHHQ�VLPLODU�XQOHVV�D�VLJQLILFDQW�HYHQW�RFFXUUHG�GXULQJ�WKH�ODVW����KRXUV
RI�WHVWLQJ�WKH�VWUHQJWK�RI�WKH�IRXU�H[SRVHG�HOHPHQWV�

1LQH���LQ��WDOO�2�ULQJV�ZHUH�FXW�IURP�HDFK�RI�WKH�&RRUV�ILOWHU�HOHPHQWV��WKUHH�ULQJV�IURP�WKH
´WRSµ�RI�WKH�ILOWHU�QHDU�WKH�IODQJH��WKUHH�IURP�WKH�´PLGGOH�µ�DQG�WKUHH�IURP�WKH�´ERWWRPµ��VHH
ILJXUH�����������$OO�RI�WKHVH�ULQJV�ZHUH�WHVWHG�WR�IDLOXUH�E\�XVLQJ�WKH�65,�K\GURVWDWLF�2�ULQJ�WHVWHU�
7KH�UHVXOWV�RI�WKLV�WHVWLQJ�DUH�VKRZQ�LQ�WDEOH�������DQG�DUH�VKRZQ�DV�SORWWHG�YV�H[SRVXUH�KRXUV
LQ�ILJXUH��������

'DWD�LQ�WDEOH�������DQG�ILJXUH��������VKRZ�WKDW�

• 7KH�DYHUDJH�VWUHQJWK�RI�WKH�HOHPHQWV�PDGH�LQ�WKH�/&�EDWFK�LV�VOLJKWO\�KLJKHU�WKDQ
WKRVH�PDGH�LQ�WKH�.&�EDWFK�

• 7KHUH�ZDV�DERXW�D����SHUFHQW�ORVV�RI�VWUHQJWK�RYHU�WKH�����KRXUV�RI�H[SRVXUH���7KLV
DSSOLHV�WR�ERWK�EDWFKHV�RI�HOHPHQWV�

• 6L[�RI�WKH�VSHFLPHQV�IURP�WKH�HOHPHQW�UHPRYHG�LQ�WKH�6HSWHPEHU�RXWDJH��.&����
KDG�DQ�XOWLPDWH�WHQVLOH�VWUHQJWK�FRPSDUDEOH�WR�WKH�VWUHQJWK�RI�WKH�HOHPHQWV�UHPRYHG
LQ�-XO\���7KH�WKUHH�2�ULQJV�IURP�WKH�IODQJHG�HQG�RI�.&�����KRZHYHU��KDG�PDUNHGO\
ORZHU�VWUHQJWK�WKDQ�WKH�UHVW�RI�WKH�ILOWHU�HOHPHQW�

,W�LV�YHU\�XQOLNHO\�WKDW�WKH�URRW�FDXVH�RI�IDLOXUH�ZDV�DFFXPXODWHG�GDPDJH�JLYHQ�WKDW�WKHUH�ZDV
RQO\����KRXUV�RI�RSHUDWLRQDO�H[SHULHQFH�EHWZHHQ�WKH�ILOWHU�HOHPHQWV�UHPRYHG�LQ�-XO\�DQG�WKH�RQH
LQ�6HSWHPEHU�

7KH�WKUHH�2�ULQJV�IURP�.&����ZLWK�ORZ�VWUHQJWK�ZHUH�XQLTXH�LQ�WKDW�WKH�IUDFWXUH�IRUPHG
GXULQJ�WKH�WHVW�ZDV�QRW�W\SLFDO���$V�RQH�FDQ�LPDJLQH��D�´W\SLFDOµ�IUDFWXUH�IRU�DQ�2�ULQJ�WHVW�ZRXOG
EH�QHDUO\�YHUWLFDO���7KH�IUDFWXUHV�RQ�WKHVH�VSHFLPHQV��KRZHYHU��ZHUH�YHUWLFDO�RQ�RQH�VLGH�DQG
GLDJRQDO�RQ�WKH�RWKHU���$V�SDUW�RI�WKHLU�QRUPDO�WHVW�SURFHGXUH��65,�GUDZV�D�UHIHUHQFH
´FHQWHUOLQHµ�GRZQ�WKH�OHQJWK�RI�WKH�ILOWHU�HOHPHQW�EHIRUH�WKH�2�ULQJ�VSHFLPHQV�DUH�FXW���2QFH
WKHVH�VSHFLPHQV�ZHUH�SODFHG�LQ�WKHLU�RULJLQDO�RULHQWDWLRQ�LW�ZDV�REYLRXV�WKDW�WKH\�KDG�IDLOHG
DORQJ�D�FUDFN�LQ�WKH�HOHPHQW�WKDW�ZDV�QRW�HYLGHQW�GXULQJ�PDFKLQLQJ�DV�VKRZQ�LQ�ILJXUH��������
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�7KH�VDPSOH�PDUNHG�´PLFURVFRS\��µ�IDLOHG�GXULQJ�PDFKLQLQJ����7KLV�FUDFN�DSSHDUV�VLPLODU�WR�WKH
FUDFNV�REVHUYHG�LQ�&RRUV�HOHPHQW�.&����WKDW�IDLOHG�LQ�1RYHPEHU��������0U��&ROW�3HDUV�DW�65,
GRFXPHQWHG�WKH�FUDFNV�LQ�WKLV�HOHPHQW�DV�VKRZQ�LQ�ILJXUH��������

������� -CTJWNC�'ZRGTKGPEG�9KVJ�#UCJK�%GTCOKE�6WDG�(KNVGT

2QH�RWKHU�XVHIXO�SLHFH�RI�LQIRUPDWLRQ�LQ�RXU�DQDO\VLV�ZDV�WKH�H[SHULHQFH�RI�WKH�.DUKXOD�VWDII
ZLWK�WKH�RSHUDWLRQ�RI�WKH�$VDKL�&HUDPLF�7XEH�)LOWHU���7KHLU�UHSRUW�VXJJHVWHG�WKDW�VRRW�IRUPHG
E\�WKHLU�VWDUW�XS�EXUQHU�V\VWHP�PD\�KDYH�LJQLWHG�RQFH�D�KLJK�HQRXJK�WHPSHUDWXUH�ZDV�UHDFKHG�LQ
WKH�ILOWHU�V\VWHP���7KLV�FRPEXVWLRQ�ZRXOG�FDXVH�YHU\�KLJK�ORFDO�WHPSHUDWXUH�JUDGLHQWV�LQ�WKH
ILOWHU�HOHPHQWV��ZKLFK�ZRXOG�OHDG�WR�WKHLU�IDLOXUH�

7KLV�LQIRUPDWLRQ�UHLQIRUFHG�'U��/LSSHUW·V�WKHRU\�WKDW�FRDO�ZDV�EHLQJ�FDUULHG�LQWR�WKH�3&'�IURP
WKH�WUDQVSRUW�UHDFWRU��VHH�VHFWLRQ������������9HU\�KLJK�WKHUPDO�JUDGLHQWV�ZRXOG�EH�SURGXFHG�WKDW
ZRXOG�OHDG�WR�WKH�IDLOXUH�RI�WKH�ILOWHU�HOHPHQW�RQFH�WKH�EXUQLQJ�FRDO�ODQGHG�RQ�WKH�ILOWHU
HOHPHQWV�

������� %QPENWUKQPU�(TQO�#PCN[UKU

/LVWHG�EHORZ�DUH�WKH�FRQFOXVLRQV�UHDFKHG�EDVHG�RQ�WKH�UHVXOWV�RI�WKH�DQDO\VLV�UHSRUWHG�LQ�VHFWLRQ
��������

• 7KH�&RRUV�3����$���ILOWHU�HOHPHQW�LV�PHFKDQLFDOO\�VWURQJ�EXW�VHQVLWLYH�WR�WKHUPDO
JUDGLHQWV�

• $�WHPSHUDWXUH�JUDGLHQW��2'�,'��RI�DERXW�����)�LV�UHTXLUHG�WR�LQLWLDWH�PLFURFUDFNLQJ
RQ�D�&RRUV�3����$���ILOWHU�HOHPHQW�DW�DQ�RSHUDWLQJ�WHPSHUDWXUH�RI�a������)�

• 7KH�ODFN�RI�DQ\�PHFKDQLFDO�IRUFH��L�H���EULGJLQJ��DQG�WKH�IDFW�WKDW�QHDUO\�DOO�RI�WKH
IDLOXUHV�RFFXUUHG�ZKLOH�WKH�WUDQVSRUW�UHDFWRU�ZDV�HLWKHU�WUDQVLWLRQLQJ�WR�FRDO�RU�GXULQJ
D�FRDO�IHHGHU�XSVHW�OHDG�WR�WKH�FRQFOXVLRQ�WKDW�WKH�&RRUV�ILOWHUV�SUREDEO\�IDLOHG�GXH�WR
WKHUPDO�VWUHVV�

• &RRUV�ILOWHU�HOHPHQWV�KDG�EHHQ�WHVWHG�IRU�RYHU�������KRXUV�VXFFHVVIXOO\�LQ�3)%&
FRQGLWLRQV�DW�7LGG�DQG�.DUKXOD�EXW�ZHUH�IDLOLQJ�DW�WKH�36')�LQ�OHVV�WKDQ������
KRXUV�

• 5HYLHZ�RI�WKH�RSHUDWLRQDO�GDWD�DW�WKH�36')�ZDV�LQFRQFOXVLYH�LQ�GHWHUPLQLQJ�WKH
UHDVRQ�IRU�WKH�IDLOXUH�

• 7HVWLQJ�DW�6LHPHQV�:HVWLQJKRXVH�VXJJHVWV�WKDW�WKH�&RRUV�ILOWHU�HOHPHQWV�FDQ�VXUYLYH
VXEVWDQWLDO�UDSLG�FKDQJHV�LQ�JDV�WHPSHUDWXUH�ZLWKRXW�IDLOXUH���7KH�ILOWHU�HOHPHQWV�LQ
WKLV�WHVWLQJ�VXUYLYHG�WUDQVLHQWV�PXFK�ODUJHU�WKDQ�WUDQVLHQWV�PHDVXUHG�DW�WKH�36')�
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• 7KHUPDO�JUDGLHQW�PHDVXUHG�LQ�WKH�&RRUV�ILOWHU�GXULQJ�VHYHUH�JDV�WHPSHUDWXUH
WUDQVLHQW�WHVWLQJ�DW�6LHPHQV�:HVWLQJKRXVH�ZDV�VLJQLILFDQWO\�OHVV�WKDQ�WKDW�UHTXLUHG�WR
FDXVH�WKH�ILOWHU�HOHPHQW�WR�IDLO�

• 7KHUH�ZDV�DERXW�D����SHUFHQW�ORVV�RI�VWUHQJWK�LQ�WKH�&RRUV�ILOWHU�RYHU�����KRXUV�

• $�FUDFN�WKDW�OHG�WR�D�VLJQLILFDQW�UHGXFWLRQ�LQ�VWUHQJWK�ZDV�GHWHFWHG�LQ�WKH�ILOWHU
HOHPHQW�UHPRYHG�DIWHU�WKH�6HSWHPEHU�IDLOXUH�

• 7KH�FKDUDFWHULVWLFV�RI�WKH�&RRUV�3�����$��ILOWHU�PDWHULDO�UHDGLO\�DOORZV�IRU�FUDFN
SURSDJDWLRQ�LQ�DOO�GLUHFWLRQV�

• ([SHULHQFH�IURP�WKH�HDUO\�FRPPLVVLRQLQJ�DW�.DUKXOD�VXJJHVWHG�WKDW�WKHUPDO�HYHQWV
OHDGLQJ�WR�HOHPHQW�IDLOXUH�FRXOG�RFFXU�IURP�WKH�ORFDO�FRPEXVWLRQ�RI�FDUERQ�RQ�WKH
ILOWHU�HOHPHQW�VXUIDFH�

����� (KNVGT�'NGOGPV�6JGTOQEQWRNGU

,W�ZDV�REYLRXV�IURP�WKLV�DQDO\VLV�WKDW�WKH�H[LVWLQJ�SODQW�LQVWUXPHQWDWLRQ�ZDV�XQDEOH�WR�GHWHFW�WKH
FDUU\RYHU�RI�VPDOO�TXDQWLWLHV�RI�FRDO�LQWR�WKH�3&'���7KHUHIRUH��WKH�GHFLVLRQ�ZDV�PDGH�WR�DGG
WKHUPRFRXSOHV�WR�WZR�ILOWHU�HOHPHQWV³RQH�&RRUV�DQG�RQH�3DOO����³SULRU�WR�WKH�$SULO������WHVW
FDPSDLJQ�

������� 6JGTOQEQWRNG�+PUVCNNCVKQP

7KH�WKHUPRFRXSOHV�LQVWDOOHG�ZHUH�,QFRQHO�VKHDWKHG�������LQ��GLDPHWHU��W\SH�.��JURXQGHG
MXQFWLRQ���6L[�WKHUPRFRXSOHV�ZHUH�LQVWDOOHG�RQ�HDFK�HOHPHQW��WKUHH�RQ�WKH�,'�DQG�WKUHH�RQ�WKH
2'���7KH�WKHUPRFRXSOHV�ZHUH�JURXSHG�LQWR�,'�2'�SDLUV��WKHUHIRUH��WKHUH�ZHUH�WKUHH�,'�2'
SDLUV�RQ�HDFK�ILOWHU�HOHPHQW���7KH�ORFDWLRQV�RI�WKHVH�WKUHH�SDLUV�DUH�VKRZQ�LQ�ILJXUH����������7ZR
SDLUV�ZHUH�ORFDWHG�QHDU�WKH�WRS�RI�WKH�ILOWHU�HOHPHQW��DERXW���LQFKHV�IURP�WKH�IODQJH��DQG
RULHQWHG������DSDUW���7KH�ILQDO�SDLU�ZDV�ORFDWHG�DERXW����LQFKHV�IURP�WKH�IODQJHG�HQG�RI�WKH�ILOWHU
HOHPHQW�GLUHFWO\�EHORZ�WKH�SDLU�DW�]HUR�GHJUHHV�

7KH�LQVWDOODWLRQ�RI�WKH�WKHUPRFRXSOHV�RQ�WKH�RXWHU�VXUIDFH�ZDV�UHODWLYHO\�VWUDLJKWIRUZDUG���$
VPDOO�QRWFK�ZDV�PDFKLQHG�RQ�WKH�VXUIDFH�ZLWK�D�WKHUPRFRXSOH�SODFHG�LQ�WKH�QRWFK�DQG
FHPHQWHG�LQ�SODFH�ZLWK�PXOOLWH�ZKLVNHU�UHLQIRUFHG�6L�1��FHUDPLF�FHPHQW���6HYHUDO�WHVW�SLHFHV
ZHUH�PDFKLQHG�LQWR���LQFK�WDOO�2�ULQJV�SULRU�WR�LQVWDOODWLRQ�RI�WKH�WKHUPRFRXSOHV���7KH�2�ULQJV
ZHUH�QRWFKHG�DQG�WKH�XOWLPDWH�WHQVLOH�VWUHQJWK�GHWHUPLQHG�XVLQJ�WKH�65,�K\GURVWDWLF�2�ULQJ
WHVWHU�PHQWLRQHG�SUHYLRXVO\�LQ�WKLV�UHSRUW���7KHUH�ZDV�QR�VLJQLILFDQW�GHFUHDVH�LQ�WKH�VWUHQJWK�RI
WKH�PDFKLQHG�ULQJV�ZKHQ�FRPSDUHG�WR�WKH�VWUHQJWK�RI�2�ULQJV�ZLWK�QR�QRWFKHV�

,QVWDOOLQJ�WKHUPRFRXSOHV�RQ�WKH�LQQHU�ERUH�RI�WKH�ILOWHU�HOHPHQW�SUHVHQWHG�D�FKDOOHQJH���7KH
RULJLQDO�LGHD�ZDV�WR�ERUH�D�KROH�LQWR�WKH�ILOWHU�HOHPHQW�DQG�FHPHQW�WKH�WKHUPRFRXSOH�LQWR�WKH
KROH�IURP�WKH�2'�VXUIDFH��SHUSHQGLFXODU�WR�WKH�ORQJLWXGLQDO�D[LV�RI�WKH�ILOWHU�HOHPHQW���+RZHYHU�
WKHUH�ZHUH�FRQFHUQV�WKDW�WKH�GLIIHUHQFH�LQ�WKH�WKHUPDO�FRQGXFWLYLW\�EHWZHHQ�WKH�WKHUPRFRXSOH
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DQG�WKH�FHUDPLF�ZRXOG�FDXVH�DQ�LQFUHDVHG�KHDW�IOX[�DORQJ�WKH�OHQJWK�RI�WKH�WKHUPRFRXSOH��ZKLFK
ZRXOG�SURGXFH�PLVOHDGLQJ�UHVXOWV���)LQDOO\��WKH�GHFLVLRQ�ZDV�PDGH�WR�ERUH�D�KROH�WKURXJK�WKH
ILOWHU�ZDOO�DQG�WKHQ�LQVHUW�D�ORRS�RI�ILQH�ZLUH���7KH�WKHUPRFRXSOH�ZDV�LQVHUWHG�WKURXJK�WKH�ERUH
RI�WKH�ILOWHU�HOHPHQW�DQG�LQWR�WKH�ZLUH�ORRS���7KH�ZLUH�ZDV�WKHQ�SXOOHG�WLJKW��GUDZLQJ�WKH
WKHUPRFRXSOH�DJDLQVW�WKH�,'�ILOWHU�ZDOO���1RWFKHV�ZHUH�PDFKLQHG�LQ�WKH�,'�ZDOO�IRU�WKH
WKHUPRFRXSOH�QHDU�WKH�IODQJH���7KH�ZLUH�ZRXOG�EH�VHFXUHG�E\�ZUDSSLQJ�LW�DURXQG�WKH�ILOWHU
HOHPHQW�DQG�WKH�KROH�SOXJJHG�ZLWK�WKH�PXOOLWH�ZKLVNHU�UHLQIRUFHG�6L�1��FHUDPLF�FHPHQW�

7KH�ILOWHU�HOHPHQWV�ZHUH�LQVWDOOHG�DGMDFHQW�WR�HDFK�RWKHU�DW�WXEHVKHHW�ORFDWLRQ�QXPEHU�%���IRU
WKH�&RRUV�ILOWHU�DQG�%���IRU�WKH�3DOO�ILOWHU��VHH�ILJXUH�����������$�SLFWXUH�RI�WKH�WZR�HOHPHQWV
VKRZLQJ�WKH�WKHUPRFRXSOHV�LV�VKRZQ�LQ�ILJXUH����������7KH�WKHUPRFRXSOHV�ZHUH�QRW�UHFRUGHG
ZLWK�WKH�SODQW�LQIRUPDWLRQ��3,��V\VWHP�DV�LV�W\SLFDO���,QVWHDG��WKH�UHVXOWV�IURP�WKHVH
WKHUPRFRXSOHV�ZHUH�UHFRUGHG�XVLQJ�D�KLJK�VSHHG�GDWD�DFTXLVLWLRQ�V\VWHP�IURP�'DWDT�

������� 4GUWNVU�(TQO�6JGTOQEQWRNGU

7KH�WUDQVSRUW�UHDFWRU�VZLWFKHG�IURP�WKH�SURSDQH�ILUHG�VWDUW�XS�EXUQHU�WR�FRDO�IHHG�RQ�$SULO���
7KH�WKHUPRFRXSOHV�RQ�WKH�LQOHW�DQG�RXWOHW�RI�WKH�3&'�DQG�RQ�WKH�SOHQXP�VKRZHG�D�UHODWLYHO\
VPRRWK�WUDQVLWLRQ�WR�FRDO��VHH�ILJXUH������������+RZHYHU��ZLWKLQ�D�IHZ�PLQXWHV�RI�VWDUWLQJ�FRDO
IHHG��SLHFHV�RI�&RRUV�DQG�%ODVFK�ILOWHU�HOHPHQWV�ZHUH�IRXQG�LQ�WKH�DVK�UHPRYDO�V\VWHP���7KH�XQLW
ZDV�VKXW�GRZQ�DQG�LW�ZDV�IRXQG�WKDW�ERWK�WKH�&RRUV�DQG�VL[�RI�WKH�HLJKW�%ODVFK�ILOWHU�HOHPHQWV
KDG�IDLOHG��VHH�ILJXUH���������

'DWD�UHFRUGHG�E\�WKH�'DWDT�V\VWHP�DQG�SORWWHG�DORQJ�ZLWK�GDWD�IURP�SODQW�LQVWUXPHQWDWLRQ
VKRZ��VHYHUDO�VKDUS�´VSLNHVµ�LQ�WKH�ILOWHU�HOHPHQW�WKHUPRFRXSOHV��ILJXUH���������ZKLFK�ZHUH�QRW
VHHQ�E\�WKH�SODQW�LQVWUXPHQWDWLRQ���,W�VKRXOG�EH�QRWHG�WKDW�WKH�GDWD�VKRZQ�ZDV�UHFRUGHG�E\�WKH
XSSHU�WKHUPRFRXSOHV�RQ�WKH�3DOO�ILOWHU�DQG�QRW�RQ�WKH�&RRUV���$GGLWLRQDOO\��WKH�PHDVXUHG
WUDQVLHQWV�ZHUH�VSRUDGLF�DQG�QRW�XQLIRUP��QHLWKHU�UDGLDOO\�QRU�D[LDOO\��RQ�WKH�ILOWHU�HOHPHQW���2QO\
RQH�VSLNH�ZDV�PHDVXUHG�RQ�WKH�ORZHU�VHW�RI�WKHUPRFRXSOHV�DQG�WKH�VSLNHV�ZHUH�OHVV�VHYHUH�RQ
RQH�VLGH�RI�WKH�ILOWHU�WKDQ�RQ�WKH�RWKHU�

7KH�VRXUFH�RI�WKH�WUDQVLHQWV�LV�EHOLHYHG�WR�EH�WKH�FDUU\RYHU�RI�EXUQLQJ�FRDO�IURP�WKH�WUDQVSRUW
UHDFWRU�WR�WKH�3&'���7KH�WUDQVSRUW�UHDFWRU�ZDV�DW�D�WHPSHUDWXUH�RI�����)�ZKHQ�FRDO�IHHG�EHJDQ
GXULQJ�WKLV�VWDUW�XS���7KH�FRDO�EHLQJ�IHG�ZDV�$ODEDPD�ELWXPLQRXV�FRDO�WKDW�LV�IDLUO\�VORZ�WR�UHDFW�
,W�LV�EHOLHYHG�WKDW�WKH�WUDQVSRUW�UHDFWRU�WHPSHUDWXUH�ZDV�WRR�ORZ�WR�VXIILFLHQWO\�EXUQ�WKH�FRDO
SDUWLFOHV�EHIRUH�WKH\�UHDFKHG�WKH�3&'�DQG�WKH�ILOWHU�HOHPHQWV���$�YHU\�ORFDO��KLJK�WHPSHUDWXUH
JUDGLHQW�ZDV�SURGXFHG�ZKHQ�SDUWLFOHV�SURGXFHG�E\�WKH�EXUQLQJ�FRDO�FROOHFWHG�RQ�WKH�ILOWHU
HOHPHQWV���7KLV�FDXVHG�WKH�IDLOXUH�RI�WKH�PRQROLWKLF�R[LGH�ILOWHU�HOHPHQWV�

,W�ZRXOG�EH�LQFRUUHFW�WR�DVVXPH�WKDW�WKH�����)�WHPSHUDWXUH�ULVH�PHDVXUHG�ZDV�WKH�PD[LPXP
WHPSHUDWXUH�ULVH�RQ�WKH�ILOWHU�HOHPHQW�GXULQJ�WKLV�HYHQW���,W�LV�QRW�NQRZQ�KRZ�FORVH�WKH�EXUQLQJ
FRDO�SDUWLFOH�ZDV�WR�WKH�WKHUPRFRXSOH���,I�WKH�FRDO�SDUWLFOH�ODQGHG�GLUHFWO\�RQ�WKH�WKHUPRFRXSOH�
WKHQ�����)�LV�FRUUHFW���+RZHYHU��WKH�FRDO�SDUWLFOHV�FRXOG�KDYH�ODQGHG�VHYHUDO�LQFKHV�DZD\�DQG�WKH
WKHUPRFRXSOH�ZDV�RQO\�UHFRUGLQJ�WKH�ULVH�LQ�WKH�ZDOO�WHPSHUDWXUH�DV�WKH�KHDW�ZDV�GLVVLSDWHG
IURP�WKH�EXUQLQJ�SDUWLFOHV���7KH�DFWXDO�ORFDO�JUDGLHQW�PD\�KDYH�EHHQ�PXFK�PRUH�VHYHUH�
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,W�FDQQRW�EH�RYHUHPSKDVL]HG�WKDW�WKH�UHFRUGLQJ�RI�WKLV�WUDQVLHQW�RFFXUUHG�WKURXJK�DQ�HQRUPRXV
DPRXQW�RI�OXFN���+DG�WKH�ILOWHU�HOHPHQW�EHHQ�LQ�D�GLIIHUHQW�ORFDWLRQ��WKH�WKHUPRFRXSOH�RULHQWHG
GLIIHUHQWO\��HWF���WKH�WUDQVLHQW�PD\�KDYH�QHYHU�EHHQ�VHHQ���+RZHYHU��WKHUH�ZHUH����GLIIHUHQW�W\SHV
RI�ILOWHUV�LQVWDOOHG�LQ�WKH�3&'�DW�WKH�WLPH�RI�WKH�IDLOXUH�LQ�$SULO��������7KH�RQO\�ILOWHU�HOHPHQWV
WKDW�IDLOHG�ZHUH�IURP�&RRUV��%ODVFK��DQG�6SHFLILF�6XUIDFH���7DEOH�������GHWDLOV�WKH�W\SH�DQG
QXPEHU�RI�ILOWHU�HOHPHQWV�LQVWDOOHG�DQG�WKH�QXPEHU�RI�ILOWHU�HOHPHQWV�WKDW�IDLOHG�

$�SULPDU\�TXHVWLRQ�UHPDLQLQJ�ZDV�ZK\�WKH�PRQROLWKLF�R[LGH�HOHPHQWV�IDLOHG�ZKLOH�WKH
PRQROLWKLF�VLOLFRQ�FDUELGH�HOHPHQWV�DQG�WKH�FRPSRVLWH�HOHPHQWV�UHPDLQHG�LQWDFW�

���������6JGTOCN�/GEJCPKECN�#PCN[UKU�QH�%QQTU�8U�1VJGT�%GTCOKE�(KNVGT�'NGOGPVU

$V�GLVFXVVHG�LQ�VHFWLRQ����������WZR�LPSRUWDQW�SURSHUWLHV�RI�FHUDPLF�ILOWHUV�ZKLFK�GHWHUPLQH�WKH
VXVFHSWLELOLW\�RI�D�FHUDPLF�PDWHULDO�WR�WKHUPDO�VWUHVV�LV�WKH�WKHUPDO�H[SDQVLRQ�DQG�WKH�VWUDLQ�WR�
IDLOXUH���7KH�WKHUPDO�H[SDQVLRQ�RI�D�YDULHW\�RI�FHUDPLF�ILOWHU�PDWHULDOV�LV�VKRZQ�LQ�ILJXUH�������
DQG�WKH�VWUHVV�VWUDLQ�FXUYH�IRU�PRVW�RI�WKHVH�PDWHULDOV�LV�VKRZQ�LQ�ILJXUH�����������7KH�WHVWLQJ�RI
WKH��0�R[LGH�DQG�6L&�PDWHULDOV�E\�65,�KDG�QRW�EHHQ�FRPSOHWHG�DW�WKH�WLPH�RI�WKLV�ZULWLQJ����7KH
FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ��&7(��DQG�VWUDLQ�WR�IDLOXUH�LV�VXPPDUL]HG�LQ�WDEOH���������7KLV
WDEOH�VKRZV�WKH�SUHGLFWHG�VWUDLQ�WR�IDLOXUH�IRU�&RRUV��3DOO��DQG�6FKXPDFKHU�ILOWHUV�DW�������)
�DSSUR[LPDWH�WHPSHUDWXUH�ZKHQ�WKH�HOHPHQWV�IDLOHG��EDVHG�RQ�YDOXHV�PHDVXUHG�DW�URRP
WHPSHUDWXUHV�RI���������������DQG�������)���7KH�URRP�WHPSHUDWXUH�VWUDLQ�WR�IDLOXUH�IRU�'X3RQW
DQG�0F'HUPRWW�LV�VKRZQ�EHFDXVH�HOHYDWHG�WHPSHUDWXUH�VWUDLQ�WR�IDLOXUH�KDV�QRW�EHHQ�PHDVXUHG�
'LYLGLQJ�WKH�VWUDLQ�WR�IDLOXUH�E\�WKH�FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ�SURYLGHV�DQ�HVWLPDWH��EDVHG
RQ�D�IODW�SODWH�DQDO\VLV��RI�WKH�WHPSHUDWXUH�JUDGLHQW�UHTXLUHG�WR�LQLWLDWH�PLFURFUDFNLQJ�LQ�D�ILOWHU
HOHPHQW�

*LYHQ�WKH�DERYH�LQIRUPDWLRQ��WKH�'X3RQW�DQG�0F'HUPRWW�ILOWHUV�DUH�DSSDUHQWO\�OHVV�VHQVLWLYH�WR
WKHUPDO�JUDGLHQWV�WKDQ�WKH�PRQROLWKLF�&RRUV��3DOO��DQG�6FKXPDFKHU�ILOWHUV���7KH�PLFURVWUXFWXUH
RI�WKH�'X3RQW�DQG�0F'HUPRWW�ILOWHUV�LV�DOVR�PRUH�´IRUJLYLQJµ�WR�WKHUPDO�VWUHVV���+RZHYHU��LW�LV
LQWHUHVWLQJ�WKDW�WKH�HVWLPDWH�RI�WKH�WKHUPDO�JUDGLHQW�UHTXLUHG�WR�IDLO�WKH�3DOO�DQG�6FKXPDFKHU
ILOWHUV�LV�DFWXDOO\�ORZHU�WKDQ�WKH�&RRUV���*LYHQ�WKLV��ZK\�GLG�WKH�PRQROLWKLF�VLOLFRQ�FDUELGH�ILOWHUV
QRW�IDLO"��7KH�DQVZHU�LV�SUREDEO\�GXH�WR�GLIIHUHQFHV�LQ�WKHUPDO�SURSHUWLHV��VXFK�DV�FRQGXFWLYLW\
DQG�PLFURVWUXFWXUH�

������� 6JGTOCN�%QPFWEVKXKV[�CPF�&KHHWUKVKXKV[�QH�%QQTU��2CNN��CPF�5EJWOCEJGT�(KNVGTU

2QH�GLIIHUHQFH�EHWZHHQ�WKH�DOXPLQD�PXOOLWH�DQG�VLOLFRQ�FDUELGH�ILOWHU�HOHPHQWV�LV�KRZ�WKH
PDWHULDOV�GLVVLSDWH�KHDW�EDVHG�RQ�WKHLU�WKHUPDO�SURSHUWLHV���$�PHDVXUH�RI�D�PDWHULDO·V�DELOLW\�WR
GLVVLSDWH�KHDW�LV�GHILQHG�DV�WKH�WKHUPDO�GLIIXVLWLYLW\���7KH�WKHUPDO�GLIIXVLWLYLW\�LV�GHILQHG�DV�
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α� �WKHUPDO�GLIIXVLWLYLW\��IWA��KU
N� �WKHUPDO�FRQGXFWLYLW\���%WX�LQ����KUIW��)�
FS� �KHDW�FDSDFLW\��%WX��OE�)�
ρ� �GHQVLW\��OE�IW�

65,�PHDVXUHG�WKH�WKHUPDO�FRQGXFWLYLW\��VHH�ILJXUH���������DQG�GHQVLW\�RI�WKH�&RRUV��3DOO��DQG
6FKXPDFKHU�HOHPHQWV���7KH�KHDW�FDSDFLW\�YDOXH�LV�IURP�OLWHUDWXUH���7KH�YDOXHV�GHWHUPLQHG�DQG
WKH�FDOFXODWHG�WKHUPDO�GLIIXVLWLYLW\�DUH�VKRZQ�LQ�WDEOH�������

7KH�LQIRUPDWLRQ�LQ�WDEOH�������VKRZV�WKH�VLOLFRQ�FDUELGH�ILOWHU�HOHPHQWV�PDQXIDFWXUHG�E\�3DOO
DQG�6FKXPDFKHU�KDYH�D�PXFK�KLJKHU�WKHUPDO�GLIIXVLWLYLW\�WKDQ�WKH�&RRUV�ILOWHU���,Q�DQ�HYHQW
ZKHUH�WKHUH�ZDV�D�ORFDO�WKHUPDO�WUDQVLHQW��VXFK�DV�H[SHULHQFHG�RQ�$SULO����WKH�KHDW�ZRXOG�EH
PRUH�UHDGLO\�GLVVLSDWHG�LQ�WKH�3DOO�DQG�6FKXPDFKHU�HOHPHQWV��ZKLFK�ZRXOG�WHQG�WR�PLQLPL]H�WKH
WKHUPDO�JUDGLHQW�DFURVV�WKH�ILOWHU�ZDOO���&RQYHUVHO\��LQ�WKH�&RRUV�PDWHULDO��WKH�KHDW�RI�EXUQLQJ
FRDO�ZRXOG�QRW�UHDGLO\�GLVVLSDWH��ZKLFK�FRXOG�SURYLGH�D�KLJK�HQRXJK�JUDGLHQW�WR�FDXVH
FDWDVWURSKLF�IDLOXUH���65,�DQG�6&6�XVHG�WKHVH�SURSHUWLHV�LQ�DQ�DWWHPSW�WR�VLPXODWH�WKH�JUDGLHQW
WKDW�ZRXOG�RFFXU�DFURVV�WKH�ILOWHU�HOHPHQW�GXULQJ�WKLV�WUDQVLHQW�

������� /KETQUVTWEVWTG

,Q�DGGLWLRQ�WR�WKH�KLJKHU�WKHUPDO�FRQGXFWLYLW\�RI�WKH�VLOLFRQ�FDUELGH�PDWHULDOV��WKH
PLFURVWUXFWXUHV�RI�WKH�&RRUV�ILOWHU�DQG�WKH�VLOLFRQ�FDUELGH�DUH�IXQGDPHQWDOO\�GLIIHUHQW���7KH
VLOLFRQ�FDUELGH�ILOWHUV�PDGH�E\�3DOO�DQG�6FKXPDFKHU�DUH�FRPSRVHG�RI�IDLUO\�ODUJH�VLOLFRQ�FDUELGH
JUDLQV�KHOG�WRJHWKHU�E\�D�´JODVV\µ�ELQGHU�SKDVH���7KLV�PDWUL[�LV�XVHG�IRU�VXSSRUW�DV�WKH�ILOWUDWLRQ
LV�SHUIRUPHG�E\�D�PHPEUDQH�DSSOLHG�WR�WKH�2'�VXUIDFH�RI�WKH�ILOWHU�HOHPHQW�

7KHUH�LV�QR�PHPEUDQH�DSSOLHG�WR�WKH�&RRUV�ILOWHU�HOHPHQW�EXW�WKH�ILQH�SRUH�VL]H�LQ�WKH�VXSSRUW
VWUXFWXUH�LV�UHOLHG�RQ�WR�SURYLGH�WKH�ILOWUDWLRQ���7KLV�UHVXOWV�LQ�WKH�PLFURVWUXFWXUH�RI�WKH�&RRUV
HOHPHQW�EHLQJ�PXFK�PRUH�KRPRJHQHRXV�WKDQ�LWV�VLOLFRQ�FDUELGH�FRXQWHUSDUWV�

&UDFNV�LQ�WKH�&RRUV�ILOWHU�PDWUL[�WHQG�WR�SURSDJDWH�PRUH�UHDGLO\�LQ�DOO�GLUHFWLRQV��VHH�VHFWLRQ
�����������&UDFNV�SURSRJDWH�OHVV�UHDGLO\�LQ�VLOLFRQ�FDUELGH�ILOWHUV�EHFDXVH�RI�WKHLU�KHWHURJHQHRXV
QDWXUH���&UDFNV�LQ�WKH�VLOLFRQ�FDUELGH�PDWUL[�FDQ�HLWKHU�WHUPLQDWH�DW�D�SRUH�RU�DW�WKH�LQWHUIDFH
EHWZHHQ�WKH�ELQGHU�SKDVH�DQG�WKH�VLOLFRQ�FDUELGH�JUDLQV���(YHQWXDOO\��HQRXJK�RI�WKH�ELQGHU
´EULGJHVµ�DUH�GDPDJHG�VXFK�WKDW�WKH�HOHPHQW�IDLOV���7KLV�WHQGV�WR�PDNH�FUDFN�SURSDJDWLRQ�LQ�WKH
VLOLFRQ�FDUELGH�ILOWHUV�OHVV�RI�DQ�LVVXH�WKDQ�ZLWK�WKH�&RRUV�HOHPHQWV�

������� 54+�(NCV�2NCVG�6JGTOCN�/QFGN

65,�SHUIRUPHG�D�WKHUPDO�FDOFXODWLRQ�DV�D�ILUVW�DSSUR[LPDWLRQ�RI�WKH�WKHUPDO�JUDGLHQW�SUHVHQW�LQ
WKH�&RRUV�PDWHULDO�FRPSDUHG�WR�WKH�VLOLFRQ�FDUELGH�PDWHULDOV��ZKLFK�LPSRVHG�WKH�PHDVXUHG
WHPSHUDWXUH�ULVH�RQ�D�IODW�SODWH�RI�PDWHULDO�ZLWK�WKH�WKHUPDO�SURSHUWLHV��VHH�WDEOH����������7KH
ERXQGDU\�FRQGLWLRQV�IRU�WKLV�PRGHO�DUH�VKRZQ�LQ�ILJXUH����������6HYHUDO�DVVXPSWLRQV�PDGH�WR
VLPSOLI\�WKLV�SUREOHP�DUH�REYLRXVO\�QRW�FRUUHFW���+RZHYHU��WKH�FDOFXODWLRQ�ZDV�PDGH�WR�VHH�WKH
UHODWLYH�HIIHFW�WKH�WKHUPDO�SURSHUWLHV�RI�WKH�WKUHH�FHUDPLF�PDWHULDOV�ZRXOG�KDYH�RQ�WKH�JUDGLHQW
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SURGXFHG���7KH�WHPSHUDWXUH�ULVH�RI�����)�LQ����VHFRQGV�ZDV�DSSOLHG�DV�D�ERXQGDU\�FRQGLWLRQ�WR
WKH�XQLQVXODWHG�VXUIDFH�DQG�WKHQ�UHPRYHG���7KLV�ZDV�QRW�WKURXJK�D�FKDQJH�LQ�WKH�EXON�JDV
WHPSHUDWXUH��EXW�UDWKHU�DV�D�FKDQJH�RQ�WKH�VXUIDFH�RI�WKH�PDWHULDO���7KH�UHVXOWV�RI�WKH�FDOFXODWLRQ
DUH�VKRZQ�LQ�ILJXUH��������

7KH�WKHUPDO�GLIIXVLWLYLW\�SOD\V�DQ�HVVHQWLDO�UROH�LQ�WKH�JUDGLHQW�FDOFXODWHG���7KH�JUDGLHQW�SURGXFHG
LQ�WKH�&RRUV�PDWHULDO�LQ�WKLV�FDVH�ZDV�PXFK�ODUJHU�WKDQ�WKDW�SURGXFHG�IRU�HLWKHU�WKH�3DOO�RU�WKH
6FKXPDFKHU�ILOWHU���$JDLQ��WKH�PRGHO�IRU�WKLV�FDOFXODWLRQ�XVHV�PDQ\�VLPSOLI\LQJ�DVVXPSWLRQV�
7KH�FDOFXODWHG�PDJQLWXGH�RI�WKH�JUDGLHQW�PD\�EH�LQFRUUHFW��EXW�WKH�LQIOXHQFH�RI�WKH�WKHUPDO
FRQGXFWLYLW\�LQ�WKH�FDOFXODWLRQV�LV�DSSDUHQW�

������� #05;5��&�/QFGN

'U��;LRIHQJ�*XDQ�DW�WKH�36')�JHQHUDWHG�DQ�$16<6�PRGHO�RI�WKH�ILOWHU�HOHPHQW�WR�H[SDQG�WKH
UHVXOWV�DQDO\VHV�EH\RQG�WKH�FDOFXODWLRQV�SHUIRUPHG�E\�65,���7ZR�RI�WKH�DVVXPSWLRQV�XVHG�LQ�WKH
65,�PRGHO�ZHUH�UHPRYHG�LQ�WKLV�FDVH�����IODW�SODWH�YV�F\OLQGULFDO�JHRPHWU\��DQG����KHDW�WUDQVIHU
RQ�ERWK�VLGHV�RI�WKH�SODWH���7KH�PRGHO�IRU�WKLV�FDOFXODWLRQ�LV�VKRZQ�LQ�ILJXUH����������7KH
PDJQLWXGH�DQG�GXUDWLRQ�RI�WKH�WKHUPDO�WUDQVLHQW�XVHG�LV�VKRZQ�LQ�ILJXUH����������7KLV�WUDQVLHQW
ZDV�DSSOLHG�WR�WKH�´VSRWµ�VKRZQ�LQ�ILJXUH����������2EYLRXVO\��WKH�VL]H�RI�WKLV�VSRW�ZDV�DVVXPHG
VLQFH�WKHUH�ZDV�QR�ZD\�WR�GHWHUPLQH�WKH�H[DFW�VL]H��VKDSH��RU�RULHQWDWLRQ�RI�WKH�WUDQVLHQW�VRXUFH�
2QH�DVVXPSWLRQ�XVHG�E\�ERWK�PRGHOV�LV�WKDW�WKH�ZDOO�LV�VROLG��L�H���WKHUH�LV�QR�JDV�IORZ�WKURXJK
WKH�ZDOO����6LQFH�WKLV�FRXOG�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�FDOFXODWLRQV��65,�DQG�36')
SHUVRQQHO�DUH�ZRUNLQJ�WRJHWKHU�WR�EXLOG�D�PRGHO�ZKLFK�ZRXOG�DFFRPPRGDWH�WKLV�HIIHFW�

7KH�UHVXOWV�RI�WKLV�PRGHO�IRU�WKH�&RRUV�ILOWHU�DUH�VKRZQ�LQ�ILJXUH��������DQG�IRU�WKH�6FKXPDFKHU
ILOWHU�LQ�ILJXUH����������%RWK�LPDJHV�ZHUH�JHQHUDWHG�DW�D�WLPH�HTXDO�WR����VHFRQGV��ZKLFK
FRUUHVSRQGV�WR�WKH�SHDN�RI�WKH�WKHUPDO�HYHQW��DQG�WKH�WHPSHUDWXUH�VFDOH�LV�WKH�VDPH�LQ�ERWK
FDVHV���)URP�WKHVH�UHVXOWV��LW�LV�DSSDUHQW�WKDW�WKH�WHPSHUDWXUH�JUDGLHQW�LV�PXFK�PRUH�ORFDOL]HG�LQ
WKH�&RRUV�ILOWHU�WKDQ�LQ�WKH�6FKXPDFKHU���7KH�KLJKHU�WKHUPDO�GLIIXVLWLYLW\�RI�WKH�6FKXPDFKHU
ILOWHU�DOORZV�IRU�WKH�GLVVLSDWLRQ�RI�KHDW�DZD\�IURP�WKH�VRXUFH�RI�WKH�WKHUPDO�WUDQVLHQW��ZKLFK
PLQLPL]HV�WKH�WKHUPDO�JUDGLHQW�DFURVV�WKH�ZDOO���7KH�WKHUPDO�JUDGLHQWV�FDOFXODWHG�LQ�WKH�FHQWHU�RI
WKH�VSRW�IRU�WKH�&RRUV��3DOO��DQG�6FKXPDFKHU�ILOWHUV�DUH�VKRZQ�LQ�ILJXUH����������7KH�FXUYHV
JHQHUDWHG�DUH�VOLJKWO\�GLIIHUHQW��EXW�FHUWDLQO\�ZLWKLQ�WKH�PDJQLWXGH�RI�WKH�65,�PRGHO�VKRZQ�LQ
ILJXUH��������

������� &QGU�VJKU�OGCP�VJCV�C�UKNKEQP�ECTDKFG�HKNVGT�ECPPQV�DG�VJGTOCNN[�DTQMGP!

8QIRUWXQDWHO\��QR���7KH�WKHUPDO�JUDGLHQW�UHTXLUHG�WR�LQLWLDWH�PLFURFUDFNLQJ�RI�D�3DOO�����ILOWHU�LV
URXJKO\����SHUFHQW�RI�WKH�JUDGLHQW�UHTXLUHG�WR�LQLWLDWH�PLFURFUDFNLQJ�LQ�D�&RRUV�ILOWHU��VHH�WDEOH
���������)RU�D�6FKXPDFKHU�7)����WKH�JUDGLHQW�UHTXLUHG�WR�LQLWLDWH�PLFURFUDFNLQJ�LV�RQO\�DERXW���
SHUFHQW�RI�WKDW�UHTXLUHG�IRU�D�&RRUV�ILOWHU���+RZHYHU��WKH�WKHUPDO�FRQGXFWLYLW\�RI�3DOO�����LV
DERXW���WLPHV�DQG�WKH�6FKXPDFKHU�7)���DERXW���WLPHV�WKH�WKHUPDO�FRQGXFWLYLW\�RI�WKH�&RRUV��VR
WKH�JUDGLHQW�SURGXFHG�E\�DQ\�WKHUPDO�WUDQVLHQW�ZRXOG�EH�OHVV�VHYHUH�IRU�WKH�����RU�7)���ILOWHUV�
,Q�IDFW��WKH�FXUYHV�LQ�ILJXUHV��������DQG�ILJXUHV��������LQGLFDWH�WKDW�E\�WKHVH�PRGHOV�WKH
PDJQLWXGH�RI�WKH�JUDGLHQW�SURGXFHG�LQ�WKLV�HYHQW�FRXOG�KDYH�EHHQ�VXIILFLHQW�WR�LQLWLDWH
PLFURFUDFNV��GHSHQGLQJ�RQ�WKH�ORFDWLRQ�RI�WKH�WKHUPRFRXSOH�UHODWLYH�WR�WKH�ORFDWLRQ�RI�WKH�KRW
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VSRW���+RZHYHU��WKH�PLFURVWUXFWXUH�RI�WKH�FOD\�ERQGHG�VLOLFRQ�FDUELGH�ILOWHUV�DOORZV�WKHP�WR
VXVWDLQ�JUHDWHU�GDPDJH�ZLWKRXW�IDLOXUH�WKDQ�&RRUV�GXH�WR�WKHUPDO�JUDGLHQWV�

2SHUDWLRQDO�H[SHULHQFH�DW�WKH�36')�KDV�DOVR�GHPRQVWUDWHG�WKDW�VLOLFRQ�FDUELGH�ILOWHUV�FDQ
WKHUPDOO\�IDLO�GXULQJ�RSHUDWLRQ���$V�H[SODLQHG�LQ�VHFWLRQ����������D�WKHUPDO�HYHQW�RFFXUUHG�RQ
$SULO����������WKDW�FDXVHG�WKH�IDLOXUH�RI�QHDUO\�DOO�RI�WKH�VLOLFRQ�FDUELGH�ILOWHU�HOHPHQWV�LQVWDOOHG�
+RZHYHU��LW�LV�EHOLHYHG�WKDW�WKH�PDJQLWXGH�RI�WKH�WUDQVLHQW�RFFXUULQJ�RQ�WKH�ILOWHU�HOHPHQW
VXUIDFH�GXULQJ�WKDW�HYHQW�ZDV�VXEVWDQWLDOO\�JUHDWHU�WKDQ�WKH�WUDQVLHQW�UHFRUGHG�LQ�$SULO��������$
VHFRQG�WKHUPDO�HYHQW�WKDW�FDXVHG�WKH�IDLOXUH�RI�ILYH�VLOLFRQ�FDUELGH��IRXU�3DOO�����DQG�RQH
6FKXPDFKHU�7)����ILOWHU�HOHPHQWV�DQG�RQH�PRQROLWKLF�R[LGH�ILOWHU�HOHPHQW�IURP�(QVWR�RFFXUUHG
RQ�2FWREHU������������,Q�WKLV�HYHQW��FRDO�ZDV�DJDLQ�EXUQHG�LQ�WKH�3&'�ZKLOH�VDQG�ZDV�EHLQJ
DGGHG�WR�WKH�WUDQVSRUW�UHDFWRU���$W�WKH�WLPH�RI�WKLV�UHSRUW�WKH�LQYHVWLJDWLRQ�LQWR�WKH�FDXVH�RI�WKH
HYHQW�DQG�IDLOXUHV�KDG�MXVW�EHJXQ��KRZHYHU��WKH�VWDII�RI�D�KRW�JDV�ILOWHU�V\VWHP�PXVW�DOZD\V�EH
GLOLJHQW�WR�LQVXUH�WKDW�FRDO�LV�QHYHU�IHG�WR�WKH�FRPEXVWRU�DW�VXFK�D�WLPH�ZKHQ�FRPSOHWH
FRPEXVWLRQ�FDQQRW�RFFXU�EHIRUH�WKH�SURFHVV�VWUHDP�UHDFKHV�WKH�ILOWHU�HOHPHQWV�

���������%QPENWUKQPU�CPF�(WVWTG�2NCPU

7KH�UHVXOWV�RI�WKLV�DQDO\VLV�SURYLGHG�D�JUHDW�GHDO�RI�LQVLJKW�LQWR�ERWK�WKH�RSHUDWLRQ�RI�WKH
WUDQVSRUW�UHDFWRU�DQG�WKH�3&'�DW�WKH�36')�DV�ZHOO�DV�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�YDULRXV
FHUDPLF�ILOWHU�PDWHULDOV���7KH�FRQFOXVLRQV�GUDZQ�IURP�WKLV�VWXG\�DUH�GHVFULEHG�EHORZ�

• 7KH�URRW�FDXVH�RI�IDLOXUH�IRU�WKH�&RRUV�ILOWHUV�ZDV�PRVW�SUREDEO\�WKH�FDUU\RYHU�RI
EXUQLQJ�FDUERQ��FRDO��IURP�WKH�WUDQVSRUW�UHDFWRU�WR�WKH�3&'���7KH�UHDVRQ�WKDW�WKH
EXUQLQJ�FDUERQ�ZDV�SUHVHQW�ZDV�SUREDEO\�EHFDXVH�WKH�WUDQVSRUW�UHDFWRU�ZDV�WRR
´FRROµ�IRU�WKH�W\SH�RI�FRDO�EHLQJ�IHG�DW�WKH�LQLWLDWLRQ�RI�FRDO�IHHGLQJ���7KHUHIRUH��WKH
FRDO�ZDV�QRW�FRPSOHWHO\�FRPEXVWHG�EHIRUH�UHDFKLQJ�WKH�ILOWHU�HOHPHQWV���7KH
RSHUDWLRQDO�SURFHGXUH�RI�WKH�WUDQVSRUW�UHDFWRU�KDV�EHHQ�FKDQJHG�VR�WKDW�WKH�UHDFWRU
WHPSHUDWXUH�ZRXOG�EH�PXFK�KLJKHU�EHIRUH�FRDO�IHHG�VWDUWV���6LQFH�HVVHQWLDOO\�DOO�RI�WKH
IDLOXUHV�RFFXUUHG�GXULQJ�LQLWLDWLRQ�RI�FRDO�IHHG�RU�GXULQJ�D�FRDO�IHHGHU�XSVHW�LW�LV�YHU\
OLNHO\�WKDW�WKLV�PHFKDQLVP�ZDV�WKH�URRW�FDXVH�RI�DOO�WKH�&RRUV�ILOWHU�IDLOXUHV�

• :KHQ�WKH�EXUQLQJ�FRDO�UHDFKHG�WKH�ILOWHU�HOHPHQW�D�ORFDO�WHPSHUDWXUH�WUDQVLHQW
RFFXUUHG��FUHDWLQJ�D�WKHUPDO�JUDGLHQW�WKURXJK�WKH�ILOWHU�ZDOO�

• :KHWKHU�RU�QRW�WKH�WKHUPDO�JUDGLHQW�SURGXFHG�D�IDLOXUH�GHSHQGHG�RQ�WKH
WKHUPDO�PHFKDQLFDO�SURSHUWLHV�RI�WKH�ILOWHU�HOHPHQWV���7KH�&RRUV�ILOWHUV�KDYH�D
UHODWLYHO\�ORZ�WKHUPDO�FRQGXFWLYLW\�WKDW�KLQGHUHG�WKH�GLVVLSDWLRQ�RI�WKH�JUDGLHQW
WKURXJKRXW�WKH�ILOWHU�ERG\���7KH�VLJQLILFDQWO\�KLJKHU�WKHUPDO�FRQGXFWLYLW\�RI�WKH�3DOO
DQG�6FKXPDFKHU�ILOWHUV�DOORZHG�IRU�UDSLG�GLVVLSDWLRQ�RI�WKH�KHDW�DQG�PLQLPL]DWLRQ�RI
WKH�WHPSHUDWXUH�JUDGLHQW�DQG�WKHUPDO�VWUHVV�WKURXJK�WKH�ILOWHU�ZDOO���+RZHYHU�
H[SHULHQFH�DW�WKH�36')�LQGLFDWHV�WKDW�WKH�PRQROLWKLF�VLOLFRQ�FDUELGH�ILOWHUV�FDQ�IDLO
XQGHU�WKHUPDO�VWUHVV�

• 7KH�FRPSRVLWH�R[LGH�ILOWHUV�IURP�'X3RQW��0F'HUPRWW��DQG��0�GLG�QRW�IDLO�IRU�D
YDULHW\�RI�UHDVRQV���)LUVW��WKH�VWUDLQ�WR�IDLOXUH�RI�WKHVH�PDWHULDOV�LV�RI�D�JUHDWHU
PDJQLWXGH�WKDQ�WKDW�RI�WKH�PRQROLWKLF�ILOWHUV���7KLV�LQGLFDWHV�WKDW�WKH�WUDQVLHQW
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UHTXLUHG�WR�IDLO�WKHVH�ILOWHUV�GXH�WR�WKHUPDO�JUDGLHQWV�LV�VLJQLILFDQW�DQG�PD\�QRW�EH
SRVVLEOH�LQ�WKLV�DSSOLFDWLRQ���$GGLWLRQDOO\��WKHLU�VWUXFWXUH�GRHV�QRW�UHDGLO\�SURSDJDWH
FUDFNV�WKURXJK�WKH�ILOWHU�ZDOO�

• 7KH�&RRUV�ILOWHUV�KDYH�SHUIRUPHG�ZHOO�IRU�H[WHQGHG�SHULRGV��!�������KRXUV��DW�7LGG
DQG�DW�.DUKXOD���7KH�PRVW�OLNHO\�UHDVRQ�IRU�WKLV�VXFFHVV�ZDV�WKH�´PDWXULW\µ�RI�WKH�WZR
FRPEXVWRUV�DW�WKH�WLPH�WKDW�WKH�&RRUV�ILOWHUV�ZHUH�LQVWDOOHG���7KH�6LHPHQV�
:HVWLQJKRXVH�ILOWHU�V\VWHPV�DW�ERWK�IDFLOLWLHV�ZHUH�LQVWDOOHG�ZHOO�DIWHU�WKH�LQLWLDO�VWDUW�
XS�DQG�FRPPLVVLRQLQJ�RI�WKH�XQLWV�

• 7KH�WKHUPDO�DQG�PHFKDQLFDO�SURSHUWLHV�RI�WKH�YLUJLQ�ILOWHU�HOHPHQWV�FDQ�EH�XVHG�WR
GHWHUPLQH�WKH�VXVFHSWLELOLW\�RI�D�ILOWHU�HOHPHQW�WR�IDLOXUH�FDXVHG�E\�WKHUPDO�JUDGLHQWV�
0DWKHPDWLFDO�PRGHOV�DV�ZHOO�DV�ILQLWH�HOHPHQW�DQDO\VLV�DUH�YHU\�XVHIXO�LQ�GHWHUPLQLQJ
WKH�OLPLWV�WKDW�FDQ�OHDG�WR�IDLOXUH���'HYHORSPHQW�RI�D�´IORZ�WKURXJKµ�PRGHO�ZLOO�EH
XVHIXO�WR�EHWWHU�UHSUHVHQW�WKH�WKHUPDO�JUDGLHQW�LQ�D�FHUDPLF�ILOWHU�GXULQJ�D�WUDQVLHQW�

������� 5JQWNF�VJG�%QQTU�HKNVGT�DG�WUGF�CICKP!

,W�LV�UHDVRQDEOH�WR�DVN�LI�WKH�&RRUV�ILOWHU�HOHPHQW�LV�VXLWDEOH�IRU�WKLV�DSSOLFDWLRQ���$V�ZLWK�PRVW
WKLQJV�LQ�OLIH�WKH�DQVZHU�LV��LW�GHSHQGV���7KH�&RRUV�ILOWHU�LV�PHFKDQLFDOO\�RQH�RI�WKH�VWURQJHVW
ILOWHU�HOHPHQWV�PDGH��DQG�LW�LV�FKHPLFDOO\�VWDEOH�LQ�WKH�DJJUHVVLYH�HQYLURQPHQW�RI�WKH�3)%&�
+RZHYHU��LWV�WKHUPDO�PHFKDQLFDO�SURSHUWLHV�PDNH�LW�RQH�RI�WKH�PRVW�VXVFHSWLEOH�WR�WKHUPDO
JUDGLHQWV���7KH�GHFLVLRQ�RQ�ZKHWKHU�WR�XVH�WKH�&RRUV�ILOWHU�ZLOO�GHSHQG�RQ�WKH�H[SHULHQFH�EDVH
DQG�RSHUDWLQJ�GLVFLSOLQH�RI�WKH�RSHUDWLQJ�IDFLOLW\���)RU�H[DPSOH��WKH�&RRUV�ILOWHU�LV�SUREDEO\�QRW
VXLWDEOH�IRU�XVH�LQ�WKH�LQLWLDO�VWDUW�XS�RI�D�QHZ�IDFLOLW\���+RZHYHU��DV�H[SHULHQFH�LV�JDLQHG�DQG
RSHUDWLRQDO�GLIILFXOWLHV�DUH�RYHUFRPH�WKH�&RRUV�ILOWHU�ZLOO�SUREDEO\�ODVW�D�ORQJ�WLPH�LQ�WKH�DEVHQFH
RI�WKHUPDO�HYHQWV���7R�GDWH��&RRUV�ILOWHUV�KDYH�RSHUDWHG�VXFFHVVIXOO\�IRU�RYHU�������KRXUV�DW
RWKHU�IDFLOLWLHV�

7KH�VLOLFRQ�FDUELGH�ILOWHU�LV�PRUH�IRUJLYLQJ�WR�WKHUPDO�WUDQVLHQWV��EXW�LW�ZLOO�DOVR�IDLO�LI�WKH�WKHUPDO
VWUHVV�LV�VHYHUH���$GGLWLRQDOO\��OLWHUDWXUH�VXJJHVWV�WKDW�WKH�DJJUHVVLYH�FKHPLFDO�HQYLURQPHQW�RI�WKH
3)%&�PD\�OLPLW�WKH�XVHIXO�OLIH�RI�WKLV�JURXS�RI�ILOWHUV��HVSHFLDOO\�DW�WHPSHUDWXUHV�DERYH�������)�
+RZHYHU��RQO\�ORQJ�WHUP�RSHUDWLQJ�H[SHULHQFH�ZLOO�SURYLGH�WKH�XOWLPDWH�JXLGH�IRU�VXLWDELOLW\�

)LQDOO\��RQH�JURXS�RI�ILOWHU�HOHPHQWV�WKDW�DSSHDUV�WR�EH�H[WUHPHO\�HQFRXUDJLQJ�XQGHU�WKHVH
FRQGLWLRQV�LV�WKH�FRPSRVLWH�R[LGH�ILOWHUV�IURP�'X3RQW��0F'HUPRWW��DQG��0���,Q�JHQHUDO��WKH
FRPSRVLWH�ILOWHUV�KDYH�D�YHU\�KLJK�VWUDLQ�WR�IDLOXUH�DQG�XQLTXH�PLFURVWUXFWXUH�WKDW�FRPELQH�WR
PDNH�WKHP�YHU\�XQOLNHO\�WR�IDLO�GXH�WR�WKHUPDO�VWUHVV�LQ�WKLV�HQYLURQPHQW���7KH�RSHUDWLRQDO
KLVWRU\�RI�WKHVH�ILOWHUV�LV�UDWKHU�OLPLWHG��EXW�RSHUDWLRQDO�H[SHULHQFH�WR�GDWH�DW�WKH�36')�KDV�EHHQ
HQFRXUDJLQJ���$V�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKHVH�HOHPHQWV�DUH�HYDOXDWHG�RYHU�WLPH�
FRQILGHQFH�LQ�WKHLU�XVH�ZLOO�LPSURYH���7KH�UHODWLYHO\�KLJK�FRVW�RI�WKHVH�HOHPHQWV�DW�WKLV�WLPH�LV�D
GUDZEDFN��KRZHYHU��WKH�FRVW�LV�H[SHFWHG�WR�GHFUHDVH�DV�WKH�SURGXFWLRQ�RI�WKHVH�ILOWHUV�PRYHV�RXW
RI�WKH�5	'�ODE�



6%���4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP %QQTU�2����#���(KNVGT�'NGOGPV�1RGTCVKQPCN�'ZRGTKGPEG�CPF�#PCN[UKU

������

������� 9JCV�KU�NGHV�VQ�FQ!

7KLV�UHSRUW�LV�D�ELJ�VWHS�WRZDUGV�WKH�FRPSOHWLRQ�RI�WKLV�DQDO\VLV��EXW�WKHUH�LV�VRPH�ZRUN�VWLOO
RXWVWDQGLQJ���,Q�WKH�QH[W�VHYHUDO�PRQWKV�WKH�ZRUN�OLVWHG�EHORZ�ZLOO�EH�FRPSOHWHG��DW�ZKLFK�WLPH
DQ�DGGHQGXP�WR�WKLV�UHSRUW�ZLOO�EH�LVVXHG�

• 6HYHUDO�ILOWHU�HOHPHQW�SLHFHV��LQFOXGLQJ�UHPDLQLQJ�VHJPHQWV�RI�.&�����KDYH�EHHQ
VKLSSHG�WR�&RRUV�IRU�PLFURVWUXFWXUDO��6(0�DQG�('$;��DQDO\VLV�

• $Q�H[KDXVWLYH�UHYLHZ�DQG�GRFXPHQWDWLRQ�RI�WKH�36')�GDWD�IURP�$SULO������WR�GDWH
LV�XQGHUZD\�WR�GHWHUPLQH�WKHUPDO�F\FOHV��ORJ�SXOVH�HYHQWV��WUDQVSRUW�UHDFWRU
WHPSHUDWXUHV�DW�WKH�WLPH�RI�FRDO�IHHG��HWF���7KH�SXUSRVH�RI�WKLV�LV�WR�ORRN�DJDLQ��WKLV
WLPH�LQ�KLQGVLJKW��WR�GLVFRYHU�ZKDW�FDQ�EH�OHDUQHG�IURP�WKH�SODQW�GDWD�DQG�WKHQ�XVH
WKLV�NQRZOHGJH�WR�SUHYHQW�D�UHSHDW�RI�WKH�VDPH�SUREOHPV�WKDW�RFFXUUHG�

• &RRUV�ILOWHUV�ZLOO�SUREDEO\�EH�UHLQWURGXFHG�LQWR�WKH�V\VWHP�RQFH�36')�VWDII�LV
FRPIRUWDEOH�WKDW�WKH�FDUU\RYHU�LVVXH�KDV�EHHQ�UHVROYHG���7KH�&RRUV�ILOWHU�HOHPHQW�LV
PHFKDQLFDOO\�VWURQJ��FKHPLFDOO\�VWDEOH��DQG�RQH�RI�WKH�OHVV�H[SHQVLYH�ILOWHU�HOHPHQWV�

• $GGLWLRQDO�$16<6�VLPXODWLRQ�LV�EHLQJ�SHUIRUPHG�WR�FDOFXODWH�WKH�VWUHVV�LPSRVHG�E\
WKLV�WKHUPDO�JUDGLHQW�

�����������#EMPQYNGFIOGPVU�HQT�5GEVKQP����

7KLV�UHSRUW�LV�WKH�FXOPLQDWLRQ�RI�DERXW���\HDU�RI�GLOLJHQW�ZRUN�E\�D�ODUJH�QXPEHU�RI�SHRSOH���7KH
DXWKRU�H[SUHVVHV�WKDQNV�WR�0DWW�'DYLGVRQ��(GZLQ�*DOORZD\��;LDRIHQJ�*XDQ��DQG�3DWULFN
6FDUERURXJK�DW�WKH�36')�DQG�-DFN�6SDLQ�DQG�6WXDUW�6WDUUHWW�DW�65,�

$GGLWLRQDOO\��WKH�DXWKRU�ZRXOG�OLNH�WR�WKDQN�WKH�RSHUDWRUV�DQG�PHFKDQLFV�ZKR�UHSHDWHGO\�KDG�WR
WDNH�DSDUW�WKH�3&'�DQG�DVK�UHPRYDO�V\VWHP�GXULQJ�IDLOXUHV���$OVR��YHU\�LQVWUXPHQWDO�ZHUH�WKH
65,�WHFKQLFLDQV��ZKR�GLG�D�JUHDW�MRE�RI�PDFKLQLQJ�VSHFLPHQV��LQVWDOOLQJ�WKHUPRFRXSOHV��DQG
SURYLGLQJ�WKH�PDWHULDO�WHVW�GDWD�

7KDQNV�DOVR�IRU�WKH�FRQWULEXWLRQV�RI�PDQ\�SHRSOH�ZKR�SURYLGHG�VXSSRUW�DQG�GLUHFWLRQ�DORQJ�WKH
ZD\��LQFOXGLQJ�5LFK�'HQQLV��7HG�0F0DKRQ��-LP�/RQJDQEDFK��%RE�'DKOLQ��65,���&DUO�/DQGKDP
�65,���5DQGDOO�5XVK��7LP�3LQNVWRQ��7RP�/LSSHUW��=DO�6DQMDQD��DQG�0DU\�$QQH�$OYLQ���7KH
UHSRUW�E\�0DU\�$QQH�$OYLQ��´7KHUPDO�&KHPLFDO�'HJUDGDWLRQ�RI�&HUDPLF�&URVV�)ORZ�)LOWHU
0DWHULDOV���)LQDO�5HSRUW�µ�ZDV�HVSHFLDOO\�XVHIXO�LQ�KHOSLQJ�WR�QDUURZ�WKH�OLVW�RI�SRVVLELOLWLHV�IRU
IDLOXUH�

)LQDOO\��WKH�DXWKRU�ZRXOG�HVSHFLDOO\�OLNH�WR�WKDQN�(ULF�%UDDWRQ��5RE�/XFHUQRQL��DQG�*DU\
.ODSSHU�IURP�&RRUV�&HUDPLFV�IRU�WKHLU�KHOS�DQG�SDWLHQFH�DV�WKH�36')�ZRUNHG�WR�UHVROYH�WKH
FDXVHV�RI�IDLOXUH�
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�����������4GHGTGPEGU�HQT�5GEVKQP����

 $VDKL�&HUDPLF�7XEH�)LOWHU�7HVWLQJ�RQ�D����0:WK�3UHVVXUL]HG�&LUFXODWLQJ�)OXLGL]HG�%HG
&RPEXVWRU��)LQDO�5HSRUW��(35,�75���������53���������'HFHPEHU������
 
 3K\VLFDO��0HFKDQLFDO��DQG�7KHUPDO�3URSHUWLHV�RI�&RRUV�$OXPLQD�0XOOLWH�)LOWHU�0DWHULDO��)LQDO
5HSRUW�WR�86�'2(�0(7&��7DVN���RI�&RQWUDFW�1XPEHU���'(�$&�����0&�������$XJXVW
�����
 
 7HFKQLFDO�3URJUHVV�5HSRUW�IRU�0�:��.HOORJJ�7UDQVSRUW�5HDFWRU�7UDLQ�:LWK�6LHPHQV�
:HVWLQJKRXVH�3DUWLFXODWH�&RQWURO�'HYLFH���-DQXDU\������'HFHPEHU�������VHFWLRQ�������SUHSDUHG
E\
 6RXWKHUQ�&RPSDQ\�6HUYLFHV���'2(�&RRSHUDWLYH�$JUHHPHQW�1XPEHU�'(�)&�����0&������
'HFHPEHU������

7KHUPDO�&KHPLFDO�'HJUDGDWLRQ�RI�&HUDPLF�&URVV�)ORZ�)LOWHU�0DWHULDOV���)LQDO�5HSRUW�
'2(�0(7&�&RQWUDFW�1R��'(�$&�����0�������$XJXVW����������
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Section 4.0

Transport Reactor



6%���4GRQTV 6TCPURQTV�4GCEVQT
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��� 64#052146�4'#%614

��� 64#052146�4'#%614�6%���470�57//#4;

7HVW�UXQ�7&���ZDV�EHJXQ�RQ�$SULO����������LQ�FRPEXVWLRQ�PRGH�RI�RSHUDWLRQ�DIWHU�WKH�UHDFWRU
LQVSHFWLRQV��SUHYHQWLYH�PDLQWHQDQFH�DFWLYLWLHV��DQG�SURFHVV�PRGLILFDWLRQV�ZHUH�FRPSOHWHG���7KH
SUHYLRXV�WHVW�UXQ��7&����ZDV�IRFXVHG�RQ�H[SRVLQJ�WKH�3&'�FDQGOHV�WR�SURFHVV�JDV�IRU������
KRXUV�DW�WHPSHUDWXUHV�IURP�������WR�������)�DQG�DFKLHYLQJ�PRUH�VWDEOH�UHDFWRU�RSHUDWLRQV�
:LWK�WKLV�DFFRPSOLVKHG��7&���ZDV�SODQQHG�IRU�UHDFWRU�SDUDPHWULF�WHVWLQJ�WR�EHWWHU�TXDQWLI\�WKH
HIIHFW�RI�GLIIHUHQW�YDULDEOHV�RQ�UHDFWRU�RSHUDWLRQ���7KH�REMHFWLYHV�RI�WHVW�UXQ�7&���IRU�WKH
WUDQVSRUW�UHDFWRU�ZHUH�

• 3HUIRUP�UHDFWRU�FDSDFLW\�WHVW���'HWHUPLQH�WKH�PD[LPXP�FRDO�IHHG�UDWH��VROLGV�FLUFXODWLRQ�UDWH�
DQG�UHDFWRU�SUHVVXUH�

• (YDOXDWH�HIIHFWV�RI�UHDFWRU�FRQGLWLRQV�RQ�12
;
�HPLVVLRQV���9DU\�H[FHVV�DLU��SULPDU\�VHFRQGDU\�DLU

UDWLR��DQG�RSHUDWLRQ�WHPSHUDWXUH�

• (YDOXDWH�HIIHFWV�RI�UHDFWRU�FRQGLWLRQV�RQ�62
;
�HPLVVLRQV���9DU\�&D�6�PRODU�UDWLR��VROLGV�LQYHQWRU\�

DQG�RSHUDWLRQ�WHPSHUDWXUH�

• ,QYHVWLJDWH�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�PL[LQJ�]RQH�GHQVLW\���'HFUHDVH�YDULRXV�DHUDWLRQ�IORZV�DQG
LQFUHDVH�VROLGV�LQYHQWRU\�

$IWHU�WKH�DQFLOODU\�HTXLSPHQW�ZDV�VWDUWHG�DQG�VDQG�ZDV�ORDGHG�LQWR�WKH�UHDFWRU��FRDO�IHHG�ZDV
VWDUWHG�RQ�$SULO�����������$IWHU�WKH�VWDUW�XS�EXUQHU�ZDV�VKXW�GRZQ�WKH�GLSOHJ�RSHUDWLRQ�ZDV
VRPHZKDW�XQVWHDG\�IRU�WKH�QH[W����KRXUV���9DULRXV�UHDFWRU�IORZV�ZHUH�DGMXVWHG�WR�VWDELOL]H�WKH
GLSOHJ�RSHUDWLRQV���2QFH�VWDEOH�RSHUDWLRQV�ZHUH�DFKLHYHG�WKH�SDUDPHWULF�WHVWV�ZHUH�VWDUWHG���)LUVW�
WKH�&D�6�PRODU�UDWLR�ZDV�YDULHG�WR�HYDOXDWH�WKH�HIIHFW�RQ�62

;
�HPLVVLRQV���7KH�ILQDO�62

;
�WHVW�ZDV

VKRUWHQHG�GXH�WR�DVK�DFFXPXODWLRQ�LQ�WKH�3&'�FDXVHG�E\�EURNHQ�FDQGOH�SLHFHV�SOXJJLQJ�WKH
ILQHV�WUDQVSRUWHU�V\VWHP�H[LW�OLQH���'XH�WR�WKH�DVK�DFFXPXODWLRQ�LQ�WKH�3&'�DQG�SUREOHPV�ZLWK
WKH�FRDO�IHHGHU�V\VWHP��)'������WKH�UHDFWRU�V\VWHP�ZDV�VKXW�GRZQ�RQ�$SULO������������7KH�FRDO
IHHGHU�ZDV�LQVSHFWHG��WKH�H[LW�HOERZ�ZDV�UHPRYHG��DQG�WKH�GLVSHQVH�YHVVHO�ZDV�FOHDQHG�

$IWHU�WKH�FDQGOH�SLHFHV�DQG�DVK�ZHUH�UHPRYHG�IURP�WKH�3&'��FRDO�IHHG�ZDV�VWDUWHG�RQ�$SULO����
������WR�HYDOXDWH�WKH�3&'�RXWOHW�ORDGLQJ���7KH�RXWOHW�ORDGLQJ�ZDV�KLJK��DSSUR[LPDWHO\�����SSP�
VR�WKH�UHDFWRU�V\VWHP�ZDV�DJDLQ�VKXW�GRZQ�WR�LQVSHFW�WKH�3&'���,QVSHFWLRQ�UHYHDOHG�WKDW�QLQH
PXOOLWH�FDQGOHV�KDG�EHHQ�EURNHQ���$�ODWHU�HYDOXDWLRQ�E\�WKH�IDVW�GDWD�DFTXLVLWLRQ�GHYLFH�UHYHDOHG
WKDW�PRQLWRUHG�3&'�FDQGOH�VNLQ�WHPSHUDWXUHV�VKRZHG�D�ORFDO�WHPSHUDWXUH�H[FXUVLRQ�GXULQJ
VWDUW�XS���7KLV�WHPSHUDWXUH�H[FXUVLRQ�OLNHO\�EURNH�WKH�FDQGOHV���7KHUHIRUH��LW�ZDV�GHFLGHG�WR
SUHKHDW�WKH�UHDFWRU�V\VWHP�DQG�WKH�3&'�WR�D�KLJKHU�WHPSHUDWXUH�EHIRUH�IHHGLQJ�FRDO���7KH�VWDUW�
XS�EXUQHU�ILULQJ�ZDV�LQFUHDVHG�IURP�����WR�����0%WX�KU��ZKLFK�UHVXOWHG�LQ�D�3&'�LQOHW
WHPSHUDWXUH�RI�����)�DQG�D�UHDFWRU�WHPSHUDWXUH�RI�������)�SULRU�WR�FRDO�IHHG���$OVR��WKH�EXUQHU
ZDV�VXFFHVVIXOO\�RSHUDWHG�XS�WR�D�UHDFWRU�SUHVVXUH�RI�����SVLJ�



6TCPURQTV�4GCEVQT� 6%���4GRQTV
6%���4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

�����

&RDO�IHHG�ZDV�VWDUWHG�RQ�$SULO�����������DQG�WKH�WHVWV�WR�HYDOXDWH�WKH�HIIHFW�RI�H[FHVV�DLU��VWDJHG
DLU��SULPDU\�DLU�GLVWULEXWLRQ��DQG�WHPSHUDWXUH�RQ�12

;
�HPLVVLRQV�ZHUH�EHJXQ���2QH�RI�WKHVH�WHVWV

FRXOG�QRW�EH�UXQ�GXH�WR�GLSOHJ�LQVWDELOLW\���2Q�$SULO�����������WKH�GRORPLWH�DGGLWLRQ�ZDV�KDOWHG
VR�WKDW�DQ�62

�
�62

�
�H[WUDFWLYH�PHDVXUHPHQW�FRXOG�EH�GRQH���$OO�RWKHU�12

;
�WHVWV�ZHUH

FRPSOHWHG�E\�$SULO����������

1H[W��YDULRXV�UHDFWRU�IORZV�ZHUH�DGMXVWHG�WR�DFKLHYH�D�KLJKHU�PL[LQJ�]RQH�GHQVLW\���+RZHYHU�
WKHVH�FKDQJHV�GLG�QRW�KDYH�PXFK�HIIHFW�RQ�WKH�PL[LQJ�]RQH�GHQVLW\���2WKHU�SDUDPHWHUV�WKDW
DIIHFW�WKH�PL[LQJ�]RQH�GHQVLW\�VXFK�DV�WKH�VROLGV�FLUFXODWLRQ�UDWH�ZHUH�QRW�YDULHG�DW�WKLV�WLPH�
2WKHU�WKDQ�VRPH�PLQRU�GLSOHJ�XSVHWV�DQG�VSHQW�VROLGV�WUDQVSRUWHU�V\VWHP�H[LW�OLQH�SOXJJLQJ�
RSHUDWLRQV�ZHUH�VPRRWK�XQWLO�$SULO�����������ZKHQ�WKH�FRDO�IHHGHU�ZDV�LQDGYHUWHQWO\�WULSSHG
ZKLOH�ZRUNLQJ�RQ�WKH�WUDQVSRUW�DLU�GU\HU���&RDO�IHHG�ZDV�UHVWDUWHG�ZLWKLQ����PLQXWHV���2SHUDWLRQV
FRQWLQXHG�WR�EH�VPRRWK�XQWLO�0D\����������ZKHQ�FOXPSV�RI�ILQH�FRDO�SOXJJLQJ�WKH�)'�����H[LW
ZKLFK�FDXVHG�WKH�UHDFWRU�WR�EH�WDNHQ�RII�RI�FRDO�IHHG�

&RDO�IHHG�ZDV�UHVWDUWHG�RQ�0D\�����������7KH�SRWHQWLDO�IRU�LQFUHDVLQJ�WKH�UHDFWRU�SUHVVXUH�SHU
WKH�WHVW�SODQ�ZDV�WKHQ�HYDOXDWHG���,W�ZDV�GHWHUPLQHG�WKDW�WKH�UHDFWRU�SUHVVXUH�FRXOG�QRW�EH
LQFUHDVHG�EH\RQG�����SVLJ�GXH�WR�SUREOHPV�ZLWK�WKH�UHF\FOH�JDV�V\VWHP���$WWHPSWV�WR�UXQ�WKH
UHF\FOH�JDV�ERRVWHU�FRPSUHVVRU�GXULQJ�7&���ZHUH�XQVXFFHVVIXO�GXH�WR�WKH�LQDELOLW\�WR�UHPRYH
FRQGHQVDWH�IURP�WKH�JDV�VWUHDP���1H[W��WKH�UHDFWRU�WKURXJKSXW�ZDV�PD[LPL]HG�ZLWKLQ�WKLV
SUHVVXUH�OLPLW���6HYHUDO�GD\V�ODWHU��WKH�GLSOHJ�RSHUDWLRQ�EHFDPH�VRPHZKDW�XQVWHDG\��UHVXOWLQJ�LQ
ORVV�RI�LQYHQWRU\�IURP�WKH�WUDQVSRUW�UHDFWRU���$OVR��WKH�VROLGV�ZHUH�QRW�FLUFXODWLQJ�VPRRWKO\
WKURXJK�WKH�FRPEXVWRU�KHDW�H[FKDQJHU�GXH�WR�SOXJJHG�DHUDWLRQ�QR]]OHV�RQ�WKH�KHDW�H[FKDQJHU�-�
OHJ���'XH�WR�FRQWLQXHG�SUREOHPV�ZLWK�VROLGV�FLUFXODWLRQ�WKURXJK�WKH�KHDW�H[FKDQJHU�WKH�UHDFWRU
ZDV�VKXW�GRZQ�RQ�0D\���������

&RDO�IHHG�ZDV�DJDLQ�VWDUWHG�RQ�0D\�����������DIWHU�WKH�QR]]OHV�ZHUH�XQSOXJJHG���2Q�0D\����
������WKH�GRORPLWH�DGGLWLRQ�ZDV�VWRSSHG�VR�WKDW�DQRWKHU�62

�
�62

�
�H[WUDFWLYH�PHDVXUHPHQW�FRXOG

EH�WDNHQ���2SHUDWLRQV�ZHUH�VPRRWK�H[FHSW�IRU�LQWHUPLWWHQW�XQVWHDG\�GLSOHJ�RSHUDWLRQV�
+RZHYHU��RQ�0D\�����������WKH�WUDQVSRUW�UHDFWRU�ZDV�VKXW�GRZQ�GXH�WR�D�VSKHUL�YDOYH�VHDO
SUHVVXUH�OHDN�RQ�WKH�)'�����V\VWHP�

7KLV�WHVW�UXQ�ZDV�VXFFHVVIXO���7KH�DYHUDJH�RSHUDWLQJ�FRQGLWLRQV�IRU�WKH�UXQ�DUH�JLYHQ�LQ�WDEOH�����
��DQG�RSHUDWLQJ�SORWV�DUH�JLYHQ�LQ�ILJXUHV�������WR�������7KHUH�ZHUH�����KRXUV�RI�VROLG�FLUFXODWLRQ
DQG�����KRXUV�RI�FRDO�IHHG�DWWDLQHG���7KH�SURFHVV�DYDLODELOLW\�ZDV�PXFK�KLJKHU�WKDQ�SUHYLRXV�WHVW
UXQV�GXH�WR�WKH�KLJKHU�UHOLDELOLW\�RI�DOO�GHQVH�SKDVH�V\VWHPV���$QRWKHU�LPSRUWDQW�IDFWRU�ZDV�WKDW
WKH�GRORPLWH�IHHG�UDWH�FRXOG�EH�FRQWUROOHG�DW�WKH�GHVLUHG�UDWH�DQG�H[FHVV�GRORPLWH�IHHG�ZDV�QRW
QHHGHG�WR�PDLQWDLQ�WKH�UHDFWRU�VROLGV�LQYHQWRU\���,Q�DGGLWLRQ��WKHUH�ZHUH�QR�LQVWDQFHV�ZKHUH�WKH
GRORPLWH�IHHG�UDWH�VLJQLILFDQWO\�H[FHHGHG�WKH�GHVLUHG�UDWH�

0RVW�RI�WKH�WHVWV�WKDW�ZHUH�SODQQHG�IRU�WKH�WHVW�UXQ�ZHUH�VXFFHVVIXOO\�FRPSOHWHG���+RZHYHU��RQH
VWDJLQJ�DLU�WHVW�FRXOG�QRW�EH�FRPSOHWHG�GXH�WR�RSHUDWLRQV�GLIILFXOWLHV�ZLWK�WKH�F\FORQH�GLSOHJ��DQG
WKH�UHDFWRU�SUHVVXUH�ZDV�OLPLWHG�WR�����SVLJ�GXH�WR�WKH�FDSDFLW\�OLPLWDWLRQV�RI�WKH�PDLQ�DLU
FRPSUHVVRU�DQG�WKH�QLWURJHQ�V\VWHP�DQG�SUREOHPV�ZLWK�WKH�UHF\FOH�JDV�V\VWHP���7KH�PD[LPXP
FRDO�IHHG�UDWH�IRU�WKLV�WHVW�UXQ�ZDV�DFKLHYHG�DW�������OE�FRDO�KU�
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7KHUH�ZHUH�VHYHUDO�QRWDEOH�ILQGLQJV�LQ�DGGLWLRQ�WR�LPSURYHG�UHDFWRU�RSHUDWLRQV�GXULQJ�WKLV�UXQ�
*UHDWHU�WKDQ����SHUFHQW�VXOIXU�FDSWXUH�ZDV�DFKLHYHG�ZLWK�GRORPLWH�DW�&D�6� �������$�KLJKHU�
WKDQ�H[SHFWHG�VXOIXU�R[LGL]DWLRQ�ZDV�IRXQG�ZLWKLQ�WKH�UHDFWRU���:LWKRXW�DGGLWLRQ�RI�GRORPLWH�
WKH�62

�
�OHYHO�GHWHFWHG�ZDV�DSSUR[LPDWHO\���WLPHV�WKH�62

�
�OHYHO���:LWK�DGGLWLRQ�RI�GRORPLWH��WKH

62
�
�OHYHO�GHWHFWHG�ZDV�DERXW������RI�WKH�62

�
�OHYHO�GHWHFWHG���7KH�12

;
�HPLVVLRQV�ZHUH�ORZ�

YDU\LQJ�IURP������WR������OE�0%WX���7KH�12
;
�HPLVVLRQV�LQFUHDVHG�ZLWK�LQFUHDVHG�H[FHVV�DLU�DQG

ZLWK�LQFUHDVHG�DLU�WKURXJK�WKH�ORZHU�OHYHO�RI�SULPDU\�DLU���7KH�12
;
�HPLVVLRQV�GHFUHDVHG�DV�WKH

DPRXQW�RI�VWDJLQJ�DLU�ZDV�LQFUHDVHG���,W�ZDV�DOVR�REVHUYHG�WKDW�WKH�12
;
�IRUPDWLRQ�ZDV

VLJQLILFDQWO\�KLJKHU�ZKHQ�GRORPLWH�ZDV�IHG�WR�WKH�UHDFWRU���$QDO\VLV�RI�ERWK�12
;
�DQG�62

�

HPLVVLRQV�LV�IXUWKHU�FRYHUHG�LQ�VHFWLRQV�����DQG�����

7KH�WUDQVSRUW�UHDFWRU�ZDV�LQVSHFWHG�GXULQJ�WKH�RXWDJH�XVLQJ�D�ERUHVFRSH���7KH�ULVHU�DQG�WKH
VWDQGSLSH�ZHUH�IRXQG�WR�EH�FOHDQ�ZLWK�RQO\�PLQRU�FUDFNV�RI�WKHVH�UHIUDFWRULHV���7KH�ULVHU
FURVVRYHU�KDG�VRPH�GHSRVLWV�RQ�WKH�ZDOOV�DQG�VRPH�ORRVH�PDWHULDO�DW�WKH�ERWWRP���7KH�QRUWK
HQG�RI�WKH�ULVHU�FURVVRYHU��WKH�GLVHQJDJHU�HQG��KDG�D�ODUJH��GDUN�GHSRVLW�WKDW�SDUWLDOO\�REVWUXFWHG
WKH�IORZ�WR�WKH�GLVHQJDJHU���7KH�F\FORQH�LQOHW�DQG�WKH�GLVHQJDJHU�URRI�HDFK�KDG�VLJQLILFDQW
UHIUDFWRU\�ZHDU�ZLWK�VRPH�DQFKRU�EROWV�YLVLEOH�LQ�WKH�GLVHQJDJHU�

7KH�QH[W�WHVW��7&����LV�DQRWKHU�����KRXU�WHVW�LQ�FRPEXVWLRQ�PRGH�RI�RSHUDWLRQV�WR�HYDOXDWH
GLIIHUHQW�IHHGVWRFNV�DQG�LV�VFKHGXOHG�WR�RFFXU�DIWHU�D�VKRUW�RXWDJH���$GGLWLRQDO�LVVXHV�WR�EH
DGGUHVVHG�LQFOXGH�WKH�FRQWLQXLQJ�FKDOOHQJHV�LQ�RSHUDWLQJ�WKH�UHF\FOH�JDV�V\VWHP�DQG�WKH�XVH�RI
OLPHVWRQH�IRU�VXOIXU�FDSWXUH�
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6CDNG������

6%���1RGTCVKPI�%QPFKVKQPU

5VCTV�7R�$GF�/CVGTKCN ����µO�F���5KNKEC�5CPF
%QCN�6[RG %CNWOGV�#NCDCOC�$KVWOKPQWU
0QOKPCN�%QCN�2CTVKENG�5K\G��F�� ����µO
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5QTDGPV�6[RG 2NWO�4WP�&QNQOKVG
0QOKPCN�5QTDGPV�2CTVKENG�5K\G��F�� ����µO
%C�5�OQNCT�TCVKQ ��VQ��
4GCEVQT�6GORGTCVWTG ������VQ������u(
4GCEVQT�2TGUUWTG ����VQ�����RUKI
4KUGT�8GNQEKV[ ���VQ����HV�U
'ZEGUU�#KT ���VQ�����
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��� 6%���*'#6�#0&�/#6'4+#.�$#.#0%'

'DWD�IURP�WKH�WUDQVSRUW�UHDFWRU�IRU�WKH����KRXUV�RI�0D\����������ZHUH�XVHG�WR�SHUIRUP�D�KHDW
DQG�PDWHULDO�EDODQFH�

7KH�DYHUDJH�UHDFWRU�FRQGLWLRQV�IRU�WKLV�GDWH�DUH�VXPPDUL]HG�LQ�WDEOH���������7KH�WUDQVSRUW
UHDFWRU�KDG�EHHQ�RSHUDWHG�DW�YHU\�VWDEOH�FRQGLWLRQV�IRU�VHYHUDO�GD\V�OHDGLQJ�XS�WR�WKH�EDODQFH
SHULRG���7KH�VROLGV�OHYHOV�LQ�WKH�UHDFWRU��WKH�DHUDWLRQ�UDWHV��DQG�WKH�VROLGV�IHHG�UDWHV�ZHUH�KHOG
YHU\�VWHDG\�GXULQJ�WKH�SHULRG�

7KH�RYHUDOO�PDWHULDO�EDODQFH�RQ�WKH�WUDQVSRUW�UHDFWRU�FORVHG�WR�ZLWKLQ���SHUFHQW�GLIIHUHQFH��VHH
WDEOH����������7KLV�GLIIHUHQFH�LV�W\SLFDO�RI�WKH�SHUFHQW�HUURU�LQ�PDWHULDO�EDODQFHV�IRU�WKH�WUDQVSRUW
UHDFWRU���7KH�VROLGV�IORZ�UDWHV�ZHUH�GHWHUPLQHG�SUHGRPLQDWHO\�ZLWK�ZHLJK�FHOOV���7KH�FRDO�IHHG
UDWH�ZDV�FKHFNHG�E\�FDOFXODWLQJ�LW�IURP�ERWK�WKH�&2

�
�DQG�WKH�2

�
�FRQWHQW�LQ�WKH�IOXH�JDV�

7KH�FRPSRQHQW�EDODQFHV�SURGXFHG�ORZ�SHUFHQW�HUURUV�IRU�VSHFLHV�SUHGRPLQDQWO\�LQ�WKH�JDV
SKDVH�DQG�KLJKHU�HUURUV�IRU�VSHFLHV�SUHGRPLQDQWO\�LQ�WKH�VROLG�SKDVH���7KLV�LV�GXH�WR�WKH
GLIILFXOW\�LQ�PHDVXULQJ�VROLGV�IORZ�UDWHV���7KH�HOHPHQWDO�EDODQFHV�DUH�JLYHQ�LQ�WDEOH�������

7KH�PDWHULDO�EDODQFHV�DOVR�SURYLGHG�VRPH�GDWD�UHJDUGLQJ�WKH�SHUIRUPDQFH�RI�WKH�WUDQVSRUW
UHDFWRU�GXULQJ�WKLV�WLPH���7KH�VXOIXU�FDSWXUH�ZDV�DSSUR[LPDWHO\����SHUFHQW�DW�D�&D�6�UDWLR�RI�����
7KH�12

;
�HPLVVLRQV�ZHUH�RQO\������OE�12

;
��0%WX���7KH�XQEXUQHG�FDUERQ�LQ�WKH�VROLGV

UHPRYHG�IURP�WKH�UHDFWRU�DQG�WKH�&2�LQ�WKH�IOXH�JDV�\LHOGV�D�FDUERQ�FRQYHUVLRQ�RI������SHUFHQW�
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��� 51���51���#0&�51.+&5�#0#.;5'5

6ROLG�VDPSOHV�ZHUH�FROOHFWHG�GXULQJ�WKH�WHVW�UXQ�IURP�WKH�FRDO�IHHG�V\VWHP��)'�������WKH
VRUEHQW�IHHG�V\VWHP��)'�������WKH�VWDQGSLSH�VSHQW�VROLGV�WUDQVSRUW�V\VWHP��)'�������DQG�WKH
SDUWLFXODWH�FRQWURO�GHYLFH��3&'��ILQH�VROLGV�WUDQVSRUW�V\VWHP��)'��������7KHVH�VROLGV�ZHUH
DQDO\]HG�IRU�FKHPLFDO�FRPSRVLWLRQ�DQG�SDUWLFOH�VL]H���7KH�62��HPLVVLRQV�ZHUH�DOVR�FRQWLQXRXVO\
PHDVXUHG�DQG�UHFRUGHG�RQ�WKH�SODQW�LQIRUPDWLRQ��3,��V\VWHP���7KLV�VHFWLRQ�ZLOO�XVH�WKH�FKHPLFDO
DQDO\VLV�GDWD�DQG�62��HPLVVLRQV�GDWD�WR�VKRZ�WKH�IROORZLQJ�

• 3URFHVV�DQG�FKHPLFDO�FRPSRVLWLRQ�FKDQJHV�
• (IIHFW�RI�VRUEHQW�RQ�VXOIXU�GLR[LGH�UHPRYDO�
• 3DUWLFOH�VL]H�FKDQJHV�
• 6XOIXU�DQG�FDOFLXP�EDODQFHV�
• 7KHUPRG\QDPLF�HTXLOLEULXP�LQ�WKH�VXOIXU�GLR[LGH�VXOIXU�WULR[LGH�V\VWHP�
• /HYHOV�RI�XQEXUQHG�FDUERQ�FRPEXVWLRQ�HIILFLHQF\�
• 6XOIXU�WULR[LGH�HPLVVLRQV�

7HVW�UXQ�7&���EHJDQ�RQ�$SULO����������DQG�FRQVLVWHG�RI�WZR�VHSDUDWH�SHULRGV���7KH�ILUVW�SHULRG�
$SULO���WR�����������ODVWHG���GD\V�DQG�UHVXOWHG�LQ�D�IHZ�EURNHQ�FDQGOHV���7KLV�WHVWLQJ�SHULRG�GLG
QRW�UHVXOW�LQ�VWHDG\�VWDWH�RSHUDWLRQ�DQG�ZLOO�EH�H[FOXGHG�IURP�62��DQG�VROLGV�DQDO\VLV���7KH
VHFRQG�SHULRG��$SULO����WR�0D\�����������ZDV�D�ORQJHU�WHUP�RSHUDWLRQ�DQG�PRUH�FKDUDFWHULVWLF�RI
VWHDG\�VWDWH�RSHUDWLRQ���7KHUH�ZHUH�WZR�FRDO�RXWDJHV�GXULQJ�WKDW�SHULRG��RQ�0D\���DQG���������
DQG�RQ�0D\������������)LJXUH�������VKRZV�WKH�GDLO\�����KRXU��DYHUDJHV�RI�V\VWHP�SUHVVXUH�DQG
XSSHU�VWDQGSLSH��63��WHPSHUDWXUH�IRU�WKH�SHULRG�$SULO����WR�0D\����������

7KH�GDLO\�DYHUDJHV�IRU�WKH�FRDO�IHHG�UDWH��E\�&2���DQG�WKH�62��3&'�H[LW�FRQFHQWUDWLRQV�DUH
JLYHQ�LQ�ILJXUH���������7KH�FRDO�IHHG�UDWH�LV�FDOFXODWHG�IURP�WKH�IOXH�JDV�UDWH��&2��FRQWHQW�RI�WKH
IOXH�JDV��DQG�WKH�FDUERQ�FRQWHQW�RI�WKH�FRDO���7KH�FRDO�UDWH�LQFUHDVHG�IURP�$SULO����WR�$SULO����DV
WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�ILOOHG�XS�DQG�WKH�VROLGV�FLUFXODWLRQ�UDWH�ZDV�LQFUHDVHG���7KH
SHULRG�IURP�$SULO����XS�WR�WKH�RXWDJH�RI�0D\���ZDV�FKDUDFWHUL]HG�E\�JRRG��VWHDG\�RSHUDWLRQ�
6WHDG\�RSHUDWLRQ�LV�FKDUDFWHUL]HG�DV�VWHDG\�IHHG�FRDO�DQG�VRUEHQW�UDWHV��VWHDG\�UHDFWRU
WHPSHUDWXUHV�DQG�SUHVVXUHV��DQG�VWHDG\�UHDFWRU�DQG�KHDW�H[FKDQJHU�VROLGV�LQYHQWRU\���7KLV�LV�D
VKRUWHU�WLPH�IUDPH�WKDQ�ZKHQ�DFKLHYLQJ�VWHDG\�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�UHDFWRU�VROLGV�
ZKLFK�FDQ�WDNH�ZHHNV�WR�OHYHO�RXW���$IWHU�WKH�0D\���RXWDJH�WKH�KHDW�H[FKDQJHU�DQG�VROLGV
FLUFXODWLRQ�UDWH�UHWXUQHG�WR�WKH�SUHYLRXV�VWHDG\�YDOXHV���$IWHU�WKH�0D\���RXWDJH�WKH�GRORPLWH�ZDV
WXUQHG�RII�DQG�WKH�62��H[LW�FRQFHQWUDWLRQ�LQFUHDVHG�

7KH�FRDO�XVHG�GXULQJ�7&���ZDV�$ODEDPD�&DOXPHW�0LQH�ELWXPLQRXV���)LJXUH�������VKRZV�WKH
VXOIXU�DQG�DVK�FRQWHQWV�RI�WKH�FRDO�DV�VDPSOHG�IURP�WKH�FRDO�IHHG�V\VWHP�GXULQJ�7&�����7KH
VXOIXU�LQFUHDVHG�VOLJKWO\�GXULQJ�7&���IURP�����SHUFHQW�VXOIXU�WR�QHDUO\�����SHUFHQW�VXOIXU���7KH
DVK�GHFUHDVHG�IURP����WR�DERXW����SHUFHQW�GXULQJ�7&�����7KH�VDXWHU�PHDQ�GLDPHWHU��60'�
�DYHUDJH�VXUIDFH�DUHD�PHDQ��RI�WKH�FRDO�VDPSOHG�IURP�WKH�FRDO�IHHGHU�LV�SORWWHG�RQ�ILJXUH������
DORQJ�ZLWK�WKH�FRDO�EXON�GHQVLW\���7KH�FRDO�JULQG�VL]H�ZDV�IDLUO\�FRQVLVWHQW�GXULQJ�7&���ZLWK�DQ
DYHUDJH�SDUWLFOH�VL]H�VDXWHU�PHDQ�GLDPHWHU�RI�DERXW�����PLFURQV���$�W\SLFDO�IHHG�FRDO�SDUWLFOH�VL]H
GLVWULEXWLRQ�LV�JLYHQ�LQ�ILJXUH�������
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)LJXUH�������JLYHV�WKH�SDUWLFOH�VL]HV�RI�WKH�IHHG�GRORPLWH�IRU�DERXW�KDOI�RI�WKH�WHVW�SHULRG�
'RORPLWH�VDPSOHV�ZHUH�PLVWDNHQO\�QRW�WDNHQ�IURP�0D\���WR�0D\������7KH�60'�VWDUWHG�DW
DURXQG�����PLFURQV��GURSSHG�WR�DURXQG����PLFURQV��DQG�WKHQ�ZHUH�ULVLQJ�WR�����PLFURQV�MXVW
EHIRUH�WKH�ILUVW�FRDO�RXWDJH�RQ�0D\�����7KH�ODUJH�YDULDWLRQ�LQ�GRORPLWH�SDUWLFOH�VL]H�ZDV�OLNHO\�GXH
WR�SDUWLFOH�VHJUHJDWLRQ�LQ�WKH�VLOR�ZKHUH�GRORPLWH�ZDV�VWRUHG�IRU�VHYHUDO�PRQWKV���)LJXUH������
JLYHV�WKH�SDUWLFOH�VL]H�IRU�WKH�IHHG�GRORPLWH�RQ�0D\���

6ROLG�VDPSOHV�ZHUH�FROOHFWHG�RQ�D�UHJXODU�EDVLV�IURP�WKH�3&'�XVLQJ�WKH�ILQH�DVK�WUDQVSRUW
V\VWHP��)'������DQG�VHQW�WR�WKH�ODERUDWRU\�IRU�DQDO\VHV���7KH�VROLGV�ZHUH�DQDO\]HG�IRU�

• &DOFLXP��UHSRUWHG�DV�&D2��
• 0DJQHVLXP��UHSRUWHG�DV�0J2��
• 6XOIXU��UHSRUWHG�DV�6��
• 6LOLFRQ��UHSRUWHG�DV�6L2���
• $OXPLQXP��UHSRUWHG�DV�$O�2���
• 7LWDQLXP��UHSRUWHG�DV�7L2���
• ,URQ��UHSRUWHG�DV�)H�2���
• 3RWDVVLXP��UHSRUWHG�DV�.�2��
• 6RGLXP��UHSRUWHG�DV�1D�2��
• 3KRVSKRUXV��UHSRUWHG�DV�3�2���
• &DUERQ�GLR[LGH��UHSRUWHG�DV�&2���
• &DUERQ��UHSRUWHG�DV�FDUERQ��

7KH�DVK�PLQHUDOV��VLOLFRQ��DOXPLQXP��WLWDQLXP��LURQ��SRWDVVLXP��SKRVSKRUXV��DQG�VRGLXP�DUH
UHSRUWHG�DV�R[LGHV��ZKLFK�DUH�WKH�PRVW�OLNHO\�IRUP�LQ�ZKLFK�WKH\�H[LVW�DIWHU�FRPEXVWLRQ���7KHVH
FRPSRXQGV�DUH�IURP�WKH�FRDO�DVK��GRORPLWH�LQHUWV��DQG�VDQG���&DOFLXP��PDJQHVLXP��DQG�VXOIXU
DUH�QRW�SUHVHQW�DV�WKH�FRPSRXQGV�UHSRUWHG�LQ�WKH�UDZ�GDWD���)UHH�HQHUJ\�PLQLPL]DWLRQ
FDOFXODWLRQV��6KDGOH��������JLYH�JXLGDQFH�WR�WKH�FDOFLXP�DQG�PDJQHVLXP�FRPSRXQGV�H[LVWLQJ�DW
WKH�WUDQVSRUW�UHDFWRU�RSHUDWLQJ�FRQGLWLRQV���&DOFXODWLRQV�DW�SUHVVXUHV�IURP�����WR�����SVLJ�DQG
IURP�������WR������°)�LQGLFDWH�WKDW�WKH�SHUPLVVLEOH�VXOIXU�PDJQHVLXP�FDOFLXP�FRPSRXQGV�DUH�

• &D&2���OLPHVWRQH��
• &D2•0J2��GRORPLWLF�OLPH��
• &D62��
• 0J2��PDJQHVLD��

/LPH��&D2��DQG�PDJQHVLXP�VXOIDWH��0J62���DUH�QRW�WKHUPRG\QDPLFDOO\�VWDEOH�FRPSRXQGV�DW
WKHVH�FRQGLWLRQV�

7KH�PRODU�UDWLR�RI�FDOFLXP�WR�VXOIXU��&D�6��ZDV�FDOFXODWHG�IRU�HDFK�VDPSOH���7KH�&D�6�UDWLR�LV
WKH�PHDVXUH�RI�H[FHVV�VRUEHQW�UHTXLUHG�IRU�VXOIXU�UHPRYDO�DFFRUGLQJ�WR�WKH�HTXDWLRQ�

���MgOCO2CaSOO)2/1(MgCOCaCOSO 242332 ++→+•+
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)RU�DOO�WKH�GRORPLWH�WR�UHDFW��HTXDO�PRODU�DPRXQWV�RI�GRORPLWH�DQG�62��DUH�UHTXLUHG��ZKLFK
ZRXOG�UHVXOW�LQ�WKH�VDPH�PRODU�DPRXQW�RI�FDOFLXP�LQ�WKH�VROLGV�DV�VXOIXU��&D�6� ��������6ROLGV
ZLWK�WKH�PLQLPXP�DPRXQW�RI�GRORPLWH�UHTXLUHG�ZRXOG�WKHQ�KDYH�FDOFLXP�SUHVHQW�RQO\�DV�&D62�

DQG�WKHUH�ZRXOG�EH�QHLWKHU�&D&2��QRU�&D2•0J2�SUHVHQW���7KH�KLJKHU�WKH�&D�6�UDWLR�WKH�PRUH
H[FHVV�GRORPLWH�LV�XVHG�WKDQ�WKHRUHWLFDOO\�UHTXLUHG�IRU�����SHUFHQW�62��FDSWXUH�

7KH�3&'�H[LW�62��FRQFHQWUDWLRQV�VKRZQ�LQ�ILJXUH����������KRXU�DYHUDJHV��DUH�SORWWHG�ZLWK�WKH
VSHQW�VROLGV�DQDO\VLV�&D�6�PRODU�UDWLR�DQG�WKH�&D�6�UDWLR�EDVHG�RQ�WKH�FRDO�DQG�GRORPLWH�IHHG
UDWHV���7KH�SHULRGV�ZKHQ�WKH�FRDO�IHHG�ZDV�RII�DUH�LQGLFDWHG�LQ�WKH�ILJXUH���3HULRGV�ZKHQ�WKH
GRORPLWH�IHHG�ZDV�VWRSSHG�DUH�QRWHG�LQ�WKH�ILJXUH���7KH�IHHG�FRDO�VXOIXU�DQG�WKH�FRDO�FDOFLXP�DUH
FDOFXODWHG�IURP�WKH�FRDO�IHHG�UDWH�DQG�FRDO�DQDO\VLV���7KH�GRORPLWH�IHHG�UDWH�LV�GHWHUPLQHG�IURP�D
FRUUHODWLRQ�EHWZHHQ�GRORPLWH�ZHLJKW�FHOO�UHDGLQJV�DQG�GRORPLWH�IHHGHU�VSHHG���7KH�GRORPLWH
FDOFLXP�IHHG�UDWH�LV�WKHQ�GHWHUPLQHG�IURP�WKH�GRORPLWH�IHHG�UDWH�DQG�WKH�DPRXQW�RI�FDOFLXP�LQ
WKH�GRORPLWH�

7KH�&D�6�UDWLR�E\�VSHQW�VROLGV�DQDO\VLV�ZDV�FRQVWDQW�DW�DERXW�����XQWLO�$SULO������%HWZHHQ�$SULO
���DQG�����WKH�&D�6�E\�IHHG�DQG�VSHQW�VROLGV�DQDO\VLV�ZHUH�LQ�H[FHOOHQW�DJUHHPHQW�ZLWK�HDFK
RWKHU���7KH�GRORPLWH�IHHG�ZDV�LQFUHDVHG�RQ�$SULO����DQG�WKH�IHHG�&D�6�UDWLR�TXLFNO\�LQFUHDVHG�
UHVXOWLQJ�LQ�DQ�LQFUHDVH�LQ�VSHQW�VROLGV�&D�6�UDWLR���7KH�VSHQW�VROLGV�&D�6�UDWLR�VKRXOG�IROORZ�DQ\
FKDQJHV�LQ�WKH�IHHG�&D�6�UDWLR���7KH�GRORPLWH�IHHG�UDWH�ZDV�LQFUHDVHG�RQ�0D\���UHVXOWLQJ�LQ�DQ
LQFUHDVH�LQ�IHHG�VROLGV�&D�6�UDWLR���%RWK�&D�6�UDWLRV�ZHUH�LQ�DJUHHPHQW�IURP�0D\���WR�0D\���MXVW
EHIRUH�WKH�ILUVW�FRDO�RXWDJH�

7KH�IHHGV�&D�6�ZDV�KLJKHU�WKDQ�WKH�VSHQW�VROLGV�&D�6�IURP�0D\���WR�0D\���DQG�WKHQ�VKRZHG
JRRG�DJUHHPHQW�MXVW�EHIRUH�WKH�VHFRQG�FRDO�RXWDJH���7KH�WZR�&D�6�UDWLRV�DJUHHG�ZLWK�HDFK�RWKHU
DW�WKH�HQG�RI�WKH�UXQ�RQ�0D\����DQG����

7KH�3&'�H[LW�62��FRQFHQWUDWLRQV�UHDFWHG�DV�H[SHFWHG�WR�WKH�WZR�GRORPLWH�VKXW�RIIV��LQFUHDVH�LQ
62��FRQFHQWUDWLRQV�ZKHQ�WKH�GRORPLWH�ZDV�VKXW�RII����7KH�VPDOO�LQFUHDVH�LQ�62��FRQFHQWUDWLRQ
IURP�$SULO����WR�$SULO����ZDV�SUREDEO\�GXH�WR�FDOLEUDWLRQ�GULIW�RI�WKH�62��DQDO\]HU���7KH�62�

FRQFHQWUDWLRQ�GHFUHDVHG�TXLFNO\�RQFH�WKH�GRORPLWH�ZDV�WXUQHG�RQ�0D\����

7KH�VDXWHU�PHDQ�SDUWLFOH�GLDPHWHU�DQG�EXON�GHQVLW\�RI�WKH�UHDFWRU�EHG�VROLGV�WDNHQ�IURP�WKH
VWDQGSLSH�XVLQJ�WKH�VSHQW�VROLGV�WUDQVSRUW�V\VWHP�)'�����DUH�JLYHQ�LQ�ILJXUH���������7KH�SDUWLFOH
GLDPHWHU�VORZO\�GHFUHDVHG�IURP�DURXQG�����WR�����PLFURQV�DV�WKH�WHVW�SURJUHVVHG�DQG�WKH�VWDUW�
XS�VDQG�ZDV�VORZO\�SXUJHG�IURP�WKH�EHG���7KH�SDUWLFOH�VL]H�GDWD�LQGLFDWHG�WKDW�WKH�UHDFWRU�VROLGV
ZHUH�DW�VWHDG\�VWDWH�IURP�DERXW�0D\���XQWLO�WKH�HQG�RI�WKH�UXQ���)LJXUH��������JLYHV�WKH�SDUWLFOH
VL]H�GLVWULEXWLRQ�IRU�UHDFWRU�VROLGV�RQ�0D\���

7KH�VDXWHU�PHDQ�GLDPHWHU�RI�WKH�VROLGV�FROOHFWHG�E\�WKH�3&'�DQG�VDPSOHG�IURP�WKH�ILQH�VROLGV
WUDQVSRUW�V\VWHP�)'�����LV�JLYHQ�LQ�ILJXUH����������7KH�VDXWHU�PHDQ�SDUWLFOH�VL]H�IRU�WKH�3&'
VROLGV�DYHUDJHG����PLFURQV�IRU�7&���DQG�ZDV�IDLUO\�FRQVWDQW�IRU�WKH�SHULRG�$SULO����WR�0D\����
7KH�3&'�VROLGV�ZHUH�ILQHU�WKDQ�WKH�VWDQGSLSH�VROLGV�DQG�GRORPLWH�IHHG�VROLGV���)LJXUH�������
JLYHV�WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ�IRU�3&'�VROLGV�LQ�WKH�ODWWHU�KDOI�RI�WKH�WHVW�

7KH�VROLG�FRPSRXQGV�SURGXFHG�E\�WKH�UHDFWRU�ZHUH�GHWHUPLQHG�XVLQJ�WKH�VROLGV�DQDO\VLV�DQG�WKH
IROORZLQJ�DVVXPSWLRQV�
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�� $OO�FDUERQ�GLR[LGH�PHDVXUHG�E\�DFLGLILFDWLRQ�FDPH�IURP�&D&2���KHQFH
PROHV�&2�� �PROHV�&D&2��

�� $OO�VXOIXU�PHDVXUHG�FDPH�IURP�&D62���KHQFH�PROHV�VXOIXU� �PROHV�&D62��

�� $OO�UHPDLQLQJ�FDOFLXP�QRW�WDNHQ�E\�&D62��DQG�&D&2��FDPH�IURP�&D2•0J2�

�� $OO�UHPDLQLQJ�PDJQHVLXP�QRW�WDNHQ�E\�&D2•0J2�FDPH�IURP�0J2�

�� $OO�FDUERQ�GLR[LGH�ZDV�DOVR�PHDVXUHG�IURP�FRPEXVWLRQ�DV�WRWDO�FDUERQ��KHQFH
XQEXUQHG�FDUERQ�LQ�WKH�VROLGV�LV�PROHV�PHDVXUHG�FDUERQ�PLQXV�PROHV�PHDVXUHG
&2��

7KH�VROLGV�DQDO\VHV�E\�FRPSRQHQW�DUH�SORWWHG�LQ�ILJXUHV��������DQG�����ZKHUH�WKH�ZHLJKW�SHUFHQW
RI�&D&2���&D62���&D2•0J2��DQG�0J2�LQ�WKH�3&'�VROLGV�DUH�SORWWHG�DJDLQVW�WLPH���$OO�DUH
FRQVLVWHQW�ZLWK�WKH�&D�6�UDWLRV�VKRZQ�LQ�ILJXUH���������7KH�&D&2��ZHLJKW�SHUFHQW�LV�IDLUO\
FRQVWDQW�IRU�WKH�HQWLUH�WHVW��DURXQG�����ZHLJKW�SHUFHQW��H[FHSW�ZKHQ�KLJK�GRORPLWH�IHHG�UDWHV
UHVXOWHG�LQ�D�KLJK�&D�6�UDWLR���7KH�ZHLJKW�SHUFHQW�&D62��VORZO\�FOLPEHG�WR����ZHLJKW�SHUFHQW
DQG�WKHQ�UHPDLQHG�VWHDG\�GHVSLWH�D�ODWHU�GHFUHDVH�LQ�GRORPLWH�IHHG�UDWH�DQG�ORZHU�&D�6�UDWLR�
7KH�0J2�ZHLJKW�SHUFHQW�LQFUHDVHG�WR�DERXW���SHUFHQW�DQG�WKHQ�OHYHOHG�RII�

7KH�&D2•0J2�SHUFHQW�VROLGV�UHDFWHG�WR�WKH�FKDQJLQJ�&D�6�UDWLR�RI�WKH�VROLGV���7KH�&D2•0J2
FRQWHQW�VORZO\�URVH�ZLWK�WKH�&D�6�UDWLR��WKHQ�OHYHOHG�RII�ZKHQ�WKH�&D�6�UDWLR�ZDV�DERXW������DQG
WKHQ�GHFUHDVHG�ZKHQ�WKH�GRORPLWH�IHHG�ZDV�GHFUHDVHG��UHVXOWLQJ�LQ�&D�6�UDWLRV�RI�DERXW�����
'XULQJ�WKH�ILQDO���ZHHNV�RI�WHVWLQJ�WKH�&D2•0J2�SHUFHQW�VROLGV�ZHUH�QHDUO\�]HUR���7KLV
LQGLFDWHG�WKDW�WKH�PHDVXUHG�VXOIXU�DQG�FDUERQ�GLR[LGH�OHYHOV�ZHUH�VXIILFLHQW�WR�DFFRXQW�IRU�DOO�WKH
PHDVXUHG�FDOFLXP�DV�&D&2��DQG�&D62��

7KH�ODERUDWRU\�UHSRUWHG�FDUERQ�LQ�WZR�IRUPV��HOHPHQWDO�FDUERQ�DQG�FDUERQ�GLR[LGH��&2�����7KH
PHDVXUHG�HOHPHQWDO�FDUERQ�LV�WKH�WRWDO�FDUERQ�LQ�WKH�VDPSOH�DQG�LQFOXGHV�XQEXUQHG�FDUERQ�DQG
WKH�FDUERQ�GLR[LGH���7KH�DFWXDO�HOHPHQWDO�FDUERQ�LQ�WKH�VROLGV�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH
PHDVXUHG�HOHPHQWDO�FDUERQ�DQG�WKH�PHDVXUHG�FDUERQ�GLR[LGH���7KH�HOHPHQWDO�FDUERQ�LQ�WKH
VROLGV�LV�D�PHDVXUH�RI�FRPEXVWLRQ�HIILFLHQF\���=HUR�FDUERQ�LQ�WKH�VROLGV�ZRXOG�LQGLFDWH�����
SHUFHQW�FRPEXVWLRQ�HIILFLHQF\�

7KH�FDUERQ�FRQWHQW�RI�WKH�VROLGV�LV�FDOFXODWHG�DV�WKH�GLIIHUHQFH�RI�WZR�VPDOO�QXPEHUV�W\SLFDOO\
FORVH�WR�HDFK�RWKHU�LQ�YDOXH�DQG��WKHUHIRUH��WKHUH�LV�D�ODUJH�YDULDWLRQ�LQ�WKH�FDUERQ�FRQWHQW�RI�WKH
VROLGV���6RPHWLPHV�WKH�&2��FRQWHQW�RI�VROLGV�LV�ODUJHU�WKDQ�WKH�WRWDO�FDUERQ��UHVXOWLQJ�LQ�D
�QHJDWLYH��XQEXUQHG�FDUERQ�

7KH�XQEXUQHG�FDUERQ�RI�WKH�3&'�VROLGV�LV�SORWWHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�HOHPHQWDO
FDUERQ�DQG�WKH�FDUERQ�GLR[LGH�RI�WKH�VROLGV��VHH�ILJXUHV�����������6RPH�RI�WKH�GDWD�VKRZ�OHVV
WKDQ�����ZHLJKW�SHUFHQW��DQ�LQGLFDWLRQ�RI�WKH�XQFHUWDLQW\�LQ�ERWK�WKH�PHDVXUHPHQWV�DQG�WKH
UHVXOW�RI�WDNLQJ�WKH�GLIIHUHQFH�RI�WZR�VPDOO�QXPEHUV���$OO�XQEXUQHG�FDUERQV�DUH�DW�D�YHU\�ORZ
OHYHO�LQGLFDWLQJ�DERXW������SHUFHQW�FRPEXVWLRQ�HIILFLHQF\���7KH�GDWD�LQGLFDWHV�WKDW�WKH
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FRPEXVWLRQ�HIILFLHQF\�LQFUHDVHG�DV�WKH�UXQ�SURJUHVVHG�XQWLO�0D\����WKHQ�JUDGXDOO\�GHFUHDVHG�WR
0D\����DQG�WKHQ�OHYHOHG�RII���7KH�FLUFXODWLRQ�UDWH�DQG�KHDW�H[FKDQJHU�OHYHO�LQFUHDVHG�IURP�WKH
VWDUW�RI�UXQ�XQWLO�$SULO������%RWK�WKH�FLUFXODWLRQ�UDWH�DQG�KHDW�H[FKDQJHU�ZHUH�FRQVWDQW�IURP
$SULO����WR�0D\�����7KH�FLUFXODWLRQ�UDWH�DQG�KHDW�H[FKDQJHU�OHYHO�UHWXUQHG�WR�SUHYLRXV�KLJK
YDOXHV�RQ�0D\���DQG���DQG�WKHQ�GURSSHG�WR�ORZ�YDOXHV�IURP�0D\����WR�WKH�HQG�RI�WKH�WHVW�

)LJXUH��������DOVR�SORWV�WKH�FDOFXODWHG�ZHLJKW�SHUFHQW�RI�3&'�LQHUWV�DJDLQVW�WLPH���7KH�LQHUWV�DUH
GHILQHG�DV�D�PL[WXUH�RI�VDQG��FRDO�DVK��DQG�GRORPLWH�LQHUWV�DQG�DUH�DQ\�EHG�FRPSRXQGV�QRW
FRQWDLQLQJ�FDOFLXP��PDJQHVLXP��RU�VXOIXU���7KH�SHUFHQW�LQHUWV�VWDUWHG�DW�DERXW����SHUFHQW�DQG
WKHQ�GHFUHDVHG�WR�DERXW����SHUFHQW�DV�WKH�UXQ�SURJUHVVHG���6DQG�ZDV�DGGHG�WR�WKH�UHDFWRU�DIWHU
WKH�VHFRQG�FRDO�RXWDJH��ZKLFK�LQFUHDVHG�WKH�SHUFHQW�LQHUWV���2SHUDWLRQ�RQ�FRDO�ZLWKRXW�GRORPLWH
GXULQJ�VWDUW�XS�DOVR�LQFUHDVHV�WKH�ZHLJKW�SHUFHQW�LQHUWV���'DWD�SUHVHQWHG�LQ�ILJXUH�������IRU
UHDFWRU�VROLGV�DQG�ILJXUHV�������������������DQG�����IRU�3&'�VROLGV�VKRZ�WKH�UHDFWRU�ZDV�DW�VWHDG\
VWDWH�LQ�WHUPV�RI�SDUWLFOH�VL]H�DQG�FKHPLFDO�FRPSRVLWLRQ�IURP�DERXW�0D\���XQWLO�WKH�HQG�RI�UXQ
7&���

6RXWKHUQ�5HVHDUFK�,QVWLWXWH��65,��REWDLQHG�ERWK�62��DQG�62��GDWD�IURP�WKH�F\FORQH�RXWOHW
�3&'�LQOHW��WR�FRQILUP�WKDW�RFFDVLRQDO�ZKLWH�SOXPHV�HPLWWHG�IURP�WKH�36')�VWDFN�ZHUH�62��DQG
DOVR�WR�FKHFN�WKH�DFFXUDF\�RI�UHDGLQJV�RI�WKH�RQOLQH�62��DQDO\]HU���65,�XVHG�H[WUDFWLYH�DQG�ZHW
FKHPLFDO�WHFKQLTXHV�WR�REWDLQ�62��DQG�62��FRQFHQWUDWLRQV���7ZR�H[WUDFWLYH�62��62��WHVWV�ZHUH
GRQH�RQ�0D\���DQG�0D\������7KH�0D\���WHVWV�ZHUH�GRQH�DW��QRUPDO��7&���RSHUDWLQJ�FRQGLWLRQV
WKDW�SURGXFHG�YHU\�ORZ�DQDO\]HU�62��UHDGLQJV���7KH�0D\����WHVWV�ZHUH�GRQH�DIWHU�WKH�GRORPLWH
KDG�EHHQ�WXUQHG�RII��RQ�WKH�GD\�EHIRUH���ZKLOH�WKHUH�ZHUH�PHDVXUDEOH�62��UHDGLQJV��DQG�ZKLOH�D
SOXPH�ZDV�YLVLEOH�FRPLQJ�IURP�WKH�36')�VWDFN�IRU���WR���KRXUV�

)LJXUH��������SORWV�WKH�RQOLQH�62��DQDO\]HU�UHDGLQJV��KRXUO\�DYHUDJHV��DQG�WKH�VSHQW�VROLGV
FDOFLXP�WR�VXOIXU�UDWLR�IRU�WKH�SHULRG�H[WHQGLQJ�IURP����KRXUV�EHIRUH�WKH�0D\����H[WUDFWLYH�WHVWV
DQG����KRXUV�DIWHU�WKH�0D\����H[WUDFWLYH�WHVWV���7KH�62��DQDO\]HU�ZDV�YHU\�UHVSRQVLYH�WR�FKDQJHV
LQ�GRORPLWH�DGGLWLRQ���7KH�VROLGV�&D�6�UDWLR�GHFUHDVHG�DV�H[SHFWHG�ZKHQ�WKH�GRORPLWH�ZDV
WXUQHG�RII�DQG�LQFUHDVHG�ZKHQ�LW�ZDV�WXUQHG�RQ���7KH�VROLGV�&D�6�UDWLR�ZDV�DERXW�����DW�WKH�WLPH
RI�WKH�H[WUDFWLYH�WHVWLQJ�

)LJXUH��������SORWV�WKH�62��DQDO\]HU�UHDGLQJV��KRXUO\�DYHUDJHV��H[SUHVVHG�DV���SHUFHQW�2��DQG
WKH�H[SHFWHG�62�����SHUFHQW�2���ZKHQ�WKH�GRORPLWH�ZDV�WXUQHG�RII�IRU�WKH�0D\����H[WUDFWLYH
WHVWV���7KH�H[WUDFWLYH�62��PHDVXUHPHQWV����SHUFHQW�2���DUH�DOVR�SORWWHG�RQ�WKH�ILJXUH���6XOIXU
R[LGH�FRQFHQWUDWLRQV�DUH�H[SUHVVHG�DV���SHUFHQW�2��LQ�RUGHU�WR�EHWWHU�FRPSDUH�GDWD�WDNHQ�DW
GLIIHUHQW�DPRXQWV�RI�H[FHVV�DLU�

7DEOH�������FRPSDUHV�WKH�H[WUDFWLYH�62��DQG�62��GDWD�WDNHQ�RQ�0D\���DQG������7KH�DYHUDJH
H[WUDFWLYH�62��DQG�62��GDWD�DUH�JLYHQ�DV�ZHOO�DV�WKH�DYHUDJH�62��JDV�DQDO\]HU�GDWD���%RWK�62�

DQG�62��DUH�H[SUHVVHG�DV�PHDVXUHG�DQG�DV���SHUFHQW�2����7KH�DYHUDJH�62;�HPLVVLRQV�LQ�SRXQGV
RI�62;�SHU�0%WX�ILUHG�DQG�62;�UHPRYDO�EDVHG�RQ�WKH�FDOFXODWHG�62;�IURP�WKH�FRDO�VXOIXU�DUH
JLYHQ�LQ�WKH�WDEOH���7KH�&D�6�UDWLRV�IRU�ERWK�WKH�VSHQW�VROLGV�DQG�IHHG�VROLGV�DUH�WDNHQ�IURP
ILJXUH�������

7KH�KLJK�62��YDOXHV�PHDVXUHG�DUH�FRQVLVWHQW�ZLWK�ERWK�WKHUPRG\QDPLFV�DQG�SUHYLRXV�UHVXOWV�RI
EXUQLQJ�FRDO�LQ�SUHVVXUL]HG�IOXLG�EHG�FRPEXVWRUV�ZLWK�GRORPLWH�DV�EHG�PDWHULDO���7ZR�SDSHUV
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IURP�OLWHUDWXUH�JLYH�KLJK�PHDVXUHG�YDOXHV�RI�62��IURP�3)%&��:KHHOGRQ��������DQG�%XUGHWW�
��������%RWK�SDSHUV�UHSRUWHG�WKHUPRG\QDPLF�FDOFXODWLRQV�RQ�WKH�62��62��VSOLW�IRU�3)%&
FRQGLWLRQV���:KHHOGRQ��HW�DO���JLYHV�62��62��GDWD�IRU�D�3)%&�RSHUDWLQJ�DW�������WR������

R)�DQG
���WR�����SVLJ�ZLWK�ERWK�OLPHVWRQH�DQG�GRORPLWH���%XUGHWW��HW�DO���JLYHV�62��62��GDWD�IRU�D
3)%&�SLORW�RSHUDWLQJ�DW������R)�DQG����SVLJ�IRU�ERWK�ZLWK�DQG�ZLWKRXW�OLPHVWRQH�

$�XVHIXO�ZD\�WR�DQDO\]H�62��62��GDWD�LV�WR�ORRN�DW�WKH�WKHUPRG\QDPLFV�RI�WKH�62��WR�62�

UHDFWLRQ�

���

+LJKHU�SUHVVXUH�DQG�R[\JHQ�FRQFHQWUDWLRQV�ZLOO�OHDG�WR�KLJKHU�62��FRQFHQWUDWLRQV���(TXDWLRQ����
OHDGV�WR�WKH�HTXLOLEULXP�FRQVWDQW��ZKLFK�FRPELQHV�WKH�HIIHFWV�RI�SUHVVXUH��VXOIXU�R[LGH
FRQFHQWUDWLRQ��DQG�R[\JHQ�FRQFHQWUDWLRQ���7KH�HTXLOLEULXP�FRQVWDQW�.3�LV�GHILQHG�DV�

���

7KH�62��DQG�62��FRQFHQWUDWLRQV�DUH�LQ�SSP�DQG�3�2���LV�WKH�SDUWLDO�SUHVVXUH�RI�R[\JHQ�LQ
DWPRVSKHUHV���7KH�FRQFHQWUDWLRQV�RI�62��DQG�62��DW�HTXLOLEULXP�FDQ�EH�FDOFXODWHG�IURP
WKHUPRG\QDPLF�GDWD��WKH�R[\JHQ�FRQFHQWUDWLRQ��WKH�WRWDO�VXOIXU�LQ�WKH�JDV�SKDVH��DQG�WKH�V\VWHP
SUHVVXUH�DQG�WHPSHUDWXUH���)LJXUH��������SORWV�WKH�HTXLOLEULXP�FRQFHQWUDWLRQV�RI�62��DQG�62��DW
���SHUFHQW�2��DQG�����SVLJ�DQG�FRPSDUHV�WKHP�ZLWK�WKH�FRQFHQWUDWLRQV�PHDVXUHG�RQ�0D\����DW
�����R)���7KH�IRUPDWLRQ�RI�62��LV�IDYRUHG�DW�KLJK�WHPSHUDWXUHV��ZKLOH�DW�ORZ�WHPSHUDWXUHV�WKH
IRUPDWLRQ�RI�62��LV�IDYRUHG�

7KH�PHDVXUHG�.3�LQ�WDEOH�������LV�FDOFXODWHG�IRU�ERWK�7&���GDWD�SRLQWV���7KH�WHPSHUDWXUH�DW
ZKLFK�WKH�PHDVXUHG�FRQFHQWUDWLRQV�DUH�DW�WKHUPRG\QDPLF�HTXLOLEULXP�FDQ�EH�GHWHUPLQHG�IURP
WKHUPRG\QDPLF�GDWD��VHH�WDEOH����������7KH�HTXLOLEULXP�WHPSHUDWXUH�FDQ�EH�FRPSDUHG�WR�WKH
PHDVXUHG�WHPSHUDWXUH��WKH�GLIIHUHQFH�LV�FDOOHG��WKH�DSSURDFK�WR�HTXLOLEULXP��DQG�LV�D�PHDVXUH�RI
KRZ�FORVH�WKH�V\VWHP�LV�WR�WKHUPRG\QDPLF�HTXLOLEULXP���7KH�ORZHU�WKH�DSSURDFK�WHPSHUDWXUH�WKH
FORVHU�WKH�V\VWHP�WHPSHUDWXUH�LV�WR�WKH�HTXLOLEULXP�WHPSHUDWXUH�DQG�WKH�FORVHU�WKH�V\VWHP�LV�WR
WKHUPRG\QDPLF�HTXLOLEULXP�

7KH�HTXLOLEULXP�FRQVWDQW�LV�D�IXQFWLRQ�RI�WHPSHUDWXUH���:KHHOGRQ��HW�DO����������XVHG�WKH
HTXDWLRQ�

������

7KH�WHPSHUDWXUH��7��LV�LQ�GHJUHHV�5DQNLQH���(TXLOLEULXP�FRQVWDQWV��ERWK�PHDVXUHG�DQG
WKHRUHWLFDO��DUH�SORWWHG�LQ�ILJXUH����������1RWH�WKDW�WKH�0D\����GDWD�LV�PXFK�FORVHU�WR�HTXLOLEULXP
WKDQ�WKH�0D\���GDWD�VR�OHVV�62��LV�SURGXFHG�LQ�WKH�SUHVHQFH�RI�VRUEHQW�DW�FRQVWDQW�2��SDUWLDO
SUHVVXUHV��ZKLFK�DJUHHV�ZLWK�WKH�HOLPLQDWLRQ�RI�ZKLWH�SOXPH�RQFH�GRORPLWH�DGGLWLRQ�LV�UHVXPHG�
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5HIHUHQFHV�IRU�6HFWLRQ����

/��6KDGOH��)HGHUDO�(QHUJ\�7HFKQRORJ\�&HQWHU��SHUVRQDO�FRPPXQLFDWLRQ��1RYHPEHU����������

-��0��:KHHOGRQ��1��$��%XUGHWW��0��$��)UHLGPDQ��DQG�-��(��6WDQWDQ���62��PHDVXUHPHQWV�DW�WKH
*ULPHWKRUSH�3)%&���3URFHHGLQJ�RI�WKH�(LJKWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)OXLGL]HG�%HG
&RPEXVWLRQ��9RO��,,��-XO\�������S������

%��-��%XUGHWW��%��-��*OLGGHQ��5��&��+RWFKNLVV��DQG�5��7��6TXLUHV���62��LQ�FRDO�ILUHG�IOXLGL]HG�EHG
FRPEXVWRU���-RXUQDO�RI�WKH�,QVWLWXWH�RI�(QHUJ\��Y������6HSWHPEHU��������SS������WR�����
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6CDNG������

6%����51��CPF�51��&CVC�(TQO�/C[���CPF�/C[���

&CVG ������ �������
'ZVTCEVKXG�&CVC�2QKPVU � �
'ZVTCEVKXG�51��
RROX� ���� ���
'ZVTCEVKXG�51��
RROX� ��� ��
#PCN[\GT�51���
RROX� ��� ��

'ZVTCEVKXG�51��
���1���
RROX� ��� ���
'ZVTCEVKXG�51��
���1���
RROX� ��� ���
#PCN[\GT�51��
���1���
RROX� ��� ���

51:�(TQO�%QCN�
RROX� ��� ���
51:�'OKUUKQPU�
ND�/$VW� ������ ������
51:�4GOQXCN�
�� ���� �����
(GGF�5QNKFU�%C�5�4CVKQ ��� 
��
5RGPV�5QNKFU�%C�5�4CVKQ ���� ���
+P�5KVW�5QNKFU�%C�5�4CVKQ ���
0QVGU�
�� 'ZVTCEVKXG�FCVC�EQNNGEVGF�D[�5QWVJGTP�4GUGCTEJ�+PUVKVWVG�HQT�CDQWV����OKPWVGU�

'ZVTCEVKXG�KP�UKVW�UCORNGU�VCMGP�HTQO�2%&�TCVJGT�VJCP�PQTOCN�UQNKFU�UCORNKPI�NQECVKQP�
�� &QNQOKVG�HGGF�VWTPGF�QHH�HQT�VJKU�VGUV�

6CDNG������

6%���51��CPF�51��&CVC�(TQO�/C[���CPF�/C[���

&CVG ������ �������
'ZVTCEVKXG�51��
RROX� ���� ���
'ZVTCEVKXG�51��
RROX� ��� ��
2%&�1WVNGV�6GORGTCVWTG�
(� ����� �����
2TGUUWTG�
RUKI� ��� ���
1��
�� ��� ����
-2�
CVO�����
0QVG��� ����� �����
'SWKNKDTKWO�6GORGTCVWTG�
(��
0QVG��� ����� �����
#RRTQCEJ�VQ�'SO��
(� ��� ��
0QVGU�

�� -Q�FGHKPGF�KP�'SWCVKQP�
���
�� #RRTQCEJ�VQ�GSWKNKDTKWO�VGORGTCVWTG�KU�VJG�FKHHGTGPEG�DGVYGGP�GSWKNKDTKWO�VGORGTCVWTG

CPF�CEVWCN�VGORGTCVWTG�
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(KIWTG��������6%���&CKN[�#XGTCIG�6GORGTCVWTGU�CPF�2TGUUWTGU

(KIWTG��������6%���&CKN[�#XGTCIG�51��'OKUUKQPU�CPF�%QCN�(GGF�4CVG

100

120

140

160

180

200

220

240

4/
21

4/
22

4/
23

4/
24

4/
25

4/
26

4/
27

4/
28

4/
29

4/
30 5/

1
5/

2
5/

3
5/

4
5/

5
5/

6
5/

7
5/

8
5/

9
5/

10
5/

11
5/

12
5/

13

Date - 1998

Pr
es

su
re

 (
ps

ig
)

1,000

1,100

1,200

1,300

1,400

1,500

1,600

1,700

1,800

T
em

pe
ra

tu
re

 (
 O

F)

Pressure - PI287

SP Temp - TI357

Coal 
Outages

0

20

40

60

80

100

120

140

160

180

200

4/
21

4/
22

4/
23

4/
24

4/
25

4/
26

4/
27

4/
28

4/
29

4/
30 5/

1
5/

2
5/

3

5/
4

5/
5

5/
6

5/
7

5/
8

5/
9

5/
10

5/
11

5/
12

5/
13

Date - 1998

SO
2 

E
m

is
si

on
s 

(p
pm

v) .

0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

2,000

C
oa

l R
at

e 
(l

bs
/h

r)
 .

SO2 Emissions

Coal Rate by CO2

SO2 Analyzer Outage



6TCPURQTV�4GCEVQT� 6%���4GRQTV
51���51���CPF�5QNKFU�#PCN[UGU 6TCPURQTV�4GCEVQT�6TCKP

������

�(KIWTG��������6%���%QCN�5WNHWT�CPF�#UJ�9GKIJV�2GTEGPVU

(KIWTG��������6%���%QCN�2CTVKENG�5K\G�CPF�$WNM�&GPUKV[
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5HDFWRU�RSHUDWLQJ�FRQGLWLRQV�GXULQJ�WHVW�UXQ�7&���ZHUH�YDULHG�WR�VWXG\�WKHLU�HIIHFW�RQ�12
;

IRUPDWLRQ�DV�PHDVXUHG�E\�D�12
;
�DQDO\]HU�GRZQVWUHDP�RI�WKH�3&'���7KHVH�YDULDEOHV�LQFOXGHG�

� ([FHVV�DLU�
� 6WDJHG�DLU�
� 3ULPDU\�DLU�GLVWULEXWLRQ�
� 7HPSHUDWXUH�
� &RDO�IHHG�UDWH�
� 'RORPLWH�IHHG�UDWH�

7KLV�VHFWLRQ�ZLOO�GLVFXVV�WKH�H[SHFWHG�EHKDYLRU�DQG�SUHVHQW�WKH�GDWD�FROOHFWHG�DQG�REVHUYDWLRQV
PDGH�WKDW�VKRZ�WKH�HIIHFW�WKDW�WKHVH�RSHUDWLQJ�FRQGLWLRQV�KDG�RQ�12

;
�HPLVVLRQV�

)LJXUH�������LV�D�VFKHPDWLF�RI�WKH�WUDQVSRUW�UHDFWRU�ORRS�VKRZLQJ�WKH�DLU�GLVWULEXWLRQ�ORFDWLRQV�
FRDO�IHHG�QR]]OH�ORFDWLRQ��DQG�IOXH�JDV�VDPSOH�SRLQW���7KH�FRPEXVWLRQ�DLU�FDQ�EH�VWDJHG�ZLWK
SULPDU\�DLU�EHLQJ�DGGHG�LQWR�WKH�PL[LQJ�]RQH�LQ�D�ORZHU�DQG�XSSHU�OHYHO�DQG�ZLWK�VHFRQGDU\�DLU
DGGHG�LQWR�WKH�ULVHU�LQ�WKUHH�OHYHOV���$LU�DGGHG�LQWR�WKH�UHDFWRU�-�OHJ�DQG�FRPEXVWRU�KHDW
H[FKDQJHU��+;������-�OHJ�IRU�VROLGV�FLUFXODWLRQ�LV�DOVR�OLNHO\�DYDLODEOH�IRU�WKH�FRPEXVWLRQ
UHDFWLRQV���$GGLWLRQDO�DLU�DYDLODEOH�IRU�WKH�FRPEXVWLRQ�UHDFWLRQV�PD\�EH�DGGHG�LQ�VRPH�FDVHV
WKURXJK�WKH�VWDUW�XS�EXUQHU��%5������-�OHJ�DQG�WKH�ERWWRP�RI�WKH�PL[LQJ�]RQH���$LU�LV�DOVR
DGGHG�LQWR�RWKHU�ORFDWLRQV�GRZQVWUHDP�RI�WKH�FRPEXVWLRQ�]RQH�VXFK�DV�WKH�F\FORQH�GLSOHJ�DQG
UHDFWRU�VWDQGSLSH���,W�VKRXOG�EH�QRWHG�WKDW�WKLV�DHUDWLRQ�DLU�LV�LQFOXGHG�LQ�WKH�IOXH�JDV
PHDVXUHPHQWV�VLQFH�WKH�VDPSOH�SRLQW�LV�GRZQVWUHDP�RI�WKH�3&'���$HUDWLRQ�DQG�IOXLGL]DWLRQ�DLU
DGGHG�WR�WKH�F\FORQH�GLSOHJ��VWDQGSLSH��DQG�FRPEXVWRU�KHDW�H[FKDQJHU�LV�QRUPDOO\�VSOLW�ZLWK�D
SRUWLRQ�RI�WKLV�DLU�PRYLQJ�GRZQ�ZLWK�WKH�VROLGV�DQG�LQWR�WKH�PL[LQJ�]RQH���7KH�VSOLW�LV
GHWHUPLQHG�E\�RSHUDWLQJ�FRQGLWLRQV�VXFK�DV�FLUFXODWLRQ�UDWH�DQG�DHUDWLRQ�IOXLGL]DWLRQ�JDV
YHORFLWLHV��DQG�LW�LV�DVVXPHG�WKDW�DOO�DHUDWLRQ�IOXLGL]DWLRQ�JDV�HQWHUV�WKH�PL[LQJ�]RQH�ZLWK�WKH
VROLGV�VLQFH�WKH�VSOLW�LV�QRW�GHILQLWHO\�NQRZQ���7KLV�DVVXPSWLRQ�LQWURGXFHV�DQ�HUURU�RI�OHVV�WKDQ
���SHUFHQW�LQ�WRWDO�DLU�DYDLODEOH�IRU�WKH�FRPEXVWLRQ�UHDFWLRQV�

)LJXUH�������VKRZV�D�SORW�RI�WKH�12
;
�HPLVVLRQV�JLYHQ�LQ�SRXQGV�RI�12

;
�SHU�0%WX�RI�IXHO�ILUHG

�OE�0%WX��YHUVXV�WKH�R[\JHQ�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV�LQ�YROXPH�SHUFHQW�RI�WRWDO�IORZ�����DW
VHYHUDO�OHYHOV�RI�VWDJLQJ���7KH�VWDJLQJ�SHUFHQW�ZDV�GHILQHG�DV�WKH�DPRXQW�RI�VHFRQGDU\�DLU�IORZ
GLYLGHG�E\�WKH�WRWDO�DLU�IORZ�WR�WKH�UHDFWRU�WKDW�LV�DYDLODEOH�IRU�WKH�FRPEXVWLRQ�UHDFWLRQV���$OO�GDWD
SORWWHG�LQ�WKLV�VHFWLRQ�DUH�EDVHG�RQ���PLQXWH�DYHUDJHV�GXH�WR�YDULDQFH�LQ�FRDO�IHHG�UDWH�DQG�
WKHUHIRUH��R[\JHQ�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV���7KH�UHDFWRU�RSHUDWLQJ�FRQGLWLRQV�IRU�WKLV�SHULRG
DUH�LQ�WDEOH�������OLVWHG�DV�GDWD�VHW�$���$W�����WR����SHUFHQW�VWDJLQJ�DLU��WKH�12

;
�HPLVVLRQV

LQFUHDVHG�IURP�DERXW������OE�0%WX�DW���SHUFHQW�R[\JHQ�FRQWHQW�LQ�WKH�IOXH�JDV�WR�DURXQG����
OE�0%WX�DW����SHUFHQW�R[\JHQ�FRQWHQW���$W�����SHUFHQW�VWDJHG�DLU��WKH�12

;
�HPLVVLRQV�LQFUHDVH

ZDV�PXFK�OHVV��IURP������OE�0%WX�DW�DERXW�����SHUFHQW�R[\JHQ�FRQFHQWUDWLRQ�WR������OE�0%WX
DW�DURXQG�����SHUFHQW�R[\JHQ�FRQFHQWUDWLRQ�
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)LJXUH�������DOVR�VKRZV�WKDW�DW�����SHUFHQW�R[\JHQ�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV�WKH�12
;

HPLVVLRQV�LQFUHDVHG�IURP������WR������OE�0%WX�DV�WKH�VWDJLQJ�DLU�ZDV�UHGXFHG�IURP�����WR����
SHUFHQW�WR����SHUFHQW�DQG�IXUWKHU�LQFUHDVHG�WR������OE�0%WX�DW�����SHUFHQW�VWDJHG�DLU�

)LJXUH�������SORWV�WKH�12
;
�HPLVVLRQV�YHUVXV�WKH�R[\JHQ�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV�DW�GLIIHUHQW

SULPDU\�DLU�GLVWULEXWLRQ�VSOLWV���7KH�UHDFWRU�RSHUDWLQJ�FRQGLWLRQV�IRU�WKLV�SHULRG�DUH�LQ�WDEOH������
OLVWHG�DV�GDWD�VHW�%���7KH�12

;
�HPLVVLRQV�ZHUH�VOLJKWO\�KLJKHU�ZKHQ�DOO�WKH�SULPDU\�DLU�ZDV�DGGHG

WKURXJK�WKH�ORZHU�OHYHO�

7KH�UHVXOWV�IURP�GDWD�VHW�$�RSHUDWLRQV�ZHUH�SORWWHG�DV�12
;
�HPLVVLRQV�YHUVXV�UHDFWRU

WHPSHUDWXUH�WR�HYDOXDWH�WKH�HIIHFW�RI�UHDFWRU�WHPSHUDWXUH��VHH�ILJXUH����������7KH�ILJXUH�VKRZV
WKDW�WKHUH�ZDV�D�VOLJKW�GHFUHDVH�LQ�12

;
�HPLVVLRQV�DV�WKH�WHPSHUDWXUH�LQFUHDVHG�DW�D�FRQVWDQW

VWDJHG�DLU�

)LJXUH�������SORWV�WKH�12
;
�HPLVVLRQV�DQG�R[\JHQ�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV�YHUVXV�WKH�FRDO

IHHG�UDWH�DW�WKH�UHDFWRU�FRQGLWLRQV�OLVWHG�DV�GDWD�VHW�&���7KH�SORW�VKRZV�WKDW�WKH�12
;
�HPLVVLRQV

DFWXDOO\�GHFUHDVHG�DV�WKH�FRDO�IHHG�UDWH�LQFUHDVHG���,W�VKRXOG�EH�QRWHG�WKDW�LW�LV�YHU\�GLIILFXOW�WR
FKDQJH�WKH�UHDFWRU�WHPSHUDWXUH�LQGHSHQGHQWO\�LQ�WKH�WUDQVSRUW�UHDFWRU���7KH�ILJXUH�VKRZV�WKDW
WKH�R[\JHQ�LQ�WKH�IOXH�JDV�DOVR�GHFUHDVHG�DV�WKH�FRDO�IHHG�UDWH�LQFUHDVHG�EHFDXVH�LQ�WKLV�WHVWLQJ
WLPH�WKH�DLU�IORZ�UDWH�ZDV�NHSW�FRQVWDQW���7KH�DLU�IORZ�ZDV�NHSW�FRQVWDQW�EHFDXVH�WKH�PD[LPXP
FDSDFLW\�RI�WKH�PDLQ�DLU�FRPSUHVVRU�KDG�EHHQ�UHDFKHG���$OVR��WKH�VROLGV�FLUFXODWLRQ�UDWH�ZDV
VOLJKWO\�LQFUHDVLQJ�DV�WKH�FRDO�IHHG�UDWH�ZDV�LQFUHDVHG���,W�LV�DOVR�SRVVLEOH�WKDW�RWKHU�UHDFWRU
FRQGLWLRQV�YDULHG�DQG�WKDW�WKH�R[\JHQ�GHFUHDVH�PD\�QRW�KDYH�EHHQ�WKH�VROH�FDXVH�RI�WKH�12

;

HPLVVLRQV�GHFUHDVH���7KH�WUHQG�VKRZV�WKDW�WKH�12
;
�HPLVVLRQV�DUH�ORZHVW�DW�D�ORZHU�R[\JHQ

FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV�DQG�D�KLJKHU�FRDO�IHHG�UDWH�

,W�ZDV�DOVR�REVHUYHG�WKDW�WKH�12
;
�HPLVVLRQV�LQFUHDVHG�ZKHQ�GRORPLWH�ZDV�DGGHG�LQWR�WKH

UHDFWRU�IRU�VXOIXU�FDSWXUH���)LJXUH�������SORWV�WKH�12
;
�HPLVVLRQV�YHUVXV�WKH�R[\JHQ�LQ�WKH�IOXH

JDV�ZLWK�GRORPLWH�DGGLWLRQ�DW�D�&D�6�PRODU�UDWLR�RI�����DQG�ZLWKRXW�GRORPLWH�DGGLWLRQ�DW�WKH
UHDFWRU�FRQGLWLRQV�OLVWHG�DV�GDWD�VHW�'�LQ�WDEOH���������7KH�12

;
�HPLVVLRQV�ZHUH�DERXW����

OE�0%WX�ZLWK�GRORPLWH�DGGLWLRQ�DQG�DSSUR[LPDWHO\������OE�0%WX�ZLWKRXW�GRORPLWH�DGGLWLRQ�DW
D�VOLJKWO\�KLJKHU�R[\JHQ�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV�

,Q�VXPPDU\��WKH�12
;
�HPLVVLRQV�ZHUH�ORZ��YDU\LQJ�IURP�����WR�����OE�0%WX���7KH�12

;

HPLVVLRQV�JUDGXDOO\�LQFUHDVHG�DV�WKH�H[FHVV�DLU�ZDV�LQFUHDVHG��DV�H[SHFWHG���7KH�12
;
�HPLVVLRQV

DOVR�LQFUHDVHG�DV�WKH�DLU�IORZ�UDWH�WKURXJK�WKH�ORZHU�OHYHO�RI�SULPDU\�DLU�ZDV�LQFUHDVHG���7KH
12

;
�HPLVVLRQV�GHFUHDVHG�E\����SHUFHQW�DV�WKH�DPRXQW�RI�VWDJLQJ�DLU�ZDV�LQFUHDVHG�IURP�����WR

���SHUFHQW���,Q�WKLV�RSHUDWLQJ�UDQJH�WKHUH�ZDV�D�GHFUHDVH�LQ�12
;
�HPLVVLRQV�DV�WKH�WHPSHUDWXUH

ZDV�LQFUHDVHG���7KH�12
;
�HPLVVLRQV�ZHUH�H[SHFWHG�WR�LQFUHDVH�DV�WKH�FRDO�IHHG�UDWH�ZDV�LQFUHDVHG

GXH�WR�LQFUHDVHG�IXHO�QLWURJHQ���+RZHYHU��LQ�WKLV�WHVW�SHULRG�WKH�12
;
�HPLVVLRQV�GHFUHDVHG

EHFDXVH�RWKHU�RSHUDWLQJ�FRQGLWLRQV�VXFK�DV�WHPSHUDWXUH�DQG�H[FHVV�DLU�FRXOG�QRW�EH�NHSW
FRQVWDQW�GXH�WR�RSHUDWLQJ�OLPLWDWLRQV�RI�WKH�UHDFWRU�V\VWHP���,Q�DGGLWLRQ��LW�ZDV�REVHUYHG�WKDW
WKHUH�ZDV�D�VLJQLILFDQW�LQIOXHQFH�RI�GRORPLWH�DGGLWLRQ�RQ�12

;
�HPLVVLRQV���7KH�12

;
�HPLVVLRQV

LQFUHDVHG�E\����SHUFHQW�DV�WKH�&D�6�PRODU�UDWLR�ZDV�LQFUHDVHG�IURP�����WR�������7KLV�ZLOO�EH
IXUWKHU�DQDO\]HG�LQ�WKH�QH[W�WUDQVSRUW�UHDFWRU�WHVW�UXQ�
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$�FULWLFDO�LVVXH�LQ�WKH�GHVLJQ��RSHUDWLRQ��DQG�VFDOHXS�RI�WKH�WUDQVSRUW�UHDFWRU�LV�WKH�IORZ�UHJLPHV
LQ�WKH�GLIIHUHQW�SDUWV�RI�WKH�UHDFWRU�ORRS���)RU�H[DPSOH��WKH�WUDQVSRUW�UHDFWRU�ZDV�GHVLJQHG�WR
KDYH�D�WXUEXOHQW�IORZ�UHJLPH�LQ�WKH�PL[LQJ�]RQH��D�GLOXWH�UHJLPH�LQ�WKH�ULVHU��DQG�D�XQLIRUP�IORZ
UHJLPH�LQ�WKH�VWDQGSLSH���7KLV�LVVXH�ZLOO�EH�H[SORUHG�LQ�GHWDLO�LQ�WKLV�VHFWLRQ�IRU�WKH�SXUSRVH�RI
ERWK�WKH�WHFKQRORJ\�GHYHORSPHQW�RI�WKH�WUDQVSRUW�UHDFWRU�DQG�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH
IORZ�UHJLPHV�LQ�D�FLUFXODWLQJ�IOXLGL]HG�EHG�

1HZ�OLJKW�PD\�VKHG�RQ�WKLV�VXEMHFW�WKURXJK�WKH�RSHUDWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�DQG�WKH
REVHUYDWLRQ�IURP�D�FROG�IORZ�PRGHO���7KLV�VHFWLRQ�RI�WKH�7&���UHSRUW�ZLOO�IRFXV�RQ�D�UHYLHZ�RI
OLWHUDWXUH�GDWD�RQ�WKH�IORZ�UHJLPH�LQ�WKH�ULVHU�VLGH�RI�WKH�FLUFXODWLQJ�IOXLGL]HG�EHG��&)%���DQG�WKH
IXQGDPHQWDO�LVVXHV�WKDW�QHHG�WR�EH�DGGUHVVHG�ZLOO�WKHQ�EH�GLVFXVVHG���6HFWLRQ�������SUHVHQWV�D
FRQFHSWXDO�PRGHO�WKDW�FDQ�EH�XVHG�WR�GHVFULEH�WKH�IORZ�UHJLPHV�LQ�D�FLUFXODWLQJ�IOXLGL]HG�EHG�

���������.KVGTCVWTG�4GXKGY�QP�(NQY�4GIKOGU�KP�C�%($

7KH�FKDUDFWHUL]DWLRQ�DQG�SUHGLFWLRQ�RI�IORZ�UHJLPHV�FDQ�EH�YHU\�IUXLWIXO�WR�WHFKQRORJ\
GHYHORSPHQW�DQG�WKH�VFLHQWLILF�DGYDQFH�RI�IOXLGL]DWLRQ���7KH�SURSHU�FKDUDFWHUL]DWLRQ�RI�WKH�IORZ
UHJLPHV�ZLOO�PDNH�LW�SRVVLEOH�IRU�WKH�SURFHVV�HQJLQHHU�WR�FKRRVH�D�SURSHU�UHJLPH�IRU�D�GHVLUHG
UHVXOW�RU�HIIHFW���7KH�DELOLW\�WR�SUHGLFW�IORZ�UHJLPHV�ZLOO�LQMHFW�FRQILGHQFH�LQWR�ERWK�WKH�SURFHVV
GHVLJQ�DQG�RSHUDWLRQV�

'HSHQGLQJ�RQ�GLIIHUHQW�DXWKRUV�DQG�RQ�UHDFWRUV��GLIIHUHQW�IORZ�UHJLPHV�KDYH�EHHQ�REVHUYHG�DQG
YDULRXV�PRGHOV�KDYH�EHHQ�SURSRVHG�WR�SUHGLFW�WKHP���7KH�PRVW�SRSXODU��DOWKRXJK�TXLWH
PLVOHDGLQJ��IORZ�UHJLPH�GHILQLWLRQV�LQFOXGH�IL[HG��EXEEOLQJ��WXUEXOHQW��IDVW��DQG�GLOXWH�WUDQVSRUW�
6ROLGV�LQ�D�IL[HG�EHG�DUH�VWDWLRQDU\�DQG�JDV�SDVVHV�WKURXJK�D�PD]H�RI�FRPSOLFDWHG�FKDQQHOV
IRUPHG�E\�SDFNHG�SDUWLFOHV���,Q�D�EXEEOLQJ�EHG��GHSHQGLQJ�RQ�WKH�JDV�YHORFLW\�DQG�WKH�SDUWLFOH
SURSHUWLHV��WKHUH�DUH�DSSDUHQW�GHQVH�SKDVH�DQG�JDV�EXEEOHV��ZKLFK�DUH�HVVHQWLDOO\�VROLGV�IUHH���$W
KLJKHU�JDV�YHORFLW\��HVSHFLDOO\�ZLWK�VROLGV�UHF\FOH��D�FKXUQHG�EHG�ZLWK�PDQ\�JDV�DQG�VROLG�VWUHDNV
�FDOOHG�WXUEXOHQW�IORZ�UHJLPH��FDQ�RFFXU���)XUWKHU�LQFUHDVHV�LQ�JDV�YHORFLW\��EXW�PDLQWDLQLQJ�WKH
VDPH�VROLGV�UHF\FOH��IHHG��UDWH��FDXVH�PDQ\�VROLG�FOXVWHUV�DQG�H[WHQVLYH�IRUZDUG�DQG�EDFNZDUG
PL[LQJ�WR�RFFXU�LQ�D�EHG��UHVXOWLQJ�LQ�IDVW�IOXLGL]DWLRQ��<HUXVKDPL��HW�DO�����������$W�D�VWLOO�KLJKHU
JDV�YHORFLW\�VROLGV�DUH�PRUH�XQLIRUPO\�GLVWULEXWHG�LQWR�WKH�JDV�SKDVH��UHVXOWLQJ�LQ�ZKDW�LV�WHUPHG
DV�GLOXWH�WUDQVSRUW�UHJLPH�

7KH�VWDWXV�RI�WKH�IORZ�UHJLPH�PDSSLQJ�FDQ�EH�VXPPDUL]HG�E\�D�TXRWH�IURP�+H�DQG�5XGROSK
��������´,W��D�IXQGDPHQWDO�DQDO\VLV��UHYHDOV�WKDW�DOO�SUHYLRXV�PRGHOV�RQ�WKH�K\GURG\QDPLFV�RI�WKH
ULVHU�LQ�D�FLUFXODWLQJ�IOXLGL]HG�EHG�V\VWHP�DUH�HLWKHU�LQFRPSOHWH�RU�WKHRUHWLFDOO\�IODZHG�µ��7KLV�VDG
VLWXDWLRQ�KDV�PDQ\�FDXVHV���7KH�IXQGDPHQWDO�UHDVRQ�LV�WKH�FRPSOH[LW\�RI�WKH�JDV�VROLG�IORZ�LWVHOI�
7KH�VHFRQG�UHDVRQ�LV�WKDW�WKH�SDVW�H[SHULHQFHV�LQ�EXEEOLQJ�EHG�KDYH�D�QHJDWLYH�LQIOXHQFH�RQ�WKH
UHVHDUFK�RI�WKH�K\GURG\QDPLFV�RI�&)%���6LQFH�PRVW�NQRZOHGJH�RQ�IOXLGL]DWLRQ�LV�LQKHULWHG�IURP
WKH�UHVHDUFK�RQ�EXEEOLQJ�EHG��ZKHQ�D�FLUFXODWLQJ�ORRS�RU�FLUFXODWLQJ�IOXLGL]HG�EHG�LV�LQWURGXFHG�
WKHUH�LV�VWLOO�KHDY\�UHOLDQFH�RQ�WKH�SUHYLRXV�H[SHULHQFHV���,W�LV�QRW�RQO\�WKDW�WKH�H[SHULPHQWDO�GDWD
DUH�JHQHUDOO\�H[SODLQHG�RU�FRUUHODWHG�IURP�WKH�VWDQGSRLQW�RI�EXEEOLQJ�EHG��EXW�DOVR�WKH
H[SHULPHQWDO�GHVLJQ�KDV�EHHQ�LQIOXHQFHG�WR�D�ODUJH�H[WHQW�E\�EXEEOLQJ�EHGV���7KHUH�LV�QRWKLQJ
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ZURQJ�LQ�ERUURZLQJ�NQRZOHGJH�DQG�PRGHOV�IURP�WKH�EXEEOLQJ�EHG���+RZHYHU��LW�EHFRPHV
FRQIXVLQJ�ZKHQ�WKH�FLUFXODWLQJ�IOXLGL]HG�EHG�GDWD�DUH�YLHZHG�IURP�WKH�EXEEOLQJ�EHG�IUDPH�RI
UHIHUHQFH���7KH�IXQGDPHQWDO�GLIIHUHQFH�EHWZHHQ�WKH�EXEEOLQJ�EHG�DQG�WKH�FLUFXODWLQJ�IOXLGL]HG
EHG�LV�WKDW�WKH�ODWWHU�KDV�QHW�VROLGV�IORZ��+H�DQG�5XGROSK��������

$OWKRXJK�WKH�LQIOXHQFH�RI�VROLGV�IORZ�RQ�WKH�IORZ�UHJLPHV�KDV�EHHQ�YDJXHO\�UHDOL]HG�IURP�WKH
HDUO\�WLPH�RI�WKH�&)%�UHVHDUFK��<HXVKDPL�DQG�&DQNXUW���������WKLV�IDFWRU�KDV�QRW�EHHQ
LQFRUSRUDWHG�LQWR�WKH�IORZ�UHJLPH�PDSSLQJ�WR�D�GHJUHH�WKDW�WKH�IORZ�SKHQRPHQD�FDQ�EH�EHWWHU
XQGHUVWRRG���7KH�HDUOLHU�HIIRUWV�RI�WKH�IORZ�UHJLPH�PDSSLQJ��DV�UHYLHZHG�E\�.XQLL�DQG
/HYHQVSLHO���������KDYH�FRQFHQWUDWHG�PRVW�RQ�WKH�LQIOXHQFH�RI�WKH�VXSHUILFLDO�JDV�YHORFLW\�RQ
IORZ�UHJLPH���$OWKRXJK�VRPH�DXWKRUV�FRQVLGHUHG�WKH�LQIOXHQFH�RI�WKH�VROLG�VXSHUILFLDO�YHORFLW\
�0DVWHQ��������DQG�WKH�VOLS�YHORFLW\��*UDFH�DQG�%L��������RQ�WKH�IORZ�UHJLPH��QRQH�RI�WKH�IORZ
UHJLPH�PDSSLQJ�FDQ�H[SODLQ�ZK\�WKHUH�LV�D�GHQVH�SKDVH�LQ�WKH�ERWWRP�RI�WKH�FLUFXODWLQJ�IOXLGL]HG
EHG�RU�WKH�YRLG�IUDFWLRQ�SURILOH�LQ�WKH�FLUFXODWLQJ�IOXLGL]HG�EHG���+RULR��������SUHVHQWHG�D
GLDJUDP�RI�IORZ�UHJLPH�PDSSLQJ�LQ�ZKLFK�WKH�VROLGV�VXSHUILFLDO�IOX[��PDVV�IORZ�UDWH�GLYLGHG�E\
WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�WRWDO�IORZ��LV�SORWWHG�DJDLQVW�WKH�JDV�SKDVH�VXSHUILFLDO�YHORFLW\���$OO
WKHVH�IORZ�UHJLPH�PDSSLQJV�VXIIHU�LQ�WKHLU�LQDELOLW\�WR�SUHGLFW�WKH�H[LVWHQFH�RI�D�GHQVH�SKDVH�LQ
WKH�EHG�

7KHUH�LV�LQGLVSXWDEOH�HYLGHQFH�WKDW�WKH�ULVHU�VLGH��LQFOXGLQJ�WKH�PL[LQJ�]RQH�DQG�WKH�ULVHU�RI�WKH
WUDQVSRUW�UHDFWRU��RI�WKH�FLUFXODWLQJ�IOXLGL]HG�EHG�KDV�GLIIHUHQW�IORZ�SDWWHUQV���/L�DQG�.ZDXN
�������SUHVHQWHG�H[SHULPHQWDO�GDWD�VKRZLQJ�DQ�6�VKDSHG�D[LDO�YRLG�IUDFWLRQ�SURILOH�ZLWK�D�GHQVH
UHJLRQ�LQ�WKH�ERWWRP�DQG�JUDGXDO�WUDQVLWLRQ�WR�D�GLOXWH�SKDVH�QHDU�WKH�WRS�RI�DQ���PHWHU�FROXPQ�
,Q�WKH�HDUO\�GHYHORSPHQW�RI�FLUFXODWLQJ�IOXLGL]HG�EHGV�LW�ZDV�WKRXJKW�DV�D�QHFHVVDU\�FRQGLWLRQ�IRU
WKH�FRH[LVWHQFH�RI�GHQVH�DQG�GLOXWH�UHJLRQ�LQ�WKH�ULVHU�RI�WKH�&)%��/L�DQG�.ZDXN�������
7DNHXFKL��HW�DO����������7KH�GHQVH�SKDVH�LV�VWLOO�LQ�H[LVWHQFH�HYHQ�LI�WKH�VXSHUILFLDO�JDV�YHORFLW\�LV
IDU�DERYH�WKH�WHUPLQDO�YHORFLW\�RI�WKH�PHDQ�SDUWLFOHV���6YHQVVRQ��HW�DO����������DQG�-RKQVVRQ�DQG
/HFNQHU��������SURYLGHG�H[SHULPHQWDO�HYLGHQFH�WKDW�WKHUH�DUH�WKUHH�]RQHV�LQ�D����:WK�&)%
ERLOHU�LQ�VSLWH�RI�VXSHUILFLDO�JDV�YHORFLW\�IDU�DERYH�WKH�WHUPLQDO�YHORFLW\�RI�PHDQ�VL]H�RI�SDUWLFOHV�
���D�EXEEOLQJ�EHG�LQ�WKH�ERWWRP�����D�GLOXWH�EHG�LQ�WKH�WRS��DQG����D�WUDQVLWLRQ�]RQH�LQ�WKH
PLGGOH���7KLV�NLQG�RI�YRLG�IUDFWLRQ�SURILOH�LQ�WKH�ULVHU�VLGH�RI�WKH�&)%�KDV�DSSDUHQWO\�HOXGHG
SUHGLFWLRQV�

$OWKRXJK�LW�LV�TXLWH�SRSXODU��/L�DQG�.ZDXN��������.XQLL�DQG�/HYHQVSLHO��������$GDQH]��HW�DO��
������-RKQVVRQ�DQG�/HFNQHU��������LQ�WKH�OLWHUDWXUH�WR�XVH�WKH�H[SRQHQWLDO�SURILOH�WR�ILW�WKH�D[LDO
SURILOH�RI�WKH�YRLG�IUDFWLRQ�LW�LV�QHYHUWKHOHVV�D�SRVW�KRF�UDWLRQDOL]DWLRQ�UDWKHU�WKDQ�D�SUHGLFWLRQ�
5HFHQWO\��.ZDXN�DQG�/L��������SURSRVHG�D�JHQHUDOL]HG�VFKHPH�IRU�UHJLPL]LQJ�WKH�IOXLGL]HG
V\VWHPV�E\�XVLQJ�PXOWLSOH�OHQJWK�VFDOHV���7KLV�SURSRVLWLRQ�LV�VWLOO�KHDYLO\�LQIOXHQFHG�E\�WKH
EXEEOLQJ�EHG�V\VWHP���7KH�LQIOXHQFH�RI�WKH�VROLG�FLUFXODWLRQ�UDWH�RQ�WKH�IOXLGL]DWLRQ�UHJLPH�LV
DOPRVW�WRWDOO\�QHJOHFWHG���7KH�PRVW�KHOSIXO�PRGHO�IRU�WKH�WHFKQRORJ\�GHYHORSPHQW�SXUSRVH�ZLOO
EH�D�PRGHO�WKDW�FDQ�SUHGLFW�XQGHU�ZKDW�FRQGLWLRQV�WKH�GHQVH�EHG�ZLOO�EH�IRUPHG�LQ�WKH�ULVHU���,W
LV�WKH�PDMRU�IRFXV�RI�WKLV�VHFWLRQ�RI�WKH�UHSRUW�

,Q�VXPPDU\��WKH�SUHGLFWLRQ�RI�WKH�IORZ�UHJLPH�KDV�QRW�EHHQ�YHU\�IUXLWIXO��DOWKRXJK�SURJUHVV�KDV
EHHQ�PDGH�LQ�WKH�ODVW���GHFDGHV�LQ�LGHQWLILFDWLRQ�RI�WKH�IORZ�UHJLPH�DQG�PDSSLQJ�RI�WKH
WUDQVLWLRQ�YHORFLW\�RI�GLIIHUHQW�IORZ�UHJLPHV���7KH�DELOLW\�WR�SUHGLFW�WKH�IORZ�UHJLPH�LQ�D�&)%�LV
YHU\�LPSRUWDQW�LQ�WKH�WHFKQRORJ\�GHYHORSPHQW�
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���������6GUV�4GUWNVU�CPF�&KUEWUUKQP

7KH�SXUSRVH�RI�WKLV�VHFWLRQ�LV�WR�H[SORUH�DQG�SUHGLFW�WKH�H[LVWHQFH�RI�WKH�GHQVH�EHG�LQ�WKH
ERWWRP�RI�D�FLUFXODWLQJ�IOXLGL]HG�EHG���([SHULPHQWDO�GDWD�LV�SUHVHQWHG�ILUVW�IURP�WHVW�UXQ�7&���

7KH�SUHVVXUH�GURS�LQ�WKH�ULVHU�VLGH�RI�WKH�UHDFWRU�LV�XVHG�DV�WKH�PHDVXUHPHQW�RI�WKH�EHG�GHQVLW\�
)XUWKHU�JUDYLW\�LV�DVVXPHG�WR�GRPLQDWH�WKH�HQWLUH�OHQJWK�RI�WKH�ULVHU���,Q�WKLV�DVVXPSWLRQ�WKH�EHG
GHQVLW\�EHFRPHV�

gH

p
b

∆=ρ �� �(TXDWLRQ�������

ZKHUH��ρE��∆S��J��DQG�+�DUH�EHG�GHQVLW\��SUHVVXUH�GLIIHUHQFH��JUDYLW\�DFFHOHUDWLRQ��DQG�WKH�KHLJKW
EHWZHHQ�WKH�SUHVVXUH�GLIIHUHQFH�PHDVXUHPHQW�ORFDWLRQV�

)LJXUH�������VKRZV�SURILOHV�RI�WKH�EXON�GHQVLW\��YRLG�IUDFWLRQ��DQG�VXSHUILFLDO�JDV�YHORFLW\�DORQJ
WKH�D[LDO�GLUHFWLRQ�LQ�WKH�ULVHU�VLGH�RI�WKH�UHDFWRU���7KH�UHODWLYH�KHLJKW�RQ�WKH�[�D[LV�LV�GHILQHG�DV
DQ\�VHFWLRQ�RI�WKH�UHDFWRU�RYHU�WKH�HQWLUH�KHLJKW�RI�WKH�UHDFWRU�DQG�KHLJKW�LQ�WKH�ERWWRP�RI�WKH
UHDFWRU�LV�GHILQHG�DV�]HUR���7KH�UHODWLYH�EXON�GHQVLW\�LV�WKHQ�GHILQHG�DV�

h

b
R ρ

ρρ = � ��(TXDWLRQ�������

ZKHUH�ρ5�DQG�ρE��DUH�UHODWLYH�DQG�EXON�GHQVLWLHV��UHVSHFWLYHO\��ρK�LV�WKH�KLJKHVW�EXON�GHQVLW\�LQ�DQ\
ORFDWLRQ�RI�WKH�ULVHU�RU�WKH�PL[LQJ�]RQH�RI�WKH�UHDFWRU���7KH�UHODWLYH�YHORFLW\�LV�GHILQHG�DV�

h
R U

U
U = �(TXDWLRQ�������

ZKHUH�85�DQG�8�DUH�WKH�UHODWLYH�DQG�VXSHUILFLDO�JDV�YHORFLWLHV��UHVSHFWLYHO\��8K�LV�WKH�KLJKHVW
YHORFLW\�LQ�WKH�ULVHU�RU�PL[LQJ�]RQH���7KH�YRLG�IUDFWLRQ�SORWWHG�RQ�WKH�VHFRQG�\�D[LV�LQ�ILJXUH
������LV�FDOFXODWHG�IURP�WKH�IROORZLQJ�HTXDWLRQ�

p

b

ρ

ρ
ε −= 1 �(TXDWLRQ�������

ZKHUH��ε�DQG�ρS�DUH�WKH�YRLG�IUDFWLRQ�DQG�WKH�SDUWLFOH�GHQVLW\��UHVSHFWLYHO\���7KH�SDUWLFOH�GHQVLW\�
ρS��LV�DVVXPHG�WR�EH�WKH�VDPH�DV�VDQG������OEP�IW

���

,Q�ILJXUH��������WKH�EXON�GHQVLW\�LQ�WKH�ERWWRP�RI�WKH�PL[LQJ�]RQH�LV�VKRZQ�DV�DOPRVW����WLPHV�DV
KLJK�DV�WKDW�LQ�WKH�WRS�RI�WKH�ULVHU���2QH�DSSDUHQW�UHDVRQ�LV�WKDW�WKH�JDV�YHORFLW\�QHDU�WKH�WRS�RI
WKH�ULVHU�LV�KLJKHU�WKDQ�WKDW�LQ�WKH�ERWWRP�RI�WKH�PL[LQJ�]RQH���$W�D�JLYHQ�VROLGV�IOX[��D�KLJKHU�JDV
YHORFLW\�PHDQV�D�KLJKHU�YRLG�IUDFWLRQ���$OVR��DV�VKRZQ�LQ�ILJXUH��������WKH�JDV�YHORFLW\�QHDU�WKH
WRS�RI�WKH�ULVHU�LV�DERXW���WLPHV�DV�KLJK�DV�WKDW�LQ�WKH�ERWWRP�RI�WKH�PL[LQJ�]RQH�

$Q�LPSRUWDQW�FDXVH�RI�WKLV�KLJKHU�GHQVLW\�LQ�WKH�ERWWRP�RI�WKH�PL[LQJ�]RQH�LV�D�KLJKHU�VROLG
FLUFXODWLRQ�UDWH���,W�FDQ�EH�LPDJLQHG�WKDW�DW�D�FRQVWDQW�VXSHUILFLDO�JDV�YHORFLW\��LI�WKH�VROLG
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FLUFXODWLRQ�UDWH�NHHSV�LQFUHDVLQJ��D�GHQVH�EHG�DOZD\V�IRUPV�QR�PDWWHU�KRZ�KLJK�WKH�JDV�YHORFLW\
LV���6LQFH�WKH�JDV�FDUU\LQJ�FDSDFLW\�DOZD\V�KDV�D�OLPLW��LQFUHDVLQJ�VROLG�FLUFXODWLRQ�UDWH�ZLOO
GHILQLWHO\�LQFUHDVH�WKH�EHG�EXON�GHQVLW\���7KH�EXON�GHQVLW\�LQFUHDVH�ZLWK�WKH�VROLG�FLUFXODWLRQ�UDWH
KDV�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�PDQ\�WLPHV�RYHU���$�YHU\�JRRG�VHW�RI�H[SHULPHQWDO�GDWD
SUHVHQWHG�E\�$GDQH]��HW�DO�����������FOHDUO\�LQGLFDWHV�WKDW�WKH�EXON�GHQVLW\�LQ�WKH�EHG�LQFUHDVHV
ZLWK�DQ�LQFUHDVH�LQ�WKH�VROLGV�FLUFXODWLRQ�UDWH���%DL��HW�DO�����������SURYLGHG�DQRWKHU�VHW�RI�GDWD
WKDW�VKRZHG�WKDW�ZLWK�DQ�LQFUHDVH�RI�WKH�VROLGV�FLUFXODWLRQ�UDWH��IOX[��IURP����NJ�P��V������OEP�IW

�

V��WR����NJ�P��V�����OEP�IW
��V��WKH�EXON�GHQVLW\�LQ�WKH�ERWWRP�RI�WKH�EHG�FKDQJHG�IURP���OEP�IW

�

WR����OEP�IW
����$Q�LQWHUHVWLQJ�H[DPSOH��ZKLFK�KDV�EHHQ�PHQWLRQHG�SUHYLRXVO\��LV�WKDW�6YHQVVRQ�

HW�DO�����������ZKR�QRWHG�WKDW�IRU������P�PHDQ�SDUWLFOHV�D�EXEEOLQJ�EHG�SHUVLVWHG�LQ�VSLWH�RI�WKH
JDV�YHORFLWLHV�����IW�V��EHLQJ�VHYHUDO�WLPHV�WKH�SDUWLFOH�WHUPLQDO�YHORFLW\���,W�LV�DSSDUHQWO\�GXH�WR�D
KLJK�VROLGV�FLUFXODWLRQ�UDWH���,W�VKRXOG�EH�QRWHG�WKDW�DOO�RI�WKH�DERYH�PHQWLRQHG�OLWHUDWXUH�GDWD
ZHUH�WDNHQ�LQ�D�FROXPQ�WKDW�KDV�WKH�VDPH�GLDPHWHU�LQ�WKH�HQWLUH�ULVHU�VLGH���,W�LV�LQWHUHVWLQJ�WR
QRWH�WKDW�LQ�VSLWH�RI�WKH�GLIIHUHQW�FRQILJXUDWLRQ�RI�UHDFWRUV��GLIIHUHQW�VXSHUILFLDO�JDV�YHORFLW\��DQG
GLIIHUHQW�SDUWLFOH�SURSHUWLHV��WKH�YRLG�IUDFWLRQ�SURILOH�LQ�DOO�WKHVH�UHDFWRUV�DUH�TXDOLWDWLYHO\�VLPLODU
DQG�DOVR�TXDQWLWDWLYHO\�FORVH�WR�RQH�DQRWKHU���2X\DQJ�DQG�3RWWHU��������UHYLHZHG�YDULRXV
H[SHULPHQWDO�GDWD�RQ�D�FLUFXODWLQJ�IOXLGL]HG�EHG�DQG�IRXQG�WKDW�WKH�YRLG�IUDFWLRQ�LQ�WKH�ERWWRP
RI�WKH�ULVHU�LV��RQ�WKH�DYHUDJH�������LQ�VSLWH�RI�WKH�YDVW�GLIIHUHQFHV�RQ�H[SHULPHQWDO�FRQGLWLRQV
DPRQJ�GLIIHUHQW�UHVHDUFKHV���7KH�YRLG�IUDFWLRQ�RI�WKH�ERWWRP�RI�WKH�PL[LQJ�]RQH�VKRZQ�LQ�ILJXUH
������LV������

$QRWKHU�IHDWXUH�LQ�ILJXUH�������LV�WKDW�WKH�EXON�GHQVLW\�LQ�WKH�ERWWRP�RI�WKH�ULVHU�LV�KLJKHU�WKDQ
WKDW�LQ�WKH�WRS�RI�WKH�PL[LQJ�]RQH���2QH�UHDVRQ�LV�WKH�JDV�SKDVH�DFFHOHUDWLRQ�LQ�WKLV�]RQH���,Q�DQ
DFFHOHUDWHG�JDV�VWUHDP�DW�D�FRQVWDQW�PDVV�IORZ�UDWH��WKH�ZDOO�UHJLRQ�YHORFLW\�LV�UHWDUGHG���7KH
ORZHU�JDV�YHORFLW\�LQ�WKH�ZDOO�UHJLRQ�FDXVHV�WKH�VROLGV�WR�IORZ�GRZQZDUGV�VR�WKDW�WKH�EXON�GHQVLW\
LQ�WKLV�UHJLRQ�LV�KLJKHU���7KLV�ZLOO�UHVXOW�LQ�D�KLJKHU�VROLG�KROGXS�LQ�WKLV�UHJLRQ�VR�WKDW�WKH�EXON
GHQVLW\�VKRXOG�EH�KLJKHU�LQ�D�UHJLRQ�ZKHUH�JDV�SKDVH�LV�DFFHOHUDWLQJ����7KH�EXON�GHQVLW\�LQ�WKH�WRS
RI�WKH�PL[LQJ�]RQH�LV�ORZHU�WKDQ�WKDW�LQ�WKH�ERWWRP�RI�WKH�ULVHU�DQG�FDQ�EH�SDUWLDOO\�H[SODLQHG�E\
D�SKHQRPHQRQ�FDOOHG�SDUWLFOH�RYHUVKRRWLQJ���5HJDUGOHVV�RI�WKH�FDXVH�RI�WKH�GHQVH�EHG�LQ�WKH
ERWWRP�RI�WKH�PL[LQJ�]RQH��VXJJHVWHG�FDXVH�EHLQJ�WKH�KLJK�VROLG�FLUFXODWLRQ���WKH�WUXH�JDV�SKDVH
YHORFLW\��GHILQHG�DV�WKH�VXSHUILFLDO�JDV�YHORFLW\�GLYLGHG�E\�WKH�YRLG�IUDFWLRQ��ZLOO�GHFUHDVH�DV�WKH
JDV�OHDYHV�WKH�UHODWLYH�GHQVH�SKDVH�DQG�HQWHUV�WKH�UHODWLYH�GLOXWH�SKDVH�EHFDXVH�RI�DQ�LQFUHDVH�LQ
YRLG�IUDFWLRQ���%HFDXVH�WKH�JDV�YHORFLW\�LV�IDU�DERYH�WKH�LQGLYLGXDO�SDUWLFOH�WHUPLQDO�YHORFLW\��LQ�D
UHJLRQ�LPPHGLDWHO\�DERYH�WKH�GHQVH�EHG��VRPH�RI�WKH�VROLG�SDUWLFOHV�PD\�KDYH�D�YHORFLW\�ODUJHU
WKDQ�WKH�JDV�SKDVH�YHORFLW\�GXH�WR�LQHUWLD���6XFK�SDUWLFOH�RYHUVKRRWLQJ�FDQ�FUHDWH�D�UHODWLYHO\
GLOXWH�UHJLRQ�LPPHGLDWHO\�DERYH�WKH�GHQVH�SKDVH�UHJLRQ�

6WLOO�DQRWKHU�FKDUDFWHULVWLF�RI�WKH�WUDQVSRUW�UHDFWRU�LV�WKH�JDV�YHORFLW\�SURILOH�DORQJ�WKH�D[LDO
GLUHFWLRQ��DV�VKRZQ�LQ�ILJXUH���������7KHUH�DUH�WKUHH�UHJLRQV�����ORZ�JDV�YHORFLW\�LQ�WKH�ERWWRP�
���D�VWURQJ�DFFHOHUDWLRQ�LQ�WKH�LQWHUVHFWLRQ�RI�WKH�PL[LQJ�]RQH�DQG�ULVHU��DQG����KLJK�JDV�YHORFLW\
LQ�WKH�WRS���7KUHH�IDFWRUV�FRQWULEXWH�WR�WKLV�JDV�YHORFLW\�SURILOH�����WKH�UHDFWRU�GLDPHWHU����
UHDFWRU�WHPSHUDWXUH��DQG����DLU�VWDJLQJ�

)LJXUH�������JLYHV�D�VLPLODU�SORW�IRU�D�GLIIHUHQW�RSHUDWLRQ�SHULRG�WKDW�HPSKDVL]HV�WKDW�WKH
YHORFLW\��YRLG�IUDFWLRQ��DQG�WKH�EHG�GHQVLW\�VKRZQ�LQ�ILJXUH�������LV�UHSUHVHQWDWLYH�RI�D�QRUPDO
RSHUDWLRQDO�SHULRG���7KH�VLPLODULW\�RI�ILJXUH�������DQG�������LV�DSSDUHQW���7KH�YRLG�IUDFWLRQ�LQ�WKH
ERWWRP�RI�WKH�PL[LQJ�]RQH�IRU�WKH�RSHUDWLRQ�SHULRG�VKRZQ�LQ�ILJXUH�������LV�������WKH�VDPH
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DYHUDJH�YDOXH�RI�OLWHUDWXUH�GDWD�UHYLHZHG�E\�2X\DQJ�DQG�3RWWHU���������LQ�VSLWH�RI�GLIIHUHQFHV�LQ
WKH�UHDFWRU�FRQILJXUDWLRQV��SDUWLFOH�SURSHUWLHV��DQG�JDV�VXSHUILFLDO�YHORFLWLHV���7KH�H[SHULPHQWDO
GDWD�SUHVHQWHG�E\�$GDQH]��HW�DO�����������DOVR�VKRZHG�WKDW�WKH�YRLG�IUDFWLRQ�LQ�WKH�ERWWRP�RI�WKH
ULVHU�LV������XQGHU�GLIIHUHQW�H[SHULPHQWDO�FRQGLWLRQV�

)LJXUH�������JLYHV�D�SORW�VLPLODU�WR�WKH�SUHYLRXV�WZR�ILJXUHV�EXW�ZLWK�D�ORZHU�VROLG�FLUFXODWLRQ
UDWH���&RPSDULQJ�ILJXUH�������ZLWK�ILJXUH�������RU��������RQH�FDQ�FOHDUO\�VHH�WKDW�WKH�EXON�GHQVLW\
DQG�YRLG�IUDFWLRQ�SURILOHV�DUH�GLIIHUHQW���1R�ORFDO�PD[LPXP�RQ�EXON�GHQVLW\�DORQJ�WKH�D[LDO
GLUHFWLRQ�FDQ�EH�GHWHFWHG�IURP�ILJXUH���������7KH�YRLG�IUDFWLRQ�LQ�WKH�ERWWRP�RI�WKH�PL[LQJ�]RQH
LV�VWLOO������LQ�VSLWH�RI�WKH�GLIIHUHQFH�RI�WKH�EXON�GHQVLW\�SURILOH�LQ�WKH�ULVHU���7KLV�LV�FRQVLVWHQW
ZLWK�WKH�REVHUYDWLRQ�E\�=KDQJ��HW�DO����������ZKR�REVHUYHG�WKDW�WKH�FKDQJHV�LQ�VROLGV�FLUFXODWLRQ
UDWHV�DQG�JDV�SKDVH�VXSHUILFLDO�YHORFLWLHV�ZLOO�FKDQJH�WKH�YRLG�IUDFWLRQ�SURILOH�LQ�WKH�D[LDO
GLUHFWLRQ��EXW�FKDQJH�OLWWOH�WKH�YRLG�IUDFWLRQ�LQ�WKH�ERWWRP�RI�WKH�ULVHU�

,Q�VXPPDU\��36')�WHVW�GDWD�FOHDUO\�VKRZ�WKDW�WKHUH�LV�D�UHODWLYHO\�GHQVH�UHJLRQ�LQ�WKH�ERWWRP�RI
WKH�WUDQVSRUW�UHDFWRU���7KLV�LV�TXLWH�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQ�LQ�WKH�OLWHUDWXUH���7KH�EXON
GHQVLW\�KDV�D�ORFDO�PD[LPXP�LQ�WKH�ERWWRP�RI�WKH�ULVHU�ZKHQ�WKH�VROLG�FLUFXODWLRQ�UDWH�LV
UHODWLYHO\�KLJK���$OWKRXJK�WKH�UHDFWRU�FRQILJXUDWLRQ��WKH�YHORFLW\�SURILOH��DQG�SDUWLFOH�SURSHUWLHV
IRU�WKH�WUDQVSRUW�UHDFWRU�DUH�TXLWH�GLIIHUHQW�IURP�WKRVH�UHDFWRUV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�WKH
YRLG�IUDFWLRQ�SURILOHV�DUH�DOO�TXDOLWDWLYHO\�VLPLODU���7KLV�PD\�LQGLFDWH�WKDW�WKH�VROLG�FLUFXODWLRQ�UDWH
KDV�WKH�GRPLQDWLQJ�LQIOXHQFH�RQ�WKH�EXON�GHQVLW\�SURILOH�LQ�D�FLUFXODWLQJ�IOXLGL]HG�EHG�

���������%QPEGRVWCN�/QFGN�CPF�&KUEWUUKQP

,W�LV�HDV\�WR�LPDJLQH�WKDW�LI�ZH�DGG�D�VLQJOH�VPDOO�VROLG�SDUWLFOH�WR�D�JDV�VWUHDP�IORZLQJ�LQ�D
YHUWLFDO�SLSH�ZLWK�D�YHORFLW\�PRUH�WKDQ�RQH�RUGHU�RI�PDJQLWXGH�ODUJHU�WKDQ�WKH�SDUWLFOH�WHUPLQDO
YHORFLW\�WKH�SDUWLFOH�ZLOO�EH�HQWUDLQHG�ZLWK�WKH�JDV�VWUHDP���7KH�WUDMHFWRU\�RI�WKH�SDUWLFOH�ZLOO
FORVHO\�IROORZ�WKH�WXUEXOHQW�HGGLHV���,I�WKH�SDUWLFOH�FRQFHQWUDWLRQ�FRQWLQXHV�WR�LQFUHDVH�LQ�WKH�JDV
VWUHDP��WKH�VROLGV�FRQFHQWUDWLRQ�LQ�WKH�ZDOO�UHJLRQ�ZLOO�EH�VOLJKWO\�KLJKHU�WKDQ�WKH�FHQWHU�RI�WKH
SLSH�EHFDXVH�WKH�JDV�YHORFLW\�LV�ORZHU�QHDU�WKH�ZDOO�WKDQ�LW�LV�LQ�WKH�FHQWHU�RI�WKH�SLSH���$W�WKLV
VROLG�IORZ�UDWH��WKH�VROLGV�PD\�VWLOO�EH�IORZLQJ�XSZDUG�EHFDXVH�VR�IHZ�SDUWLFOHV�DUH�QHDU�WKH�ZDOO
UHJLRQ�DQG�VWURQJ�JDV�SKDVH�VKHDU�VWUHVV�FDQ�FDUU\�DOO�WKH�SDUWLFOHV�XSZDUGV���,I�WKH�VROLG
FRQFHQWUDWLRQ�LV�LQFUHDVHG�IXUWKHU�VRPH�RI�WKH�VROLGV�ZLOO�EH�IORZLQJ�GRZQZDUGV�DORQJ�WKH�ZDOO
EHFDXVH�WKH�VKHDU�VWUHVV�LQ�WKH�ZDOO�UHJLRQ�LV�QRW�VWURQJ�HQRXJK�WR�FDXVH�DOO�VROLGV�WR�IORZ
XSZDUG���7KLV�LV�WKH�ZHOO�HVWDEOLVKHG�FRUH�DQQXODU�IORZ�UHJLRQ��H�J���=HQ]��������DQG�%DL��HW�DO��
��������7KLV�FRUH�DQQXODU�IORZ�FDQ�EH�YLHZHG�LQ�WKH�ZDOO�UHJLRQ�DV�WKH�FDUU\LQJ�FDSDFLW\�RI�WKH
JDV�SKDVH�DV�´VXSHUVDWXUDWHG�µ�LQ�DQDORJ\�WR�D�VROXWLRQ�VXSHUVDWXUDWHG�ZLWK�VROXWH���,I�WKH�VROLGV
FRQFHQWUDWLRQ�LV�LQFUHDVHG�IXUWKHU�WKH�ZDOO�UHJLRQ�ZLOO�HQODUJH�WR�WKH�FRUH�UHJLRQ���$�FRQWLQXHG
LQFUHDVH�LQ�VROLGV�IORZ�UDWH�PHDQV�WKH�HQWLUH�SLSH�ZLOO�EH�ILOOHG�ZLWK�D�GHQVH�EHG�RI�VROLGV���7KH
HQWLUH�IORZ�ILHOG�LV�VXSHUVDWXUDWHG�XQGHU�WKLV�FRQGLWLRQ���7KH�EXEEOLQJ�EHG�LQ�WKH�ERWWRP�RI�WKH
UHDFWRU�REVHUYHG�E\�6YHQVVRQ��HW�DO�����������DQG�-RKQVVRQ�DQG�/HFNQHU��������PD\�EH�VRPH
HYLGHQFH�RI�VXSHUVDWXUDWLRQ�LQ�D�&)%�

,W�PXVW�EH�HPSKDVL]HG�KHUH�WKDW�LQ�WKH�DERYH�GHVFULEHG�FRQFHSWXDO�H[SHULPHQW��XQGHU�D�YHU\
KLJK�JDV�YHORFLW\��LW�UHPDLQV�SRVVLEOH�WR�KDYH�D�YHU\�GHQVH�EHG�RI�VROLGV�LQ�WKH�ULVHU�RI�D�&)%�
$OWKRXJK�WKHUH�DUH�PDQ\�UHSRUWV�RQ�WKH�IOXLGL]DWLRQ�UHJLPH�PDSSLQJV�DQG�PDQ\�H[SHULPHQWDO
ILQGLQJV�RQ�WKH�YRLG�IUDFWLRQ�SURILOH�LQ�D�&)%�H[LVW��WKH�UHVHDUFK�DQG�XQGHUVWDQGLQJ�RQ�WKH
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LQIOXHQFH�RI�WKH�VROLGV�FLUFXODWLRQ�UDWH�RQ�WKH�IOXLGL]DWLRQ�UHJLPH�KDYH�JDLQHG�OLWWOH�SURJUHVV�GXH
WR�WKH�VWURQJ�LQIOXHQFH�RI�EXEEOLQJ�EHG���(PSKDVLV�LV�DOVR�PDGH�KHUH�WKDW�WKH�JDV�FDUU\LQJ
FDSDFLW\�LV�WKH�NH\�WR�WKH�GLIIHUHQW�YRLG�IUDFWLRQ�SURILOHV�DORQJ�WKH�D[LDO�GLUHFWLRQ���7KLV�LVVXH�ZLOO
EH�DGGUHVVHG�KHUH�WKHRUHWLFDOO\�VR�WKDW�D�EHWWHU�XQGHUVWDQGLQJ�ZLOO�EH�JDLQHG�DQG�D�QHZ�OLJKW�ZLOO
EH�VKHG�RQ�WKLV�PDWWHU�

,Q�RUGHU�WR�JUDVS�WKH�HVVHQWLDOV�RI�WKH�IORZ�ILHOG�DQG�VLPSOLI\�PDWKHPDWLFDO�PDQLSXODWLRQV��WKHUH
LV�WKH�DVVXPSWLRQ�WKDW�WKHUH�LV�DQ�DQDORJ\�EHWZHHQ�WKH�FRUH�DQQXODU�JDV�VROLGV�IORZ�DQG�JDV�
OLTXLG�DQQXODU�IORZ���7KLV�DQDORJ\�LV�SUREDEO\�D�SRUWUD\DO�RI�WKH�WZR�IORZ�V\VWHPV���,Q�D�UHFHQW
SDSHU��=HQ]��������H[SOLFDWHG�RQ�WKLV�DQDORJ\�DQG�FDOFXODWHG�WKH�DQQXODU�´ILOPµ�WKLFNQHVV�E\�DQ
RYHUVLPSOLILHG�IORRGLQJ�WKHRU\���1RWZLWKVWDQGLQJ�KLV�QHJOHFW�RI�WKH�WUXH�LQIOXHQFH�RI�WKH�VROLG
FLUFXODWLRQ�UDWH�RQ�WKH�IORRGLQJ��WKH�UHVXOW�IURP�XVLQJ�VXFK�D�VLPSOLILHG�PRGHO�LV�HQFRXUDJLQJ�
7KH�PHFKDQLVP�IRU�WKH�WUDQVLWLRQ�IURP�D�FRUH�DQQXODU�IORZ�WR�D�GHQVH�SKDVH�IORZ�LV�SUREDEO\
IORRGLQJ���7KH�IROORZLQJ�PDWHULDO�EULHIO\�DGGUHVVHV�WKHVH�LVVXHV�DQG�WKHLU�LQIOXHQFH�RQ�WKH�YRLG
IUDFWLRQ�SURILOH�LQ�WKH�UHDFWRU�DQG�RQ�WKH�UHDFWRU�GHVLJQ�

2QFH�WKH�DQDORJ\�EHWZHHQ�JDV�OLTXLG�IORZ�DQG�JDV�VROLGV�IORZ�LV�DFFHSWHG��PDQ\�RI�WKH
WKHRUHWLFDO�UHVXOWV�LQ�WKH�JDV�OLTXLG�IORZ�FDQ�EH�DSSOLHG�WR�JDV�VROLGV�IORZ���2QH�RI�WKH
RXWVWDQGLQJ�PRGHOV�SUHVHQWHG�E\�:DOOLV��������LV�EDVHG�RQ�WKH�DQQXODU�WXUEXOHQW�IORZ���7KH
UHVXOW�PRGLILHG�WR�WKH�JDV�VROLG�IORZ�FDQ�EH�H[SUHVVHG�DV
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'� �GLDPHWHU�RI�WKH�UHDFWRU
P� �HPSLULFDO�FRQVWDQW
8VI� �VXSHUILFLDO�VROLG�YHORFLW\�LQ�WKH�ILOP�UHJLRQ
8F

 �GLPHQVLRQOHVV�FRUH�YHORFLW\
8I

 �GLPHQVLRQOHVV�DQQXODU�YHORFLW\
ρF� �EXON�GHQVLW\�LQ�WKH�FRUH�UHJLRQ�

)LJXUH�������JLYHV�D�SORW�RI�VXSHUILFLDO�JDV�YHORFLW\�DJDLQVW�WKH�VROLG�IOX[�E\�DSSOLFDWLRQ�RI
HTXDWLRQ�������ZLWK�P� �&� �����EXON�GHQVLW\�RI����OEP�IW

���DQG�FRUH�GHQVLW\�HTXDOLQJ�WKH�JDV
GHQVLW\�RI�����OEP�IW

����,W�LV�FOHDU�XQGHU�WKLV�VHW�RI�FRQGLWLRQV�WKDW�WR�DYRLG�IORRGLQJ�DQ�LQFUHDVH�LQ
WKH�VROLGV�IOX[�PXVW�DFFRPSDQ\�DQ�LQFUHDVH�LQ�JDV�YHORFLW\���$OWKRXJK�HTXDWLRQ���������VKRXOG�QRW
EH�GHHPHG�DV�DQ�DFFXUDWH�H[SUHVVLRQ�RI�WKH�IORRGLQJ�OLQH�LQ�WKH�WUDQVSRUW�UHDFWRU��LW�LQGHHG�JLYHV
D�GLUHFWLRQ�LQ�WKH�VWXG\�RI�WKH�JDV�FDUU\LQJ�FDSDFLW\�DQG�WKH�YRLG�IUDFWLRQ�SURILOH�LQ�WKH�UHDFWRU�
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,W�PD\�EH�YHU\�KHOSIXO�LQ�WKH�VWXG\�RI�WKH�UHDFWRU�FRQILJXUDWLRQ�DQG�LQ�WKH�GHVLJQ�RI�JDV�DQG
VROLGV�IOX[�LQ�WKH�UHDFWRU�

$Q�RXWVWDQGLQJ�IHDWXUH�RI�HTXDWLRQ���������LV�WKDW�LW�SUHGLFWV�WKDW�WKHUH�ZLOO�EH�D�GHQVH�SKDVH�LQ
WKH�UHDFWRU�QR�PDWWHU�ZKDW�LV�WKH�SDUWLFOH�VL]H�DV�ORQJ�DV�WKH�JDV�YHORFLW\�IDOOV�EHORZ�WKH�IORRGLQJ
OLQH�IRU�D�JLYHQ�VROLGV�IOX[���,Q�UHDO�RSHUDWLRQ��LI�WKH�UHDFWRU�LV�UXQ�LQ�D�GHQVH�SKDVH�UHJLRQ�IRU�D
JLYHQ�VROLG�IOX[��WKH�JDV�YHORFLW\�VKRXOG�EH�EHORZ�WKH�IORRGLQJ�OLQH���0DQ\�RWKHU�PRGHOV�FDQQRW
SUHGLFW�WKLV�IHDWXUH�

2QH�DGYDQWDJH�LQ�XVLQJ�HTXDWLRQ���������LV�WKDW�WKLV�HTXDWLRQ�WDNHV�LQWR�DFFRXQW�WKH�LQIOXHQFH�RI
WKH�UHDFWRU�GLDPHWHU�RQ�WKH�JDV�FDUU\LQJ�FDSDFLW\�DQG�RQ�IORRGLQJ���)LJXUH�������JLYHV�D
FRPSDULVRQ�RI�WKH�LQIOXHQFH�RI�WKH�GLIIHUHQW�UHDFWRU�GLDPHWHU�RQ�IORRGLQJ�E\�DVVXPLQJ�WKDW�ERWK
´Pµ�DQG�´&µ�DUH�FRQVWDQW�LQ�HTXDWLRQ�����������7KH�LQIOXHQFH�RI�RWKHU�SDUDPHWHUV��VXFK�DV�EXON
GHQVLW\��HQWUDQFH�HIIHFW��DQG�SDUWLFOH�VKDSH�FDQ�DOVR�EH�VWXGLHG�E\�XVLQJ�HTXDWLRQ���������

7KH�SULQFLSOH�SRLQW�RI�WKLV�VXEVHFWLRQ�LV�WKDW�WKH�IORRGLQJ�DQG�YRLG�IUDFWLRQ�SURILOH�LQ�D�WUDQVSRUW
UHDFWRU�FDQ�EH�VWXGLHG�E\�XVLQJ�D�UHODWLYHO\�VLPSOH�PRGHO�E\�DVVXPLQJ�DQ�DQDORJ\�EHWZHHQ�WKH
JDV�OLTXLG�IORZ�DQG�JDV�VROLGV�IORZ���2WKHU�PRGHOV�FDQ�DOVR�EH�XVHG���0RUH�VWXG\�LV�QHHGHG�WR
EHWWHU�XQGHUVWDQG�WKH�K\GURG\QDPLFV�RI�WKH�FLUFXODWLQJ�IOXLGL]HG�EHG�

���������5WOOCT[

)LQGLQJV�IURP�OLWHUDWXUH�DUH�EULHIO\�UHYLHZHG�KHUH�RQ�WKH�YRLG�IUDFWLRQ�RU�EXON�GHQVLW\�SURILOHV�LQ
D�FLUFXODWLQJ�IOXLGL]HG�EHG�UHDFWRU���/LWHUDWXUH�GDWD�FOHDUO\�LQGLFDWH�WKDW�WKH�EXON�GHQVLW\�LQ�WKH
ERWWRP�RI�WKH�UHDFWRU�LV�DOZD\V�KLJKHU�WKDQ�WKDW�LQ�WKH�WRS�LQ�D�&)%���7HVW�GDWD�IURP�WKH
WUDQVSRUW�UHDFWRU�DW�36')�VKRZHG�WKH�VDPH�WUHQG�DV�IRXQG�LQ�WKH�OLWHUDWXUH��DOWKRXJK�WKHVH
UHDFWRUV�PD\�KDYH�GLIIHUHQW�IORZ�UDWH�DQG�GLIIHUHQW�FRQILJXUDWLRQV���%\�VSHFXODWLQJ�WKDW�IORRGLQJ
LV�WKH�FDXVH�RI�WKH�GHQVH�SKDVH�LQ�WKH�ERWWRP�RI�WKH�UHDFWRU��LW�FDQ�EH�VKRZQ�WKDW�WKH
UHODWLRQVKLS�EHWZHHQ�VROLGV�IOX[�DQG�JDV�YHORFLW\�PLJKW�EH�OLQHDU�IRU�D�JLYHQ�UHDFWRU���7KLV
UHODWLRQVKLS�VKRXOG�EH�FORVHO\�H[DPLQHG�LQ�IXWXUH�WHVWV�

���������4GHGTGPEGU�HQT�5GEVKQP����

$GDQH]��-���)��*DUFLD�/DELDQR�*D\DQ��/��)��GH�'LHJR���������$[LDO�YRLGDJH�SURILOHV�LQ�IDVW
IOXLGL]HG�EHGV��3RZGHU�7HFKQRORJ\������SS������WR�����

%DL��'��5���-��;��=KX��<��-LQ��=��<X���������,QWHUQDO�UHFLUFXODWLRQ�IORZ�VWUXFWXUH�LQ�YHUWLFDO�XSIORZ
JDV�VROLGV�VXVSHQVLRQV��3DUW�,��$�FRUH�DQQXOXV�PRGHO��3RZGHU�7HFKQRORJ\������SS������WR�����

*UDFH��-��5��DQG�+��%L���������,QWURGXFWLRQ�WR�FLUFXODWLQJ�IOXLGL]HG�EHGV��LQ�&LUFXODWLQJ�)OXLGL]HG
%HGV��-��5��*UDFH��$��$��$YLGDQ��DQG�7��0��.QRZOWRQ��HGV����%ODFNLH�$FDGHPLF�	�3URIHVVLRQDO�
1HZ�<RUN�

+H��<��DQG�9��5XGROSK���������7KH�YROXPH�DYHUDJH�YRLGDJH�LQ�WKH�ULVHU�RI�D�FLUFXODWLQJ�IOXLGL]HG
EHG��3RZGHU�7HFKQRORJ\������SS�����WR����
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+RULR��0����������+\GURG\QDPLFV��LQ�&LUFXODWLQJ�)OXLGL]HG�%HGV��-��5��*UDFH��$��$��$YLGDQ��DQG�7�
0��.QRZOWRQ��HGV����%ODFNLH�$FDGHPLF�	�3URIHVVLRQDO��1HZ�<RUN�

-RKQVVRQ��)��DQG�%��/HFNQHU���������9HUWLFDO�GLVWULEXWLRQ�RI�VROLGV�LQ�D�&)%�IXUQDFH��3URFHHGLQJV�RI
��WK�,QW��&RQI��RQ�)OXLGL]HG�%HG�&RPE����.��-��+HLQVFKHO��HG���2UODQGR��)ORULGD��SS������WR�����

.RQQR��+��DQG�6��-��6DWLR���������3QHXPDWLF�FRQYH\LQJ�RI�VROLGV�WKURXJK�VWUDLJKW�SLSHV���&KHP�
(QJ��-DSDQ�����SS������WR�����

.XQLL���'��DQG�2��/HYHQVSLHO���������)OXLGL]DWLRQ�(QJLQHHULQJ��6HFRQG�(GLWLRQ��%XWWHUZRUWK�
+HLQHPDQQ��%RVWRQ�

.ZDXN��0��DQG�-��/L���������)OXLGL]DWLRQ�UHJLPHV��3RZGHU�7HFKQRORJ\������SS������WR�����

/L��<��DQG�0��.ZDXN���������7KH�G\QDPLFV�RI�IDVW�IOXLGL]DWLRQ��LQ�)OXLGL]DWLRQ�,,,��-��5��*UDFH�DQG
-��0��0DVWHQ��HGV����3OHQXP�3UHVV��1HZ�<RUN��SS������WR�����

0DVWHQ��-��0����������0HFKDQLVP�RI�FKRNLQJ�DQG�HQWUDLQPHQW��3RZGHU�7HFKQRORJ\������SS�����WR����

2X\DQJ��6��DQG�2��(��3RWWHU���������&RQVLVWHQF\�RI�FLUFXODWLQJ�IOXLGL]HG�EHG�H[SHULPHQWDO�GDWD�
,QG��(QJ��&KHP��5HV������SS�������WR������

6YHQVVRQ��$���)��-RKQVVRQ��DQG�%��/HFNQHU���������)OXLG�G\QDPLFV�RI�WKH�ERWWRP�EHG�RI
FLUFXODWLQJ�IOXLGL]HG�EHG�ERLOHU��3URFHHGLQJV���WK�,QW��&RQI��RQ��)OXLGL]HG�%HG�&RPE����5XERZ�
/��DQG�*��&RPPRQZHDOWK��HGV���6DQ�'LHJR��&DOLIRUQLD��SS������WR�����

7DNHXFKL��+���7��+LUDPD��7��&KLED��-��%DVZDV��DQG�/��6��/HXQJ���������$�TXDQWLWDWLYH�GHILQLWLRQ
DQG�IORZ�UHJLPH�GLDJUDP�IRU�IDVW�IOXLGL]DWLRQ��3RZGHU�7HFKQRORJ\������SS������WR�����

:DOOLV�*��%����������2QH�GLPHQVLRQDO�7ZR�SKDVH�)ORZ��0F*UDZ�+LOO�%RRN�&RPSDQ\��1HZ�<RUN��S�
����

<HUXVKDOPL��-��DQG�1��7��&DQNXUW���������)XUWKHU�VWXGLHV�RI�WKH�UHJLPHV�RI�WKH�IOXLGL]DWLRQ�
3RZGHU�7HFKQRORJ\������SS������WR�����

<HUXVKDOPL��-���'��+��7XUQHU��DQG�$��0��6TXLUHV���������7KH�IDVW�IOXLGL]HG�EHG��,QG��(QJ��&KHP�
3URFHVV�'HV��'HY�������SS�����WR����

=HQ]��)��$����������3UHGLFWLQJ�WKH�GHJUHH�RI�SDUWLFOH�UHIOX[LQJ�LQ�FRQFXUUHQW�XSIORZ�ULVHUV��3RZGHU
7HFKQRORJ\��9ROXPH�����SS������WR�����

=KDQJ��-���3��-LDQJ��DQG�/�6��)DQ���������)ORZ�FKDUDFWHULVWLFV�RI�FRDO�DVK�LQ�D�FLUFXODWLQJ�IOXLGL]HG
EHG��,QG��(QJ��&KHP��5HV�������SS�������WR������
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(KIWTG������ �$WNM�&GPUKV[��)CU�8GNQEKV[��CPF�8QKF�(TCEVKQP�8CT[KPI�9KVJ�VJG�*GKIJV�QH�VJG�6TCPURQTV�4GCEVQT
QP�/C[��������

(KIWTG������ $WNM�&GPUKV[��)CU�8GNQEKV[��CPF�8QKF�(TCEVKQP�8CT[KPI�9KVJ�VJG�*GKIJV�QH�VJG�6TCPURQTV�4GCEVQT
QP�#RTKN���������
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(KIWTG������ $WNM�&GPUKV[��)CU�8GNQEKV[��CPF�8QKF�(TCEVKQP�8CT[KPI�9KVJ�VJG�*GKIJV�QH�VJG�6TCPURQTV�4GCEVQT
QP�#RTKN���������

(KIWTG������ +NNWUVTCVKQP�QH�CP�'SWCVKQP�QH�(NQQFKPI�.KPG�KP�VJG�6TCPURQTV�4GCEVQT
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(KIWTG������ +NNWUVTCVKQP�QH�CP�'SWCVKQP�QH�(NQQFKPI�.KPG�KP�VJG�6TCPURQTV�4GCEVQT
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��� (''&�5;56'/5

����� (GGFUVQEM�2TGRCTCVKQP

7KHUH�ZDV�WRR�ODUJH�D�YDULDELOLW\�LQ�FRDO�SDUWLFOH�VL]H�SURGXFHG�DV�IHHG�WR�WKH�WUDQVSRUW�UHDFWRU
V\VWHP�GXULQJ�WKH�ILUVW�KDOI�RI��������7HVWV�WR�DVFHUWDLQ�WKH�VRXUFHV�RI�YDULDWLRQ�FRQWULEXWLQJ�WR
RYHUDOO�SDUWLFOH�VL]H�YDULDWLRQ�ZHUH�SHUIRUPHG�DQG�D�ODUJH�VRXUFH�RI�YDULDWLRQ�ZDV�IRXQG�ZLWK�WKH
SXOYHUL]HU�LQOHW�IHHGVWRFN�VL]H�

7KH�IHHGVWRFN�SUHSDUDWLRQ�LV�VLPLODU�WR�RQH�XVHG�E\�QRQXWLOLW\�VFDOH�SURFHVVHV�WKDW�VHSDUDWH�DQG
VWRUH�WKH�JURXQG�SURGXFW�SULRU�WR�XVH��\HW�WKHUH�LV�WKH�DGGLWLRQDO�FRQVWUDLQW�RI�ERWK�WRS��DQG
ERWWRP�FXW�VL]HV���7KH�V\VWHP�ZDV�RULJLQDOO\�GHVLJQHG�WR�KDYH�WZR�VRXUFHV�RI�FRDO�IHHGLQJ�WKH
FUXVKHG�PDWHULDO�VWRUDJH�KRSSHU��SXOYHUL]HU�IHHG�KRSSHU����7KH�ILUVW�VRXUFH�ZDV�WKH�UHFODLP
V\VWHP��WKUHH�TXDUWHU�LQFK�E\�]HUR�FRDO�FRPLQJ�IURP�WKH�FRDO�SLOH�WKURXJK�WKH�KDPPHU�PLOO
FUXVKHU���DQG�WKH�VHFRQG�ZDV�RYHUVL]H�SDUWLFOHV���������WR��������P��FRPLQJ�IURP�D�VFDOSLQJ
VFUHHQ�LQ�WKH�SXOYHUL]HU�V\VWHP�LWVHOI���7KLV�FRPELQDWLRQ�RI�FRDO�IHHG�VRXUFHV�UHVXOWHG�LQ�OD\HUV
ZLWKLQ�WKH�SXOYHUL]HU�IHHG�KRSSHU���6ROYLQJ�WKH�SUREOHP�UHTXLUHG�FRQVLVWHQW�PL[LQJ�RI�WKH
VPDOOHU�VL]H�FRDO�VWUHDP�ZLWK�WKH�ODUJHU�VL]H�FRDO�VWUHDP�EHIRUH�IHHGLQJ�WKH�PLOO�

7KH�YDULDWLRQ�LQ�PHDQ�PDVV�JULQG�VL]H�LV�OHVV�WKDQ�±�����P�DV�D�UHVXOW�RI�PRGLILFDWLRQV�DQG
DGGLWLRQDO�WXQLQJ�RI�WKH�FRDO�SXOYHUL]HU�PLOO���7KLV�SXOYHUL]HU�PRGLILFDWLRQ�UHVXOWHG�LQ�WKH
DGGLWLRQDO�EHQHILW�RI�LQFUHDVHG�WKURXJKSXW��E\����SHUFHQW��ZKLFK�LV�DOPRVW�DV�LPSRUWDQW�DV�WKH
LPSURYHG�FRQWURO�RYHU�RXWSXW�SDUWLFOH�VL]H���7KH�KLJKHU�WKURXJKSXW�LV�UHDOL]HG�EHFDXVH�WKH
V\VWHP�QR�ORQJHU�HQFRXQWHUV�EDWFKHV�RI�VFDOSHG�FRDO�SDUWLFOHV��DV�WKHVH�SDUWLFOHV�ZHUH�KDUGHU�RU
KDG�OLWWOH�ZRUN�SHUIRUPHG�RQ�WKHP�LQ�WKH�PLOO�DQG�ZRXOG�WHQG�WR�UHFLUFXODWH��WKHUHIRUH�UHGXFLQJ
WKH�RYHUDOO�V\VWHP�WKURXJKSXW���7KH�VRUEHQW�PLOO�V\VWHP�SHUIRUPHG�ZHOO�DQG�QR�PRGLILFDWLRQV
KDYH�EHHQ�PDGH�

����� 4GCEVQT�(GGFUVQEM�+PLGEVKQP�CPF�#UJ�4GOQXCN�5[UVGOU

3UREDEO\�WKH�VLQJOH�ELJJHVW�FKDOOHQJH�WR�UHOLDEOH�WUDQVSRUW�UHDFWRU�RSHUDWLRQ�KDV�EHHQ�IDLOXUHV�RI
WKH�IHHG�LQMHFWLRQ�DQG�DVK�UHPRYDO�V\VWHPV���7KHVH�V\VWHPV�SUHVVXUL]H�WKH�IHHGV�XS�WR���
DWPRVSKHUHV�DQG�GHSUHVVXUL]H�WKH�VSHQW�EHG�PDWHULDOV�ZKLOH�PRYLQJ�WKHP�LQWR�DQG�RXW�RI�WKH
SURFHVV���)DLOXUHV�LQ�WKHVH�V\VWHPV�DFFRXQW�IRU�RYHU����SHUFHQW�RI�WKH�WUDQVSRUW�UHDFWRU�WUDLQ·V
IRUFHG�RXWDJHV�WKURXJK�2FWREHU��������7KH�IDLOXUHV�RI�WKH�KLJK�SUHVVXUH�IHHG�DQG�VROLGV�UHPRYDO
V\VWHPV�FDQ�EH�FKDUDFWHUL]HG�LQWR�WKUHH�FODVVHV�����PDWHULDO�IORZ�YDOYH�IDLOXUHV�����OHYHO�SUREH
IDLOXUHV�DQG�YHVVHO�EULGJLQJ��DQG����VWDUIHHGHU�IDLOXUHV���+RZHYHU��LQ�WKH�SDVW���\HDUV�RI�RSHUDWLRQ�
WKHUH�KDYH�EHHQ�RQO\�PLQRU�SUREOHPV�ZLWK�WKH�DWPRVSKHULF�GHQVH�SKDVH�WUDQVSRUW�V\VWHPV�
'XULQJ�WKH�VDPH�SHULRG��ZKLOH�ZRUNLQJ�WR�FRPPLVVLRQ��DQG�ODWHU�LPSURYH��WKH�RSHUDWLRQ�RI�WKH
WUDQVSRUW�UHDFWRU��WKH�PHDQ�WLPH�EHWZHHQ�IDLOXUHV�RI�WKH�KLJK�SUHVVXUH��GHQVH�SKDVH�V\VWHPV�KDV
EHHQ�VXEVWDQWLDOO\�LQFUHDVHG�IURP�KRXUV�WR�ZHHNV�

7KH�UHOLDELOLW\�RI�WKH�V\VWHPV�KDV�LPSURYHG�VLJQLILFDQWO\�DV�D�UHVXOW�RI�PRGLILFDWLRQV�PDGH�LQ
�����DQG������WR�DOO�RI�WKH�KLJK�SUHVVXUH�GHQVH�SKDVH�DQG�IHHG�V\VWHPV���7KHVH�PRGLILFDWLRQV
LQFOXGH�WKH�IROORZLQJ�
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• $GGLQJ�KLJK�SUHVVXUH�VHDO�GXPS�YDOYHV�WKDW�SURYLGH���WR���WLPHV�WKH�IORZ�FDSDFLW\�RI
WKH�SLORW�YDOYH�YHQW�

• $GGLQJ�D�ORZ�SUHVVXUH�VZLWFK�RQ�WKH�VHDO�OLQH�

• $GGLQJ�FKHFN�YDOYHV��RULILFHV��DQG�UHVHUYRLUV�LQ�WKH�IHHGHU�VHDO�VXSSO\�OLQHV�

• ,QFUHDVLQJ�WKH�FOHDUDQFHV�LQ�WKH�VWDUIHHGHU�

• 5HPRYLQJ�WKH�HSR[\�OLQLQJ��WKDW�ZDV�DSSOLHG�LQ�HUURU��IURP�WKH�FRDO�IHHG�V\VWHP
GLVSHQVH�YHVVHO�

• $GGLQJ�GLIIHUHQWLDO�SUHVVXUH�FRQWURO�RQ�WKH�GLVSHQVH�YHVVHO�IOXLGL]LQJ�QLWURJHQ�

• $GGLQJ�DGGLWLRQDO�IOXLGL]DWLRQ�SRUWV�RQ�WKH�ORFN�YHVVHO��FRDO�IHHG�V\VWHP��WR�EUHDN�XS
FDNH�EULGJHV�

• $GGLQJ�WLPH�GHOD\�UHOD\V�WR�DFFRXQW�IRU�WKH�HODVWLF�GHOD\��VHW��LQ�WKH�VHDOV�UHWXUQLQJ�WR
WKHLU�RULJLQDO�VKDSH�

• $GMXVWLQJ�QXPHURXV�WLPLQJ�DQG�GLIIHUHQWLDO�SUHVVXUH�VHW�SRLQWV�LQ�WKH�3/&
FRQILJXUDWLRQ�

7KH�ELJJHVW�SUREOHP�LQYROYHV�WKH�PDWHULDO�IORZ�DQG�SUHVVXUH�VHDO�YDOYHV�NQRZQ�DV�VSKHUL�YDOYHV�
5DWKHU�WKDQ�XVLQJ�W\SLFDO�EDOO�YDOYHV�WR�FRQWURO�WKH�IORZ�RI�VROLGV��ZLWK�WKH�KLJK�SRWHQWLDO�IRU�FXW
YDOYH�VHDWV�DQG�VHDOV��WKH�VSKHUL�YDOYHV�KDYH�D�UHWUDFWDEOH��GHIODWDEOH�VHDO�IRU�WKH�SUHVVXUH�VHDO�DQG
XVH�RQO\�KDOI�RI�D�VSKHUH�IRU�WKH�YDOYH·V�SOXJ���7KHVH�VHDOV�DUH�SUHVVXUL]HG�WR�DW�OHDVW����SVLJ
DERYH�WKH�SURFHVV�SUHVVXUH���0RVW�RI�WKH�IDLOXUHV�RFFXUUHG�LQ�WKH�RSHUDWLRQ�RI�WKH�KLJK�SUHVVXUH
�QLWURJHQ�DVVLVWHG��VHDOV���$OO�WKHVH�V\VWHPV�UHO\�RQ�SQHXPDWLF�LQWHUORFNV�IRU�WLPLQJ�WKH�VSKHUL
YDOYH�RSHUDWLRQ��VHDO�GHIODWLRQ��YDOYH�RSHQLQJ��YDOYH�FORVLQJ��DQG�VHDO�LQIODWLRQ���$WPRVSKHULF
VSKHUL�YDOYH�V\VWHPV�GR�QRW�KDYH�DV�FRPSOH[�DQ�DUUDQJHPHQW�RI�SQHXPDWLF�UHOD\V�WR�FRQWURO�WKH
VHDO�LQIODWLRQ���6XFK�VLPSOLFLW\�KDV�EHHQ�UHZDUGLQJ�LQ�UHOLDEOH�VHUYLFH�RI�WKHVH�YDOYHV�DQG�VHDOV�

7KH�ORVV�RI�D�VSKHUL�YDOYH�VHDO�DOVR�FDXVHG�FDWDVWURSKLF�KHDGHU�SUHVVXUH�ORVV�RQ�WKH�QLWURJHQ�VHDO
KHDGHU���,Q�WKH�ZRUVW�FDVH��WKH�VHDO�SUHVVXUH�ZRXOG�IDOO�VR�IDU�WKDW�RWKHU�VHDOV�ZRXOG�GHIODWH�
DOORZLQJ�HLWKHU�WKH�KRW�JDVHV�RU�PDWHULDO�WR�HVFDSH���6HYHUDO�VXFK�IDLOXUHV��ZLWK�SUHVVXUH�ORVV�RQ
WKH�VHDO�KHDGHU��VHHPHG�WR�EH�WKH�URRW�FDXVH�RI�PDQ\�IDLOXUHV�RI�WKH�ILQH�DVK�V\VWHP�VSKHUL
YDOYHV��SRVVLEO\�GXH�WR�DVK�DQG�VDQG�JHWWLQJ�WUDSSHG�EHWZHHQ�WKH�VHDO�DQG�WKH�GRPH�RQ�WKH�ORZHU
YDOYH���(URVLRQ�RQ�WKH�VHDO�ZDV�YLVLEOH��LQGLFDWLYH�RI�WKH�VHDO�QRW�SUHVVXUL]LQJ�DQG�DOORZLQJ�D�IORZ
SDWK�WR�H[LVW�ORQJ�HQRXJK�IRU�FKDQQHOV�WR�VWDUW�HURGLQJ�LQ�WKH�VHDOV�DQG�RU�WKH�GRPH�LWVHOI�
0HDVXUHV�KDYH�EHHQ�WDNHQ�WR�PLQLPL]H�WKH�UDWH�RI�KHDGHU�SUHVVXUH�ORVV�LQ�FDVH�RI�D�VSKHUL�YDOYH
VHDO�IDLOXUH���7KLV�SURYLGHV�VXIILFLHQW�WLPH�WR�LVRODWH�WKH�IDLOHG�VHDO�DQG�VDIHO\�VKXW�GRZQ�WKH
SURFHVV�

6HYHUDO�VKRS�WHVWV�ZHUH�SHUIRUPHG�RQ�WKH�YDOYHV�LQ�DQ�HIIRUW�WR�EHWWHU�XQGHUVWDQG�WKH�K\VWHUHVLV
IRXQG�LQ�WKH�VHDO�IXQFWLRQ���7KH�IXQGDPHQWDO�UHVXOW�VKRZHG�WKDW�WKH�PDWHULDO�IRU�KLJK�SUHVVXUH�



6%���4GRQTV 6TCPURQTV�4GCEVQT
6TCPURQTV�4GCEVQT�6TCKP (GGF�5[UVGOU

�����

KLJK�WHPSHUDWXUH�XVH�ZDV�QRW�UHWXUQLQJ�WR�RULJLQDO�VKDSH�DIWHU�WKH�ILUVW�IHZ�SUHVVXUL]DWLRQ�F\FOHV�
7KLV�ZDV�FDXVHG�E\�HLWKHU�WKH�PDWHULDO�EHLQJ�SXOO�H[WUXGHG�E\�WKH�SUHVVXUH�RQ�WKH�VHDO�RU�E\�WKH
VHDO�FUHHSLQJ�RXW�RI�WKH�FODPS�PHFKDQLVP���5HJDUGOHVV��WKLV�VHDO�JURZWK�ZDV�D�PDMRU�FRQWULEXWRU
WR�WKH�VHDO�IDLOXUHV�EHFDXVH�DV�WKH�FOHDUDQFHV�DUH�UHGXFHG�WKH�GRPH��ZKLFK�LV�URXJKFDVW�
HYHQWXDOO\�UXEV�WKH�VHDO�FDXVLQJ�GDPDJH���7KH�VDPH�SUREOHP�ZDV�QRW�REVHUYHG�ZKHQ�WHVWLQJ�WKH
ORZ�WHPSHUDWXUH�VHDO�PDWHULDOV���$V�D�UHVXOW��WKH�ORZ�WHPSHUDWXUH�VHDOV�ZHUH�LQVWDOOHG�LQWR�DOO�WKH
VSKHUL�YDOYHV�DQG�WKH�RSHUDWLQJ�FRQWUROV�DQG�SURFHGXUHV�ZHUH�PRGLILHG�WR�DFFRPPRGDWH�WKH
ORZHU�WHPSHUDWXUH�OLPLWV���6XLWDEOH�KLJK�WHPSHUDWXUH�VHDO�PDWHULDOV�GHYHORSPHQW�DQG�FODPS
PHFKDQLVP�UHGHVLJQ�DUH�LQ�SURJUHVV�

/HYHO�SUREH�IDLOXUHV�UHVXOW�LQ�V\VWHP�RSHUDWLQJ�GLIILFXOWLHV�VLQFH�WKH�OHYHO�SUREHV�DUH�WKH�SULPH
WULJJHUV�WR�LQLWLDWH�RU�KDOW�ILOOLQJ���7KHVH�IDLOXUHV�FDQ�FDXVH�VKRUW�F\FOLQJ��SUHYHQWLQJ�DQ\�UHDO
PRYHPHQW�RI�VROLGV��RU�WKH\�FDQ�FDXVH�RYHUILOOLQJ�RI�WKH�YHVVHOV�DV�D�UHVXOW�RI�SOXJJLQJ�RU
EULGJLQJ�WKH�YHVVHOV��ZKLFK�DOVR�SUHYHQWV�DQ\�UHDO�PRYHPHQW�RI�VROLGV���7KH�VHQVLWLYLW\�RI�WKH
SUREH�HOHFWURQLFV�FDXVHG�E\�FDOLEUDWLRQ�LQ�´FOHDQµ�VHWWLQJV�DQG�WKHQ�EHLQJ�H[SRVHG�WR�GXVW\
FRQGLWLRQV�KDV�UHVXOWHG�LQ�D�OD\HU�RI�GXVW�FROOHFWLQJ�RQ�WKH�SUREH�LWVHOI��DQG�WKHUHE\�FKDQJLQJ�WKH
SUREH�FDOLEUDWLRQ���7KHUH�KDYH�DOVR�EHHQ�VHYHUDO�HOHFWURQLF�IDLOXUHV�RI�WKH�SUREHV���7KH�OHYHO
SUREHV�PDOIXQFWLRQLQJ�FDXVHG�FDNLQJ�DQG�EULGJLQJ��HVSHFLDOO\�LQ�FRDO��LQ�WKH�YHVVHOV�GXH�WR
RYHUILOOLQJ�RI�WKH�YHVVHOV�LQ�VRPH�FDVHV���6HFRQGDU\�FRQWURO�VLJQDOV�DUH�EHLQJ�GHYHORSHG�XVLQJ
ZHLJKW�RU�WLPH�WR�DVVXUH�F\FOH�RSHUDWLRQ�LI�WKH�OHYHO�SUREH�IDLOV�WR�RSHUDWH��DV�PRVW�RI�WKHVH
V\VWHPV�DUH�HTXLSSHG�ZLWK�ZHLJK�FHOOV�IRU�IORZ�UDWH�GHWHUPLQDWLRQ���0DOIXQFWLRQ�RI�WKH�V\VWHPV
LQ�VRPH�RWKHU�FDVHV�ZDV�DWWULEXWHG�WR�OHYHO�SUREH�IDLOXUH�EXW�ZDV�DFWXDOO\�D�UHVXOW�RI�ODUJH�PDVVHV
RI�PDWHULDO�QRW�PRYLQJ�RXW�RI�WKH�YHVVHOV���7KH�GLVSHQVH�YHVVHOV�KDYH�EHHQ�PRGLILHG�WR�SURYLGH
PRUH�IOXLGL]DWLRQ�IORZ�IRU�ORQJHU�SHULRGV�WKDQ�ZDV�RULJLQDOO\�VSHFLILHG��DQG�WKHUH�KDYH�DOVR�EHHQ
H[SHULPHQWV�ZLWK�WKH�XVH�RI�DGGLWLRQDO�PHFKDQLFDO�DJLWDWRUV�WR�SUHYHQW�VROLGV�EULGJLQJ�LQ�YHVVHOV�

7KH�ORFN�YHVVHOV�RQ�WKH�FRDO�DQG�GRORPLWH�OLPHVWRQH�IHHGHUV�DUH�GLUHFWO\�EHORZ�WKH�VXUJH�ELQV�
7KH�FRQQHFWLRQ�LV�WKURXJK�DQ���LQFK�SLSH���7KH�IORZ�UDWH�RI�VROLGV�IURP�WKH�VXUJH�ELQ�FDQ�EH
YHU\�IDVW��DV�PXFK�DV�����OE�LQ�OHVV�WKDQ���VHFRQGV����7KH�ORFN�YHVVHOV�ZRXOG�RYHUILOO�DQG�SDFN
ZLWK�VXFK�D�VSHHG�WKDW�WKH�VORZHU�UHDFWLRQ�WLPH�RI�WKH�OHYHO�SUREHV�DQG�WKH�VSKHUL�YDOYHV�ZRXOG
FDXVH�D�ORVV�RI�IHHG�IORZ���7KH�LQOHW�JDWH�YDOYH�ZDV�WKURWWOHG�WR�UHPDLQ�RSHQ�DERXW�����LQFK�WR
VORZ�WKH�TXLFN�RYHUILOOLQJ���7KLV�WKURWWOLQJ�KHOSHG�WR�UHGXFH�WKH�SDFNLQJ�HIIHFW�LQ�WKH�ORFN�YHVVHO�
KRZHYHU��WKH�DGMXVWPHQW�RI�WKH�JDWH�YDOYH�LV�QRW�H[DFW�DQG�WKH�ORFN�YHVVHO�ZLOO�VWLOO�RYHUILOO���7KLV
RYHUILOOLQJ�FDXVHV�WKH�FRDO�WR�IDOO�LQWR�WKH�HTXDOL]DWLRQ�OLQH��EHWZHHQ�WKH�ORFN�YHVVHO�DQG�WKH
GLVSHQVH�YHVVHO����7KH�HTXDOL]DWLRQ�OLQH�ZDV�UHDUUDQJHG�WR�RYHUFRPH�WKLV�SUREOHP��ZLWK�WKH�WRS
RI�WKH�HTXDOL]DWLRQ�OLQH�DERYH�WKH�GHSUHVVXUL]DWLRQ�YHQW�OLQH���7KH�VRUEHQW�IHHGHU�VRPHWLPHV�ZLOO
GR�VHYHUDO�ILOO�F\FOHV�ZLWKRXW�ILOOLQJ�WKH�GLVSHQVH�YHVVHO���7KLV�LQGLFDWHV�WKDW�WKH�PRGLILFDWLRQV
PDGH�WR�WKH�FRDO�IHHGHU�VKRXOG�DOVR�EH�GRQH�RQ�WKH�VRUEHQW�IHHGHU��KRZHYHU��ORVV�RI�VRUEHQW�LV
OHVV�FULWLFDO�WKDQ�ORVV�RI�FRDO�IHHG�VR�FKDQJHV�WR�VRUEHQW�IHHG�V\VWHP�KDYH�EHHQ�GHOD\HG�

5RWDU\�PHWHULQJ�IHHGHUV��VWDUIHHGHUV��DUH�SUHVHQW�RQ�ERWK�FRDO�DQG�VRUEHQW�IHHGHU�V\VWHPV�DV�ZHOO
DV�RQ�WKH�VXOIDWRU�IHHG�V\VWHP���7KHVH�FDXVHG�VHYHUDO�IDLOXUHV�WKDW�ZHUH�XVXDOO\�WKH�UHVXOW�RI
SOXJJLQJ�RU�ELQGLQJ���7KH�VWDUIHHGHUV�ZHUH�HTXLSSHG�ZLWK�LQGXFWLRQ�PRWRUV�DQG�YDULDEOH
IUHTXHQF\�PRWRU�GULYHV�WR�DGMXVW�WKH�LQMHFWLRQ�UDWH�RI�WKH�IHHGVWRFN���:KLOH�VXFK�D�GHVLJQ�LV�YHU\
HIILFLHQW�DQG�FRQWUROODEOH�LQ�WKH�XSSHU�KDOI�RI�WKH�VSHHG�UDQJH�WKH�PRWRUV�GR�QRW�JHQHUDWH�PXFK
WRUTXH��IRUFH��LQ�WKH�ORZHVW�TXDUWHU�RI�WKH�VSHHG�UDQJH���7KH�FKRLFH�RI�D�'&�PRWRU�RU�K\GUDXOLF
PRWRU�ZRXOG�KDYH�EHHQ�EHWWHU�IRU�WKLV�DSSOLFDWLRQ�EHFDXVH�WKH�ORZHU�KDOI�RI�WKH�VSHHG�UDQJH�LV
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WKH�PRVW�FULWLFDO�IRU�DFFXUDWH�FRQWURO�GXULQJ�VWDUW�XSV�DQG�ORZ�ORDG�RSHUDWLRQ���7KH�VWDUIHHGHU�LV
VXVFHSWLEOH�WR�ELQGLQJ�E\�PDWHULDO�LQ�WKH�FOHDUDQFHV�DV�ZHOO�DV�RYHUVL]HG�PDWHULDO�ZHGJHG�LQWR�WKH
SRFNHWV�EHFDXVH�LW�UHOLHV�RQ�FORVH�FOHDUDQFHV�IRU�VHDOLQJ�WKH�VWDU�SRFNHWV���$Q�HSR[\�OLQLQJ�ZDV
GLVFRYHUHG�LQ������WR�KDYH�IODNHG�RII�RI�WKH�IHHGHU�YHVVHOV�DQG�ZDV�JHWWLQJ�FDXJKW�LQ�WKH
VWDUIHHGHU��ERWK�ELQGLQJ�WKH�VWDU�DQG�VRPHWLPHV�EOLQGLQJ�WKH�GLVFKDUJH�SRUW���7KH�FRDO�IHHG
V\VWHP�VWDUIHHGHU�PRWRU�ZDV�DOVR�UHZRXQG�IURP�D���SROH�WR�D����SROH�GHVLJQ�WKDW�UHGXFHG�WKH
VSHHG�E\����SHUFHQW�DQG�LQFUHDVHG�PRWRU�WRUTXH�E\�D�VLPLODU�DPRXQW�DW�WKH�VDPH�PRWRU�VSHHG�
7KH�IXQFWLRQDOLW\�RI�WKH�V\VWHP�LV�QRW�FRPSURPLVHG�E\�VXFK�D�PRGLILFDWLRQ�EHFDXVH�WKLV�PRWRU
LV�SRZHUHG�E\�D�YDULDEOH�IUHTXHQF\�GULYH��9)'��WR�SURYLGH�VSHHG�FRQWURO���7KH�SDUDPHWHUV�RI
WKH�9)'�ZHUH�DOVR�DGMXVWHG�WR�FRPSHQVDWH�IRU�WKH�PRGLILHG�VSHHG�RI�WKH�UHZRXQG�PRWRU�

,Q�VXPPDU\��ZKLOH�WKHVH�V\VWHPV�KDYH�EHHQ�WKH�OHDGLQJ�FDXVH�RI�IRUFHG�RXWDJHV�RI�WKH�WUDQVSRUW
UHDFWRU�WUDLQ�WKHUH�KDV�EHHQ�VXEVWDQWLDO�SURJUHVV�LQ�WKH�GHYHORSPHQW�RI�WKHVH�V\VWHPV�IRU�WKLV
DSSOLFDWLRQ���7KLV�KDV�EHHQ�GHPRQVWUDWHG�E\�WKH�VLJQLILFDQWO\�LPSURYHG�UHOLDELOLW\�RI�WKH�HQWLUH
WUDQVSRUW�UHDFWRU�WUDLQ�RSHUDWLRQ�LQ�WKH�PRVW�UHFHQW�WHVW�UXQV�

5�>25&(>6%��>���
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6'4/5

.KUVKPI�QH�#DDTGXKCVKQPU

$$6 $XWRPDWHG�$QDO\WLFDO�6ROXWLRQV
$'(0 $ODEDPD�'HSDUWPHQW�RI�(QYLURQPHQWDO�0DQDJHPHQW
$3& $ODEDPD�3RZHU�&RPSDQ\
$3)%& $GYDQFH�3UHVVXUL]HG�)OXLGL]HG�%HG�&RPEXVWLRQ
$60( $PHULFDQ�6RFLHW\�RI�0HFKDQLFDO�(QJLQHHUV
$: $SSOLFDWLRQ�:RUNVWDWLRQ
%), %URZQLQJ�)HUULV�,QGXVWULHV
%): %RLOHU�)HHG�:DWHU
%06 %XUQHU�0DQDJHPHQW�6\VWHP
%2& %2&�*DVHV
%23 %DODQFH�RI�3ODQW
%3,5 %DOO�3DVV�,QQHU�5DFH��)UHTXHQFLHV
%325 %DOO�3DVV�2XWHU�5DFH��)UHTXHQFLHV
%6) %DOO�6SLQ�)UHTXHQF\
&$' &RPSXWHU�$LGHG�'HVLJQ
&(0 &RQWLQXRXV�(PLVVLRQV�0RQLWRU
&)% &LUFXODWLQJ�)OXLGL]HG�%HG
&)5 &RGH�RI�)HGHUDO�5HJXODWLRQV
&+( &RPEXVWRU�+HDW�([FKDQJHU
&3& &RPEXVWLRQ�3RZHU�&RPSDQ\
&35 &DUGLRSXOPRQDU\�5HVXVFLWDWLRQ
'& 'LUHFW�&XUUHQW
'&6 'LVWULEXWHG�&RQWURO�6\VWHP
'2( 8�6��'HSDUWPHQW�RI�(QHUJ\
(�	�, (OHFWULFDO�DQG�,QVWUXPHQWDWLRQ
((5& (QHUJ\�DQG�(QYLURQPHQWDO�5HVHDUFK�&HQWHU
(35, (OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH
)&& )OXLGL]HG�&DWDO\WLF�&UDFNHU
)(7& )HGHUDO�(QHUJ\�7HFKQRORJ\�&HQWHU
))* )ODPH�)URQW�*HQHUDWRU
), )ORZ�,QGLFDWRU
),& )ORZ�,QGLFDWRU�&RQWUROOHU
)2$. )LUVW�RI�D�.LQG
)7) )XQGDPHQWDO�7UDLQ�)UHTXHQF\
): )RVWHU�:KHHOHU
*%) *UDQXODU�%HG�)LOWHU
*& *DV�&KURPDWRJUDSK
*((6, *HQHUDO�(OHFWULF�(QYLURQPHQWDO�6HUYLFHV��,QF�
+3 +LJK�3UHVVXUH
+56* +HDW�5HFRYHU\�6WHDP�*HQHUDWRU
+7) +HDW�7UDQVIHU�)OXLG
+7+3 +LJK�7HPSHUDWXUH��+LJK�3UHVVXUH



25&(�6'4/5 6%���4GRQTV
6TCPURQTV�4GCEVQT�6TCKP

25&(�6'4/5��

,�2 ,QSXWV�2XWSXWV
,' ,QVLGH�'LDPHWHU
,)	3 ,QGXVWULDO�)LOWHU�	�3XPS
,*9 ,QOHW�*XLGH�9DQHV
,5 ,QIUDUHG
.%5 .HOORJJ�%URZQ�	�5RRW
/$1 /RFDO�$UHD�1HWZRUN
/,06 /DERUDWRU\�,QIRUPDWLRQ�0DQDJHPHQW�6\VWHP
/2& /LPLWLQJ�2[\JHQ�&RQFHQWUDWLRQ
/2, /RVV�RQ�,JQLWLRQ
/3* /LTXHILHG�3URSDQH�*DV
/6// /HYHO�6ZLWFK��/RZ�/HYHO
0$& 0DLQ�$LU�&RPSUHVVRU
0&& 0RWRU�&RQWURO�&HQWHU
06 0LFURVRIW�&RUSRUDWLRQ
1',5 1RQGHVWUXFWLYH�,QIUDUHG
1)3$ 1DWLRQDO�)LUH�3URWHFWLRQ�$VVRFLDWLRQ
12[ 1LWURJHQ�2[LGHV
13'(6 1DWLRQDO�3ROOXWDQW�'LVFKDUJH�(OLPLQDWLRQ�6\VWHP
136 1RPLQDO�3LSH�6L]H
2' 2XWVLGH�'LDPHWHU
26+$ 2FFXSDWLRQDO�6DIHW\�+HDOWK�$GPLQLVWUDWLRQ
26, 26,�6RIWZDUH��,QF�
3	,'V 3LSLQJ�DQG�,QVWUXPHQWDWLRQ�'LDJUDPV
3& 3XOYHUL]HG�&RDO
3&' 3DUWLFXODWH�&RQWURO�'HYLFH
3', 3UHVVXUH�'LIIHUHQWLDO�,QGLFDWRU
3'7 3UHVVXUH�'LIIHUHQWLDO�7UDQVPLWWHU
3)%& 3UHVVXUL]HG�)OXLGL]HG�%HG�&RPEXVWLRQ
3, 3ODQW�,QIRUPDWLRQ
3/& 3URJUDPPDEOH�/RJLF�&RQWUROOHU
33( 3HUVRQDO�3URWHFWLRQ�(TXLSPHQW
35% 3RZGHU�5LYHU�%DVLQ
36' 3DUWLFOH�6L]H�'LVWULEXWLRQ
36') 3RZHU�6\VWHPV�'HYHORSPHQW�)DFLOLW\
∆3 3UHVVXUH�'URS
37 3UHVVXUH�7UDQVPLWWHU
5)4 5HTXHVW�IRU�4XRWDWLRQ
52 5HVWULFWLRQ�2ULILFH
566( 5HDFWRU�6ROLG�6HSDUDWLRQ�(IILFLHQF\
6&6 6RXWKHUQ�&RPSDQ\�6HUYLFHV��,QF�
60' 6DXWHU�0HDQ�'LDPHWHU
65, 6RXWKHUQ�5HVHDUFK�,QVWLWXWH
68% 6WDUW�XS�%XUQHU
7&/3 7R[LFLW\�&KDUDFWHULVWLF�/HDFKLQJ�3URFHGXUH
75 7UDQVSRUW�5HDFWRU
75'8 7UDQVSRUW�5HDFWRU�'HPRQVWUDWLRQ�8QLW



6%���4GRQTV 25&(�6'4/5
6TCPURQTV�4GCEVQT�6TCKP

25&(�6'4/5��

766 7RWDO�6XVSHQGHG�6ROLGV
81' 8QLYHUVLW\�RI�1RUWK�'DNRWD
836 8QLQWHUUXSWLEOH�3RZHU�6XSSO\
89 8OWUDYLROHW
9)' 9DULDEOH�)UHTXHQF\�'ULYH
92&V 9RODWLOH�2UJDQLF�&RPSRXQGV
:3& :LOOLDP·V�3DWHQW�&UXVKHU
;;6 ([WUD��([WUD�6WURQJ
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.KUVKPI�QH�7PKVU

DFIP DFWXDO�FXELF�IHHW�SHU�PLQXWH
%WX %ULWLVK�WKHUPDO�XQLWV
°) GHJUHHV�IDKUHQKHLW
IW IHHW
)36 IHHW�SHU�VHFRQG
JSP JDOORQV�SHU�PLQXWH
J�FP� JUDPV�SHU�FXELF�FHQWLPHWHU
KS KRUVHSRZHU
KU KRXU
LQ:J LQFKHV��ZDWHU�JDXJH
0% PHJDE\WHV
0: PHJDZDWWV
P�V PHWHUV�SHU�VHFRQG
P��J VTXDUH�PHWHUV�SHU�JUDP
µ�RU�µP PLFURQV�RU�PLFURPHWHUV
GS

��
SDUWLFOH�VL]H�GLVWULEXWLRQ�DW����SHUFHQWLOH

SSP SDUWV�SHU�PLOOLRQ
SSP��Y� SDUWV�SHU�PLOOLRQ��YROXPH�
SSP��Z� SDUWV�SHU�PLOOLRQ��ZHLJKW�
OE SRXQGV
SSK SRXQGV�SHU�KRXU
SVLD SRXQGV�SHU�VTXDUH�LQFK
SVLJ SRXQGV�SHU�VTXDUH�LQFK�JDXJH
3 SUHVVXUH�GURS

USP UHYROXWLRQV�SHU�PLQXWH
V�RU�VHF VHFRQGV
VFI VWDQGDUG�FXELF�IHHW
VFIP VWDQGDUG�FXELF�IHHW�SHU�PLQXWH
9 YROWV

25&(>6%��>6GTOU
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