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������ 2EVHUYDWLRQV�(YHQWV������������������������������������������������������������������������� ��������
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������ 2EVHUYDWLRQV�(YHQWV������������������������������������������������������������������������� ��������
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������ 2EVHUYDWLRQV�(YHQWV������������������������������������������������������������������������� ��������
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���� �3&'�2SHUDWLRQ�'XULQJ�7HVW�5XQ�7&��, ���������������������������������������������������������� ��������
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���� 7&���$VK�&KDUDFWHULVWLFV�DQG�3&'�3HUIRUPDQFH��������������������������������������������� ��������
������ 0HDVXUHPHQWV�RI�3DUWLFXODWH�0DVV�/RDGLQJV ��������������������������������� ��������
������ 0HDVXUHPHQWV�RI�3DUWLFOH�6L]H�'LVWULEXWLRQ����������������������������������� ��������
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������ &KHPLFDO�$QDO\VHV ������������������������������������������������������������������������������ ��������
������ 0HDVXUHPHQWV�RI�3HUPHDELOLW\�DQG�5HODWHG�3URSHUWLHV ���������������� ��������

���� ,QVSHFWLRQ�5HSRUW�IRU�7HVW�5XQ�7&��,��������������������������������������������������������������� ��������
������ 5XQ�6XPPDU\�������������������������������������������������������������������������������������� ��������
������ )LOWHU�(OHPHQWV������������������������������������������������������������������������������������ ��������
������ )DLO�6DIHV ���������������������������������������������������������������������������������������������� ��������
������ *DVNHWV������������������������������������������������������������������������������������������������� ��������
������ )LOWHU�(OHPHQW�+ROGHUV ���������������������������������������������������������������������� ��������
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���� )LQHV�+DQGOLQJ�6\VWHP������������������������������������������������������������������������������������������� ��������
������ 2SHUDWLRQ�6XPPDU\��������������������������������������������������������������������������� ��������
������ 6LJQLILFDQW�2EVHUYDWLRQV�DQG�0DMRU�(YHQWV ����������������������������������� ��������
������ )LQHV�7UDQVSRUWHU�6\VWHP��)'����� ����������������������������������������������� ��������
������ 6SHQW�)LQHV�6FUHZ�&RROHU��)'����� ����������������������������������������������� ��������
������ (YDOXDWLRQ�DQG�5HGHVLJQ�3RVVLELOLWLHV��)'�����)'����� ���������� ��������

81.7/'�++

��� 75$163257�5($&725�/223�23(5$7,216 ���������������������������������������������������� �������

��� 3URJUHVV�LQ�2SHUDWLRQV��������������������������������������������������������������������������������������������� �������
����� &&7��6HULHV�7HVW�5XQV������������������������������������������������������������������������������� �������
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����� 7&���6HULHV�7HVW�5XQV ������������������������������������������������������������������������������� �������

��� 3HUIRUPDQFH�$QDO\VLV ����������������������������������������������������������������������������������������������� �������
����� 0DWHULDO�%DODQFH������������������������������������������������������������������������������������������� �������
����� 'LVHQJDJHU�(IILFLHQF\��������������������������������������������������������������������������������� �������
����� 3DUWLFXODWH�/RDGLQJ�WR�WKH�3&'���������������������������������������������������������������� �������
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����� 3UHVVXUH�3URILOH����������������������������������������������������������������������������������������������������
����� 7HPSHUDWXUH�3URILOH��������������������������������������������������������������������������������������������
������ 6NLQ�7HPSHUDWXUH�3URILOH ������������������������������������������������������������������������� ��������
������ 5HDFWRU�)HHG�6\VWHP�,VVXHV��������������������������������������������������������������������� ��������

��� &\FORQH�'LSOHJ�2SHUDWLRQ�DQG�'DWD�$QDO\VLV��������������������������������������������������������������
����� %ULHI�+LVWRU\�RI�WKH�'LSOHJ�3UREOHPV�DQG�7URXEOHVKRRWLQJ

3URFHVVHV���������������������������������������������������������������������������������������������������������������
����� $QDO\VHV�RI�'LSOHJ�8SVHWV ���������������������������������������������������������������������������������
����� 7KH�6WDEOH�2SHUDWLRQ�RI�WKH�'LSOHJ�DQG�5HODWHG�'HVLJQ�,VVXHV������������������
����� 6XPPDU\���������������������������������������������������������������������������������������������������������������

��� $8;,/,$5,(6�$1'�%$/$1&(�2)�3/$17�������������������������������������������������������������������

��� )HHGVWRFN�3UHSDUDWLRQ
����� 'HVFULSWLRQ�����������������������������������������������������������������������������������������������������������
����� 0:.�&RDO�3XOYHUL]HU�6\VWHP�0RGLILFDWLRQV�WR�,PSURYH

*ULQG�&RQVLVWHQF\�����������������������������������������������������������������������������������������������

��� 5HDFWRU�)HHGVWRFN�,QMHFWLRQ�DQG�$VK�5HPRYDO�6\VWHPV���������������������������������������������
��� 0:.�3URFHVV�$LU�&RPSUHVVRU���������������������������������������������������������������������������������������
��� 7UDQVSRUW�$LU�6\VWHP ��������������������������������������������������������������������������������������������������������
��� 5HF\FOH�*DV�6\VWHP �����������������������������������������������������������������������������������������������������������
��� 3URFHVV�*DV�6DPSOLQJ �������������������������������������������������������������������������������������������������������
��� 0:.�6WHDP�*HQHUDWLRQ�6\VWHP ������������������������������������������������������������������������������������
��� 6XOIDWRU ��������������������������������������������������������������������������������������������������������������������������������
��� %DJKRXVH �����������������������������������������������������������������������������������������������������������������������������
���� %DJKRXVH�$VK�5HPRYDO ���������������������������������������������������������������������������������������������������
���� +HDW�7UDQVIHU�)OXLG�6\VWHP���������������������������������������������������������������������������������������������
���� 1LWURJHQ�6XSSO\ ����������������������������������������������������������������������������������������������������������������
���� 3URSDQH�6XSSO\ �����������������������������������������������������������������������������������������������������������������
���� ,QVWUXPHQW�$LU�6\VWHP �����������������������������������������������������������������������������������������������������
���� :DWHU�6\VWHPV��&ORVHG�/RRS��&RROLQJ�7RZHU��&RQGHQVDWH��6HUYLFH�

)LUH��3RWDEOH� ���������������������������������������������������������������������������������������������������������������������
���� :DVWHZDWHU�7UHDWPHQW �����������������������������������������������������������������������������������������������������
���� &RQGHQVDWH�7UHDWPHQW�����������������������������������������������������������������������������������������������������
���� 6WDWLRQ�6HUYLFH�DQG�836��,QFOXGLQJ�'LHVHO�*HQHUDWRU� ����������������������������������������������
���� 0:.�6WDUW�8S�%XUQHU ����������������������������������������������������������������������������������������������������
���� 7UDQVSRUW�5HDFWRU�3UHVVXUH�&RQWURO�9DOYH�39���� ����������������������������������������������������
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����� 0DMRU�(TXLSPHQW�LQ�WKH�7UDQVSRUW�5HDFWRU�7UDLQ��������������������������������������������������������
����� 0DMRU�(TXLSPHQW�LQ�WKH�%DODQFH�RI�3ODQW ��������������������������������������������������������������� �����

������� &&7�$�5XQ�6WDWLVWLFV����������������������������������������������������������������������������������������������� �������
������� &&7�$�0DMRU�(YHQWV ���������������������������������������������������������������������������������������������� �������

������� &&7�%�5XQ�6WDWLVWLFV����������������������������������������������������������������������������������������������� �������
������� &&7�%�0DMRU�(YHQWV����������������������������������������������������������������������������������������������� �������

������� /RVV�RQ�,JQLWLRQ�7HVWV�IRU�&&7�&�6ROLGV�6DPSOHV ��������������������������������������������� �������
������� &&7�&�5XQ�6WDWLVWLFV����������������������������������������������������������������������������������������������� �������
������� &&7�&�0DMRU�(YHQWV����������������������������������������������������������������������������������������������� �������

������� &&7�'�5XQ�6WDWLVWLFV ���������������������������������������������������������������������������������������������� �������
������� &&7�'�0DMRU�(YHQWV ���������������������������������������������������������������������������������������������� �������

������� 6DPSOLQJ�3DUDPHWHUV�DQG�5HVXOWV�RI�6DPSOLQJ�5XQV�DW�3&'�,QOHW������������������� �������
������� &RPSDULVRQ�RI�3DUWLFXODWH�/RDGLQJV�2EWDLQHG�)URP�,Q�6LWX

0HDVXUHPHQWV�:LWK�3DUWLFXODWH�/RDGLQJV�(VWLPDWHG�)URP
5DWH�RI�$VK�'LVFKDUJH ��������������������������������������������������������������������������������������������� �������

������� 5HVXOWV�RI�6DPSOLQJ�5XQV�DW�3&'�2XWOHW ������������������������������������������������������������� �������

������� 5HVXOWV�RI�&KHPLFDO�$QDO\VHV�RI�3&'�+RSSHU�6DPSOHV�DQG
5HVLGXDO�'XVWFDNH����������������������������������������������������������������������������������������������������� �������

������� &&7�$�5XQ�6WDWLVWLFV����������������������������������������������������������������������������������������������� �������
������� &&7�$�0DMRU�(YHQWV ���������������������������������������������������������������������������������������������� �������

������� &&7�%�5XQ�6WDWLVWLFV����������������������������������������������������������������������������������������������� �������
������� &&7�&�0DMRU�(YHQWV� ��������������������������������������������������������������������������������������������� �������
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������� &&7�$�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�0DUFK����7KURXJK����������������������������� �������
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������� &&7�&�,QVSHFWLRQ�²�,QLWLDO�&OXVWHU�5HPRYDO������������������������������������������������������� �������
������� &&7�&�,QVSHFWLRQ�²�)LOWHU�(OHPHQW�&UDFNLQJ ����������������������������������������������������� �������
������� &&7�&�,QVSHFWLRQ�²�7RS�3OHQXP�9LHZ��������������������������������������������������������������� �������

������� &&7�'�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�$SULO����WR������������������������������������������� �������
������� &&7�'�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�$SULO����WR������������������������������� �������
������� &&7�'�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�$SULO����WR��� �������������������������������� �������
������� &&7�'�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�$SULO����WR������������������������������������������� �������
������� &&7�'�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�$SULO����WR������������������������������� �������
������� &&7�'�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�$SULO����WR��� �������������������������������� �������
������� &&7�'�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�$SULO����WR�0D\�� ��������������������������������� �������
������� &&7�'�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�$SULO����WR�0D\�� ������������������� ��������
������� &&7�'�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�$SULO����WR�0D\�������������������������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�&&7�'��/D\RXW�1R���� ������������������������������������������� ��������

������� 'LIIHUHQWLDO�0DVV�'LVWULEXWLRQV�2EWDLQHG�)URP�&DVFDGH�&\FORQH�5XQV��������� �������
������� &XPXODWLYH�3HUFHQW�'LVWULEXWLRQV�2EWDLQHG�)URP�&DVFDGH�&\FORQH�5XQV ���� �������
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������� 'LIIHUHQWLDO�0DVV�'LVWULEXWLRQV�2EWDLQHG�)URP�&DVFDGH�&\FORQH�5XQV ��������� �������
������� 0LFURWUDF�3DUWLFOH�6L]H�$QDO\VLV�RI�&\FORQH�&DWFKHV�)URP�&&7�,&<&�������� �������
������� 0LFURWUDF�3DUWLFOH�6L]H�$QDO\VLV�RI�&\FORQH�&DWFKHV�)URP�&&7�,&<&�������� �������

������� &RPSDULVRQ�RI�3DUWLFOH�6L]H�'LVWULEXWLRQV�0HDVXUHG�E\�&DVFDGH
&\FORQHV�:LWK�0LFURWUDF�DQG�6LHYH�$QDO\VLV�RI�+RSSHU�6DPSOHV �������������������� �������

������� &RPSDULVRQ�RI�3DUWLFOH�6L]H�'LVWULEXWLRQV�0HDVXUHG�E\�6LHYH
DQG�0LFURWUDF�$QDO\VLV�DQG�E\�0LFURWUDF�$QDO\VLV�$ORQH ���������������������������������� �������

������� &RPSDULVRQ�RI�3DUWLFOH�6L]H�'LVWULEXWLRQV�RI�'XVWFDNH�DQG�RI
,Q�6LWX�6DPSOH��FKDUW���RI��������������������������������������������������������������������������������������� �������

������� &RPSDULVRQ�RI�3DUWLFOH�6L]H�'LVWULEXWLRQV�RI�'XVWFDNH�DQG�RI�,Q�6LWX
6DPSOH��FKDUW���RI���������������������������������������������������������������������������������������������������� �������

������� &&7�$�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�0D\����7KURXJK��������� ������������������� �������
������� &&7�$�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�0D\����7KURXJK��������� ������� �������
������� &&7�$�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�0D\����7KURXJK��������������������� �������
������� &&7�$�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�0D\����7KURXJK��������� ������������������� �������
������� &&7�$�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�0D\����7KURXJK��������� ������� �������
������� &&7�$�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�0D\����7KURXJK��������������������� �������
������� /D\RXW�IRU�&&7�$��/D\RXW������������������������������������������������������������������������������������ �������

������� &&7�%�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�0D\����WR��������� ������������������������������� �������
������� &&7�%�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�0D\����WR����������������������������� �������
������� &&7�%�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�0D\����WR��������������������������������� �������
������� )LOWHU�(OHPHQW�/D\RXW�IRU�&&7�%��/D\RXW�1R���� ���������������������������������������������� �������

�������� &&7��7HPSHUDWXUH�DQG�3UHVVXUH�IRU�-XQH����7KURXJK��� ������������������������������ ��������
�������� &&7��3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�-XQH����7KURXJK���������������������� ��������
�������� &&7��3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�-XQH����7KURXJK��� ����������������������� ��������
�������� &&7��7HPSHUDWXUH�DQG�3UHVVXUH�IRU�-XQH����7KURXJK��� ������������������������������ ��������
�������� &&7��3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�-XQH����7KURXJK���������������������� ��������
�������� &&7��3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�-XQH����7KURXJK�²����������������������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�&&7���/D\RXW�1R���� ����������������������������������������������� ��������

�������� 3&'�,QOHW�3DUWLFOH�6L]H�'LVWULEXWLRQ�IRU�&&7���&&7���DQG�&&7������������������ ��������

�������� &&7��,QVSHFWLRQ�²�$VK�'HSRVLW�RQ�2XWHU�)LOWHU�(OHPHQWV����������������������������� ��������
�������� &&7��,QVSHFWLRQ�²�2XWHU�5RZ�)LOWHU�(OHPHQWV�RQ�%RWWRP�3OHQXP ������������� ��������
�������� &&7��,QVSHFWLRQ�²�:LQGZDUG�$VK�'HSRVLW������������������������������������������������������� ��������
�������� &&7��,QVSHFWLRQ�²�6KURXG�$VK�'HSRVLWV����������������������������������������������������������� ��������

�������� 7KHUPDO�(YHQW�RQ�$XJXVW����7KURXJK�6HSWHPEHU�� ���������������������������������������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��$��/D\RXW�1R���� ��������������������������������������������� ��������

�������� 7&��$�,QVSHFWLRQ�²�)DLOHG�(OHPHQWV������������������������������������������������������������������ ��������
�������� /D\RXW�6WDUWLQJ�7&��%������������������������������������������������������������������������������������������� ��������
�������� 7&��$�,QVSHFWLRQ�²�)UDFWXUH�3RLQWV ������������������������������������������������������������������� ��������
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�������� 7&��$�,QVSHFWLRQ�²�)UDFWXUH�6XUIDFHV ��������������������������������������������������������������� ��������
�������� 7&��$�,QVSHFWLRQ�²�5HPQDQWV�RI�(OHPHQW�%������������������������������������������������� ��������

�������� 7&��%�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�6HSWHPEHU���7KURXJK��� ������������������� ��������
�������� 7&��%�%DFN�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�6HSWHPEHU��

7KURXJK��� �������������������������������������������������������������������������������������������������������������� ��������
�������� 7&��%�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�6HSWHPEHU���7KURXJK��� ������������ ��������
�������� 7&��%�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�6HSWHPEHU����7KURXJK��� ����������������� ��������
�������� 7&��%�%DFN�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�6HSWHPEHU���

7KURXJK��� �������������������������������������������������������������������������������������������������������������� ��������
�������� 7&��%�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�6HSWHPEHU����7KURXJK������������� ��������
�������� 7&��%�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�6HSWHPEHU����7KURXJK��� ��������������� ���������
�������� 7&��%�%DFN�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�6HSWHPEHU���

7KURXJK��� ������������������������������������������������������������������������������������������������������������ ���������
�������� 7&��%�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�6HSWHPEHU����7KURXJK����������� ���������
��������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��%��/D\RXW�1R���� ������������������������������������������� ���������

�������� 7&��&�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�6HSWHPEHU����7KURXJK��� ����������������� ��������
�������� 7&��&�%DFN�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�6HSWHPEHU���

7KURXJK��� �������������������������������������������������������������������������������������������������������������� ��������
�������� 7&��&�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�6HSWHPEHU����7KURXJK������������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��&��/D\RXW�1R������������������������������������������������� ��������

�������� 7&��'�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�6HSWHPEHU����7KURXJK
2FWREHU�� ����������������������������������������������������������������������������������������������������������������� ��������

�������� 7&��'�%DFN�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�6HSWHPEHU���
7KURXJK�2FWREHU��������������������������������������������������������������������������������������������������� ��������

�������� 7&��'�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�6HSWHPEHU����7KURXJK
2FWREHU�� ����������������������������������������������������������������������������������������������������������������� ��������

�������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��'��/D\RXW�1R���� �������������������������������������������� ��������

�������� 7&��(�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�2FWREHU���7KURXJK��� ����������������������� ��������
�������� 7&��(�%DFN�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�2FWREHU��

7KURXJK��� �������������������������������������������������������������������������������������������������������������� ��������
�������� 7&��(�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�2FWREHU���7KURXJK������������������� ��������
�������� 7&��(�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�2FWREHU����7KURXJK�� ����������������������� ��������
�������� 7&��(�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�2FWREHU����7KURXJK��� ��������� ��������
�������� 7&��(�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�2FWREHU����7KURXJK����������������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��(��/D\RXW�1R������������������������������������������������� ��������

�������� 7&��)�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�2FWREHU����7KURXJK������������������������� ��������
�������� 7&��)�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�2FWREHU����7KURXJK������������� ��������
�������� 7&��)�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�2FWREHU����7KURXJK��� �������������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��)��/D\RXW�1R���� ��������������������������������������������� ��������

�������� 7&��*�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�2FWREHU����7KURXJK������������������������ ��������
�������� 7&��*�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�2FWREHU����7KURXJK������������ ��������
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�������� 7&��*�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�2FWREHU����7KURXJK��� ������������� ��������
�������� 7&��*�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�2FWREHU����7KURXJK

1RYHPEHU�� ������������������������������������������������������������������������������������������������������������� ��������
�������� 7&��*�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�2FWREHU���

7KURXJK�1RYHPEHU����������������������������������������������������������������������������������������������� ��������
�������� 7&��*�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�2FWREHU���

7KURXJK�1RYHPEHU����������������������������������������������������������������������������������������������� ��������
�������� 7KHUPDO�(YHQW�RQ�1RYHPEHU������������������������������������������������������������������������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��*��/D\RXW�1R��������������������������������������������������������

�������� 7KHUPDO�(YHQW�RQ�1RYHPEHU������������������������������������������������������������������������� ��������
�������� 'DPDJHG�(OHPHQWV�RQ�1RYHPEHU����������������������������������������������������������������� ��������
�������� (OHPHQW�/D\RXW ������������������������������������������������������������������������������������������������������� ��������
�������� 7RS�3OHQXP�%URNHQ�&DQGOHV �������������������������������������������������������������������������������� ��������
�������� 7RS�3OHQXP�%URNHQ�&DQGOH�&ORVH�8S ���������������������������������������������������������������� ��������
�������� 3UHVVXUH�'URS�LQ�)DLO�VDIHV�DIWHU�7&��*�5XQ���������������������������������������������������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��+��/D\RXW�1R������������������������������������������������� ��������

�������� 7&��+�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�1RYHPEHU����7KURXJK�������������������� ��������
�������� 7&��+�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�1RYHPEHU����7KURXJK��� ����� ��������
�������� 7&��+�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�1RYHPEHU����7KURXJK��� ��������� ��������
�������� 7&��+��7HPSHUDWXUH�DQG�3UHVVXUH�IRU�1RYHPEHU����7KURXJK������������������� ��������
�������� 7&��+�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�1RYHPEHU����7KURXJK�������� ��������
��������� 7&��+�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�1RYHPEHU����7KURXJK��� ��������� ��������
�������� )LOWHU�(OHPHQW�/D\RXW�IRU�7&��+��/D\RXW�1R��������������������������������������������������������

�������� 7&��,�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�1RYHPEHU����7KURXJK���������������������� ��������
�������� 7&��,�3XOVH�3UHVVXUH�DQG�)DFH�9HORFLW\�IRU�1RYHPEHU����7KURXJK���������� ��������
�������� 7&��,�3UHVVXUH�'URS�DQG�3HUPHDQFH�IRU�1RYHPEHU����7KURXJK��� ����������� ��������
�������� 7&��,�7HPSHUDWXUH�DQG�3UHVVXUH�IRU�1RYHPEHU����7KURXJK

'HFHPEHU���������������������������������������������������������������������������������������������������������������� ��������
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������� &\FORQH�3UHVVXUH�²�)ORZ��&\FORQH�,QOHW�9HORFLW\��)36� ����������������������������������������������
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7UDQVPLVVLRQ�6FDQV������������������������������������������������������������������������������������������������������������

������� 0HDQ�&RDO�3DUWLFOH�6L]H�%HIRUH�3URFHVV�&KDQJH��������������������������������������������������� ������
������� 0HDQ�&RDO�3DUWLFOH�6L]H�$IWHU�3URFHVV�&KDQJH ���������������������������������������������������� �������

25&(>����>6CDNGUA(KIU
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7KLV�UHSRUW�GLVFXVVHV�WKH������RSHUDWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�WUDLQ�ZLWK�D�: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�DOO�WKH�WHVW�UXQV�LQ������

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
WKDW�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�DGYDQFHG�SUHVVXUL]HG�IOXLGL]HG�EHG�FRPEXVWLRQ��$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
LW�ZDV�IRXQG�WKDW�WKHUH�ZHUH�H[FHVVLYH�VROLGV�FDUU\RYHU�IURP�WKH�UHDFWRU�WR�WKH�3&'���$�QXPEHU
RI�VWDUW�XS�DQG�GHVLJQ�SUREOHPV�DVVRFLDWHG�ZLWK�YDULRXV�HTXLSPHQW�ZHUH�VXFFHVVIXOO\�DGGUHVVHG�

'XULQJ������WKUHH�DGGLWLRQDO�VHWV�RI�FKDUDFWHUL]DWLRQ�WHVW�UXQV��&&7���&&7���DQG�&&7���DQG
RQH�PDMRU�WHVW�FDPSDLJQ��7&����ZHUH�XQGHUWDNHQ���)LJXUH���������JLYHV�D�VXPPDU\�RI�WKH�WHVW
UXQV�LQ������DQG�ILJXUH���������VKRZV�WKH�FRDO�IHHG�DQG�FLUFXODWLRQ�KRXUV�IRU�WKH������WHVW�UXQV�
7KH�PDMRU�DFFRPSOLVKPHQWV�LQ������LQFOXGH�

�� 2SHUDWLQJ�WKH�:HVWLQJKRXVH�3&'�IRU�RYHU�������KRXUV�RQ�FRDO�LQ�FRPEXVWLRQ
ZLWKRXW�DVK�EULGJLQJ�DW�3&'�LQOHW�WHPSHUDWXUHV�EHWZHHQ�������DQG�������)�
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�� '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&���

7KH�RQ�OLQH�DYDLODELOLW\��EDVHG�RQ�FRDO��IRU�WKH�HQWLUH�7&���WHVW�UXQ�ZDV�DERXW����SHUFHQW�
7KH�PDMRU�ERWWOHQHFN�IRU�VXVWDLQHG�KLJK�RQ�OLQH�DYDLODELOLW\�LV�WKH�XQUHOLDELOLW\�RI�WKH�FRDO�IHHG
V\VWHP�

�������6TCPURQTV�4GCEVQT

7KH�PDMRU�JRDOV�RI�&&7��DQG�&&7��ZHUH�WR�

�� (VWDEOLVK�WKH�XQGHUO\LQJ�FDXVHV�DQG�GHYHORS�VROXWLRQV�IRU�WKH�KLJK�VROLGV�FDUU\RYHU�UDWH
IURP�WKH�WUDQVSRUW�UHDFWRU�WR�WKH�3&'�

�� ,QFUHDVH�WKH�FRDO�IHHG�DQG�VROLG�FLUFXODWLRQ�UDWHV�

�� ([SORUH�WKH�LQIOXHQFH�RI�VWDJHG�DLU�RQ�UHDFWRU�RSHUDWLRQV�DQG�12;�HPLVVLRQV�

7KH�KLJK�VROLGV�FDUU\RYHU�UDWH�ZDV�VXVSHFWHG�WR�UHVXOW�IURP�WKH�VROLGV�LPSURSHUO\�GUDLQLQJ�IURP
WKH�F\FORQH�GLSOHJ���6ROLGV�IORZDELOLW\�LQ�WKH�F\FORQH�GLSOHJ�ZDV�VXEVWDQWLDOO\�LPSURYHG�WKURXJK
WKH�DGGLWLRQ�RI�DHUDWLRQ�WR�WKH�F\FORQH�GLSOHJ�DQG�IHHGLQJ�D�FHUWDLQ�DPRXQW�RI�ILQHU�VL]H�SDUWLFOHV
WR�WKH�UHDFWRU���7KH�UHVXOW�LV�VLJQLILFDQW�LQ�WKDW�ZLWK�WKH�VXEVWDQWLDO�UHGXFWLRQ�LQ�VROLG�FDUU\RYHU
UDWH��WKH�VROLG�LQYHQWRU\�LQ�WKH�UHDFWRU�JUDGXDOO\�LQFUHDVHG���:LWK�WKH�LQFUHDVH�LQ�WKH�UHDFWRU
LQYHQWRU\�DQG�WKH�VROLG�FDUU\RYHU�UDWH�XQGHU�FRQWURO��WKH�VROLG�FLUFXODWLRQ�UDWH�IURP�WKH
FRPEXVWLRQ�KHDW�H[FKDQJHU�ZDV�LQFUHDVHG���7KH�FRDO�IHHG�UDWH�ZDV�DOVR�LQFUHDVHG���%RWK�WKH�FRDO
IHHG�UDWH�DQG�WKH�VROLG�FLUFXODWLRQ�UDWH�DFKLHYHG�LQ�WKH�&&7�%�WHVW�UXQ�ZHUH�DERYH�WKH�H[SHFWHG
YDOXHV�IRU�WKH�FRUUHVSRQGLQJ�UHDFWRU�RSHUDWLQJ�SUHVVXUH�

7KH�SULPDU\�SXUSRVH�RI�&&7��WHVW�UXQ�ZDV�WR�EHWWHU�XQGHUVWDQG�WKH�RSHUDELOLW\�RI�WKH�F\FORQH
GLSOHJ���7R�DFKLHYH�WKLV�WHVW�JRDO��YDULRXV�RSHUDWLQJ�FRQGLWLRQV�ZHUH�WHVWHG���7KH�UHVXOWV�VKRZ
WKDW�WKH�GLSOHJ�FDQ�EH�RSHUDWHG�DW�VWDEOH�FRQGLWLRQV�ZLWK�SURSHU�VHWWLQJ�RI�WKH�DHUDWLRQ�UDWH�IRU�D
FHUWDLQ�EHG�PDWHULDO�UHJDUGOHVV�RI�WKH�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH���7KH�GLSOHJ�RSHUDWLRQ�ZDV
IRXQG�WR�EH�TXLWH�VHQVLWLYH�WR�WKH�YDULDWLRQ�RI�WKH�SDUWLFOH�VL]H�DQG�GLSOHJ�DHUDWLRQ���&KDQJLQJ�WKH
SDUWLFOH�VL]H�ZLWKRXW�DGMXVWLQJ�WKH�GLSOHJ�DHUDWLRQ�IORZ�UDWH�FDQ�FDXVH�XSVHWV�LQ�WKH�GLSOHJ
RSHUDWLRQ���$OVR��PRVW�RI�WKH�GLSOHJ�XSVHWV�RFFXUUHG�ZKHQ�WKH�VROLGV�FLUFXODWLRQ�UDWH�DQG�WKH
GLSOHJ�OHYHO�ZHUH�KLJK�

7KH�PDMRU�REMHFWLYH�RI�7&���ZDV�WR�H[SRVH�WKH�FDQGOHV�DW�D�WHPSHUDWXUH�RI�������)�IRU�DW�OHDVW
������KRXUV���7KLV�JRDO�ZDV�DFKLHYHG�LQ�'HFHPEHU��������$SSUR[LPDWHO\����SHUFHQW�RI�WKH
RXWDJH�WLPH�GXULQJ�WKH�HDUO\�SDUW�RI�WKLV�UXQ�ZDV�GXH�WR�SUREOHPV�ZLWK�WKH�VHDO�PHFKDQLVP�LQ�WKH
ILOWHU�ILQHV�WUDQVSRUW�V\VWHP���$IWHU�WKH�VHDO�PDWHULDO�ZDV�FKDQJHG�DQG�WKH�VHDO�SUHVVXUH�ZDV
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ORZHUHG��WKHUH�ZHUH�QR�DGGLWLRQDO�RXWDJHV�FDXVHG�E\�WKLV�V\VWHP���7KH�UHPDLQLQJ�RXWDJHV�ZHUH
SULPDULO\�GXH�WR�WKH�FRDO�IHHGHU�V\VWHP���0RGLILFDWLRQV�WR�HTXLSPHQW��ORJLF��DQG�RSHUDWLQJ
SURFHGXUHV�VLJQLILFDQWO\�LPSURYHG�WKH�UHOLDELOLW\�RI�WKH�FRDO�IHHG�V\VWHP���%\�DGGUHVVLQJ�WKHVH
SUREOHPV�WKH�XQLW�DYDLODELOLW\�RQ�FRDO�UHDFKHG����SHUFHQW���2WKHU�QRWDEOH�DFKLHYHPHQWV�GXULQJ
WKLV�WHVW�UXQ�LQFOXGH�WKH�KLJKHVW�FRDO�IHHG�UDWH��~������OE�KU��DQG�KLJKHVW�RSHUDWLQJ�SUHVVXUH�����
SVLJ��WR�GDWH�IRU�WKH�XQLW���$OVR��WKH�ORQJHVW�FRQWLQXRXV�UXQ�RQ�FRDO�IHHG�ZDV�FRPSOHWHG�DW����
KRXUV���$GGLWLRQDO�DFFRPSOLVKPHQWV�DUH�GHWDLOHG�LQ�VHFWLRQ�������

'DWD�FROOHFWHG�LQ������ZDV�DQDO\]HG�WR�HYDOXDWH�GLIIHUHQW�DUHDV�RI�UHDFWRU�RSHUDWLRQ�DQG
SHUIRUPDQFH���6RPH�RI�WKH�PDMRU�REVHUYDWLRQV�DUH�GHVFULEHG�EHORZ����7KH�GLVHQJDJHU�HIILFLHQF\
LQFUHDVHV�ZLWK�LQFUHDVLQJ�VROLG�GHQVLW\�DQG�GHFUHDVHV�ZLWK�LQFUHDVLQJ�LQOHW�YHORFLW\���7KH
HIILFLHQF\�DOVR�VKRZV�D�VOLJKW�LQFUHDVH�ZLWK�LQFUHDVLQJ�VROLGV�ORDGLQJ��EXW�WKH�VHQVLWLYLW\�WR
FLUFXODWLRQ�UDWH�LV�ORZ���3DUWLFXODWH�ORDGLQJ�WR�WKH�3&'�ZDV�IRXQG�WR�EH�KLJKHU�GXULQJ�SHULRGV
WKDW�LQFOXGHG�D�3&'�EDFNSXOVH�GXH�WR�WKH�LQVWDELOLW\�VRPHWLPHV�FUHDWHG�LQ�UHDFWRU�RSHUDWLRQV�
:KHQ�GRORPLWH�ZDV�DGGHG�WKH�62��DQDO\]HU�GLG�QRW�KDYH�D�GHWHFWDEOH�UHDGLQJ��ZKLFK�LQGLFDWHG�D
KLJK�VXOIXU�FDSWXUH���7KH�12;�HPLVVLRQV�ZHUH�ORZ��EXW�WKH�H[SHFWHG�12;�HPLVVLRQ�WUHQGV�ZHUH
QRW�VHHQ�GXH�WR�LQVXIILFLHQW�YDULDELOLW\�LQ�WKH�RSHUDWLQJ�SDUDPHWHUV�WKDW�DIIHFW�WKH�12;

HPLVVLRQV�
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(KIWTG����������6TCPURQTV�4GCEVQT�6GUV�4WP�5WOOCT[�HQT�����

(KIWTG����������%QCN�(GGF�CPF�%KTEWNCVKQP�*QWTU�HQT�VJG������6GUV�4WPU
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Solid Circulation Coal Feed

Task Name

CCT4A
CCT4B
CCT4C
CCT4D
CCT5A
CCT5B
CCT6
TC01A
TC01B
TC01C
TC01D
TC01E
TC01F
TC01G
TC01H
TC01I
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������9GUVKPIJQWUG�2%&

,Q�������WKH�:HVWLQJKRXVH�3&'�ZDV�RSHUDWHG�RQ�FRDO�IRU�VOLJKWO\�RYHU�����KRXUV���2Q�LWV�LQLWLDO
RSHUDWLRQ�RQ�FRDO�WKH�ILOWHU�ZDV�ILOOHG�ZLWK�DVK��ZKLFK�OHDG�WR�WKH�IDLOXUH�RI�QHDUO\�DOO�RI�WKH�ILOWHU
HOHPHQWV���,Q�WKH�UXQV�WR�IROORZ��WKURXJK�WKH�UHPDLQGHU�RI�������D�VLJQLILFDQW�SUREOHP�ZDV
GLDJQRVHG�ZLWK�WKH�RSHUDWLRQ�RI�WKH�0�:��.HOORJJ��0:.��SULPDU\�F\FORQH���7KH�SDUWLFOH�VL]H�RI
WKH�PDWHULDO�HQWHULQJ�WKH�ILOWHU�V\VWHP�ZDV�HVVHQWLDOO\�WKH�VDPH�DV�WKH�PDWHULDO�EHLQJ�IHG�WR�WKH
WUDQVSRUW�UHDFWRU���$GGLWLRQDOO\��WKH�ORDGLQJ�YDULHG�DQG�UDQJHG�IURP�������WR���������SSP
�GHVLJQ�UDQJH�ZDV�������WR��������SSP��

'XULQJ�������RSHUDWLRQ�JUHDWO\�LPSURYHG�DV�ZDV�HYLGHQFHG�E\�ORJJLQJ�RYHU�������KRXUV�RQ�FRDO�
6RXWKHUQ�5HVHDUFK�,QVWLWXWH��65,��RXWOHW�SDUWLFXODWH�FROOHFWLRQ�V\VWHP�FDPH�RQ�OLQH�DQG�LW�ZDV
UHDOL]HG�WKDW�WKH�:HVWLQJKRXVH�ILOWHU�V\VWHP�LV�FDSDEOH�RI�JUHDWHU�WKDQ�������SHUFHQW�FROOHFWLRQ
HIILFLHQF\�ZLWK�RXWOHW�ORDGLQJV�EHORZ���SSP���0RQLWRULQJ�DVK�OHYHO�LQ�WKH�ILOWHU�V\VWHP�EHFDPH
URXWLQH�DQG�WKH�UHVSRQVLELOLW\�IRU�GD\�WR�GD\�RSHUDWLRQ�RI�WKH�3&'�GXULQJ�WHVWLQJ�ZDV�WXUQHG
RYHU�WR�WKH�RSHUDWLRQV�VWDII���6HYHUDO�WLPHV�GXULQJ�WKH�\HDU�ULVLQJ�DVK�OHYHOV�EHFDPH�DQ�LVVXH�IRU
FRQFHUQ��EXW�DW�QR�WLPH�GLG�WKH\�FDXVH�GDPDJH�WR�WKH�ILOWHU�HOHPHQWV���7KURXJK�WKH�ZRUN�RI�WKH
WUDQVSRUW�UHDFWRU�VWDII��SDUWLFXODWH�VL]H�DQG�ORDGLQJ�EHFDPH�YHU\�FRQVLVWHQW�DQG�ZHOO�ZLWKLQ
GHVLJQ�YDOXHV�

+RZHYHU�������GLG�QRW�SDVV�ZLWKRXW�SUREOHPV���(DUO\�LQ�WKH�\HDU��RQ�$SULO����D�FRPEXVWLRQ
LQVLGH�WKH�3&'�FDXVHG�IDLOXUH�RI�DOO�WKH�ILOWHU�HOHPHQWV���$OVR��LQ�WKH�VDPH�WLPH�VSDQ�LW�ZDV
UHDOL]HG�WKDW�WKH�SXOVH�YDOYHV�KDG�DQ�XQXVXDO�IORZ�FKDUDFWHULVWLF��WKH\�GHFUHDVHG�IORZ�ZLWK
LQFUHDVLQJ�GLIIHUHQWLDO�SUHVVXUH���7KLV�ZDV�FDXVHG�E\�D�GHVLJQ�IODZ�LQ�WKH�YDOYHV�ZKLFK�KDV�EHHQ
FRUUHFWHG�DQG�ZLOO�EH�YHULILHG�HDUO\�LQ��������6LPLODU�YDOYHV�DW�WKH�3LQRQ�3LQHV�SURMHFW�KDYH�DOVR
EHHQ�PRGLILHG�

2QH�RI�WKH�ELJJHVW��DQG�XQH[SHFWHG��SUREOHPV�WR�GDWH�KDV�EHHQ�ZLWK�WKH�SHUIRUPDQFH�RI�WKH
&RRUV�3���$�ILOWHU�HOHPHQWV���&RRUV�3���$�HOHPHQWV�EHJDQ�IDLOLQJ�LQ�6HSWHPEHU��DQG�D�WKHUPDO
H[FXUVLRQ�RI�WKH�HQWLUH�SURFHVV�GXH�WR�D�SOXJJDJH�LQ�WKH�FRDO�IHHGHU�OHDG�WR�D�FRPSOHWH�IDLOXUH�RI
WKH�&RRUV�3���$�HOHPHQWV�LQ�1RYHPEHU���:LWK�RQO\�RQH�H[FHSWLRQ��WKH�&RRUV�3���$�IDLOXUHV
KDYH�EHHQ�DVVRFLDWHG�ZLWK�VRPH�W\SH�RI�WKHUPDO�WUDQVLHQW�WKDW�FDQ�EH�EODPHG�RQ�RSHUDWLRQV�
WZLFH�ZKLOH�WUDQVLWLRQLQJ�IURP�WKH�VWDUW�XS�EXUQHU�WR�FRDO�DQG�WKH�WKHUPDO�WUDQVLHQW�LQ
1RYHPEHU���+RZHYHU��ZKDW�LV�VLJQLILFDQW�LV�WKDW�QR�PRQROLWKLF�6L&�ILOWHU�HOHPHQWV�WKDW�KDG�EHHQ
WKURXJK�WKH�H[DFW�VDPH�FRQGLWLRQV�IDLOHG�GXULQJ�RSHUDWLRQ���7KH�URRW�FDXVH�RI�WKH�&RRUV�3���$
ILOWHUV�LV�VWLOO�XQGHU�LQYHVWLJDWLRQ�
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�������$CNCPEG�QH�2NCPV�CPF�1VJGT�#WZKNKCTKGU

7KH�$X[LOLDULHV�DQG�%DODQFH�RI�3ODQW�VHFWLRQ�RI�WKLV�UHSRUW�EULHIO\�GLVFXVVHV�HTXLSPHQW�RSHUDWLRQ
RXWVLGH�WKDW�RI�WKH�WUDQVSRUW�UHDFWRU�DQG�3&'���7KHUH�ZHUH�D�QXPEHU�RI�RSHUDWLRQDO�LVVXHV
DVVRFLDWHG�ZLWK�WKHVH�SLHFHV�RI�HTXLSPHQW�WKDW�ZHUH�DGGUHVVHG�GXULQJ������WR�LPSURYH�UHOLDELOLW\�
7KHUH�ZHUH�VLJQLILFDQW�PRGLILFDWLRQV�PDGH�WR�WKH�SXOYHUL]HUV�WR�SURYLGH�D�FRQVLVWHQW�JULQG�VL]H�
&RQWURO�HQKDQFHPHQWV�ZHUH�LPSOHPHQWHG�RQ�WKH�SURFHVV�DLU�FRPSUHVVRU�WR�DGGUHVV�WXQLQJ
SUREOHPV�DQG�FRSH�ZLWK�YDULDWLRQV�LQ�RSHUDWLRQV���7KHUH�ZHUH�VRPH�FKORULQH��DQG�IOXRULQH�
UHODWHG�FRUURVLRQ�LVVXHV�LQ�WKH�SURFHVV�JDV�VDPSOLQJ�DQG�GUDZ�RII�OLQHV�ZKLFK�DUH�EHLQJ
DGGUHVVHG���7KH�UHDFWRU�VWDUW�XS�EXUQHU�SHUIRUPHG�PXFK�EHWWHU�ZLWK�FKDQJHV�WKDW�ZHUH�PDGH�WR
WKH�SLORW�DQG�IODPH�GHWHFWLRQ�V\VWHP���7KH�SURFHVV�SUHVVXUH�OHWGRZQ�YDOYH�H[SHULHQFHG�KLJK
IUHTXHQF\�SOXJ�VWHP�YLEUDWLRQV�GXH�WR�IORZ�LQGXFHG�UHVRQDQFH���$IWHU�VHYHUDO�XQVXFFHVVIXO�RQ�
OLQH�PHDVXUHV��WKH�WULP�ZDV�FKDQJHG�WR�FRUUHFW�WKH�SUREOHP���7KHUH�ZHUH�D�QXPEHU�RI�FKDOOHQJHV
LQ�IHHGLQJ�IXHO�WR�DQG�UHPRYLQJ�DVK�IURP�KLJK�SUHVVXUH�YHVVHOV�ZLWK�WKH�VROLGV�KDQGOLQJ�V\VWHP
FKRVHQ�WR�H[SORUH�RSHUDELOLW\�IRU�WKH�WUDLQ�

2WKHU�LVVXHV�DUH�

• &RUUHFWLYH�DFWLRQV�WDNHQ�RQ�WKH�WUDQVSRUW�DLU�DQG�UHF\FOH�JDV�V\VWHPV�

• 7KH�VWDWXV�RI�WKH�SURFHVV�JDV�DQDO\VLV�V\VWHP�DQG�VXOIDWRU�

• (YROXWLRQ�RI�WKH�VWHDP�JHQHUDWLRQ�SDFNDJH�

• 2SHUDWLRQDO�ILQGLQJV�RI�WKH�EDJKRXVH�DQG�SURSDQH�VXSSO\�V\VWHP�

• ([SHULHQFHV�ZLWK�WKH�LQVWUXPHQW�DLU��VWDWLRQ�VHUYLFH��DQG�P\ULDG�ZDWHU�V\VWHPV�

,Q�PRVW�FDVHV��D�EULHI�GHVFULSWLRQ�RI�DQ\�VKRUWIDOO�LV�LQFOXGHG�LQ�WKLV�UHSRUW��DV�ZHOO�DV�D�VLPLODU
GHVFULSWLRQ�RI�UHVXOWLQJ�ZRUN�SHUIRUPHG���:KLOH�WKHUH�LV�QR�H[SOLFLW�DQDO\VLV�RI�YDULRXV
HTXLSPHQW�GHVLJQ�RU�RSHUDWLRQ��PXFK�FDQ�EH�LQIHUUHG�DV�WR�WKH�LPSDFW�HDFK�FRPSRQHQW�RU
V\VWHP�KDG�RQ�WKH�VXFFHVVIXO�RSHUDWLRQ�RI�WKH�0��:��.HOORJJ��0:.��WUDQVSRUW�UHDFWRU�WUDLQ�



6GEJPKECN�2TQITGUU�4GRQTV 'ZGEWVKXG�5WOOCT[
6TCPURQTV�4GCEVQT�6TCKP 25&(�#EEQORNKUJOGPVU��6TCPURQTV�4GCEVQT�6TCKP

�������

��� 25&(�#%%1/2.+5*/'065

�� 7KH�WUDQVSRUW�UHDFWRU�ZDV�VXFFHVVIXOO\�FRPPLVVLRQHG�DQG�RSHUDWHG�LQ�FRPEXVWLRQ
PRGH�DQG�DFKLHYHG�RYHU�������KRXUV�RI�RSHUDWLRQ�RQ�FRDO�DQG�RYHU�������KRXUV�RI
VROLGV�FLUFXODWLRQ�EHWZHHQ�$XJXVW������DQG�'HFHPEHU������

 
�� 7KH�:HVWLQJKRXVH�3&'�RSHUDWHG�RYHU�������KRXUV�RQ�FRDO�LQ�FRPEXVWLRQ�ZLWKRXW�DVK

EULGJLQJ�DW�3&'�LQOHW�WHPSHUDWXUHV�RI�RYHU�������)�DQG�XS�WR�������)�
 

 �������6TCPURQTV�4GCEVQT�6TCKP
 

�� $�WXUQGRZQ�UDWLR�RI���WR���ZDV�DFKLHYHG�
 
�� 6XFFHVVIXO�F\FORQH�GLSOHJ�RSHUDWLQJ�FRQFHSWV�ZHUH�GHYHORSHG��EDFNHG�E\�WKHRUHWLFDO

XQGHUVWDQGLQJ�
 
�� +LJK�FDUERQ�FRQYHUVLRQV�ZHUH�DFKLHYHG�LQ�FRPEXVWLRQ��������SHUFHQW��DW�ORZ

RSHUDWLQJ�WHPSHUDWXUHV�
 
�� $�YLDEOH�PHFKDQLFDO�GHVLJQ�RI�UHDFWRU�FRQILJXUDWLRQ�ZDV�GHYHORSHG�ZLWK�QR�H[SDQVLRQ

MRLQWV�
 
�� $�KLJK�VROLG�FLUFXODWLRQ�UDWH������WR����VROLG�WR�FRDO��ZDV�HVWDEOLVKHG�
 
�� +LJK�FDUERQ�FRQYHUVLRQ�DQG�KLJK�VXOIXU�FDSWXUH�LQ�WKH�ILUVW�SDVV�ZHUH�SURPRWHG�ZLWK

KLJKO\�HIIHFWLYH�JDV�VROLG�FRQWDFWLQJ��LQ�FRPEXVWLRQ����([SHFWDWLRQV�LQ�JDVLILFDWLRQ�DUH
VLPLODU�

 
�� /LWWOH�UHIUDFWRU\�HURGHG�LQ�ULVHU�FURVVRYHU�DQG�QR�HURVLRQ�RFFXUUHG�DW�RWKHU�SODFHV�ZLWK

PRUH�WKDQ�������KRXUV�RI�VROLG�FLUFXODWLRQ���2SHUDWLRQ�ZDV�RIWHQ�DW�KLJK�YHORFLWLHV�WKDW
ZHUH�GHWULPHQWDO�WR�UHIUDFWRU\���*RRG�H[SDQGLQJ�FDS�GHVLJQ�RQ�ULVHU�WRS�PLQLPL]HG�WKH
FURVVRYHU�UHIUDFWRU\�HURVLRQ�

 
�� 7KH�H[WHUQDO�FRPEXVWLRQ�KHDW�H[FKDQJHU�GHVLJQ�FRQFHSW�LV�IHDVLEOH�DQG�DWWUDFWLYH�
 
�� 7KH�OLQN�EHWZHHQ�WKH�3&'�EDFNSXOVH�DQG�WUDQVSRUW�UHDFWRU�LV�PDQDJHDEOH�GXULQJ

FXUUHQW�RSHUDWLRQ��ZLWKRXW�D�GRZQVWUHDP�FRPEXVWLRQ�WXUELQH��
 
��� 7KH�GLVHQJDJHU�F\FORQH�GHVLJQ�IDFLOLWDWHV�WKH�IHHGLQJ�RI�D�ODUJHU�SDUWLFOH�VL]H�WR�WKH

3&'��ZKLFK�LPSURYHV�LWV�RSHUDWLRQ�
 
��� )LUVW�RI�D�NLQG�SURFHVV�IORZ�VKHHW��SLSLQJ�DQG�LQVWUXPHQWDWLRQ�GLDJUDPV��3	,'V��

HTXLSPHQW�GHVLJQV��GHWDLOHG�PHFKDQLFDO��FLYLO��HOHFWULFDO��DQG�FRQWURO�HQJLQHHULQJ
GHVLJQV��RSHUDWLRQV�DQG�FRQWURO�SKLORVRSK\��DQG�RSHUDWLQJ�SURFHGXUHV�DUH�FRPSOHWH�
SURYHQ��DQG�UHDG\�WR�EH�XVHG�DV�WKH�EDVLV�IRU�WKH�QH[W�JHQHUDWLRQ�VFDOHXS�RI�WUDQVSRUW
UHDFWRU�LQ�FRPEXVWLRQ�

 



'ZGEWVKXG�5WOOCT[� 6GEJPKECN�2TQITGUU�4GRQTV
25&(�#EEQORNKUJOGPVU��6TCPURQTV�4GCEVQT�6TCKP 6TCPURQTV�4GCEVQT�6TCKP

�������

��� 9DULRXV�SUREOHPV�ZLWK�WKH�FRDO�IHHG�DQG�DVK�UHPRYDO�V\VWHPV�ZHUH�DGGUHVVHG���$ERXW
���SHUFHQW�RI�RXWDJHV�ZHUH�FDXVHG�E\�WKHVH�V\VWHPV�

��� :LWK�WKH�H[SHULHQFH�JDLQHG��VLJQLILFDQW�LPSURYHPHQWV�ZHUH�LGHQWLILHG�WKDW�FDQ�EH
LQFRUSRUDWHG�LQ�WKH�GHYHORSPHQW�RI�ELG�VSHFLILFDWLRQ�SDFNHWV�IRU�FRPPHUFLDO
HTXLSPHQW��H�J���FRDO�IHHG�DQG�DVK�UHPRYDO�V\VWHPV��UHDFWRU�VWDUW�XS�EXUQHU��WKH
GLVHQJDJHU��DQG�WKH�FRDO�SUHSDUDWLRQ�V\VWHP��

 



6GEJPKECN�2TQITGUU�4GRQTV 'ZGEWVKXG�5WOOCT[
6TCPURQTV�4GCEVQT�6TCKP 25&(�#EEQORNKUJOGPVU��2%&�5[UVGO

�������

 �������2%&�5[UVGO
 

�� 7KH�SXOVH�YDOYHV�VXSSOLHG�ZLWK�WKH�3&'�GHPRQVWUDWHG�D�IORZ�UHVWULFWLQJ�SKHQRPHQRQ
WKDW�UHVXOWHG�GXH�WR�WKH�YDOYH�LQWHUQDO�JHRPHWU\���3XOVH�YDOYHV�ZHUH�FKDUDFWHUL]HG��WKH
SUREOHP�LGHQWLILHG��DQG�ZRUN�LV�XQGHUZD\�ZLWK�:HVWLQJKRXVH�DQG�WKH�YDOYH
PDQXIDFWXUHU�WR�UHVROYH�WKH�LVVXH��ERWK�KHUH�DQG�DW�3LQRQ�3LQH�

 
�� 7KH�DELOLW\�WR�PRQLWRU�DQG�FRQWURO�DVK�OHYHO�LQ�WKH�3&'�ZDV�GHPRQVWUDWHG�
 
�� 36')�GHPRQVWUDWHG�WKDW�WKH�RXWOHW�SDUWLFXODWH�ORDGLQJ�RI�WKH�:HVWLQJKRXVH�3&'�FDQ

EH�OHVV�WKDQ���SSP�ZLWK�SURSHU�LQVWDOODWLRQ�DQG�ILOWHU�HOHPHQWV�LQWDFW�
 
�� 36')�GHPRQVWUDWHG�WKDW�ZLWK�WZR�EURNHQ�ILOWHU�HOHPHQWV�DQG�SOXJJHG�IDLO�VDIHV

�FXUUHQW�IDLO�VDIH�GHVLJQ�FLUFD�IRXUWK�TXDUWHU��������WKH�RXWOHW�ORDGLQJ�ZDV�DERXW���
SSP�ZLWK�DQ�LQOHW�ORDGLQJ�RI�DERXW��������SSP�

 
�� 7KH�FXUUHQW�:HVWLQJKRXVH�IDLO�VDIH�GHVLJQ��FLUFD�IRXUWK�TXDUWHU�������ZDV�VKRZQ�WR

QRW�DOZD\V�SOXJ�ZKHQ�D�ILOWHU�HOHPHQW�EUHDNV���7KH�IDLO�VDIH�GHVLJQ�LV�FXUUHQWO\�XQGHU
HYDOXDWLRQ�DQG�FKDQJHV�DUH�EHLQJ�PDGH�WR�LPSURYH�SHUIRUPDQFH�

 
�� $�OHDN�SDWK�ZDV�LGHQWLILHG�LQ�WKH�SUHYLRXV��FLUFD�IRXUWK�TXDUWHU�������:HVWLQJKRXVH

IDLO�VDIH�GHVLJQ���7KLV�GHVLJQ�IODZ�KDV�EHHQ�FRUUHFWHG�RQ�VLWH�DQG�LV�FXUUHQWO\�SDUW�RI�WKH
:HVWLQJKRXVH�GHVLJQ�

 
�� 3UREOHPV�ZHUH�LGHQWLILHG�ZLWK�WKH�FXUUHQW�:HVWLQJKRXVH�ILOWHU�HOHPHQW�JDVNHW

DUUDQJHPHQW�DQG�LQVWDOODWLRQ���6LQFH�WKHUH�LV�QR�ZD\�WR�´SURRIµ�WKH�JDVNHW�LQ�WKH
:HVWLQJKRXVH�V\VWHP�DV�ZRXOG�EH�GRQH�ZLWK�D�FRQYHQWLRQDO�EDJKRXVH��WKH�JDVNHW�PXVW
EH�IRROSURRI���36')�LV�ZRUNLQJ�ZLWK�:HVWLQJKRXVH�WR�LPSURYH�ERWK�WKH�JDVNHWV�DQG
WKHLU�LQVWDOODWLRQ�

 
�� 7KH�:HVWLQJKRXVH�SOHQXP�WXEH�VKHHW�KDV�D�GLIIHUHQW�PHWDOOXUJ\�WKDQ�DW�.DUKXOD�DQG

7LGG���:KHUHDV�WKH�SUHYLRXV�LQVWDOODWLRQV�H[SHULHQFHG�VHULRXV�FUHHS��FUDFNLQJ��DQG
FRUURVLRQ�SUREOHPV��WKH�PHWDOOLF�FRPSRQHQWV�RI�WKH�36')�ILOWHU�V\VWHP�VHHP�WR�EH
KROGLQJ�XS�ZHOO�XQGHU�FXUUHQW�FRQGLWLRQV�

 



6GEJPKECN�2TQITGUU�4GRQTV 'ZGEWVKXG�5WOOCT[
6TCPURQTV�4GCEVQT�6TCKP 25&(�#EEQORNKUJOGPVU��2CTVKEWNCVG�5CORNKPI�#UJ�#PCN[UKU

�������

 �������2CTVKEWNCVG�5CORNKPI�#UJ�#PCN[UKU
 

�� ,VRNLQHWLF�DVK�VDPSOHV�ERWK�RQ�3&'�LQOHW�DQG�RXWOHW�ZHUH�UHOLDEO\��VDIHO\��DQG�URXWLQHO\
WDNHQ�

 
�� 7KH�LQOHW�ORDGLQJV�PHDVXUHG�E\�WKH�65,�VDPSOLQJ�V\VWHP�ZHUH�YHULILHG�E\�FROOHFWLQJ�DOO

RI�WKH�DVK�H[LWLQJ�WKH�3&'�KRSSHU�GXULQJ�WKH�VDPSOLQJ�UXQ�
 
�� 36')�VXFFHVVIXOO\�RSHUDWHG�D�KLJK�WHPSHUDWXUH�FDVFDGLQJ�LPSDFWRU�
 
�� 7KH�SURSHUWLHV�RI�WKH�DVKFDNH��L�H���V\VWHP�SUHVVXUH�GURS��KDYH�EHHQ�YHU\�GLIIHUHQW

GXULQJ�HDFK�WHVW�VHULHV��&&7���&&7���&&7���DQG�7&2���HYHQ�WKRXJK�WKH�VDPH
FRDO�VRUEHQW�ZDV�XVHG�WKURXJKRXW���36')�LV�MXVW�EHJLQQLQJ�WR�XQGHUVWDQG�ZK\��EXW
LQGLFDWLRQV�DUH�WKDW�KRZ�D�UHDFWRU�LV�RSHUDWHG�PD\�EH�DV�LPSRUWDQW�DV�ZKDW�LV�IHG�LQWR
LW�

 
�� $FRXVWLF�GHWHFWRU�SHUIRUPDQFH�ZDV�HYDOXDWHG���'XULQJ�LQLWLDO�WHVWLQJ�D�GHVLJQ�IODZ�ZDV

GLVFRYHUHG�ZKLFK�OHG�WR�WKHLU�UHPRYDO���7KH�GHWHFWRUV�KDYH�EHHQ�UHGHVLJQHG�DQG�ZLOO�EH
LQVWDOOHG�SULRU�WR������WHVWV�

 



6GEJPKECN�2TQITGUU�4GRQTV 'ZGEWVKXG�5WOOCT[
6TCPURQTV�4GCEVQT�6TCKP 25&(�#EEQORNKUJOGPVU��(KNVGT�'NGOGPV�6GUVKPI

�������

 �������(KNVGT�'NGOGPV�6GUVKPI
 

�� 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��3DOO������3DOO����7��6FKXPDFKHU�7)����6FKXPDFKHU�7�������DQG��0�7\SH
�����KDYH�EHHQ�WHVWHG�WR�GDWH��DQG�WKHVH�HOHPHQWV�DUH�DW�YDULRXV�OHYHOV�RI�H[SRVXUH�

 
�� &XUUHQW�PDWHULDO�WHVWLQJ�UHVXOWV�LQGLFDWH�WKDW�WKH�&RRUV�PDWHULDO�DSSHDUV�WR�EH�ORVLQJ

VLJQLILFDQW�VWUHQJWK�MXVW�EHORZ�WKH�FDQGOH�IODQJH���7KLV�PDNHV�WKH�&RRUV�ILOWHU�HOHPHQWV
PRUH�VXVFHSWLEOH�WR�IDLOXUH�GXULQJ�D�WKHUPDO�WUDQVLHQW���7KH�ORVV�RI�VWUHQJWK�DW�WKH
IODQJH�PD\�EH�GXH�WR�UHSHDWHG�PLFURFUDFNLQJ�GXULQJ�EDFNSXOVLQJ���,W�LV�LQWHUHVWLQJ�WKDW
ERWK�&RRUV�DQG�3DOO�6L&�HOHPHQWV�ZHUH�LQVWDOOHG�DW�WKH�VDPH�WLPH�LQ�)/�����GXULQJ�WKH
$SULO������RXWDJH��DQG�ZKLOH�PRVW�RI�WKH�&RRUV�KDYH�IDLOHG�WKH�3DOO�ILOWHUV�DUH�VWLOO
LQWDFW�

 

�� .DUKXOD�GDWD�ZDV�FRQILUPHG�DOVR�DW�36')�E\�VKRZLQJ�WKDW�6L&�HOHPHQWV
�3DOO�6FKXPDFKHU��KDYH�QRW�HORQJDWHG�VLJQLILFDQWO\������PP��DIWHU�H[SRVXUH�WR�������)
IRU�����KRXUV���'DWD�IRU�H[SRVXUH�DW�������KRXUV�VKRXOG�EH�DYDLODEOH�E\�PLG\HDU������
7KHUH�DUH�IHZ�DOWHUQDWLYHV�LI�&RRUV�HOHPHQWV�SURYH�XQVXLWDEOH�IRU�FRPPHUFLDO
RSHUDWLRQ�EHFDXVH�RI�VXVFHSWLELOLW\�WR�WKHUPDO�VKRFN�

 
�� 36')�LV�ZRUNLQJ�ZLWK�'U��5RJHU�&KHQ�WR�GHYHORS�DFRXVWLF�PHWKRGV�IRU

QRQGHVWUXFWLYH�HYDOXDWLRQ�RI�PRQROLWKLF�FHUDPLF�ILOWHU�PDWHULDO���7KH�ILUVW�HOHPHQWV�WR
EH�VKLSSHG�EDFN�WR�'U��&KHQ�ZLOO�OHDYH�WKH�36')�LQ�)HEUXDU\������ZLWK�QRPLQDOO\����
KRXUV�RQ�FRDO�H[SRVXUH���$GGLWLRQDO�HOHPHQWV�ZLOO�EH�H[SRVHG�GXULQJ������WHVWV�DQG�RQ
WKH�):�3&'�

 
�� 36')�KDV�EHHQ�VXFFHVVIXO�LQ�RSHQLQJ�XS�D�GLUHFW�OLQH�RI�FRPPXQLFDWLRQ�ZLWK�WKH�ILOWHU

HOHPHQW�VXSSOLHUV���7KLV�LV�RQH�RI�WKH�VWUHQJWKV�RI�WKH�WHVW�SURJUDP�DW�WKH�36')�DQG
KDV�PDQLIHVWHG�LWVHOI�LQ�PDQ\�ZD\V��LQFOXGLQJ�

• 6L[�ILOWHU�HOHPHQW�W\SHV�KDYH�EHHQ�WHVWHG�WR�GDWH�DQG�GXULQJ������DQ�DGGLWLRQDO�VL[
�SRVVLEO\�VHYHQ��W\SHV�RI�ILOWHU�HOHPHQWV�ZLOO�EH�HYDOXDWHG���7KHVH�ZLOO�LQFOXGH
HVVHQWLDOO\�DOO�´SURPLVLQJµ�FDQGOH�ILOWHU�HOHPHQWV��LQFOXGLQJ�PHWDO�ILOWHUV�

 

• )URP�WKH�EHJLQQLQJ�RI�WKH�WHVWLQJ�SURJUDP�DW�WKH�36')��ERWK�PHWDO�DQG�FHUDPLF
VDPSOHV�KDYH�EHHQ�H[SRVHG�LQ�D�QRQIORZ�PRGH��RQ�ERWK�WKH�FOHDQ�DQG�GLUW\�VLGH�RI
WKH�WXEH�VKHHW��WR�VXSSRUW�WKH�GHYHORSPHQW�SURJUDPV�RI�WKH�HOHPHQW
PDQXIDFWXUHUV�

 

• 7KH�ILUVW�HOHPHQW�VXSSOLHU�UHYLHZ�PHHWLQJ�ZDV�SODQQHG�IRU�-DQXDU\������DW�WKH
36')�IDFLOLW\���$�KRW�JDV�FOHDQ�XS�V\PSRVLXP��MRLQWO\�VSRQVRUHG�E\�WKH�8��6�
'HSDUWPHQW�RI�(QHUJ\��'2(��DQG�WKH�(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH��(35,��
ZLOO�EH�KHOG�LQ�$SULO������LQ�%LUPLQJKDP�



6GEJPKECN�2TQITGUU�4GRQTV 'ZGEWVKXG�5WOOCT[
6TCPURQTV�4GCEVQT�6TCKP 25&(��#EEQORNKUJOGPVU��#UJ�4GOQXCN

�������

�������#UJ�4GOQXCN

�� 3UREOHPV�ZLWK�WKH�H[LVWLQJ�VHDO�PDWHULDO�RQ�WKH�DVK�UHPRYDO�ORFNKRSSHU�KHPLVSKHULFDO
YDOYHV�ZHUH�LGHQWLILHG���%\�ZRUNLQJ�ZLWK�WKH�PDQXIDFWXUHU�WKURXJK�RQ�VLWH�WHVWLQJ��WKH
SUREOHP�ZDV�WHPSRUDULO\�UHVROYHG�E\�XVLQJ�D�PDWHULDO�ZLWK�D�ORZHU�WHPSHUDWXUH�UDWLQJ�
:RUN�LV�XQGHUZD\�ZLWK�WKH�PDQXIDFWXUHU�WR�VXSSRUW�WKHLU�WHVWLQJ�RI�D�KLJKHU
WHPSHUDWXUH�VHDO���7KH�36')�H[SHULHQFH�LV�EHLQJ�VKDUHG�VLQFH�VLPLODU�SUREOHPV�PD\
RFFXU�DW�3LQRQ�3LQH�

 
�� 7KH�LQWHUQDO�EHDULQJ�RQ�WKH�DVK�UHPRYDO�VFUHZ�FRROHU�LV�FXUUHQWO\�H[SHULHQFLQJ

DFFHOHUDWHG�ZHDU���36')�LV�ZRUNLQJ�ZLWK�WKH�PDQXIDFWXUHU�WR�UHVROYH�WKH�EHDULQJ�LVVXHV
DQG�ZLOO�SDVV�WKLV�LQIRUPDWLRQ�RQ�WR�0:.�IRU�IXWXUH�GHVLJQV�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

25&(>����>���



6GEJPKECN�2TQITGUU�4GRQTV +PVTQFWEVKQP
6TCPURQTV�4GCEVQT�6TCKP 2QYGT�5[UVGOU�&GXGNQROGPV�(CEKNKV[

�����

�����+0641&7%6+10

7KLV�UHSRUW�SURYLGHV�DQ�DFFRXQW�RI�WKH������WHVW�FDPSDLJQ�ZLWK�WKH�0��:��.HOORJJ�&RPSDQ\
�0:.��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���3HDERG\�&RDO�&RPSDQ\��DQG�WKH�(OHFWULF�3RZHU�5HVHDUFK
,QVWLWXWH��(35,��DUH�FRIXQGHUV���2WKHU�FRIXQGLQJ�SDUWLFLSDQWV�VXSSO\LQJ�VHUYLFHV�RU�HTXLSPHQW
LQFOXGH�0:.��)RVWHU�:KHHOHU��):���:HVWLQJKRXVH��,QGXVWULDO�)LOWHU�	�3XPS��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�WKUHH�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��������%\�PLGVXPPHU�DOO�VHSDUDWH�FRPSRQHQWV�DQG
VXEV\VWHPV�ZHUH�IXOO\�RSHUDWLRQDO�DQG�FRPPLVVLRQLQJ�ZRUN�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������

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

6&6�HQWHUHG�LQWR�DQ�DJUHHPHQW�ZLWK�'2(�)(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\�WKDW�FDQ�EH�XVHG�WR�GHYHORS�DGYDQFHG�SRZHU�V\VWHP
FRPSRQHQWV��HYDOXDWH�DGYDQFHG�WXUELQH�V\VWHP�FRQILJXUDWLRQV��DQG�DVVHVV�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�JDV�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)%&��

• $Q�DGYDQFHG�JDVLILHU�PRGXOH�

• $�KRW�JDV�FOHDQ�XS�PRGXOH�
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• $�FRPSUHVVRU�WXUELQH�PRGXOH�

• $�IXHO�FHOO�PRGXOH�

7KH�$3)%&�PRGXOH�FRQVLVWV�RI�):�WHFKQRORJ\�IRU�VHFRQG�JHQHUDWLRQ�3)%&���7KLV�PRGXOH
UHOLHV�RQ�WKH�SDUWLDO�FRQYHUVLRQ�RI�WKH�FRDO�WR�D�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��WKHQ�FRPELQHG�WR�ILUH�D�FRPEXVWLRQ�WXUELQH���7KH�DGYDQFHG�JDVLILHU�PRGXOH�FRQVLVWV
RI�DQ�0:.�WUDQVSRUW�UHDFWRU�IRU�SUHVVXUL]HG�FRPEXVWLRQ�DQG�JDVLILFDWLRQ�WR�SURYLGH�HLWKHU�DQ
R[LGL]LQJ�RU�UHGXFLQJ�JDV�IRU�SDUDPHWULF�WHVWLQJ�RI�KRW�SDUWLFXODWH�FRQWURO�GHYLFHV�

7KH�ILOWHU�V\VWHPV�WKDW�ZLOO�EH�WHVWHG�DW�36')�LQFOXGH�3&'V�VXSSOLHG�E\�&RPEXVWLRQ�3RZHU
&RPSDQ\�IURP�0HQOR�3DUN��&DOLIRUQLD��,QGXVWULDO�)LOWHU�	�3XPS��,)	3��IURP�&LFHUR��,OOLQRLV�
DQG�:HVWLQJKRXVH�IURP�3LWWVEXUJK��3HQQV\OYDQLD�

&RQVWUXFWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�WUDLQ�DQG�QHFHVVDU\�EDODQFH�RI�SODQW�V\VWHPV�ZDV
FRPSOHWHG�E\�PLG��������9DULRXV�HTXLSPHQW�DQG�V\VWHPV�ZHUH�FRPPLVVLRQHG�GXULQJ�WKH�ILQDO
VWDJHV�RI�FRQVWUXFWLRQ���7KLV�ZDV�IROORZHG�E\�VWDUW�XS�RI�WKH�HQWLUH�WUDLQ�DQG�FRPPLVVLRQLQJ�DQG
FRPEXVWLRQ�FKDUDFWHUL]DWLRQ�WHVWV�

7KH�PDMRU�DFWLYLWLHV�LQ������RQ�WKH�$3)%&�V\VWHP�ZHUH������ILQDO�PRGLILFDWLRQV�LQ�GHVLJQ�
����UHQHZDO�RI�FRQVWUXFWLRQ�DFWLYLWLHV��DQG�����FRPPLVVLRQLQJ�DFWLYLWLHV�DVVRFLDWHG�ZLWK�VLPSOH
F\FOH�RSHUDWLRQ���$�VHSDUDWH�SURJUHVV�UHSRUW�ZLOO�EH�LVVXHG�WR�FRYHU�WKH�FRPSOHWLRQ�RI
FRPPLVVLRQLQJ�DFWLYLWLHV�IRU�WKH�$3)%&�
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7KH�WUDQVSRUW�UHDFWRU�WUDLQ�RSHUDWLQJ�LQ�WKH�FRPEXVWLRQ�PRGH�LV�VKRZQ�VFKHPDWLFDOO\�LQ�ILJXUH
��������$�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�D�JLYHQ�WLPH���7KH�LQWHQW�LV�WR�EH
DEOH�WR�LQVWDOO��FKDQJH�RXW��RU�SURYLGH�PDLQWHQDQFH�RQ�D�VHFRQG�3&'�ZKLOH�RQH�LV�EHLQJ�WHVWHG�
7KLV�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�PLQLPXP�RI�������$&)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�SURGXFHG�LQ�WKH�JDVLILFDWLRQ�PRGH�LV�VXOIDWHG
SULRU�WR�GLVSRVDO�

&RDO�LV�JURXQG�WR�DQ�DYHUDJH�SDUWLFOH�GLDPHWHU�RI�DERXW�����PLFURQV�ZKHQ�WKH�WUDQVSRUW�UHDFWRU
LV�RSHUDWHG�LQ�JDVLILFDWLRQ�PRGH�DQG�WR�����PLFURQV�DYHUDJH�SDUWLFOH�GLDPHWHU�LQ�FRPEXVWLRQ
PRGH���6RUEHQW�LV�JURXQG�WR�DQ�DYHUDJH�SDUWLFOH�GLDPHWHU�RI�DERXW�����PLFURQV���%RWK�FRDO�DQG
VRUEHQW�DUH�IHG�FRQWLQXRXVO\�DW�D�FRQWUROOHG�UDWH�E\�IHHGHUV�WR�D�WUDQVIHU�OLQH�ZKHUH�WKH\�DUH
SLFNHG�XS�E\�WKH�FRQYH\LQJ�JDV�DQG�IHG�WR�WKH�WUDQVSRUW�JDVLILHU�FRPEXVWRU�

$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���6ROLGV�DQG�JDV�IHHGV�HQWHU�WKH�UHDFWRU�LQ�D
PL[LQJ�]RQH�DW�WKH�ERWWRP�ZKHUH�WKH\�PL[�ZLWK�UHF\FOH�VROLGV�IURP�WKH�GLVHQJDJHU�F\FORQH���&RDO
FRQYHUVLRQ�EHJLQV�LQ�WKLV�]RQH�DQG�WKH�UHDFWLRQ�PL[WXUH�IORZV�XSZDUG�LQWR�WKH�PRUH�QDUURZ�ULVHU
VHFWLRQ�DW�KLJK�YHORFLW\�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��WKXV
HOLPLQDWLQJ�WKH�QHHG�IRU�GRZQVWUHDP�IDFLOLWLHV�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���7KH�QHW�VROLGV
�FRQVLVWLQJ�RI�FRDO�DVK�DQG�VSHQW�VRUEHQW��DUH�VHQW�WR�D�VROLGV�FRROHU�IRU�FRROLQJ�SULRU�WR�GLVSRVDO�
,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���,W�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
DERXW�����)���$OO�JDV�DQG�VROLGV�FRROLQJ�DUH�DFFRPSOLVKHG�E\�JHQHUDWLQJ�VWHDP���$�SRUWLRQ�RI�WKH
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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�XVHG
DV�FDUULHU�JDV�IRU�FRDO�OLPHVWRQH�IHHG��IRU�DHUDWLRQ�JDV��DQG�DV�IOXLGL]DWLRQ�JDV�IRU�WKH�VROLGV
FRROHUV�

7KH�PDLQ�JDV�VWUHDP�IURP�WKH�VHFRQGDU\�JDV�FRROHU�LV�FRROHG�IXUWKHU�E\�GLOXWLRQ�DLU�DQG�FOHDQHG
RI�DQ\�UHPDLQLQJ�SDUWLFXODWHV�LQ�D�EDJKRXVH�EHIRUH�EHLQJ�GLVFKDUJHG�WR�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�������
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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
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7KUHH�GLIIHUHQW�3&'V�ZLOO�EH�HYDOXDWHG�RQ�WKH�WUDQVSRUW�UHDFWRU�WUDLQ���7KH�ILUVW�3&'�WKDW�ZDV
FRPPLVVLRQHG�LQ������DQG�XVHG�LQ�WKH������WHVWLQJ�ZDV�WKH�ILOWHU�V\VWHP�GHVLJQHG�E\
:HVWLQJKRXVH���7KH�GLUW\�JDV�HQWHUV�WKH�3&'�EHORZ�WKH�WXEHVKHHW��IORZV�WKURXJK�WKH�ILOWHU
HOHPHQWV��DQG�WKH�DVK�FROOHFWV�RQ�WKH�RXWVLGH�RI�WKH�ILOWHU�HOHPHQWV���7KH�FOHDQ�JDV�SDVVHV�IURP
WKH�SOHQXP�ILOWHU�HOHPHQW�DVVHPEO\�WKURXJK�WKH�SOHQXP�SLSH�WR�WKH�RXWOHW�SLSH���$V�WKH�DVK
FROOHFWV�RQ�WKH�RXWVLGH�VXUIDFH�RI�WKH�ILOWHU�HOHPHQWV��WKH�SUHVVXUH�GURS�DFURVV�WKH�ILOWHU�V\VWHP
JUDGXDOO\�LQFUHDVHV���7KH�ILOWHU�FDNH�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�

'XULQJ�WKH������RSHUDWLRQV��WKH�WUDQVSRUW�UHDFWRU�ZDV�RSHUDWHG�LQ�FRPEXVWLRQ�PRGH���,QLWLDOO\�
KLJK�SUHVVXUH�DLU�ZDV�XVHG�DV�WKH�SXOVH�JDV���+RZHYHU��WKH�SXOVH�JDV�ZDV�FKDQJHG�WR�QLWURJHQ
HDUO\�LQ��������7KH�WZR�SULPDU\�UHDVRQV�IRU�WKLV�FKDQJH�ZHUH�

�� 7R�DFFRPSOLVK�DQ�HDUO\�FKHFN�RQ�WKH�KLJK�SUHVVXUH�QLWURJHQ�FRPSUHVVRUV�SULRU�WR
JDVLILFDWLRQ�

�� 7R�UHVROYH�D�SRWHQWLDO�SXOVH�YDOYH�PDVV�IORZ�SUREOHP�UHVXOWLQJ�IURP�VXVSHFW�H[FHVVLYH
PRLVWXUH�LQ�WKH�KLJK�SUHVVXUH�DLU���0RLVWXUH�ZDV�ODWHU�HOLPLQDWHG�DV�D�SRVVLEOH�FDXVH�RI
WKH�PDVV�IORZ�SUREOHPV���$�GHVLJQ�IODZ�LQ�WKH�YDOYHV�WKDW�KDV�VLQFH�EHHQ�FRUUHFWHG
FDXVHG�WKH�SUREOHP�

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�
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%DODQFH�RI�SODQW��%23��WR�VXSSRUW�WKH�RSHUDWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�WUDLQ�FRQVLVWV�RI�D
QXPEHU�RI�V\VWHPV��PRVW�RI�ZKLFK�DUH�RI�FRQYHQWLRQDO�GHVLJQ�DQG�FRPPHUFLDOO\�DYDLODEOH�
0DMRU�%23�V\VWHP�SHUIRUPDQFH�KLJKOLJKWV�DUH�VXPPDUL]HG�LQ�VHFWLRQ������PDMRU�REVHUYDWLRQV
IURP�QRUPDO�RSHUDWLRQV�DQG�VLJQLILFDQW�SUREOHPV�DQG�WKHLU�UHVROXWLRQ����0DMRU�%23�FRPSRQHQWV
DUH�OLVWHG�LQ�WDEOH�������

25&(>����>���
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�������5WOOCT[

7KH�:HVWLQJKRXVH�3&'�ZDV�RSHUDWHG�RQ�FRDO�IRU�VOLJKWO\�RYHU�����KRXUV�LQ��������2Q�LWV�LQLWLDO
RSHUDWLRQ�RQ�FRDO�WKH�ILOWHU�ZDV�ILOOHG�ZLWK�DVK��ZKLFK�OHDG�WR�WKH�IDLOXUH�RI�QHDUO\�DOO�RI�WKH�ILOWHU
HOHPHQWV���,Q�WKH�UXQV�WR�IROORZ��WKURXJK�WKH�UHPDLQGHU�RI�������D�VLJQLILFDQW�SUREOHP�ZDV
GLDJQRVHG�ZLWK�WKH�RSHUDWLRQ�RI�WKH�0��:��.HOORJJ��0:.��SULPDU\�F\FORQH���7KH�SDUWLFOH�VL]H
RI�WKH�PDWHULDO�HQWHULQJ�WKH�ILOWHU�V\VWHP�ZDV�HVVHQWLDOO\�WKH�VDPH�DV�WKH�PDWHULDO�EHLQJ�IHG�WR�WKH
WUDQVSRUW�UHDFWRU���$GGLWLRQDOO\��WKH�ORDGLQJ�YDULHG�IURP�������WR���������SSP��GHVLJQ�UDQJH�ZDV
������WR���������

'XULQJ�������RSHUDWLRQ�JUHDWO\�LPSURYHG�DV�ZDV�HYLGHQFHG�E\�ORJJLQJ�RYHU�������KRXUV�RQ�FRDO�
6RXWKHUQ�5HVHDUFK�,QVWLWXWH��65,��RXWOHW�SDUWLFXODWH�FROOHFWLRQ�V\VWHP�FDPH�RQ�OLQH�DQG�LW�ZDV
UHDOL]HG�WKDW�WKH�:HVWLQJKRXVH�ILOWHU�V\VWHP�LV�FDSDEOH�RI�JUHDWHU�WKDQ�������SHUFHQW�FROOHFWLRQ
HIILFLHQF\�ZLWK�RXWOHW�ORDGLQJV�EHORZ���SSP���0RQLWRULQJ�DVK�OHYHO�LQ�WKH�ILOWHU�V\VWHP�EHFDPH
URXWLQH�DQG�WKH�UHVSRQVLELOLW\�IRU�GD\�WR�GD\�RSHUDWLRQ�RI�WKH�3&'�GXULQJ�WHVWLQJ�ZDV�WXUQHG
RYHU�WR�WKH�RSHUDWLRQV�VWDII���6HYHUDO�WLPHV�GXULQJ�WKH�\HDU�ULVLQJ�DVK�OHYHOV�EHFDPH�DQ�LVVXH�IRU
FRQFHUQ��EXW�DW�QR�WLPH�GLG�WKH\�FDXVH�GDPDJH�WR�WKH�ILOWHU�HOHPHQWV���7KURXJK�WKH�ZRUN�RI�WKH
WUDQVSRUW�UHDFWRU�VWDII��SDUWLFXODWH�VL]H�DQG�ORDGLQJ�EHFDPH�YHU\�FRQVLVWHQW�DQG�ZHOO�ZLWKLQ�GHVLJQ
YDOXHV�

+RZHYHU�������GLG�QRW�SDVV�ZLWKRXW�SUREOHPV���(DUO\�LQ�WKH�\HDU��RQ�$SULO����D�FRPEXVWLRQ
LQVLGH�WKH�3&'�FDXVHG�IDLOXUH�RI�DOO�WKH�ILOWHU�HOHPHQWV���$OVR��LQ�WKH�VDPH�WLPH�VSDQ�LW�ZDV
UHDOL]HG�WKDW�WKH�SXOVH�YDOYHV�KDG�DQ�XQXVXDO�IORZ�FKDUDFWHULVWLF��WKH\�GHFUHDVHG�IORZ�ZLWK
LQFUHDVLQJ�GLIIHUHQWLDO�SUHVVXUH���7KLV�ZDV�FDXVHG�E\�D�GHVLJQ�IODZ�LQ�WKH�YDOYHV�ZKLFK�KDV�EHHQ
FRUUHFWHG�DQG�ZLOO�EH�YHULILHG�HDUO\�LQ��������6LPLODU�YDOYHV�DW�WKH�3LQRQ�3LQHV�SURMHFW�KDYH�DOVR
EHHQ�PRGLILHG�

2QH�RI�WKH�ELJJHVW��DQG�XQH[SHFWHG��SUREOHPV�WR�GDWH�KDV�EHHQ�ZLWK�WKH�SHUIRUPDQFH�RI�WKH
&RRUV�3���$�ILOWHU�HOHPHQWV���&RRUV�3���$�HOHPHQWV�EHJDQ�IDLOLQJ�LQ�6HSWHPEHU��DQG�D�WKHUPDO
H[FXUVLRQ�RI�WKH�HQWLUH�SURFHVV�GXH�WR�D�SOXJJDJH�LQ�WKH�FRDO�IHHGHU�OHDG�WR�D�FRPSOHWH�IDLOXUH�RI
WKH�&RRUV�3���$�HOHPHQWV�LQ�1RYHPEHU���:LWK�RQO\�RQH�H[FHSWLRQ��WKH�&RRUV�3���$�IDLOXUHV
KDYH�EHHQ�DVVRFLDWHG�ZLWK�VRPH�W\SH�RI�WKHUPDO�WUDQVLHQW�WKDW�FDQ�EH�EODPHG�RQ�RSHUDWLRQV�
WZLFH�ZKLOH�WUDQVLWLRQLQJ�IURP�WKH�VWDUW�XS�EXUQHU�WR�FRDO�DQG�WKH�WKHUPDO�WUDQVLHQW�LQ
1RYHPEHU���+RZHYHU��ZKDW�LV�VLJQLILFDQW�LV�WKDW�QR�PRQROLWKLF�6L&�ILOWHU�HOHPHQWV�WKDW�KDG�EHHQ
WKURXJK�WKH�H[DFW�VDPH�FRQGLWLRQV�IDLOHG�GXULQJ�RSHUDWLRQ���7KH�URRW�FDXVH�RI�WKH�&RRUV�3���$
ILOWHUV�LV�VWLOO�XQGHU�LQYHVWLJDWLRQ�
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7KH�DFFRPSOLVKPHQWV�IRU������DUH�OLVWHG�EHORZ�

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

• 7KH�DELOLW\�WR�PRQLWRU�DQG�FRQWURO�DVK�OHYHO�LQ�WKH�3&'�ZDV�GHPRQVWUDWHG�

• 7KH�SXOVH�YDOYHV�VXSSOLHG�ZLWK�WKH�3&'�GHPRQVWUDWHG�D�IORZ�UHVWULFWLQJ�SKHQRPHQD
GXH�WR�WKH�LQWHUQDO�JHRPHWU\�RI�WKH�YDOYH���:RUN�ZDV�FRPSOHWHG�ZLWK�:HVWLQJKRXVH
DQG�WKH�YDOYH�PDQXIDFWXUHU�WR�UHVROYH��ERWK�KHUH�DQG�DW�3LQRQ�3LQHV�

• 36')�GHPRQVWUDWHG�WKDW�WKH�RXWOHW�ORDGLQJ�RI�:HVWLQJKRXVH�3&'�LV�OHVV�WKDQ���SSP
ZLWK�SURSHU�LQVWDOODWLRQ�DQG�ILOWHU�HOHPHQWV�LQWDFW�

• 36')�GHPRQVWUDWHG�WKDW�ZLWK�WZR�EURNHQ�ILOWHU�HOHPHQWV�DQG�FXUUHQW�IDLOVDIH�GHVLJQ
�FLUFD�IRXUWK�TXDUWHU��������WKH�RXWOHW�ORDGLQJ�ZDV�DERXW����SSP�ZLWK�DQ�LQOHW�ORDGLQJ
RI�DERXW��������SSP�

• 7KH�FXUUHQW�:HVWLQJKRXVH�IDLOVDIH�GHVLJQ��FLUFD�IRXUWK�TXDUWHU�������ZDV�VKRZQ�WR
QRW�DOZD\V�SOXJ�ZKHQ�D�ILOWHU�HOHPHQW�EUHDNV���7KH�IDLOVDIH�GHVLJQ�LV�FXUUHQWO\�XQGHU
HYDOXDWLRQ�DQG�FKDQJHV�DUH�EHLQJ�PDGH�WR�LPSURYH�SHUIRUPDQFH�

• $�OHDN�SDWK�ZDV�LGHQWLILHG�LQ�WKH�SUHYLRXV��FLUFD�IRXUWK�TXDUWHU�������:HVWLQJKRXVH
IDLOVDIH�GHVLJQ���7KLV�GHVLJQ�IODZ�KDV�EHHQ�FRUUHFWHG�RQ�VLWH�DQG�LV�FXUUHQWO\�SDUW�RI
:HVWLQJKRXVH·V�GHVLJQ�

• &RQFHUQV�ZHUH�LGHQWLILHG�ZLWK�WKH�FXUUHQW�ILOWHU�HOHPHQW�JDVNHWLQJ�DUUDQJHPHQW�DQG
LQVWDOODWLRQ���:RUN�LV�XQGHUZD\�ZLWK�:HVWLQJKRXVH�WR�LPSURYH�ERWK�WKH�JDVNHWV��DQG
WKH�LQVWDOODWLRQ�RI�JDVNHWV�

• 7KH�:HVWLQJKRXVH�SOHQXP�WXEHVKHHW�KDV�D�GLIIHUHQW�PHWDOOXUJ\�WKDQ�DW�.DUKXOD�DQG
7LGG���:KHUHDV�WKH�SUHYLRXV�LQVWDOODWLRQV�H[SHULHQFHG�VHULRXV�FUHHS��FUDFNLQJ��DQG
FRUURVLRQ�SUREOHPV��WKH�PHWDOOLF�FRPSRQHQWV�RI�WKH�ILOWHU�V\VWHP�VHHP�WR�EH�KROGLQJ
XS�ZHOO�

• 'XULQJ�LQLWLDO�WHVWLQJ��WKH�WXEHVKHHW�QHDU�WKH�YHVVHO�ZDOO�DQG�PDQZD\V�GRRUV
H[SHULHQFHG�DFLG�GHZ�SRLQW�FRUURVLRQ�GXULQJ�VKXWGRZQ���7KLV�KDV�EHHQ�HIIHFWLYHO\
PDQDJHG�DQG�LV�QR�ORQJHU�D�FRQFHUQ�

• ,VRNLQHWLF�DVK�VDPSOHV�ERWK�RQ�3&'�LQOHW�DQG�RXWOHW�ZHUH�UHOLDEO\��VDIHO\��DQG
URXWLQHO\�WDNHQ�
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• ,QOHW�ORDGLQJV��PHDVXUHG�RQ�3&'�LQOHW�WR�YHULI\�ORDGLQJV�IURP�WKH�65,�VDPSOLQJ
V\VWHP��ZHUH�FRQILUPHG�

• $�KLJK�WHPSHUDWXUH�FDVFDGLQJ�LPSDFWRU�ZDV�VXFFHVVIXOO\�RSHUDWHG�

• 7KH�SURSHUWLHV�RI�WKH�DVKFDNH��L�H���V\VWHP�SUHVVXUH�GURS��KDYH�EHHQ�YHU\�GLIIHUHQW
GXULQJ�HDFK�WHVW�VHULHV��&&7���&&7���&&7���DQG�7&2����HYHQ�WKRXJK�WKH�VDPH
FRDO�VRUEHQW�ZDV�XVHG�WKURXJKRXW���$�JHQHUDO�XQGHUVWDQGLQJ�RI�ZK\�WKLV�KDV
RFFXUUHG�LV�VWLOO�XQGHU�GHYHORSPHQW��EXW�LW�LQGLFDWHV�WKDW�KRZ�WKH�UHDFWRU�LV�RSHUDWHG
PD\�EH�DV�LPSRUWDQW�DV�ZKDW�LV�IHG�LQWR�LW�

• $FRXVWLF�GHWHFWRU�SHUIRUPDQFH�ZDV�HYDOXDWHG���'XULQJ�LQLWLDO�WHVWLQJ�D�GHVLJQ�IODZ
ZDV�GLVFRYHUHG�ZKLFK�OHDG�WR�WKHLU�UHPRYDO���7KH�GHWHFWRUV�KDYH�EHHQ�UHGHVLJQHG�DQG
ZLOO�EH�LQVWDOOHG�SULRU�WR�7&���

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

• 7KH�6L&�HOHPHQWV��3DOO�6FKXPDFKHU��KDYH�QRW�HORQJDWHG�VLJQLILFDQWO\��±���PP��DIWHU
H[SRVXUH�WR�������)�IRU�����KRXUV�

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

• 3UREOHPV�ZLWK�WKH�H[LVWLQJ�VHDO�PDWHULDO�RQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP
ORFNKRSSHU�KHPLVSKHULFDO�YDOYHV�ZHUH�LGHQWLILHG���%\�ZRUNLQJ�ZLWK�WKH�PDQXIDFWXUHU
WKURXJK�RQ�VLWH�WHVWLQJ��WKH�SUREOHP�ZDV�WHPSRUDULO\�UHVROYHG�E\�XVLQJ�D�PDWHULDO
ZLWK�D�ORZHU�WHPSHUDWXUH�UDWLQJ���:RUN�LV�XQGHUZD\�ZLWK�WKH�PDQXIDFWXUHU�WR
VXSSRUW�WKHLU�WHVWLQJ�RI�D�KLJKHU�WHPSHUDWXUH�VHDO�

• 7KH�LQWHUQDO�EHDULQJ�RQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�VFUHZ�FRROHU�KDV
H[SHULHQFHG�DFFHOHUDWHG�ZHDU���36')�LV�ZRUNLQJ�ZLWK�WKH�PDQXIDFWXUHU�WR�UHVROYH�WKH
EHDULQJ�LVVXHV�DQG�ZLOO�SDVV�WKLV�LQIRUPDWLRQ�RQ�WR�0:.�IRU�IXWXUH�GHVLJQV�
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�������&GXGNQROGPVCN�#TGCU

)URP�WKH�OLVW�LQ�VHFWLRQ��������LW�LV�HYLGHQW�WKDW�RSHUDWLRQ�LQ������XQFRYHUHG�VHYHUDO�LVVXHV�WKDW
DUH�VWLOO�XQUHVROYHG�DW�WKH�WLPH�RI�WKLV�ZULWLQJ���$�IDLUO\�FRPPRQ�FRPPHQW�DW�WKH�36')�LV�WKDW�LQ
PLG������WKH�ELJJHVW�JRDO�RI�WKH�UXQ�ZDV��VXUYLYDO����%\�WKH�HQG�RI������WKH�IRFXV�ZDV�RQ
HOLPLQDWLQJ�D�IHZ�SSP�RI�GXVW�HPLVVLRQ���7KLV�VSHDNV�ZHOO�RI�ERWK�WKH�LPSURYHG�RSHUDWLRQ�RI�WKH
36')�DQG�WKH�GHVLJQ�RI�WKH�:HVWLQJKRXVH�ILOWHU�V\VWHP���+RZHYHU��WKHUH�DUH�VWLOO�DUHDV�RI
FRQFHUQ�WKDW�ZLOO�UHTXLUH�HYDOXDWLRQ�LQ��������7KHVH�LQFOXGH�WKH�IROORZLQJ�

• $IWHU�PRGLILFDWLRQ��WKH�SXOVH�YDOYHV�ZLOO�QHHG�FKDUDFWHUL]DWLRQ�WR�GHWHUPLQH�LI�WKH
FKDQJHV�ZHUH�VXFFHVVIXO�

• 7KH�H[LVWLQJ�IDLO�VDIHV�DUH�D�WUHPHQGRXV�VWHS�LQ�WKH�ULJKW�GLUHFWLRQ�ZKHQ�LW�FRPHV�WR
H[WHQGLQJ�WKH�RSHUDWLRQ�RI�WKH�3&'���+RZHYHU��WKH�IDLOVDIH�GRHV�QRW�WRWDOO\�SOXJ
ZKHQ�D�ILOWHU�HOHPHQW�IDLOV�DQG�FRPSOHWHO\�IDLOV�WR�SOXJ�LQ�WKH�HYHQW�RI�D�VPDOO�JDVNHW
OHDNDJH���7KLV�PD\�H[WHQG�WKH�RSHUDWLRQ�RI�WKH�V\VWHP�GXULQJ�D�UXQ�LI�WKH�RXWOHW
ORDGLQJ�LV�EHORZ�WXUELQH�OLPLWV��EXW�WKH�GXVW�HPLVVLRQV�IURP�WKH�IDLOVDIH�FDQ��DQG�GR�
HQWHU�WKH�LQQHU�ERUH�RI�WKH�ILOWHU�HOHPHQW�GXULQJ�SXOVH�FOHDQLQJ���2YHU�WLPH�WKH
HOHPHQWV�EHFRPH�LUUHYHUVLEO\�SOXJJHG��UDLVLQJ�WKH�SUHVVXUH�GURS�RI�WKH�V\VWHP�RYHU
WLPH���7R�UHFRYHU�WR�WKH�EDVHOLQH�SUHVVXUH�GURS��WKH�HOHPHQWV�UHTXLUH�FOHDQLQJ�DQG�RU
UHSODFHPHQW���7KH�36')�VWDII�LV�ZRUNLQJ�ZLWK�:HVWLQJKRXVH�WR�LPSURYH�WKH�IDLOVDIH
SHUIRUPDQFH�

• 6HFRQG�WR�WKH�IDLOVDIH�SHUIRUPDQFH�LV�WKH�SHUIRUPDQFH�RI�WKH�ILOWHU�JDVNHWV���'XULQJ
WKH�ODWWHU�SDUW�RI�7&����WKHUH�ZDV�D�FRQWLQXRXV�HPLVVLRQ�RI�GXVW��~��SSP��IURP�WKH
ILOWHU�V\VWHP���2Q�LQVSHFWLRQ�WKLV�SDUWLFXODWH�FDPH�IURP�WKH�JDVNHWV��L�H���DOO�ILOWHU
HOHPHQWV�ZHUH�LQWDFW����0RVW�SUREDEO\��WKH�OHDNDJH�ZDV�FDXVHG�E\�LPSURSHU
LQVWDOODWLRQ���+RZHYHU��VLQFH�WKHUH�LV�QR�ZD\�WR�´SURRIµ�WKH�HOHPHQW�JDVNHWV�SULRU�WR
RSHUDWLRQ�WKH�JDVNHWLQJ�PXVW�EH�PDGH�UHOLDEOH�DQG�´IRROSURRI�µ��$JDLQ��WKH�36')
VWDII�LV�ZRUNLQJ�ZLWK�:HVWLQJKRXVH�WR�LPSURYH�ERWK�WKH�GHVLJQ�DQG�WKH�LQVWDOODWLRQ
RI�WKH�ILOWHU�JDVNHWV�

• 7KH�IDLOXUH�RI�WKH�&RRUV�3���$�ILOWHU�HOHPHQWV�LV�VWLOO�YHU\�PXFK�XQGHU�LQYHVWLJDWLRQ�
7KHUPRFRXSOHV�KDYH�EHHQ�DGGHG�WR�WKH�ILOWHU�V\VWHP�IRU�WKH�UXQV�LQ������WR�PHDVXUH
WKH�WKHUPDO�WUDQVLHQWV�DFURVV�WKH�ILOWHU�ZDOOV�GXULQJ�VWDUW�XS�DQG�VKXWGRZQ���,W�LV
KRSHG�WKDW�WKLV�LQIRUPDWLRQ�ZLOO�VKHG�DGGLWLRQDO�OLJKW�RQ�ZK\�WKH�ILOWHU�HOHPHQWV
IDLOHG�

• 7KH�IDLOXUH�RI�WKH�VHDO�ZLWKLQ�WKH�DFRXVWLF�GHWHFWRUV�ZDV�D�GLVDSSRLQWPHQW�EHFDXVH
WKH\�KDG�MXVW�VWDUWHG�SURGXFLQJ�RSHUDWLRQDO�LQIRUPDWLRQ���7KH\�ZLOO�UHTXLUH�VLJQLILFDQW
GHYHORSPHQW�LQ������WR�LQWHUSUHW�WKH�VLJQDO�SURGXFHG�LQ�UHODWLRQ�WR�WKH�LQIRUPDWLRQ
IURP�RWKHU�VDPSOLQJ�VRXUFHV�

• 7KH�UHVLGXDO�FDNH�OHIW�RQ�WKH�ILOWHU�HOHPHQWV�DIWHU�7&��,�HQGHG�LQ�'HFHPEHU�����
ZDV�GLIIHUHQW�SK\VLFDOO\�WKDQ�WKH�FDNH�LQ�1RYHPEHU���,Q�IDFW��HYHU\�WLPH�WKH�3&'�ZDV
RSHQHG�LQ������WKH�UHVLGXDO�FDNH�ZDV�GLIIHUHQW�LQ�WKLFNQHVV��WH[WXUH��DQG�WHQDFLW\�
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7KH�VDPH�FRDO�DQG�VRUEHQW�ZHUH�XVHG�WKURXJKRXW��������7KLV�PD\�GHPRQVWUDWH�WKDW
WKH�RSHUDWLRQ�RI�WKH�FRPEXVWRU�LV�MXVW�DV�LPSRUWDQW�DV�WKH�IHHGVWRFN�LQ�GHWHUPLQLQJ
FDNH�ILOWHU�EHKDYLRU���'HYHORSLQJ�DQ�XQGHUVWDQGLQJ�RI�WKHVH�GLIIHUHQFHV�LV�VWLOO
XQGHUZD\�DQG�ZLOO�FRQWLQXH�LQWR�������DQG�SUREDEO\�EH\RQG�

• 6DPSOLQJ�RI�WKH�UHVLGXDO�FDNH�WKURXJKRXW�WKH�3&'�LQVSHFWLRQV�UHYHDOV�WKDW�WKHUH�LV�D
VLJQLILFDQW�GLIIHUHQFH�LQ�SDUWLFOH�VL]H�EHWZHHQ�WKH�UHVLGXDO�FDNH�DQG�WKH�3&'�LQOHW
VDPSOHV���7KH�PHGLDQ�SDUWLFOH�VL]H�RI�WKH�UHVLGXDO�FDNH�LV�VLJQLILFDQWO\�ILQHU�WKDW�WKH
VDPSOHV�DW�WKH�3&'�LQOHW���,W�LV�VXVSHFWHG�WKDW�WKHUH�LV�D�VHSDUDWLRQ�RFFXUULQJ�LQ�WKH
3&'�WKDW�UHPRYHV�D�SHUFHQWDJH�RI�WKH�ODUJHU�SDUWLFXODWH���+DYLQJ�D�WDQJHQWLDO�HQWU\
DQG�D�VKURXG�LQVLGH�WKH�YHVVHO�FHUWDLQO\�FRQWULEXWHV�WR�WKLV�VHSDUDWLRQ���+RZHYHU�
WKHUH�LV�HYLGHQFH�VXJJHVWLQJ�WKH�EXON�IORZ�RI�JDV�LQVLGH�WKH�VKURXG�PD\�EH�IURP�WKH
ERWWRP�XSZDUGV���7KLV�ZRXOG�DOVR�DLG�LQ�VHSDUDWLRQ�RI�ODUJHU�SDUWLFXODWH���&)'
PRGHOLQJ�RI�)/�����VKRXOG�EHJLQ�LQ������WR�YHULI\�WKLV�DVVXPSWLRQ�DQG�FRUUHFW�WKH
SUREOHP�LI�QHFHVVDU\�
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�������9JCV U�#JGCF�KP�����

7KHUH�LV�QR�GRXEW�WKDW������ZLOO�EH�D�EXVLHU�\HDU�WKDQ������DV�WKH�36')�FRQWLQXHV�´PDWXULQJµ
DV�D�ILOWHU�WHVW�IDFLOLW\�

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

• $W�WKH�WLPH�RI�WKLV�ZULWLQJ�WKH�GHFLVLRQ�KDG�EHHQ�PDGH�WR�VWD\�LQ�FRPEXVWLRQ�RQ�WKH
0:.�WUDQVSRUW�UHDFWRU�WKURXJKRXW��������7KLV�ZLOO�DOORZ�RSHUDWLRQDO�KRXUV�WR
FRQWLQXH�GHYHORSPHQW�RQ�WKH�LVVXHV�UDLVHG�LQ�VHFWLRQ�������

• $�V\VWHP�ZLOO�EH�EXLOW�HVVHQWLDOO\�LGHQWLFDO�WR�)/�����DV�WKH�3&'�IRU�WKH�)RVWHU
:KHHOHU�FDUERQL]HU���)LQDOL]LQJ�GHVLJQ�FKDQJHV�LV�XQGHUZD\�DQG�GHYHORSPHQW�RI�D
ELG�SDFNDJH�LV�H[SHFWHG�LQ�WKH�VHFRQG�TXDUWHU�RI������

• 0DWHULDO�WHVWLQJ��ERWK�GHVWUXFWLYH�DQG�QRQGHVWUXFWLYH��ZLOO�JDLQ�PRPHQWXP�LQ������DV
PDWHULDOV�JDLQ�KRXUV�RI�H[SRVXUH�

• 6HYHUDO�ILOWHU�HOHPHQWV�ZLOO�EH�LQWURGXFHG�LQWR�WKH�ILOWHU�V\VWHP�IRU�WKH�ILUVW�WLPH�DW�WKH
36')�LQ�HDUO\��������7KHVH�LQFOXGH�HOHPHQWV�IURP�'X3RQW��%ODVFK�3UHFLVLRQ
&HUDPLFV��0F'HUPRWW��,)	3��6SHFLILF�6XUIDFH���0��2[LGH���DQG�)H�$O�HOHPHQWV
IURP�3DOO�

25&(>����>���
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�����2%&�12'4#6+10�&74+0)�6'56�470�%%6�#

�������4WP�5WOOCT[

&RPEXVWLRQ�FKDUDFWHUL]DWLRQ�WHVW�&&7�$�ZDV�WKH�ILUVW�UXQ�RI��������2QH�RI�WKH�SULPDU\
REMHFWLYHV�RI�WKH�UXQ�ZDV�WR�HYDOXDWH�WKH�PRGLILFDWLRQV�PDGH�WR�WKH�0:.�F\FORQH�DW�WKH�HQG�RI
�������&RDO�ZDV�IHG�IRU�RQO\����KRXUV�RI�WKH�UXQ�DQG�GXULQJ�WKH�SHULRGV�EHIRUH�DQG�GXULQJ�FRDO
IHHG�LW�ZDV�DSSDUHQW�WKDW�WKH�F\FORQH�PRGLILFDWLRQV�GLG�QRW�FRPSOHWHO\�UHVROYH�WKH�FDUU\RYHU�RI
ODUJH�TXDQWLWLHV�RI�UHODWLYHO\�ODUJH�SDUWLFXODWH�LQWR�WKH�3&'���7KH�ODUJH�SDUWLFXODWH�VL]H�KDG�D
SRVLWLYH�LPSDFW�RQ�WKH�3&'�SHUIRUPDQFH��EXW�WKH�ORVV�RI�ODUJH�TXDQWLWLHV�RI�VDQG�LQWR�WKH�3&'
FDXVHG�D�FRQWLQXDO�ORVV�RI�EHG�PDWHULDO�LQ�WKH�WUDQVSRUW�UHDFWRU���7KLV�ZDV�PDQDJHG�E\�FRQVWDQWO\
IHHGLQJ�VDQG�LQWR�WKH�UHDFWRU���+RZHYHU��ZKHQ�WKH�VSKHUL�YDOYH�VHDO�EOHZ�RQ�WKH�IHHGHU�EHLQJ
XVHG�IRU�VDQG�DGGLWLRQ��)'�������FRDO�IHHG�KDG�WR�EH�VWRSSHG�GXH�WR�ORVV�RI�EHG�PDWHULDO�

2QH�RI�WKH�SULPDU\�3&'�REMHFWLYHV�ZDV�WR�UDLVH�WKH�WHPSHUDWXUH�RI�WKH�JDV�HQWHULQJ�WKH�3&'�
7KH�WHPSHUDWXUH�RI�WKH�JDV�LV�FRQWUROOHG�E\�WKH�DPRXQW�RI�JDV�E\SDVVLQJ�WKH�SULPDU\�JDV�FRROHU
�+;��������7KURXJKRXW�������DOO�RI�WKH�JDV�IURP�WKH�WUDQVSRUW�UHDFWRU�IORZHG�WKURXJK�+;�����
3ULRU�WR�&&7�$��WKH�EOLQGV�RQ�WKH�E\SDVV�ZHUH�UHPRYHG�DQG�WKH�ODUJHVW�RULILFH��������LQ��RULILFH
ERUH��RQ�VLWH�ZDV�LQVWDOOHG�LQWR�WKH�E\SDVV���7KH�SULPDU\�UHDVRQ�IRU�VHOHFWLQJ�WKLV�RULILFH�ZDV
FRQFHUQV�RI�HURGLQJ�RQ�WKH�RULILFH�PHWDO�LQVHUW���+RZHYHU��ZKHQ�WKH�RULILFH�ZDV�UHPRYHG�DW�WKH
HQG�RI�&&7�'�WKHUH�ZDV�OLWWOH�WR�QR�HURVLRQ�RI�WKH�LQVHUW���:LWK�WKH�DGGLWLRQ�RI�WKH�RULILFH�LQ�WKH
E\SDVV��WKH�VSOLW�RI�JDV�JRLQJ�WKURXJK�WKH�E\SDVV�DQG�+;�����ZDV�FRQWUROOHG�E\�WKH�SUHVVXUH
GURS�WKURXJK�WKH�WZR�OHJV���&DOFXODWLRQV�VXJJHVWHG�WKDW�WKH�WHPSHUDWXUH�RI�JDV�HQWHULQJ�WKH�3&'
ZRXOG�EH�DERXW������R)�����R&���KRZHYHU��WKH�DFWXDO�WHPSHUDWXUH�HQWHULQJ�WKH�3&'�ZDV�EHORZ
�����R)�����R&��

$V�SUHYLRXVO\�PHQWLRQHG��WKH�3&'�SHUIRUPHG�ZHOO�GXH�WR�WKH�FDUU\RYHU�RI�ODUJH�SDUWLFXODWH�IURP
WKH�WUDQVSRUW�UHDFWRU���:KLOH�RQ�FRDO��WKH�EDVHOLQH�SUHVVXUH�GURS�ZDV�DERXW����LQ:*�����PEDU�
DW�D�IDFH�YHORFLW\�RI���IW�PLQ�����P�KU����2YHU�WKH����PLQXWHV�EHWZHHQ�EDFN�SXOVHV�WKH�SUHVVXUH
GURS�RQO\�URVH�DERXW���LQ:*�������PEDU��

,Q�DGGLWLRQ�WR�WKH�EORZQ�VHDO�LQ�)'�����WKHUH�ZHUH�VRPH�PDMRU�GLIILFXOWLHV�ZLWKLQ�WKH�WUDQVSRUW
UHDFWRU�V\VWHP�ZKLFK�LPSDFWHG�WKH�RSHUDWLRQ�DQG�GXUDWLRQ�RI�WKH�UXQ���2QH�RI�WKH�SULPDU\
SUREOHPV�ZDV�WKH�VXUJH�FRQWURO�V\VWHP�RQ�WKH�PDLQ�DLU�FRPSUHVVRU���'XH�WR�LPSURSHU�WXQLQJ�RI
WKH�VXUJH�FRQWURO�V\VWHP�WKHUH�ZHUH�VHYHUDO�RFFDVLRQV�ZKHQ�WKH�FRPSUHVVRU�RSHQHG�WKH�´GXPSµ
YDOYH��VLJQLILFDQWO\�LPSDFWLQJ�WKH�SUHVVXUH�DQG�IORZ�WKURXJK�WKH�V\VWHP���6LQFH�WKLV�XVXDOO\
WULSSHG�WKH�VWDUW�XS�EXUQHU��WKHVH�VXUJHV�FDXVHG�WHPSHUDWXUH�VZLQJV�LQ�WKH�UHDFWRU�DQG�3&'�
$GGLWLRQDOO\��WKH�UHOLDELOLW\�RI�WKH�VWDUW�XS�EXUQHU�FDXVHG�GHOD\V��DQG�XOWLPDWHO\�WKH�LQDELOLW\�WR
UHOLJKW�WKH�EXUQHU�RQ�0DUFK����OHDG�WR�WKH�GHFLVLRQ�WR�HQG�WKH�UXQ�

2QH�RI�WKH�3&'�REMHFWLYHV�IRU�WKH�UXQ�ZDV�WR�UDLVH�WKH�SXOVH�SUHVVXUH�WR�EHJLQ�RSWLPL]LQJ�WKH
SXOVH�SDUDPHWHUV���+RZHYHU��ZKHQ�WKH�SXOVH�SUHVVXUH�ZDV�UDLVHG�IURP�����WR�����SVLJ�������WR
�����EDU��RQ�0DUFK����D�VKDUS�GHFUHDVH�LQ�SXOVH�IORZ�ZDV�REVHUYHG���$W�WKH�WLPH�+3�DLU�ZDV�XVHG
DV�WKH�SXOVH�PHGLD�DQG�LW�ZDV�WKRXJKW�WKDW�HLWKHU�HQWUDLQHG�ZDWHU�RLO�RU�SRVVLEO\�YDOYH�ZHDU�ZDV
FDXVLQJ�WKH�GHFUHDVH�LQ�IORZ���+RZHYHU��VXEVHTXHQW�WHVWLQJ�VKRZHG�WKDW�WKH�GHFUHDVH�LQ�IORZ�ZDV
GXH�WR�D�GHVLJQ�IODZ�LQ�WKH�YDOYH�
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�������6GUV�1DLGEVKXGU

7KH�REMHFWLYHV�IRU�&&7�$�ZHUH�DV�IROORZV�

• ,QFUHDVH�WKH�3&'�WHPSHUDWXUH�IURP�����WR�~�����R)���������WR�~�����R&��

• 7KH�0:.�F\FORQH�KDG�EHHQ�PRGLILHG�LQ�DQ�DWWHPSW�WR�LPSURYH�SDUWLFXODWH�FDSWXUH�
0RQLWRULQJ�WKH�TXDQWLW\�DV�ZHOO�DV�WKH�VL]H�RI�WKH�SDUWLFXODWH�LQ�WKH�3&'�ZDV�D
SULPDU\�FRQFHUQ�

• 9DU\�WKH�SXOVH�SUHVVXUH�WR�GHWHUPLQH�WKH�LPSDFW�RQ�3&'�SHUIRUPDQFH�
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�������1DUGTXCVKQPU�'XGPVU

/HWWHUV�DVVRFLDWHG�ZLWK�HDFK�RI�WKH�HYHQWV�VKRZQ�EHORZ�DUH�ORFDWHG�RQ�WKH�DVVRFLDWHG�ILJXUHV�WKDW
IROORZ���5HIHU�WR�WKH�7HUPV�VHFWLRQ�RI�WKLV�UHSRUW�IRU�KHOS�ZLWK�DEEUHYLDWLRQV���'HVFULSWLRQ�RI
HTXLSPHQW�WDJ�QDPHV��H�J���GHVFULSWLRQ�IRU�)'������FDQ�EH�IRXQG�LQ�HLWKHU�WDEOH�������RU�²��

$� 6WDUW�RI�5XQ²0DUFK���DW���������7KH�PDLQ�DLU�FRPSUHVVRU�ZDV�VWDUWHG�WR�EHJLQ�FXULQJ
RXW�WKH�UHIUDFWRU\�LQ�WKH�WUDQVSRUW�UHDFWRU�DQG�LQ�WKH�3&'���$W�WKLV�WLPH�WKH�3,�V\VWHP
ZDV�QRW�RSHUDWLRQDO�

%� 6KXW�'RZQ�7R�5HSDLU�68%²0DUFK����DW���������$IWHU�PDQ\�XQVXFFHVVIXO�DWWHPSWV�WR
OLJKW�WKH�VWDUW�XS�EXUQHU��WKH�PDLQ�DLU�FRPSUHVVRU�ZDV�VKXW�GRZQ�DQG�WKH�V\VWHP
GHSUHVVXUL]HG�WR�UHPRYH�WKH�EXUQHU�IRU�LQVSHFWLRQ���$�QHZ�IODPH�URG�ZDV�LQVWDOOHG
DQG�WKH�EXUQHU�LQVWDOOHG���7KH�PDLQ�DLU�FRPSUHVVRU�ZDV�UHVWDWHG�DW�������

&� 68%�3LORW�/LW²0DUFK����DW���������7KH�VWDUW�XS�EXUQHU�SLORW�ZDV�OLW�DIWHU�VHYHUDO
DWWHPSWV�DQG�WKH�FXULQJ�KHDWXS�FRQWLQXHG�

'� 68%�0DLQ�%XUQHU�/LW²0DUFK����DW�������

(� 3UHSDUHG�7R�)HHG�6DQG²0DUFK����DW���������2QFH�UHIUDFWRU\�FXUH�ZDV�FRPSOHWH��WKH
WHPSHUDWXUH�ZDV�ORZHUHG�LQ�WKH�PL[LQJ�]RQH�SULRU�WR�IHHGLQJ�VDQG���$W������
FRQGLWLRQV�ZHUH�UHDG\�WR�IHHG�VDQG�EXW�WKHUH�ZHUH�SUREOHPV�ZLWK�WKH�FRQWURO�V\VWHP
RQ�WKH�IHHGHUV���%\�������WKH�SUREOHPV�ZHUH�UHVROYHG��EXW�D�OHDN�ZDV�GLVFRYHUHG�RQ
RQH�RI�WKH�VKXWWOH�YDOYHV�RQ�WKH�IHHGHU�)'�������7KLV�ZDV�UHSDLUHG�E\�PDLQWHQDQFH�

)� 5DLVHG�3XOVH�3UHVVXUH²0DUFK����DW���������7KH�SXOVH�SUHVVXUH�ZDV�UDLVHG�IURP�����WR
����SVLJ�������WR������EDU�J����7KH�3&'�SUHVVXUH�DW�WKH�WLPH�ZDV����SVLJ������EDU�J��
$W�WKH�KLJK�GLIIHUHQWLDO�SUHVVXUH�LW�ZDV�QRWLFHG�WKDW�WKHUH�ZDV�DQ�DSSDUHQW�GHFUHDVH�LQ
WKH�PDVV�IORZ�RI�JDV�SHU�SXOVH���'XH�WR�WKH�ORZ�3&'�GLIIHUHQWLDO�SUHVVXUH��WKH�SXOVH
SUHVVXUH�ZDV�GHFUHDVHG�EDFN�WR�����SVLJ�������EDU�J��DW�������

*� 6WDUWHG�)HHGLQJ�6DQG²0DUFK����DW�������

+� 0XOWLSOH�68%�7ULSV²0DUFK����DW���������7KH�VWDUW�XS�EXUQHU�WULSSHG�PXOWLSOH�WLPHV
EHWZHHQ�������DQG�������

,� 0$&�6XUJHG²0DUFK����DW���������7KH�PDLQ�DLU�FRPSUHVVRU�IORZ�VXUJHG�DQG�FDXVHG�D
UDSLG�GHFUHDVH�LQ�V\VWHP�SUHVVXUH�DQG�DQ�LQFUHDVH�LQ�IDFH�YHORFLW\���7KH�VXUJH�FDXVHG
WKH�VWDUW�XS�EXUQHU�WR�WULS��WKHUHIRUH�FDXVLQJ�D�GHFUHDVH�LQ�WHPSHUDWXUH���7KH�EXUQHU
ZDV�UHOLW�E\�������

-� 6WDUWHG�)HHGLQJ�35%²0DUFK����DW�������

.� 0$&�6XUJHG²0DUFK����DW�������

/� 6WDUWHG�)HHGLQJ�%LWXPLQRXV�&RDO²0DUFK����DW�������
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0� )'�����%ORZV�6SKHUL�6HDO²0DUFK����DW���������&RDO�ZDV�EHLQJ�IHG�LQWR�WKH�UHDFWRU
YLD�)'������DQG�)'�����ZDV�FRQWLQXRXVO\�IHHGLQJ�VDQG�LQWR�WKH�UHDFWRU�WR�PDNH�XS
IRU�ORVVHV�EHLQJ�FDUULHG�RYHU�WR�WKH�3&'���$W�������D�VSKHUL�YDOYH�VHDO�RQ�WKH
ORFNKRSSHU�V\VWHP�EOHZ���$W�WKLV�WLPH�WKH�PHGLXP�SUHVVXUH�QLWURJHQ�VXSSO\LQJ�DOO�RI
WKH�VSKHUL�YDOYHV�ZDV�FRQQHFWHG���:KHQ�WKH�VSKHUL�YDOYH�VHDO�EOHZ�WKH�QLWURJHQ
SUHVVXUH�WR�DOO�YDOYHV�GHFUHDVHG��FDXVLQJ�DOO�RI�WKH�&O\GH�V\VWHPV�WR�WULS���%\�������WKH
IDLOHG�VHDO�ZDV�LVRODWHG�DQG�FRDO�IHHG�UHVXPHG�

1� )'�����6ZLWFKHV�7R�6DQG�)HHG²0DUFK����DW���������:KHQ�)'�����ZDV�WDNHQ�RXW�
RI�VHUYLFH��WKH�EHG�OHYHO�LQ�WKH�WUDQVSRUW�UHDFWRU�EHJDQ�GURSSLQJ�GXH�WR�WKH�FDUU\RYHU
RI�SDUWLFXODWH�LQWR�WKH�3&'���$W�������WKH�EHG�OHYHO�KDG�UHDFKHG�D�SRLQW�ZKHUH�FRDO
IHHG�ZDV�WHUPLQDWHG�WR�DGG�VDQG�WR�WKH�UHDFWRU���1R�DGGLWLRQDO�FRDO�ZDV�IHG�GXULQJ
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&RPEXVWLRQ�FKDUDFWHUL]DWLRQ�WHVW�&&7�%�ZDV�VWDUWHG�RQ�0DUFK�����������IRU�WKH�SXUSRVH�RI
DQDO\]LQJ�WKH�WUDQVSRUW�UHDFWRU�VROLGV�VHSDUDWLRQ�SUREOHPV�H[SHULHQFHG�LQ�SUHYLRXV�WHVW�UXQV�
VSHFLILFDOO\�WKRVH�LQYROYLQJ�WKH�SULPDU\�F\FORQH��&<��������$�WUDQVSRUW�UHDFWRU�WHVW�SODQ�ZDV
GHYHORSHG�WR�EHWWHU�XQGHUVWDQG�WKH�FDUU\RYHU�SUREOHP�WR�WKH�3&'��DQG�WR�GHWHUPLQH�LI�WKH
&<�����PRGLILFDWLRQV�PDGH�DW�WKH�HQG�RI������ZHUH�HIIHFWLYH���,Q�SUHYLRXV�WHVW�UXQV��VXUJHV�RI
VROLGV�ZHUH�FDUULHG�RYHU�WR�WKH�3&'��ZKLFK�IRUFHG�WKH�FLUFXODWLRQ�DQG�FRDO�IHHG�LQ�WKH�WUDQVSRUW
UHDFWRU�WR�EH�VORZHG�RU�VWRSSHG�XQWLO�WKH�ILQHV�WUDQVSRUWHU�V\VWHP��)'������FRXOG�UHPRYH�WKH
VROLGV���$IWHU�RSHUDWLQJ�IRU�MXVW�RYHU����KRXUV�RQ�FRDO��WKH�WUDQVSRUW�UHDFWRU�ZDV�VKXW�GRZQ�RQ
0DUFK�����������EHFDXVH�RI�SUREOHPV�ZLWK�WKH�)'�����PLGGOH�VSKHUL�YDOYH�

7KH�FRDO�IHHG�GLG�QRW�VWDUW�XQWLO���GD\V�LQWR�WKLV�UXQ�EHFDXVH�RI�SUREOHPV�ZLWK�WKH�PDLQ�DLU
FRPSUHVVRU��0$&��DQG�WKH�VWDUW�XS�EXUQHU��%5��������$�UHSUHVHQWDWLYH�IURP�WKH�0$&
PDQXIDFWXUHU�SHUIRUPHG�D�IHZ�WHVWV�DQG�WXQHG�WKH�FRPSUHVVRU�GXULQJ�WKH�ILUVW�SDUW�RI�WKH�UXQ�

2QH�REMHFWLYH�RI�WKH�&&7��VHULHV�WHVW�UXQV�ZDV�WR�LQFUHDVH�WKH�3&'�LQOHW�JDV�WHPSHUDWXUH�IURP
����WR�������)������WR�����&��E\�E\SDVVLQJ�D�SRUWLRQ�RI�WKH�SURFHVV�JDV�DURXQG�WKH�SULPDU\�JDV
FRROHU��+;��������+RZHYHU��WKH�DFWXDO�LQOHW�WHPSHUDWXUH�IRU�WKH�WHVW�UXQ�QHYHU�H[FHHGHG�����)
�����&��EHFDXVH�WRR�PXFK�RI�WKH�JDV�SDVVHG�WKURXJK�+;�����DQG�WKH�VKRUW�FRDO�IHHG�GXUDWLRQ�

:KLOH�RQ�FRDO��WKH�EDVHOLQH�∆3�ZDV�DERXW����LQ:*�����PEDU��DQG�WKH�∆3�ULVH�UDQJHG�IURP��
LQ:*�����PEDU��WR����LQ:*�����PEDU����7KH�RSHQ�VLJQDO�WR�WKH�EDFN�SXOVH�YDOYH�ZDV�VHW�DW����
DQG�����VHFRQGV�GXULQJ�WKH�UXQ���7KH�EDFN�SXOVH�SXOVH�LQWHUYDO�ZDV����PLQXWHV�DQG�WKH�EDFN�
SXOVH�SUHVVXUH�ZDV�VHW�DW�����WR�����SVLJ�������WR������EDU�J��

7KH�SXOVH�YDOYHV�ZHUH�WHVWHG�GXULQJ�WKLV�UXQ�DQG�WKH�GDWD�LQGLFDWHG�D�GURS�LQ�WKH�PDVV�IORZ�ZKHQ
WKH�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�IURP�����WR�����SVLJ�������WR������EDU�J����7KLV�EHKDYLRU
ZDV�WKH�VDPH�IRU�DOO�RI�WKH�SXOVH�YDOYHV��ZKLFK�LQGLFDWHG�D�SRWHQWLDO�SUREOHP�ZLWK�WKH�SXOVH
YDOYHV���7KH�SXOVH�YDOYHV�ZHUH�WHVWHG�LQ�UXQV�7&��&�WKURXJK�7&��(�ZLWK�D�KLJK�VSHHG�GDWD
DFTXLVLWLRQ�FRPSXWHU���5HIHU�WR�VHFWLRQ�������3XOVH�9DOYH�5HSRUW��IRU�WKH�LQ�GHSWK�SXOVH�YDOYH
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7KH�ILOWHUV�LQVWDOOHG�IRU�WKLV�WHVW�UXQ�ZHUH�LQVWDOOHG�LQ�6HSWHPEHU��������7KH�ILOWHU�OD\RXW�LV�VKRZQ
LQ�ILJXUH����������OD\RXW������$W�WKH�FRQFOXVLRQ�RI�WKLV�WHVW�UXQ��WKH�ILOWHUV�LQ�OD\RXW���KDG
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• &RQILUP�65,�SDUWLFXODWH�ORDGLQJ�E\�FROOHFWLQJ�DOO�RI�WKH�DVK�IURP�WKH�3&'�VSHQW�ILQHV
WUDQVSRUW�V\VWHP�

• (VWLPDWH�WKH�3&'�´FXW�VL]Hµ�E\�WXUQLQJ�RII�WKH�SXOVH�V\VWHP�WR�FROOHFW�D�FRDUVH�DVK
VDPSOH��DQG�WKHQ�E\�EDFN�SXOVLQJ�WKH�ILOWHU�HOHPHQWV�WR�FROOHFW�D�ILQH�DVK�VDPSOH���7KH
3&'�YHVVHO�ZDV�EHOLHYHG�WR�KDYH�EHHQ�RSHUDWLQJ�OLNH�D�F\FORQH�DQG�VHSDUDWLQJ�RXW
ODUJHU�SDUWLFXODWH�WKDW�QHYHU�UHDFKHG�WKH�ILOWHU�HOHPHQWV�

• 9DU\�WKH�DVK�OHYHO�LQ�WKH�3&'�FRQH�WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�WKH
WKHUPRFRXSOHV�DGGHG�WR�WKH�3&'�FRQH�LQ�PRQLWRULQJ�WKH�DVK�OHYHO�
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�������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG�²�0DLQ�$LU�&RPSUHVVRU��0$&��6WDUWHG�²�0DUFK����DW���������1R�OHDNV
ZHUH�IRXQG�LQ�WKH�WUDQVSRUW�UHDFWRU�RU�WKH�3&'�GXULQJ�WKH�V\VWHP�SUHVVXUH�WHVW�
+RZHYHU��D�OHDN�GHYHORSHG�DIWHU�WKH�SUHVVXUH�WHVW�LQ�D�0$&�9LFWXDOLF�FRXSOLQJ�DQG
WKH�0$&�ZDV�VKXWGRZQ�IRU�UHSDLU�

%�� 0$&�5HVWDUWHG�²�0DUFK����DW���������$IWHU�WKH�0$&�ZDV�UHVWDUWHG�WKHUH�ZHUH
XQVXFFHVVIXO�DWWHPSWV�WR�OLJKW�WKH�VWDUW�XS�EXUQHU��7KH�0$&�ZDV�VKXW�GRZQ���7KH
0$&�ZDV�EHLQJ�WXQHG�IRU�PRVW�RI�WKH�GD\�E\�WKH�PDQXIDFWXUHU·V�VHUYLFH
UHSUHVHQWDWLYH�

&� 6WDUW�XS�%XUQHU�/LW�²�0DUFK����DW���������$IWHU�WKH�VWDUW�XS�EXUQHU�LJQLWHU�ZDV
UHSODFHG�WKH�VWDUW�XS�EXUQHU�RSHUDWHG�VXFFHVVIXOO\��7KH�0$&�EHJDQ�WR�VXUJH�DQG�WKH
VWDUW�XS�EXUQHU�KDG�WR�EH�UHOLW�WZLFH�LQWR�WKH�HDUO\�KRXUV�RI�0DUFK����

'� 0$&�7XQLQJ�²�0DUFK����DW���������7KH�0$&�ZDV�VKXWGRZQ�IRU�WXQLQJ���7KH�0$&
ZDV�VWDUWHG�EDFN�XS�DW�������

(� %DFN�3XOVH�3UHVVXUH�,QFUHDVHG�IRU�7HVWLQJ�²�0DUFK����DW���������:KHQ�WKH�EDFN�SXOVH
SUHVVXUH�ZDV�UDLVHG�LQ�&&7�$�D�GURS�LQ�WKH�EDFN�SXOVH�PDVV�IORZ�ZDV�QRWLFHG����'DWD
ZDV�FROOHFWHG�WR�DQDO\]H�WKH�SHUIRUPDQFH�SUREOHP�

)� 6WDUWHG�&RDO�)HHG�²�0DUFK����DW�������

*� /RVW�&RDO�)HHG�²�0DUFK����DW���������7KH�)'�����PLGGOH�VSKHUL�YDOYH�VHDO�IDLOHG�

+� 5HVWDUWHG�&RDO�)HHG�²�0DUFK����DW�������

,� 7HVW�(QGHG���7UDQVSRUW�5HDFWRU�6KXWGRZQ�²�0DUFK����DW���������7KH�GHFLVLRQ�ZDV
PDGH�WR�VKXW�GRZQ�WKH�WUDQVSRUW�UHDFWRU�EHFDXVH�RI�SUREOHPV�ZLWK�)'�������7KH
ERWWRP�VSKHUL�YDOYH�ZDV�QRW�FORVLQJ�IDU�HQRXJK�WR�FORVH�WKH�OLPLW�VZLWFK�
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�������4WP�1WVEQOG

7KH�WUDQVSRUW�UHDFWRU�ZDV�VKXW�GRZQ�EHFDXVH�RI�SUREOHPV�ZLWK�WKH�)'�����PLGGOH�VSKHUL�YDOYH�
7KH�VSKHUL�YDOYH�ZDV�QRW�FORVLQJ�IDU�HQRXJK�IRU�WKH�OLPLW�VZLWFK�WR�FORVH�

7KH�GDWD�FROOHFWHG�GXULQJ�WKH�EDFN�SXOVH�FRQWLQXHG�WR�LQGLFDWH�D�GURS�LQ�WKH�EDFN�SXOVH�IORZ
ZKHQ�WKH�EDFN�SXOVH�SUHVVXUH�ZDV�UDLVHG�DERYH�����SVLJ�����EDU�J���7KLV�SKHQRPHQRQ�ZDV
VWXGLHG�H[WHQVLYHO\�GXULQJ�UXQV�7&��&�WKURXJK�7&��(���7KH�UHVXOWV�DUH�FRYHUHG�LQ�VHFWLRQ������
3XOVH�9DOYH�5HSRUW�

$V�SODQQHG��WKH����JDOORQ�GUXP�FROOHFWRU�ZDV�WHVWHG�DQG�XVHG�GXULQJ��&&7�%���7KH�REMHFWLYH�RI
WKH�GUXP�FROOHFWRU�ZDV�WR�FROOHFW�DOO�RI�WKH�SDUWLFXODWH�JRLQJ�WR�WKH�3&'�EHIRUH��GXULQJ��DQG�DIWHU
65,�FROOHFWHG�DQ�LQOHW�VDPSOH�ZLWK�WKH�LQOHW�VDPSOLQJ�V\VWHP���7KH�UHVXOWV�RI�WKLV�WHVWLQJ�IURP�WKH
GUXP�VDPSOHU�DUH�GLVFXVVHG�LQ�VHFWLRQ������&&7��$VK�&KDUDFWHULVWLFV�DQG�3&'�3HUIRUPDQFH�

7KH�RSHUDWLRQ�RI�WKH�75�ZDV�QRW�VWDEOH�HQRXJK�WR�DOORZ�D�SXUSRVHIXO�LQFUHDVH�LQ�WKH�3&'�FRQH
DVK�OHYHO�ZKHQ�VORZLQJ�WKH�VFUHZ�FRROHU��)'�������7KH�REMHFWLYH�ZDV�WR�UDLVH�WKH�DVK�LQ�WKH
3&'�FRQH��REVHUYH�WKH�WHPSHUDWXUH�WUHQGV�LQ�WKH�3&'�KRSSHU��DQG�GHWHUPLQH�WKH�HIIHFWLYHQHVV
RI�WKH�QHZ�WKHUPRFRXSOHV�LQ�PRQLWRULQJ�WKH�DVK�OHYHO���7KH�REMHFWLYH�ZDV�PHW��KRZHYHU��RQO\
EHFDXVH�RI�WKH�XQVWDEOH�RSHUDWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�DQG�WKH�QXPHURXV�)'�����WULSV���7KH
QHZ�WKHUPRFRXSOHV�ORFDWHG�LQ�WKH�3&'�FRQH�ZHUH�UHOLDEOH�LQ�GHWHFWLQJ�DFFXPXODWHG�DVK�

2SHUDWLQJ�SUREOHPV�ZLWK�WKH�WUDQVSRUW�UHDFWRU�SUHYHQWHG�WKH�SXOVH�V\VWHP�IURP�EHLQJ�WXUQHG
RII��DV�SODQQHG��WR�FROOHFW�VDPSOHV�IURP�)'�����DQG�GHWHUPLQH�WKH�3&'�´FXW�VL]H�µ
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6CDNG��������

%%6�$�4WP�5VCVKUVKEU

5VCTV�6KOG� �������������
'PF�6KOG� �������������

%QCN�6[RG� %CNWOGV�#NCDCOC�$KVWOKPQWU
*QWTU�1P�%QCN� ��
5QTDGPV�6[RG� 2NWO�4WP�&QNQOKVG

0WODGT�QH�(KNVGT�'NGOGPVU� ��
(KNVGT�'NGOGPV�.C[QWV�0Q�� ��
(KIWTG���������
(KNVTCVKQP�#TGC� ����HV��
�����O��

2WNUG�8CNXG�1RGP�6KOG� ����VQ�����UGEQPFU
2WNUG�6KOG�6TKIIGT� ���OKPWVGU
2WNUG�2TGUUWTG� ����VQ�����RUKI�
�����������DCT�I�
2WNUG�&2�6TKIIGT� ����KP9)�
����ODCT��

6CDNG��������

%%6�$�/CLQT�'XGPVU�
4GHGT�VQ�(KIWTGU���������6JTQWIJ���������

'XGPV &GUETKRVKQP &CVG�CV�6KOG
# 6GUV�5VCTVGF �����CV������
$ /#%�4GUVCTVGF �����CV������
% 5VCTV�WR�$WTPGT�.KV �����CV������
& 5CPF�(GGF�VQ�64�5VCTVGF �����CV������
' $CEM�RWNUG�2TGUUWTG�+PETGCUGF�HQT�6GUVKPI �����CV������
( 5VCTVGF�%QCN�(GGF �����CV������
) .QUV�%QCN�(GGF �����CV������
* 4GUVCTVGF�%QCN�(GGF �����CV������
+ 6GUV�'PFGF��6TCPURQTV�4GCEVQT�5JWVFQYP �����CV������

25&(>����>���
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�������4WP�5WOOCT[

&RPEXVWLRQ�FKDUDFWHUL]DWLRQ�WHVW�&&7�&�ZDV�VWDUWHG�ODWH�RQ�$SULO����������IRU�WKH�SXUSRVH�RI
DQDO\]LQJ�WKH�VROLG�VHSDUDWLRQ�SUREOHPV�RI�WKH�WUDQVSRUW�UHDFWRU��5;�������VSHFLILFDOO\�WKRVH
LQYROYLQJ�WKH�SULPDU\�F\FORQH��&<��������3UREOHPV�ZLWK�H[FHVVLYH�FDUU\RYHU�WR�WKH�3&'�IURP
5;�����FRQWLQXHG�WR�RFFXU�LQ�&&7�$�DQG�&&7�%��VR�D�IRUPDO�WHVW�FDPSDLJQ�ZDV�GHYHORSHG�DV
D�PHFKDQLVP�IRU�XQGHUVWDQGLQJ�WKLV�SUREOHP���7KLV�WHVW�FDPSDLJQ�ZDV�LPSOHPHQWHG�DV�&&7�&�

'XULQJ�WKH�QRUPDO�FRXUVH�RI�0:.�VWDUW�XS�DFWLYLWLHV��LW�LV�QHFHVVDU\�WR�IHHG�VDQG�WR�5;�����WR
LQFUHDVH�WKH�UHDFWRU�EHG�OHYHO�DQG�EHJLQ�VROLG�FLUFXODWLRQ�SULRU�WR�FRDO�IHHG���'XULQJ�WKLV�VDQG
DGGLWLRQ�SKDVH�RI�WKH�VWDUW�XS�DFWLYLWLHV�IRU�&&7�&��WKH�GLVFKDUJH�SLSLQJ�RI�WKH�VSHQW�ILQHV
WUDQVSRUW�V\VWHP��)'������EHFDPH�SOXJJHG�ZLWK�ZKDW�ZDV�VRRQ�GLVFRYHUHG�WR�EH�SLHFHV�RI�ILOWHU
HOHPHQWV���,W�ZDV�WKHQ�GHFLGHG�WR�HQG�WKH�WHVW�LQ�RUGHU�WR�LQVSHFW�WKH�3&'�IRU�EURNHQ�ILOWHU
HOHPHQWV���8SRQ�LQVSHFWLRQ��VHYHUDO�ILOWHU�HOHPHQWV�ZHUH�IRXQG�WR�EH�EURNHQ�DQG�PDQ\�RWKHUV
VLJQLILFDQWO\�FUDFNHG���6XEVHTXHQW�GDWD�DQDO\VLV�VXJJHVWHG�WKDW�GXULQJ�IHHG�RI�VDQG��FRDO�ZDV
LQDGYHUWHQWO\�IHG�WR�WKH�UHDFWRU�DQG�FDUULHG�RYHU�WR�WKH�3&'�ZKHUH�LW�LJQLWHG�DQG�FDXVHG�D������
WHPSHUDWXUH�LQFUHDVH�����&��LQ�WKH�3&'�RXWOHW�WHPSHUDWXUH�RYHU�D�SHULRG�RI����PLQXWHV���7KH
H[WUHPH�WKHUPDO�VWUHVV�RI�WKH�FRPEXVWLRQ�HYHQW��ZKLFK�PDQLIHVWHG�LWVHOI�LQ�WKH�VKDUS�UDWH�RI
LQFUHDVH�RI�WKH�3&'�RXWOHW�WHPSHUDWXUH��ZDV�GHHPHG�WKH�FDXVH�RI�WKH�VHYHUH�GDPDJH�WR�WKH�ILOWHU
HOHPHQWV�LQ�WKH�3&'�
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�������6GUV�1DLGEVKXGU

7KH�SULPDU\�WHVW�REMHFWLYH�IRU�3&'�RSHUDWLRQ�ZDV�WR�VXSSRUW�UHDFWRU�RSHUDWLRQ�LQ�WKH�DQDO\VLV�RI
WKH�VROLG�VHSDUDWLRQ�SUREOHPV���6HYHUDO�REMHFWLYHV�IRU�3&'�RSHUDWLRQ�ZHUH�VFKHGXOHG�LQ�WKH
HYHQW�WKDW�UHDFWRU�RSHUDWLRQ�ZDV�DGHTXDWHO\�XQGHUVWRRG�WR�SURFHHG�ZLWK�D�SHULRG�RI�VWDEOH
UHDFWRU�RSHUDWLRQ�DIWHU�WKH�VROLG�VHSDUDWLRQ�WHVWV���7KHVH�3&'�REMHFWLYHV�ZHUH�RXWOLQHG�SULRU�WR
WKH�WHVW�DQG�DUH�LQFOXGHG�EHORZ�

• 3XOVH�FOHDQ��XVLQJ�KLJK�SUHVVXUH�QLWURJHQ���7KH�REMHFWLYH�ZDV�WR�VHH�LI�XVLQJ�KLJK�
SUHVVXUH�QLWURJHQ�IRU�EDFN�SXOVLQJ�ZRXOG�LPSURYH�WKH�SHUIRUPDQFH�RI�WKH�EDFN�SXOVH
V\VWHP���'XULQJ�UXQV�&&7�$�DQG�&&7�%�WKH�EDFN�SXOVH�IORZ�GURSSHG�RII�ZKHQHYHU
WKH�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�DERYH�����SVLJ�������EDU����'HPRQVWUDWLQJ�WKH
KLJK�SUHVVXUH�QLWURJHQ�V\VWHP�RSHUDWLRQ�SULRU�WR�JDVLILFDWLRQ�ZDV�DOVR�SDUW�RI�WKH
REMHFWLYH���,I�DQ\�SUREOHPV�KDG�EHHQ�H[SHULHQFHG�GXULQJ�WKLV�UXQ�ZLWK�WKH�KLJK�SUHVVXUH
QLWURJHQ�V\VWHP�WKH�1RUZDON�FRPSUHVVRU�ZRXOG�KDYH�EHHQ�XVHG�WR�SURYLGH�KLJK�
SUHVVXUH�DLU�IRU�EDFN�SXOVLQJ���,I�UHTXLUHG��RU�GHVLUHG���QLWURJHQ�FRXOG�EH�IHG�WR�WKH
1RUZDON�

• (YDOXDWH�0:.�F\FORQH�PRGLILFDWLRQV�DQG�WUDQVSRUW�UHDFWRU�RSHUDWLRQ���7KLV�ZDV�DQ
REMHFWLYH�WKURXJKRXW�WKH�WHVW�UXQ���,W�LQYROYHG�65,�WDNLQJ�LQOHW�DQG�RXWOHW�VDPSOHV�XQGHU
YDU\LQJ�UHDFWRU�FRQGLWLRQV�

• (YDOXDWH�SXOVH�YDOYH�SHUIRUPDQFH���7KH�EDFN�SXOVH�V\VWHP�H[SHULHQFHG�IORZ�SUREOHPV
GXULQJ�&&7�$�DQG�&&7�%��DQG�WKH�SXOVH�YDOYHV�ZHUH�VXVSHFWHG�WR�EH�WKH�SUREOHP�
0RQLWRULQJ�WKH�YDOYH�SHUIRUPDQFH�XVLQJ�D�KLJK�VSHHG�GDWD�DFTXLVLWLRQ�V\VWHP��LI
DYDLODEOH�LQ�WLPH��ZDV�SODQQHG�

• 7DNH�LQOHW�DQG�RXWOHW�VDPSOHV�XQGHU�VWHDG\�VWDWH�FRQGLWLRQV�

• 7DNH�3&'�LQOHW�VDPSOH�ZLWK�F\FORQH�PDQLIROG�� 65,�KDG�PRGLILHG�D�VWDLQOHVV�VWHHO�
PXOWLVWDJH�F\FORQH�DVVHPEO\�IRU�WHVWLQJ�RQ�WKH�3&'�LQOHW�GXULQJ�WKH�UXQ�LI�WKH�3&'
WHPSHUDWXUH�ZDV�EHORZ�������)������&��

• &RQILUP�65,�SDUWLFXODWH�ORDGLQJ�  ,W�ZDV�QHFHVVDU\�WR�FRQILUP�WKH�SDUWLFXODWH�ORDGLQJ
GHWHUPLQHG�E\�65,���7KLV�ZRXOG�EH�GRQH�E\�XVLQJ�WKH�GUXP�VDPSOHU�WR�FROOHFW�DOO�RI�WKH
DVK�FDUULHG�RYHU�WR�WKH�3&'�IRU�D�SHULRG�RI�WLPH�EHIRUH��GXULQJ��DQG�DIWHU�65,�VDPSOLQJ�

• (VWLPDWH�´FXW�VL]Hµ�RI�3&'�  7KLV�ZDV�WR�EH�GRQH�WR�HVWLPDWH�ZKDW�VL]H�SDUWLFXODWH�ZDV
PDNLQJ�LW�WR�WKH�ILOWHU�HOHPHQWV���,W�ZRXOG�EH�DFFRPSOLVKHG�E\�WXUQLQJ�RII�WKH�EDFN�SXOVH
V\VWHP��LI�FRQGLWLRQV�SHUPLWWHG��IRU���RU���KRXUV�DQG�FROOHFWLQJ�WKH�VDPSOH�IURP
)'�������7KH�ILOWHU�HOHPHQWV�ZRXOG�WKHQ�EH�SXOVH�FOHDQHG�DQG�WKH�VDPSOH�FROOHFWHG�LQ�D
VHSDUDWH�GUXP�

• 9DU\�WKH�DVK�OHYHO�LQ�WKH�3&'�FRQH�  7ZR�QHZ�WKHUPRFRXSOHV�ZHUH�DGGHG�WR�WKH�FRQH
WR�KHOS�LQ�PRQLWRULQJ�DVK�OHYHO���$W�WKH�HQG�RI�WKH�WHVW�WKH�VSHHG�RI�WKH�ILQH�DVK�VFUHZ
FRROHU��)'������ZRXOG�EH�GHFUHDVHG�WR�VHH�LI�D�OHYHO�FRXOG�EH�EXLOW��FRQWUROODEO\��DQG
PDLQWDLQHG�LQ�WKH�3&'�FRQH���7KH�HIIHFWLYHQHVV�RI�WKH�QHZ�WKHUPRFRXSOHV�IRU
PHDVXULQJ�DVK�OHYHO�FRXOG�EH�GHWHUPLQHG�LQ�WKLV�PDQQHU�
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�������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG�²�$SULO���DW���������7KH�PDLQ�DLU�FRPSUHVVRU��&2������ZDV�VWDUWHG�ODWH
RQ�$SULO���WR�EHJLQ�&&7�&���7KH�SUHVVXUH�WHVW�KDG�EHHQ�SHUIRUPHG�RQ�$SULO���

 
%� 6WDUW�XS�EXUQHU�SLORW�OLW�²�$SULO���DW�������
 
&� 6WDUW�XS�EXUQHU�PDLQ�OLW�²�$SULO���DW�������
 
'� 6DQG�IHHG�WR�5;�����VWDUWHG�²�$SULO���DW���������$SSUR[LPDWHO\�������OE��������NJ��RI

VROLGV��VDQG�ZLWK�D�VXVSHFWHG��XQNQRZQ�DPRXQW�RI�FRDO��ZHUH�IHG�LQWR�WKH�UHDFWRU
EHWZHHQ�������DQG�������

 
(� 6WDUW�RI�WHPSHUDWXUH�WUDQVLHQW�LQ�3&'�²�$SULO���DW���������6HYHUDO�WHPSHUDWXUH

LQGLFDWLRQV�LQ�WKH�3&'�VKRZHG�FRQVLGHUDEOH�LQFUHDVHV�VWDUWLQJ�DW���������7KHVH
LQFUHDVHV�ZHUH�LQ�FRQWUDVW�ZLWK�WKH�EHKDYLRU�RI�WKH�3&'�LQOHW�WHPSHUDWXUH��ZKLFK�ZDV
GHFUHDVLQJ�GXH�WR�WKH�GHFUHDVH�LQ�5;�����WHPSHUDWXUH�UHVXOWLQJ�IURP�DGGLWLRQ�RI�FROG
VROLGV��VDQG����,QGLFDWLRQV�LQ�WKH�3&'�VKRZHG�IRXU�GHILQLWH�WHPSHUDWXUH�ULVHV�RYHU�WKH
FRXUVH�RI�WKH�HYHQW��LPSO\LQJ�WKDW�WKHUH�ZHUH�IRXU�VHSDUDWH�FRPEXVWLRQ�HYHQWV�ZKLFK
FRQWULEXWHG�WR�WKH�RYHUDOO�WHPSHUDWXUH�WUDQVLHQW�DV�VKRZQ�LQ�ILJXUH���������

 
)� 3HDN�RI�3&'�WHPSHUDWXUH�WUDQVLHQW�²�$SULO���DW���������7KH�3&'�RXWOHW�WHPSHUDWXUH

LQFUHDVHG�IURP�DERXW�����)������&��WR�DERXW�����)������&��LQ�DSSUR[LPDWHO\���
PLQXWHV��ZKLFK�WUDQVODWHV�LQWR�D�UDWH�RI�LQFUHDVH�RI�DSSUR[LPDWHO\�����)�KU
�����&�KU��

 
*� 6SHQW�ILQHV�WUDQVSRUW�V\VWHP�GLVFKDUJH�SOXJJHG�²�$SULO���DW���������7KH�)'����

V\VWHP�FRQYH\LQJ�SUHVVXUH�LQFUHDVHG�QRUPDOO\��LQGLFDWLQJ�LW�ZDV�FRQYH\LQJ�VROLGV�IURP
LWV�GLVFKDUJH�YHVVHO��EXW�WKH�SUHVVXUH�LQ�WKH�YHVVHO�UHPDLQHG�HOHYDWHG��LQGLFDWLQJ�WKDW
WKH�GLVFKDUJH�SLSLQJ�ZDV�SOXJJHG���&LUFXODWLRQ�RI�VROLGV�LQ�WKH�UHDFWRU�ZDV�VWRSSHG�VR
WKDW�WKH�FDXVH�RI�WKH�EORFNDJH�FRXOG�EH�DVFHUWDLQHG���8SRQ�GLVFRQQHFWLRQ�RI�WKH
)'�����GLVFKDUJH�SLSLQJ�DQG�LQVSHFWLRQ��FHUDPLF�SLHFHV�RI�ILOWHU�HOHPHQWV�ZHUH�IRXQG
WR�EH�WKH�FDXVH�RI�WKH�EORFNDJH���7KH�GHFLVLRQ�ZDV�WKHQ�PDGH�WR�VKXW�GRZQ�WKH�0:.
V\VWHP�LQ�RUGHU�WR�LQVSHFW�WKH�3&'�IRU�VXVSHFWHG�ILOWHU�EUHDNDJH�

 
+� 7HVW�HQGHG�²�$SULO���DW���������$IWHU�VKXWWLQJ�GRZQ�WKH�VWDUW�XS�EXUQHU��&2������ZDV

UXQ�IRU�D�ZKLOH�WR�FRRO�WKH�V\VWHP���&2�����ZDV�WKHQ�VKXW�GRZQ��VLJQLI\LQJ�WKH�HQG
RI�WKH�WHVW�UXQ�
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�������4WP�1WVEQOG

7KH�LQVSHFWLRQ�RI�WKH�3&'�LV�GHWDLOHG�LQ�VHFWLRQ�����RI�WKLV�UHSRUW��EXW�LQ�VXPPDU\��DOO�RI�WKH
ILOWHU�HOHPHQWV�ZHUH�VHYHUHO\�GDPDJHG�GXH�WR�WKHUPDO�VWUHVV���'XULQJ�GLVFXVVLRQV�RI�WKH�HYHQWV�RI
&&7�&�DPRQJ�6RXWKHUQ�&RPSDQ\�DQG�0:.�SHUVRQQHO��WKH�FRQFOXVLRQ�ZDV�UHDFKHG�WKDW�WKH
GDPDJH�WR�WKH�ILOWHU�HOHPHQWV�ZDV�XOWLPDWHO\�FDXVHG�E\�WKH�LQDGYHUWHQW�IHHG�RI�FRDO�LQWR�WKH
V\VWHP�DW�WHPSHUDWXUHV�EHORZ�ZKLFK�WKH�FRDO�ZRXOG�FRPEXVW�LQ�WKH�UHDFWRU���7KH�FRDO��KDYLQJ
QRW�EXUQHG�LQ�WKH�UHDFWRU��ZDV�FDUULHG�RYHU�WR�WKH�3&'�DQG�VRPHKRZ�FRPEXVWHG�LQ�WKH�3&'�
FDXVLQJ�H[WUHPH�WKHUPDO�VWUHVV�WR�WKH�HOHPHQWV���7KH�LQDGYHUWHQW�FRDO�IHHG�ZDV�DWWULEXWHG�WR�WKH
LQWHUFKDQJHDEOH�XVH�RI�WKH�FRDO�IHHGHU�DV�D�5;�����EHG�PDWHULDO��VDQG��PDNH�XS�IHHGHU�DQG�D
FRDO�IHHGHU���,W�ZDV�WKHQ�GHFLGHG�WKDW�ZKLFKHYHU�IHHGHU�ZDV�EHLQJ�XVHG�DV�WKH�FRDO�IHHGHU�IRU�D
SDUWLFXODU�WHVW�UXQ�ZRXOG�EH�XVHG�RQO\�WR�IHHG�FRDO�IRU�WKDW�UXQ�DQG�ZRXOG�EH�WKRURXJKO\
LQVSHFWHG�SULRU�WR�LWV�XVH�LQ�VXEVHTXHQW�UXQV�IRU�IHHGLQJ�D�PDWHULDO�RWKHU�WKDQ�FRDO�

,Q�WKH�DIWHUPDWK�RI�WKH�WHPSHUDWXUH�WUDQVLHQW�LQ�WKH�3&'�DQG�WKH�UHVXOWLQJ�VHYHUH�GDPDJH�WR�WKH
ILOWHU�HOHPHQWV��VHYHUDO�VROLG�VDPSOHV�ZHUH�DQDO\]HG�WR�WU\�WR�EHWWHU�XQGHUVWDQG�WKH�PHFKDQLVP
ZKLFK�FDXVHG�WKH�WUDQVLHQW���/RVV�RQ�LJQLWLRQ��/2,��WHVWV�ZHUH�SHUIRUPHG�RQ�VDPSOHV�IURP�WKH
5;�����EHG��WKH�3&'�VROLGV�RXWOHW�FRQH��DQG�WKH�WRS�SOHQXP�ILOWHU�HOHPHQWV���7KH�UHVXOWV�DUH
VKRZQ�LQ�WDEOH���������

7KH�VDPSOH�ORFDWLRQ�+;�����LQ�5;�����LQGLFDWHV�WKDW�WKH�VDPSOH�ZDV�WDNHQ�IURP�WKH
FRPEXVWLRQ�KHDW�H[FKDQJHU���7KH�VDPSOH�WDNHQ�IURP�WKH�0:.�DVK�VLOR�FRQVLVWHG�H[FOXVLYHO\�RI
VROLGV�IURP�WKH�3&'�VLQFH�WKH�)'�����V\VWHP�ZDV�WKH�RQO\�V\VWHP�IHHGLQJ�WKH�VLOR�GXULQJ�WKH
UXQ���7KH�UHVXOWV�RI�WKHVH�WHVWV�FOHDUO\�VKRZ�WKDW�WKHUH�ZDV�FRQVLGHUDEOH�FRPEXVWLEOH�PDWHULDO�LQ
WKH�3&'��IXUWKHU�VXSSRUWLQJ�WKH�FRQFOXVLRQ�WKDW�FRPEXVWLRQ�RFFXUUHG�LQ�WKH�3&'���7KH�KLJK
/2,�FRXSOHG�ZLWK�WKH�PHDVXUHG�G

��
�RI�WKH�VROLGV�IURP�WKH�WRS�SOHQXP��ZKLFK�ZDV�DSSUR[LPDWHO\

���P��FRPELQHG�WR�SURGXFH�D�VLWXDWLRQ�KLJKO\�VXLWDEOH�IRU�FRPEXVWLRQ��H[FOXGLQJ�WHPSHUDWXUH��
RQH�ZLWK�D�UHODWLYHO\�ODUJH�DPRXQW�RI�FRPEXVWLEOH�PDWHULDO�DQG�ODUJH�VXUIDFH�DUHD���,Q�FRQWUDVW�
WKH�G

��
�RI�WKH�UHDFWRU�VROLGV�ZDV�PHDVXUHG�DW�DSSUR[LPDWHO\������P��DQG�WKH�/2,�ZDV�ORZ��DV

VKRZQ�LQ�WDEOH���������
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6CDNG��������

.QUU�QP�+IPKVKQP�6GUVU�HQT�%%6�%�5QNKF�5CORNGU

5CORNG�.QECVKQP 5CORNG�&CVG .1+�
YV���
4:�����
PQ\�#��� #RTKN��� ����
4:�����
*:����� #RTKN��� ����
4:�����
PQ\�*�� #RTKN��� �������
4:�����
*:����� #RTKN��� ����������
4:�����
*:����� #RTKN��� ����������

2%&�%QPG #RTKN�� ����
6QR�2NGPWO #RTKN��� ����
/9-�#UJ�5KNQ #RTKN��� �����

��#XGTCIG�QH�VYQ�.1+�VGUVU�

6CDNG��������

%%6�%�4WP�5VCVKUVKEU

5VCTV�VKOG� #RTKN���CV������

'PF�VKOG� #RTKN���CV������

%QCN�V[RG� 0Q�FGNKDGTCVG�EQCN�HGGF

*QWTU�QP�EQCN� 0�#

5QTDGPV�V[RG� 0Q�UQTDGPV�HGGF

0WODGT�QH�HKNVGT�GNGOGPVU� ��

(KNVGT�GNGOGPV�NC[QWV�PWODGT� ��
UGG�HKIWTG���������

(KNVTCVKQP�CTGC� ����HV��
�����O��

2WNUG�XCNXG�QRGP�VKOG� �����UGEQPFU

2WNUG�VKOG�VTKIIGT� ���OKPWVGU

2WNUG�RTGUUWTG� ����VQ�����RUKI�
����������DCT�I�

2WNUG�&2�VTKIIGT� ����KP9)�
����ODCT�I�
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6CDNG��������
%%6�%�/CLQT�'XGPVU�
4GHGT�VQ�(KIWTGU���������VJTQWIJ����

'XGPV &GUETKRVKQP &CVG�CV�6KOG
# 6GUV�UVCTVGF #RTKN���CV������
$ 5VCTV�WR�DWTPGT�RKNQV�NKV #RTKN���CV������
% 5VCTV�WR�DWTPGT�OCKP�NKV #RTKN���CV������
& 5CPF�HGGF�VQ�4:�����UVCTVGF #RTKN���CV������
' 5VCTV�QH�VGORGTCVWTG�VTCPUKGPV�KP�2%& #RTKN���CV������
( 2GCM�QH�2%&�VGORGTCVWTG�VTCPUKGPV #RTKN���CV������
) 5RGPV�HKPGU�VTCPURQTV�U[UVGO�FKUEJCTIG�RNWIIGF #RTKN���CV������
* 6GUV�GPFGF #RTKN���CV������
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,QVSHFWLRQ�RI�WKH�3&'�ZDV�FRQGXFWHG�$SULO����������DQG�EHJDQ�ZLWK�DQ�LQVSHFWLRQ�RI�WKH
ERWWRP�SOHQXP�RI�ILOWHU�HOHPHQWV�WKURXJK�WKH�ORZHU�YHVVHO�PDQ�ZD\���8SRQ�LQLWLDO�LQVSHFWLRQ��QR
HOHPHQWV�LQ�WKH�ERWWRP�SOHQXP�DSSHDUHG�WR�EH�GDPDJHG���,W�ZDV�DVVXPHG��WKHUHIRUH��WKDW�WKH
EURNHQ�SLHFHV�UHVXOWHG�IURP�HOHPHQW�IDLOXUH�LQ�WKH�WRS�SOHQXP�DQG�WKDW�WKH�UXQ�PD\�KDYH�EHHQ
DEOH�WR�FRQWLQXH�LI�WKH�GDPDJH�ZDV�PLQLPDO���6HYHUDO�DWWHPSWV�ZHUH�PDGH�WR�VHH�WKH�HOHPHQWV�LQ
WKH�WRS�SOHQXP�IURP�WKH�ERWWRP�PDQ�ZD\�GRRU��EXW�RQO\�WKRVH�RQ�WKH�RXWVLGH�HGJH�ZHUH�YLVLEOH
DQG�QRQH�DSSHDUHG�EURNHQ���,W�ZDV�WKHQ�GHFLGHG�WKDW�WKH�YHVVHO�ZRXOG�EH�IXOO\�HQWHUHG�WKURXJK
WKH�ERWWRP�PDQ�ZD\�GRRU�WR�FRPSOHWHO\�LQVSHFW�WKH�RXWHU�ULQJ�RI�ILOWHU�HOHPHQWV���$�ERUHVFRSH
ZDV�DOVR�SUHSDUHG�IRU�D�PRUH�H[WHQVLYH�LQVSHFWLRQ�RI�WKH�WRS�SOHQXP�

$V�WKH�HQWU\�WKURXJK�WKH�ERWWRP�PDQ�ZD\�DQG�WKH�ERUHVFRSH�LQVSHFWLRQ�RI�WKH�WRS�SOHQXP�ZHUH
EHLQJ�SUHSDUHG��WKUHH�HOHPHQWV�LQ�WKH�ERWWRP�SOHQXP�VHHPHG�WR�VSRQWDQHRXVO\�EUHDN�DQG�WKH
EURNHQ�IUDJPHQWV�IHOO�LQWR�WKH�VROLGV�FRQH���,W�ZDV�WKHQ�GHFLGHG�WKDW�WKH�YHVVHO�HQWU\��DQG�DQ\
IXWXUH�HQWU\�LQWR�WKH�YHVVHO�XQGHU�WKH�FOXVWHU�ZLWK�LQVWDOOHG�ILOWHU�HOHPHQWV��ZRXOG�EH�XQVDIH�DQG
ZRXOG�QRW�EH�LPSOHPHQWHG���7KH�ERUHVFRSH�LQVSHFWLRQ�SURFHHGHG��DQG�LW�ZDV�GLVFRYHUHG�WKDW
WKUHH�HOHPHQWV�LQ�WKH�WRS�SOHQXP�ZHUH�EURNHQ�RII�DW�YDU\LQJ�SRLQWV�DORQJ�WKHLU�OHQJWKV���,W�LV�QRW
NQRZQ�H[DFWO\�ZKHQ�WKHVH�HOHPHQWV�EURNH���,W�LV�SUREDEOH�WKDW�DW�OHDVW�RQH�EURNH�GXULQJ�WKH�UXQ�
JLYHQ�WKH�ILOWHU�HOHPHQW�IUDJPHQWV�IRXQG�LQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�GLVFKDUJH�SLSLQJ�
7KHUH�LV�HYLGHQFH�WKDW�DW�OHDVW�RQH�RI�WKH�HOHPHQWV�VSRQWDQHRXVO\�EURNH�DV�WKH�YHVVHO�HQWU\�ZDV
EHLQJ�SUHSDUHG�DQG�WKDW�WKH�EURNHQ�IUDJPHQWV�IHOO�WR�WKH�ERWWRP�SOHQXP�DQG�FDXVHG�WKH
REVHUYHG�EUHDNDJH�RI�WKH�WKUHH�HOHPHQWV�RQ�WKH�ERWWRP�SOHQXP�

'XH�WR�WKH�EUHDNDJH�RI�ILOWHU�HOHPHQWV�LQ�WKH�ERWWRP�SOHQXP�GXULQJ�WKH�LQVSHFWLRQ�LW�ZDV
GHFLGHG�WKDW�WKH�VWUXFWXUDO�LQWHJULW\�RI�WKH�UHPDLQLQJ�HOHPHQWV�ZDV�LQ�TXHVWLRQ�DQG�WKDW�WKH�HQWLUH
FOXVWHU�RI�HOHPHQWV�KDG�WR�EH�UHPRYHG�IRU�LQVSHFWLRQ�
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�������%NWUVGT�+PURGEVKQP

5HPRYDO�RI�WKH�LQWHUQDOV�WRRN�SODFH�RQ�$SULO�����������'XULQJ�UHPRYDO�RI�WKH�FOXVWHU��VHH�ILJXUH
���������VHYHUDO�PRUH�ILOWHU�HOHPHQWV�EURNH�DQG�IHOO�WR�WKH�VROLGV�RXWOHW�FRQH�RI�WKH�3&'�
,QVSHFWLRQ�RI�WKH�FOXVWHU�RI�ILOWHU�HOHPHQWV�UHYHDOHG�PDQ\�FUDFNV��PRVWO\�FLUFXPIHUHQWLDO��VHH
ILJXUH����������EXW�VRPH�ORQJLWXGLQDO��RYHU�WKH�VXUIDFH�RI�WKH�HOHPHQWV���$W�VHYHUDO�RI�WKH�SODFHV
LQ�WKH�ILOWHU�HOHPHQWV�ZKHUH�SLHFHV�KDG�EURNHQ�RII�LW�ZDV�HYLGHQW�IURP�D�GDUN�GLVFRORUDWLRQ�RQ
RQH�VLGH�RI�WKH�EURNHQ�HGJH�WKDW�WKHUH�KDG�LQLWLDOO\�EHHQ�D�FUDFN�DQG�WKDW�DVK�KDG�SHQHWUDWHG�LQWR
WKH�FUDFN�DQG�PD\�KDYH�XOWLPDWHO\�FDXVHG�WKH�HOHPHQW�WR�EUHDN���:KDWHYHU�WKH�IDLOXUH
PHFKDQLVP��LW�ZDV�HYLGHQW�WKDW�WKH�HOHPHQWV�ZHUH�ILUVW�FUDFNHG�E\�WKHUPDO�VWUHVV�DQG�WKHQ�EURNH
GXH�WR�WKH�VWUXFWXUDO�ZHDNQHVV�FDXVHG�E\�WKH�FUDFNV���)LJXUH���������VKRZV�H[DPSOHV�RI�WKH�W\SHV
RI�IUDFWXUHV�WKDW�RFFXUUHG�DV�D�UHVXOW�RI�WKH�WKHUPDO�HYHQW���$GGLWLRQDO�REVHUYDWLRQV�LQFOXGHG�D
VRUW�RI�GDUN�JUD\�VSRWWLQJ�SKHQRPHQRQ�RQ�WKH�VXUIDFH�RI�WKH�HOHPHQWV�DQG�WKH�DOPRVW�EODFN
DSSHDUDQFH�RI�WKH�DVK�RQ�WKH�HOHPHQWV��VXJJHVWLQJ�WKH�SUHVHQFH�RI�FRPEXVWLEOH�PDWHULDO�DQG�RU
D�FRPEXVWLRQ�RFFXUUHQFH���2I�WKH�HOHPHQWV�LQ�WKLV�OD\RXW��WKH�3DOO�����HOHPHQWV�VHHPHG�WR�KDYH
WKH�OHDVW�FUDFNV�DQG�DSSHDUHG�WR�EH�WKH�PRVW�UHVLVWDQW�WR�WKHUPDO�VKRFN�

$IWHU�LQVSHFWLRQ��LW�ZDV�GHFLGHG�WKDW�WKH�HQWLUH�FOXVWHU�RI�ILOWHU�HOHPHQWV�ZRXOG�EH�UHSODFHG���7KH
UHPDLQGHU�RI�$SULO���ZDV�VSHQW�UHPRYLQJ�WKH�ILOWHU�HOHPHQWV�IURP�ILOWHU�HOHPHQW�OD\RXW���DQG
SUHSDULQJ�WR�LQVWDOO�QHZ�HOHPHQWV�
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6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO� �%%6�%�+PURGEVKQP
6TCPURQTV�4GCEVQT�6TCKP %NWUVGT�+PURGEVKQP

�������

(KIWTG����������%%6�%�+PURGEVKQP� �(KNVGT�'NGOGPV�%TCEMKPI
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,QVWDOODWLRQ�RI�ILOWHU�HOHPHQWV�IRU�ILOWHU�HOHPHQW�OD\RXW�QR����RFFXUUHG�$SULO����DQG������$V�LQ
ILOWHU�HOHPHQW�OD\RXW����DOO�QHZ�HOHPHQWV�ZHUH�LQVWDOOHG���+RZHYHU��WKLV�WLPH�DOO�WKH�HOHPHQWV�ZHUH
GLUHFWO\�IURP�WKH�PDQXIDFWXUHUV�DV�RSSRVHG�WR�VRPH�EHLQJ�XQXVHG�HOHPHQWV�IURP�WKH�7LGG
SURMHFW�DV�LQ�OD\RXW�����7KH�H[FHSWLRQ�WR�WKLV�LV�WKDW�RQH�HOHPHQW�ZDV�VXSSOLHG�E\�'U��5RJHU�&KHQ
RI�:HVW�9LUJLQLD�8QLYHUVLW\�DV�SDUW�RI�KLV�QRQGHVWUXFWLYH�HOHPHQW�WHVWLQJ�FDPSDLJQ���2I�WKH���
HOHPHQWV�����LQ�WKH�WRS�SOHQXP�DQG����LQ�WKH�ERWWRP�SOHQXP������ZHUH�3DOO����7�HOHPHQWV����
LQ�WKH�WRS�DQG����LQ�WKH�ERWWRP����7KHUH�ZHUH�DOVR����3DOO�����HOHPHQWV��DOO�LQ�WKH�WRS�SOHQXP�
DQG����&RRUV�3����$�HOHPHQWV�����LQ�WKH�WRS�DQG���LQ�WKH�ERWWRP����7KH�HOHPHQW�VXSSOLHG�E\
'U��&KHQ�ZDV�D�6FKXPDFKHU�)���HOHPHQW�DQG�ZDV�ORFDWHG�LQ�WKH�WRS�SOHQXP�
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FDSDELOLW\�WR�DXWR�XQORDG�

�� *DVLILFDWLRQ�²�,Q�DGGLWLRQ�WR�FKDQJLQJ�WKH�SXOVH�PHGLD��ERWK�WKH�SULPDU\�DQG
VHFRQGDU\�YDOYHV�ZHUH�DFWXDWHG���7KH�SXUSRVH�IRU�WKH�WHVW�ZDV�WR�VHH�LI�WKH
SULPDU\�YDOYHV�KDG�EHHQ�VXEMHFWHG�WR�SUHPDWXUH�ZHDU���+RZHYHU��DOO�IRXU�YDOYHV
VKRZHG�WKH�VDPH�UHVSRQVH���7KH�PDVV�IORZ�SHU�SXOVH�GLG�DFWXDOO\�GHFUHDVH�ZLWK
LQFUHDVLQJ�YDOYH�∆3�

+� &RDO�)HHG�/RVW²$SULO����DW���������7KH�FRDO�IHHGHU�WULSSHG�DQG�WKH�VWDUW�XS�EXUQHU
KDG�WR�EH�UHOLW��WKHUH�ZHUH�VRPH�LQVWDELOLWLHV�LQ�WKH�WUDQVSRUW�UHDFWRU�DQG�SUREOHPV
ZLWK�WKH�FRDO�IHHGHU��ZKLFK�SUHYHQWHG�FRQWLQXRXV�FRDO�ILULQJ�IRU�DERXW����KRXUV�
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�������

,� &RDO�)HHG�5HVXPHG²$SULO����DW�������

-� &RDO�)HHG�/RVW²$SULO����DW���������7KH�FRDO�IHHGHU��)'������WULSSHG�DQG�FRXOG�QRW�EH
UHVWDUWHG���0DLQWHQDQFH�IRXQG�FRQVWUXFWLRQ�GHEULV��VHYHUDO�SLHFHV�RI�WKH�ORFNKRSSHU
LQWHUQDO�HSR[\�FRDWLQJ�LQ�WKH�GLVFKDUJH��DV�ZHOO�DV�ILQGLQJ�WKDW�WKH�FRDO�KDG�EULGJHG�
7KH�IHHGHU�ZDV�FOHDQHG�DQG�SXW�EDFN�LQ�VHUYLFH�

 
.� &RDO�)HHG�5HVXPHG²$SULO����DW�������
 
/� &RDO�)HHG�/RVW²$SULO����DW���������$JDLQ��WKH�FRDO�IHHG�OLQH�ZDV�SOXJJHG�E\�SLHFHV�RI

HSR[\�FRDWLQJ���7KH�IHHGHU�ZDV�FOHDQHG�DQG�SODFHG�EDFN�LQ�VHUYLFH�
 
0� &RDO�)HHG�5HVXPHG²$SULO����DW�������
 
1� &RDO�)HHG�/RVW²$SULO����DW���������7KH�FRDO�IHHGHU�ZDV�WULSSHG�EHFDXVH�RI�DQ�LUUHJXODU

WHPSHUDWXUH�SURILOH��WKH�VWDUW�XS�EXUQHU�ZDV�UHOLW�XQWLO�FRDO�IHHG�ZDV�UHHVWDEOLVKHG�
 
2� &RDO�)HHG�5HVXPHG²0D\���DW�������
 
3� 7HVW�5XQ�(QGV²0D\���DW���������:LWK�WKH�WHVW�UXQ�REMHFWLYHV�IXOILOOHG��WKH�UXQ�HQGHG�
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�������

�������4WP�1WVEQOG

7KHUH�ZHUH�YHU\�IHZ�SUREOHPV�GXULQJ�&&7�'�DVVRFLDWHG�ZLWK�WKH�3&'�DQG�ZLWK�WKH�VSHQW�ILQHV
WUDQVSRUW�V\VWHP���6RPH�SOXJJDJH�RI�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�GLVFKDUJH�RFFXUUHG��EXW
WKLV�ZDV�UHDGLO\�FOHDQHG�RQ�OLQH���3ULRU�WR�&&7�$�WKH�ILOWHU�HOHPHQWV�ZHUH�YLVXDOO\�LQVSHFWHG
WKURXJK�WKH�ORZHU�PDQZD\�GRRU���$OO�HOHPHQWV�ZHUH�IRXQG�WR�EH�LQWDFW��WKHUH�ZDV�QR�HYLGHQFH�RI
DVK�EULGJLQJ��DQG�WKH�UHVLGXDO�FDNH�DSSHDUHG�UHODWLYHO\�WKLQ�DQG�XQLIRUP�

%DVHG�RQ�WKH�UHVXOWV�RI�WKH�SXOVH�YDOYH�WHVWLQJ�LQ�&&7�'��LW�ZDV�GHFLGHG�WR�EHJLQ�TXDQWLI\LQJ�WKH
PDJQLWXGH�RI�WKH�SUREOHP�LQ�&&7�$���$�KLJK�VSHHG�UHFRUGHU��LQ�FRQMXQFWLRQ�ZLWK�WKH�SODQW
LQIRUPDWLRQ��3,��V\VWHP��ZRXOG�EH�XVHG�WR�JHQHUDWH�FXUYHV�RI�SXOVH�SUHVVXUH�YHUVXV�PDVV�IORZ
SHU�SXOVH�

5�>25&(>����>���



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
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2%&�+PNGV�2CTVKENG�%QPEGPVTCVKQPU

�������

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

'XULQJ�&&7���LQ�VLWX�VDPSOHV�RI�WKH�SDUWLFXODWH�PDVV�HQWHULQJ�DQG�H[LWLQJ�WKH�3&'�ZHUH
FROOHFWHG��DQG�WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ�HQWHULQJ�WKH�3&'�ZDV�PHDVXUHG�ERWK�LQ�VLWX�ZLWK�D
FDVFDGH�F\FORQH�DVVHPEO\�DQG�XVLQJ�ODERUDWRU\�WHFKQLTXHV���7KH�PDVV�FRQFHQWUDWLRQ�PHDVXUHG�LQ
VLWX�DW�WKH�3&'�LQOHW�ZDV�FRPSDUHG�WR�WKH�WRWDO�PDVV�GLVFKDUJHG�IURP�WKH�3&'�KRSSHU���$W�WKH
HQG�RI�&&7�&��VDPSOHV�RI�WKH�ILOWHU�GXVWFDNH�ZHUH�UHPRYHG�IURP�WKH�FDQGOHV���7KH�SK\VLFDO
FKDUDFWHULVWLFV��SDUWLFOH�VL]H�GLVWULEXWLRQ��SRURVLW\��FKHPLVWU\��DQG�SHUPHDELOLW\��RI�VHOHFWHG�LQ�VLWX
VDPSOHV�DQG�D�GXVWFDNH�VDPSOH�ZHUH�GHWHUPLQHG�

�������2%&�+PNGV�2CTVKENG�%QPEGPVTCVKQPU

$OWKRXJK�WKH�LQLWLDO�VKDNHGRZQ�RI�WKH�LQ�VLWX�VDPSOLQJ�V\VWHP�ORFDWHG�DW�WKH�3&'�LQOHW�KDG�EHHQ
FRPSOHWHG�GXULQJ�SUHYLRXV�RSHUDWLRQ��&&7��ZDV�WKH�ILUVW�WHVW�SURJUDP�ZKHUH�URXWLQH�GDWD�ZHUH
FROOHFWHG���'HVSLWH�VRPH�LQLWLDO�SUREOHPV�GLVFXVVHG�EHORZ��WKH�V\VWHP�RSHUDWHG�IODZOHVVO\���7DEOH
��������VXPPDUL]HV�WKH�UHVXOWV�RI�WKH�VDPSOLQJ�UXQV�SHUIRUPHG�DW�WKH�3&'�LQOHW���7KH�SDUWLFXODWH
ORDGLQJV�JLYHQ�LQ�WKH�WDEOH�VXJJHVW�WKDW�WKH�FDUU\RYHU�RI�VROLGV�YDULHG�FRQVLGHUDEO\�WKURXJKRXW
&&7��DQG�H[FHHGHG�GHVLJQ�OHYHOV�GXULQJ�PRVW�RI�WKH�VDPSOLQJ�UXQV���:LWK�WKH�H[FHSWLRQ�RI�RQH
VDPSOLQJ�UXQ��DOO�UXQV�ZHUH�GRQH�GXULQJ�FRDO�ILULQJ���7KH�WKLUG�PDVV�VDPSOLQJ�UXQ��&&7�,07���
ZDV�FRQGXFWHG�ZKLOH�WKH�WUDQVSRUW�UHDFWRU�ZDV�ILUHG�ZLWK�SURSDQH��DQG�RQO\�EHG�PDWHULDO�ZDV
FDUULHG�RYHU�WR�WKH�3&'�

'XULQJ�WKH�ILUVW�SRUWLRQ�RI�&&7���DQ�LQFRUUHFW�YDOXH�ZDV�XVHG�IRU�WKH�FDOLEUDWLRQ�FRQVWDQW�RI�WKH
VDPSOH�RULILFH���7KLV�FDXVHG�WKH�VDPSOH�IORZ�UDWHV�WR�EH�ORZHU�WKDQ�H[SHFWHG�E\�DERXW���
SHUFHQW���$OWKRXJK�WKH�FRUUHFW�YDOXH�ZDV�XVHG�ZKHQ�WKH�PDVV�FRQFHQWUDWLRQV�ZHUH�FDOFXODWHG�
RQH�HIIHFW�RI�FROOHFWLQJ�WKH�VDPSOH�DW�WKH�UHGXFHG�VDPSOH�UDWH�LV�PRUH�SHUVLVWHQW���7DEOH��������
LQGLFDWHV�WKH�YDOXH�RI�LVRNLQHWLF�DJUHHPHQW�IRU�HDFK�VDPSOLQJ�UXQ���7KLV�YDOXH�GHVFULEHV�KRZ
FORVHO\�WKH�JDV�YHORFLW\�HQWHULQJ�WKH�VDPSOH�QR]]OH�PDWFKHV�WKH�JDV�YHORFLW\�LQ�WKH�SURFHVV�GXFW�
$FFHSWDEOH�LVRNLQHWLF�DJUHHPHQW�LV�JHQHUDOO\�WDNHQ�DV����WR�����SHUFHQW���)RU�YHORFLW\�PDWFKHV
RXWVLGH�WKDW�UDQJH��WKH�IORZ�VWUHDPOLQHV�HQWHULQJ�WKH�VDPSOH�QR]]OH�PXVW�FXUYH�H[FHVVLYHO\
�HLWKHU�LQWR�RU�DZD\�IURP�WKH�QR]]OH��UHVXOWLQJ�LQ�D�VDPSOH�WKDW�LV�ELDVHG�LQ�WKH�QXPEHUV�RI�ODUJH
SDUWLFOHV�FROOHFWHG���6PDOO�SDUWLFOHV������P��ZLOO�IROORZ�WKH�VWUHDPOLQHV��EXW�ODUJHU�SDUWLFOHV�ZLOO
VHSDUDWH�IURP�WKH�VWUHDPOLQHV�EHFDXVH�RI�WKHLU�KLJKHU�PRPHQWXP���7KXV��ZKHQ�WKH�QR]]OH
YHORFLW\�LV�OHVV�WKDQ�GXFW�YHORFLW\��DV�LW�ZDV�KHUH��DQ�XQUHSUHVHQWDWLYH�QXPEHU�RI�ODUJH�SDUWLFOHV
ZLOO�EH�FROOHFWHG�LQ�WKH�VDPSOH�UHVXOWLQJ�LQ�DQ�LQFRUUHFW�KLJK�PDVV�ORDGLQJ�LQGLFDWLRQ���)RU�WKH
ILUVW�ILYH�VDPSOH�UXQV��WKH�LVRNLQHWLF�DJUHHPHQW�UDQJHG�IURP������WR������SHUFHQW���7R�FRUUHFW�IRU
WKH�HIIHFWV�RI�DQLVRNLQHWLF�VDPSOLQJ��ZH�XVHG�D�WHFKQLTXH�GHVFULEHG�E\�%HO\DHY�DQG�/HYLQ����6LQFH
WKH�PDVV�FRQFHQWUDWLRQ�HUURU�WKDW�UHVXOWV�LV�GHSHQGHQW�RQ�WKH�VL]H�GLVWULEXWLRQ�RI�SDUWLFOHV��PRUH
ODUJH�SDUWLFOHV�HTXDO�JUHDWHU�HUURU��WKH�VL]H�GLVWULEXWLRQ�RI�DOO�VDPSOHV�ZDV�PHDVXUHG�ZLWK�WKH
0LFURWUDF�VL]H�DQDO\]HU�DQG�WKH�FRUUHFWLRQ�DSSOLHG�WR�HDFK�VL]H�LQWHUYDO�

7KH�RYHUDOO�PDVV�FRQFHQWUDWLRQ�FRUUHFWLRQ�IDFWRUV�IRU�WKH�ILUVW�ILYH�UXQV�UDQJHG�IURP������WR
�������:KHQ�WKH�RULILFH�FDOLEUDWLRQ�SUREOHP�ZDV�FRUUHFWHG��LQFRUUHFW�YDOXHV�WKDW�ZHUH�UHWXUQHG�E\

                                                
1 S. P. Belyaev and L. M. Levin.  Techniques for Collection of Representative Aerosol
Samples. Aerosol Science, 1974, Vol. 5, pp 325 to 338.
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WKH�SURFHVV�LQIRUPDWLRQ�V\VWHP��3,��FDXVHG�WKH�VL[WK�UXQ�WR�KDYH�D�KLJK�LVRNLQHWLF�DJUHHPHQW�
7KH�PDVV�FRQFHQWUDWLRQ�IRU�WKLV�VDPSOH�ZDV�DOVR�FRUUHFWHG���$OO�RI�WKHVH�SUREOHPV�KDYH�EHHQ
DGGUHVVHG�WR�SUHYHQW�IXWXUH�HUURUV�LQ�WKH�GDWD�
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�������

�������%QORCTKUQP�QH�+P�5KVW�/GCUWTGOGPVU�9KVJ�2%&�#UJ�&KUEJCTIG�4CVGU

7DEOH���������FRPSDUHV�WKH�LQ�VLWX�PHDVXUHPHQWV�RI�SDUWLFXODWH�ORDGLQJ�WR�HVWLPDWHV�RI
SDUWLFXODWH�ORDGLQJ�EDVHG�RQ�WKH�UDWH�RI�DVK�GLVFKDUJH�IURP�WKH�3&'�KRSSHU���7KH�HVWLPDWHV
ZHUH�REWDLQHG�E\�FROOHFWLQJ�WKH�GLVFKDUJHG�DVK�LQ�D����JDOORQ������/��GUXP�DQG�ZHLJKLQJ�WKH
DPRXQW�RI�DVK�FROOHFWHG�LQ�D�NQRZQ�WLPH�SHULRG��QRPLQDOO\����PLQXWHV����7KLV�SURFHGXUH�ZDV
UHSHDWHG�IRU�WKUHH�GLIIHUHQW�VDPSOLQJ�UXQV�DV�LQGLFDWHG�LQ�WKH�WDEOH���7R�DOORZ�D�GLUHFW
FRPSDULVRQ�RI�WKH�WZR�YDOXHV��WKH�LQ�VLWX�VDPSOLQJ�LQWHUYDOV�ZHUH�FRRUGLQDWHG�ZLWK�WKH�KRSSHU
GXPS�F\FOHV�

,Q�WKH�FDVH�RI�WKH�ILUVW�FRPSDULVRQ��WKH�LQ�VLWX�YDOXH�ZDV�TXLWH�KLJK���������SSPZ��DV�D�UHVXOW�RI
D�VOXJ�RI�VROLGV�WKDW�ZDV�FDUULHG�RXW�RI�WKH�WUDQVSRUW�UHDFWRU�DW�WKH�HQG�RI�WKH�VDPSOLQJ�UXQ���7KH
SDUWLFXODWH�ORDGLQJ�HVWLPDWHG�IURP�WKH�GUXP�FDWFK�GLG�QRW�UHIOHFW�WKLV�ODUJH�FDUU\RYHU�RI�VROLGV�
EHFDXVH�RI�WKH�WLPH�ODJ�EHWZHHQ�WKH�DUULYDO�RI�WKH�VROLGV�WR�WKH�3&'�DQG�WKH�GLVFKDUJH�RI�WKH
VROLGV�IURP�WKH�DVK�UHPRYDO�V\VWHP���%DVHG�RQ�WKH�DPRXQW�RI�DVK�UHPRYHG�IURP�WKH�3&'
KRSSHU�RYHU�WKH�QH[W����PLQXWHV�DIWHU�WKH�WHVW��WKH�HVWLPDWHG�SDUWLFXODWH�ORDGLQJ�ZDV�������
SSPZ��ZKLFK�LV�FRQVLGHUDEO\�FORVHU�WR�WKH�LQ�VLWX�YDOXH���,Q�WKH�FDVH�RI�WKH�RWKHU�WZR
FRPSDULVRQV��WKH�SDUWLFXODWH�ORDGLQJV�HVWLPDWHG�IURP�WKH�GUXP�FDWFKHV�ZHUH�UHDVRQDEO\�FORVH�WR
WKH�LQ�VLWX�YDOXHV���������YHUVXV��������SSPZ�DQG��������YHUVXV��������SSPZ����%HWWHU
DJUHHPHQW�PD\�KDYH�EHHQ�DFKLHYHG�LQ�WKHVH�ODVW�WZR�FDVHV�EHFDXVH�WKH�UDWH�RI�VROLGV�FDUU\RYHU
IURP�WKH�WUDQVSRUW�UHDFWRU�ZDV�UHODWLYHO\�FRQVWDQW�GXULQJ�WKHVH�WHVWV���7KH�SDUWLFXODWH�ORDGLQJ
FDOFXODWHG�IURP�WKH�UDWH�RI�DVK�GLVFKDUJH�ZDV�VWLOO���WR����SHUFHQW�ORZHU�WKDQ�WKH�SDUWLFXODWH
ORDGLQJ�GHWHUPLQHG�IURP�WKH�LQ�VLWX�PHDVXUHPHQW��SRVVLEO\�EHFDXVH�RI�UHWHQWLRQ�RI�DVK�RQ�WKH
3&'�FDQGOHV�DQG�LQ�WKH�3&'�KRSSHU�DQG�DVK�UHPRYDO�V\VWHP���+RZHYHU��WKLV�LV�FRQVLGHUHG
TXLWH�JRRG�DJUHHPHQW�IRU�D�FRPSDULVRQ�RI�WKLV�W\SH�
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%%6�+/6�� ������ ������VQ������ ������ ������
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�������+P�5KVW�/GCUWTGOGPVU�QH�2%&�+PNGV�2CTVKENG�5K\G�&KUVTKDWVKQP

7KH�ILUVW�LQ�VLWX�PHDVXUHPHQWV�RI�SDUWLFOH�VL]H�GLVWULEXWLRQ�XVLQJ�WKH�FDVFDGH�F\FORQH�V\VWHP�ZHUH
PDGH�DW�WKH�3&'�LQOHW�GXULQJ�&&7����$�WRWDO�RI�WKUHH�UXQV�ZHUH�PDGH��DOWKRXJK�WKH�ILUVW�UXQ�ZDV
PDGH�GXULQJ�D�SHULRG�ZKHQ�WUDQVSRUW�UHDFWRU�FLUFXODWLRQ�UDWH�ZDV�YHU\�ORZ�DQG�LQVXIILFLHQW
VDPSOH�ZDV�FROOHFWHG�WR�EH�PHDQLQJIXO���)RU�WKH�RWKHU�WZR�UXQV��&&7�,&<&���DQG�²���WKH
SDUWLFXODWH�FDWFKHV�IURP�WKH�LQGLYLGXDO�F\FORQHV�ZHUH�ZHLJKHG�VHSDUDWHO\�WR�GHWHUPLQH�WKH
SDUWLFOH�VL]H�GLVWULEXWLRQV���)LJXUH���������VKRZV�WKH�SDUWLFOH�VL]H�GLVWULEXWLRQV�REWDLQHG�IURP�WKH
WZR�UXQV�RQ�WKH�EDVLV�RI�GLIIHUHQWLDO�PDVV�FRQFHQWUDWLRQ�VPDOOHU�WKDQ�WKH�VWDWHG�SDUWLFOH�VL]H�
)LJXUHV���������DQG����VKRZ�WKH�VDPH�WZR�SDUWLFOH�VL]H�GLVWULEXWLRQV�RQ�WKH�EDVLV�RI�FXPXODWLYH
PDVV�SHUFHQWDJH�VPDOOHU�WKDQ�WKH�VWDWHG�VL]H�DQG�GLIIHUHQWLDO�PDVV�YHUVXV�SDUWLFOH�VL]H���7KH
FXPXODWLYH�PDVV�SHUFHQWDJH�LV�FDOFXODWHG�E\�GLYLGLQJ�WKH�FXPXODWLYH�PDVV�FRQFHQWUDWLRQ�E\�WKH
WRWDO�PDVV�FRQFHQWUDWLRQ���7KH�GLIIHUHQWLDO�PDVV�GLVWULEXWLRQ�LV�GHWHUPLQHG�E\�VSOLWWLQJ�WKH
SDUWLFOH�VL]H�UDQJH�LQWR�D�VHULHV�RI�QDUURZ�VL]H�LQWHUYDOV�DQG�SORWWLQJ�WKH�PDVV�LQ�HDFK�LQWHUYDO�DW
WKH�JHRPHWULF�PHDQ�SDUWLFOH�VL]H�IRU�WKDW�LQWHUYDO���7KLV�W\SH�RI�GLVWULEXWLRQ�SURYLGHV�D�GLUHFW
LQGLFDWLRQ�RI�WKH�PDVV�FRQFHQWUDWLRQ�DVVRFLDWHG�ZLWK�D�JLYHQ�SDUWLFOH�VL]H�

%HFDXVH�RI�LWV�DHURG\QDPLF�VL]LQJ�FKDUDFWHULVWLFV��WKH�ILYH�VWDJH�F\FORQH�DVVHPEO\�SURYLGHV
SDUWLFOH�VL]H�GDWD�RYHU�D�UDQJH�RI�DERXW�����WR�DERXW�����P���7KH�F\FORQH�DVVHPEO\�KDV�EHHQ
VKRZQ�WR�SURYLGH�UHOLDEOH�SDUWLFOH�VL]H�LQIRUPDWLRQ�RYHU�WKLV�UDQJH�RI�SDUWLFOH�VL]HV���+RZHYHU��WR
SURYLGH�DQ�HVWLPDWH�IRU�WKH�FRPSOHWH�VL]H�GLVWULEXWLRQ��WKH�GDWD�DUH�H[WUDSRODWHG�IURP�WKH�ODUJHVW
FXWSRLQW�RI�����P�WR�WKH�PD[LPXP�SUREDEOH�SDUWLFOH�VL]H���������P����7KH�H[WUDSRODWLRQ�XVHV�D
VPRRWK�ILW�WR�LQILQLWH�VORSH�DW�WKH�PD[LPXP�SDUWLFOH�VL]H�LQ�ORJ�SUREDELOLW\�VSDFH��ILJXUH���������
ZKHUH�D�VWUDLJKW�OLQH�UHSUHVHQWV�D�ORJ�QRUPDO�GLVWULEXWLRQ���7KHUHIRUH��WKH�H[WUDSRODWLRQ�DVVXPHV
WKDW�WKH�PDVV�ODUJHU�WKDQ�����P�LV��PRUH�RU�OHVV��HYHQO\�GLVWULEXWHG�RYHU�WKH�UDQJH�RI����WR������
�P���)RU�VPDOO�H[DSRODWLRQV��VD\�WR����RU�����P��WKLV�VKRXOG�QRW�LQWURGXFH�ODUJH�HUURUV�
+RZHYHU��ZLWK�YHU\�FRDUVH�VL]H�GLVWULEXWLRQV�DV�VHHQ�GXULQJ�&&7���WKH�F\FORQH�GDWD�VKRXOG�EH
XVHG�FDXWLRXVO\�ZKHQ�H[WUDSRODWLQJ�EH\RQG����RU�����P���7KLV�PD\�EHFRPH�OHVV�RI�DQ�LVVXH�DV
FDUU\RYHU�RI�EHG�PDWHULDO�LV�UHGXFHG�DQG�WKH�VL]H�GLVWULEXWLRQ�EHFRPHV�ILQHU���'HVSLWH�WKLV
OLPLWDWLRQ��WKH�UHVXOWV�REWDLQHG�IRU�WKH�VPDOOHU�SDUWLFOHV�DUH�YDOLG�DQG�FDQ�EH�XVHG�WR�GUDZ
FRQFOXVLRQV�FRQFHUQLQJ�WKH�GLVWULEXWLRQ�RI�SDUWLFXODWH�PDVV���)RU�H[DPSOH��UHIHUULQJ�WR�ILJXUH
���������WKH�WZR�SDUWLFOH�VL]H�GLVWULEXWLRQV�DSSHDU�WR�EH�HVVHQWLDOO\�LGHQWLFDO�XS�WR�D�SDUWLFOH�VL]H�RI
DERXW����P���$ERYH����P��WKH�GLVWULEXWLRQV�GLYHUJH��ZLWK�WKH�GLVWULEXWLRQ�PHDVXUHG�RQ�0D\��
REYLRXVO\�FRQWDLQLQJ�PRUH�SDUWLFXODWH�PDVV�WKDQ�WKH�GLVWULEXWLRQ�PHDVXUHG�RQ�$SULO������7KH
GLIIHUHQFH�LQFUHDVHV�DV�WKH�SDUWLFOH�VL]H�LQFUHDVHV�DERYH����P���$W�����P��WKH�GLIIHUHQFH�DPRXQWV
WR�D�IDFWRU�RI�IRXU�LQ�WKH�PDVV�FRQFHQWUDWLRQ��DQG�WKH�GLIIHUHQFH�DSSHDUV�WR�EH�LQFUHDVLQJ�EH\RQG
����P���7KLV�UHVXOW�VXJJHVWV�WKDW�WKH�LQFUHDVHG�SDUWLFXODWH�ORDGLQJ�PHDVXUHG�RQ�0D\����������
SSPZ�YHUVXV�������SSPZ�RQ�$SULO�����LV�DWWULEXWDEOH�WR�WKH�FDUU\RYHU�RI�UHODWLYHO\�ODUJH�SDUWLFOHV
�SUREDEO\�EHG�PDWHULDO��
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6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP� %%6��#UJ�%JCTCEVGTKUVKEU�CPF�2%&�2GTHQTOCPEG

.CDQTCVQT[�#PCN[UKU�QH�%CUECFG�%[ENQPG�%CVEJGU

�������

�������.CDQTCVQT[�#PCN[UKU�QH�%CUECFG�%[ENQPG�%CVEJGU

)RU�FRPSDULVRQ�RI�WKH�WZR�WHFKQLTXHV��WKH�FDWFKHV�IURP�WKH�IRXU�LQGLYLGXDO�F\FORQHV�ZHUH�UXQ
WKURXJK�WKH�0LFURWUDF�;�����SDUWLFOH�VL]H�DQDO\]HU���)LJXUHV���������DQG����VKRZ�SDUWLFOH�VL]H
GLVWULEXWLRQV�IRU�WKH�WZR�F\FORQH�UXQV���3DUWLFOH�VL]H�GLVWULEXWLRQV�FRXOG�QRW�EH�REWDLQHG�IRU�WKH
EDFNXS�ILOWHU�FDWFKHV��EHFDXVH�WKH�DVK�FROOHFWHG�RQ�WKH�ILOWHU�FDQQRW�EH�FRPSOHWHO\�VHSDUDWHG
IURP�WKH�ILOWHU�PDWHULDO�DQG�UHFRYHUHG�IRU�DQDO\VLV���7KH�GLVWULEXWLRQV�DUH�VKRZQ�RQ�WKH�EDVLV�RI
WKH�SHUFHQWDJH�RI�WKH�FXPXODWLYH�PDVV�VPDOOHU�WKDQ�WKH�FRUUHVSRQGLQJ�SDUWLFOH�VL]H���7KH�RSHQ
V\PEROV�RQ�WKH�JUDSK�VKRZ�WKH�0LFURWUDF�VL]H�GLVWULEXWLRQV��ZKLOH�WKH�VROLG�V\PEROV�LQGLFDWH�WKH
JHRPHWULF�PHDQ�GLDPHWHU��*0'��FDOFXODWHG�IURP�WKH�F\FORQH�FXWSRLQW��'����DQG�WKH�FXWSRLQW�RI
WKH�QH[W�ODUJHU�VWDJH���,Q�WKH�FDVH�RI�WKH�ILUVW�F\FORQH��WKH�FXWSRLQW�RI�WKH�QH[W�ODUJHU�VWDJH�LV
WDNHQ�DV�WKH�PD[LPXP�SDUWLFOH�VL]H�GHWHFWHG�E\�WKH�0LFURWUDF�DQDO\]HU�������P�IRU�&&7��&<&�
��DQG������P�IRU�&&7�,&<&������5HIHUULQJ�WR�ILJXUH����������WKH�0LFURWUDF�UHVXOWV�IRU�WKH�ILUVW
WKUHH�F\FORQH�VWDJHV�FRQILUP�WKH�JHRPHWULF�PHDQ�SDUWLFOH�VL]HV�EDVHG�RQ�WKH�DHURG\QDPLF�VL]LQJ
FKDUDFWHULVWLFV�RI�WKH�F\FORQHV���7KH�0LFURWUDF�UHVXOW�IRU�WKH�ODVW�F\FORQH�VWDJH�LQGLFDWHV�D�ODUJHU
PHDQ�VL]H�WKDQ�FDOFXODWHG�IURP�WKH�DHURG\QDPLF�VL]LQJ�FKDUDFWHULVWLFV���5HIHUULQJ�WR�ILJXUH�������
���WKH�0LFURWUDF�UHVXOWV�IRU�WKH�VHFRQG�VHW�RI�F\FORQH�FDWFKHV�FRQVLVWHQWO\�LQGLFDWH�ODUJHU�PHDQ
VL]HV�WKDQ�WKRVH�FDOFXODWHG�IURP�WKH�F\FORQH·V�DHURG\QDPLF�VL]LQJ�FKDUDFWHULVWLFV���7KLV�UHVXOW�LV
QRW�VXUSULVLQJ�FRQVLGHULQJ�KRZ�GLIILFXOW�LW�LV�WR�UHGLVSHUVH�ILQH�SDUWLFOHV���7KH�XOWUDVRQLF
GLVSHUVLRQ�XVHG�SULRU�WR�WKH�0LFURWUDF�DQDO\VLV�LV�DSSDUHQWO\�LQVXIILFLHQW�WR�EUHDN�DSDUW�WKH
DJJORPHUDWHV�IRUPHG�IURP�WKH�ILQH�SDUWLFOHV�LQ�WKH�F\FORQH�FDWFKHV���%HFDXVH�RI�WKHVH
DJJORPHUDWLRQ�HIIHFWV��ODERUDWRU\�DQDO\VHV�RI�EXON�VDPSOHV�DOPRVW�DOZD\V�LQGLFDWH�FRDUVHU�VL]H
GLVWULEXWLRQV�WKDQ�GR�LQ�VLWX�SDUWLFOH�VL]H�PHDVXUHPHQWV�
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�������%QORCTKUQP�QH�%[ENQPG�CPF�*QRRGT�5K\G�&KUVTKDWVKQPU

)LJXUH���������VKRZV�D�FRPSDULVRQ�RI�WKH�VL]H�GLVWULEXWLRQV�PHDVXUHG�ZLWK�WKH�FDVFDGH�F\FORQH
DVVHPEO\�ZLWK�WKRVH�PHDVXUHG�E\�VLHYH�DQG�0LFURWUDF�DQDO\VHV�RI�KRSSHU�VDPSOHV�WDNHQ�RQ�WKH
VDPH�GD\���$V�VKRZQ�LQ�WKH�ILJXUH��DOO�RI�WKH�SDUWLFOH�VL]H�GLVWULEXWLRQV�DUH�LQ�UHDVRQDEOH
DJUHHPHQW�DW�SDUWLFOH�VL]HV�EHORZ�DERXW����P���7KH�F\FORQH�DQG�KRSSHU�UHVXOWV�REWDLQHG�RQ�$SULO
���DUH�DOVR�LQ�UHDVRQDEOH�DJUHHPHQW�ZLWK�HDFK�RWKHU�DW�SDUWLFOH�VL]HV�XS�WR�DERXW�����P��EXW�WKH
WZR�GLVWULEXWLRQV�GLYHUJH�DV�WKH�SDUWLFOH�VL]H�LQFUHDVHV�EH\RQG�����P���$Q\�FRPSDULVRQ�RI�WKH
WZR�GLVWULEXWLRQV�EH\RQG�WKLV�SRLQW�ZRXOG�EH�PHDQLQJOHVV��VLQFH��EH\RQG�DERXW�����P��WKH
F\FORQH�GLVWULEXWLRQV�DUH�H[WUDSRODWLRQV�RI�WKH�GDWD���1HDU�WKH�XSSHU�HQG�RI�WKH�0LFURWUDF�VLHYH
VL]H�GLVWULEXWLRQ��WKH�VLHYH�DQDO\VLV�LQGLFDWHV�WKDW�WKHUH�LV�D�ODUJH�SDUWLFOH�PRGH�WKDW�FDQQRW�EH
UHVROYHG�E\�WKH�FDVFDGH�F\FORQHV���7KH�ODUJH�SDUWLFOH�PRGH��ZKLFK�LV�FHQWHUHG�DERXW�D�SDUWLFOH
VL]H�RI�����WR������P��LV�SUHVXPDEO\�FRPSRVHG�RI�ODUJH�VDQG�SDUWLFOHV�FDUULHG�RXW�RI�WKH
WUDQVSRUW�UHDFWRU�V\VWHP���7KLV�ODUJH�SDUWLFOH�PRGH�LV�QRW�HYLGHQW�ZKHQ�WKH�VDPH�KRSSHU�VDPSOH
LV�DQDO\]HG�E\�0LFURWUDF�DORQH��DV�VKRZQ�LQ�ILJXUH�����������7KHUH�DOVR�DSSHDUV�WR�EH�VRPH�ORVV�RI
VPDOO�SDUWLFOH�GDWD�ZKHQ�WKH�VDPSOH�LV�DQDO\]HG�GLUHFWO\�RQ�WKH�0LFURWUDF�ZLWKRXW�ILUVW�VLHYLQJ
RXW�WKH�ODUJHU��!����P��SDUWLFOHV��L�H���WKH�0LFURWUDF�RQO\�GLVWULEXWLRQ�LV�WUXQFDWHG�DW�DERXW����
�P��ZKLOH�WKH�VLHYH�0LFURWUDF�GLVWULEXWLRQ�H[WHQGV�GRZQ�WR�DERXW������P����%DVHG�RQ�WKHVH
UHVXOWV��LW�DSSHDUV�WKDW�WKH�SUHVHQFH�RI�KLJK�FRQFHQWUDWLRQV�RI�ODUJH�SDUWLFOHV�PD\�KDYH�VRPH
DGYHUVH�HIIHFW�RQ�WKH�0LFURWUDF·V�DELOLW\�WR�UHVROYH�VPDOO�SDUWLFOHV���*UDYLWDWLRQDO�VHWWOLQJ�DQG
VXEVHTXHQW�ORVV�RI�WKH�ODUJH�SDUWLFOHV�LQ�WKH�0LFURWUDF�FRXOG�DOVR�EH�UHVSRQVLEOH�IRU�WKH�ODFN�RI
WKH�ODUJH�SDUWLFOH�PRGH��ZKLFK�LV�HYLGHQW�LQ�WKH�VLHYH���0LFURWUDF��EXW�QRW�HYLGHQW�ZLWK
0LFURWUDF�DQDO\VLV�DORQH�
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2%&�1WVNGV�2CTVKENG�%QPEGPVTCVKQPU
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�������2%&�1WVNGV�2CTVKENG�%QPEGPVTCVKQPU

'XULQJ�&&7���WKH�LQ�VLWX�VDPSOLQJ�V\VWHP�LQVWDOOHG�DW�WKH�3&'�RXWOHW�ZDV�XVHG�WR�FROOHFW�GDWD
IRU�WKH�ILUVW�WLPH���7KUHH�VDPSOHV�ZHUH�VXFFHVVIXOO\�FROOHFWHG��ZKLFK�DUH�VXPPDUL]HG�LQ�WDEOH
����������7KH�SDUWLFXODWH�ORDGLQJV�JLYHQ�LQ�WKH�WDEOH�VXJJHVW�WKDW�WKHUH�LV�DQ�H[WUHPHO\�ORZ�GHJUHH
RI�DVK�SHQHWUDWLRQ�WKURXJK�WKH�3&'���,Q�IDFW��WKH�ZHLJKW�JDLQV�RQ�WKH�SDUWLFXODWH�ILOWHUV�ZHUH
FRPSDUDEOH�WR�WKH�ZHLJKW�JDLQV�RQ�EODQN�ILOWHUV�WKDW�ZHUH�LQVHUWHG�LQ�WKH�VDPSOHUV�DIWHU�WKH
SDUWLFXODWH�ILOWHUV���7KHVH�EODQN�ZHLJKW�JDLQV��ZKLFK�ZHUH�SUHVXPDEO\�DWWULEXWDEOH�WR�LQWHUDFWLRQ
RI�JDV�SKDVH�VSHFLHV�ZLWK�WKH�ILOWHU��SURGXFHG�DQ�HTXLYDOHQW�ORDGLQJ�RI�DERXW������WR������SSPZ�
:KLOH�WKH�VLPLODULW\�RI�WKH�SDUWLFXODWH�ILOWHU�DQG�EODQN�PDNHV�LW�GLIILFXOW�WR�SUHFLVHO\�TXDQWLI\�WKH
RXWOHW�SDUWLFXODWH�ORDGLQJ��LW�LV�FOHDU�WKDW�WKH�PHDVXUHG�ORDGLQJV�DUH�ZHOO�EHORZ�WKH�OHYHOV�UHTXLUHG
E\�WKH�1HZ�6RXUFH�3HUIRUPDQFH�6WDQGDUGV�������SSPZ��DQG�E\�WKH�JXLGHOLQHV�RI�WKH�WXUELQH
PDQXIDFWXUHUV�

%HFDXVH�RI�WKH�RULILFH�FDOLEUDWLRQ�SUREOHPV�PHQWLRQHG�SUHYLRXVO\��WKH�RXWOHW�VDPSOLQJ�UXQV�DOVR
KDG�QR]]OH�YHORFLWLHV�WKDW�ZHUH�XQDFFHSWDEO\�DQLVRNLQHWLF���7KH�LVRNLQHWLF�FRUUHFWLRQ�SURFHGXUH
XVHG�RQ�WKH�LQOHW�VDPSOLQJ�UXQV�FRXOG�QRW�EH�DSSOLHG�WR�WKH�RXWOHW�UXQV��EHFDXVH�WKH�RXWOHW
VDPSOHV�ZHUH�LQVXIILFLHQW�WR�PDNH�SDUWLFOH�VL]H�PHDVXUHPHQWV���,Q�DQ\�FDVH��WKH�FRUUHFWLRQ�LV
QHJOLJLEOH�IRU�SDUWLFOHV�VPDOOHU�WKDQ�DERXW����P��ZKLFK�ZRXOG�SUHVXPDEO\�DFFRXQW�IRU�PRVW�RU�DOO
RI�WKH�SDUWLFXODWH�PDVV�LQ�WKH�RXWOHW�VDPSOHV���'HVSLWH�DQ\�XQFHUWDLQWLHV�LQ�SRWHQWLDO�DQLVRNLQHWLF
ELDV�DQG�LQ�SRWHQWLDO�JDV�SKDVH�LQWHUIHUHQFHV��LW�LV�VDIH�WR�FRQFOXGH�IURP�WKHVH�UHVXOWV�WKDW�WKH
RXWOHW�SDUWLFXODWH�ORDGLQJV�PHDVXUHG�GXULQJ�&&7��DUH�ZHOO�EHORZ���SSPZ�
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1Z[IGP�
�� ���� ��� ����
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9CVGT�XCRQT�
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)CU�XGNQEKV[��HV�UGE�
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5CORNKPI�4GUWNVU
+UQMKPGVKE�CITGGOGPV�
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#UJ�%JGOKECN�%QORQUKVKQP

�������

�������#UJ�%JGOKECN�%QORQUKVKQP

7DEOH���������VXPPDUL]HV�WKH�UHVXOWV�RI�FKHPLFDO�DQDO\VHV�SHUIRUPHG�RQ�VDPSOHV�RI
3&'�KRSSHU�DVK�FROOHFWHG�GXULQJ�&&7�'���%HFDXVH�RI�RSHUDWLRQDO�SUREOHPV�DQG
GLIILFXOWLHV�JHQHUDWLQJ�UHSUHVHQWDWLYH�VDPSOHV��FKHPLFDO�DQDO\VHV�ZHUH�QRW�SHUIRUPHG�RQ
KRSSHU�VDPSOHV�IURP�&&7�$��%��DQG�&���7KH�WDEOH�LQFOXGHV�DQDO\WLFDO�UHVXOWV�IRU�RQH
VDPSOH�RI�UHVLGXDO�GXVWFDNH��ZKLFK�ZDV�VFUDSHG�RII�WKH�VXUIDFH�RI�D�FDQGOH�ILOWHU�DW�WKH
HQG�RI�WHVW�QR��&&7�&���$OWKRXJK�WKH�GXVWFDNH�LV�IURP�D�SULRU�WHVW�VHULHV��LW�LV
LQWHUHVWLQJ�WR�QRWH�WKDW�LWV�VLOLFD�FRQWHQW�LV�PXFK�ORZHU�WKDQ�WKH�VLOLFD�FRQWHQW�RI�PRVW
RI�WKH�KRSSHU�VDPSOHV���7KLV�UHVXOW�VXJJHVWV�WKDW�PRVW�RI�WKH�KRSSHU�VDPSOHV�FRQWDLQ�D
VLJQLILFDQW�DPRXQW�RI�VDQG�FDUU\RYHU����2QO\�WKH�KRSSHU�VDPSOHV�FROOHFWHG�RQ�$SULO���
DQG�RQ�0D\���KDYH�FRPSRVLWLRQV�VLPLODU�WR�WKDW�RI�WKH�GXVWFDNH��VXJJHVWLQJ�FDUU\RYHU
ZDV�UHODWLYHO\�ORZ�RQ�WKHVH�GD\V�
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6CDNG��������

4GUWNVU�QH�%JGOKECN�#PCN[UGU�QH��2%&�*QRRGT�5CORNGU�CPF�4GUKFWCN�&WUVECMG

/CLQT�%QPUVKVWGPVU��9GKIJV�2GTEGPV�CU�'NGOGPV��&T[�$CUKU

6[RG�QH�5CORNG &WUVECMG *QRRGT *QRRGT *QRRGT *QRRGT *QRRGT *QRRGT *QRRGT *QRRGT *QRRGT *QRRGT *QRRGT

&CVG ������� ������� ������� ������� ������� ������� ������� ������� ������� ������ ������ ������

6KOG ����� ���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����

5KNKEQP ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

#NWOKPWO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

6KVCPKWO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

+TQP ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

%CNEKWO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

/CIPGUKWO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

2QVCUUKWO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

5QFKWO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

2JQURJQTQWU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

5WNHWT ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

1Z[IGP�
&KHH� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

.QUU�QP�KIPKVKQP ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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%JCTCEVGTKUVKEU�QH�2%&�&WUVECMG�5CORNGU

�������

�������%JCTCEVGTKUVKEU�QH�2%&�&WUVECMG�5CORNGU

)LJXUH���������VKRZV�WKH�UHVXOWV�RI�SDUWLFOH�VL]H�DQDO\VHV�SHUIRUPHG�RQ�WKH�UHVLGXDO�GXVWFDNH
VDPSOH�DQG�RQ�RQH�RI�WKH�LQ�VLWX�3&'�LQOHW�VDPSOHV�XVLQJ�D�FRPELQDWLRQ�RI�VLHYHV�DQG�WKH
0LFURWUDF�;�����SDUWLFOH�VL]H�DQDO\]HU���7KH�GXVWFDNH�VDPSOH�KDG�D�PDVV�PHGLDQ�SDUWLFOH�VL]H�RI
�����P��ZKLOH�WKH�LQ�VLWX�VDPSOH�KDG�D�PDVV�PHGLDQ�SDUWLFOH�VL]H�RI������P���&RPSDULQJ�WKH
GLVWULEXWLRQV�LW�LV�UHDGLO\�DSSDUHQW�WKDW�PDQ\�RI�WKH�SDUWLFOHV�ODUJHU�WKDQ�����P�WKDW�ZHUH�LQ�WKH
LQOHW�JDV�VWUHDP�ZHUH�QRW�IRXQG�LQ�WKH�FDQGOH�GXVWFDNH�

%HFDXVH�RI�WKH�FRDO�GXVW�ILUH�DQG�WHPSHUDWXUH�H[FXUVLRQ�WKDW�RFFXUUHG�DW�WKH�HQG�RI�&&7�&��WKH
SURSHUWLHV�RI�WKH�UHVLGXDO�GXVWFDNH�VDPSOH�PD\�QRW�EH�UHSUHVHQWDWLYH�RI�QRUPDO�ILOWHU�RSHUDWLRQ�
1HYHUWKHOHVV��PHDVXUHPHQWV�ZHUH�PDGH�RI�WKH�GXVWFDNH�VXUIDFH�DUHD��SRURVLW\��WUXH�GHQVLW\��DQG
JDV�IORZ�UHVLVWDQFH���7KH�VSHFLILF�VXUIDFH�DUHD�GHWHUPLQHG�E\�WKH�%(7�PHWKRG������P��J��ZDV
ORZHU�WKDQ�PRVW�RI�WKH�VXUIDFH�DUHDV�PHDVXUHG�E\�65,�DW�RWKHU�IOXLGL]HG�EHG�FRPEXVWRUV��VHH
WDEOH�EHORZ����7KH�RWKHU�PHDVXUHPHQWV�KDYH�UDQJHG�IURP�����WR�����P��J���7KH�UHODWLYHO\�ORZ
VXUIDFH�DUHD�PD\�EH�WKH�UHVXOW�RI�VLQWHULQJ�FDXVHG�E\�WKH�ILUH�DQG�WHPSHUDWXUH�H[FXUVLRQ�LQ�WKH
3&'���'HVSLWH�WKH�XQXVXDOO\�ORZ�VXUIDFH�DUHD��RWKHU�GXVWFDNH�SURSHUWLHV�DSSHDUHG�WR�EH�ZLWKLQ
WKH�UDQJH�RI�SUHYLRXV�PHDVXUHPHQWV�DW�RWKHU�IOXLGL]HG�EHG�FRPEXVWRUV��DV�VKRZQ�EHORZ�

,Q�6LWX
6DPSOHV

&&7�
'XVWFDNH

'XVWFDNHV
IURP�2WKHU
3)%&V

8QFRPSDFWHG�%XON�3RURVLW\���� �����WR����� �� ���WR���
7UXH�3DUWLFOH�'HQVLW\��J�FF� �����WR����� ��� ����WR����
'UDJ�(TXLYDOHQW�'LDPHWHU���P� ����WR����� ���� �����WR����
6SHFLILF�6XUIDFH�$UHD��P��J� �����WR����� ��� ����WR����
0DVV�0HGLDQ�'LDPHWHU���P� ���WR���� ��� ����WR���

7KH�SK\VLFDO�SURSHUWLHV�RI�WKH�LQ�VLWX�VDPSOHV�DUH�DOPRVW�DOO�RXWVLGH�WKH�UDQJH�RI�WKH�GXVWFDNH
VDPSOHV�IURP�RWKHU�3)%&V��EXW�WKLV�PD\�QRW�EH�PHDQLQJIXO���,I�WKH�ODUJHVW�SDUWLFOHV�DUH�QRW
FROOHFWHG�RQ�WKH�FDQGOHV��EXW�LPPHGLDWHO\�GURS�LQWR�WKH�KRSSHU�DIWHU�HQWHULQJ�WKH�3&'��WKLV
ZRXOG�DFFRXQW�IRU�WKH�GLIIHUHQFHV���7KLV�VKRXOG�EH�HYDOXDWHG�GXULQJ�IXWXUH�WHVW�SURJUDPV�
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�����2%&�12'4#6+10�&74+0)�6'56�470�%%6�#

�������4WP�5WOOCT[

&RPEXVWLRQ�FKDUDFWHUL]DWLRQ�WHVW�&&7�$�ZDV�EHJXQ�RQ�0D\������������7KH�3&'�LQOHW
WHPSHUDWXUH�ZDV�UDLVHG�IURP�WKH�SUHYLRXV�WHVW�UXQ��&&7�'��IURP�������WR�������)������WR
����&����7KH�WHPSHUDWXUH�LQFUHDVH�ZDV�DFFRPSOLVKHG�E\�FRPSOHWHO\�E\SDVVLQJ�WKH�SULPDU\�JDV
FRROHU���7KH�UXQ�ODVWHG�XQWLO�0D\�����������ZKHQ�D�FOLQNHU�SOXJJHG�WKH�SULPDU\�F\FORQH�GLSOHJ�

,Q�SUHYLRXV�WHVW�UXQV�WKH�SULPDU\�JDV�FRROHU�ZDV�XVHG�WR�SUHKHDW�WKH�3&'�JDV�RXWOHW�WR�����)
EHIRUH�ILULQJ�%5�������+RZHYHU��VLQFH�WKH�SULPDU\�JDV�FRROHU�ZDV�E\SDVVHG�WKH�VXOIDWRU�VWDUW�XS
KHDWHU�ZDV�XVHG�IRU�WKH�SUHKHDW�

'XULQJ�WKLV�WHVW�UXQ�WKH�EDFN�SXOVH�VWDUWHG�IRU�WKH�ILUVW�WLPH�WR�QHJDWLYHO\�LPSDFW�WKH�WUDQVSRUW
UHDFWRU�RSHUDWLRQ�E\��DW�WLPHV��FDXVLQJ�WKH�SULPDU\�F\FORQH�GLSOHJ�VHDO�WR�EH�ORVW���$SSDUHQWO\��WKH
SUHVVXUH�ZDYH�LQGXFHG�LQ�WKH�UHDFWRU�E\�WKH�EDFN�SXOVH�UHVXOWHG�LQ�WKH�VHDO�EHLQJ�ORVW��:KHQ�WKH
GLSOHJ�VHDO�ZDV�ORVW��D�ODUJH�TXDQWLW\�RI�VROLGV�ZDV�FDUULHG�RYHU�WR�WKH�3&'�DQG�WKH�VROLGV
FLUFXODWLRQ�DQG�FRDO�IHHG�ZRXOG�KDYH�WR�EH�UHGXFHG�RU�VWRSSHG���,Q�SUHYLRXV�WHVW�UXQV�WKH
SULPDU\�JDV�FRROHU�ZDV�GDPSLQJ�WKH�SUHVVXUH�ZDYH�LQGXFHG�E\�WKH�EDFN�SXOVH��DQG�WKH�UHDFWRU
RSHUDWLRQV�ZHUH�QRW�DIIHFWHG�

7KH�SXOVH�YDOYH�RSHQ�WLPH�VLJQDO��WKH�EDFN�SXOVH�SUHVVXUH�VHWWLQJ��DQG�WKH�WLPH�EHWZHHQ�WKH
EDFN�SXOVH�VHTXHQFHV�ZHUH�DOO�YDULHG�LQ�DQ�HIIRUW�WR�GHWHUPLQH�WKH�HIIHFW�RI�WKH�EDFN�SXOVH
SDUDPHWHUV�RQ�WKH�UHDFWRU�RSHUDWLRQV���'HVSLWH�WKH�EDFN�SXOVH�V\VWHP�SDUDPHWHU�FKDQJHV�WKH
EDFN�SXOVH�VWLOO�RIWHQ�FDXVHG�WKH�SULPDU\�F\FORQH�GLSOHJ�VHDO�WR�EH�ORVW�

7KH�SXOVH�YDOYHV�ZHUH�WHVWHG�GXULQJ�WKLV�UXQ�DQG�WKH�GDWD�FRQWLQXHG�WR�LQGLFDWH�D�VKDUS�GURS�LQ
WKH�EDFN�SXOVH�PDVV�IORZ�ZKHQ�WKH�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�IURP�����WR�����SVLJ������
WR������EDU�J����$OO�IRXU�RI�WKH�SXOVH�YDOYHV�LQGLFDWHG�WKH�VDPH�EHKDYLRU���7KH�SXOVH�YDOYHV�ZHUH
WHVWHG�LQ�UXQV�7&��&�WKURXJK�7&��(�XVLQJ�D�KLJK�VSHHG�GDWD�DFTXLVLWLRQ�FRPSXWHU���5HIHU�WR
VHFWLRQ�������3XOVH�9DOYH�5HSRUW��IRU�WKH�LQ�GHSWK�UHVXOWV�DQG�DQDO\VLV�

7KH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'������ZDV�WURXEOHVRPH�GXULQJ�WKH�UXQ���)'�����ZRXOG�IDLO
WR�F\FOH��WKHQ�ZRXOG�EH�IRUFHG�WR�F\FOH�RQH�WLPH�DQG�ZRXOG�WKHQ�F\FOH�QXPHURXV�WLPHV
DIWHUZDUG���,W�DSSHDUHG�WKDW�ILQH�DVK�PLJKW�KDYH�EHHQ�EULGJLQJ�DERYH�WKH�WRS�VSKHUL�YDOYH�
'XULQJ�WKLV�UXQ�WKH�)'�����V\VWHP�ZDV�PDQXDOO\�IRUFHG�WR�F\FOH�HYHU\����PLQXWHV���)RU�DQ�LQ�
GHSWK�UHSRUW�RQ�)'������UHIHU�WR�VHFWLRQ������

$V�RI�WKLV�WHVW�UXQ�WKH�FRDO�IHHG�LQWR�WKH�WUDQVSRUW�UHDFWRU�ZDV�VWHDG\�IRU�D�UHFRUG�����KRXUV�
7KH�UHDFWRU�SUHVVXUH�ZDV�EHWZHHQ�����DQG�����SVLJ�IRU�WKLV�WHVW�UXQ���:KLOH�RQ�FRDO�WKH�EDVHOLQH
'3�ZDV�DERXW����LQ:*�����PEDU��DQG�WKH�'3�ULVH�EHWZHHQ�EDFN�SXOVHV�F\FOHV�ZDV�W\SLFDOO\
DQ\ZKHUH�IURP����WR����LQ:*�����WR����PEDU����7KH�IDFH�YHORFLW\�ZKLOH�RQ�FRDO�ZDV�W\SLFDOO\
��IW�PLQ�����P�KU��

$W�WKH�FRQFOXVLRQ�RI�WKLV�UXQ�WKH�ILOWHU�HOHPHQWV�LQVWDOOHG�LQ�WKH�ILOWHU�YHVVHO�KDG�DFFXPXODWHG����
KRXUV�RQ�FRDO�
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�������6GUV�1DLGEVKXGU

7KH�WHVW�REMHFWLYHV�IRU�3&'�RSHUDWLRQ�ZHUH�

• 6XSSRUW�WKH�WUDQVSRUW�UHDFWRU�RSHUDWLRQV�

• ([SRVH�WKH�ILOWHU�HOHPHQWV�WR�D�QRPLQDO�������)������&��

• &RQWLQXH�WHVWLQJ�WKH�SXOVH�YDOYH�SHUIRUPDQFH�



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�%%6�#� �1DUGTXCVKQPU�'XGPVU

�������

�������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG�²��0D\����DW���������7KH�SULPDU\�JDV�FRROHU�ZDV�E\SDVVHG�IRU�WKLV�WHVW
UXQ���,Q�SUHYLRXV�WHVW�UXQV��WKH�SULPDU\�JDV�FRROHU�ZDV�XVHG�WR�SUHKHDW�WKH�3&'�
6LQFH�WKH�SULPDU\�JDV�FRROHU�ZDV�QRW�DYDLODEOH�IRU�WKH�SUHKHDW�WKH�VXOIDWRU�VWDUW�XS
KHDWHU�ZDV�XVHG�WR�SUHKHDW�WKH�3&'�WR�����)��DQG�WKHQ�WKH�VWDUW�XS�EXUQHU�ZDV�OLW�DW
������

%� %DFN�SXOVH�3UHVVXUH�9DULHG�²�0D\����DW�������WR�0D\����DW���������)ORZ�SUREOHPV
ZLWK�WKH�SXOVH�YDOYHV�KDG�EHHQ�VXVSHFWHG���$�VHULHV�RI�EDFN�SXOVH�WHVW�ZHUH�FDUULHG
RXW�WKURXJK�0D\������7KH�SHDNV�VKRZQ�LQ�ILJXUH���������DUH�WKH�WLPHV�ZKHQ�WKH�EDFN�
SXOVH�WHVWV�ZHUH�FDUULHG�RXW���5HIHU�WR�VHFWLRQ������IRU�DQ�LQ�GHSWK�GLVFXVVLRQ�RQ�WKH
EDFN�SXOVH�WHVWLQJ�FDUULHG�RXW�LQ�UXQV�7&��&�WKURXJK�7&��(�

&� &RDO�)HHG�6WDUWHG�²�0D\����DW���������7KH�FRDO�IHHG�LQWR�WKH�WUDQVSRUW�UHDFWRU
FRQWLQXHG�VWHDGLO\�IRU�WKH�QH[W�����GD\V�

'� %DFN�3UHVVXUH�5HJXODWRU�$UP�%URNH�²�0D\����DW���������$�SLQ�LQ�WKH�WUDQVSRUW
UHDFWRU�EDFN�SUHVVXUH�UHJXODWRU�EURNH���'XULQJ�WKH�QH[W����PLQXWHV�WKH�V\VWHP
SUHVVXUH�LQFUHDVHG�WR�����SVLJ�DQG�WKHQ�GURSSHG�WR�����SVLJ�

(� 3XOVH�3DUDPHWHUV�9DULHG�²�0D\����DW���������7KH�EDFN�SXOVH�YDOYH�VLJQDO�WR�RSHQ
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3.10  ASH CHARACTERISTICS AND PCD PERFORMANCE FOR TEST RUN CCT5 
 
In test CCT5 six in situ particulate sampling runs were performed at the PCD inlet.  These 
sampling runs were primarily directed at monitoring changes in solids carryover from the 
transport reactor system.  All of the samples collected at the PCD inlet were total particulate 
mass samples collected on a single filter (mass samples).  No samples were collected at the 
PCD outlet since the primary focus of CCT5 was on evaluating particulate carryover from 
the transport reactor system under various conditions. 
 
Throughout the CCT5 tests SRI sampling personnel coordinated with SCS operations 
personnel to ensure that the transport reactor system was operating under steady-state 
conditions during each 30-minute sampling run.  Although test conditions were maintained 
relatively constant throughout a given sampling run there was considerable variability in 
transport reactor operating conditions between runs.  Consequently, there was also 
considerable varibility in solids carryover from the transport reactor system to the PCD.  
During the CCT5 particulate sampling runs the average recorded temperature at the PCD 
inlet was 1,325 ±39°F (718 ± 22°C) and the average recorded pressure was 160 ± 11 psig 
(11.0 ± 0.8 bar).  The average gas velocities measured at the sampling nozzle varied from 
23.9 to 28.9 ft/sec (7.3 to 8.8 m/sec) and were within ±5 percent of the average process gas 
velocity for all but one of the sampling runs.  The particulate loading that was measured for 
the one anisokinetic run (CCT5IMT-1) was corrected back to isokinetic conditions using the 
technique described in the CCT4 ash report. 
 
This report summarizes the particulate mass loadings determined from the CCT5 sampling 
runs.  Particle-size distributions determined by particle-size analysis in the laboratory are 
discussed, and significant physical and chemical characteristics of the in-situ samples are 
presented and compared to the characteristics of ash samples taken from the PCD hopper 
and of dustcake samples taken from the filter elements during the PCD inspection in July.  
The various types of samples are compared in terms of their chemical composition, 
permeability, particle-size distribution, and other relevant properties. 
 
3.10.1  Measurements of Particulate Mass Loadings 
 
Table 3.10.1-1 gives a summary of the results of the PCD inlet particle mass concentration 
measurements performed during CCT5.  As indicated in the table, the measured inlet 
loading varied from 4,200 to 25,600 ppmw with a mean value of 14,600 ppmw ± 8,200 
ppmw (56 percent relative standard deviation, rsd).  The changes in inlet mass loading have 
not been correlated with specific variations in process operations but are apparently related 
to intermittent reentrainment of solids from the cyclone dipleg and to disruptions in the coal 
and sorbent feeds. 
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Table 3.10.1-1   
 

PCD Inlet Particulate Mass Loading Data for Test Program CCT5 
 

SRI Date Run Time1 Particle Loading2 

Run No. Sampled Start End ppmw gr/acf mg/scm 

CCT5IMT-1 5/13/97 09:08 09:38 9,900 14.7 12,000 

CCT5IMT-2 5/14/97 09:03 09:33 14,200 26.2 17,200 

CCT5IMT-3 5/15/97 10:00 10:30 10,700 20.0 13,200 

CCT5IMT-4 5/16/97 08:50 09:20 25,600 47.1 30,500 

CCT5IMT-5 5/16/97 13:32 13:52 23,000 42.6 27,400 

CCT5IMT-6 5/19/97 10:23 10:43 4,200 8.16 5,060 

1.  All times are Central Standard Time. 
2.  Standard conditions taken at 14.7 psia (1.01 bar) and 70°F (21°C). 
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3.10.2  Measurements of Particle-Size Distributions 
 
Particle-size distributions were measured on two of the in situ particulate samples 
(CCT5IMT-4 and -5) using a Leeds and Northrup Microtrac X-100 particle-size analyzer.  
The resulting particle-size distributions are plotted and compared to comparable size 
distributions from the other runs in the ash report for TC01 (see section 3.25).  In general, 
the CCT5 samples were considerably finer than the CCT4 samples (MMD ≅ 54 µm versus 
109 µm for CCT4).  In particular, the distinct large-particle mode that was evident in the 
CCT4 data is not present in the CCT5 size distributions.  The elimination of this large-
particle mode is a direct result of the improved control of solids carryover from the 
transport reactor system. 
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3.10.3  Chemical Analyses 
 
The results of selected CCT5 ash mineral analyses are summarized in table 3.10.3-1.  All of 
the results given in the table are for PCD hopper samples.  Because of the highly variable 
process conditions no chemical analyses were done on in situ samples.  All of the analytical 
results are reported as the element on an ignited basis.  The elemental concentrations are not 
reported in their oxide forms since calcium is predominantly present in the form of the 
sulfate and carbonate.  Other ash constituents are also present as sulfates and carbonates as 
well as other forms such as silicates, aluminosilicates, halides, and sulfides. 
 
Based on the hopper ash analyses shown in table 3.7.2-1 the average calcium utilization (i.e., 
the percentage of the calcium that is converted to calcium sulfate on a molar basis) was 8.6 
percent ± 2.4 percent.  This low value of utilization reflects the large feed rates of dolomite 
and the resulting high calcium-to-sulfur ratios that were being used during CCT5.  Since the 
sorbent is dolomite and the inherent calcium in the coal is quite low (typically < 1.0 percent 
of the coal ash) the calcium-to-magnesium molar ratio would be expected to be close to 1-
to-1 in the ash.  The average value ratio calculated from the hopper ash analysis is 1.02-to-1. 
 
The hopper ash analyses were used to calculate the average chemical composition of the 
solids collected in the PCD, assuming that all of the sulfur was present as CaSO4 and all of 
the carbon was present as CaCO3.  Any remaining calcium that was not accounted for as 
CaSO4 or CaCO3 was assumed to be present as CaO•MgO.  Any remaining magnesium that 
was not accounted for as CaO•MgO was assumed to be present as MgO.  The balance of 
each sample was assumed to be ash and sand (bed material).  The choice of these particular 
calcium and magnesium compounds was based on free-energy minimization calculations 
performed by Dr. L. Shadle at the U. S. Department of Energy/FETC and reported by P. 
Smith (personal communication, March 6, 1998).  The average chemical composition 
calculated in this manner is as follows: 
 

• 2.72 percent ± 0.41 percent CaSO4 . 
 

• 16.7 percent ± 2.0 percent CaO•MgO. 
 

• 7.89 percent ± 4.59 percent CaCO3. 
 

• 2.61 percent ± 1.66 percent MgO. 
 

• 70.1 percent ± 5.7 percent ash/sand. 
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Table 3.10.3-1 
 

Elemental Analysis of Selected CCT5 Hopper Samples1 
 

 

I. D. No. (AB0) 1274 1275 1276 1324 1325  

Date Collected 5/17/97 5/18/97 5/19/97 5/26/97 5/27/97 Avg S.D. 
RSD  

(percent) 

Measured Composition 

Silicon (percent) 19.89 20.84 21.27 22.01 23.17 21.44 1.10 5.16 

Aluminum (percent) 9.98 9.36 11.88 11.98 11.59 10.96 1.20 10.99 

Titanium (percent) 0.52 0.50 0.58 0.61 0.58 0.56 0.046 8.22 

Iron (percent) 2.71 2.90 2.62 3.09 3.14 2.89 0.228 7.89 

Calcium (percent) 12.73 11.79 6.53 8.97 8.70 9.74 2.51 25.73 

Magnesium (percent) 7.74 6.99 4.03 5.19 5.09 5.81 1.52 26.09 

Potassium (percent) 1.21 0.94 1.87 1.01 0.65 1.14 0.456 40.07 

Sodium (percent) 1.11 1.14 1.01 1.30 1.33 1.18 0.134 11.39 

Phosphorous (percent) 0.10 0.10 0.10 0.16 0.15 0.12 0.030 25.27 

Sulfur (percent) 0.65 0.64 0.59 0.79 0.53 0.64 0.096 15.07 

Carbon (percent) 1.17 1.02 1.72 0.37 0.46 0.95 0.553 58.20 

Oxygen (percent) (diff) 42.19 43.78 47.80 44.52 44.61 44.58 2.04 4.58 

Calculated Parameters 

Utilization (percent)2 6.38 6.79 11.3 11.0 7.62 8.62 2.36 27.3 

Ca/S Molar Ratio 15.7 14.7 8.85 9.08 13.1 12.29 3.17 25.8 

Ca/Mg Molar Ratio 1.00 1.02 0.98 1.05 1.04 1.02 0.029 28.1 

CaCO3 (percent) 9.75 8.50 14.3 3.08 3.83 7.89 4.59 58.3 

CaSO4 (percent) 2.76 2.72 2.51 3.36 2.25 2.72 0.411 15.2 

CaO•MgO (percent) 19.2 18.2 14.2 16.2 15.6 16.7 2.01 12.0 

MgO (percent) 4.74 3.92 0.72 1.79 1.88 2.61 1.66 63.6 

Ash/Sand (percent) (diff) 63.55 66.66 68.27 75.57 76.44 70.1 5.66 8.1 
 

 Notes: 1. Weight percent ignited basis, expressed as element (not oxide); excludes samples for which the sum of the oxides is 
  less than 90 percent. 
 2. Calcium utilization (i.e.,  percent of Ca converted to CaSO4 assuming all sulfur is present as CaSO4.). 
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3.10.4  Measurements of Permeability and Related Properties 
 
Permeability tests were performed on two of the in situ samples from CCT5 (CCT5IMT-4 
and -5).  Only two CCT5 samples were tested because of the unstable operation of the 
transport reactor.  Table 3.10.4-1 gives a summary of the permeability test results, which are 
expressed in terms of drag-equivalent diameter (DED) along with the results of other 
significant physical measurements, including: true (skeletal particle) density, bulk density, 
uncompacted bulk porosity (UBP), surface area, and mass median diameter (MMD).  The 
DED is not a physical size but rather a fitted parameter that can be used to rank the 
characteristic gas flow resistance of ashes at equal porosities.  Measurements of physical size 
generally correlate with DED, but the DED best expresses the fineness of an ash as it relates to 
its effect on gas flow resistance (drag).  Increasing values of DED indicate lower resistance 
to gas flow (less drag) at a given porosity.  Using the DED as an indicator of flow resistance 
eliminates much of the ambiguity associated with drag measurements, which are a strong 
function of porosity. 
 
True density measurements were made by helium pycnometry using a Quantachrome Model 
1000 Ultrapycnometer.  Bulk density was determined by measuring the volume of a known 
weight of ash and uncompacted bulk porosity was calculated from the true density and bulk 
density.  Specific surface area was determined by the BET method using a Micromeritics 
FloSorb-II analyzer and the mass medium diameter (MMD) was based on particle size 
analysis on a Leeds & Northrup Microtrac X-100 analyzer. 
 
Comparison of the averages for the CCT5 and CCT4 test programs shows that improved 
reactor operation with increased operating time has resulted in a reduced median particle 
size, increased surface area, and increased dustcake flow resistance. 
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Table 3.10.4-1 
 

Physical Properties of CCT5 In Situ Samples 
 

Run Number 
Date 

Sampled 
Lab 

ID No. 

True 
Density 
(g/cc) 

Bulk 
Density 
(g/cc) 

UBP(1) 
(Percent) 

Surface 
Area 
(m2/g) 

MMD(2) 

(µm) 
DED(3) 

(µm) 

Test Program CCT4 

CCT4IMT-7 5/1/97 AB01289 2.54 1.01 60.2 0.94 83.1 9.28 

CCT4IMT-8 5/2/97 AB01290 2.53 1.09 56.9 0.48 135.5 13.36 

Average for CCT4 2.54 1.05 58.58 0.71 109.30 11.32 

Test Program CCT5 

CCT5IMT-4 5/16/97 AB01294 2.85 0.92 67.7 1.26 53.0 7.02 

CCT5IMT-5 5/16/97 AB01295 2.74 0.86 68.6 1.31 55.8 7.74 

Average for CCT5 2.80 0.89 68.17 1.29 54.40 7.38 
 
Notes: 
 1.  Uncompacted Bulk Porosity. 
 2.  Mass Median Diameter. 
 3.  Drag Equivalent Diameter. 
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GRZQ�IRU�VHYHUDO�KRXUV��W\SLFDOO\��WKLV�LV�UHFRUGHG�DV�D�´EUHDNµ�LQ�WKH�GDWD�
+RZHYHU��LQ�WKLV�FDVH�3,�FRQQHFWHG�WKH�HQG�SRLQWV�ZLWK�D�VPRRWK�FXUYH���7KH�GDWD
UHSUHVHQWHG�E\�WKHVH�FXUYHV�DUH�QRW�UHDO�

'� 6KXWGRZQ�IRU�68%²-XQH����DW���������$IWHU�VHYHUDO�IDLOHG�DWWHPSWV�DW�OLJKWLQJ�WKH
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(� 68%�/LW²-XQH����DW���������7KH�68%�ZDV�OLW��DQG�KHDWLQJ�WKH�V\VWHP�FRQWLQXHV�

)� &RDO�)HHG�6WDUWHG²-XQH����DW���������:LWK�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�RXW�RI
WKH�ORRS��FRDO�ZDV�IHG�WKURXJK�WKH�VRUEHQW�IHHGHU��)'��������7KH�GLVFKDUJH�OLQH�RI
WKH�VRUEHQW�IHHGHU�LV�VLJQLILFDQWO\�VPDOOHU�WKDQ�WKH�GLVFKDUJH�RI�WKH�FRDO�IHHGHU��DQG
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GHVLUHG�WHPSHUDWXUH�VXSSOHPHQWDO�ILULQJ�XVLQJ�WKH�68%�ZDV�UHTXLUHG���%HFDXVH�RI
SUHVVXUH�OLPLWDWLRQV�LQ�WKH�68%�V\VWHP��WKLV�OLPLWHG�WKH�RSHUDWLQJ�SUHVVXUH�WR�a���
SVLJ�
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VXGGHQ�FKDQJH�LQ�3&'�∆3�RQFH�WKH�EDFN�SXOVH�ZDV�RYHU���)RU�D�SHULRG�RI����KRXUV
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ZKLFK�UHFRYHUHG�ZKHQ�WKH�SXOVH�LQWHUYDO�ZDV�LQFUHDVHG�EDFN�WR����PLQXWHV���6RPH
VRXUFHV�RI�OLWHUDWXUH�UHSRUW�WKH�RSSRVLWH�DIIHFW�LQ�WHVWLQJ���7KLV�ZLOO�EH�IXUWKHU
LQYHVWLJDWHG�LQ�������7&����
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PHGLDQ�GLDPHWHU��DQG�GUDJ�HTXLYDOHQW�GLDPHWHU�XVLQJ�WKH�65,�SHUPHDELOLW\�DSSDUDWXV���7KH
UHVXOWV�RI�WKHVH�PHDVXUHPHQWV�DUH�VKRZQ�LQ�WKH�WRS�KDOI�RI�WDEOH������������&RPSDULVRQ�RI�WKHVH
GDWD�WR�WKH�UHVXOWV�RI�WKH�RWKHU�WHVW�SURJUDPV�LV�FRYHUHG�LQ�WKH�7&���VHFWLRQ�RI�WKLV�UHSRUW�DQG
ZLOO�QRW�EH�UHSHDWHG�KHUH�

$IWHU�WKH�HQG�RI�&&7��WKH�3&'�ZDV�GLVDVVHPEOHG�DQG�VDPSOHV�RI�WKH�UHVLGXDO�GXVW�FDNH�ZHUH
UHPRYHG�IURP�WKH�FDQGOH�ILOWHUV���6HSDUDWH�VDPSOHV�ZHUH�FROOHFWHG�IURP�WKH�XSSHU�DQG�ORZHU�WLHUV
RI�FDQGOHV���7KH�UHVXOWV�RI�ODE�PHDVXUHPHQWV�RI�WKH�SK\VLFDO�SURSHUWLHV�RI�WKHVH�VDPSOHV�DUH
VKRZQ�LQ�WKH�ERWWRP�KDOI�RI�WDEOH������������7KH�FDQGOH�VDPSOHV�KDG�D�VOLJKWO\�ILQHU�SDUWLFOH�VL]H
GLVWULEXWLRQ�WKDQ�WKH�LQ�VLWX�VDPSOHV��EXW�PRVW�RI�WKH�SURSHUWLHV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�
+RZHYHU��EHFDXVH�RI�WKH�YDULDELOLW\�RI�WKH�&&7��WHVW�FRQGLWLRQV�DQG�EHFDXVH�WKH�3&'�ZDV
UHSHDWHGO\�EDFNSXOVHG�DIWHU�VKXWGRZQ�WKH�VLJQLILFDQFH�RI�WKHVH�VDPSOHV�RI�UHVLGXDO�FDNH�LV�QRW
FOHDU�
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/GCUWTGOGPVU�QH�#UJ�%JCTCEVGTKUVKEU
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(KIWTG�����������2%&�+PNGV�2CTVKENG�5K\G�&KUVTKDWVKQP�HQT�%%6���%%6���CPF�%%6�
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��������4WP�5WOOCT[

2Q�-XO\�����������WKH�3&'�LQWHUQDOV�ZHUH�UHPRYHG�IRU�DQ�LQVSHFWLRQ�DQG�UHSODFHPHQW�RI
VHOHFWHG�ILOWHU�HOHPHQWV���7KH�LQWHUQDOV�KDG�QRW�EHHQ�UHPRYHG�VLQFH�EHLQJ�LQVWDOOHG�LQ�HDUO\�$SULO
IROORZLQJ�UXQ�&&7�&���7KH�ILOWHU�HOHPHQWV�LQVWDOOHG�ZHUH�DV�VKRZQ�LQ�OD\RXW����VHFWLRQ������
)LOWHU�(OHPHQW�5HSRUW���$OO�RI�WKH�ILOWHU�HOHPHQWV�LQ�OD\RXW���KDG�DFFXPXODWHG�����KRXUV�RI
H[SRVXUH�RQ�FRDO�GXULQJ�UXQV�&&7�'��&&7�$��&&7�%��DQG�&&7��

7KLV�ZDV�WKH�ILUVW�WLPH�WKH�LQWHUQDOV�ZHUH�UHPRYHG�ZKHQ�QR�ILOWHU�HOHPHQWV�KDG�EURNHQ�GXULQJ
RSHUDWLRQV���6LQFH�WKH�ODVW�UHPRYDO�RI�WKH�LQWHUQDOV��WKH�RSHUDWLQJ�WHPSHUDWXUH�KDG�EHHQ�LQFUHDVHG
IURP�����WR�������)������WR�����&����7KLV�ZDV�WKH�ILUVW�RFFXUUHQFH�RI�IORZ�SDWWHUQV�HYLGHQW�LQ
WKH�UHVLGXDO�DVK�GHSRVLWV�RQ�WKH�ILOWHU�HOHPHQWV�DQG�WKH�YHVVHO�VKURXG���7KH�SDWWHUQV�LQGLFDWHG�D
VWURQJHU�VZLUOLQJ�IORZ�ILHOG�ZDV�SUHVHQW�GXULQJ�RSHUDWLRQV�WKDQ�ZDV�SUHYLRXVO\�H[SHFWHG�



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP�%%6�� �(KNVGT�'NGOGPV�%NWUVGT�+PURGEVKQP

��������

��������(KNVGT�'NGOGPV�%NWUVGT�+PURGEVKQP

$OO�RI�WKH�ILOWHU�HOHPHQWV�ZHUH�LQWDFW�ZKHQ�WKH�LQWHUQDOV�ZHUH�UHPRYHG�IURP�WKH�ILOWHU�YHVVHO��DQG
RI�WKH����ILOWHU�HOHPHQWV�UHPRYHG�QRQH�RI�WKHP�EURNH�GXULQJ�RU�DIWHU�WKH�UHPRYDO���7KH�ILOWHU
HOHPHQWV�ZHUH�FRYHUHG�ZLWK�D�OLJKW�WDQ�JHQHUDOO\�QRQXQLIRUP�OD\HU�RI�DVK�

:LQGZDUG�VLGH�GHSRVLWV�ZHUH�YLVLEOH�RQ�WKH�RXWHU�ILOWHU�HOHPHQWV�DV�VKRZQ�LQ�ILJXUHV����������DQG
����7KH�UHVLGXDO�GHSRVLWV�KDG�FRQFDYH�GHSUHVVLRQV�ORFDWHG�LQ�DERXW�WKH�FHQWHU�RI�WKH�ZLQGZDUG
GHSRVLWV���7KH�SDWWHUQ�RI�DVK�GHSRVLWLRQ�DSSHDUHG�WR�EH�VLPLODU�WR�WKRVH�REVHUYHG�LQ�ERLOHU�WXEH
EDQNV�H[FHSW�IRU�WKH�SUHVHQFH�RI�WKH�FHQWHU�GHSUHVVLRQV��DQG�WKH�GHSRVLWV�ZHUH�ORFDWHG�RQ�WKH
ZLQGZDUG�VLGH�DQG�QRW�WKH�GRZQVWUHDP�VLGH���6LPLODU�ZLQGZDUG�DVK�GHSRVLWV�ZHUH�QRW�SUHVHQW�RQ
WKH�LQQHU�ILOWHU�HOHPHQWV���7KH�ZLQGZDUG�VLGH�GHSRVLWV�RQ�WKH�ILOWHU�HOHPHQWV�ZHUH�RQO\�RQ�WKH
ERWWRP�KDOI�RI�WKH�WRS�SOHQXP�ILOWHU�HOHPHQWV�DQG�WKH�WRS�KDOI�RI�WKH�ERWWRP�SOHQXP�ILOWHU
HOHPHQWV�DV�VKRZQ�LQ�ILJXUH������������7KH�ZLQGZDUG�GHSRVLWV�WDSHUHG�DQG�ZHUH�QRW�SUHVHQW
WRZDUG�WKH�RSSRVLWH�HQG�RI�WKH�ILOWHU�HOHPHQWV��WKDW�LV��WKH�WRS�RI�WKH�WRS�SOHQXP�ILOWHU�HOHPHQWV
DQG�WKH�ERWWRP�RI�WKH�ERWWRP�SOHQXP�ILOWHU�HOHPHQWV��

7KH�ILOWHU�YHVVHO�KDV�D�WDQJHQWLDO�LQOHW�DQG��WKHUHIRUH��WKH�LQOHW�IORZ�VZLUOV�RXWVLGH�RI�WKH�VKURXG
JRHV�XS��RYHU��GRZQ��DQG�XQGHU�WKH�VKURXG�DQG�FRQWLQXHV�WR�VZLUO�WRZDUG�WKH�ILOWHU�HOHPHQW
FOXVWHUV���7KH�JDV�YHORFLW\�VORZV�DV�WKH�VZLUOLQJ�JDV�PRYHV�XS�IURP�WKH�ERWWRP�DQG�GRZQ�IURP
WKH�WRS����$SSDUHQWO\��WKH�JDV�YHORFLW\�LV�VXIILFLHQWO\�KLJK�MXVW�DIWHU�JRLQJ�XQGHU�DQG�RYHU�WKH
VKURXG�WKDW�WKH�SRUWLRQV�RI�WKH�ILOWHU�HOHPHQWV�H[SRVHG�WR�WKH�KLJKHU�YHORFLW\�IORZ�ZHUH�VFRXUHG
DQG��WKHUHIRUH��H[KLELWHG�OHVV�RI�D�EXLOGXS�

7KH�IORZ�HIIHFW�RQ�WKH�DVK�GHSRVLWV�UHVXOWLQJ�IURP�WKH�SURFHVV�JDV�VSOLWWLQJ�DQG�JRLQJ�DURXQG�WKH
OHDGLQJ�RXWHU�ILOWHU�HOHPHQWV�LV�DOVR�HYLGHQW�LQ�ILJXUH������������7KH�´VHFRQGµ�ILOWHU�HOHPHQWV
H[KLELWHG�DVK�GHSRVLWV�LQGLFDWLQJ�D�VSOLW�IORZ�SDWWHUQ�RULJLQDWLQJ�IURP�WKH�OHDGLQJ�ILOWHU�HOHPHQW�
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(KIWTG�����������%%6��+PURGEVKQP� �#UJ�&GRQUKV�QP�1WVGT�(KNVGT�'NGOGPVU

(QT�ENCTKV[��QPN[�VJG�YKPFYCTF�FGRQUKVU�CTG�UJQYP���+P�CFFKVKQP��VJG�CUJ

FGRQUKVKQP�VJKEMPGUU�KU�GZCIIGTCVGF�

(NQY�&KTGEVKQP

.GCFKPI �(KNVGT

'NGOGPV

5GEQPF �(KNVGT�'NGOGPV
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(KIWTG������������%%6��+PURGEVKQP� �1WVGT�4QY�(KNVGT�'NGOGPVU�QP�$QVVQO�2NGPWO
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(KIWTG������������%%6��+PURGEVKQP� �9KPFYCTF�#UJ�&GRQUKV

(QT�ENCTKV[��VJG�HKNVGT�GNGOGPVU�CTG
VWTPGF��5GG�HKIWTG��������HQT�VJG
TCFKCN�NQECVKQP�QH�VJG�YKPFYCTF
CUJ�FGRQUKV��+P�CFFKVKQP��VJG
WPKHQTO�CUJ�FGRQUKVU�CTG�PQV
UJQYP�KP�VJKU�HKIWTG�
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(KNVGT�8GUUGN�5JTQWF�#UJ�&GRQUKV�+PURGEVKQP

��������

��������(KNVGT�8GUUGN�5JTQWF�#UJ�&GRQUKV�+PURGEVKQP

)LJXUH����������LV�D�SKRWRJUDSK�WKDW�ZDV�WDNHQ�IROORZLQJ�&&7����'XULQJ�WKH�LQVSHFWLRQ
FLUFXPIHUHQWLDO��VWULDWHG�GHSRVLWV�RI�DVK�ZHUH�QRWHG�RQ�WKH�VKURXG�VXUIDFH�IDFLQJ�WKH�ILOWHU
HOHPHQWV���7KH�VWULDWLRQV�LQ�WKH�VKURXG�DVK�GHSRVLWV�VXJJHVWHG�WKH�IORZ�DQJOHG�GRZQZDUG�IURP
WKH�WRS�RI�WKH�VKURXG�DQG�XSZDUG�IURP�WKH�ERWWRP�RI�WKH�VKURXG���7KHVH�DQJOHG�VWULDWLRQV
GLVDSSHDUHG�WRZDUG�WKH�PLGGOH�RI�WKH�VKURXG�

7KH�SDWWHUQ�RI�DVK�GHSRVLWLRQ�RQ�WKH�VKURXG�VXJJHVWHG�WKH�JDV�YHORFLW\�LQVLGH�WKH�VKURXG�ZDV
PXFK�IDVWHU�DQG�ZLWK�PRUH�RI�D�VZLUO�WKDQ�ZDV�SUHYLRXVO\�H[SHFWHG���%HFDXVH�WKH�IDFH�YHORFLW\
GXULQJ�WKH�UXQV�ZDV�JHQHUDOO\�EHWZHHQ���WR���IW�PLQ�����WR�����P�KU���WKH�YHORFLW\�LQVLGH�WKH
VKURXG�ZDV�H[SHFWHG�WR�EH�PXFK�VORZHU�WKDQ�WKH�YHORFLWLHV�VXIILFLHQW�WR�OHDYH�VWULDWLRQV���7KH
IORZ�SDWWHUQV�HYLGHQW�RQ�WKH�VKURXG�VLGH�IDFLQJ�WKH�ILOWHU�HOHPHQWV�LQGLFDWHG�D�VZLUOLQJ�JDV
IORZLQJ�IURP�ERWK�XQGHU�WKH�VKURXG�ERWWRP�HGJH�DQG�RYHU�VKURXG�WRS�HGJH�



2CTVKENG�(KNVGT�5[UVGO 6GEJPKECN�2TQITGUU�4GRQTV
+PURGEVKQP�4GRQTV�HQT�6GUV�4WP�%%6�� �6TCPURQTV�4GCEVQT�6TCKP
(KNVGT�8GUUGN�5JTQWF�#UJ�&GRQUKV�+PURGEVKQP

��������

(KIWTG�����������%%6��+PURGEVKQP� �5JTQWF�#UJ�&GRQUKVU
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��������

��������%QPENWUKQP

7KH�GHSRVLW�SDWWHUQV�RQ�WKH�ILOWHU�HOHPHQWV��DQG�WKRVH�RQ�WKH�VKURXG��VXJJHVW�WKHUH�LV�D
VLJQLILFDQW�VZLUOLQJ�JDV�IORZ�EHWZHHQ�WKH�VKURXG�DQG�WKH�RXWHU�ILOWHU�HOHPHQWV��DW�OHDVW�LQ�WKH
ERWWRP�WKLUG�DQG�WRS�WKLUG�UHJLRQ�RI�WKH�VKURXG���%DVHG�RQ�WKH�DVK�GHSRVLW�SDWWHUQV�WKH�JDV
IORZHG�RYHU�ERWK�WKH�WRS�DQG�ERWWRP�RI�WKH�VKURXG�DQG�ERWK�SRUWLRQV�RI�WKH�JDV�IORZ
DSSDUHQWO\�UHWDLQHG�D�VLJQLILFDQW�WDQJHQWLDO��VZLUOLQJ�FRPSRQHQW�

25&(>����>����
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7HVW�FDPSDLJQ���$��7&��$��ZDV�VWDUWHG�RQ�$XJXVW����DQG�HQGHG�RQ�6HSWHPEHU���������
'XULQJ�WKH�WUDQVLWLRQ�IURP�WKH�VWDUW�XS�EXUQHU�WR�FRDO��WKUHH�&RRUV�3���$�ILOWHU�HOHPHQWV�EURNH
DQG�SOXJJHG�WKH�VSHQW�ILQHV�WUDQVSRUWHU�V\VWHP��)'������RXWOHW���5HSHDWHG�SOXJJLQJ�SUREOHPV
ZLWK�WKH�)'�����RXWOHW�IRUFHG�WKH�UHDFWRU�VKXWGRZQ�DIWHU�EHLQJ�RQ�FRDO�IRU�����KRXUV���7KH
GHFLVLRQ�ZDV�PDGH�WR�UHPRYH�WKH�ILOWHU�FOXVWHU�IRU�LQVSHFWLRQ���2QH�DGGLWLRQDO�&RRUV�3���$�ILOWHU
HOHPHQW�EURNH�ZKHQ�LW�ZDV�EHLQJ�UHPRYHG�

7KH�ILOWHU�HOHPHQWV�LQVWDOOHG�IRU�WKLV�UXQ�ZHUH�D�FRPELQDWLRQ�RI�ILOWHU�HOHPHQWV�LQVWDOOHG�EHIRUH
UXQ�&&7�'�DQG�DIWHU�UXQ�&&7����7KH�ILOWHU�HOHPHQWV�LQVWDOOHG�EHIRUH�&&7�'�DFFXPXODWHG����
KRXUV�RQ�FRDO��WKH�ILOWHU�HOHPHQWV�LQVWDOOHG�DIWHU�&&7��DFFXPXODWHG�����KRXUV�RQ�FRDO�



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP6%��#� �6GUV�1DLGEVKXG

��������

��������6GUV�1DLGEVKXGU

7KH�PDLQ�REMHFWLYH�IRU�WKH�3&'�ZDV�WR�REWDLQ�������KRXUV�H[SRVXUH�IRU�WKH�ILOWHU�HOHPHQWV�DW�D
QRPLQDO�������)������&����7KLV�WHVW�ZDV�XQGHUWDNHQ�DW�WKH�UHTXHVW�RI�:HVWLQJKRXVH�WR
GHWHUPLQH�LI�WKH�3DOO�����VLOLFRQ�FDUELGH�ILOWHU�HOHPHQWV�ZRXOG�HORQJDWH�ZKHQ�H[SRVHG�DW�WKH
QRPLQDO�������)������&��IRU�������KRXUV�
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��������

��������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG²0DLQ�$LU�&RPSUHVVRU��0$&��6WDUWHG�²�$XJXVW����DW���������7KH�PDLQ�DLU
FRPSUHVVRU��0$&��ZDV�VWDUWHG�IRU�WKH�V\VWHP�OHDN�WHVW���7KH�0$&�ZDV�VKXWGRZQ�RQ
$XJXVW����DW�������

 
%� 3UHOLPLQDU\�%DFN�3XOVH�6\VWHP�7HVW�6WDUWHG²$XJXVW����DW���������%DFN�SXOVH�V\VWHP

WHVWV�ZHUH�FRQGXFWHG�GXULQJ�WKH�GD\�RQ�$XJXVW������,Q�SUHYLRXV�WHVW�UXQV�WKH�PDVV�IORZ
GXULQJ�WKH�EDFN�SXOVH�HYHQW�GURSSHG�DV�WKH�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG���$
VHULHV�RI�EDFN�SXOVH�V\VWHP�SHUIRUPDQFH�WHVWV�ZHUH�FDUULHG�RXW�GXULQJ�WKH�7&���WHVW
UXQV���5HIHU�WR�VHFWLRQ�������SXOVH�YDOYH�UHSRUW��IRU�WKH�EDFN�SXOVH�V\VWHP�SHUIRUPDQFH
WHVWLQJ�UHVXOWV�DQG�GLVFXVVLRQ�

 
&� 0$&�6WDUWHG²���+RXU�$LU�&XUH�2XW�,QLWLDWHG²$XJXVW����DW�������

'�� 0$&�DQG�3&'�3UHKHDW�6WDUWHG²$XJXVW����DW���������6LQFH�WKH�SULPDU\�JDV�FRROHU
�+;������ZDV�E\SDVVHG�WKH�3&'�ZDV�SUHKHDWHG�XVLQJ�WKH�VXOIDWRU�VWDUW�XS�KHDWHU
�%5��������7KH�3&'�SUHKHDW�EHJDQ���KRXUV�DIWHU�WKH�0$&�ZDV�VWDUWHG��EXW�ZDV
LQWHUUXSWHG�WR�LQVWDOO���KDQJHUV�PLVVLQJ�RQ�WKH�+;�����E\SDVV�OLQH���3UREOHPV�ZLWK�WKH
VSHQW�VROLGV�WUDQVSRUWHU�V\VWHP��)'������IOXLGL]LQJ�SDGV�DOVR�GHOD\HG�WKH�3&'
SUHKHDW�

 
(� 3&'�3UHKHDW�&RPSOHWHG²$XJXVW����DW���������7KH�3&'�SUHKHDW�ZDV�FRPSOHWHG�

KRZHYHU��SUREOHPV�FRQWLQXHG�ZLWK�WKH�)'�����IOXLGL]LQJ�SDG���$�OHDNLQJ�FKHFN�YDOYH
IRUFHG�WKH�WUDQVSRUW�UHDFWRU�WR�EH�VKXWGRZQ�RQ�$XJXVW����DW�������

)� 7UDQVSRUW�5HDFWRU�6KXWGRZQ�IRU�5HSDLUV²$XJXVW����DW�������

*� %DFN�3XOVH�6\VWHP�6KXWGRZQ²$XJXVW����DW���������7KH�EDFN�SXOVH�V\VWHP�ZDV
VKXWGRZQ�XQWLO�$XJXVW����DW�������ZKLOH�WKH�WUDQVSRUW�UHDFWRU�UHSDLUV�ZHUH�XQGHUZD\�

+�� 5HSDLUV�&RPSOHWHG��2SHUDWLRQV�5HVXPHG²$XJXVW����DW���������7KH�UHSDLUV�WR�WKH
)'�����V\VWHP�ZHUH�FRPSOHWHG���7KH�0$&�DQG�%5�����ZHUH�UHVWDUWHG��WKH�3&'�ZDV
SUHKHDWHG��DQG�WKH�WUDQVSRUW�UHDFWRU�VWDUW�XS�EXUQHU��%5������ZDV�OLW�

,� )LUVW�&RDO�)HHG�IRU�7&��$²$XJXVW����DW���������6KRUWO\�DIWHU�WKH�FRDO�IHHG�ZDV
LQLWLDWHG�WKH�)'�����RXWOHW�EHFDPH�SOXJJHG�ZLWK�ZKDW�DSSHDUHG�WR�EH�ZHW
DJJORPHUDWHG�DVK�DQG�EURNHQ�&RRUV�3���$�ILOWHU�HOHPHQWV���7KH�)'�����RXWOHW
FRQWLQXHG�WR�SOXJ�ZLWK�EURNHQ�&RRUV�3���$�ILOWHU�HOHPHQW�SLHFHV�WKURXJKRXW�WKH
PRUQLQJ�RI�6HSWHPEHU���

-� &RDO�)HHG�5HVWDUWHG²6HSWHPEHU���DW���������$�VSKHUL�YDOYH�VHDO�IDLOHG�LQ�WKH�OLPHVWRQH
IHHG�V\VWHP��)'������DW�������DQG�FDXVHG�WKH�FRDO�IHHG�V\VWHP��)'������DQG�)'����
WR�WULS�



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
+PURGEVKQP�4GRQTV�HQT�6GUV�4WP6%��#� �1DUGTXCVKQPU�'XGPVU� 6TCPURQTV�4GCEVQT�6TCKP

��������

.�� &RDO�)HHG�5HVWDUWHG²6HSWHPEHU���DW���������$IWHU�WKH�FRDO�IHHG�ZDV�UHVWDUWHG�WKH
)'�����RXWOHW�EHFDPH�SOXJJHG�DJDLQ�ZLWK�EURNHQ�&RRUV�3���$�ILOWHU�HOHPHQW�SLHFHV�
7KH�GHFLVLRQ�ZDV�PDGH�WR�VKXWGRZQ�EHFDXVH�RI�WKH�)'�����RXWOHW�SOXJJLQJ�SUREOHPV�

/� 7&��$�(QGHG²6HSWHPEHU���DW�������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP6%��#� �4WP�1WVEQOG

��������

��������4WP�1WVEQOG

7&��$�HQGHG�EHFDXVH�RI�UHSHDWHG�SOXJJLQJ�SUREOHPV�RQ�WKH�RXWOHW�RI�)'�������7KUHH�&RRUV
3���$�ILOWHU�HOHPHQWV�IDLOHG�GXULQJ�WKH�WUDQVLWLRQ�IURP�WKH�VWDUW�XS�EXUQHU�WR�FRDO���7KH�ILOWHU
HOHPHQWV�WKDW�IDLOHG�GXULQJ�RSHUDWLRQ�IDLOHG�GXULQJ�WKH�ILUVW����PLQXWHV�RI�FRDO�IHHG���'HVSLWH�WKH
EUHDNDJH�WKH�FRDO�IHHG�FRQWLQXHG�IRU�D�WRWDO�RI�����KRXUV�EHIRUH�UHSHDWHG�SOXJJLQJ�RI�WKH
)'�����IRUFHG�WKH�UXQ�WR�EH�WHUPLQDWHG�

)LJXUH����������VKRZV�WKH�SURFHVV�JDV�WHPSHUDWXUHV�ZKHQ�WKH�WKUHH�&RRUV�3���$�ILOWHU�HOHPHQWV
IDLOHG���7KUHH�WHPSHUDWXUH�ULVHV�LQ�WKH�ERWWRP�SOHQXP�WKHUPRFRXSOH��7,������DUH�YLVLEOH�LQ�WKLV
ILJXUH�WKDW�DUH�EHOLHYHG�WR�UHSUHVHQW�ZKHQ�D�&RRUV�3���$�ILOWHU�HOHPHQW�IDLOHG�

'XULQJ�WKH�WUDQVLWLRQ�WR�FRDO�WKH�SURFHVV�JDV�WHPSHUDWXUH�HQWHULQJ�WKH�3&'��7,�����URVH�DW
DSSUR[LPDWHO\�����)������&��SHU�KRXU���7KLV�ULVH�LQ�WKH�LQOHW�WHPSHUDWXUH�SODFHG�D�WKHUPDO
JUDGLHQW�DFURVV�WKH�ILOWHU�HOHPHQW�ZDOOV�



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
+PURGEVKQP�4GRQTV�HQT�6GUV�4WP6%��#� �4WP�1WVEQOG� 6TCPURQTV�4GCEVQT�6TCKP

��������

6CDNG���������

6%��#�4WP�5VCVKUVKEU

5VCTV�6KOG� �������������
'PF�6KOG� ������������

%QCN�6[RG� %CNWOGV�#NCDCOC�$KVWOKPQWU
*QWTU�1P�%QCN� ���
5QTDGPV�6[RG� 2NWO�4WP�&QNQOKVG

0WODGT�QH�(KNVGT�'NGOGPVU� ���
VJTGG�DTQMG�FWTKPI�QRGTCVKQPU�
(KNVGT�'NGOGPV�.C[QWV� ��
(KIWTG����������
(KNVTCVKQP�#TGC� ����HV��
�����O��

2WNUG�8CNXG�1RGP�6KOG� ����UGEQPFU
2WNUG�6KOG�6TKIIGT� ���OKPWVGU
2WNUG�2TGUUWTG� ����RUKI�
�����DCT�I�
2WNUG�&2�6TKIIGT� ����KP9)�
����ODCT�

6CDNG���������

6%��#�/CLQT�'XGPVU

'XGPV &GUETKRVKQP &CVG�CV�6KOG
# 6GUV�5VCTVGF� �/CKP�#KT�%QORTGUUQT�
/#%��5VCTVGF �����CV������
$ 2TGNKOKPCT[�$CEM�2WNUG�5[UVGO�6GUV�5VCTVGF �����CV������
% /#%�5VCTVGF� ����*QWT�#KT�%WTG�1WV�+PKVKCVGF �����CV������
& /#%�CPF�2%&�2TGJGCV�5VCTVGF �����CV������
' 2%&�2TGJGCV�%QORNGVGF �����CV������
( 6TCPURQTV�4GCEVQT�5JWVFQYP�HQT�4GRCKTU �����CV������
) $CEM�2WNUG�5[UVGO�5JWVFQYP �����CV������
* 4GRCKTU�%QORNGVGF��1RGTCVKQPU�4GUWOGF �����CV������
+ (KTUV�%QCN�(GGF�HQT�6%��# �����CV������
, %QCN�(GGF�4GUVCTVGF ����CV������
- %QCN�(GGF�4GUVCTVGF ����CV������
. 6%��#�'PFGF ����CV������
� 2NCPV�+PHQTOCVKQP�
2+��5JWVFQYP �����CV������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP6%��#� �4WP�1WVEQOG

��������

6+����� 2%&�+PNGV
6+����� $QVVQO�2NGPWO
6+����� 6QR�2NGPWO
6+���� 2%&�1WVNGV

(KIWTG�����������6JGTOCN�'XGPV�QP�#WIWUV����6JTQWIJ�5GRVGODGT��

PCD GAS
FL0301 PLENUM 1
FL0301 PLENUM 2
PCD GAS OTLT

23:3 23:4 23:4 23:5 23:5 0:0 0:0 0:1 0:1 0:2 0:2

TI45

degF
TI30

DEGF
TI30

DEGF
TI43

degF

500

600

700

800

900

1000

1100

400

1200
994.566

901.645

915.331

840.024

TI45

degF
TI30

DEGF
TI30

DEGF
TI43

degF



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
+PURGEVKQP�4GRQTV�HQT�6GUV�4WP6%��#� �4WP�1WVEQOG� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������(KNVGT�'NGOGPV�.C[QWV�HQT�6%��#�
.C[QWV�0Q����

25&(>����>����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP�6%��#� �2%&�+PURGEVKQP

��������

������+052'%6+10�4'2146�(14�6'56�470�6%��#

��������2%&�+PURGEVKQP

,QVSHFWLRQ�RI�WKH�3&'�EHJDQ�RQ�6HSWHPEHU���ZLWK�WKH�ERWWRP�SOHQXP�WKURXJK�WKH�ORZHU�PDQ�
ZD\�GRRU�XVLQJ�D�PLUURU�DWWDFKHG�WR�D�SROH���7KLV�PHWKRG�ZDV�XVHG�GXH�WR�FRQFHUQ�DERXW�IDOOLQJ
ILOWHU�HOHPHQW�SLHFHV�DV�H[SHULHQFHG�LQ�WKH�&&7�&�LQVSHFWLRQ���$SSUR[LPDWHO\����OE������NJ��RI
DOXPLQD�PXOOLWH��EXW�QR�VLOLFRQ�FDUELGH��PDWHULDO�KDG�EHHQ�UHPRYHG�IURP�WKH�DVK�UHPRYDO�V\VWHP
VR�LW�ZDV�VXVSHFWHG�WKDW�WZR�RU�PRUH�&RRUV�3����$�HOHPHQWV�KDG�EURNHQ���7KLV�ZDV�FRQILUPHG�DV
VWDWHG�ZLWK�WKH�PLUURU��UHYHDOLQJ�WKDW�WKH�&RRUV�3����$�HOHPHQWV�LQ�WXEHVKHHW�ORFDWLRQV�%����%���
DQG�%���ZHUH�EURNHQ�



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP�6%��#� �%NWUVGT�+PURGEVKQP

��������

��������%NWUVGT�+PURGEVKQP

5HPRYDO�DQG�LQVSHFWLRQ�RI�WKH�FOXVWHU�RFFXUUHG�6HSWHPEHU���DQG�����7KH�WKUHH�&RRUV�3����$
ILOWHU�HOHPHQWV�WKDW�KDG�EHHQ�REVHUYHG�WKURXJK�WKH�PDQ�ZD\�WR�EH�EURNHQ�ZHUH�IRXQG�EURNHQ�
$V�VKRZQ�LQ�ILJXUH����������WKH�IUDFWXUHV�RFFXUUHG�LQ�WKH�XSSHU�WKLUG�RI�HDFK�ILOWHU�HOHPHQW���7KH
EUHDNV�ZHUH�DOO�´9µ�VKDSHG��VHH�ILJXUH������������WZR�RQ�HDFK�HOHPHQW�����DSDUW��WKH�SRLQW�RI
HDFK�´9µ�ZDV�WR�WKH�VLGH�RI�WKH�FHQWHUOLQH�RI�HDFK�HOHPHQW��VHH�ILJXUH�������������7ZR�RI�WKH
HOHPHQWV�KDG�´9
Vµ�RULHQWHG�LQ�RQH�GLUHFWLRQ�ZKLOH�WKH�WKLUG�ZDV�����LQ�WKH�RWKHU�GLUHFWLRQ���,Q
DGGLWLRQ��WKHUH�ZDV�D�OLS�RQ�RQH�VLGH�RI�WKH�RXWVLGH�GLDPHWHU��2'��RI�WZR�RI�WKH�HOHPHQWV�DW�WKH
IUDFWXUH�OLQH��ZKLFK�WHQGV�WR�LQGLFDWH�WKDW�WKH�HOHPHQW�FUDFNHG�RQ�RQH�VLGH�DQG�WKHQ�EURNH�RII�DW
WKH�FUDFN�GXH�WR�LWV�LQDELOLW\�WR�VXSSRUW�WKH�ZHLJKW�EHORZ�WKH�IUDFWXUH�OLQH���2Q�VRPH�RI�WKH
EURNHQ�SLHFHV�WKHUH�ZHUH�FUDFNV�UDQGRPO\�WKURXJKRXW�WKH�PDWHULDO��RQO\�VRPH�RI�ZKLFK
FRPSOHWHO\�SHQHWUDWHG�IURP�WKH�LQVLGH�GLDPHWHU��,'��WR�WKH�2'�RI�WKH�HOHPHQW���6RPH�RI�WKH
FUDFNV�LQ�WKH�FHUDPLF�KDG�SURSDJDWHG�LQWR�DQG�ZHUH�YLVLEOH�LQ�WKH�GXVW�FDNH�

7KH�UHPDLQLQJ�&RRUV�3����$�ILOWHU�HOHPHQWV�ZHUH�FKHFNHG�E\�VOLJKWO\�SXOOLQJ�RQ�WKH�ERWWRP�RI
HDFK�HOHPHQW���:KHQ�HOHPHQW�%��ZDV�SXOOHG�LW�EURNH�RII�ZLWK�SUDFWLFDOO\�QR�IRUFH�DSSOLHG�
$ERXW�����RI�WKH�FLUFXPIHUHQFH�RI�WKH�IUDFWXUH�VXUIDFH�ZDV�FRYHUHG�ZLWK�DVK��ZKHUHDV�WKH�UHVW�RI
WKH�VXUIDFH�ZDV�FOHDQ���7KLV�LQGLFDWHV�WKDW�WKH�FUDFN�IRUPHG�GXULQJ�RSHUDWLRQ�DQG�DVK�ZDV�DEOH�WR
SHQHWUDWH�WKH�FUDFN���7KLV�SHQHWUDWLRQ�FRXOG�KDYH�XOWLPDWHO\�ZLGHQHG�WKH�FUDFN�DQG�FDXVHG
FRPSOHWH�IDLOXUH�RI�WKH�HOHPHQW�KDG�WKH�UXQ�FRQWLQXHG�

*HQHUDOO\��WKHUH�ZDV�YHU\�OLWWOH�GXVW�FDNH�RQ�WKH�HOHPHQWV��WKH�LQWHUQDOV��RU�WKH�LQVLGH�RI�WKH�3&'
YHVVHO�DQG�QR�HYLGHQFH�RI�DVK�EULGJLQJ���,Q�DGGLWLRQ��QRQH�RI�WKH�VLOLFRQ�FDUELGH�HOHPHQWV
DSSHDUHG�GDPDJHG���'LUW\�VLGH�VDPSOH�SRVWV�WKDW�KDG�EHHQ�LQVWDOOHG�VKRZHG�YHU\�OLWWOH�DVK
DFFXPXODWLRQ�



2CTVKENG�(KNVGT�5[UVGO 6GEJPKECN�2TQITGUU�4GRQTV
+PURGEVKQP�4GRQTV�HQT�6GUV�4WP�6%��#� �%NWUVGT�+PURGEVKQP 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������6%��#�+PURGEVKQP� �(CKNGF�'NGOGPVU

(VIEWED FROM TOP)
BOTTOM PLENUM

B1

B19

B37

B49

B55

T1

T19

FAILED DURING OPERATION

FAILED DURING REMOVAL

PALL 442T

PALL 326

COORS P-100A

SCHUMACHER F40

SCHUMACHER TF20

3M TYPE 203

BLANK

SCHUMACHER T10-20

TOP PLENUM
(VIEWED FROM TOP)

NORTH



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP�6%��#� �%NWUVGT�+PURGEVKQP

��������

(KIWTG�����������.C[QWV�5VCTVKPI�6%��$

TOP PLENUM
(VIEWED FROM TOP)

(VIEWED FROM TOP)
BOTTOM PLENUM

PALL 442T

PALL 326

COORS P-100A

SCHUMACHER F40

SCHUMACHER TF20

3M TYPE 203

BLANK

NORTH

SCHUMACHER T10-20

B1

B19

B37

B49

B55

T1

T19

NEW ELEMENTS

MOVED FROM TOP PLENUM



2CTVKENG�(KNVGT�5[UVGO 6GEJPKECN�2TQITGUU�4GRQTV
+PURGEVKQP�4GRQTV�HQT�6GUV�4WP�6%��#� �%NWUVGT�+PURGEVKQP 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������6%��#�+PURGEVKQP� �(TCEVWTG�2QKPVU

(KIWTG�����������6%��#�+PURGEVKQP� �(TCEVWTG�5WTHCEGU



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP�6%��#� �%NWUVGT�+PURGEVKQP

��������

(KIWTG�����������6%��#�+PURGEVKQP� �4GOPCPVU�QH�'NGOGPV�$��



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP +PURGEVKQP�4GRQTV�HQT�6GUV�4WP�6%��#� �(KNVGT�'NGOGPV�.C[QWV���

��������

����������(KNVGT�'NGOGPV�.C[QWV���

2I�WKH�HLJKW�&RRUV�3����$�HOHPHQWV��WZR�LQ�WKH�WRS�SOHQXP�DQG�VL[�LQ�WKH�ERWWRP�SOHQXP��WKDW
KDG�EHHQ�LQVWDOOHG�LQ�WKH�FOXVWHU�VLQFH�$SULO�������DOO�VL[�LQ�WKH�ERWWRP�SOHQXP�ZHUH�UHPRYHG�
7KH�LQWDFW�HOHPHQW�IURP�ORFDWLRQ�%���ZDV�JLYHQ�WR�65,�IRU�VWUHQJWK�WHVWLQJ�DQG�WKH�LQWDFW
HOHPHQW�IURP�%��LV�EHLQJ�KHOG�RQ�VLWH�IRU�SRVVLEOH�IXUWKHU�VWUHQJWK�WHVWLQJ���7KH�WZR�&RRUV�3�
���$�HOHPHQWV�IURP�WKH�WRS�SOHQXP��ORFDWLRQV�7���DQG�7����ZHUH�PRYHG�WR�ORFDWLRQV�%��DQG
%���RI�WKH�ERWWRP�SOHQXP�IRU�7&��%���6L[�6FKXPDFKHU�7������HOHPHQWV�ZHUH�WKHQ�LQVWDOOHG�LQ
ORFDWLRQV�7����7����%���%����%����DQG�%�����7KHVH�ZHUH�WKH�RQO\�FKDQJHV�PDGH�IURP�OD\RXW���WR
OD\RXW���

25&(>����>����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��$� �4WP�5WOOCT[

��������

������2%&�12'4#6+10�&74+0)�6'56�470�6%��$

��������4WP�5WOOCT[

7KH���GD\�RXWDJH�DIWHU�7&��$�HQGHG�RQ�6HSWHPEHU�����'XULQJ�WKH�RXWDJH�WKH�SOHQXP�RI�WKH
3&'�ZDV�SXOOHG�RXW�IRU�LQVSHFWLRQ�DQG�ILOWHU�HOHPHQW�UHSODFHPHQW���7KH�EURNHQ�&RRUV�3���$
ILOWHU�HOHPHQWV�ZHUH�UHSODFHG���'XH�WR�WKH�FRQFHUQV�DERXW�WKH�WHPSHUDWXUH�UDPS�UDWH�LQ�WKH�3&'
DQRWKHU�QLWURJHQ�VRXUFH�ZDV�PDGH�DYDLODEOH�WR�PRGHUDWH�WKH�WHPSHUDWXUH�UDPS�UDWH�EHORZ
����)�KU�������&�KU��GXULQJ�WKH�LQLWLDO�FRDO�IHHGLQJ�

7HVW�UXQ�7&��%�EHJDQ�RQ�6HSWHPEHU����������DW�������DQG�HQGHG�RQ�6HSWHPEHU�����������DW
��������7KH�UXQ�ZDV�WHUPLQDWHG�EHFDXVH�RI�D�VWHDP�OHDN�RQ�WKH�GLIIHUHQWLDO�SUHVVXUH�JDXJH�RQ�WKH
FRPEXVWRU�KHDW�H[FKDQJHU��+;��������7ZR�&RRUV�3���$�ILOWHU�HOHPHQWV�ZHUH�EURNHQ�GXULQJ
WKLV�UXQ�RI�WKH�3&'���2QH�ZDV�EURNHQ�GXULQJ�WKH�VWDUW�XS�DQG�WKH�RWKHU�GXULQJ�WKH�VWDEOH
RSHUDWLRQ�DERXW���KRXUV�DIWHU�WKH�EDFN�SXOVH�SUHVVXUH�VHQVLWLYLW\�WHVW���7KH�VWDEOH�RSHUDWLQJ
WHPSHUDWXUH�RI�WKH�3&'�ZDV�DERYH�������)��������&����7KH�VWDEOH�RSHUDWLQJ�SUHVVXUH�ZDV
�������SVLJ������±����EDU�J����7KH�IDFH�YHORFLW\�ZDV�DERXW���IW�PLQ�������P�KU����,Q�JHQHUDO��WKH
ILOWHU�GLIIHUHQWLDO�SUHVVXUH�� 3��LQFUHDVHG�GXULQJ�WKH�UXQ���7KH�EDVHOLQH�YDOXH�RI�WKH� 3�ZDV�DERXW
���LQ:*�����PEDU�J��LQ�WKH�ILUVW�VWDEOH�RSHUDWLQJ�SHULRG�DQG�DERXW����WR����LQ:*������WR����
PEDU�J��LQ�WKH�ODWHU�VWDEOH�RSHUDWLQJ�SHULRGV���2WKHU�RSHUDWLQJ�FRQGLWLRQV�DUH�OLVWHG�LQ�WDEOH
�����������7KH�RSHUDWLQJ�GDWD�DUH�VKRZQ�LQ�ILJXUHV����������WR����



2CTVKENG�(KNVGT�5[UVGO 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��$� �4WP�5WOOCT[ 6TCPURQTV�4GCEVQT�6TCKP

��������

6CDNG���������

6%��$�4WP�5VCVKUVKEU

5VCTV�6KOG �������CV������
'PF�6KOG ��������CV������

%QCN�6[RG %CNWOGV�#NCDCOC�$KVWOKPQWU
*QWTU�QP�%QCN ���
5QTDGPV�6[RG 2NWO�4WP�&QNQOKVG

0WODGT�QH�(KNVGT�'NGOGPVU ���
6YQ�DTQMGP�FWTKPI�VJG�TWP�
(KNVGT�'NGOGPV�.C[QWV�0Q� ��
5GG�(KIWTG�����������
(KNVTCVKQP�#TGC +PKVKCN��������HV��
�����O��

#HVGT���������������HV��
�����O��
#HVGT����������������HV��
�����O��

$CEM�2WNUG�8CNXG�1RGP�6KOG ����VQ�����UGEQPFU
$CEM�2WNUG�6KOG�6TKIIGT ���VQ����OKPWVGU
$CEM�2WNUG�2TGUUWTG ��������RUKI�
����������DCT�I��KP�PQTOCN�QRGTCVKQP
$CEM�2WNUG�&2�6TKIIGT ��������KP9)�
��������ODCT�I�



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
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LQ:*����������PEDU�J��LQ�WKH�VWDEOH�RSHUDWLRQV���2WKHU�RSHUDWLQJ�FRQGLWLRQV�DUH�OLVWHG�LQ�WDEOH
�����������7KH�RSHUDWLQJ�GDWD�DUH�VKRZQ�LQ�ILJXUHV����������WKURXJK����



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��&� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

6CDNG���������

6%��&�4WP�5VCVKUVKEU

5VCTV�6KOG ��������CV������
'PF�6KOG ��������CV������

%QCN�6[RG %CNWOGV�#NCDCOC�$KVWOKPQWU
*QWTU�QP�%QCN ����
5QTDGPV�6[RG 2NWO�4WP�&QNQOKVG

0WODGT�QH�(KNVGT�'NGOGPVU ��
(KNVGT�'NGOGPV�.C[QWV�0Q� ��
UGG�(KIWTG����������
(KNVTCVKQP�#TGC ������HV��
�����O��

$CEM�2WNUG�8CNXG�1RGP�6KOG ����UGEQPFU
$CEM�2WNUG�6KOG�6TKIIGT ���OKPWVGU
$CEM�2WNUG�2TGUUWTG ����VQ�����RUKI�
����������DCT�I��KP�PQTOCN

QRGTCVKQP
$CEM�2WNUG�&2�6TKIIGT ����KP9)�
����ODCT�I�

6CDNG���������

6%��&�/CLQT�'XGPVU�
4GHGT�VQ�(KIWTGU����������VJTQWIJ� ��

'XGPV &GUETKRVKQP 6KOG
# 6GUV�UVCTVGF� �OCKP�CKT�EQORTGUUQT�
/#%��UVCTVGF ��������CV������
$ 5VCTV�WR�DWTPGT�NKV ��������CV������
% $CEM�RWNUG�XCNXG�VGUVKPI�UVCTVGF ��������CV������
& %QCN�HGGF�UVCTVGF ��������CV������
' $CEM�RWNUG�XCNXG�VGUVKPI�UVCTVGF ��������CV������
( 5RJGTK�XCNXG�QP�EQCN�HGGFGT�HCKNGF ��������CV������
) %QCN�HGGF�UVCTVGF ��������CV������
* %QCN�HGGFGT�HCKNGF ��������CV������
+ %QCN�HGGF�UVCTVGF ��������CV������
, %QCN�HGGFGT�HCKNGF ��������CV������
- 5VCTV�WR�DWTPGT�NKV ��������CV������
. %QCN�HGGF�UVCTVGF ��������CV������
/ %QCN�HGGFGT�VTKRRGF ��������CV������
0 %QCN�HGGFGT�UVQRRGF ��������CV������
1 5RGPV�HKPGU�VTCPURQTV�U[UVGO�VTKRRGF ��������CV������
2 6GUV�UVQRRGF� �/#%�UVQRRGF ��������CV������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��&� �4WP�5WOOCT[

��������

(KIWTG�����������6%��&�6GORGTCVWTG�CPF�2TGUUWTG�HQT�5GRVGODGT����6JTQWIJ�1EVQDGT��

1600

1400

1200

1000

800

600

400

200

0

T
em

pe
ra

tu
re

, F

800

700

600

500

400

300

200

100

0

T
em

perature, C

PCD

Reactor

300

250

200

150

100

50

0

PC
D

 P
re

ss
ur

e,
 P

SI
G

20

18

16

14

12

10

8

6

4

2

0

PC
D

 Pressure, bar,g

9/29/97 9/30/97 10/1/97 10/2/97 10/3/97 10/4/97 10/5/97 10/6/97

A

B

D

F

G

H

I

J

K

L

M

N

O

P



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��&� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������6%��&�$CEM�2WNUG�2TGUUWTG�CPF�(CEG�8GNQEKV[�HQT�5GRVGODGT����6JTQWIJ�1EVQDGT��

1000

900

800

700

600

500

400

300

200

100

0

Pu
ls

e 
Pr

es
su

re
, P

SI
G

65

60

55

50

45

40

35

30

25

20

15

10

5

0

Pulse Pressure, bar,g

10

9

8

7

6

5

4

3

2

1

0

Fa
ce

 V
el

oc
it

y,
 F

t/m
in

180

160

140

120

100

80

60

40

20

0

Face V
elocity, m

/hr

9/29/97 9/30/97 10/1/97 10/2/97 10/3/97 10/4/97 10/5/97 10/6/97

C

E



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��&� �4WP�5WOOCT[

��������

(KIWTG�����������6%��&�2TGUUWTG�&TQR�CPF�2GTOGCPEG�HQT�5GRVGODGT����6JTQWIJ�1EVQDGT��

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

160

140

120

100

80

60

40

20

0

PC
D

 P
re

ss
ur

e 
D

ro
p,

 I
N

W
G

350

300

250

200

150

100

50

0

PC
D

 Pressure D
rop, m

bar,g

1.0

0.9

0.8

Pe
rm

ea
nc

e,
 F

t/
(m

in
*I

N
W

G
)

7

6

5

4

3

2

1

0

Perm
eance, m

/(hr*m
bar)

9/29/97 9/30/97 10/1/97 10/2/97 10/3/97 10/4/97 10/5/97 10/6/97



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��&� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG������������(KNVGT�'NGOGPV�.C[QWV�HQT�6%��&�
.C[QWV�0Q����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��&� �6GUV�1DLGEVKXG

��������

��������6GUV�1DLGEVKXGU

7KLV�WHVW�UXQ�ZDV�D�FRQWLQXDWLRQ�RI�WKH�������KRXU�WHVW�FDPSDLJQ�7&�����7KH�PDLQ�REMHFWLYH�IRU
WKH�3&'�ZDV�WR�REWDLQ�������KRXUV�H[SRVXUH�WLPH�IRU�WKH�ILOWHU�HOHPHQWV�DW�WHPSHUDWXUHV�DERYH
������)��������&��



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��&� �1DUGTXCVKQPU�'XGPVU

��������

��������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG²0DLQ�$LU�&RPSUHVVRU��0$&��6WDUWHG�²�6HSWHPEHU����DW�������

%� 6WDUW�8S�%XUQHU�/LW²6HSWHPEHU����DW�������

&� %DFN�3XOVH�9DOYH�7HVWLQJ�6WDUWHG²6HSWHPEHU����DW���������%DFN�SXOVH�YDOYH�WHVWLQJ�ZDV
SHUIRUPHG�RQ�69����%�IURP�������WR���������7KH�EDFN�SXOVH�SUHVVXUH�ZDV�YDULHG
IURP�����WR�����SVLJ�������WR������EDU�J����7KH�YDOYH�RSHQ�WLPH�ZDV�����VHFRQGV�DQG
WKH�SLORW�SUHVVXUH�ZDV�YDULHG�DW�����������DQG�����SVLJ��������������DQG������EDU�J��

'� &RDO�)HHG�6WDUWHG²6HSWHPEHU����DW�������

(� %DFN�3XOVH�9DOYH�7HVWLQJ�6WDUWHG²2FWREHU���DW���������7ZR�EDFN�SXOVH�YDOYH�WHVWV
ZHUH�SHUIRUPHG�RQ�69����%�IURP�������WR���������7KH�EDFN�SXOVH�SUHVVXUH�ZDV�YDULHG
IURP�����WR�����SVLJ�������WR������EDU�J����7KH�YDOYH�RSHQ�WLPHV�ZHUH�����DQG����
VHFRQGV��UHVSHFWLYHO\��DQG�WKH�SLORW�SUHVVXUH�ZDV�YDULHG�DW�����������DQG�����SVLJ�������
������DQG������EDU�J��LQ�HDFK�WHVW�

)� 6SKHUL�9DOYH�RQ�&RDO�)HHGHU�)DLOHG²2FWREHU���DW�������

*� &RDO�)HHG�6WDUWHG²2FWREHU���DW�������

+� &RDO�)HHGHU�)DLOHG²2FWREHU���DW�������

,� &RDO�)HHG�6WDUWHG²2FWREHU���DW�������

-� &RDO�)HHGHU�)DLOHG²2FWREHU���DW�������

.� 6WDUW�8S�%XUQHU�/LW²2FWREHU���DW�������

/� &RDO�)HHG�6WDUWHG²2FWREHU���DW�������

0� &RDO�)HHGHU�7ULSSHG²2FWREHU���DW�������

1� &RDO�)HHGHU�6WRSSHG²2FWREHU���DW�������

2� 6SHQW�)LQHV�7UDQVSRUW�6\VWHP�7ULSSHG²2FWREHU���DW���������7KH�ERWWRP�VSKHUL�YDOYH
VHDO�ZDV�EORZQ�RXW�

3� 7HVW�6WRSSHG���0$&�6WRSSHG²2FWREHU���DW�������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��&� �4WP�1WVEQOG

��������

��������4WP�1WVEQOG

7KH�RQ�FRDO�WLPH�ZDV������KRXUV�DQG�WKH�DFFXPXODWLYH�WLPH�IRU�WKH�3&'�WHPSHUDWXUH�DERYH
������)��������&��ZDV�����KRXUV����PLQXWHV�IURP�WKH�EHJLQQLQJ�RI�7&�����7KH�3&'�DQG�VSHQW
ILQHV�WUDQVSRUW�V\VWHP�ZRUNHG�ILQH�H[FHSW�WKDW�WKH�ERWWRP�VSKHUL�YDOYH�VHDO�IDLOHG�DW�WKH�HQG�RI
WKH�UXQ���7KH�PHFKDQLFDO�FRQWDFW�VZLWFK�RQ�WKH�VKXWWOH�YDOYHV�RI�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP
SUHVHQWHG�D�SUREOHP�WKDW�FDXVHG�LPSURSHU�VSKHUL�YDOYH�RSHUDWLRQ�

25&(>����>����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[

��������

���� 2%&�12'4#6+10�&74+0)�6'56�470�6%��'

��������4WP�5WOOCT[

7KH�ERWWRP�VSKHUL�YDOYH�RQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'������ZDV�WHVWHG�EHIRUH
VWDUWLQJ�WKLV�UXQ�WR�FRUUHFW�PHFKDQLFDO�SUREOHPV�ZLWK�WKH�YDOYH�FORVLQJ���7KH�FRQWDFW�VZLWFK�ZDV
DGMXVWHG�DQG�WKH�VKXWWOH�YDOYHV�DQG�YDOYH�VHDOV�ZHUH�DOVR�UHSODFHG�

7KH�7&��(�UXQ�VWDUWHG�RQ�2FWREHU����������DW�������DQG�HQGHG�RQ�2FWREHU�����������DW�������
7KH�UXQ�ZDV�WHUPLQDWHG�EHFDXVH�WKH�VSKHUL�YDOYH�RQ�)'�����IDLOHG���7KH�3&'�SHUIRUPHG�ZHOO
GXULQJ�WKLV�UXQ���7KHUH�ZDV�QR�HYLGHQFH�RI�ILOWHU�HOHPHQW�EUHDNDJH���7KH�)'�����V\VWHP�VWLOO�KDG
SUREOHPV�ZLWK�WKH�VSKHUL�YDOYH�FORVLQJ�FDXVHG�E\�LPSURSHU�PHFKDQLFDO�FRQWDFW�RI�WKH�VKXWWOH
YDOYHV���7KUHH�EDFN�SXOVH�YDOYH�WHVWV�ZHUH�FRQGXFWHG�GXULQJ�WKH�VWDUW�XS�SHULRG�EHIRUH�IHHGLQJ
FRDO�

,Q�WKH�VWDEOH�RSHUDWLQJ�SHULRG�WKH�WHPSHUDWXUH�RI�WKH�3&'�ZDV�DERYH�������)��������&��DQG�WKH
SUHVVXUH�ZDV�����WR�����SVLJ�������WR������EDU�J����7KH�IDFH�YHORFLW\�DYHUDJHG�DERXW�����IW�PLQ
������P�KU����7KH�EDVHOLQH�YDOXH�RI�WKH�ILOWHU�GLIIHUHQWLDO�SUHVVXUH�� 3��ZDV����WR����LQ:*�����
WR�����PEDU�J����7KH�EDFN�SXOVH�SUHVVXUH�ZDV�NHSW�DW�DERXW�����SVLJ�������EDU�J��DERYH�WKH�3&'
SUHVVXUH���2WKHU�RSHUDWLQJ�FRQGLWLRQV�DUH�OLVWHG�LQ�WDEOH������������7KH�RSHUDWLQJ�GDWD�DUH�VKRZQ
LQ�ILJXUHV����������WKURXJK����



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

6CDNG���������

6%��'�4WP�5VCVKUVKEU

5VCTV�6KOG ��������CV������
'PF�6KOG ���������CV������

%QCN�6[RG %CNWOGV�#NCDCOC�$KVWOKPQWU
*QWTU�QP�%QCN ������
5QTDGPV�6[RG 2NWO�4WP�&QNQOKVG

0WODGT�QH�(KNVGT�'NGOGPVU ��
(KNVGT�'NGOGPV�.C[QWV�0Q� ��
5GG�(KIWTG����������
(KNVTCVKQP�#TGC ������HV��
�����O��

$CEM�2WNUG�8CNXG�1RGP�6KOG ����UGEQPFU
$CEM�2WNUG�6KOG�6TKIIGT ���OKPWVGU
$CEM�2WNUG�2TGUUWTG ����VQ�����RUKI�
�����VQ������DCT�I��KP�PQTOCN

QRGTCVKQP
$CEM�2WNUG�&2�6TKIIGT ����KP9)�
����ODCT�I�

6CDNG���������

6%��'�/CLQT�'XGPVU�
4GHGT�VQ�(KIWTGU����������VJTQWIJ� ��

'XGPV &GUETKRVKQP 6KOG
# 6GUV�UVCTVGF� �OCKP�CKT�EQORTGUUQT�
/#%��UVCTVGF ��������CV������
$ 5VCTV�WR�DWTPGT�NKV ��������CV������
% $CEM�RWNUG�XCNXG�VGUVKPI�UVCTVGF ��������CV������
& 6JGTOCN�QZKFK\GT�TCP�QWV�QH�RTQRCPG ��������CV������
' /#%�UVCTVGF ���������CV������
( 5VCTV�WR�DWTPGT�NKV ���������CV������
) %QCN�HGGF�UVCTVGF ���������CV������
* %QCN�HGGF�UVQRRGF ���������CV������
+ %QCN�HGGF�UVCTVGF ���������CV������
, 5RJGTK�XCNXG�QP�URGPV�HKPGU�VTCPURQTV�U[UVGO�HCKNGF ���������CV������
- 2TGUUWTG�NGVFQYP�XCNXG�HCKNGF ���������CV������
. 5RJGTK�XCNXG�QP�URGPV�HKPGU�VTCPURQTV�U[UVGO�HCKNGF ���������CV������
/ 4GCEVQT�UJWVFQYP ���������CV������
0 6GUV�UVQRRGF� �/#%�UVQRRGF ���������CV������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[

��������

(KIWTG�����������6%��'�6GORGTCVWTG�CPF�2TGUUWTG�HQT�1EVQDGT���6JTQWIJ���

1600

1400

1200

1000

800

600

400

200

0

T
em

pe
ra

tu
re

, F

800

700

600

500

400

300

200

100

0

T
em

perature, CPCD

Reactor

300

250

200

150

100

50

0

PC
D

 P
re

ss
ur

e,
 P

SI
G

20

18

16

14

12

10

8

6

4

2

0

PC
D

 Pressure, bar,g

10/8/97 10/9/97 10/10/97 10/11/97 10/12/97 10/13/97

A

B

D

E

F

G

H

I



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������6%��'�$CEM�2WNUG�2TGUUWTG�CPF�(CEG�8GNQEKV[�HQT�1EVQDGT���6JTQWIJ���

10/9/97

1000

900

800

700

600

500

400

300

200

100

0

Pu
ls

e 
Pr

es
su

re
, P

SI
G

65

60

55

50

45

40

35

30

25

20

15

10

5

0

Pulse Pressure, bar,g

10

9

8

7

6

5

4

3

2

1

0

Fa
ce

 V
el

oc
ity

, F
t/m

in

180

160

140

120

100

80

60

40

20

0

Face V
elocity, m

/hr

10/8/97 10/10/97 10/11/97 10/12/97 10/13/97

C



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[

��������

(KIWTG�����������6%��'�2TGUUWTG�&TQR�CPF�2GTOGCPEG�HQT�1EVQDGT���6JTQWIJ���

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

160

140

120

100

80

60

40

20

0

PC
D

 P
re

ss
ur

e 
D

ro
p,

 I
N

W
G

350

300

250

200

150

100

50

0

PC
D

 Pressure D
rop, m

bar,g

1.0

0.9

0.8

Pe
rm

ea
nc

e,
 F

t/
(m

in
*I

N
W

G
)

7

6

5

4

3

2

1

0

P
erm

eance, m
/(hr*m

bar)

10/8/97 10/9/97 10/10/97 10/11/97 10/12/97 10/13/97



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������6%��'�6GORGTCVWTG�CPF�2TGUUWTG�HQT�1EVQDGT����6JTQWIJ���

1600

1400

1200

1000

800

600

400

200

0

T
em

pe
ra

tu
re

, F

800

700

600

500

400

300

200

100

0

T
em

perature, C

PCD

Reactor

300

250

200

150

100

50

0

PC
D

 P
re

ss
ur

e,
 P

SI
G

20

18

16

14

12

10

8

6

4

2

0

PC
D

 Pressure, bar,g

10/13/97 10/14/97 10/15/97 10/16/97 10/17/97

J K

L

M

N



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[

��������

(KIWTG�����������6%��'�2WNUG�2TGUUWTG�CPF�(CEG�8GNQEKV[�HQT�1EVQDGT����6JTQWIJ���

1000

900

800

700

600

500

400

300

200

100

0

Pu
ls

e 
Pr

es
su

re
, P

SI
G

65

60

55

50

45

40

35

30

25

20

15

10

5

0

Pulse Pressure, bar,g

10

9

8

7

6

5

4

3

2

1

0

Fa
ce

 V
el

oc
ity

, F
t/m

in

180

160

140

120

100

80

60

40

20

0

Face V
elocity, m

/hr

10/13/97 10/14/97 10/15/97 10/16/97 10/17/97



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������6%��'�2TGUUWTG�&TQR�CPF�2GTOGCPEG�HQT�1EVQDGT����6JTQWIJ���

160

140

120

100

80

60

40

20

0

PC
D

 P
re

ss
ur

e 
D

ro
p,

 I
N

W
G

350

300

250

200

150

100

50

0

PC
D

 Pressure D
rop, m

bar,g

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Pe
rm

ea
nc

e,
 F

t/
(m

in
*I

N
W

G
)

7

6

5

4

3

2

1

0

P
erm

eance, m
/(hr*m

bar)

10/13/97 10/14/97 10/15/97 10/16/97 10/17/97



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�5WOOCT[

��������

(KIWTG����������(KNVGT�'NGOGPV�.C[QWV�HQT�6%��'�
.C[QWV�0Q����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �6GUV�1DLGEVKXG

��������

��������6GUV�1DLGEVKXGU

7KLV�WHVW�UXQ�ZDV�D�FRQWLQXDWLRQ�RI�WKH�������KRXU�WHVW�FDPSDLJQ�7&�����7KH�PDLQ�REMHFWLYH�IRU
WKH�3&'�ZDV�WR�REWDLQ�������KRXUV�H[SRVXUH�WLPH�IRU�WKH�ILOWHU�HOHPHQWV�DW�WHPSHUDWXUHV�DERYH
������)��������&��



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �1DUGTXCVKQPU�'XGPVU

��������

��������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG²0DLQ�$LU�&RPSUHVVRU��0$&��6WDUWHG�²�2FWREHU���DW�������

%� 6WDUW�8S�%XUQHU�/LW²2FWREHU���DW�������

&� %DFN�3XOVH�9DOYH�7HVWLQJ�6WDUWHG²2FWREHU���DW���������%DFN�SXOVH�YDOYH�WHVWLQJ�ZDV
SHUIRUPHG�RQ�69����%�IURP�������WR���������7KH�EDFN�SXOVH�SUHVVXUH�ZDV�YDULHG
IURP�����WR�����SVLJ�������WR������EDU�J����7KH�YDOYH�RSHQ�WLPH�ZDV�����VHFRQGV�DQG
WKH�SLORW�SUHVVXUH�ZDV�YDULHG�DW�WKH���OHYHOV�RI�����������DQG�����SVLJ��������������DQG
�����EDU�J��

'� 7KHUPDO�2[LGL]HU�5DQ�2XW�RI�3URSDQH²2FWREHU���DW�������

(� 0$&�6WDUWHG²2FWREHU����DW�������

)� 6WDUW−8S�%XUQHU�/LW−2FWREHU����DW�������

*� &RDO�)HHG�6WDUWHG−2FWREHU����DW�������

+� &RDO�)HHG�6WRSSHG−2FWREHU����DW�������

,� &RDO�)HHG�6WDUWHG−2FWREHU����DW�������

-� 6SKHUL�9DOYH�RQ�6SHQW�)LQHV�7UDQVSRUW�6\VWHP�)DLOHG−2FWREHU����DW���������7KH
ERWWRP�VSKHUL�YDOYH�RQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'������GLG�QRW�IXQFWLRQ
SURSHUO\���7KHUH�ZDV�D�PHFKDQLFDO�SUREOHP�ZLWK�WKH�YDOYH�FORVLQJ���7KLV�SUREOHP
FRQWLQXHG�WKURXJKRXW�WKH�GD\�

.� 3UHVVXUH�/HWGRZQ�9DOYH�)DLOHG−2FWREHU����DW���������7KH�SUHVVXUH�OHWGRZQ�YDOYH
�39�����ZDV�YLEUDWLQJ���:KLOH�WKH�SUHVVXUH�DQG�RSHUDWLQJ�FRQGLWLRQV�ZHUH�FKDQJHG�WR
HOLPLQDWH�WKH�YDOYH�YLEUDWLRQ��DERXW�����SRXQGV������NJ��VROLGV�ZHUH�FDUULHG�RYHU�WR
WKH�3&'�

/� 6SKHUL�9DOYH�RQ�6SHQW�)LQHV�7UDQVSRUW�6\VWHP�)DLOHG−2FWREHU����DW���������7KH�VHDO
RQ�WKH�ERWWRP�VSKHUL�YDOYH�RI�)'�����KDG�EHHQ�UXSWXUHG�

0� 5HDFWRU�6KXWGRZQ−2FWREHU����DW�������

1� 7HVW�6WRSSHG²0$&�6WRSSHG−2FWREHU����DW�������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��'� �4WP�1WVEQOG

��������

��������4WP�1WVEQOG

7KLV�UXQ�KDG�DQ�RQ�FRDO�WLPH�RI�������KRXUV���7KH�DFFXPXODWLYH�WLPH�IRU�WKH�3&'�WHPSHUDWXUH
DERYH�������)��������&��UHDFKHG�����KRXUV����PLQXWHV�VLQFH�WKH�EHJLQQLQJ�RI�7&���UXQ���7KH
3&'�ZRUNHG�ZHOO�ZLWKRXW�ILOWHU�HOHPHQW�GDPDJH���7KH�)'�����DJDLQ�EHFDPH�WKH�FDXVH�RI�WKH
V\VWHP�VKXWGRZQ�GXH�WR�WKH�VHDO�SUREOHP�

25&(>����>����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �4WP�5WOOCT[

��������

���� 2%&�12'4#6+10�&74+0)�6'56�470�6%��(

��������4WP�5WOOCT[

7HVW�FDPSDLJQ�7&��)�ZDV�VWDUWHG�ODWH�LQ�WKH�HYHQLQJ�RQ�2FWREHU�����������IRU�WKH�SXUSRVH�RI
FRQWLQXLQJ�WKH�������KRXU�WHVW�FDPSDLJQ���3UREOHPV�ZLWK�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'�����
VSKHUL�YDOYHV�IURP�WKH�SUHYLRXV�7&���UXQV�ZHUH�DQDO\]HG�ZLWK�KRSHV�RI�XQGHUVWDQGLQJ�WKH�IDLOXUH
PHFKDQLVPV�LQYROYHG�LQ�WKH�VHDO�IDLOXUHV�LQ�RUGHU�WR�DYRLG�VLPLODU�RFFXUUHQFHV�GXULQJ�7&��)�

6WDUWXS�RI�WKH�XQLW�ZDV�FRPSOHWHG�VXFFHVVIXOO\�ZLWK�RQO\�PLQRU�FRPSOLFDWLRQV���7KH�WHPSHUDWXUH
RI�WKH�SDUWLFXODWH�FRQWURO�GHYLFH��3&'��DWWDLQHG������°)�������°&��ZLWKLQ�WKH�ILUVW���PLQXWHV�RI
WKH�PRUQLQJ�RI�2FWREHU������������7KLV�WHPSHUDWXUH�ZDV�PDLQWDLQHG�ZLWK�RQO\�PLQRU
FRPSOLFDWLRQV�WKURXJK�ODWH�LQ�WKH�GD\�RI�2FWREHU�����������ZKHQ�FRDO�IHHG�ZDV�ORVW�DQG�WKH
WHPSHUDWXUH�LQ�WKH�3&'�GURSSHG����°)�������°&��LQ���KRXUV���&RDO�IHHG�ZDV�UHHVWDEOLVKHG�HDUO\
LQ�WKH�PRUQLQJ�RQ�2FWREHU�����������DQG������°)�������°&��ZDV�DFKLHYHG�E\�HDUO\�DIWHUQRRQ�
3UREOHPV�ZLWK�WKH�ORZHU�VSKHUL�YDOYH�VHDO�RQ�)'�����EHJDQ�LQWHUUXSWLQJ�RSHUDWLRQ�RI�WKH�XQLW
ODWH�LQ�WKH�HYHQLQJ�RI�2FWREHU������������(YHQWXDOO\��WKH�VHDO�IDLOHG�WR�KROG�SUHVVXUH�DQG�IRUFHG
WKH�XQLW�WR�FRPH�GRZQ�ODWH�LQ�WKH�QLJKW�RI�2FWREHU������������$QDO\VLV�RI�WKH�VHDO�VKRZHG�WKDW
WKH�R�ULQJ�VHDO�KDG�IDLOHG�DQG�DOORZHG�QLWURJHQ�WR�OHDN�E\�DQG�HVFDSH�



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

6CDNG���������

6%��(�4WP�5VCVKUVKEU

5VCTV�6KOG� ��������������

'PF�6KOG� ��������������

%QCN�6[RG� %CNWOGV�#NCDCOC�$KVWOKPQWU
*QWTU�QP�%QCN� �����
5QTDGPV�6[RG� 2NWO�4WP�&QNQOKVG

0WODGT�QH�(KNVGT�'NGOGPVU� ���
VYQ�GNGOGPVU�UWURGEVGF�QH�HCKNWTG�
(KNVGT�'NGOGPV�.C[QWV�0Q�� ��
HKIWTG����������VJTQWIJ����
(KNVTCVKQP�#TGC� ������HV��
�����O��

2WNUG�8CNXG�1RGP�6KOG� ����UGE�
2WNUG�6KOG�6TKIIGT� ���OKP�
2WNUG�2TGUUWTG� ����VQ�����RUKI�
�����VQ������DCT�I�
2WNUG�&2�6TKIIGT� ����KP9)�
������ODCT�I�

6CDNG���������

6%��(�/CLQT�'XGPVU

'XGPV &GUETKRVKQP &CVG�CV�6KOG

# 6GUV�5VCTVGF 1EVQDGT����CV������

$ %QCN�(GGFGT�6TKRRGF 1EVQDGT����CV������
% 5RJGTK�8CNXG�5GCN�.GCM 1EVQDGT����CV������
& 5RJGTK�8CNXG�5GCN�(CKNWTG 1EVQDGT����CV������
' 6GUV�'PFGF 1EVQDGT����CV������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �4WP�5WOOCT[

��������

(KIWTG�����������6%��(�6GORGTCVWTG�CPF�2TGUUWTG�HQT�1EVQDGT����6JTQWIJ���

1600

1400

1200

1000

800

600

400

200

0

T
em

pe
ra

tu
re

, F

800

700

600

500

400

300

200

100

0

T
em

perature, C

PCD

Reactor

300

250

200

150

100

50

0

PC
D

 P
re

ss
ur

e,
 P

SI
G

20

18

16

14

12

10

8

6

4

2

0

PC
D

 Pressure, bar,g

10/18/97 10/19/97 10/20/97 10/21/97 10/22/97 10/23/97 10/24/97 10/25/97

A

A

B C D

D

E

E



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG����������6%��(�2WNUG�2TGUUWTG�CPF�(CEG�8GNQEKV[�HQT�1EVQDGT����6JTQWIJ���

1000

900

800

700

600

500

400

300

200

100

0

Pu
ls

e 
Pr

es
su

re
, P

SI
G

65

60

55

50

45

40

35

30

25

20

15

10

5

0

Pulse Pressure, bar,g

10

9

8

7

6

5

4

3

2

1

0

Fa
ce

 V
el

oc
ity

, F
t/m

in

180

160

140

120

100

80

60

40

20

0

Face V
elocity, m

/hr

10/18/97 10/19/97 10/20/97 10/21/97 10/22/97 10/23/97 10/24/97 10/25/97

B C D

D

E

E



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �4WP�5WOOCT[

��������

(KIWTG�����������6%��(�2TGUUWTG�&TQR�CPF�2GTOGCPEG�HQT�1EVQDGT����6JTQWIJ���

160

140

120

100

80

60

40

20

0

PC
D

 P
re

ss
ur

e 
D

ro
p,

 I
N

W
G

350

300

250

200

150

100

50

0

PC
D

 Pressure D
rop, m

bar

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Pe
rm

ea
nc

e,
 F

t/
(m

in
*I

N
W

G
)

7

6

5

4

3

2

1

0

P
erm

eance, m
/(hr*m

bar)

10/18/97 10/19/97 10/20/97 10/21/97 10/22/97 10/23/97 10/24/97 10/25/97

D

E



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������(KNVGT�'NGOGPV�.C[QWV�HQT�6%��(�
.C[QWV�0Q����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �6GUV�1DLGEVKXG

��������

��������6GUV�1DLGEVKXGU

7KLV�WHVW�VHJPHQW�ZDV�D�FRQWLQXDWLRQ�RI�WKH�������KRXU�WHVW�UXQ�7&�����7KH�PDLQ�REMHFWLYH�IRU
WKH�3&'�ZDV�WR�REWDLQ�������KRXUV�H[SRVXUH�WLPH�IRU�WKH�ILOWHU�HOHPHQWV�DERYH�������)
�������&��



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �1DUGTXCVKQPU�'XGPVU

��������

��������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG−2FWREHU����DW���������7KH�PDLQ�DLU�FRPSUHVVRU��0$&��ZDV�VWDUWHG�ODWH
RQ�2FWREHU�����������WR�EHJLQ�7&��)�

%� &RDO�)HHGHU�7ULSSHG−2FWREHU����DW���������7KH�WXELQJ�WR�WKH�SLVWRQ�DFWXDWRU�WR�FORVH
WKH�WRS�VSKHUL�YDOYH�RQ�WKH�FRDO�IHHGHU��)'������ZDV�ORRVH�DQG�OHDNLQJ���7KH�WXELQJ
ZDV�UHFRQQHFWHG�DQG�WKH�YDOYH�EHJDQ�IXQFWLRQLQJ�QRUPDOO\�

&� 6SKHUL�9DOYH�6HDO�/HDN−2FWREHU����DW���������7KH�R�ULQJ�VHDO�RQ�)'�����ERWWRP
VSKHUL�YDOYH�ZDV�OHDNLQJ�QLWURJHQ���7KH�YDOYH�RQ�WKH�QLWURJHQ�KHDGHU�ZDV�IOXFWXDWLQJ
EHWZHHQ�FORVHG�DQG�IXOO\�RSHQ���7KH�OHDNLQJ�R�ULQJ�UHFRYHUHG�DQG�WKH�UXQ�FRQWLQXHG�

'� 6SKHUL�9DOYH�6HDO�)DLOXUH−2FWREHU����DW���������7KH�R�ULQJ�RQ�)'�����EHJDQ�OHDNLQJ
DJDLQ�DQG�IRUFHG�WKH�HQG�RI�WKH�UXQ�

(� 7HVW�(QGHG−2FWREHU����DW�������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��(� �4WP�1WVEQOG

��������

��������4WP�1WVEQOG

2%&�#UJ�4GOQXCN�5[UVGO

7DNH�GRZQ�RI�WKH�PLGGOH�VSKHUL�YDOYH�VKRZHG�WKH�WR�R�ULQJ�WR�KDYH�EHHQ�GDPDJHG���:KHWKHU�RU
QRW�LW�ZDV�GDPDJHG�GXULQJ�LQVWDOODWLRQ�FRXOG�QRW�EH�GHWHUPLQHG�GXULQJ�WKH�LQVSHFWLRQ��EXW�LW�ZDV
FRQILUPHG�DV�WKH�FDXVH�RI�WKH�OHDN���7KH�R�ULQJ�ZDV�UHSODFHG�DQG�WKH�VHDO�PDWHULDO�ZDV�UHSODFHG
ZLWK�QHRSUHQH���7KH�WHPSHUDWXUH�OLPLW�RI�WKH�QHRSUHQH�LV�RQO\����°)�����°&��VR�WKH�VFUHZ
FRROHU�KDG�WR�PDLQWDLQ�SURSHU�FRROLQJ�LQ�RUGHU�WR�DYRLG�GDPDJLQJ�WKH�VHDO�PDWHULDO���3UHYLRXVO\�
WKH�VLOLFRQH�VHDOV�ZHUH�H[WUXGLQJ�DQG�ZHDULQJ�H[FHVVLYHO\�IURP�WKH�DGGLWLRQDO�IULFWLRQ�ZLWK�WKH
GRPH�YDOYH���,Q�WHVWV�FRQGXFWHG�RQ�VLWH�E\�6RXWKHUQ�&RPSDQ\�6HUYLFHV�DQG�&O\GH�3QHXPDWLF
&RQYH\LQJ��PDQXIDFWXUHU�RI�)'������HPSOR\HHV��VLOLFRQH�ZDV�VKRZQ�WR�H[WUXGH�DW�DPELHQW
WHPSHUDWXUHV�DQG�RQO\�����SVLJ������EDU�J�����1HRSUHQH�VKRZHG�QR�H[WUXVLRQ�DW�DPELHQW
WHPSHUDWXUH�DQG�����SVLJ�������EDU�J�����$GGLWLRQDOO\��DV�UHFRPPHQGHG�E\�&O\GH�3QHXPDWLF
&RQYH\LQJ��WKH�VHDO�SUHVVXUHV�ZHUH�UHGXFHG�WR�PDLQWDLQ�WKH�VHDO�SUHVVXUH�DSSUR[LPDWHO\����SVL
�a��EDU��DERYH�V\VWHP�SUHVVXUH���7KH�SUHVVXUH�WR�WKH�VHDOV�ZDV�UHGXFHG�WR�����SVLJ�������EDU�J��
7KLV�VKRXOG�DLG�LQ�DYRLGLQJ�H[WUXVLRQ���$�GHWDLOHG�UHSRUW�IRU�)'�����FDQ�EH�IRXQG�LQ�VHFWLRQ
�����

9GUVKPIJQWUG�2%&

7KH�SOHQXP�DVVHPEO\�ZDV�QRW�SXOOHG���1R�ILOWHU�HOHPHQW�IDLOXUHV�ZHUH�VXVSHFWHG�RI�IDLOXUH�GXULQJ
WKH�UXQ��KRZHYHU��WZR�ILOWHU�HOHPHQWV�ZHUH�VXVSHFWHG�WR�KDYH�IDLOHG�GXULQJ�UXQ�7&��%�

25&(>����>����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[

��������

���� 2%&�12'4#6+10�&74+0)�6'56�470�6%��)

��������4WP�5WOOCT[

7HVW�FDPSDLJQ�7&��*�ZDV�VWDUWHG�ODWH�LQ�WKH�HYHQLQJ�RQ�2FWREHU�����������WR�FRQWLQXH�WKH
������KRXU�WHVW�FDPSDLJQ���7KH�VHDOV�LQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�)'�����VSKHUL�YDOYHV
ZHUH�UHSODFHG�ZLWK�QHRSUHQH�LQ�KRSHV�RI�DYRLGLQJ�SDVW�FRPSOLFDWLRQV�GXULQJ�7&��*�

6WDUWXS�RI�WKH�XQLW�ZDV�FRPSOHWHG�VXFFHVVIXOO\�ZLWK�RQO\�PLQRU�FRPSOLFDWLRQV���7KH�WHPSHUDWXUH
RI�WKH�SDUWLFXODWH�FRQWURO�GHYLFH��3&'��DWWDLQHG������°)�������°&��ODWH�LQ�WKH�DIWHUQRRQ�RI
2FWREHU������������7KLV�WHPSHUDWXUH�ZDV�PDLQWDLQHG�ZLWK�RQO\�PLQRU�FRPSOLFDWLRQV�WKURXJK�ODWH
LQ�WKH�GD\�RI�2FWREHU�����������ZKHQ�FRDO�IHHG�ZDV�ORVW�GXH�WR�SUREOHPV�ZLWK�WKH�FRDO�IHHGHU
�)'��������&RDO�IHHG�ZDV�LQWHUPLWWHQW�IRU�WKH�QH[W�IXOO�GD\�GXH�WR�FRQWLQXHG�SUREOHPV�ZLWK�WKH
IHHGHU�V\VWHP���7KHVH�SUREOHPV�ZHUH�UHVROYHG�DQG�WKH�UXQ�ZDV�XQLQWHUUXSWHG�IRU�DSSUR[LPDWHO\
��IXOO�GD\V�EHIRUH�WKH�FRDO�IHHG�SUREOHPV�UHVXUIDFHG�RQ�1RYHPEHU�����������:KLOH�WU\LQJ�WR
UHSDLU�)'�����RQ�1RYHPEHU����������D�ODUJH�DPRXQW�RI�FRDO�ZDV�LQDGYHUWHQWO\�IHG�WR�WKH�UHDFWRU
FDXVLQJ�D�VHYHUH�WKHUPDO�HYHQW�WKURXJK�WKH�SDUWLFXODWH�FRQWURO�GHYLFH��3&'����,W�EHFDPH
DSSDUHQW�WKDW�HOHPHQWV�KDG�IDLOHG�VLQFH�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�SOXJJHG�LPPHGLDWHO\
DIWHU�WKH�WKHUPDO�HYHQW���7KH�UXQ�ZDV�HQGHG�WR�LQVSHFW�WKH�GDPDJH�WR�WKH�ILOWHU�HOHPHQWV�



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

6CDNG���������

6%��)�4WP�5VCVKUVKEU

5VCTV�6KOG� ��������������
'PF�6KOG� �������������

%QCN�6[RG� %CNWOGV�#NCDCOC�$KVWOKPQWU
*QWTU�QP�%QCN� ������
5QTDGPV�6[RG� 2NWO�4WP�&QNQOKVG

0WODGT�QH�(KNVGT�'NGOGPVU� ���
VYQ�GNGOGPVU�UWURGEVGF�QH�HCKNWTG�
(KNVGT�'NGOGPV�.C[QWV�0Q�� ��
(KIWTG��������VJTQWIJ����
(KNVTCVKQP�#TGC� ������HV��
�����O��

2WNUG�8CNXG�1RGP�6KOG� ����UGEQPFU
2WNUG�6KOG�6TKIIGT� ���OKPWVGU
2WNUG�2TGUUWTG� ����VQ�����RUKI�
�����VQ������DCT�I�
2WNUG�&2�6TKIIGT� ����KP9)�
������ODCT�I�

6CDNG�������

6%��)�/CLQT�'XGPVU

'XGPV &GUETKRVKQP &CVG�CV�6KOG
# 6GUV�5VCTVGF 1EVQDGT����CV������
$ .QUV�2+�5[UVGO 1EVQDGT����CV������
% .QUV�%QCN�(GGF 1EVQDGT����CV������
& .QUV�%QCN�(GGF 0QXGODGT���CV������
' 7PGZRGEVGF�%QCN�6TCPUHGT�CPF�%CPFNG�(CKNWTG 0QXGODGT���CV������
( 6GUV�'PFGF 0QXGODGT���CV������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[

��������

(KIWTG������������6%��)�6GORGTCVWTG�CPF�2TGUUWTG�HQT�1EVQDGT����6JTQWIJ���

1600

1400

1200

1000

800

600

400

200

0

T
em

pe
ra

tu
re

, F

800

700

600

500

400

300

200

100

0

T
em

perature, C

PCD

Reactor

300

250

200

150

100

50

0

PC
D

 P
re

ss
ur

e,
 P

SI
G

20

18

16

14

12

10

8

6

4

2

0

PC
D

 Pressure, bar,g

10/24/97 10/25/97 10/26/97 10/27/97 10/28/97 10/29/97

A

A

B

B

C



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������6%��)�2WNUG�2TGUUWTG�CPF�(CEG�8GNQEKV[�HQT�1EVQDGT����6JTQWIJ���

1000

900

800

700

600

500

400

300

200

100

0

Pu
ls

e 
Pr

es
su

re
, P

SI
G

65

60

55

50

45

40

35

30

25

20

15

10

5

0

Pulse Pressure, bar,g

10

9

8

7

6

5

4

3

2

1

0

Fa
ce

 V
el

oc
it

y,
 F

t/m
in

180

160

140

120

100

80

60

40

20

0

Face V
elocity, m

/hr

10/24/97 10/25/97 10/26/97 10/27/97 10/28/97 10/29/97

B

C



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[

��������

(KIWTG�����������6%��)�2TGUUWTG�&TQR�CPF�2GTOGCPEG�HQT�1EVQDGT����6JTQWIJ���
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2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG������������6%��)�6GORGTCVWTG�CPF�2TGUUWTG�HQT�1EVQDGT����6JTQWIJ�0QXGODGT��
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6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[

��������

(KIWTG�����������6%��)�2WNUG�2TGUUWTG�CPF�(CEG�8GNQEKV[�HQT�1EVQDGT����6JTQWIJ�0QXGODGT��
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2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG������������6%��)�2TGUUWTG�&TQR�CPF�2GTOGCPEG�HQT�1EVQDGT����6JTQWIJ�0QXGODGT��
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6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[

��������

(KIWTG�����������6JGTOCN�'XGPV�QP�0QXGODGT��������

PCD Temperatures

FL0301 PLENUM 2 CHAMBER TE
FL0301 PLENUM 1 CHAMBER TE
520 VESSEL PRES
PCD GAS

11/2/97
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2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

���������

(KIWTG�����������(KNVGT�'NGOGPV�.C[QWV�HQT�6%��)�
.C[QWV�0Q����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��) �6GUV�1DLGEVKXG

��������

��������6GUV�1DLGEVKXGU

7KLV�WHVW�VHJPHQW�ZDV�D�FRQWLQXDWLRQ�RI�WKH�������KRXU�WHVW�UXQ��7&������7KH�PDLQ�REMHFWLYH�IRU
WKH�3&'�ZDV�WR�REWDLQ�������KRXUV�RI�H[SRVXUH�WLPH�IRU�WKH�ILOWHU�HOHPHQWV�DW�WKH�WHPSHUDWXUH
DERYH�������)��������&��



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �1DUGTXCVKQPU�'XGPVU

��������

��������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG−2FWREHU����DW���������7KH�PDLQ�DLU�FRPSUHVVRU��0$&��ZDV�VWDUWHG�ODWH�RQ
2FWREHU�����������WR�EHJLQ�7&��*�

%� /RVW�3,�6\VWHP−2FWREHU����DW���������7KH�FORFNV�ZHUH�VHW�EDFN���KRXU�GXH�WKH�HQG�RI
GD\OLJKW�VDYLQJV�WLPH���7KLV�FDXVHG�WKH�3,�V\VWHP�WR�PDOIXQFWLRQ��EXW�LW�ZDV�UHFRYHUHG
VKRUWO\�WKHUHDIWHU�

&� /RVW�&RDO�)HHG−2FWREHU����DW���������7KLV�ZDV�WKH�ILUVW�LQ�D�VHULHV�RI�SUREOHPV�ZLWK�WKH
FRDO�IHHG�XQLW��)'������

'� /RVW�&RDO�)HHG−1RYHPEHU���DW�������

(� 8QH[SHFWHG�&RDO�7UDQVIHU�DQG�(OHPHQW�)DLOXUH−1RYHPEHU���DW���������:KLOH
DWWHPSWLQJ�WR�UHSDLU�WKH�SUREOHPV�ZLWK�)'������DSSUR[LPDWHO\�����OE��������NJ��RI�FRDO
ZDV�WUDQVIHUUHG�WR�WKH�WUDQVSRUW�UHDFWRU�FDXVLQJ�D�VHYHUH�WKHUPDO�HYHQW�LQ�WKH�3&'���7KH
3&'�H[SHULHQFHG�ERWK�D�UDSLG�ULVH�DQG�GHFOLQH�LQ�WHPSHUDWXUH���$OO�RI�WKH�&RRUV�3���$
HOHPHQWV�IDLOHG�DV�ZHOO�DV�RQH��0�7\SH�����ILOWHU���6HYHUDO�PLQXWHV�DIWHU�WKH�WKHUPDO
HYHQW�WKH�ILQHV�WUDQVSRUW�V\VWHP��)'������SOXJJHG�ZLWK�HOHPHQW�SLHFHV�LQGLFDWLQJ�WKDW
HOHPHQWV�KDG�IDLOHG���7KLV�IRUFHG�WKH�UXQ�WR�HQG�

)� 7HVW�(QGHG−1RYHPEHU���DW�������



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��)� �4WP�1WVEQOG

��������

������ 4WP�1WVEQOG

(OHPHQW�)DLOXUH

7KH�WKHUPDO�HYHQW�LQ�WKH�3&'�FDXVHG�D�VLJQLILFDQW�HOHPHQW�IDLOXUH���)LJXUH��������VKRZV�WKH
WHPSHUDWXUHV�H[SHULHQFHG�E\�WKH�3&'���$V�PDQ\�DV����&RRUV�3���$�HOHPHQWV�IDLOHG�DV�D�UHVXOW
RI�WKH�WKHUPDO�VKRFN���$GGLWLRQDOO\��WZR��0�7\SH�����HOHPHQWV�DQG�WKUHH�6FKXPDFKHU�HOHPHQWV
DOVR�IDLOHG�HLWKHU�GLUHFWO\�RU�LQGLUHFWO\�IURP�WKH�WKHUPDO�HSLVRGH���,W�LV�VSHFXODWHG�WKDW�VRPH�RI�WKH
RWKHU�HOHPHQWV�IDLOHG�DIWHU�EHLQJ�VWUXFN�E\�&RRUV�3���$�HOHPHQWV�IDOOLQJ�IURP�WKH�WRS�SOHQXP�
$GGLWLRQDOO\��RWKHUV�IDLOHG�GXULQJ�WKH�UHPRYDO�DQG�FOHDQLQJ�SURFHVV���2Q�WKH�ZKROH��WKH�PDMRULW\
RI�WKH�IDLOXUHV�LQYROYHG�&RRUV�3���$�HOHPHQWV���7KH�H[DFW�UHDVRQ�WKDW�WKH�RWKHU�HOHPHQWV�IDLOHG
KDV�QRW�EHHQ�FRQFOXVLYHO\�SURYHQ���$W�WKH�WLPH�WKLV�UHSRUW�ZDV�GUDIWHG�WKH�IDLOXUH�PHFKDQLVP�ZDV
VWLOO�XQGHU�LQYHVWLJDWLRQ���$�GHWDLOHG�UHSRUW�RI�WKLV�IDLOXUH�HSLVRGH�FDQ�EH�IRXQG�LQ�WKH�,QVSHFWLRQ
5HSRUW�IRU�7&��*��VHFWLRQ�������

)'����

7KH�QHRSUHQH�VHDO�ZDV�UHPRYHG�DQG�LQVSHFWHG�DIWHU�WKLV�UXQ�ZDV�ILQLVKHG���1R�QRWLFHDEOH�ZHDU
ZDV�SUHVHQW���7KH�VHDO�VDZ�RQO\�����F\FOHV�ZLWK�RQH�F\FOH�EHLQJ�GHILQHG�DV����VWDUWLQJ�ZLWK�QR
SUHVVXUH�LQ�WKH�VHDO�����LQIODWLQJ�WKH�VHDO��DQG����GHIODWLQJ�WKH�VHDO���7KLV�ZDV�DQ�LPSURYHPHQW
RYHU�WKH�SUHYLRXV�UXQV�ZLWK�VLOLFRQH���$GGLWLRQDO�GHWDLO�DERXW�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�
LQFOXGLQJ�)'������FDQ�EH�IRXQG�LQ�VHFWLRQ������

)'����

7KH�VKDIW�RI�)'�����ZDV�ZRUQ�DV�ZHOO�DV�WKH�FHUDPLF�EXVKLQJ�DW�WKH�DVK�LQOHW�HQG���7KH�KRXVLQJ
DOVR�VKRZHG�YLVLEOH�VLJQV�RI�ZHDU�IURP�WKH�IOLJKWV���,W�LV�VXVSHFWHG�WKDW�WKH�ZHDU�RI�WKH�EXVKLQJ
DQG�VKDIW�DOORZHG�WKH�IOLJKWV�WR�FRQWDFW�WKH�KRXVLQJ���7KH�VKDIW�ZDV�UHZRUNHG�DQG�WKH�EXVKLQJ
ZDV�UHSODFHG���7KH�KRXVLQJ�ZDV�QRW�VHULRXVO\�GDPDJHG�HQRXJK�WR�FRPSURPLVH�LWV�VWUXFWXUDO
LQWHJULW\���$�GHWDLOHG�UHSRUW�RI�)'�����FDQ�EH�IRXQG�LQ�VHFWLRQ������

25&(>����>����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%��)�+PURGEVKQP�4GRQTV� �4WP�5WOOCT[

��������

�������+052'%6+10�4'2146�(14�6%��)

��������4WP�5WOOCT[

7HVW�FDPSDLJQ�7&��*�ZDV�VXVSHQGHG�RQ�1RYHPEHU����������DIWHU�QXPHURXV�SLHFHV�RI�FHUDPLF
ILOWHU�HOHPHQWV�ZHUH�IRXQG�LQ�WKH�3&'�ILQHV�WUDQVSRUW�V\VWHP���6LQFH�VHYHUDO�HOHPHQWV�DSSHDUHG
WR�EH�LQYROYHG�WKH�WUDQVSRUW�UHDFWRU��5;������ZDV�VKXW�GRZQ�DQG�WKH�3&'�ZDV�DOORZHG�WR�FRRO
WR�SHUPLW�UHPRYDO�RI�WKH�LQWHUQDOV���2Q�1RYHPEHU����WKH�3&'�KHDG�DQG�WKH�DWWDFKHG�WXEHVKHHWV
DQG�HOHPHQWV�ZHUH�OLIWHG�IURP�WKH�YHVVHO�DQG�SODFHG�LQWR�WKH�PDLQWHQDQFH�ED\�IRU�LQVSHFWLRQ�
7KH�SXUSRVHV�RI�WKLV�UHPRYDO�ZHUH�WR�LQVSHFW�DQG�UHSODFH�WKH�GDPDJHG�DQG�EURNHQ�HOHPHQWV
DIWHU�WKH�IDLOXUH�HYHQW�RI�1RYHPEHU����������GXULQJ�WKH�7&��*�UXQ���7KH�LQVSHFWLRQ�UHYHDOHG
WKDW�DOO����RI�WKH�&RRUV�3���$�HOHPHQWV�KDG�EHHQ�FRPSOHWHO\�EURNHQ�RII�QHDU�WKH�IODQJHG�HQG�RI
WKH�HOHPHQWV���2QH�RI�WKH���0�HOHPHQWV�KDG�EHHQ�EURNHQ�RII��DSSDUHQWO\��ZKHQ�LW�ZDV�VWUXFN�E\
D�IDOOLQJ�&RRUV�3���$�HOHPHQW���$OO�RI�WKH�RWKHU�HOHPHQWV�ZHUH�LQWDFW��DOWKRXJK�D�FORVHU
LQVSHFWLRQ�UHYHDOHG�D�IUD\LQJ�RI�RQH�RI�WKH��0�HOHPHQWV���6RPH�RI�WKH�FUDFNHG�HOHPHQWV�WKDW
ZHUH�LQWDFW�DIWHU�WKH�VKXWGRZQ�IDLOHG�GXULQJ�UHPRYDO�IURP�WKH�WXEHVKHHW���$OO�RI�WKH�3DOO
HOHPHQWV�VXUYLYHG�LQWDFW�ZLWK�QR�IDLOXUHV�GXULQJ�RSHUDWLRQ�RU�UHPRYDO���7KH�6FKXPDFKHU�ILOWHUV
ZHUH�UHPRYHG�LQWDFW��EXW�WZR�IDLOHG�ODWHU�GXULQJ�KDQGOLQJ�



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 6%��)�+PURGEVKQP�4GRQTV� �6JGTOCN�'XGPV

��������

��������6JGTOCN�'XGPV

:KLOH�DWWHPSWLQJ�WR�UHSDLU�WKH�SUREOHPV�ZLWK�)'�����DSSUR[LPDWHO\�����OE��������NJ��RI�FRDO
ZDV�WUDQVIHUUHG�WR�WKH�WUDQVSRUW�UHDFWRU�FDXVLQJ�D�VHYHUH�WKHUPDO�HYHQW�LQ�WKH�3&'���7KH�3&'
H[SHULHQFHG�ERWK�D�UDSLG�ULVH�DQG�GHFOLQH�LQ�WHPSHUDWXUH��VHH�ILJXUH�������������6HYHUDO�PLQXWHV
DIWHU�WKH�WKHUPDO�HYHQW�WKH�ILQHV�WUDQVSRUW�V\VWHP��)'������SOXJJHG�ZLWK�HOHPHQW�SLHFHV�
LQGLFDWLQJ�WKDW�HOHPHQWV�KDG�IDLOHG�



2CTVKENG�(KNVGT�5[UVGO 6GEJPKECN�2TQITGUU�4GRQTV
6%��)�+PURGEVKQP�4GRQTV� �4WP�5WOOCT[� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������6JGTOCN�'XGPV�QP�0QXGODGT��������

FL0301 PLENUM 2
FL0301 PLENUM 1
520 VESSEL PRES
PCD GAS
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6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO� �6%��)�+PURGEVKQP�4GRQTV
6TCPURQTV�4GCEVQT�6TCKP 2%&�+PURGEVKQP�CPF�&WUVECMG�1DUGTXCVKQPU

��������

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

,W�ZDV�IRXQG�WKDW����&RRUV�3���$�ILOWHU�HOHPHQWV�KDG�IDLOHG�GXULQJ�RSHUDWLRQ�RQ�WKH�WRS
SOHQXP���7ZR�&RRUV�3���$�DQG�RQH��0�W\SH�����IDLOHG�LQ�WKH�ERWWRP�SOHQXP�GXULQJ�RSHUDWLRQ
DQG�RQH��0�W\SH�����VKRZHG�VLJQV�WKDW�LW�KDG�EHHQ�GDPDJHG�GXULQJ�RSHUDWLRQ���$GGLWLRQDOO\��RQ
WKH�ERWWRP�SOHQXP�RQH�6FKXPDFKHU�7������DQG�WZR�6FKXPDFKHU�7)��V�IDLOHG�GXULQJ�WKH
UHPRYDO�DQG�FOHDQLQJ�SURFHVV���7KH�GDPDJHG�HOHPHQWV�ZHUH�UHPRYHG�DQG�LQVSHFWHG���6HYHUDO
VXUURXQGLQJ�HOHPHQWV�ZHUH�DOVR�UHPRYHG��FOHDQHG��DQG�LQVSHFWHG���)DLO�VDIHV�ZHUH�DOVR�H[DPLQHG�

7R�UHIHUHQFH�WKH�ORFDWLRQV�RI�WKH�IDLOHG�DQG�GDPDJHG�HOHPHQWV�LQ�WKH�SOHQXP�DVVHPEO\��DQ
HOHPHQW�OD\RXW�VKRZLQJ�WKH�GDPDJHG�HOHPHQWV�DQG�D�ORFDWLRQ�PDS�DUH�VKRZQ�LQ�ILJXUHV���������
DQG�����UHVSHFWLYHO\���7KRVH�HOHPHQWV�QXPEHUHG�ZLWK�D�SUHFHGLQJ�OHWWHU�7�ZHUH�RQ�WKH�WRS
SOHQXP�DQG�WKRVH�ZLWK�OHWWHU�%�ZHUH�RQ�WKH�ERWWRP�SOHQXP�

)LJXUH����������VKRZV�WKH�XSSHU�SOHQXP�SULRU�WR�UHPRYDO�RI�WKH�EURNHQ�HOHPHQWV���)LJXUH
���������VKRZV�D�FORVH�XS�RI�WKH�EURNHQ�HOHPHQWV���0DQ\�RI�WKH�HOHPHQWV�VKRZHG�DGGLWLRQDO
FUDFNLQJ�LQ�D�´VSLGHU�ZHEµ�IDVKLRQ���0RVW�RI�WKH�EUHDNV�ZHUH�RI�D�9�VKDSH�LQGLFDWLQJ�WKDW�WKH
IDLOXUH�ZDV�D�UHVXOW�RI�WKH�MRLQLQJ�RI�WKH�WZR�FUDFNV���)LJXUH����������VKRZV�D�FORVH�XS�RI�WKH�9
EUHDN���$�UHSUHVHQWDWLYH�IURP�&RRUV�ZDV�SUHVHQW�GXULQJ�WKH�UHPRYDO�SURFHVV���6DPSOHV�RI�WKH
HOHPHQWV�ZHUH�WDNHQ�IRU�IXUWKHU�VWXG\�

$GGLWLRQDO�HOHPHQWV�IDLOHG�GXULQJ�WKH�UHPRYDO�SURFHVV���2QH�IDLOHG�ZKLOH�VHFXUHG�WR�WKH�SOHQXP
DQG�VLPSO\�FUDFNHG�DQG�IHOO�IUHH���7KLV�IDLOXUH�HYHQW�SURPSWHG�WKH�UHPRYDO�RI�WKH�DGGLWLRQDO
HOHPHQWV�IRU�GDPDJH�LQVSHFWLRQ���&RQVHTXHQWO\��WZR�IDLOHG�GXULQJ�WUDQVLW�IURP�WKH�VWUXFWXUH�WR
WKH�FOHDQLQJ�VKRS�RU�ZKLOH�FOHDQLQJ���)LJXUH����������VKRZV�WKH�WHVW�HOHPHQWV�WKDW�ZHUH�UHPRYHG�

&RPSDUHG�WR�WKH�UHVLGXDO�GXVWFDNH�IURP�WKH�-XO\�LQVSHFWLRQ�WKH�UHVLGXDO�GXVWFDNH�REVHUYHG�LQ
1RYHPEHU�ZDV�UHODWLYHO\�WKLQ��ZLWK�WKH�PHDVXUHG�FDNH�WKLFNQHVV�YDU\LQJ�IURP������WR�����LQ�
7KH�GXVWFDNH�ZDV�VR�WKLQ�WKDW�WKH�VXUIDFH�WH[WXUH�RI�WKH��0�HOHPHQWV�ZDV�LPPHGLDWHO\�DSSDUHQW
WKURXJK�WKH�FDNH���0DQ\�RI�WKH�FUDFNV�LQ�WKH�&RRUV�3���$�HOHPHQWV�ZHUH�DOVR�DSSDUHQW�WKURXJK
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SOHQXP�IRU�DQDO\VLV���$OO�RWKHU�HOHPHQWV�RQ�WKH�WRS�SOHQXP�ZHUH�UHLQVWDOOHG�DQG�WKH�&RRUV
3���$�ZHUH�UHSODFHG�ZLWK�6FKXPDFKHU�7)��V�DQG�RQH�3DOO�������)LJXUH����������VKRZV�WKH�ILQDO
DUUDQJHPHQW�DV�LQVWDOOHG�IRU�7&��+�

25&(>����>����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP 2%&�1RGTCVKQP�&WTKPI�6GUV�4WP�6%��*� �4WP�5WOOCT[

��������

������2%&�12'4#6+10�&74+0)�6'56�470�6%��*

��������4WP�5WOOCT[

7HVW�FDPSDLJQ�7&��+�ZDV�VWDUWHG�ODWH�LQ�WKH�HYHQLQJ�RQ�1RYHPEHU�����������WR�FRQWLQXH�WKH
������KRXU�WHVW�FDPSDLJQ�

6WDUW�XS�RI�WKH�XQLW�ZDV�FRPSOHWHG�VXFFHVVIXOO\�ZLWK�RQO\�PLQRU�FRPSOLFDWLRQV���7KH
WHPSHUDWXUH�RI�WKH�SDUWLFXODWH�FRQWURO�GHYLFH��3&'��DWWDLQHG������°)�������°&��HDUO\�LQ�WKH
PRUQLQJ�RI�1RYHPEHU������������6KRUWO\�DIWHU��KRZHYHU��D�PDOIXQFWLRQ�LQ�WKH�EDFN�SXOVH�V\VWHP
XSVHW�WKH�GLSOHJ�DQG�VHQW�D�ODUJH�PDVV�RI�VROLGV�WR�WKH�3&'���,W�WRRN�RYHU���KRXUV�WR�UHPRYH�DOO
WKH�VROLGV�IURP�WKH�3&'�EHIRUH�FRDO�IHHG�FRXOG�EH�UHVXPHG���7KLV�OHQJWK�RI�WLPH�ZDV�SULPDULO\
EHFDXVH�RI�WKH�QHRSUHQH�VHDOV�WHPSHUDWXUH�OLPLWDWLRQV�LQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP
�)'��������7KH�SUREOHP�ZLWK�WKH�EDFN�SXOVH�V\VWHP�ZDV�WUDFHG�WR�D�PDOIXQFWLRQLQJ�VROHQRLG
YDOYH�WKDW�DOORZHG�WKH�EDFN�SXOVH�YDOYH�WR�UHPDLQ�RSHQ���%ULGJLQJ�LQ�WKH�FRDO�IHHG�V\VWHP
�)'������KLQGHUHG�UHJXODWHG�FRDO�IHHGV�WR�WKH�WUDQVSRUW�UHDFWRU��5;��������6XEVHTXHQWO\��WKH
WHPSHUDWXUH�LQ�WKH�3&'�YDULHG�ZKHQ�WKH�FRDO�IHHGHU�ZDV�H[SHULHQFLQJ�GLIILFXOW\���$�OHDNLQJ�TXLFN
GXPS�YDOYH�RQ�WKH�ORZHU�VSKHUL�YDOYH�FDXVHG�WKH�QLWURJHQ�KHDGHU�V\VWHP�WR�ORVH�SUHVVXUH�
$GMXVWPHQWV�ZHUH�PDGH�WR�WKH�SRVLWLRQ�VZLWFK�WKDW�UHPHGLHG�WKH�SUREOHP�
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5VCTV�6KOG� ��������������

'PF�6KOG� ��������������

%QCN�6[RG� %CNWOGV�#NCDCOC�$KVWOKPQWU
*QWTU�QP�%QCN� �����
5QTDGPV�6[RG� 2NWO�4WP�&QNQOKVG

0WODGT�QH�(KNVGT�'NGOGPVU� ��
(KNVGT�'NGOGPV�.C[QWV�0Q�� ��
HKIWTG��������
(KNVTCVKQP�#TGC� ������HV��
�����O��

2WNUG�8CNXG�1RGP�6KOG� ����UGEQPFU
2WNUG�6KOG�6TKIIGT� ���OKPWVGU
2WNUG�2TGUUWTG� ����VQ�����RUKI�
���VQ������DCT�I�
2WNUG�&2�6TKIIGT� ����KP9)�
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# 6GUV�5VCTVGF 0QXGODGT����CV������

$ .QUV�2+�5[UVGO 0QXGODGT����CV�����
% $CEM�RWNUG�5[UVGO�/CNHWPEVKQP 0QXGODGT����CV�����
& %QCN�(GGF�4GUWOGF 0QXGODGT����CV������
' 2%&�(KNNKPI�YKVJ�#UJ 0QXGODGT����CV������
( 4CKUGF�$CEM�RWNUG�2TGUUWTG�VQ�����RUKI�
�����DCT�I� 0QXGODGT����CV�����
) %QCN�(GGFGT�
(&������2CEMKPI�YKVJ�(KPG�%QCN 0QXGODGT����CV�����
* %QCN�(GGFGT�6TKRRGF 0QXGODGT����CV�����
+ %QCN�(GGF�4GUWOGF 0QXGODGT����CV�����
, (&�����$QVVQO�5RJGTK�8CNXG�3WKEM�&WOR�8CNXG�(CKNWTG��%QCN

(GGFGT�6TKRRGF
0QXGODGT����CV������

- %QCN�(GGF�4GUWOGF 0QXGODGT����CV������
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3 5VCTV�WR�$WTPGT�(CKNWTG 0QXGODGT����CV������
4 /CKP�%QORTGUUQT�1HH 0QXGODGT����CV������
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$� 7HVW�6WDUWHG−1RYHPEHU����DW���������7KH�PDLQ�DLU�FRPSUHVVRU��0$&��ZDV�VWDUWHG�ODWH
LQ�WKH�PRUQLQJ�RI�1RYHPEHU�����������WR�EHJLQ�7&��+�

%� /RVW�3,�6\VWHP−1RYHPEHU����DW��������7KH�SODQW�LQIRUPDWLRQ��3,��V\VWHP
PDOIXQFWLRQHG�DQG�ZDV�QRW�FROOHFWLQJ�GDWD�IRU�DSSUR[LPDWHO\����PLQXWHV��EXW�LW
UHFRYHUHG�

C. Back-pulse�6\VWHP�0DOIXQFWLRQ−1RYHPEHU����DW�����.  7KH�VROHQRLG�YDOYH
�69����$��RQ�WKH�back-pulse�VNLG�PDOIXQFWLRQHG���7KLV�YDOYH�FRQWUROV�WKH�back-pulse
RI�WKH�ERWWRP�3&'�SOHQXP���$SSDUHQWO\��LW�UHPDLQHG�RSHQ�IRU�a ORQJHU�period of WLPH
WKDQ�LW�VKRXOG,�DOORZLQJ�WKH�back-pulse�YDOYH��RQH�RI�WKH�WZR�GXSOLFDWH�YDOYHV��WR�RSHQ
ORQJHU�WKDQ�the VSHFLILHG�����VHFRQGV���&RQVHTXHQWO\��WKH�DFFXPXODWRU�WDQN�SUHVVXUH
GHFUHDVHG�IURP�����psig�������EDU�J��WR�����psig����EDU�J����7KLV�ZDV�YHU\�FORVH�WR�WKH
����psig������EDU�J��WUDQVSRUW�UHDFWRU�SUHVVXUH�DW�WKH�WLPH���1RUPDOO\�WKH�WDQN�SUHVVXUH
GHFUHDVHV�IURP�����WR�����psig�������WR������EDU�J��GXULQJ�back-pulse���$GGLWLRQDOO\�
IRU�WKH�QH[W�����PLQXWHV��WKH�WRS�SOHQXP�back-pulse�YDOYH�FRQWLQXHG�WR�back-pulse�
7KH�WUDQVSRUW�UHDFWRU�SUHVVXUH�LQFUHDVHG�E\�DERXW�����psig������EDU�J��GXH�WR�WKH�ODUJH
TXDQWLW\�RI�QLWURJHQ�HQWHULQJ�WKH�ILOWHU�YHVVHO���7KH�LQFUHDVHG�SUHVVXUH�FDXVHG�D�EDFN
IORZ�WR�WKH�WUDQVSRUW�UHDFWRU���7KH�GLSOHJ�ZDV�XSVHW,�VHQGLQJ�DERXW��,����lb��������NJ�
RI�VROLGV�WR�WKH�3&'���5HPRYLQJ�WKH�VROLGV�IURP�WKH�3&'�WRRN�RYHU���KRXUV�GXH�WR
WHPSHUDWXUH�FRQVWUDLQWV�ZLWK�WKH�QHRSUHQH�VHDO�LQ�WKH�PLGGOH�)'�����VSKHUL�valve�

8SRQ�LQVSHFWLRQ��69����$�ZDV�IRXQG�WR�KDYH�D�ORRVH�VFUHZ�DQG�D�PLVVLQJ�R�ULQJ�
7KH�EDFN�SXOVH�V\VWHP�ZDV�VZLWFKHG�WR�XVH�WKH�EDFN�XS�YDOYHV�

'� &RDO�)HHG�5HVXPHG−1RYHPEHU����DW������.  7KH�3&'�ZDV�HPSWLHG�RI�VROLGV�DQG�FRDO
IHHG�ZDV�UHVXPHG�WR�WKH�WUDQVSRUW�UHDFWRU�

(� 3&'�)LOOLQJ�ZLWK�$VK−1RYHPEHU����DW������.  7KH�WHPSHUDWXUH�HOHPHQWV�LQ�WKH�3&'
FRQH�VKRZHG�LW�ZDV�ILOOLQJ�ZLWK�DVK���7KH�WUDQVSRUW�UHDFWRU�FLUFXODWLRQ�UDWH�ZDV�UHGXFHG
WR�DOORZ�WKH�3&'�WR�HPSW\�

)� 5DLVHG�Back-pulse�3UHVVXUH�WR�����psig�������EDU�J�−1RYHPEHU����DW�����.  Because
WKH�WUDQVSRUW�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WKH�back-pulse�SUHVVXUH�ZDV�DOVR
LQFUHDVHG�WR�PDLQWDLQ�WKH�SURSHU�GLIIHUHQWLDO�SUHVVXUH�

*� &RDO�)HHGHU��)'������3DFNLQJ�ZLWK�)LQH�&RDO−1RYHPEHU����DW�����.  7KH�GLVFKDUJH
OLQH�IURP�WKH�FRDO�IHHGHU�ZDV�SDFNLQJ�ZLWK�ILQH�FRDO�DQG�SUHYHQWLQJ�SURSHU�GLVFKDUJH�

+� &RDO�)HHGHU�7ULSSHG−1RYHPEHU����DW�����.  7KH�SOXJJHG�GLVFKDUJH�OLQH�IRUFHG�WKH
XQLW�WR�WULS���2SHUDWRUV�VWUXFN�WKH�HOERZ�DQG�OLQH�WR�EUHDN�WKH�SOXJJHG�FRDO�IUHH�
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,� &RDO�)HHG�5HVXPHG−1RYHPEHU����DW������

-� )'�����%RWWRP�6SKHUL�9DOYH�4XLFN�'XPS�9DOYH�)DLOXUH��&RDO�)HHGHU
7ULSSHG−1RYHPEHU����DW������.  7KH�TXLFN�GXPS�YDOYH�RQ�WKH�ERWWRP�VSKHUL�valve
IDLOHG�WR�FORVH�DQG�DOORZHG�IRU�FRQWLQXRXV�EOHHG�RI�QLWURJHQ�IURP�WKH�KHDGHU�
&RQVHTXHQWO\��DOO�&O\GH�3QHXPDWLFV�6\VWHPV�XVLQJ�QLWURJHQ��ZKLFK�LQFOXGHV�WKH�FRDO
IHHGHU��ORVW�SUHVVXUH�WR�WKH�VHDOV���7KH�FRDO�IHHGHU�ZDV�WULSSHG�WR�UHGXFH�VROLG�IHHG�WR
WKH�3&'�VLQFH�WKH�LQLWLDO�IHDU�ZDV�WKDW�WKH�VHDO�KDG�IDLOHG���8SRQ�LQVSHFWLRQ��WKH�QXW
RQ�WKH�SRVLWLRQ�VZLWFK�RQ�WKH�ERWWRP�VSKHUL�valve�ZDV�WXUQHG�RQH�WXUQ�WR�IDFLOLWDWH
FORVLQJ�WKH�VZLWFK���7KH�PRYHPHQW�RI�WKH�DFWXDWRU�DUP�KRXVLQJ�ZDV�VSHFXODWHG�DV�WKH
FDXVH���7KH�KRXVLQJ�WR�ZKLFK�WKH�SRVLWLRQ�VZLWFK�ZDV�DWWDFKHG�IOH[HG�ZLWK�HDFK
PRYHPHQW�RI�WKH�DUP���$�SRUWLRQ�RI�WKH�KRXVLQJ�KDG�EHHQ�UHPRYHG�WR�DOORZ�HDVLHU
DFFHVV�WR�WKH�FRPSRQHQWV���$GGLWLRQDOO\��VRPH�RI�WKH�EROWV�KDG�ORRVHQHG�RYHU�WLPH�
7KH�SRUWLRQ�RI�WKH�KRXVLQJ�that had been removed ZDV�UHWXUQHG�DQG�WKH�RWKHU�EROWV
ZHUH�WLJKWHQHG�

.� &RDO�)HHG�5HVXPHG−1RYHPEHU����DW�������

/� &RDO�)HHGHU�%ULGJLQJ��&RDO�)HHGHU�7ULSSHG−1RYHPEHU����DW������.  6LJQLILFDQW
EULGJLQJ�LQ�WKH�FRDO�IHHGHU��)'������FDXVHG�LQHIILFLHQW�FRDO�WUDQVIHUV���&RQVWDQW
DWWHQWLRQ�WR�WKH�FRDO�IHHGHU�EHJDQ�DW�WKLV�WLPH�DQG�FRQWLQXHG�IRU�WKH�UHPDLQGHU�RI�WKH
GD\�

0� 6WDUW�XS�%XUQHU�)DLOXUH−1RYHPEHU����DW�����.  7U\LQJ�WR�LVRODWH�)'�����IRU�UHSDLU
ZRUN��WKH�WUDQVSRUW�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG�DQG�WKH�VWDUW�XS�EXUQHU�IDLOHG�
&RQVHTXHQWO\��WKH�WHPSHUDWXUH�GURSSHG�

1� 0DLQ�&RPSUHVVRU�2II−1RYHPEHU����DW�����.  7KH�FRPSUHVVRU�ZDV�WXUQHG�RII�WR�WU\
WR�UHSDLU�WKH�VWDUW�XS�EXUQHU�

2� 5HSODFH�6WDUW�XS�%XUQHU−1RYHPEHU����DW������.  6WDUW�XS�EXUQHU�ZDV�UHSODFHG�

3� 0DLQ�&RPSUHVVRU�2Q−1RYHPEHU����DW�������

4� 6WDUW�XS�%XUQHU�)DLOXUH−1RYHPEHU����DW������.  7KH�QHZ�EXUQHU�IDLOHG�WR�LJQLWH�

5� 0DLQ�&RPSUHVVRU�2II−1RYHPEHU����DW���������7KH�7&��+�UXQ�HQGHG�
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������2%&�12'4#6+10�&74+0)�6'56�470�6%��+

��������4WP�5WOOCT[

7HVW�FDPSDLJQ�7&��,�ZDV�VWDUWHG�ODWH�LQ�WKH�DIWHUQRRQ�RI�1RYHPEHU�����������WR�FRQWLQXH�WKH
������KRXU�WHVW�FDPSDLJQ�

6WDUWXS�RI�WKH�XQLW�ZDV�FRPSOHWHG�VXFFHVVIXOO\�ZLWK�RQO\�D�IHZ�VRIWZDUH�FRPSOLFDWLRQV���7KH
WHPSHUDWXUH�RI�WKH�SDUWLFXODWH�FRQWURO�GHYLFH��3&'��DWWDLQHG������°)�������°&��RQ�WKH�DIWHUQRRQ
RI�1RYHPEHU������������$�PDMRULW\�RI�WKH�SUREOHPV�GXULQJ�WKH�UXQ�FHQWHUHG�RQ�WKH�FRDO�IHHGHU
�)'��������3UREOHPV�ZLWK�QLWURJHQ�VHDO�SUHVVXUH�IRUFHG�)'�����WR�VWRS�FRDO�IHHG�VHYHUDO�WLPHV
GXULQJ�WKH�UXQ��FDXVLQJ�WHPSHUDWXUH�IOXFWXDWLRQV�LQ�WKH�3&'���$�PDOIXQFWLRQLQJ�GXPS�YDOYH�RQ
WKH�)'�����XQLW�FDXVHG�SDUW�RI�WKH�FRPSOLFDWLRQ���/DWH�LQ�WKH�HYHQLQJ�RI�1RYHPEHU�����������DQ
XSVHW�LQ�WKH�WUDQVSRUW�UHDFWRU�GLSOHJ�VHQW�������OEV������NJ��RI�VROLGV�RYHU�WR�WKH�3&'�
5HPRYLQJ�WKH�VROLGV�WRRN�DSSUR[LPDWHO\�RQH�IXOO�GD\���2YHUDOO��WKLV�UXQ�DPDVVHG�WKH�ORQJHVW
DPRXQW�RI�WLPH�RI�WKH�7&���UXQV���7KH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�IXQFWLRQHG�ZHOO�DQG�ZDV�QRW
D�FDXVH�IRU�VKXW�GRZQ�
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6CDNG���������

6%��*�/CLQT�'XGPVU

'XGPV &GUETKRVKQP &CVG�CV�6KOG
# 6GUV�5VCTVGF 0QXGODGT����CV������
$ %QCN�(GGF�5VCTVGF 0QXGODGT����CV������
% %N[FG�5QHVYCTG�2TQDNGO��%QCN�(GGF�5VQRRGF 0QXGODGT����CV������
& (&�����/KFFNG�5RJGTK�8CNXG�3WKEM�&WOR�8CNXG�(CKNWTG 0QXGODGT����CV������
' +PETGCUGF�$CEM�RWNUG�2TGUUWTG�VQ�����RUKI�
�����DCT�I� 0QXGODGT����CV������
( 2QRRGV�8CNXG�(CKNWTG�QP�(&���� 0QXGODGT������������
) %QCN�(GGFGT�6TKRRGF 0QXGODGT����CV������
* &KRNGI�WRUGV�������NDU�
����MI��QH�UQNKFU�UGPV�VQ�2%& 0QXGODGT����CV������
+ %QCN�(GGF�4GUWOGF 0QXGODGT����CV������
, %QCN�(GGF�4GFWEGF 0QXGODGT����CV������
- %QCN�(GGF�5VQRRGF 0QXGODGT����CV������
. /CKP�%QORTGUUQT�1HH 0QXGODGT����CV������
/ /CKP�%QORTGUUQT�1P 0QXGODGT����CV������
0 %QCN�(GGF�4GUWOGF 0QXGODGT����CV������
1 %QCN�(GGFGT�6TCPUHGT�2TQDNGOU 0QXGODGT����CV������
2 %QCN�(GGFGT�6TKRRGF 0QXGODGT����CV������
3 +PETGCUGF�%[ENKPI�QH�(&�����VQ�GXGT[���OKPWVGU 0QXGODGT����CV������
4 2.%�%QORWVGT�CEEKFGPVCNN[�RNCEGF�KP�VGUV�OQFG��%QCN�(GGF�
CPF�CNN

%N[FG�5[UVGOU��5VQRRGF
&GEGODGT���CV������

5 %QCN�(GGF�4GUWOGF &GEGODGT���CV������
6 /CKP�#KT�%QORTGUUQT�6TKRRGF��%QCN�(GGF�5VQRRGF &GEGODGT���CV������
7 /CKP�#KT�%QORTGUUQT�$CEM�1P�.KPG &GEGODGT���CV������
8 %QCN�(GGF�4GUWOGF &GEGODGT���CV������
9 (&�����/KFFNG�5RJGTK�8CNXG�3WKEM�&WOR�8CNXG�(CKNWTG�
4GRGCVGFN[� &GEGODGT���CV������
: %QCN�(GGFGT�6TCPUHGT�2TQDNGOU &GEGODGT���CV������
; %QCN�(GGF�5VQRRGF &GEGODGT���CV������
< /CKP�#KT�%QORTGUUQT�6TKRRGF &GEGODGT���CV������
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��������6GUV�1DLGEVKXGU

7KLV�WHVW�VHJPHQW�ZDV�D�FRQWLQXDWLRQ�RI�WKH������KRXU�WHVW�UXQ�7&�����7KH�PDLQ�REMHFWLYH�IRU
WKH�3&'�ZDV�WR�REWDLQ�������KRXUV�H[SRVXUH�WLPH�IRU�WKH�ILOWHU�HOHPHQWV�DW�WHPSHUDWXUHV�DERYH
������)��������&��
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��������1DUGTXCVKQPU�'XGPVU

$� 7HVW�6WDUWHG−1RYHPEHU����DW���������7KH�PDLQ�DLU�FRPSUHVVRU��0$&��ZDV�VWDUWHG
ODWH�LQ�WKH�DIWHUQRRQ�RI�1RYHPEHU�����������WR�EHJLQ�7&��,�

%� &RDO�)HHG�6WDUWHG−1RYHPEHU����DW������

&� &O\GH�6RIWZDUH�3UREOHP��&RDO�)HHG�6WRSSHG�1RYHPEHU����DW���������3UREOHPV
ZLWK�WKH�ZHLJK�FHOOV�RQ�WKH�FRDO�IHHGHU��)'������UHTXLUHG�WKDW�WKH�VRIWZDUH�IRU�DOO
&O\GH�V\VWHPV�EH�UHORDGHG���7KLV�LQFOXGHG�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP
�)'��������7R�GR�WKLV��DOO�RI�WKH�&O\GH�V\VWHPV�ZHUH�VWRSSHG�

'� )'�����0LGGOH�6SKHUL�9DOYH�4XLFN�'XPS�9DOYH�)DLOXUH−1RYHPEHU����DW�������
7KH�DFWXDWRU�DUP�ZDV�QRW�PDNLQJ�FRQWDFW�ZLWK�WKH�SRVLWLRQ�VZLWFK�WR�FORVH�WKH
TXLFN�GXPS�YDOYH���5HSODFLQJ�WKH�FRYHU�SODWH�IRU�WKH�PHFKDQLFDO�VZLWFK�KHOSHG
VROYH�WKH�SUREOHP��DQG�WKH�VZLWFK�HQJDJHG���7KH�PRVW�OLNHO\�FDXVH�ZDV�PRYHPHQW
LQ�WKH�KRXVLQJ�RI�WKH�DFWXDWRU�

(� ,QFUHDVHG�%DFN�SXOVH�3UHVVXUH�WR�����SVLJ�������EDU��J�−1RYHPEHU����DW������

)� 3RSSHW�9DOYH�)DLOXUH�RQ�)'����−1RYHPEHU����DW��������$�IDLOHG�SRSSHW�YDOYH
RQ�WKH�PLGGOH�VSKHUL�YDOYH�VHDO�DOORZHG�IRU�QLWURJHQ�WR�HVFDSH���(QRXJK�QLWURJHQ
HVFDSHG�WR�FDXVH�WKH�KHDGHU�WR�ORVH�SUHVVXUH�

G. Coal Feeder Tripped−November 26 at 7:15.  Declining nitrogen header
pressure tripped the coal feeder.

H. Dipleg Upset; 2,000 lbs (907 kg) of solids sent to PCD−November 26 at 7:17.
A back-pulse in the PCD while the coal feed was lost upset the dipleg; 2,000 lb
(907 kg) of solids were sent to the PCD in just 11 minutes.

,� &RDO�)HHG�5HVXPHG−1RYHPEHU����DW������

-� &RDO�)HHG�5HGXFHG−1RYHPEHU����DW��������7KH�FRDO�IHHG�ZDV�UHGXFHG�WR�DYRLG
IXUWKHU�FRPSOLFDWLRQV�LQ�UHPRYLQJ�WKH�������OEV������NJ��RI�VROLGV�LQ�WKH�3&'
FRQH���,W�WRRN�FORVH�WR�D�IXOO�GD\�WR�UHPRYH�WKH�VROLGV�IURP�WKH�3&'�FRQH���7KH
VFUHZ�FRROHU�ZDV�OLPLWHG�WR�����)������&��EHFDXVH�RI�WKH�QHRSUHQH�VSKHUL�YDOYH
VHDO�LQ�)'�����

.� &RDO�)HHG�6WRSSHG−1RYHPEHU����DW������

/� 0DLQ�&RPSUHVVRU�2II�²1RYHPEHU����DW���������7KH�FRPSUHVVRU�ZDV�VWRSSHG�WR
DLG�LQ�UHSDLU�ZRUN�RQ�)'�����
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0� 0DLQ�&RPSUHVVRU�2Q−1RYHPEHU����DW���������7KH�UHSDLU�ZRUN�ZDV�FRPSOHWHG
DQG�WKH�FRPSUHVVRU�UHVWDUWHG�

1� &RDO�)HHG�5HVXPHG−1RYHPEHU����DW������

O. Coal Feeder Transfer Problems−November 27 at 21:00.  Problems with the
coal feeder caused inconsistent feeds and temperature fluctuations in the PCD.

3� &RDO�)HHGHU�7ULSSHG−1RYHPEHU�������DW�������

Q. Increased Cycling of FD0520 to 5 minutes−November 28 at 18:40.  Lower
temperatures in the PCD cone signaled a possible accumulation of solids.  This
required that the spent fines transport system increase its throughput.

5� 3/&�&RPSXWHU�$FFLGHQWDOO\�3ODFHG�LQ�7HVW�0RGH��&RDO�)HHG��DQG�DOO�&O\GH
6\VWHPV��6WRSSHG−'HFHPEHU����DW��������:KLOH�EDFNLQJ�XS�WKH�3/&�FRPSXWHU��LW
ZDV�DFFLGHQWDOO\�SODFHG�LQ�WHVW�PRGH�FDXVLQJ�WKH�FRDO�IHHGHU�WR�VWRS�

6� &RDO�)HHG�5HVXPHG−'HFHPEHU����DW������

T. Main Air Compressor Tripped; Coal Feed Stopped-December 05 at 5:03.  A
cooling water pump tripped for the air compressor.  This stopped coal feed.

8� 0DLQ�$LU�&RPSUHVVRU�%DFN�2Q�/LQH−'HFHPEHU����DW������

9� &RDO�)HHG�5HVXPHG−'HFHPEHU����DW������

W. FD0520 Middle Spheri Valve Quick Dump Valve Failure (Repeatedly) −
December 08 at 2:37.  This began a series of problems with the FD0520 quick
dump valve leaking nitrogen.  Periodically, the problem was bad enough to
stop all Clyde systems.  This interrupted coal feed.

X. Coal Feeder Transfer Problems−December 08 at 16:10.  Because of plugging
in the exit line, the coal feeder caused stopped several times.  This intermittent
problem continued off and on for the next 3 hours.

<� Coal Feed Stopped−December 09 at 6:20.  7KH�H[LW�OLQH�SOXJJHG�

=� Main Air Compressor Tripped−December 09 at 15:30.  (QG�RI�7&��,�
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��������4WP�1WVEQOG

7KH�UXQ�ZDV�D�VXFFHVVIXO�RQH���1R�HOHPHQWV�ZHUH�EURNHQ�IURP�7&��+�RU�7&��,��HYHQ�ZLWK�D
IHZ�WKHUPDO�HYHQWV���7KHUH�ZDV�VRPH�DGGLWLRQDO�ZHDU�RI�WKH�)'�����VKDIW���7KH�VKDIW�KDG�EHHQ
UHZRUNHG�SULRU�WR�7&��+�DQG�WKH�ZHDU�KDG�UHWXUQHG���$GGLWLRQDO�GHWDLO�FRQFHUQLQJ�WKH�ZHDU�RI
WKH�VKDIW�FDQ�EH�IRXQG�LQ�WKH�UHSRUW�RQ�)'�����)'������VHFWLRQ���������7KLV�ZDV�WKH�ORQJHVW
XQLQWHUUXSWHG�UXQ�IRU�DOO�RI�7&���

25&(>����>����
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/GCUWTGOGPVU�QH�2CTVKEWNCVG�/CUU�.QCFKPIU
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������6%���#5*�%*#4#%6'4+56+%5�#0&�2%&�2'4(14/#0%'

,Q�VLWX�SDUWLFXODWH�VDPSOLQJ�UXQV�ZHUH�SHUIRUPHG�GXULQJ�7&���RQ�D�UHJXODU�EDVLV�DW�WKH�3&'
LQOHW�DQG�3&'�RXWOHW���7KHVH�VDPSOLQJ�UXQV�ZHUH�SULPDULO\�WR�PRQLWRU�FKDQJHV�LQ�VROLGV
FDUU\RYHU�IURP�WKH�WUDQVSRUW�UHDFWRU�V\VWHP�DQG�WR�GHWHFW�DQ\�SDUWLFOH�SHQHWUDWLRQ�WKDW�PLJKW�EH
DVVRFLDWHG�ZLWK�WKH�IDLOXUH�RI�RQH�RU�PRUH�ILOWHU�HOHPHQWV���7KH�LQ�VLWX�SDUWLFXODWH�VDPSOHV
LQFOXGHG����VDPSOHV�RI�WKH�SDUWLFXODWH�PDVV�HQWHULQJ�WKH�3&'�DQG����VDPSOHV�RI�WKH�SDUWLFXODWH
PDVV�H[LWLQJ�WKH�3&'���$OO�RI�WKH�VDPSOHV�FROOHFWHG�DW�WKH�3&'�LQOHW�DQG����RI�WKH����VDPSOHV
FROOHFWHG�DW�WKH�3&'�RXWOHW�ZHUH�WRWDO�SDUWLFXODWH�PDVV�VDPSOHV�FROOHFWHG�RQ�D�VLQJOH�ILOWHU��PDVV
VDPSOHV����7ZR�RI�WKH�VDPSOHV�FROOHFWHG�DW�WKH�3&'�RXWOHW�ZHUH�VL]H�VHJUHJDWHG�VDPSOHV
FROOHFWHG�LQ�D�FDVFDGH�LPSDFWRU�

7KURXJKRXW�7&����65,�VDPSOLQJ�SHUVRQQHO�FRRUGLQDWHG�ZLWK�6&6�RSHUDWLRQV�SHUVRQQHO�WR
HQVXUH�WKDW�WKH�WUDQSRUW�UHDFWRU�V\VWHP�ZDV�RSHUDWLQJ�XQGHU�VWHDG\�VWDWH�FRQGLWLRQV�GXULQJ�HDFK
VDPSOLQJ�UXQ���7KH�LQWHQW�RI�WKH�7&���WHVW�SURJUDP�ZDV�WR�HYDOXDWH�WKH�ORQJ�WHUP�SHUIRUPDQFH
RI�WKH�3&'�RYHU�D�������KU�H[SRVXUH�WR�IOXH�JDV�DW�D�QRPLQDO�JDV�WHPSHUDWXUH�RI�������)
�����&��DQG�D�QRPLQDO�JDV�SUHVVXUH�RI�����SVLJ�������EDU����'XULQJ�WKH�SDUWLFXODWH�VDPSOLQJ�UXQV
WKH�DYHUDJH�UHFRUGHG�WHPSHUDWXUH�ZDV�������±���)������±���&��DQG�WKH�DYHUDJH�UHFRUGHG
SUHVVXUH�ZDV�����±���SVLJ�������EDU�±�����EDU����7KH�DYHUDJH�JDV�YHORFLWLHV�PHDVXUHG�DW�WKH
VDPSOLQJ�QR]]OH�YDULHG�IURP������WR������IW�VHF������WR�����P�VHF��DQG�ZHUH�ZLWKLQ�±���SHUFHQW
RI�WKH�DYHUDJH�SURFHVV�JDV�YHORFLW\�IRU�DOO�VDPSOLQJ�UXQV�

7KLV�UHSRUW�VXPPDUL]HV�WKH�SDUWLFXODWH�PDVV�ORDGLQJV�GHWHUPLQHG�IURP�WKH�7&���VDPSOLQJ�UXQV
DQG�3&'�FROOHFWLRQ�HIILFLHQFLHV�FDOFXODWHG�IURP�WKH�LQOHW�DQG�RXWOHW�ORDGLQJV���3DUWLFOH�VL]H
GLVWULEXWLRQV�GHWHUPLQHG�E\�FDVFDGH�LPSDFWRU�DQG�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�GXVWFDNH�VDPSOHV�WDNHQ�IURP�WKH
ILOWHU�HOHPHQWV�GXULQJ�WKH�3&'�LQVSHFWLRQV�LQ�1RYHPEHU�DQG�-DQXDU\���7KH�YDULRXV�W\SHV�RI
VDPSOHV�DUH�FRPSDUHG�LQ�WHUPV�RI�WKHLU�FKHPLFDO�FRPSRVLWLRQ��SHUPHDELOLW\��SDUWLFOH�VL]H
GLVWULEXWLRQ��DQG�RWKHU�UHOHYDQW�SURSHUWLHV�

��������/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&�����$V�LQGLFDWHG�LQ�WKH�WDEOH�
WKH�PHDVXUHG�LQOHW�ORDGLQJ�YDULHG�IURP�������WR��������SSPZ�ZLWK�D�PHDQ�YDOXH�RI�������
SSPZ���������SSPZ�����SHUFHQW�UHODWLYH�VWDQGDUG�GHYLDWLRQ��UVG����7KLV�LV�PXFK�LPSURYHG�IURP
SUHYLRXV�WHVW�SURJUDPV�ZKHUH�PXFK�KLJKHU�PDVV�ORDGLQJV�DQG�PXFK�JUHDWHU�YDULDWLRQV�ZHUH�VHHQ�
,PSURYHG�RSHUDWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU�LV�FUHGLWHG�ZLWK�WKH�LQFUHDVHG�FRQVLVWHQF\�DQG
UHGXFHG�ORDGLQJV�

3UHYLRXV�GDWD�LQGLFDWHG�WKDW�WKH�FOHDQLQJ�EDFN�SXOVH�IURP�WKH�3&'�FRXOG�FDXVH�LQFUHDVHG�PDVV
ORDGLQJ�EHFDXVH�RI�UHHQWUDLQPHQW�IURP�WKH�F\FORQH�GLSOHJ���7KHUHIRUH��WKH�7&���WHVWV�ZHUH
WLPHG�WR�XQDPELJXRXVO\�FROOHFW�GDWD�HLWKHU�ZLWK�RU�ZLWKRXW�D�EDFN�SXOVH�RFFXUULQJ���)RU�WKH�ILYH
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LQOHW�UXQV�WKDW�ZHUH�SHUIRUPHG�GXULQJ�D�3&'�EDFN�SXOVH�WKH�PHDQ�ORDGLQJ�ZDV��������SSPZ��
������SSPZ�����SHUFHQW�UVG����)RU�WKH����UXQV�WKDW�GLG�QRW�LQFOXGH�D�3&'�EDFN�SXOVH�WKH�PHDQ
ORDGLQJ�ZDV��������SSPZ���������SSPZ�����SHUFHQW�UVG����$OWKRXJK�D�FDWDVWURSKLF�ORVV�RI�WKH
GLSOHJ�VHDO�GLG�QRW�RFFXU�GXULQJ�DQ\�RI�WKH�SXOVH�WHVWV�D�ORZHU�ORDGLQJ�GXULQJ�SXOVLQJ�LV�QRW�WKH
UHVXOW�WKDW�ZDV�H[SHFWHG�

&DUHIXO�UHYLHZ�RI�WKH�RSHUDWLRQDO�GDWD�XVLQJ�WKH�SURFHVV�LQIRUPDWLRQ�V\VWHP��3,��LQGLFDWHG�WKDW
IRXU�RI�WKH�´QR�SXOVHµ�WHVWV�ZHUH�VWDUWHG�OHVV�WKDQ���PLQXWHV�DIWHU�D�VHYHUH�XSVHW�RI�WKH�GLSOHJ
VHDO���$OWKRXJK�WKH�GLSOHJ�¨3�GDWD�LQGLFDWHG�WKDW�WKH�VHDO�KDG�EHHQ�UHHVWDEOLVKHG�EHIRUH�WKH�WHVW
VWDUWHG�DOO�RI�WKRVH�WHVWV��7&��,07������������DQG�����VKRZHG�PXFK�KLJKHU�PDVV�FRQFHQWUDWLRQV
WKDQ�GLG�WKH�WHVWV�WKDW�KDG�VWDEOH�RSHUDWLQJ�FRQGLWLRQV�LQ�WKH���PLQXWHV�SULRU�WR�WKH�WHVW���,W
DSSHDUV�WKDW�WKH�HIIHFWV�RI�XSVHWWLQJ�WKH�F\FORQH�GLSOHJ�ODVW�ORQJHU�WKDQ�KDG�EHHQ�H[SHFWHG�
)XWXUH�WHVWLQJ�ZLOO�WDNH�WKLV�LQWR�DFFRXQW�

$QRWKHU�PDVNLQJ�HIIHFW�WKDW�OLPLWHG�WKH�DELOLW\�WR�UHVROYH�WKH�HIIHFWV�RI�SXOVLQJ�RQ�3&'�LQOHW
SDUWLFOH�ORDGLQJ�LV�YDU\LQJ�FLUFXODWLRQ�UDWHV�LQ�WKH�WUDQVSRUW�UHDFWRU���)RU�FRQVWDQW�F\FORQH
FROOHFWLRQ�HIILFLHQF\�DQG�FRQVWDQW�SDUWLFOH�VL]H�GLVWULEXWLRQ�LQFUHDVLQJ�WKH�PDVV�HQWHULQJ�WKH
F\FORQH�ZLOO�LQFUHDVH�WKH�PDVV�HQWHULQJ�WKH�3&'���,I�WKH�3&'�LQOHW�SDUWLFOH�ORDGLQJV�DUH�SORWWHG
DJDLQVW�WKH�F\FORQH�IHHG�VROLGV�UDWH�FDOFXODWHG�IRU�HDFK�WHVW�WKH�UHODWLRQVKLS�LQ�ILJXUH����������LV
REWDLQHG���7KH�GDVKHG�OLQH�RQ�WKH�ILJXUH�LV�D�OLQHDU�UHJUHVVLRQ�FRPSDUHG�ZLWK�WKH�GDWD�FROOHFWHG
ERWK�ZLWK�D�SXOVH�DQG�ZKHQ�D�SXOVH�FDXVHG�D�ORVV�RI�WKH�GLSOHJ�VHDO�ZLWKLQ���PLQXWHV�RI�WKH�VWDUW
RI�D�WHVW���7KH�RQH�GDWD�SRLQW�DW�������SSPZ�ZDV�H[FOXGHG�IURP�WKH�OLQHDU�UHJUHVVLRQ�EHFDXVH�LW
ZDV�REWDLQHG�GXULQJ�D�SHULRG�RI�XQVWDEOH�RSHUDWLRQ��SHUVRQDO�FRPPXQLFDWLRQ�IURP�3��6PLWK�
-DQXDU\������������7KH�VROLG�OLQH�LV�D�UHJUHVVLRQ�WR�WKH�GDWD�FROOHFWHG�ZLWKRXW�SXOVLQJ�DQG�ZLWK�QR
VHDO�ORVVHV���$OWKRXJK�WKH�DFFXUDF\�RU�DSSURSULDWHQHVV�RI�WKH�UHJUHVVLRQ�OLQHV�LV�GHEDWDEOH�WKH\
DUH�XVHIXO�WR�JXLGH�WKH�H\H���,W�DSSHDUV�WKDW�ZH�FDQ�QRZ�REVHUYH�DQ�LQFUHDVH�LQ�PDVV�H[LWLQJ�WKH
WUDQVSRUW�UHDFWRU�EHFDXVH�RI�WKH�3&'�SXOVH�XSVHWWLQJ�WKH�F\FORQH�GLSOHJ���+RZHYHU��WKH�GHJUHH
RI�LQFUHDVH�LV�IDLUO\�PLQRU�DQG�LW�LV�QRW�SHUFHLYHG�DV�SUREOHPDWLF�LQ�DQDO\VLV�DQG�HYDOXDWLRQ�RI
3&'�RSHUDWLRQ�

1WVNGV�/GCUWTGOGPVU���7KH�RXWOHW�SDUWLFXODWH�PHDVXUHPHQWV�PDGH�GXULQJ�7&���DUH�VXPPDUL]HG�LQ
WDEOH������������1R�UHVXOW�LV�UHSRUWHG�IRU�UXQ�7&��207����EHFDXVH�D�OHDN�LQ�WKH�VDPSOLQJ
V\VWHP�WXELQJ�ZDV�GHWHFWHG�DIWHU�WKDW�UXQ���$OWKRXJK�WKH�V\VWHP�SDVVHG�D�OHDN�WHVW�LPPHGLDWHO\
SULRU�WR�WKH�UXQ�WKH�PHDVXUHPHQW�KDG�WR�EH�FRQVLGHUHG�LQYDOLG��DV�WKH�OHDN�SUREDEO\�GHYHORSHG
GXULQJ�WKH�UXQ���6LQFH�WKH�OHDN�RFFXUUHG�XSVWUHDP�RI�WKH�IORZ�PHDVXUHPHQW�RULILFH��ZKHUH�WKH
WXELQJ�LV�DW�KLJK�SUHVVXUH��WKH�WRWDO�YROXPH�RI�IOXH�JDV�WKDW�SDVVHG�WKURXJK�WKH�SDUWLFXODWH
VDPSOHU�ZDV�DFWXDOO\�PXFK�ODUJHU�WKDQ�WKDW�LQGLFDWHG�E\�WKH�IORZ�RULILFH���7KLV�UHVXOWHG�LQ�WKH
FROOHFWLRQ�RI�DQ�LQRUGLQDWHO\�ODUJH�DPRXQW�RI�SDUWLFXODWH�PDVV�LQ�WKH�VDPSOHU��SURGXFLQJ�DQ
DUWLILFLDOO\�KLJK�ORDGLQJ�����SSPZ����6LQFH�WKLV�UHVXOW�LV�VLJQLILFDQWO\�KLJKHU�WKDQ�DOO�RWKHU�RXWOHW
ORDGLQJV�PHDVXUHG�GXULQJ�7&���WKHUH�LV�D�VWURQJ�LQGLFDWLRQ�WKDW�WKH�OHDN�ZDV�VXEVWDQWLDO�
7KHUHIRUH��WKH�UHVXOW�RI�7&��207����KDV�EHHQ�RPLWWHG�IURP�WKH�WDEOH�

7KH�EODQN�YDOXHV�JLYHQ�LQ�WKH�ODVW�FROXPQ�RI�WDEOH����������DUH�WKH�DSSDUHQW�SDUWLFXODWH�ORDGLQJV
FROOHFWHG�RQ�D�VHFRQGDU\�ILOWHU�LQ�VHULHV�ZLWK�WKH�SULPDU\�SDUWLFXODWH�FROOHFWLRQ�ILOWHU���7KH�ILUVW
IRXU�UXQV�GLG�QRW�LQFOXGH�WKH�VHFRQGDU\�ILOWHUV�VR�QR�EODQN�YDOXHV�ZHUH�GHWHUPLQHG�IRU�WKRVH
UXQV���7KH�EODQN�YDOXHV�UHSUHVHQW�WKH�QHW�HIIHFW�RI�VHYHUDO�SKHQRPHQD�LQFOXGLQJ������DGVRUSWLRQ
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RI�IOXH�JDV�VSHFLHV�RQ�WKH�ILOWHU�PDWHULDO�����ILOWHU�ZHLJKW�FKDQJHV�DVVRFLDWHG�ZLWK�KDQGOLQJ��DQG���
SHQHWUDWLRQ�RI�WUDFH�DPRXQWV�RI�SDUWLFXODWH�WKURXJK�WKH�SULPDU\�ILOWHU���7KH�UHODWLYH�FRQWULEXWLRQ
RI�HDFK�PHFKDQLVP�LV�XQNQRZQ�DQG�WKH�EODQN�YDOXH�DSSHDUV�WR�YDU\�LQ�D�PDQQHU�WKDW�LV�QRW
UHODWHG�WR�WKH�DFWXDO�SDUWLFXODWH�ORDGLQJ���7KH�PHDQ�EODQN�YDOXH�GXULQJ�7&���ZDV������SSPZ��
�����SSPZ�����SHUFHQW�UVG����,W�LV�SUREDEO\�QRW�DSSURSULDWH�WR�DGMXVW�WKH�PDVV�ORDGLQJ�RI�HDFK
WHVW�E\�WKH�EODQN�YDOXH�DVVRFLDWHG�ZLWK�WKDW�LQGLYLGXDO�UXQ�EDVHG�RQ�WKLV�H[SHULHQFH�RQO\�
,QVWHDG��WKH�EODQN�YDOXHV�VKRXOG�EH�XVHG�DV�DQ�LQGLFDWLRQ�RI�WKH�W\SLFDO�QRLVH�OHYHO�LQ�WKH
PHDVXUHPHQW���)RU�DOO�RI�WKH�UXQV�SHUIRUPHG�DIWHU�6HSWHPEHU����WKH�EODQN�YDOXHV�DPRXQW�WR�OHVV
WKDQ���SHUFHQW�RI�WKH�PHDVXUHG�RXWOHW�ORDGLQJ���)RU�WKH�UXQV�SULRU�WR�6HSWHPEHU����WKH�EODQN
YDOXHV�DUH�D�VLJQLILFDQW�IUDFWLRQ�RI�WKH�PHDVXUHG�ORDGLQJ���7KLV�UHVXOW�VXJJHVWV�WKDW�WKH�HIIHFW�RI
WKH�EODQN�QHHGV�WR�EH�FDUHIXOO\�FRQVLGHUHG�ZKHQ�GHDOLQJ�ZLWK�YHU\�ORZ�RXWOHW�SDUWLFXODWH�ORDGLQJV
����SSPZ��

3ULRU�WR�WKH�ILUVW�RXWOHW�VDPSOLQJ�UXQ�RQ�6HSWHPEHU���LW�KDG�DOUHDG\�EHHQ�GHWHUPLQHG�WKDW�RQH
ILOWHU�HOHPHQW�ZDV�EURNHQ���7KLV�GHWHUPLQDWLRQ�ZDV�PDGH�EDVHG�RQ�FHUDPLF�IUDJPHQWV�WKDW�ZHUH
FROOHFWHG�LQ�WKH�DVK�GLVFKDUJH�V\VWHP�RQ�6HSWHPEHU�����$OWKRXJK�RQH�HOHPHQW�ZDV�EURNHQ�DW�WKH
RXWVHW�WKH�LQLWLDO�PHDVXUHPHQWV�SHUIRUPHG�GXULQJ�WKH�SHULRG�RI�6HSWHPEHU���WR�6HSWHPEHU���
VKRZHG�WKDW�WKH�RXWOHW�ORDGLQJ�ZDV�TXLWH�ORZ�������WR������SSPZ����7KLV�UHVXOW�VXJJHVWV�WKDW�WKH
IDLO�VDIH�GHYLFH�RQ�WKH�EURNHQ�HOHPHQW�SUHYHQWHG�KLJK�OHYHOV�RI�SDUWLFOH�SHQHWUDWLRQ�GXULQJ�WKLV
LQLWLDO�WLPH�SHULRG���2Q�6HSWHPEHU����DGGLWLRQDO�FHUDPLF�IUDJPHQWV�ZHUH�UHPRYHG�IURP�WKH�DVK
GLVFKDUJH�V\VWHP�DQG�LW�ZDV�GHWHUPLQHG�WKDW�RQH�RU�WZR�DGGLWLRQDO�HOHPHQWV�KDG�EURNHQ�
0HDVXUHPHQWV�PDGH�EHWZHHQ�6HSWHPEHU����DQG�2FWREHU����VKRZHG�WKDW�WKH�RXWOHW�ORDGLQJ�KDG
LQFUHDVHG�VLJQLILFDQWO\�ZLWK�WKH�PHDVXUHG�YDOXHV�UDQJLQJ�IURP�����WR�DERXW����SSPZ���7KLV�UHVXOW
VXJJHVWHG�WKDW�WKH�IDLO�VDIH�GHYLFHV�RQ�RQH�RU�ERWK�RI�WKH�EURNHQ�HOHPHQWV�GLG�QRW�SOXJ
FRPSOHWHO\�RU�WKDW�VRPH�RWKHU�OHDN�KDG�GHYHORSHG�WKDW�ZDV�DOORZLQJ�DVK�SDUWLFOHV�WR�SHQHWUDWH
IURP�WKH�GLUW\�VLGH�WR�WKH�FOHDQ�VLGH�RI�WKH�3&'�

2Q�1RYHPEHU���D�UDSLG�ULVH�DQG�IDOO�LQ�3&'�WHPSHUDWXUHV�RFFXUUHG�ZKHQ�SUREOHPV�ZHUH
HQFRXQWHUHG�ZLWK�WKH�FRDO�IHHG�WR�WKH�WUDQVSRUW�UHDFWRU�V\VWHP���:KLOH�RSHUDWLRQV�SHUVRQQHO
ZHUH�WU\LQJ�WR�UHHVWDEOLVK�VWDEOH�FRDO�IHHG�WKH�DVK�GLVFKDUJH�V\VWHP�EHFDPH�SOXJJHG�ZLWK�D�ODUJH
QXPEHU�RI�FHUDPLF�IUDJPHQWV��IRUFLQJ�D�VKXWGRZQ�RI�WKH�WUDQVSRUW�UHDFWRU�V\VWHP���6XEVHTXHQW
LQVSHFWLRQ�RI�WKH�3&'�UHYHDOHG�WKDW�DOO����RI�WKH�&RRUV�3���$�HOHPHQWV�DQG���RI�WKH��0�W\SH
����HOHPHQW�KDG�EHHQ�EURNHQ���7KH�EURNHQ�FDQGOHV�ZHUH�UHSODFHG�DQG�WKH�V\VWHP�ZDV�UHVWDUWHG
RQ�1RYHPEHU����DOWKRXJK�VWDEOH�RSHUDWLRQ�RQ�FRDO�ZDV�QRW�DFKLHYHG�IRU�VHYHUDO�GD\V���7KH
RXWOHW�SDUWLFXODWH�PHDVXUHPHQWV�PDGH�EHWZHHQ�'HFHPEHU���DQG���LQGLFDWHG�WKDW�WKH�RXWOHW
ORDGLQJ�ZDV�VWLOO�LQ�WKH�UDQJH�RI�����WR�����SSPZ���7KLV�UHVXOW�VXJJHVWHG�WKDW�WKHUH�ZDV�VWLOO�VRPH
VRUW�RI�OHDN�IURP�WKH�GLUW\�VLGH�WR�WKH�FOHDQ�VLGH�RI�WKH�3&'�HYHQ�DIWHU�WKH�3&'�ZDV�UHFDQGOHG�
6XEVHTXHQW�LQVSHFWLRQ�RI�WKH�3&'�UHYHDOHG�WKDW�DOO�RI�WKH�FDQGOHV�DSSHDUHG�WR�EH�LQWDFW���7KH
3&'�ZDV�FDUHIXOO\�LQVSHFWHG�LQ�-DQXDU\�DQG�D�OHDN�WHVW�ZDV�SHUIRUPHG���7KH�UHVXOWV�RI�WKH�OHDN
WHVW�VXJJHVWHG�WKDW�WKH�SDUWLFOH�SHQHWUDWLRQ�ZDV�SUREDEO\�RFFXUULQJ�WKURXJK�OHDNLQJ�JDVNHWV
EHWZHHQ�WKH�ILOWHU�HOHPHQWV�DQG�WKH�WXEHVKHHW�

$OWKRXJK�WKH�RXWOHW�ORDGLQJV�PHDVXUHG�DIWHU�6HSWHPEHU����ZHUH�KLJKHU�WKDQ�H[SHFWHG�LW�LV
LPSRUWDQW�WR�QRWH�WKDW�WKH�RXWOHW�ORDGLQJ�QHYHU�H[FHHGHG����SSPZ��ZKLFK�LV�ZHOO�ZLWKLQ�WKH�1HZ
6RXUFH�3HUIRUPDQFH�6WDQGDUGV��≅����SSPZ����+RZHYHU��EHFDXVH�RI�WKH�SRWHQWLDO�HIIHFW�RQ
WXUELQH�EODGH�HURVLRQ�WKH�FRQFHQWUDWLRQ�RI�ODUJH��!���WR�����P��SDUWLFOHV�PD\�EH�D�PRUH



2CTVKENG�(KNVGT�5[UVGO� � 6GEJPKECN�2TQITGUU�4GRQTV
6%���#UJ�%JCTCEVGTKUVKEU�CPF�2%&�2GTHQTOCPEG� 6TCPURQTV�4GCEVQT�6TCKP�
/GCUWTGOGPVU�QH�2CTVKEWNCVG�/CUU�.QCFKPIU

��������

VLJQLILFDQW�FRQVLGHUDWLRQ�WKDQ�LV�WKH�WRWDO�PDVV�HPLVVLRQV���7KH�RXWOHW�SDUWLFOH�VL]H�PHDVXUHPHQWV
PDGH�GXULQJ�7&����DIWHU�6HSWHPEHU�����LQGLFDWHG�WKDW�WKH�PDVV�PHGLDQ�GLDPHWHU��PPG��RI�WKH
GXVW�SHQHWUDWLQJ�WKH�3&'�ZDV�DERXW������P���$ERXW����SHUFHQW�RI�WKH�SDUWLFXODWH�PDVV�ZDV
FRQWDLQHG�LQ�SDUWLFOHV�ODUJHU�WKDQ����P�DQG�DERXW���SHUFHQW�RI�WKH�SDUWLFXODWH�PDVV�ZDV
FRQWDLQHG�LQ�SDUWLFOHV�ODUJHU�WKDQ�����P���7KHVH�SHUFHQWDJHV�FRUUHVSRQG�WR�PDVV�FRQFHQWUDWLRQV
IRU�SDUWLFOHV�ODUJHU�WKDQ����P�RI������WR�����SSPZ�DQG�IRU�SDUWLFOHV�ODUJHU�WKDQ�����P�RI������WR
�����SSPZ�

%QNNGEVKQP�'HHKEKGPE[���7KH�SDUWLFOH�FROOHFWLRQ�SHUIRUPDQFH�RI�WKH�3&'�ZDV�FDOFXODWHG�IURP�WKH
LQOHW�DQG�RXWOHW�PDVV�FRQFHQWUDWLRQV��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����%HFDXVH�RI
WKH�JUHDW�GLIIHUHQFH�LQ�PDVV�FRQFHQWUDWLRQ�DW�WKH�LQOHW�DQG�RXWOHW�WKH�RXWOHW�VDPSOLQJ�UXQV�ZHUH
PXFK�ORQJHU�LQ�GXUDWLRQ�WKDQ�WKH�LQOHW�UXQV��W\SLFDOO\���KRXUV�YHUVXV����PLQXWHV����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�WKH�DYHUDJH�LQOHW�ORDGLQJ
IRU�DOO�RI�7&�����������SSPZ�RU��������PJ�VFP����3ULRU�WR�6HSWHPEHU����WKH�FROOHFWLRQ
HIILFLHQF\�H[FHHGHG�������SHUFHQW���(IILFLHQF\�YDOXHV�UDQJHG�IURP�������WR�������SHUFHQW�DIWHU
WKDW�GDWH���7KXV��HYHQ�WKH�ORZHVW�FROOHFWLRQ�HIILFLHQF\�UHFRUGHG�GXULQJ�7&���ZDV�VWLOO�TXLWH�JRRG
FRPSDUHG�ZLWK�WKH�SHUIRUPDQFH�RI�PRVW�SDUWLFXODWH�FRQWURO�V\VWHPV�WKDW�DUH�FXUUHQWO\�RSHUDWLQJ
RQ�FRDO�ILUHG�SRZHU�SODQWV�
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6CDNG���������

2%&�+PNGV�2CTVKEWNCVG�/CUU�.QCFKPI�&CVC�HQT�6GUV�2TQITCO�6%��

54+ &CVG 4WP�6KOG� 2CTVKENG�.QCFKPI 2%&

4WP�0Q 5CORNGF 5VCTV 'PF RROY IT�CEH OI�UEO 2WNUG�

6%��+/6�� ������� ���� ���� ����� ���� ����� 0Q

6%��+/6�� ������� ���� ���� ������ ���� ������ ;GU

6%��+/6�� ������� ���� ���� ������ ���� ������ ;GU

6%��+/6�� ������� ���� ���� ������ ���� ������ 0Q

6%��+/6�� ������� ����� ����� ����� ���� ������ ;GU

6%��+/6�� ������� ����� ����� ������ ���� ������ 0Q

6%��+/6�� ������� ���� ���� ������ ���� ������ 0Q

6%��+/6�� �������� ���� ���� ������ ���� ������ 0Q

6%��+/6�� �������� ���� ���� ������ ���� ������ 0Q

6%��+/6��� �������� ���� ���� ������ ���� ������ 0Q

6%��+/6��� �������� ���� ����� ������ ���� ������ 0Q

6%��+/6��� �������� ����� ����� ������ ���� ������ 0Q

6%��+/6��� �������� ����� ����� ������ ���� ������ 0Q

6%��+/6��� �������� ����� ����� ������ ���� ������ 0Q

6%��+/6��� ������� ���� ����� ������ ���� ������ ;GU

6%��+/6��� ������� ���� ����� ����� ���� ������ ;GU

6%��+/6��� ������� ����� ����� ������ ���� ������ 0Q

�� #NN�VKOGU�CTG�EGPVTCN�UVCPFCTF�VKOG�
�� +PFKECVGU�YJGVJGT�C�DCEM�RWNUG�QEEWTTGF�FWTKPI�VJG�TWP�



2CTVKENG�(KNVGT�5[UVGO� � 6GEJPKECN�2TQITGUU�4GRQTV
6%���#UJ�%JCTCEVGTKUVKEU�CPF�2%&�2GTHQTOCPEG� 6TCPURQTV�4GCEVQT�6TCKP�
/GCUWTGOGPVU�QH�2CTVKEWNCVG�/CUU�.QCFKPIU

��������

6CDNG���������

2%&�1WVNGV�2CTVKEWNCVG�/CUU�.QCFKPI�&CVC�HQT�6GUV�2TQITCO�6%��

54+ &CVG 4WP�6KOG� 2CTVKENG�.QCFKPI $NCPM

4WP�0Q 5CORNGF 5VCTV 'PF RROY IT�CEH OI�UEO RROY�

6%��1/6�� ������ ���� ����� ����� ������ ����� 0#

6%��1/6�� ������� ���� ����� ����� ������ ����� 0#

6%��1/6�� ������� ���� ����� ����� ������ ����� 0#

6%��1/6�� ������� ���� ����� ����� ������ ����� 0#

6%��1/6�� ������� ���� ����� ����� ������ ����� ����

6%��1/6�� ������� ���� ����� ���� ������ ���� ����

6%��1/6�� ������� ���� ����� ����� ������ ���� ����

6%��1/6�� �������� ���� ����� ���� ������ ���� ����

6%��1/6�� �������� ���� ����� ���� ������ ���� ����

6%��1/6��� �������� ���� ����� ����� ������ ���� ����

6%��1/6��� �������� ���� ����� 0#� 0# 0# 0#

6%��1/6��� �������� ���� ����� ���� ������ ���� ����

6%��1/6��� ������� ���� ����� ���� ������ ���� ����

6%��1/6��� ������� ���� ����� ���� ������ ���� ����

6%��1/6��� ������� ���� ����� ���� ������ ���� ����

6%��1/6��� ������� ����� ����� ���� ������ ���� ����

�� #NN�VKOGU�CTG�EGPVTCN�UVCPFCTF�VKOG�
�� 'SWKXCNGPV�RCTVKEWNCVG�NQCFKPI�ECNEWNCVGF�HTQO�OCUU�EJCPIG�QH�DNCPM�HKNVGT�
�� 4WP�YCU�PQV�XCNKF�DGECWUG�QH�NGCM�KP�UCORNG�NKPG�
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6CDNG���������

2%&�2CTVKEWNCVG�%QNNGEVKQP�'HHKEKGPEKGU�HQT�6GUV�2TQITCO�6%��

54+ &CVG 4WP�6KOG� .QCFKPI��OI�UEO 'HHKEKGPE[ 2GPGVTCVKQP

4WP�0Q 5CORNGF 5VCTV 'PF +PNGV� 1WVNGV 
�� 
��

6%��1/6�� ������ ���� ����� ������ ����� ������ �����

6%��1/6�� ������� ���� ����� ������ ����� ������ �����

6%��1/6�� ������� ���� ����� ������ ����� ������ �����

6%��1/6�� ������� ���� ����� ������ ����� ������ �����

6%��1/6�� ������� ���� ����� ������ ����� ������ �����

6%��1/6�� ������� ���� ����� ������ ���� ������ �����

6%��1/6�� ������� ���� ����� ������ ���� ������ �����

6%��1/6�� �������� ���� ����� ������ ���� ������ �����

6%��1/6�� �������� ���� ����� ������ ���� ������ �����
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)LJXUH����������VKRZV�SDUWLFOH�VL]H�GLVWULEXWLRQV�PHDVXUHG�RQ�YDULRXV�LQOHW�SDUWLFXODWH�VDPSOHV�RQ
WKH�EDVLV�RI�FXPXODWLYH�SHUFHQWDJH�RI�WKH�PDVV�FRQWDLQHG�LQ�SDUWLFOHV�VPDOOHU�WKDQ�D�JLYHQ�VL]H�
)LJXUH����������VKRZV�WKH�VDPH�SDUWLFOH�VL]H�GDWD�SUHVHQWHG�DV�D�GLIIHUHQWLDO�PDVV�GLVWULEXWLRQ
�L�H���WKH�SDUWLFXODWH�PDVV�FRQWDLQHG�LQ�D�JLYHQ�SDUWLFOH�VL]H�LQFUHPHQW����)RU�WKH�VDPSOHV�FROOHFWHG
GXULQJ�&&7��DQG�&&7���WKHVH�GDWD�ZHUH�REWDLQHG�E\�DQDO\VLV�RI�WKH�LQOHW�PDVV�WUDLQ�VDPSOHV
XVLQJ�D�FRPELQDWLRQ�RI�VLHYHV�DQG�D�/HHGV�	�1RUWKUXS�0LFURWUDF�;�����SDUWLFOH�VL]H�DQDO\]HU�
7KH�GDWD�RQ�&&7��DQG�7&���VDPSOHV�ZHUH�REWDLQHG�XVLQJ�WKH�0LFURWUDF�DQDO\]HU�DORQH�ZLWKRXW
VLHYLQJ���6LHYLQJ�ZDV�QRW�QHFHVVDU\�RU�HYHQ�SRVVLEOH�IRU�WKH�&&7��DQG�7&���VDPSOHV�EHFDXVH
WKH�UHODWLYHO\�ORZ�FRQFHQWUDWLRQ�RI�ODUJH�SDUWLFOHV�GLG�QRW�SUHVHQW�D�SUREOHP�IRU�WKH�0LFURWUDF
DQDO\]HU��DQG�WKH�KLJKHU�FRQFHQWUDWLRQ�RI�VPDOO�SDUWLFOHV�WHQGHG�WR�EOLQG�WKH�ILQHVW�VLHYH���$V
HYLGHQW�IURP�ILJXUHV�����������DQG�����VL]H�GLVWULEXWLRQ�PHDVXUHPHQWV�PDGH�GXULQJ�D�JLYHQ�WHVW
VHULHV�VKRZHG�UHDVRQDEO\�JRRG�FRQVLVWHQF\���2QH�SRVVLEOH�H[FHSWLRQ�LV�WKH�WZR�PHDVXUHPHQWV
PDGH�GXULQJ�&&7���ZKLFK�VXJJHVW�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�VL]H�GLVWULEXWLRQV�DW�SDUWLFOH�VL]HV
EHORZ�DERXW����P�

$V�VKRZQ�LQ�ILJXUHV����������DQG�����WKH�LQOHW�VL]H�GLVWULEXWLRQV�IRU�&&7���&&7���DQG�&&7�
VKRZ�D�SURJUHVVLRQ�WRZDUG�ILQHU�SDUWLFOH�VL]HV�DV�RSHUDWLRQV�SHUVRQQHO�DFKLHYHG�EHWWHU�FRQWURO�RI
SDUWLFXODWH�FDUU\RYHU�IURP�WKH�WUDQVSRUW�UHDFWRU���7KH�VL]H�GLVWULEXWLRQV�REWDLQHG�GXULQJ�7&��
DFWXDOO\�VKRZ�D�VOLJKW�UHYHUVDO�RI�WKLV�WUHQG�DOWKRXJK�WKH�7&���VL]H�GLVWULEXWLRQV�DUH�VWLOO
VLJQLILFDQWO\�ILQHU�WKDQ�WKRVH�IRU�&&7��DQG�&&7����&RPSDULVRQ�RI�WKH�GLIIHUHQWLDO�PDVV
GLVWULEXWLRQV��ILJXUH�����������VKRZV�WKDW�WKH�GLVWLQFW�ODUJH�SDUWLFOH�PRGH�WKDW�ZDV�HYLGHQW�LQ�WKH
&&7��GDWD�ZDV�HOLPLQDWHG�LQ�WKH�VXEVHTXHQW�WHVWV���$JDLQ��WKH�HOLPLQDWLRQ�RI�WKLV�ODUJH�SDUWLFOH
PRGH�LV�D�UHVXOW�RI�WKH�LPSURYHG�FRQWURO�RI�SDUWLFXODWH�FDUU\RYHU�IURP�WKH�WUDQVSRUW�UHDFWRU�

)LJXUHV����������DQG����VKRZ�WKH�RXWOHW�SDUWLFOH�VL]H�GLVWULEXWLRQV�REWDLQHG�IURP�WKH�WZR�FDVFDGH
LPSDFWRU�UXQV�SHUIRUPHG�GXULQJ�7&�����7KHVH�PHDVXUHPHQWV�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\�ORJQRUPDO�DQG�XQLPRGDO���$�XQLPRGDO�ORJQRUPDO�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�LW�LV�SRVVLEOH�WKDW�D�ODUJH�SDUWLFOH�PRGH�FRXOG�KDYH�EHHQ�HOLPLQDWHG�RU�PLQLPL]HG
E\�SUHIHUHQWLDO�HQWUDSPHQW�RI�WKH�ODUJHU�SDUWLFOHV�LQ�WKH�IDLO�VDIH�GHYLFHV���1HYHUWKHOHVV��VRPH�RI
WKH�SDUWLFOHV�WKDW�DUH�SHQHWUDWLQJ�WKURXJK�WKH�3&'�DUH�DSSDUHQWO\�ODUJH�HQRXJK�WR�EH�RI�FRQFHUQ
IURP�WKH�VWDQGSRLQW�RI�WXUELQH�EODGH�HURVLRQ��SDUWLFOHV�ODUJHU�WKDQ����P�DFFRXQW�IRU
DSSUR[LPDWHO\����SHUFHQW�RI�WKH�WRWDO�SDUWLFXODWH�PDVV��RU�DERXW�����SSPZ����2I�FRXUVH��LW�LV
SRVVLEOH�WKDW�PRVW�RU�HYHQ�DOO�RI�WKLV�SDUWLFOH�SHQHWUDWLRQ�FRXOG�EH�HOLPLQDWHG�E\�VHDO�ZHOGLQJ�WKH
IODQJH�MRLQWV�RQ�WKH�IDLO�VDIH�GHYLFHV�

)LJXUH����������VKRZV�D�GLUHFW�FRPSDULVRQ�RI�WKH�LQOHW�DQG�RXWOHW�VL]H�GLVWULEXWLRQV�GLVFXVVHG
DERYH���,W�LV�LPSRUWDQW�ZKHQ�FRPSDULQJ�WKHVH�GLVWULEXWLRQV�WR�QRWH�WKDW�WKH�LQOHW�VL]H
GLVWULEXWLRQV�ZHUH�GHWHUPLQHG�E\�0LFURWUDF�DQDO\VLV�RI�WKH�LQOHW�VDPSOHV�ZKLOH�WKH�RXWOHW�VL]H
GLVWULEXWLRQV�ZHUH�GHWHUPLQHG�GLUHFWO\�E\�LQ�VLWX�VDPSOLQJ�ZLWK�FDVFDGH�LPSDFWRUV���%HFDXVH�RI
WKH�GLIILFXOW\�LQ�UHGLVSHUVLQJ�VXEPLFURQ�SDUWLFOHV�WKH�LQOHW�GDWD�PD\�QRW�EH�UHOLDEOH�RQ�YHU\�VPDOO
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SDUWLFOH�VL]HV�������P����'HVSLWH�WKLV�OLPLWDWLRQ�LW�LV�FOHDU�WKDW�WKH�RXWOHW�VL]H�GLVWULEXWLRQ�LV�VKLIWHG
WRZDUG�ILQHU�SDUWLFOHV�LQ�FRPSDULVRQ�WR�WKH�LQOHW�VL]H�GLVWULEXWLRQV���3DUWLFOHV�ODUJHU�WKDQ�DERXW���
�P�KDYH�EHHQ�DOPRVW�FRPSOHWHO\�HOLPLQDWHG��ZKLOH�WKH�UHPRYDO�RI�WKH�ILQHVW�SDUWLFOHV�������P��LV
REYLRXVO\�PXFK�OHVV�HIILFLHQW���7KH�HIIHFW�RQ�FROOHFWLRQ�HIILFLHQF\�LV�LOOXVWUDWHG�GUDPDWLFDOO\�LQ
ILJXUH������������%HORZ����P��WKH�FROOHFWLRQ�HIILFLHQF\�FXUYH�LV�VKRZQ�DV�DQ�H[WUDSRODWLRQ
EHFDXVH�RI�WKH�XQFHUWDLQW\�LQ�WKH�0LFURWUDF�GDWD�RQ�WKHVH�ILQH�SDUWLFOHV���2YHU�WKH�UDQJH�RI
SDUWLFOH�VL]HV�WKDW�FDQ�EH�UHVROYHG�SHQHWUDWLRQ�YDULHV�E\�WKUHH�RUGHUV�RI�PDJQLWXGH��IURP�������
SHUFHQW�FROOHFWLRQ�HIILFLHQF\�DW�����P�GRZQ�WR������SHUFHQW�FROOHFWLRQ�HIILFLHQF\�DW������P����7KH
WRWDO�FROOHFWLRQ�HIILFLHQF\�IRU�DOO�SDUWLFOH�VL]HV�LV�������SHUFHQW�
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(KIWTG�����������&KHHGTGPVKCN�/CUU�&KUVTKDWVKQPU�/GCUWTGF�CV�2%&�+PNGV
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(KIWTG�����������&KHHGTGPVKCN�/CUU�&KUVTKDWVKQPU�/GCUWTGF�CV�2%&�1WVNGV

P a r t i c l e  D i a m e t e r ,  m i c r o m e t e r s

1 0 - 1 1 0 0 1 0 1 1 0 2

0
D
VV
�6
P
D
OOH
U�
WK
D
Q
�'
LD
P
H
WH
U�
��

0 . 0 1

0 . 1

1

1 0

3 0

5 0

7 0

9 0

9 9

9 9 . 9

9 9 . 9 9

P a r t i c l e  D i a m e t e r ,  m i c r o m e t e r s

1 0 - 1 1 0 0 1 0 1 1 0 2

dM
/d

Lo
gD

1 0 - 3

1 0 - 2

1 0 - 1

1 0 0

1 0 1



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

/GCUWTGOGPVU�QH�2CTVKENG�5K\G�&KUVTKDWVKQPU

��������

(KIWTG�����������%QORCTKUQP�QH�+PNGV�CPF�1WVNGV�&KHHGTGPVKCN�/CUU�&KUVTKDWVKQPU
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7KH�UHVXOWV�RI�7&���DVK�PLQHUDO�DQDO\VHV�DUH�VXPPDUL]HG�LQ�WDEOHV���������D����E����F������DQG����
7DEOHV���������D����E��DQG���F�VXPPDUL]H�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�VHOHFWHG�KRSSHU��)'�����
VDPSOHV�FROOHFWHG�GXULQJ�7&�����7DEOH����������JLYHV�WKH�VDPH�LQIRUPDWLRQ�IRU�WKH�LVRNLQHWLFDOO\�
FROOHFWHG�DVK�VDPSOHV��ZKLOH�WDEOH����������FRQWDLQV�WKH�GDWD�IRU�WKH�GXVWFDNH�VDPSOHV�WDNHQ�IURP
WKH�3&'�FDQGOHV�GXULQJ�WKH�1RYHPEHU�DQG�-DQXDU\�3&'�LQVSHFWLRQV���$OO�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�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�

%DVHG�RQ�WKH�KRSSHU�DVK�DQDO\VHV�VKRZQ�LQ�WDEOH�����������WKH�DYHUDJH�FDOFLXP�XWLOL]DWLRQ��L�H���WKH
SHUFHQWDJH�RI�WKH�FDOFLXP�WKDW�LV�FRQYHUWHG�WR�FDOFLXP�VXOIDWH�RQ�D�PRODU�EDVLV��ZDV������SHUFHQW�±
����SHUFHQW���*LYHQ�WKH�ODUJH�VWDQGDUG�GHYLDWLRQ�WKLV�YDOXH�RI�XWLOL]DWLRQ�LV�LQGLVWLQJXLVKDEOH�IURP
WKH����SHUFHQW�XWLOL]DWLRQ�WKDW�ZRXOG�EH�H[SHFWHG�EDVHG�RQ�WKH�REVHUYHG�62��UHPRYDO��HVVHQWLDOO\
����SHUFHQW��DQG�WKH�WDUJHWHG�LQMHFWLRQ�UDWH�RI�GRORPLWH����WR���FDOFLXP�WR�VXOIXU�UDWLR��QRPLQDOO\��
6LQFH�WKH�VRUEHQW�LV�GRORPLWH�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&
DQG�UHSRUWHG�E\�3��6PLWK��SHUVRQDO�FRPPXQLFDWLRQ��0DUFK������������7KH�DYHUDJH�FKHPLFDO
FRPSRVLWLRQ�FDOFXODWHG�LQ�WKLV�PDQQHU�LV�VXPPDUL]HG�EHORZ�

• ������SHUFHQW�±������SHUFHQW�&D62��

• �����SHUFHQW�±������SHUFHQW�&D2 0J2�

• �����SHUFHQW�±������SHUFHQW�&D&2��

• �����SHUFHQW�±������SHUFHQW�0J2�

• ������SHUFHQW�±������SHUFHQW�DVK�VDQG�

7KUHH�RI�WKH�LQ�VLWX�VDPSOHV�IURP�7&���ZHUH�VXEMHFWHG�WR�FKHPLFDO�DQDO\VLV��VHH�WDEOH�����������
&DOFLXP�XWLOL]DWLRQ�FRXOG�QRW�EH�GHWHUPLQHG�IRU�WKHVH�VDPSOHV�EHFDXVH�WKH\�ZHUH�QRW�DQDO\]HG�IRU
VXOIXU���'HVSLWH�ODUJH�YDULDWLRQV�LQ�WKH�FDOFLXP�FRQWHQW������WR������SHUFHQW��DQG�LQ�WKH�PDJQHVLXP
FRQWHQW������WR�����SHUFHQW���WKH�FDOFLXP�WR�PDJQHVLXP�PRODU�UDWLRV�RQ�WKH�WKUHH�LQ�VLWX�VDPSOHV
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6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
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6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
6TCPURQTV�4GCEVQT�6TCKP� +PURGEVKQP�4GRQTV�HQT�6%��+� �4WP�5WOOCT[

��������

������+052'%6+10�4'2146�(14�6%��+

��������4WP�5WOOCT[

7&��,�ZDV�WKH�ODVW�7&���UXQ�WKDW�HQGHG�RQ�'HFHPEHU�����������'XULQJ�7&��,�WKHUH�ZDV�QR
HYLGHQFH�RI�ILOWHU�HOHPHQW�GDPDJH�DQG�WKH�3&'�SHUIRUPHG�ZHOO�HYHQ�WKRXJK�WKHUH�ZDV�D�ODUJH
DPRXQW�RI�VROLGV�FDUU\RYHU�WR�WKH�3&'�RQ�'HFHPEHU������������7KH�VSHQW�ILQHV�WUDQVSRUW
V\VWHP��)'�������KRZHYHU��H[SHULHQFHG�D�QXPEHU�RI�SUREOHPV�VXFK�DV�PDOIXQFWLRQ�RI�WKH
FRQWDFW�VZLWFK��VSKHUL�YDOYH�VHDO�IDLOXUH��ZURQJ�LQGLFDWLRQ�RI�WKH�OHYHO�SUREH��SOXJJLQJ�RQ�WKH
YHQW�OLQH��GURS�SLSH��GLVFKDUJH�OLQH��HWF�

$IWHU�WKH�7&��,��SDUW�RI�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'������ZDV�HYDOXDWHG��UHGHVLJQHG�
DQG�LPSOHPHQWHG�WR�LPSURYH�WKH�UHOLDELOLW\��RSHUDELOLW\��DQG�PDLQWDLQDELOLW\����3OHDVH�UHIHU�WR
VHFWLRQ�������)'�����)'������IRU�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�LQVSHFWLRQ�DQG
PRGLILFDWLRQV��

)RU�WKH�3&'�)/������WKH�SOHQXPV�ZHUH�SXOOHG�RXW�DQG�SODFHG�LQ�WKH�PDLQWHQDQFH�ED\�DUHD�RQ
-DQXDU\������������7KH�ILOWHU�HOHPHQWV�ZHUH�UHPRYHG�IURP�WKH�SOHQXPV�RQ�-DQXDU\����DQG����
�������7KH�SXUSRVH�RI�WKLV�UHPRYDO�ZDV�WR�LQVSHFW�DQG�FRQGXFW�TXDOLW\�FRQWURO��4&��RQ�WKH�ILOWHU
HOHPHQWV�DIWHU�WKH�������KRXU�WHVW�UXQ��7&����DQG�GHWHUPLQH�WKH�VRXUFH�RI�WKH����WR���SSP
RXWOHW�ORDGLQJ���$�WRWDO�RI����HOHPHQWV�����RQ�WRS�DQG����RQ�ERWWRP�SOHQXP���DQG�RQH�EODQN�DQG
RQH�VDPSOH�SRVW��ZHUH�FDUHIXOO\�UHPRYHG�IURP�WKH�SOHQXPV�DQG�ZHUH�YLVXDOO\�H[DPLQHG�RQ�VLWH�
)DLO�VDIHV�DQG�JDVNHWV�ZHUH�DOVR�H[DPLQHG���7KLV�UHSRUW�SUHVHQWV�WKH�LQVSHFWLRQ�UHVXOWV�IRU�WKH
UHPRYDO�



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
6TCPURQTV�4GCEVQT�6TCKP� +PURGEVKQP�4GRQTV�HQT�6%��+� �(KNVGT�'NGOGPVU

��������

��������(KNVGT�'NGOGPVU

7R�UHIHUHQFH�WKH�ORFDWLRQV�RI�WKH�ILOWHU�HOHPHQWV�RQ�WKH�SOHQXPV��WKH�OD\RXW��QR�����DQG�D�ORFDWLRQ
PDS�DUH�VKRZQ�LQ�ILJXUHV����������DQG�����UHVSHFWLYHO\���7KH�ODEHOHG�QXPEHUV�DUH�DOVR�IRU�RWKHU
FRPSRQHQWV�LQ�WKH�VDPH�ILOWHU�HOHPHQW�KROGHUV���7KRVH�HOHPHQWV�QXPEHUHG�ZLWK�D�SUHFHGLQJ
OHWWHU�7�ZHUH�RQ�WKH�WRS�SOHQXP�DQG�WKRVH�ZLWK�OHWWHU�%�ZHUH�RQ�WKH�ERWWRP�SOHQXP�

$OO�ILOWHU�HOHPHQWV�ZHUH�VXFFHVVIXOO\�UHPRYHG�ZLWKRXW�EUHDNDJH���2QO\�RQH�ILOWHU�HOHPHQW��7��
KDG�D�FUDFNLQJ�VRXQG��OLNH�FUDFNLQJ�FKLQD��ZKHQ�LW�ZDV�SXOOHG�RXW�IURP�WKH�KROGHU���7KH�FUDFNLQJ
VRXQG�ZDV�IURP�WKH�WRS�SDUW�RI�WKH�ILOWHU�HOHPHQW���+RZHYHU��QR�YLVLEOH�FUDFN�ZDV�IRXQG�

7KH�DVKFDNH�RQ�WKH�RXWVLGH�RI�WKH�ILOWHU�HOHPHQWV�ZDV�IDLUO\�XQLIRUP���7KH��0�ILOWHU�HOHPHQWV�KDG
UHODWLYHO\�WKLFNHU�DVKFDNH�WKDQ�RWKHUV�GLG���7KH�PRUSKRORJLFDO�VWUXFWXUH�RI�WKH�DVKFDNH�ORRNHG
TXLWH�GLIIHUHQW�IURP�WKRVH�LQ�WKH�SUHYLRXV�UXQV���7KH�VXUIDFH�RI�WKH�DVKFDNH�ZDV�URXJK�DQG
OXPS\���7KH�URXJKQHVV�RQ��0�ILOWHU�HOHPHQWV�ZDV�HYHQ�PRUH�VLJQLILFDQW�

6OLJKW�WLS�VKDSHG�DVK�EXLOG�XS�KDG�EHHQ�REVHUYHG�RQ�WKH�ERWWRP�ILOWHU�HOHPHQWV�ORFDWHG�DW�RXWHU
HGJH�RI�WKH�SOHQXP���7KH�WLS�OLQH�IDFHG�DJDLQVW�WKH�IORZ�DQG�GHYLDWHG�IURP�WKH�D[LDO�OLQH�DV�LW
H[WHQGHG�GRZQZDUG�

$Q�DVK�OD\HU�ZDV�IRXQG�RQ�WKH�LQVLGH�VXUIDFH�RI�PDQ\�ILOWHUV���7KH�DVK�OD\HU�ZDV�WKLFNHU�DW�WKH
IODQJH�SDUW�DQG�JUDGXDOO\�IDGHG�D�IHZ�LQFKHV�LQWR�WKH�ILOWHU�HOHPHQW���7KH�DVK�OD\HU�KDG�D�YHU\
VPRRWK�VXUIDFH�DQG�ORRNHG�OLNH�GULHG�VOXUU\���/RRVH�DVK�DFFXPXODWLRQ�ZDV�DOVR�REVHUYHG�LQ�WKH
ILOWHU�HOHPHQWV��DV�LW�ZDV�LQ�WKH�SUHYLRXV�LQVSHFWLRQ��1RYHPEHU���������7KH�TXDOLWDWLYH�PDVV�RI
DVK�OD\HU�LQ�WKH�ILOWHU�LV�VKRZQ�LQ�ILJXUH����������



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

��������

(KIWTG�����������(KNVGT�'NGOGPV�.C[QWV�HQT�6%��+�
.C[QWV�0Q����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
6TCPURQTV�4GCEVQT�6TCKP� +PURGEVKQP�4GRQTV�HQT�6%��+� �(KNVGT�'NGOGPVU

��������

(KIWTG�����������(KNVGT�'NGOGPV�.QECVKQPU



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

��������

(KIWTG�����������#UJ�+PUKFG�VJG�(KNVGT�'NGOGPVU



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
6TCPURQTV�4GCEVQT�6TCKP� +PURGEVKQP�4GRQTV�HQT�6%��+� �(CKN�5CHGU

��������

��������(CKN�5CHGU

0RVW�IDLO�VDIHV�FRXOG�EH�HDVLO\�UHPRYHG�IURP�WKH�ILOWHU�HOHPHQW�KROGHUV���$ERXW����IDLO�VDIHV
QHHGHG�H[WUD�H[WHUQDO�IRUFHV�VXFK�DV�XVLQJ�VFUHZGULYHUV���%���ZDV�VWXFN�WLJKWO\�DQG�KDG�WR�EH
UHPRYHG�ZLWK�PXFK�PRUH�IRUFH�DQG�HIIRUW�

$�ODUJH�QXPEHU�RI�ILEHUIUD[�ZUDSV�ZHUH�GDPDJHG�RU�WZLVWHG�OHDYLQJ�SDUW�RI�WKH�VLGH�VXUIDFH�RI
WKH�IDLO�VDIH�XQFRYHUHG���2QO\�DERXW����WR����SHUFHQW�RI�WKH�ZUDSV�ZHUH�LQWDFW�RQ�WKH�IDLO�VDIHV
WKDW�FDPH�RXW�RI�WKH�KROGHUV�ORRVHO\�

7KH�ILEHUIUD[�ULQJV�KDG�D�SUREOHP�VLPLODU�WR�WKH�ZUDSV���2QO\�D�IHZ�IDLO�VDIHV�KDG�FRPSOHWH�ULQJV
RQ�WKHP�ZKHQ�WKH\�ZHUH�UHPRYHG�IURP�WKH�KROGHUV���2WKHU�ULQJV�ZHUH�PRUH�RU�OHVV�GDPDJHG
�WKH�ULQJV�FRXOG�DOVR�EH�GDPDJHG�GXULQJ�WKH�UHPRYDO����6LQFH�WKLV�ULQJ�LV�VXSSRVHG�WR�EH�D�VHDO
EHWZHHQ�WKH�RXWVLGH�RI�WKH�IDLO�VDIH�DQG�WKH�KROGHU��WKH�GDPDJH�GXULQJ�WKH�LQVWDOODWLRQ�RU
RSHUDWLRQ�FRXOG�UHVXOW�LQ�OHDNDJH�LI�WKH�XSVWUHDP�VHDO�IDLOHG�RU�ZDV�GDPDJHG���7KLV�ZDV�HYLGHQW�DV
GLIIHUHQW�DPRXQWV�RI�DVK�DFFXPXODWLRQ�ZHUH�REVHUYHG�RQ�WKH�RXWVLGH�VXUIDFH�RI�WKH�IDLO�VDIHV�DQG
RQ�WKH�KROGHU�ZDOOV�

*DV�OHDNDJH�WKURXJK�WKH�VPDOO�KROHV�DW�WKH�WDFN�ZHOG�SRLQWV�EHWZHHQ�WKH�IDLO�VDIH�ERG\�DQG�WRS
FDS�DQG�EHWZHHQ�WKH�IDLO�VDIH�ERG\�DQG�ORZHU�IODQJH�ZDV�REVHUYHG���)RU�H[DPSOH��RQ�WKH�7��
IDLO�VDIH��WKH�DVK�DFFXPXODWLRQ�RQ�WKH�RXWVLGH�VXUIDFH�ZDV�EORZQ�WR�D�FRQLFDO�VKDSH�WUDLO�E\�WKH
JDV�IURP�WKH�ILOWHU�HOHPHQW�

2Q�WKH�LQOHW�RI�PDQ\�IDLO�VDIHV�DVK�ZDV�EXLOW�XS�QHDU�WKH�FHQWHU�RI�WKH�VFUHHQ���$V�PRUH�DVK�ZDV
EXLOW�XS�WKH�DUHD�ZDV�VSUHDG�WR�WKH�RXWHU�HGJH���7KH�VWUXFWXUH�RI�WKH�DVK�EXLOG�XS�ORRNHG�VLPLODU
WR�WKDW�IRXQG�LQVLGH�WKH�ILOWHU�HOHPHQWV��L�H���VPRRWK��GU\�VOXUU\�OLNH����7KH�EXLOG�XS�KDG�D�VKDUS
WLS�IDFLQJ�WKH�ILOWHU�HOHPHQW�LQGLFDWLQJ�WKDW�WKH�DVK�ZDV�IURP�WKH�ILOWHU�HOHPHQW��WKLV�GRHV�QRW
QHFHVVDULO\�PHDQ�WKDW�WKH�DVK�ZDV�RULJLQDOO\�IURP�WKH�ILOWHU�HOHPHQW����)LJXUH����������VKRZV�WKH
TXDOLWDWLYH�DVK�EXLOG�XS�RQ�WKH�LQOHW�VFUHHQV�

2QO\�D�IHZ�IDLO�VDIHV�VKRZHG�DVK�EXLOG�XS�RQ�WKH�RXWOHW�VFUHHQV�DQG�WKH�EXLOG�XS�ZDV�PXFK
OLJKWHU�WKDQ�WKDW�RQ�WKH�LQOHW�VFUHHQV���$OVR��WKH�DVK�EXLOG�XS�ZDV�VFDWWHUHG�QHDU�WKH�HGJH�RI�WKH
VFUHHQ���7KH�EXLOG�XS�ZDV�IODW�DQG�WKH�FRORU�ZDV�VOLJKWO\�GLIIHUHQW�IURP�WKDW�RQ�WKH�LQOHW�VFUHHQV�
)LJXUH����������VKRZV�WKH�TXDOLWDWLYH�DVK�EXLOG�XS�RQ�WKH�RXWOHW�VFUHHQV�



2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
+PURGEVKQP�4GRQTV�HQT�6%��+� �(CKN�5CHGU� 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG�����������#UJ�QP�+PNGV�5ETGGP�QH�VJG�(CKN�5CHGU



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
6TCPURQTV�4GCEVQT�6TCKP� +PURGEVKQP�4GRQTV�HQT�6%��+� �(CKN�5CHGU

��������

(KIWTG�����������#UJ�QP�1WVNGV�5ETGGP�QH�VJG�(CKN�5CHGU



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
6TCPURQTV�4GCEVQT�6TCKP� +PURGEVKQP�4GRQTV�HQT�6%��+� �)CUMGVU

��������

��������)CUMGVU

,Q�JHQHUDO��PRVW�RI�WKH�WRS�´GRXJKQXWµ�JDVNHWV�ZHUH�FOHDQ�RQ�ERWK�VLGHV���+RZHYHU��DVK�ZDV
IRXQG�RQ�WKH�WRS�GRXJKQXW�JDVNHWV�RI�7���7����DQG�%���VKRZLQJ�SRVVLEOH�DVK�SHQHWUDWLRQ���%RWK
7��DQG�%���KDG�VLJQLILFDQW�DPRXQW�RI�DVK�LQVLGH�WKH�ILOWHU�HOHPHQWV�

6HYHUDO�WRS�GRXJKQXW�JDVNHWV�KDG�HFFHQWULF�LQGHQWV�FDXVHG�E\�WKH�HGJHV�RI�WKH�IDLO�VDIHV���,Q�WKLV
FDVH�WKH�ILOWHU�HOHPHQW�IODQJH�PLJKW�QRW�EH�VHDWHG�SURSHUO\�RQ�WKH�IDLO�VDIH���7KLV�PLJKW�KDYH
FDXVHG�XQHYHQ�VHDOLQJ�IRUFH�RQ�WKH�JDVNHW���+RZHYHU��QR�QRWLFHDEOH�DVK�KDG�EHHQ�H[DPLQHG�RQ
WKHVH�JDVNHWV�

2Q�WKH�RXWHU�HGJHV�RI�PDQ\�WRS�GRXJKQXW�JDVNHWV�WKHUH�ZDV�GLVWLQFW�DVK�DFFXPXODWLRQ���7KLV
LQGLFDWHG�WKDW�WKH�DVK�FRXOG�UHDFK�WKH�RXWVLGH�RI�WKLV�SRLQW�

1R�VHYHUH�DVK�EXLOG�XS�KDG�EHHQ�IRXQG�RQ�WKH�VXUIDFHV�RI�WKH�´VRFNµ�DQG�ERWWRP�GRXJKQXW
JDVNHWV���,W�ZDV�KDUG�WR�WHOO�WKH�DVK�SHQHWUDWLRQ�GLUHFWO\�IURP�WKH�DVK�EXLOG�XS�RQ�WKHVH�VXUIDFHV�
+RZHYHU��WKH�DVK�DFFXPXODWLRQ�RQ�WKH�KROGHU�DW�WKLV�SRLQW�FOHDUO\�LQGLFDWHG�WKDW�WKH�DVK�GLG�SDVV
WKURXJK�WKH�FRQWDFWLQJ�VXUIDFH�EHWZHHQ�WKH�KROGHU�DQG�WKH�VRFN�DQG�ORZHU�GRXJKQXW�JDVNHWV�
7KLV�LPSOLHG�WKDW�WKH�VHDO��LI�WKLV�FRQWDFWLQJ�VXUIDFH�ZDV�D�VHDO��FRXOG�EH�LPSURYHG�

3UDFWLFDOO\��WKH�VRFN�DQG�ERWWRP�GRXJKQXW�JDVNHWV�VHUYH�DV�SDUW�RI�WKH�VHDOLQJ�FKDLQ�LQ�DGGLWLRQ
WR�WKHLU�RWKHU�UROHV���7KH\�DUH�FRPSUHVVHG�E\�WKH�ILOWHU�QXW�WR�ILOO�WKH�VSDFH�EHWZHHQ�WKH�ILOWHU
HOHPHQW�IODQJH��KROGHU��DQG�IDLO�VDIH���,I�WKLV�VHDO�LV�QRW�WLJKW��WKH�DVK�IURP�WKH�GLUW\�VLGH�FDQ�JHW
LQWR�WKH�ILOWHU�HOHPHQW�DQG�IDLO�VDIH�LI�WKH�VHDOLQJ�DW�WKH�WRS�GRXJKQXW�JDVNHW�DOVR�IDLOV��RU�WKH�DVK
FDQ�SDVV�WKURXJK�WKH�JDS�EHWZHHQ�WKH�IDLO�VDIH�DQG�WKH�KROGHU�LI�WKH�ILEHUIUD[�ULQJ�LV�GDPDJHG���,Q
HLWKHU�ZD\��WKH�OHDNDJH�FDQ�UHVXOW�LQ�ODUJHU�SDUWLFXODWH�ORDGLQJ�RQ�WKH�FOHDQ�VLGH��RU�DVK�FDQ�EH
DFFXPXODWHG�LQVLGH�WKH�ILOWHU�HOHPHQW��WKLV�PD\�QRW�EH�WKH�RQO\�DVK�VRXUFH��



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
6TCPURQTV�4GCEVQT�6TCKP� +PURGEVKQP�4GRQTV�HQT�6%��+� �(KNVGT�'NGOGPV�*QNFGTU

��������

��������(KNVGT�'NGOGPV�*QNFGTU

$VK�DFFXPXODWLRQ�ZDV�IRXQG�RQ�KROGHU�ZDOOV�LQ�GLIIHUHQW�ORFDWLRQV���2Q�WKH�%��KROGHU�D�KHDY\
DVK�OD\HU�FRYHUHG�DOO�WKH�KROGHU�ZDOOV���$VK�ZDV�DOVR�IRXQG�RQ�WKH�KROGHU�ZDOOV�RI�%���%���%��
%����%����%����%����DQG�%�����7KH�DVK�RQ�WKH�ZDOOV�QHDU�WKH�IDLO�VDIH�DQG�ILOWHU�HOHPHQW�IODQJH
ZDV�GLIIHUHQW�IURP�WKH�DVK�RQ�WKH�FOHDQ�VLGH�ZDOOV���7KH�VWUXFWXUH�RI�WKH�DVK�OD\HU�QHDU�WKH�IDLO�
VDIH�ORRNHG�PXFK�WKH�VDPH�DV�WKH�DVK�FDNH�RQ�WKH�RXWVLGH�RI�WKH�ILOWHU�HOHPHQW���+RZHYHU��WKH
DVK�RQ�WKH�FOHDQ�VLGH�ZDOOV�ZDV�VLPLODU�WR�WKDW�LQVLGH�WKH�ILOWHU�HOHPHQWV�DQG�RQ�WKH�VFUHHQV�RI�WKH
IDLO�VDIHV�



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO�
6TCPURQTV�4GCEVQT�6TCKP� +PURGEVKQP�4GRQTV�HQT�6%��+� �/KUEGNNCPGQWU

��������

�������/KUEGNNCPGQWU

&RORUIXO�PDWHULDO�OD\HUV�ZHUH�IRXQG�RQ�WKH�GLUW\�VLGH�RI�PHWDO�VXUIDFHV�VXFK�DV�SOHQXPV��KROGHUV�
ILOWHU�QXWV��EROWV��DQG�QXWV���7KH�ILUVW�OD\HU�ZDV�\HOORZLVK�DQG�WKH�VHFRQG�ZDV�JUHHQ���1RUPDO�DVK
OD\HU�FRYHUHG�WKHVH�FRORUIXO�OD\HUV���+RZHYHU��WKHVH�FRORUIXO�OD\HUV�ZHUH�QRW�IRXQG�RQ�WKH�FOHDQ�
VLGH�SDUWV�

9LVXDO�H[DPLQDWLRQ�WKURXJK�WKH�SOHQXP�SLSHV�VKRZHG�QR�YLVLEOH�DVK�DFFXPXODWLRQ�RQ�WKH�YLHZHG
SDUWV�RI�WKH�SOHQXPV���%RURVFRSH�H[DPLQDWLRQ�ZDV�DOVR�FRQGXFWHG�IRU�WKH�LQGLUHFWO\�YLHZHG
SRUWLRQV�RI�WKH�SOHQXPV���7KHUH�ZHUH�VFDWWHUHG�DVK�OXPSV�DQG�RWKHU�PDWHULDOV��EXW�QR�GHQVH�DVK
DFFXPXODWLRQ�

$�WKLFN�OD\HU�RI�URXJK�DQG�OXPS\�DVK�FRYHUHG�WKH�VKURXG�DQG�WKH�ZDOO�RI�WKH�YHVVHO�OLQHU�



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

��������

��������%QOOGPVU

5HJDUGLQJ�WKH�DVK�DFFXPXODWLRQ�LQVLGH�WKH�ILOWHU�HOHPHQWV��WKHUH�DUH�WKUHH�SRVVLEOH�FDXVHV�

�� $VK�SHQHWUDWLRQ�WKURXJK�WKH�ILOWUDWLRQ�VXUIDFH��ILQH�SDUWLFOHV�WKURXJK�XQXVXDOO\�ODUJH
SRUHV�RU�FKDQQHOHG�VWUXFWXUH��

�� $VK�HQWUDLQPHQW�E\�WKH�EDFN�SXOVH�JDV�

�� $VK�OHDNDJH�WKURXJK�VHDOV�DQG�ILOWHU�HOHPHQW�FUDFNV�

,W�LV�GLIILFXOW�WR�DFFXUDWHO\�WUDFH�WKH�DVK�VRXUFHV�VLQFH�WKH�SOHQXPV�DUH�FRQQHFWHG�WR�HDFK�RWKHU
DQG�DQ\�DVK�DFFXPXODWLRQ�LQ�RQH�ORFDWLRQ�PD\�DIIHFW�RWKHU�ORFDWLRQV�

,W�LV�GLIILFXOW�WR�TXDQWLWDWLYHO\�FRUUHODWH�WKH�DVK�DFFXPXODWLRQ�RQ�WKH�KROGHUV�WR�WKH�SHUIRUPDQFH
RI�WKH�ILOWHU�HOHPHQWV��IDLO�VDIHV��DQG�JDVNHWV�LQVWDOOHG�ODVW�WLPH���$VK�DFFXPXODWLRQ�PD\�KDYH
RFFXUUHG�GXULQJ�WKH�SUHYLRXV�UXQV�EHIRUH�WKH�UHFDQGOLQJ��OD\RXW�QR�������)LOWHU�HOHPHQW�EUHDNDJH
FRXOG�DOVR�KDYH�DIIHFWHG�WKH�DVK�DFFXPXODWLRQ���2Q�WKH�RWKHU�KDQG��WKH�DVK�DPRXQW�LQVLGH�WKH
ILOWHU�HOHPHQWV�LV�D�IXQFWLRQ�RI�WKH�H[SRVXUH�WLPH�RI�WKH�ILOWHU�HOHPHQWV���6RPH�ILOWHU�HOHPHQWV
KDYH�EHHQ�RQ�WKH�SOHQXPV�IRU�DERXW�������KRXUV���&DXWLRQ�VKRXOG�EH�WDNHQ�LQ�FRPSDULQJ�WKH
SUHVHQWHG�GDWD��DV�WKH\�ODFN�D�FRPPRQ�EDVLV�

7KH�FXUUHQW�VHDOLQJ�V\VWHP�IRU�WKH�ILOWHU�HOHPHQW�ILWWLQJ�QHHGV�LPSURYHPHQW���7KHUH�DUH�PXOWLSOH
DVK�SDWKV�EHWZHHQ�WKH�GLUW\�DQG�FOHDQ�VLGHV���0DMRU�VHDOLQJ�SRLQWV�VKRXOG�EH�HQKDQFHG�
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3DUDPHWULF�WHVWV�KDYH�EHHQ�FRQGXFWHG�IRU�D�0�OOHU�696�)���&RD[�YDOYH�XVHG�LQ�WKH�ILOWHU
HOHPHQW�FOHDQLQJ�SURFHVV�IRU�WKH�:HVWLQJKRXVH�SDUWLFXODWH�FRQWURO�GHYLFH��3&'��)/�����
7KH�SXUSRVH�RI�WKLV�WHVWLQJ�ZDV�WR�DFTXLUH�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�RSHQLQJ�EHKDYLRU
LQ�RUGHU�WR�EHWWHU�RSHUDWH�WKH�EDFN�SXOVH�YDOYH�DQG�FRQWURO�WKH�FOHDQLQJ�SURFHVV���7KH�YDOYH
ZDV�WHVWHG�DW�EDFN�SXOVH�SUHVVXUHV�UDQJLQJ�IURP�����WR�����SVLJ��IRU�GLIIHUHQW�HOHFWULFDO�SXOVH
GXUDWLRQV�����������������DQG�����VHFRQGV���DQG�SLORW�SUHVVXUHV������������DQG�����SVLJ����7KH
UHVXOWV�VKRZHG�WKDW�WKH�PDVV�GLVFKDUJH�SHU�SXOVH�GLG�QRW�DOZD\V�LQFUHDVH�ZLWK�WKH�GLIIHUHQWLDO
SUHVVXUH�DFURVV�WKH�YDOYH���7KH�PD[LPXP�YDOXHV�RI�WKH�PDVV�GLVFKDUJH�SHU�SXOVH�DQG
FRUUHVSRQGLQJ�GLIIHUHQWLDO�SUHVVXUH�YDULHG�ZLWK�WKH�RSHUDWLQJ�SDUDPHWHUV��L�H���HOHFWULFDO�SXOVH
GXUDWLRQ�DQG�SLORW�SUHVVXUH����7KH�FKDUDFWHULVWLF�WLPHV��L�H���WKH�WLPHV�GHVFULELQJ�WKH�YDOYH
PRYHPHQW��IRU�WKH�YDOYH�RSHQLQJ�ZHUH�DOVR�DIIHFWHG�E\�WKHVH�RSHUDWLQJ�SDUDPHWHUV�
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%DFN�SXOVH�WHVWV�ZHUH�FRQGXFWHG�RQ�WKH�0�OOHU�696�)���FRD[�EDFN�SXOVH�YDOYH�69����%�
7KH�REMHFWLYHV�RI�WKLV�WHVWLQJ�ZHUH�WR�LQYHVWLJDWH�WKH�RSHQLQJ�EHKDYLRU�RI�WKH�YDOYH�LQ�YDULRXV
RSHUDWLQJ�FRQGLWLRQV�DQG�WR�FKDUDFWHUL]H�WKH�RSHUDWLQJ�SDUDPHWHUV�
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%DFN�SXOVH�YDOYHV�DUH�PDMRU�FRPSRQHQWV�LQ�WKH�EDFN�SXOVH�VNLG�IRU�FOHDQLQJ�RI�ILOWHU
HOHPHQWV�LQ�D�3&'���:KHQ�WKH�YDOYH�LV�DFWXDWHG�WR�RSHQ�WKH�EDFN�SXOVH�JDV�IORZV�WKURXJK
WKH�YDOYH�LQ�D�UHODWLYHO\�VKRUW�SHULRG�RI�WLPH���'XULQJ�WKH�EDFN�SXOVH�D�VKDUS�LQFUHDVH�RI
UHYHUVH�GLIIHUHQWLDO�SUHVVXUH�DQG�D�FHUWDLQ�DPRXQW�RI�PDVV�IORZLQJ�WKURXJK�WKH�ILOWUDWLRQ
VXUIDFH�LV�DFKLHYHG�WR�UHPRYH�DVKFDNH�RQ�WKH�ILOWHU�HOHPHQWV���7KHUHIRUH��WKH�RSHQLQJ
EHKDYLRU�RI�WKH�YDOYH�LV�FULWLFDO�WR�WKH�FOHDQLQJ�SURFHVV�

7R�REWDLQ�EHVW�FOHDQLQJ�UHVXOWV�D�YDULHW\�RI�RSHUDWLQJ�FRQGLWLRQV�IRU�WKH�YDOYHV�PD\�EH
QHHGHG��IRU�H[DPSOH��GLIIHUHQW�EDFN�SXOVH�SUHVVXUHV��RSHQ�WLPHV��DQG�SLORW�SUHVVXUHV���)URP
SUHYLRXV�RSHUDWLRQV�LW�ZDV�IRXQG�WKDW�WKH�YDOYHV�ZHUH�QRW�RSHQ��RU�QRW�IXOO\�RSHQ��LQ�VRPH
VLWXDWLRQV���7KLV�GHILQLWHO\�DIIHFWV�WKH�PDVV�GLVFKDUJH�WKURXJK�WKH�YDOYHV�DQG��WKHUHIRUH�
QDUURZV�WKH�RSHUDWLQJ�UDQJH�RI�WKH�EDFN�SXOVH�YDOYHV���7KLV�WHVWLQJ�ZDV�PRWLYDWHG�E\�WKH
QHHG�WKDW�PRUH�FRPSOHWH�DQG�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�SHUIRUPDQFH�RI�WKH�YDOYHV
VKRXOG�EH�REWDLQHG�LQ�RUGHU�WR�EHWWHU�FRQWURO�WKH�FOHDQLQJ�SURFHVV���7KH�UHVXOWV�RI�WKH�WHVWLQJ
ZRXOG�EH�XVHIXO�LQ�XQGHUVWDQGLQJ�DQG�RSHUDWLQJ�WKH�YDOYHV�
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)LJXUH����������VKRZV�WKH�EDFN�SXOVH�V\VWHP���%DFN�SXOVH�PHGLD��1���ZDV�SUHVVXUL]HG�DQG
WKHQ�VWRUHG�LQ�WKH�DFFXPXODWRU�WDQN��)/�����'5������7KH�SLORW�SUHVVXUH�ZDV�LQWURGXFHG
IURP�WKH�SXUJH�WDQN�DQG�DGMXVWHG�WR�WKH�VSHFLILHG�YDOXH�E\�D�UHJXODWRU���$�������PO�UHVHUYRLU
ZDV�XVHG�XSVWUHDP�RI�WKH�SLORW�YDOYH�WR�PLQLPL]H�WKH�HIIHFW�RI�SUHVVXUH�GHFD\�GXULQJ�WKH
EDFN�SXOVH���:KHQ�WKH�EDFN�SXOVH�YDOYH��69����%��ZDV�LQLWLDWHG�WR�RSHQ�WKH�SLORW�YDOYH�ZDV
RSHQHG�ILUVW�DQG�WKH�SLORW�SUHVVXUH�DFWXDWHG�WKH�EDFN�SXOVH�YDOYH�WR�RSHQ���7KH�EDFN�SXOVH
PHGLD�ZDV�WKHQ�UHOHDVHG�WR�WKH�3&'�WKURXJK�WKH�EDFN�SXOVH�YDOYH���7KH�GDWD�RI�HOHFWULFDO
VLJQDOV�IRU�WKH�SLORW�YDOYH�DQG�OLPLW�VZLWFK�VLJQDOV�IRU�WKH�EDFN�SXOVH�YDOYH�ZHUH�FROOHFWHG�E\�D
IDVW�GDWD�DFTXLVLWLRQ�GHYLFH��:LQ'DT������'$7$4�,QVWUXPHQWV����$OO�RWKHU�RSHUDWLQJ
LQIRUPDWLRQ�ZDV�UHFRUGHG�E\�WKH�SODQW�LQIRUPDWLRQ��3,��V\VWHP�

7KH�WKUHH�RSHUDWLQJ�SDUDPHWHUV�RI�HOHFWULFDO�SXOVH�GXUDWLRQ��W���SLORW�SUHVVXUH��3SLORW���DQG
EDFN�SXOVH�SUHVVXUH��3SXOVH��ZHUH�YDULHG�LQ�WKH�JLYHQ�UDQJHV���7KH�3&'�SUHVVXUH��3SFG��GXULQJ
WKH�WHVWV�YDULHG�IURP�DERXW�����WR�����SVLJ���7KH�WHVWV�ZHUH�JURXSHG�LQWR����UXQV�E\�WKH
FRPELQDWLRQV�RI�W�DQG�3SLORW�DV�OLVWHG�LQ�WDEOH����������

0DQXDO�RU�DXWRPDWLF�SXOVHV�ZHUH�SHUIRUPHG�LQ�HDFK�UXQ��RYHU�D�UDQJH�RI�3SXOVH�ZLWK�D����SVLJ
LQFUHPHQW�EHWZHHQ�GDWD�SRLQWV���$FWXDO�EDFN�SXOVH�SUHVVXUHV�PLJKW�EH�VOLJKWO\�GLIIHUHQW�IURP
WKH�VHW�YDOXHV�DQG�FRXOG�EH�REWDLQHG�IURP�WKH�3,�V\VWHP�
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Accu.
Tank

PCDPurge
Tank

Pulse
Valve

N2

Pilot
Reservoir

Tank

PT

PI

PT

Data
Acquisition

Device

S

S – Pilot valve (Solenoid type)
PT – Pressure transmitter
PI – Pressure indicator
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7HVW�GDWD�ZHUH�FDWHJRUL]HG�LQ�WZR�VHWV��PDVV�GLVFKDUJH�DQG�FKDUDFWHULVWLF�WLPHV�

����������/CUU�&KUEJCTIG

7KH�PDVV�GLVFKDUJH�LQ�RQH�SXOVH��0�3��ZDV�FDOFXODWHG�E\�WKH�PDVV�FKDQJH�LQ�WKH
DFFXPXODWRU�WDQN�EHIRUH�DQG�DIWHU�WKH�EDFN�SXOVH���7KH�PDVV�LQ�WKH�DFFXPXODWRU�WDQN�LV
GHWHUPLQHG�E\�WKH�LGHDO�JDV�ODZ�

:KHUH�
9� �7DQN�YROXPH�����IW��
3� �$FFXPXODWRU�WDQN�SUHVVXUH��SVLJ
7� �$FFXPXODWRU�WDQN�WHPSHUDWXUH���)

7KH�SUHVVXUH�DQG�WHPSHUDWXUH�GDWD�ZHUH�UHWULHYHG�IURP�WKH�3,�V\VWHP���7KH�FRPSUHVVLELOLW\
IDFWRU�IRU�QLWURJHQ�LQ�WKH�WHVWLQJ�FRQGLWLRQV�LV�YHU\�FORVH�WR�����DQG�ZDV�QRW�FRQVLGHUHG�LQ�WKH
FDOFXODWLRQV�

7KH�IRUFH�EDODQFH�IRU�WKH�YDOYH�DQG�SUHYLRXV�WHVWLQJ�GDWD�LQGLFDWH�WKDW�WKH�PDVV�GLVFKDUJH�SHU
SXOVH�FRXOG�EH�UHODWHG�WR�WKH�SUHVVXUH�GLIIHUHQFH�EHWZHHQ�WKH�DFFXPXODWRU�WDQN�DQG�3&'
� 3� �3SXOVH���3SFG���UDWKHU�WKDQ�3SXOVH�RU�3SFG�LWVHOI��VHH�VHFWLRQ�������������7KHUHIRUH��WKH�PDVV
GLVFKDUJH�GDWD�ZHUH�LQWHUSUHWHG�LQ�WHUPV�RI�WKH�SUHVVXUH�GLIIHUHQFH� 3�

W� �����VHFRQGV

7DEOHV����������WKURXJK����VKRZ�WKH�UDZ�GDWD�DQG�FDOFXODWHG�PDVV�GLVFKDUJH�IRU�3SLORW� �����
�����DQG�����SVLJ��UHVSHFWLYHO\���7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ�ILJXUH����������

W� �����VHFRQGV

7DEOHV����������WKURXJK����VKRZ�WKH�UDZ�GDWD�DQG�FDOFXODWHG�PDVV�GLVFKDUJH�IRU�3SLORW� �����
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�����DQG�����SVLJ��UHVSHFWLYHO\���7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ�ILJXUH����������

W� �����VHFRQGV

7DEOHV�����������WKURXJK�����VKRZ�WKH�UDZ�GDWD�DQG�FDOFXODWHG�PDVV�GLVFKDUJH�IRU�3SLORW� 
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WLPHV�ZHUH�PHDVXUHG�E\�XVLQJ�WKH�SOD\EDFN�VRIWZDUH�IRU�WKH�GDWD�DFTXLVLWLRQ�GHYLFH�

W� �����VHFRQGV

7DEOHV�����������WKURXJK�����VKRZ�WKH�PHDVXUHG�GDWD�IRU�3SLORW� �����������DQG�����SVLJ�
UHVSHFWLYHO\���7KH�IXOO\�RSHQ�WLPHV�DUH�VXPPDUL]HG�LQ�ILJXUH������������7KH�UHVSRQVH�WLPHV
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W� �����VHFRQGV

7DEOHV�����������WKURXJK�����VKRZ�WKH�PHDVXUHG�GDWD�IRU�3SLORW� �����������DQG�����SVLJ�
UHVSHFWLYHO\���7KH�IXOO\�RSHQ�WLPHV�DUH�VXPPDUL]HG�LQ�ILJXUH����������DQG�WKH�UHVSRQVH�WLPHV
DUH�VXPPDUL]HG�LQ�ILJXUH����������

W� �����VHFRQGV

7DEOHV�����������WKURXJK�����VKRZ�WKH�PHDVXUHG�GDWD�IRU�3SLORW� �����������DQG�����SVLJ�
UHVSHFWLYHO\���7KH�IXOO\�RSHQ�WLPHV�DUH�VXPPDUL]HG�LQ�ILJXUH�����������DQG�WKH�UHVSRQVH
WLPHV�DUH�VXPPDUL]HG�LQ�ILJXUH�����������

W� �����VHFRQGV

7DEOHV�����������WKURXJK�����VKRZ�WKH�PHDVXUHG�GDWD�IRU�3SLORW� �����������DQG�����SVLJ�
UHVSHFWLYHO\���7KH�IXOO\�RSHQ�WLPHV�DUH�VXPPDUL]HG�LQ�ILJXUH�����������DQG�WKH�UHVSRQVH
WLPHV�DUH�VXPPDUL]HG�LQ�ILJXUH����������
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1 – Time to Open
2 – Fully Open Time
3 – Time to Close
4 – Duration of Close Limit Switch Signal
5 – Response Time
6 – Electrical Pulse Duration to the Pilot Valve
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��������

��������1DUGTXCVKQPU�CPF�%QPENWUKQPU

����������(QTEG�$CNCPEG�HQT�VJG�/QXKPI�2CTV�QH�VJG�%QCZ�8CNXG

7KH�GULYLQJ�IRUFHV�IRU�YDOYH�969�)����DQG�WKHLU�HIIHFWV��DUH�DQDO\]HG�LQ�WKLV�VHFWLRQ�WR
IDFLOLWDWH�SUHVHQWDWLRQ�RI�WKH�WHVW�UHVXOWV���$�TXDVL�VWDWLF�IRUFH�EDODQFH�RQ�WKH�PRYLQJ�SDUW�LV
DOVR�FRQGXFWHG�DV�WKH�ILUVW�DSSURDFK�WR�ILQG�FRQWUROOLQJ�IDFWRUV���$FWXDOO\��WKH�PRYHPHQW�RI
WKH�SDUW�LV�D�G\QDPLF�SURFHGXUH�WKDW�QHHGV�PRUH�DFFXUDWH�GDWD�WR�FDOFXODWH�

$�VNHWFK�IRU�WKH�PRYLQJ�SDUW�RI�WKH�YDOYH�LV�VKRZQ�LQ�ILJXUH������������,Q�JHQHUDO��ZLWKRXW
GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�LQWHUQDO�GLPHQVLRQV���IRUFHV�GXULQJ�WKH�RSHQLQJ�DUH
FDWHJRUL]HG�DV�

• ,Q�WKH�GLUHFWLRQ�WR�FORVH�

² �3LQ�$����DFWLQJ�RQ�WKH�LQOHW�HQG�RI�WKH�F\OLQGHU�
² )V��VSULQJ�IRUFH�WKDW�LV�D�IXQFWLRQ�RI�δ�DQG�VSULQJ�FRQVWDQW�
² )I��IULFWLRQDO�IRUFH��VWDWLF�DQG�G\QDPLF��WKDW�LV�D�IXQFWLRQ�RI�VHDOLQJ�VXUIDFH

FRQGLWLRQ�DQG�FRPSUHVVLYH�IRUFHV��IURP�VHDOLQJ�HOHPHQWV�DQG�SUHVVXUH��
² )G��GUDJ�IRUFH�GXH�WR�IULFWLRQ�RI�IOXLG�RQ�WKH�LQQHU�ZDOO�RI�WKH�F\OLQGHU���,W�LV�D

IXQFWLRQ�RI�WKH�VXUIDFH�FRQGLWLRQ�RI�ZDOO��IORZ�UHJLPH��F\OLQGHU�GLPHQVLRQ�
YHORFLW\��DQG�IOXLG�SURSHUWLHV�

• ,Q�WKH�GLUHFWLRQ�WR�RSHQ�

² �3SLORW�$����DFWLQJ�RQ�WKH�SLVWRQ�
² �3RXW�$��VLQα���DFWLQJ�RQ�WKH�RXWOHW�HQG�RI�WKH�F\OLQGHU�

• )RUFH�EDODQFH�DW�D�SDUWO\�RSHQ�SRVLWLRQ�

�3LQ�$�����)V���)I���)G� ��3SLORW�$������3RXW�$��VLQα� ���

7R�&ORVH 7R�2SHQ

6LQFH��$��VLQα��LV�FORVH�WR�$��DQG��3LQ�²�3RXW��LV�FORVH�WR� 3��WKH�IROORZLQJ�H[SUHVVLRQ�PD\
DSSO\�DV�DQ�DSSUR[LPDWLRQ�

3�$����)V���)I���)G� ��3SLORW�$�� ���

,Q�HTXDWLRQ������ 3�DQG�3SLORW�DUH�RSHUDWLQJ�SDUDPHWHUV���)G�LV�FORVHO\�UHODWHG�WR� 3���$OO�RWKHU
IDFWRUV�FDQ�EH��RU�DOPRVW��GHWHUPLQHG�E\�WKH�YDOYH�VWUXFWXUH���)XUWKHU�FRQVLGHUDWLRQ�RI�WKH
FRQWUROOLQJ�IDFWRU�HOHFWULFDO�SXOVH�GXUDWLRQ�VKRZV�WKDW�WKHUH�DUH�WKUHH�RSHUDWLQJ�SDUDPHWHUV
IRU�WKH�YDOYH���7KH�WHVWLQJ�FRQGLWLRQV�ZHUH�GHWHUPLQHG�EDVHG�RQ�WKLV�DQDO\VLV�
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(TXDWLRQ�����LQGLFDWHV�WKDW�LQFUHDVLQJ��3SLORW�$����ZKLFK�LV�UHIHUUHG�WR�DV�DFWXDWLRQ�IRUFH��ZLOO
HQKDQFH�WKH�RSHQLQJ�SURFHGXUH��ZKLOH�LQFUHDVLQJ� 3�ZLOO�QHJDWH�WKH�DFWXDWLRQ�IRUFH���6LQFH
WKH�YDOYH�PRYHPHQW�LV�D�G\QDPLF�SURFHVV�WKH�IRUFHV�DUH�DFWXDOO\�QRW�EDODQFHG�LQ�D�VWDWLF
SRVLWLRQ���7KH�QHW�IRUFH�ZLOO�SURYLGH�DFFHOHUDWLRQ�LQ�WKH�RSHQ�GLUHFWLRQ�GXULQJ�WKH�PRYHPHQW
DQG�ZLOO�EH�EDODQFHG�E\�WKH�VWRS�PHFKDQLVP�DW�WKH�HQG�RI�WKH�PRYHPHQW���7KH�HOHFWULFDO
SXOVH�GXUDWLRQ�GRHV�QRW�DSSHDU�H[SOLFLWO\�LQ�HTXDWLRQ�������+RZHYHU��LW�ZLOO�DIIHFW�WKH�G\QDPLF
SURFHVV�LQ�D�QXPEHU�RI�ZD\V��LQFOXGLQJ�WKH�HIIHFW�RI�WKH�SUHVVXUH�GHFD\�LQ�WKH�DFWXDWLRQ�OLQH
DV�GLVFXVVHG�LQ�VHFWLRQ����������

,W�VKRXOG�EH�QRWHG�WKDW�WKLV�DQDO\VLV�ZDV�FRQGXFWHG�ZLWKRXW�GHWDLOHG�SURILOHV�RU�GLPHQVLRQV
RI�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�YDOYH��SDUWLFXODUO\�WKH�RXWOHW�HQG���7KHUHIRUH��WKH�DQDO\VLV
UHVXOWV�DUH�TXDOLWDWLYH�DQG�VKRXOG�EH�XVHG�PHUHO\�IRU�XQGHUVWDQGLQJ�WKH�FRQWUROOLQJ�IDFWRUV�LQ
WKH�YDOYH�RSHUDWLRQ�

����������/CUU�&KUEJCTIG

,Q�DOO�FDVHV��WKH�FXUYHV�RI�PDVV�SHU�SXOVH��0�3��YV��SUHVVXUH�GLIIHUHQFH�EHWZHHQ�DFFXPXODWRU
WDQN�DQG�3&'�� 3��H[KLELW�WKH�VDPH�WUHQG���)LJXUH����������VKRZV�D�W\SLFDO�FXUYH�FRQVLVWLQJ
RI�WKUHH�GLVWLQFW�UHJLRQV��UHJLRQV�,��,,��DQG�,,,��

*HQHUDOO\��WKH�SHDN�DQG�YDOOH\��SRLQWV�$�DQG�%�LQ�ILJXUH�����������PLJUDWH�WRZDUG�KLJK� 3
DQG�ODUJH�0�3�UHJLRQV�DV�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ�RU�SLORW�SUHVVXUH�LQFUHDVHV���7KH
PD[LPXP�0�3�DQG�LWV�FRUUHVSRQGLQJ� 3�DUH�VKRZQ�LQ�WDEOH����������

)RU�WKH�JLYHQ�HOHFWULFDO�SXOVH�GXUDWLRQ�����SHUFHQW�LQFUHDVH�LQ�3SLORW�UHVXOWHG�LQ�D�����WR����
SHUFHQW�LQFUHDVH�LQ�0�3�DQG�D����SHUFHQW�LQFUHDVH�LQ�3SLORW�UHVXOWHG�LQ�D�����WR����SHUFHQW
LQFUHDVH�LQ�0�3���,Q�WKH�FRUUHVSRQGLQJ�VLWXDWLRQV� 3�LQFUHDVHG�E\����WR����SHUFHQW�DQG���
WR����SHUFHQW��UHVSHFWLYHO\�

7KH�YDOYH�EHKDYLRU�LQ�GLIIHUHQW�UHJLRQV�ZLOO�EH�GHVFULEHG�LQ�GHWDLO�DV�IROORZLQJ�

5HJLRQ�,

7KH�0�3�LQFUHDVHG�LQ�WKLV�UHJLRQ�ZLWK� 3��DV�VKRZQ�LQ�ILJXUHV����������DQG����������WKURXJK
�����7KH�YDOYH�ZDV�IXOO\�RSHQ�DQG�WKH�RSHQ�WLPH�ZDV�DOPRVW�LQGHSHQGHQW�RI� 3��VHH�ILJXUHV
�������������������DQG��������7KHUHIRUH��WKH�PDVV�GLVFKDUJH�WKURXJK�WKH�YDOYH�ZDV�FRQWUROOHG
E\�WKH�SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�YDOYH�

7KH�DFWXDWLRQ�IRUFH�LQ�WKLV�UHJLRQ�DVVRFLDWHG�ZLWK�WKH�SLORW�SUHVVXUH�GRPLQDWHV�WKH�YDOYH
RSHQLQJ���6LQFH�WKH�DFWXDWLRQ�IRUFH�ZDV�LQ�H[FHVV��WKH�IXOO\�RSHQ�WLPH�ZDV�ZHDNO\�UHODWHG�WR
WKH�SLORW�SUHVVXUH�DQG�VR�ZDV�WKH�PDVV�GLVFKDUJH��ZLWK�DQ�H[FHSWLRQ�LQ�WKH�FDVH�RI�W� �����VHF
DQG�3SLORW� �����SVLJ����+RZHYHU��WKH�PDVV�GLVFKDUJH�ZDV�FRQVLGHUDEO\�DIIHFWHG�E\�WKH
HOHFWULFDO�SXOVH�GXUDWLRQ��W��EHFDXVH�WKH�RSHQ�WLPH�ZDV�D�VWURQJ�IXQFWLRQ�RI�W���/RQJHU
GXUDWLRQ�LQGXFHG�PRUH�PDVV�GLVFKDUJH�HVSHFLDOO\�LQ�WKH�VKRUW�GXUDWLRQ�UHJLRQ��L�H���IURP�W� 
����WR�����VHFRQGV����7KH�UHODWLRQVKLS�RI�0�3�YV�� 3�LV�VKRZQ�LQ�ILJXUH����������IRU�3SLORW� 
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����SVLJ���,Q�WKH�ORQJ�GXUDWLRQ�UHJLRQ��WKH�RSHQ�WLPH�ZDV�VR�ORQJ�WKDW�WKH�SUHVVXUH�LQ�WKH
DFFXPXODWRU�WDQN�GURSSHG�VLJQLILFDQWO\���7KHUHIRUH��WKH�QLWURJHQ�VWRUDJH�LQ�WKH�DFFXPXODWRU
WDQN�ZDV�QRW�VXIILFLHQW�WR�SURYLGH�WKH�FRUUHVSRQGLQJ�IORZ�

5HJLRQ�,,

7KH�YDOYH�ZDV�VWLOO�IXOO\�RSHQ�LQ�WKH�EHJLQQLQJ�EXW�ZDV�QRW�RSHQ�QHDU�WKH�HQG��SRLQW�%�LQ
ILJXUH�����������RI�WKLV�UHJLRQ���7KH�WUDQVLWLRQ�SRLQW�IURP�IXOO\�RSHQ�WR�QRW�RSHQ�YDULHG
GHSHQGLQJ�RQ�WKH�WHVWLQJ�FRQGLWLRQV���$W�W� �����VHFRQGV�WKH�YDOYH�KDV�EHHQ�REVHUYHG�WR�EH
SDUWO\�RSHQ�QHDU�WKH�HQG�RI�UHJLRQ�,,�IRU�WKUHH�SLORW�SUHVVXUHV���,Q�WKRVH�VLWXDWLRQV�WKH
PRYLQJ�F\OLQGHU�OHIW�WKH�FORVH�OLPLW�VZLWFK�EXW�GLG�QRW�FRQWDFW�WKH�RSHQ�OLPLW�VZLWFK�

7KH�0�3�LQ�UHJLRQ�,,�ZDV�FRQWUROOHG�E\�WKH�IXOO\�RSHQ�WLPH��ZKLFK�GHFOLQHG�ZLWK� 3�LQ�DOO
FDVHV���7KHUHIRUH��WKH�PDVV�GLVFKDUJH�GHFUHDVHG�LQ�WKLV�UHJLRQ���)RUFH�EDODQFH�LQGLFDWHV�WKDW
WKH� 3�SURGXFHG�D�FORVLQJ�IRUFH�LQ�DGGLWLRQ�WR�WKH�VSULQJ�IRUFH���:KHQ� 3�LQFUHDVHG�WR�VXFK
DQ�H[WHQW�WKDW�WKH�DFWXDWLRQ�IRUFH�ZDV�QR�ORQJHU�GRPLQDQW�WKH�QHW�IRUFH�IRU�WKH�RSHQLQJ�ZDV
GHFUHDVLQJ�ZLWK�LQFUHDVLQJ� 3���7KLV�UHVXOWHG�LQ�UHGXFHG�IXOO\�RSHQ�WLPH���7KH�SRLQW��SRLQW�$
LQ�ILJXUH�����������ZKHUH�WKH�DFWXDWLRQ�IRUFH�ORVW�WKH�GRPLQDWLRQ�VHSDUDWHV�UHJLRQV�,�DQG�,,�
$QRWKHU�IDFWRU�ZRUVHQLQJ�WKH�RSHQLQJ�LV�WKH�GUDJ�IRUFH�WKDW�LV�D�VWURQJ�IXQFWLRQ�RI� 3�
$FFXUDWH�DQDO\VLV�DQG�FDOFXODWLRQ�IRU�WKHVH�IRUFHV�GHSHQG�RQ�GHWDLOHG�LQWHUQDO�GLPHQVLRQV
WKDW�DUH�QRW�DYDLODEOH�DW�WKLV�WLPH���)XUWKHU�HIIRUWV�DUH�QHHGHG�LI�TXDQWLWDWLYH�DQDO\VLV�LV
GHVLUHG�

5HJLRQ�,,,

$V� 3�IXUWKHU�LQFUHDVHG�WKH�YDOYH�ZDV�QR�ORQJHU�RSHQ�EXW�WKH�PDVV�GLVFKDUJH�H[KLELWHG�D
VOLJKW�LQFUHDVH�LQ�UHJLRQ�,,,�

7KH�H[SODQDWLRQ�IRU�WKH�PDVV�GLVFKDUJH�ZLWKRXW�YDOYH�RSHQHG�LV�WKDW�WKH�GULYLQJ�IRUFH�IRU
RSHQLQJ�ZDV�QRW�ODUJH�HQRXJK�WR�RYHUFRPH�WKH�IRUFHV�LQ�WKH�FORVLQJ�GLUHFWLRQ��DQG�WKHUHIRUH�
WKH�PRYLQJ�F\OLQGHU�QHYHU�OHIW�WKH�FORVH�SRVLWLRQ���+RZHYHU��WKH�YDOYH�ORVW�WKH�VHDOLQJ�DQG
ZDV�DFWXDOO\�OHDNLQJ�RU�´EOHHGLQJµ�WKURXJK�D�VPDOO�JDS�EHWZHHQ�WKH�RXWOHW�HQG�RI�WKH�PRYLQJ
F\OLQGHU�DQG�VHDW�ZKHQ�WKH�YDOYH�ZDV�DFWXDWHG�WR�RSHQ���7KH�JDS�ZDV�QRW�ODUJH�HQRXJK�WR
FDXVH�WKH�FORVH�OLPLW�VZLWFK�WR�ORVH�FRQWDFW�EXW�ZDV�VXIILFLHQW�WR�DOORZ�D�FHUWDLQ�DPRXQW�RI
PDVV�WR�JR�WKURXJK�

7KH�UHDVRQ�IRU�WKH�LQFUHDVH�LQ�PDVV�GLVFKDUJH�LV�XQFOHDU�ZLWK�QR�GHWDLOHG�LQIRUPDWLRQ���7KH
VSHFXODWLRQ�LV�WKDW�WKH�IORZ�LQ�WKLV�UHJLRQ�PLJKW�EH�LQ�´FKRNHµ�FRQGLWLRQ��WKDW�LV��WKH�YHORFLW\
GLG�QRW�FKDQJH�ZLWK�LQFUHDVLQJ� 3���:KHQ� 3�LQFUHDVHG��KRZHYHU��WKH�GHQVLW\�RI�WKH
LQFRPLQJ�SXOVH�JDV�LQFUHDVHG�DFFRUGLQJO\���7KHUHIRUH��PDVV�GLVFKDUJH�LQFUHDVHG��DVVXPLQJ
WKH�JDS�GLG�QRW�FKDQJH���7KH�GDWD�RI�PDVV�FKDQJH�LQ�WKLV�UHJLRQ�URXJKO\�PDWFK�WKH
FDOFXODWLRQV�RI�GHQVLW\�FKDQJH�ZLWK�SUHVVXUH���,Q�UHDOLW\��WKH�JDS�VL]H�PLJKW�DOVR�KDYH�FKDQJHG
DQG�DIIHFWHG�WKH�PDVV�GLVFKDUJH�E\�DOWHULQJ�WKH�FKRNH�IORZ�FRQGLWLRQ���/DUJHU�PDVV�GLVFKDUJH
LQ�WKH�FDVH�RI�KLJKHU�SLORW�SUHVVXUH��VR�WKH�ODUJHU�JDS�VL]H��PD\�VXSSRUW�WKLV�DQDO\VLV�
$SSDUHQWO\�WKH�RYHUDOO�WUHQG�RI�WKH�PDVV�GLVFKDUJH�LQ�WKLV�UHJLRQ�ZDV�LQIOXHQFHG�E\�WKH
SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�YDOYH�
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����������%JCTCEVGTKUVKE�6KOGU

7KH�PRYHPHQW�RI�WKH�F\OLQGHU�LV�D�G\QDPLF�SURFHGXUH�WKDW�LV�FRQWUROOHG�E\�GULYLQJ�IRUFHV
DQG�UHVLVWDQFH���7KH�G\QDPLF�SURFHGXUH�LV�FKDUDFWHUL]HG�E\�WKH�IXOO\�RSHQ�WLPH��UHVSRQVH
WLPH��WLPH�WR�RSHQ��DQG�WLPH�WR�FORVH�

)XOO\�2SHQ�7LPH

,Q�JHQHUDO��WKH�IXOO\�RSHQ�WLPH�FRXOG�EH�DIIHFWHG�E\�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ��W��DQG�SLORW
SUHVVXUH��3SLORW���VHH�ILJXUHV��������������������DQG��������7KH�FXUYHV�IRU�WKH�UHODWLRQVKLS
EHWZHHQ�WKH�IXOO\�RSHQ�WLPH�DQG� 3�H[KLELW�WKUHH�UHJLRQV�FRUUHVSRQGLQJ�WR�WKRVH�LQ�0�3�YV�
3�FXUYHV���,Q�5HJLRQ�,��WKH�IXOO\�RSHQ�WLPH�ZDV�DOPRVW�FRQVWDQW�DQG�LQGHSHQGHQW�RI�WKH
SLORW�SUHVVXUH���7KH�YDOXH�ZDV�DERXW�����PV�OHVV�WKDQ�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ�LQ�DOO�FDVHV�
,Q�5HJLRQ�,,�WKH�IXOO\�RSHQ�WLPH�JUDGXDOO\�GHFUHDVHG�WR�]HUR�DQG�ZDV�D�IXQFWLRQ�RI�ERWK
HOHFWULFDO�SXOVH�GXUDWLRQ�DQG�SLORW�SUHVVXUH���7KH�VKRUWHU�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ�RU�WKH
ORZHU�WKH�SLORW�SUHVVXUH�WKH�VKRUWHU�WKH�IXOO\�RSHQ�WLPH���7KH�HIIHFW�RI�WKH�HOHFWULFDO�SXOVH
GXUDWLRQ�RQ�WKH�IXOO\�RSHQ�WLPH�LV�VKRZQ�LQ�ILJXUH����������IRU�3SLORW� �����SVLJ���7KH�IXOO\
RSHQ�WLPH�ZDV�DOZD\V�]HUR�LQ�5HJLRQ�,,,�

5HVSRQVH�7LPH

7KH�UHVSRQVH�WLPH�LV�D�UHSUHVHQWDWLYH�TXDQWLW\�RI�WKH�G\QDPLF�UHVSRQVH�RI�WKH�PRYLQJ�SDUW
WR�WKH�GULYLQJ�IRUFHV���7KH�ORQJHU�UHVSRQVH�WLPH�LQGLFDWHV�WKDW�WKH�YDOYH�LV�PRUH�UHOXFWDQW�WR
RSHQ���6LQFH�WKH�UHVSRQVH�WLPH�ZDV�PHDVXUHG�IURP�WKH�EHJLQQLQJ�RI�WKH�HOHFWULFDO�SXOVH
VLJQDO�WR�WKH�EHJLQQLQJ�RI�WKH�RSHQ�OLPLW�VZLWFK�VLJQDO��WKH�GDWD�RQO\�VKRZ�XS�LQ�WKH�UHJLRQ
ZKHUH�WKH�YDOYH�LV�IXOO\�RSHQ��VHH�ILJXUHV��������������������DQG��������7KHVH�VKRZ�WKDW�WKH
UHVSRQVH�WLPH�ZDV�DERXW�����PV�LQ�WKH�ORZHU� 3�UHJLRQ�LQ�DOO�FDVHV���$V� 3�LQFUHDVHG��WKH
UHVSRQVH�WLPH�GLYHUJHG�DQG�ZDV�DIIHFWHG�E\�WKH�SLORW�SUHVVXUH���+LJK�SLORW�SUHVVXUH�SURGXFHG
VKRUW�UHVSRQVH�WLPH���7KLV�LV�H[SHFWHG�VLQFH�WKH�QHW�IRUFH�IRU�RSHQLQJ�LQFUHDVHG�ZLWK�WKH
SLORW�SUHVVXUH��DQG�WKHUHIRUH��WKH�YDOYH�ZDV�HDVLHU�WR�RSHQ���2Q�WKH�RWKHU�KDQG��WKH�UHVSRQVH
WLPH�ZDV�DOPRVW�LQGHSHQGHQW�RI�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ�IRU�D�JLYHQ�SLORW�SUHVVXUH�
)LJXUHV����������WKURXJK����VKRZ�WKH�UHODWLRQVKLS�RI�WKH�UHVSRQVH�WLPH�YV�� 3�IRU�3SLORW� 
����������DQG�����SVLJ��UHVSHFWLYHO\�

7LPH�WR�2SHQ�DQG�7LPH�WR�&ORVH

7KHVH�WZR�FKDUDFWHULVWLF�WLPHV�UHIOHFW�WKH�PHFKDQLFDO�UHVSRQVH�RI�WKH�PRYLQJ�SDUW�FRQWUROOHG
E\�WKH�VSULQJ�UDWKHU�WKDQ�WKH�LQWHUDFWLRQ�ZLWK�WKH�IOXLG�IORZ�� 3����7KHUHIRUH��WKH�WLPH�WR
RSHQ�DQG�WLPH�WR�FORVH�ZHUH�IDLUO\�FRQVWDQW�LQ�DOO�FDVHV���7KH�WLPH�WR�RSHQ�ZDV����WR�����PV
DQG�WKH�WLPH�WR�FORVH�ZDV����WR����PV���7KHVH�GDWD�LPSO\�WKDW�WKH�PRYLQJ�SDUW�WUDYHOHG�DW�WKH
VDPH�VSHHG�QR�PDWWHU�KRZ�WKH�RSHUDWLQJ�FRQGLWLRQV�FKDQJHG�
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����������#EVWCVKQP�5[UVGO

'XULQJ�WKH�EDFN�SXOVHV�WKHUH�ZHUH�QRWDEOH�GHFUHDVHV�LQ�WKH�SLORW�SUHVVXUH�REVHUYHG���7KLV�LV
EHFDXVH�WKH�IORZ�UDWH�QHHGHG�WR�UHWDLQ�WKH�DFWXDWLRQ�SUHVVXUH�ZDV�PXFK�KLJKHU�WKDQ�WKDW
SURYLGHG�E\�WKH�SUHVVXUH�UHJXODWRU�XVHG�WR�FRQWURO�WKH�DFWXDWLRQ�SUHVVXUH�XSVWUHDP�RI�WKH
SLORW�UHVHUYRLU�WDQN���:KHQ�WKH�SLORW�YDOYH�ZDV�RSHQ�DQG�DFWXDWLRQ�JDV�IORZHG�LQWR�WKH�FDYLW\
LQ�WKH�YDOYH�IRU�RSHQLQJ�WKH�VXGGHQ�FKDQJH�LQ�YROXPH�LQGXFHG�D�SUHVVXUH�GURS�LQ�WKH
DFWXDWLRQ�OLQH��7KLV�SUHVVXUH�GURS�GHILQLWHO\�DIIHFWHG�WKH�RSHQLQJ�SURFHGXUH���)RU�H[DPSOH�
WKH�ORQJ�UHVSRQVH�WLPH�DW�KLJK� 3�PD\�EH�SDUWLDOO\�GXH�WR�WKLV�SUHVVXUH�GURS�

7KH�SUHVVXUH�GURS�RFFXUUHG�QRW�RQO\�LQ�WKH�RSHQLQJ�SURFHGXUH�EXW�DOVR�LQ�WKH�FORVLQJ
SURFHGXUH���$W�ORQJHU�HOHFWULFDO�SXOVH�GXUDWLRQ��H�J���W� �����DQG�����VHF��WKH�SLORW�SUHVVXUH
GURSSHG�WZLFH�ZLWKLQ�RQH�EDFN�SXOVH��ZKLFK�FRUUHVSRQGHG�WR�WKH�RSHQLQJ�DQG�FORVLQJ�
UHVSHFWLYHO\���$W�VKRUWHU�HOHFWULFDO�SXOVH�GXUDWLRQ�WKH�WZR�GURSV�ZHUH�VR�FORVH�WKDW�QR
DSSDUHQW�VHSDUDWLRQ�KDV�EHHQ�REVHUYHG�

6CDNG���������

/CZKOWO�/CUU�2GT�2WNUG�CPF�+VU�%QTTGURQPFKPI� 3�
2QKPV�#�KP�(KIWTG����������
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(KIWTG��������� (WNN[�1RGP�6KOG�8U�8CNXG�&KHHGTGPVKCN�2TGUUWTG�HQT�58����$�9KVJ�2KNQV�2TGUUWTG�QH
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��������5WIIGUVKQPU�VQ�+ORTQXG�8CNXG�2GTHQTOCPEG

)URP�WKH�WHVW�UHVXOWV�LW�LV�HYLGHQW�WKDW�WKH�&RD[�YDOYH�ZDV�QRW�IXQFWLRQLQJ�SURSHUO\�DW�KLJK�
SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�YDOYH���0RGLILFDWLRQ�RU�UHGHVLJQ�RI�WKH�YDOYHV�ZRXOG�EH
QHFHVVDU\�LI�WKH�YDOYHV�DUH�GHVLUHG�WR�RSHUDWH�DW�KLJK�EDFN�SXOVH�SUHVVXUHV���/LVWHG�EHORZ�DUH
VXJJHVWLRQV�WR�LPSURYH�YDOYH�SHUIRUPDQFH�

�� ,QFUHDVH�WKH�SLVWRQ�VL]H��VHH�ILJXUH�������������7KH�DFWXDWLRQ�IRUFH�LV�SURSRUWLRQDO
WR�$��

�� 5HSODFH�WKH�FXUUHQW�SLORW�YDOYH�ZLWK�RQH�ZLWK�D�KLJKHU�ZRUNLQJ�SUHVVXUH�VR�WKDW
WKH�SLORW�SUHVVXUH�FDQ�EH�IXUWKHU�LQFUHDVHG�

�� 5HGXFH�WKH�VSULQJ�VWLIIQHVV���7KLV�PD\�DIIHFW�WKH�VHDOLQJ�FRQGLWLRQ���+RZHYHU��LI
WKLV�LV�GRQH�WRJHWKHU�ZLWK�LQFUHDVLQJ�WKH�SLVWRQ�VL]H�WKH�VHDOLQJ�FDQ�EH�VHFXUHG�

�� 0RGLI\�WKH�VHDW�SURILOH�DQG�RXWOHW�HQG�RI�WKH�F\OLQGHU�WR�EDODQFH��RU�UHGXFH��WKH
IRUFH�SURGXFHG�E\� 3���7KLV�PRGLILFDWLRQ�PD\�DOVR�LPSURYH�WKH�IORZ�FRQGLWLRQ
QHDU�WKH�VHDW�DQG�WKH�RSHQLQJ�G\QDPLF�UHVSRQVH�

�� &RQQHFW�D�ODUJH�YROXPH�UHVHUYRLU�WR�WKH�DFWXDWLRQ�OLQH���7KH�SUHVVXUH�GHFD\
GXULQJ�WKH�EDFN�SXOVH�FDQ�EH�VLJQLILFDQWO\�UHGXFHG�WR�D�PLQLPXP�

,Q�FRQFOXVLRQ��SDUDPHWULF�WHVWV�KDYH�EHHQ�FRQGXFWHG�IRU�WKH�&RD[�EDFN�SXOVH�YDOYH���7KH
WHVWLQJ�UHVXOWV�VKRZHG�WKDW�PDVV�GLVFKDUJH�SHU�SXOVH�LQLWLDOO\�LQFUHDVHG�ZLWK�GLIIHUHQWLDO
SUHVVXUH�DFURVV�WKH�YDOYH�EXW�GHFUHDVHG�DIWHU�WKH�GLIIHUHQWLDO�SUHVVXUH�H[FHHGHG�D�FHUWDLQ
SRLQW�ZKLOH�WKH�YDOYH�ZDV�VWLOO�IXOO\�RSHQ���7KH�PDVV�GLVFKDUJH�WXUQHG�WR�VOLJKWO\�LQFUHDVH
DJDLQ�LQ�WKH�KLJKHU�GLIIHUHQWLDO�SUHVVXUH�UHJLRQ�ZKHUH�WKH�YDOYH�ZDV�QR�ORQJHU�RSHQ�
*HQHUDOO\��WKH�IXOO\�RSHQ�WLPH�GHFUHDVHG�ZLWK�LQFUHDVLQJ�GLIIHUHQWLDO�SUHVVXUH�DQG�HYHQWXDOO\
ZHQW�WR�]HUR���7KH�UHVSRQVH�WLPH�LQFUHDVHG�ZLWK�LQFUHDVLQJ�GLIIHUHQWLDO�SUHVVXUH��ZKHUHDV�WKH
WLPH�WR�RSHQ�DQG�WLPH�WR�FORVH�UHPDLQHG�IDLUO\�FRQVWDQW���/RQJHU�HOHFWULFDO�SXOVH�GXUDWLRQ�RU
KLJKHU�SLORW�SUHVVXUH�UHVXOWHG�LQ�ODUJHU�PD[LPXP�PDVV�SHU�SXOVH�DQG�KLJKHU�FRUUHVSRQGLQJ
GLIIHUHQWLDO�SUHVVXUH���7KH�IXOO\�RSHQ�WLPH�LQFUHDVHG�ZLWK�WKH�HOHFWULFDO�SXOVH�GXUDWLRQ�RU�SLORW
SUHVVXUH���7KH�UHVSRQVH�WLPH�ZDV�RQO\�DIIHFWHG�E\�WKH�SLORW�SUHVVXUH���7KHVH�RSHUDWLQJ
SDUDPHWHUV�GLG�QRW�DIIHFW�WKH�WLPH�WR�RSHQ�DQG�WLPH�WR�FORVH�
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������(+0'5�*#0&.+0)�5;56'/

��������1RGTCVKQP�5WOOCT[

'XULQJ�WHVW�FDPSDLJQ�����7&����WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'������UHSHDWHGO\�IRUFHG
WKH�UXQ�WR�VWRS�GXH�WR�FRPSOLFDWLRQV�ZLWK�WKH�VSKHUL�YDOYH�VHDOV���7KH�V\VWHP�LV�PDQXIDFWXUHG�E\
&O\GH�3QHXPDWLF�&RQYH\LQJ�/WG��RI�(QJODQG��VLPLODU�XQLWV�DUH�XVHG�IRU�FRDO�DQG�OLPHVWRQH�IHHG
DV�ZHOO�DV�IRU�DVK�UHPRYDO���$OWRJHWKHU��WKHUH�DUH�IRXU�&O\GH�XQLWV�LQ�WKH�0:.�V\VWHP�
7RJHWKHU��WKHVH�XQLWV�ZHUH�UHVSRQVLEOH�IRU�RYHU�����KRXUV�RI�GRZQWLPH�IURP�6HSWHPEHU�WR
1RYHPEHU���)LJXUH����������VKRZV�WKH�)'�����V\VWHP���%HFDXVH�RI�WKH�FRPSOLFDWLRQV�ZLWK�WKH
RSHUDWLRQ�RI�WKH�&O\GH�XQLWV�D�UHSUHVHQWDWLYH�IURP�&O\GH�3QHXPDWLF�&RQYH\LQJ�YLVLWHG�WKH�VLWH�LQ
:LOVRQYLOOH��$ODEDPD��LQ�2FWREHU�

7KH�VSHQW�ILQHV�VFUHZ�FRROHU��)'������DOVR�H[SHULHQFHG�PLQRU�RSHUDWLRQDO�FRPSOLFDWLRQV�GXULQJ
7&�����7KH�PRVW�SUHVVLQJ�RI�WKH�FRPSOLFDWLRQV�ZDV�WKH�ZHDU�RI�WKH�VKDIW�DQG�FHUDPLF�EXVKLQJ
DQG�WKH�DVK�LQOHW�VLGH�RI�WKH�VFUHZ���)LJXUH����������VKRZV�WKH�)'�����V\VWHP���7KLV�XQLW�
KRZHYHU��ZDV�QHYHU�WKH�VROH�UHDVRQ�WKH�UXQ�ZDV�IRUFHG�WR�VWRS���$�UHSUHVHQWDWLYH�IURP�WKH
PDQXIDFWXUHU�&KULVWLDQ�(QJLQHHULQJ�ZDV�DOVR�EURXJKW�LQ�WR�HYDOXDWH�WKHVH�SUREOHPV�LQ�-DQXDU\
�����
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��������5KIPKHKECPV�1DUGTXCVKQPU�CPF�/CLQT�'XGPVU�
(&�����

$� )'�����3OXJJHG�:LWK�)LOWHU�(OHPHQW�3LHFHV²6HSWHPEHU����DW��������%URNHQ�SLHFHV�RI
HOHPHQWV�EORFNHG�WKH�GLVFKDUJH�OLQH���7KLV�ZDV�XVXDOO\�FKDUDFWHUL]HG�E\�D�VXVWDLQHG
LQFUHDVH�LQ�YHVVHO�SUHVVXUH�

%� )'�����3OXJJHG�:LWK�)LOWHU�(OHPHQW�3LHFHV²6HSWHPEHU����DW�������

&� )'�����3OXJJHG�:LWK�)LOWHU�(OHPHQW�3LHFHV²6HSWHPEHU����DW�������

'� 6SKHUL�9DOYH�6HDO�)DLOXUH²6HSWHPEHU����DW���������7KH�VLOLFRQH�VHDO�WKDW�VHDWV�RQ�WKH
GRPH�YDOYH�UXSWXUHG�IRUFLQJ�WKH�UXQ�WR�HQG���7KH�VHDO�KDG�H[SHULHQFHG�RQO\�����F\FOHV�

(� 6SKHUL�9DOYH�6HDO�)DLOXUH²2FWREHU����DW�������

)� 6SKHUL�9DOYH�6HDO�/HDN²2FWREHU����DW���������7KH�R�ULQJ�VHDO�RQ�WKH�PLGGOH�VSKHUL
YDOYH�RQ�)'�����ZDV�DOORZLQJ�OHDN�WKURXJK�RI�QLWURJHQ���7KH�YDOYH�RQ�WKH�QLWURJHQ
KHDGHU�ZDV�IOXFWXDWLQJ�EHWZHHQ�FORVHG�DQG�IXOO\�RSHQ���7KH�OHDNLQJ�R�ULQJ�UHFRYHUHG
DQG�WKH�UXQ�FRQWLQXHG�

*� 6SKHUL�9DOYH�6HDO�)DLOXUH²2FWREHU����DW���������7KH�R�ULQJ�VHDO�RQ�WKH�PLGGOH�)'����
VSKHUL�YDOYH�VHDO�EHJDQ�OHDNLQJ�DJDLQ�DQG�IRUFHG�WKH�HQG�RI�WKH�UXQ���7KH�OHDN�ZDV�WRR
JUHDW�WR�FRQWLQXH�

+� )'�����3OXJJHG�:LWK�)LOWHU�(OHPHQW�3LHFHV²1RYHPEHU����DW���������)ROORZLQJ�D
VHYHUH�WKHUPDO�HYHQW�LQ�WKH�SDUWLFXODWH�FRQWURO�GHYLFH��3&'��EURNHQ�ILOWHU�HOHPHQW
SLHFHV�FORJJHG�WKH�GLVFKDUJH�IURP�)'�����IRUFLQJ�DQ�HQG�WR�WKH�UXQ�7&��*�
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��������(KPGU�6TCPURQTVGT�5[UVGO�
(&�����

7KH�FXUUHQW�GHVLJQ�IRU�WKH�ORFN�YHVVHO�KDV�D�YROXPHWULF�FDSDFLW\�RI�����IW����$FWXDO�ZRUNLQJ
YROXPH�LV�����IW��DV�VHW�E\�WKH�OHYHO�SUREH���7KHRUHWLFDOO\��LW�VKRXOG�EH�DGHTXDWH�IRU�VWDEOH
FRPEXVWLRQ�RSHUDWLRQV���+RZHYHU��GXH�WR�FRQVLVWHQW�SUREOHPV�ZLWK�WKH�XQVWDEOH�RSHUDWLRQV�DQG
VRPH�GHVLJQ�GHIHFWV�WKLV�XQLW�KDV�EHHQ�WKH�PDMRU�´ERWWOH�QHFNµ�LQ�WKH�SURFHVV���0DMRU�SUREOHPV
LQFOXGH'�

�� 7KH�VHDOLQJ�V\VWHP�RI�WKH�VSKHUL�YDOYHV�ZDV�LQDGHTXDWHO\�GHVLJQHG���7KH�VHDOV�UXSWXUHG
PDQ\�WLPHV�

�� %ULGJLQJ�DQG�SDFNLQJ�LQ�WKH�GURS�SLSH��ORFN�YHVVHO��DQG�GLVSHQVH�YHVVHO�ZHUH�D
SHUVLVWHQW�SUREOHPV���7KH�FXUUHQW�DHUDWLRQ�V\VWHP�VHHPV�LQVXIILFLHQW���6WULNLQJ�DQG
PDQXDO�DHUDWLRQ�KDYH�WR�EH�XVHG�WR�VROYH�WKH�SUREOHP�

�� 7KH�VHQVLWLYLW\�RI�WKH�OHYHO�SUREH�ZDV�GLIILFXOW�WR�DGMXVW�DQG�RIWHQ�FDXVHG�DQ�LQFRUUHFW
LQGLFDWLRQ�

�� :KHQ�HOHPHQWV�EURNH�WKH�FHUDPLF�SLHFHV�RIWHQ�EORFNHG�WKH�GLVFKDUJH�OLQH
GRZQVWUHDP�RI�WKH�GLVSHQVH�YHVVHO�

�� 6LQFH�)'�����LV�DQ�LQ�OLQH�SLHFH�RI�HTXLSPHQW�ZLWK�QR�PHDQV�WR�LVRODWH�LW�IURP�WKH
V\VWHP�WKHVH�SUREOHPV�ZLWK�WKH�XQLW�RIWHQ�IRUFHG�WKH�SODQW�WR�VKXW�GRZQ�

7KH�UHSUHVHQWDWLYH�IURP�&O\GH�3QHXPDWLF�&RQYH\LQJ�YLVLWHG�WKH�SODQW�VLWH�LQ�2FWREHU�RI������WR
GLVFXVV�WKHVH�SUREOHPV���7KH�SULPDU\�UHDVRQ�IRU�WKLV�YLVLW�ZDV�WR�WURXEOHVKRRW�SUREOHPV�ZLWK�DOO
WKH�&O\GH�V\VWHPV�LQFOXGLQJ�)'�������$�PDMRULW\�RI�WKH�VHDO�SUREOHPV�ZLWK�WKH�&O\GH�V\VWHP
LQYROYHG�WKH�KLJK�WHPSHUDWXUH�DQG�KLJK�SUHVVXUH�DSSOLFDWLRQV�RQ�WKH�)'�����V\VWHPV�
&RQVHTXHQWO\��WKH�VHDOV�ZHUH�IDLOLQJ�RIWHQ���)LJXUH����������VKRZV�D�W\SLFDO�IDLOHG�VHDO���$V�WKH
VHDOV�ILW�VQXJO\�WR�WKH�GRPH�YDOYH��WKH�YDOYH�GRPH�DOVR�VKRZHG�VLJQV�RI�ZHDU���)LJXUH���������
VKRZV�WKH�ZHDU�RI�WKH�GRPH�YDOYH���&O\GH�KDV�H[SHULHQFH�ZLWK�KLJK�SUHVVXUH�DSSOLFDWLRQV�DV�ZHOO
DV�ZLWK�KLJK�WHPSHUDWXUH�DSSOLFDWLRQV��KRZHYHU��WKHLU�NQRZOHGJH�RI�WKHVH�WZR�VSHFLILF
DSSOLFDWLRQV�LV�OLPLWHG���,W�ZDV�VSHFXODWHG�WKDW�WKH�VLOLFRQH�VHDOV�ZHUH�H[WUXGLQJ��WKHUHIRUH
FRQWULEXWLQJ�WR�ZHDU�RI�WKH�VHDO�PDWHULDO�IURP�WKH�H[FHVV�IULFWLRQ�RQ�WKH�GRPH�YDOYH���$Q
H[WUXVLRQ�WHVW�ZDV�FRQGXFWHG�WR�SURYH�WKLV�K\SRWKHVLV���7KH�UHVXOWV�DUH�GLVSOD\HG�LQ�WDEOH��������
��

7KH�VLOLFRQH�VHDOV�VKRZHG�H[WHQVLYH�H[WUXVLRQ�DW�DPELHQW�FRQGLWLRQV�DQG�RQO\�����SVLJ�������EDU
J����,Q�RSHUDWLRQ��WKH�VHDO�FRXOG�EH�H[SHFWHG�WR�ZLWKVWDQG�SUHVVXUHV�DV�JUHDW�DV�����SVLJ�������EDU
J����7KH�GHFLVLRQ�ZDV�PDGH�WR�XVH�QHRSUHQH�VHDOV�DQG�FDUHIXOO\�PRQLWRU�WKH�WHPSHUDWXUH�OLPLWV
WKLV�ZRXOG�SODFH�RQ�WKH�V\VWHP���1HRSUHQH�LV�QRW�UHFRPPHQGHG�IRU�XVH�DERYH�����)������&��
7KH�UHSODFHPHQW�RI�WKH�VLOLFRQH�VHDOV�ZLWK�QHRSUHQH�VKRZHG�VLJQLILFDQW�LPSURYHPHQW�IRU
RSHUDWLRQ�RI�WKH�XQLW���)LJXUH����������VKRZV�WKH�LPSURYHG�F\FOH�OLIH�RI�QHRSUHQH�DV�FRPSDUHG
ZLWK�VLOLFRQH�

2WKHU�FRPSOLFDWLRQV�LQ�WKH�RSHUDWLRQ�RI�)'�����LQYROYH�WKH�TXLFN�GXPS�YDOYH�IRU�WKH�VSKHUL
YDOYH�VHDO���:KHQ�WKH�DFWXDWRU�DUP�FORVHV�WKH�GRPH�YDOYH�D�SRVLWLRQ�VZLWFK�LV�FRQWDFWHG���7KLV
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VZLWFK�VLJQDOV�WKDW�WKH�GRPH�LV�LQ�SRVLWLRQ�DQG�UHDG\�IRU�WKH�VHDO�LQIODWLRQ���6LPLODUO\��D�TXLFN
GXPS�YDOYH�LV�RSHQHG�SULRU�WR�WKH�PRYHPHQW�RI�WKH�DFWXDWRU�DUP�WR�UHOHDVH�WKH�VHDO�SUHVVXUH�
0RYHPHQW�RI�WKH�KRXVLQJ�IRU�WKH�DFWXDWRU�DUP�RIWHQ�FDXVHG�WKH�IDLOXUH�RI�WKH�FRQWDFW�VZLWFK�WR
HQJDJH�IXOO\���&RQVHTXHQWO\��QLWURJHQ�IRU�WKH�VHDO�HVFDSHG�WKURXJK�WKH�TXLFN�GXPS�YDOYH��ZKLFK
UHPDLQHG�RSHQ�ZKLOH�LQIODWLRQ�RI�WKH�VHDO�ZDV�DWWHPSWHG���2WKHU�&O\GH�V\VWHPV�RQ�WKH�QLWURJHQ
KHDGHU�ZRXOG�VHH�WKH�UHVXOWLQJ�SUHVVXUH�ORVV��RIWHQ�WULSSLQJ�WKHVH�XQLWV�RII�OLQH�DV�ZHOO���7KLV�ZDV
HVSHFLDOO\�WKH�FDVH�ZLWK�WKH�FRDO�IHHGHU��)'��������,W�ZDV�VSHFXODWHG�WKDW�WKH�KRXVLQJ�ZDV
PRYLQJ�HQRXJK�ZLWK�WKH�FRYHU�SODWH�UHPRYHG�WR�KLQGHU�WKH�SURSHU�FRQWDFW�ZLWK�WKH�FRQWDFW
VZLWFK���7KH�RWKHU�PLQRU�SUREOHP�HQFRXQWHUHG�ZDV�IDLOXUH�RI�WKH�SRSSHW�YDOYHV�RQ�WKH�QLWURJHQ
VXSSO\�OLQH�WR�WKH�VSKHUL�YDOYH�VHDO���7KLV�KDG�WKH�VDPH�HIIHFW�DV�WKH�IDLOXUH�RI�WKH�TXLFN�GXPS
YDOYH�

7KH�OHYHO�SUREH�LQ�WKH�ORFN�KRSSHU�YHVVHO�RI�)'�����RIWHQ�PDOIXQFWLRQHG�GXH�WR�EULGJLQJ�LQ�WKH
YHVVHO�DV�ZHOO�DV�LQKHUHQW�GLIILFXOWLHV�ZLWK�WKH�OHYHO�SUREH�WHFKQRORJ\���7KH�XQLW�RIWHQ�UDQ�RQ�D
WLPHG�F\FOH�ZLWKRXW�XVLQJ�WKH�OHYHO�SUREH���$GGLWLRQDOO\��WKHUH�ZDV�QR�ZD\�WR�IOXII�WKH�ORFN
KRSSHU�YHVVHO�WR�UHPHG\�WKH�DVK�EULGJLQJ�DQG�FDNLQJ�SUREOHPV���2SHUDWRUV�ZHUH�RIWHQ�IRUFHG�WR
VWULNH�WKH�VLGH�RI�WKH�YHVVHO�WR�GLVORGJH�WKH�EULGJHG�DVK��(DFK�YHVVHO�KDG�D�YROXPH�RI�RQO\�����IW�

DQG�EULGJLQJ�RI�WKH�ORFN�KRSSHU�KLQGHUHG�LWV�HIIHFWLYHQHVV���%URNHQ�ILOWHU�HOHPHQW�SLHFHV�DOVR
SOXJJHG�WKH�H[LW�OLQH�IURP�WKH�GLVFKDUJH�YHVVHO��IRUFLQJ�PDQXDO�LQWHUYHQWLRQ����7KHVH�DQG�RWKHU
LPSURYHPHQWV�ZHUH�PDGH�WR�WKH�V\VWHP�GXULQJ�UXQ�7&���WR�UHPHG\�VRPH�RI�WKH�RSHUDWLRQDO
FRPSOLFDWLRQV���6RPH�RI�WKHVH�LPSURYHPHQWV�ZHUH�D�UHVXOW�RI�WKH�&O\GH�UHFRPPHQGDWLRQV�ZKLOH
RWKHUV�ZHUH�WKH�UHVXOW�RI�6&6�HPSOR\HH�LGHDV���5HFRPPHQGDWLRQV�LQFOXGH�

�� &RQYH\LQJ�JDV�SUHVVXUH�IRU�WKH�GLVFKDUJH�OLQH�IURP�WKH�ORFN�KRSSHU�YHVVHO�ZDV
LQFUHDVHG�WR����SVLJ������EDU�J��

�� 7KH�VXUIDFH�RI�WKH�GRPHV�RQ�)'�����ZHUH�FRDWHG�ZLWK�D�KDUGHQHG�VXUIDFH�GHSRVLW
RI�EHO]RQH�WR�UHGXFH�IULFWLRQ�ZLWK�WKH�VSKHUL�VHDO�DV�ZHOO�DV�WR�UHGXFH�ZHDU�RQ�WKH
GRPH�

�� $�FRQWURO�VHTXHQFH�PRGLILFDWLRQ�ZDV�DGGHG�WR�WKH�ORZHU�VHDO��EHWZHHQ�WKH�ORFN
KRSSHU�DQG�GLVSHQVH�YHVVHO��RQ�WKH�)'�����XQLW�WR�HQVXUH�WKDW�WKH�VHDO�LV�IXOO\
GHIODWHG�EHIRUH�WKH�GRPH�PRYHV���7KHUH�KDV�SUHYLRXVO\�EHHQ�FRQFHUQ�WKDW�WKH�VHDO
ZDV�QRW�IXOO\�GHIODWHG�ZKHQ�WKH�GRPH�PRYHG�

�� ,Q�RUGHU�WR�PLQLPL]H�WKH�WHQGHQF\�IRU�VHDO�H[WUXVLRQ�WKH�SUHVVXUH�WR�WKH�VHDO�ZDV�VHW
DW�DSSUR[LPDWHO\����SVL��~����EDU��DERYH�WKH�RSHUDWLQJ�SUHVVXUH�RI�WKH�V\VWHP���7KH
VHDO�ZDV�SUHYLRXVO\�VHW�ZLWK�KHDGHU�SUHVVXUH��ZKLFK�ZDV�JUHDWHU�WKDQ�����SVLJ������
EDU�*��

�� 5HVWULFWLRQ�RULILFHV�ZHUH�DGGHG�WR�WKH�QLWURJHQ�VXSSO\�OLQHV�WR�HDFK�VHDO���7KLV�OLPLWHG
WKH�IORZ�RI�QLWURJHQ�LQ�FDVH�RI�D�VHDO�IDLOXUH�DQG�KHOSHG�SUHVHUYH�KHDGHU�SUHVVXUH�

�� $Q�LVRODWLRQ�YDOYH�ZDV�DGGHG�WR�WKH�GURS�SLSH�WR�WKH�)'�����XQLW���7KLV�ZLOO�DOORZ
UHSDLUV�WR�WKH�XQLW�WR�EH�FRQGXFWHG�ZLWKRXW�WKH�QHHG�WR�EULQJ�WKH�SODQW�GRZQ�
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7KH�VSHQW�ILQHV�VFUHZ�FRROHU�RSHUDWHG�ZHOO�GXULQJ�PRVW�RI�7&�����7KLV�DQG�SUHYLRXV�RSHUDWLRQV
KDYH�QRW�EHHQ�GLUHFWO\�GLVWXUEHG�E\�DVK�UHPRYDO�IURP�)'�����ZLWK�WKH�H[FHSWLRQ�RI�PLQRU
PHFKDQLFDO�IDLOXUHV�VXFK�DV�OHDNDJH�RI�SDFNLQJ�RU�KHDW�WUDQVIHU�IOXLG���,Q�RWKHU�ZRUGV��)'�����LV
QRW�´ERWWOH�QHFNLQJµ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��DQG�VLQFH�-DQXDU\����������WKH�XQLW�KDV
H[SHULHQFHG�RYHU�������KRXUV�RI�RSHUDWLRQ���'HVLJQ�VSHFLILFDWLRQV�VKRZ�WKDW�WKH�YROXPH�SHU
UHYROXWLRQ�LV�������IW��UHY���$W�WKH�PD[LPXP�VSHHG�����UHY�PLQ��)'�����FDQ�FRQYH\�����
IW��KU���1RUPDO�RSHUDWLRQV�LQGLFDWHG�WKDW�WKH�VFUHZ�RI�)'�����GLG�QRW�FRQYH\�DVK�LQ�D�IXOO\
ORDGHG�FRQGLWLRQ���7KH�YRLG�UDWLR�YDULHG�ZLGHO\�DQG�ZDV�FORVH�WR�����LQ�PRVW�FDVHV���$FWXDOO\��WKH
YRLG�UDWLR�ZLOO�EH�UHGXFHG�DW�ODUJHU�ORDGLQJ��UHVXOWLQJ�LQ�D�ODUJHU�FRQYH\LQJ�UDWH���+RZHYHU��HYHQ
LQ�D�W\SLFDO�VLWXDWLRQ�ZKHUH�WKH�3&'�FRQH�ZDV�ILOOHG�ZLWK�VROLGV�WKH�YRLG�UDWLR�FRXOG�QRW�UHDFK
EHORZ�����WR�~������%\�FRQVLGHULQJ�WKLV�IDFWRU�WKH�HIIHFWLYH�FRQYH\LQJ�UDWH�VKRXOG�EH�ORZHU�WKDQ
WKH�QRPLQDO�FDSDFLW\���,I�WKH�YRLG�UDWLR�RI����~����LV�FRQVLGHUHG�WKH�PD[LPXP�HIIHFWLYH�FDSDFLW\
LV�DERXW����~���IW��KU���7KLV�YROXPHWULF�FDSDFLW\�LV�ODUJH�HQRXJK�IRU�WKH�VWDEOH�RSHUDWLRQ�RI
FRPEXVWLRQ�PRGH���+RZHYHU��WKH�FDSDFLW\�FRXOG�QRW�FRYHU�WKH�DVK�ORDGLQJ�UDQJH�LQ�JDVLILFDWLRQ
PRGH���$�SRWHQWLDO�SUREOHP�LV�WKDW�WKH�DVK�ZLOO�DFFXPXODWH�LQ�WKH�3&'�FRQH�DW�D�ODUJHU�ORDGLQJ
DQG�HYHQWXDOO\�EULGJH�EHWZHHQ�HOHPHQWV���,Q�D�ZRUVW�VFHQDULR�ZLWK������IW��KU�DVK�ORDGLQJ�DQG����
YRLG�UDWLR�WKH�3&'�FRQH�������IW���ZLOO�EH�ILOOHG�LQ�����KRXUV�

5HJDUGLQJ�WKH�PHFKDQLFDO�LVVXHV��LW�ZDV�IRXQG�IURP�SUHYLRXV�UXQV�WKDW�)'�����FRXOG�HIILFLHQWO\
FUXVK�WKH�EURNHQ�ILOWHU�HOHPHQW�SLHFHV���7KH�VFUHZ�PDWHULDO�VHHPV�KDUG�HQRXJK�WR�HDVLO\�KDQGOH
ODUJH�ILOWHU�HOHPHQW�SLHFHV���%\�YDU\LQJ�WKH�530�RI�WKH�XQLW�LW�KDV�DOVR�EHHQ�GHPRQVWUDWHG�WKDW�LW
FDQ�UHOLDEO\�FRQWURO�DVK�WHPSHUDWXUH���+RZHYHU��FKDOOHQJHV�KDYH�VXUIDFHG�RFFDVLRQDOO\�GXULQJ�WKH
RSHUDWLRQ�RI�WKH�XQLW���7KH�PRVW�FULWLFDO�RI�WKHVH�LQYROYHG�WKH�FHUDPLF�EXVKLQJ�ZHDU�QRWLFHG�LQ
1RYHPEHU��������)LJXUH����������VKRZV�WKH�ZRUQ�FHUDPLF�EXVKLQJ�IURP�WKH�DVK�LQOHW�LQ�RI�WKH
XQLW���7KH�VKDIW�RI�WKH�VFUHZ�DOVR�VKRZHG�YLVLEOH�VLJQV�RI�ZHDU���)LJXUH����������VKRZV�WKH�ZRUQ
VKDIW���:HDULQJ�RI�WKH�VKDIW�DQG�EXVKLQJ�LV�VSHFXODWHG�WR�EH�WKH�UHVXOW�RI�DVK�DEUDVLRQ�
&RQVHTXHQWO\��DV�WKH�WZR�ZRUH�WKH�IOLJKWV�RI�WKH�VFUHZ�FRROHU�HQFRXQWHUHG�WKH�VLGH�RI�WKH
KRXVLQJ���)LJXUH����������VKRZV�WKH�ZHDU�LQ�WKH�KRXVLQJ���7KLV�LV�VXVSHFWHG�RI�FDXVLQJ�WKH
QRWLFHG�QRLVH�DQG�VOLJKW�YLEUDWLRQ�RI�WKH�XQLW���,Q�SUHSDUDWLRQ�IRU�WKH�QH[W�UXQ��7&��+��WKH�VKDIW
ZDV�UHZRUNHG�DQG�WKH�EXVKLQJ�UHSODFHG���7KH�XQLW�ZDV�SXW�EDFN�LQ�RSHUDWLRQ�IRU�WKH�UHPDLQGHU
RI�WKH�7&���UXQ���$W�WKH�FRQFOXVLRQ�RI�WKH�7&���UXQ�LQ�-DQXDU\�������WKH�VFUHZ�ZDV�SXOOHG�DJDLQ
DQG�LQVSHFWHG���9LVLEOH�VLJQV�RI�ZHDU�ZHUH�SUHVHQW�DJDLQ�DQG�D�UHSUHVHQWDWLYH�IURP�&KULVWLDQ
(QJLQHHULQJ�FDPH�WR�WKH�VLWH���)LJXUHV����������DQG����VKRZ�WKH�ZRUQ�VKDIW�DQG�EXVKLQJ�IURP
-DQXDU\��������7KH�VKDIW�ZDV�UHZRUNHG�LQ�SUHSDUDWLRQ�IRU�WKH�7&���UXQ�ZKLOH�&KULVWLDQ
(QJLQHHULQJ�GHVLJQV�D�V\VWHP�WR�LVRODWH�WKH�FHUDPLF�EXVKLQJ�IURP�WKH�SURFHVV�DVK���3ODQV�DUH�WR
KDYH�WKH�XQLW�PRGLILHG�DIWHU�WKH�7&���UXQ�

2WKHU�RSHUDWLRQDO�FKDOOHQJHV�LQFOXGHG�OHDNLQJ�KHDW�WUDQVIHU�IOXLG�ILWWLQJV�DQG�OHDNLQJ�SDFNLQJ�IRU
WKH�QLWURJHQ�VHDO�V\VWHP���2SHUDWRUV�WLJKWHQHG�WKH�SDFNLQJ�PDQ\�WLPHV�WR�KHOS�HOLPLQDWH�WKH�OHDN
DQG�LQDGYHUWHQWO\�FRQWULEXWHG�WR�VRPH�ZHDU�RI�WKH�VKDIW���)LJXUH����������VKRZV�WKLV�ZHDU�DV
GHWDLOHG�IRU�WKH�-DQXDU\������&KULVWLDQ�(QJLQHHULQJ�YLVLW�
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,Q�JHQHUDO��)'�����LV�ZRUNLQJ�SURSHUO\�IRU�WKH�FRPEXVWLRQ�PRGH�EXW�ZLOO�OLNHO\�HQFRXQWHU
SRWHQWLDO�SUREOHPV�LQ�QRUPDO�JDVLILFDWLRQ�RSHUDWLRQV�GXH�WR�LQVXIILFLHQW�FDSDFLW\���7DEOH���������
GHWDLOV�SDVW�DV�ZHOO�DV�SUHGLFWHG�DVK�ORDGLQJ�GDWD���$SSURSULDWH�UHGHVLJQ�VKRXOG�EH�PDGH�WR
DFFRPPRGDWH�WKH�ODUJHU�DVK�ORDGLQJ�LQ�JDVLILFDWLRQ�PRGH���7KH�UHGHVLJQ�IRU�)'�����FRPEXVWLRQ
PRGH�DOVR�UHTXLUHV�DSSURSULDWH�PRGLILFDWLRQV�IRU�WKH�)'�����FDSDFLW\�WR�IXOO\�XWLOL]H�WKH�QHZ
FDSDFLW\�RI�WKH�ZKROH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP�
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2CTVKENG�(KNVGT�5[UVGO� 6GEJPKECN�2TQITGUU�4GRQTV
(KPGU�*CPFNKPI�5[UVGO� �5RGPV�(KPGU�5ETGY�%QQNGT�
(&������ 6TCPURQTV�4GCEVQT�6TCKP

��������

(KIWTG����������9QTP�%GTCOKE�$WUJKPI�(TQO�(&�����KP�,CPWCT[�����

(KIWTG�����������5JCHV�9GCT�(TQO�2CEMKPI�KP�,CPWCT[�����



6GEJPKECN�2TQITGUU�4GRQTV 2CTVKENG�(KNVGT�5[UVGO
6TCPURQTV�4GCEVQT�6TCKP� (KPGU�*CPFNKPI�5[UVGO� �'XCNWCVKQP�CPF�4GFGUKIP�2QUUKDKNKVKGU

��������

��������'XCNWCVKQP�CPF�4GFGUKIP�2QUUKDKNKVKGU�
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7KH�)'�����DQG�)'�����VSHQW�ILQHV�WUDQVSRUW�V\VWHPV�H[SHULHQFHG�D�YDULHW\�RI�SUREOHPV
GXULQJ�RSHUDWLRQ���7KH�SUREOHPV�ZHUH�D�UHVXOW�RI�VPDOOHU�FDSDFLW\��LQHIILFLHQW�FRQYH\LQJ�DQG
IOXIILQJ�GHVLJQ��LQDELOLW\�WR�KDQGOH�EURNHQ�HOHPHQWV��DQG�DQ�LQVHQVLWLYH�OHYHO�SUREH���$GGLWLRQDOO\�
OLPLWHG�VSDFH�IRU�DFFHVV�WR�WKH�V\VWHP�ZDV�D�SUREOHP�IRU�PDLQWHQDQFH�

����������#UJ�.QCFKPI

&RPEXVWLRQ�PRGH���7KH�RULJLQDO�GHVLJQ�ZDV�EDVHG�RQ�������DFIP�JDV�IORZ�DQG������~������
SSPZ�SDUWLFXODWH�ORDGLQJ���7KLV�GHVLJQ�VSHFLILFDWLRQ�\LHOGHG����~����OE�KU�DVK�ORDGLQJ�WR�WKH
3&'���7KH�PD[LPXP�REWDLQDEOH�VWHDG\�VWDWH�DVK�ORDGLQJ�IURP�WKH�UHDFWRU�WR�WKH�3&'�LV����
OE�KU���$FWXDOO\��WKH�3&'�KDV�H[SHULHQFHG�DVK�ORDGLQJ�RI�XS�WR�������OE�KU���������SSPZ��LQ
SUHYLRXV�UXQV�XQGHU�YHU\�XQXVXDO�VLWXDWLRQV���7KH�YROXPHWULF�UDWHV�RI�DVK�ORDGLQJ�DUH����~�����
�����DQG������IW��KU��UHVSHFWLYHO\��IRU�WKHVH�ORDGLQJ�OHYHOV�XVLQJ�DYHUDJH�EXON�GHQVLW\�RI�����
OE�IW���7&���UXQ�GDWD��

*DVLILFDWLRQ�PRGH���7KH�GHVLJQ�VSHFLILFDWLRQ�LV�������DFIP�JDV�IORZ�ZLWK������~�������SSPZ
SDUWLFXODWH�ORDGLQJ���7KH�FRUUHVSRQGLQJ�DVK�ORDGLQJ�LV���~����OE�KU�RU����~�����IW��KU��EXON
GHQVLW\�LV������OE�IW���WR�WKH�3&'���7KH�PD[LPXP�REWDLQDEOH�VWHDG\�VWDWH�DVK�ORDGLQJ�IURP�WKH
UHDFWRU�WR�WKH�3&'�LV�����OE�KU�RU����IW��KU���,I�WKH�3&'�H[SHULHQFHV�WKH�VDPH�XQXVXDO�YDULDWLRQ
RI�ORDGLQJ�OHYHO�DV�LQ�WKH�FRPEXVWLRQ�PRGH�WKH�DVK�ORDGLQJ�FDQ�EH�SURMHFWHG�WR�EH�������OE�KU�RU
����IW��KU�

����������(&�����4GFGUKIP

7KH�PDMRU�DVSHFWV�RI�UHGHVLJQ�VKRXOG�LQFOXGH�WKH�IROORZLQJ�

1. ,QFUHDVH�WKH�FDSDFLW\�RI�WKH�ORFN�DQG�GLVSHQVH�YHVVHOV�WR���WLPHV�WKHLU�FXUUHQW�VL]H
�L�H������IW��LQ�WKH�QHZ�GHVLJQ����7KLV�LQFUHDVH�ZLOO�VLJQLILFDQWO\�UHGXFH�WKH�QXPEHU�RI
F\FOHV�DQG�PHFKDQLFDO�ZHDU�RQ�WKH�V\VWHP�

2. :LWK�WKH�ODUJHU�VL]H�GHVFULEHG�DERYH��DQ�HIIHFWLYH�ZD\�WR�IOXII�FRQYH\�WKH�DVK�LV�HYHQ
PRUH�LPSRUWDQW���,QWURGXFLQJ�D�E\SDVV�SLSH��ZLWK�XQLIRUPO\�GLVWULEXWHG�RSHQLQJV�
LQVLGH�LW�FRXOG�VROYH�SDFNLQJ�LQ�WKH�GURS�SLSH���%ULGJLQJ�LQ�WKH�ORFN�YHVVHO�FRXOG�EH
DOOHYLDWHG�ZLWK�D�ZD\�WR�GLUHFWO\�EORZ�WKURXJK�WKH�ORFN�YHVVHO�GXULQJ�WKH�GLVFKDUJH
IURP�WKH�ORFN�YHVVHO�WR�GLVSHQVH�YHVVHO�

3. ,PSURYH�WKH�VSKHUL�YDOYH�VHDOLQJ�V\VWHP���1HZ�VHDO�PDWHULDO�DQG�RU�FRQILJXUDWLRQ�DV
ZHOO�DV�FRUUHVSRQGLQJ�FRQWURO�LVVXH�VKRXOG�EH�HODERUDWHG�

4. ,QVWDOO�DQRWKHU�DVK�OHYHO�PHDVXULQJ�PHFKDQLVP�WR�UHSODFH�WKH�OHYHO�SUREH���$�ZHLJK
FHOO�PLJKW�ZRUN���7KLV�FRXOG�DOVR�VHUYH�DV�D�XVHIXO�GHYLFH�IRU�UHVHDUFK���,I�WKH�OHYHO
SUREH�KDV�WR�EH�XVHG�D�EORZLQJ�V\VWHP�PD\�KHOS�FOHDQ�WKH�UHVLGXDO�DVK�RQ�WKH�SUREH
DQG�LPSURYH�WKH�VHQVLWLYLW\�
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5. ,QVWDOO�D�ILOWHU�HOHPHQW�FDWFKHU�GRZQVWUHDP�RI�WKH�GLVSHQVH�YHVVHO�ZKHUH�DWPRVSKHULF
SUHVVXUH�DQG�ORZ�WHPSHUDWXUHV�SHUPLW�RQ�OLQH�UHPRYDO�RI�ILOWHU�HOHPHQW�SLHFHV���$Q
DGGLWLRQDO�UHGXFHU�VKRXOG�EH�LQVWDOOHG�GRZQVWUHDP�RI�WKH�ILOWHU�HOHPHQW�FDWFKHU�WR
SUHYHQW�WKH�ILOWHU�HOHPHQW�SLHFHV�IURP�EHLQJ�FRQYH\HG�WR�WKH�GRZQVWUHDP�HTXLSPHQW
�)'������

6. ,QFUHDVH�VSDFHV�EHWZHHQ�YHVVHOV�WR�IDFLOLWDWH�PDLQWHQDQFH���7KH�PLQLPXP�VSDFH
VKRXOG�EH�ODUJHU�WKDQ����LQFKHV���7KH�V\VWHP�VKRXOG�EH�FORVH�WR�WKH�IORRU�DQG�WKH
FRQWURO�SDQHO�VKRXOG�EH�SODFHG�DW�WKH�RSHUDWRU�H\H�OHYHO���7KH�RULHQWDWLRQ�RI�WKH
V\VWHP�VKRXOG�DOVR�SHUPLW�WKH�DFFHVV�RI�65,�VDPSOLQJ�GHYLFHV�

����������(&�����4GFGUKIP

7KH�DVK�ORDGLQJ�GDWD�LQGLFDWH�WKDW�GRXEOLQJ�LWV�FXUUHQW�FDSDFLW\�LV�QHHGHG�LQ�WKH�UHGHVLJQ�IRU
JDVLILFDWLRQ���7KLV�FKDQJH�ZLOO�JLYH�DERXW���a���IW��KU�HIIHFWLYH�FRQYH\LQJ�UDWH���7KH�UHGHVLJQ
VKRXOG�FRQVLGHU�WKH�IROORZLQJ�

1. 7KH�OHQJWK�GLDPHWHU�UDWLR�VKRXOG�\LHOG�JRRG�KHDW�H[FKDQJH�HIILFLHQF\�

2. 7KH�RXWOHW�WHPSHUDWXUH�VKRXOG�EH�ZHOO�EHORZ�WKH�DOORZDEOH�OLPLW�IRU�WKH�VSKHUL�YDOYH
VHDO�PDWHULDO�

3. 7KH�URWDWLRQ�UDWH�FDQ�EH�DGMXVWHG�LQ�D�ZLGHU�UDQJH�

4. 0RGLI\�WKH�EHDULQJ�VHW��PD\�EH�ZLGHU�LQ�VXSSRUW�UHJLRQ�RU�FRQVLGHU�RWKHU�EHDULQJ
W\SHV��WR�PLQLPL]H�ZHDU�DQG�UHSDLU�

5. 7KH�PDWHULDO�RI�FRQVWUXFWLRQ�VKRXOG�EH�DSSURSULDWH�IRU�SURFHVV�FRQGLWLRQV�

25&(>����>����
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.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
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,�2 ,QSXWV�2XWSXWV
,' ,QVLGH�'LDPHWHU
,)	3 ,QGXVWULDO�)LOWHU�	�3XPS
,*9 ,QOHW�*XLGH�9DQHV
,5 ,QIUDUHG
/$1 /RFDO�$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
0:. 7KH�0��:��.HOORJJ�&RPSDQ\
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
65, 6RXWKHUQ�5HVHDUFK�,QVWLWXWH
68% 6WDUW�XS�%XUQHU
7&/3 7R[LFLW\�&KDUDFWHULVWLF�/HDFKLQJ�3URFHGXUH
75 7UDQVSRUW�5HDFWRU
75'8 7UDQVSRUW�5HDFWRU�'HPRQVWUDWLRQ�8QLW
766 7RWDO�6XVSHQGHG�6ROLGV
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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 $FWXDO�&XELF�)HHW�3HU�0LQXWH
%WX %ULWLVK�7KHUPDO�8QLWV
°) 'HJUHHV�)DKUHQKHLW
IW )HHW
)36 )HHW�3HU�6HFRQG
JSP *DOORQV�3HU�0LQXWH
KS +RUVHSRZHU
KU +RXU
LQ:J ,QFKHV��:DWHU�*DXJH
0% 0HJDE\WHV
0: 0HJDZDWWV
P�V 0HWHUV�SHU�VHFRQG
µ�RU�µP 0LFURQV�RU�0LFURPHWHUV
GS

��
3DUWLFOH�6L]H�'LVWULEXWLRQ�DW����3HUFHQWLOH

SSP 3DUWV�3HU�0LOOLRQ
OE 3RXQGV
SSK 3RXQGV�SHU�KRXU
SVLD 3RXQGV�3HU�6TXDUH�,QFK�*DXJH
SVLJ 3RXQGV�3HU�6TXDUH�,QFK�*DXJH
3 3UHVVXUH�'URS
USP 5HYROXWLRQV�3HU�0LQXWH
V�RU�VHF 6HFRQGV
VFI 6WDQGDUG�&XELF�)HHW
VFIP 6WDQGDUG�&XELF�)HHW�3HU�0LQXWH
9 9ROWV
:�3330 ZHLJKW�SDUWV�SHU�PLOOLRQ

25&(>����>6GTOU
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