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�����64#052146�4'#%614�.112�12'4#6+105

$�IHZ�PDMRU�FKDOOHQJHV�ZHUH�OHIW�XQUHVROYHG�DW�WKH�HQG�RI�FRPPLVVLRQLQJ�DQG�LQLWLDO�RSHUDWLRQ�RI
WKH�WUDQVSRUW�UHDFWRU�WUDLQ�LQ��������7KHVH�LQFOXGHG�WKH�H[FHVVLYH�VROLGV�FDUU\RYHU�IURP�WKH�UHDFWRU
ORRS�WR�WKH�3&'�DQG�WKH�YHU\�ORZ�UHOLDELOLW\�RI�WKH�UHDFWRU�VWDUW�XS�EXUQHU�SLORW���2SHUDWLRQV�LQ�WKH
ILUVW�KDOI�RI�WKH������IRFXVVHG�RQ�VROYLQJ�WKHVH�SUREOHP�DUHDV���$IWHU�VXFFHVVIXOO\�DGGUHVVLQJ�WKHVH
FKDOOHQJHV�WKH�VHFRQG�KDOI�RI������UHVXOWHG�LQ�D�WHVW�UXQ�LQ�ZKLFK�WKH�EDVLF�UHDFWRU�RSHUDWLRQV�ZHUH
PRGLILHG�WR�H[SRVH�WKH�ILOWHU�HOHPHQWV�LQ�WKH�3&'�WR�KLJKHU�WHPSHUDWXUHV�

6HFWLRQ�����SURYLGHV�DQ�RSHUDWLRQV�FKURQRORJ\�RI�YDULRXV�WHVW�UXQV���$QDO\VLV�RI�GDWD�DQG�UHDFWRU
SHUIRUPDQFH�DUH�GLVFXVVHG�LQ�VHFWLRQ�������2SHUDWLRQDO�VWDELOLW\�RI�WKH�UHDFWRU�ORRS�DQG�RWKHU�PDMRU
REVHUYDWLRQV�DUH�GLVFXVVHG�LQ�VHFWLRQ�����

�����241)4'55�+0�12'4#6+105

7KLV�VHFWLRQ�SURYLGHV�D�GHVFULSWLYH�FKURQRORJ\�RI�FRPEXVWLRQ�WHVW�UXQV�WKDW�ZHUH�FRPSOHWHG�LQ
�������,Q�DGGLWLRQ�WR�FRQFHQWUDWLQJ�RQ�UHDFWRU�ORRS�RSHUDWLRQ�WKH�RSHUDWLRQ�DQG�SHUIRUPDQFH�RI
RWKHU�V\VWHPV�FORVHO\�DVVRFLDWHG�ZLWK�WKH�UHDFWRU�RSHUDWLRQ�DUH�DOVR�GLVFXVVHG���6XFK�V\VWHPV
LQFOXGH�WKH�IROORZLQJ��FRDO�IHHG�V\VWHP��)'�������VRUEHQW�IHHG�V\VWHP��)'�������VWDUW�XS�EXUQHU
�%5�������WUDQVSRUW�UHDFWRU��5;�������GLVHQJDJHU�F\FORQH��&<�������SULPDU\�F\FORQH��&<������
FRPEXVWLRQ�KHDW�H[FKDQJHU��+;�������VSHQW�VROLGV�VFUHZ�FRROHU��)'�������VSHQW�VROLGV�FRQYH\LQJ
V\VWHP��)'�������JDV�DQDO\]HU��DQG�SUHVVXUH�OHWGRZQ�YDOYH��39�������7KH�RSHUDWLRQDO�GHVFULSWLRQ
RI�WKH�WHVW�UXQV�DUH�RUJDQL]HG�DV�IROORZV�

6HFWLRQ������� ,QWURGXFWLRQ�DQG�WHVW�REMHFWLYHV�IRU�VHULHV�WHVW
UXQV�&&7�

6HFWLRQV���������WKURXJK��������� &KDUDFWHUL]DWLRQ�WHVW�UXQV�&&7�$�WKURXJK�&&7�'
6HFWLRQ������� ,QWURGXFWLRQ�DQG�WHVW�REMHFWLYHV�IRU�VHULHV�WHVW

UXQV�&&7�
6HFWLRQV���������WKURXJK��������� &KDUDFWHUL]DWLRQ�WHVW�UXQV�&&7�$�WKURXJK�&&7�%
6HFWLRQ������ ,QWURGXFWLRQ�DQG�WHVW�REMHFWLYHV�IRU�WHVW�UXQ

&&7�
6HFWLRQ�������� &KDUDFWHUL]DWLRQ�WHVW�UXQ�&&7�
6HFWLRQ������� ,QWURGXFWLRQ�DQG�WHVW�REMHFWLYHV�IRU�VHULHV�WHVW

UXQV�7&��
6HFWLRQV���������WKURXJK�������� 7HVW�FDPSDLJQV�7&��$�WKURXJK�7&��,

7KH�&&7�VHULHV�WHVW�UXQV�DUH�FKDUDFWHUL]DWLRQ�WHVWV�RI�HTXLSPHQW�RU�WKH�SURFHVV�LQ�WKH�FRPEXVWLRQ
PRGH�RI�RSHUDWLRQ���7KH�7&�VHULHV�WHVWV�DUH�WHVW�FDPSDLJQV�DLPHG�DW�ORQJ�WHUP�WHVWV�DW�VSHFLILHG
SURFHVV�FRQGLWLRQV���'XH�WR�FRPPLVVLRQLQJ�DQG�WKH�XQUHOLDELOLW\�RI�D�IHZ�SLHFHV�RI�RSHUDWLRQ
HTXLSPHQW�LQ�WKH�SURFHVV�WKH�WHVW�UXQ�GHVLJQDWLRQV��IRU�H[DPSOH��&&7�$��&&7�%��&&7�&��DQG
&&7�'��XVHG�LQ������DUH�EDVHG�RQ�PDLQ�SURFHVV�DLU�FRPSUHVVRU�VWDUWV��IRU�WHVW�SXUSRVHV��DQG
VWRSV���7HVWV�HQGHG�GXH�WR�HLWKHU�D�IRUFHG�RXWDJH�RU�VFKHGXOHG�VKXWGRZQV�DW�WKH�FRPSOHWLRQ�RI�WHVW
REMHFWLYHV�
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�������%%6��5GTKGU�6GUV�4WPU

7KH�&&7��WHVW�UXQ�ZDV�SODQQHG�WR�DFKLHYH�����KRXUV�RI�RSHUDWLRQ�RQ�FRDO�IHHG�DW�SUHVVXUHV�XS�WR
����SVLJ���7KH�REMHFWLYHV�IRU�&&7��ZHUH�DV�IROORZV�

• (YDOXDWH�JDV�VROLGV�VHSDUDWLRQ�V\VWHP�SHUIRUPDQFH�DW�YDULRXV�FLUFXODWLRQ�UDWHV�
'HWHUPLQH�KRZ�WKH�F\FORQH�LQOHW�PRGLILFDWLRQV�DIIHFWHG�WKH�FDSWXUH�HIILFLHQF\�

• 'HPRQVWUDWH�UHDFWRU�WHPSHUDWXUH�FRQWURO�XVLQJ�WKH�FRPEXVWRU�KHDW�H[FKDQJHU
�+;������DQG�HYDOXDWH�WKH�HIIHFW��LI�DQ\��WKDW�DGGHG�QR]]OHV�KDG�RQ�WKH�FLUFXODWLQJ
DELOLW\�RI�WKH�+;�����

• ,QFUHDVH�WKH�3&'�JDV�LQOHW�WHPSHUDWXUH�E\�E\SDVVLQJ�WKH�SULPDU\�JDV�FRROHU��+;�����
DQG�FKDUDFWHUL]H�WKH�HIIHFWLYHQHVV�RI�WKH�+;�����JDV�E\SDVV�IRU�WHPSHUDWXUH�FRQWURO�

• (YDOXDWH�WKH�UHOLDELOLW\�RI�WKH�FRDO�IHHG�V\VWHP�

• (YDOXDWH�WKH�UHDFWRU�FRDO�WKURXJKSXW�DQG�GHWHUPLQH�WKH�PD[LPXP�DFKLHYDEOH�FRDO�IHHG
UDWH�

• (YDOXDWH�WKH�VXOIXU�FDSWXUH�HIIHFWLYHQHVV�E\�DGGLQJ�GRORPLWH�DW�D�VSHFLILHG�FDOFLXP�WR�
VXOIXU��&D�WR�6��UDWLR�

'LVHQJDJHU�FROG�IORZ�WHVWV�ZHUH�FRQGXFWHG�DW�*HQHUDO�(OHFWULF�(QYLURQPHQWDO�6HUYLFHV��,QF��
�*((6,��WKH�GLVHQJDJHU�DQG�F\FORQH�YHQGRU��RQ�)HEUXDU\���DQG�����������7KH�SHUIRUPDQFH�RI�WKH
FROG�IORZ�GLVHQJDJHU�ZLWK�VDQG�DW�*((6,�LV�VLPLODU�WR�ZKDW�ZDV�REVHUYHG�GXULQJ�WKH�36')
GLVHQJDJHU�WHVWV�LQ�'HFHPEHU��������7KH�GDWD�IURP�WKH�1RYHPEHU������WHVW�VWURQJO\�VXJJHVWHG
WKDW�WKH�SULPDU\�F\FORQH�ZDV�QRW�FDSWXULQJ�VROLGV�VLQFH�WKH�GLVHQJDJHU�HIILFLHQF\�VHHPHG�WR�IROORZ
WKH�VDPH�WUHQG�DV�WKH�FROG�IORZ�UHVXOWV���'XULQJ�DOO�WKH������WHVW�FDPSDLJQV�DW�36')�WKH�F\FORQH
GLSOHJ�ZDV�QRW�VHDOHG�ZLWK�VROLGV��DQG�LW�LV�SRVVLEOH�WKDW�WKH�JDV�ZDV�E\SDVVLQJ�XS�WKURXJK�WKH
GLSOHJ�LQWR�WKH�F\FORQH��FDXVLQJ�WKH�F\FORQH·V�HIILFLHQF\�WR�EH�SHQDOL]HG���,W�LV�DOVR�SRVVLEOH�WKDW�D
KROH��RU�JDS��PLJKW�KDYH�GHYHORSHG�LQ�WKH�URRI�RI�WKH�F\FORQH�DOORZLQJ�JDV�DQG�VROLGV�WR�E\SDVV
WKH�JDV�RXWOHW�WXEH���(LWKHU�RI�WKHVH�VFHQDULRV�ZRXOG�EH�FRQVLVWHQW�ZLWK�WKH�ORZ�F\FORQH�SUHVVXUH
GURS�REVHUYHG�GXULQJ�WKH������36')�WHVW�UXQV�

7KH�SHUIRUPDQFH�RI�WKH�GLVHQJDJHU�ZLWK�IO\�DVK�DW�*((6,�LV�LQIHULRU�WR�WKDW�ZLWK�VDQG���%DVHG�RQ
WKH�IO\�DVK�DQG�VDQG�GDWD�LW�PD\�EH�VSHFXODWHG�WKDW�WKH�DFWXDO�GLVHQJDJHU�HIILFLHQF\�ZLWK�FKDU�DQG
WUDQVSRUW�UHDFWRU�DVK�PD\�EH�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�GHVLJQ�YDOXHV�RI������DQG������SHUFHQW�IRU
FRPEXVWLRQ�DQG�JDVLILFDWLRQ�RSHUDWLRQV��UHVSHFWLYHO\���)URP�WKHVH�UHVXOWV�FDPH�WKH
UHFRPPHQGDWLRQ�WKDW�WKH�URRI�RI�WKH�F\FORQH�EH�LQVSHFWHG�IRU�FUDFNV�RU�D�KROH�WKDW�FRXOG�SURYLGH
D�E\SDVV�SDWK��HVSHFLDOO\�DURXQG�WKH�JDV�RXWOHW�WXEH���7HVWLQJ�DW�WKH�36')�ZLWK�WKH�F\FORQH�GLSOHJ
VHDOHG�ZLWK�VROLGV�ZDV�DOVR�VXJJHVWHG�WR�LQYHVWLJDWH�SRVVLEOH�F\FORQH�LQHIILFLHQF\�FDXVHG�E\
GLVHQJDJHU�VWDQGSLSH�JDV�YHQWLQJ�XS�WKH�F\FORQH�GLSOHJ���6XFK�WHVWV�ZRXOG�JLYH�LQIRUPDWLRQ�RQ
KRZ�WR�LPSURYH�WKH�RYHUDOO�VROLGV�FROOHFWLRQ�HIILFLHQF\�RI�WKH�WUDQVSRUW�UHDFWRU�VROLG�VHSDUDWLRQ
V\VWHP�
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%DVHG�RQ�WHVWV�DQG�UHFRPPHQGDWLRQV�IURP�*((6,��WKH�SULPDU\�F\FORQH��&<������H[LW�SLSH�ZDV
LQVSHFWHG���7KHUH�ZHUH�QR�DSSDUHQW�KROHV�LQ�WKH�ORZHU�PHWDO�VHFWLRQ���+RZHYHU��VRPH�GXVW�ZDV
SUHVHQW��VR�VPDOO�KROHV�FRXOG�QRW�EH�VHHQ���7KH�VHSDUDWLRQ�EHWZHHQ�WKH�UHIUDFWRU\�DERYH�WKH�PHWDO
SLSH�DQG�WKH�PHWDO�VHFWLRQ�ZDV�YLVLEOH�

7KH�LQOHW�WR�WKH�SULPDU\�F\FORQH��&<������ZDV�PRGLILHG�SULRU�WR�WKH�VWDUW�RI�WKH�&&7��WHVW�UXQV�
$�UHFWDQJXODU�LQOHW�UHSODFHG�WKH�FLUFXODU�&<����LQOHW��ZLWK�D����SHUFHQW�UHGXFWLRQ�LQ�IORZ�DUHD�LQ�DQ
HIIRUW�WR�LQFUHDVH�WKH�F\FORQH�FROOHFWLRQ�HIILFLHQF\���$Q�XOWUDYLROHW�VFDQQHU�ZDV�LQVWDOOHG�LQ�WKH
UHDFWRU�VWDUW�XS�EXUQHU��%5������WKURXJK�D�QHZ�SHQHWUDWLRQ�LQ�WKH�YHVVHO���7KH�89�VFDQQHU�ZRXOG
EH�XVHG�IRU�IODPH�GHWHFWLRQ�VR�WKDW�WKH�SLORW�ZRXOG�QHHG�WR�EH�RSHUDWHG�IRU�VKRUW�WLPH�SHULRGV�DQG
RQO\�ZKHQ�QHFHVVDU\���7KH�RULJLQDO�IODPH�URG�EDVHG�SLORW�IODPH�GHWHFWLRQ�V\VWHP�DQG�WKH�SLORW�WLS
ZRXOG��WKHUHIRUH��KDYH�D�ORQJHU�RSHUDWLQJ�OLIH���$OVR��WKH�QDWXUDO�GUDIW�SLORW�ZDV�PRGLILHG�WR�D
IRUFHG�GUDIW�SLORW�DQG�ZDV�VXFFHVVIXOO\�XVHG�WR�VWDUW�WKH�EXUQHU�SLORW�

1HZ�QR]]OHV�ZHUH�LQVWDOOHG�WR�LQFUHDVH�DHUDWLRQ�WR�WKH�KHDW�H[FKDQJHU�VWDQGSLSH���1R]]OHV�ZHUH
DGGHG�EDVHG�RQ�EULGJLQJ�ZKHUH�SRRU�DLU�GLVWULEXWLRQ�DQG�SRRU�IOXLGL]DWLRQ�ZDV�REVHUYHG�LQ
SUHYLRXV�WHVW�UXQV�DQG�ZDV�LQGLFDWHG�E\�WKH�GLIIHUHQWLDO�SUHVVXUH�PHDVXUHPHQWV���$GGLWLRQV
LQFOXGHG�WZR�QR]]OHV�RQ�WKH�+;�����VWDQGSLSH��FOHDQ�RXW�QR]]OHV�IRU�%5�����-�OHJ��DQG�WKH
+;�����JDV�E\SDVV�OLQH���7KUHH�DGGLWLRQDO�WKHUPRFRXSOHV�ZHUH�LQVWDOOHG�RQ�WKH�XSSHU�VHFWLRQ�RI
WKH�UHDFWRU�VWDQGSLSH�

7KH�VWDUW�XS�SURFHGXUH�ZDV�PRGLILHG�WR�XVH�WKH�3RZGHU�5LYHU�%DVLQ��35%��FRDO�WR�SUHKHDW�WKH
UHDFWRU�WR�ELWXPLQRXV�FRDO�FRPEXVWLRQ�WHPSHUDWXUH�

���������%JCTCEVGTK\CVKQP�6GUV�4WP�%%6�#

7HVW�UXQ�&&7�$�ZDV�FRQGXFWHG�EHWZHHQ�0DUFK���DQG�0DUFK������������2SHUDWLQJ�SORWV�DUH
VKRZQ�LQ�ILJXUHV�����������WKURXJK�������7KH�ILJXUH�QXPEHU�SUHIL[��VXFK�DV����������RU����������
GRHV�QRW�DSSHDU�LQ�WKH�WH[W��RQO\�WKH�ILJXUH�QXPEHU�LV�UHIHUHQFHG��VXFK�DV�ILJXUHV���WKURXJK�����DQG
WKH�UHIHUHQFH�ZLOO�EH�VWULFWO\�IRU�ILJXUHV�IRXQG�LQ�WKDW�SDUWLFXODU�VXEVHFWLRQ�RI�WKH�GRFXPHQW����7KLV
FRQYHQWLRQ�ZLOO�EH�XVHG�WKURXJKRXW�WKH�GRFXPHQW�

%%6�#�6GUV�4WP�%JTQPQNQI[

• 2Q�0DUFK����������WKH�WKHUPDO�R[LGL]HU��%5������DLU�FXUH�ZDV�VWDUWHG���7KH�IROORZLQJ
GD\�DOO�WKH�&O\GH�V\VWHPV�ZHUH�WHVWHG�DQG�WKH�%5�����EXUQHU�ZDV�VWDUWHG�DW�������

• 2Q�0DUFK����������DW�������WKH�PDLQ�DLU�FRPSUHVVRU��&2������ZDV�VWDUWHG�DQG�WKH
UHDFWRU�DLU�FXUH�EHJDQ���7KH�FXUH�RXW�RI�WKH�WKHUPDO�R[LGL]HU�UHIUDFWRU\�FRQWLQXHG�DQG
WKH�VWHDP�GUXP�SUHVVXUH�ZDV�UDPSHG�DFFRUGLQJO\���)URP�������WR�������WKH�&2����
ZDV�VKXWGRZQ�GXH�WR�WXQLQJ�FRPSOLFDWLRQV�

• 2Q�0DUFK�����������DW�������WKH�VSHQW�ILQHV�VFUHZ�FRROHU��)'�������WKH�VSHQW�ILQHV
WUDQVSRUW�V\VWHP��)'�������WKH�VSHQW�VROLGV�VFUHZ�FRROHU��)'�������WKH�VSHQW�VROLGV
WUDQVSRUW��)'�������DQG�WKH�VSHQW�VROLGV�IHHGHU�V\VWHP��)'������ZHUH�VWDUWHG�XS���$W
������WKH�VWDUW�XS�EXUQHU��%5������SLORW�ZDV�OLW�EXW�WULSSHG�DW��������HYHQW����ILJXUH����
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6HYHUDO�DGGLWLRQDO�DWWHPSWV�ZHUH�PDGH�WR�UHOLJKW�WKH�SLORW�EXW�WKH\�ZHUH�XQVXFFHVVIXO�
$W�������&2�����ZDV�VKXWGRZQ�DQG�WKH�UHDFWRU�ZDV�GHSUHVVXUL]HG�WR�HYDOXDWH
%5�������7KH�IODPH�URG�UHVSRQVH�ZDV�VOXJJLVK�DQG�WKH�HQG�RI�WKH�IODPH�URG�ZDV
VOLJKWO\�ZDUSHG��VR�D�QHZ�IODPH�URG�WLS�ZDV�LQVWDOOHG���$W�������WKH�&2�����ZDV�VWDUWHG
DJDLQ��HYHQW����ILJXUH����

• $W�������RQ�0DUFK�����������WKH�%5�����SLORW�ZDV�OLW��HYHQW����ILJXUH������$W�������WKH
��KRXU������)�EXUQHU�H[LW�WHPSHUDWXUH�KROG�ZDV�FRPSOHWHG���7KH�SURSDQH�SXPS�ZDV
VWDUWHG�DW�������LQ�RUGHU�WR�LQFUHDVH�SLORW�SURSDQH�IORZ�UDWH�DQG��WKHUHIRUH��OHQJWKHQ�WKH
SLORW�IODPH��VR�DV�WR�GHWHUPLQH�LI�WKH�89�IODPH�VFDQQHU�ZRXOG�GHWHFW�WKH�SLORW�IODPH�
DQG�WR�LQFUHDVH�WKH�FXUH�RXW�WHPSHUDWXUH���$WWHPSWV�WR�LQFUHDVH�WKH�SURSDQH�IORZ�UDWH
E\�LQFUHDVLQJ�WKH�GLIIHUHQWLDO�SUHVVXUH�ZHUH�XQVXFFHVVIXO���7KH�UHDFWRU�SUHVVXUH�ZDV
GHFUHDVHG�WR�LQFUHDVH�WKH�SLORW�IODPH�OHQJWK��KRZHYHU��WKH�89�VFDQQHU�GLG�QRW�GHWHFW
WKH�SLORW�IODPH���'XH�WR�SK\VLFDO�OLPLWDWLRQV�WKH�89�VFDQQHU�DQJOH�ZDV�FRQVWUDLQHG�WR
GHWHFW�WKH�IODPH�IURP�WKH�PDLQ�JXQ�

• $W�������WKH�UHDFWRU�-�OHJ�DHUDWLRQ�DQG�+;�����DHUDWLRQ�IORZV�ZHUH�DGMXVWHG�WR
EDODQFH�WKH�UHDFWRU�VWDQGSLSH��UHDFWRU�PL[LQJ�]RQH��DQG�+;�����WHPSHUDWXUHV���/DWHU
WKH�89�VFDQQHU�ZDV�UHPRYHG�WR�GHWHUPLQH�LI�WKH�SLORW�FRXOG�EH�YLVXDOO\�REVHUYHG
WKURXJK�WKH�VLJKW�JODVV���7KH�IODPH�ZDV�QRW�YLVLEOH�IURP�D�QRUPDO��VWDQGLQJ�GLVWDQFH
DQG�LW�ZDV�EDUHO\�YLVLEOH�IURP�D�FORVHU�YLHZ���$W�������WKH�PDLQ�EXUQHU�ZDV�OLW��HYHQW���
ILJXUH������:KHQ�WKH�PDLQ�EXUQHU�ZDV�OLW�WKH�IODPH�ZDV�HDVLO\�YLVLEOH�IURP�D�GLVWDQFH�
+RZHYHU��WKH�89�IODPH�VFDQQHU�VWLOO�GLG�QRW�GHWHFW�WKH�IODPH���7KH�IODPH�VFDQQHU�ZDV
UHPRYHG�DJDLQ�DQG�VXFFHVVIXOO\�EHQFK�WHVWHG���/DWHU��WKH�SUREOHP�ZLWK�WKH�IODPH
VFDQQHU�ZDV�WUDFHG�WR�WKH�VLJKW�JODVV��ZKLFK�ZDV�UHSODFHG���$W�������WKH�PDLQ�EXUQHU
WULSSHG�ZKLOH�WKH�FRPEXVWLRQ�DLU�IORZ�ZDV�EHLQJ�DGMXVWHG���7KH�%5�����SLORW�DQG�PDLQ
EXUQHU�ZHUH�VXFFHVVIXOO\�UHOLW��HYHQW����ILJXUH����

• 2Q�0DUFK�����������WKH�UHDFWRU�KHDWXS�FRQWLQXHG���$W�������WKH�PL[LQJ�]RQH
WHPSHUDWXUHV�ZHUH�GHFUHDVHG�WR�������)�E\�UHGXFLQJ�WKH�%5�����ILULQJ�UDWH��HYHQW���
ILJXUHV���DQG������$OVR��WKH�SURFHVV�DLU�IORZV�ZHUH�GHFUHDVHG�WR�ORZHU�WKH�ULVHU�YHORFLW\�
$W�������WKH�UHDFWRU�V\VWHP�ZDV�UHDG\�IRU�VDQG�DGGLWLRQ���7KH�PL[LQJ�]RQH
WHPSHUDWXUHV�ZHUH�DURXQG�����)��HYHQW����ILJXUH������3UREOHPV�ZLWK�WKH�SURJUDPPDEOH
ORJLF�FRQWUROOHU��3/&��JDWHZD\�FDXVHG�WKHUH�WR�EH�QR�GLVWULEXWHG�FRQWURO�V\VWHP��'&6�
LQGLFDWLRQV�IRU�DQ\�RI�WKH�&O\GH�V\VWHPV���2SHUDWLRQV�ZHUH�SXW�RQ�KROG�ZKLOH�UHSDLUV�WR
WKH�JDWHZD\�ZHUH�FRPSOHWHG���%\�������WKH�JDWHZD\�UHSDLUV�ZHUH�FRPSOHWHG�DQG�DOO�WKH
LQGLFDWLRQV�ZHUH�IXQFWLRQLQJ��HYHQW����ILJXUHV�������DQG�����

• $W��������)'������)'������)'������DQG�)'�����WULSSHG�GXH�WR�D�ORVV�RI�QLWURJHQ
VXSSO\�SUHVVXUH��HYHQW����ILJXUH�������$�OHDN�DURXQG�WKH�FRDO�IHHG�V\VWHP��)'�����
ORFNKRSSHU�VSKHUL�VKXWWOH�YDOYH�ZDV�IRXQG���7KLV�PLGGOH�VSKHUL�YDOYH�VHDO�DQG�WKH
VKXWWOH�YDOYH�ZHUH�WDNHQ�RXW�RI�VHUYLFH�IRU�UHSDLU���$W�������WKH�WUDQVSRUW�DLU�GU\HU
�'<������VROHQRLG�YDOYH�IDLOHG��VR�'<�����ZDV�WDNHQ�RXW�RI�VHUYLFH��7KH�VROHQRLG
YDOYHV�ZHUH�FOHDQHG�DQG�WKH�GU\HU�ZDV�SXW�EDFN�LQ�VHUYLFH���$W�������WKH�JDWHZD\
SUREOHPV�UHWXUQHG.  (YHQ�WKRXJK�VRPH�'&6�LQGLFDWLRQV�WKURXJK�WKH�JDWHZD\�ZHUH
LQFRUUHFW�WKH�HTXLSPHQW�ZDV�IXQFWLRQLQJ�QRUPDOO\�WKURXJK�3/&�FRQWURO���%\�������WKH
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)'�����UHSDLUV�WR�WKH�PLGGOH�VSKHUL�YDOYH�VHDO�ZHUH�FRPSOHWHG�DQG�VDQG�DGGLWLRQ�ZDV
VWDUWHG���$W�������WKH�%5�����WULSSHG�DQG�ZDV�UHOLW��HYHQW�����ILJXUH����

• 2Q�0DUFK�����������PRUH�VDQG�ZDV�DGGHG�WR�)'�������$W�������DQG�������WKH
%5�����WULSSHG�GXH�WR�D�KLJK�SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�EXUQHU�OHJ��HYHQW����DQG
����ILJXUH������$W�������WKH�EXUQHU�ILULQJ�ZDV�LQFUHDVHG�WR�FRQWLQXH�ZLWK�KHDW�XS���$W
������WKH�%5�����WULSSHG�DQG�ZDV�UHOLW���$W�������6RXWKHUQ�5HVHDUFK�,QVWLWXWH��65,�
VWDUWHG�SUHSDUDWLRQV�WR�WDNH�D�3&'�LQOHW�VDPSOH��VR�FRQGLWLRQV�ZHUH�KHOG�VWHDG\���%\
������65,�FRPSOHWHG�WDNLQJ�WKH�VDPSOH���$W�������UHDFWRU�DQG�EXUQHU�IORZV�ZHUH
UHGXFHG�WR�GHFUHDVH�WKH�ULVHU�YHORFLW\��HYHQW�����ILJXUHV���DQG����

• $W�������WKH�35%�FRDO�ZDV�ORDGHG�LQWR�WKH�VRUEHQW�IHHG�V\VWHP��)'��������7KH�PL[LQJ
]RQH�WHPSHUDWXUHV�UDQJHG�IURP�����WR�������)�DQG�WKH�ULVHU�WHPSHUDWXUH�UDQJHG�IURP
������WR�������)��HYHQW�����ILJXUH������7KH�FRPEXVWRU�KHDW�H[FKDQJHU��+;�����
FLUFXODWLRQ�ZDV�XQVWHDG\�VR�WKH�+;�����DHUDWLRQ�IORZV�ZHUH�DGMXVWHG�WR�LPSURYH�WKH
FLUFXODWLRQ���$W�������WKH�%5�����SLORW�ZDV�OLW�DQG�WKH�SURSDQH�IORZ�ZDV�UHGXFHG�WR
PDLQWDLQ�������)�DW�WKH�EXUQHU�H[LW��HYHQW�����ILJXUH����

• $W�������WKH�%5�����WULSSHG�GXH�WR�D�VZLQJ�LQ�&2�������$W�������WKH�SLORW�ZDV�OLW�
7KH�PDLQ�EXUQHU�ZDV�OLW�LPPHGLDWHO\�DQG�WKH�SLORW�ZDV�VKXW�GRZQ���7KH�89�VFDQQHU
ZRUNHG�ZHOO�LQ�GHWHFWLQJ�WKH�PDLQ�EXUQHU�IODPH���$W�������WKHUH�ZHUH�������OE�RI�VDQG
DGGHG�WR�WKH�UHDFWRU�IURP�)'�������7KH�35%�FRDO�ZDV�DGGHG�WR�)'�������7KH
UHPDLQLQJ�35%�FRDO�LQ�)'�����ZDV�IHG�VWDUWLQJ�DURXQG��������HYHQW�����ILJXUH����
'XH�WR�SUREOHPV�ZLWK�)'�����FRDO�IHHG�ZDV�VZLWFKHG�WR�)'������HYHQW�����ILJXUH����

• 2Q�0DUFK�����������DW�������&2�����WULSSHG��HYHQW�����ILJXUH�������:LWKLQ����PLQXWHV
WKH�FRPSUHVVRU�ZDV�EDFN�RQ�OLQH���%LWXPLQRXV�FRDO�IHHG�EHJDQ�DW��������HYHQW����
ILJXUHV��������WKURXJK�������������DQG�������$W�������WKH�%5�����ILULQJ�ZDV�UHGXFHG
DQG�E\�������%5�����ZDV�VKXW�GRZQ��HYHQW�����ILJXUH�������$W�������WKH�+;�����-�OHJ
IORZ�ZDV�UHGXFHG�DQG�WKH�VWDQGSLSH�-�OHJ�IORZ�ZDV�LQFUHDVHG�WR�UHGXFH�VROLGV
FLUFXODWLRQ�WKURXJK�WKH�+;�����DQG�LQFUHDVH�WKH�PL[LQJ�]RQH�WHPSHUDWXUH���7KH�FRDO
IHHG�UDWH�ZDV�PDLQWDLQHG�FRQVWDQW�ZKLOH�WKH�)'�����SUREOHPV�ZHUH�VROYHG�

• $W�������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ��HYHQW�����ILJXUH�������7KH
+;�����-�OHJ�IORZ�ZDV�LQFUHDVHG�WR�LQFUHDVH�WKH�VROLGV�FLUFXODWLRQ�WKURXJK�+;�����LQ
RUGHU�WR�FRQWURO�WKH�UHDFWRU�WHPSHUDWXUH�ZKLOH�WKH�EXUQHU�DLU�IORZ�ZDV�UHGXFHG�WR
PDLQWDLQ�D�FRQVWDQW�ULVHU�YHORFLW\���7KH�FRDO�IHHG�UDWH�ZDV�DOVR�VOLJKWO\�UHGXFHG���$W�WKLV
WLPH��WKH�UHDFWRU�VROLGV�LQYHQWRU\�ZDV�ORZ��VR�DW�������VDQG�DGGLWLRQ�LQWR�WKH�UHDFWRU
IURP�)'�����ZDV�LQLWLDWHG��HYHQW�����ILJXUH�����

• $W�������65,�VWDUWHG�VDPSOLQJ�DW�WKH�3&'�RXWOHW���$W�������WKH�)'�����GLVSHQVH�ORFN
YHVVHO�VHDO�ZDV�IRXQG�WR�EH�EORZQ��VR�VDQG�WUDQVIHU�LQWR�WKH�UHDFWRU�ZDV�VWRSSHG��HYHQW
����ILJXUH�������$W�������DOO�WKH�&O\GH�V\VWHPV�DQG�)'�����WULSSHG�EHFDXVH�RI�ORVV�RI
PHGLXP�SUHVVXUH�VHDO�QLWURJHQ���7KH�QLWURJHQ�ZDV�EDFN�DW�QRUPDO�FRQGLWLRQV�LQ�DERXW
���PLQXWHV���&RDO�IHHG�ZDV�UHVWDUWHG�DQG�VORZO\�LQFUHDVHG�
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• $W�������65,�VWDUWHG�VDPSOLQJ�DW�WKH�3&'�LQOHW�DQG�ZDV�FRPSOHWHG�E\���������7KH
UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�DW��������HYHQW�����ILJXUH�������$W�������WKH�+;����
VWDQGSLSH�DHUDWLRQ�IORZV�ZHUH�DGMXVWHG�WR�LQGXFH�PRUH�FLUFXODWLRQ�WKURXJK�+;�����
7KH�VWDQGSLSH�SUHVVXUH�GLIIHUHQWLDO��3'7�����LQFUHDVHG�IURP�����WR�����LQ+����HYHQW
����ILJXUH�������$W�������WKH�QR]]OHV�RQ�WKH�UHDFWRU�-�OHJ�DQG�WKH�+;�����-�OHJ�ZHUH
XQSOXJJHG���$V�D�UHVXOW�WKH�UHDFWRU�-�OHJ�IORZ�LQFUHDVHG��LQFUHDVLQJ�WKH�FDUU\RYHU�WR
3&'��VR�WKH�-�OHJ�IORZV�ZHUH�UHGXFHG���$W�������WKH�+;�����-�OHJ�IORZ�ZDV�LQFUHDVHG
WR�UDLVH�WKH�FLUFXODWLRQ�RI�FROG�VROLGV�VR�WKDW�WKH�FRDO�IHHG�UDWH�FRXOG�EH�LQFUHDVHG�

• $W�������)'�����ZDV�VWDUWHG���$W�������LW�ZDV�GLVFRYHUHG�WKDW�)'�����H[LW�ZDV�KRW
DQG�WKH�PDWHULDO�LQVLGH�ZDV�VPROGHULQJ���7KH�FRQYH\LQJ�DLU�ZDV�VZDSSHG�WR�QLWURJHQ
YLD�PDQXDO�EORFN�YDOYHV�DQG�WKH�FRDO�IHHG�ZDV�VWRSSHG��HYHQW�����ILJXUHV�������
WKURXJK�������������DQG�������7KH�SUREOHP�ZDV�WUDFHG�WR�LPSURSHU�OLQH�XS�RI�)'����
WR�UHDFWRU��FDXVLQJ�D�UHYHUVH�IORZ�RI�KRW�UHDFWRU�JDVHV���7KH�)'�����H[LW�DQG�WKH
IHHGHU�PRWRU�ZHUH�GLVDVVHPEOHG�DQG�WKH�V\VWHP�ZDV�FOHDQHG�DQG�SXW�EDFN�LQ�VHUYLFH�

• 2Q�0DUFK�����������DW�������WKHUH�ZHUH�������OE�RI�VDQG�ORDGHG�LQWR�)'�����WR
UHSODFH�WKH�ORVW�VROLGV���$IWHU�VDQG�DGGLWLRQ�ZDV�FRPSOHWHG�WKH�%5�����ZDV�OLW��HYHQW
����ILJXUH�������7KH�UHDFWRU�-�OHJ�IORZ�ZDV�LQFUHDVHG�WR�LQFUHDVH�WKH�VROLGV�FLUFXODWLRQ
WKURXJK�WKH�UHDFWRU���$W�������65,�VDPSOHG�WKH�3&'�LQOHW�

• $W�������WKH�%5�����WULSSHG�GXH�WR�D�FRPSUHVVRU�VXUJH���3UREOHPV�ZLWK�WKH
FRPSUHVVRU�FRQWLQXHG��HYHQW�����ILJXUH�������)LQDOO\�DW�������WKH�FRPSUHVVRU�UHFRYHUHG
DQG�D�FRQVLGHUDEOH�DPRXQW�RI�VROLGV�ZHUH�FDUULHG�LQWR�WKH�3&'���$W�������WKH�%5����
SLORW�ZDV�OLW�EXW�WULSSHG�DIWHU���PLQXWHV���&2�����EHJDQ�WR�KDYH�SUREOHPV�DJDLQ�
7KHUH�ZDV�D�VLJQLILFDQW�ORVV�RI�EHG�PDWHULDO�LQWR�WKH�3&'�FDXVHG�E\�GHSUHVVXUL]LQJ�WKH
UHDFWRU�EHORZ�WKH�WDUJHWHG�UDWH��HYHQW�����ILJXUH�������6HYHUDO�DWWHPSWV�ZHUH�PDGH�WR
OLJKW�WKH�EXUQHU�EXW�WKH\�ZHUH�XQVXFFHVVIXO���7KH�V\VWHP�ZDV�VKXW�GRZQ�WR�H[DPLQH
WKH�IODPH�URG�DQG�WKH�LJQLWHU�

• 7KH�SLORW�DVVHPEO\�ZDV�UHPRYHG���7KH�IODPH�URG��LJQLWHU��DQG�89�VFDQQHU�ZHUH�WHVWHG
RQ�WKH�EHQFK�DQG�IRXQG�WR�IXQFWLRQ�FRUUHFWO\���7KH�SLORW�DVVHPEO\�ZDV�UHLQVWDOOHG�DQG
&2�����ZDV�VWDUWHG��HYHQW�����ILJXUH�������6HYHUDO�DWWHPSWV�ZHUH�PDGH�WR�OLJKW�WKH
EXUQHU�EXW�QRQH�ZHUH�VXFFHVVIXO���'XULQJ�RQH�RI�WKRVH�DWWHPSWV��DW��������WKH
FRPSUHVVRU�VXUJHG�DQG�D�WHPSHUDWXUH�VSLNH�ZDV�QRWLFHG�LQ�WKH�UHDFWRU���$SSDUHQWO\�D
SXII�RI�SURSDQH�VWDUWHG�EXUQLQJ�LQ�WKH�ULVHU�FURVVRYHU�WKDW�FDXVHG�WKH�EHG�RI�FRDO�O\LQJ
LQ�WKH�ULVHU�FURVVRYHU�WR�LJQLWH��VHQGLQJ�KRW�SDUWLFOHV�GRZQ�WKH�VWDQGSLSH��GLVHQJDJHU
RXWOHW��F\FORQH�RXWOHW��DQG�F\FORQH�GLSOHJ���2SHUDWLQJ�WHPSHUDWXUHV�WKDW�ZHUH�KLJKHU
WKDQ�GHVLUHG�DW�WKDW�WLPH�ODVWHG�IRU�DERXW����PLQXWHV��ZLWK���PLQXWHV�DERYH�������)�LQ
WKH�VHFRQGDU\�FURVVRYHU�DQG�DERXW���PLQXWHV�DERYH�������)�

• $W�������RQ�0DUFK�����������WKH�%5�����SLORW�DVVHPEO\�DQG�WKH�PDLQ�JXQ�ZHUH
LQVSHFWHG�DQG�IRXQG�WR�EH�IXQFWLRQDO���$W�������WKH�&2�����ZDV�VWDUWHG�XS�WR�FRRO�WKH
UHIUDFWRU\�WR�SHUPLW�HQWU\�LQWR�WKH�3&'�YHVVHO�DQG�LQVSHFW�WKH�F\FORQH���$W�������DLU
LQMHFWLRQ�WKURXJK�WKH�UHDFWRU�ORRS�ZDV�VWRSSHG�DQG�QLWURJHQ�IORZ�ZDV�VWDUWHG�WR�FRRO
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WKH�UHDFWRU�IRU���KRXU���%\�������WKH�UHDFWRU�ZDV�FRROHG�VR�DOO�IORZV�ZHUH�UHGXFHG�DQG
WKH�UHDFWRU�ORRS�ZDV�GHSUHVVXUL]HG�WR�DWPRVSKHULF�SUHVVXUH��HYHQW�����ILJXUH�����

%%6�#�2QUV�6GUV�4WP�+PURGEVKQPU

7KH�)'�����GLVSHQVH�YHVVHO�ZDV�WDNHQ�DSDUW�IRU�LQVSHFWLRQ�RQ�0DUFK������������3DUW�RI�WKH
DJLWDWLRQ��PL[LQJ��EDU�KDG�PHOWHG�DQG�ZDV�UHSODFHG���2Q�0DUFK����WKH�VWDUW�XS�EXUQHU·V�SLORW�DQG
PDLQ�EXUQHU�ZHUH�SXOOHG�DQG�LQVSHFWHG���7KH�SLORW�ZDV�LQ�JRRG�VKDSH�DQG�WKHUH�ZHUH�QR�EXUQ�VLJQV
YLVLEOH�RQ�WKH�SLORW�VKURXG���7KHUH�ZDV�VRPH�UXVW�LQ�WKH�SURSDQH�OLQHV�WR�WKH�EXUQHU���7KH�3&'�
F\FORQH��F\FORQH�GLSOHJ��DQG�VHFRQGDU\�FURVVRYHU�ZHUH�LQVSHFWHG���7KH�ORZHU�SOHQXP�FDQGOHV�DQG
WKH�)'�����VFUHZ�FRROHU�ZHUH�DOVR�LQVSHFWHG�DQG�DSSHDUHG�WR�EH�LQ�JRRG�FRQGLWLRQ���7KH�F\FORQH
JDV�RXWOHW�SLSH��F\FORQH��DQG�HQWLUH�YHUWLFDO�SRUWLRQ�RI�WKH�GLSOHJ�DSSHDUHG�WR�EH�FOHDQ���7KH
VHFRQGDU\�FURVVRYHU��YLVXDOO\�LQVSHFWHG�WKURXJK�D�QR]]OH��ZDV�IDLUO\�FOHDQ�DQG�WKH�QHZ�UHIUDFWRU\
WKDW�ZDV�SRXUHG�WR�UHVWULFW�WKH�F\FORQH�LQOHW�ZDV�LQ�IDLUO\�JRRG�VKDSH�

%%6�#�6GUV�4WP�1DUGTXCVKQPU

7KH�VLJKW�JODVV�SXUFKDVHG�IURP�&DQW\�DQG�WKH�3XUSOH�3HHSHU�GLG�QRW�ZRUN�ZHOO�WRJHWKHU���7KH
JODVV��6WDUSKLUH��ZRXOG�SDVV�89�ZDYHOHQJWKV�IURP�����WR�����QP��KRZHYHU�WKH�3XUSOH�3HHSHU
RQO\�UHDGV�LQ�WKH�89�UDQJH�IURP�����WR�����QP���7KXV�WKH�JODVV�ZDV�EORFNLQJ�DOO�UHDGDEOH
ZDYHOHQJWKV���$�TXDUW]�VLJKW�JODVV�GHVLJQHG�IRU�����SVLJ�DQG�����)�ZDV�LQVWDOOHG�DQG�LW�ZRUNHG
ZHOO���7KH�RQO\�SUREOHP�ZLWK�XVLQJ�WKH�TXDUW]�VLJKW�JODVV�LV�WKDW�LW�LV�YHU\�GHOLFDWH���7KH
UHFRPPHQGHG�WRUTXH�IRU�WKH�VLJKW�JODVV�IODQJHV�LV���IW�OE���$OVR��WKH�WRUTXH�VHTXHQFH�PXVW�EH�VXFK
WKDW�WKH�JODVV�LV�HYHQO\�ORDGHG���,W�LV�YHU\�HDVLO\�EURNHQ���2QH�DGYDQWDJH�WKDW�WKH�6WDUSKLUH�VLJKW
JODVV�KDG�LV�WKDW�WKH�JODVV�ZDV�HQFDVHG�LQ�D�PHWDO�ULQJ�DQG�ZHOO�SURWHFWHG�IURP�RYHUWRUTXH���4XDUW]
FDQQRW�EH�HQFDVHG�LQ�D�PHWDO�ULQJ�EHFDXVH�WKH�PHOWLQJ�SRLQW�RI�TXDUW]�LV�KLJKHU�WKDQ�WKH�PHWDO�

7KH�89�VFDQQHU�ZDV�VXFFHVVIXOO\�XVHG�LQVWHDG�RI�D�IODPH�URG�IRU�WKH�ILUVW�WLPH�IRU�EXUQHU
RSHUDWLRQ���7KH�PDLQ�EXUQHU�ZDV�RSHUDWHG�ZLWKRXW�WKH�SLORW���7KH�IRUFHG�GUDIW�SLORW�ZDV
VXFFHVVIXOO\�XVHG�IRU�WKH�VWDUW�XS�RI�WKH�EXUQHU�SLORW���7KH�VROLGV�FDUU\RYHU�SUREOHP�FRQWLQXHG�DV
LQ�SUHYLRXV�WHVW�UXQV���8QOLNH�WKH�SUHYLRXV�WHVW�UXQV�ZKHUH�D�PL[WXUH�RI�35%�DQG�FRNHEUHH]H�ZDV
XVHG�WKH�XVH�RI�35%�FRDO�IRU�UHDFWRU�DVVLVW�SUHKHDW�ZDV�VXFFHVVIXO���$�WRWDO�RI����KRXUV�RQ�FRDO�ZDV
DFKLHYHG�DQG���WRQV�RI�FRDO�ZHUH�IHG�
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PDI257: Middle and Upper
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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Coal Feed Rate (CO2) Coal Feed Rate (H2O)

Coal Feed Rate (O2) SIC8454: Coal Fdr Speed
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AI453: CO Analyzer (ppm) AI448: H2O Analyzer 
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TI359: Lower SP TI391: FD0206 Solids TI511: HTF DR0501 TI295: FD0206 Out
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TI391: FD206 Solids Temp PT8503: FD0510 Vessel Pres SIC390MEAS: FD206 Speed
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PT8533: FD0520 Vessel Pres PT8535: FD0520 Drop Pipe Pres SIC500: FD0502 Speed
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FI8771: Quench Air Flow FI8772: Waste Air Flow

FI8773A: Primary Air Flow FI8753: Propane Flow
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PI621: N2 to SI602 PI622: SCS Propane Header PI632: Lo Pres N2 Header
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PDI3028:  PCD Differential Pressure
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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FI465:  Total PCD Gas Flow
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PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow
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WT8450: 210 Coal Stg Wt SIC8454: Coal Fdr Spd
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WT8400: Sorbent Stg Wt SIC8404: FD0220 Feeder Speed
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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PDI257: Middle and Upper
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PI287: Reactor Pressure DI202: Upper Riser
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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Coal Feed Rate (CO2) Coal Feed Rate (H2O)

Coal Feed Rate (O2) SIC8454: Coal Fdr Speed
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AI453: CO Analyzer (ppm) AI448: H2O Analyzer 

(KIWTG�������������%1�CPF�*�1�#PCN[\GTU

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

3/15 0:00 3/15 12:00 3/16 0:00 3/16 12:00 3/17 0:00 3/17 12:00 3/18 0:00

TI359: Lower SP TI391: FD0206 Solids TI511: HTF DR0501 TI295: FD0206 Out
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PDI3028:  PCD Differential Pressure
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���������%JCTCEVGTK\CVKQP�6GUV�4WP�%%6�$

7HVW�UXQ�&&7�%�ZDV�FRQGXFWHG�EHWZHHQ�0DUFK����DQG�0DUFK������������2SHUDWLQJ�SORWV�DUH
VKRZQ�LQ�ILJXUHV�����������WKURXJK�������7KH�VLOLFRQH�JDVNHWV�IRU�WKH�9LFWDXOLF�FRXSOLQJ�RQ�WKH
PDLQ�FRPSUHVVRU�GLVFKDUJH�SLSH�GHYHORSHG�D�VHULRXV�OHDN�DQG�ZHUH�UHSODFHG�DW�WKH�VWDUW�RI
&&7�%��HYHQW����ILJXUH������7HPSRUDU\�JDVNHWV�PDWFKLQJ�FORVH�WR�YHQGRU�VSHFLILFDWLRQ�ZHUH
LQVWDOOHG�SHQGLQJ�SURFXUHPHQW�RI�SURSHU�JDVNHW�PDWHULDO�

%%6�$�6GUV�4WP�%JTQPQNQI[

• 2Q�0DUFK�����������WKHUH�ZHUH�������OE�RI�XVHG�VDQG�DGGHG�WR�WKH�FRDO�IHHGHU
V\VWHP��)'��������7KH�UHSDLUV�WR�WKH�FRPSUHVVRU�GLVFKDUJH�SLSH�ZHUH�FRPSOHWHG�DQG
WKH�FRPSUHVVRU�ZDV�UHVWDUWHG��HYHQW����ILJXUH������7URXEOHVKRRWLQJ�ZDV�EHLQJ
FRQGXFWHG�RQ�WKH�JDV�DQDO\]HU�VLQFH�LW�ZDV�UHDGLQJ�������SHUFHQW�QLWURJHQ��HYHQW���
ILJXUH�������8QVXFFHVVIXO�DWWHPSWV�ZHUH�PDGH�WR�OLJKW�WKH�UHDFWRU�VWDUW�XS�EXUQHU
�%5������DURXQG���������$Q�$WODV�&RSFR�VHUYLFH�UHSUHVHQWDWLYH�WXQHG�&2�����ZLWK
WKH�UHDFWRU�SUHVVXUH�DW����SVLJ���0RVW�RI�WKH�WULSV�UHODWHG�WR�%5�����LQ�&&7�$�ZHUH
GXH�WR�SUREOHPV�DVVRFLDWHG�ZLWK�LPSURSHU�WXQLQJ�RI�&2�����

• $W�������WKH�%5�����ZDV�OLW�DIWHU�WKH�LJQLWHU�ZDV�UHSODFHG��HYHQW����ILJXUH������(YHQ
WKRXJK�WKH�LJQLWHU�SHUIRUPHG�ZHOO�GXULQJ�WKH�EHQFK�WHVWV��LW�ZDV�VXVSHFWHG�WKDW�XQGHU
SUHVVXUH�WKH�LJQLWHU�ZDV�DUFLQJ�LQWHUQDOO\���$W�������&2�����GLVFKDUJH�SUHVVXUH
VZXQJ�ZKHQ�UHDFWRU�DLU�IORZV�ZHUH�DGMXVWHG��HYHQW����ILJXUH������6DQG�DGGLWLRQ�WR�WKH
UHDFWRU�IURP�WKH�VRUEHQW�IHHGHU�V\VWHP��)'������DQG�)'�����ZDV�VWDUWHG�DURXQG
�������HYHQW����ILJXUHV���DQG������$URXQG�������RQ�0DUFK����WKHUH�ZDV�DQRWKHU
&2�����XSVHW�ZKLFK�WULSSHG�WKH�%5������HYHQW����ILJXUH������:LWKLQ����PLQXWHV�WKH
%5�����SLORW�DQG�PDLQ�JXQ�ZHUH�UHVWDUWHG���7KH�SLORW�ZDV�WKHQ�VKXW�GRZQ�

• 'XH�WR�WKH�SUREOHPV�ZLWK�&2�����WKH�UHDFWRU�ZDV�VKXW�GRZQ�VR�WKDW�WKH�VHUYLFH
UHSUHVHQWDWLYH��HYHQW����ILJXUH����FRXOG�GR�DGGLWLRQDO�WXQLQJ���7KH�FRPSUHVVRU�WXQLQJ
ZDV�FRPSOHWHG�E\���������7KH�FRPSUHVVRU�9LFWDXOLF�JDVNHW�ZDV�FKDQJHG�XSRQ
YHQGRU�UHFRPPHQGDWLRQ�DQG�D�QHZ�LJQLWHU�WLS�ZDV�LQVWDOOHG�RQ�WKH�EXUQHU���$W������
WKH�%5�����SLORW�DQG�PDLQ�EXUQHU�ZHUH�OLW��HYHQW����ILJXUH������$W�������WKH�UHDFWRU
SUHVVXUH�ZDV�LQFUHDVHG�WR����SVLJ�WR�PDLQWDLQ�WKH�ULVHU�YHORFLW\�ZLWKLQ�DQ�DFFHSWDEOH
UDQJH���$W�������RQ�0DUFK���������OE�RI�3RZGHU�5LYHU�%DVLQ��35%��FRDO�ZHUH�ORDGHG
LQWR�)'�������7KH�%5�����ILULQJ�ZDV�FRQWLQXDOO\�LQFUHDVHG�VR�WKH�UHDFWRU�ZRXOG
FRQWLQXH�KHDW�XS�DQG�WKH�UHDFWRU�SUHVVXUH�ZDV�DOVR�LQFUHDVHG�WR�OLPLW�WKH�ULVHU
YHORFLW\��HYHQW�����ILJXUH���DQG�HYHQW�����ILJXUH�����

• $W�������FRDO�IHHG�ZDV�VWDUWHG�IURP�)'������HYHQW�����ILJXUHV���DQG���WKURXJK�����
$W�������VDQG�DGGLWLRQ�ZDV�VWDUWHG�IURP�)'�������7KH�UHDFWRU�WHPSHUDWXUHV�GURSSHG
LQLWLDOO\�DQG�WKH�)'�����PRWRU�VSHHG�ZDV�LQFUHDVHG�WR�PDLQWDLQ�WKH�UHDFWRU
WHPSHUDWXUH���7KH�UHDFWRU�WHPSHUDWXUH�VWD\HG�VWHDG\�EXW�WKHQ�LQFUHDVHG�UDSLGO\�DQG
VR�)'�����ZDV�VKXW�GRZQ��HYHQW�����ILJXUHV���DQG���WKURXJK�������,W�DSSHDUHG�WKDW
WKHUH�ZDV�VRPH�FRDO�PL[HG�ZLWK�VDQG�LQ�)'�������)'�����DQG�)'�����ZHUH�XVHG
LQWHUFKDQJHDEO\�WR�IHHG�VDQG�DQG�FRDO��DV�WKHVH�IHHG�V\VWHPV�ZHUH�XQUHOLDEOH���2QFH
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DOO�WKH�VDQG�ZDV�IHG�LQWR�WKH�UHDFWRU�)'�����ZDV�XVHG�DV�D�EDFNXS�WR�)'�����WR
IHHG�FRDO�

• $W�������WKH�UHDFWRU�SUHVVXUH�ZDV�����SVLJ�DQG�DW�������%5�����ZDV�VKXW�GRZQ
�HYHQW�����ILJXUH����DQG�HYHQW�����ILJXUH������$W�������WKH�UHDFWRU�SUHVVXUH�ZDV
LQFUHDVHG�LQ���SVLJ�LQFUHPHQWV�DQG�E\�������LW�ZDV�����SVLJ��HYHQW�����ILJXUH������$W
������WKH�)'�����IHHGHU�WULSSHG�VR�)'�����ZDV�VWDUWHG��HYHQW�����ILJXUHV���DQG����
,W�DSSHDUHG�WKDW�)'�����WULSSHG�GXH�WR�D�ORZ�FRQYH\LQJ�DLU�IORZ���$IWHU�DGMXVWPHQWV
ZHUH�PDGH�WR�WKH�FRQYH\LQJ�DLU�YDOYH��)'�����ZDV�UHVWDUWHG���,QLWLDOO\�D�ODUJH�DPRXQW
RI�FRDO�ZDV�DGGHG��VR�WKHUH�ZDV�D�FRUUHVSRQGLQJ�WHPSHUDWXUH�H[FXUVLRQ��HYHQW����
ILJXUHV���DQG���WKURXJK�������)URP�������WR�������WKH�FRDO�IHHG�UDWH�DYHUDJHG����
OE�KU�

• $URXQG�������WKH�FRPEXVWRU�KHDW�H[FKDQJHU��+;������FLUFXODWLRQ�LQFUHDVHG�UDSLGO\
FDXVLQJ�D�FRQVLGHUDEOH�DPRXQW�RI�VROLGV�WR�EH�PRYHG�IURP�WKH�KHDW�H[FKDQJHU�LQWR
WKH�VWDQGSLSH�DQG�FDXVLQJ�D�VLJQLILFDQW�DPRXQW�RI�FDUU\RYHU���7KH�UHDFWRU
WHPSHUDWXUH�GURSSHG�DERXW�����)�ZKHQ�WKLV�RFFXUUHG��HYHQW�����ILJXUHV���WKURXJK
������$W�������)'�����ZDV�VKXW�GRZQ���$W�������)'�����WULSSHG�DQG�VR�)'����
ZDV�VWDUWHG���7ZR�PLQXWHV�ODWHU�WKH�)'�����IHHGHU�ZDV�UHVWDUWHG���$W�������WKH
)'�����WULSSHG�DQG�)'�����ZDV�VWDUWHG���:LWKLQ����PLQXWHV�)'�����ZDV�EDFN�LQ
VHUYLFH�DQG�)'�����ZDV�VKXW�GRZQ��HYHQW�����ILJXUHV���DQG������$W�������)'����
WULSSHG�DJDLQ�GXH�WR�D�VHDO�IDLOXUH��HYHQW�����ILJXUHV���DQG���WKURXJK�������3UREOHPV
ZLWK�WKH�WUDQVSRUW�DLU�V\VWHP�SUHYHQWHG�)'�����IURP�EHLQJ�VWDUWHG���7KH�UHDFWRU
VWDUW�XS�EXUQHU�ZDV�ILUHG�WR�PDLQWDLQ�WKH�UHDFWRU�WHPSHUDWXUH�

• %\�������RQ�0DUFK�����������WKH�)'�����PLGGOH�VSKHUL�YDOYH�VHDO�ZDV�UHSDLUHG�DQG
WKH�VKXWWOH�YDOYH�ZDV�LQVSHFWHG���$W�������FRDO�IHHG�IURP�)'�����ZDV�VWDUWHG��HYHQW
����ILJXUHV���DQG���WKURXJK�������$W�������WKH�%5�����ZDV�VKXW�GRZQ��HYHQW����
ILJXUH������$URXQG�������FRDO�IHHG�IURP�)'�����ZDV�VWDUWHG��HYHQW�����ILJXUHV���DQG
��WKURXJK�������7KH�DYHUDJH�FRDO�IHHG�UDWH�ZDV�����OE�KU�

• $W�������ZLWK�QR�FKDQJHV�LQ�DQ\�UHDFWRU�YDULDEOHV�WKH�WHPSHUDWXUH�VWDUWHG�WR�ULVH
UDSLGO\�WR������°)���7KH�FRDO�IHHG�ZDV�UHGXFHG�DQG�WKH�UHDFWRU�FLUFXODWLRQ�ZDV
LQFUHDVHG�EXW�WKH�WHPSHUDWXUH�FRQWLQXHG�WR�FOLPE���7KH�FRDO�IHHG�ZDV�VWRSSHG���7KLV
HYHQW�KDSSHQHG�WZLFH�LQ����PLQXWHV��HYHQW�����ILJXUHV���DQG���WKURXJK�������(LWKHU
VRPH�FRDO�FDPH�IURP�+;�����RU�FRDO�SDFNHG�RQ�WKH�)'�����GLVSHQVH�YHVVHO�ZDOO
EHFDPH�ORRVH�DQG�EHJDQ�WR�IHHG�LQWR�WKH�UHDFWRU�DORQJ�ZLWK�WKH�VDQG���$W������
)'�����WULSSHG�RQ�ORZ�LQVWUXPHQW�DLU�SUHVVXUH�

• $URXQG�������WKH�+;�����FLUFXODWLRQ�GHFUHDVHG�GXH�WR�VRPH�SOXJJHG�QR]]OHV
FDXVLQJ�WKH�VWDQGSLSH�OHYHO�WR�VORZO\�GHFUHDVH���$W�������)'�����ZDV�VKXW�GRZQ���$W
������WKH�UHDFWRU�ULVHU�WHPSHUDWXUHV�GURSSHG�TXLFNO\�DQG�WKH�GLVHQJDJHU�DQG
FURVVRYHU�WHPSHUDWXUHV�LQFUHDVHG���,W�DSSHDUHG�WKDW�WKH�UHDFWRU�-�OHJ�VWRSSHG
FLUFXODWLQJ�GXH�WR�D�ORZ�VWDQGSLSH�OHYHO���:KHQ�WKH�KHDW�H[FKDQJHU�-�OHJ�QR]]OHV�ZHUH
XQSOXJJHG�WKH�KHDW�H[FKDQJHU�VWDUWHG�FLUFXODWLQJ�WUDQVIHUULQJ�VROLGV�LQWR�WKH�UHDFWRU



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU�  %%6��5GTKGU�6GUV�4WP

���������

VWDQGSLSH���7KLV�LQ�WXUQ�VWDUWHG�WKH�UHDFWRU�-�OHJ�FLUFXODWLRQ�DQG�LPSURYHG�WKH�UHDFWRU
WHPSHUDWXUH�GLVWULEXWLRQ�

• $W�������)'�����ZDV�VWDUWHG�WR�DGG�PRUH�VDQG�WR�WKH�UHDFWRU�WR�LQFUHDVH�WKH
LQYHQWRU\�OHYHOV���7KH�UHDFWRU�SUHVVXUH�ZDV�DOVR�LQFUHDVHG���7KH�SDFNLQJ�RQ�WKH�VSHQW
ILQHV�VFUHZ�FRROHU��)'������EHJDQ�WR�OHDN�ZLWK�HDFK�URWDWLRQ���7KH�ERWWRP�VSKHUL
YDOYH�LQ�WKH�)'�����3&'�ILQH�DVK�UHPRYDO�V\VWHP�WKHQ�IDLOHG��ZKLFK�IRUFHG�D�SODQW
VKXWGRZQ�

%%6�$�2QUV�6GUV�4WP�+PURGEVKQPU

7KH�UHDFWRU�ZDV�LQVSHFWHG�DIWHU�WKH�XQLW�VKXWGRZQ���7KH�F\FORQH�LQOHW�ZDV�ERUHVFRSHG���7KHUH
ZDV�VRPH��VPDOO��ORVV�RI�UHIUDFWRU\�DW�WKH�HGJHV�RI�WKH�LQOHW�WDSHUHG�VHFWLRQ�EXW�RWKHUZLVH�WKH
QDUURZHG�LQOHW�ZDV�LQWDFW���7KH�F\FORQH�ZDV�DOVR�LQVSHFWHG�IURP�WKH�WRS�ZKHUH�WKH�UHIUDFWRU\
HQGV�DQG�WKH�YRUWH[�SLSH�VWDUWV���$OO�RI�WKLV�VHFWLRQ�ZDV�LQWDFW���$�OLJKW�ZDV�ORZHUHG�IURP�WKH�WRS
RI�WKH�F\FORQH��RQO\�D�OLJKW�VFDOH�ZDV�SUHVHQW���7KH�UHIUDFWRU\�OLQHG�RULILFH�SODWH�LQ�WKH�JDV�E\SDVV
OLQH�ZDV�LQVSHFWHG�E\�ERUHVFRSH�DQG�DSSHDUHG�WR�EH�LQ�JRRG�FRQGLWLRQ���7KH�ULVHU�WR�VWDQGSLSH
FURVVRYHU�ZDV�DERXW�RQH�WKLUG�IXOO�RI�VDQG���7KHUH�ZHUH�VRPH�JURRYHV�LQ�WKH�WRS���6PDOO�VFDOH
ZDV�IRXQG�RQ�WKH�LQVLGH�RI�WKH�ULVHU�ZDOO�ZKHQ�YLHZHG�ZLWK�D�OLJKW���7KH�VWDQGSLSH�KDG�D�VPDOO
DPRXQW�RI�VFDOH���$�OLJKW�ZDV�ORZHUHG����IHHW�LQWR�WKH�VWDQGSLSH�IURP�WKH�WRS��QR�VDQG�OHYHO�ZDV
GHWHFWHG���7KH�GLVHQJDJHU�ZDV�DOVR�ERUHVFRSHG��QR�DFFXPXODWLRQ�ZDV�IRXQG�

%%6�$�6GUV�4WP�1DUGTXCVKQPU

$WODV�&RSFR�WXQHG�WKH�PDLQ�DLU�FRPSUHVVRU�EXW�WKH�FRQWURO�ZDV�VWLOO�YHU\�VHQVLWLYH���7KH�FRDO
IHHGHU��)'������WULSSHG�VHYHUDO�WLPHV�GXULQJ�WKH�UXQ�DQG�DV�D�UHVXOW�)'�����ZDV�XVHG�DV�D
EDFNXS�FRDO�IHHGHU���7KH�XQLW�ZDV�VKXW�GRZQ�EHFDXVH�VROLGV�FRXOG�QRW�EH�UHPRYHG�IURP�WKH
3&'�GXH�WR�IDLOXUH�RI�D�)'�����ERWWRP�VSKHUL�YDOYH���$�WRWDO�RI����KRXUV�RQ�FRDO�ZDV�DFKLHYHG
DQG�D�WRWDO�RI���WRQV�RI�FRDO�ZHUH�IHG�
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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PDI257: Middle and Upper
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PI287: Reactor Pressure DI202: Upper Riser

(KIWTG����������� 4GCEVQT�2TGUUWTG�4KUGT�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU

11

14

16



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU�  %%6��5GTKGU�6GUV�4WP

���������

0.00

50.00

100.00

150.00

200.00

250.00

300.00

3/18 0:00 3/19 0:00 3/20 0:00 3/21 0:00 3/22 0:00 3/23 0:00

LI339: SP Solids Level PDI259: Lower Standpipe DP
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TI359: Lower SP TI391: FD0206 Solids TI511: HTF DR0501 TI295: FD0206 Out
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TI391: FD206 Solids Temp PT8503: FD0510 Vessel Pres SIC390MEAS: FD206 Speed
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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FI465:  Total PCD Gas Flow
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6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU
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7HVW�UXQ�&&7�&�ZDV�FRQGXFWHG�EHWZHHQ�$SULO���DQG�����������2SHUDWLQJ�SORWV�DUH�VKRZQ�LQ
ILJXUHV�����������WKURXJK�������7KH�ULVHU�GLIIHUHQWLDO�SUHVVXUH�LQGLFDWLRQ�3'7����ZDV�UHORFDWHG�WR
PHDVXUH�PLGULVHU�GHQVLW\�DQG�WKH�F\FORQH�GLIIHUHQWLDO�SUHVVXUH�LQGLFDWLRQ�3'7����ZDV�UHORFDWHG
WR�PHDVXUH�WKH�SULPDU\�F\FORQH�KRSSHU�SUHVVXUH�ORVV��JLYLQJ�VRPH�LQGLFDWLRQ�RI�KRZ�VROLGV�DUH
GUDLQLQJ�RXW�RI�WKH�UDGLVK���7KH�)'�����ERWWRP�VSKHUL�YDOYH�ZDV�DOVR�UHSDLUHG�

%%6�%�6GUV�4WP�%JTQPQNQI[

• 2Q�$SULO����������DX[LOLDU\�V\VWHPV�ZHUH�VWDUWHG�WR�EHJLQ�WHVW�UXQ�&&7�&���%\������
DOO�LQVWUXPHQW�SXUJHV�ZHUH�VHW���$W�������WKH�VWDUW�XS�EXUQHU��%5������SLORW�ZDV�OLW
DQG�KHDW�XS�RI�WKH�UHDFWRU�V\VWHP�EHJDQ��HYHQW����ILJXUH����

• 2Q�$SULO����������DW�������WKH�IOXLGL]DWLRQ�IORZV�ZHUH�DGMXVWHG��H[SDQGLQJ�WKH�UHDFWRU
VWDQGSLSH�VROLGV�DQG�WKH�FRPEXVWRU�KHDW�H[FKDQJHU��+;������VROLGV�WR�GHWHUPLQH�LI
WKHUH�ZHUH�VXIILFLHQW�VROLGV�LQ�WKH�UHDFWRU���7KHUH�ZHUH�LQVXIILFLHQW�VROLGV�LQ�UHDFWRU
IRU�WKH�WHVWV�VR�LW�ZDV�GHFLGHG�WR�DGG�VDQG�WR�WKH�UHDFWRU���$W�������VDQG�DGGLWLRQ�LQWR
WKH�UHDFWRU�EHJDQ�XVLQJ�WKH�FRDO�IHHGHU�V\VWHP��)'�������HYHQW����ILJXUH������7KH
)'�����WULSSHG�PDQ\�WLPHV���6RPH�RI�WKH�WULSV�ZHUH�GXH�WR�WKH�GLIILFXOW\�LQ�WXUQLQJ
WKH�IHHGHU�PRWRU���$SSDUHQWO\�D�SOXJ�RU�VRPH�H[WUDQHRXV�PDWHULDO�ZDV�ELQGLQJ�WKH
VWDU�IHHGHU���'XH�WR�WKH�IUHTXHQW�IHHGHU�WULSV�WKH�IHHGHU�VSHHG�ZDV�WHPSRUDULO\�VHW�DW
D�KLJK�UDWH�WR�VWDUW�WKH�PRWRU���%\�������DSSUR[LPDWHO\�������OE�RI�VDQG�ZHUH�IHG�LQWR
UHDFWRU�DIWHU�D�IHZ�)'�����WULSV���$V�WKH�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH�LQFUHDVHG�VROLGV
FLUFXODWLRQ�WKURXJK�WKH�ULVHU�DOVR�LQFUHDVHG��HYHQW����ILJXUH�������%HWZHHQ������DQG
������WKH�R[\JHQ�FRQFHQWUDWLRQ�DW�WKH�H[LW�RI�WKH�3&'�VKRZHG�D�GURS��HYHQW���
ILJXUH�������$W�������WKH�ILQHV�WUDQVSRUWHU�V\VWHP��)'������WULSSHG�GXH�WR�D�SOXJJDJH
LQ�WKH�GLVFKDUJH�OLQH��HYHQW����ILJXUH�������7KH�UHDFWRU�FLUFXODWLRQ�ZDV�UHGXFHG�WR�WKH
PLQLPXP�XQWLO�WKH�SUREOHPV�ZLWK�)'�����FRXOG�EH�UHVROYHG���$W�������WKH�H[LW�OLQH
IURP�)'�����ZDV�LQVSHFWHG�DQG�EURNHQ�SLHFHV�RI�FHUDPLF�FDQGOHV�ZHUH�IRXQG
EORFNLQJ�WKH�H[LW���7KH�SURFHVV�ZDV�VKXW�GRZQ�WR�LQVSHFW�WKH�3&'�

• :KLOH�WKH�UHDFWRU�ZDV�EHLQJ�VKXW�GRZQ��WKH�DVK�VLOR�ZDV�HPSWLHG�DQG�DSSUR[LPDWHO\
������OE�RI�VROLGV�ZHUH�FROOHFWHG���7KH�VDPSOH�WDNHQ�IURP�WKH�VLOR�DSSHDUHG�JUD\LVK
EODFN�DQG�FRQWDLQHG�D�KLJK�SURSRUWLRQ�RI�FRDO�ILQHV���'XULQJ�WKH�UHDFWRU�VKXWGRZQ�
WKH�R[\JHQ�FRQFHQWUDWLRQ�GDWD�ZDV�UHWULHYHG�IURP�WKH�GDWD�DFTXLVLWLRQ�V\VWHP�DQG
UHYLHZHG���7KH�GDWD�VKRZHG�WKDW�DW�DSSUR[LPDWHO\�������WKH�R[\JHQ�FRQFHQWUDWLRQ
GURSSHG�PRPHQWDULO\�IRU�DSSUR[LPDWHO\���WR���PLQXWHV�IURP����WR����SHUFHQW�
7KHUH�ZDV�D�VHFRQG�VXGGHQ�GURS�LQ�R[\JHQ�FRQFHQWUDWLRQ�DW�������IROORZHG�E\�WKH
WKLUG�GURS�DW�������

• )XUWKHU�LQYHVWLJDWLRQ�UHYHDOHG�WKDW�ZKLOH�VDQG�ZDV�EHLQJ�IHG�LQWR�WKH�UHDFWRU�WKH
3&'�H[LW�WHPSHUDWXUH�LQFUHDVHG�VXGGHQO\�IURP�DSSUR[LPDWHO\����°)�DW�������DQG
SHDNHG�DW�DSSUR[LPDWHO\����°)�DW��������D�IHZ�PLQXWHV�DIWHU�VDQG�DGGLWLRQ�ZDV
FRPSOHWHG��HYHQW����ILJXUH�������,W�DSSHDUV�WKDW�WKH�FRDO�LQDGYHUWHQWO\�OHIW�LQ�WKH
GLVSHQVH�YHVVHO�ZDV�IHG�LQWR�WKH�UHDFWRU�XSRQ�WKH�VWDUW�RI�VDQG�DGGLWLRQ�WR�WKH�UHDFWRU
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PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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PI428: PCD Outlet PI466: HX0402 Outlet PI422: Gas To BR0401
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI501: Drop Tube TI505: FD0502 HTF PT8534: FD0520 Lockvessel Pres
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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AI610: SO2 Analyzer (ppm) AI462: NOx Analyzer (ppm) AI435C: O2 Analyzer 
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AI464C: CO AI464D: CO2 AI464B: N2
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PT8533: FD0520 Vessel Pres PT8535: FD0520 Drop Pipe Pres SIC500: FD0502 Speed
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp

(KIWTG�������������2%&�6GORGTCVWTGU

6



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU

���������

0.00

10.00

20.00

30.00

40.00

50.00

60.00

4/6 0:00 4/6 6:00 4/6 12:00 4/6 18:00 4/7 0:00 4/7 6:00 4/7 12:00 4/7 18:00 4/8 0:00

PDI3028:  PCD Differential Pressure
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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FI465:  Total PCD Gas Flow

(KIWTG�������������)CU�(NQY�6JTQWIJ�2%&



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU

���������

���������%JCTCEVGTK\CVKQP�6GUV�4WP�%%6�&

7HVW�UXQ�&&7�'�ZDV�FRQGXFWHG�EHWZHHQ�$SULO����DQG�0D\�����������2SHUDWLQJ�SORWV�DUH�VKRZQ
LQ�ILJXUHV�����������WKURXJK������

3ULRU�WR�WHVW�UXQ�&&7�'�WKH�ERWWRP�IRXU�+;�����DHUDWLRQ�QR]]OHV�ZHUH�VZDSSHG�IURP�DLU�WR
QLWURJHQ�LQ�DQ�DWWHPSW�WR�LPSURYH�WKH�+;�����FLUFXODWLRQ���7KH�SXUJH�WR�+��QR]]OH�RQ�WKH
VWDQGSLSH�LQ�OLQH�ZLWK�WKH�UHDFWRU�-�OHJ�ZDV�DOVR�FKDQJHG�WR�QLWURJHQ�GXH�WR�IUHTXHQW�SOXJJLQJ
SUREOHPV���$�'&6�PDQXDO�E\SDVV�ZDV�DGGHG�VR�WKDW�WKH�RSHUDWRUV�ZRXOG�EH�DEOH�WR�VZDS�IURP
WUDQVSRUW�DLU�WR�QLWURJHQ���0RGLILFDWLRQV�ZHUH�PDGH�WR�WKH�)'�����DQG�)'�����IHHG�OLQHV�WR
DOORZ�WKH�V\VWHPV�WR�EH�LVRODWHG�IURP�WKH�UHDFWRU�DQG�EDFN�IOXVKHG�XVLQJ�QLWURJHQ���7KLV�ZRXOG
EH�KHOSIXO�WR�FOHDU�WKH�IHHG�OLQHV�EDFN�LQWR�WKH�IHHGHU�RU�WR�GLVORGJH�D�SOXJ�LQ�WKH�ERWWRP�RI�WKH
IHHGHU���$OVR��SULRU�WR�WKH�VWDUW�RI�WKLV�WHVW�UXQ�WKH�3&'�ZDV�UHFDQGOHG�DQG�H[WHQVLYH�FDQGOH
VWXGLHV�ZHUH�LQLWLDWHG�

%%6�&�6GUV�4WP�%JTQPQNQI[

• 7KH�OHDN�WHVW�ZDV�FRPSOHWHG�RQ�$SULO�����������$WODV�&RSFR�RQFH�DJDLQ�WXQHG�WKH
PDLQ�DLU�FRPSUHVVRU��&2������RQ�$SULO����DQG������������$IWHU�WLJKWHQLQJ�OHDNLQJ
IODQJHV�DQG�XQLRQV�DQRWKHU�OHDN�WHVW�ZDV�SHUIRUPHG�RQ�$SULO������������)ROORZLQJ
WKH�OHDN�WHVW�WKH�IORZV�WKURXJK�WKH�UHDFWRU�ZHUH�HVWDEOLVKHG�DQG�WKH�WKHUPDO�R[LGL]HU
�%5������ZDV�OLW�DW��������HYHQW����ILJXUH�����

• %\�������RQ�$SULO����������WKH�F\FORQH�H[LW�WHPSHUDWXUH�ZDV�����)�DQG�WKH�3&'�H[LW
WHPSHUDWXUH�ZDV�����)���7KH�WRWDO�IORZ�WKURXJK�WKH�SURFHVV�ZDV�UHGXFHG�IURP�DERXW
�������WR�������OE�KU�WR�EDODQFH�VHOHFWHG�GLIIHUHQWLDO�SUHVVXUH�LQGLFDWRU�EOHHG�IORZV
�HYHQW����ILJXUH������$IWHU�EDODQFLQJ�WKH�EOHHGV�WKH�3&'�ZDV�UHKHDWHG���7KH�3&'�H[LW
WHPSHUDWXUH��7,�����UHDFKHG�WKH�GHVLUHG�����)�E\��������HYHQW����ILJXUH�������7KH
VWDUW�XS�EXUQHU��%5������SLORW�ZDV�OLW�DW��������HYHQW����ILJXUH����DQG���KRXU�ODWHU�WKH
PDLQ�EXUQHU�ZDV�OLW�DQG�WKH�SLORW�ZDV�VKXW�GRZQ���6DQG�DGGLWLRQ�LQWR�WKH�UHDFWRU
XVLQJ�WKH�FRDO�IHHGHU�V\VWHP��)'������ZDV�VWDUWHG�DURXQG���������$URXQG������
SUREOHPV�ZLWK�WKH�ILQHV�WUDQVSRUWHU�V\VWHP��)'������GHYHORSHG�GXH�WR�SOXJJLQJ�

• 2Q�$SULO�����������%5�����ILULQJ�ZDV�FRQWLQXDOO\�LQFUHDVHG�WR�KHDW�WKH�UHDFWRU
V\VWHP��HYHQW����ILJXUH�������$SSUR[LPDWHO\��������OE�RI�VROLGV�ZHUH�DGGHG�WR�WKH
UHDFWRU�FRQVLVWLQJ�RI��������OE�RI�VDQG�DQG�����OE�RI�GRORPLWH���$�IORZ�SDWK�WHVW�ZDV
SHUIRUPHG�RQ�WKH�FRPEXVWRU�KHDW�H[FKDQJHU��+;������WR�HQVXUH�VROLGV�FLUFXODWLRQ
WKURXJK�+;�������6DQG�DGGLWLRQ�ZDV�VWDUWHG�DJDLQ�WR�UHSODFH�WKH�VDQG�ORVW�GXULQJ�WKH
+;�����IORZ�SDWK�WHVW�

• $URXQG�������65,�WRRN�DQ�LQOHW�VROLGV�VDPSOH���$W�������WKH�UHDFWRU�SUHVVXUH�ZDV
LQFUHDVHG�IURP����WR����SVLJ��HYHQW����ILJXUH�������$W�����������OE�RI�GRORPLWH�ZHUH
IHG�WR�WKH�UHDFWRU�XVLQJ�)'�����WR�WHVW�GUDLQLQJ�RI�VROLGV�LQ�WKH�F\FORQH�GLSOHJ�
6ROLGV�DSSHDUHG�WR�EH�GUDLQLQJ�ZHOO�DQG�VR�WKH�IHHGHU�VSHHG�ZDV�UHGXFHG���$W������
VSRLOLQJ�JDV�ZDV�LQWURGXFHG�WR�GHWHUPLQH�LWV�HIIHFW�RQ�WKH�F\FORQH�GLSOHJ�RSHUDWLRQ�
7KH�GLSOHJ�WHPSHUDWXUHV�LQFUHDVHG�DQG�WKH�F\FORQH�SUHVVXUH�GLIIHUHQWLDO�LQGLFDWLRQV
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�3',����DQG�3',�����KDG�OHVV�IOXFWXDWLRQV���$W�������ZLWK�WKH�UHDFWRU�DW�������)
ELWXPLQRXV�FRDO�IHHG�ZDV�VWDUWHG�XVLQJ�)'������HYHQW����ILJXUHV��������WKURXJK����
DQG�����

• 6DQG�DGGLWLRQ�ZDV�VWDUWHG�DJDLQ�DW�������RQ�$SULO�����������IURP�)'�����WR�PDLQWDLQ
WKH�VWDQGSLSH�VROLGV�KHLJKW���)URP�������WR�������RQ�$SULO�����������WKH�DYHUDJH�FRDO
IHHG�UDWH�ZDV�����OE�KU��HYHQW����ILJXUH�������$W�������WKH�UHDFWRU�SUHVVXUH�ZDV
LQFUHDVHG�E\���SVL�HYHU\����PLQXWHV�XQWLO�WKH�SUHVVXUH�UHDFKHG�����SVLJ���7KH�UHDFWRU
IORZV�ZHUH�DGMXVWHG�IRU�WKH�KLJKHU�RSHUDWLQJ�SUHVVXUHV���&RQGLWLRQV�ZHUH�KHOG
FRQVWDQW�IRU�WKH�UHPDLQGHU�RI�WKH�GD\���7KH�JDV�FKURPDWRJUDSK�ZDV�RII�OLQH�GXH�WR
SUREOHPV�ZLWK�RQH�RI�WKH�FROXPQV���)URP�������RQ�$SULO�����������WR�������RQ�$SULO
����������WKH�DYHUDJH�FRDO�IHHG�UDWH�ZDV�����OE�KU�

• 7KH�JDV�FKURPDWRJUDSK�ZDV�IL[HG�DQG�UHWXUQHG�WR�VHUYLFH�RQ�$SULO������������$�3&'
RXWOHW�VDPSOH�ZDV�WDNHQ���)URP�������WR��������ZKLOH�IHHGLQJ�XVHG�VDQG�GUDLQHG�IURP
WKH�UHDFWRU�DQG�+;�����DIWHU�WHVW�UXQ�&&7�&��FRDO�PL[HG�LQ�ZLWK�VDQG�FDXVHG�RYHU�
WHPSHUDWXUH�LQ�WKH�UHDFWRU���7KH�FRDO�IHHG�UDWH�ZDV�UHGXFHG�DQG�LQ�UHVSRQVH�WKH
+;�����FLUFXODWLRQ�ZDV�LQFUHDVHG���7KH�UHDFWRU�WHPSHUDWXUHV�UHFRYHUHG�DQG
RSHUDWLRQ�FRQWLQXHG��HYHQW����ILJXUHV����WKURXJK�����

• )'�����ZDV�VWDUWHG�EXW�WKHUH�ZHUH�SUREOHPV�ZLWK�WKH�GLVSHQVH�YHVVHO�OHYHO�SUREH�
7KH�FRQGLWLRQV�DW�WKH�HQG�RI�$SULO�����������ZHUH�DV�IROORZV��WKH�UHDFWRU�SUHVVXUH
ZDV�����SVLJ��WKH�FRPSUHVVRU�GLVFKDUJH�IORZ�ZDV��������OE�KU��WKH�WRWDO�UHDFWRU
RXWOHW�JDV�IORZ�ZDV��������OE�KU��WKH�PL[LQJ�]RQH�WHPSHUDWXUHV�ZHUH�EHWZHHQ������
DQG�������)��WKH�ULVHU�WHPSHUDWXUH�ZDV�EHWZHHQ�������DQG�������)��WKH�VWDQGSLSH
WHPSHUDWXUH�ZDV�DURXQG�������)��WKH�F\FORQH�H[LW�WHPSHUDWXUH�ZDV�������)��DQG�WKH
3&'�JDV�LQOHW�WHPSHUDWXUH�ZDV�DURXQG�����)��HYHQW�����ILJXUHV�����DQG����WKURXJK
����

• $W�������RQ�$SULO�����������WKH�ORVV�RI�ORZ�SUHVVXUH�QLWURJHQ�WULSSHG�WKH�FRDO�IHHGHU�
:KHQ�WKH�ORZ�SUHVVXUH�QLWURJHQ�ZDV�UHHVWDEOLVKHG�FRDO�IHHG�ZDV�VWDUWHG�DJDLQ���'XH
WR�D�ORZ�VROLGV�OHYHOV�LQ�WKH�VWDQGSLSH�LW�DSSHDUHG�IURP�WKH�WHPSHUDWXUH�SURILOH�WKDW
WKHUH�ZDV�VRPH�UHYHUVH�IORZ�RI�JDVHV�LQ�WKH�UHDFWRU���7KH�UHDFWRU�-�OHJ�IORZ�ZDV
LQFUHDVHG�WR�VWRS�WKH�UHYHUVH�IORZ�DQG�WKH�UHDFWRU�WHPSHUDWXUHV�UHWXUQHG�WR�QRUPDO
�HYHQW�����ILJXUHV����WKURXJK�������$W�������)'�����IDLOHG�DQG�WKH�UHDFWRU
WHPSHUDWXUHV�GLSSHG���&RDO�DGGLWLRQ�XVLQJ�)'�����ZDV�DWWHPSWHG�DURXQG�������EXW
WKH�UHDFWRU�WHPSHUDWXUHV�FRXOG�QRW�EH�UHFRYHUHG���7KH�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG
WR�����SVLJ�DQG�DW�������%5�����ZDV�OLW�WR�LQFUHDVH�UHDFWRU�WHPSHUDWXUHV��HYHQW����
ILJXUHV����DQG����WKURXJK�����

• 7KH�EXUQHU�RXWOHW�WHPSHUDWXUH�ZDV�UDPSHG�WR������°)�DQG�VDQG�DGGLWLRQ�LQWR�WKH
UHDFWRU�ZDV�VWDUWHG���:KHQ�WKH�PL[LQJ�]RQH�DQG�ULVHU�WHPSHUDWXUHV�UHDFKHG�������)�
FRDO�ZDV�EDWFK�IHG�LQWR�WKH�UHDFWRU�WR�KHDW�XS�WKH�VROLGV�LQ�WKH�VWDQGSLSH�ZLWKRXW
KDYLQJ�H[FHVV�FRPEXVWLRQ�DW�WKH�LQOHW�RI�WKH�F\FORQH���7KH�EXUQHU�ILULQJ�ZDV
FRQWLQXDOO\�LQFUHDVHG�DQG�E\�������FRQWLQXRXV�FRDO�IHHG�WR�WKH�UHDFWRU�ZDV�DFKLHYHG
�HYHQW�����ILJXUHV����DQG����WKURXJK�����
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• $IWHU�%5�����ZDV�VKXW�GRZQ�DURXQG�������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�DW���
SVLJ�SHU�KRXU���'XULQJ�WKLV�UXQ�WKH�VSHQW�VROLGV�VFUHZ�FRROHU��)'������ZDV�UXQ
SHULRGLFDOO\�IRU�VKRUW�GXUDWLRQV�WR�HQVXUH�LWV�RSHUDELOLW\���)URP�������WR�������WKH
UHDFWRU�ULVHU�WHPSHUDWXUH�GURSSHG�DQG�WHPSHUDWXUHV�LQFUHDVHG�DW�WKH�LQOHW�F\FORQH
DQG�WKH�WRS�RI�VWDQGSLSH��HYHQW�����ILJXUHV����WKURXJK�������,QFUHDVLQJ�WKH�UHDFWRU�-�
OHJ�IORZ�UHFRYHUHG�WKH�WHPSHUDWXUHV�D�IHZ�WLPHV���7KHUH�ZHUH�DOVR�VRPH�SUREOHPV
ZLWK�SOXJJLQJ�FDNLQJ�LQ�WKH�)'�����VXUJH�ELQ���$URXQG�������WKH�VDPH�SKHQRPHQD
RFFXUUHG�DJDLQ���7KLV�WLPH�WKH�WHPSHUDWXUHV�FRXOG�QRW�EH�UHFRYHUHG�DQG�WKH�FRDO�IHHG
ZDV�VWRSSHG��HYHQW�����ILJXUHV����DQG����WKURXJK�������%5�����ZDV�VWDUWHG�DW������
DQG�WKH�ILULQJ�ZDV�JUDGXDOO\�LQFUHDVHG�WR�������)�

• &RDO�DGGLWLRQ�ZDV�WULHG�VHYHUDO�WLPHV�EHWZHHQ�������RQ�$SULO����DQG�������RQ�$SULO
�����7KH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�EXW�WKH�GHVLUHG�WHPSHUDWXUH
GLVWULEXWLRQ�FRXOG�QRW�EH�DFKLHYHG��HYHQW�����ILJXUHV����WKURXJK�������7KHUHIRUH��DW
������)'�����ZDV�VWDUWHG�LQ�RUGHU�WR�GUDLQ�WKH�VWDQGSLSH�VROLGV�DQG�YHULI\�WKDW�WKH
VWDQGSLSH�ZDV�QRW�REVWUXFWHG���$IWHU�DGMXVWLQJ�YDULRXV�UHDFWRU�IORZV�WKH�VWDQGSLSH
GLIIHUHQWLDO�SUHVVXUH�PHDVXUHPHQW��3',�����LQGLFDWHG�WKDW�WKH�VWDQGSLSH�ZDV�HPSW\
RI�VROLGV��HYHQW�����ILJXUH�������)ORZ�WHVWV�FRQILUPHG�WKDW�WKH�VWDQGSLSH�SRUWLRQ
EHWZHHQ�WKH�+;�����LQOHW�DQG�WKH�F\FORQH�GLSOHJ�ZDV�FOHDU���6DQG�DGGLWLRQ�LQWR�WKH
UHDFWRU�ZDV�VWDUWHG�DJDLQ�DW���������&RDO�IHHG�ZDV�UHVXPHG�DW��������HYHQW�����ILJXUHV
�������WKURXJK�����DQG�����DQG�%5�����ZDV�VKXW�GRZQ�DW���������$IWHU�%5�����ZDV
VKXW�GRZQ�WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ���7KH�UHDFWRU�WHPSHUDWXUH
SURILOHV�ZHUH�QRUPDO�DQG�WKH�UHDFWRU�ORRS�ZDV�RSHUDWLQJ�ZHOO�

• 7KH�UHDFWRU�SUHVVXUH�UHDFKHG�����SVLJ�DW�������RQ�$SULO������������&RQGLWLRQV�ZHUH
KHOG�VWHDG\�ZLWK�VROLGV�EHLQJ�IHG�IURP�)'�����HYHU\���KRXUV�WR�PDLQWDLQ�WKH
VWDQGSLSH�VROLGV�OHYHO���$W�WKLV�WLPH�WKH�DYHUDJH�FRDO�IHHG�UDWH�ZDV�����OE�KU�

• $W�����������SRXQGV�RI�GRORPLWH�ZDV�DGGHG�LQWR�)'�������$W�������GRORPLWH
DGGLWLRQ�LQWR�WKH�UHDFWRU�EHJDQ�DV�VKRZQ�E\�WKH�62��GURSSLQJ�IURP�����WR���SSP
�HYHQW�����ILJXUH�������$IWHU�)'�����SOXJJHG��DW�������LW�ZDV�XQSOXJJHG�DQG
UHVWDUWHG���&RQGLWLRQV�ZHUH�WKHQ�PDLQWDLQHG��KROGLQJ�WKH�VWDQGSLSH�OHYHO�UHODWLYHO\
FRQVWDQW�E\�IHHGLQJ�VDQG��HYHQW�����ILJXUH�����

• $W�������RQ�$SULO�����������SUREOHPV�ZLWK�WKH�OHYHO�SUREH�LQ�WKH�)'����ORFN�YHVVHO
GHYHORSHG���$URXQG�������PRUH�SUREOHPV�ZLWK�WKH�FRDO�IHHGHU�GHYHORSHG�ZKLFK
HYHQWXDOO\�IRUFHG�WKH�UHDFWRU�WR�EH�VKXW�GRZQ�DERXW�����KRXUV�ODWHU��HYHQW�����ILJXUHV
�������WKURXJK�����DQG�������&RDO�ZDV�ORDGHG�LQWR�)'�����DQG�IHG�IRU�D�EULHI�SHULRG
LQWR�WKH�UHDFWRU���7KH�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG�WR����SVLJ�DQG�%5�����ZDV�OLW�
%HWZHHQ�������RQ�$SULO�����������DQG�������RQ�$SULO�����������WKH�DYHUDJH�FRDO�IHHG
UDWH�ZDV�����OE�KU�

• 8SRQ�LQVSHFWLRQ�RI�WKH�FRDO�IHHGHU��ILYH�SLHFHV�RI�HOHFWULFDO�WDSH�DQG�WZR�ODUJH�SLHFHV
�DERXW���LQFK��GLDPHWHU��RI�ELQ�FRDWLQJ��HSR[\��PDWHULDO�ZHUH�IRXQG�LQ�WKH�EHQG�DW
WKH�H[LW�RI�WKH�VWDU�IHHGHU���7KH�URWRIHHGHU�ZDV�UHPRYHG�DQG�DERXW���IW��RI�FDNH�OHIW
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LQ�WKH�GLVSHQVH�YHVVHO�FROODSVHG�DQG�IHOO���7KH�FDNH�PDWHULDO�ZDV�GU\�DQG�ILQHU�WKDQ
WKH�IHHG�FRDO���$�FRXSOH�RI�SLHFHV�RI�DERXW���LQFK�VSKHUHV�RI�ZHW�FDNH�DOVR�FDPH
WKURXJK�

• 7KH�EXUQHU�WHPSHUDWXUH�ZDV�UDPSHG�WR�������)�DQG�D�VORZ�FLUFXODWLRQ�WKURXJK�WKH
UHDFWRU�ZDV�HVWDEOLVKHG���&RDO�IHHG�ZDV�VWDUWHG�DW�������RQ�$SULO����EXW�WKH�IHHGHU
WULSSHG�DW��������HYHQW�����ILJXUHV��������WKURXJK�����DQG�������7KH�FRDO�IHHGHU
SUREOHP�ZDV�DGGUHVVHG�DQG�FRDO�IHHG�UHVXPHG�DERXW�DQ�KRXU�ODWHU���+RZHYHU�
SUREOHPV�ZLWK�WKH�FRDO�IHHGHU�FRQWLQXHG�DQG�WKH�IHHGHU�KDG�WR�EH�VKXW�GRZQ�DJDLQ�

• $W�������RQ�$SULO�����������FRDO�IHHG�ZDV�VWDUWHG�DJDLQ��HYHQW�����ILJXUHV�������
WKURXJK�����DQG�������6DQG�DGGLWLRQ�FRQWLQXHG�SHULRGLFDOO\�WR�PDLQWDLQ�WKH�UHDFWRU
VROLGV�LQYHQWRU\���7KH�JDV�DQDO\]HUV�ZHUH�FDOLEUDWHG�DQG�%5�����ZDV�VKXW�GRZQ�
$URXQG�������)'�����VWDUWHG�KDYLQJ�PRUH�SUREOHPV�DQG�ZDV�HYHQWXDOO\�VKXW�GRZQ
DW��������HYHQW�����ILJXUHV��������WKURXJK�����DQG�������%5�����ZDV�OLW�WR�PDLQWDLQ
WKH�UHDFWRU�WHPSHUDWXUH���$OO�IORZV�ZHUH�DGMXVWHG�WR�WKHLU�PLQLPXP�YDOXHV���'XULQJ
WKH�)'�����LQVSHFWLRQ�WZR�SLHFHV�RI�HSR[\�SDLQW�DQG�WZR�FRDO�DJJORPHUDWHV�ZHUH
IRXQG���)XUWKHU�LQVSHFWLRQ�LQVLGH�WKH�GLVSHQVH�YHVVHO�VKRZHG�PRUH�HSR[\�FRDWLQJ
KDG�SHHOHG�RII�EXW�KDG�QRW�IDOOHQ�GRZQ���$OO�ORRVH�FRDWLQJ�IURP�WKH�YHVVHO�ZDV
UHPRYHG���:KLOH�DWWHQGLQJ�WR�WKH�)'�����SUREOHP�WKH�UHDFWRU�FRQWLQXHG�WR�EH
KHDWHG�XS�ZLWK�WKH�VWDUW�XS�EXUQHU���7KH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ
WR�FRQWURO�ULVHU�YHORFLW\�

• )'�����ZDV�UHDVVHPEOHG�DQG�FRDO�IHHG�UHVXPHG�DW�������RQ�$SULO����������HYHQW����
ILJXUHV��������WKURXJK�����DQG�������$IWHU�%5�����ZDV�VKXW�GRZQ�DW�������WKH�UHDFWRU
SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ��HYHQW�����ILJXUH�������7KH�FRDO�IHHG�UDWH�ZDV
JUDGXDOO\�LQFUHDVHG�DQG�65,�WRRN�DQRWKHU�RXWOHW�VDPSOH���7KH�)'�����WULSSHG�GXH�WR
VRIWZDUH�LQWHUORFN��ORVV�RI�SUHVVXUH�RQ�3,�����ZKHQ�WKH�WUDQVSRUW�DLU�GU\HU��'<�����
ZDV�LVRODWHG��HYHQW�����ILJXUHV������������WKURXJK�����DQG��������$SSDUHQWO\�WKH
WUDQVSRUW�DLU�LVRODWLRQ�YDOYH��39�����GLG�QRW�VHDO�FRPSOHWHO\�DQG�ZKHQ�WKH�GU\HU�ZDV
LVRODWHG�WKH�FRQYH\LQJ�YHORFLW\�GURSSHG�IURP����WR����IW�V����7KH�GU\HU�ZDV�WKHQ�SXW
EDFN�LQ�VHUYLFH�

• 65,�WRRN�DQ�LQOHW�VDPSOH�LQ�WKH�DIWHUQRRQ���&RDO�IHHG�RQFH�DJDLQ�KDG�WR�EH�VWRSSHG
GXH�WR�FRPEXVWLRQ�RXWVLGH�WKH�GHVLUHG�]RQHV�LQ�WKH�UHDFWRU��HYHQW�����ILJXUH�������
WKURXJK�����DQG�������7KH�)'�����WULSSHG�EHFDXVH�RI�WKH�GLVFKDUJH�OLQH�SOXJJLQJ�
7KH�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG�WR�����SVLJ��DQG�%5�����ZDV�OLW���7KH�%5����
RXWOHW�WHPSHUDWXUH�ZDV�UDPSHG�WR�������)���&RDO�IHHG�ZDV�VWDUWHG�DJDLQ�DW�������DQG
%5�����ZDV�VKXW�GRZQ�DW���������7KH�)'�����WULSSHG�DJDLQ�DW�������

• 2Q�0D\����������DW�������%5�����ZDV�VWDUWHG���)'�����WULSSHG�DJDLQ�GXH�WR�D
SOXJJDJH���&RDO�IHHG�ZDV�VWDUWHG�DJDLQ�DW�������DQG�%5�����ZDV�VKXW�GRZQ���6DQG
ZDV�DOVR�DGGHG�WR�WKH�UHDFWRU�WR�EXLOG�WKH�VROLGV�LQYHQWRU\�LQ�WKH�UHDFWRU���3UREOHPV
ZLWK�)'�����VWDUWHG�DJDLQ�ZKHQ�WKH�IHHGHU�WULSSHG�VHYHUDO�WLPHV�IURP�GLVFKDUJH�OLQH
SOXJJLQJ��HYHQW�����ILJXUHV��������WKURXJK�����DQG�������7KH�UHDFWRU�SUHVVXUH�ZDV
LQFUHDVHG�IURP�����WR�����SVLJ��HYHQW�����ILJXUH�����
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• 2Q�0D\���������VDQG�ZDV�DGGHG�WR�LQFUHDVH�WKH�VROLGV�OHYHOV�LQ�WKH�UHDFWRU���7KH
DYHUDJH�FRDO�IHHG�UDWH�RQ�0D\����������ZDV�����OE�KU���$W�������WKH�VXFWLRQ�YDOYH�WR
WKH�UHF\FOH�JDV�ERRVWHU�FRPSUHVVRU��&2������ZDV�RSHQHG��HYHQW�����ILJXUH�������7KH
FRPSUHVVRU�ZDV�VWDUWHG�DW�������EXW�WULSSHG���PLQXWHV�ODWHU�GXH�WR�D�ORZ�GLVFKDUJH
SUHVVXUH���7KH�VDIHW\�UHOLHI�YDOYH�GRZQVWUHDP�RI�WKH�FRPSUHVVRU�OLIWHG�DW�����SVLJ�VR
WKH�ORZ�GLVFKDUJH�SUHVVXUH�VZLWFK�FRXOG�QRW�EH�PDGH���7KH�VZLWFK�ZDV�MXPSHG�RXW
VR�WKH�FRPSUHVVRU�FRXOG�EH�UXQ�DW�D�VOLJKWO\�ORZHU�GLVFKDUJH�SUHVVXUH���7KH�&2����
ZDV�VWDUWHG�EXW�WULSSHG�GXH�WR�D�KLJK�F\OLQGHU���GLVFKDUJH�WHPSHUDWXUH���7KH
FRPSUHVVRU�ZDV�VWDUWHG�RQFH�PRUH�EXW�DJDLQ�F\OLQGHU���RYHUKHDWHG��HYHQW�����ILJXUH
����

• /DWHU�LQ�WKH�DIWHUQRRQ�GRORPLWH�DGGLWLRQ�LQWR�WKH�UHDFWRU�ZDV�VWDUWHG���$V�VFKHGXOHG�
LQ�SUHSDUDWLRQ�IRU�VKXWWLQJ�WKH�UHDFWRU�GRZQ��WKH�UHDFWRU�SUHVVXUH�ZDV�GHFUHDVHG
IURP�����WR�����SVLJ���$W�������RQ�0D\����������)'�����ZDV�VWRSSHG�DQG�WKH
WUDQVSRUW�UHDFWRU�ZDV�VKXW�GRZQ���HYHQW�����ILJXUH������������DQG�����

%%6�&�2QUV�6GUV�4WP�+PURGEVKQPU

)ROORZLQJ�WHVW�UXQ�&&7�'�UHDFWRU�LQVSHFWLRQV�ZHUH�FRQGXFWHG���7KH�ULVHU�ZDV�FOHDQ��KRZHYHU
WKHUH�ZDV�D�VPDOO�UHIUDFWRU\�FUDFN�DURXQG�WKH�WRS�RI�WKH�ULVHU���7KHUH�ZDV�D�VPDOO�GHSRVLW�YLVLEOH
RQ�WKH�ULVHU�FURVVRYHU���6RPH�HURVLRQ�ZDV�HYLGHQW�LQ�WKH�FURVVRYHU�DQG�LW�DSSHDUHG�WR�EH�VOLJKWO\
PRUH�WKDQ�SUHYLRXVO\�REVHUYHG���7KH�SULPDU\�F\FORQH�ZDV�FOHDQ��EXW�WKH�UHIUDFWRU\�LQVWDOOHG�DW
WKH�LQOHW�WR�WKH�F\FORQH�VKRZHG�VRPH�HURVLRQ���7KH�VWDQGSLSH�ZDV�DOVR�FOHDU�DQG�FOHDQ���7KH
VWDUW�XS�SLORW�EXUQHU�ZDV�LQVSHFWHG�DQG�ZDV�LQ�JRRG�FRQGLWLRQ���7KH�SLORW�ZDV�LQ�PXFK�EHWWHU
VKDSH�FRPSDUHG�WR�SUHYLRXV�LQVSHFWLRQV���7KH�RULILFH�ZDV�FOHDQHG�DQG�WKH�EXUQHU�ZDV�UHLQVWDOOHG�
7KH�FRDO�IHHGHU�ZDV�LQVSHFWHG�DQG�SLHFHV�RI�EDJV��IURP�FRDO�VLOR�EDJV��ZHUH�IRXQG�VWXFN
EHWZHHQ�WKH�URWRU�DQG�VWDWRU�RI�WKH�GLVSHQVH�YHVVHO���7KH�FRDO�IHHGHU�ZDV�FOHDQHG�DQG�WKH�FRDO
VLOR�ZDV�GHLQYHQWRULHG�DQG�FOHDQHG���7KH�3&'�ZDV�LQVSHFWHG��DOO�FDQGOHV�DSSHDUHG�WR�EH�LQ�JRRG
FRQGLWLRQ�

%%6�&�6GUV�4WP�1DUGTXCVKQPU

&&7�'�ZDV�VXFFHVVIXOO\�FRPSOHWHG���7KH�PDLQ�DLU�FRPSUHVVRU�ZDV�UHWXQHG�E\�$WODV�&RSFR�
ZKLFK�FRUUHFWHG�PDQ\�RSHUDWLRQDO�SUREOHPV���7KHUH�ZDV�D�SDUWLDO�E\SDVV�RI�+;�����WKDW
UHVXOWHG�LQ�DQ�LQFUHDVH�LQ�3&'�WHPSHUDWXUH���7KH�JDV�E\SDVV�V\VWHP�ZLWK�WKH�UHIUDFWRU\�OLQHG
RULILFH�RSHUDWHG�ZHOO���7KH�UHF\FOH�JDV�ERRVWHU�FRPSUHVVRU�ZDV�WHVWHG���&\FORQH�UDGLVK�DHUDWLRQ
WHVWV�ZHUH�SHUIRUPHG�GXULQJ�RSHUDWLRQV�WR�HYDOXDWH�WKH�HIIHFW�RQ�F\FORQH�RSHUDWLRQ���'RORPLWH
ZDV�DOVR�DGGHG�WR�GHWHUPLQH�LWV�HIIHFW�RQ�F\FORQH�RSHUDWLRQ���$GGLWLRQDO�WHVWV�ZHUH�SHUIRUPHG�WR
HYDOXDWH�WKH�HIIHFW�RI�WKH�FRPEXVWRU�KHDW�H[FKDQJHU�RQ�UHDFWRU�RSHUDWLRQ���$�WRWDO�RI�����KRXUV
RQ�FRDO�ZDV�DFKLHYHG�DQG�D�WRWDO�RI����WRQV�RI�FRDO�ZDV�IHG�
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WT8450: 210 Coal Stg Wt SIC8454: Coal Fdr Spd

4



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU

���������

0.00

100.00

200.00

300.00

400.00

500.00

600.00

700.00

4/18 0:00 4/18 12:00 4/19 0:00 4/19 12:00 4/20 0:00 4/20 12:00 4/21 0:00 4/21 12:00 4/22 0:00
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PDI257: Middle and Upper
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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AI453: CO Analyzer (ppm) AI448: H2O Analyzer 
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TI359: Lower SP TI391: FD0206 Solids TI511: HTF DR0501 TI295: FD0206 Out
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FI8771: Quench Air Flow FI8772: Waste Air Flow

FI8773A: Primary Air Flow FI8753: Propane Flow
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TI391: FD206 Solids Temp PT8503: FD0510 Vessel Pres SIC390MEAS: FD206 Speed
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PI621: N2 to SI602 PI622: SCS Propane Header PI632: Lo Pres N2 Header
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PDI3028:  PCD Differential Pressure
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FI465:  Total PCD Gas Flow
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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WT8450: 210 Coal Stg Wt SIC8454: Coal Fdr Spd
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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PDI257: Middle and Upper
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Coal Feed Rate (CO2) Coal Feed Rate (H2O)

Coal Feed Rate (O2) SIC8454: Coal Fdr Speed
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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PI621: N2 to SI602 PI622: SCS Propane Header PI632: Lo Pres N2 Header
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PDI3028:  PCD Differential Pressure
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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FI465:  Total PCD Gas Flow
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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AI453: CO Analyzer (ppm) AI448: H2O Analyzer 
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TI359: Lower SP TI391: FD0206 Solids TI511: HTF DR0501 TI295: FD0206 Out
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TI391: FD206 Solids Temp PT8503: FD0510 Vessel Pres SIC390MEAS: FD206 Speed
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FI8771: Quench Air Flow FI8772: Waste Air Flow
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PI621: N2 to SI602 PI622: SCS Propane Header PI632: Lo Pres N2 Header
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PDI3028:  PCD Differential Pressure
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FI465:  Total PCD Gas Flow
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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PI287: Reactor Pressure DI202: Upper Riser
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PI621: N2 to SI602 PI622: SCS Propane Header PI632: Lo Pres N2 Header
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PDI3028:  PCD Differential Pressure
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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%\�WKH�HQG�RI�&&7�'�WHVW�UXQ�WKH�F\FORQH�GLSOHJ�ZDV�VXVSHFWHG�RI�SOD\LQJ�DQ�LPSRUWDQW�UROH�LQ
SUREOHPV�DVVRFLDWHG�ZLWK�H[FHVVLYH�VROLGV�FDUU\RYHU�IURP�WKH�UHDFWRU���7R�WHVW�WKH�F\FORQH
GLSOHJ�SHUIRUPDQFH�PRUH�ULJRURXVO\�D�QHZ�DHUDWLRQ�OLQH�ZDV�DGGHG�WR�DXJPHQW�WKH�H[LWLQJ
DHUDWLRQ�LQ�WKH�GLSOHJ���$OVR��WKH�)'�����)'�����'&6�ORJLF�ZDV�PRGLILHG�DV�IROORZV�

• /RJLF�ZDV�FKDQJHG�WR�XQODWFK�WKH�IHHGHU�VWDUW�FRPPDQG�ZKHQ�D�SHUPLVVLYH�LV�ORVW�
7KH�SUHYLRXV�VFKHPH�DOORZHG�WKH�IHHGHUV�WR�UHVWDUW�RQ�WKHLU�RZQ�ZKHQ�WKH
SHUPLVVLYHV�ZHUH�UHVHW���7KH�QHZ�VFKHPH�UHTXLUHV�WKH�RSHUDWRU�WR�LQLWLDWH�D�VWDUW
FRPPDQG�DQ\�WLPH�D�IHHGHU�LV�ORVW�GXH�WR�ORVV�RI�RQH�RU�PRUH�RI�WKH�SHUPLVVLYHV�

• 7KH�FRQYH\LQJ�DLU�IORZ�SHUPLVVLYH�IRU�ERWK�IHHGHUV�ZDV�SUHYLRXVO\�)6//����
FRQYH\LQJ�DLU�IORZ�WR�)'�������7KH�QHZ�VFKHPH�DOORZV�)'�����WR�RSHUDWH�XVLQJ
)6//����DV�D�SHUPLVVLYH�DQG�)'�����WR�RSHUDWH�XVLQJ�),����DV�D�SHUPLVVLYH���$OO
RWKHU�UHDFWRU�SURWHFWLRQ�SHUPLVVLYHV�WKDW�ZLOO�WULS�ERWK�IHHGHUV�DUH�VWLOO�LQ�SODFH���7KH
FKDQJH�DOORZV�)'�����WR�RSHUDWH�LQGHSHQGHQWO\�RI�)'�����

,Q�DGGLWLRQ�WR�WKH�FRQWLQXLQJ�WHVW�REMHFWLYH�RI�XQGHUVWDQGLQJ�DQG�DGGUHVVLQJ�WKH�SUREOHP�RI
H[FHVVLYH�VROLGV�FDUU\RYHU�IURP�WKH�UHDFWRU�WKH�&&7��VHULHV�WHVW�UXQ�REMHFWLYHV�LQFOXGHG�H[SRVLQJ
WKH�FDQGOHV�WR�KLJKHU�JDV�WHPSHUDWXUHV�DQG�UXQQLQJ�WKH�UHF\FOH�JDV�FRPSUHVVRU���7KH�SULPDU\�JDV
FRROHU�ZDV�FRPSOHWHO\�E\SDVVHG�DQG�WKH�UHIUDFWRU\�OLQHG�RULILFH�VSRRO�SLHFH�LQ�WKH�JDV�E\SDVV�OLQH
ZDV�UHSODFHG�ZLWK�D�VWUDLJKW�VSRRO�SLHFH�

���������%JCTCEVGTK\CVKQP�6GUV�4WP�%%6�#

7HVW�UXQ�&&7�$�ZDV�FRQGXFWHG�EHWZHHQ�0D\����DQG�0D\������������2SHUDWLQJ�SORWV�DUH�VKRZQ
LQ�ILJXUHV�����������WKURXJK�������7KH�VXOIDWRU�EXUQHU�ZDV�VHW�WR�SUHKHDW�WKH�3&'�

%%6�#�6GUV�4WP�%JTQPQNQI[

• 2Q�0D\�����������DOO�DX[LOLDU\�V\VWHPV�ZHUH�VWDUWHG�LQ�SUHSDUDWLRQ�IRU�WHVW�UXQ
&&7�$���7KH�VXOIDWRU�EXUQHU��%5������ZDV�XVHG�WR�SUHKHDW�WKH�3&'�IRU�WKH�ILUVW
WLPH���7KH�3&'�ZDV�VXFFHVVIXOO\�SUHKHDWHG�DW�DERXW����SVLJ�UHDFWRU�SUHVVXUH���$IWHU
FRPSOHWLQJ�WKH�3&'�SUHKHDW�WKH�UHDFWRU�VWDUW�XS�EXUQHU��%5������ZDV�OLW��HYHQW���
ILJXUH����DQG�%5�����ZDV�VKXW�GRZQ���7KH�3&'�SUHKHDW�OLQH�ZDV�LVRODWHG�DQG�WKH
UHDFWRU�SUHVVXUH�ZDV�UDPSHG�WR����SVLJ���$OO�LQVWUXPHQW�SXUJHV�ZHUH�WKHQ�VHW���&RDO
IHHG�ZDV�VWDUWHG�DW��������DIWHU�WKH�UHDFWRU�ORRS�ZDV�KHDWHG��HYHQW����ILJXUHV�����
WKURXJK�����DQG�����

• $W�������RQ�0D\�����������%5�����ZDV�VKXW�GRZQ���&RQGLWLRQV�ZHUH�WKHQ�KHOG
VWHDG\�IRU�VHYHUDO�KRXUV���%DVHG�RQ�WKH�JDV�DQDO\VLV��WKH�FDOFXODWHG�FRDO�IHHG�UDWH�ZDV
����OE�KU��HYHQW����ILJXUH�������$URXQG�������65,�WRRN�DQ�LQOHW�VDPSOH���$W�������WKH
UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�DQG�WKH�UHDFWRU�IORZV�DQG�LQVWUXPHQW
SXUJHV�ZHUH�DGMXVWHG�IRU�WKH�KLJKHU�RSHUDWLQJ�SUHVVXUH�
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�
���$OVR��WKH�VXOIXU�DQDO\]HU�UHDGLQJ�ZDV

ORZHU�WKDQ�LQ�SUHYLRXV�UXQV���7KH�EDJKRXVH�ZDV�WKHQ�E\SDVVHG�EXW�WKHUH�ZDV�QR
FKDQJH�LQ�SOXPH�LQWHQVLW\���7KH�EDJKRXVH�VFUHZ�FRROHU�ZDV�UXQ�IRU�DERXW���
PLQXWHV��EXW�WKHUH�ZHUH�QR�VROLGV�LQ�WKH�EDJKRXVH���'RORPLWH�DGGLWLRQ�LQWR�WKH
UHDFWRU�ZDV�VWDUWHG��ZKLFK�GHFUHDVHG�WKH�62

�
�IURP����WR����SSP��HYHQW����ILJXUH�����

&RQVHTXHQWO\��WKH�SOXPH�ZHQW�DZD\���,W�DSSHDUHG�WKDW�WKH�SOXPH�ZDV�GXH�WR�62
�
�

62
�
�ZDV�JHWWLQJ�FDWDO\WLFDOO\�R[LGL]HG�WR�62

�
�ZLWK�WKH�DFFXPXODWHG�LURQ�IURP�VDQG

WKDW�KDG�EHHQ�GHSRVLWHG�RQ�WKH�UHIUDFWRU\���'RORPLWH�DGGLWLRQ�FRQWLQXHG�DW�D�UDWH�RI
����OE�KU���6DQG�ZDV�DGGHG�ODWHU�WR�EXLOG�WKH�UHDFWRU�VROLGV�LQYHQWRU\���$URXQG������
F\FORQH�GLSOHJ�DHUDWLRQ�IORZV�ZHUH�DGMXVWHG�

• $URXQG�������RQ�0D\�����������WKHUH�ZDV�JDV�IORZ�WKURXJK�WKH�VSHQW�ILQHV�WUDQVSRUW
V\VWHP��)'������GLVSHQVH�YHVVHO�ZKHQ�LW�ZDV�QRW�WUDQVIHUULQJ�DQ\�VROLGV���7KH�VSKHUL
YDOYH�GRPH�ZDV�VXVSHFWHG�WR�KDYH�GHYHORSHG�VFUDWFKHV���&RQGLWLRQV�ZHUH�DJDLQ�KHOG
VWHDG\�ZKLOH�65,�WRRN�DQ�LQOHW�VDPSOH���:KHQ�65,�ILQLVKHG��VDQG�DGGLWLRQ�ZDV�DJDLQ
VWDUWHG���7KH�JDV�DQDO\]HU�ZDV�UHWXUQHG�WR�VHUYLFH�DIWHU�WKH�VDPSOH�OLQH�ZDV
XQSOXJJHG���7KURXJKRXW�WKH�GD\�WKH�3&'�ZDV�PDQXDOO\�EDFN�SXOVHG�DW�YDULRXV
SUHVVXUHV�DV�SDUW�RI�EDFN�SXOVH�YDOYH�FKDUDFWHUL]DWLRQ�

• $URXQG�������WKH�UHF\FOH�JDV�ERRVWHU�FRPSUHVVRU��&2������ZDV�VWDUWHG�LQ�RUGHU�WR
HYDOXDWH�LWV�SHUIRUPDQFH�XVLQJ�SURFHVV�JDV���7KH�GLVFKDUJH�SUHVVXUH�ZDV�����SVLJ�
7KH�&2�����ZDV�VKXW�GRZQ�DIWHU�RSHUDWLQJ�D�IHZ�KRXUV��HYHQW����ILJXUH����

• ,Q�WKH�DIWHUQRRQ�GRORPLWH�ZDV�DJDLQ�DGGHG�WR�WKH�UHDFWRU���7KH�VROLGV�FLUFXODWLRQ�ZDV
DOVR�UHGXFHG�WR�ORZHU�WKH�VROLGV�FDUU\RYHU�WR�WKH�3&'���&\FORQH�GLSOHJ�DHUDWLRQ�IORZV
ZHUH�DGMXVWHG�WR�VWXG\�WKHLU�HIIHFW�RQ�WKH�GLSOHJ�VROLGV�IORZ���7KHUH�ZHUH�DOVR�VRPH
SUREOHPV�ZLWK�)'�������2Q�0D\�����������WKH�DYHUDJH�FRDO�IHHG�UDWH�ZDV�����OE�KU�

• $URXQG�������RQ�0D\�����������PRUH�GRORPLWH�ZDV�DGGHG�WR�WKH�UHDFWRU�DW�D�KLJK
UDWH�DQG�WKHQ�PRUH�VDQG�ZDV�DGGHG�WR�EULQJ�XS�WKH�UHDFWRU�VROLGV�OHYHO���$W������
GRORPLWH�ZDV�IHG�LQWR�WKH�UHDFWRU�DW�D�YHU\�KLJK�UDWH�FDXVLQJ�DQ�XSVHW�LQ�WKH�F\FORQH
GLSOHJ�DQG�UHVXOWLQJ�LQ�D�KLJK�VROLGV�FDUU\RYHU�LQWR�3&'���7KH�IHHGHU�VSHHG�ZDV
GHFUHDVHG�DQG�WKH�F\FORQH�GLSOHJ�UHFRYHUHG�

• $W�������WKH�JDV�DQDO\]HUV�ZHUH�VKXW�GRZQ�ZKHQ�WKH�FKLOOHU�IDLOHG���7KH�3&'�EDFN�
SXOVH�DOVR�VHHPHG�WR�EH�XSVHWWLQJ�WKH�UHDFWRU�RSHUDWLRQ���'XULQJ�WKH�QLJKW�WKHUH�ZHUH
SUREOHPV�ZLWK�WKH�IROORZLQJ�VROLGV�KDQGOLQJ�V\VWHPV���WKH�VSHQW�ILQHV�VFUHZ�FRROHU
�)'������DQG�WKH�VSHQW�VROLGV�IHHGHU�V\VWHP��)'��������7KH�DYHUDJH�FRDO�IHHG�UDWH
IRU�WKH�GD\�ZDV�����OE�KU�

• 2Q�0D\�����������WKH�3&'�EDFN�SXOVH�ZDV�VXEVWDQWLDOO\�GLVWXUELQJ�WKH�IORZ�LQ�WKH
GLSOHJ���7KH�SXOVH�SUHVVXUH�ZDV�UHGXFHG�WR�DSSUR[LPDWHO\�����SVLJ�DQG�WKH�UHDFWRU
SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ���3UREOHPV�ZLWK�)'�����FRQWLQXHG�EXW�ZHUH
HYHQWXDOO\�VROYHG���65,�WRRN�WZR�LQOHW�VDPSOHV�GXULQJ�WKH�GD\���7KH�&2�����ZDV
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VWDUWHG�DW�������EXW�KDG�WR�EH�VKXW�GRZQ�DQ�KRXU�ODWHU�IRU�6DQGHUV�(QJLQHHULQJ�WR�GR
VWDFN�DQG�UHDFWRU�VDPSOLQJ�IRU�LQWHUQDO�FRPSOLDQFH�WHVWLQJ���6DQGHUV�(QJLQHHULQJ
FRPSOHWHG�WKH�VWDFN�DQG�UHDFWRU�VDPSOLQJ�DW���������'RORPLWH�DGGLWLRQ�ZDV�VWDUWHG
DJDLQ�DW�DQ�DYHUDJH�IHHG�UDWH�RI�����OE�KU���$URXQG�������LW�ZDV�QRWLFHG�WKDW�WKH
SUHVVXUH�OHWGRZQ�YDOYH��39�����ZDV�YLEUDWLQJ��KRZHYHU��WKH�YLEUDWLRQV�VWRSSHG
DERXW�����KRXUV�ODWHU���7KH�DYHUDJH�FRDO�IHHG�UDWH�IRU�0D\�����������ZDV�����OE�KU�

• $W�������RQ�0D\�����������WKH�SODQW�LQIRUPDWLRQ��3,��V\VWHP�ZHQW�GRZQ�DQG�KDG�WR
EH�UHVWDUWHG���$W�������D�3&'�EDFN�SXOVH�XSVHW�WKH�F\FORQH�GLSOHJ�RSHUDWLRQ�UHVXOWLQJ
LQ�D�ODUJH�FDUU\RYHU�RI�SDUWLFOHV�WR�WKH�3&'��HYHQW����ILJXUHV����DQG�������$IWHU
VXIILFLHQW�WLPH�IRU�WKH�3&'�WR�HPSW\�RI�VROLGV�WKH�FRDO�IHHG�UDWH�ZDV�LQFUHDVHG���$W
������WKH�3&'�DJDLQ�EDFN�SXOVHG��JUHDWO\�GLVWXUELQJ�WKH�UHDFWRU�RSHUDWLRQV���'XH�WR
ODUJH�FDUU\RYHU�RI�KRW�VROLGV�WR�WKH�3&'�WKH�)'�����RXWOHW�WHPSHUDWXUH��7,����
LQFUHDVHG�EH\RQG����°)��WULSSLQJ�)'�������2QFH�7,����GURSSHG�WR����°)��)'����
ZDV�VWDUWHG�DW�D�ORZ�VSHHG��DQG�DV�7,����GURSSHG�IXUWKHU�WKH�)'����VSHHG�ZDV
LQFUHDVHG���0RUH�VDQG�ZDV�DGGHG�WR�WKH�UHDFWRU�WR�UHSODFH�WKH�VROLGV�WKDW�ZHUH�ORVW
GXULQJ�WKH�XSVHW���$IWHU�WKH�VDQG�ZDV�DGGHG��PRUH�GRORPLWH�ZDV�DGGHG���7KH�EDFN�
SXOVH�DW�������DJDLQ�FDXVHG�D�UHDFWRU�XSVHW�DQG�DERXW�����OE�RI�VROLGV�ZHUH�VHQW�WR
WKH�3&'��HYHQW����ILJXUHV����DQG�������7KH�DYHUDJH�FRDO�IHHG�UDWH�IRU�0D\����������
ZDV�����OE�KU�

• &RQGLWLRQV�ZHUH�KHOG�VWHDG\�WKURXJKRXW�WKH�PRUQLQJ�RI�0D\�����������ZKLOH�WKH
HIIHFW�RI�WKH�3&'�EDFN�SXOVH�RQ�UHDFWRU�RSHUDWLRQV�ZDV�VWXGLHG���7KH�GRORPLWH�IHHG
UDWH�ZDV�UHGXFHG�WR�GHFUHDVH�WKH�UDWH�DW�ZKLFK�WKH�UHDFWRU�EHG�OHYHO�ZDV�EXLOGLQJ�DQG
WR�VWXG\�LWV�HIIHFW�RQ�WKH�GLSOHJ�RSHUDWLRQ���7KH�&2�����ZDV�UXQ�IRU�DERXW�DQ�KRXU
WR�WHVW�LWV�RSHUDWLRQ���%HWZHHQ�������DQG�������WKH�GLSOHJ�RSHUDWLRQ�ZDV�XSVHW�EXW�LW
ZDV�QRW�UHODWHG�WR�D�3&'�EDFN�SXOVH���$W�WKLV�WLPH�WKH�FRDO�IHHG�UDWH�ZDV
DSSUR[LPDWHO\�����OE�KU���7KH�GLSOHJ�RSHUDWHG�ZHOO�XQWLO�WKH�������EDFN�SXOVH�DQG
RSHUDWLRQV�UHPDLQHG�XQVWHDG\�IRU�DERXW����PLQXWHV�

• 39����VWDUWHG�YLEUDWLQJ�VLPLODU�WR�YLEUDWLRQV�RQ�0D\������������7KHUH�ZHUH�DOVR
VRPH�PLQRU�SUREOHPV�ZLWK�SOXJJLQJ�LQ�WKH�)'�����V\VWHP���7KH�UHDFWRU�SUHVVXUH
ZDV�LQFUHDVHG�WR�����SVLJ�WR�GHWHUPLQH�LI�WKLV�ZRXOG�VWRS�WKH�39����YLEUDWLRQV���7KH
DYHUDJH�FRDO�IHHG�UDWH�IRU�0D\�����������ZDV�����OE�KU�

• $W�������RQ�0D\�����������WKH�SLQ�LQ�WKH�SRVLWLRQHU�DUP�RQ�39����EURNH���7KH
UHDFWRU�SUHVVXUH�LQFUHDVHG�WR�����SVLJ�ILUVW��WKHQ�GHFUHDVHG�WR�����SVLJ���7KH�UHDFWRU
SUHVVXUH�ZDV�VWDELOL]HG�DQG�VHW�WR�����SVLJ�ZLWKLQ����PLQXWHV��HYHQW����ILJXUH�����
7KH�39����YLEUDWLRQ�UHWXUQHG�DQG�WKH�VWHP�VWDUWHG�WXUQLQJ���$IWHU�WKH�QXWV�RQ�WKH
VWHP�ZHUH�WLJKWHQHG��WKH�YLEUDWLRQ�VWRSSHG���'XULQJ�WKH�GD\��YDULRXV�3&'�SXOVH
SDUDPHWHUV�ZHUH�FKDQJHG�WR�GHWHUPLQH�WKHLU�HIIHFW��LI�DQ\��RQ�WKH�UHDFWRU�RSHUDWLRQV�
3HULRGLF�UHDFWRU�XSVHWV�FRQWLQXHG���$W�������WKHUH�ZDV�D�VLJQLILFDQW�XSVHW�ZKLFK
IRUFHG�D�UHGXFWLRQ�LQ�FRDO�IHHG�DQG�VROLGV�FLUFXODWLRQ�UDWH�WR�DOORZ�WKH�3&'�WR�HPSW\
RI�VROLGV��HYHQW����ILJXUHV��������WKURXJK���������DQG�������7KH�)'�����YHQW�OLQH
SOXJJHG�EXW�ZDV�VRRQ�FOHDUHG���7KH�)'�����OLQH�DOVR�SOXJJHG���7KH�DYHUDJH�FRDO�IHHG
UDWH�IRU�0D\�����������ZDV�����OE�KU�



6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

���������

• 2Q�0D\�����������SUREOHPV�ZLWK�WKH�)'�����V\VWHP�FRQWLQXHG���([FHVVLYH�VROLGV
FDUU\RYHU�WR�WKH�3&'�IRUFHG�WKH�FRDO�IHHG�WR�EH�VWRSSHG�DW��������HYHQW�����ILJXUHV
�������WKURXJK�����DQG�������7KH�UHDFWRU�SUHVVXUH�ZDV�UDPSHG�GRZQ�DQG�%5�����ZDV
OLW��HYHQW�����ILJXUH�������&RDO�IHHG�ZDV�UHVXPHG�WR�EULQJ�WKH�UHDFWRU�WHPSHUDWXUHV�XS�
%XW��GXH�WR�ORZ�LQYHQWRU\�RI�VROLGV�LQ�WKH�VWDQGSLSH�DQG�ORZ�FLUFXODWLRQ�UDWHV��WKH
WHPSHUDWXUH�SURILOH�LQ�WKH�UHDFWRU�ORRS�ZDV�VXFK�WKDW�PXFK�RI�WKH�FRDO�VWDUWHG
FRPEXVWLQJ�LQ�WKH�F\FORQH�GLSOHJ���$�VNLQ�WHPSHUDWXUH�VXUYH\�UHYHDOHG�D�KRW�VSRW�LQ
WKH�YHUWLFDO�SRUWLRQ�RI�WKH�F\FORQH�GLSOHJ���7KH�FRPEXVWLRQ�LQ�WKH�GLSOHJ�OHG�WR�WKH
IRUPDWLRQ�RI�FOLQNHUV�WKDW�HYHQWXDOO\�SOXJJHG�WKH�GLSOHJ��SUHYHQWLQJ�DQ\�VROLGV�IURP
IORZLQJ�GRZQ�LQWR�WKH�VWDQGSLSH���$WWHPSWV�WR�FOHDU�WKH�GLSOHJ�ZHUH�XQVXFFHVVIXO�
7KH�UHDFWRU�V\VWHP�ZDV�VKXW�GRZQ�WR�FOHDU�WKH�VXVSHFWHG�SOXJJLQJ�LQ�WKH�F\FORQH
GLSOHJ��HYHQW�����ILJXUHV����DQG�����

%%6�#�2QUV�6GUV�4WP�+PURGEVKQPU

7KH�F\FORQH�GLSOHJ�ZDV�LQVSHFWHG�DQG�IRXQG�WR�EH�SOXJJHG�E\�FOLQNHUV�DJJORPHUDWHV�
&OLQNHUV�DJJORPHUDWHV�ZHUH�DOVR�IRXQG�DW�WKH�ERWWRP�RI�WKH�F\FORQH�UDGLVK��ZKLFK�SUHYHQWHG
VROLGV�IURP�IORZLQJ�GRZQ�LQWR�WKH�GLSOHJ���3ULRU�WR�UHPRYLQJ�WKH�FOLQNHUV�WKH�VROLG�OHYHO�LQVLGH
WKH�F\FORQH�GLSOHJ�ZDV�DSSUR[LPDWHO\����IHHW�IURP�WKH�WRS�RI�QR]]OH�+����7KH�VROLG�OHYHO�LQ�WKH
F\FORQH�ZDV�DSSUR[LPDWHO\�DW�WKH�ERWWRP�RI�WKH�F\FORQH�EDUUHO���$OO�WKH�FOLQNHUV�DJJORPHUDWHV
ZHUH�UHPRYHG���$�FRXSOH�RI�VPDOO�SLHFHV�IHOO�LQWR�WKH�UHDFWRU�VWDQGSLSH���6DQG�ZDV�GUDLQHG�RXW�RI
WKH�GLSOHJ�

%%6�#�6GUV�4WP�1DUGTXCVKQPU

7KLV�WHVW�FDPSDLJQ�ZDV�YHU\�VXFFHVVIXO���$�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�RSHUDWLRQ�RI�WKH
WUDQVSRUW�UHDFWRU�ZDV�JDLQHG���7KH�WUDQVSRUW�UHDFWRU�ZDV�RSHUDWHG�RQ�FRDO�IHHG�IRU�DSSUR[LPDWHO\
����KRXUV���'XULQJ�WKLV�WLPH�DSSUR[LPDWHO\����WRQV�RI�FRDO�ZHUH�SURFHVVHG���7KLV�ZDV�WKH�ORQJHVW
RI�DOO�FRQWLQXRXV�FRDO�FRPEXVWLRQ�WHVWV���0DMRU�REVHUYDWLRQV�IURP�WKH�WHVW�UXQ�LQFOXGH�

• 7LPH�UHTXLUHPHQWV�IRU�VWDUW�XS�ZHUH�LPSURYHG���7KH�SHULRG�EHWZHHQ�WKH�VWDUW�RI
SURSDQH�SUHKHDW�DQG�VWHDG\�VWDWH�RQ�FRDO�ZDV�UHGXFHG�

• $�SUHOLPLQDU\�XQGHUVWDQGLQJ�RI�F\FORQH�F\FORQH�GLSOHJ�RSHUDWLRQ�ZDV�GHYHORSHG�
7KH�F\FORQH�GLSOHJ�ZDV�VHDOHG�ZLWK�VROLGV�WKURXJK�PDQLSXODWLRQ�RI�GLSOHJ�DHUDWLRQ�
7KH�3&'�EDFN�SXOVH�LQGXFHG�SHULRGLF�LQVWDELOLW\�LQ�WKH�UHDFWRU�ORRS��ZKLFK�DW�WLPHV
FDXVHG�WKH�F\FORQH�GLSOHJ�VHDO��ZKLFK�ZDV�QRW�YHU\�KLJK��WR�EH�ORVW��UHVXOWLQJ�LQ
PRPHQWDU\�KLJK�VROLGV�ORVV�UDWH�

• 'RORPLWH�ZDV�IHG�LQWR�WKH�UHDFWRU�IRU�LQ�VLWX�VXOIXU�FDSWXUH�DQG�WR�LPSURYH�VROLGV
IORZDELOLW\�LQ�F\FORQH�GLSOHJ�

• %HFDXVH�WKH�F\FORQH�GLSOHJ�ZDV�VHDOHG�WKH�WUDQVSRUW�UHDFWRU�RSHUDWLRQ�ZDV�YHU\
VWDEOH���)RU�WKH�ILUVW�WLPH�WKH�VROLGV�ORVV�UDWH�RXW�RI�WKH�UHDFWRU�ZDV�OHVV�WKDQ�VROLGV
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LQSXW�UDWH���7KLV�DOORZHG�VROLGV�OHYHO�LQ�WKH�UHDFWRU�WR�EXLOG�XS��DQG�WKXV�UHVXOWHG�LQ
OHVV�VDQG�PDNH�XS�UDWH�

• 7KH�IDFLOLW\�RSHUDWHG�DW�KLJKHU�VROLGV�FLUFXODWLRQ�UDWH�EHFDXVH�WKH�VROLG�FROOHFWLRQ
V\VWHPV�DQG�WKH�F\FORQH�GLSOHJ�RSHUDWHG�PRUH�HIIHFWLYHO\�

• 7KH�IDFLOLW\�RSHUDWHG�DW�KLJKHU�FRDO�IHHG�UDWH�EHFDXVH�VROLGV�FLUFXODWLRQ�WKURXJK�WKH
FRPEXVWRU�KHDW�H[FKDQJHU�ZDV�VPRRWKHU�

• 7KH�3&'�ZDV�WHVWHG�DW�D�KLJKHU�LQOHW�WHPSHUDWXUH�WKDQ�SUHYLRXVO\�DQG�WKH�LQOHW�GXVW
ORDGLQJ�ZDV�ORZHU��DW�RQH�WLPH�FORVH�WR�WKH�GHVLJQ�UDWH��

• 7KH�VXOIDWRU�VWDUW�XS�KHDWHU�ZDV�XVHG�IRU�WKH�ILUVW�WLPH�WR�SUHKHDW�WKH�3&'�

• 2SHUDWLRQV�VWDUWHG�ZLWK�D�ORZ�VROLGV�EHG�OHYHO�DQG�EXLOW�LQYHQWRU\�ZLWK�FRDO�DVK�DQG
GRORPLWH�

• 7KH�SULPDU\�JDV�FRROHU�ZDV�E\SDVVHG�IRU�WKH�ILUVW�WLPH�WR�REWDLQ�KLJKHU�JDV
WHPSHUDWXUH�DW�WKH�3&'�LQOHW���$W�WLPHV�WKH�3&'�EDFN�SXOVH�DIIHFWHG�UHDFWRU
RSHUDWLRQV�



5GEVKQP��������
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp

(KIWTG�������������2%&�6GORGTCVWTGU

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

5/12 0:00 5/13 0:00 5/14 0:00 5/15 0:00 5/16 0:00 5/17 0:00

PDI3028:  PCD Differential Pressure

(KIWTG�������������2%&�&KHHGTGPVKCN�2TGUUWTG�2TQHKNG

0.00

100.00

200.00

300.00

400.00

500.00

600.00

700.00

800.00

900.00

1000.00

5/12 0:00 5/13 0:00 5/14 0:00 5/15 0:00 5/16 0:00 5/17 0:00

PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres

(KIWTG�������������2%&�2TGUUWTG�CPF�2WNUG�2TGUUWTG



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU

����������

0.00

5000.00

10000.00

15000.00

20000.00

25000.00

30000.00

5/12 0:00 5/13 0:00 5/14 0:00 5/15 0:00 5/16 0:00 5/17 0:00

FI465:  Total PCD Gas Flow

(KIWTG�������������)CU�(NQY�VJTQWIJ�2%&





5GEVKQP��������

)TCRJU����VJTQWIJ���

6GUV�4WP�%%6�$

/C[����VJTQWIJ���������





6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU

����������

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

5/17 0:00 5/17 12:00 5/18 0:00 5/18 12:00 5/19 0:00 5/19 12:00 5/20 0:00 5/20 12:00 5/21 0:00

PI477: Suction P PI403: Disch P PI478: Pres Ctrl

PI466: HX0402 Out P PI683: FV288 Dwnstrm P

(KIWTG�������������4GE[ENG�)CU�5[UVGO�2TGUUWTG

(KIWTG�������������%1�����5[UVGO�2TQHKNG

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

5/17 0:00 5/17 12:00 5/18 0:00 5/18 12:00 5/19 0:00 5/19 12:00 5/20 0:00 5/20 12:00 5/21 0:00

-5000.00

0.00

5000.00

10000.00

15000.00

20000.00

25000.00

30000.00

PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow

12

0.00

1000.00

2000.00

3000.00

4000.00

5000.00

6000.00

7000.00

8000.00

5/17 0:00 5/17 12:00 5/18 0:00 5/18 12:00 5/19 0:00 5/19 12:00 5/20 0:00 5/20 12:00 5/21 0:00

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

WT8450: 210 Coal Stg Wt SIC8454: Coal Fdr Spd

(KIWTG�������������%QCN�(GGF�5[UVGO�2TQHKNG

9

10



6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

����������

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

2000.00

5/17 0:00 5/17 12:00 5/18 0:00 5/18 12:00 5/19 0:00 5/19 12:00 5/20 0:00 5/20 12:00 5/21 0:00

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

WT8400: Sorbent Stg Wt SIC8404: FD0220 Feeder Speed

(KIWTG�������������5QTDGPV�(GGF�5[UVGO�2TQHKNG

0.00

5000.00

10000.00

15000.00

20000.00

25000.00

5/17 0:00 5/17 12:00 5/18 0:00 5/18 12:00 5/19 0:00 5/19 12:00 5/20 0:00 5/20 12:00 5/21 0:00

FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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PI287: Reactor Pressure DI202: Upper Riser
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PDI253: Upper PDI254: Standpipe/Dipleg Diff
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7HVW�UXQ�&&7�%�ZDV�D�FRQWLQXDWLRQ�RI�&&7�$�FRQGXFWHG�EHWZHHQ�0D\����DQG�0D\����������
2SHUDWLQJ�SORWV�DUH�VKRZQ�LQ�ILJXUHV�����������WKURXJK�����

%%6�$�6GUV�4WP�%JTQPQNQI[

• 2Q�0D\�����������DIWHU�DOO�UHDFWRU�LQVSHFWLRQV�ZHUH�FRPSOHWH�DQG�WKH�FOLQNHUV�ZHUH
UHPRYHG�IURP�WKH�GLSOHJ�WKH�UHDFWRU�V\VWHP�ZDV�VWDUWHG����7KH�IROORZLQJ�GD\�WKH�OHDN
WHVW�ZDV�VXFFHVVIXOO\�SHUIRUPHG�DQG�WKH�VXOIDWRU�EXUQHU��%5������ZDV�OLW���7KH�3&'
SUHKHDW�ZDV�FRPSOHWHG�DW�������ZLWK�WKH�3&'�H[LW�WHPSHUDWXUH�UHDGLQJ�����)��HYHQW
���ILJXUH�������6HYHUDO�DWWHPSWV�WR�OLJKW�WKH�VWDUW�XS�EXUQHU��%5������ZHUH
XQVXFFHVVIXO���7KH�UHDFWRU�ZDV�GHSUHVVXUL]HG�WR�DWPRVSKHULF�SUHVVXUH�DQG�WKH
%5�����ZDV�VKXW�GRZQ�LQ�SUHSDUDWLRQ�IRU�SXOOLQJ�WKH�LJQLWHU���$�QHZ�EXUQHU�LJQLWHU
DQG�IODPHURG�ZHUH�LQVWDOOHG�EXW�WKH�SLORW�ZRXOG�QRW�OLJKW�DIWHU�QXPHURXV�WULDOV���7KH
SLORW�DVVHPEO\�ZDV�WKHQ�SXOOHG�DQG�WKH�SLORW�WLS�ZDV�IRXQG�PLVVLQJ���$�QHZ�SLORW�WLS
ZDV�LQVWDOOHG���7KH�%5�����ZDV�OLW�DQG�VKRUWO\�WKHUHDIWHU�%5�����ZDV�OLW�ZLWKRXW�DQ\
SUREOHPV���7KH�%5�����ZDV�UDPSHG�GRZQ�DQG�VKXWRII�DW���������7KH�VSHQW�VROLGV
WUDQVSRUW��)'������SOXJJHG�GXH�WR�ODUJH�FOLQNHUV�LQ�WKH�OLQH���7KH�)'�����ZDV
FOHDUHG�DQG�SXW�EDFN�RQ�OLQH�

• 6DQG�ZDV�WKHQ�DGGHG�WR�WKH�UHDFWRU�DQG�DW�������RQ�0D\�����������FRDO�IHHG�ZDV
VWDUWHG��HYHQW����ILJXUHV���DQG���WKURXJK������$W�������SUREOHPV�ZLWK�WKH�FRDO�IHHGHU
V\VWHP��)'������ORFNKRSSHU�GHYHORSHG���&RDO�ZDV�QRW�EHLQJ�WUDQVIHUUHG�LQWR�WKH
GLVSHQVH�YHVVHO���9DULRXV�PHDVXUHV�ZLWK�WKH�FRDO�IHHG�ORFNKRSSHU�UHVXOWHG�LQ�WUDQVIHU
RI�FRDO�WR�WKH�GLVSHQVH�YHVVHO���$W�������WKH�JDV�DQDO\]HUV�ZHUH�SXW�LQWR�VHUYLFH��HYHQW
���ILJXUH�����

• $W�������GRORPLWH�DGGLWLRQ�ZDV�VWDUWHG�DQG�WKH�62
�
�OHYHO�LQ�WKH�H[LW�JDV�LPPHGLDWHO\

GURSSHG��HYHQW����ILJXUHV���DQG�������7KH�%5�����ZDV�VKXWGRZQ�DW�������DQG�WKH
UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ��HYHQW����ILJXUH�������$OO�SXUJH�DQG
DHUDWLRQ�IORZV�ZHUH�VHW�IRU�WKH�KLJKHU�RSHUDWLQJ�SUHVVXUH���%HWZHHQ�������DQG������
WKH�DYHUDJH�GRORPLWH�IHHG�UDWH�ZDV�����OE�KU�

• 2Q�0D\�����������WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'������VROLGV�VDPSOHV�ZHUH
FROOHFWHG�LQ�GUXPV�IRU�WHVWLQJ�DW�'2(�)(7&���(DUO\�LQ�WKH�PRUQLQJ�WKH�GRORPLWH
IHHG�UDWH�ZDV�GHFUHDVHG���$W�������WKHUH�ZDV�VOXJJLQJ�LQ�WKH�F\FORQH�GLSOHJ�DIWHU�WKH
3&'�EDFN�SXOVH�EXW�LW�UHFRYHUHG�ZLWKLQ���PLQXWHV����$W�������VROLG�WUDQVIHU�WKURXJK
WKH�GLSOHJ�ZDV�XSVHW�IRU���PLQXWH��EXW�LW�ZDV�QRW�UHODWHG�WR�D�EDFN�SXOVH���7KH�VROLG
WUDQVIHU�WKURXJK�WKH�GLSOHJ�ZDV�DJDLQ�XSVHW�IRU���PLQXWH����PLQXWHV�DIWHU�WKH������
EDFN�SXOVH���$SSDUHQWO\�WKH�EULHI�XSVHWV�LQ�WKH�VROLG�WUDQVIHU�WKURXJK�WKH�GLSOHJ�DUH
QRW�VROHO\�DIIHFWHG�E\�3&'�EDFN�SXOVHV�

• $W�������)'�����WULSSHG�EHFDXVH�WKH�IHHG�OLQH�WR�WKH�UHDFWRU�ZDV�SOXJJHG���$IWHU���
PLQXWHV�WKH�SOXJ�ZDV�FOHDUHG�DQG�WKH�WHPSHUDWXUHV�LQ�WKH�UHDFWRU�UHFRYHUHG��HYHQW���
ILJXUHV��������WKURXJK�����DQG�������7KH�UHDFWRU�IHHG�OLQH�SOXJJHG�VHYHUDO�PRUH�WLPHV
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WKURXJKRXW�WKH�GD\�DQG�QLJKW���7KH�)'�����DQG�WKH�VSHQW�VROLGV�IHHGHU�V\VWHP
�)'������GLVFKDUJH�OLQHV�DOVR�SOXJJHG�VHYHUDO�WLPHV���7KH�SOXJV�ZHUH�FOHDUHG�DQG�WKH
V\VWHPV�ZHUH�SXW�EDFN�RQ�OLQH�WR�FRQWLQXH�RSHUDWLRQV���7KH�DYHUDJH�FRDO�IHHG�IRU
0D\�����������ZDV�������OE�KU�

• 5HDFWRU�FRQGLWLRQV�ZHUH�KHOG�VWHDG\�WKURXJKRXW�0D\�����������ZLWK�RQO\�VRPH
PLQRU�DGMXVWPHQWV�PDGH�WR�DHUDWLRQ�IORZV�DV�WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR
����SVLJ��HYHQW����ILJXUH�������7KH�DYHUDJH�FRDO�IHHG�UDWH�IRU�WKH�GD\�ZDV�������OE�KU�

• 3OXJJLQJ�SUREOHPV�LQ�WKH�GLVFKDUJH�OLQH�RI�)'�����FRQWLQXHG�RQ�0D\����������
3UREOHPV�ZLWK�WKH�WUDQVSRUW�DLU�GU\HU��'<������FDXVHG�)'�����WR�WULS�WZLFH�GXULQJ
WKH�PRUQLQJ���$IWHU�WKH�)'�����WULS�WKH�GLSOHJ�RSHUDWLRQV�ZHUH�XQVWHDG\�IRU�DERXW��
PLQXWHV���7KH�FRQYH\LQJ�PHGLXP�ZDV�VZLWFKHG�WR�QLWURJHQ�ZKLOH�'<�����ZDV
UHSDLUHG�

• :KHQ�WKH�3&'�EDFN�SXOVHG�DW�������WKH�F\FORQH�GLSOHJ�ZDV�XSVHW�IRU���PLQXWHV�
7KH�KLJK�VROLGV�FDUU\RYHU�UDWH�LQGXFHG�E\�WKH�GLSOHJ�XSVHW�FDXVHG�WKH�UHDFWRU�VROLGV
OHYHO�WR�GURS��UHVXOWLQJ�LQ�D�ORZHU�FLUFXODWLRQ�UDWH���7KH�UHDFWRU�VWDQGSLSH�OHYHO
GURSSHG�IURP�DERXW�����LQ+

�
2�WR�����LQ+

�
2��HYHQW����ILJXUH�������7KH�FRDO�IHHGHU

VSHHG�ZDV�ORZHUHG�WR�PDLQWDLQ�WKH�ULVHU�WHPSHUDWXUH�DW������°)���7KH�'<����
SUREOHPV�ZHUH�VROYHG�DQG�LW�ZDV�UHWXUQHG�WR�RSHUDWLRQV���&RQYH\LQJ�JDV�IORZ�ZDV
VZLWFKHG�EDFN�IURP�QLWURJHQ�WR�DLU���$HUDWLRQ�IORZV�ZHUH�DGMXVWHG�DQG�WKH�FRPEXVWRU
KHDW�H[FKDQJHU��+;������VWDUWHG�FLUFXODWLQJ�YHU\�ZHOO���7KH�FRDO�IHHG�UDWH�ZDV
LQFUHDVHG�WR�PDLQWDLQ�WKH�UHDFWRU�WHPSHUDWXUH���7KH�DYHUDJH�FRDO�IHHG�UDWH�IRU�0D\
����������ZDV�������OE�KU�

• 3UREOHPV�ZLWK�)'�����GHYHORSHG�GXULQJ�WKH�PRUQLQJ�RI�0D\������������$JDLQ��FRDO
ZDV�QRW�GURSSLQJ�IURP�WKH�ORFNYHVVHO�LQWR�WKH�GLVSHQVH�YHVVHO���$W�������FRDO�IHHG
ZDV�ORVW�DQG�WKH�UHDFWRU�WHPSHUDWXUHV�GURSSHG��HYHQW����ILJXUHV�����DQG����WKURXJK
������7KH�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG�LQ�SUHSDUDWLRQ�WR�OLJKW�%5�������$W������
FRQWURO�RI�WKH�SUHVVXUH�OHWGRZQ�YDOYH��39�����ZDV�ORVW���,W�IDLOHG�FORVHG�DQG�WKH
UHDFWRU�SUHVVXUH�LQFUHDVHG�UDSLGO\�WR�DERYH�����SVLJ���7KH�PDLQ�DLU�FRPSUHVVRU
�&2������ZDV�WULSSHG�WR�NHHS�WKH�SUHVVXUH�IURP�ULVLQJ�DQ\�KLJKHU���7KH�FRQWURO
YDOYH�ZDV�PDQXDOO\�RSHQHG�DQG�WKH�UHDFWRU�SUHVVXUH�ZDV�JUDGXDOO\�GURSSHG�IURP
RYHU�����WR����SVLJ��HYHQW�����ILJXUH�������7KH�&2�����ZDV�UHVWDUWHG�DQG�WKHUH�ZDV
DQ�RUGHUO\�VKXWGRZQ�RI�WKH�WUDQVSRUW�UHDFWRU��HYHQW�����ILJXUH�����

%%6�$�2QUV�6GUV�4WP�+PURGEVKQPU

7KH�UHDFWRU�ZDV�LQVSHFWHG�DQG�QR�PDMRU�SUREOHPV�ZHUH�QRWLFHG���7KHUH�ZDV�VRPH�SRZGHU�RQ
WKH�ZDOOV�RI�WKH�ULVHU��DQG�WKH�VPDOO�FUDFN�DURXQG�WKH�WRS�RI�WKH�ULVHU�ZDV�DERXW�WKH�VDPH�VL]H�DV
LQ�SUHYLRXV�REVHUYDWLRQV���7KH�ULVHU�FURVVRYHU�ZDV�ERUHVFRSHG���(URVLRQ�ZDV�DERXW�WKH�VDPH�DV
RQ�WKH�0D\����������LQVSHFWLRQ���7KH�ERWWRP�RI�WKH�FURVVRYHU�ZDV�DERXW�RQH�WKLUG�IXOO�RI�VROLGV
DQG�KDG�PRUH�VDQG�WKDQ�DVK���7KH�GLVHQJDJHU�KDG�VRPH�VPDOO�JOREXOHV�RQ�WKH�ZDOO���7KH�UHDFWRU
-�OHJ�ZDV�WRWDOO\�FOHDU���7KH�GLVHQJDJHU�F\FORQH��VHFRQGDU\��FURVVRYHU�ZDV�DOVR�ERUHVFRSHG���7KH
IHDWKHUHG�OHDGLQJ�HGJH�RI�WKH�QHZ�UHIUDFWRU\�WKDW�KDG�EHHQ�SRXUHG�WR�UHVWULFW�WKH�LQOHW�RI�WKH
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F\FORQH�VWLOO�KDG�D�JDS�WKDW�DSSHDUHG�ODUJH�YLD�WKH�ERUHVFRSH��EXW�ZKHQ�PHDVXUHG�LW�ZDV�RQO\
DERXW�����LQFK���7KHUH�ZDV�VRPH�GXVW�RQ�WKH�ZDOOV�RI�WKH�F\FORQH�DQG�WKHUH�ZDV�DOVR�D�VPDOO
DPRXQW�RI�GXVW�RQ�WKH�WRS�RI�WKH�LQOHW�SDUW�RI�WKH�VODQWLQJ�SRUWLRQ�RI�WKH�F\FORQH�GLSOHJ�OLQH�
2WKHUZLVH��WKH�OLQH�ZDV�FOHDQ�DOO�WKH�ZD\�WR�WKH�VWDQGSLSH���7KH�F\FORQH�H[LW�ZDV�ERUHVFRSHG��EXW
QRW�PXFK�FRXOG�EH�REVHUYHG���6WDUW�XS�EXUQHU�LQVSHFWLRQV�VKRZHG�WKDW�WKH�SLORW�WLS�KDG�DJDLQ
SDUWLDOO\�EXUQHG�RXW�

%%6�$�6GUV�4WP�1DUGTXCVKQPU

7KLV�WHVW�ZDV�WHUPLQDWHG�GXH�WR�SUREOHPV�ZLWK�WKH�SUHVVXUH�OHWGRZQ�YDOYH�DQG�WKH�FRDO�IHHGHU
V\VWHP���7KH�FRDO�IHHGHU�ORFN�YHVVHO�EULGJHG�SOXJJHG�SUHYHQWLQJ�WKH�WUDQVIHU�RI�FRDO�LQWR�WKH
GLVSHQVH�YHVVHO���:KLOH�UHGXFLQJ�UHDFWRU�SUHVVXUH�WR�OLJKW�WKH�EXUQHU��WKH�SUHVVXUH�OHWGRZQ�YDOYH
VWDUWHG�YLEUDWLQJ�FDXVLQJ�WKH�SRVLWLRQ�FRQWUROOHU�WR�ZRUN�ORRVH���7KH�FRQWURO�RI�WKH�YDOYH�ZDV�ORVW
DQG�WKH�UHDFWRU�SUHVVXUH�UDSLGO\�LQFUHDVHG�IURP�����WR�����SVLJ�

'RORPLWH�ZDV�IHG�IRU�VXOIXU�FDSWXUH�DV�ZHOO�DV�IRU�DLGLQJ�VROLGV�IORZ�LQ�WKH�F\FORQH�GLSOHJ�
6PRRWK�RSHUDWLRQ�RI�WKH�F\FORQH�GLSOHJ�DQG�VROLGV�FLUFXODWLRQ�WKURXJK�WKH�UHDFWRU�DQG�+;����
-�OHJV�HQDEOHG�RSHUDWLRQ�RI�WKH�UHDFWRU�DW�KLJKHU�FRDO�IHHGV�IRU�ORQJHU�SHULRGV���8QOLNH�SUHYLRXV
WHVW�UXQV��WKH�VPRRWK�RSHUDWLRQ�RI�WKH�F\FORQH�GLSOHJ�DOVR�UHVXOWHG�LQ�DQ�RYHUDOO�LQFUHDVH�LQ�VROLGV
LQYHQWRU\�LQ�WKH�UHDFWRU�E\�DERXW�������OE�XVLQJ�FRDO�DVK�DQG�GRORPLWH���6DQG�DGGLWLRQ�IRU�DQ\
LQYHQWRU\�PDNHXS�ZDV�PLQLPDO���,Q�DGGLWLRQ�WR�FRQFHQWUDWLQJ�RQ�UHDFWRU�RSHUDWLRQV�WKH�UHF\FOH
JDV�FRPSUHVVRU�ZDV�WHVWHG�ZLWK�SURFHVV�JDV���$�WRWDO�RI����KRXUV�RQ�FRDO�ZDV�DFKLHYHG�DQG�D
WRWDO�RI����WRQV�RI�FRDO�ZHUH�IHG�LQ�WKLV�&&7�%�WHVW�UXQ�
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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PDI257: Middle and Upper
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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PDI3028:  PCD Differential Pressure
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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FI465:  Total PCD Gas Flow
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PDI257: Middle and Upper
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PI287: Reactor Pressure DI202: Upper Riser

(KIWTG�������������4GCEVQT�2TGUUWTG�4KUGT�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU

7

10



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��5GTKGU�6GUV�4WPU

����������

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

5/24 0:00 5/24 12:00 5/25 0:00 5/25 12:00 5/26 0:00 5/26 12:00 5/27 0:00 5/27 12:00 5/28 0:00

PDI253: Upper PDI254: Standpipe/Dipleg Diff
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Coal Feed Rate (CO2) Coal Feed Rate (H2O)

Coal Feed Rate (O2) SIC8454: Coal Fdr Speed
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PDI3028:  PCD Differential Pressure
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FI465:  Total PCD Gas Flow
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�������%%6��5GTKGU�6GUV�4WP

'XH�WR�D�QXPEHU�RI�PRGLILFDWLRQV�DQG�WKH�QHZ�SHUVSHFWLYH�JDLQHG�RQ�WKH�F\FORQH�GLSOHJ
RSHUDWLRQ�WKH�UHDFWRU�ORRS�RSHUDWLRQV�ZHUH�PRUH�VWDEOH�LQ�WKH�&&7��VHULHV�WHVW�UXQV�WKDQ
SUHYLRXV�UXQV���7KH�FLUFXODWLRQ�RI�FRROHG�VROLGV�WKURXJK�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�-�OHJ
ZDV�PXFK�VPRRWKHU�LQ�&&7��VHULHV�WHVW�UXQV�FRPSDUHG�WR�SUHYLRXV�WHVW�UXQV���7KLV�JUHDWO\
LPSURYHG�WKH�DELOLW\�WR�RSHUDWH�DW�KLJKHU�FRDO�IHHG�UDWHV��FDSWXUH�WKH�KHDW�UHOHDVHG�LQ�WKH�ULVHU
WKURXJK�KLJKHU�VROLGV�FLUFXODWLRQ�UDWHV��DQG�UHMHFW�WKH�KHDW�LQ�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�
$OVR��WKH�VPRRWK�FLUFXODWLRQ�RI�VROLGV�WKURXJK�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�-�OHJ�LPSURYHG
WKH�WHPSHUDWXUH�FRQWURO�RYHU�UHDFWRU�ORRS�RSHUDWLRQV�DQG�SUHYHQWHG�PDQ\�XSVHWV�LQ�VROLGV�IORZ
WKURXJK�WKH�F\FORQH�GLSOHJ�GXH�WR�VXGGHQ��XQFRQWUROOHG�SHUWXUEDWLRQV�LQ�FLUFXODWLRQ�UDWHV�

(YHQ�WKRXJK�RSHUDWLRQV�LQ�&&7��VHULHV�WHVW�UXQV�ZHUH�PXFK�LPSURYHG�FRPSDUHG�WR�SUHYLRXV
WHVW�UXQV�WKH�&&7��WHVW�UXQ�ZDV�XQGHUWDNHQ�WR�IXUWKHU�WKH�XQGHUVWDQGLQJ�RI�UHDFWRU�ORRS
RSHUDWLRQV���,Q�&&7��WHVW�UXQV�F\FORQH�GLSOHJ�RSHUDWLRQ�EHFDPH�VHQVLWLYH�WR�DQ\�VPDOO
SHUWXUEDWLRQV�ZKHQHYHU�WKH�VROLGV�OHYHO�LQ�+;�����UHDFKHG�D�FHUWDLQ�OHYHO���%\�WKH�WLPH�WKH
VROLGV�IORZ�WKURXJK�WKH�F\FORQH�GLSOHJ�UHFRYHUHG�IURP�DQ�XSVHW�D�ODUJH�DPRXQW�RI�VROLGV�ZDV
XVXDOO\�ORVW�IURP�WKH�UHDFWRU��DFWXDOO\�WKH�VROLGV�ORVV�LV�IURP�WKH�+;�����VLQFH�LW�LV�D�ODUJH
UHVHUYRLU�RI�UHDFWRU�VROLGV�LQYHQWRU\��LQ�D�YHU\�VKRUW�SHULRG�RI�WLPH��W\SLFDOO\���WR���PLQXWHV��
7KH�VROLGV�ORVW�IURP�WKH�UHDFWRU�HQG�XS�LQ�WKH�ILOWHU�YHVVHO��)/������FRQH�DQG�RYHUZKHOP�WKH
ILQH�DVK�UHPRYDO�V\VWHP���,I�WKH�OHYHO�LQ�WKH�+;�����LV�KLJK�WKH�SRWHQWLDO�IRU�ILOOLQJ�WKH�ILOWHU
YHVVHO�FRQH��DQG�SRVVLEO\�VXEPHUJLQJ�WKH�ORZHU�SRUWLRQ�RI�ERWWRP�SOHQXP�FDQGOHV��ZLWK�DVK�LV
DOVR�KLJK�GXULQJ�D�GLSOHJ�XSVHW�

$�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�GLSOHJ�RSHUDWLRQ�ZDV�VRXJKW�E\�SODQQLQJ�YDULRXV�QXPEHUV�RI
XSVHWV�WR�WKH�GLSOHJ���7R�SURWHFW�WKH�ILOWHU�YHVVHO�IURP�RYHUILOOLQJ�ZLWK�DVK��WKH�UHDFWRU�VROLGV
LQYHQWRU\�QHHGV�WR�EH�UHGXFHG�E\�HOLPLQDWLQJ�WKH�VROLGV�FLUFXODWLRQ�WKURXJK�+;�������$OVR��E\
LVRODWLQJ�+;�����RU�SUHYHQWLQJ�VROLGV�FLUFXODWLRQ�WKURXJK�+;������WKH�UHDFWRU�ORRS�FDQ�EH
RSHUDWHG�ZLWK�KLJKHU�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH���+LJK�VROLGV�FLUFXODWLRQ�UDWHV�ZLWK�KLJKHU�OHYHOV
LQ�WKH�VWDQGSLSH�UHTXLUH�OHVV�DHUDWLRQ�LQ�WKH�UHDFWRU�-�OHJ���7KH�PL[LQJ�]RQH�GHQVLW\�ZLOO�LQFUHDVH
ZLWK�OHVV�DHUDWLRQ�IURP�WKH�UHDFWRU�-�OHJ�DQG�QR�DHUDWLRQ�IORZ�IURP�WKH�+;�����-�OHJ�GXH�WR�LWV
LVRODWLRQ���7KH�WHVW�REMHFWLYHV�IRU�&&7��ZHUH�DV�IROORZV�

• 6WXG\�RSHUDWLRQ�RI�GLVHQJDJHU��SULPDU\�F\FORQH�DQG�F\FORQH�GLSOHJ�E\�RSHUDWLQJ�WKH
UHDFWRU�ORRS�XQGHU�YDULRXV�VFHQDULRV�LQFOXGLQJ�KLJKHU�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH�
VXIILFLHQW�WR�VHDO�WKH�GLSOHJ�

• ,QYHVWLJDWH�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�PL[LQJ�]RQH�GHQVLW\�

%JCTCEVGTK\CVKQP�6GUV�4WP�%%6�

3ULRU�WR�WKH�UXQ�WKH�FRPEXVWRU�KHDW�H[FKDQJHU��+;������ZDV�LVRODWHG�IURP�WKH�VROLGV�FLUFXODWLRQ
ORRS��ZKLFK�PLQLPL]HV�WKH�KHDW�UHPRYDO�DQG�UHTXLUHV�D�ORZ�FRDO�IHHG�UDWH���+LJK�H[FHVV�DLU�ZDV
UHTXLUHG�WR�PDLQWDLQ�D�VXLWDEOH�ULVHU�YHORFLW\���7KH�VRUEHQW�IHHGHU��)'������ZDV�XVHG�WR�IHHG�FRDO
GXH�WR�WKH�ORZ�FRDO�IHHG�UDWH���'RORPLWH�DQG�VDQG�ZHUH�EDWFK�IHG�WKURXJK�)'�������7KLV�VHWXS
PLQLPL]HG�WKH�VROLGV�ORVV�WR�WKH�3&'�LQ�FDVH�RI�D�GLSOHJ�XSVHW�VR�WKDW�WKH�GLSOHJ�RSHUDWLRQV
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�������

FRXOG�EH�VWXGLHG�RYHU�D�ZLGH�UDQJH�RI�RSHUDWLQJ�SDUDPHWHUV���5HDFWRU�FRQILJXUDWLRQ�ZDV�VLPLODU
WR�JDVLILFDWLRQ�RSHUDWLRQ���&&7��WHVW�UXQ�ZDV�FRQGXFWHG�EHWZHHQ�-XQH����DQG�-XQH����������
2SHUDWLQJ�SORWV�DUH�VKRZQ�LQ�ILJXUHV���������WKURXJK�����

%%6��6GUV�4WP�%JTQPQNQI[

• 2Q�-XQH�����������D�VXFFHVVIXO�OHDN�WHVW�ZDV�FRPSOHWHG�DQG�WKH�WKHUPDO�R[LGL]HU
�%5������ZDV�VWDUWHG���7KH�IROORZLQJ�GD\�WKH�SUHVVXUH�GLIIHUHQWLDO�WUDQVPLWWHUV�ZHUH
EDODQFHG�DQG�WKH�VXOIDWRU�EXUQHU��%5������ZDV�OLW�WR�SUHKHDW�WKH�3&'���7KH�3&'
SUHKHDW�XVHG�������OE�KU�RI�QLWURJHQ�IORZ���7KH�VSHQW�ILQHV�VFUHZ�FRROHU��)'�����
DQG�VSHQW�ILQHV�WUDQVSRUW��)'������V\VWHPV�ZHUH�DOVR�VWDUWHG���$W�������WKH�GDWD
DFTXLVLWLRQ�V\VWHP�ZDV�RII�OLQH�IRU�D�EULHI�SHULRG�RI�WLPH���7KH�LQLWLDO�DWWHPSWV�WR�OLJKW
WKH�VWDUW�XS�EXUQHU��%5������ZHUH�XQVXFFHVVIXO��VR�WKH�UHDFWRU�ZDV�GHSUHVVXUL]HG�DQG
WKH�SLORW�UHPRYHG���7KH�LJQLWLRQ�WLS�ZDV�UHSODFHG�DQG�WKH�SLORW�ZDV�UHDVVHPEOHG���7KH
UHDFWRU�ZDV�SUHVVXUL]HG�DQG�WKH�%5�����SLORW�ZDV�WKHQ�VXFFHVVIXOO\�OLW���7KH�PDLQ
EXUQHU�ZDV�OLW�DQG�WKH�SLORW�ZDV�VKXW�GRZQ��HYHQW����ILJXUH������7KH�%5�����ZDV�VKXW
GRZQ�DIWHU�FRPSOHWLQJ�WKH�3&'�SUHKHDW�DQG�WKH�SUHKHDW�OLQH�ZDV�LVRODWHG���7KH
UHDFWRU�SUHVVXUH�ZDV�WKHQ�LQFUHDVHG�WR����SVLJ�DQG�VDQG�DGGLWLRQ�LQWR�WKH�UHDFWRU�ZDV
VWDUWHG�

• &RDO�IHHG�ZDV�VWDUWHG�������RQ�-XQH�����������IURP�WKH�VRUEHQW�IHHGHU�V\VWHP
�)'�������HYHQW����ILJXUH������6RRQ�DIWHU�WKH�FRDO�IHHG�ZDV�VWDUWHG�WKHUH�ZHUH�SHULRGLF
SUREOHPV�ZLWK�GLVFKDUJH�OLQH�SOXJJLQJ���6LQFH�WKHUH�ZDV�IUHTXHQW�ORVV�RI�FRDO�IHHG�WKH
%5�����ZDV�OHIW�DW�QHDU�PLQLPXP�ILULQJ�WKURXJK�WKH�GXUDWLRQ�RI�WKH�UXQ���7KLV�ZD\
WKH�EXUQHU�ILULQJ�FDQ�EH�LQFUHDVHG�UDSLGO\�XSRQ�ORVV�RI�FRDO�IHHG�WR�PDLQWDLQ�UHDFWRU
WHPSHUDWXUHV���&RDO�IHHG�ZDV�ORVW�IRU�DOPRVW�DQ�KRXU�DW���������6DQG�DGGLWLRQ
FRQWLQXHG�WR�LQFUHDVH�WKH�VWDQGSLSH�VROLGV�OHYHO�

• 2YHU�WKH�FRXUVH�RI�WKH�VXEVHTXHQW�GD\V�WKH�GLSOHJ�RSHUDWLRQV�ZHUH�LQWHQWLRQDOO\�XSVHW
E\�YDU\LQJ�RSHUDWLQJ�FRQGLWLRQV�VR�WKDW�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�GLSOHJ
RSHUDWLRQV�FRXOG�EH�GHYHORSHG���6XIILFLHQW�WLPH�ZDV�JLYHQ�DIWHU�HDFK�XSVHW�VR�WKDW�WKH
VROLGV�FRXOG�EH�HPSWLHG�RXW�RI�WKH�3&'�FRQH���9DULHG�FRQGLWLRQV�LQFOXGHG�UHDFWRU
DHUDWLRQ�IORZV��VROLGV�OHYHO�LQ�VWDQGSLSH��VROLG�FLUFXODWLRQ�UDWHV��VROLGV�OHYHO�LQ�WKH
F\FORQH�GLSOHJ��VROLGV�FKDUDFWHULVWLFV��DQG�3&'�EDFN�SXOVH�SDUDPHWHUV�

• $W�������RQ�-XQH�����������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�IURP�����WR�����SVLJ�
7KH�%5�����ILULQJ�ZDV�UHGXFHG�WR�FRQWURO�WKH�UHDFWRU�WHPSHUDWXUH���$W������
GRORPLWH�DGGLWLRQ�ZDV�VWDUWHG���$W�������ZKHQ�WKH�3&'�EDFN�SXOVHG�WKH�VROLGV�IORZ
WKURXJK�WKH�GLSOHJ�EHFDPH�XQVWDEOH�IRU�DERXW���PLQXWHV�

• $W�������VDQG�DGGLWLRQ�LQWR�WKH�UHDFWRU�ZDV�LQLWLDWHG���7KH�VWDQGSLSH�GLIIHUHQWLDO
SUHVVXUH�LQGLFDWLRQ��3',�����LQFUHDVHG�IURP�����WR�����LQ+

�
2�DQG�VWDELOL]HG�DURXQG

����LQ+
�
2��HYHQW����ILJXUH�������7KH�VSHQW�VROLGV�VFUHZ�FRROHU��)'������ZDV�UXQ�IRU�D

IHZ�PLQXWHV�WR�FKHFN�LWV�RSHUDWLRQ�DQG�3',����GHFUHDVHG�IURP�����WR�����LQ+
�
2

�HYHQW����ILJXUH�������'XULQJ�SUHYLRXV�WHVW�UXQV��WKH�3',�����ZKLFK�LV�DQ�LQGLFDWLRQ�RI
VROLGV�OHYHO�LQ�WKH�VWDQGSLSH��ZDV�W\SLFDOO\�RSHUDWHG�LQ�����WR�����LQ+

�
2�UDQJH���$W
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������GRORPLWH�DGGLWLRQ�LQWR�WKH�UHDFWRU�ZDV�VWDUWHG���)URP�������WR�������FRDO�IHHG
ZDV�ORVW�VHYHUDO�WLPHV���7KH�DYHUDJH�FRDO�IHHG�UDWH�IRU�-XQH����������ZDV�����OE�KU�

• 'RORPLWH�DGGLWLRQ�FRQWLQXHG�RQ�WKH�PRUQLQJ�RI�-XQH�����������WR�PDLQWDLQ�WKH�VROLGV
LQYHQWRU\�DV�FKDQJHV�WR�3&'�EDFN�SXOVHV�DQG�RWKHU�RSHUDWLQJ�SDUDPHWHUV�ZHUH�PDGH
WR�LQGXFH�XSVHWV�LQ�WKH�VROLGV�IORZ�WKURXJK�WKH�F\FORQH�GLSOHJ���$W�������WKHUH�ZDV�D
GLSOHJ�XSVHW�WKDW�ZDV�QRW�LQGXFHG�E\�D�3&'�EDFN�SXOVH���,W�ZDV�SUREDEO\�GXH�WR�WKH
KLJK�OHYHO�RI�VROLGV�LQ�WKH�VWDQGSLSH�DQG�WKH�FRQVHTXHQW�KLJK�VROLGV�FLUFXODWLRQ�UDWHV�
7KH�GLSOHJ�XSVHW�ODVWHG�DERXW���PLQXWHV��GURSSLQJ�WKH�VWDQGSLSH�OHYHO���7KH�GLSOHJ
GLIIHUHQWLDO�SUHVVXUH�DOVR�GHFUHDVHG�VXEVWDQWLDOO\��HYHQW����ILJXUH�������,Q�WKH�DIWHUQRRQ�
VDQG�ZDV�DGGHG�WR�LQFUHDVH�WKH�VROLGV�LQYHQWRU\�LQ�WKH�UHDFWRU�

• 2Q�-XQH�����������FRDO�IHHG�ZDV�ORVW�IRU�VKRUW�WLPHV�GXH�WR�SOXJJLQJ�LQ�WKH�IHHGHU
GLVFKDUJH�OLQH��HYHQW����ILJXUHV����DQG����WKURXJK�������2Q�-XQH�����������GRORPLWH
DQG�VDQG�DGGLWLRQ�FRQWLQXHG�WR�PDNH�XS�IRU�VROLGV�ORVV�WR�WKH�3&'���)URP�������WR
������GRORPLWH�ZDV�DGGHG�DQG�DHUDWLRQ�IORZV�ZHUH�DGMXVWHG�WR�DFKLHYH�D�KLJKHU�OHYHO
LQ�WKH�VWDQGSLSH���'XULQJ�WKLV�WLPH�WKHUH�ZHUH�D�IHZ�GLSOHJ�XSVHWV���$W��������ZKHQ�D
GLSOHJ�DHUDWLRQ�IORZ�ZDV�DGMXVWHG�IRU�WHVWLQJ�SXUSRVHV��WKH�GLSOHJ�RSHUDWLRQ�ZDV�XSVHW
DQG�WKHUH�ZDV�D�ODUJH�FDUU\RYHU�RI�VROLGV�WR�WKH�3&'���3UREOHPV�ZLWK�WKH�)'����
V\VWHP�GHOD\HG�DGGLWLRQDO�WHVWV�IRU�VRPH�WLPH�

• 2Q�-XQH�����������65,�WRRN�WZR�3&'�LQOHW�SDUWLFXODWH�VDPSOHV���2Q�-XQH����DQG����
������VWXG\�RI�WKH�GLSOHJ�RSHUDWLRQ�FRQWLQXHG���$IWHU�FRPSOHWLQJ�WKH�WHVW�REMHFWLYHV
FRDO�IHHG�WR�WKH�UHDFWRU�ZDV�VKXWGRZQ�DW�������RQ�-XQH�����������HYHQW����ILJXUHV���
DQG����WKURXJK�������7KH�VROLG�FLUFXODWLRQ�UDWH�LQ�WKH�UHDFWRU�ORRS�ZDV�UHGXFHG�DQG
%5�����ZDV�UDPSHG�GRZQ���7KH�)'�����DQG�WKH�VSHQW�VROLGV�WUDQVSRUWHU�V\VWHP
�)'������ZHUH�VWDUWHG�WR�UHPRYH�WKH�VROLGV�IURP�WKH�UHDFWRU���(YHQWXDOO\��WKH�%5����
ZDV�VKXWGRZQ�DQG�WKH�UHDFWRU�ZDV�GHSUHVVXUL]HG��HYHQW����ILJXUHV����DQG�����

%%6��6GUV�4WP�1DUGTXCVKQPU

7KHUH�ZDV�IUHTXHQW�ORVV�RI�FRDO�IHHG�GXH�WR�SOXJJLQJ�DW�WKH�)'�����GLVFKDUJH���7KH�)'����
V\VWHP�LV�GHVLJQHG�WR�IHHG�VRUEHQW�DQG�LWV�GLVFKDUJH�SLSH�LG�LV�PXFK�VPDOOHU�WKDQ�)'�������7KH
VWDUW�XS�EXUQHU�ZDV�OHIW�DW�QHDU�PLQLPXP�ILULQJ�WKURXJK�WKH�GXUDWLRQ�RI�WKH�UXQ�ZKHQ�FRDO�ZDV
EHLQJ�IHG�WR�WKH�UHDFWRU���8SRQ�ORVV�RI�FRDO�IHHG��WKH�EXUQHU�ILULQJ�ZDV�LQFUHDVHG�UDSLGO\�WR
PDLQWDLQ�WKH�UHDFWRU�WHPSHUDWXUHV���6LQFH�WKH�EXUQHU�ZDV�RQ�GXULQJ�FRDO�IHHG�WKH�IOXH�JDV�IORZ
WKURXJK�WKH�EXUQHU�OHJ�ZDV�KLJK��SUHFOXGLQJ�WKH�RSHUDWLRQ�RI�WKH�PL[LQJ�]RQH�DW�KLJKHU�VROLG
GHQVLWLHV���$�WRWDO�RI�������KRXUV�RQ�FRDO�ZDV�DFKLHYHG�DQG�D�WRWDO�RI����WRQV�RI�FRDO�ZHUH�IHG�

6ROLG�FLUFXODWLRQ�UDWHV��DHUDWLRQ�IORZV��DQG�WKH�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH�ZHUH�YDULHG�WR�VWXG\
WKHLU�HIIHFW�RQ�WKH�GLSOHJ�RSHUDWLRQ���,W�ZDV�IRXQG�WKDW�WKH�GLSOHJ�RSHUDWLRQV�ZHUH�VPRRWKHU�DW
ORZHU�VWDQGSLSH�OHYHOV���:LWK�ORZHU�OHYHOV�LQ�WKH�VWDQGSLSH�LW�DSSHDUV�WKDW�WKH�GLSOHJ�ZDV�VHDOHG
ZLWK�VROLGV�LQ�WKH�YHUWLFDO�SRUWLRQ�RI�WKH�GLSOHJ�DQG�WKH�VODQWHG�SRUWLRQ�ZDV�HPSW\���:LWK�D
KLJKHU�OHYHO�RI�VROLGV�LQ�WKH�VWDQGSLSH�WKH�VODQWHG�SRUWLRQ�RI�WKH�GLSOHJ�KDG�VRPH�VROLGV�DQG�WKH
KHLJKW�RI�VROLG�FROXPQ�LQ�WKH�YHUWLFDO�SRUWLRQ�RI�WKH�GLSOHJ�DOVR�LQFUHDVHG���7KLV�RSHUDWLQJ�SRLQW
ZDV�PRGHUDWHO\�VWDEOH���7KH�HIIHFWV�RI�3&'�EDFN�SXOVH�SDUDPHWHUV�DQG�VROLG�FKDUDFWHULVWLFV�LQ
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WKH�UHDFWRU�RQ�WKH�RSHUDWLRQ�RI�WKH�GLSOHJ�ZHUH�VWXGLHG���'RORPLWH�ZDV�IHG�DW�KLJK�UDWHV�WR�VWXG\
WKH�RSHUDWLRQ�RI�WKH�UHDFWRU�DQG�GLSOHJ�ZLWK�D�ODUJH�DPRXQW�RI�ILQH��OHVV�GHQVH�VROLGV��VLPLODU�WR
JDVLILFDWLRQ�RSHUDWLRQ��LQ�WKH�UHDFWRU�

%%6��2QUV�6GUV�4WP�+PURGEVKQPU

7KH�WUDQVSRUW�UHDFWRU�ZDV�LQVSHFWHG�IROORZLQJ�WHVW�UXQ�&&7����$OO�SLSHV�ZHUH�FOHDU���1R]]OH�+�
ZDV�XVHG�WR�LQVSHFW�WKH�ULVHU�GRZQ�WR�WKH�PL[LQJ�]RQH�ZLWK�D�KDORJHQ�OLJKW���7KH�ULVHU�ZDOOV�KDG
WKH�QRUPDO�OD\HU�RI�DVK���7KH�FUDFN�DW�WKH�WRS�RI�WKH�ULVHU�ZDV�DERXW�WKH�VDPH���7KH�WRS�RI�WKH
DVK�GLG�QRW�KDYH�DQ\�FOXPSV���7KH�ULVHU�FURVVRYHU�ZDV�FOHDU�DV�REVHUYHG�IURP�QR]]OH�$���DQG
WKH�ZDOO�VXUIDFH�DSSHDUHG�WR�EH�OHVV�ZRUQ�WKDQ�IRUPHUO\��SUREDEO\�GXH�WR�WKH�VOLJKW�OD\HU�RI�ZKLWH
VFDOH���7KH�GLVHQJDJHU�ZDV�REVHUYHG�ZLWK�WKH�KDORJHQ�ODPS�WKURXJK�QR]]OH�$����7KH�QRGXOH
JURZWK�RQ�WKH�ZDOO�KDG�LQFUHDVHG�VLQFH�WKH�ODVW�LQVSHFWLRQ��RWKHUZLVH��WKH�ZDOOV�ZHUH�FOHDQ
�REVHUYHG�WR�~���IHHW�GRZQ����7KH�GLVHQJDJHU�F\FORQH�FURVVRYHU�ZDV�LQVSHFWHG�IURP�QR]]OH
$���61��YLD�WKH�ERUHVFRSH���7KH�IHDWKHUHG�LQOHW�VHSDUDWLRQ�IURP�WKH�ZDOO�KDG�VOLJKWO\�LQFUHDVHG
DQG�WKHUH�ZDV�D�VPDOO�TXDUWHU�LQFK�FOXPS�O\LQJ�LQ�WKH�LQOHW���7KH�F\FORQH�DQG�YHUWLFDO�GLSOHJ�ZDOOV
KDG�WKH�QRUPDO�VFDOH�GXVW��DV�REVHUYHG�IURP�QR]]OH�+����7KH�VWDUW�XS�EXUQHU�ZDV�LQVSHFWHG
WKURXJK�WKH�PDLQ�JXQ�QR]]OH�YLD�WKH�ERUHVFRSH���7KH�UHIUDFWRU\�ZDV�LQWDFW��EXW�WKHUH�ZDV�D�VPDOO
EODFN�DUHD�RQ�RQH�VLGH�RI�WKH�ZDOO�WKDW�UHVHPEOHG�D�FRNH�GHSRVLW�
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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TI501: Drop Tube TI505: FD0502 HTF PT8534: FD0520 Lockvessel Pres
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PI287: Reactor Pressure DI202: Upper Riser
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PDI253: Upper PDI254: Standpipe/Dipleg Diff
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AI610: SO2 Analyzer (ppm) AI462: NOx Analyzer (ppm) AI435C: O2 Analyzer 
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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AI453: CO Analyzer (ppm) AI448: H2O Analyzer 
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LI339: CY0207 Standpipe Level SIC390MEAS: FD0206 Speed
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TI359: Lower SP TI391: FD0206 Solids TI511: HTF DR0501 TI295: FD0206 Out
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TI391: FD206 Solids Temp PT8503: FD0510 Vessel Pres SIC390MEAS: FD206 Speed
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PDI3028:  PCD Differential Pressure
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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FI465:  Total PCD Gas Flow

(KIWTG�����������)CU�(NQY�6JTQWIJ�2%&



5GEVKQP������

)TCRJU����VJTQWIJ���

6GUV�4WP�%%6�

,WPG����VJTQWIJ���������



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��6GUV�4WPU

��������

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

0.00

2000.00

4000.00

6000.00

8000.00

10000.00

12000.00

14000.00

16000.00

18000.00

20000.00

PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow

(KIWTG�����������%1�����5[UVGO�2TQHKNG

0 .0 0

5 0 0 .0 0

1 0 0 0 .0 0

1 5 0 0 .0 0

2 0 0 0 .0 0

2 5 0 0 .0 0

3 0 0 0 .0 0

6 /2 1  0 : 0 0 6 / 2 1  1 2 : 0 0 6 / 2 2  0 :0 0 6 /2 2  1 2 : 0 0 6 / 2 3  0 : 0 0 6 / 2 3  1 2 : 0 0 6 / 2 4  0 : 0 0

0 . 0 0

5 . 0 0

1 0 . 0 0

1 5 . 0 0

2 0 . 0 0

2 5 . 0 0

3 0 . 0 0

W T 8 4 5 0 :  2 1 0  C o a l  S t g  W t S I C 8 4 5 4 :  C o a l  F d r  S p d

(KIWTG�����������%QCN�(GGF�5[UVGO�2TQHKNG

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

3500.00

4000.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

WT8400: Sorbent Stg Wt SIC8404: FD0220 Feeder Speed

(KIWTG�����������5QTDGPV�(GGF�5[UVGO�2TQHKNG

6



6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �%%6��6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

��������

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

180.00

200.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp

(KIWTG�����������5VCTV�7R�$WTPGT�(NQY�6GORGTCVWTG

0.00

2000.00

4000.00

6000.00

8000.00

10000.00

12000.00

14000.00

16000.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

FI205: To Process FI463: HX0402 Outlet FI465: To BR0401

(KIWTG�����������6QVCN�)CU�+P�1WV�(NQY�4CVGU

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp

(KIWTG�����������4GCEVQT�/KZKPI�<QPG�CPF�4KUGT�6GORGTCVWTGU

6



6GEJPKECN�2TQITGUU�4GRQTV 6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU
6TCPURQTV�4GCEVQT�6TCKP 2TQITGUU�KP�1RGTCVKQPU� �%%6��6GUV�4WPU

��������

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out

(KIWTG�����������6GORGTCVWTG�2TQHKNGU�&QYPUVTGCO�QH�4GCEVQT

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)

(KIWTG�����������5VCPFRKRG�6GORGTCVWTGU

6

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

TI441: CY0201 SP TI442: Cyclone Upr Dipleg

(KIWTG�����������%[ENQPG�&KRNGI�6GORGTCVWTGU

6



6TCPURQTV�4GCEVQT�.QQR�1RGTCVKQPU 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �%%6��6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

��������

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

2000.00

6/21 0:00 6/21 12:00 6/22 0:00 6/22 12:00 6/23 0:00 6/23 12:00 6/24 0:00

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

180.00

200.00
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PDI3028:  PCD Differential Pressure
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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PDI253: Upper PDI254: Standpipe/Dipleg Diff
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AI610: SO2 Analyzer (ppm) AI462: NOx Analyzer (ppm) AI435C: O2 Analyzer 
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�������6%���5GTKGU�6GUV�4WPU

7KH�PDMRU�RXWDJH�DFWLYLWLHV�SUHFHGLQJ�WHVW�UXQ�7&���LQFOXGHG�

• $OLJQHG�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�EDFN�LQ�WKH�UHDFWRU�ORRS�IRU�VHUYLFH�DIWHU
FRPSOHWLQJ�WKH�&&7��WHVW�UXQ�

• &RPSOHWHG�WKH�PRGLILFDWLRQ�LQLWLDWHG�LQ�WKH�SUHYLRXV�WHVW�UXQV�WR�UHF\FOH�WKH�RYHUVL]HG
PLOOHG�FRDO�EDFN�WR�WKH�FRDO�PLOO�LQVWHDG�RI�WKH�FUXVKHG�FRDO�VLOR�

• $GGHG�QLWURJHQ�ERWWOHV��VXUJH�FDSDFLW\��WR�)'������)'������)'������DQG�)'�����DV�D
EDFNXS�WR�WKH�VSKHUL�YDOYH�VHDO�QLWURJHQ�VR�WKDW�WKH�QLWURJHQ�KHDGHU�ZRXOG�QRW�EH
GUDLQHG�WRR�UDSLGO\�LQ�WKH�HYHQW�RI�D�VSKHUL�YDOYH�VHDO�IDLOXUH�

• $GGHG�VL[�QR]]OHV�DURXQG�WKH�ERWWRP�RI�WKH�)'�����ORFN�YHVVHO�WR�GLVORGJH�DQ\�PDWHULDO
UHPDLQLQJ�RQ�WKH�ZDOO�

• 5HZRXQG�WKH�)'�����IHHGHU�PRWRU�ZDV�VR�WKDW�WKH�IHHGHU�FRXOG�EH�UXQ�DW�D�ORZHU�VSHHG�

$�SHUIRUDWHG�EDFN�SUHVVXUH�GLVF�ZDV�LQVWDOOHG�GRZQVWUHDP�RI�WKH�SUHVVXUH�OHWGRZQ�YDOYH�WR�DGGUHVV
WKH�KLJK�IUHTXHQF\�YLEUDWLRQV�RI�WKH�SOXJ�VWHP�RFFXUULQJ�EHFDXVH�RI�IORZ�LQGXFHG�UHVRQDQFH���$OVR�
WKH�SURFHVV�SLSLQJ�ZDV�DOLJQHG�IRU�DOO�WKH�SURFHVV�JDV�WR�IORZ�WKURXJK�WKH�WKHUPDO�R[LGL]HU�WR
VLPXODWH�JDVLILFDWLRQ�RSHUDWLRQV�

7KH�REMHFWLYHV�RI�WHVW�FDPSDLJQ�7&���ZHUH�

• 0DLQWDLQ�KLJKHU�3&'�LQOHW�JDV�WHPSHUDWXUH��RSWLPL]H�UHDFWRU�RSHUDWLQJ�FRQGLWLRQV�WR
DFKLHYH�D�3&'�SOHQXP�WHPSHUDWXUH�RI�DW�OHDVW�������)��

• 'HPRQVWUDWH�ORQJ�WHUP�VWDEOH�UHDFWRU�RSHUDWLRQV��RSHUDWH�WKH�UHDFWRU�DW�VROLG�LQYHQWRU\
OHYHOV�DQG�FLUFXODWLRQ�UDWHV�WKDW�VKRXOG�SURYLGH�VWDEOH�UHDFWRU�RSHUDWLRQV��

• 3UHSDUH�IRU�JDVLILFDWLRQ�RSHUDWLRQ��RSHUDWH�WKH�SURFHVV�WR�DOORZ�WKH�HQWLUH�IORZ�RI
SURFHVV�JDV�WKURXJK�WKH�WKHUPDO�R[LGL]HU�DQG�UXQ�WKH�UHF\FOH�JDV�ERRVWHU�FRPSUHVVRU�DQG
DVVRFLDWHG�VXEV\VWHPV��

���������6%1�#�6GUV�4WP

7HVW�UXQ�7&��$�ZDV�FRQGXFWHG�EHWZHHQ�$XJXVW����DQG�6HSWHPEHU�����������2SHUDWLQJ�SORWV�DUH
VKRZQ�LQ�ILJXUHV�����������WR��������'XH�WR�WKH�PRLVWXUH�DQDO\]HU�QRW�UHDGLQJ�FRUUHFWO\�WKH�FRDO�IHHG
UDWH�FDOFXODWHG�IURP�PRLVWXUH�FRQWHQW�LV�QRW�FRUUHFW�LQ�DOO�7&���JUDSKV��
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6%1�#�6GUV�4WP�%JTQPQNQI[

• $�OHDN�WHVW�ZDV�FRPSOHWHG�RQ�$XJXVW�����������LQ�SUHSDUDWLRQ�IRU�WHVW�UXQ�7&��$���$
IHZ�PLQRU�OHDNV�ZHUH�GHWHFWHG��ZKLFK�ZHUH�UHSDLUHG���7KH�IROORZLQJ�GD\�D�QXPEHU�RI
VDPSOH�FRXSRQV�ZHUH�LQVWDOOHG�RQ�WKH�3&'�FOHDQ�VLGH�DQG�D�OHDN�WHVW�ZDV�SHUIRUPHG�RQ
WKH�3&'�EDFN�SXOVH�YDOYH�

• 2Q�$XJXVW�����������WKH�WKHUPDO�R[LGL]HU�EORZHU��%/������DQG�WKH�PDLQ�DLU�FRPSUHVVRU
�&2������ZHUH�VWDUWHG���7KH�UHDFWRU�DQG�WKHUPDO�R[LGL]HU�DLU�FXUH�RXWV�ZHUH�FRPSOHWHG
DW�DERXW�������WKH�IROORZLQJ�GD\���7KH�WKHUPDO�R[LGL]HU��%5������DQG�WKH�VXOIDWRU�EXUQHU
�%5������ZHUH�OLW�RQ�$XJXVW������������6WDUWXS�ZDV�GHOD\HG�IRU�VHYHUDO�KRXUV�WR�LQVWDOO
WZR�PLVVLQJ�KDQJHUV�RQ�WKH�E\SDVV�OLQH�RI�WKH�SULPDU\�JDV�FRROHU��+;������

• 2Q�$XJXVW�����������WKH�FRDO��)'������DQG�VRUEHQW��)'������IHHGHU�V\VWHPV�ZHUH�WHVWHG�
7KH�3&'�SUHKHDW�ZDV�VWRSSHG�WR�IL[�WKH�OHDNV�IURP�WKH�)'�����IOXLGL]LQJ�SDGV�DQG�D
FKHFN�YDOYH�RQ�WKH�)'�����VXUJH�ELQ�YHQW�OLQH���$IWHU�WKHVH�SUREOHPV�ZHUH�DGGUHVVHG
&2�����ZDV�VWDUWHG�DJDLQ���'XULQJ�WKH�UHVWDUW�%5�����DQG�%5�����WULSSHG�IURP�ORVV�LQ
SURSDQH�IORZ�GXH�WR�FRQGHQVDWLRQ�LQ�WKH�YDSRUL]HU�H[SORVLRQ�SURRI�ER[�

• 2Q�$XJXVW�����������WKH�%5�����SLORW�DQG�PDLQ�EXUQHU�ZHUH�WHVWHG���$W�������%5����
ZDV�OLW�DQG�E\�������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR����SVLJ�

• $W�������RQ�$XJXVW�����������WKH�%5�����H[LW�WHPSHUDWXUH�ZDV������°)���7KH�V\VWHP
ZDV�VKXW�GRZQ�DJDLQ�GXH�WR�OHDN�SUREOHPV�ZLWK�WKH�)'�����IOXLGL]LQJ�SDGV�DQG�OHDNV�LQ
WKH�YHQW�OLQH�FKHFN�YDOYH���'XULQJ�WKH�VKXWGRZQ�DQ�LVRODWLRQ�YDOYH�ZDV�LQVWDOOHG�RQ�WKH
OLQH�EHWZHHQ�)'�����DQG�WKH�LQOHW�WR�%5�������$OVR��WKH�SHUIRUDWHG�EDFN�SUHVVXUH�GLVF
ZDV�PRYHG�IURP�QHDU�;9����WR�D�SRLQW�LPPHGLDWHO\�DIWHU�39����WR�SUHYHQW�WKH�EDFN
SUHVVXUH�RQ�)'�������7KH�QHZ�WUDQVSRUW�DLU�PRLVWXUH�VHSDUDWRU�ZDV�DOVR�LQVWDOOHG�

• $IWHU�DOO�PDLQWHQDQFH�ZRUN�ZDV�FRPSOHWHG�&2�����ZDV�VWDUWHG�RQ�$XJXVW����������
7KH�V\VWHP�ZDV�DJDLQ�WHPSRUDULO\�VKXW�GRZQ�WR�UHLQVWDOO�WKH�PRLVWXUH�VHSDUDWRU�WKDW�KDG
EHHQ�LPSURSHUO\�LQVWDOOHG���%5�����ZDV�VWDUWHG�DJDLQ�WR�SUHKHDW�WKH�3&'�

• $W�DERXW�������RQ�$XJXVW����������������OE�RI�VDQG�ZDV�WUDQVIHUUHG�IURP�)'�����WR
)'�������$IWHU�VHWWLQJ�DOO�DHUDWLRQ�IORZV�DQG�FKHFNLQJ�DOO�LQVWUXPHQW�SXUJHV�RQ�WKH
UHDFWRU�WKH�IORZ�WKURXJK�WKH�UHDFWRU�-�OHJ�ZDV�LQFUHDVHG���%\�������WKH�%5�����H[LW
WHPSHUDWXUH�ZDV�������)���$URXQG�������VDQG�ZDV�IHG�WKURXJK�)'�������7KH�)'����
PRWRU�WULSSHG�RQ�VHYHUDO�RFFDVLRQV��HYHQW����ILJXUH������7KH�)'�����WRUTXH�FXUYH�ZDV
UHVHW�WR�FRUUHFW�WKH�SUREOHP�

• 6DQG�IHHG�ZDV�UHVXPHG�DJDLQ�DW�DERXW�������DQG�E\�������D�WRWDO�RI�������OE�RI�VDQG�ZDV
WUDQVIHUUHG�WR�)'�������7KH�UHDFWRU�SUHVVXUH�ZDV�VHW�WR�����SVLJ�DQG�WKH�LQVWUXPHQW
SXUJHV�DQG�WKH�IORZV�ZHUH�VHW�IRU�WKLV�RSHUDWLQJ�SUHVVXUH���&RDO�IHHG�ZDV�VWDUWHG�DW�DERXW
�������HYHQW����ILJXUHV���DQG���WKURXJK����
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• -XVW�EHIRUH�������RQ�6HSWHPEHU����������)'�����ZDV�IRXQG�WR�EH�RYHU�SUHVVXUL]LQJ���$
V\VWHP�FKHFNRXW�UHYHDOHG�D�PLVVLQJ�RULILFH�LQ�WKH�OLQH�WKDW�SXUJHV�WKH�YHQW�OLQHV�WR�WKH
GLVSHQVH�YHVVHO��WKH�ORFN�YHVVHO��DQG�D�VKRUW�SLHFH�RI�SLSH�QHDU�WKH�WRS���$W�DERXW������
WKH�XQLW�ZDV�WDNHQ�RII�FRDO�IHHG�EHFDXVH�RI�LQFHVVDQW�SOXJJLQJ�LQ�)'������HYHQW����ILJXUH
������7KH�SOXJJLQJ�ZDV�WKH�UHVXOW�RI�DJJORPHUDWHG�ZHW�DVK�DQG�VPDOO�FDQGOH�SLHFHV���&RDO
IHHG�VWDUWHG�DJDLQ�DW�DERXW��������HYHQW����ILJXUHV���DQG���WKURXJK�����EXW�DW�������D
)'�����VSKHUL�YDOYH�VHDO�IDLOXUH�WULSSHG�)'������)'������DQG�)'������HYHQW����ILJXUHV
��DQG�����

• 6LQFH�)'�����ZDV�VWLOO�RYHU�SUHVVXUL]LQJ�GXH�WR�WKH�PLVVLQJ�RULILFHV�RQ�WKH�YHQW�SXUJHV�
EDOO�YDOYHV�ZHUH�LQVWDOOHG�LQ�ERWK�WKH�)'�����DQG�)'�����YHQW�OLQH�SXUJHV���&RDO�IHHG
ZDV�VWDUWHG�DW�DERXW��������HYHQW����ILJXUHV���DQG���WKURXJK����DQG�WKH�IHHGHU�VSHHG�ZDV
LQFUHDVHG�RYHU�WKH�QH[W�KRXU���'RORPLWH�IHHG�ZDV�VWDUWHG�DW�DERXW�������DQG�DERXW�DQ
KRXU�ODWHU�WKH�)'�����GLVFKDUJH�OLQH�SOXJJHG�ZLWK�D�ODUJH�QXPEHU�RI�FDQGOH�SLHFHV
�HYHQW����ILJXUH�������%HWZHHQ�������DQG�������VHYHUDO�FDQGOH�SLHFHV�ZHUH�UHPRYHG
WKURXJK�WKH�VDPSOLQJ�SRUW���'XH�WR�WKH�EURNHQ�FDQGOH�SLHFHV�FRPLQJ�WKURXJK�WKH
)'�����V\VWHP�WKH�SURFHVV�ZDV�VKXWGRZQ�E\��������HYHQW����ILJXUHV���������WKURXJK���
DQG����WKURXJK�����

6%��#�2QUV�6GUV�4WP�+PURGEVKQPU

7KH�3&'�ORZHU��PDQZD\��ZDV�RSHQHG�DQG�WKH�FDQGOHV�ZHUH�LQVSHFWHG���7KH�3&'�WXEH�VKHHW�ZDV
SXOOHG��DOO�EURNHQ�DQG�GDPDJHG�FDQGOHV�ZHUH�UHSODFHG���6LQFH�WKH�SLORW�ZDV�RSHUDWHG�IRU�PRUH�WKDQ
���KRXUV�WKH�SLORW�DQG�PDLQ�EXUQHU�ZHUH�LQVSHFWHG��WKH�SLORW�ZDV�LQ�JRRG�VKDSH�EXW�WKHUH�ZHUH�D�IHZ
EXUQ�PDUNV�RQ�WKH�SLORW�WLS�

6%��#�6GUV�4WP�1DUGTXCVKQPU

7KH�WKHUPDO�R[LGL]HU�UDQ�VDWLVIDFWRULO\�ZLWK�IXOO�SURFHVV�JDV�IORZ���$�WRWDO�RI���KRXUV�RQ�FRDO�ZDV
DFKLHYHG�DQG�D�WRWDO�RI�����WRQV�RI�FRDO�ZHUH�IHG�
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WT8400: Sorbent Stg Wt SIC8404: FD0220 Feeder Speed
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp

(KIWTG������������5VCTV�7R�$WTPGT�(NQY�6GORGTCVWTG

2

4

6

8

0.00

20.00

40.00

60.00

80.00

100.00

120.00

8/31 0:00 8/31 12:00 9/1 0:00 9/1 12:00 9/2 0:00 9/2 12:00 9/3 0:00
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PDI257: Middle and Upper
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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PDI253: Upper PDI254: Standpipe/Dipleg Diff
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AI610: SO2 Analyzer (ppm) AI462: NOx Analyzer (ppm) AI435C: O2 Analyzer 
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FI8771: Quench Air Flow FI8772: Waste Air Flow

FI8773A: Primary Air Flow FI8753: Propane Flow
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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���������6%��$�6GUV�4WP

7HVW�UXQ�7&��%�ZDV�FRQGXFWHG�EHWZHHQ�6HSWHPEHU���DQG�6HSWHPEHU������������2SHUDWLQJ�SORWV
DUH�VKRZQ�LQ�ILJXUHV�����������WKURXJK�����

6%��$�6GUV�4WP�%JTQPQNQI[

• /HDN�WHVWV�EHJDQ�DW�DERXW�������RQ�6HSWHPEHU����������EXW�ZHUH�WHPSRUDULO\�VKXW
GRZQ�GXH�WR�D�OHDN�LQ�WKH�PDLQ�DLU�FRPSUHVVRU��&2������OLQH���7KH�OHDN�WHVWV�ZHUH
FRPSOHWHG�E\�WKH�HQG�RI�WKH�GD\�

• 2Q�6HSWHPEHU����������WKH�WKHUPDO�R[LGL]HU��%5������ZDV�VWDUWHG�DURXQG������
�HYHQW����ILJXUH������&2�����ZDV�VWDUWHG�DURXQG��������HYHQW����ILJXUH�����DQG�WKH
VXOIDWRU�KHDWHU��%5������ZDV�OLW�DW���������7KH�3&'�SUHKHDW�ZDV�FRPSOHWHG�DW������
�HYHQW����ILJXUH�������$IWHU�HVWDEOLVKLQJ�IORZV�WKURXJK�WKH�UHDFWRU�WKH�VWDUW�XS�EXUQHU
�%5������ZDV�OLW�DW��������HYHQW����ILJXUH������6ROLGV�FLUFXODWLRQ�WKURXJK�WKH�UHDFWRU
ZDV�VWDUWHG�DW��������HYHQW����ILJXUHV����WKURXJK�������7KH�UHDFWRU�SUHVVXUH�ZDV
JUDGXDOO\�LQFUHDVHG�VWDUWLQJ�DW��������HYHQW����ILJXUH�����DQG�E\�������LW�ZDV����SVLJ�
7KH�VWDUW�XS�EXUQHU��%5������WULSSHG�DW�DERXW��������HYHQW����ILJXUH����DQG�ZDV�UHOLW�

• 2Q�6HSWHPEHU����������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ���&RDO�IHHG�ZDV
VWDUWHG�DW�DERXW��������HYHQW����ILJXUHV���DQG���WKURXJK�����EXW�ZDV�VWRSSHG�DW�DERXW
�������HYHQW����ILJXUHV���DQG���WKURXJK�����ZKHQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP
�)'������WULSSHG���7KH�)'�����WULSSHG�GXH�WR�EURNHQ�FDQGOH�SLHFHV�SOXJJLQJ�WKH
GLVFKDUJH�OLQH���)'�����ZDV�UHVWDUWHG�DIWHU�UHPRYLQJ�WKH�EURNHQ�FDQGOHV�DQG�FRDO
IHHG�UHVXPHG�DW�DERXW��������HYHQW�����ILJXUHV���DQG���WKURXJK�������2YHU�WKH�QH[W
VHYHUDO�KRXUV�FRDO�IHHG�ZDV�LQWHUPLWWHQW�WR�FRQWURO�WKH�WHPSHUDWXUH�ULVH�LQ�WKH�3&'�

• 3URSDQH�IORZ�WKURXJK�%5�����ZDV�JUDGXDOO\�UHGXFHG�DV�WKH�FRDO�IHHG�UDWH�ZDV
LQFUHDVHG���$W�DERXW�������WKHUH�ZDV�DQ�LQFUHDVH�LQ�DLU�IORZ�WKURXJK�WKH�VROLGV
FRQYH\LQJ�OLQH�WKDW�UHVXOWHG�LQ�DQ�LQFUHDVH�LQ�FRDO�IHHG�UDWH���7KH�LQFUHDVH�LQ�FRDO�IHHG
OHG�WR�D�VKDUS�ULVH�LQ�UHDFWRU�WHPSHUDWXUH���&RQVHTXHQWO\��WKH�FLUFXODWLRQ�WKURXJK�WKH
FRPEXVWLRQ�KHDW�H[FKDQJHU��+;������ZDV�LQFUHDVHG�WR�FRQWURO�WKH�UHDFWRU
WHPSHUDWXUH���)'�����SOXJJHG�DW�������EXW�LW�ZDV�XQSOXJJHG�LQ�OHVV�WKDQ���PLQXWHV�
7KH�VSHQW�VROLGV�VFUHZ�FRROHU��)'������ODWHU�WULSSHG�RQ�VHYHUDO�RFFDVLRQV�EHFDXVH�WKH
GLVSHQVH�YHVVHO�RQ�)'�����ZDV�QRW�GHSUHVVXUL]LQJ�ZLWKLQ�WKH�DOORZHG�WLPH���7KH
%5�����ZDV�VKXW�GRZQ�MXVW�EHIRUH�������

• 2Q�6HSWHPEHU����������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ���7KH�)'����
SOXJJHG�DJDLQ�DW��������HYHQW�����ILJXUH�����GXH�WR�FDQGOH�SLHFHV��VR�)'�����DQG
)'�����ZHUH�VWRSSHG���&RDO�IHHG�FRXOG�QRW�EH�UHHVWDEOLVKHG�GXH�WR�SRRU�FLUFXODWLRQ
DQG�UHDFWRU�WHPSHUDWXUHV�WKDW�ZHUH�WRR�ORZ���7KH�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG�DQG
%5�����ZDV�OLW�DW�DERXW���������&RDO�IHHG�UHVXPHG�DW�������DQG�WKH�%5�����ZDV
VXEVHTXHQWO\�VKXW�GRZQ�DW�DERXW��������HYHQW�����ILJXUHV�������DQG���WKURXJK�����
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• 7KH�)'�����KDG�D�IHZ�SUREOHPV�GXULQJ�WKH�GD\�PDLQO\�EHFDXVH�WKH�GLVSHQVH�YHVVHO
VSKHUL�YDOYH�ZDV�QRW�FORVLQJ�ZLWKLQ�WKH�WLPH�DOORZHG���7KH�SUREOHP�ZDV�IL[HG�E\
VSUD\LQJ�VRPH�OXEULFDQW�RQ�WKH�VKDIW�DQG�E\�WDSSLQJ�RQ�WKH�VKXWWOH�YDOYH�D�IHZ�WLPHV
WR�FORVH���%\�������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�

• 2Q�6HSWHPEHU����������WKHUH�ZHUH�SUREOHPV�ZLWK�VWDUW�XS�GXH�WR�ORZ�VROLGV�LQYHQWRU\�
/DWHU��EULGJLQJ�LQ�WKH�ORZHU�SRUWLRQ�RI�FRDO�VLOR�SUHYHQWHG�FRDO�IORZ�LQWR�WKH�VXUJH�ELQ�
7KH�UHDFWRU�ZDV�WDNHQ�RII�FRDO�IHHG�DQG�%5�����ZDV�OLW��HYHQW�����ILJXUHV�������DQG��
WKURXJK�������:HW�FDNHV�EULGJHG�WKH�OLQH�EHWZHHQ�)'������WKLV�V\VWHP�WUDQVIHUV�FRDO
IURP�WKH�VLOR�WR�)'�����VXUJH�ELQ��DQG�)'�������%ORZLQJ�LQWR�WKH�VLOR�EURNH�WKH
EULGJH�DQG�FOHDQHG�WKH�WUDQVIHU�OLQH���3URSDQH�IORZ�WR�%5�����WULSSHG�LQ�WKH�HYHQLQJ
EXW�ZDV�UHVWRUHG���&RDO�IHHG�ZDV�VWDUWHG�DW�DERXW�������DQG�E\�WKH�HQG�RI�WKH�GD\�WKH
UHDFWRU�SUHVVXUH�KDG�UHDFKHG�����SVLJ��HYHQW�����ILJXUH�����

• %5�����ZDV�VKXW�GRZQ�RQ�6HSWHPEHU�����������DQG�DIWHUZDUGV�WKH�UHDFWRU�SUHVVXUH
ZDV�LQFUHDVHG�WR�����SVLJ���)'�����ZDV�UXQ�IRU�DERXW���KRXUV�LQ�RUGHU�WR�FRQWURO�WKH
VROLGV�OHYHO�LQ�WKH�UHDFWRU���$W�WKH�HQG�RI�WKH�GD\�D�SODVWLF�SOXJ�RQ�WKH�LQVWUXPHQW�DLU
OLQH�WR�%5�����GHYHORSHG�D�OHDN�

• 7KH�%5�����WULSSHG�ZKLOH�WKH�SODVWLF�SOXJ�ZDV�EHLQJ�UHSODFHG�RQ�6HSWHPEHU����������
EXW�LW�ZDV�UHOLW���65,�WRRN�D�3&'�LQOHW�VDPSOH���7KHUH�FRQWLQXHG�WR�EH�SUREOHPV
WUDQVIHUULQJ�VROLGV�IURP�)'�����GXH�WR�EURNHQ�FDQGOH�SLHFHV�LQWHUPLWWHQWO\�SOXJJLQJ
WKH�GLVFKDUJH�OLQH�

• 65,�WRRN�VDPSOHV�DW�WKH�3&'�RQ�6HSWHPEHU������������$W�DERXW�������SUREOHPV
GHYHORSHG�ZLWK�WKH�)'�����OHYHO�SUREH�DQG�)'�����ZDV�VWRSSHG���%\�������WKH
VROLGV�OHYHO�LQ�+;�����ZDV�LQFUHDVLQJ�DW���LQFKHV�SHU�KRXU�DQG�)'�����ZDV�VWDUWHG�WR
FRQWURO�WKH�OHYHO���7KH�)'�����V\VWHP�ZDV�PDQXDOO\�F\FOHG�E\�IRUFLQJ�/6�����RQ
�OHYHO�SUREH�XQFRYHUHG��WR�GHFUHDVH�WKH�OHYHO�LQ�WKH�VWDQGSLSH���7KH�)'�����ZDV
LQFUHDVHG�WR�DFKLHYH�D�&D�6�UDWLR�RI������HYHQW�����ILJXUH�������7KH�)'�����DQG
)'�����V\VWHPV�ZHUH�VWRSSHG�DW�DERXW�������WR�ZRUN�RQ�WKH�OHYHO�SUREH���7KH
)'�����DQG�)'�����ZHUH�DOVR�VWRSSHG�ODWHU�LQ�RUGHU�WR�UHSODFH�WKH�VDIHW\�RQ�WKH
GLVSHQVH�YHVVHO�

• $W�DERXW�PLGGD\�WKH�39����FRQWURO�FRQILJXUDWLRQ�ZDV�PRGLILHG�VR�WKDW�39����ZRXOG
RSHQ�SULRU�WR�ERWK��XSSHU�DQG�ORZHU�SOHQXP��3&'�EDFN�SXOVHV���3ULRU�WR�WKLV�LW�ZDV
RSHQLQJ�RQO\�EHIRUH�WKH�ILUVW�EDFN�SXOVH���7KLV�QHZ�FKDQJH�DIIHFWHG�WKH�GLSOHJ
RSHUDWLRQ�RQ�WKH�VHFRQG�EDFN�SXOVH��VR�IXUWKHU�DGMXVWPHQWV�ZHUH�PDGH�WR�WKH�3,&���
IHHG�IRUZDUG�ORJLF�WR�LPSURYH�WKH�GLSOHJ�RSHUDWLRQ�

• 7KHUH�ZHUH����GUXPV�RI�UHDFWRU�DQG�3&'�ILQHV�GDVK�FROOHFWHG�IRU�'2(�RQ
6HSWHPEHU������������7KH�GRORPLWH�IHHG�UDWH�ZDV�GHFUHDVHG�WR�UHGXFH�WKH�VROLGV
FDUU\RYHU�WR�WKH�3&'�DQG�WR�FRQVHUYH�GRORPLWH�VLQFH�WKH�GRORPLWH�LQYHQWRU\�ZDV�ORZ�
7KH�+;�����FLUFXODWLRQ�ZDV�DOVR�ORZHUHG�WR�UHGXFH�FDUU\RYHU�WR�WKH�3&'���%\������
WKH�)'�����ZDV�HPSWLHG���6ROLGV�UHF\FOHG�IURP�WKH�0D\�UXQ�ZHUH�DGGHG�LQ�RUGHU�WR
PDLQWDLQ�WKH�VROLGV�OHYHO�LQ�WKH�UHDFWRU�XQWLO�PRUH�GRORPLWH�ZDV�WUDQVIHUUHG�WR
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)'�������7KH�)'�����ZDV�VXEVHTXHQWO\�UHVWDUWHG�DW�DERXW���������3UREOHPV�ZLWK�WKH
FRDO�IHHGHU�IRUFHG�D�FRDO�IHHG�VWRS�DW�DERXW��������HYHQW�����ILJXUHV����DQG����WKURXJK
������7KH�ORFN�YHVVHO�OHYHO�SUREH�ZDV�FKHFNHG�DQG�WKH�ORFN�YHVVHO�ZDV�FOHDQHG�

• &RDO�IHHG�UHVXPHG�DW�������RQ�6HSWHPEHU������������HYHQW�����ILJXUHV����DQG���
WKURXJK�����EXW�ZDV�VWRSSHG����PLQXWHV�ODWHU��HYHQW�����ILJXUHV����DQG����WKURXJK����
EHFDXVH�WKH�UHDFWRU�WHPSHUDWXUHV�ZHUH�WRR�ORZ���7KH�UHDFWRU�SUHVVXUH�ZDV�GHFUHDVHG
WR�����SVLJ�DQG�%5�����ZDV�OLW�DW�DERXW��������HYHQW�����ILJXUH�������&RDO�IHHG�ZDV
DWWHPSWHG�DW��������HYHQW�����ILJXUHV����DQG����WKURXJK�����EXW�WKHUH�ZHUH�SUREOHPV
ZLWK�WKH�IHHGHU�PRWRU�ELQGLQJ���&RDO�IHHG�UHVXPHG�DW�������DIWHU�DGGUHVVLQJ�WKH
SUREOHPV�

• 7KH�GLSOHJ�VWDUWHG�WR�VOXJ�DW�DERXW�������DQG�FRDO�IHHG�ZDV�VWRSSHG�DW�������WR�DOORZ
LW�WR�VWDELOL]H��HYHQW�����ILJXUHV����DQG����WKURXJK�������&RDO�DQG�GRORPLWH�IHHG�VWDUWHG
DJDLQ�DW�������EXW�WKH�FRDO�IHHG�ZDV�VWRSSHG�DJDLQ����PLQXWHV�ODWHU�EHFDXVH�WKH�3&'
EDFN�SXOVHV�XSVHW�WKH�GLSOHJ�VWDELOLW\���7KH�EXUQHU�ILULQJ�DQG�WKH�+;�����FLUFXODWLRQ
ZHUH�LQFUHDVHG��HYHQW�����ILJXUH�������$IWHU�LQFUHDVLQJ�WKH�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH
E\�DGGLQJ�VDQG��FRDO�IHHG�ZDV�UHVWDUWHG�DW��������HYHQW�����ILJXUHV�����DQG����WKURXJK
����

• 7KH�%5�����ZDV�VKXW�GRZQ�DW��������HYHQW�����ILJXUH�����RQ�6HSWHPEHU����������
&RDO�IHHG�ZDV�VWRSSHG�DURXQG��������HYHQW�����ILJXUHV����DQG����WKURXJK�����EHFDXVH
WKH�VROLGV�OHYHO�LQ�WKH�UHDFWRU�ZDV�ORZ���7KH�%5�����ZDV�WKHQ�OLW��HYHQW�����ILJXUH�����
7KH�F\FORQH�GLSOHJ�DHUDWLRQ�ZDV�UHVHW�DW�������DQG�DGMXVWHG�DJDLQ�DURXQG�������
$ERXW�������OE�RI�UHF\FOHG�VROLGV�ZHUH�DGGHG�WR�LQFUHDVH�WKH�UHDFWRU�VROLGV�LQYHQWRU\�

• &RDO�IHHG�VWDUWHG�DW��������HYHQW�����ILJXUHV����DQG����WKURXJK�����DQG�ZDV
LQWHUPLWWHQW�IRU�WKH�QH[W�KRXU�WR�FRQWURO�WKH�WHPSHUDWXUH�ULVH�LQ�WKH�3&'�WR�D�UDPS
UDWH�HTXLYDOHQW�RI�����)�KRXU�RU�OHVV���,W�ZDV�VXVSHFWHG�WKDW�WKH�KLJK�WHPSHUDWXUH
UDPS�UDWHV�H[SHULHQFHG�GXULQJ�WKH�WUDQVLWLRQ�IURP�SURSDQH�ILUH�WR�FRDO�ILUH�PLJKW�KDYH
DGYHUVHO\�DIIHFWHG�VRPH�FDQGOHV���$HUDWLRQ�UDWHV�ZHUH�DGMXVWHG�VLQFH�WKH�GLSOHJ
RSHUDWLRQV�KDG�EHFRPH�XQVWHDG\���7KH�EXUQHU�ILULQJ�ZDV�UHGXFHG�DW�������DQG�LW�ZDV
VKXW�GRZQ�DW��������HYHQW�����ILJXUH�������$IWHU�VKXWWLQJ�GRZQ�%5�����WKH�UHDFWRU
SUHVVXUH�ZDV�VWHDGLO\�LQFUHDVHG��HYHQW�����ILJXUH�����

• 7KH�)'�����ZDV�VWRSSHG�DW��������RQ�6HSWHPEHU�����������GXH�WR�SUREOHPV�ZLWK�WKH
)'�����GLVSHQVH�YHVVHO�VSKHUL�YDOYH���$ERXW���SLHFHV�RI�UHIUDFWRU\�DQG�VODJ�FKXQNV
ZHUH�SXOOHG�RXW�RI�)'�����H[LW���7KH�)'�����DQG�)'�����ZHUH�UHVWDUWHG�DW�������
7KH�)'�����V\VWHP�WULSSHG�IRU�D�VKRUW�WLPH��HYHQW�����ILJXUHV����DQG����WKURXJK����
DQG�UHVXOWHG�LQ�WKH�3&'�WHPSHUDWXUH�IDOOLQJ�EHORZ�������)�IRU�DERXW����PLQXWHV�
3OXJJLQJ�LQ�WKH�H[LW�OLQH�FDXVHG�)'�����WR�WULS�DJDLQ�DW��������HYHQW�����ILJXUHV�������
WKURXJK�����DQG����WKURXJK�������7KH�OLQH�ZDV�XQSOXJJHG�DQG�WKH�IHHGHU�UHVWDUWHG�DW
DERXW�������

• 7KH�)'�����ORFN�YHVVHO�ZDV�IOXIIHG�VHYHUDO�WLPHV�RQ�6HSWHPEHU�����������WR�SUHYHQW
EULGJLQJ���7KH�UHDFWRU�RSHUDWLRQ�ZDV�VWHDG\�XQWLO�&2�����WULSSHG�DURXQG��������HYHQW
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����ILJXUH��������,W�ZDV�UHVWDUWHG�ZLWKRXW�GLVUXSWLQJ�WKH�UHDFWRU�RSHUDWLRQV�WRR�VHYHUHO\�
7KH�+;�����DHUDWLRQ�ZDV�LQFUHDVHG�WR�UDLVH�WKH�OHYHO�RI�VROLGV�LQ�WKH�VWDQGSLSH
EHFDXVH�WKH�VWDQGSLSH�GLIIHUHQWLDO�SUHVVXUH��3',�����KDG�GURSSHG�IURP�����WR����
LQ+

�
2�DW��������HYHQW�����ILJXUH�������7KH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ

�HYHQW�����ILJXUH�����DQG�WKH�VWDJHG�DLU�WKURXJK�WKH�ULVHU�ZDV�UHGLVWULEXWHG�DURXQG
��������7KH�%5�����WULSSHG�DW��������HYHQW�����ILJXUH�����EXW�ZDV�UHVWDUWHG���
PLQXWHV�ODWHU���7KH�DHUDWLRQ�DW�WKH�ERWWRP�RI�WKH�+;�����ZDV�DGMXVWHG�DURXQG������
WR�FRXQWHUDFW�WKH�IOXFWXDWLQJ�SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�KHDW�H[FKDQJHU�VWDQGSLSH�
H[SHULHQFHG�VLQFH�&2����WULSSHG�HDUOLHU�WKDW�PRUQLQJ�

• $W�������RQ�6HSWHPEHU�����������WKH�DHUDWLRQ�WKURXJK�WKH�+;�����-�OHJ�ZDV�UHGXFHG
WR�ORZHU�WKH�FLUFXODWLRQ�UDWH���7KH�3&'�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�IURP����
WR�����SVLJ�DW��������HYHQW�����ILJXUH�������$W��������WKH�IROORZLQJ�FKDQJHV�ZHUH�PDGH
IRU�WKH�3&'�EDFN�SXOVH������WKH�ILOWHU�GLIIHUHQWLDO�SUHVVXUH�WULJJHU�ZDV�UDLVHG�IURP����
WR�����LQ+

�
2�����WKH�WLPH�WULJJHU�ZDV�UHGXFHG�IURP����WR����PLQ��DQG����WKH�YDOYH�

RSHQ�WLPH�ZDV�LQFUHDVHG�IURP�����WR�����VHF���(YHU�VLQFH�WKH�FKDQJHV�PDGH�WR�WKH
IHHG�IRUZDUG�ORJLF�RQ�6HSWHPEHU����WKH�UHDFWRU�SUHVVXUH�LQGLFDWRU��3,�����KDG�UHDG
KLJKHU�WKDQ�QRUPDO�GXULQJ�EDFN�SXOVH���7KH�ELDV�RQ�WKH�PHDVXUHG�3,����YDOXH�ZDV
WKHUHIRUH�LQFUHDVHG�IURP����WR����SVL�

• $�EDFN�SXOVH�DW�������GHVWDELOL]HG�WKH�GLSOHJ�FDXVLQJ�D�KLJK�VROLGV�FDUU\RYHU�WR�WKH
3&'���&RQVHTXHQWO\��WKH�UHDFWRU�VROLG�OHYHOV�GURSSHG�DQG�WKH�)'�����VSHHG�ZDV
UHGXFHG���6LQFH�WKH�VROLGV�OHYHO�LQ�+;�����ZDV�VWLOO�IDOOLQJ�WKH�DHUDWLRQ�UDWH�RQ�WKH�-�
OHJ�ZDV�LQFUHDVHG�WR�PDLQWDLQ�D�FRQVWDQW�FLUFXODWLRQ�UDWH��DQG�WKH�VSHHG�RI�)'����
ZDV�IXUWKHU�UHGXFHG��HYHQW�����ILJXUHV����DQG�������)LQDOO\��)'�����ZDV�VKXW�GRZQ�DW
�������HYHQW�����ILJXUH�����WR�PDLQWDLQ�WKH�UHDFWRU�OHYHOV�DW�WKH�GHVLUHG�VHWWLQJ���7KH
ELDV�RQ�WKH�IHHG�IRUZDUG�ORJLF�ZDV�GHFUHDVHG�IURP����WR����SVLJ�DW�������VLQFH�WKH
ILUVW�SXOVH�ZDV�XSVHWWLQJ�WKH�GLSOHJ�RSHUDWLRQ���7KLV�KDG�OLWWOH�HIIHFW�RQ�WKH�GLSOHJ��VR
WKH�ELDV�ZDV�IXUWKHU�UHGXFHG�WR����SVLJ���7KH�DHUDWLRQ�RQ�+;�����-�OHJ�ZDV�LQFUHDVHG
WR�UDLVH�WKH�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH���7KH�)'�����ZDV�VWDUWHG�DJDLQ�DV�WKH�OHYHOV
VWDUWHG�LQFUHDVLQJ�

• $V�SDUW�RI�WKH�3&'�EDFN�SXOVH�YDOYH�FKDUDFWHUL]DWLRQ�WKH�EDFN�SXOVH�SUHVVXUH�ZDV
LQFUHDVHG�IURP�����WR�����SVLJ�DW��������HYHQW�����ILJXUH�����RQ�6HSWHPEHU����������
7KH�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�E\����SVL�DIWHU�HYHU\�EDFN�SXOVH�XS�WR�����SVLJ
DW�������EHIRUH�LW�ZDV�GHFUHDVHG�WR�����SVLJ�DW�DERXW��������HYHQW�����ILJXUH�������7KH
-RQDV�DFRXVWLF�SUREH�DW�WKH�3&'�RXWOHW�KDG�D�OHDN�DURXQG�WKH�SDFNLQJ�DW�DERXW�������
7KH�OHDN�FDXVHG�DQ�LQFUHDVH�LQ�WKH�VNLQ�WHPSHUDWXUH�IURP�DPELHQW�WR�����)��VR�WKH
SUREH�ZDV�LVRODWHG�

• 7KH�SURFHVV�JDV�ZDV�FKHFNHG�IRU�62
�
�DW�������EXW�WKH�DQDO\]HU�GLG�QRW�GHWHFW�DQ\�

3OXJJLQJ�RI�WKH�)'�����V\VWHP�H[LW�OHG�WR�DFFXPXODWLRQ�RI�DVK�LQ�WKH�3&'�FRQH�
&RQVHTXHQWO\��FRDO�IHHG�DQG�FRPEXVWLRQ�DLU�IORZV�WR�WKH�UHDFWRU�ZHUH�UHGXFHG�DW
DERXW��������HYHQW�����ILJXUHV����DQG�������'RORPLWH�DQG�FRDO�IHHGV�ZHUH�VWRSSHG�DW
������DQG��������UHVSHFWLYHO\��EHFDXVH�WKH�SOXJJLQJ�SUREOHPV�FRQWLQXHG��HYHQW����
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ILJXUHV���������DQG����WKURXJK�������)'�����ZDV�XQSOXJJHG�DQG�VPDOO�SLHFHV�RI
FHUDPLF�FDQGOHV�ZHUH�IRXQG�

• 7KH�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG�DW�DERXW�������RQ�6HSWHPEHU�����������DQG�%5����
ZDV�OLW�DURXQG��������HYHQW�����ILJXUH�������&RDO�IHHG�ZDV�VWDUWHG�DW��������HYHQW����
ILJXUHV����DQG����WKURXJK�������7KH�VWDUW�XS�EXUQHU�ZDV�VKXW�GRZQ�DW��������HYHQW����
ILJXUHV����DQG����WKURXJK������DQG�WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG���7KH�)'����
FRQWLQXHG�WR�KDYH�SUREOHPV�ZLWK�WKH�H[LW�OLQH�SOXJJLQJ���$W��������RQ�6HSWHPEHU����
������FHUDPLF�FDQGOH�SLHFHV�ZHUH�DJDLQ�SXOOHG�IURP�WKH�)'�����H[LW���%HWZHHQ������
DQG�������PRUH�FDQGOH�SLHFHV�ZHUH�UHPRYHG�IURP�WKH�)'�����GLVFKDUJH�OLQH�

• $W�������RQ�6HSWHPEHU�����������LW�ZDV�GLVFRYHUHG�WKDW�FRDO�ZDV�QRW�GURSSLQJ�IURP
WKH�)'�����VXUJH�ELQ�LQWR�WKH�ORFN�YHVVHO���7KH�UHDFWRU�FLUFXODWLRQ�UDWH�DQG�FRDO�IHHG
ZHUH�UHGXFHG�ZKLOH�WKH�SUREOHP�ZDV�LQYHVWLJDWHG��HYHQW�����ILJXUHV����DQG�����
&2�����WULSSHG�DW��������HYHQW�����ILJXUH�����DQG�ZDV�LPPHGLDWHO\�UHVWDUWHG���$W
DERXW�������WKH�)'�����V\VWHP�SOXJJHG��HYHQW�����ILJXUH�����DJDLQ���,QVSHFWLRQ
UHYHDOHG�PRUH�FDQGOH�SLHFHV�LQ�WKH�GLVFKDUJH�OLQH���7KH�)'�����V\VWHP�WULSSHG�RQ
VHYHUDO�RFFDVLRQV���&RQVHTXHQWO\��FRDO�IHHG�DQG�VROLG�FLUFXODWLRQ�UDWHV�ZHUH�UHGXFHG�WR
PLQLPL]H�WKH�VROLGV�FDUU\RYHU�WR�3&'��HYHQW�����ILJXUHV����DQG����WKURXJK�������$OVR�
)'�����ZDV�VKXW�GRZQ��HYHQW�����ILJXUHV����DQG����WKURXJK�����XQWLO�WKH�3&'�FRQH
ZDV�FOHDU�RI�DFFXPXODWHG�DVK�

• 7KH�)'�����V\VWHP�ZDV�UHVWDUWHG��HYHQW�����ILJXUH�����DIWHU�DOO�EURNHQ�FDQGOH�SLHFHV
ZHUH�UHPRYHG���&RDO�IHHG�ZDV�LQFUHDVHG��HYHQW�����ILJXUHV����DQG����WKURXJK�����DQG
WKH�UHDFWRU�ZDV�EURXJKW�EDFN�WR�SUHYLRXV�RSHUDWLQJ�FRQGLWLRQV���7KH�)'�����ZDV�DOVR
UHVWDUWHG�DW�DERXW���������7KHUH�ZDV�D�PDMRU�VWHDP�OHDN�DW�������RQ�WKH�+;����
GLIIHUHQWLDO�SUHVVXUH�LPSXOVH�OLQH�RQ�WKH�ULVHU���&RDO�IHHG�ZDV�VWRSSHG�DW��������HYHQW
����ILJXUHV����DQG����WKURXJK�����DQG�VKXWGRZQ�RI�WKH�SURFHVV�ZDV�LQLWLDWHG���7KH
&2�����ZDV�VWRSSHG�DW�DERXW��������HYHQW�����ILJXUH�����

6%��$�6GUV�4WP�1DUGTXCVKQPU

$�WRWDO�RI�����KRXUV�RQ�FRDO�ZDV�DFKLHYHG�DQG�D�WRWDO�RI�����WRQV�RI�FRDO�ZHUH�IHG����$Q�DWWHPSW
ZDV�PDGH�WR�PDLQWDLQ�WKH�3&'�WHPSHUDWXUH�ULVH�EHORZ�����)�KU�GXULQJ�DQ\�JLYHQ�VPDOO�WLPH
LQWHUYDO�ZKHQ�WUDQVLWLRQLQJ�IURP�SURSDQH�ILUH�WR�FRDO���7KH�LQVHUW�DQG�WKH�IORZPHWHU�IHHGLQJ
37����LPSXOVH�OLQH�ZHUH�UHPRYHG�VR�WKDW�QLWURJHQ�FRXOG�EH�XVHG�WKURXJK�WKH�37����DQG�),���
�GLVHQJDJHU�DQG�F\FORQH�E\SDVV��WR�PRGHUDWH�WKH�WHPSHUDWXUH�ULVH�LQ�WKH�3&'�GXULQJ�WKH�ILUVW
KRXU�RI�FRDO�IHHG���$ERXW�������OE�KU�RI�QLWURJHQ�IORZ�FRXOG�EH�REWDLQHG�WKURXJK�WKH�),����DQG
37����QR]]OHV���'XULQJ�WKH�LQLWLDO�FRDO�IHHG�WKLV�IORZ�ZDV�XVHG�EXW�KDG�QR�DSSDUHQW�HIIHFW�RQ
3&'�LQOHW�WHPSHUDWXUH���'XULQJ�LQLWLDO�FRDO�IHHG�WKH�3&'�UDPS�WHPSHUDWXUH�ZDV�HIIHFWLYHO\
FRQWUROOHG�DW�D�UDWH�OHVV�WKDQ�����)�KU�E\�LQWHUUXSWLQJ�FRDO�IHHG�RIWHQ�DQG�E\�HIIHFWLYHO\�XVLQJ
WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�

$SSDUHQWO\��WKH�FRQILJXUDWLRQ�FKDQJHV�PDGH�WR�WKH�IHHG�IRUZDUG�ORJLF�RI�WKH�SUHVVXUH�OHWGRZQ
YDOYH�OHVVHQHG�WKH�HIIHFW�RI��EDFN�SXOVH�RQ�GLSOHJ�RSHUDWLRQV���7KH�)'�����VFUHZ�FRROHU�ZDV�UXQ
RIWHQ�IRU�WKH�ILUVW�WLPH�DQG�ZDV�DEOH�WR�DFKLHYH�DQG�PDLQWDLQ�VWHDG\�VROLG�OHYHOV�LQ�WKH�UHDFWRU�DQG
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+;�������3UREOHPV�ZLWK�ORZ�FRDO�WUDQVIHU�DPRXQWV�GXULQJ�D�)'�����F\FOH�IRUFHG�RQH�UHDFWRU
VKXWGRZQ���)HHGLQJ�FRDO�ZDV�VWRSSHG�D�IHZ�WLPHV�IURP�WKH�)'�����SOXJJLQJ�GXH�WR�EURNHQ
FDQGOH�SLHFHV���%\�DGMXVWLQJ�DHUDWLRQ��VWDEOH�GLSOHJ�RSHUDWLRQV�ZHUH�DFKLHYHG�XQGHU�YDULRXV
RSHUDWLQJ�FRQGLWLRQV���7KH�UHFRYHU\��VROLG�FLUFXODWLRQ�DQG�UHDFWRU�WHPSHUDWXUHV��IURP�WZR�PDLQ
DLU�FRPSUHVVRU�WULSV�ZDV�VPRRWK���7KH�FDXVH�RI�WKH�WZR�PRPHQWDU\�FRPSUHVVRU�WULSV�ZDV�QRW
FOHDUO\�HVWDEOLVKHG���7KH�3&'�EDFN�SXOVH�YDOYHV�ZHUH�FKDUDFWHUL]HG�IRU�WKH�HIIHFW�RI�SUHVVXUH�RQ
JDV�IORZ���)UHTXHQWO\�GXULQJ�WKH�VHFRQG�DQG�WKLUG�)'�����F\FOHV�DIWHU�WKH�VWDUWXS�RI�FRDO�IHHG
WKH�H[LW�SOXJJHG�ZLWK�VPDOO�UHIUDFWRU\��VODJ��DQG�DJJORPHUDWHG�FKDU�SLHFHV���7KH�SURFHVV�ZDV�VKXW
GRZQ�GXH�WR�D�VWHDP�OHDN�RQ�WKH�+;�����GLIIHUHQWLDO�SUHVVXUH�JDXJH�3',����LPSXOVH�OLQH�



5GEVKQP��������
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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PDI253: Upper PDI254: Standpipe/Dipleg Diff
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AI610: SO2 Analyzer (ppm) AI462: NOx Analyzer (ppm) AI435C: O2 Analyzer 
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LI339: CY0207 Standpipe Level SIC390MEAS: FD0206 Speed
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TI391: FD206 Solids Temp PT8503: FD0510 Vessel Pres SIC390MEAS: FD206 Speed
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FI8771: Quench Air Flow FI8772: Waste Air Flow

FI8773A: Primary Air Flow FI8753: Propane Flow
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PT8533: FD0520 Vessel Pres PT8535: FD0520 Drop Pipe Pres SIC500: FD0502 Speed
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PDI3028:  PCD Differential Pressure
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FI465:  Total PCD Gas Flow

(KIWTG�������������)CU�(NQY�6JTQWIJ�2%&

0.00

100.00

200.00

300.00

400.00

500.00

600.00

700.00

800.00

9/19 0:00 9/19 12:00 9/20 0:00 9/20 12:00 9/21 0:00 9/21 12:00 9/22 0:00 9/22 12:00 9/23 0:00

PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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���������6%1�%�6GUV�4WP

7HVW�UXQ�7&��&�ZDV�FRQGXFWHG�EHWZHHQ�6HSWHPEHU����DQG������������2SHUDWLQJ�SORWV�DUH�VKRZQ�LQ
ILJXUHV�����������WKURXJK�������'XULQJ�WKH�RXWDJH�SUHFHGLQJ�WHVW�UXQ�7&��&�WKH�IROORZLQJ�ZRUN�ZDV
FRPSOHWHG�

• 7KH�VWUDLQHU�RQ�WKH�FLUFXODWLQJ�ZDWHU�OLQH�ZDV�FOHDQHG�

• 7KH�3&'�RXWOHW�DFRXVWLF�GHWHFWRU�SUREH�ZDV�SXOOHG�DQG�WKH�QR]]OH�EOLQGHG�

• 7KH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'������H[LW�YDOYH�VHDO�ZDV�UHSODFHG�

• 7KH�ILQHV�VFUHZ�FRROHU��)'������ZDV�UHSDFNHG�

6%1�%�6GUV�4WP�%JTQPQNQI[

• 2Q�6HSWHPEHU�����������WKH�PDLQ�DLU�FRPSUHVVRU��&2�������WKH�WKHUPDO�R[LGL]HU
�%5�������DQG�WKH�VWDUW�XS�EXUQHU��%5������ZHUH�VWDUWHG��HYHQW����ILJXUH����HYHQW���
ILJXUH������7KH�EORFNLQJ�YDOYHV�RQ�WKH�UHDFWRU�ZHUH�RSHQHG�DURXQG��������HYHQW����ILJXUH
����DQG�DW�������WKH�DHUDWLRQ�RQ�WKH�UHDFWRU�-�OHJ�ZDV�LQFUHDVHG���7KH�UHDFWRU�SUHVVXUH
ZDV�LQFUHDVHG�DQG�E\�������LW�ZDV�����SVLJ��HYHQW����ILJXUH�����

• 2Q�6HSWHPEHU�����������FRDO�IHHG�ZDV�VWDUWHG�DW��������HYHQW����ILJXUHV���DQG���WKURXJK
������7KH�FRPEXVWLRQ�KHDW�H[FKDQJHU��+;������FLUFXODWLRQ�ZDV�LQFUHDVHG�WR�FRQWURO�WKH
UHDFWRU�WHPSHUDWXUHV��DQG�FRQVHTXHQWO\��WKH�WHPSHUDWXUH�UDPS�LQ�WKH�3&'���$W�������WKH
EXUQHU�ILULQJ�ZDV�GHFUHDVHG�DQG�FRDO�IHHG�ZDV�LQFUHDVHG��HYHQW����ILJXUHV���DQG������$V
FRDO�IHHG�ZDV�LQFUHDVHG�WKH�+;�����FLUFXODWLRQ�ZDV�IXUWKHU�LQFUHDVHG�WR�FRQWURO�UHDFWRU
WHPSHUDWXUHV���'RORPLWH�IHHG�ZDV�VWDUWHG�DW��������HYHQW����ILJXUH������7KH�%5�����ZDV
VKXW�GRZQ�DW��������HYHQW����ILJXUH����DQG�E\�������WKH�3&'�SOHQXP�WHPSHUDWXUH�ZDV
DERYH�������)��HYHQW����ILJXUH�������$W�������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�DW���WR��
SVLJ�PLQXWH��HYHQW�����ILJXUH�����DQG�WKH�DHUDWLRQ�ZDV�VHW�WR�PDLQWDLQ�WKH�GHVLUHG
FLUFXODWLRQ�UDWH�

• $URXQG�������WKH�SUHVVXUH�OHWGRZQ�YDOYH��39�����SOXJ�VWHP�EHJDQ�WR�YLEUDWH�DW�KLJK
IUHTXHQF\���7KH�VWHP�YLEUDWLRQV�ZHUH�VXVSHFWHG�WR�EH�GXH�WR�IORZ�LQGXFHG�UHVRQDQFH�
7KH�SUHVVXUH�ZDV�GHFUHDVHG�DQG�WKHQ�LQFUHDVHG��HYHQW�����ILJXUH�����UDSLGO\�WR�VWRS�WKH
YLEUDWLRQ�DQG�QRLVH���7KH�VXGGHQ�PRYHPHQW�RI�WKH�DFWXDWRU�VWRSSHG�WKH�VWHP�YLEUDWLRQV�
$W�������D�3&'�EDFN�SXOVH�XSVHW�WKH�F\FORQH�GLSOHJ�IRU�DERXW����VHFRQGV���:KHQ�WKH
3&'�ZDV�PDQXDOO\�EDFN�SXOVHG�DURXQG�������WKH�ILUVW�EDFN�SXOVH�GLG�QRW�KDYH�PXFK
HIIHFW�RQ�WKH�GLSOHJ�EXW�WKH�VHFRQG�FDXVHG�DQ�XSVHW�IRU�DERXW����VHFRQGV���7KH�YHQW
YDOYH�RQ�)'�����ORFN�YHVVHO�VWDUWHG�OHDNLQJ�DW�DERXW���������$Q�KRXU�ODWHU�WKH�UHDFWRU
SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�WR�IXUWKHU�VWDELOL]H�WKH�UHDFWRU�RSHUDWLRQV��HYHQW����
ILJXUH�����

• 2Q�6HSWHPEHU�����������DW��������WKH�GRORPLWH�IHHG�UDWH�ZDV�LQFUHDVHG�WR�DFKLHYH�D�&D�6
UDWLR�RI�DERXW������HYHQW�����ILJXUH������7KH�)'�����ZDV�VWDUWHG�DURXQG�������DQG�WKH
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VSHHG�ZDV�LQFUHDVHG�GXULQJ�WKH�QH[W���KRXUV�WR�FRQWURO�WKH�VROLGV�OHYHO�LQ�WKH�UHDFWRU�DQG
+;�������7KH�VROLGV�OHYHO�ZDV�ORVW�IRU�D�IHZ�VHFRQGV�ZKHQ�WKH�3&'�EDFN�SXOVHG�DW
��������$W�DERXW�������WKH�)'�����V\VWHP�H[LW�SOXJJHG���7KH�H[LW�ZDV�XQSOXJJHG�DQG�WKH
V\VWHP�ZDV�SXW�EDFN�RQ�OLQH���$W�������)'�����ZDV�VKXW�GRZQ��HYHQW�����ILJXUH����
&2�����WULSSHG�PRPHQWDULO\�DW��������HYHQW�����ILJXUHV�������DQG���WKURXJK�������7KH
)'�����V\VWHP�ZDV�UHVWDUWHG�DURXQG��������HYHQW�����ILJXUH������6PDOO�SLHFHV�RI
UHIUDFWRU\�SOXJJHG�)'�����V\VWHP�DJDLQ�FDXVLQJ�LW�WR�EH�VKXW�GRZQ�DW�������IRU�FOHDQLQJ�

• $W�������WKH�+;�����ULVHU�OLQH�VWDUWHG�YLEUDWLQJ�GXH�WR�KDPPHULQJ��VR�WKH�VWHDP�GUXP
SUHVVXUH�ZDV�LQFUHDVHG�E\����SVLJ��ZKLFK�GLGQ
W�VHHP�WR�PDNH�DQ\�GLIIHUHQFH���$V�LQ
SUHYLRXV�WHVW�UXQV�WKH�WZR�ULVHU�OLQHV�IURP�WKH�VHFRQGDU\�JDV�FRROHU��+;������FRQWLQXHG
WR�YLEUDWH�GXH�WR�KDPPHULQJ�DURXQG�EHQGV���$URXQG�������WKH�62

�
�DQDO\]HU�UHDGLQJ

MXPSHG�IURP���WR�RYHU�������SSP�GXH�WR�DQ�DQDO\]HU�PDOIXQFWLRQ��HYHQW�����ILJXUH�����

• 2Q�6HSWHPEHU�����������WKH�)'�����DQG�)'�����V\VWHPV�ZHUH�RSHUDWHG�LQWHUPLWWHQWO\
WR�NHHS�VROLG�OHYHOV�ZLWKLQ�WKH�GHVLUHG�OLPLWV�LQ�WKH�UHDFWRU�DQG�+;�������$W�������WKH
39����VWHP�VWDUWHG�VKDNLQJ�DJDLQ�VR�WKH�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG���%\�������WKHUH
ZDV�QR�FRQWURO�RI�39�����UHVXOWLQJ�LQ�D�UDSLG�ULVH�LQ�WKH�UHDFWRU�SUHVVXUH��HYHQW�����ILJXUH
������7KH�&2�����GLVFKDUJH�SUHVVXUH�ZDV�UHGXFHG�WR�VORZ�GRZQ�WKH�ULVH�LQ�UHDFWRU
SUHVVXUH���7KH�)'�����WULSSHG�DW�DERXW��������HYHQW�����ILJXUH�����GXH�WR�KLJK�3&'�H[LW
WHPSHUDWXUH���7KH�39����VHWWOHG�DURXQG�������EXW�VWDUWHG�UDWWOLQJ�DJDLQ�DIWHU����PLQXWHV�
&RDO�IHHG�ZDV�VWRSSHG�DW��������HYHQW�����ILJXUHV����DQG����WKURXJK�����DQG�FLUFXODWLRQ
DV�ZHOO�DV�UHDFWRU�SUHVVXUH�ZHUH�UHGXFHG���$�OHDN�ZDV�GHWHFWHG�LQ�WKH�)'�����V\VWHP��VR
WKH�SURFHVV�DQG�&2�����ZHUH�VKXW�GRZQ�DW��������HYHQW�����ILJXUH�����

• 'XULQJ�WKH�EULHI�VKXWGRZQ�WKH�)'�����GLVSHQVH�YHVVHO�VSKHUL�YDOYH�VHDO�ZDV�FKDQJHG�
7KH�-RQDV�DFRXVWLF�SUREH�RQ�WKH�3&'�LQOHW�ZDV�SXOOHG�DQG�D�EOLQG�IODQJH�ZDV�LQVWDOOHG�
7KH�&2�����ZDV�UHVWDUWHG�DW��������HYHQW�����ILJXUH�������$IWHU�D�OHDN�WHVW�%5�����ZDV
OLW�DW�DERXW��������HYHQW�����ILJXUH�����DQG�WKH�ILULQJ�ZDV�LQFUHDVHG�

• $HUDWLRQ�RQ�WKH�UHDFWRU�-�OHJ�ZDV�LQFUHDVHG�WR�UDLVH�WHPSHUDWXUHV�LQ�WKH�ORZHU�VWDQGSLSH
DQG�DOVR�WR�UHGXFH�WKH�HIIHFW�RI�EXUQHU�JDV�IORZV�LPSLQJLQJ�RQ�VROLGV�IURP�WKH�-�OHJ���7KH
FRDO�IHHG�ZDV�VWDUWHG�DURXQG�������RQ�6HSWHPEHU�����������HYHQW�����ILJXUHV����DQG���
WKURXJK�������7KH�GLSOHJ�ZDV�VOXJJLQJ��WKH�GLSOHJ�DHUDWLRQ�ZDV�DGMXVWHG�WR�VWDELOL]H�WKLV�
7KH�%5�����ZDV�VKXW�GRZQ�DW��������HYHQW�����ILJXUH�����DQG�WKH�UHDFWRU�SUHVVXUH�ZDV
JUDGXDOO\�LQFUHDVHG�RYHU�WKH�QH[W�VHYHUDO�KRXUV���7KH�3&'�WHPSHUDWXUH�UHDFKHG�������)
DURXQG��������WKH�3&'�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�DW��������HYHQW����
ILJXUH�����

• 2Q�6HSWHPEHU�����������WKH�)'�����WRS�DQG�ERWWRP�VSKHUL�YDOYH�VHDOV�IDLOHG�
&RQVHTXHQWO\��FLUFXODWLRQ�DQG�FRDO�IHHG�ZHUH�UHGXFHG�DQG�SURFHVV�VKXWGRZQ�ZDV
LQLWLDWHG��HYHQW�����ILJXUHV������������WKURXJK�����DQG�����
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6%��%�6GUV�4WP�1DUGTXCVKQPU

$�WRWDO�RI������KRXUV�RQ�FRDO�ZDV�DFKLHYHG�DQG�D�WRWDO�RI������WRQV�RI�FRDO�ZHUH�IHG����'XULQJ�7&��%
WKH�WUDQVLWLRQ�IURP�SURSDQH�ILUH�WR�FRDO�ZLWK�D�OLPLW�RQ�WKH�3&'�WHPSHUDWXUH�UDPS�UDWH�FRXOG�EH
DFKLHYHG�RQO\�E\�LQWHUUXSWLQJ�WKH�FRDO�IHHG���,Q�WKLV�UXQ�WKH�WUDQVLWLRQ�ZDV�DFKLHYHG�ZLWK�FRQWLQXRXV
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU

���������

���������6%��&�6GUV�4WP

7HVW�UXQ�7&��'�ZDV�FRQGXFWHG�EHWZHHQ�6HSWHPEHU����DQG�2FWREHU�����������2SHUDWLQJ�SORWV
DUH�VKRZQ�LQ�ILJXUHV�����������WKURXJK�����

6%��&�6GUV�4WP�%JTQPQNQI[

• 2Q�6HSWHPEHU�����������WKH�WRS�DQG�ERWWRP�VSKHUL�YDOYH�VHDOV�ZHUH�UHSODFHG�RQ�WKH
ILQHV�WUDQVSRUWHU�V\VWHP��)'��������,Q�SUHSDUDWLRQ�IRU�WKH�WHVW�UXQ�WKH�PDLQ�DLU
FRPSUHVVRU��&2������ZDV�VWDUWHG�DW��������HYHQW����ILJXUH����

• 2Q�6HSWHPEHU�����������WKH�VXOIDWRU�KHDWHU��%5������ZDV�OLW�WR�SUHKHDW�WKH�3&'�
7KH�SUHKHDW�ZDV�FRPSOHWHG�DW�DERXW��������HYHQW����ILJXUH������WKH�UHDFWRU�VWDUW�XS
EXUQHU��%5������ZDV�OLW�DW�DERXW��������HYHQW����ILJXUH�����DQG�DERXW�DQ�KRXU�ODWHU
%5�����ZDV�VKXW�GRZQ���7KH�UHDFWRU�SUHVVXUH�ZDV�JUDGXDOO\�LQFUHDVHG�WR�����SVLJ�E\
��������%HWZHHQ�������DQG�������EDFN�SXOVLQJ�WHVWV�ZHUH�SHUIRUPHG�DW�YDULRXV�YDOYH�
RSHQ�WLPHV��YDOYH�DFWXDWLRQ�SUHVVXUHV��DQG�SXOVH�SUHVVXUHV���7KH�FRDO�IHHG�ZDV�VWDUWHG
DW��������HYHQW����ILJXUHV���DQG���WKURXJK������7KH�UHDFWRU�SUHVVXUH�ZDV�VOLJKWO\
LQFUHDVHG�DURXQG�������WR�UHGXFH�WKH�LQOHW�F\FORQH�YHORFLW\�DQG�WKHUHE\�VWDELOL]H�WKH
GLSOHJ�RSHUDWLRQ�

• $W�������FRDO�IHHG�ZDV�PRPHQWDULO\�ORVW�EHFDXVH�WKH�)'�����GLVSHQVH�YHVVHO�ILOO
F\FOH�ZDV�OHIW�GLVDEOHG���7KH�%5�����ZDV�VKXW�GRZQ�DW��������HYHQW����ILJXUH����
2YHU�WKH�QH[W�VHYHUDO�KRXUV�WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�DQG�WKH�UHDFWRU
DHUDWLRQV�ZHUH�DGMXVWHG���%\�������WKH�UHDFWRU�SUHVVXUH�ZDV�����SVLJ�DQG�WKH�3&'
WHPSHUDWXUH�ZDV�������)��HYHQW����ILJXUH�����

• $URXQG�������RQ�2FWREHU����������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ
�HYHQW����ILJXUH�������$W�������WKHUH�ZDV�D�FRQVLGHUDEOH�LQFUHDVH�LQ�1��UHTXLUHG�WR
SUHVVXUL]H�WKH�VSKHUL�YDOYH�VHDOV�ZKHQ�)'�����F\FOHG���$W�DERXW�������WKH�)'����
PLGGOH�VSKHUL�YDOYH�VHDO�IDLOHG��HYHQW����ILJXUHV���DQG���WKURXJK������7KH�V\VWHP�ZDV
VORZO\�GHSUHVVXUL]HG�DQG�%5�����ZDV�OLW�DW��������HYHQW����ILJXUH������7KH�)'����
PLGGOH�VSKHUL�YDOYH�VHDO�EHWZHHQ�WKH�VXUJH�ELQ�DQG�ORFN�YHVVHO�ZDV�UHSODFHG�DQG
)'�����ZDV�OLQHG�XS�DW�������

• &RDO�IHHG�VWDUWHG�DW�������RQ�2FWREHU����������HYHQW�����ILJXUHV���DQG���WKURXJK����
'XULQJ�WKH�ILUVW�)'�����F\FOH��DURXQG��������WKH�ORFN�YHVVHO�YHQW�OLQH�SOXJJHG
EHFDXVH�WKH�JDWH�YDOYH�ZDV�QRW�VHW�SURSHUO\��FDXVLQJ�WKH�ORFN�YHVVHO�WR�RYHUILOO���7KH
WZR�VKXWWOH�YDOYHV�DQG�WKH�SRSSHW�YDOYH�DVVRFLDWHG�ZLWK�WKH�PLGGOH�VSKHUL�ZHUH
SXOOHG�DQG�FOHDQHG�

• &RDO�IHHG�UHVXPHG�MXVW�EHIRUH��������HYHQW�����ILJXUHV���DQG���WKURXJK������7KH
%5�����ZDV�VKXW�GRZQ�DW�DERXW��������HYHQW�����ILJXUH����DQG�WKH�UHDFWRU�SUHVVXUH
ZDV�JUDGXDOO\�LQFUHDVHG�WR�����SVLJ�DURXQG��������HYHQW�����ILJXUH�������7KH�EDFN�
SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�DQG�DGMXVWPHQWV�WR�WKH�DHUDWLRQ�UDWH�RQ�WKH
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���������

FRPEXVWLRQ�KHDW�H[FKDQJHU��+;������ZHUH�PDGH���%\�������WKH�3&'�ZDV�DERYH
������)��HYHQW�����ILJXUH�����

• 65,�WRRN�VDPSOHV�RQ�2FWREHU�����������$�OHDN�LQ�WKH�)'�����SDFNLQJ�ZDV�UHSDLUHG
E\�WLJKWHQLQJ�WKH�SDFNLQJ���7KH�SURFHVV�UDQ�VPRRWKO\�WKURXJKRXW�WKH�GD\�H[FHSW�IRU
D�WHPSRUDU\�SOXJ�LQ�WKH�FRDO�VLOR��)'������

• 2Q�2FWREHU����������)'�����WULSSHG�PRPHQWDULO\�GXH�WR�WKH�IDLOXUH�RI�WKH�ERWWRP
VSKHUL�YDOYH�WR�FORVH�EHIRUH�WKH�WLPHU�WLPHG�RXW���7KH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG
LQ�VWHSV�XQWLO�WKH�SUHVVXUH�UHDFKHG�����SVLJ���6WDJHG�DLU��WKURXJK�WKH�ULVHU��ZDV
UHGLVWULEXWHG�WR�HYDOXDWH�LWV�HIIHFW�RQ�WKH�UHDFWRU�WHPSHUDWXUH�SURILOH���7KHUH�ZDV�QR
DSSDUHQW�HIIHFW�RQ�WKH�WHPSHUDWXUH�SURILOH���)OXFWXDWLRQV�LQ�WKH�FRDO�IHHGHU�VSHHG
UHVXOWHG�LQ�XQVWHDG\�WHPSHUDWXUHV�LQ�WKH�UHDFWRU�DQG�3&'���7KH�)'�����ZDV�VKXW
GRZQ�IRU�DERXW���KRXU�WR�IL[�D�FUDFN�LQ�LWV�H[LW�HOERZ�

• 2Q�2FWREHU����������WKH�)'�����GLVFKDUJH�OLQH�SOXJJHG��UHVXOWLQJ�LQ�D�GHFUHDVH�LQ
UHDFWRU�WHPSHUDWXUHV�WKDW�IRUFHG�WKH�FRDO�DQG�GRORPLWH�IHHG�WR�EH�VWRSSHG��HYHQW����
ILJXUHV����DQG����WKURXJK�������7KH�UHDFWRU�SUHVVXUH�ZDV�UHGXFHG�WR�����SVLJ�DQG
%5�����ZDV�OLW�DW��������HYHQW�����ILJXUH�������&RDO�IHHG�ZDV�DWWHPSWHG�DW�������EXW
IDLOHG�EHFDXVH�WKH�GLVFKDUJH�YHVVHO�ZDV�EULGJHG���$IWHU�FRPSOHWLQJ�PDLQWHQDQFH�ZRUN
RQ�WKH�)'�����FRDO�IHHG�ZDV�VWDUWHG�DW��������HYHQW�����ILJXUHV���������DQG�����EXW
WKH�IHHGHU�WULSSHG�VHYHUDO�WLPHV�GXULQJ�WKH�QH[W���KRXUV���7KH�)'�����ERWWRP�VSKHUL
YDOYH�VHDO�IDLOHG�DW�DERXW�������IRUFLQJ�D�VKXWGRZQ�RI�WKH�SURFHVV��HYHQW�����ILJXUHV
�����������WKURXJK�����DQG�����

6%��&�6GUV�4WP�1DUGTXCVKQPU

$�WRWDO�RI������KRXUV�RQ�FRDO�ZDV�DFKLHYHG��D�WRWDO�RI������WRQV�RI�FRDO�ZHUH�IHG��DQG����KRXUV
ZLWK�3&'�SOHQXP�WHPSHUDWXUH�DERYH�������)�ZDV�DFFXPXODWHG���7KHUH�ZHUH�WKUHH�WHPSRUDU\
FRDO�IHHG�VKXWGRZQV�GXULQJ�WKLV�UXQ�GXH�WR�SUREOHPV�ZLWK�WKH�FRDO�IHHG�V\VWHP�

�� 7KH�)'�����V\VWHP�PLGGOH�VSKHUL�YDOYH�VHDO�IDLOHG�

�� 7KH�ORFN�YHVVHO�YHQW�OLQH�SOXJJHG�GXH�WR�LPSURSHU�LQVWDOODWLRQ�RI�DQ�RULILFH�SODWH�DQG
YHQW�YDOYH�LQ�WKH�OLQH�

�� 7KH�DPRXQW�RI�FRDO�WUDQVIHUUHG�SHU�F\FOH�WR�WKH�ORFN�KRSSHU�DQG�GLVSHQVH�YHVVHO
GHFUHDVHG�FRQVLGHUDEO\��LQGLFDWLQJ�EULGJLQJ�LQ�WKHVH�YHVVHOV�

7KH�FRDO�IHHGHU�GLVFKDUJH�OLQH�DOVR�SOXJJHG���$OO�RI�WKHVH�SUREOHPV�ZHUH�DGGUHVVHG�DV�WKH\
RFFXUUHG�DQG�WKH�FRDO�IHHG�V\VWHP�ZDV�SXW�EDFN�RQ�OLQH���7KH�)'�����DQG�)'�����ORFN�YHVVHOV
ZHUH�LQVSHFWHG�DQG�FOHDQHG�GXULQJ�WKH�RXWDJH���7KHUH�ZDV�OLWWOH�EXLOGXS�LQ�HLWKHU�YHVVHO���7KH
ILQDO�SURFHVV�VKXWGRZQ�ZDV�FDXVHG�E\�D�FRPELQDWLRQ�RI�SUREOHPV�ZLWK�WKH�FRDO�IHHGHU�V\VWHP
DQG�WKH�EORZQ�VSKHUL�YDOYH�VHDO�RQ�WKH�ILQHV�WUDQVSRUW�V\VWHP�
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WT8400: Sorbent Stg Wt SIC8404: FD0220 Feeder Speed
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PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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PDI3028:  PCD Differential Pressure

(KIWTG�������������2%&�&KHHGTGPVKCN�2TGUUWTG�2TQHKNG

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

9/29 0:00 9/29 12:00 9/30 0:00 9/30 12:00 10/1 0:00 10/1 12:00 10/2 0:00 10/2 12:00 10/3 0:00

TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp

(KIWTG�������������2%&�6GORGTCVWTGU

2

6

14



6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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WT8400: Sorbent Stg Wt SIC8404: FD0220 Feeder Speed

(KIWTG�������������5QTDGPV�(GGF�5[UVGO�2TQHKNG

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

10/3 0:00 10/3 12:00 10/4 0:00 10/4 12:00 10/5 0:00 10/5 12:00 10/6 0:00

-5000.00

0.00

5000.00

10000.00

15000.00

20000.00

PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow

(KIWTG�������������%1�����5[UVGO�2TQHKNG

18

0.00

1000.00

2000.00

3000.00

4000.00

5000.00

6000.00

7000.00

8000.00

10/3 0:00 10/3 12:00 10/4 0:00 10/4 12:00 10/5 0:00 10/5 12:00 10/6 0:00

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

WT8450: 210 Coal Stg Wt SIC8454: Coal Fdr Spd

(KIWTG�������������%QCN�(GGF�5[UVGO�2TQHKNG

15

17

18



6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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PDI257: Middle and Upper
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PI287: Reactor Pressure DI202: Upper Riser
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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PDI253: Upper PDI254: Standpipe/Dipleg Diff
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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AI610: SO2 Analyzer (ppm) AI462: NOx Analyzer (ppm) AI435C: O2 Analyzer 
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PDI3028:  PCD Differential Pressure
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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FI465:  Total PCD Gas Flow
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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7HVW�UXQ�7&��(�ZDV�FRQGXFWHG�EHWZHHQ�2FWREHU���DQG�2FWREHU������������2SHUDWLQJ�SORWV�DUH
VKRZQ�LQ�ILJXUHV�����������WKURXJK�����

'XULQJ�WKH�RXWDJH�IURP�2FWREHU���WR����������WKH�IROORZLQJ�PDLQWHQDQFH�ZRUN�ZDV�SHUIRUPHG�

• 7KH�RSHUDWLRQ�RI�WKH�ILQHV�WUDQVSRUW�V\VWHP��)'������ERWWRP�VSKHUL�YDOYH�ZDV
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• 7KH�OHDNLQJ�WXEH�EXQGOH�LQ�WKH�FRQGHQVDWH�VXEFRROHU��+;������ZDV�UHSODFHG�
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WKURWWOLQJ�YDOYH�ZDV�UHPRYHG�

• $Q�DGGLWLRQDO�VWUDQG�RI�SDFNLQJ�ZDV�DGGHG�WR�WKH�)'�����SDFNLQJ�

6%1�'�6GUV�4WP�%JTQPQNQI[

• 7KH�OHDN�WHVW�ZDV�FRQGXFWHG�RQ�2FWREHU���DQG�����������/HDNV�ZHUH�IRXQG�DQG
UHSDLUHG�DURXQG�WXELQJ�ILWWLQJV�RQ�ERWK�WKH�WRS�DQG�ERWWRP�)'�����VSKHUL�YDOYHV�
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EXUQHU�ZDV�OLW�DW��������HYHQW����ILJXUH������7KH�DGGLWLRQ�RI�UHF\FOHG�VROLGV�IURP
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ERWWRP�VWDQGSLSH�WHPSHUDWXUHV�ZHUH�GURSSLQJ��LQGLFDWLQJ�WKDW�WKHUH�ZDV�OLWWOH�RU�QR
VROLGV�FLUFXODWLRQ�WKURXJK�WKH�UHDFWRU�-�OHJ���6NLQ�WHPSHUDWXUHV�ZHUH�WDNHQ�WR�PDNH
VXUH�WKDW�WKH�PL[LQJ�]RQH�DQG�ORZHU�VWDQGSLSH�WHPSHUDWXUH�GLIIHUHQFH�GLG�QRW�H[FHHG



6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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����)���6LQFH�WKH�VROLGV�FLUFXODWLRQ�LQ�WKH�UHDFWRU�ZDV�ORZ�LW�ZDV�QRW�VXIILFLHQW�WR
SULPH�WKH�F\FORQH�GLSOHJ���7KH�VWDQGSLSH�DQG�GLSOHJ�DHUDWLRQV�ZHUH�DGMXVWHG�DQG�WKH
EXUQHU�IORZV�ZHUH�DOVR�DGMXVWHG�LQ�DQ�DWWHPSW�WR�LQFUHDVH�FLUFXODWLRQ�DQG�VROLGV�IORZ
WKURXJK�WKH�GLSOHJ���7KHUH�ZHUH�QR�LPPHGLDWH�LPSURYHPHQWV�LQ�WKH�RSHUDWLRQ�EXW�DV
VDQG�ZDV�DGGHG�WKH�VWDQGSLSH�OHYHO�VWDUWHG�LQFUHDVLQJ��ZKLFK�LQ�WXUQ�LQFUHDVHG�WKH
FLUFXODWLRQ���3',����VWDUWHG�IOXFWXDWLQJ�EHWZHHQ�]HUR�DQG�����LQ�+�2�EHIRUH
VWDELOL]LQJ�DW�DERXW���������$W�DOPRVW�WKH�VDPH�WLPH�VROLG�FLUFXODWLRQ�VWDUWHG�WKURXJK
WKH�VWDQGSLSH�DQG�FRQWLQXHG�WR�LQFUHDVH��HYHQW����ILJXUHV����WKURXJK�����

• &RDO�IHHG�ZDV�VWDUWHG�DURXQG��������HYHQW����ILJXUHV���DQG���WKURXJK�����EXW�WKH
)'�����V\VWHP�VRRQ�VWDUWHG�KDYLQJ�SUREOHPV���7KH�PLGGOH�VSKHUL�YDOYH�IDLOHG�WR
RSHQ�GXULQJ�WKH�WUDQVIHU�F\FOH�GXH�WR�D�ORRVH�HOHFWULFDO�SOXJ�LQ�WKH�FDELQHW���&RDO�IHHG
VWDUWHG�DJDLQ�DIWHU�WKH�SUREOHP�ZDV�FRUUHFWHG�DW�DERXW��������EXW�SUREOHPV�ZLWK�WKH
FRDO�IHHGHU�FRQWLQXHG���7KH�V\VWHP�ZRXOG�F\FOH�\HW�YHU\�OLWWOH�FRDO�ZDV�WUDQVIHUUHG
LQWR�WKH�GLVSHQVH�YHVVHO��IRUFLQJ�VKXWGRZQ�RI�WKH�V\VWHP�DW�������RQ�2FWREHU����
������HYHQW����ILJXUHV���DQG���WKURXJK�������6HYHUDO�WKLQJV�ZHUH�GRQH�WR�DGGUHVV�WKH
FRDO�IHHGHU�SUREOHPV�EXW�QRQH�ZHUH�VXFFHVVIXO���)LQHV�KDG�DSSDUHQWO\�DFFXPXODWHG�LQ
WKH�WUDQVIHU�V\VWHP�GXULQJ�WHVW�UXQ�7&��'�DQG�ZHUH�EULGJLQJ�DW�WKH�WRS�RI�WKH
GLVSHQVH�YHVVHO�RU�DW�WKH�ERWWRP�RI�WKH�ORFN�YHVVHO���2QFH�DOO�WKH�ILQH�FRDO�ZDV�IHG�E\
UHSHDWHG�SXUJLQJ��YHQWLQJ��DQG�EORZLQJ�WKURXJK�WKH�V\VWHP�WKH�IHHGHU�UHWXUQHG�WR
QRUPDO�RSHUDWLRQ���7KH�%5�����ZDV�VKXW�GRZQ�DW��������HYHQW����ILJXUH������%\������
WKH�UHDFWRU�SUHVVXUH�ZDV�����SVLJ��HYHQW����ILJXUH�����DQG�E\�������WKH�3&'�SOHQXP
WHPSHUDWXUH�UHDFKHG�������)��HYHQW����ILJXUH�����

• 2Q�2FWREHU�����������WKH�VSHQW�VROLGV�VFUHZ�FRROHU��)'������ZDV�UXQ�SHULRGLFDOO\�WR
FRQWURO�WKH�VROLGV�OHYHO�LQ�WKH�UHDFWRU���7KH�)'�����SOXJJHG�RQ�D�IHZ�RFFDVLRQV�EXW
WKLV�GLG�QRW�DIIHFW�WKH�SURFHVV�VWDELOLW\���7KH�SOXJJLQJ�ZDV�FOHDUHG�HDFK�WLPH�DQG�WKH
V\VWHP�ZDV�SXW�EDFN�RQ�OLQH�

• 2Q�2FWREHU�����������65,�VDPSOHG�WKH�3&'�LQOHW�RXWOHW�EHWZHHQ������DQG�������
$W�DERXW�������WKH�39����VWHP�VWDUWHG�YLEUDWLQJ�ZKHQ�WKH�3&'�EDFN�SXOVHG���7KH
UHDFWRU�SUHVVXUH�ZDV�GHFUHDVHG�IURP�����WR�����SVLJ�DQG�WKHQ�LQFUHDVHG�WR�����SVLJ�
7KH�LQFUHDVH�LQ�SUHVVXUH�GHFUHDVHG�WKH�WHPSHUDWXUH�DW�WKH�+;�����RXWOHW�E\�DERXW
��)��7,������ZKLFK�PDGH�WKH�YLEUDWLRQ�VWRS��KRZHYHU��WKH�39����YLEUDWLRQ�FDXVHG�D
OHDN�DURXQG�WKH�VWHP���/DWHU��WKH�)'�����ERWWRP�VSKHUL�YDOYH�IDLOHG�WR�FORVH�ZLWKLQ
WKH�DFFHSWDEOH�WLPH�OLPLW�VR�WKH�WRUTXH�RQ�WKH�WRUTXH�DUP�ZDV�LQFUHDVHG�DQG�WKH�F\FOH
LQLWLDWLRQ�WR�VHDO�WKH�SUHVVXUL]DWLRQ�WLPHU�ZDV�LQFUHDVHG��KRZHYHU��WKLV�GLG�QRW�FRUUHFW
WKH�SUREOHPV���7KHUHIRUH��)'�����ZDV�LVRODWHG�IRU�PDLQWHQDQFH���7KH�)'�����ZDV
UHWXUQHG�WR�VHUYLFH�DW�DERXW���������7KH�FRDO�IHHGHU�WULSSHG�DW��������HYHQW�����ILJXUHV
���DQG����WKURXJK�����EXW�ZDV�UHVWDUWHG�ZLWKRXW�DQ\�SUREOHPV�

• 6LQFH�WKH�62��DQDO\]HU�ZDV�UHDGLQJ�ORZ�WKURXJKRXW�WKH�WHVW�UXQ�RWKHU�PHWKRGV�RI
VDPSOLQJ�DQG�DQDO\VLV�ZHUH�DWWHPSWHG�WR�FRQILUP�WKH�UHDGLQJV���2Q�2FWREHU����
������DW��������D�ERPE�VDPSOH�RI�SURFHVV�JDV�ZDV�WDNHQ�DW�WKH�+;�����RXWOHW�IRU
62��DQDO\VLV���$QRWKHU�SURFHVV�JDV�VDPSOH�ZDV�DQDO\]HG�ZLWK�D�SRUWDEOH�]HUR�WR���
SSP�´GUDHJHUµ�WXEH�EXW�62��ZDV�QRW�GHWHFWHG���$W�������WKH�)'�����H[LW�OLQH
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SOXJJHG��FDXVLQJ�DVK�WR�EXLOG�XS�LQ�WKH�3&'��HYHQW�����ILJXUH�������&RQVHTXHQWO\�
GRORPLWH�IHHG�DQG�UHDFWRU�VROLG�FLUFXODWLRQ�ZHUH�UHGXFHG���7KH�)'�����OLQH�ZDV
XQSOXJJHG�DURXQG�������DQG�WKH�)'�����ZDV�SODFHG�EDFN�LQ�VHUYLFH�

• $W�DERXW�������D�KLJK�IUHTXHQF\�YLEUDWLRQ�GHYHORSHG�LQ�WKH�39����VWHP���)RU�WKH
QH[W���KRXUV�D�QXPEHU�RI�YDULDEOHV�RQ�WKH�UHDFWRU�ZHUH�FKDQJHG�WR�HOLPLQDWH�WKH
YLEUDWLRQ���)LQDOO\��WKH�LQVWUXPHQW�DLU�WR�WKH�39�����GLDSKUDJP�ZDV�LQVWDQWDQHRXVO\
FORVHG�DQG�WKH�DLU�ZDV�EOHG�RII�WKH�UHJXODWRU���7KLV�FDXVHG�WKH�YDOYH�WR�TXLFNO\�FORVH
DQG�UHRSHQ�DQG�WKH�YLEUDWLRQ�VWRSSHG�

• $W�������FLUFXODWLRQ�WKURXJK�WKH�UHDFWRU�DQG�UHDFWRU�WHPSHUDWXUHV�ZHUH�LQFUHDVHG
�HYHQW�����ILJXUHV���������DQG�������7KH�SXUSRVH�ZDV�WR�LQFUHDVH�FDUU\RYHU�WR�3&'�VR
WKDW�FKDQJHV�WR�WKH�VFUHZ�FRROHU��)'������+7)�IORZV�FRXOG�EH�HYDOXDWHG���7KH�+7)
IORZV�ZHUH�UHGXFHG�LQ�DQ�DWWHPSW�WR�PDLQWDLQ�D�KLJKHU�VROLGV�H[LW�WHPSHUDWXUH�WR
SUHYHQW�FRQGHQVDWLRQ�IURP�RFFXUULQJ���7KH�WKHRU\�ZDV�WKDW�WKH�)'�����H[LW�OLQH�ZDV
SOXJJLQJ�GXH�WR�ZHW�VROLGV���&RDO�ZDV�ORVW�EULHIO\�DW�DERXW��������HYHQW�����ILJXUHV���
WKURXJK�������7KURXJKRXW�WKH�QLJKW�WKH�)'�����ERWWRP�VSKHUL�ZDV�PDQXDOO\�FORVHG
DQG�WKH�V\VWHP�DOVR�SOXJJHG�VHYHUDO�WLPHV���7KH�+7)�V\VWHP�FRROLQJ�IDQV�ZHUH
WXUQHG�RII�DQG�WKH�WHPSHUDWXUH�RI�WKH�+7)�V\VWHP�ZDV�VHW�WR�����)�WR�LQFUHDVH�WKH
DVK�WHPSHUDWXUH�DW�WKH�)'�����H[LW�

• 2Q�2FWREHU�����������IURP�������WR��������65,�VDPSOHG�WKH�3&'�ORDGLQJ���$�JDV
ERPE�VDPSOH�ZDV�WDNHQ�DW�WKH�3&'�LQOHW�SUREH�WR�GHWHFW�WKH�SUHVHQFH�RI�62��VLQFH
WKH�RQOLQH�JDV�DQDO\VLV�V\VWHP�ZDV�QRW�GHWHFWLQJ�DQ\���7KH�GDWD�DFTXLVLWLRQ�V\VWHP
ZDV�ORVW�DW�������IRU�DERXW����PLQXWHV���$W�DERXW�������WKH�39����VWHP�EHJDQ�WR
YLEUDWH�DJDLQ���$V�EHIRUH��UHDFWRU�FRQGLWLRQV�ZHUH�YDULHG�LQ�DQ�DWWHPSW�WR�VWRS�WKH
YLEUDWLRQV���7KH�LQGXFHG�SUHVVXUH�VZLQJV�WR�VWRS�WKH�39����VWHP�YLEUDWLRQV�FDXVHG�D
FDUU\RYHU�RI�VROLGV�WR�WKH�3&'���7KH�)'�����ERWWRP�VSKHUL�YDOYH�VHDO�IDLOHG�DW
�������VR�D�VKXWGRZQ�RI�WKH�SURFHVV�ZDV�LQLWLDWHG��HYHQW�����ILJXUHV���������DQG���
WKURXJK�����

6%��'�6GUV�4WP�1DUGTXCVKQPU

%HIRUH�WKH�VWDUW�RI�7&��(�WKH�)'�����ERWWRP�VSKHUL�YDOYH�DVVHPEO\�ZDV�VXEMHFWHG�WR�D�QXPEHU
RI�WHVWV�LQ�WKH�PDLQWHQDQFH�VKRS�WR�GHWHUPLQH�WKH�PRGHV�RI�VHDO�IDLOXUH���7KH�UHMHFWV�UHF\FOH�OLQH
ZDV�UHGLUHFWHG�WR�WKH�PLOO��LQVWHDG�RI�WR�WKH�FUXVKHG�FRDO�VLOR��LQ�WKH�FRDO�JULQGLQJ�FLUFXLW��ZKLFK
LPSURYHG�WKH�JULQG�FRQVLVWHQF\�

'XULQJ�WKLV�WHVW�SHULRG�FRDO�IHHG�ZDV�ORVW�RQFH�GXH�WR�ORZ�DQG�HYHQWXDOO\�QR�WUDQVIHU�RI�FRDO�LQWR
WKH�)'�����GLVSHQVH�YHVVHO���5HSHDWHG�SXUJLQJ��YHQWLQJ��DQG�EORZLQJ�WKURXJK�WKH�ORFN�DQG
GLVSHQVH�YHVVHOV�ILQDOO\�UHVWRUHG�WKH�FRDO�IHHG�V\VWHP�WR�LWV�QRUPDO�RSHUDWLRQ���$SSDUHQWO\��D
EDWFK�RI�ILQH�FRDO�WKURXJK�WKH�)'�����V\VWHP�FDXVHG�WKH�SUREOHPV���2QFH�WKLV�EDWFK�RI�ILQH
FRDO�ZDV�HLWKHU�GUDLQHG�RU�IHG�LQWR�WKH�UHDFWRU�WKH�FRDO�IHHG�V\VWHP�RSHUDWHG�ZLWKRXW�DQ\
SUREOHPV�
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7KHUH�ZHUH�SHULRGLF�SUREOHPV�ZLWK�WKH�SUHVVXUH�OHWGRZQ�YDOYH�SOXJ�VWHP�YLEUDWLQJ�DW�KLJK
IUHTXHQFLHV���,QLWLDOO\�WKH�YLEUDWLRQV�ZHUH�VWRSSHG�E\�UDSLGO\�PRYLQJ�WKH�DFWXDWRU��EXW�WKLV
WHFKQLTXH�GLG�QRW�ZRUN�DW�DOO�WLPHV���7KH�YLEUDWLRQV�ZHUH�WKH�UHVXOW�RI�IORZ�LQGXFHG�UHVRQDQFH�

$W�WKH�VXJJHVWLRQ�RI�YDOYH�PDQXIDFWXUHU�D�EDFN�SUHVVXUH�RI����SVLJ�RQ�WKH�SUHVVXUH�OHWGRZQ
YDOYH�ZDV�FUHDWHG�E\�LQVHUWLQJ�D�SUHIRUDWHG�GLVN�RQ�WKH�GRZQVWUHDP�VLGH�RI�WKH�YDOYH���7KLV�GLG
QRW�VROYH�WKH�SUREOHP��WKH�PDQXIDFWXUHU�VXVSHFWHG�WKDW�WKH�YDOYH�ZDV�LQFRUUHFWO\�VL]HG�IRU�WKH
RSHUDWLRQ�

6LQFH�WKH�62��OHYHOV�GHWHFWHG�E\�WKH�RQOLQH�DQDO\]HU�ZHUH�VR�YHU\�ORZ��ERPE�VDPSOHV�ZHUH
FROOHFWHG�DW�WKH�3&'�LQOHW�DQG�DW�+;�����RXWOHW�WR�FRQILUP�WKH�REVHUYHG�62��PHDVXUHPHQWV�
�6HH�VHFWLRQ�������IRU�PRUH�GHWDLOV��

7KH�SURFHVV�ZDV�VKXW�GRZQ�GXH�WR�D�IDLOXUH�RI�WKH�ILQHV�WUDQVSRUWHU�V\VWHP�ERWWRP�VSKHUL�YDOYH
VHDO���7KHUH�ZHUH�SHULRGLF�SUREOHPV�ZLWK�WKLV�YDOYH�IDLOLQJ�WR�FORVH�EHIRUH�WKH�VHDO�JDYH�XS���$
WRWDO�RI��������KRXUV�RQ�FRDO�ZDV�DFKLHYHG�DQG������WRQV�RI�FRDO�ZHUH�IHG�
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PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow
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WT8400: Sorbent Stg Wt SIC8404: FD0220 Feeder Speed
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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PDI257: Middle and Upper
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP

(KIWTG�������������5VCPFRKRG�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU

4

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

10/8 0:00 10/9 0:00 10/10 0:00 10/11 0:00 10/12 0:00 10/13 0:00

PDI253: Upper PDI254: Standpipe/Dipleg Diff
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Technical Progress Report Transport Reactor Loop
Transport Reactor Train Progress in Operations – TC01 Series Test Runs

4.1.4.5-13
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Figure 4.1.4.5-25  Sorbent Feed System Profile
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Figure 4.1.4.5-23  CO0201 System Profile
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Figure 4.1.4.5-24  Coal Feed System Profile
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4.1.4.5-14
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Figure 4.1.4.5-26  Start-Up Burner Flow/Temperature
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Figure 4.1.4.5-27  Total Gas In/Out Flow Rates
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4.1.4.5-15
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Figure 4.1.4.5-31  Temperature Profile Downstream of Reactor
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Figure 4.1.4.5-29  Standpipe Temperatures
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4.1.4.5-16
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Figure 4.1.4.5-32  System Temperatures Downstream of PCD
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Figure 4.1.4.5-33  Mixing Zone Differential Pressure Profile
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4.1.4.5-17
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Figure 4.1.4.5-35  Standpipe Differential Pressure Profiles
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Figure 4.1.4.5-36  Cyclone Dipleg Differential Pressure Profiles
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Figure 4.1.4.5-37  Coal Feed Rate Based on Gas Analysis
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4.1.4.5-18
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Figure 4.1.4.5-38  O2, SO2, and NOx Analyzers
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Figure 4.1.4.5-40  PCD Temperatures
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Figure 4.1.4.5-39  FD0520 Pressure Profiles
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4.1.4.5-19
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Figure 4.1.4.5-41  PCD Temperatures
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Figure 4.1.4.5-42  PCD Differential Pressure Profile
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4.1.4.5-20
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Figure 4.1.4.5-44  Gas Flow Through PCD
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PDI3028:  PCD Differential Pressure
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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���������6%1�)�6GUV�4WP

7HVW�UXQ�7&��*�ZDV�FRQGXFWHG�EHWZHHQ�2FWREHU����DQG�1RYHPEHU�����������2SHUDWLQJ�SORWV
DUH�VKRZQ�LQ�ILJXUHV�����������WKURXJK�������7KH�IROORZLQJ�PDLQWHQDQFH�ZRUN�ZDV�FRPSOHWHG
GXULQJ�WKH�2FWREHU�����������RXWDJH�

• 7KH�UHSUHVVXUL]DWLRQ�OLQH�RI�WKH�WUDQVSRUW�DLU�GU\HU��'<������ZDV�UHURXWHG�VR�WKDW
WKH�VRXUFH�DLU�FRPHV�RII�WKH�OLQH�GRZQVWUHDP�RI�WKH�DIWHUILOWHU���7KLV�ZDV�GRQH�WR
SUHYHQW�GHVLFFDQW�FDUU\RYHU�IURP�LQWHUIHULQJ�ZLWK�WKH�UHSUHVVXUL]DWLRQ�VROHQRLG�YDOYH
RSHUDWLRQ�

• %DVHG�RQ�UHFRPPHQGDWLRQV�IURP�&O\GH��WKH�VHDO�SUHVVXUH�ZDV�UHGXFHG�WR�WKH�HLJKW
KLJK�SUHVVXUH�VSKHUL�YDOYHV�RQ�WKH�FRDO�IHHGHU��)'�������VRUEHQW�IHHGHU��)'������
VSHQW�VROLGV��)'�������DQG�WKH�VSHQW�ILQHV��)'������WUDQVSRUW�V\VWHPV���'XULQJ
EHQFK�WHVWV�LW�ZDV�REVHUYHG�WKDW�WKH�FOHDUDQFH�EHWZHHQ�WKH�VHDO�DQG�GRPH
GUDPDWLFDOO\�GHFUHDVHV�DIWHU�MXVW�D�IHZ�F\FOHV���%\�SUHVVXUL]LQJ�WR�D�ORZHU�SUHVVXUH�WKH
GHFUHDVH�LQ�FOHDUDQFH�VKRXOG�EH�OHVVHQHG�

• $OVR�EDVHG�RQ�UHFRPPHQGDWLRQV�IURP�&O\GH��WKH�VHDO�PDWHULDO�LQ�WKH�ORZHU�VSKHUL
YDOYH�RQ�WKH�)'�����V\VWHP�ZDV�FKDQJHG�WR�DGGUHVV�WKH�VHDO�H[WUXVLRQ�SUREOHPV�

• 7KH�2�ULQJ�FDXVLQJ�WKH�VHDO�QLWURJHQ�OHDN�ZDV�UHSODFHG�RQ�WKH�ORZHU�VSKHUL�YDOYH�RQ
WKH�)'�����V\VWHP�

• 7KH�WULS�SUHVVXUH�IRU�WKH�EDJKRXVHV�IRU�WKH�)'������)'������DQG�)'�����V\VWHPV
ZDV�FKDQJHG�IURP����WR���LQ+

�
2�VLQFH�WKH�)'�����EDJV�ZHUH�IRXQG�WR�KDYH�D

VXIILFLHQWO\�WKLFN�OD\HU�RI�ILQH�GXVW�

6%1�)�6GUV�4WP�%JTQPQNQI[

• )ROORZLQJ�WKH�FRPSOHWLRQ�RI�WKH�OHDN�WHVW�WKH�PDLQ�DLU�FRPSUHVVRU��&2������ZDV
VWDUWHG�DW�������RQ�2FWREHU������������7KH�VWDUW�XS�EXUQHU��%5������ZDV�OLW�DW�DERXW
������DQG�DIWHU�D���KRXU�KROG�DW�����)�WKH�H[LW�WHPSHUDWXUH�ZDV�VWHDGLO\�LQFUHDVHG�

• 2Q�2FWREHU�����������SOXJJLQJ�LQ�%5�����PDLQ�JXQ�REVWUXFWHG�WKH�IORZ�RI�SURSDQH�
GHFUHDVLQJ�WKH�UHDFWRU�SUHVVXUH�IURP�����WR����SVLJ�DQG�FDXVLQJ�DQ�LQFUHDVH�LQ�WKH
SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�EXUQHU�WLS�WKDW�GLVORGJHG�WKH�FORJ���$W�������WKH�FRDO
DQG�VRUEHQW�IHHG�V\VWHPV�ZHUH�DOLJQHG�IRU�VHUYLFH���,W�ZDV�QRWLFHG�WKDW�WKH�UHDFWRU
WHPSHUDWXUHV�LQFUHDVHG�E\�DERXW����)�ZKHQ�WKH�FRDO�IHHGHU�ZDV�DOLJQHG��LQGLFDWLQJ
WKDW�FRDO�GXVW�KDG�EORZQ�LQWR�WKH�UHDFWRU���$W�������FRDO�IHHG�ZDV�VWDUWHG��HYHQW���
ILJXUHV���DQG���WKURXJK������$W�������WKH�UHDFWRU�WHPSHUDWXUHV�ZHUH�RVFLOODWLQJ��VR�WKH
+;�����DHUDWLRQ�ZDV�DGMXVWHG�WR�VPRRWK�WKH�FLUFXODWLRQ�WKURXJK�WKH�KHDW�H[FKDQJHU
DQG��WKHUHIRUH��UHGXFH�WKH�IOXFWXDWLRQ�LQ�UHDFWRU�WHPSHUDWXUHV���$IWHU�VWDELOL]LQJ�WKH
UHDFWRU�WHPSHUDWXUHV�%5�����ZDV�VKXW�GRZQ�DW�DERXW�������DQG�WKH�UHDFWRU�SUHVVXUH
ZDV�LQFUHDVHG���%\�������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ��HYHQW���
ILJXUH�����
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• $V�ZLWK�DOO�RWKHU�WHVW�UXQV�WKH�FRDO�IHHG�ORFNKRSSHU�DQG�WKH�3&'�ZHUH�SHULRGLFDOO\
IOXIIHG�WR�SUHYHQW�DQ\�EULGJLQJ���$W�������)'�����VWDUWHG�PDNLQJ�DQ�XQXVXDO�QRLVH�
ZKLFK�VXJJHVWHG�WKDW�WKH�VKDIW�RI�WKH�VFUHZ�FRXOG�KDYH�EHHQ�ZDUSHG���%\�������WKH
3&'�SOHQXP�WHPSHUDWXUH�KDG�UHDFKHG�������)��HYHQW����ILJXUH�������7KH�DHUDWLRQ�RQ
WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU��+;������ZDV�DGMXVWHG�DURXQG�������WR�VWDELOL]H�WKH
FLUFXODWLRQ�WKURXJK�WKH�KHDW�H[FKDQJHU�-�OHJ���$�WLPHU�LQ�)'�����3/&�ZDV�DGMXVWHG
EHFDXVH�WKHUH�KDG�EHHQ�PXOWLSOH�F\FOHV�ZKHUH�WKH�OHYHO�SUREH�ZDV�QRW�EHFRPLQJ
XQFRYHUHG�ZKHQ�WKH�ERWWRP�VSKHUL�YDOYH�RSHQHG�

• 7KH�GDWD�DFTXLVLWLRQ�V\VWHP�IDLOHG�WR�FDSWXUH�GDWD�IRU�DERXW����PLQXWHV�EHJLQQLQJ
DERXW�������RQ�2FWREHU������������HYHQW����ILJXUHV���WKURXJK���DQG���WKURXJK����
GXH�WR�D�'&6�SUREOHP�ZLWK�WKH�FKDQJH�IURP�GD\OLJKW�VDYLQJV�WLPH���7KHUH�ZHUH
SUREOHPV�ZLWK�WKH�)'�����ZHLJK�FHOO�WKDW�ZHUH�UHODWHG�WR�WKH�ORFN�YHVVHO�SUHVVXUH
QRW�YHQWLQJ�GRZQ�WR�EHORZ���SVLJ�GXH�WR�OHDNV�LQ�WKH�YHQW���$OVR��WKH�SUHVVXUH
HTXDOL]DWLRQ�YDOYH��;9������RQ�)'�����ZDV�OHDNLQJ�EDGO\���$V�D�UHVXOW�RI�WKH�OHDN
)'�����ZRXOG�QRW�F\FOH�DQG�KDG�WR�EH�PDQXDOO\�YHQWHG�

• &RDO�IHHG�ZDV�ORVW�DW��������HYHQW����ILJXUHV���DQG���WKURXJK����DV�D�UHVXOW�RI�D
SUREOHP�ZLWK�)'�������&LUFXODWLRQ�ZDV�UHGXFHG�WR�FRQVHUYH�UHDFWRU�WHPSHUDWXUHV
ZKLOH�VHYHUDO�DWWHPSWV�ZHUH�PDGH�WR�IL[�WKH�SUREOHP���6LQFH�WKH�FRDO�IHHGHU�SUREOHPV
FRXOG�QRW�EH�UHVROYHG�WKH�UHGXFWLRQV�LQ�UHDFWRU�SUHVVXUH�EHJDQ�DW��������HYHQW���
ILJXUH�����DQG�%5�����ZDV�OLW�DW�DERXW��������HYHQW����ILJXUH������$GGLWLRQDO�WURXEOH�
VKRRWLQJ�ZLWK�)'�����ZDV�GRQH�WKURXJKRXW�WKH�QLJKW�LQ�SUHSDUDWLRQ�IRU�VWDUWLQJ
FRDO�IHHG�WKH�QH[W�PRUQLQJ�

• &RDO�IHHG�UHVXPHG�DW�������RQ�2FWREHU�����������HYHQW����ILJXUHV���DQG���WKURXJK����
EXW�ZDV�VWRSSHG�DW��������HYHQW����ILJXUHV���DQG���WKURXJK����GXH�WR�FRQWLQXHG
SUREOHPV�ZLWK�)'�������7KH�)'�����V\VWHP�ZDV�LVRODWHG�WR�LQYHVWLJDWH�WKH�FDXVH�RI
WKH�FRDO�IHHG�SUREOHPV���7KH�XSSHU�EUHDNHU�DUP�RQ�WKH�VWDU�IHHGHU�ZDV�IRXQG�EHQW�E\
DERXW�����GHJUHHV�DQG�ZDV�FORVH�WR�WKH�KRUL]RQWDO���,W�ZDV�VXSSRVHG�WR�EH�DERXW���
GHJUHHV�WR�WKH�YHUWLFDO�DQG�DERXW�����LQFK�IURP�WKH�FRQH�VXUIDFH���$�WKLFN�FDNH�KDG
EXLOW�XS�LQ�WKH�FRQH�VHFWLRQ�RI�WKH�GLVSHQVH�YHVVHO�EXW�WKHUH�ZDV�QR�FDNH�SUHVHQW�LQ
WKH�EDUUHO�VHFWLRQ�RI�WKH�GLVSHQVH�YHVVHO���$W�WKH�WRS�RI�WKH�FRQH�WKH�FDNH�WKLFNQHVV
ZDV�DERXW����LQFKHV���7KH�WXQQHO�KROH�LQ�WKH�PLGGOH�ZDV�FOHDU�WR�WKH�VSKHUL�YDOYH�
7KH�OLNHO\�FDXVH�RI�WKH�SUREOHP�DSSHDUHG�WR�EH�EULGJLQJ�DW�WKH�ERWWRP�RI�WKH�ORFN
YHVVHO�

• $�QRLVH�LQ�WKH�)'�����V\VWHP�WKDW�VWDUWHG�RQ�2FWREHU�����������ZDV�WUDFHG�WR�D
ORRVH�EROW�DW�WKH�ERWWRP�RI�WKH�GULYH�FKDLQ�FRYHU���7KH�VFUHZ�FRROHU�VKDIW�ZDV
VKLIWLQJ�VOLJKWO\�IURP�VLGH�WR�VLGH�LQGLFDWLQJ�WKH�VKDIW�PLJKW�EH�ZDUSHG���&RDO�IHHG
VWDUWHG�DJDLQ�DW��������HYHQW�����ILJXUHV���DQG���WKURXJK����EXW�WKHUH�ZDV�GLIILFXOW\
WUDQVIHUULQJ�FRDO�IURP�WKH�ORFNKRSSHU�WR�WKH�GLVSHQVH�YHVVHO�GXH�WR�WKH�SUHVHQFH�RI
H[FHVV�ILQHV�LQ�WKH�FRDO���$IWHU�KRXUV�RI�FRQWLQXRXVO\�ZRUNLQJ�ZLWK�WKH�)'����
V\VWHP�LQ�WKH�ILHOG�WKH�V\VWHP�EHJDQ�RSHUDWLQJ�QRUPDOO\�DURXQG���������$W�������WKH
)'�����V\VWHP�ZDV�VWRSSHG�WR�UHSODFH�WKH�OHDNLQJ�;9�����SUHVVXUH�HTXDOL]DWLRQ
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YDOYH���7KH�%5�����ZDV�VKXWGRZQ�DW�DERXW�������DQG�WKH�UHDFWRU�SUHVVXUH�ZDV
LQFUHDVHG��HYHQW�����ILJXUH�������7KH�)'�����ZDV�UHVWDUWHG�DW�������

• 7KH�3&'�SOHQXP�WHPSHUDWXUH�UHDFKHG�������)�E\�������RQ�2FWREHU�����������HYHQW
����ILJXUH��������7KH�)'�����ZDV�UXQ�SHULRGLFDOO\�WR�FRQWURO�WKH�VROLGV�OHYHOV�LQ�WKH
UHDFWRU�DQG�+;�������7KH�+;�����VROLG�OHYHO�ZDV�DW�LWV�KLJKHVW�IRU�WKLV�WHVW�UXQ���,W
ZDV�FRYHULQJ�WKH�VROLGV�LQOHW�WR�+;�������65,�WRRN�3&'�LQOHW�DQG�RXWOHW�GXVW
VDPSOHV���2YHUDOO��WKH�SURFHVV�FRQGLWLRQV�ZHUH�VWDEOH�ZLWK�RQO\�PLQRU�DGMXVWPHQWV�WR
LQFUHDVH�WKH�FLUFXODWLRQ�UDWH�

• 2WKHU�WKDQ�VRPH�PLQRU�SUREOHPV�ZLWK�SOXJJLQJ�DW�WKH�)'�����V\VWHP�H[LW�DURXQG
������WKH�SURFHVV�DQG�DOO�HTXLSPHQW�UDQ�ZHOO�RQ�2FWREHU����������

• 7KH�)'�����V\VWHP�ZDV�VWRSSHG�DW��������HYHQW�����ILJXUH�����RQ�2FWREHU����������
IRU�D�JDV�ERPE�VDPSOH�WR�EH�WDNHQ�IURP�WKH�VHFRQGDU\�FURVVRYHU�IRU�62

�
�DQDO\VLV�

7KH�SXUSRVH�ZDV�WR�DVFHUWDLQ�WKH�DFFXUDF\�RI�WKH�JDV�DQDO\VLV�V\VWHP�VLQFH�LW
SUHYLRXVO\�KDG�QRW�GHWHFWHG�DQ\�62

�
���$IWHU�WKH�VDPSOLQJ�ZDV�FRPSOHWHG�)'����

ZDV�UHVWDUWHG�DW���������7KH�)'�����ZDV�PRPHQWDULO\�VWRSSHG�DW�DERXW��������HYHQW
����ILJXUH�����IRU�PDLQWHQDQFH�

• $W�������WKH�UHDFWRU�SUHVVXUH�ZDV�JUDGXDOO\�LQFUHDVHG�WR�����SVLJ��HYHQW�����ILJXUH
������7KH�JDV�DQDO\VLV�V\VWHP�ZDV�WDNHQ�RXW�RI�VHUYLFH�GXH�WR�IHZ�OHDNV�DQG�D�EURNHQ
IORZ�LQGLFDWRU���7KH�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�DURXQG������
�HYHQW�����ILJXUH�����EHFDXVH�WKH�3&'�VKRZHG�D�JUDGXDO�GHFUHDVH�LQ�SHUPHDELOLW\�

• 2Q�2FWREHU�����������65,�WRRN�VDPSOHV�IRU�DERXW���KRXUV�DQG�WKH�JDV�DQDO\VLV
V\VWHP�ZDV�SXW�EDFN�LQ�VHUYLFH����$URXQG�������D�JDV�OHDN�IURP�)'�����SDFNLQJ�ZDV
IRXQG���7KH�SDFNLQJ�ZDV�WLJKWHQHG�WR�PLQLPL]H�WKH�OHDN�

• 7KURXJKRXW�1RYHPEHU����������)'�����ZDV�SHULRGLFDOO\�UXQ�WR�PDLQWDLQ�WKH�VROLGV
OHYHO�LQ�+;�����ZLWKLQ�DFFHSWDEOH�OLPLWV���7KH�)'�����SDFNLQJ�ZDV�DJDLQ�WLJKWHQHG
WR�UHGXFH�WKH�OHDN�WKDW�EHJDQ�RQ�2FWREHU������������7KH�EDJKRXVH�VFUHZ�VWDUWHG
VTXHDOLQJ�DURXQG���������6LQFH�WKH�SUREH�LQ�)'�����DSSHDUHG�WR�SURGXFH�LQDFFXUDWH
UHVXOWV�WKH�EDJKRXVH�VFUHZ�ZDV�VKXW�GRZQ���7KH�)'�����WLPHU�ZDV�UHVHW�DW�������VR
WKDW�LW�F\FOHG�RQO\�HYHU\�KDOI�KRXU���7KH�DHUDWLRQ�RQ�+;�����-�OHJ�ZDV�UHGXFHG�DW
������GXH�WR�D�KLJK�VROLGV�OHYHO�LQ�+;�����DQG�D�KLJK�FLUFXODWLRQ�UDWH�

• $W�������RQ�1RYHPEHU����������%5�����ZDV�OLW�DIWHU�SUREOHPV�ZLWK�WKH�FRDO�IHHGHU
V\VWHP�GHYHORSHG���7KH�SUREOHPV�ZLWK�WKH�FRDO�IHHG�V\VWHP�VWDUWHG�DW�DERXW�������RQ
1RYHPEHU�����������7KH�XVXDO�VWHSV�ZHUH�WDNHQ�WR�UHVROYH�WKH�SUREOHP�EXW�ZLWK�QR
VXFFHVV���5HDFWRU�KHDW�XS�FRQWLQXHG�WKURXJKRXW�WKH�PRUQLQJ���7KH�IHHGHU�PRWRU�ZDV
SXOOHG�RQ�WKH�PRUQLQJ�RI�1RYHPEHU����������WR�LQVSHFW�WKH�FRDO�IHHG�V\VWHP���$IWHU
WKH�PDLQWHQDQFH�LWHPV�ZHUH�FRPSOHWHG�RQ�WKH�FRDO�IHHGHU�V\VWHP�LW�ZDV�DOLJQHG�IRU
VHUYLFH���:LWK�WKH�UHDFWRU�WHPSHUDWXUHV�UDQJLQJ�IURP�����WR�����)�FRDO�IHHG�WR�WKH
UHDFWRU�ZDV�LQLWLDWHG�DW�DURXQG��������HYHQW�����ILJXUHV����DQG����WKURXJK�������7KH
PRWRU�ZDV�VWDUWHG�EXW�WKH�GLVSHQVH�YHVVHO�FRQYH\LQJ�OLQH�GLIIHUHQWLDO�SUHVVXUH�ZDV



6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
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KLJK��`���SVLG���ZKLFK�FDXVHG�WKH�PRWRU�WR�VWRS��HYHQW�����ILJXUH�������7KH�KLJK
GLIIHUHQWLDO�SUHVVXUH�ZDV�DQ�LQGLFDWLRQ�RI�D�SOXJ�DW�WKH�H[LW�RI�WKH�FRDO�IHHGHU�RU�DW�WKH
ERWWRP�RI�WKH�GLVSHQVH�YHVVHO���7KH�FRDO�IHHGHU�PRWRU�ZDV�UHVWDUWHG���+RZHYHU��WKH
GLIIHUHQWLDO�SUHVVXUH�FRQWLQXHG�WR�RVFLOODWH�IURP�]HUR�WR����SVLJ��FDXVLQJ�WKH�PRWRU�WR
VWRS���7KH�PRWRU�ZDV�UHVWDUWHG�DQG�LW�WULSSHG�VHYHUDO�PRUH�WLPHV�GXULQJ�WKH�QH[W��
PLQXWHV���'XULQJ�WKLV���PLQXWH�SHULRG�VRPH�FRDO�ZDV�IHG�LQWR�WKH�UHDFWRU��DV�VKRZQ
E\�WKH�VPDOO�LQFUHDVHV�LQ�UHDFWRU�WHPSHUDWXUH�DW�WKH�UDWH�RI�DSSUR[LPDWHO\����GHJ�PLQ
�HYHQW�����ILJXUHV����DQG����WKURXJK�������7KH�IHHGHU�PRWRU�ZDV�GLVDEOHG�DW������
GXH�WR�WKH�FRQWLQXHG�KLJK�GLIIHUHQWLDO�SUHVVXUH�

• $SSUR[LPDWHO\�����PLQXWHV�ODWHU�WKH�GLVSHQVH�YHVVHO�FRQYH\LQJ�OLQH�GLIIHUHQWLDO
SUHVVXUH�VWDUWHG�WR�VZLQJ�IURP�]HUR�WR����SVLG�DQG�WKH�FRQYH\LQJ�OLQH�SUHVVXUH�DOVR
VWDUWHG�WR�VZLQJ�IURP�����WR�����SVLJ��LQGLFDWLQJ�WKDW�FRDO�ZDV�EORZLQJ�LQWR�WKH
UHDFWRU���7KH�UHDFWRU�WHPSHUDWXUH�LQFUHDVHG�����)�LQ�DERXW������PLQXWHV�FDXVLQJ�WKH
3&'�LQOHW�WHPSHUDWXUH�WR�LQFUHDVH����)�LQ�DERXW�WKH�VDPH�WLPH�SHULRG�DQG�WKH�3&'
XSSHU�SOHQXP�WHPSHUDWXUH�WR�LQFUHDVH����)�LQ�DERXW���PLQXWH���7KH�R[\JHQ�FRQWHQW
LQ�WKH�UHDFWRU�GURSSHG�IURP�DERXW����WR���SHUFHQW�GXULQJ�WKLV�WLPH��~��������HYHQW
����ILJXUH�������%HIRUH�WKH�LVRODWLRQ�YDOYH�WR�WKH�UHDFWRU�ZDV�FORVHG�WKH�GLIIHUHQWLDO
SUHVVXUH�DJDLQ�ZHQW�KLJK��DV�GLG�WKH�FRQYH\LQJ�OLQH�SUHVVXUH��DW�DURXQG���������$W
�������DV�WKH�EULGJH�SOXJ�EURNH�ORRVH��WKH�FRQYH\LQJ�OLQH�SUHVVXUH�GHFUHDVHG�DQG
VWDUWHG�VZLQJLQJ���,W�ZDV�HVWLPDWHG�WKDW�DERXW�����OE�RI�FRDO�ZDV�EORZQ�LQWR�WKH
UHDFWRU�LQ�DERXW���PLQXWH���$JDLQ��WKH�UHDFWRU�WHPSHUDWXUHV�LQFUHDVHG�UDSLGO\��LQ��
PLQXWH���WKH�ULVHU�WHPSHUDWXUH�IURP�������WR�������)��WKH�3&'�LQOHW�WHPSHUDWXUH
IURP�����WR�������)��DQG�WKH�3&'�XSSHU�SOHQXP�WHPSHUDWXUH�IURP�����WR�����)�
7KH�R[\JHQ�GURSSHG�IURP������WR�����SHUFHQW���$W�������WKH�PDQXDO�LVRODWLRQ�YDOYH
ZDV�FORVHG�WR�WKH�UHDFWRU��SUHYHQWLQJ�DQ\�DGGLWLRQDO�FRDO�IURP�EHLQJ�EORZQ�LQWR�WKH
UHDFWRU���$W�������WKH�ILQHV�WUDQVSRUWHU�V\VWHP�WULSSHG�GXH�WR�D�KLJK�FRQYH\LQJ�OLQH
SUHVVXUH��HYHQW�����ILJXUH�����

• $V�LQ�WKH�SDVW��DQG�ZLWK�WKH�RWKHU�WKUHH�&O\GH�V\VWHPV��WKH�VZLQJ�LQ�WKH�GLVSHQVH
YHVVHO�FRQYH\LQJ�OLQH�GLIIHUHQWLDO�SUHVVXUH�DQG�LQFUHDVHV�LQ�FRQYH\LQJ�OLQH�SUHVVXUH�LQ
)'�����RFFXUUHG�ZKHQHYHU�WKH�H[LW�HOERZ�SOXJJHG��WKH�H[LW�OLQH�SOXJJHG��RU
SUREOHPV�H[LVWHG�LQVLGH�WKH�GLVFKDUJH�YHVVHO�

6%��)�2QUV�6GUV�4WP�+PURGEVKQPU

2Q�1RYHPEHU����������WKH�FRDO�IHHGHU�PRWRU�ZDV�DJDLQ�UHPRYHG�WR�LQVSHFW�WKH�FRDO�IHHG
V\VWHP���7KH�GLVSHQVH�YHVVHO�ZDV�FOHDQ���&RDO�ZDV�SDFNHG�LQ�WKH�SRFNHWV�RI�WKH�VWDU�IHHGHU���7KH
H[LW�HOERZ�DQG�SDUW�RI�WKH�H[LW�OLQH�ZHUH�DOO�SDFNHG�ZLWK�FRDO���7KH�OLQH�IURP�WKH�LVRODWLRQ�YDOYH
WR�UHDFWRU�ZDV�FOHDU���7KHUH�ZHUH�QR�GHSRVLWV�LQ�WKH�OLQH�DW�WKH�UHDFWRU�HQWU\�

7KHUH�ZHUH�PDQ\�SLQKROH�VL]H�RSHQLQJV�LQ�WKH�JDV�OLQH�WR�WKH�DQDO\]HU�KRXVH�DQG�LQ�WKH�SURFHVV
JDV�WXELQJ�LQ�WKH�65,�SUREHV���7KHVH�KROHV�ZHUH�ODWHU�FRQILUPHG�DV�EHLQJ�FDXVHG�E\�FKORULGH��DQG
IOXRULGH�UHODWHG�FRUURVLRQ�
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6%��)�6GUV�4WP�1DUGTXCVKQPU

$�WRWDO�RI��������KRXUV�RQ�FRDO�ZDV�DFKLHYHG�DQG�������WRQV�RI�FRDO�ZHUH�IHG���$ERXW�����KRXUV
RI�3&'�SOHQXP�WHPSHUDWXUH�DERYH�������)�ZDV�DFFXPXODWHG���3URFHVV�JDV�ERPE�VDPSOHV�ZHUH
WDNHQ�IURP�VHFRQGDU\�FURVVRYHU��3&'�LQOHW�DQG�+;�����H[LW�IRU�62

�
�DQDO\VLV��DQG�WKHUH�ZDV�QR

WUDFH�RI�62
�
���3LQ�KROHV�ZHUH�GHWHFWHG�LQ�JDV�VDPSOLQJ�WXEHV�DQG�LQ�65,�JDV�WUHDWPHQW�WXEHV�

$QDO\VLV�VKRZHG�WKDW�WKHVH�SLQ�KROHV�ZHUH�FDXVHG�E\�FKORULGH��DQG�IOXRULGH�FRUURVLRQ�

7KLV�WHVW�UXQ�ZDV�SODJXHG�E\�LQWHUPLWWHQW�SUREOHPV�ZLWK�WKH�FRDO�IHHGHU�V\VWHP���&RDO�IHHG�ZDV
LQWHUUXSWHG�WZR�WLPHV�EHIRUH�WKH�ODVW�LQWHUUXSWLRQ�DQG�HYHQWXDO�VKXWGRZQ�RI�WKH�SURFHVV���7KH
FKDQJH�LQ�WKH�VHDO�PDWHULDO�IRU�WKH�)'�����ERWWRP�VSKHUL�YDOYH�VHDO�DSSHDUV�WR�KDYH�HOLPLQDWHG
WKH�SUREOHPV�DVVRFLDWHG�ZLWK�EORZQ�VHDOV�WKDW�KDG�SODJXHG�SUHYLRXV�WHVW�UXQV���7KH�FKDQJH�WR
HTXDO�SHUFHQWDJH�WULP�LQ�WKH�SUHVVXUH�OHWGRZQ�YDOYH�HOLPLQDWHG�WKH�SOXJ�VWHP�YLEUDWLRQ�SUREOHPV
H[SHULHQFHG�LQ�SUHYLRXV�WHVW�UXQV�
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401

(KIWTG������������6QVCN�)CU�+P�1WV�(NQY�4CVGU

1

5

8 9
10

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

10/25 0:00 10/26 0:00 10/27 0:00 10/28 0:00 10/29 0:00 10/30 0:00

TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp

(KIWTG������������4GCEVQT�/KZKPI�<QPG�CPF�4KUGT�6GORGTCVWTGU

1
5 8

9

10



6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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LI339: SP Solids Level PDI259: Lower Standpipe DP

(KIWTG�������������5VCPFRKRG�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

10/25 0:00 10/26 0:00 10/27 0:00 10/28 0:00 10/29 0:00 10/30 0:00
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2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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PDI3028:  PCD Differential Pressure
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401

(KIWTG�������������6QVCN�)CU�+P�1WV�(NQY�4CVGU
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)

(KIWTG�������������5VCPFRKRG�6GORGTCVWTGU
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet

(KIWTG�������������5[UVGO�6GORGTCVWTGU�&QYPUVTGCO�QH�2%&
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PDI257: Middle and Upper
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PI287: Reactor Pressure DI202: Upper Riser
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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LI339: SP Solids Level PDI259: Lower Standpipe DP

(KIWTG�������������5VCPFRKRG�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU
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PDI253: Upper PDI254: Standpipe/Dipleg Diff

(KIWTG�������������%;�����&KRNGI�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

����������

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

10/30 0:00 10/30 12:00 10/31 0:00 10/31 12:00 11/1 0:00 11/1 12:00 11/2 0:00 11/2 12:00 11/3 0:00

TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp

(KIWTG�������������2%&�6GORGTCVWTGU
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AI610: SO2 Analyzer (ppm) AI462: NOx Analyzer (ppm) AI435C: O2 Analyzer 
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PT8533: FD0520 Vessel Pres PT8535: FD0520 Drop Pipe Pres SIC500: FD0502 Speed
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6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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PDI3028:  PCD Differential Pressure

(KIWTG�������������2%&�&KHHGTGPVKCN�2TGUUWTG�2TQHKNG
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FI465:  Total PCD Gas Flow
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU

���������

��������6%��*�6GUV�4WP

7HVW�UXQ�7&��+�ZDV�FRQGXFWHG�EHWZHHQ�1RYHPEHU����DQG������������2SHUDWLQJ�SORWV�DUH
VKRZQ�LQ�ILJXUHV�����������WKURXJK�������7KH�IROORZLQJ�PDLQWHQDQFH�ZRUN�ZDV�SHUIRUPHG�GXULQJ
WKH�RXWDJH�IURP�1RYHPEHU���WR����������

• 7KH�VSHQW�ILQHV�VFUHZ�FRROHU��)'������VKDIW�ZDV�VWUDLJKWHQHG�EHFDXVH�WKH�VKDIW�HQG
XQGHU�WKH�3&'�ZDV�ZDUSHG���$�ZRUQ�FHUDPLF�EXVKLQJ�ZDV�UHSODFHG�DQG�WKH�VKDIW�RQ
WKH�PRWRU�HQG�ZDV�UHEXLOW�WR�LWV�RULJLQDO�VL]H���7KH�WLJKWHQLQJ�RI�SDFNLQJ�PDGH�GHHS
JRXJHV�RQ�WKH�VKDIW�

• %URNHQ�3&'�FDQGOHV�ZHUH�UHSODFHG�

• 7KH�VSDFLQJ�EHWZHHQ�WKH�VSHQW�ILQHV�WUDQVSRUW�V\VWHP��)'������ERWWRP�VHDO�DQG�WKH
GRPH�ZDV�FKDQJHG�WR�SUHYHQW�EUXVKLQJ�RI�WKH�XQLQIODWHG�VHDO�DQG�WKH�GRPH���$�QHZ
VHDO�ZDV�DOVR�LQVWDOOHG�

• $�OHDNLQJ�XSSHU�ULQJ�YDOYH�RQ�WKH�VRUEHQW�IHHGHU��)'������ZDV�UHSODFHG�

• $�UXEEHU�ERRW�ZDV�LQVWDOOHG�LQ�WKH�OLQH�IURP�)'�����WR�)'�����WR�SUHYHQW
LQWHUIHUHQFH�RI�WKH�OLQH��QHDU�WKH�)'�����VXUJH�ELQ��ZLWK�ZHLJK�FHOO�UHDGLQJV�

• 6QXEEHUV�ZHUH�LQVWDOOHG�RQ�ERWK�WKH�VHFRQGDU\�JDV�FRROHU��+;������ULVHU�OLQHV�DQG
WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU��+;������ULVHU�OLQH�WR�PLQLPL]H�YLEUDWLRQV�LQ�WKHVH
OLQHV�FDXVHG�E\�ZDWHU�KDPPHULQJ�

• 7KH�FRDO�IHHG�OLQH�IURP�)'�����WR�WKH�UHDFWRU�ZDV�FOHDQHG�

• $�PDQXDO�EDOO�YDOYH�ZDV�DGGHG�WR�E\SDVV�WKH�YHQW�YDOYHV�DQG�RULILFHV��;9�����DQG
;9������RQ�WKH�)'�����YHQW�OLQH�WR�DOORZ�PRUH�IORZ�ZKHQ�IOXIILQJ�WKH�)'�����ORFN
YHVVHO�

• $�QHZ�5RVHPRXQW�12
;
�DQDO\]HU�ZDV�LQVWDOOHG�

• 7KH�3/&�ORJLF�RQ�)'�����DQG�)'�����ZDV�FKDQJHG�WR�OLPLW�YHVVHO�RYHU
SUHVVXUL]DWLRQ�LQ�WKH�HYHQW�RI�SOXJJLQJ�LQ�WKH�H[LW�OLQH�

• $Q�DXWRPDWLF�VKXWRII�YDOYH�ZDV�DGGHG�RQWR�WKH�FRDO�IHHG�OLQH�WR�WKH�UHDFWRU�WR
SUHYHQW�XQGHVLUDEOH�FRDO�IURP�EHLQJ�EORZQ�LQWR�WKH�UHDFWRU�

6%��*�6GUV�4WP�%JTQPQNQI[

• 2Q�1RYHPEHU�����������WKH�PDLQ�DLU�FRPSUHVVRU��&2������ZDV�VWDUWHG�DW�DERXW
������IRU�WKH�OHDN�WHVW�EXW�LW�ZDV�VWRSSHG�DW�DERXW�������GXH�WR�OHDNV�LQ�VHYHUDO�F\FORQH
GLSOHJ�DQG�DW�+;�����VWDQGSLSH�IORZ�LQGLFDWRUV���7KH�V\VWHP�ZDV�GHSUHVVXUL]HG�DQG



6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

���������

WKHVH�IORZ�LQGLFDWRUV�ZHUH�UHSODFHG�ZLWK�EODQN�SLSHV��DV�WKHVH�IORZ�PHWHUV�FRXOG�QRW
EH�UHSDLUHG�DQG�WKH�UHSODFHPHQWV�ZHUH�RQ�RUGHU���$W�DERXW�������WKH�WKHUPDO�R[LGL]HU
�%5������ZDV�OLW�

• $W�DERXW�������RQ�1RYHPEHU�����������&2�����ZDV�VWDUWHG�DJDLQ��HYHQW����ILJXUH����
7KH�UHDFWRU��5;������ZDV�OHDN�WHVWHG�DQG�WKH�SUHVVXUH�ZDV�VHW�WR����SVLJ���7KH
VXOIDWRU�KHDWHU��%5������ZDV�OLW�DW�������DQG�WKH�)'�����DQG�)'�����V\VWHPV�ZHUH
VWDUWHG�DW���������7KHUH�ZDV�SOXJJLQJ�LQ�)'�����DURXQG�������DQG�EURNHQ�FHUDPLF
FDQGOHV�ZHUH�SXOOHG�RXW�RI�LWV�H[LW���7KH�3&'�SUHKHDW�ZDV�FRPSOHWHG�DURXQG������
�HYHQW����ILJXUH������WKH�DHUDWLRQ�IORZ�LQGLFDWRUV�ZHUH�VHW�DW��������DQG�WKH�VWDUW�XS
EXUQHU��%5������ZDV�OLW�DW�DERXW��������HYHQW����ILJXUH����

• $W�������RQ�1RYHPEHU�����������%5�����ZDV�VKXW�GRZQ�DQG�E\�������WKH�%5����
H[LW�WHPSHUDWXUH�ZDV�������)���7KH�3&'�ZDV�PDQXDOO\�EDFN�SXOVHG�DW�������GXH�WR
PDOIXQFWLRQLQJ�RI�69����%�DQG�WKH�SXOVH�VROHQRLG���$URXQG�������WKH�3,�V\VWHP
ZDV�VKXW�GRZQ�IRU�D�VKRUW�SHULRG��HYHQW����ILJXUHV���WKURXJK�������$W�������WKH
)'�����PRWRU�KDG�SUREOHPV�GXH�WR�D�EDG�WKHUPLVWRU�LQ�WKH�PRWRU���&RDO�IHHG
VWDUWHG�DW�DERXW��������HYHQW����ILJXUHV���DQG���WKURXJK����EXW�SUREOHPV�VRRQ
GHYHORSHG�ZLWK�WKH�ORZ�WUDQVIHU�ZHLJKWV�IURP�WKH�)'�����VXUJH�ELQ�WR�WKH�ORFN
YHVVHO���7KH�WUDQVIHU�ZHLJKWV�ZHUH�RQO\�UDQJLQJ�IURP����WR�����OE���6RPH�DGMXVWPHQWV
ZHUH�PDGH�WR�LQFUHDVH�WKH�DPRXQW�RI�PDWHULDO�WUDQVIHUUHG�HDFK�F\FOH���$W������
(OHFWULFDO�DQG�,QVWUXPHQWDWLRQ��(	,��SHUVRQQHO�DGMXVWHG�WKH�)'�����ORFN�YHVVHO
OHYHO�SUREH�VHQVLWLYLW\�EHFDXVH�)'�����ZDV�F\FOLQJ�FRQWLQXRXVO\���%\�������WKH�3&'
SOHQXP�WHPSHUDWXUH�ZDV�DERYH�������)��HYHQW����ILJXUH�������$W�DERXW�������%5����
ZDV�VKXW�GRZQ��HYHQW����ILJXUH����DQG�WKH�5;�����SUHVVXUH�ZDV�JUDGXDOO\�LQFUHDVHG
WR�����SVLJ�

• 2Q�1RYHPEHU�����������D�VFUHZ�WKDW�KHOG�WKH�VROHQRLG�IRU�DQ�LVRODWLRQ�EDOO�YDOYH�IRU
WKH�ERWWRP�3&'�SOHQXP�EHFDPH�ORRVH�DW�������DQG�UHVXOWHG�LQ�PDOIXQFWLRQLQJ�RI
WKH�VROHQRLG���:KHQ�WKH�EDFN�SXOVH�V\VWHP�ZDV�SXW�RQ�PDQXDO�LW�OHG�WR�D�FRQWLQXRXV
EDFN�SXOVH��ZKLFK�FDXVHG�WKH�UHDFWRU�RSHUDWLRQV�WR�EHFRPH�XQVWDEOH���7KH�VROLGV
IORZ�WKURXJK�WKH�F\FORQH�GLSOHJ�ZDV�XSVHW��HYHQW����ILJXUH������UHVXOWLQJ�LQ�D�ODUJH
VROLGV�FDUU\RYHU�WR�WKH�3&'���&RDO�IHHG�ZDV�VWRSSHG�DW��������HYHQW����ILJXUHV���DQG
��WKURXJK����WR�GUDLQ�WKH�VROLGV�IURP�WKH�3&'�FRQH�DQG�WR�IL[�WKH�SUREOHPV�ZLWK�WKH
EDFN�SXOVH�V\VWHP���7KH�FRQWLQXRXV�EDFN�SXOVH�VWRSSHG�ZKHQ�WKH�EDFN�SXOVH�V\VWHP
ZDV�SXW�EDFN�RQ�DXWRPDWLF���$FWLRQ�ZDV�LQLWLDWHG�WR�FRUUHFW�D�IODZ�LQ�WKH�EDFN�SXOVH
ORJLF���7KH�%5�����ZDV�OLW�DW�DERXW��������HYHQW�����ILJXUH����

• 6ROLGV�UHPRYDO�IURP�WKH�3&'�FRQH�ZDV�VORZ�GXH�WR�WKH�WHPSHUDWXUH�OLPLWV�LPSRVHG
E\�WKH�QHZ�)'�����VHDO�PDWHULDO�RQ�WKH�ERWWRP�VSKHUL�YDOYH���$W�������WKH�+;����
FLUFXODWLRQ�EHFDPH�XQVWHDG\��VR�LWV�DHUDWLRQ�ZDV�DGMXVWHG�WR�VPRRWK�RXW�WKH
RSHUDWLRQ���&RDO�IHHG�ZDV�VWDUWHG�DQG�%5�����ZDV�VKXW�GRZQ�DW��������HYHQW����
ILJXUH����DQG�DW�DERXW�������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�IURP�����WR�����SVLJ
�HYHQW�����ILJXUH�����



6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
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• 2Q�1RYHPEHU�����������WKH�DHUDWLRQ�LQ�WKH�UHDFWRU�PL[LQJ�]RQH�DQG�LQ�+;�����DV
ZHOO�DV�WKH�VWDJHG�DLU�WKURXJK�WKH�UHDFWRU�ULVHU�ZHUH�LQFUHDVHG�LQ�LQFUHPHQWV
WKURXJKRXW�WKH�GD\���7KH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�DURXQG������
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SVLJ���$IWHU�VHYHUDO�DGGLWLRQDO�DWWHPSWV�WR�OLJKW�%5�����KDG�IDLOHG�&2�����ZDV�VKXW
GRZQ�DW��������HYHQW�����ILJXUH�����

6%��*�6GUV�4WP�1DUGTXCVKQPU
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VWDQGSLSH���$OVR��WKH�ORZHU�QR]]OHV�RQ�WKH�+;�����-�OHJ�ZHUH�SOXJJHG���7KH�UHF\FOH�JDV�ERRVWHU
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6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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FI8771: Quench Air Flow FI8772: Waste Air Flow

FI8773A: Primary Air Flow FI8753: Propane Flow
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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PDI3028:  PCD Differential Pressure
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp

(KIWTG�������������5VCTV�7R�$WTPGT�(NQY�6GORGTCVWTG

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

11/20 0:00 11/20 12:00 11/21 0:00 11/21 12:00 11/22 0:00 11/22 12:00 11/23 0:00 11/23 12:00 11/24 0:00

-5000.00

0.00

5000.00

10000.00

15000.00

20000.00

PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow

(KIWTG�������������%1�����5[UVGO�2TQHKNG

22

23

24

0.00

1000.00

2000.00

3000.00

4000.00

5000.00

6000.00

7000.00

11/20 0:00 11/20 12:00 11/21 0:00 11/21 12:00 11/22 0:00 11/22 12:00 11/23 0:00 11/23 12:00 11/24 0:00

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

WT8450: 210 Coal Stg Wt SIC8454: Coal Fdr Spd

(KIWTG�������������%QCN�(GGF�5[UVGO�2TQHKNG

15

16

17

19

20



6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

����������

0.00

5000.00

10000.00

15000.00

20000.00

25000.00

11/20 0:00 11/20 12:00 11/21 0:00 11/21 12:00 11/22 0:00 11/22 12:00 11/23 0:00 11/23 12:00 11/24 0:00

FI205: To Process FI463: HX0402 Outlet FI465: To BR0401

(KIWTG�������������6QVCN�)CU�+P�1WV�(NQY�4CVGU
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp

(KIWTG�������������4GCEVQT�/KZKPI�<QPG�CPF�4KUGT�6GORGTCVWTGU
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)

(KIWTG�������������5VCPFRKRG�6GORGTCVWTGU
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU

����������
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11/20 0:00 11/20 12:00 11/21 0:00 11/21 12:00 11/22 0:00 11/22 12:00 11/23 0:00 11/23 12:00 11/24 0:00

TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out

(KIWTG�������������6GORGTCVWTG�2TQHKNG�&QYPUVTGCO�QH�4GCEVQT

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

11/20 0:00 11/20 12:00 11/21 0:00 11/21 12:00 11/22 0:00 11/22 12:00 11/23 0:00 11/23 12:00 11/24 0:00

TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet

(KIWTG�������������5[UVGO�6GORGTCVWTGU�&QYPUVTGCO�QH�2%&
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg

(KIWTG�������������%[ENQPG�&KRNGI�6GORGTCVWTGU
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

����������
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PDI257: Middle and Upper

(KIWTG�������������/KZKPI�<QPG�&KHHGTGPVKCN�2TGUUWTG�2TQHKNG
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11/20 0:00 11/20 12:00 11/21 0:00 11/21 12:00 11/22 0:00 11/22 12:00 11/23 0:00 11/23 12:00 11/24 0:00

LI339: SP Solids Level PDI259: Lower Standpipe DP

(KIWTG�������������5VCPFRKRG�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU
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PI287: Reactor Pressure DI202: Upper Riser

(KIWTG�������������4GCEVQT�2TGUUWTG�4KUGT�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU
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6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU

����������
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11/20 0:00 11/20 12:00 11/21 0:00 11/21 12:00 11/22 0:00 11/22 12:00 11/23 0:00 11/23 12:00 11/24 0:00

PDI253: Upper PDI254: Standpipe/Dipleg Diff

(KIWTG�������������%;�����&KRNGI�&KHHGTGPVKCN�2TGUUWTG�2TQHKNGU
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Coal Feed Rate (CO2) Coal Feed Rate (H2O)

Coal Feed Rate (O2) SIC8454: Coal Fdr Speed

(KIWTG�������������%QCN�(GGF�4CVG�$CUGF�QP�)CU�#PCN[UKU
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PT8533: FD0520 Vessel Pres PT8535: FD0520 Drop Pipe Pres SIC500: FD0502 Speed

(KIWTG�������������(&�����2TGUUWTG�2TQHKNGU



6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

����������
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0.00

100.00

200.00

300.00

400.00

500.00

600.00

700.00

SIC8561: FD0530 Fdr Speed WT8575: FD0530 Weight

(KIWTG�������������(&�����(GGFGT�2TQHKNG

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

3500.00

4000.00

11/20 0:00 11/20 12:00 11/21 0:00 11/21 12:00 11/22 0:00 11/22 12:00 11/23 0:00 11/23 12:00 11/24 0:00
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FI8771: Quench Air Flow FI8772: Waste Air Flow

FI8773A: Primary Air Flow FI8753: Propane Flow

(KIWTG��������������6JGTOCN�1ZKFK\GT�#KT�(WGN�(NQY
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp

(KIWTG�������������2%&�6GORGTCVWTGU



6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU

����������
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PDI3028:  PCD Differential Pressure

(KIWTG�������������2%&�&KHHGTGPVKCN�2TGUUWTG�2TQHKNG
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PI3026:  PCD Pressure PI3104:  Bottom Level Pulse Pres PI3106: Top Level Pulse Pres

(KIWTG�������������2%&�2TGUUWTG�CPF�2WNUG�2TGUUWTG
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FI465:  Total PCD Gas Flow

(KIWTG�������������)CU�(NQY�6JTQWIJ�2%&



6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU

���������

��������6%��+�6GUV�4WP

7HVW�UXQ�7&��,�ZDV�FRQGXFWHG�EHWZHHQ�1RYHPEHU����DQG�'HFHPEHU�����������2SHUDWLQJ�SORWV
DUH�VKRZQ�LQ�ILJXUHV�����������WKURXJK�������7KH�IROORZLQJ�PDLQWHQDQFH�ZRUN�ZDV�SHUIRUPHG
GXULQJ�WKH�RXWDJH�RQ�1RYHPEHU����DQG����������

• 7KH�VWDUW�XS�EXUQHU��%5������SLORW�DVVHPEO\�DQG�LJQLWHU�ZHUH�UHSODFHG���$�KROH�ZDV
DOVR�FXW�LQ�WKH�VKURXG�QHDU�WKH�LJQLWHU�WR�LPSURYH�FRPEXVWLRQ�E\�DOORZLQJ�FORVHU
FRQWDFW�EHWZHHQ�SURSDQH�DQG�WKH�LJQLWHU�

• 7KH�),����OLQH�ZDV�FXW�DQG�GULOOHG�WR�UHPRYH�PDWHULDO�WKDW�SOXJJHG�WKH�OLQH�DW�YDULRXV
SODFHV�EHWZHHQ�WKH�FKHFN�YDOYH�DQG�WKH�UHDFWRU�QR]]OH�

• 7KH�VSHQW�ILQHV�VFUHZ�FRROHU��)'������VHDO�ZDV�UHSDFNHG�

6%��+�6GUV�4WP�%JTQPQNQI[

• 7KH�PDLQ�DLU�FRPSUHVVRU��&2������ZDV�VWDUWHG�DW�������RQ�1RYHPEHU����������
7KH�VXOIDWRU�KHDWHU��%5������ZDV�OLW�DW�DERXW�������DQG�WKH�3&'�SUHKHDW�ZDV
FRPSOHWHG�DW���������%5�����ZDV�OLW�DW�������DQG�%5�����ZDV�VKXW�GRZQ�DW�������
$W�DERXW�������WKH�UHDFWRU�SUHVVXUH�ZDV�LQFUHDVHG�WR����SVLJ�

• %\�������RQ�1RYHPEHU�����������WKH�UHDFWRU�SUHVVXUH�ZDV�����SVLJ��HYHQW����ILJXUH
������7KH�FRDO�IHHGHU��)'������ZDV�OLQHG�XS�DW�������DQG�FRDO�IHHG�ZDV�VWDUWHG
DURXQG�������HYHQW����ILJXUHV���DQG���WKURXJK������$W�DERXW�������DOO�&O\GH�V\VWHPV
ZHUH�VKXW�GRZQ��HYHQW����ILJXUHV�����������DQG�����GXH�WR�D�SUREOHP�ZLWK�WKH�)'����
3/&�ORJLF�DVVRFLDWHG�ZLWK�OLPLW�RQ�FRDO�WUDQVIHU�IURP�VXUJH�ELQ�WR�WKH�ORFN�YHVVHO�
$IWHU�FRUUHFWLQJ�WKH�SUREOHP�DOO�&O\GH�V\VWHPV�ZHUH�UHVWDUWHG�DW��������HYHQW���
ILJXUHV�����������DQG�����DQG�FRDO�IHHG�ZDV�UHVXPHG�DW��������HYHQW����ILJXUHV���DQG��
WKURXJK������%5�����ZDV�VKXW�GRZQ�DW��������HYHQW����ILJXUH�����WKH�UHDFWRU�SUHVVXUH
ZDV�LQFUHDVHG�WR�����SVLJ�DW��������HYHQW����ILJXUH�����DQG�E\�������WKH�3&'�SOHQXP
WHPSHUDWXUH�ZDV�DERYH�������)��HYHQW����ILJXUH�������$HUDWLRQ�WKURXJK�WKH
FRPEXVWLRQ�KHDW�H[FKDQJHU��+;������-�OHJ�ZDV�LQFUHDVHG�DQG�WKH�UHDFWRU�SUHVVXUH
ZDV�JUDGXDOO\�LQFUHDVHG�WR�����DQG�����SVLJ�DW�������DQG��������UHVSHFWLYHO\�

• 2Q�1RYHPEHU�����������WKH�EDFN�SXOVH�SUHVVXUH�ZDV�LQFUHDVHG�WR�����SVLJ�DURXQG
�������HYHQW����ILJXUH�������7KH�WRS�VSKHUL�YDOYH�VHDO�LQ�WKH�VSHQW�ILQHV�WUDQVSRUWHU
�)'������IDLOHG�DURXQG��������HYHQW�����ILJXUH�����DQG�DW�������)'�����WULSSHG
�HYHQW�����ILJXUHV���DQG���WKURXJK����GXH�WR�ODFN�RI�VHDO�SUHVVXUH���,Q�DGGLWLRQ�WR
ORVLQJ�FRDO�IHHG�D�EDFN�SXOVH�DW�������OHG�WR�D�GLSOHJ�XSVHW��HYHQW�����ILJXUH�������7KH
XSVHW�ODVWHG����PLQXWHV�DQG�FDXVHG�DERXW�������OE�RI�VROLGV�FDUU\RYHU�WR�WKH�3&'�
&RDO�IHHG�ZDV�UHHVWDEOLVKHG�DURXQG��������HYHQW�����ILJXUHV���DQG���WKURXJK����

• )DLOXUH�RI�WKH�)'�����ERWWRP�VSKHUL�VHDO��FRXSOHG�ZLWK�DVK�DFFXPXODWLRQ�LQ�WKH
3&'�FRQH��SURPSWHG�D�WHPSRUDU\�VKXWGRZQ�RI�WKH�XQLW�WR�DGGUHVV�WKH�SUREOHPV�



6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP

���������

7KH�&2�����ZDV�WKHUHIRUH�VWRSSHG�DW��������HYHQW�����ILJXUH������$IWHU�ZRUN�ZDV
FRPSOHWHG�RQ�WKH�)'�����ERWWRP�VSKHUL�VHDO�&2�����ZDV�VWDUWHG�DJDLQ�DW������
�HYHQW�����ILJXUH����DQG�%5�����ZDV�OLW�DURXQG��������HYHQW�����ILJXUH������6DQG�ZDV
DGGHG�WR�WKH�UHDFWRU�WR�PDNH�XS�IRU�WKH�ORZ�VROLGV�OHYHO�LQ�WKH�UHDFWRU��GXH�WR�WKH
VROLGV�FDUU\RYHU�WR�WKH�3&'��

• &RDO�IHHG�UHVXPHG�DW��������HYHQW�����ILJXUHV���DQG���DQG�����RQ�1RYHPEHU����
������DQG�%5�����ZDV�VKXW�GRZQ�DW��������HYHQW�����ILJXUH������7KHUH�ZHUH�GLSOHJ
XSVHWV�DW�������DQG�������EXW�DIWHU�UHVHWWLQJ�WKH�DHUDWLRQ�RQ�WKH�GLSOHJ�RSHUDWLRQ
EHFDPH�QRUPDO���%\�������WKH�3&'�SOHQXP�WHPSHUDWXUH�ZDV�DERYH�������)��HYHQW
����ILJXUH�����

• 7KH�)'�����ORZ�WUDQVIHU�ZHLJKW�SUREOHP�VWDUWHG�DURXQG�������RQ�1RYHPEHU����
$W�������RQ�1RYHPEHU�����������DGMXVWPHQWV�ZHUH�PDGH�WR�)'�����WR�LQFUHDVH�WKH
WUDQVIHU�ZHLJKW�WR�ORFN�YHVVHO���%HWZHHQ�������DQG�������WKH�UHDFWRU�SUHVVXUH�ZDV
LQFUHDVHG�LQ�VWHSV�WR�����SVLJ���7KH�)'�����V\VWHP�WULSSHG�PRPHQWDULO\�DW������
�HYHQW�����ILJXUHV���DQG������3OXJJLQJ�LQ�WKH�+;�����VWDQGSLSH�DHUDWLRQ�OLQHV�OHG�WR
SRRU�FLUFXODWLRQ�LQ�WKH�UHDFWRU��UHVXOWLQJ�LQ�ORZHU�3&'�FRQH�WHPSHUDWXUHV��WKDQ�LQ
SUHYLRXV�UXQV����7KH�)'�����V\VWHP�ZDV�SOXJJHG�DW�������EXW�WKH�OLQH�ZDV�FOHDUHG
DQG�WKH�V\VWHP�UHVWDUWHG�

• 2Q�1RYHPEHU�����������WKH�)'�����V\VWHP�SOXJJHG�DW�������DQG���������8SRQ
LQVSHFWLRQ�D�IHZ�UHIUDFWRU\�SLHFHV�ZHUH�UHFRYHUHG�IURP�WKH�VDPSOH�OLQH���7KH�SOXJJHG
+;�����VWDQGSLSH�DHUDWLRQ�OLQHV�FRQWLQXHG�WR�SRVH�FLUFXODWLRQ�SUREOHPV�LQ�WKH�XQLW
ZKLFK�UHVXOWHG�LQ�XQHYHQ�VROLG�EXLOGXS�LQ�WKH�+;�������7KH�VROLGV�EXLOGXS�RQ�RQH
VLGH�RI�WKH�YHVVHO�JDYH�ULVH�WR�QRQXQLIRUP�+;�����VNLQ�WHPSHUDWXUHV�WKDW�YDULHG�E\
DV�PXFK�DV�����)���6HYHUDO�DWWHPSWV�ZHUH�PDGH�WR�LPSURYH�FLUFXODWLRQ�WKURXJK
+;������DQG�DW�������WKH�FLUFXODWLRQ�WKURXJK�WKH�+;�����-�OHJ�LPSURYHG�

• 7KH�VROLGV�VFUHZ�FRROHU��)'������ZDV�UXQ�LQWHUPLWWHQWO\�WKURXJKRXW�1RYHPEHU����
�������7KHUH�ZDV�EULGJLQJ�LQ�WKH�)'�����ORFN�YHVVHO�DQG�VXUJH�ELQ�DW���������7ZR�RI
WKH�SOXJJHG�+;�����VWDQGSLSH�DHUDWLRQ�OLQHV�ZHUH�XQSOXJJHG���$W�������DQG������
WKHUH�ZHUH�SUREOHPV�ZLWK�WKH�WUDQVIHU�RI�VROLGV�IURP�WKH�3&'�FRQH�WR�)'�������$OO
WKHVH�SUREOHPV�ZHUH�DGGUHVVHG�DQG�WKH�XQLW�FRQWLQXHG�RQ�FRDO�IHHG���$SDUW�IURP
WKHVH�SUREOHPV�WKH�SURFHVV�UDQ�ZHOO�

• 2Q�'HFHPEHU����������WKHUH�ZDV�D�OHDN�LQ�WKH�ZHOG�DW�WKH�DWWDFKPHQW�RI�WKH
WUDQVSRUW�DLU�OLQH�WR�WKH�ERWWRP�RI�)'������EXW�LW�ZDV�PDQDJHDEOH�DQG�RSHUDWLRQ
FRQWLQXHG���2WKHUZLVH��WKH�SURFHVV�UDQ�ZHOO�

• $�QXFOHDU�GHQVLW\�YHQGRU�WRRN�GHQVLW\�UHDGLQJV�RQ�WKH�VWDQGSLSH�DQG�F\FORQH�GLSOHJ
RQ�'HFHPEHU�����������$W�������WKH�3/&�FRQWURO�FRPSXWHU�ZDV�LQDGYHUWHQWO\�SXW�LQ
WHVW�PRGH�GXULQJ�EDFNXS��WULSSLQJ�DOO�RI�WKH�&O\GH�V\VWHPV��HYHQW�����ILJXUHV��������
���WKURXJK��������WKURXJK���������DQG�������7KH�3&'�WHPSHUDWXUH�FRQVHTXHQWO\�IHOO
EHORZ�������)�DW���������$IWHU�SXWWLQJ�WKH�3/&�FRQWURO�FRPSXWHU�LQ�UXQ�PRGH�DOO



6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
6TCPURQTV�4GCEVQT�6TCKP� 2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU

���������

&O\GH�V\VWHPV�ZHUH�UHVWDUWHG�DQG�FRDO�IHHG�ZDV�UHVXPHG�DW�DERXW�������HYHQW����
ILJXUHV������������WKURXJK��������WKURXJK���������DQG�����

• 65,�WRRN�3&'�LQOHW�DQG�RXWOHW�VDPSOHV�RQ�'HFHPEHU�����������7KH�SURFHVV�UDQ�ZHOO
RQ�'HFHPEHU���DQG�����������2Q�'HFHPEHU����������)'�����ZDV�UXQ�WKURXJKRXW
WKH�GD\�LQ�RUGHU�WR�FRQWURO�WKH�+;�����VROLGV�OHYHO�

• 2Q�'HFHPEHU����������IDLOXUH�RI�WKH�0:.�FRROLQJ�ZDWHU�SXPS�FDXVHG�&2�����WR
WULS�DW��������HYHQW�����ILJXUHV����WKURXJK��������WKURXJK�����DQG����WKURXJK�����DQG
FRDO�IHHG�ZDV�VWRSSHG���$IWHU�VZLWFKLQJ�WR�DQ�DOWHUQDWLYH�FRROLQJ�ZDWHU�SXPS
&2�����ZDV�UHVWDUWHG�DQG�FRDO�IHHG�UHVXPHG�DW���������7KH�)'�����YHQW�OLQH�ZDV
SOXJJHG�DW�������EXW�ZDV�XQSOXJJHG�E\���������7KH�TXLFN�GXPS�YDOYH�RQ�)'����
VWDUWHG�OHDNLQJ�QLWURJHQ�DW�������DQG�ZDV�UHSODFHG���7KH�)'�����OLQH�WR�)'����
SOXJJHG�D�FRXSOH�RI�WLPHV�

• 2Q�'HFHPEHU����������DVK�WKDW�KDG�FROOHFWHG�RQ�RQH�VLGH�RI�WKH�)'�����VFUHZ
FRROHU�GURS�WXEH�EHJDQ�WR�UHVWULFW�VROLGV�IORZ�WR�)'�������&RQVHTXHQWO\��WKHUH�ZDV
DVK�EDFN�XS�LQ�WKH�3&'�FRQH���7DSSLQJ�RQ�WKH�GURS�WXEH�GLVORGJHG�WKH�DVK�EXLOG�XS�
2WKHUZLVH��WKH�SURFHVV�UDQ�ZHOO�

• 2Q�'HFHPEHU����������WKH�)'�����ORFN�YHVVHO�WRS�VSKHUL�YDOYH�IDLOHG�DW�DERXW������
�HYHQW�����ILJXUHV���������DQG�������7KH�VROLGV�OHYHO�LQ�+;�����GURSSHG�DV�D�UHVXOW�RI
VROLGV�EHLQJ�EORZQ�WKURXJK�WKH�ORFN�YHVVHO���7KH�SUREOHP�ZDV�FRUUHFWHG�DQG�)'����
ZDV�UHVWDUWHG�DW���������7KH�UHVW�RI�WKH�SURFHVV�UDQ�ZHOO�

• 2Q�'HFHPEHU����������WKH�)'�����V\VWHP�WULSSHG�VHYHUDO�WLPHV�GXH�WR�ORVV�RI�VHDO
QLWURJHQ�SUHVVXUH��HYHQW�����ILJXUHV����DQG����WKURXJK�������$ERXW���PLQXWHV�DIWHU
HDFK�WULS�WKH�VHDO�QLWURJHQ�SUHVVXUH�ZDV�UHVWRUHG�DQG�WKH�V\VWHP�UHVWDUWHG���$W������
WKH�OLQH�EHWZHHQ�)'�����DQG�)'�����SOXJJHG��HYHQW�����ILJXUHV����DQG�������$VK
ZDV�GUXPPHG�RXW�RI�WKH�VDPSOH�SRUW�EHFDXVH�WKH�OLQH�FRXOG�QRW�EH�XQSOXJJHG�
)'�����WULSSHG�DW��������HYHQW�����ILJXUH�����GXH�WR�SOXJJLQJ�DQG�ZDV�UHVWDUWHG�DW
������DIWHU�WKH�OLQH�ZDV�FOHDUHG���$W�������)'�����WULSSHG��HYHQW�����ILJXUHV����DQG
���WKURXJK�����GXH�WR�SOXJJLQJ�LQ�WKH�FRDO�FRQYH\LQJ�OLQH���7KH�SOXJJLQJ�ZDV�FOHDUHG
DQG�FRDO�IHHG�ZDV�UHVWRUHG�DW���������&RDO�IHHG�FRQWLQXHG�WR�EH�HUUDWLF�WKURXJKRXW
WKH�GD\�GXH�WR�SOXJJLQJ�LQ�WKLV�OLQH���)'�����WULSSHG�DW�DERXW��������HYHQW�����ILJXUH
����GXH�WR�D�IRUHLJQ�PDWHULDO�ELQGLQJ�WKH�VWDU�IHHGHU�WKDW�FDXVHG�DVK�DFFXPXODWLRQ�LQ
)'�����

• 2Q�'HFHPEHU����������WKH�JRDO�RI�7&���WHVW�UXQ�ZDV�DFKLHYHG���%\�������WKHUH�ZDV�D
WRWDO�RI�������KUV�GXULQJ�ZKLFK�WKH�3&'�SOHQXP�WHPSHUDWXUH�ZDV�DERYH�������)�
&RDO�IHHG�ZDV�ORVW�DW��������HYHQW�����ILJXUHV����DQG����WKURXJK�����GXH�WR�SOXJJLQJ
LQ�WKH�)'�����H[LW�OLQH���6KXWGRZQ�RI�WKH�SURFHVV�ZDV�LQLWLDWHG�DW��������HYHQW����
ILJXUHV����DQG�������7KH�SURFHVV�UDQ�IRU�������KU�����PLQXWHV�ZLWK�WKH�3&'
WHPSHUDWXUH�DERYH�������)�



6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
2TQITGUU�KP�1RGTCVKQPU� �6%���5GTKGU�6GUV�4WPU 6TCPURQTV�4GCEVQT�6TCKP
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6%��+�2QUV�6GUV�4WP�+PURGEVKQPU

7KH�WUDQVSRUW�UHDFWRU�ZDV�LQVSHFWHG�-DQXDU\����DQG�����������ZLWK�WKH�ERUHVFRSH�DQG�WKURXJK
YLVXDO�LQVSHFWLRQ�XVLQJ�D�KDORJHQ�ODPS���7KH�IROORZLQJ�REVHUYDWLRQV�ZHUH�PDGH�

• 5LVHU���7KH�ULVHU�ZDV�LQVSHFWHG�WKURXJK�QR]]OH�+��DW�WKH�WRS�RI�WKH�ULVHU���5LVHU�ZDV
FOHDU���$�FUDFN�SUHYLRXVO\�REVHUYHG�DW�WRS�RI�ULVHU�ZDV�QRW�JHWWLQJ�ZRUVH���6RPH�VPDOO
QRGXOHV�ZHUH�REVHUYHG�DW�WKH�WRS�RI�ULVHU�

• 6WDQGSLSH���7KH�GLVHQJDJHU�VWDQGSLSH�ZDV�LQVSHFWHG�WKURXJK�QR]]OH�$��DERYH
GLVHQJDJHU���7KHUH�ZDV�VRPH�ORRVH�DQG�DJJORPHUDWHG�VDQG�GHSRVLW�RQ�WKH�OLS�RI�WKH
UHIUDFWRU\�OHDGLQJ�WR�QR]]OH�$�����7KHUH�ZHUH�PDQ\�VPDOO�QRGXOHV�RQ�WKH�GLVHQJDJHU
ZDOOV�DQG�RQ�WKH�XSSHU�VHFWLRQV�RI�WKH�VWDQGSLSH���%HORZ�WKLV�WKH�VWDQGSLSH�ZDV�FOHDU�
7KH�ERWWRP�RI�WKH�VWDQGSLSH�ZDV�LQVSHFWHG�E\�SODFLQJ�WKH�ERUHVFRSH�LQWR�QR]]OH
71��ZLWK�WKH�KDORJHQ�OLJKW�LQ�7(������7KHUH�ZDV�D�VPDOO�DUHD�DSSUR[LPDWHO\�����
LQFK�ZLGH�DQG�VHYHUDO�LQFKHV�ORQJ�ZKHUH�UHIUDFWRU\�ZDV�PLVVLQJ�LQ�WKH�FRQH�VHFWLRQ
RI�WKH�WUDQVLWLRQ�SLHFH��LW�FDXVHG�QR�SUREOHPV�ZLWK�RSHUDWLRQV�

• &URVVRYHU���7KH�ULVHU�FURVVRYHU�ZDV�LQVSHFWHG�WKURXJK�QR]]OHV�$���DQG�$�����$��
ZDV�FRPSOHWHO\�IXOO�RI�ORRVH�DQG�DJJORPHUDWHG�VDQG���7KH�VKHOI�RI�WKH�UHIUDFWRU\
EH\RQG�$���ZDV�DOVR�FRYHUHG�LQ�VROLGV���7KH�ZDOOV�RI�WKH�FURVVRYHU�DSSHDUHG�WR�EH
FRYHUHG�LQ�VROLGV�DQG�WKHUH�ZDV�D�ODUJH�EORFNDJH��GHSRVLW��DW�WKH�VRXWK�HQG��ULVHU�HQG�
RI�WKH�FURVVRYHU���7KH�GHSRVLW�ZDV�DW�WKH�ERWWRP�RI�WKH�FURVVRYHU�MXVW�DV�WKH
JDV�VROLGV�WXUQ�LQWR�WKH�FURVVRYHU�IURP�WKH�ULVHU���7KH�GHSRVLW�FRYHUHG�DERXW�KDOI�RI
WKH�GLDPHWHU�RI�WKH�ULVHU��H[WHQGHG�SHUKDSV�����IHHW�LQ�OHQJWK��DQG�ZDV�KDUG�

• 'LSOHJ���7KH�F\FORQH�DQG�WKH�GLSOHJ�ZHUH�LQVSHFWHG�WKURXJK�QR]]OH�+����$�VPDOO
FUDFN�LQ�UHIUDFWRU\�MXVW�DERYH�WKH�UDGLVK�ZDV�QRWLFHG���7KH�YHUWLFDO�DQG�VODQW�SRUWLRQV
RI�WKH�F\FORQH�GLSOHJ�ORRNHG�FOHDU�

• &\FORQHV���$�ERUHVFRSH�ZDV�LQVHUWHG�WKURXJK�QR]]OH�$�����7KH�GLVHQJDJHU�ORRNHG
JRRG���6RPH�VPDOO�FUDFNV�ZHUH�YLVLEOH���7KH�F\FORQH�DOVR�ORRNHG�JRRG�ZLWK�RQO\�D
IHZ�VPDOO�FUDFNV�LQ�WKH�UHIUDFWRU\���6RPH�YHU\�VPDOO�VHSDUDWLRQ�ZDV�HYLGHQW�LQ�WKH
PRGLILHG�F\FORQH�LQOHW�UHIUDFWRU\�YHUVXV�WKH�RULJLQDO�UHIUDFWRU\���$OVR��D�����LQFK
FUDFN�ZDV�QRWLFHG�MXVW�XSVWUHDP�RI�ZKHUH�WKH�IHDWKHULQJ�LV�ORFDWHG�

• %XUQHU���%5�����ZDV�LQVSHFWHG�IURP�ZKHUH�WKH�IODPH�URG�ZDV�UHPRYHG���6RPH�EODFN
PDUNV��SRVVLEO\�FRNH��ZHUH�RQ�WKH�ZDOOV���6PDOO�FUDFNV�ZHUH�YLVLEOH�ORRNLQJ�EDFN�DW
WKH�WRS�RI�WKH�EXUQHU�ZLWK�WKH�ERURVFRSH�

• 0L[LQJ�=RQH���7KH�PL[LQJ�]RQH�DQG�WKH�UHDFWRU�-�OHJ�ORRNHG�FOHDU�WKURXJK�7(��
�7,�����ZKHQ�LQVSHFWHG�ZLWK�WKH�ERUHVFRSH���$WWHPSWV�WR�ORRN�DW�WKH�EXUQHU�-�OHJ
ZHUH�XQVXFFHVVIXO�



6GEJPKECN�2TQITGUU�4GRQTV� 6TCPURQTV�4GCEVQT�.QQR
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• +;�������7KH�PDQZD\�RQ�+;�����ZDV�UHPRYHG�IRU�LQVSHFWLRQ���7KH�WXEHV�ORRNHG
JRRG�ZLWK�RQO\�D�WKLQ��ORRVH�OD\HU�RI�GXVW���:DOOV�ZHUH�FOHDU�DQG�KDG�QR�PDMRU�FUDFNV�
7KH�ERWWRP�RI�WKH�KHDW�H[FKDQJHU�ZDV�LQVSHFWHG�ZLWK�WKH�ERUHVFRSH�DQG�QRWKLQJ
XQXVXDO�ZDV�VHHQ�

6%��+�6GUV�4WP�1DUGTXCVKQPU

$�WRWDO�RI�������KRXUV�RQ�FRDO�ZDV�DFKLHYHG�DQG����WRQV�RI�FRDO�ZHUH�IHG���7KH�GHVLUHG������
KRXUV�RI�FDQGOH�H[SRVXUH�WLPH�DW�EHWZHHQ�������WKURXJK�������)�ZDV�DOVR�DFKLHYHG���7HVW�UXQ
7&��,�KDG�EHHQ�WKH�ORQJHVW�FRQWLQXRXV�WHVW�UXQ�XS�WR�WKLV�SRLQW��ZLWK�����KRXUV�RQ�FRQWLQXRXV
FRDO�IHHG���:LWK�WKH�FRDO�IHHG�V\VWHP�RSHUDWLQJ�ZHOO�WKH�UHDFWRU�V\VWHP�RSHUDWLQJ�SDUDPHWHUV
FRXOG�EH�VHW�WR�DFKLHYH�YHU\�VWDEOH�UHDFWRU�RSHUDWLRQV�DQG�WKH�GHVLUHG�3&'�LQOHW�WHPSHUDWXUH�
'XULQJ�WKLV�WHVW�UXQ�WKH�FRDO�IHHG�UDWH�ZDV�PDLQWDLQHG�DW�KLJK�UDWHV��������WKURXJK�������OE�KU�
IRU�VHYHUDO�GD\V�LQ�D�URZ���$GGLWLRQDO�H[SHULHQFH�VKRZHG�WKDW�QRQXQLIRUP�GLSOHJ�DHUDWLRQ
VWDELOL]HG�WKH�GLSOHJ�RSHUDWLRQV���:LWK�WKH�FKDQJH�LQ�WULP�LQ�WHVW�UXQ�7&��)�WKH�SUHVVXUH�OHWGRZQ
YDOYH�FRQWLQXHG�WR�RSHUDWH�ZHOO�LQ�WHVW�UXQ�7&��,�DQG�GLG�QRW�H[SHULHQFH�DQ\�KLJK�IUHTXHQF\
IORZ�LQGXFHG�UHVRQDQFH�YLEUDWLRQV�DV�LQ�HDUOLHU�WHVW�UXQV���7KH�)'�����V\VWHP�UHOLDELOLW\�ZDV
LQFUHDVHG�E\�XVLQJ�D�FRQVWDQW�QLWURJHQ�SXUJH�XQGHU�WKH�ORFN�YHVVHO�GLVSHUVLRQ�SDG�
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PI245: Disch Pres TI248: Disch Temp FI205: Disch Flow
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WT8450: 210 Coal Stg Wt SIC8454: Coal Fdr Spd
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6TCPURQTV�4GCEVQT�.QQR 6GEJPKECN�2TQITGUU�4GRQTV
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FI364_COMP: Startup Burner Propane Flow TI385: Startup Burner Outlet Temp
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FI205: To Process FI463: HX0402 Outlet FI465: To BR0401
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TI344:Temp below Comb Air Inj TI349: Temp Abv Upr Comb Air Inj TI360: Riser Temp
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TI357: Upr SP (abv Cycl Dipleg entry) TI372: Lwr SP TI359: Lwr SP (near J-Leg)
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TI441: CY0201 SP TI442: Cyclone Upr Dipleg
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TI443: CY0201 Out TI440: HX0202 Out TI456: PCD Gas In TI458: PCD Gas In

TI439: PCD Gas Out TI501: Solids Out TI467: HX0402 Out
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PDI257: Middle and Upper
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TI439: PCD Out TI467: HX0402 Out TI8776: BR0401

TI533: WHB Out TI4811: Baghouse Inlet
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PI287: Reactor Pressure DI202: Upper Riser
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LI339: SP Solids Level PDI259: Lower Standpipe DP
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PDI253: Upper PDI254: Standpipe/Dipleg Diff
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TI458:  PCD Inlet Temp TI439:  PCD Outlet Temp TI3013: PCD Plenum 1 Temp
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PDI3028:  PCD Differential Pressure
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DUHDV�RI�UHDFWRU�RSHUDWLRQ�DQG�SHUIRUPDQFH���7KH�VSHFLILF�DUHDV�LQYHVWLJDWHG�DUH�SUHVHQWHG�LQ�WKH
IROORZLQJ�VHFWLRQV�

����� 0DWHULDO�%DODQFHV�
����� 'LVHQJDJHU�(IILFLHQF\�
����� 3DUWLFXODWH�/RDGLQJ�WR�3&'�
����� 62

�
�(PLVVLRQV�

����� 6ROLGV�$QDO\VLV�
����� 12

[
�(PLVVLRQV�

����� &LUFXODWLRQ�5DWHV�
����� 3UHVVXUH�%DODQFHV�
����� 7HPSHUDWXUH�3URILOHV�
������ 6NLQ�7HPSHUDWXUH�3URILOHV�
������ 5HDFWRU�)HHG�6\VWHP�,VVXHV�

�������/CVGTKCN�$CNCPEG

7KH�JUHDWHVW�LPSHGLPHQW�WR�VXFFHVVIXOO\�FDOFXODWLQJ�D�PDWHULDO�EDODQFH�RQ�WKH�WUDQVSRUW�UHDFWRU
V\VWHP�LV�PHDVXULQJ�WKH�VROLGV�IORZV�LQWR�DQG�RXW�RI�WKH�V\VWHP���:HLJK�FHOOV�DUH�SURYLGHG�RQ�WKH
FRDO�DQG�VRUEHQW�VXUJH�ELQV�DQG�WKH�VSHQW�VROLGV�UHFHLYHU���+RZHYHU��LW�LV�RIWHQ�GLIILFXOW�WR�WXUQ�D
VHULHV�RI�ZHLJK�FHOO�UHDGLQJV�LQWR�DQ�DFFXUDWH�HVWLPDWH�RI�VROLGV�IORZ�UDWHV���,W�LV�SRVVLEOH�WR
FDOFXODWH�WKH�FRDO�IHHG�UDWH�XVLQJ�WKH�IOXH�JDV�IORZ��WKH�IOXH�JDV�FRPSRVLWLRQ��DQG�WKH�FRDO
FRPSRVLWLRQ���7KLV�JLYHV�DQRWKHU�VHW�RI�GDWD�IURP�ZKLFK�WR�FDOFXODWH�WKH�FRDO�IHHG�UDWH��EXW�GRHV
QRW�KHOS�GHWHUPLQH�WKH�VRUEHQW�IHHG�UDWH�RU�WKH�DVK�UHPRYDO�UDWH���:LWK�WKLV�LQ�PLQG��WKLV�VHFWLRQ
ZLOO�ORRN�DW�D�W\SLFDO�PDWHULDO�EDODQFH�RYHU���GD\V�DW�VWHDG\�VWDWH�RSHUDWLRQ�LQ�7&��,��DW�������RQ
'HFHPEHU���WKURXJK�������RQ�'HFHPEHU���������

7KH�DYHUDJH�FRDO�IHHG�UDWH�GXULQJ�WKH�SHULRG�ZDV�������OE�KU�DQG�D�WRWDO�RI������WRQV�RI�FRDO�ZDV
IHG���7KH�VRUEHQW�UDWH�ZDV�����OE�KU��JLYLQJ�D�&D�6�UDWLR�RI�������7KH�RWKHU�IORZV�DUH
VXPPDUL]HG�LQ�WDEOH���������

7KLV�JLYHV�D�UDWLR�RI�LQSXWV�WR�DFFXPXODWLRQ�DQG�RXWSXWV�RI�������ZKLFK�LV�DFFHSWDEOH�FRQVLGHULQJ
WKH�OLPLWDWLRQV�LQ�PHDVXULQJ�VROLGV�IORZ�UDWHV�

7KH�PDWHULDO�EDODQFH�DOVR�JLYHV�JRRG�FORVXUH�ZKHQ�ORRNLQJ�DW�WKH�DLU�DQG�QLWURJHQ�LQ�WKH�V\VWHP�
)RU�WKH�SHULRG��WKH�WRWDO�DLU�IHHG�ZDV��������OE�KU�WR�WKH�UHDFWRU�DV�FDOFXODWHG�E\�DGGLQJ�WRJHWKHU
WKH�YDULRXV�IORZ�PHWHUV���7KH�IORZ�PHWHU�DW�WKH�FRPSUHVVRU�GLVFKDUJH�DYHUDJHG��������OE�KU��D
UDWLR�RI��������7KH�QLWURJHQ�EDODQFH�VKRZV�WKDW��������OE�KU�RI�QLWURJHQ�ZHUH�IHG�WR�WKH�UHDFWRU
WKURXJK�D�FRPELQDWLRQ�RI�DLU��QLWURJHQ��DQG�FRDO���7KHUH�ZHUH��������OE�KU�RI�QLWURJHQ�LQ�WKH
IOXH�JDV��JLYLQJ�D�UDWLR�RI��������$�WRWDO�RI�������OE�KU�RI�R[\JHQ�ZHUH�IHG�WR�WKH�UHDFWRU���$�WRWDO
RI�������OE�KU�RI�R[\JHQ�FDQ�EH�DFFRXQWHG�IRU�OHDYLQJ�WKH�UHDFWRU�JLYLQJ�D�FORVXUH�RI�QHDUO\�����
7KH�R[\JHQ�EDODQFH�DOVR�VKRZV�WKDW����SHUFHQW�H[FHVV�DLU�ZDV�IHG�WR�WKH�PL[LQJ�]RQH�DQG�ULVHU�
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$Q�HOHPHQWDO�EDODQFH�RQ�FDUERQ�VKRZV�����OE�KU�RI�FDUERQ�ZDV�IHG�WR�WKH�UHDFWRU�ZLWK�WKH�FRDO
DQG�VRUEHQW���)OXH�JDV�DQDO\VLV�VKRZV�����OE�KU�RI�FDUERQ�DQG�SUHOLPLQDU\�VSHQW�VROLGV�DQDO\VLV
VKRZV�DERXW���OE�KU�RI�FDUERQ���+HUH�WKH�UDWLR�LQSXW�WR�RXWSXW�LV��������)RU�VXOIXU��WKH�FRDO
SURYLGHG����OE�KU�ZKLOH�SUHOLPLQDU\�VROLGV�DQDO\VLV�VKRZV�DERXW���OE�KU�RI�VXOIXU�LQ�WKH�VROLGV
UHPRYHG�IURP�WKH�UHDFWRU���7KH�62

�
�OHYHO�LQ�WKH�IOXH�JDV�ZDV�EHORZ�GHWHFWDEOH�OLPLWV�IRU�WKH�JDV

VDPSOLQJ�V\VWHP���7KLV�JLYHV�DQ�LQ�RXW�UDWLR�RI������

$�KHDW�DQG�PDWHULDO�EDODQFH�DURXQG�WKH�VWHDP�GUXP�ZDV�XVHG�WR�ILQG�WKH�VWHDP�IORZ�IURP�WKH
FRPEXVWLRQ�KHDW�H[FKDQJHU���7KLV�ZDV�DOVR�XVHG�WR�HVWLPDWH�WKH�VROLGV�IORZ�WKURXJK�WKH
FRPEXVWLRQ�KHDW�H[FKDQJHU���7KH�FDOFXODWHG�DQG�PHDVXUHG�IORZV�DURXQG�WKH�VWHDP�GUXP�DUH
VXPPDUL]HG�LQ�WDEOH���������

8VLQJ�WKH�VWHDP�SURGXFWLRQ�LQ�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�DQG�WKH�WHPSHUDWXUH�FKDQJH�RI
WKH�VROLGV�SDVVLQJ�WKURXJK�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU��WKH�VROLGV�IORZ�WKURXJK�WKH
H[FKDQJHU�ZDV�HVWLPDWHG�WR�EH��������OE�KU�

%\�NQRZLQJ�WKH�KHDW�UHPRYHG�E\�WKH�KHDW�H[FKDQJHU�DQG�XVLQJ�WKH�IORZV��WHPSHUDWXUHV��DQG
FRPSRVLWLRQV�RI�WKH�PDWHULDOV�HQWHULQJ�DQG�OHDYLQJ�WKH�WUDQVSRUW�UHDFWRU��WKH�KHDW�ORVV�WR�WKH
HQYLURQPHQW�IURP�WKH�WUDQVSRUW�UHDFWRU�ZDV�FDOFXODWHG���7KH�KHDW�ORVV�ZDV�����0%WX�KU�
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�������

6CDNG��������

$WNM�/CVGTKCN�$CNCPEG�+PHQTOCVKQP

+PRWVU��
%QCN ������ND�JT
5QTDGPV ����ND�JT
#KT �������ND�JT
0KVTQIGP ������ND�JT
616#. �������ND�JT

1WVRWVU��
(NWG�)CU �������ND�JT
%QCTUG�#UJ ���ND�JT
(KPG�#UJ ����ND�JT
616#. �������ND�JT

#EEWOWNCVKQP ���ND�JT

6CDNG��������

5VGCO�&TWO�$CNCPEG

+PRWVU��
$QKNGT�(GGF�9CVGT �������ND�JT
5VGCO�(TQO�5GEQPFCT[�)CU
%QQNGT

������ND�JT

5VGCO�(TQO�6JGTOCN�1ZKFK\GT ������ND�JT
5VGCO�(TQO�%QODWUVKQP�*GCV
'ZEJCPIGT

������ND�JT

1WVRWVU��
5VGCO�VQ�$12 �������ND�JT

25&(>����>�����
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�������&KUGPICIGT�'HHKEKGPE[

7KH�FROOHFWLRQ�HIILFLHQF\�RI�WKH�GLVHQJDJHU�DQG�F\FORQH�KDV�UHFHLYHG�D�JUHDW�GHDO�RI�DWWHQWLRQ�GXH
WR�WKH�LVVXH�RI�GLSOHJ�LQVWDELOLW\�DQG�WKH�UHVXOWLQJ�ODUJH�FDUU\RYHU�RI�VROLGV�WR�WKH�3&'���,Q�WKLV
VHFWLRQ�WKH�HIILFLHQF\�RI�WKH�GLVHQJDJHU�DQG�WKH�IDFWRUV�WKDW�LQIOXHQFH�WKH�FROOHFWLRQ�HIILFLHQF\
ZLOO�EH�LQYHVWLJDWHG�

6HYHUDO�IDFWRUV�LQIOXHQFH�WKH�SHUIRUPDQFH�RI�WKH�GLVHQJDJHU���%\�GHVLJQ�WKH�GLVHQJDJHU�LV�QRW�D
YHU\�HIILFLHQW�VROLGV�VHSDUDWLRQ�GHYLFH���7KH�JDV�DQG�HQWUDLQHG�VROLGV�HQWHU�WKURXJK�WKH�WRS�DQG
WKH�JDV�H[LWV�WKURXJK�WKH�VLGH���7HVWLQJ�KDV�VKRZQ�WKH�GLVHQJDJHU�WR�EH�����WR����SHUFHQW
HIILFLHQW�XQGHU�QRUPDO�RSHUDWLQJ�FRQGLWLRQV���)LJXUH���������VKRZV�WKH�FKDQJHV�LQ�WKH�GLVHQJDJHU
HIILFLHQF\�GXULQJ�D�SHULRG�RI�PRUH�WKDQ���GD\V�RI�VWHDG\�RSHUDWLRQ�GXULQJ�7&��,���7KH
FLUFXODWLRQ�UDWH�ZDV�PRVWO\�VWHDG\�IRU�PXFK�RI�WKH�SHULRG���7KH�GLVHQJDJHU�HIILFLHQF\�UDWKHU
VWHDGLO\�GHFOLQHG�GXULQJ�WKH�UXQ���7KLV�FDQ�EH�DWWULEXWHG�WR�D�FKDQJH�LQ�WKH�GHQVLW\�RI�WKH�VROLGV�LQ
WKH�UHDFWRU���7KH�GHQVLW\�RI�WKH�UHDFWRU�VROLGV�DV�PHDVXUHG�E\�WKH�GLIIHUHQWLDO�SUHVVXUH�LQ�WKH
ERWWRP�RI�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�GHFUHDVHG�GXULQJ�WKH�SHULRG���)LJXUH���������VKRZV
WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VROLGV�GHQVLW\�DQG�WKH�GLVHQJDJHU�HIILFLHQF\���7KH�GLVHQJDJHU
HIILFLHQF\�VWHDGLO\�LQFUHDVHG�ZLWK�LQFUHDVLQJ�VROLG�GHQVLW\���7KH�GHFUHDVH�LQ�VROLGV�GHQVLW\�DV�D�UXQ
SURJUHVVHV�RFFXUUHG�EHFDXVH�RI�WKH�UHSODFHPHQW�RI�VDQG��WKH�VWDUW�XS�EHG�PDWHULDO��ZLWK�DVK�DQG
GRORPLWH�

$QRWKHU�REVHUYDWLRQ�RQ�GLVHQJDJHU�HIILFLHQF\�FDPH�IURP�ORRNLQJ�DW�WKH�FKDQJH�LQ�HIILFLHQF\�DW
GLIIHUHQW�ULVHU�YHORFLWLHV���3UHYLRXV�GLVHQJDJHU�WHVWLQJ�DW�WKH�36')�LQ������UHYHDOHG�WKDW�WKH
GLVHQJDJHU�SHUIRUPV�EHWWHU�ZLWK�D�ORZHU�LQOHW�YHORFLW\���)LJXUH���������VKRZV�WKH�UHODWLRQVKLS
EHWZHHQ�WKH�ULVHU�YHORFLW\�DQG�WKH�GLVHQJDJHU�HIILFLHQF\���7KHUH�LV�D�FOHDU�UHGXFWLRQ�LQ�WKH
HIILFLHQF\�RI�WKH�GLVHQJDJHU�DV�WKH�LQOHW�YHORFLW\�LQFUHDVHV�RYHU�WKH�UDQJH�VKRZQ�LQ�WKH�JUDSK�

7KH�LQOHW�VROLGV�ORDGLQJ�WR�WKH�GLVHQJDJHU�DOVR�KDV�DQ�HIIHFW�RQ�GLVHQJDJHU�HIILFLHQF\��DOWKRXJK
WKH�HIIHFW�LV�QRW�DV�VWURQJ�DV�SDUWLFOH�GHQVLW\�DQG�LQOHW�YHORFLW\���)LJXUH���������LV�D�SORW�VKRZLQJ
KRZ�WKH�GLVHQJDJHU�HIILFLHQF\�FKDQJHV�DV�WKH�FLUFXODWLRQ�UDWH�LQFUHDVHV���7KH�UHODWLRQVKLS�EHWZHHQ
FLUFXODWLRQ�UDWH�DQG�GLVHQJDJHU�HIILFLHQF\�VHHPV�WR�VKRZ�D�VOLJKW�LQFUHDVH�LQ�HIILFLHQF\�ZLWK�DQ
LQFUHDVH�LQ�VROLGV�ORDGLQJ��EXW�WKH�GDWD�VKRZV�D�ODUJH�GHJUHH�RI�VFDWWHU���7KH�GLVHQJDJHU�WHVWLQJ�LQ
�����DOVR�VKRZHG�DQ�LQFUHDVH�LQ�GLVHQJDJHU�HIILFLHQF\�ZLWK�LQFUHDVLQJ�VROLGV�ORDGLQJ�
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Division of Solids Flow
TC0I - 1997
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Dipleg Solids
Standpipe Solids
Circulation Rate

(KIWTG�������� %JCPIG�KP�&KUGPICIGT�'HHKEKGPE[�CPF�%KTEWNCVKQP�4CVG�1XGT�5GXGTCN�&C[U

Disengager Efficiency
December 1 - December 6, 1997   TC01I

Density (lb/ft3 as measured by PDI388)

E
ff
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ie
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y

(KIWTG�������� 'HHGEV�QH�&GPUKV[�QP�&KUGPICIGT�'HHKEKGPE[
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Disengager Efficiency

Riser Velocity (ft/sec)

E
ff
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ie

n
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TC01E

TC01F

(KIWTG�������� 'HHGEV�QH�+PNGV�8GNQEKV[�QP�&KUGPICIGT�'HHKEKGPE[�
1EVQDGT�����������&WTKPI�6%��'�CPF
1EVQDGT�����������&WTKPI�6%��(��%JCTV���QH���

Disengager Efficiency

Circulation Rate (lbs/hr)

E
ff

ic
ie

n
cy

TC01E

TC01F

(KIWTG��������� 'HHGEV�QH�%KTEWNCVKQP�4CVG�QP�&KUGPICIGT�'HHKEKGPE[�
1EVQDGT�����������&WTKPI�6%��'��CPF
1EVQDGT�����������&WTKPI�6%��(��%JCTV���QH���
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�������2CTVKEWNCVG�.QCFKPI�VQ�2%&

7KH�3&'�LQOHW�SDUWLFXODWH�PDVV�ORDGLQJ�GDWD�IRU�0:.�WHVWV�&&7���&&7���&&7���DQG�7&��
ZHUH�PHDVXUHG�DQG�UHSRUWHG�E\�6RXWKHUQ�5HVHDUFK�,QVWLWXWH��65,�����7KH�YDOXHV�IRU�WKHVH�WHVWV
DUH�JLYHQ�LQ�WDEOHV���������DQG������(DFK�SDUWLFXODWH�FRQFHQWUDWLRQ�ZDV�WDNHQ�RYHU�D�����WR����
PLQXWH�SHULRG���7KH�VDPSOLQJ�SHULRGV�IRU�ERWK�ZKHQ�WKH�3&'�ZDV�SXOVHG�DQG�ZKHQ�WKHUH�ZDV
QR�3&'�SXOVH�DUH�QRWHG�IRU�0:.�WHVW�7&���

7KH�3&'�LQOHW�SDUWLFXODWH�PDVV�ORDGLQJ�LV�WKH�SDUWLFXODWH�HPLVVLRQV�IURP�WKH�WUDQVSRUW�UHDFWRU
F\FORQH�&<�������3DUWLFXODWH�HPLVVLRQV�IURP�WKH�F\FORQH�DUH�D�IXQFWLRQ�RI�WKH�F\FORQH�HIILFLHQF\�
F\FORQH�SUHVVXUH�GURS��F\FORQH�LQOHW�YHORFLW\��DQG�WKH�VROLGV�ORDGLQJ�WR�WKH�F\FORQH���7KH�����
3&'�LQOHW�SDUWLFXODWH�PDVV�ORDGLQJV�DUH�SORWWHG�DJDLQVW�F\FORQH�SUHVVXUH�GURS�LQ�ILJXUH���������

7KH�3&'�LQOHW�FRQFHQWUDWLRQV�GHFUHDVHG�DV�WKH�\HDU�SURJUHVVHG�EHFDXVH�DGGLWLRQDO�H[SHULHQFH
ZDV�JDLQHG�LQ�RSHUDWLQJ�WKH�WUDQVSRUW�UHDFWRU�LQ�D�PRUH�VWDEOH�PDQQHU���&&7��ZDV�SHUIRUPHG�LQ
0DUFK��$SULO��DQG�0D\��&&7��LQ�0D\��&&7��LQ�-XQH��DQG�&&7���LQ�6HSWHPEHU�WR�'HFHPEHU
�������&&7��ZDV�FKDUDFWHUL]HG�E\�ORZ�VROLGV�FLUFXODWLRQ��KLJK�SDUWLFXODWH�HPLVVLRQV��DQG�XQVWDEOH
F\FORQH�GLSOHJ�SUHVVXUH�GURS���&&7��ZDV�GHVLJQHG�WR�VWXG\�WKH�F\FORQH�GLSOHJ�RSHUDWLRQ��DQG
GLSOHJ�RSHUDWLRQ�ZDV�RIWHQ�
RQ�WKH�HGJH
�RI�GLSOHJ�VWDELOLW\��SURGXFLQJ�KLJK�F\FORQH�SDUWLFXODWH
HPLVVLRQV�

$V�PRUH�H[SHULHQFH�ZDV�JDLQHG�ZLWK�RSHUDWLQJ�WKH�UHDFWRU��WKH�F\FORQH�SUHVVXUH�GURS�LQFUHDVHG�
F\FORQH�GLSOHJ�RSHUDWLRQ�EHFDPH�PRUH�VWDEOH��DQG�WKH�SDUWLFXODWH�FRQFHQWUDWLRQV�GHFUHDVHG���7KH
ILQDO�WHVW�RI�WKH�\HDU��7&����ZDV�FKDUDFWHUL]HG�E\�KLJK�F\FORQH�SUHVVXUH�GURSV�DQG�ORZ�3&'
SDUWLFXODWH�HPLVVLRQV���0:.�WHVW�7&���ZDV�WKH�RQO\������WHVW�LQ�ZKLFK�WKH�WUDQVSRUW�UHDFWRU
ZDV�RSHUDWHG�IRU�ORQJ�SHULRGV�RI�WLPH�DW�VWHDG\�FRQGLWLRQV��VR�WKH�3&'�LQOHW�SDUWLFXODWH
FRQFHQWUDWLRQ�IRU�WKHVH�WHVWV�LV�PRUH�FKDUDFWHULVWLF�RI�W\SLFDO�WUDQVSRUW�UHDFWRU�RSHUDWLRQ���7&2�
UXQV�ZHUH�DOO�PDGH�DW�UHDFWRU�SUHVVXUHV�RI�����WR�����SVLJ�

&\FORQH�SUHVVXUH�GURS�LV�D�IXQFWLRQ�RI�LQOHW�JDV�YHORFLW\�DQG�VROLGV�ORDGLQJ���7KH�F\FORQH
SUHVVXUH�GURS�GDWD�LV�SORWWHG�DJDLQVW�LQOHW�F\FORQH�YHORFLW\�LQ�ILJXUH���������

7KHUH�LV�D�VWURQJ�GHSHQGHQFH�RI�F\FORQH�SUHVVXUH�GURS�RQ�LQOHW�F\FORQH�YHORFLW\�IRU�WHVW�7&���
ZKLOH�WKH�RWKHU�WHVWV�GLG�QRW�VKRZ�DV�VWURQJ�D�WUHQG�

7R�GHWHUPLQH�WKH�F\FORQH�HIILFLHQF\��WKH�F\FORQH�LQOHW�VROLGV�ORDGLQJ�KDG�WR�EH�FDOFXODWHG�IURP
WKH�GDWD���7KH�VROLGV�UDWH�WR�WKH�F\FORQH�ZDV�GHWHUPLQHG�IURP�WZR�PHWKRGV�RI�FDOFXODWLQJ�WKH
ULVHU�VROLGV�FLUFXODWLRQ�UDWH���7KH�WZR�PHWKRGV�RI�FDOFXODWLQJ�WKH�VROLGV�FLUFXODWLRQ�UDWH�ZHUH�

• $VVXPH�D�VOLS�RI�����VOLS�YHORFLW\��UDWLR�RI�WKH�JDV�YHORFLW\�WR�WKH�VROLGV�YHORFLW\��DQG�XVH
WKH�ULVHU�SUHVVXUH�GURS�YDOXH��3'7�����IURP�WKH�3,�GDWD�DFTXLVLWLRQ�DQG�VWRUDJH�V\VWHP�
7KH�3,�YDOXH�ZDV�FRUUHFWHG�IRU�WKH�]HUR�GLIIHUHQWLDO�SUHVVXUH�YDOXH�

• 7KH�YDOXH�FDOFXODWHG�IURP�WKH�.RQQR�DQG�6DLWR��.6��&RUUHODWLRQ��365,�'HVNWRS
'HVLJQ�PDQXDO��(GLWLRQ����-XQH��������������ZKLFK�FDOFXODWHV�WKH�VROLGV�YHORFLW\���7KH�.6
FRUUHODWLRQ�FDOFXODWHV�WKH�UHODWLYH�VROLGV�YHORFLW\�WR�WKH�JDV�YHORFLW\�IURP�WKH�WHUPLQDO
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YHORFLW\�RI�WKH�SDUWLFOHV���)RU�WKH�FRQGLWLRQV�VWXGLHG��WKH�VOLS�YHORFLW\�ZDV�W\SLFDOO\�DERXW
����DQG�WKH�YRLGDJH�DERYH��������7KH�'3�YDOXHV�XVHG�LQ�WKH�FDOFXODWLRQ�ZHUH�FRUUHFWHG
IRU�]HUR�SUHVVXUH�YDOXHV�

7KH�VROLGV�FLUFXODWLRQ�UDWH�LV�WKH�ULVHU�VROLGV�IORZ�UDWH���7KH�GLVHQJDJHU�DFWV�DV�D�F\FORQH�DQG�GRHV
D�VL]H�VHSDUDWLRQ�RQ�WKH�FLUFXODWHG�VROLGV���7KH�ILQHU�VROLGV�JR�WR�WKH�F\FORQH�DQG�WKH�FRDUVHU
VROLGV�JR�WR�WKH�VWDQGSLSH���7KH�F\FORQH�VROLGV�IORZ�UDWH�ZDV�GHWHUPLQHG�E\�FDOFXODWLQJ�WKH
F\FORQH�GLSOHJ�DQG�VWDQGSLSH�VROLGV�IORZ�UDWHV���7KH�VROLGV�IORZ�UDWHV�ZHUH�GHWHUPLQHG�E\�D�KHDW
EDODQFH�DURXQG�WKH�F\FORQH�GLSOHJ�HQWUDQFH�WR�WKH�VWDQGSLSH��XVLQJ�WHPSHUDWXUH�UHDGLQJV�QHDU�WKH
GLSOHJ�HQWUDQFH�WR�WKH�VWDQGSLSH���7KH�IORZV�ZHUH�FRUUHFWHG�IRU�DHUDWLRQ�DLU���2QFH�WKH�VROLGV
ORDGLQJ�WR�WKH�F\FORQH�ZDV�FDOFXODWHG��WKH�F\FORQH�HIILFLHQF\�FRXOG�EH�GHWHUPLQHG�

7KH�F\FORQH�SUHVVXUH�GURS�GDWD�LV�SORWWHG�DJDLQVW�WKH�F\FORQH�VROLGV�ORDGLQJ�LQ�ILJXUH���������IRU
WKH�VOLS� ���VROLGV�FLUFXODWLRQ�UDWH�FDOFXODWLRQ���7KH�F\FORQH�VROLGV�LQOHW�ORDGLQJ�LV�H[SUHVVHG�LQ
ZHLJKW�SHUFHQW�VROLGV�����SHUFHQW� ���������SSPZ��

7KHUH�LV�D�WUHQG�RI�LQFUHDVLQJ�F\FORQH�SUHVVXUH�GURS�ZLWK�LQFUHDVLQJ�LQOHW�ORDGLQJ�IRU�DOO�WKH�GDWD
H[FHSW�IRU�&&7��

7KH�F\FORQH�HIILFLHQF\�LV�SORWWHG�DJDLQVW�F\FORQH�LQOHW�ORDGLQJ�LQ�ILJXUH����������DVVXPLQJ�D�VOLS�RI
��

1RWH�WKH�LQFUHDVH�LQ�F\FORQH�FROOHFWLRQ�HIILFLHQF\�ZKHQ�WKH�LQOHW�ORDGLQJ�LV�DERYH�;;�ZW���IRU
WKH�ODWHU�WHVW�UXQV��&&7��DQG�7&�����6LQFH�DOO�RI�WKH�7&���FROOHFWLRQ�HIILFLHQFLHV�DUH�DERYH���
SHUFHQW��WKH�7&���GDWD�LV�SORWWHG�XVLQJ�DQ�H[SDQGHG�HIILFLHQF\�VFDOH��DV�VKRZQ�LQ�ILJXUH���������

7KH�JHQHUDO�WUHQG�ZLWKLQ�WKH�UDQJH�RI�F\FORQH�LQOHW�VROLGV�ORDGLQJV�WHVWHG�LV�DQ�LQFUHDVH�LQ�F\FORQH
HIILFLHQF\�ZLWK�LQOHW�ORDGLQJ���)LJXUH���������DOVR�VKRZV�ZKLFK�3&'�LQOHW�SDUWLFXODWH�GDWD�ZHUH
REWDLQHG�GXULQJ�D�3&'�SXOVH��SXOVH��DQG�ZKLFK�ZHUH�REWDLQHG�EHWZHHQ�3&'�SXOVHV��QR�SXOVH��
7KHUH�ZHUH�IRXU�WHVWV��7&��,07��������������DQG������ZKHUH�WKH�VDPSOLQJ�ZDV�GRQH�EHWZHHQ
WZR�3&'�SXOVHV���+RZHYHU�WKHVH�QR�SXOVH�WHVWV�ZHUH�VWDUWHG�OHVV�WKDQ���PLQXWHV�DIWHU�D�3&'
SXOVH�WKDW�FDXVHG�D�PDMRU�ORVV�RI�WKH�F\FORQH�GLSOHJ�VHDO���7KHVH�WHVWV�DUH�FRQVLGHUHG�SXOVH�WHVWV
GXH�WR�WKH�OLNHOLKRRG�WKDW�WKH�SDUWLFXODWH�HPLVVLRQV�ZHUH�HIIHFWHG�E\�WKH�SXOVH�DQG�UHVXOWLQJ
GLSOHJ�XSVHW���7KH�GLSOHJ�SUREDEO\�GLG�QRW�UHFRYHU�VXIILFLHQWO\�WR�SUHYHQW�VRPH�DGGLWLRQDO
SDUWLFXODWH�HPLVVLRQV���7KH�SORW�VKRZV�WKH�JHQHUDO�WUHQG�RI�ORZHU�F\FORQH�HIILFLHQF\�GXULQJ�D
3&'�SXOVH�

)LJXUH���������SORWV�WKH�F\FORQH�HIILFLHQF\�DJDLQVW�F\FORQH�SUHVVXUH�GURS�IRU�DOO�WKH������GDWD�DQG
ILJXUH���������SORWV�WKH�F\FORQH�HIILFLHQF\�LQ�H[SDQGHG�VFDOH�DJDLQVW�WKH�F\FORQH�SUHVVXUH�GURS�

1RWH�WKH�GURS�RII�LQ�F\FORQH�HIILFLHQF\�EHORZ�;;�LQFKHV�ZDWHU�F\FORQH�SUHVVXUH�GURS�LQ�ILJXUH
����������)LJXUH���������LQGLFDWHV�D�VOLJKW�GHFUHDVH�LQ�HIILFLHQF\�DV�F\FORQH�SUHVVXUH�GURS�LQFUHDVHV
IURP����WR����LQFKHV�ZDWHU���$JDLQ�WKHUH�LV�D�JHQHUDO�WUHQG�RI�ORZHU�F\FORQH�HIILFLHQF\�GXULQJ�D
3&'�EDFN�SXOVH�

)LJXUH���������SORWV�WKH�F\FORQH�HIILFLHQF\�DJDLQVW�F\FORQH�LQOHW�YHORFLW\�IRU�DOO�WKH������GDWD�DQG
ILJXUH���������SORWV�WKH�F\FORQH�HIILFLHQF\�LQ�H[SDQGHG�VFDOH�DJDLQVW�WKH�F\FORQH�LQOHW�YHORFLW\�
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)LJXUH���������VKRZV�D�VOLJKW�GHFUHDVH�LQ�F\FORQH�HIILFLHQF\�ZLWK�LQFUHDVHG�YHORFLW\�

)LJXUH����������LV�WKH�SORW�RI�WKH�VOLS� ���ULVHU�VROLGV�UDWH�YHUVHV�.6�ULVHU�VROLGV�FLUFXODWLRQ�UDWH
IRU�WKH������GDWD�

7KLV�SORW�JLYHV�D�VWUDLJKW�OLQH�EHFDXVH�WKH�WZR�VROLGV�FLUFXODWLRQ�FDOFXODWLRQV�LQKHUHQWO\�KDYH�WKH
VDPH�EDVLV�DQG�XVH�WKH�VDPH�GDWD���1RWH�WKDW�WKH�VORSH�LV�QHDU�������ZKLOH�WKH�UDWLR�RI�WKH�VOLS
YHORFLWLHV�LV������������������%RWK�FDOFXODWLRQV�KDYH�YRLGDJHV�DERYH��������7KHUH�DUH�IHZHU�&&7�
DQG�&&7��GDWD�SRLQWV�WKDQ�JLYHQ�LQ�WDEOH���������EHFDXVH�WKH�.6�HTXDWLRQ�JDYH�QHJDWLYH�VROLGV
IORZ�UDWHV�DW�WKH�ORZ�ULVHU�SUHVVXUH�GURSV�PHDVXUHG�GXULQJ�&&7��DQG�&&7��

6LQFH�WKH�.6�HTXDWLRQ�XVXDOO\�FDOFXODWHG�D�KLJKHU�FLUFXODWLRQ�UDWH�WKDQ�WKH�VOLS� ����WKH�F\FORQH
LQOHW�ORDGLQJ�DQG�F\FORQH�HIILFLHQFLHV�ZHUH�XVXDOO\�KLJKHU�XVLQJ�WKH�.6�HTXDWLRQ�IRU�VROLGV
FLUFXODWLRQ�UDWHV���7KLV�LV�VKRZQ�LQ�ILJXUH����������IRU�WKH�F\FORQH�LQOHW�ORDGLQJV�
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6CDNG��������

2%&�+PNGV�2CTVKEWNCVG�/CUU�.QCFKPI�&CVC�/9-�6GUV�2TQITCOU�%%6���%%6���CPF�%%6�

6CDNG��������

2%&�+PNGV�2CTVKEWNCVG�/CUU�.QCFKPI�&CVC�/9-�6GUV�2TQITCO�6%��

SRI Run Time Loading
Run No Date Start End ppm Comments

CCT4IMT-2 3/15/97 13:53 14:08 18800 Coal
CCT4IMT-3 3/22/97 11:03 11:34 95700 Drum test, Coal
CCT4IMT-4 4/22/97 14:13 14:28 53500 Hot Circ., No Coal
CCT4IMT-5 4/23/97 10:59 11:14 39900 Coal
CCT4IMT-6 4/24/97 11:15 11:30 28300 Coal
CCT4IMT-7 5/1/97 10:30 10:57 19800 Drum test, Coal
CCT4IMT-8 5/2/97 10:30 11:01 18400 Drum test, Coal

CCT5IMT-1 5/13/97 9:08 9:38 9800 Coal Only - Acid Plume
CCT5IMT-2 5/14/97 9:03 9:33 14200 Coal + Dolomite
CCT5IMT-3 5/15/97 10:00 10:30 10700 Coal + Dolomite
CCT5IMT-4 5/16/97 8:50 9:20 25500 High Carryover 
CCT5IMT-5 5/16/97 13:32 13:52 23000 No PCD Pulse - High Carryover 
CCT5IMT-6 5/19/97 10:23 10:43 4200 No PCD Pulse - Low Carryover 

CCT6IMT-1 6/24/97 10:39 11:09 25500 No PCD Pulse
CCT6IMT-2 6/24/97 15:10 15:24 41100 No PCD Pulse

SRI Date Run Time** Particle Loading PCD
Run No Sampled Start End Duration ppmw gr/acf mg/scm Pulse

TC01IMT-1 9/10/97 8:20 8:50 30.0 6100 12.6 7400 No
TC01IMT-2 9/11/97 9:20 9:50 30.0 10500 20.7 12700 Yes
TC01IMT-3 9/12/97 8:05 8:35 30.0 15200 30.3 18500 Yes
TC01IMT-4 9/16/97 8:30 9:00 30.0 15600 32.1 19000 Yes
TC01IMT-5 9/19/97 12:40 13:10 30.0 9600 20.0 11600 Yes
TC01IMT-6 9/25/97 11:50 12:20 30.0 12300 26.9 15000 No
TC01IMT-7 10/3/97 7:50 8:15 25.0 11200 24.3 13500 No
TC01IMT-8 10/15/97 8:58 9:28 30.0 10500 23.5 12700 No
TC01IMT-9 10/21/97 8:45 9:15 30.0 10400 21.7 12700 No
TC01IMT-10 10/23/97 9:15 9:45 30.0 10900 23.7 13200 No
TC01IMT-11 10/28/97 9:38 10:03 25.0 10800 23.2 13100 No
TC01IMT-12 10/29/97 10:15 10:45 30.0 13500 29.5 16400 Yes
TC01IMT-13 10/30/97 10:13 10:43 30.0 12700 28.3 15400 Yes
TC01IMT-14 10/31/97 12:12 12:42 30.0 11100 25.0 13500 No
TC01IMT-15 12/3/97 9:55 10:25 30.0 12200 26.6 14900 Yes
TC01IMT-16 12/5/97 9:50 10:35 45.0 8200 17.9 10000 Yes
TC01IMT-17 12/8/97 10:55 11:25 30.0 12400 27.0 15200 Yes
** All times are central standard time.  Times prior to 10/26/97 have been reduced by one hour.
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�������51��'OKUUKQPU

'XULQJ�WKH������0:.�WUDQVSRUW�UHDFWRU�WHVWV��62��HPLVVLRQV�ZHUH�PHDVXUHG�DW�WKH�RXWOHW�RI�WKH
3&'���:KHQ�GRORPLWH�ZDV�XVHG�DV�WKH�EHG�PDWHULDO��WKH�62��DQDO\]HU�UHDG�HVVHQWLDOO\�]HUR��EXW
WKHUH�ZHUH�PHDVXUDEOH�UHDGLQJV�ZKHQ�VDQG�ZDV�XVHG�DV�EHG�PDWHULDO���6ROLGV�DQDO\VHV�RI�VSHQW
EHG�PDWHULDO�IRU�WKH������WHVW�UXQV�LQGLFDWH�WKDW�VXOIXU�ZDV�DOZD\V�SUHVHQW�LQ�WKH�EHG�PDWHULDO
�VHH�VHFWLRQ�������IRU�GHWDLOV��ZKHQ�HLWKHU�GRORPLWH�RU�VDQG�ZDV�IHG�WR�WKH�UHDFWRU�

&&7��ZDV�RSHUDWHG�SULPDULO\�ZLWK�VDQG��DQG�WKH�UHVXOWLQJ�62��HPLVVLRQV�ZHUH�EHWZHHQ�����DQG
����SSP�62���ZLWK�DQ�DYHUDJH�YDOXH�RI�����SSP����6LQFH�VDQG�ZDV�QRW�H[SHFWHG�WR�DEVRUE�62��
DOO�FRDO�VXOIXU�ZDV�H[SHFWHG�WR�H[LW�ZLWK�WKH�IOXH�JDV���%DVHG�RQ�WKH�FRDO�UDWH��IXHO�JDV�UDWH��DQG
FRDO�SHUFHQW�VXOIXU��WKH�H[SHFWHG�62��HPLVVLRQV�IURP�WKH�WUDQVSRUW�UHDFWRU�VKRXOG�KDYH�EHHQ
DERXW�����SSP���)LJXUH���������JLYHV�WKH�DQDO\]HU�UHDGLQJV�DQG�FDOFXODWHG�62��FRQFHQWUDWLRQV�
6ROLGV�DQDO\VHV�RI�WKH�&&7�'�VSHQW�EHG�PDWHULDO�LQGLFDWH�DQ�DYHUDJH�RI�����SHUFHQW�FDOFLXP
VXOIDWH��&D62���LQ�WKH�VROLGV�DQG�D�FDOFLXP�WR�VXOIXU�PRODU�UDWLR��&D�6��RI��������7KLV�LQGLFDWHV
WKDW�WKHUH�ZDV�HQRXJK�DONDOLQLW\�LQ�WKH�EHG�WR�UHPRYH�VRPH�RI�WKH�LQOHW�VXOIXU���)LJXUH��������
SORWV�WKH�VXOIXU�UHPRYDO�IRU�&&7�'�DJDLQVW�WKH�&D�6�UDWLR�RI�WKH�3&'�VROLGV�

:KHQHYHU�GROPLWH�UHSODFHG�VDQG�DV�WKH�EHG�VRUEHQW��WKH�62��HPLVVLRQV�LPPHGLDWHO\�GURSSHG�WR
HVVHQWLDOO\�]HUR���7KLV�FDQ�EH�FOHDUO\�VHHQ�RQ�ILJXUH�����������7KH�62��HPLVVLRQV�ZHUH�IURP�����WR
����SSP�62��GXULQJ�VDQG�DGGLWLRQ���$�VPDOO�DPRXQW�RI�GRORPLWH�ZDV�DGGHG�DW�������DQG�WKH
62��HPLVVLRQV�GURSSHG�WR����SSP�DQG�WKHQ�UHFRYHUHG�WR�����SSP���'RORPLWH�ZDV�WKHQ�DGGHG
FRQWLQXRXVO\�VWDUWLQJ�DW��������ZLWK�DQRWKHU�UDSLG�GHFUHDVH�LQ�62��FRQFHQWUDWLRQ�IURP�DERYH����
SSP�WR�QHDUO\�]HUR��ZKHUH�LW�UHPDLQHG�ZKLOH�GRORPLWH�ZDV�DGGHG�

7KH�ILUVW�WZR�VWHDG\�SHULRGV�RI�&&7��KDG�DYHUDJH�62��UHDGLQJV�RI����DQG����SSP�62����7KLV
ZDV�GXULQJ�RSHUDWLRQ�ZLWK�VDQG�LQ�WKH�UHDFWRU���:KHQ�WKH�VDQG�ZDV�UHSODFHG�E\�GRORPLWH�GXULQJ
WKH�VHFRQG�VWHDG\�SHULRG��WKH�62��HPLVVLRQV�TXLFNO\�ZHQW�WR�]HUR�ZKHUH�WKH\�UHPDLQHG�IRU�WKH
UHVW�RI�&&7��DV�GRORPLWH�ZDV�IHG�WR�WKH�UHDFWRU�

7KH�RQO\�WLPH�WKDW�WKH�62��DQDO\]HU�UHDG�DERYH�����SSP�LQ�&&7��ZDV�ZKHQ�FRDO�ZDV�EXUQHG
DQG�VDQG�ZDV�DGGHG�WR�WKH�UHDFWRU���:KHQ�GRORPLWH�ZDV�DGGHG�WR�WKH�UHDFWRU��WKH�UHDGLQJV�ZHQW
WR����SSP�62��RU�EHORZ�

7KH�62��UHDGLQJV�IRU�WKH�HQWLUH�7&���WHVW�ZHUH�EHORZ����SSP�62����6LQFH�WKHUH�ZHUH�QR
VLJQLILFDQW�62��FRQFHQWUDWLRQV�PHDVXUHG�GXULQJ�7&����LW�ZDV�VXVSHFWHG�WKDW�WKH�DQDO\]HU�ZDV
PDOIXQFWLRQLQJ���6HYHUDO����FF�ERPE�VDPSOHV�RI�WKH�WUDQVSRUW�UHDFWRU�JDV�ZHUH�FROOHFWHG�DW�WKH
3&'�LQOHW�DQG�RXWOHW�WR�FRQILUP�WKH�XQH[SHFWHGO\�ORZ�62��FRQFHQWUDWLRQV���7KH�FRQWHQWV�RI
HDFK�VDPSOH�ERPE�ZHUH�VORZO\�EXEEOHG�WKURXJK����PO�RI���SHUFHQW�K\GURJHQ�SHUR[LGH��+�2��
VROXWLRQ�RYHU�D�SHULRG�RI�DERXW���KRXU�DQG�WKH�UHVXOWLQJ�VROXWLRQ�ZDV�DQDO\]HG�IRU�VXOIDWH��XVLQJ
DQ�LRQ�FKURPDWRJUDSK�DW�WKH�$3&�ODE���7KH�62��FRQFHQWUDWLRQ�RI�WKH�ERPE�ZDV�FDOFXODWHG
DVVXPLQJ�D�SUHVVXUH�RI�����SVLJ�IRU�WKH�VDPSOH�ERPE����°)�IRU�WKH�3&'�LQOHW�VDPSOH��FROOHFWHG
DW�WKH�65,�SDUWLFXODWH�VDPSOLQJ�VLWH���DQG����°)�IRU�WKH�3&'�RXWOHW�VDPSOH���7KH�UHVXOWV�DUH�JLYHQ
LQ�WDEOH���������DQG�FRPSDUHG�ZLWK�WKH�62��FRQFHQWUDWLRQV�PHDVXUHG�E\�WKH�DQDO\]HU���7KH�62�

DQDO\]HU�VSDQ�LV�]HUR�WR�������SSP�62��DQG�LV�FDOLEUDWHG�ZLWK�����SSP�62��FDOLEUDWLRQ�JDV��VR�LW
FDQQRW�EH�H[SHFWHG�WR�GLVFULPLQDWH�62��FRQFHQWUDWLRQV�RI�OHVV�WKDQ����SSP�62����$OO�RI�WKH�62�

DQDO\]HU�PHDVXUHPHQWV�LQ�WDEOH���������VKRXOG�EH�FRQVLGHUHG�WR�EH�QRQGHWHFWDEOH�62��



6TCPURQTV�4GCEVQT�.QQR� �2GTHQTOCPEG�#PCN[UKU� 6GEJPKECN�2TQITGUU�4GRQTV
51��'OKUUKQPU� 6TCPURQTV�4GCEVQT�6TCKP

�������

6CDNG��������

$QOD�5CORNGU�&CVC
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Note: Sand only test

Bomb Bomb SO2 Analyzer SO2

Sample Sample Sulfate Concentration Concentration
Date & Time Test Number Location mg/L ppm ppm

10/13/97 9:35 TC01E AB01955 PCD Inlet 1.00 2.0 1.7
10/14/97 9:30 TC01E AB01956 PCD Outlet 1.55 3.8 1.9
10/28/97 13:08 TC01G AB02101 PCD Inlet ND 0.0 1.4
10/29/97 14:00 TC01G AB02116 PCD Outlet ND 0.0 1.4
12/5/97 14:30 TC01I AB02444 PCD Inlet 1.29 2.6 8.6
12/8/97 13:15 TC01I AB02471 PCD Outlet 0.25 0.6 8.6
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������5QNKFU�#PCN[UGU

6ROLGV�ZHUH�FROOHFWHG�RQ�D�UHJXODU�EDVLV�IURP�WKH�VWDQGSLSH��)'������DQG�3&'��)'������DQG
VHQW�WR�WKH�$ODEDPD�3RZHU�&RPSDQ\��$3&��ODERUDWRU\�IRU�DQDO\VHV���7KH�VROLGV�ZHUH�DQDO\]HG
IRU�

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

7KH�DVK�PLQHUDOV��VLOLFRQ��DOXPLQXP��WLWDQLXP��LURQ��SRWDVVLXP��SKRVSKRUXV��DQG�VRGLXP�DUH
UHSRUWHG�LQ�WKH�R[LGH�IRUP��DW�ZKLFK�WKH\�DUH�SUREDEO\�SUHVHQW�DIWHU�FRPEXVWLRQ���7KHVH
FRPSRXQGV�DUH�IURP�WKH�FRDO�DVK��GRORPLWH�LQHUWV��DQG�VDQG���7KH�UDZ�GDWD�IURP�WKH�$3&
ODERUDWRU\�IRU�WZR�W\SLFDO�VDPSOHV�DUH�JLYHQ�LQ�WDEOH�����������7KHVH�WZR�VDPSOHV�DUH�IURP
)'������3&'�VROLGV��WDNHQ�GXULQJ�WHVWV�&&7�$�DQG�7&��%���7KH�&&7�$�VDPSOH�LV�WKH
FRPSRVLWH�RI�VHYHUDO�LQGLYLGXDO�VDPSOHV�WDNHQ�GXULQJ�D����RU����GD\�SHULRG���7KH�7&��%�VDPSOH
LV�DQ�LQGLYLGXDO�VDPSOH�WDNHQ�DW�WKH�GDWH�DQG�WLPH�LQGLFDWHG�

&DOFLXP��PDJQHVLXP��DQG�VXOIXU�DUH�QRW�SUHVHQW�DV�WKH�FRPSRXQGV�UHSRUWHG�LQ�WKH�UDZ�GDWD�
)UHH�HQHUJ\�PLQLPL]DWLRQ�FDOFXODWLRQV�GRQH�E\�'U��6KDGOH�DW�)(7&�JLYH�JXLGDQFH�DV�WR�WKH
FDOFLXP�DQG�PDJQHVLXP�FRPSRXQGV�DW�WUDQVSRUW�UHDFWRU�FRQGLWLRQV���&DOFXODWLRQV�DW�SUHVVXUHV
IURP�����WR�����SVLJ�DQG�IURP�������WR������°)�LQGLFDWH�WKDW�WKH�SHUPLVVLEOH�VXOIXU�PDJQHVLXP�
FDOFLXP�FRPSRXQGV�DUH�

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

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

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

7KH�VROLG�FRPSRXQGV�SURGXFHG�E\�WKH�UHDFWRU�ZHUH�GHWHUPLQHG�XVLQJ�WKH�IROORZLQJ
DVVXPSWLRQV�

�� $OO�FDUERQ�GLR[LGH�PHDVXUHG�FDPH�IURP�&D&2���KHQFH�PROHV�&2�� �PROHV�&D&2��
�� $OO�VXOIXU�PHDVXUHG�FDPH�IURP�&D62���KHQFH�PROHV�VXOIXU� �PROHV�&D62��
�� $OO�UHPDLQLQJ�FDOFLXP�QRW�WDNHQ�E\�&D62��DQG�&D&2��FDPH�IURP�&D2•0J2�
�� $OO�UHPDLQLQJ�PDJQHVLXP�QRW�WDNHQ�E\�&D2•0J2�FDPH�IURP�0J2�
�� $OO�FDUERQ�GLR[LGH�PHDVXUHG�ZDV�DOVR�PHDVXUHG�DV�FDUERQ��KHQFH�XQEXUQHG�FDUERQ�LQ

WKH�VROLGV�LV�PROHV�PHDVXUHG�FDUERQ�PLQXV�PROHV�PHDVXUHG�&2��

5HVXOWV�RI�WZR�W\SLFDO�FDOFXODWLRQV�DUH�JLYHQ�RQ�WDEOH���������XQGHU��$QDO\VLV����7KH�DQDO\VLV�LV
JLYHQ�ZLWK�WKH�EUHDNGRZQ�LQWR�WKH�LQGLYLGXDO�FDOFLXP��PDJQHVLXP��DQG�VXOIXU�FRPSRXQGV����7KH
FRPSRXQGV�6L2���$O�2���7L2���)H�2���.�2��1D�2��DQG�3�2��DUH�OXPSHG�LQWR�
LQHUWV
���7KHVH
LQHUWV�ZRXOG�FRPH�IURP�WKH�FRDO�DVK��VDQG��DQG�GRORPLWH�LPSXULWLHV�DQG�DUH�QRW�H[SHFWHG�WR
UHDFW�ZLWK�VXOIXU�RU�FDUERQ�GLR[LGH���7KH�WRWDO�RI�WKH�FRPSRXQGV�VKRXOG�EH�����SHUFHQW�LI�WKH
DQDO\WLFDO�UHVXOWV�DQG�WKH�FRPSRQHQW�DVVXPSWLRQV�DUH�FRUUHFW���,Q�DQDO\VHV�RI�WKLV�W\SH�����WR����
SHUFHQW�VROLGV�WRWDO�LQGLFDWHV�JRRG�VROLGV�FRPSRVLWLRQ�UHVXOWV���'XULQJ�WKH������WHVWLQJ��WKLV
FULWHULRQ�ZDV�XVXDOO\�VDWLVILHG�

$Q�DVVXPSWLRQ�PDGH�LQ�GHWHUPLQLQJ�WKH�FRPSRXQG�VSHFLHV�LQFOXGHG�WKDW�WKHUH�ZRXOG�EH�QR�IUHH
OLPH��&D2��SUHVHQW���7R�FRQILUP�WKLV�DVVXPSWLRQ��IRXU������3&'�VDPSOHV�ZHUH�DQDO\]HG�IRU
IUHH�OLPH�FRQWHQW�XVLQJ�WKH�$3&�ODERUDWRU\�SURFHGXUH�������ZKLFK�XVHV�VXFURVH���7KH�UHVXOWV�DUH
JLYHQ�LQ�WDEOH���������DQG�VKRZ�PLQLPDO�IUHH�OLPH�FRQWHQW�IRU�DOO�VDPSOHV�DQDO\]HG���,I�WKHUH�ZHUH
D�VLJQLILFDQW�DPRXQW�RI�IUHH�OLPH�LQ�WKH�VROLGV��LW�ZRXOG�EH�QRWLFHG�ZKHQ�WKH�EHG�PDWHULDO�ZDV
KDQGOHG��VLQFH�DQ\�PRLVWXUH�DGGHG�ZRXOG�UHOHDVH�KHDW�DV�WKH�IUHH�OLPH�LV�K\GUDWHG���7KLV�KDV
QHYHU�EHHQ�QRWLFHG�GXULQJ�36')�WUDQVSRUW�UHDFWRU�VROLGV�KDQGOLQJ���'RORPLWLF�OLPH��&D2•0J2�
ZLOO�QRW�K\GUDWH�DW�DWPRVSKHULF�FRQGLWLRQV���)UHH�OLPH�VKRXOG�EH�SUHVHQW�LQ�WKH�EHG�VROLGV�ZKHQ
OLPHVWRQH�UDWKHU�WKDQ�GRORPLWH�LV�XVHG�DV�WKH�VRUEHQW�

7KH�FDUERQ�FRQWHQW�RI�WKH�VROLGV�LV�FDOFXODWHG�DV�WKH�GLIIHUHQFH�RI�WZR�VPDOO�QXPEHUV��ZKLFK�DUH
W\SLFDOO\�FORVH�WR�HDFK�RWKHU�LQ�YDOXH���+HQFH��WKHUH�LV�D�ORW�RI�UHODWLYH�YDULDWLRQ�LQ�WKH�FDUERQ
FRQWHQW�RI�WKH�VROLGV���2IWHQ�WKH�&2��FRQWHQW�RI�VROLGV�LV�ODUJHU�WKDQ�WKH�WRWDO�FDUERQ���:KHQHYHU
WKH�PHDVXUHG�&2��LV�ODUJHU�WKDQ�WKH�PHDVXUHG�FDUERQ��WKH�FDUERQ�LQ�WKH�VROLGV�ZDV�DVVXPHG�WR
EH�]HUR���,Q�WDEOH����������ERWK�H[DPSOHV�KDG�PRUH�PROHV�RI�PHDVXUHG�&2��WKDQ�PROHV�RI
PHDVXUHG�FDUERQ�DQG�KHQFH�WKH�FDUERQ�LQ�WKH�VROLGV�ZDV�DVVXPHG�WR�EH�]HUR������SHUFHQW
FRPEXVWLRQ�HIILFLHQF\��

7KH�UHODWLYH�VRXUFHV�RI�EHG�PDWHULDO�ZHUH�FDOFXODWHG�XVLQJ�WKH�FRPSRVLWLRQV�RI�SXUH�VDQG��FRDO
DVK��DQG�GRORPLWH�DQG�WKH�PHDVXUHG�VROLGV�DQDO\VLV���7KH�UHVXOWV�RI�WKLV�FDOFXODWLRQ�DUH�JLYHQ�LQ
WDEOH���������XQGHU�5HODWLYH�)HHGV�%DVHG�RQ�)HHG�&RPSRVLWLRQ���7KH�EHG�PDWHULDO�LV�D�PL[WXUH�RI
GRORPLWH��VDQG��DQG�FRDO�DVK��DQG�WKLV�FDOFXODWLRQ�GHWHUPLQHV�WKH�UHODWLYH�SHUFHQW�RI�HDFK�IHHG
PDWHULDO���7KLV�FDOFXODWLRQ�XVHV�WKH�VLOLFRQ�DQG�DOXPLQXP�FRQFHQWUDWLRQV�LQ�GRORPLWH��FRDO�DVK�
DQG�VDQG��ZLWK�WKH�DVVXPSWLRQ�WKDW�VLOLFRQ��DOXPLQXP��DQG�WKH�WRWDO�VROLGV�DUH�LQ�PDVV�EDODQFH�
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7KH�VXP�RI�WKH�VDQG�DQG�FRDO�DVK�VKRXOG�EH�DERXW�HTXDO�WR�WKH�LQHUWV�VLQFH�WKH�PDMRU�VRXUFH�RI
LQHUWV�LV�WKH�VDQG�DQG�FRDO�DVK���7KH�FDOFXODWLRQ�LV�XVHIXO�LQ�GHWHUPLQLQJ�KRZ�PXFK�RI�WKH
RULJLQDO�VDQG�VWDUW�XS�PDWHULDO�LV�UHPDLQLQJ�LQ�WKH�EHG�

7ZR�PRODU�UDWLRV�ZHUH�FDOFXODWHG�IRU�HDFK�VROLG�VDPSOH�

• &DOFLXP�WR�PDJQHVLXP��&D�0J��
• &DOFLXP�WR�VXOIXU��&D�6��

7KH�&D�0J�UDWLR�LV�FDOFXODWHG�DV�D�FRQVLVWHQF\�FKHFN���7KH�&D�0J�UDWLR�LV�����LQ�WKH�UDZ
GRORPLWH��ZKLFK�LV�WKH�PDMRU�VRXUFH�RI�FDOFLXP�DQG�PDJQHVLXP�IRU�WKH�V\VWHP�GXULQJ�GRORPLWH
VRUEHQW�IHHG���)RU�WKH�DQDO\WLFDO�UHVXOWV�WR�EH�FRQVLVWHQW��WKH�&D�0J�UDWLR�RI�WKH�VSHQW�EHG
PDWHULDO�VKRXOG�DOVR�EH�FORVH�WR������XQOHVV�VDQG�LV�EHLQJ�IHG�DV�WKH�EHG�PDWHULDO�

7KH�&D�6�UDWLR�LV�WKH�PHDVXUH�RI�H[FHVV�VRUEHQW�UHTXLUHG�IRU�VXOIXU�UHPRYDO��DFFRUGLQJ�WR�WKH
HTXDWLRQ�

62����&D&2��•�0J&2���������2��→�&D62�����&2����0J2

7R�UHDFW��62��UHTXLUHV�DQ�HTXDO�PRODU�DPRXQW�RI�GRORPLWH�DQG�62���ZKLFK�ZRXOG�UHVXOW�LQ�WKH
VDPH�PRODU�DPRXQW�RI�FDOFLXP�LQ�WKH�VROLGV�DV�VXOIXU��&D�6� ��������6ROLGV�ZLWK�WKH�PLQLPXP
DPRXQW�RI�GRORPLWH�UHTXLUHG�ZRXOG�WKHQ�KDYH�FDOFLXP�SUHVHQW�RQO\�DV�&D62��DQG�WKHUH�ZRXOG
EH�QHLWKHU�&D&2��QRU�&D2•0J2�SUHVHQW����,W�KDV�EHHQ�DVVXPHG�WKDW�0J62��GRHV�QRW�IRUP�DW
WKH�FRQGLWLRQV�DW�ZKLFK�WKH�WUDQVSRUW�UHDFWRU�KDV�EHHQ�RSHUDWHG����7KH�KLJKHU�WKH�&D�6�UDWLR��WKH
PRUH�H[FHVV�GRORPLWH�LV�XVHG�WKDQ�UHTXLUHG�IRU�����SHUFHQW�62��FDSWXUH���6LQFH�62��HPLVVLRQV
ZHUH�]HUR�GXULQJ�SHULRGV�RI�GRORPLWH�DGGLWLRQ��WKH������WHVWV�QHYHU�GHWHUPLQHG�WKH�PLQLPXP
GRORPLWH�IHHG�UHTXLUHG�WR�REWDLQ����SHUFHQW�62��UHPRYDO�

7DEOH���������JLYHV�WKH�)'�����DYHUDJH�VROLG�DQDO\VHV�IRU�HDFK������WHVW����)'�����VDPSOHV�DUH
QRW�UHSUHVHQWDWLYH�RI�WKH�EHG�PDWHULDO��EXW�DUH�UHSUHVHQWDWLYH�RI�WKH�VROLGV�FROOHFWHG�E\�WKH�3&'�
7KLV�PDWHULDO�VKRXOG�EH�ILQHU�WKDQ�WKH�EHG�PDWHULDO�UHPRYHG�E\�)'�����IURP�WKH�VWDQGSLSH�
1RWH�WKDW�WKH�FRPSRXQG�WRWDOV�DUH�EHWZHHQ����DQG�����SHUFHQW��YHU\�JRRG�FRQVLGHULQJ�WKH
DVVXPSWLRQV�WKDW�ZHQW�LQWR�WKH�FRPSRXQGV�FDOFXODWLRQV�DQG�DQDO\WLFDO�YDULDWLRQV�LQ�VROLGV
DQDO\VHV�

7KH�VROLGV�FDUERQ�LQ�DOO�UXQV�H[FHSW�&&7�$��7&��'��DQG�7&��+�DYHUDJHG�]HUR�FDUERQ�LQ�WKH
EHG�PDWHULDO���)RU�UXQV�&&7�$�DQG�7&��+�WKH�FDUERQ�ZDV�OHVV�WKDQ�WKH�VWDQGDUG�GHYLDWLRQ�RI
WKH�VDPSOH�DYHUDJH��LQGLFDWLQJ�WKDW�VWDWLVWLFDOO\�WKH�FDUERQ�ZDV�]HUR���5XQ�&&7�$�RQO\�KDG�WZR
VDPSOHV�RXW�RI�HLJKW�WKDW�KDG�QRQ]HUR�FDUERQ�LQ�WKH�DVK���5XQ�7&��'�KDG�DQ�DYHUDJH�FDUERQ�RI
����ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI������LQGLFDWLQJ�WKDW�WKHUH�ZDV�VRPH�FDUERQ�LQ�WKH�VROLGV�

7KH�3&'�VROLGV�UHODWLYH�IHHG�DQDO\VLV�IRU�&&7�'�LQGLFDWHV�YHU\�OLWWOH�GRORPLWH�IHHG�WR�WKH
UHDFWRU���7KLV�LV�FRQVLVWHQW�ZLWK�WKH�UXQ�ORJV���7KH�&D�0J�UDWLR�LV�QHDU�����IRU�DOO�WKH�UXQV�H[FHSW
&&7�'��ZKLFK�ZDV�UXQ�XVLQJ�VDQG�DV�WKH�EHG�PDWHULDO���5XQ�&&7�'��)'������VROLGV�DUH
FKDUDFWHUL]HG�E\�D�KLJKHU�DPRXQW�RI�LQHUWV�DQG�D�ORZHU�&D�6�UDWLR�ZKHQ�FRPSDUHG�ZLWK�WKH
RWKHU������WHVWV�
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3&'�IHHGV�DQDO\VHV�IRU�UXQ�&&7�$�LQGLFDWHG�QHDUO\�HTXDO�DPRXQWV�RI�VDQG�DQG�GRORPLWH�IHG�WR
WKH�UHDFWRU��DJDLQ�FRQVLVWHQW�ZLWK�WKH�UXQ�ORJV��ZKHUHDV�&&7�%�IHHG�DQDO\VHV�LQGLFDWHG�GRORPLWH
XVHG�DV�WKH�EHG�PDWHULDO�DQG�VDQG�ZDV�QRW�IHG�LQWR�WKH�UHDFWRU���7HVWV�&&7�$�DQG�&&7�%�ZHUH
FKDUDFWHUL]HG�E\�KLJK�&D�6�UDWLRV�EHFDXVH�WKH�GRORPLWH�IHHG�UDWH�ZDV�PXFK�KLJKHU�WKDQ�UHTXLUHG
IRU�����SHUFHQW�62��UHPRYDO�

7KH�)'2����DQDO\VHV�IRU�WHVW�7&���ZHUH�DOO�IDLUO\�FRQVLVWHQW�GXULQJ�WKH�HQWLUH�������KRXU�WHVW�
7KHUH�ZDV�PLQLPDO�VDQG�LQ�WKH�3&'�VROLGV�EDVHG�RQ�IHHGV�DQDO\VHV��ZKLFK�ZDV�FRQVLVWHQW�ZLWK
WKH�VRUEHQW�UXQ�ORJV�VKRZLQJ�PDLQO\�GRORPLWH�IHHG���7KH�&D�6�UDWLR�YDULHG�EHWZHHQ������DQG
������QHJOHFWLQJ�WKH�VLQJOH�VDPSOH�RI�7&��&���)HHGV�DQDO\VHV�ZHUH�QRW�FDOFXODWHG�IRU�7&��&
WKURXJK�7&��+���7KH�62��HPLVVLRQV�ZHUH�HVVHQWLDOO\�]HUR�GXULQJ�7&���

7DEOH���������JLYHV�WKH�)'�����DYHUDJH�VROLGV�DQDO\VHV�RI�VHYHUDO������WHVWV�LQ�VDPH�IRUPDW�DV
WDEOH�����������7KHVH�VROLGV�DUH�WKH�EHG�PDWHULDO�GXULQJ�D�UXQ��DQG�WKH\�UHPDLQ�LQ�WKH�WUDQVSRUW
UHDFWRU�PXFK�ORQJHU�WKDQ�GR�WKH�3&'�VROLGV���7KH\�UHSUHVHQW�VHYHUDO�GD\V�RI�IHHGV�DQG
RSHUDWLRQ�EHFDXVH�RI�WKH�ODUJH�YROXPH�RI�VROLGV�LQ�WKH�WUDQVSRUW�UHDFWRU�DQG�ORZ�)'����
GLVFKDUJH�UDWH���7&��,�ZDV�VSOLW�LQWR�WZR�SHULRGV���7KH�&D�0J�YDOXHV�ZHUH�QHDUO\�����IRU�DOO�RI
WKH�GRORPLWH�UXQV�

7KUHH�RI�WKH�WHVW�UXQV�LQGLFDWHG�FDUERQ�LQ�WKH�UHDFWRU�EHG�VROLGV���7HVW�&&7�'�ZDV�EDVHG�RQ
RQO\�RQH�VDPSOH���7HVW�7&��%�KDG�RQO\�RQH�RI�IRXU�VDPSOHV�ZLWK�QRQ]HUR�FDUERQ�LQ�WKH�VROLGV
DQG�WKH�VWDQGDUG�GHYLDWLRQ�ZDV�ODUJHU�WKDQ�WKH�DYHUDJH�YDOXH��LQGLFDWLQJ�WKDW�VWDWLVWLFDOO\�WKHUH
ZDV�]HUR�FDUERQ���7HVW�7&��+��KDG�RQO\�RQH�RI�WZHOYH�VDPSOHV�ZLWK�D�QRQ]HUR�FDUERQ�LQ�WKH
VROLGV�DQG�WKH�VWDQGDUG�GHYLDWLRQ�ZDV�ODUJHU�WKDQ�WKH�DYHUDJH�YDOXH�

)LJXUH���������FRPSDUHV�WKH�LQHUWV�EDVHG�RQ�VROLGV�DQDO\VLV�LQ�VWDQGSLSH��)'������DQG�3&'
�)'������VDPSOHV���7KH�VWDQGSLSH�VDPSOHV�JHQHUDOO\�KDG�OHVV�LQHUWV�WKDQ�WKH�3&'�VDPSOHV�
LQGLFDWLQJ�WKDW�WKH�FRDO�DVK�ZDV�ILQHU�WKDQ�WKH�DYHUDJH�EHG�PDWHULDO�DQG�WHQGHG�WR�OHDYH�WKH�EHG
EHIRUH�RWKHU�VROLGV�

)LJXUH���������FRPSDUHV�WKH�VDQG�EDVHG�RQ�IHHGV�LQ�WKH�VWDQGSLSH�DQG�WKH�3&'���$V�H[SHFWHG�
WKH�FRDUVHU�VDQG�WHQGHG�WR�DFFXPXODWH�LQ�WKH�UHDFWRU���6DQG�LV�XVXDOO\�XVHG�DV�VWDUW�XS�EHG
PDWHULDO��ZKLFK�WKHQ�JUDGXDOO\�OHDYHV�WKH�EHG�WKURXJK�WKH�VWDQGSLSH�GXULQJ�D�UXQ�

)LJXUH���������FRPSDUHV�WKH�&D�6�UDWLR�IRU�WKH�VWDQGSLSH�DQG�WKH�3&'�VROLGV���7KH�VWDQGSLSH
DOZD\V�KDV�D�KLJKHU�&D�6�UDWLR�WKDQ�WKH�3&'�VROLGV���)RU�7&��*�DQG�7&��,$��WKHUH�LV�D�VOLJKW
GLIIHUHQFH��ZKLOH�IRU�7&��+�DQG�7&��,%�WKHUH�LV�D�WUHPHQGRXV�GLIIHUHQFH���7KH�&D62��FRQWHQW
RQ�WDEOH���������LQGLFDWHV�WKDW�WKH�KLJKHU�&D�6�UDWLRV�DUH�GXH�WR�D�GHFUHDVH�LQ�VXOIXU�FRQWHQW��QRW
DQ�LQFUHDVH�LQ�FDOFLXP���&RPSDULVRQ�ZLWK�WKH�3&'�VROLGV�LQGLFDWHV�WKDW�WKH�LQFUHDVHG�&D�6�DUH
QRW�FDXVHG�E\�DQ�LQFUHDVH�LQ�GRORPLWH��ZKLFK�ZRXOG�EH�LQGLFDWHG�LPPHGLDWHO\�E\�WKH�3&'�&D�6�
7KH�GHFUHDVH�LQ�VXOIXU�PD\�EH�UHODWHG�WR�WKH�ILQDO�SXUJLQJ�RI�WKH�VWDUW�XS�VDQG�DQG�D�EXLOG�XS�RI
LQDFWLYH�VRUEHQW�LQ�WKH�EHG�

'XULQJ�&&7�'��VDQG�RQO\�ZDV�IHG�WR�WKH�UHDFWRU��DQG�PLQLPDO�62��UHPRYDO�DQG�ORZ�VXOIXU
FRQWHQW�RI�WKH�UHFRYHUHG�VROLGV�ZDV�H[SHFWHG���+RZHYHU��DQ�DYHUDJH�RI�����SHUFHQW�VXOIXU�ZDV
IRXQG�LQ�WKH�3&'�VROLGV�IRU����VDPSOHV���7KH�62��UHPRYDO�DYHUDJHG����WR����SHUFHQW�IRU�WKH
WHVW��DVVXPLQJ�WKDW�WKH�IHHG�FRDO�FRQWDLQHG�����SHUFHQW�VXOIXU���7KH�&D�6�UDWLR�RI�WKH�3&'�VROLGV
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DYHUDJHG��������7KH�&D�6�UDWLR�DQG�62��UHPRYDO�DUH�SORWWHG�DJDLQVW�WLPH�LQ�ILJXUH����������VHH
VHFWLRQ����������1RWH�WKDW�WKH�&D�6�UDWLR�GHFUHDVHG�GXULQJ�WKH�UXQ���'RORPLWH�ZDV�IHG�LQWR�WKH
UHDFWRU�WZLFH�GXULQJ�&&7�'��EXW�WKH�UHVW�RI�WKH�WLPH�VDQG�ZDV�IHG�LQWR�WKH�UHDFWRU���7KH�3&'
VROLGV�&D�6�UDWLR�VKRXOG�FRQWURO�WKH�62��HPLVVLRQV�EHFDXVH�WKH�ILQDO�VRUEHQW�WKDW�WKH�JDV�VHHV�LV
WKH�GXVW�OD\HU�RQ�WKH�3&'�FDQGOHV��ZKLFK�VKRXOG�LQFUHDVH�WKH�62��UHPRYDO���7KH�&&7�'�VROLGV
DUH�FKDUDFWHUL]HG�DV�KDYLQJ�D�ODUJH�SHUFHQWDJH�RI�DVK�DQG�ORZ�YDOXHV�RI�FDUERQ�GLR[LGH���6LQFH
WKHUH�ZDV�D�FDOFLXP�WR�VXOIXU�UDWLR�RI�QHDUO\�����WKHUH�ZDV�PLQLPDO�&D&2��DQG�&D2•0J2�

7HVW�&&7�$�ZDV�VWDUWHG�XS�RQ�VDQG�DQG�WKHQ�VZLWFKHG�WR�GRORPLWH�DIWHU�WKH�UXQ�VWDUWHG�
'XULQJ�WKH�UXQ�QXPHURXV�VKRWV�RI�VDQG�ZHUH�DGGHG�WR�WKH�UHDFWRU���7KH�ILUVW�VROLGV�VDPSOH
DQDO\]HG�ZDV�IURP�D�FRPSRVLWH�RI�VHYHUDO�VDPSOHV�WDNHQ�EHIRUH�FRDO�IHHG�ZDV�VWDUWHG�DQG�KDG
VXOIXU�DW�D�QRQGHWHFWDEOH�OHYHO���7KH�QH[W�HLJKW�3&'�VROLG�VDPSOHV�GXULQJ�&&7�$�DYHUDJHG�&D�6
RI���������7KH�&D�6�YDOXHV�UDQJHG�IURP�����WR������LQGLFDWLQJ�WKDW�D�ODUJH�H[FHVV�RI�GRORPLWH�ZDV
DGGHG�GXULQJ�WKH�UXQ���7KH�FDOFXODWHG�UHODWLYH�IHHGV�DUH�SORWWHG�LQ�ILJXUH�����������$OO�VROLG
VDPSOHV�ZHUH�GDLO\�FRPSRVLWHV�RI�WZR�RU�WKUHH�JUDE�VDPSOHV��VR�LW�LV�GLIILFXOW�WR�ORFDWH�H[DFW
DGGLWLRQV�RI�HLWKHU�VDQG�RU�GRORPLWH���)LJXUH���������LQGLFDWHV�WKDW�WKH�XQLW�ZDV�VWDUWHG�ZLWK�D
PL[WXUH�RI�VDQG�DQG�GRORPLWH�LQ�WKH�UHDFWRU��DQG�GXULQJ�WKH�UXQ�PRVWO\�GRORPLWH�ZDV�DGGHG��XS
WR�0D\������'XULQJ�0D\����DQG�����VDQG�ZDV�DGGHG��DOWHUQDWLQJ�ZLWK�GRORPLWH��WKXV�LQFUHDVLQJ
WKH�VDQG�FRQWHQW�RI�WKH�UHDFWRU���'XULQJ�&&7���WKHUH�ZDV�PLQLPDO�VROLGV�UHPRYHG�IURP�WKH
VWDQGSLSH�DQG�QRQH�ZHUH�DQDO\]HG�

7KH�VROLG�VDPSOHV�IURP�&&7�%�ZHUH�VLPLODU�WR�&&7�$��ZLWK�WKH�LQLWLDO�VDPSOHV�FRQWDLQLQJ�QR
VXOIXU�DQG�ODWHU�VDPSOHV�KDYLQJ�D�KLJK�&D�6�UDWLR���'RORPLWH�ZDV�IHG�H[FOXVLYHO\�WR�WKH�UHDFWRU
IURP�0D\����WR������7KH�62��HPLVVLRQV�ZHUH�DOVR�]HUR�GXULQJ�WKLV�WLPH��FRQILUPLQJ�WKDW�D�ODUJH
H[FHVV�RI�GRORPLWH�ZDV�IHG�WR�WKH�UHDFWRU���7KH�VROLGV�DQDO\VLV�LQGLFDWHG�WKDW�WKHUH�ZDV�YHU\�OLWWOH
VDQG�LQ�WKH�IHHG��EDVHG�RQ�WKH�)'�����VROLGV�

7KH�7&���3&'�VROLGV�DQDO\VHV�ZHUH�FKDUDFWHUL]HG�E\�IDLUO\�FRQVLVWHQW�UHVXOWV�GXULQJ�D�WHVW��ZKLOH
WKH�VWDQGSLSH�VROLGV�VKRZ�VRPH�YDULDWLRQ�GXULQJ�D�WHVW�

)LJXUH���������SORWV�WKH�&D�6�UDWLR�IRU�WKH�3&'�VROLGV�RI�7&��%���7KH�&D�6�UDWLR�EHJLQV�DW
DURXQG�����RQ�6HSWHPEHU�����WKHQ�LQFUHDVHV�WR�D�KLJK�YDOXH�ZKHQ�WKH�FRDO�IHHG�LV�VWRSSHG���2QFH
WKH�FRDO�FRPHV�RQ�6HSWHPEHU�����WKH�&D�6�UDWLR�DJDLQ�GHFUHDVHV�WR�DURXQG�������7KH�3&'�DQG
VWDQGSLSH�LQHUWV�ZHUH�FRQVLVWHQW�ZLWK�HDFK�RWKHU�DQG�WUDFNHG�ZHOO�GXULQJ�WKH�FRRO�RII�SHULRG�

5XQV�7&��&�WKURXJK�7&��)�GLG�QRW�ODVW�ORQJ�HQRXJK�DW�VWHDG\�FRQGLWLRQV�WR�DQDO\]H�VROLGV
WUHQGV�ZLWK�WLPH���*HQHUDOO\�WKH\�ZHUH�IDLUO\�FRQVLVWHQW����7\SLFDO�RI�WKHVH�UXQV�ZDV�7&��*�
)LJXUH���������SORWV�WKH�3&'�&D�6�UDWLR�DQG�SHUFHQW�LQHUWV�DJDLQVW�WLPH�DQG�ILJXUH���������SORWV
WKH�SHUFHQW�RI�WKH�3&'�FRPSRXQGV�DJDLQVW�WLPH���7KH�7&��+�SORWV�DUH�DERXW�WKH�VDPH�DV
7&��*��H[FHSW�WKDW�WKH�&D�6�UDWLR�LQFUHDVHG�MXVW�DW�WKH�HQG�RI�WKH�UXQ���$OO�YDOXHV�ZHUH�IDLUO\
FRQVLVWHQW�GXULQJ�D�UXQ�

)LJXUH���������FRPSDUHV�WKH�&D�6�UDWLR�IRU�7&��+�IRU�WKH�VWDQGSLSH�DQG�3&'�VROLGV���1RWH�WKDW
WKH�VWDQGSLSH�VROLGV�&D�6�DUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�3&'�VROLGV�

$�V\VWHP�PDVV�EDODQFH�ZDV�GRQH�IRU�VHYHUDO�SHULRGV�RI�WKH�7&��,���7KLV�PDVV�EDODQFH�UHSRUWHG
WKH�FRDO�DQG�GRORPLWH�IHHG�UDWHV�EDVHG�RQ�WKH�IHHGHU�ZHLJKW�FHOOV�IRU���KRXU�SHULRGV���8VLQJ�FRDO
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DQG�GRORPLWH�DQDO\VHV�DQG�WKH�IHHG�UDWHV��D�&D�6�UDWLR�DQG�DPRXQW�RI�LQHUWV�LQ�WKH�UHDFWRU��EDVHG
RQ�WKH�PDVV�EDODQFH��FRXOG�EH�FDOFXODWHG����$ERXW���SHUFHQW�RI�WKH�FDOFLXP�LV�IURP�FRDO�DVK��
7KHVH�PDVV�EDODQFH�UHVXOWV�DUH�FRPSDUHG�ZLWK�WKH�ODE�UHVXOWV�LQ�ILJXUH���������IRU�7&��,���1RWH
WKDW�WKH�&D�6�DQG�LQHUWV�YDOXHV�DUH�FRQVLVWHQW���7KLV�LV�D�JRRG�VHOI�FRQVLVWHQF\�FKHFN�IRU�WKH�$3&
ODERUDWRU\�DQDO\VHV�DQG�WKH�)'2����DQG�)'�����ZHLJKW�FHOOV�

7KH�VWDQGSLSH�VROLGV�DQDO\VHV�IRU�7&��,�DUH�SORWWHG�LQ�ILJXUH����������DQG�������1RWH�WKH�VXGGHQ
LQFUHDVH�LQ�&D�6�DQG�WKH�VXGGHQ�GHFUHDVH�LQZW��&D62��RQ�'HFHPEHU�����7KHUH�ZDV�D�GHFUHDVH
LQ�VXOIXU�LQ�WKH�EHG��QRW�D�VXGGHQ�LQFUHDVH�LQ�FDOFLXP���)LJXUH����������JLYHV�WKH�VROLGV�DQDO\VHV
EDVHG�RQ�WKH�UHODWLYH�IHHGV���1RWH�WKH�VWHDG\�GHFUHDVH�RI�VDQG�LQ�WKH�EHG��EXW�QRWKLQJ�GUDPDWLF
RQ�'HFHPEHU�����7KH�GHFUHDVH�RI�WKH�VXOIXU�LQ�WKH�EHG�PLJKW�EH�OLQNHG�WR�WKH�VORZ�SXUJLQJ�RI
VWDUW�XS�VDQG�IURP�WKH�EHG���'XULQJ�WKLV�WHVW��QHLWKHU�WKH�GRORPLWH�QRU�WKH�FRDO�IHHG�FKDQJHG�
)'2����ZDV�DYHUDJLQJ����OE�KU�DQG�)'�����ZDV�DYHUDJLQJ�DERXW�����OE�KU���7KHUH�ZHUH�D�IHZ
��KRXU�SHULRGV�ZKHQ�)'�����F\FOHG�RQO\�RQFH���7KHUH�LV�DOVR�D�VLJQLILFDQW�WLPH�ODJ�LQ�)'�����
LQ�WKDW�WKH�VROLGV�FRROHU��)'������YROXPH�LV�DERXW�������SRXQGV��VR�WKDW�WKHUH�LV�D�WLPH�ODJ�RI���
KRXUV�EHWZHHQ�ZKHQ�WKH�VROLGV�DUH�LQ�WKH�EHG�DQG�ZKHQ�WKH\�DUH�DFWXDOO\�VDPSOHG�

7KH�VWDQGSLSH�DQG�3&'�VROLGV�DUH�FRPSDUHG�IRU�7&��,�LQ�ILJXUHV����������DQG�������)LJXUH
���������FRPSDUHV�WKH�&D�6�DQG�LQHUWV�IRU�WKH�VWDQGSLSH�DQG�3&'�VROLGV���1RWH�WKDW�WKH�3&'
&D�6�UDWLR��3&'�LQHUWV��DQG�VWDQGSLSH�LQHUWV�ZHUH�FRQVWDQW�GXULQJ7&��,��EXW�WKH�&D�6�UDWLR�IRU
WKH�VWDQGSLSH�LQFUHDVHG�GXULQJ�WKH�UXQ���)LJXUH����������FRPSDUHV�WKH�VDQG�LQ�WKH�3&'�DQG
VWDQGSLSH�VROLGV���7KH�3&'�VDQG�SHUFHQW�VWD\HG�WKH�VDPH�GXULQJ�WKH�UXQ��ZKLOH�WKH�VWDQGSLSH
SHUFHQW�VDQG�GHFUHDVHG�GXULQJ�WKH�UXQ��ILQDOO\�DSSURDFKLQJ�WKH�3&'�YDOXHV�RQ�'HFHPEHU���
�������7KLV�LV�SUREDEO\�ZKHQ�WKH�EHG�ILQDOO\�UHDFKHG�VWHDG\�VWDWH��LQGLFDWLQJ�WKDW�XQGHU�VWHDG\
VWDWH��YHU\�OLWWOH�&D62��ZLOO�EH�FLUFXODWLQJ�LQ�WKH�EHG��EXW�WKDW�PRVW�&D62��IRUPHG�ZLOO
LPPHGLDWHO\�H[LW�IURP�WKH�UHDFWRU�

7KH�VWDQGSLSH�VROLGV�H[KLELWHG�D�VLPLODU�SKHQRPHQRQ�LI�WHVWV�7&��*�DQG�7&��+�DUH�FRPELQHG
LQWR�RQH�UXQ��LQ�WKDW�WKH�VWDQGSLSH�&D�6�LQFUHDVHG�IURP�7&��*�WR�7&��+���7HVW�7&��*�HQGHG
WKH�GD\�EHIRUH�7&��+�DQG�WKH�EHG�PDWHULDO�DW�WKH�HQG�RI�7&��*�ZDV�WKH�VDPH�DV�WKH�EHG
PDWHULDO�DW�WKH�VWDUW�RI�7&��+�
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6CDNG��������
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Sample No. AB01275 AB01707
Date 5/18/97 9/11/97
Time Composite 16:00
Run CCT5A TC01B
Sample FD0520 FD0520
Data
Compound Wt% Wt%

SiO2 44.6 39.5

Al2O3 17.7 17.6

TiO2 0.8 0.9

Fe2O3 4.2 3.9

CaO 16.5 12.3
MgO 11.6 8.6
K2O 1.1 1.3

Na2O 1.5 1.7

P2O5 0.2 0.4

CO2 4.0 0.9

S 0.6 3.2
C 1.0 0.2
Analysis
Inerts 70.2 65.3
CaCO3 9.0 2.1

CaSO4 2.7 13.4

CaO*MgO 17.7 9.7
MgO 4.2 4.6
Carbon 0.0 0.0

Total 103.8 95.0
Realtive Feeds based on Feed Compostions
Ash % 63.1 58.2
Sand % 6.1 1.4
Dolomite % 30.8 40.4
Ratios Ratio Ratio
Ca/Mg 1.02 1.02
Ca/S 14.74 2.23
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Test Date Time Sample # Free Lime
% CaO

TC01B 9/18/97 0800 AB01773 0.08
TC01E 10/13/97 0830 AB01963 0.23
TC01F 10/23/97 1600 AB02064 0.06
TC01G 11/1/97 1600 AB01773 0.08

Note: APCO Lab free lime method 3498 (sucrose)

FDO 520 Averages
Test CCT4D CCT5A CCT5B TC01B TC01C TC01D TC01E TC01F TC01G TC01H TC01I

Samples Averaged 13 8 5 17 2 7 5 5 14 9 20
Samples Excluded 3 0 2 6 1 2 1 0 2 3 1

Weight %
Inerts 92.5 74.3 77.0 72.9 76.6 80.4 68.0 80.6 73.2 72.5 72.5
CaCO3 0.2 9.7 4.0 4.2 0.8 0.4 5.9 0.5 0.9 2.2 1.2
CaSO4 2.2 1.4 2.9 11.8 14.9 10.8 11.7 10.5 13.7 12.3 11.1
CaO*MgO 0.0 12.8 16.9 9.8 5.6 7.1 6.2 9.3 10.2 9.9 7.3
MgO 0.9 4.2 2.1 5.1 4.9 3.6 6.7 3.5 4.4 4.7 4.0
Carbon (1) 0.2 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.5 0.0

Total 95.9 102.6 102.9 103.7 102.9 102.4 98.6 104.4 102.4 101.9 96.1

Relative Feeds by Feeds Composition (4)
Ash % 46.5 52.2 75.0 66.0 61.3
Sand % 45.2 21.4 1.4 1.2 4.2
Dolomite % 8.2 26.5 23.5 32.8 34.5

Ratios
Ca/Mg Ratio 0.64 1.01 1.04 1.01 0.97 0.97 0.91 0.98 1.00 0.98 0.97
Ca/S Ratio 0.95 28.42 11.23 2.82 1.60 2.18 2.43 2.61 2.14 2.39 2.08

Notes:
1. CO 2 not reported for CCT4D, CaCO 3 calculated from Carbon - 100% carbon conversion assumed

2. Two analyses deleted from TC01B CO2/C Ratio
3. Only one carbon reported for TC01C
4. Calculations not performed for all samples
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FDO 510 Averages (4) (4)
Test CCT4D   TC01B TC01F TC01G   TC01H TC01IA TC0IB
Samples Averaged 1 4 2 3 7 12 7
Samples Excluded 0 0 0 0 0 2 0
Weight %
Inerts 87.1 69.0 63.8 63.3 69.9 61.9 58.3
CaCO3 0.1 6.2 6.8 5.4 4.4 4.0 6.1
CaSO4 0.3 0.0 0.0 18.1 3.6 12.8 4.9
CaO*MgO 0.0 17.5 25.1 13.4 15.3 14.8 20.2
MgO 0.1 2.3 2.8 7.7 2.9 5.4 3.8
Carbon 3.6 0.3 0.0 0.0 0.0 0.1 0.0

Total 91.1 95.3 98.4 107.9 96.2 99.0 93.2
Relative Feeds based on Feed Composition
Ash % 2.6 22.3 41.0 50.3 38.5 36.8 43.9
Sand % 83.9 44.8 25.5 16.6 25.3 20.9 10.2
Dolomite % 13.5 32.9 33.5 33.1 36.3 42.3 46.0
Ratios
Ca/Mg Ratio 1.44 1.01 1.00 0.95 1.00 1.01 1.01
Ca/S Ratio 1.33 (2) (3) 2.38 9.99 3.15 8.95
Notes:
1. CO2 not reported for CCT4D, CaCO3 calculated from Carbon. 3.6% carbon left over

2. Sulfur reported as 0.0 for all TC01B samples
3. Sulfur reported as 0.0 for all TC01F samples
4. FDO510 samples changed during run TC01I
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Figure 4.2.5-1 Standpipe and PCD Inerts
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Figure 4.2.5-2 Standpipe and PCD Feed Sand %
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4.2.5-4 CCT5A PCD Solids Feeds
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Figure 4.2.5-3 Standpipe and PCD Ca/S Ratio

0

2

4

6

8

10

12

TC01G   TC01H TC01IA TC0IB

Test

C
a/

S
 R

at
io

SP Solids

PCD Solids

All Dolomite Feed



6TCPURQTV�4GCEVQT�.QQR� �2GTHQTOCPEG�#PCN[UKU 6GEJPKECN�2TQITGUU�4GRQTV
5QNKFU�#PCN[UGU� 6TCPURQTV�4GCEVQT�6TCKP

��������

Figure 4.2.5-5 TC01B Solids Analysis
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Figure 4.2.5-6 TC01G PCD Solids Analysis 
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Figure 4.2.5-7 TC01G PCD Solids Analysis
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Figure 4.2.5-8 TC01H Ca/S Ratios
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Figure 4.2.5-9 TC01I PCD Solids 
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Figure 4.2.5-10 TC01I Standpipe Solids
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Figure 4.2.5-11 TC01I SP Solids 
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Figure 4.2.5-12 TC01I SP Solids Analysis 
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Figure 4.2.5-13 TC01I Solids Analysis
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Figure 4.2.5-14 TC01I Solids Analysis
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$�FKHPLOXPLQHVFHQW�DQDO\]HU�ZDV�XVHG�WR�PHDVXUH�12;�HPLVVLRQV�IRU�WKH������0:.�WUDQVSRUW
UHDFWRU�WHVWV�DW�WKH�RXWOHW�RI�WKH�3&'���7KH�12;�FRQFHQWUDWLRQV�DUH�VKRZQ�LQ�ILJXUHV���������IRU
&&7��DQG�LQ���������IRU�7&�����7KH�12;�HPLVVLRQV�DUH�JLYHQ�LQ�ERWK�SSP�12;�DQG�SRXQGV�RI
12;�SHU�0%WX�RI�IXHO�ILUHG����12;�0%WX��

7KH�12;�GDWD�SORWWHG�LV�IRU���KRXU�SHULRGV�RI�FRQVWDQW�RSHUDWLRQ��H[FHSW�IRU�WZR�SHULRGV�DW�WKH
HQG�RI�&&7��ZKHUH�WKH�YDULRXV�FRPEXVWLRQ�DLU�UDWHV�FKDQJHG�GXULQJ�WKH���KRXU�VWHDG\�VWDWH
SHULRG���7KHVH�WZR�SHULRGV�ZHUH�FKDQJHG�WR�����KRXU�SHULRGV�ZKHQ�WKH�FRPEXVWLRQ�DLU�UDWHV
ZHUH�FRQVWDQW���7KHUH�ZHUH�QR�SHULRGV�RI�FRQVWDQW�RSHUDWLRQ�IRU�&&7����7KH�12;�GDWD�IRU
&&7��LV�QRW�UHSUHVHQWDWLYH�RI�FRDO�ILUHG�WUDQVSRUW�UHDFWRU�FRQGLWLRQV�EHFDXVH�WKH�XQLW�ZDV���
SHUFHQW�FRILUHG�ZLWK�SURSDQH���7KH�SURSDQH�ZDV�ILUHG�DW�KLJK�H[FHVV�DLU�WR�SUHYHQW�VWDUW�XS
EXUQHU�UHIUDFWRU\�GDPDJH���$V�D�UHVXOW��WKH�&&7��12;�GDWD�ZDV�QRW�SORWWHG�DQG�ZLOO�QRW�EH
DQDO\]HG�

7KHUH�ZHUH�OLPLWHG�12;�DQDO\]HU�GDWD�VHFXUHG�LQ������GXH�WR�SUREOHPV�ZLWK�RSHUDELOLW\�DQG�RII�
VLWH�UHSDLU�WLPH�UHTXLUHPHQWV���7KH�DQDO\]HU�LV�UHDG\�IRU�WKH������UXQV�DQG�WKHUH�DUH�PXOWLSOH
EDFN�XS�DQDO\]HU�RSWLRQV�UHDG\��LI�QHHGHG�

7KH�12;�FRQFHQWUDWLRQ�VKRXOG�EH�D�IXQFWLRQ�RI�WKH�DPRXQW�RI�DLU�VWDJLQJ��H[FHVV�DLU��DQG�WKH
ULVHU�WHPSHUDWXUH���7KH�SXUSRVH�RI������WHVWLQJ�ZDV�QRW�WR�RSWLPL]H�RU�VWXG\�12;�HPLVVLRQV�
DQG�DV�D�UHVXOW�WKH�H[SHFWHG�WUHQGV�LQ�RSHUDWLQJ�FRQGLWLRQV�IRU�WKH�12;�HPLVVLRQV�ZHUH�QRW
DOZD\V�REVHUYHG���7KLV�RFFXUUHG�PDLQO\�EHFDXVH�WKH�WUDQVSRUW�UHDFWRU�ZDV�RSHUDWHG�DW�HVVHQWLDOO\
WKH�VDPH�H[FHVV�DLU��ULVHU�WHPSHUDWXUH��DQG�DPRXQW�RI�DLU�VWDJLQJ�IRU�HDFK�WHVW���+HQFH��WKHUH�ZDV
QRW�HQRXJK�YDULDELOLW\�LQ�WKH�LQGHSHQGHQW�YDULDEOHV�WR�FKDQJH�WKH�12;�FRQFHQWUDWLRQ�DQG�FOHDUO\
GHWHUPLQH�WUHQGV�LQ�12;�FRQFHQWUDWLRQ���7KH�ILUVW�FRPEXVWLRQ�WHVW�RI������ZLOO�EH�GHYRWHG�WR
REWDLQLQJ�VRPH�SDUDPHWULF�GDWD�RQ�WKH�HIIHFW�RI�RSHUDWLQJ�FRQGLWLRQV�RQ�12;�HPLVVLRQV��DV�ZHOO
DV�GHWHUPLQLQJ�WKH�PLQLPXP�12;�HPLVVLRQV�IRU�D�JLYHQ�FRDO�IHHG�UDWH�

7KH�12;�HPLVVLRQV�VKRXOG�GHFUHDVH�ZLWK�LQFUHDVHG�VWDJHG�DLU���)LJXUH���������SORWV�WKH�SHUFHQW
VWDJHG�DLU�DJDLQVW�12;�HPLVVLRQV���7KHUH�LV�QR�GHSHQGHQFH�RI�12;�HPLVVLRQV�RQ�SHUFHQW�VWDJHG
DLU�VLQFH�WKHUH�ZDV�LQVXIILFLHQW�YDULDWLRQ�LQ�SHUFHQW�VWDJHG�DLU�ZLWKLQ�HDFK�WHVW���(VVHQWLDOO\�HDFK
WHVW�SURGXFHG�RQH�GDWD�SRLQW���+RZHYHU��7&���KDG�VOLJKWO\�ORZHU�12;�HPLVVLRQV�WKDQ�&&7��DW
KLJKHU�SHUFHQW�VWDJHG�DLU��DV�H[SHFWHG���)XUWKHU�WHVWV�DW�GLIIHUHQW�SHUFHQW�VWDJLQJ�VKRXOG�LQFUHDVH
FRQILGHQFH�LQ�WKLV�WUHQG�

7KH�12;�FRQFHQWUDWLRQV�IRU�&&7��DQG�7&���DUH�SORWWHG�DJDLQVW�R[\JHQ�FRQWHQW�RI�WKH�IOXH�JDV
RQ�ILJXUH�����������7KH�12;�DQG�2��ZHUH�PHDVXUHG�DW�WKH�3&'�RXWOHW���7KH�12;�HPLVVLRQV
VOLJKWO\�LQFUHDVHG�ZLWK�LQFUHDVLQJ�SHUFHQW�2��FRQFHQWUDWLRQ��DV�IRXQG�ZKHQ�H[DPLQLQJ�DOO�WKH
GDWD���:LWKLQ�HDFK�WHVW�WKHUH�GRHV�QRW�DSSHDU�WR�EH�DQ\�GHSHQGHQFH�RI�12;�RQ�SHUFHQW�2����$
FRPSDULVRQ�RI�ILJXUH���������DQG����LQGLFDWHV�WKDW�SHUFHQW�VWDJLQJ�KDV�D�ODUJHU�HIIHFW�RQ�12;

WKDQ�SHUFHQW�H[FHVV�DLU���7KLV�FRQFOXVLRQ�ZLOO�EH�WHVWHG�LQ������ZLWK�PRUH�H[WHQVLYH�12;�WHVWLQJ�

7KH�12;�HPLVVLRQV�VKRXOG�LQFUHDVH�ZLWK�LQFUHDVLQJ�ULVHU�WHPSHUDWXUH���7KH�ULVHU�WHPSHUDWXUH�LV
SORWWHG�DJDLQVW�12;�HPLVVLRQV�LQ�ILJXUH�����������7KHUH�GRHV�QRW�DSSHDU�WR�EH�DQ\�HIIHFW�RI�ULVHU
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WHPSHUDWXUH�RQ�12;�HPLVVLRQV��EHFDXVH�HLWKHU�WKHUH�ZDV�QRW�HQRXJK�YDULDWLRQ�LQ�WKH�ULVHU
WHPSHUDWXUH�RU�WKH�HIIHFW�RI�SHUFHQW�VWDJLQJ�DQG�H[FHVV�DLU�RYHUZKHOPHG�WKH�HIIHFW�RI�ULVHU
WHPSHUDWXUH���7KH�LQFUHDVHG�12;�FRQFHQWUDWLRQV�LQ�&&7�%�SUREDEO\�RFFXUUHG�EHFDXVH�&&7�%
KDG�KLJKHU�H[FHVV�2��DQG�OHVV�VWDJHG�DLU�WKDQ�7&���
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�������%KTEWNCVKQP�4CVG

'XULQJ�������WKH�WUDQVSRUW�UHDFWRU�ZDV�RSHUDWHG�ZLWK�D�ZLGH�UDQJH�RI�FLUFXODWLRQ�UDWHV���,Q�HDUO\
������RSHUDWLRQDO�SUREOHPV�ZLWK�WKH�GLSOHJ�IRUFHG�WKH�FLUFXODWLRQ�UDWH�WR�EH�KHOG�ORZ�WR�DYRLG
H[FHVVLYH�FDUU\RYHU�RI�VROLGV�WR�WKH�3&'���$V�WKH�FDXVHV�RI�WKH�LQVWDELOLW\�RI�WKH�GLSOHJ�EHFDPH
EHWWHU�XQGHUVWRRG��UHDFWRU�RSHUDWLRQ�EHFDPH�SRVVLEOH�DW�KLJKHU�FLUFXODWLRQ�UDWHV�DQG�ZLWKRXW�WKH
QHHG�WR�SHULRGLFDOO\�DGG�VDQG�WR�UHSODFH�EHG�PDWHULDO�ORVW�GXH�WR�FDUU\RYHU�

7KH�FLUFXODWLRQ�UDWH�LV�HVWLPDWHG�IURP�WKH�SUHVVXUH�GURS�LQ�WKH�ULVHU�DV�PHDVXUHG�E\�3',���
XVLQJ�D�PRGLILHG�YHUVLRQ�RI�WKH�.RQQR�6DLWR��.6��FRUUHODWLRQ���7KH�DFFHOHUDWLRQ�GHFHOHUDWLRQ
WHUPV�DUH�LJQRUHG�DQG�WKH�SUHVVXUH�GURS�LV�EURNHQ�LQWR�KHDG�ORVVHV�DQG�IULFWLRQ�ORVVHV���7KH
VLPSOLI\LQJ�DVVXPSWLRQV�DUH�WKDW�DOO�RI�WKH�JDV�HQWHUV�WKURXJK�WKH�ERWWRP�RI�WKH�ULVHU��WKHUH�LV�QR
LQWHUQDO�UHFLUFXODWLRQ�RI�VROLGV��DQG�WKH�VOLS�YHORFLW\�RI�WKH�SDUWLFOHV�LV�HTXDO�WR�WKH�SDUWLFOHV
WHUPLQDO�YHORFLW\���8QGHU�WKH�KLJKHVW�FLUFXODWLRQ�UDWHV�FDOFXODWHG��WKH�YRLGDJHV�ZHUH�FDOFXODWHG�WR
EH�QR�OHVV�������ZLWK�YRLGDJHV�JUHDWHU�WKDQ�����DW�ORZHU�FLUFXODWLRQ�UDWHV���%HFDXVH�RI�WKH
YDULDELOLW\�LQ�WKH�PHDVXUHPHQW�RI�3',�����WKH�FDOFXODWLRQ�LV�QRW�FRQVLGHUHG�YDOLG�DW�YHU\�ORZ
FLUFXODWLRQ�UDWHV�

'XULQJ�&&7���WKH�FLUFXODWLRQ�UDWH�ZDV�YHU\�ORZ���,Q�&&7�$��WKH�FLUFXODWLRQ�UDWHV�ZHUH�ORZ��EXW
QRW�DV�ORZ�DV�LQ�&&7���XVLQJ�����DV�UHODWLYH�YDOXH�IRU�WKH�XSSHU�UDQJH�RI�FLUFXODWLRQ�IRU�&&7��
WKH�XSSHU�UDQJH�RI�FLUFXODWLRQ�RI�&&7�$�ZDV�����WLPHV�WKLV�SHULRG����,Q�&&7�%��WKH�FLUFXODWLRQ
UDWH�ZDV�VOLJKWO\�KLJKHU��ZLWK�D�UHODWLYH�YDOXH�RI�����IRU�WKH�XSSHU�UDQJH����,Q�&&7���WKH
FLUFXODWLRQ�UDWHV�YDULHG�FRQVLGHUDEO\�EHFDXVH�RI�WKH�GLSOHJ�WHVWLQJ���7KH�FLUFXODWLRQ�UDWHV�LQ�&&7�
ZHUH�FRQVLGHUDEO\�KLJKHU�RQ�DYHUDJH�WKDQ�&&7�%�ZLWK�VRPH�RI�WKH�FLUFXODWLRQ�UDWHV�EHLQJ�WKH
KLJKHVW�PHDVXUHG�VR�IDU�LQ�WHVWLQJ��UHODWLYH�YDOXH�RI�����IRU�WKH�XSSHU�UDQJH����,PPHGLDWHO\�DIWHU�D
GLSOHJ�XSVHW��KRZHYHU��WKH�UDWHV�ZHUH�H[WUHPHO\�ORZ���,Q�7&����WKH�FLUFXODWLRQ�UDWH��UHODWLYH�YDOXH
RI������ZDV�KLJKHU�WKDQ�LQ�&&7����1HDU�WKH�HQG�RI�7&����WKH�UDWHV�ZHUH�FORVHU�WR�WKH�KLJKHVW
UDWHV�LQ�&&7�%�EHFDXVH�RI�SOXJJHG�DHUDWLRQ�QR]]OHV�

0DQ\�GLIIHUHQW�IDFWRUV�LQIOXHQFH�WKH�FLUFXODWLRQ�UDWH�LQ�WKH�UHDFWRU���7KH�IRXU�PRVW�LPSRUWDQW
IDFWRUV�DUH�WKH�OHYHO�RI�VROLGV�LQ�WKH�VWDQGSLSH��WKH�OHYHO�RI�VROLGV�LQ�WKH�FRPEXVWLRQ�KHDW
H[FKDQJHU��WKH�IORZ�RI�DHUDWLRQ�JDV�WR�WKH�UHDFWRU�-�OHJ��DQG�WKH�IORZ�RI�DHUDWLRQ�JDV�WR�WKH�KHDW
H[FKDQJHU�-�OHJ���)LJXUH���������IURP�7&��&�VKRZV�WKH�HIIHFW�RQ�FLUFXODWLRQ�UDWH�RI�YDU\LQJ
),�����DHUDWLRQ�JDV�WR�WKH�KHDW�H[FKDQJHU�-�OHJ��ZKLOH�KROGLQJ�),�����DHUDWLRQ�WR�WKH�UHDFWRU�-�OHJ�
VWHDG\���3',�����D�PHDVXUH�RI�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH��YDULHG�LQ�D�QDUURZ�UDQJH�DQG
3',�����D�PHDVXUH�RI�WKH�VROLGV�OHYHO�LQ�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU��DOVR�YDULHG�LQ�D�QDUURZ
UDQJH���7KH�JUDSK�FOHDUO\�VKRZV�WKH�RYHUDOO�FLUFXODWLRQ�UDWH�LQFUHDVLQJ�DV�WKH�DPRXQW�RI�DHUDWLRQ
WR�WKH�KHDW�H[FKDQJHU�-�OHJ�LQFUHDVHV���&KDQJLQJ�WKH�UHDFWRU�-�OHJ�DHUDWLRQ�KDV�D�VLPLODU�HIIHFW�RQ
RYHUDOO�FLUFXODWLRQ�UDWH�

&KDQJLQJ�WKH�OHYHO�RI�VROLGV�LQ�WKH�UHDFWRU�KDV�D�VLPLODU�SUHGLFWDEOH�HIIHFW���5DLVLQJ�WKH�VROLGV
OHYHO�LQ�WKH�VWDQGSLSH�RU�WKH�KHDW�H[FKDQJHU�LQFUHDVHV�WKH�RYHUDOO�FLUFXODWLRQ�UDWH���)LJXUH��������
VKRZV�WKH�HIIHFW�RI�LQFUHDVLQJ�3',�����WKH�ORZHU�VWDQGSLSH�GLIIHUHQWLDO�SUHVVXUH��RQ�WKH
FLUFXODWLRQ�UDWH���,Q�WKLV�FDVH��WKH�VROLGV�OHYHO�LQ�ERWK�WKH�VWDQGSLSH�DQG�WKH�KHDW�H[FKDQJHU�ZHUH
FKDQJLQJ�ZKLOH�),����DQG�),����ZHUH�KHOG�VWHDG\���%HFDXVH�WKH�FLUFXODWLRQ�UDWH�LV�D�IXQFWLRQ�RI
ERWK�WKH�VROLGV�OHYHO�LQ�WKH�VWDQGSLSH�DQG�WKH�KHDW�H[FKDQJHU��D�EHWWHU�H[DPSOH�LV�ILJXUH��������
IURP�&&7��ZKHQ�WKH�KHDW�H[FKDQJHU�ZDV�QRW�LQ�VHUYLFH���,Q�WKLV�FDVH��WKH�FKDQJH�LQ�FLUFXODWLRQ
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UDWH�LV�GXH�VROHO\�WR�WKH�FKDQJH�LQ�WKH�VWDWLF�KHDG�RI�VROLGV�LQ�WKH�VWDQGSLSH�VLQFH�WKH�IOXLGL]DWLRQ
WR�WKH�UHDFWRU�-�OHJ�ZDV�KHOG�FRQVWDQW���7KLV�JUDSK�VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�3',�����WKH
PLGGOH�VWDQGSLSH�'3��DQG�WKH�FLUFXODWLRQ�UDWH�

,W�LV�DOVR�LQWHUHVWLQJ�WR�QRWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VWDQGSLSH�OHYHO�DQG�WKH�KHDW�H[FKDQJHU
OHYHO�ZKHQ�WKH�DHUDWLRQ�WR�HDFK�LV�FRQVWDQW���)LJXUH���������IURP�7&��'�VKRZV�3',����SORWWHG
DJDLQVW�3',�����WKH�PLGGOH�'3�RI�WKH�KHDW�H[FKDQJHU���),����DQG�),����ZHUH�ERWK�VWHDG\���$V
WKH�OHYHO�LQ�RQH�RI�WKH�OHJV�LQFUHDVHG��WKH�OHYHO�LQ�WKH�RWKHU�OHJ�DOVR�LQFUHDVHG���7KLV�LV�ZKDW�RQH
ZRXOG�H[SHFW�LQ�RUGHU�WR�PDLQWDLQ�D�SURSHU�SUHVVXUH�EDODQFH�DV�WKH�UHDFWRU�LQYHQWRU\�LQFUHDVHV�

)LJXUH���������VKRZV�WKH�YDULDWLRQ�RI�WKH�VROLGV�FLUFXODWLRQ�UDWH�ZLWK�WKH�VROLGV�OHYHO�LQ�WKH�KHDW
H[FKDQJHU���,Q�WKLV�FDVH��WKH�OHYHO�LV�EHLQJ�PHDVXUHG�E\�3',�����WKH�RYHUDOO�SUHVVXUH�GURS�LQ�WKH
KHDW�H[FKDQJHU���%RWK�),����DQG�),����ZHUH�VWHDG\���+RZHYHU��LQFUHDVLQJ�KHDW�H[FKDQJHU�OHYHO
GRHV�QRW�DOZD\V�PHDQ�DQ�LQFUHDVH�LQ�WKH�RYHUDOO�FLUFXODWLRQ�UDWH���$V�WKH�VROLGV�OHYHO�LQ�WKH
FRPEXVWLRQ�KHDW�H[FKDQJHU�LV�UDLVHG��D�OHYHO�LV�UHDFKHG�DERYH�ZKLFK�D�IXUWKHU�LQFUHDVH�LQ�WKH�KHDW
H[FKDQJHU�OHYHO�DORQH�GRHV�QRW�LQFUHDVH�WKH�FLUFXODWLRQ�UDWH�DSSUHFLDEO\���7KLV�FDQ�EHVW�EH
GHPRQVWUDWHG�E\�VKRZLQJ�WKH�VROLGV�OHYHO�LQ�WKH�XSSHU�KHDW�H[FKDQJHU�SORWWHG�DJDLQVW�WKH�RYHUDOO
FLUFXODWLRQ�UDWH���)LJXUH���������VKRZV�3',�����WKH�OHYHO�LQ�WKH�XSSHU�FRPEXVWLRQ�KHDW�H[FKDQJHU
SORWWHG�DJDLQVW�WKH�FLUFXODWLRQ�UDWH���1RWLFH�WKDW�WKH�SORW�LV�HVVHQWLDOO\�IODW�VXJJHVWLQJ�WKDW�WKHUH�LV
QR�UHODWLRQVKLS�EHWZHHQ�WKH�WZR���3ORWWLQJ�WKH�QH[W�ORZHU�KHDW�H[FKDQJHU�'3��3',�����DQG�WKH
FLUFXODWLRQ�UDWH�DOVR�VKRZV�WKDW�WKHUH�LV�QR�LQFUHDVH�LQ�VROLGV�FLUFXODWLRQ�UDWH�RQFH�WKH�KHDW
H[FKDQJHU�OHYHO�UHDFKHV�D�FHUWDLQ�OHYHO���,Q�ILJXUH����������WKH�FLUFXODWLRQ�UDWH�LV�VKRZQ�WR�LQFUHDVH
ZLWK�3',����XQWLO�3',����UHDFKHV�D�FHUWDLQ�SUHVVXUH�GURS���,W�VKRXOG�EH�QRWHG�WKDW�IOXLGL]DWLRQ
WKURXJK�WKH�GLVWULEXWLRQ�JULG�ZLWKLQ�WKH�KHDW�H[FKDQJHU��),�����DQG�IOXLGL]DWLRQ�MXVW�EHORZ�WKH
GLVWULEXWRU�ZDV�QRW�YDULHG�WR�GHWHUPLQH�LWV�HIIHFW�RQ�VROLGV�FLUFXODWLRQ�WKURXJK�WKH�KHDW
H[FKDQJHU�

$QRWKHU�ZD\�WR�GHPRQVWUDWH�WKLV�OLPLW�LV�WR�SORW�WKH�RYHUDOO�FLUFXODWLRQ�UDWH�DQG�WKH�FLUFXODWLRQ
UDWH�WKURXJK�WKH�KHDW�H[FKDQJHU�ZLWK�WLPH���)LJXUH���������VKRZV�RYHUDOO�FLUFXODWLRQ�UDWH�DQG�WKH
FLUFXODWLRQ�UDWH�WKURXJK�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�LQ�HDFK�RI�WKH�VWHDG\�RSHUDWLQJ�SHULRGV
LQ�7&���IURP�2FWREHU�����������WKURXJK�'HFHPEHU�����������$W�RYHUDOO�FLUFXODWLRQ�UDWHV�EHORZ�D
FHUWDLQ�YDOXH��DERXW����SHUFHQW�RI�WKH�VROLGV�FLUFXODWH�WKURXJK�WKH�KHDW�H[FKDQJHU�DW�WKH
RSHUDWLQJ�FRQGLWLRQV�SUHVHQW���7KHUH�LV�OLWWOH�LQFUHDVH�LQ�WKH�DPRXQW�RI�VROLGV�FLUFXODWLQJ�WKURXJK
WKH�KHDW�H[FKDQJHU�DW�KLJKHU�RYHUDOO�FLUFXODWLRQ�UDWHV���7KH�FLUFXODWLRQ�UDWH�WKURXJK�WKH�KHDW
H[FKDQJHU�LV�OLPLWHG�WR�D�PD[LPXP���7KH�EDODQFH�RI�WKH�VROLGV�FLUFXODWHV�WKURXJK�WKH�VWDQGSLSH
DORQH���)LJXUH���������VKRZV�WKH�VDPH�GDWD�IURP�7&���SORWWHG�DV�RYHUDOO�FLUFXODWLRQ�UDWH�YHUVXV
KHDW�H[FKDQJHU�FLUFXODWLRQ�UDWH���$�WUHQG�OLQH�KDV�EHHQ�DGGHG�VKRZLQJ�ZKHUH�WKH����SHUFHQW�VSOLW
ZRXOG�EH�ORFDWHG�IRU�FRPSDULVRQ���7KH�SORW�IROORZV�WKLV�OLQH�DQG�WKHQ�VKRZV�D�VKDUS�FKDQJH�LQ
VORSH�IRU�KLJKHU�FLUFXODWLRQ�UDWHV���2QFH�D�PD[LPXP�IORZ�UDWH�WKURXJK�WKH�FRPEXVWLRQ�KHDW
H[FKDQJHU�KDV�EHHQ�UHDFKHG��WKH�FRDO�IHHG�FDQQRW�EH�LQFUHDVHG�GXH�WR�WKH�LQDELOLW\�WR�UHPRYH
DGGLWLRQDO�KHDW�YLD�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�IRU�WHPSHUDWXUH�FRQWURO�

$Q�H[SODQDWLRQ�IRU�WKLV�OLPLWLQJ�HIIHFW�LV�IRXQG�E\�ORRNLQJ�DW�WKH�WHPSHUDWXUHV�LQ�WKH�ERRW�DQG
WKH�-�OHJ�RI�WKH�KHDW�H[FKDQJHU�DW�GLIIHUHQW�VROLGV�IORZ�UDWHV���7,����LV�ORFDWHG�DW�WKH�ERWWRP�RI
WKH�KHDW�H[FKDQJHU�-�OHJ�ZKHUH�WKH�VROLGV�HQWHU�WKH�-�OHJ�IURP�WKH�KHDW�H[FKDQJHU�ERRW���7,����LV
DW�WKH�WRS�RI�WKH�KHDW�H[FKDQJHU�-�OHJ���:KHQ�WKH�KHDW�H[FKDQJHU�OHYHO�LV�KLJK��7,����DQG�7,���
UHDG�URXJKO\�WKH�VDPH�WHPSHUDWXUHV���+RZHYHU��7,����LV�KLJKHU�WKDQ�7,����DW�ORZHU�FLUFXODWLRQ
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UDWHV���)LJXUH����������VKRZV�7,����DQG�7,����SORWWHG�DJDLQVW�WKH�RYHUDOO�FLUFXODWLRQ�UDWH�GXULQJ
7&��(���7KH�JUDSK�VKRZV�D�GLIIHUHQFH�RI�����)�DW�ORZ�FLUFXODWLRQ�UDWHV�DQG�D�GLIIHUHQFH�RI�RQO\
D�IHZ�GHJUHHV�D�FLUFXODWLRQ�UDWH�RI��������OE�KU���7KLV�GLIIHUHQFH�FDQ�EH�DV�PXFK�DV�����)�DW�YHU\
ORZ�KHDW�H[FKDQJHU�OHYHOV���%HFDXVH�WKH�DHUDWLRQ�JDV�WR�WKH�-�OHJ�LV�UHODWLYHO\�FROG��WKH�EHVW
H[SODQDWLRQ�IRU�WKH�HOHYDWHG�WHPSHUDWXUHV�LV�WKDW�VROLGV�IURP�WKH�PL[LQJ�]RQH�DUH�EDFN�PL[LQJ
LQWR�WKH�KHDW�H[FKDQJHU�-�OHJ���)RU�WKLV�WR�RFFXU��WKH�-�OHJ�FRXOG�QRW�EH�IXOO�RI�VROLGV���:KHQ�WKH
FLUFXODWLRQ�UDWH�WKURXJK�WKH�KHDW�H[FKDQJHU�EHFRPHV�JUHDW�HQRXJK��WKH�-�OHJ�EHFRPHV�IXOO�RI
IOXLGL]HG�VROLGV�DQG�QR�EDFN�PL[LQJ�IURP�WKH�PL[LQJ�]RQH�FDQ�RFFXU���,W�LV�DW�WKLV�SRLQW�WKDW
DGGLWLRQDO�VROLGV�OHYHO�LQ�WKH�KHDW�H[FKDQJHU�FDQ�QR�ORQJHU�SURYLGH�DQ�LQFUHDVH�LQ�WKH�UDWH�RI
VROLGV�FLUFXODWLQJ�WKURXJK�WKH�KHDW�H[FKDQJHU���7KH�UDWH�FDQ�RQO\�EH�LQFUHDVHG�WKURXJK�DGGLWLRQDO
DHUDWLRQ�

7KLV�OLPLW�RQ�WKH�FLUFXODWLRQ�UDWH�KDV�DQ�LPSRUWDQW�HIIHFW�RQ�WKH�FRDO�IHHG�UDWH�WR�WKH�UHDFWRU�
%HFDXVH�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�LV�XVHG�IRU�WHPSHUDWXUH�FRQWURO�LQ�WKH�UHDFWRU��D�OLPLW�RQ
WKH�UDWH�RI�VROLGV�FLUFXODWLRQ�WKURXJK�WKH�KHDW�H[FKDQJHU�OLPLWV�WKH�FRDO�IHHG�UDWH���,W�KDV�EHHQ
VKRZQ�WKDW�LQFUHDVLQJ�WKH�KHDW�H[FKDQJHU�VROLGV�OHYHO�GRHV�QRW�LQFUHDVH�WKH�FLUFXODWLRQ�WKURXJK
WKH�KHDW�H[FKDQJHU�RQFH�3',����UHDFKHV�D�FHUWDLQ�OHYHO���,Q�7&����WKH�KHDW�H[FKDQJHU�OHYHO�ZDV
ILOOHG�WR�WKH�VROLGV�LQOHW�RQ�'HFHPEHU���DQG����������ZLWKRXW�LQFUHDVLQJ�WKH�FLUFXODWLRQ�UDWH�
),����ZDV�DOVR�RSHUDWHG�DW�����WR����SHUFHQW�RSHQ�GXULQJ�PRVW�RI�7&����OHDYLQJ�OLWWOH�URRP�IRU
DGGLWLRQDO�FLUFXODWLRQ�WKURXJK�LQFUHDVLQJ�DHUDWLRQ�LQ�WKH�-�OHJ���,W�PD\�EH�SRVVLEOH�WR�LQFUHDVH�WKH
VROLGV�FLUFXODWLRQ�WKURXJK�WKH�KHDW�H[FKDQJHU�E\�FKDQJLQJ�WKH�DHUDWLRQ�UDWH�LQ�WKH�ERRW�RI�WKH
KHDW�H[FKDQJHU�RU�LQ�WKH�KHDW�H[FKDQJHU�LWVHOI�
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HX J-Leg Aeration vs Circulation Rate
September 23, 1997

FI680, HX0203 J-Leg Aeration (lb/hr)
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(KIWTG�����������'HHGEV�QP�1XGTCNN�%KTEWNCVKQP�4CVG�D[�%JCPIKPI�*GCV�'ZEJCPIGT�,�NGI�#GTCVKQP

Effect of PDI259 (Standpipe Level) on Circulation Rate
November 26,1997

PDI259 (in H2O)
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(KIWTG�����������%JCPIG�KP�%KTEWNCVKQP�4CVG�9KVJ�+PETGCUKPI�5VCPFRKRG�5QNKFU�.GXGN
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(KIWTG�����������%JCPIG�KP�%KTEWNCVKQP�4CVG�9KVJ�+PETGCUKPI�5VCPFRKRG�5QNKFU�.GXGN

(KIWTG�����������4GNCVKQPUJKR�$GVYGGP�VJG�5VCPFRKRG�CPF�*GCV�'ZEJCPIGT�5QNKFU�.GXGN

Effect of PDI255 (Upper Standpipe Level) on Circulation Rate
June 24, 1997

PDI255 (in H2O)
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PDI259 vs PDI389
October 1, 1997

PDI259
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(KIWTG�����������%JCPIG�KP�%KTEWNCVKQP�4CVG�9KVJ�+PETGCUKPI�*GCV�'ZEJCPIGT�5QNKFU�.GXGN

(KIWTG�����������.CEM�QH�%JCPIG�KP�VJG�%KTEWNCVKQP�4CVG�CU�5QNKFU�.GXGN�+PETGCUGU�+P�7RRGT�*:

Effect of PDI236 (Upper HX Level) on Circulation Rate
September 18, 1997

PDI236 (in H2O)
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Effect of PDI388 (HX0203 Level) on Circulation Rate

September 11, 1997

PDI388 (in H2O)
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(KIWTG�����������%KTEWNCVKQP�4CVG�(CKNU�VQ�+PETGCUG�1PEG�2&+����4GCEJGU�%GTVCKP�8CNWG

(KIWTG�����������1XGTCNN�%KTEWNCVKQP�4CVG�CPF�*GCV�'ZEJCPIGT�%KTEWNCVKQP�4CVG

Effect of PDI389 (HX0203 Level) on Circulation Rate
September 18, 1997

PDI389 (in H2O)
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RX vs HX Circulation Rate
October 23 - December 8, 1997

RX Circulation Rate (lbs/hr)
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(KIWTG�����������1XGTCNN�%KTEWNCVKQP�4CVG�CPF�*GCV�'ZEJCPIGT�%KTEWNCVKQP�4CVG

(KIWTG�����������'HHGEV�QH�1XGTCNN�%KTEWNCVKQP�4CVG�QP�*GCV�'ZEJCPIGT�,�NGI�6GORGTCVWTGU�
6+����CV
6QR�QH�,�NGI��6+����CV�$QVVQO�QH�,�NGI�

Effect of Circulation Rate on HX J-Leg Temperatures
October 11, 1997

Circulation Rate (lbs/hr)
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RX and HX Circulation
October 23 - December 8, 1997
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Balance Number (TC01)
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RX Circulation

HX circulation
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�������2TGUUWTG�2TQHKNG

7KH�UHODWLRQVKLS�EHWZHHQ�FLUFXODWLRQ�UDWH�DQG�SUHVVXUH�GURS�FDQ�EH�GLYLGHG�LQWR�WKUHH�EDVLF
FDWHJRULHV�����DUHDV�LQ�ZKLFK�WKH�HQWLUH�IORZ�LV�LQ�WKH�GLOXWH�SKDVH�����DUHDV�ZKHUH�DQ�LQWHUIDFH
H[LVWV�EHWZHHQ�WKH�GLOXWH�SKDVH�DQG�WKH�GHQVH�SKDVH��DQG����DUHDV�ZKHUH�WKH�HQWLUH�IORZ�LV�LQ�WKH
GHQVH�SKDVH�

)LJXUH���������VKRZV�D�W\SLFDO�SUHVVXUH�SURILOH�IRU�WKH�WUDQVSRUW�UHDFWRU���7KH�SUHVVXUH�LV�SORWWHG
DW�YDULRXV�KHLJKWV�LQ�WKH�UHDFWRU���7KH�VROLG�OLQH�VKRZV�WKH�SURILOH�WKURXJK�WKH�PDLQ�UHDFWRU
FRPSRQHQWV���$W�WKH�WRS�OHIW�RI�WKH�ILJXUH�LV�WKH�ULVHU�FURVVRYHU���0RYLQJ�GRZQ�LQ�WKH�ILJXUH�LV
WKH�VWDQGSLSH���8S�WKH�ULJKW�VLGH�RI�WKH�FKDUW�DUH�WKH�-�OHJ��WKH�PL[LQJ�]RQH��DQG�WKH�ULVHU���7KH
GDVKHG�OLQHV�VKRZ�WKH�SUHVVXUH�GURS�LQ�WKH�GLSOHJ��WKH�SULPDU\�F\FORQH��DQG�WKH�FRPEXVWLRQ�KHDW
H[FKDQJHU���7KH�WZR�HQGV�GR�QRW�PHHW�EHFDXVH�RI�DUHDV�LQ�WKH�UHDFWRU�ZKHUH�WKH�SUHVVXUH�GURS�LV
QRW�PHDVXUHG���7KH�FKDUW�VKRZV�D�W\SLFDO�SUHVVXUH�SURILOH�IRU�WKH�UHDFWRU���3UHVVXUH�LV�ORVW�LQ�WKH
-�OHJV��PL[LQJ�]RQH��ULVHU��GLVHQJDJHU��DQG�F\FORQH�GXH�WR�IULFWLRQ�ORVVHV�DQG�ORVVHV�DVVRFLDWHG
ZLWK�OLIWLQJ�WKH�VROLGV���,Q�WKH�VWDQGSLSH��WKH�GLSOHJ��DQG�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�WKH
SUHVVXUH�LV�UHFRYHUHG�DV�WKH�VROLGV�IORZ�E\�JUDYLW\�EDFN�WR�WKH�-�OHJV�

,Q�WKH�DUHDV�RI�WKH�UHDFWRU�LQ�ZKLFK�KLJK�YRLGDJHV�RFFXU��WKH�FLUFXODWLRQ�UDWH�KDV�D�VWURQJ
LQIOXHQFH�RQ�WKH�SUHVVXUH�GURS���7KHVH�DUHDV�DUH�WKH�PL[LQJ�]RQH��WKH�ULVHU��WKH�GLVHQJDJHU��DQG
WKH�WRS�RI�WKH�VWDQGSLSH��ZLWK�YRLGDJHV�LQ�H[FHVV�RI����SHUFHQW���7KH�SUHVVXUH�GURS�PHDVXUHG�LQ
WKHVH�DUHDV�WHQGV�WR�EH�PXFK�ORZHU�WKDQ�WKH�SUHVVXUH�GURS�LQ�DUHDV�RI�KLJKHU�GHQVLW\���)LJXUH
��������SORWV�IRXU�GLIIHUHQWLDO�SUHVVXUH�FHOO�UHDGLQJV�IURP�GLOXWH�SKDVH�UHJLRQV�RI�WKH�UHDFWRU
DJDLQVW�FLUFXODWLRQ�UDWH���7KHVH�UHDGLQJV�VKRZ�YHU\�VWURQJ�OLQHDU�UHODWLRQVKLSV�EHWZHHQ�SUHVVXUH
GURS�DQG�FLUFXODWLRQ�UDWH���7KH�FLUFXODWLRQ�UDWH�IRU�WKLV�H[DPSOH�ZDV�FDOFXODWHG�EDVHG�RQ�3',���
�WKH�ULVHU�GLIIHUHQWLDO�SUHVVXUH��

,Q�WKH�VWDQGSLSH�DQG�KHDW�H[FKDQJHU�DUH�LQWHUIDFHV�EHWZHHQ�GLOXWH��DQG�GHQVH�SKDVH�VROLGV�IORZ�
'LIIHUHQWLDO�SUHVVXUH�PHDVXUHPHQWV�DFURVV�WKLV�ERXQGDU\�DUH�PHDVXULQJ�WKH�OHYHO�RI�VROLGV�LQ�WKH
UHDFWRU���6HFWLRQ�������RI�WKLV�UHSRUW�FRQWDLQV�D�GLVFXVVLRQ�RI�WKH�VWURQJ�FRUUHODWLRQ�EHWZHHQ
VROLGV�OHYHO�DQG�FLUFXODWLRQ�UDWH���$�KLJKHU�VROLGV�OHYHO�LQFUHDVHV�WKH�GULYLQJ�IRUFH�DYDLODEOH�WR
SURSHO�WKH�FLUFXODWLRQ�UDWH�

7KH�SUHVVXUH�GURS�LQ�UHJLRQV�RI�WKH�UHDFWRU�WKDW�DUH�FRQWLQXDOO\�ILOOHG�ZLWK�VROLGV��VXFK�DV�WKH
ORZHU�OHYHOV�RI�WKH�VWDQGSLSH�DQG�KHDW�H[FKDQJHU�DQG�WKH�-�OHJV��VKRZV�OLWWOH�YDULDWLRQ�ZLWK
FKDQJLQJ�FLUFXODWLRQ�UDWHV���3UHVVXUH�GURS�YDULDWLRQV�LQ�WKHVH�DUHDV�DUH�PDLQO\�D�IXQFWLRQ�RI
FKDQJHV�LQ�EHG�GHQVLW\���7KH�EHG�GHQVLW\�FKDQJHV�DV�D�IXQFWLRQ�RI�VROLGV�GHQVLW\�DQG�DHUDWLRQ
UDWHV���)LJXUH���������VKRZV�WKH�SUHVVXUH�GURS�PHDVXUHG�LQ�WKH�-�OHJV�DQG�LQ�WKH�KHDW�H[FKDQJHU
VWDQGSLSH�GXULQJ�D�SHULRG�LQ�7&��(�ZKHQ�WKH�FLUFXODWLRQ�UDWH�ZDV�UHGXFHG�GXH�WR�D�SOXJ�LQ�WKH
ILQH�DVK�FRQYH\LQJ�OLQH���$OO�WKUHH�PHDVXUHPHQWV�VKRZ�YHU\�OLWWOH�FKDQJH�LQ�SUHVVXUH�GURS�GXULQJ
WKH�FKDQJHV�LQ�FLUFXODWLRQ�UDWH���,Q�FRQWUDVW��ILJXUH���������VKRZV�WKH�GHFUHDVH�LQ�SUHVVXUH�GURS
ZLWK�WLPH�IRU�WKHVH�VDPH�LQVWUXPHQWV�DW�WKH�EHJLQQLQJ�RI�7&��'�DV�VDQG�LV�UHSODFHG�LQ�WKH�EHG�
$V�WKH�VDQG�LQ�WKH�EHG�LV�UHSODFHG�ZLWK�DVK�DQG�GRORPLWH�WKH�EHG�GHQVLW\�GHFUHDVHV��ZKLFK�ORZHUV
WKH�GLIIHUHQWLDO�SUHVVXUH�DFURVV�WKHVH�UHJLRQV�
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Pressure (inches H2O)
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Standpipe-Mixing Zone-Riser

Dipleg

Heat Exchanger

Primary Cyclone

Riser Crossover

Standpipe

Dipleg

Cyclone

Heat 
Exchanger

J-Leg

Mixing Zone

Riser

(KIWTG����������6[RKECN�2TGUUWTG�2TQHKNG�KP�6TCPURQTV�4GCEVQT�(TQO�������QP�1EVQDGT�����������KP�6%��(

Circulation Rate (lbs/hr)
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PDI256 - Mixing Zone
PDI213 - Riser
PDI258 - Riser
PDI340 - Disengager

(KIWTG����������'HHGEV�QH�%KTEWNCVKQP�4CVG�QP�2TGUUWTG�&TQR�KP�#TGCU�QH�6TCPURQTV�4GCEVQT�9KVJ�*KIJ
8QKFCIGU�(TQO�1EVQDGT�����������&WTKPI�6%��'
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Circulation Rate (lbs/hr)

P
re

ss
ur

e 
D

ro
p 

(i
nc

he
s 

H
2O

)

PDI342 - Reactor J-Leg

PDI241 - HX Standpipe

PDI242 - HX J-Leg

(KIWTG����������'HHGEV�QH�%KTEWNCVKQP�4CVG�QP�2TGUUWTG�&TQR�KP�#TGCU�QH�6TCPURQTV�4GCEVQT�(KNNGF�9KVJ
5QNKFU�(TQO�1EVQDGT�����������&WTKPI�6%��'

Circulation Rate (lbs/hr)
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PDI342 - Reactor J-Leg

PDI241 - HX Standpipe

PDI242 - HX J-Leg

(KIWTG����������%JCPIG�KP�2TGUUWTG�&TQR�KP�&GPUG�2JCUG�#TGCU�CU�#UJ�CPF�&QNQOKVG�4GRNCEG�5CPF�CU�VJG
$GF�/CVGTKCN�(TQO�VJG�5VCTV�QH�6%��&�QP�1EVQDGT��������
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�������6GORGTCVWTG�2TQHKNG

0RUH�WKDQ����WKHUPRFRXSOHV�DUH�GLVWULEXWHG�WKURXJKRXW�WKH�WUDQVSRUW�UHDFWRU���7HPSHUDWXUH
SURILOHV�RI�WKH�YDULRXV�SDUWV�RI�WKH�UHDFWRU�FDQ�EH�GHYHORSHG�E\�XVLQJ�GLIIHUHQW�FRPELQDWLRQV
RI�WKHVH�WKHUPRFRXSOHV���)LJXUH���������VKRZV�W\SLFDO�WHPSHUDWXUH�SURILOHV�IURP�ERWK�D
SHULRG�RI�ORZ�VROLGV�FLUFXODWLRQ�DQG�D�SHULRG�RI�KLJK�VROLGV�FLUFXODWLRQ���7KH�SHULRG�RI�ORZ�
VROLGV�FLUFXODWLRQ�UDWH�LV�IURP�2FWREHU����DQG�����������GXULQJ�7&��(���7KH�DYHUDJH
FLUFXODWLRQ�UDWH�GXULQJ�WKLV�WLPH�ZDV�DERXW��������OE�KU���7KH�KLJK�FLUFXODWLRQ�UDWH�GDWD�LV
IURP�6HSWHPEHU�����������GXULQJ�7&��%�DQG�IHDWXUHV�DQ�DYHUDJH�FLUFXODWLRQ�UDWH�RI�DERXW
��������OE�KU���,QFOXGHG�RQ�ILJXUH���������DUH�WKH�WHPSHUDWXUHV�LQ�WKH�UHDFWRU�DQG�KHDW
H[FKDQJHU�-�OHJV�

5HJDUGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�WHPSHUDWXUHV�LQ�WKH�-�OHJV�DQG�WKH�WHPSHUDWXUH�LQ�WKH
ERWWRP�RI�WKH�PL[LQJ�]RQH���DV�ZRXOG�EH�H[SHFWHG��WKH�VROLGV�IURP�WKH�KHDW�H[FKDQJHU�-�OHJ
DUH�FRROHU�WKDQ�WKH�VROLGV�LQ�WKH�PL[LQJ�]RQH�DQG�WKH�VROLGV�IURP�WKH�VWDQGSLSH�DUH�PXFK
KRWWHU�WKDQ�WKH�VROLGV�LQ�WKH�PL[LQJ�]RQH���7KH�LQWURGXFWLRQ�RI�WKH�KRW�VWDQGSLSH�VROLGV
SURGXFHV�D�QRWLFHDEOH�FKDQJH�LQ�WKH�WHPSHUDWXUH�RI�WKH�PL[LQJ�]RQH���7KH�KHDW�H[FKDQJHU
VROLGV�DUH�ZDUPHG�DV�WKH\�DUH�OLIWHG�LQ�WKH�-�OHJ��ZKLOH�VWDQGSLSH�VROLGV�DUH�FRROHG�DV�WKH\�SDVV
WKURXJK�WKH�UHDFWRU�-�OHJ���$Q�H[SODQDWLRQ�IRU�WKLV�REVHUYDWLRQ�LV�SURYLGHG�LQ�VHFWLRQ�������
7KH�VROLGV�LQFUHDVH�LQ�WHPSHUDWXUH�DV�WKH\�WUDYHO�XS�WKH�PL[LQJ�]RQH�GXH�WR�FRDO�FRPEXVWLRQ�
7KH�WHPSHUDWXUH�DW�WKH�WRS�RI�WKH�PL[LQJ�]RQH�LV�KLJKHU�LQ�WKH�ORZ�FLUFXODWLRQ�FDVH�EHFDXVH
WKHUH�DUH�IHZHU�VROLGV�DYDLODEOH�WR�DEVRUE�WKH�KHDW�UHOHDVHG�E\�WKH�FRDO���7KH�VROLGV�LQ�WKH�ORZ
FLUFXODWLRQ�FDVH�DUH�FRROHU�DV�WKH\�UHWXUQ�IURP�WKH�VWDQGSLSH�DQG�WKH�KHDW�H[FKDQJHU�EHFDXVH
WKH�ORQJHU�UHVLGHQFH�WLPHV�LQ�WKH�VWDQGSLSH�DQG�KHDW�H[FKDQJHU�DOORZ�PRUH�KHDW�ORVV�IURP
WKH�VROLGV�WR�WKH�VXUURXQGLQJV�

)LJXUH���������VKRZV�WKH�ULVHU�WHPSHUDWXUH�SURILOH�IURP�WKH�VDPH�WZR�SHULRGV�DV�VKRZQ�LQ
ILJXUH�����������+RZHYHU��WKLV�ILJXUH�VKRZV�WKH�SURILOH�IURP�WKH�WRS�PHDVXUHPHQW�LQ�WKH
PL[LQJ�]RQH�WKURXJK�WKH�ULVHU�WR�WKH�WRS�RI�WKH�VWDQGSLSH���7KH�WHPSHUDWXUH�SURILOH�WKURXJK
SULPDU\�F\FORQH�LV�LQFOXGHG�RQ�WKLV�ILJXUH���7KH�WHPSHUDWXUHV�LQ�WKH�VWDQGSLSH�DUH�KLJKHU
WKDQ�WKH�ULVHU�WHPSHUDWXUHV�DQG�WKH�KLJK�WHPSHUDWXUH�DW�WKH�F\FORQH�HQWUDQFH�DW�ORZ�
FLUFXODWLRQ�UDWHV���7KH�FRQFOXVLRQ�LV�WKDW�ZLWK�WKH�FRQGLWLRQV�SUHVHQW�GXULQJ�WKHVH�WHVWV��VROLGV
FRQWLQXHG�WR�EXUQ�LQ�WKH�ULVHU�FURVVRYHU��WKH�GLVHQJDJHU��DQG�WKH�XSSHU�VWDQGSLSH���7KLV
WHPSHUDWXUH�SDWWHUQ�LV�QRUPDO�ZLWK�WKH�H[FHSWLRQ�RI�WKH�WHPSHUDWXUH�DW�WKH�HQWUDQFH�WR�WKH
SULPDU\�F\FORQH���7KH�HOHYDWHG�WHPSHUDWXUHV�DW�WKH�F\FORQH�HQWUDQFH�DUH�JHQHUDOO\�VHHQ�RQO\
GXULQJ�WKH�HDUO\�SDUWV�RI�D�WHVW�UXQ�ZKHQ�WKH�UHDFWRU�SUHVVXUHV�DUH�ORZHU�DQG�WKH�YHORFLWLHV
KLJKHU���7KH�RWKHU�FKDUDFWHULVWLFV�RI�WKLV�SURILOH�DUH�QRUPDO���7KH�WHPSHUDWXUH�RI�WKH�PDWHULDO
LQ�WKH�UHDFWRU�LQFUHDVHV�GXH�WR�FRPEXVWLRQ�DV�WKH�PDWHULDOV�IORZ�WKURXJK�WKH�ULVHU���7KH
PDWHULDO�H[LWLQJ�WKH�SULPDU\�F\FORQH�LV�QRWLFHDEO\�FRROHU�GXH�WR�WKH�HIIHFW�RI�WKH�FRRO�JDV�LQ
WKH�YHQW�OLQH�IURP�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU�HQWHULQJ�WKH�F\FORQH�FURVVRYHU�

7KH�VWDQGSLSH��GLSOHJ��DQG�FRPEXVWLRQ�KHDW�H[FKDQJHU�WHPSHUDWXUH�SURILOHV�IRU�WKH�VDPH
SHULRG�DUH�VKRZQ�LQ�ILJXUH�����������,Q�WKH�VWDQGSLSH�DQG�WKH�GLSOHJ��WKH�VROLGV�FRRO�DV�WKH\
IORZ�GRZQZDUG��EXW�WKH�VROLGV�DW�ORZ�FLUFXODWLRQ�DUH�PXFK�FRROHU�DW�WKH�ERWWRP�RI�WKH
VWDQGSLSH�WKDQ�WKH�VROLGV�DW�KLJK�FLUFXODWLRQ�UDWH��GHVSLWH�VWDUWLQJ�DW�D�VOLJKWO\�KLJKHU
WHPSHUDWXUH���7KH�HIIHFW�RQ�WHPSHUDWXUH�IURP�PL[LQJ�WKH�KRW�VROLGV�LQ�WKH�VWDQGSLSH�ZLWK�WKH



6TCPURQTV�4GCEVQT�.QQR� �2GTHQTOCPEG�#PCN[UKU 6GEJPKECN�2TQITGUU�4GRQTV
6GORGTCVWTG�2TQHKNG 6TCPURQTV�4GCEVQT�6TCKP

�������

FRROHU�VROLGV�IURP�WKH�GLSOHJ�FDQ�DOVR�EH�QRWLFHG���7KH�VROLGV�OHYHO�LQ�WKH�FRPEXVWLRQ�KHDW
H[FKDQJHU�FDQ�HDVLO\�EH�GLVFHUQHG�IURP�WKH�WHPSHUDWXUH�SURILOH�

0RUH�FDQ�EH�OHDUQHG�E\�ORRNLQJ�DW�WKH�YDULDWLRQ�LQ�WHPSHUDWXUH�SURILOHV�ZLWK�FKDQJLQJ
FLUFXODWLRQ�UDWHV���$V�WKH�FLUFXODWLRQ�UDWH�LQFUHDVHV��WKH�GLIIHUHQFHV�LQ�WHPSHUDWXUH�IURP�SODFH
WR�SODFH�EHFRPH�OHVV�HYLGHQW���)LJXUH���������VKRZV�WKH�KLJKHVW�DQG�ORZHVW�WHPSHUDWXUH�LQ
WKH�ULVHU�IRU�WKH�VWHDG\�VWDWH�SHULRGV�LQ�&&7���&&7���DQG�7&�����)LJXUH���������VKRZV�WKH
KLJKHVW�DQG�ORZHVW�WHPSHUDWXUH�LQ�WKH�GLSOHJ�IRU�WKH�VDPH�SHULRG���)RU�DOO�RI�WKH�UHJLRQV�RI
WKH�UHDFWRU�WKHUH�ZHUH�QRWHZRUWK\�GLIIHUHQFHV�LQ�WKH�UDQJH�RI�WKH�WHPSHUDWXUH�ZKHQ�ORRNLQJ
DW�ORZ�FLUFXODWLRQ�UDWHV�DQG�KLJK�FLUFXODWLRQ�UDWHV���,Q�WKLV�H[DPSOH��������OE�KU�ZDV�XVHG�DV
WKH�YDOXH�IRU�D�ORZ�FLUFXODWLRQ�UDWH�DQG���������OE�KU�ZDV�XVHG�DV�WKH�YDOXH�IRU�D�KLJK�
FLUFXODWLRQ�UDWH���7DEOH���������VXPPDUL]HV�WKH�GLIIHUHQFHV�

,QFUHDVLQJ�FLUFXODWLRQ�UDWHV�OHYHOHG�WKH�WHPSHUDWXUH�SURILOH�LQ�WKH�UHDFWRU�E\�GHFUHDVLQJ�WKH
KLJKHU�WHPSHUDWXUHV�DQG�UDLVLQJ�WKH�ORZHU�WHPSHUDWXUHV���7KH�LQFUHDVHG�IORZ�RI�VROLGV
GHFUHDVHG�WKH�UHVLGHQFH�WLPH�RI�WKH�VROLGV�LQ�WKH�VWDQGSLSH��GLSOHJ��DQG�FRPEXVWLRQ�KHDW
H[FKDQJHU���7KH�VROLGV�GLG�QRW�ORVH�DV�PXFK�KHDW�WR�WKH�VXUURXQGLQJV�DQG�ZHUH�UHWXUQHG�WR
WKH�PL[LQJ�]RQH�DW�D�KLJKHU�WHPSHUDWXUH�EHFDXVH�RI�WKLV���7KH�LQFUHDVHG�VROLGV�LQ�WKH�PL[LQJ
]RQH�DQG�WKH�ULVHU�DEVRUEHG�PRUH�KHDW��ZKLFK�ZDV�UHOHDVHG�E\�WKH�EXUQLQJ�FRDO��DQG�ORZHUHG
WKH�ULVH�LQ�WHPSHUDWXUH���8QGHU�WKH�QRUPDO�RSHUDWLQJ�FRQGLWLRQV�GXULQJ�������WKH�KLJKHVW
WHPSHUDWXUH�LQ�WKH�UHDFWRU�ZDV�IRXQG�LQ�WKH�WRS�RI�WKH�VWDQGSLSH���$W�YHU\�ORZ�FLUFXODWLRQ
DQG�FRDO�IHHG�UDWHV��WKH�KLJKHVW�WHPSHUDWXUH�ZDV�IRXQG�DW�VRPH�SRLQW�LQ�WKH�ULVHU���7KHUH
ZHUH�HYHQ�LVRODWHG�LQVWDQFHV�ZKHUH�WKH�KLJKHVW�WHPSHUDWXUH�ZDV�PHDVXUHG�DW�WKH�ERXQGDU\
EHWZHHQ�WKH�PL[LQJ�]RQH�DQG�WKH�ULVHU�

$V�GLVFXVVHG�LQ�VHFWLRQ��������DW�RYHUDOO�FLUFXODWLRQ�UDWHV�RI�OHVV�WKDQ�DERXW��������OE�KU�WKHUH
ZDV�HYLGHQFH�RI�KRW�VROLGV�EDFN�PL[LQJ�LQWR�WKH�KHDW�H[FKDQJHU�-�OHJ���)LJXUH���������VKRZV
WKH�FKDQJH�LQ�WHPSHUDWXUHV�ZLWK�LQFUHDVLQJ�FLUFXODWLRQ�UDWH�IRU�7,�����7,�����DQG�7,�����WKH
ERWWRP�RI�WKH�PL[LQJ�]RQH��WKH�WRS�RI�WKH�-�OHJ��DQG�WKH�ERWWRP�RI�WKH�-�OHJ��UHVSHFWLYHO\��
7KH�VWHDG\�VWDWH�YDOXHV�IURP�&&7���&&7���DQG�7&���DUH�LQFOXGHG���7KH�JUDSK�VKRZV�7,���
DQG�7,����EHFRPLQJ�URXJKO\�HTXDO�LQ�WHPSHUDWXUH�DERYH�D�FHUWDLQ�FLUFXODWLRQ�UDWH���%HORZ
WKLV�FLUFXODWLRQ�UDWH�WKH�WHPSHUDWXUH�LQ�WKH�WRS�RI�WKH�-�OHJ�LV�KLJKHU�WKDQ�WKH�WHPSHUDWXUH�LQ
WKH�ERWWRP�RI�WKH�-�OHJ��WKHUHIRUH�SURYLGLQJ�HYLGHQFH�RI�KRW�VROLGV�EDFN�PL[LQJ�IURP�WKH
PL[LQJ�]RQH���$ERYH�WKLV�UDWH�WKH�WZR�WHPSHUDWXUHV�DUH�DSSUR[LPDWHO\�HTXDO���,Q�FRQWUDVW��WKH
VROLGV�IURP�WKH�VWDQGSLSH�GR�QRW�VKRZ�DQ\�HYLGHQFH�RI�EDFN�PL[LQJ�LQ�WKH�UHDFWRU�-�OHJ�
)LJXUH���������VKRZV�WKH�HVWLPDWHG�WHPSHUDWXUH�DW�WKH�WRS�RI�WKH�UHDFWRU�-�OHJ��ZKHQ�WKH
FRROLQJ�HIIHFW�RI�WKH�DHUDWLRQ�JDV�LV�WDNHQ�LQWR�DFFRXQW��DQG�WKH�DFWXDO�WHPSHUDWXUH�DW�WKH�WRS
RI�WKH�-�OHJ�PHDVXUHG�E\�7,������,I�VROLGV�IURP�WKH�PL[LQJ�]RQH�ZHUH�EHLQJ�EDFN�PL[HG�LQWR
WKH�-�OHJ��WKH�WHPSHUDWXUHV�PHDVXUHG�E\�7,����ZRXOG�EH�ORZHU�
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6CDNG��������

6GORGTCVWTG�2TQHKNG�QH�VJG�5VCPFRKRG

4GIKQP 6GORGTCVWTG
&KHHGTGPEG�CV�.QY�
%KTEWNCVKQP�4CVG

6GORGTCVWTG
&KHHGTGPEG�CV�*KIJ�
%KTEWNCVKQP�4CVG

/KZKPI�<QPG ��� ���

4KUGT ��� ���

5VCPFRKRG ��� ���

&KRNGI ��� ��

Mixing Zone Temperature Profile

Temperature (deg F)
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Mixing Zone - High Circ
RX J-Leg - High Circ
HX J-Leg - High Circ
Mixing Zone - Low Circ
RX J-Leg - Low Circ
HX J-Leg - Low Circ

Bottom of 
Mixing Zone

Top of RX0201 
J-Leg

Top of 
HX0203 J-Leg

(KIWTG����������6GORGTCVWTG�2TQHKNG�QH�VJG�4GCEVQT�/KZKPI�<QPG
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Riser Temperature Profile

Temperature (deg F)
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Riser - High Circ
To Cyclone - High Circ
To Standpipe - High Circ
Riser - Low Circ
To Cyclone - Low Circ
To Standpipe - Low CircEntrance to 

CY0201

Top of Riser

Top Section 
of Standpipe

Exit from 
CY0201

(KIWTG����������6GORGTCVWTG�2TQHKNG�QH�VJG�4KUGT

Standpipe Temperature Profile

Temperature (deg F)
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Standpipe - High Circ
Dipleg - High Circ
HX0203 - High Circ
Standpipe - Low Circ
Dipleg - Low Circ
HX0203 - Low Circ

(KIWTG����������6GORGTCVWTG�2TQHKNG�QH�VJG�5VCPFRKRG
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(KIWTG����������*KIJGUV�CPF�.QYGUV�6GORGTCVWTGU�KP�VJG�4KUGT

Dipleg Temperatures

Circulation Rate (lbs/hr)
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TI431

TI382

(KIWTG����������*KIJGUV�CPF�.QYGUV�6GORGTCVWTG�KP�VJG�&KRNGI

Riser Temperatures

Circulation Rate (lbs/hr)
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(KIWTG����������6GORGTCVWTGU�KP�VJG�*GCV�'ZEJCPIGT�,�NGI�CPF�VJG�/KZKPI�<QPG

Standpipe J-leg Temps

Circulation Rate (lbs/hr)
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Actual temp

Estimated Temp

(KIWTG����������'UVKOCVGF�CPF�#EVWCN�4GCEVQT�,�NGI�6GORGTCVWTGU�CV�6QR�QH�,�NGI
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HX J-Leg Temperatures

Circulation Rate (lbs/hr)
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TI377 - Mixing Zone

TI378 - Top HX J-Leg

TI379 - Top HX J-Leg
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6NLQ�WHPSHUDWXUH�PHDVXUHPHQWV�RI�WKH�WUDQVSRUW�UHDFWRU�ORRS�ZHUH�WDNHQ�DW�YDULRXV�WLPHV�GXULQJ
WHVW�UXQ�7&�����7KH�UHVXOWV�GLG�QRW�UHYHDO�DQ\�KRW�VSRWV���7KH�KLJKHVW�WHPSHUDWXUHV�HQFRXQWHUHG
ZHUH�DURXQG�����)���$�GLVFXVVLRQ�RI�WKH�PDMRU�REVHUYDWLRQV�LV�SUHVHQWHG�EHORZ�

7KH�REMHFWLYHV�RI�WKH�VNLQ�WHPSHUDWXUH�PRQLWRULQJ�ZHUH�

• 7R�PRQLWRU�WKH�GLIIHUHQWLDO�JURZWK�EHWZHHQ�WKH�YDULRXV�SLSH�ORRSV�

• 7R�PRQLWRU�WKH�SHUIRUPDQFH�RI�WKH�UHIUDFWRU\�OLQLQJ��DV�GHJUDGDWLRQ�RI�WKH�OLQLQJ
ZRXOG�EH�UHIOHFWHG�DV�´KRW�VSRWVµ�LQ�WKH�SLSLQJ�DQG�HTXLSPHQW�

• 7R�SHULRGLFDOO\�GRFXPHQW�DQG�LGHQWLI\�WUHQGV�LQ�WKH�WHPSHUDWXUH�VLJQDWXUHV�RI�WKH
YDULRXV�SLSLQJ�DQG�HTXLSPHQW�LQ�WKH�UHDFWRU�ORRS���0RQLWRULQJ�WKHVH�WUHQGV�DVVXUHV
WKDW�WKH�LQWHJULW\�RI�WKH�UHIUDFWRU\�LV�PDLQWDLQHG�

'XULQJ�WHVW�UXQ�7&���VNLQ�WHPSHUDWXUH�PHDVXUHPHQWV�ZHUH�WDNHQ�RQ�WKH�IROORZLQJ�GD\V�

7HVW�5XQ 'DWH
5LVHU�([LW
7HPSHUDWXUH

7&��% 6HSWHPEHU�������� ������)
7&��% 6HSWHPEHU��������� ������)
7&��% 6HSWHPEHU��������� ������)
7&��% 6HSWHPEHU��������� ������)
7&��% 6HSWHPEHU��������� ������)
7&��, 1RYHPEHU��������� ������)
7&��, 'HFHPEHU�������� ������)

7KH�WHPSHUDWXUHV�ZHUH�PHDVXUHG�ZLWK�D�VXUIDFH�SUREH�GLJLWDO�WKHUPRPHWHU�DQG�DQ�LQIUDUHG
WKHUPRPHWHU���7HPSHUDWXUH�UHDGLQJV�ZHUH�WDNHQ�XQGHU�VWHDG\�UHDFWRU�RSHUDWLQJ�FRQGLWLRQV�

)LJXUH����������VKRZV�D�SORW�RI�WKH�GLIIHUHQWLDO�WHPSHUDWXUH�EHWZHHQ�GLIIHUHQW�SRUWLRQV�RI�WKH
UHDFWRU�ORRS���$V�FDQ�EH�VHHQ�IURP�WKH�SURILOHV�WKH�PD[LPXP�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ
WKH�ULVHU�DQG�VWDQGSLSH�ZDV����)�DQG�EHWZHHQ�WKH�VWDQGSLSH�DQG�F\FORQH�GLSOHJ�ZDV����)���%RWK
WKHVH�GLIIHUHQWLDOV�ZHUH�EHORZ�WKH�DOORZDEOH�OLPLW�RI����)���6LPLODUO\��WKH�PD[LPXP�WHPSHUDWXUH
GLIIHUHQFH�EHWZHHQ�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU��+;������DQG�WKH�VWDQGSLSH��DQG�EHWZHHQ
+;�����DQG�WKH�ULVHU�PL[LQJ�]RQH�ZDV����DQG����)��UHVSHFWLYHO\���7KH�PD[LPXP�DOORZDEOH
YDOXH�ZDV�����)�

7KH�DYHUDJH�VNLQ�WHPSHUDWXUHV�DW�YDULRXV�ORFDWLRQV�LQ�WKH�ORRS�IRU�WKH�HQWLUH�WHVW�UXQ�DUH�JLYHQ�LQ
ILJXUH������������$V�ZRXOG�EH�H[SHFWHG��WKH�UHDFWRU�VNLQ�WHPSHUDWXUH�LQFUHDVHG�DORQJ�WKH�OHQJWK
RI�WKH�ULVHU��DQ�LQGLFDWLRQ�WKDW�FRPEXVWLRQ�RFFXUUHG�WKURXJKRXW�WKH�ULVHU�WR�WKH�ULVHU�FURVVRYHU�
7KH�WHPSHUDWXUH�RI�VROLGV�LQ�WKH�UHDFWRU�UDQJHG�IURP�������)�LQ�WKH�PL[LQJ�]RQH�WR�DERXW
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������)�DW�WKH�ULVHU�H[LW���$W�WKH�WRS�RI�WKH�ULVHU��DQG�DORQJ�WKH�ULVHU�FURVVRYHU��WKH�VNLQ
WHPSHUDWXUH�GURSSHG�GXH�WR�KLJKHU�KHDW�ORVVHV���$ORQJ�WKH�ULVHU�FURVVRYHU��F\FORQH�FURVVRYHU�
DQG�WKH�F\FORQH�RXWOHW�WKH�VNLQ�WHPSHUDWXUH�GHFUHDVHG�ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�WKH�UHDFWRU
GXH�WR�KHDW�ORVVHV�DQG�JDV�VROLG�GLVHQJDJHPHQW�

7KH�WHPSHUDWXUH�RI�VROLGV�LQ�WKH�XSSHU�VWDQGSLSH�ZDV�DERXW�������)�DQG�GHFUHDVHG�WR�DERXW
������)�DW�WKH�ERWWRP���7KH�DYHUDJH�VNLQ�WHPSHUDWXUH�RQ�WKH�VWDQGSLSH�GHFUHDVHG�DORQJ�WKH
OHQJWK�RI�WKH�VWDQGSLSH��IURP�����WR�����)��EXW�KDV�D�KLJKHU�YDOXH�EHORZ�WKH�KHDW�H[FKDQJHU
GUDZ�RII���7KLV�KLJKHU�WHPSHUDWXUH�DW�WKH�ERWWRP�RI�WKH�VWDQGSLSH�ZDV�DOVR�WKH�KLJKHVW�LQ�WKH
UHDFWRU�ORRS���7KH�VNLQ�WHPSHUDWXUH�DW�WKH�ERWWRP�RI�WKH�VWDQGSLSH�ZDV�KLJKHVW�LQ�WKH�ORRS��HYHQ
WKRXJK�WKH�VROLGV�WHPSHUDWXUH�LQ�WKDW�ORFDWLRQ�ZDV�ORZHU�WKDQ�WKH�PD[LPXP�LQ�WKH�UHDFWRU���7KLV
ZDV�GXH�WR�D�VORZ�PRYLQJ�EHG�RI�KRW�VROLGV�

7KH�DYHUDJH�VNLQ�WHPSHUDWXUH�LQ�WKH�PLGVHFWLRQ�RI�+;�����ZDV�����)�DV�FRPSDUHG�WR�DERXW
����)�DERYH�WKH�VROLGV�HQWU\�SRUW�LQWR�+;�������7KH�VNLQ�WHPSHUDWXUH�UHGXFHG�WR�����)�DW�WKH
+;�����VWDQGSLSH�DQG�GHFUHDVHG�WKURXJK�WKH�-�OHJ���7KLV�WUHQG�UHYHDOHG�HIIHFWLYH�KHDW�UHPRYDO
LQ�WKH�+;�����

&RQVLGHULQJ�WKH�+;�����YHQW�JDV�OLQH��9*/���WKH�DYHUDJH�VNLQ�WHPSHUDWXUH�DW�WKH�H[LW�RI
+;�����ZDV�����)��ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI���)����7KLV�WHPSHUDWXUH�LQFUHDVHG�WR�����)
DORQJ�WKH�UHIUDFWRU\�OLQHG�SLSH�DQG�WKHQ�GHFUHDVHG�WR�����)���)LQDOO\��WKH�DYHUDJH�VNLQ
WHPSHUDWXUH�DW�WKH�MXQFWLRQ�EHWZHHQ�WKH�9*/�DQG�WKH�F\FORQH�FURVVRYHU�ZDV�����)���7KH
H[SHFWDWLRQ�ZDV�WKDW�DV�D�UHVXOW�RI�WKH�KRW�JDVHV�OHDYLQJ�+;�����LQWR�WKH�9*/�WKH�DYHUDJH�VNLQ
WHPSHUDWXUH�ZRXOG�GHFUHDVH�VWHDGLO\�DORQJ�WKH�9*/��ZLWK�WKH�KLJKHVW�YDOXH�DW�WKH�H[LW�RI
+;�����

$QRWKHU�LQWHUHVWLQJ�SKHQRPHQRQ�ZDV�WKH�VNLQ�WHPSHUDWXUH�UHDGLQJ�RQ�WKH�F\FORQH�GLSOHJ���7KH
WHPSHUDWXUH�RQ�WKH�XSSHU�KDOI�RI�WKH�GLSOHJ�ZDV�����)���&RQWUDU\�WR�H[SHFWDWLRQV��WKH�VNLQ
WHPSHUDWXUH�WRRN�D�GLS�DORQJ�WKH�GLSOHJ�EHIRUH�ULVLQJ�DJDLQ�WR�����)�

,Q�RUGHU�WR�KDYH�DQ�LGHD�DERXW�WKH�VROLGV�OHYHO�LQ�WKH�F\FORQH�GLSOHJ��VNLQ�WHPSHUDWXUH
PHDVXUHPHQWV�ZHUH�WDNHQ�RI�WKH�GLSOHJ���)LJXUHV���������D�DQG���E�VKRZ�SORWV�RI�VNLQ
WHPSHUDWXUH�DJDLQVW�GLVWDQFH�IRU�WKH�XSSHU�DQG�ORZHU�GLSOHJ�UHVSHFWLYHO\���'DWD�IRU�WKH�SORWV
ZHUH�WDNHQ�GXULQJ�WHVW�UXQ�7&��,�EHWZHHQ�'HFHPEHU���DQG�'HFHPEHU�����������7KH�ORFDWLRQV
RI�DHUDWLRQ�SRUWV�RQ�WKH�XSSHU�GLSOHJ�DUH�LQGLFDWHG�RQ�WKH�SORW�

$V�VKRZQ�E\�ILJXUH���������D�WKHUH�LV�D�VWHDG\�GURS�LQ�VNLQ�WHPSHUDWXUH�DORQJ�WKH�XSSHU�GLSOHJ
XS�WR�D�PLQLPXP�YDOXH��DERXW�;;�IW�EHORZ�WKH�F\FORQH�IODQJH���7KLV�PLQLPXP�YDOXH�FRXOG�KDYH
EHHQ�GXH�WR�HIIHFWLYH�KHDW�UHPRYDO�E\�WKH�PHFKDQLFDO�VXSSRUW�IRU�WKH�F\FORQH��ZKLFK�HIIHFWLYHO\
DFWHG�DV�FRROLQJ�ILQV�DW�WKDW�SRUWLRQ�RI�WKH�GLSOHJ���%HORZ�WKH�VXSSRUW�WKH�VNLQ�WHPSHUDWXUH
LQFUHDVHG�VWHDGLO\�XS�WR�DERXW�;;�IW�EHORZ�WKH�F\FORQH�IODQJH���7KLV�LQFUHDVH�LQ�WHPSHUDWXUH�LV
DQ�LQGLFDWLRQ�RI�WKH�SUHVHQFH�RI�KRW�VROLGV�LQ�WKLV�VHFWLRQ�RI�WKH�F\FORQH���2QH�FRXOG�LQIHU�IURP
WKLV�SORW�WKDW�WKH�OHYHO�RI�VROLGV�LQ�WKH�F\FORQH�ZDV�EHWZHHQ�SRLQWV�%�DQG�&��DV�VKRZQ�LQ�ILJXUH
��������D�

$IWHU�DWWDLQLQJ�D�PD[LPXP�DW�SRLQW�&��VHH�ILJXUH���������D���WKH�VNLQ�WHPSHUDWXUH�GURSV�SULPDULO\
DV�D�UHVXOW�RI�FRROLQJ�RI�VROLGV�E\�DHUDWLRQ�JDV�DW�SRLQW�'���7KH�GURS�LQ�VNLQ�WHPSHUDWXUH�DW�WKLV
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SRLQW�ZDV�GXH�WR�ORFDOL]HG�FRROLQJ�RI�WKH�GLSOHJ�E\�DHUDWLRQ�JDV���$IWHU�SRLQW�'�WKH�VNLQ
WHPSHUDWXUH�LQFUHDVHV�DJDLQ�DV�D�UHVXOW�RI�LQFUHDVHG�KHDW�UHOHDVH�E\�WKH�VROLGV���$�PD[LPXP�LV
DWWDLQHG�DW�SRLQW�(��DIWHU�ZKLFK�WKH�WHPSHUDWXUH�GURSV�DJDLQ�GXH�WR�FRROLQJ�RI�DHUDWLRQ�JDV�DW
SRLQW�)���%HORZ�SRLQW�)�WKH�VNLQ�WHPSHUDWXUH�LQFUHDVHG�DJDLQ��EXW�EHFDXVH�WKH�VROLGV�DW�WKLV�SRLQW
KDG�EHHQ�FRROHG�VXIILFLHQWO\�WKH�KHDW�UHOHDVH�DQG��KHQFH��WKH�VNLQ�WHPSHUDWXUH��ZDV�QRW�DV�KLJK�DV
DW�SRLQWV�&�DQG�(�

)LJXUH���������E�VKRZV�WKH�SURILOHV�RI�VNLQ�WHPSHUDWXUH�DORQJ�WKH�ORZHU�GLSOHJ���$V�FDQ�EH�VHHQ
IURP�WKHVH�SURILOHV�WKHUH�ZDV�D�VWHDG\�GHFUHDVH�LQ�VNLQ�WHPSHUDWXUH��ZKLFK�ZDV�WKH�UHVXOW�RI
ORZHU�KHDW�UHOHDVH�IURP�WKH�VROLGV�
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Figure 4.2.10-1  Differential Thermal Profile
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��������4GCEVQT�(GGF�5[UVGO�+UUWGU

'XULQJ�WKH������WUDQVSRUW�UHDFWRU�RSHUDWLRQV�WKHUH�FRQWLQXHG�WR�EH�SUREOHPV�ZLWK�ERWK�WKH�FRDO
DQG�GRORPLWH�IHHG�V\VWHPV��)'�����DQG�)'��������)LUVW��DIWHU���WR���GD\V�RI�VDWLVIDFWRU\
RSHUDWLRQ��VXGGHQO\�FRDO�ZRXOG�QRW�IDOO�IURP�WKH�ORFN�YHVVHO�WR�WKH�GLVSHQVH�YHVVHO���7KLV�LV
VKRZQ�RQ�ILJXUHV����������DQG����IRU�)'�����GXULQJ�UXQV�&&7�'�DQG�&&7�$�%���'XULQJ�UXQ
&&7�$��WKH�FRDO�IHHG�ZDV�IURP�WKH�VPDOOHU�GRORPLWH�IHHGHU��)'������DQG�WKH�VDPH�SUREOHPV
ZHUH�SUHVHQW��VHH�ILJXUHV����������DQG�������$QDO\VLV�VXJJHVWHG�WKDW�WKH�VROLGV�UHPDLQLQJ�LQ�WKH
ORFN�YHVVHO�ZHUH�ILQHU�WKDQ�WKRVH�LQ�WKH�VLOR��LQGLFDWLQJ�DQ�DFFXPXODWLRQ�RI�ILQHV�LQ�WKH�ORFN
YHVVHO���1R]]OHV�ZHUH�LQVWDOOHG�LQWR�WKH�VLGH�RI�WKH�ORFN�YHVVHO�WR�EORZ�WKH�FRDO�DZD\�IURP�WKH
VLGHV�VR�WKDW�WKH�FRDO�GLG�QRW�SDFN���7KH�ORFN�YHVVHO�ZDV�DOVR�´IOXIIHGµ�HYHU\���KRXUV�WR�NHHS�WKH
FRDO�IURP�SDFNLQJ���7KHUH�LV�DOVR�D�WHQGHQF\�IRU�WKH�FRDO�WR�RYHUILOO�WKH�ORFN�YHVVHO�ZKHQ�WKH
VSKHUL�YDOYHV�DUH�RSHQHG���7KH�NQLIH�JDWH�YDOYH�XQGHU�WKH�FRDO�VXUJH�ELQ�ZDV�WKURWWOHG�WR�VORZ
GRZQ�WKH�IORZ�

)LJXUHV���������������DQG����VKRZ�WKH�LQWHUUXSWLRQV�LQ�FRDO�IORZ�GXULQJ�7&�����&O\GH�3QHXPDWLF
&RQYH\LQJ�ZDV�FRQVXOWHG�DQG�UHFRPPHQGHG�WKDW�D�YHQW�RQ�WKH�ORFN�YHVVHO�EH�DGGHG�VR�WKDW�WKH
IOXLGL]LQJ�QLWURJHQ�ZRXOG�SDVV�WKURXJK�WKH�GLVSHQVH�YHVVHO���7KLV�YHQW�ZRXOG�DOVR�SUHYHQW�WKH
GLVSHQVH�YHVVHO�IURP�RYHU�SUHVVXUL]LQJ���,Q�1RYHPEHU��WKH�SURSRVHG�YHQW�V\VWHP�ZDV�LQVWDOOHG�
KRZHYHU��WKH�YHQWLQJ�V\VWHP��DIWHU�1RYHPEHU����������DV�VKRZQ�LQ�ILJXUHV���������������DQG����
E\�LWVHOI�GLG�QRW�UHDOO\�LPSURYH�WKH�SHUIRUPDQFH���7KH�ODUJH�VFDWWHU�RQ�ILJXUH����������LV�GXH�WR
WKH�FDOFXODWLRQ�PHWKRG�ZKHQ�WKH�SDUW�F\FOHV�DUH�FDOFXODWHG���'XULQJ�WKH�ODVW���ZHHNV�RI
RSHUDWLRQ��D�VPDOO�SXUJH�RI�QLWURJHQ�ZDV�PDLQWDLQHG�XQGHU�WKH�IOXLGL]LQJ�SDG�RI�WKH�ORFN�YHVVHO�
7KLV�SXUJH�VXEVWDQWLDOO\�LQFUHDVHG�WKH�UHOLDELOLW\�EXW�KDG�D�WHQGHQF\�WR�PDNH�WKH�FRDO�UDWH�YDU\
ZKHQ�WKH�GLVSHQVH�YHVVHO�ZDV�EHLQJ�ILOOHG�

6LQFH�WKH�FRDO�IHHGHU�LV�VWLOO�QRW�UHOLDEOH��DGGLWLRQDO�PRGLILFDWLRQV�ZLOO�EH�PDGH���$�QR]]OH�RQ�WKH
HOERZ�LQ�WKH�FRDO�IHHG�OLQH�ZLOO�EH�DGGHG�ZLWK�D�VPDOO�QLWURJHQ�SXUJH�WR�NHHS�WKH�WXEH�EHORZ�WKH
URWRIHHGHU�IURP�SOXJJLQJ���$OVR��FRDO�IHHGLQJ�FDQ�EH�VWRSSHG�ZKHQ�WKH�HTXDOL]LQJ�OLQH�EHWZHHQ
WKH�GLVSHQVHU�YHVVHO�DQG�ORFN�YHVVHO�SOXJV���$�ODUJH����LQ���HTXDOL]LQJ�OLQH�LV�EHLQJ�IDEULFDWHG�IRU
LQVWDOODWLRQ���,Q�DGGLWLRQ��WKH�SUHVVXUH�FRQWURO�RQ�WKH�GLVSHQVH�YHVVHO�QHHGV�LPSURYHPHQW���$V
VXSSOLHG��WKH�GLVSHQVH�YHVVHO�VFKHPH�RI�SUHVVXUH�FRQWURO�LV�WKURXJK�WKH�XVH�RI�RULILFHV�DQG
VROHQRLG�YDOYHV�WKDW�RSHQ�DQG�FORVH�GHSHQGLQJ�RQ�WKH�GLIIHUHQWLDO�SUHVVXUH�GLIIHUHQFH�EHWZHHQ
WKH�GLVSHQVH�YHVVHO�DQG�WKH�FRDO�IHHG�OLQH�

7KH�GRORPLWH�IHHGHU�)'�����KDV�WKH�VDPH�UHOLDELOLW\�LVVXHV�DV�)'������KRZHYHU��WHPSRUDU\�ORVV
RI�GRORPLWH�IHHG�GRHV�QRW�VLJQLILFDQWO\�LPSDFW�WKH�UHDFWRU�RSHUDWLRQ���,I�WKH�IOXLGL]LQJ�QLWURJHQ
IORZ�LV�WRR�KLJK��DQ�DGGLWLRQDO�SUREOHP�PD\�UHVXOW�IURP�WKH�DLU�IORZ�FDUU\LQJ�ODUJH�DPRXQWV�RI
GRORPLWH�WKURXJK�WKH�URWRIHHGHU�IHHG�SODWH�LQWR�WKH�UHDFWRU�
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4.3  CYCLONE DIPLEG OPERATION AND DATA ANALYSIS 
 
A brief history and the troubleshooting processes related to dipleg operation problems are 
described in this section.  Also, applications of the drift flux model and the continuity wave 
theory to the dipleg operations are discussed.  The successful application of these theoretical 
models may provide some new and useful concepts in the dipleg operation and design.  The 
discussions and explanations provided are contrary to conventional thought of cyclone dipleg 
design and operation, and should be research carefully for any particular application.  
 
4.3.1  Brief History of the Dipleg Problems and Troubleshooting Processes 
 
Excessive solids carryover was a major operational problem for the transport reactor in early test 
runs.  Due to the high-solids carryover rate from the reactor to the particulate control device 
(PCD) the solids inventory in the reactor could not be kept constant without periodically adding 
inert bed materials.   
 
The high-solids carryover rate also influences the reactor heat capacity, which is closely related 
to the solids circulation rate.  Because an increase in the solids circulation rate could result in 
higher solids carryover rate the solids circulation rate had to be tailored to keep the solids 
carryover rate at a reasonable level.  As the result of this compromise the coal feed rate was 
relatively low before the problem of the solids carryover rate was solved. 
 
This high-solids carryover rate also influences the PCD operation.  At a very high-solids 
carryover rate particle size distribution in the PCD samples is quite different from that at a lower 
solids carryover rate.  Generally, the mean particle size is larger at a higher solids carryover rate.  
The data collected under the conditions with the high-solids carryover rate were not 
representative of the normal operational particle size distribution.  Flow resistance of a dust-
collecting element might also be different for the different particle size distribution in the dust 
samples.  Furthermore, since a commercial transport reactor will operate at a much lower solids 
carryover rate the data collected from the PCD operation with a high-solids carryover rate does 
not provide insightful information for evaluation and future reactor design.   
 
Many different causes of the excessive solids carryover were proposed.  The first thought was 
that the disengager (CY0207) efficiency was too low.  This speculation was evaluated by a cold-
flow model test at General Electric Environmental Services, Inc. (GEESI) and found not to be 
completely true.  The cold-flow test result showed that the experimental disengager efficiency 
was greater than 90 percent for the particle size used in the reactor operations.  Although lower 
than the design value of 96 percent, the 90 percent collection efficiency does not explain the 
extreme carryover rates.  Due to dynamics of the system, the collection efficiency of a disengager 
in a process will be different from that in a stand above a cold-flow test. 
 
Another speculation was that the cyclone (CY0201) efficiency was low.  The cyclone inlet cross-
sectional area was reduced to increase the cyclone inlet velocity and, thereby, increases the 
cyclone efficiency.  This modification slightly lowered the solids carryover rate because of a 
change in the pressure balance in a loop consisting of the cyclone, dipleg, standpipe, disengager, 
and the secondary crossover between the cyclone and the disengager.  The pressure balance 
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change affected the gas-solids flow in the dipleg.  Notwithstanding the improvement, the solids 
carryover rate was still too high to maintain a constant reactor inventory. 
 
Overloading the cyclone with solids was also speculated as a cause of the excessive solids loss 
problem.  This speculation was too vague to give a definite direction in finding the true cause of 
the excessive solids carryover.  The concept of cyclone overloading can mean that the 
momentum of the gas is too low, or the solids concentration is too high at the inlet of the 
cyclone, so that the vortex in the cyclone is too weak to remove all solids from the gas stream.  
The concept of cyclone overloading can also mean that the cyclone dipleg is incapable of 
moving the solids from the cyclone to the standpipe.  Apparently, the latter reason was partially 
true.  The high-solids carryover rate was due to poor solids movement from the dipleg to the 
standpipe.  However, it was because of flooding, not overloading; dipleg flooding will be 
addressed in detail later. 
 
The cyclone dipleg malfunction was first diagnosed near the end of CCT4D test run in April 
1997.  Whenever the pressure differences in the dipleg became negative for more than 1 minute 
the solids carryover rate would increase dramatically.  A typical example is given in figure 4.3.1-1 
in which the isolated peaks are the conveying line pressure downstream of the PCD and the 
continuous fluctuating curve is the measured pressure difference in the vertical section of the 
cyclone dipleg.  Each PT8533 peak in figure 4.3.1-1 corresponds to one batch of solids conveyed 
out of the PCD.  Each batch of solids weighs about 100 lb.  Under normal operating conditions, 
with the pressure difference in the dipleg varying between zero and 8 inH2O, 100 lb of solids 
leaving the PCD occurred every few hours, as shown in figure 4.3.1-1.  It can be seen that 
between 02:00 and 03:00 the pressure difference (PDI253) stayed near-zero values for a period 
of more than 20 minutes.   During this period, the total amount of solids carried to the PCD is 
about 1,000 lb.  Depending upon the solids circulation rate and the time period that the PDI253 
stays in near-zero values, the amount of solids carried to the PCD varies from 100 to 2,000 lb 
each time the PDI253 is negative for a substantial time period (more than 1 minute).  The event 
of pressure difference staying near zero in value for a substantial time period was referred to as a 
“dipleg upset” condition.  Note in figure 4.3.1-1 that if the pressure difference in the dipleg is 
fluctuating around 4 inH2O (the mean value for this operation period) the solids carryover rate is 
less than 30 lb/hr. 
 
Many operating conditions may cause the dipleg upset.  Also, sudden changes in the coal feed 
rate, reactor pressure (e.g., due to a PCD back-pulse), particle size distribution of feed materials, 
or solids circulation rate (e.g., uneven combustor heat exchanger circulation) have the potential 
to upset the dipleg.   

 
Figure 4.3.1-2 gives an example of the dipleg upset induced by a coal feeder failure in CCT5A 
test run.  The apparent reason is the sudden change in the coal feed rate.  At around 05:19 on 
May 20, 1997, the coal feeder failed.  Because of the coal feeder failure, no coal was fed to the 
reactor at that moment.  Immediately after the coal feeder failure the dipleg upset occurred.  In 
this case the dipleg upset could have been induced by changes in process conditions associated 
with loss of coal feed, such as sudden changes in the reactor temperatures and gas velocities, 
pressure balances, and solids loading to the dipleg. 
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Figure 4.3.1-3 illustrates the dipleg upset due to a PCD back-pulse.  In figure 4.3.1-3, the 
pressure differential, PDI3027B, is essentially the pressure difference across the PCD.  
Whenever the PCD back-pulses, the PDI3027B has a peak, as shown in figure 4.3.1-3.  Figure 
4.3.1-3 clearly shows that immediately after the PCD back-pulse, the dipleg upset occurred.  One 
of the apparent reasons is that the reactor pressure suddenly changed at the PCD back-pulse.  As 
shown in figure 4.3.1-3, the pressure in the reactor increased by 3 psi for a period of a few 
seconds at the PCD back-pulse.    
 
Another example of the dipleg upset is given in figure 4.3.1-4.  For this case, the major cause of 
the dipleg upset is the sudden change in the particle size distribution of solids to the dipleg.  
Before the time period shown in the figure, the reactor was running for more than 12-hours 
without a dipleg upset.  During this time period, the reactor supplemental materials had been 
dolomite for the purpose of sulfur removal and to change the solids circulation rate.  Since the 
combustion heat exchanger had been taken out of the reactor loop for the test (CCT6), the 
reactor inventory was relatively low (about 3,000 to 4,000 lb).  After the 12 hour run almost all 
the bed solids left in the reactor were dolomite (fresh and calcined) and coal ash.  When sand 
addition to the reactor was initiated the dipleg was immediately upset.  The added sand had a 
much larger particle size than what was left in the reactor.  Since the disengager efficiency is 
higher with a larger particle size the amount of solids was suddenly reduced to the dipleg.  All 
these changes are apparent reasons for the dipleg upset.    
 
A solids circulation rate increase caused the dipleg upset shown in figure 4.3.1-5.  In this case the 
solids circulation rate was increased by increasing the solids inventory in the reactor.  During test 
runs CCT4D through CCT6 many dipleg upsets occurred from increases in the solids circulation 
rate.  The increase in the solids circulation rate will cause an increase in solids loading to the 
dipleg. 

 
Although the length of a dipleg upset varies for different upsets, in general, the length of the 
dipleg upset condition increased with increasing solids circulation rate.  A typical example is 
given figure 4.3.1-6.  There are two dipleg upsets in figure 4.3.1-6.  As shown in figure 4.3.1-6, 
the first upset occurred at about 15:45 on May 17, 1997, as the PDI253 pressure differential 
remained near zero for about 7 minutes.  Before the upset, the pressure differentials were about 
16 inH2O in the vertical section of the dipleg.  After this upset, because of loss of solids from 
the transport reactor to the PCD and the consequent reduction in the solids inventory in the 
reactor, the solids circulation rate in the reactor decreased.  The pressure differentials were about 
11 inH2O in the vertical section of the dipleg after recovering from the dipleg upset.  A second 
dipleg upset occurred 30 minutes after the first upset.  Because both the solids circulation rate 
and solids inventory were low in the reactor, the time period for the second upset was about 3 
minutes, which is much shorter than the first upset.  One may also notice that the behavior of 
the PDI253 pressure differential in the vertical section of the dipleg is different between these 
two upsets.  During the first upset the pressure differential in the dipleg was negative for most of 
the time.  For the second upset, the PDI253 pressure differential oscillated between positive and 
negative values.   
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Knowing that the dipleg upsets cause increased amounts of solids carried over to the PCD and 
that many factors may cause a dipleg upset is not a complete answer to operational problems.  
Further questions include the following:  What is the exact cause for dipleg malfunction?  What 
causes the pressure differential in the dipleg to stay around zero?  More importantly, how can a 
stable reactor operation be achieved without dipleg upsets?  In the following sections of this 
report some theoretical analyses are conducted to answer some of the questions.   
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Figure 4.3.1-1  Typical Example of High-Solids Carryover Rate When the Dipleg DP Stays in Negative Values 

(April 22, 1997) 

 
Figure 4.3.1-2  Example of Coal Feeder Failure-Induced Dipleg Upset (May 20, 1997)
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Figure 4.3.1-3  Example of PCD Back Pulse–Induced Dipleg Upset in CCT5A (May 19, 1997)  

 

 
Figure 4.3.1-4  Example of Dipleg Upset Due to Changes of Bed Materials (June 26, 1997) 
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Figure 4.3.1-5  Example of Dipleg Upset Due to Change in Solids Circulation Rate (June 21, 1997) 

 

 
Figure 4.3.1-6  Example of Solids Circulation Rate – Time Period of Dipleg Upset May 17, 1997 
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4.3.2  Analyses of Dipleg Upsets 
 
The logic at the onset of the theoretical analyses is based on the near-zero pressure difference in 
the dipleg being an indication of the dipleg upset condition and finding the reasons for such 
pressure difference behavior.  Then, ways to improve dipleg operations can be researched.   
 
There are a few possible reasons for the pressure difference in the dipleg being near zero.  Under 
certain solid flow conditions, zero or negative pressure differences can be observed in the dipleg.  
However, the most straightforward speculation is that the dipleg is empty.  This explanation is 
based on the assumption that as long as solids are in the dipleg the pressure differential indicator 
should be able to detect the weight of the solids per unit cross-section of the dipleg.  This 
speculation can be proven to be impractical due to the very short time period of the recovery 
process after a dipleg upset.  In the first upset shown in figure 4.3.1-6, as an example, the system 
recovered to a new stable (or quasi-stable) state in about 2 seconds after the pressure differential 
stayed near-zero values for about 7 minutes.  For a reasonable assumption that the dipleg needs 
at least 30 lb of solids to have a positive pressure difference reading in the vertical section, the 
solids flow rate to the cyclone dipleg would have to be 54,000 lb/hr.  It is unlikely to have that 
high a solids flow rate to the dipleg because the total solids circulation rate is about 40,000 to 
50,000 lb/hr at that time.  The disengager collection efficiency is at least 60 percent.  The 
maximum solids flow rate to the cyclone dipleg cannot be more than 20,000 lb/hr.  If one 
considers that the dipleg requires more than 30 lb of solids to recover from the upset it is highly 
unlikely for the dipleg to be empty during an upset time. 
 
If solids exist in the dipleg at the time of upsets the solids in the dipleg cannot be in a fluidized 
condition no matter what is the cause of the negative pressure difference readings in the dipleg.  
If the dipleg is in fluidized condition the pressure difference should be equal to the weight of the 
solids between the pressure difference measurement per unit cross-section area.  The pressure 
difference must be positive for a fluidized-bed dipleg.  This means that in the period of a dipleg 
upset the solids in the vertical section of the dipleg must be in a packed-bed condition.  
Furthermore, the excessive solids carryover indicates that the solids in the dipleg are not flowing 
downwards at the time of an upset.  If the flux is high in a fluidized downward flow the pressure 
difference can become negative.  However, in this case there should not be any excessive solids 
carryover to the PCD.   
 
From this reasoning it can be concluded that a flow stoppage in the dipleg caused the dipleg 
upset.  The flow stoppage may result from the dipleg being either bridged or flooded at the time 
of the dipleg upset.  The dipleg flooding or bridging phenomena can be observed by a cold-flow 
model.  The phenomena can also be analyzed with the help of some theoretical modeling.   The 
theoretical analysis provides an opportunity to gain a better understanding of the phenomena. 
 
In the information below some detailed analyses are presented to understand the gas-solids flow 
in the dipleg.  It should be noted that at the onset of these analyses the study of gas-solids flow 
systems in industry and academia is still in a rudimentary stage.  The essentials of the complexity 
of the flow system are still not mastered, and for reasons that are understandable there is a 
dearth of literature in fundamental understanding of this subject area.  The models presented 
below are oversimplified for the real system.  Hopefully, such models will give some qualitative 
understanding of the flow system.  Based on such an enhanced understanding some 
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improvement in the operation of the dipleg can be made so that stable operation can be 
achieved.   
 
The first part of these analyses uses the drift flux model to study the possible flow regimes in the 
dipleg.  The flow regime study or classification may make a study of the complex flow system 
easier.  In the ideal world, or with future improvement to the system, understanding the essential 
factors that influence the different flow regimes can be pinpointed.  The effort here is to explore 
the different flow regimes in terms of improvement to the operating stability of the dipleg. 
 
The second part of the analysis involves the use of continuity wave theory to search for the right 
direction to go in order to improve the dipleg stability.  The continuity wave theory will give 
more insight on the dynamics of the gas-solids flow system.  A way to improve the stability of 
the system may be found through study of the dynamics of the system. 
 
4.3.2.1  Analysis Using Drift Flux Model 
 
The drift flux model developed by Wallis (1969) is one of the tools that can be used to analyze 
the gas-solids flow in the dipleg.   Although quite a few applications of the drift flux model have 
appeared in the literature (Hewitt, 1982; Teo and Leung, 1986; Gidaspow, 1994), using the drift 
flux model in the dipleg flow is still quite a challenge.  In the most fundamental level various 
parameters that are vital to the prediction of the gas-solids flow in the dipleg are very difficult to 
measure experimentally and predict from first principles.  One of these parameters, for example, 
is the relationship between the drift flux and the void fraction.  Notwithstanding the challenge in 
the application of the drift flux model to the dipleg flow, a qualitative analysis is still beneficial to 
the dipleg design and operation.  
 
In a gas-solids downward flow system the drift flux defined by Wallis (1969) can be expressed as: 
 
  ))(1( 0UVjsg −−= ε         (1) 
 
Here jsg denotes the drift flux; V is the linear phase velocity of the solids; ε is the void fraction; 
and U0 is the total flux.  The total flux is given by 
 
  sg UUU +=0         (2) 
 
Here Ug and Us are the superficial velocities of the gas and solids phases, respectively.   
 
In the original development of the drift flux model, Wallis (1969) explicitly stated that the total 
flux is the scalar component in the direction of the motion along the pipe.  This means that the 
total flux is always positive.  More specifically, if the gas phase is flowing upward and the solids 
phase is flowing downward, the velocity of the solids phase must be greater than that of the gas 
phase to make the definition of the total flux in conformity with the original development of the 
drift flux model.  Furthermore, the total flux is a constant and does not depend on the position 
of the flow field.   This assertion becomes clear from the consideration of the continuity 
equations for both gas and solids phases. 
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For gas phase, under one-dimensional flow assumption, the continuity equation is:    
 

  0)( =
∂

∂+
∂
∂

x
U

t
εε        (3) 

 
Here, U is the gas-phase linear velocity, x is the coordinate, and t is time.  For the solids phase 
the continuity equation is: 
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Combination of equations (3) and (4) and integration of the resultant equation give: 
 
  0)1( UVU =−+ εε        (5) 
 
The following equations result by the definition of the phase and superficial velocities:  
 

  
ε
gUU =         (6) 

and  

  
ε−

=
1

sUV         (7) 

 
Substitution of equations (6) and (7) into equation (5) will give equation (2).   This means that 
the total flux will be a constant, and independent of the position of the flow field.  The phase 
velocities and the void fraction are noted to be a function of the position of the flow field.  Their 
combination in the form of equation (2) will be a constant.   
 
Having clarified the fundamental meanings about the total flux in the drift flux model, the 
application of the drift flux model to dipleg flows can be further explored.  Combining equations 
(1), (2), and (7) yields the following: 
 
  ggssg UUUUj −=−−= εεε 0)1(      (8) 
 
Equation (8) is generally called the operation line in the plot of drift flux versus void fraction.   
Notice that for the given gas-and solids-flow rates the plot of the drift flux, jsg, against the void 
fraction will be a straight line.  The slope of the straight lines will change with the gas- and 
solids-flow rates.  Therefore, the operation line will change with process conditions.   
 
An intrinsic relationship between the drift flux and the void fraction is needed to describe the 
gas-solids flows in the dipleg.  This is a relationship that depends on only the flow system 
properties (e.g., the particle size distribution, particle true density, the angle of repose, the 
carrying gas viscosity, density, the diameter of dipleg, etc.).    
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The most widely used relationship between the void fraction and the drift flux has been an 
empirical correlation by Richardson and Zaki (1954): 
 
  n

tgs Uj εε )1( −=        (9) 
 
Here Ut is the particle terminal velocity.  By the convention introduced in the drift flux model, 
Ut is always positive.  The exponent n is a constant.  The commonly cited values for n are 2.4 
and 4.8 for the turbulent (the particle Reynolds number greater than 500) and laminar (the 
particle Reynolds number less than 0.2) flow, respectively.  In the intermediate flow region (the 
particle Reynolds number between laminar and turbulent flow region), the exponent n is a 
function of the particle Reynolds number. 
 
Combination of equations (8) and (9) gives the steady operation conditions for a system as has 
been done by Wallis (1969) and Jones and Leung (1985).  It is easier to explain from a qualitative 
drift-flux analysis plot as given in figure 4.3.2-1, in which the dimensionless drift flux (jsg/Ut) is 
plotted against the void fraction.  This drift-flux plot gives a lot of information for operation of 
the standpipe and the dipleg.  In the following, this plot is examined in detail. 
 
In figure 4.3.2-1 the curve HFG is an illustrative plot of equation (9) and all the straight lines are 
plots of equation (8) at a given solids-phase superficial velocity with different gas velocities.  
There is a short straight-line section in the curve HFG at the low-void fraction.  This is because 
of the assumption that the relationship between the drift flux and the void fraction is linear for a 
packed-bed flow.  The point A in figure 4.3.2.1 is the value of dimensionless solids velocity 
(Us/Ut).  Points N, B, C, D, and E are the values of the dimensionless gas velocities (Ug/Ut).  
The intersections of the straight lines with the curve HFG are the possible equilibrium (stable) 
operation points.  In the following, those straight lines are referred to as operation lines and the 
curve HFG as the phase line. 
 
The operation line AB, as shown in figure 4.3.2-1, represents an operation condition in which 
both the gas and solids flow downwards and the gas-phase velocity is larger than the solids-
phase velocity.  This operation line has a single intersection point with the phase line.  Thus, 
only one stable operation condition is possible.  If the system is subjected to a local disturbance 
(keeping overall flow constant), the system will return to the stable operation point since no 
other equilibrium point can be reached.   Therefore, the system is absolutely stable under the 
given operation conditions delineated by the operation line AB.  This is a highly desirable 
operation condition. 
 
If the downward flow gas-phase speed is decreased, the operation line can have two intersection 
points with the phase line, as shown by the operation line AC.  At the lower intersection point 
H, the void fraction in the bed is too low to have a fluidized bed.  The flow system is in a 
packed-bed mode.  At the higher intersection point, L, the bed is fluidized.  Between these two 
equilibrium points, according to Teo and Leung (1986), the higher void fraction point is more 
stable.  As has been pointed out by Leung and Jones (1978), different flow regime may coexist in 
a standpipe.   
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Special attention needs to be given to the operation line AC.  For illustration purposes, the lower 
intersection point H is intentionally shown as zero-drift flux.  From the definition of the drift 
flux (equation (1)) and equation (5), the following relation is equivalent to equation (1): 
 
  ))(1( UVjsg −−= εε         (1a) 
 
Since the void fraction can be neither zero (the minimum void fraction is the closed-pack void 
fraction) nor 1 (which is pure gas and is not the flow concerned about here), the zero-drift flux 
means that the velocity difference is zero between the solids and gas phase.  According to Kunii 
and Levenspiel (1991), the pressure drop for the packed-bed flow is proportional to the 
difference in phase velocities, V-U.  Then, the pressure difference in the dipleg will be zero 
when the system is running at conditions corresponding to point H.  Because the system that 
operates at the condition depicted by the operation line AC has two stable operation points, it is 
possible that the flow periodically “switches” between these two operation points.  The 
experimental data from the transport reactor operation indicates that it is possible that the dipleg 
might be operating at this condition.   
 
A flow system that has multiple stable operation points may switch between stable operation 
points.  Maron and Dukler (1984) have elaborated this viewpoint in great detail for a gas-liquid 
upward film-flow system.  The similarity exists between the falling film flow and the gas-solids 
flow in the dipleg in terms of the mechanism that underlines the operation mode switching.  For 
the gas-liquid film flow system the flooding or switching to the unstable flow is caused by 
countercurrent gas flow (interfacial shear) and liquid entrainment.  Essentially, the liquid film 
deceleration on the wave crest causes the film flooding.  For the gas-solids flow system, when 
the flow switches from the fluidized bed to the packed bed, the solids flow rate decelerates.  
This is the most plausible mechanism for the dipleg flooding or upset.  Teo and Leung (1986) 
have also speculated that the transition from the fluidized bed flow to the packed-bed flow in 
the bottom of the standpipe can cause the system to become unstable.  The unstable operations 
experienced by one of the Chevron FCC units (King, 1989) may be a very good manifestation of 
this flow mechanism.  A leak in the fixed grid seal caused a section of the standpipe to lose 
fluidization.  This, in turn, caused severe catalyst flow problems in the standpipe.  In the dipleg 
(or standpipe operation), the switch between the stable operation points should be avoided. 
 
Similar to the operation line AC, the operation line AD also has two stable operation points.  
Furthermore, the operation line AD illustrates that for the given solids flow rate the gas velocity 
can be zero.  This phenomenon only occurs in the gas-solids downward flow system.  When the 
upward flow of gas driven by the pressure difference is balanced by just the downward flow of 
gas entrained by the solids flow the overall gas-flow rate is zero.    
 
In practice, the operation conditions delineated by the operation line AD should be avoided.  
The system has the potential to switch between the stable operation points and cause flow 
instability.  An additional feature for a system with the operation line AD is that the flow 
direction of the gas phase may oscillate.  In an ideal flow situation the gas-phase velocity can be 
zero under the conditions delineated by the operation line AD.  In real operation both the gas- 
and solids-phase velocities will fluctuate.  Since the mean gas velocity is zero any fluctuation may 
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result in a reversal in the flow direction of the gas phase.  This may cause the system to become 
more unstable.   
 
The operation line AE is tangent to the phase line.  Under this condition the dipleg will be 
flooded.  At flooding, the upward flow of gas holds the solids from flowing downward.  
Therefore, it is impossible to operate the dipleg under the flooding condition.  Ideally, if the 
phase line (or an expression for the phase line) and the operating conditions are known, dipleg 
flooding can be predicted.   Once the flooding condition is predictable the dipleg may be 
operated away from the flooding.  Practically, it is very difficult if not impossible to do so.  One 
of the reasons is that the phase line is very difficult to measure or to predict, as has been pointed 
out previously.  Equation (9) based on Richardson and Zaki correlation may not apply to the 
dipleg operation. 
 
He and Rudolph (1996) have questioned the applicability of the Richardson and Zaki equation if 
the system has net solids flow.  They further argued that because the net solids velocity is an 
additional variable, the void fraction must be a function of both the gas- and solids-phase 
velocities.  This argument is valid from the continuity point of view, as shown in equation (5).  
The experimental data by Avidan and Yerushalmi (1982) support this viewpoint.  Avidan and 
Yerushalmi suggested that although the Richardson and Zaki equation is still applicable for the 
system with net solids flow, the characteristic velocity should be an “effective” terminal velocity 
instead of the single particle terminal velocity, as used in the Richardson and Zaki correlation.  
According to Avidan and Yerushalmi, the effective terminal velocity can be almost two orders of 
magnitude higher than that of a single particle.  
 
The inference drawn from these findings is that the solids settling velocity or the dipleg capacity 
is much larger than those predicted from the Richardson and Zaki equation.  This assertion can 
be directly inferred from the experimental results of Avidan and Yerushalmi (1982) because for a 
given void fraction using the same exponent with a larger terminal velocity (called cluster falling 
velocity) means a higher solids settling velocity.  Although at present no reasonable correlation 
has been developed to predict the cluster size and falling velocity, the idea of using different 
characteristic velocities may be very fruitful in the future research and design of gas-solids 
downward flow devices.  The cluster velocity may be too simplistic because the cluster size and 
the falling velocity is also a function of the void fraction.  
 
Notwithstanding these uncertainties in the phase line correlations, the drift flux model is still a 
useful tool in predicting the gas-solids flow in the dipleg.  Some other qualitative properties of 
the gas-solids flow in the dipleg can also be explored through a similar drift-flux plot.   
For example, the influence of the solids loading to the dipleg on dipleg operation can be 
examined.  In the transport reactor operation, an increase in solids loading to the dipleg 
accompanies an increase in the solids circulation rate, if the particle size distribution remains 
unchanged.  The pressure balance in the loop around the cyclone, dipleg, standpipe, and 
disengager will change with the increase in the solids circulation rate.  All these changes generally 
result in an increased pressure difference in the dipleg.  The amount of gas percolated through 
the dipleg has the potential to increase.  However, the amount of gas entrained by the solids will 
also increase with the increased solids loading to the dipleg.  This reasoning indicates that under 
equilibrium condition a constant gas-phase velocity can be achieved with the increased solids 
velocity.    
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For example, imagine that the dipleg is operating at the condition delineated by the operation 
line AB (figure 4.3.2-1).  Due to an increase in the solids velocity while keeping the gas velocity 
constant, the new operation line becomes the line MB.  This new operation line has two stable 
operation points and the system becomes unstable.  This illustrates that the increase in the solids 
loading to dipleg can cause instability in the dipleg operation.  This may also partially explain the 
dipleg upset shown in figure 4.3.1.-5.     
 
The influence of a change in gas velocity at a given solids velocity is another revealing 
application of the drift-flux plot to the dipleg operation.  This case is very special to the current 
design of the dipleg and standpipe.  Because no mechanical valves exist in the dipleg standpipe 
flow loop, the pressure in the loop will balance itself according to the flow rate and the system 
properties.  An increase in the solids level in the standpipe by increasing the solids inventory in 
the reactor will increase the solids loading to the dipleg and also increase the pressure difference 
in the dipleg due to the change in pressure balance in the loop.  If the solids level in the 
standpipe is not too high above the dipleg inlet to the standpipe, the solids velocity in the dipleg 
will increase owing to the increased driving force by the increased solids column height and the 
gas velocity is essentially constant.  This situation has been discussed in great detail above.  If the 
solids level in the standpipe is further increased, the back-pressure created by the solids column 
in the standpipe above the dipleg inlet will cause the solids flow rate through the dipleg to 
decrease.  The solids inventory in the reactor or the solids level in the standpipe can be adjusted 
so that a change in solids circulation rate will not change the solids flow rate in the dipleg.  This 
will effectively increase the amount of gas flowing upward.  In terms of the drift-flux plot, this 
operation change will vary the slope of the operation line with the point A unchanged.  For 
example, a change in the solids inventory causes the operation line to change from AB to AC.  
The nature of the stability of the operation system has changed due to the operation line changes 
caused by the change of the solids inventory.  As has been discussed before, the system under 
the conditions delineated by the operation line AB has only one stable operation point, with the 
system “absolutely” stable.  However, the system under the conditions delineated by the 
operation line AC has two equilibrium points with the phase line: and the system is unstable.  
 
Under most circumstances an increase in the solids circulation rate is highly desirable to increase 
the reactor throughput.  To avoid the change in the system operation stability due to the change 
in solids circulation rate, the drift-flux plot can be used to guide the operation.  Based on the 
above argument it is desirable to have an increase in solids circulation rate resulting in an 
increase in the solids flow rate in the dipleg and the downward gas-phase flow rate.  For 
example, if the system has been operating at the conditions described by the operation line AB, 
the new operation line should be MN after the increase in solids circulation rate in the reactor 
and the solids loading to the dipleg.  The increasing solids flow rate will move the point A to M.  
To move the point B to point N, the gas-downward-flow rate must be increased.  For the given 
pressure balance in the dipleg and standpipe loop, increasing the aeration rate at the inlet of the 
dipleg to the standpipe will induce more gas flow to the standpipe from the dipleg.  This will 
increase the gas-downward-flow rate so that an increase in the solids flow rate will not change 
the operation stability of the dipleg. 
 
The other factors that influence the dipleg operations can be explored by a similar drift-flux plot.  
For example, the change in the particle size distribution of the solids can change the phase line.   
Another example is introduction of aeration gas to the dipleg.  The introduction of the aeration 
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gas to the dipleg will change the slope of the operation line and the solids and gas-flow rates in a 
complex pattern.  In all these applications of the drift-flux plot and drift-flux model the key is to 
find the phase line for a given operating system.  At present, the phase line can only be obtained 
by experiment and cannot be predicted based on first principles. 
 
Figure 4.3.2-2 is a drift-flux plot based on the experimental data of November 27 to December 
1, 1997.  The solid line is the operation line and the phase line can be obtained by connecting the 
scattered data points.  The solids flow rate is calculated based on the total solids circulation rate 
and energy balance around the dipleg inlet to the standpipe.  The gas velocity is calculated based 
on the assumption that all gas is flowing downwards.  Figure 4.3.2-2 indicates that the dipleg was 
operated in a dilute flow regime.  The void fraction is 0.93 at the known operation point.  At this 
void fraction, the bulk density of the dipleg is about 10 lb/ft3.    
 
The drift-flux model is also useful in studying the flow regions and the operation conditions.  
For example, if an operation system gets upset and the gas- and solids-flow rates and particles 
properties are known, then we probably can analyze the causes of upsets.  However, the drift-
flux model generally does not reveal much to prevent the dipleg upset.   In this regard, the 
continuity wave theory provides a better tool. 
 
4.3.2.2  Analysis Using Continuity Wave Theory 

 
The continuity wave (also called kinematic wave) theory states that there are continuity waves 
whenever there is a relationship between flow rate and concentration (Wallis, 1969).  The gas-
solids flow in the dipleg obviously fits into this general category because flow rates change with 
the void fraction (the gas-phase concentration).  In the following, the continuity wave theory is 
used to analyze flows in the dipleg so that some insight into the dipleg operation and design can 
be gained.  It is interesting to repeat here the comments made by Shingles and Dry (1986) about 
standpipe and dipleg design and operations:  
 

“Though standpipes have been employed industrially for more than thirty 
years, their design and operation is still regarded as something of a black art: 
past experience and rules of thumb are relied on heavily.”   

 
These comments still apply today.   
 
The emphasis of this analysis is to achieve a better understanding of the flow phenomena in the 
dipleg.  A deeper understanding of the gravity driven gas-solids flows can be very beneficial to 
the design and operation of the dipleg or standpipe.  At the current stage of understanding of 
the flow system it is too complex to completely describe the flow system.  A very simple model 
system is explained below to explore the fundamental nature of the flow system. 
 
The continuity wave velocity can be directly derived from the gas-solids continuity equations.  
Under the assumption of one-dimensional flow, combination of equations (3) and (4), after 
some algebraic manipulations, gives:  
 



Technical Progress Report Transport Reactor Loop — Cyclone Dipleg Operation 
Transport Reactor Train Analyses of Dipleg Upsets 
 
 

 

4.3.2-9 

x
UV

x
U

t ∂
−∂−=

∂
∂+

∂
∂ )()1(ˆ εεεε      (10) 

 
where, 
 
 εε VUU +−= )1(ˆ        (11) 
 
Equations (10) and (11) are the same as those derived by Gadaspow (1994).  However, equation 
(11) was misinterpreted as continuity wave velocity.  Since there is some functional dependence 
between the phase velocity difference, V-U, and the void fraction, equation (11) does not 
describe the continuity wave velocity.   
 
For the sake of definiteness the following relationship is assumed to exist for the gas-solids flow 
in the dipleg:   
 
  )(εfUUV c=−        (12) 
 
In equation (12), Uc is a characteristic velocity similar to the particle terminal velocity used in 
Richardson and Zaki equation and its exact value is not very important for the qualitative study 
performed here.  Further, the characteristic velocity is assumed to be independent of void 
fractions.  The term f(ε) denotes an unknown function of the void fraction. 
 
Substitution of equation (12) into (10) gives: 
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Here C(ε) is the propagation velocity of the continuity waves and expressed as: 
 
  )(')1()1()( εεεεεε fUVUC c −−+−=     (14) 
 
In equation (14), f’(ε) stands for the derivative of the void function f(ε) with respect to the void 
fraction, ε.   
 
In terms of gas- and solids-phase superficial velocities, the continuity wave velocity can be 
expressed as:  
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Equation (14) or (15) can be applied to the flow in the dipleg.  The first application is to study 
the flooding phenomena.  As has been pointed out earlier, the dipleg cannot be operated under 
the flooding conditions.  There is a known connection between flooding and the continuity 
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wave velocity.  If the propagation velocity of a continuity wave becomes zero, the system is in a 
flooding condition (Moron and Dukler, 1984).      
 
Under the zero propagation velocity of the continuity wave, equation (15) can be rewritten as: 
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Equation (16) will give a flooding diagram when the superficial gas velocity is plotted against the 
solids velocity for a given void fraction function, f(ε), void fractions, and the characteristic 
velocity.   
 
The flooding conditions can also be studied from the individual-phase flow velocity.  
Eliminating the solids velocity, V, from equation (14) by application of equation (12), produces 
the following: 
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Setting the propagation velocity at zero yields the superficial gas velocity at flooding: 
 
  )](')1()([2 εεεε ffUU cg −−−=      (18) 
 
Similarly, we can obtain the solids-phase superficial velocity at flooding: 
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Setting the propagation velocity to be zero, we have the superficial solids velocity at flooding: 
 
  )](')([)1( 2 εεεε ffUU cs +−=      (20) 
 
Equations (18) and (20) can be used to calculate the solids and gas-flow rate at flooding.  To 
avoid flooding the dipleg, the operation gas and solids velocity should be away from the flooding 
conditions. 
 
It is interesting to notice that combination of equations (18) and (20) will give an equation:  
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The characteristic velocity does not appear in this equation.  One application of this equation is 
to derive an expression for the void fraction function for a gas-solids flow system.  Equation 
(21) can be used to solve for f(ε): 
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and f0 is an integration constant.  Although the exact form of the functional relationship 
between the void fraction and f(ε) cannot be solved from equation (22) because the ratio of Ug 
/US is also a function of the void fraction, equation (22) indeed indicates that the functional 
relationship is quite complex.  It is difficult to have a simple form as the Richardson and Zaki 
type of correlation.  
 
For the purpose of illustration and comparison with the literature, the Richardson and Zaki type 
correlation is assumed applicable, notwithstanding the complexities mentioned above.  
According to Richardson and Zaki correlation, the void function f(ε) can be expressed per the 
following: 
 
  1)( −= nf εε         (24) 
 
The exponent n is a constant depending on the particle Reynolds number.   
 
Inserting equation (24) into equation (18), gives the following results: 
 
  ]1)1([ −−= εε nUU n

cg       (25) 
 
Equation (25) gives the same result as that derived by Kwauk (1963) although the path of 
derivation is quite different. 
 
Similarly, inserting equation (24) into (20), we have: 
 
  12)1( −−= n

cs nUU εε        (26) 
 
Again, this result is also identical to that obtained by Kwauk (1963) and indicates a valid 
approach.    
 
Eliminating the characteristic velocity Uc from equations (25) and (26), yields equation (27). 
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This equation can be used to calculate the flooding conditions at different gas and solids velocity 
for given void fractions.  
 
Figure 4.3.2-3 is a plot of equation (27) at different void fractions.  Also shown in figure 4.3.2-3 
are the two points of the test data from CCT5A and CCT6.   

 
It is interesting to note that although equation (27) is derived from the oversimplified void 
function (i.e., the Richardson and Zaki type of correlation), the two points of the test data 
indeed fall on the flooding curve of the void fraction of 0.95.  The void fraction at the time of 
the dipleg upset is not known.  The estimation is that the void fraction ranged from 0.93 to 0.98 
depending on the position of the solids in the dipleg.  In the calculation of the solids superficial 
velocity in the dipleg, the solids circulation rate and the energy balance around the dipleg inlet to 
the standpipe are used.  The gas-phase superficial velocity is estimated based on the assumption 
that at the time of the flooding all aeration gas is flowing upwards.   
 
A more important application of the continuity wave theory is to infer possible guidelines to 
operation to improve the stability of the dipleg.  This application can be inferred by reexamining 
equation (13).  It is noted that equation (13) is a total derivative of ε.  That is: 
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Comparing of equation (28) with (13) shows the following: 
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Special attention needs to be paid to the process in which the wave velocity “becomes” zero 
when flooding occurs.   It is important to realize the process dynamics.  Any disturbance in the 
dipleg will generate a continuity wave in a gas-solids flow system.  The zero wave velocity means 
that the disturbance cannot be propagated.   
 
Whenever a disturbance is referred to, it is easier to think of it in terms of strong disturbances.  
In the process, there are some strong disturbances affecting dipleg operation such as the PCD 
back-pulse and coal feeder failure.  To keep the dipleg flow stable when such strong 
disturbances occur, the flow itself needs to be able to propagate the continuity waves properly 
without causing flooding.  However, less obvious disturbances always exist in the gas-solids flow 
system.  The pressure fluctuations in the riser, for example, can cause disturbances to flow in the 
dipleg.  Another example is that the fluctuations in the solids level in the standpipe can 
introduce disturbances in the dipleg.   
 



Technical Progress Report Transport Reactor Loop — Cyclone Dipleg Operation 
Transport Reactor Train Analyses of Dipleg Upsets 
 
 

 

4.3.2-13 

All kinds of disturbances will generate continuity waves with different initial velocities.  Under 
one-dimensional assumption, the continuity wave can propagate in either of two directions.  No 
matter which direction that the continuity wave will propagate, the wave velocity has to decay to 
reach zero velocity so that flooding occurs.  Mathematically speaking, the flooding condition is: 
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Equations (30) and (31) state the simple fact that if the wave velocity is less than zero, it must 
increase to reach zero velocity.  
 
Next, the conditions prescribed by equations (30) and (31) effect on the dipleg operations are 
examined.  To be more specific, the coordinate is set as follows: the origin is at the inlet of the 
dipleg to the standpipe and the positive direction is upward.  It is noted that it does not matter 
how the coordinate is setup.  

 
In examining equation (30) first, the continuity wave velocity, C(ε), at less than zero means that 
the wave will propagate towards the origin.  If the wave velocity becomes zero, the velocity 

gradient of continuity wave shall be negative, i.e., dx
dC )(ε  <0, for flooding to occur before the 

waves leave the dipleg.  To satisfy that: 
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So dx
dε  must be less than zero.  On the other hand, if flooding is to be avoided,  

0)( >dx
dC ε is required (the wave will propagate along the flow direction) and dx

dε <0 .  This 
means that in order to avoid flooding, when the wave propagates in the same direction as mean 
flow, the wave velocity is growing in the flow direction.  Furthermore, this also means that the 
void fraction is increasing along the mean flow direction.  It is emphasized that the positive 
direction of coordinate is upward and the mean flow direction is downward.  
 
For the flooding condition expressed in equation (31), a slightly different line of reasoning needs 
to be applied but the same conclusion as from equation (30) can be reached.  For the continuity 
waves propagating in the positive direction (C(ε) >0), the wave velocity decay is unavoidable 
because the wave is propagating against the mean flow and the gravity forces.  It is also 
desirable, from the operation view point, that the waves propagating against mean flow have a 
decayed velocity because the waves are disturbances to the flow.  From this reasoning, the wave 
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velocity decay ( 0)( <dx
dC ε ) is concluded to be system in nature.  For the given 0)( <dx

dC ε , 

and to satisfy the flooding conditions given by equation (31), it is required that dx
dε >0 .   

On the other hand, in order to avoid flooding in the dipleg, the condition that dx
dε <0  must 

be satisfied.  It is the same conclusion that has been obtained from equation (30).  Therefore, 
from the dipleg operation and design viewpoint, the void fraction should increase in the flow 
direction to avoid flooding in the dipleg.   
 
This is valuable information for the dipleg operation and design, and to the author’s knowledge 
it is the first time that the dipleg flow has been put into the theoretical perspective in this way.  
This is contrary to the current conventional thought that for a stable flow the bed density should 
increase in the downward flow direction because of compression.  This conforms with other 
most observed gravity flow systems, such as sedimentation.  From the above theoretical analysis 
the stable flow mode is to increase the void fraction in the flow direction.  
 
From above theoretical analysis, under certain flow conditions the gravity flow system can be 
flooded.  The cause of the flooding is the unfavorable void fraction profile.  This theoretical 
analysis indicates that the substantial amount of aeration required in the bottom of the standpipe 
or dipleg is to increase the void fraction in the flow direction to have a stable operation.  This is 
contrary to conventional thought, in which the static head in the dipleg governs the solids flow.  
The analysis also explains that the transition to the packed bed in the flow direction can cause 
flooding because the void fraction in the flow direction is decreasing.   
 
In practice, it will be very difficult for the void fraction to keep increasing in the flow direction.  
If the flow in the dipleg is in the direction of increasing void fraction, the entire dipleg flow must 
be in a dilute flow regime because the void fraction is already very low in the bottom of the 
cyclone.  It is very difficult to design the cyclone loop to have a good pressure balance with very 
low pressure drop in the dipleg because the purpose of the dipleg is to transfer solids from a 
low-pressure region to a high-pressure region.  If the entire dipleg is in a dilute flow region, this 
purpose cannot be served and the operation will be difficult.  Fortunately, the transition from 
the very dilute-phase flow below the cyclone to the dense-phase flow is short.  This short 
transition can have some influence on the dipleg operations.  However, if the flow in the rest of 
the dipleg is stable, the short transition is manageable.   From this reasoning, a section of the 
dipleg can be in a dense-phase mode.  Once the dense phase is formed the bed density should 
decrease along the flow direction or the void fraction should increase in the flow direction. 
 
To gain some quantitative information, let us consider a specific problem.  Suppose that before 
the disturbance starts, the void fraction profile in the dipleg is a known function and can be 
described by: 
 
  ∞<<== x0     0,@t               ),(xgε     (33) 
 
Equation (33) is an initial condition for equation (29).  First, observe that since the total 
derivative 0=dt

dε , the void fraction remains constant on a curve (say, ℜ).  It is then further 
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reasoned that C(ε) remains constant along the same curve.  Therefore, the curve ℜ must be a 
straight line in (x,t) plane with a slope of C(ε).  Thus, the general solution of equation (29) 
depends on the construction of a family of straight lines in (x,t) plane, each line with a slope of 
C(ε) corresponding to the value of the void fraction, ε, on it.  Figure 4.3.2-4 is an example of the 
plot of the family of curves. 
 
From the initial condition given by equation (33), if one of the curves intersects t = 0 at x =ξ, 
then ε = g(ξ) on that curve, as shown in figure 4.3.2-4.  The corresponding slope of the curve is 
C(g(ξ)), denoted by F(ξ).  Then the equation for the curve is: 
 
  tFx )(ξξ +=         (34) 
 
This determines one typical curve and the value of ε on it is g(ξ).  Allowing ξ to vary, the whole 
family of curves is obtained: 
 
  )())(()(         ),( ξξεξε FgCCg ===     (35) 
 
from the curve defined by equation (34). 
 
Since equation (35), defined from equation (34), is a characteristic solution, the circumstances 
under which the dipleg will be in upset condition can be explored from these equations.  
Therefore, the following is obtained from equation (35): 
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From t and x derivatives of equation (34):  
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Inserting equation (37) and (38) into (36): 
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It can be immediately seen that equations (39) and (40) are indeed the solution of equation (29) 
since C(ε) = F(ξ).  More importantly, both the space and time derivatives “break” when:  
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Sine tb> 0, then F’(ξ) <0 when the void fraction loses the continuity in both time and space.  
Since F’(ξ) < 0 implies that C’(ε) <0, the most possible flooding condition may be concluded to 
be the condition given by equation (31).  As has been discussed above, to avoid flooding from 
occurring the dipleg should operate under the condition that the void fraction increases along 
the flow direction once the dense phase has been formed below the cyclone.   
 
The position inside the dipleg where flooding may start can also be predicted from equation (34) 
and (41).  Substitution of equation (41) into equation (34) gives the flooding position as:  
 
  )('/)( ξξξ FFX BB −=        (42) 
 
Here XB is the final location of flooding and ξB is the initial location of the disturbance.  If the 
initial distribution of the void fraction in the dipleg is known and the flooding condition such as 
equation (30) or (31) is also satisfied, the location of the dipleg flooding is predictable.  
However, at the current stage, the initial distribution of the void fraction and wave velocity is 
not known.  Therefore, the prediction of flooding position has to be qualitative. 
 
It should be pointed out that although using continuity wave theory to describe the flow in the 
dipleg is qualitative in nature, this theory can explain many dipleg upset phenomena given in 
section 4.3.1.  Detailed discussion will be reserved for the future.  
 
In summary, dipleg flooding can be predicted qualitatively.  A set of conditions given in equation 
(30) or (31) must be satisfied for flooding to occur.  To avoid the dipleg flooding, the void 
fraction in the dipleg should increase along the flow direction once the dense phase has been 
reached in the dipleg.  In practice, adjusting the aeration rate in the dipleg can make the void 
fraction higher in the flow direction. 
 
In order to better understand, quantitatively predict, and confidently design the flow in the 
dipleg, the most fundamental aspect that needs a careful study is the relationship between the 
solids downward flow rate and the void fraction.  In this analysis, the Richardson and Zaki type 
correlation has been shown to oversimplify the problem.   
 



Technical Progress Report Transport Reactor Loop — Cyclone Dipleg Operation 
Transport Reactor Train Analyses of Dipleg Upsets 
 
 

 

4.3.2-17 

 
Figure 4.3.2-1  Illustration of Drift-Flux Plot 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3.2-2  Illustration of the Experimental Drift-Flux Plot 
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Figure 4.3.2-3  Plot of Flooding Lines at Different Void Fractions 

 

 
Figure 4.3.2-4  Wave Lines for Different Initial Time and Locations 
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4.3.3  The Stable Operation of the Dipleg and Related Design Issues 
 
As has been discussed above, the stable operation of the dipleg can be achieved by increasing 
the void fraction in the solids flow direction.  In terms of practical operation, the only means at 
PSDF’s disposal is to adjust the aeration rate and the solids circulation rate.  The major 
adjustable parameter to increase the solids circulation rate is the solids inventory and the aeration 
rate in the entire reactor loop. 
 
An increase in aeration rate at the bottom of the dipleg will serve the purpose of increasing the 
void fraction in the flow direction.  This makes sense both intuitively and theoretically.  Consider 
the gas-flow path when it is injected from the aeration nozzle at the bottom of the dipleg.  Since 
flows in both dipleg and standpipe are gravity driven flow, the pressure at the inlet of the dipleg 
to the standpipe is higher than that at the cyclone and the disengager.  The natural flow path of 
gas is toward the cyclone and disengager.  The solids flow, however, provides a force 
(momentum) that can at least slow down the gas upward flow.  Furthermore, the downward 
flow solids also entrain a certain amount of gas with them.  The amount of gas entrained by the 
solids depends on the void fraction in the dipleg.  The higher the void fraction, the more the gas 
is entrained.  At the aeration nozzle the void fraction will suddenly increase and the amount of 
gas entrained by the solids will increase.  Therefore, the solids will be the carrier for the gas flow 
against the pressure gradient in the downward direction.  This is one reason that aeration can 
increase the void fraction in the flow direction. 

 
Another factor that favors gas flow in the flow direction is the solids velocity.  As can be seen 
from the Richardson and Zaki correlation, the solids flow velocity will increase with the 
increased void fraction.  The solids particles will accelerate at the aeration nozzle because of 
higher void fraction in the region.  Incidentally, this is the major contribution of aeration to 
increasing the solids flow rate.  The accelerated solids particles will entrain more gas with them 
so that the amount of gas flow in the downward direction will increase.  The void fraction in the 
flow direction will increase. 
 
A further theoretical consideration will reveal that the gas injected into the dipleg through the 
aeration nozzle will not be “exactly” trapped in the nozzle region.  The first factor that favors 
the gas upward flow is the pressure difference as has been mentioned above.  The amount of gas 
percolated through the solids phase is proportional to the square root of the pressure difference 
if no other force is acting against the gas flowing upward.  Any reasonable pressure difference 
(to compensate loop pressure balance) in the dipleg will render most of the aeration gas flow 
upward.  This will make it difficult to increase the void fraction in the mean flow direction.  
Fortunately, as pointed out previously, the solids flow will entrain gas flow with them and at 
higher void fraction the solids will entrain more gas with them.  This effect will compensate the 
pressure difference and the addition of aeration will be beneficial to the flow stability.   
 
It becomes clear that in order to make the dipleg operation stable the addition of aeration to the 
bottom of the dipleg is necessary.  Figure 4.3.3-1 gives the pressure difference in the vertical 
section of the dipleg for a stable operation period.  As can be seen from the figure, within this 
time period the pressure difference in the dipleg remains positive.  The disturbances caused by 
the PCD back-pulse can be clearly seen from this plot.  The rapid recovery of the pressure  
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difference in the dipleg indicates that the dipleg operation is indeed very stable.  This stable 
operation was achieved through adjusting the aeration in the dipleg so that the void fraction in 
the flow direction will be higher. 
 
The desired void fraction profile has been achieved in the dipleg as seen in figure 4.3.3-2, in 
which the relative bulk density of the dipleg is plotted against the relative height of the dipleg.  
The relative bulk density is calculated by dividing every measured point density by the bulk 
density at the top of dipleg, which is 6 ft below the cyclone outlet.  The bulk density of the 
dipleg was measured by gamma ray transmission scans by specifying the density in the top of the 
standpipe as zero.  Therefore, the bulk density measured by gamma transmission scans is also a 
relative density.  Figure 4.3.3-2 shows that the bulk density at the top of the dipleg is about 20 
times higher than that at the bottom, which is located in the standpipe at the dipleg inlet.  It 
should be noted that during this operation period the solids level in the standpipe is above the 
dipleg inlet shown by the same measurement.  The low-density region created by aeration 
around the dipleg inlet is beneficial to the stable operation of the dipleg.      
 
The key design issue that can be inferred from theoretical analysis of the dipleg flow is that the 
pressure difference and balance in the loop is a result of flow.  Controlling the flow rate is the 
key, not pressure balance.  From this viewpoint the flow rate in the dipleg, and neither the solids 
level nor the bulk density, is critical to prevent gas-reverse flow.  This does not mean that the 
solids level and the bulk density are not important in the design of the dipleg.  Rather, these 
variables are not related to the reverse-gas flow (flowing upwards).  In other words, the pressure 
difference, pressure drops, and sometimes even the bulk density will set itself to a certain 
equilibrium values once the flow rate and the diameter of the dipleg are fixed. 
 
In the application of the concepts presented here to the dipleg design, it should be realized that 
uniformly aerated dipleg will not be stable.  The aeration flow rate should increase in the flow 
direction because of the requirement of the increasing void fraction in the flow direction.  
Incidentally, PSDF operation has repeatedly proved that the uniform flow rate through all 
aeration nozzles in the dipleg will cause the dipleg upset.  The reason for this is that some 
sections downstream of some aeration nozzles in the mean flow direction have a lower void 
fraction than that around aeration nozzles.  As has been pointed out, this will cause flooding. 
 
All these concepts are important to enhance understanding dipleg and standpipe design and 
operation.  These concepts, and what was attempted at PSDF to achieve stable operations, are 
contrary to conventional thought and practice. 
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      Note: The pressure difference never goes to negative in this time period.  The PCD back-pulse is still "seen" 
by the pressure difference in the dipleg. 

Figure 4.3.3-1  Example of Stable Operation of Dipleg 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3.3-2  Variation of the Bulk Density With Height in the Dipleg to Show Density is Decreasing Along 
the Flow Direction Measured by Gamma Transmission Scans 
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4.3.4   Summary 
 
In this section the brief history of the operation and troubleshooting process of the dipleg 
problem is reviewed.  Although many operational parameters and disturbances can cause dipleg 
upsets and excessive solids carryover to the PCD the key cause of these dipleg upsets is 
flooding.  The analysis from the drift flux model can qualitatively indicate possible flooding 
condition and the flow regime in the dipleg.  The continuity wave theory gives direction to 
improve the stability of the dipleg.  The continuity wave theory analysis concludes that an 
increase in void fraction in the solids flow direction, regardless of which direction the continuity 
wave propagates, will always prevent dipleg flooding from occurring. 

 
It is also reasoned that the flow rate is more important in the dipleg design.  The pressure 
difference is a secondary variable.  In other words, the mixture velocity is the critical parameter 
to be controlled.  The pressure difference and pressure balance in a flow loop sets itself once the 
flow velocity has been set up.  The position of aeration nozzles and flow rate at each nozzle are 
also important in improving the stability of the dipleg operations. 
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5.0   AUXILIARIES AND BALANCE-OF-PLANT 
 
 
There are a number of auxiliaries and balance-of-plant systems to support the operation of the 
transport reactor train, most of which are of conventional design and commercially available.  
Deviations from conventional design were mainly due to either the sizing of the facility or 
process requirements.  Design revisions were addressed during the course of construction, start-
up, commissioning, and operation of the balance-of-plant equipment.  Several of these were due 
to assumptions that changed significantly during the final design phase from those made during 
the early design phases.  Other design changes were made to more adequately cover the 
requirements of operating at less than design conditions, i.e., during start-ups and low load 
operations.  Some equipment designs were optimized towards one operating point (for example, 
solids handling system and pressure letdown valve), while others were designed for excessively 
wide ranges (propane vaporizer and condensate coolers).  At least two modifications were due to 
the advancement of technology for this application. 
 
5.1  FEEDSTOCK PREPARATION 
 
5.1.1  Description 
 
The PSDF feedstock (coal and sorbent) preparation area consists of the feedstock reclaim 
system and the coal and sorbent mill systems.  The feedstock is loaded into a reclaim hopper 
from the feedstock shed by use of a front-end loader.  The feedstock travels from the reclaim 
hopper via conveyor through a magnetic separator to a crusher.  After being reduced to ¾ in. or 
smaller at the crusher, the feedstock is conveyed to the respective crushed silo (coal or sorbent).  
In the separate coal/sorbent mill systems, feedstock is fed to a roller mill and pulverized.  A 
certain amount of oversize particles are returned to the mill while heated air transports the bulk 
of the pulverized material to a cyclone collector where the material is separated from the 
transport air.  The solids collected at the baghouse are deposited into the pulverized coal (or 
sorbent) silo.  The pulverized material is fed to a vibrating screen where oversize particles are 
returned to the crushed coal (sorbent) silo while the correct size material flows to the pulverized 
coal (sorbent) silo.  The coal mill is sealed with nitrogen and the sorbent mill is sealed with air. 
 
The sorbent mill system performed well in 1997 and no modifications were made.  During the 
first half of 1997 there was too great a variability in the coal particle size that was produced as 
feed to the transport reactor system.  The investigation into the cause and resulting changes to 
improve the particle size variation in the latter half of 1997 are described below. 
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,PSOHPHQWDWLRQ�RI�WKLV�PL[LQJ�VROXWLRQ�ZDV�DFKLHYHG�E\�GLVFRQQHFWLQJ�WKH�H[LVWLQJ�RYHUVL]H�FRDO
GXFW�WKDW�ZDV�RULJLQDOO\�URXWHG�WR�WKH�SXOYHUL]HU�IHHG�KRSSHU�IURP�WKH�SXOYHUL]HU�V\VWHP�VFDOSLQJ
VFUHHQ�DQG�UHURXWLQJ�LW�WR�WKH�SXOYHUL]HU�IHHG�FKXWH���,Q�WKH�IHHG�FKXWH�ODUJH�FRDO�IURP�WKH
SXOYHUL]HU�VWRUDJH�KRSSHU�LV�JUDYLW\�IHG�IURP�D�IHHG�VFUHZ�LQWR�WKH�PLOO���,Q�WKH�WRS�RI�WKH�IHHG
FKXWH�WKH�VFDOSHG�FRDO�SDUWLFOHV�DUH�LQWURGXFHG�GLUHFWO\�LQWR�WKH�ODUJH�FRDO�DQG�DUH�PL[HG�E\�WKH
JUDYLW\�IHHG�DV�WKH�FRDO�IDOOV�LQWR�WKH�PLOO�

)LJXUH���������VKRZV�WKH�PHDQ�SDUWLFOH�VL]H�DFKLHYHG�DIWHU�WKH�PRGLILFDWLRQ���7KH�PHDQ�FRDO
SDUWLFOH�VL]HV�UDQJH�IURP�����WR������P���'XULQJ�WKLV�WLPH�SHULRG�WKH�WDUJHW�PHDQ�SDUWLFOH�VL]H
ZDV������P���$OVR��VRPH�RI�WKH�YDULDWLRQ�VHHQ�DIWHU�WKH�FKDQJH�ZDV�GXH�WR�WKH�SXOYHUL]HU
UHWXQLQJ�QHHGHG�EHFDXVH�RI�WKH�PRUH�FRQVLVWHQW�IHHG�VL]H���2YHU�WLPH��WKH�YDULDWLRQ�LV�H[SHFWHG
WR�EH�OHVV�WKDQ�WKH������P�VKRZQ�LQ�ILJXUH���������EHFDXVH�RI�WKH�DELOLW\�WR�PRUH�SUHFLVHO\�WXQH
WKH�SXOYHUL]HU�V\VWHP�

7KLV�SXOYHUL]HU�PRGLILFDWLRQ�UHVXOWHG�LQ�WKH�DGGLWLRQDO�EHQHILW�RI�LQFUHDVHG�WKURXJKSXW�
ZKLFK�LV�DOPRVW�DV�LPSRUWDQW�DV�WKH�LPSURYHG�FRQWURO�RYHU�RXWSXW�SDUWLFOH�VL]H���$V�D�UHVXOW
RI�WKH�PRGLILFDWLRQ�WKH�SXOYHUL]HU�WKURXJKSXW�KDV�LQFUHDVHG�IURP�������WR�������OE�KU��RU�IRU�D
���SHUFHQW�LPSURYHPHQW�

7KH�LQFUHDVH�LV�UHDOL]HG�EHFDXVH�WKH�V\VWHP�QR�ORQJHU�HQFRXQWHUV�EDWFKHV�RI�VFDOSHG�FRDO
SDUWLFOHV����'XULQJ�SHULRGV�ZKHQ�RQO\�VFDOSHG�SDUWLFOHV�ZHUH�LQ�WKH�SXOYHUL]HU��WKHVH�SDUWLFOHV�KDG
OLWWOH�ZRUN�SHUIRUPHG�RQ�WKHP�LQ�WKH�PLOO�DQG�ZRXOG�WHQG�WR�UHFLUFXODWH��UHGXFLQJ�WKH�RYHUDOO
V\VWHP�WKURXJKSXW�WR�D�IHZ�KXQGUHG�SRXQGV�SHU�KRXU�
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3UREDEO\�WKH�VLQJOH�ELJJHVW�FKDOOHQJH�WR�WKH�UHOLDEOH�WUDQVSRUW�UHDFWRU�RSHUDWLRQ�KDV�EHHQ�IDLOXUHV
RI�WKH�IHHGVWRFN�LQMHFWLRQ�DQG�WKH�DVK�UHPRYDO�V\VWHPV�VXSSOLHG�E\�&O\GH�3QHXPDWLF�&RPSDQ\�
7KHVH�V\VWHPV�KDYH�WR�SUHVVXUL]H�DQG�GHSUHVVXUL]H�WKH�PDWHULDO�ZKLOH�PRYLQJ�LW�LQWR�DQG�RXW�RI
WKH�SURFHVV���)DLOXUHV�LQ�WKHVH�V\VWHPV�DFFRXQW�IRU�RYHU����SHUFHQW�RI�WKH�WUDQVSRUW�UHDFWRU·V
IRUFHG�RXWDJHV�VLQFH�FRPPLVVLRQLQJ���+RZHYHU��LQ�WKH�SDVW���\HDUV�RI�RSHUDWLRQ��WKHUH�KDYH�EHHQ
RQO\�PLQRU�SUREOHPV�ZLWK�WKH�DWPRVSKHULF�GHQVH�SKDVH�WUDQVSRUW�V\VWHPV���2QO\�WKH�URWRIHHG�
HTXLSSHG�VSHQW�VROLGV�IHHGHU�V\VWHP��)'������SUHVHQWHG�SUREOHPV�RWKHU�WKDQ�SOXJJHG�WUDQVSRUW
OLQHV��DQG�PRVW�RI�WKRVH�ZHUH�VROYHG�GXULQJ�FRPPLVVLRQLQJ���'XULQJ�WKH�VDPH�SHULRG�ZKLOH
ZRUNLQJ�WR�FRPPLVVLRQ��DQG�ODWHU�LPSURYH��WKH�RSHUDWLRQ�RI�WKH�WUDQVSRUW�UHDFWRU��WKH�PHDQ
WLPH�EHWZHHQ�IDLOXUH�RI�WKH�KLJK�SUHVVXUH�GHQVH�SKDVH�V\VWHPV�ZDV�VXEVWDQWLDOO\�LQFUHDVHG�IURP
KRXUV�WR�ZHHNV�

7KH�IDLOXUHV�RI�WKH�&O\GH�V\VWHPV�FDQ�EH�FKDUDFWHUL]HG�LQWR�WKUHH�FODVVHV�����VSKHUL�YDOYH�IDLOXUHV�
���OHYHO�SUREH�IDLOXUHV�DQG�YHVVHO�EULGJLQJ��DQG����VWDUIHHGHU�IDLOXUHV�

7KH�ELJJHVW�SUREOHP�LQYROYHV�WKH�VSKHUL�YDOYH�RSHUDWLRQ��SULPDULO\�WKH�RSHUDWLRQ�RI�WKH�KLJK�
SUHVVXUH��QLWURJHQ�DVVLVWHG��VHDOV�

$OO�RI�WKH�&O\GH�V\VWHPV�UHO\�RQ�SQHXPDWLF�LQWHUORFNV�IRU�WLPLQJ�WKH�VSKHUL�YDOYH�RSHUDWLRQV�
7KHVH�DUH�

�� 6HDO�GHIODWLRQ�

�� 9DOYH�RSHQLQJ�DQG�FORVLQJ�

�� 6HDO�LQIODWLRQ�

7KLV�SQHXPDWLF�WLPLQJ�LV�DFFRPSOLVKHG�E\�WKH�XVH�RI�VHYHUDO�VKXWWOH��RU�SLORW��YDOYHV�XVHG�DV
SQHXPDWLF�UHOD\V�DQG�WKH�XVH�RI�SRSSHW�YDOYHV�DV�D�SQHXPDWLF�SRVLWLRQ�VZLWFK���7KLV�GHVLJQ�ORRNV
OLNH�D�VWDQGDUG�SQHXPDWLF�DSSOLFDWLRQ�GHVLJQHG�LQ�WKH�����
V�DQG�XVHG�UHOLDEO\�IRU�\HDUV���,W�KDV
WKH�DGGLWLRQDO�DGYDQWDJH�RI�UHTXLULQJ�RQO\�RQH�HOHFWULFDOO\�DFWXDWHG�VROHQRLG�WR�RSHUDWH�WKH�HQWLUH
SURFHVV��WKHUHE\�VDYLQJ�RQ�3/&�,�2�FRXQW�DQG�FDELQHW�VL]H���7KH�DWPRVSKHULF�VHDO�VSKHUL�YDOYHV
GR�QRW�KDYH�DV�FRPSOH[�DQ�DUUDQJHPHQW�RI�SQHXPDWLF�UHOD\V�WR�FRQWURO�WKH�VHDO�LQIODWLRQ��WKLV
VLPSOLFLW\�KDV�EHHQ�UHZDUGLQJ�LQ�WKH�UHOLDEOH�VHUYLFH�RI�WKHVH�YDOYHV�DQG�VHDOV���:KLOH�WKH
SQHXPDWLF�VLJQDO�WR�SUHVVXUL]H�WKH�VHDOV�RULJLQDWHV�IURP�WKH�F\OLQGHU�FORVLQJ�DLU�URXWHG�WKURXJK
WKH�´YDOYH�FORVHGµ�OLPLW�SRSSHW�YDOYH�RQ�ERWK�WKH�DWPRVSKHULF�DQG�WKH�KLJK�SUHVVXUH�VSKHUL
YDOYHV��WKH�KLJK�SUHVVXUH�YDOYHV�KDYH�DQ�DGGLWLRQDO�SLORW�RSHUDWHG�YDOYH�WKDW�FRQWUROV�WKH�VHDO
QLWURJHQ�WR�WKH�VHDOV���7KH�VLJQDO�WR�WKLV�SLORW�YDOYH�KDV�DQRWKHU�UHOD\��VHQVLQJ�WKH�´RSHQµ�VLJQDO
WR�WKH�F\OLQGHU��LQFOXGHG�LQ�WKH�SQHXPDWLF�FLUFXLW�WR�DVVXUH�HDUO\�YHQWLQJ�RI�WKH�VLJQDO�DLU�WR�WKH
VHDO�SLORW�YDOYH��EXW�WKHUH�LV�QRW�D�SRVLWLYH��LQWHUORFN�VW\OH�IHHGEDFN�WR�SUHYHQW�RSHUDWLRQ�RI�WKH
VSKHUL�YDOYH�F\OLQGHU�ZKLOH�WKH�VHDO�LV�SUHVVXUL]HG�

7KH�DWPRVSKHULF�VHDO�VSKHUL�YDOYHV�XVH�����SVL�LQVWUXPHQW�DLU�WR�SUHVVXUL]H�WKHLU�VHDOV��EXW�WKH
KLJK�SUHVVXUH�VHDO�VSKHUL�YDOYHV�XVH�����SVL�QLWURJHQ�WR�SUHVVXUL]H�WKHLU�VHDOV���7KH�ORVV�RI�D
VSKHUL�YDOYH�VHDO�DOVR�FDXVHV�FDWDVWURSKLF�KHDGHU�SUHVVXUH�ORVV�RQ�WKH�QLWURJHQ�VHDO�KHDGHU�
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1RUPDOO\��WKH�IORZ�SUHVVXUH�FRQWURO�YDOYH�RQ�WKLV�KHDGHU�RSHUDWHV�DW���WR���SHUFHQW�RSHQ
EHFDXVH�WKLV�KHDGHU�KDV�D�YHU\�VPDOO�ORVV�UDWH���:KHQ�D�VHDO�IDLOV��WKH�KHDGHU�SUHVVXUH�GURSV�WR
OHVV�WKDQ�����SVL�EHIRUH�WKH�FRQWURO�YDOYH�FDQ�UHVSRQG��WULSSLQJ�DOO�RWKHU�IHHGHUV�ZLWK�KLJK�
SUHVVXUH�VHDOV���,Q�WKH�ZRUVW�FDVH��WKH�VHDO�SUHVVXUH�FDQ�IDOO�VR�IDU�WKDW�WKH�VHDOV�WKHPVHOYHV�ZLOO
GHIODWH��DOORZLQJ�HLWKHU�WKH�KRW�JDVHV�RU�PDWHULDO�WR�HVFDSH���6HYHUDO�VXFK�IDLOXUHV��ZLWK�SUHVVXUH
ORVV�RQ�WKH�VHDO�KHDGHU��VHHPHG�WR�EH�WKH�URRW�FDXVH�RI�VRPH�IDLOXUHV�RI�WKH�)'�����VSKHUL
YDOYH��SRVVLEO\�GXH�WR�DVK�DQG�VDQG�JHWWLQJ�WUDSSHG�EHWZHHQ�WKH�VHDO�DQG�WKH�GRPH�RQ�WKH�ORZHU
YDOYH���(URVLRQ�RQ�WKH�VHDO�ZDV�YLVLEOH��LQGLFDWLYH�RI�WKH�VHDO�QRW�SUHVVXUL]LQJ�DQG�DOORZLQJ�D�IORZ
SDWK�WR�H[LVW�ORQJ�HQRXJK�IRU�FKDQQHOV�WR�VWDUW�HURGLQJ�LQ�WKH�VHDOV�DQG�RU�WKH�GRPH�LWVHOI�

/HYHO�SUREH�IDLOXUHV�UHVXOW�LQ�V\VWHP�RSHUDWLQJ�GLIILFXOWLHV��VLQFH�WKH�OHYHO�SUREHV�DUH�WKH�SULPH
WULJJHU�WR�LQLWLDWH�D�SUHVVXUL]DWLRQ�GHSUHVVXUL]DWLRQ�F\FOH���7KHVH�IDLOXUHV�FDQ�FDXVH�VKRUW�F\FOLQJ�
SUHYHQWLQJ�DQ\�UHDO�PRYHPHQW�RI�VROLGV��RU�WKH\�FDQ�FDXVH�RYHUILOOLQJ�RI�WKH�YHVVHOV��SOXJJLQJ��RU
EULGJLQJ�WKH�YHVVHOV��DOO�RI�ZKLFK�SUHYHQW�DQ\�UHDO�PRYHPHQW�RI�VROLGV���7KH�VHQVLWLYLW\�RI�WKH
SUREH·V�HOHFWURQLFV�KDV�EHHQ�WKH�XVXDO�SUREOHP��RQH�FDXVHG�E\�FDOLEUDWLRQ�LQ�´FOHDQµ�VHWWLQJV�\HW
ZLWK�H[SRVXUH�RI�WKH�SUREH�WR�GXVW\�FRQGLWLRQV�WKDW�DOORZ�D�OD\HU�WR�FROOHFW�RQ�WKH�SUREH�LWVHOI
DQG�FKDQJLQJ�WKH�SUREH·V�FDOLEUDWLRQ���7KHUH�KDYH�DOVR�EHHQ�VHYHUDO�HOHFWURQLF�IDLOXUHV�RI�WKH
SUREHV���,Q�VRPH�FDVHV�D�PDOIXQFWLRQ�RI�WKH�OHYHO�SUREH�FDXVHV�FDNLQJ�DQG�EULGJLQJ��HVSHFLDOO\�LQ
FRDO��LQ�WKH�YHVVHOV�GXH�WR�RYHUILOOLQJ�RI�WKH�YHVVHOV���,Q�RWKHU�FDVHV��PDOIXQFWLRQ�RI�WKH�V\VWHPV
WKDW�ZDV�DWWULEXWHG�WR�OHYHO�SUREH�IDLOXUH�ZDV�DFWXDOO\�D�UHVXOW�RI�ODUJH�PDVVHV�RI�PDWHULDO�QRW
PRYLQJ�RXW�RI�WKH�YHVVHOV�

7KH�URWDU\�PHWHULQJ�IHHGHUV��VWDUIHHGHUV��FDXVHG�VHYHUDO�IDLOXUHV��XVXDOO\�GXH�WR�SOXJJLQJ�RU
ELQGLQJ���7KHVH�DUH�SUHVHQW�RQ�ERWK�FRDO�DQG�VRUEHQW�IHHGHU�V\VWHPV��)'�����DQG�)'�����
UHVSHFWLYHO\��DV�ZHOO�DV�RQ�)'�������7KH�VWDUIHHGHUV�ZHUH�HTXLSSHG�ZLWK�LQGXFWLYH�PRWRUV�DQG
YDULDEOH�IUHTXHQF\�PRWRU�GULYHV�WR�DGMXVW�WKH�LQMHFWLRQ�UDWH�RI�WKH�IHHGVWRFN���:KLOH�VXFK�D
GHVLJQ�LV�YHU\�HIILFLHQW�DQG�FRQWUROODEOH�LQ�WKH�XSSHU�KDOI�RI�WKH�VSHHG�UDQJH��WKH�PRWRUV�GR�QRW
JHQHUDWH�PXFK�WRUTXH��IRUFH��LQ�WKH�ORZHVW�TXDUWHU�RI�WKH�VSHHG�UDQJH���%HFDXVH�WKH�ORZHU�KDOI�RI
WKH�VSHHG�UDQJH�LV�WKH�PRVW�FULWLFDO�IRU�DFFXUDWH�FRQWURO�GXULQJ�VWDUW�XSV�DQG�ORZ�ORDG�RSHUDWLRQ�
WKH�FKRLFH�RI�D�'&�PRWRU�RU�K\GUDXOLF�PRWRU�ZRXOG�KDYH�EHHQ�EHWWHU�IRU�WKLV�DSSOLFDWLRQ�
%HFDXVH�WKH�VWDUIHHGHU�UHOLHV�RQ�FORVH�FOHDUDQFHV�IRU�VHDOLQJ�WKH�VWDU·V�SRFNHWV��LW�LV�VXVFHSWLEOH�WR
ELQGLQJ�E\�PDWHULDO�LQ�WKH�FOHDUDQFHV�DQG�WR�RYHUVL]HG�PDWHULDO�ZHGJHG�LQWR�WKH�SRFNHWV���(SR[\
OLQLQJ�ZDV�GLVFRYHUHG�LQ������WR�KDYH�IODNHG�RII�WKH�IHHGHU�YHVVHOV�DQG�ZDV�JHWWLQJ�FDXJKW�LQ�WKH
VWDUIHHGHU��ERWK�ELQGLQJ�WKH�VWDU�DQG�VRPHWLPHV�EOLQGLQJ�WKH�GLVFKDUJH�SRUW�

$V�D�UHVXOW�RI�WKH�ODVW�\HDU·V�ZRUN�DQG�PRGLILFDWLRQV�WR�DOO�RI�WKH�KLJK�SUHVVXUH�GHQVH�SKDVH�DQG
IHHG�V\VWHPV��WKH�UHOLDELOLW\�RI�WKH�V\VWHPV�KDV�LPSURYHG�VLJQLILFDQWO\���7KHVH�PRGLILFDWLRQV
LQFOXGH�

�� 5HURXWLQJ�WKH�IHHGHU�GLVSHQVH�YHVVHO�YHQW�SLSLQJ�

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

�� 5HEXLOGLQJ�WKH�UHDFWRU�LQMHFWLRQ�SLSLQJ�

�� 5HPRYLQJ�WKH�HSR[\�OLQLQJ��WKDW�ZDV�VSHFLILFDOO\�H[FOXGHG�LQ�WKH�RULJLQDO�VSHFLILFDWLRQ�
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�� $GGLQJ�GLIIHUHQWLDO�SUHVVXUH�FRQWURO�RQ�WKH�GLVSHQVH�YHVVHO�IOXLGL]LQJ�QLWURJHQ�

�� 5HSODFLQJ�HYHU\�:DGH�WXELQJ�ILWWLQJ�

�� $GGLQJ�DGGLWLRQDO�IOXLGL]DWLRQ�SRUWV�RQ�WKH�)'�����ORFNYHVVHO�WR�EUHDN�XS�FDNH
EULGJHV�

�� $GGLQJ�WKH�KLJK�SUHVVXUH�VHDO�GXPS�YDOYHV��SURYLGLQJ���WR���WLPHV�WKH�IORZ�FDSDFLW\
RI�WKH�SLORW�YDOYH�YHQW��

�� $GGLQJ�FKHFN�YDOYHV�DQG�UHVHUYRLUV�LQ�WKH�IHHGHUV·�VHDO�VXSSO\�OLQHV�

��� $GMXVWLQJ�QXPHURXV�WLPLQJ�DQG�GLIIHUHQWLDO�SUHVVXUH�VHWSRLQWV�LQ�WKH�3/&
FRQILJXUDWLRQ�

7KH�)'�����VWDUIHHGHU�PRWRU�ZDV�DOVR�UHZRXQG�IURP�D����WR�D����SROH�GHVLJQ��ZKLFK�FXW�WKH
VSHHG�E\����SHUFHQW�DQG�LQFUHDVHG�WKH�PRWRU�WRUTXH�E\�D�VLPLODU�DPRXQW�DW�WKH�VDPH�PRWRU
VSHHG���%HFDXVH�WKLV�PRWRU�LV�SRZHUHG�E\�D�YDULDEOH�IUHTXHQF\�GULYH��9)'��WR�SURYLGH�VSHHG
FRQWURO��WKH�IXQFWLRQDOLW\�RI�WKH�V\VWHP�LV�QRW�FRPSURPLVHG�E\�VXFK�D�PRGLILFDWLRQ�VLQFH�WKH
SDUDPHWHUV�RI�WKH�9)'�ZHUH�DOVR�DGMXVWHG�WR�FRPSHQVDWH�IRU�WKH�PRGLILHG�VSHHG�RI�WKH
UHZRXQG�PRWRU�

7KH�V\VWHP·V�YHQGRU�UHFRPPHQGHG�VFUDSSLQJ�WKH�SQHXPDWLF�FRQWUROV�RQ�WKH�VSKHUL�YDOYHV�IRU�D
FRPSOHWHO\�SURJUDPPDEOH�ORJLF�FRQWUROOHU��3/&��EDVHG�FRQWURO�V\VWHP�ZLWK�DGGLWLRQDO�IHDWXUHV
WKDW�ZHUH�QRW�LQFOXGHG�LQ�WKH�RULJLQDO�FRQWURO�V\VWHP�GHVLJQ���$IWHU�IXUWKHU�UHYLHZ�RI�WKH
IXQFWLRQDOLW\�RI�SURSRVHG�FKDQJHV��WKH�RQO\�IHDWXUH�LQ�WKH�SURSRVHG�PRGLILFDWLRQ�WKDW�ZDV�QRW
DOUHDG\�LQ�SODFH�DV�D�UHVXOW�RI�SUHYLRXV�36')�PRGLILFDWLRQV�ZDV�D�WLPH�GHOD\�LQ�GRPH�RSHQLQJ
DIWHU�WKH�VHDO�LV�GHSUHVVXUL]HG���2WKHU�IHDWXUHV�QRW�LQFOXGHG�LQ�WKH�&O\GH�SURSRVDO�WKDW�ZHUH
SUHYLRXVO\�LQVWDOOHG�DV�D�UHVXOW�RI�WKH�36')�H[SHULHQFH�LQFOXGH�

• ,QFUHDVLQJ�WKH�YHQWLQJ�FDSDFLW\�RI�WKH�VHDO�SUHVVXUL]LQJ�VROHQRLG���$�GXPS�YDOYH�ZDV
LQVWDOOHG�LQ�WKH�VSULQJ�RI������LQ�SDUDOOHO�ZLWK�WKH�VKXWWOH�YDOYH�WKDW�FRQWUROV�VHDO
SUHVVXUH���7KLV�GXPS�YDOYH�KDG���WLPHV�WKH�IORZ�FDSDFLW\�RI�WKH�VKXWWOH�YDOYH�YHQW��DQG
HYHU�VLQFH�WKH�LQVWDOODWLRQ��VHDO�IDLOXUHV�RQ�DOO�RI�WKH�KLJK�SUHVVXUH�&O\GH�V\VWHPV�ZHUH
UHGXFHG�PHDVXUDEO\�

• $GGLQJ�D�ORZ�SUHVVXUH�VZLWFK�RQ�WKH�VHDO�OLQH���$�SUHVVXUH�VZLWFK�ZDV�LQVWDOOHG�LQ�WKH
IDOO�RI������LQ�SDUDOOHO�ZLWK�WKH�VHDO�SUHVVXUL]HG�VZLWFK���7KLV�ORZ�SUHVVXUH�VZLWFK
�GLUHFWO\��RSHUDWHV�D�VROHQRLG�YDOYH�WKDW�SUHYHQWV�DLU�IURP�PRYLQJ�WKH�GRPH�
SRVLWLRQLQJ�F\OLQGHU�

,W�ZDV�DJUHHG�WR�LQFRUSRUDWH�WKH�WLPH�GHOD\�IHDWXUH�SURSRVHG�E\�&O\GH�LQWR�WKH�H[LVWLQJ�FRQWURO
V\VWHP�E\�DGGLQJ�D�WLPH�GHOD\�UHOD\�EHWZHHQ�WKH�ORZ�SUHVVXUH�VZLWFK�DQG�WKH�F\OLQGHU�EORFNLQJ
VROHQRLG���7KH�UDWLRQDOH�IRU�WKH�GHFLVLRQ�ZDV�DQ�HODVWLF�GHOD\��VHW��LQ�WKH�VHDOV�UHWXUQLQJ�WR�WKHLU
RULJLQDO�VKDSH��FDXVLQJ�WKH�GRPH�WR�GUDJ�DFURVV�WKH�VHDOV�LI�WKH�GRPH�ZDV�PRYHG�LPPHGLDWHO\
DIWHU�WKH�VHDO�LV�GHSUHVVXUL]HG���$GGLWLRQDOO\��FRQFHUQV�DERXW�WKH�UHOLDELOLW\�RI�SRVLWLRQ�VZLWFKHV��D
ZHOO�NQRZQ��KLJK�PDLQWHQDQFH�LWHP��DQG�WKH�SUREDELOLW\�RI�VHYHUHO\�GDPDJLQJ�FRPSRQHQWV
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ZKHQ�VROHQRLGV�DUH�RYHU�ULGGHQ�ZHUH�ERWK�DUJXPHQWV�DJDLQVW�PDNLQJ�WKH�FKDQJH�IURP
SQHXPDWLF�VHTXHQFLQJ�WR�3/&�VHTXHQFLQJ�

'XULQJ�D�VLWH�YLVLW�LQ�WKH�IDOO�WKH�YHQGRU�SDUWLFLSDWHG�LQ�H[WUXVLRQ�WHVWLQJ��ZKLFK�VKRZHG�WKDW�WKH
RULJLQDOO\�VXSSOLHG�VLOLFRQH�VHDOV�ZHUH�FORVLQJ�WKH�JDS�EHWZHHQ�WKH�GRPH�DQG�WKH�VHDO�DIWHU�WKH
ILUVW�SUHVVXUL]DWLRQ�F\FOH���7KLV�LV�FDXVHG�E\�HLWKHU�WKH�PDWHULDO�EHLQJ�SXOO�H[WUXGHG�E\�WKH
SUHVVXUH�RQ�WKH�VHDO�RU�E\�WKH�VHDO�FUHHSLQJ�RXW�RI�WKH�FODPS�PHFKDQLVP���5HJDUGOHVV��WKLV�VHDO
JURZWK�LV�D�PDMRU�FRQWULEXWRU�WR�WKH�VHDO�IDLOXUHV��IRU�DV�WKH�FOHDUDQFHV�DUH�UHGXFHG�WKH�GRPH
�ZKLFK�LV�URXJKFDVW��HYHQWXDOO\�UXEV�WKH�VHDO�DQG�FDXVHV�WKH�GDPDJH���7KHVH�WHVWV�ZHUH
SHUIRUPHG�DW�DPELHQW�WHPSHUDWXUH�DQG�����SVLJ�VHDO�SUHVVXUH���2Q�RQH�WHVW�WKH�VHDO�ZDV
SUHVVXUL]HG�RYHUQLJKW��~���KRXUV���ZKHQ�GHSUHVVXUL]HG�WKHUH�ZDV�QR�FOHDUDQFH�IRXQG���:KHQ
QHRSUHQH�VHDOV�ZHUH�WHVWHG�QR�VXFK�WLJKWHQLQJ�RI�WKH�VHDO�FOHDUDQFHV�ZDV�IRXQG�

7ZR�VXJJHVWLRQV�ZHUH�PDGH�WR�GHDO�ZLWK�WKH�VLOLFRQH�VHDO�H[WUXGLQJ�FUHHSLQJ�DQG�WDNLQJ�XS�WKH
FOHDUDQFH�EHWZHHQ�WKH�GRPH�DQG�WKH�VHDO�ZKHQ�GHSUHVVXUL]HG���7KH�ILUVW�VXJJHVWLRQ�ZDV�WR
UHSODFH�DV�PDQ\�VHDOV�DV�SRVVLEOH�ZLWK�WKH�QHRSUHQH�VHDO�LQVHUWV���7KH�QHRSUHQH�LQVHUWV�H[KLELWHG
QR�FUHHS��WKHUHE\�DYRLGLQJ�WKH�FOHDUDQFH�UHGXFWLRQ�PHFKDQLVP�RI�SRWHQWLDO�VHDO�IDLOXUH���7KH
VHFRQG�LGHD�ZDV�WR�URXQG�RII�WKH�GRPH·V�OHDGLQJ�HGJH�WR�SUHYHQW�WKH�GRPH�IURP�FXWWLQJ�LQWR�WKH
VHDO�PDWHULDO���%\�URXQGLQJ�WKH�OHDGLQJ�HGJH��WKH�VHDO�LQVHUW�ZRXOG�EH�SXVKHG�RXW�RI�WKH�ZD\�
UDWKHU�WKDQ�EHLQJ�FDXJKW�DQG�FXW�E\�WKH�OHDGLQJ�HGJH���$IWHU�GLVFXVVLRQ�DV�WR�DSSOLFDELOLW\�RI�WKH
QHRSUHQH�VHDO�IRU�XVH�LQ�WKH�)'�����V\VWHP��LW�ZDV�GHFLGHG�WR�UHFRQILJXUH�WKH�WHPSHUDWXUH�WULS
SRLQW�WR�SURWHFW�WKH�QHRSUHQH��EHFDXVH�WKH�QHRSUHQH�UHSUHVHQWV�D�KLJKHU�SUREDELOLW\�IRU�ORQJHU
WLPH�EHWZHHQ�IDLOXUH�

$V�VSKHUL�YDOYH�VHDOV�IDLO�WKH\�ZLOO�EH�FKDQJHG�WR�QHRSUHQH�VHDO�LQVHUWV�XQWLO�&O\GH�VXSSOLHV�QHZ
PDWHULDO�VHDO�LQVHUWV�VXLWDEOH�IRU�KLJK�SUHVVXUH�DQG�KLJK�WHPSHUDWXUH�DSSOLFDWLRQV���7KH�GRPH
OHDGLQJ�HGJH�UHVKDSLQJ�ZLOO�EH�DGGUHVVHG�DV�IDLOXUHV�RFFXU�DQG�WLPH�DOORZV���&O\GH�KDV�WDNHQ�WKH
UHVXOWV�RI�WKH�H[WUXVLRQ�WHVWV�DQG�EHJXQ�D�VHDUFK�IRU�HLWKHU�D�GLIIHUHQW�PDWHULDO�WKDW�ZLOO�PHHW�WKH
KLJKHU�WHPSHUDWXUH�UHTXLUHPHQW�ZLWKRXW�H[WUXGLQJ�RU�IRU�D�GLIIHUHQW�GHVLJQ�WKDW�ZRXOG�DOORZ�IRU
WKH�XVH�RI�WKH�H[LVWLQJ�VLOLFRQH�PDWHULDO�

,Q�VXPPDU\��ZKLOH�WKH�&O\GH�V\VWHPV�KDYH�EHHQ�WKH�OHDGLQJ�FDXVH�RI�IRUFHG�RXWDJHV�RI�WKH
WUDQVSRUW�UHDFWRU�WKHUH�KDV�EHHQ�VXEVWDQWLDO�SURJUHVV�LQ�WKH�GHYHORSPHQW�RI�WKRVH�V\VWHPV�IRU
WKLV�DSSOLFDWLRQ���:KLOH�PRVW�RI�WKH�ZRUN�WR�GDWH�KDV�EHHQ�IRFXVHG�RQ�FULWLFDO�LVVXHV�WKDW�EURXJKW
DERXW�SURFHVV�VKXWGRZQ��WKHUH�DUH�DGGLWLRQDO�RSHUDWLRQDO�LVVXHV�WR�DGGUHVV�LQ�WKH�IXWXUH�

,VVXHV�WR�EH�DGGUHVVHG�LQ�WKH�IXWXUH�LQFOXGH��ORFNYHVVHO�FDNLQJ��EULGJLQJ�DQG�RWKHU�SOXJJLQJ�RQ
)'�����DQG�)'������OHYHO�SUREH�UHOLDELOLW\��GLVFKDUJH�OLQH�SOXJJLQJ�RQ�)'������)'������DQG
)'������HVSHFLDOO\�WKH�UHGXFWLRQ�LQ�SLSH�LQWHUQDO�GLDPHWHU�RQ�WKH�ILUVW�OLQHG�HOERZ�RQ�)'����
GLVFKDUJH�OLQH�IURP�WKH�UHGXFLQJ�HOERZ�XQGHU�WKH�WUDQVSRUW�YHVVHO��HURVLRQ�RI�WKH�ORFNYHVVHO�YHQW
DQG�HTXDOL]DWLRQ�YDOYHV��SRVVLEO\�GXH�WR�VROLGV�FDUU\RYHU�LQWR�WKH�YHQW�OLQHV��DQG�WKH�UHSHDWHG
SOXJJLQJ�RI�WKH�)'�����YHQW�OLQH�RULILFH�

7KH�PHDQ�WLPH�EHWZHHQ�IDLOXUH�KDV�LPSURYHG�WR�D�SRLQW�WKDW�DOO�HTXLSPHQW�LQ�WKH�WUDQVSRUW
UHDFWRU�WUDLQ�RSHUDWHG�ZLWKRXW�DQ�RXWDJH�IRU���ZHHNV�DW�WKH�HQG�RI�WKH������IDOO�WHVW�FDPSDLJQ�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP /9-�2TQEGUU�#KT�%QORTGUUQT

�����

�����/9-�241%'55�#+4�%1/24'5514

7KH�WUDQVSRUW�UHDFWRU�SURFHVV�DLU�FRPSUHVVRU�LV�DQ�$WODV�&RSFR�������KS�PXOWLVWDJH�KLJK�VSHHG
WXUER�FRPSUHVVRU�ZLWK�LQWHUVWDJH�FRROLQJ�DQG�LQOHW�YDQH�FRQWURO��DQG�D�SUHVVXUH�EORZ�RII�YDOYH
IRU�VXUJH�SURWHFWLRQ���7KLV�FRPSUHVVRU�LV�UHTXLUHG�WR�YDU\�IORZ�DW�D�FRQVWDQW�GLVFKDUJH�SUHVVXUH
IURP���WR��������SRXQGV�SHU�KRXU��KROGLQJ�GLVFKDUJH�SUHVVXUH�FRQVWDQW��������SVL��ZKLOH�EHLQJ
VXEMHFW�WR�YDU\LQJ�ORDG�FRQGLWLRQV���7KH�UHTXLUHPHQW�WR�PDLQWDLQ�SUHVVXUH�XQGHU�UDSLGO\�YDU\LQJ
FRQGLWLRQV��RI�DOPRVW����SHUFHQW�IXOO�ORDG��IRUFHV�WKH�FRQWURO�V\VWHP�WR�EH�G\QDPLF�DQG�QRW
RYHUO\�GDPSHG�DQG�VWDEOH���7\SLFDO�SURFHVV�DLU�FRPSUHVVRU�DSSOLFDWLRQV�DUH�WXQHG�IRU�VLQJOH�SRLQW
RSHUDWLRQ��ZLWK�WKH�FRQWUROV�LQ�SODFH�IRU�WKUHH�UHDVRQV�����WR�PD[LPL]H�WKH�FRPSUHVVRU�HIILFLHQF\�
���WR�SURWHFW�WKH�PDFKLQH�IURP�FRPSUHVVRU�VWDOO��VXUJHV��WKDW�ZRXOG�TXLFNO\�DQG�VHYHUHO\�GDPDJH
WKH�FRPSUHVVRU�LQWHUQDOV��DQG����WR�SUHYHQW�RYHUORDGLQJ�WKH�FRPSUHVVRU�PRWRU���7KH�ODVW�WZR
SRLQWV�PXVW�EH�PDLQWDLQHG�IRU�WKH�WUDQVSRUW�UHDFWRU·V�SURFHVV�DLU�FRPSUHVVRU��KRZHYHU��VWDELOLW\
LQ�WKH�IDFH�RI�H[WUHPH�FKDQJHV�LQ�SURFHVV�IORZ�VKRXOG�EH�WKH�XOWLPDWH�JRDO�RI�WKH�FRPSUHVVRU
FRQWURO�V\VWHP�

7KH�SURFHVV�DLU�FRPSUHVVRU�H[SHULHQFHG�XQVWDEOH�RSHUDWLRQ�LQ�ERWK������DQG�HDUO\�LQ������
$WODV�&RSFR�DGGHG�SURJUDPPLQJ�LQ������IRU�PRUH�VWDEOH�RSHUDWLRQ�E\�NHHSLQJ�WKH�EORZ�RII
YDOYH�RSHQ�XQWLO�WKH�LQOHW�YDQHV�ZHUH�PRUH�WKDQ�D�FHUWDLQ�SHUFHQWDJH�RSHQ���$OWKRXJK�QRW�WKH
PRVW�HFRQRPLFDO�PHWKRG�RI�RSHUDWLRQ�WKLV�PRGLILFDWLRQ�DOORZHG�WKH�VWDEOH�RSHUDWLRQ�QHHGHG
GXULQJ�ORDG�FKDQJHV���+RZHYHU��WKHVH�PRGLILFDWLRQV�IDLOHG�WR�FRPSOHWHO\�VROYH�WKH�SUREOHP�ZLWK
VWDELOLW\���7KHVH�FKDQJHV�ZHUH�PDGH�LQ�PLGVXPPHU�DQG�WKH�FRPSUHVVRU�ZDV�WXQHG�DW�WKDW�WLPH�
WKH�FRPSUHVVRU�EHFDPH�XQVWDEOH�DW�QLJKW�LQ�FRROHU�ZHDWKHU�DV�ZLQWHU�DSSURDFKHG�DQG�´GLYHUJHGµ
WR�WKH�SRLQW�WKDW�WKH�FRPSUHVVRU�KDG�WR�EH�PDQXDOO\�RSHUDWHG�WR�ILQLVK�WKH�WHVW�UXQ���7KH�&RSFR
VHUYLFH�SHUVRQQHO�DJUHHG�WKDW�WKH����SHUFHQW�GLIIHUHQFH�LQ�LQOHW�DLU�GHQVLW\�EHWZHHQ�WKH�VXPPHU
DQG�ZLQWHU�FRQGLWLRQV�ZDV�DIIHFWLQJ�WKH�FRPSUHVVRU�VWDELOLW\�DQG�UHFRPPHQGHG�LQOHW
WHPSHUDWXUH�FRPSHQVDWLRQ�WR�FXUH�WKH�VXUJLQJ�SUREOHPV���7KLV�FRPSHQVDWLRQ�SDFNDJH�ZDV
LQVWDOOHG�HDUO\�LQ������DQG�DIWHU�VHYHUDO�LWHUDWLRQV�RI�WKH�FRQWURO�FRQILJXUDWLRQ�WKH�FRPSUHVVRU
ZDV�WXQHG�WR�DOORZ�WKH�UHTXLUHG�VWDELOLW\�DQG�SURWHFWLRQ�IURP�VXUJH�

:LWK�WKH�H[FHSWLRQ�RI�VRPH�HOHFWUR�VWDWLF�GLVFKDUJH�GDPDJH�WR�VRPH�FRQWURO�FRPSRQHQWV�GXULQJ
WKH�VXPPHU�WKH�SURFHVV�DLU�FRPSUHVVRU�UDQ�IODZOHVVO\�GXULQJ�WKH������IDOO�WHVW�FDPSDLJQ�
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7KH�WUDQVSRUW�DLU�V\VWHP��ZKLFK�VXSSOLHV�WKH�GULHG�WUDQVSRUW�DLU�IRU�)'�����DQG�)'�����IRU
ERWK�RSHUDWLQJ�UHJLPHV��FRQWLQXHG�WR�EH�FKDOOHQJHG�E\�FRQGHQVDWH�SUREOHPV�WKURXJKRXW�WKH
\HDU���7KH�PRLVWXUH�VHSDUDWRU�ZDV�UHSODFHG�HDUO\�LQ������ZLWK�FHQWULIXJDO�VHSDUDWRU�WUDS�V\VWHP�
EXW�WKH�FRQGHQVDWH�FDUU\�RYHU�FRQWLQXHG���%RWK�WKH�RULJLQDO�DQG�WKH�UHSODFHPHQW�VHSDUDWRU�KDYH
D�PLQLPXP�YHORFLW\�UHTXLUHPHQW��ZKLFK�DW�WLPHV�GXULQJ�ORZ�SUHVVXUH�RSHUDWLRQ�ZDV�QRW�EHLQJ
PHW���2WKHU�ZRUN�LQFOXGHG�VXSSO\LQJ�LQVWUXPHQW�DLU�DQG�RU�QLWURJHQ�WR�FRQWURO�WKH�GU\HU
RSHUDWLRQ�UDWKHU�WKDQ�UHO\LQJ�RQ�WKH�WUDQVSRUW�DLU�IRU�GU\HU�FRQWURO�GXH�WR�WKH�FRQGHQVDWH
SUREOHP�DQG�DWWHQGDQW�WUDVK�LQ�WKH�WUDQVSRUW�DLU�IRXOLQJ�WKH�SQHXPDWLF�FRQWURO�VROHQRLGV���:RUN
FRQWLQXHV�RQ�PRUH�HIIHFWLYH�SUHFRROLQJ�RI�WKH�WUDQVSRUW�DLU�DQG�PRUH�UHOLDEOH�FRQGHQVDWH
VHSDUDWLRQ�DW�ORZHU�YHORFLWLHV�
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7KH�UHF\FOH�JDV�V\VWHP�LV�GHVLJQHG�WR�PLQLPL]H�WKH�WUDQVSRUW�UHDFWRU·V�UHTXLUHPHQWV�IRU�SURFHVV
DLU�RU�QLWURJHQ��HVSHFLDOO\�LQ�KLJK�SUHVVXUH��KLJK�WKURXJKSXW�FRPEXVWLRQ�RSHUDWLRQ�RU�IRU
JDVLILFDWLRQ�RSHUDWLRQ���7KH�UHF\FOH�JDV�V\VWHP�ZDV�FRPPLVVLRQHG�DQG�GHPRQVWUDWHG�LQ������EXW
ZDV�QRW�RSHUDWHG�H[WHQVLYHO\���7KH�V\VWHP�ZDV�H[HUFLVHG�GXULQJ������WHVW�UXQV�ZLWK�OLPLWHG
VXFFHVV���7KH�VXSSO\�JDV�LV�GUDZQ�RII�RI�WKH�SURFHVV�GRZQVWUHDP�RI�WKH�VHFRQGDU\�JDV�FRROHU�
IXUWKHU�FRROHG�EHIRUH�EHLQJ�ILOWHUHG��DQG�FRPSUHVVHG�IRU�XVH�

7KH�FRPSUHVVRU�VKRZHG�VLJQV�RI�RYHUKHDWLQJ�GXULQJ�D�WHVW�UXQ�LQ�WKH�VSULQJ���7KH�FRPSUHVVRU
YDOYHV�ZHUH�IRXQG�GDPDJHG�E\�SDUWLFXODWH��YLEUDWLRQ��DQG�RYHU�WHPSHUDWXUH���7KH�JDV�ILOWUDWLRQ
DQG�FRQGLWLRQLQJ�V\VWHPV�ZHUH�IRXQG�WR�EH�EDGO\�IRXOHG�E\�FRQGHQVDWH�DQG�SDUWLFXODWH�DQG�ZHUH
FOHDQHG�DW�WKLV�WLPH���7KH�V\VWHP�ZDV�VXFFHVVIXOO\�H[HUFLVHG�ZKHQ�WKH�FRPSUHVVRU�PDLQWHQDQFH
ZDV�FRPSOHWHG�

'XULQJ�DQRWKHU�V\VWHP�WHVW�LQ�WKH�IDOO������WHVW�FDPSDLJQ�WKH�JDV�FRROHU�ZDV�IRXQG�WR�KDYH
VHYHUDO�FDVLQJ�OHDNV�FDXVHG�E\�FRUURVLYH�FRQGHQVDWHV���7KH�V\VWHP�LVRODWLRQ�YDOYH�GLG�QRW
DGHTXDWHO\�SUHYHQW�JDV�LQILOWUDWLRQ�DQG�WKH�JDV�FRROHU�ZDV�FRQWLQXRXVO\�VXSSOLHG�ZLWK�FRROLQJ
ZDWHU�SURYLGLQJ�D�FRQGHQVDWLRQ�VLQN�IRU�WKH�IOXH�JDVHV���7KHVH�JDVHV�KDYH�EHHQ�VDPSOHG�E\�65,
LQ�UHVSRQVH�WR�VRPH�FRUURVLYH�DWWDFN�RI�WKHLU�HTXLSPHQW�DQG�ZHUH�IRXQG�WR�FRQWDLQ�FKORULQH�DQG
IOXRULQH���0HDVXUHV�ZLOO�QHHG�WR�EH�WDNHQ�WR�EULQJ�WKH�UHF\FOH�JDV�V\VWHP�RQ�OLQH�GXULQJ
FRPEXVWLRQ��DQG�WKHUHE\�NHHS�WKH�V\VWHP�KRW��RU�WR�SURYLGH�D�SXUJLQJ�V\VWHP�WR�SUHYHQW�WKH
FRQGHQVDWLRQ�RI�WKH�IOXH�JDVHV�LQ�WKH�UHF\FOH�JDV�FRROHU�DQG�SLSLQJ�
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7KH�JDV�VDPSOLQJ�DQG�DQDO\VLV�V\VWHP�VXSSOLHG�E\�&HJHOHF�KDV�EHHQ�FKDOOHQJLQJ�WR�PDLQWDLQ�LQ
�������&HJHOHF�FORVHG�WKHLU�JDV�DQDO\VLV�V\VWHP�EXVLQHVV�LQ������DQG�GLG�QRW�SURYLGH�DQ\�VXSSRUW
LQ�WURXEOHVKRRWLQJ�WKHLU�V\VWHP���7KH�UHFXUUHQW�SUREOHP�IURP������ZDV�VDPSOH�FRQGLWLRQLQJ��WKH
VDPSOH�FRROHU�GU\HU�V\VWHP�QHYHU�RSHUDWHG�UHOLDEO\�DQG�ZDV�FRPSOHWHO\�UHSODFHG�LQ�WKH�VSULQJ�
7KH�GUDZEDFNV�RI�XVLQJ�D�V\VWHP�RSWLPL]HG�IRU�V\QIXHO�DQDO\VLV�WR�DQDO\]H�FRPEXVWLRQ�IOXH�JDV
ZHUH�DSSDUHQW�ZKHQ�DOO�WKH�DQDO\]HUV�ZHUH�RQ�OLQH���7KH�12[�DQDO\]HU�IDLOHG�VHYHUDO�WLPHV�LQ
������ILQDOO\�UHTXLULQJ�QHDUO\�D�FRPSOHWH�UHEXLOG�DQG�UHSODFHPHQW�EHIRUH�WKH�HQG�RI�WKH�\HDU�
7KH�62��DQDO\]HU�FRQWLQXHG�WR�JLYH�ORZ�UHDGLQJV�GXULQJ�HYHU\�WHVW�UXQ��KRZHYHU�WKH�SUREOHP
VHHPV�WR�EH�PRUH�LQ�WKH�SURFHVV�ZLWK�SUREDEO\�PRUH�WKDQ�H[SHFWHG�VXOIXU�FDSWXUH�WKDQ�LQ�WKH
DQDO\]HU�LWVHOI���7KH�&2�PRQLWRU·V�IXQFWLRQDO�UDQJH�ZDV�KLJK��PDNLQJ�FRPEXVWLRQ�FDOFXODWLRQV
DQG�HYDOXDWLRQV�GLIILFXOW�WR�FRPSOHWH���7KH�JDV�VDPSOH�OLQH�DQG�FRQGLWLRQLQJ�HTXLSPHQW�ZHUH
IDLOLQJ�E\�WKH�HQG�RI�WKH�\HDU�GXH�WR�FRUURVLYH�DWWDFN�IURP�WKH�FRQGHQVDWHV�LQ�WKH�VDPSOH�JDV
OLQH���7KH�FRUURVLRQ�DQG�RWKHU�SUREOHPV�DUH�EHLQJ�DGGUHVVHG�
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'XULQJ�WKH�LQLWLDO�FRPPLVVLRQLQJ�WULDOV�LQ�������WKH�0:.�VWHDP�JHQHUDWLRQ�V\VWHP�ZDV�RSHUDWHG
ZLWK�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU��ERWK�SULPDU\�DQG�VHFRQGDU\�KHDW�H[FKDQJHUV��DQG�WKH
WKHUPDO�R[LGL]HU·V�KHDW�UHFRYHU\�VWHDP�JHQHUDWRU��+56*��LQ�VHUYLFH���7KH�VWHDP�JHQHUDWHG�E\
WKH�WKHUPDO�R[LGL]HU·V�+56*�ZDV�XVHG�WR�SUHKHDW�WKH�3&'�WR�SUHYHQW�FRQGHQVDWLRQ�RQ�WKH�ILOWHU
HOHPHQWV�E\�ILULQJ�WKH�WKHUPDO�R[LGL]HU�EHIRUH�HVWDEOLVKLQJ�D�SURSDQH�ILUH�LQ�WKH�WUDQVSRUW
UHDFWRU���+RW�DLU�ZDV�VHQW�WR�WKH�3&'�E\�XVLQJ�WKH�SULPDU\�KHDW�H[FKDQJHU�DV�D�FRQGHQVLQJ
KHDWHU���7KH�RQO\�RSHUDWLRQDO�FRQFHUQ�HPHUJLQJ�IURP�WKH������WHVW�UXQV�ZDV�D�ZDWHU�KDPPHU�RQ
WKH�FRQGHQVDWH�GUXP�ILOO�OLQH���7KLV�ZDV�FRUUHFWHG�GXULQJ�WKH�����������ZLQWHU�RXWDJH�E\
LQVWDOOLQJ�D�ORZ�UDQJH�FRQGHQVDWH�GUXP�ILOO�YDOYH�WR�KDQGOH�WKH�UHODWLYHO\�VPDOO�DPRXQWV�RI�VWHDP
JHQHUDWLRQ�ZKLOH�WKH�WUDQVSRUW�UHDFWRU�LV�RSHUDWHG�DV�D�FRPEXVWRU�

6HYHUDO�KHDW�H[FKDQJHUV�ZHUH�WDNHQ�RXW�RI�RSHUDWLRQ�LQ������GXULQJ�GLIIHUHQW�WHVW�UXQV���)LUVW�WKH
IORZ�WKURXJK�WKH�SULPDU\�KHDW�H[FKDQJHU�ZDV�SDUWLDOO\�E\SDVVHG��WKHQ�WKH�FRPEXVWLRQ�KHDW
H[FKDQJHU�ZDV�WDNHQ�RXW�RI�VHUYLFH�IRU�D�WHVW�UXQ��DQG�WKHQ�WKH�SULPDU\�KHDW�H[FKDQJHU�ZDV
FRPSOHWHO\�UHPRYHG�IURP�VHUYLFH�IRU�WKH�IDOO�3&'�KLJK�WHPSHUDWXUH�WHVW�FDPSDLJQ���7KH
UHPRYDO�RI�WKH�SULPDU\�KHDW�H[FKDQJHU�UHTXLUHG�WKH�XVH�RI�WKH�VXOIDWRU�VWDUW�XS�EXUQHU�WR
SUHZDUP�WKH�3&'�SULRU�WR�ILULQJ�WKH�WUDQVSRUW�UHDFWRU�

7KH�ELJJHVW�LVVXH�LQ������ZDV�ZDWHU�KDPPHU�LQ�VWHDP�ULVHUV�IURP�WKH�VHFRQGDU\�KHDW�H[FKDQJHU
DQG�WKH�FRPEXVWLRQ�KHDW�H[FKDQJHU���7KHVH�ZDWHU�KDPPHUV�ZHUH�GXH�WR�WZR�SKDVH�IORZ�LQ�WKHVH
OLQHV�FDXVHG�E\�WKH�KLJKHU�RSHUDWLQJ�WHPSHUDWXUHV�LQ�WKHVH�KHDW�H[FKDQJHUV�DQG�IODVK�FRROLQJ�LQ
SLSLQJ�HOERZV���3LSLQJ�VQXEEHUV�ZHUH�LQVWDOOHG�WR�PLQLPL]H�WKH�GDPDJH�WR�WKHVH�OLQHV�DQG
DGGLWLRQDO�LQVXODWLRQ�ZLOO�EH�LQVWDOOHG�WR�WKHVH�OLQHV�LQ�WKH�IXWXUH�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP 5WNHCVQT

�����

�����57.(#614

7KH�VXOIDWRU�ZDV�QRW�RSHUDWHG�LQ�������KRZHYHU�WKH�YHVVHO·V�UHIUDFWRU\�ZDV�GULHG�RXW�XVLQJ�WKH
VWDUW�XS�KHDWHU�SDFNDJH�DQG�WKH�VXOIDWRU�DLU�FRPSUHVVRU���3LSLQJ�ZDV�FRPSOHWHG�WR�DOORZ�WKH
VWDUW�XS�PDWHULDO�WUDQVSRUW�V\VWHP��)'������WR�GLUHFWO\�LQMHFW�IHHGVWRFN�LQWR�WKH�FRPEXVWLRQ
YHVVHO���7KLV�ZLOO�DOORZ�WKH�GLUHFW�LQMHFWLRQ�RI�VWDUW�XS�EHG�PDWHULDO�DV�ZHOO�DV�FDUERQ�EHDULQJ
PDWHULDO�LQWR�WKH�FRPEXVWRU�WR�HVWDEOLVK�FRPEXVWLRQ�SULRU�WR�WKH�LQMHFWLRQ�RI�FKDU�IURP�WKH
WUDQVSRUW�UHDFWRU�RSHUDWLQJ�DV�D�JDVLILHU���$QRWKHU�PRGLILFDWLRQ�LQFOXGHV�WKH�DGGLWLRQ�RI�D�EHG
PDWHULDO�H[WUDFWLRQ�V\VWHP�WR�SUHYHQW�K\GUDWLRQ�RI�WKH�FDOFLXP�FDUERQDWH�EHDULQJ�EHG�PDWHULDOV
LQ�WKH�YHVVHO�DIWHU�WKH�$)%&�LV�VKXW�GRZQ���7KLV�V\VWHP�ZDV�GHVLJQHG�DQG�SURFXUHPHQW�ZDV
VWDUWHG��EXW�WKH�V\VWHP�KDV�QRW�\HW�EHHQ�LQVWDOOHG�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP $CIJQWUG

�����

�����$#)*175'

7KH�EDJKRXVH�GLG�QRW�H[SHULHQFH�VLJQLILFDQW�SDUWLFXODWH�ORDGLQJV�LQ������DOWKRXJK�WKH�ORDGLQJV
LQFUHDVHG�VOLJKWO\�GXULQJ�WKH�IDOO�WHVW�UXQ���7KH�EDJKRXVH�ZDV�RSHUDWHG�QHDU�WKH�PD[LPXP
RSHUDWLQJ�WHPSHUDWXUH�PRVW�RI�WKH�\HDU�ZLWK�QR�SUREOHPV�QRWHG���7KH�RQO\�LVVXH�QRWHG�ZLWK�WKH
EDJKRXVH�ZDV�ZDWHU�LQILOWUDWLRQ�ZKLOH�WKH�WUDQVSRUW�UHDFWRU�ZDV�RII�OLQH���6RPH�PLQRU�FRUURVLRQ
ZDV�QRWHG�VR�WKH�XVH�RI�FRYHU�WDUSV�ZDV�EHJXQ�ZKHQ�WKH�UHDFWRU�LV�RII�OLQH�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP $CIJQWUG�#UJ�4GOQXCN

������

������$#)*175'�#5*�4'/18#.

7KH�RQO\�LVVXH�RI�FRQFHUQ�LQ������ZDV�WKDW�RI�DQ�DXGLEOH�UXE�RI�WKH�VFUHZ�IHHGHU�WKDW�FROOHFWV
DQ\�SDUWLFXODWH�DQG�IHHGV�LW�WR�WKH�GHQVH�SKDVH�WUDQVSRUW�SRW���8QHYHQ�KHDWLQJ�RI�WKH�VFUHZ
SUREDEO\�FDXVHG�WKLV�UXE���7KLV�LV�PRUH�RI�D�QXLVDQFH�WKDQ�D�UHDO�HTXLSPHQW�FRQFHUQ��WKH
RSHUDWLQJ�SURFHGXUH�KDV�EHHQ�FKDQJHG�WR�OHDYH�WKH�VFUHZ�WXUQLQJ�ZKHQHYHU�WKH�EDJKRXVH�LV�KRW�
7KH�OHYHO�SUREHV�WKDW�WULJJHU�WUDQVSRUW�V\VWHP�RSHUDWLRQ�ZHUH�QRW�DV�UHOLDEOH�DV�GHVLUHG��WKH
WUDQVSRUW�V\VWHP�ZDV�SODFHG�RQ�RSHUDWLRQ�E\�WLPHU�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP *GCV�6TCPUHGT�(NWKF�5[UVGO

������

������*'#6�64#05('4�(.7+&�5;56'/

7KHUH�ZHUH�QR�VLJQLILFDQW�LVVXHV�WR�UHSRUW�ZLWK�WKH�KHDW�WUDQVIHU�IOXLG�V\VWHP���7KHUH�ZHUH�VHYHUDO
LQFLGHQWV�GXH�WR�D�IXOO�3&'�FRQH�ZKHQ�WKH�V\VWHP�ZDV�RSHUDWHG�DW�WKH�HGJHV�RI�LWV�HQYHORSH�
KRZHYHU��WKHUH�ZHUH�QR�SUREOHPV�UHVXOWLQJ�IURP�VXFK�RSHUDWLRQ�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP 0KVTQIGP�5WRRN[

������

������0+641)'0�5722.;

2WKHU�WKDQ�VRPH�PLQRU�IDLOXUHV�RQ�WKH�QLWURJHQ�YHQGRU�HTXLSPHQW�WKHUH�ZHUH�QR�VLJQLILFDQW
LVVXHV�WR�UHSRUW�RQ�WKH�QLWURJHQ�VXSSO\�V\VWHP�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP 2TQRCPG�5WRRN[

������

������2412#0'�5722.;

$IWHU�WKH�PRGLILFDWLRQV�WR�WKH�0:.�VWDUW�XS�EXUQHU�ZHUH�FRPSOHWHG�WKH�UHTXLUHG�VXSSO\
SUHVVXUH�IRU�WKH�SURSDQH�ZDV�LQFUHDVHG�IURP�����SVL�WR�����SVL���$�SUHVVXUH�UHVRQDQFH�ZDV
IRXQG�DW�V\VWHP�KHDGHU�SUHVVXUHV�DERYH�����SVL�UHJDUGOHVV�RI�WKH�IORZ�RQ�WKH�KHDGHU���7KH
FXUUHQW�RSHUDWLQJ�SDUDPHWHUV�IRU�WKH�SURSDQH�V\VWHP�DUH�����SVL������)�UDWKHU�WKDQ�DW�WKH�GHVLJQ
FRQGLWLRQV�RI�����SVL������)���7KH�KLJKHU�WHPSHUDWXUH�LV�GXH�WR�WKH�XQH[SHFWHG�KHDY\
K\GURFDUERQV��EXWDQHV��LQ�FRPPHUFLDO�SURSDQH�WKDW�WHQGV�WR�FDUERQL]H�LQ�EXUQHU�WLSV�DW�KLJK
PHWDO�WHPSHUDWXUHV���$OO�RI�WKH�PHFKDQLFDO�SLSLQJ�DQG�FRPSRQHQWV�DUH�LQGLYLGXDOO\�UDWHG�IRU����
SVL�DQG�WKH�YDSRUL]HU�SUHVVXUH�UHOLHI�YDOYH��RQ�WKH�SURSDQH�VLGH��LV�VHW�IRU�����SVL�

7KLV�UHVRQDQFH�LV�SDUWLDOO\�FDXVHG�E\�WKH�FKDQJLQJ�OLTXLG�OHYHO�DQG�WHPSHUDWXUH�LQ�WKH�YDSRUL]HU�
$V�WKH�OHYHO�LQ�WKH�YDSRUL]HU�ULVHV�WKHUH�LV�PRUH�OLTXLG�LQ�FRQWDFW�ZLWK�WKH�KHDW�H[FKDQJHU�VXUIDFH
UHVXOWLQJ�LQ�JUHDWHU�DPRXQWV�RI�OLTXLG�EHLQJ�YDSRUL]HG���7KH�KLJKHU�OHYHO�UHGXFHV�WKH�KHDW�WUDQVIHU
VXUIDFH�WR�WKH�JDV��ZKLFK�GHFUHDVHV�WKH�JDV�WHPSHUDWXUH�DQG�FDXVHV�PRUH�FRQGHQVDWLRQ��UHGXFHV
WKH�VDWXUDWLRQ�SUHVVXUH�LQ�WKH�YDSRUL]HU��DQG�DOORZV�PRUH�OLTXLG�LQWR�WKH�YDSRUL]HU���2QFH�WKH
SURSDQH�OHYHO�UHDFKHV�WKH�SRLQW�WKDW�WKH�KHDW�WUDQVIHU�WR�WKH�OLTXLG��YDSRUL]LQJ�PRUH�JDV��DQG�WKH
KHDW�WUDQVIHU�WR�WKH�JDV�EDODQFH��PDLQWDLQLQJ�VDWXUDWLRQ�WHPSHUDWXUH�LQ�WKH�JDV���WKH�SUHVVXUH
VZLQJ�LQ�WKH�YDSRUL]HU�VWDELOL]HV���$W�WKH�SUHVHQW�WLPH�DOO�RI�WKH�SURSDQH�SUHVVXUH�UHJXODWRUV�DUH
VLPSOH�]HUR�RUGHU�IHHGEDFN�FRQWUROOHG�UHJXODWRUV��WKH�SUHVVXUH�ULVHV�DQG�WKHQ�WKH�UHJXODWRU�FORVHV
RII�XQWLO�WKH�SUHVVXUH�UHDFKHV�WKH�VHWSRLQW���,I�WKH�SUHVVXUH�VZLQJV�IURP�KLJK�WR�ORZ�WKH�UHJXODWRU
ZLOO�FRQWLQXH�WR�RSHQ�DQG�FORVH�LQ�UHVSRQVH�WR�WKH�SUHVVXUH��ZLWK�QR�ZD\�WR�WULP�UHJXODWRU
UHVSRQVH�GXH�WR�WKH�UDWH�RI�FKDQJH�RU�WR�DYHUDJH�HUURU�

,Q�VXPPDU\��WKH�SURSDQH�VXSSO\�V\VWHP�ZLOO�QRW�EH�DEOH�WR�PDLQWDLQ�D�VWDEOH�SUHVVXUH�RU
WHPSHUDWXUH�DW�WKH�GHVLJQ�FRQGLWLRQV��DV�LW�ZDV�GHVLJQHG�RU�DV�LW�LV�SUHVHQWO\�FRQILJXUHG���7KH�XVH
RI�VPDUW�FRQWUROOHUV�LQ�OLHX�RI�VLPSOH�SUHVVXUH�UHJXODWRUV��WKH�DGGLWLRQ�RI�IORZ�EDVHG�FRQWURO�WR
WKH�EXUQHU�IXHO�YDOYHV��DQG�LI�QHFHVVDU\��WKH�DGGLWLRQ�RI�D�VHSDUDWH�SURSDQH�VXSHUKHDWHU�VKRXOG
ZRUN�WRJHWKHU�WR�PLQLPL]H�DQ\�SUHVVXUH��WHPSHUDWXUH��DQG�IORZ�VZLQJV�H[SHULHQFHG�E\�DQ\�RI�WKH
KLJK�SUHVVXUH�SURSDQH�EXUQHUV���7KH�YDULRXV�GHVLJQ�DOWHUQDWLYHV�DUH�EHLQJ�HYDOXDWHG�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP +PUVTWOGPV�#KT�5[UVGO

������

������+05647/'06�#+4�5;56'/

'XULQJ�WKH�FRXUVH�RI�WKH�)RVWHU�:KHHOHU��):��V\VWHP�FRPPLVVLRQLQJ�WKH�LQVWUXPHQW�DLU�KHDGHUV
RQ�WKH�):�VLGH�RI�WKH�SURFHVV�VWUXFWXUH�ZHUH�EORZQ�GRZQ�WR�FOHDQ�RXW�DQ\�GHEULV�OHIW�IURP
FRQVWUXFWLRQ���7KLV�EORZ�GRZQ�VHUYHG�WR�ORRVHQ�VRPH�GHEULV�LQ�WKH�VXSSO\�KHDGHUV�WKDW�ZDV
LQWURGXFHG�LQWR�WKH�0:.�LQVWUXPHQW�DLU�KHDGHUV���7KLV�GHEULV�FDXVHG�VRPH�PLQRU�HTXLSPHQW
XSVHWV�LQ�1RYHPEHU�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP 9CVGT�5[UVGOU�
%NQUGF�.QQR��%QQNKPI�6QYGT�

%QPFGPUCVG�5GTXKEG��(KTG��2QVCDNG�

������

������9#6'4�5;56'/5�
%.15'&�.112��%11.+0)�619'4��%10&'05#6'��5'48+%'��(+4'��216#$.'�

7KHUH�ZHUH�RQO\�WZR�LVVXHV�LQ������GHDOLQJ�ZLWK�WKH�ZDWHU�V\VWHPV���7KHVH�ZHUH�

�� 7XEH�HURVLRQ�LQ�D�FRQGHQVDWH�KHDW�H[FKDQJHU�IURP�IORZ�LQGXFHG�YLEUDWLRQ�

�� 0DUJLQDOO\�VL]HG�FRXSOLQJV�RQ�WKH�FRROLQJ�WRZHU�IDQV�

%RWK�LVVXHV�UHTXLUHG�UHSODFHPHQW�RI�WKH�IDLOHG�FRPSRQHQWV���,Q�WKH�FDVH�RI�WKH�KHDW�H[FKDQJHU
WKH�UHSODFHPHQW�GHVLJQ�ZDV�LPSURYHG�WR�SUHYHQW�VXFK�ZHDU�IURP�UHRFFXUULQJ�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP 9CUVGYCVGT�6TGCVOGPV

������

������9#56'9#6'4�64'#6/'06

7KHUH�ZHUH�QR�VLJQLILFDQW�ZDVWHZDWHU�WUHDWPHQW�LVVXHV�WR�EH�UHSRUWHG�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP %QPFGPUCVG�6TGCVOGPV

������

������%10&'05#6'�64'#6/'06

$GGLWLRQDO�SUHYHQWLYH�PDLQWHQDQFH�LQVSHFWLRQV�ZHUH�VWDUWHG�RQ�WKH�LQVWUXPHQW�DLU�GU\HUV�DQG�RQ
WKH�EDJKRXVH���7KH�SUHVVXUH�UHOLHI�YDOYHV�ZHUH�UHLQVWDOOHG�DIWHU�WKH\�ZHUH�UHPRYHG�IRU�WHVWLQJ�LQ
-XO\���7KH�LQVSHFWLRQV�RI�WKH�FRQGHQVDWH�KHDW�H[FKDQJHUV�DUH�EHLQJ�FRPSOHWHG��RQH�KHDW
H[FKDQJHU�ZDV�VXEMHFWHG�WR�KHDY\�YLEUDWLRQDO�ZHDU�GXULQJ�RSHUDWLRQV�DQG�ZLOO�KDYH�WR�EH
UHSODFHG���7KLV�ZHDU�ZDV�GXH�WR�WXELQJ�EXQGOHV�YLEUDWLQJ�DQG�ZHDULQJ�DJDLQVW�WKH�VXSSRUW�SODWHV�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP 5VCVKQP�5GTXKEG�CPF�725�
+PENWFKPI�&KGUGN�)GPGTCVQT�

������

������56#6+10�5'48+%'�#0&�725�
+0%.7&+0)�&+'5'.�)'0'4#614�

7KH�GLHVHO�JHQHUDWRU�ZDV�RSHUDWHG�GXULQJ�D�SODQQHG�SRZHU�RXWDJH�LQ�WKH�ODVW�KDOI�RI�-DQXDU\
�������7KH�SRZHU�RXWDJH�ZDV�UHTXLUHG�E\�$ODEDPD�3RZHU�&RPSDQ\�WR�XSJUDGH�WKHLU
WUDQVPLVVLRQ�OLQH�DQG�ZDV�FRRUGLQDWHG�ZLWK�WKH�SURMHFW�LQ�RUGHU�WR�PLQLPL]H�WKH�LPSDFW�WR�WKH
SURMHFW���2WKHU�WKDQ�WKLV�RFFXUUHQFH�WKH�GLHVHO�JHQHUDWRU�KDV�EHHQ�WHVWHG�RQ�D�ELZHHNO\�EDVLV��DV
LV�DOO�SURMHFW�HPHUJHQF\�HTXLSPHQW�LQFOXGLQJ�WKH�ILUH�SXPSV���7KH�VWDWLRQ�VHUYLFH��HOHFWULFDO
VXSSO\��V\VWHP�KDV�UHFHLYHG�PLQRU�XSJUDGHV�WR�PHHW�WKH�LQFUHDVHG�GHPDQGV�RI�WKH�SURMHFW�



6GEJPKECN�2TQITGUU�4GRQTV #WZKNKCTKGU�CPF�$CNCPEG�QH�2NCPV
6TCPURQTV�4GCEVQT�6TCKP /9-�5VCTV�7R�$WTPGT

������

������/9-�56#46�72�$740'4

7KH�UHDFWRU�VWDUW�XS�EXUQHU�ZDV�PRGLILHG�HDUO\�LQ������WR�LQFOXGH�XOWUDYLROHW��89��IODPH
GHWHFWLRQ��+RQH\ZHOO·V�3XUSOH�3HHSHUV���D�VHSDUDWHO\�UHJXODWHG�SLORW�DLU�VXSSO\��DQG�DQ�DGGLWLRQDO
EDIIOH�RQ�WKH�SLORW�JXQ�DVVHPEO\�WR�IRUFH�DLU�LQWR�WKH�IXHO�PL[HU�HGXFWRU���7KLV�ZDV�LQ�DGGLWLRQ�WR
SUHYLRXV�PRGLILFDWLRQV�PDGH�WR�WKH�VWDUW�XS�EXUQHU��FRROLQJ�DLU�SXUJHV�RQ�WKH�IODPH�URG�DQG�WKH
VSDUNHU��WKH�UHGHVLJQHG�PDLQ�JXQ�WLS��DQG�D�QRQUHWUDFWLQJ�SLORW�VSDUNHU����7KHVH�PRGLILFDWLRQV
DOORZ�EHWWHU�UHOLDELOLW\�GXH�WR�WKH�89�GHWHFWLRQ�DQG�UHGXFHG�EXUQLQJ�RI�WKH�SLORW�JXQ
FRPSRQHQWV�EHFDXVH�RI�DLU�OHDQ�FRQGLWLRQV�H[SHULHQFHG�E\�WKH�SLORW�UHO\LQJ�RQ�HGXFWRUV�WR�GUDZ
HQRXJK�DLU�LQWR�WKH�SLORW�WXEH�

$GGLWLRQDO�EHQHILWV�LQFOXGH�

�� %HWWHU�DLU�DQG�WHPSHUDWXUH�FRQWURO�EHFDXVH�WKH�KLJK�DLU�IORZ�LV�QR�ORQJHU�UHTXLUHG�WR
DYRLG�WKH�EXUQLQJ�RI�WKH�SLORW�E\�HPSLULFDO�RSHUDWLRQ�

�� 5HGXFHG�ULVHU�YHORFLW\�E\�UHDFKLQJ�GHVLUHG�RXWOHW�WHPSHUDWXUHV�DW�ORZHU�JDV�IORZV�

�� 5HGXFHG�EXUQHU�FDQ�PHWDO�WHPSHUDWXUHV�E\�XVLQJ�WKH�TXHQFK�DLU�RQ�WKH�EXUQHU�

89�IODPH�GHWHFWLRQ�RQ�WKH�PDLQ�EXUQHU�JXQ�ZLOO�DOORZ�WKH�SLORW�JXQ�WR�EH�VKXW�GRZQ�ZKLOH�WKH
PDLQ�JXQ�LV�OLW��WKHUHE\�LPSURYLQJ�WXUQGRZQ�RI�WKH�EXUQHU���$OVR��XVLQJ�WKH�TXHQFK�DLU�WR�FRQWURO
WKH�EXUQHU�PHWDO�WHPSHUDWXUHV�ZLOO�DOORZ�PRUH�IORZ�DW�WKH�KLJK�HQG�RI�WKH�VFDOH��VKRUWHQLQJ�WKH
WLPH�WR�LQLWLDWH�FRPEXVWLRQ�LQ�WKH�WUDQVSRUW�UHDFWRU���'XULQJ�VXEVHTXHQW�WHVW�UXQV�WKH�VWDUW�XS
EXUQHU�QHYHU�IDLOHG�WR�VWDUW�RQFH�DOO�UHTXLUHG�FRQGLWLRQV�ZHUH�PHW��H[FHSW�IRU�RQH�LQVWDQFH�ZKHQ
WKH�SXUJH�DLU�ZDV�QRW�DSSOLHG�WR�WKH�EXUQHU�SDFNDJH���7KH�EXUQHU�ZDV�UHSHDWHGO\�UHVWDUWHG�DW����
SVLJ�UHDFWRU�SUHVVXUH�DQG�RQFH�DQ�LQLWLDO�SDUWLDO�SOXJ�RI�VROLG�FDUERQ��FRNH��ZDV�IRUPHG��UHGXFLQJ
WKH�WRWDO�IORZ�FDSDFLW\��WKHUH�ZHUH�QR�IXUWKHU�GHJUDGDWLRQV�LQ�SHUIRUPDQFH�H[SHULHQFHG�

$IWHU�WKH�H[WHQVLYH�PRGLILFDWLRQV�LQVWDOOHG�RQ�WKH�=LQN�VWDUW�XS�EXUQHU��68%��ZHUH�WHVWHG�WKH
RQO\�FRQWLQXLQJ�SUREOHP�EHLQJ�H[SHULHQFHG�ZLWK�WKH�68%�RSHUDWLRQ�VRPHWLPHV�LV�WKH�EXLOGXS�RI
VROLG�FDUERQ��FRNH��DQG�VXEVHTXHQW�SOXJJLQJ�RI�WKH�PDLQ�EXUQHU�JXQ�IXHO�WLS���7KLV�SOXJJLQJ
UHGXFHV�WKH�WKURXJKSXW�RI�WKH�EXUQHU�DQG�LPSDFWV�WKH�KHDW�LQSXW�WR�WKH�UHDFWRU���7KH�SOXJJLQJ
QRUPDOO\�RFFXUV���WR���KRXUV�DIWHU�WKH�EXUQHU�UHDFKHV�PD[LPXP�H[LW�WHPSHUDWXUH�RI�������)�
DQG�UHSUHVHQWV�DERXW�D����SHUFHQW�GURS�LQ�IORZ��DW�D�FRQVLVWHQW�SUHVVXUH�GURS����7KH�SURSDQH
VXSSOLHG�WR�WKH�EXUQHU�LV�SUHVVXUL]HG�WR�XS�WR�����SVL�DQG�KHDWHG�WR�EHWZHHQ�����DQG�����)�
7\SLFDOO\��OLTXLGV�DQG�VROLGV�FDUERQL]H�DQG�JDVHV�WHQG�WR�FRPEXVW��WKHUHIRUH��WKH�LPSXULWLHV�LQ�WKH
VXSSOLHG�SURSDQH�DUH�FRNLQJ�XS�WKH�EXUQHU�JXQ���36')�LV�SXUFKDVLQJ�WKH�KLJKHVW�FRPPHUFLDO
JUDGH�RI�SURSDQH�DYDLODEOH��+'������7KH�VSHFLILFDWLRQ�IRU�WKLV�SURSDQH�DOORZV�D�PD[LPXP�RI����
SHUFHQW��E\�OLTXLG�YROXPH��RI�EXWDQHV�DQG�KHDYLHU��RI�ZKLFK�DOO�EXW�DQ�LQGLVWLQJXLVKDEOH�DPRXQW
LV�&��LVRPHUV�

,VREXWDQH·V�VDWXUDWLRQ�WHPSHUDWXUH�DW�����SVL�LV�����)��Q�EXWDQH·V�LV�����)���7KXV��LW�LV�VXVSHFWHG
WKDW�OLTXLG�EXWDQH�LV�SUHVHQW�DW�WKH�HQG�RI�WKH�IXHO�JXQ��ZKHUH�LW�LV�SDUWLDOO\��IODVK��FDUERQL]HG�
EXLOGLQJ�WKH�VPDOO�DPRXQW������R]��RI�FRNH�UHTXLUHG�WR�SDUWLDOO\�SOXJ�WKH�QR]]OH�SRUWV�WKDW�DUH
�����DQG������LQFKHV�LQ�GLDPHWHU���7KLV�ZLOO�EH�DGGUHVVHG�ZLWK�WKH�SURSDQH�VXSSO\�PRGLILFDWLRQV�
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2XWDJHV�DQG�XSVHWV�KDYH�RFFXUUHG�VHYHUDO�WLPHV�GXULQJ�WKH�SDVW�\HDU�GXH�WR�H[FHVVLYH�YLEUDWLRQ
LQ�WKH�UHDFWRU·V�EDFNSUHVVXUH�UHJXODWLQJ�YDOYH��39��������7KH�LQWHUQDOV�RI�WKLV�YDOYH�KDYH�EHHQ
FKDQJHG�DQG�PRGLILHG�VLQFH�WKH�RULJLQDO�FRPPLVVLRQLQJ�RI�WKH�WUDQVSRUW�UHDFWRU�WR�PHHW�WKH
IORZ��FRQWUROODELOLW\��DQG�QRLVH�UHTXLUHPHQWV�

7KH�WULP�ZDV�RULJLQDOO\�VXSSOLHG�DV�D�´ZKLVSHU�WULPµ�HTXDO�SHUFHQWDJH�GHVLJQ�EXW�ZDV�XQDEOH�WR
IORZ�HQRXJK�PDVV�DW�ORZ�UHDFWRU�SUHVVXUHV���7KLV�ZDV�WHPSRUDULO\�UHSODFHG�ZLWK�D�VWDQGDUG�HTXDO�
SHUFHQWDJH�WULP�WKDW�WHQGHG�WR�FRQFHQWUDWH�DEUDVLYH�VROLGV�LQWR�WKUHH�DUHDV�RI�WKH�YDOYH·V�ERG\�
TXLFNO\�HURGLQJ�WKH�ERG\�WR�IDLOXUH���7KH�ZKLVSHU�WULP�FDJH�ZDV�PRGLILHG�WR�KDQGOH�WKH�H[WUD
IORZ�UHTXLUHPHQWV�DQG�XVHG�IRU�PRVW�RI�WKH�\HDU���7KLV�WULP�VHW�H[SHULHQFHG�VHYHUDO�YLEUDWLRQ
HYHQWV�GXULQJ�WKH�\HDU�WKDW�FDXVHG�WKH�YDOYH�RSHUDWRU�WR�YLEUDWH�ORRVH�WZLFH�DQG�IXUWKHU�GDPDJH
WKH�SQHXPDWLF�RSHUDWRU�LQWHUQDOV�DQRWKHU�WLPH�

:KHQ�WKH�YDOYH�ZDV�LQVSHFWHG�DIWHU�WKH�VHFRQG�TXDUWHU�WHVW�UXQV��WKH�SOXJ·V�JUDSKLWH�VHDO�ULQJ�ZDV
IRXQG�EURNHQ�LQ�VHYHUDO�SODFHV��VLPLODU�GDPDJH�ZDV�IRXQG�GXULQJ�WKH�RXWDJH�LQ�2FWREHU������
7KH�YDOYH�LQWHUQDOV��WULP��ZHUH�FKDQJHG�WR�DQ�HTXDO�SHUFHQWDJH�WULP�ZKHQ�DGGLWLRQDO�GDPDJH�LQ
WKH�H[LVWLQJ�WULP�ZDV�IRXQG�WKDW�FRXOG�QRW�EH�HDVLO\�UHSDLUHG���$�ODUJHU�YDOYH�ZDV�RUGHUHG�WR
UHSODFH�WKLV�YDOYH�WR�EHWWHU�SRVLWLRQ�WKH�W\SLFDO�RSHUDWLQJ�SRLQW�IXUWKHU�IURP�WKH�FKRNH�IORZ
FRQGLWLRQV�RI�WKH�H[LVWLQJ�YDOYH�GHVLJQ���7KH�UHVXOWV�RI�D�IHHG�IRUZDUG�FRQWURO�ORRS�WULJJHUHG�RQ
WKH�3&'�EDFN�SXOVH�ZHUH�IRXQG�WR�EH�VXFFHVVIXO�WR�WKH�OLPLWV�RI�WKH�39������EXW�WKH�FRQWURO
YDOYH�RSHUDWRU�FDQQRW�PRYH�IDVW�HQRXJK�WR�FRPSOHWHO\�FRPSHQVDWH�IRU�WKH�EDFN�SXOVH�YROXPH�
7KLV�ZLOO�DOVR�EH�FRUUHFWHG�E\�WKH�LQVWDOODWLRQ�RI�WKH�QHZ�ODUJHU�VL]H�39�����YDOYH�

�
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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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