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*ORVVDU\�WR������UHDVRQV�DJDLQVW�DWRPLF�HQHUJ\��
�
E\�'U�+HOPXW�+LUVFK��VFLHQWLILF�FRQVXOWDQW�LQ�QXFOHDU�VDIHW\�DQG�ULVN��
UHVHDUFK��7UDQVODWHG�E\�%DUEDUD�5DQ]HQKRIHU���
�
$HURVROV�
$OVR�FDOOHG�SDUWLFXODWHV��WKH\�DUH�WLQ\�VROLG�RU�OLTXLG�SDUWLFOHV�LQ�WKH�DLU��)LQH�
SDUWLFOHV�WKDW�DUH�VPDOO�HQRXJK�FDQ�SHQHWUDWH�GLUHFWO\�LQWR�WKH�OXQJV�ZKHQ�
LQKDOHG��7KHUHIRUH��UDGLRDFWLYH�PDWHULDOV�OLNH� �SOXWRQLXP�DUH�VR�KD]DUGRXV���
�
$OSKD�HPLWWHU��DOSKD�UDGLDWLRQ�
6RPH� �UDGLRQXFOLGHV��PRVW�RI�WKHP�KHDY\�QXFOHL��DUH�DOSKD�HPLWWHUV��7KH\�
HPLW�VR�FDOOHG�DOSKD�SDUWLFOHV��ZKLFK�DUH�KHOLXP���QXFOHL��WKH�QXFOHL�RI�DQ� �
LVRWRSH�RI�WKH�QREOH�JDV�KHOLXP�ZLWK�WZR�SURWRQV�DQG�WZR�QHXWURQV���
$OSKD�UDGLDWLRQ�FDQ�HDVLO\�EH�VKLHOGHG��EXW�LV�YHU\�GDQJHURXV�LI�DOSKD�HPLWWHUV�
JHW�LQWR�WKH�ERG\�WKURXJK�IRRG�RU�E\�LQKDOLQJ���IRU�H[DPSOH�DIWHU�D�UDGLRDFWLYH�
FORXG�LV�UHOHDVHG�LQ�D�UHDFWRU�DFFLGHQW��
�
$WRPLF�ERPE��QXFOHDU�ZHDSRQ�
:HDSRQ�ZLWK�JUHDW�GHVWUXFWLYH�IRUFH�ZKLFK�REWDLQV�LWV�HQHUJ\�IURP�WKH�ILVVLRQ�RI�
XUDQLXP������ �XUDQLXP��DQG�SOXWRQLXP������ �SOXWRQLXP����7KHRUHWLFDOO\�DOVR�
XUDQLXP������ZKLFK�KDV�QRW�\HW�EHHQ�SURGXFHG�LQ�ODUJHU�TXDQWLWLHV��FRXOG�EH�
XVHG���$W�WKH�LJQLWLRQ�RI�DQ�DWRPLF�ERPE�DQ�XQFRQWUROOHG� �QXFOHDU�FKDLQ�
UHDFWLRQ�LV�VWDUWHG��
8VLQJ�VWDWH�RI�WKH�DUW�WHFKQRORJ\��D�SOXWRQLXP�ERPE�FDQ�EH�EXLOW�ZLWK�����NJ�3X�
�����D�XUDQLXP�ERPE�ZLWK�OHVV�WKDQ����NJ�8������7KH�H[SORVLYH�IRUFH�RI�DQ�
DWRPLF�ERPE�LV�JLYHQ�DV�WKH�DPRXQW�RI�WKH�FKHPLFDO�H[SORVLYH�717�WKDW�ZRXOG�
UHOHDVH�WKH�VDPH�DPRXQW�RI�HQHUJ\�ZKHQ�H[SORGHG��717�HTXLYDOHQW�LQ������
WRQV��NLORWRQV��NW��RU�PLOOLRQ�WRQV��PHJDWRQV��0W����7KH�GHWRQDWLRQ�RI�DQ�DWRPLF�
ERPE�KDV�D�WKUHH�IROG�HIIHFW��E\�UDGLDWLRQ��KHDW�DQG�EODVW�ZDYH���
7KH�ILUVW�DWRPLF�ERPE�RI�DOO�WLPHV�ZDV�GHWRQDWHG�RQ�-XO\������������GXULQJ�WKH�
�7ULQLW\��WHVWV�LQ�1HZ�0H[LFR��,W�ZDV�D�SOXWRQLXP�ERPE�ZLWK�DQ�H[SORVLYH�IRUFH�
RI����NW��2Q�$XJXVW�����������WKH�-DSDQHVH�FLW\�+LURVKLPD�ZDV�GHVWUR\HG�E\�D�
XUDQLXP�ERPE�����NW���DQG�RQ�$XJXVW����������WKH�FLW\�1DJDVDNL�E\�D�SOXWRQLXP�
ERPE�����NW���6LQFH�WKHQ�WKHUH�KDV�EHHQ�QR�PLOLWDU\�XVH��EXW�QXPHURXV� �
QXFOHDU�ZHDSRQV�WHVWV���
$Q�DWRPLF�ERPE�LV�D�QXFOHDU�ZHDSRQ�GURSSHG�DV�D�ERPE�IURP�D�SODQH��7KH�
PRUH�JHQHUDO�WHUP��1XFOHDU�ZHDSRQ��LQFOXGHV�DWRPLF�ERPEV�DQG�
WKHUPRQXFOHDU�H[SORVLYHV�� �K\GURJHQ�ERPEV����
�
$X[LOLDU\�VHUYLFH�ZDWHU�V\VWHP����SXPS�
&RROLQJ�V\VWHP�FRQVLVWLQJ�RI�SLSHV��FRROHUV�DQG�SXPSV�ZKLFK�LV�QHHGHG�LQ�
QRUPDO�UHDFWRU�RSHUDWLRQ�EXW�KDV�DOVR�LPSRUWDQW�VDIHW\�UHODWHG�IXQFWLRQV��,W�LV�
HVVHQWLDO�IRU�KHDW�UHPRYDO�DIWHU�FHUWDLQ�DFFLGHQWV��
�
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%HFTXHUHO��WHUDEHFTXHUHO�
8QLW�RI�WKH�DFWLYLW\�RI�UDGLRDFWLYH�PDWHULDOV����EHFTXHUHO�PHDQV�WKDW�LQ�WKDW�
TXDQWLW\�RI�UDGLRDFWLYH�PDWHULDO�RQH�QXFOHXV�GHFD\V�SHU�VHFRQG����ELOOLRQ�
EHFTXHUHO�LV�GHQRPLQDWHG�D�WHUDEHFTXHUHO��WKLV�XQLW�LV�DSW�IRU�PHDVXULQJ�WKH�
DPRXQW�RI�UDGLRDFWLYH�UHOHDVH�LQ�DFFLGHQWV���
6\PEROV��%T�DQG�7%T�
�
%HWD�HPLWWHU��EHWD�UDGLDWLRQ�
6RPH� �UDGLRQXFOLGHV�DUH�EHWD�HPLWWHUV��7KH\�HPLW�VR�FDOOHG�EHWD�SDUWLFOHV��
WKHVH�DUH� �HOHFWURQV�ZLWK�QHJDWLYH�RU�SRVLWLYH�FKDUJH���
%HWD�UDGLDWLRQ�LV�OHVV�SHQHWUDWLQJ�WKDQ� �JDPPD�UDGLDWLRQ��EXW�KDUGHU�WR�VKLHOG�
WKDQ� �DOSKD�UDGLDWLRQ��,I�EHWD�HPLWWHUV�DUH�UHOHDVHG�LQ�D�UHDFWRU�DFFLGHQW��WKH\�
FDQ�GDPDJH�WKH�KXPDQ�ERG\�IURP�WKH�RXWVLGH�E\�UDGLDWLRQ�DQG�DOVR�IURP�WKH�
LQVLGH�LI�WKH\�DUH�LQJHVWHG�RU�LQKDOHG���
�
%RLOLQJ�ZDWHU�UHDFWRU��%:5�
5HDFWRU�W\SH�� �UHDFWRU��ZKLFK�ZDV�GHYHORSHG�IURP�WKH� �SUHVVXUL]HG�ZDWHU�
UHDFWRU��VXE�W\SH�RI�WKH� �OLJKW�ZDWHU�UHDFWRU��7KH�VHFRQG�PRVW�FRPPRQ�
UHDFWRU�W\SH�LQ�RSHUDWLRQ�ZRUOGZLGH�DIWHU�WKH� �3:5��,Q�WKH�%:5��VWHDP�LV�
JHQHUDWHG�LQ�WKH�UHDFWRU�FRUH�DQG�FRQGXFWHG�GLUHFWO\�WR�WKH�WXUELQH��
$�%:5�LV�PRUH�GLIILFXOW�WR�FRQWURO�WKDQ�D�3:5��DV�OLTXLG�ZDWHU�DQG�VWHDP�DUH�
ERWK�SUHVHQW�LQ�WKH�FRUH��7KHUHIRUH��LQVWDELOLWLHV�LQ�WKH� �QHXWURQ�IOX[�LQ�WKH� �
UHDFWRU�FRUH�FDQ�RFFXU��OHDGLQJ�WR�ORFDO�IOXFWXDWLRQV�LQ�RXWSXW��
�
%RURQ��ERULF�DFLG�
7KH�HOHPHQW�ERURQ��FKHPLFDO�V\PERO�%��KDV�WZR�VWDEOH� �LVRWRSHV��RI�ZKLFK�
��%�LV�D�JRRG�QHXWURQ�DEVRUEHU��,W�LV�XVHG�LQ�WKH�IRUP�RI�ERULF�DFLG�WR�FRQWURO�WKH�

�QXFOHDU�FKDLQ�UHDFWLRQ�LQ�WKH� �UHDFWRU�DQG�DOVR�WR�NHHS�WKH�UHDFWRU�
VXEFULWLFDO��L�H��WR�SUHYHQW�D�FKDLQ�UHDFWLRQ���,W�LV�WKHUHIRUH�RI�YLWDO�LPSRUWDQFH�WR�
PDLQWDLQ�WKH�UHTXLUHG�ERURQ�FRQFHQWUDWLRQ�LQ�WKH�ZDWHU�WKDW�LV�IHG�LQWR�WKH�
UHDFWRU��
%RURQ��SRLVRQLQJ��LV�DOVR�RIWHQ�PHQWLRQHG�LQ�WKLV�FRQWH[W���
�
&DHVLXP�VRXUFH�
VHH�5DGLDWLRQ�VRXUFH�
�
&$1'8�
&$1DGLDQ�'HXWHULXP�8UDQLXP�UHDFWRU��&DQDGLDQ�UHDFWRU�W\SH�� �UHDFWRU��WKDW�
XVHV�QDWXUDO�XUDQLXP�DV� �IXHO�DQG� �KHDY\�ZDWHU�DV� �PRGHUDWRU�DQG�
FRRODQW��7KH�&$1'8�GRHV�QRW�KDYH�D�FRPSDFW� �UHDFWRU�FRUH�ORFDWHG�LQ�D� �
UHDFWRU�SUHVVXUH�WDQN��EXW�WKH�IXHO�EXQGOHV�DUH�LQVHUWHG�LQWR�SUHVVXUH�WXEHV�
FRROHG�E\�D�IORZ�RI�KHDY\�ZDWHU�DQG�LQ�D�KHDY\�ZDWHU�WDQN���
/LNH�D� �SUHVVXUL]HG�ZDWHU�UHDFWRU��D�&$1'8�LV�HTXLSSHG�ZLWK�WZR�FRRODQW�
ORRSV�FRQQHFWHG�E\� �VWHDP�JHQHUDWRUV��7KH� �SULPDU\�FRRODQW�LV�XQGHU�VXFK�
KLJK�SUHVVXUH�WKDW�WKH�KHDY\�ZDWHU�LQ�LW�GRHV�QRW�VWDUW�WR�ERLO���
'XH�WR�WKH�KLJK�QXPEHU�RI�SUHVVXUH�WXEHV�WKH�SULPDU\�FRRODQW�RI�D�&$1'8�KDV�
D�YHU\�FRPSOLFDWHG�VWUXFWXUH��7KH�ZDOOV�RI�WKH�SUHVVXUH�WXEHV�DUH�H[SRVHG�WR�D�
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JUHDWHU� �QHXWURQ�IOX[�WKDQ�WKH�UHDFWRU�SUHVVXUH�WDQN�RI�D�SUHVVXUL]HG�ZDWHU�
UHDFWRU��7KLV�OHDGV�WR�FRQVLGHUDEOH�SUREOHPV�ZLWK�PDWHULDOV��
�
&KHPLFDO�H[SORVLRQ�
&KHPLFDO�UHDFWLRQ�WKDW�RFFXUV�YHU\�IDVW�DQG�OHDGV�WR�D�FRQVLGHUDEOH�UHOHDVH�RI�
HQHUJ\��1RW�WR�EH�FRQIRXQGHG�ZLWK�D�QXFOHDU�H[SORVLRQ��XQFRQWUROOHG�FKDLQ�
UHDFWLRQ�DV�LQ�DQ� �DWRPLF�ERPE���WKH�HIIHFW�RI�D�FKHPLFDO�H[SORVLRQ�LV�ZHDNHU��
DOWKRXJK�LW�FDQ�EH�YHU\�GHVWUXFWLYH��
,Q�QXFOHDU�WHFKQRORJ\��FKHPLFDOO\�H[SORVLYH�PDWHULDOV�DUH�PDLQO\�XVHG�LQ�OLTXLG�
IRUP�LQ� �IXHO�UHSURFHVVLQJ�SODQWV��$�FKHPLFDO�H[SORVLRQ�LQ�VXFK�D�SODQW�FDQ�
OHDG�WR�WKH�UHOHDVH�RI�UDGLRDFWLYH�PDWHULDOV���
�
&ODGGLQJ�WXEH�
VHH�)XHO�DVVHPEO\�
�
&RQWDLQPHQW�
/DUJHO\�JDV�WLJKW�VWUXFWXUH�HQFORVLQJ�WKH� �UHDFWRU�FRUH�DQG�WKH�SLSHZRUN�DQG�
FRPSRQHQWV�WKDW�EHORQJ�WR�WKH�FRUH��,Q�D� �SUHVVXUL]HG�ZDWHU�UHDFWRU��IRU�
LQVWDQFH��WKH�HQWLUH� �SULPDU\�FRRODQW�FLUFXLW�LV�HQFORVHG�LQ�WKH�FRQWDLQPHQW��
7KH�FRQWDLQPHQW�LV�DOVR�RIWHQ�FDOOHG��UHDFWRU��VDIHW\�FRQWDLQPHQW��
3LSLQJ�LQ�WKH�FRQWDLQPHQW�LV�HTXLSSHG�ZLWK�UDSLGO\�FORVLQJ�YDOYHV�DQG�DFFHVV�WR�
WKH�FRQWDLQPHQW�LV�WKURXJK�DLUORFNV��,Q�FDVH�RI�DQ�DFFLGHQW��VWHDP�WKDW�OHDNV�
IURP�WKH�UHDFWRU�YHVVHO�LV�SUHYHQWHG�IURP�OHDNLQJ�LQWR�WKH�DWPRVSKHUH�EXW�LV�
FRQWDLQHG�LQ�WKH�FRQWDLQPHQW�ZKHUH�LW�FRQGHQVHV�LQWR�ZDWHU�ZKLFK�LV�FROOHFWHG�LQ�
WKH�VR�FDOOHG�VXPS�DQG�FDQ�WKHQ�EH�UH�XVHG�DV�FRRODQW����
,Q�D�VHULRXV�DFFLGHQW�WKH�FRQWDLQPHQW�FDQ�EH�GHVWUR\HG��IRU�LQVWDQFH�EHFDXVH�RI�
VXGGHQ�SUHVVXUH�SHDNV��DV�PD\�RFFXU�LQ�D�K\GURJHQ�H[SORVLRQ�RU�LQ�WKH�HYHQW�
WKDW�WKH� �UHDFWRU�SUHVVXUH�WDQN�PHOWV�GRZQ�GXH�WR�KLJK�LQWHUQDO�SUHVVXUH��RU��
RQ�WKH�RWKHU�KDQG��EHFDXVH�RI�RYHUSUHVVXUH�WKDW�EXLOGV�XS�JUDGXDOO\��0RUHRYHU��
LQ�FDVH�RI�D�IDLOXUH�LQ�WKH�KHDWLQJ�SLSHV�RI�D� �VWHDP�JHQHUDWRU��WKH�
FRQWDLQPHQW�LV�E\SDVVHG��,W�LV�DOVR�LQHIIHFWLYH�LQ�FDVH�RI�D�IDLOXUH�LQ�WKH�LVRODWLRQ�
YDOYHV���
�
&RQWDPLQDWLRQ��FRQWDPLQDWHG�
3HRSOH��EXLOGLQJV��DUHDV��PDFKLQHV��URRPV��ZDWHU��DLU����FDQ�EH�FRQWDPLQDWHG�E\�
UDGLRDFWLYH�PDWHULDOV���
�
&RQWURO�URG�
7R�FRQWURO�WKH�FKDLQ�UHDFWLRQ�LQ�D� �UHDFWRU��,W�FRQWDLQV�PDWHULDOV�WKDW�DEVRUE� �
QHXWURQV��H�J�� �ERURQ��7KH�IXUWKHU�WKH�FRQWURO�URG�LV�LQVHUWHG�LQWR�WKH� �UHDFWRU�
FRUH��WKH�PRUH�QHXWURQV�DUH�DEVRUEHG�DQG�WKH�ORZHU�WKH�FDSDFLW\�RI�WKH�UHDFWRU���
7KHVH�URGV�DUH�QHHGHG��DPRQJ�RWKHU�WKLQJV��IRU�D� �UHDFWRU�VFUDP��,I�WKH\�
VHL]H�RU�DUH�LQVHUWHG�WRR�VORZO\��VHYHUH�DFFLGHQWV�FDQ�RFFXU��
�
&RUH�FRQILJXUDWLRQ�
3RVLWLRQ�RI�WKH� �IXHO�EXQGOHV�LQ�WKH� �UHDFWRU��DOVR��SURFHVV�RI�SRVLWLRQLQJ�WKH�
IXHO�EXQGOHV�LQ�WKH� �UHDFWRU�FRUH��
�
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&RUH�LQVWDELOLW\�
3UHVVXUH�DQG�WHPSHUDWXUH�RI�WKH�FRRODQW��FRROLQJ�ZDWHU��LQ�WKH� �UHDFWRU�FRUH�
DIIHFW�WKH�QXFOHDU�FKDLQ�UHDFWLRQ��3DUWLFXODUO\�LQ� �ERLOLQJ�ZDWHU�UHDFWRUV��
LQWHUDFWLRQ�FDQ�OHDG�WR�RVFLOODWLRQ�LQ�WKH�QHXWURQ�IOX[�DQG�FRQVHTXHQWO\�WR�
LQVWDELOLWLHV�LQ�WKH�FRUH��7KHVH�LQVWDELOLWLHV�FDQ�FDXVH�WKH� �FODGGLQJ�WXEHV�RI�
IXHO�EXQGOHV�WR�JHW�VXSHUKHDWHG�DQG�EUHDN���
�
&RUH�LQVWUXPHQWDWLRQ�
0HDVXULQJ�LQVWUXPHQWV�EXLOW�LQWR�RU�LQ�EHWZHHQ�WKH� �IXHO�EXQGOHV�LQ�WKH� �
UHDFWRU�FRUH��:LWK�WKH��LQ��FRUH�LQVWUXPHQWDWLRQ�WKH� �QHXWURQ�IOX[�LQ�WKH�UHDFWRU�
FRUH�LV�PHDVXUHG�LQ�D�ZLGH�SHUIRUPDQFH�UDQJH��IURP�VWDUW�XS�WR�IXOO�SRZHU���$�
ODUJH�SHUFHQWDJH�RI�PHDVXULQJ�LQVWUXPHQWV�FRYHUV�WKH�IXOO�SRZHU�VHFWRU��DV�IRU�
WKLV�UDQJH�WKH�GLVWULEXWLRQ�RI�WKH�QHXWURQ�IOX[�LQ�WKH�UHDFWRU�FRUH�PXVW�EH�NQRZQ��
7KH�UHOLDEOH�IXQFWLRQLQJ�RI�WKH��LQ��FRUH�LQVWUXPHQWDWLRQ�LV�HVVHQWLDO�IRU�WKH�VDIH�
RSHUDWLRQ�RI�D�UHDFWRU��
�
&RUH�PHOWGRZQ��FRUH�PHOWGRZQ�DFFLGHQW�
7KH�VKXWGRZQ�RI�D�UHDFWRU�GRHV�QRW�VWRS�WKH�KHDW�SURGXFWLRQ�FRPSOHWHO\��
$OWKRXJK�WKH� �QXFOHDU�FKDLQ�UHDFWLRQ�FDQ�EH�LQWHUUXSWHG��WKH�GHFD\�RI�WKH�
UDGLRDFWLYH�PDWHULDOV��ODUJH�TXDQWLWLHV�RI�ZKLFK�DUH�LQVLGH�WKH� �IXHO�EXQGOHV��
FDQ�QRW�EH�VWRSSHG��:LWKRXW�FRROLQJ�D�VKXWGRZQ�UHDFWRU�KHDWV�XS�PRUH�DQG�
PRUH�EHFDXVH�RI�WKLV� �GHFD\�KHDW�XQWLO�WKH�IXHO�PHOWV��,Q�FHUWDLQ�W\SHV�RI�
DFFLGHQWV�WKLV�FDQ�KDSSHQ�DOUHDG\�DERXW�DQ�KRXU�DIWHU�WKH�DFFLGHQW�RFFXUUHG��
5DGLRDFWLYH�PDWHULDOV�DUH�UHOHDVHG�IURP�WKH�KRW�PHOW��
&RUH�PHOWGRZQ�DFFLGHQWV�LQ� �OLJKW�ZDWHU�UHDFWRUV�FDQ�OHDG�WR�UHOHDVHV�WKDW�DUH�
HYHQ�KLJKHU�WKDQ�LQ�WKH�DFFLGHQW�LQ�&KHUQRE\O��H�J��LQ�FDVH�RI�HDUO\�FRQWDLQPHQW�
IDLOXUH��2WKHU�DFFLGHQW�W\SHV�OHDG�WR�PLQRU�UHOHDVHV�ZKLFK�DUH��KRZHYHU��VWLOO�
YHU\�GDPDJLQJ�WR�WKH�HQYLURQPHQW��
,I�WKH�RSHUDWLQJ�VWDII�LV�VXFFHVVIXO�LQ�UHVWRULQJ�D�IDLOHG�FRUH�FRROLQJ�TXLFNO\��ZLWK�
VRPH�OXFN�LW�LV�SRVVLEOH�WR�SUHYHQW�D�PHOW�RU�DW�OHDVW�WR�VWDELOLVH�WKH�VLWXDWLRQ�
DIWHU�D�SDUWLDO�PHOWGRZQ�RI�WKH�FRUH��(YHQ�LQ�WKH�ODWWHU�FDVH�UDGLRDFWLYH�UHOHDVHV�
FDQ�RFFXU��
�
&RUURVLRQ�
&RUURVLRQ�LV�WKH�GHWHULRUDWLRQ�RI�D�PDWHULDO�GXH�WR�FKHPLFDO�UHDFWLRQV�ZLWK�
VXEVWDQFHV�LQ�LWV�HQYLURQPHQW��H�J��RI�D�SLSH�LQ�WKH� �SULPDU\�FRRODQW�GXH�WR�D�
UHDFWLRQ�ZLWK�WKH�FRRODQW��$GGLWLRQDO�PHFKDQLFDO�VWUDLQ�FDQ�DFFHOHUDWH�FRUURVLRQ�
�H�J��LQ�WKH�FDVH�RI�VWUHVV�FRUURVLRQ�FUDFNLQJ���
7KHUH�DUH�PDQ\�GLIIHUHQW�W\SHV�RI�FRUURVLRQ��H�J��XQLIRUP�FRUURVLRQ��SLWWLQJ��
FUHYLFH�FRUURVLRQ�DQG�LQWHUJUDQXODU�FRUURVLRQ��
�
&ULWLFDOLW\�DFFLGHQW�
8QFRQWUROOHG�DQG�XQLQWHQWLRQDO� �QXFOHDU�FKDLQ�UHDFWLRQ��:KHQ�GHDOLQJ�ZLWK�
ILVVLOH�PDWHULDOV��H[WHQVLYH�SUHFDXWLRQDU\�PHDVXUHV�KDYH�WR�EH�WDNHQ�LQ�RUGHU�WR�
SUHYHQW�FKDLQ�UHDFWLRQV��7HFKQLFDO�WURXEOH�RU�D�KXPDQ�HUURU���H�J��WKH�DOORZHG�
FRQFHQWUDWLRQ�RI�ILVVLOH�PDWHULDO�LQ�VROXWLRQV�LV�H[FHHGHG��RU� �FRQWURO�URGV�DUH�
HUURQHRXVO\�UHPRYHG�IURP�D� �UHDFWRU���FDQ�OHDG�WR�FULWLFDOLW\��L�H��D�FKDLQ�
UHDFWLRQ�VWDUWV��7KH�HQYLURQPHQW�LV�H[SRVHG�WR�D�VKRZHU�RI� �QHXWURQV��
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'HFD\�KHDW�
'XULQJ�WKH�RSHUDWLRQ�RI�D�UHDFWRU������RI�WKH�UHVXOWLQJ�KHDW�LV�SURGXFHG�E\�WKH�
�FKDLQ�UHDFWLRQ��WKH�UHPDLQLQJ����E\�WKH�UDGLRDFWLYH�GHFD\�RI�UDGLRDFWLYH�

PDWHULDOV�LQ�WKH� �UHDFWRU�FRUH��7KLV�GHFD\�KHDW�FDQ�QRW�EH�GLVDEOHG�DQG�LV�VWLOO�
SURGXFHG�HYHQ�ZKHQ�WKH�FKDLQ�UHDFWLRQ�KDV�EHHQ�VWRSSHG�E\�D� �UHDFWRU�
VFUDP��7KH�UHPRYDO�RI�WKLV�KHDW�KDV�WR�EH�JXDUDQWHHG�DW�DOO�WLPHV��RWKHUZLVH�
WKHUH�LV�WKH�ULVN�RI�D�FRUH�PHOWGRZQ��
7KH�GHFD\�KHDW�GHFUHDVHV�UDSLGO\�DIWHU�WKH�VKXWGRZQ��$IWHU�RQH�GD\�LW�KDV�IDOOHQ�
IURP����WR�DURXQG������RI�WKH�WRWDO�KHDW�GXULQJ�UHDFWRU�RSHUDWLRQ��DIWHU�RQH�
PRQWK�WR�DERXW��������+RZHYHU��LQ�D�ODUJH�QXFOHDU�SRZHU�SODQW�WKH�ODWWHU�
SHUFHQWDJH�VWLOO�HTXDOV�DURXQG������NLORZDWWV�RI�SRZHU���PRUH�WKDQ�HQRXJK�WR�
PHOW�GRZQ�WKH�FRUH�ZLWKRXW�FRROLQJ���
�
'HXWHULXP�
VHH�+\GURJHQ�
�
'RVH��GRVH�RI�UDGLDWLRQ�
7KH�GRVH��RI�UDGLDWLRQ��LV�D�PHDVXUH�IRU�WKH�DEVRUEHG�DPRXQW�RI� �LRQL]LQJ�
UDGLDWLRQ���
7KH�DEVRUEHG�GRVH�LQGLFDWHV�WKH�DEVRUEHG�UDGLDWLRQ�HQHUJ\��LW�LV�D�SXUHO\�
SK\VLFDO��L�H��PHDVXUDEOH��XQLW�DQG�LV�PHDVXUHG�LQ�JUD\�RU�PLOOLJUD\��*\�RU�P*\���
7KH�HTXLYDOHQW�GRVH�LV�PHDVXUHG�LQ�VLHYHUWV�RU�PLOOLVLHYHUWV��6Y�RU�P6Y���,W�LV�
FDOFXODWHG�RQ�WKH�EDVLV�RI�WKH�DEVRUEHG�GRVH�DQG�WKH�UHODWLYH�ELRORJLFDO�HIIHFW�RI�
WKH�W\SH�RI�UDGLDWLRQ�LQ�TXHVWLRQ��� �1HXWURQ�UDGLDWLRQ��IRU�H[DPSOH��LV�PXFK�
PRUH�HIIHFWLYH�WKDQ� �JDPPD�UDGLDWLRQ�LQ�WKH�VDPH�DEVRUEHG�GRVH���7KH�
HTXLYDOHQW�GRVH�LV�QRW�GLUHFWO\�PHDVXUDEOH��LW�LV�D�SXUHO\�PDWKHPDWLFDO�YDULDEOH�
ZLWK�PDQ\�XQFHUWDLQWLHV���
7KH�HIIHFWLYH�GRVH�LV�D�PHDVXUH�IRU�WKH�WRWDO�HIIHFW�RI�H[SRVXUH�WR�UDGLDWLRQ�RQ�
WKH�KXPDQ�RUJDQLVP��*LYLQJ�GRVHV�IRU�FHUWDLQ�RUJDQV�DQG�WLVVXHV�FDQ�DOVR�EH�
XVHIXO��DV�IRU�LQVWDQFH�WKH�LRGLQH�LVRWRSH� �LRGLQH�����DIIHFWV�WKH�WK\URLG�LQ�
SDUWLFXODU���
/LPLW�YDOXHV�IRU�WKH�SHUPLVVLEOH�GRVH�DUH�WR�NHHS�WKH�KD]DUG�WKURXJK�UDGLDWLRQ�
RQ�DQ�DFFHSWDEOH�OHYHO��,Q�*HUPDQ\��IRU�LQVWDQFH��WKH�OLPLW�IRU�WKH�\HDUO\�GRVH�
�HIIHFWLYH�GRVH��IRU�DQ�RFFXSDWLRQDOO\�H[SRVHG�SHUVRQ�LV�VHW�DW����P6Y��WKH�OLPLW�
IRU�H[SRVXUH�WR�UDGLDWLRQ�LQ�ZDVWH�ZDWHU�DQG�ZDVWH�DLU�HPLWWHG�E\�QXFOHDU�SODQWV�
IRU�WKH�JHQHUDO�SXEOLF�LV�VHW�DW�����P6Y�UHVSHFWLYHO\��
$�KLJK�GRVH�OHDGV�WR�DFXWH�UDGLDWLRQ�VLFNQHVV��(IIHFWV�DUH�IHOW�IURP�DURXQG�����
6Y��LQ�VHQVLWLYH�SHRSOH�HYHQ�EHORZ�WKDW�YDOXH��$�GRVH�RI���6Y�FDQ�DOUHDG\�EH�
GHDGO\��GRVHV�RI�RYHU���6Y�DUH�YLUWXDOO\�DOZD\V�OHWKDO��
/RZHU�GRVHV�OHDG�WR�UDGLDWLRQ�LQMXULHV�RI�D�GLIIHUHQW�NLQG���FDQFHU��JHQHWLF�
GHIHFWV�DQG�RWKHU�GLVHDVHV��7KHVH�GLVHDVHV�RFFXU�DFFRUGLQJ�WR�WKH�ODZV�RI�
VWDWLVWLFV���WKH�KLJKHU�WKH�GRVH��WKH�KLJKHU�WKH�SUREDELOLW\�RI�GLVHDVH��7KHUH�LV�QR�
ORZHU�OLPLW�IRU�WKLV�W\SH�RI�HIIHFWV���VWRFKDVWLF�KHDOWK�HIIHFWV�RI�UDGLDWLRQ����$V�D�
FRQVHTXHQFH��REVHUYLQJ�WKH�OLPLW�YDOXHV�GRHV�QRW�PHDQ�WKDW�QR�KDUP�ZLOO�EH�
GRQH��
*LYLQJ�D�SHUFHQWDJH�IRU�WKH�GLVHDVH�SUREDELOLW\�DW�D�FHUWDLQ�GRVH�LV�GLIILFXOW�DQG�
VXEMHFW�WR�JUHDW�XQFHUWDLQWLHV��ZKLFK�DUH�GXH�LQ�SDUW�WR�NQRZOHGJH�JDSV�DQG�LQ�
SDUW�WR�WKH�IDFW�WKDW�HYHU\�LQGLYLGXDO�UHDFWV�GLIIHUHQWO\�WR�UDGLDWLRQ��&KLOGUHQ�DUH�
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PRUH�VHQVLWLYH�WKDQ�JURZQ�XSV��DQG�ZRPHQ�WKDQ�PHQ��DQG�ODVWO\�WKHUH�DUH�DOVR�
GLIIHUHQFHV�EHWZHHQ�LQGLYLGXDOV��7KH�SUREDELOLW\�RI�GHYHORSLQJ�FDQFHU�DIWHU�
EHLQJ�H[SRVHG�WR�D�UDGLDWLRQ�RI���6Y�LV�DERXW�����IRU�ZRPHQ�DQG�DERXW�����IRU�
PHQ��DFFRUGLQJ�WR�RIILFLDO�VRXUFHV��816&($5���8QLWHG�1DWLRQV�6FLHQWLILF�
&RPPLWWHH�RQ�WKH�(IIHFWV�RI�$WRPLF�5DGLDWLRQ��DVVXPLQJ�D�OLQHDU�FRUUHODWLRQ�
EHWZHHQ�GRVH�DQG�HIIHFW����
7KH�XQFHUWDLQWLHV�DUH�HYHQ�JUHDWHU�ZLWK�UHVSHFW�WR�JHQHWLF�GHIHFWV�FDXVHG�E\�
UDGLDWLRQ��LW�GRHV�QRW�VHHP�WR�EH�SRVVLEOH�DW�SUHVHQW�WR�JLYH�HYHQ�DSSUR[LPDWH�
YDOXHV���
�
(OHFWURQ�
(OHPHQWDU\�SDUWLFOH�WKDW�FDUULHV�D�QHJDWLYH�HOHFWULF�FKDUJH��,Q�DQ�DWRP�WKH�
HOHFWURQV�ZLWK�QHJDWLYH�FKDUJH�UHYROYH�DURXQG�WKH�DWRP�QXFOHXV�ZLWK�SRVLWLYH�
HOHFWULF�FKDUJH��WKH\�PDNH�XS�WKH�VR�FDOOHG�HOHFWURQ�VKHDWK��
7KHUH�DUH�DOVR�HOHFWURQV�ZLWK�SRVLWLYH�HOHFWULF�FKDUJH��WKH�VR�FDOOHG�SRVLWURQV���
�
(PHUJHQF\�FRROLQJ�V\VWHP��HPHUJHQF\�FRROLQJ�
7KH�HPHUJHQF\�FRROLQJ�V\VWHP�LV�WKH�FRROLQJ�V\VWHP�RI�D� �UHDFWRU�ZKLFK�LQ�
FDVH�RI�D�IDLOXUH�RI�WKH�KHDW�UHPRYDO�V\VWHP�VHUYHV�WR�UHPRYH�WKH� �GHFD\�KHDW�
DIWHU�WKH�UHDFWRU�KDV�EHHQ�VKXW�GRZQ��8VXDOO\�LW�LV�FRPSRVHG�RI�YDULRXV�VXE�
V\VWHPV��LQ�D� �3:5�WKHVH�ZRXOG�EH�D�KLJK�SUHVVXUH�DQG�D�ORZ�SUHVVXUH�
V\VWHP��LQMHFWLRQ�E\�SXPSV��DQG�WKH�K\GUDXOLF�DFFXPXODWRUV��LQMHFWLRQ�E\�
RYHUSUHVVXUH�LQ�WDQN���
7KH�VXE�V\VWHPV�RI�WKH�HPHUJHQF\�FRROLQJ�V\VWHP�DUH�DJDLQ�FRPSRVHG�RI�
YDULRXV�SDUDOOHO�OLQHV�� �UHGXQGDQF\��WR�HQKDQFH�VDIHW\��+RZHYHU��PXOWLSOH�
IDLOXUH�ZLWK�D�VLQJOH�FDXVH�LV�SRVVLEOH��H�J��IRUPDWLRQ�RI�JDV�FKDUJHG�EODGGHUV�LQ�
SXPSV���)XUWKHUPRUH��WKHUH�DUH�HYHQWV���OLNH�WKH�EXUVWLQJ�RI�WKH� �UHDFWRU�
SUHVVXUH�YHVVHO���RQ�ZKLFK�WKH�HPHUJHQF\�FRROLQJ�V\VWHP�KDV�QR�LQIOXHQFH�DQG�
ZKLFK�OHDG�WR� �FRUH�PHOWGRZQ�UHJDUGOHVV�RI�D�IXQFWLRQLQJ�HPHUJHQF\�FRROLQJ�
V\VWHP���
�
(PHUJHQF\�SRZHU�V\VWHP��HPHUJHQF\�'LHVHO�JHQHUDWRU�
$�QXFOHDU�SRZHU�SODQW�QHHGV�D�FRQWLQXRXV�DQG�UHOLDEOH�SRZHU�VXSSO\�IRU�YLWDO�
VDIHW\�V\VWHPV��'XULQJ�RSHUDWLRQ�RI�WKH�UHDFWRU�WKH�SRZHU�QHHGHG�LV�GLYHUJHG�
IURP�WKH�RXWSXW�RI�WKH�UHDFWRU��,I�WKH� �UHDFWRU�LV�VKXW�GRZQ��SRZHU�LV�VXSSOLHG�
E\�WKH�JULG��
,I�WKH�FRQQHFWLRQ�WR�WKH�JULG�EUHDNV�RII�ZKLOH�WKH�UHDFWRU�LV�LQ�RSHUDWLRQ��D�
SRVVLEOH�FDXVH�RI�DFWLRQ�LV�WR�WU\�WR�UHGXFH�WKH�RXWSXW�WR�DX[LOLDU\�VWDWLRQ�VXSSO\��
DOWKRXJK�WKH�RGGV�DUH�UHODWLYHO\�KLJK�WKDW�WKLV�IDLOV���
,I�WKH�UHDFWRU�KDV�WR�EH�VKXW�GRZQ�ZKLOH�WKH�SODQW�LV�ZLWKRXW�FRQQHFWLRQ�WR�WKH�
JULG��RU�LI�WKH�FRQQHFWLRQ�WR�WKH�JULG�EUHDNV�RII�ZKHQ�WKH�UHDFWRU�KDV�DOUHDG\�
EHHQ�VKXW�GRZQ��WKH�HPHUJHQF\�SRZHU�V\VWHP�LV�QHHGHG��WKH�HPHUJHQF\�
'LHVHO�JHQHUDWRUV�RI�WKH�HPHUJHQF\�SRZHU�V\VWHP�DUH�VZLWFKHG�RQ�DQG�VXSSO\�
WKH�VDIHW\�V\VWHPV��7KHUH�DUH�PRUH�'LHVHO�JHQHUDWRUV�LQ�VWRFN�WKDQ�DUH�
QHFHVVDU\�� �UHGXQGDQF\���2Q�WKH�RWKHU�KDQG��'LHVHO�JHQHUDWRU�VHWV�DUH�
VXVFHSWLEOH�WR�PDOIXQFWLRQ��2YHU�ORQJHU�SHULRGV�RI�XVDJH��IRU�LQVWDQFH�GXH�WR�
ODUJH�DUHD�GLVDVWHUV�FDXVHG�E\�EDG�ZHDWKHU��WKH�SURYLVLRQ�ZLWK�'LHVHO�IXHO�FDQ�
EHFRPH�D�SUREOHP��



� �

,I�LQ�VXFK�D�FDVH�WKH�HPHUJHQF\�'LHVHO�JHQHUDWRUV�EUHDN�GRZQ�RU�UXQ�RXW�RI�
IXHO��D�VHYHUH�DFFLGHQW�ZLWK� �FRUH�PHOWGRZQ�LV�WKH�UHVXOW���
�
(PHUJHQF\�VFUDP�V\VWHP�
VHH�5HDFWRU�VFUDP�
�
(PHUJHQF\�V\VWHP��HPHUJHQF\�SRZHU�VXSSO\�
7KH�HPHUJHQF\�V\VWHP�LV�WR�HQVXUH�WKH�FRROLQJ�RI�WKH� �UHDFWRU�LQ�FDVH�RI�DQ�
DFFLGHQW�FDXVHG�E\� �H[WHUQDO�LPSDFW��,Q�PDQ\�SRZHU�SODQWV�LW�LV�VLWXDWHG�LQ�D�
EXLOGLQJ�DSDUW�ZLWK�D�VHSDUDWH�ZDWHU�UHVHUYH��SLSHV�WR�IHHG�FRRODQW�LQWR�WKH�
FRRODQW�FLUFXLW�RI�WKH�UHDFWRU�DQG��LQ� �3:5��LQWR�WKH� �VWHDP�JHQHUDWRUV�DQG�
D�VHSDUDWH�HPHUJHQF\�SRZHU�VXSSO\��HPHUJHQF\�JHQHUDWRU����
7KH�HPHUJHQF\�V\VWHP�LV�QRW�HIIHFWLYH�LI�WKH�UHDFWRU�EXLOGLQJ�LV�IXOO\�GHVWUR\HG�
DQG�WKH�FRROLQJ�V\VWHP�VHYHUHO\�GDPDJHG��3DUWLFXODUO\�LQ�ROG�SODQWV�LW�SURYLGHV�
LQDGHTXDWH�SURWHFWLRQ�DJDLQVW�H[WHUQDO�LPSDFW���HVSHFLDOO\�DJDLQVW�WKH�VFHQDULR�
RI�D�FUDVK�RI�D�ODUJH�FRPPHUFLDO�DLUFUDIW���
�
(QULFKPHQW��HQULFKPHQW�SODQW�
VHH�8UDQLXP�HQULFKPHQW�
�
([WHUQDO�LPSDFW�
,Q�QXFOHDU�WHUPLQRORJ\��WKLV�WHUP�UHIHUV�WR�GDQJHUV�IURP�WKH�RXWVLGH�WKDW�FDQ�
DIIHFW�D�QXFOHDU�SRZHU�SODQW��([WHUQDO�LPSDFWV�LQFOXGH�QDWXUDO�LPSDFWV�OLNH�
HDUWKTXDNHV��H[WUHPH�ZHDWKHU�FRQGLWLRQV�RU�ELRORJLFDO�VHGLPHQWV��FODPV��ILVK��
MHOO\ILVK�RU�ZDWHU�SODQWV�LQ�FRROLQJ�ZDWHU�H[WUDFWLRQ�GHYLFHV��OHDYHV�RU�LQVHFWV�LQ�
WKH�YHQW�V\VWHP��RQ�WKH�RQH�KDQG��RQ�WKH�RWKHU�KDQG��WKH\�DOVR�LQFOXGH�LPSDFWV�
UHVXOWLQJ�IURP�KXPDQ�DFWLYLW\��H�J��WKH�H[SORVLRQ�RI�D�SDVVLQJ�JDV�WDQN�RU�D�
SODQH�FUDVK�FDXVHG�E\�DQ�DFFLGHQW��
7DUJHWHG�DVVDXOWV�DUH�QRW�FRXQWHG�DPRQJ�WKH�H[WHUQDO�LPSDFWV�EXW�DUH�FDOOHG�
�LQGXVWULDO�VDERWDJH���LQ�WKH�FDVH�RI�WHUURU�DQG�VDERWDJH��RU��HQHP\�DFWLRQ���LQ�
WKH�FDVH�RI�ZDU���
�
)DOORXW�
5DGLRDFWLYH�SROOXWDQWV�WKDW�DUH�UHOHDVHG�LQWR�WKH�DWPRVSKHUH�LQ�D�QXFOHDU�
DFFLGHQW��RU�D� �QXFOHDU�ZHDSRQV�WHVW���DUH�GLVSHUVHG�E\�WKH�ZLQG�DQG�WKHQ�IDOO�
EDFN�GRZQ�RQ�WKH�HDUWK���
)DOORXW�DIWHU�D� �FRUH�PHOWGRZQ�DFFLGHQW�FDQ�FDXVH�VHYHUH�FRQWDPLQDWLRQ�LQ�
DUHDV�PDQ\�KXQGUHG�NLORPHWUHV�DZD\�IURP�WKH�VLWH�RI�WKH�DFFLGHQW�DQG�FDQ�EH�
VSUHDG�ZRUOGZLGH���
�
)DVW�EUHHGHU��UHDFWRU��
,Q�D�IDVW�EUHHGHU� �UHDFWRU�WKH� �QXFOHDU�FKDLQ�UHDFWLRQ�LV�VXVWDLQHG�PDLQO\�E\�
IDVW� �QHXWURQV��7KHUH�LV�QR� �PRGHUDWRU�WR�VORZ�GRZQ�WKH�QHXWURQV�DQG�
FRQVHTXHQWO\�QR�QHXWURQ�ORVV�LQ�WKH�PRGHUDWRU��2Q�WKH�RWKHU�KDQG��D�IDVW�
UHDFWRU�LV�PRUH�GLIILFXOW�WR�FRQWURO��
7KH�PRVW�LPSRUWDQW�W\SH�RI�IDVW�UHDFWRU�DW�WKH�PRPHQW�LV�WKH�IDVW�EUHHGHU�
UHDFWRU��IDVW�EUHHGHU���7KH�EDVLF�LGHD�EHKLQG�WKLV�UHDFWRU�W\SH�LV�WR�SURGXFH�
ILVVLOH�SOXWRQLXP������ �SOXWRQLXP��IURP�WKH�XUDQLXP�LVRWRSH�8�����ZKLFK�LV�
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QRW�VXLWDEOH�DV�QXFOHDU�IXHO��,I�WKLV�SULQFLSOH�ZDV�DSSOLHG�WKURXJKRXW��WKH�ZRUOG
V�
XUDQLXP�UHVRXUFHV�FRXOG�WKHRUHWLFDOO\�EH�H[SORLWHG�D�KXQGUHG�WLPHV�PRUH�
HIILFLHQWO\���
+RZHYHU��WKH�VDIHW\�SUREOHPV�LQ�D�IDVW�EUHHGHU�DUH�HYHQ�JUHDWHU�WKDQ�WKRVH�RI�
�OLJKW�ZDWHU�UHDFWRUV��,Q�D�IDVW�EUHHGHU��QXFOHDU�H[SORVLRQV�FDQ�RFFXU�ZKLFK�

OHDG�WR�WKH�GHVWUXFWLRQ�RI�WKH�UHDFWRU�EXLOGLQJ�DQG�WR�WKH�GLVWULEXWLRQ�RI�ODUJH�
DPRXQWV�RI�UDGLRDFWLYH�SROOXWDQWV��HVSHFLDOO\�SOXWRQLXP��LQ�WKH�HQYLURQPHQW��
0RUHRYHU��WKH�FRRODQW�XVHG�LV� �VRGLXP��ZKLFK�UHDFWV�YLROHQWO\�ZLWK�ZDWHU�DQG�
DLU��
$�IXUWKHU�SUREOHP�RI�WKH�IDVW�EUHHGHU�LV�WKDW�WKH�SOXWRQLXP�SURGXFHG�LV�
FRPSRVHG�WR�D�YHU\�KLJK�SHUFHQWDJH�RI�WKH� �LVRWRSH�3X������D�IDFW�WKDW�
UHQGHUV�LW�SDUWLFXODUO\�VXLWDEOH�IRU�WKH�SURGXFWLRQ�RI� �QXFOHDU�ZHDSRQV��7KDW�LV�
WR�VD\�WKDW�D�IDVW�EUHHGHU�LV�HVSHFLDOO\�YXOQHUDEOH�WR�EH�DEXVHG�IRU�PLOLWDU\�
SXUSRVHV���
6RPH�GHFDGHV�DJR��WKH�EUHHGHU�UHDFWRUV�ZHUH�SUHVHQWHG�E\�WKH�QXFOHDU�
LQGXVWU\�DV�WKH�HQHUJ\�VRXUFH�RI�WKH�IXWXUH�IRU�ZKLFK�IXHO�UHVRXUFHV�ZRXOG�ODVW�
WKRXVDQGV�RI�\HDUV��%XW��GXH�WR�WKH�VDIHW\�SUREOHPV�PHQWLRQHG�DQG�WKH�KLJK�
FRVWV�RI�WKH�WHFKQRORJ\��WKLV�UHDFWRU�OLQH�GLG�QRW�DVVHUW�LWVHOI��$V�RI�QRZ��RQO\�
WKUHH�SODQWV�RI�WKLV�W\SH�DUH�LQ�RSHUDWLRQ��7KH�IDVW�EUHHGHU�LQ�.DONDU��*HUPDQ\��
ZDV�IXOO\�VHW�XS��EXW�KDV�QHYHU�EHHQ�SXW�LQWR�RSHUDWLRQ���
�
)HHGZDWHU�
VHH�6WHDP�JHQHUDWRU�
�
)LOWHU�UHVLQV�
'LIIHUHQW�W\SHV�RI�ILOWHUV�DUH�XVHG�LQ�QXFOHDU�SRZHU�SODQWV�WR�SXULI\�WKH�FRROLQJ�
ZDWHU��DPRQJ�RWKHU�W\SHV�VXFK�WKDW�FRQWDLQ�UHVLQV��:KHQ�WKHVH�ILOWHUV�KDYH�
UHDFKHG�WKHLU�FDSDFLW\�WKH\�KDYH�WR�EH�WUHDWHG�DV� �QXFOHDU�ZDVWH�DQG�
GLVSRVHG�RI�DFFRUGLQJO\���
�
)LVVLOH�PDWHULDOV��ILVVLRQDEOH�PDWHULDOV��
0DWHULDOV�ZKRVH�QXFOHL�DUH�ILVVLOH�E\� �QHXWURQV��L�H��WKH�QXFOHL�DUH�VSOLW�LQWR�WZR�
RU�PRUH�SDUWV�E\�WKH�LPSDFW�RI�D�QHXWURQ��,Q�FHUWDLQ� �LVRWRSHV�RI� �XUDQLXP�
DQG� �SOXWRQLXP��WKH�ILVVLRQ�LQ�WXUQ�UHOHDVHV�PRUH�QHXWURQV�VR�WKDW�D� �FKDLQ�
UHDFWLRQ�FDQ�UHVXOW��
�
)XHO�
VHH�)XHO�DVVHPEO\�
�
)XHO�DVVHPEO\��IXHO�EXQGOH�
1HZ�IXHO�IRU�QXFOHDU�SRZHU�SODQWV��HQULFKHG� �XUDQLXP�RU�D�PL[�RI�XUDQLXP�DQG�
�SOXWRQLXP��LV�SUHVVHG�LQWR�SHOOHWV��7KHVH�DUH�WKHQ�ILOOHG�LQWR�ORQJ�F\OLQGULFDO�

WXEHV��FODGGLQJ�WXEHV��PRVWO\�PDGH�RI�WKH�]LUFRQLXP�DOOR\�=LUFDOOR\��WR�PDNH�WKH�
VR�FDOOHG�IXHO�URGV��4XLWH�D�ODUJH�QXPEHU�RI�IXHO�URGV��D�IHZ�KXQGUHG�LQ� �
������������������������������������������������������
���)LVVLOH��LV�GLVWLQJXLVKHG�IURP��ILVVLRQDEOH����)LVVLRQDEOH��DUH�DQ\�PDWHULDOV�ZLWK�DWRPV�WKDW�FDQ�
XQGHUJR�QXFOHDU�ILVVLRQ���)LVVLOH��LV�GHILQHG�WR�EH�PDWHULDOV�WKDW�DUH�ILVVLRQDEOH�E\�VORZ�
QHXWURQV���)LVVLOH��WKXV��LV�PRUH�UHVWULFWLYH�WKDQ��ILVVLRQDEOH��²�DOWKRXJK�DOO�ILVVLOH�PDWHULDOV�DUH�
ILVVLRQDEOH��QRW�DOO�ILVVLRQDEOH�PDWHULDOV�DUH�ILVVLOH��
6RXUFH��KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�)LVVLOH�
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SUHVVXUL]HG�ZDWHU�UHDFWRUV��DUH�EXQGOHG�WRJHWKHU�WR�IRUP�D�IXHO�DVVHPEO\�RU�
EXQGOH���
)XHO�EXQGOHV�FDQ�JHW�GDPDJHG�E\�H[FHVVLYHO\�KLJK�WHPSHUDWXUHV��FRUURVLRQ�RU�
RWKHU�IDFWRUV��'DPDJH�PRVW�RIWHQ�OHDGV�WR�OHDNDJH�LQ�WKH�FODGGLQJ�WXEHV��ZKLFK�
PHDQV�UHOHDVH�RI�UDGLRDFWLYH�PDWHULDOV��
$�IXHO�EXQGOH�W\SLFDOO\�VWD\V�LQ�D�UHDFWRU�GXULQJ�VRPH�\HDUV��7KHQ�WKH\�DUH�
KLJKO\�UDGLRDFWLYH��ZLWK�LQWHQVH�UDGLDWLRQ�DQG�KHDW�GHYHORSPHQW��,Q�WKLV�VWDWH�
WKH\�DUH�FDOOHG�VSHQW�IXHO�HOHPHQWV���
�
)XHO�FRROLQJ�LQVWDOODWLRQ��GHFD\�EDVLQ�
$�SRRO�ILOOHG�ZLWK�ZDWHU�LQ�RU�QHDU�WKH�UHDFWRU�EXLOGLQJ�LQ�ZKLFK�WKH� �IXHO�
DVVHPEOLHV�DUH�VWRUHG�DIWHU�XVH�LQ�WKH�UHDFWRU��2QO\�DIWHU�D�FRXSOH�RI�\HDUV�
GXULQJ�ZKLFK�UDGLRDFWLYLW\�KDV�GHFD\HG��DQG�KHDW�GHYHORSPHQW�KDV�GHFUHDVHG�
DV�D�UHVXOW��FDQ�WKH�IXHO�DVVHPEOLHV�EH�WUDQVSRUWHG�LQ�FRQWDLQHUV�DQG�GLVSRVHG�
RI��7KH�IXHO�FRROLQJ�LQVWDOODWLRQ�FRQWDLQV�PRUH�ORQJ�OLYHG�UDGLRDFWLYH�PDWHULDOV�
WKDQ�WKH� �UHDFWRU�FRUH��,Q�VRPH�UHDFWRU�W\SHV��H�J��*HUPDQ�SURGXFW�OLQH���� �
ERLOLQJ�ZDWHU�UHDFWRUV��SDUW�RI�86�QXFOHDU�SRZHU�SODQWV���WKH�SURWHFWLRQ�RI�WKH�
EDVLQ�DJDLQVW�H[WHUQDO�LPSDFW�LV�PXFK�ZRUVH�WKDQ�WKDW�RI�WKH�UHDFWRU��ZKLFK�
PDNHV�WKH�EDVLQ�HVSHFLDOO\�YXOQHUDEOH���
�
)XOO�ORDG��IXOO�ORDG�RSHUDWLRQ�
)XOO�ORDG�PHDQV������RI�WKH�FDSDFLW\�WKDW�D�SRZHU�SODQW�FDQ�UHDFK��)XOO�ORDG�
RSHUDWLRQ�LV�FRQVHTXHQWO\�RSHUDWLRQ�DW������RI�FDSDFLW\���
�
*DPPD�HPLWWHU��JDPPD�UDGLDWLRQ�
(OHFWURPDJQHWLF�UDGLDWLRQ�HPLWWHG�E\�DQ�DWRPLF�QXFOHXV�GXULQJ�UDGLRDFWLYH�
GHFD\��*DPPD�UDGLDWLRQ�LV�VLPLODU�LQ�LWV�SK\VLFDO�SURSHUWLHV�WR�OLJKW�DQG�
PLFURZDYH�UDGLDWLRQ��EXW�ZLWK�D�KLJKHU�HQHUJ\�DQG�VKRUWHU�ZDYHOHQJWK��,Q�QHDUO\�
HYHU\�LQVWDQFH�RI�UDGLRDFWLYH�GHFD\�DQG�QXFOHDU�ILVVLRQ��JDPPD�UDGLDWLRQ�LV�
HPLWWHG��
*DPPD�UDGLDWLRQ�LV�KLJKO\�SHQHWUDWLQJ��$IWHU�D�UHDFWRU�DFFLGHQW��IRU�H[DPSOH��LW�
SDUWLFXODUO\�DIIHFWV�KXPDQ�EHLQJV�LQ� �FRQWDPLQDWHG�DUHDV�IURP�WKH�RXWVLGH��,W�
LV�EHVW�VKLHOGHG�E\�PDWHULDOV�ZLWK�KLJK�GHQVLW\�DQG�D�ODUJH�QXPEHU�RI� �SURWRQV�
LQ�WKH�QXFOHXV��L�H��ZLWK�D�KLJK��DWRPLF�QXPEHU����
�
+DOI�OLIH�
7KH�SHULRG�RI�WLPH�DIWHU�ZKLFK�KDOI�RI�WKH�DWRPLF�QXFOHL�LQ�D� �UDGLRQXFOLGH�KDYH�
GHFD\HG��+DOI�OLYHV�YDU\�JUHDWO\�EHWZHHQ�GLIIHUHQW�QXFOLGHV��8UDQLXP������ �
XUDQLXP��IRU�H[DPSOH�KDV�D�KDOI�OLIH�RI������PLOOLRQ�\HDUV��&DHVLXP������ �
UDGLDWLRQ�VRXUFH��KDV�D�KDOI�OLIH�RI�������\HDUV��WULWLXP�RI�������\HDUV��7KHUH�DUH�
DOVR�UDGLRQXFOLGHV�ZLWK�KDOI�OLYHV�RI�D�IUDFWLRQ�RI�D�VHFRQG���
�
+HDY\�ZDWHU�

�+\GURJHQ�KDV�GLIIHUHQW� �LVRWRSHV��7KH�DWRPLF�QXFOHXV�RI�WKH�PRVW�IUHTXHQW�
LVRWRSH�KDV�RQO\�RQH� �SURWRQ��7KLV�LVRWRSH�KDV�WKH�FKHPLFDO�V\PERO�+�DQG�
WRJHWKHU�ZLWK�R[\JHQ�LW�IRUPV�QRUPDO�ZDWHU���OLJKW�ZDWHU���+�2��$QRWKHU�QRQ�
UDGLRDFWLYH�LVRWRSH�IRXQG�LQ�QDWXUH�LV�GHXWHULXP�ZKRVH�QXFOHXV�KDV�RQH�SURWRQ�
SOXV�RQH� �QHXWURQ��7KH�FRPSRXQG�ZLWK�R[\JHQ��'�2��LV�FDOOHG�KHDY\�ZDWHU���
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+HDY\�ZDWHU�DEVRUEV�IHZHU�QHXWURQV�WKDQ�OLJKW�ZDWHU��VR�LW�VORZV�GRZQ�D� �
QXFOHDU�FKDLQ�UHDFWLRQ�WR�D�OHVVHU�H[WHQW��6RPH�UHDFWRU�W\SHV�� �UHDFWRU��DUH�
FRROHG�DQG� �PRGHUDWHG�ZLWK�KHDY\�ZDWHU�� �&$1'8���7KH�KHDY\�ZDWHU�LQ�D�
UHDFWRU�LV�H[SRVHG�WR�LQWHQVH� �QHXWURQ�UDGLDWLRQ��:KHQ�GHXWHULXP�FDSWXUHV�D�
QHXWURQ��WKH�UDGLRDFWLYH�LVRWRSH� �WULWLXP�LV�SURGXFHG��L�H��WKH�KHDY\�ZDWHU�WXUQV�
UDGLRDFWLYH��
�
+LJKO\�HQULFKHG�XUDQLXP�
VHH�8UDQLXP�
�
+LJK�SUHVVXUH�LQMHFWLRQ�V\VWHP�
3DUW�RI�WKH� �HPHUJHQF\�FRROLQJ�V\VWHP��H�J��LQ� �3:5�DQG� �%:5��
�
+RWVSRW�
,QIRUPDO�WHUP�IRU�D�UHODWLYHO\�VPDOO�DUHD�ZKLFK�LQ�VWULNLQJ�FRQWUDVW�WR�LWV�
VXUURXQGLQJV�LV�KLJKO\�UDGLRDFWLYHO\�FRQWDPLQDWHG��$�KRWVSRW�FDQ�HPHUJH�DIWHU�
DQ�DFFLGHQW�LQ�D�UHDFWRU��RU�DIWHU�D�QXFOHDU�ZHDSRQV�WHVW���
�
+\GURJHQ�
+\GURJHQ�LV�WKH�HOHPHQW�ZLWK�DWRPLF�QXPEHU����L�H��WKH�K\GURJHQ�FRUH�FRQWDLQV�
RQH� �SURWRQ�DURXQG�ZKLFK�RQH� �HOHFWURQ�UHYROYHV��+\GURJHQ�LV�IODPPDEOH�
DQG�H[SORVLYH��D�PL[WXUH�RI�EHWZHHQ���DQG�����K\GURJHQ�ZLWK�DLU�LV�
LQIODPPDEOH��GHWRQDWLQJ�JDV���
+\GURJHQ�KDV�WKUHH�NQRZQ� �LVRWRSHV��2I�WKHVH��QRUPDO���OLJKW���K\GURJHQ�
�QXFOHXV�FRPSRVHG�RI�RQH�SURWRQ��DQG��KHDY\��K\GURJHQ��GHXWHULXP��QXFOHXV�
FRPSRVHG�RI�RQH�SURWRQ�DQG�RQH�QHXWURQ��DUH�VWDEOH��ZKLOH�WKH�KHDYLHVW�
LVRWRSH�� �WULWLXP��QXFOHXV�FRPSRVHG�RI�RQH�SURWRQ�DQG�WZR�QHXWURQV��LV�
UDGLRDFWLYH��
+\GURJHQ�LV�RIWHQ�XVHG�LQ�SRZHU�SODQWV�IRU�WKH�FRROLQJ�RI�ODUJH�JHQHUDWRUV��
+\GURJHQ�FRROLQJ�LV�PRUH�HIIHFWLYH�WKDQ�DLU�FRROLQJ�DQG�WKHUH�LV�OHVV�IULFWLRQ�
ORVV��WKLV�LV�ZK\�WKH�ILUH�DQG�H[SORVLRQ�KD]DUG�� �K\GURJHQ�H[SORVLRQ��LV�SXW�XS�
ZLWK��
�
+\GURJHQ�ERPE��WKHUPRQXFOHDU�H[SORVLYH��GHYLFH��
:HDSRQ�ZLWK�JUHDW�GHVWUXFWLYH�IRUFH�ZKLFK�GHULYHV�LWV�HQHUJ\�IURP�WKH�IXVLRQ�RI�
WKH�DWRPLF�QXFOHL�RI�WKH�K\GURJHQ�LVRWRSHV�GHXWHULXP�DQG�WULWLXP�� �K\GURJHQ���
$�K\GURJHQ�ERPE�KDV�PRUH�H[SORVLYH�IRUFH�WKDQ�DQ� �DWRPLF�ERPE�DQG�FDQ�
UHDFK�D�717�HTXLYDOHQW�RI�XS�WR����PHJDWRQV��PRVW�SRZHUIXO�ERPE�WHVWHG�XQWLO�
QRZ���ZKLOH�WKH�H[SORVLYH�IRUFH�RI�DQ�DWRPLF�ERPE�FDQ�XVXDOO\�EH�PHDVXUHG�LQ�
NLORWRQV��IRU�DQ�H[SODQDWLRQ�RI�717�HTXLYDOHQW� �DWRPLF�ERPE���
$�K\GURJHQ�ERPE�UHTXLUHV�KLJK�SUHVVXUH�DQG�KLJK�WHPSHUDWXUH�IRU�LJQLWLRQ��VR�
DQ�DWRPLF�ERPE�LV�XVHG�WR�WULJJHU�WKH�QXFOHDU�IXVLRQ��6RPH�K\GURJHQ�ERPEV�
KDYH�D�VKHDWK�RI�XUDQLXP�LQ�ZKLFK�QXFOHDU�ILVVLRQ�UHDFWLRQV�WDNH�SODFH�LQ�D�WKLUG�
VWDJH�RI�WKH�GHWRQDWLRQ��7KH�QXFOHDU�ILVVLRQ�LQFUHDVHV�WKH�\LHOG�RI�WKH�ERPE�DQG�
WKH�DPRXQW�RI� �IDOORXW�SURGXFHG��WKUHH�VWDJH�ERPE���
/LNH�DWRPLF�ERPEV��K\GURJHQ�ERPEV�DUH�DOVR�WHVWHG�� �QXFOHDU�ZHDSRQV�WHVW����
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6WULFWO\�VSHDNLQJ��WKH�JHQHUDO�WHUP�IRU�VXFK�D�ZHDSRQ�LV��WKHUPRQXFOHDU�
H[SORVLYH���D�K\GURJHQ�ERPE�LV�D�WKHUPRQXFOHDU�H[SORVLYH�GURSSHG�DV�D�ERPE�
IURP�D�SODQH��,Q�HYHU\GD\�VSHHFK�WKH�WHUPV�DUH�XVHG�DV�V\QRQ\PV��
7KH�HYHQ�PRUH�JHQHUDO�WHUP��QXFOHDU�ZHDSRQ��LQFOXGHV�DWRPLF�ERPEV�DQG�
K\GURJHQ�ERPEV��
�
+\GURJHQ�H[SORVLRQ�

�+\GURJHQ�LV�SURGXFHG�LQ�WKH�UHDFWRU�DV�ZDWHU�LV�GHFRPSRVHG�E\�UDGLDWLRQ��,Q�
WDQNV�ZLWK�OLTXLG� �UDGLRDFWLYH�ZDVWH��K\GURJHQ�FDQ�EH�SURGXFHG�LQ�WKH�VDPH�
ZD\��+\GURJHQ�LV�DOVR�XVHG�DV�WXUELQH�FRRODQW���
,I�K\GURJHQ�DFFXPXODWHV�LQ�SLSHV�RU�FRQWDLQHUV�LQ�D�UHDFWRU�RU�LQ�D�ZDVWH�WDQN��
FRQWDFW�ZLWK�R[\JHQ�OHDGV�WR�DQ�H[SORVLYH�PL[WXUH�ZKLFK�LV�KLJKO\�LQIODPPDEOH��
7KH�VDPH�GDQJHURXV�VLWXDWLRQ�DULVHV�LI�K\GURJHQ�OHDNV�IURP�WKH�WXUELQH�FRROLQJ�
V\VWHP��
�
,$($�
,QWHUQDWLRQDO�$WRPLF�(QHUJ\�$JHQF\��7KH�,$($�LV�D�81�RUJDQL]DWLRQ�ZKLFK�ZDV�
IRXQGHG�LQ������DQG�KDV�LWV�KHDGTXDUWHUV�LQ�9LHQQD��,WV�DLP�LV�WR�HQFRXUDJH�WKH�
XVH�RI�QXFOHDU�HQHUJ\�ZRUOGZLGH��$W�WKH�VDPH�WLPH�LWV�REMHFWLYH�LV�WR�SUHYHQW�WKH�
IXUWKHU�VSUHDGLQJ�RI� �QXFOHDU�ZHDSRQV���
$FFRUGLQJ�WR�$UWLFOH�,,,�RI�WKH�1XFOHDU�1RQ�3UROLIHUDWLRQ�7UHDW\��WKH�,$($�FRQWUROV�
WKH�DFWLYLWLHV�RI�WKH�PHPEHU�VWDWHV�WR�HQVXUH�WKDW�QR�FLYLOLDQ�ILVVLOH�PDWHULDO�� �
XUDQLXP�DQG� �SOXWRQLXP��LV�GLYHUWHG�IRU�PLOLWDU\�SXUSRVHV��,PSRUWDQW�VWDWHV�
VXFK�DV�,QGLD�DQG�,VUDHO�KDYH�QRW�VLJQHG�WKLV�WUHDW\�\HW��0RUHRYHU��WKH�,$($�LV�
FRQIURQWHG�ZLWK�WKH�EDVLF�SUREOHP�WKDW�DOO�FLYLOLDQ�QXFOHDU�SRZHU�SODQWV�FDQ�DOVR�
EH�XVHG�IRU�PLOLWDU\�SXUSRVHV���HVSHFLDOO\�YXOQHUDEOH�LQ�WKLV�UHVSHFW�DUH� �
XUDQLXP�HQULFKPHQW�DQG�UHSURFHVVLQJ�� �UHSURFHVVLQJ�SODQW���7KH�,$($
V�DLPV�
DUH�WKHUHIRUH�LQFRQVLVWHQW�ZLWK�RQH�DQRWKHU���
,Q�WKH�DUHD�RI�FLYLOLDQ�QXFOHDU�WHFKQRORJ\�WKH�,$($�FDUULHV�RXW�GLIIHUHQW�DFWLYLWLHV��
DV�IRU�H[DPSOH�VXSSRUW�DQG�FRXQVHOOLQJ�IRU�QDWLRQDO�DXWKRULWLHV��SHUVRQQHO�
WUDLQLQJ�DQG�GUDZLQJ�XS�JXLGHOLQHV�IRU�WKH�VDIHW\�RI�QXFOHDU�SODQWV��ZKLFK�DUH��
KRZHYHU��NHSW�YHU\�JHQHUDO�DQG�RQO\�UHSUHVHQW�LQWHUQDWLRQDO�PLQLPXP�
VWDQGDUGV��
�
,QFLQHUDWLRQ�SODQW�
,QIODPPDEOH� �UDGLRDFWLYH�ZDVWH�WKDW�DFFXPXODWHV�IURP�WKH�RSHUDWLRQ�RI�D�
QXFOHDU�SRZHU�SODQW��H�J��FOHDQLQJ�PDWHULDO�DQG�SURWHFWLYH�FORWKLQJ�WKDW�KDV�
EHHQ�FRQWDPLQDWHG��LV�LQFLQHUDWHG�LQ�WKH�LQFLQHUDWLRQ�SODQW�WR�UHGXFH�LWV�YROXPH��
)RU�IXUWKHU�VWRUDJH�WKH�DVKHV�DUH�XVXDOO\�VROLGLILHG��H�J��E\�PL[LQJ�WKHP�ZLWK�
FHPHQW��
�
�,Q��&RUH�LQVWUXPHQWDWLRQ�
VHH�&RUH�LQVWUXPHQWDWLRQ�
�
,RGLQH�����

�,VRWRSH�RI�LRGLQH��,RGLQH������,������LV�UHODWLYHO\�VKRUW�OLYHG�� �KDOI�OLIH�RI�
�����GD\V���EXW�KLJKO\�GDQJHURXV�LI�LW�JHWV�LQWR�WKH�ERG\��,W�DFFXPXODWHV�LQ�WKH�
WK\URLG�JODQG�DQG�FDQ�FDXVH�WK\URLG�FDQFHU��
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,�����LV�UHOHDVHG�LQ�ODUJH�TXDQWLWLHV�LQ� �FRUH�PHOWGRZQ�DFFLGHQWV�DV�ZHOO�DV�LQ�
QXFOHDU�ZHDSRQV�WHVWLQJ���
�
,RQL]LQJ�UDGLDWLRQ�
5DGLDWLRQ�ZKLFK�OHDGV��GLUHFWO\�RU�LQGLUHFWO\��WR�WKH�LRQL]DWLRQ�RI�PDWWHU��L�H��LW�
UHPRYHV� �HOHFWURQV�IURP�WKH�RUELW�RI�DQ�DWRP�ZKLFK�WKHQ�FDUULHV�D�SRVLWLYH�
HOHFWULF�FKDUJH��7KH�PRVW�LPSRUWDQW�W\SHV�RI�LRQL]LQJ�UDGLDWLRQ�DUH�� �DOSKD�
UDGLDWLRQ�� �EHWD�UDGLDWLRQ�� �JDPPD�UDGLDWLRQ�DQG� �QHXWURQ�UDGLDWLRQ��
�
,VRWRSH�
,VRWRSHV�DUH�GLIIHUHQW�IRUPV�RI�D�FKHPLFDO�HOHPHQW��GHSHQGLQJ�RQ�WKH�GLIIHUHQW�
QXPEHU�RI� �QHXWURQV�LQ�WKH�QXFOHXV��$Q�HOHPHQW�LV�FKDUDFWHUL]HG�E\�D�IL[HG�
QXPEHU�RI� �SURWRQV�LQ�WKH�DWRPLF�QXFOHXV���H�J�� �K\GURJHQ�KDV�RQH�SURWRQ�LQ�
WKH�QXFOHXV��2I�WKH�HOHPHQW�K\GURJHQ��WKUHH�LVRWRSHV�DUH�NQRZQ���OLJKW���QRUPDO�
K\GURJHQ��FKHPLFDO�V\PERO�+��QR�QHXWURQV��KHDY\�K\GURJHQ��GHXWHULXP��'���
ZLWK�RQH�QHXWURQ�LQ�WKH�QXFOHXV��DQG�H[WUD�KHDY\�K\GURJHQ��WULWLXP��7��ZLWK�WZR�
QHXWURQV���
$OO�LVRWRSHV�RI�DQ�HOHPHQW�KDYH�WKH�VDPH�FKHPLFDO�SURSHUWLHV��EXW�VOLJKWO\�
GLIIHUHQW�SK\VLFDO�SURSHUWLHV��D�IDFW�WKDW�LV�H[SORLWHG�H�J��LQ� �XUDQLXP�
HQULFKPHQW��
7KH�WHUP�LVRWRSH�LV�VRPHWLPHV�XVHG�FROORTXLDOO\�WR�PHDQ� �UDGLRQXFOLGH�RU�MXVW�
VLPSO\��UDGLRDFWLYH�PDWHULDO���
�
,VRWRSH�JHQHUDWRU�
$Q�LVRWRSH�JHQHUDWRU�FRQWDLQV�D�UDGLRDFWLYH�PDWHULDO��H�J�� �SOXWRQLXP��ZKLFK�
E\�GHFD\LQJ�JLYHV�RII�KHDW��7KLV�KHDW�LV�FRQYHUWHG�LQWR�HOHFWULFLW\��*HQHUDWRUV�RI�
WKLV�W\SH�DUH�XVHG�IRU�SRZHU�VXSSO\�LQ�VSDFH�DYLDWLRQ�RU�LQ�UHPRWH�SODFHV�RQ�
HDUWK��H�J��LQ�OLJKWKRXVHV���$�UHOHDVH�RI�WKH�UDGLRDFWLYH�LQYHQWRU\�FDQ�OHDG�WR�D�
FRQVLGHUDEOH�KD]DUG�IRU�KXPDQ�EHLQJV��
�,Q�PHGLFLQH��GHYLFHV�WKDW�FRQWDLQ�D�ORQJ�OLYHG�UDGLRDFWLYH�PDWHULDO�ZKLFK�
GHFD\V�LQWR�D�VKRUW�OLYHG�RQH�DUH�DOVR�FDOOHG�LVRWRSH�JHQHUDWRUV��7KH�VKRUW�OLYHG�
PDWHULDO�FDQ�EH�H[WUDFWHG�IURP�WKH�LVRWRSH�JHQHUDWRU�DQG�XVHG�IRU�PHGLFDO�
DSSOLFDWLRQV���
�
/LJKW�ZDWHU�UHDFWRU��/:5�
�5HDFWRU�WKDW�LV� �PRGHUDWHG�DQG�FRROHG�ZLWK��OLJKW�ZDWHU���+�2���DV�

RSSRVHG�WR� ��KHDY\�ZDWHU���'�2���,Q�D�OLJKW�ZDWHU�UHDFWRU�WKH� �UHDFWRU�FRUH�
LV�HQFORVHG�LQ�D� �UHDFWRU�SUHVVXUH�YHVVHO�DQG�D�IORZ�RI�ZDWHU�WKURXJK�WKH�FRUH�
DEVRUEV�WKH�KHDW�SURGXFHG�E\�WKH�FKDLQ�UHDFWLRQ��
7KH�/:5�LV�WKH�PRVW�SUHYDOHQW�UHDFWRU�W\SH�LQ�QXFOHDU�SRZHU�SODQWV�ZRUOGZLGH��
7KHUH�DUH�WZR�GLIIHUHQW�FRQVWUXFWLRQ�W\SHV�� �SUHVVXUL]HG�ZDWHU�UHDFWRUV�DQG� �
ERLOLQJ�ZDWHU�UHDFWRUV���
�
/LJKWKRXVH�JHQHUDWRU�
VHH�,VRWRSH�JHQHUDWRU�
�
0DLQ�WUDQVIRUPHU�
VHH�7UDQVIRUPHU�



� ��

0DLQWHQDQFH�LQVSHFWLRQ�
3HULRGLF�VKXWGRZQ�RI�D�QXFOHDU�SRZHU�SODQW��LQ�DERXW�\HDUO\�LQWHUYDOV��GXULQJ�
ZKLFK�DOPRVW�DOZD\V�D�SDUW�RI�WKH� �IXHO�EXQGOHV�LV�H[FKDQJHG�DQG�GLIIHUHQW� �
SHULRGLF�LQVSHFWLRQV��PDLQWHQDQFH�ZRUN�DQG�UHSDLU�ZRUN�DUH�FDUULHG�RXW��
:RUN�GRQH�GXULQJ�D�PDLQWHQDQFH�LQVSHFWLRQ�LV�RI�JUHDW�LPSRUWDQFH�IRU�WKH�VDIHW\�
RI�D�QXFOHDU�SRZHU�SODQW��1HYHUWKHOHVV��WKH�WUHQG�LQ�WKH�SDVW�\HDUV�KDV�EHHQ�WR�
VKRUWHQ�PDLQWHQDQFH�LQVSHFWLRQ�WLPHV�DV�PXFK�DV�SRVVLEOH�IRU�HFRQRPLF�
UHDVRQV����
�
0RGHUDWRU��PRGHUDWLRQ�
&RUH�ILVVLRQ�SURGXFHV�KLJK�HQHUJ\���IDVW�PRYLQJ��� �QHXWURQV��,Q�QHDUO\�DOO�
UHDFWRU�W\SHV�� �UHDFWRU��ZKLFK�DUH�LQ�FRPPHUFLDO�XVH�WRGD\�WKH� �FKDLQ�
UHDFWLRQ�LV�VXVWDLQHG�E\�VORZ�PRYLQJ� �QHXWURQV���L�H��E\�QHZO\�UHOHDVHG�
QHXWURQV�WKDW�KDYH�EHHQ�VORZHG�GRZQ��PRGHUDWHG���7KXV�WKH�UHDFWRUV�FDQ�EH�
FRQWUROOHG�PRUH�HDVLO\��
7KH�PRGHUDWRU�DFWV�DV�D�QHXWURQ�EUDNH���WKH�IDVW�PRYLQJ�QHXWURQV�WUDQVIHU�WKHLU�
HQHUJ\�WR�WKH�DWRPLF�QXFOHL�RI�WKH�PRGHUDWRU�LQ�UHSHDWHG�FROOLVLRQV��7KH�HQHUJ\�
WUDQVIHU�ZRUNV�EHVW�LI�WKH�QXFOHL�RI�WKH�PRGHUDWRU�DUH�OLJKW��7KHUHIRUH�QRUPDO�
��OLJKW���ZDWHU�+�2�LV�DQ�H[FHOOHQW�PRGHUDWRU�� �KHDY\�ZDWHU�'�2�QRW�TXLWH�VR��
EXW�VWLOO�YHU\�DSSURSULDWH��,Q�VRPH�UHDFWRU�W\SHV�FDUERQ�LQ�WKH�IRUP�RI�JUDSKLWH�LV�
XVHG�DV�PRGHUDWRU���
�
1DWXUDO�XUDQLXP�
VHH�8UDQLXP�
�
1HXWURQ��QHXWURQ�IOX[�
$�QHXWURQ�LV�DQ�HOHFWULFDOO\�QHXWUDO�HOHPHQWDU\�SDUWLFOH��1HXWURQV�DQG� �SURWRQV�
IRUP�WKH�DWRPLF�QXFOHXV��,Q�D� �QXFOHDU�FKDLQ�UHDFWLRQ��IUHH�QHXWURQV�PRYH�
DURXQG��
'XULQJ�RSHUDWLRQ�RI�D�UHDFWRU�WKH�QXPEHU�RI�QHXWURQV�LQ�WKH� �UHDFWRU�FRUH�WKDW�
KDYH�EHHQ�SURGXFHG�E\� �QXFOHDU�ILVVLRQ�DQG�PRYH�DURXQG�IUHHO\�LQ�WKH�IXHO�
DQG�EHWZHHQ�WKH� �IXHO�EXQGOHV�LV�YHU\�KLJK��7KH�GHQVLW\�RI�WKH�QHXWURQ�IOX[�LV�
PHDVXUHG�LQ�QHXWURQV�SHU�VTXDUH�FHQWLPHWUH�DQG�VHFRQG��LW�LV�SURSRUWLRQDO�WR�
WKH�RXWSXW�RI�WKH�UHDFWRU��
1HXWURQV�DUH�QRW�RQO\�SURGXFHG�GXULQJ�WKH�FKDLQ�UHDFWLRQ�LQ�D�UHDFWRU��7KHUH�DUH�
PDWHULDOV�WKDW�HPLW�QHXWURQ�UDGLDWLRQ��7KHVH�DUH�KHDY\�UDGLRQXFOLGHV�ZKLFK�
ILVVLRQ�VSRQWDQHRXVO\�DQG�HPLW�QHXWURQV�LQ�WKH�SURFHVV��H�J��FXULXP�������$OVR�
D�IUDFWLRQ�RI�FRVPLF�UDGLDWLRQ�LV�FRPSRVHG�RI�QHXWURQV��1HXWURQ�UDGLDWLRQ�LV�
FKDUDFWHULVHG�E\�LWV�H[FHSWLRQDOO\�KLJK�WR[LFLW\�IRU�RUJDQLVPV��7KH�H[DFW�GHJUHH�
RI�WKHLU�KD]DUGRXVQHVV�IRU�RUJDQLVPV�KDV�EHHQ�WKH�VXEMHFW�RI�PXFK�VFLHQWLILF�
FRQWURYHUV\�RYHU�WKH�SDVW�\HDUV����
�
1HXWURQ�UDGLDWLRQ�
VHH�1HXWURQ�
�
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1XFOHDU�FKDLQ�UHDFWLRQ��FKDLQ�UHDFWLRQ�
$�FKDLQ�UHDFWLRQ�LV�EDVLFDOO\�DQ\�VHOI�VXVWDLQLQJ�UHDFWLRQ��7KH�WHUP�QXFOHDU�FKDLQ�
UHDFWLRQ��DOVR�FKDLQ�UHDFWLRQ��UHIHUV�WR�D�ILVVLRQ�FKDLQ�UHDFWLRQ�LQ�QXFOHDU�
WHFKQRORJ\���
,Q�D�QXFOHDU�FKDLQ�UHDFWLRQ�WKH�QXFOHXV�RI�D� �ILVVLOH�PDWHULDO��WKH�QXFOHXV�RI�D�
ILVVLOH� �LVRWRSH�RI� �XUDQLXP�RU� �SOXWRQLXP��WDNHV�RQ�D� �QHXWURQ��EUHDNV�
LQWR�WZR�RU�WKUHH�IUDJPHQWV�DQG�VHWV�IUHH�PRUH�QHXWURQV�ZKLFK�FDQ�WKHQ�DJDLQ�
WULJJHU�ILVVLRQV�RI�ILVVLOH�QXFOHL�DQG�VR�RQ��
$�FKDLQ�UHDFWLRQ�JRHV�KDQG�LQ�KDQG�ZLWK�LQWHQVLYH�QHXWURQ�UDGLDWLRQ�DQG�KHDW�
JHQHUDWLRQ��,Q�D� �UHDFWRU�D�FRQWUROOHG�FKDLQ�UHDFWLRQ�WDNHV�SODFH�GXULQJ�
RSHUDWLRQ��LQ�DQ� �DWRPLF�ERPE�DQ�XQFRQWUROOHG�FKDLQ�UHDFWLRQ�WKDW�JURZV�
UDSLGO\�DQG�H[SRQHQWLDOO\�LV�VWDUWHG��0RUHRYHU��ZKHQ�GHDOLQJ�ZLWK�ILVVLOH�
PDWHULDOV��HVSHFLDOO\�LQ�OLTXLG�IRUP��VROXWLRQV���D�VSRQWDQHRXV�FKDLQ�UHDFWLRQ�FDQ�
RFFXU��,W�GRHV�QRW�QHFHVVDULO\�OHDG�WR�DQ�H[SORVLRQ��EXW�LQ�DQ\�FDVH�WKH�VROXWLRQ�
LV�KHDWHG�XS�DQG�DQ�LQWHQVH�VKRZHU�RI� �QHXWURQV�JRHV�GRZQ�LQ�WKH�
VXUURXQGLQJV��
�
1XFOHDU�ILVVLRQ�
VHH�1XFOHDU�FKDLQ�UHDFWLRQ�
�
1XFOHDU�VXEPDULQH�
$�VXEPDULQH�SRZHUHG�E\�D�QXFOHDU� �UHDFWRU��LQ�WKLV�FDVH�DQ�HVSHFLDOO\�
FRPSDFWO\�EXLOW� �SUHVVXUL]HG�ZDWHU�UHDFWRU��
1XFOHDU�VXEPDULQHV�FDQ�FDUU\�PLVVLOHV�ZKRVH�ZDUKHDGV�FRQWDLQ� �QXFOHDU�
ZHDSRQV��VWUDWHJLF�QXFOHDU�VXEPDULQHV���2WKHUV�DUH�GHVWLQHG�IRU�XVH�DJDLQVW�
HQHP\�VKLSV�DQG�VXEPDULQHV��KXQWHU�VXEPDULQHV���
6XEPDULQH�UHDFWRUV�DUH�H[SRVHG�WR�H[WUHPHO\�KLJK�OHYHOV�RI�VWUDLQ��LQ�DQ�
DJLWDWHG�V\VWHP�LQ�D�YHU\�FRQILQHG�VSDFH��7KH�WUHDWPHQW�DQG�ILQDO�VWRUDJH�RI�
VSHQW�UHDFWRUV�LV�FRPSOLFDWHG�DQG�H[SHQVLYH�DQG�KDV�OHG�WR�FRQVLGHUDEOH�
SUREOHPV��SDUWLFXODUO\�LQ�5XVVLD���
�
1XFOHDU�ZHDSRQV�WHVW�
'HWRQDWLRQ�RI�D�QXFOHDU�ZHDSRQ�IRU�WHVWLQJ�SXUSRVHV��
1XFOHDU�ZHDSRQV�WHVWV�DUH�PDLQO\�FDUULHG�RXW�IRU�WKH�GHYHORSPHQW�RI�QHZ�
ZHDSRQV�W\SHV�DQG�IRU�LQIRUPDWLRQ�RQ�WKH�HIIHFWV�RI�WKH�ZHDSRQ�WHVWHG��8S�WR�
QRZ�DERXW������VXFK�WHVWV�KDYH�EHHQ�FDUULHG�RXW��LQFO��WHVWV�RI� �K\GURJHQ�
ERPEV���2I�WKHVH��DERXW�D�TXDUWHU�ZHUH�DWPRVSKHULF�WHVWV��RYHU�JURXQG���
3DUWLFXODUO\�WKH�DWPRVSKHULF�WHVWV�OHG�WR�ZRUOGZLGH�IDOORXW�DQG�WR�D�YHU\�KLJK� �
FRQWDPLQDWLRQ�LQ�WKH�YLFLQLW\�RI�WKH�WHVW�VLWHV�ZKHUH�WKH�UDWHV�RI�FDQFHU�DQG�RWKHU�
GLVHDVHV�ZHUH�HOHYDWHG��7KLV�ZDV�WR�EH�DYRLGHG�E\�XQGHUJURXQG�WHVWLQJ��
+RZHYHU��WKH�H[SORVLRQ�VRPHWLPHV�UHDFKHV�WKH�VXUIDFH��ZKLFK�DOVR�OHDGV�WR�WKH�
UHOHDVH�RI�UDGLRDFWLYH�PDWHULDOV�LQWR�WKH�DWPRVSKHUH��VR�FDOOHG��YHQWLQJ����
�
2SHUDWLRQ�XQGHU�ORDG�
2SHUDWLQJ�D�QXFOHDU�SRZHU�SODQW�IRU�SRZHU�JHQHUDWLRQ��LQFOXGHV�VWDUW�XS���
VKXWGRZQ�DQG�ORDG�YDULDWLRQ��
7ULDO�UXQV�ZLWK� �QXFOHDU�FKDLQ�UHDFWLRQ�DW�]HUR�SRZHU�DQG�WHVWV�DW�ORZ�FDSDFLW\�
GR�QRW�FRXQW�DV�RSHUDWLRQ�XQGHU�ORDG��
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3DUWLDO�PHOWGRZQ�
VHH�&RUH�PHOWGRZQ�
�
3HULRGLF�LQVSHFWLRQV��LQ�VHUYLFH�LQVSHFWLRQV�
,Q�VHUYLFH�LQVSHFWLRQV�DUH�FDUULHG�RXW�UHJXODUO\�LQ�QXFOHDU�SRZHU�SODQWV�DV�D�
SUHFDXWLRQ�DJDLQVW�IDLOXUHV�GXULQJ�UHDFWRU�RSHUDWLRQ��7KH\�DUH�FRPSOHPHQWHG�E\�
VSHFLDO�LQVSHFWLRQV��7KH�IROORZLQJ�WHVW�PHWKRGV�DUH�XVHG��DPRQJ�RWKHUV��
SUHVVXUH�WHVWV��WHVWLQJ�WKH�UHDFWLRQ�WLPH�RI�YDOYHV��QRQ�GHVWUXFWLYH�WHVW�PHWKRGV�
WR�LGHQWLI\�PDWHULDO�IODZV��DV�IRU�LQVWDQFH�[�UD\��XOWUDVRXQG�RU�HGG\�FXUUHQW�WHVWV��
,Q�VHUYLFH�LQVSHFWLRQV�DUH�RI�JUHDW�LPSRUWDQFH�IRU�WKH�VDIH�RSHUDWLRQ�RI�D�
QXFOHDU�SRZHU�SODQW��1HYHUWKHOHVV��WKH�WUHQG�LQ�WKH�SDVW�\HDUV�LQ�PDQ\�FRXQWULHV�
KDV�EHHQ�WR�UHGXFH�WKH�H[WHQW�RI�WKHVH�LQVSHFWLRQV�DQG�WR�LQFUHDVH�WKH�LQWHUYDOV�
EHWZHHQ�WKH�LQVSHFWLRQV�LQ�RUGHU�WR�VDYH�FRVWV��
�
3OXWRQLXP�
$UWLILFLDO�HOHPHQW��Q�����LQ�WKH�SHULRGLF�WDEOH��&KHPLFDO�V\PERO�3X��3OXWRQLXP�LV�
SURGXFHG�LQ�WKH�UHDFWRU�E\�FDSWXULQJ� �QHXWURQV�IURP�XUDQLXP������ �
XUDQLXP���7KLV��UHDFWRU�SOXWRQLXP��FRQWDLQV�WKH� �LVRWRSHV�SOXWRQLXP�����WR�
SOXWRQLXP������ZLWK�3X�����GRPLQDWLQJ�ZLWK�D�VKDUH�RI�W\SLFDOO\�DW�OHDVW������$OO�
3X�LVRWRSHV�PHQWLRQHG�DUH� �DOSKD�HPLWWHUV��ZLWK�WKH�H[FHSWLRQ�RI�3X������
ZKLFK�HPLWV� �EHWD�UDGLDWLRQ��
,VRWRSHV�3X�����DQG�3X�����DUH�ILVVLOH�WKURXJK�QHXWURQ�ERPEDUGPHQW�DQG�FDQ�
VXVWDLQ�D�FKDLQ�UHDFWLRQ��(VSHFLDOO\�WKH�ORQJ�OLYHG�3X�����LV�XVDEOH�DV� �IXHO�
IRU� �UHDFWRUV�DQG�IRU�WKH�FRQVWUXFWLRQ�RI�QXFOHDU�ZHDSRQV��5HDFWRU�SOXWRQLXP�
LV�VXLWDEOH�IRU�ZHDSRQV�FRQVWUXFWLRQ��LQ�JHQHUDO��KRZHYHU��ZHDSRQ�SOXWRQLXP�
ZLWK�RYHU�����3X������ZKLFK�LV�SURGXFHG�LQ�VSHFLDO�UHDFWRUV��LV�XVHG�IRU�WKHVH�
SXUSRVHV���
3OXWRQLXP�LV�KLJKO\�WR[LF��HVSHFLDOO\�LI�LQKDOHG��
�
3OXWRQLXP�H[WUDFWLRQ�
,Q� �UHSURFHVVLQJ�SODQWV��SOXWRQLXP��DPRQJ�RWKHU�PDWHULDOV��LV�LVRODWHG�IURP�WKH�
VSHQW� �IXHO�EXQGOHV��7KH�VWDJH�RI�WKH�UHSURFHVVLQJ�SURFHVV�LQ�ZKLFK�WKLV�LV�
GRQH�LV�FDOOHG�SOXWRQLXP�H[WUDFWLRQ��
�
3RLVRQLQJ�V\VWHP�
2QH�RI�WKH�VDIHW\�V\VWHPV�LQ� �ERLOLQJ�ZDWHU�UHDFWRUV��8QGHU�FHUWDLQ�FRQGLWLRQV��
WKH� �UHDFWRU�FDQ�EH�VKXW�GRZQ�DQG�NHSW�VXEFULWLFDO��L�H��WKH� �FKDLQ�UHDFWLRQ�
FDQ�EH�VWRSSHG��LQGHSHQGHQWO\�RI�WKH� �FRQWURO�URGV��E\�WKH�LQMHFWLRQ�RI� �ERULF�
DFLG���
�
3RZHU�VXSSO\�
VHH�(PHUJHQF\�SRZHU�VXSSO\�
�
3UHVVXUH�FRQWURO�YDOYH�
3DUW�RI�D�VDIHW\�V\VWHP�LQ� �ERLOLQJ�ZDWHU�UHDFWRUV��WKH\�DUH�WR�JXDUDQWHH�WKH�
OLPLWDWLRQ�RI�WKH�SUHVVXUH�OHYHO�LQ�FDVH�RI�GHIHFWLYH�KHDW�UHPRYDO�DQG�IDLOXUH�RI�
WKH� �VDIHW\�UHOLHI�YDOYHV��
�
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3UHVVXUH�UHOLHI�YDOYH�
VHH�6DIHW\�UHOLHI�YDOYH�
�
3UHVVXUH�YHVVHO��UHDFWRU�SUHVVXUH�YHVVHO��SUHVVXUH�WDQN�
9DULRXV�SUHVVXUH�YHVVHOV�IRUP�SDUW�RI�WKH� �HPHUJHQF\�FRROLQJ�V\VWHP�LQ� �
UHDFWRUV�RI�WKH� �5%0.�W\SH��7KH�YHVVHOV�FRQWDLQ�ZDWHU�XQGHU�SUHVVXUH��ZKLFK�
LV�DXWRPDWLFDOO\�IHG�LQWR�WKH�FRRODQW�ORRS�RI�WKH�UHDFWRU�LQ�FDVH�RI�D�SUHVVXUH�
ORVV��ZLWKRXW�WKH�QHHG�IRU�SXPSV��3UHVVXUH�YHVVHOV�DUH�WKH�FRXQWHUSDUW�RI�WKH�
K\GUDXOLF�DFFXPXODWRUV�ZKLFK�IRUP�SDUW�RI�WKH�HPHUJHQF\�FRROLQJ�V\VWHP�RI�
SUHVVXUL]HG�ZDWHU�UHDFWRUV��
3UHVVXUH�YHVVHOV�FDQ�RQO\�PDNH�D�FRQWULEXWLRQ�WR�HPHUJHQF\�FRROLQJ�IRU�D�VKRUW�
WLPH�VSDQ��,Q�FDVH�RI�IDLOXUH�RI�RWKHU�SDUWV�RI�WKH�HPHUJHQF\�FRROLQJ�V\VWHP��D�

�FRUH�PHOWGRZQ�LV�LQHYLWDEOH�GHVSLWH�ZRUNLQJ�SUHVVXUH�YHVVHOV���
�
3UHVVXUL]HG�ZDWHU�UHDFWRU��3:5�
5HDFWRU�W\SH�� �UHDFWRU���VXE�W\SH�RI�WKH� �OLJKW�ZDWHU�UHDFWRU��7KH�3:5�ZDV�
RULJLQDOO\�GHVLJQHG�IRU�WKH�SURSXOVLRQ�RI� �QXFOHDU�VXEPDULQHV�DQG�LV�WKHUHIRUH�
FRPSDFWO\�EXLOW��ZLWK�D�KLJK�SRZHU�GHQVLW\��7RGD\�LW�LV�RQH�RI�WKH�PDLQ�UHDFWRU�
W\SHV�RSHUDWHG�ZRUOGZLGH���
7KH�ZDWHU�FRROLQJ�WKH�UHDFWRU�LV�XQGHU�VXFK�D�KLJK�SUHVVXUH�LQ�WKH�3:5�WKDW�LW�
GRHV�QRW�VWDUW�WR�ERLO��7KLV�ZDWHU�FLUFXODWHV�LQ�WKH�VR�FDOOHG� �SULPDU\�FRRODQW�
DQG�JLYHV�RII�LWV�KHDW�WR�WKH� �VHFRQGDU\�FRRODQW�ZKLFK�LV�FRQQHFWHG�WR�WKH�
WXUELQH���
'XH�WR�WKH�KLJK�SRZHU�GHQVLW\��LQ�FDVH�RI�D�EUHDNGRZQ�RI�WKH�FRROLQJ�V\VWHP�WKH�
VWDJH�RI� �FRUH�PHOWGRZQ�LV�UHDFKHG�IDVWHU�LQ�D�3:5�WKDQ�LQ�RWKHU�UHDFWRU�
W\SHV��
�
3ULPDU\�FRRODQW��FLUFXLW��ORRS���SULPDU\�V\VWHP�
,Q�QXFOHDU�SRZHU�SODQWV�ZLWK�WZR�FRRODQW�ORRSV�EHWZHHQ� �UHDFWRU�DQG�WXUELQH�
�H�J�� �3:5�RU� �&$1'8���WKH�ILUVW�ORRS�EHWZHHQ�UHDFWRU�DQG� �VWHDP�
JHQHUDWRU�LV�FDOOHG�SULPDU\�FRRODQW��FLUFXLW�RU�ORRS���VRPHWLPHV�DOVR�FDOOHG�
SULPDU\�V\VWHP��7KH�FRRODQW�LQ�WKH�SULPDU\�FRRODQW�LV�UDGLRDFWLYH��
7KH�SULPDU\�ORRS�RI�SUHVVXUL]HG�ZDWHU�UHDFWRUV�LV�XVXDOO\�FRPSRVHG�RI�IRXU��LQ�
VRPH�SODQWV�RI�WZR�RU�WKUHH��SDUDOOHO�OLQHV�ZKLFK�DUH�FRQQHFWHG�WR�WKH�UHDFWRU�
SUHVVXUH�YHVVHO��(DFK�OLQH�LV�FRPSRVHG�RI�D�UHDFWRU�FRRODQW�OLQH�DQG�D�UHDFWRU�
FRRODQW�SXPS�DQG�LV�FRQQHFWHG�WR�WKH�VR�FDOOHG�SULPDU\�VLGH�RI�D� �VWHDP�
JHQHUDWRU��7KH�SUHVVXUL]HU���D�WDQN�IRU�ILQH�FRQWURO�RI�WKH�SUHVVXUH���LV�FRQQHFWHG�
WR�RQH�RI�WKH�OLQHV�E\�WKH�VXUJH�OLQH���
9DULRXV�FRQWURO��FOHDQLQJ�DQG�VDIHW\�V\VWHPV��H�J��WKH� �HPHUJHQF\�FRROLQJ�
V\VWHP��DUH�DOVR�FRQQHFWHG�WR�WKH�SULPDU\�FRRODQW��
�
3URWRQ�
$�SURWRQ�LV�DQ�HOHPHQWDU\�SDUWLFOH�ZLWK�D�SRVLWLYH�HOHFWULF�FKDUJH�� �1HXWURQV�
DQG�SURWRQV�IRUP�WKH�DWRPLF�QXFOHXV��
�
5DGLDWLRQ�GRVH�
VHH�'RVH�
�
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5DGLDWLRQ�VRXUFH�
$�UDGLDWLRQ�VRXUFH�XVXDOO\�FRQWDLQV�D�UDGLRDFWLYH�PDWHULDO�OLNH�FREDOW����RU�
FDHVLXP�����ZKLFK�HPLWV�KLJK�HQHUJ\� �JDPPD�UDGLDWLRQ��7KHUH�DUH�DOVR�
VRPH�UDGLDWLRQ�VRXUFHV�WKDW�HPLW�QHXWURQV��H�J��FRQWDLQLQJ�DPHULFLXP�RU�
EHU\OOLXP���6XFK�VRXUFHV�DUH�XVHG�LQ�PHGLFLQH��UDGLRWKHUDS\���IRU�IRRG�
LUUDGLDWLRQ��IRU�WHVWLQJ�ZHOG�VHDPV��IRU�PHDVXULQJ�GHQVLW\�DQG�KXPLGLW\��DQG�LQ�
UHVHDUFK��'XH�WR�WKH�KLJK�LQWHQVLW\�RI�WKH�UDGLDWLRQ��SHRSOH�QHDU�WKH�VRXUFH�DUH�
HQGDQJHUHG�LQ�FDVH�RI�LQVXIILFLHQW�VKLHOGLQJ��
6SHQW�UDGLDWLRQ�VRXUFHV�DUH�RIWHQ�QRW�GLVSRVHG�RI�FRUUHFWO\��HLWKHU�RXW�RI�
LJQRUDQFH�RU�WR�VDYH�FRVWV��7KLV�FDQ�DOVR�OHDG�WR�SHRSOH�EHLQJ�H[SRVHG�WR�KLJK�
GRVHV��HVSHFLDOO\�LI�D�VHDOHG�VRXUFH�LV�RSHQHG��$�UDGLDWLRQ�VRXUFH�FDQ�HQG�XS�LQ�
WKH�VFUDS�PHWDO�DQG�LQDGYHUWHQWO\�EH�UHF\FOHG�WRJHWKHU�ZLWK�RWKHU�VFUDS�PHWDO��
7KH�FRQVHTXHQFHV�FDQ�EH�UDGLRDFWLYH�GLVFKDUJH�LQWR�WKH�DWPRVSKHUH�DQG� �
FRQWDPLQDWLRQ�RI�WKH�SURGXFWV�PDGH�IURP�WKH�UHF\FOHG�PHWDO���
5DGLDWLRQ�VRXUFHV�WKDW�DUH�QRW�GLVSRVHG�RI�FRUUHFWO\�RU�WKDW�DUH�QRW�ZDWFKHG�
RYHU�SURSHUO\�FDQ�VWLOO�EH�PLVXVHG�E\�WHUURULVWV�IRU�WKH�FRQVWUXFWLRQ�RI��GLUW\�
ERPEV����WKHVH�DUH�GHYLFHV�ZLWK�FRQYHQWLRQDO�H[SORVLYHV�ZKLFK�VHUYH�WR�
GLVSHUVH�UDGLRDFWLYH�PDWHULDO�RYHU�D�ODUJH�DUHD���
�
5DGLRDFWLYH�FRQWDPLQDWLRQ�
VHH�&RQWDPLQDWLRQ�
�
5DGLRDFWLYH�ZDVWH�
5DGLRDFWLYH�PDWHULDOV�WKDW�DUH�RI�QR�IXUWKHU�XVH�DQG�KDYH�WR�EH�GLVSRVHG�RI�DV�
ZDVWH��
5DGLRDFWLYH�ZDVWH�UHVXOWV�IURP�DOO�DUHDV�RI�QXFOHDU�HQHUJ\�SURGXFWLRQ��DV�ZHOO�
DV�IURP�PLOLWDU\�QXFOHDU�SURJUDPPHV�DQG�WKH�XVDJH�RI�UDGLRDFWLYH�PDWHULDOV�LQ�
PHGLFLQH��UHVHDUFK�DQG�LQGXVWU\���WKH�ODUJHVW�TXDQWLWLHV�DUH�SURGXFHG�LQ�XUDQLXP�
PLQLQJ�DQG�WKH�RSHUDWLRQ�RI�UHDFWRUV��5DGLRDFWLYLW\�LV�FRQFHQWUDWHG�IRU�WKH�PDMRU�
SDUW�LQ�WKH�VSHQW� �IXHO�EXQGOHV�IURP�QXFOHDU�SRZHU�SODQWV��,I�WKHVH�DUH�
UHSURFHVVHG�� �UHSURFHVVLQJ�SODQW���WKHLU�YROXPH�PXOWLSOLHV���
5DGLRDFWLYH�ZDVWH�VKRZV�WKH�PRVW�GLYHUVH�SURSHUWLHV��,W�FDQ�EH�SURGXFHG�LQ�
OLTXLG�RU�VROLG�IRUP��LW�FDQ�EH�LQIODPPDEOH�DQG�LW�FRQWDLQV�D�QXPEHU�RI�
UDGLRDFWLYH�PDWHULDOV�ZLWK�YHU\�GLYHUVH� �KDOI�OLYHV��7KH�DPRXQW�RI�UDGLRDFWLYH�
PDWHULDOV�LW�FRQWDLQV�DOVR�YDULHV�JUHDWO\��7KH�UDGLDWLRQ�HPLWWHG�E\�KLJK�OHYHO�
UDGLRDFWLYH�ZDVWH�LV�VR�LQWHQVH�WKDW�ZLWKRXW�VKLHOGLQJ�D�VWD\�RI�RQO\�VHFRQGV�LQ�
WKH�LPPHGLDWH�VXUURXQGLQJV�FDQ�EH�GHDGO\��,QWHUPHGLDWH�DQG�ORZ�OHYHO�
UDGLRDFWLYH�ZDVWH�FRQWDLQV�ORZHU�FRQFHQWUDWLRQV�RI�UDGLRDFWLYH�PDWHULDOV���
5DGLRDFWLYH�ZDVWH�KDV�WR�EH�WUHDWHG��L�H��EURXJKW�LQWR�D�IRUP�WKDW�LV�DV�VWDEOH�DV�
SRVVLEOH��LQ�RUGHU�WR�UHGXFH�WKH�ULVN�RI�UDGLRDFWLYH�UHOHDVH��7KLV�FDQ�EH�DFKLHYHG�
E\�HPEHGGLQJ�WKH�ZDVWH�LQ�JODVV�RU�FRQFUHWH��/DUJH�DPRXQWV�RI�ZDVWH�DUH�
VWRUHG�LQ�OLTXLG�IRUP�ZRUOGZLGH�DV�UDSLG�VROLGLILFDWLRQ�LV�WRR�FRPSOLFDWHG�DQG�
GDQJHURXV��
$IWHU�WUHDWPHQW�WKH\�DUH�VWRUHG�SURYLVLRQDOO\��LQ�VR�FDOOHG�WHPSRUDU\�VWRUDJH�
IDFLOLWLHV���7KH\�DUH�ILQDOO\�WR�EH�WUDQVSRUWHG�WR�D�UHSRVLWRU\��L�H��D�IDFLOLW\�ZKHUH�
WKH\�FDQ�EH�VDIHO\�VWRUHG�DQG�VHDOHG�LQ�IRU�DQ�LQGHILQLWH�WLPH�SHULRG��
7KH�ZDVWH�SDVVHV�WKURXJK�YDULRXV�VWDJHV��EXW�JHQHUDOO\�VSHDNLQJ�WKH�VWRUDJH�
DQG�WUHDWPHQW�IDFLOLWLHV�DUH�QRW�DOO�WR�EH�IRXQG�RQ�WKH�VDPH�ORFDWLRQ�VR�WKDW�
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WUDQVSRUWV�EHFRPH�QHFHVVDU\��'XULQJ�WKHVH�WUDQVSRUWV�WKHUH�LV�DOZD\V�D�GDQJHU�
RI�DFFLGHQWV�RU�WHUURULVW�DWWDFNV���
7KH�SUHIHUUHG�FRQFHSW�IRU�XOWLPDWH�ZDVWH�GLVSRVDO�RQ�D�JOREDO�VFDOH�DW�WKH�
PRPHQW�DUH�GHHS�JHRORJLFDO�UHSRVLWRULHV��L�H��PLQHV��+RZHYHU��XQWLO�QRZ�ILQDO�
UHSRVLWRULHV�KDYH�RQO\�EHHQ�FRQVWUXFWHG�IRU�ORZ�DQG�LQWHUPHGLDWH�OHYHO�
UDGLRDFWLYH�ZDVWH��DQG�ZLWK�QXPHURXV�SUREOHPV��H�J��LQ�WKH�*HUPDQ�ILQDO�
UHSRVLWRULHV�$VVH�DQG�0RUVOHEHQ���7KH�XOWLPDWH�GLVSRVDO�RI�KLJK�OHYHO�
UDGLRDFWLYH�ZDVWH��WKLV�LQFOXGHV�VSHQW�IXHO�EXQGOHV�XQOHVV�WKH\�KDYH�EHHQ�
UHSURFHVVHG��LV�DQ�XQUHVROYHG�SUREOHP�RQ�D�ZRUOGZLGH�VFDOH��
6RPH�ZDVWH�W\SHV��SDUWLFXODUO\�SDUW�RI�WKH�ZDVWH�SURGXFHG�IURP�WKH�DSSOLFDWLRQ�
RI�UDGLRDFWLYH�PDWHULDOV�LQ�PHGLFLQH��RQO\�FRQWDLQ� �UDGLRQXFOLGHV�ZLWK�D�YHU\�
VKRUW� �KDOI�OLIH��)RU�WKHVH��DQG�RQO\�IRU�WKHVH��ZDVWH�W\SHV�D�FRQWUROOHG�VWRUDJH�
GXULQJ�VRPH�GHFDGHV�FDQ�EH�VXIILFLHQW���DIWHU�WKDW�SHULRG�RI�WLPH�WKH�UDGLRDFWLYH�
PDWHULDOV�KDYH�GHFD\HG�SUDFWLFDOO\�FRPSOHWHO\��5DGLRDFWLYH�ZDVWH�IURP�QXFOHDU�
HQHUJ\�SURGXFWLRQ�SRVHV�D�WKUHDW�IRU�PXFK�ORQJHU�SHULRGV�RI�WLPH��,W�FRQWDLQV�
UDGLRQXFOLGHV�DV�IRU�H[DPSOH�SOXWRQLXP������ �SOXWRQLXP��ZLWK�D�KDOI�OLIH�RI�
�������\HDUV�DQG�LRGLQH������KDOI�OLIH������������\HDUV���$V�D�UXOH�RI�WKXPE�LW�
FDQ�EH�VDLG�WKDW�DIWHU�WHQ�KDOI�OLYHV�WKH�RULJLQDO�DPRXQW�KDV�EHHQ�UHGXFHG�WR�D�
WKRXVDQGWK�SDUW�WKURXJK�GHFD\��
+LJK�OHYHO�UDGLRDFWLYH�ZDVWH�ZLWK�LWV�KLJK�FRQFHQWUDWLRQ�RI�UDGLRDFWLYH�PDWHULDOV�
SRVHV�D�XQLTXH�WKUHDW�ZKLFK�LV�QRW�FRPSDUDEOH�WR�DQ\�RWKHU�W\SH�RI�ZDVWH�
SURGXFHG�E\�KXPDQ�EHLQJV���DQG�IRU�WHQV�RI�WKRXVDQGV�RI�\HDUV��$IWHU�VRPH�
KXQGUHG�WKRXVDQG�\HDUV�WKH�UDGLDWLRQ�KD]DUG�EHFRPHV�UHODWLYHO\�OHVV�LPSRUWDQW��
DOWKRXJK�VWLOO�FRQVLGHUDEOH��ZKLOH�WKH�KD]DUGV�EHFDXVH�RI�WKH�FKHPLFDO�WR[LFLW\�RI�
WKH�ZDVWH�JDLQ�LQ�LPSRUWDQFH��$�GXPS�RI�UDGLRDFWLYH�ZDVWH�WKHQ�DSSURDFKHV�D�
KHDY\�PHWDO�GXPS�LQ�WHUPV�RI�OHYHOV�RI�WR[LFLW\��7KLV�FKHPLFDO�WR[LFLW\�YLUWXDOO\�
ODVWV�IRUHYHU���WKH�XUDQLXP�LVRWRSH�8������ �XUDQLXP��ZKLFK�SRVHV�D�UHODWLYHO\�
ORZ�UDGLDWLRQ�KD]DUG�EXW�LV�FKHPLFDOO\�WR[LF�OLNH�DOO�XUDQLXP�LVRWRSHV�KDV�D�KDOI�
OLIH�RI������WKRXVDQG�PLOOLRQ�\HDUV��0RUHRYHU��VWDEOH�WR[LF�KHDY\�PHWDOV�VXFK�DV�
OHDG�DUH�WR�EH�IRXQG�LQ�D�ILQDO�UHSRVLWRU\��WRR���
�
5DGLRQXFOLGH�
$�QXFOLGH�LV�D�PDWHULDO�FKDUDFWHULVHG�E\�D�IL[HG�QXPEHU�RI�ERWK� �SURWRQV�DQG�

�QHXWURQV�LQ�WKH�QXFOHXV��L�H��D�FHUWDLQ� �LVRWRSH�RI�DQ�HOHPHQW��$�
UDGLRQXFOLGH�LV�D�UDGLRDFWLYH�QXFOLGH��
�
5%0.�
5HDNWRU�%ROVKRL�0RVKQRVW\�.DQDOQ\��L�H��KLJK�SRZHU�FKDQQHO�W\SH�UHDFWRU��
5HDFWRU�W\SH�� �UHDFWRU��GHYHORSHG�LQ�WKH�6RYLHW�8QLRQ�ZLWK�WKH�GXDO�REMHFWLYH�
RI�SURGXFLQJ�SRZHU�DQG�ZHDSRQ�XVDEOH�PDWHULDO��7KH�5%0.�XVHV�QRUPDO��
�OLJKW��ZDWHU��+�2��DV�FRRODQW�DQG�JUDSKLWH�DV� �PRGHUDWRU��7KH� �IXHO�
EXQGOHV�DUH�QRW�ORFDWHG�LQ�FRPSDFW�IRUP�LQ�D� �UHDFWRU�SUHVVXUH�YHVVHO��EXW�LQ�
VHSDUDWH�SUHVVXUH�WXEHV�UXQQLQJ�WKURXJK�JUDSKLWH�EORFNV�DQG�FRROHG�E\�ZDWHU��
$V�LQ�D� �SUHVVXUL]HG�ZDWHU�UHDFWRU��WKH�VWHDP�WKDW�GULYHV�WKH�WXUELQH�LV�
SURGXFHG�LQ�WKH�UHDFWRU�LWVHOI���
7KH�UHDFWRUV�RI�WKH�QXFOHDU�SRZHU�SODQW�DW�&KHUQRE\O�ZHUH�RI�WKLV�W\SH�ZKLFK�
SRVHV�VHULRXV�VDIHW\�FRQFHUQV��8QGHU�FHUWDLQ�FRQGLWLRQV�WKHUH�LV�WKH�ULVN�RI�D�
VXGGHQ�SRZHU�VXUJH��WKH�JUDSKLWH�PRGHUDWRU�LV�LQIODPPDEOH�DQG�WKH�VWUXFWXUH�RI�
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WKH�FRRODQW�ORRS�ZLWK�PDQ\�SUHVVXUH�WXEHV�H[SRVHG�WR�D�YHU\�LQWHQVH�QHXWURQ�
UDGLDWLRQ�OHDGV�WR�VHYHUH�PDWHULDO�SUREOHPV���
�
5HDFWRU�
)DFLOLW\�LQ�ZKLFK�D�FRQWUROOHG� �QXFOHDU�FKDLQ�UHDFWLRQ�RQ�WKH�EDVLV�RI�WKH�
QXFOHDU�ILVVLRQ�RI�D� �ILVVLOH�PDWHULDO�FDQ�EH�FDUULHG�RXW��7KH�FHQWUHSLHFH�RI�WKH�
UHDFWRU�LV�WKH�UHDFWRU�FRUH��LQ�ZKLFK�WKH�FKDLQ�UHDFWLRQ�WDNHV�SODFH��7KH�UHDFWRU�
FRUH�FRPSULVHV�WKH� �IXHO�EXQGOHV�DQG�WKH�FRUUHVSRQGLQJ�KROGLQJ�GHYLFHV��WKH�

�FRQWURO�URGV�� ��LQ��FRUH�LQVWUXPHQWDWLRQ�� �FRRODQW�DQG�LQ�QHDUO\�DOO�UHDFWRU�
W\SHV�DOVR�WKH� �PRGHUDWRU�WR�VORZ�GRZQ�WKH�QHXWURQV��
0RVWO\�ZDWHU�LV�XVHG�DV�D�FRRODQW��EXW�WKHUH�DUH�DOVR�JDV�FRROHG�UHDFWRUV�DQG�
WKRVH�FRROHG�E\�WKH�PHWDO� �VRGLXP��,I�ZDWHU�LV�WKH�FRRODQW�LW�RIWHQ�VHUYHV�DV�
PRGHUDWRU��WRR��$QRWKHU�ZLGHVSUHDG�PRGHUDWRU�PDWHULDO�LV�JUDSKLWH��
,PSRUWDQW�UHDFWRU�W\SHV�ZLWK�PRGHUDWRU���WKHUPDO�UHDFWRUV���LQ�FRPPHUFLDO�XVH�
WRGD\�LQFOXGH� �&$1'8�� �SUHVVXUL]HG�ZDWHU�UHDFWRU�� �5%0.�� �ERLOLQJ�
ZDWHU�UHDFWRU�DQG�$GYDQFHG�JDV�FRROHG�5HDFWRU��$*5���3UHVVXUL]HG�DQG�
ERLOLQJ�ZDWHU�UHDFWRUV�DUH� �OLJKW�ZDWHU�UHDFWRUV�LQ�ZKLFK�PRGHUDWRU�DQG�
FRRODQW�DUH�LGHQWLFDO��7KH�FRUH�RI�D�PRGHUQ�SUHVVXUL]HG�ZDWHU�UHDFWRU�FRQWDLQV�
DERXW�����IXHO�EXQGOHV�ZLWK�DURXQG�����WRQV�RI�IXHO���
7KH�PRVW�LPSRUWDQW�UHDFWRU�W\SH�ZLWKRXW�PRGHUDWRU�LV�WKH� �IDVW�EUHHGHU�
UHDFWRU��
$SDUW�IURP�SRZHU�JHQHUDWLQJ�UHDFWRUV��LQ�QXFOHDU�SRZHU�SODQWV���UHDFWRUV�DUH�
XVHG�IRU�PDULQH�SURSXOVLRQ�� �QXFOHDU�VXEPDULQH���IRU�UHVHDUFK�SXUSRVHV�DQG�
IRU�WKH�SURGXFWLRQ�RI�UDGLRDFWLYH�PDWHULDOV�IRU�PHGLFLQH��UHVHDUFK�DQG�LQGXVWU\��
1XFOHDU�SRZHU�SODQW�UHDFWRUV�DUH�DOVR�VRPHWLPHV�XVHG�WR�SURYLGH�GLVWULFW�
KHDWLQJ��
7KH�WHUP�UHDFWRU�LV�DOVR�XVHG�LQ�FKHPLVWU\�ZKHUH�LW�GHVLJQDWHV�YHVVHOV�ZKLFK�
FRQWDLQ�FKHPLFDO�UHDFWLRQV��%HFDXVH�RI�WKH�GLIIHUHQW�FRQWH[WV�WKH�ULVN�RI�
PLQJOLQJ�XS�WKH�WZR�PHDQLQJV�LV�TXLWH�ORZ���
�
5HDFWRU�FRUH�
VHH�5HDFWRU�
�
5HDFWRU�SUHVVXUH�YHVVHO�
&\OLQGULFDO�VWHHO�YHVVHO�ZKLFK�HQFORVHV�WKH� �UHDFWRU�FRUH�LQ� �OLJKW�ZDWHU�
UHDFWRUV��'XULQJ�UHDFWRU�RSHUDWLRQ��WKH�VWHHO�LV�H[SRVHG�WR�LQWHQVH�QHXWURQ�
UDGLDWLRQ�� �QHXWURQV��ZKLFK�HPEULWWOHV�WKH�PDWHULDO��WKH�YHVVHO�LV�DOVR�XQGHU�
KLJK�SUHVVXUH��7KH�VDIHW\�V\VWHPV�FDQ�QRW�OLPLW�WKH�FRQVHTXHQFHV�RI�WKH�
EXUVWLQJ�RI�WKH�UHDFWRU�SUHVVXUH�YHVVHO���WKLV�HYHQW�LQHYLWDEO\�OHDGV�WR�D�VHYHUH�
DFFLGHQW�ZLWK� �FRUH�PHOWGRZQ���
�
5HDFWRU�SURWHFWLRQ�V\VWHP��UHDFWRU�VDIHW\�V\VWHP�
6\VWHP�WR�FRQWURO�VDIHW\�PHDVXUHV��:LWK�WKH�KHOS�RI�VHQVRUV��WKH�UHDFWRU�
SURWHFWLRQ�V\VWHP�FRQVWDQWO\�FRQWUROV�WKRVH�NH\�YDOXHV�RI�D� �UHDFWRU�WKDW�DUH�
LPSRUWDQW�IRU�LWV�VDIHW\��H�J��UHDFWRU�FDSDFLW\��SUHVVXUH�LQ�WKH� �SULPDU\�FRRODQW��
ILOO�OHYHO�RI�WKH� �VWHDP�JHQHUDWRUV��,I�RQH�RI�WKH�PRQLWRUHG�YDOXHV�VXUSDVVHV�D�
FHUWDLQ�OLPLW��D�SURWHFWLYH�DFWLRQ�LV�WULJJHUHG�DXWRPDWLFDOO\��DV�IRU�H[DPSOH�D� �
UHDFWRU�VFUDP��
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'LVUXSWLRQV�LQ�WKH�UHDFWRU�SURWHFWLRQ�V\VWHP�FDQ�OHDG�WR�VLWXDWLRQV�ZKHUH�WKH�
RSHUDWLQJ�VWDII�LV�QRW�DEOH�WR�GHWHUPLQH�WKH�H[DFW�VWDWH�RI�WKH�UHDFWRU��DQG�
XOWLPDWHO\�WR�VHYHUH�DFFLGHQWV��
�
5HDFWRU�VFUDP��VFUDP�V\VWHP�
$OVR�HPHUJHQF\�VFUDP�V\VWHP��,Q�D�UHDFWRU�VFUDP�WKH� �FRQWURO�URGV�DUH�IXOO\�
LQVHUWHG�LQWR�WKH� �UHDFWRU�FRUH�LQ�D�PDWWHU�RI�VHFRQGV��7KLV�EULQJV�WKH� �
QXFOHDU�FKDLQ�UHDFWLRQ�WR�D�KDOW��7KH�UHDFWRU�VFUDP�KDV�WR�EH�SRVVLEOH�IURP�DQ\�
SRVLWLRQ�RI�WKH�FRQWURO�URGV�DQG�XQGHU�DQ\�RSHUDWLQJ�SUHVVXUH��,WV�IDLOXUH�FDQ�
OHDG�WR�D�VHYHUH�DFFLGHQW��
,Q� �3:5�WKH� �FRQWURO�URGV�IDOO�GRZQ�LQWR�WKH�UHDFWRU�FRUH�IURP�DERYH�GXH�WR�
JUDYLW\��LQ� �%:5�WKH\�KDYH�WR�EH�LQVHUWHG�K\GUDXOLFDOO\�IURP�EHORZ���
$�UHDFWRU�VFUDP�LV�XVXDOO\�DFFRPSDQLHG�E\�D�WXUELQH�WULS�DQG�OHDGV�WR�D�KLJK�
VWUDLQ�RQ�WKH� �SULPDU\�FRRODQW��
�
5HGXQGDQF\��UHGXQGDQW�
$OO�LPSRUWDQW�VDIHW\�V\VWHPV�DUH�LQFOXGHG�PRUH�WKDQ�RQFH��UHGXQGDQWO\��LQ�
QXFOHDU�SRZHU�SODQWV��LQ�D�ODUJHU�QXPEHU�WKDQ�LV�VWULFWO\�QHFHVVDU\��,Q�PDQ\�
FRXQWULHV�DW�OHDVW�WZR�V\VWHPV�PRUH�WKDQ�QHFHVVDU\�DUH�SUHVHQW���L�H��IRU�
LQVWDQFH�IRXU�V\VWHPV�ZLWK�����RI�WKH�UHTXLUHG�FDSDFLW\�HDFK��RU�WKUHH�ZLWK�
�����HDFK��
0XOWLSOH�IDLOXUHV�ZLWK�D�FRPPRQ�FDXVH�FDQ�DIIHFW�DOO�FRPSRQHQWV�RI�D�UHGXQGDQW�
V\VWHP�DQG�WKXV�OHDG�WR�D�VHYHUH�DFFLGHQW�LQ�VSLWH�RI�UHGXQGDQF\���DV�ZRXOG�EH�
WKH�FDVH�LQ�D�PDQXIDFWXULQJ�HUURU�WKDW�RFFXUV�LQ�D�ZKROH�EDWFK�RI�SXPSV��YDOYHV�
HWF���RU�LQ�DQ�DWWDFN�DJDLQVW�WKH�UHDFWRU�VLWH�WKDW�OHDGV�WR�ODUJH�VFDOH�GHVWUXFWLRQ��
�
5HOLHI�YDOYH�
VHH�6DIHW\�UHOLHI�YDOYH�
�
5HSURFHVVLQJ�SODQW��IXHO�UHSURFHVVLQJ�SODQW�
,Q�D�UHSURFHVVLQJ�SODQW��WKH�VSHQW� �IXHO�EXQGOHV�DUH�UHGXFHG�WR�VPDOO�SLHFHV�
PHFKDQLFDOO\��7KH�IXHO�LV�GLVVROYHG�LQ�QLWULF�DFLG��,Q�D�FRPSOLFDWHG�FKHPLFDO�
SURFHVV�� �XUDQLXP�DQG� �SOXWRQLXP�DUH�WKHQ�VHSDUDWHG�IURP�WKH�RWKHU�
UDGLRDFWLYH�PDWHULDOV�LQ�WKH�VROXWLRQ��ZKLFK�IRUP�WKH�ZDVWH�VWUHDP��DQG�UH�
VROLGLILHG��7KLV�NLQG�RI�UHSURFHVVLQJ�GRHV�QRW�KDYH�PXFK�LQ�FRPPRQ�ZLWK�WKH�
SULQFLSOH�RI�HQYLURQPHQWDOO\�IULHQGO\�UHF\FOLQJ��
7KH�VHSDUDWLRQ�LV�QHYHU������HIIHFWLYH��7KH�LVRODWHG�XUDQLXP�DQG�SOXWRQLXP�DUH�
FRQWDPLQDWHG�ZLWK�RWKHU�UDGLRDFWLYH�PDWHULDOV��DQG��YLFH�YHUVD��D�SDUW�RI�WKHVH�
WZR�PDWHULDOV�UHPDLQV�LQ�WKH�ZDVWH�VWUHDP��5HSURFHVVLQJ�LV�KLJKO\�VXVFHSWLEOH�
WR�WURXEOH�DV�LW�LV�D�FKHPLFDO�SURFHVV�ZLWK�PDQ\�VHSDUDWH�VWDJHV�LQ�ZKLFK�KLJKO\�
UDGLRDFWLYH�PDWHULDOV�DUH�WUHDWHG�XVLQJ�LQIODPPDEOH�DQG�H[SORVLYH�VROYHQWV��
(YHQ�GXULQJ�QRUPDO�UHDFWRU�RSHUDWLRQ�ODUJH�DPRXQWV�RI�UDGLRDFWLYH�PDWHULDOV�DUH�
UHOHDVHG�LQWR�WKH�HQYLURQPHQW�ZLWK�WKH�ZDVWH�DLU�DQG�ZDWHU��'XULQJ�UHSURFHVVLQJ�
WKHUH�LV�DQ�HYHQ�JUHDWHU�GDQJHU�WKDW�ILVVLOH�PDWHULDOV�DUH�GLYHUJHG�ZLWKRXW�
DXWKRULVDWLRQ��DV�QR�SUHFLVH�TXDQWLWLHV�FDQ�EH�JLYHQ�ZKHQ�GHDOLQJ�ZLWK�WKHVH�
PDWHULDOV�LQ�GLVVROYHG�IRUP���
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0RUHRYHU��ODUJH�TXDQWLWLHV�RI� �UDGLRDFWLYH�ZDVWH�DUH�SURGXFHG�LQ�UHSURFHVVLQJ��
7KH�LVRODWHG�XUDQLXP�LV�KDUGO\�HYHU�UH�XVHG�DV�QXFOHDU�IXHO�WR�GDWH��WKH�
SOXWRQLXP�RQO\�WR�VRPH�H[WHQW��
5HSURFHVVLQJ�LV�D�WHFKQRORJ\�ZLWK�WZR�SRVVLEOH�REMHFWLYHV��LQ�WKH�VDPH�SODQW��
SOXWRQLXP�FDQ�EH�LVRODWHG�IRU� �IXHO�EXQGOHV�RU�IRU� �DWRPLF�ERPEV��
�
6DIHW\�FRQWDLQPHQW�
VHH�&RQWDLQPHQW�
�
6DIHW\�UHOLHI�YDOYH�
7KH�VDIHW\�UHOLHI�YDOYHV�DUH�WKH�PRVW�LPSRUWDQW�FRPSRQHQWV�IRU�SUHVVXUH�FRQWURO�
DQG�SUHVVXUH�UHOLHI�LQ�WKH�FRROLQJ�FLUFXLW�RI�WKH�UHDFWRU��7KH\�EORZ�VWHDP�IURP�
WKH� �UHDFWRU�SUHVVXUH�YHVVHO�LQWR�D�ZDWHU�EDVLQ��K\GUDXOLF�VHDO�RI�WKH�VR�FDOOHG�
FRQGHQVDWH�FKDPEHU���ZKHUH�WKH�VWHDP�FRQGHQVHV��3UHVVXUH�LV�WKXV�UHGXFHG��
7KHUH�DUH�YDULRXV�VHWV�RI�VDIHW\�UHOLHI�YDOYHV��KLJK� �UHGXQGDQF\���,I�WKHUH�LV�DQ�
DFFLGHQW�ZLWK�SUHVVXUH�UHOLHI�IDLOXUH��L�H��LI�WKH�YDOYHV�GR�QRW�RSHQ���IRU�LQVWDQFH�
GXH�WR�D�PDQXIDFWXULQJ�HUURU�WKDW�DIIHFWV�WKH�ZKROH�EDWFK���WKH�KLJK�SUHVVXUH�LQ�
WKH�UHDFWRU�SUHVVXUH�YHVVHO�FDQ�SUHYHQW�WKH�LQMHFWLRQ�RI�VXIILFLHQW�TXDQWLWLHV�RI�
ZDWHU�E\�WKH� �HPHUJHQF\�FRROLQJ�V\VWHPV�LQ�WLPH��,I��RQ�WKH�RWKHU�KDQG��WKH�
VDIHW\�UHOLHI�YDOYHV�RSHQ�DQG�VWD\�RSHQ�HUURQHRXVO\��PDQXDO�DFWLRQ��ZKLFK�LV�
VXVFHSWLEOH�WR�WURXEOH��LV�UHTXLUHG�WR�HQVXUH�WKH�FRROLQJ�RI�WKH�UHDFWRU��
�
6DIHW\�YDOYH�
3UHVVXUH�FRQWURO�YDOYH�WKDW�RSHQV�DXWRPDWLFDOO\�RQFH�D�FHUWDLQ�SUHVVXUH�OLPLW�LV�
UHDFKHG��,Q� �3:5��IRU�LQVWDQFH��WKH�SUHVVXUL]HU�LQ�WKH� �SULPDU\�FRRODQW�ORRS�
LV�ILWWHG�ZLWK�VDIHW\�YDOYHV��LQ� �%:5�WKH�FRROLQJ�FLUFXLW�LV�ILWWHG�ZLWK�VDIHW\�UHOLHI�
YDOYHV��
�
6FUDP�
VHH�5HDFWRU�VFUDP�
�
6HFRQGDU\�FRRODQW��ORRS��V\VWHP��
,Q�QXFOHDU�SRZHU�SODQWV�ZLWK�WZR�FRRODQW�ORRSV�EHWZHHQ� �UHDFWRU�DQG�WXUELQH�
�H�J�� �3:5�RU� �&$1'8���WKH�VHFRQG�ORRS��ZKLFK�LV�ORFDWHG�EHWZHHQ� �
VWHDP�JHQHUDWRUV�DQG�WXUELQH��LV�FDOOHG�VHFRQGDU\�FRRODQW��ORRS���
3DUDOOHO�WR�WKH�VHW�XS�RI�WKH�SULPDU\�FRRODQW��WKH�VHFRQGDU\�FRRODQW�LQ�3:5�LV�
XVXDOO\�FRPSRVHG�RI�IRXU��LQ�VRPH�SODQWV�RI�WZR�RU�WKUHH��SDUDOOHO�OLQHV��(DFK�
OLQH�LV�FRPSRVHG�RI�D�OLYH�VWHDP�SLSH��IURP�VWHDP�JHQHUDWRU�WR�WXUELQH��DQG�D�
IHHGZDWHU�SLSH��IURP�WXUELQH�WR�VWHDP�JHQHUDWRU���
9DULRXV�VDIHW\�V\VWHPV�DUH�FRQQHFWHG�WR�WKH�VHFRQGDU\�FRRODQW�ORRS��H�J��WKH�
OLYH�VWHDP�VDIHW\�YDOYHV�DQG�WKH�HPHUJHQF\�IHHGZDWHU�V\VWHP��
�
6LHYHUW�
VHH�'RVH�
�



� ��

6RGLXP�
/LJKW�ZHLJKW�PHWDO��EHORQJLQJ�WR�WKH�DONDOL�PHWDOV��WKDW�LV�DEXQGDQW�LQ�QDWXUDO�
FRPSRXQGV��'XH�WR�LWV�UHODWLYHO\�ORZ�PHOWLQJ�SRLQW�������&��DQG�LWV�JRRG�KHDW�
WUDQVIHU�SURSHUWLHV�LW�LV�XVHG�DV�FRRODQW�LQ� �IDVW�EUHHGHU�UHDFWRUV��7KLV�OHDGV�WR�
VDIHW\�SUREOHPV��KRZHYHU��DV�VRGLXP�UHDFWV�YLROHQWO\�ZLWK�ZDWHU�DQG�DLU�
�UHVXOWLQJ�LQ�WKH�KD]DUG�RI�ILUHV�DQG�SRVVLEO\�DOVR�H[SORVLRQV���0RUHRYHU��OLTXLG�
VRGLXP�LV�FRUURVLYH�� �FRUURVLRQ���
�
6SRLO��VSRLO�SLOH�
6SRLO�LV�WKH�ZDVWH�SURGXFHG�LQ�PLQLQJ��,W�LV�VWRUHG�LQ�WKH�IRUP�RI�GXPSV��7KH�
VSRLO�LQ�XUDQLXP�PLQLQJ�FRQWDLQV�UHVWV�RI� �XUDQLXP�WKDW�LV�QRW�RQO\�UDGLRDFWLYH�
EXW�DOVR�D�FKHPLFDOO\�WR[LF�KHDY\�PHWDO��DV�DUH�RWKHU�UDGLRDFWLYH�PDWHULDOV�OLNH�
UDGLXP��'XH�WR�HOXWLRQ�ZLWK�UDLQIDOO��WKHVH�PDWHULDOV�FDQ�ILQG�WKHLU�ZD\�LQWR�
JURXQGZDWHU�DQG�ULYHUV��
�
6WHDP�H[SORVLRQ��IXHO�FRRODQW�LQWHUDFWLRQ�
6XGGHQ�IODVKLQJ�RI�D�ODUJH�DPRXQW�RI�ZDWHU�LQWR�VWHDP�ZKLFK�RFFXUV�ZKHQ�ZDWHU�
LV�YHU\�UDSLGO\�KHDWHG��
,Q�D� �OLJKW�ZDWHU�UHDFWRU�D�VWHDP�H[SORVLRQ�FDQ�RFFXU�GXULQJ�D� �FRUH�
PHOWGRZQ�DFFLGHQW�DQG�FDQ�DXJPHQW�WKH�HIIHFWV�RI�DQ�DFFLGHQW��
�
6WHDP�JHQHUDWRU�
,Q�D� �SUHVVXUL]HG�ZDWHU�UHDFWRU�RU�D� �&$1'8��VWHDP�JHQHUDWRUV�WUDQVPLW�
WKH�KHDW�SURGXFHG�LQ�WKH� �UHDFWRU�FRUH�DQG�JLYHQ�RII�WR�WKH�FRROLQJ�ZDWHU�LQ�WKH�

�SULPDU\�FRRODQW�FLUFXLW�WR�D�VHFRQG�FRROLQJ�FLUFXLW��WKH� �VHFRQGDU\�FRRODQW��
7KH\�DUH�IHG�ZLWK�ZDWHU��IHHGZDWHU��RQ�WKH�VHFRQGDU\�VLGH�WKDW�FRQYHUWV�LQWR�
VWHDP�LQ�WKH�VWHDP�JHQHUDWRUV��7KLV�VWHDP�SRZHUV�WKH�WXUELQHV��
+HQFH��RQ�WKH�VHFRQGDU\�VLGH�RI�D�VWHDP�JHQHUDWRU�WKHUH�LV�ZDWHU�DV�ZHOO�DV�
VWHDP��7KH�ZDWHU�OHYHO�KDV�WR�EH�H[DFWO\�FRQWUROOHG�E\�VR�FDOOHG�OHYHO�FRQWUROOHUV�
ZKLFK�DUH�LPSRUWDQW�IRU�D�VDIH�RSHUDWLRQ�RI�WKH�SODQW��
7R�JXDUDQWHH�DQ�HIIHFWLYH�KHDW�WUDQVIHU��WKH�KRW�SULPDU\�FRROLQJ�ZDWHU�SDVVHV�
WKURXJK�PDQ\�VPDOO��WKLQ�ZDOOHG�SLSHV��KHDWLQJ�SLSHV���7KHVH�KHDWLQJ�SLSHV�DUH�
D�ZHDN�VSRW�RI� �SUHVVXUL]HG�ZDWHU�UHDFWRUV��$�IDLOXUH��OHDNDJH�RU�EUHDNLQJ��LQ�
D�KHDWLQJ�SLSH�FDQ�OHDG�WR�D� �FRUH�PHOWGRZQ�DFFLGHQW�ZLWK�YHU\�KLJK�UHOHDVH�
DV�WKH� �FRQWDLQPHQW�LV�E\SDVVHG�LQ�WKLV�FDVH�DQG�KDV�QR�UHWHQWLRQ�HIIHFW��
�
7UDQVIRUPHU�
7UDQVIRUPHUV�DUH�XVHG�WR�LQFUHDVH�RU�GHFUHDVH�WKH�YROWDJH�RI�DOWHUQDWLQJ�FXUUHQW�
��VWHS�XS��RU��VWHS�GRZQ�����
7KH�JHQHUDWRU�RI�D�ODUJH�SRZHU�SODQW�W\SLFDOO\�SURGXFHV�D�YROWDJH�EHWZHHQ����
DQG����N9��NLORYROWV���,W�LV�FRQYHQLHQW�WR�VWHS�XS�WKH�YROWDJH�GXULQJ�WUDQVSRUW�WR�
WKH�FRQVXPHU��DV�ZLWK�D�KLJKHU�YROWDJH�WKH�SRZHU�RXWSXW�VWD\V�FRQVWDQW��EXW�OHVV�
FXUUHQW�IORZV�WKURXJK�WKH�OLQHV��7KHUHIRUH�HYHU\�SRZHU�SODQW�LV�HTXLSSHG�ZLWK�D�
WUDQVIRUPHU�WKDW�VWHSV�XS�WKH�YROWDJH�RI�WKH�DOWHUQDWLQJ�FXUUHQW�JHQHUDWHG�WR�WKH�
YROWDJH�XVHG�LQ�WKH�ORQJ�GLVWDQFH�WUDQVPLVVLRQ�OLQH��EHWZHHQ�����DQG�����N9���
,Q�WKH�UHYHUVH�FDVH��ZKHQ�WKH�UHDFWRU�KDV�EHHQ�VKXW�GRZQ��WKH�LPSRUWDQW�VDIHW\�
V\VWHPV�DUH�VXSSOLHG�ZLWK�SRZHU�IURP�WKH�JULG�E\�WKH�WUDQVIRUPHU�� �
HPHUJHQF\�SRZHU�V\VWHP����
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7KH�HOHFWULFDO�IDFLOLWLHV�LQ�D�SRZHU�SODQW�XVXDOO\�LQFOXGH�YDULRXV�WUDQVIRUPHUV��
7KH�ODUJH�SRZHU�WUDQVIRUPHU�ZKLFK�SURYLGHV�WKH�FRQQHFWLRQ�WR�WKH�JULG�LV�DOVR�
FDOOHG�PDLQ�WUDQVIRUPHU���
�
7ULWLXP�
5DGLRDFWLYH� �LVRWRSH�RI� �K\GURJHQ��7KH�WULWLXP�FRUH�LV�FRPSRVHG�RI�RQH� �
SURWRQ�DQG�WZR� �QHXWURQV��7ULWLXP�LV�SURGXFHG�LQ�WKH� �UHDFWRU�E\�QXFOHDU�
ILVVLRQ�DQG�ZKHQ�QRUPDO�K\GURJHQ�RU�GHXWHULXP�FDSWXUH�QHXWURQV��
7ULWLXP�FRPELQHV�ZLWK�K\GURJHQ�WR�IRUP�WKH�FRPSRXQG�7�2�ZKLFK�KDV�WKH�VDPH�
FKHPLFDO�SURSHUWLHV�DV�QRUPDO���OLJKW���ZDWHU�IURP�ZKLFK�LW�LV�GLIILFXOW�WR�VHSDUDWH��
7ULWLXP�FDQ�WKHUHIRUH�QRW�EH�VDIHO\�UHWDLQHG�LQ�QXFOHDU�SRZHU�SODQWV���
7ULWLXP�HPLWV�D�UHODWLYHO\�ORZ�HQHUJ\���VRIW���EHWD�UDGLDWLRQ��
�
8UDQLXP�
5DGLRDFWLYH�KHDY\�PHWDO�IRXQG�LQ�QDWXUH��1�����LQ�WKH�SHULRGLF�WDEOH�RI�
HOHPHQWV��FKHPLFDO�V\PERO�8��1DWXUDO�XUDQLXP�LV�FRPSRVHG�RI�WKH� �LVRWRSHV�
XUDQLXP��������������DQG�XUDQLXP�������������DQG�WUDFHV�RI�XUDQLXP������
8UDQLXP�����FDQ�EH�VSOLW�E\� �QHXWURQ�ERPEDUGPHQW�DQG�FDQ�VXVWDLQ�D�FKDLQ�
UHDFWLRQ��VR�LW�LV�VXLWDEOH�DV�QXFOHDU�IXHO�DQG�IRU�QXFOHDU�H[SORVLYHV��,Q�VRPH�
UHDFWRU�W\SHV�� �UHDFWRU���QDWXUDO�XUDQLXP�FDQ�EH�XVHG�DV�IXHO�� �/LJKW�ZDWHU�
UHDFWRUV�QHHG�XUDQLXP�ZLWK�D�KLJKHU�FRQWHQW�RI�XUDQLXP������W\SLFDOO\��������
L�H��ZKLFK�LV�HQULFKHG�LQ�XUDQLXP������ �XUDQLXP�HQULFKPHQW����
8UDQLXP�ZLWK�D�FRQWHQW�RI�PRUH�WKDQ�����RI�WKH� �LVRWRSH�XUDQLXP������ �
XUDQLXP�HQULFKPHQW��LV�FDOOHG�KLJKO\�HQULFKHG��6WDUWLQJ�IURP�D�����FRQWHQW�RI�
XUDQLXP������WKH�XUDQLXP�LV�DVVXPHG�WR�EH�ZHDSRQV�XVDEOH��*HQHUDOO\�
VSHDNLQJ��XUDQLXP�ZLWK�D�FRQWHQW�RI�����RU�PRUH�RI�XUDQLXP�����LV�XVHG�LQ�
ZHDSRQV��
7KH�XUDQLXP�LVRWRSH�XUDQLXP�����LV�DOVR�ILVVLRQDEOH��,W�GRHV�QRW�RFFXU�QDWXUDOO\��
EXW�FDQ�EH�SURGXFHG�E\�WKH�QHXWURQ�DEVRUSWLRQ�RI�WKRULXP������
$OO�XUDQLXP�LVRWRSHV�PHQWLRQHG�DUH� �DOSKD�HPLWWHUV��
�
8UDQLXP��HQULFKHG�
VHH�8UDQLXP��8UDQLXP�HQULFKPHQW�
�
8UDQLXP�HQULFKPHQW��XUDQLXP�HQULFKPHQW�SODQW�
,Q�XUDQLXP�HQULFKPHQW��WKH�FRQWHQW�RI�WKH�ILVVLOH� �LVRWRSH�XUDQLXP�����LQ�WKH�

�XUDQLXP�LV�LQFUHDVHG��)RU�WKLV�SXUSRVH��WKH�XUDQLXP�LV�FRPELQHG�WR�WKH�
FKHPLFDO�FRPSRXQG� �XUDQLXP�KH[DIOXRULGH��8)���ZKLFK�LV�JDVHRXV�DW�
UHODWLYHO\�ORZ�WHPSHUDWXUHV��7KH�VOLJKW�GLIIHUHQFH�LQ�ZHLJKW�EHWZHHQ�XUDQLXP�
����DQG�XUDQLXP�����LV�H[SORLWHG�IRU�HQULFKPHQW��
7KH�PRVW�H[WHQVLYHO\�XVHG�PHWKRG�WRGD\�LV�WKH�JDV�FHQWULIXJH�SURFHVV�LQ�ZKLFK�
WKH�8)��JDV�LV�LQVHUWHG�LQWR�UDSLGO\�URWDWLQJ�FHQWULIXJHV��7KH�FHQWULIXJDO�IRUFH�
FDXVHV�D�SDUWLDO�VHSDUDWLRQ���LQ�WKH�RXWHU�SDUW�RI�WKH�FHQWULIXJH�WKH�FRQWHQW�RI�8�
����LV�KLJKHU��ZKLOH�WKH�FRQWHQW�RI�XUDQLXP�����LV�KLJKHU�LQ�WKH�PLGGOH��IURP�
ZKHUH�WKH�HQULFKHG�XUDQLXP�FDQ�EH�H[WUDFWHG��7KH�HQULFKPHQW�HIIHFW�LQ�D�VLQJOH�
FHQWULIXJH�LV�PLQLPDO��VR�WKH�XUDQLXP�IORZ�KDV�WR�SDVV�WKURXJK�D�VHULHV�RI�
FHQWULIXJHV�WR�DFKLHYH�DQ�LPSRUWDQW�HIIHFW��
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2WKHU�HQULFKPHQW�PHWKRGV�DUH�WKH�RQFH�ZLGHO\�XVHG�JDVHRXV�GLIIXVLRQ�DQG�WKH�
MHW�QR]]OH�SURFHVV��
(YHU\�HQULFKPHQW�SODQW�FDQ�SURGXFH�ORZ�HQULFKHG�XUDQLXP�IRU�WKH� �IXHO�
EXQGOHV�RI�UHDFWRUV��W\SLFDOO\������8������DV�ZHOO�DV�KLJKO\�HQULFKHG�XUDQLXP�
IRU�QXFOHDU�ZHDSRQV��PRUH�WKDQ�����8������XUDQLXP�ZLWK�D�FRQWHQW�RI�PRUH�
WKDQ�����RI�8�����LV�SDUWLFXODUO\�ZHDSRQV�XVDEOH���7KH�SURGXFWLRQ�RI�KLJKO\�
HQULFKHG�XUDQLXP�LV�FRQVLGHUDEO\�PRUH�FRPSOH[��PRUH�SDUWLDO�VWDJHV���
�
8UDQLXP�KH[DIOXRULGH�
&KHPLFDO�FRPSRXQG�RI� �XUDQLXP�ZKLFK�LV�XVHG�IRU� �XUDQLXP�HQULFKPHQW��
8UDQLXP�KH[DIOXRULGH��8)���LV�YRODWLOH�DQG�VXEOLPDWHV�DW�D�WHPSHUDWXUH�RI�RQO\�
������&��L�H��DW�WKLV�WHPSHUDWXUH�LW�SDVVHV�IURP�WKH�VROLG�WR�WKH�JDVHRXV�VWDWH���,W�
FDQ�WKHUHIRUH�EH�FRQYHUWHG�UHODWLYHO\�HDVLO\�LQWR�WKH�JDVHRXV�VWDWH�ZKLFK�LV�
QHHGHG�IRU�WKH�HQULFKPHQW��
,I�8)��FRPHV�LQ�FRQWDFW�ZLWK�ZDWHU���HYHQ�ZLWK�DLU�KXPLGLW\���D�FKHPLFDO�UHDFWLRQ�
OHDGV�WR�WKH�IRUPDWLRQ�RI�K\GURIOXRULF�DFLG��+)���RQH�RI�WKH�VWURQJHVW�UHVSLUDWRU\�
WR[LQV���
�
8UDQLXP�QLWUDWH�
,Q�WKH� �UHSURFHVVLQJ�RI�VSHQW� �IXHO�EXQGOHV��IXHO�VROXWLRQV�DUH�XVHG�IURP�
ZKLFK�WKH�XUDQLXP�FDQ�EH�H[WUDFWHG�LQ�IRUP�RI�D�XUDQLXP�QLWUDWH�VROXWLRQ��
8UDQLXP�QLWUDWH�FDQ�DOVR�EH�XVHG�LQ�UHVHDUFK��
�
�
9LWDO�DUHD�
5DGLDWLRQ�SURWHFWLRQ�DUHD�LQ�D�QXFOHDU�SODQW��L�H��DQ�DUHD�LQ�ZKLFK�SHRSOH�FDQ�EH�
H[SRVHG�WR�KLJKHU�GRVHV�RI�UDGLDWLRQ�E\�LUUDGLDWLRQ�IURP�DQ�H[WHUQDO�UDGLRDFWLYH�
VRXUFH�RU�E\�LQKDOLQJ�RU�LQJHVWLQJ�UDGLRDFWLYH�PDWHULDOV��
,Q�WKH�*HUPDQ�UDGLDWLRQ�SURWHFWLRQ�FRGH��IRU�LQVWDQFH��WKH�YLWDO�DUHD�LV�GHILQHG�
DV�IROORZV��$�SHUVRQ�FDQ�EH�H[SRVHG�WR�DQ�HIIHFWLYH�GRVH�RI�PRUH�WKDQ���P6Y�RU�
DQ�HTXLYDOHQW�GRVH�RI�PRUH�WKDQ����P6Y�IRU�WKH�H\H�OHQV�RU�DQ�HTXLYDOHQW�GRVH�
RI�PRUH�WKDQ�����P6Y�IRU�VNLQ��KDQGV��IRUHDUPV��IHHW�DQG�DQNOHV�SHU�FDOHQGDU�
\HDU�� �GRVH���7KH�YDOXHV�DUH�EDVHG�RQ�DQ�DVVXPHG�GXUDWLRQ�RI�VWD\�LQ�WKH�
YLWDO�DUHD�RI����KRXUV�D�ZHHN����ZHHNV�D�\HDU��
9LWDO�DUHDV�KDYH�WR�EH�FOHDUO\�OLPLWHG�DQG�PDUNHG�DV�VXFK���


