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:LWK� WKH� UHFHQW� XSKHDYDOV� LQ� WKH� LQGXVWU\� FDXVHG� E\� WKH� ORZ� DQG�RU� XQVWDEOH� FUXGH� SULFHV�RSHUDWRUV�DUH�VHDUFKLQJ�IRU�QHZ�ZD\V�RI�UHGXFLQJ�RSHUDWLQJ�FRVWV�DQG�JHWWLQJ�D�EHWWHU�UHWXUQ�IURPWKHLU�LQYHVWPHQW�FDSLWDO��,Q�WKH�IROORZLQJ��:HQFR
V�$UFKLH�+\GH�H[SODLQV�WKDW�$PHURQ��LQ�FRQMXQFWLRQZLWK�%ULWLVK�$HURVSDFH��KDYH�MRLQWO\�GHYHORSHG�D�K\EULG�KLJK�SUHVVXUH�SLSHOLQH�V\VWHP�WKDW�ZLOO�KDYHPDMRU� LPSOLFDWLRQV� IRU� LPSURYLQJ� WKH� ERWWRP� OLQH� RI� RLO� DQG� JDV� GHYHORSPHQWV�� HVSHFLDOO\� IRUPDUJLQDO�VXEVHD�DSSOLFDWLRQV�7KH� QHZ� SLSHOLQH� V\VWHP� LV� QRZ� NQRZQ� DV%RQGVWUDQG��6WHHO�6WULS�/DPLQDWH��66/��DQGLV� D� K\EULG� RI� WHFKQRORJLHV� XVHG� LQ� ERWKDHURVSDFH� DQG� RLO�	�JDV� LQGXVWULHV� IRU� PRUHWKDQ����\HDUV�
%RQGVWUDQG�KLVWRU\

:LWK� WKH� HQG� RI� WKH� FROG� ZDU� LQ� WKH� ODWH��
V�� %ULWLVK� $HURVSDFH
V� 5R\DO� 2UGLQDQFH5RFNHW� 0RWRUV� 'LYLVLRQ� ZDV� ORRNLQJ� IRUZD\V� WR� FRPPHUFLDOLVH� WKHLU� FRPSRVLWHURFNHW� PRWRU� FDVLQJ� WHFKQRORJ\� LQ� QHZPDUNHWV� WR� UHYHUVH� WKH� HIIHFW� RI� D� VKULQNLQJGHIHQFH�EXGJHW�
$W� WKH� VDPH� WLPH�� $PHURQ� ZDV� ORRNLQJLQWR�ZD\V�RI�UHGXFLQJ�WKH�FRVW�RI� WKHLU�KLJK�SUHVVXUH� JODVV� UHLQIRUFHG� HSR[\� SLSHOLQHV\VWHPV�
%RWK� SDUWLHV� UHFRJQLVHG� WKH� SRWHQWLDOV\QHUJ\� RI� WKHLU� UHVSHFWLYH� WHFKQRORJLHV� DQGVHW� DERXW� GHYHORSLQJ� D� SLSHOLQH� V\VWHP� WKDWZRXOG� QRW� RQO\� ZLWKVWDQG� H[WUHPHO\� KLJKSUHVVXUHV�DQG�EDOOLVWLF�GDPDJH��EXW�ZRXOG

QRW� VXIIHU� WKH� FRUURVLRQ� SUREOHPV� ZKLFKPRVW�LQILHOG�SLSHOLQHV�DUH�EHVHW�ZLWK�
7KLV� GHYHORSPHQW� SKDVH� KDV� EHHQH[WHQVLYH�DQG�DIWHU�DSSUR[LPDWHO\�HLJKW�\HDUVRI�GHYHORSPHQWDO�UHVHDUFK��66/�LV�QRZ�UHDG\IRU�SURGXFWLRQ�

3LSH�ZDOO�FRQVWUXFWLRQ
7KH�VWUXFWXUH�RI� WKH�SLSH�ZDOO� LV�GHVLJQHGWR� FURVV� FRPSO\� ZLWK� WKH� UHTXLUHPHQWV� RI$3,���+5� DQG� $3,��/� ZLWK� UHVSHFW� WR� WKHLQGLYLGXDO�FRPSRQHQWV�RI�FRQVWUXFWLRQ�
$� FURVV� VHFWLRQ� RI� WKH� 66/� SLSH� ZDOOFRQVWUXFWLRQ�FRPSULVHV�
��,QQHU�SLSH�ZDOO���D�SUHVVXUH�VHDO�RI�HSR[\UHVLQ�ULFK�JODVV�UHLQIRUFHG�OLQHU�
�� /D\HU� �� �� VWUXFWXUDO� VHFWLRQ� RI� ILODPHQWZRXQG�JODVV�UHLQIRUFHG�HSR[\�

� /D\HU� �� �� VWUXFWXUDO� VHFWLRQ� RI� KLJKWHQVLOH� VWUHQJWK� 0DUW,1VLWH�� VWHHO� VWULSVKHOLFDOO\� ZRXQG� LQWR� WKH� SLSH� ZKLFK� LVODPLQDWHG�DQG�HQFDSVXODWHG�E\�HSR[\�UHVLQ�
� 2XWHU� MDFNHW� �� D� VHFWLRQ� RI� ILODPHQWZRXQG�JODVV�UHLQIRUFHG�HSR[\�

7KH� SUHVVXUH� UDWLQJ� RI� WKH� 66/� SLSH� LVYDULHG� E\� WKH� QXPEHU� RI� VWHHO� VWULSV� LQ� WKHZDOO�L�H��������1%�66/�SLSH�UDWHG�DW�����EDUZLOO� UHTXLUH� ��� VWULSV�� ZKHUHDV� WKH� VDPHGLDPHWHU�UDWHG�DW�����EDU�ZLOO�RQO\�UHTXLUH��VWULSV�
:KHQ� FRPSDUHG� WR� KRPRJHQHRXV� KLJKSUHVVXUH� JODVV� UHLQIRUFHG� HSR[\� �*5(�� SLSHRI� WKH� VDPH� SUHVVXUH� UDWLQJ�� WKH� DGGLWLRQ� RIWKH� KLJK� VWUHQJWK� VWHHO� VWULS� PHDQV� WKH� 66/SLSH� UHTXLUHV� D� ZDOO� WKLFNQHVV� OHVV� WKDQ� DWKLUG� RI� WKH� *5(� SLSH�� WKXV� VXEVWDQWLDOO\UHGXFLQJ� WKH� DPRXQW� RI� WKH� HSR[\� UHVLQUHTXLUHG�� 7KH� 66/� SLSH� DOVR� KDV� WKH� VDPHGHJUHH� RI� FRUURVLRQ� SURWHFWLRQ� DV� WKH� *5(SLSH�
7KH� 66/� SLSH� KDV� D� VDIHW\� GHVLJQ� IDFWRUWKDW� H[FHHGV� $3,� �/� UHTXLUHPHQWV� E\� ����ZLWK�PD[LPXP�SUHVVXUH�UDWLQJV�UDQJLQJ�IURP����EDU�#�����1%�WR����EDU�#������1%�
7HPSHUDWXUH� UDWLQJ� RI� WKH� SLSHV� UDQJHIURP����&������&�DQG�KLJKHU�WHPSHUDWXUHV�RIXS�WR����&�FDQ�EH�DFKLHYHG�
66/� LV� RQO\� DYDLODEOH� LQ� VL]HV� IURP� ���1%�XS�WR������1%��)RU�VL]HV�EHORZ�����1%VWDQGDUG� KLJK�SUHVVXUH� *5(� SLSH� FDQ� EHHFRQRPLFDOO\�XWLOLVHG�
7KH�VWDQGDUG�PDQXIDFWXUHG� OHQJWK�RI�66/SLSH� LV�������PHWUHV�DQG�VSHFLDO� OHQJWKV� DUHDYDLODEOH�IRU�WLH�LQV�
7KH� SLSH� ZHLJKV� DSSUR[LPDWHO\� ���� OHVVWKDQ� DQ� HTXLYDOHQW� UDWHG� FRUURVLRQ� UHVLVWDQWDOOR\�SLSH�DQG�LV�HDVLHU�DQG�OHVV�FRPSOLFDWHGWR�KDQGOH�
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3,3,1*�7(&+12/2*,(6
7KH�-RLQLQJ�6\VWHP7KH� &RLO�/RFN� MRLQW� LV� D� K\EULG� GHVLJQGHULYHG� IURP� WKH� WLPH� SURYHQ� DELOLW\� RI$PHURQ
V�.H\�/RFN�MRLQW�EHLQJ�FRQYHUWHG�WRD�KHOLFDO�FRLO�FRQILJXUDWLRQ�IRU�KLJK�SUHVVXUHSHUIRUPDQFH�

7KH�FRPSOHWHG�MRLQW�FRQVLVWV�RI�DQ�LQWHJUDOIHPDOH� WDSHUHG�VRFNHW�ZKLFK�KRXVHV�D�Q\ORQRU�SXUH�DOXPLQLXP�EHDULQJ�WKDW�PHFKDQLFDOO\ORFNV� WKH� WDSHUHG� PDOH� SLSH� HQG� LQ� RQPDNH�XS�
7KH� MRLQW� LV� K\GURVWDWLFDOO\� VFDOHG� E\PHDQV� RI� D� VWDQGDUG� GRXEOH� HODVWRPHULF��ULQJ�� 7KH� VHDO� RI� WKH� ��ULQJ� LV� WHVWHG� IRUSURSHU�ILW�E\�D�VDPSOH�DLU�WHVW�
)RU� FULWLFDO� DSSOLFDWLRQV�� VXFK� DVKLJKSUHVVXUH� JDV�� D� SRO\VXOSKLGH� RUSRO\WKLRHWKHU� DGKHVLYH� VHDODQW� FDQ� EHLQMHFWHG� EHWZHHQ� WKH� GRXEOH� ��ULQJV�� 7KLVVHDODQW� FDQ� EH� UDGLRJUDSKHG� WR� HQVXUH� WKHERQGHG�DUHD�EHWZHHQ�WKH���ULQJV�LV�FRPSOHWH�
7KH� &RLO�/RFN� MRLQW� KDV� D� GHVLJQ� VDIHW\IDFWRU� RI� ���� DQG� GLVSOD\V� H[FHOOHQWSHUIRUPDQFH� ZKHQ� VXEMHFWHG� WR� VHYHUHLQWHUQDO�DQG�H[WHUQDO�IRUFHV��MRLQW�PDNH�XS�LVIDVW�� XQFRPSOLFDWHG� DQG�� DV� VXFK�� RQO\UHTXLUHV�D�VPDOO�FUHZ������SHRSOH��

&RUURVLRQ�3HUIRUPDQFH

HTXDO�WR�WKH�GHVLJQ�OLIH�RI�WKH�GHYHORSPHQW�ZLWK�PLQLPXP�RU�QR�PDLQWHQDQFH�UHTXLUHG�
,QVWDOODWLRQ

66/� SHUIRUPDQFH� LV� H[FHOOHQW� LQ� VHUYLFHVZKHUH� WKH� KLJK� OHYHOV� RI� &2×� +×6� RU6XOSKXU�5HGXFLQJ�%DFWHULD�DUH�SUHVHQW�
7KH� LQQHU� OLQHU� RI� JODVV� UHLQIRUFHG� HSR[\SURYLGHV� DQ� LPSHQHWUDEOH� EDUULHU� WKDW� IXOO\SURWHFWV� WKH� 0DUW,1VLWH� VWHHO� VWULSV�� 7KHRXWVLGH�OD\HU�RI�*5(�SURWHFWV�WKH�VDPH�IURPH[WHUQDO�HQYLURQPHQWDO�FRUURVLRQ�
&DWKRGLF� SURWHFWLRQ� RU� FKHPLFDO� LQMHFWLRQLV�QRW�UHTXLUHG�WR�SUHYHQW�FRUURVLYH�DWWDFN�RQ66/��7KLV�UHSUHVHQWV�VXEVWDQWLDO�FRVW�VDYLQJVRQ� ERWK� &DSH[�2SH[�� 7KH� XVH� RI� LQWHOOLJHQWSLJV�LV�DOVR�QR�ORQJHU�UHTXLUHG�
([WHQVLYH�DFFHOHUDWHG� ORQJ�WHUP�FRUURVLRQWHVWLQJ� RI� 66/� SLSH� KDV� EHHQ� XQGHUWDNHQRYHU� WKH� SDVW� ILYH� \HDUV�� ZLWK� H[FHOOHQWUHVXOWV�
7KLV��FRPELQHG�ZLWK�$PHURQ
V����\HDUV�RIH[SHULHQFH� ZLWK� *5(� SLSH� LQ� FRUURVLYHRLOILHOG� HQYLURQPHQWV� KDV� OHDG� WR� WKH� EHOLHIWKDW�66/�ZLOO�KDYH�D�OLIH�H[SHFWDQF\�DW�OHDVW

)RU� RQVKRUH� SLSHOLQHV�� WKHUH� LV� OLWWOHGLIIHUHQFH�EHWZHHQ�WKH�LQVWDOODWLRQ�SURFHVVHV�RWKHU�WKDQ�MRLQWLQJ��RI�D�)%(�FRDWHG�$3,��/OLQH�SLSH�DQG�66/�
66/� FDQQRW� EH� EHQW� DW� ORFDWLRQ� OLNH� WKHVWHHO� SLSH�� VR� FKDQJHV� LQ� GLUHFWLRQ� DUHDFFRPPRGDWHG� E\� WKH� PLQLPXP� EHQGLQJUDGLXV�RI�WKH�66/�SLSH�RU�E\�ILODPHQW�ZRXQGHOERZV�� 66/� FDQ� EH� EXULHG� RU� UXQ� DERYHJURXQG�RQ�VXSSRUWV�DQG�FDQ�EH�WLHG�LQWR�VWHHOOLQHV� XVLQJ� $16,� IODQJHG� DGDSWRUV�� 6XEVHDLQVWDOODWLRQ�RI�66/�FDQ�EH�E\�6�OD\�� -�OD\� RUWRZ�PHWKRGV�
$�UHFHQW�VWXG\�RQ�WKH�LQVWDOODWLRQ�RI�D����1%� 66/� ��� SLSHOLQH� FRPSDUHG� ZLWK$3,��/�;��������PP�ZW�SLSH�VKRZHG�WKDW�
� 0D[LPXP� DOORZDEOH� LQVWDOODWLRQ� ORDGVIRU� WKH� 66/� DQG� VWHHO� SLSHV� DUH� RI� VLPLODUPDJQLWXGH�DQG�DUH�EDVHG�RQ�VLPLODU�IDFWRUV�RIVDIHW\�� 7KH� D[LDO� ORDG� FDSDFLW\� RI� WKH� VWHHOSLSH�LV�����KLJKHU�WKDQ�IRU�WKH�66/�SLSH��EXWWKH�EHQGLQJ�FDSDFLW\�RI�WKH�VWHHO�SLSH�LV����ORZHU�
� 7KH�ZHLJKW�RI�66/�SLSH�LV�FRQVLGHUDEO\OHVV� WKDQ� WKH� ZHLJKW� RI� VWHHO� SLSH�� KHQFHLQVWDOODWLRQ� ORDGV� RQ� 66/� SLSH� VKRXOG� EHFRQVLGHUDEO\�ORZHU�WKDQ�IRU�VWHHO�SLSH�
� 7KH� VWHHO� DQG� 66/� SLSHV� VKRZ� VLPLODU9RUWH[� ,QGXFHG� 9LEUDWLRQ� �9,9�� EHKDYLRXU�)RU� ERWK� SLSHV�� FULWLFDO� VSDQ� OHQJWKV� DUH� LQH[FHVV� RI� ��� PHWUHV� HYHQ� XQGHU� H[WUHPHHQYLURQPHQWDO� FRQGLWLRQV�� 7R� PLQLPLVH� WKHULVN�RI�IDWLJXH��GDPDJH�VWHSV�VKRXOG�EH�WDNHQWR�HQVXUH�VSDQ�OHQJWKV�LQ�H[FHVV�RI����PHWUHVFDQQRW�RFFXU�
� 1HLWKHU� VWHHO� RU� 66/� LV� H[SHFWHG� WRSURYLGH� D� VLJQLILFDQW� DGYDQWDJH� LQ� WHUPV� RIUHVLVWDQFH�WR�GURSSHG�REMHFW�ORDGLQJ��+HQFH�ERWK� SLSH� PDWHULDOV� ZLOO� UHTXLUH� D� VLPLODUOHYHO�RI�GURSSHG�REMHFW�SURWHFWLRQ�
66/�FDQ�EH�VWDELOLVHG�RQ�WKH�VHDEHG�XVLQJFRQFUHWH�ZHLJKW�FRDWLQJ� LQ�FRQMXQFWLRQ�ZLWKHLWKHU� WUHQFKLQJ� DQG� EXULDO�� URFN� EROWLQJ� RU)OH[PDWV�
&RPSDUHG� ZLWK� VLPLODU� UDWHG� EXWW� ZHOGHGVWHHO�SLSH��WKH�UHVRXUFHV�UHTXLUHG�WR�FDUU\�RXWWKH�66/�MRLQWLQJ�SURFHVVHV�LV�GUDVWLFDOO\

UHGXFHG� DQG� WKH� GDLO\� FRPSOHWLRQ� UDWH� LVH[SHFWHG� WR� EH� PXFK� KLJKHU�� )XUWKHUPRUH�ILQDO�FRDWLQJ�RI�WKH�66/�MRLQW�LV�QRW�UHTXLUHG�
&RVW�6DYLQJV:KLOH� WKH� EDVH� PDWHULDO� FRVW� RI� WKH� 66/SLSH� LV� DERXW� ��� �� ���� KLJKHU� WKDQ� DQHTXLYDOHQW� )%(� FRDWHG� OLQH� SLSH�� WKH� WRWDOLQVWDOOHG� FRVW� VKRXOG� SURYH� WR� EH� DERXW� WKHVDPH� WKURXJK� WKH� HIILFLHQFLHV� JDLQHG� IURPPRUH�HFRQRPLF�LQVWDOODWLRQ�SUDFWLFHV�

7KH�UHDO�FRVW�VDYLQJV�WR�EH�JDLQHG�DUH�IURPWKH� UHGXFHG� RSHUDWLQJ� H[SHQGLWXUH� UHTXLUHGWR� RSHUDWH� DQ� 66/� SLSHOLQH�� 7KHVH� VDYLQJVHTXDWH�WR�
� 1R�UHTXLUHPHQW�IRU�FKHPLFDO�LQMHFWLRQWR�SURWHFW�WKH�SLSH�� 1R�UHTXLUHPHQW�IRU�FDWKRGLF�SURWHFWLRQ�� 1R�UHTXLUHPHQW�IRU�XVH�RI�LQWHOOLJHQWSLJV�WR�LQVSHFW�WKH�SLSH�� /RZHU�SXPSLQJ�FRVWV�GXH�WR�WKH�ODUJHULQWHUQDO�GLDPHWHU�DQG�VPRRWKHU�ERUH�� 0LQLPDO�RU�QR�UHJXODU�PDLQWHQDQFHFRVWV�

,Q�DGGLWLRQ��DQ�66/�SLSHOLQH��XQOLNH� VWHHO�FDQ�EH�HDVLO\�UHWULHYHG�DIWHU�WKH�HIIHFWLYH�HQGRI�D� ILHOG
V� OLIH�� WHVWHG�DQG� UHXVHG�DW� DQRWKHUORFDWLRQ�� 7KLV� LV� D� EHQHILW� VR� IDU� XQPDWFKHGE\� DQ\� RQVKRUH�RIIVKRUH� SLSHOLQH� V\VWHP� RQWKH�PDUNHW�WRGD\�
$FFHSWDQFH�VRXJKW

$PHURQ�KDYH�VXFFHVVIXOO\�WDNHQ�66/�IURPFRQFHSW� WR� SURGXFWLRQ� LQ� D� UHODWLYHO\� VKRUWSHULRG�� 7KH� KDUG� ZRUN� RQO\� QRZ� EHJLQV�KRZHYHU�� ZLWK� WKH� DWWHPSW� WR� JDLQ� PDUNHWDFFHSWDQFH�IRU�WKH�SURGXFW�
1HJRWLDWLRQV� EHWZHHQ� $PHURQ� DQG� WKUHHPDMRU� RSHUDWRUV� LQ� :HVW� $IULFD�� 6RXWK$PHULFD� DQG� (DVWHUQ� (XURSH� DUH� FXUUHQWO\EHLQJ� ILQDOLVHG� IRU� VL]HDEOH� K\GURFDUERQSLSHOLQHV�
66/� KDV� PXFK� WR� RIIHU� ORFDO� RSHUDWRUV�HVSHFLDOO\� LQ� WKH� &DUQDUYRQ� EDVLQ� ZKHUHFRUURVLRQ� SUREOHPV� FDXVHG� E\� WKH� SUHVHQFHRI�&���DQG�RU�VXOSKXU�UHGXFLQJ�EDFWHULD�KDYHUHHNHG� KDYRF� RQ� UHWXUQV� IURP� PDUJLQDOILHOGV�
66/� RIIHUV� D� ZD\� IRU� WKH� RSHUDWRU� WRUHGXFH� DQG� VWDELOLVH� WKHLU� RSHUDWLQJ� FRVWV�ZKLFK�LV�D�VXEVWDQWLDO�FUX[��SDUWLFXODUO\�ZLWKWKH� YRODWLOH� FUXGH� SULFHV� WKDW� SURPLVH� WR� EHZLWK�XV�IRU�VRPHWLPH��$2*1
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