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7KH� SURMHFWV�PRWLYDWLRQ�ZDV� WR� LQYHVWLJDWH� DERXW� WKH� LQIOXHQFHV� RI� D� ):'�DSSOLFDWLRQ� RQ� WKHH[LVWLQJ�*HUPDQ�V\VWHP�RI�ZDVWH��ZDVWH�ZDWHU�DQG�VOXGJH�WUHDWPHQW��$V�PRVW�RI�WKH�&HQWUDO��DQG1RUWKHUQ�(XURSHDQ�FRXQWULHV�KDYH�DERXW� WKH� VDPH� V\VWHPV�DQG� VWDQGDUG�RI�ZDVWH��ZDVWH�ZDWHUDQG�VOXGJH�WUHDWPHQW��WKH�ERUGHU�FRQGLWLRQV�PHQWLRQHG�LQ�WKH�IROORZLQJ�PD\�WR�D�ODUJH�H[WHQG�EHWUDQVIHUUHG�WR�WKHVH�FRXQWULHV�$Q� LQWURGXFWLRQ�RI�):'�LQWR�H[LVWLQJ�ZDVWH� �ZDWHU�� V\VWHPV�RXJKW� WR� IXOILOO� VRPH�HVVHQWLDOSUHFRQGLWLRQV��)LUVW�DQG�PRVW�LPSRUWDQW�RI�DOO�LV�WKDW�WKHUH�LV�QR�ODFN�RI�GULQNLQJ�ZDWHU�LQ�WKH�DUHD�FLW\��ZKHUH�):'�ZLOO�EH�XVHG��$PRQJ�RWKHUV� WKH�DSSOLFDWLRQ�RI�):'�VKRXOG�EH� UHVWULFWHG� WRFLW\� GLVWULFWV� ZLWK� D� VHSDUDWHG� VHZHUDJH� V\VWHP�� 7KH� VHZHUDJH� V\VWHP� RXJKW� WR� EH� LQ� D� JRRGFRQGLWLRQ�ZKLFK�PHDQV�QR�IUDFWXUHV��QR�OHDNDJH��QR�VHGLPHQWDWLRQV��7KH�PLQLPDO�JUDGLHQW�VKRXOGQRW� EH� EHORZ� ��´�� )XUWKHUPRUH� WKH� FRQFHUQHG�::73� LV� WR� FRQWDLQ� D� SULPDU\� FODULILHU� DQG� DVOXGJH�GLJHVWLRQ�DQG�PXVW�RIIHU�IUHH�FDSDFLWLHV�UHJDUGLQJ�ERWK�ZDVWH�ZDWHU�DQG�VOXGJH�WUHDWPHQW�):'�VKRXOG�QRW�EH�XVHG�LQ�KRXVHV��FRQQHFWHG�WR�D�GHDG�HQG�VHZHUDJH�DV�WKLV�LQFOXGHV�D�KLJKHUULVN�RI�VHGLPHQWDWLRQ�
����$GGLWLRQDO�ORDGV�GXH�WR�):'�DSSOLFDWLRQ7DEOH���LV�D�VXPPDU\�RI�DOO�LQIRUPDWLRQ�JDLQHG�IURP�OLWHUDWXUH�VWXGLHV�DV�ZHOO�DV�IURP�RZQ�EDWFK�WHVWV��7KH�EDVLF�YDOXHV�RI�WDEOH�� UHIHU�WR�WKH�FRPSRVLWLRQ�RI�*HUPDQ�GRPHVWLF�ZDVWH�ZDWHU�EXWZLOO�SUREDEO\�ILW�PRVW�RI�WKH�:HVWHUQ�(XURSHDQ�FRXQWULHV�7DEOH��� ��0DLQ� LQIOXHQFHV� RI� ):'�DSSOLFDWLRQ� RQ�ZDVWH�ZDWHU� DQG� VOXGJH� WUHDWPHQW� �SDUWLDOO\VXPPDULVHG��FDOFXODWHG�DQG�RU�HYDOXDWHG��EDVLQJ�RQ�OLWHUDWXUH�VWXGLHV�DQG�RZQ�EDWFK�WHVW�'RPHVWLF�ZDVWH�ZDWHU�ORDGV
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����,QIOXHQFH�RI�):'�3HQHWUDWLRQ,Q�RUGHU�WR�HVWLPDWH�WKH�UHDO��WKHRUHWLFDOO\�SRVVLEOH��LPSDFW�RI�):'�RQ�WKH�H[LVWLQJ�LQIUDVWUXFWXUHWKH� ):'�SHQHWUDWLRQ� �SHUFHQWDJH� RI� KRXVHKROGV� WKDW� LV� HTXLSSHG� ZLWK� D� ):'�� LV� RI� JUHDWLPSRUWDQFH�� *RLQJ� RXW� IURP� WKH� SHQHWUDWLRQ� YDOXHV� PHQWLRQHG� LQ� FKDSWHU� ����� WKH� DQQXDOSHQHWUDWLRQ�UDWLR�FDQ�EH�HVWLPDWHG�WR�D�PD[LPXP�RI�DERXW������3UHVXSSRVHG�D�JHQHUDO�SHUPLVVLRQRI�):'�WKLV�ZRXOG�PHDQ�YHU\�ORZ�DFWXDO�ORDGV�IRU�::73��3HQHWUDWLRQ�UDWLRV�DQG�FRQVHTXHQWO\



DGGLWLRQDO�ORDGV�ZRXOG�HYHQ�EH�ORZHU�LI�WKH�SHUPLVVLRQ�ZDV�UHVWULFWHG�WR�FHUWDLQ�FLW\�GLVWULFWV��7KHSHUFHQWDJH�YDOXHV�RI�WDEOH���FRUUHVSRQG�WR�WKH�DFWXDO�DGGLWLRQDO�ORDGLQJV�IRU�D�::73�XQGHU�WKHFRQGLWLRQV�RI�D�������):'�SHQHWUDWLRQ�)XOO�VFDOH�VWXGLHV�LQ�6ZHGHQ�KDYH�VKRZQ�WKDW�SHQHWUDWLRQV�EHWZHHQ���DQG������GLG�QRW�KDYHDQ\�QRWLFHDEO\�LQIOXHQFH�RQ�WKH�::73�RSHUDWLRQ�H[FHSW�IRU�WKH�HVWLPDWHG�SURGXFWLRQ�RI�ELRJDV�1LOVVRQ�HW�DO���������%HVLGHV�JHQHUDO�DQG� OLPLWHG�SHUPLVVLRQ� WKHUH� WZR�PRUH�SROLWLFDO� LQVWUXPHQWV�ZKLFK�DOORZ�WRLQIOXHQFH� WKH� ):'�SHQHWUDWLRQ�� 7KH� ILUVW� SRVVLELOLW\�ZKLFK� FRXOG� EH� FRPELQHG�ZLWK� D� OLPLWHGSHUPLVVLRQ�ZRXOG�EH�¦SROLWLFDOO\�ZDQWHG§��7KLV�IRU�H[DPSOH�FRXOG�EH�FRQWUROOHG�E\�ORZHULQJ�WKHZDVWH� WD[� IRU� WKRVH� KRXVHKROGV�� LQVWDOOLQJ� D� GLVSRVHU�� 7KH� PRVW� RIIHQVLYH� LQVWUXPHQW� LV� WRPDQGDWH�):'�DV�SUDFWLVHG�LQ�DERXW����FLWLHV�LQ�WKH�86�
����$GYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�):'�DSSOLFDWLRQ7KH�DGYDQWDJHV�RI�):'�DSSOLFDWLRQ�DUH�x ,PSURYHPHQW�RI�K\JLHQLF�FRQGLWLRQV�UHJDUGLQJ�KRXVHKROGV�DQG�ZDVWH�FROOHFWLRQ�x 5HGXFWLRQ�RI�XQFRQWUROOHG�ELR�FKHPLFDO�SURFHVVHV�ZLWKLQ�ODQGILOOV�x XWLOLVDWLRQ�RI�H[LVWLQJ�LQIUDVWUXFWXUH�x UHGXFWLRQ�RI�XQFRQWUROOHG�DGGLWLRQ�RI�XQJURXQGHG�IRRG�ZDVWH�LQWR�ZDVWH�ZDWHU�x DGGLWLRQDO�&DUERQ�VRXUFH�IRU�GHQLWULILFDWLRQ�DQG�ELRORJLFDO�3KRVSKRURXV�UHPRYDO�x XWLOLVDWLRQ�RI�HQHUJHWLF�SRWHQWLDO�RI�RUJDQLF�ZDVWHV�x KLJKHU�UDWHV�RI�966�GHJUDGDWLRQ�3UHVXSSRVHG� DQ�REVHUYDQFH�RI� WKH� ERUGHU� FRQGLWLRQV� QDPHG� DERYH� WKH� SUREDELOLW\� RI� SUREOHPVOLNHx VHGLPHQWDWLRQ�x RGRXU��+�6��HPLVVLRQV�x LQFUHDVH�RI�URGHQWV�SRSXODWLRQV�x DGGLWLRQDO�ORDGV�IRU�WKH�DTXDWLF�V\VWHP�GXH�WR�GLVFKDUJH�HYHQWV�x VRLO�DQG�JURXQGZDWHU�SROOXWLRQ�GXH�WR�OHDN\�GUDLQV�HWF�FDQ�EH�FODVVLILHG�DV�VPDOO�DQG�WKHUHIRUH�DUH�QRW�OLVWHG�LQ�WKH�IROORZLQJ�7KH�PDLQ�GLVDGYDQWDJHV�RI�):'�DSSOLFDWLRQ�DUH�x +LJKHU�DPRXQWV�RI�GLJHVWHG�VOXGJH�x DGGLWLRQDO�VOXGJH�OLTXRU�x �KLJK��LQLWLDO�FRVWV�IRU�WKH�XVHU��QRW�IRU�WKH�FRPPXQLW\��x DGGLWLRQDO�IUHVK�ZDWHU�DQG�HQHUJ\�UHTXLUHPHQW��):'�DSSOLFDWLRQ��DHUDWLRQ��
���&21&/86,2167KH� FXUUHQW�ZDVWH��ZDVWH�ZDWHU� DQG� HQHUJ\� VLWXDWLRQ�PDNHV� LW� XVHIXO�� WR� XVH� IUHH� FDSDFLWLHV� LQPXQLFLSDO�ZDVWH�ZDWHU� WUHDWPHQW� SODQWV� �::73�� DQG�PXQLFLSDO� GLJHVWHUV� IRU� WKH� WUHDWPHQW� RIHDVLO\� ELRGHJUDGDEOH� IRRG� ZDVWHV� IURP� KRXVHKROGV�� 3UHVXSSRVHG� WKH� REVHUYDQFH� RI� ERUGHUFRQGLWLRQV�WKH�DSSOLFDWLRQ�RI�IRRG�ZDVWH�GLVSRVHUV��):'��WRJHWKHU�ZLWK�DQ�H[LVWLQJ�LQIUDVWUXFWXUHRI�VHZHUDJH�V\VWHP�DQG�::73��LQFO��GLJHVWLRQ��RIIHUV�DQ�HFRQRPLFDO�DQG�HFRORJLFDO�LQWHUHVWLQJVROXWLRQ�IRU�DQ�DOWHUQDWLYH�WUHDWPHQW�RI�IRRG�ZDVWH��HVSHFLDOO\�LQ�FLWLHV�5HVHDUFK� VWXGLHV� IURP� GLIIHUHQW�ZHVWHUQ� FRXQWULHV� KDYH� VKRZQ� WKDW� WKH� DGGLWLRQDO� ORDGV� IRUZDVWH� ZDWHU� WUHDWPHQW� DQG� VOXGJH� GLJHVWLRQ� FDQ� EH� HVWLPDWHG� YHU\� ZHOO� DQG� GXH� WR� VORZ



SHQHWUDWLRQ�SURFHVVHV�ZLOO�QRW� OHDG� WR�DQ�XQFRQWUROOHG�RYHUORDGLQJ�RI�::73�¦RYHU�QLJKW§��2QWKH� FRQWUDU\�� JRLQJ� RXW� IURP� SHQHWUDWLRQ� UDWLRV� RI� OHVV� WKDQ� ��� RI� DOO� KRXVHKROGV� SHU� \HDU�WROHUDWLQJ� RI� ):'��� WKH� DGGLWLRQDO� ORDGV� FDQ� EH� LPSOHPHQWHG� LQ� WKH� RSHUDWLRQ�� H[WHQVLRQ� DQGGHYHORSPHQW�RI�ZDVWH�ZDWHU�DQG�VOXGJH� WUHDWPHQW� IDFLOLWLHV��'HVSLWH�RI�DOO�SRVLWLYH�DVSHFWV�RQHDOZD\V�KDV� WR�NHHS� LQ�PLQG�� WKDW� WKH�PDLQ�SXUSRVH�RI�D�::73�LV� WR�FOHDQ�ZDVWH�ZDWHU�DQG� WRWUHDW�WKH�GLIIHUHQW�NLQGV�RI�VOXGJH�ZKLFK�RFFXU�GXULQJ�WKH�VLQJOH�SURFHVV�VWHSV�RI�ZDWHU�WUHDWPHQW�7KLV�SXUSRVH�PXVW�QRW�EH�LQIOXHQFHG�LQ�D�QHJDWLYH�ZD\�E\�WKH�DSSOLFDWLRQ�RI�):'�DW�DQ\�WLPH�7KHUHIRUH� D� GHWHUPLQDWLRQ� RI� IUHH� FDSDFLWLHV� DV�ZHOO� DV� DQ� HYDOXDWLRQ� RI� WKH� VHZHUDJH� DQG� WKHREVHUYDQFH�RI�ERUGHU�FRQGLWLRQV�LV�HVVHQWLDO�)XUWKHU� ILHOGV� RI� UHVHDUFK� FRXOG� EH� WKH� SRVVLELOLWLHV� RI� UHGXFLQJ� WKH� ZDWHU� FRQVXPSWLRQ� IRU):'� RU� WKH� UHSODFHPHQW� RI� GULQNLQJ� ZDWHU� E\� UDLQZDWHU�� 0RUHRYHU� WKHUH� DUH� VWLOO� VHYHUDOTXHVWLRQV�FRQFHUQLQJ�):'©V�LPSDFW�RQ�VHZHUDJH�V\VWHPV�
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