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� $SSHQGL[ ��$� 'DWD *DS $VVHVVPHQW
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��� ,QWURGXFWLRQ DQG 'HILQLWLRQ RI 7HUPV

7KLV VHFWLRQ GHILQHV VXVWDLQDEOH JURXQGZDWHU PDQDJHPHQW LQ WKH %DVLQ WKURXJK GHVFULSWLRQ RI DQ RYHUDOO
VXVWDLQDELOLW\ JRDO IRU WKH %DVLQ� DQG WKURXJK GHVFULSWLRQ DQG TXDQWLILFDWLRQ RI VXVWDLQDEOH PDQDJHPHQW
FULWHULD �60&� IRU HDFK RI WKH VXVWDLQDELOLW\ LQGLFDWRUV� 6*0$ UHTXLUHV WKDW D *63 GHVLJQ WKH 60& WR DYRLG
XQGHVLUDEOH UHVXOWV WKDW GLG QRW DOUHDG\ H[LVW SULRU WR ����� 7KH SODQ LV QRW UHTXLUHG WR� EXW PD\ DOVR DGGUHVV
XQGHVLUDEOH UHVXOWV WKDW RFFXUUHG EHIRUH -DQXDU\ �� ���� �&DOLIRUQLD :DWHU &RGH ��������E������ %XLOGLQJ RQ
WKH %DVLQ FRQGLWLRQV GHVFULEHG LQ &KDSWHU �� WKLV VHFWLRQ GHVFULEHV WKH SURFHVVHV DQG FULWHULD XVHG WR GHILQH
WKH XQGHVLUDEOH UHVXOWV� PHDVXUDEOH REMHFWLYHV� DQG PLQLPXP WKUHVKROGV IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU�

7KH IROORZLQJ WHUPV� GHILQHG EHORZ� DUH XVHG WKURXJKRXW WKLV FKDSWHU�

6XVWDLQDELOLW\ *RDO� 7KH RYHUDUFKLQJ JRDO IRU WKH %DVLQ ZLWK UHVSHFW WR PDQDJLQJ JURXQGZDWHU FRQGLWLRQV
WR HQVXUH WKH DEVHQFH RI XQGHVLUDEOH UHVXOWV�

6XVWDLQDELOLW\ ,QGLFDWRUV �6,�� 6L[ LQGLFDWRUV GHILQHG XQGHU 6*0$� FKURQLF ORZHULQJ RI JURXQGZDWHU OHYHOV�
UHGXFWLRQ RI JURXQGZDWHU VWRUDJH� VHDZDWHU LQWUXVLRQ� GHJUDGHG JURXQGZDWHU TXDOLW\� ODQG VXEVLGHQFH� DQG
GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU� 7KHVH LQGLFDWRUV GHVFULEH JURXQGZDWHU�UHODWHG FRQGLWLRQV LQ WKH
%DVLQ DQG DUH XVHG WR GHWHUPLQH RFFXUUHQFH RI XQGHVLUDEOH UHVXOWV ��� &&5 ��������

6XVWDLQDEOH 0DQDJHPHQW &ULWHULD �60&�� 0LQLPXP WKUHVKROGV� PHDVXUDEOH REMHFWLYHV� DQG XQGHVLUDEOH
UHVXOWV� FRQVLVWHQW ZLWK WKH VXVWDLQDELOLW\ JRDO� WKDW PXVW EH GHILQHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU�

8QGHVLUDEOH 5HVXOWV �85�� &RQGLWLRQV� GHILQHG XQGHU 6*0$ DV�

³« RQH RU PRUH RI WKH IROORZLQJ HIIHFWV FDXVHG E\ JURXQGZDWHU FRQGLWLRQV RFFXUULQJ WKURXJKRXW
D EDVLQ� �� &KURQLF ORZHULQJ RI JURXQGZDWHU OHYHOV LQGLFDWLQJ D VLJQLILFDQW DQG XQUHDVRQDEOH
GHSOHWLRQ RI VXSSO\ LI FRQWLQXHG RYHU WKH SODQQLQJ DQG LPSOHPHQWDWLRQ KRUL]RQ«� �� 6LJQLILFDQW
DQG XQUHDVRQDEOH UHGXFWLRQ RI JURXQGZDWHU VWRUDJH� �� 6LJQLILFDQW DQG XQUHDVRQDEOH VHDZDWHU
LQWUXVLRQ� �� 6LJQLILFDQW DQG XQUHDVRQDEOH GHJUDGHG ZDWHU TXDOLW\� LQFOXGLQJ WKH PLJUDWLRQ RI
FRQWDPLQDQW SOXPHV WKDW LPSDLU ZDWHU VXSSOLHV� �� 6LJQLILFDQW DQG XQUHDVRQDEOH ODQG VXEVLGHQFH
WKDW VXEVWDQWLDOO\ LQWHUIHUHV ZLWK VXUIDFH ODQG XVHV� �� 'HSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU
WKDW KDYH VLJQLILFDQW DQG XQUHDVRQDEOH DGYHUVH LPSDFWV RQ EHQHILFLDO XVHV RI WKH VXUIDFH ZDWHU�´

0LQLPXP 7KUHVKROGV �0LQ7�� D TXDQWLWDWLYH YDOXH UHSUHVHQWDWLYH RI JURXQGZDWHU FRQGLWLRQV DW D VLWH �RU
VLWHV�� WKDW� LI H[FHHGHG� PD\ FDXVH DQ XQGHVLUDEOH UHVXOW� 7KH WHUP ³PD[LPXP WKUHVKROG´ �0D[7� LV WKH
HTXLYDOHQW YDOXH IRU VXVWDLQDEOH PDQDJHPHQW FULWHULD ZLWK D GHILQHG PD[LPXP OLPLW �H�J�� JURXQGZDWHU TXDO�
LW\��

0HDVXUDEOH 2EMHFWLYHV �02�� VSHFLILF DQG TXDQWLILDEOH JRDOV WKDW DUH GHILQHG WR UHIOHFW WKH GHVLUHG JURXQG�
ZDWHU FRQGLWLRQV LQ WKH %DVLQ DQG DFKLHYH WKH VXVWDLQDELOLW\ JRDO ZLWKLQ �� \HDUV� 0HDVXUDEOH REMHFWLYHV DUH
GHILQHG LQ UHODWLRQ WR WKH VL[ XQGHVLUDEOH UHVXOWV DQG XVH WKH VDPH PHWULFV DV PLQLPXP WKUHVKROGV�

,QWHULP 0LOHVWRQHV� SHULRGLF JRDOV �GHILQHG HYHU\ ILYH \HDUV� DW PLQLPXP�� WKDW DUH XVHG WR PHDVXUH
SURJUHVV WRZDUG PHDVXUDEOH REMHFWLYHV DQG WKH VXVWDLQDELOLW\ JRDO�
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6FRWW 9DOOH\ *63 &KDSWHU �

5HSUHVHQWDWLYH0RQLWRULQJ 3RLQWV �503�� IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU� D VXEVHW RI WKH HQWLUHPRQLWRULQJ
QHWZRUN ZKHUH PLQLPXP WKUHVKROGV� PHDVXUDEOH REMHFWLYHV� DQG PLOHVWRQHV DUH PHDVXUHG DQG HYDOXDWHG�

3URMHFWV DQG 0DQDJHPHQW $FWLRQV �30$V�� FUHDWLRQ RU PRGLILFDWLRQ RI D SK\VLFDO VWUXFWXUH � LQIUDVWUXFWXUH
�SURMHFW� DQG FUHDWLRQ RI SROLFLHV� SURFHGXUHV� RU UHJXODWLRQV �PDQDJHPHQW DFWLRQV� WKDW DUH LPSOHPHQWHG WR
DFKLHYH %DVLQ VXVWDLQDELOLW\�

�



��� 6XVWDLQDELOLW\ *RDO

7KH RYHUDOO VXVWDLQDELOLW\ JRDO RI JURXQGZDWHU PDQDJHPHQW LQ WKH %DVLQ LV WR PDLQWDLQ JURXQGZDWHU UH�
VRXUFHV LQ ZD\V WKDW EHVW VXSSRUW WKH FRQWLQXHG DQG ORQJ�WHUP KHDOWK RI WKH SHRSOH� WKH HQYLURQPHQW� DQG
WKH HFRQRP\ LQ 6FRWW 9DOOH\� IRU JHQHUDWLRQV WR FRPH� 7KLV LQFOXGHV PDQDJLQJ JURXQGZDWHU FRQGLWLRQV IRU
HDFK RI WKH DSSOLFDEOH VXVWDLQDELOLW\ LQGLFDWRUV LQ WKH %DVLQ VR WKDW�

� *URXQGZDWHU HOHYDWLRQV DQG JURXQGZDWHU VWRUDJH GR QRW VLJQLILFDQWO\ GHFOLQH EHORZ WKHLU KLVWRULFDOO\
PHDVXUHG UDQJH� SURWHFW WKH H[LVWLQJ ZHOO LQIUDVWUXFWXUH IURP RXWDJHV� SURWHFW JURXQGZDWHU�GHSHQGHQW
HFRV\VWHPV� DQG DYRLG VLJQLILFDQW DGGLWLRQDO VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ�

� *URXQGZDWHU TXDOLW\ LV VXLWDEOH IRU WKH EHQHILFLDO XVHV LQ WKH %DVLQ DQG LV QRW VLJQLILFDQWO\ RU XQUHDVRQ�
DEO\ GHJUDGHG�

� 6LJQLILFDQW DQG XQUHDVRQDEOH ODQG VXEVLGHQFH LV SUHYHQWHG LQ WKH %DVLQ� ,QIUDVWUXFWXUH DQG DJULFXOWXUDO
SURGXFWLRQ LQ 6FRWW 9DOOH\ UHPDLQ VDIH IURP SHUPDQHQW VXEVLGHQFH RI ODQG VXUIDFH HOHYDWLRQV�

� *URXQGZDWHU SXPSLQJ HIIHFWV RQ VWUHDP GHSOHWLRQ LQ WKH 6FRWW 5LYHU DUH QRW DOORZHG WR ZRUVHQ EH\RQG
FXUUHQW FRQGLWLRQV� 0RUHRYHU� VRPH HIIHFWV RI WKH H[LVWLQJ VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPS�
LQJ DUH UHYHUVHG WKURXJK SURMHFWV DQG PDQDJHPHQW DFWLRQV WKDW FRQVLGHU DQG DUH FRQVLVWHQW ZLWK WKH
SURJUDPPDWLF VWUXFWXUHV RI WKH 1&5:4&% %DVLQ 3ODQ �LQFOXGLQJ WKH 70'/ $FWLRQ 3ODQ� DQG RI WKH
3XEOLF 7UXVW 'RFWULQH�

� 7KH *6$¶V JURXQGZDWHU PDQDJHPHQW LV HIILFLHQWO\ DQG HIIHFWLYHO\ LQWHJUDWHG ZLWK RWKHU ZDWHUVKHG DQG
ODQG XVH SODQQLQJ DFWLYLWLHV WKURXJK FROODERUDWLRQV DQG SDUWQHUVKLSV ZLWK ORFDO� VWDWH� DQG IHGHUDO DJHQ�
FLHV� SULYDWH ODQGRZQHUV� DQG RWKHU RUJDQL]DWLRQV� WR DFKLHYH WKH EURDGHU ³ZDWHUVKHG JRDO´ RI VXIILFLHQW
VXUIDFH ZDWHU IORZV WKDW VXVWDLQ KHDOWK\ HFRV\VWHP IXQFWLRQV�

�



���� 0RQLWRULQJ 1HWZRUNV

7KHPRQLWRULQJ QHWZRUNV GHVFULEHG KHUH VXSSRUW GDWD FROOHFWLRQ WR PRQLWRU WKH FKURQLF ORZHULQJ RI JURXQGZD�
WHU OHYHOV� UHGXFWLRQ RI JURXQGZDWHU LQ VWRUDJH� GHJUDGDWLRQ RI ZDWHU TXDOLW\� ODQG VXEVLGHQFH� DQG GHSOHWLRQ
RI LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\ LQGLFDWRUV� 7KH PRQLWRULQJ QHWZRUNV IRU HDFK VXVWDLQDELOLW\ LQ�
GLFDWRU DUH FULWLFDO WR GHPRQVWUDWLQJ WKH %DVLQ¶V VXVWDLQDELOLW\ RYHU WLPH� 1R PRQLWRULQJ QHWZRUN LV LGHQWLILHG
IRU WKH VHDZDWHU LQWUXVLRQ VXVWDLQDELOLW\ LQGLFDWRU DV LW LV QRW DSSOLFDEOH WR WKH %DVLQ�

3HU �� &&5 6HFWLRQ ������� PRQLWRULQJ QHWZRUNV VKRXOG EH GHVLJQHG WR�

� 'HPRQVWUDWH SURJUHVV WRZDUGV DFKLHYLQJ PHDVXUDEOH REMHFWLYHV GHVFULEHG LQ WKH 3ODQ�
� 0RQLWRU LPSDFWV WR WKH EHQHILFLDO XVHV RU XVHUV RI JURXQGZDWHU�
� 0RQLWRU FKDQJHV LQ JURXQGZDWHU FRQGLWLRQV UHODWLYH WR PHDVXUDEOH REMHFWLYHV DQG PLQLPXP RU PD[L�
PXP WKUHVKROGV� DQG

� 4XDQWLI\ DQQXDO FKDQJHV LQ ZDWHU EXGJHW FRPSRQHQWV�

7KH PRQLWRULQJ QHWZRUNV IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU DUH FULWLFDO WR GHPRQVWUDWLQJ WKH %DVLQ¶V VXVWDLQ�
DELOLW\ RYHU WLPH�

0RQLWRULQJ QHWZRUNV DUH UHTXLUHG WR KDYH VXIILFLHQW VSDWLDO GHQVLW\ DQG WHPSRUDO UHVROXWLRQ WR HYDOXDWH WKH
HIIHFWV DQG HIIHFWLYHQHVV RI 3ODQ LPSOHPHQWDWLRQ DQG UHSUHVHQW VHDVRQDO� VKRUW�WHUP� DQG ORQJ�WHUP WUHQGV
LQ JURXQGZDWHU FRQGLWLRQV DQG UHODWHG VXUIDFH FRQGLWLRQV� 6KRUW�WHUP LV FRQVLGHUHG KHUH WR EH D WLPH VSDQ
RI � WR � \HDUV� DQG ORQJ�WHUP LV FRQVLGHUHG DV �±�� \HDUV� 0RQLWRULQJ QHWZRUNV DUH QHFHVVDU\ WR PHDVXUH
SURJUHVV DQG EHQHILWV RI DQ\ LPSOHPHQWHG SURMHFWV DQG PDQDJHPHQW DFWLRQV� DQG WR PRQLWRU IRU DQ\ GLUHFW RU
LQGLUHFW LPSDFWV GXH WR WKLV LPSOHPHQWDWLRQ �L�H�� HIIHFWV RQ RWKHU VXVWDLQDELOLW\ LQGLFDWRUV RU EHQHILFLDO XVHV
DQG XVHUV� LQFOXGLQJ JURXQGZDWHU GHSHQGHQW HFRV\VWHPV�� 7KH VSDWLDO GHQVLWLHV DQG IUHTXHQF\ RI GDWD
PHDVXUHPHQW DUH VSHFLILF WR PRQLWRULQJ REMHFWLYHV� WKH SDUDPHWHU WR EH PHDVXUHG� GHJUHH RI JURXQGZDWHU
XVH� DQG %DVLQ FRQGLWLRQV� DPRQJ RWKHU IDFWRUV� $ GHVFULSWLRQ RI WKH H[LVWLQJ DQG SODQQHG VSDWLDO GHQVLW\
DQG GDWD FROOHFWLRQ IUHTXHQF\ LV LQFOXGHG IRU HDFK PRQLWRULQJ QHWZRUN� 'HWDLOHG GHVFULSWLRQV� DVVHVVPHQWV
DQG SODQV IRU LPSURYHPHQW RI WKH PRQLWRULQJ QHWZRUN DUH SURYLGHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU LQ WKH
IROORZLQJ VHFWLRQV� $Q RYHUYLHZ RI WKH PRQLWRULQJ QHWZRUN HVWDEOLVKHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU LV
SURYLGHG LQ 7DEOH ��

1RWHV UHJDUGLQJ 7DEOH ��

�� 7KLV WDEOH RQO\ LQFOXGHV PRQLWRULQJ QHWZRUNV XVHG WR PHDVXUH VXVWDLQDELOLW\ LQGLFDWRUV� ,W GRHV QRW
LQFOXGH DGGLWLRQDO PRQLWRULQJ QHFHVVDU\ WR PRQLWRU WKH YDULRXV ZDWHU EXGJHW FRPSRQHQWV RI WKH %DVLQ�
GHVFULEHG LQ &KDSWHU �� RU WR PRQLWRU WKH LPSOHPHQWDWLRQ RI SURMHFWV DQG PDQDJHPHQW DFWLRQV� ZKLFK
DUH GHVFULEHG LQ &KDSWHU ��

�� 7KH JURXQGZDWHU OHYHO PRQLWRULQJ QHWZRUN LV DOVR XVHG IRU PRQLWRULQJ QRQ�ULSDULDQ JURXQGZDWHU GH�
SHQGHQW HFRV\VWHPV�

�� /DQG VXUIDFH HOHYDWLRQ FKDQJHV DUH PRQLWRUHG WKURXJK VDWHOOLWH UHPRWH VHQVLQJ�

�
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6XVWDLQDELOLW\ ,QGLFDWRU 0HWULF 1XPEHU RI 6LWHV LQ &XU�
UHQW 1HWZRUN

�� &KURQLF /RZHULQJ RI
*URXQGZDWHU /HYHOV

*URXQGZDWHU OHYHO �� �3ULRULW\ ��

�� 5HGXFWLRQ RI *URXQG�
ZDWHU 6WRUDJH

9ROXPH RI ZDWHU SHU \HDU� FRPSXWHG
IURP ZDWHU OHYHO FKDQJHV

8VHV FKURQLF ORZHULQJ RI
JURXQGZDWHU OHYHOV QHW�
ZRUN

�� *URXQGZDWHU 4XDOLW\ &RQFHQWUDWLRQ RI VHOHFWHG ZDWHU
TXDOLW\ SDUDPHWHUV

�

�� /DQG VXEVLGHQFH /DQG VXUIDFH HOHYDWLRQ �PHDVXUHG
UHPRWHO\�

6SDWLDOO\ FRQWLQXRXV

�� 6WUHDP GHSOHWLRQ GXH WR
JURXQGZDWHU SXPSLQJ

6WUHDP GHSOHWLRQ UHYHUVDO� TXDQWL�
ILHG DW WKH )RUW -RQHV 86*6 6WUHDP
*DXJH WKURXJK FRPSXWDWLRQ ZLWK
69,+0� 69,+0 LV EDVHG RQ ZD�
WHU OHYHO� VWUHDPIORZ� ODQG XVH� ZD�
WHU GLYHUVLRQV� DQG PXOWLSOH RWKHU
UHSHDWHG� FRQWLQXRXV� RU RQH�WLPH
PRQLWRULQJ GDWD�

6SDWLDOO\ FRQWLQXRXV DQG
LQWHJUDWHG LQWR RQH PDV�
WHU 503

7DEOH �� 6XPPDU\ RI PRQLWRULQJ QHWZRUNV� PHWULFV� DQG QXPEHU RI VLWHV IRU VXVWDLQDELOLW\ LQGLFDWRUV�

,Q VXPPDU\� WKHUH DUH IRXU PRQLWRULQJ QHWZRUNV� D ZDWHU OHYHO PRQLWRULQJ QHWZRUN� D ZDWHU TXDOLW\ PRQLWRULQJ
QHWZRUN� D ODQG VXEVLGHQFH PRQLWRULQJ V\VWHP� DQG D VWUHDP GHSOHWLRQ PRQLWRULQJ V\VWHP� 7KH ILUVW WZR
PRQLWRULQJ QHWZRUNV XWLOL]H LQGHSHQGHQW� EXW SRWHQWLDOO\ RYHUODSSLQJ� QHWZRUNV RI ZHOOV� 7KH WKLUG XWLOL]HV
VDWHOOLWH UHPRWH VHQVLQJ� DQG WKH IRXUWK XWLOL]HV WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO �69,+0�� ZKLFK
LQFRUSRUDWHV QXPHURXV� GLYHUVH GDWDVHWV LQFOXGLQJ ZDWHU OHYHO DQG VWUHDPIORZ PRQLWRULQJ GDWD� 'HWDLOHG
GHVFULSWLRQV� DVVHVVPHQWV� DQG SODQV IRU IXWXUH LPSURYHPHQW RI WKH ZHOO PRQLWRULQJ QHWZRUNV DQG SURWRFROV
IRU GDWD FROOHFWLRQ DQG PRQLWRULQJ DUH DGGUHVVHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU LQ WKH IROORZLQJ VHFWLRQV�

,GHQWLILFDWLRQ DQG (YDOXDWLRQ RI 3RWHQWLDO 'DWD *DSV

3HU �� &&5 6HFWLRQ ����O�� GDWD JDSV DUH GHILQHG DV� ³D ODFN RI LQIRUPDWLRQ WKDW VLJQLILFDQWO\ DIIHFWV WKH
XQGHUVWDQGLQJ RI WKH EDVLQ VHWWLQJ RU HYDOXDWLRQ RI WKH HIILFDF\ RI 3ODQ LPSOHPHQWDWLRQ DQG FRXOG OLPLW WKH
DELOLW\ WR DVVHVV ZKHWKHU D EDVLQ LV EHLQJ VXVWDLQDEO\ PDQDJHG´� $ GHWDLOHG GLVFXVVLRQ RI SRWHQWLDO GDWD
JDSV� DQG VWUDWHJLHV IRU UHVROYLQJ WKHP� LV LQFOXGHG DV $SSHQGL[ ��$� 'DWD JDSV DUH SULPDULO\ DGGUHVVHG
LQ WKLV FKDSWHU WKURXJK WKH µ$VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUNV¶� DVVRFLDWHG ZLWK HDFK
VXVWDLQDELOLW\ LQGLFDWRU LQ WKH %DVLQ� 2I SDUWLFXODU IRFXV IRU WKH PRQLWRULQJ QHWZRUNV DUH WKH DGHTXDF\ RI
WKH QXPEHU RI VLWHV� IUHTXHQF\ RI PHDVXUHPHQW� DQG VSDWLDO GLVWULEXWLRQ LQ WKH %DVLQ� ,Q DGGLWLRQ WR WKH
PRQLWRULQJ QHWZRUN�VSHFLILF GDWD JDSV� LQIRUPDWLRQ ZDV LGHQWLILHG WKDW ZRXOG EH YDOXDEOH WR FROOHFW� 7KLV
LQIRUPDWLRQ LV YDOXDEOH WR VXSSRUW LQFUHDVHG XQGHUVWDQGLQJ LQ WKH %DVLQ VHWWLQJ� XQGHUVWDQGLQJ RI FRQGLWLRQV
LQ FRPSDULVRQ WR WKH VXVWDLQDEOH PDQDJHPHQW FULWHULD� GDWD WR FDOLEUDWH RU XSGDWH WKH PRGHO� DQG WR PRQLWRU
HIILFDF\ RI 30$V� 7KHVH DGGLWLRQDO PRQLWRULQJ RU LQIRUPDWLRQ UHTXLUHPHQWV GHSHQG RQ IXWXUH DYDLODELOLW\ RI
IXQGLQJ DQG DUH QRW \HW FRQVLGHUHG DPRQJ WKH *63 5HSUHVHQWDWLYH 0RQLWRULQJ 3RLQWV �503V�� 7KH\ ZLOO
EH FRQVLGHUHG DV SRWHQWLDO 503V DQG PD\ HYHQWXDOO\ EHFRPH SDUW RI WKH *63 QHWZRUN DW WKH ��\HDU *63
XSGDWH� 7KH OLVW LQFOXGHV�

� 6WUHDPIORZ JDXJHV RQ WKH WULEXWDULHV WR 6FRWW 5LYHU
� 6WUHDPIORZ JDXJHV RQ WKH PDLQVWHP RI 6FRWW 5LYHU
� :HOOV QHDU WKH PDLQVWHP RI 6FRWW 5LYHU WR PHDVXUH JURXQGZDWHU OHYHOV �VHH 6HFWLRQ ������ IRU XVH LQ
69,+0 PRGHO FDOLEUDWLRQ� DV SDUW RI ,6: PRQLWRULQJ� DQG IRU PHDVXULQJ 30$ HIILFDF\�

�
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� $GGLWLRQDO ELRORJLFDO GDWD WKDW ZRXOG EH XVHIXO IRU PRQLWRULQJ DQG HYDOXDWLRQ RI *'(V LQFOXGLQJ VWUHDP�
IORZ GHSOHWLRQ LPSDFWV RQ MXYHQLOH VDOPRQLGV

$ GHWDLOHG GLVFXVVLRQ RI WKHVH SRWHQWLDO GDWD JDSV DQG VXJJHVWHG DSSURDFK DQG PRQLWRULQJ SULRULWL]DWLRQ FDQ
EH IRXQG LQ $SSHQGL[ ��$� 7KH *6$ PD\ HQJDJH ZLWK RWKHU HQWLWLHV DQG ZDWHU XVHUV WR FROODERUDWLYHO\ ILOO
WKHVH GDWD JDSV DV DSSURSULDWH DQG IHDVLEOH�

1HWZRUN (QUROOPHQW DQG ([SDQVLRQ

:LWK WKH H[FHSWLRQV RI VWUHDPIORZ� ODQG VXEVLGHQFH� DQG VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ�
PRQLWRULQJ LV SHUIRUPHG XVLQJ ZHOOV� 6RPH ZHOOV ZLOO EH PRQLWRUHG IRU ZDWHU OHYHO� VRPH IRU ZDWHU TXDOLW\�
VRPH IRU ERWK� 3ULRU WR HQUROOLQJ ZHOOV LQWR WKH *6$¶V PRQLWRULQJ QHWZRUN� ZHOOV ZLOO EH HYDOXDWHG� XVLQJ WKH
VHOHFWLRQ FULWHULD OLVWHG EHORZ� WR GHWHUPLQH WKHLU VXLWDELOLW\� 7KH VHOHFWLRQ FULWHULD IRU SRWHQWLDO ZHOOV WR EH
DGGHG WR WKH PRQLWRULQJ QHWZRUN LQFOXGH WKH IROORZLQJ�

� :HOO /RFDWLRQ
� 0RQLWRULQJ +LVWRU\
� :HOO ,QIRUPDWLRQ
� :HOO $FWLYLW\ �H�J�� LV WKH ZHOO LQDFWLYH� URXWLQHO\ SXPSHG� HWF��
� :HOO $FFHVV

:HOO /RFDWLRQ

7KH ORFDWLRQ DQG GHVLJQ RI D ZHOO QHWZRUN LV LPSRUWDQW WR HQVXUH DGHTXDWH VSDWLDO GLVWULEXWLRQ� FRYHUDJH�
DQG ZHOO GHQVLW\� 2EMHFWLYHV IRU QHWZRUN GHVLJQ LQFOXGH VXIILFLHQW FRYHUDJH DQG GHQVLW\ RI ZHOOV WR FDSWXUH
K\GUDXOLF JUDGLHQWV DQG RYHUDOO JURXQGZDWHU LQ VWRUDJH� $GGLWLRQDOO\� ZHOOV LPSRUWDQW IRU WKH PHDVXUHPHQW
RI JURXQGZDWHU OHYHO DQG JURXQGZDWHU TXDOLW\ PXVW EH LQFOXGHG LQ DUHDV ZLWKLQ RU DGMDFHQW WR SODQQHG *63
SURMHFWV DQG PDQDJHPHQW DFWLRQV DQG ORFDOO\ GHILQHG DUHDV ZKHUH H[LVWLQJ RSHUDWLRQV DUH IRXQG WR SRVH D
VLJQLILFDQW ULVN RI DIIHFWLQJ JURXQGZDWHU OHYHOV RU TXDOLW\� 6WDWLVWLFDO PHWKRGV ZLOO EH XVHG WR DLG LQ H[WUDSR�
ODWLQJ PHDVXUHPHQWV IURP D OLPLWHG QXPEHU RI PRQLWRULQJ VLWHV WR JURXQGZDWHU FRQGLWLRQV WKH HQWLUH %DVLQ
WR PHDVXUH FRPSOLDQFH ZLWK WKH PLQLPXP RU PD[LPXP WKUHVKROGV VHW DQG WR PHDVXUH SURJUHVV WRZDUGV
LQWHULP PLOHVWRQHV�

0RQLWRULQJ +LVWRU\

:HOOV ZLWK D ORQJ PRQLWRULQJ UHFRUG SURYLGH YDOXDEOH KLVWRULFDO JURXQGZDWHU OHYHO RU ZDWHU TXDOLW\ GDWD DQG
HQDEOH WKH DVVHVVPHQW RI ORQJ�WHUP WUHQGV� 6XFK ZHOOV ZHUH SUHIHUHQWLDOO\ VHOHFWHG IRU D QHWZRUN RYHU ZHOOV
ZLWK OLPLWHG PRQLWRULQJ GDWD�

:HOO ,QIRUPDWLRQ

,Q DGGLWLRQ WR ZHOO ORFDWLRQ� LQIRUPDWLRQ DERXW WKH FRQVWUXFWLRQ RI WKH ZHOO� LQFOXGLQJ WKH ZHOO GHSWK DQG
VFUHHQHG LQWHUYDO�V� LV QHFHVVDU\ WR SURYLGH FRQWH[W IRU WKH PHDVXUHPHQW WDNHQ DW WKH ZHOO� VXFK DV ZKLFK
ZDWHU EHDULQJ IRUPDWLRQ LV EHLQJ VDPSOHG� :HOO LQIRUPDWLRQ LV FULWLFDO IRU DQ HIIHFWLYH ZHOO QHWZRUN� VR WKH
JURXQGZDWHU DTXLIHU FDQ EH HIILFLHQWO\ PRQLWRUHG� )RU ZHOOV WKDW DUH FDQGLGDWHV IRU EHLQJ DGGHG WR WKH ZHOO
QHWZRUN� WKH *6$ ZLOO FRQWLQXH WR YHULI\ ZHOO LQIRUPDWLRQ ZLWK ZHOO ORJJLQJ�

:HOO $FFHVV�$JHQF\ 6XSSRUW

,Q RUGHU WR EH D IXQFWLRQDO FRPSRQHQW RI WKH PRQLWRULQJ QHWZRUN� WKH DELOLW\ WR JDLQ DFFHVV WR WKH ZHOO WR
FROOHFW VDPSOHV DW WKH UHTXLUHG IUHTXHQF\ LV FULWLFDO�

:HOOV LQ H[LVWLQJPRQLWRULQJ SURJUDPV� SDUWLFXODUO\ IRU ZDWHU TXDOLW\� DUH ORFDWHG QHDU SRSXODWHG DUHDV� OHDYLQJ
VHFWLRQV RI WKH UHPDLQGHU RI WKH %DVLQ ZLWKRXW PRQLWRULQJ GDWD� 7KH SODQQHG DGGLWLRQDO ZHOOV IRU LQFOXVLRQ LQ
D QHWZRUN DUH LQWHQGHG WR SURYLGH GDWD UHSUHVHQWDWLYH RI GLIIHUHQW ODQG XVHV� DFWLYLWLHV� DQG JHRORJLF XQLWV WR
LPSURYH XSRQ WKH H[LVWLQJ VSDWLDO FRYHUDJH LQ WKH %DVLQ� $Q\ ZHOOV DGGHG WR WKH PRQLWRULQJ QHWZRUN ZLOO EH

�
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HYDOXDWHG XVLQJ WKH FULWHULD OLVWHG DERYH WR HQVXUH ZHOO VXLWDELOLW\� $ PRUH GHWDLOHG HYDOXDWLRQ RI WKH UHTXLUHG
VSDWLDO GHQVLW\ DQG PRQLWRULQJ IUHTXHQF\ RI WKH LQGLYLGXDO VXVWDLQDELOLW\ LQGLFDWRU PRQLWRULQJ QHWZRUN�V� KDV
EHHQ FRQGXFWHG WR GHWHUPLQH DSSURSULDWH DWWULEXWHV VR WKDW WKH PRQLWRULQJ QHWZRUN LV UHSUHVHQWDWLYH RI %DVLQ
FRQGLWLRQV DQG HQDEOHV HYDOXDWLRQV RI VHDVRQDO� VKRUW�WHUP� DQG ORQJ�WHUP WUHQGV�

7KH PRQLWRULQJ QHWZRUNV ZLOO FRQWLQXH WR EH GHYHORSHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� ,QGLYLGXDO VXV�
WDLQDELOLW\ LQGLFDWRU PRQLWRULQJ QHWZRUNV ZLOO EH H[SDQGHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� DV QHFHVVDU\�
WR DGGUHVV PRQLWRULQJ REMHFWLYHV DQG VXSSRUW DQ\ SURMHFWV DQG PDQDJHPHQW DFWLRQV �30$V�� ([SDQVLRQ
RI LQGLYLGXDO VXVWDLQDELOLW\ LQGLFDWRU PRQLWRULQJ QHWZRUNV WKDW UHO\ RQ ZHOOV ZLOO LQYROYH LGHQWLILFDWLRQ RI DG�
GLWLRQDO H[LVWLQJ ZHOOV LQ WKH %DVLQ WKDW FRXOG EH LQFOXGHG LQ WKH PRQLWRULQJ QHWZRUN RQFH HYDOXDWHG� XVLQJ
WKH VHOHFWLRQ FULWHULD� DQG DSSURYHG IRU LQFOXVLRQ LQ WKH QHWZRUN� (YDOXDWLRQV RI WKH PRQLWRULQJ QHWZRUN ZLOO
EH FRQGXFWHG DW OHDVW HYHU\ ILYH \HDUV WR GHWHUPLQH ZKHWKHU DGGLWLRQDO ZHOOV DUH UHTXLUHG WR DFKLHYH VXIIL�
FLHQW VSDWLDO GHQVLW\� ZKHWKHU ZHOOV DUH UHSUHVHQWDWLYH RI ODQG XVHV LQ WKH %DVLQ� DQG ZKHWKHU ZHOOV SURYLGH
PRQLWRULQJ LQ NH\ DUHDV LGHQWLILHG E\ VWDNHKROGHUV� ,I DGGLWLRQDO VLWHV DUH UHTXLUHG WR HQVXUH VXIILFLHQW VSDWLDO
GHQVLW\� WKHQ H[LVWLQJ ZHOOV PD\ EH LGHQWLILHG RU QHZ ZHOOV PD\ EH FRQVWUXFWHG DW VHOHFW ORFDWLRQV� DV UH�
TXLUHG� 7KH PRQLWRULQJ IUHTXHQF\ DQG WLPLQJ WKDW HQDEOH HYDOXDWLRQ RI VHDVRQDO� VKRUW�WHUP� DQG ORQJ�WHUP
WUHQGV ZLOO DOVR EH DVVHVVHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� :KHUH LW LV QHFHVVDU\� WKH *6$ZLOO FRRUGLQDWH
ZLWK H[LVWLQJ SURJUDPV WR GHYHORS DQ DJUHHPHQW IRU GDWD FROOHFWLRQ UHVSRQVLELOLWLHV� PRQLWRULQJ SURWRFROV DQG
GDWD UHSRUWLQJ DQG VKDULQJ� )RU H[LVWLQJ PRQLWRULQJ SURJUDPV LPSOHPHQWHG E\ DJHQFLHV� PRQLWRULQJ ZRXOG
EH FRQGXFWHG E\ DJHQF\ SURJUDP VWDII RU WKHLU FRQWUDFWRUV� )RU ZDWHU TXDOLW\ PRQLWRULQJ� VDPSOHV ZLOO EH
DQDO\]HG DW FRQWUDFWHG DQDO\WLFDO ODERUDWRULHV� 7R SUHYHQW ELDV DVVRFLDWHG ZLWK GDWH RI VDPSOH FROOHFWLRQ� DOO
VDPSOHV VKRXOG EH FROOHFWHG RQ DSSUR[LPDWHO\ WKH VDPH GDWH �L�H�� ��� �� GD\V RI HDFK RWKHU� HDFK \HDU�

����� *URXQGZDWHU (OHYDWLRQ 0RQLWRULQJ 1HWZRUN

������� 'HVFULSWLRQ RI 0RQLWRULQJ 1HWZRUN

7KLV VHFWLRQ GHVFULEHV WKH SURFHVV XVHG WR VHOHFW ZHOOV DV SRWHQWLDO 5HSUHVHQWDWLYH 0RQLWRULQJ 3RLQWV
�503V� IRU PRQLWRULQJ WKH *URXQGZDWHU (OHYDWLRQ VXVWDLQDELOLW\ LQGLFDWRU� 7KHVH ZHOOV DUH PDSSHG LQ
)LJXUH � DQG OLVWHG LQ 7DEOH �� )HDWXUHV SRWHQWLDOO\ DIIHFWHG E\ JURXQGZDWHU OHYHOV� DQG WKHUHIRUH UHOHYDQW
WR WKH VHOHFWLRQ RI WKH 503V� DUH VKRZQ LQ )LJXUH �

7KH REMHFWLYH RI WKH JURXQGZDWHU OHYHO PRQLWRULQJ QHWZRUN GHVLJQ LV WR FDSWXUH VXIILFLHQW VSDWLDO DQG WHPSR�
UDO GHWDLO RI JURXQGZDWHU OHYHO FRQGLWLRQV WR DVVHVV JURXQGZDWHU OHYHO FKDQJHV RYHU WLPH� JURXQGZDWHU IORZ
GLUHFWLRQV� DQG K\GUDXOLF JUDGLHQWV EHWZHHQ DTXLIHUV DQG VXUIDFH ZDWHU IHDWXUHV� 7KH PRQLWRULQJ QHWZRUN LV
FULWLFDO IRU WKH *6$ WR VKRZ FRPSOLDQFH ZLWK 6*0$ DQG TXDQWLWDWLYHO\ VKRZ WKH DEVHQFH RU LPSURYHPHQW RI
XQGHVLUDEOH UHVXOWV� 7KH GHVLJQ RI WKH PRQLWRULQJ QHWZRUN PXVW HQDEOH DGHTXDWH VSDWLDO FRYHUDJH �GLVWULEX�
WLRQ� GHQVLW\� WR GHVFULEH JURXQGZDWHU OHYHO FRQGLWLRQV DW D ORFDO DQG %DVLQ�ZLGH VFDOH IRU DOO EHQHILFLDO XVHV�
5HYLVLRQV WR WKH PRQLWRULQJ QHWZRUN DQG VFKHGXOH ZLOO EH FRQVLGHUHG DIWHU UHYLHZ RI WKH LQLWLDO ILYH \HDUV RI
PRQLWRULQJ GDWD DQG DV SDUW RI DQ\ IXWXUH *63 XSGDWHV�

0RQLWRULQJ 1HWZRUN 'HYHORSPHQW
&RQVLGHUDWLRQV IRU PDNLQJ WKH 503 VHOHFWLRQV LQFOXGHG� LQ RUGHU RI SULRULW\� VSDWLDO FRYHUDJH� GDWH RI ODVW
REVHUYDWLRQ� DQG SDUWLFLSDWLRQ LQ H[LVWLQJ PRQLWRULQJ SURJUDPV �VXFK DV ':5¶V &$6*(0 RU WKH FRQWLQXRXV
WUDQVGXFHU PHDVXUHPHQW QHWZRUN�� $OO RI WKH ZHOOV VHOHFWHG WR EH SRWHQWLDO 503V DUH DVVRFLDWHG ZLWK ZDWHU
OHYHO GDWD� DQG DOO EXW RQH ZHOO �=��� DUH DVVRFLDWHG ZLWK ZDWHU OHYHO GDWD FROOHFWHG LQ WKH SDVW � \HDUV� :HOOV
ZLWK UHFHQW GDWD ZHUH SULRULWL]HG EHFDXVH WKLV UHGXFHV WKH OLNHOLKRRG WKDW D ZHOO KDV EHHQ GHVWUR\HG RU PDGH
LQDFFHVVLEOH� ZHOO =�� ZDV ODVW PHDVXUHG LQ ����� EXW ZDV LQFOXGHG DV D 3ULRULW\ � ZHOO GXH WR LWV SRVLWLRQ
QHDU WKH ZHVWHUQ ERXQGDU\ RI WKH %DVLQ�

6RPH RI WKH ZHOOV LQ WKH SRWHQWLDO 503 QHWZRUN DUH DOUHDG\ HQUROOHG LQ SURJUDPV VXFK DV &$6*(0� WKH
LQFOXVLRQ RI WKHVH ZHOOV LQ WKH ILQDOL]HG 503 QHWZRUN LV DOO EXW DVVXUHG EDUULQJ DQ XQOLNHO\ ZHOO IDLOXUH� 7KH

��
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Proposed Scott RMPs

Well Priority
1
2

Coverage
Priority 1
Priority 2

)LJXUH �� 3RWHQWLDO 503V IRU WKH JURXQGZDWHU OHYHOV DQG VWRUDJH PRQLWRULQJ QHWZRUN�

��
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GDEs

Riparian Vegetation
Non−Riparian Groundwater− 
Dependent Vegetation
GDE Status Unclear

Dredger Tailings

Other Features
Current or Historical 
 Monitoring Wells
DACs
Known Residential 
 Wells

Streams at baseflow
Dry
Wet
Uncertain − No
Uncertain − Yes

)LJXUH �� )HDWXUHV LQIRUPLQJ RU SRVVLEO\ DIIHFWHG E\ SURSRVHG JURXQGZDWHU HOHYDWLRQ PRQLWRULQJ QHWZRUN�
7KH GRPHVWLF ZHOOV GHSLFWHG KHUH DUH WKH LQFRPSOHWH VHW RI ZHOOV LQ WKH %DVLQ ZLWK NQRZQ ORFDWLRQ DQG
GRPHVWLF XVH W\SH�

��
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:HOO ,' :HOO 'HSWK �IW EJV� /DWLWXGH /RQJLWXGH 3ULRULW\
��1��:��1���0 �� �������� ���������� �
��1��:��)���0 �� �������� ���������� �
��1��:��3���0 �� �������� ���������� �
��1��:��5���0 ��� �������� ���������� �
��1��:��-���0 �� �������� ���������� �
&�� �� �������� ���������� �
(� �� �������� ���������� �
+� ± �������� ���������� �
.� �� �������� ���������� �
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7DEOH �� :HOOV GHVLJQDWHG IRU SRWHQWLDO LQFOXVLRQ LQ WKH JURXQGZDWHU OHYHOV DQG VWRUDJH PRQLWRULQJ QHWZRUN
DV 5HSUHVHQWDWLYH 0RQLWRULQJ 3RLQWV �503V�� 7KHUH DUH WZHQW\�RQH 3ULRULW\ � ZHOOV DQG HLJKW 3ULRULW\ � ZHOOV
OLVWHG� WR DFKLHYH WKH FRYHUDJH RQ )LJXUH �� :HOO GHSWK LV WDNHQ IURP:HOO &RPSOHWLRQ 5HSRUWV �:&5V�� HDFK
ZHOO ZDV PDWFKHG WR D :&5� EXW VRPH :&5V GR QRW FRQWDLQ GHSWK RU VFUHHQHG LQWHUYDO LQIRUPDWLRQ� DQG
WKHUH LV VRPH XQFHUWDLQW\ UHJDUGLQJ WKH DFFXUDF\ RI WKH PDWFK�

UHPDLQLQJ ZHOOV DUH SULYDWHO\ RZQHG� DQG GDWD JDWKHUHG WR GDWH LQ WKHVH ZHOOV KDV EHHQ SURYLGHG YROXQWDULO\�
$FFHVV DJUHHPHQWV ZLWK HDFK ZHOO RZQHU ZLOO QHHG WR EH ILQDOL]HG SULRU WR WKHLU LQFOXVLRQ LQ WKH ILQDO 503
QHWZRUN�

&RQVLGHUDWLRQV IRU PDNLQJ WKH 503 VHOHFWLRQV LQFOXGH� LQ RUGHU RI SULRULW\� VSDWLDO FRYHUDJH� GDWH RI ODVW
ZDWHU OHYHO REVHUYDWLRQ� DQG LQFOXVLRQ LQ H[LVWLQJ PRQLWRULQJ SURJUDPV �VXFK DV ':5¶V &$6*(0 RU WKH
FRQWLQXRXV WUDQVGXFHU PHDVXUHPHQW QHWZRUN�� $OO RI WKH ZHOOV VHOHFWHG WR EH SRWHQWLDO 503V DUH PRQLWRUHG
IRU ZDWHU OHYHO� DQG DOO EXW WKUHH ZHOOV �=��� 1��� .�� SRVVHVV ZDWHU OHYHO GDWD FROOHFWHG LQ WKH SDVW � \HDUV�
:HOOV ZLWK UHFHQW GDWD ZHUH SULRULWL]HG EHFDXVH WKH SUHVHQFH RI FXUUHQW GDWD UHGXFHV WKH OLNHOLKRRG WKDW D
ZHOO KDV EHHQ GHVWUR\HG RU PDGH LQDFFHVVLEOH� WKH WKUHH ZHOOV ZLWK ROGHU PHDVXUHPHQWV ZHUH LGHQWLILHG DV
3ULRULW\ � ZHOOV GXH WR WKHLU SRWHQWLDO WR SURYLGH DGGLWLRQDO VSDWLDO FRYHUDJH�

)LYH RI WKH ZHOOV LQ WKH SRWHQWLDO 503 QHWZRUN DUH DOUHDG\ HQUROOHG LQ SURJUDPV VXFK DV &$6*(0� WKH LQ�
FOXVLRQ RI WKHVH ZHOOV LQ WKH ILQDOL]HG 503 QHWZRUN LV DOO EXW DVVXUHG EDUULQJ DQ XQOLNHO\ ZHOO IDLOXUH� 7KH
UHPDLQLQJ ZHOOV DUH SULYDWHO\ RZQHG DQG GDWD JDWKHUHG WR GDWH IURP WKHVH ZHOOV KDYH EHHQ SURYLGHG YROXQ�
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WDULO\� $FFHVV DJUHHPHQWV DUH FXUUHQWO\ RQO\ DYDLODEOH IRU ZHOOV ZLWK WUDQVGXFHUV PDLQWDLQHG E\ /:$� 7KH
FXUUHQW 8&$15 FRXQW\ UHSUHVHQWDWLYH� LQ FRRUGLQDWLRQ ZLWK WKH *6$� LV SODQQLQJ WR VHHN DFFHVV DJUHHPHQWV
ZLWK ZHOO RZQHUV QRW FXUUHQWO\ VLJQDWRULHV WR DFFHVV DJUHHPHQWV�

6SDWLDO FRYHUDJH FULWHULD

':5¶V JXLGDQFH RQ PRQLWRULQJ QHWZRUNV �':5 ����� UHFRPPHQGV D UDQJH RI ZHOO GHQVLWLHV WR DGHTXDWHO\
PRQLWRU JURXQGZDWHU UHVRXUFHV� ZLWK D PLQLPXP RI ��� ZHOOV DQG D PD[LPXP RI �� ZHOOV SHU ��� VT PL ����
VT NP�� %HFDXVH WKH %DVLQ FRYHUV DSSUR[LPDWHO\ ��� VT PL ���� VT NP�� WKHVH UHFRPPHQGDWLRQV ZRXOG
WUDQVODWH GLUHFWO\ LQWR D UDQJH IURP � WR �� 503 ZHOOV� HYHQO\ VSDFHG LQ WKH %DVLQ� $W D PLQLPXP� RQH
ZHOO PRQLWRULQJ HDFK RI WKH � GHILQHG K\GURJHRORJLF ]RQHV �VHH )LJXUH �� LQ &K� �� 6HFWLRQ ������� RI WKLV
*63 IRU WKH PDSSHG ]RQHV� ZRXOG EH GHVLUHG� VR WKH ORZ HQG RI WKLV UDQJH LV QRW VXLWDEOH IRU 6FRWW 9DOOH\�
$GGLWLRQDOO\� LQ D SUHYLRXV PRQLWRULQJ SURJUDP LQ WKH 6FRWW 9DOOH\� RSHUDWHG E\ WKH *URXQGZDWHU $GYLVRU\
&RXQFLO� WKH GHVLUHG GHQVLW\ ZDV ��PLOH �����NP� VSDFLQJ EHWZHHQ ZHOOV� 7R SURYLGH VRPH FRQWLQXLW\ ZLWK
SUHYLRXV PRQLWRULQJ HIIRUWV� DQG WR SURYLGH VRPH UHGXQGDQF\ LQ WKH HYHQW RI LQDFFHVVLEOH ZHOOV� D QHWZRUN
RI SRWHQWLDO 503V ZDV VHOHFWHG XVLQJ D FRYHUDJH UDGLXV RI ���� PL ���� NP��

0HDVXUHPHQW VFKHGXOH

7KH ZDWHU HOHYDWLRQ LQ 503 ZHOOV ZLOO EH PHDVXUHG� DW D PLQLPXP� WZLFH SHU \HDU WR FDSWXUH WKH IDOO ORZ
DQG VSULQJ KLJK ZDWHU OHYHOV� :HOOV LQ WKH &RPPXQLW\ *URXQGZDWHU 0RQLWRULQJ 3URJUDP QHWZRUN KDYH EHHQ
PHDVXUHG PRQWKO\� ,Q VRPH ZHOOV� WUDQVGXFHUV PD\ SURYLGH GDLO\ RU KLJKHU UHVROXWLRQ ZDWHU HOHYDWLRQ PHD�
VXUHPHQWV� ,Q ZHOOV ZLWKRXW WUDQVGXFHUV� DW OHDVW PRQWKO\ PDQXDO PHDVXUHPHQWV RI VWDWLF ZDWHU OHYHOV LV
UHFRPPHQGHG�

������� $VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUN

$V GLVFXVVHG DERYH� WKH VSDWLDO GHQVLW\ DQG GLVWULEXWLRQ RI WKH ZHOOV LQ WKH PRQLWRULQJ QHWZRUN DUH VXIILFLHQW
DQG VDWLVI\ ':5¶V JXLGDQFH RQ ZHOO GHQVLW\ �':5 ������ 7KH FXUUHQW PRQLWRULQJ VFKHGXOHV RI PRQWKO\
PHDVXUHPHQWV LQ WKH &RPPXQLW\ *URXQGZDWHU 0RQLWRULQJ :HOOV DUH VXIILFLHQW WR HYDOXDWH VHDVRQDO WUHQGV�
WKRXJK FRQWLQXRXV PRQLWRULQJ SUREHV PD\ EH LQVWDOOHG LQ VRPH ORFDWLRQV WR EHWWHU PRQLWRU WKH HIIHFWV RI
30$V RU LPSOHPHQWDWLRQ RI WLPHO\ PDQDJHPHQW DFWLRQV� (YDOXDWLRQV RI WKH QHWZRUN ZLOO RFFXU RQ D ILYH�\HDU
EDVLV� $GGLWLRQDO ZHOOV PD\ EH DGGHG WKURXJKRXW *63 LPSOHPHQWDWLRQ LQ UHVSRQVH WR FKDQJHV LQ ODQG XVH�
SURMHFW LPSOHPHQWDWLRQ� RU ZLWK QHZ ZDWHU OHYHO FRQFHUQV�

0RQLWRULQJ SURWRFROV IRU GDWD FROOHFWLRQ DUH SURYLGHG LQ $SSHQGL[ ��%�

����� *URXQGZDWHU 6WRUDJH 0RQLWRULQJ 1HWZRUN

7KLV *63 ZLOO DGRSW JURXQGZDWHU OHYHOV DV D SUR[\ IRU JURXQGZDWHU VWRUDJH� 7KH JURXQGZDWHU OHYHO QHWZRUN
GHVFULEHG LQ 6HFWLRQ ����� ZLOO DOVR VHUYH DV WKH JURXQGZDWHU VWRUDJH QHWZRUN� 7KH QHWZRUN FXUUHQWO\ SUR�
YLGHV UHDVRQDEOH FRYHUDJH RI WKH PDMRU ZDWHU�EHDULQJ IRUPDWLRQV LQ WKH %DVLQ DQG ZLOO SURYLGH UHDVRQDEOH
HVWLPDWHV RI JURXQGZDWHU VWRUDJH� 7KH QHWZRUN DOVR LQFOXGHV PXQLFLSDO� DJULFXOWXUDO� DQG PXQLFLSDO ZHOOV
RI VKDOORZ WR GHHS GHSWKV� ([SDQVLRQ RI WKH QHWZRUN WR FORVH GDWD JDSV ZLOO EHQHILW WKH FKDUDFWHUL]DWLRQ RI
ERWK WKH JURXQGZDWHU OHYHO DQG VWRUDJH VXVWDLQDELOLW\ LQGLFDWRUV�

+LVWRULF JURXQGZDWHU VWRUDJH FKDQJHV DUH FRPSXWHG ZLWK WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJ\ 0RGHO
�69,+0� VHH &KDSWHUV ������� DQG ������� 7KURXJKRXW WKH LPSOHPHQWDWLRQ SHULRG RI WKLV 3ODQ� XSGDWHV
RI 69,+0 SURYLGH XSGDWHG WLPH VHULHV RI JURXQGZDWHU VWRUDJH FKDQJHV DW OHDVW HYHU\ ILYH \HDUV�

7R REWDLQ JURXQGZDWHU VWRUDJH FKDQJHV IRU WKH PRVW UHFHQW� QRQ�VLPXODWHG SHULRG �FXUUHQWO\ ���� ± ������
WKH ODWHVW YHUVLRQ RI 69,+0� FXUUHQWO\� IRU H[DPSOH� VLPXODWLQJ WKH SHULRG ���������� LV XVHG WR HVWDEOLVK D
OLQHDU UHJUHVVLRQ HTXDWLRQ RI \HDU�VSHFLILF VSULQJ�WR�VSULQJ %DVLQ JURXQGZDWHU VWRUDJH FKDQJH� Δ𝑆𝑡𝑜𝑟𝑎𝑔𝑒�

��
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DV D IXQFWLRQ RI WKH \HDU�VSHFLILF DYHUDJH 69,+0�VLPXODWHG JURXQGZDWHU OHYHO FKDQJH� Δ𝑊𝐿� DW WKH 503
ORFDWLRQV RI WKH JURXQGZDWHU OHYHO QHWZRUN�Δ𝑆𝑡𝑜𝑟𝑎𝑔𝑒 = 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡 + 𝑠𝑙𝑜𝑝𝑒 ∗ Δ𝑊𝐿
ZKHUH ³LQWHUVHFW´ DQG ³VORSH´ DUH SDUDPHWHUV RI WKH OLQHDU UHJUHVVLRQ HTXDWLRQ� REWDLQHG IURP VWDWLVWLFDO
DQDO\VLV RI Δ𝑆𝑡𝑜𝑟𝑎𝑔𝑒 DQG Δ𝑊𝐿 GXULQJ WKH VLPXODWLRQ SHULRG� 7KH UHJUHVVLRQ DQDO\VLV LV SHUIRUPHG
XVLQJ WKH VSHFLILF� DFWXDO PRQLWRULQJ ORFDWLRQV DYDLODEOH HDFK \HDU IRU VSULQJ�WR�VSULQJ ZDWHU OHYHO FKDQJH
REVHUYDWLRQV� 7KH ³LQWHUVHFW´ DQG ³VORSH´ SDUDPHWHUV LQ WKH DERYH HTXDWLRQ FDQ EH XSGDWHG ZKHQ QHZ�
XSGDWHG� RU UH�FDOLEUDWHG YHUVLRQV RI 69,+0 EHFRPH DYDLODEOH� RU ZKHQ LQGLYLGXDO 503V LQ WKH ZDWHU OHYHO
PRQLWRULQJ QHWZRUN DUH DGGHG RU UHPRYHG�

7KH DERYH HTXDWLRQ LV WKHQ XVHG WR DQQXDOO\ FRPSXWH JURXQGZDWHU VWRUDJH FKDQJH XVLQJ WKH DFWXDOO\ PHD�
VXUHG DYHUDJH FKDQJH LQ JURXQGZDWHU OHYHOV ZLWKLQ WKH %DVLQ¶V JURXQGZDWHU OHYHO PRQLWRULQJ QHWZRUN� 7KH
UHVXOWLQJ HVWLPDWH RI DQQXDO JURXQGZDWHU VWRUDJH FKDQJH �LQ XQLWV RI WKRXVDQG�DFUH�IHHW� SRVLWLYH RU QHJD�
WLYH� LV WKHQ VXPPHG ZLWK SUHYLRXV \HDU¶V HVWLPDWHV DQG FRPELQHG ZLWK WKH VLPXODWHG JURXQGZDWHU VWRUDJH
FKDQJH WLPHOLQH IRU WKH KLVWRULF SHULRG �VHH &KDSWHU �������

7KLV UHJUHVVLRQ�EDVHG PHWKRG DOORZV IRU FRPSXWDWLRQ RI JURXQGZDWHU VWRUDJH FKDQJH IURP PHDVXUHG
JURXQGZDWHU OHYHO PRQLWRULQJ IRU WKH \HDUV EHWZHHQ WKH HQG RI WKH 69,+0 VLPXODWLRQ SHULRG �WR EH XSGDWHG
DW OHDVW HYHU\ ILYH \HDUV� FXUUHQWO\ ����� DQG WKH FXUUHQW UHSRUWLQJ \HDU �FXUUHQWO\ ������ $V 69,+0 LV
XSGDWHG LQ WKH IXWXUH� UHJUHVVLRQ�EDVHG HVWLPDWHV RI JURXQGZDWHU VWRUDJH FKDQJH IRU D JLYHQ \HDU �H�J�� IRU
����� PD\ EH UHSODFHG ZLWK WKH VLPXODWHG 69,+0 JURXQGZDWHU VWRUDJH FKDQJHV IRU WKH VDPH \HDU�

,Q VXPPDU\� WKH FRPELQDWLRQ RI VLPXODWHG JURXQGZDWHU VWRUDJH FKDQJH LQ 69,+0 DQG UHJUHVVLRQ�HVWLPDWHG
JURXQGZDWHU VWRUDJH FKDQJHV IRU WKH SRVW�VLPXODWLRQ SHULRG SURYLGHV D WLPH VHULHV RI FXPXODWLYH JURXQGZD�
WHU VWRUDJH FKDQJH IRU WKH HQWLUH SHULRG IURP ���� WR SUHVHQW WLPH �ZKHUH ³SUHVHQW WLPH´ LV WKH PRVW UHFHQW
\HDU LQ WKH *63 LPSOHPHQWDWLRQ��

����� *URXQGZDWHU 4XDOLW\ 0RQLWRULQJ 1HWZRUN

�������� 'HVFULSWLRQ RI 0RQLWRULQJ 1HWZRUN

7KH REMHFWLYH RI WKH JURXQGZDWHU TXDOLW\ PRQLWRULQJ QHWZRUN GHVLJQ LV WR FDSWXUH VXIILFLHQW VSDWLDO DQG WHP�
SRUDO GHWDLO WR GHILQH JURXQGZDWHU TXDOLW\ FRQGLWLRQV ZLWK UHVSHFW WR WKH HVWDEOLVKHG PD[LPXP WKUHVKROGV DQG
XQGHVLUDEOH UHVXOWV� DQG WR LGHQWLI\ WUHQGV LQ JURXQGZDWHU TXDOLW\ RYHU WLPH� 7KH QHWZRUN GDWD ZLOO SURYLGH
DQ RQJRLQJ ZDWHU TXDOLW\ UHFRUG IRU IXWXUH DVVHVVPHQWV RI JURXQGZDWHU TXDOLW\� $Q DVVHVVPHQW RI JURXQG�
ZDWHU TXDOLW\ FRQGLWLRQV LQ WKH %DVLQ DQG D GHWHUPLQDWLRQ RI WKH UHOHYDQW FRQVWLWXHQWV RI FRQFHUQ �&2&V� DUH
SURYLGHG LQ 6HFWLRQ ������

7KH LQLWLDO JURXQGZDWHU TXDOLW\ PRQLWRULQJ QHWZRUN LV OLPLWHG WR ZHOOV WKDW DUH SDUW RI H[LVWLQJ� RQJRLQJ PRQ�
LWRULQJ SURJUDPV LQ WKH %DVLQ WKDW PRQLWRU IRU WKH WZR &2&V IRU ZKLFK 60& DUH VHW� QLWUDWH DQG VSHFLILF
FRQGXFWLYLW\� 7KH LQLWLDO 503 ZHOO QHWZRUN LV OLPLWHG WR DOO SXEOLF ZDWHU V\VWHP ZHOOV�� DV VKRZQ LQ 7DEOH ��
7KH SXEOLF ZDWHU V\VWHPV LQ WKH %DVLQ LQFOXGH WZR FRPPXQLW\ ZDWHU V\VWHP �&:6� ZHOOV LQ )RUW -RQHV�
DQG RQH WUDQVLHQW QRQ�FRPPXQLW\ V\VWHP �71&:6� ZHOO IRU .LGGHU &UHHN 2UFKDUG &DPS� $OO PRQLWRULQJ
VFKHGXOHV IRU WKHVH ZHOOV ZHUH REWDLQHG IURP WKH 6DIH 'ULQNLQJ :DWHU ,QIRUPDWLRQ 6\VWHP )HGHUDO 5HSRUW�
LQJ 6HUYLFHV 6\VWHP �6':,6��� 'DWD IURP WKHVH H[LVWLQJ SURJUDPV DUH QRW UHSUHVHQWDWLYH RI JURXQGZDWHU
TXDOLW\ DVVRFLDWHG ZLWK DJULFXOWXUDO LUULJDWLRQ� VWRFN ZDWHULQJ� GRPHVWLF ZHOOV� RU JURXQGZDWHU GLVFKDUJH WR

�3XEOLF ZDWHU V\VWHP LV GHILQHG DV D V\VWHP WKDW VXSSOLHV ZDWHU WR �� RU PRUH FRQQHFWLRQV RU WR DW OHDVW �� SHRSOH IRU �� RU
PRUH GD\V SHU \HDU� 7KLV LQFOXGHV FRPPXQLW\� QRQ�FRPPXQLW\ QRQ�WUDQVLHQW DQG WUDQVLHQW ZDWHU V\VWHPV DV GHILQHG LQ WKH 6DIH
'ULQNLQJ :DWHU $FW�

�KWWSV���VGZLV�ZDWHUERDUGV�FD�JRY�3'::�-63�10RQLWRULQJ6FKHGXOHV�MVS"WLQZV\VBLVBQXPEHU ����	WLQZV\VBVWBFRGH 
&$	5HSRUW)RUPDW '::
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VWUHDPV� 7KH ZHOOV LQ WKH PRQLWRULQJ QHWZRUN DUH DOPRVW H[FOXVLYHO\ ORFDWHG ZLWKLQ DQG QHDU WKH VHPL�XUEDQ
DUHDV RI WKH %DVLQ DV VKRZQ LQ )LJXUH �� $V WKH LQLWLDO PRQLWRULQJ QHWZRUN �7DEOH �� KDV OLPLWHG VSDWLDO FRY�
HUDJH� WKH QHWZRUN ZLOO EH DXJPHQWHG ZLWK DW OHDVW ILYH DGGLWLRQDO ZHOOV WKDW ZLOO EH DSSURSULDWHO\ ORFDWHG
WR LPSURYH VSDWLDO FRYHUDJH RI WKH %DVLQ� $UHDV RI WKH %DVLQ ZLWK QR UHSUHVHQWDWLYH ZHOOV H[HPSOLI\ ODUJH
VSDWLDO GDWD JDSV� H[LVWLQJ ZHOOV LQ WKHVH DUHDV FDQ EH DGGHG WR WKH PRQLWRULQJ ZHOO QHWZRUN RQFH WKH\ DUH
HYDOXDWHG XVLQJ WKH VHOHFWLRQ FULWHULD� :HOO LQIRUPDWLRQ XVHG WR GHWHUPLQH LI D SRWHQWLDO FDQGLGDWH ZHOO VKRXOG
EH DGGHG WR WKH PRQLWRULQJ QHWZRUN FDQ EH FROOHFWHG WKURXJK DFWLYLWLHV VXFK DV ZHOO ORJJLQJ� FDPHUD LQVSHF�
WLRQ� RU FROOHFWLRQ RI JUDE VDPSOHV� 7KH GHVLJQ RI WKH H[SDQGHG PRQLWRULQJ QHWZRUN PXVW HQDEOH DGHTXDWH
VSDWLDO FRYHUDJH �GLVWULEXWLRQ� GHQVLW\� WKDW DOORZV FKDUDFWHUL]DWLRQ RI JURXQGZDWHU TXDOLW\ FRQGLWLRQV DW D
ORFDO DQG %DVLQ�ZLGH VFDOH IRU DOO EHQHILFLDO XVHV� ZKLFK WKH FXUUHQW PRQLWRULQJ QHWZRUN GRHV QRW� ,Q DGGLWLRQ
WR WKH ZHOOV OLVWHG LQ 7DEOH �� DGGLWLRQDO ZHOOV PD\ EH DGGHG WKURXJKRXW *63 LPSOHPHQWDWLRQ WR PHHW WKH
REMHFWLYHV RI WKH PRQLWRULQJ QHWZRUN LQ UHVSRQVH WR FKDQJHV LQ ODQG XVH� SURMHFW LPSOHPHQWDWLRQ� RU ZLWK
QHZ ZDWHU TXDOLW\ FRQFHUQV�

1DPH RI 1HWZRUN 1XPEHU RI :HOOV $JHQF\ &RQVWLWXHQW )UHTXHQF\
0XQLFLSDO � &LW\ RI )RUW -RQHV 1LWUDWH $QQXDOO\
0XQLFLSDO � &LW\ RI )RUW -RQHV 6SHFLILF

&RQGXFWLYLW\
3HULRGLFDOO\

3XEOLF :DWHU 6XSSO\ � .LGGHU &UHHN 2UFKDUG &DPS 1LWUDWH $QQXDOO\
([SDQGHG *6$
0RQLWRULQJ 1HWZRUN

$ PLQLPXP RI �
ZHOOV� VLWHV WR EH
GHWHUPLQHG

*6$ 1LWUDWH DQG
VSHFLILF FRQ�
GXFWLYLW\

)UHTXHQF\
WR EH GHWHU�
PLQHG�

7DEOH �� ([LVWLQJ DQG SODQQHG HOHPHQWV RI WKH JURXQGZDWHU TXDOLW\ PRQLWRULQJ QHWZRUN� 3HU WKH PRQLWRULQJ
VFKHGXOHV DYDLODEOH RQ (3$¶V 6DIH 'ULQNLQJ :DWHU ,QIRUPDWLRQ 6\VWHP �6':,6�� VSHFLILF FRQGXFWLYLW\ LV RQ
D PRQLWRULQJ VFKHGXOH RI ��� PRQWKV IRU HDFK RI WKH WZR DFWLYH ZHOOV LQ )RUW -RQHV�

7KH SODQQHG DGGLWLRQDO ZHOOV DUH LQWHQGHG WR JDWKHU JURXQGZDWHU TXDOLW\ GDWD UHSUHVHQWDWLYH RI GLIIHUHQW
ODQG XVHV DQG DFWLYLWLHV� DQG WR LPSURYH XSRQ WKH H[LVWLQJ VSDWLDO FRYHUDJH LQ WKH %DVLQ� 7KLV LQFOXGHV ZHOOV
WKDW DUH ORFDWHG LQ DUHDV ZLWK SRWHQWLDO ZDWHU TXDOLW\ FRQFHUQV� 6SHFLILFDOO\� PRQLWRULQJ ZHOOV ZLOO EH DGGHG WR
ORFDOO\ LGHQWLILHG VLWHV WKDW PD\ EH YXOQHUDEOH WR ZDWHU TXDOLW\ LPSDFWV� LQFOXGLQJ ORFDWLRQV XVHG IRU WKH ORDGLQJ
DQG XQORDGLQJ RI FDWWOH� &DWWOH PDQXUH� GHSRVLWHG LQ ODUJH DPRXQWV DW WKH ODQG VXUIDFH� PD\ FDXVH QLWUDWH
FRQWDPLQDWLRQ RI JURXQGZDWHU� )XQGLQJ KDV EHHQ PDGH DYDLODEOH WKURXJK 1&5:4&% IRU VDPSOH DQDO\VLV
DQG UHVXOWV RI WKLV VDPSOLQJ ZLOO EH XVHG WR KHOS LQIRUP WKH PRQLWRULQJ QHWZRUN H[SDQVLRQ� $Q\ ZHOOV DGGHG
WR WKH PRQLWRULQJ QHWZRUN ZLOO EH HYDOXDWHG XVLQJ WKH FULWHULD OLVWHG DERYH WR HQVXUH ZHOO VXLWDELOLW\�

�������� $VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUN

$V WKH H[LVWLQJ PRQLWRULQJ QHWZRUN KDV OLPLWHG VSDWLDO FRYHUDJH DQG LV QRW UHSUHVHQWDWLYH RI DOO ODQG XVHV
LQ WKH %DVLQ� DQ H[SDQVLRQ RI WKH QHWZRUN LV UHTXLUHG WR DGHTXDWHO\ FKDUDFWHUL]H DQG PRQLWRU JURXQGZDWHU
TXDOLW\ LQ WKH %DVLQ� $Q DVVHVVPHQW DQG H[SDQVLRQ RI WKH PRQLWRULQJ QHWZRUN LV SODQQHG ZLWKLQ WKH ILUVW ILYH
\HDUV RI *63 LPSOHPHQWDWLRQ� )XUWKHU HYDOXDWLRQV RI WKH PRQLWRULQJ QHWZRUN ZLOO EH FRQGXFWHG� DW PLQLPXP�
RQ D ILYH�\HDU EDVLV� SDUWLFXODUO\ ZLWK UHJDUG WR WKH VXIILFLHQF\ RI WKH PRQLWRULQJ QHWZRUN LQ PHHWLQJ WKH
PRQLWRULQJ REMHFWLYHV�

'DWD JDSV KDYH EHHQ LGHQWLILHG� SDUWLFXODUO\ LQ VSDWLDO FRYHUDJH RI WKH %DVLQ ZLWK PRQLWRULQJ GDWD WKDW LV
UHSUHVHQWDWLYH RI GLIIHUHQW ODQG XVHV DQG EHQHILFLDO XVHV LQ WKH %DVLQ �DOVR VHH $SSHQGL[ ��$�� 7KHVH GDWD
JDSV ZLOO EH DGGUHVVHG LQ WKH SODQQHG H[SDQVLRQ RI WKH QHWZRUN� DQG WKHVH GDWD GHILFLHQFLHV ZLOO EH UHVROYHG
WKURXJK WKH DGGLWLRQ RI VXLWDEOH H[LVWLQJ ZHOOV DQG FRQVWUXFWLRQ RI QHZ ZHOOV� DV QHFHVVDU\� 7KH ORFDWLRQ DQG
QXPEHU RI WKHVH ZHOOV ZLOO EH LQIRUPHG E\ WKH HYDOXDWLRQ FRPSOHWHG DV SDUW RI WKH PRQLWRULQJ QHWZRUN GH�
VLJQ� ,Q WKH 1RUWK &RDVW +\GURORJLF 5HJLRQ� IRU H[DPSOH� GDLU\ RSHUDWRUV DUH UHTXLUHG WR PRQLWRU DQG UHSRUW

��
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)LJXUH �� /RFDWLRQV RI H[LVWLQJ JURXQGZDWHU TXDOLW\ QHWZRUNV LQ 6FRWW 9DOOH\ ZLWK PRQLWRULQJ IRU &2&V�

��
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JURXQGZDWHU GDWD WR 1&5:4&%� PDNLQJ WKHVH ZHOOV SRVVLEOH FDQGLGDWHV IRU QHWZRUN H[SDQVLRQ� $QQXDO
JURXQGZDWHU PRQLWRULQJ RI QLWUDWH ZDV ILUVW UHTXLUHG LQ ���� DV SDUW RI WKH :DVWH 'LVFKDUJH 5HTXLUHPHQWV
IRU 'DLULHV �2UGHU 1R� 5������������� 2UGHU 1R� 5����������� H[WHQGV WKH GDLU\ PRQLWRULQJ SURJUDP�
EXW FKDQJHV VDPSOLQJ IUHTXHQF\ WR HYHU\ WKUHH \HDUV DIWHU WKH \HDU ����� 7KH ���� 1&5:4&% UHSRUW
1RUWK &RDVW +\GURORJLF 5HJLRQ 6DOW DQG 1XWULHQW 3ODQQLQJ *URXQGZDWHU %DVLQ (YDOXDWLRQ DQG 3ULRULWL]DWLRQ
HPSKDVL]HV WKH QHHG IRU H[SDQGHG JURXQGZDWHU PRQLWRULQJ WKURXJK PRQLWRULQJ DQG UHSRUWLQJ SURJUDPV
�053V� LQ :DVWH 'LVFKDUJH 5HTXLUHPHQWV �:'5V� DQG :DLYHUV� $GGLWLRQDOO\� 5HJLRQDO :DWHU %RDUG VWDII
DUH DVVHVVLQJ D %DVLQ 3ODQ DPHQGPHQW IRU D *URXQGZDWHU 3URWHFWLRQ 6WUDWHJ\ ZLWK QHZ UHJXODWRU\ RSWLRQV
RU VWUDWHJLHV �1&5:4&% ������ $GGLWLRQDO FDQGLGDWH ZHOOV LQFOXGH GRPHVWLF ZHOOV� ZHOOV LQFOXGHG LQ WKH
PRQLWRULQJ QHWZRUN IRU JURXQGZDWHU OHYHOV� DQG 4XDUW] 9DOOH\ ,QGLDQ 5HVHUYDWLRQ �49,5� PRQLWRULQJ ZHOOV�

0RQLWRULQJ SURWRFROV IRU GDWD FROOHFWLRQ DUH SURYLGHG LQ $SSHQGL[ ��%�

����� 6XEVLGHQFH 0RQLWRULQJ 1HWZRUN

������� 'HVFULSWLRQ RI 0RQLWRULQJ 1HWZRUN

,QWHUIHURPHWULF 6\QWKHWLF $SHUWXUH 5DGDU �,Q6$5� LV D VDWHOOLWH�EDVHG UHPRWH VHQVLQJ WHFKQLTXH WKDW PHD�
VXUHV YHUWLFDO JURXQG VXUIDFH GLVSODFHPHQW FKDQJHV DW KLJK GHJUHHV RI PHDVXUHPHQW UHVROXWLRQ DQG VSDWLDO
GHWDLO� ':5 SURYLGHV YHUWLFDO GLVSODFHPHQW HVWLPDWHV GHULYHG IURP ,Q6$5 GDWD FROOHFWHG E\ WKH (XURSHDQ
6SDFH $JHQF\ 6HQWLQHO��$ VDWHOOLWH DQG SURFHVVHG XQGHU FRQWUDFW ZLWK 75( $/7$0,5$ ,QF� 3RLQW GDWD DUH
DYHUDJH YHUWLFDO GLVSODFHPHQWV RI D ����E\���� IW �����E\�����P� DUHD DQG *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP
�*,6� UDVWHUV DUH LQWHUSRODWHG IURP WKH SRLQW GDWD� $V VKRZQ LQ )LJXUH �� LQ &KDSWHU �� VSDWLDO GLVWULEXWLRQ RI
WKH SRLQW GDWD FRYHUV PRVW RI WKH %DVLQ DQG WKH HQWLUH %DVLQ DUHD LV FRYHUHG WKURXJK LQWHUSRODWLRQ RI UDVWHUV�
7KH GDWD SURYLGH JRRG WHPSRUDO FRYHUDJH DQG DUH DYDLODEOH RQ PXOWLSOH WLPHVFDOHV� 7KH DQQXDO UDVWHUV
EHJLQ DQG HQG RQ HDFK PRQWK RI WKH FRYHUHG \HDU DQG WKH FXPXODWLYH UDVWHUV DUH DYDLODEOH IRU WKH IXOO WLPH
SHULRG ������������ 0RQWKO\ WLPHVHULHV DUH DYDLODEOH IRU HDFK SRLQW GDWD ORFDWLRQ�

5HSUHVHQWDWLYH 0RQLWRULQJ

7KH ':5 �75( $/7$0,5$� ,Q6$5 GDWD ZLOO EH XVHG WR PRQLWRU VXEVLGHQFH LQ WKH %DVLQ� 7KHUH DUH QR H[�
SOLFLWO\ LGHQWLILHG UHSUHVHQWDWLYH VXEVLGHQFH VLWHV EHFDXVH WKH VDWHOOLWH GDWD FRQVLVWV RI WKRXVDQGV RI SRLQWV�
)LJXUH �� LQ &KDSWHU � VKRZV WKH FRYHUDJH RI WKH VXEVLGHQFH PRQLWRULQJ QHWZRUN� ZKLFK ZLOO PRQLWRU SR�
WHQWLDO VXUIDFH GHIRUPDWLRQ WUHQGV UHODWHG WR VXEVLGHQFH� 'DWD IURP WKH VXEVLGHQFH PRQLWRULQJ QHWZRUN ZLOO
EH UHYLHZHG DQQXDOO\� 7KH VXEVLGHQFH PRQLWRULQJ QHWZRUN DOORZV VXIILFLHQW PRQLWRULQJ ERWK VSDWLDOO\ DQG
WHPSRUDOO\ WR DGHTXDWHO\ DVVHVV WKDW WKH PHDVXUDEOH REMHFWLYH LV EHLQJ PHW�

������� $VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUN

$V VXEVLGHQFH LV FXUUHQWO\ QRW D VLJQLILFDQW FRQFHUQ IRU WKH %DVLQ� DQG LV QRW OLNHO\ WR EH LQ WKH IXWXUH� WKH
,Q6$5�EDVHG VXEVLGHQFH PRQLWRULQJ QHWZRUN DOORZV VXIILFLHQW PRQLWRULQJ ERWK VSDWLDOO\ DQG WHPSRUDOO\ WR
DGHTXDWHO\ DVVHVV WKDW WKH PHDVXUDEOH REMHFWLYH �FXUUHQWO\ LQ DWWDLQPHQW� LV EHLQJ PDLQWDLQHG� ,Q DGGLWLRQ�
WKH GDWD SURYLGHG E\ ':5 �75( $OWDPLUD� DUH VSDWLDOO\ DQG WHPSRUDOO\ DGHTXDWH IRU XQGHUVWDQGLQJ VKRUW�
WHUP� VHDVRQDO� DQG ORQJ�WHUP WUHQGV LQ ODQG VXEVLGHQFH� DQG DUH FRQVLVWHQW ZLWK WKH GDWD DQG UHSRUWLQJ
VWDQGDUGV RXWOLQHG LQ 5HJ� � ������ +RZHYHU� GDWD JDSV GR H[LVW LQ WKH VXEVLGHQFH QHWZRUN� LQFOXGLQJ
WKH ODFN RI GDWD SULRU WR ���� DQG QR &RQWLQXRXV *OREDO 3RVLWLRQLQJ 6\VWHP �&*36� VWDWLRQV WR JURXQG
WUXWK WKH VDWHOOLWH GDWD� 7KH ':5�75( $/7$0,5$ ,Q6$5 GDWDVHW LV WKH RQO\ VXEVLGHQFH GDWDVHW FXUUHQWO\
DYDLODEOH IRU WKH %DVLQ DQG RQO\ KDV GDWD H[WHQGLQJ EDFN WR ����� +LVWRULFDO VXEVLGHQFH GDWD PHDVXUHG
SULRU WR ���� LV FXUUHQWO\ XQDYDLODEOH� &RPSDUHG WR VDWHOOLWH GDWD� &*36 VWDWLRQV RIIHU JUHDWHU DFFXUDF\ DQG
KLJKHU IUHTXHQF\ DQG SURYLGH D JURXQG�WUXWK FKHFN RQ VDWHOOLWH GDWD� +RZHYHU� WKHUH DUH QR &*36 RU XVHIXO

��



6FRWW 9DOOH\ *63 &KDSWHU �

ERUHKROH H[WHQVRPHWHU VWDWLRQV ORFDWHG ZLWKLQ RU QHDU WKH %DVLQ ERXQGDU\� 'XH WR OLWWOH FXUUHQW HYLGHQFH
RI VXEVLGHQFH VLQFH ���� �VHH 6HFWLRQ ��������� QR IXWXUH &*36 RU ERUHKROH H[WHQVRPHWHU VWDWLRQV DUH
SURSRVHG IRU WKH %DVLQ DW WKLV WLPH� ,I VXEVLGHQFH EHFRPHV D FRQFHUQ LQ WKH IXWXUH� WKHQ LQVWDOODWLRQ RI
&*36 VWDWLRQV DQG�RU ERUHKROH H[WHQVRPHWHUV FDQ EH SURSRVHG� 7KH VXEVLGHQFH PRQLWRULQJ QHWZRUN ZLOO EH
XVHG WR GHWHUPLQH LI DQG ZKHUH IXWXUH &*36 VWDWLRQV ZRXOG EH LQVWDOOHG RU JURXQG�EDVHG HOHYDWLRQ VXUYH\V
SHUIRUPHG� ,Q DGGLWLRQ� LI VXEVLGHQFH DQRPDOLHV DUH GHWHFWHG LQ WKH VXEVLGHQFH PRQLWRULQJ QHWZRUN� JURXQG
WUXWKLQJ� HOHYDWLRQ VXUYH\LQJ� DQG *36 VWXGLHV PD\ EH FRQGXFWHG�

0RQLWRULQJ SURWRFROV IRU GDWD FROOHFWLRQ DUH SURYLGHG LQ $SSHQGL[ ��%�

����� 'HSOHWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU 0RQLWRULQJ 1HWZRUN

�������� 'HVFULSWLRQ RI 0RQLWRULQJ 1HWZRUN

7KH *63 5HJXODWLRQV SURYLGH WKDW WKH PRQLWRULQJ QHWZRUN IRU 'HSOHWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU
VKRXOG LQFOXGH ³>P@RQLWRU>LQJ@ VXUIDFH ZDWHU DQG JURXQGZDWHU ZKHUH LQWHUFRQQHFWHG VXUIDFH ZDWHU FRQGL�
WLRQV H[LVW� WR FKDUDFWHUL]H VSDWLDO DQG WHPSRUDO H[FKDQJHV EHWZHHQ VXUIDFH ZDWHU DQG JURXQGZDWHU DQG
WR FDOLEUDWH DQG DSSO\ WKH WRROV DQG PHWKRGV QHFHVVDU\ WR FDOFXODWH GHSOHWLRQ RI VXUIDFH ZDWHU FDXVHG E\
JURXQGZDWHU H[WUDFWLRQV� ��� &&5 �������F������

*URXQGZDWHU /HYHOV DV 3UR[\ IRU 6WUHDP 'HSOHWLRQ 0RQLWRULQJ ± QRW VXLWDEOH
:DWHU OHYHOV DUH QRW D VXLWDEOH SUR[\ IRU VXUIDFH ZDWHU GHSOHWLRQ LQ WKH 6FRWW 9DOOH\� DOWKRXJK WKH\ KDYH EHHQ
SURSRVHG LQ RWKHU JURXQGZDWHU EDVLQV �H�J�� LQ WKH *63 DGRSWHG UHFHQWO\ E\ WKH 6DQWD &UX] 0LG�&RXQW\
*URXQGZDWHU $JHQF\�� 7KLV LV EHFDXVH LQ WKH 6FRWW 9DOOH\ V\VWHP ��� JURXQGZDWHU OHYHOV DUH DIIHFWHG E\
PDQ\ IDFWRUV LQFOXGLQJ� EXW QRW OLPLWHG WR JURXQGZDWHU XVH� DQG ��� WKH W\SLFDO YDULDELOLW\ LQGXFHG E\ VHDVRQDO
FOLPDWH� UHFKDUJH� DQG SXPSLQJ FKDQJHV LV JUHDWHU WKDQ WKH FKDQJH LQ KHDG WKDW ZRXOG FRUUHVSRQG WR D
VLJQLILFDQW FKDQJH LQ RXWIORZ WR WKH VWUHDP V\VWHP� ,Q RWKHU ZRUGV� WKH KHDG GDWD FXUUHQWO\ DYDLODEOH DUH WRR
QRLV\ WR EH XVHIXO IRU DVVHVVLQJ VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ RU VWUHDP GHSOHWLRQ UHYHUVDO
GXH WR VSHFLILF SURMHFWV DQG PDQDJHPHQW DFWLRQV �30$V��
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KDSWHU�)LJXUH �� &RQFHSWXDO FURVV�VHFWLRQ DFURVV WKH YDOOH\ IORRU QHDU WKH 6FRWW 5LYHU �OHIW�� VKRZLQJ WKH ODQG VXUIDFH �EURZQ� ZLWK FURS FRYHU� DQG WZR

K\SRWKHWLFDO ZDWHU WDEOHV� DW D JUDGLHQW RI DERXW ��� SHUFHQW� FRUUHVSRQGLQJ WR D EDVHIORZ RI DERXW �� FIV� DQG DW D JUDGLHQW RI DERXW ���� SHUFHQW�
FRUUHVSRQGLQJ WR D EDVHIORZ RI DERXW �� FIV� *UDGLHQWV DUH DSSUR[LPDWH� 7KH LQVHUWHG WDEOH VKRZV WKH UHVXOWLQJ GLIIHUHQFH LQ ZDWHU WDEOH GHSWK
EHWZHHQ WKHVH WZR K\SRWKHWLFDO ZDWHU WDEOH ORFDWLRQV� DW GLIIHUHQW GLVWDQFHV IURP WKH 6FRWW 5LYHU� 7KH FRQFHSWXDO FURVV�VHFWLRQ GRHV QRW DFFRXQW
IRU ZDWHU WDEOH LQIOXHQFHV IURP QHDUE\ SXPSLQJ� LUULJDWLRQ UHWXUQ IORZV� RU WULEXWDULHV�
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6SHFLILFDOO\� WKH DYHUDJH GHFUHDVH LQ VXPPHU VWUHDPIORZ EHIRUH DQG DIWHU WKH ����V ����� DQG ���� FIV� UH�
VSHFWLYHO\ >���� DQG ���� FPV� UHVSHFWLYHO\@�� LV DSSUR[LPDWHO\ �� FIV ����� FPV� LQ EDVHIORZ� 7KLV GLIIHUHQFH
LQ EDVHIORZ LV FDXVHG E\ D %DVLQ DYHUDJH GHFOLQH LQ ZDWHU WDEOH JUDGLHQW WRZDUG WKH 6FRWW 5LYHU �6HFWLRQ
�������� RI DSSUR[LPDWHO\ ����WKV RI RQH SHUFHQW �VHH )LJXUH ��� $W ��� IW ����� P� IURP 6FRWW 5LYHU� WKLV LV
D � LQ ���� FP� GLIIHUHQFH LQ ZDWHU OHYHO LI WKH ZDWHU WDEOH QH[W WR WKH 6FRWW 5LYHU UHPDLQV WKH VDPH� 7KLV LV
PXFK VPDOOHU WKDQ WKH W\SLFDO WUDQVLHQW YDULDWLRQV LQGXFHG E\ SXPSLQJ ZHOOV DQG VHDVRQDO FOLPDWH YDULDELOLW\
LQ ZDWHU OHYHOV PHDVXUHG LQ PRQLWRULQJ ZHOOV QHDU WKH ULYHU �VHH &KDSWHU ��� $GGLWLRQDOO\� ZDWHU OHYHOV QHDU
WKH VWUHDP ± DQG PRUH VR DZD\ IURP WKH VWUHDP � DUH LQIOXHQFHG E\ IDFWRUV RWKHU WKDQ JURXQGZDWHU SXPSLQJ
RXWVLGH RI WKH $GMXGLFDWHG =RQH� LQFOXGLQJ SUR[LPLW\ WR WULEXWDULHV DQG WKHLU UHFKDUJH KLVWRU\� SUR[LPLW\ WR
ZHOOV DQG WKHLU SXPSLQJ KLVWRU\� LUULJDWLRQ PHWKRGV DQG DJULFXOWXUDO UHWXUQ IORZV LQ QHDUE\ ILHOGV� DQG DTXLIHU
KHWHURJHQHLW\�

)RU H[DPSOH� PRQWKO\ ZDWHU WDEOH GHSWK LQ ���� ± ���� LQ ³YDOOH\ IORRU´ ZHOOV YDULHG DFURVV ZHOOV DQG WLPH�
IURP OHVV WKDQ � IHHW WR RYHU �� IHHW �+DUWHU� Q�G��� 7KH PHGLDQ VXPPHU ZDWHU WDEOH HOHYDWLRQ LQ GU\ \HDUV LV
RQO\ DERXW � IHHW ORZHU WKDQ WKH PHGLDQ HOHYDWLRQ LQ DYHUDJH RU ZHW \HDUV� %HWZHHQ GU\ \HDUV ZLWK VLPLODUO\
ORZ VWUHDP IORZV �OHVV WKDQ �� FIV DW WKH 86*6 )RUW -RQHV JDXJH� H�J�� ����� ����� ������ GLIIHUHQFHV LQ
PHGLDQ ZDWHU OHYHO RI ³YDOOH\ IORRU´ REVHUYDWLRQ ZHOOV ZHUH RQ WKH RUGHU RI � WR � IHHW �+DUWHU� Q�G���$V D UHVXOW
RI WKH PDJQLWXGH RI WKHVH IOXFWXDWLRQV� SDUWO\ GXH WR WKH LQWHUIHUHQFH IURP K\GURORJLF LQSXWV�VWUHVVHV RWKHU
WKDQ 30$V� ZDWHU OHYHO PRQLWRULQJ LV QRW D VXLWDEOH WRRO WR PHDVXUH ZKHWKHU JURXQGZDWHU XVHUV¶ 30$V KDYH
HIIHFWLYHO\ GHFUHDVHG VWUHDP GHSOHWLRQ�

+RZHYHU� WKH *63 UHFRJQL]HV WKDW JURXQGZDWHU OHYHOV DUH IXQGDPHQWDOO\ OLQNHG ZLWK JURXQGZDWHU�VWUHDP
IOX[ UDWHV� DQG WKHVH PHDVXUHPHQWV FDQ EH XVHIXO ZKHQ MXGLFLRXVO\ XVHG LQ FRPELQDWLRQ ZLWK WKH 69,+0�
,Q DGGLWLRQ� XVH RI REVHUYLQJ ORQJ�WHUP WUHQGV LQ WKH K\GUDXOLF JUDGLHQW EHWZHHQ WKH DTXLIHU DQG VWUHDP KDV
EHHQ VXJJHVWHG DV D WRRO WR FRPSO\ ZLWK 6*0$ UHTXLUHPHQWV IRU GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU
�+DOO HW DO� ������ :KLOH JURXQGZDWHU OHYHOV DV D SUR[\ IRU VWUHDP GHSOHWLRQPRQLWRULQJ DUH E\ WKHPVHOYHV QRW
VXLWDEOH IRU WKH %DVLQ� WKHVH PHDVXUHPHQWV ZLOO EH FROOHFWHG DQG XVHG WR DVVHVV ORQJ�WHUP WUHQGV LQ ZDWHU
OHYHO JUDGLHQWV DQG WR DYRLG ORQJ�WHUP� %DVLQ VFDOH ZDWHU OHYHO GHFOLQHV �VHH 6HFWLRQV ����� DQG �������
7KHVH GDWD� DPRQJ PDQ\ RWKHUV� DUH DOVR XVHG WR FDOLEUDWH DQG LPSURYH 69,+0� 69,+0 LQ WXUQ DFFRXQWV
IRU DQG SURFHVVHV D PXFK ZLGHU UDQJH RI UHOHYDQW ODQG XVH� K\GURORJLF� DQG JHRORJLF GDWD WKDW ZRXOG QRW EH
UHIOHFWHG LQ ZDWHU OHYHO GDWD DORQH� 8VLQJ PRUH DSSURSULDWH� FRPSUHKHQVLYH LQIRUPDWLRQ� LQFOXGLQJ PHDVXUHG
ZDWHU OHYHO G\QDPLFV� 69,+0 FRPSXWHV ZDWHU OHYHO FKDQJHV GXH WR 30$V DQG HVWLPDWHV VWUHDP GHSOHWLRQ
UHYHUVDO RFFXUULQJ VSHFLILFDOO\ GXH WR 30$V LQ ZD\V WKDW FDQQRW EH DFKLHYHG ZLWK ZDWHU OHYHO PHDVXUHPHQWV
DORQH �VHH EHORZ��

6WUHDPIORZ DV 3UR[\ IRU 6WUHDP 'HSOHWLRQ 0RQLWRULQJ ± QRW VXLWDEOH
'LUHFW PHDVXUHPHQW RI VWUHDPIORZ DW WKH )RUW -RQHV JDXJH LV DOVR QRW D VXLWDEOH SUR[\ IRU VXUIDFH ZDWHU
GHSOHWLRQ LQ WKH 6FRWW 9DOOH\ EHFDXVH LW LV DIIHFWHG E\ VHYHUDO IDFWRUV RWKHU WKDQ JURXQGZDWHU XVH RXWVLGH
WKH $GMXGLFDWHG =RQH� 7KH )RUW -RQHV JDXJH VWUHDPIORZ GXULQJ WKH VXPPHU EDVHIORZ VHDVRQ LV D GLUHFW
PHDVXUH RI WKH WRWDO JURXQGZDWHU FRQWULEXWLRQ IURP WKH 6FRWW 9DOOH\ %DVLQ WR WKH VWUHDP� 7KDW JURXQGZDWHU
FRQWULEXWLRQ WR VWUHDPIORZ LV D IXQFWLRQ RI JURXQGZDWHU XVH LQVLGH DQG RXWVLGH WKH $GMXGLFDWHG =RQH� RI ZLQWHU
DQG VSULQJ UHFKDUJH IURP SUHFLSLWDWLRQ DQG LUULJDWLRQ RQ WKH YDOOH\ IORRU� RI ZLQWHU DQG VSULQJ UHFKDUJH IURP
WULEXWDULHV RQ WKH XSSHU DOOXYLDO IDQV� RI PRXQWDLQ IURQW UHFKDUJH� DQG RI VXUIDFH ZDWHU GLYHUVLRQV �&KDSWHU
���������� ,W LV D IXQFWLRQ RI ERWK� WKHLU WRWDO DPRXQWV DQG WKH WHPSRUDO G\QDPLFV RI WKHVH DPRXQWV �SXPSLQJ�
UHFKDUJH� GLYHUVLRQV� HWF���

/HJDO 5HTXLUHPHQWV IRU 4XDQWLI\LQJ 6WUHDP GHSOHWLRQ GXH WR *URXQGZDWHU 3XPSLQJ
3HU �� &&5 6HFWLRQ �������F�� PLQLPXP WKUHVKROGV IRU GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU VKDOO EH D
UDWH RU YROXPH RI VXUIDFH ZDWHU GHSOHWLRQ FDXVHG E\ JURXQGZDWHU XVH WKDW KDV DGYHUVH LPSDFWV RQ EHQHILFLDO
XVHV RI WKH VXUIDFH ZDWHU� 0LQLPXP WKUHVKROGV UHSUHVHQW WKH WKUHVKROG� DERYH�EHORZ ZKLFK XQGHVLUDEOH
UHVXOWV PD\ RFFXU� 7KH OHJDO UHTXLUHPHQWV IRU WKH PLQLPXP WKUHVKROG DOORZ IRU WKH XVH RI D QXPHULFDO
JURXQGZDWHU DQG VXUIDFH ZDWHU PRGHO WR TXDQWLI\ �³PRQLWRU´ RU ³PHDVXUH´� WKH DPRXQW RI VXUIDFH ZDWHU
GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ DQG WR VHW WKH PLQLPXP WKUHVKROG XVLQJ WKH PRGHO�

��



6FRWW 9DOOH\ *63 &KDSWHU �

4XDQWLI\LQJ 6WUHDP 'HSOHWLRQ GXH WR *URXQGZDWHU 3XPSLQJ ZLWK 69,+0

7KH QXPHULFDO PRGHO GHVFULEHG LQ &KDSWHU �� WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURJHRORJLFDO 0RGHO �69,+0�� LV
WKH EHVW DYDLODEOH WRRO WR HYDOXDWH VXUIDFH ZDWHU GHSOHWLRQ 60& FRQGLWLRQV LQ 6FRWW 9DOOH\ DQG WR TXDQWLI\ WKH
DPRXQW RI GHSOHWLRQ DWWULEXWDEOH WR JURXQGZDWHU XVH RXWVLGH RI WKH $GMXGLFDWHG =RQH� 7KH FXUUHQW YHUVLRQ
RI 69,+0 VLPXODWHV 6FRWW 9DOOH\ FRQGLWLRQV IRU ����±���� FOLPDWH FRQGLWLRQV EDVHG RQ WKH EHVW DYDLODEOH
LQIRUPDWLRQ� LQFOXGLQJ QXPHURXV FOLPDWH� SURGXFWLRQ ZHOO� JHRJUDSKLF� JHRORJLF� DQG ODQG XVH PRQLWRULQJ
GDWD IURP 6FRWW 9DOOH\ DQG FDOLEUDWHG DJDLQVW KXQGUHGV RI VWUHDPIORZ DQG ZDWHU OHYHO PHDVXUHPHQWV� $
6*0$�FRPSOLDQW VRIWZDUH �02')/2: ����� LV XVHG IRU 69,+0�

$IWHU *63 DGRSWLRQ LQ ����� WKH SURFHVV IRU FRPSXWLQJ �³PHDVXULQJ´� VWUHDP GHSOHWLRQ LQ D JLYHQ PRQWK�
VHDVRQ� RU ZDWHU \HDU ZLWK 69,+0 LV GHILQHG WKURXJK WKH IROORZLQJ VSHFLILF PRGHOLQJ SURFHVV�

�� ³&XUUHQW´ LV GHILQHG DV D UHFHQWO\ FRPSOHWHG ZDWHU \HDU DW WKH WLPH QHZ VLPXODWLRQV DUH LPSOHPHQWHG�
)RU H[DPSOH� LI WKLV PRGHOLQJ H[HUFLVH LV LPSOHPHQWHG LQ ����� ³FXUUHQW´ PD\ EH WKH ZDWHU \HDU ����
RU �����

�� 7KHUH DUH WZR RSHUDWLQJ PRGHV IRU 69,+0�

� 7KH FDOLEUDWHG WLPHOLQH PRGH� 7KH FDOLEUDWHG 69,+0 YHUVLRQ LV LPSOHPHQWHG IRU D VLPXODWLRQ
SHULRG IURP ���� WR FXUUHQW� UHSUHVHQWLQJ DFWXDO FOLPDWH DQG VWUHDP LQIORZ FRQGLWLRQV WR WKH %DVLQ
IRU WKH SHULRG RI ���� WR FXUUHQW DQG UHSUHVHQWLQJ WKH DFWXDO KLVWRULFDO HYROXWLRQ RI 30$V DQG RWKHU
ODQG XVH DQG ODQGPDQDJHPHQW FKDQJHV LQ WKH %DVLQ� 7KLV PRGH LV XVHG WR XSGDWH DQG UH�FDOLEUDWH
69,+0 XVLQJ WKUHH W\SHV RI GDWDVHWV �WDUJHW GDWD� FRQFHSWXDO DQG LQSXW GDWD� DQG 30$ GDWD� VHH
6HFWLRQ ������� EHORZ��

� 7KH VFHQDULR PRGH� 7KH VFHQDULR PRGH FDQ EH WKRXJKW RI DV D IXWXUH WLPH SHULRG RI WKH VDPH
OHQJWK DV ���� WR FXUUHQW �DW WKH ZULWLQJ RI WKLV *63� D ���\HDU SHULRG IURP ���� WR ����� RYHU ZKLFK
D VSHFLILF VFHQDULR LV LPSOHPHQWHG� IRU ³PHDVXUHPHQW´ SXUSRVHV� )RU DOO VFHQDULR VLPXODWLRQV
GHVFULEHG EHORZ �30$ 0RGHO� %$8 0RGHO� 1R 3XPSLQJ 5HIHUHQFH 0RGHO�� WKH PRQWKO\ �RU GDLO\�
WLPH VHULHV RI FOLPDWH FRQGLWLRQV �SUHFLSLWDWLRQ� HYDSRWUDQVSLUDWLRQ �(7�� LQIORZ IURP WULEXWDULHV�
HWF�� LV WKDW IURP ���� WR FXUUHQW� %XW WKH VFHQDULRV UHSUHVHQWHG �30$� %$8� 1R 3XPSLQJ� DUH
VWDWLF RYHU WKH HQWLUH VLPXODWLRQ SHULRG� ZKHUH ³VWDWLF´ PHDQV WKDW WKH VHW RI 30$V �30$ SRUWIROLR��
%$8� RU 1R 3XPSLQJ FRQGLWLRQV GRHV QRW FKDQJH LWV SDWWHUQ RU ODQG XVH DQG ODQG PDQDJHPHQW
UXOH VHW RYHU WLPH� 7KH 30$ SRUWIROLR PD\ EH VWUXFWXUHG G\QDPLFDOO\� IRU H[DPSOH� LW PD\ LQFOXGH
SURMHFWV WKDW RQO\ RFFXU LQ GU\ \HDUV RU UXQ RQO\ IURP -XO\ WR 6HSWHPEHU HDFK \HDU� EXW WKH VWUXFWXUH
RI WKH 30$ SRUWIROLR UXOH VHW GRHV QRW FKDQJH� 7KLV FKDUDFWHULVWLF RI WKH VFHQDULR PRGH DOORZV LW WR
EH XVHG WR ³PHDVXUH´ VWUHDP GHSOHWLRQ DQG WKH UHYHUVDO RI VWUHDP GHSOHWLRQ GXH WR VSHFLILF 30$V
RU 30$ SRUWIROLRV RYHU D UHSUHVHQWDWLYH SHULRG RI WLPH�

�� ³0HDVXULQJ´ RU ³PRQLWRULQJ´ WKH LPSDFWV RQ VWUHDPIORZ IURP SURMHFWV DQG PDQDJHPHQW DFWLRQV
�30$V� RU XQGHU DQ\ 1R 3XPSLQJ 5HIHUHQFH 0RGHO LV LPSOHPHQWHG E\ XVLQJ WKH PRGHO LQ ³VFHQDULR´
PRGH� 6SHFLILFDOO\� WKH FRPSXWDWLRQ �³PHDVXUHPHQW´� LV LPSOHPHQWHG E\ ILUVW VLPXODWLQJ WZR VFHQDULRV
DQG WKHQ FRPSXWLQJ WKH GLIIHUHQFH LQ RXWFRPHV �VWUHDPIORZ�� H�J�� EHWZHHQ WKH %$8 VLPXODWLRQ DQG WKH
30$ RU EHWZHHQ WKH %$8 VLPXODWLRQ DQG WKH 1R 3XPSLQJ 5HIHUHQFH 0RGHO VLPXODWLRQ� ,Q RWKHU ZRUGV�
WKH LPSDFW RI DQ DFWLRQ �30$� 1R 3XPSLQJ 5HIHUHQFH� LV PHDVXUHG E\ UXQQLQJ WZR 69,+0 VFHQDULR
VLPXODWLRQV� RQH VLPXODWLRQ ZLWKRXW WKH DFWLRQ DQG RQH VLPXODWLRQ ZLWK WKH DFWLRQ� (DFK VLPXODWLRQ
SURYLGHV D WLPH VHULHV RI PRQWKO\ VWUHDPIORZ LQIRUPDWLRQ IRU WKH ���\HDU �RU ORQJHU� VLPXODWLRQ SHULRG�
)RU HDFK PRQWK LQ WKH ���\HDU VLPXODWLRQ SHULRG ���� PRQWKV� WKH LPSDFW RI WKH DFWLRQ LV FRPSXWHG
DV WKH GLIIHUHQFH LQ VWUHDPIORZ �PHDVXUHG LQ FIV� EHWZHHQ WKH WZR VFHQDULR VLPXODWLRQV� %HFDXVH WKH
PRGHO UXQV RYHU DW OHDVW �� \HDUV ������FXUUHQW�� WKH DSSURDFK DOORZV IRU FRPSXWLQJ �³PHDVXULQJ´�
WKH VWUHDP GHSOHWLRQ UHYHUVDO �DQG UHPDLQLQJ VWUHDP GHSOHWLRQ� XQGHU D ZLGH UDQJH RI ZHW� DYHUDJH�
DQG GU\ \HDU FRQGLWLRQV ZLWK PRQWKO\ �RU GDLO\� YDU\LQJ� UHDO FOLPDWH FKDUDFWHULVWLFV DV REVHUYHG RYHU
WKH SHULRG ���� WR FXUUHQW� 6RPH LPSRUWDQW FKDUDFWHULVWLFV RI WKHVH FRPSXWDWLRQV �³PHDVXUHPHQWV´�
DUH VXPPDUL]HG KHUH�

��
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� &KDQJHV FDQ EH FRPSXWHG �³PHDVXUHG´� IRU DQ\ VSHFLILF GDWH �PRQWK� LQ WKH VLPXODWLRQ SHULRG
������FXUUHQW�

� &KDQJHV FDQ EH FRPSXWHG �³PHDVXUHG´� DW DQ\ ORFDWLRQ ZLWKLQ WKH VWUHDP QHWZRUN LQ WKH %DVLQ�
7KH VWUHDP QHWZRUN KDV D UHVROXWLRQ RI ��� IW ���� P��

� ,Q DGGLWLRQ WR FKDQJHV LQ IORZ� WKH WZR VLPXODWLRQV �ZLWK DQG ZLWKRXW DQ DFWLRQ� FDQ EH XVHG WR
DVVHVV WHPSRUDO FKDQJHV LQ WKH FKDUDFWHULVWLFV RI NH\ ³IXQFWLRQDO IORZ´ HOHPHQWV �&KDSWHU �� 6HF�
WLRQ ��������� SDUWLFXODUO\ WKH DFFHOHUDWLRQ RU GHOD\ LQ VSULQJ UHFHVV IORZ WLPLQJ DQG WKH GHOD\ RU
DFFHOHUDWLRQ LQ WKH RQVHW RI WKH IDOO SXOVH IORZ LQ DQ\ JLYHQ \HDU�

� 7KH WZR VLPXODWLRQV FDQ DOVR EH XVHG WR DVVHVV WKH FKDQJHV LQ WKH OHQJWK RI GU\ VWUHDP VHFWLRQV
ZLWKLQ WKH VWUHDP QHWZRUN UHVXOWLQJ IURP 30$V� H�J�� DV D IXQFWLRQ RI ZDWHU \HDU W\SH�

� 69,+0 FXUUHQWO\ XVHV PRQWKO\ ³VWUHVV SHULRGV´ �WLPH�YDU\LQJ PRGHO LQSXWV VXFK DV SUHFLSLWDWLRQ
DUH SURYLGHG PRQWK�E\�PRQWK� UHIOHFWLQJ WKH DYHUDJH FRQGLWLRQ RYHU HDFK PRQWK�� EXW FRPSXWHV
GDLO\ IORZV �DQG JURXQGZDWHU OHYHO FKDQJHV�� )ORZV FDQ EH DJJUHJDWHG E\ PRQWK� VHDVRQ� \HDU�
RU ZDWHU�\HDU W\SH� )XWXUH YHUVLRQV RI 69,+0 PD\ XVH GDLO\ VWUHVV SHULRGV�

� 1XPHURXV VWDWLVWLFV FDQ EH REWDLQHG IURP WKH PRGHO ZLWK UHVSHFW WR
± DEVROXWH IORZ GLIIHUHQFHV EHWZHHQ WZR VFHQDULRV�
± UHODWLYH IORZ GLIIHUHQFHV �D 30$ VFHQDULR FKDQJH UHODWLYH WR D 1R 3XPSLQJ 5HIHUHQFH 0RGHO
FKDQJH��

± FKDQJHV LQ WKH WLPLQJ RI IORZV�
± DQG RWKHU FKDUDFWHULVWLFV�

�� %XVLQHVV DV 8VXDO 0RGHO �%$8 0RGHO� VFHQDULR� 69,+0 LV XVHG WR FRPSXWH GDLO\ VWUHDPIORZ DW
WKH VDPH WLPHV DQG ORFDWLRQV DV WKH 30$ PRGHO� H[SOLFLWO\ H[FOXGLQJ DOO 30$ LPSOHPHQWDWLRQ RYHU WKH
HQWLUH VLPXODWLRQ SHULRG� 7KLV VLPXODWLRQ UHSUHVHQWV WKH ³%XVLQHVV DV 8VXDO 0RGHO �%$8�´� D VFHQDULR LQ
ZKLFK QR 30$V DUH LPSOHPHQWHG WKDW ZRXOG PDNH ZDWHU XVH PRUH VXVWDLQDEOH WKDQ GXULQJ WKH EDVHOLQH
SHULRG ������������ 7KLV YHUVLRQ LQFOXGHV UHSUHVHQWDWLYH ODQG XVH DQG ODQG PDQDJHPHQW FRQGLWLRQV
ZLWKRXW 30$V�

�� 3URMHFW DQG0DQDJHPHQW $FWLRQ �30$0RGHO� VFHQDULR� 69,+0 LV XVHG WR FRPSXWH GDLO\ VWUHDPIORZ
DW WKH )RUW -RQHV JDXJH �DQG RWKHU ORFDWLRQV� XQGHU DVVXPHG �IXWXUH� FRQGLWLRQV ZLWK D VWDWLF LPSOH�
PHQWDWLRQ RI D VSHFLILF 30$ RI LQWHUHVW� D 30$ SRUWIROLR RI LQWHUHVW �VHH &KDSWHU ��� RU WKH VSHFLILF
30$ SRUWIROLR UHSUHVHQWLQJ FXUUHQW �SRVW������ FRQGLWLRQV� 7KH ODWWHU LV WKH ³&XUUHQW 30$ 3RUWIROLR
0RGHO´� 7KH 30$ PRGHOV DUH VLPXODWHG DV LI WKH VHW RI 30$V� DV LV� ZHUH WR FRQWLQXH WKURXJKRXW
WKH VLPXODWLRQ SHULRG� 7KH 30$ 0RGHO DOORZV IRU HYDOXDWLRQ RI GHVLUHG RU FXUUHQW 30$ HIIHFWV RYHU
D YDULHW\ RI FOLPDWH FRQGLWLRQV� 7KH &XUUHQW 30$ 3RUWIROLR 0RGHO LV WKH PRGHO XVHG IRU FRPSOLDQFH
SXUSRVHV DQG WR ³PHDVXUH´ WKH VWUHDP GHSOHWLRQ UHYHUVDO �DQG UHPDLQLQJ VWUHDP GHSOHWLRQ� XQGHU WKH
FXUUHQW SRUWIROLR RI 30$V�

�� 1R 3XPSLQJ 5HIHUHQFH �13 0RGHO� VFHQDULR� )RU WKH 13 0RGHO� 69,+0 LV XVHG WR FRPSXWH GDLO\
VWUHDPIORZ DW WKH VDPH WLPHV DQG ORFDWLRQV DV WKH 30$0RGHO� EXW IRU FRQGLWLRQV RI QR SXPSLQJ RXWVLGH
WKH $GMXGLFDWHG =RQH DQG QR LPSOHPHQWDWLRQ RI 30$V� 9DULRXV QR SXPSLQJ VFHQDULRV KDYH EHHQ DQG
FDQ EH FRQVWUXFWHG �VHH $SSHQGL[ ��$�

�� 7KH WRWDO VXUIDFH ZDWHU GHSOHWLRQ GXH WR JURXQGZDWHU XVH RXWVLGH RI WKH $GMXGLFDWHG =RQH �³7RWDO
'HSOHWLRQ´� LV FDOFXODWHG E\ WDNLQJ WKH GLIIHUHQFH LQ VLPXODWHG VWUHDPIORZ DW WKH )RUW -RQHV JDXJH
EHWZHHQ WKH %$8 0RGHO DQG WKH 13 5HIHUHQFH 0RGHO� 7KH WRWDO GHSOHWLRQ LV D WLPH�VHULHV ZLWK GDLO\
YDOXHV RYHU WKH VLPXODWLRQ SHULRG� ,W LV PHDVXUHG LQ WKH VDPH XQLWV DV DYHUDJH GDLO\ VWUHDPIORZ �FXELF�
IHHW SHU VHFRQG� FIV�� EXW FDQ EH VXPPHG DV D FXPXODWLYH YROXPH RYHU D PRQWK� VHDVRQ� RU ZDWHU�\HDU
�WKRXVDQG DFUH�IHHW� 7$)�� DQG LW FDQ EH DYHUDJHG RYHU WKH HQWLUH VLPXODWLRQ SHULRG� E\ ZDWHU�\HDU W\SH�
DQG IRU VSHFLILF VHDVRQV�

�� 7KH VXUIDFH ZDWHU GHSOHWLRQ WKDW ZDV DYRLGHG E\ WKH LPSOHPHQWDWLRQ RI 30$V �³30$ 'HSOHWLRQ 5H�
YHUVDO´� LV FDOFXODWHG E\ WDNLQJ WKH GLIIHUHQFH LQ VLPXODWHG VWUHDPIORZ DW WKH )RUW -RQHV JDXJH EHWZHHQ
WKH 30$ 0RGHO DQG WKH %XVLQHVV DV 8VXDO 0RGHO� DQG FRPSDULQJ WKDW GLIIHUHQFH WR 7RWDO 'HSOHWLRQ�𝑇 𝑜𝑡𝑎𝑙 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛 [𝑐𝑓𝑠] = 𝑁𝑃–𝐵𝐴𝑈

��



6FRWW 9DOOH\ *63 &KDSWHU �𝑃𝑀𝐴 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑅𝑒𝑣𝑒𝑟𝑠𝑎𝑙 [𝑐𝑓𝑠] = 𝑃𝑀𝐴 − 𝐵𝐴𝑈𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑃 𝑀𝐴 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑅𝑒𝑣𝑒𝑟𝑠𝑎𝑙 [%] = 100 ∗ 𝑃𝑀𝐴 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑅𝑒𝑣𝑒𝑟𝑠𝑎𝑙𝑇 𝑜𝑡𝑎𝑙 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛
$ YLVXDO VFKHPDWLF RI WKLV IUDPHZRUN LV LQFOXGHG DV )LJXUH ��

:LWK WKLV IUDPHZRUN� WKH *6$ FDQ HVWLPDWH VWUHDPIORZ FKDQJHV �LQFOXGLQJ QXPHURXV VWDWLVWLFV RI WKRVH
FKDQJHV IRU DQ\ SHULRG RI LQWHUHVW� FDXVHG E\ WKH LPSOHPHQWDWLRQ RI 30$V RYHU WKH UDQJH RI REVHUYHG�
DFWXDO FOLPDWH FRQGLWLRQV� ,W FDQ DVVHVV WKH FKDQJHV UHODWLYH WR D VFHQDULR LQ ZKLFK QR PDQDJHPHQW DFWLRQV
ZHUH WDNHQ DQG FDOFXODWH WKH IUDFWLRQ RI WRWDO GHSOHWLRQ GXH WR SXPSLQJ RXWVLGH WKH $GMXGLFDWHG =RQH WKDW
ZDV UHYHUVHG E\ 30$V� $OO RI WKLV FDQ EH FDOFXODWHG XQGHU WKH VSHFLILF ZHDWKHU FRQGLWLRQV H[SHULHQFHG� 7KH
DPRXQW >FIV@ DQG IUDFWLRQ >�@ RI WRWDO GHSOHWLRQ UHYHUVHG IRU WKH &XUUHQW 30$ 3RUWIROLR 0RGHO ZLOO EH UHSRUWHG
LQ DQQXDO *6$ UHSRUWV�

7KLV LV GHVLJQHG WR EH DQ DGDSWLYH PDQDJHPHQW SURFHVV WKDW HYROYHV DV QHZ NQRZOHGJH LV JDLQHG� 7KH
PRQLWRULQJ QHWZRUN DVVHVVPHQW VHFWLRQ EHORZ �6HFWLRQ �������� GHVFULEHV LQ PRUH GHWDLO WKH UHODWLRQVKLS
EHWZHHQ WKH QXPHURXV GDWD FROOHFWLRQ HIIRUWV DQG WKH XSGDWLQJ SURFHVV RI 69,+0 DV D PHDVXUHPHQW WRRO
RI VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ RXWVLGH RI WKH $GMXGLFDWHG =RQH�

��
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)LJXUH �� 9LVXDO VFKHPDWLF RI VLPXODWLRQV XVHG WR FDOFXODWH 5HODWLYH 'HSOHWLRQ 5HYHUVDO LQ IXWXUH VXVWDLQDEOH JURXQGZDWHU PDQDJHPHQW UHSRUWV�
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$GGLWLRQDO 0RQLWRULQJ 5HODWHG WR ,QWHUFRQQHFWHG 6XUIDFH :DWHU

7R PRQLWRU IRU VXVWDLQDEOH UDWHV RI VXUIDFH IORZ GHSOHWLRQ� WKH *6$ ZLOO DOVR UHO\ RQ H[LVWLQJ PRQLWRULQJ
SURJUDPV� 7KH *6$ SODQV WR FROODERUDWH ZLWK RWKHU HQWLWLHV WR DGG YHULILHG GDWD DQG DGGLWLRQDO PRQLWRULQJ
ORFDWLRQV WR ILOO GDWD JDSV�

6XUIDFH ZDWHU PRQLWRULQJ
7KH *6$ ZLOO FRQWLQXH WR UHO\ RQ WKH ORQJVWDQGLQJ IORZ UHFRUG RI WKH 6FRWW 5LYHU PRQLWRUHG DW WKH )RUW -RQHV
*DXJH �86*6� 6WDWLRQ ,' ����������

7KH IORZV LQ WULEXWDU\ VWUHDPV WR WKH 6FRWW 5LYHU FRQVWLWXWH D GDWD JDS� &XUUHQWO\� UHFRUGV RI IORZUDWHV LQ
WULEXWDU\ VWUHDPV DUH OLPLWHG� DQG IRU WKH 69,+0 VLPXODWLRQV� WKH WHPSRUDO JDSV LQ WULEXWDU\ UHFRUGV DUH ILOOHG
XVLQJ VWDWLVWLFDO FRUUHODWLRQV EHWZHHQ HDFK WULEXWDU\¶V UHFRUG DQG WKH UHFRUG DW WKH 86*6 )RUW -RQHV JDXJH
�&KDSWHU ��� $GGLWLRQDO PRQLWRULQJ RQ WULEXWDULHV ZRXOG SURYLGH PRUH LQIRUPDWLRQ RQ VSHFLILF ZDWHU \HDU W\SH
FRQGLWLRQV DQG LQIORZV WR LQWHUFRQQHFWHG VWUHDP UHDFKHV� 6XFK WULEXWDU\ GDWD ZRXOG JHQHUDWH FULWLFDO WDUJHW
GDWD �VHH 6HFWLRQ �������� WR LPSURYH WKH UHOLDELOLW\ RI 69,+0�

%LRORJLFDO PRQLWRULQJ
([LVWLQJ ELRORJLFDO PRQLWRULQJ WKDW ZLOO EH XVHG WR DVVHVV WKH FRQGLWLRQ RI DTXDWLF DQG RWKHU JURXQGZDWHU�
GHSHQGHQW HFRV\VWHPV LQFOXGHV WKH &'): FDPHUD WUDS SURJUDP DQG ELRORJLFDO VXUYH\V FRQGXFWHG E\ WKH
6LVNL\RX &RXQW\ 5&' �5&'�� DQG MXYHQLOH VDOPRQLG RXWPLJUDQW PRQLWRULQJ FRQGXFWHG E\ &'):�

6LQFH ����� &'): KDV RSHUDWHG D FDPHUD WUDS RQ WKH 6FRWW 5LYHU� QHDU WKH ERWWRP RI WKH 6FRWW 9DOOH\
VWUHDP V\VWHP� ,W LV ORFDWHG GRZQVWUHDP RI WKH )RUW -RQHV JDXJH DW ULYHU PLOH ���� ����� ��¶ �����´ 1� ����
��¶ ����´:�� 7KH FDPHUD WUDS UHFRUGV WKH SDVVDJH RI PLJUDWLQJ VDOPRQLGV �.QHFKWOH DQG *LXGLFH ������

6LQFH ����� WKH 5&' KDV FROOHFWHG GDWD RQ WKH ORFDWLRQ DQG DEXQGDQFH RI VDOPRQ UHGGV �JUDYHO QHVWV ZKHUH
HJJV DUH ODLG� LQ WKH ODWH IDOO DQG HDUO\ ZLQWHU� 7KHVH VXUYH\V LQFOXGH UHFRUGLQJ RI UHGG ORFDWLRQV� RFFXUUHQFH
RI DGXOW VSDZQLQJ VDOPRQ �ERWK OLYH DQG DV FDUFDVVHV�� DQG VWUHDP FRQQHFWLYLW\ DQG IORZ FRQGLWLRQV�

$QQXDO MXYHQLOH VDOPRQLG PRQLWRULQJ KDV EHHQ RFFXUULQJ VLQFH ����� IROORZLQJ WKH LQVWDOODWLRQ RI WKH 6FRWW
5LYHU URWDU\ WUDS� WKH 6FRWW 5LYHU -XYHQLOH 6DOPRQLG 2XWPLJUDQW VWXG\ ���� PRQLWRUHG HPLJUDWLQJ &KL�
QRRN VDOPRQ� FRKR VDOPRQ DQG VWHHOKHDG WURXW �0DVVLH DQG 0RUURZ ������ $QQXDO PRQLWRULQJ RI MXYHQLOH
VDOPRQLGV LV SDUW RI ZRUN FRQGXFWHG E\ &'): DQG WKH 6KDVWD 9DOOH\ 5HVRXUFH &RQVHUYDWLRQ 'LVWULFW RQ
6KDVWD DQG 6FRWW 5LYHUV�

$GGLWLRQDO ELRORJLFDO PRQLWRULQJ GDWD PD\ EH XVHG DV LW EHFRPHV DYDLODEOH WKURXJK RWKHU RUJDQL]DWLRQV DQG
DJHQFLHV� )RU *63 DQG JURXQGZDWHU VXVWDLQDELOLW\ PRQLWRULQJ SXUSRVHV� QR GDWD JDSV LQ ELRORJLFDO PRQL�
WRULQJ KDYH EHHQ LGHQWLILHG DW WKLV WLPH�

�������� $VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUN

$VVHVVLQJ DQG ,PSURYLQJ 69,+0
7KH 69,+0� DV D ³PRQLWRULQJ´ LQVWUXPHQW RI VXUIDFH ZDWHU GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ� ZLOO EH
DVVHVVHG DQG XSGDWHG HYHU\ � WR �� \HDUV� XWLOL]LQJ WKH GDWD DQG NQRZOHGJH XVHG IRU WKH RULJLQDO�SUHYLRXV
PRGHO GHYHORSPHQW XSGDWH SOXV DQ\ DGGLWLRQDO PRQLWRULQJ GDWD FROOHFWHG VLQFH WKH ODVW PRGHO XSGDWH� 1HZ
GDWD WKDW ZLOO EH FRQVLGHUHG LQ WKH DVVHVVPHQW DQG XSGDWH RI 69,+0 IDOO LQWR WKUHH JHQHUDO FDWHJRULHV�

� 9DOLGDWLRQ DQG UH�FDOLEUDWLRQ GDWD �³WDUJHW´ GDWD�� 7KHVH DUH LQGHSHQGHQWO\ FROOHFWHG ILHOG GDWD� W\SLFDOO\
FROOHFWHG RQ D GDLO\� PRQWKO\� RU VHDVRQDO EDVLV� WKDW DUH DOVR VLPXODWLRQ RXWFRPHV E\ 69,+0� JURXQG�
ZDWHU OHYHO PRQLWRULQJ GDWD DQG VWUHDPIORZ PHDVXUHPHQWV ZLWKLQ 6FRWW 9DOOH\ DQG DW WKH )RUW -RQHV
JDXJH� 7KH\ DUH FRPPRQO\ XVHG DV FDOLEUDWLRQ WDUJHWV GXULQJ PRGHO �UH��FDOLEUDWLRQ� ,Q RWKHU ZRUGV�
UHDO PRQLWRULQJ GDWD DUH XVHG WR FRPSDUH PRGHO VLPXODWLRQ UHVXOWV WR UHDOLW\ DQG WR DGMXVW WKH PRGHO

��
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�ZLWKLQ WKH OLPLWV RI WKH FRQFHSWXDO PRGHO� WR FORVHO\ VLPXODWH PHDVXUHG DQG PRQLWRUHG UHDO K\GURORJLF
RXWFRPHV �JURXQGZDWHU OHYHOV� VWUHDPIORZ��

� &RQFHSWXDO PRGHO GDWD ± K\GURORJLF DQG K\GURJHRORJLF FRQGLWLRQV �FRQFHSW DQG ³LQSXW´ GDWD�� 7KHVH
DUH GDWD WKDW WKH PRGHO XVHV DV LQSXW DQG GDWD WKDW DUH XVHG WR SDUDPHWHUL]H RU FRQFHSWXDOO\ GHVLJQ
WKH PRGHO� 7KHVH W\SHV RI GDWD LQFOXGH� EXW DUH QRW OLPLWHG WR SUHFLSLWDWLRQ GDWD� WULEXWDU\ LQIORZ GDWD WR
WKH EDVLQ� K\GURJHRORJLF GDWD REWDLQHG IURP ZHOO ORJV DQG SXPS WHVWV� DQG UHVHDUFK LQVLJKWV REWDLQHG
IURP SURMHFWV WR IXUWKHU XQGHUVWDQG DQ\ K\GURORJLF VXE�V\VWHPV ZLWKLQ 6FRWW 9DOOH\ �H�J�� JURXQGZDWHU�
VXUIDFH ZDWHU LQWHUDFWLRQ PHDVXUHG ZLWK GLVWULEXWHG WHPSHUDWXUH VHQVLQJ WRROV RU D ORFDO QHWZRUN RI
SLH]RPHWHUV� VHH *URXQGZDWHU 6WXG\ 3ODQ ������

� 'DWD DERXW SURMHFWV DQGPDQDJHPHQW DFWLRQ LPSOHPHQWDWLRQ �³30$´ GDWD�� 7KHVH DUH �PRQLWRULQJ� GDWD
FROOHFWHG VSHFLILFDOO\ WR FKDUDFWHUL]H WKH LPSOHPHQWDWLRQ RI 30$V WR LQIRUP WKH *6$� VWDNHKROGHUV� DQG
WKH GHVLJQ RI IXWXUH PRGHO VFHQDULR XSGDWHV� 7KH VSHFLILF GDWDVHWV FROOHFWHG DUH D IXQFWLRQ RI WKH 30$
DQG DUH GHVFULEHG LQ &KDSWHU �� ([DPSOHV LQFOXGH PRQWKO\ YROXPH DQG ORFDWLRQ RI ZDWHU UHFKDUJHG
�0$5 30$�� DFUHDJH� ORFDWLRQ� DQG LUULJDWLRQ HIILFLHQF\ RI LPSURYHG LUULJDWLRQ V\VWHPV �LUULJDWLRQ HI�
ILFLHQF\ 30$�� DFUHDJH� FURS�ODQG XVH� DQG SXPSLQJ�GLYHUVLRQ UHVWULFWLRQ FRQGLWLRQV DVVRFLDWHG ZLWK
FRQVHUYDWLRQ HDVHPHQWV �YROXQWDU\ ODQG UHSXUSRVLQJ 30$��

7KH GDWD FROOHFWHG ZLOO EH XVHG WR XSGDWH WKH FDOLEUDWHG WLPHOLQH PRGH RI 69,+0 LQ WKUHH ZD\V�

�� &RQFHSWXDO 'DWD WR XSGDWH 69,+0 VLPXODWLRQ SHULRG� 3UHFLSLWDWLRQ DQG VWUHDPIORZ GDWD PHDVXUHG DW
ZHDWKHU VWDWLRQV DQG WKH 86*6 )RUW -RQHV JDXJH �IURP ZKLFK WULEXWDU\ LQIORZV DUH HVWLPDWHG XVLQJ
DQ H[LVWLQJ VWDWLVWLFDO UHJUHVVLRQ PRGHO� ZLOO EH XVHG WR H[WHQG WKH VLPXODWLRQ WLPH KRUL]RQ RI 69,+0
ZLWKRXW DQ\ SDUDPHWHU� ERXQGDU\ FRQGLWLRQ� RU VFHQDULR DGMXVWPHQWV WR WKH RULJLQDO WLPH KRUL]RQ RI
WKH PRGHO� 7KLV LV D UHODWLYHO\ LQH[SHQVLYH 69,+0 DSSOLFDWLRQ WKDW DOORZV IRU XSGDWHG FRPSDULVRQ RI
69,+0 ZDWHU OHYHO DQG VWUHDPIORZ SUHGLFWLRQV DJDLQVW PHDVXUHG GDWD XQGHU EDVHOLQH DQG �H[LVWLQJ�
VFHQDULR FRQGLWLRQV WKURXJK WKH PRVW FXUUHQW WLPH SHULRG IRU ZKLFK GDWD DUH DYDLODEOH� 7KLV W\SH RI
69,+0 DSSOLFDWLRQ LV DQWLFLSDWHG WR RFFXU DW OHDVW RQFH LQ HYHU\ ILYH�\HDU UHSRUWLQJ SHULRG� RU SRVVLEO\
DQQXDOO\�

�� 30$ 'DWD WR XSGDWH 69,+0 VLPXODWLRQ SHULRG� ,Q DGGLWLRQ WR ���� GDWD DERXW 30$ LPSOHPHQWDWLRQ
ZLOO EH XVHG WR XSGDWH WKH PRGHO WR LQFOXGH QHZ� DFWXDO 30$ LPSOHPHQWDWLRQ RQ WKH FRUUHFW WLPHOLQH
ZLWKLQ 69,+0� 7KLV SURYLGHV D PRGHO XSGDWH WKDW DSSURSULDWHO\ UHSUHVHQWV UHFHQW FKDQJHV LQ 30$
LPSOHPHQWDWLRQ� 7KLV DOORZV IRU D PRUH FRQVLVWHQW HYDOXDWLRQ RI VLPXODWHG YHUVXV PHDVXUHG ZDWHU
OHYHO DQG VWUHDPIORZ GDWD� 7KLV W\SH RI 69,+0 DSSOLFDWLRQ LV DQWLFLSDWHG WR RFFXU DW OHDVW RQFH LQ HYHU\
ILYH�\HDU UHSRUWLQJ SHULRG�

�� &RQFHSWXDO� 30$� DQG 7DUJHW 'DWD WR XSGDWH 69,+0 DQG UH�FDOLEUDWH� ,Q DGGLWLRQ WR ��� DQG ���� FRQ�
FHSWXDO PRGHO GDWD DUH XVHG WR XSGDWH PRGHO SDUDPHWHUV DQG PRGHO ERXQGDU\ FRQGLWLRQV XQUHODWHG WR
30$V WR LPSURYH WKH FRQFHSWXDO PRGHO XQGHUO\LQJ 69,+0 EDVHG RQ QHZ LQVLJKWV DQG GDWD� 7KLV ZLOO
W\SLFDOO\ �EXW QRW DXWRPDWLFDOO\� UHTXLUH D UH�FDOLEUDWLRQ RI WKH PRGHO DJDLQVW PHDVXUHG YDOLGDWLRQ DQG
UH�FDOLEUDWLRQ WDUJHW GDWD� $IWHU WKH UH�FDOLEUDWLRQ� DOO VFHQDULRV RI LQWHUHVW DQG WKH WLPHOLQH RI VWUHDP
GHSOHWLRQ UHYHUVDO DVVRFLDWHG ZLWK HDFK VFHQDULR RI LQWHUHVW DQG DQ\ QHZ VFHQDULR RI LQWHUHVW ZLOO EH
XSGDWHG XVLQJ WKH UH�FDOLEUDWHG PRGHO WR DOORZ IRU FRQVLVWHQW FRPSDULVRQ RI VWUHDP GHSOHWLRQ DQG GH�
SOHWLRQ UHYHUVDO WKDW KDV UHVXOWHG RU ZLOO UHVXOW IURP 30$V� 7KLV W\SH RI 69,+0 DSSOLFDWLRQ LV DQWLFLSDWHG
WR RFFXU DW OHDVW HYHU\ WHQ \HDUV�

)RU H[DPSOH� WKH YHUVLRQ RI 69,+0 XVHG LQ &KDSWHU � ZDV FDOLEUDWHG IRU WKH SHULRG ��������� �VWHS �
DERYH�� WKHQ H[WHQGHG XVLQJ VWHS � DERYH WR FRYHU WKH SHULRG ����������

7KH DERYH SURWRFRO HQVXUHV WLJKW LQWHJUDWLRQ EHWZHHQ PRQLWRULQJ SURJUDPV� SURMHFWV DQG PDQDJHPHQW DF�
WLRQ LPSOHPHQWDWLRQ� DQG 69,+0 DV D PRQLWRULQJ WRRO IRU VXUIDFH ZDWHU GHSOHWLRQ GXH WR JURXQGZDWHU XVH�
,W SURYLGHV WKH PRVW DFFXUDWH HVWLPDWLRQ QRW RQO\ RI VWUHDP GHSOHWLRQ� EXW DOVR QXPHURXV DVVRFLDWHG LQ�
IRUPDWLRQ DERXW ZDWHU OHYHO G\QDPLFV� VWUHDPIORZ G\QDPLFV DQG WKHLU VSDWLDO� VHDVRQDO� LQWHU�DQQXDO� DQG

��
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ZDWHU�\HDU�W\SH�GHSHQGHQW EHKDYLRU� ([DPSOHV RI IXWXUH ILHOG PRQLWRULQJ GDWD XVHG WR DVVHVV DQG LPSURYH
69,+0 DUH OLVWHG EHORZ�

� 9DOLGDWLRQ DQG UH�FDOLEUDWLRQ GDWD �³WDUJHW´ GDWD��

± :DWHU OHYHO LQ WKH ZDWHU OHYHO PRQLWRULQJ QHWZRUN�
± 'DLO\ VWUHDPIORZ PHDVXUHG DW WKH )RUW -RQHV JDXJH RI WKH 6FRWW 5LYHU�
± 'DWD GRFXPHQWLQJ GDWHV DQG ORFDWLRQV RI GU\ VHFWLRQV LQ WKH VWUHDP QHWZRUN�
± /DVW GDWH RQ ZKLFK FHUWDLQ ORZ IORZ WULJJHUV DUH H[FHHGHG LQ WKH VSULQJ UHFHVVLRQ �H�J�� GDWH DW
ZKLFK IORZ DW WKH )RUW -RQHV JDXJH IDOOV EHORZ ��� ��� �� RU �� FIV ���� FPV���

± )LUVW GDWH RQ ZKLFK FHUWDLQ ORZ IORZ WULJJHUV DUH UHDFKHG DV IORZ LQFUHDVHV LQ WKH IDOO �H�J�� GDWH DW
ZKLFK IORZ DW WKH )RUW -RQHV JDXJH H[FHHGV ��� ��� �� RU �� FIV ���� FPV���

� +\GURORJLF DQG K\GURJHRORJLF FRQGLWLRQV �FRQFHSW DQG ³LQSXW´ GDWD��

± 3UHFLSLWDWLRQ GDWD IURP H[LVWLQJ FOLPDWH VWDWLRQV�
± 3RWHQWLDO (7 GDWD FRPSXWHG IRUP H[LVWLQJ FOLPDWH VWDWLRQV�
± 'DLO\ VWUHDPIORZ PHDVXUHG DW ORFDWLRQV QHDU WULEXWDU\ VWUHDP LQIORZ WR 6FRWW 9DOOH\ �H�J�� )UHQFK
&UHHN JDXJH DW +Z\� ���

± 3XPS WHVW GDWD WKDW FRQWDLQ LQIRUPDWLRQ DERXW K\GURJHRORJLF SURSHUWLHV LQ WKH YLFLQLW\ RI D ZHOO�
± *HRORJLF LQIRUPDWLRQ REWDLQHG IURP QHZ ZHOO GULOOLQJ ORJV�
± 'DWD FROOHFWHG LQ FRQMXQFWLRQ ZLWK UHVHDUFK DQG SLORW SURMHFWV FKDUDFWHUL]LQJ K\GURORJLF DQG K\GUR�
JHRORJLF FRQGLWLRQV LQ 6FRWW 9DOOH\�

± ,PSURYHG HVWLPDWHV RI XQLPSDLUHG WULEXWDU\ LQIORZV IURP WKH XSSHU ZDWHUVKHG WR WKH %DVLQ DFFRXQW�
LQJ� H�J�� IRU WKH ORFDWLRQ RI H[LVWLQJ�KLVWRULF JDXJHV UHODWLYH WR GLYHUVLRQ ORFDWLRQV�

± $VVHVV WKH QHHG WR LQFRUSRUDWH IDOO�ZLQWHU VWRFNZDWHU GLYHUVLRQV
± 5HILQH VWUHVV�SHULRG VHWXS LQ 02')/2: �H�J�� GDLO\ LQVWHDG RI PRQWKO\�

� 'DWD DERXW SURMHFWV DQG PDQDJHPHQW DFWLRQV �³30$´ GDWD�� VHH &KDSWHU ��

± 'DWH ZKHQ FHUWDLQ 30$ SKDVHV EHJLQ�
± /RFDWLRQ RI 30$ LPSOHPHQWDWLRQ�


 7KH ORFDWLRQ RI DOO ILHOGV SDUWLFLSDWLQJ LQ 0$5 DFWLYLWLHV GXULQJ D JLYHQ ZDWHU \HDU�

 7KH ORFDWLRQ RI FRQVHUYDWLRQ HDVHPHQWV ZLWK DOWHUHG GLYHUVLRQ RU SXPSLQJ SDWWHUQV GXULQJ D
JLYHQ ZDWHU \HDU�


 7KH ORFDWLRQ RI LPSURYHG LUULJDWLRQ V\VWHPV ZLWK KLJKHU LUULJDWLRQ HIILFLHQFLHV�
± 7LPLQJ DQG YROXPHV RI ZDWHU DVVRFLDWHG ZLWK 30$ LPSOHPHQWDWLRQ�


 7KH WRWDO YROXPH RI ZDWHU UHFKDUJHG LQ 0$5 DFWLYLWLHV GXULQJ D JLYHQ PRQWK RI D JLYHQ ZDWHU
\HDU�


 7KH DPRXQW RI VWUHDPIORZ GLYHUVLRQ GHGLFDWHG WR LQVWUHDP IORZ LQ D JLYHQ PRQWK RI D JLYHQ
ZDWHU \HDU�


 7KH DPRXQW RI SXPSLQJ FXUWDLOPHQW LPSOHPHQWHG LQ D JLYHQ PRQWK RI D JLYHQ ZDWHU \HDU�

 7KH UHGXFWLRQ LQ (7 RYHU WKH WRWDO JURZLQJ VHDVRQ LQ D FRQVHUYDWLRQ HDVHPHQW�

 )LUVW LQVWDOODWLRQ GDWH RI LPSURYHG LUULJDWLRQ V\VWHPV ZLWK KLJKHU LUULJDWLRQ HIILFLHQFLHV DQG HV�
WLPDWHG LPSURYHPHQWV LQ LUULJDWLRQ HIILFLHQF\�


 3HUIRUP DGGLWLRQDO VHQVLWLYLW\ DQDO\VLV RQ FRQFHSWXDO PRGHO LQSXWV DQG 30$ GDWD LQSXWV�

$VVHVVLQJ DQG ,PSURYLQJ 5HODWHG 0RQLWRULQJ 1HWZRUNV
$V GLVFXVVHG DERYH� RQH PDMRU GDWD JDS LGHQWLILHG LV IORZV LQ WULEXWDU\ VWUHDPV� 7KRXJK VRPH DFWLYH JDXJHV
H[LVW RQ WULEXWDU\ VWUHDPV �QRWDEO\ RQ 6XJDU &UHHN� )UHQFK &UHHN DQG 6KDFNOHIRUG� VHH WDEOH LQ &KDSWHU �
6HFWLRQ ��������� RWKHU PDMRU WULEXWDULHV GR QRW DSSHDU WR EH DFWLYHO\ JDXJHG EDVHG RQ SXEOLFO\ DYDLODEOH GDWD�
'DWD JDSV LQ WULEXWDU\ IORZV ZLOO EH DGGUHVVHG WKURXJK SULRULWL]DWLRQ RI VWUHDPV IRU PHDVXUHPHQW DQG *6$

��
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FRRUGLQDWLRQ ZLWK RWKHU DJHQFLHV IRU DGGLWLRQ RI VWUHDP JDXJHV� 5HSHDWHG HYDOXDWLRQV RI WKH QHWZRUN ZLOO
RFFXU RQ D ILYH�\HDU EDVLV� $GGLWLRQDO VWUHDP JDXJHV PD\ EH LPSOHPHQWHG WKURXJKRXW *63 LPSOHPHQWDWLRQ
SHULRG� 6WUHDPV VKRXOG EH SULRULWL]HG DFFRUGLQJ WR KRZ PXFK IORZ HDFK VWUHDP FRQWULEXWHV WR WKH %DVLQ�
$FFRUGLQJ WR HVWLPDWHG IORZ YROXPHV LQ 69,+0� WKH ILYH KLJKHVW�SULRULW\ WULEXWDULHV IRU LQVWDOODWLRQ RI IORZ
JDXJHV ZRXOG EH (DVW DQG 6RXWK )RUN 6FRWW 5LYHU �SRVVLEO\ LPPHGLDWHO\ EHORZ WKHLU FRQIOXHQFH� DQG .LGGHU�
(WQD� DQG 6KDFNOHIRUG &UHHNV �7DEOH ��� )UHQFK &UHHN LV DOVR D SULRULW\ ORFDWLRQ IRU LQVWDOODWLRQ RI D IORZ
JDXJH GXH WR LWV YDOXH DV KDELWDW IRU FRKR VDOPRQ� D SULRULW\ *'( LQ WKH %DVLQ� ,I SRVVLEOH� WKHVH JDXJHV
VKRXOG EH ORFDWHG QHDU WKH %DVLQ ERXQGDU\ WR FDSWXUH IORZ FRQGLWLRQV EHIRUH VWUHDPV LQWHUDFW ZLWK WKH DOOXYLDO
DTXLIHU XQGHUO\LQJ WKH IODW YDOOH\ IORRU�

7ULEXWDU\ 1DPH 3URSRUWLRQ RI WRWDO LQIORZ WR 69,+0
(DVW )RUN ���
.LGGHU &UHHN ���
(WQD &UHHN ���
6KDFNOHIRUG &UHHN ���
6RXWK )RUN ���
)UHQFK &UHHN ��
3DWWHUVRQ &UHHN ��
6XJDU &UHHN ��
0LOO &UHHN ��
0RIIHWW &UHHN ��
-RKQVRQ &UHHN ��
&U\VWDO &UHHN ��

7DEOH �� 0DMRU WULEXWDU\ VWUHDPV WR WKH 6FRWW 5LYHU DQG WKH SURSRUWLRQ RI WRWDO IORZ LQSXWV WR WKH PRGHO GRPDLQ
VLPXODWHG LQ 69,+0� 7KH VRXUFH IRU WKLV GDWD LV WKH DYDLODEOH WULEXWDU\ LQIORZ UHFRUGV� ZLWK PLVVLQJ GDLO\
YDOXHV LQWHUSRODWHG XVLQJ D VWUHDPIORZ UHJUHVVLRQ PRGHO �VHH &KDSWHU �� 6HFWLRQ �������� DQG $SSHQGL[ ��)
IRU PRUH LQIRUPDWLRQ��

��



��� 6XVWDLQDEOH 0DQDJHPHQW &ULWHULD

����� *URXQGZDWHU (OHYDWLRQ

60& IRU JURXQGZDWHU OHYHOV DUH YLVXDOL]HG LQ )LJXUH �� DQG LQ H[DPSOH K\GURJUDSK IRUP LQ )LJXUH ��

������� 8QGHVLUDEOH 5HVXOWV

&KURQLF ORZHULQJ RI JURXQGZDWHU OHYHOV LV FRQVLGHUHG VLJQLILFDQW DQG XQUHDVRQDEOH ZKHQ D VLJQLILFDQW QXP�
EHU RI SULYDWH� DJULFXOWXUDO� LQGXVWULDO� RU PXQLFLSDO SURGXFWLRQ ZHOOV FDQ QR ORQJHU SXPS HQRXJK JURXQGZDWHU
WR VXSSO\ EHQHILFLDO XVHV� RU ZKHQ ORZHU JURXQGZDWHU OHYHOV DGYHUVHO\ DIIHFW HQYLURQPHQWDO XVHV DQG XVHUV
RI LQWHUFRQQHFWHG VXUIDFH ZDWHU DQG JURXQGZDWHU�GHSHQGHQW HFRV\VWHPV� 6*0$ GHILQHV XQGHVLUDEOH UH�
VXOWV UHODWHG WR JURXQGZDWHU OHYHOV DV FKURQLF ORZHULQJ RI JURXQGZDWHU OHYHOV LQGLFDWLQJ D VLJQLILFDQW DQG
XQUHDVRQDEOH GHSOHWLRQ RI VXSSO\ LI FRQWLQXHG RYHU WKH SODQQLQJ DQG LPSOHPHQWDWLRQ KRUL]RQ� 7KH ORZHULQJ
RI ZDWHU OHYHOV GXULQJ D SHULRG RI GURXJKW LV QRW WKH VDPH DV �L�H�� GRHV QRW FRQVWLWXWH� ³FKURQLF´ ORZHULQJ
RI JURXQGZDWHU OHYHOV LI H[WUDFWLRQV DQG JURXQGZDWHU UHFKDUJH DUH PDQDJHG DV QHFHVVDU\ WR HQVXUH WKDW
UHGXFWLRQV LQ JURXQGZDWHU OHYHOV RU VWRUDJH GXULQJ D SHULRG RI GURXJKW DUH RIIVHW E\ LQFUHDVHV LQ JURXQGZDWHU
OHYHOV RU VWRUDJH GXULQJ RWKHU SHULRGV�

)LJXUH �� 7KHUPRPHWHU YLVXDOL]DWLRQ RI 60& GHILQLWLRQV IRU JURXQGZDWHU OHYHOV �:/��

��
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��



6FRWW 9DOOH\ *63 &KDSWHU �

3RWHQWLDO LPSDFWV DQG WKH H[WHQW WR ZKLFK WKH\ DUH FRQVLGHUHG VLJQLILFDQW DQG XQUHDVRQDEOH ZHUH GHWHUPLQHG
E\ WKH *6$ ZLWK LQSXW E\ WHFKQLFDO DGYLVRUV DQG PHPEHUV RI WKH SXEOLF� 'XULQJ GHYHORSPHQW RI WKH *63�
WKH *6$ LGHQWLILHG SRWHQWLDO VLJQLILFDQW DQG XQUHDVRQDEOH GHSOHWLRQ RI VXSSO\� LQFOXGLQJ�

� ([FHVVLYH QXPEHU RI GRPHVWLF� SXEOLF� RU DJULFXOWXUDO ZHOOV JRLQJ GU\�
� ([FHVVLYH UHGXFWLRQ LQ WKH SXPSLQJ FDSDFLW\ RI H[LVWLQJ ZHOOV�
� ([FHVVLYH LQFUHDVH LQ SXPSLQJ FRVWV GXH WR JUHDWHU OLIW�
� ([FHVVLYH QHHG IRU GHHSHU ZHOO LQVWDOODWLRQV RU ORZHULQJ RI SXPSV�
� ([FHVVLYH ILQDQFLDO EXUGHQ WR ORFDO DJULFXOWXUDO LQWHUHVWV�
� $GYHUVH LPSDFWV WR HQYLURQPHQWDO XVHV DQG XVHUV� LQFOXGLQJ LQWHUFRQQHFWHG VXUIDFH ZDWHU DQG
JURXQGZDWHU�GHSHQGHQW HFRV\VWHPV �*'(V� �DOVR VHH 6HFWLRQ �������

:LWK VRPH FDYHDWV� QRQH RI WKH DERYH FRQGLWLRQV KDYH RFFXUUHG� HLWKHU KLVWRULFDOO\ RU VLQFH ����� 7KH
SULPDU\ H[FHSWLRQ LV WKDW LQWHUFRQQHFWHG VXUIDFH ZDWHU KDV EHHQ LPSDFWHG E\ JURXQGZDWHU SXPSLQJ DQG�
KHQFH� E\ UHVXOWLQJ FKDQJHV LQ ZDWHU OHYHOV �&KDSWHU ��� 7KLV XQGHVLUDEOH UHVXOW LV DGGUHVVHG H[SOLFLWO\ LQ
VHFWLRQ ������

7KH GU\ ZHOO FRQGLWLRQ LV DOVR ZRUWK H[SDQGLQJ RQ� $YDLODEOH GDWD VXJJHVWV WKDW WKLV XQGHVLUDEOH UHVXOW LV QRW
RFFXUULQJ� WKRXJK GDWD JDSV OLPLW WKH DELOLW\ WR DQDO\]H LW GLUHFWO\�

7KH GDWD JDS LV D PLVPDWFK LQ WZR NH\ GDWD UHVRXUFHV�

�� D GDWDEDVH RI ZHOO SHUIRUDWLRQV DQG GHSWKV� FROOHFWHG IURP :HOO &RPSOHWLRQ 5HSRUWV �:&5V� E\ 8&
'DYLV UHVHDUFKHUV GXULQJ GHYHORSPHQW RI WKH 69,+0PRGHO ���� WRWDO ZHOOV� �� ZLWK SHUIRUDWLRQ LQWHUYDO
GDWD�� DQG

�� D GDWDEDVH RI JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQWV �LQ �� WRWDO ZHOOV�� 7KRXJK WKHVH GDWDVHWV SURYLGH
WZR QHFHVVDU\ SLHFHV RI LQIRUPDWLRQ� WKH YDVW PDMRULW\ RI :&5V DUH RQO\ JHR�ORFDWHG WR WKH OHYHO RI
D 3/66 VHFWLRQ �ZLWK DQ DUHD RI RQH VTXDUH PLOH�� DQG WKH :&5V KDYH QRW EHHQ DVVRFLDWHG ZLWK
JURXQGZDWHU HOHYDWLRQ UHFRUGV� 7KLV PLVPDWFK PDNHV LW LPSRVVLEOH WR V\VWHPDWLFDOO\ HYDOXDWH WKH ULVN
RI JURXQGZDWHU HOHYDWLRQV IDOOLQJ EHORZ WKH UHOHYDQW ZHOO VFUHHQV�

'HVSLWH WKLV GDWD JDS� LQGLUHFW HYLGHQFH VXJJHVWV WKDW WKLV XQGHVLUDEOH UHVXOW LV QRW WDNLQJ SODFH� 5HFHQWO\�
RQO\ WZR GU\ ZHOOV KDYH EHHQ UHSRUWHG LQ 6FRWW 9DOOH\ �&DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV �':5�
������ $GGLWLRQDOO\� D FRPSDULVRQ EHWZHHQ WKH GLVWULEXWLRQ RI GHSWKV RI ZHOOV LQ 6FRWW 9DOOH\ ���� ZHOOV ZLWK
GHSWK GDWD� DQG WKH GLVWULEXWLRQ RI REVHUYHG JURXQGZDWHU GHSWKV LQ WKH SDVW �� \HDUV LQGLFDWH WKDW� ZKLOH
ZDWHU OHYHOV IDOOLQJ EHORZ ZHOO GHSWKV FHUWDLQO\ PD\ KDYH KDSSHQHG LQ WKH ODVW �� \HDUV� WKH DJJUHJDWH
REVHUYHG JURXQGZDWHU OHYHOV DUH ZHOO DERYH NQRZQ ZHOO GHSWKV �)LJXUH ���

2SHUDWLRQDOO\� DQ XQGHVLUDEOH UHVXOW IRU ZDWHU OHYHO ZRXOG RFFXU LI WKH ORZ ZDWHU OHYHO REVHUYDWLRQ LQ WKH IDOO
�L�H�� WKH PLQLPXP HOHYDWLRQ LQ DQ\ JLYHQ ZDWHU \HDU� LQ DQ\ RI WKH UHSUHVHQWDWLYH PRQLWRULQJ VLWHV LQ WKH
%DVLQ GURS EHORZ WKHLU UHVSHFWLYH PLQLPXP WKUHVKROGV LQ WZR FRQVHFXWLYH \HDUV� 1R IXUWKHU IHGHUDO� VWDWH�
RU ORFDO VWDQGDUGV H[LVW IRU FKURQLF ORZHULQJ RI JURXQGZDWHU HOHYDWLRQV�

3RWHQWLDO &DXVHV 8QGHVLUDEOH 5HVXOWV
%DVLQ JURXQGZDWHU SXPSLQJ FXUUHQWO\ GRHV QRW H[FHHG WKH VXVWDLQDEOH \LHOG RI WKH %DVLQ �DV GLVFXVVHG LQ
&KDSWHU ��� )XWXUH GHFOLQH LQ ZDWHU OHYHOV LQ WKH %DVLQ PD\ RFFXU GXH WR VHYHUDO SRVVLEOH FDXVHV� HYHQ
DEVHQW FRQGLWLRQV RI RYHUGUDIW �VHH &KDSWHU ���������

� &KDQJH LQ %DVLQ SXPSLQJ GLVWULEXWLRQ DQG�RU YROXPHV�
� 5HGXFWLRQ LQ QDWXUDO UHFKDUJH DV D UHVXOW RI FOLPDWH FKDQJH� RU RWKHU VRXUFHV WKDW UHGXFH UHFKDUJH RU
LQFUHDVH JURXQGZDWHU SXPSLQJ�
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)LJXUH �� 7KH SUREDELOLW\� RQ WKH [�D[LV� RI ZHOO GHSWKV �Q  ��� ZHOOV� DQG JURXQGZDWHU GHSWKV �Q  �����
PHDVXUHPHQWV� H[FHHGLQJ WKH GHSWK EHORZ JURXQG VXUIDFH OLVWHG RQ WKH \�D[LV� 'LVSOD\V WKH RYHUDOO GLVWUL�
EXWLRQ RI NQRZQ ZHOO GHSWKV DQG JURXQGZDWHU GHSWKV PHDVXUHG ����������
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&KDQJHV LQ SXPSLQJ GLVWULEXWLRQ DQG YROXPH PD\ RFFXU GXH WR VLJQLILFDQW UXUDO UHVLGHQWLDO� DJULFXOWXUDO� DQG
XUEDQ JURZWK WKDW GHSHQG RQ JURXQGZDWHU DV D ZDWHU VXSSO\� &OLPDWH FKDQJH LV H[SHFWHG WR UDLVH DYHUDJH
DQQXDO WHPSHUDWXUHV� GHFUHDVH WKH ZLQWHU VQRZ�SDFN� VKRUWHQ WKH VQRZ�PHOW VHDVRQ� DQG LQWHQVLI\ UDLQIDOO
SHULRGV ZKLOH H[WHQGLQJ GU\ SHULRGV �':5 &&7$* ������ 7RJHWKHU ZLWK UHVXOWLQJ YHJHWDWLRQ FKDQJHV LQ
VXUURXQGLQJ XSODQGV� FOLPDWH FKDQJHPD\ VLJQLILFDQWO\ LQFUHDVH RU GHFUHDVH UHFKDUJH FRPSDUHG WR KLVWRULFDO
FRQGLWLRQV� 7R WKH GHJUHH WKDW FOLPDWH FKDQJH PD\ OHDG WR UHGXFHG UHFKDUJH LQ DQG UXQRII IURP VXUURXQGLQJ
XSODQGV� VWUHDP UHFKDUJH WR WKH %DVLQ �HVSHFLDOO\ RQ WKH XSSHU DOOXYLDO IDQV� ZLOO EH ORZHU DQG WKXV UHGXFH
WKH G\QDPLF HTXLOLEULXP ZDWHU OHYHO LQ WKH %DVLQ �&KDSWHU �� 6HFWLRQ ��������� 2Q WKH RWKHU KDQG� IXWXUH
LQFUHDVHG UHFKDUJH DQG UXQRII LQ WKH VXUURXQGLQJ XSODQGV PD\ KDYH WKH RSSRVLWH HIIHFWV DQG WKXV UDLVH
ZDWHU OHYHOV LQ WKH %DVLQ�

7KH *6$ ZLOO FRRUGLQDWH ZLWK UHOHYDQW DJHQFLHV DQG VWDNHKROGHUV ZLWKLQ WKH %DVLQ DQG WKH ODUJHU ZDWHUVKHG
WR LPSOHPHQW PDQDJHPHQW DFWLRQV DQG SURMHFWV WR VXVWDLQDEO\ PDQDJH JURXQGZDWHU OHYHOV LQ WKH %DVLQ�

(IIHFWV RI 8QGHVLUDEOH 5HVXOWV RQ %HQHILFLDO 8VHV DQG 8VHUV
8QGHVLUDEOH UHVXOWV ZRXOG SUHYHQW DQ XQNQRZQ QXPEHU RI SULYDWH� DJULFXOWXUDO� LQGXVWULDO� RU PXQLFLSDO SUR�
GXFWLRQ ZHOOV IURP VXSSO\LQJ JURXQGZDWHU WR PHHW WKHLU ZDWHU GHPDQGV� 6RPH ZHOOV PD\ HYHQ JR GU\
WHPSRUDULO\� &KURQLF ZHOO RXWDJHV DUH QRW H[SHFWHG LQ 6FRWW 9DOOH\ GXH WR WKH ODFN RI ORQJ�WHUP RYHUGUDIW DQG
VHDVRQDO YDULDWLRQ LQ ZDWHU OHYHOV� 7HPSRUDU\ ZHOO RXWDJHV PD\ LQLWLDOO\ DIIHFW WKH VKDOORZHVW ZHOOV� ZKLFK
WHQG WR EH ORFDWHG LQ WKH YDOOH\ ERWWRP DQG LQ VRPH ORFDWLRQV� WHQG WR EH GRPHVWLF ZHOOV�

7KH IROORZLQJ SURYLGHV JUHDWHU GHWDLO UHJDUGLQJ WKH SRWHQWLDO LPSDFW RI WHPSRUDU\ ZHOO RXWDJHV RQ VHYHUDO
PDMRU FODVVHV RI EHQHILFLDO XVHUV�

� 0XQLFLSDO 'ULQNLQJ :DWHU 8VHUV ± 8QGHVLUDEOH UHVXOWV GXH WR GHFOLQLQJ JURXQGZDWHU OHYHOV FDQ DG�
YHUVHO\ DIIHFW FXUUHQW DQG SURMHFWHG PXQLFLSDO XVHUV� FDXVLQJ LQFUHDVHG FRVWV IRU SRWDEOH ZDWHU VXS�
SOLHV�

� 5XUDO DQG�RU $JULFXOWXUDO 5HVLGHQWLDO 'ULQNLQJ:DWHU 8VHUV ± 6HDVRQDO ORZ JURXQGZDWHU OHYHOV FDQ
FDXVH VKDOORZ GRPHVWLF DQG VWRFN ZHOOV WR JR GU\� ZKLFK PD\ FDXVH VHDVRQDO ZHOO RXWDJHV DQG UHVWULFW
ZDWHU DFFHVV GXULQJ SHULRGV RI KLJKHVW FURS RU SDVWXUH ZDWHU GHPDQG� $GGLWLRQDOO\� WKH ORZHULQJ RI WKH
ZDWHU WDEOH PD\ OHDG WR GHFUHDVHG JURXQGZDWHU TXDOLW\ GULQNLQJ ZDWHU ZHOOV�

� $JULFXOWXUDO 8VHUV ± ([FHVVLYH VHDVRQDO ORZHULQJ RI JURXQGZDWHU OHYHOV FRXOG QHFHVVLWDWH FKDQJHV
LQ LUULJDWLRQ SUDFWLFHV DQG FURSV JURZQ DQG FRXOG FDXVH DGYHUVH HIIHFWV WR SURSHUW\ YDOXHV DQG WKH
UHJLRQDO HFRQRP\�

� (QYLURQPHQWDO 8VHV ± 'HHS JURXQGZDWHU OHYHOV PD\ UHVXOW LQ VLJQLILFDQW DQG XQUHDVRQDEOH UHGXFWLRQ
RI JURXQGZDWHU IORZ WRZDUG VWUHDPV DQG JURXQGZDWHU GHSHQGHQW HFRV\VWHPV� 7KLV ZRXOG DGYHUVHO\
DIIHFW HFRV\VWHP IXQFWLRQV UHODWHG WR EDVHIORZ DQG VWUHDP WHPSHUDWXUH� DV ZHOO DV UHVLGHQW VSHFLHV�

�������� 0LQLPXP 7KUHVKROGV

$W HDFK LQGLYLGXDO ZDWHU OHYHO 503� WKHPLQLPXP WKUHVKROG �0LQ7� LV VHW DW WKH 503¶V KLVWRULF PD[LPXPGHSWK
WR ZDWHU PHDVXUHPHQW SULRU ���� �L�H�� WKH KLVWRULF ORZ PHDVXUHG JURXQGZDWHU HOHYDWLRQ SULRU WR ������ SOXV
D EXIIHU WR DOORZ IRU RSHUDWLRQDO IOH[LELOLW\ DJDLQVW WKH PHDVXUDEOH REMHFWLYH XQGHU H[WUHPH FOLPDWH FRQGLWLRQV
DQG WR DFFRPPRGDWH SUDFWLFDEOH WULJJHUV� 7KH EXIIHU LV HLWKHU ��� RI WKH KLVWRULF PD[LPXP GHSWK WR ZDWHU
PHDVXUHPHQW� RU �� IHHW� ZKLFKHYHU LV VPDOOHU �7DEOH ��� 7KH SURSRVHG UHSUHVHQWDWLYH PRQLWRULQJ SRLQWV IRU
JURXQGZDWHU OHYHOV DQG DVVRFLDWHG 0LQ7 GHSWKV WR ZDWHU DUH VKRZQ LQ )LJXUH ��

$GGLWLRQDO DQDO\VLV� VXJJHVWLQJ WKDW WKH QXPEHU RI ZHOOV DIIHFWHG E\ JURXQGZDWHU HOHYDWLRQV DW WKH 0LQ7 LV
SUREDEO\ YHU\ VPDOO� LV LQFOXGHG LQ $SSHQGL[ ��& �6FRWW 'U\ :HOO 5LVN $QDO\VLV�� /LPLWDWLRQV LQ DYDLODEOH GDWD
UHVRXUFHV LQWURGXFH VRPH XQFHUWDLQW\ LQWR WKLV DVVHVVPHQW WKDW FDQ EH DGGUHVVHG RQFH GDWD JDSV DUH ILOOHG�

7ULJJHUV
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7KH SULPDU\ WULJJHU IRU PDQDJHPHQW DFWLRQV LV LI WKH ZDWHU OHYHO IDOOV EHORZ WKH KLVWRULF ORZ LQ DQ\ LQGLYLGXDO
ZHOO IRU PRUH WKDQ WZR FRQVHFXWLYH \HDUV �³DFWLRQ WULJJHU´�� $ VHFRQGDU\ WULJJHU IRU PDQDJHPHQW DFWLRQV ZLOO
EH LI D VLJQLILFDQW QXPEHU RI ZHOO RXWDJH UHSRUWV DUH UHFHLYHG� 7KH ODWWHU WULJJHU LV QRW ZDWHU�OHYHO�VSHFLILF
EXW LQVWHDG LV LQIRUPHG E\ LPSDFWV WR ZHOO XVHUV� ,I HLWKHU RI WKHVH WULJJHUV RFFXUV� WKH *6$ ZLOO FRQGXFW DQ
LQYHVWLJDWLRQ DQG PD\ XVH PDQDJHPHQW DFWLRQV WR SURDFWLYHO\ DYRLG WKH RFFXUUHQFH RI �IXUWKHU� XQGHVLUDEOH
UHVXOWV�

�������� 0HDVXUDEOH 2EMHFWLYH

7KH 02 LV GHILQHG DV WKH GHVLUHG RSHUDWLQJ UDQJH IRU JURXQGZDWHU OHYHOV� ZLWK D PLQLPXP DQG PD[LPXP
YDOXH IRU WKH 02� 7KH 02 UDQJH LV GHILQHG LQGLYLGXDOO\ IRU HDFK 503� 7KH JRDO IRU WKLV 60& LV WR NHHS ZDWHU
OHYHOV DERYH WKHLU KLVWRULF ORZV� )RU WKLV UHDVRQ� WKH PLQLPXP 02 HOHYDWLRQ LV VHW DW WKH ��WK SHUFHQWLOH
ORZHVW ZDWHU HOHYDWLRQ PHDVXUHG LQ HDFK ZHOO �L�H�� WKH REVHUYHG HOHYDWLRQ DW ZKLFK ��� RI RWKHU REVHUYHG
HOHYDWLRQV IDOO EHORZ LW�� 7KH PD[LPXP 02 LV WKH KLJKHVW REVHUYHG ZDWHU OHYHO DW HDFK 503�

0LQLPXP PHDVXUDEOH REMHFWLYHV DUH VKRZQ LQ 7DEOH � DQG DQ H[DPSOH 02 JUDSK LV VKRZQ LQ )LJXUH ��

7KH GLIIHUHQFH LQ JURXQGZDWHU OHYHOV EHWZHHQ WKH PLQLPXP PHDVXUDEOH REMHFWLYH DQG SULPDU\ WULJJHU JLYHV
D PDUJLQ RI RSHUDWLRQDO IOH[LELOLW\� RU PDUJLQ RI VDIHW\� IRU YDULDWLRQ LQ JURXQGZDWHU OHYHOV GXH WR VHDVRQDO�
DQQXDO� RU GURXJKW YDULDWLRQV� *URXQGZDWHU OHYHOV PLJKW GURS LQ GURXJKW \HDUV EXW ULVH LQ ZHW \HDUV WKDW
UHFKDUJH WKH DTXLIHU DQG RIIVHW GURXJKW \HDUV�

�������� 3DWK WR $FKLHYH 0HDVXUDEOH 2EMHFWLYHV

7KH *6$ ZLOO VXSSRUW DFKLHYHPHQW RI WKH PHDVXUDEOH REMHFWLYHV E\ PRQLWRULQJ JURXQGZDWHU OHYHOV DQG FR�
RUGLQDWLQJ ZLWK DJHQFLHV DQG VWDNHKROGHUV ZLWKLQ WKH %DVLQ WR LPSOHPHQW SURMHFWV DQG PDQDJHPHQW DFWLRQV
�30$V�� 7KH *6$ ZLOO UHYLHZ DQG DQDO\]H JURXQGZDWHU OHYHO GDWD WR HYDOXDWH DQ\ FKDQJHV LQ JURXQGZDWHU
OHYHOV UHVXOWLQJ IURP JURXQGZDWHU SXPSLQJ RU UHFKDUJH SURMHFWV LQ WKH %DVLQ� 8VLQJPRQLWRULQJ GDWD FROOHFWHG
DV SDUW RI *63 LPSOHPHQWDWLRQ� WKH *6$ ZLOO GHYHORS LQIRUPDWLRQ �H�J�� K\GURJUDSK SORWV� WR GHPRQVWUDWH
WKDW SURMHFWV DQG PDQDJHPHQW DFWLRQV DUH RSHUDWLQJ WR PDLQWDLQ RU LPSURYH JURXQGZDWHU OHYHO FRQGLWLRQV
LQ WKH %DVLQ DQG WR DYRLG XQUHDVRQDEOH JURXQGZDWHU OHYHOV� 6KRXOG JURXQGZDWHU OHYHOV GURS WR D WULJJHU
RU PLQLPXP WKUHVKROG DV WKH UHVXOW RI *6$ SURMHFW LPSOHPHQWDWLRQ� WKH *6$ ZLOO LPSOHPHQW PHDVXUHV WR
DGGUHVV WKLV RFFXUUHQFH DV LOOXVWUDWHG LQ )LJXUH �� WKDW GHSLFWV WKH KLJK�OHYHO GHFLVLRQ PDNLQJ WKDW JRHV LQWR
GHYHORSLQJ 60&� WKH PRQLWRULQJ WR GHWHUPLQH LI FULWHULD DUH PHW� DQG DFWLRQV WR EH WDNHQ EDVHG RQ PRQLWRULQJ
UHVXOWV�

7R PDQDJH JURXQGZDWHU OHYHOV� WKH *6$ ZLOO SDUWQHU ZLWK ORFDO DJHQFLHV DQG VWDNHKROGHUV WR LPSOHPHQW
30$V� 30$V DUH SUHVHQWHG LQ IXUWKHU GHWDLO LQ &KDSWHU �� ,PSOHPHQWDWLRQ WLPHOLQHV DQG DSSUR[LPDWH FRVWV
DUH GLVFXVVHG LQ &KDSWHU �� ([DPSOHV RI SRVVLEOH *6$ DFWLRQV LQFOXGH VWDNHKROGHU HGXFDWLRQ DQG RXWUHDFK
DQG VXSSRUW IRU LPSDFWHG VWDNHKROGHUV�

:KHUH WKH FDXVH RI JURXQGZDWHU OHYHO GHFOLQH LV XQNQRZQ� WKH *6$ ZLOO FRQGXFW DGGLWLRQDO RU PRUH IUHTXHQW
PRQLWRULQJ RU LQLWLDWH DGGLWLRQDO PRGHOLQJ� 7KH QHHG IRU DGGLWLRQDO VWXGLHV RQ JURXQGZDWHU OHYHOV ZLOO EH
DVVHVVHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� 7KH *6$ PD\ LGHQWLI\ NQRZOHGJH UHTXLUHPHQWV� VHHN IXQGLQJ�
DQG KHOS WR LPSOHPHQW DGGLWLRQDO VWXGLHV�

,QWHULP 0LOHVWRQHV
%HFDXVH XQGHVLUDEOH UHVXOWV DUH QRW FXUUHQWO\ RFFXUULQJ� WKH PDQDJHPHQW REMHFWLYH RI WKH *6$ ZLOO EH WR
PDLQWDLQ JURXQGZDWHU OHYHOV DERYH KLVWRULF ORZV DQG GHILQHG 07V� ,QWHULP PLOHVWRQHV DUH WKHUHIRUH QRW
QHHGHG IRU WKLV VXVWDLQDELOLW\ LQGLFDWRU�

��
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Proposed Scott RMPs

MT Depth (ft bgs)
0−10
10−20
20−30
30−50
50−100
100−150

42N09W27N002M

43N09W23F001M

43N09W02P002M

44N09W25R001M
44N09W29J001M

C26

E3

H6

K9

L31

L32

M10

M12

M2

N17 P43

Q32

R24

SCT_173

SCT_186

QV09

D31

G31
L18

Z36

SCT_202

QV18

QV01

SCT_183

Coverage
Priority 1
Priority 2

)LJXUH �� 0LQLPXP WKUHVKROGV IRU WKH JURXQGZDWHU OHYHOV DQG VWRUDJH PRQLWRULQJ QHWZRUN�
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�������� ,QIRUPDWLRQ DQG 0HWKRGRORJ\ 8VHG WR (VWDEOLVK 0LQLPXP 7KUHVKROGV DQG 0HDVXU�
DEOH 2EMHFWLYHV

+LVWRULFDO ZDWHU OHYHOV LQGLFDWH WKDW WKHUH LV QR RYHUGUDIW DQG QR ORQJ�WHUP GHFOLQH LQ ZDWHU OHYHOV� :KHUH
ZDWHU OHYHOV KDYH EHHQ REVHUYHG VLQFH WKH ����V� GHFOLQHV LQ IDOO ZDWHU OHYHOV RFFXUUHG LQ WKH ����V� EXW
KDYH UHPDLQHG VWHDG\ RYHU WKH SDVW �� \HDUV� +RZHYHU� EHORZ DYHUDJH ZDWHU \HDU W\SHV KDYH RFFXUUHG
PRUH IUHTXHQWO\ RYHU WKH SDVW WZR GHFDGHV� $YHUDJH SUHFLSLWDWLRQ RYHU WKH SDVW �� \HDUV �����±����� KDV
EHHQ ORZHU ����� LQFKHV�\HDU ��� FP�\HDU�� WKDQ WKH DYHUDJH SUHFLSLWDWLRQ GXULQJ WKH PHDVXUHG UHFRUG LQ WKH
��WK FHQWXU\ ����� LQFKHV�\HDU ����� FP�\HDU�� VHH &KDSWHU ��� <HW� ZDWHU OHYHOV KDYH EHHQ UHODWLYHO\ VWHDG\
RYHU WKH SDVW �� \HDUV ZLWK VHDVRQDO IOXFWXDWLRQV WKDW DUH UHODWLYHO\ VPDOO QHDU WKH WURXJK RI WKH 9DOOH\ DQG
ODUJHVW RQ XSSHU DOOXYLDO IDQV �ZHVWVLGH� HDVWVLGH JXOFKHV� VHH )LJXUH �� LQ &KDSWHU �� 6HFWLRQ ��������� $
IHZ ZHOOV KDYH VHHQ GHFOLQHV LQ IDOO ZDWHU OHYHOV EXW QR GHFOLQHV LQ VSULQJ ZDWHU OHYHO RYHU WKH ����±����
SHULRG� 1R VLJQLILFDQW WUHQG LV YLVLEOH DFURVV WKH %DVLQ RYHU WKH GHWDLOHG REVHUYDWLRQ SHULRG IURP ���� WR
���� �VHH )LJXUH �� LQ 6HFWLRQ ������� DQG K\GURJUDSKV DOO RWKHU ZHOOV LQ $SSHQGL[ ��$�� 7KH \HDUV �����
����� DQG ���� ZHUH H[FHSWLRQDOO\ GU\ LQ 6FRWW 9DOOH\� ZLWK WKH ORZHVW ZDWHU OHYHOV LQ PRVW ZHOOV REVHUYHG
LQ ���� DQG ZLWK ORZHVW OHYHOV LQ VRPH ZHOOV REVHUYHG LQ ����� 2YHU WKH SDVW WZR GHFDGHV� GXH WR FOLPDWH
FRQGLWLRQV� ORZ VXPPHU DQG IDOO ZDWHU OHYHOV KDYH OLNHO\ RFFXUUHG PRUH RIWHQ WKDQ LQ WKH VHFRQG KDOI RI WKH
��WK FHQWXU\� DOWKRXJK YHU\ IHZ ZDWHU OHYHO GDWD DUH DYDLODEOH IRU WKDW SHULRG�

7KH PLQLPXP WKUHVKROGV ZHUH VHOHFWHG EDVHG RQ KLVWRULFDO JURXQGZDWHU OHYHO GDWD DQG VWDNHKROGHU LQSXW�
+LVWRULFDOO\� ZHOO RXWDJHV KDYH QRW EHHQ DQ LVVXH LQ WKH %DVLQ DQGPDLQWDLQLQJ JURXQGZDWHU OHYHOV DW RU DERYH
KLVWRULFDO OHYHOV VKRXOG DYRLG IXWXUH RXWDJHV� *URXQGZDWHU OHYHO WUHQGV DQG FXUUHQW FRQGLWLRQV DUH GLVFXVVHG
LQ 6HFWLRQ �������� ,Q HVWDEOLVKLQJ PLQLPXP WKUHVKROGV IRU JURXQGZDWHU OHYHOV� WKH IROORZLQJ LQIRUPDWLRQ ZDV
FRQVLGHUHG�

� )HHGEDFN DERXW JURXQGZDWHU OHYHO FRQFHUQV IURP VWDNHKROGHUV�
� $Q DVVHVVPHQW RI DYDLODEOH KLVWRULFDO DQG FXUUHQW JURXQGZDWHU OHYHO GDWD IURP ZHOOV LQ WKH %DVLQ�
� $ FROOHFWLRQ RI ZHOO LQIRUPDWLRQ UHJDUGLQJ ZDWHU EHDULQJ IRUPDWLRQ� GHSWK� DQG VFUHHQ FKDUDFWHULVWLFV�
DV ZHOO DV DQ DVVHVVPHQW RI GDWD WR LQIRUP D ZHOO RXWDJH DQDO\VLV �LQVXIILFLHQW GDWD ZHUH DYDLODEOH WR
FRPSOHWH WKLV DQDO\VLV��

� 5HVXOWV RI WKH FRPSOHWHG QXPHULFDO JURXQGZDWHU PRGHO� LQGLFDWLQJ JURXQGZDWHU IORZ GLUHFWLRQ DQG VHD�
VRQDO FKDQJHV LQ HOHYDWLRQ�

� ,QSXW IURP VWDNHKROGHUV UHVXOWLQJ IURP WKH FRQVLGHUDWLRQ RI WKH DERYH LQIRUPDWLRQ LQ WKH IRUP RI UHFRP�
PHQGDWLRQV UHJDUGLQJ PLQLPXP WKUHVKROGV DQG DVVRFLDWHG PDQDJHPHQW DFWLRQV�

�������� 5HODWLRQVKLS WR 2WKHU 6XVWDLQDELOLW\ ,QGLFDWRUV

0LQLPXP WKUHVKROGV DUH VHOHFWHG WR DYRLG XQGHVLUDEOH UHVXOWV IRU RWKHU VXVWDLQDELOLW\ LQGLFDWRUV� ,Q WKH %DVLQ�
JURXQGZDWHU OHYHOV DUH GLUHFWO\ UHODWHG WR JURXQGZDWHU VWRUDJH DQG JURXQGZDWHU�GHSHQGHQW HFRV\VWHPV RXW�
VLGH RI VWUHDPV� 7KH UHODWLRQVKLS EHWZHHQ JURXQGZDWHU OHYHO PLQLPXP WKUHVKROGV DQG PLQLPXP WKUHVKROGV
IRU RWKHU VXVWDLQDELOLW\ LQGLFDWRUV DUH GLVFXVVHG EHORZ�

� *URXQGZDWHU 6WRUDJH ± *URXQGZDWHU OHYHOV DUH FORVHO\ WLHG WR JURXQGZDWHU VWRUDJH� ZLWK KLJK JURXQG�
ZDWHU OHYHOV DVVRFLDWHG ZLWK KLJK JURXQGZDWHU VWRUDJH� 7KH XQGHVLUDEOH UHVXOW IRU JURXQGZDWHU VWRUDJH
LV PHDVXUHG DQG WKXV GHILQHG DV WKH RFFXUUHQFH RI DQ XQGHVLUDEOH UHVXOW IRU JURXQGZDWHU HOHYDWLRQV�

� 'HSOHWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU ± 7KRXJK JURXQGZDWHU HOHYDWLRQV DUH UHODWHG WR WKH GHSOH�
WLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU� JURXQGZDWHU HOHYDWLRQV DUH QRW D VXLWDEOH SUR[\ IRU VXUIDFH ZDWHU
GHSOHWLRQ LQ 6FRWW 9DOOH\ �VHH 6HFWLRQ ������� &RQVHTXHQWO\� WKLV *63 SURSRVHV WR PRQLWRU VWUHDP
GHSOHWLRQ E\ VLPXODWLQJ VWUHDP�DTXLIHU IOX[HV� QRW PHDVXUHG JURXQGZDWHU HOHYDWLRQV� $GGLWLRQDO DQDO�
\VLV GXULQJ D IXWXUH *63 XSGDWH ZLOO EH XVHG WR GHWHUPLQH LI WKH FXUUHQW JURXQGZDWHU OHYHO PLQLPXP
WKUHVKROGV ZRXOG KDYH D QHJDWLYH LPSDFW RQ GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU�
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� 6HDZDWHU ,QWUXVLRQ ± 7KLV VXVWDLQDELOLW\ LQGLFDWRU LV QRW DSSOLFDEOH LQ WKLV %DVLQ�
� *URXQGZDWHU 4XDOLW\ ± $ VLJQLILFDQW DQG XQUHDVRQDEOH FRQGLWLRQ IRU GHJUDGHG ZDWHU TXDOLW\ LV H[�
FHHGLQJ GULQNLQJ ZDWHU VWDQGDUGV IRU &2&V LQ VXSSO\ ZHOOV GXH WR SURMHFWV DQG PDQDJHPHQW DFWLRQV
SURSRVHG LQ WKH *63� *URXQGZDWHU TXDOLW\ FRXOG SRWHQWLDOO\ EH DIIHFWHG E\ SURMHFWV DQG PDQDJHPHQW
DFWLRQ�LQGXFHG FKDQJHV LQ JURXQGZDWHU HOHYDWLRQV DQG JUDGLHQWV� 7KHVH FKDQJHV FRXOG SRWHQWLDOO\
FDXVH SRRU TXDOLW\ JURXQGZDWHU WR IORZ WRZDUGV VXSSO\ ZHOOV WKDW ZRXOG QRW KDYH RWKHUZLVH EHHQ LP�
SDFWHG�

� 6XEVLGHQFH ± 6XEVLGHQFH KDV QRW KLVWRULFDOO\ EHHQ D SUREOHP LQ 6FRWW 9DOOH\� 7KH JURXQGZDWHU OHYHO
60& ZLOO HQVXUH WKDW WKHUH LV QR RQVHW RI VXEVLGHQFH LQ WKH IXWXUH� 7KH PLQLPXP WKUHVKROG IRU ZDWHU
OHYHO LV VXIILFLHQWO\ FORVH WR KLVWRULF ZDWHU OHYHOV WKDW� XQGHU WKH K\GURJHRORJLF FRQGLWLRQV SUHYDOHQW LQ
6FRWW 9DOOH\� QR VLJQLILFDQW VXEVLGHQFH FDQ RFFXU GXH WR ORZHULQJ RI ZDWHU OHYHOV ZLWKLQ WKH OLPLWV VHW E\
WKH PLQLPXP WKUHVKROG�
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:HOO ,' :HOO 'HSWK �IW EJV� )DOO 5DQJH �IW EJV� 02 �IW EJV� 37 �IW EJV� 07 �IW EJV�
��1��:��1���0 �� ��������� > ���� ����� �����
��1��:��)���0 �� �������� > ��� ����� �����
��1��:��3���0 �� ��������� > ���� ����� �����
��1��:��5���0 ��� ��������� > ���� ����� �����
��1��:��-���0 �� ��������� > ���� ����� �����
&�� �� ��������� > ���� ����� �����
(� �� �������� > ��� ����� �����
+� ± ������� > ��� ���� �����
.� �� ��������� > ���� ����� �����
/�� ± ��������� > ���� ����� �����
/�� ��� ��������� > ���� ����� �����
0�� �� ������� > ��� ���� ����
0�� ± ��������� > ���� ����� �����
0� ��� ��������� > ���� ����� �����
1�� ��� ��������� > ���� ����� �����
3�� �� �������� > ���� ����� �����
4�� �� �������� > ��� ����� �����
5�� ��� ��������� > ���� ����� �����
6&7B��� �� ��������� > ���� ����� �����
6&7B��� �� ��������� > ���� ����� �����
49�� �� ��������� > ���� ����� �����
'�� �� �������� > ��� ����� �����
*�� ��� ��������� > ���� ����� �����
/�� ��� ��������� > ���� ����� �����
=�� ��� ��������� > ���� ����� �����
6&7B��� ��� ���������� > ����� ������ ������
49�� ��� ��������� > ���� ����� �����
49�� �� �������� > ���� ����� �����
6&7B��� ��� ��������� > ���� ����� �����

7DEOH �� 2EMHFWLYHV� WULJJHUV DQG WKUHVKROGV IRU SURSRVHG 6FRWW 9DOOH\ 503V IRU JURXQGZDWHU HOHYDWLRQ� )DOO
5DQJH UHIHUV WR WKH PD[LPXP DQG PLQLPXP RI PHDVXUHPHQWV FROOHFWHG DW HDFK ZHOO GXULQJ 6HSWHPEHU±
1RYHPEHU� 7KH PLQLPXP 0HDVXUDEOH 2EMHFWLYH �02� LV VHW DV WKH ��WK SHUFHQWLOH RI WKH IDOO PHDVXUHPHQW
UDQJH � L�H�� WKH PHDVXUHPHQW DW ZKLFK �� SHUFHQW RI JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQWV IDOO EHORZ LW� 7KH
SULPDU\ WULJJHU �37� LV VHW DW WKH KLVWRULF ORZ JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQW� 7KH 0LQLPXP 7KUHVKROG
�07� LV VHW DW WKH KLVWRULF ORZ SOXV D EXIIHU� 7KH EXIIHU LV HLWKHU �� SHUFHQW RI WKH KLVWRULF ORZ� RU �� IHHW�
ZKLFKHYHU LV VPDOOHU�

��
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)LJXUH ��� *URXQGZDWHU OHYHO VXVWDLQDEOH PDQDJHPHQW FULWHULD IORZ FKDUW� 7KH IORZ FKDUW GHSLFWV WKH KLJK�OHYHO GHFLVLRQ PDNLQJ WKDW JRHV LQWR
GHYHORSLQJ VXVWDLQDEOH PDQDJHPHQW FULWHULD �60&�� PRQLWRULQJ WR GHWHUPLQH LI FULWHULD DUH PHW� DQG DFWLRQV WR EH WDNHQ EDVHG RQ PRQLWRULQJ
UHVXOWV�

��
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����� *URXQGZDWHU 6WRUDJH

*URXQGZDWHU OHYHOV DUH VHOHFWHG DV WKH SUR[\ IRU JURXQGZDWHU VWRUDJH� +HQFH� WKH 60& DUH LGHQWLFDO�
$FFRUGLQJ WR WKH 8QLWHG 6WDWHV *HRORJLF 6XUYH\� HVWLPDWHV RI JURXQGZDWHU VWRUDJH UHO\ RQ JURXQGZDWHU OHYHO
GDWD DQG VXIILFLHQWO\ DFFXUDWH NQRZOHGJH RI K\GURJHRORJLF SURSHUWLHV RI WKH DTXLIHU� 'LUHFW PHDVXUHPHQWV RI
JURXQGZDWHU OHYHOV FDQ EH XVHG WR HVWLPDWH FKDQJHV LQ JURXQGZDWHU VWRUDJH �8QLWHG 6WDWHV *HRORJLF 6XUYH\
� &DOLIRUQLD :DWHU 6FLHQFH &HQWHU ������ $V JURXQGZDWHU OHYHOV IDOO RU ULVH� WKH YROXPH RI JURXQGZDWHU
VWRUDJH FKDQJHV DFFRUGLQJO\� ZKHUH XQDFFHSWDEOH JURXQGZDWHU OHYHO GHFOLQH LQGLFDWHV XQDFFHSWDEOH VWRUDJH
ORVV� 7KH K\GURJHRORJLF PRGHO RXWOLQHG LQ &KDSWHU � SURYLGHV WKH QHHGHG K\GURJHRORJLF SURSHUWLHV RI WKH
DTXLIHU�

3URWHFWLQJ DJDLQVW FKURQLF ORZHULQJ RI JURXQGZDWHU OHYHOV ZLOO GLUHFWO\ SURWHFW DJDLQVW WKH FKURQLF UHGXFWLRQ RI
JURXQGZDWHU VWRUDJH EHFDXVH WKH ORZHULQJ RI JURXQGZDWHU OHYHOV ZRXOG GLUHFWO\ OHDG WR SUHGLFWDEOH UHGXFWLRQ
RI JURXQGZDWHU VWRUDJH� 7KHUH FDQQRW EH D UHGXFWLRQ LQ JURXQGZDWHU VWRUDJH ZLWKRXW D FRPPHQVXUDWH�
REVHUYDEOH UHGXFWLRQ LQ ZDWHU OHYHOV� 7KHUH DUH FXUUHQWO\ QR RWKHU VWDWH� IHGHUDO� RU ORFDO VWDQGDUGV WKDW
UHODWH WR WKLV VXVWDLQDELOLW\ LQGLFDWRU LQ WKH %DVLQ�

$Q XQGHVLUDEOH UHVXOW IURP WKH UHGXFWLRQ RI JURXQGZDWHU LQ VWRUDJH RFFXUV ZKHQ UHGXFWLRQ RI JURXQGZDWHU
LQ VWRUDJH LQWHUIHUHV ZLWK EHQHILFLDO XVHV RI JURXQGZDWHU LQ WKH %DVLQ� 6LQFH JURXQGZDWHU OHYHOV DUH EH�
LQJ XVHG DV D SUR[\� WKH XQGHVLUDEOH UHVXOW IRU WKLV VXVWDLQDELOLW\ LQGLFDWRU RFFXUV ZKHQ JURXQGZDWHU OHYHOV
GURS EHORZ WKH H[WHQGHG PLQLPXP WKUHVKROG �7DEOH ��� DV GHILQHG E\ WKH XQGHVLUDEOH UHVXOW IRU WKH FKURQLF
ORZHULQJ RI JURXQGZDWHU OHYHOV� 7KLV VKRXOG DYRLG VLJQLILFDQW DQG XQUHDVRQDEOH FKDQJHV WR JURXQGZDWHU
VWRUDJH� LQFOXGLQJ ORQJ�WHUP UHGXFWLRQ LQ JURXQGZDWHU VWRUDJH RU LQWHUIHUHQFH ZLWK WKH RWKHU VXVWDLQDELOLW\
LQGLFDWRUV� 3RVVLEOH FDXVHV RI XQGHVLUDEOH UHGXFWLRQV LQ JURXQGZDWHU VWRUDJH DUH LQFUHDVHV LQ ZHOO GHQVLW\
RU JURXQGZDWHU H[WUDFWLRQ RU LQFUHDVHV LQ IUHTXHQF\ RU GXUDWLRQ RI GURXJKW FRQGLWLRQV�

7KH PLQLPXP WKUHVKROG IRU JURXQGZDWHU VWRUDJH IRU WKLV *63 LV WKH PLQLPXP WKUHVKROG IRU JURXQGZDWHU
OHYHOV� ,QIRUPDWLRQ XVHG WR HVWDEOLVK PLQLPXP WKUHVKROGV DQG PHDVXUDEOH REMHFWLYHV IRU JURXQGZDWHU OHYHOV
FDQ EH IRXQG LQ 6HFWLRQ ������ 6LQFH JURXQGZDWHU VWRUDJH LV GHILQHG LQ WHUPV RI ZDWHU OHYHO� 6HFWLRQ �������
IRU WKH ZDWHU OHYHO LQGLFDWRU HTXDOO\ DSSOLHV WR GHILQH WKH UHODWLRQVKLS RI WKH JURXQGZDWHU VWRUDJH 60& WR
RWKHU VXVWDLQDELOLW\ LQGLFDWRUV�

7KH PHDVXUDEOH REMHFWLYH IRU JURXQGZDWHU VWRUDJH LV WKH PHDVXUDEOH REMHFWLYH IRU JURXQGZDWHU OHYHOV DV GH�
WDLOHG LQ 6HFWLRQ �������� 7KH SDWK WR DFKLHYH PHDVXUDEOH REMHFWLYHV DQG LQWHULP PLOHVWRQHV IRU WKH UHGXFWLRQ
LQ JURXQGZDWHU VWRUDJH VXVWDLQDELOLW\ LQGLFDWRU DUH WKH VDPH PHDVXUDEOH REMHFWLYHV DQG LQWHULP PLOHVWRQHV
DV IRU WKH FKURQLF ORZHULQJ RI JURXQGZDWHU OHYHOV VXVWDLQDELOLW\ LQGLFDWRU GHWDLOHG LQ 6HFWLRQ ��������

����� :DWHU 4XDOLW\

*URXQGZDWHU TXDOLW\ LQ WKH %DVLQ LV JHQHUDOO\ ZHOO�VXLWHG IRU WKH PXQLFLSDO� GRPHVWLF� DJULFXOWXUDO� DQG RWKHU
H[LVWLQJ DQG SRWHQWLDO EHQHILFLDO XVHV GHVLJQDWHG IRU JURXQGZDWHU LQ WKH :DWHU 4XDOLW\ &RQWURO 3ODQ IRU WKH
1RUWK &RDVW 5HJLRQ �%DVLQ 3ODQ�� DV GLVFXVVHG LQ 6HFWLRQ ����� DQG LQ WKH ZDWHU TXDOLW\ DVVHVVPHQW LQ
$SSHQGL[ ��'�

60& DUH GHILQHG IRU WZR FRQVWLWXHQWV� VSHFLILF FRQGXFWLYLW\ DQG QLWUDWH� 7KHVH LGHQWLILHG &2&V DUH FRQVLVWHQW
ZLWK WKH WKUHDWV WR JURXQGZDWHU TXDOLW\ KLJKOLJKWHG LQ WKH 6WDII 5HSRUW IRU WKH 1RUWK &RDVW +\GURORJLF 5H�
JLRQ 6DOW DQG 1XWULHQW 0DQDJHPHQW 3ODQQLQJ *URXQGZDWHU %DVLQ (YDOXDWLRQ DQG 3ULRULWL]DWLRQ �1&5:4&%
������ $OWKRXJK EHQ]HQH LV LGHQWLILHG DV D SRWHQWLDO FRQVWLWXHQW RI FRQFHUQ LQ 6HFWLRQ ������ QR 60& LV GH�
ILQHG IRU EHQ]HQH DV FXUUHQW EHQ]HQH GDWD DUH DVVRFLDWHG ZLWK OHDNLQJ XQGHUJURXQG VWRUDJH WDQNV �/867�
ZKHUH WKH VRXUFH RI EHQ]HQH LV NQRZQ DQG PRQLWRULQJ DQG UHPHGLDWLRQ DUH LQ SURJUHVV� 7KHVH VLWHV ZLOO EH
WDNHQ LQWR FRQVLGHUDWLRQ ZLWK 30$V XQGHUWDNHQ E\ WKH *6$� DV DSSOLFDEOH� $V SDUW RI WKH VXVWDLQDELOLW\ JRDO
IRU WKH %DVLQ� WKH VSHFLILF REMHFWLYH IRU JURXQGZDWHU TXDOLW\ LV WR PDLQWDLQ D JURXQGZDWHU UHVRXUFH WKDW PHHWV

��
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WKH ZDWHU TXDOLW\ QHHGV RI EHQHILFLDO XVHV DQG XVHUV LQ WKH %DVLQ� DV UHJXODWHG E\ IHGHUDO DQG VWDWH ZDWHU
TXDOLW\ VWDQGDUGV DQG UHJLRQDO ZDWHU TXDOLW\ REMHFWLYHV� $YRLGLQJ VLJQLILFDQW GHJUDGDWLRQ RI JURXQGZDWHU
TXDOLW\ LV FHQWUDO WR SURWHFWLQJ XVHV WKDW UHO\ RQ JURXQGZDWHU� &DWHJRULHV RI EHQHILFLDO XVHV RI JURXQGZDWHU
LQ WKH 1RUWK &RDVW 5HJLRQ� DV OLVWHG LQ WKH %DVLQ 3ODQ� LQFOXGH PXQLFLSDO DQG GRPHVWLF VXSSO\� DJULFXOWXUDO
DQG VWRFN ZDWHU VXSSO\� LQGXVWULDO VHUYLFH VXSSO\� LQGXVWULDO SURFHVV VXSSO\� DTXDFXOWXUH� DQG 1DWLYH $PHUL�
FDQ FXOWXUH� 6SHFLILF XVHV RI JURXQGZDWHU LQ 6FRWW 9DOOH\ LQFOXGH JURXQGZDWHU XVH IRU LUULJDWLRQ LQ DJULFXOWXUH�
D VLJQLILFDQW SDUW RI WKH ORFDO HFRQRP\� DV VWRFN ZDWHU� DQG DV D PXQLFLSDO DQG GRPHVWLF ZDWHU VRXUFH� ,P�
SRUWDQWO\� EHQHILFLDO XVHV DOVR LQFOXGH JURXQGZDWHU�GHSHQGHQW HFRV\VWHPV DQG LQVWUHDP KDELWDW ZKHUH DQG
ZKHQ JURXQGZDWHU FRQWULEXWHV WR VWUHDPIORZ�

7KH UROH RI WKH *6$ LV WR SURYLGH DGGLWLRQDO ORFDO RYHUVLJKW RI JURXQGZDWHU TXDOLW\� FROODERUDWH ZLWK DSSURSUL�
DWH SDUWLHV WR LPSOHPHQW ZDWHU TXDOLW\ 30$V� DQG WR HYDOXDWH DQG PRQLWRU� DV QHHGHG� ZDWHU TXDOLW\ HIIHFWV
RI 30$V LPSOHPHQWHG WR PHHW WKH UHTXLUHPHQWV RI RWKHU 60&� $OO IXWXUH 30$V LPSOHPHQWHG E\ WKH *6$
ZLOO EH HYDOXDWHG DQG GHVLJQHG WR DYRLG FDXVLQJ XQGHVLUDEOH JURXQGZDWHU TXDOLW\ RXWFRPHV� )HGHUDO DQG
VWDWH VWDQGDUGV IRU ZDWHU TXDOLW\� ZDWHU TXDOLW\ REMHFWLYHV GHILQHG LQ WKH %DVLQ 3ODQ� DQG WKH PDQDJHPHQW
RI NQRZQ DQG VXVSHFWHG FRQWDPLQDWHG VLWHV ZLWKLQ WKH %DVLQ ZLOO FRQWLQXH WR EH PDQDJHG E\ WKH UHOHYDQW
DJHQF\� *URXQGZDWHU LQ WKH %DVLQ LV XVHG IRU D YDULHW\ RI EHQHILFLDO XVHV ZKLFK DUH SURWHFWHG E\ 1&5:4&%
WKURXJK WKH ZDWHU TXDOLW\ REMHFWLYHV DGRSWHG LQ WKH %DVLQ 3ODQ�

$YDLODEOH KLVWRULFDO DQG FXUUHQW JURXQGZDWHU TXDOLW\ PRQLWRULQJ GDWD DQG UHSRUWLQJ HIIRUWV KDYH EHHQ XVHG
WR HVWDEOLVK DQG GRFXPHQW FRQGLWLRQV LQ WKH %DVLQ� DV GLVFXVVHG LQ 6HFWLRQ ������ 7KHVH FRQGLWLRQV SURYLGH
D EDVHOLQH XSRQ ZKLFK WR FRPSDUH IXWXUH JURXQGZDWHU TXDOLW\ DQG LGHQWLI\ DQ\ FKDQJHV REVHUYHG� LQFOXGLQJ
WKRVH GXH WR *63 LPSOHPHQWDWLRQ� *URXQGZDWHU TXDOLW\ PRQLWRULQJ LQ WKH %DVLQ LQ VXSSRUW RI WKH *63 ZLOO
UHO\ RQ WKH H[LVWLQJ DQG SODQQHG ZHOOV LQ WKH PRQLWRULQJ QHWZRUN� DV GHVFULEHG LQ 6HFWLRQ ������ *URXQGZD�
WHU TXDOLW\ VDPSOHV ZLOO EH FROOHFWHG DQG DQDO\]HG LQ DFFRUGDQFH ZLWK WKH PRQLWRULQJ SURWRFROV RXWOLQHG LQ
$SSHQGL[ ��%� 7KH PRQLWRULQJ QHWZRUN ZLOO XVH LQIRUPDWLRQ IURP H[LVWLQJ SURJUDPV LQ WKH %DVLQ WKDW DOUHDG\
PRQLWRU IRU WKH &2&V DQG SURJUDPV ZKHUH WKHVH FRQVWLWXHQWV FRXOG EH DGGHG DV SDUW RI URXWLQH PRQLWRU�
LQJ HIIRUWV LQ VXSSRUW RI WKH *63� 1HZ ZHOOV ZLOO EH LQFRUSRUDWHG LQWR WKH QHWZRUN DV QHFHVVDU\ WR REWDLQ
LQIRUPDWLRQ WR ILOO VSDWLDO JDSV LQ GDWD RU WR JDWKHU GDWD WKDW FDQQRW EH FROOHFWHG DW H[LVWLQJ ZHOOV� %HFDXVH
ZDWHU TXDOLW\ GHJUDGDWLRQ LV W\SLFDOO\ DVVRFLDWHG ZLWK LQFUHDVLQJ UDWKHU WKDQ GHFUHDVLQJ FRQFHQWUDWLRQ RI
FRQVWLWXHQWV� WKH *6$ XVHV WKH WHUP ³PD[LPXP WKUHVKROG´ �0D[7� LQ WKH FRQWH[W RI ZDWHU TXDOLW\ LQVWHDG RI
³PLQLPXP WKUHVKROG´� 7KH XVH RI WKH WHUP ³PD[LPXP WKUHVKROG´ LQ WKLV *63 LV HTXLYDOHQW WR WKH XVH RI WKH
WHUP ³PLQLPXP WKUHVKROG´ LQ RWKHU 60& RU LQ WKH 6*0$ UHJXODWLRQV�

������� 8QGHVLUDEOH 5HVXOWV

6LJQLILFDQW DQG XQUHDVRQDEOH GHJUDGDWLRQ RI JURXQGZDWHU TXDOLW\ LV WKH GHJUDGDWLRQ RI ZDWHU TXDOLW\ WKDW
ZRXOG LPSDLU EHQHILFLDO XVHV RI JURXQGZDWHU ZLWKLQ WKH %DVLQ RU UHVXOW LQ IDLOXUH WR FRPSO\ ZLWK JURXQGZDWHU
UHJXODWRU\ WKUHVKROGV� 'HJUDGHG JURXQGZDWHU TXDOLW\ LV FRQVLGHUHG DQ XQGHVLUDEOH UHVXOW LI FRQFHQWUDWLRQV
RI &2&V H[FHHG GHILQHG PD[LPXP WKUHVKROGV RU LI D VLJQLILFDQW WUHQG RI JURXQGZDWHU TXDOLW\ GHJUDGDWLRQ LV
REVHUYHG IRU WKH LGHQWLILHG &2&V� *URXQGZDWHU TXDOLW\ FKDQJHV WKDW RFFXU LQGHSHQGHQW RI 6*0$ DFWLYLWLHV
GR QRW FRQVWLWXWH DQ XQGHVLUDEOH UHVXOW� %DVHG RQ WKH 6WDWH¶V ���� $QWLGHJUDGDWLRQ 3ROLF\�� ZDWHU TXDOLW\
GHJUDGDWLRQ WKDW LV QRW FRQVLVWHQW ZLWK WKH SURYLVLRQV RI 5HVROXWLRQ 1R� ����� LV GHJUDGDWLRQ WKDW LV GHWHU�
PLQHG WR EH VLJQLILFDQW DQG XQUHDVRQDEOH� 1&5:4&% DQG WKH 6WDWH :DWHU %RDUG DUH WKH WZR HQWLWLHV WKDW
GHWHUPLQH LI ZDWHU TXDOLW\ GHJUDGDWLRQ LV LQFRQVLVWHQW ZLWK 5HVROXWLRQ 1R� ������

)RU SXUSRVHV RI TXDQWLI\LQJ DQG HYDOXDWLQJ WKH RFFXUUHQFH RI DQ XQGHVLUDEOH UHVXOW� WKH FRQFHQWUDWLRQ GDWD
DUH DJJUHJDWHG E\ VWDWLVWLFDO DQDO\VLV WR REWDLQ VSDWLDO GLVWULEXWLRQV DQG WHPSRUDO WUHQGV� 6SHFLILFDOO\� VWDWLV�
WLFDO DQDO\VLV LV SHUIRUPHG WR GHWHUPLQH WKH WHQ�\HDU OLQHDU WUHQG LQ FRQFHQWUDWLRQ DW HDFK ZHOO� 7KLV WUHQG LV
H[SUHVVHG XQLWOHVV DV SHUFHQW UHODWLYH FRQFHQWUDWLRQ FKDQJH SHU \HDU� )URP WKH FXPXODWLYH GLVWULEXWLRQ RI DOO

�6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG� ³5HVROXWLRQ 1R� ������ 6WDWHPHQW RI 3ROLF\ ZLWK 5HVSHFW WR 0DLQWDLQLQJ +LJK 4XDOLW\ RI
:DWHUV LQ &DOLIRUQLD´� &DOLIRUQLD� 2FWREHU ��� �����

��
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WHQ�\HDU WUHQGV REVHUYHG DFURVV WKH PRQLWRULQJ QHWZRUN� WKH ��WK SHUFHQWLOH� 𝑡𝑟𝑒𝑛𝑑7510𝑦𝑒𝑎𝑟� LV REWDLQHG�
6LPLODUO\� WKH PRYLQJ WZR�\HDU DYHUDJH FRQFHQWUDWLRQV DUH FRPSXWHG DW HDFK ZHOO� DQG IURP WKHLU FXPXODWLYH
GLVWULEXWLRQ WKH ��WK SHUFHQWLOH� 𝑐𝑜𝑛𝑐752𝑦𝑒𝑎𝑟� LV REWDLQHG� &RQFHQWUDWLRQV DUH H[SUHVVHG LQ WKHLU UHVSHFWLYH
FRQFHQWUDWLRQ XQLWV ��J�/� PJ�/� RU PLFURPKRV�� )RU SXUSRVHV RI WKLV *63� D ³ZDWHU TXDOLW\ YDOXH´ LV GHILQHG
E\ FRPELQLQJ WKH PHDVXUHV RI WUHQG DQG FRQFHQWUDWLRQ�𝑊𝑎𝑡𝑒𝑟 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒 = PD[(𝑡𝑟𝑒𝑛𝑑7510𝑦𝑒𝑎𝑟 − 15%, 𝑐𝑜𝑛𝑐752𝑦𝑒𝑎𝑟–𝑀𝑎𝑥𝑇 )
7KH XQGHVLUDEOH UHVXOW LV TXDQWLWDWLYHO\ GHILQHG DV�𝑊𝑎𝑡𝑒𝑟 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒 𝑖𝑠 > 0
7KLV TXDQWLWDWLYH PHDVXUH DVVXUHV WKDW ZDWHU TXDOLW\ UHPDLQV FRQVWDQW DQG GRHV QRW LQFUHDVH E\ PRUH WKDQ
��� SHU \HDU� RQ DYHUDJH RYHU WHQ \HDUV� LQ PRUH WKDQ ��� RI ZHOOV LQ WKH PRQLWRULQJ QHWZRUN� 0DWKHPDWL�
FDOO\ WKLV FDQ EH H[SUHVVHG E\ WKH IROORZLQJ HTXDWLRQ�𝑡𝑟𝑒𝑛𝑑7510𝑦𝑒𝑎𝑟[%] − 15% ≤ 0
,W DOVR DVVXUHV WKDW ZDWHU TXDOLW\ GRHV QRW H[FHHG PD[LPXP WKUHVKROGV IRU FRQFHQWUDWLRQ� 07� LQ PRUH WKDQ
��� RI ZHOOV LQ WKH PRQLWRULQJ QHWZRUN� 9DOXHV IRU PD[LPXP WKUHVKROGV DUH GHILQHG LQ 6HFWLRQ ��������
0DWKHPDWLFDOO\� WKLV VHFRQG FRQGLWLRQ FDQ EH H[SUHVVHG E\ WKH IROORZLQJ HTXDWLRQ�𝑐𝑜𝑛𝑐752𝑦𝑒𝑎𝑟–𝑀𝑎𝑥𝑇 ≤ 0
7KH ZDWHU TXDOLW\ YDOXH LV WKH PD[LPXP RI WKH WZR WHUPV RQ WKH OHIW�KDQG VLGH RI WKH DERYH WZR HTXDWLRQV�
,I HLWKHU RI WKHP H[FHHGV ]HUR� WKDW LV� LI HLWKHU RI WKHP GRHV QRW PHHW WKH GHVLUHG FRQGLWLRQ� WKHQ WKH ZDWHU
TXDOLW\ YDOXH LV ODUJHU WKDQ ]HUR DQG TXDQWLWDWLYHO\ LQGLFDWHV DQ XQGHVLUDEOH UHVXOW�

3RWHQWLDO &DXVHV RI 8QGHVLUDEOH 5HVXOWV
)XWXUH *6$ DFWLYLWLHV ZLWK SRWHQWLDO WR DIIHFW ZDWHU TXDOLW\ PD\ LQFOXGH FKDQJHV LQ ORFDWLRQ DQG PDJQLWXGH RI
%DVLQ SXPSLQJ� GHFOLQLQJ JURXQGZDWHU OHYHOV� DQG JURXQGZDWHU UHFKDUJH SURMHFWV� $OWHULQJ WKH ORFDWLRQ RU
UDWH RI JURXQGZDWHU SXPSLQJ FRXOG FKDQJH WKH GLUHFWLRQ RI JURXQGZDWHU IORZ ZKLFK PD\ UHVXOW LQ D FKDQJH
LQ WKH RYHUDOO GLUHFWLRQ LQ ZKLFK H[LVWLQJ RU IXWXUH FRQWDPLQDQW SOXPHV PRYH DQG WKXV SRWHQWLDOO\ FRPSURPLVH
RQJRLQJ UHPHGLDWLRQ HIIRUWV� 6LPLODUO\� UHFKDUJH DFWLYLWLHV FRXOG DOWHU K\GUDXOLF JUDGLHQWV DQG UHVXOW LQ WKH
GRZQZDUG PRYHPHQW RI FRQWDPLQDQWV LQWR JURXQGZDWHU RU PRYH JURXQGZDWHU FRQWDPLQDQW SOXPHV WRZDUGV
VXSSO\ ZHOOV�

/DQG XVH DFWLYLWLHV QRW DVVRFLDWHG ZLWK WKH *6$ WKDW PD\ OHDG WR XQGHVLUDEOH JURXQGZDWHU TXDOLW\ LQFOXGH
IXWXUH FRQWDPLQDWLRQ IURP XUEDQ DQG LQGXVWULDO VRXUFHV� WKH DSSOLFDWLRQ RI IHUWLOL]HUV� FHUWDLQ DJULFXOWXUDO SUDF�
WLFHV� DQG�RU ZDVWH GLVFKDUJHV WKDW PD\ UHVXOW LQ H[FHHGDQFHV RI FRQVWLWXHQWV LQ JURXQGZDWHU� ([LVWLQJ OHDNV
IURP XQGHUJURXQG VWRUDJH WDQNV �867V� LQ WKH %DVLQ DUH FXUUHQWO\ PRQLWRUHG DQG PDQDJHG� DQG WKRXJK DG�
GLWLRQDO GHJUDGDWLRQ LV QRW DQWLFLSDWHG IURP WKHVH NQRZQ VRXUFHV� QHZ OHDNV PD\ FDXVH XQGHVLUDEOH UHVXOWV
GHSHQGLQJ RQ WKH FRQWHQWV RI DQ 867� ZKLFK PD\ LQFOXGH SHWUROHXP K\GURFDUERQV� VROYHQWV� RU RWKHU FRQ�
WDPLQDQWV� *URXQGZDWHU TXDOLW\ GHJUDGDWLRQ DVVRFLDWHG ZLWK NQRZQ VRXUFHV SULPDULO\ ZLOO EH PDQDJHG E\
WKH HQWLW\ FXUUHQWO\ RYHUVHHLQJ WKHVH VLWHV� 1&5:4&%� $JULFXOWXUDO DFWLYLWLHV LQ WKH %DVLQ DUH GRPLQDWHG
E\ DOIDOID DQG SDVWXUH SURGXFWLRQ� 7KH ULVN IRU IHUWLOL]HU�DVVRFLDWHG QLWUDWH OHDFKLQJ IURP WKHVH DFWLYLWLHV LV
FRQVLGHUHG ORZ �+DUWHU HW DO� ������ *UDLQ SURGXFWLRQ LV URWDWHG ZLWK DOIDOID SURGXFWLRQ XVXDOO\ IRU RQH \HDU
DIWHU VHYHQ \HDUV RI DOIDOID SURGXFWLRQ� *UDLQ SURGXFWLRQ DOVR GRHV QRW SRVH D VLJQLILFDQW QLWUDWH�OHDFKLQJ
ULVN� $QLPDO IDUPLQJ� D FRPPRQ VRXUFH RI QLWUDWH SROOXWLRQ LQ ODUJH� FRQILQHG DQLPDO IDUPLQJ RSHUDWLRQV� LV
DOVR SUHVHQW LQ WKH 9DOOH\� EXW QRW DW VWRFNLQJ GHQVLWLHV RI PDMRU FRQFHUQ �+DUWHU HW DO� ������ +RZHYHU�
1&5:4&% ������ OLVWHG WKH %DVLQ DV ³KLJK´ SULRULW\ IRU WKH WKUHDW RI ZDWHU TXDOLW\ GHJUDGDWLRQ IURP VDOWV
DQG QXWULHQWV�

(IIHFWV RQ %HQHILFLDO 8VHV DQG 8VHUV
&RQFHUQV RYHU SRWHQWLDO RU DFWXDO QRQ�DWWDLQPHQW RI WKH EHQHILFLDO XVHV GHVLJQDWHG IRU JURXQGZDWHU LQ WKH
%DVLQ DUH DQG ZLOO FRQWLQXH WR EH UHODWHG WR FHUWDLQ FRQVWLWXHQWV PHDVXUHG DW HOHYDWHG RU LQFUHDVLQJ FRQFHQ�

��
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WUDWLRQV� DQG WKH SRWHQWLDO ORFDO RU UHJLRQDO HIIHFWV WKDW GHJUDGHG ZDWHU TXDOLW\ FDQ KDYH RQ VXFK EHQHILFLDO
XVHV�

7KH IROORZLQJ SURYLGHV JUHDWHU GHWDLO UHJDUGLQJ WKH SRWHQWLDO LPSDFW RI SRRU JURXQGZDWHU TXDOLW\ RQ VHYHUDO
PDMRU FODVVHV RI EHQHILFLDO XVHUV�

� 0XQLFLSDO 'ULQNLQJ :DWHU 8VHUV ± 8QGHU &DOLIRUQLD ODZ� DJHQFLHV WKDW SURYLGH GULQNLQJ ZDWHU DUH
UHTXLUHG WR URXWLQHO\ VDPSOH JURXQGZDWHU IURP WKHLU ZHOOV DQG FRPSDUH WKH UHVXOWV WR VWDWH DQG IHGHUDO
GULQNLQJ ZDWHU VWDQGDUGV IRU LQGLYLGXDO FKHPLFDOV� *URXQGZDWHU TXDOLW\ WKDW GRHV QRW PHHW VWDWH GULQN�
LQJ ZDWHU VWDQGDUGV PD\ UHQGHU WKH ZDWHU XQXVDEOH RU PD\ FDXVH LQFUHDVHG FRVWV IRU WUHDWPHQW� )RU
PXQLFLSDO VXSSOLHUV� LPSDFWHG ZHOOV SRWHQWLDOO\ PD\ EH WDNHQ RIIOLQH XQWLO D VROXWLRQ LV IRXQG� GHSHQGLQJ
RQ WKH FRQILJXUDWLRQ RI WKH PXQLFLSDO V\VWHP LQ TXHVWLRQ� :KHUH WKLV WHPSRUDU\ VROXWLRQ LV IHDVLEOH� LW
ZLOO DGG VWUHVV WR DQG GHFUHDVH WKH UHOLDELOLW\ RI WKH RYHUDOO V\VWHP�

� 5XUDO DQG�RU $JULFXOWXUDO 5HVLGHQWLDO 'ULQNLQJ :DWHU 8VHUV ± 5HVLGHQWLDO VWUXFWXUHV QRW ORFDWHG
ZLWKLQ WKH VHUYLFH DUHDV RI WKH ORFDO PXQLFLSDO ZDWHU DJHQF\ ZLOO W\SLFDOO\ KDYH SULYDWH GRPHVWLF JURXQG�
ZDWHU ZHOOV� 6XFK ZHOOV PD\ QRW EH PRQLWRUHG URXWLQHO\ DQG JURXQGZDWHU TXDOLW\ IURP WKRVH ZHOOV PD\
EH XQNQRZQ XQOHVV WKH ODQGRZQHU KDV LQLWLDWHG WHVWLQJ DQG VKDUHG WKH GDWD ZLWK RWKHU HQWLWLHV� 'H�
JUDGHG ZDWHU TXDOLW\ LQ VXFK ZHOOV FDQ OHDG WR UXUDO UHVLGHQWLDO XVH RI JURXQGZDWHU WKDW GRHV QRW PHHW
SRWDEOH ZDWHU VWDQGDUGV DQG UHVXOWV LQ WKH QHHG IRU LQVWDOODWLRQ RI QHZ RU PRGLILHG GRPHVWLF ZHOOV DQG�RU
ZHOO�KHDG WUHDWPHQW WKDW ZLOO SURYLGH JURXQGZDWHU RI DFFHSWDEOH TXDOLW\�

� $JULFXOWXUDO 8VHUV ± ,UULJDWLRQ ZDWHU TXDOLW\ LV DQ LPSRUWDQW IDFWRU LQ FURS SURGXFWLRQ DQG KDV D YDULDEOH
LPSDFW RQ DJULFXOWXUH GXH WR GLIIHUHQW FURS VHQVLWLYLWLHV� ,PSDFWV IURP SRRU ZDWHU TXDOLW\ PD\ LQFOXGH
GHFOLQHV LQ FURS \LHOGV� FURS GDPDJH� FKDQJHV LQ WKH FURSV WKDW FDQ EH JURZQ LQ DQ DUHD� DQG RWKHU
HIIHFWV� )RU H[DPSOH� LUULJDWLRQ ZLWK ZDWHU FRQWDLQLQJ PRGHUDWH WR KLJK OHYHOV RI QLWUDWH PD\ LQFUHDVH
QLWUDWH FRQFHQWUDWLRQV LQ WKH XQGHUO\LQJ JURXQGZDWHU�

� (QYLURQPHQWDO 8VHV ± 3RRU TXDOLW\ JURXQGZDWHU PD\ UHVXOW LQ WKH PLJUDWLRQ RI FRQWDPLQDQWV WKDW FRXOG
DIIHFW JURXQGZDWHU GHSHQGHQW HFRV\VWHPV RU LQVWUHDP HQYLURQPHQWV DQG WKHLU UHVLGHQW VSHFLHV� 3RRU
TXDOLW\ JURXQGZDWHU PD\ DOVR DGG QXWULHQWV WR ZDWHU ERGLHV WKDW SURGXFH DGYHUVH HFRORJLFDO HIIHFWV�
LQFOXGLQJ HXWURSKLFDWLRQ�

�������� 0D[LPXP 7KUHVKROGV

0D[LPXP WKUHVKROGV IRU JURXQGZDWHU TXDOLW\ LQ WKH %DVLQ ZHUH GHILQHG XVLQJ H[LVWLQJ JURXQGZDWHU TXDO�
LW\ GDWD� JURXQGZDWHU EHQHILFLDO XVHV GHVLJQDWHG LQ WKH %DVLQ� H[LVWLQJ UHJXODWLRQV� LQFOXGLQJ ZDWHU TXDOLW\
REMHFWLYHV LQFOXGHG WKH %DVLQ 3ODQ� 7LWOH �� 3ULPDU\ DQG 6HFRQGDU\ 0&/V� DQG FRQVXOWDWLRQ ZLWK WKH *6$
DGYLVRU\ FRPPLWWHH DQG VWDNHKROGHUV �VHH 6HFWLRQ ������� 5HVXOWLQJ IURP WKLV SURFHVV� 60&ZHUH GHYHORSHG
IRU WZR RI WKH &2&V LQ WKH %DVLQ� QLWUDWH DQG VSHFLILF FRQGXFWLYLW\�

7KH VHOHFWHG PD[LPXP WKUHVKROGV IRU WKH FRQFHQWUDWLRQ RI HDFK RI WKH WZR &2&V DQG WKHLU DVVRFLDWHG
UHJXODWRU\ WKUHVKROGV DUH VKRZQ LQ 7DEOH ��

7ULJJHUV

7KH *6$ ZLOO XVH FRQFHQWUDWLRQV RI WKH LGHQWLILHG &2&V �QLWUDWH DQG VSHFLILF FRQGXFWLYLW\� DV WULJJHUV IRU
SUHYHQWDWLYH DFWLRQ WR SURDFWLYHO\ DYRLG WKH RFFXUUHQFH RI XQGHVLUDEOH UHVXOWV� 7ULJJHU YDOXHV DUH LGHQWLILHG
IRU ERWK QLWUDWH DV QLWURJHQ DQG VSHFLILF FRQGXFWLYLW\� DV VKRZQ LQ 7DEOH �� 7KH WULJJHU YDOXH DQG DVVRFLDWHG
GHILQLWLRQ IRU VSHFLILF FRQGXFWLYLW\ LV WKH ��� XSSHU OLPLW� RU �� SHUFHQWLOH YDOXHV IRU D FDOHQGDU \HDU� DV
VSHFLILHG LQ WKH %DVLQ 3ODQ� 7KH 7LWOH �� ZDWHU TXDOLW\ REMHFWLYH IRU QLWUDWH LV LQFRUSRUDWHG E\ UHIHUHQFH LQWR
WKH %DVLQ 3ODQ DQG WKH WULJJHUV SURYLGHG LQ 7DEOH � FRUUHVSRQG WR ��� RI WKH 7LWOH �� 0&/�

0HWKRG IRU 4XDQWLWDWLYH 0HDVXUHPHQW RI 0D[LPXP 7KUHVKROGV

*URXQGZDWHU TXDOLW\ ZLOO EH PHDVXUHG LQ ZHOOV LQ WKH PRQLWRULQJ QHWZRUN� DV GLVFXVVHG LQ 6HFWLRQ ������
6WDWLVWLFDO HYDOXDWLRQ RI JURXQGZDWHU TXDOLW\ GDWD REWDLQHG IURP WKH PRQLWRULQJ QHWZRUN ZLOO EH SHUIRUPHG

��
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&RQVWLWXHQW 0D[LPXP 7KUHVKROG 5HJXODWRU\ 7KUHVKROG
1LWUDWH DV 1LWURJHQ � PJ�/ DV 1� WULJJHU RQO\� �

PJ�/ DV 1� WULJJHU RQO\� ��
PJ�/ DV 1� 0D[7

�� PJ�/ DV 1 �7LWOH ���

6SHFLILF &RQGXFWLYLW\ ��� PLFURPKRV� WULJJHU
RQO\� ��� PLFURPKRV� 07

��� PLFURPKRV �%DVLQ 3ODQ
8SSHU /LPLW IRU WKH (& YDOXH
QRW H[FHHGHG E\ ��� RI
ZHOOV�� ��� PLFURPKRV �7LWOH
���

7DEOH �� &RQVWLWXHQWV RI FRQFHUQ DQG WKHLU DVVRFLDWHG PD[LPXP WKUHVKROGV� 0D[LPXP WKUHVKROGV DOVR
LQFOXGH D �� SHUFHQW DYHUDJH LQFUHDVH SHU \HDU RYHU WHQ \HDUV LQ QR PRUH WKDQ �� SHUFHQW RI ZHOOV� DQG QR
PRUH WKDQ �� SHUFHQW RI ZHOOV H[FHHGLQJ WKH PD[LPXP WKUHVKROG IRU FRQFHQWUDWLRQ OLVWHG KHUH�

XVLQJ WKH HTXDWLRQV GHVFULEHG DERYH� 7KH PD[LPXP WKUHVKROGV IRU FRQFHQWUDWLRQ YDOXHV DUH VKRZQ LQ
)LJXUH ��� 7KLV ILJXUH VKRZV ³UXOHUV´ IRU WKH WZR LGHQWLILHG &2&V LQ WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ ZLWK
WKH DVVRFLDWHG PD[LPXP WKUHVKROGV� UDQJH RI PHDVXUDEOH REMHFWLYHV� DQG WULJJHUV�

�������� 0HDVXUDEOH 2EMHFWLYHV

:LWKLQ WKH %DVLQ� WKH PHDVXUDEOH REMHFWLYHV IRU ZDWHU TXDOLW\ DUH HVWDEOLVKHG WR SURYLGH DQ LQGLFDWLRQ RI
GHVLUHG ZDWHU TXDOLW\ DW OHYHOV WKDW DUH VXIILFLHQWO\ SURWHFWLYH RI EHQHILFLDO XVHV DQG XVHUV� 0HDVXUDEOH
REMHFWLYHV DUH GHILQHG RQ D ZHOO�VSHFLILF EDVLV� ZLWK FRQVLGHUDWLRQ IRU KLVWRULFDO ZDWHU TXDOLW\ GDWD� &RQFHQ�
WUDWLRQV RI VRPH QDWXUDOO\ RFFXUULQJ FRQWDPLQDQWV PD\ QRW EH SRVVLEOH WR FKDQJH WKURXJK LPSOHPHQWDWLRQ RI
30$V�

'HVFULSWLRQ RI 0HDVXUDEOH 2EMHFWLYHV 7KH JURXQGZDWHU TXDOLW\ PHDVXUDEOH REMHFWLYH IRU ZHOOV ZLWKLQ WKH
*6$¶V PRQLWRULQJ QHWZRUN �HLWKHU H[LVWLQJ RU IXWXUH ZHOOV�� ZKHUH WKH FRQFHQWUDWLRQV RI &2&V KLVWRULFDOO\
KDYH EHHQ EHORZ WKH PD[LPXP WKUHVKROGV IRU ZDWHU TXDOLW\ LQ UHFHQW \HDUV� LV WR FRQWLQXH WR PDLQWDLQ FRQ�
FHQWUDWLRQV ZLWKLQ WKH FXUUHQW UDQJH� DV PHDVXUHG E\ ORQJ�WHUP WUHQGV�

6SHFLILFDOO\� IRU WKH WZR LGHQWLILHG &2&V� WKH DFWLRQ WDNHQ WR PHHW WKH PHDVXUDEOH REMHFWLYH ZLOO EH WR PDLQWDLQ
JURXQGZDWHU TXDOLW\ DW D PLQLPXP RI ��� RI ZHOOV PRQLWRUHG IRU ZDWHU TXDOLW\ ZLWKLQ WKH UDQJH RI WKH ZDWHU
TXDOLW\ OHYHOV PHDVXUHG RYHU WKH SDVW �� \HDUV ������������ ,Q DGGLWLRQ� QR VLJQLILFDQW LQFUHDVH LQ ORQJ�WHUP
WUHQGV VKRXOG EH REVHUYHG LQ &2& FRQFHQWUDWLRQV DV DQRWKHU PHFKDQLVP IRU PHHWLQJ 02V�

�������� 3DWK WR $FKLHYH 0HDVXUDEOH 2EMHFWLYHV

7KH *6$ ZLOO VXSSRUW WKH SURWHFWLRQ RI JURXQGZDWHU TXDOLW\ E\ PRQLWRULQJ JURXQGZDWHU TXDOLW\ FRQGLWLRQV DQG
FRRUGLQDWLQJ ZLWK RWKHU UHJXODWRU\ DJHQFLHV WKDW ZRUN WR PDLQWDLQ DQG LPSURYH WKH JURXQGZDWHU TXDOLW\ LQ WKH
%DVLQ� $OO IXWXUH 30$V LPSOHPHQWHG E\ WKH *6$ ZLOO FRPSO\ ZLWK VWDWH DQG IHGHUDO ZDWHU TXDOLW\ VWDQGDUGV
DQG %DVLQ 3ODQ ZDWHU TXDOLW\ REMHFWLYHV DQG ZLOO EH GHVLJQHG WR PDLQWDLQ JURXQGZDWHU TXDOLW\ IRU DOO XVHV DQG
XVHUV DQG DYRLG FDXVLQJ XQUHDVRQDEOH JURXQGZDWHU TXDOLW\ GHJUDGDWLRQ� 7KH *6$ ZLOO UHYLHZ DQG DQDO\]H
JURXQGZDWHU PRQLWRULQJ GDWD DV SDUW RI *63 LPSOHPHQWDWLRQ LQ RUGHU WR HYDOXDWH DQ\ FKDQJHV LQ JURXQGZDWHU
TXDOLW\� LQFOXGLQJ WKRVH FKDQJHV UHVXOWLQJ IURP JURXQGZDWHU SXPSLQJ RU UHFKDUJH SURMHFWV LQ WKH %DVLQ� 7KH
QHHG IRU DGGLWLRQDO VWXGLHV RQ JURXQGZDWHU TXDOLW\ ZLOO EH DVVHVVHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� 7KH
*6$ PD\ LGHQWLI\ NQRZOHGJH UHTXLUHPHQWV� VHHN IXQGLQJ� DQG KHOS WR LPSOHPHQW DGGLWLRQDO VWXGLHV�

8VLQJ PRQLWRULQJ GDWD FROOHFWHG DV SDUW RI SURMHFW LPSOHPHQWDWLRQ� WKH *6$ ZLOO GHYHORS LQIRUPDWLRQ �H�J��
WLPH�VHULHV SORWV RI ZDWHU TXDOLW\ FRQVWLWXHQWV� WR GHPRQVWUDWH WKDW 30$V DUH RSHUDWLQJ WR PDLQWDLQ RU LP�
SURYH JURXQGZDWHU TXDOLW\ FRQGLWLRQV LQ WKH %DVLQ DQG WR DYRLG XQUHDVRQDEOH JURXQGZDWHU TXDOLW\ GHJUDGD�

��
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)LJXUH ��� 'HJUDGHG ZDWHU TXDOLW\ WKHUPRPHWHUV IRU WKH FRQVWLWXHQWV RI FRQFHUQ LQ 6FRWW 5LYHU 9DOOH\�

��
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WLRQ� 6KRXOG WKH FRQFHQWUDWLRQ RI D FRQVWLWXHQW RI LQWHUHVW LQFUHDVH WR LWV PD[LPXP WKUHVKROG �RU D WULJJHU
YDOXH EHORZ WKDW WKUHVKROG VSHFLILFDOO\ GHVLJQDWHG E\ RFFXUUHQFH�� WKH *6$ ZLOO GHWHUPLQH DQ DSSURSULDWH
UHVSRQVH EDVHG RQ WKH SURFHVV LOOXVWUDWHG LQ )LJXUH ��� 7KLV SURFHVV GHSLFWV WKH KLJK�OHYHO GHFLVLRQ PDNLQJ
WKDW JRHV LQWR GHYHORSLQJ 60&� WKH PRQLWRULQJ WR GHWHUPLQH LI FULWHULD DUH PHW� DQG DFWLRQV WR EH WDNHQ EDVHG
RQ PRQLWRULQJ UHVXOWV� ([FHHGDQFHV RI QLWUDWH DQG VSHFLILF FRQGXFWLYLW\ ZDWHU TXDOLW\ REMHFWLYHV ZLOO DOVR EH
UHIHUUHG WR 1&5:4&%� :KHUH WKH FDXVH RI DQ H[FHHGDQFH LV XQNQRZQ� WKH *6$ PD\ FKRRVH WR FRQGXFW
DGGLWLRQDO RU PRUH IUHTXHQW PRQLWRULQJ�

��
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)LJXUH ��� 'HJUDGHG ZDWHU TXDOLW\ VXVWDLQDEOH PDQDJHPHQW FULWHULD IORZ FKDUW� 7KH IORZ FKDUW GHSLFWV WKH KLJK�OHYHO GHFLVLRQ PDNLQJ WKDW JRHV
LQWR GHYHORSLQJ VXVWDLQDEOH PDQDJHPHQW FULWHULD �60&�� PRQLWRULQJ WR GHWHUPLQH LI FULWHULD DUH PHW� DQG DFWLRQV WR EH WDNHQ EDVHG RQ PRQLWRULQJ
UHVXOWV�

��
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,QWHULP 0LOHVWRQHV
$V H[LVWLQJ JURXQGZDWHU TXDOLW\ GDWD LQGLFDWH WKDW JURXQGZDWHU LQ WKH %DVLQ JHQHUDOO\ PHHWV DSSOLFDEOH
VWDWH DQG IHGHUDO ZDWHU TXDOLW\ VWDQGDUGV� WKH REMHFWLYH LV WR PDLQWDLQ H[LVWLQJ JURXQGZDWHU TXDOLW\� ,QWHULP
PLOHVWRQHV DUH WKHUHIRUH VHW HTXLYDOHQW WR WKH PHDVXUDEOH REMHFWLYHV ZLWK WKH JRDO RI PDLQWDLQLQJ ZDWHU
TXDOLW\ ZLWKLQ WKH KLVWRULFDO UDQJH RI YDOXHV�

������� ,QIRUPDWLRQ DQG 0HWKRGRORJ\ 8VHG WR (VWDEOLVK 0D[LPXP 7KUHVKROGV DQG 0HDVXU�
DEOH 2EMHFWLYHV

$ GHWDLOHG GLVFXVVLRQ RI WKH FRQFHUQV DVVRFLDWHG ZLWK HOHYDWHG OHYHOV RI HDFK FRQVWLWXHQW RI LQWHUHVW LV GH�
VFULEHG LQ 6HFWLRQ ������ $V WKH &2&V ZHUH LGHQWLILHG XVLQJ FXUUHQW DQG KLVWRULFDO JURXQGZDWHU TXDOLW\ GDWD�
WKLV OLVW PD\ EH UHHYDOXDWHG GXULQJ IXWXUH *63 XSGDWHV� ,Q HVWDEOLVKLQJPD[LPXP WKUHVKROGV IRU JURXQGZDWHU
TXDOLW\� WKH IROORZLQJ LQIRUPDWLRQ ZDV FRQVLGHUHG�

� )HHGEDFN DERXW ZDWHU TXDOLW\ FRQFHUQV IURP VWDNHKROGHUV�
� $Q DVVHVVPHQW RI DYDLODEOH KLVWRULFDO DQG FXUUHQW JURXQGZDWHU TXDOLW\ GDWD IURP SURGXFWLRQ DQG PRQL�
WRULQJ ZHOOV LQ WKH %DVLQ�

� $Q DVVHVVPHQW RI KLVWRULFDO FRPSOLDQFH ZLWK IHGHUDO DQG VWDWH GULQNLQJ ZDWHU TXDOLW\ VWDQGDUGV DQG
ZDWHU TXDOLW\ REMHFWLYHV�

� $Q DVVHVVPHQW RI WUHQGV LQ JURXQGZDWHU TXDOLW\ DW VHOHFWHG ZHOOV ZLWK DGHTXDWH GDWD WR SHUIRUP WKH
DVVHVVPHQW�

� ,QIRUPDWLRQ UHJDUGLQJ VRXUFHV� FRQWURO RSWLRQV� DQG UHJXODWRU\ MXULVGLFWLRQ SHUWDLQLQJ WR &2&V�
� ,QSXW IURP VWDNHKROGHUV UHVXOWLQJ IURP WKH FRQVLGHUDWLRQ RI WKH DERYH LQIRUPDWLRQ LQ WKH IRUP RI UHFRP�
PHQGDWLRQV UHJDUGLQJ PD[LPXP WKUHVKROGV DQG DVVRFLDWHG PDQDJHPHQW DFWLRQV�

7KH KLVWRULFDO DQG FXUUHQW JURXQGZDWHU TXDOLW\ GDWD XVHG LQ WKH HIIRUW WR HVWDEOLVK JURXQGZDWHU TXDOLW\ PD[�
LPXP WKUHVKROGV DUH GLVFXVVHG LQ 6HFWLRQ ������ %DVHG RQ D UHYLHZ RI WKHVH GDWD� DSSOLFDEOH ZDWHU TXDOLW\
UHJXODWLRQV� %DVLQ ZDWHU TXDOLW\ QHHGV� DQG LQIRUPDWLRQ IURP VWDNHKROGHUV� WKH *6$ UHDFKHG D GHWHUPLQDWLRQ
WKDW WKH 6WDWH GULQNLQJ ZDWHU VWDQGDUGV �0&/V DQG :42V� DUH DSSURSULDWH WR GHILQH PD[LPXP WKUHVKROGV
IRU JURXQGZDWHU TXDOLW\� 7KH HVWDEOLVKHG PD[LPXP WKUHVKROGV IRU JURXQGZDWHU TXDOLW\ SURWHFW DQG PDLQWDLQ
JURXQGZDWHU TXDOLW\ IRU H[LVWLQJ RU SRWHQWLDO EHQHILFLDO XVHV DQG XVHUV� 0D[LPXP WKUHVKROGV DOLJQ ZLWK 6WDWH
GULQNLQJ ZDWHU VWDQGDUGV� ZKLFK DUH GHULYHG IURP WKH PD[LPXP FRQWDPLQDQW OHYHOV �0&/V� LQ 7LWOH �� RI
WKH &DOLIRUQLD &RGH RI 5HJXODWLRQV� 7KH PRUH VWULQJHQW ZDWHU TXDOLW\ REMHFWLYHV IRU VSHFLILF FRQGXFWLYLW\�
VSHFLILHG LQ WKH %DVLQ 3ODQ� DUH UHIOHFWHG LQ WKH WULJJHU YDOXHV GHILQHG IRU WKLV FRQVWLWXHQW� 1HZ &2&V PD\
EH DGGHG ZLWK FKDQJLQJ FRQGLWLRQV DQG DV QHZ LQIRUPDWLRQ EHFRPHV DYDLODEOH�

�������� 5HODWLRQVKLS WR 2WKHU 6XVWDLQDELOLW\ ,QGLFDWRUV

*URXQGZDWHU TXDOLW\ FDQQRW W\SLFDOO\ EH XVHG WR SUHGLFW UHVSRQVHV RI RWKHU VXVWDLQDELOLW\ LQGLFDWRUV� +RZ�
HYHU� JURXQGZDWHU TXDOLW\ PD\ EH DIIHFWHG E\ JURXQGZDWHU OHYHOV DQG UHGXFWLRQV LQ JURXQGZDWHU VWRUDJH�
,Q DGGLWLRQ� FHUWDLQ LPSOHPHQWDWLRQ DFWLRQV PD\ EH OLPLWHG E\ WKH QHHG WR DFKLHYH PLQLPXP WKUHVKROGV IRU
RWKHU VXVWDLQDELOLW\ LQGLFDWRUV�

� *URXQGZDWHU /HYHOV ±'HFOLQLQJ ZDWHU OHYHOV FDQ SRWHQWLDOO\ OHDG WR LQFUHDVHG FRQFHQWUDWLRQV RI &2&V
LQ JURXQGZDWHU� PD\ DOWHU WKH H[LVWLQJ K\GUDXOLF JUDGLHQW� DQG PD\ UHVXOW LQ PRYHPHQW RI FRQWDPLQDWHG
JURXQGZDWHU SOXPHV� &KDQJHV LQ ZDWHU OHYHOV DOVR PD\ PRELOL]H FRQWDPLQDQWV WKDW PD\ EH SUHVHQW LQ
XQVDWXUDWHG VRLOV� 7KH PD[LPXP WKUHVKROGV HVWDEOLVKHG IRU JURXQGZDWHU TXDOLW\ PD\ LQIOXHQFH JURXQG�
ZDWHU OHYHO PLQLPXP WKUHVKROGV E\ DIIHFWLQJ WKH ORFDWLRQ RU QXPEHU RI SURMHFWV� VXFK DV JURXQGZDWHU
UHFKDUJH� LQ RUGHU WR DYRLG GHJUDGDWLRQ RI JURXQGZDWHU TXDOLW\�

��
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� *URXQGZDWHU 6WRUDJH ± *URXQGZDWHU TXDOLW\ WKDW LV DW RU QHDU PD[LPXP WKUHVKROGV LV QRW OLNHO\ WR
LQIOXHQFH SXPSLQJ�

� 'HSOHWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH :DWHUV ± *URXQGZDWHU TXDOLW\ WKDW LV DW RU QHDU PD[LPXP
WKUHVKROGV PD\ DIIHFW VWUHDP ZDWHU TXDOLW\�

� 6HDZDWHU ,QWUXVLRQ ± 7KLV VXVWDLQDELOLW\ LQGLFDWRU LV QRW DSSOLFDEOH LQ WKLV %DVLQ�

��



6FRWW 9DOOH\ *63 &KDSWHU �

����� 6XEVLGHQFH

������� 8QGHVLUDEOH 5HVXOWV

$Q XQGHVLUDEOH UHVXOW RFFXUV ZKHQ VXEVLGHQFH VXEVWDQWLDOO\ LQWHUIHUHV ZLWK EHQHILFLDO XVHV RI JURXQGZDWHU
DQG ODQG XVHV� 6XEVLGHQFH RFFXUV DV D UHVXOW RI FRPSDFWLRQ RI �W\SLFDOO\� ILQH�JUDLQHG DTXLIHU PDWHULDOV �L�H��
FOD\� GXH WR WKH RYHUGUDIW RI JURXQGZDWHU� $V WKHUH KDV QRW EHHQ DQ\ KLVWRULFDO GRFXPHQWDWLRQ RI VXEVLGHQFH
LQ WKH %DVLQ� DQG WKH DTXLIHU PDWHULDOV DUH XQOLNHO\ WR SUHVHQW VXFK D ULVN� LW LV UHDVRQDEOH WR FRQFOXGH WKDW
DQ\ ODQG VXEVLGHQFH FDXVHG E\ WKH FKURQLF ORZHULQJ RI JURXQGZDWHU OHYHOV RFFXUULQJ LQ WKH %DVLQ ZRXOG EH
FRQVLGHUHG VLJQLILFDQW DQG XQUHDVRQDEOH� 7KLV LV TXDQWLILHG DV SXPSLQJ LQGXFHG VXEVLGHQFH JUHDWHU WKDQ
WKH PLQLPXP WKUHVKROG RI ��� IW ����� P� LQ DQ\ VLQJOH \HDU� HVVHQWLDOO\ ]HUR VXEVLGHQFH DFFRXQWLQJ IRU
PHDVXUHPHQW HUURU�

(IIHFWV RI 8QGHVLUDEOH 5HVXOWV RQ %HQHILFLDO 8VHV DQG 8VHUV
6XEVLGHQFH FDQ UHVXOW LQ VXEVWDQWLDO LQWHUIHUHQFH ZLWK ODQG XVH LQFOXGLQJ VLJQLILFDQW GDPDJH WR FULWLFDO LQIUDV�
WUXFWXUH VXFK DV FDQDOV� SLSHV� RU RWKHU ZDWHU FRQYH\DQFH IDFLOLWLHV� )ORRGLQJ RI ODQG� LQFOXGLQJ UHVLGHQWLDO
DQG FRPPHUFLDO SURSHUWLHV� FDQ OHDG WR ILQDQFLDO ORVVHV�

������� 0LQLPXP 7KUHVKROGV

7KH PLQLPXP WKUHVKROG IRU ODQG VXEVLGHQFH LQ WKH %DVLQ LV VHW DW QR PRUH WKDQ ��� IW ����� P� LQ DQ\ VLQJOH
\HDU� UHVXOWLQJ LQ QR ORQJ�WHUP SHUPDQHQW VXEVLGHQFH� 7KLV LV VHW DW WKH VDPH PDJQLWXGH DV WKH HVWLPDWHG
HUURU LQ WKH ,Q6$5 GDWD ���� ��� IW >���� P@�� ZKLFK LV FXUUHQWO\ WKH RQO\ WRRO DYDLODEOH IRU PHDVXULQJ EDVLQ�ZLGH
ODQG VXEVLGHQFH FRQVLVWHQWO\ HDFK \HDU LQ WKH %DVLQ�

7KH PLQLPXP WKUHVKROGV IRU ODQG VXEVLGHQFH LQ WKH %DVLQ ZHUH VHOHFWHG DV D SUHYHQWDWLYH PHDVXUH WR HQ�
VXUH PDLQWHQDQFH RI FXUUHQW JURXQG VXUIDFH HOHYDWLRQV DQG DV DQ DGGHG VDIHW\ PHDVXUH IRU SRWHQWLDO IXWXUH
LPSDFWV QRW FXUUHQWO\ SUHVHQW LQ WKH %DVLQ DQG QHDUE\ EDVLQV� 7KLV DYRLGV VLJQLILFDQW DQG XQUHDVRQDEOH
UDWHV RI ODQG VXEVLGHQFH LQ WKH %DVLQ� ZKLFK DUH WKRVH WKDW ZRXOG OHDG WR D SHUPDQHQW VXEVLGHQFH RI ODQG
VXUIDFH HOHYDWLRQV WKDW ZRXOG LPSDFW LQIUDVWUXFWXUH DQG DJULFXOWXUDO SURGXFWLRQ LQ WKH 6FRWW 9DOOH\ DQG QHLJK�
ERULQJ JURXQGZDWHU EDVLQV� 7KHUH DUH FXUUHQWO\ QR RWKHU VWDWH� IHGHUDO� RU ORFDO VWDQGDUGV WKDW UHODWH WR WKLV
VXVWDLQDELOLW\ LQGLFDWRU LQ WKH %DVLQ�

������� 0HDVXUDEOH 2EMHFWLYHV

/DQG VXEVLGHQFH LV QRW NQRZQ WR EH VLJQLILFDQW LQ WKH 6FRWW 9DOOH\� 7KHUH LV QR KLVWRULFDO UHFRUG RI LQHODVWLF
VXEVLGHQFH LQ WKH %DVLQ UHVXOWLQJ LQ SHUPDQHQW ODQG VXEVLGHQFH� 5HFHQW ,Q6$5 GDWD SURYLGHG E\ ':5 �75(
$OWDPLUD� VKRZ QR VLJQLILFDQW VXEVLGHQFH RFFXUULQJ GXULQJ WKH SHULRG RI PLG�-XQH ���� WR PLG�6HSWHPEHU
����� 6PDOO IOXFWXDWLRQV REVHUYHG LQ WKHVH GDWDVHWV DUH OLNHO\ GXH WR VHDVRQDO YDULDWLRQV LQ WKH ORFDO K\�
GURORJLF F\FOH DQG DJULFXOWXUDO SUDFWLFHV DQG DUH QRW VLJQLILFDQW RU XQUHDVRQDEOH� $GGLWLRQDOO\� WKH VSHFLILF
JHRORJ\ RI WKH DTXLIHU PDWHULDOV FRPSULVLQJ WKH %DVLQ LV QRW NQRZQ WR FRQWDLQ WKH WKLFNHU FOD\ FRQILQLQJ XQLWV
WKDW W\SLFDOO\ H[KLELW LQHODVWLF VXEVLGHQFH GXH WR H[FHVVLYH JURXQGZDWHU SXPSLQJ �L�H�� RYHUGUDIW FRQGLWLRQV��

7KH JXLGLQJ PHDVXUDEOH REMHFWLYH RI WKLV *63 IRU ODQG VXEVLGHQFH LQ WKH %DVLQ LV WKH PDLQWHQDQFH RI FXU�
UHQW JURXQG VXUIDFH HOHYDWLRQV� 7KLV PHDVXUDEOH REMHFWLYH DYRLGV VLJQLILFDQW DQG XQUHDVRQDEOH UDWHV RI
ODQG VXEVLGHQFH LQ WKH %DVLQ� ZKLFK DUH WKRVH WKDW ZRXOG OHDG WR D SHUPDQHQW VXEVLGHQFH RI ODQG VXUIDFH
HOHYDWLRQV WKDW LPSDFW LQIUDVWUXFWXUH DQG DJULFXOWXUDO SURGXFWLRQ� $V WKLV VXEVLGHQFH PHDVXUDEOH REMHFWLYH
LV HVVHQWLDOO\ DOUHDG\ PHW� WKH VSHFLILF JRDO LV WR PDLQWDLQ WKLV OHYHO RI ODQG VXEVLGHQFH �L�H�� HVVHQWLDOO\ ]HUR�
WKURXJKRXW WKH *63 LPSOHPHQWDWLRQ SHULRG� /DQG VXEVLGHQFH LQ WKH %DVLQ LV H[SHFWHG WR EH PDLQWDLQHG
WKURXJKRXW WKH LPSOHPHQWDWLRQ SHULRG YLD WKH VXVWDLQDEOH PDQDJHPHQW RI JURXQGZDWHU SXPSLQJ WKURXJK

��
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WKH JURXQGZDWHU OHYHO PHDVXUDEOH REMHFWLYHV� PLQLPXP WKUHVKROGV� DQG LQWHULP PLOHVWRQHV� DV ZHOO DV WKH
IDFW WKDW WKH DTXLIHU JHRORJ\ LV QRW YHU\ OLNHO\ WR EH VXVFHSWLEOH WR VLJQLILFDQW DQG XQUHDVRQDEOH VXEVLGHQFH�
HYHQ XQGHU JURXQGZDWHU RYHUGUDIW FRQGLWLRQV�

7KH PDUJLQ RI VDIHW\ IRU WKH VXEVLGHQFH PHDVXUDEOH REMHFWLYH ZDV HVWDEOLVKHG E\ VHWWLQJ D PHDVXUDEOH
REMHFWLYH WR PDLQWDLQ FXUUHQW VXUIDFH HOHYDWLRQV DQG RSWLQJ WR PRQLWRU VXEVLGHQFH WKURXJKRXW WKH LPSOHPHQ�
WDWLRQ SHULRG� HYHQ WKRXJK WKHUH LV QR KLVWRULFDO UHFRUG RI VXEVLGHQFH� DQG WKH DTXLIHU LV QRW GHHPHG WR EH
OLNHO\ WR VXFFXPE WR LQHODVWLF VXEVLGHQFH� 7KLV LV D UHDVRQDEOH PDUJLQ RI VDIHW\ EDVHG RQ WKH SDVW DQG FXU�
UHQW DTXLIHU FRQGLWLRQV DQG PRUH FRQVHUYDWLYH WKDQ WKH DOWHUQDWLYH RI VLPSO\ VHWWLQJ WKH VXEVLGHQFH LQGLFDWRU
DV µQRW DSSOLFDEOH¶ LQ WKH %DVLQ GXH WR FXUUHQW DQG GRFXPHQWHG KLVWRULFDO HYLGHQFH� $V WKH FXUUHQW PHDVXU�
DEOH REMHFWLYH LV VHW WR PDLQWDLQ WKH SUHVHQW ODQG VXUIDFH HOHYDWLRQV RI WKH %DVLQ� WKH LQWHULP PLOHVWRQHV DUH
VHW DV FKHFN�LQ RSSRUWXQLWLHV WR UHYLHZ \HDU�WR�\HDU VXEVLGHQFH UDWHV IURP WKH SUHYLRXV ILYH�\HDU SHULRG WR
DVVHVV ZKHWKHU WKHUH DUH ORQJHU�SHULRG VXEVLGHQFH WUHQGV WKDQ PD\ EH REVHUYHG LQ WKH DQQXDO UHYLHZV�

������� 3DWK WR $FKLHYH 0HDVXUDEOH 2EMHFWLYHV

/DQG VXEVLGHQFH LQ WKH %DVLQ ZLOO EH TXDQWLWDWLYHO\ PHDVXUHG E\ XVH RI ,Q6$5 GDWD �':5�IXQGHG 75(
$OWDPLUD RU RWKHU VLPLODU GDWD SURGXFWV�� ,I WKHUH DUH DUHDV RI FRQFHUQ IRU LQHODVWLF VXEVLGHQFH LQ WKH %DVLQ
�L�H�� H[FHHGDQFH RI PLQLPDO WKUHVKROGV� REVHUYHG XVLQJ WKH ,Q6$5 GDWD� WKHQ JURXQG�WUXWKLQJ VWXGLHV FRXOG
EH FRQGXFWHG WR GHWHUPLQH LI WKH VLJQDO LV SRWHQWLDOO\ UHODWHG WR FKDQJHV LQ ODQG XVH RU DJULFXOWXUDO SUDFWLFHV
RU IURP JURXQGZDWHU H[WUDFWLRQ� ,I WKH VXEVLGHQFH LV GHWHUPLQHG WR UHVXOW IURP JURXQGZDWHU H[WUDFWLRQ DQG LV
VLJQLILFDQW DQG XQUHDVRQDEOH� WKHQ JURXQG�EDVHG HOHYDWLRQ VXUYH\V PLJKW EH QHHGHG WR PRQLWRU WKH VLWXDWLRQ
PRUH FORVHO\�

������� 5HODWLRQVKLS WR 2WKHU 6XVWDLQDELOLW\ ,QGLFDWRUV

%\ PDQDJLQJ JURXQGZDWHU SXPSLQJ WR DYRLG WKH XQGHVLUDEOH UHVXOW RI FKURQLF ORZHULQJ RI JURXQGZDWHU OHY�
HOV� WKH SRVVLELOLW\ RI ODQG VXEVLGHQFH� DOUHDG\ XQOLNHO\ GXH WR DTXLIHU JHRORJ\� ZLOO EH PLWLJDWHG� $YRLGLQJ
RU OLPLWLQJ ODQG VXEVLGHQFH WKURXJK VXVWDLQDEO\ PDQDJHG JURXQGZDWHU OHYHOV LQ WKH %DVLQ ZLOO DOVR OHVVHQ
LPSDFWV GXH WR GHFOLQHV LQ JURXQGZDWHU VWRUDJH DQG�RU LPSDFWV WR WKH VHQVLWLYH� DQG UHODWLYHO\ VKDOORZ� LQ�
WHUFRQQHFWHG VXUIDFH ZDWHU�JURXQGZDWHU V\VWHP WKDW GHILQHV PXFK RI WKH %DVLQ�

������ 'HSOHWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU

�������� 8QGHVLUDEOH 5HVXOWV

8QGHVLUDEOH 5HVXOWV LQ WKH &RQWH[W RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU
$V GHVFULEHG LQ 6HFWLRQ �� JURXQGZDWHU WKURXJKRXW WKH %DVLQ LV LQWHUFRQQHFWHG ZLWK WKH 6FRWW 5LYHU VWUHDP
QHWZRUN LQFOXGLQJ LWV WULEXWDULHV� $V DOVR GHVFULEHG LQ 6HFWLRQ �� WKH 6FRWW 5LYHU VWUHDP QHWZRUN LV HFR�
ORJLFDOO\ VWUHVVHG GXH� LQ SDUW� WR SHULRGLFDOO\ LQVXIILFLHQW EDVHIORZ FRQGLWLRQV GXULQJ WKH VXPPHU DQG IDOO�
6XPPHU EDVHIORZ OHYHOV DUH� LQ SDUW� UHODWHG WR JURXQGZDWHU OHYHOV DQG VWRUDJH ZKLFK GHWHUPLQH WKH QHW
JURXQGZDWHU FRQWULEXWLRQV WR VWUHDPIORZ� ([FHVVLYH VWUHDP WHPSHUDWXUHV DUH DOVR UHODWHG WR HDUOLHU FRP�
SOHWLRQ RI WKH VQRZ PHOW�VSULQJ IORZ UHFHVVLRQ� DQG GXH WR ODWHU RQVHW RI WKH IDOO IOXVK IORZ IURP WKH ILUVW
VLJQLILFDQW SUHFLSLWDWLRQ HYHQW RI WKH VHDVRQ� 7KHVH DGYHUVH FRQGLWLRQV LPSDFW� DPRQJ RWKHUV� WZR VSHFLHV
RI QDWLYH DQDGURPRXV ILVK� FRKR DQG &KLQRRN VDOPRQ� $GYHUVH VWUHDP IORZ FRQGLWLRQV KDYH RFFXUUHG SUL�
PDULO\ VLQFH WKH ����V� H[DFHUEDWHG E\ WKH ODUJH IUHTXHQF\ RI GU\ \HDUV WKDW KDYH RFFXUUHG RYHU WKH SDVW
�� \HDUV� /RZ VWUHDPIORZ FRQGLWLRQV DUH VLPLODU LQ GU\ \HDUV VLQFH WKH ����V� /RZHVW VWUHDPIORZ FRQGLWLRQV
LQ GU\ \HDUV EHWZHHQ WKH ����V �ZKHQ WKH 6FRWW 5LYHU VWUHDP JDXJH QHDU )RUW -RQHV ZDV HVWDEOLVKHG� DQG

��
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WKH ����V ZHUH DERXW IRXU WLPHV ODUJHU WKDQ PRUH UHFHQWO\� �� FIV ���� FPV� LQVWHDG RI �� FIV ����� FPV��
7KHUH H[LVWV QR ORQJ�WHUP WUHQG LQ ZDWHU�\HDU�W\SH�GHSHQGHQW VWUHDPIORZ PLQLPD� +RZHYHU� WKH IUHTXHQF\
RI ORZ SUHFLSLWDWLRQ \HDUV KDV EHHQ KLJKHU RYHU WKH SDVW �� \HDUV WKDQ LQ WKH VHFRQG SDUW RI WKH ��WK FHQWXU\�
(FRV\VWHP VWUHVVHV LQ WKH 6FRWW 5LYHU VWUHDP QHWZRUN DOVR LQFOXGH JHRPRUSKLF FRQGLWLRQV XQUHODWHG WR IORZ
�FKDQQHO VWUDLJKWHQLQJ DQG LQFLVLRQ� VHGLPHQW GHSRVLWLRQ��

3RWHQWLDO &DXVHV RI 8QGHVLUDEOH 5HVXOWV
&DXVHV RI WKH RYHUDOO ORZ IORZ FKDOOHQJHV LQ WKH 6FRWW 5LYHU VWUHDP V\VWHP LQFOXGH FRQVXPSWLYH XVH RI
VXUIDFH ZDWHU DQG JURXQGZDWHU DQG FOLPDWH YDULDELOLW\ �ZKLFK PXVW EH DFFRXQWHG IRU LQ WKH *63�� 6RPH
FRQVXPSWLYH XVHV RI JURXQGZDWHU PD\ KDYH D PRUH LPPHGLDWH LPSDFW RQ VWUHDPIORZ WKDQ RWKHUV� IRU H[DP�
SOH� D ZHOO WKDW EHJLQV SXPSLQJ JURXQGZDWHU �� IW ��� P� IURP WKH ULYHU EDQN PD\ FDXVH VWUHDP GHSOHWLRQ
KRXUV RU GD\V ODWHU� ZKLOH D ZHOO WKDW EHJLQV SXPSLQJ WZR PLOHV �� NP� ZHVW RI WKH ULYHU EDQN PD\ QRW LQ�
IOXHQFH VWUHDPIORZ IRU PRQWKV RU HYHQ D \HDU� 3RVVLEOH FDXVHV RI XQGHVLUDEOH UHVXOWV LQFOXGH LQFUHDVLQJ
IUHTXHQF\ RU GXUDWLRQ RI GURXJKW FRQGLWLRQV� LQFUHDVHG JURXQGZDWHU H[WUDFWLRQ� DQG FRQWLQXHG VXUIDFH ZDWHU
GLYHUVLRQV�

(IIHFWV RI 8QGHVLUDEOH 5HVXOWV RQ %HQHILFLDO 8VHV DQG 8VHUV
$JULFXOWXUDO /DQG 8VHV DQG 8VHUV ± GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU GXH WR JURXQGZDWHU SXPS�
LQJ FDQ UHGXFH WKH VXUIDFH IORZ DYDLODEOH WR GRZQVWUHDP GLYHUWHUV�

6RPH RI WKH 30$V FRQVLGHUHG LQ WKH *63 GHYHORSPHQW SURFHVV� ZKLFK DUH GHVLJQHG WR UHGXFH RU UHYHUVH
VWUHDP GHSOHWLRQ� FDQ PDNH OHVV ZDWHU DYDLODEOH IRU FRQVXPSWLYH XVH� ZKLFK ZRXOG QHJDWLYHO\ LPSDFW VRPH
DJULFXOWXUDO RSHUDWLRQV� +RZHYHU� WKH 30$V SULRULWL]HG LQ WKLV *63 GR QRW XVH PDQGDWRU\ UHVWULFWLRQV RQ
ZDWHU DYDLODEOH IRU FRQVXPSWLYH XVH RQ FXUUHQWO\ DFWLYH DJULFXOWXUDO ODQG�

'RPHVWLF DQG 0XQLFLSDO :DWHU 8VHV DQG 8VHUV ± GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU FDQ QHJD�
WLYHO\ DIIHFW PXQLFLSDOLWLHV� LQFOXGLQJ WKH &LW\ RI (WQD� WKDW DUH UHOLDQW RQ VXUIDFH ZDWHU DV D GULQNLQJ ZDWHU
VRXUFH�

1RQH RI WKH 30$V FRQVLGHUHG LQ WKH *63 GHYHORSPHQW SURFHVV ZRXOG FKDQJH RSHUDWLRQV IRU GRPHVWLF
ZDWHU XVHUV SXPSLQJ OHVV WKDQ � $)< ������ P��\HDU�� DV WKHVH DUH GH PLQLPLV JURXQGZDWHU XVHUV ZKR DUH
QRW UHJXODWHG XQGHU 6*0$� 6LPLODUO\� QRQH RI WKH 30$V SULRULWL]HG LQ WKH *63 GHYHORSPHQW SURFHVV ZRXOG
QHJDWLYHO\ DIIHFW PXQLFLSDO ZDWHU XVHUV�

5HFUHDWLRQ ± GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU FDQ DIIHFW WKH DELOLW\ RI XVHUV WR SDUWDNH LQ UHFUH�
DWLRQDO DFWLYLWLHV RQ VXUIDFH ZDWHU ERGLHV LQ WKH %DVLQ�

(QYLURQPHQWDO /DQG 8VHV DQG /DQG 8VHUV ± GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU PD\ QHJDWLYHO\
DIIHFW WKH IROORZLQJ� QHDU�VWUHDP KDELWDWV IRU SODQW DQG DQLPDO VSHFLHV� LQVWUHDP HFRV\VWHPV� LQFOXGLQJ KDEL�
WDW QHFHVVDU\ IRU UHSURGXFWLRQ� GHYHORSPHQW� DQG PLJUDWLRQ RI ILVK DQG RWKHU DTXDWLF RUJDQLVPV� WHUUHVWULDO
HFRV\VWHPV UHOLDQW RQ VXUIDFH ZDWHU� DQG ZLOGOLIH WKDW UHO\ RQ VXUIDFH ZDWHUV DV D IRRG RU ZDWHU VRXUFH�
$GGLWLRQDOO\� ORZ IORZ FRQGLWLRQV FDQ UHVXOW LQ LQFUHDVHG VWUHDP WHPSHUDWXUH WKDW FDQ EH LQKRVSLWDEOH WR
DTXDWLF RUJDQLVPV� LQFOXGLQJ DQDGURPRXV ILVK� /RZ VWUHDPIORZ FDQ DOVR OHDG WR LQFUHDVHG FRQFHQWUDWLRQV
RI QXWULHQWV ZKLFK FDQ UHVXOW LQ HXWURSKLFDWLRQ�

$GGUHVVLQJ 8QGHVLUDEOH 5HVXOWV 7KDW ([LVWHG 'XULQJ WKH %DVHOLQH 3HULRG �SULRU WR �����

6*0$ UHTXLUHV WKDW D *63 GHVLJQ 60&V WR DYRLG XQGHVLUDEOH UHVXOWV WKDW GLG QRW DOUHDG\ H[LVW SULRU WR
����� 2SWLRQDOO\� WKH SODQ PD\ DGGUHVV XQGHVLUDEOH UHVXOWV WKDW RFFXUUHG EHIRUH -DQXDU\ �� ���� �&DOLIRUQLD
:DWHU &RGH ��������E������ ,Q 6FRWW 9DOOH\� XQGHVLUDEOH UHVXOWV DVVRFLDWHG ZLWK GHSOHWLRQ RI LQWHUFRQQHFWHG
VXUIDFH ZDWHU WKDW KDYH RFFXUUHG VLQFH -DQXDU\ �� ����� KDG DOUHDG\ H[LVWHG IRU �� \HDUV DV RI ����� 1R
DGGLWLRQDO XQGHVLUDEOH UHVXOWV KDYH RFFXUUHG VLQFH -DQXDU\ �� ���� �6HFWLRQ ������� DQG 7DEOH ��� 7DEOH �
VKRZV WKDW VWUHDP GHSOHWLRQ VLQFH ���� ��� FIV RU OHVV� KDV QRW H[FHHGHG WKH KLJKHVW VWUHDP GHSOHWLRQ
REVHUYHG LQ WKH ���\HDU SHULRG SULRU WR ���� �RYHU �� FIV��

��
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6*0$ DOVR UHTXLUHV WKDW WKH GHVLJQ RI WKH 60& LV FRQVLVWHQW ZLWK H[LVWLQJ ZDWHU ULJKWV DQG UHJXODWLRQV ���
&&5 � �������E������ :LWK UHVSHFW WR WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU 60& LQ WKH %DVLQ� UHOHYDQW ULJKWV DQG
UHJXODWLRQV LQFOXGH �&DQWRU HW DO� ������ WKH ���� 6FRWW 5LYHU $GMXGLFDWLRQ� 3RUWHU�&RORJQH :DWHU 4XDOLW\
&RQWURO $FW �1&5:4&% %DVLQ 3ODQ DQG 70'/�� (QGDQJHUHG 6SHFLHV $FW �(6$�� DQG 3XEOLF 7UXVW 'RFWULQH
�37'�� 7KHVH SURJUDPV DUH GHVFULEHG LQ &KDSWHU � DQG EULHIO\ VXPPDUL]HG KHUH DV WKH\ UHODWH WR WKH 60&
GHYHORSPHQW�

$GMXGLFDWLRQ� 7KH ���� DGMXGLFDWLRQ GHFUHH GHILQHG DOO JURXQGZDWHU ZLWKLQ DSSUR[LPDWHO\ ����� IW ���� P�
IURP WKH PDLQVWHP 6FRWW 5LYHU DV LQWHUFRQQHFWHG WR VXUIDFH ZDWHU DQG DVVLJQHG D ZDWHU ULJKW WR JURXQGZDWHU
SXPSHUV� 7KH *63 LV QRW DOORZHG WR DOWHU ZDWHU ULJKWV� LQFOXGLQJ WKH ���� DGMXGLFDWLRQ LQ WKH %DVLQ� ZKLFK
DOORZV ODQGRZQHUV ZLWKLQ WKH $GMXGLFDWHG =RQH WR SXPS JURXQGZDWHU �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\
������ 6*0$¶V GHILQLWLRQ RI ³EDVLQ´ IRU WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ LV OLPLWHG E\:DWHU &RGH VHFWLRQV
��������D� DQG �H�� ZKLFK SURYLGH WKDW WKH SRUWLRQ RI WKH 6FRWW 9DOOH\ %DVLQ ZLWKLQ WKH DUHD LQFOXGHG LQ WKH
6FRWW 5LYHU 6WUHDP 6\VWHP LV QRW VXEMHFW WR 6*0$�

(6$� 8QGHU WKH (6$� FRKR VDOPRQ RFFXUULQJ LQ WKH 6FRWW 9DOOH\ DUH OLVWHG DV D WKUHDWHQHG VSHFLHV� &'):
KDV SURSRVHG PLQLPXP LQVWUHDP IORZ UHFRPPHQGDWLRQV IRU WKH ILVK� KRZHYHU� WKH 6:5&% KDV QRW VHW
LQVWUHDP IORZ UHTXLUHPHQWV IRU WKH 6FRWW 5LYHU WR GDWH�

3RUWHU�&RORJQH� )RU WKH 6FRWW 5LYHU� WKH 1&5:4&%¶V %DVLQ 3ODQ KDV HVWDEOLVKHG ILVK DQG ZLOGOLIH EHQHILFLDO
XVHV� DQG VHW ZDWHU TXDOLW\ REMHFWLYHV DQG DQ LPSOHPHQWDWLRQ SODQ WR SURWHFW WKHVH XVHV �6FRWW 5LYHU 70'/
$FWLRQ 3ODQ� 1&5:4&%� ��������

7KH 6FRWW 5LYHU 70'/ $FWLRQ 3ODQ HVWDEOLVKHV D IUDPHZRUN WR VXSSRUW PHHWLQJ ZDWHU TXDOLW\ REMHFWLYHV�
3HUPLWWLQJ DXWKRULW\ LV HVWDEOLVKHG XQGHU WKH 1&5:4%¶V %DVLQ 3ODQ DQG 3RUWHU�&RORJQH� 7KH 70'/ $F�
WLRQ SODQ HVWDEOLVKHV YROXQWDU\ DQG UHJXODWRU\ SURJUDPV UHODWHG WR ZDWHU TXDOLW\ PDQDJHPHQW DFWLRQV WKDW
ZRXOG� DPRQJ RWKHUV� H[SDQG ULSDULDQ VKDGLQJ DQG FRQWURO LUULJDWLRQ UHWXUQ�IORZV WR VWUHDPV WR SURWHFW VWUHDP
WHPSHUDWXUH �FXUUHQWO\ UHJXODWHG XQGHU WKH ���� 6FRWW 5LYHU 70'/ &RQGLWLRQDO :DLYHU RI :DVWH 'LVFKDUJH
5HTXLUHPHQWV�� 7KH 70'/ VWDII UHSRUW KDV LGHQWLILHG JURXQGZDWHU GLVFKDUJH WR VWUHDPV DV D IDFWRU FRQWURO�
OLQJ VWUHDP WHPSHUDWXUH DQG D JURXQGZDWHU VWXG\ SODQ KDV EHHQ FRPSOHWHG�

3RUWHU�&RORJQH �WKURXJK 1&5:4&%¶V %DVLQ 3ODQ DQG XVLQJ WKH 70'/ $FWLRQ 3ODQ� HQFRXUDJHV ZDWHU XVHUV
WR GHYHORS DQG LPSOHPHQW ZDWHU FRQVHUYDWLRQ SUDFWLFHV �VXUIDFH ZDWHU DQG JURXQGZDWHU� 7DEOH ���� RI WKH
70'/ $FWLRQ SODQ�� +RZHYHU� WKH 70'/ $FWLRQ 3ODQ GRHV QRW LQFOXGH OHJDO UHTXLUHPHQWV IRU JURXQGZD�
WHU PDQDJHPHQW DFWLRQV WKDW ZRXOG LQFUHDVH EDVHIORZ DV D WRRO WR PDLQWDLQ RU LPSURYH FROG VWUHDPIORZ
WHPSHUDWXUH FRQGLWLRQV �1&5:4&% ������

3XEOLF 7UXVW 'RFWULQH� $ UHFHQW FRXUW GHFLVLRQ RQ WKH SXEOLF WUXVW GRFWULQH �37'� LGHQWLILHV WKH &RXQW\ RI
6LVNL\RX DV DQ H[WHQVLRQ RI WKH 6:5&% ZLWK DGPLQLVWUDWLYH UHVSRQVLELOLWLHV IRU SURWHFWLQJ SXEOLF WUXVW UH�
VRXUFHV ZKHQ LVVXLQJ JURXQGZDWHU ZHOO SHUPLWV� VSHFLILFDOO\� WKH 6FRWW 5LYHU� 7KH FRXUW GHFLVLRQ LGHQWLILHV
JURXQGZDWHU SXPSLQJ WKDW OHDGV WR VXUIDFH ZDWHU GHSOHWLRQ DV VXEMHFW WR SXEOLF WUXVW FRQVLGHUDWLRQV� VSHFLI�
LFDOO\� EDODQFLQJ SXEOLF WUXVW UHVRXUFH QHHGV DJDLQVW WKH SXEOLF LQWHUHVW�

*LYHQ WKH KLVWRU\ RI VWUHDP GHSOHWLRQ DVVRFLDWHG ZLWK JURXQGZDWHU SXPSLQJ RXWVLGH WKH DGMXGLFDWHG ]RQH�
6*0$ GRHV QRW UHTXLUH WKH *6$ WR DGGUHVV XQGHVLUDEOH UHVXOWV DVVRFLDWHG ZLWK GHSOHWLRQ RI LQWHUFRQQHFWHG
VXUIDFH ZDWHU� +RZHYHU� FXUUHQW %DVLQ FRQGLWLRQV LQGLFDWH D QHHG WR LPSURYH FRQGLWLRQV IRU ILVK� 7KH *63
IXUWKHUV WKDW JRDO� 5HYHUVDO RI VWUHDP GHSOHWLRQ LV RQH DFWLRQ WKDW FDQ KHOS DFKLHYH WKDW JRDO� 1HLWKHU WKH
(6$� 70'/� RU 37' VSHFLI\ PDQGDWRU\ WDUJHWV� PLQLPXP WKUHVKROGV� RU VSHFLILF SURMHFW UHTXLUHPHQWV� 7KH\
GR QRW XVH� DV 6*0$ GRHV� WKH FRQFHSW RI ³VLJQLILFDQW DQG XQUHDVRQDEOH XQGHVLUDEOH UHVXOWV´ DV DQ DEVROXWH
OHJDO PHDVXUH� ,QVWHDG� WDUJHWV� SURMHFWV� DQG PDQDJHPHQW DFWLRQV WR DGGUHVV VXUIDFH ZDWHU GHSOHWLRQ DUH
GHYHORSHG DV SDUW RI D SURJUDP LPSOHPHQWDWLRQ DQG GHSHQG RQ HQYLURQPHQWDO RXWFRPHV� VFLHQWLILF VWXGLHV�
SXEOLF LQWHUHVW FRQFHUQV DERXW 30$V� DQG EHVW DYDLODEOH WHFKQRORJ\�

7KH *6$ GHVLJQHG WKLV LQWHUFRQQHFWHG VXUIDFH ZDWHU 60& WR EH FRQVLVWHQW ZLWK WKH UHTXLUHPHQWV RI 6*0$
DQG WKH SURJUDPPDWLF VWUXFWXUHV RI WKH 1&5:4&% %DVLQ 3ODQ �LQFOXGLQJ WKH 70'/ $FWLRQ 3ODQ�� (6$� DQG
37'�

��
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8QGHVLUDEOH 5HVXOWV WR 'HILQH D 0LQLPXP 7KUHVKROG DQG 0HDVXUDEOH 2EMHFWLYHV IRU ,6:V YHUVXV WKH
DVSLUDWLRQDO ³:DWHUVKHG *RDO´

$FFRUGLQJ WR 6*0$ UHJXODWLRQV� ³8QGHVLUDEOH UHVXOWV RFFXU ZKHQ VLJQLILFDQW DQG XQUHDVRQDEOH HIIHFWV IRU
DQ\ RI WKH VXVWDLQDELOLW\ LQGLFDWRUV DUH FDXVHG E\ JURXQGZDWHU FRQGLWLRQV RFFXUULQJ WKURXJKRXW WKH EDVLQ´ ���
&&5 � �������� )RU WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\ LQGLFDWRU� XQGHVLUDEOH UHVXOWV FRPPRQO\
DULVH IURP KDELWDW FRQGLWLRQV WKDW DUH DIIHFWHG E\ WKH DPRXQW RI VWUHDPIORZ� DV GHVFULEHG DERYH� +RZHYHU�
UHGXFWLRQV LQ VWUHDPIORZ ± HYHQ GXULQJ SHULRGV RI EDVHIORZ ± DUH QRW LGHQWLFDO WR ³VWUHDP GHSOHWLRQ GXH
WR JURXQGZDWHU SXPSLQJ´� 5DWKHU� VWUHDPIORZ DQG VWUHDPIORZ FKDQJHV DUH VXEMHFW WR VHYHUDO FRQWULEXWLQJ
IDFWRUV DV GHVFULEHG DERYH DQG LQ 6HFWLRQ ������� �PRQLWRULQJ RI VXUIDFH ZDWHU GHSOHWLRQ�� )RU LPSURYLQJ
VWUHDPIORZ FRQGLWLRQV� YDULRXV DJHQFLHV DQG 1*2V PDQDJLQJ ZDWHUVKHGV W\SLFDOO\ WDUJHW RQH RU VHYHUDO DV�
SLUDWLRQDO ³ZDWHUVKHG JRDOV´� 7KH 6*0$ XQGHVLUDEOH UHVXOW LV RQO\ RQH RI VHYHUDO FRQWULEXWLQJ PHFKDQLVPV
LPSDLULQJ WKHVH ZDWHUVKHG JRDOV� 7KH XQGHVLUDEOH UHVXOW WKDW LV UHOHYDQW WR 6*0$ LV WKH VWUHDP GHSOH�
WLRQ WKDW FDQ EH DWWULEXWHG WR JURXQGZDWHU SXPSLQJ RXWVLGH RI WKH DGMXGLFDWHG ]RQH WR WKH GHJUHH LW
OHDGV WR VLJQLILFDQW DQG XQUHDVRQDEOH LPSDFWV RQ EHQHILFLDO XVHV RI VXUIDFH ZDWHU�
,Q DVVHVVLQJ KRZ VWUHDP GHSOHWLRQ UHYHUVDO OHVV WKDQ WKH 07V DQG 02 ZRXOG UHVXOW LQ VLJQLILFDQW DQG XQ�
UHDVRQDEOH HIIHFWV RQ EHQHILFLDO XVHV RI VXUIDFH ZDWHU� LW LV KHOSIXO WR FRQVLGHU WKH IROORZLQJ VWDQGDUGV IRU
³VLJQLILFDQW´ DQG ³XQUHDVRQDEOH´� &DVH ODZ FRQFHUQLQJ WKH &DOLIRUQLD (QYLURQPHQWDO 4XDOLW\ $FW �&(4$� GH�
ILQHV D ³6LJQLILFDQW HIIHFW RQ WKH HQYLURQPHQW´ DV ³D VXEVWDQWLDO� RU SRWHQWLDOO\ VXEVWDQWLDO� DGYHUVH FKDQJH
LQ WKH HQYLURQPHQW�´ �3XE� 5HVRXUFHV &RGH� � �������

7KHUH LV FRQVLGHUDEOH FDVH ODZ LQWHUSUHWLQJ WKH FRQFHSW RI DQ ³XQUHDVRQDEOH´ XVH RI ZDWHU XQGHU $UWLFOH ���
6HFWLRQ � RI WKH &DOLIRUQLD &RQVWLWXWLRQ WKDW LV LQVWUXFWLYH ZKHQ HYDOXDWLQJ WKH UHDVRQDEOHQHVV RI FRPSHWLQJ
XVHV RI ZDWHU� �6HH H�J�� *LQ &KRZ Y� 6DQWD %DUEDUD ������ ��� &DO� ���� �������� 3HDERG\ Y� &LW\ RI
9DOOHMR ������ � &DO��G���� ���� &LW\ RI /RGL Y� (DVW %D\ 0XQ� 8WLOLW\ 'LVW� ������ � &DO��G ���� ��������
-RVOLQ Y� 0DULQ 0XQLFLSDO :DWHU 'LVW� ������ �� &DO��G ���� ���� (ULFNVRQ Y� 4XHHQ 9DOOH\ 5DQFK &R� ������
�� &DO�$SS��G���� ��������� 7KHVH FDVHV HVVHQWLDOO\ VD\ WKDW ZKHWKHU D ZDWHU XVH LV UHDVRQDEOH GHSHQGV
RQ WKH FLUFXPVWDQFHV� DQG WKHVH FLUFXPVWDQFHV FDQ FKDQJH RYHU WLPH� 7KH UHDVRQDEOHQHVV RI JURXQGZDWHU
XVH WKDW PD\ FRQWULEXWH WR VWUHDP GHSOHWLRQ FRXOG GHSHQG RQ D QXPEHU RI FLUFXPVWDQFHV� LQFOXGLQJ WKH
EHQHILWV RI SXPSLQJ JURXQGZDWHU DQG WKH UHVRXUFH LPSDFWV RI SXPSLQJ JURXQGZDWHU�

)XUWKHUPRUH� LQ WKH 6FRWW 9DOOH\� WKH GHILQLWLRQ RI VXUIDFH ZDWHU GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ PXVW
DFFRXQW IRU WKH MXULVGLFWLRQDO ERXQGDU\ RI WKH ���� DGMXGLFDWLRQ� DV 6*0$ RQO\ DOORZV UHJXODWLRQ RI WKRVH
ZHOOV RXWVLGH RI WKH $GMXGLFDWHG =RQH �:DW� &RGH� � ��������D�������� ,Q WKH 6*0$ FRQWH[W� WKH *6$¶V
HQIRUFHPHQW UHVSRQVLELOLWLHV DUH OLPLWHG WR VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ RXWVLGH RI WKH
$GMXGLFDWHG =RQH� 7KLV LV UHIOHFWHG LQ WKH GHVLJQ RI WKH TXDQWLILFDWLRQ RI VWUHDP GHSOHWLRQ �6HFWLRQ ���������
WKH ³QR SXPSLQJ UHIHUHQFH VFHQDULR´ UHIHUV WR QR SXPSLQJ RXWVLGH RI WKH $GMXGLFDWHG =RQH� 1R SXPSLQJ
LQVLGH RI WKH $GMXGLFDWHG =RQH ZRXOG EH D �YROXQWDU\� 30$ DQG KDV DOVR EHHQ HYDOXDWHG DV D ³ERRNHQG´
30$ VFHQDULR �$SSHQGL[ ��$��

,Q WKH FRQWH[W RI DVVHVVLQJ 07V IRU WKH ,6: 60&� WKH *6$ KDV GHWHUPLQHG WKDW LW LV UHDVRQDEOH WR KROG
JURXQGZDWHU SURGXFHUV RXWVLGH WKH DGMXGLFDWHG ]RQH �UHJXODWHG E\ WKH *63� WR D PRGHVW SHUFHQWDJH RI
VWUHDP GHSOHWLRQ UHYHUVDO�

:KLOH LWV HQIRUFHPHQW UHVSRQVLELOLWLHV DUH QDUURZO\ IRFXVHG RQ JURXQGZDWHU H[WUDFWLRQ RXWVLGH RI WKH $GMX�
GLFDWHG =RQH� WKH *6$¶V FROODERUDWLYH JRDOV DUH EURDGHU WKDQ LWV HQIRUFHPHQW UHVSRQVLELOLWLHV DQG LQFOXGH
VXSSRUW WRZDUG PHHWLQJ DVSLUDWLRQDO ZDWHUVKHG JRDOV� 7KH *63 VHHNV WR UHIOHFW WKHVH HIIRUWV LQ WKH GHVLJQ
RI WKH PHDVXUDEOH REMHFWLYH IRU LQWHUFRQQHFWHG VXUIDFH ZDWHU�

&RQVHTXHQWO\� IRU WKH VXVWDLQDELOLW\ LQGLFDWRU RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU �,6:�� WKLV *63 PDNHV D
GLVWLQFWLRQ EHWZHHQ WKH 8QGHVLUDEOH 5HVXOW �ZKLFK PXVW FRQVLGHU WKH LPSDFWV RQ VXUIDFH ZDWHU EHQHILFLDO
XVHV DWWULEXWDEOH WR JURXQGZDWHU XVH RXWVLGH RI WKH $GMXGLFDWHG =RQH� DQG RYHUDOO FKDOOHQJHV UHODWHG WR
VXUIDFH ZDWHU EHQHILFLDO XVHV WKURXJKRXW WKH ZDWHUVKHG� 7KLV GLVWLQFWLRQ UHIOHFWV WKH IDFW WKDW 6*0$ FDQ
DGGUHVV RQO\ D SRUWLRQ RI WKH ZDWHU VXSSO\ FKDOOHQJHV RI WKH HQWLUH 6FRWW 9DOOH\�

��
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7KH REMHFWLYH RI VHFXULQJ VXIILFLHQWO\ IXQFWLRQDO HQYLURQPHQWDO IORZV KDV EHHQ UHIHUUHG WR DV DQ DVSLUDWLRQDO
³ZDWHUVKHG JRDO´ LQGLFDWLQJ WKDW DFWLRQ E\ DOO ZDWHU XVHUV LQ WKH ZDWHUVKHG PD\ EH QHFHVVDU\ WR DFKLHYH
LW� 4XDQWLILFDWLRQ RI WKH 02 IRU WKH ,6: VXVWDLQDELOLW\ LQGLFDWRU VXSSRUWV DFKLHYHPHQW RI WKH DVSLUDWLRQDO
ZDWHUVKHG JRDO�

&KRRVLQJ WKH DVSLUDWLRQDO ZDWHUVKHG JRDO LWVHOI DV WKH 02 ZRXOG QRW PHHW UHJXODWLRQV� ':5 UHTXLUHV WKDW
WKH PHWULFV XVHG WR TXDQWLI\ DQG PHDVXUH VWUHDP GHSOHWLRQ DQG WR HVWDEOLVK WKH PLQLPXP WKUHVKROG� 6HF�
WLRQ �������� PXVW DOVR EH XVHG WR TXDQWLI\ WKH 02 ��� &&5 � �������� ³�E� PHDVXUDEOH REMHFWLYHV VKDOO
EH HVWDEOLVKHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU� EDVHG RQ TXDQWLWDWLYH YDOXHV XVLQJ WKH VDPH PHWULFV DQG
PRQLWRULQJ VLWHV DV DUH XVHG WR GHILQH WKH PLQLPXP WKUHVKROGV´�

7KH *6$ VHHNV WR HOHYDWH LWV SULRULW\ IRU EHLQJ DQ DFWLYH SDUWQHU LQ DQ LQWHJUDWHG ZDWHUVKHG PDQDJHPHQW
SURFHVV LQYROYLQJ PDQ\ FROODERUDWLRQV DQG SDUWQHUVKLSV E\ HPSKDVL]LQJ WKDW WKH 02 KHOSV VXSSRUW WKLV
DVSLUDWLRQDO� LQWHJUDWHG ZDWHUVKHG PDQDJHPHQW JRDO� $V GLVFXVVHG EHORZ LQ 6HFWLRQ �������� WKH *6$¶V
02 IRU LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\ DFFRXQWV IRU 3RUWHU�&RORJQH� WKH 70'/� WKH 3XEOLF 7UXVW
'RFWULQH� DQG WKH (QGDQJHUHG 6SHFLHV $FW� E\ WDUJHWLQJ VXEVWDQWLDO VWUHDP GHSOHWLRQ UHYHUVDO LQ RUGHU WR
EHQHILW 6FRWW 5LYHU ILVK DQG ZLOGOLIH EHQHILFLDO XVHV�

7R VXPPDUL]H� WKH ,6: 8QGHVLUDEOH 5HVXOW LV QDUURZHU LQ VFRSH WKDQ WKH RYHUDOO ORZ IORZ FKDOOHQJHV LQ WKH
6FRWW 5LYHU VWUHDP QHWZRUN DQG LV GHILQHG DV ³VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU H[WUDFWLRQ IURP ZHOOV
VXEMHFW WR 6*0$ �L�H�� RXWVLGH RI WKH $GMXGLFDWHG =RQH� WR WKH GHJUHH LW OHDGV WR VLJQLILFDQW DQG XQUHDVRQ�
DEOH LPSDFWV RQ EHQHILFLDO XVHV RI VXUIDFH ZDWHU�´ ,W LV SURWHFWHG E\ WKH 07 DQG WKH 02� +RZHYHU� *63
LPSOHPHQWDWLRQ LV SDUW RI D EURDGHU� LQWHJUDWHG HIIRUW DFURVV PXOWLSOH SDUWQHUV DQG SDUWQHUVKLSV WR DGGUHVV
RYHUDOO ORZ IORZ FKDOOHQJHV LQ WKH %DVLQ� +HQFH� WKH PLQLPXP 02 LV RQO\ WKH ORZHVW HQG RI D EURDGHU UDQJH
RI GHVLUDEOH VWUHDP GHSOHWLRQ UHYHUVDO �JUHHQ�VKDGHG DUHD LQ )LJXUH ��� WKDW LV LQFOXVLYH RI WKH DVSLUDWLRQDO
ZDWHUVKHG JRDO�

,GHQWLI\LQJ 8QGHVLUDEOH 5HVXOWV IRU 3XUSRVHV RI 6HWWLQJ D 0LQLPXP 7KUHVKROG

7KH *6$ GHFLGHG WKDW TXDQWLILFDWLRQ RI VWUHDP GHSOHWLRQ WKDW FRQVWLWXWHV WKH 8QGHVLUDEOH 5HVXOW GHSHQGV
RQ WKH UHVXOWV RI D EDODQFLQJ WHVW EHWZHHQ SXEOLF WUXVW QHHGV �HQYLURQPHQWDO LPSURYHPHQWV� DQG WKH SXEOLF
LQWHUHVWV�

,Q SXEOLF PHHWLQJV� WKH 6FRWW *6$ $GYLVRU\ &RPPLWWHH �$&� HYDOXDWHG WKH IORZ EHQHILWV DQG WKH SXEOLF
LQWHUHVW LPSDFWV RI YDULRXV 30$V� 7KH $& GHWHUPLQHG WKDW� EDVHG RQ WKH GLYHUVH DUUD\ RI 30$V WKDW FRXOG
EH LPSOHPHQWHG LQ WKH 6FRWW 9DOOH\� LW ZRXOG EH UHDVRQDEOH WR XQGHUWDNH VRPH FRPELQDWLRQ RI 30$V WR
UHGXFH VWUHDP GHSOHWLRQ ZKLOH H[SRVLQJ VWDNHKROGHUV WR UHDVRQDEOH HFRQRPLF FRVWV�

7KH FRPPLWWHH FRQVLGHUHG ERWK� LQIRUPDWLRQ SURYLGHG RQ SURWHFWLQJ HQYLURQPHQWDO EHQHILFLDO XVHV DQG XVHUV�
DQG LQIRUPDWLRQ SURYLGHG RQ WKH SXEOLF LQWHUHVWV RI WKH %DVLQ�

� (QYLURQPHQWDO %HQHILFLDO 8VHV DQG 8VHUV� 'HWDLOHG ELRORJLFDO DVVHVVPHQWV UHODWLQJ VSHFLILF LQVWUHDP
IORZV� IXQFWLRQDO IORZ HOHPHQWV� RU KDELWDW WR VSHFLILF ELRORJLFDO RXWFRPHV DUH QRW DYDLODEOH �&KDSWHU
��� +RZHYHU� WKH DGYLVRU\ FRPPLWWHH FRQVLGHUHG WKH PLQLPXP LQVWUHDP IORZ UHTXLUHPHQWV SURSRVHG
E\ &'): ������ DQG WKH GURXJKW LQVWUHDP IORZ UHTXLUHPHQWV SURSRVHG E\ &'): LQ ���� �������

± 7KH HFRQRPLF YDOXH RI WKH HQYLURQPHQWDO EHQHILWV DFKLHYHG VSHFLILFDOO\ IURP 6FRWW 5LYHU IORZV
UHFRPPHQGHG E\ &'): LV FXUUHQWO\ XQNQRZQ� .UXVH DQG 6FKRO] ������ SURYLGH DQ DQDO\VLV RI
HQYLURQPHQWDO HFRQRPLF EHQHILWV IURP .ODPDWK 5LYHU GDP UHPRYDO �IRU D VXPPDU\� VHH $SSHQGL[
��'� 6HFWLRQ �����

± 7KH $GYLVRU\ &RPPLWWHH FRQVLGHUHG D ZLGH UDQJH RI 30$ VFHQDULRV DQG K\SRWKHWLFDO VFHQDULRV WR
DVVHVV WKHLU HQYLURQPHQWDO RXWFRPH� $PRQJ WKH VFHQDULRV FRQVLGHUHG� QRQH FRQVLVWHQWO\ DFKLHYH
WKH SURSRVHG &'): LQVWUHDP IORZV �$SSHQGL[ ��$�� $PRQJ WKH VLPXODWHG VFHQDULRV� VFHQDULRV
ZLWK DQ RXWFRPH WKDW ZRXOG FRPH FORVHVW WR WKH SURSRVHG PLQLPXP LQVWUHDP IORZ UHTXLUHPHQWV
LQFOXGH WKRVH WKDW HLWKHU DEDQGRQ DOO JURXQGZDWHU SXPSLQJ LQVLGH DQG RXWVLGH WKH DGMXGLFDWHG ]RQH

��
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�$SSHQGL[ ��$� SDJH ��� RU FRPSOHWHO\ DEDQGRQ ERWK JURXQGZDWHU DQG VXUIDFH ZDWHU LUULJDWLRQ LQ
WKH %DVLQ �$SSHQGL[ ��$� SDJH ����

� 3XEOLF ,QWHUHVWV LQ WKH %DVLQ DQG 6LVNL\RX &RXQW\� 7KH HFRQRPLF LPSDFW RI YDULRXV GHJUHHV RI SHU�
PDQHQW LUULJDWLRQ FXUWDLOPHQW KDYH EHHQ HYDOXDWHG WKURXJK DQ HFRQRPLF DQDO\VLV DQG SUHVHQWHG WR WKH
$GYLVRU\ &RPPLWWHH �$SSHQGL[ ��'��

± 2I WKH HFRQRPLF VFHQDULRV FRQVLGHUHG� 6FHQDULR �F �³$OO DOIDOID DQG SDVWXUH DUH IDOORZHG E\ ����
ZLWK QR DELOLW\ WR UH�RSHUDWLRQDOL]H ODQG DQG ZDWHU XVH UHGXFWLRQV ZLWK RWKHU FURSV�´� PRVW FORVHO\
UHSUHVHQWV WKH SHUPDQHQW FXUWDLOPHQWV RI DOO %DVLQ JURXQGZDWHU XVH RU DOO %DVLQ JURXQGZDWHU DQG
VXUIDFH ZDWHU XVH WKDW ZRXOG EH QHHGHG WR DFKLHYH &'): UHFRPPHQGHG LQVWUHDP IORZ� 7KH
HFRQRPLF LPSDFW RI VFHQDULR �F IRU WKH 6FRWW 9DOOH\ %DVLQ LV ��� PLOOLRQ LQ WRWDO DQQXDO ORVW RXWSXW
DQG ��� PLOOLRQ LQ WRWDO DQQXDO ORVW µYDOXH DGGHG¶� OHDGLQJ WR DQ HVWLPDWHG ��� ORVW MREV �7DEOH ��
LQ $SSHQGL[ ��'��

± 7KH HFRQRPLF LPSDFW RI VFHQDULR � �³7RWDO DJULFXOWXUDO ZDWHU XVH FXWEDFN E\ ���� DQG PRGHO JLYHQ
IOH[LELOLW\ WR RSWLPL]H GLVWULEXWLRQ RI FXWEDFNV DFURVV LQGLYLGXDO FURSV�´� IRU WKH 6FRWW 9DOOH\ %DVLQ
LV �� PLOOLRQ LQ WRWDO DQQXDO ORVW RXWSXW DQG ���� PLOOLRQ LQ WRWDO DQQXDO ORVW µYDOXH DGGHG¶� OHDGLQJ
WR DQ HVWLPDWHG �� ORVW MREV �7DEOH �� LQ $SSHQGL[ ��'��

&RQVLGHULQJ WKLV DQDO\VLV DQG WKH SUHVHQFH RI PXOWLSOH 'LVDGYDQWDJHG &RPPXQLWLHV LQ WKH %DVLQ� WKH $& DQG
*6$ IRXQG WKDW WKH LQVWUHDP IORZV LGHQWLILHG E\ &'): WR SURWHFW HQYLURQPHQWDO XVHV DQG XVHUV GLG QRW UHD�
VRQDEO\ EDODQFH SXEOLF LQWHUHVW DQG HQYLURQPHQWDO FRQVLGHUDWLRQV� ,W ZRXOG DOVR EH RXWVLGH WKH *6$¶V OHJDO
DXWKRULW\ WR LPSOHPHQW WR WKH GHJUHH DFKLHYHPHQW RI WKRVH IORZV ZRXOG UHTXLUH FXUWDLOPHQWV IURP DGMXGLFDWHG
XVHUV RU VXUIDFH ZDWHU GLYHUWHUV�

1RQHWKHOHVV� EDVHG RQ WKLV DVVHVVPHQW RI UHDVRQDEOHQHVV E\ WKH $&� WKH *6$ GHFLGHG WR LPSOHPHQW 30$V
WR UHGXFH FXUUHQW UDWHV RI VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU XVH LQ ZHOOV ZLWKLQ WKH *6$¶V MXULVGLFWLRQ�
7KLV ZRXOG DGGUHVV 8QGHVLUDEOH 5HVXOWV H[LVWLQJ LQ ���� DQG FRQWLQXLQJ WR H[LVW WRGD\�

4XDQWLWDWLYH 0HWULF IRU 3XUSRVHV RI 6HWWLQJ D 0LQLPXP 7KUHVKROG DQG 0HDVXUDEOH 2EMHFWLYH
7KH UHGXFWLRQ LQ VWUHDP GHSOHWLRQ LV UHIHUUHG WR DV ³VWUHDP GHSOHWLRQ UHYHUVDO´� ³&XUUHQW UDWHV´ RI VWUHDP GH�
SOHWLRQ DUH ³PHDVXUHG´ XVLQJ 69,+0 �VHH 6HFWLRQ �������� DV WKH VWUHDP GHSOHWLRQ UDWHV GXH WR JURXQGZDWHU
SXPSLQJ RXWVLGH RI WKH $GMXGLFDWHG =RQH� 7KHVH UDWHV FDQQRW EH GLUHFWO\ PHDVXUHG ZLWK ILHOG LQVWUXPHQWV
IRU WKH UHDVRQV GLVFXVVHG LQ 6HFWLRQ ��������

6HFWLRQ ������� GHVFULEHV KRZ VWUHDP GHSOHWLRQ UHYHUVDO GXH WR D 30$ LV PHDVXUHG E\ FRPSDULQJ D 30$
VFHQDULR DJDLQVW D %$8 VFHQDULR� 7KDW VHFWLRQ DOVR H[SODLQV WKDW WKH FRPSDULVRQ LQFOXGHV VHYHUDO PHWULFV�
UHDGLO\ DYDLODEOH IURP WKH 69,+0 VLPXODWLRQV� 0HWULFV WKDW WKH $& KDV FRQVLGHUHG LQ LWV GHOLEHUDWLRQV LQFOXGH�

� GDWHV RI WKH VSULQJ IORZ UHFHVVLRQ �GDWH ZKHQ VLPXODWHG 6FRWW 5LYHU IORZV DW WKH )RUW -RQHV JDXJH IDOO
EHORZ� �� FIV� �� FIV� �� FIV� RU �� FIV�

� VLPXODWHG PRQWKO\ EDVHIORZ DW WKH )RUW -RQHV JDXJH >LQ FIV@ GXULQJ WKH VXPPHU DQG IDOO
� GDWHV RI WKH IDOO IOXVK IORZ �GDWHV DIWHU ZKLFK VLPXODWHG 6FRWW 5LYHU IORZV DW WKH )RUW -RQHV JDXJH UHDFK
DW OHDVW �� FIV� �� FIV� �� FIV� RU �� FIV�

'LIIHUHQFHV EHWZHHQ 30$ VFHQDULRV DQG WKH %$8 VFHQDULR IRU WKH DERYH WKUHH PHWULFV KDYH EHHQ FRPSLOHG
LQ $SSHQGL[ ��$ �ZLWK HOHFWURQLF YHUVLRQV RI GHWDLOHG VSUHDGVKHHW WDEOHV DYDLODEOH LQ 'LJLWDO $SSHQGLFHV ��
$�� DQG ��$���� 7KH GRFXPHQWV SURYLGH LQ VRPH GHWDLO \HDU� DQG PRQWK�VSHFLILF VWUHDP GHSOHWLRQ UHYHUVDO
IRU D VSHFLILF 30$ IRU WKH ���\HDU SHULRG IURP ���� � ����� )RU SXUSRVHV RI TXDQWLWDWLYHO\ FRPPXQLFDWLQJ
HDFK 30$¶V FRPSOH[ VWUHDP GHSOHWLRQ UHYHUVDO� LW LV KHUH UHSUHVHQWHG E\ D VLQJOH UHSUHVHQWDWLYH QXPEHU
WKDW IRFXVHV RQ WKH FULWLFDO ORZ�IORZ SHULRG RI 6HSWHPEHU±1RYHPEHU� WKH ���\HDU DYHUDJH ³5HODWLYH 30$
'HSOHWLRQ 5HYHUVDO´ �PHDVXUHG LQ SHUFHQW�� DV GHILQHG LQ 6HFWLRQ �������� ZLWK UHVSHFW WR VLPXODWHG PRQWKO\
6FRWW 5LYHU IORZ DW WKH )RUW -RQHV JDXJH LQ 6HSWHPEHU� 2FWREHU� DQG 1RYHPEHU�

��
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,Q VXPPDU\� WKH PLQLPXP WKUHVKROG �DQG PHDVXUDEOH REMHFWLYH� LV VHW DV WKH DPRXQW RI VWUHDP GHSOHWLRQ
UHYHUVDO DFKLHYHG E\ RQH RU DQ HTXLYDOHQW VHW RI PXOWLSOH PLQLPXP UHTXLUHG 30$V WR PHHW WKH LQWHQW RI
6*0$ �QR DGGLWLRQDO XQGHVLUDEOH UHVXOWV� DQG WR IXUWKHU 3RUWHU�&RORJQH DQG WKH 37' �VRPH UHYHUVDO RI
H[LVWLQJ XQGHVLUDEOH UHVXOWV�� 7KH VWUHDP GHSOHWLRQ UHYHUVDO HIIHFWV RI 30$V DQG FRPELQDWLRQV RI 30$V
ZHUH HYDOXDWHG XVLQJ WKH 69,+0 DQG WKH IXOO SRUWIROLR RI UHVXOWV LV GLVFXVVHG LQ &KDSWHU � DQG $SSHQGL[
��$� 7KLV IUDPHZRUN IRU WKH PLQLPXP WKUHVKROG LV FRQVLVWHQW ZLWK �� &&5 �������F����� ZKLFK �$� VSHFLILHV
WKH XVH RI PRGHOV WR PHDVXUH VWUHDP GHSOHWLRQ� �%� LPSOLHV WKDW FRQVLGHUDWLRQ RI LPSDFWV RQ EHQHILFLDO XVHV
DQG XVHUV RI LQWHUFRQQHFWHG VXUIDFH ZDWHU QHFHVVDU\� EXW �&� GRHV QRW UHTXLUH WKDW VWUHDPIORZ LWVHOI LV XVHG
WR VHW WKH PLQLPXP WKUHVKROG� WULJJHUV� RU LQWHULP WDUJHWV�

�������� 0LQLPXP 7KUHVKROGV

%DVHG RQ GHOLEHUDWLRQV RI WKH $&� D FRPELQDWLRQ RI 0DQDJHG $TXLIHU 5HFKDUJH �0$5� LQ WKH ZLQWHU �-DQXDU\
WKURXJK 0DUFK� DQG ,Q�/LHX 5HFKDUJH �,/5� LQ WKH VSULQJ �$SULO XQWLO -XQH�� RQ GD\V ZKHQ VWUHDPIORZ� DERYH
&'): LQWHULP LQVWUHDP IORZ FULWHULD LV DYDLODEOH DIWHU PHHWLQJ VXUIDFH ZDWHU GHOLYHULHV RQ ����� FRPELQHG
DFUHV RI DFWLYH DOIDOID DQG SDVWXUH ZDV FRQVLGHUHG WR EH D ³JXLGLQJ´ VFHQDULR WR GHILQH WKH PLQLPXP DPRXQW
RI VWUHDP GHSOHWLRQ UHYHUVDO VHW DV WKH PLQLPXP WKUHVKROG�

7KH 0$5�,/5 VFHQDULRV� RQFH IXOO\ LPSOHPHQWHG� SURYLGH D UHODWLYH VWUHDP GHSOHWLRQ UHYHUVDO WKDW DYHUDJHV
��� GXULQJ 6HSWHPEHU±1RYHPEHU XQGHU ����±���� FOLPDWH FRQGLWLRQV� DV PHDVXUHG E\ WKH 69,+0 PRQ�
LWRULQJ WRRO� ,Q RWKHU ZRUGV� VWUHDP GHSOHWLRQ LV UHGXFHG� RQ DYHUDJH� WR ��� RI VWUHDP GHSOHWLRQ XQGHU
EXVLQHVV�DV�XVXDO� $SSHQGL[ ��$ SURYLGHV GHWDLOHG PRQWKO\ GDWD IRU DOO PRQWKV LQ ����±����� LQFOXGLQJ
UHODWLYH DQG DEVROXWH VWUHDP GHSOHWLRQ UHYHUVDO DQG UHODWLYH DQG DEVROXWH UHPDLQLQJ VWUHDP GHSOHWLRQ� ,W
DOVR SURYLGHV LQIRUPDWLRQ RQ WKH FKDQJH LQ WLPLQJ RI VSULQJ UHFHVV DQG IDOO SXOVH IORZV HDFK \HDU�

$GYLVRU\ &RPPLWWHH GLVFXVVLRQV IXUWKHU OHDG WR WKH FRQFOXVLRQ WKDW WKH LPSOHPHQWDWLRQ RI PXOWLSOH 30$V LV
GHVLUHG RYHU LPSOHPHQWDWLRQ RI D VLQJOH 30$� ,PSOHPHQWDWLRQ RI WKH 0$5�,/5 VFHQDULR� ZLWKRXW FRQVLGHUD�
WLRQ RI RWKHU DFWLRQV WR LQFUHDVH LQVWUHDP IORZV� ZDV FRQVLGHUHG DPELWLRXV� 7KH $GYLVRU\ &RPPLWWHH DJUHHG
WKDW D SRUWIROLR RI 30$V WKDW LQFOXGHV VRPH 0$5� VRPH ,/5� LQFUHDVHG LUULJDWLRQ HIILFLHQFLHV� FRQVHUYDWLRQ
HDVHPHQWV� KDELWDW LPSURYHPHQWV �H�J�� EHDYHU GDP DQDORJV�� FURS FKDQJHV� DQG RWKHU 30$V �VHH &KDS�
WHU �� UHSUHVHQWV D SUHIHUDEOH DQG PRUH UHDOLVWLF DSSURDFK WR PHHWLQJ WKH PLQLPXP WKUHVKROG VHW IRU WKLV
VXVWDLQDELOLW\ LQGLFDWRU� :LWK WKHVH FRQVLGHUDWLRQV� WKH $GYLVRU\ &RPPLWWHH FKRVH WR VHW DQ RSHUDWLRQDOO\
IOH[LEOH PLQLPXP WKUHVKROG�

7KH PLQLPXP WKUHVKROG LV DQ\ SRUWIROLR RI 30$V WKDW DFKLHYHV DQ LQGLYLGXDO PRQWKO\ VWUHDP GHSOHWLRQ
UHYHUVDO VLPLODU WR� EXW QRW QHFHVVDULO\ LGHQWLFDO WR� WKH VWUHDP GHSOHWLRQ UHYHUVDO DFKLHYHG E\ WKH
VSHFLILF 0$5�,/5 VFHQDULR SUHVHQWHG WR WKH $GYLVRU\ &RPPLWWHH �7DEOH ��� 7KH DYHUDJH VWUHDP GHSOH�
WLRQ UHYHUVDO RI WKH LPSOHPHQWHG 30$V GXULQJ 6HSWHPEHU±1RYHPEHU PXVW H[FHHG ��� RI WKH GHSOHWLRQ
FDXVHG E\ JURXQGZDWHU SXPSLQJ IURP RXWVLGH WKH DGMXGLFDWHG ]RQH LQ ���� DQG WKHUHDIWHU� ZKHUH
GHSOHWLRQ LV GHILQHG E\ WKH 69,+0 ³QR�SXPSLQJ RXWVLGH WKH DGMXGLFDWHG ]RQH VFHQDULR �´ GHVFULEHG LQ WKH DS�
SHQGL[� 7KH DYHUDJH UHPDLQLQJ VWUHDP GHSOHWLRQ GXULQJ 6HSWHPEHU±1RYHPEHU WKHUHIRUH PXVW QRW H[FHHG
��� RI WKDW DFKLHYHG XQGHU WKH %$8 VFHQDULR�

7KH DYHUDJH �UHODWLYH� VWUHDP GHSOHWLRQ UHYHUVDO� WKH DYHUDJH UHPDLQLQJ VWUHDP GHSOHWLRQ� DQG DOO RWKHU
³PHDVXUDEOH´ RXWFRPHV WR EH H[SHFWHG IURP 30$ LPSOHPHQWDWLRQ DUH REWDLQHG WKURXJK ORQJ�WHUP 69,+0
VLPXODWLRQV HQFRPSDVVLQJ DW OHDVW �� \HDUV RI DFWXDO FOLPDWH FRQGLWLRQV �VHH 6HFWLRQ ��������� %HFDXVH
69,+0 LV WKH ³PHDVXUHPHQW WRRO´� WKH H[SHFWHG RXWFRPH RI D 30$ RU FRPELQDWLRQ RI 30$V FDQ EH REWDLQHG
IURP VLPXODWLRQ� ZLWKRXW ZDLWLQJ IRU WKH DFWXDO LPSOHPHQWDWLRQ RI 30$V DQG VXEVHTXHQW REVHUYDWLRQ RYHU
D ORQJ WLPH SHULRG� )RU WKH VLPXODWLRQ ³PHDVXUHPHQW´� WKH WLPH VHULHV RI UHFHQW FOLPDWH FRQGLWLRQV WKDW
KDYH DFWXDOO\ RFFXUUHG LQ WKH 6FRWW 9DOOH\ �D ZLGH UDQJH RI FOLPDWH FRQGLWLRQV�� DQG WKH GHVLJQ RI WKH 30$
SURYLGH WKH UHTXLUHG PRGHO LQSXW� 7KH DVVHVVPHQW DQG LPSURYHPHQW SURFHVV IRU 69,+0 ³PHDVXUHPHQWV´�
DOVR GHVFULEHG LQ 6HFWLRQ �������� HQVXUHV WKDW 69,+0 UHPDLQV WKH DSSURSULDWH WRRO IRU GHWHUPLQLQJ 30$
RXWFRPHV� HYHQ XQGHU IXWXUH FOLPDWH DQG %DVLQ FRQGLWLRQV�

��



6FRWW 9DOOH\ *63 &KDSWHU �

6LQFH WKH PLQLPXP WKUHVKROG UHIOHFWV D UHYHUVDO RI DQ H[LVWLQJ XQGHVLUDEOH UHVXOW� WKH PDQDJHPHQW ³JOLGH�
SDWK´ �VRPHWLPHV FRQVLGHUHG IRU WKH JUDGXDO HOLPLQDWLRQ RI ZDWHU OHYHO GHFOLQH LQ EDVLQV LQ RYHUGUDIW� LV
LQVWHDG D ³FOLPELQJ�SDWK´ IRU WKLV LQWHUFRQQHFWHG VXUIDFH ZDWHU 60&� D JUDGXDO LQFUHDVH LQ WKH PLQLPXP
UHTXLUHG VWUHDP GHSOHWLRQ UHYHUVDO �DQG JUDGXDO GHFUHDVH LQ WKH PD[LPXP DOORZDEOH UHPDLQLQJ VWUHDP GH�
SOHWLRQ� RYHU WLPH� 'XH WR WKH FOLPELQJ�SDWK� WKH PLQLPXP WKUHVKROG RI ��� VWUHDP GHSOHWLRQ UHYHUVDO
RQO\ EHFRPHV HQIRUFHDEOH XQGHU 6*0$ LQ ���� DQG WKHUHDIWHU� ZKHQ VXVWDLQDEOH FRQGLWLRQV PXVW
EH DFKLHYHG�
$ORQJ WKH ³FOLPELQJ�SDWK´ RI WKH LQWHULP WZHQW\�\HDU SHULRG� WKH *63 VHWV PLOHVWRQHV WKDW HQVXUH WKDW WKH
*6$ FDQ PHHW DQG H[FHHG 07 FRQGLWLRQV E\ ����� 7KH PLOHVWRQHV WRZDUG WKH ILQDO 07 LPSOHPHQWDWLRQ
LQ ���� DQG WKHUHDIWHU DUH�

� ����� 30$V KDYH EHHQ LPSOHPHQWHG WKDW \LHOG DYHUDJH UHODWLYH VWUHDP GHSOHWLRQ UHYHUVDO RI DW OHDVW
�� �UHPDLQLQJ VWUHDP GHSOHWLRQ� QR PRUH WKDQ ��� RI %$8��

� ����� 30$V KDYH EHHQ LPSOHPHQWHG WKDW \LHOG DYHUDJH UHODWLYH VWUHDP GHSOHWLRQ UHYHUVDO RI DW OHDVW
��� �UHPDLQLQJ VWUHDP GHSOHWLRQ� QR PRUH WKDQ ��� RI %$8��

� ����� 30$V KDYH EHHQ LPSOHPHQWHG WKDW \LHOG DYHUDJH UHODWLYH VWUHDP GHSOHWLRQ UHYHUVDO RI DW OHDVW
��� �WKH ���� 07� UHPDLQLQJ VWUHDP GHSOHWLRQ� QR PRUH WKDQ ��� RI %$8��

� ����� 30$V KDYH EHHQ LPSOHPHQWHG WKDW H[FHHG WKH ���� 07 DQG VKRZ SURJUHVV WRZDUG PHHWLQJ WKH
PHDVXUDEOH REMHFWLYH�

%\ VHWWLQJ D PLOHVWRQH WR DFKLHYH 07 FRQGLWLRQV QR ODWHU WKDQ ����� ILYH \HDUV SULRU WR WKH GDWH VHW IRU WKH
07 GHHPHG WR UHIOHFW VXVWDLQDEOH JURXQGZDWHU FRQGLWLRQV� WKH *63 SURYLGHV D UHDVRQDEOH ³FOLPELQJ�SDWK´
WRZDUG DPHDVXUDEOH REMHFWLYH WKDW H[FHHGV WKH07 DQG DFKLHYHV WKH VXVWDLQDELOLW\ JRDO� 'XULQJ WKH LQWHULP
SHULRG� WKH *6$ ZLOO XVH PLOHVWRQHV WR GHPRQVWUDWH WKDW WKH *6$ LV RQ D SDWK WR FRPSOLDQFH ZLWK WKH
���� 0LQLPXP 7KUHVKROG ��� &&5 6HFWLRQ ������F������

��
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7DEOH �� $YHUDJH RI GDLO\ VLPXODWHG VWUHDP GHSOHWLRQ �FIV� GXH WR JURXQGZDWHU SXPSLQJ RXWVLGH RI WKH DG�
MXGLFDWHG ]RQH� E\ FDOHQGDU \HDU� 6WUHDP GHSOHWLRQ ZDV FRPSXWHG XVLQJ 69,+0� E\ FRPSDULQJ WKH EDVH
FDVH VFHQDULR �FDOLEUDWHG KLVWRULF PRGHO� DJDLQVW D VFHQDULR� IRU WKH VDPH VLPXODWLRQ SHULRG� LQ ZKLFK QR
JURXQGZDWHU SXPSLQJ RFFXUUHG RXWVLGH WKH DGMXGLFDWHG ]RQH� 'DLO\ VWUHDP GHSOHWLRQ >FIV@ LV WKH GLIIHUHQFH
LQ VLPXODWHG VWUHDPIORZ DW WKH )RUW -RQHV JDXJH EHWZHHQ WKH QR�JURXQGZDWHU SXPSLQJ VFHQDULR �JHQHUDOO\
PRUH IORZ� DQG WKH EDVH VFHQDULR �JHQHUDOO\ OHVV IORZ�� 6WUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ LV
FXUUHQWO\ QRW DYDLODEOH IRU SHULRGV DIWHU ����� 69,+0 ZLOO EH UHJXODUO\ XSGDWHG GXULQJ WKH *63 LPSOHPHQWD�
WLRQ WR UHIOHFW PRUH FXUUHQW FRQGLWLRQV�
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:DWHU
<HDU
7\SH

<HDUV ���� 0LQLPXP
7KUHVKROG IRU
7RWDO 'HSOHWLRQ
5HYHUVHG� 6HS
��1RY �� �FIV�

$YHUDJH
'HSOHWLRQ
5HYHUVHG�
6HS�1RY
�FIV�

,0 IRU
����

,0 IRU
����

,0 IRU
����

,0 IRU
����

,0 IRU
����

'U\ ����� �����
����� �����
����� �����
����� ����

������ ���� � �� ��� ��� ���

%HORZ
$YJ

����� �����
����� �����
����� �����
����� ����

������ ���� � �� �� ��� ���

$ERYH
$YJ

����� �����
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:HW ����� �����
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����� �����
����

������ ���� � �� ��� ��� ���

7DEOH �� 3HUFHQW DQG DYHUDJH IORZUDWH �FIV� RI 7RWDO 6WUHDP 'HSOHWLRQ �GXH WR JURXQGZDWHU SXPSLQJ LQ ZHOOV
RXWVLGH RI WKH $GMXGLFDWHG =RQH�� IURP 6HS � WR 1RY ��� UHYHUVHG E\ WKH ³JXLGLQJ´ PLQLPXP 30$� 0DQDJHG
$TXLIHU 5HFKDUJH DQG ,Q�/LHX 5HFKDUJH �0$5 DQG ,/5�� FDWHJRUL]HG E\ ZDWHU \HDU W\SH� DQG DGMXVWHG WR
WKH ILQDO ���� PLQLPXP WKUHVKROG RI �� SHUFHQW� :DWHU \HDU W\SH LV EDVHG RQ TXDUWLOHV RI WRWDO IORZ UHFRUGHG
DW WKH )RUW -RQHV 86*6 IORZ JDXJH� ZDWHU \HDUV ��������� �ZKHUH ZDWHU \HDUV VWDUW 2FW ��� ,0 LQGLFDWHV
,QWHULP 0LOHVWRQH� LQ XQLWV RI 3HUFHQW 'HSOHWLRQ 5HYHUVHG E\ 30$V� E\ ZDWHU \HDU W\SH�
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)LJXUH ��� &RQFHSWXDO RXWOLQH RI WKH VXVWDLQDEOH PDQDJHPHQW FULWHULD IRU LQWHUFRQQHFWHG VXUIDFH ZDWHU �UHYHUVDO RI VWUHDP GHSOHWLRQ GXH WR
JURXQGZDWHU SXPSLQJ�� &XUUHQW %DVLQ FRQGLWLRQV LQGLFDWH D QHHG WR LPSURYH FRQGLWLRQV IRU ILVK DQG WKH *63 IXUWKHUV WKDW JRDO� 5HYHUVDO RI
VWUHDP GHSOHWLRQ LV RQH DFWLRQ WKDW FDQ KHOS DFKLHYH WKDW JRDO� 7KH PLQLPXP WKUHVKROG IRU VWUHDP GHSOHWLRQ UHYHUVDO LV KLJKHU WKDQ FXUUHQW RU
UHFHQW KLVWRULF FRQGLWLRQV� 7KH PLQLPXP WKUHVKROG GHHPHG WR UHIOHFW VXVWDLQDEOH FRQGLWLRQV ZLOO EH HIIHFWLYH IURP ���� RQZDUG� 3ULRU WR �����
LQWHULP PLOHVWRQHV DUH VHW IRU ����� ����� DQG ����� 7KH LQWHULP PLOHVWRQH IRU ���� LV HTXDO WR WKH ���� PLQLPXP WKUHVKROG� 7KH PHDVXUDEOH
REMHFWLYH UHSUHVHQWV D SHUFHQWDJH RI VWUHDP GHSOHWLRQ UHYHUVDO WKDW H[FHHGV WKH UHDVRQDEOH PDUJLQ RI RSHUDWLRQDO IOH[LELOLW\ IRU LPSURYLQJ RYHUDOO
FRQGLWLRQV LQ WKH EDVLQ� *UDSKLF PRGLILHG IURP &DOLIRUQLD ':5� 'UDIW 6XVWDLQDEOH 0DQDJHPHQW &ULWHULD %03� 1RYHPEHU ����� )LJXUH ��%�
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�������� 0HDVXUDEOH 2EMHFWLYHV

0RUH WKDQ DQ\ RWKHU VXVWDLQDEOH PDQDJHPHQW FULWHULD EHVLGHV ZDWHU TXDOLW\� WKH LQWHUFRQQHFWHG VXUIDFH
ZDWHU 60& LV WLJKWO\ OLQNHG WR WKH ZDWHU PDQDJHPHQW HIIRUWV RXWVLGH GLUHFW JURXQGZDWHU PDQDJHPHQW� 0DQ�
DJLQJ WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU 60& LV SDUW RI D EURDGHU ZDWHUVKHG SRUWIROLR RI SURMHFWV DQG PDQ�
DJHPHQW DFWLRQV WKDW HQJDJHV PXOWLSOH IHGHUDO� VWDWH� DQG ORFDO DJHQFLHV� 1*2V� DQG YROXQWHHU JURXSV� 7R
EH VXFFHVVIXO� LPSOHPHQWDWLRQ RI WKH *63 IRU LQWHUFRQQHFWHG VXUIDFH ZDWHU PXVW EH FORVHO\ LQWHJUDWHG ZLWK
WKHVH EURDGHU� FROODERUDWLYH ZDWHU PDQDJHPHQW HIIRUWV� 7R DUWLFXODWH WKH LQWHJUDWHG ZDWHU PDQDJHPHQW
FKDUDFWHULVWLF RI WKLV 60&� WKH 0HDVXUDEOH 2EMHFWLYH LV FRQVLGHUHG WR EH SDUW RI WKH RYHUDOO� DVSLUDWLRQDO
³ZDWHUVKHG JRDO´� 7KH ZDWHUVKHG JRDO FRQVWLWXWHV D PDQDJHPHQW REMHFWLYH FRYHULQJ DOO FRQVXPSWLYH ZDWHU
XVHV DV ZHOO DV ODQG PDQDJHPHQW LQ WKH 6FRWW 9DOOH\ %DVLQ DQG LWV VXUURXQGLQJ ZDWHUVKHG� %HFDXVH WKH
*6$ KDV QR OHJDO DXWKRULW\ RYHU VRPH RI WKHVH XVHV� FROODERUDWLRQ ZLWK VXUIDFH ZDWHU XVHUV LQ WKH %DVLQ�
ZLWK XSODQG ODQG PDQDJHUV� DQG ZLWK JURXQGZDWHU XVHUV LQ WKH $GMXGLFDWHG =RQH� DV ZHOO DV ZLWK ORFDO RU�
JDQL]DWLRQV DQG VWDWH DQG IHGHUDO DJHQFLHV ZLOO EH QHFHVVDU\ WR ZRUN WRZDUGV WKH DVSLUDWLRQDO ZDWHUVKHG
JRDO�

,W LV ZRUWK QRWLQJ WKDW WKH *63 UHJXODWLRQV DOORZ WKH *6$ WR FRQVLGHU XVLQJ WKH 02 DV DQ DVSLUDWLRQDO JRDO
E\ VHWWLQJ D 02 WKDW H[FHHGV WKH UHDVRQDEOH PDUJLQ RI RSHUDWLRQDO IOH[LELOLW\ IRU LPSURYLQJ RYHUDOO FRQGLWLRQV
LQ WKH EDVLQ ��� &&5 �������J���� EXW WKLV LV QRW UHTXLUHG� 1RWKLQJ LQ 6*0$ RWKHUZLVH SUHFOXGHV GLVFXVVLRQ
RI ³DVSLUDWLRQDO´ JRDOV�

&RQVLVWHQW ZLWK WKH PHWULFV IRU WKH PLQLPXP WKUHVKROG� WKH PHDVXUDEOH REMHFWLYH LV GHILQHG DV DQ\ SRUWIROLR
RI 30$V WKDW DFKLHYHV DQ LQGLYLGXDO PRQWKO\ UHODWLYH VWUHDP GHSOHWLRQ UHYHUVDO VLPLODU WR� EXW QRW QHFHV�
VDULO\ LGHQWLFDO WR� WKH UHODWLYH VWUHDP GHSOHWLRQ UHYHUVDO DFKLHYHG E\ WKH VSHFLILF 0$5�,/5 VFHQDULR
SUHVHQWHG WR WKH $&� 7KH PHDVXUDEOH REMHFWLYH LV DFKLHYHG ZKHQ DYHUDJH UHODWLYH VWUHDP GHSOHWLRQ UH�
YHUVDO RI WKH LPSOHPHQWHG 30$V GXULQJ 6HSWHPEHU±1RYHPEHU LV ��� RU DERYH LQ ���� DQG WKHUHDIWHU�
ZKHUH GHSOHWLRQ LV GHILQHG E\ WKH 69,+0 ³QR�SXPSLQJ RXWVLGH WKH DGMXGLFDWHG ]RQH VFHQDULR �´ GHVFULEHG
LQ WKH DSSHQGL[� 7KH DYHUDJH UHPDLQLQJ VWUHDP GHSOHWLRQ GXULQJ 6HSWHPEHU±1RYHPEHU� XQGHU WKH PHDVXU�
DEOH REMHFWLYH� LV ��� RU OHVV RI WKDW DFKLHYHG XQGHU WKH %$8 VFHQDULR� 7KH GLIIHUHQFH EHWZHHQ PHDVXUDEOH
REMHFWLYH ���� RU DERYH� DQG WKH PLQLPXP WKUHVKROG ����� SURYLGHV IRU QHFHVVDU\ RSHUDWLRQDO IOH[LELOLW\ LQ
WKH LPSOHPHQWDWLRQ RI 30$V� 7KH UDQJH RI WKH PHDVXUDEOH REMHFWLYH ���� RU DERYH� LV FRQVLVWHQW ZLWK WKH
DVSLUDWLRQDO ZDWHUVKHG JRDO�

7KLV PHDVXUDEOH REMHFWLYH PHHWV WKH OHJDO UHTXLUHPHQW WKDW WKH PHDVXUDEOH REMHFWLYH PXVW XVH WKH VDPH
PHWULFV DQG PRQLWRULQJ WRROV DV WKDW XVHG IRU VHWWLQJ WKH PLQLPXP WKUHVKROG ��� &&5 6HFWLRQ �������E���
,PSOHPHQWDWLRQ RI WKH 60& LV FORVHO\ WLHG WR WKH EURDGHU ZDWHU PDQDJHPHQW LQ WKH %DVLQ DQG LWV VXUURXQGLQJ
ZDWHUVKHG� 7R HPSKDVL]H WKH GHVLUH WR LQWHJUDWH WKH HIIRUWV RI WKH *6$ ZLWK RWKHU DJHQFLHV¶ DQG JURXSV¶
ZDWHU PDQDJHPHQW HIIRUWV� DFKLHYLQJ WKH PHDVXUDEOH REMHFWLYH ZLOO EH SDUW RI D EURDGHU� DOEHLW DVSLUDWLRQDO�
LQWHJUDWHG ZDWHU PDQDJHPHQW JRDO WR HVWDEOLVK DSSURSULDWH� KHDOWK\ VWUHDP DQG VWUHDP IORZ FRQGLWLRQV� 7KH
LPSOHPHQWDWLRQ RI WKH 3ODQ FRQWULEXWHV� LQ FROODERUDWLRQ ZLWK RWKHU DJHQFLHV DQG JURXSV� WR LPSURYLQJ ZDWHU
WHPSHUDWXUHV DQG SURWHFWLQJ SXEOLF WUXVW UHVRXUFHV� 7KLV H[SOLFLW OLQNDJH EHWZHHQ WKH PHDVXUDEOH REMHFWLYH
ZLWK WKH DVSLUDWLRQDO ZDWHUVKHG JRDO DOVR SURYLGHV IOH[LELOLW\ IRU FRPSOLDQFH ZLWK SRWHQWLDO IXWXUH UHJXODWLRQV
RU DFWLRQV� LQ DQ LQWHJUDWHG ZDWHU PDQDJHPHQW DSSURDFK�

�������� 3DWK WR $FKLHYH 0HDVXUDEOH 2EMHFWLYHV

7KH *6$ ZLOO VXSSRUW DFKLHYHPHQW RI WKH PHDVXUDEOH REMHFWLYH E\ FRQGXFWLQJ PRQLWRULQJ UHODWHG WR LQWHUFRQ�
QHFWHG VXUIDFH ZDWHU� LQFOXGLQJ VWUHDPIORZ PRQLWRULQJ DQG FROODERUDWLRQ ZLWK HQWLWLHV WKDW FRQGXFW ELRORJLFDO
PRQLWRULQJ IRU WKH HQYLURQPHQWDO EHQHILFLDO XVHV DQG XVHUV RI LQWHUFRQQHFWHG VXUIDFH ZDWHU LQ WKH %DVLQ�
30$V WR UHYHUVH VXUIDFH ZDWHU GHSOHWLRQ DQG HQVXUH FRPSOLDQFH ZLWK WKH PLQLPXP WKUHVKROG ZLOO EH XQGHU�
WDNHQ E\ WKH *6$� HLWKHU DV WKH OHDG DJHQF\� RU DV D SURMHFW SDUWQHU� 7KH *6$ ZLOO UHYLHZ DQG DQDO\]H GDWD�
DQG XSGDWH WKH PRGHO WR HYDOXDWH DQ\ FKDQJHV LQ GHSOHWLRQ RI VXUIDFH ZDWHU GXH WR JURXQGZDWHU SXPSLQJ RU
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30$ LPSOHPHQWHG LQ WKH %DVLQ� 8VLQJ PRQLWRULQJ GDWD FROOHFWHG DV SDUW RI *63 LPSOHPHQWDWLRQ� WKH *6$
ZLOO GHYHORS LQIRUPDWLRQ WR GHPRQVWUDWH WKDW 30$V DUH RSHUDWLQJ WR PDLQWDLQ RU LPSURYH FRQGLWLRQV UHODWHG
WR WKH GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU LQ WKH %DVLQ DQG WR DYRLG XQGHVLUDEOH UHVXOWV� 6KRXOG WKH
PLQLPXP WKUHVKROG EH H[FHHGHG� WKH *6$ ZLOO LPSOHPHQW PHDVXUHV WR DGGUHVV WKLV RFFXUUHQFH�

7R PDQDJH GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU� WKH *6$ ZLOO SDUWQHU ZLWK ORFDO DJHQFLHV DQG VWDNH�
KROGHUV WR LPSOHPHQW 30$V� 30$V DUH SUHVHQWHG LQ IXUWKHU GHWDLO LQ &KDSWHU �� ,PSOHPHQWDWLRQ WLPHOLQHV
DQG DSSUR[LPDWH FRVWV DUH GLVFXVVHG LQ &KDSWHU ��

7KH *6$ PD\ FKRRVH WR FRQGXFW DGGLWLRQDO RU PRUH IUHTXHQW PRQLWRULQJ� 7KH QHHG IRU DGGLWLRQDO VWXGLHV
RQ GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU ZLOO EH DVVHVVHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� 7KH *6$
PD\ LGHQWLI\ NQRZOHGJH UHTXLUHPHQWV� VHHN IXQGLQJ� DQG KHOS WR LPSOHPHQW DGGLWLRQDO VWXGLHV�

�������� ,QIRUPDWLRQ DQG 0HWKRGRORJ\ 8VHG WR (VWDEOLVK 0LQLPXP 7KUHVKROGV DQG 0HDVXU�
DEOH 2EMHFWLYHV

7KH PLQLPXP WKUHVKROG LV GHILQHG LQ WHUPV RI PRGHOHG PRQWKO\ VWUHDP GHSOHWLRQ UHYHUVDO IRU FOLPDWH SHULRG
��������� FRQGLWLRQV XQGHU SURSRVHG 30$V� 7KLV LV PHDVXUHG ZLWK WKH 69,+0� VLPXOWDQHRXVO\ LQ SHUFHQW
RI 7RWDO 'HSOHWLRQ UHYHUVHG� LQ FXELF�IHHW�SHU�VHFRQG �FIV�� DQG LQ \HDU�VSHFLILF QXPEHU RI GD\V JDLQHG LQ
WKH VSULQJ UHFHVV IORZ DQG IDOO SXOVH IORZ IRU VSHFLILF IORZ WKUHVKROGV �H�J�� �� FIV� �� FIV� �� FIV� RU �� FIV�
DW WKH VLPXODWHG )RUW -RQHV JDXJH� $ GHWDLOHG GLVFXVVLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU DQG JURXQGZDWHU
GHSHQGHQW HFRV\VWHPV LQ WKH %DVLQ LV GHVFULEHG LQ 6HFWLRQ �������� ,Q HVWDEOLVKLQJ PLQLPXP WKUHVKROGV IRU
GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU� WKH IROORZLQJ LQIRUPDWLRQ ZDV FRQVLGHUHG�

� )HHGEDFN RQ FRQFHUQV DERXW GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU DQG IHDVLELOLW\ RI 30$V IURP
VWDNHKROGHUV�

� $Q DVVHVVPHQW RI LQWHUFRQQHFWHG VXUIDFH ZDWHU LQ WKH %DVLQ�
� 5HVXOWV RI WKH QXPHULFDO JURXQGZDWHU PRGHO� ZKLFK ZDV XVHG WR FDOFXODWH VXUIDFH ZDWHU GHSOHWLRQ
XQGHU D YDULHW\ RI VFHQDULRV�

� ,QSXW IURP VWDNHKROGHUV UHVXOWLQJ IURP WKH FRQVLGHUDWLRQ RI WKH DERYH LQIRUPDWLRQ LQ WKH IRUP RI UHFRP�
PHQGDWLRQV UHJDUGLQJ PLQLPXP WKUHVKROGV DQG DVVRFLDWHG PDQDJHPHQW DFWLRQV�

7KH PLQLPXP WKUHVKROGV ZHUH VHOHFWHG EDVHG RQ UHVXOWV RI VFHQDULRV� PRGHOHG XVLQJ 69,+0� XVHG WR LGHQ�
WLI\ D UHDOLVWLF DQG UHDVRQDEOH DPRXQW RI VXUIDFH ZDWHU GHSOHWLRQ WKDW FDQ EH DFKLHYHG WKURXJK WKH SURSRVHG
30$V� 7KH SURSRVHG 30$V LQFOXGHG LQ WKH VFHQDULRV WR LPSURYH WKH GHFOLQH LQ VSULQJ IORZ UHFHVVLRQ�
VXPPHU DQG IDOO EDVHIORZ FRQGLWLRQV� DQG WKH RQVHW RI WKH IDOO IOXVK IORZ LQ GU\ DQG VRPH DYHUDJH \HDUV�
LQGLYLGXDOO\ DQG LQ FRPELQDWLRQ ZHUH�

� :LQWHU DQG VSULQJ PDQDJHG DTXLIHU UHFKDUJH�
� %HDYHU GDP DQDORJXHV DQG RWKHU ILVK�IULHQGO\ VWUXFWXUHV�
� &KDQJHV LQ LUULJDWLRQ WHFKQRORJ\ RU FURS W\SH�
� 6XUIDFH ZDWHU VWRUDJH�
� 6HDVRQDO SXPSLQJ UHVWULFWLRQV LQ WKH QRQ�$GMXGLFDWHG =RQH�
� 9ROXQWDU\ SXPSLQJ UHVWULFWLRQV LQ WKH $GMXGLFDWHG =RQH�
� &RQVHUYDWLRQ HDVHPHQWV WKDW ZRXOG OLPLW LUULJDWLRQ LQ VRPH RU DOO ZDWHU \HDUV�
� $Q H[SDQGHG VXUIDFH ZDWHU OHDVLQJ SURJUDP�

$ORQJ ZLWK 'HSOHWLRQ 5HYHUVDO IRU VSHFLILF VFHQDULRV RI 30$V� RWKHU RXWSXW RI 69,+0 ZDV DOVR XVHG WR
FRPSXWH DQG SUHVHQW RWKHU UHOHYDQW SURMHFW RXWFRPH PHWULFV LPSRUWDQW WR XQGHUVWDQGLQJ DQG DVVHVVLQJ WKH
SURMHFW DQG PDQDJHPHQW DFWLRQ EHQHILWV WR VWUHDPIORZ� ,QIRUPDWLRQ FRQVLGHUHG E\ WKH $GYLVRU\ &RPPLWWHH
LQFOXGH�
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� 7KH UDWLR RI 'HSOHWLRQ 5HYHUVDO DQG 7RWDO 'HSOHWLRQ� ZKLFK LV WKH ³5HODWLYH 'HSOHWLRQ 5HYHUVDO´�
PHDVXUHG LQ SHUFHQW� 7KH FRPSXWDWLRQ RI WKLV YDOXH LV VKRZQ LQ )LJXUH ���

� 6WUHDPIORZ RQ DQ\ JLYHQ GD\ DQG ORFDWLRQ� D PHWULF UHOHYDQW WR PHDVXUH HQYLURQPHQWDO RXWFRPHV�
� 7KH QXPEHU RI GD\V JDLQHG LQ VWUHDP FRQQHFWLYLW\ LQ GU\ DQG VRPH DYHUDJH \HDUV� ERWK LQ WKH VXPPHU
DIWHU WKH HQG RI WKH VSULQJ IORZ UHFHVVLRQ� DQG LQ WKH IDOO ZKHQ VWUHDPIORZ LQFUHDVHV IRU WKH IDOO IOXVK�

� 2WKHU UHOHYDQW PHWULFV LQFOXGLQJ WKH WLPHVHULHV RI UHODWLYH VWUHDPIORZ LQFUHDVH DQG VLPXODWHG VWUHDP�
IORZ�

� (YDOXDWLRQ XQGHU )XWXUH &OLPDWH &RQGLWLRQV� 7KH 7RWDO 'HSOHWLRQ XQGHU IXWXUH FOLPDWH FRQGLWLRQV� DV
ZHOO DV WKH 'HSOHWLRQ 5HYHUVDO XQGHU IXWXUH FOLPDWH FRQGLWLRQV� FDQ EH PRGHOHG LQ WKH VDPH ZD\ DV
IRU WKH ��������� PRGHOV� XVLQJ IXWXUH FOLPDWH GDWD DQG ':5¶V SURWRFRO IRU VLPXODWLQJ FOLPDWH FKDQJH
FRQGLWLRQV�

� 8QFHUWDLQW\ $QDO\VLV� 69,+0 DOVR DOORZV IRU XQFHUWDLQW\ DQDO\VLV LQ SUHGLFWLQJ 7RWDO 'HSOHWLRQ� DV ZHOO
DV 'HSOHWLRQ 5HYHUVDO IRU VSHFLILF SURMHFWV DQG PDQDJHPHQW DFWLRQV XQGHU FXUUHQW RU IXWXUH FOLPDWH
FRQGLWLRQV�

� )RU HDFK JURXS RI SURMHFWV DQG PDQDJHPHQW DFWLRQV WKDW DUH LPSOHPHQWHG� WKH 'HSOHWLRQ 5HYHUVDO LV D
PHDVXUH RI WKH DPRXQW RI VXUIDFH ZDWHU GHSOHWLRQ WKDW LV UHYHUVHG UHODWLYH WR EXVLQHVV DV XVXDO �%$8�
FRQGLWLRQV� 30$V DUH WKHUHIRUH ± WKURXJK 69,+0 ± LQH[WULFDEO\� GHWHUPLQLVWLFDOO\� DQG GLUHFWO\ OLQNHG WR
VSHFLILF ³PHDVXUHG´ RXWFRPHV� VWUHDPIORZ� VWUHDPIORZ JDLQV� 'HSOHWLRQ 5HYHUVDO� 5HODWLYH 'HSOHWLRQ
5HYHUVDO� QXPEHU RI GD\V JDLQHG LQ VWUHDP FRQQHFWLYLW\� HWF�

$ IXOO SRUWIROLR RI WKH VFHQDULRV DQG UHVXOWV DUH LQFOXGHG LQ $SSHQGL[ ��$�

)LJXUH ��� &RPSXWDWLRQ RI WKH 5HODWLYH 'HSOHWLRQ 5HYHUVDO DV WKH UDWLR RI 'HSOHWLRQ 5HYHUVDO �GXH WR 30$V�
DQG 7RWDO 'HSOHWLRQ� 7KH JUDSKLF DOVR VKRZV WKH FRPSXWDWLRQ RI WKH 7RWDO 'HSOHWLRQ DQG WKH 'HSOHWLRQ
5HYHUVDO DV GHILQHG DERYH� 7KH 5HODWLYH 'HSOHWLRQ 5HYHUVDO LV D XQLWOHVV IUDFWLRQ� 0XOWLSOLHG E\ ���� LW
KDV XQLWV RI SHUFHQW� 30$V PD\ OHDG WR OHVV WKDQ ��� SHUFHQW 5HODWLYH 'HSOHWLRQ 5HYHUVDO� RU HYHQ PRUH
WKDQ ��� SHUFHQW 5HODWLYH 'HSOHWLRQ 5HYHUVDO� -XVW OLNH 7RWDO 'HSOHWLRQ DQG SURMHFW RU PDQDJHPHQW DFWLRQ�
VSHFLILF 'HSOHWLRQ 5HYHUVDO� WKH 5HODWLYH 'HSOHWLRQ 5HYHUVDO YDULHV IURP GD\ WR GD\�
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�������� 5HODWLRQVKLS WR 2WKHU 6XVWDLQDELOLW\ ,QGLFDWRUV

0LQLPXP WKUHVKROGV DUH VHOHFWHG WR DYRLG XQGHVLUDEOH UHVXOWV IRU RWKHU VXVWDLQDELOLW\ LQGLFDWRUV� 'HSOHWLRQ RI
LQWHUFRQQHFWHG VXUIDFH ZDWHU LV D FRPSOH[ IXQFWLRQ RI JURXQGZDWHU VWRUDJH DQG JURXQGZDWHU OHYHO G\QDPLFV
WKDW DUH LQ WXUQ WKH UHVXOW RI JURXQGZDWHU SXPSLQJ SDWWHUQV� 7KH UHODWLRQVKLS EHWZHHQ GHSOHWLRQ RI LQWHUFRQ�
QHFWHG VXUIDFH ZDWHU PLQLPXP WKUHVKROGV DQG PLQLPXP WKUHVKROGV IRU RWKHU VXVWDLQDELOLW\ LQGLFDWRUV DUH
GLVFXVVHG EHORZ�

� *URXQGZDWHU /HYHO ± GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU RFFXU LQ FRQMXQFWLRQ ZLWK GHFUHDVHV
LQ JURXQGZDWHU OHYHOV PHDVXUHG LQ VKDOORZ JURXQGZDWHU ZHOOV� UHODWLYH WR WKH �XQPHDVXUHG� FRQGLWLRQV
XQGHU QR�SXPSLQJ RU OHVV�SXPSLQJ� 0LQLPXP WKUHVKROGV IRU JURXQGZDWHU OHYHOV PD\ VHUYH WR DYRLG
VLJQLILFDQW DGGLWLRQDO VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ EXW DUH LQVXIILFLHQW DV D WRRO WR
PDQDJH WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\ LQGLFDWRU� 9LFH YHUVD� WKH PLQLPXP WKUHVKROG
IRU LQWHUFRQQHFWHG VXUIDFH ZDWHU LV SURWHFWLYH RI JURXQGZDWHU OHYHOV DQG VXSSRUWV DFKLHYHPHQW RI WKH
JURXQGZDWHU OHYHO 60&�

� *URXQGZDWHU 6WRUDJH ± GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU DUH UHODWHG WR JURXQGZDWHU VWRUDJH
LQ D VLPLODU ZD\ DV WKH\ DUH UHODWHG WR ZDWHU OHYHO FKDQJHV�

� 6HDZDWHU ,QWUXVLRQ ± 7KLV VXVWDLQDELOLW\ LQGLFDWRU LV QRW DSSOLFDEOH LQ WKLV %DVLQ�
� *URXQGZDWHU 4XDOLW\ ± JURXQGZDWHU TXDOLW\ LV QRW GLUHFWO\ UHODWHG WR GHSOHWLRQ RI LQWHUFRQQHFWHG VXU�
IDFH ZDWHU�

� 6XEVLGHQFH ± GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU DUH UHODWHG WR VXEVLGHQFH LQ D VLPLODU ZD\ DV
WKH\ DUH UHODWHG WR ZDWHU OHYHO FKDQJHV� 7KH PLQLPXP WKUHVKROG IRU LQWHUFRQQHFWHG VXUIDFH ZDWHU ZLOO
DYRLG VLJQLILFDQW ORZHULQJ RI ZDWHU OHYHOV DQG WKXV DOVR DYRLG VXEVLGHQFH�
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https://www.waterboards.ca.gov/northcoast/board_decisions/tentative_orders/pdf/2021/Groundwater%20Basin%20Staff%20report.pdf
https://www.waterboards.ca.gov/northcoast/board_decisions/tentative_orders/pdf/2021/Groundwater%20Basin%20Staff%20report.pdf
https://ca.water.usgs.gov/sustainable-groundwater-management/groundwater-levels-california.html
https://ca.water.usgs.gov/sustainable-groundwater-management/groundwater-levels-california.html
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