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&KDSWHU��

3XPS�2XW���3XPS�,Q�$OWHUQDWLYHV

7KH�SXPS�RXW�SXPS�LQ�DOWHUQDWLYHV�DUH�WKRVH�WKDW�SXPS�ZDWHU�IURP�WKH
6DOWRQ�6HD�WR�GLVWDQW�ORFDWLRQV�DQG�WKHQ�SXPS�ZDWHU�WR�WKH�6HD�IURP�RWKHU
ORFDWLRQV��LQ�YDULRXV�FRPELQDWLRQV���3XPSLQJ�ZDWHU�RXW�UHPRYHV�VDOW�ODGHQ
ZDWHU�DQG�WKXV�UHGXFHV�WKH�DPRXQW�RI�VDOW�DQG�VDOLQLW\�LQ�WKH�6HD���8VLQJ
RWKHU�SLSHOLQHV��ZDWHU�LV�WKHQ�SXPSHG�LQWR�WKH�6HD���7KLV�IUHVKHU�ZDWHU
GHFUHDVHV�WKH�6HDªV�VDOLQLW\¦LQ�HVVHQFH��GLOXWLQJ�WKH�VDOLQLW\�RI�WKH�6HD��
6RPH�DOWHUQDWLYHV�GR�QRW�SXPS�ZDWHU�LQWR�WKH�6HD���7KHVH�GHVLJQV�PDLQWDLQ
WKH�6HDªV�ZDWHU�VXUIDFH�HOHYDWLRQ�E\�EDODQFLQJ�WKH�SXPSHG�RXWIORZ�DQG
SXPSHG�LQIORZ�ZLWK�HYDSRUDWLRQ�DQG�QDWXUDO�LQIORZ�

:KLOH�WKH�VDOLQLW\�DQG�ZDWHU�VXUIDFH�HOHYDWLRQ�GHSHQG�RQ�WKH�QDWXUDO�LQIORZ
DQG�HYDSRUDWLRQ��WKH\�DOVR�GHSHQG�RQ�WKH�TXDQWLW\�DQG�TXDOLW\�RI�WKH�ZDWHU
SXPSHG�LQWR�WKH�6HD���7KHVH�DOWHUQDWLYHV�DVVXPH�DQ�DYHUDJH�LQIORZ�RI
������PLOOLRQ�DFUH�IHHW�SHU�\HDU�HQWHULQJ�WKH�6HD�IURP�VXUURXQGLQJ�DUHDV�
VXFK�DV�LUULJDWLRQ�UHWXUQ�IORZV��ULYHUV��SUHFLSLWDWLRQ��DQG�JURXQGZDWHU��

7KH�RSWLRQV�VWXGLHG�ZHUH�QRW�OLPLWHG�WR�WKH�GLVFUHWH�DOWHUQDWLYHV�SUHVHQWHG�LQ
WKH������UHSRUW���6HYHUDO�RI�WKH������DOWHUQDWLYH�HOHPHQWV�ZHUH�LQFRUSRUDWHG
LQWR�WKH������DOWHUQDWLYHV���:LWKRXW�EHLQJ�OLPLWHG�WR�WKH������GHVLJQV�
PL[LQJ�DQG�PDWFKLQJ�RI�YDULRXV�URXWHV�DQG�EHLQJ�DEOH�WR�PRGLI\�WKH�FULWHULD
DOORZHG�DGGLWLRQDO�SUHDSSUDLVDO�GHVLJQV��

$OO�LGHDV�ZHUH�QRW�IXOILOOHG��DQG�GHVLJQHUV�GLG�QRW�FRPSOHWHO\�GHVLJQ�DOO�LGHDV��
,I�DQ�DOWHUQDWLYH�ZDV�QRW�IHDVLEOH�IURP�D�WHFKQLFDO�SHUVSHFWLYH��WKDW
LQIRUPDWLRQ�LV�VWDWHG�

6DOLQLW\�DQG�:DWHU�6XUIDFH�/HYHO�,QWHUDFWLRQ

7R�XQGHUVWDQG�WKH�LQWHUUHODWLRQVKLS�RI�WKH�VDOLQLW\�FRQFHQWUDWLRQ�DQG�ZDWHU
VXUIDFH�OHYHOV��WKH�UHDGHU�VKRXOG�ILUVW�ORRN�DW�WKHVH�DV�TXDOLWLHV�LQ�D�QDWXUDO
ODNH���0RVW�QDWXUDO�ODNHV�KDYH�LQOHWV�DQG�RXWOHWV���:DWHUV�HQWHULQJ�WKH�ODNH
QRUPDOO\�LQFOXGH�QDWXUDO�VRXUFHV��VXFK�DV�JURXQGZDWHU��ULYHUV��DQG�FUHHNV�
DQG�PDQPDGH�VRXUFHV��VXFK�DV�SLSHOLQHV�DQG�FDQDOV����$QRWKHU�ZDWHU�VRXUFH
LV�SUHFLSLWDWLRQ���:DWHU�OHDYHV�WKH�ODNH�WKURXJK�ULYHUV��GLYHUVLRQV��DQG
HYDSRUDWLRQ�
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:DWHU�DQG�VDOWV��DQG�SROOXWDQWV��HQWHU�WKH�ODNH�DW�YDULRXV�FRQFHQWUDWLRQV��
:DWHU�DQG�VDOWV��DQG�SROOXWDQWV��IORZ�RXW�RI�WKH�ODNHV�LQ�WKH�ULYHUV�ZLWK
FRQFHQWUDWLRQV�RI�VDOW�HTXDO�WR�WKH�FRQFHQWUDWLRQV�LQ�WKH�ODNH���:DWHU�DOVR
H[LWV�WKH�ODNH��ZLWKRXW�WKH�VDOWV��WKURXJK�HYDSRUDWLRQ���7KHUHIRUH��WKH
VDOLQLW\�RI�WKH�ODNH�LV�D�IXQFWLRQ�RI�WKH�GLIIHUHQFH�LQ�FRQFHQWUDWLRQV�RI�VDOWV
FRPLQJ�LQWR�DQG�OHDYLQJ�WKH�ODNH���6RPH�ODNHV��VXFK�DV�WKH�*UHDW�6DOW�/DNH
DQG�WKH�6DOWRQ�6HD��GR�QRW�KDYH�QDWXUDO�RXWIORZV���(YDSRUDWLRQ�LV�WKH�RQO\
PHDQV�IRU�ZDWHU�WR�OHDYH�WKH�ODNH���6DOW�FRQFHQWUDWLRQV�ZRXOG�FRQWLQXH�WR
LQFUHDVH�LQ�VXFK�ODNHV�

7KH�ZDWHU�VXUIDFH�HOHYDWLRQ�RI�D�ODNH�LV�DOVR�D�IXQFWLRQ�RI�WKH�LQIORZV�DQG
RXWIORZV���7RSRJUDSK\�LV�DOVR�D�IDFWRU���/DNHV�WKDW�KDYH�ULYHUV�IORZLQJ�RXW�RI
WKHP�ZRXOG�KDYH�D�ODNH�HOHYDWLRQ�WKH�VDPH�DV�WKH�ZDWHU�VXUIDFH�HOHYDWLRQ�RI
WKH�ULYHU���+RZHYHU��LI�D�ODNH�GRHV�QRW�KDYH�D�ULYHU�WR�OLPLW�LWV�HOHYDWLRQ��WKHQ
WKH�ODNH�OHYHO�LV�D�IXQFWLRQ�RI�WKH�HYDSRUDWLRQ�UDWH���$V�WKH�ZDWHU�VXUIDFH
HOHYDWLRQ�RI�WKH�ODNH�ULVHV��WKH�VXUIDFH�DUHD�XVXDOO\�LQFUHDVHV��ZKLFK��LQ�WXUQ�
LQFUHDVHV�WKH�DUHD�IURP�ZKLFK�ZDWHU�FDQ�HYDSRUDWH���(YHQWXDOO\��WKH�ODNH
VXUIDFH�HOHYDWLRQ�ZRXOG�UHDFK�DQ�HTXLOLEULXP�VR�WKDW�WKH�ZDWHU�IORZLQJ�LQWR
WKH�ODNH�HTXDOV�WKH�ZDWHU�OHDYLQJ�WKH�ODNH�E\�HYDSRUDWLRQ���7KH�ODNH�OHYHOV
ZRXOG�YDU\�DV�WKH�LQIORZV�DQG�WKH�UDWHV�RI�HYDSRUDWLRQ�FKDQJH���6XFK
YDULDWLRQV�FDQ�EH�GDLO\��VHDVRQDO��RU�ORQJ�WHUP�

)URP�WKH�LQIRUPDWLRQ�SURYLGHG��RQH�FDQ�FRQFOXGH�WKDW�WKH�VDOLQLW\�RI�D�ODNH
ZLWKRXW�QDWXUDO�RXWIORZV�ZRXOG�LQFUHDVH��RU�GHFUHDVH��ZLWK�WLPH��DQG�WKH
ZDWHU�VXUIDFH�ZRXOG�VWDELOL]H��GHSHQGLQJ�RQ�WKH�FXUUHQW�LQIORZV�DQG
HYDSRUDWLRQ�UDWHV�

7KH�6DOWRQ�6HD�LV�QRW�PXFK�GLIIHUHQW�IURP�QDWXUDO�ODNHV���7KH�ZDWHUV�FRPH
IURP�SUHFLSLWDWLRQ��QDWXUDO�ULYHUV��JURXQGZDWHU��DQG�LUULJDWLRQ���,W�KDV�D�YHU\
KLJK�UDWH�RI�HYDSRUDWLRQ��EXW�LW�GRHV�QRW�KDYH�DQ\�ULYHUV�IORZLQJ�RXW�RI�LW��
/HIW�WR�FXUUHQW�FRQGLWLRQV��WKH�VDOW�FRQFHQWUDWLRQV�ZRXOG�FRQWLQXH�WR�LQFUHDVH�
DQG�WKH�ZDWHU�VXUIDFH�OHYHO�ZRXOG�HYHQWXDOO\�VWDELOL]H��ZLWKLQ�QRUPDO
YDULDWLRQV��DW�D�OHYHO�VOLJKWO\�KLJKHU�WKDQ�LW�LV�QRZ��

'HVLJQ�&RQVLGHUDWLRQV

6RPH�RI�WKH�LWHPV�FRQVLGHUHG�LQ�GHVLJQLQJ�WKH�SXPS�LQ�SXPS�RXW
DOWHUQDWLYHV�DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQV�DQG�LQFOXGH�SLSHOLQH
GHVLJQ��W\SH�RI�SLSH��SRVVLELOLW\�RI�SRZHU�UHFRYHU\��DQG�KRZ�VDOLQH�ZDWHU
UHDFWV�ZLWK�SLSHOLQHV�
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3XPS�2XW���3XPS�,Q�:DWHU�&RQYH\DQFH�)XQFWLRQV

:H�FDQ�WKLQN�RI�WKH�6DOWRQ�6HD�LQ�WKH�WHUPV�GHVFULEHG�DERYH���7KH�6DOWRQ�6HD
ZDWHU�FRQYH\DQFH�V\VWHPV�ZRXOG�HLWKHU�UHSODFH�RU�DXJPHQW�WKH�ZDWHU�RI�WKH
6HD�LQ�D�ZD\�WKDW�ULYHUV�DQG�VWUHDPV�UHSODFH�RU�DXJPHQW�WKH�ZDWHU�RI
QDWXUDO�ODNHV���7KH�FRQYH\DQFH�V\VWHP�WKDW�SXPSV�ZDWHU�IURP�WKH�6HD
VLPXODWHV�WKH�ULYHUV�WKDW�IORZ�IURP�WKH�QDWXUDO�ODNHV���'HSHQGLQJ�RQ�WKH
DPRXQW�RI�ZDWHU�FRQWLQXDOO\�SXPSHG�RXW�RI�WKH�6HD��WKH�VDOLQLW\�DQG�WKH
ZDWHU�VXUIDFH�OHYHO�ZRXOG�VWDELOL]H�ZLWKLQ�LWV�YDULDWLRQV���7KH�VDOLQLW\�OHYHO
FRXOG�HYHQWXDOO\�EH�UHGXFHG�WR�WKH�VDOLQLW\�OHYHO�RI�WKH�LQIORZV���7KH�ZDWHU
VXUIDFH�HOHYDWLRQ�FRXOG�EH�PXFK�ORZHU�WKDQ�LW�LV�QRZ���

7KH�FRQYH\DQFH�V\VWHP�WKDW�EULQJV�ZDWHU�LQWR�WKH�6DOWRQ�6HD�VHUYHV�WR
LQFUHDVH�RU�PDLQWDLQ�WKH�ZDWHU�VXUIDFH�HOHYDWLRQ�KLJKHU�WKDQ�ZKDW�WKH
VXUIDFH�ZRXOG�EH�ZLWKRXW�LW���,W�DOVR�GLOXWHV�WKH�VDOW�FRQFHQWUDWLRQ���:KLOH
GLOXWLQJ�WKH�VDOW�FRQFHQWUDWLRQ�LQ�WKH�6HD�LV�RQH�JRDO��LW�DOVR�WKHQ�GLOXWHV�WKH
VDOW�FRQFHQWUDWLRQV�OHDYLQJ�WKURXJK�WKH�SXPS�RXW�FRQYH\DQFH�V\VWHP�
UHTXLULQJ�D�ODUJHU�FDSDFLW\�V\VWHP�WR�UHPRYH�D�JLYHQ�DPRXQW�RI�VDOW�

7KLV�GLIILFXOW\�TXLFNO\�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�LI�ZDWHU�ZRXOG�EH�SXPSHG
LQWR�WKH�6HD��WKHQ�LW�LV�PRUH�HFRQRPLFDO�WR�SXPS�RXW�DV�PXFK�ZDWHU�DV
SRVVLEOH�EHIRUH�EHJLQQLQJ�WR�SXPS�WKH�IUHVKHU�ZDWHU�LQWR�WKH�6HD���7KH�WRWDO
DPRXQW�WKDW�FDQ�EH�SXPSHG�RXW�EHIRUH�SXPSLQJ�LQ�EHJLQV�LV�D�IXQFWLRQ�RI
KRZ�ORZ�WKH�ZDWHU�VXUIDFH�HOHYDWLRQ�FDQ�EH�GURSSHG��

:DWHU�,PSRUW�$VVXPSWLRQV

&HUWDLQ�DVVXPSWLRQV�ZHUH�PDGH�EHIRUH�WKH�DOWHUQDWLYH�GHVLJQV�EHJDQ���6RPH
VRXUFHV�RI�ZDWHU�ZHUH�QRW�DYDLODEOH�WR�FRQVLGHU�DV�SRVVLEOH�LPSRUW�VRXUFHV��
7KH�GHVLJQV�IRU�WKH�DOWHUQDWLYHV�FRXOG�QRW�XVH�ZDWHU�IURP�WKH�&RORUDGR�5LYHU��
7KH�&RORUDGR�5LYHU�ZDWHUV�DUH�IXOO\�DOORFDWHG��LQFOXGLQJ�JURXQGZDWHU�WKDW
IORZV�LQWR�WKH�&RORUDGR�5LYHU���7KH�VWLSXODWLRQ�DOVR�H[FOXGHG�ERXQGDU\
JURXQGZDWHUV�WKDW�IORZ�LQWR�0H[LFR�DQG�JURXQGZDWHUV�WKDW��LI�WDSSHG��ZRXOG
FDXVH�ZDWHU�WR�IORZ�IURP�0H[LFR�LQWR�WKH�8QLWHG�6WDWHV�

+RZHYHU��OHJLVODWLRQ�SHQGLQJ�EHIRUH�&RQJUHVV�ZRXOG�SURYLGH�IRU�WKH�GHOLYHU\
RI�IORRGIORZV�IURP�WKH�&RORUDGR�5LYHU�WR�WKH�6DOWRQ�6HD�XQGHU�VRPH
FLUFXPVWDQFHV���'LYHUVLRQ�LQWR�WKH�$OO�$PHULFDQ�&DQDO�IRU�GHOLYHU\�GLUHFWO\�WR
WKH�6DOWRQ�6HD�RI�IORRGIORZV�LQ�WKH�&RORUDGR�5LYHU�WKDW�DUH�UHTXLUHG�E\�WKH
:DWHU�&RQWURO�0DQXDO�IRU�)ORRG�&RQWURO��+RRYHU�'DP�DQG�/DNH�0HDG�
&RORUDGR�5LYHU��19�$=��DGRSWHG�)HEUXDU\����������DQG�ZKLFK�ZRXOG�SDVV�WR
0H[LFR�LQ�H[FHVV�RI�WKH�DPRXQW�UHTXLUHG�WR�EH�GHOLYHUHG�SXUVXDQW�WR�WKH
0H[LFDQ�:DWHU�7UHDW\�DQG�0LQXWH�����WKHUHXQGHU�PD\�EH�PDGH�DYDLODEOH�WR
FDUU\�RXW�WKH�SXUSRVH�RI�WKLV�$FW���7KH�YROXPH�RI�ZDWHU�GLYHUWHG�SXUVXDQW�WR�
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WKLV�VXEVHFWLRQ�VKDOO�EH�OLPLWHG�WR�WKH�H[FHVV�FDSDFLW\�RI�WKH�$OO�$PHULFDQ
&DQDO�WR�FDUU\�VXFK�IORRGIORZV�DIWHU��DQG�DV��LW�KDV�EHHQ�XVHG�WR�PHHW�H[LVWLQJ
REOLJDWLRQV�

7KH�DOWHUQDWLYH�GHVLJQV�DOVR�FRXOG�QRW�XVH�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU
ZLWKLQ�WKH�6DOWRQ�6HD�EDVLQ���6XFK�ZDWHUV�DOUHDG\�IORZ�LQWR�WKH�6HD���*URXQG
DQG�VXUIDFH�ZDWHUV�IURP�RWKHU�6WDWHV�ZHUH�DOVR�RII�OLPLWV���:DVWHZDWHU�IURP
RWKHU�UHJLRQV�RU�6WDWHV��KRZHYHU��FRXOG�EH�XVHG�

3RZHU�5HFRYHU\�3RWHQWLDO

+\GURSRZHU�GHYHORSPHQW�VKRXOG�EH�FRQVLGHUHG�ZKHQ�GHVLJQLQJ�QHZ
SLSHOLQHV���$OWKRXJK�WKLV�LV�QRW�WKH�WLPH�WR�VWXG\�WKH�IHDVLELOLW\�RI�SURGXFLQJ
K\GURSRZHU�RQ�WKLV�V\VWHP�RI�SLSHOLQHV��VRPH�VLWHV�GR�DSSHDU�WR�EH�SULPH
K\GURSRZHU�VLWHV�

7KH�IHDVLELOLW\�RI�SURGXFLQJ�K\GURSRZHU�DW�D�SDUWLFXODU�VLWH�GHSHQGV�RQ
VHYHUDO�WKLQJV��LQFOXGLQJ�SRZHU�UDWHV��WKH�W\SH�RI�SODQW�DQG�SODQW
FKDUDFWHULVWLFV��GLVFKDUJH��DQG�KHDG���7KH�DPRXQW�RI�HQHUJ\�D�K\GUR�
SRZHUSODQW�FDQ�SURGXFH�LV�WKH�SURGXFW�RI�WKH�GLVFKDUJH��KHDG��XQLW�ZHLJKW�RI
WKH�ZDWHU��DQG�WKH�HIILFLHQF\�RI�WKH�SODQW�

3RVVLEOH�SRZHU�UHYHQXHV�GHSHQG�QRW�RQO\�RQ�WKH�FXUUHQW�PDUNHW��EXW�DOVR�RQ
WKH�W\SH�DQG�FKDUDFWHULVWLFV�RI�WKH�SODQW���7KH�UHTXLUHPHQWV�RI�WKH�SRZHU�JULG
ZRXOG�YDU\�JUHDWO\�GXULQJ�WKH�GD\���3ODQWV�WKDW�WDNH�D�ORQJ�WLPH�WR�UHDFK�IXOO
JHQHUDWLQJ�FDSDFLW\�SURGXFH�PRVW�RI�WKH�EDVH�SRZHU¦FRDO�ILUHG�SRZHUSODQWV
DUH�D�JRRG�H[DPSOH���5XQ�RI�WKH�ULYHU�K\GURSRZHUSODQWV�FDQ�DOVR�SURYLGH
VXFK�HQHUJ\���*ULG�RSHUDWRUV�PXVW�DOVR�SURYLGH�SRZHU�DERYH�WKLV�EDVH�ORDG��
)RU�D�FRDO�ILUHG�SODQW�WR�PHHW�WKHVH�GDLO\�SHDNV��LW�ZRXOG�KDYH�WR�UXQ
FRQWLQXDOO\�DW�KLJK�HQRXJK�RXWSXW�WR�PHHW�WKH�PD[LPXP�ORDGV��DQG�H[FHVV
HQHUJ\�ZRXOG�EH�ZDVWHG�

$Q�RSWLPXP�V\VWHP�ZRXOG�KDYH�V\VWHP�RXWSXW�IROORZ�WKH�V\VWHP�UHTXLUH�
PHQWV���$�SODQW�PXVW�EH�DEOH�WR�FRPH�RQ�OLQH�TXLFNO\�WR�SURYLGH�WKLV�SHDNLQJ
SRZHU�LI�LW�LV�QRW�WR�EXUQ�RII�WKH�HQHUJ\���+\GURSRZHU�FDQ�PHHW�WKHVH�SHDNLQJ
SODQW�UHTXLUHPHQWV��SURYLGHG�WKDW�WKH�SODQW�FKDUDFWHULVWLFV�DUH�DSSURSULDWH��
0DQ\�KLJK�KHDG�K\GURSRZHUSODQWV�FDQ�GR�WKLV���3HDNLQJ�SODQWV�FDQ�FKDUJH
PXFK�PRUH�IRU�WKH�HQHUJ\�WKH\�SURGXFH�WKDQ�EDVHOLQH�SODQWV�

7KH�WLPH�LQ�ZKLFK�D�K\GURSRZHUSODQW�FDQ�FRPH�RQ�OLQH�WR�SURGXFH�HQHUJ\�LV
FORVHO\�UHODWHG�WR�WKH�VXUJHV�SURGXFHG�LQ�WKH�SHQVWRFNV���$�SODQW�FRPLQJ�RQ�
OLQH�RU�JRLQJ�RII�OLQH�WRR�TXLFNO\�SURGXFHV�JUHDW�VXUJHV���8VLQJ�VXUJH�WDQNV
DQG�GHVLJQLQJ�WKH�SLSHOLQH�IRU�KLJKHU�WKDQ�VWDQGDUG�KHDGV�FDQ�FRXQWHUDFW
WKHVH�VXUJHV���%RWK�RI�WKHVH�DGG�WR�WKH�SODQW�FRVW�
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7KH�SLSHOLQHV�ZRXOG�IORZ�FRQWLQXDOO\�LQ�WKLV�GHVLJQ���)ORZ�GXUDWLRQV�RWKHU
WKDQ�WKLV�ZRXOG�UHTXLUH�ODUJHU�SLSHV�LI�WKH�\HDUO\�GLVFKDUJH�UHPDLQV
FRQVWDQW���)OXFWXDWLRQ�RI�WKH�GLVFKDUJH�WR�VXSSO\�SHDNLQJ�GD\WLPH�SRZHU
ZRXOG�UHTXLUH�ODUJHU�SLSHV�

7KH�SLSHV�DUH�GHVLJQHG�IRU�VWDWLF�KHDG���*UHDWHU�VXUJHV�UHTXLUH�VWURQJHU
SLSHV���$�PRUH�FRPSOHWH�GHVLJQ�ZRXOG�LQFOXGH�SLSHV�ODUJH�HQRXJK�WR�DOORZ�WKH
ZDWHU�WR�IORZ�RYHU�WKH�JLYHQ�GLVWDQFH�DQG�EXUQ�XS�WKH�KHDG�WKURXJK�IULFWLRQ��
$Q\�KHDG�XVHG�IRU�SRZHU�SURGXFWLRQ�DW�IXOO�IORZ�ZRXOG�UHTXLUH�ODUJHU�SLSHV��

)XWXUH��KLJKHU�OHYHO�GHVLJQV�VKRXOG�FRQVLGHU�SRZHU�JHQHUDWLRQ���5XQ�RI�WKH�
ULYHU�SRZHUSODQWV�PD\�EH�D�YLDEOH�RSWLRQ�

6DOLQH�:DWHU�&RQFHUQV

6DOWZDWHU�FDQ�FDXVH�PDQ\�SUREOHPV�ZLWK�ZDWHU�FRQYH\DQFH�IHDWXUHV��VXFK�DV
SLSHOLQHV��WDQNV��SXPSV��DQG�LQOHWV���7KH�LRQV�LQ�WKH�VDOWZDWHU�FDQ�JUHDWO\
DFFHOHUDWH�FRUURVLRQ�RI�VWHHO�DQG�PHWDOOLF�VXUIDFHV�

6FDOLQJ�LV�DQRWKHU�PDMRU�FRQFHUQ���2FHDQ�ZDWHU�DQG�6HD�ZDWHU�DUH�H[WUHPHO\
§KDUG�¨��+DUG�ZDWHUV�GHSRVLW�FDOFLXP�DQG�PDJQHVLXP�RQ�WKH�VXUIDFHV�WKH\
FRQWDFW���3LSHOLQHV�PD\�EHFRPH�FRPSOHWHO\�FORJJHG�HYHQ�ZKHQ�KDUGQHVV
YDOXHV�DUH�PXFK�OHVV�WKDQ�DW�6DOWRQ�6HD�

2WKHU�VDOWV�PD\�SUHFLSLWDWH�RXW�RI�WKH�ZDWHU�DQG�EHFRPH�D�SUREOHP���7KH
VDOWV�PD\�EH�DEUDVLYH�WR�WKH�OLQLQJV���:DWHU�LQ�WKH�FRQYH\DQFH�V\VWHP�ZRXOG
EH�VXEMHFWHG�WR�ERWK�WHPSHUDWXUH�DQG�SUHVVXUHV�FKDQJHV���7KH�LQWHUDFWLRQ�RI
WHPSHUDWXUH�DQG�SUHVVXUH�PXVW�EH�IXOO\�XQGHUVWRRG�EHIRUH�ILQDO�GHVLJQ��

0RVW�RI�WKHVH�SUREOHPV�FDQ�EH�VROYHG���&RUURVLRQ��VFDOLQJ��DQG�DEUDVLRQ
ZRXOG�QRW�KDUP�VRPH�SRO\PHU�FRDWLQJV���7KHVH�FRDWLQJV�DUH�TXLWH�H[SHQVLYH�
DQG�WKH�FRVWV�IRU�WKHP�KDYH�EHHQ�LQFOXGHG�LQ�WKH�FRVW�HVWLPDWH�

3LSHOLQHV�2QO\�'HVLJQ

7KH�SXPS�LQ�SXPS�RXW�SUHDSSUDLVDO�DOWHUQDWLYHV�ZHUH�GHVLJQHG�XVLQJ�RQO\
SLSHOLQHV���2WKHU�IHDWXUHV�FRXOG�EH�XVHG�WR�FRQYH\�ZDWHU�DQG�PD\�EH
DSSURSULDWH���3LSHOLQHV�ZHUH�XVHG�LQ�WKHVH�GHVLJQV�RQO\�WR�GHFUHDVH�WKH�WLPH
UHTXLUHG�IRU�WKH�GHVLJQ���,W�LV�KLJKO\�XQOLNHO\�WKDW�VHOHFWLRQ�RI�D�SDUWLFXODU
VFKHPH�RU�URXWH�ZRXOG�EH�DIIHFWHG�E\�XVLQJ�RQO\�SLSHOLQHV�LQ�WKH�GHVLJQ���,W
ZRXOG�EH�SUXGHQW�WR�DQDO\]H�WKH�IHDVLELOLW\�DQG�FRVW�RI�FDQDOV�DQG�WXQQHOV�LQ
D�IXWXUH�DQDO\VLV�WR�DLG�LQ�PDNLQJ�WKH�EHVW�FKRLFH�
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&DQDOV�JHQHUDOO\�KDYH�ORZHU�FDSLWDO�FRQVWUXFWLRQ�FRVWV�WKDQ�GR�SLSHOLQHV��EXW
WKHLU�PDLQWHQDQFH�FRVWV�DUH�KLJKHU���&DQDOV�PXVW�PDLQWDLQ�D�FRQVWDQW�VORSH��
7KH�JURXQG�VXUIDFH�LQLWLDOO\�ORRNV�IDYRUDEOH�IRU�FDQDO�FRQVWUXFWLRQ�LQ�WKH�DUHD
ZKHUH�RWKHU�FDQDOV�DOUHDG\�H[LVW���7KHUH�LV�D�SRVVLEOH�SUREOHP�ZLWK�JHRORJLF
IDXOWV��KRZHYHU���$�FDQDO�WKDW�FURVVHV�D�IDXOW�PD\�GURS�WR�DQ�HOHYDWLRQ�WKDW
ZRXOG�UHQGHU�VHYHUDO�PLOHV�RI�FDQDO�XVHOHVV���7KLV�SUREOHP�LV�SDUWLFXODUO\
LPSRUWDQW�ZKHUH�JUDEHQV�DUH�SUHVHQW��VXFK�DV�LQ�WKH�6DOWRQ�6HD���*UDEHQV
DUH�JHRORJLF�EORFNV��ERXQG�E\�IDXOWV�RQ�WZR�ORQJ�VLGHV��WKDW�KDYH�GURSSHG
UHODWLYH�WR�WKH�VXUURXQGLQJ�JHRORJLF�IRUPDWLRQV���$�SUHVVXUH�SLSHOLQH��RQ�WKH
RWKHU�KDQG��PD\�QHHG�RQO\�WR�EH�UHSDLUHG�DW�WKH�SRLQWV�RI�IUDFWXUH��

7XQQHOV�DUH�PRUH�H[SHQVLYH�WR�FRQVWUXFW��SHU�OLQHDU�IRRW��WKDQ�HLWKHU�FDQDOV
RU�SLSHOLQHV���6RPH�UHGHHPLQJ�TXDOLWLHV��WKRXJK��DUH�WKDW�WXQQHOV�DUH�QRW�DV
ZLQGLQJ�DV�FDQDOV�DQG�SLSHOLQHV��ZKLFK�PD\�JLYH�EHWWHU�K\GUDXOLF�SURSHUWLHV��
7XQQHOV�JR�XQGHU�PRXQWDLQV��QRW�RYHU�WKHP�DV�SLSHOLQHV�GR��FRQVHTXHQWO\�
WKH�QXPEHU�RI�SXPSLQJ�SODQWV�QHHGHG�PD\�EH�GHFUHDVHG��GUDPDWLFDOO\
UHGXFLQJ�HQHUJ\�UHTXLUHPHQWV���7XQQHOV�DUH�XVXDOO\�PXFK�PRUH
HQYLURQPHQWDOO\�DFFHSWDEOH�WKDQ�SLSHOLQHV�DQG�FDQDOV�DQG�KDYH�VKRUWHU
URXWHV�

7\SH�RI�3LSH

7KH�W\SH�RI�SLSH�LV�QRW�LPSRUWDQW�DW�WKLV�OHYHO�RI�GHVLJQ���,W�LV�LPSRUWDQW�WKDW
D�W\SH�RI�SLSH�EH�DYDLODEOH�WKDW�ZRXOG�VDWLVI\�GHVLJQ�DVVXPSWLRQV���7KHVH
GHVLJQV�DUH�EDVHG�RQ�XVLQJ�VWHHO�SLSH�ZLWK�D�SRO\PHU�OLQLQJ���,Q�WKH�VL]H
UDQJH�RI�WKHVH�GHVLJQV��WKH�SLSH�LV�DYDLODEOH�LQ�DQ\�GLDPHWHU�DQG�FRXOG�HDVLO\
DFFRPPRGDWH�WKH�GHVLJQ�SUHVVXUHV���,Q�JHQHUDO��WKH�SLSH�ZDV�VL]HG�WR�FRQYH\
ZDWHU�DW���IRRW�SHU�VHFRQG�YHORFLW\�ZLWK�SUHVVXUH�KHDGV�QRW�JUHDWHU�WKDQ
����IHHW�RI�ZDWHU����$�SUHVVXUH�KHDG�RI�����IHHW�ZDV�DGGHG�WR�DOORZ�IRU�VXUJHV��
3XPSLQJ�SODQWV�ZHUH�GHVLJQHG�IRU�DERXW�����IHHW�RI�KHDG��OLIW��

'LVFDUGHG�&RPSRQHQWV

6RPH�FRPSRQHQWV�ZHUH�IRXQG�WR�KDYH�SUREOHPV�WKDW�ZHUH�REYLRXVO\�WRR�FRVWO\
WR�RYHUFRPH���

(YDSRUDWLRQ�/DNHV�DQG�3RQGV���&ODUN�/DNH�LV�D�GU\�ODNHEHG�ZHVW�RI�WKH
6DOWRQ�6HD���3DVW�VWXGLHV�LQGLFDWHG�WKLV�FRXOG�EH�D�ORFDWLRQ�WR�SODFH�DQ
HYDSRUDWLRQ�ODNH���7KH�DUHD�RI�WKH�GU\�ODNH�LV�PXFK�VPDOOHU�WKDQ�LV�UHTXLUHG
IRU�VXFK�DQ�RSHUDWLRQ���7KH�DUHD�UHTXLUHG�HQJXOIHG�%RUUHJR�6SULQJV�
SRSXODWLRQ��������RI��������D�6WDWH�:LOGHUQHVV�$UHD��DQG�D�IHZ�ODQGLQJ�



&KDSWHU���³�3XPS�2XW���3XPS�,Q�$OWHUQDWLYHV

��

VWULSV���7KUHH�GDPV�ZRXOG�EH�UHTXLUHG�IRU�ODUJHU�DUHDV��RQH�RI�ZKLFK�ZRXOG�EH
����IHHW�KLJK�DQG�PRUH�WKDQ����PLOHV�ORQJ���'HVLJQHUV�GHHPHG�WKLV�VLWH
XQVXLWDEOH�

7KH�SRVVLELOLW\�RI�SODFLQJ�HYDSRUDWLRQ�SRQGV�LQ�WKH�&KRFRODWH�0RXQWDLQV�
ZKLFK�LV�QRZ�D�PLOLWDU\�UDQJH��ZDV�DOVR�FRQVLGHUHG���7KH�DUHD�LV�QRW�YHU\
VXLWDEOH�EHFDXVH�RI�WKH�WRSRJUDSK\���)ODW�WRSRJUDSK\�OHQGV�LWVHOI�WR
FRQVWUXFWLQJ�HYDSRUDWLRQ�SRQGV���6WHHSHU�WRSRJUDSK\�UHTXLUHV�KLJKHU�GLNHV��
/DUJH��RQH�GDP�HYDSRUDWLRQ�SRQGV�EHFRPH�YHU\�H[SHQVLYH�LQ�VWHHS
WRSRJUDSK\���$OWKRXJK�WKH�FRVW�RI�SLSHOLQHV�ZRXOG�EH�OHVV�IRU�WKH�&KRFRODWH
0RXQWDLQ�VLWH�WKDQ�WKH�3DOHQ�/DNH�VLWH��WKH�FRVW�RI�GDPV�ZRXOG�EH�KLJKHU
DQG�WKH�FRVW�RI�UHPRYLQJ�VDOW�ZRXOG�EH�WKH�VDPH�DV�DW�WKH�3DOHQ�/DNH�VLWH�

*URXQGZDWHU�IRU�6DOWRQ�6HD�5HVWRUDWLRQ����2EWDLQLQJ�ZDWHU�IURP�ZHOOV�ZDV
VWXGLHG�LQ�GHSWK��ZDV�GLVFDUGHG��DQG�LV�GLVFXVVHG�LQ�WKLV�VHFWLRQ�

7KH�FULWHULD�IRU�ORFDWLQJ�D�JURXQGZDWHU�VRXUFH�WR�XVH�WR�UHVWRUH�WKH�6DOWRQ
6HD�ZHUH�WKDW�WKH�

� *URXQGZDWHU�PXVW�EH�ZLWKLQ�WKH�6WDWH�RI�&DOLIRUQLD
� 0XVW�QRW�DOUHDG\�EH�DOORFDWHG�WR�RWKHUV
� 0XVW�QRW�EH�WULEXWDU\�WR�WKH�&RORUDGR�5LYHU�RU�WKH�6DOWRQ�6HD

$TXLIHU�6\VWHPV���0XFK�RI�6RXWKHUQ�&DOLIRUQLD�'HVHUW�SK\VLRJUDSKLF
DUHD¦WKH�SRUWLRQ�RI�VRXWKHUQ�&DOLIRUQLD�HDVW�RI�WKH�3HQLQVXODU�5DQJHV��WKH
7UDQVYHUVH�5DQJHV��DQG�WKH�6LHUUD�1HYDGD¦FRQWDLQV�EDVLQ�ILOO�GHSRVLWV
FRQVLVWLQJ�RI�VDQG��JUDYHO��VLOW��DQG�FOD\�RI�FRQWLQHQWDO�RULJLQ���7KHVH
VHGLPHQWV�DUH�VDWXUDWHG�ZLWK�ZDWHU�DQG�DUH�FRQVLGHUHG�D�SULQFLSDO�DTXLIHU
ZLWKLQ�WKH�6WDWH���7KH�DUHD�LV�VSDUVHO\�SRSXODWHG��DQG�WKHVH�DTXLIHUV�KDYH
QRW�EHHQ�H[WHQVLYHO\�GHYHORSHG���5HFKDUJH�LV�ODUJHO\�OLPLWHG�E\�ORZ�UDLQIDOO
�OHVV�WKDQ���LQFKHV�SHU�\HDU��IRU�PXFK�RI�WKH�UHJLRQ���/RFDOO\��UHFKDUJH�E\
UXQRII�IURP�VWUHDPV�WKDW�RULJLQDWH�LQ�WKH�KLJK�PRXQWDLQ�RFFXUV�LQ�LVRODWHG
DUHDV��8�6��*HRORJLFDO�6XUYH\��������

)RU�WKLV�VXEDSSUDLVDO�OHYHO�DVVHVVPHQW��LW�LV�SUXGHQW�WR�WUHDW�UHFKDUJH�DV
LQVLJQLILFDQW���$V�VXFK��DQ\�JURXQGZDWHU�GHYHORSPHQW�ZRXOG�EH�D�§PLQLQJ
RSHUDWLRQ¨�ZKHUH�WKH�DTXLIHUV�DUH�GHSOHWHG�IRUHYHU���:LGHVSUHDG�JURXQGZDWHU
GHYHORSPHQW�RI�DTXLIHU�V\VWHPV�LQ�$UL]RQD�ZLWK�VLPLODU�JHRORJLF�DQG
K\GURORJLF�FRQGLWLRQV�KDV�SURGXFHG�ODUJH��FRQWLQXRXV�GHFOLQHV�GHPRQVWUDWLQJ
ORZ�UHFKDUJH���'HFLVLRQPDNHUV�VKRXOG�FRQVLGHU�WKH�ORZ�UHFKDUJH�ZKHQ
VHDUFKLQJ�IRU�DGGLWLRQDO�ZDWHU�VRXUFHV�
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:DWHU�'HPDQGV���3UHOLPLQDU\�PRGHOLQJ�HIIRUWV�VKRZ�WKDW�WKH�YROXPH�RI
ZDWHU�UHTXLUHG�GHSHQGV�RQ�WKH�TXDOLW\�RI�WKH�ZDWHU���7KH�WDEXODWLRQ�EHORZ
JLYHV�ZDWHU�YROXPHV�UHTXLUHG�WR�PHHW�REMHFWLYHV�LQ�WKH�WZR�WLPHIUDPHV�IRU
VHOHFWHG�FRQFHQWUDWLRQV�

Water required to meet objectives

Water volume (af/yr)

TDS 
(mg/L)

Meet objectives
in 15 years

Meet objectives
in 30 years

925
4,000

35,000

100,000
153,000
700,000

NA
73,000

400,000

3UHYLRXV�6WXGLHV���6WHLQHPDQQ��������HYDOXDWHG�WKH�TXDQWLW\�DQG�TXDOLW\
RI�JURXQGZDWHU�IURP�WKH�EDVLQ�ILOO�DTXLIHUV�LQ�WKH�6RXWKHUQ�&DOLIRUQLD�'HVHUW
DV�D�SRWHQWLDO�VXSSO\�RI�SRZHUSODQW�FRROLQJ�ZDWHU���7KH�SULQFLSDO�TXDQWLW\
FULWHULRQ�ZDV�WKDW�WKH�DTXLIHU�FRXOG�VXSSO\��������DFUH�IHHW�SHU�\HDU�IRU
���\HDUV�IURP�D�ZHOO�ILHOG���2I�WKH�����EDVLQV�LQ�WKH�6RXWKHUQ�&DOLIRUQLD
'HVHUW�LQLWLDOO\�LGHQWLILHG�E\�.RHKOHU�DQG�%DOORJ���������RQO\�WKH�EDVLQV�OLVWHG
LQ�WDEOH���ZHUH�GHHPHG�§VXLWDEOH¨�WR�VXSSO\�SRZHUSODQWV�

Table 3.&Basins capable of supplying 30,000 acre-feet annually for 20 years

Basin
Area
(mi2)

Storage
(106

acre-
feet)

Depth
(feet)

Saturated
thickness

(feet)

         Well yield            TDS concentration    

Average
(gpm)

Maximum
(gpm)

Average
(mg/L)

Range
(mg/L)

Middle Amargosa
Valley

1,300
620

18
8.6

100
CA  

900
only          

2,500 3,000 1,600 566 - 4,600

Soda Lake Valley 590 4-9.3 8-76 400 1,100 1,700 1,600 297 - 3,330

Caves Canyon
Valley

100 2 0-200 " 990 1,990 ? 622 - 2,680

Chuckwalla Valley 870 15 ? �" 1,800 3,900 2,100 274 - 8,150

Calzona-Vidal
Valley 1,2

310 3.5 250 500 100   to  
1,800

? 502 - 1,400

TOTAL 33.1 - 38.4       

1 Basin is probably hydraulically connected to the Colorado River.
2 Two separate basins in the work of Koehler and Ballog. 
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$OWKRXJK�WKH�PDJQLWXGH�DQG�GXUDWLRQ�RI�WKH�GHPDQG�IRU�WKH�6DOWRQ�6HD�IDU
VXUSDVV�WKRVH�UHTXLUHG�IRU�D�SRZHUSODQW��6WHLQHPDQQ
V�ZRUN�SURYLGHV�DQ
LGHDO�EDVLV�IRU�UDSLG�DVVHVVPHQW�RI�WKH�SRWHQWLDO�IRU�JURXQGZDWHU�DV�D
SRVVLEOH�VXSSO\�WR�UHVWRUH�WKH�6HD�

6WRUDJH�9ROXPH�YV���8VDEOH�9ROXPH���7KH�WRWDO�YROXPH�RI�ZDWHU�LQ�DTXLIHU
VWRUDJH�FDQ�QHYHU�EH�FRPSOHWHO\�UHPRYHG���7KH�IUDFWLRQ�WKDW�FDQ�EH�UHPRYHG
GHSHQGV�RQ�PDQ\�IDFWRUV��ZLWK�WKH�HFRQRPLFV�RI�LQVWDOOLQJ�ZHOOV�DQG�SXPS
OLIWV�SUREDEO\�FRQWUROOLQJ���,QFRQFOXVLYH�GDWD�IURP�WKH�&DOLIRUQLD�':5�������
VXJJHVWV�WKDW�WKH�XVDEOH�YROXPH�RI�JURXQGZDWHU�UDQJHV�IURP����WR����SHUFHQW
RI�WKH�WRWDO�YROXPH�RI�ZDWHU�LQ�VWRUDJH�

$VVXPLQJ�WKH�XVDEOH�YROXPH�LV����SHUFHQW��SUREDEO\�KLJK���WKH�WRWDO�XVDEOH
YROXPH�RI�ZDWHU�LQ�VWRUDJH��H[FOXGLQJ�WKH�&KXFNZDOOD�DQG�&DO]RQD�9LGDO
9DOOH\V��ZKLFK�DUH�SUREDEO\�K\GUDXOLFO\�FRQQHFWHG�WR�WKH�&RORUDGR�5LYHU
�:LOVRQ�DQG�2ZHQ�-R\FH���������LV�

Basin
Usable storage
(106 acre-feet)

Middle Amargosa Valley (California only)
Soda Lake Valley
Caves Canyon Valley

Total

2
1 - 2.3

        .25
3.2 - 4.5

$TXLIHU�/LIH���,Q�WKH�DEVHQFH�RI�VLJQLILFDQW�UHFKDUJH��H[WUDFWLQJ�DOO�XVDEOH
VWRUDJH�IURP�WKH�IRXU�EDVLQV�FRPELQHG�ZRXOG�VXVWDLQ�SXPSLQJ�IURP�OHVV�WKDQ
���\HDUV�WR�PRUH�WKDQ�����\HDUV���$FWXDO�YDOXHV�DUH�SUHVHQWHG�LQ�WKH
WDEXODWLRQ�EHORZ�

Usable storage, (af)

6.9x106 8.2x106

Demand
(acre-feet per year)

---- Aquifer life ----

(yr) (yr)

73,000
100,000
153,000
400,000
700,000

94.5
69.0
45.1
17.3

9.9

112.3
82.0
53.6
20.5
11.7
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0RVW�EDVLQV������RI������ZHUH�H[FOXGHG�IURP�WKH�RULJLQDO�VFUHHQLQJ�IRU
UHDVRQV�VXFK�DV�ODFN�RI�LQIRUPDWLRQ��LQDGHTXDWH�ZDWHU�TXDOLW\��DQG
LQDGHTXDWH�ZDWHU�VXSSO\����7KH�6WDWH��&DOLIRUQLD�':5��������HVWLPDWHV�WKDW
PRUH�WKDQ�����PLOOLRQ�DFUH�IHHW�RI�ZDWHU�PD\�EH�IRXQG�LQ�JURXQGZDWHU
VWRUDJH�ZLWKLQ�WKH�6RXWKHUQ�&DOLIRUQLD�'HVHUW���7KLV�HVWLPDWH�LV�DERXW
���WLPHV�WKH�YROXPH�RI�WKH���EDVLQV�IRXQG�WR�EH�VXLWDEOH�E\�6WHLQHPDQQ��
$VVXPLQJ�D�XVDEOH�VWRUDJH�RI����SHUFHQW�IRU�WKH�UHPDLQGHU�RI�WKH�DUHD��LI
ZHOOV�ZHUH�GULOOHG�WKURXJKRXW�WKH�HQWLUH�6RXWKHUQ�&DOLIRUQLD�'HVHUW�DQG
DSSXUWHQDQW�SLSHOLQHV�ZHUH�FRQVWUXFWHG��WKH�GHVHUW�FRXOG�VXSSO\�UHVWRUDWLRQ
QHHGV�IRU�IURP�����WR�������\HDUV�

3LSHOLQHV�WR�FRQYH\�ZDWHU�IURP�WKHVH�ORFDWLRQV�ZRXOG�KDYH�D�WRWDO�GLVWDQFH�RI
����PLOHV���0DQ\�PRUH�PLOHV�RI�SLSHOLQHV�ZRXOG�EH�UHTXLUHG�WR�FROOHFW�ZDWHU
IURP�LQGLYLGXDO�ZHOOV�

3LSHOLQH�5RXWHV

3LSHOLQHV�WR�DQG�IURP�WKH�6DOWRQ�6HD�HQFRXQWHU�YDULRXV�WHUUDLQ���,Q�DOO�EXW
WKH�SLSHOLQH�IURP�<XPD��SXPSV�PXVW�OLIW�WKH�ZDWHU�RYHU�HOHYDWLRQV�KLJKHU
WKDQ�6DOWRQ�6HD�HOHYDWLRQ���7KHVH�OLIWV�YDU\�IURP����IHHW�P�V�O��WR������IHHW
P�V�O���$OO�SLSHOLQHV�IORZLQJ�WR�WKH�RFHDQ�IURP�WKH�6DOWRQ�6HD�PXVW�RYHUFRPH
WKH�����IHHW�WKH�6HD�LV�EHORZ�RFHDQ�OHYHO���

$W�WKLV�SUHDSSUDLVDO�OHYHO�RI�VWXG\��LW�LV�FRPPRQ�SUDFWLFH�WR�REWDLQ�WKH
SLSHOLQH�OHQJWK�E\�PXOWLSO\LQJ�WKH�VWUDLJKW�OLQH�GLVWDQFH�EHWZHHQ�WKH�WZR
HQGV�E\�VRPH�IDFWRU���7KH�DFWXDO�URXWHV�ZHUH�GHWHUPLQHG�LQ�WKHVH�GHVLJQV�
WKXV�HQVXULQJ�WKH�PD[LPXP�SXPSLQJ�KHDGV�ZHUH�IRXQG���)LQDO�GHVLJQ�URXWHV
PD\�EH�GLIIHUHQW�

5RXWHV�WR�WKH�3DFLILF�2FHDQ�ZRXOG�HQFRXQWHU�WKH�FRDVWDO�PRXQWDLQ�UDQJHV��
7KH�DVVXPSWLRQ�ZDV�DOVR�PDGH�WKDW�URXWHV�ZRXOG�QRW�JR�WKURXJK�0H[LFR��
7KH�WZR�ORZHVW�SDVVHV�WKDW�H[LVW�EHWZHHQ�0H[LFR�DQG�QRUWKHDVW�RI
/RV�$QJHOHV�PDUN�WKH�ORFDWLRQ�RI�WKH�KLJK�SRLQWV�RI�WKHVH�SLSHOLQHV�

(DFK�URXWH�ORFDWLRQ�LV�VKRZQ�LQ�ILJXUH����DQG�KDV�LWV�RZQ�DGYDQWDJHV�DQG
GLVDGYDQWDJHV�
�

6DQ�'LHJR��&DOLIRUQLD��3RLQW�/RPD�:DVWHZDWHU�7UHDWPHQW�3ODQW
�::73��¥�7KH�URXWH�WR�3RLQW�/RPD�::73�LQ�6DQ�'LHJR�WUDYHOV�RYHU�D
SDVV�RQH�KDOI�PLOH�QRUWKZHVW�RI�6DQ�)HOLSH�DW������P�V�O��LQ�WKH�/DJXQD
0RXQWDLQV���7KH�URXWH�ZRXOG�WDNH�WKH�SLSHOLQH�WKURXJK�DSSUR[LPDWHO\
���PLOHV�RI�FLWLHV���0XFK�RI�WKH�URXWH�LQ�6DQ�'LHJR�ZRXOG�EH�XQGHU�FLW\
VWUHHWV���7XQQHOV�ZRXOG�OLNHO\�EH�HFRQRPLFDO�WR�UHGXFH�HQHUJ\�DQG
FRQVWUXFWLRQ�FRVWV�LQ�WKH�PRXQWDLQV��LI�LQFRUSRUDWHG�LQWR�IXWXUH�GHVLJQV��
7KH�URXWH�IDYRUV�HQHUJ\�UHFRYHU\�IURP�IORZ�LQ�HDFK�GLUHFWLRQ�
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3DFLILF�&RDVW�VRXWK�RI�/$;�DLUSRUW��+\SHULRQ�::73�¥�7KH�URXWH�WR�WKH
+\SHULRQ�::73�LV�RYHU�D�KLJK�SRLQW�RI������P�V�O���D�PLOH�ZHVW�RI
%HDXPRQW���:KLOH�PXFK�RI�WKLV�URXWH�LV�WKURXJK�FLWLHV��LW�IROORZV�H[LVWLQJ
XWLOLW\�FRUULGRUV���7KLV�URXWH�GRHV�QRW�IDYRU�WXQQHOLQJ�RU�HQHUJ\�UHFRYHU\�

3DFLILF�2FHDQ�¥�7KH�URXWH�WR�&DPS�3HQGOHWRQ��D�0DULQH�EDVH�DW
2FHDQVLGH��&DOLIRUQLD��LV�WKH�VDPH�HDVW�RI�WKH�PRXQWDLQV�DV�WKH�3RLQW
/RPD�URXWH���,W�FURVVHV�RYHU�WKH�VDPH������P�V�O��SDVV���7KH�URXWHV
VHSDUDWH�RQ�WKH�ZHVW�VLGH�RI�WKH�PRXQWDLQV���/LWWOH�RI�WKLV�URXWH�LV�LQ
FLWLHV���(QHUJ\�UHFRYHU\�LV�YHU\�IDYRUDEOH�RQ�WKLV�URXWH�IRU�IORZ�LQ�HDFK
GLUHFWLRQ���/DWHU�GHVLJQV�ZRXOG�SUREDEO\�ILQG�WKDW�WXQQHOV�DUH�YHU\
EHQHILFLDO�LQ�UHGXFLQJ�ERWK�HQHUJ\�FRVWV�DQG��SRVVLEO\��FRQVWUXFWLRQ�FRVWV�

*XOI�RI�&DOLIRUQLD�¥�7KH�URXWH�WR�WKH�*XOI�RI�&DOLIRUQLD�UHTXLUHV�OLWWOH
SXPSLQJ�WR�JR�RYHU�WKH�KLJK�SRLQW�LQ�0H[LFR�RI����IHHW�P�V�O���7KLV�URXWH
KDV�YHU\�JUDGXDO�VORSHV�DQG�IDYRUV�QHLWKHU�WXQQHOV�QRU�HQHUJ\�UHFRYHU\��
%HFDXVH�RI�HQHUJ\�ORVVHV�LQ�WKH�SLSH��WKLV�URXWH�GRHV�UHTXLUH�WKDW�WKH�IORZ
YHORFLWLHV�EH�OHVV�WKDQ�WKH���IHHW�SHU�VHFRQG�XVHG�RQ�DOO�WKH�RWKHU
SLSHOLQHV��

<XPD��¥�<XPD��$UL]RQD��LV�WKH�GHVWLQDWLRQ�IRU�ZDWHU�IURP�WKH�SRWHQWLDO
7XFVRQ�'HVDOLQDWLRQ�3ODQW���7KLV�SURMHFW�ZRXOG�WKHQ�SLFN�XS�ZDWHU�LQ
<XPD���7KH�URXWH��DQG�FRVW��LV�IRU�D�SLSHOLQH�IURP�<XPD�WR�WKH�6DOWRQ�6HD
ZLWK�JUDYLW\�IORZ���3XPSV�ZRXOG�SUREDEO\�QRW�EH�UHTXLUHG���7KH�URXWH
IROORZV�H[LVWLQJ�FDQDO�ULJKWV�RI�ZD\��GRHV�QRW�IDYRU�HQHUJ\�UHFRYHU\��DQG
VKRXOG�QRW�UHTXLUH�DQ\�WXQQHOV�

3DOHQ�'U\�/DNH�¥�7KH�URXWH�IURP�WKH�6DOWRQ�6HD�WR�3DOHQ�'U\�/DNH�OLHV
WKURXJK�WKH�&KRFRODWH�0RXQWDLQV�DQG�EHWZHHQ�WKH�(DJOH�0RXQWDLQV�DQG
WKH�&KXFNZDOOD�0RXQWDLQV��DQG�WKH�URXWH�UHDFKHV�DQ�HOHYDWLRQ�RI
�����P�V�O��EHIRUH�GURSSLQJ�GRZQ�LQWR�WKH�&KXFNZDOOD�9DOOH\���3DOHQ�'U\
/DNH�OLHV�DW�����P�V�O���%RWK�WXQQHOV�DQG�HQHUJ\�UHFRYHU\�PD\�EH�SRVVLEOH�

3XPS�,Q�6RXUFHV

7R�XQGHUVWDQG�WKH�QXPEHU�RI�SRVVLELOLWLHV�IRU�FRQYH\DQFHV�RI�WKH�SURMHFW��WKH
UHDGHU�PXVW�XQGHUVWDQG�WKH�SXPS�LQ�VRXUFHV��SXPS�RXW�ORFDWLRQV��DQG�WKH
URXWHV���5HPHPEHU�WKDW�WKH�IORZ�FDSDFLWLHV�UHTXLUHG�IRU�ERWK�SXPS�RXW�DQG
SXPS�LQ�GHSHQG�QRW�RQO\�RQ�WKH�WLPH�GHVLUHG�WR�UHDFK�VDOLQLW\�DQG�ZDWHU
VXUIDFH�HOHYDWLRQ�JRDOV��EXW�DOVR�RQ�WKH�VDOLQLW\�RI�WKH�LPSRUWHG�ZDWHU���7KH
PDLQ�SDUW�RI�WKH�SXPS�LQ�SXPS�RXW�GHVLJQ�LV�EDVHG�RQ�REWDLQLQJ�ZDWHU�IURP
RQH�RI�ILYH�VRXUFHV���
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6DQ�'LHJR��3RLQW�/RPD�::73�¥�3RLQW�/RPD�LV�D�ZDVWHZDWHU�WUHDWPHQW
SODQW�LQ�6DQ�'LHJR��&DOLIRUQLD��RQ�WKH�WLS�RI�D�SHQLQVXOD�ZLWKLQ�WKH�FLW\��
7KLV�ZDWHU�KDV�D�VDOLQLW\�RI������SSW�DQG�KDV�DQ�HVWLPDWHG�XVDEOH
GLVFKDUJH�RI���������DFUH�IHHW�SHU�\HDU��ZKLFK�LV�JUHDWHU�WKDQ�UHTXLUHG�

3DFLILF�&RDVW��+\SHULRQ�::73�¥�+\SHULRQ�::73�LV�ORFDWHG�RQ�WKH
3DFLILF�FRDVW��VRXWK�RI�/$;�DLUSRUW�LQ�/RV�$QJHOHV���7KLV�QHZ�WHUWLDU\
SODQWªV�HIIOXHQW�KDV�D�VDOLQLW\�RI�������SSW�ZLWK�DQ�HVWLPDWHG�GLVFKDUJH�RI
��������DFUH�IHHW�SHU�\HDU��ZKLFK�LV�JUHDWHU�WKDQ�QHHGHG���7KH�GHVLJQ�RI
WKLV�SODQW�HQYLVLRQHG�WKH�ZDWHU�ZRXOG�EH�XVHG�WR�LUULJDWH�JROI�FRXUVHV�
SDUNV��DQG�RWKHU�VLPLODU�ORFDWLRQV���7KLV�+\SHULRQ�ZDWHU�ZRXOG�FRVW������
SHU�DFUH�IRRW��/RV�$QJHOHV�KDV�D�ZDWHU�ULJKW�RI�UHIXVDO�LQ�WKDW�WKH�FLW\�RI
/RV�$QJHOHV�KDV�WKH�ILUVW�RSWLRQ�WR�XVH�WKH�ZDWHU�EHIRUH�LW�OHDYHV�WKH�FLW\�

3DFLILF�2FHDQ�¥�7KH�SXPS�LQ�ZDWHU�FDQ�FRPH�IURP�WKH�3DFLILF�2FHDQ�DW
YDULRXV�ORFDWLRQV�EHWZHHQ�/RV�$QJHOHV�DQG�WKH�0H[LFDQ�ERUGHU���2FHDQ
ZDWHU�JHQHUDOO\�KDV�D�VDOLQLW\�RI����SSW�

*XOI�RI�&DOLIRUQLD�¥�:DWHU�FRPLQJ�IURP�WKH�*XOI�RI�&DOLIRUQLD�ZRXOG�KDYH
D�VDOLQLW\�VLPLODU�WR�WKH�RFHDQ��EXW�WKH�VDOWV�PD\�GLIIHU�VOLJKWO\�IURP
RFHDQ�ZDWHU�

<XPD��$UL]RQD�¥�7KH�FLW\�RI�7XFVRQ�LV�FRQVLGHULQJ�EXLOGLQJ�D�GHVDOLQDWLRQ
SODQW�WR�GHFUHDVH�WKH�OHYHO�RI�VDOWV�LQ�WKH�ZDWHU�FRPLQJ�IURP�WKH�&HQWUDO
$UL]RQD�3URMHFW���$W���SSW��WKH�HIIOXHQW�RI�WKLV�SODQW�LV�FRQVLGHUHG�VDOW\
ZKHQ�FRPSDUHG�ZLWK�IUHVK�ZDWHU���,W�LV�TXLWH�IUHVK�ZKHQ�FRPSDUHG�ZLWK
WKH�ZDWHU�LQ�WKH�6DOWRQ�6HD���2QH�RI�WKH�URXWHV�FRQVLGHUHG�E\�WKH�7XFVRQ
SURMHFW�FRQYH\V�WKH�HIIOXHQW�WR�WKH�*XOI�RI�&DOLIRUQLD�YLD�<XPD���,QVWHDG�RI
IORZLQJ�LQWR�0H[LFR��WKH�HIIOXHQW�FRXOG�IORZ�WR�WKH�6DOWRQ�6HD�IRU�XVH�LQ
WKLV�SURMHFW���2WKHU�FLWLHV�LQ�WKH�6RXWKZHVW�PD\�DOVR�QHHG�VXFK
UHSRVLWRULHV�LQ�WKH�IXWXUH�ZLWK�HVWLPDWHG�IORZV�RI�XS�WR���������DFUH�IHHW
SHU�\HDU���7KH�HVWLPDWHG�DYDLODEOH�ZDWHU�IURP�RQO\�WKH�7XFVRQ�SURMHFW�
ZKLFK�LQFOXGHV�ZDWHU�IURP�3KRHQL[��LV��������DFUH�IHHW�SHU�\HDU��ZKLFK
GRHV�QRW�PHHW�WKH�HVWLPDWHG�QHHGV���:DWHU�IURP�RWKHU�VRXUFHV�ZRXOG�DOVR
EH�QHHGHG���

7KH�<XPD�'HVDOWLQJ�3ODQW�DOVR�UHMHFWV�VLPLODU�HIIOXHQW�EXW�ZLWK�D�VDOLQLW\�RI
���SSW���)XWXUH�DOWHUQDWLYH�GHVLJQV�PD\�ZLVK�WR�FRQVLGHU�XVLQJ�WKLV�HIIOXHQW
DV�D�VRXUFH�RI�ZDWHU�IRU�WKH�6DOWRQ�6HD���7KLV�ZDWHU�PD\�EH�LQWHUPLWWHQWO\
DYDLODEOH�

([FHVV�IORZV�¦�6RPH�&RORUDGR�5LYHU�ZDWHU�WKDW�LV�GHFODUHG�H[FHVV�DERXW
HYHU\�WKLUG�RU�IRXUWK�\HDU�PD\�EH�DYDLODEOH�DV�D�VRXUFH���7KH�DPRXQW�RI
ZDWHU�DQG�WKH�UHOLDELOLW\�RI�WKH�VXSSO\�KDYH�QRW�EHHQ�GHWHUPLQHG���6HYHUDO
FRPSOH[�LVVXHV�H[LVW���)LUVW��WKH�PDMRULW\�RI�WKH�ZDWHU�LV�XQXVHG�8SSHU
%DVLQ�6WDWH�DOORFDWLRQV���7KLV�ZDWHU�FRXOG�EH�DYDLODEOH�IRU�D�IHZ�\HDUV�RU
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XQWLO�WKH�6WDWHV�XVH�DOO�RI�WKHLU�DOORFDWLRQV���6HFRQG��DOO�XVHUV�RI�&RORUDGR
5LYHU�ZDWHU��LQFOXGLQJ�H[FHVV�IORZV��PXVW�KDYH�D�FRQWUDFW�ZLWK�WKH
6HFUHWDU\�RI�WKH�,QWHULRU���

7KH�UHTXHVWLQJ�XVHU�QHHGV�DUH�DGGHG�WR�WKH�ERWWRP�RI�WKH�SULRULW\�OLVW�WKDW
H[LVWV�ZKHQ�KLV�UHTXHVW�LV�PDGH�IRU�H[FHVV�IORZV���7KRVH�DW�WKH�WRS�RI�WKH�OLVW
PD\�XVH�DOO�RI�WKH�H[FHVV�IORZV��OHDYLQJ�QR�ZDWHU�IRU�WKRVH�DW�WKH�ERWWRP�RI
WKH�OLVW���7KLUG��WKH�LQIUDVWUXFWXUH�UHTXLUHG�WR�FRQYH\�DQG�VWRUH�WKH�ZDWHU
PD\�KDYH�WR�EH�TXLWH�ODUJH���)ORRGIORZV��LQ�SDUWLFXODU��FDQ�EH�GLIILFXOW�WR
FDSWXUH�ZKHQ�D�ODUJH�YROXPH�PRYHV�WKURXJK�WKH�V\VWHP�LQ�D�VKRUW�WLPH�VSDQ��
,I�VLJQLILFDQW�TXDQWLWLHV�RI�VXUSOXV�ZDWHU�ZHUH�DGGHG�WR�WKH�6HD�LQ�D�JLYHQ
\HDU��WKLV�ZRXOG�DGG�WR�SUREOHPV�RI�WKH�VXUIDFH�HOHYDWLRQ�IOXFWXDWLRQ���6XFK
IORRGIORZV�FRXOG�EH�GLYHUWHG�DQG�WHPSRUDULO\�VWRUHG�LQ�D�UHVHUYRLU��DOORZLQJ�D
VPDOOHU�V\VWHP�IRU�PRYLQJ�WKLV�ZDWHU�WR�6DOWRQ�6HD�

3XPS�2XW�/RFDWLRQV

7KH�SXPS�RXW�ORFDWLRQ�GHVLJQV�ZHUH�FRPSOHWHG�IRU�FRQYH\DQFH�V\VWHPV�WR
UHPRYH�ZDWHU�IURP�WKH�6DOWRQ�6HD�WR�ILYH�ORFDWLRQV���7KUHH�RI�WKHVH�ORFDWLRQV
DUH�WKH�VDPH�ORFDWLRQV�GLVFXVVHG�DERYH�DV�SXPS�LQ�VRXUFHV¦3RLQW�/RPD
::73��+\SHULRQ�::73��DQG�WKH�*XOI�RI�&DOLIRUQLD���$QRWKHU�ORFDWLRQ�LV�WKH
3DFLILF�2FHDQ�RII�WKH�FRDVW�RI�&DPS�3HQGOHWRQ���7KHVH�ORFDWLRQV�SURYLGH�IRU
ILQDO�GLVSRVDO��ZKLFK�ZRXOG�UHTXLUH�D�SLSHOLQH�WR�EH�H[WHQGHG�LQWR�WKH�RFHDQ
DQG�D�GLIIXVHU�DWWDFKHG�WR�WKH�HQG�RI�LW�WR�HQVXUH�SURSHU�VDOW�GLVSHUVDO�IRU�WKH
RFHDQ�HQYLURQPHQW�

$QRWKHU�ORFDWLRQ¦3DOHQ�'U\�/DNH¦WKDW�FRXOG�EH�XVHG�DV�DQ�HYDSRUDWLRQ
ODNH�LV�QRUWKHDVW�RI�WKH�6HD���6DOW�IURP�WKLV�HYDSRUDWLRQ�ODNH�ZRXOG�KDYH�WR
EH�UHPRYHG�WR�DQRWKHU�ORFDWLRQ�DW�VRPH�IXWXUH�WLPH�

7KH�<XPD�'HVDOWLQJ�3ODQWªV�E\SDVV�GUDLQ�ZDV�FRQVLGHUHG�DQG�GHHPHG
LQDSSURSULDWH���7KLV�GUDLQ�IORZV�WR�WKH�6DQWD�&ODUD�:HWODQGV�LQ�0H[LFR���,W�LV
FXUUHQWO\�FRQYH\LQJ�ZDWHU�WKDW�KDV�D�VDOLQLW\�RI�����SSW���3UHYLRXV�VWXGLHV
KDYH�LQGLFDWHG�VDOW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�����SSW�DUH�XQKHDOWK\�WR
FDWWDLOV���)RU�WKLV�UHDVRQ��ZDWHU�LQ�WKH�GUDLQ�PXVW�KDYH�VDOLQLW\�OHYHOV�EHORZ
����SSW���7KLV�SUHFOXGHV�XVLQJ�WKH�GUDLQ�WR�FRQYH\�ZDWHU�IURP�WKH�6DOWRQ�6HD�
ZKLFK�KDV�D�VDOLQLW\�JUHDWHU�WKDQ����SSW�

7KH�E\SDVV�GUDLQ�ZDV�FRQVLGHUHG�WR�FRQYH\�LQWHUPLWWHQW�IORZV��ZKLFK�ZRXOG
UHTXLUH�FRQVWUXFWLQJ�D�WXUQRXW�DW�WKH�ZHWODQGV���&DQDO�RSHUDWRUV�HVWLPDWHG
WKDW�����FXELF�IHHW�SHU�VHFRQG��IW��V��RI�6DOWRQ�6HD�ZDWHU�FRXOG�IORZ�GRZQ�WKH
FDQDO����SHUFHQW�RI�WKH�WLPH���7KH�F\FOH�ZRXOG�KDYH�WR�EH�DERXW���ZHHNV�ORQJ��
$�IORZ�RI����IW��V�LV�PXFK�OHVV�IORZ�WKDQ�DQ\�RI�WKH�DOWHUQDWLYHV�FXUUHQWO\�
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UHTXLUH���)RU�WKLV�UHDVRQ��DQG�WKH�VDOLQLW\�SUREOHP��XVLQJ�WKH�E\SDVV�VHHPV
LPSUDFWLFDO���,I�DQ�DOWHUQDWLYH�LQ�IXWXUH�GHVLJQV�XVHV�ORZHU�IORZV�WKDQ�WKH
FXUUHQW�DOWHUQDWLYHV��WKHQ�WKH�E\SDVV�FDQDO�VKRXOG�DJDLQ�EH�FRQVLGHUHG�

(YDSRUDWLRQ�3RQGV�DW�3DOHQ�'U\�/DNH

7KH�GHVLJQ�RI�WKH�HYDSRUDWLRQ�SRQG�LV�GLVFXVVHG�KHUH���7KH�SUHDSSUDLVDO
GHVLJQ�RI�WKH�HYDSRUDWLRQ�SRQGV�DW�3DOHQ�'U\�/DNH�XVHG�VRPH�SRWHQWLDOO\
FRVWO\�DVVXPSWLRQV�DERXW�WKH�UHTXLUHPHQWV�RI�WKLV�VLWH���*HRORJLF
LQYHVWLJDWLRQV�ZRXOG�SURYLGH�GDWD�WKDW�PD\�FKDQJH�WKH�GHVLJQ�DQG�DVVRFLDWHG
FRVWV�FRQVLGHUDEO\���7KH�TXHVWLRQ�LV�ZKHWKHU�RU�QRW�WKH�ODNHEHG�VKRXOG�EH
OLQHG���'XULQJ�IHDVLELOLW\�GHVLJQ�DQG�WKHUHDIWHU��WKH�GHVLJQ�PXVW�EH�VXIILFLHQW
WR�HQVXUH�WKDW�WKH�ODNH�ZRXOG�QRW�OHDN�VDOWZDWHU�DQG�SROOXWH�WKH�JURXQG�
ZDWHU���7KH�JHRORJ\�FRQWDLQHG�LQ�WKH������UHSRUW�LQGLFDWHV�WKDW�WKH�VLWH
FRQWDLQV�PXFK�IDW�FOD\���,I�WKLV�FOD\�H[LVWV�WKURXJKRXW�WKH�VLWH��WKH�ODNHEHG
SUREDEO\�ZRXOG�QRW�UHTXLUH�OLQLQJ���/LQLQJ�ZRXOG�EH�UHTXLUHG��KRZHYHU��ZKHUH
VXFK�D�EDUULHU�GRHV�QRW�H[LVW���,W�ZDV�DVVXPHG�WKDW����SHUFHQW�RI�WKH�ODNHEHG
ZRXOG�UHTXLUH�OLQLQJ���7KLV�OLQLQJ�ZRXOG�FRQVLVW�RI�D�ZHOGHG�KLJK�GHQVLW\
SRO\HWK\OHQH�JHRPHPEUDQH��ZLWK�FOD\�OLQLQJ�EHORZ�DQG�D�SURWHFWLYH�VRLO�OD\HU
DERYH��

$QRWKHU�SRWHQWLDOO\�FRVWO\�TXHVWLRQ��GLVFXVVHG�DW�WKH�EHJLQQLQJ�RI�FKDSWHU���
LV�ZKHWKHU�WKH�VDOW�UHPRYHG�PXVW�EH�HYHQWXDOO\�UHPRYHG�WR�WKH�RFHDQ���7KH
GHVLJQ�DVVXPHV�WKDW�LW�LV�KDXOHG�WR�WKH�RFHDQ���7KHUH��D�SXPSLQJ�SODQW�ZRXOG
PL[�WKH�VDOW�ZLWK�RFHDQ�ZDWHU�EHIRUH�LW�ZRXOG�EH�SLSHG�WR�D�GLIIXVHU�DW�WKH
HQG�RI�D�SLSHOLQH���7KH�H[DFW�WLPLQJ�RI�WKH�VDOW�UHPRYDO�DQG�DQ�DVVRFLDWHG
H[WUD�SRQG�ZHUH�SULFHG�DV�D�SHUFHQWDJH�DGGLWLRQ���

$Q�DSSURSULDWH�3DOHQ�'U\�/DNH�GDP�GHVLJQ�ZDV�SURYLGHG���6XEVHTXHQW
LQYHVWLJDWLRQV�PD\�GHWHUPLQH�WKDW�D�VHULHV�RI�ODJRRQV�ZRXOG�VHUYH�WKH
LQWHQGHG�SXUSRVH�EHWWHU�WKDQ�D�GDP�

7KH�ODNHEHG�DUHD�LV�WKH�PLQLPXP�UHTXLUHG�LQ�PHHWLQJ�WKH�HYDSRUDWLRQ�QHHGV
IURP�WKH�6DOWRQ�6HD�

&RPSOHWH�'HVLJQV

7KH�WHDP�GHVLJQHG����FRPSOHWH�DOWHUQDWLYHV�RI�WKH�SXPS�LQ�SXPS�RXW
RSWLRQV���)LJXUH�����SUHYLRXVO\�VKRZQ��LOOXVWUDWHV�DOO�URXWHV��DQG�WDEOH��
VKRZV�DOO�WKH�SHUWLQHQW�HQJLQHHULQJ�GDWD�DERXW�SLSHOLQH�OHQJWK��HOHYDWLRQ
DFKLHYHG��DQG�GLVFKDUJH�IORZV�DQG�SLSH�VL]HV�
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Table 4.&Pipeline length and maximum elevation 

Route Length

Maximum
 elevation

(feet)
Term elevation

(feet)

Los Angeles % Hyperion 165 2630 0

Pacific Ocean %  Camp Pendleton 113 3,636 0

San Diego % Point Loma 126 3,636 0

Gulf of California 136 82 0

Palen Lake 49 1,680 427

Yuma 79 180 120

Pipeline discharge and pipe size

Discharge
(acre-feet per year)

Discharge
(ft3/s)

Basic pipe
diameter (inches)

73,000 101 61

100,000 138 72

130,000 180 81

153,000 211 88

170,000 235 93

200,000 276 101

250,000 345 113

300,000 414 124

303,000 419 124

400,000 553 143

500,000 691 160

600,000 829 175

700,000 967 189

(DUOLHU�LQ�FKDSWHU����WDEOH���SUHVHQWHG�WKH�FRVW�GDWD���&RQVWUXFWLRQ�)LHOG�&RVW
LV�WKH�FRVW�WR�FRQVWUXFW�WKH�IDFLOLWLHV�LQ�WKH�ILHOG���7KLV�LQFOXGHV�DOO�WKH
FRQWLQJHQFLHV���7KH�(QHUJ\�&RVWV�FROXPQ�LQGLFDWHV�WKH�DQQXDO�FRVW�RI
REWDLQLQJ�HQHUJ\�UHTXLUHG�E\�WKH�SXPSV���7KH�2WKHU�20	5�FROXPQ�OLVWV�WKH�
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WRWDO�FRVW�IRU�RSHUDWLRQ��PDLQWHQDQFH��UHSODFHPHQW��DQG�HQHUJ\�RI�HTXLSPHQW
RYHU�WKH�OLIH�RI�WKH�SURMHFW���:KLOH�PXFK�RI�WKH�GHVLJQ�LV�EDVHG�RQ�FRQVWDQW
RSHUDWLRQ��WKH�SUHVHQW�ZRUWK�YDOXHV�DUH�EDVHG�RQ�D�����\HDU�OLIH�

$V�QRWHG�DERYH��IXWXUH�GHVLJQV�PD\�UHGXFH�WKH�FRVWV�IRU�WKH�3RLQW�/RPD�DQG
&DPS�3HQGOHWRQ�DOWHUQDWLYHV�
�
9LHZLQJ�WKH�WDEOH�DQG�PDS�DOORZV�WKH�UHDGHU�WR�XQGHUVWDQG�PRVW�RI�WKH
LQGLYLGXDO�GHVLJQV���7KH�IROORZLQJ�SURYLGHV�KLJKOLJKWV�RI�VRPH�RI�WKH�PDMRU
IHDWXUHV�VKRZQ�LQ�WDEOH���DQG�SURYLGHV�RWKHU�LQIRUPDWLRQ�QRW�LQFOXGHG�LQ�WKH
WDEOHV�

'HVLJQ�1RV����WKURXJK����UHDFK�D�VDOLQLW\�RI����SSW�LQ����\HDUV�IURP
FRQVWUXFWLRQ�FRPSOHWLRQ�

'HVLJQ�1RV��������DQG���UHTXLUH�WKH�JUHDWHVW�IORZV�LQWR�DQG�RXW�RI�WKH�6DOWRQ
6HD���*UHDWHU�IORZV�DUH�UHTXLUHG�EHFDXVH�WKH�DOWHUQDWLYH�GHVLJQ�XVHV�RFHDQ
ZDWHU�WR�UHSOHQLVK�WKH�6HD�LQ�WKH�VKRUWHVW�WLPH���'HVLJQ�1RV����DQG���DOVR�XVH
WKH�PRVW�HQHUJ\�RI�WKH����GHVLJQV�

'HVLJQ�1RV�����������DQG����SXPS�ZDWHU�LQ�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV
DQG�SXPS�ZDWHU�RXW�LQWR�WKH�RFHDQ�RU�JXOI���7KHLU�FRQVWUXFWLRQ�FRVWV�DUH
VLPLODU���7KH�HQHUJ\�FRVWV�IRU�'HVLJQ�1RV����DQG���DUH�PXFK�KLJKHU�WKDQ�IRU
'HVLJQ�1RV����DQG����EHFDXVH�WKH�ODWWHU�UHTXLUHV�PXFK�OHVV�KHDG�WR�SXPS�WR
WKH�*XOI�RI�&DOLIRUQLD�WKDQ�RYHU�WKH�PRXQWDLQV�

'HVLJQ�1R����UHFHLYHV�ZDWHU�IURP�<XPD���7KLV�ZDWHU�LV�WKH�HIIOXHQW�RI�WKH
SURSRVHG�UHYHUVH�RVPRVLV�SODQW�LQ�7XFVRQ���$�TXHVWLRQ�H[LVWV�UHJDUGLQJ�LI�DQG
ZKHQ�WKH�SODQW�ZRXOG�EH�EXLOW���7KH�DOWHUQDWLYH�GHVLJQ�DVVXPHV�WKDW�WKH
ZDWHU�ZRXOG�EH�DYDLODEOH�DW�<XPD�DW�WKH�HQG�RI�FRQVWUXFWLRQ���7KH�SLSHOLQH
WUDYHOV�GRZQKLOO�RQ�D�JUDGXDO�VORSH�IURP�<XPD�WR�WKH�6DOWRQ�6HD���,I
K\GUDXOLFV�ZHUH�WKH�RQO\�FRQFHUQ��D�FDQDO�FRXOG�UHSODFH�WKLV�SLSHOLQH���7KLV�LV
WKH�OHDVW�FRVWO\�DOWHUQDWLYH�UHJDUGLQJ�ERWK�FRQVWUXFWLRQ�DQG�HQHUJ\�LI�WKH
VDOLQLW\�JRDO�LV�UHDFKHG�LQ����\HDUV�

'HVLJQ�1RV����DQG���UHFHLYH�ZDWHU�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV�DQG
SXPS�ZDWHU�RXW�IURP�WKH�6DOWRQ�6HD�WR�3DOHQ�'U\�/DNH��ZKHUH�HYDSRUDWLRQ
VHSDUDWHV�WKH�ZDWHU�IURP�WKH�VDOW���7KH�FRVWV�IRU�WKH�ODNH�OLQHU�DQG�GDP�ZHUH
SURUDWHG�IURP�'HVLJQ�1RV�����DQG������7KH�UHTXLUHG�UHVHUYRLU�LV�WKH�PRUH
WHFKQLFDOO\�FKDOOHQJLQJ��SUREDEO\�UHTXLULQJ�PRYLQJ�VHYHUDO�PLOHV�RI�LQWHUVWDWH
KLJKZD\�DQG�)HGHUDO�KLJKZD\���7KH�WDEOH�GRHV�QRW�LQFOXGH�WKHVH�FRVWV���$
VPDOO�WRZQ�ZRXOG�DOVR�KDYH�WR�EH�PRYHG���7KH�H[WUHPHO\�KLJK�20	5�FRVW
FRPHV�IURP�WKH�KLJK�RSHUDWLQJ�FRVWV�RI�UHPRYLQJ�WKH�VDOW�WR�WKH�RFHDQ���7KHVH
GHVLJQV�KDYH�WKH�KLJKHVW�WRWDO�SUHVHQW�ZRUWK�FRVWV�
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'HVLJQ�1RV�����WKURXJK����FORVHO\�UHODWH�WR�'HVLJQ�1RV����WKURXJK������7KHVH
GHVLJQV�UHTXLUH�OHVV�ZDWHU�WR�UHDFK�WKH�VDOLQLW\�OHYHO�LQ�WZLFH�WKH�WLPH
����\HDUV����7KH�SUHYLRXV�FRPPHQWV�IRU�'HVLJQ�1RV����WKURXJK����DUH
HVVHQWLDOO\�WKH�VDPH�DV�IRU�'HVLJQ�1RV�����WKURXJK�����ZLWK�WKH�H[FHSWLRQ�RI
3DOHQ�'U\�/DNH���'HVLJQ�1RV�����DQG����DUH�SUREDEO\�WHFKQLFDOO\�IHDVLEOH�
DQG�FRVW�HVWLPDWHV�ZHUH�SUHSDUHG�WR�SUHDSSUDLVDO�SUHFLVLRQ�DQG�DFFXUDF\��
7KH�FRVWV�IRU�'HVLJQ�1RV����WKURXJK����DUH�DERXW�����WLPHV�WKH�FRVWV�IRU
'HVLJQ�1RV�����WKURXJK����DQG�DUH�FRQVLVWHQW�ZLWK�WKH�FKDQJH�LQ�IORZ�UDWHV�

'HVLJQ�1RV�����DQG����DUH�WRWDOO\�GLIIHUHQW�IURP�WKH�ILUVW����GHVLJQV���7KH\�
RQO\�SXPS�ZDWHU�RXW�RI�WKH�6DOWRQ�6HD���7KH\�KDYH�WKH�ORZHVW�FRQVWUXFWLRQ
FRVWV�RI�DQ\�RI�WKH�DOWHUQDWLYH�GHVLJQV��DQG�WKHLU�HQHUJ\�FRVWV�DUH�DPRQJ�WKH
ORZHVW���7KLV�VKRXOG�EH�H[SHFWHG�EHFDXVH�WKH�IORZV�DUH�UHODWLYHO\�ORZ�DQG
WKH\�UHTXLUH�RQO\�SLSHV�OHDGLQJ�DZD\�IURP�WKH�6HD���7KHVH�ORZ�FRVWV�DUH
DVVRFLDWHG�ZLWK�D�PDMRU�GUDZEDFN���7KH�GHVLJQV�UHGXFH�WKH�VDOLQLW\�LQ�WKH
6HD�YHU\�VORZO\��ZKLFK�LV�GLVFXVVHG�LQ�GHWDLO�LQ�FKDSWHU���LQ�WKH�6DOLQLW\
0RGHO�VHFWLRQ���)LJXUH����LOOXVWUDWHV�KRZ�WKLV�FRQFHSW�DIIHFWV�VDOLQLW\��
3XPSLQJ�RXW�RQO\��������DFUH�IHHW�SHU�\HDU�ZRXOG�HYHQWXDOO\�KDYH�WKH�SXPS�
RXW�VDOW�ORDG�HTXDO�WKH�FXUUHQW�VDOW�ORDG�HQWHULQJ�WKH�6DOWRQ�6HD�

Figure 14.&Sea salinity at various pump-out rates in various years in the future.
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6LPLODU�'HVLJQV

7ZR�DOWHUQDWLYHV�GLVFXVVHG�LQ�WKH������UHSRUW�DUH�YHU\�VLPLODU�WR�WKH�QHZ
SXPS�RXW�SXPS�LQ�DOWHUQDWLYHV���$OWHUQDWLYH����LV�VLPLODU�WR�WKH�QHZ
DOWHUQDWLYH������:KLOH�WKH�URXWH�IRU�WKH������DOWHUQDWLYH����WUDYHOV�WR�WKH
ZHVW��DORQJ�/DJXQD�6DODGD��IRU�SUHDSSUDLVDO�OHYHO�GHVLJQV��WKHVH�URXWHV�DUH
WKH�VDPH�

7KH������DOWHUQDWLYH����SXPSV�ZDWHU�RXW�RI�WKH�6DOWRQ�6HD�WR�/DJXQD�6DODGD
DQG�SXPSV�ZDWHU�LQ�IURP�WKH�*XOI�RI�&DOLIRUQLD���6L[�RI�WKH�QHZ�DOWHUQDWLYHV
XVH�RFHDQ�ZDWHU�WR�UHIUHVK�WKH�6DOWRQ�6HD���)RXU�RI�WKH�QHZ�DOWHUQDWLYHV
SXPS�ZDWHU�RXW�WR�D�GU\�ODNHEHG���7KH�GLVFKDUJH�TXDQWLWLHV�RI�DOWHUQDWLYH���
ZRXOG�EH�VLPLODU�WR�WKH�RFHDQ�ZDWHU�DOWHUQDWLYHV��DQG�WKH�GU\�ODNHEHG�ZRXOG
KDYH�WKH�VDPH�SUREOHPV�DV�3DOHQ�'U\�/DNH�
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