
��

&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�
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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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until the States use all of their allocations.  Second, all users of Colorado
River water, including excess flows, must have a contract with the
Secretary of the Interior.  

The requesting user needs are added to the bottom of the priority list that
exists when his request is made for excess flows.  Those at the top of the list
may use all of the excess flows, leaving no water for those at the bottom of
the list.  Third, the infrastructure required to convey and store the water
may have to be quite large.  Floodflows, in particular, can be difficult to
capture when a large volume moves through the system in a short time span. 
If significant quantities of surplus water were added to the Sea in a given
year, this would add to problems of the surface elevation fluctuation.  Such
floodflows could be diverted and temporarily stored in a reservoir, allowing a
smaller system for moving this water to Salton Sea.

Pump-Out Locations

The pump-out location designs were completed for conveyance systems to
remove water from the Salton Sea to five locations.  Three of these locations
are the same locations discussed above as pump-in sources—Point Loma
WWTP, Hyperion WWTP, and the Gulf of California.  Another location is the
Pacific Ocean off the coast of Camp Pendleton.  These locations provide for
final disposal, which would require a pipeline to be extended into the ocean
and a diffuser attached to the end of it to ensure proper salt dispersal for the
ocean environment.

Another location—Palen Dry Lake—that could be used as an evaporation
lake is northeast of the Sea.  Salt from this evaporation lake would have to
be removed to another location at some future time.

The Yuma Desalting Plant’s bypass drain was considered and deemed
inappropriate.  This drain flows to the Santa Clara Wetlands in Mexico.  It is
currently conveying water that has a salinity of 3.2 ppt.  Previous studies
have indicated salt concentrations greater than 6.0 ppt are unhealthy to
cattails.  For this reason, water in the drain must have salinity levels below
6.0 ppt.  This precludes using the drain to convey water from the Salton Sea,
which has a salinity greater than 40 ppt.

The bypass drain was considered to convey intermittent flows, which would
require constructing a turnout at the wetlands.  Canal operators estimated
that 100 cubic feet per second (ft3/s) of Salton Sea water could flow down the
canal 50 percent of the time.  The cycle would have to be about 2 weeks long. 
A flow of 50 ft3/s is much less flow than any of the alternatives currently 
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require.  For this reason, and the salinity problem, using the bypass seems
impractical.  If an alternative in future designs uses lower flows than the
current alternatives, then the bypass canal should again be considered.

Evaporation Ponds at Palen Dry Lake

The design of the evaporation pond is discussed here.  The preappraisal
design of the evaporation ponds at Palen Dry Lake used some potentially
costly assumptions about the requirements of this site.  Geologic
investigations would provide data that may change the design and associated
costs considerably.  The question is whether or not the lakebed should be
lined.  During feasibility design and thereafter, the design must be sufficient
to ensure that the lake would not leak saltwater and pollute the ground-
water.  The geology contained in the 1974 report indicates that the site
contains much fat clay.  If this clay exists throughout the site, the lakebed
probably would not require lining.  Lining would be required, however, where
such a barrier does not exist.  It was assumed that 25 percent of the lakebed
would require lining.  This lining would consist of a welded high density
polyethylene geomembrane, with clay lining below and a protective soil layer
above. 

Another potentially costly question, discussed at the beginning of chapter 3,
is whether the salt removed must be eventually removed to the ocean. 
During the screening process, the screening team decided that the design
would assume that salt would not be removed during the 100-year life of the
project. 

An appropriate Palen Dry Lake dam design was provided.  Subsequent
investigations may determine that a series of lagoons would serve the
intended purpose better than a dam.

The lakebed area is the minimum required in meeting the evaporation needs
from the Salton Sea.

Complete Designs

The team designed 23 complete alternatives of the pump-in/pump-out
options.  Figure 13 (previously shown) illustrates all routes, and table 4
shows all the pertinent engineering data about pipeline length, elevation
achieved, and discharge flows and pipe sizes.

Table 4.—Pipeline length and maximum elevation 
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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

Earlier in chapter 3, table 2 presented the cost data.  Construction Field Cost
is the cost to construct the facilities in the field.  This includes all the
contingencies.  The Energy Costs column indicates the annual cost of
obtaining energy required by the pumps.  The Other OM&R column lists the 
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total cost for operation, maintenance, replacement, and energy of equipment
over the life of the project.  While much of the design is based on constant
operation, the present worth values are based on a 100-year life.

As noted above, future designs may reduce the costs for the Point Loma and
Camp Pendleton alternatives.
 
Viewing the table and map allows the reader to understand most of the
individual designs.  The following provides highlights of some of the major
features shown in table 2 and provides other information not included in the
tables.

Design Nos. 1 through 10 reach a salinity of 40 ppt in 15 years from
construction completion.

Design Nos. 1, 2, and 3 require the greatest flows into and out of the Salton
Sea.  Greater flows are required because the alternative design uses ocean
water to replenish the Sea in the shortest time.  Design Nos. 1 and 3 also use
the most energy of the 23 designs.

Design Nos. 4, 5, 9, and 10 pump water in from wastewater treatment plants
and pump water out into the ocean or gulf.  Their construction costs are
similar.  The energy costs for Design Nos. 4 and 5 are much higher than for
Design Nos. 9 and 10 because the latter requires much less head to pump to
the Gulf of California than over the mountains.

Design No. 6 receives water from Yuma.  This water is the effluent of the
proposed reverse osmosis plant in Tucson.  A question exists regarding if and
when the plant would be built.  The alternative design assumes that the
water would be available at Yuma at the end of construction.  The pipeline
travels downhill on a gradual slope from Yuma to the Salton Sea.  If
hydraulics were the only concern, a canal could replace this pipeline.  This is
the least costly alternative regarding both construction and energy if the
salinity goal is reached in 15 years.

Design Nos. 7 and 8 receive water from wastewater treatment plants and
pump water out from the Salton Sea to Palen Dry Lake, where evaporation
separates the water from the salt.  The costs for the lake liner and dam were
prorated from Design Nos. 17 and 18.  The required reservoir is the more
technically challenging, probably requiring moving several miles of interstate
highway and Federal highway.  The table does not include these costs.  A
small town would also have to be moved. 
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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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