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&KDSWHU��

$OWHUQDWLYH�'HYHORSPHQW�3URFHVV

7KH�SUHDSSUDLVDO�OHYHO�DOWHUQDWLYHV�DUH�GHVLJQHG�WR�UHGXFH�WKH�VDOLQLW\�RI�WKH
6DOWRQ�6HD�DQG�PDLQWDLQ�DQ�DFFHSWDEOH�ZDWHU�VXUIDFH�HOHYDWLRQ���,W�LV�QRW
NQRZQ�DW�ZKDW�VDOLQLW\�OHYHO�WKH�6HD�ZLOO�EHFRPH�XQSURGXFWLYH���,QWHULP�RU
SKDVHG�SURMHFWV�PD\�EH�FRQVLGHUHG�IRU�GHYHORSPHQW�WKDW�DUUHVW�VDOLQLW\
LQFUHDVHV��GR�QRW�SUHFOXGH�ORQJ�WHUP�VROXWLRQV��DQG�GR�QRW�LQFUHDVH�ZDWHU
HOHYDWLRQ�OHYHOV���

5HGXFLQJ�VDOLQLW\�DQG�PDLQWDLQLQJ�WKH�6HD�OHYHO��DORQH��ZLOO�QRW�HQVXUH�D
JRRG�ELRORJLFDO�KDELWDW���+RZHYHU��WKH�FXUUHQW�ELRORJLFDO�KDELWDWV�LQ�WKH�6HD
ZLOO�FHDVH�LI�WKH�VDOLQLW\�RI�WKH�6HD�FRQWLQXHV�WR�ULVH���7KH�6FLHQFH�6XE�
&RPPLWWHH��HVWDEOLVKHG�E\�WKH�6HFUHWDU\�RI�WKH�,QWHULRU��LV�H[DPLQLQJ�WKH
QHHGV�RI�WKH�ELRORJLFDO�KDELWDW�DQG�PDQ\�RWKHU�LPSRUWDQW�VFLHQFH�UHODWHG
LVVXHV�RI�WKH�6HD���7KHUHIRUH��ELRORJ\�LV�RXWVLGH�WKH�VFRSH�RI�WKLV�UHSRUW�

$GGLWLRQDO�JHRORJLF�ZRUN�LV�EH\RQG�WKH�VFRSH�RI�WKLV�UHSRUW�EXW�ZDV
FRQVLGHUHG�LQ�WKHVH�GHVLJQV�EDVHG�XSRQ�WKH�LQIRUPDWLRQ�LQ�WKH������UHSRUW�
7KH������UHSRUW�GRHV�FRQWDLQ�PXFK�JHRORJLF�LQIRUPDWLRQ��LQFOXGLQJ�ILHOG
LQYHVWLJDWLRQV��VDPSOLQJ��DQG�ODERUDWRU\�WHVWLQJ�GDWD���6HLVPLF�DFWLYLW\�LQ�WKH
6DOWRQ�6HD�DUHD�LV�YHU\�KLJK�DQG�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�ILQDO
GHVLJQV�

6DOLQLW\��DV�XVHG�LQ�WKLV�UHSRUW��LV�D�PHDVXUH�RI�WKH�FRQFHQWUDWLRQ�RI�WRWDO
GLVVROYHG�VROLGV��7'6��LQ�ZDWHU���6DOWV�DUH�LQRUJDQLF�FRPSRXQGV�RI�PHWDOV�
VXFK�DV�VRGLXP��FDOFLXP��PDJQHVLXP��DQG�SRWDVVLXP�DQG�EDVHV�VXFK�DV
FDUERQDWHV��VXOIDWH��DQG�FKORULGH����6ROXEOH�VDOWV�ZLOO�GLVVROYH�LQWR�PHWDOOLF
DQG�EDVLF�LRQV�ZKHQ�H[SRVHG�WR�ZDWHU���6DOLQLW\�YDOXHV�DUH�FRPPRQO\�JLYHQ
LQ�SDUWV�SHU�PLOOLRQ��SSP���SDUWV�SHU�WKRXVDQG��SSW���DQG�PLOOLJUDPV�SHU�OLWHU
�PJ�/����7KH�YDOXHV�RI�SSP�DQG�PJ�/�DUH�HVVHQWLDOO\�HTXDO���7KHUH�DUH�D
WKRXVDQG�PRUH�LRQV�LQ���SSW�WKDQ�LQ���SSP���7KLV�UHSRUW�XVHV�PRVWO\�SDUWV
SHU�WKRXVDQG�EHFDXVH�RI�WKH�ODUJH�TXDQWLWLHV�RI�LRQV�LQ�WKH�ZDWHUV�GLVFXVVHG��

7KH�UHDGHU�VKRXOG�NHHS�LQ�PLQG�WKDW�RFHDQ�ZDWHU�KDV�D�VDOLQLW\�FRQFHQWUD�
WLRQ�RI����SSW��DQG�WKH�6DOWRQ�6HD�FXUUHQWO\�KDV�D�VDOLQLW\�FRQFHQWUDWLRQ�RI
���SSW��+RZHYHU��DW�WKLV�WLPH��WKH�RYHUDOO�HIIHFWV�RI�VDOLQLW\�RQ�WKH�ILVKHU\
DUH�QRW�NQRZQ���7KH�TXHVWLRQV�RI�ZKDW�HIIHFW�VDOLQLW\�KDV�RQ�WKH�DTXDWLF
KDELWDW�KDV�EHHQ�JLYHQ�WR�WKH�6FLHQFH�6XE�&RPPLWWHH�IRU�DQDO\VLV�DQG
UHFRPPHQGDWLRQV�
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3XEOLF�,QYROYHPHQW

:KLOH�D�QXPEHU�RI�DOWHUQDWLYHV�ZHUH�LGHQWLILHG�GXULQJ�SUHYLRXV�VWXGLHV��LW
ZDV�LPSRUWDQW�WKDW�DQ\�QHZ�LGHDV�EH�LQFOXGHG�LQ�WKH�DOWHUQDWLYHV�EHLQJ
HYDOXDWHG���2SSRUWXQLW\�ZDV�JLYHQ�WR�FRPSDQLHV��XQLYHUVLWLHV��LQGLYLGXDOV�
DQG�WKH�JHQHUDO�SXEOLF�WR�VXJJHVW�DOWHUQDWLYHV�IRU�VROYLQJ�FKDOOHQJHV�RI�WKH
6HD�

$�SXEOLF�GLVFXVVLRQ�ZDV�RSHQHG�RQ�LGHDV�DQG�VXJJHVWLRQV�IRU�PDQDJHPHQW�RI
WKH�6HD�LQ�WKH�IRUP�RI�WZR�SXEOLF�ZRUNVKRSV�KRVWHG�E\�WKH�6DOWRQ�6HD
$XWKRULW\�%RDUG
V�7$&�LQ�$XJXVW�DQG�6HSWHPEHU��������7KH�SXEOLF�ZDV
DJDLQ�LQYLWHG�WR�SURSRVH�VROXWLRQV�GXULQJ�VXPPHU������DW�WKUHH�SXEOLF
PHHWLQJV���7KH�7$&��DORQJ�ZLWK�H[�RIILFLR�PHPEHUV��ZDV�WKHUH�WR�OLVWHQ�
GLVFXVV��DQG�UHFRUG�DOWHUQDWLYHV�SURSRVHG�E\�WKH�SXEOLF���1RWLFH�RI�WKHVH
PHHWLQJV�ZDV�JLYHQ�LQ�,PSHULDO�DQG�&RDFKHOOD�9DOOH\�QHZVSDSHUV�DQG�SRVWHG
LQ�ORFDO�OLEUDULHV�LQ�DFFRUGDQFH�ZLWK�WKH�&DOLIRUQLD�*RYHUQPHQW�&RGH�6HFWLRQ
�������5DOSK�0��%URZQ�$FW���JRYHUQLQJ�RSHQ�PHHWLQJV����$OO�PHHWLQJV�RI�WKH
$XWKRULW\�DQG�7$&�DOVR�IDOO�XQGHU�WKH�$FW����,Q�DGGLWLRQ�WR�LGHDV�DQG
VXJJHVWLRQV�SUHVHQWHG�LQ�WKH�ZRUNVKRSV��ZULWWHQ�VXEPLVVLRQV�ZHUH�DFFHSWHG
ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�DOO�WKH�DOWHUQDWLYHV�VXEPLWWHG�WR�WKH�7$&�ZRXOG
EH�FRQVLGHUHG�RQ�WKHLU�WHFKQLFDO�DQG�HFRQRPLF�PHULW�

'HYHORSPHQW�3URFHVV

2QH�FRQVLGHUDWLRQ�LQ�VHOHFWLQJ�D�PDQDJHPHQW�DOWHUQDWLYH�LV�WKDW�D�GURS�LQ
HOHYDWLRQ�FRXOG�DOVR�FDXVH�GHYHORSPHQWV�WR�EH�OHIW�DW�D�FRQVLGHUDEOH�GLVWDQFH
IURP�D�UHFHGLQJ�VKRUHOLQH���7KHUH�LV�DOVR�D�FRUUHODWLRQ�EHWZHHQ�VDOLQLW\�DQG
HOHYDWLRQ�VXFK�WKDW�DQ\�LQFUHDVH�LQ�WKH�6HDªV�YROXPH�LV�DFFRPSOLVKHG�E\
LQIORZ�IURP�D�OHVV�VDOLQH�ZDWHU�VRXUFH�ZKLFK�GLOXWHV�WKH�H[LVWLQJ�VDOW
FRQFHQWUDWLRQ���$OVR��DQ\�GHFUHDVH�LQ�YROXPH�LV�E\�HYDSRUDWLRQ��ZKLFK�UDLVHV
WKH�VDOLQLW\�E\�FRQFHQWUDWLQJ�WKH�VDOW�LQ�WKH�UHPDLQLQJ�ZDWHU�

5LVLQJ�ZDWHU�VXUIDFH�HOHYDWLRQV�DOVR�FDQ�GLVUXSW�KLVWRULF�IORZ�SDWWHUQV�DQG
FRQWULEXWH�WR�DFFHVV�SUREOHPV�DW�PDULQDV���'HSRVLWLRQ�RI�VHGLPHQW�DQG
EDUQDFOHV�LQ�FKDQQHOV�WKDW�SURYLGH�DFFHVV�WR�ERDW�VOLSV�DQG�GRFNLQJ�IDFLOLWLHV
FDQ�UHTXLUH�LQFUHDVHG�PDLQWHQDQFH�WR�NHHS�WKRVH�FKDQQHOV�RSHQ���,Q�VRPH
FDVHV��WKHVH�SUREOHPV�KDYH�UHVXOWHG�LQ�GHQLHG�DFFHVV�DOWRJHWKHU�

7KH�GHYHORSPHQW�SURFHVV��WKHUHIRUH��LQYROYHG�GHVLJQLQJ�DOWHUQDWLYHV�WKDW
PHHW�WKH�WKUHH�FULWHULD���7KHVH�FULWHULD�ZHUH�DSSOLHG�WR�DOO�VXEPLWWHG
DOWHUQDWLYHV���$Q�DOWHUQDWLYH�PXVW�KDYH�WKH�DELOLW\�WR�
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� 5HGXFH�VDOLQLW\�WR�QRW�PRUH�WKDQ����SSW
� &RQWURO�ZDWHU�VXUIDFH�HOHYDWLRQ�WR������P�V�O�
� 8VH�SURYHQ�WHFKQRORJ\

$OWHUQDWLYHV�WKDW�GLG�QRW�PHHW�DOO�FULWHULD�PD\�EH�GURSSHG�IURP�IXUWKHU
FRQVLGHUDWLRQ�DQG�DUH�GHVFULEHG�ODWHU�LQ�WKLV�UHSRUW�

7DUJHW�6DOLQLW\�������SSW

6DOLQLW\�PDQDJHPHQW�WDUJHWV�KDYH�EHHQ�HVWDEOLVKHG�DW�OHYHOV�WKDW�SURWHFW�WKH
H[LVWLQJ�ILVKHU\�LQ�WKH�6DOWRQ�6HD���7KH�6HD�FXUUHQWO\�VXSSRUWV�D�ILVKHU\�RI
PDULQH�VSHFLHV��WKDW�LV��FRUYLQD��VDUJR��DQG�EDLUGLHOOD��WUDQVSODQWHG�WR�WKH
6HD�ZKHQ�WKH�VDOLQLW\�FRQFHQWUDWLRQV�URVH�WRR�KLJK�WR�VXSSRUW�IUHVKZDWHU
VSHFLHV���7KH�6HD
V�ILVKHU\�LV�LPSRUWDQW�WR�WKH�UHJLRQ�IURP�ERWK
HQYLURQPHQWDO�DQG�HFRQRPLF�YLHZSRLQWV���)RU�H[DPSOH��ILVK�DUH�LPSRUWDQW
ELRORJLFDOO\�WR�ILVK�HDWLQJ�ELUGV�DQG�RWKHU�DQLPDOV�IRXQG�DURXQG�WKH�VKRUH�RI
WKH�6DOWRQ�6HD��DQG�WKH�ZLOGOLIH�LQ�WKH�UHJLRQ�DWWUDFWV�ILVKHUPDQ��KXQWHUV�
DQG�QDWXUDOLVWV��SURYLGLQJ�HFRQRPLF�JURZWK�WR�WKH�DUHD���)XUWKHUPRUH��WKH
:DWHU�4XDOLW\�&RQWURO�3ODQ�IRU�WKH�&RORUDGR�5LYHU�%DVLQ��&DOLIRUQLD
5HJLRQDO�:DWHU�4XDOLW\�&RQWURO�%RDUG��������GHVLJQDWHV�ZDUP�ZDWHU�DTXDWLF
KDELWDW�DV�D�EHQHILFLDO�XVH��DQG�LWV�ZDWHU�TXDOLW\�REMHFWLYH�IRU�VDOLQLW\�UHODWHV
WR�VXVWHQDQFH�RI�DTXDWLF�OLIH�

)RU�WKH�H[LVWLQJ�ILVKHU\�WR�EH�PDLQWDLQHG��D�VDOLQLW\�UDQJH�RI����WR����SSW�KDV
EHHQ�GHWHUPLQHG�DFFHSWDEOH���7KH�FULWHULD�LGHQWLILHG�IRU�WKHVH�DOWHUQDWLYHV
ZDV�VHOHFWHG�WR�PHHW�D�VDOLQLW\�FRQFHQWUDWLRQ�RI�QR�PRUH�WKDQ����SSW���7KLV
VDOLQLW\�FRQFHQWUDWLRQ�ZRXOG�VWDELOL]H�WKH�ILVKHU\�DW�WKH�H[LVWLQJ�FRQGLWLRQV�RI
WKH�6HD���$V�D�FRPSDULVRQ��RFHDQ�ZDWHU�LV�DSSUR[LPDWHO\����SSW��6DOWRQ�6HD
ZDWHU��DW�WKH�WLPH�RI�WKLV�UHSRUW��LV�DSSUR[LPDWHO\����SSW���7KLV�VDOLQLW\
ZRXOG�DOORZ�ILVK�VSHFLHV�FXUUHQWO\�IRXQG�LQ�WKH�6HD�WR�VSDZQ��WKHUHE\
FRPSO\LQJ�ZLWK�:DWHU�4XDOLW\�&RQWURO�3ODQ�IRU�WKH�&RORUDGR�5LYHU�%DVLQ
UHTXLUHPHQWV�IRU�SURWHFWLQJ�EHQHILFLDO�XVHV�RI�WKH�6HD��

7DUJHW�:DWHU�6XUIDFH�(OHYDWLRQ��������IHHW�P�V�O�

0DQ\�FRQVLGHUDWLRQV�GHWHUPLQH�D�WDUJHW�ZDWHU�VXUIDFH�HOHYDWLRQ�RI�WKH�6DOWRQ
6HD���3ULYDWH�DQG�FRPPHUFLDO�SURSHUW\�RZQHUV�DUH�FRQFHUQHG�ZLWK�WKH�6HDªV
HOHYDWLRQ�EHFDXVH�RI�LWV�GLUHFW�HIIHFW�RQ�SURSHUW\�YDOXHV�DQG�RQ�IXWXUH
FRQVWUXFWLRQ�SURMHFWV�DORQJ�WKH�VKRUH���%HFDXVH�WKH�6HD�LV�D�UHSRVLWRU\�IRU
DJULFXOWXUDO�GUDLQDJH��WKH�6HD
V�HOHYDWLRQ�LV�LPSRUWDQW�WR�DJULFXOWXUDO
LQWHUHVWV���7KH�6HD
V�HOHYDWLRQ�LV�DOVR�LPSRUWDQW�WR�WKH�ELRWD�RI�WKH�DUHD��
%LUGV��VXFK�DV�WKH�HQGDQJHUHG�<XPD�FODSSHU�UDLO��GHSHQG�RQ�ZHWODQG�KDELWDW�
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DURXQG�WKH�PDUJLQV�RI�WKH�6HD�IRU�EUHHGLQJ��DQG�PDQ\�KXQGUHGV�RI�DFUHV�RI
ZLOGOLIH�UHIXJH�KDYH�EHHQ�LQXQGDWHG�E\�ULVLQJ�6HD�OHYHOV���6WDWH�DQG�)HGHUDO
DJHQFLHV�PXVW�DOVR�SODQ�IRU�SRWHQWLDO�IORRG�FRQGLWLRQV���+LVWRU\�KDV�VKRZQ
WKDW�UDSLG�IORRGLQJ�RFFXUV�UHJXODUO\�LQ�WKH�DUHD��DQG�WKH�6HD�LV�D�UHSRVLWRU\
IRU�VWRUP�UXQRII���)LQDOO\��WKH�6HD
V�WDUJHW�ZDWHU�VXUIDFH�HOHYDWLRQ�LV�FORVHO\
FRQQHFWHG�WR�LWV�WDUJHW�VDOLQLW\�FRQFHQWUDWLRQ���7KH�UHPRYDO�RI�ZDWHU�IURP�WKH
6HD�DV�D�PHDQV�RI�UHPRYLQJ�VDOW�FDQ�UHVXOW�LQ�GUDPDWLF�FKDQJHV�LQ�ZDWHU
VXUIDFH�HOHYDWLRQ���7KH�HOHYDWLRQ�PDQDJHPHQW�WDUJHW�DQG�DELOLW\�WR�UHJXODWH
ZDWHU�VXUIDFH�HOHYDWLRQ�PD\�XOWLPDWHO\�GHWHUPLQH�WKH�VDOLQLW\�PDQDJHPHQW
RSWLRQ�VHOHFWHG�IRU�LPSOHPHQWDWLRQ�

7KH�ZDWHU�VXUIDFH�HOHYDWLRQ�RI�WKH�6HD�LV�FXUUHQWO\�DERXW������IHHW�P�V�O���7KH
6HD
V�HOHYDWLRQ�IOXFWXDWHV�DERXW���IRRW�SHU�\HDU�EDVHG�RQ�,PSHULDO�,UULJDWLRQ
'LVWULFW�HOHYDWLRQ�GDWD�IRU�WKH�SDVW���\HDUV���,Q�������IRU�H[DPSOH��WKH�6HD
V
HOHYDWLRQ�UDQJHG�IURP�EHWZHHQ���������WR���������IHHW�P�V�O��DQG�IURP�������
WR��������P�V�O��IURP�1RYHPEHU������WR�)HEUXDU\��������

:KLOH�FXUUHQW�VKRUHOLQH�GDPDJH�UHVXOWHG�IURP�KLJK�ZDWHU�VXUIDFH�HOHYDWLRQV�
PXFK�ORZHU�OHYHOV�FRXOG�DOVR�FDXVH�GDPDJH���$�ODUJH�GURS�LQ�6HD�HOHYDWLRQ
FRXOG�DGYHUVHO\�DIIHFW�VKRUHOLQH�GHYHORSPHQW��LQFOXGLQJ�PDULQDV��WKH�6DOWRQ
6HD�6WDWH�5HFUHDWLRQ�$UHD��FRPPHUFLDO�HQWHUSULVH��DQG�UHVLGHQWLDO
GHYHORSPHQWV���/DUJH�GURSV�LQ�HOHYDWLRQ�ZRXOG�DOVR�H[SRVH�ODUJH�DUHDV�RI
ODQG�WKDW�ZHUH�6HD�ERWWRP�DQG�GHJUDGHG�ELRPDWWHU���6RPH�SHRSOH�IHHO�WKDW
WKLV�ZRXOG�EHFRPH�D�KHDOWK�KD]DUG�ZKHQ�PDGH�DLUERUQH�E\�ZLQG���$V�D
PHWKRG�RI�EDODQFLQJ�EHWZHHQ�H[FHVVLYHO\�KLJK�DQG�ORZ�OHYHOV��D�WDUJHW
HOHYDWLRQ�UDQJH�RI������IHHW�P�V�O��ZDV�HVWDEOLVKHG�

0DLQWDLQLQJ�WKH�ZDWHU�VXUIDFH�HOHYDWLRQ�RI�WKH�6HD�ZLWKLQ�WKH�WDUJHW�UDQJH�LV
FHUWDLQO\�RI�LQWHUHVW��EXW�XQFHUWDLQWLHV�RI�IXWXUH�IORZV�LQWR�WKH�6HD�PDNH�LW
GLIILFXOW�WR�GHWHUPLQH�DQ�DOWHUQDWLYHªV�HIIHFW�RQ�WKH�6HDªV�HOHYDWLRQ���$V�D
UHVXOW��WKH�HOLPLQDWLRQ�RI�DQ�DOWHUQDWLYH�GXH�WR�LWV�LQDELOLW\�WR�DFKLHYH�DQG
PDLQWDLQ�WKH�WDUJHW�HOHYDWLRQ�LV�XVHG�RQO\�RQ�WKRVH�DOWHUQDWLYHV�WKDW�KDYH�QR
DELOLW\�WR�FRQWURO�WKH�ZDWHU�VXUIDFH�HOHYDWLRQ�RI�WKH�6HD�

3URYHQ�7HFKQRORJ\

%HFDXVH�RI�WKH�VKRUW�WLPHIUDPH�DOORZHG�IRU�DSSO\LQJ�WKH�DOWHUQDWLYH��WKH
WHFKQRORJ\�HPSOR\HG�LQ�WKH�DOWHUQDWLYH�PXVW�EH�FXUUHQWO\�DYDLODEOH�DQG
SURYHQ�LQ�VLPLODU�VLWXDWLRQV���7KH�JRDO�RI�WKH�GHYHORSPHQW�SURFHVV�ZDV�WR
GHVLJQ�DOWHUQDWLYHV�ZLWK�WKH�EHVW�FKDQFH�RI�VXFFHVV���7R�IXUWKHU�WKH�GHVLJQ
SURFHVV��RQO\�DOWHUQDWLYHV�WKDW�FRXOG�SUHVHQW�GDWD�GHPRQVWUDWLQJ�WKH
LQYROYHG�WHFKQRORJ\
V�HIIHFWLYHQHVV�ZHUH�FRQVLGHUHG���$Q�DOWHUQDWLYH
V
WHFKQRORJ\�FRXOG�EH�GHPRQVWUDWHG�E\�GDWD�JDWKHUHG�LQ�D�IXOO�VFDOH�



&KDSWHU���³�$OWHUQDWLYH�'HYHORSPHQW�3URFHVV

��

DSSOLFDWLRQ��SURWRW\SH��RU�ODE�UHVXOWV��EXW�DOO�GDWD�QHFHVVDU\�IRU�HYDOXDWLRQ
KDG�WR�EH�DYDLODEOH���%\�GHILQLWLRQ��WKLV�HOLPLQDWHG�DOO�UHVHDUFK�SURSRVDOV�

6DOLQLW\�0RGHO

$Q�RSHUDWLRQDO�PRGHO�ZDV�GHYHORSHG�IRU�WKH�6DOWRQ�6HD�E\�5LFKDUG�7KLHU\�IRU
XVH�E\�WKH�6DOWRQ�6HD�$XWKRULW\��7KLHU\����������7KH�PRGHO�LV�D�ZRUNERRN�RU
VSUHDGVKHHW�PRGHO�FUHDWHG�XVLQJ�WKH�0LFURVRIW�([FHO�VSUHDGVKHHW�SURJUDP��
)RU�WKH�PRVW�SDUW��WKH�PRGHO�XVHV�VLPSOH�PDVV�EDODQFH�DULWKPHWLF�WR
FDOFXODWH�FKDQJHV�LQ�HOHYDWLRQ�DQG�VDOLQLW\�LQ�UHVSRQVH�WR�DQQXDO�HVWLPDWHV�RI
LQIORZ�DQG�HYDSRUDWLRQ�ZLWK�SXPS�LQ�DQG�SXPS�RXW�DOWHUQDWLYHV���:RUN�
VKHHWV�ZHUH�GHYHORSHG�WR�HYDOXDWH�ZDWHU�H[FKDQJH��SXPS�RXW�SXPS�LQ��
DOWHUQDWLYHV�ZLWK�WKH�6HD�DQG�VHYHUDO�LQ�6HD�HYDSRUDWLRQ�SRQG�FRQILJXUDWLRQV
FRQWDLQLQJ���������DQG�����VTXDUH�PLOH�VXUIDFH�DUHDV�EDVHG�RQ�WRWDO�6HD�DUHD
DW������IRRW�HOHYDWLRQ���

(OHYDWLRQ�DUHD�DQG�HOHYDWLRQ�FDSDFLW\�UHODWLRQVKLSV�ZHUH�GHYHORSHG�IRU�HDFK
RI�WKH�DOWHUQDWLYH�FRQILJXUDWLRQV���1HZ�DUHD�DQG�FDSDFLW\�UHODWLRQVKLSV�ZRXOG
QHHG�WR�EH�GHYHORSHG�IRU�DQ\�QHZ�LQ�6HD�HYDSRUDWLRQ�SRQG�FRQILJXUDWLRQ��
2QH�ZRUNVKHHW�ZDV�GHYHORSHG�WR�HYDOXDWH�YDULDEOH�DUHDV�DV�GHVLUHG�E\�WKH
PRGHO�RSHUDWRU��KRZHYHU��WKH�DUHD�DQG�FDSDFLW\�UHODWLRQVKLSV�DUH�JHQHUDO�DQG
GR�QRW�UHSUHVHQW�DFWXDO�FRQGLWLRQV���7KH�RULJLQDO�PRGHO�ZDV�SURYLGHG�WR
5HFODPDWLRQ�DQG�ZDV�HYDOXDWHG�E\�WKH�7HFKQLFDO�6HUYLFH�&HQWHU��76&��IRU
DSSOLFDELOLW\�WR�WKLV�SUHDSSUDLVDO�VWXG\���,W�ZDV�FRQFOXGHG�WKDW�WKH�RULJLQDO
PRGHO�FRXOG�EH�XVHG�LQ�DOWHUQDWLYH�HYDOXDWLRQV��

(YDSRUDWLRQ�5DWHV

7KH�HYDSRUDWLRQ�UDWH�IURP�ZDWHU�VXUIDFHV�LV�D�IXQFWLRQ�RI�HQHUJ\�H[FKDQJH�DW
WKH�ZDWHU�VXUIDFH�DQG�WKH�VDOLQLW\�FRQFHQWUDWLRQ�RI�WKH�ZDWHU�ERG\���7KH
HQHUJ\�UHODWLRQVKLS�ZDV�KDQGOHG�E\�XVLQJ�DYHUDJH�DQQXDO�HQHUJ\�FRQGLWLRQV
IRU�WKH�6HD�DUHD�DQG�GHYHORSLQJ�D�UHODWLRQVKLS�IRU�WKH�6HD�EDVHG�RQ�VDOW
FRQFHQWUDWLRQ�LQ�SSW���7KLV�UHVXOWHG�LQ�DQ�DQQXDO�6HD�HYDSRUDWLRQ�UDWH�RI
���LQFKHV�RI�ZDWHU�DW�D�VDOLQLW\�FRQFHQWUDWLRQ�RI����SSW���,W�ZDV�UHGXFHG�WR
�����LQFKHV�DW�D�VDOLQLW\�RI�����SSW���7KLV�HYDSRUDWLRQ�UHODWLRQVKLS�ZDV
SURJUDPPHG�LQWR�WKH�PRGHO���$V�VDOLQLW\�LQ�WKH�6HD�RU�VDOW�FRQFHQWUDWLRQV
YDULHG��WKH�DSSURSULDWH�HYDSRUDWLRQ�UDWH�ZDV�FDOFXODWHG�DQG�XVHG�LQ
HYDSRUDWLRQ�FDOFXODWLRQV�
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3UHFLSLWDWLRQ�5DWH

7KH�RULJLQDO�YHUVLRQ�RI�WKH�PRGHO�GLG�QRW�DFFRXQW�IRU�GLUHFW�SUHFLSLWDWLRQ�WR
WKH�6HD�ZDWHU�VXUIDFH�DQG�ZDV�QRW�DYDLODEOH�IRU�XVH�LQ�HYDOXDWLQJ�WKH�SXPS�
LQ�DQG�SXPS�RXW�DOWHUQDWLYHV���0U��7KLHU\�DGGHG�SUHFLSLWDWLRQ�DV�D�PRGHO
LQSXW�LQ�YHUVLRQ�����RI�WKH�PRGHO��ZKLFK�DOVR�FRQWDLQHG�D�ZRUNVKHHW�WKDW
ZRXOG�KROG�WKH�6HD�HOHYDWLRQ�FRQVWDQW�DQG�OHW�WKH�LQ�6HD�HYDSRUDWLRQ�SRQG
HOHYDWLRQ�YDU\�LQGHSHQGHQW�RI�WKH�6HD�IRU�RQH�LPSRXQGPHQW�FRQILJXUDWLRQ
�����VTXDUH�PLOH�VXUIDFH�DUHD����7KH�DYHUDJH�DQQXDO�SUHFLSLWDWLRQ�UDWH�XVHG
LQ�YHUVLRQ�����RI�WKH�PRGHO�ZDV������LQFKHV�SHU�\HDU���7R�EH�FRQVLVWHQW�LQ�DOO
PRGHO�FDOFXODWLRQV��SUHFLSLWDWLRQ�WR�WKH�6HD�ZDV�QRW�XVHG���+RZHYHU��LW�ZDV
GHWHUPLQHG�WKDW�LI�SUHFLSLWDWLRQ�ZDV�LQSXW�WR�WKH�ZRUNVKHHWV��WKH�6HD�ZDWHU
VXUIDFH�HOHYDWLRQ�LQ�WKH�PRGHO�ZRXOG�LQFUHDVH�DSSUR[LPDWHO\���IHHW�LQ
����\HDUV���7KH�WRWDO�LQFUHDVH�GHSHQGV�RQ�WKH�6HD�DQG�HYDSRUDWLRQ�SRQG
VDOLQLW\�FRQFHQWUDWLRQV�

'UDLQDJH�WR�WKH�6HD

7KH�FXUUHQW�GUDLQDJH�WR�WKH�6HD�LV�HVWLPDWHG�WR�EH�����������DFUH�IHHW
DQQXDOO\�IURP�DOO�VRXUFHV��LQFOXGLQJ�WKH�$ODPR��1HZ��DQG�:KLWHZDWHU�5LYHUV
DQG�RWKHU�GUDLQDJHV�GLVFKDUJLQJ�GLUHFWO\�WR�WKH�6HD���7KH�HVWLPDWHG�VDOLQLW\
FRQFHQWUDWLRQ�RI�WKLV�GUDLQDJH�LV�����SSW�DQG�ZDV�XVHG�LQ�DOO�DOWHUQDWLYH
HYDOXDWLRQV�XVLQJ�FXUUHQW�FRQGLWLRQV���7KH�PD[LPXP�6HD�VDOLQLW\
FRQFHQWUDWLRQ�URVH�WR����SSW�DW�WKH�HQG�RI�����\HDUV�XQGHU�WKHVH�EDVHOLQH
FRQGLWLRQV�

:DWHU�FRQVHUYDWLRQ�DFWLYLWLHV�DUH�SODQQHG�LQ�WKH�6HD�GUDLQDJH�DUHD�DQG�DUH
H[SHFWHG�WR�UHGXFH�WKH�GUDLQDJH�LQIORZ�IURP�����������DFUH�IHHW�DQQXDOO\�WR
����������DFUH�IHHW�DQQXDOO\�RYHU�WKH�QH[W����\HDUV���)RU�HYDOXDWLRQ�RI�WKH
ZDWHU�FRQVHUYDWLRQ�DOWHUQDWLYHV��DQ�DGGLWLRQDO��������DFUH�IHHW�ZHUH�UHPRYHG
IURP�WKH�LQSXWV�IRU�HDFK�RI�WKH�ILUVW���\HDUV���7KH�UHPDLQLQJ���������DFUH�IHHW
ZHUH�UHPRYHG�LQ�\HDU����WR�UHDFK�D�WRWDO�LQIORZ�RI�����������DFUH�IHHW�SHU
\HDU��D�UHGXFWLRQ�RI���������DFUH�IHHW���,W�ZDV�DVVXPHG�WKDW�DQ�DVVRFLDWHG
��������WRQV�RI�VDOW�DOVR�ZRXOG�QRW�GUDLQ�LQWR�WKH�6HD���7KLV�UHGXFWLRQ�ZDV
SURUDWHG�DV�WKH�GUDLQDJH�ZDV�SURUDWHG�ZLWK��������WRQV�EHLQJ�UHPRYHG�HDFK
\HDU�IRU���\HDUV�DQG�WKH�UHPDLQLQJ���������WRQV�UHPRYHG�LQ�WKH�WHQWK�\HDU��
7KH�UHVW�RI�WKH�WLPH��WKH�GUDLQDJH�LQIORZ�WR�WKH�6HD�ZDV�����PLOOLRQ�DFUH�IHHW
DW�D�VDOLQLW\�FRQFHQWUDWLRQ�RI�����SSW���7KHVH�FKDQJHV�ZHUH�SURJUDPPHG�LQWR
WKH�ZDWHU�H[FKDQJH�ZRUNVKHHW�WR�GHWHUPLQH�UHTXLUHG�SXPSDJH���

7KH�LQ�6HD�HYDSRUDWLRQ�LPSRXQGPHQW�ZRUNVKHHWV�ZHUH�SURJUDPPHG�ZLWK
WKH�VDOLQLW\�FRQFHQWUDWLRQ�DQG�ZDWHU�VXUIDFH�HOHYDWLRQ�DW�WKH�HQG�RI�\HDU���DV
LQLWLDO�FRQGLWLRQV�IRU�HDFK�RI�WKH�GUDLQDJH�TXDQWLWLHV���7KLV�ZDV�GRQH�EHFDXVH�
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LW�ZDV�DVVXPHG�WKDW�LW�ZRXOG�WDNH�DW�OHDVW���\HDUV�WR�GHVLJQ�DQG�FRQVWUXFW
HIIHFWLYH�VDOLQLW\�FRQWURO�PHDVXUHV���8QGHU�WKLV�DVVXPSWLRQ��WKH�6HD�ZRXOG
LQFUHDVH�LQ�VDOLQLW\�IRU�WKH�ILUVW���\HDUV�LQ�WKH�ZDWHU�H[FKDQJH�VFHQDULRV
EHIRUH�SXPSLQJ�VWDUWHG�

6DOLQLW\�DQG�6HD�(OHYDWLRQ�*RDOV

7KH�VDOLQLW\�JRDOV�IRU�WKH�DOWHUQDWLYHV�LQ�WKH�PRGHO�ZHUH�WR�NHHS�WKH�VDOLQLW\
FRQFHQWUDWLRQ�IURP�H[FHHGLQJ����SSW�DQG�WR�UHGXFH�WKH�6HDªV�VDOLQLW\
FRQFHQWUDWLRQ�WR����SSW�LQ����RU����\HDUV�DIWHU�WKH�FRQWURO�PHDVXUH�ZDV
LQLWLDWHG���7KH�VDOLQLW\�WDUJHW�ZRXOG�EH�DFFRPSOLVKHG�E\�SXPSLQJ�TXDQWLWLHV
RI�6HD�ZDWHU�RXW�DQG�GLVSRVLQJ�RI�LW�LQ�HYDSRUDWLRQ�SRQGV�RU�WKH�RFHDQ��
:DWHU�ZLWK�ORZHU�VDOLQLW\�FRQFHQWUDWLRQV�FRXOG�DOVR�EH�SXPSHG�LQWR�WKH�6HD
WR�KHOS�PHHW�WKH�VDOLQLW\�WDUJHW���8VXDOO\��ERWK�SXPS�RXW�DQG�SXPS�LQ�ZHUH
UHTXLUHG�WR�PHHW�WKH�WDUJHW�RI�PDLQWDLQLQJ�WKH�6HD�DW������IHHW�P�V�O�

$OO�SXPS�LQ�SXPS�RXW�DOWHUQDWLYHV�FRXOG�EH�PDGH�WR�PHHW�WKH�WDUJHWV�E\
EDODQFLQJ�WKH�SXPS�RXW�DQG�SXPS�LQ�YROXPHV�RI�ZDWHU���7KH�RFHDQ�ZDWHU
SXPS�LQ�DOWHUQDWLYH�UHTXLUHG�ODUJH�YROXPHV�RI�ZDWHU�WR�PHHW�WKH�WDUJHW
VDOLQLW\���)RU�H[DPSOH����������DFUH�IHHW�RI�SXPS�RXW�DQG���������DFUH�IHHW�RI
SXPS�LQ�ZHUH�UHTXLUHG�WR�PHHW�WKH�WDUJHW�VDOLQLW\�FRQFHQWUDWLRQ�RI����SSW�LQ
���\HDUV���8QGHU�WKLV�VFHQDULR��WKH�HOHYDWLRQ�WDUJHW�ZDV�PHW�LQ�VLPXODWLRQ
\HDU������

7KH����\HDU�VDOLQLW\�WDUJHW�ZDV�PHW�ZLWK���������DFUH�IHHW�RI�SXPS�RXW�DQG
��������DFUH�IHHW�RI�SXPS�LQ�RI�RFHDQ�ZDWHU���7KH�RFHDQ�ZDWHU�XVHG�KDG�D
VDOLQLW\�FRQFHQWUDWLRQ�RI����SSW���7KH�WDUJHW�ZDWHU�VXUIDFH�HOHYDWLRQ�RI
�����P�V�O��ZDV�PHW�LQ�VLPXODWLRQ�\HDU������:LWK�RFHDQ�SXPS�LQ�ZDWHU��WKH
6DOWRQ�6HD�VDOLQLW\�FRXOG�QRW�EH�ORZHUHG�WR����SSW���7KH�PLQLPXP�VDOLQLWLHV
�����\HDU��ZHUH������SSW�DQG����SSW��UHVSHFWLYHO\��IRU�WKH�WZR�RFHDQ�ZDWHU
H[DPSOHV�DERYH���2WKHU�SXPS�LQ�SXPS�RXW�DOWHUQDWLYHV�FRXOG�KDYH�WKH�6HD
VDOLQLW\�JR�EHORZ����SSW�DQG�WKH�WDUJHW�HOHYDWLRQ�LI�SXPSLQJ�ZDV�QRW�SURSHUO\
EDODQFHG�

0RGHO�%HKDYLRU

7KH�PRGHO�KDV�VRPH�XQLTXH�EHKDYLRU�FKDUDFWHULVWLFV�WKDW�RFFXU��VXFK�DV�WKH
FDVH�GHVFULEHG�DERYH�IRU�RFHDQ�ZDWHU�SXPS�LQ�FRQGLWLRQV���7KH�6HD�VDOLQLW\
ZLOO�DSSURDFK�WKH�SXPS�LQ�ZDWHU�VDOLQLW\�DV\PSWRWLFDOO\�LI�ODUJH�HQRXJK
TXDQWLWLHV�DUH�SXPSHG�IRU�D�ORQJ�HQRXJK�SHULRG�RI�WLPH���3XPS�LQ�ZDWHU�ZLWK
ORZ�VDOLQLWLHV����SSW���VXFK�DV�IURP�<XPD��7XFVRQ��$UL]RQD���GLVFXVVHG�ODWHU��
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KDG�WR�KDYH�ERWK�WKH�SXPS�RXW�DQG�SXPS�LQ�TXDQWLWLHV�UHGXFHG�WR�SUHYHQW
WKH�6HD�VDOLQLW\�IURP�JRLQJ�EHORZ�WKLV����SSW�WDUJHW��WKH�VDOLQLW\�RI�WKH�RFHDQ�

7KH�GLIIHUHQFH�EHWZHHQ�WKH�ILQDO�SXPS�LQ�DQG�SXPS�RXW�TXDQWLWLHV�QHHGV�WR
EH�EDODQFHG�ZLWK�WKH�HYDSRUDWLRQ�UDWH�DQG�WKH�GUDLQDJH�YROXPH�WR�WKH�6HD
DIWHU�WKH�WDUJHW�VDOLQLW\�LV�UHDFKHG�WR�PDLQWDLQ�WKH�6HD�DW�WKH�WDUJHW
HOHYDWLRQ���7KH�RFHDQ�H[DPSOH�JLYHQ�DERYH��ZLWK�����������DFUH�IHHW�RI
DQQXDO�GUDLQDJH��UHTXLUHG�EHWZHHQ��������DQG���������DFUH�IHHW�OHVV�ZDWHU
SXPSHG�LQ�WKDQ�SXPSHG�RXW�WR�PHHW�WKH������IRRW�WDUJHW�HOHYDWLRQ���7KH�WZR
H[DPSOHV�KDG�ILQDO�HOHYDWLRQV�RI��������DQG��������P�V�O���UHVSHFWLYHO\�

7KH�PRGHO�RSHUDWLRQ�UHVXOWV�VKRZHG�WKDW�WKH�PRVW�HIIHFWLYH�ZD\�WR�UHDFK�WKH
WDUJHW�VDOLQLW\�ZDV�WR�SXPS�DV�PXFK�ZDWHU�DV�SRVVLEOH�IURP�WKH�6HD�DV
TXLFNO\�DV�SRVVLEOH���7KLV�VKRXOG�EH�VWDUWHG�DV�VRRQ�DV�WKH�SXPS�RXW�V\VWHP
FDQ�EH�GHVLJQHG�DQG�FRQVWUXFWHG���7KH�PD[LPXP�SXPS�RXW�GHVLJQ�FDSDFLW\
QHHGV�WR�EH�EDODQFHG�ZLWK�WKH�ODWHU�VWHDG\�SXPSLQJ�UDWH�WR�PLQLPL]H
LQIUDVWUXFWXUH�DQG�SXPSLQJ�FRVWV���$OVR��WKH�SXPS�LQ�IORZ�FDQ�EH�GHOD\HG
IURP�VWDUW�RI�SXPS�RXW���7KLV�PD\�EH�GHOD\HG�XQWLO�WKH�PRVW�DSSURSULDWH
VRXUFH�LV�GHWHUPLQHG���,W�VKRXOG�VWDUW�DW�WKH�DSSURSULDWH�WLPH�WR�EDODQFH�WKH
HYDSRUDWLRQ��SXPS�LQ��DQG�SXPS�RXW�WR�WKH�6HD�WDUJHW�ZDWHU�VXUIDFH
HOHYDWLRQ�DQG�SUHYHQW�VLJQLILFDQW�GURSV�LQ�HOHYDWLRQ�SULRU�WR�UHDFKLQJ�WKH
WDUJHW�VDOLQLW\���2QFH�WKH�WDUJHW�VDOLQLW\�LV�UHDFKHG��WKHQ�WKH�LQSXWV�DQG
RXWSXWV�QHHG�WR�EH�VHW�DW�UHGXFHG�SXPSLQJ�UDWHV�WR�PDLQWDLQ�ERWK�WKH�WDUJHW
HOHYDWLRQ�DQG�VDOLQLW\��

7KH�UHVXOWV�RI�WKH�PRGHO�DQDO\VLV¦WKH�VXFFHVV�RI�WKH�DOWHUQDWLYHV�WR�PHHW�WKH
VDOLQLW\�DQG�ZDWHU�VXUIDFH�HOHYDWLRQ�JRDOV¦DUH�GLVFXVVHG�LQ�FKDSWHU���

&URVV�5HIHUHQFH�7DEOH�WR������5HSRUW

$OO�DOWHUQDWLYHV�SUHVHQWHG�LQ�WKH������UHSRUW�KDYH�EHHQ�UHFRQVLGHUHG�XVLQJ
WKH�WKUHH�FULWHULD�VWDWHG�DERYH���6RPH�DUH�GLVFXVVHG�LQ�GHWDLO�LQ�ODWHU
FKDSWHUV��DQG�RWKHUV�KDYH�EHHQ�FRQVLGHUHG�IRU�HOLPLQDWLRQ�IURP�IXUWKHU
FRQVLGHUDWLRQ�EHFDXVH�WKH\�FRXOG�QRW�ORZHU�VDOLQLW\�FRQFHQWUDWLRQV��FRXOG�QRW
PDLQWDLQ�WKH�ZDWHU�VXUIDFH�HOHYDWLRQ�DW�WKH�GHVLUHG�OHYHOV��RU�GLG�QRW�XVH�D
SURYHQ�WHFKQRORJ\�

7DEOH���OLVWV�WKH�DOWHUQDWLYHV�FRQVLGHUHG�LQ�WKH������UHSRUW�DQG�SURYLGHV�D
FURVV�UHIHUHQFH�ORFDWLRQ�WR�WKDW�DOWHUQDWLYH
V�GLVFXVVLRQ�LQ�WKLV�GRFXPHQW�
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Table 1.&List of alternatives and cross-reference location

54 original alternatives
Location 

in this report

Diked Impoundments
  1. 50 square miles, south end
  2. 40 square miles, south end
  3. 127 square miles, north end
  4. 47 square miles, in-Sea evaporation basin
  5. Phased impoundment

  6. 30 square miles with pumping to Palen Lake
  7. 30 square miles with maximum pumping 
13. 190 square miles, plastic curtain 
14. Various sized impoundments&plastic curtain

Page
27
27
27
30
30

30
30
74
74

Pump-Out
     8. Onshore evaporation ponds

  9. Enhanced evaporation/solar pond/power
10. Dry lakebed (Palen, Clark, or Ford)
11. Pipe to Pacific Ocean/Camp Pendleton
12. Navigable waterway/Mexicali seaport

15. Canal/dam to base of Chocolate Mountains
16. Diked impoundment to Gulf of California
17. Frontier Aquadyne enhanced evaporation
18. Solar still desalt/Colorado River replenish
19. SNAP technology

20. Aquaculture/evaporation ponds
21. Pump to Gulf of California (415K acre-feet)
22. Pump to Laguna Salada/Gulf of California

(415K acre-feet)
23. Pumped storage canal to Gulf of California
24. Solar membrane distillation
25. Disposal of reject stream to Yuma

71
72

48,51
48-51

73

74
74
75
75
76

76
56
56

76
77
77

Combination
26. Impound/evaporation pond/pipe to Gulf of

California/Yuma Desalting Plant
27. Impound/power generation/wetlands
28. Freshwater shore/pumped storage/wetlands
29. Solar power/pumped storage/wetlands with

Laguna Salada disposal
30. Move Yuma Desalting Plant to Sea

31. Poplar tree constructed wetlands
32. Special pretreatment reservoirs
33. U.S. Filter-New River desalting
34. Groundwater pump for selenium management

77
78
78

79
79

80
80
80
81

Water Imports
35. Freshwater blending&Calexico
36. Replenish&Colorado River surplus

81
81
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Other
37. Venturi Air Pump
38. Foraminifera studies (research)
39. Potential use study ponds (research)
40. Injection well salt disposal
41. Air diffusion/ultraviolet ozone system

42. Surface aeration
43. Gravel berm
44. Sea water filtration
45. Enzyme-activated removal
46. Power/freshwater cogeneration

47. Water conservation
48. Drainage water reuse or blending
49. Pulsed plasma
50. Hydropower/filtration system resort
51. Slow sand reverse osmosis filtration

52. Electrochemical extraction
53. Mexican cleanup of New River
54. Land speed racetrack

Page
82
82
82
83
83

83
83
84
84
84

85
85
85
85
86

86
87
87


