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�� )LOWUDWLRQ
)LOWUDWLRQ LV XVHG WR VHSDUDWH QRQVHWWOHDEOH VROLGV IURPZDWHU DQG ZDVWHZDWHU E\ SDVVLQJ LW

WKURXJK D SRURXV PHGLXP� 7KH PRVW FRPPRQ V\VWHP LV ILOWUDWLRQ WKURXJK D OD\HUHG EHG RI
JUDQXODU PHGLD� XVXDOO\ D FRDUVH DQWKUDFLWH FRDO XQGHUODLQ E\ D ILQHU VDQG�

)LOWHUV PD\ EH FODVVLILHG DFFRUGLQJ WR WKH W\SHV RI PHGLD XVHG DV IROORZV�

� 6LQJOH�PHGLD ILOWHUV� 7KHVH KDYH RQH W\SH RIPHGLD� XVXDOO\ VDQG RU FUXVKHG DQWKUD�
FLWH FRDO�

� 'XDO�PHGLD ILOWHUV� 7KHVH KDYH WZR W\SHV RI PHGLD� XVXDOO\ FUXVKHG DQWKUDFLWH FRDO
DQG VDQG�

� 0XOWL�PHGLD ILOWHUV� 7KHVH KDYH WKUHH W\SHV RI PHGLD� XVXDOO\ FUXVKHG DQWKUDFLWH
FRDO� VDQG� DQG JDUQHW�

,Q ZDWHU WUHDWPHQW DOO WKUHH W\SHV DUH XVHG� KRZHYHU� WKH GXDO� DQG PXOWLPHGLD ILOWHUV DUH
EHFRPLQJ LQFUHDVLQJO\ SRSXODU� ,Q DGYDQFHG WHUWLDU\ ZDVWHZDWHU WUHDWPHQW� QHDUO\ DOO WKH ILO�
WHUV DUH GXDO� RU PXOWLPHGLD W\SHV�

0DQ\ SDUWLFOHV LQ ZDWHU DUH WRR VPDOO WR UHPRYH E\ VHGLPHQWDWLRQ DORQH� )LOWUDWLRQ UH�
PRYHV PLFURRUJDQLVPV DQG VXVSHQGHG PDWWHU IURPZDWHU QRW UHFHLYLQJ VHGLPHQWDWLRQ WUHDW�
PHQW� RU LW HOLPLQDWHV SUHFLSLWDWHG SDUWLFOHV DQG IORFV UHPDLQLQJ DIWHU VHGLPHQWDWLRQ� )LOWUD�
WLRQ ZDV DFWXDOO\ GHYHORSHG SULRU WR WKH GLVFRYHU\ RI WKH JHUP WKHRU\ E\ /RXLV 3DVWHXU LQ
)UDQFH� 7KH ILUVW VDQG ILOWHU EHGV ZHUH FRQVWUXFWHG LQ WKH HDUO\ ����V LQ *UHDW %ULWDLQ�

3DUWLFOH UHPRYDO LV DFFRPSOLVKHG RQO\ ZKHQ WKH SDUWLFOHV PDNH SK\VLFDO FRQWDFW ZLWK WKH
VXUIDFH RI WKH ILOWHUPHGLXP� 7KLVPD\EH WKH UHVXOW RI VHYHUDOPHFKDQLVPV� DV VKRZQ LQ)LJXUH
�� /DUJHU SDUWLFOHVPD\EH UHPRYHG E\ VWUDLQLQJ� 7KDW LV� WKH SDUWLFOH LV ODUJHU WKDQ WKH SRUH� VR
LW LV WUDSSHG� 3DUWLFOHV PD\ DOVR EH UHPRYHG E\ VHGLPHQWDWLRQ DV WKH\ SURJUHVV WKURXJK WKH
ILOWHU� 2WKHUV PD\ EH LQWHUFHSWHG E\ DQG DGKHUH WR WKH VXUIDFH RI WKH PHGLXP GXH WR LQHUWLD�
)LOWUDWLRQ HIILFLHQF\ LV JUHDWO\ LQFUHDVHG E\GHVWDELOL]DWLRQ RU FRDJXODWLRQ RI WKH SDUWLFOHV SULRU
WR ILOWUDWLRQ� 7KLV UHGXFWLRQ LQ WKH SDUWLFOH FKDUJH LQFUHDVHV SDUWLFOH DJJORPHUDWLRQ DQG UH�
GXFHV WKH IRUFHV QHFHVVDU\ WR WUDS SDUWLFOHV ZLWKLQ WKH ILOWHU�

��� *UDYLW\ *UDQXODU�0HGLD )LOWUDWLRQ

*UDYLW\ ILOWUDWLRQ WKURXJK EHGV RI JUDQXODU PHGLD LV WKH PRVW FRPPRQ PHWKRG UHPRYLQJ
FROORLGDO LPSXULWLHV LQ ZDWHU SURFHVVLQJ DQG WHUWLDU\ WUHDWPHQW RI ZDVWHZDWHU�

7KH PHFKDQLVPV LQYROYHG LQ UHPRYLQJ VXVSHQGHG VROLGV LQ D JUDQXODU�PHGLD ILOWHU DUH
FRPSOH[� FRQVLVWLQJ RI LQWHUFHSWLRQ� VWUDLQLQJ� IORFFXODWLRQ� DQG VHGLPHQWDWLRQ DV VKRZQ VFKH�
PDWLFDOO\ LQ )LJXUH �� ,QLWLDOO\� VXUIDFH VWUDLQLQJ DQG LQWHUVWLWLDO UHPRYDO UHVXOWV LQ DFFXPXOD�
WLRQ RI GHSRVLWV LQ WKH XSSHU SRUWLRQ RI WKH ILOWHUPHGLD� %HFDXVH RI WKH UHGXFWLRQ LQ SRUH DUHD�
WKH YHORFLW\ RI ZDWHU WKURXJK WKH UHPDLQLQJ YRLGV LQFUHDVHV� VKHDULQJRII SLHFHV RI FDSWXUH IORF
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DQG FDUU\LQJ LPSXULWLHV GHHSHU LQWR WKH ILOWHUEHG� 7KH HIIHFWLYH]RQH RI UHPRYDO SDVVHVGHHSHU
DQG GHHSHU LQWR WKH ILOWHU� 7XUEXOHQFH DQG WKH UHVXOWLQJ LQFUHDVHG SDUWLFOH FRQWDFW ZLWKLQ WKH
SRUHV SURPRWHV IORFFXODWLRQ� UHVXOWLQJ LQ WUDSSLQJRI WKH ODUJHU IORF SDUWLFOHV� (YHQWXDOO\� FOHDQ
EHG GHSWK LV QR ORQJHU DYDLODEOH DQG EUHDNWKURXJK RFFXUV� FDUU\LQJ VROLGV RXW LQ WKH XQGHU�
IORZ DQG FDXVLQJ WHUPLQDWLRQ RI WKH ILOWHU UXQ�

:DWHU EHLQJ ILOWHUHG

)ORF

%DFWHULXP ����� PP

,QWHUFHSWLRQ

)ORFFXODWLRQ

)LOWHU 0HGLD

6HGLPHQWDWLRQ

)LOWHU 3RUH

6WUDLQLQJ

��� PP

)LJXUH �� 6FKHPDWLF GLDJUDP LOOXVWUDWLQJ VWUDLQLQJ� IORFFXODWLRQ� DQG VHGLPHQWD�
WLRQ DFWLRQV LQ D JUDQXODU�PHGLD ILOWHU�

0LFURVFRSLF SDUWLFXODWH PDWWHU LQ UDZZDWHU WKDW KDV QRW EHHQ FKHPLFDOO\ WUHDWHG ZLOO SDVV
WKURXJK WKH UHODWLYHO\ ODUJHU SRUHV RI D ILOWHU EHG� 2Q WKH RWKHU KDQG� VXVSHQGHG VROLGV IHG WR D
ILOWHU ZLWK H[FHVV FRDJXODQW FDUU\RYHU IURP FKHPLFDO WUHDWPHQW SURGXFHV FORJJLQJ RI WKH EHG
SRUHV DW WKH VXUIDFH� 2SWLPXP ILOWUDWLRQ RFFXUV ZKHQ LPSXULWLHV LQ WKH ZDWHU DQG FRDJXODQW
FRQFHQWUDWLRQ FDXVH ´LQ�GHSWKµ ILOWUDWLRQ� 7KH LPSXULWLHV QHLWKHU SDVV WKURXJK WKH EHG QRU DUH
DOO VWUDLQHG RXW RQ WKH VXUIDFH� EXW D VLJQLILFDQW DPRXQW RI IORFFXODWHG VROLGV LV UHPRYHG
WKURXJKRXW WKH HQWLUH GHSWK RI WKH ILOWHU�

��� 7XUELGLW\

7XUELGLW\ LV D PHDVXUHPHQW RI WKH FODULW\ RI ZDWHU� ,W LV SUHGRPLQDQWO\ XVHG IRU SRWDEOH
ZDWHU PRQLWRULQJ� DOWKRXJK LW LV RFFDVLRQDOO\ XVHG WR DVVHVV ZDVWHZDWHU WUHDWPHQW SURFHVVHV�
&ORXGHG ZDWHU LV FDXVHG E\ VXVSHQGHG SDUWLFOHV VFDWWHULQJ RU DEVRUELQJ WKH OLJKW� 7KXV� WXU�
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ELGLW\ LV DQ LQGLUHFW PHDVXUHPHQW RI WKH DPRXQW RI VXVSHQGHGPDWWHU LQ WKH ZDWHU� +RZHYHU�
VLQFH VROLGV RI GLIIHUHQW VL]HV� VKDSHV� DQG VXUIDFHV UHIOHFW OLJKW GLIIHUHQWO\� WXUELGLW\ DQG VXV�
SHQGHG VROLGV GR QRW FRUUHODWH ZHOO� 7XUELGLW\ LV QRUPDOO\ JDXJHG ZLWK DQ LQVWUXPHQW WKDW
PHDVXUHV WKH DPRXQW RI OLJKW VFDWWHUHG DW DQ DQJOH RI ��� IURP D VRXUFH EHDP� 7XUELGLW\ LV LP�
SRUWDQW LQ SRWDEOH ZDWHU EHFDXVH PLFURRUJDQLVPV DWWDFK WR VXVSHQGHG SDUWLFOHV�

��� 6ORZ 6DQG )LOWUDWLRQ

7KH HDUO\ ILOWUDWLRQ XQLWV GHYHORSHG LQ *UHDW %ULWDLQ XVHG D SURFHVV LQZKLFK WKH K\GUDXOLF
ORDGLQJ UDWH LV UHODWLYHO\ ORZ� 7\SLFDO VORZ VDQG ILOWUDWLRQ YHORFLWLHV DUH RQO\ DERXW ���P�KU�
$W WKHVH ORZ UDWHV� WKH ILOWHUHG FRQWDPLQDQWV GR QRW SHQHWUDWH WR DQ DSSUHFLDEOH GHSWK ZLWKLQ
WKH ILOWUDWLRQ PHGLXP� 7KH ILOWHU EXLOGV XS D OD\HU RI ILOWHUHG FRQWDPLQDQWV RQ WKH VXUIDFH�
ZKLFK EHFRPHV WKH DFWLYH ILOWHULQJ PHGLXP� 7KLV DFWLYH ILOWUDWLRQ OD\HU LV WHUPHG D VFKPXW]�
GHFNH� :KHQ WKH ILOWHU LV ILUVW VWDUWHG DIWHU FOHDQLQJ� WKH ILOWHUHG ZDWHUPXVW EHZDVWHG XQWLO WKH
ILOWUDWLRQ HIILFLHQF\ LQFUHDVHV DV WKH VFKPXW]GHFNH LV IRUPHG� 0RVW RI (XURSH KDV UHWDLQHG WKH
ORZHU ORDGLQJ UDWHV �RU VORZVDQG ILOWUDWLRQ��ZKHUHDV WKH8QLWHG 6WDWHVGHYHORSHG DQGSULPDU�
LO\ XVHV UDSLG VDQG ILOWUDWLRQ�

6ORZ VDQG ILOWHUV DUH FOHDQHG E\ WDNLQJ WKHP RII OLQH DQG GUDLQLQJ WKHP� 7KH RUJDQLF RU
FRQWDPLQDQW OD\HU LV WKHQ VFUDSHG RII� 7KH ILOWHU FDQ WKHQ EH UHVWDUWHG� $IWHU ZDWHU TXDOLW\
UHDFKHV DQ DFFHSWDEOH OHYHO� WKH ILOWHU FDQ WKHQ EH SXW EDFN RQ OLQH�

��� 5DSLG 6DQG )LOWUDWLRQ

,Q UDSLG VDQG ILOWUDWLRQ PXFK KLJKHU DSSOLFDWLRQ YHORFLWLHV DUH XVHG� )LOWUDWLRQ RFFXUV
WKURXJK WKH GHSWK RI WKH ILOWHU� $ FRPSDULVRQ RI UDSLG DQG VORZ VDQG ILOWUDWLRQ LV VKRZQ LQ
7DEOH �� ,Q WKH8QLWHG 6WDWHV� ILOWHU DSSOLFDWLRQ UDWHV DUH RIWHQH[SUHVVHG DVYROXPHWULF IORZUDWH
SHU DUHD� RU JDO�PLQ�IW�� ZKLFK LV DFWXDOO\ D YHORFLW\ ZLWK DW\SLFDO XQLWV�

7DEOH �� )LOWUDWLRQ 5DWHV�

)LOWUDWLRQ 7\SH $SSOLFDWLRQ 5DWH\S
P�KU JDO�IW��GD\

6ORZ 6DQG ���� WR ��� ��� WR ����
5DSLG 6DQG ��� WR ��� ���� WR ������

)LJXUH � VKRZV D W\SLFDO UDSLG VDQG ILOWHU LQ QRUPDO RSHUDWLRQ� 7KH ZDWHU DERYH WKH ILOWHU
SURYLGHV WKH K\GUDXOLF KHDG IRU WKH SURFHVV� 7KH ILOWHU PHGLXP LV DERYH D ODUJHU JUDYHO� URFN�
RU RWKHU PHGLD IRU VXSSRUW� %HORZ WKH URFN LV XVXDOO\ DQ XQGHUGUDLQ VXSSRUW RI VRPH W\SH�
7KLV LV VLPSO\ D SRURXV VWUXFWXUH WR VXSSRUW WKH ILOWHU PHGLXP� 7KH ZDWHU IORZV WKURXJK WKH
ILOWHU DQG VXSSRUW PHGLD� H[LWLQJ IURP D SLSH EHORZ�
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)LJXUH �� &URVV�VHFWLRQ RI D UDSLG VDQG ILOWHU�

8QGHUGUDLQ VXSSRUW 8QGHUGUDLQ VXSSRUW

)LOWHUHG ZDWHU

%DFNIOXVK
VXSSO\

%DFNIOXVK
VXSSO\

%DFNIOXVK ZDWHU RXW:DWHU VXSSO\

)LOWHU PHGLD

)OXLGL]HG ILOWHU
PHGLD

2SHUDWLRQ GXULQJ ILOWUDWLRQ 2SHUDWLRQ GXULQJ FOHDQLQJ

0RVW PRGHUQ ILOWHUV HPSOR\ WZR VHSDUDWH ILOWHU PHGLD LQ OD\HUV� 7KH ORZHU OD\HU LV FRP�
SRVHG RI D GHQVH� ILQH PHGLD� RIWHQ VDQG� 7KH XSSHU OD\HU LV FRPSRVHG RI D OHVV GHQVH� FRDUVH
PHGLD� RIWHQ DQWKUDFLWH FRDO� 7KH FRDUVH XSSHU OD\HU UHPRYHV ODUJHU SDUWLFOHV EHIRUH WKH\ UHDFK
WKH ILQH OD\HU� DOORZLQJ WKH ILOWHU WR RSHUDWH IRU D ORQJHU SHULRG EHIRUH FORJJLQJ�

$V WKH ILOWHU EHJLQV WR FORJ IURP DFFXPXODWHG VROLGV� OHVV ZDWHU ZLOO SDVV WKURXJK LW� $W
VRPHSRLQW FOHDQLQJ LV UHTXLUHG� 8VXDO ILOWHU RSHUDWLRQ EHIRUH FOHDQLQJ LV IURPD IHZKRXUV WR �
GD\V� &OHDQLQJ LV DFFRPSOLVKHG E\ UHYHUVLQJ WKH IORZ RIZDWHU WR WKH ILOWHU� RU EDFNZDVKLQJ� DV
VKRZQDW WKH ULJKW LQ )LJXUH�� 7KH EDFNZDVKYHORFLW\ LV VXIILFLHQW WR IOXLGL]H WKHEHG � WKDW LV� WR
VXVSHQG WKH EHG ZLWK WKH UHYHUVH IORZ� $IWHU EDFNZDVKLQJ� WKH ILOWHU LV DJDLQ SODFHG LQ RSHUD�
WLRQ� ,Q ODUJHU SODQWV� WKH EDFNZDVKLQJRSHUDWLRQ LV DXWRPDWLF� ,Q VPDOOHUSODQWV� WKHRSHUDWLRQ
LV RIWHQ FRQWUROOHG E\ RSHUDWLQJ SHUVRQQHO�

��� 7UDGLWLRQDO )LOWUDWLRQ

$ W\SLFDO VFKHPH IRU SURFHVVLQJ VXUIDFH VXSSOLHV WR GULQNLQJ�ZDWHU TXDOLW\� VKRZQ LQ )LJ�
XUH �� FRQVLVWV RI IORFFXODWLRQZLWK D FKHPLFDO FRDJXODQW DQG VHGLPHQWDWLRQ SULRU WR ILOWUDWLRQ�
8QGHU WKH IRUFH RI JUDYLW\� RIWHQ E\ D FRPELQDWLRQ RI SRVLWLYH KHDG DQG VXFWLRQ IURP XQGHU�
QHDWK�ZDWHU SDVVHV GRZQZDUG WKURXJK WKHPHGLD WKDW FROOHFW WKH IORFDQGSDUWLFOHV� :KHQ WKH
PHGLD EHFRPH ILOOHG RU VROLGV EUHDN WKURXJK� D ILOWHU EHG LV FOHDQHG E\EDFNZDVKLQJZKHUHXS�
ZDUG IORZ IOXLGL]HV WKHPHGLD DQG FRQYH\V DZD\ WKH LPSXULWLHV WKDW KDYH DFFXPXODWHG LQ WKH
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EHG� 'HVWUXFWLRQ RI EDFWHULD DQG YLUXVHV GHSHQGV RQ VDWLVIDFWRU\ WXUELGLW\ FRQWURO WR HQKDQFH
WKH HIILFLHQF\ RI FKORULQDWLRQ�

)LJXUH �� )ORZ GLDJUDP IRU D WUDGLWLRQDO VXUIDFH�ZDWHU WUHDWPHQW V\VWHPV�

)ORFFXODWLRQ
W  ����� PLQXWHV

6HGLPHQWDWLRQ
W  ��� KRXU

)LOWUDWLRQ
U  ���� JSP�IW�

,QIOXHQW (IIOXHQW

3RO\PHU
FRDJXODQW

5DSLG
PL[LQJ

W  �� VHFRQGV

$OXP RU RWKHU
FRDJXODQW

)LOWUDWLRQ UDWHV IROORZLQJ IORFFXODWLRQ DQG VHGLPHQWDWLRQ DUH LQ WKH UDQJH RI ���� JSP�IW�

�������� O�P�V� ZLWK � JSP�IW� ���� O�P�V� QRUPDOO\ WKH PD[LPXP GHVLJQ UDWH�

��� 'LUHFW )LOWUDWLRQ

7KH SURFHVV RI GLUHFW ILOWUDWLRQ� GLDJUDPPHG LQ )LJXUH �� GRHV QRW LQFOXGH VHGLPHQWDWLRQ
SULRU WR ILOWUDWLRQ� 7KH LPSXULWLHV UHPRYHG IURP WKHZDWHU DUH FROOHFWHG DQG VWRUHG LQ WKH ILOWHU�
$OWKRXJK UDSLGPL[LQJ RI FKHPLFDOV LV QHFHVVDU\� WKH IORFFXODWLRQ VWDJH LV HLWKHU HOLPLQDWHG RU
UHGXFHG WR DPL[LQJ WLPHRI OHVV WKDQ��PLQXWHV� &RQWDFW IORFFXODWLRQ RI WKH FKHPLFDOO\ FRDJX�
ODWHG SDUWLFOHV LQ WKH ZDWHU WDNHV SODFH LQ WKH JUDQXODU PHGLD� 6XFFHVVIXO DGYDQFHV LQ GLUHFW
ILOWUDWLRQ DUH DWWULEXWHG WR WKH GHYHORSPHQW RI FRDUVH�WR�ILQH PXOWLPHGLD ILOWHUV ZLWK JUHDWHU
FDSDFLW\ IRU ´LQ�GHSWKµ ILOWUDWLRQ� LPSURYHG EDFNZDVKLQJ V\VWHPV XVLQJ PHFKDQLFDO RU DLU
DJLWDWLRQ WR DLG FOHDQLQJ RI WKH PHGLD� DQG WKH DYDLODELOLW\ RI EHWWHU SRO\PHU FRDJXODQWV�

)LJXUH �� )ORZ GLDJUDP IRU D GLUHFW ILOWUDWLRQ RI D VXUIDFH�ZDWHU VXSSO\ RU
WHUWLDU\ WUHDWPHQW RI ZDVWHZDWHU�

2SWLRQDO PL[LQJ
W � �� PLQXWHV

)LOWUDWLRQ
U  ���� JSP�IW�

,QIOXHQW (IIOXHQW

3RO\PHU
FRDJXODQW

5DSLG
PL[LQJ

W  �� VHFRQGV

$OXP RU RWKHU
FRDJXODQW

6XUIDFH ZDWHUV ZLWK ORZ WXUELGLW\ DQG FRORU DUH PRVW VXLWDEOH IRU SURFHVVLQJ E\ GLUHFW
ILOWUDWLRQ� %DVHG RQ H[SHULHQFHV FLWHG LQ WKH OLWHUDWXUH� ZDWHUV ZLWK OHVV WKDQ �� XQLWV RI FRORU�
WXUELGLW\ FRQVLVWHQWO\ EHORZ � XQLWV� LURQ DQG PDQJDQHVH FRQFHQWUDWLRQV RI OHVV WKDQ ��� DQG
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����PJ�O� UHVSHFWLYHO\ DQG DOJDO FRXQWV EHORZ�����PO FDQEH VXFFHVVIXOO\ SURFHVVHG�2SHUD�
WLRQDO SUREOHPV LQ GLUHFW ILOWUDWLRQ DUH H[SHFWHG ZKHQ FRORU H[FHHGV �� XQLWV RU WXUELGLW\ LV
JUHDWHU WKDQ��XQLWVRQDFRQWLQXRXV EDVLV� 3RWHQWLDO SUREOHPV FDQRIWHQ EHDOOHYLDWHG GXULQJD
VKRUW SHULRG RI WLPH E\ DSSOLFDWLRQ RI DGGLWLRQDO SRO\PHU� 7HUWLDU\ ILOWUDWLRQ RI ZDVWHZDWHUV
FRQWDLQLQJ ����� PJ�O RI VXVSHQGHG VROLGV IROORZLQJ ELRORJLFDO WUHDWPHQW FDQ EH UHGXFHG WR
OHVV WKDQ �PJ�O E\ GLUHFW ILOWUDWLRQ� )RU LQDFWLYDWLRQ RI YLUXVHV DQG D KLJK GHJUHH RI EDFWHULDO
GLVLQIHFWLRQ� ILOWUDWLRQ RI FKHPLFDOO\ FRQGLWLRQHG ZDVWHZDWHU SUHFHGHV GLVLQIHFWLRQ E\ FKOR�
ULQH�

7KH IHDVLELOLW\ RI ILOWUDWLRQ ZLWKRXW SULRU IORFFXODWLRQ DQG VHGLPHQWDWLRQ UHOLHV RQ D FRP�
SUHKHQVLYH UHYLHZ RI ZDWHU TXDOLW\ GDWD� 7KH LQFLGHQFH RI KLJK WXUELGLWLHV FDXVHG E\ UXQRII
IURP VWRUPV DQG EORRPV RI DOJDH PXVW EH HYDOXDWHG� 2IWHQ� SLORW WHVWLQJ LV YDOXDEOH LQ GHWHU�
PLQLQJ HIILFLHQF\ RI GLUHFW ILOWUDWLRQ FRPSDUHG WR FRQYHQWLRQDO WUHDWPHQW� GHVLJQ RI ILOWHU PH�
GLD� DQG VHOHFWLRQ RI FKHPLFDO FRQGLWLRQLQJ� )LOWUDWLRQ UDWHV LQ GLUHFW ILOWUDWLRQ DUH XVXDOO\ ���
JSP�IW� �������� O�P�V� VRPHZKDW ORZHU WKDQ WKH UDWHV IROORZLQJ WUDGLWLRQDO SUHWUHDWPHQW�

��� 'HVFULSWLRQ RI D 7\SLFDO *UDYLW\ )LOWHU 6\VWHP

$ FXWDZD\ YLHZ RI D JUDYLW\ ILOWHU LV VKRZQ LQ )LJXUH �� 'XULQJ ILOWUDWLRQ� WKH ZDWHU HQWHUV
DERYH WKH ILOWHU PHGLD WKURXJK DQ LQOHW IOXPH� $IWHU SDVVLQJ GRZQZDUG WKURXJK WKH JUDQXODU
PHGLD ������ LQFKHV LQ WKLFNQHVV� DQG WKH VXSSRUWLQJ JUDYHO EHG� LW LV FROOHFWHG LQ WKH XQGHU�
GUDLQ V\VWHPDQGGLVFKDUJHG WKURXJK WKHXQGHUGUDLQ SLSH� 'XULQJEDFNZDVKLQJ� ZDVKZDWHU
SDVVLQJ XSZDUG WKURXJK WKH ILOWHU FDUULHV RXW WKH LPSXULWLHV WKDW DFFXPXODWHG LQ WKH PHGLD�
$IWHU HQWHULQJ WKHXQGHUGUDLQSLSH� LW LV GLVWULEXWHG E\ WKH XQGHUGUDLQ IORZV XSZDUG� K\GUDX�
OLFDOO\ H[SDQGLQJ WKH ILOWHU PHGLD� 7KH ZDWHU LV FROOHFWHG LQ WKH ZDVK�ZDWHU WURXJKV WKDW GLV�
FKDUJH WR WKH RXWOHW IOXPH� :KLOH EDFNZDVKLQJ� WKH DJLWDWRU DUPV URWDWH DQG VSUD\ ZDWHU LQWR
WKH H[SDQGHG EHG WR ORRVHQ DQ\ LPSXULWLHV WKDW DGKHUH WR WKH JUDLQV RI ILOWHU PHGLD�

7\SLFDO FRQVWUXFWLRQ RI D JUDYLW\ ILOWHU V\VWHP LQ D ZDWHU WUHDWPHQW SODQW LV LOOXVWUDWHG LQ
)LJXUH �� 7KH ILOWHUV DUH SODFHG RQ ERWK VLGHV RI D SLSH JDOOHU\ WKDW FRQWDLQV LQOHW DQG RXWOHW
SLSLQJ� ZDVK�ZDWHU LQOHW OLQHV� DQGZDVK�ZDWHU GUDLQV� 7KH JDOOHU\ LV GHFNHG E\ DQ RSHUDWLQJ
IORRU ZKHUH FRQWURO FRQVROHV DUH SODFHG QHDU WKH ILOWHUV� $ FOHDU ZHOO IRU VWRUDJH RI ILOWHUHGZD�
WHU LV ORFDWHG XQGHU D SRUWLRQ RI WKH ILOWHU EHG DUHD�

��� )LOWHU 0HGLD

%URDGO\ VSHDNLQJ� ILOWHU PHGLD VKRXOG SRVVHVV WKH IROORZLQJ TXDOLWLHV�

�� &RDUVH HQRXJK WR UHWDLQ ODUJH TXDQWLWLHV RI IORF�

�� 6XIILFLHQWO\ ILQH SDUWLFOHV WR SUHYHQW SDVVDJH RI VXVSHQGHG VROLGV�

�� 'HHS HQRXJK WR DOORZ UHODWLYHO\ ORQJ ILOWHU UXQV� DQG

�� *UDGHG WR SHUPLW EDFNZDVK FOHDQLQJ�
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)LJXUH �� 7\SLFDO JUDYLW\ ILOWHU V\VWHP LQ ZDWHU WUHDWPHQW�

'UDLQ

:DVWH

:DVK /LQH

:DVK 7URXJK

)LOWHU 6DQG

*UDGHG *UDYHO

0DQLIROG

3HUIRUDWHG /DWHUDOV

&RQFUHWH :DOO

(IIOXHQW /LQH
WR &OHDUZHOO

,QIOXHQW /LQH

+\GUDXOLF
/LQHV
IRU 9DOXHV

&RQFUHWH
:DOO

)LOWHU %HG
2SHUDWLQJ 7DEOH

)ORRU

)ORRU

7KHVH DWWULEXWHV DUH QRW D FRPSDWLEOH� )RU H[DPSOH� D YHU\ ILQH VDQG UHWDLQV IORF�ZKLFKDOVR
WHQGV WR VKRUWHQ WKH ILOWHU UXQ� ZKLOH IRU D FRXUVH VDQG WKH RSSRVLWH ZRXOG EH WUXH� 5HFHQW
WUHQGV DUH WRZDUG FRDUVH VDQGV DQG GXDO�PHGLD EHGV RI DQWKUDFLWH RYHUO\LQJ VDQG VR WKDW KLJK
UDWHV RI ILOWUDWLRQ FDQ EH REWDLQHG�

$ ILOWHUPHGLXP LVGHILQHG E\ HIIHFWLYH VL]H DQG XQLIRUPLW\ FRHIILFLHQW� 7KH HIIHFWLYH VL]H LV
WKH ���SHUFHQWLOH GLDPHWHU� WKDW LV� ��� E\ ZHLJKW RI WKH ILOWHU PDWHULDO LV OHVV WKDQ WKLV GLDPH�
WHU� 7KH XQLIRUPLW\ FRHIILFLHQW LV WKH UDWLR RI WKH ���SHUFHQWLOH VL]H WR WKH ���SHUFHQWLOH VL]H� ,Q
ZDWHU WUHDWPHQW� WKH FRQYHQWLRQDO VDQGPHGLXPKDV DQHIIHFWLYH VL]HRI ���������PP� DXQLIRU�
PLW\ FRHIILFLHQW OHVV WKDQ ����� DQG D EHG GHSWK RI ����� LQ� )RU GXDO�PHGLD ILOWHUV� WKH WRS DQ�
WKUDFLWH OD\HU KDV DQ HIIHFWLYH VL]H RI ������� PP� D XQLIRUPLW\ FRHIILFLHQW RI OHVV WKDQ �����
WKLFNQHVV RI D IHZ LQFKHV WR WZR WKLUGV RI WKH WRWDO ILOWHU WKLFNQHVV RI ����� LQ�� DQG LV XQGHUODLQ
E\ D VDQG ILOWHU OD\HU DV GHVFULEHG DERYH� 7KH VXSSRUWLQJ FRDUVH VDQG OD\HU EHWZHHQ WKH ILOWHU
VDQG DQG WKHXQGHUO\LQJJUDYHO KDV DQ HIIHFWLYH VL]H RI �������PPDQG D XQLIRUPLW\ FRHIILFLHQW
OHVV WKDQ ���� 7KH FRDUVHVW OD\HU RI JUDYHO UHTXLUHG LV GHWHUPLQHG E\ WKH NLQG RI XQGHUGUDLQ
DQG VL]H RI RSHQLQJV IRU SDVVDJH RI ILOWHUHG DQG EDFNZDVK ZDWHU�
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)LJXUH �� 7\SLFDO JUDYLW\ ILOWHU V\VWHP LQ ZDWHU WUHDWPHQW�

$ VDQG ILOWHU EHG ZLWK D UHODWLYHO\ XQLIRUP JUDLQ VL]H FDQ SURYLGH HIIHFWLYH ILOWUDWLRQ
WKURXJKRXW LWV GHSWK� ,I WKH JUDLQ�VL]H JUDGDWLRQ LV WRR JUHDW� HIIHFWLYH ILOWHULQJ LV FRQILQHG WR
WKHXSSHU IHZ LQFKHV RI VDQG� 7KLV UHVXOWV EHFDXVH WKH ILQHVW VDQG JUDLQV DFFXPXODWHRQ WKH WRS
RI WKH EHG GXULQJ VWUDWLILFDWLRQ DIWHU EDFNZDVKLQJ� 7KH SUREOHP RI VXUIDFH SOXJJLQJ RI VDQG
ILOWHUV OHG WRGHYHORSPHQWRI GXDO�PHGLD ILOWHUV� $GXDO�PHGLD ILOWHU FRQVLVWV RI D VDQG >VSHFLILF
JUDYLW\ �VJ�� ����@ OD\HU WRSSHGZLWK D EHG RI DQWKUDFLWH FRDOPHGLXP ���� � ��� VJ�� 7KH FRDUVHU
DQWKUDFLWH WRSPHGLD OD\HU SRUHV DERXW ��� ODUJHU WKDQ WKH VDQGPHGLXP� 7KHVH RSHQLQJV DUH
FDSDEOH RI DGVRUELQJ DQG WUDSSLQJSDUWLFOHV VR WKDW IORF FDUULHG RYHU LQ FODULILHGZDWHU GRHV QRW
DFFXPXODWH SUHPDWXUHO\ RQ WKH ILOWHU VXUIDFH DQG SOXJ WKH VDQG ILOWHU

8QFRQYHQWLRQDO ILOWHUV� DUH GXDO�PHGLD ZLWK FRDUVH DQWKUDFLWH KDYLQJ DQ HIIHFWLYH VL]H RI
DERXW ��� PP DQG D ORZ XQLIRUPLW\ FRHIILFLHQW WR SURYLGH D JUHDWHU YROXPH RI YRLGV WR FROOHFW
LPSXULWLHV DQG H[WHQG ILOWHU UXQV RI KLJKO\ WXUELG VXUIDFH ZDWHUV DQG ZDVWHZDWHUV� 7R DYRLG
SUREOHPV LQ EDFNZDVKLQJ� WKH UHFRPPHQGHG HIIHFWLYH VL]H RI WKH XQGHUO\LQJ VDQGPHGLXP LV
���� WR ����PPIRU DQWKUDFLWH GHQVLWLHV RI ���� WR ����� 7KHXVH RI D VLQJOH�PHGLXPFRDUVH�VDQG
ILOWHU LV SUDFWLFHG LQ(XURSH� )RU H[DPSOH� VDQGZLWK D VL]H UDQJHRI �������PPDQGDERXW ���P
GHSWK KDV EHHQ XVHG LQ VXUIDFH�ZDWHU WUHDWPHQW SODQWV� 7KHVH ILOWHUV DUH VFRXUHG ZLWK FRQFXU�
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UHQW DLU DQGZDWHU DW QRQIOXLGL]LQJ YHORFLW\ IROORZHG E\ D EULHI ZDVK DW KLJKYHORFLW\ZLWKZD�
WHU DORQH� 7ULSOH�PHGLD ILOWHUV FRPSULVLQJ DQWKUDFLWH� VDQG� DQG JDUQHW OD\HUV KDYH EHHQ XVHG
IRUPDQ\\HDUV LQ WKH8QLWHG 6WDWHV� %RWKGXDO� DQG WULSOH�PHGLD ILOWHUV DUH VXEVWDQWLDOO\EHWWHU
WKDQ WKH FRQYHQWLRQDO VDQG ILOWHU LQ SURYLGLQJ ORQJHU ILOWHU UXQV ZLWK D FRUUHVSRQGLQJ UHGXF�
WLRQ LQ UHTXLUHG EDFNZDVK ZDWHU� ,Q FRPSDULQJ WKHVH WZR ILOWHUV� KRZHYHU� WKH EHQHILW ILW RI
DGGLQJ D WKLUG OD\HU KDV QRW EHHQ ZHOO GHPRQVWUDWHG�

��� 0XOWLPHGLD )LOWHUV

7KHVH ILOWHUV� ZKLFK KDYH PRUH WKDQ RQH PHGLXP� PD\ EH RSHQ JUDYLW\ ILOWHUV RU SUHVVXUH
ILOWHUV� ,Q ZDWHU WUHDWPHQW� WKH\ KDYH EHFRPHPRUH SRSXODU LQ UHFHQW \HDUV� ,Q DGYDQFHG DQG
WHUWLDU\ ZDVWH WUHDWPHQW� WKH\ DUH WKH PDLQ W\SH RI ILOWHUV WKDW KDYH EHHQ XVHG VXFFHVVIXOO\�
'XDO�PHGLD ILOWHU EHGV XVXDOO\ HPSOR\ DQWKUDFLWH DQG VDQG� KRZHYHU� RWKHU PDWHULDOV KDYH
EHHQXVHG� VXFK DVDFWLYDWHG FDUERQDQG VDQG� 0XOWLPHGLD ILOWHU EHGVJHQHUDOO\ XVHDQWKUDFLWH�
VDQG� DQG JDUQHW� +RZHYHU� RWKHU PDWHULDOV KDYH EHHQ XVHG� VXFK DV DFWLYDWHG FDUERQ� VDQG�
DQG JDUQHW� $OVR� GXDO� DQG PXOWLPHGLD ILOWHUV XVLQJ LRQ H[FKDQJH UHVLQV DV RQH RI WKHPHGLD
KDYH EHHQ WULHG� ,Q VRPH RI WKHVH ILOWHUV� WKH PHGLD PD\ KDYH DGGLWLRQDO FKDUDFWHULVWLFV RWKHU
WKDQ UHPRYLQJ SDUWLFOHV� )RU H[DPSOH� DFWLYDWHG FDUERQ UHPRYHV GLVVROYHG RUJDQLF VXE�
VWDQFHV�

7KH PDLQ DGYDQWDJHV RI PXOWLPHGLD ILOWHUV FRPSDUHG WR VLQJOH�PHGLXP ILOWHUV DUH ORQJHU
ILOWUDWLRQ UXQV� KLJKHU ILOWUDWLRQ UDWHV� DQG WKH DELOLW\ WR ILOWHU DZDWHUZLWKKLJKHU WXUELGLW\ DQG
VXVSHQGHG VROLGV� 7KH DGYDQWDJHV RI WKH PXOWLPHGLD ILOWHUV DUH GXH WR�

�� WKH PHGLD SDUWLFOH VL]H�

�� WKH GLIIHUHQW VSHFLILF JUDYLWLHV RI WKH PHGLD� DQG

�� WKH PHGLD JUDGDWLRQ�

7KHVH UHVXOW LQ D ILOWHU ZLWK D ODUJHU SHUFHQW RI WKH SRUH YROXPH EHLQJ DYDLODEOH IRU VROLGV
VWRUDJH� ,Q WKH VLQJOH�PHGLXP ILOWHU� WKH SRUH YROXPH DYDLODEOH IRU VROLGV VWRUDJH LV LQ WKH WRS
SRUWLRQ RI WKH EHG� ZKHUHDV LQ WKH PXOWLPHGLD ILOWHU� WKH DYDLODEOH SRUH YROXPH LV H[WHQGHG
GHHS ZLWKLQ WKH ILOWHU EHG� %HFDXVH RI WKH GHHS SHQHWUDWLRQ RI DFFXPXODWHG IORF� WKHVH ILOWHUV
DUH IUHTXHQWO\ UHIHUUHG WR DV ´GHHS EHG ILOWHUV�µ 7KH VLQJOH�PHGLXP ILOWHUV DUH UDUHO\ XVHG LQ
ZDVWHZDWHU RU DGYDQFHG ZDVWHZDWHU WUHDWPHQW EHFDXVH RI VKRUW ILOWHU UXQV� $V D UHVXOW RI WKH
ODUJH SRUH YROXPH DYDLODEOH IRU IORF VWRUDJH� WKHPXOWLPHGLD ILOWHUV FDQEH XVHG LQ DGYDQFHG RU
WHUWLDU\ ZDVWHZDWHU WUHDWPHQW DQG VWLOO KDYH D UHDVRQDEOH ILOWHU UXQ�

����� 'XDO�0HGLD )LOWHUV

7KH GXDO�PHGLD ILOWHU� FRQVLVWLQJ RI D OD\HU RI FRDUVH DQWKUDFLWH FRDO DERYH D OD\HU RI ILQH
VDQG� LV RQH WHFKQLTXH IRU LQFUHDVLQJ WKH SRUH YROXPH RI D ILOWHU� )LJXUH ��E� VKRZV WKH JUDLQ
DQGSRUH VL]H LQDGXDO�PHGLD ILOWHU� DQG )LJXUH��D� VKRZV WKHVH FKDUDFWHULVWLFV IRU D VLQJOH�PH�
GLXP ILOWHU� ,W FDQ EH VHHQ IURP WKH SRUH VL]H SURILOH WKDW WKH DYDLODEOH SRUH YROXPHRI WKHGXDO�
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PHGLD ILOWHUZLOO EH JUHDWHU WKDQ WKH VLQJOH�PHGLXP ILOWHU� 7KH DYDLODEOH SRUH YROXPH� KRZHY�
HU� ZLOO QRW EH DV ODUJH DV WKH WRWDO SRUH YROXPH EHFDXVH RI WKH ILQH WR FRDUVH JUDGDWLRQ ZLWKLQ
HDFK OD\HU� ,GHDOO\� WKH DYDLODEOH SRUH YROXPH ZRXOG EH PD[LPXP DW WKH WRS RI WKH ILOWHU DQG
JUDGXDOO\ GHFUHDVH WR D PLQLPXP DW WKH ERWWRP RI WKH ILOWHU�

8VXDOO\� D GXDO�PHGLD ILOWHU FRQVLVWV RI DQ ��� WR ���LQ� ����� WR ����PP� OD\HU RI FUXVKHG
DQWKUDFLWH FRDO RYHUOD\LQJD�� WR���LQ� ����� WR ����PP� OD\HU RI VDQG� &RDO KDVD VSHFLILFJUDY�
LW\ ��� WR ���� DQG VDQG KDV D VSHFLILF JUDYLW\ RI ����� 'XULQJ WKH ILUVW EDFNZDVK� WKH VDQG OD\HU
UHPDLQV EHORZ WKH FRDO DV D UHVXOW RI LWV KLJKHU VSHFLILF JUDYLW\ DQG LWV JUDLQ VL]H UHODWLYH WR WKH
FRDO SDUWLFOHV� $IWHU WKH ILUVW EDFNZDVK� WKHUH ZLOO QRW EH D GLVWLQFW LQWHUIDFH EHWZHHQ WKH WZR
OD\HUV� EXW LQVWHDG WKHUH ZLOO EH D EOHQGHG UHJLRQ RI ERWK FRDO SDUWLFOHV DQG VDQG JUDLQV�

7KH VL]H DQG FKDUDFWHULVWLFV RI WKH DQWKUDFLWH DQG VDQGPHGLD DQG WKH WKLFNQHVVRI WKH OD\HUV
GHSHQG XSRQ ZKHWKHU WKH ILOWHU LV WR EH XVHG IRU ZDWHU RU ZDVWHZDWHU WUHDWPHQW� )LOWUDWLRQ
UDWHVPD\ YDU\ IURP � WR ��JDO�PLQ�IW� ��� �� WR � �� O�V�P��� KRZHYHU� D UDWH UDQJLQJ IURP � WR
�JDO�PLQ�IW� ����� WR ���� O�V�P�� LV FRPPRQ�

����� 0L[HG�0HGLD )LOWHUV

7KH LGHDO ILOWHU KDV DSRUH VL]H DQG JUDGDWLRQ DV VKRZQ LQ)LJXUH ��F�� 7KHSRUH VL]H LV JUHDW�
HVW DW WKH WRS RI WKH EHG DQG JUDGXDOO\ GHFUHDVHV WR D PLQLPXP DW WKH ERWWRP� 7KH DYDLODEOH
SRUH YROXPH� OLNH WKH SRUH VL]H� LVPD[LPXPDW WKH WRS RI WKH EHG DQG GHFUHDVHV WR DPLQLPXP
DW WKH ERWWRP� 7KHPHGLD KDYH D JUDGDWLRQZKLFK LV IURPFRDUVH DW WKH WRS WR ILQH DW WKH ERWWRP�
7KH LGHDO ILOWHU PD\ EH DSSURDFKHG E\ XVLQJ D GXDO�PHGLD ILOWHU RI FUXVKHG DQWKUDFLWH FRDO
DERYH VDQG DQG SODFLQJ D WKLUG� YHU\ GHQVH PHGLD EHORZ WKH VDQG� 7KLV DOORZV WKH WKLUG PH�
GLXP WR EH YHU\ ILQH DQG VWLOO UHPDLQ LQ WKH ORZHU GHSWKV GXULQJ EDFNZDVKLQJ� 7KH UHVXOWLQJ
ILOWHU LV UHIHUUHG WR DV D PL[HG�PHGLD ILOWHU VLQFH WKHUH LV VRPH LQWHUPL[LQJ EHWZHHQ WKH OD\HUV
GXULQJ EDFNZDVKLQJ� *DUQHW� ZKLFK KDV D VSHFLILF JUDYLW\ RI DERXW ���� KDV EHHQ IRXQG WR EH
LGHDO DV WKH WKLUGPHGLXP� ,OPHQLWH� KDYLQJ D VSHFLILF JUDYLW\ RI DERXW ���� LV DOVR XVHG EXW WR D
OHVVHU H[WHQW� 7KH DQWKUDFLWH� VDQG� DQG JDQQHW RU LOPHQLWH DUH SURSHUO\ VL]HG WR DOORZ VRPH
LQWHUPL[LQJ RI WKHPHGLD GXULQJ EDFNZDVK� $IWHU EDFNZDVKLQJ WKHUHZLOO EH QRGLVWLQFW LQWHU�
IDFH EHWZHHQ WKHPHGLD OD\HUV� 7KH ILOWHU EHGZLOO DSSURDFK WKH LGHDO� DV VKRZQ LQ )LJXUH ��F��
ZKLFK KDV D JUDGXDO GHFUHDVH LQ SRUH VL]H ZLWK LQFUHDVLQJ GHSWK�

6LQFH WKH SRUH VL]H GHFUHDVHV IURP WKH WRS WR WKH ERWWRP RI WKH ILOWHU� WKH ILOWHU ZLOO KDYH D
ODUJH DYDLODEOH SRUH YROXPH H[WHQGLQJ WKURXJKRXW WKH GHSWK RI WKH ILOWHU EHG� $ERXW � LQ�
���PP� RI FRDUVH JDUQHW RU LOPHQLWH LV SODFHG XQGHU WKH WKLUG OD\HU WR SUHYHQW ILQH SDUWLFOHV
IURP HQWHULQJ WKH XQGHUOD\LQJ JUDYHO� 7KH VL]H DQG FKDUDFWHULVWLF RI WKH PHGLD DQG WKH WKLFN�
QHVV RI WKH OD\HUV SODFHG LQ WKH ILOWHU GHSHQG XSRQ WKH W\SH RI VHUYLFH IRU WKH ILOWHU � WKDW LV�
ZKHWKHU LW LV IRU ZDWHU RU ZDVWHZDWHU WUHDWPHQW� 7KH ILOWUDWLRQ UDWHV WKDW KDYH EHHQ XVHG LQ
ZDWHU WUHDWPHQW RU DGYDQFHG ZDVWH ZDWHU WUHDWPHQW DUH IURP � WR �� JDS�PLQ�IW� ����� WR ����
O�V�P��� KRZHYHU� D UDWH UDQJLQJ IURP � WR � JDO�PLQ�IW� ����� WR ���� O�V�P�� LV FRPPRQ�
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)LJXUH �� *UDGDWLRQ DQG SRUH VL]H LQ YDULRXV ILOWHUV�



:DWHU 7UHDWPHQW

&,9/ ���� �� (QJLQHHULQJ 0HDVXUHPHQWV ��

���� 7XUELGLW\ �� $EVRUSWRPHWULF 0HWKRG �� +$&+ '5�����

�� (QWHU WKH VWRUHG SURJUDP
QXPEHU IRU WXUELGLW\�
3UHVV� � � � 5($'�(17(5
7KH GLVSOD\ ZLOO VKRZ�
',$/ QP 72 ���

�� 5RWDWH WKH ZDYHOHQJWK
GLDO XQWLO WKH VPDOO GLV�
SOD\ VKRZV� ��� QP

�� 3UHVV� 5($'�(17(5

7KH GLVSOD\ ZLOO VKRZ�
)78 785%,',7<

�� 3RXU �� P/ RI GHPLQ�
HUDOL]HG ZDWHU �WKH EODQN�
LQWR D VDPSOH FHOO�

�� 3ODFH WKH EODQN LQWR
WKH FHOO KROGHU� &ORVH WKH
OLJKW VKLHOG�

�� 3UHVV� =(52
WKH GLVSOD\ ZLOO VKRZ�
:$,7 WKHQ�
�� )78 785%,',7<

�� 3RXU �� P/ RI VDPSOH LQWR DQRWKHU
VDPSOH FHOO DQG SODFH WKLV VDPSOH LQWR
WKH FHOO KROGHU� &ORVH WKH OLJKW VKLHOG�

�� 3UHVV� 5($'�(17(5 7KH GLVSOD\ ZLOO
VKRZ�:$,7 WKHQ WKH UHVXOW LQ )RUPD]LQ
7XUELGLW\ 8QLWV �)78� ZLOO EH GLVSOD\HG�
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�� 0HFKDQLFDO $QDO\VLV RI 6RLO

0HFKDQLFDO DQDO\VLV LV WKH GHWHUPLQDWLRQ RI WKH VL]H UDQJH RI SDUWLFOHV SUHVHQW LQ D VRLO� H[�
SUHVVHG DV D SHUFHQWDJH RI WKH WRWDO GU\ ZHLJKW� 7KHUH DUH WZRPHWKRGV JHQHUDOO\ XVHG WR ILQG
WKH SDUWLFOH�VL]H GLVWULEXWLRQ RI VRLO� ��� VLHYH DQDO\VLV � IRU SDUWLFOH VL]HV ODUJHU WKDQ �����PP
LQGLDPHWHU� DQG ��� K\GURPHWHU DQDO\VLV � IRU SDUWLFOH VL]HV VPDOOHU WKDQ �����PPLQGLDPHWHU�
7KH EDVLF SULQFLSOHV RI VLHYH DQDO\VLV DQGK\GURPHWHU HYHU DQDO\VLV DUH EULHIO\GHVFULEHG LQ WKH
IROORZLQJ WZR VHFWLRQV�

��� 6LHYH $QDO\VLV

6LHYH DQDO\VLV FRQVLVWV RI VKDNLQJ WKH VRLO VDPSOH WKURXJK D VHW RI VLHYHV WKDW KDYH SURJUHV�
VLYHO\ VPDOOHU RSHQLQJV� 7DEOH12 7$* OLVWV WKH 8�6� VWDQGDUG VLHYH QXPEHUV DQG WKH VL]HV RI
RSHQLQJV�

7DEOH �� 8�6� 6WDQGDUG 6LHYH 6L]HV�

6LHYH 1XPEHU 2SHQLQJ �PP�

� �����

� �����

� �����

�� �����

�� �����

�� �����

�� �����

�� �����

�� �����

�� �����

�� �����

��� �����

��� �����

��� �����

��� �����

��� �����

)LUVW WKH VRLO LV RYHQ GULHG DQG WKHQ DOO OXPSV DUH EURNHQ LQWR VPDOO SDUWLFOH EHIRUH WKH\ DUH
SDVVHG WKURXJK WKH VLHYHV� )LJXUH � VKRZV D VHW RI VLHYHV LQ D VLHYH VKDNHU XVHG IRU FRQGXFWLQJ
WKH WHVW LQ WKH ODERUDWRU\� $IWHU WKH FRPSOHWLRQ RI WKH VKDNLQJ SHULRG WKH PDVV RI VRLO UHWDLQHG
RQ HDFK VLHYH LV GHWHUPLQHG� :KHQ FRKHVLYH VRLOV DUH DQDO\]HG� LW P\ EH GLIILFXOW WR EUHDN
OXPSV LQWR LQGLYLGXDO SDUWLFOHV� ,Q WKDW FDVH� WKH VRLOPD\EHPL[HGZLWKZDWHU WRPDNH D VOXUU\
DQG WKHQ ZDVKHG WKURXJK WKH VLHYHV� 3RUWLRQV UHWDLQHG RQ HDFK VLHYH DUH FROOHFWHG VHSDUDWHO\
DQG RYHQ GULHG EHIRUH WKH PDVV UHWDLQHG RQ HDFK VLHYH LV PHDVXUHG�
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)LJXUH �� 6HW RI VLHYHV LQ D VLHYH VKDNHU�

7KH UHVXOWV RI VLHYH DQDO\VLV DUH JHQHUDOO\ H[SUHVVHG LQ WHUPV RI WKH SHUFHQWDJH RI WKH WRWDO
ZHLJKW RI VRLO WKDW SDVVHG WKURXJK GLIIHUHQW VLHYHV� 7DEOH � VKRZV DQ H[DPSOH RI WKH FDOFXOD�
WLRQV UHTXLUHG LQ D VLHYH DQDO\VLV�

7DEOH �� 6LHYH $QDO\VLV �0DVV RI 'U\ 6RLO 6DPSOH  ��� J��

6LHYH 1XPEHU 'LDPHWHU
�PP�

0DVV RI VRLO UHWDLQHG
RQ HDFK VLHYH

�J�

3HUFHQW RI VRLO
UHWDLQHG RQ
HDFK VLHYH �J�

3HUFHQW
SDVVLQJ
���

�� ����� � � ������

�� ����� ���� ���� �����

�� ����� ����� ���� �����

�� ����� ����� ���� �����

�� ����� ����� ���� �����

��� ����� ����� ���� �����

��� ����� ����� ����� �����

3DQ �� ������ ����� �
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��� +\GURPHWHU $QDO\VLV

+\GURPHWHU DQDO\VLV LV EDVHG RQ WKH SULQFLSOH RI VHGLPHQWDWLRQ RI VRLO JUDLQV LQ ZDWHU�
:KHQ D VRLO VSHFLPHQ LV GLVSHUVHG LQ ZDWHU� WKH SDUWLFOHV VHWWOH DW GLIIHUHQW YHORFLWLHV� GHSHQG�
LQJRQ WKHLU VKDSH� VL]H�ZHLJKW� DQG WKHYLVFRVLW\ RI WKHZDWHU� )RU VLPSOLFLW\� LW LV DVVXPHG WKDW
DOO WKH VRLO SDUWLFOHV DUH VSKHUHV�

��� 3DUWLFOH�6L]H 'LVWULEXWLRQ &XUYH

7KH UHVXOWV RI PHFKDQLFDO DQDO\VLV �VLHYH DQG K\GURPHWHU DQDO\VHV� DUH JHQHUDOO\ SUHV�
HQWHG E\ VHPL�ORJDULWKPLF SORWV NQRZQ DV SDUWLFOH�VL]H GLVWULEXWLRQ FXUYHV� 7KH SDUWLFOH GL�
DPHWHUV DUH SORWWHG LQ ORJ VFDOH� DQG WKH FRUUHVSRQGLQJ SHUFHQW ILQHU LQ DULWKPHWLF VFDOH� $V DQ
H[DPSOH� WKHSDUWLFOH�VL]H GLVWULEXWLRQ FXUYHV IRU WZR VRLOV DUH VKRZQ LQ)LJXUH �� 7KHSDUWLFOH�
VL]H GLVWULEXWLRQ FXUYH IRU VRLO $ LV WKH FRPELQDWLRQ RI WKH VLHYH DQDO\VLV UHVXOWV SUHVHQWHG LQ
7DEOH � DQG WKH UHVXOWV RI WKH K\GURPHWHU DQDO\VLV IRU WKH ILQHU IUDFWLRQ� :KHQ WKH UHVXOWV RI
VLHYH DQDO\VLV DQG K\GURPHWHU DQDO\VLV DUH FRPELQHG� D GLVFRQWLQXLW\ JHQHUDOO\ RFFXUV LQ WKH
UDQJHZKHUH WKH\ RYHUODS� 7KLV LV EHFDXVH VRLO SDUWLFOHV DUH JHQHUDOO\ LUUHJXODU LQ VKDSH� 6LHYH
DQDO\VLV JLYHV WKH LQWHUPHGLDWH GLPHQVLRQ RI D SDUWLFOH� K\GURPHWHU DQDO\VLV JLYHV WKH GLDPH�
WHU RI D VSKHUH WKDW ZRXOG VHWWOH DW WKH VDPH UDWH DV WKH VRLO SDUWLFOH�

)LJXUH �� 3DUWLFOH�VL]H GLVWULEXWLRQ FXUYHV�
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7KHSHUFHQWDJHVRI JUDYHO� VDQG� VLOW� DQG FOD\�VL]H SDUWLFOHVSUHVHQW LQD VRLO FDQ EHREWDLQHG
IURP WKH SDUWLFOH�VL]H GLVWULEXWLRQ FXUYH� $FFRUGLQJ WR WKH 8QLILHG VRLO FODVVLILFDWLRQ VRLO $ LQ
)LJXUH � KDV�

� *UDYHO �VL]H OLPLW � JUHDWHU WKDQ ���� PP�  ��

� 6DQG �VL]H OLPLWV � ���� WR �����PP�  SHUFHQW ILQHU WKDQ ����PPGLDPHWHU � SHUFHQW
ILQHU WKDQ ����� PP GLDPHWHU  ��� � �� � ���

� 6LOW DQG FOD\ �VL]H OLPLW � OHVV WKDQ ����� PP�  ���

��� 5HFRPPHQGHG 3URFHGXUH

�� :HLJK WR ��� J HDFK VLHYH ZKLFK LV WR EH XVHG� 0DNH VXUH HDFK VLHYH LV FOHDQ EH�
IRUH ZHLJKLQJ LW�

�� 6HOHFW ZLWK FDUH D WHVW VDPSOH ZKLFK LV UHSUHVHQWDWLYH RI WKH VRLO WR EH WHVWHG�
EUHDN WKH VRLO LQWR LWV LQGLYLGXDO SDUWLFOHV ZLWK WKH ILQJHUV RU D UXEEHU�WLSSHG
SHVWOH�

�� :HLJK WR ��� D VSHFLPHQ RI DSSUR[LPDWHO\ ��� J RI RYHQ�GULHG VRLO� ,I WKH VRLO WR
EH WHVWHG KDV PDQ\ SDUWLFOHV FRDUVHU WKDQ WKH RSHQLQJV LQ D 1R� � VLHYH� D ODUJHU
ZHLJKW RI VRLO VKRXOG EH XVHG�

�� 6LHYH WKH VRLO WKURXJK D QHVW RI VLHYHV E\ KDQG VKDNLQJ� 8VLQJ DPRWLRQ RI KRUL�
]RQWDO URWDWLRQV RU XVLQJ DPHFKDQLFDO VKDNHU� LI DYDLODEOH� $W OHDVW ��PLQXWHV RI
KDQG VLHYLQJ LV GHVLUDEOH IRU VRLOV ZLWK VPDOO SDUWLFOHV�

�� :HLJK WR ��� J HDFK VLHYH DQG WKH SDQ ZLWK WKH VRLO UHWDLQHG RQ WKHP�

�� 6XEWUDFW WKH ZHLJKWV REWDLQHG LQ VWHS � IURP WKRVH RI VWHS � WR JLYH WKH ZHLJKW RI
VRLO UHWDLQHGRQHDFKVLHYH� 7KH VXPRI WKHVH UHWDLQHGZHLJKWV VKRXOG EHFKHFNHG
DJDLQVW WKH RULJLQDO VRLO ZHLJKW�

�� ,I D VL]DEOH SRUWLRQ RI VRLO LV UHWDLQHG RQ WKH 1R� ��� VLHYH� LW VKRXOG EH ZDVKHG�
7KLV LV GRQH E\ SODFLQJ WKH VLHYH DQG UHWDLQHG VRLO LQ D SDQ DQG SRXULQJ FOHDQ
ZDWHU RQ WKH VFUHHQ� 8VH D VSRRQ RU JODVV URG WR VWLU WKH VOXUU\� 5HFRYHU WKH VRLO
ZKLFK LVZDVKHG WKURXJK� GU\ DQGZHLJK LW� 7KHZHLJKW RI VRLO UHFRYHUHG VKRXOG
EH VXEWUDFWHG IURP WKH ZHLJKW UHWDLQHG RQ WKH 1R� ��� VLHYH DQG DGGHG WR WKH
ZHLJKW UHWDLQHG LQ WKH SDQ DV GHWHUPLQHG LQ VWHS ��

��� 'LVFXVVLRQ RI 3URFHGXUH

7KHPHWKRG RI ZHLJKLQJ WKH VLHYH SOXV VRLO UDWKHU WKHQ DWWHPSWLQJ WR UHPRYH WKH VRLO IURP
WKH VLHYH IRU ZHLJKLQJ LV VXJJHVWHG EHFDXVH LW KDV EHHQ IRXQG WKDW VRLO LV RIWHQ ORVW GXULQJ WKH
UHPRYLQJ� (YHQ XVLQJ WKLV VXJJHVWHG SURFHGXUH� EH FDUHIXO WRPLQLPL]H WKH ORVH RI VRLO GXULQJ
WKH VLHYLQJ�

6WHS � UHFRPPHQGV WKDW WKH VLHYLQJ FRQVLVW RI DSSUR[LPDWHO\ �� PLQXWHV RI KRUL]RQWDO
VKDNLQJ� $ KRUL]RQWDO PRWLRQ ZDV VXJJHVWHG LQVWHDG RI D YHUWLFDO RQH VLQFH LW KDV EHHQ IRXQG
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PRUH HIILFLHQW DQG VLQFH OHVV VRLO HVFDSHV IURP WKH QHVW RI VLHYHV GXULQJ KRUL]RQWDO VKDNLQJ�
7KH DPRXQW RI VKDNLQJ UHTXLUHG GHSHQGV RQ WKH VKDSH DQG QXPEHU RI SDUWLFOHV� $V DQ H[DP�
SOH RI WKH IDFW WKDW WKH VKDNLQJ WLPH UHTXLUHG LV LQFUHDVHG DV WKH QXPEHU RI SDUWLFOHV LV LQ�
FUHDVHG� IRU FUXVKHG TXDUW] LWZDV IRXQG WKDW� LQ D JLYHQ WLPH� WKH SHUFHQWDJH SDVVLQJZDV ���
OHVV IRU D ����J VDPSOH WKDQ LWZDV IRU D ���J VDPSOH� 6LQFH D JLYHQZHLJKW RI D ILQH�JUDLQHG VRLO
FRQWDLQV PRUH SDUWLFOHV WKDQ DQ HTXDO ZHLJKW RI D FRDUVH�JUDLQHG RQH� PRUH VKDNLQJ WLPH LV
QHFHVVDU\ IRU WKH ILQHU�JUDLQHG VRLOV�

��� &DOFXODWLRQV

3HUFHQWDJH UHWDLQHG RQ DQ\ VLHYH�



ZHLJKW RI VRLO UHWDLQHG

WRWDO VRLO ZHLJKW
� ���� ���

&XPXODWLYH SHUFHQWDJH UHWDLQHG RQ DQ\ VLHYH�


 3HUFHQWDJH UHWDLQHG ���

3HUFHQWDJH ILQHU WKDQ DQ VLHYH VL]H�


 ����� 3HUFHQWDJH UHWDLQHG ���

��� (IIHFWLYH 6L]H� 8QLIRUPLW\ &RHIILFLHQW� DQG &RHIILFLHQW RI *UDGDWLRQ

7KH SDUWLFOH�VL]H GLVWULEXWLRQ FXUYHV FDQ EH XVHG IRU FRPSDULQJ GLIIHUHQW VRLOV� $OVR� WKUHH
EDVLF VRLO SDUDPHWHUV FDQ EH GHWHUPLQHG IURP WKHVH FXUYHV� DQG WKH\ FDQ EH XVHG WR FODVVLI\
JUDQXODU VRLOV� 7KHP SDUDPHWHUV DUH�

� (IIHFWLYH VL]H

� 8QLIRUPLW\ FRHIILFLHQW

� &RHIILFLHQW RI JUDGDWLRQ

7KH GLDPHWHU LQ WKH SDUWLFOH�VL]H GLVWULEXWLRQ FXUYH FRUUHVSRQGLQJ WR ��� ILQHU LV GHILQHG
DV WKH HIIHFWLYH VL]H� RU '��� 7KH XQLIRUPLW\ FRHIILFLHQW LV JLYHQ E\ WKH UHODWLRQ�

&X

'

��

'
��

���

ZKHUH &X LV WKH XQLIRUPLW\ FRHIILFLHQW DQG '�� LV WKH GLDPHWHU FRUUHVSRQGLQJ WR ��� ILQHU
LQ WKH SDUWLFOH�VL]H GLVWULEXWLRQ
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7KH FRHIILFLHQW RI JUDGDWLRQ PD\ KH H[SUHVVHG DV�

&F

'�

��

'
��
�'

��

���

ZKHUH &F LV WKH FRHIILFLHQW RI JUDGDWLRQ DQG '�� GLDPHWHU FRUUHVSRQGLQJ WR ��� ILQHU�

)RU WKH SDUWLFOH�VL]H GLVWULEXWLRQ FXUYH RI VRLO % VKRZQ LQ )LJXUH �� WKH YDOXHV RI '�� '��
DQG'�� DUH �����PP� ����PP DQG ����PP� UHVSHFWLYHO\� 7KH XQLIRUPLW\ FRHIILFLHQW DQG FR�
HIILFLHQW RI JUDGDWLRQ DUH�

&F

'�

��

'
��
�'

��


 �������

����� �����
 ���

&X

'

��

'
��


 ����
�����
 ���

7KH SDUWLFOH�VL]H GLVWULEXWLRQ FXUYH VKRZV QRW RQO\ WKH UDQJH RI SDUWLFOH VL]HV SUHVHQW LQ D
VRLO EXW DOVR WKH W\SH RI GLVWULEXWLRQ RI YDULRXV VL]H SDUWLFOHV� 7KLV LV GHPRQVWUDWHG LQ )LJXUH
��� &XUYH , UHSUHVHQWV D W\SH RI VRLO LQ ZKLFK PRVW RI WKH VRLO JUDLQV DUH WKH VDPH VL]H� 7KLV LV
FDOOHGSRRUO\JUDGHG VRLO� &XUYH ,, UHSUHVHQWV D VRLO LQZKLFK WKHSDUWLFOHV DUHGLVWULEXWHG RYHUD
ZLGH UDQJH� WHUPHGZHOO JUDGHG� $ZHOO JUDGHG VRLO ZLOO KDYH D XQLIRUPLW\ FRHIILFLHQW JUHDWHU
WKDQ DERXW � IRU JUDYHOV DQG � IRU VDQGV� DQG D FRHIILFLHQW RI JUDGDWLRQ EHWZHHQ � DQG � �IRU
JUDYHOV DQG VDQGV�� $ VRLO PLJKW KDYH D FRPELQDWLRQ RI WZR RU PRUH XQLIRUPO\ JUDGHG IUDF�
WLRQV� &XUYH ,,, UHSUHVHQWV VXFK D VRLO� 7KLV W\SH RI VRLO LV WHUPHG JDS JUDGHG�

)LJXUH ��� 'LIIHUHQW W\SHV RI SDUWLFOH�VL]H GLVWULEXWLRQ FXUYHV�
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��� ([DPSOH 6LHYH $QDO\VLV

)URP WKH UHVXOWV RI D VLHYH DQDO\VLV� VKRZQEHORZ�GHWHUPLQH� �D� WKHSHUFHQW ILQHU WKDQHDFK
VLHYH DQGSORW D JUDLQ�VL]H GLVWULEXWLRQ FXUYH� �E�'���'���'�� IURP WKH JUDLQ�VL]H GLVWULEXWLRQ
FXUYH� �F� WKH XQLIRUPLW\ FRHIILFLHQW� &X� DQG �G� WKH FRHIILFLHQW RI JUDGDWLRQ� &F�

6LHYH 1XPEHU 'LDPHWHU
�PP�

0DVV RI VRLO UHWDLQHG
RQ HDFK VLHYH �J�

� ����� ��
�� ����� ��
�� ����� ��
�� ����� ���
�� ����� ���
��� ����� ��
��� ����� ��
3DQ �� ��

7KH IROORZLQJ WDEOH FDQ EH SUHSDUHG IRU REWDLQLQJ WKH SHUFHQW ILQHU�

6LHYH 1XPEHU
0DVV RI VRLO UHWDLQHG
RQ HDFK VLHYH �J�

3HUFHQW UHWDLQHG
RQ HDFK VLHYH ���
(TXDWLRQ ���

&XPXODWLYH 3HUFHQW
UHWDLQHG RQ HDFK VLHYH ���

(TXDWLRQ ���

3HUFHQW
ILQHU ���

(TXDWLRQ ���

� �� ���� ���� �����
�� �� ���� ����� �����
�� �� ���� ����� �����
�� ��� ����� ����� �����
�� ��� ����� ����� �����
��� �� ����� ����� �����
��� �� ���� ����� ����
3DQ �� ���� ������ �

���
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7KH SORW RI WKH JUDLQ�VL]H GLVWULEXWLRQ LV VKRZQ EHORZ�

7KH SDUWLFOH GLDPHWHUV GHILQLQJ ���� ���� DQG ��� ILQHU IURP WKH JUDLQ�VL]H GLVWULEXWLRQ
FXUYH DUH HVWLPDWHG DV� '��  ���� PP � '��  ���� PP� DQG '��  ���� PP�

&F
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'
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�'
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