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�

$QG\ 0� /D]XU� &KDUOHV (� &LFKUD DQG &UDLJ :LOVRQ�

/LPLQJ LV D FRPPRQ SUDFWLFH LQ WKH VRXWKHDVWHUQ ERWK LQFUHDVH WKH KDUGQHVV �WKH FDOFLXP DQG PDJQHVLXP

8QLWHG 6WDWHV� 7KHUH DUH WKUHH PDLQ SXUSRVHV IRU OLPLQJ FRQFHQWUDWLRQ� RI ZDWHU�

SRQGV� �� WR LQFUHDVH WKH DYDLODELOLW\ RI QXWULHQWV� �� WR

LQFUHDVH S+ DQG WR EXIIHU DJDLQVW GDLO\ S+ IOXFWXDWLRQV� &DUERQ GLR[LGH� D E\�SURGXFW RI UHVSLUDWLRQ RI SODQWV

DQG �� WR VWHULOL]H SRQGV SULRU WR VWRFNLQJ� :KLOH WKHVH DQG DQLPDOV� DFWV DV DQ DFLG LQ ZDWHU� UHGXFLQJ WKH S+�

SUDFWLFHV XVH OLPH� WKH\ LQYROYH GLIIHUHQW FRPSRXQGV� HVSHFLDOO\ DW QLJKW� 3ODQWV SKRWRV\QWKHVL]H GXULQJ WKH GD\�

7KLV GDLO\ IOXFWXDWLRQ LQ S+ LV JUHDWHVW ZKHQ DONDOLQLW\ LV/LPLQJ WR ,QFUHDVH 1XWULHQW $YDLODELOLW\

DQG WR ,QFUHDVH DQG %XIIHU S+

7KH DSSOLFDWLRQ RI OLPHVWRQH �FDOFLWH RU GRORPLWH� WR

ILVK SRQGV ZLWK DFLG VRLOV ZLOO LQFUHDVH WKH DYDLODELOLW\ RI

QXWULHQWV� SULPDULO\ SKRVSKRURXV� WR DTXDWLF SODQWV�

VSHFLILFDOO\ SK\WRSODQNWRQ� 3K\WRSODQNWRQ �PLFURVFRSLF

IUHH�IORDWLQJ SODQWV� DUH WKH EDVH RI WKH IRRG FKDLQ LQ ILVK

SRQGV� DQG DUH HVVHQWLDO IRU UDSLG ILVK JURZWK DQG VXUYLYDO

LQ UHFUHDWLRQDO ILVK SRQGV DQG LQ FRPPHUFLDO SRQGV LQ

ZKLFK VPDOO ILVK DUH EHLQJ UHDUHG� &DOFLWH DQG GRORPLWH

LQFUHDVH WKH WRWDO KDUGQHVV� WRWDO DONDOLQLW\� S+� DQG DFW DV

D EXIIHU WR NHHS WKH S+ FRQVWDQW� 7KH ULVH LQ S+ LV

SULPDULO\ UHVSRQVLEOH IRU LQFUHDVLQJ WKH DYDLODELOLW\ RI

SKRVSKRURXV IURP WKH SRQG PXGV� $OWKRXJK S+ FDQ UDQJH

IURP � WR ��� S+ RI � WR � LV FRQVLGHUHG GHVLUDEOH IRU PRVW

IUHVKZDWHU ILVK� :DWHU LQ SRQGV UHIOHFWV WKH TXDOLW\ RI WKH

VRLOV WKHY DUH LQ� ,Q DFLG VRLOV� SRQGV W\SLFDOO\ KDYH ORZ

DONDOLQLW�
� KDUGQHVV DQG S+� +DUGQHVV DQG DONDOLQLW\

YDOXHV RI OHVV WKDQ �� SDUWV SHU PLOOLRQ �SSP� DQG D S+

YDOXH RI � RU OHVV� DUH FRPPRQ LQ PDQ\ SRQGV LQ WKH

VRXWKHDVWHUQ 8QLWHG 6WDWHV� )LVK SURGXFWLRQ LQ WKHVH

ZDWHUV LV SRRU� &DOFLWH �FDOFLXP FDUERQDWH� DQG GRORPLWH

�D FRPELQDWLRQ RI FDOFLXP DQG PDJQHVLXP FDUERQDWHV�

FRQVXPLQJ FDUERQ GLR[LGH� ZKLFK FDXVHV S+ WR LQFUHDVH�

ORZ� $W KLJKHU DONDOLQLW\� PRUH FDUERQDWHV DUH SUHVHQW WR

ELQG ZLWK WKH IUHH FDUERQ GLR[LGH LQ ZKDW LV WHUPHG WKH

FDUERQDWH F\FOH� 7KH DGGLWLRQ RI OLPH WR D SRQG LQFUHDVHV

LWV DONDOLQLW\ �FDUERQDWH FRQFHQWUDWLRQ� ZKLFK GHFUHDVHV WKH

DPRXQW RI IUHH FDUERQ GLR[LGH LQ WKH ZDWHU� DQG WKHUHIRUH

LQFUHDVHV DQG EXIIHUV WKH S+�

3KRVSKRURXV LV DOPRVW DOZD\V WKH OLPLWLQJ QXWULHQW LQ

IUHVKZDWHU SRQGV� DQG LV UHODWLYHO\ XQDYDLODEOH ZKHQ SRQG

VRLOV KDYH ORZ S+ YDOXHV� 7KH LQFUHDVHG S+ UHVXOWLQJ IURP

OLPLQJ LPSURYHV WKH DYDLODELOLW\ RI SKRVSKRURXV� PDNLQJ

IHUWLOL]DWLRQ PRUH HIIHFWLYH� ,Q DGGLWLRQ� PLFURELDO DFWLYLWY

LV LQFUHDVHG DW KLJKHU S+� ZKLFK ZLOO DVVLVW LQ GHFUHDVLQJ

WKH DPRXQW RI RUJDQLF GHEULV DW WKH ERWWRP RI WKH SRQG�

,GHQWLI\LQJ /LPLQJ 1HHGV

,GHQWLI\LQJ OLPLQJ QHHGV FDQ EH DFFRPSOLVKHG E\

WDNLQJ HLWKHU D ZDWHU RU VRLO VDPSOH IURP WKH SRQG�

0HDVXULQJ WKH WRWDO DONDOLQLW\ RI ZDWHU LQ WKH SRQG LV WKH

PRVW HIIHFWLYH� DQG HDVLHVW ZD\ WR GHWHUPLQH LI OLPLQJ LV

QHFHVVDU\� /RFDO FRXQW\ H[WHQVLRQ RIILFHV DUH RIWHQ

HTXLSSHG WR PHDVXUH WKH WRWDO DONDOLQLW\ RI D ZDWHU VDPSOH

RU FDQ DVVLVW \RX ZLWK SXUFKDVLQJ D WHVW NLW RI \RXU RZQ� RU

LQ VHQGLQJ D ZDWHU VDPSOH WR D ODE IRU DQDO\VLV� /LPLQJ LV
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)LJXUH � $SSO\LQJ OLPH WR D SRQG IURP D ERDW FDQ EH

HIIHFWLYH� EXW FDUH PXVW EH WDNHQ QRW WR RYHUORDG WKH ERDW�

UHFRPPHQGHG IRU SRQGV ZLWK D WRWDO DONDOLQLW\ RI OHVV WKDQ

�� SSP�

&HUWDLQ ILVK VSHFLHV UHTXLUH KDUGQHVV OHYHOV DERYH ��

SSP IRU JRRG KHDOWK� )RU H[DPSOH K\EULG VWULSHG EDVV

UHTXLUH KDUGQHVV OHYHOV DERYH ��� SSP� DQG D PLQLPXP

KDUGQHVV RI ��� SSP LV UHTXLUHG IRU SURGXFWLRQ RI UHGILVK�

/LPLQJ FDQ DOVR EH XVHG WR LQFUHDVH WKH KDUGQHVV RI ZDWHU

E\ WKH DGGLWLRQ RI FDOFLXP DQG PDJQHVLXP�

&RPPRQ DSSOLFDWLRQ UDWHV IRU OLPHVWRQH DUH � WR �

WRQV SHU VXUIDFH DFUH� +RZHYHU� D PRUH DFFXUDWH UDWH FDQ

EH FDOFXODWHG E\ WDNLQJ D VRLO VDPSOH IURP WKH SRQG

ERWWRP DQG KDYLQJ D ODERUDWRU\ PDNH D UHFRPPHQGDWLRQ�

&ROOHFWLRQ RI VRLO VDPSOHV LV HDVLHVW EHIRUH SRQGV DUH

ILOOHG� EXW FDQ EH WDNHQ LQ D SRQG ZLWK ZDWHU� 3RQG VRLO

VDPSOHV FDQ EH WDNHQ IURP D ERDW E\ XVLQJ D FDQ DWWDFKHG

WR D ORQJ SROH� 6DPSOHV VKRXOG EH FROOHFWHG IURP WKH WRS �

LQFKHV RI VRLO� IURP QXPHURXV ORFDWLRQV LQ WKH SRQG� ,W LV

UHFRPPHQGHG WKDW �� VDPSOHV EH WDNHQ IURP SRQGV XS WR

� DFUHV� DQG �� VDPSOHV EH WDNHQ IURP ODUJHU SRQGV� 7KHVH

VDPSOHV DUH WKHQ WKRURXJKO\ PL[HG GULHG� DQG DW OHDVW RQH

SLQW RI VRLO LV VHQW WR WKH ODERUDWRU\� &KHFN ZLWK \RXU

FRXQW\ H[WHQVLRQ RIILFH IRU LQIRUPDWLRQ RQ ODERUDWRULHV�

6HOHFWLQJ 0DWHULDO

/LPHVWRQH LV UHDGLO\ DYDLODEOH LQ WKH VRXWKHDVWHP

8QLWHG 6WDWHV LQ YDU\LQJ JUDGHV DQG TXDQWLWLHV� 6PDOO EDJV

DUH DYDLODEOH WKURXJK PRVW JDUGHQ FHQWHUV IRU VPDOO SRQG

RZQHUV DQG IRU ODUJHU SRQGV� OLPHVWRQH FDQ EH GHOLYHUHG WR

WKH SRQG VLWH E\ WKH WUXFN ORDG�

5HDFWLRQ WLPH DQG VROXELOLW\ RI OLPHVWRQH DUH GLUHFWO\

UHODWHG WR WKH SDUWLFOH VL]H� ,W LV UHFRPPHQGHG WKDW \RX

SXUFKDVH WKH VPDOOHVW SDUWLFOH VL]H DYDLODEOH IRU XVH LQ WKH

SRQGV�

7LPLQJ RI $SSOLFDWLRQ

/LPHVWRQH FDQ EH DGGHG DQ\WLPH GXULQJ WKH

SURGXFWLRQ F\FOH� +RZHYHU LW LV UHFRPPHQGHG WKDW

DSSOLFDWLRQ EH PDGH GXULQJ WKH IDOO DQG ZLQWHU PRQWKV

ZKHQ IHUWLOL]HUV DUH QR ORQJHU EHLQJ DGGHG WR WKH SRQG�

/LPHVWRQH ZLOO WDNH VHYHUDO ZHHNV WR FRPSOHWH LWV LPSDFW

RQ WKH ZDWHU TXDOLW\� VR DSSOLFDWLRQ VKRXOG EH DW OHDVW RQH

PRQWK SULRU WR WKH LQLWLDWLRQ RI D IHUWLOL]DWLRQ SURJUDP LQ

WKH VSULQJ�

0HWKRG RI $SSOLFDWLRQ

/LPHVWRQH LV EHVW DSSOLHG GLUHFWO\ WR WKH SRQG ERWWRP

SULRU WR ILOOLQJ WKH SRQG ZLWK ZDWHU� ,W VKRXOG EH VSUHDG

HYHQO\ RYHU WKH HQWLUH ERWWRP� )RU ODUJH SRQGV D OLPH

VSUHDGLQJ YHKLFOH ZLOO PDNH WKH MRE HDVLHU� $ GLVN KDUURZ

FDQ EH XVHG WR IXUWKHU LQFRUSRUDWH WKH OLPH LQWR WKH VRLO�

$SSO\LQJ OLPHVWRQH WR SRQGV ZKLFK DUH IXOO RI ZDWHU LV

PRUH GLIILFXOW� EXW FDQ EH GRQH ZLWKRXW IHDU RI KDUPLQJ WKH

ILVK� 7KH PDWHULDO VKRXOG EH EURDGFDVW HYHQO\ RYHU WKH

HQWLUH SRQG VXUIDFH� )RU ODUJH SRQGV� D VPDOO ERDW ZLWK D

SO\ZRRG SODWIRUP FDQ EH XVHG WR FDUU\ WKH OLPH EH\RQG WKH

UHDFK RI VKRUHOLQH EURDGFDVWLQJ� FDUH PXVW EH WDNHQ WR QRW

RYHUORDG WKH ERDW� DV D VPDOO YROXPH RI OLPHVWRQH LV

H[WUHPHO\ KHDY\ �)LJXUH ��� 7KHUH DUH FRPPHUFLDO SRQG

PDQDJHPHQW FRPSDQLHV� ZKLFK FDQ EH KLUHG� ZKR KDYH

EDUJHV VSHFLILFDOO\ GHVLJQHG WR OLPH SRQGV� 'XPSLQJ

OLPHVWRQH LQ ODUJH SLOHV RQ WKH HGJH RI WKH SRQG LV

H[WUHPHO\ LQHIILFLHQW DQG QRW UHFRPPHQGHG� )RU H[WUHPHO\

VPDOO SRQGV RU WDQNV� OLPHVWRQH FDQ EH GLVVROYHG LQ D

EXFNHW RI ZDWHU� DQG WKHQ DGGHG WR WKH SRQG RU WDQN�

/LPLQJ )UHTXHQF\

7KH HIIHFWV RI DGHTXDWH OLPLQJ ZLOO XVXDOO\ ODVW VHYHUDO

\HDUV LQ SRQGV ZLWK OLWWOH RU QR RXWIORZ� 3RQGV� ZKLFK

IUHTXHQWO\ GLVFKDUJH ZDWHU� PD\ KDYH WR EH OLPHG DQQXDOO\�
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7RWDO DONDOLQLW\ DQG S+ VKRXOG EH PRQLWRUHG WR GHWHUPLQH +\GUDWHG OLPH LV FRQVLGHUHG WR EH D VWURQJ EDVH� DQG

WKH QHFHVVDU\ IUHTXHQF\ RI OLPLQJ� FDUH VKRXOG EH WDNHQ ZKHQ DSSO\LQJ� $YRLG EUHDWKLQJ WKH

/LPLQJ WR 6WHULOL]H

+\GUDWHG OLPH� RU FDOFLXP K\GUR[LGH� LV DOVR XVHG LQ

ILVK SRQGV� :KLOH LW ZLOO LQFUHDVH KDUGQHVV �WKH FDOFLXP /LPLQJ LV DQ HIIHFWLYH WRRO LQ ILVK SURGXFWLRQ DQG

FRPSRQHQW�� DQG WHPSRUDULO\ LQFUHDVH WKH WRWDO DONDOLQLW\ SRQG PDQDJHPHQW� +RZHYHU� OLPH LV FDVXDOO\ XVHG WR

�WKH K\GUR[LGH FRPSRQHQW�� LWV SULPDU\ HIIHFW LV WR UDLVH GHVFULEH WZR GLIIHUHQW W\SHV RI PDWHULDOV� XVHG IRU YHU\

WKH S+ RI PXG DQG ZDWHU TXLFNO\ DQG GUDPDWLFDOO\� GLIIHUHQW SXUSRVHV�

3RQGV VKRXOG EH GUDLQHG DQG FOHDQHG SULRU WR DSSO\LQJ $JULFXOWXUDO OLPHVWRQH UHIHUV WR FDOFLWH �FDOFLXP

WKLV SURGXFW� (QRXJK K\GUDWHG OLPH VKRXOG EH DGGHG WR FDUERQDWH� DQG GRORPLWH �FDOFLXP PDJQHVLXP FDUERQDWH��

FRYHU WKH HQWLUH ERWWRP ZLWK D WKLQ OD\HU� DQG WKHQ ZDWHU 7KH FDOFLXP DQG PDJQHVLXP FRPSRQHQWV UDLVH WKH

DGGHG� 7KH S+ LQ WKH XSSHU OD\HU RI WKH PXG DQG LQ WKH KDUGQHVV RI ZDWHU� HVVHQWLDO WR WKH KHDOWK RI PDQ\ DTXDWLF

ZDWHU ZLOO UDSLGO\ ULVH WR �� RU KLJKHU� D OHYHO ZKLFK ZLOO VSHFLHV� 7KH FDUERQDWH FRPSRQHQW UDLVHV WKH DONDOLQLW\ DQG

NLOO PRVW GLVHDVH DJHQWV DQG�RU SHVWV� 7KH HOHYDWHG S+ ZLOO WKH S+� %XIIHULQJ GDLO\ IOXFWXDWLRQV LQ S+� LQFUHDVLQJ

ODVW IRU DERXW D ZHHN� SURKLELWLQJ DQ\ VWRFNLQJ RI ILVK� PLFURELDO DFWLYLW\ LQ WKH SRQG VRLO� DQG LQFUHDVLQJ WKH

$OZD\V FKHFN WKH S+ EHIRUH VWRFNLQJ� DYDLODELOLW\ RI SKRVSKRURXV WR SK\WRSODQNWRQ� 3RQG ZDWHU

$GGLQJ K\GUDWHG OLPH LV QRW UHFRPPHQGHG ZKHQ ILVK OLPLQJ�

DUH SUHVHQW LQ WKH SRQG� 7KH VXGGHQ LQFUHDVH LQ S+ LV RIWHQ

OHWKDO� +\GUDWHG OLPH �FDOFLXP K\GUR[LGH� LV DQ LQH[SHQVLYH

7KH XVH RI K\GUDWHG OLPH LV UHFRPPHQGHG ZKHQ WKHUH GUDPDWLFDOO\ DERYH WROHUDEOH OHYHOV IRU PRVW DTXDWLF

LV DQ\ FRQFHUQ RI FDUU\LQJ GLVHDVHV RU SHVWV RYHU WR WKH RUJDQLVPV� ,W VKRXOG EH XVHG FDUHIXOO\� DYRLGLQJ FRQWDFW WR

QH[W FURS� ,W KDV OLPLWHG� ORQJ�WHUP LPSDFW RQ WRWDO WKH DSSOLFDWRU� DQG QHYHU XVHG LQ SRQGV FRQWDLQLQJ

DONDOLQLW\ DQG S+� GHVLUDEOH ILVK�

GXVW DQG GR QRW DOORZ LW WR FRQWDFW VNLQ RU H\HV�

6XPPDU\

ZLWK WRWDO DONDOLQLW\ OHVV WKDQ �� SSP FDQ EHQHILW IURP

DQG HIIHFWLYH SRQG VWHULOL]HU� UDLVLQJ WKH S+ TXLFNO\ DQG


