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7KURXJKRXW� KLVWRU\�� WKH� TXDOLW\� RI� GULQNLQJ� ZDWHU� KDV� EHHQ� D� IDFWRU� LQ
GHWHUPLQLQJ�KXPDQ�ZHOIDUH��)HFDO�SROOXWLRQ�RI�GULQNLQJ�ZDWHU�KDV�IUHTXHQWO\�FDXVHG
ZDWHUERUQH� GLVHDVHV� WKDW� KDYH� GHFLPDWHG� WKH� SRSXODWLRQV� RI� ZKROH� FLWLHV�
8QZKROHVRPH� ZDWHU� SROOXWHG� E\� QDWXUDO� VRXUFHV� KDV� FDXVHG� JUHDW� KDUGVKLS� IRU
SHRSOH�IRUFHG�WR�GULQN�LW�RU�XVH�LW�IRU�LUULJDWLRQ�

$OWKRXJK� WKHUH� DUH� VWLOO� RFFDVLRQDO� HSLGHPLFV� RI� EDFWHULDO� DQG� YLUDO� GLVHDVHV
FDXVHG�E\�LQIHFWLRXV�DJHQWV�FDUULHG� LQ� GULQNLQJ�ZDWHU��ZDWHUERUQH� GLVHDVHV� KDYH� LQ
JHQHUDO� EHHQ� ZHOO� FRQWUROOHG�� DQG� GULQNLQJ� ZDWHU� LQ� WHFKQRORJLFDOO\� DGYDQFHG
FRXQWULHV� LV� QRZ� UHPDUNDEO\� IUHH� RI� WKH� GLVHDVH�FDXVLQJ� DJHQWV� WKDW� ZHUH� YHU\
FRPPRQ�ZDWHU�FRQWDPLQDQWV�RQO\�D�IHZ�GHFDGHV�HDUOLHU�

&XUUHQWO\��ZDWHUERUQH� WR[LF� FKHPLFDOV� SRVH� WKH� JUHDWHVW� WKUHDW� WR� WKH� VDIHW\� RI
ZDWHU�VXSSOLHV�LQ�LQGXVWULDOL]HG�QDWLRQV��7KLV� LV� SDUWLFXODUO\� WUXH� RI� JURXQGZDWHU� LQ
WKH�8�6���ZKLFK�H[FHHGV�LQ�YROXPH�WKH�IORZ�RI�DOO�8�6��ULYHUV��ODNHV��DQG�VWUHDPV��,Q
VRPH�DUHDV��WKH�TXDOLW\�RI�JURXQGZDWHU�LV� VXEMHFW� WR� D� QXPEHU� RI� FKHPLFDO� WKUHDWV�
7KHUH�DUH�PDQ\�SRVVLEOH�VRXUFHV� RI� FKHPLFDO� FRQWDPLQDWLRQ�� 7KHVH� LQFOXGH�ZDVWHV
IURP�LQGXVWULDO�FKHPLFDO�SURGXFWLRQ��PHWDO� SODWLQJ� RSHUDWLRQV�� DQG� SHVWLFLGH� UXQRII
IURP�DJULFXOWXUDO�ODQGV��6RPH�VSHFLILF� SROOXWDQWV� LQFOXGH� LQGXVWULDO� FKHPLFDOV� VXFK
DV�FKORULQDWHG�K\GURFDUERQV��KHDY\�PHWDOV��LQFOXGLQJ�FDGPLXP��OHDG�� DQG�PHUFXU\�
VDOLQH�ZDWHU�� EDFWHULD�� SDUWLFXODUO\� FROLIRUPV�� DQG� JHQHUDO�PXQLFLSDO� DQG� LQGXVWULDO
ZDVWHV��

6LQFH�:RUOG�:DU�,,�WKHUH�KDV�EHHQ�D�WUHPHQGRXV�JURZWK�LQ�WKH�PDQXIDFWXUH�DQG
XVH� RI� V\QWKHWLF� FKHPLFDOV�� 0DQ\� RI� WKH� FKHPLFDOV� KDYH� FRQWDPLQDWHG� ZDWHU
VXSSOLHV��7ZR�H[DPSOHV�DUH�LQVHFWLFLGH�DQG�KHUELFLGH�UXQRII�IURP�DJULFXOWXUDO� ODQG�
DQG�LQGXVWULDO�GLVFKDUJH�LQWR�VXUIDFH�ZDWHUV��$OVR�� WKHUH� LV� D� WKUHDW� WR� JURXQGZDWHU
IURP�ZDVWH�FKHPLFDO�GXPSV�DQG�ODQGILOOV��VWRUDJH�ODJRRQV��WUHDWLQJ�SRQGV��DQG�RWKHU
IDFLOLWLHV��7KHVH�WKUHDWV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�&KDSWHU����

,W� LV� FOHDU� WKDW� ZDWHU� SROOXWLRQ� VKRXOG� EH� D� FRQFHUQ� RI� HYHU\� FLWL]HQ�� 8QGHU�
VWDQGLQJ� WKH� VRXUFHV�� LQWHUDFWLRQV�� DQG� HIIHFWV� RI� ZDWHU� SROOXWDQWV� LV� HVVHQWLDO� IRU

�������&5&�3UHVV�//&



FRQWUROOLQJ� SROOXWDQWV� LQ� DQ� HQYLURQPHQWDOO\� VDIH� DQG� HFRQRPLFDOO\� DFFHSWDEOH
PDQQHU��$ERYH�DOO��DQ�XQGHUVWDQGLQJ�RI�ZDWHU�SROOXWLRQ�DQG�LWV�FRQWURO�GHSHQGV�XSRQ
D�EDVLF�NQRZOHGJH�RI�DTXDWLF�HQYLURQPHQWDO�FKHPLVWU\��7KDW�LV�ZK\�WKLV�WH[W�FRYHUV
WKH�SULQFLSOHV�RI�DTXDWLF�FKHPLVWU\�SULRU�WR�GLVFXVVLQJ�SROOXWLRQ��:DWHU�SROOXWLRQ�PD\
EH� VWXGLHG� PXFK� PRUH� HIIHFWLYHO\� ZLWK� D� VRXQG� EDFNJURXQG� LQ� WKH� IXQGDPHQWDO
SURSHUWLHV� RI� ZDWHU�� DTXDWLF� PLFURELDO� UHDFWLRQV�� VHGLPHQW�ZDWHU� LQWHUDFWLRQV�� DQG
RWKHU�IDFWRUV�LQYROYHG�ZLWK�WKH�UHDFWLRQV��WUDQVSRUW��DQG�HIIHFWV�RI�WKHVH�SROOXWDQWV�

:DWHU�SROOXWDQWV�FDQ�EH�GLYLGHG�DPRQJ�VRPH�JHQHUDO�FDWHJRULHV��DV�VXPPDUL]HG
LQ�7DEOH������0RVW�RI�WKHVH�FDWHJRULHV RI� SROOXWDQWV�� DQG� VHYHUDO� VXEFDWHJRULHV�� DUH
GLVFXVVHG�LQ�WKLV�FKDSWHU��$Q�HQRUPRXV�DPRXQW�RI�PDWHULDO�LV�SXEOLVKHG�RQ�WKLV�VXE�
MHFW�HDFK�\HDU��DQG�LW�LV�LPSRVVLEOH�WR�FRYHU�LW�DOO�LQ�RQH�FKDSWHU��,Q�RUGHU�WR�EH�XS�WR
GDWH�RQ�WKLV�VXEMHFW�WKH�UHDGHU�PD\�ZDQW�WR�VXUYH\�MRXUQDOV�DQG�ERRNV�GHDOLQJ�ZLWK
ZDWHU�SROOXWLRQ��VXFK�DV�WKRVH�OLVWHG�LQ�WKH�6XSSOHPHQWDU\�5HIHUHQFHV�VHFWLRQ�DW�WKH
HQG�RI�WKLV�FKDSWHU�

7DEOH�������*HQHUDO�7\SHV�RI�:DWHU�3ROOXWDQWV

&ODVV�RI�SROOXWDQW 6LJQLILFDQFH

7UDFH�(OHPHQWV +HDOWK��DTXDWLF�ELRWD��WR[LFLW\

+HDY\�PHWDOV +HDOWK��DTXDWLF�ELRWD��WR[LFLW\

2UJDQLFDOO\�ERXQG�PHWDOV 0HWDO�WUDQVSRUW

5DGLRQXFOLGHV 7R[LFLW\

,QRUJDQLF�SROOXWDQWV 7R[LFLW\��DTXDWLF�ELRWD

$VEHVWRV +XPDQ�KHDOWK

$OJDO�QXWULHQWV (XWURSKLFDWLRQ

$FLGLW\��DONDOLQLW\��VDOLQLW\��LQ�H[FHVV� :DWHU�TXDOLW\��DTXDWLF�OLIH

7UDFH�RUJDQLF�SROOXWDQWV 7R[LFLW\

3RO\FKORULQDWHG�ELSKHQ\OV 3RVVLEOH�ELRORJLFDO�HIIHFWV

3HVWLFLGHV 7R[LFLW\��DTXDWLF�ELRWD��ZLOGOLIH

3HWUROHXP�ZDVWHV (IIHFW�RQ�ZLOGOLIH��HVWKHWLFV

6HZDJH��KXPDQ�DQG�DQLPDO�ZDVWHV :DWHU�TXDOLW\��R[\JHQ�OHYHOV

%LRFKHPLFDO�R[\JHQ�GHPDQG :DWHU�TXDOLW\��R[\JHQ�OHYHOV

3DWKRJHQV +HDOWK�HIIHFWV

'HWHUJHQWV (XWURSKLFDWLRQ��ZLOGOLIH��HVWKHWLFV

&KHPLFDO�FDUFLQRJHQV ,QFLGHQFH�RI�FDQFHU

6HGLPHQWV :DWHU�TXDOLW\��DTXDWLF�ELRWD��ZLOGOLIH

7DVWH��RGRU��DQG�FRORU (VWKHWLFV
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7UDFH� HOHPHQW� LV� D� WHUP� WKDW� UHIHUV� WR� WKRVH� HOHPHQWV� WKDW� RFFXU� DW� YHU\� ORZ
OHYHOV�RI�D�IHZ�SDUWV�SHU�PLOOLRQ�RU�OHVV�LQ�D�JLYHQ�V\VWHP��7KH�WHUP�WUDFH�VXEVWDQFH
LV�D�PRUH�JHQHUDO�RQH�DSSOLHG�WR�ERWK�HOHPHQWV�DQG�FKHPLFDO�FRPSRXQGV�

7DEOH���� VXPPDUL]HV�WKH�PRUH�LPSRUWDQW�WUDFH�HOHPHQWV HQFRXQWHUHG�LQ�QDWXUDO
ZDWHUV��6RPH�RI�WKHVH�DUH�UHFRJQL]HG�DV�QXWULHQWV�UHTXLUHG�IRU�DQLPDO�DQG�SODQW�OLIH�
LQFOXGLQJ� VRPH� WKDW� DUH� HVVHQWLDO� DW� ORZ� OHYHOV� EXW� WR[LF� DW� KLJKHU� OHYHOV�� 7KLV� LV
W\SLFDO EHKDYLRU IRU PDQ\�VXEVWDQFHV�LQ�WKH�DTXDWLF�HQYLURQPHQW��D�SRLQW�WKDW�PXVW�EH

7DEOH�������,PSRUWDQW�7UDFH�(OHPHQWV�LQ�1DWXUDO�:DWHUV

(OHPHQW 6RXUFHV (IIHFWV�DQG�6LJQLILFDQFH

$UVHQLF 0LQLQJ�E\SURGXFW��FKHPLFDO 7R[LF���SRVVLEO\�FDUFLQRJHQLF
��ZDVWH

%HU\OOLXP &RDO��LQGXVWULDO�ZDVWHV 7R[LF

%RURQ &RDO��GHWHUJHQWV��ZDVWHV 7R[LF

&KURPLXP 0HWDO�SODWLQJ (VVHQWLDO�DV�&U�,,,���WR[LF�DV�&U�9,�

&RSSHU 0HWDO�SODWLQJ��PLQLQJ��LQGXV� (VVHQWLDO�WUDFH�HOHPHQW��WR[LF�WR�SODQWV
��WULDO�ZDVWH ��DQG�DOJDH�DW�KLJKHU�OHYHOV

)OXRULQH��)�� 1DWXUDO�JHRORJLFDO�VRXUFHV� 3UHYHQWV�WRRWK�GHFD\�DW�DURXQG��
��ZDVWHV��ZDWHU�DGGLWLYH ��PJ�/��WR[LF�DW�KLJKHU�OHYHOV

,RGLQH��,�� ,QGXVWULDO�ZDVWHV��QDWXUDO 3UHYHQWV�JRLWHU
��EULQHV��VHDZDWHU�LQWUXVLRQ

,URQ ,QGXVWULDO�ZDVWHV��FRUURVLRQ� (VVHQWLDO�QXWULHQW��GDPDJHV�IL[WXUHV
��DFLG�PLQH�ZDWHU��PLFURELDO ��E\�VWDLQLQJ
��DFWLRQ

/HDG ,QGXVWULDO�ZDVWH��PLQLQJ� 7R[LF��KDUPIXO�WR�ZLOGOLIH
��IXHOV

0DQJDQHVH ,QGXVWULDO�ZDVWHV��DFLG�PLQH 7R[LF�WR�SODQWV��GDPDJHV�IL[WXUHV
��ZDWHU��PLFURELDO�DFWLRQ ��E\�VWDLQLQJ

0HUFXU\ ,QGXVWULDO�ZDVWH��PLQLQJ� 7R[LF��PRELOL]HG�DV�PHWK\O�PHUFXU\
��FRDO ��FRPSRXQGV�E\�DQDHURELF�EDFWHULD

0RO\EGHQXP ,QGXVWULDO�ZDVWHV��QDWXUDO (VVHQWLDO�WR�SODQWV��WR[LF�WR�DQLPDOV
�� ��VRXUFHV

6HOHQLXP 1DWXUDO�VRXUFHV��FRDO (VVHQWLDO�DW�ORZHU�OHYHOV��WR[LF�DW
��KLJKHU�OHYHOV

=LQF ,QGXVWULDO�ZDVWH��PHWDO (VVHQWLDO�HOHPHQW��WR[LF�WR�SODQWV�DW
��SODWLQJ��SOXPELQJ ��KLJKHU�OHYHOV

��7R[LFLWLHV�RI�WKHVH�HOHPHQWV�DUH�GLVFXVVHG�LQ�&KDSWHU����
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NHSW� LQ�PLQG� LQ� MXGJLQJ�ZKHWKHU� D� SDUWLFXODU� HOHPHQW� LV� EHQHILFLDO� RU� GHWULPHQWDO�
6RPH� RI� WKHVH� HOHPHQWV�� VXFK� DV� OHDG� RU� PHUFXU\�� KDYH� VXFK� WR[LFRORJLFDO� DQG
HQYLURQPHQWDO�VLJQLILFDQFH�WKDW�WKH\�DUH�GLVFXVVHG�LQ�GHWDLO�LQ�VHSDUDWH�VHFWLRQV�

6RPH�RI�WKH�KHDY\�PHWDOV�DUH�DPRQJ�WKH�PRVW�KDUPIXO�RI�WKH�HOHPHQWDO�SROOXW�
DQWV� DQG� DUH� RI� SDUWLFXODU� FRQFHUQ� EHFDXVH� RI� WKHLU� WR[LFLWLHV� WR� KXPDQV�� 7KHVH
HOHPHQWV� DUH� LQ� JHQHUDO� WKH� WUDQVLWLRQ�PHWDOV�� DQG� VRPH� RI� WKH� UHSUHVHQWDWLYH� HOH�
PHQWV�� VXFK� DV� OHDG� DQG� WLQ�� LQ� WKH� ORZHU� ULJKW�KDQG� FRUQHU� RI� WKH� SHULRGLF� WDEOH�
+HDY\�PHWDOV�LQFOXGH�HVVHQWLDO�HOHPHQWV�OLNH�LURQ�DV�ZHOO� DV� WR[LF�PHWDOV� OLNH� FDG�
PLXP�DQG�PHUFXU\��0RVW�RI�WKHP�KDYH�D�WUHPHQGRXV�DIILQLW\�IRU�VXOIXU�DQG�GLVUXSW
HQ]\PH� IXQFWLRQ� E\� IRUPLQJ� ERQGV� ZLWK� VXOIXU� JURXSV� LQ� HQ]\PHV�� 3URWHLQ
FDUER[\OLF�DFLG� �±&2�+�� DQG� DPLQR� �±1+��� JURXSV� DUH� DOVR� FKHPLFDOO\� ERXQG� E\
KHDY\�PHWDOV�� &DGPLXP�� FRSSHU�� OHDG�� DQG�PHUFXU\� LRQV� ELQG� WR� FHOO� PHPEUDQHV�
KLQGHULQJ�WUDQVSRUW�SURFHVVHV�WKURXJK�WKH�FHOO�ZDOO��+HDY\�PHWDOV�PD\� DOVR� SUHFLS�
LWDWH� SKRVSKDWH� ELRFRPSRXQGV� RU� FDWDO\]H� WKHLU� GHFRPSRVLWLRQ�� 7KH� ELRFKHPLFDO
HIIHFWV�RI�PHWDOV�DUH�GLVFXVVHG�LQ�&KDSWHU������

6RPH� RI� WKH�PHWDOORLGV�� HOHPHQWV� RQ� WKH� ERUGHUOLQH� EHWZHHQ�PHWDOV� DQG� QRQ�
PHWDOV��DUH�VLJQLILFDQW�ZDWHU�SROOXWDQWV���$UVHQLF��VHOHQLXP��DQG�DQWLPRQ\�DUH�RI�SDU�
WLFXODU�LQWHUHVW�

,QRUJDQLF�FKHPLFDOV�PDQXIDFWXUH� KDV� WKH� SRWHQWLDO� WR� FRQWDPLQDWH�ZDWHU�ZLWK
WUDFH�HOHPHQWV��$PRQJ�WKH�LQGXVWULHV�UHJXODWHG�IRU�SRWHQWLDO�WUDFH�HOHPHQW�SROOXWLRQ
RI� ZDWHU� DUH� WKRVH� SURGXFLQJ� FKORU�DONDOL�� K\GURIOXRULF� DFLG�� VRGLXP� GLFKURPDWH
�VXOIDWH� SURFHVV� DQG� FKORULGH� LOPHQLWH� SURFHVV��� DOXPLQXP� IOXRULGH�� FKURPH� SLJ�
PHQWV��FRSSHU�VXOIDWH��QLFNHO�VXOIDWH��VRGLXP�ELVXOIDWH��VRGLXP�K\GURVXOIDWH��VRGLXP
ELVXOILWH��WLWDQLXP�GLR[LGH��DQG�K\GURJHQ�F\DQLGH�

���� +($9<�0(7$/6

&DGPLXP

3ROOXWDQW� FDGPLXP� LQ�ZDWHU�PD\� DULVH� IURP� LQGXVWULDO� GLVFKDUJHV� DQG� PLQLQJ
ZDVWHV��&DGPLXP� LV� ZLGHO\� XVHG� LQ� PHWDO� SODWLQJ�� &KHPLFDOO\�� FDGPLXP� LV� YHU\
VLPLODU� WR� ]LQF�� DQG� WKHVH� WZR� PHWDOV� IUHTXHQWO\� XQGHUJR� JHRFKHPLFDO� SURFHVVHV
WRJHWKHU��%RWK�PHWDOV�DUH�IRXQG�LQ�ZDWHU�LQ�WKH����R[LGDWLRQ�VWDWH�

7KH� HIIHFWV� RI� DFXWH� FDGPLXP� SRLVRQLQJ� LQ� KXPDQV� DUH� YHU\� VHULRXV�� $PRQJ
WKHP�DUH � KLJK� EORRG� SUHVVXUH�� NLGQH\� GDPDJH�� GHVWUXFWLRQ� RI� WHVWLFXODU� WLVVXH�� DQG
GHVWUXFWLRQ�RI�UHG�EORRG�FHOOV��,W�LV�EHOLHYHG�WKDW�PXFK�RI�WKH�SK\VLRORJLFDO�DFWLRQ�RI
FDGPLXP� DULVHV� IURP� LWV� FKHPLFDO� VLPLODULW\� WR� ]LQF�� 6SHFLILFDOO\�� FDGPLXP� PD\
UHSODFH�]LQF�LQ�VRPH�HQ]\PHV��WKHUHE\�DOWHULQJ�WKH�VWHUHRVWUXFWXUH�RI�WKH�HQ]\PH�DQG
LPSDLULQJ�LWV�FDWDO\WLF�DFWLYLW\��'LVHDVH�V\PSWRPV�XOWLPDWHO\�UHVXOW�

&DGPLXP� DQG� ]LQF� DUH� FRPPRQ� ZDWHU� DQG� VHGLPHQW� SROOXWDQWV� LQ� KDUERUV
VXUURXQGHG� E\� LQGXVWULDO� LQVWDOODWLRQV�� &RQFHQWUDWLRQV� RI� PRUH� WKDQ� ���� SSP� GU\
ZHLJKW�VHGLPHQW�KDYH�EHHQ�IRXQG�LQ�KDUERU�VHGLPHQWV��7\SLFDOO\��GXULQJ�SHULRGV�RI
FDOP�LQ�WKH�VXPPHU�ZKHQ�WKH�ZDWHU�VWDJQDWHV��WKH�DQDHURELF�ERWWRP�OD\HU�RI�KDUERU
ZDWHU� KDV� D� ORZ� VROXEOH� &G� FRQFHQWUDWLRQ� EHFDXVH� PLFURELDO� UHGXFWLRQ� RI� VXOIDWH
SURGXFHV�VXOILGH�

�^&+�2`���62�
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ZKLFK�SUHFLSLWDWHV�FDGPLXP�DV�LQVROXEOH�FDGPLXP�VXOILGH�

&G&O��FKORUR�FRPSOH[�LQ�VHDZDWHU����+6� ȝ ��&G6�V����+����&O� �������

0L[LQJ�RI�ED\�ZDWHU�IURP�RXWVLGH�WKH�KDUERU�DQG�KDUERU�ZDWHU�E\�KLJK�ZLQGV�GXULQJ
WKH�ZLQWHU�UHVXOWV�LQ�GHVRUSWLRQ�RI�FDGPLXP�IURP� KDUERU� VHGLPHQWV� E\� DHURELF� ED\
ZDWHU��7KLV�GLVVROYHG�FDGPLXP�LV�FDUULHG� RXW� LQWR� WKH� ED\�ZKHUH� LW� LV� DEVRUEHG� E\
VXVSHQGHG�VROLG�PDWHULDOV��ZKLFK�WKHQ�EHFRPH�LQFRUSRUDWHG�ZLWK�WKH�ED\�VHGLPHQWV�
7KLV� LV� DQ� H[DPSOH� RI� WKH� VRUW� RI� FRPSOLFDWHG� LQWHUDFWLRQ� RI� K\GUDXOLF�� FKHPLFDO
VROXWLRQ�VROLG��DQG�PLFURELRORJLFDO�IDFWRUV�LQYROYHG�LQ�WKH�WUDQVSRUW�DQG�GLVWULEXWLRQ
RI�D�SROOXWDQW�LQ�DQ�DTXDWLF�V\VWHP�

/HDG

,QRUJDQLF�OHDG�DULVLQJ�IURP�D�QXPEHU�RI�LQGXVWULDO�DQG�PLQLQJ�VRXUFHV�RFFXUV�LQ
ZDWHU�LQ�WKH����R[LGDWLRQ�VWDWH��/HDG�IURP�OHDGHG�JDVROLQH�XVHG�WR�EH�D�PDMRU�VRXUFH
RI�DWPRVSKHULF�DQG�WHUUHVWULDO�OHDG��PXFK�RI�ZKLFK�HYHQWXDOO\�HQWHUHG�QDWXUDO�ZDWHU
V\VWHPV��,Q�DGGLWLRQ� WR� SROOXWDQW� VRXUFHV�� OHDG�EHDULQJ� OLPHVWRQH� DQG� JDOHQD� �3E6�
FRQWULEXWH�OHDG�WR�QDWXUDO�ZDWHUV�LQ�VRPH�ORFDWLRQV�

'HVSLWH�JUHDWO\�LQFUHDVHG�WRWDO�XVH�RI�OHDG�E\�LQGXVWU\��HYLGHQFH�IURP�KDLU�VDP�
SOHV�DQG�RWKHU�VRXUFHV�LQGLFDWHV�WKDW�ERG\�EXUGHQV�RI�WKLV�WR[LF�PHWDO�KDYH�GHFUHDVHG
GXULQJ�UHFHQW�GHFDGHV��7KLV�PD\�EH�WKH�UHVXOW�RI�OHVV�OHDG�XVHG�LQ�SOXPELQJ�DQG�RWKHU
SURGXFWV�WKDW�FRPH�LQ�FRQWDFW�ZLWK�IRRG�RU�GULQN�

$FXWH� OHDG� SRLVRQLQJ� LQ� KXPDQV� FDXVHV� VHYHUH� G\VIXQFWLRQ� LQ� WKH� NLGQH\V�
UHSURGXFWLYH� V\VWHP�� OLYHU�� DQG� WKH� EUDLQ� DQG� FHQWUDO� QHUYRXV� V\VWHP�� 6LFNQHVV� RU
GHDWK� UHVXOWV�� /HDG� SRLVRQLQJ� IURP� HQYLURQPHQWDO� H[SRVXUH� LV� WKRXJKW� WR� KDYH
FDXVHG�PHQWDO�UHWDUGDWLRQ�LQ�PDQ\�FKLOGUHQ��0LOG�OHDG�SRLVRQLQJ�FDXVHV�DQHPLD��7KH
YLFWLP�PD\�KDYH�KHDGDFKHV�DQG�VRUH�PXVFOHV��DQG�PD\� IHHO� JHQHUDOO\� IDWLJXHG� DQG
LUULWDEOH�

([FHSW�LQ�LVRODWHG�FDVHV��OHDG�LV�SUREDEO\�QRW�D�PDMRU�SUREOHP�LQ�GULQNLQJ�ZDWHU�
DOWKRXJK�WKH�SRWHQWLDO�H[LVWV�LQ�FDVHV�ZKHUH�ROG�OHDG�SLSH�LV�VWLOO�LQ�XVH��/HDG�XVHG�WR
EH�D�FRQVWLWXHQW�RI�VROGHU�DQG�VRPH�SLSH�MRLQW�IRUPXODWLRQV��VR�WKDW�KRXVHKROG�ZDWHU
GRHV�KDYH�VRPH�FRQWDFW�ZLWK�OHDG��:DWHU�WKDW�KDV�VWRRG�LQ�KRXVHKROG� SOXPELQJ� IRU
VRPH�WLPH�PD\�DFFXPXODWH�VLJQLILFDQW�OHYHOV�RI�OHDG��DORQJ�ZLWK�]LQF��FDGPLXP��DQG
FRSSHU��DQG�VKRXOG�EH�GUDLQHG�IRU�D�ZKLOH�EHIRUH�XVH�

0HUFXU\

%HFDXVH�RI�LWV�WR[LFLW\��PRELOL]DWLRQ�DV�PHWK\ODWHG�IRUPV�E\�DQDHURELF�EDFWHULD�
DQG�RWKHU�SROOXWLRQ�IDFWRUV��PHUFXU\�JHQHUDWHV�D�JUHDW�GHDO�RI�FRQFHUQ� DV� D� KHDY\�
PHWDO� SROOXWDQW��0HUFXU\� LV� IRXQG� DV� D� WUDFH� FRPSRQHQW� RI� PDQ\� PLQHUDOV�� ZLWK
FRQWLQHQWDO�URFNV� FRQWDLQLQJ� DQ� DYHUDJH� RI� DURXQG� ��� SDUWV� SHU� ELOOLRQ�� RU� VOLJKWO\
OHVV��RI�WKLV�HOHPHQW��&LQQDEDU��UHG�PHUFXULF�VXOILGH��LV�WKH�FKLHI�FRPPHUFLDO�PHUFXU\
RUH�� )RVVLO� IXHO� FRDO� DQG� OLJQLWH� FRQWDLQ�PHUFXU\�� RIWHQ� DW� OHYHOV� RI� ���� SDUWV� SHU
ELOOLRQ�RU�HYHQ�KLJKHU��D�PDWWHU�RI�VRPH�FRQFHUQ�ZLWK�LQFUHDVHG�XVH�RI�WKHVH�IXHOV�IRU
HQHUJ\�UHVRXUFHV�
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0HWDOOLF�PHUFXU\�LV�XVHG�DV�DQ�HOHFWURGH�LQ�WKH�HOHFWURO\WLF�JHQHUDWLRQ�RI�FKORULQH
JDV��LQ�ODERUDWRU\�YDFXXP�DSSDUDWXV��DQG�LQ�RWKHU�DSSOLFDWLRQV��6LJQLILFDQW�TXDQWLWLHV
RI�LQRUJDQLF�PHUFXU\�,��DQG�PHUFXU\�,,��FRPSRXQGV�DUH�XVHG�DQQXDOO\��2UJDQLF�PHU�
FXU\� FRPSRXQGV� XVHG� WR� EH� ZLGHO\� DSSOLHG� DV� SHVWLFLGHV�� SDUWLFXODUO\� IXQJLFLGHV�
7KHVH� PHUFXU\� FRPSRXQGV� LQFOXGH� DU\O� PHUFXULDOV� VXFK� DV� SKHQ\O� PHUFXULF
GLPHWK\OGLWKLRFDUEDPDWH

+J 6 &

6

1
&+�

&+�

�IRUPHUO\�XVHG�LQ�SDSHU�PLOOV�DV�D�VOLPLFLGH�DQG�DV�D�PROG�UHWDUGDQW�IRU�SDSHU���DQG
DON\O�PHUFXULDOV�VXFK�DV�HWK\OPHUFXULF�FKORULGH��&�+�+J&O��WKDW�ZDV�XVHG�DV�D�VHHG
IXQJLFLGH��%HFDXVH� RI� WKHLU� UHVLVWDQFH� WR� GHJUDGDWLRQ� DQG� WKHLU�PRELOLW\�� WKH� DON\O
PHUFXU\�FRPSRXQGV�DUH�JHQHUDOO\�FRQVLGHUHG�WR�EH�PRUH�RI�DQ�HQYLURQPHQWDO�WKUHDW
WKDQ�HLWKHU�WKH�DU\O�RU�LQRUJDQLF�FRPSRXQGV�

0HUFXU\�HQWHUV�WKH�HQYLURQPHQW�IURP�D�ODUJH�QXPEHU� RI�PLVFHOODQHRXV� VRXUFHV
UHODWHG�WR�KXPDQ�XVH�RI�WKH�HOHPHQW��7KHVH�LQFOXGH�GLVFDUGHG�ODERUDWRU\�FKHPLFDOV�
EDWWHULHV�� EURNHQ� WKHUPRPHWHUV�� DPDOJDP� WRRWK� ILOOLQJV�� DQG� IRUPHUO\� ODZQ� IXQJL�
FLGHV�DQG�SKDUPDFHXWLFDO� SURGXFWV�� 7DNHQ� LQGLYLGXDOO\�� HDFK� RI� WKHVH� VRXUFHV�PD\
QRW�FRQWULEXWH�PXFK�RI�WKH�WR[LF�PHWDO��EXW�WKH�WRWDO�HIIHFW�FDQ�EH�VXEVWDQWLDO��6HZDJH
HIIOXHQW� VRPHWLPHV� FRQWDLQV� XS� WR� ��� WLPHV� WKH� OHYHO� RI�PHUFXU\� IRXQG� LQ� W\SLFDO
QDWXUDO�ZDWHUV��

7KH�WR[LFLW\�RI�PHUFXU\�ZDV�WUDJLFDOO\�LOOXVWUDWHG�LQ� WKH�0LQDPDWD�%D\� DUHD� RI
-DSDQ�GXULQJ�WKH�SHULRG������������$�WRWDO�RI�����FDVHV�RI�PHUFXU\� SRLVRQLQJ� DQG
���GHDWKV�ZHUH�UHSRUWHG�DPRQJ�SHRSOH�ZKR�KDG�FRQVXPHG�VHDIRRG�IURP�WKH�ED\�WKDW
KDG�EHHQ�FRQWDPLQDWHG�ZLWK�PHUFXU\�ZDVWH�IURP�D�FKHPLFDO�SODQW�WKDW�GUDLQHG� LQWR
0LQDPDWD�%D\��&RQJHQLWDO�GHIHFWV�ZHUH�REVHUYHG�LQ���� EDELHV�ZKRVH�PRWKHUV� KDG
FRQVXPHG� VHDIRRG� FRQWDPLQDWHG�ZLWK�PHUFXU\�� 7KH� OHYHO� RI�PHWDO� LQ� WKH� FRQWDP�
LQDWHG�VHDIRRG�ZDV������SDUWV�SHU�PLOOLRQ��

$PRQJ�WKH�WR[LFRORJLFDO�HIIHFWV�RI�PHUFXU\�DUH�QHXURORJLFDO�GDPDJH��LQFOXGLQJ
LUULWDELOLW\�� SDUDO\VLV�� EOLQGQHVV�� RU� LQVDQLW\�� FKURPRVRPH� EUHDNDJH�� DQG� ELUWK
GHIHFWV��7KH�PLOGHU�V\PSWRPV�RI�PHUFXU\�SRLVRQLQJ�VXFK�DV�GHSUHVVLRQ�DQG�LUULWDELO�
LW\� KDYH� D� SV\FKRSDWKRORJLFDO� FKDUDFWHU�� %HFDXVH� RI� WKH� UHVHPEODQFH� RI� WKHVH
V\PSWRPV�WR�FRPPRQ�KXPDQ�EHKDYLRU��PLOG�PHUFXU\�SRLVRQLQJ�PD\�HVFDSH� GHWHF�
WLRQ��6RPH�IRUPV�RI�PHUFXU\�DUH�UHODWLYHO\�QRQWR[LF�DQG�ZHUH�IRUPHUO\�XVHG�DV�PHG�
LFLQHV��IRU�H[DPSOH��LQ�WKH�WUHDWPHQW�RI�V\SKLOLV��2WKHU�IRUPV�RI�PHUFXU\��SDUWLFXODUO\
RUJDQLF�FRPSRXQGV��DUH�KLJKO\�WR[LF�

%HFDXVH�WKHUH�DUH� IHZ�PDMRU� QDWXUDO� VRXUFHV� RI�PHUFXU\�� DQG� VLQFH�PRVW� LQRU�
JDQLF�FRPSRXQGV�RI�WKLV�HOHPHQW�DUH�UHODWLYHO\�LQVROXEOH��LW�ZDV� DVVXPHG� IRU� VRPH
WLPH� WKDW�PHUFXU\�ZDV� QRW� D� VHULRXV�ZDWHU� SROOXWDQW��+RZHYHU�� LQ� ������ DODUPLQJ
PHUFXU\�OHYHOV�ZHUH�GLVFRYHUHG�LQ�ILVK�LQ�/DNH�6DLQW�&ODLU�ORFDWHG�EHWZHHQ�0LFKLJDQ
DQG� 2QWDULR�� &DQDGD�� $� VXEVHTXHQW� VXUYH\� E\� WKH� 8�6�� )HGHUDO� :DWHU� 4XDOLW\
$GPLQLVWUDWLRQ�UHYHDOHG�D�QXPEHU�RI�RWKHU�ZDWHUV�FRQWDPLQDWHG�ZLWK�PHUFXU\��,W�ZDV
IRXQG� WKDW� VHYHUDO� FKHPLFDO� SODQWV�� SDUWLFXODUO\� FDXVWLF� FKHPLFDO� PDQXIDFWXULQJ
RSHUDWLRQV�� ZHUH� HDFK� UHOHDVLQJ� XS� WR� ��� RU� PRUH� NLORJUDPV� RI� PHUFXU\� LQ
ZDVWHZDWHUV�HDFK�GD\�
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7KH� XQH[SHFWHGO\� KLJK� FRQFHQWUDWLRQV� RI� PHUFXU\� IRXQG� LQ� ZDWHU� DQG� LQ� ILVK
WLVVXHV�UHVXOW�IURP�WKH�IRUPDWLRQ�RI�VROXEOH�PRQRPHWK\OPHUFXU\�LRQ��&+�+J

��� DQG
YRODWLOH� GLPHWK\OPHUFXU\�� �&+���+J�� E\� DQDHURELF� EDFWHULD� LQ� VHGLPHQWV��0HUFXU\
IURP� WKHVH� FRPSRXQGV� EHFRPHV� FRQFHQWUDWHG� LQ� ILVK� OLSLG� �IDW�� WLVVXH� DQG� WKH
FRQFHQWUDWLRQ�IDFWRU�IURP�ZDWHU�WR�ILVK�PD\� H[FHHG� ����� 7KH�PHWK\ODWLQJ� DJHQW� E\
ZKLFK�LQRUJDQLF�PHUFXU\�LV�FRQYHUWHG�WR�PHWK\OPHUFXU\�FRPSRXQGV�LV�PHWK\OFREDO�
DPLQ��D�YLWDPLQ�%���DQDORJ�

+J&O�
0HWK\OFREDODPLQ

&+�+J&O���&O
� �������

,W�LV�EHOLHYHG�WKDW�WKH�EDFWHULD�WKDW�V\QWKHVL]H�PHWKDQH�SURGXFH�PHWK\OFREDODPLQ�DV
DQ� LQWHUPHGLDWH� LQ� WKH� V\QWKHVLV�� 7KXV�� ZDWHUV� DQG� VHGLPHQWV� LQ� ZKLFK� DQDHURELF
GHFD\� LV� RFFXUULQJ� SURYLGH� WKH� FRQGLWLRQV� XQGHU�ZKLFK� PHWK\OPHUFXU\� SURGXFWLRQ
RFFXUV��,Q�QHXWUDO�RU�DONDOLQH�ZDWHUV��WKH�IRUPDWLRQ�RI�GLPHWK\OPHUFXU\���&+���+J��LV
IDYRUHG��7KLV�YRODWLOH�FRPSRXQG�FDQ�HVFDSH�WR�WKH�DWPRVSKHUH��

���� 0(7$//2,'6

7KH�PRVW�VLJQLILFDQW�ZDWHU�SROOXWDQW�PHWDOORLG�HOHPHQW�LV�DUVHQLF��D�WR[LF�HOHPHQW
WKDW�KDV�EHHQ�WKH�FKHPLFDO�YLOODLQ� RI�PRUH� WKDQ� D� IHZ�PXUGHU� SORWV��$FXWH� DUVHQLF
SRLVRQLQJ�FDQ�UHVXOW�IURP�WKH�LQJHVWLRQ�RI�PRUH�WKDQ�DERXW�����PJ�RI� WKH� HOHPHQW�
&KURQLF�SRLVRQLQJ�RFFXUV�ZLWK�WKH�LQJHVWLRQ�RI�VPDOO�DPRXQWV�RI�DUVHQLF�RYHU�D�ORQJ
SHULRG�RI�WLPH��7KHUH�LV�VRPH�HYLGHQFH�WKDW�WKLV�HOHPHQW�LV�DOVR�FDUFLQRJHQLF�

$UVHQLF�RFFXUV � LQ� WKH� (DUWK¶V� FUXVW� DW� DQ� DYHUDJH� OHYHO� RI� ���� SSP�� 7KH� FRP�
EXVWLRQ�RI�IRVVLO� IXHOV�� SDUWLFXODUO\� FRDO�� LQWURGXFHV� ODUJH� TXDQWLWLHV� RI� DUVHQLF� LQWR
WKH�HQYLURQPHQW��PXFK�RI�LW�UHDFKLQJ�QDWXUDO�ZDWHUV��$UVHQLF�RFFXUV�ZLWK�SKRVSKDWH
PLQHUDOV�DQG�HQWHUV�LQWR�WKH�HQYLURQPHQW�DORQJ�ZLWK�VRPH� SKRVSKRUXV� FRPSRXQGV�
6RPH�IRUPHUO\�XVHG�SHVWLFLGHV��SDUWLFXODUO\�WKRVH�IURP�EHIRUH�:RUOG�:DU�,,��FRQWDLQ
KLJKO\� WR[LF� DUVHQLF� FRPSRXQGV�� 7KH� PRVW� FRPPRQ� RI� WKHVH� DUH� OHDG� DUVHQDWH�
3E��$V2����� VRGLXP� DUVHQLWH�� 1D�$V2��� DQG� 3DULV� *UHHQ�� &X��$V2����� $QRWKHU
PDMRU�VRXUFH�RI�DUVHQLF�LV�PLQH�WDLOLQJV��$UVHQLF�SURGXFHG�DV�D�E\�SURGXFW�RI�FRSSHU�
JROG��DQG�OHDG�UHILQLQJ�H[FHHGV�WKH�FRPPHUFLDO�GHPDQG�IRU�DUVHQLF��DQG�LW�DFFXPX�
ODWHV�DV�ZDVWH�PDWHULDO��

/LNH� PHUFXU\�� DUVHQLF� PD\� EH� FRQYHUWHG� WR� PRUH� PRELOH� DQG� WR[LF� PHWK\O
GHULYDWLYHV�E\�EDFWHULD��DFFRUGLQJ�WR�WKH�IROORZLQJ�UHDFWLRQV�

+�$V2�����+
�����H� ȝ ��+�$V2����+�2 �������

+�$V2�
0HWK\OFREDODPLQ &+�$V2�2+�� �������

0HWK\ODUVLQLF�DFLG

&+�$V2�2+�� 0HWK\OFREDODPLQ �&+���$V2�2+� �������
�'LPHWK\ODUVLQLF�DFLG�

�&+���$V2�2+�����+
�����H� ȝ ���&+���$V+����+�2 �������
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$Q�DSSUHFLDWLRQ�RI�WKH�VWURQJ�LQIOXHQFH�RI�FRPSOH[DWLRQ�DQG�FKHODWLRQ�RQ�KHDY\
PHWDOV¶� EHKDYLRU� LQ� QDWXUDO� ZDWHUV� DQG� ZDVWHZDWHUV� PD\� EH� JDLQHG� E\� UHDGLQJ
6HFWLRQV� ����������� ZKLFK� GHDO� ZLWK� WKDW� VXEMHFW�� 0HWK\OPHUFXU\� IRUPDWLRQ� LV
GLVFXVVHG�LQ�6HFWLRQ������%RWK�WRSLFV�LQYROYH�WKH�FRPELQDWLRQ�RI�PHWDOV�DQG�RUJDQLF
HQWLWLHV� LQ� ZDWHU�� ,W� PXVW� EH� VWUHVVHG� WKDW� WKH� LQWHUDFWLRQ� RI� PHWDOV� ZLWK� RUJDQLF
FRPSRXQGV�LV�RI�XWPRVW�LPSRUWDQFH�LQ�GHWHUPLQLQJ�WKH�UROH�SOD\HG�E\�WKH�PHWDO�LQ�DQ
DTXDWLF�V\VWHP�

7KHUH�DUH�WZR�PDMRU�W\SHV�RI�PHWDO�RUJDQLF�LQWHUDFWLRQV� WR� EH� FRQVLGHUHG� LQ� DQ
DTXDWLF�V\VWHP��7KH�ILUVW�RI� WKHVH� LV� FRPSOH[DWLRQ�� XVXDOO\� FKHODWLRQ�ZKHQ� RUJDQLF
OLJDQGV�DUH�LQYROYHG��$�UHDVRQDEOH�GHILQLWLRQ�RI�FRPSOH[DWLRQ�E\�RUJDQLFV�DSSOLFDEOH
WR�QDWXUDO�ZDWHU�DQG�ZDVWHZDWHU� V\VWHPV� LV� D� V\VWHP� LQ�ZKLFK� D� VSHFLHV� LV� SUHVHQW
WKDW� UHYHUVLEO\� GLVVRFLDWHV� WR� D�PHWDO� LRQ� DQG� DQ� RUJDQLF� FRPSOH[LQJ� VSHFLHV� DV� D
IXQFWLRQ�RI�K\GURJHQ�LRQ�FRQFHQWUDWLRQ�

0/����+� � ȝ ��0�����+�/ �������

,Q�WKLV�HTXDWLRQ��0���LV�D�PHWDO�LRQ�DQG�+�/�LV�WKH�DFLGLF� IRUP� RI� D� FRPSOH[LQJ²
IUHTXHQWO\�FKHODWLQJ²OLJDQG��/����LOOXVWUDWHG�KHUH�DV�D�FRPSRXQG�WKDW�KDV�WZR�LRQL]�
DEOH�K\GURJHQV�

2UJDQRPHWDOOLF�FRPSRXQGV��RQ�WKH�RWKHU�KDQG��FRQWDLQ�PHWDOV�ERXQG�WR�RUJDQLF
HQWLWLHV�E\�ZD\� RI� D� FDUERQ� DWRP� DQG� GR� QRW� GLVVRFLDWH� UHYHUVLEO\� DW� ORZHU� S+� RU
JUHDWHU�GLOXWLRQ��)XUWKHUPRUH��WKH�RUJDQLF�FRPSRQHQW��DQG�VRPHWLPHV� WKH� SDUWLFXODU
R[LGDWLRQ� VWDWH� RI� WKH� PHWDO� LQYROYHG�� PD\� QRW� EH� VWDEOH� DSDUW� IURP� WKH
RUJDQRPHWDOOLF�FRPSRXQG��$�VLPSOH�ZD\�WR�FODVVLI\�RUJDQRPHWDOOLF�FRPSRXQGV� IRU
WKH�SXUSRVH�RI�GLVFXVVLQJ�WKHLU�WR[LFRORJ\�LV�WKH�IROORZLQJ�

��7KRVH�LQ�ZKLFK�WKH�RUJDQLF�JURXS�LV�DQ�DON\O�JURXS�VXFK�DV�HWK\O�LQ�WHWUD�
HWK\OOHDG��3E�&�+����

& &

+ +

+

++

��&DUERQ\OV�� VRPH� RI�ZKLFK� DUH� TXLWH� YRODWLOH� DQG� WR[LF� KDYLQJ� FDUERQ
PRQR[LGH�ERQGHG�WR�PHWDOV�

� �& 2

�,Q�WKH�SUHFHGLQJ�/HZLV�IRUPXOD�RI�&2�HDFK�GDVK��±��UHSUHVHQWV�D�SDLU� RI
ERQGLQJ�HOHFWURQV��DQG�HDFK�SDLU�RI�GRWV�����UHSUHVHQWV�DQ�XQVKDUHG�SDLU�RI
HOHFWURQV��

�� 7KRVH�LQ�ZKLFK�WKH�RUJDQLF�JURXS�LV�D�Ⴑ�HOHFWURQ�GRQRU��VXFK�DV� HWK\OHQH
RU�EHQ]HQH�

%HQ]HQH(WK\OHQH

+

+ +

+
& &
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&RPELQDWLRQV�H[LVW�RI�WKH�WKUHH�JHQHUDO�W\SHV�RI�FRPSRXQGV�RXWOLQHG�DERYH��WKH
PRVW�SURPLQHQW�RI�ZKLFK�DUH�DUHQH�FDUERQ\O�VSHFLHV�LQ�ZKLFK�D�PHWDO�DWRP�LV�ERQGHG
WR�ERWK�DQ�DU\O�HQWLW\�VXFK�DV�EHQ]HQH�DQG�WR�VHYHUDO�FDUERQ�PRQR[LGH�PROHFXOHV�

$� ODUJH� QXPEHU� RI� FRPSRXQGV� H[LVW� WKDW� KDYH� DW� OHDVW� RQH� ERQG� EHWZHHQ� WKH
PHWDO�DQG�D�&�DWRP�RQ�DQ�RUJDQLF�JURXS�� DV�ZHOO� DV� RWKHU� FRYDOHQW� RU� LRQLF� ERQGV
EHWZHHQ� WKH�PHWDO� DQG� DWRPV� RWKHU� WKDQ� FDUERQ�� %HFDXVH� WKH\� KDYH� DW� OHDVW� RQH
PHWDO�FDUERQ�ERQG��DV�ZHOO�DV� SURSHUWLHV�� XVHV�� DQG� WR[LFRORJLFDO� HIIHFWV� W\SLFDO� RI
RUJDQRPHWDOOLF� FRPSRXQGV�� LW� LV� XVHIXO� WR� FRQVLGHU� VXFK� FRPSRXQGV� DORQJ� ZLWK
RUJDQRPHWDOOLF�FRPSRXQGV��([DPSOHV�DUH�PRQRPHWK\OPHUFXU\�FKORULGH��&+�+J&O�
LQ�ZKLFK�WKH�RUJDQRPHWDOOLF�&+�+J

��LRQ�LV�LRQLFDOO\�ERQGHG�WR� WKH� FKORULGH� DQLRQ�
$QRWKHU�H[DPSOH� LV� SKHQ\OGLFKORURDUVLQH��&�+�$V&O��� LQ�ZKLFK� D� SKHQ\O� JURXS� LV
FRYDOHQWO\� ERQGHG� WR� DUVHQLF� WKURXJK� DQ� $V�&� ERQG�� DQG� WZR� &O� DWRPV� DUH� DOVR
FRYDOHQWO\�ERQGHG�WR�DUVHQLF�

$�QXPEHU�RI�FRPSRXQGV�H[LVW�WKDW�FRQVLVW�RI�RUJDQLF�JURXSV�ERQGHG�WR�D�PHWDO
DWRP� WKURXJK� DWRPV� RWKHU� WKDQ� FDUERQ�� $OWKRXJK� WKH\� GR� QRW� PHHW� WKH� VWULFW
GHILQLWLRQ� WKHUHRI�� VXFK� FRPSRXQGV� FDQ� EH� FODVVLILHG� DV� RUJDQRPHWDOOLFV� IRU� WKH
GLVFXVVLRQ�RI�WKHLU�WR[LFRORJ\�DQG�DVSHFWV�RI�WKHLU�FKHPLVWU\��$Q�H[DPSOH�RI�VXFK�D
FRPSRXQG�LV�LVRSURS\O�WLWDQDWH��7L�L�2&�+�����DOVR�FDOOHG�WLWDQLXP�LVRSURS\ODWH��

7L

D�FRORUOHVV�OLTXLG�PHOWLQJ�DW�����Û&�DQG�ERLOLQJ�DW����Û&��,WV�EHKDYLRU�LV�PRUH�WKDW�RI
DQ�RUJDQRPHWDOOLF�FRPSRXQG�WKDQ�WKDW�RI�DQ�LQRUJDQLF�FRPSRXQG��DQG� E\� YLUWXH� RI
LWV�WLWDQLXP�FRQWHQW�LW�LV�QRW�SURSHUO\�FODVVLILHG�DV� DQ� RUJDQLF� FRPSRXQG�� 7KH� WHUP
³RUJDQRPHWDO´�LV�VRPHWLPHV�DSSOLHG�WR�VXFK�D�FRPSRXQG��ZKLFK� IRU� HQYLURQPHQWDO
FRQVLGHUDWLRQV�PD\�EH�UHJDUGHG�DV�DQ�RUJDQRPHWDOOLF�FRPSRXQG�

7KH�LQWHUDFWLRQ�RI�WUDFH�PHWDOV�ZLWK�RUJDQLF�FRPSRXQGV�LQ�QDWXUDO�ZDWHUV�LV�WRR
YDVW�DQ�DUHD�WR�FRYHU�LQ�GHWDLO�LQ�WKLV�FKDSWHU��KRZHYHU��LW�PD\�EH�QRWHG�WKDW�PHWDO�
RUJDQLF�LQWHUDFWLRQV�PD\�LQYROYH�RUJDQLF�VSHFLHV�RI�ERWK�SROOXWDQW��VXFK� DV� ('7$�
DQG�QDWXUDO��VXFK�DV�IXOYLF�DFLGV��RULJLQ�� 7KHVH� LQWHUDFWLRQV� DUH� LQIOXHQFHG� E\�� DQG
VRPHWLPHV�SOD\�D�UROH�LQ��UHGR[�HTXLOLEULD��IRUPDWLRQ�DQG�GLVVROXWLRQ�RI�SUHFLSLWDWHV�
FROORLG� IRUPDWLRQ� DQG� VWDELOLW\�� DFLG�EDVH� UHDFWLRQV�� DQG� PLFURRUJDQLVP�PHGLDWHG
UHDFWLRQV�LQ�ZDWHU��0HWDO�RUJDQLF�LQWHUDFWLRQV�PD\�LQFUHDVH�RU�GHFUHDVH� WKH� WR[LFLW\
RI�PHWDOV�LQ�DTXDWLF�HFRV\VWHPV��DQG�WKH\�KDYH�D�VWURQJ�LQIOXHQFH�RQ�WKH�JURZWK� RI
DOJDH�LQ�ZDWHU�

2UJDQRWLQ�&RPSRXQGV

2I�DOO�WKH�PHWDOV��WLQ�KDV� WKH� JUHDWHVW� QXPEHU� RI� RUJDQRPHWDOOLF� FRPSRXQGV� LQ
FRPPHUFLDO�XVH��ZLWK�JOREDO�SURGXFWLRQ�RQ�WKH�RUGHU�RI��������PHWULF�WRQV�SHU�\HDU�
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,Q� DGGLWLRQ� WR� V\QWKHWLF� RUJDQRWLQ� FRPSRXQGV�� PHWK\ODWHG� WLQ� VSHFLHV� FDQ� EH
SURGXFHG� ELRORJLFDOO\� LQ� WKH� HQYLURQPHQW�� )LJXUH� ���� JLYHV� VRPH� H[DPSOHV� RI WKH
PDQ\�NQRZQ�RUJDQRWLQ�FRPSRXQGV�

6Q �&�+���&�+��
�&�+��

�&�+��

6Q
&O

&O
&+�+�&

5 6Q 2 6Q 5
5 5

5 5
&
+

+
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&+�

'LPHWK\OWLQ�GLFKORULGH7HWUD�Q�EXW\OWLQ

%LV�WUL���PHWK\O���SKHQ\OSURS\O�WLQ�
R[LGH��XVHG�DV�DQ�DFDULFLGH�

5�LV

)LJXUH�������([DPSOHV�RI�RUJDQRWLQ�FRPSRXQGV�

0DMRU�LQGXVWULDO�XVHV�RI�RUJDQRWLQ�FRPSRXQGV� LQFOXGH� DSSOLFDWLRQV� RI� WLQ� FRP�
SRXQGV� LQ� IXQJLFLGHV�� DFDULFLGHV�� GLVLQIHFWDQWV�� DQWLIRXOLQJ� SDLQWV�� VWDELOL]HUV� WR
OHVVHQ�WKH�HIIHFWV�RI�KHDW�DQG�OLJKW�LQ�39&�SODVWLFV��FDWDO\VWV��DQG�SUHFXUVRUV�IRU�WKH
IRUPDWLRQ� RI� ILOPV� RI� 6Q2�� RQ� JODVV�� 7ULEXW\O� WLQ� FKORULGH� DQG� UHODWHG� WULEXW\O� WLQ
�7%7��FRPSRXQGV�KDYH�EDFWHULFLGDO��IXQJLFLGDO��DQG� LQVHFWLFLGDO� SURSHUWLHV� DQG� DUH
RI�SDUWLFXODU�HQYLURQPHQWDO�VLJQLILFDQFH�EHFDXVH�RI�WKHLU�XVH� DV� LQGXVWULDO� ELRFLGHV�
,Q� DGGLWLRQ� WR� WULEXW\O� WLQ� FKORULGH�� RWKHU� WULEXW\O� WLQ� FRPSRXQGV� XVHG� DV� ELRFLGHV
LQFOXGH� WKH� K\GUR[LGH�� WKH� QDSKWKHQDWH�� ELV�WULEXW\OWLQ�� R[LGH�� DQG� WULV�WULEXW\O�
VWDQQ\O�� SKRVSKDWH�� 7%7� KDV� EHHQ�ZLGHO\� XVHG� LQ� ERDW� DQG� VKLS� KXOO� FRDWLQJV� WR
SUHYHQW�WKH�JURZWK�RI�IRXOLQJ�RUJDQLVPV��2WKHU�DSSOLFDWLRQV�LQFOXGH�SUHVHUYDWLRQ�RI
ZRRG�� OHDWKHU�� SDSHU�� DQG� WH[WLOHV��$QWLIXQJDO� 7%7� FRPSRXQGV� KDYH� EHHQ� XVHG� DV
VOLPLFLGHV�LQ�FRROLQJ�WRZHU�ZDWHU�

2EYLRXVO\�WKH�PDQ\�DSSOLFDWLRQV�RI�RUJDQRWLQ�FRPSRXQGV�IRU� D� YDULHW\� RI� XVHV
SRVHV�D�VLJQLILFDQW�SRWHQWLDO�IRU� HQYLURQPHQWDO� SROOXWLRQ��%HFDXVH� RI� WKHLU� DSSOLFD�
WLRQV�QHDU�RU�LQ�FRQWDFW�ZLWK�ERGLHV� RI�ZDWHU�� RUJDQRWLQ� FRPSRXQGV� DUH� SRWHQWLDOO\
VLJQLILFDQW�ZDWHU�SROOXWDQWV�DQG�KDYH�EHHQ�OLQNHG�WR�HQGRFULQH�GLVUXSWLRQ�LQ�VKHOOILVK�
R\VWHUV��DQG�VQDLOV��%HFDXVH�RI�VXFK�FRQFHUQV��VHYHUDO�FRXQWULHV��LQFOXGLQJ�WKH�8�6��
(QJODQG��DQG�)UDQFH��SURKLELWHG�7%7�DSSOLFDWLRQ�RQ�YHVVHOV�VPDOOHU�WKDQ����PHWHUV
LQ�OHQJWK�GXULQJ�WKH�����V��,Q�UHVSRQVH�WR�FRQFHUQV�RYHU�ZDWHU�SROOXWLRQ��LQ������WKH
,QWHUQDWLRQDO�0DULWLPH�2UJDQL]DWLRQ�DJUHHG�WR�EDQ�RUJDQRWLQ�DQWLIRXOLQJ�SDLQWV�RQ�DOO
VKLSV�E\������

���� ,125*$1,&�63(&,(6

6RPH�LPSRUWDQW�LQRUJDQLF�ZDWHU�SROOXWDQWV�ZHUH�PHQWLRQHG� LQ� 6HFWLRQV� �������
DV� SDUW� RI� WKH� GLVFXVVLRQ� RI� SROOXWDQW� WUDFH� HOHPHQWV�� ,QRUJDQLF� SROOXWDQWV� WKDW
FRQWULEXWH� DFLGLW\�� DONDOLQLW\�� RU� VDOLQLW\� WR�ZDWHU� DUH� FRQVLGHUHG� VHSDUDWHO\� LQ� WKLV
FKDSWHU�� 6WLOO� DQRWKHU� FODVV� LV� WKDW� RI� DOJDO� QXWULHQWV�� 7KLV� OHDYHV� XQFODVVLILHG�
KRZHYHU��VRPH�LPSRUWDQW�LQRUJDQLF�SROOXWDQW�VSHFLHV��RI�ZKLFK�F\DQLGH�LRQ��&1���LV
SUREDEO\� WKH�PRVW� LPSRUWDQW��2WKHUV� LQFOXGH� DPPRQLD�� FDUERQ� GLR[LGH�� K\GURJHQ
VXOILGH��QLWULWH��DQG�VXOILWH�

�������&5&�3UHVV�//&



&\DQLGH

&\DQLGH��D�GHDGO\�SRLVRQRXV�VXEVWDQFH��H[LVWV�LQ�ZDWHU�DV�+&1��D�ZHDN�DFLG��.D
RI� ��Ø� ������� 7KH� F\DQLGH� LRQ� KDV� D� VWURQJ� DIILQLW\� IRU�PDQ\�PHWDO� LRQV�� IRUPLQJ
UHODWLYHO\� OHVV�WR[LF� IHUURF\DQLGH�� )H�&1��

���� ZLWK� LURQ�,,��� IRU� H[DPSOH�� 9RODWLOH
+&1�LV�YHU\�WR[LF�DQG�KDV�EHHQ�XVHG�LQ�JDV�FKDPEHU�H[HFXWLRQV�LQ�WKH�8�6�

&\DQLGH� LV�ZLGHO\� XVHG� LQ� LQGXVWU\�� HVSHFLDOO\� IRU�PHWDO� FOHDQLQJ� DQG� HOHFWUR�
SODWLQJ��,W�LV�DOVR�RQH�RI�WKH�PDLQ�JDV�DQG�FRNH�VFUXEEHU�HIIOXHQW�SROOXWDQWV�IURP�JDV
ZRUNV�DQG�FRNH�RYHQV��&\DQLGH�LV�ZLGHO\� XVHG� LQ� FHUWDLQ�PLQHUDO�SURFHVVLQJ� RSHU�
DWLRQV��,Q�$XJXVW�RI������DSSUR[LPDWHO\� ���� ELOOLRQ� OLWHUV� RI� F\DQLGH�FRQWDPLQDWHG
ZDWHU�PL[HG�ZLWK�UHG�FOD\�IURP�PLQH�WDLOLQJV�VSLOOHG�LQWR�WKH�(VVHTXLER�5LYHU�IURP�D
EUHDFKHG�GDP�DW�D�JROG�PLQLQJ�RSHUDWLRQ�LQ�WKH�6RXWK�$PHULFDQ�FRXQWU\�RI�*X\DQD�
7KH�ZDWHU�FRQWDLQHG�F\DQLGH�DW�D�OHYHO�RI�DSSUR[LPDWHO\����SDUWV�SHU�PLOOLRQ��ZKLFK
NLOOHG� DOO� WKH� ILVK� LQ� WKH� VPDOO�2PDL�&UHHN� OHDGLQJ� IURP� WKH� EUHDFKHG� GDP� WR� WKH
(VVHTXLER�5LYHU�� 1R� KXPDQ� IDWDOLWLHV� RU� FRQILUPHG� KHDOWK� HIIHFWV� ZHUH� UHSRUWHG�
KRZHYHU�

$PPRQLD�DQG�2WKHU�,QRUJDQLF�3ROOXWDQWV

([FHVVLYH� OHYHOV� RI� DPPRQLDFDO� QLWURJHQ� FDXVH� ZDWHU�TXDOLW\� SUREOHPV�
$PPRQLD�LV�WKH�LQLWLDO�SURGXFW�RI�WKH�GHFD\�RI�QLWURJHQRXV�RUJDQLF�ZDVWHV�� DQG� LWV
SUHVHQFH�IUHTXHQWO\�LQGLFDWHV�WKH�SUHVHQFH�RI�VXFK�ZDVWHV��,W�LV�D�QRUPDO�FRQVWLWXHQW
RI�ORZ�S(�JURXQGZDWHUV�DQG�LV�VRPHWLPHV�DGGHG�WR�GULQNLQJ�ZDWHU��ZKHUH� LW� UHDFWV
ZLWK� FKORULQH� WR� SURYLGH� UHVLGXDO� FKORULQH� �VHH� 6HFWLRQ� ������� 6LQFH� WKH� S.D� RI
DPPRQLXP�LRQ��1+�

���LV�������PRVW�DPPRQLD�LQ�ZDWHU�LV�SUHVHQW�DV�1+�
��UDWKHU�WKDQ

DV�1+��
+\GURJHQ�VXOILGH��+�6��LV�D� SURGXFW� RI� WKH� DQDHURELF� GHFD\� RI� RUJDQLF�PDWWHU

FRQWDLQLQJ� VXOIXU�� ,W� LV� DOVR� SURGXFHG� LQ� WKH� DQDHURELF� UHGXFWLRQ� RI� VXOIDWH� E\
PLFURRUJDQLVPV� �VHH� &KDSWHU� ��� DQG� LV� HYROYHG� DV� D� JDVHRXV� SROOXWDQW� IURP
JHRWKHUPDO� ZDWHUV�� :DVWHV� IURP� FKHPLFDO� SODQWV�� SDSHU� PLOOV�� WH[WLOH� PLOOV�� DQG
WDQQHULHV�PD\�DOVR�FRQWDLQ�+�6��,WV�SUHVHQFH�LV� HDVLO\� GHWHFWHG� E\� LWV� FKDUDFWHULVWLF
URWWHQ�HJJ�RGRU��,Q�ZDWHU��+�6�LV�D�ZHDN�GLSURWLF�DFLG�ZLWK�S.D��RI������DQG�S.D��RI
�������6���LV�QRW�SUHVHQW�LQ�QRUPDO�QDWXUDO�ZDWHUV�� 7KH� VXOILGH� LRQ� KDV� WUHPHQGRXV
DIILQLW\�IRU�PDQ\�KHDY\�PHWDOV��DQG�SUHFLSLWDWLRQ�RI�PHWDOOLF� VXOILGHV� RIWHQ� DFFRP�
SDQLHV�SURGXFWLRQ�RI�+�6�

)UHH�FDUERQ�GLR[LGH��&2���LV�IUHTXHQWO\� SUHVHQW� LQ�ZDWHU� DW� KLJK� OHYHOV� GXH� WR
GHFD\�RI�RUJDQLF�PDWWHU��,W�LV�DOVR�DGGHG�WR�VRIWHQHG�ZDWHU�GXULQJ�ZDWHU�WUHDWPHQW�DV
SDUW�RI�D�UHFDUERQDWLRQ�SURFHVV��VHH�&KDSWHU�����([FHVVLYH�FDUERQ�GLR[LGH�OHYHOV�PD\
PDNH�ZDWHU�PRUH�FRUURVLYH�DQG�PD\�EH�KDUPIXO�WR�DTXDWLF�OLIH�

1LWULWH�LRQ��12�
���RFFXUV�LQ�ZDWHU�DV�DQ�LQWHUPHGLDWH�R[LGDWLRQ�VWDWH�RI�QLWURJHQ

RYHU�D�UHODWLYHO\�QDUURZ�S(�UDQJH��1LWULWH�LV�DGGHG�WR�VRPH�LQGXVWULDO�SURFHVV�ZDWHU
DV�D�FRUURVLRQ�LQKLELWRU��+RZHYHU��LW�UDUHO\� RFFXUV� LQ� GULQNLQJ�ZDWHU� DW� OHYHOV� RYHU
����PJ�/�

6XOILWH� LRQ�� 62�
���� LV� IRXQG� LQ� VRPH� LQGXVWULDO�ZDVWHZDWHUV�� 6RGLXP� VXOILWH� LV

FRPPRQO\�DGGHG�WR�ERLOHU�IHHGZDWHUV�DV�DQ�R[\JHQ�VFDYHQJHU�

�62�
�����2� ȝ ���62�

�� �������
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6LQFH�S.D��RI�VXOIXURXV�DFLG�LV������DQG�S.D��LV�������VXOILWH�H[LVWV�DV�HLWKHU�+62�
�

RU� 62�
��� LQ� QDWXUDO�ZDWHUV�� GHSHQGLQJ� XSRQ� S+�� ,W� PD\� EH� QRWHG� WKDW� K\GUD]LQH�

1�+���DOVR�IXQFWLRQV�DV�DQ�R[\JHQ�VFDYHQJHU�

1�+����2� ȝ ���+�2���1��J� �������

$VEHVWRV�LQ�:DWHU

7KH�WR[LFLW\�RI�LQKDOHG�DVEHVWRV�LV�ZHOO�HVWDEOLVKHG�� 7KH� ILEHUV� VFDU� OXQJ� WLVVXH
DQG�FDQFHU�HYHQWXDOO\�GHYHORSV��RIWHQ����RU����\HDUV�DIWHU�H[SRVXUH��,W�LV�QRW�NQRZQ
IRU� VXUH� ZKHWKHU� DVEHVWRV� LV� WR[LF� LQ� GULQNLQJ� ZDWHU�� 7KLV� KDV� EHHQ� D� PDWWHU� RI
FRQVLGHUDEOH� FRQFHUQ� EHFDXVH� RI� WKH� GXPSLQJ� RI� WDFRQLWH� �LURQ� RUH� WDLOLQJV�
FRQWDLQLQJ� DVEHVWRV�OLNH� ILEHUV� LQWR� /DNH� 6XSHULRU�� 7KH� ILEHUV� KDYH� EHHQ� IRXQG� LQ
GULQNLQJ�ZDWHUV�RI�FLWLHV�DURXQG�WKH�ODNH��$IWHU�KDYLQJ�GXPSHG�WKH�WDLOLQJV�LQWR�/DNH
6XSHULRU�VLQFH�������WKH�5HVHUYH�0LQLQJ�&RPSDQ\�DW�6LOYHU�%D\�RQ�/DNH�6XSHULRU
VROYHG� WKH� SUREOHP� LQ� ����� E\� FRQVWUXFWLQJ� D� ��VTXDUH�PLOH� FRQWDLQPHQW� EDVLQ
LQODQG�IURP�WKH�ODNH��7KLV������PLOOLRQ�IDFLOLW\� NHHSV� WKH� WDFRQLWH� WDLOLQJV� FRYHUHG
ZLWK�D���PHWHU�OD\HU�RI�ZDWHU�WR�SUHYHQW�HVFDSH�RI�ILEHU�GXVW�

���� $/*$/�1875,(176�$1'�(87523+,&$7,21

7KH� WHUP� HXWURSKLFDWLRQ�� GHULYHG� IURP� WKH� *UHHN� ZRUG� PHDQLQJ� ³ZHOO�
QRXULVKHG�´� GHVFULEHV� D� FRQGLWLRQ� RI� ODNHV� RU� UHVHUYRLUV� LQYROYLQJ� H[FHVV� DOJDO
JURZWK��$OWKRXJK�VRPH�DOJDO�SURGXFWLYLW\�LV�QHFHVVDU\�WR�VXSSRUW�WKH�IRRG�FKDLQ� LQ
DQ� DTXDWLF� HFRV\VWHP�� � H[FHVV� JURZWK� XQGHU� HXWURSKLF� FRQGLWLRQV� PD\� HYHQWXDOO\
OHDG�WR�VHYHUH�GHWHULRUDWLRQ�RI�WKH�ERG\�RI�ZDWHU��7KH�ILUVW�VWHS�LQ�HXWURSKLFDWLRQ�RI�D
ERG\� RI�ZDWHU� LV� DQ� LQSXW� RI� SODQW� QXWULHQWV� �7DEOH� ����� IURP�ZDWHUVKHG� UXQRII� RU
VHZDJH��7KH�QXWULHQW�ULFK�ERG\�RI�ZDWHU�WKHQ�SURGXFHV�D�JUHDW�GHDO�RI�SODQW�ELRPDVV
E\�SKRWRV\QWKHVLV��DORQJ�ZLWK�D� VPDOOHU� DPRXQW� RI� DQLPDO� ELRPDVV��'HDG� ELRPDVV
DFFXPXODWHV�LQ�WKH�ERWWRP�RI�WKH�ODNH��ZKHUH� LW� SDUWLDOO\� GHFD\V�� UHF\FOLQJ� QXWULHQW
FDUERQ� GLR[LGH�� SKRVSKRUXV�� QLWURJHQ�� DQG� SRWDVVLXP�� ,I� WKH� ODNH� LV� QRW� WRR� GHHS�
ERWWRP�URRWHG�SODQWV�EHJLQ�WR�JURZ��DFFHOHUDWLQJ�WKH�DFFXPXODWLRQ�RI�VROLG�PDWHULDO
LQ� WKH� EDVLQ�� (YHQWXDOO\� D� PDUVK� LV� IRUPHG�� ZKLFK� ILQDOO\� ILOOV� LQ� WR� SURGXFH� D
PHDGRZ�RU�IRUHVW��

(XWURSKLFDWLRQ�LV�RIWHQ� D� QDWXUDO� SKHQRPHQRQ�� IRU� LQVWDQFH�� LW� LV� EDVLFDOO\� UHV�
SRQVLEOH� IRU� WKH� IRUPDWLRQ� RI� KXJH� GHSRVLWV� RI� FRDO� DQG� SHDW�� +RZHYHU�� KXPDQ
DFWLYLW\� FDQ� JUHDWO\� DFFHOHUDWH� WKH� SURFHVV�� 7R� XQGHUVWDQG�ZK\� WKLV� LV� VR�� UHIHU� WR
7DEOH� �����ZKLFK� VKRZV� WKH� FKHPLFDO� HOHPHQWV� QHHGHG� IRU� SODQW� JURZWK�� 0RVW� RI
WKHVH�DUH�SUHVHQW�DW�OHYHOV�PRUH�WKDQ� VXIILFLHQW� WR� VXSSRUW� SODQW� OLIH� LQ� WKH� DYHUDJH
ODNH� RU� UHVHUYRLU�� +\GURJHQ� DQG� R[\JHQ� FRPH� IURP� WKH� ZDWHU� LWVHOI�� &DUERQ� LV
SURYLGHG�E\�&2��IURP� WKH� DWPRVSKHUH� RU� IURP� GHFD\LQJ� YHJHWDWLRQ�� 6XOIDWH��PDJ�
QHVLXP�� DQG� FDOFLXP� DUH� QRUPDOO\� SUHVHQW� LQ� DEXQGDQFH� IURP� PLQHUDO� VWUDWD� LQ
FRQWDFW�ZLWK�WKH�ZDWHU��7KH�PLFURQXWULHQWV�DUH�UHTXLUHG�DW�RQO\�YHU\�ORZ�OHYHOV��IRU
H[DPSOH��DSSUR[LPDWHO\����SSE�IRU�FRSSHU���7KHUHIRUH��WKH�QXWULHQWV�PRVW� OLNHO\� WR
EH�OLPLWLQJ�DUH�WKH�³IHUWLOL]HU´�HOHPHQWV���QLWURJHQ��SKRVSKRUXV��DQG�SRWDVVLXP��7KHVH
DUH�DOO�SUHVHQW�LQ�VHZDJH�DQG�DUH��RI�FRXUVH��IRXQG�LQ�UXQRII�IURP�KHDYLO\� IHUWLOL]HG
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ILHOGV��7KH\�DUH�DOVR�FRQVWLWXHQWV�RI�YDULRXV�NLQGV�RI�LQGXVWULDO�ZDVWHV��(DFK�RI�WKHVH
HOHPHQWV� FDQ� DOVR� FRPH� IURP� QDWXUDO� VRXUFHV²SKRVSKRUXV� DQG� SRWDVVLXP� IURP
PLQHUDO� IRUPDWLRQV�� DQG� QLWURJHQ� IL[HG� E\� EDFWHULD�� F\DQREDFWHULD�� RU� GLVFKDUJH� RI
OLJKWQLQJ�LQ�WKH�DWPRVSKHUH��

7DEOH�������(VVHQWLDO�3ODQW�1XWULHQWV���6RXUFHV�DQG�)XQFWLRQV

1XWULHQW 6RXUFH )XQFWLRQ

0DFURQXWULHQWV

&DUERQ��&2�� $WPRVSKHUH��GHFD\ %LRPDVV�FRQVWLWXHQW

+\GURJHQ :DWHU %LRPDVV�FRQVWLWXHQW

2[\JHQ :DWHU %LRPDVV�FRQVWLWXHQW

1LWURJHQ��12�
�� 'HFD\��SROOXWDQWV��DWPRVSKHUH 3URWHLQ�FRQVWLWXHQW

���IURP�QLWURJHQ�IL[LQJ�RUJDQLVPV�

3KRVSKRUXV 'HFD\��PLQHUDOV� '1$�51$�FRQVWLWXHQW
�SKRVSKDWH� ��SROOXWDQWV

3RWDVVLXP 0LQHUDOV��SROOXWDQWV 0HWDEROLF�IXQFWLRQ

6XOIXU��VXOIDWH� 0LQHUDOV 3URWHLQV��HQ]\PHV

0DJQHVLXP 0LQHUDOV 0HWDEROLF�IXQFWLRQ

&DOFLXP 0LQHUDOV 0HWDEROLF�IXQFWLRQ

0LFURQXWULHQWV

%��&O��&R��&X��)H� 0LQHUDOV��SROOXWDQWV 0HWDEROLF�IXQFWLRQ�DQG�RU
0R��0Q��1D��6L� �� FRQVWLWXHQW�RI�HQ]\PHV
9��=Q

,Q�PRVW�FDVHV��WKH�VLQJOH�SODQW�QXWULHQW�PRVW�OLNHO\�WR�EH�OLPLWLQJ�LV�SKRVSKRUXV�
DQG�LW�LV�JHQHUDOO\�QDPHG�DV�WKH�FXOSULW�LQ�H[FHVVLYH�HXWURSKLFDWLRQ��+RXVHKROG�GHWHU�
JHQWV�DUH�D�FRPPRQ�VRXUFH�RI�SKRVSKDWH�LQ�ZDVWHZDWHU�� DQG� HXWURSKLFDWLRQ� FRQWURO
KDV�FRQFHQWUDWHG�XSRQ�HOLPLQDWLQJ�SKRVSKDWHV�IURP�GHWHUJHQWV��UHPRYLQJ�SKRVSKDWH
DW� WKH� VHZDJH� WUHDWPHQW� SODQW�� DQG� SUHYHQWLQJ� SKRVSKDWH�ODGHQ� VHZDJH� HIIOXHQWV
�WUHDWHG�RU�XQWUHDWHG��IURP�HQWHULQJ� ERGLHV� RI�ZDWHU�� �6HH�&KDSWHU� �� IRU� DGGLWLRQDO
GHWDLOV�UHJDUGLQJ�SKRVSKDWHV�DQG�GHWHUJHQW�SKRVSKDWH�VXEVWLWXWHV�LQ�ZDWHU��

,Q� VRPH� FDVHV�� QLWURJHQ� RU� HYHQ� FDUERQ� PD\� EH� OLPLWLQJ� QXWULHQWV�� 7KLV� LV
SDUWLFXODUO\�WUXH�RI�QLWURJHQ�LQ�VHDZDWHU�

7KH�ZKROH� HXWURSKLFDWLRQ� SLFWXUH� LV� D� FRPSOH[� RQH�� DQG� FRQWLQXHG� UHVHDUFK� LV
QHHGHG�WR�VROYH�WKH�SUREOHP��,W�LV�LQGHHG�LURQLF�WKDW�LQ�D�IRRG�SRRU�ZRUOG��QXWULHQW�
ULFK�ZDVWHV� IURP� RYHUIHUWLOL]HG� ILHOGV� RU� IURP� VHZDJH� DUH� FDXVLQJ� H[FHVVLYH� SODQW
JURZWK� LQ�PDQ\� ODNHV� DQG� UHVHUYRLUV�� 7KLV� LOOXVWUDWHV� D� SRLQW� WKDW� LQ� PDQ\� FDVHV
SROOXWDQWV�DUH�UHVRXUFHV��LQ�WKLV�FDVH��SODQW�QXWULHQWV��JRQH�WR�ZDVWH��
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$TXDWLF� ELRWD� DUH� VHQVLWLYH� WR� H[WUHPHV� RI� S+�� /DUJHO\� EHFDXVH� RI� RVPRWLF
HIIHFWV��WKH\�FDQQRW�OLYH�LQ�D�PHGLXP�KDYLQJ�D�VDOLQLW\�WR�ZKLFK�WKH\�DUH�QRW�DGDSWHG�
7KXV��D�IUHVK�ZDWHU�ILVK�VRRQ�VXFFXPEV�LQ�WKH�RFHDQ��DQG�VHD� ILVK� QRUPDOO\� FDQQRW
OLYH�LQ�IUHVK�ZDWHU��([FHVV�VDOLQLW\�VRRQ�NLOOV�SODQWV�QRW�DGDSWHG�WR�LW�� 7KHUH� DUH�� RI
FRXUVH��UDQJHV�LQ�VDOLQLW\�DQG�S+�LQ�ZKLFK�RUJDQLVPV�OLYH��$V�VKRZQ�LQ�)LJXUH�����
WKHVH� UDQJHV� IUHTXHQWO\� PD\� EH� UHSUHVHQWHG� E\� D� UHDVRQDEO\� V\PPHWULFDO� FXUYH�
DORQJ� WKH� IULQJHV� RI� ZKLFK� DQ� RUJDQLVP� PD\� OLYH� ZLWKRXW� UHDOO\� WKULYLQJ�� 7KHVH
FXUYHV�GR�QRW�JHQHUDOO\�H[KLELW�D�VKDUS� FXWRII� DW� RQH� HQG� RU� WKH� RWKHU�� DV� GRHV� WKH
KLJK�WHPSHUDWXUH�HQG�RI�WKH�FXUYH�UHSUHVHQWLQJ�WKH�JURZWK�RI�EDFWHULD�DV�D�IXQFWLRQ
RI�WHPSHUDWXUH��)LJXUH������

7KH�PRVW�FRPPRQ�VRXUFH�RI�SROOXWDQW�DFLG�LQ�ZDWHU�LV�DFLG�PLQH�GUDLQDJH��7KH
VXOIXULF�DFLG�LQ�VXFK�GUDLQDJH�DULVHV�IURP�WKH�PLFURELDO�R[LGDWLRQ�RI�S\ULWH�RU�RWKHU
VXOILGH�PLQHUDOV�DV�GHVFULEHG�LQ�&KDSWHU� ��� 7KH� YDOXHV� RI� S+� HQFRXQWHUHG� LQ� DFLG�
SROOXWHG�ZDWHU�PD\ IDOO� EHORZ� ��� D� FRQGLWLRQ� GHDGO\� WR�PRVW� IRUPV� RI� DTXDWLF� OLIH
H[FHSW�WKH�FXOSULW�EDFWHULD�PHGLDWLQJ�WKH�S\ULWH�DQG�LURQ�,,�� R[LGDWLRQ��ZKLFK� WKULYH
XQGHU� YHU\� ORZ� S+� FRQGLWLRQV�� ,QGXVWULDO� ZDVWHV� IUHTXHQWO\� KDYH� WKH� SRWHQWLDO� WR
FRQWULEXWH� VWURQJ� DFLG� WR� ZDWHU�� 6XOIXULF� DFLG� SURGXFHG� E\� WKH� DLU� R[LGDWLRQ� RI
SROOXWDQW�VXOIXU�GLR[LGH��VHH�&KDSWHU�����HQWHUV�QDWXUDO�ZDWHUV� DV� DFLGLF� UDLQIDOO�� ,Q
FDVHV�ZKHUH�WKH�ZDWHU�GRHV�QRW�KDYH�FRQWDFW�ZLWK�D�EDVLF�PLQHUDO��VXFK�DV�OLPHVWRQH�
WKH�ZDWHU�S+�PD\�EHFRPH�GDQJHURXVO\�ORZ��7KLV�FRQGLWLRQ�RFFXUV�LQ�VRPH�&DQDGLDQ
ODNHV��IRU�H[DPSOH�

� � ��
S+

�

0D[LPXP

)LJXUH�������$�JHQHUDOL]HG�SORW�RI�WKH�JURZWK�RI�DQ�DTXDWLF�RUJDQLVP�DV�D�IXQFWLRQ�RI�S+�

([FHVV� DONDOLQLW\�� DQG� IUHTXHQWO\� DFFRPSDQ\LQJ� KLJK� S+�� JHQHUDOO\� DUH� QRW
LQWURGXFHG�GLUHFWO\�LQWR�ZDWHU�IURP�DQWKURSRJHQLF�VRXUFHV��+RZHYHU��LQ�PDQ\� JHR�
JUDSKLF�DUHDV��WKH�VRLO�DQG�PLQHUDO�VWUDWD�DUH�DONDOLQH�DQG�LPSDUW�D�KLJK�DONDOLQLW\�WR
ZDWHU��+XPDQ� DFWLYLW\� FDQ� DJJUDYDWH� WKH� VLWXDWLRQ²IRU� H[DPSOH�� E\� H[SRVXUH� RI
DONDOLQH� RYHUEXUGHQ� IURP� VWULS� PLQLQJ� WR� VXUIDFH� ZDWHU� RU� JURXQGZDWHU�� ([FHVV
DONDOLQLW\�LQ�ZDWHU�LV�PDQLIHVWHG�E\�D�FKDUDFWHULVWLF�IULQJH�RI�ZKLWH�VDOWV�DW�WKH�HGJHV
RI�D�ERG\�RI�ZDWHU�RU�RQ�WKH�EDQNV�RI�D�VWUHDP�
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:DWHU�VDOLQLW\�PD\�EH�LQFUHDVHG�E\�D�QXPEHU�RI�KXPDQ�DFWLYLWLHV��:DWHU�SDVVLQJ
WKURXJK� D� PXQLFLSDO� ZDWHU� V\VWHP� LQHYLWDEO\� SLFNV� XS� VDOW� IURP� D� QXPEHU� RI
SURFHVVHV��IRU�H[DPSOH��UHFKDUJLQJ�ZDWHU�VRIWHQHUV�ZLWK�VRGLXP�FKORULGH�LV�D�PDMRU
FRQWULEXWRU�WR�VDOLQLW\�LQ�PXQLFLSDO�ZDVWHZDWHU��6DOWV�FDQ�OHDFK�IURP�VSRLO�SLOHV��2QH
RI�WKH�PDMRU�HQYLURQPHQWDO�FRQVWUDLQWV�RQ�WKH�SURGXFWLRQ�RI�VKDOH�RLO��IRU�H[DPSOH��LV
WKH� KLJK� SHUFHQWDJH� RI� OHDFKDEOH� VRGLXP� VXOIDWH� LQ� SLOHV� RI� VSHQW� VKDOH�� &DUHIXO
FRQWURO�RI�WKHVH�ZDVWHV� LV� QHFHVVDU\� WR� SUHYHQW� IXUWKHU� VDOLQH� SROOXWLRQ� RI�ZDWHU� LQ
DUHDV�ZKHUH�VDOLQLW\�LV�DOUHDG\�D�SUREOHP��,UULJDWLRQ�DGGV�D�JUHDW�GHDO�RI�VDOW�WR�ZDWHU�
D� SKHQRPHQRQ� UHVSRQVLEOH� IRU� WKH� 6DOWRQ� 6HD� LQ� &DOLIRUQLD�� DQG� LV� D� VRXUFH� RI
FRQIOLFW�EHWZHHQ�WKH�8QLWHG�6WDWHV�DQG�0H[LFR�RYHU�VDOLQH�FRQWDPLQDWLRQ�RI�WKH�5LR
*UDQGH� DQG�&RORUDGR� ULYHUV�� ,UULJDWLRQ� DQG� LQWHQVLYH� DJULFXOWXUDO� SURGXFWLRQ� KDYH
FDXVHG�VDOLQH�VHHSV� LQ� VRPH� RI� WKH�:HVWHUQ� VWDWHV�� 7KHVH� RFFXU�ZKHQ�ZDWHU� VHHSV
LQWR�D�VOLJKW�GHSUHVVLRQ�LQ�WLOOHG��VRPHWLPHV� LUULJDWHG�� IHUWLOL]HG� ODQG�� FDUU\LQJ� VDOWV
�SDUWLFXODUO\� VRGLXP��PDJQHVLXP�� DQG� FDOFLXP� VXOIDWHV�� DORQJ� ZLWK� LW�� 7KH� ZDWHU
HYDSRUDWHV�LQ�WKH�GU\�VXPPHU�KHDW��OHDYLQJ�EHKLQG�D�VDOW�ODGHQ�DUHD�ZKLFK�QR�ORQJHU
VXSSRUWV� PXFK� SODQW� JURZWK�� :LWK� WLPH�� WKHVH� DUHDV� VSUHDG�� GHVWUR\LQJ� WKH� SUR�
GXFWLYLW\�RI�FURS�ODQG�

���� 2;<*(1��2;,'$176��$1'�5('8&7$176

2[\JHQ�LV�D�YLWDOO\�LPSRUWDQW�VSHFLHV�LQ�ZDWHU��VHH�&KDSWHU�����,Q�ZDWHU��R[\JHQ
LV�FRQVXPHG�UDSLGO\�E\�WKH�R[LGDWLRQ�RI�RUJDQLF�PDWWHU��^&+�2`�

^&+�2`���2�
0LFURRUJDQLVPV &2����+�2 �������

8QOHVV�WKH�ZDWHU�LV�UHDHUDWHG�HIILFLHQWO\��DV�E\�WXUEXOHQW�IORZ�LQ�D�VKDOORZ�VWUHDP��LW
UDSLGO\�ORVHV�R[\JHQ�DQG�ZLOO�QRW�VXSSRUW�KLJKHU�IRUPV�RI�DTXDWLF�OLIH�

,Q�DGGLWLRQ�WR�WKH�PLFURRUJDQLVP�PHGLDWHG�R[LGDWLRQ�RI�RUJDQLF�PDWWHU�� R[\JHQ
LQ�ZDWHU�PD\�EH�FRQVXPHG�E\�WKH�ELRR[LGDWLRQ�RI�QLWURJHQRXV�PDWHULDO�

1+�
�����2� ȝ ���+����12�

����+�2 �������

DQG�E\�WKH�FKHPLFDO�RU�ELRFKHPLFDO�R[LGDWLRQ�RI�FKHPLFDO�UHGXFLQJ�DJHQWV�

�)H�����2�����+�2��ȝ ���)H�2+���V�����+
� �������

�62�
�����2� ȝ ���62�

�� �������

$OO�WKHVH�SURFHVVHV�FRQWULEXWH�WR�WKH�GHR[\JHQDWLRQ�RI�ZDWHU�
7KH�GHJUHH�RI�R[\JHQ� FRQVXPSWLRQ� E\�PLFURELDOO\�PHGLDWHG� R[LGDWLRQ� RI� FRQ�

WDPLQDQWV�LQ�ZDWHU�LV�FDOOHG�WKH�ELRFKHPLFDO�R[\JHQ�GHPDQG��RU�ELRORJLFDO�R[\JHQ
GHPDQG���%2'��7KLV�SDUDPHWHU�LV�FRPPRQO\�PHDVXUHG�E\�GHWHUPLQLQJ�WKH�TXDQWLW\
RI� R[\JHQ� XWLOL]HG� E\� VXLWDEOH� DTXDWLF� PLFURRUJDQLVPV� GXULQJ� D� ILYH�GD\� SHULRG�
'HVSLWH� WKH� VRPHZKDW� DUELWUDU\� ILYH�GD\� SHULRG�� WKLV� WHVW� UHPDLQV� D� UHVSHFWDEOH
PHDVXUH�RI�WKH�VKRUW�WHUP�R[\JHQ�GHPDQG�H[HUWHG�E\�D�SROOXWDQW��

7KH�DGGLWLRQ�RI�R[LGL]DEOH�SROOXWDQWV�WR�VWUHDPV�SURGXFHV� D� W\SLFDO� R[\JHQ� VDJ
FXUYH�DV�VKRZQ�LQ�)LJXUH������,QLWLDOO\��D�ZHOO�DHUDWHG��XQSROOXWHG�VWUHDP�LV UHODWLYHO\
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IUHH RI R[LGL]DEOH PDWHULDO� WKH R[\JHQ OHYHO LV�KLJK� DQG�WKH�EDFWHULDO�SRSXODWLRQ�LV
UHODWLYHO\� ORZ��:LWK� WKH� DGGLWLRQ� RI� R[LGL]DEOH� SROOXWDQW�� WKH� R[\JHQ� OHYHO� GURSV
EHFDXVH�UHDHUDWLRQ�FDQQRW�NHHS�XS�ZLWK�R[\JHQ�FRQVXPSWLRQ��,Q�WKH� GHFRPSRVLWLRQ
]RQH�� WKH� EDFWHULDO� SRSXODWLRQ� ULVHV�� 7KH� VHSWLF� ]RQH� LV� FKDUDFWHUL]HG� E\� D� KLJK
EDFWHULDO�SRSXODWLRQ�DQG�YHU\�ORZ� R[\JHQ� OHYHOV�� 7KH� VHSWLF� ]RQH� WHUPLQDWHV�ZKHQ
WKH� R[LGL]DEOH� SROOXWDQW� LV� H[KDXVWHG�� DQG� WKHQ� WKH� UHFRYHU\� ]RQH� EHJLQV�� ,Q� WKH
UHFRYHU\� ]RQH�� WKH� EDFWHULDO� SRSXODWLRQ� GHFUHDVHV� DQG� WKH� GLVVROYHG� R[\JHQ� OHYHO
LQFUHDVHV�XQWLO�WKH�ZDWHU�UHJDLQV�LWV�RULJLQDO�FRQGLWLRQ�

&OHDQ
]RQH

'HFRPSRVLWLRQ
]RQH

6HSWLF
]RQH

5HFRYHU\
]RQH

7LPH�RU�GLVWDQFH�GRZQVWUHDP

$GGLWLRQ�RI
SROOXWDQW

&OHDQ
]RQH

/HYHO�RI�R[LGL]DEOH
SROOXWDQW

'LVVROYHG
R[\JHQ

)LJXUH������ �2[\JHQ�VDJ� FXUYH� UHVXOWLQJ� IURP� WKH� DGGLWLRQ� RI� R[LGL]DEOH� SROOXWDQW� PDWHULDO� WR� D
VWUHDP�

$OWKRXJK� %2'� LV� D� UHDVRQDEO\� UHDOLVWLF� PHDVXUH� RI� ZDWHU� TXDOLW\� LQVRIDU� DV
R[\JHQ�LV�FRQFHUQHG��WKH�WHVW�IRU�GHWHUPLQLQJ�LW�LV�WLPH�FRQVXPLQJ�DQG�FXPEHUVRPH
WR� SHUIRUP�� 7RWDO� RUJDQLF� FDUERQ� �72&��� LV� IUHTXHQWO\� PHDVXUHG� E\� FDWDO\WLFDOO\
R[LGL]LQJ�FDUERQ�LQ�WKH�ZDWHU�DQG�PHDVXULQJ�WKH�&2��WKDW�LV�HYROYHG��,W�KDV�EHFRPH
SRSXODU�EHFDXVH�72&�LV�UHDGLO\�GHWHUPLQHG�LQVWUXPHQWDOO\��

����� 25*$1,&�32//87$176�

6HZDJH

$V� VKRZQ� LQ� 7DEOH� ����� VHZDJH� IURP� GRPHVWLF�� FRPPHUFLDO�� IRRG�SURFHVVLQJ�
DQG� LQGXVWULDO� VRXUFHV� FRQWDLQV� D� ZLGH� YDULHW\� RI� SROOXWDQWV�� LQFOXGLQJ� RUJDQLF
SROOXWDQWV��6RPH�RI�WKHVH�SROOXWDQWV��SDUWLFXODUO\�R[\JHQ�GHPDQGLQJ�VXEVWDQFHV��VHH
6HFWLRQ� ����²RLO�� JUHDVH�� DQG� VROLGV²DUH� UHPRYHG� E\� SULPDU\� DQG� VHFRQGDU\
VHZDJH�WUHDWPHQW� SURFHVVHV�� 2WKHUV�� VXFK� DV� VDOWV�� KHDY\� PHWDOV�� DQG� UHIUDFWRU\
�GHJUDGDWLRQ�UHVLVWDQW��RUJDQLFV��DUH�QRW�HIILFLHQWO\�UHPRYHG�

'LVSRVDO� RI� LQDGHTXDWHO\� WUHDWHG� VHZDJH� FDQ� FDXVH� VHYHUH� SUREOHPV�� )RU
H[DPSOH��RIIVKRUH� GLVSRVDO� RI� VHZDJH�� RQFH� FRPPRQO\� SUDFWLFHG� E\� FRDVWDO� FLWLHV�
UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� EHGV� RI� VHZDJH� UHVLGXHV�� 0XQLFLSDO� VHZDJH� W\SLFDOO\
FRQWDLQV�DERXW������VROLGV��HYHQ�DIWHU�WUHDWPHQW��DQG�WKHVH�VHWWOH�RXW�LQ�WKH�RFHDQ�LQ
D�W\SLFDO SDWWHUQ��LOOXVWUDWHG�LQ�)LJXUH������7KH�ZDUP�VHZDJH�ZDWHU�ULVHV�LQ�WKH�FROG
K\SROLPQLRQ DQG LV FDUULHG LQ RQH�GLUHFWLRQ�RU�DQRWKHU�E\�WLGHV�RU�FXUUHQWV��,W�GRHV�QRW
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7DEOH�������6RPH�RI�WKH�3ULPDU\�&RQVWLWXHQWV�RI�6HZDJH�IURP�D�&LW\�6HZDJH�6\VWHP

&RQVWLWXHQW 3RWHQWLDO�VRXUFHV (IIHFWV�LQ�ZDWHU

2[\JHQ�GHPDQGLQJ 0RVWO\�RUJDQLF�PDWHULDOV� &RQVXPH�GLVVROYHG�R[\JHQ
��VXEVWDQFHV ��SDUWLFXODUO\�KXPDQ�IHFHV

5HIUDFWRU\�RUJDQLFV ,QGXVWULDO�ZDVWHV��KRXVH� 7R[LF�WR�DTXDWLF�OLIH
��KROG�SURGXFWV

9LUXVHV +XPDQ�ZDVWHV &DXVH�GLVHDVH��SRVVLEO\�FDQFHU��
� PDMRU�GHWHUUHQW�WR�VHZDJH�UHF\FOH

WKURXJK�ZDWHU�V\VWHPV

'HWHUJHQWV +RXVHKROG�GHWHUJHQWV (VWKHWLFV��SUHYHQW�JUHDVH�DQG�RLO
UHPRYDO��WR[LF�WR�DTXDWLF�OLIH

3KRVSKDWHV 'HWHUJHQWV $OJDO�QXWULHQWV

*UHDVH�DQG�RLO &RRNLQJ��IRRG�SURFHVVLQJ� (VWKHWLFV��KDUPIXO�WR�VRPH�DTXDWLF
LQGXVWULDO�ZDVWHV OLIH

6DOWV +XPDQ�ZDVWHV��ZDWHU ,QFUHDVH�ZDWHU�VDOLQLW\
VRIWHQHUV��LQGXVWULDO
ZDVWHV

+HDY\�PHWDOV ,QGXVWULDO�ZDVWHV��FKHP� 7R[LFLW\
LFDO�ODERUDWRULHV

&KHODWLQJ�DJHQWV 6RPH�GHWHUJHQWV��LQGXV� +HDY\�PHWDO�LRQ�VROXELOL]DWLRQ
GXVWULDO�ZDVWHV DQG�WUDQVSRUW

6ROLGV $OO�VRXUFHV (VWKHWLFV��KDUPIXO�WR�DTXDWLF�OLIH

2XWIDOO
SLSH

7KHUPRFOLQH
7UHDWPHQW
SODQW

6HGLPHQW�IURP�VHZDJH
6HZDJH�'LVFKDUJH

)LJXUH�������6HWWOLQJ�RI�VROLGV�IURP�DQ�RFHDQ�IORRU�VHZDJH�HIIOXHQW�GLVFKDUJH�
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ULVH�DERYH�WKH�WKHUPRFOLQH��LQVWHDG��LW�VSUHDGV�RXW�DV�D�FORXG�IURP�ZKLFK� WKH� VROLGV
UDLQ�GRZQ�RQ�WKH�RFHDQ�IORRU��$JJUHJDWLRQ�RI�VHZDJH�FROORLGV�LV�DLGHG�E\�GLVVROYHG
VDOWV�LQ�VHDZDWHU��VHH�&KDSWHU�����WKXV�SURPRWLQJ�WKH�IRUPDWLRQ�RI�VOXGJH�FRQWDLQLQJ
VHGLPHQW�

$QRWKHU�PDMRU�GLVSRVDO�SUREOHP�ZLWK�VHZDJH�LV�WKH�VOXGJH�SURGXFHG�DV�D�SURGXFW
RI� WKH� VHZDJH� WUHDWPHQW� SURFHVV� �VHH� &KDSWHU� ���� 7KLV� VOXGJH� FRQWDLQV� RUJDQLF
PDWHULDO�ZKLFK�FRQWLQXHV�WR�GHJUDGH�VORZO\��UHIUDFWRU\�RUJDQLFV��DQG� KHDY\�PHWDOV�
7KH� DPRXQWV� RI� VOXGJH� SURGXFHG� DUH� WUXO\� VWDJJHULQJ�� )RU� H[DPSOH�� WKH� FLW\� RI
&KLFDJR�SURGXFHV�DERXW���PLOOLRQ�WRQV�RI�VOXGJH�HDFK�\HDU��$�PDMRU�FRQVLGHUDWLRQ�LQ
WKH�VDIH�GLVSRVDO�RI�VXFK�DPRXQWV�RI�VOXGJH�LV�WKH�SUHVHQFH�RI�SRWHQWLDOO\�GDQJHURXV
FRPSRQHQWV�VXFK�DV�KHDY\�PHWDOV�

&DUHIXO�FRQWURO�RI�VHZDJH�VRXUFHV�LV�QHHGHG�WR�PLQLPL]H�VHZDJH�SROOXWLRQ�SURE�
OHPV��3DUWLFXODUO\��KHDY\�PHWDOV�DQG�UHIUDFWRU\�RUJDQLF�FRPSRXQGV�QHHG�WR� EH� FRQ�
WUROOHG�DW�WKH�VRXUFH�WR�HQDEOH�XVH�RI�VHZDJH��RU�WUHDWHG�VHZDJH�HIIOXHQWV��IRU�LUULJD�
WLRQ��UHF\FOLQJ�WR�WKH�ZDWHU�V\VWHP��RU�JURXQGZDWHU�UHFKDUJH�

6RDSV�� GHWHUJHQWV�� DQG� DVVRFLDWHG� FKHPLFDOV� DUH� SRWHQWLDO� VRXUFHV� RI� RUJDQLF
SROOXWDQWV��7KHVH�SROOXWDQWV�DUH�GLVFXVVHG�EULHIO\�KHUH�

6RDSV��'HWHUJHQWV��DQG�'HWHUJHQW�%XLOGHUV

6RDSV

6RDSV�DUH�VDOWV�RI�KLJKHU�IDWW\�DFLGV��VXFK�DV�VRGLXP�VWHDUDWH��&��+��&22
�1D��

7KH�FOHDQLQJ�DFWLRQ�RI�VRDS�UHVXOWV�ODUJHO\�IURP�LWV�HPXOVLI\LQJ�SRZHU�DQG�LWV�DELOLW\
WR� ORZHU� WKH� VXUIDFH� WHQVLRQ� RI� ZDWHU�� 7KLV� FRQFHSW� PD\� EH� XQGHUVWRRG� E\
FRQVLGHULQJ�WKH�GXDO�QDWXUH�RI�WKH�VRDS�DQLRQ��$Q�H[DPLQDWLRQ�RI�LWV�VWUXFWXUH�VKRZV
WKDW� WKH� VWHDUDWH� LRQ� FRQVLVWV� RI� DQ� LRQLF� FDUER[\O� ³KHDG´� DQG� D� ORQJ� K\GURFDUERQ
³WDLO´�

&

2

2
�
�1D�

,Q� WKH� SUHVHQFH� RI� RLOV�� IDWV�� DQG� RWKHU� ZDWHU�LQVROXEOH� RUJDQLF� PDWHULDOV�� WKH
WHQGHQF\�LV�IRU�WKH�³WDLO´�RI�WKH�DQLRQ�WR�GLVVROYH�LQ�WKH�RUJDQLF�PDWWHU��ZKHUHDV�WKH
³KHDG´�UHPDLQV�LQ�DTXDWLF�VROXWLRQ��7KXV��WKH�VRDS�HPXOVLILHV��RU� VXVSHQGV�� RUJDQLF
PDWHULDO�LQ�ZDWHU��,Q�WKH�SURFHVV��WKH�DQLRQV�IRUP�FROORLGDO�VRDS�PLFHOOHV��DV�VKRZQ
LQ�)LJXUH�����

7KH�SULPDU\�GLVDGYDQWDJH�RI�VRDS DV� D� FOHDQLQJ� DJHQW� FRPHV� IURP� LWV� UHDFWLRQ
ZLWK�GLYDOHQW�FDWLRQV�WR�IRUP�LQVROXEOH�VDOWV�RI�IDWW\�DFLGV�

�&��+��&22
�1D����&D�� ȝ ��&D�&��+��&2����V�����1D

� ��������

7KHVH� LQVROXEOH� VROLGV�� XVXDOO\� VDOWV� RI� PDJQHVLXP� RU� FDOFLXP�� DUH� QRW� DW� DOO
HIIHFWLYH� DV� FOHDQLQJ� DJHQWV�� ,Q� DGGLWLRQ�� WKH� LQVROXEOH� ³FXUGV´� IRUP� XQVLJKWO\
GHSRVLWV�RQ�FORWKLQJ�DQG�LQ�ZDVKLQJ�PDFKLQHV��,I�VXIILFLHQW�VRDS� LV� XVHG�� DOO� RI� WKH
GLYDOHQW� FDWLRQV� PD\� EH� UHPRYHG� E\� WKHLU� UHDFWLRQ� ZLWK� VRDS�� DQG� WKH� ZDWHU
FRQWDLQLQJ� H[FHVV� VRDS� ZLOO� KDYH� JRRG� FOHDQLQJ� TXDOLWLHV�� 7KLV� LV� WKH� DSSURDFK
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FRPPRQO\� XVHG�ZKHQ� VRDS� LV� HPSOR\HG�ZLWK� XQVRIWHQHG� ZDWHU� LQ� WKH� EDWKWXE� RU
ZDVK� EDVLQ�� ZKHUH� WKH� LQVROXEOH� FDOFLXP� DQG� PDJQHVLXP� VDOWV� FDQ� EH� WROHUDWHG�
+RZHYHU��LQ�DSSOLFDWLRQV�VXFK�DV�ZDVKLQJ�FORWKLQJ�� WKH�ZDWHU�PXVW� EH� VRIWHQHG� E\
WKH�UHPRYDO�RI�FDOFLXP�DQG�PDJQHVLXP�RU�WKHLU�FRPSOH[DWLRQ�E\�VXEVWDQFHV�VXFK�DV
SRO\SKRVSKDWHV��VHH�6HFWLRQ�������

$OWKRXJK�WKH�IRUPDWLRQ�RI�LQVROXEOH�FDOFLXP�DQG�PDJQHVLXP�VDOWV�KDV�UHVXOWHG�LQ
WKH�HVVHQWLDO�HOLPLQDWLRQ�RI�VRDS�DV�D�FOHDQLQJ�DJHQW� IRU� FORWKLQJ�� GLVKHV�� DQG�PRVW
RWKHU�PDWHULDOV�� LW� KDV� GLVWLQFW� DGYDQWDJHV� IURP� WKH� HQYLURQPHQWDO� VWDQGSRLQW�� $V
VRRQ� DV� VRDS� JHWV� LQWR� VHZDJH� RU� DQ� DTXDWLF� V\VWHP�� LW� JHQHUDOO\� SUHFLSLWDWHV� DV
FDOFLXP�DQG�PDJQHVLXP�VDOWV��+HQFH��DQ\� HIIHFWV� WKDW� VRDS�PLJKW� KDYH� LQ� VROXWLRQ
DUH� HOLPLQDWHG�� :LWK� HYHQWXDO� ELRGHJUDGDWLRQ�� WKH� VRDS� LV� FRPSOHWHO\� HOLPLQDWHG
IURP�WKH�HQYLURQPHQW��7KHUHIRUH��DVLGH�IURP�WKH� RFFDVLRQDO� IRUPDWLRQ� RI� XQVLJKWO\
VFXP��VRDS�GRHV�QRW�FDXVH�DQ\�VXEVWDQWLDO�SROOXWLRQ�SUREOHPV�

'HWHUJHQWV

6\QWKHWLF�GHWHUJHQWV�KDYH�JRRG� FOHDQLQJ� SURSHUWLHV� DQG� GR� QRW� IRUP� LQVROXEOH
VDOWV� ZLWK� ³KDUGQHVV� LRQV´� VXFK� DV� FDOFLXP� DQG� PDJQHVLXP�� 6XFK� V\QWKHWLF
GHWHUJHQWV�KDYH�WKH�DGGLWLRQDO�DGYDQWDJH�RI�EHLQJ�WKH�VDOWV�RI�UHODWLYHO\�VWURQJ�DFLGV
DQG�� WKHUHIRUH�� WKH\� GR� QRW� SUHFLSLWDWH� RXW� RI� DFLGLF� ZDWHUV� DV� LQVROXEOH� DFLGV�� DQ
XQGHVLUDEOH�FKDUDFWHULVWLF�RI�VRDSV��7KH�SRWHQWLDO�RI�GHWHUJHQWV�WR�FRQWDPLQDWH�ZDWHU
LV�KLJK�EHFDXVH�RI�WKHLU�KHDY\�XVH�WKURXJKRXW�WKH�FRQVXPHU��LQVWLWXWLRQDO��DQG�LQGXV�
WULDO� PDUNHWV�� ,W� KDV� EHHQ� SURMHFWHG� WKDW� E\� ������ DERXW� ���� ELOOLRQ� SRXQGV� RI
GHWHUJHQW� VXUIDFWDQWV�ZLOO� EH� FRQVXPHG� LQ� WKH�8�6�� KRXVHKROG� PDUNHW� DORQH�� ZLWK
VOLJKWO\� PRUH� FRQVXPHG� LQ� (XURSH��� 0RVW� RI� WKLV� PDWHULDO�� DORQJ� ZLWK� WKH� RWKHU
LQJUHGLHQWV�DVVRFLDWHG�ZLWK�GHWHUJHQW�IRUPXODWLRQV��LV�GLVFDUHG�ZLWK�ZDVWHZDWHU�

7KH�NH\�LQJUHGLHQW�RI�GHWHUJHQWV�LV�WKH�VXUIDFWDQW�RU�VXUIDFH�DFWLYH�DJHQW��ZKLFK
DFWV�LQ�HIIHFW�WR�PDNH�ZDWHU�³ZHWWHU´�DQG�D�EHWWHU�FOHDQLQJ�DJHQW��6XUIDFWDQWV�FRQFHQ�
WUDWH�DW�LQWHUIDFHV�RI�ZDWHU�ZLWK�JDVHV��DLU���VROLGV��GLUW���DQG�LPPLVFLEOH�OLTXLGV��RLO��
7KH\�GR� VR� EHFDXVH� RI� WKHLU� DPSKLSKLOLF� VWUXFWXUH��PHDQLQJ� WKDW� RQH� SDUW� RI� WKH
PROHFXOH�LV�D�SRODU�RU�LRQLF� JURXS� �KHDG��ZLWK� D� VWURQJ� DIILQLW\� IRU�ZDWHU�� DQG� WKH
RWKHU� SDUW� LV� D� K\GURFDUERQ� JURXS� �WDLO�� ZLWK� DQ� DYHUVLRQ� WR� ZDWHU�� 7KLV� NLQG� RI
VWUXFWXUH� LV� LOOXVWUDWHG� EHORZ� IRU� WKH� VWUXFWXUH� RI� DON\O� EHQ]HQH� VXOIRQDWH� �$%6�
VXUIDFWDQW��
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8QWLO�WKH�HDUO\�����V��$%6�ZDV�WKH�PRVW�FRPPRQ� VXUIDFWDQW� XVHG� LQ� GHWHUJHQW
IRUPXODWLRQV�� +RZHYHU�� LW� VXIIHUHG� WKH� GLVWLQFW� GLVDGYDQWDJH� RI� EHLQJ� RQO\� YHU\
VORZO\�ELRGHJUDGDEOH�EHFDXVH�RI�LWV�EUDQFKHG�FKDLQ�VWUXFWXUH��VHH�6HFWLRQ��������7KH
PRVW�REMHFWLRQDEOH�PDQLIHVWDWLRQ�RI�WKH�QRQELRGHJUDGDEOH�GHWHUJHQWV��LQVRIDU�DV�WKH
DYHUDJH� FLWL]HQ�ZDV� FRQFHUQHG�� ZDV� WKH� ³KHDG´� RI� IRDP� WKDW� EHJDQ� WR� DSSHDU� LQ
JODVVHV�RI�GULQNLQJ�ZDWHU�LQ�DUHDV�ZKHUH�VHZDJH�ZDV�UHF\FOHG�WKURXJK�WKH�GRPHVWLF
ZDWHU� VXSSO\�� 6HZDJH�SODQW� RSHUDWRUV�ZHUH� GLVWXUEHG� E\� VSHFWDFXODU� EHGV� RI� IRDP
ZKLFK�DSSHDUHG�QHDU�VHZDJH�RXWIORZV�DQG�LQ�VHZDJH�WUHDWPHQW�SODQWV��2FFDVLRQDOO\�
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WKH�HQWLUH�DHUDWLRQ�WDQN�RI�DQ�DFWLYDWHG�VOXGJH�SODQW�ZRXOG�EH�VPRWKHUHG�E\�D�EODQNHW
RI�IRDP��$PRQJ�WKH�RWKHU� XQGHVLUDEOH� HIIHFWV� RI� SHUVLVWHQW� GHWHUJHQWV� XSRQ�ZDVWH�
WUHDWPHQW� SURFHVVHV� ZHUH� ORZHUHG� VXUIDFH� WHQVLRQ� RI� ZDWHU�� GHIORFFXODWLRQ� RI
FROORLGV�� IORWDWLRQ� RI� VROLGV�� HPXOVLILFDWLRQ� RI� JUHDVH� DQG� RLO�� DQG� GHVWUXFWLRQ� RI
XVHIXO� EDFWHULD�� &RQVHTXHQWO\�� $%6� ZDV� UHSODFHG� E\� D� ELRGHJUDGDEOH� VXUIDFWDQW
NQRZQ�DV�OLQHDU�DON\O�VXOIRQDWH�/$6�

/$6��Ⴂ±EHQ]HQHVXOIRQDWH��KDV�WKH�JHQHUDO�VWUXFWXUH�LOOXVWUDWHG�DW� WKH� WRS� RI� WKH
QH[W�SDJH�ZKHUH�WKH�EHQ]HQH�ULQJ�PD\�EH�DWWDFKHG� DW� DQ\� SRLQW� RQ� WKH� DON\O� FKDLQ
H[FHSW�DW�WKH�HQGV��/$6�LV�PRUH�ELRGHJUDGDEOH�WKDQ�$%6�EHFDXVH�WKH�DON\O� SRUWLRQ
RI� /$6� LV� QRW� EUDQFKHG� DQG� GRHV� QRW� FRQWDLQ� WKH� WHUWLDU\� FDUERQ� ZKLFK� LV� VR
GHWULPHQWDO WR ELRGHJUDGDELOLW\� 6LQFH�/$6�KDV�UHSODFHG�$%6�LQ�GHWHUJHQWV��WKH�SURE�
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OHPV�DULVLQJ�IURP�WKH�VXUIDFH�DFWLYH�DJHQW�LQ�WKH�GHWHUJHQWV��VXFK�DV�WR[LFLW\�WR�ILVK
ILQJHUOLQJV��KDYH�JUHDWO\�GLPLQLVKHG�DQG�WKH�OHYHOV�RI�VXUIDFH�DFWLYH�DJHQWV�IRXQG�LQ
ZDWHU�KDYH�GHFUHDVHG�PDUNHGO\�

0RVW� RI� WKH� HQYLURQPHQWDO� SUREOHPV� FXUUHQWO\� DWWULEXWHG� WR� GHWHUJHQWV� GR� QRW
DULVH�IURP�WKH�VXUIDFH�DFWLYH�DJHQWV��ZKLFK�EDVLFDOO\�LPSURYH�WKH�ZHWWLQJ�TXDOLWLHV�RI
ZDWHU��7KH�EXLOGHUV�DGGHG�WR�GHWHUJHQWV�FRQWLQXHG�WR�FDXVH�HQYLURQPHQWDO�SUREOHPV
IRU� D� ORQJHU� WLPH�� KRZHYHU��%XLOGHUV� ELQG� WR� KDUGQHVV� LRQV��PDNLQJ� WKH� GHWHUJHQW
VROXWLRQ� DONDOLQH� DQG� JUHDWO\� LPSURYLQJ� WKH� DFWLRQ� RI� WKH� GHWHUJHQW� VXUIDFWDQW�� $
FRPPHUFLDO� VROLG� GHWHUJHQW� FRQWDLQV� RQO\� ������� VXUIDFWDQW�� ,Q� DGGLWLRQ�� VRPH
GHWHUJHQWV�VWLOO�FRQWDLQ�SRO\SKRVSKDWHV�DGGHG�WR�FRPSOH[�FDOFLXP�DQG�WR�IXQFWLRQ�DV
EXLOGHUV��2WKHU�LQJUHGLHQWV�LQFOXGH�LRQ�H[FKDQJHUV��DONDOLHV��VRGLXP�FDUERQDWH���DQWL�
FRUURVLYH�VRGLXP�VLOLFDWHV��DPLGH� IRDP� VWDELOL]HUV�� VRLO�VXVSHQGLQJ� FDUER[\PHWK\O�
FHOOXORVH��EOHDFKHV��IDEULF�VRIWHQHUV��HQ]\PHV��RSWLFDO�EULJKWHQHUV�� IUDJUDQFHV�� G\HV�
DQG�GLOXHQW�VRGLXP�VXOIDWH��2I�WKHVH�PDWHULDOV��WKH�SRO\SKRVSKDWHV�KDYH� FDXVHG� WKH
PRVW� FRQFHUQ� DV� HQYLURQPHQWDO� SROOXWDQWV�� DOWKRXJK� WKHVH� SUREOHPV� KDYH� ODUJHO\
EHHQ�UHVROYHG�

,QFUHDVLQJ�GHPDQGV�RQ�WKH�SHUIRUPDQFH�RI�GHWHUJHQWV�KDYH�OHG�WR�D�JURZLQJ�XVH
RI� HQ]\PHV� LQ� GHWHUJHQW� IRUPXODWLRQV� GHVWLQHG� IRU� ERWK� GRPHVWLF� DQG� FRPPHUFLDO
DSSOLFDWLRQV��7R�D�GHJUHH��HQ]\PHV� FDQ� WDNH� WKH� SODFH� RI� FKORULQH� DQG� SKRVSKDWHV�
ERWK� RI� ZKLFK� FDQ� KDYH� GHWULPHQWDO� HQYLURQPHQWDO� FRQVHTXHQFHV�� /LSDVHV� DQG
FHOOXODVHV�DUH�WKH�PRVW�XVHIXO�HQ]\PHV�IRU�GHWHUJHQW�DSSOLFDWLRQV��

%LRUHIUDFWRU\�2UJDQLF�3ROOXWDQWV

0LOOLRQV� RI� WRQV� RI� RUJDQLF� FRPSRXQGV� DUH� PDQXIDFWXUHG� JOREDOO\� HDFK� \HDU�
6LJQLILFDQW�TXDQWLWLHV�RI�VHYHUDO� WKRXVDQG� VXFK� FRPSRXQGV� DSSHDU� DV�ZDWHU� SROOXW�
DQWV��0RVW� RI� WKHVH� FRPSRXQGV�� SDUWLFXODUO\� WKH� OHVV� ELRGHJUDGDEOH� RQHV�� DUH� VXE�
VWDQFHV� WR�ZKLFK� OLYLQJ� RUJDQLVPV� KDYH� QRW� EHHQ� H[SRVHG� XQWLO� UHFHQW� \HDUV�� )UH�
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TXHQWO\�� WKHLU� HIIHFWV� XSRQ� RUJDQLVPV� DUH� QRW� NQRZQ�� SDUWLFXODUO\� IRU� ORQJ�WHUP
H[SRVXUHV�DW�YHU\�ORZ�OHYHOV��7KH�SRWHQWLDO�RI�V\QWKHWLF�RUJDQLFV�IRU�FDXVLQJ�JHQHWLF
GDPDJH�� FDQFHU�� RU� RWKHU� LOO� HIIHFWV� LV� XQFRPIRUWDEO\� KLJK�� 2Q� WKH� SRVLWLYH� VLGH�
RUJDQLF�SHVWLFLGHV�HQDEOH�D�OHYHO�RI�DJULFXOWXUDO�SURGXFWLYLW\�ZLWKRXW�ZKLFK�PLOOLRQV
ZRXOG� VWDUYH�� 6\QWKHWLF� RUJDQLF� FKHPLFDOV� DUH� LQFUHDVLQJO\� WDNLQJ� WKH� SODFH� RI
QDWXUDO�SURGXFWV�LQ�VKRUW�VXSSO\��7KXV�LW�LV�WKDW�RUJDQLF�FKHPLFDOV�DUH�HVVHQWLDO�WR�WKH
RSHUDWLRQ�RI� D�PRGHUQ� VRFLHW\��%HFDXVH� RI� WKHLU� SRWHQWLDO� GDQJHU�� KRZHYHU�� DFTXL�
VLWLRQ�RI�NQRZOHGJH�DERXW�WKHLU�HQYLURQPHQWDO�FKHPLVWU\�PXVW�KDYH�D�KLJK�SULRULW\�

%LRUHIUDFWRU\�RUJDQLFV �DUH�WKH�RUJDQLF� FRPSRXQGV� RI�PRVW� FRQFHUQ� LQ�ZDVWH�
ZDWHU�� SDUWLFXODUO\� ZKHQ� WKH\� DUH� IRXQG� LQ� VRXUFHV� RI� GULQNLQJ� ZDWHU�� 7KHVH� DUH
SRRUO\� ELRGHJUDGDEOH� VXEVWDQFHV�� SURPLQHQW� DPRQJ� ZKLFK� DUH� DU\O� RU� FKORULQDWHG
K\GURFDUERQV�� ,QFOXGHG� LQ� WKH� OLVW� RI� ELRUHIUDFWRU\� RUJDQLF� LQGXVWULDO� ZDVWHV� DUH
EHQ]HQH�� ERUQ\O� DOFRKRO�� EURPREHQ]HQH�� EURPRFKORUREHQ]HQH�� EXW\OEHQ]HQH�
FDPSKRU�FKORURHWK\O�HWKHU��FKORURIRUP��FKORURPHWK\OHWK\O�HWKHU��FKORURQLWUREHQ]HQH�
FKORURS\ULGLQH�� GLEURPREHQ]HQH�� GLFKORUREHQ]HQH�� GLFKORURHWK\O� HWKHU�
GLQLWURWROXHQH�� HWK\OEHQ]HQH�� HWK\OHQH� GLFKORULGH�� ��HWK\OKH[DQRO�� LVRF\DQLF� DFLG�
LVRSURS\OEHQ]HQH�� PHWK\OELSKHQ\O�� PHWK\O� FKORULGH�� QLWUREHQ]HQH�� VW\UHQH�� WHWUD�
FKORURHWK\OHQH��WULFKORURHWKDQH��WROXHQH��DQG�����GLPHWKR[\EHQ]HQH��0DQ\�RI� WKHVH
FRPSRXQGV�KDYH�EHHQ�IRXQG�LQ�GULQNLQJ�ZDWHU��DQG�VRPH�DUH�NQRZQ� WR� FDXVH� WDVWH
DQG�RGRU�SUREOHPV�LQ�ZDWHU��%LRUHIUDFWRU\�FRPSRXQGV�DUH� QRW� FRPSOHWHO\� UHPRYHG
E\� ELRORJLFDO� WUHDWPHQW�� DQG� ZDWHU� FRQWDPLQDWHG� ZLWK� WKHVH� FRPSRXQGV� PXVW� EH
WUHDWHG�E\�SK\VLFDO�DQG�FKHPLFDO�PHDQV��LQFOXGLQJ�DLU� VWULSSLQJ�� VROYHQW� H[WUDFWLRQ�
R]RQDWLRQ��DQG�FDUERQ�DGVRUSWLRQ�

0HWK\O�WHUW�EXW\O�HWKHU��07%(��

+�& 2 & &+�

&+�

&+�

LV� QRZ� VKRZLQJ� XS� DV� D� ORZ�OHYHO�ZDWHU� SROOXWDQW� LQ� WKH� 8�6�� 7KLV� FRPSRXQG� LV
DGGHG� WR� JDVROLQH� DV� DQ� RFWDQH� ERRVWHU� DQG� WR� GHFUHDVH� HPLVVLRQV� RI� DXWRPRWLYH
H[KDXVW�DLU�SROOXWDQWV��$�GHWDLOHG�VWXG\�RI�WKH�RFFXUUHQFH�RI�07%(�LQ�'RQQHU�/DNH
�&DOLIRUQLD�� VKRZHG� VLJQLILFDQW� OHYHOV� RI� WKLV� SROOXWDQW�� ZKLFK� VSLNHG� XSZDUG
GUDPDWLFDOO\�RYHU�WKH�-XO\���KROLGD\���7KH\�ZHUH�DWWULEXWHG� ODUJHO\� WR� HPLVVLRQV� RI
XQEXUQHG� IXHO� IURP� UHFUHDWLRQDO� PRWRUERDWV� DQG� SHUVRQDO� ZDWHUFUDIW� KDYLQJ� WZR�
F\FOH�HQJLQHV�WKDW� GLVFKDUJH� WKHLU� H[KDXVWV� GLUHFWO\� WR� WKH�ZDWHU�� ,Q� ����� WKH�8�6�
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�SURSRVHG�SKDVLQJ�RXW�WKH�XVH�RI�07%(� LQ� JDVR�
OLQH��ODUJHO\�EHFDXVH�RI�LWV�SRWHQWLDO�WR�SROOXWH�ZDWHU�

1DWXUDOO\�2FFXUULQJ�&KORULQDWHG�DQG�%URPLQDWHG�&RPSRXQGV

$OWKRXJK�KDORJHQDWHG�RUJDQLF�FRPSRXQGV�LQ�ZDWHU�� VXFK� DV� WKRVH� GLVFXVVHG� DV
SHVWLFLGHV� LQ� 6HFWLRQ� ������ DUH� QRUPDOO\� FRQVLGHUHG� WR� EH� IURP� DQWKURSRJHQLF
VRXUFHV�� DSSUR[LPDWHO\� ����� VXFK� FRPSRXQGV� KDYH� EHHQ� LGHQWLILHG� IURP� QDWXUDO
VRXUFHV��7KHVH�DUH�SURGXFHG�ODUJHO\�E\�PDULQH�VSHFLHV��HVSHFLDOO\�VRPH�NLQGV�RI�UHG
DOJDH��SUREDEO\�DV�FKHPLFDO�GHIHQVH�DJHQWV�� 6RPH�PDULQH�PLFURRUJDQLVPV��ZRUPV�
VSRQJHV�� DQG� WXQLFDWHV� DUH� DOVR� NQRZQ� WR� SURGXFH� RUJDQRFKORULQH� DQG� RUJDQREUR�
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PLQH� FRPSRXQGV��$Q� LQWHUHVWLQJ� REVHUYDWLRQ� KDV� EHHQ� PDGH� RI� WKH� SRVVLEOH� ELR�
DFFXPXODWLRQ�RI�D�FODVV�RI� FRPSRXQGV�ZLWK� WKH� IRUPXOD�&��+�1�%U�&O�� LQ� VHYHUDO
VSHFLHV�RI�VHD�ELUGV�IURP�WKH�3DFLILF�RFHDQ�UHJLRQ���$OWKRXJK�WKH�VWUXFWXUDO�IRUPXOD
RI�WKH�FRPSRXQG�FRXOG�QRW�EH�GHWHUPLQHG�ZLWK�FHUWDLQW\��PDVV�VSHFWUDO�GDWD�LQGLFDWH
WKDW�LW�LV����
�GLPHWK\O�WHWUDEURPRGLFKORUR����
�ELS\UUROH��EHORZ��
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7KH�LQWURGXFWLRQ�RI�''7�GXULQJ�:RUOG�:DU�,,�PDUNHG�WKH�EHJLQQLQJ�RI�D�SHULRG
RI�YHU\� UDSLG� JURZWK� LQ� SHVWLFLGH� XVH�� 3HVWLFLGHV� DUH� HPSOR\HG� IRU�PDQ\� GLIIHUHQW
SXUSRVHV�� &KHPLFDOV� XVHG� LQ� WKH� FRQWURO� RI� LQYHUWHEUDWHV� LQFOXGH� LQVHFWLFLGHV�
PROOXVFLFLGHV�IRU�WKH�FRQWURO�RI�VQDLOV�DQG�VOXJV��DQG�QHPDWLFLGHV�IRU�WKH�FRQWURO�RI
PLFURVFRSLF� URXQGZRUPV�� 9HUWHEUDWHV� DUH� FRQWUROOHG� E\� URGHQWLFLGHV� ZKLFK� NLOO
URGHQWV��DYLFLGHV�XVHG�WR�UHSHO�ELUGV��DQG�SLVFLFLGHV�XVHG�LQ�ILVK�FRQWURO��+HUELFLGHV
DUH�XVHG�WR�NLOO� SODQWV�� 3ODQW�JURZWK� UHJXODWRUV��GHIROLDQWV�� DQG�SODQW� GHVLFFDQWV
DUH� XVHG� IRU� YDULRXV� SXUSRVHV� LQ� WKH� FXOWLYDWLRQ� RI� SODQWV�� )XQJLFLGHV� DUH� XVHG
DJDLQVW� IXQJL�� EDFWHULFLGHV� DJDLQVW� EDFWHULD�� VOLPLFLGHV� DJDLQVW� VOLPH�FDXVLQJ
RUJDQLVPV� LQ� ZDWHU�� DQG� DOJLFLGHV� DJDLQVW� DOJDH�� $V� RI� WKH� PLG�����V�� 8�6�
DJULFXOWXUH� XVHG� DERXW� ����PLOOLRQ� NJ� RI� SHVWLFLGHV� SHU� \HDU�� ZKHUHDV� DERXW� ���
PLOOLRQ� NJ� RI� LQVHFWLFLGHV�ZHUH� XVHG� LQ� QRQDJULFXOWXUDO� DSSOLFDWLRQV� LQFOXGLQJ� IRU�
HVWU\��ODQGVFDSLQJ��JDUGHQLQJ��IRRG�GLVWULEXWLRQ�� DQG� KRPH� SHVW� FRQWURO�� ,QVHFWLFLGH
SURGXFWLRQ�KDV�UHPDLQHG�DERXW�OHYHO�GXULQJ�WKH�ODVW�WKUHH�RU�IRXU�GHFDGHV��+RZHYHU�
LQVHFWLFLGHV�DQG�IXQJLFLGHV�DUH�WKH�PRVW�LPSRUWDQW�SHVWLFLGHV�ZLWK�UHVSHFW�WR�KXPDQ
H[SRVXUH�LQ�IRRG�EHFDXVH� WKH\� DUH� DSSOLHG� VKRUWO\� EHIRUH� RU� HYHQ� DIWHU� KDUYHVWLQJ�
+HUELFLGH� SURGXFWLRQ� KDV� LQFUHDVHG� DV� FKHPLFDOV� KDYH� LQFUHDVLQJO\� UHSODFHG
FXOWLYDWLRQ� RI� ODQG� LQ� WKH� FRQWURO� RI�ZHHGV� DQG� QRZ� DFFRXQWV� IRU� WKH� PDMRULW\� RI
DJULFXOWXUDO�SHVWLFLGHV��7KH�SRWHQWLDO�H[LVWV�IRU�ODUJH�TXDQWLWLHV�RI�SHVWLFLGHV�WR�HQWHU
ZDWHU�HLWKHU�GLUHFWO\��LQ�DSSOLFDWLRQV�VXFK�DV�PRVTXLWR�FRQWURO�RU�LQGLUHFWO\��SULPDULO\
IURP�GUDLQDJH�RI�DJULFXOWXUDO�ODQGV�

1DWXUDO�3URGXFW�,QVHFWLFLGHV��3\UHWKULQV��DQG�3\UHWKURLGV

6HYHUDO�VLJQLILFDQW�FODVVHV�RI�LQVHFWLFLGHV�DUH�GHULYHG�IURP�SODQWV��7KHVH�LQFOXGH
QLFRWLQH� IURP� WREDFFR�� URWHQRQH� H[WUDFWHG� IURP� FHUWDLQ� OHJXPH� URRWV�� DQG
S\UHWKULQV��VHH�VWUXFWXUDO�IRUPXODV�LQ�)LJXUH�������%HFDXVH�RI�WKH ZD\V�WKDW�WKH\�DUH
DSSOLHG�DQG�WKHLU�ELRGHJUDGDELOLWLHV��WKHVH� VXEVWDQFHV� DUH� XQOLNHO\� WR� EH� VLJQLILFDQW
ZDWHU�SROOXWDQWV�

3\UHWKULQV� DQG� WKHLU� V\QWKHWLF� DQDORJV� UHSUHVHQW� ERWK� WKH� ROGHVW� DQG� QHZHVW� RI
LQVHFWLFLGHV��([WUDFWV�RI�GULHG�FKU\VDQWKHPXP�RU�S\UHWKUXP�IORZHUV��ZKLFK� FRQWDLQ
S\UHWKULQ�,�DQG�UHODWHG�FRPSRXQGV��KDYH�EHHQ�NQRZQ�IRU�WKHLU�LQVHFWLFLGDO�SURSHUWLHV
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IRU� D� ORQJ� WLPH�� DQG�PD\� KDYH� HYHQ� EHHQ� XVHG� DV� ERWDQLFDO� LQVHFWLFLGHV� LQ� &KLQD
DOPRVW� ����� \HDUV� DJR�� 7KH� PRVW� LPSRUWDQW� FRPPHULFDO� VRXUFHV� RI� LQVHFWLFLGDO
S\UHWKULQV� DUH� FKU\VDQWKHPXP� YDULHWLHV� JURZQ� LQ� .HQ\D�� 3\UHWKULQV� KDYH� VHYHUDO
DGYDQWDJHV� DV� LQVHFWLFLGHV�� LQFOXGLQJ� IDFLOH� HQ]\PDWLF� GHJUDGDWLRQ�� ZKLFK� PDNHV
WKHP�UHODWLYHO\�VDIH�IRU�PDPPDOV��DELOLW\ WR�UDSLGO\�SDUDO\]H��³NQRFN�GRZQ´��IO\LQJ
LQVHFWV��DQG�JRRG�ELRGHJUDGDELOLW\�FKDUDFWHULVWLFV�

�6\QWKHWLF�DQDORJV�RI�WKH�S\UHWKULQV��S\UHWKURLGV��KDYH�EHHQ�ZLGHO\�SURGXFHG�DV
LQVHFWLFLGHV� GXULQJ� UHFHQW� \HDUV�� 7KH� ILUVW� RI� WKHVH� ZDV� DOOHWKULQ�� DQG� DQRWKHU
FRPPRQ�H[DPSOH�LV�IHQYDOHUDWH��VHH�VWUXFWXUHV�LQ�)LJXUH������

$OOHWKULQ )HQYDOHUDWH

5RWHQRQH

3\UHWKULQ�,
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)LJXUH�������&RPPRQ�ERWDQLFDO�LQVHFWLFLGHV�DQG�V\QWKHWLF�DQDORJV�RI�WKH�S\UHWKULQV�

''7�DQG�2UJDQRFKORULQH�,QVHFWLFLGHV

&KORULQDWHG� K\GURFDUERQ� RU� RUJDQRFKORULQH� LQVHFWLFLGHV� DUH� K\GURFDUERQ� FRP�
SRXQGV� LQ� ZKLFK� YDULRXV� QXPEHUV� RI� K\GURJHQ� DWRPV� KDYH� EHHQ� UHSODFHG� E\� &O
DWRPV��7KH� VWUXFWXUDO� IRUPXODV� RI� VHYHUDO� FKORULQDWHG� K\GURFDUERQ� LQVHFWLFLGHV� DUH
VKRZQ� LQ� )LJXUH� ����� ,W� FDQ� EH� VHHQ� WKDW� WKH� VWUXFWXUDO� IRUPXODV� RI�PDQ\� RI� WKHVH
LQVHFWLFLGHV� DUH� YHU\� VLPLODU�� GLHOGULQ� DQG� HQGULQ� DUH� VWHUHRLVRPHUV�� 7KH� PRVW
FRPPRQO\� XVHG� LQVHFWLFLGHV� LQ� WKH� ����V�� WKHVH� FRPSRXQGV� KDYH� EHHQ� ODUJHO\
SKDVHG�RXW�RI�JHQHUDO�XVH�EHFDXVH� RI� WKHLU� WR[LFLWLHV�� DQG� SDUWLFXODUO\� WKHLU� DFFXP�
XODWLRQ� DQG� SHUVLVWHQFH� LQ� IRRG� FKDLQV�� 7KH\� DUH� GLVFXVVHG� EULHIO\� KHUH�� ODUJHO\
EHFDXVH�RI�WKHLU�KLVWRULFDO�LQWHUHVW��DQG�EHFDXVH�WKHLU�UHVLGXHV�LQ�VRLOV�DQG�VHGLPHQWV
VWLOO�FRQWULEXWH�WR�ZDWHU�SROOXWLRQ�

2I�WKH�RUJDQRFKORULQH�LQVHFWLFLGHV��WKH�PRVW�QRWDEOH�KDV�EHHQ�''7��GLFKORURGL�
SKHQ\OWULFKORURHWKDQH� RU� ������WULFKORUR�����ELV���FKORURSKHQ\O�HWKDQH���ZKLFK� ZDV
XVHG�LQ�PDVVLYH� TXDQWLWLHV� IROORZLQJ�:RUOG�:DU� ,,�� ,W� KDV� D� ORZ� DFXWH� WR[LFLW\� WR
PDPPDOV��DOWKRXJK�WKHUH�LV�VRPH�HYLGHQFH�WKDW�LW�PLJKW�EH�FDUFLQRJHQLF��,W�LV�D�YHU\
SHUVLVWHQW�LQVHFWLFLGH�DQG�DFFXPXODWHV�LQ�IRRG�FKDLQV��,W�KDV�EHHQ�EDQQHG�LQ�WKH�8�6�
VLQFH�������)RU�VRPH�WLPH��PHWKR[\FKORU�ZDV�D�SRSXODU�''7�VXEVWLWXWH��UHDVRQDEO\
ELRGHJUDGDEOH��DQG�ZLWK�D�ORZ�WR[LFLW\�WR�PDPPDOV��6WUXFWXUDOO\�VLPLODU�FKORUGDQH�
DOGULQ��GLHOGULQ�HQGULQ��DQG�KHSWDFKORU��DOO�QRZ�EDQQHG�IRU�DSSOLFDWLRQ�LQ�WKH�8�6��
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VKDUH� FRPPRQ� FKDUDFWHULVWLFV� RI� KLJK� SHUVLVWHQFH� DQG� VXVSLFLRQV� RI� SRWHQWLDO
FDUFLQRJHQLFLW\��7R[DSKHQH� LV� D�PL[WXUH� RI� XS� WR� ���� LQGLYLGXDO� FRPSRXQGV� SUR�
GXFHG� E\� FKORULQDWLRQ� RI� FDPSKHQH�� D� WHUSHQH� LVRODWHG� IURP� SLQH� WUHHV�� WR� JLYH� D
PDWHULDO�WKDW�FRQWDLQV�DERXW�����&O�DQG�KDV�DQ�HPSLULFDO�IRUPXOD�RI�&��+��&O���7KLV
FRPSRXQG�KDG�WKH�ZLGHVW�XVH�RI�DQ\�DJULFXOWXUDO�LQVHFWLFLGH��SDUWLFXODUO\�RQ�FRWWRQ�
,W�ZDV�HPSOR\HG�WR�DXJPHQW�RWKHU� LQVHFWLFLGHV�� HVSHFLDOO\�''7�� DQG� LQ� ODWHU� \HDUV
PHWK\O�SDUDWKLRQ��$�PL[WXUH�RI�ILYH�LVRPHUV��������������KH[DFKORURF\FORKH[DQH�KDV
EHHQ�ZLGHO\�SURGXFHG�IRU�LQVHFWLFLGDO�XVH��2QO\�WKH�JDPPD�LVRPHU�LV�HIIHFWLYH�DV�DQ
LQVHFWLFLGH��ZKHUHDV� WKH� RWKHU� LVRPHUV� JLYH� WKH� SURGXFW� D�PXVW\� RGRU� DQG� WHQG� WR
XQGHUJR�ELRDFFXPXODWLRQ��$�IRUPXODWLRQ�RI�WKH�HVVHQWLDOO\�SXUH� JDPPD� LVRPHU� KDV
EHHQ�PDUNHWHG�DV�WKH�LQVHFWLFLGH�FDOOHG�OLQGDQH�

''7�������������������������������������0HWKR[\FKORU

'LHOGULQ�(QGULQ�������������������&KORUGDQH�����������������������$OGULQ

������������+H[DFKORUR�
F\FOR�KH[DQH��JDPPD
LVRPHU��/LQGDQH����
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+HSWDFKORU 7R[DSKHQH

)LJXUH�������&RPPRQ�RUJDQRFKORULQH�LQVHFWLFLGHV�

2UJDQRSKRVSKDWH�,QVHFWLFLGHV

2UJDQRSKRVSKDWH�LQVHFWLFLGHV�DUH�LQVHFWLFLGDO�RUJDQLF�FRPSRXQGV�WKDW�FRQWDLQ
SKRVSKRUXV�� VRPH� RI� ZKLFK� DUH� RUJDQLF� HVWHUV� RI� RUWKRSKRVSKRULF� DFLG�� VXFK� DV
SDUDR[RQ�

3

2

2 12�

&�+�2

&�+�2

0RUH� FRPPRQO\�� LQVHFWLFLGDO� SKRVSKRUXV� FRPSRXQGV� DUH� SKRVSKRURWKLRQDWH� FRP�
SRXQGV��VXFK�DV�SDUDWKLRQ�RU�FKORUS\ULIRV�
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&KORUS\ULIRV��'XUVEDQ ��0HWK\O�SDUDWKLRQ

ZKLFK�KDYH�DQ� 6�JURXS�UDWKHU�WKDQ�DQ� 2�JURXS�ERQGHG�WR�3�
7KH�WR[LFLWLHV�RI�RUJDQRSKRVSKDWH�LQVHFWLFLGHV�YDU\�D�JUHDW�GHDO��)RU�H[DPSOH��DV

OLWWOH�DV�����PJ�RI�SDUDWKLRQ�KDV�EHHQ�NQRZQ�WR�NLOO�DQ�DGXOW�KXPDQ��DQG�D�GRVH�RI��
PJ� KDV� NLOOHG� D� FKLOG�� 0RVW� DFFLGHQWDO� SRLVRQLQJV� KDYH� RFFXUUHG� E\� DEVRUSWLRQ
WKURXJK�WKH�VNLQ��6LQFH� LWV� XVH� EHJDQ�� VHYHUDO� KXQGUHG� SHRSOH� KDYH� EHHQ� NLOOHG� E\
SDUDWKLRQ��,Q�FRQWUDVW��PDODWKLRQ� VKRZV� KRZ� GLIIHUHQFHV� LQ� VWUXFWXUDO� IRUPXOD� FDQ
FDXVH� SURQRXQFHG� GLIIHUHQFHV� LQ� WKH� SURSHUWLHV� RI� RUJDQRSKRVSKDWH� SHVWLFLGHV�
0DODWKLRQ� KDV� WZR� FDUER[\HVWHU� OLQNDJHV� ZKLFK� DUH� K\GURO\]DEOH� E\� FDUER[\ODVH
HQ]\PHV�WR�UHODWLYHO\�QRQWR[LF�SURGXFWV�DV�VKRZQ�E\�WKH�IROORZLQJ�UHDFWLRQ�

0DODWKLRQ

+�2��FDUER[\ODVH
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7KH�HQ]\PHV�WKDW�DFFRPSOLVK�PDODWKLRQ�K\GURO\VLV�DUH�SRVVHVVHG�E\�PDPPDOV�
EXW� QRW� E\� LQVHFWV�� VR� PDPPDOV� FDQ� GHWR[LI\� PDODWKLRQ� DQG� LQVHFWV� FDQQRW�� 7KH
UHVXOW� LV� WKDW� PDODWKLRQ� KDV� VHOHFWLYH� LQVHFWLFLGDO� DFWLYLW\�� )RU� H[DPSOH�� DOWKRXJK
PDODWKLRQ�LV�D�YHU\�HIIHFWLYH�LQVHFWLFLGH��LWV�/'����GRVH�UHTXLUHG�WR�NLOO�����RI�WHVW
VXEMHFWV��IRU�DGXOW�PDOH�UDWV�LV�DERXW�����WLPHV�WKDW�RI�SDUDWKLRQ��UHIOHFWLQJ�WKH�PXFK
ORZHU�PDPPDOLDQ�WR[LFLW\�RI�PDODWKLRQ�FRPSDUHG�WR�VRPH�RI�WKH�PRUH�WR[LF�RUJDQR�
SKRVSKDWH�LQVHFWLFLGHV��VXFK�DV�SDUDWKLRQ�

8QOLNH� WKH� RUJDQRKDOLGH� FRPSRXQGV� WKH\� ODUJHO\� GLVSODFHG�� WKH� RUJDQRSKRV�
SKDWHV�UHDGLO\�XQGHUJR�ELRGHJUDGDWLRQ�DQG� GR� QRW� ELRDFFXPXODWH��%HFDXVH� RI� WKHLU
KLJK� ELRGHJUDGDELOLW\� DQG� UHVWULFWHG� XVH�� RUJDQRSKRVSKDWHV� DUH� RI� FRPSDUDWLYHO\
OLWWOH�VLJQLILFDQFH�DV�ZDWHU�SROOXWDQWV�

&DUEDPDWHV

3HVWLFLGDO�RUJDQLF�GHULYDWLYHV�RI�FDUEDPLF�DFLG��IRU�ZKLFK�WKH�IRUPXOD�LV�VKRZQ
LQ� )LJXUH� ����� DUH NQRZQ� FROOHFWLYHO\� DV FDUEDPDWHV�� &DUEDPDWH� SHVWLFLGHV� KDYH
EHHQ�ZLGHO\�XVHG�EHFDXVH�VRPH�DUH�PRUH� ELRGHJUDGDEOH� WKDQ� WKH� IRUPHUO\� SRSXODU
RUJDQRFKORULQH� LQVHFWLFLGHV�� DQG� KDYH� ORZHU� GHUPDO� WR[LFLWLHV� WKDQ� PRVW� FRPPRQ
RUJDQRSKRVSKDWH�SHVWLFLGHV�

&DUEDU\O�KDV�EHHQ�ZLGHO\�XVHG�DV�DQ�LQVHFWLFLGH�RQ�ODZQV� RU� JDUGHQV�� ,W� KDV� D
ORZ�WR[LFLW\�WR�PDPPDOV��&DUERIXUDQ�KDV�D�KLJK�ZDWHU�VROXELOLW\�DQG�DFWV�DV�D�SODQW
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V\VWHPLF�LQVHFWLFLGH��$V�D�SODQW�V\VWHPLF�LQVHFWLFLGH��LW�LV�WDNHQ�XS�E\�WKH�URRWV�DQG
OHDYHV�RI�SODQWV�VR�WKDW�LQVHFWV�DUH�SRLVRQHG�E\�WKH�SODQW�PDWHULDO�RQ�ZKLFK�WKH\�IHHG�
3LULPLFDUE�KDV�EHHQ�ZLGHO\�XVHG�LQ�DJULFXOWXUH�DV�D�V\VWHPLF�DSKLFLGH��8QOLNH�PDQ\
FDUEDPDWHV��LW�LV�UDWKHU�SHUVLVWHQW��ZLWK�D�VWURQJ�WHQGHQF\�WR�ELQG�WR�VRLO�

7KH�WR[LF�HIIHFWV�RI� FDUEDPDWHV� WR� DQLPDOV� DUH� GXH� WR� WKH� IDFW� WKDW� WKHVH� FRP�
SRXQGV� LQKLELW� DFHW\OFKROLQHVWHUDVH�� 8QOLNH� VRPH� RI� WKH� RUJDQRSKRVSKDWH� LQVHFWL�
FLGHV��WKH\�GR�VR�ZLWKRXW�WKH�QHHG�IRU�XQGHUJRLQJ�D�SULRU�ELRWUDQVIRUPDWLRQ�DQG�DUH
WKHUHIRUH� FODVVLILHG� DV� GLUHFW� LQKLELWRUV�� 7KHLU� LQKLELWLRQ� RI� DFHW\OFKROLQHVWHUDVH� LV
UHODWLYHO\�UHYHUVLEOH��/RVV�RI�DFHW\OFKROLQHVWHUDVH�LQKLELWLRQ�DFWLYLW\�PD\�UHVXOW�IURP
K\GURO\VLV�RI�WKH�FDUEDPDWH�HVWHU��ZKLFK�FDQ�RFFXU�PHWDEROLFDOO\�

+HUELFLGHV

+HUELFLGHV� DUH� DSSOLHG� RYHU�PLOOLRQV� RI� DFUHV� RI� IDUPODQG� ZRUOGZLGH� DQG� DUH
ZLGHVSUHDG�ZDWHU�SROOXWDQWV�DV�D�UHVXOW�RI� WKLV� LQWHQVLYH� XVH��$� ����� UHSRUW� E\� WKH
SULYDWH�(QYLURQPHQWDO�:RUNLQJ�*URXS�LQGLFDWHG� WKH� SUHVHQFH� RI� KHUELFLGHV� LQ� ���
0LGZHVWHUQ� 8�6�� GULQNLQJ� ZDWHU� VXSSOLHV��� 7KH� KHUELFLGHV� QDPHG� ZHUH� DWUD]LQH�
VLPD]LQH��F\DQD]LQH��PHWRODFKORU��DQG�DODFKORU��RI�ZKLFK�WKH�ILUVW�WKUHH�DUH�WKH�PRVW
ZLGHO\�XVHG��7KHVH�VXEVWDQFHV�DUH�DSSOLHG�WR�FRQWURO�ZHHGV� RQ� FRUQ� DQG� VR\EHDQV�
DQG� WKH� FRPPXQLWLHV� PRVW� DIIHFWHG� ZHUH� LQ� WKH� ³&RUQ� %HOW´� VWDWHV� RI� .DQVDV�
1HEUDVND��,RZD��,OOLQRLV��DQG�0LVVRXUL��7KH�JURXS�GRLQJ�WKH�VWXG\�DSSOLHG�WKH�(3$¶V
PRVW�VWULFW�VWDQGDUG�IRU�SHVWLFLGHV�LQ�IRRG�WR�ZDWHU�WR�FRPH� XS�ZLWK� DQ� HVWLPDWH� RI
DSSUR[LPDWHO\�����PLOOLRQ�SHRSOH�DW�DGGLWLRQDO�ULVN�RI�FDQFHU�IURP�WKHVH�SHVWLFLGHV�LQ
GULQNLQJ�ZDWHU�
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&DUEDPLF�DFLG &DUEDU\O

&DUERIXUDQ

1 1
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2
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3LULPLFDUE

)LJXUH������&DUEDPLF�DFLG�DQG�WKUHH�LQVHFWLFLGDO�FDUEDPDWHV�

%LS\ULGLOLXP�&RPSRXQGV

$V�VKRZQ�E\�WKH�VWUXFWXUHV�LQ�)LJXUH ����� D� ELS\ULGLOLXP� FRPSRXQG� FRQWDLQV� �
S\ULGLQH�ULQJV�SHU�PROHFXOH�� 7KH� WZR� LPSRUWDQW� SHVWLFLGDO� FRPSRXQGV� RI� WKLV� W\SH
DUH�WKH�KHUELFLGHV�GLTXDW�DQG�SDUDTXDW��WKH�VWUXFWXUDO�IRUPXODV�RI�ZKLFK� DUH� LOOXV�
WUDWHG�EHORZ�
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'LTXDW 3DUDTXDW

�

)LJXUH�������7KH�WZR�PDMRU�ELS\ULGLOLXP�KHUELFLGHV��FDWLRQ�IRUPV��

2WKHU�PHPEHUV� RI� WKLV� FODVV� RI� KHUELFLGHV� LQFOXGH� FKORUPHTXDW�� PRUIDPTXDW�� DQG
GLIHQ]RTXDW��$SSOLHG�GLUHFWO\�WR�SODQW�WLVVXH��WKHVH�FRPSRXQGV�UDSLGO\�GHVWUR\�SODQW
FHOOV�DQG�JLYH�WKH�SODQW�D�IURVWELWWHQ�DSSHDUDQFH��+RZHYHU��WKH\�ELQG�WHQDFLRXVO\�WR
VRLO�� HVSHFLDOO\� WKH� FOD\�PLQHUDO� IUDFWLRQ��ZKLFK� UHVXOWV� LQ� UDSLG� ORVV� RI� KHUELFLGDO
DFWLYLW\� VR� WKDW� VSUD\HG� ILHOGV� FDQ� EH� SODQWHG� ZLWKLQ� D� GD\� RU� WZR� RI� KHUELFLGH
DSSOLFDWLRQ�

3DUDTXDW��ZKLFK�ZDV�UHJLVWHUHG�IRU�XVH�LQ�������KDV�EHHQ�RQH�RI�WKH�PRVW�XVHG�RI
WKH�ELS\ULGLOLXP�KHUELFLGHV��+LJKO\�WR[LF��LW�LV�UHSXWHG�WR�KDYH�³EHHQ�UHVSRQVLEOH�IRU
KXQGUHGV�RI�KXPDQ�GHDWKV�´��([SRVXUH�WR�IDWDO�RU�GDQJHURXV�OHYHOV�RI� SDUDTXDW� FDQ
RFFXU� E\� DOO� SDWKZD\V�� LQFOXGLQJ� LQKDODWLRQ� RI� VSUD\�� VNLQ� FRQWDFW�� LQJHVWLRQ�� DQG
HYHQ�VXLFLGDO�K\SRGHUPLF�LQMHFWLRQV��'HVSLWH� WKHVH� SRVVLELOLWLHV� DQG� LWV�ZLGHVSUHDG
DSSOLFDWLRQ��SDUDTXDW�LV�XVHG� VDIHO\�ZLWKRXW� LOO� HIIHFWV�ZKHQ� SURSHU� SURFHGXUHV� DUH
IROORZHG�

%HFDXVH�RI�LWV�ZLGHVSUHDG�XVH�DV�D�KHUELFLGH��WKH�SRVVLELOLW\�H[LVWV�RI�VXEVWDQWLDO
SDUDTXDW�FRQWDPLQDWLRQ�RI�IRRG��'ULQNLQJ�ZDWHU�FRQWDPLQDWLRQ�E\�SDUDTXDW�KDV�DOVR
EHHQ�REVHUYHG�

+HUELFLGDO�+HWHURF\FOLF�1LWURJHQ�&RPSRXQGV

$�QXPEHU�RI�LPSRUWDQW�KHUELFLGHV�FRQWDLQ� WKUHH� KHWHURF\FOLF� QLWURJHQ� DWRPV� LQ
ULQJ� VWUXFWXUHV� DQG� DUH� WKHUHIRUH� FDOOHG� WULD]LQHV�� 7ULD]LQH� KHUELFLGHV� LQKLELW
SKRWRV\QWKHVLV��6HOHFWLYLW\�LV�JDLQHG�E\� WKH� LQDELOLW\� RI� WDUJHW� SODQWV� WR�PHWDEROL]H
DQG�GHWR[LI\�WKH�KHUELFLGH��7KH�PRVW�ORQJ�HVWDEOLVKHG�DQG�FRPPRQ�H[DPSOH�RI�WKLV
FODVV� LV� DWUD]LQH��ZLGHO\� XVHG� RQ� FRUQ�� DQG� D�ZLGHVSUHDG� ZDWHU� SROOXWDQW� LQ� FRUQ�
JURZLQJ�UHJLRQV��$QRWKHU�PHPEHU�RI�WKLV�FODVV�LV�PHWULEX]LQ��ZKLFK�LV�ZLGHO\�XVHG
RQ�VR\EHDQV��VXJDUFDQH��DQG�ZKHDW��

$WUD]LQH��������������������������0HWULEX]LQ��6HQFRU ��
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&KORURSKHQR[\�+HUELFLGHV

7KH�FKORURSKHQR[\�KHUELFLGHV��LQFOXGLQJ�����'�DQG�������WULFKORURSKHQR[\DFHWLF
DFLG��������7��VKRZQ�EHORZ��ZHUH�PDQXIDFWXUHG�RQ�D�ODUJH�VFDOH�IRU�ZHHG�DQG�EUXVK
FRQWURO�DQG�DV�PLOLWDU\�GHIROLDQWV��$W� RQH� WLPH� WKH� ODWWHU�ZDV� RI� SDUWLFXODU� FRQFHUQ
EHFDXVH�RI�FRQWDPLQDQW�7&''��VHH�EHORZ��SUHVHQW�DV�D�PDQXIDFWXULQJ�E\SURGXFW�
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6XEVWLWXWHG�$PLGH�+HUELFLGHV

$�GLYHUVH�JURXS�RI�KHUELFLGHV�FRQVLVWV�RI�VXEVWLWXWHG�DPLGHV��3URPLQHQW� DPRQJ
WKHVH�DUH�SURSDQLO��DSSOLHG�WR�FRQWURO�ZHHGV�LQ�ULFH�ILHOGV��DQG�DODFKORU��PDUNHWHG�DV
/DVVR��DQG�ZLGHO\�DSSOLHG�WR�ILHOGV�WR�NLOO�JHUPLQDWLQJ�JUDVV�DQG�EURDG�OHDYHG�ZHHG
VHHGOLQJV�
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1LWURDQLOLQH�+HUELFLGHV

1LWURDQLOLQH�KHUELFLGHV�DUH�FKDUDFWHUL]HG� E\� WKH� SUHVHQFH� RI�12�� DQG� D� VXEVWL�
WXWHG�±1+��JURXS�RQ�D�EHQ]HQH�ULQJ�DV�VKRZQ�IRU�WULIOXUDOLQ�
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7ULIOXUDOLQ

�7UHIODQ��

7KLV� FODVV� RI� KHUELFLGHV� LV� ZLGHO\� UHSUHVHQWHG� LQ� DJULFXOWXUDO� DSSOLFDWLRQV� DQG
LQFOXGHV� EHQHILQ� �%DODQ���� RU\]DOLQ� �6XUIODQ���� SHQGLPHWKDOLQ� �3URZO���� DQG
IOXFKRUDOLQ��%DVDOLQ���

0LVFHOODQHRXV�+HUELFLGHV

$�ZLGH�YDULHW\�RI�FKHPLFDOV�KDYH�EHHQ�XVHG�DV�KHUELFLGHV��DQG�KDYH�EHHQ�SRWHQ�
WLDO�ZDWHU�SROOXWDQWV��2QH�VXFK�FRPSRXQG�LV�5�PHFRSURS��2WKHU�W\SHV�RI�KHUELFLGHV
LQFOXGH�VXEVWLWXWHG�XUHDV��FDUEDPDWHV��DQG�WKLRFDUEDPDWHV�
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,VRSURS\O�FDUEDQLODWH
�D�FDUEDPDWH�

6RGLXP�1�PHWK\O�
GLWKLRFDUEDPDWH

8QWLO�DERXW�������DUVHQLF� WULR[LGH� DQG� RWKHU� LQRUJDQLF� DUVHQLF� FRPSRXQGV� �VHH
6HFWLRQ������ZHUH�HPSOR\HG�WR� NLOO�ZHHGV��%HFDXVH� RI� WKH� LQFUHGLEO\� KLJK� UDWHV� RI
DSSOLFDWLRQ�RI�XS�WR�VHYHUDO�KXQGUHG�NLORJUDPV�SHU�DFUH��DQG�EHFDXVH�DUVHQLF�LV�QRQ�
ELRGHJUDGDEOH�� WKH� SRWHQWLDO� VWLOO� H[LVWV� IRU� DUVHQLF� SROOXWLRQ� RI� VXUIDFH� ZDWHU� DQG
JURXQGZDWHU�IURP�ILHOGV�IRUPHUO\�GRVHG�ZLWK�LQRUJDQLF�DUVHQLF��2UJDQLF� DUVHQLFDOV�
VXFK�DV�FDFRG\OLF�DFLG�
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+\GUR[\GLPHWK\ODUVLQH�R[LGH�
FDFRG\OLF�DFLG

KDYH�DOVR�EHHQ�ZLGHO\�DSSOLHG�WR�NLOO�ZHHGV�

%\SURGXFWV�RI�3HVWLFLGH�0DQXIDFWXUH

$�QXPEHU�RI�ZDWHU�SROOXWLRQ�DQG�KHDOWK�SUREOHPV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�WKH
PDQXIDFWXUH�RI�RUJDQRFKORULQH�SHVWLFLGHV��)RU�H[DPSOH�� GHJUDGDWLRQ�UHVLVWDQW� KH[D�
FKORUREHQ]HQH�
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&O
&O

&O

&O

LV� XVHG� DV� D� UDZ�PDWHULDO� IRU� WKH� V\QWKHVLV� RI� RWKHU� SHVWLFLGHV� DQG� KDV� RIWHQ� EHHQ
IRXQG�LQ�ZDWHU�

7KH�PRVW� QRWRULRXV� E\SURGXFWV� RI� SHVWLFLGH� PDQXIDFWXUH� DUH�SRO\FKORULQDWHG
GLEHQ]RGLR[LQV��)URP���WR���&O�DWRPV�PD\�EH�VXEVWLWXWHG�IRU�+�DWRPV�RQ�GLEHQ]R�
S�GLR[LQ� �)LJXUH� ������ JLYLQJ� D� WRWDO� RI� ��� SRVVLEOH� FKORULQDWHG GHULYDWLYHV�
&RPPRQO\� UHIHUUHG� WR� DV� ³GLR[LQV�´� WKHVH� VSHFLHV� KDYH� D� KLJK� HQYLURQPHQWDO� DQG
WR[LFRORJLFDO�VLJQLILFDQFH��2I�WKH�GLR[LQV��WKH�PRVW�QRWDEOH�SROOXWDQW�DQG�KD]DUGRXV
ZDVWH�FRPSRXQG�LV���������WHWUDFKORURGLEHQ]R�S�GLR[LQ��7&''���RIWHQ�UHIHUUHG�WR
VLPSO\�DV�³GLR[LQ�´�7KLV�FRPSRXQG��ZKLFK�LV�RQH�RI�WKH�PRVW�WR[LF�RI�DOO�V\QWKHWLF
VXEVWDQFHV� WR� VRPH� DQLPDOV�� ZDV� SURGXFHG� DV� D� ORZ�OHYHO� FRQWDPLQDQW� LQ� WKH
PDQXIDFWXUH� RI� VRPH� DU\O�� R[\JHQ�FRQWDLQLQJ� RUJDQRKDOLGH� FRPSRXQGV� VXFK� DV

�������&5&�3UHVV�//&



FKORURSKHQR[\�KHUELFLGHV��PHQWLRQHG�SUHYLRXVO\�LQ�WKLV�VHFWLRQ��V\QWKHVL]HG�E\�SUR�
FHVVHV�XVHG�XQWLO�WKH�����V�

�GLR[LQ'LEHQ]R �S ��������7HWUDFKORURGLEHQ]R�
S��GLR[LQ
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)LJXUH� ����� � 'LEHQ]R�S�GLR[LQ� DQG� ��������WHWUDFKORURGLEHQ]R�S�GLR[LQ� �7&''��� RIWHQ� FDOOHG
VLPSO\�³GLR[LQ�´�,Q�WKH�VWUXFWXUH�RI�GLEHQ]R�S�GLR[LQ��HDFK�QXPEHU�UHIHUV� WR� D� QXPEHUHG� FDUERQ
DWRP�WR�ZKLFK�DQ�+�DWRP�LV�ERXQG��DQG�WKH�QDPHV�RI�GHULYDWLYHV�DUH�EDVHG�XSRQ�WKH�FDUERQ�DWRPV
ZKHUH�DQRWKHU�JURXS�KDV�EHHQ�VXEVWLWXWHG�IRU�WKH�+�DWRPV��DV�LV�VHHQ�E\�WKH�VWUXFWXUH�DQG�QDPH�RI
��������WHWUDFKORURGLEHQ]R�S�GLR[LQ�

7&''�KDV�D�YHU\�ORZ�YDSRU�SUHVVXUH�RI�RQO\�O���Ø�O����PP�+J�DW���Û&��D�KLJK
PHOWLQJ�SRLQW�RI����Û&��DQG�D�ZDWHU�VROXELOLW\�RI�RQO\������J�/��,W �LV�VWDEOH�WKHUPDOO\
XS�WR�DERXW����Û&��KDV�D�KLJK�GHJUHH�RI�FKHPLFDO�VWDELOLW\��DQG�LV�SRRUO\�ELRGHJUDG�
DEOH��,W�LV�YHU\�WR[LF�WR�VRPH�DQLPDOV��ZLWK�DQ�/'��� RI� RQO\� DERXW� ���� �J�NJ� ERG\
PDVV�LQ�PDOH�JXLQHD�SLJV���7KH�W\SH�DQG�GHJUHH�RI�LWV�WR[LFLW\�WR�KXPDQV�LV� ODUJHO\
XQNQRZQ��LW�LV�NQRZQ�WR�FDXVH�D�VHYHUH�VNLQ�FRQGLWLRQ�FDOOHG�FKORUDFQH���%HFDXVH�RI
LWV�SURSHUWLHV��7&''� LV� D� VWDEOH�� SHUVLVWHQW� HQYLURQPHQWDO� SROOXWDQW� DQG� KD]DUGRXV
ZDVWH�FRQVWLWXHQW�RI�FRQVLGHUDEOH�FRQFHUQ��,W�KDV�EHHQ�LGHQWLILHG�LQ�VRPH�PXQLFLSDO
LQFLQHUDWLRQ� HPLVVLRQV�� LQ� ZKLFK� LW� LV� EHOLHYHG� WR� IRUP� ZKHQ� FKORULQH� IURP� WKH
FRPEXVWLRQ�RI�RUJDQRFKORULQH�FRPSRXQGV�UHDFWV�ZLWK�FDUERQ�LQ�WKH�LQFLQHUDWRU��

7&''� KDV� EHHQ� D� KLJKO\� SXEOLFL]HG� HQYLURQPHQWDO� SROOXWDQW� IURP� LPSURSHU
ZDVWH� GLVSRVDO�� 7KH�PRVW� QRWDEOH� FDVH� RI� 7&''� FRQWDPLQDWLRQ� UHVXOWHG� IURP� WKH
VSUD\LQJ�RI�ZDVWH�RLO�PL[HG�ZLWK�7&''�RQ�URDGV�DQG�KRUVH�DUHQDV�LQ�0LVVRXUL�LQ�WKH
HDUO\�����V��7KH�RLO�ZDV�XVHG�WR�WU\�WR�NHHS�GXVW�GRZQ�LQ�WKHVH�DUHDV��7KH�H[WHQW�RI
FRQWDPLQDWLRQ�ZDV�UHYHDOHG�E\�VWXGLHV�FRQGXFWHG�LQ�ODWH������DQG�HDUO\�������$V�D
UHVXOW�� WKH� 8�6�� (3$� ERXJKW� RXW� WKH� HQWLUH� 7&''�FRQWDPLQDWHG� WRZQ� RI� 7LPHV
%HDFK��0LVVRXUL��LQ�0DUFK�������DW�D�FRVW�RI�����PLOOLRQ��6XEVHTXHQWO\��SHUPLVVLRQ
ZDV�JUDQWHG�E\�WKH�FRXUWV�WR�LQFLQHUDWH�WKH�VRLO�DW�7LPHV�%HDFK��DV�ZHOO� DV� 7&''�
FRQWDPLQDWHG� VRLO� IURP� RWKHU� DUHDV� DW� D� WRWDO� HVWLPDWHG� FRVW� RI� DERXW� ����PLOOLRQ�
7&''�KDV�EHHQ�UHOHDVHG�LQ�D� QXPEHU� RI� LQGXVWULDO� DFFLGHQWV�� WKH�PRVW�PDVVLYH� RI
ZKLFK�H[SRVHG�VHYHUDO�WHQV�RI�WKRXVDQGV�RI�SHRSOH�WR�D�FORXG�RI�FKHPLFDO�HPLVVLRQV
VSUHDG�RYHU�DQ�DSSUR[LPDWHO\���VTXDUH�PLOH�DUHD�DW�WKH�*LYDXGDQ�/D�5RFKH�,FPHVD
PDQXIDFWXULQJ� SODQW� QHDU� 6HYHVR�� ,WDO\�� LQ� ������ 2Q� DQ� HQFRXUDJLQJ� QRWH� IURP� D
WR[LFRORJLFDO� SHUVSHFWLYH�� QR� DEQRUPDO� RFFXUUHQFHV� RI� PDMRU� PDOIRUPDWLRQV� ZHUH
IRXQG�LQ�D�VWXG\�RI��������FKLOGUHQ�ERUQ�LQ�WKH�DUHD�ZLWKLQ���\HDUV�DIWHU�WKH�UHOHDVH��

2QH�RI�WKH�JUHDWHU�HQYLURQPHQWDO� GLVDVWHUV� HYHU� WR� UHVXOW� IURP� SHVWLFLGH�PDQX�
IDFWXUH�LQYROYHG�WKH�SURGXFWLRQ�RI�.HSRQH��VWUXFWXUDO�IRUPXOD

�&O���

2

7KLV�SHVWLFLGH�KDV�EHHQ�XVHG�IRU�WKH�FRQWURO�RI�EDQDQD�URRW�ERUHU��WREDFFR�ZLUHZRUP�
DQWV��DQG� FRFNURDFKHV��.HSRQH� H[KLELWV� DFXWH�� GHOD\HG�� DQG� FXPXODWLYH� WR[LFLW\� LQ
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ELUGV��URGHQWV��DQG�KXPDQV��DQG�LW�FDXVHV�FDQFHU�LQ�URGHQWV��,W�ZDV�PDQXIDFWXUHG�LQ
+RSHZHOO��9LUJLQLD��GXULQJ�WKH�PLG�����V��'XULQJ�WKLV�WLPH��ZRUNHUV�ZHUH� H[SRVHG
WR�.HSRQH�DQG�DUH�DOOHJHG� WR� KDYH� VXIIHUHG� KHDOWK� SUREOHPV� DV� D� UHVXOW�� 7KH� SODQW
ZDV�FRQQHFWHG�WR�WKH�+RSHZHOO�VHZDJH�V\VWHP��DQG�IUHTXHQW�LQILOWUDWLRQ�RI�.HSRQH
ZDVWHV�FDXVHG�WKH�+RSHZHOO�VHZDJH�WUHDWPHQW�SODQW�WR�EHFRPH�LQRSHUDWLYH�DW�WLPHV�
$V�PXFK�DV��������NJ�RI�.HSRQH�PD\� KDYH� EHHQ� GXPSHG� LQWR� WKH� VHZDJH� V\VWHP
GXULQJ�WKH�\HDUV�WKH�SODQW�ZDV�RSHUDWHG��7KH�VHZDJH�HIIOXHQW�ZDV�GLVFKDUJHG�WR�WKH
-DPHV�5LYHU��UHVXOWLQJ�LQ�H[WHQVLYH�HQYLURQPHQWDO�GLVSHUVLRQ�DQG�WR[LFLW\�WR�DTXDWLF
RUJDQLVPV�� 'HFRQWDPLQDWLRQ� RI� WKH� ULYHU� ZRXOG� KDYH� UHTXLUHG� GUHGJLQJ� DQG
GHWR[LILFDWLRQ�RI�����PLOOLRQ�FXELF�PHWHUV�RI�ULYHU�VHGLPHQW�DW�D� SURKLELWLYHO\� KLJK
FRVW�RI�VHYHUDO�ELOOLRQ�GROODUV�

����� 32/<&+/25,1$7('�%,3+(1</6

)LUVW� GLVFRYHUHG� DV� HQYLURQPHQWDO� SROOXWDQWV� LQ� ������ SRO\FKORULQDWHG
ELSKHQ\OV��3&%�FRPSRXQGV��KDYH�EHHQ�IRXQG�WKURXJKRXW�WKH�ZRUOG�LQ�ZDWHU��VHGL�
PHQWV��ELUG�WLVVXH��DQG�ILVK�WLVVXH��7KHVH�FRPSRXQGV�FRQVWLWXWH�DQ�LPSRUWDQW�FODVV�RI
VSHFLDO� ZDVWHV�� 7KH\� DUH� PDGH� E\� VXEVWLWXWLQJ� IURP� �� WR� ��� &O� DWRPV� RQWR� WKH
ELSKHQ\O� DU\O� VWUXFWXUH� DV� VKRZQ� RQ� WKH� OHIW� LQ� )LJXUH� ����� 7KLV� VXEVWLWXWLRQ� FDQ
SURGXFH�����GLIIHUHQW�FRPSRXQGV��FRQJHQHUV���RI�ZKLFK� RQH� H[DPSOH� LV� VKRZQ� RQ
WKH�ULJKW�LQ�)LJXUH������

[�&O�

&O

&O &O

&O &O

)LJXUH��������*HQHUDO�IRUPXOD�RI�SRO\FKORULQDWHG�ELSKHQ\OV��OHIW��ZKHUH�;�PD\�UDQJH�IURP���WR����
DQG�D�VSHFLILF���FKORULQH�FRQJHQHU��ULJKW��

3RO\FKORULQDWHG� ELSKHQ\OV� KDYH� YHU\� KLJK� FKHPLFDO�� WKHUPDO�� DQG� ELRORJLFDO
VWDELOLW\��ORZ�YDSRU�SUHVVXUH��DQG�KLJK�GLHOHFWULF�FRQVWDQWV��7KHVH�SURSHUWLHV�KDYH�OHG
WR�WKH�XVH�RI�3&%V�DV�FRRODQW�LQVXODWLRQ�IOXLGV�LQ�WUDQVIRUPHUV�DQG�FDSDFLWRUV��IRU�WKH
LPSUHJQDWLRQ�RI�FRWWRQ�DQG�DVEHVWRV��DV�SODVWLFL]HUV��DQG�DV�DGGLWLYHV�WR�VRPH�HSR[\
SDLQWV�� 7KH� VDPH� SURSHUWLHV� WKDW�PDGH� H[WUDRUGLQDULO\� VWDEOH� 3&%V� VR� XVHIXO� DOVR
FRQWULEXWHG�WR�WKHLU�ZLGHVSUHDG�GLVSHUVLRQ�DQG�DFFXPXODWLRQ�LQ�WKH�HQYLURQPHQW��%\
UHJXODWLRQV�LVVXHG�LQ�WKH�8�6��XQGHU� WKH� DXWKRULW\� RI� WKH� 7R[LF� 6XEVWDQFHV�&RQWURO
$FW�SDVVHG�LQ�������WKH�PDQXIDFWXUH�RI�3&%V�ZDV�GLVFRQWLQXHG�LQ�WKH�8�6���DQG�WKHLU
XVHV�DQG�GLVSRVDO�ZHUH�VWULFWO\�FRQWUROOHG�

6HYHUDO� FKHPLFDO� IRUPXODWLRQV� KDYH� EHHQ� GHYHORSHG� WR� VXEVWLWXWH� IRU� 3&%V� LQ
HOHFWULFDO� DSSOLFDWLRQV��'LVSRVDO� RI� 3&%V� IURP� GLVFDUGHG� HOHFWULFDO� HTXLSPHQW� DQG
RWKHU�VRXUFHV�KDYH� FDXVHG� SUREOHPV�� SDUWLFXODUO\� VLQFH� 3&%V� FDQ� VXUYLYH� RUGLQDU\
LQFLQHUDWLRQ�E\�HVFDSLQJ�DV� YDSRUV� WKURXJK� WKH� VPRNHVWDFN��+RZHYHU�� WKH\� FDQ� EH
GHVWUR\HG�E\�VSHFLDO�LQFLQHUDWLRQ�SURFHVVHV�

3&%V�DUH�HVSHFLDOO\�SURPLQHQW�SROOXWDQWV�LQ�WKH�VHGLPHQWV�RI�WKH�+XGVRQ�5LYHU
DV�D�UHVXOW�RI�ZDVWH�GLVFKDUJHV�IURP�WZR�FDSDFLWRU�PDQXIDFWXULQJ�SODQWV�ZKLFK�RSH�
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UDWHG�DERXW����NP�XSVWUHDP�IURP�WKH�VRXWKHUQPRVW�GDP�RQ�WKH� ULYHU� IURP� ����� WR
������7KH�ULYHU�VHGLPHQWV�GRZQVWUHDP�IURP�WKH�SODQWV�H[KLELW�3&%�OHYHOV�RI�DERXW
���SSP������RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ�OHYHOV�FRPPRQO\�HQFRXQWHUHG�LQ�ULYHU
DQG�HVWXDU\�VHGLPHQWV�

%LRGHJUDGDWLRQ�RI�3&%V

7KH� ELRGHJUDGDWLRQ� RI� 3&%V� LQ� 1HZ� <RUN¶V� +XGVRQ� 5LYHU� SURYLGHV� DQ
LQWHUHVWLQJ� H[DPSOH� RI� PLFURELDO� GHJUDGDWLRQ� RI� HQYLURQPHQWDO� FKHPLFDOV�� $V� D
UHVXOW�RI�WKH�GXPSLQJ�RI�3&%V�LQ�WKH�+XGVRQ�5LYHU�PHQWLRQHG�DERYH��WKHVH�YLUWXDOO\
LQVROXEOH��GHQVH��K\GURSKRELF�PDWHULDOV�DFFXPXODWHG�LQ�WKH�ULYHU¶V�VHGLPHQW��FDXVLQJ
VHULRXV�FRQFHUQ�DERXW�WKHLU�HIIHFWV�RQ�ZDWHU�TXDOLW\�DV�D�UHVXOW�RI�WKHLU�ELRDFFXPXOD�
WLRQ� LQ� ILVK�� 0HWKRGV� RI� UHPRYDO�� VXFK� DV� GUHGJLQJ�� ZHUH� GHHPHG� SURKLELWLYHO\
H[SHQVLYH�DQG�OLNHO\�WR�FDXVH�VHYHUH�FRQWDPLQDWLRQ�DQG�GLVSRVDO�SUREOHPV��$OWKRXJK
LW�ZDV�ZHOO�NQRZQ�WKDW�DHURELF�EDFWHULD�FRXOG�GHJUDGH�3&%V�ZLWK�RQO\�RQH�RU�WZR�&O
DWRP� FRQVWLWXHQWV�� PRVW� RI� WKH� 3&%� FRQJHQHUV� GLVFKDUJHG� WR� WKH� VHGLPHQWV� KDG
PXOWLSOH�FKORULQH�DWRP�FRQVWLWXHQWV��VSHFLILFDOO\�DQ�DYHUDJH�RI�����&O�DWRPV�SHU�3&%
PROHFXOH�DW�WKH�WLPH�WKH�3&%V�ZHUH�GLVFKDUJHG��+RZHYHU��LQYHVWLJDWLRQV�GXULQJ�WKH
ODWH�����V� UHYHDOHG� WKDW� WKH� 3&%V� LQ� WKH� VHGLPHQWV� KDG� EHHQ� ODUJHO\� FRQYHUWHG� WR
PRQR��DQG�GLFKORUR�VXEVWLWXWHG�IRUPV��7KLV�FRQYHUVLRQ�KDG�WR�EH�GXH�WR�WKH�DFWLRQ�RI
DQDHURELF�EDFWHULD��D�IDFW�ODWHU�FRQILUPHG�ZLWK�ODERUDWRU\�FXOWXUHV���6XFK�EDFWHULD�GR
QRW� XVH� 3&%V� DV� D� FDUERQ� VRXUFH�� EXW� UDWKHU� DV� HOHFWURQ� DFFHSWRUV� LQ� WKH� RYHUDOO
SURFHVV�

^&+�2`���+�2����&O�3&%��ȝ ��&2�����+
�����&O�����+�3&% ��������

ZKHUH�&O�3&%�UHSUHVHQWV�D�VLWH�RI�FKORULQH�VXEVWLWXWLRQ�RQ�D�3&%�PROHFXOH� DQG�+�
3&%�UHSUHVHQWV�D�VLWH�RI�K\GURJHQ�VXEVWLWXWLRQ��7KH�QHW�UHVXOW�RI�WKLV�SURFHVV� LV� WKH
UHSODFHPHQW�RI�&O�E\�+�RQ�WKH�PRUH�KLJKO\�FKORULQH�VXEVWLWXWHG�3&%�PROHFXOHV��7KH
FLUFXPVWDQFHV� XQGHU� ZKLFK� WKLV� WRRN� SODFH� LQ� WKH� VHGLPHQWV� LQFOXGHG� DQDHURELF
FRQGLWLRQV�DQG�YHU\�ORQJ�UHVLGHQFH�WLPHV��7KHVH�DUH�LGHDO�IRU�WKH�JURZWK�RI�DQDHURELF
EDFWHULD��ZKLFK�WHQG�WR�FDUU\�RXW�WKHLU�PHWDEROLF�SURFHVVHV�VORZO\�ZLWK�UHODWLYHO\�ORZ
HIILFLHQF\�FRPSDUHG�WR�DHURELF�RUJDQLVPV��DQG�LQ�FRPSOH[�V\QHUJLVWLF� UHODWLRQVKLSV
ZLWK�RWKHU�DQDHURELF�EDFWHULD�

7KH� PRQR�� DQG� GLFKORUR� VXEVWLWXWHG� 3&%V� DUH� GHJUDGHG� E\� DHURELF� EDFWHULD�
$HURELF� SURFHVVHV� R[LGL]H� WKH� PROHFXOHV� DQG� FOHDYH� WKH� DU\O� ULQJV� DV� VKRZQ� LQ
)LJXUH� ������ 8OWLPDWHO\�� WKH� 3&%V� DUH� PLQHUDOL]HG� E\ FRQYHUVLRQ� WR� LQRUJDQLF
FKORULGH��FDUERQ�GLR[LGH��DQG�ZDWHU�
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/RVV�RI���+�E\�DFWLRQ�RI
GLK\GURGLRO�GHK\GURJHQDVH
HQ]\PH

)LJXUH��������(Q]\PDWLF�SURFHVVHV�LQYROYHG�LQ�WKH�LQLWLDO�DWWDFN�RI�DHURELF�EDFWHULD�RQ�PRQR��DQG
GLFKORUR�VXEVWLWXWHG�3&%V�

,GHDOO\��LQ�WKH�FDVH�RI�3&%V�LQ�VHGLPHQWV��DERXW�KDOI�RI�WKH�ZRUN�RI�UHPHGLDWLRQ
E\�ELRGHJUDGDWLRQ²FRQYHUVLRQ�RI�KLJKO\�VXEVWLWXWHG�3&%V�WR�PROHFXOHV�ZLWK�RQH�RU
WZR� FKORULQHV²LV� GRQH� E\� WKH� VORZ�� VWHDG\� DFWLRQ� RI� DQDHURELF� EDFWHULD� ZLWKRXW
KXPDQ�LQWHUYHQWLRQ��6LQFH�WKH�3&%�SURGXFWV�WHQG�WR�VWD\�LQ�DQDHURELF�VXUURXQGLQJV�
VRPH� DVVLVWDQFH� LV� UHTXLUHG� WR� SURYLGH� R[\JHQ� WR� ILQLVK� WKH� ELRGHJUDGDWLRQ� DHURE�
LFDOO\�E\�LQWURGXFLQJ�DHURELF�EDFWHULD�DFFOLPDWHG�WR�3&%�ELRGHJUDGDWLRQ��DORQJ�ZLWK
WKH�R[\JHQ�DQG�QXWULHQWV�UHTXLUHG�IRU�WKHLU�JURZWK��

3RO\EURPLQDWHG�%LSKHQ\OV

3RO\EURPLQDWHG� ELSKHQ\O� �3%%�� LV� D� FKHPLFDO� ILUH� UHWDUGDQW� ZKLFK� ZDV
DFFLGHQWO\�PLVWDNHQ�IRU�PDJQHVLXP�R[LGH�DQG�PL[HG�ZLWK�FDWWOH�IHHG� GLVWULEXWHG� LQ
0LFKLJDQ�LQ�������$V�D�UHVXOW��RYHU� ������� FDWWOH�� DSSUR[LPDWHO\� ����� KRJV�� ����
VKHHS������PLOOLRQ�FKLFNHQV���������SRXQGV�RI�FKHHVH�������SRXQGV�RI�EXWWHU��������
SRXQGV�RI�GU\�PLON�SURGXFWV��DQG���PLOOLRQ�HJJV�KDG�WR�EH�GHVWUR\HG��)DUP�IDPLOLHV
HDWLQJ�3%%�FRQWDPLQDWHG�IRRGV�KDG�LQJHVWHG� WKH� VXEVWDQFH�� DQG� LW�ZDV� GHWHFWHG� LQ
WKH�EORRG�RI�PDQ\�0LFKLJDQ�UHVLGHQWV��FDXVLQJ�D�JUHDW�GHDO�RI�DQ[LHW\�WR�SHRSOH�ZKR
PD\�KDYH�EHHQ�H[SRVHG�WR�WKH�VXEVWDQFH��3HUVRQV�ZKR�KDG�LQJHVWHG�3%%�WHQGHG� WR
KDYH� OHVV� GLVHDVH� UHVLVWDQFH� DQG� LQFUHDVHG� LQFLGHQFH� RI� UDVKHV�� OLYHU� DLOPHQWV�� DQG
KHDGDFKHV��7KH�HFRQRPLF�FRVW� RI� WKH�0LFKLJDQ� 3%%� LQFLGHQW�ZDV� YHU\� KLJK��ZLWK
VRPH�HVWLPDWHV�H[FHHGLQJ������PLOOLRQ��
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7KH�PDVVLYH�SURGXFWLRQ�RI�UDGLRQXFOLGHV��UDGLRDFWLYH�LVRWRSHV��E\�ZHDSRQV�DQG
QXFOHDU�UHDFWRUV�VLQFH�:RUOG�:DU� ,,� KDV� EHHQ� DFFRPSDQLHG� E\� LQFUHDVLQJ� FRQFHUQ
DERXW�WKH�HIIHFWV�RI�UDGLRDFWLYLW\�XSRQ�KHDOWK�DQG�WKH�HQYLURQPHQW��5DGLRQXFOLGHV�DUH
SURGXFHG�DV�ILVVLRQ�SURGXFWV�RI�KHDY\�QXFOHL�RI�VXFK�HOHPHQWV�DV�XUDQLXP�RU�SOXWRQ�
LXP��7KH\�DUH�DOVR�SURGXFHG�E\� WKH� UHDFWLRQ� RI� QHXWURQV�ZLWK� VWDEOH� QXFOHL�� 7KHVH
SKHQRPHQD�DUH�LOOXVWUDWHG�LQ�)LJXUH������DQG VSHFLILF� H[DPSOHV� DUH� JLYHQ� LQ� 7DEOH
�����5DGLRQXFOLGHV�DUH�IRUPHG�LQ�ODUJH�TXDQWLWLHV�DV�ZDVWH SURGXFWV�LQ�QXFOHDU�SRZHU
JHQHUDWLRQ��7KHLU�XOWLPDWH�GLVSRVDO�LV�D� SUREOHP� WKDW� KDV� FDXVHG�PXFK� FRQWURYHUV\
UHJDUGLQJ�WKH�ZLGHVSUHDG�XVH�RI�QXFOHDU�SRZHU��$UWLILFLDOO\� SURGXFHG� UDGLRQXFOLGHV
DUH�DOVR�ZLGHO\�XVHG�LQ�LQGXVWULDO�DQG�PHGLFDO�DSSOLFDWLRQV��SDUWLFXODUO\�DV�³WUDFHUV�´
:LWK�VR�PDQ\�SRVVLEOH�VRXUFHV�RI�UDGLRQXFOLGHV��LW�LV�LPSRVVLEOH�WR�HQWLUHO\�HOLPLQDWH
UDGLRDFWLYH�FRQWDPLQDWLRQ�RI�DTXDWLF�V\VWHPV��)XUWKHUPRUH��UDGLRQXFOLGHV�PD\�HQWHU
DTXDWLF� V\VWHPV� IURP� QDWXUDO� VRXUFHV�� 7KHUHIRUH�� WKH� WUDQVSRUW�� UHDFWLRQV�� DQG
ELRORJLFDO�FRQFHQWUDWLRQ�RI�UDGLRQXFOLGHV�LQ�DTXDWLF�HFRV\VWHPV�DUH� RI� JUHDW� LPSRU�
WDQFH�WR�WKH�HQYLURQPHQWDO�FKHPLVW�

5DGLRQXFOLGHV�GLIIHU�IURP�RWKHU�QXFOHL�LQ� WKDW� WKH\� HPLW� LRQL]LQJ� UDGLDWLRQ�²
DOSKD�SDUWLFOHV��EHWD�SDUWLFOHV��DQG�JDPPD�UD\V��7KH�PRVW�PDVVLYH�RI�WKHVH�HPLVVLRQV
LV�WKH�DOSKD�SDUWLFOH��D�KHOLXP�QXFOHXV�RI�DWRPLF�PDVV����FRQVLVWLQJ�RI�WZR�QHXWURQV
DQG� WZR� SURWRQV�� 7KH� V\PERO� IRU� DQ� DOSKD� SDUWLFOH� LV �Ⴂ� �� $Q� H[DPSOH� RI� DOSKD
SURGXFWLRQ�LV�IRXQG�LQ�WKH�UDGLRDFWLYH�GHFD\�RI�XUDQLXP�����

���8
��� ��� �

��7K �Ⴂ ��������

7KLV�WUDQVIRUPDWLRQ�RFFXUV�ZKHQ�D�XUDQLXP�QXFOHXV��DWRPLF�QXPEHU����DQG� DWRPLF
PDVV������ORVHV�DQ�DOSKD�SDUWLFOH�� DWRPLF� QXPEHU� �� DQG� DWRPLF�PDVV� ��� WR� \LHOG� D
WKRULXP�QXFOHXV��DWRPLF�QXPEHU����DQG�DWRPLF�PDVV�����

+HDY\
QXFOHXV � Q

Q

Q
Q

8QVWDEOH�UDGLR�
DFWLYH�QXFOHL

1HXWURQV

� Q

6WDEOH�QXFOHXV 8QVWDEOH�QXFOHXV

)LJXUH��������$�KHDY\�QXFOHXV��VXFK�DV�WKDW�RI����8��PD\�DEVRUE�D�QHXWURQ�DQG�EUHDN�XS��XQGHUJR
ILVVLRQ���\LHOGLQJ�OLJKWHU�UDGLRDFWLYH�QXFOHL��$�VWDEOH�QXFOHXV�PD\�DEVRUE� D� QHXWURQ� WR� SURGXFH� D
UDGLRDFWLYH�QXFOHXV�

%HWD�UDGLDWLRQ�FRQVLVWV�RI�HLWKHU�KLJKO\�HQHUJHWLF�� QHJDWLYH� HOHFWURQV��ZKLFK� DUH
GHVLJQDWHG ��Ⴃ�

�
RU�SRVLWLYH� HOHFWURQV�� FDOOHG� SRVLWURQV�� DQG� GHVLJQDWHG ��Ⴃ�� �$� W\SLFDO

EHWD� HPLWWHU�� FKORULQH�����PD\� EH� SURGXFHG� E\� LUUDGLDWLQJ� FKORULQH� ZLWK� QHXWURQV�
7KH� FKORULQH���� QXFOHXV�� QDWXUDO� DEXQGDQFH� ������� DEVRUEV� D� QHXWURQ� WR� SURGXFH

�������&5&�3UHVV�//&

������5$',218&/,'(6�,1�7+(�$48$7,&�(19,5210(17



FKORULQH����DQG�JDPPD�UDGLDWLRQ�

��
��

�
�

��
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7KH�FKORULQH����QXFOHXV�LV�UDGLRDFWLYH�DQG�ORVHV�D�QHJDWLYH�EHWD�SDUWLFOH�WR�EHFRPH
DQ�DUJRQ����QXFOHXV�

� Ⴃ����$U��&O �
����

��������

6LQFH�WKH�QHJDWLYH�EHWD�SDUWLFOH�KDV�HVVHQWLDOO\�QR�PDVV�DQG� D� ��� FKDUJH�� WKH� VWDEOH
SURGXFW�LVRWRSH��DUJRQ�����KDV�WKH�VDPH�PDVV�DQG�D�FKDUJH���JUHDWHU�WKDQ� FKORULQH�
���

*DPPD�UD\V�DUH�HOHFWURPDJQHWLF�UDGLDWLRQ�VLPLODU�WR�;�UD\V��WKRXJK�PRUH�HQHU�
JHWLF��6LQFH�WKH�HQHUJ\�RI�JDPPD� UDGLDWLRQ� LV� RIWHQ� D�ZHOO�GHILQHG� SURSHUW\� RI� WKH
HPLWWLQJ�QXFOHXV��LW�PD\�EH�XVHG�LQ�VRPH� FDVHV� IRU� WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH
DQDO\VLV�RI�UDGLRQXFOLGHV�

7KH� SULPDU\� HIIHFW� RI� DOSKD� SDUWLFOHV�� EHWD� SDUWLFOHV�� DQG� JDPPD� UD\V� XSRQ
PDWHULDOV LV WKH SURGXFWLRQ� RI� LRQV�� WKHUHIRUH�� WKH\� DUH� FDOOHG� LRQL]LQJ� UDGLDWLRQ�
'XH�WR�WKHLU�ODUJH�VL]H��DOSKD�SDUWLFOHV�GR�QRW�SHQHWUDWH�PDWWHU�GHHSO\��EXW�FDXVH� DQ
HQRUPRXV� DPRXQW� RI� LRQL]DWLRQ� DORQJ� WKHLU� VKRUW� SDWK� RI� SHQHWUDWLRQ�� 7KHUHIRUH�
DOSKD SDUWLFOHV SUHVHQW OLWWOH KD]DUG RXWVLGH WKH ERG\� EXW DUH YHU\ GDQJHURXV ZKHQ
7DEOH�������5DGLRQXFOLGHV�LQ�:DWHU

5DGLRQXFOLGH +DOI�OLIH 1XFOHDU�UHDFWLRQ��GHVFULSWLRQ��VRXUFH

1DWXUDOO\�RFFXUULQJ�DQG�IURP�FRVPLF�UHDFWLRQV

&DUERQ��� �����\� ��1�Q�S���&���WKHUPDO�QHXWURQV�IURP�FRVPLF�RU�QXFOHDU�
ZHDSRQ�VRXUFHV�UHDFWLQJ�ZLWK�1�

6LOLFRQ��� a����\ ��$U�S�[���6L��QXFOHDU�VSDOODWLRQ��VSOLWWLQJ�RI�WKH�
QXFOHXV��RI�DWPRVSKHULF�DUJRQ�E\�FRVPLF�UD\
SURWRQV

3RWDVVLXP��� a��� Ø����\ ��������RI�QDWXUDO�SRWDVVLXP�LQFOXGLQJ�SRWDVVLXP�LQ
WKH�ERG\

1DWXUDOO\�RFFXUULQJ�IURP�����8�VHULHV

5DGLXP���� �����\ 'LIIXVLRQ�IURP�VHGLPHQWV��DWPRVSKHUH

/HDG���� ���\ ���5D�ȝ���VWHSV�ȝ����3E

7KRULXP���� �������\ ���8�ȝ���VWHSV�ȝ����7K�SURGXFHG�LQ�VLWX

7KRULXP���� ���G ���8�ȝ����7K�SURGXFHG�LQ�VLWX

)URP�UHDFWRU�DQG�ZHDSRQV�ILVVLRQ�

6WURQWLXP��������\� ,RGLQH��������G� &HVLXP���������\�
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%DULXP���������G��!�=LUFRQLXP��������G��!&HULXP��������G��!�6WURQWLXP��������G�

!�5XWKHQLXP���������G��!�.U\SWRQ����������\�

)URP�QRQILVVLRQ�VRXUFHV

&REDOW��� �����\ )URP�QRQILVVLRQ�QHXWURQ�UHDFWLRQV�LQ�UHDFWRUV

0DQJDQHVH��� ����G )URP�QRQILVVLRQ�QHXWURQ�UHDFWLRQV�LQ�UHDFWRUV

,URQ��� ����\ ��)H�Q��Q���)H� IURP�KLJK�HQHUJ\�QHXWURQV�DFWLQJ
RQ�LURQ�LQ�ZHDSRQV�KDUGZDUH

3OXWRQLXP���� �������\ ���8�Q�Ⴄ����3X��QHXWURQ�FDSWXUH�E\�XUDQLXP

� $EEUHYLDWLRQV���\��\HDUV��G��GD\V

� 7KLV�QRWDWLRQ�VKRZV�WKH�LVRWRSH�QLWURJHQ����UHDFWLQJ�ZLWK�D� QHXWURQ�� Q�� JLYLQJ� RII� D� SURWRQ�� S�� DQG
IRUPLQJ�WKH�FDUERQ����LVRWRSH��RWKHU�QXFOHDU�UHDFWLRQV�PD\� EH� GHGXFHG� IURP� WKLV� QRWDWLRQ� ZKHUH� [
UHSUHVHQWV�QXFOHDU�IUDJPHQWV�IURP�VSDOODWLRQ�

� 7KH�ILUVW�WKUHH�ILVVLRQ�SURGXFW�UDGLRLVRWRSHV�OLVWHG�EHORZ�DV�SURGXFWV�RI�UHDFWRU�DQG�ZHDSRQV� ILVVLRQ
DUH�RI�PRVW�VLJQLILFDQFH�EHFDXVH�RI�WKHLU�KLJK�\LHOGV�DQG�ELRORJLFDO�DFWLYLW\��7KH�RWKHU�ILVVLRQ�SURGXFWV
DUH�OLVWHG�LQ�JHQHUDOO\�GHFUHDVLQJ�RUGHU�RI�\LHOG�

LQJHVWHG�� $OWKRXJK� EHWD� SDUWLFOHV� DUH� PRUH� SHQHWUDWLQJ� WKDQ� DOSKD� SDUWLFOHV�� WKH\
SURGXFH�PXFK� OHVV� LRQL]DWLRQ� SHU� XQLW� SDWK� OHQJWK�� *DPPD� UD\V� DUH� PXFK� PRUH
SHQHWUDWLQJ�WKDQ�SDUWLFXODWH�UDGLDWLRQ��EXW�FDXVH�PXFK� OHVV� LRQL]DWLRQ�� 7KHLU� GHJUHH
RI�SHQHWUDWLRQ�LV�SURSRUWLRQDO�WR�WKHLU�HQHUJ\�

7KH� GHFD\� RI� D� VSHFLILF� UDGLRQXFOLGH� IROORZV� ILUVW�RUGHU� NLQHWLFV�� WKDW� LV�� WKH
QXPEHU�RI�QXFOHL�GLVLQWHJUDWLQJ�LQ�D�VKRUW�WLPH�LQWHUYDO�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH
QXPEHU� RI� UDGLRDFWLYH� QXFOHL� SUHVHQW�� 7KH� UDWH� RI� GHFD\�� �G1�GW�� LV� JLYHQ� E\� WKH
HTXDWLRQ�

'HFD\�UDWH�� ������G1�� ��Ⴌ1 ��������������
GW

ZKHUH�1�LV�WKH�QXPEHU�RI�UDGLRDFWLYH�QXFOHL�SUHVHQW�DQG�Ⴌ�LV�WKH�UDWH�FRQVWDQW��ZKLFK
KDV�XQLWV�RI�UHFLSURFDO�WLPH��6LQFH�WKH�H[DFW�QXPEHU�RI�GLVLQWHJUDWLRQV�SHU�VHFRQG�LV
GLIILFXOW�WR�GHWHUPLQH�LQ�WKH�ODERUDWRU\��UDGLRDFWLYH�GHFD\�LV�RIWHQ�GHVFULEHG�LQ�WHUPV
RI�WKH�DFWLYLW\��$��ZKLFK�LV�SURSRUWLRQDO�WR�WKH�DEVROXWH�UDWH�RI�GHFD\��7KH�ILUVW�RUGHU
GHFD\�HTXDWLRQ�PD\�EH�H[SUHVVHG�LQ�WHUPV�RI�$�

$�� ��$�H
�Ⴌ W ��������

ZKHUH�$�LV�WKH�DFWLYLW\�DW�WLPH�W��$��LV�WKH�DFWLYLW\�ZKHQ�W�LV�]HUR��DQG�H�LV�WKH�QDWXUDO
ORJDULWKP�EDVH�� 7KH�KDOI�OLIH�� W����� LV� JHQHUDOO\� XVHG� LQVWHDG� RI�Ⴌ� WR� FKDUDFWHUL]H� D
UDGLRQXFOLGH�

W����� ���
��������� ��������
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$V�WKH�WHUP�LPSOLHV��D�KDOI�OLIH� LV� WKH� SHULRG� RI� WLPH� GXULQJ�ZKLFK� KDOI� RI� D� JLYHQ
QXPEHU�RI�DWRPV�RI�D�VSHFLILF�NLQG�RI�UDGLRQXFOLGH�GHFD\��7HQ�KDOI�OLYHV�DUH�UHTXLUHG
IRU�WKH�ORVV�RI�������RI�WKH�DFWLYLW\�RI�D�UDGLRQXFOLGH�

5DGLDWLRQ�GDPDJHV�OLYLQJ�RUJDQLVPV�E\�LQLWLDWLQJ�KDUPIXO�FKHPLFDO�UHDFWLRQV�LQ
WLVVXHV�� )RU� H[DPSOH�� ERQGV� DUH� EURNHQ� LQ� WKH�PDFURPROHFXOHV� WKDW� FDUU\� RXW� OLIH
SURFHVVHV��,Q�FDVHV�RI�DFXWH�UDGLDWLRQ� SRLVRQLQJ�� ERQH�PDUURZ�ZKLFK� SURGXFHV� UHG
EORRG� FHOOV� LV� GHVWUR\HG� DQG� WKH� FRQFHQWUDWLRQ� RI� UHG� EORRG� FHOOV� LV� GLPLQLVKHG�
5DGLDWLRQ�LQGXFHG� JHQHWLF� GDPDJH� LV� RI� JUHDW� FRQFHUQ�� 6XFK� GDPDJH� PD\� QRW
EHFRPH� DSSDUHQW� XQWLO�PDQ\� \HDUV� DIWHU� H[SRVXUH��$V� KXPDQV� KDYH� OHDUQHG� PRUH
DERXW� WKH� HIIHFWV� RI� LRQL]LQJ� UDGLDWLRQ�� WKH� GRVDJH� OHYHO� FRQVLGHUHG� WR� EH� VDIH� KDV
VWHDGLO\�GLPLQLVKHG��)RU�H[DPSOH��WKH�8QLWHG�6WDWHV�1XFOHDU�5HJXODWRU\�&RPPLVVLRQ
KDV�GURSSHG�WKH�PD[LPXP�SHUPLVVLEOH�FRQFHQWUDWLRQ�RI�VRPH�UDGLRLVRWRSHV�WR�OHYHOV
RI�OHVV�WKDQ�RQH�WHQ�WKRXVDQGWK�RI�WKRVH�FRQVLGHUHG�VDIH�LQ�WKH�HDUO\�����V��$OWKRXJK
LW�LV�SRVVLEOH�WKDW�HYHQ�WKH�VOLJKWHVW�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ�HQWDLOV�VRPH�GDP�
DJH��VRPH�UDGLDWLRQ�LV�XQDYRLGDEO\�UHFHLYHG�IURP�QDWXUDO�VRXUFHV��)RU�WKH�PDMRULW\�RI
WKH�SRSXODWLRQ��H[SRVXUH�WR�QDWXUDO�UDGLDWLRQ�H[FHHGV�WKDW�IURP�DUWLILFLDO�VRXUFHV�

7KH�VWXG\�RI�WKH�HFRORJLFDO�DQG�KHDOWK�HIIHFWV�RI�UDGLRQXFOLGHV�LQYROYHV�FRQVLG�
HUDWLRQ�RI�PDQ\�IDFWRUV��$PRQJ�WKHVH�DUH� WKH� W\SH� DQG� HQHUJ\� RI� UDGLDWLRQ� HPLWWHU
DQG�WKH�KDOI�OLIH�RI�WKH�VRXUFH��,Q�DGGLWLRQ��WKH�GHJUHH�WR�ZKLFK�WKH�SDUWLFXODU�HOHPHQW
LV� DEVRUEHG� E\� OLYLQJ� VSHFLHV� DQG� WKH� FKHPLFDO� LQWHUDFWLRQV� DQG� WUDQVSRUW� RI� WKH
HOHPHQW� LQ� DTXDWLF� HFRV\VWHPV� DUH� LPSRUWDQW� IDFWRUV�� 5DGLRQXFOLGHV� KDYLQJ� YHU\
VKRUW�KDOI�OLYHV�PD\�EH�KD]DUGRXV�ZKHQ�SURGXFHG�EXW�GHFD\�WRR�UDSLGO\�WR�DIIHFW�WKH
HQYLURQPHQW�LQWR�ZKLFK�WKH\�DUH�LQWURGXFHG��5DGLRQXFOLGHV�ZLWK�YHU\�ORQJ�KDOI�OLYHV
PD\� EH� TXLWH� SHUVLVWHQW� LQ� WKH� HQYLURQPHQW� EXW� RI� VXFK� ORZ� DFWLYLW\� WKDW� OLWWOH
HQYLURQPHQWDO�GDPDJH�LV�FDXVHG��7KHUHIRUH��LQ�JHQHUDO��UDGLRQXFOLGHV�ZLWK�LQWHUPHG�
LDWH� KDOI�OLYHV� DUH� WKH� PRVW� GDQJHURXV�� 7KH\� SHUVLVW� ORQJ� HQRXJK� WR� HQWHU� OLYLQJ
V\VWHPV� ZKLOH� VWLOO� UHWDLQLQJ� D� KLJK� DFWLYLW\�� %HFDXVH� WKH\� PD\� EH� LQFRUSRUDWHG
ZLWKLQ� OLYLQJ� WLVVXH�� UDGLRQXFOLGHV� RI� ³OLIH� HOHPHQWV´� DUH� SDUWLFXODUO\� GDQJHURXV�
0XFK�FRQFHUQ�KDV�EHHQ� H[SUHVVHG� RYHU� VWURQWLXP����� D� FRPPRQ�ZDVWH� SURGXFW� RI
QXFOHDU�WHVWLQJ��7KLV�HOHPHQW�LV�LQWHUFKDQJHDEOH�ZLWK�FDOFLXP�LQ�ERQH��6WURQWLXP���
IDOORXW� GURSV� RQWR� SDVWXUH� DQG� FURS� ODQG� DQG� LV� LQJHVWHG� E\� FDWWOH�� (YHQWXDOO\�� LW
HQWHUV�WKH�ERGLHV�RI�LQIDQWV�DQG�FKLOGUHQ�E\�ZD\�RI�FRZ¶V�PLON�

6RPH� UDGLRQXFOLGHV� IRXQG� LQ� ZDWHU�� SULPDULO\� UDGLXP� DQG� SRWDVVLXP����
RULJLQDWH� IURP� QDWXUDO� VRXUFHV�� SDUWLFXODUO\� OHDFKLQJ� IURP� PLQHUDOV�� 2WKHUV� FRPH
IURP� SROOXWDQW� VRXUFHV�� SULPDULO\� QXFOHDU� SRZHU� SODQWV� DQG� WHVWLQJ� RI� QXFOHDU
ZHDSRQV��7KH�OHYHOV�RI�UDGLRQXFOLGHV�IRXQG�LQ�ZDWHU�W\SLFDOO\�DUH�PHDVXUHG�LQ�XQLWV
RI� SLFRFXULHV�OLWHU��ZKHUH� D� FXULH� LV� ���� Ø� ����� GLVLQWHJUDWLRQV� SHU� VHFRQG�� DQG� D
SLFRFXULH�LV���Ø�������WKDW�DPRXQW��RU�����Ø������GLVLQWHJUDWLRQV�SHU�VHFRQG�������GLV�
LQWHJUDWLRQV�SHU�PLQXWH��

7KH�UDGLRQXFOLGH�RI�PRVW�FRQFHUQ�LQ�GULQNLQJ�ZDWHU�LV�UDGLXP��5D��$UHDV�LQ�WKH
8QLWHG�6WDWHV�ZKHUH� VLJQLILFDQW� UDGLXP� FRQWDPLQDWLRQ� RI�ZDWHU� KDV� EHHQ� REVHUYHG
LQFOXGH� WKH� XUDQLXP�SURGXFLQJ� UHJLRQV� RI� WKH� ZHVWHUQ� 8�6��� ,RZD�� ,OOLQRLV�
:LVFRQVLQ��0LVVRXUL��0LQQHVRWD�� )ORULGD�� 1RUWK� &DUROLQD�� 9LUJLQLD�� DQG� WKH� 1HZ
(QJODQG�VWDWHV�

7KH�PD[LPXP�FRQWDPLQDQW�OHYHO��0&/��IRU�WRWDO�UDGLXP�����5D�SOXV����5D��LQ
GULQNLQJ�ZDWHU�LV�VSHFLILHG�E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�DV���S&L�/
�SLFRFXULHV�SHU�OLWHU���3HUKDSV�DV�PDQ\�DV�VHYHUDO�KXQGUHG�PXQLFLSDO�ZDWHU�VXSSOLHV
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LQ� WKH�8�6�� H[FHHG� WKLV� OHYHO� DQG� UHTXLUH� DGGLWLRQDO� WUHDWPHQW� WR� UHPRYH� UDGLXP�
)RUWXQDWHO\��FRQYHQWLRQDO�ZDWHU�VRIWHQLQJ�SURFHVVHV��ZKLFK�DUH�GHVLJQHG�WR�WDNH�RXW
H[FHVVLYH�OHYHOV�RI�FDOFLXP��DUH�UHODWLYHO\�HIILFLHQW�LQ�UHPRYLQJ�UDGLXP�IURP�ZDWHU�

$V�WKH�XVH�RI�QXFOHDU�SRZHU�KDV�LQFUHDVHG��WKH�SRVVLEOH�FRQWDPLQDWLRQ�RI�ZDWHU
E\�ILVVLRQ�SURGXFW�UDGLRLVRWRSHV�KDV�EHFRPH�PRUH�RI�D�FDXVH�IRU�FRQFHUQ���,I�QDWLRQV
FRQWLQXH� WR� UHIUDLQ� IURP� WHVWLQJ� QXFOHDU� ZHDSRQV� DERYH� JURXQG�� LW� LV� KRSHG� WKDW
UDGLRLVRWRSHV�IURP�WKLV�VRXUFH�ZLOO�FRQWULEXWH�RQO\�PLQRU�DPRXQWV�RI�UDGLRDFWLYLW\�WR
ZDWHU���7DEOH���� VXPPDUL]HV�WKH�PDMRU�QDWXUDO�DQG�DUWLILFLDO�UDGLRQXFOLGHV�OLNHO\�WR
EH�HQFRXQWHUHG�LQ�ZDWHU�

7UDQVXUDQLF�HOHPHQWV�DUH�RI�JURZLQJ�FRQFHUQ�LQ�WKH�RFHDQLF�HQYLURQPHQW��7KHVH
DOSKD�HPLWWHUV�DUH�ORQJ�OLYHG�DQG�KLJKO\�WR[LF��$V�WKHLU�SURGXFWLRQ�LQFUHDVHV��VR�GRHV
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