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���,QWURGXFWLRQ�
7KH� REMHFWLYH� RI� )5$&�:(&2� LV� WR� GHYHORS� DQ� LQWHJUDWHG�PHWKRGRORJ\� FRQWULEXWLQJ� WR� D�
PRUH� FRPSUHKHQVLYH� ULVN� DVVHVVPHQW� RI� FRQWDPLQDWHG� VLWHV� RQ� ZDWHU� UHVRXUFHV� DQG�
HFRV\VWHPV�� 7KH� SURMHFW� FRPELQHV� RQ� WKH� RQH� KDQG� SURFHVV� VWXGLHV� FRQWULEXWLQJ� WR� D�PRUH�
FRPSUHKHQVLYH�DVVHVVPHQW�DQG�PRGHOOLQJ�RI�ZDWHU�DQG�FRQWDPLQDQW� IOX[HV�DW�YDULRXV�VFDOHV�
�ORFDO�DQG�FDWFKPHQW��DQG�RI�ELRJHRFKHPLFDO�SURSHUWLHV�DQG�WR[LFLW\�RI�FRQWDPLQDQWV��RQ�WKH�
RWKHU� KDQG� LPSDFW� VWXGLHV� VXFK� DV� ULVN� DVVHVVPHQW� PHWKRGRORJLHV� VR� DV� WR� SURSRVH�
PDQDJHPHQW�WRROV�DQG�LQGLFDWRUV�IRU�UDQNLQJ�FRQWDPLQDWHG�VLWHV�LQ�WHUPV�RI�ULVNV�DQG�FRVWV��
7KH�RULJLQDOLW\�RI�WKH�DSSURDFK�UHOLHV�PDLQO\�RQ�WZR�DVSHFWV��L��D�ULVN�HYDOXDWLRQ�EDVHG�RQ�WKH�
FDOFXODWLRQ� RI� FRQWDPLQDQW� IOX[HV� EHWZHHQ� WKH� VRXUFH� �FRQWDPLQDQW� HPLWWHU�� DQG� WKH�
UHFHSWRU�V��� LL�� WKH� XVH� RI� WKH� '36,5� DSSURDFK� DV� D� JHQHUDO� IUDPHZRUN� IRU� FRXSOLQJ� WKH�
SK\VLFDO� DQG� VRFLR�HFRQRPLF� FRPSRQHQWV� RI� WKH� DQDO\VLV�� 7R� GHYHORS� WKDW� PHWKRGRORJ\��
YDULRXV�VNLOOV��WRROV�DQG�FRQFHSWV�DUH�SURYLGHG�DQG�GHYHORSHG�E\�WKH�GLIIHUHQW�UHVHDUFK�JURXSV�
LQYROYHG� LQ� WKH� SURMHFW� DQG� LW� LV� WKH� VXP� DQG� WKH� LQWHJUDWLRQ� RI� WKHVH� FRPSRQHQWV� WKDW�ZLOO�
DOORZ�UHDFKLQJ�WKH�ILQDO�REMHFWLYHV��
,W� LV� WKXV� QHFHVVDU\� WR� GHILQH� DQ� LQWHJUDWLRQ� VFKHPD� IURP� WKH� EHJLQQLQJ� RI� WKH� SURMHFW�� WR�
JXDUDQWHH�WKH�FRPSOHPHQWDULW\�DQG�FRPSDWLELOLW\�RI�WKH�YDULRXV�UHVHDUFK�HIIRUWV���,QWHJUDWLRQ�
FRQFHUQV� RQ� WKH� RQH� KDQG� WKH� SK\VLFDO� FRPSRQHQW� RI� WKH� DQDO\VLV� IRU� ZKLFK� WKH� YDULRXV�
SURFHVV�EDVHG�UHVHDUFKHV�VKRXOG�FRQWULEXWH�WR�WKH�JOREDO�REMHFWLYH�RI�WKH�SURMHFW��EHLQJ�DEOH�WR�
DVVHVV� FRQWDPLQDQW� IOX[HV� EHWZHHQ� WKH� 6RXUFH� DQG� WKH� 5HFHSWRU�� 2Q� WKH� RWKHU� KDQG��
LQWHJUDWLRQ� VKRXOG� DOVR� FRQWULEXWH� WR� PDNH� FRPSDWLEOH� WKH� SK\VLFDO� DQG� VRFLR�HFRQRPLF�
FRPSRXQGV�RI�WKH�SURMHFW��
7KH�,QWHJUDWLRQ�PHWKRGRORJ\�LV�GHVFULEHG�LQ�WKH�IROORZLQJ�FKDSWHUV�RI�WKLV�GHOLYHUDEOH��)LUVW��
WKH� SK\VLFDO� DQG� VRFLR�HFRQRPLF� FRPSRQHQWV� RI� WKH� VWXGLHG� V\VWHP�XQGHU� LQYHVWLJDWLRQ� DUH�
GHVFULEHG��$W�WKLV�OHYHO��D�FRPELQHG�'36,5�635�DSSURDFK�LV�XVHG�WR�SUHVHQW�LQ�D�VXPPDUL]HG�
ZD\� WKH� FDXVDO� FKDLQ� FRUUHVSRQGLQJ� WR� WKH� VWXGLHG� V\VWHP��7KLV�ZLOO� VXEVHTXHQWO\� IRUP� WKH�
EDVLV� RI� WKH� LQWHJUDWLRQ�PHWKRGRORJ\�� 6HFRQG�� WKH� YDULRXV� HOHPHQWV� FRQVLGHUHG� IRU�PRYLQJ�
IURP� WKH� V\VWHP� DQDO\VLV� WR� GHFLVLRQ� VXSSRUW� DUH� GHWDLOHG�� '36,5� LQGLFDWRUV�� PRGHOOLQJ�
FRQFHSWV�DQG�VRFLR�HFRQRPLF�WRROV��&RQFOXVLRQV�DQG�SHUVSHFWLYHV�DUH�ILQDOO\�GUDZQ��
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���'HVFULSWLRQ�RI�WKH�VWXGLHG�V\VWHP�
5LVN� DVVHVVPHQW� RI� FRQWDPLQDQWV� LV� D� ZLGH� DQG� YHU\� ³SRSXODU´� WRSLF� IRU� UHVHDUFK� DQG�
DSSOLFDWLRQV�� ,W� PD\� HQFRPSDVV� DOPRVW� DQ\� NLQG� RI� FRQWDPLQDQWV� �SRLQW� YHUVXV� GLIIXVH��
DFFLGHQWDO� YHUVXV� SHULRGLF� RU� FRQWLQXRXV�� H[LVWLQJ� YHUVXV� SRWHQWLDO«��� DQ\� NLQG� RI� GULYLQJ�
YHFWRUV� �ZDWHU�� DLU«�� DQG� DQ\� NLQG� RI� UHFHSWRUV� �KXPDQ� EHLQJV�� WHUUHVWULDO� DQG� DTXDWLF�
HFRV\VWHPV��QDWXUDO�UHVRXUFHV«���$OWKRXJK�LW�LV�H[SHFWHG�WR�REWDLQ�UHVXOWV�DQG�WRROV�WKDW�DUH�
DV�JHQHULF�DV�SRVVLEOH��WKH�REMHFWLYHV�RI�)5$&�:(&2�KDYH�EHHQ�OLPLWHG�WR�D�UHDVRQDEOH�VHW�
RI�VLWXDWLRQV��JLYHQ�WKH�PHDQV�DQG�SRVVLELOLWLHV�RIIHUHG�ZLWKLQ�WKH�FRQVRUWLXP��7KH�REMHFWLYH�
KHUH�LV�WR�GHVFULEH�DV�DFFXUDWHO\�DV�SRVVLEOH�WKH�GRPDLQ�RI�LQYHVWLJDWLRQ�RI�)5$&�:(&2�DQG�
LWV�OLPLWV���

����� 3K\VLFDO�FRPSRQHQW�DQG�635�DSSURDFK�
7KH� SK\VLFDO� V\VWHP� FRUUHVSRQGV� WR� WKH� XQGHUJURXQG� PHGLXP� DQG� WKH� ZDWHU� LW� FRQWDLQV��
VWDUWLQJ�IURP�WKH�ODQG�VXUIDFH�GRZQ�WR�DQ\�³LPSHUYLRXV´�OD\HU�WKDW�OLPLWV�WKH�FRQWLQXLW\�RI�WKH�
JURXQGZDWHU� V\VWHP�� YHUWLFDOO\� RU� ODWHUDOO\�� ,W� DOVR� LQWHJUDWHV� WKH� EXIIHU� ]RQH� EHWZHHQ�
JURXQGZDWHU� DQG� VXUIDFH� ZDWHU� DQG� VXUIDFH� ZDWHU� LWVHOI� WR� WKH� H[WHQG� LW� LQWHUDFWV� ZLWK�
JURXQGZDWHU��
:DWHU� LV� WKH� PDLQ� YHFWRU� RI� WKH� PRELOLW\� RI� FRQWDPLQDQWV� LQ� WKLV� V\VWHP�� ,Q� WKH� XSSHU�
XQGHUJURXQG� OD\HUV��ZDWHU�VDWXUDWLRQ� LV� OLNHO\� WR�EH�YDULDEOH�DQG� OHVV� WKDQ�RU�HTXDO� WR������
�XQVDWXUDWHG� ]RQH��� 7KH� JURXQGZDWHU� V\VWHP� FRUUHVSRQGV� WR� WKH� GHHSHU� XQGHUJURXQG� OD\HUV�
VDWXUDWHG� ZLWK� ZDWHU� �VDWXUDWHG� ]RQH��� EHORZ� WKH� SKUHDWLF� VXUIDFH�� &RQWDPLQDQWV� ZHUH�
RULJLQDOO\� HPLWWHG� DW� WKH� ODQG� VXUIDFH� DQG� WKH\� KDYH� PRUH� RU� OHVV� SHQHWUDWHG� LQ� WKH�
XQGHUJURXQG��E\�LQILOWUDWLRQ�RU�EHFDXVH�RI�ODQG�UHRUJDQL]DWLRQ��7KH\�DUH�QRZDGD\V�ORFDWHG�DW�
YDULRXV� GHSWKV�� GHSHQGLQJ� RQ� WKH� SK\VLFR�FKHPLFDO� SURSHUWLHV� WKDW� GULYH� WKHLU�PRUH� RU� OHVV�
LPSRUWDQW�PRELOLW\�LQ�WKH�XQGHUJURXQG��
$V�VWDWHG�LQ�WKH�SURSRVDO��WKH�SURMHFW�ZLOO�LQ�SULRULW\�IRFXV�RQ�WKH�LPSDFW�RI�H[LVWLQJ�VRXUFHV�RI�
FRQWDPLQDWLRQ��KLVWRULF�SROOXWLRQ��RQ�ZDWHU�UHVRXUFHV�DQG�DVVRFLDWHG�HFRV\VWHPV��7KLV�FDQ�EH�
FRQFHSWXDOL]HG�XVLQJ�WKH�6RXUFH�±�3DWKZD\�±�5HFHSWRU�DSSURDFK��635���7KH�635�DSSURDFK�LV�
FRPPRQO\�XVHG� LQ� ULVN�DVVHVVPHQW� VWXGLHV� IRU� FRQFHSWXDOL]LQJ�DQG�GHVFULELQJ� WKH�SURFHVVHV�
XQGHUO\LQJ�WKH�PHFKDQLVPV�RI�HQYLURQPHQWDO�ULVN��&/$5,1(7��������7KH�635�DSSURDFK��DV�
DSSOLHG� WR� WKH� SK\VLFDO� V\VWHP� FRQVLGHUHG� KHUH�� LV� LOOXVWUDWHG� LQ� )LJXUH� �� DQG� GHVFULEHG�
KHUHDIWHU��
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6RXUFH�
7KH� 6RXUFH� LV� WKH� HPLWWHU� RI� FRQWDPLQDQWV� LQ� WKH� HQYLURQPHQW�� )5$&�:(&2�ZLOO� PRVWO\�
IRFXV�RQ�SRLQW�VRXUFHV�RI�FRQWDPLQDWLRQ��NHHSLQJ�LQ�PLQG�WKH�IDFW�WKDW�GLIIXVH�FRQWDPLQDWLRQ�
LVVXHV�DUH�DOVR�OLNHO\�WR�EH�SDUW�RI�WKH�DQDO\VLV��

5HFHSWRUV�
)URP� WKH� YHU\� EHJLQQLQJ� RI� WKH� SURMHFW�� LW� KDV� EHHQ� DJUHHG� WKDW� WKH� SRWHQWLDO� UHFHSWRUV� IRU�
ZKLFK�)5$&�:(&2�VKRXOG�GHYHORS�ULVN�DVVHVVPHQW�WRROV�DUH�ZDWHU�UHVRXUFHV�DQG�DVVRFLDWHG�
HFRV\VWHPV�� 7KLV� H[FOXGHV� IURP� WKH� GLUHFW� DQDO\VLV� KXPDQ� KHDOWK� SUREOHPV� DQG� WHUUHVWULDO�
HFRV\VWHPV�GHJUDGDWLRQ����
7KH�LGHQWLILHG�UHFHSWRUV�DUH�WKXV���

�� *URXQGZDWHU� DV� D� UHVRXUFH� �5HFHSWRU� �D� LQ� )LJXUH� ���� DEVWUDFWHG� JURXQGZDWHU�
�5HFHSWRU��E�� DQG�JURXQGZDWHU� HFRV\VWHPV� �5HFHSWRU��F�� SURYLGHG� WKDW� WKH\� FDQ�EH�
LGHQWLILHG���

�� 6XUIDFH�ZDWHU�DV�D�UHVRXUFH�LPSDFWHG�E\�WKH�GLVFKDUJH�RI�JURXQGZDWHU��5HFHSWRU��D���
DEVWUDFWHG� VXUIDFH� ZDWHU� �5HFHSWRU� �E�� DQG� VXUIDFH� ZDWHU� DTXDWLF� HFRV\VWHPV�
�5HFHSWRU��F���

3DWKZD\�
.QRZLQJ�WKH�VRXUFHV�DQG�UHFHSWRUV�FRQVLGHUHG�WKH�IROORZLQJ�SDWKZD\V�FDQ�EH�LGHQWLILHG��

�� 3DWKZD\���� WKH�XQVDWXUDWHG�]RQH�EHWZHHQ�WKH�6RXUFH�DQG�WKH�JURXQGZDWHU�WDEOH��WKLV�
FRQVWLWXWHV�WKH�ZKROH�SDWKZD\�IRU�ULVN�DVVHVVPHQW�RI�WKH�JURXQGZDWHU�UHVRXUFH�DQG�D�
SDUW�RI�WKH�SDWKZD\�IRU�ULVN�DVVHVVPHQW�RI�JURXQGZDWHU�DEVWUDFWLRQ�SRLQWV��RI�VXUIDFH�
ZDWHU�DQG�RI�DTXDWLF�HFRV\VWHPV��

�� 3DWKZD\����JURXQGZDWHU� IORZ�SDWKV�DV�D�FRPSOHPHQWDU\�SDWKZD\� WR� WKH�XQVDWXUDWHG�
]RQH� IRU� ULVN� DVVHVVPHQW� RI� JURXQGZDWHU� DEVWUDFWLRQ� SRLQWV�� RI� VXUIDFH�ZDWHU� DQG� RI�
DTXDWLF�HFRV\VWHPV��

�� 3DWKZD\����VXUIDFH�ZDWHU�IORZ�SDWKV�WKURXJK�UXQRII��ZKLFK�FDQ�DOVR�GULYHV�GLVVROYHG�
FRQWDPLQDQWV� DQG� FRQWDPLQDQWV� DWWDFKHG� WR� VXVSHQGHG� PDWWHUV�� KRZHYHU�� WKLV�
FRPSRQHQW�LV�QRW�VSHFLILFDOO\�FRYHUHG�ZLWKLQ�WKH�)5$&�:(&2�SURMHFW��

$ORQJ� WKHVH� IORZ�SDWKV��ZH�QHHG� WR� LGHQWLI\� WKH� UHOHYDQW�SURFHVVHV� IRU�DVVHVVLQJ� WKH� IDWH�RI�
FRQWDPLQDQWV�IURP�WKH�6RXUFH�WR�WKH�YDULRXV�5HFHSWRUV��L�H��FRQWDPLQDQW�PRELOLW\��DGYHFWLRQ��
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GLIIXVLRQ� DQG� K\GURG\QDPLF� GLVSHUVLRQ��� FRQWDPLQDQW� UHWDUGDWLRQ� DQG� UHDFWLRQ� �VRUSWLRQ� ±�
GHVRUSWLRQ��ELRGHJUDGDWLRQ��ELRWUDQVIRUPDWLRQ«���&RQWDPLQDQW�GLVSHUVLRQ�LQ�WKH�HQYLURQPHQW�
WKURXJK�YRODWLOL]DWLRQ�LV�SURYLVLRQDOO\�H[FOXGHG�IURP�WKH�DQDO\VLV�IUDPHZRUN��DW�OHDVW�LQ�WHUPV�
RI�ULVN�DVVHVVPHQW��

Rainfall

runoff

Infiltration

Groundwater flow
= Receptor R1a
= Pathway P2

Abstracted groundwater
= Receptor R1b

Discharge to
surface water

Contaminated zone
= Source

Unsaturated
zone

= pathway 1

Saturated
zone

Surface water
= Receptor R2a

Aquatic ecosystems
= Receptor R2c

Groundwater
ecosystems
= Receptor R1c

Abstracted surface water
= Receptor R2b

�
)LJXUH����6RXUFH�±�3DWKZD\�±�5HFHSWRU�DQDO\VLV�RI�WKH�SK\VLFDO�V\VWHP�XQGHU�LQYHVWLJDWLRQ�

����� 5HODWLRQV�EHWZHHQ�VRFLR�HFRQRPLF�DQG�SK\VLFDO�
FRPSRQHQWV��'36,5�DSSURDFK�

7R� GHYHORS� DQ� LQWHJUDWHG�PHWKRGRORJ\� WR� VXSSRUW� GHFLVLRQ�PDNLQJ�� D�ZLGH� UDQJH� RI� VRFLR�
HFRQRPLF�� GHFLVLRQDO� DQG� ELRSK\VLFDO� SURFHVVHV� QHHG� WR� EH� LQYHVWLJDWHG��5HODWLRQV� EHWZHHQ�
SK\VLFDO� DQG� VRFLR�HFRQRPLF� FRPSRQHQWV� RI� WKH� V\VWHP� VKRXOG� EH�ZHOO� XQGHUVWRRG�� $� NH\�
VWHS�LQ�WKH�GHYHORSPHQW�RI�DQ�LQWHJUDWHG�PHWKRGRORJ\�LV�LWV�FRQFHSWXDO�SKDVH��IRU�WKLV�SXUSRVH�
WKH�'36,5�PHWKRGRORJ\�ZLOO�EH�XVHG�DV�D�JHQHUDO�RUJDQL]DWLRQDO�IUDPHZRUN�IRU� WKH�SURMHFW��
7KH� '36,5� PHWKRGRORJ\� SUHVHQWV� D� FKDLQ� RI� FDXVDO� OLQNV� EHWZHHQ� 'ULYLQJ� IRUFHV�'ULYHUV�
�HFRQRPLF�VHFWRUV��KXPDQ�DFWLYLWLHV���3UHVVXUHV��HPLVVLRQV��ZDVWH���6WDWHV��SK\VLFDO��FKHPLFDO�
DQG� ELRORJLFDO� VWDWH� RI� WKH� UHVRXUFH�� DQG� ,PSDFWV� RQ� HFRV\VWHPV�� KXPDQ�KHDOWK� DQG�QDWXUDO�
UHVRXUFHV��.ULVWHQVHQ��������7KLV�OHDGV�WR�5HVSRQVHV�VXFK�DV�SULRULWL]DWLRQ��WDUJHW�VHWWLQJ�DQG�
LQGLFDWRUV��:KHUHDV�WKH�635�IUDPHZRUN�LV�XVXDOO\�VRPHZKDW�PRUH�UHVWULFWHG�WR�WKH�SK\VLFDO�
PRGHOOLQJ�RI�HFRORJLFDO�ULVNV�� WKH�VRFLR�HFRQRPLF�DVSHFWV�RI�HQYLURQPHQWDO�SUREOHPV�DUH�DQ�
LQWHJUDO�SDUW�RI�WKH�'36,5�IUDPHZRUN�WKDW�SURYLGHV�DQ�LPSRUWDQW�WRRO�IRU�DFKLHYLQJ�D�FRPPRQ�
OHYHO�RI�XQGHUVWDQGLQJ�DQG�FRQVHQVXV�EHWZHHQ�UHVHDUFKHUV��QDWXUDO�UHVRXUFH�PDQDJHUV��SROLF\�
PDNHUV�DQG�RWKHU�VWDNHKROGHUV��%URXZHU���������
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,Q� WKH� IUDPHZRUN� RI� WKH� )5$&�:(&2� SURMHFW�� WKH� IROORZLQJ� VXE�V\VWHPV� VKRXOG� EH�
LQYHVWLJDWHG��

'ULYHUV�
$W� WKH�)5$&�:(&2�OHYHO�� WKH�REMHFWLYH� LV� WR� IRFXV�RQ�H[LVWLQJ�FRQWDPLQDWLRQ� LVVXHV��7KLV�
PHDQV� WKDW� WKH�'ULYHUV� RI� WKH� FRQWDPLQDWLRQ� LVVXHV� DUH� QRW� GLUHFWO\� FRQVLGHUHG� DV� SRWHQWLDO�
FRPSRQHQWV�RI�WKH�DQDO\VLV�DQG�SUHYHQWLYH�PHDVXUHV�WKDW�ZRXOG�RSHUDWH�WKURXJK�WKH�FKDQJH�RI�
GULYHUV¶� EHKDYLRXU� DUH� QRW� FRQVLGHUHG� DV� SRWHQWLDO� UHVSRQVHV�� 5HVHDUFK� DFWLYLWLHV� ZLOO� WKXV�
IRFXV�RQ�WKH�3�6�,�FKDLQ���

3UHVVXUHV�
3UHVVXUHV�DUH�UHSUHVHQWHG�E\�WKH�6RXUFHV�RI�FRQWDPLQDQWV�IURP�ZKHUH�SROOXWDQWV�DUH�HPLWWHG�
LQ�WKH�HQYLURQPHQW���

6WDWH�
7KH� 6WDWH� FRPSRQHQW� LV� WKH� DTXDWLF� V\VWHP� WKDW� LQFOXGHV� JURXQG�� DQG� VXUIDFH� ZDWHU� �DV�
LPSDFWHG�E\�JURXQGZDWHU��FKDUDFWHUL]HG�E\�WKHLU�K\GUR�JHR�ORJ\��WKHLU�ELR�JHR�FKHPLVWU\�DQG�
WKHLU� HFRORJ\� DV� DIIHFWHG� E\� WKH� HPLWWHG� FRQWDPLQDQWV�� $V� WKH� SURMHFW� IRFXVHV� RQ� TXDOLW\�
LVVXHV�� FKDQJHV� RI� WKH� VWDWH� GXH� WR� SROOXWLQJ� SUHVVXUHV� ZLOO� PDLQO\� UHVXOW� LQ� FKDQJHV� LQ�
ELRJHRFKHPLVWU\�DQG�HFRORJ\�RI�DTXDWLF�V\VWHPV��)RU�LQVWDQFH��SROOXWLQJ�SUHVVXUHV�PD\�OHDG�
WR� GHJUDGDWLRQ� RI� �L�� JURXQGZDWHU� UHVRXUFH� TXDOLW\� DV� D� ZKROH� �5HFHSWRU� �D�� RU� DW� VRPH�
DEVWUDFWLRQ� SRLQWV� �SXPSLQJ� ZHOOV�� 5HFHSWRU� �E��� �LL�� VXUIDFH� ZDWHU� TXDOLW\� �5HFHSWRU� �D���
SDUWLFXODUO\�GXULQJ�UHFHVVLRQ�SHULRGV�ZKHQ�WKH�JURXQGZDWHU�EDVH�IORZ�FRPSRQHQW�RI�VXUIDFH�
ZDWHU� LV� GRPLQDQW� DQG� �LLL�� DTXDWLF� HFRV\VWHPV� �OLYLQJ� LQ� JURXQG�� DQG�RU� VXUIDFH� ZDWHU��
5HFHSWRU��F�DQG��F�UHVSHFWLYHO\����
$W� WKLV� OHYHO�� RQH�QHHGV� WR� FODULI\� WKH� IDFW� WKDW� VXUIDFH�ZDWHU� LV� LQFOXGHG� LQ� WKH� VWDWH� RI� WKH�
SURMHFW�LQVRIDU�DV�LW�LV�DIIHFWHG�E\�WKH�GHJUDGDWLRQ�RI�WKH�GLVFKDUJLQJ�JURXQGZDWHU�DW�WKH�OHYHO�
RI� WKH� VWXGLHG� FRQWDPLQDWHG� VLWH�� QRW� WKURXJK� D� SRVVLEOH� GHJUDGDWLRQ� RI� WKH� VXUIDFH� ZDWHU�
XSVWUHDP�IURP�WKH�VWXGLHG�FRQWDPLQDWHG�VLWH���

,PSDFWV�
&KDQJHV�LQ�WKH�VWDWH�RI�WKH�DTXDWLF�V\VWHP�PD\�OHDG�WR�,PSDFWV��,PSDFWV�DUH�FKDUDFWHUL]HG�DV�
WKH�FKDQJH�RI�JRRGV�DQG�VHUYLFHV�SURYLGHG�E\�DTXDWLF�V\VWHPV�WKDW�OHDG�WR�FKDQJH�LQ�KXPDQ�
ZHOIDUH��7KH�)5$&�:(&2�SURMHFW�ZLOO�IRFXV�RQ�WKH�DQDO\VLV�RI�LPSDFWV�GXH�WR�JURXQGZDWHU�
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TXDOLW\�GHJUDGDWLRQ��1HYHUWKHOHVV��DV�PHQWLRQHG�EHIRUH��LI� WKH�VXUIDFH�ZDWHU�FKHPLFDO�DQG�RU�
HFRORJLFDO�VWDWXV�LV�DIIHFWHG�GXH�WR�JURXQGZDWHU�GLVFKDUJH��LPSDFWV�UHODWHG�WR�WKLV�GHJUDGDWLRQ�
ZLOO�DOVR�EH�WDNHQ�LQWR�DFFRXQW��VHH�)LJXUH������
,PSDFWV�FDQ�EH�H[SUHVVHG�LQ�D�PRQHWDU\�WHUP�DQG�FDQ�EH�FRQVLGHUHG�DV�WKH�FKDQJH�RI�WKH�WRWDO�
HFRQRPLF�YDOXH�RI� WKH�DTXDWLF� V\VWHPV�GXH� WR� WKH� FKDQJH�RI� WKHLU� VWDWH��7KH�QRWLRQ�RI� WRWDO�
HFRQRPLF�YDOXH�ZLOO�EH�XVHG�WR�SURYLGH�D�PHDVXUH�RI�WKH�HFRQRPLF�YDOXH�RI�DQ�HQYLURQPHQWDO�
DVVHW��2(&'��������

�� $Q\� GHFUHDVH� LQ� ZDWHU� VWDWXV� JHQHUDOO\� OHDGV� WR� HQYLURQPHQWDO� GDPDJHV� �QHJDWLYH�
LPSDFWV��WKDW�PD\�EH�GHILQHG�DV�WKH�WRWDO�HFRQRPLF�FRVWV��ZHOIDUH�ORVV��RI�WKH�SK\VLFDO�
HQYLURQPHQWDO�GDPDJH� WR� WKH�ZDWHU�V\VWHP��ZDWHU�ERG\�RU�ULYHU�EDVLQ��DV�D� UHVXOW�RI�
WKH�FKHPLFDO�DQG�RU�HFRORJLFDO�VWDWH�RI�WKH�ZDWHU�V\VWHP��%URXZHU�HW�DO����������

�� $Q\�LPSURYHPHQW�LQ�ZDWHU�VWDWXV��IRU�LQVWDQFH�DIWHU�WKH�LPSOHPHQWDWLRQ�RI�UHPHGLDWLRQ�
PHDVXUHV�� OHDGV� WR�HQYLURQPHQWDO�EHQHILWV� �SRVLWLYH� LPSDFWV�� WKDW�PD\�EH�GHILQHG�DV�
WKH�WRWDO�HFRQRPLF�YDOXH��ZHOIDUH�JDLQ��RI�WKH�SK\VLFDO�HQYLURQPHQWDO�LPSURYHPHQW�RI�
WKH�ZDWHU�V\VWHP�DV�D�UHVXOW�RI�WKH�FKHPLFDO�DQG�RU�HFRORJLFDO�VWDWH�RI�WKH�ZDWHU�V\VWHP�
�RU�WKH�UHGXFWLRQ�LQ�GDPDJH�FRVWV���%URXZHU�HW�DO����������

(QYLURQPHQWDO��GDPDJH��&RVW� �±∆�7RWDO�(FRQRPLF�9DOXH��7(9��

(QYLURQPHQWDO�EHQHILWV� ���$YRLGHG�'DPDJH�&RVWV� ��∆�7RWDO�(FRQRPLF�9DOXH��7(9��

5HVSRQVHV�
)URP� WKH� DVVHVVPHQW� RI� LPSDFWV�� RU� LQ� DSSOLFDWLRQ� WR� WKH� SUHFDXWLRQDU\� SULQFLSOH�� GHFLVLRQ�
PDNHUV� PD\� KDYH� WR� GHWHUPLQH� DSSURSULDWH� 5HVSRQVHV�� LQ� RUGHU� WR� LPSURYH� WKH� VWDWH� DQG�
PLWLJDWH� WKH� LPSDFWV� �RU� WR�SUHYHQW� IXWXUH�RQHV��� ,W� LV� LPSRUWDQW� WR� VWUHVV� WKDW� UHVSRQVHV�FDQ�
WDUJHW�GLIIHUHQW�SDUWV�RI�WKH�'36,�V\VWHP��$V�FRQWDPLQDWLRQ�LV�GXH�WR�SDVW�LQGXVWULDO�DFWLYLWLHV��
5HVSRQVHV� FDQQRW� DGGUHVV� WKH� 'ULYHUV� GLUHFWO\�� 3UHVVXUHV� H[HUWHG� RQ� JURXQGZDWHU� FDQ� EH�
DGGUHVVHG�IRU�LQVWDQFH�E\�VRLO�H[FDYDWLRQ��ZKLFK�ZLOO�GHFUHDVH�WKH�H[LVWLQJ�VWRFN�RI�SROOXWDQWV��
7KH�VWDWH�RI�WKH�JURXQGZDWHU�FDQ�EH�LPSURYHG�E\�WKH�WUHDWPHQW�RI�FRQWDPLQDWHG�JURXQGZDWHU��
,PSDFWV� FDQ� EH� PLWLJDWHG� E\� VXSSRUWLQJ� WKH� LQVWDOODWLRQ� RI� WUHDWPHQW� V\VWHPV� IRU� HQVXULQJ�
JRRG�TXDOLW\�GULQNLQJ�ZDWHU����
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����� &RQFHSWXDO�IUDPHZRUN��D�FRPELQHG�'36,5�±�635�
DSSURDFK�

,Q�WKH�)5$&�:(&2�SURMHFW��D�FRPELQHG�'36,5�±�635�DSSURDFK�LV�SURSRVHG��7R�GR�VR��WKH�
635�FRQFHSWXDOL]DWLRQ�RI�WKH�SK\VLFDO�V\VWHP�ZLOO�EH�LQWHJUDWHG�LQWR�WKH�'36,5�IUDPHZRUN��
)LJXUH��� LOOXVWUDWHV� WKH�³FRQFHSWXDO�PRGHO´�FRUUHVSRQGLQJ� WR� WKH�)5$&�:(&2�SURMHFW�� WKH�
LGHQWLILFDWLRQ�RI� WKH�PDLQ�6RXUFH��3DWKZD\V�DQG�5HFHSWRUV�FRQFHUQHG�DQG� WKH� WUDQVODWLRQ�RI�
WKHVH�FRQFHSWV�LQWR�D�VLPSOLILHG�'36,5�IORZFKDUW��$V�H[SUHVVHG�E\�WKLV�)LJXUH��WKH�SURMHFW�LV�
FRPSRVHG�RQ�WKH�RQH�KDQG�RI�SURFHVV�VWXGLHV�IRFXVLQJ�RQ�WKH�SK\VLFDO�V\VWHP�DQG�DLPLQJ�DW�
OLQNLQJ�WKH�SUHVVXUH�DQG�VWDWH�FRPSRQHQWV�RI�WKLV�V\VWHP�XVLQJ�WKH�635�FRQFHSW��RQ�WKH�RWKHU�
KDQG�RI�D�VRFLR�HFRQRPLF�FRPSRQHQW�DLPLQJ�DW�TXDQWLI\LQJ�WKH�LPSDFWV�LQ�WHUPV�RI�FKDQJHV�LQ�
KXPDQ�ZHOIDUH��RI�WKH�GHJUDGDWLRQ�RI�WKH�VWDWH�ILUVW����ILUVW�\HDUV�RI�WKH�SURMHFW��GDPDJH�FRVW�
DVVHVVPHQW�� DQG� LWV� SRWHQWLDO� UHVWRUDWLRQ� QH[W� �WZR� ODVW� \HDUV� RI� WKH� SURMHFW�� FRVW�EHQHILW�
DQDO\VLV�RI�DOWHUQDWLYH�PDQDJHPHQW�PHDVXUHV����

3ROOXWLQJ SUHVVXUHV

*URXQGZDWHU
UHVRXUFH

� +\GURJHRORJ\
� %LRJHRFKHPLVWU\

� (FRORJ\

6XUIDFH�ZDWHU
UHVRXUFH
� +\GURORJ\

� %LRJHRFKHPLVWU\
� (FRORJ\

3K
\V
LFD

OV
\V
WHP

63
5�
UHO

DWL
RQ

VK
LSV

6R
FLR

�HF
RQ

RP
LF

V\
VWH

P

35(6685(6

67$7(

6
3�

5�

6
3��3� 5�

,03$&76

6RFLR�HFRQRPLF LPSDFWV�DV�D�FRQVHTXHQFH RI
KXPDQ ZHOIDUH

*URXQGZDWHU
V\VWHP JRRGV DQG

VHUYLFHV
*URXQGZDWHU

V\VWHP JRRGV DQG
VHUYLFHV

6XUIDFH�ZDWHU
V\VWHP JRRGV DQG

VHUYLFHV

3DVW LQGXVWULDO DFWLYLWLHV '5,9(56

0DQDJHPHQW�SODQ�
5(63216(6 �

)LJXUH����,QWHJUDWHG�635��'36,5�IORZFKDUW�FRUUHVSRQGLQJ�WR�WKH�)5$&�:(&2�SURMHFW��
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���'HFLVLRQ�VXSSRUW�
7KH� FRPELQHG� '36,5�635� DSSURDFK� SURYLGHV� D� FRQFHSWXDO� IUDPHZRUN� IRU� D� JRRG�
XQGHUVWDQGLQJ�DQG�VWUXFWXULQJ�RI�WKH�SUREOHP�WR�EH�IDFHG��WKH�FRQWDPLQDWLRQ�LVVXH���,Q�RUGHU�WR�
WDNH�GHFLVLRQV��RQH�IXUWKHU�QHHGV��

�� LQGLFDWRUV�ZKLFK�ZLOO� EH� UHIHUUHG� WR� DV� GHFLVLRQDO� YDULDEOHV�� WKHVH� LQGLFDWRUV�ZLOO� EH�
XVHG�DV�UHIHUHQFH�YDOXHV�IRU�ERWK�WKH�ULVN�DVVHVVPHQW�DQG�WKH�VRFLR�HFRQRPLF�DQDO\VHV��
WKH\�KDYH�WKXV�WR�EH�GHILQHG�LQ�D�ZD\�VXLWHG�IRU�ERWK�SXUSRVHV��

�� D�JRRG�GHVFULSWLRQ�RI�WKH�SK\VLFDO�V\VWHP�XQGHU�LQYHVWLJDWLRQ�DQG�PRGHOOLQJ�WRROV�IRU�
TXDQWLI\LQJ� RQJRLQJ� SK\VLFDO� SURFHVVHV� DQG� IRU� FDOFXODWLQJ� WKH� LQGLFDWRUV� XVHG� IRU�
GHFLVLRQ�PDNLQJ��

�� D� VRFLR�HFRQRPLF� IUDPHZRUN� WR� EH� XVHG� IRU� HYDOXDWLQJ� DQG� UDQNLQJ� DOWHUQDWLYH�
UHVSRQVHV�SURSRVHG�WR�VROYH�WKH�FRQWDPLQDWLRQ�SUREOHP��

7KH�ZD\�WKHVH�WKUHH�DVSHFWV�ZLOO�EH�FRYHUHG�LQ�WKH�)5$&�:(&2�SURMHFW��LV�GHVFULEHG�LQ�WKH�
VXEVHTXHQW� FKDSWHUV� IURP� WKH� SHUVSHFWLYH� RI� ULVN� DVVHVVPHQW� DQG� VRFLR�HFRQRPLF� DQDO\VLV��
7KH�REMHFWLYH�LV�QRW�WR�JLYH�DOO�WKH�GHWDLOV�RI�WKH�DQWLFLSDWHG�GHYHORSPHQWV�EXW�WR�GHVFULEH�WKH�
JHQHUDO�IUDPHZRUN�LQ�ZKLFK�WKHVH�GHYHORSPHQWV�DUH�JRLQJ�WR�EH�DFFRPSOLVKHG��

����� 5LVN�DVVHVVPHQW�IUDPHZRUN�
$V�PHQWLRQHG�LQ�WKH�SURSRVDO��WKH�)5$&�:(&2�ULVN�DVVHVVPHQW�PHWKRGRORJ\�ZLOO�EH�EDVHG�
RQ� WKH� GHWHUPLQDWLRQ� RI� FRQWDPLQDQW� IOX[HV� EHWZHHQ� WKH� LGHQWLILHG� 6RXUFH� DQG� 5HFHSWRUV�
�:3���7DVN��������
2QH� FRXOG� FRQVLGHU� FRPSDULQJ� WKH� FRQWDPLQDQW� FRQFHQWUDWLRQ� DW� WKH� GLIIHUHQW� UHFHSWRUV� DV�
FRPSDUHG�WR�WKH�FRQFHQWUDWLRQ�RI�WKH�FRQWDPLQDQW�UHOHDVHG�DW�WKH�VRXUFH�DV�D�ULVN�DVVHVVPHQW�
LQGLFDWRU��+RZHYHU��DV�GLVFXVVHG�E\�VHYHUDO�DXWKRUV��H�J��5DR�HW�DO��������%DVX�HW�DO���������
FRQFHQWUDWLRQ�EDVHG� SHUIRUPDQFH� PHWULFV� DUH� SRRU� LQGLFDWRUV� IRU� ULVN� DVVHVVPHQW� DQG� ULVN�
UHGXFWLRQ�DV�D�VLJQLILFDQW�VRXUFH�UHGXFWLRQ�LV�QRW�DOZD\V�DFFRPSDQLHG�E\�D�VLJQLILFDQW�FKDQJH�
LQ�WKH�FRQFHQWUDWLRQ�RI�UHOHDVHG�FRQWDPLQDQWV��DQG�WKLV�LV�SDUWLFXODUO\�WKH�FDVH�IRU�'1$3/V��$�
EHWWHU�DOWHUQDWLYH�LV�WR�XVH�FRQWDPLQDQW�IOX[�RU�PDVV�GLVFKDUJH�LQGLFDWRUV�DQG�WR�FRPSDUH�WKH�
TXDQWLW\� RI� FRQWDPLQDQW� WKDW� UHDFKHV� HDFK� UHFHSWRU� WR� WKH� TXDQWLW\� RI� FRQWDPLQDQW� WKDW� LV�
UHOHDVHG�DW�WKH�VRXUFH��
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,Q�PDWKHPDWLFDO� WHUPV�� WKLV� UHTXLUHV� HVWLPDWLRQ� RI� WKH� UHODWLYH� TXDQWLW\� RI� FRQWDPLQDQW� WKDW�
UHDFKHV�HDFK�5HFHSWRU�5L�IRU�D�JLYHQ�TXDQWLW\�RI�FRQWDPLQDQW�UHOHDVHG�DW�WKH�VRXUFH��
7KH�VLPSOHVW�ZD\�LV�WR�H[SUHVV�WKLV�LQ�WKH�IRUP�RI�D�UHFRYHU\�IDFWRU�5)L��QR�XQLW��ZKLFK�LV�WKH�
PDVV� UDWLR�EHWZHHQ� WKH�TXDQWLW\�RI� FRQWDPLQDQW� UHDFKLQJ�DQ\�5HFHSWRU�5L��05L� �0��DQG� WKH�
TXDQWLW\�RI�FRQWDPLQDQW�UHOHDVHG�DW�WKH�VRXUFH��0V��0���
� 65L)L 005 = �

%HFDXVH�WKH�SROOXWLRQ�LV�KLVWRULFDO��RQH�PD\�DVVXPH�WKDW�D�³VWHDG\�VWDWH´�UHJLPH�LV�UHDFKHG��LQ�
ZKLFK� FDVH� RQH� FDQ� EHWWHU� H[SUHVV� DOO� WKHVH� FRQFHSWV� LQ� WHUPV� RI� FRQWDPLQDQW� PDVV� IOX[HV�
UDWKHU�WKDQ�PDVVHV��
� 65L65L)L 00I0I05 

== �

ZKHUH���
�� I0V�DQG�I05L�DUH�WKH�FRQWDPLQDQW�PDVV�IOX[HV�UHOHDVHG�DW�WKH�VRXUFH�6�DQG�UHDFKLQJ�WKH�

GLIIHUHQW�UHFHSWRUV�5L��0�/ñ�7�����
�� 0¶6� DQG�0¶5L� DUH� WKH� FRQWDPLQDQW� PDVVHV� UHOHDVHG� DW� WKH� VRXUFH� DQG� UHDFKLQJ� WKH�

GLIIHUHQW�UHFHSWRUV�SHU�XQLW�WLPH��0�7�����
6LQFH�PRVW�ULVN�DVVHVVPHQW�QRUPV�DUH�JHQHUDOO\�FRQFHQWUDWLRQ�EDVHG��(3$�������(&%�������
,75&��������RQH�FDQ�GHULYH�FRQFHQWUDWLRQ�EDVHG� LQGLFDWRUV� IURP�WKH�FRQWDPLQDQW�PDVV� IOX[�
LQGLFDWRUV�DV�IROORZV��

666 4I0& = �

5L5L5L 4I0& = �

ZKHUH�46�DQG�45L�DUH�WKH�TXDQWLWLHV�RI�ZDWHU�WKDW�IORZV�DFURVV�WKH�VRXUFH�6�DQG�WKH�GLIIHUHQW�
UHFHSWRUV�5L��UHVSHFWLYHO\��/ñ�7�����
6WDUWLQJ� IURP� WKHVH� EDVLF� FRQVLGHUDWLRQV�� RQH� FDQ� GHILQH� UHSUHVHQWDWLYH� YDULDEOHV� IRU� HDFK�
FRPSRQHQW� RI� WKH� 635� V\VWHP� �)LJXUH� ���� )RU� WKH� 6RXUFH� DQG� IRU� HDFK� RI� WKH� LGHQWLILHG�
5HFHSWRUV��RQH�FDQ�GHILQH�D�JURXS�RI�LQGLFDWRUV���
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Abstracted groundwater

Contaminated zone

Unsaturated
zone

Saturated
zone

Surface water

Ms, q , Cs, fMss

MR1a, CR1a, fMR1a

MR1b, CR1b, fMR1b
Mr2a, CR2a, fMR2a

Groundwater

MR2c, CR2c, fMR2c

Abstracted surface water

Mr2b, CR2b, fMR2b

Groundwater
ecosystems

MR1c, CR1c, fMR1c

�
)LJXUH����5LVN�DVVHVVPHQW�LQGLFDWRUV�GHILQHG�IRU�WKH�VRXUFH�RI�FRQWDPLQDQW�DQG�IRU�WKH�YDULRXV�UHFHSWRUV��

7KHVH�FRQVLGHUDWLRQV�ZLOO�EH�GHYHORSHG�LQ�WKH�VFRSH�RI�)5$&�:(&2�LQ�RUGHU�WR�SURSRVH�ULVN�
DVVHVVPHQW� PHWKRGRORJLHV� DQG� WRROV�� $V� VWDWHG� LQ� WKH� SURMHFW� SURSRVDO�� VXFK� WRROV� DQG�
FRQFHSWV� VKRXOG� EH� GHYHORSHG� IRU� WKH� YDULRXV� VWHSV� RI� D� WLHUHG� DSSURDFK� DSSOLFDEOH� WR� DQ\�
FRQWDPLQDWHG�VLWH���
7KH� ULVN� DVVHVVPHQW�PHWKRGRORJ\� LWVHOI�ZLOO� EH� GHYHORSHG� EDVHG� RQ� D� GHWDLOHG� RYHUYLHZ�RI�
H[LVWLQJ�DSSURDFKHV� �'HOLYHUDEOH�'�����&RPSDULVRQ�DQG�YDOLGDWLRQ�RI� ULVN�DVVHVVPHQW� WRROV��
GXH� DW�0RQWK������([LVWLQJ� ULVN� DVVHVVPHQW� WRROV�ZLOO� DOVR�EH� FRPSLOHG� DQG� HYDOXDWHG��7KH�
HYDOXDWLRQ� FRXOG� EH� DW� WZR� OHYHOV�� ��� WR� XVH� H[LVWLQJ� ILHOG� GDWD� DQG� PHDVXUHPHQWV� �H�J��
FRQFHQWUDWLRQV� LQ�VRLOV�DQG�JURXQGZDWHU�� WR� WHVW�H[LVWLQJ� WRROV� LQ�RUGHU� WR� LGHQWLI\� WKRVH� WKDW�
DUH� WKH�PRVW�DSSURSULDWH�����FRPSDULVRQ�RQ�VHOHFWHG�FDVH� VWXGLHV�RI�³EDVLF´� ULVN�DVVHVVPHQW�
WRROV�DQG�PRUH�DGYDQFHG�PRGHOOLQJ�WRROV��
,Q�WKH�QH[W�VHFWLRQ��WKH�GLIIHUHQW�'36,5�LQGLFDWRUV�FRQVLGHUHG�IRU�WKH�VRFLR�HFRQRPLF�DQDO\VLV�
DUH�GHILQHG��EDVHG�RQ� WKH�VDPH�SK\VLFDO�YDULDEOHV�DV� WKRVH�SURSRVHG�IRU� WKH�ULVN�DVVHVVPHQW�
LQGLFDWRUV��

����� '36,5�,QGLFDWRUV�
7KH�'36,5� LQGLFDWRUV�ZLOO�PRVWO\� EH� EXLOW� WDNLQJ� DGYDQWDJH� RI� WKH� LQWHJUDWLRQ� RI� WKH� 635�
FRQFHSW�LQ�WKH�'36,5�IUDPHZRUN�� WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�
6RXUFH� DQG� 3UHVVXUH� DQG� EHWZHHQ� WKH� 5HFHSWRUV� DQG� WKH� 6WDWH� FRPSRQHQWV�� 7KH� ,PSDFW�
LQGLFDWRUV�ZLOO�EH�GHYHORSHG�EDVHG�RQ�WKH�VRFLR�HFRQRPLF�FRQFHSWV��
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,QGLFDWRUV�RI�3UHVVXUHV� �6RXUFH�LQGLFDWRUV��6��
7KH�TXDQWLW\�RI�FRQWDPLQDQW�0V��0��SUHVHQW�DW�WKH�VRXUFH�LV�D�SULRUL��D�UHOHYDQW�LQGLFDWRU�IRU�
TXDQWLI\LQJ� WKH� VRXUFH� VWUHQJWK� DQG� IRU� ³PRQLWRULQJ´� LWV� H[SHFWHG� GHSOHWLRQ� �ULVN� UHGXFWLRQ�
SKDVH��� +RZHYHU� LW� UHPDLQV� RIWHQ� D� FKDOOHQJH� WR� GHWHUPLQH� ZLWK� DFFXUDF\� WKH� YROXPH� RI�
FRQWDPLQDQW� DW� WKH� VRXUFH�� SDUWLFXODUO\� IRU� KLVWRULFDO� SROOXWLRQV� ZKLFK� DUH� XVXDOO\� SRRUO\�
GRFXPHQWHG��$QRWKHU�VRXUFH�LQGLFDWRU��DV�H[SODLQHG�LQ�������LV�WKH�FRQWDPLQDQW�IOX[�RU�PDVV�
UHOHDVH�IURP�WKH�VRXUFH��7KLV�IOX[�FDQ�EH�FDOFXODWHG�DV�IROORZV��

666 &4I0 ×= ��

$V�D�ILUVW�DSSUR[LPDWH�IRU�&V��RQH�FDQ�FRQVLGHU�WKDW�WKH�VROXELOLW\�OLPLW��&VROXE��LV�D�JRRG�ILUVW�
DSSUR[LPDWH�� 7KH� ZDWHU� IORZ� UDWH� �46�� WKDW� GULYHV� WKH� PRELOLW\� RI� FRQWDPLQDQW� KDV� WR� EH�
TXDQWLILHG�LQ�WKH�ILHOG��,I�WKH�VRXUFH�LV�ORFDWHG�LQ�WKH�XQVDWXUDWHG�]RQH��LW�LV�VWURQJO\�UHODWHG�WR�
WKH�HIIHFWLYH�LQILOWUDWLRQ�UDWH��,HII��/�7�����,I� WKH�VRXUFH�LV�DOUHDG\�LQ�WKH�JURXQGZDWHU��FRQWURO�
SODQHV�KDYH�WR�EH�GHILQHG�DQG�JURXQGZDWHU�IOX[HV�DFURVV�WKHVH�SODQHV�KDYH�WR�EH�TXDQWLILHG��

,QGLFDWRUV�RI�6WDWH� �5HFHSWRU�LQGLFDWRUV�
$V�PHQWLRQHG�LQ��������WZR�FDWHJRULHV�RI�UHFHSWRUV�KDYH�EHHQ�LGHQWLILHG�� WKRVH�DVVRFLDWHG�WR�
WKH�JURXQGZDWHU�V\VWHP��5�[��DQG�WKRVH�DVVRFLDWHG�ZLWK�WKH�VXUIDFH�ZDWHU�V\VWHP��5�[���)RU�DOO�
RI� WKHVH� UHFHSWRUV�� RQH� QHHGV� WR� FDOFXODWH� FRQWDPLQDQW� IOX[HV� WKDW� ZLOO� VHUYH� DV� UHOHYDQW�
LQGLFDWRUV�� ,I� FRQFHQWUDWLRQV� DUH� UHTXLUHG�� WKH\� FDQ� VWUDLJKWIRUZDUGO\� EH� REWDLQHG� IURP� WKH�
FRUUHVSRQGLQJ�PDVV�IOX[�LQGLFDWRUV��
*HQHUDOO\�VSHDNLQJ��WKH�LQGLFDWRUV�ZLOO�WDNH�WKH�IRUP��

5L5L5L 4&I0 ×= �

*URXQGZDWHU�UHVRXUFH�LQGLFDWRUV��5�D��
7KHVH� LQGLFDWRUV� UHIHU� WR� WKH� TXDQWLW\� RI� FRQWDPLQDQW� WKDW� UHDFKHV� WKH� JURXQGZDWHU� WDEOH�
�5HFHSWRU�5���� ,Q� WKLV� FDVH�� WKH�ZDWHU� IORZ� UDWH� UHDFKLQJ� WKH�JURXQGZDWHU� WDEOH� FDQ� VWLOO� EH�
FRQVLGHUHG� DV� HTXDO� WR� WKH� LQILOWUDWLRQ� UDWH� ,HII�� 7KH� FRQFHQWUDWLRQ� RI� FRQWDPLQDQW� DW� WKH�
JURXQGZDWHU� WDEOH� �&5�D�� ZLOO� KDYH� WR� EH� HVWLPDWHG� XVLQJ� WUDQVSRUW� DQG� UHDFWLRQ� PRGHOV�
�:3������ DGDSWHG� WR� WKH�GHJUHH�RI�NQRZOHGJH�DYDLODEOH�DW� HDFK� VWHS�RI� WKH� WLHUHG�DSSURDFK��
DQG�HVWLPDWHG�XQGHUJURXQG�DQG�FRQWDPLQDQW�SURSHUWLHV��
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*URXQGZDWHU�GLVFKDUJH�LQGLFDWRUV��5�E��5�D��
7KHVH� LQGLFDWRUV� UHIHU� WR� WKH� FRQWDPLQDQW� PDVV� IOX[� UHDFKLQJ� DQ\� JURXQGZDWHU� GLVFKDUJH�
SRLQW��L�H��SXPSLQJ�ZHOO��VSULQJ��GUDLQDJH�JDOOHULHV«��
)RU�JURXQGZDWHU�GLVFKDUJH�LQ�VXUIDFH�ZDWHU��EDVH�IORZ���RQ�VKRXOG�FRQVLGHU�WKH�IDFW�WKDW�WKH�
FRQWULEXWLRQ�RI�JURXQGZDWHU�WR�VXUIDFH�ZDWHU�IORZ�YDULHV�GXULQJ�WKH�K\GURORJLF�\HDU��'XULQJ�
WKH�FROG�ZLQWHU�VHDVRQ��WKH�EDVH�IORZ�FRQVWLWXWHV�MXVW�D�IUDFWLRQ�RI�VXUIDFH�ZDWHU�IORZ��ZKLFK�LV�
SUHGRPLQDQWO\� FRPSRVHG� RI� UXQRII� DW� WKH� ODQG� VXUIDFH��'XULQJ� WKH� VXPPHU� SHULRG�� VXUIDFH�
ZDWHUV�DUH�DW�WKH�UHFHVVLRQ�VWDJH�DQG�H[FHSW�GXULQJ�VRPH�VWRUP\�HYHQWV��PRVW�RI�WKH�VXUIDFH�
ZDWHU� IORZ� LV� VXVWDLQHG� E\� WKH� JURXQGZDWHU� EDVH� IORZ�� 7KH� GLVFXVVLRQ� DQG� GHYHORSPHQWV�
HQYLVDJHG� DW� WKLV� OHYHO� VKRXOG� WDNH� LQWR� FRQVLGHUDWLRQ� DQG� SUREDEO\� VWDUW� IURP� WKH� ZRUN�
SHUIRUPHG� LQ� WKH� %5,'*(� )3�� SURMHFW� �0�OOHU� HW� DO�� ������ ZKLFK� KDV� SURSRVHG� DQG�
GHYHORSHG� FRQFHSWV� DQG� PHWKRGRORJLHV� IRU� GHILQLQJ� WKUHVKROG� YDOXHV� IRU� FRQWDPLQDQWV� LQ�
JURXQGZDWHU��FRQVLGHULQJ�WKH�LPSDFW�RQ�VXUIDFH�ZDWHU�ERGLHV��

$TXDWLF�HFRV\VWHPV�LQGLFDWRUV��5�F��5�F��
7KHVH�LQGLFDWRUV�VKRXOG�EH�EDVHG�RQ�HFRWR[LFRORJLFDO�FRQVLGHUDWLRQV�DQG�ZLOO�EH�GHYHORSHG�LQ�
WKH�VFRSH�RI�:3���7DVN������+RZHYHU��RQFH�DJDLQ��WKH�YDULDWLRQV�ZLWK�WLPH�RI�WKH�FRQWULEXWLRQ�
RI� JURXQGZDWHU� EDVH� IORZ� WR� VXUIDFH� ZDWHU� IORZ� VKRXOG� EH� FRQVLGHUHG�� DW� OHDVW� H[DPLQHG��
8VXDOO\��WHVWV�HVWDEOLVKHG�E\�2(&'�DUH�SHUIRUPHG�IRU�DQ�HFRWR[LFRORJLFDO�HYDOXDWLRQ�DQG�IRU�
KD]DUG�DVVHVVPHQW��
,I�WR[LFLW\�WHVW�UHVXOWV�DUH�DYDLODEOH�IRU�YHU\�IHZ�VSHFLHV��WKH�ORZHVW�WR[LFLW\�YDOXH�LV�GLYLGHG�
E\�DQ�DSSOLFDWLRQ�IDFWRU�RU�VDIHW\�IDFWRU�WKDW�YDULHV�IURP����WR�������GHSHQGLQJ�RQ�WKH�QXPEHU�
RI� VSHFLHV� WHVWHG� DQG�ZKHWKHU� WKH� HQGSRLQW� LV� EDVHG� RQ� DFXWH�PRUWDOLW\� RU� HIIHFWV� �/&���RU�
(&�����RU�FKURQLF�QRQ�REVHUYHG�HIIHFW�FRQFHQWUDWLRQV��12(&���$SSO\LQJ�VDIHW\�IDFWRUV�LQ�WKH�
UDQJH�RI���������IRU�H[WUDSRODWLRQ�IURP�WKH�ODERUDWRU\�WR�ILHOG�LV�WKHUHIRUH�DSSURSULDWH��
6R�� KD]DUG� FDQ� EH� HVWLPDWHG� DV� 3(&�31(&� UDWLRV�� 7KH� 3UHGLFWHG� ([SRVXUH� &RQFHQWUDWLRQ�
�3(&�� LV� WKH� HVWLPDWHG� FRQFHQWUDWLRQ� RI� D� FKHPLFDO� LQ� DQ� HQYLURQPHQWDO� FRPSDUWPHQW�
FDOFXODWHG�IURP�DYDLODEOH�LQIRUPDWLRQ�RQ�LWV�SK\VLFR�FKHPLFDOV�SURSHUWLHV��LWV�XVH�DQG�UHOHDVH�
SDWWHUQV�� DQG� WKH�SURGXFHG�LPSRUWHG�TXDQWLWLHV� LQYROYHG��7KH�3UHGLFWHG�1R�2EVHUYHG�(IIHFW�
&RQFHQWUDWLRQ� �31(&�� LV� WKH� FRQFHQWUDWLRQ� EHORZ� ZKLFK� H[SRVXUH� WR� D� VXEVWDQFH� LV� QRW�
H[SHFWHG�WR�FDXVH�DGYHUVH�HIIHFWV��

,I�3(&�31(&������ � 1R�KD]DUG�IRU�WKH�HQYLURQPHQW�
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,I�3(&�31(&�!��� � +D]DUG�IRU�WKH�HQYLURQPHQW�
7KLV�ULVN�DVVHVVPHQW�FRQFHSW�XVLQJ�WKH�UDWLR�EHWZHHQ�3(&�DQG�31(&��DV�RXWOLQHG�LQ�)LJXUH����
LV� ZLGHO\� DFFHSWHG� �7HFKQLFDO� *XLGDQFH� 'RFXPHQW� ±� SXEOLVKHG� E\� (XURSHDQ� &KHPLFDOV�
%XUHDX���������

�
)LJXUH����(QYLURQPHQWDO�ULVN�DVVHVVPHQW��7HFKQLFDO�*XLGDQFH�'RFXPHQW�±�SXEOLVKHG�E\�(XURSHDQ�

&KHPLFDOV�%XUHDX��������
,Q� FRQFUHWH� WHUPV�� IURP� /&��� UHVXOWV�� ZH� ZLOO� DSSO\� D� VDIHW\� IDFWRU� RI� ����� LPSRVHG� E\�
7HFKQLFDO�*XLGHOLQHV��,W�ZLOO�JLYH�XV�WKH�31(&�YDOXH�DQG�VR�ZH�ZLOO�EH�DEOH�WR�FDOFXODWH�WKH�
3(&�31(&�UDWLR�IRU�D�PL[WXUH�RI�SROOXWDQWV���
2Q�WKH�RQH�KDQG��/&���YDOXHV�ZLOO�EH�REWDLQHG�IRU�D�PL[WXUH�RI�SROOXWDQWV��RQ�WKH�RWKHU�KDQG��
ODERUDWRU\� WHVWV�ZLOO�EH�DFKLHYHG�RQ�HDFK� WR[LF�VHSDUDWHO\��+RZHYHU�� ILUVW�RI�DOO�� D� OLWHUDWXUH�
UHYLHZ�ZLOO�EH�SHUIRUPHG�RQ�WKH�HFRWR[LFLW\�RI�HDFK�SROOXWDQW��

,QGLFDWRUV�RI�,PSDFWV��
$V�PHQWLRQHG�DERYH��LPSDFWV�FRQVLVW�LQ�HQYLURQPHQWDO�GDPDJH�RU�EHQHILWV�DQG�DUH�GHILQHG�DV�
WKH�FKDQJH�LQ�WRWDO�HFRQRPLF�YDOXH�RI�WKH�DTXDWLF�V\VWHP�DV�D�UHVXOW�RI�WKH�FKDQJH�RI�WKH�VWDWH�
RI� WKLV� V\VWHP�� ,PSDFWV� ZLOO� EH� H[SUHVVHG� �ZKHQ� SRVVLEOH�� LQ� PRQHWDU\� WHUPV� �¼���
(QYLURQPHQWDO�GDPDJH�UHODWHG�WR�JURXQGZDWHU�GHJUDGDWLRQ�ZLOO�EH�H[SUHVVHG�DV�D�IXQFWLRQ�RI�
WKH�DTXDWLF�V\VWHP�VWDWH�LQGLFDWRUV���
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,Q�FDVH�RI�GHJUDGDWLRQ�RI�WKH�JURXQGZDWHU�V\VWHP�RQO\���
(QYLURQPHQWDO�GDPDJH� �I�5�D��5�E��5�F��

,Q�FDVH�RI�GHJUDGDWLRQ�RI�WKH�VXUIDFH�ZDWHU�V\VWHP�WRR��GXH�WR�JURXQGZDWHU�GLVFKDUJH���
(QYLURQPHQWDO�GDPDJH� �I�5�D��5�E��5�F�5�D��5�E��5�F��

����� 3URFHVV�VWXGLHV��3UHVVXUHV�6WDWH�UHODWLRQVKLSV��
,Q�)5$&�:(&2��SURFHVV�VWXGLHV�VKRXOG�FRQWULEXWH�DW�WZR�OHYHOV��L��WR�D�EHWWHU�XQGHUVWDQGLQJ�
RI�SK\VLFDO�DQG�ELRJHRFKHPLFDO�SURFHVVHV�JRYHUQLQJ�WKH�IDWH�RI�ZDWHU�DQG�FRQWDPLQDQWV�LQ�WKH�
VWXGLHG�V\VWHP��LL��WR�WKH�GHYHORSPHQW�RI�PRGHOOLQJ�WRROV�XVHG�WR�LQWHJUDWH�WKHVH�SURFHVVHV�LQ�
RUGHU� WR� FDOFXODWH� WKH� UHOHYDQW� LQGLFDWRUV� IRU� ULVN� DVVHVVPHQW� DQG� VRFLR�HFRQRPLF� DQDO\VLV��
3K\VLFDO�DQG�ELRJHRFKHPLFDO�SURFHVVHV�FDQ�EH�FODVVLILHG�DV�IROORZV��

3URFHVVHV�JRYHUQLQJ�ZDWHU�IORZ�
�� :DWHU�EXGJHWLQJ�DW�WKH�ODQG�VXUIDFH�
�� 9DULDEO\�VDWXUDWHG�JURXQGZDWHU�IORZ�DFURVV�WKH�XQVDWXUDWHG�]RQH��LQ�WKH�VDWXUDWHG�]RQH�

DQG�GLVFKDUJH�LQ�SXPSLQJ�ZHOOV�RU�LQ�VXUIDFH�ZDWHU�
6XUIDFH�ZDWHU�EXGJHWLQJ��)LJXUH����DQG��PRUH�LQ�SDUWLFXODU��JURXQGZDWHU�UHFKDUJH�PRGHOOLQJ�
LV� WKH�REMHFWLYH�RI�:3���7DVN�����RI� WKH�)5$&�:(&2�SURMHFW�� XQGHU� WKH� UHVSRQVLELOLW\� RI�
98%��
)RU�GHWHUPLQLQJ�WKH�LQILOWUDWLQJ�IOX[�RI�ZDWHU�WRZDUGV�D�JURXQGZDWHU�ERG\��ZDWHU�UHFKDUJH�KDV�
WR� EH� TXDQWLILHG�� $Q� LPSRUWDQW� IDFWRU� GHWHUPLQLQJ� WKH� VSDWLDO� DQG� WHPSRUDO� YDULDWLRQ� LQ�
JURXQGZDWHU� UHFKDUJH� LV� WKH� GLVWULEXWLRQ� RI� GLIIHUHQW� W\SHV� RI� ODQG� FRYHU�� ,Q� XUEDQ� DQG�
LQGXVWULDO� DUHDV�� ODQG� FRYHU� LV� PRUH� FRPSOH[� WKDQ� LQ� UXUDO� HQYLURQPHQWV� DQG� D� ORW� RI�
LQIUDVWUXFWXUHV�PDNH� WKH� VXUIDFH� OHVV�SHUPHDEOH�RU� LPSHUYLRXV�� ,Q�RUGHU� WR�SURGXFH�GHWDLOHG�
ODQG�FRYHU�LQIRUPDWLRQ�IRU�WKH�)5$&�:(&2�WHVW�VLWHV��KLJK�UHVROXWLRQ�VDWHOOLWH�LPDJHU\�ZLOO�
EH�XVHG��,NRQRV�GDWD���/DQG�FRYHU�LQIRUPDWLRQ�REWDLQHG�IURP�WKHVH�GDWD�ZLOO�EH�XVHG�DV�LQSXW�
IRU� VXUIDFH� ZDWHU� EXGJHWLQJ�� 7KH� PDLQ� REMHFWLYHV� RI� WKH� UHVHDUFK� RQ� UXQ�RII� URXWLQJ� DQG�
JURXQGZDWHU�UHFKDUJH�VLPXODWLRQ�DUH�WKH�IROORZLQJ��
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98%�
,QSXW� UDLQIDOO��W� GDWD

ODQG�XVH��VRLO��'70«
2XWSXW��3� �5RII ��,HII �«8QFHUWDLQW\ RQ�5RII��,HII���

+*8/J
*:�PRGHO

�
)LJXUH����:DWHU�EXGJHWLQJ�DW�WKH�ODQG�VXUIDFH��GDWD�UHTXLUHPHQWV�DQG�H[SHFWHG�RXWFRPHV�

2EMHFW�RULHQWHG�ODQG�FRYHU�PDSSLQJ�
�%HFDXVH�KLJK�UHVROXWLRQ� VHQVRUV� OLNH� ,NRQRV�KDYH� D� OLPLWHG� VSHFWUDO� UHVROXWLRQ�� WKH\�GR�QRW�
DOORZ�GLVWLQJXLVKLQJ�ZHOO�EHWZHHQ�VRPH�W\SHV�RI�ODQG�FRYHU�WKDW�DUH�LPSRUWDQW�LQ�WKH�FRQWH[W�
RI�K\GURORJLFDO�PRGHOOLQJ��EDVHG�RQ�VSHFWUDO� LQIRUPDWLRQ�RQO\��7KHUHIRUH�DQ�REMHFW�RULHQWHG�
FODVVLILFDWLRQ�DSSURDFK�ZLOO�EH�DGRSWHG��%DDW]�DQG�6FKlSH��������7KLV�PHWKRG�DOORZV�WKH�XVH�
RI� JHRPHWULF�� WH[WXUDO� DQG� FRQWH[WXDO� LQIRUPDWLRQ� QH[W� WR� VSHFWUDO� GDWD� WR� LPSURYH� WKH�
ODEHOOLQJ� RI� LPDJH� REMHFWV� UHSUHVHQWLQJ� GLIIHUHQW� W\SHV� RI� ODQG� FRYHU�� $� NQRZOHGJH�EDVHG�
DSSURDFK�ZLOO�EH�DGRSWHG� WR�VHOHFW�RSWLPDO�VHWV�RI�REMHFW� IHDWXUHV� WKDW�SURSHUO\�GHVFULEH� WKH�
ODQG�FRYHU�SDWWHUQ�RI�WKH�WHVW�VLWHV��WDNLQJ�LQWR�DFFRXQW�WKH�ODQG�FRYHU�W\SHV�WKDW�DUH�FRQVLGHUHG�
LPSRUWDQW�IRU�UXQ�RII�DQG�JURXQGZDWHU�UHFKDUJH�PRGHOOLQJ���
7R�LPSURYH�GLVFULPLQDWLRQ�EHWZHHQ�ODQG�XVH�W\SHV�WKDW�DUH�FKDUDFWHUL]HG�E\�D�GLIIHUHQW�PXOWL�
WHPSRUDO� YDULDWLRQ� LQ� ODQG� FRYHU�� LPDJHV�ZLOO� EH� DFTXLUHG� IRU� GLIIHUHQW� SHULRGV� RI� WKH� VDPH�
\HDU��EHIRUH��GXULQJ��DIWHU�WKH�VXPPHU�JURZLQJ�VHDVRQ���7KH�GHULYHG�ODQG�FRYHU�PDSV�ZLOO�EH�
XVHG�LQ�GLIIHUHQW�VXUIDFH�ZDWHU�EXGJHWLQJ�VLPXODWLRQV��UHVXOWLQJ�LQ�KLJK�UHVROXWLRQ�HVWLPDWHV��
YDU\LQJ�LQ�VSDFH�DQG�WLPH��RI�ZDWHU�IOX[HV�WR�DQG�LQ�WKH�WHVW�VLWH�V���

6SDWLDOO\�GLVWULEXWHG�VXUIDFH�ZDWHU�EXGJHWLQJ�DQG�XQFHUWDLQW\�PRGHOOLQJ�
7KH� VXUIDFH� ZDWHU� EXGJHWLQJ� ZLOO� EH� VLPXODWHG� ZLWK� WKH� :HW6SDVV� DQG� :HWVSD� PRGHOV��
GHYHORSHG� DW� WKH� 'HSDUWPHQW� RI� +\GURORJ\� DQG� +\GUDXOLF� (QJLQHHULQJ� RI� WKH� 9ULMH�
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8QLYHUVLWHLW�%UXVVHO��%DWHODDQ�DQG�'H�6PHGW��������:HWV6SDVV�HVWLPDWHV�VSDWLDOO\�GLVWULEXWHG�
UXQ�RII��HYDSRWUDQVSLUDWLRQ�DQG�JURXQGZDWHU�UHFKDUJH�LQ�IXQFWLRQ�RI�ODQG�FRYHU��VRLO�W\SH�DQG�
WRSRJUDSK\�ZLWK�ORZ�WHPSRUDO�G\QDPLFV�ZKLOH�:HW6SD�VLPXODWHV�ZDWHU�EDODQFH�FRPSRQHQWV�
ZLWK�KLJK�WHPSRUDO�G\QDPLFV��
%HFDXVH�RI�FRQIXVLRQ�EHWZHHQ�GLIIHUHQW�ODQG�FRYHU�W\SHV��WKH�ODQG�FRYHU�PDSV�REWDLQHG�IURP�
VDWHOOLWH�LPDJH�LQWHUSUHWDWLRQ�ZLOO�FRQWDLQ�VRPH�OHYHO�RI�XQFHUWDLQW\��7KLV�ZLOO�KDYH�DQ�LPSDFW�
RQ�WKH�RXWFRPH�RI�WKH�UXQ�RII�DQG�JURXQGZDWHU�UHFKDUJH�PRGHOOLQJ��7R�H[DPLQH�WKLV�LPSDFW��
DOWHUQDWLYH� ODQG�FRYHU�XQFHUWDLQW\�PRGHOV�ZLOO� EH�GHILQHG��$�0RQWH�&DUOR� DSSURDFK�ZLOO� EH�
DGRSWHG�WR�HVWLPDWH�WKH�LPSDFW�RI�XQFHUWDLQW\�LQ�ODQG�FRYHU�GHILQLWLRQ�RQ�K\GURORJLFDO�PRGHO�
RXWSXW�� 7KLV� ZLOO� DOORZ� HYDOXDWLRQ� RI� XQFHUWDLQW\� ZLWK� UHVSHFW� WR� WKH� IOX[HV� WDNLQJ�
FRQWDPLQDQWV�DORQJ�WKHLU�IORZ�SDWKV��
�7KH� LQILOWUDWLQJ� IOX[� RI� ZDWHU� ZLOO� EH� XVHG� DV� DQ� LQSXW� IRU� YDULDEO\� VDWXUDWHG� JURXQGZDWHU�
PRGHOOLQJ�LQ�:3��7DVN������XQGHU�WKH�UHVSRQVLELOLW\�RI�+*8/J��)LJXUH�����

+*8/J�
,QSXW� ,QILOWUDWLRQ

'DWD�RQ�JHRORJ\��*:
2XWSXW��:DWHU IOX[HV�LQ�WKH 8=�6=

:DWHU GLVFKDUJH WR�6:

:$7(5�)/8;

�
)LJXUH����9DULDEO\�VDWXUDWHG�JURXQGZDWHU�PRGHOOLQJ��GDWD�UHTXLUHPHQWV�DQG�H[SHFWHG�RXWFRPHV�

,Q�WKLV�FRPSRQHQW�RI�WKH�SURMHFW��+*8/J�KDV�VHYHUDO�REMHFWLYHV�LQ�WHUPV�RI�GHYHORSPHQWV��DV�
VXPPDUL]HG�KHUHDIWHU��

4XDQWLILFDWLRQ�RI�JURXQGZDWHU�IOX[HV�DQG�WKHLU�G\QDPLFV�LQ�WKH�ILHOG�
+*8/J� KDV� UHFHQWO\� GHYHORSHG� D� QHZ� WUDFHU� WHFKQLTXH� �%URX\qUH� HW� DO�� ������� FDOOHG� WKH�
)LQLWH� 9ROXPH� 3RLQW� 'LOXWLRQ� 0HWKRG� �)93'0�� WKDW� DOORZV� HVWLPDWLQJ� DQG� PRQLWRULQJ�
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JURXQGZDWHU� IOX[HV� LQ� REVHUYDWLRQ� ZHOOV�� 7KLV� WHFKQLTXH� KDV� EHHQ� DSSOLHG� VDWLVIDFWRULO\� WR�
TXDQWLI\�'DUF\�IOX[�LQ�WZR�FRQWUDVWHG�FDVH�VWXGLHV�LQ�WKH�VFRSH�RI�WKH�)3��$TXD7HUUD�SURMHFW�
����LQFOXGLQJ�D�FRQWDPLQDWHG�VLWH�FORVH�WR�WKH�0HXVH�ULYHU�LQ�WKH�UHJLRQ�RI�/LqJH��%HOJLXP��,W�LV�
ZHOO� UHFRJQL]HG� �5)(6�� :LQWHU� HW� DO�� ������ )RUG� ������ WKDW� WKH� G\QDPLFV� RI� H[FKDQJHV�
EHWZHHQ� JURXQGZDWHU� DQG� VXUIDFH� ZDWHU� V\VWHPV� KDYH� D� PDMRU� HIIHFW� RQ� WKH� IDWH� RI�
FRQWDPLQDQWV� �VSHFLILFLW\�RI�ELRJHRFKHPLFDO�SURFHVVHV� LQ� WKH� WUDQVLWLRQ�]RQH��FKDQJHV� LQ� WKH�
GLUHFWLRQV�RI�IOX[HV«���,Q�WKH�VFRSH�RI�)5$&�:(&2��+*8/J�LV�JRLQJ�WR�GHYHORS�DQG�WHVW�
WKH� XVH� RI� WKH� )93'0� WHFKQLTXH� IRU�PLGGOH� WR� ORQJ� WHUP�PRQLWRULQJ� RI�'DUF\� IOX[HV� DQG�
JURXQGZDWHU�VXUIDFH� ZDWHU� H[FKDQJHV� LQ� WKH� XQGHUJURXQG� WUDQVLWLRQ� ]RQH�� &RPELQLQJ� WKDW�
LQIRUPDWLRQ�ZLWK�D�GHWDLOHG�PRQLWRULQJ�RI�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU�G\QDPLFV�ZLOO�OHDG�
WR�D�EHWWHU�DVVHVVPHQW�RI�JURXQGZDWHU�DQG�FRQWDPLQDQW�IOX[HV�LQ�WKH�FRPELQHG�JURXQGZDWHU�±�
VXUIDFH�ZDWHU�V\VWHP��

9DULDEO\�VDWXUDWHG�JURXQGZDWHU�IORZ�PRGHOOLQJ�
,Q�D�ILUVW�VWHS��GHWDLOHG�JURXQGZDWHU�IORZ�PRGHOV�ZLOO�EH�GHYHORSHG�IRU�WKH�GLIIHUHQW�WHVW�VLWHV�
FRQVLGHUHG� LQ� WKH� SURMHFW� �RQJRLQJ� DFWLYLW\���9DULRXV� QXPHULFDO�PRGHOV�ZLOO� EH� FRQVLGHUHG��
02')/2:� �86*6��� 68)7�'� �+*8/J�� DQG� +\GUR*HR6SKHUH� �8/DYDO� 	� 8:DWHUORR���
02')/2:� KDV� WKH� DGYDQWDJH� RI� EHLQJ� IUHHO\� DYDLODEOH�� ZHOO� WHVWHG� DQG� FRPPRQO\� XVHG��
68)7�'� LV� WKH� GHYHORSPHQW� FRGH� RI� +*8/J� DQG� +\GUR*HR6SKHUH� KDV� WKH� DGYDQWDJH� RI�
VROYLQJ�FRXSOHG�VXUIDFH�DQG�VXEVXUIDFH�IORZ�HTXDWLRQV��
7KH�GHYHORSHG�JURXQGZDWHU�IORZ�PRGHO�ZLOO�EH�XVHG�HVVHQWLDOO\�IRU�FDOFXODWLQJ�JURXQGZDWHU�
IORZ� DQG� JURXQGZDWHU� GLVFKDUJH� WR� VXUIDFH� ZDWHU� �EDVH� IORZ��� ZKLFK� LV� D� SUHUHTXLVLWH� IRU�
HYDOXDWLQJ� FRQWDPLQDQW� IOX[HV�� 7R� GHYHORS� WKDW� PRGHO�� +*8/J� UHTXLUHV�� DPRQJ� RWKHUV��
VSDWLDOO\� GLVWULEXWHG� LQILOWUDWLRQ� UDWHV� DV� FDOFXODWHG� E\� 98%� DQG� LQIRUPDWLRQ� RQ� WKH�
K\GURG\QDPLF�SURSHUWLHV�RI�JHRORJLFDO�IRUPDWLRQV��

3URFHVVHV�JRYHUQLQJ�FRQWDPLQDQW�IOX[HV�
o� &RQWDPLQDQW� FKDUDFWHULVWLFV�� UHWDUGDWLRQ�� WUDQVIRUPDWLRQ�SURFHVVHV� �VRUSWLRQ�±�

GHVRUSWLRQ��ELRGHJUDGDWLRQ��ELRWUDQVIRUPDWLRQ���HFRWR[LFLW\«�
o� 0LJUDWLRQ�SURFHVVHV��DGYHFWLRQ��K\GURG\QDPLF�GLVSHUVLRQ��GLIIXVLRQ��

3ULRU�WR�PRGHOOLQJ�WKH�IDWH�RI�FRQWDPLQDQWV�IURP�WKH�VRXUFH�RI�FRQWDPLQDWLRQ�WR�WKH�5HFHSWRUV��
RQH�QHHGV�WR�GHILQH�WKHLU�VSHFLILFLWLHV��)LJXUH�����7KLV�LV�WKH�REMHFWLYH�RI�:3���7DVN�����DQG�
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7DVN������XQGHU�WKH�UHVSRQVLELOLWLHV�RI�9,72��ELRJHRFKHPLFDO�SURSHUWLHV�RI�FRQWDPLQDQWV��DQG�
/($(�8/J��HFRWR[LFLW\�RI�FRQWDPLQDQWV���

6RXUFH�FKDUDFWHUL]DWLRQ
DQG OHDNLQJ«

9,72�
,QSXW� 1DWXUH�RI FRQWDPLQDQWV

8QGHUJURXQG�SURSHUWLHV
2XWSXW��&RQWDPLQDQW�EHKDYLRXU

� UHWDUGDWLRQ�
�.G«�� WUDQVIRUPDWLRQ
�.UHDFW«�� NLQHWLFV

+*8/J
*:�PRGHO

/($(��© WKHRUHWLFDO ª
HFRWR[LFLW\ RI FRQWDPLQDQWV

�
)LJXUH����&KDUDFWHUL]DWLRQ�RI�FRQWDPLQDQWV��VRXUFH��VSHFLILF�EHKDYLRXU�LQ�WKH�XQGHUJURXQG�DQG�HFRWR[LFLW\�

,GHQWLILFDWLRQ� DQG� TXDQWLILFDWLRQ� RI� �VWLPXODWHG�� QDWXUDO� DWWHQXDWLRQ�
SRWHQWLDO�LQ�DTXLIHUV�DQG�VHGLPHQWV�
,Q�WKH�(8�SURMHFW�6('%$5&$+�9,72�KDV�GHWHUPLQHG�WKH�UROH�RI�WKH�PLFURELDO�FRPPXQLW\�
SUHVHQW� LQ� VHGLPHQWV� LQ� WKH� ELRGHJUDGDWLRQ� DQG� WUDQVIRUPDWLRQ� RI� JURXQGZDWHU� SROOXWDQWV�
LQILOWUDWLQJ� D� ULYHUEHG�� 7KH� ERXQGDU\� FRQGLWLRQV� DQG� WKH� SRVVLELOLW\� WR� LQFUHDVH� DQG� VXVWDLQ�
UHPRYDO�DFWLYLWLHV�LQ�WKH�VHGLPHQW�]RQH�ZHUH�H[SORUHG��ZKLOH�WRROV�IRU�LQ�VLWX�PRQLWRULQJ�ZHUH�
GHYHORSHG��6('%$5&$+��������������7KRURXJK�ODERUDWRU\�DQG�ILHOG�VWXG\�ZDV�SHUIRUPHG�
RQ�WKH�SK\VLFR�FKHPLFDO�DQG�PLFURELDO�SURFHVVHV�RFFXUULQJ�LQ�WKH�VHGLPHQWV�RI�GLIIHUHQW�ULYHU�
V\VWHPV�� LQFOXGLQJ� D� &$+�FRQWDPLQDWHG� VLWH� FORVH� WR� WKH� =HQQH� ULYHU� LQ� WKH� UHJLRQ� RI�
9LOYRRUGH��%HOJLXP�� ,Q� WKH� SURMHFW� WKH� VWXGLHG� VHGLPHQW� ELREDUULHU�ZDV� LGHQWLILHG� DV� KLJKO\�
HIIHFWLYH� DV� D� JURXQGZDWHU� UHPHGLDWLRQ� WHFKQRORJ\� DQG� D� ULVN� SUHYHQWLRQ� PHDVXUH�� 7KH�
UHPHGLDWLRQ�SRWHQWLDO�ZDV�TXDQWLILHG�DQG�PRGHOOHG�� ,Q�WKH�VFRSH�RI�)5$&�:(&2��9,72�LV�
JRLQJ� WR� H[SHULHQFH� IXUWKHU� WKH� 6('%$5&$+�PHWKRGRORJ\� RQ� KRZ� WR�PHDVXUH�� TXDQWLI\��
VWLPXODWH�DQG�PRGHO�GHJUDGDWLRQ��LQ�WKH�VHGLPHQW�LQWHUIDFH�DV�ZHOO�DV�LQ�WKH�XSVWUHDP�DTXLIHUV��
LQ� RUGHU� WR� GHVFULEH�� TXDQWLI\� DQG� PRGHO� WKH� ELRJHRFKHPLFDO� EHKDYLRXU� RI� WKH� SUHVHQW�
FRQWDPLQDQWV�� ,Q� WKH� )5$&�:(&2�SURMHFW� WKH� 6('%$5&$+� UHPHGLDWLRQ� WHFKQRORJ\� IRU�
&$+�SROOXWLRQ�ZLOO�EH�GHHSHQHG��DV�ZHOO�DV�H[SDQGHG� WR�RWKHU�FRQWDPLQDQWV��7KH�PLFURELDO�
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WUDQVIRUPDWLRQ�SURFHVVHV�ZLOO�EH�PRQLWRUHG�E\�TXDQWLWDWLYH�3&5�DQG�'**(�WHFKQLTXHV�DQG�
PLFURELDO�DFWLYLW\� LQ�WKH�DTXLIHU�ZLOO�EH�VWLPXODWHG�DFFRUGLQJO\� LQ�RUGHU� WR�YDOLGDWH�GLIIHUHQW�
UHPHGLDWLRQ�FRQFHSWV���

%LRJHRFKHPLFDO�SURSHUWLHV�RI�FRQWDPLQDQWV�
,Q�:3����� WKH� ELRFKHPLFDO� SURFHVVHV� LQIOXHQFLQJ� WKH� IDWH� RI� FRPPRQ�SROOXWDQWV� DV�ZHOO� DV�
PRUH� VSHFLILF� DQG� OHVV� NQRZQ� SROOXWDQWV� ZLOO� EH� LGHQWLILHG� DQG� TXDQWLILHG� LQ� IXQFWLRQ� RI�
FKDQJLQJ�HQYLURQPHQWDO�FRQGLWLRQV��S+��253��RUJDQLF�PDWWHU��HOHFWURQ�DFFHSWRUV�«���
7KH�VLWH� WKDW�ZDV�VWXGLHG� WKRURXJKO\� LQ� WKH�6('%$5&$+�SURMHFW�ZLOO�EH�XVHG� IXUWKHU�DV�D�
)5$&�:(&2�WHVW�VLWH��7KH�PDLQ�SROOXWDQWV�DUH�&$+��ZLWK�%7(;�WR�D�OHVVHU�H[WHQW�DQG�VRPH�
PLQRU� FRQFHQWUDWLRQV� RI� PHWDOV�� $V� WKH� VHGLPHQW� LQWHUIDFH� ZDV� DOUHDG\� H[SORUHG� LQ�
6('%$5&$+�� WKH� WHFKQRORJ\�ZLOO�EH�DSSOLHG�RQ� WKH�XSVWUHDP�DTXLIHU� WKDW�GLVFKDUJHV� LQWR�
WKH� ULYHU� �VHGLPHQW��� 6RUSWLRQ� DQG� GHJUDGDWLRQ� �PLFURELDO� DQG� FKHPLFDO�� SURFHVVHV� LQ� WKH�
DTXLIHU�ZLOO�EH�VWXGLHG�E\�PHDQV�RI�EDWFK�H[SHULPHQWV��LQ�ZKLFK�WKH�VWLPXODWLQJ�HIIHFW�RI�WKH�
DGGLWLRQ�RI�GLIIHUHQW�VXEVWUDWHV��FDUERQ�VRXUFHV��LQRFXOXP«��ZLOO�EH�HYDOXDWHG���7KH�SUHVHQW�
PLFURELDO�FRPPXQLWLHV�ZLOO�EH�VWXGLHG�E\�3&5�DQG�'**(�WHFKQLTXHV�DQG�WKH�LGHQWLILFDWLRQ�
RI� FDWDEROLF� JHQHV�� 7KH� GHJUDGDWLRQ� GDWD�ZLOO� EH� XVHG� WR� VWXG\� GHJUDGDWLRQ� NLQHWLFV� DQG� WR�
GHULYH�GHJUDGDWLRQ�FRQVWDQWV��.�YDOXHV��WKDW�ZLOO�EH�XVHG�DV�DQ�LQSXW�SDUDPHWHU�LQ�WKH�UHDFWLYH�
WUDQVSRUW�PRGHO�WKDW�LV�EHLQJ�GHYHORSHG�IRU�WKH�VLWH���
,Q�D�VHFRQG�VWDJH�WKH�PHWKRGRORJ\�ZLOO�EH�H[SDQGHG�WR�D�YDULHW\�RI�FRQWDPLQDQWV�DQG�WR�RWKHU�
WHVW�VLWHV��

(FRWR[LFLW\�RI�FRQWDPLQDQWV�
&RQWDPLQDWLRQ� VLWHV� DUH� LPSRUWDQW� VRXUFHV� RI� SROOXWLRQ� DQG� PD\� UHVXOW� LQ� HFRWR[LFRORJLFDO�
HIIHFWV� RQ� WHUUHVWULDO�� JURXQGZDWHU� DQG� DTXDWLF� HFRV\VWHPV�� 7KH�PDLQ� SUREOHP� OLHV� LQ� ORQJ�
WHUP� FKURQLF� HIIHFWV�� (FRWR[LFRORJLFDO� HIIHFWV� RFFXU� DW� DOO� OHYHOV� RI� ELRORJLFDO� RUJDQL]DWLRQ��
IURP�WKH�PROHFXODU�WR�WKH�HFRV\VWHP�OHYHO��1RW�RQO\�VRPH�RUJDQLVPV�PD\�EH�DIIHFWHG��EXW�WKH�
HFRV\VWHPV�DV�D�ZKROH��ERWK�WHUUHVWULDO�DQG�DTXDWLF��LQ�LWV�IXQFWLRQ�DQG�VWUXFWXUH��&RQWDPLQDQWV�
DW� ODUJH� FRQWDPLQDWHG� VLWHV� RIWHQ� VKDUH� FULWLFDO� SURSHUWLHV� VXFK� DV� KLJK� DFXWH� DQG�RU� FKURQLF�
WR[LFLW\�� KLJK� HQYLURQPHQWDO� SHUVLVWHQFH�� RIWHQ� KLJK� PRELOLW\� OHDGLQJ� WR� FRQWDPLQDWLRQ� RI�
JURXQGZDWHU��DQG�KLJK�OLSRSKLOLFLW\�OHDGLQJ�WR�ELRDFFXPXODWLRQ�LQ�IRRG�ZHEV���
7KH� ELRDYDLODELOLW\� RI� FKHPLFDOV�� ZKLFK� LV� GHSHQGHQW� RQ� ELRJHRFKHPLFDO� SURFHVVHV�� LV� DQ�
LPSRUWDQW� IDFWRU� LQ� HFRWR[LFRORJLFDO� HYDOXDWLRQ� DQG� KD]DUG� DVVHVVPHQW�� 7KH� ELRDYDLODEOH�
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IUDFWLRQ�LV�WKH�FULWLFDO�SDUDPHWHU�IRU�XSWDNH�DQG�XOWLPDWHO\�IRU�WKH�FRQFHQWUDWLRQ�DW�WKH�WDUJHW�
VLWHV�LQ�RUJDQLVPV��ZKLFK�LV�WKH�FULWLFDO�SDUDPHWHU�IRU�WR[LFLW\��)LJXUH�����

�
)LJXUH����(FRWR[LFRORJLFDO�HIIHFWV�DUH�GHSHQGHQW�RQ�WKH�ELRDYDLODEOH�IUDFWLRQ�RI�SROOXWDQWV��&RQFHQWUDWLRQV�
DW�WKH�WDUJHW�VLWHV�LQGXFH�PROHFXODU�HIIHFWV�WKDW�SURSDJDWH�WR�D�YDULHW\�RI�WR[LF�PDQLIHVWDWLRQV�LQ�RUJDQLVPV�

�VRXUFH��)HQW��������
$FFRUGLQJ� WR� WKH� W\SH�RI�[HQRELRWLF��HFRWR[LFRORJLFDO� LPSDFWV�ZLOO�EH�GLIIHUHQW��6R��ZH�ZLOO�
VHDUFK�LQ�OLWHUDWXUH�/&���YDOXHV�RI�WKH�YDULRXV�SROOXWDQWV�VWXGLHG�LQ�WKH�SURMHFW��
$V� LOOXVWUDWHG� LQ�)LJXUH���� WKH� FRPELQDWLRQ� EHWZHHQ� LQIRUPDWLRQ� RQ�ZDWHU� IOX[HV�� VRXUFH� RI�
FRQWDPLQDWLRQ� DQG�FRQWDPLQDQW�EHKDYLRXU� DQG� LQIRUPDWLRQ�RQ�K\GURGLVSHUVLYH�SURSHUWLHV�RI�
WKH�XQGHUJURXQG�PHGLXP�ZLOO�DOORZ�RQH�WR�FRPSXWH�FRQWDPLQDQW�PDVV�IOX[HV�IURP�WKH�6RXUFH�
WR� WKH� YDULRXV� 5HFHSWRUV� �:3��� 7DVN� ������ 7KLV� ZLOO� IXUWKHU� DOORZ� RQH� WR� SHUIRUP� D� ULVN�
DVVHVVPHQW�DQDO\VLV�EDVHG�RQ�WKH�FDOFXODWHG�LQGLFDWRUV�DQG�DVVRFLDWHG�WKUHVKROG�YDOXHV��DQG�WR�
SHUIRUP�WKH�VRFLR�HFRQRPLF�DQDO\VLV�DV�GHVFULEHG�LQ�WKH�QH[W�FKDSWHU��
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+*8/J�
,QSXW� :DWHU IOX[HV�LQ�WKH 8=�6=

:DWHU GLVFKDUJH WR�6:
&RQWDPLQDQW�SURSHUWLHV

2XWSXW��&RQWDPLQDQW�FRQFHQWUDWLRQV
DQG�RU�PDVV IOX[�DW GLVFKDUJH SRLQWV
)RU�ULVN DVVHVVPHQW 	�VRFLR�HFR

DQDO\VLV

�
)LJXUH����0RGHOOLQJ�FRQWDPLQDQW�PDVV�IOX[HV�IURP�WKH�6RXUFH�WR�WKH�5HFHSWRUV�DQG�,QGLFDWRUV�

,Q� WKLV� FRPSRQHQW� RI� WKH�SURMHFW��+*8/J�KDV� VHYHUDO� REMHFWLYHV� LQ� WHUPV�RI� GHYHORSPHQWV��
7KHVH�REMHFWLYHV�DUH�VXPPDUL]HG�KHUHDIWHU��

4XDQWLILFDWLRQ�RI�K\GURGLVSHUVLYH�SURSHUWLHV�DQG�FRQWDPLQDQW�PDVV� IOX[HV�
LQ�WKH�ILHOG�
7KH�REMHFWLYH�ZLOO�EH�KHUH�WR�FRQWULEXWH�WR�D�EHWWHU�DVVHVVPHQW�RI�K\GURGLVSHUVLYH�SURSHUWLHV�LQ�
WKH�ILHOG��7KLV�LQFOXGHV�WKH�GHYHORSPHQW�RI�QDWXUDO�JUDGLHQW�WUDFHU�H[SHULPHQWV�PRQLWRUHG�E\�
JHRSK\VLFDO� HTXLSPHQW��$V� RSSRVHG� WR� VDPSOLQJ�� JHRSK\VLFDO� H[SORUDWLRQ� WHFKQLTXHV� DOORZ�
QRQ�LQYDVLYH�LPDJLQJ�RI� WKH�VXEVXUIDFH��7KH�SODQQHG�H[SHULPHQWV� LQFOXGH�WKH�PRQLWRULQJ�RI�
WKH�VSRQWDQHRXV�SRWHQWLDO�WR�DFFHVV�IORZ�LQIRUPDWLRQ�DQG�UHGR[�FRQGLWLRQV��H�J��1DXGHW�HW�DO���
�������HOHFWULFDO�UHVLVWLYLW\�DQG�LQGXFHG�SRODUL]DWLRQ�LPDJLQJ�WR�PDS�WKH�HYROXWLRQ�LQ�WZR�RU�
WKUHH� GLPHQVLRQV� RI� SOXPH� FRQWDPLQDQWV� �H�J�� 1JX\HQ� HW� DO��� ������� WKHUHE\� DOORZLQJ� WKH�
TXDQWLILFDWLRQ� RI� FRQYHFWLRQ�GLVSHUVLRQ� SDUDPHWHUV� DQG� HYHQWXDOO\� WKH� GHJUDGDWLRQ� RI� H�J��
'1$3/��,Q�DGGLWLRQ��KLJKHU�UHVROXWLRQ�LPDJHV�RI�WKH�VXEVXUIDFH�ZLOO�EH�REWDLQHG�E\�JURXQG�
SHQHWUDWLQJ� UDGDU� WR� UHODWH� VWUXFWXUDO� KHWHURJHQHLWLHV�� IORZ� SDWWHUQV� DQG� FRQWDPLQDQWV� �H�J��
/RSH]� HW� DO��� �������7KHVH� LQYHVWLJDWLRQV�ZLOO� EH� FRPELQHG� WR� FODVVLFDO� WUDFHU� VDPSOLQJ� DQG�
PRQLWRULQJ��LQ�SDUWLFXODU�ZLWK�WKH�XVH�RI�WKH�)93'0�VLQJOH�ZHOO�WHFKQLTXH��,W�LV�H[SHFWHG�WKDW�
WKH�FRQIURQWDWLRQ�RI� WKH�UHVXOWV�ZLOO�DOORZ�IRU�D�EHWWHU�TXDQWLILFDWLRQ�RI�JURXQGZDWHU�IORZ�LQ�
WKH�ILHOG�



)5$&�:(&2�'HOLYHUDEOH�'���� � �������

0RGHOOLQJ�FRQWDPLQDQW�WUDQVSRUW�LQ�WKH�ILHOG�
&RQWDPLQDQW�WUDQVSRUW�PRGHOV�ZLOO�EH�GHYHORSHG�IRU�WKH�GLIIHUHQW�WHVW�VLWHV��'LIIHUHQW�RSWLRQV�
ZLOO�EH�HYDOXDWHG��07�'��57�'��+\GUR*HR6SKHUH��7KHVH�PRGHOV�ZLOO� LQWHJUDWH�WKH�YDULRXV�
UHVHDUFK�FRPSRQHQWV��JURXQGZDWHU�IORZ�PRGHOOLQJ��FRQWDPLQDQW�SURSHUWLHV�HWF��DQG�ZLOO�VHUYH�
VHYHUDO�REMHFWLYHV��

�� FDOFXODWLQJ� WKH� FRQWDPLQDQW� PDVV� IOX[HV� EHWZHHQ� WKH� SROOXWLRQ� VRXUFHV� DQG� WKH�
GLIIHUHQW�UHFHSWRUV��IRU�ERWK�ULVN�DVVHVVPHQW�DQG�VRFLR�HFRQRPLF�DQDO\VHV��

�� FRPSDUDWLYH� WHVWLQJ� DQG� YDOLGDWLRQ� RI� WRROV� DGRSWHG� DQG�RU� GHYHORSHG� DW� WKH� YDULRXV�
VWHSV�RI�WKH�ULVN�DVVHVVPHQW�WLHUHG�DSSURDFK��

�� WHVWLQJ�LQ�D�VHFRQG�VWHS�YDULRXV�UHPHGLDWLRQ�DOWHUQDWLYHV��
2QFH�DJDLQ��RQH�RI� WKH�FULWLFDO�DVSHFWV�RI� WKHVH� UREXVWQHVV�DQG�DFFXUDF\�RI� WKHVH�PRGHOOLQJ�
DSSOLFDWLRQV� ZLOO� VWURQJO\� GHSHQG� RQ� WKH� DYDLODELOLW\� RI� UHOLDEOH� HVWLPDWHV� RI� JURXQGZDWHU�
IOX[HV�DQG�FRQWDPLQDQW�PDVV�IOX[HV�LQ�WKH�GLIIHUHQW�WHVW�VLWHV��

����� 6RFLR�HFRQRPLF�DQDO\VLV��6WDWH�,PSDFWV�UHODWLRQVKLSV�
DQG�DQDO\VLV�RI�5HVSRQVH��

3ROLF\�FRQWH[W�
'36,5�IUDPHZRUN�FRPELQHG�ZLWK�HFRQRPLF�DQDO\VLV�FDQ�KHOS�WR�VXSSRUW�GHFLVLRQ�PDNLQJ��LQ�
SDUWLFXODU���

�L�� %\�DVVHVVLQJ�WKH�LPSDFW�RI�JURXQGZDWHU�GHJUDGDWLRQ��HQYLURQPHQWDO�GDPDJH���7KLV�
FDQ�WKHQ�EH�XVHG�IRU�MXVWLI\LQJ�WKH�QHHG�IRU�DFWLRQ��

�LL�� %\� SURYLGLQJ� UHOHYDQW� LQIRUPDWLRQ� IRU� XQGHUVWDQGLQJ� HFRQRPLF� DVVHVVPHQW� RI�
SRVVLEOH� WHFKQLFDO� PHDVXUHV� IRU� LQVWDQFH� FRVW�HIIHFWLYHQHVV� DQDO\VLV� �&($�� DQG�
FRVW�EHQHILW�DQDO\VLV��&%$���

(FRQRPLF� DQDO\VLV� RI� HQYLURQPHQWDO� GDPDJH� DQG� PDQDJHPHQW� SODQV� LV� LQ� OLQH� ZLWK� WKH�
UHTXLUHPHQWV� RI� WKH� :DWHU� )UDPHZRUN� 'LUHFWLYH� �(&�� ������ DQG� WKH� REMHFWLYH� IRU� ZDWHU�
ERGLHV� WR� UHDFK� D� JRRG� HFRORJLFDO� DQG� FKHPLFDO� VWDWXV� E\� ������ &RQFHUQLQJ� JURXQGZDWHU�
ERGLHV��WKH�'DXJKWHU�'LUHFWLYH��(&��������PHQWLRQV�WKDW�TXDOLW\�WKUHVKROG�YDOXHV�KDYH�WR�EH�
HVWDEOLVKHG� E\� 0HPEHU� 6WDWHV� E\� WKH� HQG� RI� ����� LQ� DOO� JURXQGZDWHU� ERGLHV� WKDW� ZHUH�
FKDUDFWHULVHG�LQ�WKH�UHFHQW�ILUVW�:)'�UHSRUWLQJ�REOLJDWLRQV�DV�EHLQJ�DW�ULVN��$V��L��WKLV�SURFHVV�
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ZLOO�EH�XQGHU�ZD\�GXULQJ�WKH�ILUVW�SDUW�RI�)5$&�:(&2�SURMHFW��DQG��LL��WKH�PHWKRGRORJ\�IRU�
JURXQGZDWHU� ULVN� DVVHVVPHQW� DQG� PDQDJHPHQW� RI� FRQWDPLQDWHG� VLWHV� LV� VWLOO� XQGHU�
GHYHORSPHQW��HFRQRPLF�DQDO\VLV�ZLOO�WKXV�EH�FDUULHG�RXW�LQ�FORVH�FROODERUDWLRQ�ZLWK�WKH�HQG�
XVHUV�RI�WKH�SURMHFW�WKDW�DUH�LQYROYHG�LQ�ZDWHU�UHVRXUFHV�DQG�FRQWDPLQDWHG�VLWHV�PDQDJHPHQW�
�29$0��63$4X(��'*51(���

$VVHVVLQJ�HQYLURQPHQWDO�GDPDJH��6WDWH�,PSDFW�UHODWLRQVKLSV��
7KH�REMHFWLYHV�DUH�WR�LGHQWLI\�DQG�DVVHVV�HQYLURQPHQWDO�GDPDJH�GXH�WR�WKH�FRQWDPLQDWLRQ�RI�
ZDWHU� UHVRXUFHV� �JURXQGZDWHU� DQG�� RU� VXUIDFH� ZDWHU� GXH� WR� JURXQGZDWHU� FRQWDPLQDWLRQ���
'DPDJH�GXH�WR�D�FRQWDPLQDWHG�ZDWHU�UHVRXUFH�PD\�RFFXU�DW�YDULRXV�WLPH�SHULRGV��VKRUW�WHUP��
ORQJ�WHUP��DQG�VSDWLDO�VFDOHV��LQ�VLWH��RII�VLWH����
7KH� LGHQWLILFDWLRQ� RI� GDPDJH� ZLOO� DGGUHVV� QRW� RQO\� WKH� GLUHFW� XVH� YDOXH� RI� ZDWHU� �H�J��
DYRLGDQFH�FRVWV�IRU�ZDWHU�XVHUV�ZKR�PD\�KDYH�WR�XQGHUWDNH�FRVWO\�FRUUHFWLYH�DFWLRQV���EXW�DOVR�
QRQ�XVH�YDOXH��H[LVWHQFH�YDOXH��DQG�LQGLUHFW�XVH�YDOXH��H�J��LQFUHDVHG�IHDU�DQG�DQ[LHW\��ORVV�RI�
UHFUHDWLRQDO�YDOXH��ORVV�RI�SURSHUW\�YDOXH�����
7KH� PHWKRG�V�� WR� EH� XVHG� IRU� WKH� DVVHVVPHQW� RI� GDPDJH� ZLOO� GHSHQG� RQ� WKH� W\SRORJ\� RI�
HQYLURQPHQWDO� GDPDJH� WKDW� LV� LGHQWLILHG� LQ� WKH� SUHYLRXV� VWHS�� 9DULRXV� HFRQRPLF� YDOXDWLRQ�
PHWKRGV�H[LVW�DQG�PD\�EH�XVHG���

�� 5HYHDOHG�SUHIHUHQFH�YDOXDWLRQ�PHWKRGV��KHGRQLF�SULFLQJ��WUDYHO�FRVW�PHWKRG��DYHUWLQJ�
EHKDYLRXU�DQG�GHIHQVLYH�H[SHQGLWXUH��FRVW�RI�LOOQHVV�DQG�ORVW�RXWSXW�FDOFXODWLRQ����

�� 6WDWHG�SUHIHUHQFH�YDOXDWLRQ��FRQWLQJHQW�YDOXDWLRQ���
�
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,03$&76(QYLURQPHQWDO GDPDJH � 7RWDO�(FRQRPLF 9DOXH

*URXQGZDWHU UHVRXUFH
� +\GURJHRORJ\

� %LRJHRFKHPLVWU\
� (FRORJ\

6XUIDFH�ZDWHU UHVRXUFH
� +\GURORJ\

� %LRJHRFKHPLVWU\
� (FRORJ\

�
)LJXUH�����&KDUDFWHULVDWLRQ�RI�HQYLURQPHQWDO�GDPDJH�UHODWHG�WR�JURXQGZDWHU�GHJUDGDWLRQ��VFKHPH�

DGDSWHG�IURP�%URXZHU��������

:KHQ�SRVVLEOH��GDPDJH�ZLOO�EH�H[SUHVVHG�DV�D�IXQFWLRQ�RI�SK\VLFDO�LQGLFDWRUV��)LJXUH������

���������������������������������� �
)LJXUH�����5HODWLRQV�EHWZHHQ�6WDWH�LQGLFDWRU�DQG�(QYLURQPHQWDO�GDPDJH��IURP�+pULYDX[�HW�DO���������
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&RVW�%HQHILW�$QDO\VLV��$QDO\VLV�RI�5HVSRQVHV��
%HQHILWV�RI�HQYLURQPHQWDO�SURMHFWV�DUH�XVXDOO\�DVVHVVHG�DV�WKH�DYRLGHG�GDPDJH��&%$�FDQ�KHOS�
WR�FRPSDUH�DQG�VHOHFW�D�SURJUDPPH�RI�PHDVXUHV��7KLV�PHWKRG�DOUHDG\�KDV�DQ�LPSRUWDQW�UROH�WR�
SOD\� LQ� FXUUHQW� SROLF\� GHYHORSPHQW�� VXFK� DV� WKH� HFRQRPLF� DQDO\VLV� UHTXLUHG� IRU� WKH�
LPSOHPHQWDWLRQ�RI�WKH�:)'�DQG�&%$�UHFRPPHQGHG�E\�WKH�)UHQFK�DSSURDFK�RI�FRQWDPLQDWHG�
VLWHV�PDQDJHPHQW��,Q�&%$��EHQHILWV�DUH�GHILQHG�DV�LQFUHDVHV�LQ�KXPDQ�ZHOOEHLQJ�DQG�FRVWV�DUH�
GHILQHG�DV�UHGXFWLRQ�LQ�KXPDQ�ZHOOEHLQJ��2(&'���������$�SURMHFW�RU�SROLF\�LV�UHFRPPHQGHG�
DFFRUGLQJ�WR�&%$�LI�WKH�EHQHILWV�LW�EULQJV�WR�WKH�VRFLHW\�H[FHHG�WKH�FRVWV�RI�LWV�LPSOHPHQWDWLRQ�
�VRFLHW\� �VXP�RI�LQGLYLGXDOV���
)LJXUH����SUHVHQWV�KRZ�'36,5�FRPSRQHQWV�PD\�EH�XVHG�IRU�FRVW�±�EHQHILW�DQDO\VLV��,W�VKRXOG�
EH�VWUHVVHG�WKDW�DW�OHDVW�WZR�VFHQDULRV��LQ�WKH�IXWXUH��VKRXOG�EH�LGHQWLILHG���

�� 6FHQDULR� $� UHSUHVHQWLQJ� WKH� EXVLQHVV� DV� XVXDO� VFHQDULR� ZLWK� FXUUHQW� PDQDJHPHQW�
PHDVXUHV��ZKLFK�LQ�WXUQ�PLJKW�OHDG�WR�GHWHULRUDWLRQ�RI�ZDWHU�UHVRXUFHV�ZLWK�QHJDWLYH�
LPSDFWV�RQ�ZDWHU�XVHV��QDWXUDO�HFRV\VWHP��DQG�

�� 6FHQDULR� %� UHSUHVHQWLQJ� WKH� SRVVLEOH� PDQDJHPHQW� PHDVXUHV� �5HVSRQVHV�� WKDW� ZLOO�
LQIOXHQFH�GLIIHUHQW�FRPSRQHQWV�RI�WKH�V\VWHP�LQWR�FRQVLGHUDWLRQ���

7KH�PDLQ�VWHSV�WR�EH�FDUULHG�RXW�IRU�&%$�LPSOHPHQWDWLRQ�DUH�WKH�IROORZLQJ���
�� ,GHQWLW\�WKH�5HIHUHQFH�VFHQDULR��EXVLQHVV�DV�XVXDO���WKLV�VFHQDULR�VKRXOG�DVVHVV�WKH�

PDLQ�SUHVVXUHV��3$��H[HUWHG�RQ�WKH�V\VWHP��DVVHVV�KRZ�JURXQGZDWHU��DQG�VXUIDFH�
ZDWHU�� TXDOLW\� �6$�� PD\� EH� DIIHFWHG� E\� SROOXWLQJ� SUHVVXUHV� DQG� DVVHVV� UHODWHG�
HQYLURQPHQWDO� GDPDJH� �,$���7R�EH�SHUIRUPHG�� WKLV� VWHS� VKRXOG� LQWHJUDWH�SK\VLFDO�
PRGHOOLQJ�UHVXOWV�DQG�HQYLURQPHQWDO�GDPDJH�DVVHVVPHQW��

�� ,GHQWLI\� WKH� PDQDJHPHQW� VFHQDULR� DQG� GHVFULEH� SRWHQWLDO� PHDVXUHV� �5HVSRQVHV��
WKDW� DLP� WR� OLPLW�SUHYHQW� WKH� GHJUDGDWLRQ� RI� ZDWHU� UHVRXUFHV� DQG� PLWLJDWH� WKH�
LPSDFWV�� 7KH� VDPH� DQDO\VLV� DV� LQ� WKH� UHIHUHQFH� VFHQDULR� VKRXOG� WKHQ� EH� GRQH� WR�
DVVHVV�3UHVVXUHV��3%���6WDWH��6%��DQG�,PSDFWV��,%���

�� &RVW�EHQHILW� DQDO\VLV�� &RPSDULVRQ� RI� WKH� VWDWXV� RI� ZDWHU� UHVRXUFHV� EHWZHHQ� WKH�
UHIHUHQFH� DQG� PDQDJHPHQW� VFHQDULR� KHOSV� WR� DVVHVV� WKH� HIIHFW� RI� WKH� SURSRVHG�
PHDVXUHV�� 7KH� FRPSDULVRQ� RI� WKH� HQYLURQPHQWDO� GDPDJH� EHWZHHQ� WKH� VFHQDULRV�
ZLOO�VXSSRUW�WKH�DVVHVVPHQW�RI�WKH�EHQHILWV�RI�WKH�SURSRVHG�PHDVXUHV��
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�
)LJXUH�����8VH�RI�WKH�'36,5�FRPSRQHQWV�LQ�FRVW�HIIHFWLYHQHVV�DQG�FRVW�EHQHILW�DQDO\VLV��

�DGDSWHG�IURP�+pULYDX[�HW�DO���������

$V� FRVWV� DQG� EHQHILWV� DUH� UDUHO\� NQRZQ� ZLWK� FHUWDLQW\�� ULVN� �SUREDELOLVWLF� RXWFRPHV�� DQG�
XQFHUWDLQW\� �ZKHQ� QR� SUREDELOLWLHV� DUH� NQRZQ�� DOVR� KDYH� WR� EH� WDNHQ� LQWR� DFFRXQW� �2(&'��
�������$�VHQVLWLYLW\�DQDO\VLV�FDQ�EH�XQGHUWDNHQ�WR�DVVHVV�KRZ�UHVXOWV�RI�&%$�ZRXOG�FKDQJH�LI�
WKH�YDOXHV�RI�VRPH�NH\�LQGLFDWRUV�IRU�WKH�GLIIHUHQW�FRPSRQHQWV��3��6��,��ZRXOG�EH�PRGLILHG����
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���&RQFOXVLRQV�
7KLV�GHOLYHUDEOH�KDV�DOORZHG�RQH�WR�FODULI\�WKH�REMHFWLYHV�RI�WKH�GLIIHUHQW�SDUWQHUV�LQYROYHG�LQ�
WKH� )5$&�:(&2� SURMHFW� DQG� KRZ� WKH\� DUH� JRLQJ� WR� LQWHUDFW�� WR� H[FKDQJH� GDWD�� UHVHDUFK�
UHVXOWV�DQG�NQRZOHGJH�LQ�RUGHU�WR�PHHW�WKH�DPELWLRXV�REMHFWLYHV�RI�WKH�SURMHFW��
3DUWLFXODUO\��WKH�FRPSOH[�LQWHUDFWLRQV�EHWZHHQ�UHVHDUFKHV�GHDOLQJ�ZLWK�SK\VLFDO�SURFHVVHV�DQG�
ZLWK�VRFLR�HFRQRPLF�DVSHFWV�KDYH�EHHQ�GHVFULEHG�LQ�GHWDLOV��7KH�PRGHOOLQJ�DSSOLFDWLRQV�ZLOO�
FRQVWLWXWH�WKH�NH\�LQWHUDFWLQJ�WRROV�DV�WKH\�DUH�JRLQJ�WR�LQWHJUDWH�DOO�WKH�LQIRUPDWLRQ�RQ�ZDWHU�
DQG� FRQWDPLQDQW� PDVV� IOX[HV� DQG� RQ� ELRJHRFKHPLFDO� SURFHVVHV� DIIHFWLQJ� WKH� IDWH� RI�
FRQWDPLQDQW�LQ�WKH�ILHOG�DQG�WKH\�DUH�DOVR�JRLQJ�WR�EH�XVHG�WR�SURGXFH�DOO�GDWD�UHTXLUHG�IRU�ULVN�
DVVHVVPHQW�DQG�IRU�WKH�VRFLR�HFRQRPLF�DQDO\VLV�ZKLFK�DUH�WZR�RI�WKH�PRVW�LPSRUWDQW�H[SHFWHG�
RXWFRPHV�RI�WKH�SURMHFW��
7KH�GHOLYHUDEOH�KDV�DOVR�FODULILHG�WKH�XVH�RI�IOX[�EDVHG�FRQFHSWV�WKURXJK�WKH�GHILQLWLRQ�RI�ULVN�
DVVHVVPHQW� LQGLFDWRUV� LQ� WKH� IRUP� RI� FRQWDPLQDQW�PDVV� IOX[HV� DQG� GLVFKDUJH� DW� WKH� YDULRXV�
FRQVLGHUHG�UHFHSWRUV���
)LQDOO\�� WKLV� GRFXPHQW� KDV� DOVR� DOORZHG� RQH� WR� FODULI\� WKH� VFRSH� DQG� WKH� OLPLWV� RI� WKH�
UHVHDUFKHV� IRUHVHHQ� LQ� WKH�)5$&�:(&2�SURMHFW� WKDW�ZLOO� IRFXV�RQ� WKH� ULVN�RI� FRQWDPLQDQW�
OHDFKLQJ�WR�JURXQGZDWHU��RI�FRQWDPLQDQW�GLVSHUVLRQ�WKURXJK�JURXQGZDWHU�DQG�RQ�WKH�LPSDFW�RI�
FRQWDPLQDQW�RQ�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU�DV�DIIHFWHG�E\�JURXQGZDWHU�GLVFKDUJH�DQG�RQ�
WKH�LPSDFW�RQ�DTXDWLF�HFRV\VWHPV��

5HIHUHQFHV�
%DDW]��0��DQG�6FKlSH��$�� ��������0XOWLUHVROXWLRQ�VHJPHQWDWLRQ�±�DQ�RSWLPL]DWLRQ�DSSURDFK�

IRU� KLJK� TXDOLW\� PXOWL�VFDOH� LPDJH� VHJPHQWDWLRQ�� LQ�� 6WUREO�� %ODVFKNH� DQG� *UHLVHEHQHU�
�HGV��� $QJHZDQGWH� *HRJUDSKLVFKH� ,QIRUPDWLRQVYHUDUEHLWXQJ� ;,�� %HLWUDJH� ]XP� $*,7�
6\PSRVLXP�6DO]EXUJ��.DUOVUXKH��+HUEHUW�:LFKPDQQ�9HUODJ��

%DUGRV��3����/HZLV��$���1RUWFOLII��6���0DWLRWWL��&���0DURW��)���6XOOLYDQ��7��DQG�RWKHU�FRQWULEXWRUV�
�������� 5HYLHZ� RI� 'HFLVLRQ� 6XSSRUW� 7RROV� IRU� &RQWDPLQDWHG� /DQG� DQG� WKHLU� 8VH� LQ�
(XURSH���$XVWULDQ�)HGHUDO�(QYLURQPHQW�$JHQF\��RQ�EHKDOI�RI�&/$5,1(7��

%DVX�� 1�%��� 5DR�� 3�6�&��� 3R\HU�� ,�&��� $QQDEOH�� 0�'��� +DWILHOG�� .�� �������� )OX[�EDVHG�
DVVHVVPHQW� DW� D� PDQXIDFWXULQJ� VLWH� FRQWDPLQDWHG� ZLWK� WULFKORURHWK\OHQH�� -RXUQDO� RI�
&RQWDPLQDQW�+\GURORJ\���������������
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%DWHODDQ��2�� DQG�)��'H�6PHGW�� ��������*,6�EDVHG� UHFKDUJH�HVWLPDWLRQ�E\�FRXSOLQJ�VXUIDFH�
VXEVXUIDFH� ZDWHU� EDODQFHV�� -RXUQDO� RI� +\GURORJ\�� ���������� ��������� GRL��
��������M�MK\GURO��������������

%URXZHU�� 5�� �������� 0HWKRGRORJLFDO� )UDPHZRUN� RI�:3��� 'HOLYHUDEOH� ��� RI� WKH� %5,'*(�
SURMHFW����S��

%URXZHU�� 5�� DQG� 6�� *HRUJLRX� �������� (FRQRPLF� YDOXDWLRQ� RI� HQYLURQPHQWDO� DQG� UHVRXUFH�
FRVWV� DQG� EHQHILWV� RI� ZDWHU� XVHV� DQG� VHUYLFHV� LQ� WKH� :DWHU� )UDPHZRUN� 'LUHFWLYH��
7HFKQLFDO� JXLGHOLQHV� IRU� SUDFWLWLRQHUV�� 5HVWULFWHG� 'HOLYHUDEOH� '��� RI� $TXDPRQH\�
SURMHFW��

%URX\qUH�� 6��� %DWOOH�$JXLODU�� -�� *RGHUQLDX[�� 3��� 'DVVDUJXHV� �������� $��� $� QHZ� WUDFHU�
WHFKQLTXH� IRU� PRQLWRULQJ� JURXQGZDWHU� IOX[HV�� 7KH� )LQLWH� 9ROXPH� 3RLQW� 'LOXWLRQ�
0HWKRG��-RXUQDO�RI�&RQWDPLQDQW�+\GURORJ\��GRL����������M�MFRQK\G��������������

(&��(XURSHDQ�&RPPLVVLRQ�����������³'LUHFWLYH���������(&�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�
RI�WKH�&RXQFLO�RI����2FWREHU������HVWDEOLVKLQJ�D�IUDPHZRUN�IRU�&RPPXQLW\�DFWLRQ�LQ�
WKH�ILHOG�RI�ZDWHU�SROLF\�´��

(&��(XURSHDQ�&RPPLVVLRQ�����������³'LUHFWLYH����������(&�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�
RI� WKH� &RXQFLO� RI� ��� 'HFHPEHU� ����� RQ� WKH� SURWHFWLRQ� RI� JURXQGZDWHU� DJDLQVW�
SROOXWLRQ�DQG�GHWHULRUDWLRQ�´��

(&%��(XURSHDQ�&KHPLFDO�%XUHDX�������������QG�HGLWLRQ�RI�WKH�7HFKQLFDO�*XLGDQFH�'RFXPHQW�
�7*'��RQ�5LVN�$VVHVVPHQW�RI�&KHPLFDO�6XEVWDQFHV�IROORZLQJ�(XURSHDQ�5HJXODWLRQV�
DQG�'LUHFWLYHV��

(3$� �8�6�� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\��� �������� 6RLOG� 6FUHHQLQJ� *XLGDQFH�� 8VHU¶V�
*XLGH��(3$�'RFXPHQW�1E��(3$�����5���������-XO\�������

)HQW�.�����������(FRWR[LFRORJLFDO�HIIHFWV�DW�FRQWDPLQDWHG�VLWHV��7R[LFRORJ\�����������������
)RUG�� 5�� �������� 7KH� ,PSDFW� RI� *URXQG�:DWHU�6XUIDFH�:DWHU� ,QWHUDFWLRQV� RQ� &RQWDPLQDQW�

7UDQVSRUW� ZLWK� $SSOLFDWLRQ� WR� DQ� $UVHQLF� &RQWDPLQDWHG� 6LWH�� (3$� (QYLURQPHQWDO�
5HVHDUFK� %ULHI�� 8�6�� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� 'RFXPHQW� 1E�� (3$�����6�
��������-DQXDU\���������S��
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+pULYDX[��&�� HW� DO��� ������6\QWKHWLF� UHSRUW� RQ� WKH� HFRQRPLF� DQDO\VLV� LQFOXGLQJ� D� VHQVLWLYLW\�
DQDO\VLV� IRU� HDFK� VHOHFWHG� VWXG\� DUHDV�� DQG� WKH� OLQN� ZLWK� WKH� FRQFHSWXDO� PRGHO��
'HOLYHUDEOH�,����RI�$TXDWHUUD�SURMHFW�����S��

,75&� �,QWHUVWDWH� 7HFKQRORJ\� 	� 5HJXODWRU\� &RXQFLO�� �������� ([DPLQDWLRQ� RI� 5LVN�EDVHG�
VFUHHQLQJ�YDOXHV�DQG�DSSURDFKHV�RI�VHOHFWHG�VWDWHV��5,6.����:DVKLQJWRQ�'�&���,75&��
5LVN�$VVHVVPHQW�5HVRXUFHV�7HDP��KWWS���ZZZ�LWUFZHE�RUJ���

.ULVWHQVHQ�� 3�� �������� 7KH� '36,5� )UDPHZRUN�� :RUNVKRS� RQ� D� FRPSUHKHQVLYH� �� GHWDLOHG�
DVVHVVPHQW�RI�WKH�YXOQHUDELOLW\�RI�ZDWHU�UHVRXUFHV�WR�HQYLURQPHQWDO�FKDQJHV�LQ�$IULFD�
XVLQJ�ULYHU�EDVLQ�DSSURDFK��81(3�+HDGTXDWHUV��1DLUREL��.HQ\D��

/RSHV� GH� &DVWUR� '��� 5DLPXQGR� 0DULDQR� *RPHV� &DVWHOR� %UDQFR� 0�OOHU�� '��� DQG� RWKHU�
FRQWULEXWRUV� �������� ��'� JURXQG� SHQHWUDWLQJ� UDGDU� PRQLWRULQJ� RI� D� K\GURFDUERQ�
OHDNDJH�VLWH�LQ�)RUWDOH]D��%UD]LO��GXULQJ�LWV�UHPHGLDWLRQ�SURFHVV��D�FDVH�KLVWRU\��-RXUQDO�
RI�$SSOLHG�*HRSK\VLFV��9RO�����������1RYHPEHU�������SS�����������

0�OOHU��'����������)LQDO�SURSRVDO�IRU�D�PHWKRGRORJ\�WR�VHW�XS�JURXQGZDWHU�WKUHVKROG�YDOXHV�LQ�
(XURSH�� 'HOLYHUDEOH� '��� RI� WKH� (8� )3�� 663� SURMHFW� %5,'*(�� 8%$�$�� 9LHQQD��
$XVWULD����S��

1DXGHW� 9��� 5HYLO� $��� %RWWHUR� -��<��� DQG� %pJDVVDW� 3�� �������� 5HODWLRQVKLS� EHWZHHQ� VHOI�
SRWHQWLDO��63��VLJQDOV�DQG�UHGR[�FRQGLWLRQV�LQ�FRQWDPLQDWHG�JURXQGZDWHU��*HRSK\VLFDO�
5HVHDUFK�/HWWHUV����������������GRL�������������*/��������

1JX\HQ�� )��� $�� .HPQD�� $�� $QWRQVVRQ�� 3�� (QJHVJDDUG�� 2�� .XUDV�� 5�'�� 2JLOY\� ��������
&KDUDFWHUL]DWLRQ�RI�VDOWZDWHU�LQWUXVLRQ�XVLQJ�HOHFWULFDO�LPDJLQJ��QXPHULFDO�VLPXODWLRQ�
DQG� ILHOG� VWXG\�� 3XEOLVKHG� $EVWUDFW� LQ� 3URFHHGLQJV�� $*8� -RLQW�0HHWLQJ�� $FDSXOFR��
0H[LFR��������0D\�������

2(&'���������&RVW�%HQHILW�$QDO\VLV�DQG�WKH�(QYLURQPHQW��5HFHQW�'HYHORSPHQWV��([HFXWLYH�
6XPPDU\����S��

5DR��3�6�&��� -DZLW]�� -�:���)DOWD��5�:�)�-U��$QQDEOH��0�'���:RRG��$�/�� ��������7HFKQRORJ\�
,QWHJUDWLRQ�IRU�FRQWDPLQDWHG�VLWH�UHPHGLDWLRQ��FOHDQ�XS�JRDOV�DQG�SHUIRUPDQFH�FULWHULD��
LQ�*URXQGZDWHU�4XDOLW\��1DWXUDO�DQG�(QKDQFHG�5HVWRUDWLRQ�RI�*URXQGZDWHU�3ROOXWLRQ��
SURFHHGLQJV�RI�WKH�*URXQGZDWHU�4XDOLW\������&RQIHUHQFH��6KHIILHOG��8�.���-XQH�������
,$+6�3XEO��Q����������������
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6('%$5&$+� �������� 6('LPHQW� %LR%$5ULHUV� IRU� &KORULQDWHG� $OLSKDWLF� +\GURFDUERQV� LQ�
JURXQGZDWHU�UHDFKLQJ�VXUIDFH�ZDWHU��)3��675(3�3URMHFW�1E����������'HOLYHUDEOH�'���
5HSRUW�RQ�WKH�GLIIHUHQW�VDPSOLQJ�GHYLFHV�WR�PHDVXUH�WKH�SK\VLFR�FKHPLFDO�SDUDPHWHUV�
LQ�WKH�JURXQGZDWHU�VHGLPHQW�VXUIDFH�ZDWHU�LQWHUIDFH��-XO\���������S��

6('%$5&$+� �������� 6('LPHQW� %LR%$5ULHUV� IRU� &KORULQDWHG� $OLSKDWLF� +\GURFDUERQV� LQ�
JURXQGZDWHU�UHDFKLQJ�VXUIDFH�ZDWHU��)3��675(3�3URMHFW�1E����������'HOLYHUDEOH�'���
5HSRUW�RQ�&$+�GHJUDGDWLRQ�SRWHQWLDO�DQG�DFWLYLW\�RI�VHGLPHQW�PLFURELDO�FRPPXQLWLHV�
UHFHLYLQJ� FRQWDPLQDWHG� JURXQGZDWHU� DV� GHWHUPLQHG� E\� EDWFK� GHJUDGDWLRQ� WHVWV��
)HEUXDU\���������S��

:LQWHU�� 7��� +DUYH\�� -�:��� )UDQNH�� 2�/��� $OOH\�� :�0�� �������� *URXQG� :DWHU� DQG� 6XUIDFH�
:DWHU��$�6LQJOH�5HVRXUFH��8�6��*HRORJLFDO�6XUYH\�&LUFXODU���������S��

� �


