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7KLUW\�RQH�PRQLWRULQJ�ZHOOV�LQ�WKH�
:LQGKDP�DTXLIHU�LQ�1RUWK�:LQGKDP��0DLQH��ZHUH�
VDPSOHG�IRU�PHWK\O�WHUW�EXW\O�HWKHU��07%(��IURP�
-XO\������WR�0D\�������07%(�ZDV�GHWHFWHG�LQ�
�� SHUFHQW�RI�WKH�ZHOOV�VDPSOHG�LQ�WKH�:LQGKDP�
DTXLIHU��07%(�ZDV�GHWHFWHG�LQ����SHUFHQW�RI�ZHOOV�
LQ�WKH�KLJK�\LHOGLQJ�SDUW�RI�WKH�DTXLIHU��WKHVH�ZHOOV�
DFFRXQW�IRU����SHUFHQW�RI�DOO�ZHOOV�ZLWK�GHWHFWDEOH�
07%(��/DQG�FRYHU�DOVR�ZDV�IRXQG�WR�EH�DVVRFL�
DWHG�ZLWK�07%(�LQ�WKH�ZHOOV�LQ�WKH�VWXG\�DUHD��
ZLWK�WKH�XUEDQ�DQG�ORZ�GHQVLW\�UHVLGHQWLDO�DUHDV�
KDYLQJ�PRUH�07%(�WKDQ�XQGHYHORSHG�DUHDV��7KH�
PHGLDQ�FRQFHQWUDWLRQ�LQ�ZHOOV�ZLWK�GHWHFWDEOH�
07%(�ZDV������mJ�/��PLFURJUDPV�SHU�OLWHU��

�$LU�DQG�SUHFLSLWDWLRQ�VDPSOHV�ZHUH�
FROOHFWHG�LQ�1RUWK�:LQGKDP�DORQJ�ZLWK�JURXQG�
ZDWHU�VDPSOHV��$LU�VDPSOHV�ZHUH�FROOHFWHG�HYHU\�
���GD\V�IURP�'HFHPEHU������WR�-XO\����������
VDPSOHV���07%(�ZDV�SUHVHQW�LQ�DOO����DLU�VDPSOHV�
FROOHFWHG��DW�FRQFHQWUDWLRQV�UDQJLQJ�IURP�
���� SSEY��SDUWV�SHU�ELOOLRQ�E\�YROXPH��WR�
��� SSEY��%HIRUH�0DLQH�RSWHG�RXW�RI�WKH�UHIRUPX�
ODWHG�JDVROLQH��5)*��SURJUDP�LQ�WKH�VSULQJ�RI�
������PHGLDQ�FRQFHQWUDWLRQV�LQ�DLU�DW�WKH�1RUWK�
:LQGKDP�VLWH�ZHUH������SSEY��$IWHU�0DLQH�
VWRSSHG�XVLQJ�5)*��WKH�PHGLDQ�FRQFHQWUDWLRQ�LQ�
DLU�GURSSHG�WR����� SSEY�

1R�07%(�ZDV�GHWHFWHG�LQ�IRXU�VDPSOHV�RI�
SUHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��7KH�ODFN�RI�UDLQ�
IDOO�GXULQJ�WKH�VWXG\�SHULRG�SUHYHQWHG�WKH�FROOHF�
WLRQ�RI�DQ�DGHTXDWH�QXPEHU�RI�VDPSOHV��DQG�
WHFKQLFDO�GLIILFXOWLHV�QHJDWHG�WKH�UHVXOWV�RI�VRPH�RI�
WKH�DQDO\VHV�RI�WKH�VDPSOHV�WKDW�ZHUH�FROOHFWHG��

%DVHG�RQ�WKH�HTXLOLEULXP�SDUWLWLRQLQJ�RI�07%(�
IURP�WKH�DLU�LQWR�UDLQ��WKH�K\SRWKHWLFDO�DYHUDJH�
FRQFHQWUDWLRQ�RI�07%(�LQ�UDLQIDOO�GXULQJ�PRQWKV�
ZKHQ�UHFKDUJH�W\SLFDOO\�RFFXUV��0DUFK�$SULO�DQG�
2FWREHU�'HFHPEHU��ZRXOG�EH�DSSUR[LPDWHO\�����
WR�����mJ�/�GXULQJ�WKH�WLPH�WKDW�5)*�ZDV�EHLQJ�
XVHG�LQ�0DLQH��$IWHU�WKH�SKDVHRXW�RI�5)*��WKH�
PD[LPXP�DYHUDJH�FRQFHQWUDWLRQ�RI�07%(�LQ�UDLQ�
IDOO�GXULQJ�WKHVH�PRQWKV�ZRXOG�EH�DSSUR[LPDWHO\�
����mJ�/�

7KH�GLVWULEXWLRQ�DQG�FRQFHQWUDWLRQV�RI�
07%(�WKDW�ZHUH�GHWHFWHG�LQ�JURXQG�ZDWHU�LQGLFDWH�
WKDW�UHFKDUJH�IURP�SUHFLSLWDWLRQ�FRQWDLQLQJ�07%(�
LV�QRW�D�OLNHO\�H[SODQDWLRQ�IRU�WKH�RFFXUUHQFH�RI�
07%(�LQ�WKH�:LQGKDP�DTXLIHU�
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:LWK�WKH������LPSOHPHQWDWLRQ�RI�WKH������
&OHDQ�$LU�$FW��FHUWDLQ�DUHDV�LQ�WKH�FRXQWU\�WKDW�
H[FHHGHG�WKH�DPELHQW�FDUERQ�PRQR[LGH�VWDQGDUG�
EHJDQ�XVLQJ�R[\JHQDWHG�JDVROLQH�FRQWDLQLQJ�
PHWK\O�WHUW�EXW\O�HWKHU��07%(���%\�������
R[\JHQDWHG�JDVROLQH�DOVR�ZDV�PDQGDWHG�WR�FRQWURO�
JURXQG�OHYHO�R]RQH�DQG�RWKHU�DLUERUQH�YRODWLOH�
RUJDQLF�FRPSRXQGV��92&V���6RRQ�DIWHU�WKH�ZLGH�
VSUHDG�XVH�RI�JDVROLQH�FRQWDLQLQJ�07%(�EHJDQ��
ZDWHU�TXDOLW\�VXUYH\V�EHJDQ�GHWHFWLQJ�07%(�LQ�
JURXQG�ZDWHU��RIWHQ�ZLWKRXW�WKH�RWKHU�JDVROLQH�
FRPSRXQGV²EHQ]HQH��WROXHQH��HWK\O�EHQ]HQH��
DQG�[\OHQHV��FROOHFWLYHO\�NQRZQ�DV�%7(;�
FRPSRXQGV�²XVXDOO\�IRXQG�LQ�JURXQG�ZDWHU�QHDU�
JDVROLQH�VSLOOV��7R�PHHW�SDUW�RI�WKH�)HGHUDO�UHTXLUH�
PHQW�RI�UHGXFLQJ�92&�FRQFHQWUDWLRQV�LQ�0DLQH¶V�
DLU�E\����SHUFHQW��WKH�6WDWH�RI�0DLQH�HOHFWHG�WR�XVH�
$%675$&7 �



UHIRUPXODWHG�JDVROLQH��5)*��WKDW�FRQWDLQHG�
�� SHUFHQW�07%(�E\�YROXPH��0DLQH�'HSDUWPHQW�
RI�+XPDQ�6HUYLFHV���������,Q�'HFHPEHU�������
5)*�ZDV�LQWURGXFHG�LQ�VRXWKHUQ�0DLQH��LQ�
.HQQHEHF��6DJDGDKRF��$QGURVFRJJLQ��&XPEHU�
ODQG��<RUN��/LQFROQ��DQG�:DOGR�&RXQWLHV�

$OWKRXJK�07%(�KDV�EHHQ�GHWHFWHG�LQ�
JURXQG�ZDWHU�LQ�0DLQH�VLQFH�EHIRUH�������WKHUH�
ZDV�QR�GRFXPHQWHG�HYLGHQFH�RI�ZLGHVSUHDG��ORZ�
FRQFHQWUDWLRQ�07%(�FRQWDPLQDWLRQ�LQ�WKH�JURXQG�
ZDWHU�XQWLO�WKH�VXPPHU�RI�������ZKHQ�VHYHUDO�
ZLGHO\�SXEOLFL]HG�LQVWDQFHV�RI�FRQWDPLQDWLRQ�LQ�
GULQNLQJ�ZDWHU�ZHOOV�SURPSWHG�WKH�6WDWH�RI�0DLQH�
WR�FRQGXFW�D�UDQGRP�VDPSOLQJ�RI�����SULYDWH�ZHOOV�
DQG�QHDUO\�DOO�WKH�����QRQWUDQVLHQW�SXEOLF�ZDWHU�
VXSSOLHV�LQ�WKH�VWDWH�RI�0DLQH��7KH�VDPSOLQJ�IRXQG�
07%(�LQ�JURXQG�ZDWHU�LQ�DOO�SDUWV�RI�0DLQH��
LQFOXGLQJ�DUHDV�QRW�UHTXLUHG�WR�XVH�5)*��0DLQH�
'HSDUWPHQW�RI�+XPDQ�6HUYLFHV���������7KLV�VWXG\�
DQG�DGGLWLRQDO�VWXGLHV�E\�WKH�8�6��*HRORJLFDO�
6XUYH\��86*6��1DWLRQDO�:DWHU�4XDOLW\�$VVHVV�
PHQW�3URJUDP��1$:4$��DFURVV�WKH�FRXQWU\�
GRFXPHQWHG�WKDW�ORZ�FRQFHQWUDWLRQV�RI�07%(�DUH�
FRPPRQ�LQ�JURXQG�ZDWHU��HVSHFLDOO\�LQ�XUEDQ�DUHDV�
�=RJRUVNL�DQG�RWKHUV���������7KH�ZLGHVSUHDG�
RFFXUUHQFH�RI�07%(�KDV�SURPSWHG�GLVFXVVLRQ�
DERXW�SRVVLEOH�QRQSRLQW�VRXUFHV�RI�07%(�LQ�
JURXQG�ZDWHU��HVSHFLDOO\�SUHFLSLWDWLRQ�DQG�DWPR�
VSKHULF�GHSRVLWLRQ��6TXLOODFH��3DQNRZ�DQG�RWKHUV��
������6TXLOODFH��=RJRUVNL��DQG�RWKHUV�������
3DQNRZ�DQG�RWKHUV��������/RSHV�DQG�%HQGHU��
������%DHKU�DQG�RWKHUV��������0RUDQ�DQG�RWKHUV��
�������)HZ�VWXGLHV�WR�GDWH��KRZHYHU��KDYH�FR�
ORFDWHG�WKH�FROOHFWLRQ�RI�VDPSOHV�IRU�DQDO\VLV�RI�
07%(�LQ�JURXQG�ZDWHU��DLU��DQG�SUHFLSLWDWLRQ�

,Q�������WKH�86*6�LQ�FRRSHUDWLRQ�ZLWK�WKH�
0DLQH�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ�
DQG�WKH�7RZQ�RI�:LQGKDP��0DLQH�EHJDQ�D�VWXG\�RI�
07%(�LQ�WKH�:LQGKDP�DTXLIHU��7KH�VWXG\�ZDV�
GHVLJQHG�WR�FROOHFW�LQIRUPDWLRQ�RQ�WKH�RFFXUUHQFH�
DQG�GLVWULEXWLRQ�RI�ORZ�FRQFHQWUDWLRQV��OHVV�WKDQ�
� mJ�/��RI�07%(�LQ�WKH�DTXLIHU��D�VKDOORZ�DTXLIHU�
XVHG�IRU�GULQNLQJ�ZDWHU�LQ�DQ�DUHD�LQ�ZKLFK�5)*�
ZDV�XVHG�H[FOXVLYHO\��7KH�VWXG\�LQYROYHG�FROOHF�
WLRQ�RI�VDPSOHV�IURP�JURXQG�ZDWHU��DLU��DQG�SUHFLS�
LWDWLRQ��DQG�DQ�HYDOXDWLRQ�RI�SRVVLEOH�DWPRVSKHULF�
VRXUFHV�RI�07%(�WR�WKH�:LQGKDP�DTXLIHU��

3XUSRVH�DQG�VFRSH

7KLV�UHSRUW�SUHVHQWV�LQIRUPDWLRQ�RQ�WKH�
RFFXUUHQFH�DQG�GLVWULEXWLRQ�RI�07%(�LQ�WKH�
:LQGKDP�DTXLIHU�LQ�VRXWKHUQ�0DLQH��5HVXOWV�RI�
DQDO\VHV�RI�VDPSOHV�FROOHFWHG�LQ�JURXQG�ZDWHU��DLU��
DQG�SUHFLSLWDWLRQ�DUH�LQFOXGHG��7KH�UHSRUW�DOVR�
LQFOXGHV�LQIRUPDWLRQ�RQ�WKH�UHODWLRQ�RI�07%(�LQ�
JURXQG�ZDWHU�WR�DWPRVSKHULF�GHSRVLWLRQ�DQG�WR�
SRWHQWLDO�QRQSRLQW�VRXUFHV�RI�07%(�LQ�JURXQG�
ZDWHU�

$FNQRZOHGJPHQWV

7KH�DXWKRUV�DSSUHFLDWH�WKH�KHOS�SURYLGHG�E\�
WKH�:LQGKDP�7RZQ�&RXQFLO��&RPPLWWHH�RQ�
1DWXUDO�5HVRXUFHV��DQG�WKH�7RZQ�PDQDJHU��7RQ\�
3ODQWH��-RKQ�=RJRUVNL��*UHJRU\�'HO]HU��DQG�'DYLG�
%HQGHU�RI�WKH�1$:4$�92&�1DWLRQDO�6\QWKHVLV�
7HDP�SURYLGHG�LQYDOXDEOH�FRQVXOWDWLRQ�RQ�
VDPSOLQJ�PHWKRGV��TXDOLW\�DVVXUDQFH�TXDOLW\�
FRQWURO��DQG�KHOS�ZLWK�SURYLGLQJ�WKH�DLU�VDPSOH�
DQDO\VHV��-DPHV�&DOGZHOO�DQG�RWKHU�VWDII�RI�WKH�
0DLQH�'LVWULFW�SURYLGHG�H[FHOOHQW�ILHOG�VXSSRUW�IRU�
WKH�VWXG\�

3UHYLRXV�LQYHVWLJDWLRQV

5HVXOWV�IURP�WKH�86*6�1$:4$�VWXGLHV�
VKRZ�WKDW�07%(�LV�D�FRPPRQ�FRQWDPLQDQW�LQ�
XUEDQ�DUHDV�LQ�WKH�8QLWHG�6WDWHV��=RJRUVNL�DQG�
RWKHUV���������,Q�D�1DWLRQDO�VDPSOLQJ�RI�������
ZHOOV��QRQH�RI�ZKLFK�ZHUH�QHDU�NQRZQ�SRLQW�
VRXUFHV�RI�FRQWDPLQDWLRQ��GXULQJ������DQG�������
07%(�ZDV�GHWHFWHG�LQ����SHUFHQW�RI�VKDOORZ�
XUEDQ�ZHOOV��EXW�LQ�IHZHU�WKDQ���SHUFHQW�RI�ZHOOV�LQ�
DJULFXOWXUDO�DUHDV��6TXLOODFH�DQG�RWKHUV���������
7KH�KLJKHVW�RFFXUUHQFHV�ZHUH�LQ�XUEDQ�DUHDV�
ZKHUH�5)*�ZDV�XVHG�IRU�DW�OHDVW�SDUW�RI�WKH�\HDU�
DQG�ZKHUH�GHSWKV�WR�WKH�ZDWHU�WDEOH�ZHUH�DERXW�
�� IW�RU�OHVV��6TXLOODFH��=RJRUVNL��DQG�RWKHUV��
�������&RQFHQWUDWLRQV�RI�07%(�LQ�WKH�ZHOOV�
VDPSOHG�DV�SDUW�RI�1$:4$�VWXGLHV�UDQJHG�IURP�
����mJ�/�WR��������mJ�/��7KH�PHGLDQ�07%(�
FRQFHQWUDWLRQ�IRU�XUEDQ�ZHOOV�ZDV�HVWLPDWHG�WR�EH�
�����mJ�/��WKURXJK�XVH�RI�D�ORJLVWLF�UHJUHVVLRQ�
� 0HWK\O�WHUW�%XW\O�(WKHU��07%(��LQ�*URXQG�:DWHU��$LU��DQG�3UHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��0DLQH



PRGHO��DQG�WKH�PHDQ�FRQFHQWUDWLRQ�ZDV�����mJ�/��
2QO\���SHUFHQW�RI�WKH�XUEDQ�ZHOOV�KDG�FRQFHQWUD�
WLRQV�RI�07%(�JUHDWHU�WKDQ������mJ�/��WKH�ORZHU�
OLPLW�RI�WKH�86(3$�GUDIW�GULQNLQJ�ZDWHU�KHDOWK�
DGYLVRU\�OLPLW��6TXLOODFH��=RJRUVNL��DQG�RWKHUV��
�������

,Q�VRXWKHUQ�1HZ�(QJODQG�����SHUFHQW�RI�
VKDOORZ�VDQG�DQG�JUDYHO�DTXLIHU�ZHOOV�VDPSOHG�LQ�
XUEDQ�DUHDV�KDG�GHWHFWDEOH�FRQFHQWUDWLRQV�RI�
07%(��6TXLOODFH�DQG�RWKHUV���������)XUWKHUPRUH��
07%(�ZDV�GHWHFWHG�LQ����SHUFHQW�RI�GHHS������WR�
����IW��ZDWHU�VXSSO\�ZHOOV�LQ�&RQQHFWLFXW��*UDG\��
�������&RQFHQWUDWLRQV�RI�07%(�LQ�WKH�XUEDQ�ZHOOV�
VDPSOHG�LQ�VRXWKHUQ�1HZ�(QJODQG�ZHUH�DOO�OHVV�
WKDQ�����mJ�/��,Q�1HZ�-HUVH\��07%(�ZDV�GHWHFWHG�
LQ����SHUFHQW�RI�VKDOORZ�PRQLWRULQJ�ZHOOV�VDPSOHG�
LQ����������6WDFNHOEHUJ�DQG�RWKHUV���������,Q�D�
PRUH�UHFHQW�VWXG\�RI�VKDOORZ�ZHOOV�LQ�XUEDQ�DUHDV�
LQ�1HZ�-HUVH\��FRQFHQWUDWLRQV�RI�07%(�UDQJHG�
IURP������mJ�/�WR���mJ�/�LQ�DSSUR[LPDWHO\�
�� SHUFHQW�RI�WKH�ZHOOV�VDPSOHG��%DHKU�DQG�RWKHUV��
������

'HWHFWLRQV�RI�07%(�LQ�JURXQG�ZDWHU�LQ�
0DLQH�KDYH�EHHQ�GRFXPHQWHG�VLQFH�EHIRUH������
�0DLQH�'HSDUWPHQW�RI�+XPDQ�6HUYLFHV���������
ZKHQ�07%(�ZDV�XVHG�DV�DQ�RFWDQH�HQKDQFHU�LQ�
SUHPLXP�JDVROLQH��0RVW�RI�WKHVH�HDUOLHU�GHWHFWLRQV�
ZHUH�DVVRFLDWHG�ZLWK�JDVROLQH�VSLOOV�DQG�JDVROLQH�
VWRUDJH�WDQN�OHDNV��%UXFH�+XQWHU��0DLQH�'HSDUW�
PHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ��RUDO�FRPPXQ���
������

,Q�������WKH�6WDWH�RI�0DLQH�FRQGXFWHG�D�
FRPSUHKHQVLYH�VXUYH\�RI�07%(�LQ�JURXQG�ZDWHU��
ZKLFK�FRQVLVWHG�RI�VDPSOLQJ�����UDQGRPO\�
VHOHFWHG�GRPHVWLF�ZDWHU�ZHOOV�DQG�����RI�WKH�����
SXEOLF�VXSSO\�ZHOOV��6WDWH�RI�0DLQH���������07%(�
ZDV�GHWHFWHG�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�
��� mJ�/�LQ������SHUFHQW�RI�WKH�UHVLGHQWLDO�ZHOOV�
DQG�LQ������SHUFHQW�RI�WKH�SXEOLF�VXSSO\�ZHOOV��

0RUH�WKDQ����SHUFHQW�RI�WKH�GHWHFWLRQV�RI�07%(�
ZHUH�EHORZ�����mJ�/��7KH�GDWD�ZHUH�LQWHUSUHWHG�
ZLWK�UHVSHFW�WR�ZHOO�W\SH��NQRZOHGJH�RI�D�UHFHQW�
JDVROLQH�VSLOO�QHDUE\��SRSXODWLRQ�GHQVLW\��DQG�
LQFOXVLRQ�LQ�WKH�5)*�DUHD��1R�VLJQLILFDQW�GLIIHU�
HQFHV�LQ�07%(�RFFXUUHQFH�ZHUH�REVHUYHG�E\�ZHOO�
W\SH��GULOOHG�EHGURFN�ZHOOV�FRPSDUHG�WR�XQFRQVRO�
LGDWHG�VXUILFLDO�ZHOOV��RU�DPRQJ�ZHOOV�ZKHUH�WKHUH�
ZHUH�NQRZQ�UHFHQW�JDVROLQH�VSLOOV�FRPSDUHG�WR�
WKRVH�ZKHUH�WKHUH�ZHUH�QR�NQRZQ�VSLOOV��6WDWH�RI�
0DLQH���������7KH�6WDWH�WHVWHG�WKH�ULVN�RI�DQ�
07%(�RFFXUUHQFH�DVVRFLDWHG�ZLWK�SRSXODWLRQ�
GHQVLW\�DQG�ZKHWKHU�RU�QRW�WKH�ZHOO�ZDV�LQ�D�
UHTXLUHG�5)*�DUHD��%RWK�IDFWRUV�ZHUH�VWDWLVWLFDOO\�
VLJQLILFDQW��ZKHQ�FRQWUROOHG�IRU�WKH�RWKHU��LQ�GHWHU�
PLQLQJ�WKH�ULVN�RI�07%(�GHWHFWLRQV�LQ�GRPHVWLF�
DQG�SXEOLF�VXSSO\�ZHOOV��WDEOH�����7KH�UHDVRQ�IRU�
WKH�VPDOOHU�SHUFHQWDJH�RI�07%(�GHWHFWLRQV�LQ�
KLJKHU�GHQVLW\�DUHDV�IRU�SXEOLF�VXSSO\�ZHOOV�ZKHUH�
5)*�ZDV�QRW�UHTXLUHG�ZDV�QRW�HYLGHQW��'DWD�IURP�
WKH�0DLQH�VWXG\�ZHUH�FRPSDUHG�WR�WKRVH�IURP�WKH�
1$:4$�VWXGLHV�WKDW�KDG�EHHQ�FRPSOHWHG�DV�RI�
������07%(�GHWHFWLRQ�UDWHV�IRU�DUHDV�ZLWK�PRUH�
WKDQ�������SHRSOH�PL��ZHUH�VLPLODU�WR�WKRVH�IRU�WKH�
1$:4$�VWXGLHV��6WDWH�RI�0DLQH��������

.QRZQ�DQG�VXVSHFWHG�VRXUFHV�RI�07%(�LQ�
JURXQG�ZDWHU�LQFOXGH�SRLQW�DQG�QRQSRLQW�VRXUFHV��
3RLQW�VRXUFHV�LQFOXGH�SLSHOLQHV��VWRUDJH�WDQNV�
�DERYH��DQG�EHORZ�JURXQG���DFFLGHQWDO�VSLOODJH��
KRPHRZQHU�GLVSRVDO��VSLOODJH�GXULQJ�IXHOLQJ��DQG�
ZDVWH�PRWRU�RLO��+HDWLQJ�RLO�VSLOOV�DOVR�KDYH�EHHQ�
UHFHQWO\�LGHQWLILHG�DV�DQRWKHU�VRXUFH�RI�VRPH�
07%(�LQ�JURXQG�ZDWHU��5REELQV�DQG�RWKHUV��
�������6XVSHFWHG�QRQSRLQW�VRXUFHV�LQFOXGH�DWPR�
VSKHULF�GHSRVLWLRQ��UHFKDUJH�IURP�SUHFLSLWDWLRQ�RU�
GLUHFW�WUDQVSRUW�WR�JURXQG�ZDWHU�WKURXJK�JDVHRXV�
GLIIXVLRQ���YHKLFOH�HYDSRUDWLYH�ORVVHV��DQG�XUEDQ�
UXQRII��0RUDQ�DQG�RWKHUV��������%DHKU�DQG�RWKHUV��
������
7DEOH�����07%(�GHWHFWLRQ�E\�SRSXODWLRQ�GHQVLW\�DQG�XVH�RI�UHIRUPXODWHG�JDVROLQH��IURP�6WDWH�RI�0DLQH������

>�PL���VTXDUH�PLOH��5)*��UHIRUPXODWHG�JDVROLQH@

3RSXODWLRQ�'HQVLW\

'RPHVWLF�ZHOOV���SHUFHQWDJH�RI�ZHOOV�
ZLWK�GHWHFWLRQV�RI�07%(

3XEOLF�VXSSO\�ZHOOV���SHUFHQWDJH�RI�ZHOOV�
ZLWK�GHWHFWLRQV�RI�07%(

5)*�XVH�
UHTXLUHG

5)*�XVH�QRW�
UHTXLUHG

5)*�XVH�UHTXLUHG 5)*�XVH�QRW�UHTXLUHG

0RUH�WKDQ�����SHRSOH�PL� ��� �� �� �

/HVV�WKDQ�����SHRSOH�PL� ��� � �� ��
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3RLQW�VRXUFHV�ZLOO�FDXVH�ORFDOO\�HOHYDWHG�
FRQFHQWUDWLRQV�RI�07%(�DQG�RWKHU�UHODWHG�JDVR�
OLQH�FRPSRXQGV��3RLQW�VRXUFHV�KDYH�WKH�SRWHQWLDO�
WR�JHQHUDWH�YHU\�KLJK�FRQFHQWUDWLRQV�RI�07%(�LQ�
ZDWHU��XS�WR��������mJ�/��%DUNHU�DQG�RWKHUV��
��������7KH�JHRFKHPLFDO�FKDUDFWHULVWLFV�RI�SRLQW�
VRXUFHV�DUH�ORFDO�HIIHFWV��OLPLWHG�DUHD�RI�FRQWDPL�
QDWLRQ���VWHHS�FRQFHQWUDWLRQ�JUDGLHQWV��PDUNHG�
FKDQJHV�LQ�FRQFHQWUDWLRQV�DZD\�IURP�VRXUFH�DUHD���
DQG�FRQVLVWHQW�WLPH�VHULHV�FKDQJHV�LQ�FRQFHQWUD�
WLRQV�RYHU�WLPH�LI�WKH�SRLQW�VRXUFH�LV�QRW�FRQWLQ�
XRXV��FRQFHQWUDWLRQV�GHFUHDVH�LQ�D�FRQVLVWHQW�
PDQQHU��

1RQSRLQW�VRXUFHV��PRVW�VLJQLILFDQWO\�GLUHFW�
SUHFLSLWDWLRQ��DQG�VXEVHTXHQW�UHFKDUJH�RI�FRQWDP�
LQDWHG�UDLQIDOO���DQG�VWRUPZDWHU�UXQRII��SULPDULO\�
FRQWDLQLQJ�JDVROLQH�IOXVKHG�IURP�ODQG�VXUIDFHV���
KDYH�EHHQ�VXJJHVWHG�DV�WKH�VRXUFH�RI�VRPH�ORZ�
OHYHOV�RI�07%(�LQ�JURXQG�ZDWHU��=RJRUVNL�DQG�
RWKHUV��������3DQNRZ�DQG�RWKHUV���������&RQFHQ�
WUDWLRQV�RI�07%(�LQ�JURXQG�ZDWHU�IURP�QRQSRLQW�
VRXUFHV�DUH�OLPLWHG�WR�ORZ�OHYHOV��ZHOO�EHORZ�
�� mJ�/��0RUDQ�DQG�RWKHUV��������

$�QXPEHU�RI�DXWKRUV�KDYH�LQYHVWLJDWHG�KRZ�
07%(�LQ�DLU�PD\�PRYH�LQWR�SUHFLSLWDWLRQ�DQG�
HQWHU�JURXQG�ZDWHU�WKURXJK�LQILOWUDWLRQ��&RPSDUHG�
WR�RWKHU�JDVROLQH�FRPSRQHQWV��07%(�LV�QRW�YHU\�
YRODWLOH��6TXLOODFH�DQG�RWKHUV���������DQG��OLNH�
RWKHU�92&V��LWV�YRODWLOLW\�IURP�ZDWHU�LV�LQYHUVHO\�
UHODWHG�WR�WHPSHUDWXUH��$V�SUHFLSLWDWLRQ�IDOOV�
WKURXJK�XUEDQ�DLU��LW�UHDFKHV�HTXLOLEULXP�ZLWK�WKH�
JDVHRXV�SKDVH�RI�DQ\�92&V�SUHVHQW��92&�FRQFHQ�
WUDWLRQV�LQ�SUHFLSLWDWLRQ�DUH�FRQWUROOHG�E\�WKH�
DPELHQW�92&�FRQFHQWUDWLRQ�LQ�WKH�DLU�DQG�DPELHQW�
DLU�WHPSHUDWXUH��+HQU\¶V�/DZ���$LU�FRQFHQWUDWLRQV�
RI�07%(�PHDVXUHG�DV�SDUW�RI�D�VWXG\�LQ�1HZ�
-HUVH\�ZHUH�KLJKHU�WKDQ�WKH�GHWHFWDEOH�WKUHVKROG�RI�
�����SSEY�PRUH�WKDQ����SHUFHQW�RI�WKH�WLPH��%DHKU�
DQG�RWKHUV���������7KH�PHGLDQ�DWPRVSKHULF�
FRQFHQWUDWLRQ�LQ�WKH�1HZ�-HUVH\�VWXG\�RI������
SSEY�FRUUHVSRQGV�WR�DQ�HTXLYDOHQW�DTXHRXV�SKDVH�
FRQFHQWUDWLRQ�RI������mJ�/��%DHKU�DQG�RWKHUV��
�������2YHU�WKH�UDQJH�RI�WHPSHUDWXUHV�RI�����WR�
��&��92&�FRQFHQWUDWLRQV�FDQ�FKDQJH��LQFUHDVH��
E\�D�IDFWRU�RI���WR����/RSHV�DQG�%HQGHU���������,W�
LV�HVWLPDWHG�WKDW�07%(�FRQFHQWUDWLRQV�LQ�SUHFLSL�
WDWLRQ�ZLOO�H[FHHG�D�ODERUDWRU\�UHSRUWLQJ�OLPLW�RI�

����mJ�/�SULPDULO\�DW�FROG�WHPSHUDWXUHV�RU�KLJK�DLU�
FRQFHQWUDWLRQV�DFFRUGLQJ�WR�+HQU\¶V�/DZ��/RSHV�
DQG�%HQGHU��������

,QYHVWLJDWRUV�LQ�D�VPDOO�QXPEHU�RI�VWXGLHV�
KDYH�DWWHPSWHG�WR�XVH�PRGHOV�WR�SUHGLFW�WKH�
EHKDYLRU�RI�DTXHRXV�SKDVH�07%(�RQFH�LW�VWDUWV�WR�
LQILOWUDWH�WKH�XQVDWXUDWHG�]RQH��3DQNRZ�DQG�RWKHUV�
�������PRGHOHG�YDULRXV�VFHQDULRV�RI�UHFKDUJH�LQ�D�
K\SRWKHWLFDO�DTXLIHU�WR�WHVW�WKH�SRVVLELOLW\�WKDW�
07%(�LQ�SUHFLSLWDWLRQ�FRXOG�KDYH�WUDYHOHG�LQWR�
VKDOORZ�JURXQG�ZDWHU�GXULQJ�WKH�WLPH�IUDPH�RI�LWV�
XVH�DV�D�JDVROLQH�DGGLWLYH�IRU�FRQWURO�RI�YHKLFXODU�
HPLVVLRQV��$VVXPLQJ�QR�DWWHQXDWLRQ��WKH\�IRXQG�
WKDW�LW�WRRN�MXVW������LQ�\U�RI�UHFKDUJH�WR�VDWXUDWH�
JURXQG�ZDWHU�����IHHW�EHORZ�WKH�ZDWHU�WDEOH�ZLWK�
DWPRVSKHULF�OHYHOV�RI�07%(�LQ���\HDUV��%DHKU�DQG�
RWKHUV��������GHYHORSHG�D�PRGHO�WR�SUHGLFW�WKH�
FRQFHQWUDWLRQ�RI�07%(�DW�WKH�ZDWHU�WDEOH��WDNLQJ�
LQWR�DFFRXQW�GLIIXVLRQ��UHFKDUJH�IOX[��WKLFNQHVV�RI�
WKH�XQVDWXUDWHG�]RQH��DQG�VHYHUDO�WKHRUHWLFDO�GHFD\�
IXQFWLRQV��7KH\�IRXQG�WKDW�WKH�FRQFHQWUDWLRQ�RI�
07%(�DW�WKH�ZDWHU�WDEOH��UHODWLYH�WR�WKH�LQFRPLQJ�
FRQFHQWUDWLRQ�DW�WKH�ODQG�VXUIDFH��LV�PRVW�VHQVLWLYH�
WR�WKH�WKLFNQHVV�RI�WKH�XQVDWXUDWHG�]RQH�LI�WKH�
DVVXPSWLRQ�LV�PDGH�WKDW�07%(�LV�PLOGO\�GHJUDG�
DEOH�DQG�UHFKDUJH�LV�PRUH�WKDQ����LQ�\U��7KH\�DOVR�
IRXQG�WKDW�WKH�UHDVRQ�ZK\�07%(�LV�QRW�XQLYHU�
VDOO\�GHWHFWHG�LQ�VKDOORZ�JURXQG�ZDWHU�FRXOG�EH�
HDVLO\�H[SODLQHG�E\�YDULDWLRQV�LQ�VDWXUDWHG�WKLFN�
QHVV�DQG�UHFKDUJH��)DFWRUV�WKDW�PD\�DIIHFW�WKH�
GHJUDGDWLRQ�UDWH�RI�07%(��VXFK�DV�DTXLIHU�PDWH�
ULDO�FRPSRVLWLRQ��DOVR�ZRXOG�FRQWULEXWH�WR�WKH�
KHWHURJHQHLW\�RI�07%(�GHWHFWLRQ��7KH�GHJUDG�
DELOLW\�RI�07%(�LQ�WKH�XQVDWXUDWHG�]RQH��KRZHYHU��
LV�QRW�ZHOO�XQGHUVWRRG��%DHKU�DQG�RWKHUV���������

07%(�LV�DOVR�SUHVHQW�DW�GHWHFWDEOH�OHYHOV�LQ�
XUEDQ�VWRUPZDWHU�LQ�DUHDV�ZKHUH�5)*�ZDV�XVHG�
�'HO]HU�DQG�RWKHUV���������07%(�ZDV�GHWHFWHG�LQ�
PRUH�WKDQ����SHUFHQW�RI�VWRUPZDWHU�VDPSOHV�
FROOHFWHG�IRU�SHUPLWWLQJ�UHTXLUHPHQWV�IRU�XUEDQ�
VWRUPZDWHU�UXQRII�LQ�DUHDV�ZLWK�5)*�XVH��7KH�
VRXUFH�RI�07%(�LQ�WKH�VWRUPZDWHU�VDPSOHV�PD\�
EH�HLWKHU�JDVROLQH�ZDVKRII�IURP�SDYHG�VXUIDFHV�RU�
07%(�LQ�WKH�SUHFLSLWDWLRQ��/RSHV�DQG�%HQGHU��
�������0RGHOLQJ�WKH�EHKDYLRU�RI�07%(�DQG�RWKHU�
%7(;�FRPSRXQGV�IRXQG�LQ�VWRUPZDWHU�UXQRII��DW�
FRQFHQWUDWLRQV�RI�07%(�DERYH�����mJ�/��WKH�
� 0HWK\O�WHUW�%XW\O�(WKHU��07%(��LQ�*URXQG�:DWHU��$LU��DQG�3UHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��0DLQH
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ORZHU�GHWHFWLRQ�OLPLW�IRU�VDPSOHV�LQ�WKH�VWXG\���
VKRZHG�WKDW�07%(�ZDV�PRVW�OLNHO\�WR�KDYH�FRPH�
IURP�GLVVROYHG�JDVROLQH�HQWUDLQHG�GXULQJ�WKH�
VWRUP�HYHQW�DQG�QRW�IURP�SUHFLSLWDWLRQ��7KLV�ZDV�
GHWHUPLQHG�SULPDULO\�E\�WKH�FR�RFFXUUHQFH�RI�
07%(�DQG�RWKHU�%7(;�FRPSRXQGV�LQ�WKH�VWRUP�
ZDWHU�UXQRII�

'(6&5,37,21�2)�678'<�$5($

+\GURORJ\

7KH�:LQGKDP�DTXLIHU��ILJ�����LV�D�VKDOORZ��
JODFLDO�VDQG�DQG�JUDYHO�DTXLIHU�LQ�&XPEHUODQG�
&RXQW\��VRXWKHUQ�0DLQH��,W�LV�PDSSHG�DV�D�VLJQLIL�
FDQW�VDQG�DQG�JUDYHO�DTXLIHU��1HLO���������ZLWK�
H[SHFWHG�\LHOGV�WR�SURSHUO\�FRQVWUXFWHG�ZHOOV�IURP�
���WR�PRUH�WKDQ����JDO�PLQ��7KH�DTXLIHU�FRQVLVWV�
SULPDULO\�RI�PDULQH�GHOWDLF�VDQG�DQG�JUDYHO��LQWHU�
EHGGHG�LQ�SODFHV�ZLWK�D�PDULQH�VLOW�FOD\�GHSRVLW��$�
EXULHG�HVNHU��D�ORQJ�QDUURZ�LFH�FRQWDFW�ULGJH��OLHV�
LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�DTXLIHU��*HUEHU��,QF���
�������7KLFNQHVV�RI�WKH�DTXLIHU�UDQJHV�IURP�
DSSUR[LPDWHO\����IW�WR�PRUH�WKDQ�����IW��DQG�GHSWK�
WR�ZDWHU�LQ�WKH�DTXLIHU�UDQJHV�IURP���IW�WR�PRUH�
WKDQ����IW��+\GUDXOLF�FRQGXFWLYLWLHV�FDOFXODWHG�
IURP�VOXJ�WHVWV��%RXZHU�DQG�5LFH�PHWKRG��%RXZHU�
DQG�5LFH��������UDQJH�IURP�OHVV�WKDQ���IW�G�WR�PRUH�
WKDQ�����IW�G��:�-��1LFKROV��8�6��*HRORJLFDO�
6XUYH\��ZULWWHQ�FRPPXQ����������$YHUDJH�
K\GUDXOLF�FRQGXFWLYLWLHV�XVHG�LQ�D�FDOLEUDWHG�
PRGHO�RI�WKH�DTXLIHU��*HUEHU��,QF���������DUH�
��� IW�G�LQ�WKH�EXULHG�HVNHU�����IW�G�LQ�WKH�VDQG�DQG�
JUDYHO������IW�G�LQ�WKH�WLOO�VXUURXQGLQJ�WKH�DTXLIHU��
DQG�OHVV�WKDQ�����IW�G�LQ�WKH�PDULQH�VLOW�FOD\��)ORZ�
SDWKV�EDVHG�RQ�REVHUYHG�DQG�PRGHOHG�KHDGV�LQGL�
FDWH�UHFKDUJH�DUHDV�LQ�WKH�ZHVWHUQ�DQG�VRXWK�
ZHVWHUQ�DUHDV�RI�WKH�DTXLIHU�DQG�GLVFKDUJH�DUHDV�DW�
2XWOHW�%URRN�DQG�RQ�WKH�HGJHV�RI�WKH�DTXLIHU�
�*HUEHU��,QF���������:�-��1LFKROV��ZULWWHQ�
FRPPXQ����������6RPH�UHFKDUJH�DOVR�PD\�FRPH�
IURP�/LWWOH�6HEDJR�/DNH��D�KHDYLO\�GHYHORSHG�ODNH�
WKDW�ERUGHUV�WKH�:LQGKDP�DTXLIHU�RQ�WKH�QRUWKHDVW��

)LJXUH����/RFDWLRQ�RI�WKH�:LQGKDP�DTXLIHU�VWXG\�DUHD��
1RUWK�:LQGKDP��0DLQH�

$YHUDJH�DQQXDO�SUHFLSLWDWLRQ�QHDU�:LQGKDP�
LV����LQ���.QR[�DQG�1RUGHQVRQ���������7HPSHUD�
WXUH�GDWD�DUH�DYDLODEOH�IRU�(DVW�+LUDP��0DLQH��
���� PL�ZHVW�RI�:LQGKDP��IRU����������1DWLRQDO�
2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ�������
�����7KH�1DWLRQDO�:HDWKHU�6HUYLFH�GRHV�QRW�
SXEOLVK�DYHUDJH�PRQWKO\�WHPSHUDWXUHV�IRU�VWDWLRQV�
ZLWK�IHZHU�WKDQ����FRQVHFXWLYH�\HDUV�RI�GDWD��
WKHUHIRUH��WKH�DYHUDJH�PRQWKO\�WHPSHUDWXUHV�IRU�
WKH�(DVW�+LUDP�VWDWLRQ�ZHUH�HVWLPDWHG�RQ�WKH�EDVLV�
RI�WKH�DYDLODEOH�SHULRG�RI�UHFRUG������\HDUV���WDEOH�
����7KH�PHDQ�RI�WKH�PRQWKO\�DYHUDJH�WHPSHUDWXUHV�
IRU���������DW�(DVW�+LUDP�ZDV�DGMXVWHG�E\�WKH�
DYHUDJH�GHSDUWXUH�IURP�QRUPDO�RI�DOO�WHPSHUDWXUHV�
LQ�WKH�6RXWKHUQ�,QWHULRU�FOLPDWLF�GLYLVLRQ�IRU�WKH�
VDPH�WLPH�SHULRG�WR�HVWLPDWH�WKH�DYHUDJH�PRQWKO\�
WHPSHUDWXUHV�DW�(DVW�+LUDP��7KH�DYHUDJH�DQQXDO�
WHPSHUDWXUH�DW�(DVW�+LUDP�LV�HVWLPDWHG�WR�EH����)�
'(6&5,37,21�2)�7+(�678'<�$5($ �



7KH�SRWHQWLDO�IRU�07%(�ODGHQ�SUHFLSLWDWLRQ�
WR�UHFKDUJH�WKH�:LQGKDP�DTXLIHU�GHSHQGV�RQ�
VHYHUDO�PHWHRURORJLFDO�IDFWRUV��LQFOXGLQJ�WKH�
DPRXQW�RI�SUHFLSLWDWLRQ��DPRXQW�RI�JURXQG�ZDWHU�
UHFKDUJH��DQG�DYHUDJH�\HDUO\�DQG�PRQWKO\�WHPSHU�
DWXUHV��$Q�HVWLPDWH�RI�WKH�PD[LPXP�DPRXQW�RI�
\HDUO\�UHFKDUJH�DYDLODEOH�WR�VDQG�DQG�JUDYHO�DTXL�
IHUV�FDQ�EH�FDOFXODWHG�XVLQJ�DYHUDJH�DQQXDO�
WHPSHUDWXUH��WR�HVWLPDWH�HYDSRWUDQVSLUDWLRQ��DQG�
SUHFLSLWDWLRQ��/\IRUG�DQG�&RKHQ���������7KH�HVWL�
PDWHG�DYHUDJH�DQQXDO�WHPSHUDWXUH�RI����)�WUDQV�
ODWHV�LQWR�DQ�HVWLPDWH�RI�DQQXDO�HYDSRWUDQVSLUDWLRQ�
RI������LQ��8VLQJ�WKLV�YDOXH�ZLWK�DQ�DQQXDO�DYHUDJH�
SUHFLSLWDWLRQ�RI����LQ��IRU�WKH�:LQGKDP�DUHD��
PD[LPXP�SRWHQWLDO�UHFKDUJH�WR�WKH�:LQGKDP�
DTXLIHU�LV����LQ�\U��$�JURXQG�ZDWHU�IORZ�PRGHO�RI�
WKH�:LQGKDP�DTXLIHU��*HUEHU�,QF���������XVHG�D�
UHFKDUJH�YDOXH�RI����SHUFHQW�RI�WKH�DQQXDO�SUHFLS�
LWDWLRQ�����LQ�\U���ZKLFK�LV�LQ�JRRG�DJUHHPHQW�ZLWK�
WKH�DERYH�HVWLPDWH��7KLV�PHWKRG��ZKLFK�LV�SULPD�
ULO\�DSSOLFDEOH�DV�D�WRRO�LQ�PRGHOLQJ�VWXGLHV�WR�
GHWHUPLQH�WKH�PD[LPXP�DPRXQW�RI�SRWHQWLDO�
UHFKDUJH��XVHV�WKH�DVVXPSWLRQ�WKDW�WKH�VRLOV�DUH�
KLJKO\�SHUPHDEOH�DQG�WKDW�QRQH�RI�WKH�GLUHFW�
SUHFLSLWDWLRQ�LV�FRQYHUWHG�WR�VXUIDFH�UXQRII�GXULQJ�
SUHFLSLWDWLRQ�HYHQWV��,Q�D�QRQXUEDQL]HG�DUHD�XQGHU�
ODLQ�E\�D�VDQG�DQG�JUDYHO�DTXLIHU��WKLV�LV�D�UHDVRQ�
DEOH�DVVXPSWLRQ��3OXKRZVNL�DQG�.DQWURZLW]��
�������,Q�WKH�:LQGKDP�DUHD��UDLQIDOO�IURP�VRPH�RI�
WKH�XUEDQL]HG�DUHD�LV�FROOHFWHG�LQ�UXQRII�GHWHQWLRQ�
EDVLQV��ZKLFK�URXWH�UXQRII�IURP�SDYHG�DUHDV�LQWR�
JURXQG�ZDWHU�UHFKDUJH�]RQHV�

/DQG�8VH�

7KH�7RZQ�RI�1RUWK�:LQGKDP��ZKLFK�LV�VLWX�
DWHG�GLUHFWO\�RYHU�WKH�:LQGKDP�DTXLIHU��KDV�H[SH�
ULHQFHG�UDSLG�GHYHORSPHQW�GXULQJ�WKH�ODVW����
\HDUV��DORQJ�ZLWK�PXFK�RI�VRXWKHUQ�0DLQH��2QFH�
DQ�DUHD�RI�SDVWXUHV�DQG�ZRRGODQGV�ZLWK�PLQRU�
XUEDQ�GHYHORSPHQW��LW�LV�QRZ�D�PDMRU�EHGURRP�
FRPPXQLW\�RI�QHDUE\�3RUWODQG��$Q�H[WHQVLYH�DUHD�
RI�FRPPHUFLDO�GHYHORSPHQW��LQFOXGLQJ�QXPHURXV�
VWULS�PDOOV�DQG�PDMRU�UHWDLO�RXWOHWV��QRZ�FRYHUV�
PXFK�RI�WKH�7RZQ�FHQWHU��7KH�7RZQ�LV�XQVHZHUHG��
DQG�WKLV�PDNHV�WKH�SURGXFWLYH�DTXLIHU�YXOQHUDEOH�

WR�FRQWDPLQDWLRQ�IURP�UHVLGHQWLDO�DQG�FRPPHUFLDO�
VHZDJH�GLVSRVDO��XUEDQ�UXQRII��DQG�RWKHU�KXPDQ�
DFWLYLWLHV�WKDW�FRQWULEXWH�FRQWDPLQDQWV�WR�WKH�
VXEVXUIDFH��7KH�:LQGKDP�DTXLIHU�ZDV�XVHG�DV�D�
PDMRU�VRXUFH�RI�GULQNLQJ�ZDWHU�IRU�WKH�3RUWODQG�

:DWHU�'LVWULFW�XQWLO�������ZKHQ�RQH�RI�WKH�ODUJH�
VXSSO\�ZHOOV�ZDV�IRXQG�WR�EH�FRQWDPLQDWHG�ZLWK�
07%(��&XUUHQWO\��DOPRVW�DOO�RI�WKH�UHVLGHQWV�RI�
1RUWK�:LQGKDP�JHW�WKHLU�ZDWHU�IURP�3RUWODQG�
:DWHU�'LVWULFW¶V�6HEDJR�/DNH�LQWDNH��DOWKRXJK�D�
VPDOO�QXPEHU�RI�UHVLGHQWV�VWLOO�XVH�WKH�DTXLIHU�DV�D�
GULQNLQJ�ZDWHU�VRXUFH��-DPHV�:HVW��3RUWODQG�
:DWHU�'LVWULFW��RUDO�FRPPXQ���������

%HFDXVH�SRLQW�VRXUFHV��VPDOO�VSLOOV�DQG�
OHDN\�VWRUDJH�WDQNV��RI�07%(�WR�VKDOORZ�DTXLIHUV��
ZKLFK�KDYH�EHHQ�GRFXPHQWHG�LQ�PDQ\�SDUWV�RI�WKH�
6WDWH��DUH�LQ�DUHDV�RI�KXPDQ�DFWLYLW\��D�PHDVXUH�RI�
WKH�GHJUHH�RI�KXPDQ�DFWLYLW\�RQ�WKH�ODQG�ZRXOG�EH�
XVHIXO��$�GLJLWDO�ODQG�XVH�JHRJUDSKLF�LQIRUPDWLRQ�
V\VWHP��*,6��FRYHUDJH�RI�WKH�1RUWK�:LQGKDP�
DUHD��EDVHG�RQ�VDWHOOLWH�LPDJHV�WDNHQ�LQ����������
SURYLGHV�D�TXDOLWDWLYH�PHDQV�RI�DVVHVVLQJ�WKH�
DPRXQW�RI�XUEDQL]DWLRQ��KXPDQ�DFWLYLW\��QHDU�HDFK�
ZHOO�LQ�WKH�VWXG\�DUHD��ILJ������7KLV�GDWDVHW��SDUW�RI�
WKH�1DWLRQDO�/DQG�&RYHU�'DWD��1/&'���ZDV�
SURGXFHG�E\�WKH�8�6��*HRORJLFDO�6XUYH\�1DWLRQDO�

7DEOH�����(VWLPDWHG�DYHUDJH�PRQWKO\�
WHPSHUDWXUHV�LQ�1RUWK�:LQGKDP��0DLQH

>9DOXHV�HVWLPDWHG�IURP�1DWLRQDO�:HDWKHU�6HUYLFH�VWDWLRQ�GDWD�
LQ�(DVW�+LUDP��0DLQH@

0RQWK

$YHUDJH�PRQWKO\�
WHPSHUDWXUH�LQ�

:LQGKDP��LQ�GHJUHHV�
)DKUHQKHLW

-DQXDU\ ��
)HEUXDU\ ��
0DUFK ��
$SULO ��
0D\ ��
-XQH ��
-XO\ ��
$XJXVW ��
6HSWHPEHU ��
2FWREHU ��
1RYHPEHU ��
'HFHPEHU ��
� 0HWK\O�WHUW�%XW\O�(WKHU��07%(��LQ�*URXQG�:DWHU��$LU��DQG�3UHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��0DLQH



0DSSLQJ�'LYLVLRQ��(DUWK�5HVRXUFHV�2EVHUYDWLRQ�
6\VWHP��(526��/DQG�&RYHU�&KDUDFWHUL]DWLRQ�
3URJUDP��9RJHOPDQ�DQG�RWKHUV���������7KHVH�GDWD�
DUH�FXUUHQWO\��������SUHOLPLQDU\�DQG�KDYH�QRW�\HW�
EHHQ�DVVHVVHG�IRU�DFFXUDF\��7KH�ODQG�FRYHU�FODVVL�
ILFDWLRQ�FDQ�EH�JHQHUDOL]HG�DV�XQGHYHORSHG�
�LQFOXGHV�IRUHVWHG�>VHYHUDO�FDWHJRULHV@��DQG�DJUL�
FXOWXUDO�>VHYHUDO�FDWHJRULHV@���ORZ�GHQVLW\�UHVLGHQ�
WLDO��XUEDQL]HG�ODQGV��VHYHUDO�FDWHJRULHV���DQG�RWKHU�
�VXFK�DV�ZHWODQGV��ZDWHU��DQG�EDUUHQ�ODQGV���7KH�
7RZQ�FHQWHU�RI�1RUWK�:LQGKDP�LV�FOHDUO\�YLVLEOH��
LQFOXGLQJ�GHYHORSPHQW�DORQJ�5RXWHV�����DQG�86�
�����ILJ������5HVLGHQWLDO�DUHDV�DURXQG�&ROOLQV�3RQG�
DQG�/LWWOH�6HEDJR�/DNH�DOVR�DUH�YLVLEOH��8QGHYHO�
RSHG�ODQG��LQFOXGLQJ�DJULFXOWXUDO�DQG�IRUHVWHG�
DUHDV��VXUURXQGV�DQG�LV�LQWHUPLQJOHG�ZLWK�GHYHO�
RSHG�DUHDV�LQ�1RUWK�:LQGKDP�

'$7$�&2//(&7,21�0(7+2'6

*URXQG�ZDWHU�VDPSOHV

$Q�H[LVWLQJ�QHWZRUN�RI�VKDOORZ�ZHOOV��ILJ��
����LQVWDOOHG�E\�WKH�86*6�DQG�GLVWULEXWHG�

WKURXJKRXW�WKH�JURXQG�ZDWHU�IORZ�V\VWHP�LQ�WKH�
:LQGKDP�DTXLIHU�ZDV�XVHG�IRU�WKLV�VWXG\��1LFKROV�

DQG�6LOYHUPDQ���������7KHVH�ZHOOV�DUH�FRPSOHWHG�
LQ�GLIIHUHQW�W\SHV�RI�JODFLDO�VHGLPHQWV��6DPSOHV�

ZHUH�FROOHFWHG�LQ�-XO\�DQG�$XJXVW�������LQ����
ZHOOV��VXEVHTXHQW�VDPSOLQJ�URXQGV�LQ�1RYHPEHU�

DQG�'HFHPEHU������DQG�$SULO�DQG�0D\�������
LQFOXGHG�D�VPDOOHU�QXPEHU�RI�ZHOOV��WKH�QXPEHU�RI�

WLPHV�HDFK�ZHOO�ZDV�VDPSOHG�LV�VKRZQ�LQ�ILJ������
:HOO�GHSWKV�UDQJHG�IURP����WR�����IW��ZLWK�

VFUHHQHG�LQWHUYDO�GHSWKV�UDQJLQJ�IURP���WR�����IW�
�WDEOH�����6FUHHQHG�LQWHUYDOV�ZHUH�PRVWO\���RU����IW�

ORQJ��ZLWK�D�IHZ�ZHOOV�KDYLQJ�ORQJHU�VFUHHQV��XS�WR�
���IW���'HSWK�WR�ZDWHU�LQ�WKH�ZHOOV�DW�WKH�WLPH�RI�
VDPSOLQJ�UDQJHG�IURP�����WR������IW��WDEOH�����$OO�

WKH�ZHOOV�DUH�FRPSOHWHG�LQ�XQFRQILQHG�SDUWV�RI�WKH�
DTXLIHU��WKH�VDPSOLQJ�SRLQWV�UDQJH�IURP�ZDWHU�

WDEOH�SRVLWLRQ�WR�PRUH�WKDQ�����IW�EHORZ�WKH�ZDWHU�
WDEOH��6HYHQ�SDLUV�RI�QHVWHG�ZHOOV�ZHUH�VDPSOHG�WR�

HYDOXDWH�YHUWLFDO�GLVWULEXWLRQV�RI�07%(��7KH�
GRPLQDQW�ODQG�FRYHU��WDEOH����QHDU�HDFK�ZHOO�ZDV�
GHWHUPLQHG�IURP�WKH�1/&'�ODQG�FRYHU�FODVVLILFD�
WLRQ�

86*6�1DWLRQDO�:DWHU�4XDOLW\�$VVHVVPHQW�
SURWRFROV�IRU�VDPSOLQJ�JURXQG�ZDWHU�ZHOOV�
�.RWHUED�DQG�RWKHUV��������ZHUH�IROORZHG�LQ�
VDPSOH�KDQGOLQJ��TXDOLW\�DVVXUDQFH�TXDOLW\�FRQWURO�
�4$�4&���VDPSOLQJ�HTXLSPHQW��DQG�FOHDQLQJ��7KH�
86*6�SURWRFROV�ZHUH�PRGLILHG��KRZHYHU��WR�
IROORZ�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�86(3$��ORZ�IORZ��PLQLPDO�GUDZGRZQ��
VDPSOLQJ�SURFHGXUHV��3XOV�DQG�%DUFHORQD���������
$�VPDOO�QXPEHU�RI�ZHOOV�GLG�QRW�\LHOG�HQRXJK�
ZDWHU�WR�PHHW�WKH�PLQLPXP�GUDZGRZQ�UHTXLUH�
PHQWV��7KHVH�ZHOOV�ZHUH�SXPSHG�GU\�DQG�VDPSOHG�
WKH�QH[W�GD\�

7KH�VDPSOLQJ�HTXLSPHQW�VHWXS�ZDV�VLPSOL�
ILHG�IURP�86*6�SURWRFROV�WR�UHIOHFW�ZKDW�ZDV�
QHFHVVDU\�IRU�WKH�VPDOO�QXPEHU�RI�FRQVWLWXHQWV�
VDPSOHG�LQ�WKLV�VWXG\��$�VXEPHUVLEOH�)XOW]����5�
SXPS�ZLWK�7HIORQ�OLQHG�WXELQJ�ZDV�XVHG�WR�FROOHFW�
VDPSOHV��7KH�7HIORQ�RXWIORZ�WXEH�ZDV�FRQQHFWHG�
WR�D�+\GURODE�IORZ�WKURXJK�FHOO�IRU�PRQLWRULQJ�
ILHOG�SDUDPHWHUV��2QFH�ILHOG�SDUDPHWHUV�VWDELOL]HG�
�GLG�QRW�FKDQJH�PRUH�WKDQ���SHUFHQW�IRU�WKUHH�
FRQVHFXWLYH�PHDVXUHPHQWV��DQG�GUDZGRZQ�ZDV�
NHSW�WR�ZLWKLQ����SHUFHQW�RI�WKH�VWDQGLQJ�KHDG��WKH�
IORZ�UDWH�ZDV�PHDVXUHG�DQG�WKH�VDPSOH�FROOHFWHG��
)ORZ�UDWHV�ZHUH�JHQHUDOO\�ZLWKLQ�WKH�UDQJH�RI�
������WR������JDO�PLQ������P/�PLQ�WR�����
P/�PLQ���6DPSOHV�IRU�DQDO\VLV�RI�92&V��EHQ]HQH��
WROXHQH��HWK\O�EHQ]HQH��[\OHQH��DQG�PHWK\O�WHUW�
EXW\O�HWKHU��ZHUH�FROOHFWHG�GLUHFWO\�IURP�WKH�
7HIORQ�RXWIORZ�WXEH�LQWR�WKUHH����P/�DPEHU�JODVV�
YRODWLOH�RUJDQLF�DQDO\VLV�YLDOV�ZLWK�VHSWXP�WRSV�
DQG�QR�DLU�VSDFH��6DPSOHV�ZHUH�NHSW�RQ�LFH�DQG�
VKLSSHG�ZLWKLQ����KRXUV�WR�WKH�86*6�ODERUDWRU\�
IRU�DQDO\VLV��$IWHU�VDPSOLQJ��DOO�WKH�HTXLSPHQW�ZDV�
FOHDQHG�ZLWK�D�GLOXWH�/LTXLQR[�VROXWLRQ��ULQVHG�
ZLWK�GLVWLOOHG�ZDWHU��ULQVHG�ZLWK�PHWKDQRO��DQG�
ULQVHG�DJDLQ�ZLWK�GLVWLOOHG�ZDWHU��7KH�SXPS�DQG�
FOHDQHG�WXELQJ�ZHUH�SDFNHG�LQ�SODVWLF�VKHHWLQJ�IRU�
WUDQVSRUW�EHWZHHQ�VLWHV�
'$7$�&2//(&7,21�0(7+2'6 �



)LJXUH����/DQG�FRYHU�GLVWULEXWLRQ�LQ�WKH�1RUWK�:LQGKDP��0DLQH�DUHD���������9RJHOPDQ�DQG�RWKHUV�������
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Land Cover Characterization Program

“land-cover data are preliminary and have not yet been assessed for accuracy.”
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4XDOLW\�DVVXUDQFH�VDPSOHV�FRQVLVWHG�RI�
HTXLSPHQW�EODQNV�����SHUFHQW�RI�DOO�VDPSOHV���WULS�
EODQNV��VSLNHG�VDPSOHV��VRXUFH�VROXWLRQ�EODQNV��
DQG�DPELHQW�EODQNV��WULS�EODQN�YLDOV�RSHQHG�DQG�
H[SRVHG�WR�WKH�DPELHQW�DLU�GXULQJ�VDPSOLQJ��WKHQ�
FORVHG�DQG�VKLSSHG�IRU�DQDO\VLV���,Q�DOO�����SHUFHQW�
RI�DOO�WKH�VDPSOHV�DQDO\]HG�ZHUH�4$�4&�VDPSOHV��
'XULQJ�WKH�LQLWLDO�URXQG�RI�VDPSOLQJ��GHLRQL]HG�
ZDWHU�FUHDWHG�LQ�WKH�'LVWULFW�ODERUDWRU\�ZDV�XVHG�
IRU�ULQVLQJ��WKLV�SUHVHQWHG�D�SUREOHP��KRZHYHU��LQ�
WKDW�WKH�ZDWHU�ZDV�ODWHU�IRXQG�WR�EH�FRQWDPLQDWHG�
ZLWK�YHU\�ORZ�FRQFHQWUDWLRQV�RI�92&V��$Q�DGGL�
WLRQDO�URXQG�RI�VDPSOHV�ZDV�FROOHFWHG�IRU�DOO�WKH�
HQYLURQPHQWDO�VDPSOHV�ZLWK�92&�GHWHFWLRQV�LQ�
WKH�ILUVW�URXQG�WR�HOLPLQDWH�WKH�ULQVH�ZDWHU�DV�D�
VRXUFH�RI�92&V�WR�WKH�VDPSOHV��3XUFKDVHG�
GLVWLOOHG�ZDWHU�ZDV�XVHG�IRU�DOO�DGGLWLRQDO�
VDPSOLQJ��DQG�DOO�VDPSOLQJ�HTXLSPHQW�DQG�
VXSSOLHV�ZHUH�VWRUHG�LQ�D�FOHDQ�HQYLURQPHQW��
'HWHFWLRQV�RI�07%(�LQ�WKH�ILUVW�URXQG�RI�VDPSOHV�
����GHWHFWLRQV��ZHUH�UHFRGHG�DV�D�³OHVV�WKDQ´�YDOXH�
ODUJHU�WKDQ�WKH�REVHUYHG�DQDO\WLFDO�UHVXOW��IRU�
H[DPSOH��D�GHWHFWLRQ�LQ�WKH�ILUVW�URXQG�RI�������J�/�
ZRXOG�KDYH�EHHQ�UHFRGHG�WR�������J�/��WR�PDNH�
VXUH�WKDW�WKH�GDWDEDVH�GLG�QRW�FRQWDLQ�GHWHFWLRQV�RI�
07%(�IURP�SRWHQWLDOO\�FRPSURPLVHG�VDPSOHV���
07%(�ZDV�DOVR�GHWHFWHG�LQ�VXEVHTXHQW�VDPSOLQJ�
URXQGV�LQ���RI�WKH����ZHOOV�ZLWK�LQ�ZKLFK�LW�ZDV�
GHWHFWHG�LQ�WKH�ILUVW�URXQG��

$LU�VDPSOHV

$LU�VDPSOHV�ZHUH�FROOHFWHG�IROORZLQJ�SURWR�
FROV�GHYHORSHG�E\�WKH�1$:4$�92&�1DWLRQDO�
6\QWKHVLV�7HDP�LQ�FRQMXQFWLRQ�ZLWK�WKH�2UHJRQ�
*UDGXDWH�,QVWLWXWH��2*,��LQ�%HDYHUWRQ��2UHJRQ�
�'�$��%HQGHU��8�6��*HRORJLFDO�6XUYH\��ZULWWHQ�
FRPPXQ����������$�UHSUHVHQWDWLYH�DLU�VDPSOH�LV�
FROOHFWHG�IURP�DQ�DUHD�WKDW�KDV�XQREVWUXFWHG�DLU�
IORZ��LV�QRW�XQGXO\�LQIOXHQFHG�E\�QHDUE\�VRXUFHV�
RU�DFWLYLWLHV��DQG�LV�QRW�DIIHFWHG�E\�PLFURPHWHUR�
ORJLFDO�LQIOXHQFHV��$LU�VDPSOHV�ZHUH�FROOHFWHG�DW�D�
VLWH�RQ�WKH�JURXQGV�RI�WKH�$UOLQJWRQ�6FKRRO��
ORFDWHG�LQ�WKH�FHQWHU�RI�1RUWK�:LQGKDP�EXW�
UHPRYHG�IURP�DQ\�GLUHFW�H[KDXVW�IURP�ORFDO�
VRXUFHV��ILJ������7KH�DLU�VDPSOHU�ZDV�FR�ORFDWHG�RQ�

D�SODWIRUP�ZLWK�WKH�SUHFLSLWDWLRQ�VDPSOLQJ�HTXLS�
PHQW��

(DFK�VDPSOLQJ�HYHQW�FRQVLVWHG�RI�WZR�VLPXO�
WDQHRXVO\�FROOHFWHG��WLPH�FRPSRVLWHG�VDPSOHV��
RQH�RI�����/�RI�DLU��WKH�RWKHU�RI���/�RI�DLU��
&RPSRVLWH�VDPSOHV�ZHUH�FROOHFWHG�E\�GUDZLQJ�D�
NQRZQ�YROXPH�RI�DLU�WKURXJK�D�PXOWLVRUEHQW�DLU�
VDPSOLQJ�FDUWULGJH�ZLWK�DQ�6.&��,QF��PRGHO�����
3&;5��XQLYHUVDO�VDPSOLQJ�SXPS��(DFK�SXPS�ZDV�
SURJUDPPHG�WR�FROOHFW�D����KRXU�WLPH�FRPSRVLWHG�
VDPSOH��GXULQJ�ZKLFK�WLPH�WKH�SXPS�F\FOHG�RQ�DQG�
RII�LQWHUPLWWHQWO\�WR�DFKLHYH�WRWDO�VDPSOLQJ�
YROXPHV�RI�����/�RU���/��7KH�IORZ�UDWH�IRU�DOO�
VDPSOHV�ZDV����P/�PLQ��7ZR�SXPSV�ZHUH�
PRXQWHG�LQVLGH�D������LQ��E\�����LQ��E\����LQ��
ZHDWKHUSURRI�PHWDO�ER[�ZLWK�SRUWV�IRU�WZR�
VDPSOLQJ�FDUWULGJHV��ZKLFK�ZDV�LQ�WXUQ�PRXQWHG�
RQ�D�SODWIRUP�DERXW�����IW�DERYH�WKH�JURXQG�

�6DPSOHV�ZHUH�FROOHFWHG�HYHU\����GD\V��WR�
VDPSOH�UHSUHVHQWDWLYHO\�DOO�GD\V�RI�WKH�ZHHN��IRU�
���ZHHNV��IURP�'HF�����������WR�-XO\��������������
VDPSOHV���3UH�SUHSDUHG�FDUWULGJHV�ZHUH�VKLSSHG�RQ�
LFH�RYHUQLJKW�IURP�2*,�ZLWKLQ���GD\V�RI�WKH�EHJLQ�
QLQJ�RI�WKH�VDPSOLQJ�SHULRG�DQG�NHSW�RQ�LFH�XQWLO�
WKH�VDPSOLQJ�EHJDQ��)RU�HDFK����KRXU�SHULRG��
����/�DQG���/�VDPSOHV�ZHUH�FROOHFWHG��DQG�EODQN�
4$�4&�FDUWULGJHV�ZHUH�LQFOXGHG�IRU�HYHU\�VDPSOH�
DQDO\VLV��$W�WKH�HQG�RI�WKH����KRXU�VDPSOLQJ�
SHULRG��WKH�FDUWULGJHV�ZHUH�UHWULHYHG�DQG�SODFHG�RQ�
LFH��WKH�DLU�WHPSHUDWXUH��UHODWLYH�KXPLGLW\��DQG�
EDURPHWULF�SUHVVXUH�IRU�WKH�VDPSOLQJ�SHULRG�ZHUH�
UHFRUGHG��7KH�VDPSOHV�ZHUH�VKLSSHG�RYHUQLJKW�WR�
2*,�IRU�DQDO\VLV��'HWDLOV�RI�WKH�DQDO\WLFDO�
PHWKRGV��VDPSOH�KDQGOLQJ�SURFHGXUHV��DQG�
4$�4&�IRU�WKH�ODERUDWRU\�DUH�H[SODLQHG�LQ�
3DQNRZ�DQG�RWKHUV��������

3UHFLSLWDWLRQ�VDPSOHV

7KH�VWXG\�ZDV�GHVLJQHG�WR�FROOHFW�VL[�SUHFLS�
LWDWLRQ�VDPSOHV�IURP�'HFHPEHU������WR�-XO\�������
KRZHYHU��WKH�VWXG\�FRLQFLGHG�ZLWK�D�ORQJ�WHUP�
UHJLRQDO�GURXJKW��DQG�SUHFLSLWDWLRQ�HYHQWV�WR�
VDPSOH�ZHUH�OLPLWHG��,Q�DGGLWLRQ��IRDPLQJ�RI�WKH�
VDPSOHV�LQ�WKH�ODERUDWRU\�GLG�QRW�DOORZ�IRU�WKH�ORZ�
GHWHFWLRQ�OLPLWV�DFKLHYHG�IRU�WKH�JURXQG�ZDWHU�
�� 0HWK\O�WHUW�%XW\O�(WKHU��07%(��LQ�*URXQG�:DWHU��$LU��DQG�3UHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��0DLQH



VDPSOHV���,Q�WKH�ODERUDWRU\��WKH�DQDO\VW�PXVW�GLOXWH�
D�VDPSOH�WKDW�IRDPV�WR�SUHYHQW�WKH�IRDP�IURP�
LQWHUIHULQJ�ZLWK�WKH�DQDO\WLFDO�HTXLSPHQW���,Q�DOO��
IRXU�SUHFLSLWDWLRQ�VDPSOHV�ZHUH�FROOHFWHG��ZLWK�
GHWHFWLRQ�OLPLWV�RI�����mJ�/�WR�����mJ�/��$OO�
VDPSOHV�ZHUH�UDLQIDOO�VDPSOHV��FROOHFWHG�GXULQJ�
SUHFLSLWDWLRQ�HYHQWV�RI������LQ��RU�PRUH��

7KH�SUHFLSLWDWLRQ�92&�VDPSOHU��GHVLJQHG�E\�
WKH�1$:4$�92&�1DWLRQDO�6\QWKHVLV�WHDP��*�&��
'HO]HU��8�6��*HRORJLFDO�6XUYH\��ZULWWHQ�FRPPXQ���
������FRQVLVWHG�RI�D����LQ��GLDPHWHU�JDOYDQL]HG�
IXQQHO�ZLWK�D�QDUURZ������LQ���ERWWRP�RSHQLQJ�DQG�
D�VFUHHQ�WR�HOLPLQDWH�GHEULV�IURP�HQWHULQJ�WKH�
ERWWRP��$�7HIORQ�WXEH�ZDV�DWWDFKHG�WR�WKH�ERWWRP�
RI�WKH�IXQQHO��ZKLFK�LQ�WXUQ�ZDV�DWWDFKHG�ZLWK�D�
VZDJHORFN�XQLRQ�WR�D�7HIORQ�JDV�VDPSOLQJ�EDJ��
7KH�VDPSOHU�ZDV�GHSOR\HG�MXVW�SULRU�WR�DQ�
H[SHFWHG�UDLQIDOO�HYHQW�RU�MXVW�DIWHU�WKH�FRPPHQFH�
PHQW�RI�RQH��$IWHU�WKH�HYHQW��WKH�7HIORQ�EDJ�ZDV�
UHWULHYHG�DQG�WKH�SUHFLSLWDWLRQ�VDPSOH�DQDO\]HG��
%HWZHHQ�HYHQWV��WKH�VDPSOHU�ZDV�FOHDQHG�ZLWK�D�
/LTXLQR[�VROXWLRQ��ULQVHG�ZLWK�GLVWLOOHG�ZDWHU�DQG�
PHWKDQRO��DQG�VWRUHG�LQ�D�SODVWLF�EDJ�LQ�D�FOHDQ�
DUHD�

2&&855(1&(�$1'�',675,%87,21�2)
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$QDO\VHV�RI�WKH�JURXQG�ZDWHU�VDPSOHV�
FRQFOXVLYHO\�GHPRQVWUDWH�WKDW�07%(�LV�ZLGHO\�
GLVWULEXWHG�DW�ORZ�FRQFHQWUDWLRQV�LQ�WKH�:LQGKDP�
DTXLIHU��07%(�DOVR�LV�SUHVHQW�LQ�DLU��DV�DQDO\VHV�RI�
WKRVH�VDPSOHV�VKRZHG��7KH�SUHFLSLWDWLRQ�VDPSOLQJ�
SURJUDP�ZDV�LQFRQFOXVLYH��KRZHYHU��DOWKRXJK�LW�LV�
SRVVLEOH�WR�FDOFXODWH�DLU�ZDWHU�HTXLOLEULXP�FRQFHQ�
WUDWLRQV�RI�07%(�XVLQJ�DLU�ZDWHU�SDUWLWLRQLQJ�
SULQFLSOHV�

07%(�LQ�JURXQG�ZDWHU

07%(�ZDV�GHWHFWHG�LQ�PDQ\�ZDWHU�VDPSOHV�
IURP�WKH�:LQGKDP�DTXLIHU��7KLV�UHVXOW�LV�EDVHG�RQ�
DQDO\VHV�RI����LQGLYLGXDO�VDPSOHV�FROOHFWHG�IURP�
���ZHOOV��WDEOH����WDEOH����ILJ������)URP�RQH�WR�WKUHH�
ZDWHU�VDPSOHV�ZHUH�FROOHFWHG�IURP�HDFK�RI�WKH�
ZHOOV�RQ�GLIIHUHQW�VDPSOLQJ�GDWHV�LQ������DQG�

������(OHYHQ�RI�WKH����ZHOOV�VDPSOHG�����SHUFHQW��
KDG�DW�OHDVW�RQH�GHWHFWLRQ�RI�07%(��ILJ������07%(�
ZDV�GHWHFWHG�LQ����VDPSOHV�����SHUFHQW�RI�DOO�
VDPSOHV���DQG�WKH�PHGLDQ�FRQFHQWUDWLRQ�RI�07%(�
ZDV������mJ�/��QRW�LQFOXGLQJ�WKH�VDPSOHV�WKDW�
ZHUH�UHFRGHG�DV�³OHVV�WKDQV´�IURP�WKH�ILUVW�
VDPSOLQJ�URXQG���07%(�ZDV�EHORZ�WKH�GHWHFWLRQ�
OLPLW�LQ����VDPSOHV�����SHUFHQW���KRZHYHU�����RI�
WKHVH�VDPSOHV�KDG�HOHYDWHG�GHWHFWLRQ�OLPLWV�
�JUHDWHU�WKDQ��������J�/���7ZR�RI�WKH�WKUHH�KLJKHVW�
FRQFHQWUDWLRQV�GHWHFWHG������J�/�DQG����� �J�/��
ZHUH�FROOHFWHG�IURP�WKH�VDPH�ZHOO��&:�������7KLV�
ZHOO�LV�ORFDWHG�LQ�D�GHQVHO\�GHYHORSHG�SDUW�RI�WKH�
VWXG\�DUHD��FORVH�WR�D�JDVROLQH�VWDWLRQ�

7KH�GHWHFWLRQ�RI�07%(�ZDV�QRW�DFFRPSD�
QLHG�E\�WKH�GHWHFWLRQ�RI�WKH�RWKHU�OHVV�ZDWHU�
VROXEOH�%7(;�FRPSRXQGV��EHQ]HQH��WROXHQH��
HWK\O�EHQ]HQH��DQG�[\OHQH���7KLV�REVHUYDWLRQ�LV�
FRQVLVWHQW�ZLWK�RWKHU�ILQGLQJV�RI�07%(�LQ�WUDFH�
FRQFHQWUDWLRQV�LQ�0DLQH��6WDWH�RI�0DLQH��������

7R�GHWHUPLQH�LI�WKHUH�ZHUH�DQ\�VSDWLDO�
SDWWHUQV�WR�WKH�07%(�GHWHFWLRQV��WKH�GDWD�ZHUH�
DQDO\]HG�ZLWK�UHVSHFW�WR��GHSWK�RI�WKH�VDPSOH�
ZLWKLQ�WKH�DTXLIHU��ORFDWLRQ�RI�VDPSOH�LQ�HLWKHU�WKH�
KLJK��RU�PRGHUDWH�\LHOGLQJ�SDUWV�RI�WKH�DTXLIHU�DV�
PDSSHG�E\�WKH�0DLQH�*HRORJLFDO�6XUYH\��1HLO��
�������DQG�ODQG�FRYHU��$QRWKHU�YDULDEOH��K\GUDXOLF�
FRQGXFWLYLW\��.���LQGHSHQGHQW�RI�DTXLIHU�\LHOG�
]RQH��DOVR�ZDV�DQDO\]HG�

)RXUWHHQ�RI�WKH�ZHOOV�VDPSOHG�ZHUH�SDLUHG�
ZHOOV�VFUHHQHG�LQ�ERWK�WKH�VKDOORZ�DQG�GHHS�SDUWV�
RI�WKH�DTXLIHU��8VLQJ�WKH�GLVWULEXWLRQ�RI�GHWHFWLRQV�
LQ�WKH�SDLUHG�ZHOOV��D�&KL�VTXDUH�WHVW��2WW��������
IDLOHG�WR�GHWHFW�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�
FRQFHQWUDWLRQV�RI�07%(�LQ�VKDOORZ�DQG�GHHS�SDUWV�
RI�WKH�DTXLIHU��7KH�SUREDELOLW\�RI�GHWHFWLQJ�07%(�
LV�QHDUO\�HTXDO�LQ�HDFK�ZHOO�RI�D�SDLU��$Q�DQDO\VLV�
RI�WKH�HQWLUH�VDPSOH�SRSXODWLRQ�ZLWK�UHVSHFW�WR�
GHSWK�RI�VDPSOLQJ�SRLQW�VKRZV�D�KLJKHU�QXPEHU�RI�
GHWHFWLRQV�LQ�WKH�VKDOORZ�SDUWV�RI�WKH�DTXLIHU��ZHOOV�
OHVV�WKDQ����IW�GHHS��WKDQ�LQ�WKH�GHHSHU�SDUWV�RI�WKH�
DTXLIHU��ZHOOV�PRUH�WKDQ����IW�GHHS���EXW�WKHUH�DUH�
VWLOO�HQRXJK�GHWHFWLRQV�DW�GHSWK�WR�PDNH�WKH�GLIIHU�
HQFH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��
2&&855(1&(�$1'�',675,%87,21�2)�07%( ��
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CW 2012
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70 24’43”
o70 27’49”

o

43 51’44”
o

43 48’51”
o

Base from U.S. Geological Survey

digital line graph from North Windham,

Maine quadrangle 1:24,000.
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EXPLANATION

No MTBE detected

MTBE detected in 50 percent

of samples with detection

limits of 0.2 g/Lµ

MTBE detected in 100 percent

of samples with detection

limits of 0.2 g/Lµ

Areas expected to yield

more than 10 gallons per

minute to a properly-

constructed well

Areas expected to yield

more than 50 gallons per

minute to a properly-

constructed well
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7R�WHVW�WKH�HIIHFW�RI�DTXLIHU�WUDQVPLVVLYLW\��
WKH�VSDWLDO�GLVWULEXWLRQ�RI�07%(�GHWHFWLRQV�ZDV�
JURXSHG�DFFRUGLQJ�WR�ORFDWLRQ�LQ�WKH�DTXLIHU�DV�
HLWKHU�KLJK�\LHOG�]RQH��ZHOOV�DUH�H[SHFWHG�WR�
SURGXFH�PRUH�WKDQ����JDO�PLQ��RU�PRGHUDWH�\LHOG�
]RQH��ZHOOV�DUH�H[SHFWHG�WR�SURGXFH�EHWZHHQ����
DQG����JDO�PLQ���DV�PDSSHG�E\�WKH�0DLQH�*HRORJ�
LFDO�6XUYH\��1HLO���������ILJ������7KH�KLJK�\LHOG�
]RQH�KDG�PDQ\�PRUH�ZHOOV�ZLWK�GHWHFWLRQV�
��� SHUFHQW��FRPSDUHG�WR�WKH�PRGHUDWH�\LHOG�]RQH�
����SHUFHQW���7KHVH�WZR�VXEJURXSV�DUH�VLJQLIL�
FDQWO\�GLIIHUHQW��S� ���������)RU�DQ�H[SODQDWLRQ�RI�
S�YDOXHV��VHH�2WW��������RU�DQ\�JHQHUDO�VWDWLVWLFV�
WH[WERRN��,Q�WKLV�UHSRUW��S�YDOXHV�OHVV�WKDQ������
LQGLFDWH�WKDW�WKH�QXOO�K\SRWKHVLV�RI�WKH�WHVW�ZDV�
UHMHFWHG��

7KH�ZHOOV�LQ�ZKLFK�07%(�ZHUH�GHWHFWHG�
ZHUH�JURXSHG�DFFRUGLQJ�WR�WKH�ODQG�FRYHU�FODVVLIL�
FDWLRQ�GHVFULEHG�HDUOLHU��XQGHYHORSHG��XUEDQ��DQG�
ORZ�GHQVLW\�UHVLGHQWLDO��ILJ������$OWKRXJK�WKH�
FRQFHQWUDWLRQ�RI�GHWHFWHG�07%(�ZDV�QRW�QRWLFH�
DEO\�GLIIHUHQW�DPRQJ�WKH�JURXSV��WKH�IUHTXHQF\�RI�
07%(�GHWHFWLRQ�ZDV�TXLWH�GLIIHUHQW��07%(�ZDV�
GHWHFWHG�LQ����SHUFHQW�RI�WKH�VDPSOHV�FROOHFWHG�
IURP�ZHOOV�LQ�WKH�ORZ�GHQVLW\�UHVLGHQWLDO�DUHD��LQ�
���SHUFHQW�RI�VDPSOHV�IURP�WKH�XUEDQ�DUHD��DQG�LQ�
���SHUFHQW�RI�VDPSOHV�IURP�WKH�XQGHYHORSHG�DUHDV��
$�.UXVNDOO�:DOOLV�WHVW��+HOVHO�DQG�+LUVFK��������
RQ�WKH�07%(�FRQFHQWUDWLRQV�E\�ODQG�FRYHU�FODVVL�
ILFDWLRQ�VKRZHG�WKDW�DW�OHDVW�RQH�JURXS�LV�VLJQLIL�
FDQWO\�GLIIHUHQW�IURP�WKH�RWKHUV��S� ���������

07%(�GHWHFWLRQV�DUH�PRUH�IUHTXHQW�LQ�WKH�
DUHDV�RI�WKH�DTXLIHU�ZLWK�KLJKHU�.�YDOXHV�WKDQ�LQ�
DUHDV�ZLWK�ORZHU�.�YDOXHV��+\GUDXOLF�FRQGXFWLYLW\�
IRU�HDFK�ZHOO��DV�GHWHUPLQHG�E\�VOXJ�WHVWV��:�-��
1LFKROV��ZULWWHQ�FRPPXQ����������ZDV�FRPSDUHG�
WR�07%(�GHWHFWLRQV��DW�OHDVW�RQH�SHU�ZHOO���)RU�

WKLV�WHVW��WKH�ZHOOV�ZHUH�GLYLGHG�LQWR�WZR�HTXDO�
JURXSV�RI�.�UDQJHV��RQH�OHVV�WKDQ���IW�G��WKH�RWKHU�
PRUH�WKDQ���IW�G��$��[��FRQWLQJHQF\�WDEOH�WHVW�
�&KL�VTXDUH�WHVW��VKRZV�D�VWDWLVWLFDOO\�VLJQLILFDQW�
GLIIHUHQFH��S �������LQ�WKH�GLVWULEXWLRQ�RI�ZHOOV�
ZLWK�GHWHFWLRQV�LQ�WKH�WZR�JURXSV��WDEOH����

)LJXUH����&RQFHQWUDWLRQV�RI�07%(�GHWHFWLRQV�E\�ODQG�XVH�
FODVVLILFDWLRQ�IRU�VDPSOHV�ZLWK�GHWHFWLRQ�OLPLWV�RI�
����PLFURJUDPV�SHU�OLWHU�

07%(�LQ�DLU

�07%(�ZDV�GHWHFWHG�LQ�DOO�RI�WKH����DLU�VDPSOHV�
FROOHFWHG��WDEOH����ILJ������0HDVXUHG�FRQFHQWUDWLRQV�
RI�07%(�LQ�DLU�QHDU�WKH�FHQWHU�RI�1RUWK�:LQGKDP�
GXULQJ�WKLV�VWXG\�UDQJH�IURP�����SSEY�WR������SSEY�
�ILJ������7KH�KLJKHVW�FRQFHQWUDWLRQV������DQG�
��� SSEY��ZHUH�PHDVXUHG�LQ�-DQXDU\�DQG�)HEUXDU\�
������EHIRUH�0DLQH�RSWHG�RXW�RI�WKH�5)*�SURJUDP��
7KH�ORZHVW�FRQFHQWUDWLRQV�������DQG������SSEY��
ZHUH�LQ�ODWH�$SULO�HDUO\�0D\��VRRQ�DIWHU�5)*�XVH�
ZDV�GLVFRQWLQXHG�LQ�0DLQH�

CONCENTRATION OF MTBE,

IN MICROGRAMS PER LITER
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7DEOH�����'HWHFWLRQV�RI�07%(�LQ�ZHOOV�LQ�WKH�:LQGKDP�DTXLIHU�E\�K\GUDXOLF�FRQGXFWLYLW\

07%(�GHWHFWLRQV
1XPEHUV�RI�ZHOOV�LQ�HDFK�K\GUDXOLF�FRQGXFWLYLW\��.��JURXS�

�GHWHUPLQHG�E\�VOXJ�WHVW�

.� �PRUH�WKDQ���IHHW�GD\ .� �OHVV�WKDQ���IHHW�GD\

1R�GHWHFWLRQ�RI�07%( � ��

$W�OHDVW�RQH�GHWHFWLRQ�RI�07%( � �
�� 0HWK\O�WHUW�%XW\O�(WKHU��07%(��LQ�*URXQG�:DWHU��$LU��DQG�3UHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��0DLQH



7DEOH�����6HOHFWHG�GDWD�IRU�DLU�VDPSOHV�DQG�FRQFHQWUDWLRQV�RI�07%(�LQ�DLU��1RUWK�:LQGKDP��'HFHPEHU������
WR�-XO\�����

>/��OLWHUV��PP�+J��PLOOLPHWHUV�RI�PHUFXU\���&��GHJUHHV�&HOVLXV��SSEY��SDUWV�SHU�ELOOLRQ�E\�YROXPH��(��HVWLPDWHG�FRQFHQWUDWLRQ�EHORZ�WKH�
ORZHVW�GDLO\�VWDQGDUG�������SSEY�@
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7KH�FRQFHQWUDWLRQV�RI�07%(�LQ�1RUWK�
:LQGKDP�LQ�DLU�EHIRUH�DQG�DIWHU�WKH�SKDVHRXW�RI�
5)*�DUH�VLJQLILFDQWO\�GLIIHUHQW��S� ���������%HIRUH�
WKH�SKDVHRXW��WKH�PHGLDQ�DLU�FRQFHQWUDWLRQ�RI�
07%(�LQ�DLU�ZDV������SSEY��ZKLFK�LV�VLPLODU�WR�WKH�
�����SSEY�FRQFHQWUDWLRQV�LQ�DLU�DW�WKH�5RZDQ�
&ROOHJH�PHGLXP�GHQVLW\�XUEDQL]DWLRQ�VLWH�LQ�1HZ�
-HUVH\��$�/��%DHKU��8�6��*HRORJLFDO�6XUYH\��
ZULWWHQ�FRPPXQ���������$IWHU�WKH�5)*�SKDVHRXW��
DLU�FRQFHQWUDWLRQV�RI�07%(�LQ�:LQGKDP�
GHFUHDVHG�WR�D�PHGLDQ�RI������SSEY�

07%(�LQ�SUHFLSLWDWLRQ

1R�07%(�ZDV�GHWHFWHG�LQ�WKH�IRXU�SUHFLSL�
WDWLRQ�VDPSOHV��5DLQIDOO�VDPSOHV�ZHUH�FROOHFWHG�
QHDU�WKH�$UOLQJWRQ�VFKRRO�RQ�WKUHH�VDPSOH�GDWHV��
-DQXDU\�����0D\����WZR�VDPSOHV��DQG�0D\�����
������6DPSOHV�ZHUH�DOVR�FROOHFWHG�RQ�0DUFK����
DQG�0D\�����EXW�YROXPHV�ZHUH�LQVXIILFLHQW�IRU�
DQDO\VLV��5DLQIDOO�GXULQJ�0DUFK�WR�0D\������ZDV�
IDU�EHORZ�QRUPDO��VR�IHZ�UDLQIDOO�HYHQWV�ZHUH�
DYDLODEOH�WR�VDPSOH��(OHYDWHG�GHWHFWLRQ�OLPLWV�ZHUH�
UHSRUWHG�IRU�WKUHH�RI�WKH�VDPSOHV��WKLV�ZDV�FDXVHG�
E\�VDPSOHV�IRDPLQJ�LQ�WKH�ODERUDWRU\��6DPSOHV�
WKDW�IRDP�PXVW�EH�GLOXWHG�WR�SURWHFW�WKH�DQDO\VLV�
HTXLSPHQW��ZKLFK�OLPLWV�WKHLU�XVHIXOQHVV�LQ�DQ\�
GDWD�DQDO\VLV��7KH�DEVHQFH�RI�GHWHFWDEOH�07%(�
FRXOG�LQGLFDWH�WKH�ODFN�RI�07%(�LQ�WKH�SUHFLSLWD�
WLRQ�VDPSOHV��RU��WKDW�07%(�LV�SUHVHQW�LQ�FRQFHQ�
WUDWLRQV�EHORZ�WKH�HOHYDWHG�GHWHFWLRQ�OLPLWV�

'XULQJ�D�UDLQIDOO�HYHQW��07%(�LQ�SUHFLSLWD�
WLRQ�LV�H[SHFWHG�WR�HTXLOLEUDWH�YHU\�TXLFNO\�ZLWK�
DPELHQW�DLU�FRQFHQWUDWLRQV�RI�07%(��6TXLOODFH��
=RJRUVNL��DQG�RWKHUV��������/RSHV�DQG�%HQGHU��
�������$V�D�UDLQGURS�IDOOV�WKURXJK�DLU�WKDW�FRQWDLQV�
07%(��WKH�07%(�SDUWLWLRQV�LQWR�WKH�UDLQGURS��DQG�
FRQFHQWUDWLRQV�LQ�WKH�UDLQGURS�VKRXOG�DFKLHYH�
HTXLOLEULXP�ZLWK�DLU�FRQFHQWUDWLRQV�ZLWKLQ�D�IHZ�
WHQV�RI�PHWHUV�DV�LW�IDOOV��/RSHV�DQG�%HQGHU���������
7KH�FRQFHQWUDWLRQ�LQ�UDLQIDOO�LV�JRYHUQHG�E\�WKH�
DPELHQW�DLU�WHPSHUDWXUH�DQG�E\�WKH�+HQU\¶V�/DZ�
&RQVWDQW�IRU�07%(��7KH�HTXLOLEULXP�FRQFHQWUD�
WLRQ�RI�07%(�LQ�ZDWHU�LQ�FRQWDFW�ZLWK�DLU�LV

&D�&Z� �+�57� ���

ZKHUH �&D LV�WKH�FRQFHQWUDWLRQ�RI�07%(�LQ�DLU�
�SSEY��

&Z �LV�WKH�FRQFHQWUDWLRQ�LQ�ZDWHU��mJ�/���
+ �LV�WKH�+HQU\¶V�/DZ�&RQVWDQW��3DVFDO�

P��PRO���
5 �LV�WKH�XQLYHUVDO�JDV�FRQVWDQW�

�-RXOHV�JPRO�.HOYLQ���DQG�
7 �LV�WHPSHUDWXUH��GHJUHHV�.HOYLQ���

7KH�+HQU\¶V�/DZ�&RQVWDQW��+��LV�WHPSHUD�
WXUH�GHSHQGHQW��DQG�DV�WHPSHUDWXUHV�GHFUHDVH��
PRUH�07%(�ZLOO�PRYH�LQWR�WKH�ZDWHU�IURP�WKH�DLU��
WKXV�UDLVLQJ�WKH�DTXHRXV�FRQFHQWUDWLRQ�LQ�WKH�UDLQ�
IDOO��7KH�+HQU\¶V�/DZ�&RQVWDQW�XVHG�LQ�WKH�
IROORZLQJ�FDOFXODWLRQV�LV�LQ�WKH�IRUP

+07%(� �(;3���������������7�� ���

ZKHUH�+07%( LV�LQ�3DVFDO�P
��PRO��DQG

7 LV�LQ�GHJUHHV�.HOYLQ��5REELQV�DQG�RWK�
HUV��������

7KHVH�HTXDWLRQV�ZHUH�XVHG�WR�FDOFXODWH�WKH�
HTXLOLEULXP�FRQFHQWUDWLRQV�RI�07%(�LQ�ZDWHU�
�SUHFLSLWDWLRQ��RQ�D�PRQWKO\�EDVLV��VHH�EHORZ��

%HFDXVH�WKH�GDWD�ZHUH�LQVXIILFLHQW�WR�FKDUDF�
WHUL]H�07%(�FRQFHQWUDWLRQV�LQ�UDLQIDOO�LQ�1RUWK�
:LQGKDP��HTXLOLEULXP�FRQFHQWUDWLRQV�RI�07%(�LQ�
ZDWHU�FDQ�EH�XVHG�LQ�WKH�GLVFXVVLRQ�RI�SRVVLEOH�
07%(�VRXUFHV�WR�JURXQG�ZDWHU��7R�HVWLPDWH�
SRWHQWLDO�DYHUDJH�UDLQIDOO�FRQFHQWUDWLRQV�GXULQJ�
QRUPDO�SHULRGV�RI�UHFKDUJH�WR�WKH�DTXLIHU��K\SR�
WKHWLFDO�PRQWKO\�07%(�FRQFHQWUDWLRQV�ZHUH�
FDOFXODWHG��%HFDXVH�WKH�FRPSDULVRQ�WR�JURXQG�
ZDWHU�07%(�FRQFHQWUDWLRQV�LQYROYHV�UHFKDUJH�
WKDW�ZRXOG�KDYH�WDNHQ�SODFH�ZKLOH�5)*�ZDV�EHLQJ�
XVHG�LQ�0DLQH��WKH�PHGLDQ�FRQFHQWUDWLRQ�RI�07%(�
LQ�DLU�GXULQJ�WKH�5)*�SHULRG�������SSEY��ZDV�XVHG�
WR�FDOFXODWH�PRQWKO\�K\SRWKHWLFDO�HTXLOLEULXP�
UDLQIDOO�FRQFHQWUDWLRQV��WDEOH�����+\SRWKHWLFDO�
PRQWKO\�07%(�FRQFHQWUDWLRQV�LQ�UDLQIDOO�DIWHU�WKH�
5)*�SKDVHRXW�LQ�0DLQH�DOVR�ZHUH�FDOFXODWHG�XVLQJ�
WKH�DYHUDJH�PRQWKO\�WHPSHUDWXUHV�DQG�WKH�PHGLDQ�
07%(�DLU�FRQFHQWUDWLRQV�DIWHU�WKH�5)*�SKDVHRXW�
������SSEY���

%HIRUH�WKH�SKDVHRXW�RI�5)*��WKH�FDOFXODWHG�
DLU�ZDWHU�HTXLOLEULXP�FRQFHQWUDWLRQV�RI�07%(�IRU�
SUHFLSLWDWLRQ�UDQJHG�IURP������mJ�/�WR������mJ�/��
'XULQJ�WKH�PRQWKV�ZKHQ�UHFKDUJH�FRPPRQO\�
WDNHV�SODFH��0DUFK�DQG�$SULO��DQG�2FWREHU�WKURXJK�
'HFHPEHU���HVWLPDWHG�FRQFHQWUDWLRQV�UDQJHG�IURP
�� 0HWK\O�WHUW�%XW\O�(WKHU��07%(��LQ�*URXQG�:DWHU��$LU��DQG�3UHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��0DLQH



7DEOH�����0RQWKO\�SUHGLFWHG�DLU�ZDWHU�HTXLOLEULXP�FRQFHQWUDWLRQV�RI�07%(��IRU�SUHFLSLWDWLRQ��EDVHG�RQ�PHGLDQ�PHDVXUHG�07%(�
FRQFHQWUDWLRQ�LQ�DLU�DQG�DYHUDJH�PRQWKO\�WHPSHUDWXUHV

>�&��GHJUHHV�&HOVLXV��SSEY��SDUWV�SHU�ELOOLRQ�E\�YROXPH��mJ�/��PLFURJUDPV�SHU�OLWHU��5)*��UHIRUPXODWHG�JDVROLQH@

0RQWK
$YHUDJH�PRQWKO\

WHPSHUDWXUH�LQ�:LQGKDP��
LQ��&�

�(VWLPDWHG�RQ�WKH�EDVLV�RI�GDWD�IURP�0DLQH�1DWLRQDO�:HDWKHU�6HUYLFH�VWDWLRQ�DW�(��+LUDP��0DLQH�

7HPSHUDWXUH�XVHG�
IRU�HTXLOLEULXP�
FDOFXODWLRQV��

LQ��&

&DOFXODWHG�DLU�ZDWHU�HTXLOLEULXP�FRQFHQWUDWLRQV�
�LQ�mJ�/�

:LWK�5)*��DLU������SSEY� 1R�5)*��DLU������SSEY�

-DQXDU\ �� � ���� ����

)HEUXDU\ ���� � ��� ���

0DUFK ���� � ��� ���

$SULO ��� ��� ��� ���

0D\ ���� ���� ��� ���

-XQH ���� ���� ��� ���

-XO\ ���� ���� ��� ���

$XJXVW ���� ���� ��� ���

6HSWHPEHU ���� ���� ��� ���

2FWREHU ��� ��� ��� ���

1RYHPEHU ��� ��� �� ���

'HFHPEHU ���� � ��� ���
�����WR������mJ�/��7KHVH�FRQFHQWUDWLRQV�ZRXOG�EH�
GHWHFWDEOH�LQ�JURXQG�ZDWHU�LI�07%(�LQ�UHFKDUJH�
WKURXJK�WKH�XQVDWXUDWHG�]RQH�GLG�QRW�GHJUDGH��
$IWHU�WKH�SKDVHRXW�RI�5)*��WKH�K\SRWKHWLFDO�
FRQFHQWUDWLRQV�RI�07%(�LQ�SUHFLSLWDWLRQ�UDQJHG�
IURP������mJ�/�WR������mJ�/��DQG�UDQJHG�IURP������
WR������mJ�/�GXULQJ�UHFKDUJH�PRQWKV��7KHVH�
FRQFHQWUDWLRQV�DUH�DOO�EHORZ�WKH�FXUUHQW�UHSRUWLQJ�
OLPLW�IRU�07%(�RI�����mJ�/�

$V�VWDWHG�HDUOLHU��07%(�ZDV�QRW�GHWHFWHG�LQ�
WKH�SUHFLSLWDWLRQ�VDPSOHV��6HYHUDO�IDFWRUV�PD\�
KDYH�FRQWULEXWHG�WR�WKLV��EXW�PRVW�LPSRUWDQWO\��
WKUHH��RI�IRXU��SUHFLSLWDWLRQ�VDPSOHV�ZHUH�
FROOHFWHG�LQ�0D\��ZKHQ�DLU�FRQFHQWUDWLRQV�RI�
07%(�ZHUH�ORZ��,W�LV�QRW�H[SHFWHG�WKDW�07%(�
ZRXOG�EH�GHWHFWDEOH�LQ�SUHFLSLWDWLRQ�LQ�WKLV�FDVH�
�K\SRWKHWLFDO�FRQFHQWUDWLRQV�RI�07%(�ZRXOG�EH�
DSSUR[LPDWHO\������mJ�/��EHORZ�WKH�����mJ�/�
UHSRUWLQJ�OLPLW��
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$WPRVSKHULF�'HSRVLWLRQ

)RU�WKH�RFFXUUHQFH�RI�07%(�LQ�VKDOORZ�
JURXQG�ZDWHU�WR�EH�DWWULEXWHG�WR�DWPRVSKHULF�GHSR�
VLWLRQ�WKURXJK�UHFKDUJH�RI�UDLQIDOO��VHYHUDO�FRQGL�
WLRQV�PXVW�DSSO\������VXIILFLHQW�07%(�PXVW�EH�
SUHVHQW�LQ�UDLQIDOO�WR�EH�GHWHFWDEOH������UHFKDUJH�RI�
WKH�UDLQIDOO�WR�WKH�DTXLIHU�PXVW�EH�VXIILFLHQW������
07%(�LQ�UHFKDUJH�PXVW�QRW�GHJUDGH�RU�EH�
DGVRUEHG�RQWR�WKH�DTXLIHU�PDWHULDO�HQURXWH�WR�WKH�
VDWXUDWHG�]RQH��DQG�����FRQFHQWUDWLRQV�RI�07%(�LQ�
UHFKDUJH�PXVW�EH�OLPLWHG�E\�DWPRVSKHULF�OHYHOV��
2Q�WKH�EDVLV�RI�WKH�SDUWLWLRQLQJ�HTXLOLEULXP�FDOFX�
ODWLRQV�SUHVHQWHG�DERYH��EHIRUH�WKH�SKDVHRXW�RI�
5)*�XVH�WKHUH�ZDV�DW�OHDVW�WKH�SRWHQWLDO�IRU�VXIIL�
FLHQW�07%(�LQ�UDLQIDOO�WR�EH�GHWHFWHG��HVSHFLDOO\�
GXULQJ�WKH�PRQWKV�RI�WKH�\HDU�ZKHQ�UHFKDUJH�WR�
DTXLIHUV�RFFXUV�LQ�0DLQH��W\SLFDOO\�0DUFK�$SULO�
DQG�2FWREHU�'HFHPEHU���7KH�DPRXQW�RI�UHFKDUJH�
WR�WKH�DTXLIHU��HVWLPDWHG�WR�EH����LQ�\U��ZRXOG�EH�
VXIILFLHQW�WR�PRYH�07%(�WKURXJK�WKH�XQVDWXUDWHG�
327(17,$/�6285&(6�2)�07%(�,1�*5281'�:$7(5 ��



]RQH��3DQNRZ�DQG�RWKHUV���������%DHKU�DQG�RWKHUV�
�������GLVFXVV�WKH�SRWHQWLDO�IRU�GLIIXVLRQ�RI�
JDVHRXV�07%(�IURP�WKH�DWPRVSKHUH�LQWR�SRUH�
ZDWHU��SRWHQWLDO�UHFKDUJH��LQ�WKH�XQVDWXUDWHG�]RQH��
DQG�WKH�GHJUDGDWLRQ�DQG�DGVRUSWLRQ�RI�07%(�LQ�
WKH�XQVDWXUDWHG�]RQH��7KHLU�DQDO\VLV�VXJJHVWV�WKDW�
XQGHU�WKH�FRQGLWLRQV�SUHVHQW�LQ�WKH�:LQGKDP�
DTXLIHU��LW�LV�SRVVLEOH�IRU�JDVHRXV�GLIIXVLRQ�RI�
07%(�WR�JHQHUDWH�GHWHFWDEOH�FRQFHQWUDWLRQV�RI�
07%(�LQ�WKH�JURXQG�ZDWHU�QHDUO\�HTXDO�WR�DWPR�
VSKHULF�FRQFHQWUDWLRQV�DW���IHHW�EHORZ�WKH�VXUIDFH�
LI�GHFD\�UDWHV�DUH�ORZ��7KH\�DOVR�VXJJHVW�WKDW�
GHJUDGDWLRQ�DQG�DGVRUSWLRQ�RI�07%(�LQ�WKH�XQVDW�
XUDWHG�]RQH�ZRXOG�EH�PRVW�VHQVLWLYH�WR�WKH�WRWDO�
XQVDWXUDWHG�WKLFNQHVV��ZKLFK�UDQJHV�IURP���IW�WR�
PRUH�WKDQ����IW�LQ�WKH�:LQGKDP�DTXLIHU��8VLQJ�
DYHUDJH�DLU�FRQFHQWUDWLRQV�RI������SSEY��ZKLOH�
0DLQH�ZDV�XVLQJ�5)*��DQG������SSEY��DIWHU�5)*�
ZDV�HOLPLQDWHG���WKHLU�PRGHO�SUHGLFWV�WKDW�DW����IW�
EHORZ�WKH�VXUIDFH��07%(�ZRXOG�KDYH�EHHQ�GHWHFW�
DEOH�LQ�JURXQG�ZDWHU�GXH�WR�GLIIXVLRQ�RQO\�ZKLOH�
0DLQH�ZDV�XVLQJ�5)*��$W�WKH�ORZHU�DLU�FRQFHQWUD�
WLRQV��DIWHU�5)*�ZDV�HOLPLQDWHG���07%(�ZRXOG�
QRW�EH�GHWHFWDEOH�DW�WKLV�GHSWK��'HJUDGDWLRQ�LQ�WKLV�
PRGHO�LV�VORZ��DQG�D�PRUH�UHDOLVWLF�GHJUDGDWLRQ�
FRQVWDQW�EDVHG�RQ�ILHOG�GDWD�IURP�1HZ�-HUVH\�
�%DHKU�DQG�RWKHUV��LQ�SUHVV��ZRXOG�PDNH�WKH�PRGHO�
SUHGLFW�PXFK�OHVV�07%(�LQ�JURXQG�ZDWHU�GXH�WR�
GLIIXVLRQ��7KXV��FRQFHQWUDWLRQV�RI�07%(�LQ�UDLQ�
IDOO�PD\�EH�GHWHFWDEOH��UHFKDUJH�LV�VXIILFLHQW�WR�

PRYH�07%(�WKURXJK�WKH�XQVDWXUDWHG�]RQH��DQG�
GLIIXVLRQ�PD\�KHOS�PRYH�07%(�LQWR�WKH�XQVDWXU�
DWHG�]RQH��EXW�GHJUDGDWLRQ�LQ�WKH�XQVDWXUDWHG�]RQH�
ZRUNV�WR�OHVVHQ�WKH�DPRXQW�RI�07%(�WKDW�FRXOG�
UHDFK�WKH�ZDWHU�WDEOH�IURP�DWPRVSKHULF�VRXUFHV�

7KH�DLU�ZDWHU�HTXLOLEULXP�SDUWLWLRQLQJ�SULQ�
FLSOHV�GHVFULEHG�DERYH�FDQ�EH�XVHG�WR�FDOFXODWH�
HTXLOLEULXP�FRQFHQWUDWLRQV�RI�07%(�LQ�ZDWHU�WKDW�
FRUUHVSRQG�WR�WKH�PHDVXUHG�DLU�FRQFHQWUDWLRQV�
�ILJ� ����$�FRPSDULVRQ�RI�WKHVH�FRQFHQWUDWLRQV�WR�
WKH�PHDVXUHG�FRQFHQWUDWLRQV�RI�07%(�LQ�JURXQG�
ZDWHU�VKRZV�WKDW�WKH�GHWHFWHG�07%(�LQ�JURXQG�
ZDWHU�LV��RQ�DYHUDJH��PXFK�KLJKHU�WKDQ�WKH�DLU�
ZDWHU�HTXLOLEULXP�SUHFLSLWDWLRQ�FRQFHQWUDWLRQV��
7KH�PHGLDQ�07%(�FRQFHQWUDWLRQ�LQ�JURXQG�ZDWHU�
LV������mJ�/��ZKHUHDV�WKH�PHGLDQ�RI�WKH�DLU�ZDWHU�
HTXLOLEULXP�FRQFHQWUDWLRQV�LV������mJ�/��7KH�
DYHUDJH�K\SRWKHWLFDO�UHFKDUJH�FRQFHQWUDWLRQV�
EHIRUH�5)*�ZDV�SKDVHG�RXW�DUH�FDOFXODWHG�DV�����WR�
����mJ�/��ILJ������%RWK�WKHVH�QXPEHUV�DUH�PXFK�
ORZHU�WKDQ�WKH�PHDVXUHG�JURXQG�ZDWHU�FRQFHQWUD�
WLRQV��(VSHFLDOO\�ZKHQ�FRQVLGHULQJ�WKDW�GHJUDGD�
WLRQ�RI�07%(�LQ�WKH�XQVDWXUDWHG�]RQH�LV�OLNHO\�
�%DHKU�DQG�RWKHUV��LQ�SUHVV���DQRWKHU�VRXUFH�LV�
QHFHVVDU\�WR�H[SODLQ�DOO�EXW�D�IHZ�RI�WKH�FRQFHQWUD�
WLRQV�RI�07%(�LQ�JURXQG�ZDWHU��*LYHQ�WKH�IDFW�WKDW�
ZH�GLG�QRW�PHDVXUH�DQ\�07%(�LQ�SUHFLSLWDWLRQ�
DQG�WKH�SRVVLELOLWLHV�IRU�GHJUDGDWLRQ�RI�07%(�LQ
)LJXUH����&RQFHQWUDWLRQV�RI�07%(�LQ�DLU��ZDWHU�FRQFHQWUDWLRQV�RI�07%(�LQ�HTXLOLEULXP�ZLWK�PHDVXUHG�DLU�FRQFHQWUDWLRQV��DQG�
PHDVXUHG�FRQFHQWUDWLRQV�RI�07%(�LQ�JURXQG�ZDWHU�

CONCENTRATION OF MTBE, IN MICROGRAMS PER
LITER AND PARTS PER BILLION BY VOLUME

Calculated concentrations in
water in equilibrium with

measured air concentrations

Measured concentrations
in air

Measured concentrations
in ground water

Calculated recharge
concentrations from

precipitation

0.01 0.10 1.00 10.002 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 2

BeforeRFG
phaseout

After RFG
phaseout
�� 0HWK\O�WHUW�%XW\O�(WKHU��07%(��LQ�*URXQG�:DWHU��$LU��DQG�3UHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��0DLQH



WKH�XQVDWXUDWHG�]RQH��ZH�FRQFOXGH�WKDW�07%(�LQ�
SUHFLSLWDWLRQ�LV�QRW�D�OLNHO\�FDQGLGDWH�IRU�ORZ�
OHYHOV�RI�07%(�LQ�WKH�:LQGKDP�DTXLIHU��,W�LV�DOVR�
ZRUWK�QRWLQJ�WKDW�VLQFH�0DLQH�RSWHG�RXW�RI�WKH�
5)*�SURJUDP��WKHUH�LV�D�JUHDWO\�UHGXFHG�SRWHQWLDO�
IRU�DWPRVSKHULF�GHSRVLWLRQ�RI�07%(�LQ�UHFKDUJH�
WKDW�WRRN�SODFH�DIWHU�0DUFK������

2WKHU�VRXUFHV

2WKHU�SRVVLEOH�VRXUFHV�RI�ORZ�OHYHO�07%(�
GHWHFWLRQV�LQFOXGH�VWRUPZDWHU�UXQRII��/RSHV�DQG�
%HQGHU��������'HO]HU�DQG�RWKHUV���������VPDOO�
KRPHRZQHU�VSLOOV�RI�JDVROLQH��'U��$QGUHZ�6PLWK��
0DLQH�'HSDUWPHQW�RI�3XEOLF�+HDOWK��ZULWWHQ�
FRPPXQ����������DQG�ODNH�ZDWHU�FRQWDPLQDWHG�
ZLWK�07%(��%DHKU�DQG�=DSHF]D���������7KH�
0DLQH�6WDWH�VWXG\�RI�07%(�WHQWDWLYHO\�LGHQWLILHG�
YHU\�VPDOO�VSLOOV�RI�JDVROLQH�DVVRFLDWHG�ZLWK�ILOOLQJ�
RI�ODZQ�FDUH�HTXLSPHQW�IXHO�WDQNV��UHFUHDWLRQDO�
YHKLFOH�WDQNV��DQG�DXWRPRELOH�WDQNV�DV�OLNHO\�EHLQJ�
UHVSRQVLEOH�IRU�WKH�PDMRULW\�RI�WKH�ORZ�OHYHOV�RI�
07%(�IRXQG��'U��$QGUHZ�6PLWK��ZULWWHQ�
FRPPXQ����������7KH�VWXG\�OLQNHG�GLVWDQFH�IURP�
WKH�ZHOO�WR�DUHDV�ZKHUH�DQ\�NLQGV�RI�HQJLQHV�DUH�
XVHG�RU�ZKHUH�JDVROLQH�LV�VWRUHG�DV�D�PDMRU�H[SODQ�
DWRU\�IDFWRU�LQ�WKH�RFFXUUHQFH�RI�07%(�LQ�KRPH�
RZQHU�ZHOOV��7KH�ZHOOV�LQ�WKH�:LQGKDP�DTXLIHU�
VWXG\�ZHUH�QRW�HYDOXDWHG�LQ�WKLV�ZD\��EXW�WKH�VWDWLV�
WLFDO�UHODWLRQVKLS�ZLWK�GHYHORSHG�DUHDV�DQG�07%(�
RFFXUUHQFH�UHSRUWHG�ZRXOG�VXSSRUW�D�VLPLODU�
FRQFOXVLRQ�IRU�WKLV�VWXG\�

$QRWKHU�SRVVLEOH�VRXUFH�ZRXOG�EH�UHFKDUJH�
IURP�VXUIDFH�ZDWHU�ERGLHV��%DHKU�DQG�=DSHF]D�
�������KDYH�LQYHVWLJDWHG�WKH�FRQFHQWUDWLRQV�RI�
07%(�LQ�ODNHV�LQ�6XVVH[�&RXQW\��1��-���ZKHUH�
ZDWHUFUDIW�XVH�R[\JHQDWHG�IXHO��6RPH�ODNHVLGH�
ZHOOV�LQ�WKLV�DUHD�KDYH�EHHQ�FRQWDPLQDWHG�ZLWK�
07%(��07%(�FRQFHQWUDWLRQV�LQ�WZR�ODNHV�UDQJHG�
IURP�����mJ�/�WR����mJ�/�LQ�VDPSOHV�FROOHFWHG�
IURP���WR����IW�EHORZ�WKH�ZDWHU�VXUIDFH��0HGLDQ�
FRQFHQWUDWLRQV�UDQJHG�IURP������mJ�/�WR������
mJ�/��6DPSOHV�ZHUH�FROOHFWHG�GXULQJ�WKH�VXPPHU�
ZKHQ�WKH�ODNHV�VKRZHG�VWURQJ�WHPSHUDWXUH�VWUDWLIL�
FDWLRQ��,Q�WKH�FDVH�RI�WKH�:LQGKDP�DTXLIHU��
UHFKDUJH�PD\�HQWHU�IURP�/LWWOH�6HEDJR�/DNH��

ZKHUH�ZDWHUFUDIW�XVHG�R[\JHQDWHG�JDVROLQH�IURP�
�����WR�������,I�07%(�ZHUH�SUHVHQW�LQ�VKDOORZ�
ODNH�ZDWHU�LQ�DUHDV�DGMDFHQW�WR�WKH�GLVFKDUJH�]RQH�
WR�WKH�DTXLIHU�GXULQJ�WKRVH�\HDUV��LW�LV�SRVVLEOH�WKDW�
/LWWOH�6HEDJR�/DNH�FRXOG�KDYH�FRQWULEXWHG�WR�
07%(�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�:LQGKDP�DTXLIHU�
GXULQJ�WKH�VXPPHU�PRQWKV�RI�WKRVH�\HDUV�
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$�VWXG\�ZDV�FRQGXFWHG�RQ�WKH�RFFXUUHQFH�
DQG�GLVWULEXWLRQ�RI�WKH�IXHO�R[\JHQDWH�07%(�
�PHWK\O�WHUW�EXW\O�HWKHU��LQ�D�JODFLDO�VDQG�DQG�
JUDYHO�DTXLIHU�LQ�VRXWKHUQ�0DLQH��DQG�VDPSOHV�RI�
DLU�DQG�SUHFLSLWDWLRQ�ZHUH�DQDO\]HG�DQG�HYDOXDWHG�
DV�D�SRVVLEOH�VRXUFH�RI�07%(�WR�WKH�DTXLIHU��
7KLUW\�RQH�ZHOOV�LQ�WKH�:LQGKDP�DTXLIHU��LQ�1RUWK�
:LQGKDP��0DLQH��ZHUH�VDPSOHG�IRU�DQDO\VLV�RI�
07%(�IURP�-XO\������WR�0D\�������07%(�ZDV�
GHWHFWHG�LQ����SHUFHQW�RI�WKH�ZHOOV�VDPSOHG��
KRZHYHU�����SHUFHQW�RI�ZHOOV�ZLWK�GHWHFWDEOH�
FRQFHQWUDWLRQV�RI�07%(�ZHUH�LQ�DQ�DUHD�RI�WKH�
DTXLIHU�GHVLJQDWHG�DV�D�³KLJK�\LHOGLQJ´�DTXLIHU�
�1HLO���������07%(�ZDV�PXFK�PRUH�FRPPRQO\�
GHWHFWHG�LQ�ZHOOV�ZLWK�PHDVXUHG�K\GUDXOLF�FRQGXF�
WLYLWLHV�PRUH�WKDQ���IW�G����RI����ZHOOV��WKDQ�LQ�
ZHOOV�ZLWK�K\GUDXOLF�FRQGXFWLYLWLHV�OHVV�WKDQ���IW�G�
���RI����ZHOOV���S� ���������/DQG�XVH�DOVR�ZDV�
IRXQG�WR�EH�DVVRFLDWHG�ZLWK�07%(�LQ�WKH�ZHOOV�LQ�
WKH�VWXG\�DUHD��ZLWK�WKH�XUEDQ�DQG�ORZ�GHQVLW\�
UHVLGHQWLDO�DUHDV�KDYLQJ�PRUH�07%(�GHWHFWLRQV�
WKDQ�XQGHYHORSHG�DUHDV��7KH�PHGLDQ�FRQFHQWUD�
WLRQ�LQ�ZHOOV�ZLWK�GHWHFWDEOH�07%(�ZDV�
���� mJ�/�

$LU�DQG�SUHFLSLWDWLRQ�VDPSOHV�ZHUH�FROOHFWHG�
DW�D�FHQWUDO�ORFDWLRQ�LQ�1RUWK�:LQGKDP��07%(�
ZDV�SUHVHQW�LQ�DOO����DLU�VDPSOHV�FROOHFWHG��DW�
FRQFHQWUDWLRQV�UDQJLQJ�IURP������SSEY�WR�����
SSEY��%HIRUH�0DLQH�RSWHG�RXW�RI�WKH�5)*��UHIRU�
PXODWHG�JDVROLQH��SURJUDP�LQ�0DUFK�������PHGLDQ�
FRQFHQWUDWLRQV�RI�07%(�LQ�DLU�DW�WKH�1RUWK�
:LQGKDP�VLWH�ZHUH������SSEY��ZKLFK�LV�VLPLODU�WR�
FRQFHQWUDWLRQV�PHDVXUHG�DW�D�VLWH�LQ�1HZ�-HUVH\��
$IWHU�0DLQH�VWRSSHG�XVLQJ�5)*��WKH�PHGLDQ�
FRQFHQWUDWLRQ�LQ�DLU�GURSSHG�WR������SSEY��7HFK�
QLFDO�GLIILFXOWLHV�DQG�ODFN�RI�UDLQIDOO�GXULQJ�WKH�
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VWXG\�SHULRG�SUHYHQWHG�WKH�VWXG\�IURP�FROOHFWLQJ�D�
VLJQLILFDQW�QXPEHU�RI�SUHFLSLWDWLRQ�VDPSOHV�DQG�QR�
07%(�ZDV�GHWHFWHG�LQ�WKH�IRXU�SUHFLSLWDWLRQ�
VDPSOHV�REWDLQHG�

2Q�WKH�EDVLV�RI�WKH�HTXLOLEULXP�SDUWLWLRQLQJ�
RI�07%(�IURP�WKH�DLU�LQWR�UDLQ��WKH�SUHGLFWHG�
DYHUDJH�FRQFHQWUDWLRQ�RI�07%(�LQ�UDLQIDOO�GXULQJ�
PRQWKV�ZKHQ�UHFKDUJH�W\SLFDOO\�WDNHV�SODFH�
�2FWREHU�'HFHPEHU�DQG�0DUFK�$SULO��LV�DSSUR[L�
PDWHO\�����WR�����mJ�/�ZKHQ�0DLQH�ZDV�XVLQJ�
5)*�DQG�DSSUR[LPDWHO\�����mJ�/�DIWHU�WKH�
SKDVHRXW�RI�5)*��7KH�FRQFHQWUDWLRQ�EHIRUH�WKH�
SKDVHRXW�ZRXOG�EH�GHWHFWDEOH�LQ�JURXQG�ZDWHU�LI�
WKH�UHFKDUJH�UHDFKHG�WKH�ZDWHU�WDEOH�ZLWK�QR�GHJUD�
GDWLRQ�RI�07%(��$IWHU�WKH�SKDVHRXW��LW�LV�XQOLNHO\�
WKDW�07%(�IURP�UHFKDUJH�ZRXOG�EH�GHWHFWDEOH�LQ�
JURXQG�ZDWHU�

$Q�DQDO\VLV�RI�WKH�GLVWULEXWLRQ�DQG�FRQFHQ�
WUDWLRQV�RI�07%(�WKDW�ZHUH�GHWHFWHG�LQ�JURXQG�
ZDWHU�LQGLFDWHV�WKDW�UHFKDUJH�IURP�SUHFLSLWDWLRQ�

FRQWDLQLQJ�07%(�LV�QRW�D�OLNHO\�H[SODQDWLRQ�IRU�
WKH�RFFXUUHQFH�RI�07%(�LQ�WKH�:LQGKDP�DTXLIHU��
7KH�PHGLDQ�FRQFHQWUDWLRQ�RI�07%(�IRXQG�LQ�
JURXQG�ZDWHU�LV������mJ�/��ZKLOH�WKH�PHGLDQ�DLU�
ZDWHU�HTXLOLEULXP�FRQFHQWUDWLRQ�IRU�WKH����DLU�
VDPSOHV�ZDV������mJ�/��DQG�WKH�K\SRWKHWLFDO�HTXL�
OLEULXP�FRQFHQWUDWLRQ�RI�UDLQIDOO�GXULQJ�UHFKDUJH�
PRQWKV�ZRXOG�KDYH�EHHQ��DW�WKH�KLJKHVW������mJ�/�
ZKHQ�5)*�ZDV�LQ�XVH��,Q�DGGLWLRQ��WKH�VWURQJ�DVVR�
FLDWLRQ�RI�07%(�ZLWK�ODQG�XVH�DQG�DTXLIHU�WUDQV�
PLVVLYLW\�K\GUDXOLF�FRQGXFWLYLW\�VXJJHVWV�D�ODQG�
EDVHG�VRXUFH��7KH�PHFKDQLVPV�E\�ZKLFK�07%(�
HQWHUV�WKH�DTXLIHU�ZHUH�QRW�GLIIHUHQWLDWHG�LQ�WKLV�
VWXG\��7KH�0DLQH�6WDWH�VWXG\�RI�07%(�WHQWDWLYHO\�
LGHQWLILHG�YHU\�VPDOO�VSLOOV�RI�JDVROLQH�DVVRFLDWHG�
ZLWK�ILOOLQJ�RI�ODZQ�FDUH�HTXLSPHQW�IXHO�WDQNV��
UHFUHDWLRQDO�YHKLFOH�WDQNV��DQG�DXWRPRELOH�WDQNV�DV�
OLNHO\�EHLQJ�UHVSRQVLEOH�IRU�WKH�PDMRULW\�RI�WKH�ORZ�
OHYHOV�RI�07%(�IRXQG�
�� 0HWK\O�WHUW�%XW\O�(WKHU��07%(��LQ�*URXQG�:DWHU��$LU��DQG�3UHFLSLWDWLRQ�DW�1RUWK�:LQGKDP��0DLQH
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%DHKU��$�/���&KDUOHV��(�*���DQG�%DNHU��5�-���LQ�SUHVV��0HWK\O�
WHUW�EXW\O�HWKHU�GHJUDGDWLRQ�LQ�WKH�XQVDWXUDWHG�]RQH�DQG�
WKH�UHODWLRQ�EHWZHHQ�07%(�LQ�WKH�DWPRVSKHUH�DQG�VKDO�
ORZ�JURXQG�ZDWHU��:DWHU�5HVRXUFHV�5HVHDUFK�

%DHKU��$�/���6WDFNHOEHUJ��3�(���DQG�%DNHU��5�-���������(YDOX�
DWLRQ�RI�WKH�DWPRVSKHUH�DV�D�VRXUFH�RI�YRODWLOH�RUJDQLF�
FRPSRXQGV�LQ�VKDOORZ�JURXQGZDWHU��:DWHU�5HVRXUFHV�
5HVHDUFK��Y������QR�����S����������

%DHKU��$�/��DQG�=DSHF]D��2�6���������0HWK\O WHUW�EXW\O�HWKHU�
�07%(��DQG�RWKHU�YRODWLOH�RUJDQLF�FRPSRXQGV�LQ�ODNHV�
LQ�%\UDP�7RZQVKLS��6XVVH[�&RXQW\��1HZ�-HUVH\��VXP�
PHU�������8�6��*HRORJLFDO�6XUYH\�:DWHU�5HVRXUFHV�
,QYHVWLJDWLRQV�5HSRUW������������S�

%DUNHU��-�)���*LOOKDP��5�:���/HPRQ��/���0D\ILHOG��&�,���
3RXOVHQ��0���DQG�6XGLFNH\��(�$���������&KHPLFDO�IDWH�
DQG�LPSDFW�RI�R[\JHQDWHV�LQ�JURXQGZDWHU²6ROXELOLW\�
RI�%7(;�IURP�JDVROLQH²2[\HQDWH�FRPSRXQGV��:DVK�
LQJWRQ��'�&���$PHULFDQ�3HWUROHXP�,QVWLWXWH�3XEOLFDWLRQ�
���������S�

%RXZHU��+��DQG�5LFH��5�&���������$�VOXJ�WHVW�IRU�GHWHUPLQLQJ�
K\GUDXOLF�FRQGXFWLYLW\�RI�XQFRQILQHG�DTXLIHUV�ZLWK�
FRPSOHWHO\�RU�SDUWLDOO\�SHQHWUDWLQJ�ZHOOV��:DWHU�
5HVRXUFHV�5HVHDUFK��Y������S����������

'HO]HU��*�&���=RJRUVNL��-�6���/RSHV��7�-���DQG�%RVVKDUW��5�/���
������2FFXUUHQFH�RI�WKH�JDVROLQH�R[\JHQDWH�07%(�DQG�
%7(;�FRPSRXQGV�LQ�XUEDQ�VWRUPZDWHU�LQ�WKH�8QLWHG�
6WDWHV�������������8�6��*HRORJLFDO�6XUYH\�:DWHU�
5HVRXUFHV�,QYHVWLJDWLRQV�5HSRUW������������S�

*HUEHU��5REHUW�*��,QF���������:LQGKDP�JURXQG�ZDWHU�
UHVRXUFH�HYDOXDWLRQ��3KDVH����)UHHSRUW��0DLQH��5REHUW�
*��*HUEHU��,QF���)UHHSRUW��0DLQH��UHSRUW�GDWHG�0D\�����
���������S��SOXV�WDEOHV��ILJXUHV��DSSHQGL[HV��VKHHWV�

*UDG\��6�-���������'LVWULEXWLRQ�RI�07%(�LQ�JURXQG�ZDWHU�LQ�
1HZ�(QJODQG�E\�DTXLIHU�W\SH�DQG�ODQG�XVH��LQ�$PHULFDQ�
&KHPLFDO�6RFLHW\�'LYLVLRQ�RI�(QYLURQPHQWDO�&KHPLV�
WU\�SUHSULQWV�RI�H[WHQGHG�DEVWUDFWV�����WK��6DQ�)UDQ�
FLVFR��&DOLI���$SULO�������Y������QR�����S����������

+HOVHO��'�5���DQG�+LUVFK��5�0���������6WDWLVWLFDO�PHWKRGV�LQ�
ZDWHU�UHVRXUFHV��1HZ�<RUN��1HZ�<RUN��(OVHYLHU�6FL�
HQFH�3XEOLVKLQJ�&RPSDQ\��,QF�������S�

.QR[��&�(���DQG�1RUGHQVRQ��7�-���������$YHUDJH�DQQXDO�UXQ�
RII�DQG�SUHFLSLWDWLRQ�LQ�WKH�1HZ�(QJODQG�1HZ�<RUN�
DUHD��8�6��*HRORJLFDO�6XUYH\�+\GURORJLF�,QYHVWLJD�
WLRQV�$WODV�+$������VKHHWV��VFDOH�������������

.RWHUED��0�7���:LOGH��)�'���DQG�/DSKDP��:�:���������
*URXQG�ZDWHU�GDWD�FROOHFWLRQ�SURWRFROV�DQG�SURFHGXUHV�
IRU�WKH�1DWLRQDO�:DWHU�4XDOLW\�$VVHVVPHQW�3UR�
JUDP²&ROOHFWLRQ�DQG�GRFXPHQWDWLRQ�RI�ZDWHU�TXDOLW\�
VDPSOHV�DQG�UHODWHG�GDWD��8�6��*HRORJLFDO�6XUYH\�
2SHQ�)LOH�5HSRUW�������������S�

/RSHV��7�-���DQG�%HQGHU��'�$���������1RQSRLQW�VRXUFHV�RI�
YRODWLOH�RUJDQLF�FRPSRXQGV�LQ�XUEDQ�DUHDV²UHODWLYH�
LPSRUWDQFH�RI�ODQG�VXUIDFHV�DQG�DLU��(QYLURQPHQWDO�
3ROOXWLRQ��Y�������S����������

/\IRUG��)��3���DQG�&RKHQ��$�-���������(VWLPDWLRQ�RI�ZDWHU�
DYDLODEOH�IRU�UHFKDUJH�WR�VDQG�DQG�JUDYHO�DTXLIHUV�LQ�WKH�
JODFLDWHG�1RUWKHDVWHUQ�8QLWHG�6WDWHV��LQ�5DQGDOO��$�'��
DQG�-RKQVRQ��$�,���HGV���������5HJLRQDO�DTXLIHU�V\VWHPV�
RI�WKH�8QLWHG�6WDWHV±WKH�QRUWKHDVW�JODFLDO�DTXLIHUV��
$PHULFDQ�:DWHU�5HVRXUFHV�$VVRFLDWLRQ�0RQRJUDSK�
6HULHV���������S�

0DLQH�'HSDUWPHQW�RI�+XPDQ�6HUYLFHV��������$Q�DVVHVVPHQW�
RI�WKH�KHDOWK�DIIHFWV�RI�UHIRUPXODWHG�JDVROLQH�LQ�0DLQH��
D�UHSRUW�SUHVHQWHG�E\�WKH�WDVN�IRUFH�RQ�KHDOWK�HIIHFWV�RI�
UHIRUPXODWHG�JDVROLQH��$XJXVWD��0DLQH��$SULO�������
�� S�

0DLQH��6WDWH�RI��������7KH�SUHVHQFH�RI�07%(�DQG�RWKHU�JDV�
ROLQH�FRPSRXQGV�LQ�0DLQH¶V�GULQNLQJ�ZDWHU²0DLQH�
07%(�GULQNLQJ�ZDWHU�VWXG\��SUHOLPLQDU\�UHSRUW��2FWR�
EHU�����������$XJXVWD��0DLQH��0DLQH�%XUHDX�RI�+HDOWK��
'HSDUWPHQW�RI�+XPDQ�6HUYLFHV��%XUHDX�RI�:DVWH�0DQ�
DJHPHQW�DQG�5HPHGLDWLRQ��'HSDUWPHQW�RI�(QYLURQPHQ�
WDO�3URWHFWLRQ��0DLQH�*HRORJLFDO�6XUYH\��'HSDUWPHQW�
RI�&RQVHUYDWLRQ�����S�����ILJXUHV�

0RUDQ��0�-���=RJRUVNL��-�6���DQG�6TXLOODFH��3�-���������
07%(�LQ�JURXQG�ZDWHU�RI�WKH�8QLWHG�6WDWHV±2FFXU�
UHQFH��SRWHQWLDO�VRXUFHV��DQG�ORQJ�UDQJH�WUDQVSRUW��LQ�
:DWHU�5HVRXUFHV�&RQIHUHQFH��$PHULFDQ�:DWHU�:RUNV�
$VVRFLDWLRQ��1RUIRON��9D���6HSW��������������>3URFHHG�
LQJV@��$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ��'HQYHU��
&ROR�

1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ�������
����&OLPDWRORJLFDO�GDWD��DQQXDO�VXPPDULHV��1HZ�
(QJODQG�����������$VKHYLOOH��1RUWK�&DUROLQD��1DWLRQDO�
2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��Y����������
YDULRXV�SDJLQDWLRQ�

1HLO��&�'���������6LJQLILFDQW�VDQG�DQG�JUDYHO�DTXLIHUV�LQ�WKH�
1RUWK�:LQGKDP�TXDGUDQJOH��0DLQH��0DLQH�*HRORJLFDO�
6XUYH\��2SHQ�)LOH�0DS���������VFDOH����������

1LFKROV��:�-���DQG�6LOYHUPDQ��3�1���������+\GURORJLF�GDWD�
IRU�WKH�3UHVXPSVFRW�5LYHU�%DVLQ��&XPEHUODQG�DQG�
2[IRUG�&RXQWLHV��0DLQH������WR�������8�6��*HRORJLFDO�
6XUYH\�2SHQ�)LOH�5HSRUW������������S�

2WW��/�5���������$Q�LQWURGXFWLRQ�WR�VWDWLVWLFDO�PHWKRGV�DQG�
GDWD�DQDO\VLV²�WK�HG���%HOPRQW��&DOLI���:DGVZRUWK�
3XEOLVKLQJ�&R��������S���DSSHQGL[HV�

3DQNRZ��-�)���/XR��:���,VDEHOOH��/�0���%HQGHU��'�$���DQG�
%DNHU��5�-���������'HWHUPLQDWLRQ�RI�D�ZLGH�UDQJH�RI�YRO�
DWLOH�RUJDQLF�FRPSRXQGV�LQ�DPELHQW�DLU�XVLQJ�PXOWLVRU�
EHQW�DGVRUSWLRQ�WKHUPDO�GHVRUSWLRQ�DQG�JDV�
FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\��$QDO\WLFDO�&KHP�
LVWU\��Y������QR������S������������
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3DQNRZ��-�)���7KRPSVRQ��1�5���-RKQVRQ��5�-���%DHKU��$�/���
DQG�=RJRUVNL��-�6���������7KH�XUEDQ�DWPRVSKHUH�DV�D�
QRQSRLQW�VRXUFH�IRU�WKH�WUDQVSRUW�RI�07%(�DQG�RWKHU�
YRODWLOH�RUJDQLF�FRPSRXQGV��92&V��WR�VKDOORZ�JURXQG�
ZDWHU��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\�Y������
QR������S������������

3OXKRZVNL��(�-���DQG�.DQWURZLW]��,�+���������+\GURORJ\�RI�
WKH�%DE\ORQ�,VOLS�DUHD��6XIIRON�&RXQW\��/RQJ�,VODQG��
1HZ�<RUN��8�6��*HRORJLFDO�6XUYH\�:DWHU�6XSSO\�
3DSHU�����������S�

3XOV��5�:���DQG�%DUFHORQD��0�-���������/RZ�IORZ��PLQLPDO�
GUDZGRZQ��JURXQG�ZDWHU�VDPSOLQJ�SURFHGXUHV��8�6��
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�5HVHDUFK�%ULHI�
(3$�����6���������

5REELQV��*��$���+HQHEU\��%�-���6FKPLWW��%�0���%DUWRORPHR��
)�%���*UHHQ��$���DQG�=DFN��3���������(YLGHQFH�IRU�
07%(�LQ�KHDWLQJ�RLO��*URXQG�:DWHU�0RQLWRULQJ�DQG�
5HPHGLDWLRQ��Y������QR�����S���������

5REELQV��*��$���:DQJ��6���DQG�6WXDUW��-�'���������8VLQJ�WKH�
KHDGVSDFH�PHWKRG�WR�GHWHUPLQH�+HQU\¶V�/DZ�FRQVWDQWV��
$QDO\WLFDO�&KHPLVWU\��Y������QR�����S����������

6KDZ��'���������0XOWL�UHVROXWLRQ�ODQG�FKDUDFWHULVWLFV�GRFX�
PHQWDWLRQ�QRWHERRN��05/&�FRQVRUWLXP�XQSXEOLVKHG�
GRFXPHQW��>$YDLODEOH�RQ�WKH�:RUOG�:LGH�:HE�DW�
KWWS���ZZZ�HSD�JRY�GRFV�JUG�PUOF�@

6TXLOODFH��3�-���3DQNRZ��-�)���.RUWH��1�(���DQG�=RJRUVNL��-�6���
������(QYLURQPHQWDO�EHKDYLRU�DQG�IDWH�RI�PHWK\O�WHUW�
EXW\O�HWKHU��07%(���8�6��*HRORJLFDO�6XUYH\�)DFW�
6KHHW�)6�����������S�

6TXLOODFH��3�-���3DQNRZ��-�)���.RUWH��1�(���DQG�=RJRUVNL��-�6���
������5HYLHZ�RI�WKH�HQYLURQPHQWDO�EHKDYLRU�DQG�IDWH�RI�
PHWK\O�WHUW�EXW\O�HWKHU��(QYLURQPHQWDO�7R[LFRORJ\�DQG�
&KHPLVWU\��Y������QR�����6HSW��������S������������

6TXLOODFH��3�-���3RSH��'�$���DQG�3ULFH��&�9���������2FFXU�
UHQFH�RI�WKH�JDVROLQH�DGGLWLYH�07%(�LQ�VKDOORZ�JURXQG�
ZDWHU�LQ�XUEDQ�DQG�DJULFXOWXUDO�DUHDV��8�6��*HRORJLFDO�
6XUYH\�)DFW�6KHHW�)6�����������S�

6TXLOODFH��3�-���=RJRUVNL��-�6���:LOEHU��:�*���DQG�3ULFH��&�9���
������3UHOLPLQDU\�DVVHVVPHQW�RI�WKH�RFFXUUHQFH�DQG�
SRVVLEOH�VRXUFHV�RI�07%(�LQ�JURXQGZDWHU�LQ�WKH�8QLWHG�
6WDWHV�������������(QYLURQPHQWDO�6FLHQFH�DQG�7HFK�
QRORJ\��Y������QR�����S�������������

6WDFNHOEHUJ��3�(���2¶%ULHQ��$�.���DQG�7HUUDFFLDQR��6�$���
������2FFXUUHQFH�RI�07%(�LQ�VXUIDFH�DQG�JURXQG�
ZDWHU��/RQJ�,VODQG��1HZ�<RUN��DQG�1HZ�-HUVH\��LQ�
$PHULFDQ�&KHPLFDO�6RFLHW\�'LYLVLRQ�RI�(QYLURQPHQWDO�
&KHPLVWU\�SUHSULQWV�RI�H[WHQGHG�DEVWUDFWV�����WK��6DQ�
)UDQFLVFR��&DOLI���$SULO�������Y������QR�����S����������

9RJHOPDQ��-�(���6RKO��7���&DPSEHOO��3�9���DQG�6KDZ��'�0���
������5HJLRQDO�ODQG�FRYHU�FKDUDFWHUL]DWLRQ�XVLQJ�/DQG�
VDW�WKHPDWLF�PDSSHU�GDWD�DQG�DQFLOODU\�GDWD�VRXUFHV��
(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW��Y������S��
��������

=RJRUVNL��-�6���'HO]HU��*�&���%HQGHU��'�$���6TXLOODFH��3�-���
/RSHV��7�-���%DHKU��$�/���6WDFNHOEHUJ��3�(���/DQGHP�
H\HU��-�(���%RXJKWRQ��&�-���/LFR��0�6���3DQNRZ��-�)���
-RKQVRQ��5�/���DQG�7KRPSVRQ��1�5���������
07%(²6XPPDU\�RI�ILQGLQJV�DQG�UHVHDUFK�E\�WKH�8�6��
*HRORJLFDO�6XUYH\��LQ�$QQXDO�&RQIHUHQFH�RI�WKH�$PHU�
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