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1R�SDUW�RI� WKLV�ZRUN�FRYHUHG�E\�FRS\ULJKW�PD\�EH�UHSURGXFHG�RU�FRSLHG� LQ�DQ\�IRUP�RU�E\�
DQ\� PHDQV� �JUDSKLF�� HOHFWURQLF� RU� PHFKDQLFDO�� LQFOXGLQJ� SKRWRFRS\LQJ�� UHFRUGLQJ�� WDSLQJ��
LQIRUPDWLRQ�UHWULHYDO�V\VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��
�
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&RQWHQWV�
�

6XPPDU\��������������������������������������������������������������������������������������������������������������������������� ��
��� ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������� ��
��� %DFNJURXQG����������������������������������������������������������������������������������������������������������������������� ��

���� 6LWH�GHVFULSWLRQ�������������������������������������������������������������������������������������������������������� ��
��� 2EMHFWLYHV ������������������������������������������������������������������������������������������������������������������������� ��
��� 0HWKRGV�DQG�5HVXOWV��������������������������������������������������������������������������������������������������������� ��

���� )LHOG�WULS�DQG�SUHOLPLQDU\�VDPSOLQJ ������������������������������������������������������������������������ ��
���� /RQJLWXGLQDO�VWXG\��������������������������������������������������������������������������������������������������� ��
���� 6HOHFWLRQ�RI�UHPHGLDWLRQ�V\VWHPV�������������������������������������������������������������������������� ���
���� 2YHUYLHZ ��������������������������������������������������������������������������������������������������������������� ���

��� 6XPPDU\������������������������������������������������������������������������������������������������������������������������� ���
��� 5HFRPPHQGDWLRQV����������������������������������������������������������������������������������������������������������� ���
��� 5HIHUHQFH ������������������������������������������������������������������������������������������������������������������������ ���

$SSHQGL[��� $GGLWLRQDO�ILHOG�REVHUYDWLRQV�FROOHFWHG�GXULQJ�ORQJLWXGLQDO�VWXG\ ���������� ���
�
�
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6XPPDU\�
�
3URMHFW�DQG�&OLHQW�
7KLV� UHSRUW� IXOILOV� D� WUDLQLQJ� UHTXHVW� IURP� WKH� :HVW� &RDVW� 5HJLRQDO� &RXQFLO� XQGHU� DQ�
(QYLUROLQN�*UDQW� �:&5&��� DQG� RXWOLQHV� D� FDVH� VWXG\� WR� GHPRQVWUDWH� WKH� VWHSV� UHTXLUHG� WR�
VHOHFW� DSSURSULDWH� UHPHGLDWLRQ� RSWLRQV� IRU� DFLG� PLQH� GLVFKDUJHV� �$0'�� IURP� DEDQGRQHG�
PLQHV� RQ� WKH� :HVW� &RDVW�� 6SHFLILFDOO\�� LW� RXWOLQHV� WKH� DSSURDFK� WR� FROOHFWLRQ� RI� WKH� GDWD�
UHTXLUHG��DQG�LQWHUSUHWDWLRQ�RI�WKRVH�GDWD�WR�GHWHUPLQH�SRWHQWLDO�UHPHGLDWLRQ�RSWLRQV��7KH�FDVH�
VWXG\�ZDV�XQGHUWDNHQ�DW�&DQQHO�&UHHN��QRUWK�HDVW�RI�*UH\PRXWK��
�
2EMHFWLYHV�
•� 'HPRQVWUDWH� VDPSOLQJ� WHFKQLTXHV� DQG� H[SODLQ� EDFNJURXQG� WR� VDPSOLQJ� VWUDWHJLHV� IRU�

GHWHUPLQLQJ� UHPHGLDWLRQ� RSWLRQV� IRU� $0'�� WR� :HVW� &RDVW� 5HJLRQDO� &RXQFLO� VWDII�
PHPEHUV�GXULQJ�D�ILHOG�WULS�WR�DQG�ORQJLWXGLQDO�VWXG\�RI�&DQQHO�&UHHN��

•� &ROODWH� LQ� D� UHSRUW� WKH� UHVXOWV� RI� WKH� VDPSOLQJ� XQGHUWDNHQ� DQG� RXWOLQH� WKH� GDWD�
LQWHUSUHWDWLRQ�UHTXLUHG�WR�VHOHFW�UHPHGLDWLRQ�RSWLRQV��

�
0HWKRGV�DQG�5HVXOWV�
$� SUHOLPLQDU\� ILHOG� WULS�� DQG� D� ORQJLWXGLQDO� VWXG\� RI� ZDWHU� TXDOLW\� DORQJ� &DQQHO� &U� ZHUH�
XQGHUWDNHQ��7KH�ILHOG�WULS�LQWURGXFHG�WKH�WKHRU\�EHKLQG�DFLG�PLQH�GUDLQDJH�DQG�VHOHFWLRQ�RI�
UHPHGLDWLRQ�RSWLRQV��DQG�LQFOXGHG�LQLWLDO�FROOHFWLRQ�RI�ZDWHU�VDPSOHV�IRU�ODERUDWRU\�DQDO\VHV��
7KH�ORQJLWXGLQDO�VWXG\�HQDEOHG�DVVHVVPHQW�RI�WKH�UHODWLYH�LPSDFW�RI�GLIIHUHQW�LQSXWV�WR�&DQQHO�
&N��7KH�UHVXOWV�ZHUH��
•� $� PDUNHG� GHFUHDVH� LQ� S+� LQ� &DQQHO� &UHHN� IURP� ����� WR� ����� DQG� HOHYDWLRQ� LQ� WKH�

FRQFHQWUDWLRQV� RI� WKH� GRPLQDQW� FRQWDPLQDQWV� LQ� WKH� $0'�� LURQ� DQG� DOXPLQLXP��
GRZQVWUHDP�RI�%HOOYXH�0LQH�GXULQJ�SUHOLPLQDU\�VDPSOLQJ��

•� %HOOYXH� 0LQH� $0'� LV� WKH� SULPDU\� VRXUFH� RI� $0'� WR� &DQQHO� &UHHN� FRQWULEXWLQJ�
DSSUR[LPDWHO\�����RI�WKH�WRWDO�K\GURJHQ�LRQ�LPSDFW�WR�&DQQHO�&UHHN��

•� $� VHFRQG� DGLW� GRZQVWUHDP� RI� WKH� %HOOYXH�0LQH� DQG� RQ� WKH� WUXH� ULJKW� EDQN� RI� &DQQHO�
&UHHN�FRQWULEXWHV�DSSUR[LPDWHO\�����RI�WKH�WRWDO�K\GURJHQ�LRQ�LPSDFW���

•� 5HPHGLDWLRQ�RI� WKH�%HOOYXH�$0'�ZRXOG� OLNHO\�UHVXOW� LQ�D�VLJQLILFDQW�UHVWRUDWLRQ�RI� WKH�
ZDWHU�TXDOLW\�LQ�&DQQHO�&UHHN��

•� 7KH�%HOOYXH�0LQH�$0'� HPDQDWHV� IURP� DQ� DQR[LF� SRRO� LQ� WKH� DGLW� DQG� IORZV� GRZQ� D�
VWHHS�� ���P�ORQJ� FDVFDGH� DQG� R[LGLVLQJ� RU� UHGXFLQJ� V\VWHPV� PD\� EH� DSSURSULDWH� IRU�
UHPHGLDWLRQ��2[LGLVLQJ�V\VWHPV�VXFK�DV�RSHQ� OLPHVWRQH�FKDQQHOV�RU�GLYHUVLRQ�ZHOOV�DUH�
OLNHO\� WR� EH� PRVW� DSSURSULDWH� LI� V\VWHPV� DUH� FRQVWUXFWHG� RQ� RU� EHORZ� WKH� FDVFDGH��
5HGXFLQJ�V\VWHPV�VXFK�DV�DQ�DQR[LF�OLPHVWRQH�GUDLQ�RU�D�YHUWLFDO�IORZ�ZHOO�PD\�EH�PRVW�
DSSURSULDWH�LI�V\VWHPV�DUH�FRQVWUXFWHG�QHDU�WKH�SRRO�LQ�WKH�DGLW��

�
5HFRPPHQGDWLRQV�
•� $GGLWLRQDO� GDWD� WKDW� FDSWXUHV� WKH� YDULDWLRQ� LQ� ZDWHU� FKHPLVWU\� DQG� IORZ� UDWHV� RI� WKH�

%HOOYXH�$0'��LV�UHTXLUHG�SULRU�WR�VHOHFWLQJ�SRWHQWLDO�UHPHGLDWLRQ�RSWLRQV��2QFH�SRWHQWLDO�
VROXWLRQV�KDYH�EHHQ�LGHQWLILHG��LW�LV�UHFRPPHQGHG�WKDW�VPDOO�VFDOH�WULDOV�EH�FRQVWUXFWHG�WR�
WHVW�WKH�HIIHFWLYHQHVV�RI�HDFK�SRWHQWLDO�VROXWLRQ��

�
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��� ,QWURGXFWLRQ�
�
7KLV� UHSRUW� IXOILOV� D� WUDLQLQJ� UHTXHVW� IURP� WKH� :HVW� &RDVW� 5HJLRQDO� &RXQFLO� XQGHU� DQ�
(QYLUROLQN�*UDQW� �:&5&��� DQG� RXWOLQHV� D� FDVH� VWXG\� WR� GHPRQVWUDWH� WKH� VWHSV� UHTXLUHG� WR�
VHOHFW� DSSURSULDWH� UHPHGLDWLRQ� RSWLRQV� IRU� DFLG� PLQH� GLVFKDUJHV� �$0'�� IURP� DEDQGRQHG�
PLQHV� RQ� WKH� :HVW� &RDVW�� 6SHFLILFDOO\�� LW� RXWOLQHV� WKH� DSSURDFK� WR� FROOHFWLRQ� RI� WKH� GDWD�
UHTXLUHG��DQG�LQWHUSUHWDWLRQ�RI�WKRVH�GDWD�WR�GHWHUPLQH�SRWHQWLDO�UHPHGLDWLRQ�RSWLRQV��7KH�FDVH�
VWXG\�ZDV�XQGHUWDNHQ�DW�&DQQHO�&UHHN��QRUWK�HDVW�RI�*UH\PRXWK��
�

��� %DFNJURXQG�
�
���� 6LWH�GHVFULSWLRQ�
&DQQHO�&UHHN�KDV� LWV�KHDG�QHDU�6WURQJPDQ�0LQH�DQG� MRLQV�ZLWK�*ULIILQ�&UHHN� WR�GLVFKDUJH�
LQWR� WKH�7DVPDQ�6HD�QRUWK�RI�5DSDKRH��)LJ������ � ,W� UHFHLYHV�GLVFKDUJH�IURP�VHYHUDO�GLVXVHG�
PLQH� DGLWV�� 3RRU� ZDWHU� TXDOLW\�� QDPHO\� ORZHUHG� S+� DQG� KLJK� FRQGXFWLYLW\�� RFFXUV�
GRZQVWUHDP�RI�WKHVH�DGLWV��DQG�LQGLFDWHV�DQ�LPSDFW�DULVLQJ�IURP�DFLG�PLQH�GUDLQDJH��$0'���
7KH�PDMRULW\� RI� WKH�$0'�GLVFKDUJLQJ� LQWR�&DQQHO�&UHHN� DSSHDUV� WR� DULVH� IURP� WKH� DGLW� RI�
%HOOYXH�0LQH��)LJ������DV�S+�LQ�&DQQHO�&UHHN�GURSV�IURP�F����XSVWUHDP�WR�F����GRZQVWUHDP�RI�
WKH�PLQH�DGLW��3UHYLRXV�ZDWHU�TXDOLW\�VDPSOLQJ�VKRZV�WKDW�WKH�$0'�KDV�D�ORZ�S+�������DQG�
KLJK�FRQGXFWLYLW\�������µV�FP���)ORZ�IURP�WKH�DGLW�LV�DSSUR[LPDWHO\���/�V��
�

��
)LJ�����/RFDWLRQ�RI�&DQQHO�&UHHN�DQG�%HOOYXH�0LQH��:HVW�&RDVW��6RXWK�,VODQG�
�

%HOOYXH�0LQH�
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��
)LJ�����$FLG�PLQH�GUDLQDJH�DW�%HOOYXH�0LQH�RQ�WKH�:HVW�&RDVW�RI�1HZ�=HDODQG�
�
�

��� 2EMHFWLYHV�
�
•� 'HPRQVWUDWH� VDPSOLQJ� WHFKQLTXHV� IRU� DQG� EDFNJURXQG� WR� VDPSOLQJ� VWUDWHJLHV� IRU�

GHWHUPLQLQJ� UHPHGLDWLRQ� RSWLRQV� IRU� $0'�� WR� :HVW� &RDVW� 5HJLRQDO� &RXQFLO� VWDII�
PHPEHUV�-RQQ\�+RUUR[�DQG�6WHIIL�+HQNHO�GXULQJ�WKH�IROORZLQJ�DFWLYLWLHV��

o� )LHOG�WULS�DQG�SUHOLPLQDU\�VDPSOLQJ�����-DQXDU\�������
o� /RQJLWXGLQDO� VWXG\� WR� FRQILUP� SULPDU\� VRXUFH� RI� $0'� IRU� &DQQHO� &UHHN� ���

0DUFK��������
•� &ROODWH�LQ�D�UHSRUW�WKH�UHVXOWV�RI�WKH�VDPSOLQJ�XQGHUWDNHQ�DQG�RXWOLQH�KRZ�WKH�GDWD�LV�XVHG�

WR�VHOHFW�UHPHGLDWLRQ�RSWLRQV��
�

��� 0HWKRGV�DQG�5HVXOWV�
�
���� )LHOG�WULS�DQG�SUHOLPLQDU\�VDPSOLQJ�
7KH� ILHOG� WULS� DLPHG� WR� SURYLGH� WKH� WKHRU\� EHKLQG� DFLG�PLQH� GUDLQDJH� DQG� JLYH� D� SUDFWLFDO�
GHPRQVWUDWLRQ�RI�VDPSOLQJ�WHFKQLTXHV�DQG�VWUDWHJLHV�UHTXLUHG�WR�DVVHVV�SRWHQWLDO�UHPHGLDWLRQ�
RSWLRQV��6SHFLILFDOO\��WKH�DVSHFWV�FRYHUHG�ZHUH���
•� 7KH�JHQHUDO�FDXVH�RI�$0'��WKH�H[WHQW�RI�WKH�$0'�SUREOHP�RQ�WKH�:HVW�&RDVW��DQG�WKH�

HIIHFWV�RI�$0'�RQ�WKH�HFRV\VWHP��
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•� 7KH� JHQHUDO� VDPSOLQJ� SODQ� IRU� $0'� VLWHV� LQFOXGLQJ� WKH� UDWLRQDOH� IRU� WKH� DQDO\WHV� IRU�
ZKLFK�WKH�VDPSOHV�DUH�W\SLFDOO\�WHVWHG��

•� 7KH� SRWHQWLDO� FDXVHV� IRU� GLIIHUHQFHV� LQ� IORZ� UDWHV� DQG� FKHPLVWU\� IRU� WZR� DEDQGRQHG�
XQGHUJURXQG�PLQHV��%HOOYXH�DQG�-XELOHH��WKDW�GLVFKDUJH�$0'�WR�&DQQHO�&UHHN���

•� $FWLYH� DQG� SDVVLYH� UHPHGLDWLRQ� WHFKQRORJLHV� XVHG� DW� $0'� VLWHV� DQG� KRZ� VHOHFWLRQ�
DPRQJ�WKHVH�V\VWHPV�LV�EDVHG�RQ�VLWH�SDUDPHWHUV��UHPHGLDWLRQ�JRDOV��ZDWHU�FKHPLVWU\��DQG�
IORZ�UDWHV��

•� 3UDFWLFDO�GHPRQVWUDWLRQ�RI�WHFKQLTXHV�LQFOXGLQJ��
o� 0HDVXUHPHQW�RI�IORZ�UDWHV�RI�WKH�$0'�IURP�WKH�%HOOYXH�0LQH�DQG�RI�&DQQHO�

&UHHN�
o� 0HDVXUHPHQW� RI� ILHOG� ZDWHU�TXDOLW\� DW� ERWK� PLQH� VLWHV� DQG� WKH� UHFHLYLQJ�

VWUHDP��LQFOXGLQJ�S+��FRQGXFWLYLW\��GLVVROYHG�R[\JHQ��DQG�WHPSHUDWXUH��
o� &ROOHFWLRQ� RI� ZDWHU� VDPSOHV� IRU� DQDO\VLV� �KRW� DFLGLW\�� DONDOLQLW\�� VXOSKDWH��

DOXPLQLXP�� LURQ�� PDQJDQHVH�� QLFNHO�� DQG� DUVHQLF� �ERWK� GLVVROYHG� DQG� WRWDO�
FRQFHQWUDWLRQV���IURP�WKH�%HOOYXH�$0'�DQG�IURP�&DQQHO�&UHHN�XSVWUHDP�DQG�
GRZQVWUHDP�RI�WKH�FRQIOXHQFH�ZLWK�WKH�%HOOYXH�$0'���

o� &RQGXFWLRQ�RI�D�WLWUDWLRQ�H[SHULPHQW�RQ�WKH�%HOOYXH�$0'��
�
7KH�UHVXOWV�RI�ILHOG�PHDVXUHPHQWV�DQG�ODERUDWRU\�DQDO\VHV�DUH�SUHVHQWHG�LQ�7DEOH����
�
7DEOH����)LHOG�PHDVXUHPHQWV�DQG�DQDO\WLFDO�UHVXOWV�IRU�VLWH�YLVLW�����-DQXDU\������

��

&DQQHO�&UHHN�
8SVWUHDP�RI�
%HOOYXH�0LQH�
$0'�

&DQQHO�&UHHN�
'RZQVWUHDP�RI�
%HOOYXH�0LQH�
$0'�

%HOOYXH�
0LQH�
$0'�

S+� ����� ����� �����

&RQGXFWLYLW\� ��� ��� �����

'2��J�P��� ����� ����� �����

)ORZ�UDWHV��/�V�� ��� �QRW�PHDVXUHG� �����

+RW�$FLGLW\��J�P��� ��� ��� ����

$ONDOLQLW\��J�P��� �� ��� ���

6XOSKDWH��J�P��� ���� ��� ����

$OXPLQLXP�±�GLVVROYHG��J�P��� ���� ���� ���

,URQ�±�GLVVROYHG��J�P��� ����� ����� ���

0DQJDQHVH�±�GLVVROYHG��J�P��� ������ ������ �����

1LFNHO�±�GLVVROYHG��J�P��� ������ ������ �����

$UVHQLF�±�GLVVROYHG��J�P��� ������� ������� �������

$OXPLQLXP�±�WRWDO��J�P��� ���� ���� ���

,URQ�±�WRWDO��J�P��� ����� ����� ���

0DQJDQHVH�±�WRWDO��J�P��� ������ ������ ����

1LFNHO�±�WRWDO��J�P��� ������ ������ �����

$UVHQLF�±�WRWDO��J�P��� ������� ������� �������
�
7KH�PRVW�PDUNHG�LPSDFW�ZDV�WKH�GHFUHDVH�LQ�S+�LQ�&DQQHO�&UHHN�IURP������WR������DIWHU�WKH�
FRQIOXHQFH� ZLWK� WKH� %HOOYXH�0LQH� $0'�� ,Q� DGGLWLRQ�� WKH� FRQFHQWUDWLRQV� RI� WKH� GRPLQDQW�
FRQWDPLQDQWV�LQ�WKH�$0'��LURQ�DQG�DOXPLQLXP��ZHUH�HOHYDWHG�GRZQVWUHDP�RI�%HOOYXH�0LQH��
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7KLV�HOHYDWLRQ�LV�IXUWKHU�KLJKOLJKWHG�LI� WKH�IOX[��JUDPV�SHU�VHFRQG��RI� WKHVH�FRQWDPLQDQWV� LV�
FRQVLGHUHG��,Q�WKLV�FDVH��WKH�WRWDO�LURQ�SUHVHQW�LQ�WKH�VWUHDP�LQFUHDVHG��IURP������J�V�XSVWUHDP�
RI�WKH�$0'�WR������J�V�GRZQVWUHDP��7RWDO�DOXPLQLXP�LQFUHDVHG�IURP������WR������J�V��
�

7LWUDWLRQ�H[SHULPHQW�
6HTXHQWLDO� WLWUDWLRQ� RI� $0'� ZLWK� D� EDVH� VROXWLRQ� KDV� UHFHQWO\� EHHQ� IRXQG� E\� WKH� $0'�
UHVHDUFK� FRPPXQLW\� LQ� WKH�86$� WR� EH� XVHIXO� IRU� GHWHUPLQLQJ� UHPHGLDWLRQ� UHTXLUHPHQWV� WR�
WUHDW� $0'� WR� VSHFLILHG� OHYHOV�� 6SHFLILFDOO\�� LW� DVVLVWV� LQ� GHWHUPLQLQJ� WKH� DPRXQW� RI�
QHXWUDOLVLQJ� PDWHULDO� QHHGHG� WR� WUHDW� WKH� $0'� WR� D� VSHFLILHG� S+� OHYHO� RU� D� VSHFLILHG�
FRQFHQWUDWLRQ�RI�LURQ�RU�DOXPLQLXP��%ULHIO\��WKH�WLWUDWLRQ�LV�FRQGXFWHG�E\�DGGLQJ�����PO�RI����
1D2+� WR� ���� PO� RI� $0'� DQG� DQDO\VLQJ� WKH� VROXWLRQ� IRU� S+� DQG� GLVVROYHG� LURQ� DQG�
DOXPLQLXP��7KLV�SURFHVV�LV�UHSHDWHG�XQWLO�WKH�UHVXOWLQJ�S+�RI�WKH�$0'�LV�����
�
7KH� UHVXOWV� IRU� WKH�%HOOYXH�0LQH�ZDWHU� VDPSOH� VKRZ� WKDW� WKH�PDMRULW\� RI� LURQ� SUHFLSLWDWHV�
IURP�VROXWLRQ�DW�D�S+�RI�DSSUR[LPDWHO\���DQG�WKDW�DOXPLQLXP�SUHFLSLWDWHV�VWHDGLO\�IURP�S+���
WR������)LJ������2QFH�WKH�JRDOV�IRU�ZDWHU�TXDOLW\�WUHDWPHQW�DUH�GHWHUPLQHG�IRU�D�VLWH�VXFK�DV�WKH�
%HOOYXH� $0'�� WKHVH� WLWUDWLRQ� GDWD� FDQ� EH� XVHG� WR� GHVLJQ� DQ� DSSURSULDWHO\� VL]HG� WUHDWPHQW�
V\VWHP��
�

�
�
�
�
�
�
�
�

� � � � � � �
1D2+�DGGHG��PO�

S+

�
��
��
��
��
��
��
��
��

J�P�

S+ 'LVVROYHG�,URQ 'LVVROYHG�$OXPLQLXP
��

)LJ���� �&KDQJHV� LQ�S+�DQG�GLVVROYHG�PHWDO� FRQFHQWUDWLRQ�GXULQJ� WLWUDWLRQ�RI�%HOOYXH�$0'�
ZLWK����1D2+��
�
�
���� /RQJLWXGLQDO�VWXG\�
'XULQJ�WKH�LQLWLDO�ILHOG�WULS�LQ�-DQXDU\��WKH�SRWHQWLDO�IRU�RWKHU�$0'�VRXUFHV�DIIHFWLQJ�&DQQHO�
&UHHN�ZDV� GLVFXVVHG��$� QXPEHU� RI� DEDQGRQHG� XQGHUJURXQG�PLQHV� GRZQVWUHDP� RI�%HOOYXH�
0LQH�PD\�DOVR�GLVFKDUJH�$0'�LQWR�&DQQHO�&UHHN��)LJ������,I�HDFK�RI�WKHVH�PLQHV�GLVFKDUJHV�
ZDWHU� RI� TXDOLW\� DQG� TXDQWLW\� VLPLODU� WR� WKH� %HOOYXH�0LQH� $0'�� WKHQ� UHPHGLDWLRQ� RI� WKH�
%HOOYXH� $0'� PD\� UHVXOW� LQ� PLQLPDO� LPSURYHPHQW� WR� WKH� TXDOLW\� RI� WKH� ZDWHU� LQ� &DQQHO�
&UHHN��$V�VXFK��D�ORQJLWXGLQDO�VWXG\�WR�GHWHUPLQH�WKH�VLJQLILFDQFH�RI�RWKHU�$0'�VRXUFHV�ZDV�
XQGHUWDNHQ���
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7KLV�VWXG\�ZDV�FRQGXFWHG�RQ���0DUFK������DQG�LQYROYHG�ZDONLQJ�WKH�OHQJWK�RI�&DQQHO�&UHHN�
IURP�WKH�0DJD]LQH�5RDG�%ULGJH��WKH�:&5&�VDPSOLQJ�SRLQW�IRU�&DQQHO�&UHHN��WR�WKH�%HOOYXH�
0LQH�� PDNLQJ� REVHUYDWLRQV� RI� WKH� SK\VLFDO� FRQGLWLRQ� DQG� PHDVXULQJ� ILHOG� SDUDPHWHUV�
SHULRGLFDOO\�LQ�&DQQHO�&UHHN�DQG�HYHU\�LQSXW�WR�&DQQHO�&UHHN��7DEOH����$SSHQGL[�����,QSXWV�
WR�&DQQHO�&UHHN�ZHUH� WZR� WULEXWDULHV� �6LWHV���DQG���� DQG� VL[� VHHSDJHV� LQFOXGLQJ� IRXU� IURP�
PLQH�DGLWV��6LWHV�������������������DQG������)LHOG�REVHUYDWLRQV�LQFOXGHG�UHVXVSHQGDEOH�VROLGV��
ILQH� VHGLPHQW� GHSRVLWV�� LPEHGGHGQHVV�� DQG� ZDWHU� DSSHDUDQFH�� )LHOG� SDUDPHWHUV� PHDVXUHG�
ZHUH�S+��FRQGXFWLYLW\��GLVVROYHG�R[\JHQ�� WHPSHUDWXUH��DQG�IORZ�UDWH��ZLWK� WKH�H[FHSWLRQ�RI�
WKH� ILUVW� WULEXWDU\��� 6HOHFWHG� VDPSOHV� IURP� &DQQHO� &UHHN� ZHUH� FROOHFWHG� IRU� ODERUDWRU\�
DQDO\VLV� IRU� VXOSKDWH�� D� GLDJQRVWLF� DQDO\WH� IRU� $0'�� DQG� DGGLWLRQDO� VDPSOHV� ZHUH� DOVR�
DQDO\VHG�IRU�DFLGLW\��LURQ��WRWDO�DQG�GLVVROYHG���DQG�DOXPLQLXP��WRWDO�DQG�GLVVROYHG����
�
7KH�S+�IURP�HDFK�RI�WKH�WZR�WULEXWDULHV�ZDV�JUHDWHU�WKDQ����DQG�IRU�RQH�RI�WKH�VHHSDJHV�IURP�
WKH� JURXQG� WKH� S+� ZDV� JUHDWHU� WKDQ� ��� 7KH� UHPDLQLQJ� ILYH� VHHSDJHV� H[KLELWHG� ORZ� S+�
FKDUDFWHULVWLF� RI� $0'�� 6WDUWLQJ� IURP� WKH�0DJD]LQH� 5RDG� %ULGJH� DQG� H[WHQGLQJ� XSVWUHDP�
DORQJ�&DQQHO�&UHHN��WKHVH�VHHSDJHV�ZHUH��
•� 'UDLQDJH�ZLWK�S+�RI������IURP�DQ�DGLW�RQ�WKH�WUXH�ULJKW�EDQN��6LWH����
•� 'UDLQDJH�ZLWK�D�S+�RI������IURP�DQ�DGLW�RQ�WKH�WUXH�OHIW�EDQN��6LWH����
•� 6HHSDJH�ZLWK�D�S+�RI������IURP�WKH�JURXQG�RQ�WKH�WUXH�OHIW�EDQN��6LWH�����
•� 7KH�%HOOYXH�0LQH�$0'�ZLWK�D�S+�RI�������6LWH�����
•� 7KH�-XELOHH�0LQH�$0'�ZLWK�D�S+�RI�������6LWH�������
�
7KH�VXOSKDWH�UHVXOWV�IRU�WKH�-XELOHH�0LQH�$0'��%HOOYXH�0LQH�$0'��DQG�WKH�DGLW�GUDLQDJH�DW�
6LWH���DOVR�FRQILUP�WKDW�WKHVH�WKUHH�GUDLQDJHV�DUH�$0'��QR�VXOSKDWH�DQDO\VHV�ZHUH�FRQGXFWHG�
IRU�WKH�DGLW�GUDLQDJH�DW�6LWH���RU�WKH�VHHSDJH�DW�6LWH������%DFNJURXQG�VXOSKDWH�FRQFHQWUDWLRQ�
LQ� &DQQHO� &UHHN� �XSVWUHDP� RI� WKH� %HOOYXH� $0'�� ZDV� OHVV� WKDQ� ��� J�P��� 6XOSKDWH� LQ� WKH�
-XELOHH�DQG�%HOOYXH�PLQHV¶�$0'�ZDV�����J�P��DQG�����J�P���UHVSHFWLYHO\��'RZQVWUHDP�RI�
WKH�FRQIOXHQFH�ZLWK�WKHVH�$0'V��WKH�VXOSKDWH�FRQFHQWUDWLRQ�LQ�&DQQHO�&UHHN�ZDV�HOHYDWHG�WR�
����J�P���7KH�DGLW�GUDLQDJH�DW�6LWH���FRQWDLQHG�D�YHU\�KLJK�VXOSKDWH�FRQFHQWUDWLRQ���������
J�P���� ZKLFK� IXUWKHU� HOHYDWHG� WKH� VXOSKDWH� LQ� &DQQHO� &UHHN� WR� ���� J�P��� 'RZQVWUHDP� RI�
6LWH���� WKH� VXOSKDWH�FRQFHQWUDWLRQ� LQ�&DQQHO�&UHHN�GURSSHG� IURP����� WR�����J�P�� DW�6LWH���
�0DJD]LQH�5RDG�%ULGJH���7KLV�VXJJHVWV� WKDW� WKHUH�DUH�QR�RWKHU�VXVSHFWHG�$0'�LPSDFWV�RQ�
&DQQHO� &UHHN� GRZQVWUHDP� RI� 6LWH� �� DQG� VKRZV� WKH� XVHIXOQHVV� RI� VXOSKDWH� LQ� LGHQWLI\LQJ�
VXVSHFWHG�$0'�LPSDFW�RQ�VWUHDPV��
�
,URQ�DQG�DOXPLQLXP�FRQFHQWUDWLRQV�LQ�WKH�GUDLQDJH�DW�6LWH���DQG�LQ�WKH�%HOOYXH�0LQH�$0'�
DOVR�LQGLFDWH�WKDW�WKHVH�DUH�VLJQLILFDQW�$0'�LQSXW�VRXUFHV�WR�&DQQHO�&UHHN��QR�PHWDO�DQDO\VHV�
ZHUH�FRQGXFWHG�RQ�WKH�RWKHU�WKUHH�VXVSHFWHG�$0'V���
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7DEOH���)LHOG�PHDVXUHPHQWV�DQG�DQDO\WLFDO�UHVXOWV�IRU�ORQJLWXGLQDO�VWXG\�FRQGXFWHG�RQ���0DUFK�������

7HPS� &RQG� '2� S+� )ORZ��
+RW�
$FLGLW\�

$O��
GLVVROYHG�

$O�
WRWDO�

)H�
GLVVROYHG�

)H�
WRWDO� 62��

6LWH�

��&�� �X6�FP�� �PJ�/�� �� �/�V�� �J�P��� �J�P��� �J�P��� �J�P��� �J�P��� �J�P��� &RPPHQW�
6LWH����&DQQHO�&N�#����P��X�V�RI�0DJD]LQH�
5G�%ULGJH�

����� ���� �� ���� ����� ���� ����� ����� ����� ���� ���� ��
6LWH����)LUVW�WULEXWDU\�RQ�WUXH�OHIW�RI�&DQQHO�
&N��

����� ���� �� ����� �� �� �� �� �� �� �� ��
6LWH����&DQQHO�&N�#�6LWH��� ����� ���� �� ����� �� �� �� �� �� �� ���� ��
6LWH����&DQQHO�&N�#�6LWH��� ��� ���� �� ����� �� �� �� �� �� �� �� ��
6LWH����6HFRQG�WULEXWDU\�RQ�WUXH�OHIW�RI�&DQQHO�
&N��

����� ���� �� ����� ���� �� �� �� �� �� ��� 7KLV�FUHHN�FRQWDLQV�DEXQGDQW�
PD\IOLHV�DQG�SRWDPRS\UJXV�
VQDLOV�±�WKHUH�LV�KLVWRULFDO�
PLQLQJ�DFWLYLW\�LQ�WKLV�
FDWFKPHQW�

6LWH����&DQQHO�&N�#���P��X�V�RI�6LWH���VHFRQG�
WULEXWDU\�LQIORZ�

����� ���� �� ����� �� �� �� �� �� �� ���� ��
6LWH����$GLW�GUDLQDJH��WUXH�ULJKW� ����� ����� �� ����� ����� ����� ���� ���� ���� ���� ������ ��
6LWH����&DQQHO�&N�#����P��X�V�RI�6LWH���DGLW�
LQIORZ�

����� ���� �� ����� �� �� �� �� �� �� �� ��
6LWH����$GLW�GUDLQDJH��WUXH�OHIW�#����P�X�V�
6LWH���

��� ����� �� ����� ����� �� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#���P��X�V�RI�6LWH���DGLW�
LQIORZ�

����� ���� �� ����� �� �� �� �� �� �� ���� $SSHDUHG�WR�EH�VLJQLILFDQW�ODFN�
RI�LURQ�SUHFLSLWDWH�RQ�VXEVWUDWH�

6LWH�����&DQQHO�&N�#��6LWH���� ��� ���� �� ����� �� �� �� �� �� �� �� ��
6LWH�����6HHSDJH�$�WUXH�OHIW� ����� ���� �� ����� ���� �� �� �� �� �� �� )OXII\�ORRNLQJ�LURQ�SUHFLSLWDWH�
6LWH�����&DQQHO�&N�#����P�X�V�6LWH���� ����� ���� �� ����� �� �� �� �� �� �� �� 'LUW\�GDUN�EURZQ�JUH\�DOJDH�RQ�

VXEVWUDWH�
6LWH�����6HHSDJH�%��WUXH�OHIW� ����� ���� �� ����� ������ �� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#���P�X�V�6LWH���� ����� ���� �� ����� �� �� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#��FOHDULQJ� ����� ���� �� ����� �� �� �� �� �� �� �� ��
6LWH���E��&DQQHO�&N�#�G�V�-XELOHH���P�G�V�RI�
FXOYHUW��

����� ���� ����� ���� �� �� �� �� �� �� �� 6DPSOH�WDNHQ��ORZHU�IORZ�WKDQ�
#�FXOYHUW��QHDUO\�HQWLUH�EHG�
FRYHUHG�LQ�ILQH�)H2[�VHGLPHQW�
�RUDQJH�EURZQ�FRORXU��

6LWH�����&DQQHO�&N�#��G�V�5G�FXOYHUW� ����� ���� �� ����� �� �� �� �� �� �� �� ��
6LWH���D��&DQQHO�&N�#�G�V�-XELOHH��#�H[LW�RI�
FXOYHUW��

����� ���� ����� ����� �� ���� ����� ����� �� ��� ���� ��
6LWH���E��&DQQHO�&N�#���P�G�V�%HOOYXH����P�
X�V�-XELOHH��

����� ���� ����� ����� �� �� �� �� �� �� �� ��
6LWH���F��&DQQHO�&N�#���P�G�V�%HOOYXH� ����� ���� ����� ���� �� �� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#���P�X�V�%HOOYXH� ����� ����� ����� ����� ���� �� ���� ���� ����� ����� ���� 6WUHDPEHG��ZRRG��JUDYHO��OLJKW�

RUDQJH�JUH\�EURZQ���OLJKW�
DQR[LF�VPHOO�ZKHQ�GLVWXUELQJ�
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7HPS� &RQG� '2� S+� )ORZ��
+RW�
$FLGLW\�

$O��
GLVVROYHG�

$O�
WRWDO�

)H�
GLVVROYHG�

)H�
WRWDO� 62��

6LWH�

��&�� �X6�FP�� �PJ�/�� �� �/�V�� �J�P��� �J�P��� �J�P��� �J�P��� �J�P��� �J�P��� &RPPHQW�
WKH�VHGLPHQW�

6LWH�����%HOOHYXH�#�3RRO��0LQH�HQWUDQFH�� ����� ����� ����� ����� �� ���� ��� ��� ��� ���� ���� 6DPSOH�WDNHQ��ORWV�RI�ILQH�
VHGLPHQW�RQ�WKH�ERWWRP�RI�WKH�
SRRO��EXW�QR�)H2[�FRORXU�

6LWH���E��%HOOHYXH�$0'�#����P�X�V�
FRQIOXHQFH�

����� ����� ����� ����� ���� �� �� �� �� �� �� )LODPHQWRXV�DOJDH�RQO\�LQ�VPDOO�
SRROV��EXW�QRW�RQ�VWRQ\�EHG�

6LWH�����-XELOHH�$0'�����P�G�V�0LQH� ����� ����� ����� ����� ���� �� �� �� �� �� ���� 6DPSOH�WDNHQ��)H2[�YLVLEOH�RQ�
VWUHDP�EHG��RUDQJH�FRORXU���a�
����RI�EHG�FRYHUHG�LQ�
ILODPHQWRXV�JUHHQ�DOJDH�������
LQ�SRROV��

�
�
�
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7KH�VLJQLILFDQFH�RI�WKH�GLIIHUHQW�$0'�VRXUFHV�WR�WKH�ZDWHU�TXDOLW\�RI�&DQQHO�&UHHN�FDQ�EH�
GHWHUPLQHG�E\�HVWDEOLVKLQJ�WKH�UHODWLYH�FRQWULEXWLRQ�RI�K\GURJHQ�LRQV�IURP�HDFK�RI�WKH�LQSXWV�
�7DEOH�����7KLV�LQ�WXUQ�FDQ�EH�GHWHUPLQHG�IURP�WKH�S+�DQG�PHWDO�FRQFHQWUDWLRQ�GDWD�FROOHFWHG��
%ULHIO\��K\GURJHQ�LRQV�DUH�GHULYHG�IURP�WZR�VRXUFHV��K\GURJHQ�LRQV�SUHVHQW�LQ�WKH�VROXWLRQ�LQ�
DTXHRXV� IRUP� DW� FRQFHQWUDWLRQV� JUHDWHU� WKDQ� EDFNJURXQG� ZDWHU� �IRU� &DQQHO� &UHHN��
EDFNJURXQG�S+�ZDV��������DQG�K\GURO\VLV�DQG�SUHFLSLWDWLRQ�RI�LURQ�DQG�DOXPLQLXP��$TXHRXV�
K\GURJHQ�LRQV�DUH�PHDVXUHG�DV�XQLWV�RI�S+��ZKLFK�LV�WKH�QHJDWLYH�ORJDULWKP�RI�WKH�K\GURJHQ�
LRQ�FRQFHQWUDWLRQ��+\GURO\VLV�RI�RQH�PROH�RI�GLVVROYHG�IHUULF�LURQ��)H����DQG�SUHFLSLWDWLRQ�RI�
IHUULF�K\GUR[LGH��)H�2+����SURGXFHV� WKUHH�PROHV�RI�K\GURJHQ� LRQV��/LNHZLVH��K\GURO\VLV�RI�
RQH�PROH�RI�DTXHRXV�DOXPLQLXP��$O����DQG�SUHFLSLWDWLRQ�RI�DOXPLQLXP�K\GUR[LGH��$O�2+����
SURGXFHV�WKUHH�PROHV�RI�K\GURJHQ�LRQV��&RPELQLQJ�S+��FRQFHQWUDWLRQV�RI�LURQ�DQG�DOXPLQLXP�
�GLVVROYHG���DQG�IORZ�UDWH�DOORZV�WKH�FDOFXODWLRQ�RI��WKH�WRWDO�ORDG�RI�K\GURJHQ�LRQV�IURP�HDFK�
VRXUFH��,Q�VXPPDU\��WR�GHWHUPLQH�WKH�UHODWLYH�FRQWULEXWLRQ�RI�K\GURJHQ�LRQV�WR�&DQQHO�&UHHN��
WKH�IROORZLQJ�PHWKRGRORJ\�ZDV�XVHG��
��� (LJKW�LQSXW�VRXUFHV�WR�&DQQHO�&UHHN�ZHUH�LGHQWLILHG��ILYH�RI�WKHVH�FODVVLILHG�DV�$0'�DV�

PHQWLRQHG�DERYH���
��� 7KH�WRWDO�K\GURJHQ�LRQ�ORDGLQJ�UDWH�LQ�PROHV�SHU�PLQXWH�IRU�HDFK�VRXUFH�ZDV�FDOFXODWHG��

DVVXPLQJ�DQ\�S+�EHORZ������FRQWULEXWHG�K\GURJHQ�LRQV�DQG�DQ\�LURQ�DQG�DOXPLQLXP�
K\GURO\VLV�FRQWLEXWHG�K\GURJHQ�LRQV��8QIRUWXQDWHO\��LURQ�DQG�DOXPLQLXP�FRQFHQWUDWLRQV�
ZHUH�QRW�GHWHUPLQHG�IRU�WZR�RI�WKH�$0'�VRXUFHV��6LWH���DQG�6LWH�����KRZHYHU��WKH�
UHODWLYH�ORDGLQJ�RI�K\GURJHQ�LRQV�IURP�WKHVH�VRXUFHV�ZRXOG�QRW�EH�JUHDW�FRQVLGHULQJ�
WKHLU�YHU\�ORZ�IORZ�UDWHV��

��� $OO�VRXUFHV�ZHUH�DGGHG�WRJHWKHU�WR�GHWHUPLQH�WKH�WRWDO�ORDGLQJ�RI�K\GURJHQ�LRQV�LQ�
PROHV�SHU�PLQXWH�WR�&DQQHO�&UHHN�IURP�DOO�HLJKW�VRXUFHV��

��� 7KH�SHUFHQWDJH�FRQWULEXWLRQ�WR�WKH�WRWDO�IURP�HDFK�VRXUFH�ZDV�GHWHUPLQHG��
�
8VLQJ�WKLV�DSSURDFK��GRZQVWUHDP�RI�DOO�WKH�LQSXW�VRXUFHV�WR�&DQQHO�&UHHN��WKH�%HOOYXH�$0'�
LV�GHWHUPLQHG� WR�SURYLGH�DSSUR[LPDWHO\�����RI� WKH�K\GURJHQ� LRQV�DQG� WKH�DGMDFHQW�-XELOHH�
0LQH�$0'� LV� UHVSRQVLEOH� IRU� DSSUR[LPDWHO\�����$IWHU� WKH�%HOOYXH�$0'�� WKH�QH[W� ODUJHVW�
FRQWULEXWRU�RI�K\GURJHQ�LRQV�LV�DQ�$0'�IURP�DQ�DGLW�RQ�WKH�WUXH�ULJKW�EDQN�RI�&DQQHO�&UHHN�
�6LWH�����7KLV� VLWH�FRQWULEXWHV�DSSUR[LPDWHO\�����RI� WKH� WRWDO� LPSDFW� WR�&DQQHO�&UHHN��7KH�
UHPDLQLQJ�VRXUFHV�RI�LPSDFW�DPRXQW�WR�OHVV�WKDQ����RI�WKH�WRWDO�LPSDFW�WR�&DQQHO�&UHHN��
�
7KH� UHVXOWV� RI� WKH� ORQJLWXGLQDO� VWXG\� FRQILUP� WKDW� WKH� %HOOYXH� 0LQH� DGLW� LV� WKH� SULPDU\�
FRQWULEXWRU�RI�$0'�WR�&DQQHO�&UHHN��$V�VXFK��UHPHGLDWLRQ�RI�WKH�%HOOYXH�$0'�ZRXOG�OLNHO\�
UHVXOW�LQ�D�VLJQLILFDQW�UHVWRUDWLRQ�RI�WKH�ZDWHU�TXDOLW\�LQ�&DQQHO�&UHHN��
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7DEOH���5HODWLYH�FRQWULEXWLRQV�RI�K\GURJHQ�LRQV�WR�&DQQHO�&UHHN�IURP�DOO�VRXUFHV�LGHQWLILHG�
WKURXJK�WKH�ORQJLWXGLQDO�VWXG\��

/RFDWLRQ�
)ORZ�
UDWH�
�/�V��

S+� 'LVVROYHG�
)H��PJ�/��

'LVVROYHG�
$O��PJ�/��

$FLGLW\�
ORDGLQJ�
�WRQV�\HDU��

+\GURJHQ�
LRQV��PROHV�
SHU�PLQXWH�
IURP�PHWDO�
SUHFLS�S+��

+\GURJHQ�LRQ�
FRQWULEXWLRQ�
WR�WRWDO�

6LWH������%DFNJURXQG�&DQQHO�
&UHHN��XSVWUHDP�RI�DOO�LQSXWV�� ���� ����� ����� ���� ���� ���� ��

6LWHV����DQG���%�%HOOYXH�
$0'�� ���� ����� ��� ��� ����� ����� ����
6LWH����-XEOLHH�$0'�� ���� ����� ����� ����� �� ���� ���
6LWH����6HHSDJH�%�7UXH�/HIW�� ������ ����� �� �� �� ����� ������
6LWH����6HHSDJH�$�7UXH�/HIW�� ���� ����� �� �� �� ������� ��������
6LWH���$GLW�'UDLQDJH�7UXH�
/HIW�� ����� ����� �� �� �� ���� ������
6LWH���$GLW�'UDLQDJH�7UXH�
5LJKW�� ����� ����� ���� ���� ����� ����� ����
6LWH���6HFRQG�7ULEXWDU\�7UXH�
/HIW�� ���� ����� �� �� �� �������� ���������
6LWH���)LUVW�7ULEXWDU\�7UXH�
/HIW�� PLQLPDO� ����� �� �� �� �� ��

6LWH���(QG�RI�&DQQHO�&UHHN�
�0DJD]LQH�5G�� ����� ���� ����� ����� ����� ����� ��

�
���� 6HOHFWLRQ�RI�UHPHGLDWLRQ�V\VWHPV�
7R�VHOHFW�DSSURSULDWH�UHPHGLDWLRQ�V\VWHPV��LQIRUPDWLRQ�RQ�WKH�VSDFH�DYDLODEOH�IRU�UHPHGLDWLRQ�
V\VWHPV� LV� UHTXLUHG� LQ� DGGLWLRQ� WR�ZDWHU� TXDOLW\� DQG� IORZ� GDWD�� 7KH� WRSRJUDSK\� DW�%HOOYXH�
0LQH�LQ�WKH�YLFLQLW\�RI�WKH�$0'�LV�ERWK�VWHHS��D�FDVFDGH�RI�DERXW����P��DQG�UHODWLYHO\�IODW��D�
GLUW�URDG�ZLWK�YHU\�VOLJKW�JUDGLHQW�DW�WKH�ERWWRP�RI�WKH�FDVFDGH���7KH�IODW�DUHD�FRXOG�EH�XVHG�WR�
LQVWDOO�UHPHGLDWLRQ�V\VWHPV��,Q�DGGLWLRQ��D�SRRO�FRQWDLQLQJ�ZDWHU�ZLWK�D�ORZ�GLVVROYHG�R[\JHQ�
FRQWHQW������PJ�/��ZDV�SUHVHQW� MXVW�DERYH�WKH�FDVFDGH�DQG�SURYLGHV�DGGLWLRQDO�SRVVLELOLWLHV�
IRU�UHPHGLDWLRQ���
�
8VLQJ�WKHVH�GDWD��WRJHWKHU�ZLWK�WKH�ZDWHU�TXDOLW\�DQG�IORZ�GDWD�GLVFXVVHG�DERYH��SUHOLPLQDU\�
UHPHGLDWLRQ� RSWLRQV� FDQ� EH� VHOHFWHG� XVLQJ� WKH� IORZFKDUW� VSHFLILHG� LQ� )LJ�� �� �IURP� 7UXPP�
�������$V�WKH�LURQ�FRQFHQWUDWLRQ�LV�UHODWLYHO\�KLJK��UHPHGLDWLRQ�RSWLRQV�IURP�WKH�ILUVW�KDOI�RI�
WKH� IORZFKDUW�DUH� WKH�PRVW�DSSURSULDWH��$V� WKH�GLVVROYHG�R[\JHQ� �'2��FRQFHQWUDWLRQ�RI� WKH�
$0'� LV� JUHDWHU� WKDQ� ��� WKH� SHUFHQW� RI� LURQ� LQ� WKH� IHUULF� VWDWH� �)H���� LV� OLNHO\� WR� EH� PXFK�
JUHDWHU� WKDQ� ���� VXJJHVWLQJ� R[LGLVLQJ� UHPHGLDWLRQ� V\VWHPV� DUH� PRVW� DSSURSULDWH�� 7KH�
WRSRJUDSK\� LQ� WKH� YLFLQLW\� RI� WKH� $0'� LV� ERWK� VWHHS� DQG� UHODWLYHO\� IODW�� :LWK� WKHVH�
SDUDPHWHUV�� WKH� IORZFKDUW� VXJJHVWV� WKH� IROORZLQJ� RSWLRQV�� ���� DQ� RSHQ� OLPHVWRQH� FKDQQHO�
�2/&�� GRZQ� WKH� FDVFDGH�� ���� D� GLYHUVLRQ� ZHOO� �':�� DW� WKH� EDVH� RI� WKH� FDVFDGH�� ���� D�
OLPHVWRQH� VDQG� GRVLQJ� V\VWHP� DW� WKH� WRS� RI� WKH� FDVFDGH�� RU� ���� DQ�2/&� DW� WKH� EDVH� RI� WKH�
FDVFDGH���
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)LJ�����)ORZFKDUW�WR�XVH�WR�VHOHFW�DPRQJ�$0'�SDVVLYH�WUHDWPHQW�V\VWHPV��7UXPP��������
�

)H�FRQFHQWUDWLRQ�KLJK

)H���������
'2����

/RQJ�QDUURZ�ODQG�DUHD

5HGXFLQJ�6\VWHP�
$/'���6HWWOLQJ�3RQG

/DUJH�IODW�DUHD

5HGXFLQJ�6\VWHP�
9):���6HWWOLQJ�3RQG
$QDHURELF�:HWODQGV

)H����!����

6WHHS�WRSRJUDSK\ 1RW�VWHHS�WRSRJUDSK\

2[LGLVLQJ�6\VWHP�
'LYHUVLRQ�:HOO
6WHHS�2/&
/LPHVWRQH�6DQG�'RVLQJ
�DOO�SRVVLEO\�ZLWK�VHWWOLQJ�SRQG�

/RQJ�QDUURZ�ODQG�DUHD

2[LGLVLQJ�6\VWHP�
2/&�ZLWK�DFFHVV�IRU�GR]HU
WR�EUHDN�XS�R[LGHV

/DUJH�IODW�DUHD

5HGXFLQJ�6\VWHP�
9):���6HWWOLQJ�3RQG
$QDHURELF�:HWODQGV
�ERWK�ZLWK�YHU\�ORQJ�UHVLGHQFH�WLPHV�
2[LGLVLQJ�6\VWHP�
/LPHVWRQH�/HDFKLQJ�%HG
6ODJ�/HDFKLQJ�%HG
�ERWK�ZLWK�VHWWOLQJ�SRQG�

)H�FRQFHQWUDWLRQ�ORZ

$O�FRQFHQWUDWLRQ�KLJK

/RQJ�QDUURZ
ODQG�DUHD

2[LGLVLQJ�6\VWHP�
2/&�RU�2/'
/LPHVWRQH�6DQG�'RVLQJ

/LPLWHG�ODQG
DUHD���VWHHS

2[LGLVLQJ�6\VWHP�
'LYHUVLRQ�:HOO���6HWWOLQJ�3RQG

$O�FRQFHQWUDWLRQ�ORZ

'2����'2�!��

/RQJ�QDUURZ
ODQG�DUHD/DUJH�IODW

DUHD

5HGXFLQJ�6\VWHP�
9):���6HWWOLQJ�3RQG
$QDHURELF�:HWODQGV
�ERWK�ZLWK�YHU\�ORQJ�UHVLGHQFH�WLPHV�

/DUJH�IODW
DUHD

2[LGLVLQJ�6\VWHP�
/LPHVWRQH�/HDFKLQJ�%HG
6ODJ�/HDFKLQJ�%HG
�ERWK�ZLWK�VHWWOLQJ�SRQG�

/RQJ�QDUURZ
ODQG�DUHD

5HGXFLQJ�6\VWHP�
$/'

/DUJH�IODW
DUHD

5HGXFLQJ�6\VWHP�
$QDHURELF�:HWODQGV
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$Q�DOWHUQDWLYH�DSSURDFK�LV�WR�WUHDW�WKH�ZDWHU�LQ�WKH�DQR[LF�SRRO�DW�WKH�WRS�RI�WKH�FDVFDGH��,W�LV�
OLNHO\�WKDW�WKH�PDMRULW\�RI�WKH�LURQ�LQ�WKLV�SRRO�LV�LQ�WKH�UHGXFHG�IHUURXV��)H����IRUP��GXH�WR�WKH�
ORZ� GLVVROYHG� R[\JHQ� FRQWHQW� RI� WKH� SRRO�� ,I� VR�� UHGXFLQJ� V\VWHPV� VXFK� DV� DQ� DQR[LF�
OLPHVWRQH�GUDLQ��$/'���D�YHUWLFDO�IORZ�ZHWODQG��9):���RU�DQ�DQDHURELF�ZHWODQG�PD\�DOVR�EH�
DSSURSULDWH�UHPHGLDWLRQ�RSWLRQV���
�
+RZHYHU��WR�GHWHUPLQH�PRUH�VSHFLILFDOO\�DSSURSULDWH�V\VWHPV�WR�WUHDW�WKH�%HOOYXH�$0'��PRUH�
GDWD�DUH�UHTXLUHG��:H�UHFRPPHQG�WKDW�PRQWKO\�ZDWHU�TXDOLW\�VDPSOHV��FDSWXULQJ�ERWK�KLJK��
DQG�ORZ�IORZ�HYHQWV��EH�FROOHFWHG�IRU�RQH�\HDU�WR�PRUH�DFFXUDWHO\�HVWLPDWH�WKH�YDULDELOLW\�LQ�
ZDWHU�TXDOLW\��7KH�FRQFHQWUDWLRQ�RI�IHUURXV�LURQ��)H����UHODWLYH�WR�IHUULF�LURQ��)H����VKRXOG�DOVR�
EH�GHWHUPLQHG��,W�LV�DOVR�UHFRPPHQGHG�WKDW�D�GDWDORJJHU�EH�LQVWDOOHG�WR�GHWHUPLQH�WKH�UDQJH�LQ�
IORZ�UDWHV�DQG�WKH�HIIHFW�RI�SUHFLSLWDWLRQ�HYHQWV�RQ�IORZ�UDWHV��)LQDOO\��LW�LV�UHFRPPHQGHG�WKDW�
VPDOO�VFDOH� WULDOV� RI� SRWHQWLDO� VROXWLRQV� EH� FRQVWUXFWHG� RQ� VLWH� WR� GHWHUPLQH� WKH� FRVW�
HIIHFWLYHQHVV�RI�HDFK�VROXWLRQ�SULRU�WR�FRQVWUXFWLQJ�D�IXOO�VFDOH�UHPHGLDWLRQ�V\VWHP��
�
���� 2YHUYLHZ�
7KLV�UHSRUW�KDV�SURYLGHG�D�FDVH�VWXG\�WR�LOOXVWUDWH�GDWD�FROOHFWLRQ�DQG�LQWHUSUHWDWLRQ�WR�VHOHFW�
DSSURSULDWH� UHPHGLDWLRQ�RSWLRQV� IRU�$0'�IURP�VSHFLILF� VRXUFHV� VXFK�DV� WKH�%HOOYXH�0LQH��
7KHVH� VWHSV� IRUP� VWHSV� �� DQG� �� LQ� WKH� SURFHVV� RI� VHOHFWLQJ� UHPHGLDWLRQ� RSWLRQV� RXWOLQHG�
EHORZ��
��� 'DWD�FROOHFWLRQ�±�ZDWHU�TXDOLW\�DQG�IORZ�GDWD�

•� 'HWHUPLQH� $0'� ZDWHU� FKHPLVWU\� E\� VDPSOLQJ� PRQWKO\� IRU� DSSUR[LPDWHO\� RQH�
\HDU�
o� )LHOG� PHDVXUHPHQWV�� S+�� FRQGXFWLYLW\�� WHPSHUDWXUH�� GLVVROYHG� R[\JHQ�� )H���

FRQFHQWUDWLRQ��WLWUDWLRQ�DQDO\VLV��DW�OHDVW�RQFH��
o� /DERUDWRU\�DQDO\VHV��)H��$O��0Q��1L��$V��GLVVROYHG�DQG�WRWDO�FRQFHQWUDWLRQV���

VXOSKDWH�� KRW� DFLGLW\�� WLWUDWLRQV� SUHSDUHG� LQ� WKH� ILHOG� DQG� ODERUDWRU\�DQDO\VHG�
IRU�PHWDOV��GLVVROYHG�DQG�WRWDO��

•� 'HWHUPLQH�UDQJH�RI�IORZ�UDWHV�DQG�UHVSRQVH�RI�IORZ�WR�SUHFLSLWDWLRQ�HYHQWV��HLWKHU�
E\� VSRW� VDPSOLQJ� RU� SUHIHUDEO\� YLD� GDWD� ORJJHU�� $OVR� GHWHUPLQH� HIIHFW� RI� IORZ�
YDULDWLRQ�RQ�ZDWHU�FKHPLVWU\�E\�VDPSOLQJ�GXULQJ�WKHVH�HYHQWV��

•� 'RFXPHQW�VXUIDFH�WRSRJUDSK\�DQG�DYDLODEOH�ODQG�DUHD�IRU�WUHDWPHQW�V\VWHPV�
��� 6HOHFWLRQ� RI� SRWHQWLDO� UHPHGLDWLRQ� RSWLRQV� �WKHUH� PD\� EH� PRUH� WKDQ� RQH�� XVLQJ�

FROOHFWHG�GDWD�DQG�IORZ�FKDUW�
��� 'HWHUPLQDWLRQ� RI� WUHDWPHQW� JRDOV� �ZDWHU� TXDOLW\� HQGSRLQWV�� DQG� UHTXLUHPHQWV� IRU�

UHPHGLDWLRQ�RSWLRQV��7KLV�LQFOXGHV�XVLQJ�WKH�WLWUDWLRQ�UHVXOWV�IURP�VWHS���WR�HVWDEOLVK�
WKH�DSSURSULDWH�WUHDWPHQW�OHYHO��LQFOXGLQJ�DPRXQW�RI�QHXWUDOLVLQJ�PDWHULDO�UHTXLUHG���

��� 'HWHUPLQDWLRQ�RI�WKH�PDVV�RI�FRQWDPLQDQWV�WR�EH�UHPRYHG�IURP�$0'��7KHVH�GDWD�DUH�
QHFHVVDU\�WR�GHVLJQ�DSSURSULDWHO\�VL]HG�VHWWOLQJ�SRQGV��DQG�WR�HVWDEOLVK�SLORW�WULDOV��

��� 3LORW�WULDOV�WR�GHWHUPLQH�PRVW�FRVW�HIIHFWLYH�UHPHGLDWLRQ�RSWLRQV��
�
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��� 6XPPDU\�

�
7KLV�ZRUN�KDV�SURYLGHG�D�FDVH�VWXG\�WR�RXWOLQH�WKH�DSSURDFK�WR�GDWD�FROOHFWLRQ�IRU�D�W\SLFDO�
$0'� VLWH�� DQG� SURYLGHV� DQ� LOOXVWUDWLRQ� RI� KRZ� WKDW� GDWD� DUH� XVHG� WR� VHOHFW� SRWHQWLDO�
UHPHGLDWLRQ� RSWLRQV�� 7KH� FDVH� VWXG\� ZDV� XQGHUWDNHQ� DW� &DQQHO� &UHHN�� QRUWK�HDVW� RI�
*UH\PRXWK��
�
6DPSOLQJ�RI�WKH�$0'�LQSXW�VRXUFHV�WR�&DQQHO�&UHHN�LQGLFDWHV�WKDW�WKH�%HOOYXH�0LQH�$0'�
FRQWULEXWHV�DSSUR[LPDWHO\�����RI�WKH�WRWDO�K\GURJHQ�LRQ�LPSDFW�WR�&DQQHO�&UHHN��$�VHFRQG�
DGLW�GRZQVWUHDP�RI�WKH�%HOOYXH�0LQH�DQG�RQ�WKH�WUXH�ULJKW�EDQN�RI�&DQQHO�&UHHN�FRQWULEXWHV�
DSSUR[LPDWHO\�����RI�WKH�WRWDO�K\GURJHQ�LRQ�LPSDFW��7KXV��UHPHGLDWLRQ�RI�WKH�%HOOYXH�0LQH�
$0'�ZRXOG�OLNHO\�KHOS�WR�UHVWRUH�WKH�ZDWHU�TXDOLW\�LQ�&DQQHO�&UHHN���
�
%DVHG� RQ� WKH� SUHOLPLQDU\� ZDWHU� TXDOLW\� VDPSOLQJ� XQGHUWDNHQ�� R[LGLVLQJ� RU� UHGXFLQJ�
UHPHGLDWLRQ�V\VWHPV�PD\�EH�DSSURSULDWH��7KH�$0'�HPDQDWHV�IURP�DQ�DQR[LF�SRRO�LQ�WKH�DGLW�
DQG� IORZV� GRZQ� D� VWHHS�� ���P�ORQJ� FDVFDGH�� ,I� V\VWHPV� DUH� FRQVWUXFWHG� RQ� RU� EHORZ� WKH�
FDVFDGH��R[LGLVLQJ�V\VWHPV�VXFK�DV�RSHQ�OLPHVWRQH�FKDQQHOV�RU�GLYHUVLRQ�ZHOOV�DUH�OLNHO\�WR�
EH�PRVW�DSSURSULDWH��EXW�LI�V\VWHPV�DUH�FRQVWUXFWHG�QHDU�WKH�SRRO�LQ�WKH�DGLW��UHGXFLQJ�V\VWHPV�
VXFK�DV�DQ�DQR[LF�OLPHVWRQH�GUDLQ�RU�D�YHUWLFDO�IORZ�ZHOO�PD\�EH�PRVW�DSSURSULDWH��
�

��� 5HFRPPHQGDWLRQV�
�
•� $GGLWLRQDO�GDWD� VKRXOG�EH�FROOHFWHG� IURP� WKH�%HOOYXH�$0'�� LQFOXGLQJ�ZDWHU�FKHPLVWU\�

DQG� IORZ� UDWHV�� SULRU� WR� VHOHFWLQJ� SRWHQWLDO� UHPHGLDWLRQ� RSWLRQV�� 6SHFLILFDOO\�� ZH�
UHFRPPHQG� WKDW� PRQWKO\� ZDWHU� TXDOLW\� VDPSOHV�� FDSWXULQJ� ERWK� KLJK�� DQG� ORZ�IORZ�
HYHQWV�� EH� FROOHFWHG� IRU� RQH� \HDU� WR� PRUH� DFFXUDWHO\� HVWLPDWH� WKH� YDULDELOLW\� LQ� ZDWHU�
TXDOLW\��WKH�FRQFHQWUDWLRQ�RI�IHUURXV�LURQ��)H����UHODWLYH�WR�IHUULF�LURQ��)H����VKRXOG�EH�
GHWHUPLQHG�� DQG� D� GDWDORJJHU� EH� LQVWDOOHG� WR� GHWHUPLQH� WKH� UDQJH� LQ� IORZ� UDWHV� DQG� WKH�
HIIHFW�RI�SUHFLSLWDWLRQ�HYHQWV�RQ�IORZ�UDWHV��

•� 2QFH�SRWHQWLDO�VROXWLRQV�KDYH�EHHQ�LGHQWLILHG��LW�LV�UHFRPPHQGHG�WKDW�VPDOO�VFDOH�WULDOV�EH�
FRQVWUXFWHG�WR�WHVW�WKH�HIIHFWLYHQHVV�RI�HDFK�SRWHQWLDO�VROXWLRQ��

�

��� 5HIHUHQFH�
�
7UXPP�'�������:HVW�&RDVW�&RDO�DQG�*ROG�0LQH�'UDLQDJH�:RUNVKRS�±�ILHOG�WULS�QRWHV��:HVW�

&RDVW�&RDO�DQG�*ROG�0LQH�'UDLQDJH�:RUNVKRS����0D\�������:HVWSRUW��1HZ�=HDODQG��
-RLQW� :RUNVKRS� &5/� (QHUJ\�� 8QLYHUVLW\� RI� &DQWHUEXU\�� 8QLYHUVLW\� RI� 2WDJR�� DQG�
/DQGFDUH�5HVHDUFK��
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���
$SSHQGL[��� $GGLWLRQDO�ILHOG�REVHUYDWLRQV�FROOHFWHG�GXULQJ�ORQJLWXGLQDO�VWXG\�
�

(DVWLQJ�� 1RUWKLQJ�6LWH�
�� ��

5HVXVSHQG��
DEOH�VROLGV�

)LQH�
VHGLPHQW�
GHSRVLWV�

(PEHGGHG��
QHVV�

:DWHU�
DSSHDUDQFH��

:HDWKHU�� :HDWKHU�
SDVW����K�

6LWH����&DQQHO�&N�#����P��X�V�RI�0DJD]LQH�5G�%ULGJH� �������� �������� �� �� �� �� �� ��
6LWH����)LUVW�WULEXWDU\�RQ�WUXH�OHIW�RI�&DQQHO�&N�� �������� �������� �� �� �� �� �� ��
6LWH����&DQQHO�&N�#�6LWH��� �������� �������� �� �� �� �� �� ��
6LWH����&DQQHO�&N�#�6LWH��� �������� �������� �� �� �� �� �� ��
6LWH����6HFRQG�WULEXWDU\�RQ�WUXH�OHIW�RI�&DQQHO�&N�� �������� �������� �� �� �� �� �� ��
6LWH����&DQQHO�&N�#���P��X�V�RI�6LWH���VHFRQG�WULEXWDU\�LQIORZ� �� �� �� �� �� �� �� ��
6LWH����$GLW�GUDLQDJH��WUXH�ULJKW� �������� �������� �� �� �� �� �� ��
6LWH����&DQQHO�&N�#����P��X�V�RI�6LWH���DGLW�LQIORZ� �� �� �� �� �� �� �� ��
6LWH����$GLW�GUDLQDJH��WUXH�OHIW�#����P�X�V�6LWH��� �� �� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#���P��X�V�RI�6LWH���DGLW�LQIORZ� �� �� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#��6LWH���� �� �� �� �� �� �� �� ��
6LWH�����6HHSDJH�$�WUXH�OHIW� �������� �������� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#����P�X�V�6LWH���� �� �� �� �� �� �� �� ��
6LWH�����6HHSDJH�%��WUXH�OHIW� �� �� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#���P�X�V�6LWH���� �� �� �� �� �� �� �� ��
6LWH�����&DQQHO�&N�#��FOHDULQJ� �������� �������� �� �� �� �� �� ��
6LWH���E��&DQQHO�&N�#�G�V�-XELOHH���P�G�V�RI�FXOYHW�� �� �� �� �� �� �� �� ILQH�RYHUFDVW�
6LWH�����&DQQHO�&N�#��G�V�5G�FXOYHUW� �� �� �� �� �� �� �� ��
6LWH���D��&DQQHO�&N�#�G�V�-XELOHH��#�H[LW�RI�FXOYHUW�� �� �� ���� ���� URFN�FRQFUHWH� �� �� ILQH�RYHUFDVW�
6LWH���E��&DQQHO�&N�#���P�G�V�%HOOYXH����P�X�V�-XELOHH�� �� �� �� �� �� �� �� ILQH�RYHUFDVW�
6LWH���F��&DQQHO�&N�#���P�G�V�%HOOYXH� �� �� �� �� �� ���� �� ILQH�RYHUFDVW�
6LWH�����&DQQHO�&N�#���P�X�V�%HOOYXH� �� �� �� �� �� �� �� ILQH�RYHUFDVW�
6LWH�����%HOOHYXH�#�3RRO��0LQH�HQWUDQFH�� �� �� �� �� �� �� ���� ILQH�RYHUFDVW�
6LWH���E��%HOOHYXH�$0'�#����P�X�V�FRQIOXHQFH� �� �� �� �� �� �� �� ILQH�RYHUFDVW�
6LWH�����-XELOHH�$0'�����P�G�V�0LQH� �� �� �� �� ���� �� ���� ILQH�RYHUFDVW�

� ���&OHDU�������������7XUELG��

� ���� �)LQH���� �2YHUFDVW���� �'UL]]OLQJ���� �5DLQLQJ�
�


