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:DWHU�� ZDWHU�� HYHU\ZKHUH«�� 4XDQWLI\LQJ� SRVVLEOH� GRPHVWLF� ZDWHU� GHPDQG�
VDYLQJV� WKURXJK� WKH� XVH� RI� UDLQZDWHU� FROOHFWLRQ� IURP� UHVLGHQWLDO� URRIV� LQ�
$XFNODQG��1HZ�=HDODQG�
�
$%675$&7�
&XUUHQW� UHVLGHQWLDO� VHFWRU�JURZWK� UDWHV� LQ� WKH�$XFNODQG�5HJLRQ�DUH� H[SHFWHG� WR� LPSRVH� LQFUHDVHG�
GHPDQGV�RQ�GRPHVWLF�ZDWHU�VXSSO\��7KLV�SDSHU�DWWHPSWV�WR�TXDQWLI\��IRU�IRXU�W\SLFDO�URRI�DUHDV������
P�������Pð������Pð��DQG�����Pð��RI�KRXVHV�� WKH�SRWHQWLDO�VDYLQJV�DVVRFLDWHG�ZLWK�GRPHVWLF�ZDWHU�
VXSSO\�IURP�URRI�UDLQZDWHU�FROOHFWLRQ�V\VWHPV�FRPSDUHG�ZLWK�XVLQJ�WKH�FLW\�ZDWHU�VXSSO\�V\VWHP��
7KH� HIIHFWV� RI� WU\LQJ� WR� PHHW� H[LVWLQJ� ZDWHU� GHPDQG� ILJXUHV� DUH� FRPSDUHG� ZLWK� ZKDW� FRXOG� EH�
DFKLHYHG� E\� WKH� SURPRWLRQ� RI� IOH[LELOLW\� LQ� DOWHULQJ� GHPDQGV� WKURXJK� WHFKQLFDO� DQG� EHKDYLRXUDO�
FKDQJHV�RI�WKH�UHVLGHQWV��(DFK�RI�WKH�IRXU�URRI�DUHDV�LV�H[DPLQHG�XQGHU�WZR�VFHQDULRV��,Q�WKH�ILUVW�
VFHQDULR�� WKH� DELOLW\� RI� WKH� URRI�FROOHFWHG�ZDWHU� WR�PHHW� FRQYHQWLRQDO�ZDWHU� GHPDQGV� LV� DVVHVVHG��
ZKLOH�LQ�WKH�VHFRQG�VFHQDULR�WKH�HIIHFWV�RI�ZDWHU�VDYLQJ�WHFKQLTXHV�DUH�DVVHVVHG�IRU�WKHLU�SRWHQWLDO�WR�
DOORZ� KRXVHKROGV� WR� DFKLHYH� VHOI�VXIILFLHQF\� LQ� GRPHVWLF� ZDWHU� VXSSO\�� 7KH� UHVHDUFK� WDNHV� LQWR�
DFFRXQW� WKH�HOHFWULFDO�HQHUJ\�XVHG� LQ�GHOLYHULQJ� WKH�FLW\�DQG�RQ�VLWH�GRPHVWLF�ZDWHU�VXSSO\��ZDWHU�
OLQH�PDLQWHQDQFH� FRVWV�� QHWZRUN� XSJUDGHV�� DQG� RWKHU� FKDUJHV� IRU� UHVLGHQWLDO� EXLOGLQJV� FRPSDUHG�
ZLWK�WKH�FDSLWDO�DQG�RSHUDWLQJ�FRVWV�RI�XVLQJ�FRPSOHWH�UDLQZDWHU�VXSSO\�IURP�URRIV�RI�KRXVHV���
�
�
,1752'8&7,21�
7KH�$XFNODQG�5HJLRQ��ZLWK�D�SRSXODWLRQ�RI������������6WDWLVWLFV�1HZ�=HDODQG������D���FRQVLVWV�RI�
IRXU� FLWLHV� �$XFNODQG�� 0DQXNDX�� 1RUWK� 6KRUH�� DQG� :DLWDNHUH�� DQG� WKUHH� GLVWULFWV� �3DSDNXUD��
5RGQH\�� DQG� )UDQNOLQ��� &RQFHUQV� DERXW� WKH� IXWXUH� FRQVHTXHQFHV� RI� FRQWLQXLQJ� WR� XVH� WUDGLWLRQDO�
ZDWHU� UHVRXUFHV� KDV� OHG� WR� D� SDUDGLJP� VKLIW� WKDW� HPSKDVLVHV� ERWK� GHPDQG� DQG� VXSSO\� VLGH�
PDQDJHPHQW� DQG� WKH� XVH� RI� QRQ�WUDGLWLRQDO�ZDWHU� UHVRXUFHV� DV� DQ� LPSRUWDQW� DVSHFW� RI� SURPRWLQJ�
VXVWDLQDELOLW\��0LWFKHOO���������,W�LV�LPSRUWDQW�WR�XQGHUVWDQG�KRZ�HPHUJLQJ�QHZ�WHFKQRORJLHV�FRXOG�
EHVW�EH�LQWHJUDWHG�LQWR�WKH�H[LVWLQJ�XUEDQ�V\VWHPV�WR�DFKLHYH�XVHIXO�RXWFRPHV��
�
�
0(7+2'6�$1'�5(68/76��
3HU�&DSLWD�:DWHU�8VH�
7KH�$XFNODQG�:DWHU�5HVRXUFHV�4XDQWLW\�6WDWHPHQW��������FRQILUPV�WKDW�WKH�PDLQ�ZDWHU�XVH�LQ�WKH�
$XFNODQG�5HJLRQ�LV� LQ�GRPHVWLF�KRXVHKROGV��7KH�6WDWHPHQW�FDOFXODWHV� WKDW�����OLWUHV�RI�ZDWHU�DUH�
XVHG�SHU�FDSLWD�SHU�GD\�IRU�DOO�KRXVHKROG�XVHV��VXFK�DV�GULQNLQJ��FRRNLQJ��ZDVKLQJ�DQG�FOHDQLQJ�DQG�
IOXVKLQJ� WRLOHWV� �%DQQLVWHU� HW� DO��� �������7KLV� YDOXH� KDV� EHHQ� GHULYHG� IURP� WKH� LQLWLDO� FDOFXODWLRQV�
EHORZ��7DEOH�����7KH�SHU�FDSLWD�ZDWHU� UHTXLUHPHQW�SHU�DQQXP�LV�FDOFXODWHG� WR�EH�HTXDO� WR��������
OLWUHV�RU����Pñ��:DWHU�LQ�WKH�$XFNODQG�UHJLRQ�LV�VXSSOLHG�E\�D�QXPEHU�RI�GLIIHUHQW�FRPSDQLHV��HDFK�
VHUYLQJ� D� GLIIHUHQW� DUHD�� (FR:DWHU�� WKH� FRPSDQ\� VXSSOLQJ� ZDWHU� WR� :DLWDNHUH� &LW\�� JLYHV� D�
EUHDNGRZQ�RI�KRXVHKROG�ZDWHU�XVH�DV�VKRZQ�LQ�7DEOH�����
�
7DEOH����+RXVHKROG�ZDWHU�XVH�EUHDNGRZQ��:DLWDNHUH�&LW\�&RXQFLO��������
�+RXVHKROG�5DLQZDWHU�&ROOHFWLRQ��
:DWHU�8VH�
&DWHJRULHV�

3HUFHQWDJH�%UHDNGRZQ� :DWHU�8VH�
�OLWUHV�SHU�FDSLWD�SHU�GD\�±�DYHUDJHG��

.LWFKHQ� ���� ���
%DWKURRP� ���� ���
/DXQGU\� ���� ���
7RLOHWV� ���� ���
*DUGHQ� ���� ���
727$/� � ����
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,Q� D� JLYHQ� FOLPDWH�� WKH� UDLQZDWHU� FROOHFWLRQ� RI� D� KRXVH� ZLOO� EH� IL[HG� E\� LWV� URRI� DUHD� DQG� WDQN�
YROXPH�� ZKLOH� WKH� ZDWHU� FRQVXPSWLRQ� RI� D� KRXVHKROG� ZLOO� YDU\� GHSHQGLQJ� RQ� WKH� QXPEHU� RI�
RFFXSDQWV��WKH�QDWXUH�RI�WKH�IL[WXUHV�DQG�HTXLSPHQW��DQG�WKH�EHKDYLRXUDO�FKRLFHV�RI�WKH�RFFXSDQWV��,I�
D�KRXVHKROG� LV� WR� UHO\�RQ�FROOHFWHG� UDLQZDWHU�� WKH�DPRXQW�RI�ZDWHU� WKDW�FDQ�EH�FROOHFWHG�FRXOG�EH�
FRQVLGHUHG�DQ�LPSRUWDQW�GHWHUPLQDQW�RI�WKH�SRWHQWLDO�RFFXSDQF\�RI�WKH�KRXVH��3RWHQWLDO�RFFXSDQF\�
RI� D� KRXVH� LV� FDOFXODWHG� EHORZ� EDVHG� RQ� WKH� HVWLPDWHG� UDLQZDWHU� FROOHFWLRQ� IRU� IRXU� URRI� DUHDV��
UDQJLQJ�IURP�����P�� WR�����P���7KH� WRWDO�YROXPH�RI�UDLQ�ZDWHU�FROOHFWLRQ�IURP�HDFK�W\SLFDO�URRI�
DUHD�LV�FDOFXODWHG�DQG�WKHQ�GLYLGHG�E\�HVWLPDWHG�SHU�FDSLWD�ZDWHU�XVH�WR�REWDLQ�SRWHQWLDO�KRXVHKROG�
RFFXSDQF\� IRU� WKH� IRXU� URRI� DUHDV� EDVHG� RQ� UDLQZDWHU� FROOHFWLRQ�� ,Q� WKLV� FDOFXODWLRQ� LW� KDV� EHHQ�
DVVXPHG� WKDW� ����RI� WKH� URRI�ZDWHU�ZLOO� EH� ORVW� E\� HYDSRUDWLRQ� �:DLWDNHUH�&LW\�&RXQFLO�� �������
5DLQIDOO�GDWD�IRU������LQGLFDWH�WKDW������ZDV�UHFRUGHG�DV�RQH�RI�WKH�ZHWWHVW�\HDUV�DQG�WKH�$XFNODQG�
5HJLRQ� UHFHLYHG� ����� PP� RI� UDLQIDOO�� ZKLFK� ZDV� ����� RI� WKH� DYHUDJH� DQQXDO� UDLQIDOO� �1,:$��
�������7KH�DYHUDJH�DQQXDO�UDLQIDOO�IRU�$XFNODQG�IURP�WKHVH�GDWD�ZDV�FDOFXODWHG�WR�EH�HTXDO�WR������
PP�RU�������P��
�
7DEOH����7RWDO�ZDWHU�FROOHFWHG�IURP�URRI��Pñ�DQQXP��

��
7KLV�SRWHQWLDO�ZDWHU�FROOHFWLRQ�FDQ�EH�FRPSDUHG�ZLWK�WKH�QXPEHU�RI�SHRSOH�WKDW�FRXOG�EH�VXSSRUWHG�
E\�WKLV�DPRXQW�RI�ZDWHU��EDVHG�RQ�WKH�W\SLFDO�KRXVHKROG�ZDWHU�FRQVXPSWLRQ�ILJXUH�RI�����OLWUHV�SHU�
SHUVRQ�SHU�GD\�IURP�7DEOH����
�
7DEOH����(VWLPDWLRQ�RI�SRWHQWLDO�RFFXSDQF\�EDVHG�RQ�UDLQZDWHU�ZDWHU�VXSSO\��

�
+RXVHKROG�2FFXSDQF\�6WDWXV�
$�UHDVRQDEOH�ILJXUH�IRU�WKH�H[SHFWHG�RFFXSDQF\�VWDWXV�RI�D�KRXVH�FDQ�EH�HVWLPDWHG�IURP�WKH�QXPEHU�
RI�EHGURRPV��RQ�WKH�SUHPLVH�WKDW�WRWDO�SRWHQWLDO�RFFXSDQF\�LV�QXPEHU�RI�EHGURRPV�����6RPH�LGHD�RI�
WKH� UHODWLRQVKLS� EHWZHHQ� QXPEHU� RI� EHGURRPV� DQG� URRI� DUHD� FDQ� EH� IRXQG� E\� H[DPLQLQJ� VDPSOH�
SODQV� IURP� D� ODUJH�VFDOH� KRXVH� EXLOGHU��7KH� XVH� RI� SODQV� IURP� D� UHODWLYHO\� µPDVV�PDUNHW¶� EXLOGHU�
PHDQV�WKH�KRXVHV�DUH�OLNHO\�WR�VKRZ�PRUH�EHGURRPV�IRU�D�JLYHQ�IORRU�DUHD�WKDQ�ZRXOG�EH�WKH�FDVH�
IRU�PRUH�H[SHQVLYH�KRXVHV��HQVXULQJ�YDOXHV�IRU�SRWHQWLDO�RFFXSDQF\�YHUVXV�URRI�DUHD�DUH�QRW�XQGHU�
HVWLPDWHG��7DEOH���VKRZV�WKUHH�UDQJHV�RI�KRXVHV�IURP�.HLWK�+D\�+RPHV��.HLWK�+D\�+RPHV���������
ZLWK�IORRU�DUHD�DQG�QXPEHU�RI�EHGURRPV��7KH�µ)LUVW�&KRLFH¶�UDQJHV�DUH�WKH�ORZHVW�FRVW�KRXVHV��DQG�
WKH� µ/LIHVW\OH¶� UDQJHV�DUH� WKH�PRVW� H[SHQVLYH�� UHIOHFWHG� LQ� WKH� LQFUHDVHG� IORRU� DUHD� UHODWLYH� WR� WKH�
QXPEHU� RI� EHGURRPV�� 7KH� UHODWLRQVKLS� EHWZHHQ� IORRU� DUHD� DQG� QXPEHU� RI� EHGURRPV� YDULHV� YHU\�
ZLGHO\�GHSHQGLQJ�RQ�WKH�PDUNHW�DW�ZKLFK�WKH�KRXVH�LV�DLPHG��/RRNLQJ�DW�WKH�UDQJH�LQ�7DEOH���IURP�
MXVW�RQH�PDQXIDFWXUHU��D���EHGURRP�KRXVH�PD\�UDQJH�IURP����P��WR�������P��LQ�DUHD��D���EHGURRP�
KRXVH�FDQ�YDU\�IURP����P��WR�����P���DQG�D���EHGURRP�KRXVH�IURP����P��WR�������P���

7\SLFDO�URRI�DUHDV��Pð�� 7RWDO�ZDWHU�FROOHFWLRQ�IURP�URRI��Pñ�DQQXP���
 �5RRI�DUHD��Pð��;�����;�DYHUDJH�DQQXDO�UDLQIDOO��P��

����Pð� ����
����Pð� ����
����Pð� ����
����Pð� ����

7\SLFDO�URRI�
DUHDV��
�Pð��

7RWDO�ZDWHU�FROOHFWLRQ�IURP�URRI��
�Pñ�DQQXP��

3RWHQWLDO�RFFXSDQF\�EDVHG�RQ�����
OLWUHV�SHU�SHUVRQ�SHU�GD\�
�QR��RI�SHRSOH��

����Pð� ���� ����
����Pð� ���� ����
����Pð� ���� ����
����Pð� ���� ����
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7DEOH����+RXVH�DUHD�DQG�QXPEHU�RI�EHGURRPV��.HLWK�+D\�+RPHV��������

�
5RRI�DUHDV�FDQ�EH�DVVXPHG�WR�EH�W\SLFDOO\�DURXQG�����WR�����ODUJHU�WKDQ�IORRU�DUHDV��GHSHQGLQJ�RQ�
URRI�RYHUKDQJ��,Q�7DEOH����URRI�DUHDV�DQG�QXPEHUV�RI�EHGURRPV�KDYH�EHHQ�DOORFDWHG�EDVHG�RQ�WKH�
GDWD� IURP�7DEOH���� WR�JLYH� DQ� LGHD�RI� WKH�JDS�EHWZHHQ� WKH�DYDLODEOH�ZDWHU� IURP� WKH� URRI� DQG� WKH�
OLNHO\�GHPDQG��
�
&OHDUO\�HYHQ�D�ODUJH�KRXVH�ZLWK�D�FRUUHVSRQGLQJO\�ODUJH�URRI�FDQQRW�VXSSO\�WKH�ZDWHU�QHHGV�RI�LWV�
OLNHO\�QXPEHU�RI�RFFXSDQWV��EDVHG�RQ�WKH�ZDWHU�FRQVXPSWLRQ�RI�D�W\SLFDO�$XFNODQG�FRQVXPHU��7KLV�
PDNHV�WKH�XVH�RI�UDLQZDWHU�WDQNV�DSSHDU�XQDWWUDFWLYH��DV�DQ\�GHYHORSPHQW�ZLOO�QHHG�WKH�LQVWDOODWLRQ�
RI�UHWLFXODWHG�ZDWHU�DV�ZHOO�DV�UDLQZDWHU�V\VWHPV��DGGLQJ�VLJQLILFDQWO\�WR�FRVWV���
�
7DEOH����,QWHUUHODWLRQVKLS�RI�URRI�DUHDV��QXPEHU�RI�EHGURRPV�DQG�ZDWHU�VXSSO\�

�
+RZHYHU��ZDWHU� GHPDQG� LV� QRW� IL[HG�� DQG� WKHUH� DUH� D� UDQJH� RI� WHFKQLFDO� RSWLRQV� WKDW� FDQ� UHGXFH�
ZDWHU�GHPDQG��7DEOH���VKRZV�WKH�VDYLQJV�LQ�KRXVHKROG�ZDWHU�FRQVXPSWLRQ�WKDW�FDQ�EH�DFKLHYHG�E\�
WKH�XVH�RI�UHODWLYHO\�VLPSOH�DQG�ORZ�FRVW�WHFKQLFDO�FKDQJHV��ZKLFK�DUH�GHWDLOHG�LQ�WKH�WDEOH��
��
�

³)LUVW�
&KRLFH´�

� � ³&ODVVLF�
&ROOHFWLRQ´�

� � ³/LIHVW\OH´� � �

1DPH� $UHD� %HG�
URRPV�

1DPH� $UHD� %HG�
URRPV�

1DPH� $UHD� %HG�
URRPV�

3ODQ���� ����� �� %DUULH� ����� �� %7����� ������ ��
3ODQ���� ����� �� $XVWHQ� ����� �� %7����� ������ ��
3ODQ���� ����� �� %XFKDQ� ����� �� %7����� ������ ��
3ODQ���(� ����� �� &DUUROO� ����� �� %7����� ������ ��
3ODQ���� ����� �� 6KDNHVSHDUH� ����� �� %7����� ������ ��
3ODQ����� ������ �� &RXUWQH\� ����� �� %7����� ������ ��
3ODQ�
���(�

������ �� 7DVPDQ� ������ �� %7����� ������ ��
3ODQ����� ������ �� /DXUHQFH� ������ �� %7����� ������ ��
� � � )OLQGHUV� ������ �� %7����� ������ ��
� � � %URQWH� ������ �� � � �
� � � .LQJVOH\� ������ �� � � �
� � � 6WDQOH\�� ������ �� � � �

7\SLFDO�
URRI�
DUHDV�
�Pð��

:DWHU�
FROOHFWLRQ�
IURP�URRI��
�Pñ��
DQQXP��

3RWHQWLDO�
RFFXSDQF\�
EDVHG�RQ�
DYDLODEOH�
ZDWHU��QR��
RI�SHRSOH��

$VVXPHG�
QR��RI�
EHGURRPV�
�

3RWHQWLDO�
RFFXSDQF\�
EDVHG�RQ�QR��
RI�EHGURRPV�
�QR��RI�
SHRSOH��
�

5HTXLUHG�
ZDWHU�
VXSSO\�IRU�
RFFXSDQF\��
#����OFG�
�Pñ��
DQQXP��

3HUFHQWDJH�RI�
ZDWHU�VXSSO\�
WKDW�FRXOG�EH�
SURYLGHG�E\�
UDLQZDWHU�
�

����Pð� ���� ���� �� �� ���� ����
����Pð� ���� ���� �� �� ���� ����
����Pð� ���� ���� �� �� ���� ����
����Pð� ���� ���� �� �� ���� ����
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7DEOH����'RPHVWLF�ZDWHU�FRQVXPSWLRQ�UHGXFWLRQV�WKURXJK�XVH�RI�ZDWHU�UHGXFWLRQ�IL[WXUHV�
+RXVHKROG�ZDWHU�XVH�VFHQDULRV� 3HU�FDSLWD�

GDLO\�IORZ�
DOORZDQFH��
�OLWUHV�SHU�
SHUVRQ�SHU�
GD\��

3HU�FDSLWD�
DQQXDO�IORZ�
DOORZDQFH��
�Pñ��
DQQXP��
�

��� 'ZHOOLQJV� ZLWK� VWDQGDUG� ZDWHU� XVH� IDFLOLWLHV� ���� OLWUH�
WRLOHW�� DXWRPDWLF� ZDVKLQJ� PDFKLQH�� VWDQGDUG� VKRZHU� KHDGV��
VWDQGDUG�WDSV��

���� �����

���'ZHOOLQJV�ZLWK� VWDQGDUG�ZDWHU� UHGXFWLRQ� IL[WXUHV� �GXDO�
IOXVK� ������� OLWUH� WRLOHW�� VKRZHUKHDG� IORZ� UHVWULFWRUV�� DHUDWRU�
WDSV��ZDWHU�FRQVHUYLQJ�ZDVKLQJ�PDFKLQHV��

���� �����

���'ZHOOLQJV�ZLWK�HQKDQFHG�ZDWHU�UHGXFWLRQ� IL[WXUHV� �GXDO�
IOXVK� ������� OLWUH� WRLOHW�� VKRZHUKHDG� IORZ� UHVWULFWRUV�� DHUDWRU�
WDSV��ZDWHU�FRQVHUYLQJ�ZDVKLQJ�PDFKLQHV�SOXV�)L[HG�2ULILFH�
)ORZ�&RQWURO��)2)&��YDOYHV�RQ�DOO�RXWOHWV��

���� �����

���'ZHOOLQJV�ZLWK� IXOO�ZDWHU� UHGXFWLRQ� IL[WXUHV� �GXDO� IOXVK�
����OLWUH�WRLOHW��VKRZHUKHDG�IORZ�UHVWULFWRUV��DHUDWRU�WDSV��IURQW�
ORDG� ZDVKLQJ� PDFKLQHV� SOXV� )L[HG� 2ULILFH� )ORZ� &RQWURO�
�)2)&��YDOYHV�RQ�DOO�RXWOHWV��

���� �����

�,��*XQQ��������TXRWHG�LQ�3DUOLDPHQWDU\�&RPPLVVLRQHU�IRU�WKH�(QYLURQPHQW��������
�
7KH�IRXU�VFHQDULRV� LQ�7DEOH���GR�QRW� LQFOXGH�DQ\�DWWHPSW� WR�UHF\FOH�ZDWHU�RU�DQ\�FKDQJHV�LQ�XVHU�
EHKDYLRXU����1RWH��7KH�VWDUWLQJ�SRLQW�RI�WKH�VFDOH�LQ�7DEOH��������OLWUHV�SHU�SHUVRQ�SHU�GD\��JLYHV�DQ�
DQQXDO�SHU�FDSLWD�FRQVXPSWLRQ�RI����P��SHU�SHUVRQ��ZKLFK�LV�JUHDWHU�WKDQ�WKH�GRPHVWLF�GHPDQG�RI�
���P��SHU�SHUVRQ�SHU�\HDU�VKRZQ�XQGHU�SHU�FDSLWD�GHPDQG�VHFWLRQ���7KH�GHPDQG�UHGXFWLRQ�VFHQDULRV�
LQ�7DEOH���DOORZ�WKH�FRQVWUXFWLRQ�RI�7DEOH����LQ�ZKLFK�WKH�SRVVLEOH�UHGXFWLRQV�DUH�DSSOLHG�WR�WKH�URRI�
DUHDV�DQG�RFFXSDQFLHV�IURP�7DEOH����
�
7DEOH����,QWHUUHODWLRQVKLS�RI�URRI�DUHDV��QXPEHU�RI�EHGURRPV�DQG�ZDWHU�VXSSO\�

�
,W�FDQ�EH�VHHQ�WKDW�DOO�KRXVHV�FRXOG�EH�VHOI�VXIILFLHQW�LQ�ZDWHU�ZLWK�WKH�H[FHSWLRQ�RI�WKH�IRXU�SHUVRQ�
KRXVH�ZLWK�WKH�����P��URRI��ZKLFK�LW�DSSHDUV�FDQ�REWDLQ�RQO\�����RI�LWV�ZDWHU�VXSSO\�IURP�D�UDLQ�
ZDWHU�V\VWHP��+RZHYHU��WKLV�PD\�EH�D�SHVVLPLVWLF�DVVXPSWLRQ��DV�ZDWHU�GHPDQG�LV�KLJKO\�IOH[LEOH��
DV�FDQ�EH�VHHQ�E\�ORRNLQJ�DW�VLWXDWLRQV�ZKHUH�UDLQZDWHU�IRUPV�WKH�VROH�ZDWHU�VXSSO\���
�
�
�

:DWHU�GHPDQG�XQGHU�*XQQ¶V�IRXU�
GHPDQG�UHGXFWLRQ�VFHQDULRV��
�Pñ��DQQXP��
�

7\SLFDO�
URRI�
DUHDV��
�Pð��

3RWHQWLDO�
RFFXSDQF\�
EDVHG�RQ�
QXPEHU�RI�
EHGURRPV�
�1R��RI�
SHRSOH��

�
��

�
��

�
��

�
��

:DWHU�FROOHFWLRQ�
IURP�URRI��
�Pñ��DQQXP��
�

����Pð� �� ���� ���� ���� ���� ����
����Pð� �� ���� ���� ���� ���� ����
����Pð� �� ���� ���� ���� ���� ����
����Pð� �� ���� ���� ���� ���� ����
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/LYLQJ�ZLWKRXW�0DLQV�:DWHU�
$ERXW�����RI�WKH�1HZ�=HDODQG�SRSXODWLRQ�UHOLHV�RQ�FROOHFWHG�UDLQZDWHU�IRU�ZDWHU�VXSSO\��)OHPLQJ��
������TXRWHG�LQ�$EERWW�HW�DO����������$Q�H[DPSOH�RI�D�FRPPXQLW\�WKDW�XVHV�UDLQZDWHU�LV�:DLKHNH�
,VODQG� LQ� WKH�+DXUDNL�*XOI� RII� WKH� FRDVW� RI�$XFNODQG��7KH� LVODQG� KDG� D� SHUPDQHQW� SRSXODWLRQ� RI�
������LQ�WKH������&HQVXV�RI�3RSXODWLRQ�DQG�'ZHOOLQJV��DQG�WKH�SRSXODWLRQ�ZDV�JURZLQJ�DERXW�IRXU�
WLPHV�IDVWHU� WKDQ�WKH�SRSXODWLRQ�RI�1HZ�=HDODQG�DV�D�ZKROH��6WDWLVWLFV�1HZ�=HDODQG�����E���7KH�
SRSXODWLRQ� LV�DOVR�VZHOOHG� LQ�VXPPHU�E\�KROLGD\PDNHUV��:KLOH�D�IHZ�KRXVHKROGV�KDYH�ERUHKROHV��
WKLV�LV�QRW�FRPPRQ��DQG�WKH�ODUJH�PDMRULW\�RI�KRXVHKROGV�XVH�URRI�ZDWHU�IRU�DOO�ZDWHU�QHHGV��DV�WKHUH�
LV�QR�UHWLFXODWHG�ZDWHU�VXSSO\����7KH�W\SLFDO�UDLQ�ZDWHU�WDQN�RQ�WKH�LVODQG�KROGV��������OLWUHV��ZKLFK�
LV�WKH�ODUJHVW�WKDW�FDQ�EH�LQVWDOOHG�ZLWKRXW�WKH�QHHG�WR�REWDLQ�VSHFLDO�SODQQLQJ�FRQVHQW��0RVW�SHRSOH�
GULQN� WKH�ZDWHU�ZLWKRXW� DQ\� WUHDWPHQW�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� QRQ�DYDLODELOLW\� RI�PDLQV�
ZDWHU�KDV�QRW�VWRSSHG�WKH�UDSLG�GHYHORSPHQW�RI�WKH�LVODQG�DV�D�FRPPXWHU�VXEXUE��ZLWK�DQ�LQFUHDVLQJ�
QXPEHU�RI�ODUJH�DQG�H[SHQVLYH�KRXVHV�EHLQJ�EXLOW����
�
$QHFGRWDO�HYLGHQFH�IURP�:DLKHNH��ZKHUH�RQH�RI�WKH�DXWKRUV�KDV�OLYHG�IRU�WKH�SDVW���\HDUV���LV�WKDW�
ORFDOV�GR�QRW� WHQG�WR�UXQ�RXW�RI�ZDWHU��ZKHUHDV�KROLGD\PDNHUV�RIWHQ�GR��7KLV�VXJJHVWV� WKDW�ZKHUH�
SHRSOH�DUH�XVHG�WR�KDYLQJ�UDLQZDWHU�DV�WKHLU�VROH�ZDWHU�VXSSO\��WKH\�WHQG�WR�FRQVHUYH�ZDWHU��DV�LW�LV�
LQFRQYHQLHQW� WR�UXQ�RXW��$�IXUWKHU�� LQWHUQDWLRQDO��H[DPSOH�FDQ�EH�VHHQ�LQ� WKH�$XWRQRPRXV�+RXVH��
EXLOW�LQ�WKH�FHQWUH�6RXWKZHOO��(QJODQG��DQQXDO�UDLQIDOO�����PP���LQ�������7KH�KRXVH�ZDV�RFFXSLHG�
E\�D�IDPLO\�RI� WZR�DGXOWV�DQG�WZR�WHHQDJHUV��,WV�VROH�ZDWHU�VXSSO\�FDPH�IURP�UDLQZDWHU�FROOHFWHG�
IURP�WKH�URRI�DQG�VWRUHG�LQ�D�UDQJH�RI�WDQNV�LQ�WKH�EDVHPHQW��VWRUDJH�YROXPH�ZDV��������OLWUHV��7R�
UHGXFH�GHPDQG�IRU�ZDWHU�LW�XVHG�ZDWHUOHVV�FRPSRVWLQJ�WRLOHWV��$OO�QHFHVVDU\�%XLOGLQJ�5HJXODWLRQV�
FRQVHQWV�ZHUH�JUDQWHG��7KH�$XWRQRPRXV�+RXVH�KDG�PHDVXUHG�ZDWHU�FRQVXPSWLRQ�RI���� OLWUHV�SHU�
SHUVRQ�SHU�GD\��RU������P��SHU�\HDU���VHH�7DEOH���IRU�D�EUHDNGRZQ��EXW�LQ�VSLWH�RI�WKLV��WKH�%XLOGLQJ�
5HVHDUFK�(VWDEOLVKPHQW�UHSRUWHG�WKDW�QR�ORVV�RI�DPHQLW\�WR�WKH�RFFXSDQWV�FRXOG�EH�GLVFHUQHG��9DOH�
	� 9DOH�� ������� (YHQ� ZKHQ� WKH� ZDWHU� XVHG� IRU� WRLOHWV� DQG� WKH� JDUGHQ� ZDV� UHPRYHG� IURP�
FRQVLGHUDWLRQ��WKH�$XWRQRPRXV�+RXVH�ZDWHU�FRQVXPSWLRQ�LV�RQH�WKLUG�RI�WKH�$XFNODQG�DYHUDJH���
�
7DEOH����$XWRQRPRXV�KRXVH�ZDWHU�XVH�FRPSDUHG�ZLWK�$XFNODQG�DYHUDJH�

��
�
�
��

:DWHU�XVH�
FDWHJRULHV�

3HUFHQWDJH�
EUHDNGRZQ�±�
FRQYHQWLRQDO�

:DWHU�XVH�±�
FRQYHQWLRQDO�
�OLWUHV�SHU��
FDSLWD�SHU��
GD\��
DYHUDJHG��

3HUFHQWDJH�
EUHDNGRZQ�±�
FRQYHQWLRQDO�
H[FOXGLQJ�
WRLOHWV�DQG�
JDUGHQ��
�

:DWHU�XVH�±�
$XWRQRPRXV�
+RXVH�
�OLWUHV�SHU�
FDSLWD�SHU�
GD\��
DYHUDJHG��

3HUFHQWDJH�
EUHDNGRZQ�±�
$XWRQRPRXV�
+RXVH�
�
�
�

.LWFKHQ� ���� ��� ���� �� ����
%DWKURRP� ��� ��� ���� ��� ����
/DXQGU\� ���� ��� ���� �� ����
7RLOHWV� ���� ��� � �QLO� �
*DUGHQ� ���� ��� � �QLO� �
727$/� � ���� � ��� �
727$/�
H[FOXGLQJ�
WRLOHWV� DQG�
JDUGHQ�

� ��� � ��� �
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$� FDVH� VWXG\� IURP�&DULQGDOH� 3LQHV�� %ULVEDQH�� 4XHHQVODQG�� $XVWUDOLD� ���� KRXVHKROGV� RQ� D� ���KD�
VLWH���HVWLPDWHG�WKDW�����WR�����RI�UHVLGHQWLDO�GHPDQG�ZDV�VXSSOLHG�E\�UDLQZDWHU�WDQNV��LQFOXGLQJ�
GULQNLQJ�ZDWHU��VDYLQJV�LQ�SRWDEOH�ZDWHU�XVDJH�LQ�FRPSDULVRQ�ZLWK�FRQYHQWLRQDO�GHVLJQ�ZHUH�PRUH�
WKDQ������0LWFKHOO���������(YLGHQFH�WKDW�ZDWHU�GHPDQG�LV�OLNHO\�WR�EH�YHU\�ORZ�LQ�D�VLWXDWLRQ�ZKHUH�
D�UDLQ�WDQN�IRUPV�WKH�VROH�VXSSO\�VXJJHVWV�WKHUH�PD\�EH�EHQHILWV�LQ�SURYLGLQJ�KRXVHV�ZLWK�UDLQZDWHU�
V\VWHPV� IRU� DOO� ZDWHU� VXSSO\�� UDWKHU� WKDQ� VHHLQJ� WKH� WDQN� DV� D� ZD\� WR� UHGXFH� WKH� ORDG� RQ� WKH�
UHWLFXODWHG�ZDWHU�VXSSO\��3HRSOH�PD\�WHQG�WR�FRQVHUYH�ZDWHU�LI�WKH�DOWHUQDWLYH�LV�WR�UXQ�RXW��
�
(QHUJ\�'HPDQG�IRU�:DWHU�6XSSO\��
$�GRPHVWLF�UDLQZDWHU�V\VWHP�XVXDOO\�HPSOR\V�DQ�HOHFWULF�SXPS�WR�GHOLYHU�WKH�ZDWHU�WR�WKH�WDSV��:LOO�
WKLV�UHVXOW� LQ�KLJKHU�HQHUJ\�FRQVXPSWLRQ�WKDQ�WKH�UHWLFXODWHG�V\VWHP"�$�KLJK�TXDOLW\�VSHFLILFDWLRQ�
IRU�D�GRPHVWLF�UDLQZDWHU�V\VWHP�SXPS�LV�WKH�*UXQGIRV�&+�����ZKLFK�LV�PDGH�RI�VWDLQOHVV�VWHHO��DQG�
SXPSV�����JDOORQV�������OLWUHV��SHU�KRXU�DW����SVL��XVLQJ�����:DWWV�����$��,W�KDV�D�OLIH�RI����\HDUV���
�7KH�7DQN�DQG�3XPS�6KRS���������7KHVH�ILJXUHV�PHDQ�WKDW�GRPHVWLF�ZDWHU�SXPSLQJ�LV�OLNHO\�WR�XVH�
LQ�WKH�UHJLRQ�RI�����N:K�SHU�P���������N:K�SHU�P����6RPH�LGHD�RI�WKH�RSHUDWLQJ�HQHUJ\�GHPDQG�RI�
WKH� UHWLFXODWHG�ZDWHU� V\VWHP�FDQ�EH�REWDLQHG� IURP�:DWHUFDUH� �:DWHUFDUH���������ZKR� UHSRUW� WRWDO�
DQQXDO�VDOHV�RI�������PLOOLRQ�P��RI�ZDWHU�LQ���������ZLWK��������P:K�RI�HOHFWULFLW\�XVHG�IRU�ZDWHU�
VXSSO\��DQG�������P:K�IRU�ZDWHU�GLVWULEXWLRQ��7KLV�JLYHV�D�ILJXUH�RI�������N:K�SHU�P���EXW�RQO\�
ZLWKLQ�WKH�:DWHUFDUH�V\VWHP��VR�QR�DFFRXQW�LV�WDNHQ�RI�WKH�HQHUJ\�XVHG�E\�WKH�ZKROH�ZDWHU�VXSSO\�
V\VWHP��8VH�RI�D�GRPHVWLF�SXPS� LV� WKHUHIRUH�XQOLNHO\� WR� UHVXOW� LQ� LQFUHDVHG�HQHUJ\�XVH�FRPSDUHG�
ZLWK�WKH�HQHUJ\�XVHG�E\�WKH�UHWLFXODWHG�VXSSO\��
�
&RVWV�RI�:DWHU�6XSSO\��
:DWHU�FRVWV� IURP�0HWURZDWHU�� WKH�FRPSDQ\� WKDW� VXSSOLHV�$XFNODQG�&LW\� �0HWURZDWHU������D��DUH�
FDOFXODWHG�DV�IROORZV���
6HUYLFH�FKDUJH�� � ����SHU�\HDU�
:KROHVDOH�FKDUJH� � �������SHU�P��
0HWURZDWHU�QHWZRUN�FKDUJH� ������SHU�P��
$�VWDQGDUG�QHZ�ZDWHU�FRQQHFWLRQ�����PP��FRVWV��������
�
,Q�DGGLWLRQ�WR�DOO�WKH�FKDUJHV�PHQWLRQHG�DERYH��WKHUH�LV�D�RQH�RII�FKDUJH�IRU�WKH�LQLWLDO�FRQQHFWLRQ�WR�
WKH�ZDWHU�V\VWHP��7KLV�1HWZRUN�8SJUDGH�&KDUJH�LV�OHYLHG�RQ�HDFK�QHZ�GZHOOLQJ��DQG�LV����������
,QF�*67��0HWURZDWHU������E���
�
7R�REWDLQ�DQ�HVWLPDWH�RI�FRVWV�LQ�D�VLWXDWLRQ�ZKHUH�UDLQZDWHU�WDQNV�DQG�WKHLU�DVVRFLDWHG�V\VWHPV�DUH�
LQ� FRPPRQ� XVH�� SULFHV� IRU� WDQNV� DQG� SXPSV� ZHUH� REWDLQHG� IURP� D� VXSSOLHU� RQ�:DLKHNH� ,VODQG��
7KHVH�FRVWV�PD\�EH�KLJKHU�WKDQ�LQ�D�VLPLODU�VLWXDWLRQ�RQ�WKH�PDLQODQG��EHFDXVH�RI�WKH�WUDQVSRUW�FRVWV�
RI�VKLSSLQJ�LWHPV�WR�WKH�LVODQG��$�SODVWLF�WDQN�RI��������OLWUHV�FDSDFLW\�FRVWV��������LQVWDOOHG��ZKLFK��
LQFOXGHV�HDUWK�PRYLQJ�WR�PDNH�D�OHYHO�EDVH��VDQG�EHGGLQJ��SOXPELQJ�IURP�GRZQSLSHV�WR�WDQN��DQG�
SOXPELQJ�IURP�WDQN�WR�SXPS��&RVW�RI�D�ILOWHU�IRU�WKH�ZDWHU�HQWHULQJ�WKH�WDQN�LV�������ZKLFK�JLYHV�D�
WRWDO�FRVW�RI�DSSUR[���������7KH�DVVXPHG�OLIH�RI�WKH�SODVWLF�WDQN�LV����\HDUV��7KH�FRVW�RI�D�*UXQGIRV�
&+����SXPS�LV�������7KH�7DQN�DQG�3XPS�6KRS���������7KH�LQVWDOOHG�FRVW�RI�WKH�SXPS�LV�DSSUR[��
��������WKH�DVVXPHG�OLIH�LV����\HDUV��$W�DURXQG�������SHU�\HDU�IRU�WKH�ODUJHVW�KRXVHKROG��HOHFWULFLW\�
FRVWV�IRU�SXPSLQJ�DUH�QHJOLJLEOH���
�
7KH�QHW�SUHVHQW�YDOXHV�RI�WKH�FRVW�RI�ZDWHU��139��IRU�D�SHULRG�RI����\HDUV��HVWLPDWHG�OLIH�RI�D�SODVWLF�
UDLQZDWHU�WDQN��DW�D�GLVFRXQW�UDWH�RI�������LQFOXGLQJ�VHUYLFH�FKDUJH�DQG�QHWZRUN�XSJUDGH�FKDUJH�SHU�
DQQXP�� KDYH� EHHQ� FDOFXODWHG�� EDVHG� RQ� ��� Pñ� RI� ZDWHU� UHTXLUHPHQWV� SHU� SHUVRQ� SHU� DQQXP�
FRQVXPSWLRQ� IRU� IRXU� KRXVHKROG� VL]HV�� IRU� D� IRXU�SHUVRQ� KRXVHKROG� ZLWK� UHGXFHG� PDLQV� ZDWHU�
GHPDQG� �UHIHU� 7DEOH� ���� DQG� IRU� D� UDLQZDWHU�RQO\� KRXVH� ZLWK� D� W\SLFDO� UDLQZDWHU� WDQN� RI� �������
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OLWUHV�� 6LPLODUO\��139V� IRU� DOO� WKHVH� RSWLRQV� DUH� DOVR� FDOFXODWHG� DVVXPLQJ� �� \HDUV� DV� WKH� DYHUDJH�
OHQJWK� RI� RZQHUVKLS� RI� 1=� SURSHUW\�� $OO� H[SHQGLWXUH� FRVWV� DUH� *67� LQFOXVLYH� XQOHVV� RWKHUZLVH�
VWDWHG��7KHVH�ILJXUHV�DOORZ�WKH�FRQVWUXFWLRQ�RI�7DEOH�����
�
7DEOH����&RVW�RI�W\SLFDO�ZDWHU�FRQVXPSWLRQ�IURP�UHWLFXODWHG�DQG�UDLQZDWHU�VXSSO\�

�
,W� FDQ� EH� VHHQ� IURP�139� FRPSDULVRQV� EHWZHHQ� URRI� UDLQZDWHU� VXSSO\� DQG� FRQYHQWLRQDO� GHPDQG�
IURP�UHWLFXODWHG�ZDWHU�IRU�D�SHULRG�RI����\HDUV��WKDW�UDLQZDWHU�WDQNV�DSSHDU�ILQDQFLDOO\�DWWUDFWLYH�IRU�
IRXU�W\SLFDO�URRI�DUHDV��)RU�D�VKRUW�WHUP�RI���\HDUV��RQO\�ODUJHU�URRI�DUHDV�RI��IRU�H[DPSOH������Pð��
VKRZ� ILQDQFLDO� KRXVHKROGHU� DGYDQWDJHV� IRU� LQYHVWPHQW� LQ� UDLQZDWHU� WDQNV�� 7KH� IRXU�SHUVRQ�
KRXVHKROG�ZLWK�UHGXFHG�GHPDQG��KRZHYHU��FRXOG�EX\�UHWLFXODWHG�ZDWHU�RI�WKH�VDPH�TXDQWLW\�DV�WKDW�
SURYLGHG�E\�WKHLU�URRI������P��SHU�\HDU��DW�DQ�139�ORZHU�WKDQ�WKH�FRVW�RI�UDLQZDWHU�VXSSO\��HYHQ�
WDNLQJ� LQWR� DFFRXQW� WKH� ���\HDU� WLPH� IUDPH�� 7KHVH� FDOFXODWLRQV� LQFOXGH� QR�PDLQWHQDQFH� FRVWV� RU�
SRVVLEOH� ILOWUDWLRQ� DQG� WUHDWPHQW� FRVWV� RI� XVLQJ� UDLQ� ZDWHU� FROOHFWLRQ� V\VWHPV�� ZKLFK� PD\� RIIHU�
GLIIHUHQW�UHVXOWV��
�
�
&21&/86,21�
7KHUH� PD\� EH� OLWWOH� SRLQW� LQ� UHFRPPHQGLQJ� WKH� XVH� RI� URRI� UDLQZDWHU�FROOHFWLRQ� V\VWHPV� IRU�
GRPHVWLF�ZDWHU�VXSSO\�LI�VXFK�V\VWHPV�DUH�XQOLNHO\�WR�EH�FDSDEOH�RI�VXSSO\LQJ�D�XVHIXO�TXDQWLW\�RI�
ZDWHU��&OHDUO\�� WKHVH� ILJXUHV� EHJLQ� WR� DQVZHU� RQO\� WKH�PRVW� EDVLF� TXHVWLRQV� DERXW� UDLQZDWHU� XVH��
7KH\�VKRZ�WKDW�KRXVHKROG�UDLQZDWHU�FROOHFWLRQ�FRXOG�VXSSO\�DQ�DGHTXDWH�DPRXQW�RI�ZDWHU��DW�OHDVW�
LQ�$XFNODQG�� DQG� WKDW� WKH� FRVW� RI� GRLQJ� WKLV�PD\� QRW� EH� JUHDWHU� WKDQ� WKDW� RI� FRQYHQWLRQDO�ZDWHU�
VXSSO\�LQ�WKH�ORQJ�WHUP��+RZHYHU��WKH�FRVWV�FRQVLGHUHG�KHUH�GR�QRW�DGGUHVV�WKH�FRVW�RI�ILOWUDWLRQ�DQG�
WUHDWPHQW�V\VWHPV�IRU�UDLQZDWHU�XVH��ZKLFK�PD\�EH�GHPDQGHG�LQ�WKH�IXWXUH�LQ�VSLWH�RI�WKHLU�QRQ�XVH�
LQ� H[LVWLQJ� FRPPXQLWLHV� VXFK� DV� :DLKHNH� ,VODQG�� )LJXUHV� SUHVHQWHG� KHUH� VXJJHVW� D� SRVVLEOH�
DUJXPHQW� IRU� FRQVLGHULQJ� UDLQZDWHU� V\VWHPV� IRU� WKH� ZDWHU� VXSSO\� RI� QHZ� GHYHORSPHQWV�� ZKLOH�
OHDYLQJ� WKH� H[LVWLQJ� ZDWHU� V\VWHP� WR� VXSSO\� H[LVWLQJ� GZHOOLQJV�� 7KLV� ZRXOG� DYRLG� WKH� FRVWV� RI�
GXSOLFDWLRQ�DQG�WKH�QHHG�WR�HQODUJH�WKH�H[LVWLQJ�LQIUDVWUXFWXUH���
�
6LJQLILFDQW�EHQHILWV�WR�VWRUP�ZDWHU�PDQDJHPHQW�FDQ�DOVR�EH�DFKLHYHG�WKURXJK�WKH�XVH�RI�UDLQZDWHU�
WDQNV�� ZLWK� WDQNV� XVHG� WR� FRPSHQVDWH� IRU� LPSHUYLRXV� DUHDV� �$5&� ������� DQG� WKLV� FRXOG� OHDG� WR�
IXUWKHU�FRVW�EHQHILWV��,QGHHG��LI�UDLQZDWHU�LV�WR�SURYLGH�D�FRVW�HIIHFWLYH�VROXWLRQ��LW�PD\�QHHG�WR�EH�
DEOH�WR�VXSSO\�DOO�RI�D�KRXVHKROG¶V�ZDWHU�GHPDQG��RWKHUZLVH�WKHUH�ZLOO�EH�D�GXSOLFDWLRQ�RI�V\VWHPV�

7\SLFDO�
URRI�
DUHDV�
�Pð��
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QR��RI�
EHGURRPV�
�

3RWHQWLDO�
RFFXSDQF\�
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QR��RI�
EHGURRPV��
�QR��RI�
SHRSOH��

:DWHU�
VXSSO\�EDVHG�
RQ�RFFXSDQF\��
#����OFG�
�Pñ�DQQXP��

&RVW�RI�ZDWHU�
LQF�VHUYLFH�
FKDUJH�DQG�
QHWZRUN�
XSJUDGH�FKDUJH�
��1=�SHU�
DQQXP��

1HW�3UHVHQW�
9DOXH�IRU�D�
SHULRG�RI�����
\HDUV�
��1=��
�

1HW�3UHVHQW�9DOXH�
IRU�D�SHULRG�RI����
\HDUV�RI�SURSHUW\�
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��1=��
�
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����Pð� �� �� ���� ����� ������ �������
����Pð� �� �� ���� ����� ������ �������
����Pð��
��� SHUVRQ�
KRXVHKROG��

�� �� �����UHGXFHG�
GHPDQG�IURP�
7DEOH����

����� ������ �������

�������
OLWUH�
5DLQZDWHU�
7DQN�

�� �� �� ����HOHFWULFW\�
FRVW�IRU�
SXPSLQJ��
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ZLWK�D�FRQVHTXHQW�LQFUHDVH�LQ�FRVWV�DV�D�UHVXOW�RI�LQVWDOOLQJ�VXSSOLHV�IRU�ERWK�UHWLFXODWHG�ZDWHU�DQG�
UDLQZDWHU��:KLOH� IXUWKHU� UHVHDUFK� LV� QHHGHG� WR� HQVXUH� WKHUH� DUH� ORZ�FRVW�ZD\V� WR� DOORZ� UDLQZDWHU�
V\VWHPV�WR�SURYLGH�DQ�HIIHFWLYH�DQG�VDIH�ZDWHU�VXSSO\�IRU�XVHUV��WKH�ILJXUHV�SUHVHQWHG�KHUH�DW�OHDVW�
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