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$�6WXG\�RQ�)LHOG�:DWHU�7XEH¶V�(IIHFWLYHQHVV�DV�D�3UDFWLFDO�
,QGLFDWRU�WR�,UULJDWH�65,�

0'��$%'8/�/$7,)�
8QLYHUVLW\�RI�7RN\R��.DVKLZD��&KLED��-DSDQ�
(PDLO��DODWLIB�#\DKRR�FRP�

(,-,�<$0$-,�
8QLYHUVLW\�RI�7RN\R��.DVKLZD��&KLED��-DSDQ�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����)HEUXDU\������

$EVWUDFW�5LFH��WKH�VWDSOH�IRRG�RI�����ELOOLRQ�SHRSOH�DV�ZHOO�DV�SUROLILF�XVHU�RI�ZDWHU��DUH�DW�
ULVN�RI�VHYHUH�ZDWHU�VKRUWDJH�DQG�KHQFH�IRRG�LQVHFXULW\��7R�FRSH�ZLWK�ORRPLQJ�ZDWHU�FULVLV��
ZH�PXVW�VRXJKW�ZDWHU�VDYLQJ�WHFKQRORJLHV�WR�PDLQWDLQ�DQG�WR�LQFUHDVH�ULFH�SURGXFWLRQ�IRU�
PHHWLQJ�ZRUOG¶V�IRRG�QHHGV�ZLWK�OHVV�ZDWHU��$�QHZ�VWUDWHJ\�LV�WKH�XVH�RI�ILHOG�ZDWHU�WXEH�
LQ� 65,� ZLWK� $:',� DSSOLFDWLRQ�� $� O\VLPHWHU� VFDOH� H[SHULPHQW� ZDV� FRQGXFWHG� DW� 7RN\R�
8QLYHUVLW\� WR� ILQG�RXW� WKH�HIIHFWLYHQHVV�RI�)LHOG�:DWHU�7XEH�IRU�PRQLWRULQJ� WKH�GHSWK�RI�
SRQGHG� ZDWHU�� GHWHUPLQLQJ� WKH� ULJKW� LUULJDWLRQ� WLPLQJ�� 7KH� H[SHULPHQWDO� OD\RXW� ZDV�
'HPRQVWUDWLRQ�6WULS�'HVLJQ�ZLWK�WZLFH�UHSOLFDWLRQ�ZKHUH���GLIIHUHQW�GLDPHWHUV�39&�7XEH�
�YL]�� �� FP�� ���� FP�� ��� FP�� ����� FP� DQG� ��� FP�� ZHUH� WUHDWPHQW� DQG� +LRNL� PHWHU��
WHQVLRPHWHU�� PRLVWXUH� VHQVRU�� WHPSHUDWXUH� VHQVRU�� GDWD� ORJJHU� ZHUH� XVHG� DV� LQVWUXPHQW��
:KHQ� WKH� ZDWHU� OHYHO� ZHQW� WR� ��� FP� EHORZ� WKH� VRLO� VXUIDFH� OHYHO� WKHQ� LUULJDWLRQ� ZDV�
DSSOLHG� LQ� WKH�GU\LQJ� F\FOH� RI�$:',��7KURXJKRXW� WKH� VWXG\�SHULRG�� SRQGHG�GHSWK�ZDWHU�
OHYHO��PRLVWXUH�SHUFHQWDJH��SUHVVXUH�� WHPSHUDWXUH�ZDV�PHDVXUHG��7KH� VWXG\� UHYHDOHG� WKDW�
DOO�WKH�WUHDWPHQWV�PHDVXUHG�WKH�ZDWHU�OHYHO�SHUIHFWO\�DQG�GHWHUPLQHG�WKH�DSSURSULDWH�WLPH�
RI�LUULJDWLRQ�LQ�GU\LQJ�F\FOH�RI�$:',��7KH�VWXG\�GLVFORVHG�WKDW�LQ�PHDVXULQJ�ZDWHU�GHSWK�
DOO�WKH�ZDWHU�WXEH�H[KLELWHG�JRRG�UHODWLRQVKLS��LQ�VDPH�GLDPHWHU�PD[LPXP�U��YDOXH��������
DQG�PLQLPXP�U��YDOXH���������LQ�GLIIHUHQW�GLDPHWHU�PD[LPXP�U��YDOXH�������DQG�PLQLPXP�
U��YDOXH�������� WR�HDFK�RWKHU�� ,W� LV�GHPRQVWUDWHG� WKDW�ZDWHU� WXEH�PHDVXUHPHQW�KDV�VWURQJ�
UHODWLRQVKLS� ZLWK� ZDWHU� OHYHO� VHQVRU� PHDVXUHPHQW� �+LRNL�0HWHU�� DQG� WHQVLRPHWHU�� )LHOG�
:DWHU�7XEH�SURYHG�WKDW�LW�LV�D�ZDWHU�VDYLQJ�WHFKQRORJ\�ZKHUH�$:',�GRQH�LQ�65,�EDVHG�RQ�
ZDWHU�UHTXLUHPHQW�RI�WKH�ILHOG�QRW�E\�SUHGHWHUPLQHG�LQWHUYDO�DSSURDFK��

.H\ZRUGV�ILHOG�ZDWHU�WXEH��SRQGHG�GHSWK��GLDPHWHU�RI�ZDWHU�WXEH��DOWHUQDWH�ZHWWLQJ�DQG��
GU\LQJ�LUULJDWLRQ��65,��VRLO�FUDFN�

,1752'8&7,21�

5LFH� FXOWLYDWLRQ� LQ� V\VWHP�RI� ULFH� LQWHQVLILFDWLRQ� �65,��ZLWK� DOWHUQDWH�ZHW�GU\� LUULJDWLRQ� �$:',��
PDQDJHPHQW� LV� JHQHUDOO\� SUDFWLFHG� ZLWK� ������� GD\V� LQWHUYDO� LUULJDWLRQ� EXW� WKH� LGHD� RI�
SUHGHWHUPLQHG�GD\¶V�LQWHUYDO�DSSURDFK�FDQQRW�EH�WUHDWHG�DV�WKH�GHPDQG�GULYHQ�WHFKQRORJ\�SHUIHFWO\��
0RUHRYHU��VXFFHVV�RI�$:',�GHSHQGV�ODUJHO\�RQ�LUULJDWLRQ�WR�WKH�ILHOG�DW�WKH�ULJKW�WLPH�ZKHQ�QHHGV�
ZDWHU�IRU�WKH�ULFH�SODQW��%XW�GHWHUPLQDWLRQ�RI�ULJKW�LUULJDWLRQ�WLPLQJ�GXULQJ�WKH�GU\�F\FOHV�RI�$:',�
LV�YHU\�KDUG�GXH�WR�GLIIHUHQW�VRLO�SK\VLFDO�SURSHUWLHV�VXFK�DV�VRLO�VWUXFWXUH��WH[WXUH��EXON�GHQVLW\�RI�
VRLO��VRLO�SRUH�VSDFH�HWF�DQG�GLIIHUHQW�VRLO�KDYH�GLIIHUHQW�K\GUDXOLF�FRQGXFWLYLW\�OLNH�PRYHPHQW�RI�
ZDWHU�� LQILOWUDWLRQ�SHUFRODWLRQ� UDWH��DQG�ZDWHU� UHWDLQLQJ�FDSDFLW\��7KHUHIRUH�� IDUPHUV� IDLO� WR�GHFLGH�
WKH�DSSURSULDWH�WLPH�IRU�LUULJDWLRQ�DQG�SD\�SHQDOW\�DV�\LHOG�UHGXFWLRQ�IRU�VDYLQJ�LUULJDWHG�ZDWHU��7R�
VROYH� WKH� FUXFLDO� SUREOHP� RI� \LHOG� UHGXFWLRQ�� ,QWHUQDWLRQDO� 5LFH� 5HVHDUFK� ,QVWLWXWH� �,55,���
3KLOLSSLQH� 5LFH� 5HVHDUFK� ,QVWLWXWH� �3KLO� 5LFH�� DQG� %DQJODGHVK� 5LFH� 5HVHDUFK� ,QVWLWXWH� �%55,��
UHFRPPHQGHG����FP�����FP�DQG������FP�GLDPHWHU�ZDWHU�WXEH��UHVSHFWLYHO\��7KH�WKUHH�GHVLJQDWHG�
LQVWLWXWLRQV�DOVR�VXJJHVWHG�GLIIHUHQW�UH�LUULJDWLRQ�WLPLQJ�LQ�GU\LQJ�F\FOH�RI�$:',�VXFK�DV�EDVHG�RQ�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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YDULHG� ZDWHU� SRQGHG� GHSWK� YL]���� FP� RU� ��� FP� EHORZ� WKH� VRLO� VXUIDFH� UH�LUULJDWLRQ� WLPH� LV�
SUHVFULEHG�E\�WKH�LQVWLWXWLRQV��,Q�WKLV�FRQWH[W��PRUH�VWXG\�LV�UHTXLUHG�RQ�)LHOG�:DWHU�7XEH�DQG�LWV�
GLDPHWHU�VL]H�WR�XQFRYHU�WKH�HIIHFWLYHQHVV��DFFXUDF\��GXUDELOLW\�RI�WKH�LQVWUXPHQW�DV�D�JRRG�SUDFWLFDO�
LQGLFDWRU�RI�LUULJDWLRQ�LQ�$:',�PDQDJHPHQW�UHJLPH���

0$7(5,$/6�$1'�0(7+2'6�

&OLPDWLF�)HDWXUHV�DQG�'HVFULSWLRQ�RI�WKH�6WXG\�$UHD�

-DSDQ�LV�XQGHU�WHPSHUDWH�FOLPDWLF�UHJLRQ�DQG�WKH�FOLPDWH�RI�WKH�DUHD�ZDV�ZDUP�RFHDQLF�WKDW�LV�PLOG�
LQ�ZLQWHU�DQG�UHODWLYHO\�FRROV�LQ�VXPPHU�DQG�WKH�FOLPDWLF�GDWD�LQ�WKH�H[SHULPHQWDO�VLWH�ZDV�FROOHFWHG�
GXULQJ�WKH�ULFH�±VHDVRQ��$SULO�WR�$XJXVW���7DEOH��VXPPDUL]HG�WKH�ZHDWKHU�GDWD���

�
7DEOH���0HWHRURORJLFDO�GDWD�IURP�$SULO�WR�$XJXVW�������

0RQWK�
�

5DLQIDOO��PP�� 7HPSHUDWXUH��KUV�� 6XQ��KUV��
�7RWDO� 'DLO\��

0D[��
$YH�� 'DLO\�

0D[��
'DLO\�
0LQ��

$SULO� ������ ����� ����� ����� ������ ������
0D\� ������ ����� ����� ����� ����� ������
-XQH� ������ ����� ����� ����� ����� ������
-XO\� ������ ����� ����� ����� ����� ������
$XJ� ������� ������ ����� ����� ����� ������
$YH�� ������ ����� ����� ����� ����� ������

6RXUFH��$ELNR�0HWHRURORJLFDO�6WDWLRQ��&KLED�
�

7KLV�VWXG\�ZDV�FRQGXFWHG�DW�WKH�URRI�WRS�O\VLPHWHU�RI�WKH�HQYLURQPHQWDO�EXLOGLQJ�LQ�.DVKLZD�
&DPSXV��8QLYHUVLW\�RI�7RN\R��ZKLFK� LV� LQ�.DVKLZD�FLW\��&KLED��-DSDQ��GXULQJ� WKH� ULFH� VHDVRQ�RI�
������$SULO� WR�$XJXVW���7KH�H[SHULPHQWDO�VLWH�ZDV�VLWXDWHG�DW�������
�1RUWK�ODWLWXGH�DQG����R���
�
(DVW�ORQJLWXGH��DQG�DW�DQ�DOWLWXGH�RI����P�DERYH�PHDQ�VHD�OHYHO��

�
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�
�
�
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�
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�

)LJ���/\VLPHWHU�XWLOL]HG�LQ�WKH�VWXG\�LQVWDOOHG�DW�WKH�URRI�WRS�
�
�

7KH�VL]H�RI�WKH�O\VLPHWHU�ZDV����������FP���)LJ����DQG�VRLO�GHSWK�ZDV����FP��7KH�VRLO�RI�
WKH�H[SHULPHQWDO�VLWH�ZDV�VDQG\�ORDP�DQG�KRPRJHQHRXV�ZLWK�IDLUO\�JRRG�VRLO�IHUWLOLW\��0RFKLJRPH�
FXOWLYDU��WKH�VHFRQG�PDMRU�ULFH�YDULHW\��VWLFN\�ULFH��LQ�-DSDQ��ZDV�XVHG�LQ�WKH�H[SHULPHQW��
�
�
�
�
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([SHULPHQWDO�'HWDLOV�

$SSDUDWXV�

��GLIIHUHQW�VL]HG��GLDPHWHU��ILHOG�REVHUYDWLRQ�ZDWHU�WXEHV����FP������FP�����FP�������FP�DQG����FP�
GLDPHWHU� WXEH�ZHUH�XVHG��ZKLFK�KHLJKW�ZDV���FP��KDYLQJ�SHUIRUDWHG�KROHV� VSDFH��� FP�DSDUW� DQG�
SHUIRUDWHG�KROHV�GLDPHWHU�ZDV��PP��7KH�WKLFNQHVV�RI�WKH�WXEH�ZDV�����FP������FP������FP�������FP�
DQG�����FP�IRU����FP�������FP�����FP������FP�DQG���FP�GLDPHWHU�7XEHV��UHVSHFWLYHO\��7KH�RWKHU�
LQVWUXPHQWV� DUH� �� +LRNL� PHWHU� �:DWHU� /HYHO� 6HQVRU��� �� (&+�2� 6RLO� 0RLVWXUH� 6HQVRUV�� ��
7HPSHUDWXUH�6HQVRUV����7HQVLRPHWHUV����FP�����FP�����FP�DQG����FP�����'DWD�/RJJHU��/\VLPHWHU�
�5HLQIRUFH�&HPHQW�&RQFUHWH�5&&�6L]H��������FP����/HDI�&RORU�&KDUW�DQG��D�UXOHU��

'HWDLOHG�$UHD�3ODQ�

7KH� O\VLPHWHU� RI� ���� [� ���� FP�� RU� �P��ZDV� GLYLGHG� LQWR� �� FROXPQV� DQG� ��� URZV� �)LJ����� 7KH�
GLVWDQFH� EHWZHHQ� HDFK� FROXPQ� DQG� URZ�ZDV� ��� FP� �VTXDUH� VKDSH���7KH� GLVWDQFH� IURP� FRUQHU� RI�
O\VLPHWHU� WR� FRUQHU� FROXPQ� DQG� URZ� ZHUH� ��� FP� DQG� ��� FP� UHVSHFWLYHO\�� ,Q� WKH� H[SHULPHQW�� ��
GLIIHUHQW� GLDPHWHUV� ILHOG� ZDWHU� WXEH� ZHUH� XVHG� DV� WUHDWPHQW� DQG� LW� UHSOLFDWHG� WZLFH� E\� SODFLQJ�
EHWZHHQ��QG��UG� FROXPQ�DQG��UG��WK� FROXPQ��7KH�ZDWHU� WXEHV�ZHUH� LQVWDOOHG�YHUWLFDOO\� DV� LWV��� FP�
UHPDLQ�RYHU�WKH�VRLO�VXUIDFH�DQG����FP�UHPDLQ�XQGHU�WKH�VRLO��
�
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�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����'HWDLOHG�DUHD�SODQ�RI�O\VLPHWHU�VFDOH�H[SHULPHQW�
�

7KHUH�ZHUH���WHQVLRPHWHUV�LQVWDOOHG�EHWZHHQ�ZDWHU�WXEHV�RI�OLQH�%����PRLVWXUH�VHQVRUV�DQG���
WHPSHUDWXUH�VHQVRUV�ZHUH�LQVWDOOHG�EHWZHHQ�WXEHV�����$�DQG���$�DW�WKH�IROORZLQJ�GHSWK���FP�����
FP�����FP�DQG����FP��2QH�+LRNL�PHWHU��ZDWHU� OHYHO�VHQVRU��ZDV�LQVWDOOHG�LQ����FP�GHSWK�ZKLFK�
VRLO�ZDV�WDNHQ�DZD\��$W�HYHU\�MRLQW�RI�FROXPQ�DQG�URZ����ULFH�SODQWV�ZHUH�SODQWHG��RU�WRWDOO\������
ULFH�SODQWV�ZHUH�WUDQVSODQWHG�DW���SRLQWV���������

,UULJDWLRQ�0DQDJHPHQW�

7KLV�ZDV�RQH�RI� WKH�PRVW� LPSRUWDQW� IHDWXUHV�RI� WKH� H[SHULPHQW��:KHQ�GHWHUPLQLQJ� WKH� LUULJDWLRQ�
VFKHGXOH��PDMRU� HPSKDVLV�ZDV� ODLG� RQ� FULWLFDO� VWDJHV� RI�ZDWHU� UHTXLUHPHQW� LQ� WKH� JLYHQ� FOLPDWLF�
VLWXDWLRQ�� $:'� LUULJDWLRQ� ZDV� DSSOLHG� DIWHU� �� GD\� RI� WUDQVSODQWLQJ� DQG� FRQWLQXHV� XS� WR� ZKROH�
H[SHULPHQW�SHULRG������GD\V���$:'�,UULJDWLRQ�PDQDJHPHQW�ZDV�GLYLGHG�LQWR�WZR�UHJLPHV��

D�� ,UULJDWLRQ�IRU����GD\V�DIWHU�WUDQVSODQWDWLRQ����'D\�,QWHUYDO�$:',��
E�� ,UULJDWLRQ�IRU����GD\V�WR�����GD\V�DIWHU�WUDQVSODQWDWLRQ��$:',�ZLWK�)LHOG�:DWHU�7XEH��
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7KH�PHWKRGRORJ\�RI�LUULJDWLRQ��ZLWK�)LHOG�:DWHU�7XEH��ZDV�ZKHQ�ZDWHU�OHYHO�ZRXOG�JR�WR����
FP�GHSWK�RI����$�ZDWHU� WXEH� WKHQ� UH�LUULJDWHG� WKH� ILHOG�EXW�GXH� WR� WKH�FOLPDWLF�FRQGLWLRQV�DQG� WR�
IXOILOO� WKH�PDLQ�REMHFWLYH��(IIHFWLYHQHVV�RI�)LHOG�:DWHU�7XEH��RI� WKH�H[SHULPHQW��$:'�LUULJDWLRQ�
ZDV�GRQH��

3DUDPHWHU�REVHUYHG�

)LHOG� ZDWHU� WXEH�� PRLVWXUH� VHQVRU�� WHPSHUDWXUH� VHQVRU�� WHQVLRPHWHU� ZDV� REVHUYHG� DW� ��� KRXUV�
LQWHUYDO� ��� DP� DQG� �� SP�� DQG� 3ODQW� JURZWK� ZDV� REVHUYHG� DW� �� GD\V� LQWHUYDO� WKURXJKRXW� WKH�
H[SHULPHQW�SHULRG��(DFK�)LHOG�ZDWHU�7XEH�ZDV�DWWDFKHG�ZLWK�D�UXOHU�WR�PHDVXUHV�WKH�ZDWHU�/HYHO�LQ�
WKH�ILHOG�DQG�GDWD�FROOHFWLRQ�ZDV�VWDUWHG�DW�'$7��DQG�LW�FRQWLQXHG�XS�WR�'$7������

5(68/76�$1'�',6&866,21�

&RPSDULVRQ�DPRQJ�ZDWHU�WXEHV�

,W�ZDV�LQGLFDWHG�WKDW�ZDWHU�GHSWK�RI�DOO�ZDWHU�WXEH�LV�VLPLODU�ZLWK�VRPH�VPDOO�GLIIHUHQFH�ZKHQ�ZDWHU�
UHPDLQV�DURXQG�VRLO�VXUIDFH�EXW�ZKHQ�ZDWHU�JRHV�WR�XQGHU�WKH�VRLO�VXUIDFH��:KHQ�ZDWHU�OHYHO�JRHV�
WR����FP�EHORZ�WKH�VRLO�VXUIDFH�WKHQ�ZDWHU�OHYHO�GLIIHUHQFH�DPRQJ�WKH�ZDWHU�WXEH�YDULHV�JUHDWO\��)LJ��
���� ,W� LV� DOVR�REVHUYHG� WKDW� DPRQJ� WKH� ILYH�GLIIHUHQW�GLDPHWHU�ZDWHU� WXEHV�� WKH�QDUURZHU�GLDPHWHU�
ZDWHU�WXEH�VKRZV�ORZHU�SRQGHG�GHSWK�WKDQ�WKH�ZLGHU�GLDPHWHU�:DWHU�7XEH��
�

�
�

)LJ����3RQGHG�GHSWK�RI�DOO�ZDWHU�WXEHV�LQ�WKH�H[SHULPHQW�SHULRG�
�

7KH�ORZHVW�RU�H[WUHPH�SRQGHG�GHSWK�LV�VKRZQ�E\��%�DQG�WKDW�LV�������FP�EHORZ�WKH�VXUIDFH�
OHYHO�DQG�PLQLPXP�ORZHVW�SRQGHG�GHSWK�LV�������FP�LQ�����%��7KH�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�
ZDWHU�OHYHO�SRLQWV�LV�����FP�DQG�LW�LV�YHU\�VLJQLILFDQW�IRU�$:'�LUULJDWLRQ�PDQDJHPHQW�LQ�ULFH�ILHOG���

,W�LV�IRXQG�WKDW�$:'�LUULJDWLRQ�DIWHU�ORQJ�GD\V��WKH�GHFUHDVLQJ�WUHQG�RI�ZDWHU�OHYHO�LV�YHU\�KLJK��
,W�LV�REVHUYHG�WKDW�ZDWHU�OHYHO�GHFUHDVLQJ�UDWH�LV�PD[LPL]HG�LQ�VPDOO�GLDPHWHU�ZDWHU�WXEH�WKDQ�ODUJHU�
GLDPHWHU�WXEH��+LJKHVW�ZDWHU�OHYHO�UHGXFWLRQ�LV�KDSSHQHG�LQ��%�7XEH�DQG�WKDW�LV������FP�DQG�ORZHVW�
UHGXFWLRQ�LQ���$�DQG�WKDW�LV�����FP��,W�LV�REVHUYHG�WKDW�WKH�KLJKHVW�PD[LPXP�ZDWHU�OHYHO�UHGXFWLRQ�
LQ����KRXUV�LV�KDSSHQHG�LQ����%�:DWHU�7XEH��������FP��DQG�OHVV�PD[LPXP�ZDWHU�OHYHO�UHGXFWLRQ�LQ�
��%�WXEH��������FP���,W�LV�IRXQG�WKDW�DOO�WKH�WXEHV�VKRZ�JRRG�UHODWLRQVKLS�WR�PHDVXUH�SRQGHG�GHSWK��

&RPSDULQJ�LQ�VDPH�GLDPHWHU�ZDWHU�WXEH��PD[LPXP�DQG�PLQLPXP�UHODWLRQVKLS�LV�VKRZQ�E\����
FP� DQG� � ��� FP� GLDPHWHU� ZDWHU� WXEH� ZKLFK� DUH� ������� DQG� ������� � �U�� YDOXH�� UHVSHFWLYHO\�� ,Q�
GLIIHUHQW�GLDPHWHU�ZDWHU�WXEH��PD[LPXP�DQG�PLQLPXP�UHODWLRQVKLS�LV�H[KLELWHG�E\�����%���%�DQG�
�$���$���ZDWHU�WXEH�ZKLFK�DUH�������DQG��������U��YDOXH��UHVSHFWLYHO\��)URP�WKHVH�ILQGLQJV�LW�FDQ�
EH�VDLG�WKDW�LI�YDULDWLRQ�RI�GLDPHWHU�RI�WKH�WXEH�LV�VPDOO�WKHQ�PHDVXULQJ�ZDWHU�OHYHO�LV�FORVH�DQG�YLFH�
YHUVD��
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:DWHU�WXEH�DQG�+LRNL�PHWHU�

,W�LV�IRXQG�WKDW�+LRNL�PHWHU��:DWHU�/HYHO�6HQVRU��PHDVXUHPHQW�JRHV�VLGH�E\�VLGH�ZLWK�ZDWHU�WXEH�
SRQGHG�GHSWK�PHDVXUHPHQW��)LJ����DQG�SURYHG�WKDW�LW�LV�YHU\�DFFXUDWH���

� �
)LJ����:DWHU�OHYHO�PHDVXUHPHQW�E\�ZDWHU�WXEH�DQG�+LRNL�PHWHU�DQG�WKHLU�UHODWLRQVKLS�

�
,W�LV�IRXQG�WKDW�ZDWHU�WXEH�PHDVXUHPHQW�KDV�VWURQJ�UHODWLRQVKLS�ZLWK�+LRNL�PHWHU�PHDVXUHPHQW�

DQG� HVSHFLDOO\� ODUJHU� GLDPHWHU� ZDWHU� WXEH� KDV� EHWWHU� UHODWLRQVKLS� ZLWK� +LRNL� PHWHU� �)LJ�����
0D[LPXP�UHODWLRQVKLS�EHWZHHQ�ZDWHU�WXEH�DQG�KLRNL�PHWHU�LV���������U��YDOXH��E\�����%�WXEH�DQG�
PLQLPXP�UHODWLRQVKLS�LV���������U��YDOXH��E\��$�WXEH��

:DWHU�WXEH�DQG�WHQVLRPHWHU�

5HODWLRQVKLS�EHWZHHQ�VRLO�SUHVVXUH�DQG�GLIIHUHQW�GLDPHWHU�ZDWHU�WXEH�KDV�EHHQ�LQYHVWLJDWHG�DQG�LW�LV�
IRXQG�WKDW�PD[LPXP�UHODWLRQ��U�˙�������SUHYDLOV�EHWZHHQ�VRLO�SUHVVXUH�DW���FP�GHSWK�WHQVLRPHWHU�
DQG��%�ZDWHU� WXEH� DQG�PLQLPXP� UHODWLRQ� �U�˙�������� LV� LGHQWLILHG� LQ���%�ZDWHU� WXEH�� ,W� LV� DOVR�
REVHUYHG� WKDW� QR� SUHVVXUH� SUHYDLOHG� DERYH� ����� FP� ���$�7XEH�� GHSWK� RI� WKH� VRLO� DQG�PD[LPXP�
SUHVVXUH������N3D��LV�IRXQG�RQ�'$7����E\���FP�GHSWK�WHQVLRPHWHU��

:DWHU�WXEH��PRLVWXUH�VHQVRU�DQG�WHPSHUDWXUH�VHQVRU�

,Q�WKH�H[SHULPHQW��LW�LV�QRW�IRXQG�WKDW�PRLVWXUH�SUHVHQFH�KDV�UHODWLRQVKLS�ZLWK�SRQGHG�ZDWHU�GHSWK�
PHDVXUHG� E\� ZDWHU� WXEH�� 2QO\� ��� FP� GHSWK� PRLVWXUH� VHQVRU� KDV� VKRZQ� ����� UHODWLRQVKLSV� ZLWK�
ZDWHU�WXEH�PHDVXUHPHQW�DQG�RWKHUV�KDV�VKRZQ�YHU\�PXFK�LQVLJQLILFDQW�UHVXOW�ZKLFK�LV�OHVV�WKDQ�������

,W� LV� LQYHVWLJDWHG�WKDW� WKHUH� LV�YHU\� LQVLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�WHPSHUDWXUH�VHQVRU�DQG�
ZDWHU�WXEH�E\�XVLQJ�ZDWHU�OHYHO�GHFUHDVLQJ�GDWD�RI�GU\LQJ�F\FOH�RI�$:',�DQG�WHPSHUDWXUH�GDWD�RQ�
WKDW�SDUWLFXODU�REVHUYDWLRQ�����REVHUYDWLRQV�GDWD�RQ�PD[LPXP�GHFUHDVLQJ�RI�SRQGHG�GHSWK�KDV�EHHQ�
FRXQWHG�DQG�FRQVLGHUV�WHPSHUDWXUH�RQ� WKDW�WLPH�DQG�ILQG�WKDW� WKHUH�DUH�OHVV�WKDQ�����UHODWLRQVKLSV�
EHWZHHQ� WHPSHUDWXUH� DQG� SRQGHG� GHSWK�� 7KHUHIRUH�� IURP� WKLV� LQYHVWLJDWLRQ� LW� LV� QRW� IRXQG� WKDW�
KLJKHU�WHPSHUDWXUH�LQFUHDVHV�PRUH�WUDQVSLUDWLRQ�DQG�GHFUHDVLQJ�ZDWHU�OHYHO�UDSLGO\��

:DWHU�UHTXLUHPHQW�DQG�VRLO�SK\VLFDO�FRQGLWLRQ�

7RWDO�ZDWHU�DSSOLHG�LQ�WKH�ILHOG�LV������FP�RI�ZKLFK������FP�FRPHV�IURP�LUULJDWLRQ�DQG����FP�ZDWHU�
FRPHV�IURP�UDLQIDOO�ZKLFK�LV�����DQG�����RI�WRWDO�LUULJDWLRQ��,W�LV�LQYHVWLJDWHG�WKDW�VRLO�FUDFN�KDV�
UHODWLRQVKLS� ZLWK� ZDWHU� OHYHO�� :KHQ� ZDWHU� OHYHO� JRHV� WR� XQGHU� WKH� VRLO� WKHQ� VRLO� FUDFN� VKRZV�
PD[LPXP�ZLGWK��,W�LV�REVHUYHG�WKDW�ILUVW�VRLO�FUDFN�LV�IRUPHG�RQ�'$7���DQG�WKH�PD[LPXP�VL]H�RI�
WKH�FUDFN�LV�����FP�RQ�'$7����
�



,-(5'�±�,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW������������

��,6(5'�
���

&URS�PHDVXUHPHQW�

,W� LV� LGHQWLILHG� WKDW� SODQW� JURZWK� FXUYH� LV� 6�VKDSHG� DQG� QXPEHU� RI� WLOOHU�VKRRW� JURZWK� DQG� OHDI�
JURZWK�VKRZV�H[SRQHQWLDO�JURZWK�FXUYH�LQ�WKLV�H[SHULPHQW��7KH�QXPEHU�RI�HIIHFWLYH�WLOOHU�LV�������
ZKLFK�LV�YHU\�JRRG�SKRQRORJLFDO�UHVXOW�IRU�ULFH�SODQW��

0HULWV�DQG�GHPHULWV�RI�ZDWHU�WXEH�

,W� LV� LQYHVWLJDWHG� WKDW� WKH� FRVW� RI� WKH� ��FHQWLPHWU� 39&� ZDWHU� WXEH� LV� FRPSDUDWLYHO\� FKHDS� DQG�
DYDLODEOH� DW� ORFDO� PDUNHW� LQ� -DSDQ�� 7KHUH� LV� QR� FDUU\LQJ�� LQVWDOODWLRQ� DQG� PDLQWHQDQFH� FRVW���
,QVWDOODWLRQ��REVHUYDWLRQ��PDLQWHQDQFH�LV�QRW�KDUG�ODERULRXV�MRE�IRU�XVLQJ�ZDWHU�WXEH�DQG�LW�GRHV�QRW�
FRQVXPH�WLPH��:DWHU�WXEH�ZLWK�39&�SLSH�LV�QRW�SHULVKDEOH�LQVWUXPHQW�DQG�QRW�DIIHFWHG�E\�KHDY\�
UDLQ� IDOO�� IORRGLQJ��KLJK�VXQ�VKLQH�DQG� LWV�GXUDELOLW\� LV�YHU\�KLJK��:DWHU� WXEH� LV�DOVR�HQYLURQPHQW�
IULHQGO\�DQG� WKHUH� LV�QR�FKDQFH�RI�GDPDJLQJ� WKLV� LQVWUXPHQW�E\�RWKHU�DQLPDOV��$V� WKH�ZDWHU� WXEH�
WHFKQRORJ\�LV�YHU\�VLPSOH��IDUPHU�FDQ�DGRSW�DQG�DSSO\�WKLV�LQ�65,�ULFH�ILHOG�HDVLO\�GXH�WR�LWV�KLJK�
WULDO�DELOLW\��

&21&/86,21�

:DWHU� WXEH� VKRZHG� VLJQLILFDQW� SHUIRUPDQFH� WR� PHDVXUH� WKH� ZDWHU� DYDLODELOLW\� DV� ZHOO� DV� ZDWHU�
UHTXLUHPHQW�E\�WKH�SODQW��,W�H[KLELWHG�ULJKW�WLPLQJ�RI�LUULJDWLRQ��$OO�WKH�ZDWHU�WXEHV�PRQLWRUHG�WKH�
GHSWK� RI� WKH� SRQGHG� ZDWHU� YHU\� VXFFHVVIXOO\� LQ� WKH� GU\LQJ� SHULRG� RI� $:',� DQG� VKRZ� WKH�
UHTXLUHPHQW�RI�ZDWHU�LQ�ILHOG��

7R�LQFUHDVH�SURGXFWLYLW\�DQG�WR�SURGXFH�ULFH�LQ�ZDWHU�ZLVH�ZD\��ZDWHU�WXEH�WHFKQRORJ\�FDQ�EH�
YHU\�JRRG�RSWLRQ�IRU�VXVWDLQDEOH�ULFH�IDUPLQJ�ZKLFK�FDQ�VDYH�YDOXDEOH�ZDWHU�UHVRXUFH�DQG�UHGXFH�
SURGXFWLRQ�FRVW���

5()(5(1&(6�

%RXPDQ��%�$�0���������:DWHU�ZLVH�ULFH�SURGXFWLRQ��*RRJOH�%RRN������
&KDSDJDLQ��7��DQG�<DPDML��(���������7KH�HIIHFWV�RI�LUULJDWLRQ�PHWKRG��DJH�RI�VHHGOLQJ�DQG�VSDFLQJ�RQ�FURS�

SHUIRUPDQFH��SURGXFWLYLW\�DQG�ZDWHU�ZLVH�ULFH�SURGXFWLRQ�LQ�-DSDQ��3DGG\�DQG�:DWHU�(QYLURQPHQW�������
�������

*XHUUD��/�&���%KXL\DQ�� 6�,���7XRQJ��7�3�� DQG�%DUNHU��5�� �������3URGXFLQJ�PRUH� ULFH�ZLWK� OHVV�ZDWHU� IURP�
LUULJDWHG�V\VWHP��6:,0�3DSHU����,QWHUQDWLRQDO�,UULJDWLRQ�0DQDJHPHQW�,QVWLWXWH��&RORPER�����

,55,��������:DWHU��ZLVH�ULFH�SURGXFWLRQ���������
,55,��������5LFH�VFLHQFH�IRU�EHWWHU�ZRUOG�ULFH�IDFW�VKHHWV�VDYLQJ�ZDWHU��$OWHUQDWH�:HWWLQJ�'U\LQJ��$:'���
2OLYHU��0�0�+���7DOXNGHU��0�6�8�� DQG�$KPHG��0�� �������$OWHUQDWH�ZHWWLQJ� DQG� GU\LQJ� LUULJDWLRQ� IRU� ULFH�

FXOWLYDWLRQ��-��%DQJODGHVK�$JULO��8QLY�����������������
7XRQJ�� 7�� ������� $OWHUQDWH� ZHWWLQJ� DQG� GU\LQJ� LUULJDWLRQ� �$:'��� $� WHFKQRORJ\� IRU� ZDWHU� VDYLQJ� LQ� ULFH�

SURGXFWLRQ�>3DSHU�SUHVHQWHG�DW�WKH�&URS�&XWWLQJ�&HUHPRQ\��%$'&�)DUP��0RGKXSXU��7DQJDLO��
8SKRII��1���������7KH�V\VWHP�RI�ULFH�LQWHQVLILFDWLRQ��65,��DV�D�PHWKRGRORJ\�IRU�UHGXFLQJ�ZDWHU�UHTXLUHPHQWV�

LQ�LUULJDWHG�ULFH�SURGXFWLRQ��3DSHU�IRU�,QWHUQDWLRQDO�'LDORJXH�RQ�5LFH�DQG�ZDWHU��([SORULQJ�2SWLRQV�IRU�
)RRG�6HFXULW\�DQG�VXVWDLQDEOH�(QYLURQPHQWV��KHOG�DW�,55,��/RV�%DQRV��3KLOLSLQHV��

%DQJODGHVK� 5LFH� 5HVHDUFK� ,QVWLWXWH� �%55,�� RQOLQH� .QRZOHGJH� %DQN�� KWWS���ZZZ�NQRZOHGJHEDQN�
EUUL�RUJ�DZG�SKS��

3KLO5LFH��KWWS���ZZZ�SKLOULFH�JRY�SK��LQGH[�SKS"RSWLRQ FRPBFRQWHQW	WDVN YLHZ	LG ���	,WHPLG �����
6\VWHP�RI�5LFH�,QWHQVLILFDWLRQ��KWWS���VUL�FLLIDG�FRUQHOO�HGX�VUL��


