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5H���� :DWHU�4XDOLW\�(QYLURQPHQWDO�%DVHOLQH�6WXG\��
� 2DN�%D\�+DWFKHU\��2DN�+DYHQ��1%� �

6WUXP�&RQVXOWLQJ�ZDV�UHWDLQHG�E\�&RRNH�$TXDFXOWXUH�WR�FRQGXFW�DQ�(QYLURQPHQWDO�$VVHVVPHQW�ZKLFK�
LQFOXGHG�DQ�HQYLURQPHQWDO�EDVHOLQH�DVVHVVPHQW�DW�WKHLU�2DN�%D\�+DWFKHU\�LQ�2DN�+DYHQ��1%�
�'UDZLQJ����DWWDFKHG����7KH�REMHFWLYH�RI�WKH�VWXG\�ZDV�WR�GHWHUPLQH�HQYLURQPHQWDO�EDVHOLQH�FRQGLWLRQV�
IRU�EHQWKLF�KDELWDW��ILVK��DQG�ZDWHU�TXDOLW\�ZLWKLQ�2DN�%D\���7KLV�UHSRUW�RXWOLQHV�WKH�UHVXOWV�RI�WKH�ZDWHU�
TXDOLW\�DVVHVVPHQW����

,1752'8&7,21�

7KH�2DN�%D\�+DWFKHU\�LQFOXGHV�D�EURRGVWRFN�UHDULQJ�RSHUDWLRQ�IRU�JDPHWH�SURGXFWLRQ�DQG�LQFXEDWLRQ�
URRP�IRU�KRXVLQJ�VDOPRQ�HJJV���$OO�ZDVWHZDWHU�LV�WUHDWHG�WKURXJK�GUXP�ILOWUDWLRQ�SULRU�WR�EHLQJ�
GLVFKDUJHG�LQWR�2DN�%D\���7KH�IDFLOLW\�LV�OLFHQVHG�WKURXJK�WKH�1HZ�%UXQVZLFN�'HSDUWPHQW�RI�
$JULFXOWXUH��$TXDFXOWXUH��DQG�)LVKHULHV��1%�'$$)��DQG�RSHUDWHV�XQGHU�µ$SSURYDO�WR�2SHUDWH�,�����¶�
�&2$���LVVXHG�E\�WKH�1HZ�%UXQVZLFN�'HSDUWPHQW�RI�HQYLURQPHQW�DQG�/RFDO�*RYHUQPHQW��1%�'(/*��
DQG�HIIHFWLYH�IURP�1RYHPEHU���������XQWLO�2FWREHU������������

7KH�&2$�UHTXLUHV�PRQWKO\�ZDWHU�TXDOLW\�VDPSOLQJ�HYHQWV�DW�ILYH�ORFDWLRQV�DURXQG�WKH�KDWFKHU\�DW�D�
µ/HYHO��¶�HIIRUW�DV�OLVWHG�LQ�7DEOH������RI�WKH�(QYLURQPHQWDO�0DQDJHPHQW�3URJUDP�IRU�/DQG�%DVHG�
)LQILVK�$TXDFXOWXUH�LQ�1HZ�%UXQVZLFN��1%�'(/*���������WKH�5HJXODWLRQV���LQFOXGLQJ�DW�WKH�HGJH�RI�DQ�
HVWDEOLVKHG�PL[LQJ�]RQH���7KH�&2$�VWDWHV�WKDW�WKH�OHYHO�RI�WRWDO�QLWURJHQ��71��DQG�WRWDO�SKRVSKRUXV�
�73��DW�WKH�HGJH�RI�WKH�PL[LQJ�]RQH�LV�LQ�DFFRUGDQFH�ZLWK�WKH�SHUIRUPDQFH�EDVHG�VWDQGDUG��3%6��
YDULDEOHV�OLVWHG�LQ�WKH�5HJXODWLRQV���+RZHYHU��D�PL[LQJ�]RQH�KDV�QRW�EHHQ�HVWDEOLVKHG�IRU�WKH�IDFLOLW\�
DQG�ZDWHU�VDPSOHV�IURP�WKH�FXUUHQW�VDPSOLQJ�ORFDWLRQV�DUH�RXW�RI�FRPSOLDQFH�IRU�71�DQG�73���,Q�
UHVSRQVH��6WUXP�ZDV�UHWDLQHG�WR�FRPSOHWH�D�ZDWHU�TXDOLW\�VWXG\�WR�LGHQWLI\�EDVHOLQH�ZDWHU�TXDOLW\�
FRQGLWLRQV�DQG�DLG�LQ�WKH�LGHQWLILFDWLRQ�RI�SURSHU�VDPSOLQJ�ORFDWLRQV�IRU�WKH�PRQWKO\�ZDWHU�TXDOLW\�
VDPSOLQJ�UHTXLUHG�E\�WKH�&2$���
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3DJH��

0(7+2'2/2*<

)LHOG�VDPSOLQJ�ZDV�FRPSOHWHG�-XO\�����������GXULQJ�WKH�IORRG�DQG�HEE�WLGH���8VLQJ�D�9DQ�'RUQ�ERWWOH��
ZDWHU�VDPSOHV�ZHUH�FROOHFWHG�IURP�WKH�WRS�DQG�ERWWRP�RI�WKH�ZDWHU�FROXPQ�DW�VL[�ORFDWLRQV�DURXQG�2DN�
%D\�IRU�D�WRWDO�RI����VDPSOHV��'UDZLQJ������6DPSOLQJ�WLPH�DQG�ZDWHU�GHSWK�ZDV�UHFRUGHG�ZLWK�HDFK�
VDPSOLQJ���$�KDQGKHOG�<6,�XQLW�ZDV�XVHG�WR�UHFRUG�WHPSHUDWXUH��FRQGXFWLYLW\��VDOLQLW\��GLVVROYHG�
R[\JHQ��WRWDO�GLVVROYHG�VROLGV��DQG�S+�GXULQJ�WKH�HEE�WLGH���

6DPSOHV�ZHUH�DQDO\]HG�IRU�71��73��WRWDO�VXVSHQGHG�VROLGV��766���WRWDO�DPPRQLD�QLWURJHQ��7$1���DQG�
FKHPLFDO�R[\JHQ�GHPDQG��&2'����71�DQG�73�DUH�ERWK�UHTXLUHG�VDPSOLQJ�SDUDPHWHUV�LQ�WKH�&2$���
766�LV�D�UHTXLUHG�VDPSOLQJ�SDUDPHWHU�DQG�DOWKRXJK�FRPSOLDQFH�ZLWK�766�LV�QRW�VWDWHG�LQ�WKH�&2$��LW�
LV�RI�VSHFLDO�LQWHUHVW�WR�SURYLQFLDO�UHJXODWRUV�DQG�LWV�JXLGHOLQH�WKUHVKROGV�DUH�RXWOLQHG�E\�WKH�&DQDGLDQ�
&RXQFLO�RI�0LQLVWHUV�RI�WKH�(QYLURQPHQW��&&0(����7$1�DQG�&2'�DUH�FXUUHQWO\�QRW�UHTXLUHG�VDPSOLQJ�
SDUDPHWHUV�LQ�WKH�&2$���+RZHYHU��WKH\�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�DV�IXUWKHU�QRQ�FRPSOLDQFHV�PD\�
UHTXLUH�WKDW�PRQWKO\�VDPSOLQJ�LV�LQFUHDVHG�IURP�D�µ/HYHO��¶�HIIRUW�WR�D�µ/HYHO��¶�HIIRUW�ZKLFK�ZRXOG�
LQFOXGH�VDPSOLQJ�IRU�7$1�DQG�&2'���

:DWHU�TXDOLW\�YDOXHV�ZHUH�FRPSDUHG�DJDLQVW�VXUIDFH�ZDWHU�UHVXOWV�FROOHFWHG�GXULQJ�PRQWKO\�VDPSOLQJ�
E\�&RRNH�HPSOR\HHV�DW�WKH�RXWIORZ�SLSH�IURP�WKH�VHWWLQJ�SRQG�LQWR�2DN�%D\���

5(68/76�

7RWDO�1LWURJHQ��71��
9DOXHV�IRU�71�YDULHG�IURP�������PJ�/�WR�������PJ�/��7DEOH����EHORZ����)RXU�����VDPSOHV��FROOHFWHG�
IURP�:4���:4���:4���DQG�:4���H[FHHGHG�WKH�3%6�WKUHVKROG�RI�������PJ�/���$GGLWLRQDO�KLJK�YDOXHV�
�JUHDWHU�WKDQ�������PJ�/���DOWKRXJK�QRW�LQ�H[FHHGDQFH��ZHUH�REVHUYHG�DW�DOO�VDPSOLQJ�ORFDWLRQV�H[FHSW�
IRU�:4���ZKLFK�GLG�QRW�KDYH�D�VDPSOH�KLJKHU�WKDQ�������PJ�/���$OO�RI�WKH�H[FHHGDQFHV�ZHUH�FROOHFWHG�
RQ�WKH�HEE�WLGH���

$OWKRXJK�PRQWKO\�PRQLWRULQJ�REVHUYHG�71�YDOXHV�DV�KLJK�DV�����PJ�/��WKH�ZLGH�VSUHDG�GLVWULEXWLRQ�RI�
KLJK�71�YDOXHV�WKURXJKRXW�WKH�ED\�VXJJHVWV�WKDW�D�QXPEHU�RI�LQIOXHQFHV�DUH�LPSDFWLQJ�ZDWHU�71�
YDOXHV��QRW�MXVW�KDWFKHU\�HIIOXHQW���$GGLWLRQDOO\��WKH�KLJKHU�YDOXHV�LQ�HEE�WLGH�VDPSOHV�VXJJHVWV�WKDW�WKH�
VRXUFHV�RI�QLWURJHQ�DUH�LQFRUSRUDWHG�LQWR�WKH�ZDWHU�FROXPQ�GXULQJ�KLJK�WLGH���

7RWDO�3KRVSKRUXV��73��
9DOXHV�IRU�73�YDULHV�IURP�������PJ�/�WR�������PJ�/��7DEOH������7HQ������VDPSOHV�H[FHHGHG�WKH�3%6�
WKUHVKROG�RI�������PJ�/��VHYHQ�����VDPSOHV�ZHUH�FROOHFWHG�IURP�:4��DQG�:4���WZR�����VDPSOHV�IURP�
:4��DQG�RQH�����VDPSOH�IURP�:4����1R�H[FHHGDQFHV�ZHUH�REVHUYHG�DW�:4��DQG�:4����

7KH�UHVXOWV�RI�WKH�VDPSOHV�WDNHQ�LQ�-XQH������IURP�WKH�HIIOXHQW�SRQG�RXWIORZ�LQWR�WKH�ED\�REVHUYHG�D�
73�YDOXH�RI������PJ�/�DQG�PRQWKO\�PRQLWRULQJ�YDOXHV�REWDLQHG�IURP�&RRNH�QRWHG�73�YDOXHV�DV�KLJK�
DV������PJ�/���,W�LV�SUREDEOH�WKDW�73�YDOXHV�ZLOO�YDU\�ZLWK�WKH�W\SH�RI�HIIOXHQW�EHLQJ�UHOHDVHG�IURP�WKH�
KDWFKHU\���'XULQJ�SHULRGV�RI�KLJK�IORZ��GUXP�ILOWHU�E\SDVV��VXUJHV��DQG�VZLUO�VHSDUDWRU�IOXVKHV��73�
YDOXHV�LQ�KDWFKHU\�HIIOXHQW�ZLOO�EH�KLJKHU����
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0U��0LWFKHOO�'LFNLH�
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3DJH��

7KH�ODFN�RI�H[FHHGDQFHV�REVHUYHG�DW�:4��VXJJHVW�WKDW�WKH�H[FHHGDQFH�DW�:4��LV�LUUHVSHFWLYH�RI�
KDWFKHU\�HIIOXHQW���+RZHYHU��WKH�KLJK�QXPEHU�RI�H[FHHGDQFHV�DW�:4��DQG�:4��LV�RI�FRQFHUQ�DQG�73�
VKRXOG�FRQWLQXH�WR�EH�PRQLWRUHG�FORVHO\�LQ�ERWK�WKH�HIIOXHQW�DQG�ZLWKLQ�2DN�%D\���)RU�73�DQDO\VHV��
:4��VKRXOG�EH�XVHG�DV�D�FRQWURO�VLWH�DQG�LWV�YDOXHV�RI�������PJ�/�±�������PJ�/�DV�D�EDVHOLQH�IRU�
IXWXUH�PRQLWRULQJ�DFWLYLWLHV����

7RWDO�6XVSHQGHG�6ROLGV��766��
766�UHVXOWV�VKRZHG�KLJK�ERWWRP�YDOXHV�ZKLFK�PD\�EH�D�UHVXOW�RI�WKH�VXEVWUDWH�EHLQJ�VWLUUHG�XS�GXULQJ�
VDPSOLQJ���7KHUHIRUH��ERWWRP�VDPSOHV�ZHUH�GLVUHJDUGHG�DQG�IXUWKHU�DQDO\VLV�ZDV�GRQH�RQO\�RQ�WKH�
VXUIDFH�VDPSOHV���6XUIDFH�766�YDOXHV�YDULHG�IURP�����PJ�/�WR����PJ�/��7DEOH������7KH�KLJKHVW�YDOXH��
���PJ�/��ZDV�REVHUYHG�DW�:4���RQ�WKH�RSSRVLWH�VLGH�RI�6SRRQ�,VODQG�WR�WKH�KDWFKHU\���

,I�WKH�766�YDOXHV�DUH�XVHG�DV�EDVHOLQH�YDOXHV�DURXQG�2DN�%D\��WKHQ�WKH�766�YDOXH�WDNHQ�IURP�WKH�
HIIOXHQW�SRQG�GLVFKDUJH�SLSH�LQ�-XQH�������RI�����PJ�/�LV�ZLWKLQ�WKH�DFFHSWDEOH�OLPLW�RI�D���PJ�/�
LQFUHDVH�IRU�ORQJ�WHUP�H[SRVXUH���+RZHYHU�YDOXHV�IURP�PRQWKO\�PRQLWRULQJ�HYHQWV�FROOHFWHG�E\�&RRNH�
HPSOR\HHV�YDU\�EHWZHHQ���PJ�/�WR�����PJ�/���&&0(�JXLGHOLQHV�OLPLW�D�PD[LPXP�LQFUHDVH�RI����PJ�/�
IRU�VKRUW�WHUP�H[SRVXUH��DQG�RXWIORZ�YDOXHV�RI�����PJ�/�JUHDWO\�H[FHHGV�WKLV�YDOXH���

$V�LQ�WKH�FDVH�ZLWK�73��766�YDOXHV�ZLOO�YDU\�ZLWK�WKH�W\SH�RI�HIIOXHQW�EHLQJ�UHOHDVHG�IURP�WKH�KDWFKHU\��
,W�LV�OLNHO\�WKDW�VWDQGDUG�RSHUDWLRQV�GR�QRW�UHVXOW�LQ�DQ�H[FHHGDQFH�LQ�766�WKUHVKROGV��KRZHYHU��HYHQWV�
WKDW�UHVXOW�LQ�HIIOXHQW�E\SDVVLQJ�GUXP�ILOWUDWLRQ�LV�RI�SDUWLFXODU�FRQFHUQ���766�PRQLWRULQJ�VKRXOG�
FRQWLQXH�REVHUYLQJ�ERWK�766�LQ�KDWFKHU\�HIIOXHQW�DQG�ZLWKLQ�2DN�%D\�����

&KHPLFDO�2[\JHQ�'HPDQG��&2'��
9DOXHV�IRU�&2'�YDULHG�EHWZHHQ�����PJ�/�DQG������PJ�/��7DEOH������7KH�UHJXODWLRQV�GR�QRW�LGHQWLI\�
DQ\�WKUHVKROGV�IRU�&2'��1%�'(/*����������9DOXHV�JUHDWHU�WKDQ�����PJ�/�ZHUH�REVHUYHG�DW�DOO�VLWHV���

7RWDO�$PPRQLD�1LWURJHQ��7$1��
9DOXHV�IRU�7$1�YDULHG�EHWZHHQ�������PJ�/�DQG������PJ�/��7DEOH������7KH�UHJXODWLRQV�GR�QRW�LGHQWLI\�
DQ\�WKUHVKROGV�IRU�7$1��1%�'(/*����������9DOXHV�YDULHG�EHWZHHQ�������PJ�/��:4���DQG�������PJ�/�
�:4�����$OO�VLWHV�KDG�YDOXHV�EHORZ�WKH�UHSRUWDEOH�GHWHFWLRQ�OLPLW�RI�������PJ�/��
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3DJH��

7DEOH�1RWHV��
��� +LJKHVW�DQG�ORZHVW�YDOXHV�DUH�EROGHG�
��� 9DOXHV�H[FHHGLQJ�UHJXODWRU\�WKUHVKROGV�DUH�KLJKOLJKWHG�LQ�UHG�
��� 766�YDOXHV�KLJKOLJKWHG�LQ�JUH\�KDYH�EHHQ�GLVUHJDUGHG����
��� 5HJXODWRU\�JXLGHOLQH�WKUHVKROGV�ZHUH�WDNHQ�IURP�1%�'(/*������
��� 6HWWLQJ�SRQG�HIIOXHQW�UDQJHV�DUH�WDNHQ�IURP�&RRNH�PRQWKO\�PRQLWRULQJ�UHVXOWV
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&21&/86,21�$1'�5(&200(1'$7,216�

:DWHU�TXDOLW\�VDPSOLQJ�UHVXOWV�LQGLFDWH�WKDW�WKH�2DN�%D\�+DWFKHU\�LV�FXUUHQWO\�RXW�RI�FRPSOLDQFH�IRU�
766�GXULQJ�KLJK�IORZ�HYHQWV��H�J��IOXVKLQJ�RI�WKH�VZLUO�VHSDUDWRUV�DQG�EDFNZDVK�RI�GUXP�ILOWHUV��DQG�IRU�
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