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1RWLFH�
7KH�1RUWKHDVW�6WDWHV�IRU�&RRUGLQDWHG�$LU�8VH�0DQDJHPHQW��1(6&$80��SUHSDUHG�WKLV�UHSRUW�LQ�WKH�

FRXUVH�RI�SHUIRUPLQJ�ZRUN�FRQWUDFWHG�IRU�DQG�VSRQVRUHG�E\�WKH�1HZ�<RUN�6WDWH�(QHUJ\�5HVHDUFK�DQG�

'HYHORSPHQW�$XWKRULW\��KHUHDIWHU�³1<6(5'$´���7KH�RSLQLRQV�H[SUHVVHG�LQ�WKLV�UHSRUW�GR�QRW�

QHFHVVDULO\�UHIOHFW�WKRVH�RI�1<6(5'$�RU�WKH�6WDWH�RI�1HZ�<RUN��DQG�UHIHUHQFH�WR�DQ\�VSHFLILF�SURGXFW��

VHUYLFH��SURFHVV��RU�PHWKRG�GRHV�QRW�FRQVWLWXWH�DQ�LPSOLHG�RU�H[SUHVVHG�UHFRPPHQGDWLRQ�RU�HQGRUVHPHQW�

RI�LW��)XUWKHU��1<6(5'$��WKH�6WDWH�RI�1HZ�<RUN��DQG�WKH�FRQWUDFWRU�PDNH�QR�ZDUUDQWLHV�RU�

UHSUHVHQWDWLRQV��H[SUHVVHG�RU�LPSOLHG��DV�WR�WKH�ILWQHVV�IRU�D�SDUWLFXODU�SXUSRVH�RU�PHUFKDQWDELOLW\�RI�DQ\�

SURGXFW��DSSDUDWXV��RU�VHUYLFH��RU�WKH�XVHIXOQHVV��FRPSOHWHQHVV��RU�DFFXUDF\�RI�DQ\�SURFHVVHV��PHWKRGV��RU�

RWKHU�LQIRUPDWLRQ�FRQWDLQHG��GHVFULEHG��GLVFORVHG��RU�UHIHUUHG�WR�LQ�WKLV�UHSRUW��1<6(5'$��WKH�6WDWH�RI�

1HZ�<RUN��DQG�WKH�FRQWUDFWRU�PDNH�QR�UHSUHVHQWDWLRQ�WKDW�WKH�XVH�RI�DQ\�SURGXFW��DSSDUDWXV��SURFHVV��

PHWKRG��RU�RWKHU�LQIRUPDWLRQ�ZLOO�QRW�LQIULQJH�SULYDWHO\�RZQHG�ULJKWV�DQG�ZLOO�DVVXPH�QR�OLDELOLW\�IRU�DQ\�

ORVV��LQMXU\��RU�GDPDJH�UHVXOWLQJ�IURP�RU�RFFXUULQJ�LQ�FRQQHFWLRQ�ZLWK��WKH�XVH�RI�WKH�LQIRUPDWLRQ�

FRQWDLQHG��GHVFULEHG��GLVFORVHG��RU�UHIHUUHG�WR�LQ�WKLV�UHSRUW��

1<6(5'$�PDNHV�HYHU\�HIIRUW�WR�SURYLGH�DFFXUDWH�LQIRUPDWLRQ�DERXW�FRS\ULJKW�RZQHUV�DQG�UHODWHG�

PDWWHUV�LQ�WKH�UHSRUWV�ZH�SXEOLVK��&RQWUDFWRUV�DUH�UHVSRQVLEOH�IRU�GHWHUPLQLQJ�DQG�VDWLVI\LQJ�FRS\ULJKW�RU�

RWKHU�XVH�UHVWULFWLRQV�UHJDUGLQJ�WKH�FRQWHQW�RI�UHSRUWV�WKDW�WKH\�ZULWH��LQ�FRPSOLDQFH�ZLWK�1<6(5'$¶V�

SROLFLHV�DQG�IHGHUDO�ODZ��,I�\RX�DUH�WKH�FRS\ULJKW�RZQHU�DQG�EHOLHYH�D�1<6(5'$�IXQGHG�UHSRUW�KDV�QRW�

SURSHUO\�DWWULEXWHG�\RXU�ZRUN�WR�\RX�RU�KDV�XVHG�LW�ZLWKRXW�SHUPLVVLRQ��SOHDVH�HPDLO�

SULQW#Q\VHUGD�Q\�JRY��

,QIRUPDWLRQ�FRQWDLQHG�LQ�WKLV�GRFXPHQW��VXFK�DV�ZHE�SDJH�DGGUHVVHV��LV�FXUUHQW�DW�SXEOLFDWLRQ��

�
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$EVWUDFW��
,Q�������WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86�(3$��JUDQWHG�EURDGO\�DSSOLFDEOH�$OWHUQDWH�7HVW�

0HWKRG�VWDWXV�WR�WHVW�PHWKRGV�$OW�����DQG�$OW�����IRU�XVH�LQ�FHUWLI\LQJ�UHVLGHQWLDO�FRUGZRRG�VWRYHV�DV�

PHHWLQJ�1HZ�6RXUFH�3HUIRUPDQFH�6WDQGDUGV��1636��XQGHU�WKH�IHGHUDO�&OHDQ�$LU�$FW��7KHVH�PHWKRGV�DUH�

EDVHG�RQ�WKH�$670�(�����FRUGZRRG�WHVW�SURWRFRO��ZKLFK�JXLGHV�WKH�IXHOLQJ�DQG�RSHUDWLRQDO�SURFHGXUHV�

XVHG�LQ�WKH�ZRRG�VWRYH�WHVWV��%HFDXVH�RI�WKH�ZLGHVSUHDG�XVH�RI�WKRVH�DOWHUQDWLYH�PHWKRGV�LQ�FHUWLI\LQJ�

ZRRG�VWRYHV��WKH�1HZ�<RUN�6WDWH�(QHUJ\�5HVHDUFK�DQG�'HYHORSPHQW�$XWKRULW\��1<6(5'$��IXQGHG�WKH�

1RUWKHDVW�6WDWHV�IRU�&RRUGLQDWHG�$LU�8VH�0DQDJHPHQW��1(6&$80��WR�FRQGXFW�UHSOLFDWH�FHUWLILFDWLRQ�

WHVWLQJ�ZLWK�WKH�$670�(�����EDVHG�FRUGZRRG�VWRYH�WHVW�PHWKRGV��7KH�UHVHDUFK�IRFXVHG�RQ�QRQ�FDWDO\WLF�

VWRYHV�EHFDXVH�WKH\�UHSUHVHQW�WKH�PRVW�FRPPRQ�HPLVVLRQ�FRQWURO�WHFKQRORJ\���

,Q�WKLV�UHSRUW��1(6&$80�SUHVHQWV�UHVXOWV�IURP�WHVWLQJ�VHYHQ�QRQ�FDWDO\WLF�FRUGZRRG�VWRYHV�WKDW�ZHUH�

SUHYLRXVO\�FHUWLILHG�ZLWK�WKH�WHVW�PHWKRGV�EDVHG�RQ�$670�(������7KLV�VWXG\�IRFXVHG�RQ�QRQ�FDWDO\WLF�

VWRYHV�EHFDXVH�WKH\�UHSUHVHQW�DSSUR[LPDWHO\�����RI�WKH�FRUGZRRG�VWRYH�PDUNHW��DQG�DSSUR[LPDWHO\�����

RI�QRQ�FDWDO\WLF�ZRRG�VWRYHV�KDYH�XVHG�WKH�PHWKRG�WR�FHUWLI\�HPLVVLRQV�DQG�HIILFLHQF\�SHUIRUPDQFH�XQGHU�

WKH�&OHDQ�$LU�$FW��EDVHG�RQ�86�(3$�GDWD��1(6&$80�FRQWUDFWHG�ZLWK�D�86�(3$�DSSURYHG��,62�

DFFUHGLWHG�ODE�WR�FRQGXFW�WKH�WHVWV��7KH�WHVW�ODE�IROORZHG�WKH�RSHUDWLRQ�DQG�IXHOLQJ�LQIRUPDWLRQ�FRQWDLQHG�

LQ�WKH�VWRYHV¶�FHUWLILFDWLRQ�WHVW�UHSRUWV�VXEPLWWHG�WR�86�(3$�ZKHQ�GHPRQVWUDWLQJ�FRPSOLDQFH�ZLWK�WKH�

1636�WR�WKH�H[WHQW�WKDW�WHVW�FRQGLWLRQV�ZHUH�FOHDUO\�UHSRUWHG��7KH�WHVW�ODE�DOVR�FRQGXFWHG�DGGLWLRQDO�WHVWV�

RQ�WKH�VHYHQ�ZRRG�VWRYHV�IROORZLQJ�LQVWUXFWLRQV�LQ�WKH�VWRYH�RZQHU¶V�PDQXDOV�WR�DVVHVV�WKH�VWRYHV¶�

HPLVVLRQV�SHUIRUPDQFH�ZKHQ�IROORZLQJ�PDQXIDFWXUHU�RSHUDWLQJ�LQVWUXFWLRQV�WR�WKH�HQG�XVHU��

7KH�ODE�UHVXOWV�IURP�WKLV�VWXG\�IRXQG�WKDW��ZKHQ�WKH�UHSRUWHG�FHUWLILFDWLRQ�WHVW�SURFHGXUHV�ZHUH�IROORZHG��

PHDVXUHG�VWRYH�HPLVVLRQ�UDWHV�ZHUH���WR����WLPHV�KLJKHU�WKDQ�UHSRUWHG�WR�86�(3$�LQ�WKH�FHUWLILFDWLRQ�

WHVWV��:KHQ�WKH�LQVWUXFWLRQV�JLYHQ�LQ�WKH�PDQXIDFWXUHUV¶�RZQHU¶V�PDQXDOV�ZHUH�IROORZHG��PHDVXUHG�

HPLVVLRQ�UDWHV�RI�WKH�VHYHQ�WHVWHG�VWRYHV�UDQJHG�IURP������KLJKHU�WR�����ORZHU�WKDQ�WKH�ODE�WHVWV�

IROORZLQJ�WKH�FHUWLILFDWLRQ�WHVW�PHWKRG��7KH�SUDFWLFH�RI�GLIIHULQJ�LQVWUXFWLRQV�WR�WKH�ODE�YHUVXV�WKRVH�LQ�WKH�

RZQHU¶V�PDQXDO�FDQ�UDLVH�TXHVWLRQV�DERXW�FRQIRUPDQFH�WR�WKH�1636�UHTXLUHPHQWV�FRQWDLQHG�LQ����&)5�

��������J������ZKLFK�UHTXLUHV�WKDW�LQVWUXFWLRQV�JLYHQ�WR�WKH�ODE�IRU�FHUWLILFDWLRQ�WHVWLQJ�EH�FRQVLVWHQW�ZLWK�

WKH�LQVWUXFWLRQV�LQFOXGHG�LQ�WKH�RZQHU¶V�PDQXDO���

$V�WKLV�ZRUN�FRQFOXGHG��WKH�86�(3$�ZLWKGUHZ�DSSURYDO�RI�WKH�XVH�RI�$OW�����DQG�$OW�����DV�%URDGO\�

$SSURYHG�$OWHUQDWH�7HVW�0HWKRGV�IRU�FRPSOLDQFH�WHVWLQJ�RI�UHVLGHQWLDO�FRUGZRRG�VWRYHV��7KH�VWXG\�
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UHVXOWV�SUHVHQWHG�KHUH�SURYLGH�DGGLWLRQDO�VXSSRUW�IRU�WKH�ZLWKGUDZDO�RI�WKHVH�PHWKRGV�IRU�XVH�LQ�

FHUWLILFDWLRQ�WHVWLQJ�� �
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.H\ZRUGV�*ORVVDU\��
$670�±�$670�,QWHUQDWLRQDO��DQ�LQWHUQDWLRQDO�VWDQGDUGV�RUJDQL]DWLRQ�IRUPHUO\�NQRZQ�DV�WKH�$PHULFDQ�

6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV�
$70�±�$OWHUQDWLYH�7HVW�0HWKRG�
%$�$70�±�%URDGO\�$SSOLFDEOH�$OWHUQDWLYH�7HVW�0HWKRG��
(3$�±�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
)50�±�IHGHUDO�UHIHUHQFH�PHWKRG�
J�K�±�JUDPV�SHU�KRXU��ZKLFK�LV�DQ�HPLVVLRQ�UDWH�
J�NJ�±�JUDPV�SHU�NLORJUDP��ZKLFK�LV�DQ�HPLVVLRQ�IDFWRU�
++9�±�KLJKHU�KHDWLQJ�YDOXH��ZKLFK�UHIHUV�WR�WKH�KHDWLQJ�YDOXH�RI�D�IXHO�ZLWK�WKH�ZDWHU�FRPSRQHQW�RI�WKH�

IXHO�LQFOXGHG���
,62�±�,QWHUQDWLRQDO�2UJDQL]DWLRQ�RI�6WDQGDUGL]DWLRQ�
NJ�K�±�NLORJUDP�SHU�KRXU��ZKLFK�LV�DQ�DSSOLDQFH¶V�EXUQ�UDWH�
0���±�5HIHUV�WR�0��5��ZKLFK�LV�WKH�IHGHUDO�UHIHUHQFH�PHWKRG�IRU�FULE�ZRRG�WHVWLQJ�WKDW�UHIHUHQFHV�

$670������
1636�±�1HZ�6RXUFH�3HUIRUPDQFH�6WDQGDUGV�
1<6(5'$�±�1HZ�<RUN�6WDWH�(QHUJ\�5HVHDUFK�DQG�'HYHORSPHQW�$XWKRULW\�
30�±�SDUWLFXODWH�PDWWHU�
5:+�±�UHVLGHQWLDO�ZRRG�KHDWHU��
�
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$FNQRZOHGJHPHQWV�
7KH�1RUWKHDVW�6WDWHV�IRU�&RRUGLQDWHG�$LU�8VH�0DQDJHPHQW��1(6&$80��JUDWHIXOO\�DFNQRZOHGJHV�WKH�

IXQGLQJ�VXSSRUW�SURYLGHG�E\�WKH�1HZ�<RUN�6WDWH�(QHUJ\�5HVHDUFK�DQG�'HYHORSPHQW�$XWKRULW\�

�1<6(5'$��XQGHU�$JUHHPHQW���������7KLV�UHSRUW�ZDV�SXEOLVKHG�E\�1(6&$80��DQ�DVVRFLDWLRQ�RI�WKH�

HLJKW�1RUWKHDVW�VWDWH�DLU�SROOXWLRQ�FRQWURO�DJHQFLHV��1(6&$80�DVVLVWV�LWV�PHPEHU�VWDWH�DJHQFLHV�LQ�

LPSOHPHQWLQJ�QDWLRQDO�HQYLURQPHQWDO�SURJUDPV�UHTXLUHG�XQGHU�WKH�&OHDQ�$LU�$FW�DQG�RWKHU�IHGHUDO�

OHJLVODWLRQ��:H�ZRXOG�OLNH�WR�WKDQN�WKH�$ODVND�'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ�IRU�LWV�

DVVLVWDQFH�ZLWK�WKLV�UHVHDUFK���

� �
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7DEOH�RI�&RQWHQWV�
1RWLFH��������������������������������������������������������������������������������������������������������������������������������������������������������������LL�

$EVWUDFW����������������������������������������������������������������������������������������������������������������������������������������������������������LLL�

.H\ZRUGV�*ORVVDU\�����������������������������������������������������������������������������������������������������������������������������������������Y�

$FNQRZOHGJHPHQWV����������������������������������������������������������������������������������������������������������������������������������������YL�

7DEOH�RI�&RQWHQWV������������������������������������������������������������������������������������������������������������������������������������������YLL��

/LVW�RI�)LJXUHV����������������������������������������������������������������������������������������������������������������������������������������������YLLL�

/LVW�RI�7DEOHV�������������������������������������������������������������������������������������������������������������������������������������������������L[�

([HFXWLYH�6XPPDU\����������������������������������������������������������������������������������������������������������������������������������������[�

�� ,QWURGXFWLRQ�����������������������������������������������������������������������������������������������������������������������������������������������

�� 5HSOLFDWH�7HVWLQJ��������������������������������������������������������������������������������������������������������������������������������������

���� 6WXG\�'HVLJQ����������������������������������������������������������������������������������������������������������������������������������������������������

������ ,QLWLDO�,QVSHFWLRQ��������������������������������������������������������������������������������������������������������������������������������������

������ 7HVWLQJ�$SSURDFK������������������������������������������������������������������������������������������������������������������������������������

������ 7HVW�)XHO��������������������������������������������������������������������������������������������������������������������������������������������������

���� (PLVVLRQ�5DWH�5HVXOWV�������������������������������������������������������������������������������������������������������������������������������������
������ (PLVVLRQ�5DWHV���������������������������������������������������������������������������������������������������������������������������������������

������ %XUQ�5DWHV����������������������������������������������������������������������������������������������������������������������������������������������

���� 7KHUPDO�(IILFLHQF\�����������������������������������������������������������������������������������������������������������������������������������������

�� 6XPPDU\��������������������������������������������������������������������������������������������������������������������������������������������������

�
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/LVW�RI�)LJXUHV�
)LJXUH����&RPSDULVRQ�RI�7HVW�0HWKRG�8VHG�IRU�:RRG�6WRYH�&HUWLILFDWLRQ�7HVWLQJ��������������������������������
)LJXUH����&RPSDULVRQ�RI�(PLVVLRQ�&RQWURO�$SSURDFK�DQG�8VH�RI�&HUWLILFDWLRQ�7HVW�0HWKRGV��������������
)LJXUH����&RPSDULVRQ�RI�$YHUDJH�/RDG�0RLVWXUH�&RQWHQWV����'U\�%DVLV��LQ�&HUWLILFDWLRQ�7HVWV�DQG�/DE�

,QVWUXFWLRQ�DQG�2ZQHU¶V�0DQXDO�7HVWV������������������������������������������������������������������������������������������������
)LJXUH����&RPSDULVRQ�RI�(PLVVLRQ�5DWHV�LQ�&HUWLILFDWLRQ�DQG�5HSOLFDWH�7HVWV�����������������������������������������������
)LJXUH����&RPSDULVRQ�RI�:HLJKWHG�$YHUDJH�(PLVVLRQ�5DWHV�LQ�5XQV�8VLQJ�&HUWLILFDWLRQ�/DERUDWRU\�

,QVWUXFWLRQV�DQG�2ZQHU¶V�0DQXDO�5HFRPPHQGDWLRQV������������������������������������������������������������������������
)LJXUH����&RPSDULVRQ�RI�$OO�:HLJKWHG�$YHUDJH�(PLVVLRQ�5DWH�9DOXHV�IURP�6HYHQ�6WRYHV�6WXG\����������������
)LJXUH����/RZ�ILUH�%XUQ�5DWHV�DQG�5XQ�7LPHV�IRU�WKH�6HYHQ�6WRYHV�6WXG\���������������������������������������������������
)LJXUH����&RPSDULVRQ�RI�'U\�%XUQ�5DWHV��NJ�K��LQ�+LJK���0HGLXP���DQG�/RZ�ILUH�5XQV�LQ�&HUWLILFDWLRQ�

5HSRUWV�IRU�WKH�6HYHQ�6WRYHV�6WXG\����������������������������������������������������������������������������������������������������
)LJXUH����&RPSDULVRQ�RI�%XUQ�5DWHV��NJ�K��IRU�0HGLXP�)LUH�5XQ���&HUWLILFDWLRQ�DQG�5HSOLFDWH�7HVWV���������
)LJXUH�����&RPSDULVRQ�RI�7LPH�WR�&RPSOHWH�0HGLXP�)LUH�5XQ���&HUWLILFDWLRQ�DQG�5HSOLFDWH�7HVWV�������������
)LJXUH�����&RPSDULVRQ�RI�+LJK�ILUH�%XUQ�5DWHV�ZLWK�6WDUW�XS���&HUWLILFDWLRQ�DQG�5HSOLFDWH�7HVWV����������������
)LJXUH�����&RPSDULVRQ�RI�&HUWLILFDWLRQ�5HSRUW�DQG�5HSOLFDWH�2YHUDOO�7KHUPDO�(IILFLHQFLHV�������������������������
�

�

�
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/LVW�RI�7DEOHV��
7DEOH����)LUHER[�9ROXPHV��IW���������������������������������������������������������������������������������������������������������������������������
7DEOH����'LIIHUHQFHV�EHWZHHQ�2ZQHU¶V�0DQXDO�DQG�/DERUDWRU\�,QVWUXFWLRQ�7HVWV������������������������������������������
7DEOH����)XHO�6SHFLHV�DQG�/RDG�'U\�0RLVWXUH�&RQWHQW��0&������LQ�&HUWLILFDWLRQ�DQG�5HSOLFDWH�$670�

7HVW�)XHO����������������������������������������������������������������������������������������������������������������������������������������������
7DEOH����)XHO�3LHFH�/HQJWK��LQFKHV��DQG�1XPEHU�RI�3LHFHV�SHU�/RDG�������������������������������������������������������������
7DEOH����&RPSDULVRQ�RI�:HLJKWHG�$YHUDJH�9DOXHV�8VLQJ�'LIIHUHQW�6WDUW�XS�+LJK�ILUH��68�+��

&DOFXODWLRQV����������������������������������������������������������������������������������������������������������������������������������������
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([HFXWLYH�6XPPDU\�

$SSUR[LPDWHO\����SHUFHQW�RI�DOO�FHUWLILHG�VWRYHV��DQG�PRUH�WKDQ����SHUFHQW�RI�FRUGZRRG�VWRYHV�FHUWLILHG�
VLQFH�(3$�LVVXHG�WKH�EURDGO\�DSSOLFDEOH�VWDWXV��XVHG�$670�(�����EDVHG�WHVW�PHWKRGV�WR�GHWHUPLQH�
FRPSOLDQFH�ZLWK�(3$�HPLVVLRQ�VWDQGDUGV��7KHUH�LV�OLWWOH�UHVHDUFK�GDWD�DYDLODEOH��KRZHYHU��WR�DVVHVV�WKH�
VWULQJHQF\��ELDV��UHSURGXFLELOLW\��RU�YDULDELOLW\�RI�WKH�WHVW�PHWKRGV��,Q�RUGHU�WR�LQYHVWLJDWH�WKLV�GDWD�JDS��
1(6&$80�LGHQWLILHG�VHYHQ�QRQ�FDWDO\WLF�FRUGZRRG�VWRYHV�FHUWLILHG�XVLQJ�$670�(�����EDVHG�WHVW�
PHWKRGV�WR�XQGHUJR�HPLVVLRQ�WHVWLQJ�DVVHVVPHQW�DW�DQ�(3$�DSSURYHG��,62�DFFUHGLWHG�WHVW�ODERUDWRU\��7KH�
VHYHQ�VWRYHV�WHVWHG�FRQVWLWXWH�DERXW�����RI�WKH�QRQ�FDWDO\WLF�VWRYHV�WKDW�KDYH�EHHQ�FHUWLILHG�DV�FRPSOLDQW�
ZLWK�WKH�6WHS���1636�XVLQJ�WKH�$670�(�����EDVHG�PHWKRG��

7KH�WHVW�ODERUDWRU\�UHWDLQHG�E\�1(6&$80�SHUIRUPHG�D�UHSOLFDWH�WHVW�RI�WKH�FHUWLILFDWLRQ�WHVW�IRU�HDFK�RI�
WKH�VHYHQ�VWRYHV��IROORZLQJ�DOO�LQVWUXFWLRQV�DQG�LQIRUPDWLRQ�LQFOXGHG�LQ�WKH�VWRYHV¶�FHUWLILFDWLRQ�WHVW�
UHSRUWV��7KH�WHVW�ODERUDWRU\�ZDV�XQDEOH�WR�UHSOLFDWH�WKH�HPLVVLRQ�UDWHV�VXEPLWWHG�WR�86�(3$�XVLQJ�WKH�
LQIRUPDWLRQ�RQ�WHVW�FRQGLWLRQV�SURYLGHG�LQ�WKH�WHVW�UHSRUWV��7KH�HPLVVLRQV�UDWHV�PHDVXUHG�LQ�WKH�UHSOLFDWH�
WHVWV�ZHUH�����WR������WLPHV�KLJKHU�WKDQ�WKH�FHUWLILFDWLRQ�YDOXHV��DV�VKRZQ�LQ�)LJXUH�(6�����

)LJXUH�(6����&RPSDULVRQ�RI�$OO�:HLJKWHG�$YHUDJH�(PLVVLRQ�5DWHV�IURP�6HYHQ�6WRYHV�6WXG\��

�

$�VHFRQG�WHVW�ZDV�FRQGXFWHG�RQ�HDFK�VWRYH�IROORZLQJ�WKH�RSHUDWLQJ�LQVWUXFWLRQV�LQFOXGHG�LQ�WKH�
PDQXIDFWXUHU¶V�RZQHU¶V�PDQXDO��7KLV�WHVWLQJ�IRXQG�WKDW�YDU\LQJ�LQVWUXFWLRQV�KDG�D�VLJQLILFDQW�LPSDFW�RQ�
WKH�HPLVVLRQ�RXWFRPHV�ZKHQ�FRPSDULQJ�UHVXOWV�IURP�IROORZLQJ�WKH�WHVW�ODE�FRQGLWLRQV�DQG�IROORZLQJ�WKH�
RZQHU¶V�PDQXDO�LQVWUXFWLRQV��IURP�GRXEOLQJ�HPLVVLRQV�LQ�RQH�VWRYH�WR�UHGXFLQJ�WKHP�E\�DOPRVW�WZR�WKLUGV�
LQ�DQRWKHU��7KH�SUDFWLFH�RI�GLIIHULQJ�LQVWUXFWLRQV�WR�WKH�ODE�YHUVXV�WKRVH�LQ�WKH�RZQHU¶V�PDQXDO�FDQ�UDLVH�
TXHVWLRQV�DERXW�FRQIRUPDQFH�WR�WKH�1636�UHTXLUHPHQWV�FRQWDLQHG�LQ����&)5���������J������ZKLFK�
UHTXLUHV�WKDW�LQVWUXFWLRQV�JLYHQ�WR�WKH�ODE�IRU�FHUWLILFDWLRQ�WHVWLQJ�DUH�FRQVLVWHQW�ZLWK�WKH�LQVWUXFWLRQV�
LQFOXGHG�LQ�WKH�RZQHU¶V�PDQXDO���
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$V�WKLV�ZRUN�ZDV�FRQFOXGLQJ��(3$�ZLWKGUHZ�DSSURYDO�RI�WKH�XVH�RI�$OW�����DQG�$OW�����DV�%URDGO\�
$SSURYHG�$OWHUQDWH�7HVW�0HWKRGV�IRU�FRPSOLDQFH�WHVWLQJ�RI�UHVLGHQWLDO�FRUGZRRG�VWRYHV��7KH�VWXG\�
UHVXOWV�SUHVHQWHG�KHUH�SURYLGH�DGGLWLRQDO�VXSSRUW�IRU�WKH�ZLWKGUDZDO�RI�WKHVH�PHWKRGV�IRU�XVH�LQ�
FHUWLILFDWLRQ�WHVWLQJ��
�
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�� ,QWURGXFWLRQ�

,Q�������WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��UHYLVHG�WKH�1HZ�6RXUFH�3HUIRUPDQFH�
6WDQGDUGV��1636��IRU�5HVLGHQWLDO�:RRG�+HDWHUV��5:+���HVWDEOLVKLQJ�WZR�WLHUV�RI�SDUWLFXODWH�PDWWHU��30��
HPLVVLRQ�OLPLWV�IRU�UHVLGHQWLDO�ZRRG�VWRYHV���7KH�WZR�WLHUV�DUH�6WHS���VWDQGDUGV��ZKLFK�ZHUH�LQ�HIIHFW�IURP�
0D\������WR�0D\�������DQG�PRUH�VWULQJHQW�6WHS���VWDQGDUGV��ZKLFK�EHFDPH�HIIHFWLYH�LQ�0D\�������$�
ZRRG�VWRYH�PRGHO�OLQH�LV�FHUWLILHG�DV�FRPSOLDQW�ZLWK�WKH�1636�UHTXLUHPHQWV�LI�HPLVVLRQV�IURP�D�
SURWRW\SH�DSSOLDQFH��DV�PHDVXUHG�E\�DQ�(3$�DSSURYHG�WHVWLQJ�ODERUDWRU\��FRQIRUP�ZLWK�WKRVH�OLPLWV��
&RPSOLDQFH�FHUWLILFDWHV�DUH�JUDQWHG�IRU�ILYH�\HDU�SHULRGV�EXW�W\SLFDOO\�DUH�UHQHZHG�HYHU\�ILYH�\HDUV�DIWHU�
WKH�LQLWLDO�SHULRG�ZLWKRXW�UHWHVWLQJ�XQOHVV�WKH�PDQXIDFWXUHU�KDV�PDGH�VLJQLILFDQW�VWRYH�GHVLJQ�FKDQJHV��

&HUWLILFDWLRQ�WHVWV�IRU�WKH�5:+�1636�PXVW�EH�FRQGXFWHG�DFFRUGLQJ�WR�(3$�DSSURYHG�WHVW�PHWKRGV��
LQFOXGLQJ�VSHFLILFDWLRQV�FRQFHUQLQJ�WKH�IXHO�XVHG�DQG�KRZ�LW�LV�FRQILJXUHG�LQ�WKH�ILUHER[��WKH�EXUQ�F\FOH��
DQG�HPLVVLRQ�PHDVXUHPHQW�WHFKQLTXHV��0HWKRG���5��0��5��LV�WKH�)HGHUDO�5HIHUHQFH�0HWKRG��)50��IRU�
WHVWLQJ�FRUGZRRG�VWRYHV��7KH�PHWKRG�LV�D�³KRW�WR�KRW´��WHVW�XVLQJ�GLPHQVLRQDO�OXPEHU�DV�IXHO�LQ�D�VLQJOH�
VSHFLILHG�FRQILJXUDWLRQ��FULE�ZRRG��DQG�DVVHVVHV�SHUIRUPDQFH�RYHU�IRXU�SUHVFULEHG�EXUQ�UDWH�FDWHJRULHV��$�
IRUP�RI�WKLV�WHVW�PHWKRG�KDV�EHHQ�XVHG�WR�DVVHVV�DSSOLDQFH�SHUIRUPDQFH�LQ�WKH�IHGHUDO�SURJUDP�VLQFH�WKH�
ODWH�����V�DQG�LQ�VWDWH�SURJUDPV�VLQFH�WKH�ODWH�����V���

$V�GHVFULEHG�LQ�D������(3$�GLVFXVVLRQ�SDSHU�³3URFHVV�IRU�'HYHORSLQJ�,PSURYHG�&RUGZRRG�7HVW�0HWKRGV�
IRU�:RRG�+HDWHUV�´�VWDWHV��LQGXVWU\��DQG�(3$�SDUWLFLSDWHG�LQ�D�GLVFXVVLRQ�RQ�FKDQJHV�LQ�WKH�5:+�WHVW�
PHWKRGV�WR�PDNH�WKH�HPLVVLRQ�FHUWLILFDWLRQ�SURFHVV�PRUH�UHSUHVHQWDWLYH�RI�LQ�XVH�HPLVVLRQV��LQFOXGLQJ�D�
WUDQVLWLRQ�IURP�FULE�EDVHG�WR�FRUGZRRG�EDVHG�WHVWLQJ���(3$¶V�UHYLHZ�RI�$OWHUQDWLYH�7HVW�0HWKRG�UHTXHVWV�
IRFXVHV�RQ�³D�WHFKQLFDO�GHWHUPLQDWLRQ�WKDW�WKH�UHTXHVWHG�DOWHUQDWLYH�WHVW�PHWKRG�ZLOO�SURYLGH�UHVXOWV�
DGHTXDWH�IRU�WKH�(3$�$GPLQLVWUDWRU¶V�GHWHUPLQDWLRQ�RI�FRPSOLDQFH�DQG�WKDW�WKH�SURSRVHG�FKDQJH�LQ�WKH�
WHVW�PHWKRG�ZLOO�QRW�QHJDWLYHO\�DIIHFW�WKH�VWULQJHQF\�RI�WKH�DSSOLFDEOH�UHJXODWLRQ�´���

*HQHUDO�1636�SURYLVLRQV�DOORZ�(3$�WR�FRQVLGHU�FDVH�E\�FDVH�UHTXHVWV�IRU�WKH�XVH�RI�DOWHUQDWLYH�WHVW�
PHWKRGV��$70V��>���&)5��������E�@�DQG�WKH�SUHDPEOH�RI�WKH������5:+�1636�DQWLFLSDWHG�WKH�XVH�RI�

�

�����)HG��5HJ���������0DUFK������������
��$�³KRW�WR�KRW´�WHVW�PHDQV�WKDW�HPLVVLRQV�DUH�PHDVXUHG�VWDUWLQJ�ZKHQ�IXHO�LV�SODFHG�RQ�D�KRW�FRDO�EHG�DQG�WKH�WHVW�LV�HQGHG�ZKLOH�
WKH�FRDO�EHG�LV�VWLOO�KRW��
��86�(3$���������3URFHVV�IRU�'HYHORSLQJ�,PSURYHG�&RUGZRRG�7HVW�0HWKRGV�IRU�:RRG�+HDWHUV��'LVFXVVLRQ�3DSHU��$YDLODEOH�DW�
KWWSV���ZZZ�HSD�JRY�VLWHV�GHIDXOW�ILOHV���������GRFXPHQWV�GLVFXVVLRQBSDSHUB�BSURFHVVBIRUBGHYBLPSBFZWPB�������SGI��
$FFHVVHG�-DQXDU\�����������
��,ELG���S������
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FRUGZRRG�EDVHG�$70V��VWDWLQJ�WKDW�³�Z�H�ZLOO�FRQVLGHU�DOWHUQDWLYH�FRUG�ZRRG�WHVW�PHWKRG�UHTXHVWV�RQ�D�
FDVH�E\�FDVH�EDVLV�XQWLO�ZH�DUH�FRQYLQFHG�WKDW�LPSURYHG�WHVW�PHWKRGV�KDYH�EHHQ�VXIILFLHQWO\�GHPRQVWUDWHG�
WKDW�WKH\�FDQ�EH�UHOLHG�XSRQ�IRU�UHJXODWRU\�SXUSRVHV�´��5HTXHVWV�WR�XVH�DQ�$70�WR�WHVW�DQ�DSSOLDQFH�DUH�
UHYLHZHG�RQ�D�FDVH�E\�FDVH�EDVLV��ZKLOH�PHWKRGV�WKDW�(3$�GHVLJQDWHV�DV�EURDGO\�DSSOLFDEOH�$70V�FDQ�EH�
XVHG�ZLWKRXW�REWDLQLQJ�SULRU�(3$�DSSURYDO���

,Q�HDUO\�������(3$�JUDQWHG�EURDGO\�DSSOLFDEOH�$70�VWDWXV�WR�WZR�YHUVLRQV�RI�WKH�$670�(������
FRUGZRRG�WHVWLQJ�SURWRFRO��7KRVH�EURDGO\�DSSOLFDEOH�$70V�ZHUH�GHVLJQDWHG�DV�$OW������ZKLFK�XVHV�
$670�(�����LQ�LWV�HQWLUHW\�ZLWK�DGGLWLRQDO�UHTXLUHPHQWV�E\�(3$��DQG�$OW������ZKLFK�LV�WKH�VDPH�DV�$OW�
����EXW�PRGLILHV�WKH�ORZ�EXUQ�UDWH�UHTXLUHPHQW�IRU�ODUJH�VWRYHV��0DQXIDFWXUHUV�KDYH�HPEUDFHG�WKH�XVH�RI�
$OW�����DQG�$OW�����VLQFH�WKH\�ZHUH�JUDQWHG�WKH�EURDGO\�DSSOLFDEOH�$70�GHVLJQDWLRQ��2I�WKH�����
FRUGZRRG�VWRYHV�FXUUHQWO\�FHUWLILHG�E\�(3$�DV�6WHS���GHYLFHV��DOPRVW�����ZHUH�FHUWLILHG�XVLQJ�WKH�$OW�
����RU�$OW�����PHWKRGV���LQFOXGLQJ�DOPRVW�����RI�WKH�VWRYHV�FHUWLILHG�VLQFH�WKRVH�PHWKRGV�ZHUH�
GHVLJQDWHG�DV�EURDGO\�DSSOLFDEOH�$70V�LQ�������DV�VKRZQ�LQ�)LJXUH����

)LJXUH����&RPSDULVRQ�RI�7HVW�0HWKRG�8VHG�IRU�:RRG�6WRYH�&HUWLILFDWLRQ�7HVWLQJ�������������

�
�

�����)HG��5HJ���������0DUFK������������VHH�S���������
��$670�,QWHUQDWLRQDO���������$670���������6WDQGDUG�7HVW�0HWKRG�IRU�'HWHUPLQLQJ�3DUWLFXODWH�0DWWHU�(PLVVLRQV�IURP�:RRG�
+HDWHUV�8VLQJ�&RUGZRRG�7HVW�)XHO��$YDLODEOH�IRU�SXUFKDVH�DW�KWWSV���ZZZ�DVWP�RUJ�H��������KWPO��
��86�(3$��6HDUFK�:RRG�6WRYH�'DWDEDVH��5RRP�+HDWHUV���$YDLODEOH�DW�
KWWSV���FISXE�HSD�JRY�RDUZHE�ZRRGVWRYH�LQGH[�FIP"IXVHDFWLRQ DSS�VHDUFK��$FFHVVHG�'HFHPEHU�����������
��'DWH�RI�FHUWLILFDWLRQ�EDVHG�RQ�WHVWLQJ�GDWHV�IRXQG�LQ�$ODVND�'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ��'LYLVLRQ�RI�$LU�4XDOLW\�
VXPPDU\�VKHHWV�DYDLODEOH�DW�KWWSV���GHF�DODVND�JRY�DLU�EXUQZLVH�PDQXIDFWXUHUV�YHQGRUV���$FFHVVHG�'HFHPEHU������������
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�
'DWD�LQ�WKH�(3$¶V�:RRG�6WRYH�'DWDEDVH�LQGLFDWH�WKDW�VLQFH�JUDQWLQJ�EURDGO\�DSSOLFDEOH�$70�VWDWXV�WR�
WKH�$670�(�����EDVHG�WHVW�PHWKRGV��$670�(�����EDVHG�WHVW�PHWKRGV�KDYH�EHHQ�XVHG�PRUH�IUHTXHQWO\�
ZLWK�QRQ�FDWDO\WLF�VWRYHV�WKDQ�FDWDO\WLF�HTXLSSHG�DSSOLDQFHV��DV�VKRZQ�LQ�)LJXUH����1RWH�WKDW�K\EULG�
DSSOLDQFHV�DUH�HTXLSSHG�ZLWK�ERWK�FDWDO\WLF�DQG�QRQ�FDWDO\WLF�FRQWUROV�DQG�DUH�LQFOXGHG�DV�FDWDO\WLF�
GHYLFHV�LQ�WKH�ILJXUH��
�
)LJXUH����&RPSDULVRQ�RI�(PLVVLRQ�&RQWURO�$SSURDFK�DQG�8VH�RI�&HUWLILFDWLRQ�7HVW�0HWKRGV�������������

��
�
$OWKRXJK�WKH�$670�(�����EDVHG�WHVW�PHWKRGV�DUH�FRUGZRRG�WHVWV��VWDWH�UHJXODWRU\�DJHQFLHV�KDYH�UDLVHG�
FRQFHUQV�DERXW�XVLQJ�WKHP�IRU�FHUWLILFDWLRQ�SXUSRVHV����7KH�FRQFHUQV�LQFOXGH�WKH�ODFN�RI�
UHSUHVHQWDWLYHQHVV�RI�WHVWLQJ�FRQGLWLRQV��H�J���HPSKDVL]LQJ�D�VLQJOH��ODUJH�IXHO�FRQILJXUDWLRQ�WKDW�LV�QRW�
W\SLFDO�RI�LQ�XVH�IXHOLQJ�SDWWHUQV��DQG�WKH�ODFN�RI�VSHFLILFLW\�RI�PDQ\�WHVW�SDUDPHWHUV��7KH�WHVW�PHWKRG�

�

��86�(3$��6HDUFK�:RRG�6WRYH�'DWDEDVH��5RRP�+HDWHUV���$YDLODEOH�DW�
KWWSV���FISXE�HSD�JRY�RDUZHE�ZRRGVWRYH�LQGH[�FIP"IXVHDFWLRQ DSS�VHDUFK��$FFHVVHG�'HFHPEHU�����������'DWH�RI�FHUWLILFDWLRQ�
EDVHG�RQ�WHVWLQJ�GDWHV�IRXQG�LQ�$ODVND�'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ��'LYLVLRQ�RI�$LU�4XDOLW\�VXPPDU\�VKHHWV�
DYDLODEOH�DW�KWWSV���GHF�DODVND�JRY�DLU�EXUQZLVH�PDQXIDFWXUHUV�YHQGRUV���$FFHVVHG�'HFHPEHU�����������
���1(6&$80���������/HWWHU�WR�$QGUHZ�:KHHOHU��$FWLQJ�$GPLQLVWUDWRU�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$WWHQWLRQ��
'RFNHW�,'�1R��(3$�+4�2$5������������5H��$GYDQFHG�1RWLFH�RI�3URSRVHG�5XOHPDNLQJ�IRU�1HZ�6RXUFH�3HUIRUPDQFH�
6WDQGDUGV�IRU�5HVLGHQWLDO�:RRG�+HDWHUV��1HZ�5HVLGHQWLDO�+\GURQLF�+HDWHUV�DQG�)RUFHG�$LU�)XUQDFHV��GDWHG�)HEUXDU\�����������
KWWSV���ZZZ�QHVFDXP�RUJ�GRFXPHQWV�DQSUP�IRU�QHZ�VRXUFH�SHUIRUPDQFH�VWDQGDUGV�IRU�UHVLGHQWLDO�ZRRG�KHDWHUV�QHZ�
UHVLGHQWLDO�K\GURQLF�KHDWHUV�DQG�IRUFHG�DLU�IXUQDFHV�QHVFDXP�ZRRG�GHYLFH�QVSV�DQSUP����������XSGDWH�SGI��

Ϭ

ϭϬ

ϮϬ

ϯϬ

ϰϬ

ϱϬ

ϲϬ

ϳϬ

DϮϴZ �^dD�ϯϬϱϯ

η�
ŽĨ
�Ă
ƉƉ

ůŝĂ
ŶĐ

ĞƐ
�Đ
Ğƌ
ƚŝĨ
ŝĞ
Ě

EŽŶͲ�ĂƚĂůǇƚŝĐ �ĂƚĂůǇƚŝĐͬ,ǇďƌŝĚ



�
�
�

��
�
�

LWVHOI�VWDWHV�WKDW�LW�LV�LPSRVVLEOH�WR�DVVHVV�WKH�PHWKRG¶V�SUHFLVLRQ�DQG�WKDW�QR�LQIRUPDWLRQ�FDQ�EH�SUHVHQWHG�
WR�GHWHUPLQH�PHWKRG�ELDV����

,Q�WKH�VSULQJ�RI�������1(6&$80�EHJDQ�WHVWLQJ�FRUGZRRG�VWRYHV�XVLQJ�WKH�$OW���������PHWKRGRORJ\��
7KHVH�WHVWV�ZHUH�FRQGXFWHG�E\�DQ�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�WKDW�LV�DXWKRUL]HG�WR�FRQGXFW�
(3$�FHUWLILFDWLRQ�WHVWV��6HYHQ�QRQ�FDWDO\WLF�ZRRG�VWRYHV�WKDW�KDG�EHHQ�FHUWLILHG�DV�6WHS���FRPSOLDQW�XVLQJ�
$OW���������ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KRVH�VWRYHV�FRQVWLWXWH�DERXW�����RI�WKH����QRQ�FDWDO\WLF�VWRYHV�
WKDW�PHHW�WKRVH�FULWHULD��DV�OLVWHG�LQ�(3$¶V�:RRG�6WRYH�'DWDEDVH���

7ZR�VHWV�RI�$670�(�����EDVHG�WHVWV�ZHUH�FRQGXFWHG�RQ�HDFK�VWRYH��7KH�ILUVW�ZDV�GHVLJQHG�WR�UHSOLFDWH�
FHUWLILFDWLRQ�WHVWLQJ�SURFHGXUHV�DV�FORVHO\�DV�SRVVLEOH��7KRVH�WHVWV�ZHUH�XVHG�WR�HYDOXDWH�WKH�PHWKRG¶V�
UHSURGXFLELOLW\�DQG�WKH�VWXG\�VWRYH¶V�DELOLW\�WR�PHHW�WKH�1636�OLPLWDWLRQV�XQGHU�WKH�FRQGLWLRQV�VSHFLILHG�
LQ�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�WR�WKH�FHUWLILFDWLRQ�WHVWLQJ�ODERUDWRU\��7KH�VHFRQG�VHW�RI�WHVWV�ZDV�
FRQGXFWHG�XVLQJ�IXHOLQJ�DQG�RSHUDWLQJ�FRQGLWLRQV�UHFRPPHQGHG�LQ�WKH�DSSOLDQFH�RZQHU¶V�PDQXDO��7KRVH�
WHVWV�ZHUH�GHVLJQHG�WR�UHIOHFW�WKH�SHUIRUPDQFH�RI�WKH�DSSOLDQFHV�XVLQJ�WKH�LQIRUPDWLRQ�JLYHQ�WR�XVHUV�DQG�
WR�GHWHUPLQH�WKH�LPSDFW�RI�WKH�ODFN�RI�VSHFLILFLW\�RI�$670�(�����EDVHG�WHVW�PHWKRGV�RQ�WKH�YDULDELOLW\�RI�
WHVW�UHVXOWV��7KH�UHVXOWV�RI�WKHVH�WZR�VHWV�RI�WHVWV�DUH�SUHVHQWHG�LQ�WKLV�UHSRUW��

$V�WKLV�ZRUN�ZDV�FRQFOXGLQJ��(3$�ZLWKGUHZ�DSSURYDO�RI�WKH�XVH�RI�$OW�����DQG�$OW�����DV�EURDGO\�
DSSOLFDEOH�$OWHUQDWH�7HVW�0HWKRGV�IRU�FRPSOLDQFH�WHVWLQJ�RI�UHVLGHQWLDO�FRUGZRRG�VWRYHV����

� �

�

���$670�,QWHUQDWLRQDO���������$670�(��������±6WDQGDUG�7HVW�0HWKRG�IRU�'HWHUPLQLQJ�3DUWLFXODWH�0DWWHU�(PLVVLRQV�IURP�
:RRG�+HDWHUV�8VLQJ�&RUGZRRG�7HVW�)XHO��6HFWLRQ�����3UHFLVLRQ�DQG�%LDV��$YDLODEOH�IRU�SXUFKDVH�DW�
KWWSV���ZZZ�DVWP�RUJ�H�������H���KWPO���
������)HG��5HJ��������-DQXDU\������������
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�� 5HSOLFDWH�7HVWLQJ�
%HWZHHQ�0DUFK�DQG�$XJXVW�RI�������1(6&$80�HYDOXDWHG�WKH�HPLVVLRQV�DQG�SHUIRUPDQFH�RI�VHYHQ�
UHVLGHQWLDO�ZRRG�VWRYHV�HTXLSSHG�ZLWK�QRQ�FDWDO\WLF�FRQWURO�V\VWHPV�DV�SDUW�RI�D�1<6(5'$�IXQGHG�
5:+�LQLWLDWLYH��7KH�XOWLPDWH�JRDO�RI�WKH�LQLWLDWLYH�LV�WR�SURPRWH�WKH�GHVLJQ�DQG�PDQXIDFWXUH�RI�FOHDQHU�
EXUQLQJ�DQG�PRUH�HIILFLHQW�UHVLGHQWLDO�ZRRG�KHDWHUV��

���� 6WXG\�'HVLJQ�

1(6&$80�DFTXLUHG�VHYHQ�QRQ�FDWDO\WLF�FRUGZRRG�VWRYHV�FHUWLILHG�DV�6WHS���FRPSOLDQW�XVLQJ�$OW�����RU�
$OW������&ROOHFWLYHO\��WKHVH�VWRYH�PRGHOV�UHSUHVHQW�DERXW�����RI�WKH����VWRYHV�OLVWHG�LQ�(3$¶V�:RRG�
6WRYH�'DWDEDVH�DV�PHHWLQJ�6WHS���OLPLWV��1RQ�FDWDO\WLF�VWRYHV�ZHUH�VWXGLHG�EHFDXVH��DFFRUGLQJ�WR�(3$�
HVWLPDWHV������RI�ZRRG�VWRYHV�VROG�DUH�QRQ�FDWDO\WLF����,Q�DGGLWLRQ��SUHYLRXV�UHVHDUFK�DV�SDUW�RI�WKH�
1<6(5'$�LQLWLDWLYH�LQGLFDWHG�WKDW�QRQ�FDWDO\WLF�VWRYHV�PLJKW�QRW�SHUIRUP�DV�ZHOO�RU�DV�FRQVLVWHQWO\�DV�
WKRVH�ZLWK�FDWDO\WLF�FRQWURO�V\VWHPV�����

7KH�VHYHQ�VWRYHV�ZHUH�VKLSSHG�WR�DQ�(3$�DSSURYHG�,62�$FFUHGLWHG�ODE�IRU�WHVWLQJ�LQ�WKLV�VWXG\��
&OHDU6WDN�LV�DQ�(3$�DSSURYHG�DQG�,62�DFFUHGLWHG�WHVW�ODE�IRU�ZRRG�VWRYHV��7KUHH�VWRYHV�LQ�WKH�VWXG\��
LGHQWLILHG�DV�6WRYHV��������DQG�����KDYH�EHHQ�SUHYLRXVO\�XVHG�LQ�1(6&$80�UHVHDUFK�WHVWLQJ��7KH�RWKHU�
IRXU�XQLWV��6WRYHV�������������DQG�����ZHUH�SXUFKDVHG�IRU�WKLV�VWXG\�DQG�ZHUH�FRQGLWLRQHG�EHIRUH�WHVWLQJ�DV�
VSHFLILHG�E\�WKH�$OW���������WHVW�PHWKRGV��7KH�VHOHFWLRQ�RI�VWXG\�VWRYHV�VWURYH�WR�UHSUHVHQW�D�UDQJH�RI�
ILUHER[�VL]HV��FRQVWUXFWLRQ�W\SHV��SULFH�SRLQWV��FHUWLILHG�SDUWLFXODWH�PDWWHU��30��HPLVVLRQ�UDWHV��(5V���KHDW�
RXWSXWV��DQG�HIILFLHQFLHV���

������ ,QLWLDO�,QVSHFWLRQ�

$V�SDUW�RI�WKH�LQLWLDO�LQVSHFWLRQ��WKH�(3$�DSSURYHG�ODE�PHDVXUHG�ILUHER[�YROXPHV�IRU�DOO�VWXG\�VWRYHV��
([FHSW�IRU�6WRYH�����WKH�(3$�DSSURYHG�,62�$FFUHGLWHG�ODE�UHSOLFDWH�PHDVXUHPHQWV�GLG�QRW�PDWFK�WKH�
PHDVXUHPHQWV�DQG�ILUHER[�YROXPHV�VSHFLILHG�LQ�WKH�VWRYH�FHUWLILFDWLRQ�UHSRUWV�DQG�WKH�(3$�GDWDEDVH��
)LUHER[�YROXPH�LV�LPSRUWDQW�EHFDXVH�WKDW�SDUDPHWHU�LV�XVHG�WR�FDOFXODWH�WKH�PDVV�RI�WKH�WHVW�IXHO�ORDG��DQG�
ORDG�VL]H�FDQ�DIIHFW�WKH�OHQJWK�DQG�SHUIRUPDQFH�RI�WKH�WHVW�EXUQ��$V�VKRZQ�LQ�7DEOH����WKH�ODUJHVW�
GLIIHUHQFHV��RQ�D�SHUFHQWDJH�EDVLV��EHWZHHQ�WKH�UHSOLFDWH�PHDVXUHPHQWV�DQG�FHUWLILFDWLRQ�UHSRUW�ILUHER[�
YROXPHV�ZHUH�ZLWK�6WRYHV����DQG����ZLWK�FHUWLILFDWLRQ�WHVW�YROXPHV�����DQG����KLJKHU��UHVSHFWLYHO\��

�

���86�(3$��)UHTXHQW�4XHVWLRQV�DERXW�:RRG�%XUQLQJ�$SSOLDQFHV��KWWSV���ZZZ�HSD�JRY�EXUQZLVH�IUHTXHQW�TXHVWLRQV�DERXW�
ZRRG�EXUQLQJ�DSSOLDQFHV��a�WH[W 1RQ��'FDWDO\WLF���RU���VHFRQGDU\���FRPEXVWLRQ�UDQJH���RI�������'�������
$FFHVVHG�)HEUXDU\����������
���0RULQ��%��DQG�5HFWRU��/����������5HSURGXFLELOLW\�RI�7HVW�5HVXOWV�LQ�6WHS���6WRYHV��$YDLODEOH�DW�
KWWSV���ZZZ�QHVFDXP�RUJ�GRFXPHQWV�QHVFDXP�PHPR�DXGLW�WHVWLQJ�VWHS���VWRYHV����������SGI��
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WKDQ�WKRVH�PHDVXUHG�E\�UHSOLFDWH�WHVW��DQG�6WRYH�����WKH�PHDVXUHPHQWV�RI�WKH�SURGXFWLRQ�PRGHO�IRU�WKDW�
VWRYH�ZDV����ORZHU�WKDQ�WKDW�OLVWHG�LQ�WKH�FHUWLILFDWLRQ�UHSRUW��

7DEOH����)LUHER[�9ROXPHV��IW����

^ƚŽǀĞ� �ĞƌƚŝĨŝĐĂƚŝŽŶ�
dĞƐƚ�
ZĞƉŽƌƚĞĚ�
&ŝƌĞďŽǆ�
sŽůƵŵĞ�

^ƚƵĚǇ�
DĞĂƐƵƌĞĚ�
&ŝƌĞďŽǆ�
sŽůƵŵĞ�

ZĞƉůŝĐĂƚĞ�ŽĨ�
�ůƚ�ϭϮϱͬϭϮϳ�
�ĞƌƚŝĨŝĐĂƚŝŽŶ�
dĞƐƚ��

�ůƚ�ϭϮϱͬϭϮϳ�dĞƐƚ�
&ŽůůŽǁŝŶŐ�
KǁŶĞƌ͛Ɛ�DĂŶƵĂů�
/ŶƐƚƌƵĐƚŝŽŶƐ�

EŽƚĞƐ�

ϵ� Ϯ͘ϮϬ� Ϯ͘ϬϮ� Ϯ͘ϮϬ� Ϯ͘ϮϬ�

�ŝŵĞŶƐŝŽŶƐ�ŶŽƚ�ůŝƐƚĞĚ�ŝŶ�ƚŚĞ�ĐĞƌƚ͘�
ƚĞƐƚ�ƌĞƉŽƌƚ͘�&ŝƌĞďŽǆ�ǀŽůƵŵĞ�
ŵĞĂƐƵƌĞĚ�ϭϬй�ůĞƐƐ�ƚŚĂŶ�ŝŶ�ĐĞƌƚ͘�
ƚĞƐƚ�ƌĞƉŽƌƚ͘��

ϭϱ� Ϭ͘ϴϮ� Ϭ͘ϳϵ� Ϭ͘ϴϮ� Ϭ͘ϴϮ� &ŝƌĞďŽǆ�ǀŽůƵŵĞ�ŶŽƚ�ŵĂƚĐŚĞĚ�ďƵƚ�
ĚŝĨĨĞƌĞŶĐĞ�ŝƐ�фϱй͘�

ϭϲ� Ϯ͘ϬϮ� Ϯ͘ϭϰ� Ϯ͘ϬϮ� Ϯ͘ϰϬ�
dŚĞ�ŽǁŶĞƌ͛Ɛ�ŵĂŶƵĂů�ƐƚĂƚĞƐ�
ǀŽůƵŵĞ�ŝƐ�Ϯ͘ϰ͘�DƵůƚŝƉůĞ�ǀŽůƵŵĞƐ�
ƌĞƉŽƌƚĞĚ�ĂŶĚ�ŵĞĂƐƵƌĞĚ͘��

Ϯϰ� ϭ͘ϵϭ� ϭ͘ϴϲ� ϭ͘ϵϭ� ϭ͘ϵϭ� &ŝƌĞďŽǆ�ǀŽůƵŵĞ�ŶŽƚ�ŵĂƚĐŚĞĚ�ďƵƚ�
ĚŝĨĨĞƌĞŶĐĞ�ŝƐ�фϱй͘�

Ϯϲ� Ϯ͘ϳϯ� Ϯ͘ϰϴ� Ϯ͘ϳϯ� Ϯ͘ϰϴ�

sŽůƵŵĞ�ŐŝǀĞŶ�ŝŶ�ĐĞƌƚ͘�ƚĞƐƚ�ƌĞƉŽƌƚ�
ŶŽƚ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ĨŝƌĞďŽǆ�
ĚŝŵĞŶƐŝŽŶƐ�ŐŝǀĞŶ�ŝŶ�ƚŚĞ�ŽǁŶĞƌ͛Ɛ�
ŵĂŶƵĂů�ĐŽŶƚĂŝŶĞĚ�ŝŶ�ƚŚĞ�ĐĞƌƚ͘�
ƚĞƐƚ�ƌĞƉŽƌƚ͘�&ŝƌĞďŽǆ�ǀŽůƵŵĞ�
ŵĞĂƐƵƌĞĚ�ϭϬй�ůĞƐƐ�ƚŚĂŶ�ŝŶ�ĐĞƌƚ͘�
ƚĞƐƚ�ƌĞƉŽƌƚ͘�

Ϯϳ� Ϯ͘ϵϮ� ϯ͘ϭϳ� Ϯ͘ϵϮ� ϯ͘ϭϳ�

DĂƌŬĞƚŝŶŐ�ŵĂƚĞƌŝĂůƐ�ƐĂǇ�ǀŽůƵŵĞ�
ŝƐ�ϯ͘ϱ͖�ŶŽƚ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ůĂď�
ŵĞĂƐƵƌĞŵĞŶƚƐ�ŶŽƌ�
ŵĞĂƐƵƌĞŵĞŶƚƐ�ŝŶ�ĐĞƌƚ͘�ƚĞƐƚ�
ƌĞƉŽƌƚ͘�&ŝƌĞďŽǆ�ǀŽůƵŵĞ�
ŵĞĂƐƵƌĞĚ�ϵй�ŐƌĞĂƚĞƌ�ƚŚĂŶ�ŝŶ�
ĐĞƌƚ͘�ƚĞƐƚ�ƌĞƉŽƌƚ͘�

Ϯϴ� Ϯ͘ϬϬ� Ϯ͘ϬϬ� Ϯ͘ϬϬ� Ϯ͘ϬϬ� &ŝƌĞďŽǆ�ǀŽůƵŵĞ�ŵĂƚĐŚĞĚ͘�
�

������ 7HVWLQJ�$SSURDFK�

7KH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�FRQGXFWHG�WZR�FRPSOHWH�$OW���������WHVWV�RQ�HDFK�VWRYH��
2QH�VHW�RI�WKH�WHVWV�DWWHPSWHG�WR�UHSOLFDWH�WKH�FHUWLILFDWLRQ�WHVW��WKRVH�WHVWV�ZHUH�FRQGXFWHG�DFFRUGLQJ�WR�
WKH�FHUWLILFDWLRQ�WHVW¶V�IXHOLQJ�DQG�RSHUDWLRQDO�SURWRFRO�LQIRUPDWLRQ��PDWFKLQJ�WKH�WHVW�FRQGLWLRQV�DV�
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FORVHO\�DV�SRVVLEOH�WR�WKRVH�LQ�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�JLYHQ�WR�WKH�FHUWLILFDWLRQ�WHVWLQJ�ODERUDWRU\��
,Q�WKRVH�WHVWV��WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�XVHG�WKH�ILUHER[�YROXPH�OLVWHG�LQ�WKH�
FHUWLILFDWLRQ�UHSRUW��WKHUHIRUH��WKH�UHSOLFDWHV�WHVWV�DW�WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�XVHG�
VLPLODU�IXHO�ORDGV�WR�WKRVH�LQ�WKH�FHUWLILFDWLRQ�WHVWV��PDWFKLQJ�WKHP�WR�WKH�JUHDWHVW�H[WHQW�SRVVLEOH��7KH�
RWKHU�WHVW�XVHG�WKH�RZQHU¶V�PDQXDO�LQIRUPDWLRQ�WR�JXLGH�WKH�RSHUDWLRQ�DQG�IXHOLQJ�RI�WKH�DSSOLDQFH��7KH�
IXHO�OHQJWKV�DQG�ORDG�YROXPHV�XVHG�LQ�WKRVH�WHVWV�ZHUH�GHWHUPLQHG�E\�WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�
ODERUDWRU\�ILUHER[�PHDVXUHPHQWV�RU�WKH�ILUHER[�GLPHQVLRQV�VSHFLILHG�LQ�WKH�RZQHU¶V�PDQXDO��$OO�RWKHU�WHVW�
HOHPHQWV��LQFOXGLQJ�IXHO�VSHFLHV��ZHUH�KHOG�FRQVWDQW�ZKHQ�SRVVLEOH��$�FRPSDULVRQ�RI�WKH�IXHOLQJ�DQG�
RSHUDWLQJ�SDUDPHWHUV�LQ�WKH�WZR�VHWV�RI�WHVWV�LV�VKRZQ�LQ�7DEOH����:KLOH�WKLV�VWXG\�FRQGXFWHG�WZR�VHWV�RI�
WHVWV�LQWHQGHG�WR�UHSOLFDWH�WKH�PDQXIDFWXUHUV¶�LQVWUXFWLRQV�JLYHQ�WR�WKH�FHUWLILFDWLRQ�WHVW�ODEV�DQG�WKH�
PDQXIDFWXUHUV¶�LQVWUXFWLRQV�SURYLGHG�LQ�WKH�RZQHU¶V�PDQXDO��ZH�QRWH�WKDW�GLIIHULQJ�LQVWUXFWLRQV�IRU�WKH�
FHUWLILFDWLRQ�ODE�YHUVXV�WKH�RZQHU¶V�PDQXDO�PD\�QRW�PHHW�WKH�1636�UHTXLUHPHQWV�FRQWDLQHG�LQ����&)5�
��������J������ZKLFK�UHTXLUHV�LQVWUXFWLRQV�JLYHQ�WR�WKH�ODE�IRU�FHUWLILFDWLRQ�WHVWLQJ�EH�FRQVLVWHQW�ZLWK�WKH�
LQVWUXFWLRQV�LQFOXGHG�LQ�WKH�RZQHU¶V�PDQXDO���

7DEOH����'LIIHUHQFHV�EHWZHHQ�2ZQHU¶V�0DQXDO�DQG�/DERUDWRU\�,QVWUXFWLRQ�7HVWV��

��

&ƵĞů�
^ƉĞĐŝĞƐ�

&ƵĞů�
>ĞŶŐƚŚ�

�ŝĨĨĞƌĞŶĐĞ�
;ŝŶĐŚĞƐͿ�

&ƵĞů�
WůĂĐĞŵĞŶƚ�

�ŝƌ�
^ĞƚƚŝŶŐƐ� �ǇƉĂƐƐ� &ĂŶ� ^ƚĂƌƚͲƵƉ�

WƌŽĐĞĚƵƌĞƐ�
&ŝƌĞďŽǆ�
sŽůƵŵĞ�

^ƚŽǀĞ�ϵ�Ͳ�ηϭ� EŽ� Ϭ� zĞƐ� EŽ� zĞƐ� zĞƐ� EŽ� EŽ�
^ƚŽǀĞ�ϵ�Ͳ�ηϮ� EŽ� ϯ͘ϱ� zĞƐ� EŽ� zĞƐ� zĞƐ� EŽ� EŽ�
^ƚŽǀĞ�ϭϱ� EŽ� Ϯ� EŽ� EŽ� E�� E�� EŽ� EŽ�
^ƚŽǀĞ�ϭϲ� EŽ� Ϯ� zĞƐ� EŽ� E�� zĞƐ� zĞƐ� zĞƐ�
^ƚŽǀĞ�Ϯϰ� EŽ� Ϯ� EŽ� EŽ� E�� E�� EŽ� EŽ�
^ƚŽǀĞ�Ϯϲ� EŽ� Ϯ�Θ�ϰ� EŽ� EŽ� E�� E�� EŽ� zĞƐ�
^ƚŽǀĞ�Ϯϳ� EŽ� Ϯ� zĞƐ� zĞƐ� E�� E�� EŽ� EŽ�
^ƚŽǀĞ�Ϯϴ� EŽ� Ϭ� EŽ� EŽ� zĞƐ� zĞƐ� EŽ� EŽ�

�

������ 7HVW�)XHO�

$670�(�����GRHV�QRW�LGHQWLI\�VSHFLHV�RI�ZRRG�WKDW�FDQ�EH�XVHG�LQ�WHVWLQJ�EXW�LQVWHDG�UHTXLUHV�WKH�IXHO�WR�
EH�D�VSHFLHV�RI�FRUGZRRG�ZLWK�D�VSHFLILF�JUDYLW\�LQ�WKH�UDQJH�RI������WR������RQ�D�GU\�EDVLV��$�ODUJH�
QXPEHU�RI�ZRRG�VSHFLHV�KDYH�D�VSHFLILF�JUDYLW\�LQ�WKDW�UDQJH��7R�UHSOLFDWH�WKH�FHUWLILFDWLRQ�WHVW�DQG�QRW�
LQWURGXFH�QHZ�YDULDEOHV��WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�XVHG�WKH�ZRRG�VSHFLHV�LGHQWLILHG�LQ�
WKH�VWRYH¶V�FHUWLILFDWLRQ�UHSRUW�ZKHQ�SRVVLEOH��5HSOLFDWH�WHVWLQJ�XVHG�WKH�VDPH�IXHO�WKDW�ZDV�XVHG�LQ�WKH�
FHUWLILFDWLRQ�WHVW��RDN�IRU�6WRYHV���������DQG�����DQG�PDSOH�IRU�6WRYHV���DQG�����7KH�6WRYH����FHUWLILFDWLRQ�
UHSRUW�VSHFLILHG�D�PL[�RI�PDSOH�DQG�RDN�EXW�GLG�QRW�LGHQWLI\�KRZ�PDQ\�SLHFHV�RI�HDFK�IXHO�VSHFLHV�ZHUH�
XVHG�LQ�WKH�FHUWLILFDWLRQ�WHVW��:KHQ�WHVWLQJ�WKDW�VWRYH��WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�XVHG�D�
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PL[WXUH�RI�����PDSOH�DQG�����RDN�IXHO��7KH�FHUWLILFDWLRQ�WHVW�RI�6WRYH����XVHG�FKHUU\�IXHO��KRZHYHU��WKDW�
VSHFLHV�ZDV�QRW�DYDLODEOH�WR�WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\��VR�WKH�VWXG\�XVHG�PDSOH�IXHO��

$670�(�����VSHFLILHV�WKDW�³�W�KH�DYHUDJH�PRLVWXUH�FRQWHQW�RI�WKH�WHVW�IXHO�ORDG�VKDOO�EH�LQ�WKH�UDQJH�RI�
�����WR�������RQ�D�GU\�EDVLV�´�$V�VKRZQ�LQ�7DEOH���DQG�)LJXUH����WKH�PRLVWXUH�FRQWHQW�RI�WKH�ZRRG�ORDGV�
XVHG�LQ�DOO�FHUWLILFDWLRQ�WHVWV�DQG�DOO�WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�UXQV�ZDV�ZLWKLQ�WKH�
VSHFLILHG�UDQJH��+RZHYHU��WKH�PRLVWXUH�FRQWHQW�RI�WKH�IXHO�LQ�WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�
ODERUDWRU\�WHVWV�WHQGHG�WR�EH�KLJKHU�WKDQ�WKRVH�VSHFLILHG�LQ�WKH�FHUWLILFDWLRQ�UHSRUWV��,Q�VRPH�UXQV��WKH�XVH�
RI�KLJKHU�PRLVWXUH�FRQWHQW�IXHO�ZDV�LQWHQWLRQDO�LQ�DQ�DWWHPSW�WR�REWDLQ�WKH�ORZHU�EXUQ�UDWHV�UHSRUWHG�LQ�
FHUWLILFDWLRQ�WHVW��)RU�H[DPSOH��DGGLWLRQDO�ORZ�ILUH�WHVW�UXQV�ZHUH�FRPSOHWHG�RQ�6WRYH�����7KH�DGGLWLRQDO�
WHVW�UXQV�XVHG�IXHO�ZLWK�PRLVWXUH�FRQWHQW�LQ�WKH�XSSHU�HQG�RI�WKH�DOORZHG�UDQJH�LQ�DQ�DWWHPSW�WR�UHGXFH�
EXUQ�UDWHV�WR�FRQIRUP�WR�WKH�ORZ�ILUH�EXUQ�UDWH�FULWHULD�GHWDLOHG�LQ�$670�(�������

7DEOH����)XHO�6SHFLHV�DQG�/RDG�'U\�0RLVWXUH�&RQWHQW��0&������LQ�&HUWLILFDWLRQ�DQG�5HSOLFDWH�$670�7HVW�
)XHO��

^ƚŽǀĞ��
�ĞƌƚŝĨŝĐĂƚŝŽŶ�ZĞƉŽƌƚ�ZƵŶƐ� ZĞƉůŝĐĂƚĞ�>Ăď�/ŶƐƚƌƵĐƚŝŽŶ�

ZƵŶƐ�
ZĞƉůŝĐĂƚĞ�KǁŶĞƌΖƐ�

DĂŶƵĂů�ZƵŶƐ�
^ƉĞĐŝĞƐ� >ŽĂĚ�D�� ^ƉĞĐŝĞƐ� >ŽĂĚ�D�� ^ƉĞĐŝĞƐ� >ŽĂĚ�D��

ϵ� ŵĂƉůĞ� ϭϵ͘ϴͲϮϭ͘ϭ� ŵĂƉůĞ� Ϯϭ͘ϴͲϮϰ͘Ϭ� ŵĂƉůĞ� Ϯϭ͘ϳͲϮϰ͘Ϭ�

ϭϱ�

ŽĂŬ�
;ƚǇƉĞ�ŶŽƚ�
ƐƉĞĐŝĨŝĞĚͿ� ϮϬ͘ϵͲϮϭ͘ϱ� ƌĞĚ�ŽĂŬ� ϮϮ͘ϭͲϮϯ͘ϳ� ƌĞĚ�ŽĂŬ� ϮϮ͘ϬͲϮϯ͘ϭ�

ϭϲ� ƵŶƐƉĞĐŝĨŝĞĚ� ƵŶƐƉĞĐŝĨŝĞĚ� ŵĂƉůĞͬŽĂŬ� ϮϮ͘ϭͲϮϯ͘ϳ� ŵĂƉůĞͬŽĂŬ� Ϯϭ͘ϬͲϮϮ͘ϴ�
Ϯϰ� ŽĂŬ� ϮϬ͘ϱͲϮϭ͘ϲ� ƌĞĚ�ŽĂŬ� ϮϮ͘ϲͲϮϯ͘ϯ� ƌĞĚ�ŽĂŬ� Ϯϯ͘ϳͲϮϰ͘ϭ�
Ϯϲ� ŽĂŬ� ϮϬ͘ϴͲϮϮ͘ϭ� ƌĞĚ�ŽĂŬ� ϮϮ͘ϲͲϮϯ͘ϴ� ƌĞĚ�ŽĂŬ� Ϯϭ͘ϱͲϮϯ͘ϲ�
Ϯϳ� ŵĂƉůĞ� ϮϬ͘ϰͲϮϮ͘Ϯ� ŵĂƉůĞ� ϮϮ͘ϮͲϮϮ͘ϲ� ŵĂƉůĞ� ϮϮ͘ϯͲϮϯ͘ϴ�
Ϯϴ� ĐŚĞƌƌǇ� Ϯϭ͘ϲͲϮϮ͘Ϯ� ŵĂƉůĞ� Ϯϯ͘ϮͲϮϯ͘ϵ� ŵĂƉůĞ� Ϯϯ͘ϯͲϮϯ͘ϵ�

�
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)LJXUH����&RPSDULVRQ�RI�$YHUDJH�/RDG�0RLVWXUH�&RQWHQWV����'U\�%DVLV��LQ�&HUWLILFDWLRQ�7HVWV�DQG�/DE�
,QVWUXFWLRQ�DQG�2ZQHU¶V�0DQXDO�7HVWV��

�

$670�(�����LV�QRW�SUHVFULSWLYH�DERXW�IXHO�OHQJWK��VD\LQJ�RQO\��³7KH�QRPLQDO�WHVW�IXHO�SLHFH�OHQJWK�XVHG�
VKDOO�EH�LQ�DFFRUGDQFH�ZLWK�WKH�PDQXIDFWXUHU¶V�ZULWWHQ�LQVWUXFWLRQV�´�7KH�WHVW�WKDW�PLPLFNHG�WKH�
FHUWLILFDWLRQ�WHVWV�XVHG�ZRRG�SLHFHV�WKH�VDPH�OHQJWK�DV�WKRVH�VSHFLILHG�LQ�WKH�FRUUHVSRQGLQJ�FHUWLILFDWLRQ�
WHVW�UHSRUW��,Q�WKH�VHFRQG�VHW�RI�VWXG\�WHVWV��LQIRUPDWLRQ�IURP�WKH�RZQHU¶V�PDQXDO�ZDV�XVHG�WR�GHWHUPLQH�
IXHO�OHQJWK��

,I�WKH�RZQHU¶V�PDQXDO�VSHFLILHG�WKH�XVH�RI�ORQJHU�IXHO�SLHFHV�WKDQ�WKRVH�XVHG�LQ�WKH�FHUWLILFDWLRQ�WHVW��WKH�
ORQJHVW�UHFRPPHQGHG�IXHO�OHQJWK�ZDV�XVHG�LQ�WKH�VHFRQG�VHW�RI�WHVWV��,Q�6WRYH����WKH�,62�DFFUHGLWHG�(3$�
DSSURYHG�ODERUDWRU\�UDQ�WKUHH�FRPSOHWH�$OW�����WHVWV��RQH�UHSOLFDWLQJ�WKH�FHUWLILFDWLRQ�WHVW�FRQGLWLRQV��
LQFOXGLQJ������LQFK�IXHO�OHQJWK��WKH�VHFRQG�XVLQJ�WKH�RZQHU¶V�PDQXDO�UHFRPPHQGDWLRQV�DQG������LQFK�
IXHO��DQG�WKH�WKLUG�ZLWK�WKH�RZQHU¶V�PDQXDO�UHFRPPHQGDWLRQV�DQG����LQFK�IXHO��$OWKRXJK�WKH�6WRYH���
RZQHU¶V�PDQXDO�LQGLFDWHG�WKDW�IXHO�OHQJWKV�XS�WR������LQFKHV�FRXOG�EH�XVHG��WKH�,62�DFFUHGLWHG�(3$�
DSSURYHG�ODERUDWRU\�GHWHUPLQHG�WKDW�WKH�XVH�RI�IXHO�RI�WKDW�OHQJWK�LQ�WKH�VWRYH�ZDV�QRW�IHDVLEOH��DQG�XVHG�D�
IXHO�OHQJWK�RI����LQFKHV�LQVWHDG��)XHO�OHQJWKV�DQG�WKH�QXPEHU�RI�SLHFHV�LQ�HDFK�ORDG�OLVWHG�LQ�WKH�
FHUWLILFDWLRQ�UHSRUW�DQG�XVHG�LQ�WKH�UHSOLFDWH�WHVWV�DUH�VKRZQ�LQ�7DEOH����

��

ϭϵ

ϮϬ

Ϯϭ

ϮϮ

Ϯϯ

Ϯϰ

Ϯϱ

�Ğ
ƌƚ
ŝĨŝ
ĐĂ
ƚŝŽ

Ŷ�
ƚĞ
Ɛƚ

ZĞ
Ɖů
ŝĐ
Ăƚ
Ğ�
ƚĞ
Ɛƚ

K
ǁ
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ƌΖƐ
�D

ĂŶ
ƵĂ

ů

�Ğ
ƌƚ
ŝĨŝ
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ƚŝŽ

Ŷ�
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Ɛƚ

K
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ů
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ƌƚ
ŝĨŝ
ĐĂ
ƚŝŽ

Ŷ�
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Ăƚ
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ƚĞ
Ɛƚ

K
ǁ
ŶĞ

ƌΖƐ
�D

ĂŶ
ƵĂ

ů

�Ğ
ƌƚ
ŝĨŝ
ĐĂ
ƚŝŽ

Ŷ�
ƚĞ
Ɛƚ

ZĞ
Ɖů
ŝĐ
Ăƚ
Ğ�
ƚĞ
Ɛƚ

K
ǁ
ŶĞ

ƌΖƐ
�D

ĂŶ
ƵĂ

ů

�Ğ
ƌƚ
ŝĨŝ
ĐĂ
ƚŝŽ

Ŷ�
ƚĞ
Ɛƚ

ZĞ
Ɖů
ŝĐ
Ăƚ
Ğ�
ƚĞ
Ɛƚ

K
ǁ
ŶĞ

ƌΖƐ
�D

ĂŶ
ƵĂ

ů

�Ğ
ƌƚ
ŝĨŝ
ĐĂ
ƚŝŽ

Ŷ�
ƚĞ
Ɛƚ

ZĞ
Ɖů
ŝĐ
Ăƚ
Ğ�
ƚĞ
Ɛƚ

K
ǁ
ŶĞ

ƌΖƐ
�D

ĂŶ
ƵĂ

ů

�Ğ
ƌƚ
ŝĨŝ
ĐĂ
ƚŝŽ

Ŷ�
ƚĞ
Ɛƚ

ZĞ
Ɖů
ŝĐ
Ăƚ
Ğ�
ƚĞ
Ɛƚ

K
ǁ
ŶĞ

ƌΖƐ
�D

ĂŶ
ƵĂ

ů

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

D
Žŝ
Ɛƚ
Ƶƌ
Ğ�
�Ž

Ŷƚ
ĞŶ

ƚ�;
й
͕�Ě

ƌǇ
�ď
ĂƐ
ŝƐͿ

>ŽǁĞƐƚ��ǀŐ�ůŽĂĚ�D� ,ŝŐŚĞƐƚ��ǀŐ�>ŽĂĚ�D�
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7DEOH����)XHO�3LHFH�/HQJWK��LQFKHV��DQG�1XPEHU�RI�3LHFHV�SHU�/RDG��

^ƚŽǀĞ�

�ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ�ZĞƉŽƌƚ�� ZĞƉůŝĐĂƚĞ�ŽĨ��ϯϬϱϯͲďĂƐĞĚ�
�ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ�

�ϯϬϱϯͲďĂƐĞĚ�ƚĞƐƚ�ǁŝƚŚ�
KǁŶĞƌΖƐ�DĂŶƵĂů�
/ŶƐƚƌƵĐƚŝŽŶƐ��

η�WŝĞĐĞƐ� WŝĞĐĞ�ůĞŶŐƚŚ� η�WŝĞĐĞƐ� WŝĞĐĞ�ůĞŶŐƚŚ� η�WŝĞĐĞƐ� WŝĞĐĞ�ůĞŶŐƚŚ�
ϵ� ϲ� ϭϰ͘ϱͲϭϱ͘ϱ� ϲ� ϭϰ͘ϱͲϭϱ͘ϱ� ϲ� ϭϴ�
ϭϱ� ϰͲϱ� ϭϰ� ϰͲϲ� ϭϰ� ϰͲϲ� ϭϰ�
ϭϲ� ƵŶƐƉĞĐŝĨŝĞĚ� ϭϲ� ϲ� ϭϲ� ϲ� ϭϴ�
Ϯϰ� ϱ� ϭϲ� ϱͲϲ� ϭϲ� ϱ� ϭϴ�
Ϯϲ� ϱ� ϭϳ� ϱͲϲ� ϭϳ� ϱ� ϭϵͲϮϭ�
Ϯϳ� ϱͲϲ� ϭϴ� ϲ� ϭϴ� ϲ� ϮϬ�
Ϯϴ� ϱͲϲ� ϭϱͲϭϲ� ϱͲϲ� ϭϱͲϭϲ� ϱͲϲ� ϭϲ�

�

���� (PLVVLRQ�5DWH�5HVXOWV�

������ (PLVVLRQ�5DWHV�

7KH�6WHS���HPLVVLRQV�OLPLW�IRU�UHVLGHQWLDO�ZRRG�VWRYHV�LQ�WKH������1636�LV�����J�K��KRZHYHU��VWRYHV�WKDW�
DUH�FHUWLILHG�XVLQJ�D�FRUGZRRG�PHWKRG�DUH�DOORZHG�D�KLJKHU�HPLVVLRQ�UDWH��(5��RI�����J�K��7KH�
FHUWLILFDWLRQ�(5�IRU�VWRYHV�WHVWHG�ZLWK�$670�(�����EDVHG�WHVW�PHWKRGV�LV�FDOFXODWHG�DV�����WLPHV�WKH�(5�
PHDVXUHG�LQ�WKH�KLJK�ILUH�EXUQ��LQFOXGLQJ�WKH�FROG�VWDUW��SOXV�����WLPHV�WKH�ORZ�ILUH�(5�DQG�����WLPHV�WKH�
PHGLXP�ILUH�(5��$�FRPSDULVRQ�RI�WKH�ZHLJKWHG�DYHUDJH�(5V�IRU�WKH�VHYHQ�VWXG\�VWRYHV�UHSRUWHG�LQ�WKHLU�
FHUWLILFDWLRQ�WHVW�UHSRUWV�DQG�WKRVH�PHDVXUHG�LQ�WKH�UHSOLFDWH�WHVWV�RI�WKLV�VWXG\�LV�VKRZQ�LQ�)LJXUH����$W�
OHDVW�WZR�KLJK�ILUH�UXQV�RFFXU�LQ�DOO�$670�(�����EDVHG�WHVWV��EXW�WKH�WHVW�SURWRFRO�GRHV�QRW�SUHVFULEH�
ZKLFK�KLJK�ILUH�EXUQ�LV�XVHG�LQ�WKH�FHUWLILFDWLRQ�(5�FDOFXODWLRQ��)RU�WKH�(5�FRPSDULVRQV�EHORZ��WKH�
UHSOLFDWH�KLJK�EXUQ�UXQ�LQ�WKH�VDPH�VHTXHQFH�DV�WKDW�LQ�WKH�FHUWLILFDWLRQ�WHVW�ZDV�XVHG��
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)LJXUH����&RPSDULVRQ�RI�(PLVVLRQ�5DWHV�LQ�&HUWLILFDWLRQ�DQG�5HSOLFDWH�7HVWV��

�

,Q�WKH�FHUWLILFDWLRQ�UHSRUWV��WKH�ZHLJKWHG�DYHUDJH�(5V�ZHUH�EHORZ�����J�K�IRU�DOO�EXW�RQH�RI�WKH�VHYHQ�
VWRYHV�DQG�ZHUH�DOO�EHORZ�WKH�����J�K�1636�FULWHULRQ�IRU�FRUGZRRG�WHVWV��,Q�FRQWUDVW��LQ�WKH�UHSOLFDWH�WHVWV��
WKH�ORZHVW�(5�PHDVXUHG�WKDW�IROORZHG�WKH�LQVWUXFWLRQV�JLYHQ�WR�WKH�FHUWLILFDWLRQ�ODERUDWRU\�ZDV������J�K�LQ�
6WRYH�����ZKLFK�LV�WKUHH�WLPHV�KLJKHU�WKDQ�WKH�FHUWLILFDWLRQ�UHSRUW�(5�IRU�WKDW�VWRYH�DQG�PRUH�WKDQ�WZLFH�
WKH�1636�OLPLW��7KH�GLYHUJHQFH�EHWZHHQ�WKH�VWXG\�(5V�DQG�WKDW�LQ�WKH�FHUWLILFDWLRQ�UHSRUWV�ZDV�
SDUWLFXODUO\�VWULNLQJ�IRU�6WRYH�����7KLV�VWRYH�KDG�WKH�ORZHVW�FHUWLILFDWLRQ�(5�RI�DOO�WKH�VWRYHV�\HW�KDG�D�
UHSOLFDWH�(5�PRUH�WKDQ����WLPHV�KLJKHU�WKDQ�WKH�UHSRUWHG�FHUWLILFDWLRQ�WHVW�UHVXOW��7KLV�ZDV�DOVR�WKH�KLJKHVW�
(5�PHDVXUHG�DPRQJ�WKH�VHYHQ�VWRYHV�LQ�WKH�VWXG\���

:H�QRWH�WKDW��DFFRUGLQJ�WR�WKH�1636�VSHFLILFDWLRQV��(3$�ZRXOG�LQLWLDWH�SURFHGXUHV�WR�UHYRNH�DQ�
DSSOLDQFH¶V�FHUWLILFDWLRQ�LI�WKH�(5�PHDVXUHG�LQ�D�FRPSOLDQFH�DXGLW�WHVW�FRQGXFWHG�ZLWK�WKH�VDPH�WHVWLQJ�
PHWKRG�DV�WKDW�XVHG�LQ�WKH�FHUWLILFDWLRQ�WHVW�H[FHHGV�WKH�DSSOLFDEOH�1636�HPLVVLRQ�VWDQGDUG�E\�PRUH�WKDQ�
�����)RU�ZRRGVWRYH�FHUWLILFDWLRQV�EDVHG�RQ�FRUGZRRG�WHVWV��WKH�UHYRFDWLRQ�WULJJHU�LV������J�K�������RI�
����J�K���,Q�WKLV�VWXG\��DOO�RI�WKH�(5V�PHDVXUHG�LQ�WKH�ODE�WHVWV�IROORZLQJ�WKH�VWRYHV¶�FHUWLILFDWLRQ�WHVW�
PHWKRGV�ZHUH�VXEVWDQWLDOO\�DERYH�WKDW�OHYHO��

7KH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�FRQWUDFWHG�IRU�WKLV�ZRUN�DOVR�FRQGXFWHG�D�VHFRQG�VHW�RI�
WHVWV�XVLQJ�SUDFWLFHV�UHFRPPHQGHG�LQ�WKH�RZQHU¶V�PDQXDOV�WR�HYDOXDWH�WKH�HIIHFW�RI�DOWHUDWLRQV�RI�IXHOLQJ�
DQG�RSHUDWLRQDO�SDUDPHWHUV�RQ�VWRYH�SHUIRUPDQFH�DV�DOORZHG�LQ�$670�(������7KH�GLIIHUHQFHV�EHWZHHQ�
WKH�HOHPHQWV�LQ�WKH�WZR�VHWV�RI�WHVWV�LQ�HDFK�VWRYH�DUH�VKRZQ�LQ�7DEOH����$�FRPSDULVRQ�RI�WKH�ZHLJKWHG�
DYHUDJH�(5V�IRU�WKH�WZR�WHVWV�LV�VKRZQ�LQ�)LJXUH����DQG�WKH�YDOXHV�RI�WKH�FHUWLILFDWLRQ�(5V�DQG�WKH�(5V�
PHDVXUHG�LQ�WKH�WZR�VWXG\�WHVWV�DUH�VKRZQ�LQ�)LJXUH����

ϭ͘ϱϮ Ϯ͘ϭϭ ϭ͘ϲϵ Ϯ͘Ϯϲ
Ϭ͘ϴϴ

ϭ͘ϵϳ ϭ͘ϰϴ

ϳ͘Ϭϴ

ϭϬ͘ϵϵ

ϱ͘ϳϱ

ϭϬ͘ϯϯ

ϭϱ͘ϱϱ

ϵ͘ϳϱ
ϵ͘Ϭϵ

Ϭ͘ϬϬ

Ϯ͘ϬϬ

ϰ͘ϬϬ

ϲ͘ϬϬ

ϴ͘ϬϬ

ϭϬ͘ϬϬ

ϭϮ͘ϬϬ

ϭϰ͘ϬϬ

ϭϲ͘ϬϬ

ϭϴ͘ϬϬ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

WD
��
ŵ
ŝƐƐ

ŝŽ
Ŷ�
ZĂ

ƚĞ
�;Ő

ͬŚ
Ϳ

�ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ



�
�
�

���
�
�

)LJXUH����&RPSDULVRQ�RI�:HLJKWHG�$YHUDJH�(PLVVLRQ�5DWHV�LQ�5XQV�8VLQJ�&HUWLILFDWLRQ�/DERUDWRU\�
,QVWUXFWLRQV�DQG�2ZQHU¶V�0DQXDO�5HFRPPHQGDWLRQV��

�� �

)LJXUH����&RPSDULVRQ�RI�$OO�:HLJKWHG�$YHUDJH�(PLVVLRQ�5DWH�9DOXHV�IURP�6HYHQ�6WRYHV�6WXG\��
�

�

)RU�6WRYHV���������DQG����WKH�RZQHU¶V�PDQXDO�WHVW�(5V�ZHUH�����������DQG������KLJKHU�WKDQ�WKH�
ODERUDWRU\�LQVWUXFWLRQ�WHVW�(5V��UHVSHFWLYHO\��,Q�WKRVH�DSSOLDQFHV��WKH�RZQHU¶V�PDQXDO�WHVWV�GLIIHUHG�IURP�
WKH�WHVWV�WKDW�UHSOLFDWHG�WKH�FHUWLILFDWLRQ�WHVW�LQVWUXFWLRQ�LQ�IXHO�OHQJWK��IXHO�SODFHPHQW��DQG��LQ�RQH�FDVH��LQ�
WKH�ILUHER[�YROXPH�XVHG�WR�FDOFXODWH�WKH�ORDG��&RQYHUVHO\��IRU�6WRYHV����DQG�����WKH�RZQHU¶V�PDQXDO�WHVW�

ϳ͘Ϭϴ

ϭϬ͘ϵϵ

ϱ͘ϳϱ

ϭϬ͘ϯϯ

ϭϱ͘ϱϱ

ϵ͘ϳϱ ϵ͘Ϭϵ

ϭϰ͘ϳϮ

ϳ͘ϳϭ

ϰ͘ϴϭ ϯ͘ϳϴ

Ϯϱ͘ϰϵ

ϭϯ͘ϴϭ

ϴ͘ϰϲ

Ϭ͘ϬϬ

ϱ͘ϬϬ

ϭϬ͘ϬϬ

ϭϱ͘ϬϬ

ϮϬ͘ϬϬ

Ϯϱ͘ϬϬ

ϯϬ͘ϬϬ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

WD
��
ŵ
ŝƐƐ

ŝŽ
Ŷ�
ZĂ

ƚĞ
�;Ő

ͬŚ
Ϳ

ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ �ůƚ�ϭϮϱͬϭϮϳ�dĞƐƚ�ƵƐŝŶŐ�KǁŶĞƌ͛Ɛ�DĂŶƵĂů

ϭ͘ϱϮ Ϯ͘ϭϭ ϭ͘ϲϵ Ϯ͘Ϯϲ
Ϭ͘ϴϴ

ϭ͘ϵϳ ϭ͘ϰϴ

ϳ͘Ϭϴ

ϭϬ͘ϵϵ

ϱ͘ϳϱ

ϭϬ͘ϯϯ

ϭϱ͘ϱϱ

ϵ͘ϳϱ ϵ͘Ϭϵ

ϭϰ͘ϳϮ

ϳ͘ϳϭ

ϰ͘ϴϭ ϯ͘ϳϴ

Ϯϱ͘ϰϵ

ϭϯ͘ϴϭ

ϴ͘ϰϲ

Ϭ͘ϬϬ

ϱ͘ϬϬ

ϭϬ͘ϬϬ

ϭϱ͘ϬϬ

ϮϬ͘ϬϬ

Ϯϱ͘ϬϬ

ϯϬ͘ϬϬ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ
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��
ŵ
ŝƐƐ

ŝŽ
Ŷ�
ZĂ

ƚĞ
�;Ő

ͬŚ
Ϳ

�ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ

�ůƚ�ϭϮϱͬϭϮϳ�dĞƐƚ�ƵƐŝŶŐ�KǁŶĞƌ͛Ɛ�DĂŶƵĂů
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(5V�ZHUH�����DQG������UHVSHFWLYHO\��ORZHU�WKDQ�WKH�(5V�IRU�WKH�ODERUDWRU\�LQVWUXFWLRQ�WHVWV��7KH�RQO\�
GLIIHUHQFH�LQ�WKH�WZR�VHWV�RI�VWXG\�WHVWV�LQ�WKRVH�VWRYHV�ZDV�XVLQJ�WZR�LQFK�ORQJHU�IXHO�SLHFHV�LQ�WKH�
RZQHU¶V�PDQXDO�UXQV��(5V�ZHUH�QRW�VXEVWDQWLDOO\�DIIHFWHG�IRU�6WRYHV����DQG������

$V�GLVFXVVHG�DERYH��WKH�,62�DFFUHGLWHG�(3$�DSSURYHG�ODERUDWRU\�UDQ�WZR�RZQHU¶V�PDQXDO�WHVWV�IRU�6WRYH�
���)XHO�SODFHPHQW�DQG�WKH�XVH�RI�WKH�E\SDVV�DQG�IDQ�ZHUH�WKH�VDPH�LQ�WKH�WZR�RZQHU¶V�PDQXDO�WHVWV�DQG�
GLIIHUHG�IURP�WKH�UHSOLFDWH�WHVW�WKDW�VRXJKW�WR�UHSOLFDWH�WKH�FHUWLILFDWLRQ�WHVW��+RZHYHU��LQ�RQH�RZQHU¶V�
PDQXDO�WHVW�RQ�WKDW�VWRYH��WKH�IXHO�OHQJWK�ZDV�PDLQWDLQHG�DW�WKH�VDPH�OHQJWK�DV�WKH�FHUWLILFDWLRQ�WHVW��
�����LQFKHV��ZKLOH�WKH�VHFRQG�WHVW�XVHG����LQFK�IXHO��1RWH�WKDW�WKH�LQVWDOODWLRQ�DQG�RZQHU¶V�PDQXDO�
VSHFLILHV�WKH�ILUHER[�PD\�DFFHSW�ZRRG�SLHFHV�XS�WR������LQFKHV�LQ�OHQJWK��KRZHYHU��WKH�UHVHDUFK�WHDP�
GHWHUPLQHG�WKDW�D�ORDG�RI������LQFK�ZRRG�FRXOG�QRW�UHDVRQDEO\�EH�ORDGHG�LQWR�WKH�ILUHER[���

7KH�6WRYH���RZQHU¶V�PDQXDO�(5V�VKRZQ�LQ�WKH�DERYH�JUDSKV�DUH�IRU�WKH�UXQV�WKDW�XVHG�WKH�ORQJHU�����
LQFK��IXHO��$V�GLVFXVVHG�DERYH��WKH�(5�PHDVXUHG�LQ�WKDW�WHVW��������J�K��ZDV�PRUH�WKDQ�WZLFH�WKDW�LQ�WKH�
UHSOLFDWH�WHVW�WKDW�UHSOLFDWHG�WKH�FHUWLILFDWLRQ�WHVW�FRQGLWLRQV�������J�K���7KH�(5�IRU�WKH�RZQHU¶V�PDQXDO�
WHVWV�ZLWK�WKH�VPDOOHU�IXHO�OHQJWK��������J�K��ZDV�DOVR�HOHYDWHG�UHODWLYH�WR�WKH�FHUWLILFDWLRQ�UHSOLFDWH�WHVW��
DQ�LQGLFDWLRQ�WKDW�IDFWRUV�RWKHU�WKDQ�IXHO�OHQJWK�PD\�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�LQFUHDVHG�(5V�LQ�WKH�
RZQHU¶V�PDQXDO�WHVWV�UHODWLYH�WR�WKDW�RI�WKH�FHUWLILFDWLRQ�UHSOLFDWH�WHVW��

������ %XUQ�5DWHV�

%XUQ�UDWH�LV�DQ�LPSRUWDQW�PHWULF�EHFDXVH�LW�FDQ�DIIHFW�HPLVVLRQV��$�FRPSOHWH�$670�(�����WHVW�FRQVLVWV�RI�
EXUQV�DW�WKUHH�DLU�VHWWLQJV��KLJK���PHGLXP���DQG�ORZ�ILUH�EXUQV��7KH�(5V�PHDVXUHG�LQ�WKH�ORZ��DQG�
PHGLXP�ILUH�EXUQV�HDFK�FRQWULEXWH�����WR�WKH�FRPSRVLWH�(5�IRU�WKH�WHVW��ZKLOH�WKH�KLJK�ILUH�(5�DFFRXQWV�
IRU�����RI�WKDW�YDOXH��%XUQ�UDWHV�IRU�HDFK�EXUQ�FDWHJRU\��DV�UHSRUWHG�LQ�WKH�FHUWLILFDWLRQ�UHSRUWV�DQG�LQ�WKH�
WHVW�UXQV�IURP�WKLV�VWXG\��DUH�GLVFXVVHG�EHORZ��

��������/RZ�ILUH�5XQV�

7KH�1636�VSHFLILHV�WKDW�³WKH�EXUQ�UDWH�IRU�WKH�ORZ�EXUQ�UDWH�FDWHJRU\�PXVW�EH�QR�JUHDWHU�WKDQ�WKH�UDWH�DQ�
RSHUDWRU�FDQ�DFKLHYH�LQ�KRPH�XVH�DQG�QR�JUHDWHU�WKDQ�LV�DGYHUWLVHG�E\�WKH�PDQXIDFWXUHU�RU�UHWDLOHU´�>���
&)5��������E����@��$670�(�����UHTXLUHV�WKDW�DLU�VHWWLQJV�LQ�WKH�ORZ�EXUQ�UDWH�UXQ�³VKDOO�EH�VHW�DW�WKH�
ORZHVW�DLUIORZ�SRVLWLRQ�DQG�PXVW�UHVXOW�LQ�D�EXUQ�WLPH�RI�DW�OHDVW���KRXUV�RU�D�PLQLPXP�EXUQ�UDWH�RI�
�����NJ�KU�´�

$FFRUGLQJ�WR�WKH�FHUWLILFDWLRQ�WHVW�UHSRUWV��DOO�RI�WKH�ORZ�ILUH�FHUWLILFDWLRQ�WHVW�UXQV�PHW�WKH�$670�(�����
ORZ�EXUQ�FULWHULD��$V�VKRZQ�LQ�)LJXUH����WKH�ORZ�ILUH�GU\�EXUQ�UDWHV�UHSRUWHG�LQ�WKH�FHUWLILFDWLRQ�UHSRUWV�IRU�
6WRYHV���������DQG����ZHUH�DERYH������NJ�K��KRZHYHU��IRU�WKH�ORZ�ILUH�UXQV�LQ�HDFK�RI�WKH�VWRYHV��WKH�
FHUWLILFDWLRQ�WHVWV�UHSRUW�D�EXUQ�WLPH�RI�DW�OHDVW���KRXUV������PLQXWHV���,Q�WKLV�VWXG\��DIWHU�VHYHUDO�DWWHPSWV��
WKH�WHVW�ODE�UHSOLFDWLQJ�WKH�FHUWLILFDWLRQ�WHVW�FRXOG�QRW�DFKLHYH�EXUQ�UDWHV�ORZ�HQRXJK�WR�PHHW�WKH�$670�
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(�����ORZ�EXUQ�FULWHULD�LQ�IRXU�RI�WKH�VHYHQ�VWXG\�VWRYHV���6WRYHV������������DQG�����7KH�WHVW�UHSRUWV�GR�
QRW�GHVFULEH�KRZ�WKH�FHUWLILFDWLRQ�WHVWLQJ�ODERUDWRULHV�DFKLHYHG�WKH�ORZ�EXUQ�UDWHV�VSHFLILHG�LQ�WKH�$670�
PHWKRG���

)LJXUH����/RZ�ILUH�%XUQ�5DWHV�DQG�5XQ�7LPHV�IRU�WKH�6HYHQ�6WRYHV�6WXG\��
�
�D�� /RZ�ILUH�'U\�%XUQ�5DWH��NJ�K��
��

�

�E�� /RZ�ILUH�5XQ�7LPH��PLQXWHV��

�

Ϭ͘ϴϳ
ϭ͘ϭϭ ϭ͘ϭϬ

Ϭ͘ϵϵ

ϭ͘ϰϲ

ϭ͘Ϯϭ ϭ͘ϭϳϭ͘ϯϲ ϭ͘ϯϵ

ϭ͘ϲϯ

ϭ͘Ϯϳ

ϭ͘ϰϲ ϭ͘ϮϮ

ϭ͘ϴϬ

ϭ͘ϯϭ

ϭ͘ϴϲ

ϭ͘ϭϭ

ϭ͘ϳϳ

ϭ͘ϱϳ

ϭ͘ϭϱ

ϭ͘ϱϲ

Ϭ͘Ϭ

Ϭ͘Ϯ

Ϭ͘ϰ

Ϭ͘ϲ

Ϭ͘ϴ

ϭ͘Ϭ

ϭ͘Ϯ

ϭ͘ϰ

ϭ͘ϲ

ϭ͘ϴ

Ϯ͘Ϭ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

�ƌ
Ǉ�
ďƵ

ƌŶ
�Z
Ăƚ
Ğ�
;Ŭ
Őͬ
ŚͿ

�ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ

�ůƚ�ϭϮϱͬϭϮϳ�dĞƐƚ�ƵƐŝŶŐ�KǁŶĞƌ͛Ɛ�DĂŶƵĂů �ůƚͲϭϮϱͬϭϮϳ�^ƉĞĐ

ϲϵϬ

ϭϵϮ

ϰϵϬ ϱϬϭ ϰϵϵ

ϲϮϵ

ϰϴϬϰϯϬ

ϭϲϮ

ϯϮϵ
ϰϭϰ

ϰϴϰ

ϲϱϱ

ϯϬϭ

ϰϯϴ

ϭϮϬ

ϱϴϱ

Ϯϵϰ
ϰϭϭ

ϳϭϬ

ϯϯϳ

Ϭ

ϭϬϬ

ϮϬϬ

ϯϬϬ

ϰϬϬ

ϱϬϬ

ϲϬϬ

ϳϬϬ

ϴϬϬ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

ZƵ
Ŷ�
dŝ
ŵ
Ğ�
;ŵ

ŝŶ
Ƶƚ
ĞƐ
Ϳ

�ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ

�ůƚ�ϭϮϱͬϭϮϳ�dĞƐƚ�ƵƐŝŶŐ�KǁŶĞƌ͛Ɛ�DĂŶƵĂů �ůƚͲϭϮϱͬϭϮϳ�^ƉĞĐ
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��������0HGLXP�ILUH�5XQV�

$670�(�����GRHV�QRW�LQFOXGH�VSHFLILF�EXUQ�UDWH�UHTXLUHPHQWV�IRU�WKH�PHGLXP�ILUH�WHVW�UXQ��DQG�DLU�
VHWWLQJV�IRU�WKH�PHGLXP�ILUH�UXQV�DUH�QRW�VSHFLILHG�LQ�WKH�SURWRFRO��7KH�RQO\�FULWHULRQ�IRU�PHGLXP�ILUH�DLU�
VHWWLQJV�LQ�$670�(�����LV�WKDW�³WKH�SULPDU\�FRPEXVWLRQ�DLU�FRQWURO�V��VKDOO�EH�VHW�DW�D�SRVLWLRQ�QR�JUHDWHU�
WKDQ�KDOIZD\�EHWZHHQ�WKH�ORZHVW�DQG�KLJKHVW�SULPDU\�DLU�FRQWURO�VHWWLQJV�DV�PHDVXUHG�RQ�WKH�FRQWURO�
DFWXDWRU�´�7KH�ODFN�RI�VSHFLILF�UHTXLUHPHQWV�IRU�PHGLXP�ILUH�DLU�VHWWLQJV�RU�EXUQ�UDWHV�LQ�$670�(�����
UHVXOWV�LQ�SRRUO\�VHSDUDWHG�EXUQ�FULWHULD�WKDW�FDQ�RYHUODS�ZLWK�ORZ�ILUH�FRQGLWLRQV��$V�VKRZQ�LQ�)LJXUH����
WKH�PHGLXP�ILUH�EXUQ�UDWHV�UHSRUWHG�LQ�WKH�FHUWLILFDWLRQ�WHVW�UHSRUWV�IRU�WKH�VHYHQ�VWXG\�VWRYHV�ZHUH�VLPLODU�
WR�WKRVH�LQ�WKH�ORZ�ILUH�UXQV��%XUQ�UDWHV�ZHUH�����±�����NJ�K�KLJKHU�LQ�WKH�PHGLXP�WKDQ�LQ�WKH�ORZ�ILUH�UXQV�
LQ�WKH�FHUWLILFDWLRQ�WHVWV���

)LJXUH����&RPSDULVRQ�RI�'U\�%XUQ�5DWHV��NJ�K��LQ�+LJK���0HGLXP���DQG�/RZ�ILUH�5XQV�LQ�&HUWLILFDWLRQ�
5HSRUWV�IRU�WKH�6HYHQ�6WRYHV�6WXG\��

�

)LJXUH���DQG�)LJXUH����FRPSDUH�WKH�EXUQ�UDWHV��NJ�K��DQG�UXQ�WLPHV��UHVSHFWLYHO\��IRU�WKH�PHGLXP�ILUH�
EXUQV�LQ�WKH�FHUWLILFDWLRQ�DQG�UHSOLFDWH�WHVWV��,Q�DOO�VWRYHV�H[FHSW�6WRYH�����WKH�PHGLXP�ILUH�EXUQ�UDWHV�
ZHUH�KLJKHU�DQG�KDG�VKRUWHU�UXQ�WLPHV�WKDQ�WKH�FHUWLILFDWLRQ�WHVWV��/RQJHU�UXQ�WLPHV�UHGXFH�WKH�PHDVXUHG�
(5��

� �

ϰ͘ϴϴ

ϯ͘ϴϮ

Ϯ͘ϲϬ

ϰ͘ϭϰ ϰ͘Ϯϰ

ϯ͘Ϭϰ

ϱ͘ϭϴ

ϭ͘ϭϮ
ϭ͘ϯϴ ϭ͘ϯϬ ϭ͘Ϯϰ

ϭ͘ϱϳ ϭ͘ϱϱ
ϭ͘ϭϴ

Ϭ͘ϴϳ
ϭ͘ϭϭ ϭ͘ϭϬ Ϭ͘ϵϵ

ϭ͘ϰϲ
ϭ͘Ϯϭ ϭ͘ϭϳ

Ϭ͘ϬϬ

ϭ͘ϬϬ

Ϯ͘ϬϬ

ϯ͘ϬϬ

ϰ͘ϬϬ

ϱ͘ϬϬ

ϲ͘ϬϬ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

�ƌ
Ǉ�
�Ƶ

ƌŶ
�Z
Ăƚ
Ğ�
;Ŭ
Őͬ
ŚͿ

,ŝŐŚͲĨŝƌĞ�;ĚŽĞƐŶΖƚ�ŝŶĐůƵĚĞ�ƐƚĂƌƚͲƵƉͿ DĞĚŝƵŵͲĨŝƌĞ >ŽǁͲĨŝƌĞ
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)LJXUH����&RPSDULVRQ�RI�%XUQ�5DWHV��NJ�K��IRU�0HGLXP�)LUH�5XQ���&HUWLILFDWLRQ�DQG�5HSOLFDWH�7HVWV��

�

)LJXUH�����&RPSDULVRQ�RI�7LPH�WR�&RPSOHWH�0HGLXP�)LUH�5XQ���&HUWLILFDWLRQ�DQG�5HSOLFDWH�7HVWV��

�

ϭ͘ϭϮ
ϭ͘ϯϴ ϭ͘ϯϬ ϭ͘Ϯϰ

ϭ͘ϱϳ ϭ͘ϱϱ

ϭ͘ϭϴ
ϭ͘ϱϮ

ϯ͘ϲϭ

Ϯ͘ϬϬ
Ϯ͘ϭϲ Ϯ͘ϭϵ

ϭ͘ϭϴ

ϭ͘ϲϴ

Ϭ͘ϬϬ

Ϭ͘ϱϬ

ϭ͘ϬϬ

ϭ͘ϱϬ

Ϯ͘ϬϬ

Ϯ͘ϱϬ

ϯ͘ϬϬ

ϯ͘ϱϬ

ϰ͘ϬϬ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

D
ĞĚ

ŝƵ
ŵ
Ͳ&
ŝƌĞ

��
ƌǇ
��
Ƶƌ
Ŷ�
ZĂ

ƚĞ
�;ů
Őͬ
ŚͿ

�ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ

ϱϲϬ

ϭϱϵ

ϰϯϬ
ϰϬϬ

ϰϳϯ ϰϴϭ ϰϳϱ

ϯϵϵ

ϲϮ

Ϯϴϯ
Ϯϰϱ

ϯϯϳ

ϲϱϬ

ϯϮϳ

Ϭ

ϭϬϬ

ϮϬϬ

ϯϬϬ

ϰϬϬ

ϱϬϬ

ϲϬϬ

ϳϬϬ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

D
ĞĚ

ŝƵ
ŵ
Ͳ&
ŝƌĞ

�Z
ƵŶ

�d
ŝŵ

ĞƐ
�;ŵ

ŝŶ
Ƶƚ
ĞƐ
Ϳ

�ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ
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��������+LJK�ILUH�5XQV�

+LJK�ILUH�UXQV��ZKLFK�LQFOXGH�D�FROG�VWDUW��RIWHQ�KDYH�KLJKHU�(5V�WKDQ�WKH�RWKHU�$670�(�����UXQV��
+RZHYHU��WKH�(5V�PHDVXUHG�LQ�WKH�KLJK�ILUH�UXQV�PDNH�XS�RQO\�����RI�WKH�ZHLJKWHG�DYHUDJH�(5�LQ�WKH�
$670�(�����PHWKRG��7KH�LPSDFW�RI�KLJK�ILUH�HPLVVLRQV�RQ�WKH�FRPSRVLWH�(5�LV�IXUWKHU�UHGXFHG�EHFDXVH�
WKH�PHWKRG�DOORZV�WKH�WHVWLQJ�ODERUDWRU\�WR�FKRRVH�DPRQJ�KLJK�ILUH�UXQV�LQ�PDNLQJ�WKH�(5�FDOFXODWLRQ��
7KH�$670�(�����PHWKRGRORJ\�UHTXLUHV�ERWK�WKH�ORZ��DQG�PHGLXP�ILUH�UXQV�WR�EH�SUHFHGHG�E\�D�KLJK�
ILUH�UXQ��VR�HYHU\�WHVW�LQFOXGHV�DW�OHDVW�WZR�KLJK�ILUH�UXQV��7KH�WHVWLQJ�ODERUDWRU\�DQG�PDQXIDFWXUHU�KDYH�
WKH�RSWLRQ�RI�UHSRUWLQJ�DQG�XVLQJ�WKH�(5V�IURP�HLWKHU�RI�WKH�WZR�UXQV��DQ�DYHUDJH�RI�WKH�(5V�LQ�WKH�WZR�
UXQV��RU�UHVXOWV�IURP�DQRWKHU��IUHH�VWDQGLQJ�KLJK�ILUH�UXQ��7KLV�DOORZDQFH�LQWURGXFHV�YDULDELOLW\�LQWR�WKH�
WHVWLQJ�UHVXOW��

)RU�WKH�VHYHQ�VWRYHV�WHVWHG�LQ�WKLV�VWXG\��WKUHH�RI�WKH�FHUWLILFDWLRQ�WHVW�UHSRUWV��6WRYHV��������DQG�����XVHG�
WKH�(5�IRU�WKH�KLJK�ILUH�UXQ�WKDW�SUHFHGHG�WKH�ORZ�ILUH�UXQ�LQ�WKH�ZHLJKWHG�DYHUDJH�(5�FDOFXODWLRQ��WZR�
�6WRYHV����DQG�����XVHG�WKH�(5�IRU�WKH�KLJK�ILUH�UXQ�WKDW�SUHFHGHG�WKH�PHGLXP�ILUH�UXQ��RQH��6WRYH�����
XVHG�DQ�DYHUDJH�RI�WKH�(5�IRU�WKH�KLJK�ILUH�UXQV�WKDW�SUHFHGHG�WKH�ORZ��DQG�PHGLXP�ILUH�UXQV��DQG�RQH�
�6WRYH�����XVHG�D�IUHH�VWDQGLQJ�KLJK�ILUH�UXQ�WKDW�ZDV�SHUIRUPHG�DSSUR[LPDWHO\�RQH�ZHHN�DIWHU�WKH�RWKHU�
WHVWLQJ���

%HFDXVH�WKH�FHUWLILFDWLRQ�UHSRUWV�RQO\�VXSSOLHG�HPLVVLRQV�GDWD�IRU�WKH�KLJK�ILUH�UXQV�XVHG�LQ�WKH�ZHLJKWHG�
DYHUDJH�FDOFXODWLRQ��WKH�HIIHFW�RI�WKLV�IOH[LELOLW\�LQ�WKH�$670�PHWKRG�RQ�WKH�FHUWLILFDWLRQ�YDOXHV�IRU�WKRVH�
VWRYHV�LV�XQNQRZQ��+RZHYHU��DV�VKRZQ�LQ�7DEOH����WKH�FRPSRVLWH�(5V�FDOFXODWHG�IRU�PDQ\�RI�WKH�UHSOLFDWH�
WHVWV�ZHUH�VXEVWDQWLDOO\�DIIHFWHG�E\�ZKHWKHU�WKH�(5�IURP�WKH�ILUVW�RU�VHFRQG�KLJK�ILUH�UXQ�ZDV�XVHG�LQ�WKH�
FDOFXODWLRQ��7KLV�LQGLFDWHV�WKDW�WKH�DOORZHG�IOH[LELOLW\�LQ�$670�(�����IRU�FDOFXODWLQJ�WKH�(5�ZLWK�D�
FKRLFH�DPRQJ�KLJK�ILUH�UXQV�VXEVWDQWLDOO\�DIIHFWV�WKH�FDOFXODWHG�UHVXOW��KHQFH�LV�D�SRWHQWLDOO\�ODUJH�VRXUFH�
RI�(5�YDULDELOLW\�LQ�UHSOLFDWH�WHVWLQJ��

� �
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7DEOH����&RPSDULVRQ�RI�:HLJKWHG�$YHUDJH�9DOXHV�8VLQJ�'LIIHUHQW�6WDUW�XS�+LJK�ILUH��68�+��&DOFXODWLRQV��

� � tĞŝŐŚƚĞĚ��ǀĞƌĂŐĞ��Z�;ŐͬŚͿ�
WĞƌĐĞŶƚ�

�ŝĨĨĞƌĞŶĐĞΎ�
�ƉƉůŝĂŶĐĞ�� dĞƐƚ�

hƐŝŶŐ�ϭƐƚ�
^hͬ,�

hƐŝŶŐ�ϮŶĚ�
^hͬ,�

hƐŝŶŐ��ǀŐ�
^hͬ,�

^ƚŽǀĞ�ϵ��
ZĞƉůŝĐĂƚĞ� ϳ͘Ϭϴ� ϱ͘ϵϬ� ϲ͘ϰϵ� ϮϬй�
KǁŶĞƌΖƐ�DĂŶƵĂůͲϭ� ϭϮ͘ϴϯ� ϭϭ͘ϰϯ� ϭϮ͘ϭϯ� ϭϮй�
KǁŶĞƌΖƐ�DĂŶƵĂůͲϮ� ϭϰ͘ϳϮ� ϭϬ͘Ϯϳ� ϭϮ͘ϰϵ� ϰϯй�

^ƚŽǀĞ�ϭϱ� ZĞƉůŝĐĂƚĞ� ϲ͘ϰϯ� �� ϭϬ͘ϵϵ� �
KǁŶĞƌΖƐ�DĂŶƵĂů� ϴ͘ϰϭ� ϳ͘Ϭϭ� ϳ͘ϳϭ� ϮϬй�

^ƚŽǀĞ�ϭϲ� ZĞƉůŝĐĂƚĞ� ϱ͘ϯϲ� ϱ͘ϳϱ� ϱ͘ϱϱ� ϳй�
KǁŶĞƌΖƐ�DĂŶƵĂů� ϲ͘ϳϮ� ϰ͘ϴϭ� ϱ͘ϳϳ� ϰϬй�

^ƚŽǀĞ�Ϯϰ� ZĞƉůŝĐĂƚĞ� ϭϬ͘ϯϯ� ϵ͘ϱϯ� ϵ͘ϵϯ� ϴй�
KǁŶĞƌΖƐ�DĂŶƵĂů� ϯ͘ϳϴ� ϳ͘ϭϰ� ϱ͘ϰϲ� ϴϵй�

^ƚŽǀĞ�Ϯϲ� ZĞƉůŝĐĂƚĞ� ϭϰ͘ϲϳ� ϭϱ͘ϴϯ� ϭϱ͘Ϯϱ� ϴй�
KǁŶĞƌΖƐ�DĂŶƵĂů� Ϯϯ͘Ϯϭ� Ϯϱ͘ϰϵ� Ϯϰ͘ϯϱ� ϭϬй�

^ƚŽǀĞ�Ϯϳ� ZĞƉůŝĐĂƚĞ� ϵ͘ϳϱ� ϵ͘ϵϭ� ϵ͘ϴϯ� Ϯй�
KǁŶĞƌΖƐ�DĂŶƵĂů� ϭϯ͘ϴϭ� ϭϰ͘Ϯϱ� ϭϰ͘Ϭϯ� ϯй�

^ƚŽǀĞ�Ϯϴ�
ZĞƉůŝĐĂƚĞ� ϵ͘Ϭϵ� ϴ͘ϰ� ϴ͘ϳϱ� ϴй�
KǁŶĞƌΖƐ�DĂŶƵĂů� ϴ͘ϰϲ� ϭϬ͘Ϭϯ� ϵ͘Ϯϰ� ϭϵй�


�3HUFHQW�'LIIHUHQFH�ZDV�FDOFXODWHG�IRU�HDFK�WHVW�DV���
�KLJKHU�FRPSRVLWH�(5�±�ORZHU�FRPSRVLWH�(5����ORZHU�FRPSRVLWH�(5��

)LJXUH����FRPSDUHV�WKH�KLJK�ILUH�EXUQ�UDWHV�LQ�WKH�FHUWLILFDWLRQ�WHVWV�DQG�WKH�UHSOLFDWH�UXQV��1RWH�WKDW�
FHUWLILFDWLRQ�WHVWV�UHSRUW�WKH�KLJK�ILUH�EXUQ�UDWH�IRU�WKH�KRW�WR�KRW�SHULRG��EXW�IRU�FRPSDULVRQ�SXUSRVHV��WKH�
VWDUW�XS�SHULRG�LV�LQFOXGHG�LQ�DOO�EXUQ�UDWHV�LQ�WKDW�ILJXUH��7KH�VWDUW�XS�KLJK�ILUH�EXUQ�UDWHV�LQ�WKH�
FHUWLILFDWLRQ�WHVWV�DQG�WKH�UHSOLFDWH�KLJK�ILUH�UXQV�ZHUH�VLPLODU�LQ�IRXU�VWRYHV��6WRYHV�������������DQG������
UHIOHFWLQJ�JUHDWHU�FRPSDUDELOLW\�WKDQ�IRXQG�LQ�WKH�ORZ��DQG�PHGLXP�ILUH�UXQV��7KH�FHUWLILFDWLRQ�WHVW�EXUQ�
UDWHV�LQ�6WRYHV���DQG����ZHUH��������ORZHU�WKDQ�WKRVH�RI�WKH�UHSOLFDWH�UXQV��DQG��LQ�6WRYH�����WKH�EXUQ�
UDWHV�ZHUH�DSSUR[LPDWHO\�����OHVV�WKDQ�WKRVH�PHDVXUHG�LQ�WKH�FHUWLILFDWLRQ�WHVW��
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)LJXUH�����&RPSDULVRQ�RI�+LJK�ILUH�%XUQ�5DWHV�ZLWK�6WDUW�XS���&HUWLILFDWLRQ�DQG�5HSOLFDWH�7HVWV��

�

���� 7KHUPDO�(IILFLHQF\�

7KH�1636�GRHV�QRW�LQFOXGH�VSHFLILFDWLRQV�IRU�PLQLPXP�WKHUPDO��KHDWLQJ��HIILFLHQFLHV�EXW�UHTXLUHV�
UHSRUWLQJ�RI�WKRVH�HIILFLHQFLHV�LQ�WKH�FHUWLILFDWLRQ�SURFHVV���

7KH�RYHUDOO�KLJKHU�KHDWLQJ�YDOXH��++9��WKHUPDO�HIILFLHQFLHV�IRU�WKH�VHYHQ�VWXG\�VWRYHV�UHSRUWHG�LQ�WKH�
FHUWLILFDWLRQ�UHSRUWV�DQG�PHDVXUHG�LQ�WKH�FRPSDUDEOH�UXQV�IURP�WKLV�VWXG\�DUH�VKRZQ�LQ�)LJXUH�����
(IILFLHQFLHV�DUH�FDOFXODWHG�XVLQJ�WKH�VDPH�ZHLJKWLQJ�IDFWRUV�DV�WKRVH�XVHG�IRU�WKH�(5��WKH�VXP�RI�����RI�
WKH�KLJK�ILUH�UXQ�HIILFLHQF\�SOXV�����RI�WKH�ORZ��DQG�PHGLXP�ILUH�UXQ�HIILFLHQFLHV���+RZHYHU��XQOLNH�WKH�
(5��WKH�KLJK�ILUH�HIILFLHQF\�GRHV�QRW�LQFOXGH�WKH�VWDUW�XS�SHULRG��$V�VHHQ�LQ�WKH�ILJXUH��WKH�HIILFLHQFLHV�LQ�
WKH�FHUWLILFDWLRQ�UHSRUWV�IRU�ILYH�RI�WKH�VHYHQ�VWRYHV�DUH�KLJKHU�WKDQ�WKRVH�PHDVXUHG�E\�UHSOLFDWH�WHVWV���

7KH�ODUJHVW�GLYHUJHQFH�LQ�PHDVXUHG�HIILFLHQFLHV�EHWZHHQ�WKH�FHUWLILFDWLRQ�WHVWV�DQG�WKH�UHSOLFDWHV�DUH�
6WRYHV���DQG�����ZKLFK�DUH�DOVR�WKH�RQO\�WZR�VWRYHV�UHSRUWLQJ�HIILFLHQFLHV�JUHDWHU�WKDQ������:H�QRWH�WKDW�
VWRYH�HIILFLHQFLHV�JUHDWHU�WKDQ�����DUH�HOLJLEOH�IRU�IHGHUDO�WD[�FUHGLWV�DV�RI��������

ϰ͘ϴϴ

ϯ͘ϵϭ

Ϯ͘ϲϬ

ϰ͘ϮϬ ϰ͘ϱϮ

ϯ͘ϮϬ

ϰ͘ϲϵ

ϲ͘ϭϭ

Ϯ͘Ϭϵ
Ϯ͘ϵϳ

ϰ͘ϯϳ ϰ͘ϳϱ
ϰ͘Ϭϲ

ϰ͘ϴϬ
ϱ͘ϳϭ

Ϯ͘ϬϮ

Ϯ͘ϵϬ
ϯ͘Ϯϭ

ϯ͘ϴϲ
ϰ͘ϱϰ

ϰ͘ϴϰ

Ϭ͘Ϭ

ϭ͘Ϭ

Ϯ͘Ϭ

ϯ͘Ϭ

ϰ͘Ϭ

ϱ͘Ϭ

ϲ͘Ϭ

ϳ͘Ϭ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

,ŝ
ŐŚ

ͲĨŝ
ƌĞ
�Ě
ƌǇ
�ď
Ƶƌ
Ŷ�
ƌĂ
ƚĞ
�;Ŭ

Őͬ
ŚͿ

�ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ

ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ�Ͳ�,ŝŐŚ�ϭ

ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ�Ͳ�,ŝŐŚ�Ϯ
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)LJXUH�����&RPSDULVRQ�RI�&HUWLILFDWLRQ�5HSRUW�DQG�5HSOLFDWH�2YHUDOO�7KHUPDO�(IILFLHQFLHV��

�

�

ϳϳ

ϳϬ

ϳϰ
ϳϮ ϳϯ

ϳϬ

ϳϱ

ϲϲ
ϲϰ

ϲϵ

ϳϱ

ϲϴ
ϳϬ

ϲϮϲϯ
ϲϱ

ϲϵ
ϲϲ

ϲϮ
ϲϰ

ϱϬ

ϱϱ

ϲϬ

ϲϱ

ϳϬ

ϳϱ

ϴϬ

^ƚŽǀĞ�ϵ ^ƚŽǀĞ�ϭϱ ^ƚŽǀĞ�ϭϲ ^ƚŽǀĞ�Ϯϰ ^ƚŽǀĞ�Ϯϲ ^ƚŽǀĞ�Ϯϳ ^ƚŽǀĞ�Ϯϴ

K
ǀĞ
ƌĂ
ůů�
�Ĩ
ĨŝĐ
ŝĞ
ŶĐ
Ǉ�
;й

Ϳ͕�
,,

s�
ďĂ

Ɛŝ
Ɛ

�ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ ZĞƉůŝĐĂƚĞ�ŽĨ��ůƚͲϭϮϱͬϭϮϳ��ĞƌƚŝĨŝĐĂƚŝŽŶ�dĞƐƚ

�ůƚ�ϭϮϱͬϭϮϳ�dĞƐƚ�ƵƐŝŶŐ�KǁŶĞƌ͛Ɛ�DĂŶƵĂů dĂǆ��ƌĞĚŝƚ��ƌŝƚĞƌŝŽŶ
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�� 6XPPDU\�
,Q�RUGHU�IRU�(3$�WR�DSSURYH�D�EURDGO\�DSSOLFDEOH�DOWHUQDWLYH�WHVW�PHWKRG��%$�$70���³7KH�(3$�
$GPLQLVWUDWRU�RU�KLV�DXWKRUL]HG�UHSUHVHQWDWLYH�PXVW�EH�VDWLVILHG�WKDW�WKH�WHVW�PHWKRG�DOWHUQDWLYH�ZLOO�
SURGXFH�UHVXOWV�DGHTXDWH�WR�GHWHUPLQH�FRPSOLDQFH��,Q�RWKHU�ZRUGV��WKH�(3$�$GPLQLVWUDWRU�RU�DXWKRUL]HG�
UHSUHVHQWDWLYH��VXFK�DV�D�6WDWH�KDYLQJ�GHOHJDWHG�DXWKRULW\��JHQHUDOO\�PXVW�EH�DVVXUHG�WKDW�D�WHVW�PHWKRG�
FKDQJH�SURYLGHV�D�GHWHUPLQDWLRQ�RI�FRPSOLDQFH�VWDWXV�DW�WKH�VDPH�RU�JUHDWHU�VWULQJHQF\�DV�WKH�WHVW�
PHWKRG�VSHFLILHG�LQ�WKH�DSSOLFDEOH�UHJXODWLRQ�´���2QFH�EURDGO\�DSSOLFDEOH�VWDWXV�LV�JUDQWHG��WKH�UHJXODWHG�
FRPPXQLW\�FDQ�XVH�WKH�%$�$70�ZLWKRXW�UHTXHVWLQJ�D�FDVH�E\�EDVH�DSSURYDO��(3$�JUDQWHG�%$�$70�
VWDWXV�WR�$670�(�����EDVHG�PHWKRGV�LQ�������$OW�����DQG�$OW�������7KH�UHVXOWV�RI�WKLV�VWXG\�FDOO�LQWR�
TXHVWLRQ�WKH�DGHTXDF\�RI�$670�(�����EDVHG�WHVWLQJ�IRU�GHWHUPLQLQJ�FRPSOLDQFH�RI�UHVLGHQWLDO�ZRRG�
VWRYHV�ZLWK�WKH�1636���

7KLV�VWXG\¶V�UHSOLFDWH�WHVWLQJ�RI�VHYHQ�QRQ�FDWDO\WLF�ZRRG�VWRYHV¶�FHUWLILFDWLRQ�WHVW�SURFHGXUHV�REWDLQHG�
ZHLJKWHG�HPLVVLRQ�UDWHV�����WR������WLPHV�KLJKHU�WKDQ�WKH�VWRYHV¶�UHSRUWHG�FHUWLILFDWLRQ�YDOXHV��7KH�VHYHQ�
VWRYHV�WHVWHG�UHSUHVHQW�DERXW�����RI�WKH�QRQ�FDWDO\WLF�VWRYHV�WKDW�KDYH�EHHQ�FHUWLILHG�DV�FRPSOLDQW�ZLWK�
WKH�6WHS���1636�XVLQJ�WKH�$670�(�����EDVHG�WHVW�PHWKRGV���

,Q�DGGLWLRQ�WR�WKH�UHSOLFDWH�WHVWLQJ��D�VHFRQG�VHW�RI�$670�(�����EDVHG�WHVWLQJ�ZDV�SHUIRUPHG�IROORZLQJ�
WKH�RZQHU¶V�PDQXDO�LQVWUXFWLRQV�SURYLGHG�E\�WKH�PDQXIDFWXUHU�WR�WKH�VWRYH�XVHU��7KH�RZQHU¶V�PDQXDO�
LQVWUXFWLRQV�FDQ�GLIIHU�IURP�LQVWUXFWLRQV�SURYLGHG�E\�WKH�PDQXIDFWXUHU�WR�WKH�FHUWLILFDWLRQ�WHVW�ODE�IRU�
FHUWLILFDWLRQ�WHVWLQJ��7KH�SUDFWLFH�RI�GLIIHULQJ�LQVWUXFWLRQV�WR�WKH�ODE�YHUVXV�WKRVH�LQ�WKH�RZQHU¶V�PDQXDO�
FDQ�UDLVH�TXHVWLRQV�DERXW�FRQIRUPDQFH�WR�WKH�1636�UHTXLUHPHQWV�FRQWDLQHG�LQ����&)5���������J������
ZKLFK�UHTXLUHV�WKDW�LQVWUXFWLRQV�JLYHQ�WR�WKH�ODE�IRU�FHUWLILFDWLRQ�WHVWLQJ�DUH�FRQVLVWHQW�ZLWK�WKH�
LQVWUXFWLRQV�LQFOXGHG�LQ�WKH�RZQHU¶V�PDQXDO��7KLV�WHVWLQJ�IRXQG�WKDW�WKH�GLIIHUHQW�VHWV�RI�LQVWUXFWLRQV�
JUHDWO\�DOWHUHG�WKH�WHVWHG�HPLVVLRQ�UHVXOWV��IURP�GRXEOLQJ�WKH�HPLVVLRQ�UDWH�LQ�RQH�VWRYH�WR�UHGXFLQJ�LW�E\�
DOPRVW�WZR�WKLUGV�LQ�DQRWKHU���

:KHQ�WKLV�UHSRUW�ZDV�EHLQJ�FRPSOHWHG��WKH�(3$�ZLWKGUHZ�DSSURYDO�RI�WKH�XVH�RI�$OW�����DQG�$OW�����DV�
%URDGO\�$SSURYHG�$OWHUQDWH�7HVW�0HWKRGV�IRU�FRPSOLDQFH�WHVWLQJ�RI�UHVLGHQWLDO�FRUGZRRG�VWRYHV����7KH�
VWXG\�UHVXOWV�SUHVHQWHG�KHUH�SURYLGH�DGGLWLRQDO�VXSSRUW�IRU�WKH�ZLWKGUDZDO�RI�WKHVH�PHWKRGV�IRU�XVH�LQ�
1636�FHUWLILFDWLRQ�WHVWLQJ��

�

�

������)HG��5HJ��������-DQXDU\������������DW��������
������)HG��5HJ��������-DQXDU\������������


