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$QWKHOPLQWLF� UHVLVWDQFH� LV� LQLWLDOO\
VXVSHFWHG�ZKHQ� D� IORFN� H[KLELW� SRRU� FOLQLFDO
UHVSRQVH�WR�WUHDWPHQW��2IWHQ�UHVLVWDQFH�LV�QRW
GLDJQRVHG� DQG� FRQWLQXHG� XVH� RI� WKH� VDPH
DQWKHOPLQWLF�JURXS�LQFUHDVHV�WKH�IUHTXHQF\�RI
LQGLYLGXDOV� XQWLO� WKHUH� LV� D�PDMRU� IDLOXUH� RI
FRQWURO��/H�-DPEUH��������XVHG�(JJ�+DWFK�7HVW
�(+7��DV�D�ZLGHVSUHDG�DSSOLFDWLRQ� WR�GHWHFW
EHQ]LPLGD]ROH� UHVLVWDQFH��7KLV�ZDV� IROORZHG
E\�&DZWKRUQH�DQG�&KHRQJ���������7D\ORU�DQG
+XQW���������6ZDUQNDU�HW�DO��������DQG�VHYHUDO
RWKHUV���7KH�(+7�LV�ZHOO�YDOLGDWHG�DQG�SURYLGHV
D�PRUH�TXDQWLWDWLYH�HVWLPDWH�RI�EHQ]LPLGD]ROH
UHVLVWDQFH��$OWKRXJK� LW� ZDV� WKLDEHQGD]ROH
UHVLVWDQFH� WKDW� ZDV� GHWHFWHG� E\� WKH� DERYH
ZRUNHUV��&ROHV�HW� DO�� ������� KDYH� UHFRPPH
QGHG� WKDW� UHVLVWDQFH� WR� RWKHU� EHQ]LPLGD]ROH
FRPSRXQGV�FRXOG�DOVR�EH�GHWHFWHG�E\�(+7�
7KH� SUHVHQW� SDSHU� FRQILUPV� WKH� OHYHO� RI
UHVLVWDQFH� WR� DOEHQGD]ROH� DPRQJ
JDVWURLQWHVWLQDO� QHPDWRGHV� LQ� DQ� RUJDQL]HG
JRDW� IDUP�

7KH�SURFHGXUH�DGRSWHG�IRU�(JJ�+DWFK
7HVW��(+7��ZDV�DFFRUGLQJ�WR�&ROHV�HW�DO��������
ZLWK� VRPH�PRGLILFDWLRQ�� )HFDO� VDPSOHV� IURP
��� UDQGRPO\� VHOHFWHG� NLGV�DJHG�VL[�PRQWKV�
PDLQWDLQHG�LQ�WKH�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\
*RDW� )DUP�0DQQXWK\� ZHUH� FROOHFWHG� DQG
EURXJKW�WR�WKH�ODERUDWRU\�ZLWKLQ�WKUHH�KRXUV�

&RSUR�FXOWXUH��)HFDO�VDPSOHV�RI�WKH
VHOHFWHG� JRDWV�ZHUH� SRROHG� DQG� FXOWXUHG� WR
LGHQWLI\�WKH�QHPDWRGH�ODUYDH��6DWKLDQHVDQ�DQG
3HWHU�������
3UHSDUDWLRQ�RI�HJJV�
��� +RPRJHQL]HG� WKH� IDHFDO� VDPSOHV�ZLWK� D
VWLUUHU� E\� SODFLQJ� WKH� IDHFHV� LQ� D�PHDVXULQJ
F\OLQGHU�ZLWK�����PO�ZDWHU��XQWLO�DOO�WKH�SHOOHWV
ZHUH�EURNHQ�
���6LHYHG�DQG�SRXUHG�WKH�ILOWUDWH�LQWR�FHQWULIXJH
WXEHV

���&HQWULIXJHG� IRU� WZR�PLQXWHV� DW� ����� USP
DQG�JHQWO\�SRXUHG�RII�WKH�VXSHUQDWDQW�
����$JLWDWHG�WKH�WXEHV�WR�ORRVHQ�WKH�VHGLPHQW
DQG� WKHQ� DGGHG� VDWXUDWHG� VRGLXP� FKORULGH
VROXWLRQ� XQWLO� D�PHQLVFXV� IRUPHG� DERYH� WKH
WXEH��$SSOLHG�D�FRYHU�VOLS�DQG�UH�FHQWULIXJHG
IRU�WZR�PLQ�DW������USP
���&DUHIXOO\�UHPRYHG�WKH�FRYHU�VOLSV�IURP�WKH
WXEHV�DQG�ZDVKHG�RII�WKH�HJJV�LQWR�D�FRQLFDO
FHQWULIXJH� WXEH�� )LO OHG� ZLWK� ZDWHU� DQG
FHQWULIXJHG�IRU�WZR�PLQ�DJDLQ�DW������USP�
���5HPRYHG�WKH�ZDWHU��UH�VXVSHQGHG�WKH�HJJV
LQ�ZDWHU�� HVWLPDWHG� WKH� QXPEHU� RI� HJJV� SHU
PLOO L O L WHU� DQG� GLOXWHG� WR� WKH� UHTXLUHG
FRQFHQWUDWLRQ�
7HVW�3URFHGXUH�

� 3ODFHG� WZR� PO� RI� IUHVK� PHGLXP
FRQWDLQLQJ�DERXW����HJJV�SHU�PO�IURP�HDFK�RI
WKH�����VDPSOHV�LQ�HDFK�ZHOO�RI�D����PXOWLZHOO
SODWH��0HGR[�DJHQFLHV��&KHQQDL���$GGHG����O
RI� VHULDO� FRQFHQWUDWLRQV� RI� DOEHQGD]ROH� VXFK
DV������J������J�������J�������J�DQG������J
LQ�DTXHRXV�K\GURFKORULF�DFLG� WR�HDFK�ZHOO� WR
ILQG� RXW� WKH� RSWLPXP� GLOXWLRQ� UHTXLUHG� WR
SUHYHQW����SHU�FHQW�RI�WKH�YLVLEOH�HJJV�KDWFKLQJ
�('�����&RQWURO�ZHOOV� UHFHLYHG� RQO\� VROYHQW�
,QFXEDWHG�DW�����&�IRU����KRXUV�DQG�FRXQWHG
WKH� HJJV� DQG� KDWFKHG� RXW� ODUYDH� DW� HDFK
DQWKHOPLQWLF� FRQFHQWUDWLRQ� RI� HDFK� VDPSOH
PLFURVFRSLFDOO\�� DIWHU� DGGLQJ� WZR� GURSV� RI
/XJRO¶V�LRGLQH�WR�VWRS�IXUWKHU�KDWFKLQJ�
&DOFXODWLRQ�

7KH�PHDQ� SHU� FHQW� KDWFK� LQKLELWLRQ
ZDV�FDOFXODWHG�IURP�WKH�PHDQ�SHU�FHQW�KDWFK
RI�WKH�UHVSHFWLYH�DOEHQGD]ROH�FRQFHQWUDWLRQ�DV
SHU�WKH�IRUPXOD�JLYHQ�EHORZ�

0HDQ���KDWFK�LQKLELWLRQ� �����0HDQ
�KDWFK� �UHVSHFWLYH� DOEHQGD]ROH
FRQFHQWUDWLRQ�·� �0HDQ��� KDWFK� �UHVSHFWLYH
ZDWHU�FRQWURO��[���

7KH�SHU�FHQW�RI�HJJV�IDLOLQJ�WR�KDWFK

5HFHLYHG�����������
$FFHSWHG�����������
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%HQ]LPLGD]ROH�UHVLVWDQFH�LQ�*,�QHPDWRGHV����

DW� HDFK� FRQFHQWUDWLRQ� RI� DOEHQGD]ROH� ZHUH
WUDQVIHUUHG� WR� REWDLQ� SURELW� YDOXHV� �)LQQH\�
������ IURP� ZKLFK� WKH� ('��� YDOXHV� ZHUHREWDLQHG�XVLQJ�³7UHQG´�LQ�D�VWDWLVWLFDO�DQDO\VLV
�%DXHU��������
,QWHUSUHWDWLRQ�

$QLPDOV�LQ�ZKLFK�WKH�('���YDOXH�ZDVLQ� H[FHVV� RI� ����J� DOEHQGD]ROH� ZHUH
FRQVLGHUHG� WR� FDUU\� EHQ]LPLGD]ROH� UHVLVWDQW
VWUDLQV�RI�QHPDWRGHV��7KH�ODUYDH�LGHQWLILHG�E\
FRSURFXOWXUH� ZHUH� WKRVH� RI�+DHPRQFKXV�
2HVRSKDJRVWRPXP�� %XQRVWRPXP� DQG
6WURQJ\ORLGHV�VSS�

7KH� UHVXOWV� RI� (+7� DUH� IXUQLVKHG� LQ

WKH�WDEOHV���	����7KH�('���YDOXH�RI�DOEHQGD]ROH�uJ�PO�� ZDV� IRXQG� WR� EH� ��������� ZKLFK
H[FHHGHG�WKH�SUHVFULEHG�YDOXH�RI�����uJ�PO�RI
WKLDEHQGD]ROH�� +HQFH� WKH� DOEHQGD]ROH
UHVLVWDQFH�LV�KHUHE\�FRQILUPHG�E\�(+7��7KHVH
ILQGLQJV�FRQFXU�ZLWK�WKRVH�RI�&DZWKRUQH�DQG
&KHRQJ� ��������7D\ORU� DQG�+XQW� ������� DQG
6ZDUQNDU� HW� DO�� �������� 7KLV� DOEHQGD]ROH
UHVLVWDQFH�PXVW� EH� GXH� WR� SURORQJHG� DQG
FRQWLQXRXV� XVH� RI� WKH� GUXJ� LQ� WKH� IDUP��7KH
OHYHO� RI� DQWKHOPLQWLF� UHVLVWDQFH� VKRXOG� EH
FORVHO\�PRQLWRUHG� DQG�PDLQWDLQHG� LQ� D� ORZ
SURILOH�UHVRUWLQJ�WR�VXLWDEOH�GHWHFWLRQ�PHWKRGV�
$QWKHOPLQWLF� UHVLVWDQFH� LV� EHVW� FRQWUROOHG� LQ
WKH�JURXQG�OHYHO��E\�WKH�XVH�RI�FRUUHFW�W\SH�RI

7DEOH����$QWKHOPLQWLF�UHVLVWDQFH�E\�(JJ�+DWFK�7HVW

7DEOH����&DOFXODWLRQ�IRU�('���YDOXH�RI�DOEHQGD]ROH�
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GUXJV� DW� WKH� FRUUHFW� GRVH� DJDLQVW� *,
QHPDWRGHV� LQ� JRDWV�� %UHHGLQJ� IRU� ZRUP
UHVLVWDQFH�� GHYHORSPHQW� RI� YDFFLQHV� DQG
ELRORJLFDO�FRQWURO�XVLQJ�QHPDWRSKDJRXV�IXQJL
DUH�WKH�SURVSHFWLYH�FRQWURO�PHDVXUHV�DJDLQVW
DQWKHOPLQWLF� UHVLVWDQFH�
6XPPDU\

6SHFLILF� UHVLVWDQFH� WR�EHQ]LPLGD]ROH
JURXS�LQ�JDVWUR�LQWHVWLQDO�QHPDWRGHV�RI�JRDWV
ZDV�FDUULHG�RXW�E\�(JJ�KDWFK�WHVW��$OEHQGD]ROH
ZDV�WKH�GUXJ�XVHG�DQG�WKH�WHVW�UHYHDOHG�('��
YDOXH�� J�PO��WR�EH����������ZKLFK�ZDV�PXFK
KLJKHU� WKDQ� WKH� SUHVFULEHG� YDOXH� ���� J�PO��
(+7� JLYHV� D� TXDQWLWDWLYH� HVWLPDWH� RI
EHQ]LPLGD]ROH�UHVLVWDQFH�DQG�PD\�EH�XVHG�LQ
ILHOG�VXUYH\V�DORQJ�ZLWK�)(&57�WR�PRQLWRU�WKH
GHYHORSPHQW�RI�DQWKHOPLQWLF� UHVLVWDQFH�
5HIHUHQFHV
%DXHU�� &�� ������ ,QVWLWXWH� RI� 3DUDVLWRORJ\�

-HVWXV� /LHELJ� 8QLYHUVLW\�� *LHVVHQ�
5XGROI�%XFKKHLP�±�6WUDVVH���������
*LHVVHQ�� *HUPDQ\� �3HUVRQDO
FRPPXQLFDWLRQ��

&DZWKRUQH��5��-��*��DQG�&KHRQJ��)��+�������
3UHYDOHQFH� RI� DQWKHOPLQWLF� UHVLVWDQW
QHPDWRGHV� LQ� VKHHS� LQ� 6RXWK�(DVW
(QJODQG���9HW��5HF�� ������������

&ROHV��*��&���%DXHU��&���%RUJVWHHGH��)��+��0��
*HHUWV�� �6���.OHL��7��5���7D\ORU��0��$�
DQG� :DOOH�� � 3�� -�� ������ � :RUOG

$VVRFLDWLRQ� IRU� WKH�$GYDQFHPHQW� RI
9HWHULQDU\�3DUDVLWRORJ\� �:�$�$�9�3��
PHWKRGV� IRU� WKH� GHWHFWLRQ� RI
DQWKHOPLQWLF�UHVLVWDQFH�LQ�QHPDWRGHV
RI� YHWHULQDU\� LPSRUWDQFH�� � 9HW�
3DUDVLWRO������������

)LQQ\��'�� -�� ������ �3URELW�$QDO\VLV�� �UG� � HG�
&DPEULGJH�8QLYHUVLW\�3UHVV�����S�

�/H�-DPEUH��/��)�������� �(JJ�KDWFK�DV�DQ� LQ
YLWUR� DVVD\� RI� WKLDEHQGD]ROH
UHVLVWDQFH� LQ� QHPDWRGHV�� 9HW�
3DUDVLWRO�� ����������

6ZDUQNDU��&�� 3��� .KDQ�� )��$��� 6LQJK��'�� DQG
%KDJZDQ�� 3�� 6�� .�� ������ � )XUWKHU
VWXGLHV�RQ�DQWKHOPLQWLF�UHVLVWDQFH� LQ
VKHHS� DW� DQ� RUJDQL]HG� IDUP� LQ� DULG
UHJLRQ� RI�5DMDVWKDQ��9HW�� 3DUDVLWRO��
���������

7D\ORU�� 0��$�� DQG� +DQW�� .�� 5�� ������ )LHOG
REVHUYDWLRQV�RQ� WKH� FRQWURO� RI� RYLQH
SDUDVLWLF�JDVWUR�HQWHULWLV�LQ�6RXWK�(DVW
(QJODQG��9HW��5HF�� �����������

&��.��'HHSD���DQG��.��'HYDGD��
'HSDUWPHQW�RI�9HWHULQDU\�3DUDVLWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\����������7KULVVXU��.HUDOD


�3DUW�RI�0�9�6F��WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�WKH�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU
���$VVLVWDQW�3URIHVVRU��'HSW��RI�9HWHULQDU\�3DUDVLWRORJ\��&9$6��3RRNRGH
���3URIHVVRU�DQG�+HDG


