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'ULOO�ELWV�IURP�$EX�6DODELNK��,UDT
,Q��/D�0DLQ�HW�O¶2XWLO��0DQFKHV�HW�HPPDQFKHPHQWV�SUpKLVWRULTXHV��7DEOH�5RQGH�&�1�5�6��WHQXH�j�O\RQ�GX����DX���
QRYHPEUH�������VRXV�OD�GLUHFWLRQ�GH�'��6WRUGHXU��/\RQ���0DLVRQ�GH�O
2ULHQW�HW�GH�OD�0pGLWHUUDQpH�-HDQ�3RXLOORX[�
������SS������������7UDYDX[�GH�OD�0DLVRQ�GH�O
2ULHQW�

5pVXPp
&HWWH�FRPPXQLFDWLRQ�SUpVHQWH�O
pWXGH�GH�O
XWLOLVDWLRQ�GHV�PqFKHV�GH�IRUHW�GH�$EX�6DODELNK��,UDN���/
H[SpULPHQWDWLRQ�FRQILUPH�OHXU
DWWULEXWLRQ �IRQFWLRQQHOOH� �3OXVLHXUV �WUDFpRORJXHV �VH �VRQW �FRQVDFUpV �j �O
pWXGH �GHV �GLIIpUHQWHV �WUDFHV �SURYRTXpHV �SDU
O
HPPDQFKHPHQW��8QH�QRXYHOOH�PpWKRGH��PLVH�DX�SRLQW�j�O
,QVWLWXW�G
$UFKpRORJLH�GH�/RQGUHV�D�pWp�DSSOLTXpH�j�O
pFKDQWLOORQ
H[DPLQp��0rPH�V
LO�SDUDvW�pYLGHQW�TXH�FHV�RXWLOV�RQW�pWp�HPPDQFKpV��DXFXQH�SUHXYH�Q
D�SX�HQ�rWUH�IDLWH�SDU�O
pWXGH�GHV�WUDFHV�
SDV�SOXV�VXU�OH�PDWpULHO�DUFKpRORJLTXH�TX
H[SpULPHQWDO��2Q�UHFRPPDQGHUD�GRQF�LFL�SOXV�GH�SUXGHQFH�TXDQG�LO�V
DJLUD�G
DWWULEXHU
FHUWDLQHV�DQRPDOLHV�WUDFpRORJLTXHV�j�O
HPPDQFKHPHQW�

$EVWUDFW
7KLV�SDSHU�H[DPLQHV�WKH�XVH�RI�GULOO�ELWV�IURP�WKH�VLWH�RI�$EX�6DODELNK�LQ�,UDT��%\�FRPSDULVRQ�ZLWK�H[SHULPHQWDO�PDWHULDO�LW�LV
VKRZQ�WKDW�WKH\�GLG�LQGHHG�IXQFWLRQ�DV�VXFK��&ODLPV�IRU�GLVWLQFWLYH�ZHDU�WUDFHV�UHODWHG�WR�KDIWLQJ�KDYH�EHHQ�PDGH�E\�PDQ\
PLFURZHDU�DQDO\VWV��8VLQJ�D�QHZ�WHFKQLTXH�GHYHORSHG�DW�WKH�,QVWLWXWH�RI�$UFKDHRORJ\��/RQGRQ��ZH�DWWHPSWHG�WR�LGHQWLI\�KDIWLQJ
WUDFHV�RQ�RXU�VDPSOH��(YHQ�WKRXJK�WKHVH�WLQ\�WRROV�ZHUH�DOPRVW�FHUWDLQO\�KDIWHG�ZH�FRXOG�ILQG�QR�PLFURZHDU�HYLGHQFH�IRU�KDIWLQJ
RQ�WKH�H[SHULPHQWDO�RU�DUFKDHRORJLFDO�WRROV��,W�LV�UHFRPPHQGHG�WKDW�D�PRUH�FDUHIXO�DVVHVVPHQW�EH�PDGH�EHIRUH�DVVLJQLQJ
DQRPDORXV�ZHDU�WUDFHV�WR�KDIWLQJ�

&LWHU�FH�GRFXPHQW���&LWH�WKLV�GRFXPHQW��

8QJHU�+DPLOWRQ�5RPDQD��*UDFH�5REHUW��0LOOHU�5REHUW��%HUJPDQ�&KULVWRSKHU�$��'ULOO�ELWV�IURP�$EX�6DODELNK��,UDT��,Q��/D�0DLQ�HW
O¶2XWLO��0DQFKHV�HW�HPPDQFKHPHQWV�SUpKLVWRULTXHV��7DEOH�5RQGH�&�1�5�6��WHQXH�j�O\RQ�GX����DX����QRYHPEUH�������VRXV�OD
GLUHFWLRQ�GH�'��6WRUGHXU��/\RQ���0DLVRQ�GH�O
2ULHQW�HW�GH�OD�0pGLWHUUDQpH�-HDQ�3RXLOORX[��������SS������������7UDYDX[�GH�OD
0DLVRQ�GH�O
2ULHQW�
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5RPDQD� 81*(5�+$0,/721�� 5RJHU� *5$&(��
5REHUW�0,//(5��&KULVWRSKHU� %(5*0$1�

5(680(��� &HWWH� FRPPXQLFDWLRQ� SU«VHQWH� O
«WXGH� GH� O
XWLOLVDWLRQ� GHV� PªFKHV� GH� IRUHW� GH� $EX� 6DODELNK�
�,UDN��� /
H[S«ULPHQWDWLRQ� FRQILUPH� OHXU� DWWULEXWLRQ� IRQFWLRQQHOOH�� 3OXVLHXUV� WUDF«RORJXHV� VH�VRQW�FRQVDFU«V�
¢� O
«WXGH� GHV� GLII«UHQWHV� WUDFHV�SURYRTX«HV� SDU� O
HPPDQFKHPHQW�� 8QH�QRXYHOOH�P«WKRGH�� PLVH� DX� SRLQW�
¢� O
,QVWLWXW� G
$UFK«RORJLH� GH� /RQGUHV� D� «W«� DSSOLTX«H� ¢� O
«FKDQWLOORQ� H[DPLQ«�� 0¬PH� V
LO� SDUD°W� «YLGHQW�
TXH� FHV� RXWLOV� RQW� «W«� HPPDQFK«V�� DXFXQH� SUHXYH� Q
D� SX� HQ� ¬WUH� IDLWH� SDU� O
«WXGH� GHV� WUDFHV�� SDV� SOXV�
VXU� OH� PDW«ULHO� DUFK«RORJLTXH� TX
H[S«ULPHQWDO�� 2Q� UHFRPPDQGHUD� GRQF� LFL� SOXV� GH� SUXGHQFH� TXDQG� LO�
V
DJLUD� G
DWWULEXHU�FHUWDLQHV� DQRPDOLHV�WUDF«RORJLTXHV� ¢� O
HPPDQFKHPHQW��

$%675$&7�� 7KLV� SDSHU� H[DPLQHV� WKH� XVH� RI�GULOO� ELWV� IURP� WKH� VLWH� RI�$EX�6DODELNK� LQ� ,UDT�� %\�
FRPSDULVRQ� ZLWK� H[SHULPHQWDO� PDWHULDO� LW� LV� VKRZQ� WKDW� WKH\�GLG� LQGHHG�IXQFWLRQ� DV� VXFK�� &ODLPV�IRU�
GLVWLQFWLYH� ZHDU� WUDFHV� UHODWHG� WR� KDILLQJ� KDYH� EHHQ� PDGH� E\� PDQ\�PLFURZHDU� DQDO\VWV�� 8VLQJ� D� QHZ�
WHFKQLTXH�GHYHORSHG� DW� WKH� ,QVWLWXWH� RI�$UFKDHRORJ\�� /RQGRQ�� ZH�DWWHPSWHG� WR� LGHQWLI\� KDILLQJ� WUDFHV� RQ�
RXU� VDPSOH�� (YHQ� WKRXJK� WKHVH� WLQ\� WRROV� ZHUH� DOPRVW� FHUWDLQO\� KDIWHG� ZH� FRXOG�ILQG� QR� PLFURZHDU�
HYLGHQFH�IRU� KDILLQJ� RQ� WKH�H[SHULPHQWDO� RU�DUFKDHRORJLFDO� WRROV�� ,W� LV� UHFRPPHQGHG� WKDW� D� PRUH� FDUHIXO�
DVVHVVPHQW� EH�PDGH� EHIRUH� DVVLJQLQJ�DQRPDORXV� ZHDU� WUDFHV� WR� KDILLQJ��

,1752'8&7,21�

,Q� ����� WKH� H[FDYDWRUV� RI� $EX�6DODELNK�� ,UDT� �� GLVFRYHUHG� D� VKDOORZ� FLUFXODU� FRXUW\DUG� SLW�
ILOOHG� ZLWK� IOLQW� NQDSSLQJ� ZDVWH�� GLVFDUGHG� VLFNOH� HOHPHQWV� DQG� PLFUROLWKLF� ERUHUV� �3RVWJDWH��
������ ������ $� UHSRUW� RQ� WKH� IOLQWV� IURP� WKLV� SLW� KDV� DOUHDG\�DSSHDUHG� �3D\QH�� ������ ����������
EXW� D� QXPEHU� RI�WHFKQRORJLFDO� IHDWXUHV� RI�WKLV� PLG� �UG� PLOOHQLXP�%�&�� LQGXVWU\� ZHUH� IHOW� WR�
EH� ZRUWK�IXUWKHU�VWXG\�E\�H[SHULPHQWDO�UHSOLFDWLRQ� DQG�PLFURZHDU�DQDO\VLV�� ,Q�WKHVH�H[SHULPHQWV�
ZH� FRQFHQWUDWHG� RQ� WKH� PLFUROLWKLF� VSLQGOH�WLSSHG� GULOO� ELWV� RI� D� W\SH� DOUHDG\� NQRZQ� WR� EH�
ZLGHO\� GLVWULEXWHG� DW� WKLV� WLPH� LQ� VRXWK�� FHQWUDO� DQG� ZHVWHUQ� $VLD� �VHH� 7RVL������� IRU� PDS�
DQG� UHIHUHQFHV��� $OWKRXJK� WKH� H[SHULPHQWDO� VWXG\� RI� ERULQJ� WHFKQLTXHV� EHJDQ� LQ� WKH� ��WK�
FHQWXU\��ZKHQ� WKH� XVH� RI�D� VWRQH� GULOO� ZLWK� D�URXQGHG�ELW� RQ�0HVRSRWDPLDQ� VHDOV�KDV� DOUHDG\�
EHHQ� LQIHUUHG� �0F*XLUH�� ������ ����������DQG� DOWKRXJK� PDUNV� RI�GULOOLQJ� KDYH�EHHQ� H[WHQVLYHO\�
LQYHVWLJDWHG� LQ� UHFHQW� \HDUV� E\� *ZLQQHWW� DQG� *RUHOLFN� �������� QR� IXOO� UHSOLFDWLRQ� DQDO\VLV�
RI�WKH�KDLOLQJ�DQG�XVH�RI�WKH�W\SH�RI�ERUHU�IRXQG�DW�$EX�6DODELNK�KDV�EHHQ�XQGHUWDNHQ�EHIRUH�QRZ��
&RUHV� PDGH� RI� ILQH� JUDLQHG� IOLQW� ZHUH� IODNHG� E\� SUHVVXUH� �3D\QH�� ������ ILJ�� ����� DW� $EX�

6DODELNK� WR� SURGXFH� WRRO� EODQNV�� LQFOXGLQJ�EODGHOHWV�UHWRXFKHG� WR� PDNH� WLQ\� ERUHUV� DYHUDJLQJ�
��[�[��PPV� �)LJ�� ���� 7KLUWHHQ� RI�WKHVH�ERUHUV�ZHUH� IRXQG�� DQG�FRPSDULVRQ�ZLWK�H[SHULPHQWDO�
UHVXOWV� VKRZV� WKDW� WKH\� ZHUH� XVHG� DV� GULOO� ELWV��� PRVW� RI� WKHP� ZHUH� EURNHQ� DQG� GLVSOD\� D�
YDULHW\� RI�EHQGLQJ� DQG� WZLVWLQJ� EUHDNV� GXH�WR� VWUHVV��
7KH� $EX�6DODELNK� GULOO� ELWV� DUH� RI� D� GLVWLQFWLYH� W\SH� ZKLFK� HQMR\HG� D� ZLGH� GLVWULEXWLRQ�

IURP� 0HVRSRWDPLD�WR� WKH� ,QGXV� 9DOOH\�DQG� EH\RQG� LQ� WKH� �UG� PLOOHQLXP� %�&�� 7KH�VSLQGOH��
WLSSHG� ERUHU� LV� FKDUDFWHULVHG� E\� D� ORQJ�� QDUURZ� VSLQGOH� VHYHUDO� FHQWLPHWHUV� ORQJ� ZKLFK� LV�
PDGH� E\� GLUHFW� UHWRXFK� RQ� EXULQ� VSDOOV� DQG� SUHVVXUH�IODNHG� EODGHOHWV� ZLWK� D� ZHOO�GHILQHG�
FHQWUDO� ULGJH��

/D�0DLQ� HW�O
2XWLO��y� PDQFKHV�
HW�HPPDQFKHPHQWV�SU«KLVWRULTXHV�
702�
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)LJ���� 6HOHFWHG� GULOO�ELWV�IURP� $EX�6DODELNK��

([DPSOHV� RI� VSLQGOH�WLSSHG� ERUHUV� DQG� EURNHQ� VSLQGOH� WLSV� KDYH� EHHQ� IRXQG� DW� D� QXPEHU�
RI� VLWHV�� RIWHQ� DVVRFLDWHG� ZLWK� HYLGHQFH� RI� VWRQH� DQG� VKHOO� ZRUNLQJ��� $EX�6DODELNK� �3D\QH��
������ ������8UXN� �0¾OOHU�� ������ $EE����� ������� 8U� �0DFND\�� ������ ��� �QRWH� ��� FLWLQJ� S�F�� E\�
+�%HFN��� DO�
8EDLG� �+DOO� DQG� :RROOH\�� ������SL�� ������� 7HSH� +LVDU� �%XOJDUHOOL�� ������ �������
ILJ�� ���� 6KDKU�L�6RNKWD� �3LSHUQR�� ������ 7RVL�DQG� 3LSHUQR�� ������ 3LSHUQR�� ������ *ZLQQHWW�
DQG� *RUHOLFN�� ������� &KDQKX�GDUR� �0DFND\�� ������ ����� SL���� ���� DQG� HOVHZKHUH� LQ� WKH� 1HDU�
(DVW�� &HQWUDO� $VLD� DQG� WKH� ,QGLDQ�VXE�FRQWLQHQW� �%XOJDUHOOL�� ������ ��� QRWH� ��� �� 7RVL���������

7KLV�W\SH� RI�WRRO� LV� ZHOO� VXLWHG� WR� EHLQJ�ZRUNHG�ZLWK� D� ERZ�GULOO� RQ� WDVNV� UHTXLULQJ� SUHVVXUH�
DQG� DEUDVLYHV� WR� FXW� KDUG� PDWHULDOV� VXFK� DV� VWRQH� �%URPHKHDG�� ����� DQG� ������ ������ ��
0DFND\�� ���������� �� *ZLQQHWW� DQG�*RUHOLFN�� ������ ��� �� 2JGHQ�� ������ ����������RU� WR� SHUIRUP�
UHSHWLWLYH� WDVNV� UHTXLULQJ� WKH� GULOOLQJ� RI� D� VHULHV� RI� KROHV� LQWR� EHDGV�� ERZOV� RU� WKH� RXWOLQH� RI�
FRPSOH[� VKDSHV�� ,W� PD\� EH� VLJQLILFDQW� WKDW� WKH� VDPH� FXQHLIRUP� VLJQ�� ]DGLP�� XVHG� WR� PHDQ�
ODSLGDU\� ZRUNHU� LQ� WKH� �UG� PLOOHQLXP�%�&�� ZDV� ODWHU� XVHG� WR� PHDQ�ERZPDNHU� �/RGLQJ�� ������
����� D� WUDQVIHUHQFH� RI�PHDQLQJ�ZKLFK� PLJKW� EH� UHODWHG� WR� WKH� XVH� RI�WKH� ERZ�GULOO� E\� ODSLGDU\�
ZRUNHUV� DQG� VHDO�FXWWHUV�ZKLFK�KDV�EHHQ�LQIHUUHG� IURP�WRRO�PDUNV�RQ� ODSLGDU\�ZRUN� �0DOORZDQ��
������ ���� 0RRUH\�� ������ ���� )UDQNIRUW�� ������ ����� 0DQ\� RI� WKH� VSLQGOH�WLSSHG� ERUHUV� DUH�
GDWHG� WR� WKH� (DUO\� '\QDVWLF� ,,,�SHULRG� LQ� 0HVRSRWDPLD� ZKHQ� WKH� H[WHQVLYH� XVH� RI�GULOOLQJ� LV�
FKDUDFWHULVWLF� RQ� ERWK� VKHOO� DQG� VWRQH� VHDOV� �$O�*DLODQL�:HUU� HW� DO�� ������ �������� 'HLPHO�
WUDQVODWHV� ]DGLP� DV� m�VWRQH� FXWWHU�}� DQG� VXJJHVWV� WKDW� D� VWRQH�ZRUNHUV
V� WRRO� LV� UHSUHVHQWHG�
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E\� WKH� VLJQ� ������� ��� �� ������ ���� $OWKRXJK� KH� WHQGV� WR� IDYRXU� WKH� EHOLHI� WKDW� D� FKLVHO� PD\�
EH� GHSLFWHG� E\� WKLV� VLJQ�� LW� FRXOG� HTXDOO\� DQG� SHUKDSV� EHWWHU� UHSUHVHQW� D� ERZ� GULOO� RU� ERZ�
GULYHQ� ODWKH� VXFK� DV� LV� EHOLHYHG� WR� KDYH� EHHQ� XVHG� LQ� VHDO� FXWWLQJ� �1LVVHQ�� ������ ZLWK� WKH�
ERZ�� VWULQJ�� GULOOVKDIW� DQG�ZLUH� GULSIHHGLQJ� DEUDVLYH� VOXUU\� �3RVVHKO�� ������ ILJ�� ������ GHSLFWHG��

6SLQGOH�WLSSHG� VWRQH� GULOO� ELWV� FRXOG� KDYH� EHHQ� XVHG� DORQJ�ZLWK� PHWDO� VSLQGOHV� LQ� ODSLGDU\�
ZRUN� GXULQJ� WKH� �UG� PLOOHQLXP�%�&��� DQG� WKH� VKDSH� RI� WKH� VWRQH� WRROV
� WLS� PD\� LPLWDWH� WKH�
VKDSH� DQG� WKH� ZRUNLQJ� FKDUDFWHULVWLFV� RI� D� PHWDO� SURWRW\SH�� 0HWDO� VSLQGOHV� DUH� XVHG� ZLWK� D�
ERZ� GULOO� LQ� PRGHUQ� VWRQH� EHDG�PDNLQJ� LQ� :HVW� $IULFD� �6KDZ�� ������� DQG� WKH� XVH� RI�PHWDO�
VSLQGOHV� DORQJVLGH� VWRQH� GULOO� ELWV� LQ� �UG� PLOOHQLXP�%�&�� ODSLGDU\� ZRUN� KDV�EHHQ� LQIHUUHG� E\�
0RRUH\� ������������ 6(0�DQDO\VLV� RI�EHDGV� IURP� 6KDKU�L� 6RNKWD� VKRZV� WZR�GLIIHUHQW� GLDPHWHUV�
RI�VSLQGOH� GULOOV� ZHUH� XVHG� LQ� PDNLQJ� WKH� SHUIRUDWLRQ� �*ZLQQHWW� DQG� *RUHOLFN�� ������ ��� �� FI��
0RRUH\�� ������ ����� :DV� WKH� ILQDO� GHHS� GULOOLQJ� GRQH� ZLWK� D� PHWDO� VSLQGOH� ZKLFK� ZRXOG�QRW�
VQDS� RII�DV� LW� HQFRXQWHUHG� WKH� XQHYHQ� VWUHVVHV� DVVRFLDWHG� ZLWK� EUHDNLQJ� WKURXJK� WR� WKH� KROH�
RI� WKH� RSSRVHG� SHUIRUDWLRQ�"� 7KH� GHSWK� RI� VRPH� RI� WKH� KROHV� GULOOHG� VXJJHVWV� WKDW� RSSRVHG�
FRXQWHUVXQN� SHUIRUDWLRQV� ZHUH� XVHG� LQVWHDG� RI� WKH� ERULQJ� DQG� SHUFXVVLRQ� WHFKQLTXH� XVHG� DW�
.LVK� DQG� /DUVD� �&KHYDOLHU� HW� DO�� �������

:KHQ� XVHG� ZLWK� D� ERZ�GULOO� LQ� RXU� H[SHULPHQWV�� WKH� SUR[LPDO� HQG� RI�WKH� WRRO� ZDV� DWWDFKHG�
E\� UHVLQ�� VLQHZ� RU� IULFWLRQ� WR� D� F\OLQGULFDO� VKDIW�� OHDYLQJ� WKH� VSLQGOH� SURWUXGLQJ� IURP� WKH� KDIW��
7KH� GHVLJQ� RI�WKH� WRRO� DOORZV�WKH� ELW� WR� EH� ZRUNHG� ZLWK� UHSHDWHG� DOWHUQDWLQJ� URWDU\� PRWLRQ�
DW� HDFK� VWURNH� RI� WKH� ERZ�� DQG� DW� DQ� XQKXUULHG� ZRUNLQJ� SDFH� WKH� ERZ� GULOO� ELW� FDQ� PDNH�
DERXW� �������� UHYROXWLRQV� SHU� PLQXWH� �0F*XLUH�� ������ ������ ,Q� 0F*XLUH
V� H[SHULPHQWV� KH�
REVHUYHG� WKDW� WKH� GULOO� ELW�ZDV� VRPHWLPHV� ZRUQ� GRZQ� WR� D� F\OLQGULFDO� VKDSH�E\� EHLQJ� URWDWHG�
LQ� KDUG� VWRQH� IRU� D� ORQJ�WLPH� ������� ����� ILJ������� +ROHV� LQ� VRIW� VWRQH� DQG� VKHOO� FDQ�EH� TXLFNO\�
GULOOHG�� DOORZLQJ� PDVV�SURGXFWLRQ� RI�SLHFHV� LQ� D� VKRUW� WLPH� DQG� OHDGLQJ� WR� HFRQRPLHV� RI�VFDOH�
LQ�PDQXIDFWXULQJ�FKDUDFWHULVWLF� RI�XUEDQ� FUDIW�SURGXFWLRQ��+LJKHU�FRVW�ZRUN�RQ�OX[XU\�PDWHULDOV�
VXFK� DV� ODSLV�ZKHUH� WKH� VLOLFD� FRQWHQW� LV� KLJK� LV� PRUH� WLPH�FRQVXPLQJ��
*LYHQ� WKHLU� VXLWDELOLW\� IRU� EHDGPDNLQJ�ZLWK� D� ERZ�GULOO�� LW� LV� SHUKDSV� RI� VRPH� VLJQLILFDQFH�

WKDW� WKH� GLVWULEXWLRQ� RI� WKLV� W\SH� RI�GULOO� ELW� FRUUHVSRQGV� WR� DUHDV� UHDFKHG� E\� WKH� ODSLV� WUDGH�
RI�WKH� �UG� PLOOHQLXP�%�&�� DQG� WKDW� WKH\� KDYH�EHHQ� IRXQG� LQ� FRQWH[W� ZLWK� HYLGHQFH� RI�ODSLV�
ZRUN� DW� 6KDKU�L� 6RNKWD� �7RVL�DQG� 3LSHUQR�� ������ DQG� $EX6DODELNK� �3D\QH�� ������ ������
$OWKRXJK� WKH� SULPDU\� XVH� RI� VSLQGOH� WLSSHG� GULOO� ELWV� ZDV� LQ� EHDGPDNLQJ� DQG� VHDOFXWWLQJ��
WKHLU� ZLGHVSUHDG� GLVWULEXWLRQ� LQ� WKH� �UG� PLOOHQLXP�%�&�� PD\� DOVR� EH� UHODWHG� WR� RWKHU� FUDIWV�
RI� WKH� WLPH�� QRWDEO\� WKH� PDQXIDFWXUH� RI� VWRQH� DQG� VKHOO� LQOD\� IRU� WHPSOHV� DQG� SDODFHV� DQG�
FXWWLQJ� WKH� RXWOLQH� RI� WKH� GHVLJQ� RI� VWRQH� ERZOV� RU� SODTXHV�� %RZ� GULOOV� ZHUH� XVHG�� LQ� WKH�
DEVHQFH�RI�D�SDWWHUQ�VDZ�� WR�FXW� RXW�WKH� RXWOLQH� RI�OLQHDU�GHVLJQV�DPRQJ�SODVWHUHUV��PHWDOZRUNHUV�
DQG� ZRRGZRUNHUV� LQ� ,UDT� DQG� ,UDQ� XS� WR� WKH� SUHVHQW� FHQWXU\� �&ODULW\� HW� DO�� ������ ���� ��
:XOI7�� ������ ���� ����� 7KH� VSLQGOH�WLSSHG� ERUHU� IRXQG� DW� DO�
8EDLG��+DOO� DQG� :RROOH\�� ������
SL����� ���� FHQWHU� URZ�� ZDV�SUREDEO\� XVHG� E\� ZRUNPHQ� RQ� WKH� VSRW� FXWWLQJ�WKH� RXWOLQH� RU� VHWWLQJ�
RI� ODSLV�� VWRQH� DQG� VKHOO� LQOD\� IRU� WKH� PRVDLFV� ZKLFK� GHFRUDWHG� WKH� (DUO\� '\QDVWLF� WHPSOH�
IURP� WKLV� VLWH�� 9LVLWRUV� WR� WHPSOHV� ZRXOG� DOVR� ZLVK� WR� EX\� VRXYHQLUV�� FKDUPV� DQG� YRWLYH�
RIIHULQJV� ZKLFK� WKH� ]DGLP� FRXOG� PDQXIDFWXUH�� DQG� LW� ZDV� SHUKDSV� ZKLOH� HQJDJHG� LQ� WKLV�
PL[WXUH� RI�SXEOLF� DQG�SULYDWH� EXVLQHVV� WKDW� WKH� ]DGLP�ODSLGDU\� VDW� LQ� WKH� JDWHZD\� RI�D� WHPSOH�
DFFRUGLQJ� WR� D� 6XPHULDQ� WH[W� ZKLFK� -�� %ODFN� LV� SXEOLVKLQJ� LQ� $GD�6XPHURORJLFD��

,Q� (DUO\� '\QDVWLF� ZRUNVKRSV� ERZ� GULOOV� KDYH� EHHQ� XVHG� WR� FXW� D� VHULHV� RI� KROHV� IROORZLQJ�
DQ� LQFLVHG� RXWOLQH� RI�WKH� UHSUHVHQWDWLRQDO�RU� JHRPHWULF� ILJXUH� RQ� VWULSV� RU� SODTXHV�RI�OLPHVWRQH��
ODSLV� OD]XOL� DQG� VKHOO�� :RROOH\� QRWHG� WKDW� WKLV� FDUYLQJ� ZDV� GHOLFDWH� ZRUN� DV� VKHOO� LV� EULWWOH�
DQG� ZRXOG� WHQG� WR� EUHDN� ZKHQ� FXW� RU� FDUYHG� ������� ���������� RQFH� D� OLQH� RI�GULOO� KROHV�
IROORZLQJ� WKH� OLQH� RI� WKH� ILJXUH� KDV� EHHQ� GULOOHG�� VDQGHG� VWULSV� RI� ZRRG�� ERQH� RU� UHHG� FRXOG�
EH� XVHG� WR� UHPRYH� VSXUV� RI� PDWHULDO� EHWZHHQ� WKH� KROHV� DQG� UHJXODULVH� WKH� RXWOLQH� RI� WKH�
ILJXUH�� 7KH�ILQLVKHG� VLOKRXHWWH�ZRXOG�QRW�DOZD\V�SUHVHUYH� DQ\�GLUHFW� HYLGHQFH� RI�WKH� WHFKQLTXHV�
XVHG� WR� SURGXFH� LW�� +RZHYHU� LYRU\� DQG� VKHOO� VLOKRXHWWHV� IURP� 0DUL� DUH� VRPHWLPHV� IRXQG� ZLWK�
D� SDWWHUQ� RI�GULOOHG� KROHV� RI�XQLIRUP� GLDPHWHU� VXFK� DV� FRXOG�KDYH� EHHQ� SURGXFHG� E\� VSLQGOH��



��� 5��81*(5�+$0,/721��5��*5$&(��5��0,//(5�HW� &��%(5*0$1�

WLSSHG� VWRQH� ERUHUV� VSXQ� ZLWK� D� ERZ� GULOO�� DQG� HOHPHQWV� RI�PRVDLF� LQOD\� KDG� KROHV� GULOOHG�
LQWR� WKHP� WR� DWWDFK� WKHP� WR� WKH� PDWUL[� WKH\� ZHUH� VHW� LQ� ZKLFK� FRXOG� DOVR� KDYH� EHHQ� PDGH�
ZLWK� WKLV� WRRO� �3DUURW�� ������ ����� ILJ�� ���� �� 3DUURW�� ������ SL�� ��������
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,Q� WKH� H[SHULPHQWV� WKH� EODGHOHWV� XVHG� WR� SURGXFH� GULOO� ELWV� ZHUH� PDGH� E\� SHUFXVVLRQ� DQG�
D� KDQG�KHOG� SUHVVXUH� WHFKQLTXH� WDXJKW� WR� WKH� DXWKRUV� E\� D� 'DQLVK� IOLQWNQDSSHU�� %R�0DGVHQ��
$OWKRXJK� ,UDTL� IOLQW� ZDV� QRW� DYDLODEOH�� ZH� DWWHPSWHG� WR� PDWFK� WKH� JUDLQ� VL]H� RI�WKH� IOLQW� XVHG�
DW� $EX�6DODELNK� E\� XVLQJ� ILQH�JUDLQHG� IOLQW� IURP� (QJODQG�DQG� )UDQFH�� 7KLV� IOLQW� ZDV�ZLWKRXW�
LQFOXVLRQV�� OLNH� WKH� SUHVVXUH� G«ELWDJH� XVHG� WR� PDNH� GULOO� ELWV� DW� $EX�6DODELNK��� LQFOXVLRQV�
LQWHUUXSW� WKH� IORZ� RI� IRUFH� PDNLQJ� IODNLQJ� E\� SUHVVXUH� GLIILFXOW��

:H� FDUULHG� RXW� D� WRWDO� RI� ���H[SHULPHQWV� XVLQJ� D� ERZ� GULOO�� 7KH� ERZ� GULOO� VHW� FRQVLVWHG�
RI� D� ERZ�� GULOO� VKDIW� DQG� OLPHVWRQH� FDSVWRQH�� 7KH� ERZ� ZDV� D� EHQW� WUHH� EUDQFK�� WKH� VWULQJ�
ZDV� D� IDOORZ�GHHU�KLGH�� DQG�ZRRGHQ�GRZHOV�ZHUH� XVHG�IRU� WKH� GULOOVKDIWV�ZKLFK�KDG� D� GLDPHWHU�
RI� �� ��� FP� DQG� DYHUDJHG� ���FP� LQ� OHQJWK�� %HDGV� ZHUH� PRXQWHG� LQ� ELWXPHQ� RQ� D� ERDUG� WR�
KROG�WKHP� VWHDG\� IRU� GULOOLQJ�� XVLQJ� D�YHUWLFDO� PRXQWLQJ� RI�WKH� GULOO� VKDIW�� 6LPLODU�ERDUGV� DUH�
NQRZQ� IURP� :HVW� $IULFD� LQ� WKH� ��WK�F��$'� �6KDZ�� ������ ���� DQG� IURP� �UG� PLOOHQLXP�%�&��
6KDKU�L� 6RNKWD� LQ� HDVWHUQ� ,UDQ� �7RVL�� ������ ILJ�� ������ 7KH� H[WUD� ZHLJKW� RI� WKH� ERDUG�� ZKLFK�
FDQ� EH� VWHDGLHG� ZLWK� WKH� IRRW� ZKLOH� ZRUNLQJ� FURVV�OHJJHG� VHDWHG� RQ� WKH� JURXQG�� NHHSV� WKH�
EHDG� URXJK�RXWV� IURP� VSLQQLQJ��

$OO� RI�RXU� FRSLHV� RI�WKH� $EX�6DODELNK� ERUHUV� FORVHO\� PDWFKHG�WKH� GLPHQVLRQV� RI�WKRVH� IURP�
WKH� VLWH�� ,W� LV� H[WUHPHO\� LPSRUWDQW� WR� XVH� DFFXUDWH� UHSOLFDV� DV� WKLV� ZLOO� DIIHFW� WKH� RSHUDWLRQDO�
G\QDPLFV� RI� WKH� WRRO�� 3RRU� FRSLHV� PD\� DIIHFW� WKH� QDWXUH� DQG� GLVWULEXWLRQ� RI� PLFURVFRSLF�
SROLVKHV� RQ� WKH� IOLQW� VXUIDFH�� ,W� LV� DOVR� LPSRUWDQW� WR� XVH�UHSOLFDV� LQVWHDG� RI�GLVFDUGHG�DQFLHQW�
WRROV� ZKRVH� HGJH� FKDUDFWHULVWLFV� DQG� ZRUNLQJ� HIILFLHQF\� ZRXOG� KDYH� EHHQ� DOWHUHG� E\� XVH� �DV�
LQ� 3LSHUQR�� �������

([SHULPHQWV�ZLWK�UHSOLFDV�RI�$EX�6DODELNK�GULOO�ELWV�KHOSHG�WR�LQWHUSUHW�SUHVHUYHG�DUFKDHRORJLFDO�
H[DPSOHV�RI� WKLV� W\SH� RI� ERUHU�� 7KHVH� WRROV� DUH� XVXDOO\� IRXQG� EURNHQ�� :KHQ�WKH� VSLQGOH� WLS�
VKHDUV� RII�GXH� WR� WRUVLRQ� RU� IOH[LRQ� WKH� HQG�RI�WKH� WRRO� ZKLFK� KDV�EHHQ� PRXQWHG� LQ� WKH� KDIW�
FDQ� EH� XVHG� D� OLWWOH� ORQJHU� LI� WKH� GULOOLQJ� LV� VKDOORZ�� EXW� LW� HYHQWXDOO\� KDV� WR� EH� UHPRYHG�
IURP� WKH� KDIW� DQG� GLVFDUGHG�� 7KH� VSLQGOH� ZKLFK� KDV� EHHQ� SROLVKHG�E\� URWDU\� DEUDVLRQ� DQG�
VRPHWLPHV� E\� DEUDVLYHV� GXULQJ� LWV� XVH�� LV� VRPHWLPHV� IRXQG� LQ� LVRODWLRQ�� 7KLV� LV� QRW� EHFDXVH�
WKH� WLS� LV� D� WRRO� LQ� LWV� RZQ� ULJKW�� DV� KDV� VRPHWLPHV� EHHQ� DVVXPHG� �7RVL�� ������ ������ EXW�
EHFDXVH� WRUVLRQ� DQG� IOH[LRQ� VWUHVVHV� FDXVH�WKH� WLS� RI�WKH� WRRO� WR� EUHDN� RII�� HVSHFLDOO\� LI� IRUFH�
LV� QRW� HYHQO\� DSSOLHG� DW� DOO� WLPHV� GXULQJ� WKH� DOWHUQDWLQJ� PRYHPHQW� RI�WKH� ERZVWULQJ��

6KHDULQJ� RI� VSLQGOHV� ZDV� WKH� PRVW� FRPPRQ� DFFLGHQW� LQ� RXU� H[SHULPHQWV�� 2XW� RI� WKH� ���
GULOO� WLSV� LQLWLDOO\� XVHG� LQ� WKH� H[SHULPHQWV�� ��� ZHUH� XQEURNHQ� DW� WKH� FRQFOXVLRQ� RI�D� WDVN�� ��
VKHDUHG� RII�IURP� WZLVWLQJ� VWUHVV�� DQG� �� KDG� IOH[LRQ� EUHDNV�� 7KLV�FRUUHVSRQGV� WR� D�FRPSDUDEOH�
PDJQLWXGH� RI� EUHDNDJH� LQ� WKH� $EX�6DODELNK� GULOO� ELW� DVVHPEODJH�� ZKHUH� �� ELWV� KDG� WRUVLRQ�
EUHDNV�� �� ZHUH� XQEURNHQ� DQG� �� ELWV� KDG� IOH[LRQ� EUHDNV�� 7KH� FORVH� FRUUHVSRQGHQFH� EHWZHHQ�
H[SHULPHQWDO� DQG� DUFKDHRORJLFDO� JURXSV� LV� D� IXUWKHU� FRQWURO� RQ� RXU� H[SHULPHQWDO� SURWRFRO�
DQG� UHIOHFWV� WKH� UHODWLYHO\� FRPSOHWH� UHFRYHU\� SRVVLEOH� ZLWK� D� VLHYHG� IOLQW� VDPSOH� VXFK� DV�WKDW�
SURYLGHG�E\� WKH� H[FDYDWRUV� RI� $EX�6DODELNK��

7KUHH� GLIIHUHQW� KDIWLQJ� WHFKQLTXHV� ZHUH� XVHG� LQ� RXU� H[SHULPHQWV�� ��� UHVLQ�� ��� VLQHZ� DQG�
��� IULFWLRQ�� 7KH� IULFWLRQ� KDIW� ZDV� WKH� HDVLHVW� WR� XVH� DV� ELWV� FRXOG� EH� UHSODFHG� TXLFNO\�� 6RPH�
ELWV� ZHUH� KDIWHG� ZLWK� WZR� GLIIHUHQW� PL[WXUHV� RI� UHVLQ��� WKH� ILUVW� FRQWDLQHG� DERXW� ���� SLQH�
UHVLQ� DQG�����EHHVZD[�� 7KLV�PL[WXUH� SURYHG�EULWWOH� DQG�WHQGHG� WR� PHOW� DV� D� UHVXOW�RI�IULFWLRQ�
LI� WKH� ELW� ZHQW� WR� GHHS� LQWR� WKH� FRQWDFW� PDWHULDO�� $� VHFRQG� PL[WXUH� RI� ORDGHG� UHVLQ� ZDV�
SUHSDUHG� FRPSRVHG� RI� ���� SLQH� UHVLQ� ZLWK� WKH� UHVW� PDGH� XS� RI� EHHVZD[�� UHG� RFKUH�� VDQG�
DQG� KHPS� ILEUH�� 7KLV� ZRUNHG� H[WUHPHO\� ZHOO�� UHPDLQLQJ� VROLG� ZLWKRXW� VRIWHQLQJ� GHVSLWH� WKH�
EXLOG� XS� RI� IULFWLRQ� KHDW� GXULQJ� XVH�� 'HHU� OHJ� VLQHZ� ZDV� DOVR�XVHG� WR� KDIW� GULOO� ELWV�� KRZHYHU�
WKLV� WRRN� ORQJHU� WR� UHSODFH� EURNHQ� GULOO� ELWV� DV� LW� ZDV� GULHG� IRU� ��� KRXUV� EHIRUH� XVH��
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5HSHDWHG� URWDWLRQ� ZLWK� D� GULOO� ELW� LV� D� FODVVLF� ZD\� RI� FRQYHUWLQJ� PHFKDQLFDO� HQHUJ\� LQWR�
KHDW� HQHUJ\�� DQG� LI�WKH� ERUHI� LV� XVHG� FRQWLQXRXVO\� IRU� D� ORQJ� WLPH� RU� LW� SHQHWUDWHV� WRR� GHHSO\�
LQWR� WKH� PDWHULDO� EHLQJ� ZRUNHG�� WKH� UHVLQ� KDIW� KHDWV� XS� DQG� ORRVHQV�� DOORZLQJ� WKH� WRRO� WR� VOLS�
LQ� WKH� KDIW� DQG� EHFRPH� PLVDOLJQHG�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� $XVWUDOLDQ� DG]H� VOXJV� WHQG�
WR� ZRUN� ORRVH�IURP� WKHLU� KDIW� DQG�KDYH� WR� EH�GLVFDUGHG� ZKHQ� DIWHU� UHSHDWHG� UHVKDUSHQLQJ� WKH�
ZRUNLQJ� HGJH� �DQG� WKH� KHDW� SURGXFHG� DW� WKH� ZRUNLQJ� HGJH�� JHWV� WRR� FORVH� WR� WKH� UHVLQ� KDIW�
�*RXOG�� ������ �����
7KH� DFWXDO� H[SHULPHQWV� FRQVLVWHG� RI�GULOOLQJ� D� YDULHW\� RI�GLIIHUHQW� PDWHULDOV��� SRWWHU\�� ZRRG��

VKHOO� DQG� VWRQH� �VHH� EHORZ��� PLFUR�ZHDU� LQYHVWLJDWLRQ��� ,Q� HDFK� LQVWDQFH� ZH� DWWHPSWHG� WR�
FRPSOHWH� D� SDUWLFXODU� WDVN�� )RU� H[DPSOH�ZH� GULOOHG� VHYHUDO� SLHFHV� RI�ODSLV� OD]XOL�����PP� WKLFN�
WR� PDNH� EHDGV�� 'HWDLOV� RI� WKH� WLPH� QHHGHG� WR� FRPSOHWH� D� WDVN�� GDPDJH� DQG�UHSDLU� RI� D� JLYHQ�
ELW� ZHUH� DOO� UHFRUGHG�� 7KH� PRGHOV� IRU� H[SHULPHQWV� FDPH� IURP� DUFKDHRORJLFDO�� WH[WXDO� DQG�
HWKQRJUDSKLF� VRXUFHV�� 2QH� RI� RXU� HWKQRJUDSKLF� PRGHOV� FDPH� IURP� $IJKDQLVWDQ� ZKHUH� WKH�
ERZ� GULOO� LV� VWLOO� XVHG� WR� UHSDLU� EURNHQ� SRWV� �6��,QJHUVRQ�� SHUVRQDO� FRPPXQLFDWLRQ��� :H�
DWWHPSWHG� WR� OLPLW� RXU� ZRUN� WR� SUREDEOH� XVHV� RI� WKH� ERZ� GULOO� LQVWHDG� RI� DUELWUDULO\� DQG�
KDSKD]DUGO\� DWWHPSWLQJ� WR� SURGXFH� SROLVKHV�� ,Q� WKLV� ZD\� ZH� KRSHG� WR� SURGXFH� D� VLPLODU�
UDQJH� RI� SROLVK� W\SH� DQG�GLVWULEXWLRQ� RQ� RXU� H[SHULPHQWDO� SLHFHV� DV� ZRXOG� EH� IRXQG� RQ� WKH�
H[FDYDWHG� SLHFHV��
0LFURZHDU�DQDO\VLV� ZDV�GLYLGHG� LQWR� WZR� VWDJHV�� 2SWLFDO� PLFURVFRS\�ZDV�XVHG� WR� GHWHUPLQH�

PLFURZHDU� SROLVKHV� XVLQJ� .HHOH\
V� PHWKRG� ZLWK� PRGLILFDWLRQV�� +DIWLQJ� WUDFHV� ZHUH� VWXGLHG�
XVLQJ� D� GLJLWLVHG� LPDJH� SURFHVVLQJ� WHFKQLTXH� GHYHORSHG� DW� WKH� ,QVWLWXWH� RI� $UFKDHRORJ\� LQ�
/RQGRQ��7KH�HYLGHQFH�IURP�WH[WV��DUFKDHRORJLFDO�FRQWH[W�DQG�DQFLHQW� DUWZRUN�SODFHG�UHVWULFWLRQV�
RQ� WKH� ERUHUV
� XVH� DQG� HQDEOHG� D� YDULHW\� RI�EOLQG� WHVW� WR� EH� FRQGXFWHG� E\�5�8�+��
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7KH� DLPV�
7KH� DLPV�RI� WKLV� LQYHVWLJDWLRQ� ZHUH� IRXUIROG� ��
� ��:H�ZDQWHG� WR� FRQGXFW� D� EOLQG� WHVW� E\� FRPSOHWLQJ� WKH� PLFUR�ZHDU� DQDO\VLV� ILUVW� EHIRUH�

FRPSDULQJ�RXU� UHVXOWV� ZLWK� RWKHU� DUFKDHRORJLFDO� HYLGHQFH�IURP� $EX�6DODELNK�� 7KLV�ZDV�
D� VRPHZKDW�GLIIHUHQW� DSSURDFK�WR� WKDW� RI�.HHOH\� DQG�1HZFRPHU� ������� ZKR� FRQGXFWHG�
D� VXFFHVVIXO� EOLQG� WHVW� LQYROYLQJ� RQO\� H[SHULPHQWDO� WRROV� ZKLFK� 1HZFRPHU� KDG� PDGH�
DQG� XVHG�DQG� .HHOH\� KDG�DQDO\VHG�� 7KHLU�EOLQG� WHVW� KDV� EHHQ� VHHQ� DV� HYLGHQFH� IRU� WKH�
YLDELOLW\� RI� PLFUR�ZHDU� DQDO\VLV�� +RZHYHU�� DV� WKHLU� WHVW� ZDV� OLPLWHG� WR� H[SHULPHQWDO�
WRROV� RQO\� LW� GLG� QRW� WDNH� LQWR� DFFRXQW� WKH� PDQ\� IDFWRUV� ZKLFK� FDQ� DIIHFW� VXUIDFHV� RI�
IOLQW�WRROV� GXULQJ� DQG� DIWHU�WKHLU� EXULDO� LQ� WKH� JURXQG� �6WDSHUW�� ����� �� +ROPHV�� LQ� SUHVV��
DQG� ZKLFK� OHDYH� WKHLU� RZQ� PLFURVFRSLF� WUDFHV� RQ� WKH� IOLQW� VXUIDFHV��

� ��:H� ZDQWHG� WR� FRPSDUH� RXU� H[SHULPHQWDO� UHVXOWV� ZLWK� WKRVH� RI�RWKHU� UHVHDUFKHUV��:KHUH�
GLIIHUHQFHV� HPHUJHG� ZH� ZDQWHG� WR� ILQG� RXW� WKHLU� FDXVHV�� 3UHYLRXV� UHVHDUFK� LQWR� WKH�
IRUPDWLRQ� RI�PLFUR�ZHDU� WUDFHV� �8QJHU�+DPLOWRQ��������DQG� LQWR� WKH� HIIHFWV� RI�FKHPLFDOV�
DQG� SK\VLFDO� VWUHVV� RQ� PLFUR�ZHDU� WUDFHV� RQ� IOLQW� �3OLVVRQ� DQG� 0DXJHU�� LQ� SUHVV�� KDV�
VKRZQ� WKDW� WKHUH� PD\� EH� PDQ\� UHDVRQV� IRU� GLIIHUHQW� UHVXOWV�� $PRQJVW� RWKHU� IDFWRUV��
ZH� ZDQWHG� WR� NQRZ� ZKHWKHU� D� GLIIHUHQW� VKDSH� RI� WRRO� RU� D� GLIIHUHQW� PHWKRG� RI� XVH�
ZRXOG� DIIHFW� WKH� IRUPDWLRQ� RI�ZHDU�WUDFHV� �� ZH� WKHUHIRUH� LQFOXGHG� WZR� KDQGKHOG� ERUHUV�
LQ� RXU� H[SHULPHQWV�� 8QIRUWXQDWHO\�� LQ� PDQ\� UHFHQW� SXEOLFDWLRQV�� GHVSLWH� SUHFLVH�
FRQFOXVLRQV��PLFUR�ZHDU�DQDO\VWV�KDYH�RPLWWHG�GHWDLOV�RI�H[SHULPHQWDWLRQ�DQG�SKRWRJUDSKLF�
HYLGHQFH� LQ� ZKLFK� H[SHULPHQWDO� DQG�DUFKDHRORJLFDO� PLFUR�ZHDU�WUDFHV� FDQ�EH� FRPSDUHG��
7KLV� OHG� XV� WR� UHO\� RQ� RQO\� D� IHZ� SXEOLFDWLRQV� VXFK� DV� <HUNHV� ������� DQG�0RVV� �������
ZKLFK� ZHUH� FKRVHQ� EHFDXVH� WKH� IRUPHU� KDG� XVHG� H[SHULPHQWDO� GULOO� ELWV�� DQG� WKH� ODWWHU�
SLHUFHUV��
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� ��:H�ZDQWHG� WR� RXWOLQH� WKH� PDQ\�SUREOHPV� WKH� PLFUR�ZHDU� DQDO\VW� LV� OLNHO\� WR� HQFRXQWHU��
7KHVH� SUREOHPV�� VXFK� DV� IOLQW�VXUIDFH� PRGLILFDWLRQV� GXH� WR� QDWXUDO� FDXVHV� DUH� UDUHO\�
PHQWLRQHG� LQ� WKH� OLWHUDWXUH��� SRVLWLYH� FRQFOXVLRQV�DERXQG� DQG� VLWHV� ZLWK� QHJDWLYH� UHVXOWV�
DUH� UDUHO\� SXEOLVKHG��

� �� :H� ZDQWHG� WR� ILQG� RXW� ZKHWKHU� KDLOLQJ� WKH� GULOO� ELWV� ZRXOG� OHDYH� DQ\� GLVWLQFWLYH�
m�KDLOLQJ� WUDFHV�}�ZKLFK� DUH� RIWHQ� UHIHUUHG� WR� LQ� PLFUR��ZHDU� VWXGLHV� �VHH� IRU� H[DPSOH�
%¾OOHU�� �������

0HWKRG�RI� VWXG\�
7KH� H[SHULPHQWDO� GULOO� ELWV� DQG� ERUHUV� ZHUH� FOHDQHG� LQ� D� VROXWLRQ� RI� ZDUP� ZDWHU� DQG� D�

PLOG� GHWHUJHQW� DQG� ZHUH� H[DPLQHG� XQGHU� DQ� 2O\PSXV� 9DQR[� ,QFLGHQW� /LJKW� 0LFURVFRSH� DW�
PDJQLILFDWLRQV� RI�[���[����� 7KH\�ZHUH� SKRWRJUDSKHG�XVLQJ� ,OIRUG� )�͔ ��� ILOP�� $IWHU� WKH� LQLWLDO�
H[DPLQDWLRQ� WKH� WRROV� ZHUH� LPPHUVHG� LQ� :KLWH� 6SLULW� LQ� RUGHU� WR� UHPRYH� WKH� UHVLGXHV� RI� WKH�
UHVLQ� ZKLFK� KDG� EHHQ� XVHG� IRU� KDLOLQJ�� $OWKRXJK� :KLWH� VSLULW�� LQ� FRQWUDVW� WR� YDULRXV� RWKHU�
FKHPLFDOV� GRHV� QRW� VHHP� WR� DIIHFW� WKH� DSSHDUDQFH� RI� ZHDU� WUDFHV� DW� DOO�� LW� ZDV� QHYHUWKHOHVV�
WKRXJKW� ZLVHU� WR� H[DPLQH� WKH� GULOO� ELWV� EHIRUH� LPPHUVLRQ�� $IWHU� WKLV� D� VHFRQG� LQYHVWLJDWLRQ�
XQGHU� WKH� PLFURVFRSH� ZDV� FDUULHG� RXW��

7KH� VXUIDFHV� RI�WKH� H[FDYDWHG� GULOO� ELWV� IURP� $EX�6DODELNK� ZHUH� IRXQG� WR� EH� REVFXUHG� E\�
VDQG� SDUWLFOHV� DGKHULQJ� WR� WKH� WRROV�� 7KH\� ZHUH� WKHUHIRUH� FOHDQHG� LQ� DQ� XOWUDVRQLF� FOHDQLQJ�
WDQN� DV� ZHOO� DV� LQ� ZDWHU� DQG� GHWHUJHQW�� 7KH� H[FDYDWHG� WRROV� ZHUH� DOVR� LQYHVWLJDWHG� DQG�
SKRWRJUDSKHG� EHIRUH� DQG� DIWHU� FOHDQLQJ�� )LQDOO\� WKH� ZHDU�WUDFHV� RQ� WKH� H[SHULPHQWDO� WRROV�
ZHUH� FRPSDUHG� ZLWK� WKRVH� RQ� WKH� H[FDYDWHG�WRROV��

(GJH�GDPDJH�RQ� IOLQW� WRROV� LV� KHOG�E\� VRPH�UHVHDUFKHUV� �7ULQJKDP� HW� DO�� ������� 5R\�� ������
WR� LQGLFDWH� WKH� QDWXUH� RI�WKH� PDWHULDO� RQ� ZKLFK� D� WRRO� KDG�EHHQ� XVHG�� ZKLFK�ZLOO� EH� FDOOHG�
WKH� m�FRQWDFW� PDWHULDO�}� LQ� WKLV� SDSHU�� +RZHYHU� WKLV� ZDV� QRW� WKH� FDVH� LQ� RXU� H[SHULPHQWV���
WKHUH� ZDV� QR� FRQVLVWHQF\� LQ� HGJH� GDPDJH� UHODWHG� WR� GLIIHUHQW� FRQWDFW� PDWHULDOV�� ,Q� IDFW�� DSDUW�
IURP� EUHDNDJH�� UHPDUNDEO\� OLWWOH� HGJH� GDPDJH� ZDV� REVHUYHG� RQ� WKH� H[SHULPHQWDO� GULOO� ELWV�
DQG� LW� LV� WKHUHIRUH� QRW� FRQVLGHUHG� DQ� LQGLFDWRU� RI�FRQWDFW� PDWHULDO� LQ� WKLV� FRQWH[W��

3ROLVK�DQG� VWULDWLRQV� ZKLFK� DUH� YLVLEOH� DW� PDJQLILFDWLRQV� RI�[���[���� KDYH� EHHQ� VKRZQ� WR�
LQGLFDWH� WKH� QDWXUH� RI� WKH� FRQWDFW� PDWHULDO� E\� .HHOH\� DQG� 1HZFRPHU� �������� :H�KDYH� XVHG�
.HHOH\
V� DSSURDFK� ������� LQ� WKLV� ZRUN��
0RVW� RI� RXU� SKRWRJUDSKV� VKRZ� ZHDU��WUDFHV� DW� [����� 7KH� SKRWRJUDSKV� VKRZLQJ� WKH� ZHDU��

WUDFHV� RQ� GULOO� ELWV� XVHG� ZLWK� DEUDVLYHV� ZHUH� WDNHQ� DW� ����� LQ� RUGHU� WR� GRFXPHQW� WKH�
FKDUDFWHULVWLF� PRGLILFDWLRQ� RI� WKH� IOLQW� VXUIDFH�� 7KH� EULHI� GHVFULSWLRQV� RI� WKH� SROLVKHV� DQG�
VWULDWLRQV� DUH� EDVHG� RQ� ZKDW� KDV� EHHQ� REVHUYHG� DW� WKH� VDPH� PDJQLILFDWLRQV�� 7KH� PRGHO� RI�
SROLVK� IRUPDWLRQ� XQGHUO\LQJ� WKH� GHVFULSWLRQV� LV� EDVHG� RQ� REVHUYDWLRQV� XQGHU� WKH� 6FDQQLQJ�
(OHFWURQ� 0LFURVFRSH� �6(0��ZKLFK� LQGLFDWHG� WKDW� SROLVK� LV� IRUPHG� DV� D� UHVXOW� RI�DEUDVLRQ� DQG�
D� YHU\� WKLQ� FRDWLQJ�RI�DPRUSKRXV� VLOLFD� �8QJHU�+DPLOWRQ�� �������

0LFUR�ZHDU� WUDFHV� RQ� WKH� H[SHULPHQWDO� WRROV�
5�8�+�
V� H[SHULPHQWV� KDG� VKRZQ� WKDW� WKH� XVH� RI� D� KDPPHUVWRQH� WR� UHWRXFK� OHDYHV� VWURQJ�

PLFURVFRSLF� WUDFHV� LQ� WKH� IRUP� RI�m�VWRQH� SROLVK�}��L�H�� D� IODW� EULJKW� DUHD� ZLWK� VWULDWLRQV�� 7KLV�
FRXOG� EH� FRQIXVHG� ZLWK� WUDFHV� IURP� XVH�� LI�WKH� VXSSRVHG� GLUHFWLRQ� RI� XVH� ZDV� WKH� VDPH� DV�
WKDW� RI� WKH� UHWRXFK� EORZV�� +RZHYHU� WKH� DQWOHU� WLQH� XVHG� WR� UHWRXFK� RXU� H[SHULPHQWDO� WRROV�
OHIW� RQO\� ZHDN� PLFURVFRSLF� WUDFHV� LQ� WKH� IRUP� RI� LVRODWHG� VWULDWLRQV� ZKLFK� ZHUH� WRR� IDLQW� WR�
EH� FRQIXVHG� ZLWK� WUDFHV� IURP� XVH��
0LFURVFRSLF�WUDFHV� IURP� WKH� GULOOLQJ� RI�LQRUJDQLF� PDWHULDOV��

/DSLV� OD]XOL� FDXVHG� FKDUDFWHULVWLF� mVWRQH� SROLVK}� FRPSDUDEOH� WR� WKDW� QRWHG� E\� RWKHU�
UHVHDUFKHUV� �0RVV�� ������ ����� SL���� ����� 2WKHU� PDWHULDOV� XVHG� LQ� H[SHULPHQWDO� GULOOLQJ� LQFOXGHG�
PDODFKLWH�� QDWLYH� FRSSHU�� WXUTXRLVH�� KLSSRSRWDPXV� LYRU\� DQG� SRWWHU\� �WKH� SRWWHU\� FDPH� IURP�
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WKH� VLWH� RI� $EX�6DODELNK� DQG� ZDV� FRQWHPSRUDU\� ZLWK� WKH� GULOO� ELWV��� 7KHVH� SROLVKHV� FRXOG� LQ�
PRVW� FDVHV�EH�GLVWLQJXLVKHG� IURP� HDFK�RWKHU� E\� SROLVK� DQG� VWULDWLRQ� W\SHV�� ZLWK� WKH� H[FHSWLRQ�
RI�PDODFKLWH� DQG� SRWWHU\� ZKLFK� ORRNHG�VLPLODU��
0LFURVFRSLF� WUDFHV�IURP� WKH� GULOOLQJ� RI�RUJDQLF� PDWHULDOV��

'ULOOLQJ�VHDVRQHG�DVK� �)UD[LQXV�H[FHOVLRU��OHIW� D� VPRRWK� DUHD�RI�SROLVK��ZLWKRXW�DQ\�VWULDWLRQV��
DW� WKH� WLS� RI�WKH� GULOO� ELW� VLPLODU� WR� WKH� SROLVK� PHQWLRQHG� E\� <HUNHV� ������� ����� ILJ�� �� �$�����
+RZHYHU� ERULQJ� WKH� VDPH� SODQN� RI� ZRRG� ZLWK� ODUJHU� ERUHUV� OHG� WR� D� GLIIHUHQW�� PRUH� GLIIXVH�
SROLVK� ZLWK� VRPH� VWULDWLRQV��

7KH� SROLVKHV� RQ� RXU� H[SHULPHQWDO� WRROV� IURP� WKH� GULOOLQJ� RI� VRDNHG� IDOORZ�GHHU� �'DPD�
GDPD��DQWOHU� DQG� IURP� GULOOLQJ� FRZ� �%RV�� ERQH� ORRNHG� TXLWH� GLVWLQFW�� 7KHVH� SROLVKHV�GLG� QRW�
UHVHPEOH� WKRVH� IURP� WKH� VDPH� FRQWDFW� PDWHULDOV� VKRZQ� E\� <HUNHV� ������� ����� ILJ�� �(� >DQWOHU@�
DQG������ ILJ�� �&�'�>ERQH@��ZKLFK� ORRNHG�m�SLWWHG�}�� <HUNHV�KDG�VRDNHG�KLV� DQWOHU� �H[DFW� VSHFLHV�
QRW� LQGLFDWHG�� IRU� WKUHH� GD\V�� EXW� WKH� SROLVK� FRXOG� KDYH� EHHQ� DOWHUHG� E\� WKH� VROXWLRQV� RI�
K\GURFKORULF� DFLG� �+&��� DQG� SRWDVVLXP� K\GUR[LGH� �.2+��KH� XVHG� WR� FOHDQ� KLV� WRROV�� .HHOH\�
������� ���� DOVR� UHIHUUHG� WR� WKH� mSLWWHG}� DSSHDUDQFH�RI� ERQH� SROLVK� DIWHU� FOHDQLQJ� ZLWK� +&��
DQG� VRGLXP� K\GUR[LGH� �1D2+��� 2EVHUYDWLRQV� XQGHU� WKH� 6(0� �8QJHU��+DPLOWRQ�� ������ KDYH�
VKRZQ� UHVLGXHV� IURP� ERQH�DGKHULQJ� WR� WKH� VXUIDFH� RI�D� IOLQW� WRRO� DIWHU� FOHDQLQJ�ZLWK� GHWHUJHQW�
DQG� DIWHU� VL[� PRQWKV� RI� VWRUDJH�� ,W� LV� OLNHO\� WKDW� VXFK� ORRVHO\� DWWDFKHG� UHVLGXHV� DUH� UHPRYHG�
ZLWK� +&�� ZKLFK� DWWDFNV� FDOFLXP� FRPSRXQGV�� $ONDOLQH� VROXWLRQV� RI� .2+� DQG� 1D2+� FRXOG�
DWWDFN�WKH� VXUIDFH� RI�WKH� IOLQW� LWVHOI��SURYLGHG�WKH� VROXWLRQV�DUH� VWURQJ� HQRXJK��.HHOH\�� ������ �����
&DUGLXP� DQG� VFDOORS� VKHOO� FDXVHG� VLPLODU� DUHDV� RI� SROLVK� ZLWK� EXQGOHV� RI� ILQH� VWULDWLRQV�

�3,���� F�� H[DFWO\� OLNH� WKH� VKHOO� SROLVK� VKRZQ� E\� <HUNHV� ������� ����� ILJ�� �&���
0LFRVFRSLF� WUDFHV�IURP� WKH� GULOOLQJ� RI�YDULRXV� PDWHULDOV� ZLWK� WKH� DGGLWLRQ� RI�DEUDVLYHV��

/DSLV� OD]XOL� GULOOHG� ZLWK� WKH� DGGLWLRQ� RI�VDQG� DQG� ZDWHU� FDXVHG� D� YHU\� GLVWLQFW� SROLVK� �3,����
D�� ZLWK� D� SDWWHUQ� RI� FRQFHQWULF� ULQJV�� GLIIHUHQW� WR� WKH� SROLVK� FDXVHG� E\� ODSLV� RQ� LWV� RZQ�� RU�
ZLWK� WKH� DGGLWLRQ� RI�VDQG�� RU� ZDWHU� RQO\�� 7KLV� SDWWHUQ� RI�FRQFHQWULF� ULQJV� ZDV� DOVR� IRXQG� RQ�
WKH� SROLVK� FDXVHG� E\� GULOOLQJ� FRSSHU� ZLWK� VDQG� DQG� ZDWHU�� $� VLPLODU� SDWWHUQ� ZDV� REVHUYHG�
XQGHU� WKH� 6(0� RQ� ERUH� LPSUHVVLRQV� IURP� GULOOLQJ� ZLWK� ZRRG� GULOO� ELWV� DOVR� XVHG� ZLWK� VDQG�
�*ZLQQHWW� DQG� *RUHOLFN�� �������
'LVWULEXWLRQ� RI�WKH� SROLVKHV��
7KH� GLVWULEXWLRQ� RI� WKH� SROLVKHV� RYHU� WKH� VXUIDFH� RQ� WKH� GULOO� ELWV� YDULHG� DFFRUGLQJ� WR� WKH�

VRIWQHVV� RU� KDUGQHVV� RI� WKH� FRQWDFW� PDWHULDOV�� :H� EHOLHYH� WKDW� WRRO� VKDSH� DOVR� DIIHFWV� WKH�
GHSWK� RI� SHQHWUDWLRQ� LQWR� WKH� FRQWDFW� PDWHULDO�� L�H�� D� ORQJ� QDUURZ� WLS� VXFK� DV� RQH� RI� RXU�
GULOO� ELWV� FRXOG�EH� XVHG� WR� SHQHWUDWH� GHHSHU� WKDQ� D� VKRUW�� WKLFN� WLS��
5HVLGXHV�IURP� FRQWDFW� PDWHULDOV��

$IWHU� ERWK� FOHDQLQJ�SURFHVVHV� KDG� EHHQ� FRPSOHWHG� WKH� RQO\� WUDFHV� RI�UHVLGXHV� ZKLFK� FRXOG�
EH� GHWHFWHG� XQGHU� WKH� PLFURVFRSH� ZHUH� VRPH� EODFN� IOHFNV� RI� ODSLV� SRZGHU� RQ� WKH� GULOO� ELW�
XVHG� WR� GULOO� ODSLV� ZLWKRXW� WKH� DGGLWLRQ� RI� DEUDVLYHV�� 6LPLODU�UHVLGXHV� ZHUH� VHHQ� E\� 7RVL�DQG�
3LSHUQR� ������� RQ� H[FDYDWHG� GULOO� ELWV� IURP� 6KDKU�L� 6RNKWD�� 1R� VDQG� JUDLQV� FRXOG� EH� VHHQ�
RQ� WKH� GULOO� ELWV� ZKLFK� KDG�EHHQ� XVHG� ZLWK� VDQG��

+DIWLQJ� WUDFHV��
1R� WUDFHV� UHODWHG� WR� KDIWLQJ� FRXOG�EH� VHHQ� RQ� WKH� WRROV��

0DFURVFRSLF� WUDFHV��
*ORVV� �ZKLFK� LV� YLVLEOH� WR� WKH� QDNHG� H\H��ZDV� REVHUYHG� RQ� DOO� WKH� GULOO� ELWV� XVHG� WR� GULOO�

KDUG� LQRUJDQLF� PDWHULDOV� �ZLWK� RU� ZLWKRXW� DEUDVLYHV�� DQG� ZRRG��� JORVV� ZDV�QRW� SUHVHQW� RQ� WKH�
GULOO�ELWV� XVHG� WR� GULOO� SRWWHU\� DQG� WKH� RWKHU� RUJDQLF� PDWHULDOV��
6XPPDU\�RI�WKH� LQYHVWLJDWLRQ� RI�WKH� H[SHULPHQWDO� WRROV��

�� �� 7KH� PDMRULW\� RI�SROLVKHV� IRUPHG� E\� GLIIHUHQW� FRQWDFW� PDWHULDOV� ORRNHG�GLVWLQFW�� :H� ZHUH�
WKHUHIRUH� KRSHIXO� DERXW� WKH� PLFUR�ZHDU� DQDO\VLV� RI�WKH� H[FDYDWHG� WRROV��
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3/� �� D��� ([SHULPHQWDO�GULOO�ELW�� XVHG� RQ� ODSLV� OD]XOL� ZLWK� VDQG� DQG�ZDWHU��� PDJQLILFDWLRQ� [O22�� VLGH� YLHZ��
E��$EX�6DODELNK� GULOO�ELW�� PDJQLILFDWLRQ�[O22�� REOLTXH� YLHZ�RI�VLGH� DQG� WLS�� F�� ([SHULPHQWDO�GULOO�
ELW� XVHG� RQ� FDUGLXP� VKHOO��� PDJQLILFDWLRQ�[����� VLGH� YLHZ��

�� 0RVW�SROLVKHV� ORRNHG� VLPLODU�WR� WKRVH� UHSRUWHG� DQG� VKRZQ� E\� RWKHU� UHVHDUFKHUV�� 'LIIHUHQFHV�
IRXQG� LQ� WKHVH� H[SHULPHQWV� PD\�KDYH� EHHQ� GXH� WR� FOHDQLQJ�PHWKRGV� RU� D� GLIIHUHQW� YDULHW\�
RI�FRQWDFW� PDWHULDO�� 7KH� SRVVLELOLW\� DOVR� H[LVWV� WKDW� LGLRV\QFUDWLF� GLIIHUHQFHV� LQ� WRRO� XVH� E\�
GLIIHUHQW� ZRUNHUV�PD\� UHVXOW� LQ� PLQRU� YDULDWLRQV� LQ� SROLVK� GLVWULEXWLRQV� DQG� DSSHDUDQFH��

�� $� GLIIHUHQFH� LQ� WRRO� VKDSH� DQG�RU� DFWLRQ� GXULQJ� XVH� OHG� WR� VOLJKWO\� GLIIHUHQW� ZHDU�WUDFHV��
�� $GGLWLRQ� RI� DEUDVLYHV� DOWHUHG� WKH� SROLVK� FRPSOHWHO\� DQG� ZH� FRXOG� QRW� WHOO� WKH� GLIIHUHQFH�

EHWZHHQ� WZR� FRQWDFW� PDWHULDOV� ZKHQ� WKH� VDPH�DEUDVLYHV� KDG�EHHQ� DGGHG��
�� ,W� DSSHDUV� WKDW� LQRUJDQLF� UHVLGXHV� PD\� EHFRPH� ILUPO\� HPEHGGHG� LQ� WKH� WRRO� VXUIDFH� DQG�

FRXOG� SURYLGH� HYLGHQFH� RI� WKH� FRQWDFW� PDWHULDO��
�� 1R� KDIWLQJ� WUDFHV� FRXOG� EH�GHWHFWHG��
�� 7KH�SUHVHQFH� RI�JORVV�YLVLEOH� WR�WKH� QDNHG� H\H�ZDV� FRQILQHG� WR� WKH� GULOOLQJ�RI�KDUG� LQRUJDQLF�

PDWHULDOV� DQG� ZRRG�� ,W� FRXOG� WKHUHIRUH� EH� XVHG� DV� D� YDJXH� LQGLFDWRU� EHIRUH� PLFURVFRSLF�
H[DPLQDWLRQ��

7KH� LQYHVWLJDWLRQ� RI� WKH� H[FDYDWHG�GULOO� ELWV�
7KH�PDFURVFRSLF� H[DPLQDWLRQ��
7KH� PDFURVFRSLF� H[DPLQDWLRQ� RI� WKH� �� �� GULOO� ELWV� IURP� $EX�6DODELNK� VKRZHG� WKDW� VDQG�

JUDLQV� DGKHUHG� WR� PRVW� RI� WKH� WLSV�� 7KLV� KDG� VXJJHVWHG� WR� XV� WKH� SRVVLELOLW\� WKDW� VDQG� PD\�
KDYH� EHHQ� XVHG� DV� DQ� DEUDVLYH�� DOWKRXJK� RQO\� RQH� WRRO� KDG� D� JORVV\� WLS� DQG� QRQH� RI� WKH�
H[SHULPHQWDO� WRROV� XVHG� ZLWK� DEUDVLYHV� VKRZHG� DQ\� WUDFHV� RI�VDQG� RQ� WKHLU� WLSV��

(LJKW� RI� WKH� GULOO� ELWV� KDG� ORVW� WKHLU� WLSV� WKURXJK� EUHDNDJH��
7KH� PLFURVFRSLF� H[DPLQDWLRQ��
7KH� PLFURVFRSLF� H[DPLQDWLRQ� UHYHDOHG� WKDW� RQO\� RQH� WRRO� �WKH� WRRO� ZLWK� JORVV�� VKRZHG�

WKH� FRQFHQWULF� ULQJ� SDWWHUQ� FKDUDFWHULVWLF� RI� WKH� DGGLWLRQ� RI�VDQG� DQG� ZDWHU� GXULQJ� GULOOLQJ�
�3,�� �� E��� 7KLV� OHDGV�XV� WR� EHOLHYH� WKDW� WKH� RWKHU� GULOO� ELWV� KDG�QRW� EHHQ� XVHG� ZLWK� DEUDVLYHV��

,W� LV� SRVVLEOH� WKDW� WKH� GULOO� ELWV� ZLWK� WKH� FRQFHQWULF� ULQJ� SDWWHUQ� KDG� EHHQ� XVHG� WR� GULOO�
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3,�� �� D��� $EX�6DODELNK� GULOO� ELW��� PDJQLILFDWLRQ� [����� VLGH� YLHZ�� E��� 6XUIDFH� DOWHUDWLRQ� RQ� GRUVDO� ULGJH�
EHIRUH� KDILLQJ�� F� �� 6XUIDFH� DOWHUDWLRQ� RQ� GRUVDO� ULGJH� DIWHU� KDIWLQJ��

VWRQH�ZLWK� D� KDUGQHVV� JUDGH� RI��� RU� OHVV� RQ� WKH�0RKV�VFDOH�� SHUKDSV� FKDOFHGRQ\� �����PDODFKLWH�
����� WXUTXRLVH� �VOLJKWO\� OHVV� WKDQ� ���� RU� ODSLV� ���� �6PLWK� DQG� 3KLOOLSV�� ������ ����� ����� �����
������ $GGLQJ� VDQG� WR� GULOO� DQ\�PDWHULDO� RWKHU� WKDQ� VWRQH� SURYHG�XQQHFHVVDU\� EXW� VDQG� JUDLQV�
RI�TXDUW]�� ZKLFK� KDV� D� KDUGQHVV� RI� �� RQ� WKH� 0RK� VFDOH�DQG� FDQ� EH� XVHG� WR� GULOO� RWKHU� IRUPV�
RI�6L2�� VXFK� DV� FDUQHOLDQ�DQG� FKDOFHGRQ\� �%URPHKHDG�� ������� FDQQRW� EH� XVHG� WR� JRRG� HIIHFW�
WR� GULOO� KDUGHU� VWRQH� �+RGJHV�� ������ ������
0RVW� GULOO� ELWV� VKRZHG� LVRODWHG� EULJKW� PHWDO� IOHFNV�� EXW� QRQH� VKRZHG� WKH� FKDUDFWHULVWLF�

m�PHWDO� SROLVK�}�IURP� GULOOLQJ�FRSSHU�� )URP� WKLV� ZH� FRQFOXGHG� WKDW� WKH� IOHFNV� GLG�QRW�RULJLQDWH�
IURP� XVH�� EXW� WKDW� WKH\� ZHUH� SHUKDSV�GXH�WR� H[FDYDWLRQ� ZLWK� WURZHOV� RU� WKH� PHWDO� VLHYH� XVHG�
WR� UHFRYHU� DOO� WKH� SLHFHV� IURP� WKH� SLW� WKH� $EX�6DODELNK�GULOO� ELWV� ZHUH� IRXQG� LQ��

1HDUO\� DOO� WRROV� �HYHQ� WKRVH� ZKLFK� KDG� ORVW� WKHLU� WLSV�� KDG� LVRODWHG� WUDFHV� RI� ZHDN� SROLVK�
ZKLFK� ORRNHG� GLIIHUHQW� LQ� HDFK� VXFFHVVLYH� H[DPLQDWLRQ�� 0RVW� RI� WKH� XQEURNHQ� WRROV� VQRZHG�
VWULDWLRQV� WKH� ILQHQHVV� DQG�QXPEHU� RI�ZKLFK� LQGLFDWHG� WKH� ZRUNLQJ� RI�VKHOO��$V�WKHVH� VWULDWLRQV�
ZHUH� QRW�VHHQ�RQ� DQ\�EULJKW� DUHDV�RI�SROLVK��DV�ZDV�WKH� FDVH�ZLWK� H[SHULPHQWDO�m�VKHOO� SROLVK�}��
WKH\� RFXOG�KDYH�EHHQ�GXH�WR� D� QXPEHU� RI�IDFWRUV� VXFK� DV� SRVWGHSRVLWLRQDO� VXUIDFH�PRGLILFDWLRQ�
�+ROPHV�� LQ� SUHVV��� 3OLVVRQ�DQG� 0DXJHU�� LQ� SUHVV��� $SDUW� IURP� WKH� GULOO� ELW� ZLWK� WKH� FRQFHQWULF�
ULQJ� SDWWHUQ� RQO\� WZR� GULOO� ELWV�VKRZHG� D� SROLVK�ZKLFK� RQ� SUHVHQW�HYLGHQFH�FRXOG�EH� LGHQWLILHG�
ZLWK� VRPH� GHJUHH� RI� FHUWDLQW\� DV� m�VKHOO� SROLVK�}��3,�� �D���
6XPPDU\�RI�WKH� LQYHVWLJDWLRQ� RI�WKH� H[FDYDWHG� GULOO� ELWV��
7KH� ZHDU� WUDFHV� FRXOG�EH� DVVLJQHG� ZLWK� VRPH�GHJUHH� RI�FHUWDLQW\� RQ� RQO\� �� RXW� RI� ���� WRROV��

2QH� WRRO� KDG� SUREDEO\�EHHQ� XVHG� WR� GULOO� VWRQH� ZLWK� WKH� DGGLWLRQ� RI� DEUDVLYHV� DQG� WKH� RWKHU�
WZR� KDG� SUREDEO\� EHHQ� XVHG� WR� GULOO� VKHOO�� WKRXJK� WKH� ZHDU� WUDFHV� RQ� WKHVH� WRROV� ORRNHG�
VRPHZKDW� ZHDNHU� WKDQ� WKH� HTXLYDOHQW� SROLVKHV� RQ� WKH� H[SHULPHQWDO� WRROV��
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$OWRJHWKHU� WKH� FRPSDULVRQ� RI� WKH� ZHDU� WUDFHV� RQ� WKH� H[FDYDWHG� WRROV� ZLWK� WKRVH� RI� WKH�
H[SHULPHQWDO� WRROV� KDG� SURYHG� GLIILFXOW� DQG� PRVWO\� XQFHUWDLQ�� 7KLV� PD\� KDYH� EHHQ� GXH� WR�
DQ\� RI� WKH� IROORZLQJ� IDFWRUV�� PRVW� RI� ZKLFK� DUH� ODUJHO\� XQNQRZQ� DQG� DUH� WRR� RIWHQ� LJQRUHG�
LQ� PLFUR�ZHDU� DQDO\VHV���
� ��7KH� XVHG� HGJHV� RI�WKH� WRRO� PD\� KDYH� EHHQ� ORVW� WKURXJK� EUHDNDJH� RU� UHVKDUSHQLQJ��
� �� 7UDFHV� IURP� EUHDNDJH� RU�PDQXIDFWXUH� PLJKW� EH� YHU\� VLPLODU� WR� WUDFHV� IURP� XVH��
� �� 'LIIHUHQW� JUDLQ� VL]H� RI� IOLQW� PLJKW� KDYH� OHG� WR� D� GLIIHUHQW� DSSHDUDQFH� RI� WKH� SROLVK�

�8QJHU��+DPLOWRQ�� ������� %UDGOH\� DQG� &OD\WRQ�� LQ� SUHVV�� +ROPHV�� LQ� SUHVV���
� ��7KHUH� PD\�EH� IOLQW�VXUIDFH�PRGLILFDWLRQV�GXH�WR� QDWXUDO� FDXVHV� �6WDSHUW�� ����� �� +ROPHV��

LQ� SUHVV�� ZKLFK� FRXOG� REOLWHUDWH� RU� HYHQ� UHVHPEOH� ZHDU� WUDFHV��
� �� 3ROLVKHV� PD\� KDYH� GLVDSSHDUHG� GXH� WR� FKHPLFDO� DWWDFN� RU� SK\VLFDO� VWUHVV� DIWHU� EXULDO�

RI�WKH� IOLQW� WRROV� �3OLVVRQ� DQG� 0DXJHU�� LQ� SUHVV���
� �� 7KH� WRRO� PD\� QRW� KDYH� EHHQ� XVHG� DW� DOO�� RU� QRW� ORQJ� HQRXJK� IRU� DQ\� GLVWLQFW� ZHDU�

WUDFHV� WR� RFFXU��
� �� 7KH� ZURQJ� FRQWDFW� PDWHULDOV� PD\� KDYH� EHHQ� XVHG� LQ� WKH� H[SHULPHQWV��
� ��&RQWDFW� PDWHULDOV� PD\� KDYH� EHHQ� WUHDWHG� LQ� D� ZD\� XQNQRZQ� WR� XV�� 3UHYLRXV�UHVHDUFK�

KDV� VKRZQ� WKDW� ZDWHU� SUHVHQW� LQ� RU� DGGHG�WR� WKH� FRQWDFW�PDWHULDO� SOD\V� D� GHFLVLYH� UROH�
LQ�SROLVK�IRUPDWLRQ��$QGHUVRQ�*HUIDXG�� ����� �� *\VHOV�DQG�&DKHQ�� ������� 8QJHU�+DPLOWRQ��
�������

� ��5HSHDWHG� H[DPLQDWLRQ� RI�WKH� XQGHWHUPLQHG� GULOO� ELWV� KDG� VKRZQ� WKDW� SROLVKHV�FDQ� ORRN�
TXLWH� GLIIHUHQW� DFFRUGLQJ� WR� WKH� DQJOH� RI� WKH� IOLQW� VXUIDFH� WR� WKH� PLFURVRSH� OHQV��
&RQVLGHUDWLRQ� RI�WKHVH� IDFWRUV� OHG� XV� WR� EH� VFHSWLFDO� DERXW� WKH� RSWLPLVP� HQJHQGHUHG�

E\� .HHOH\� DQG� 1HZFRPHU
V� ������� EOLQG� WHVW� LQ� ZKLFK� SROLVKHV� RQ� PRGHUQ� IOLQW� IURP�
NQRZQ� VRXUFHV� XVHG� RQ� UHODWLYHO\� SUHGLFWDEOH� PDWHULDOV� KDG�EHHQ� FRPSDUHG��� WKHLU� WRROV�
KDG� QRW� EHHQ� EXULHG� IRU� WKRXVDQGV� RI� \HDUV� DQG� VXEMHFWHG� WR� WUDPSOLQJ�� PHWDO� VLHYLQJ�
DQG�FOHDQLQJ� GXULQJ� H[FDYDWLRQ��

&RPSDULVRQ� RI�RXU� UHVXOWV� ZLWK� RWKHU� DUFKDHRORJLFDO�HYLGHQFH��
$IWHU� RXU� GRXEWV� WKLV� FRPSDULVRQ� FDPH� DV� D� SOHDVDQW� VXUSULVH� �5�8�+���� $OWKRXJK� WKHUH�

ZDV�QR�EHDGPDNLQJ�ZDVWH� LQ� WKH� SLW�ZKHUH�RXU�GULOO� ELWV� ZHUH� IRXQG� DW�$EX�6DODELNK������������
D� VXUIDFH� FRQFHQWUDWLRQ� RI�WKH� VDPH�NLQG� RI�GULOO� ELW� ZDV� IRXQG� HOVHZKHUH� RQ� WKH� VLWH� WRJHWKHU�
ZLWK� EHDGV� DQG� FKXQNV� RI� ODSLV�� FDUQHOLDQ� DQG� VKHOO�� ,Q� WKH� H[FDYDWLRQ� UHSRUW� �3D\QH�� ������
WKHVH� WRROV� KDG� EHHQ� GHVFULEHG� DV� m�ERUHUV�}� DQG� m�PLFUR�ERUHUV�}�� $V� WKH� H[LVWHQFH� RI� D�
FRQFHQWULF� ULQJ�SDWWHUQ� RQ�RQH� RI�WKH� WRROV� VXJJHVWV� WKDW� WKH� WRROV�ZHUH� XVHG�ZLWK� D�PHFKDQLFDO�
GULOO� VXFK� DV� D� ERZGULOO�� ZH� SUHIHU� WKH� WHUP� mGULOO� ELWV}�� +RZHYHU� LQ� FRQWUDVW� WR� 3D\QH
V�
UHSRUW� WKDW� WKH� SUR[LPDO� HQG� RI� WKH� ERUHUV� m�LV� DOZD\V� ZRUQ� DQG� VOLJKWO\� SROLVKHG�� SHUKDSV�
E\� PRYHPHQW� LQ� D� KDQGOH}� �3D\QH�� ������ ����� ZH� IRXQG� QR�HYLGHQFH� RI� KDIWLQJ� GDPDJH� RU�
PLFURZHDU��

(;3(5,0(17$/�,19(67,*$7,21�2)� +$)7,1*� 75$&(6�

7R�LQYHVWLJDWH� SRVVLEOH� VRXUFHV� RI� KDIWLQJ� WUDFHV� LW� ZDV�GHFLGHG� WR� VWXG\� WKH� GULOO� ELWV� ZLWK�
WKH� LQWHQWLRQ�RI�XVLQJ�D�QHZ�WHFKQLTXH�FXUUHQWO\�EHLQJ�GHYHORSHG�DW�WKH�,QVWLWXWH� RI�$UFKDHRORJ\��
7KLV� LQYROYHV� SKRWRJUDSKLQJ� WKH� ZHDU� WUDFHV�� GLJLWLVLQJ� WKH� QHJDWLYH� WR� SURGXFH� D� JUH\� OHYHO�
DUUD\� IURP� ZKLFK� VWDWLVWLFV� FDQ� EH� GHULYHG�� ZLWK� ZKLFK� WR� PDWKHPDWLFDOO\� FKDUDFWHULVH� WKH�
ZHDU� WUDFHV�� 7KHVH� VWDWLVWLFV� FDQ� WKHQ� EH� XVHG� WR� REMHFWLYHO\� FODVVLI\� WKH� WUDFHV� E\� WH[WXUH�
DQDO\VLV� �VHH�*UDFH�� *UDKDP�DQG� 1HZFRPHU�� LQ� SUHVV���

,Q� WKLV� FDVH� WKH� FODVVLILFDWLRQ� KDG� WKH� OLPLWHG� DLP� RI� GHFLGLQJ� ZKHWKHU� DQ\� WUDFHV� ZHUH�
VLJQLILFDQWO\� GLIIHUHQW� IURP� XQXVHG� IOLQW�� DQG� RI� GHWHFWLQJ� WKHLU� RULJLQV� LI� SRVVLEOH�� 7KH� GULOO�
ELWV� IURP� WKH� RULJLQDO� H[SHULPHQWV� ZHUH� UH�H[DPLQHG� PLFURVFRSLFDOO\� DQG� WZR� FDVHV�RI� VRPH�
DOWHUDWLRQ� RI�WKH� IOLQW� VXUIDFH� ZHUH� REVHUYHG�� EXW� WKHVH� WUDFHV� FRYHUHG� VXFK� D� VPDOO� DUHD� DQG�
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ZHUH� VR� LQGLVWLQFW� WKDW� QR� FRQFOXVLRQV� DV� WR� WKHLU� RULJLQ� FRXOG� EH� UHDFKHG�� 7KHUHIRUH� LW� ZDV�
GHFLGHG� WR� FDUU\� RXW� D� IXUWKHU� H[SHULPHQWDO� SURJUDPPH� ZLWK� WKH� VSHFLILF� DLP� RI� GHWHFWLQJ�
KDIWLQJ� WUDFHV��

7KH� H[SHULPHQWDO� SURJUDPPH� LV� LOOXVWUDWHG� LQ� 7DEOH� ��� 7KH� mORDGHG}�UHVLQ� KDIW� FRQVLVWHG�
RI� UHVLQ� PL[HG� ZLWK� RFKUH� DQG� VDQG\� JULW� LQ� ZKLFK� WKH� GULOO� ELW� ZDV� KHOG� HQWLUHO\� E\� WKH�
PDVWLF�� 7KLV� ZDV� DFKLHYHG� E\� KHDWLQJ� WKH� PDVWLF�� LQVHUWLQJ� WKH� GULOO� ELW� DQG� DOORZLQJ� WKH�
PDVWLF� WR� FRRO� DQG� KDUGHQ�� :HGJH� KDIWLQJ� ZDV� DFKLHYHG�E\� PDNLQJ� D� PRUWLVH� LQ� WKH� HQG� RI�
WKH� GULOO� VKDIW� LQ� ZKLFK� WKH� ELW� ZDV� KHOG� LQ� SODFH� E\� WKH� SUHVVXUH� H[HUWHG� EHWZHHQ� WKH� GULOO�
KDIW� DQG� WKH� FRQWDFW� PDWHULDO�� 7KLV� WHFKQLTXH� LV� VLPLODU� WR� WKDW� GHVFULEHG� E\� .HHOH\� ��������
DV� mMDP}� RU� ZHGJHG� KDIWV�� DQG� ZDV� FKRVHQ� EHFDXVH� VXFK� KDIWV�� mFKDUDFWHULVWLFDOO\� DOORZ�
PRYHPHQW� RI� WKH� WRRO� LQ� WKH� KDIW}� �.HHOH\�� ������ ������ DQG� WKHUHIRUH� DUH� PRUH� OLNHO\� WR�
SURGXFH� KDIWLQJ� WUDFHV�� $� UHILQHPHQW� RI� WKLV� WHFKQLTXH� ZDV� WR� LQVHUW� VPDOO� FKRFNV� RI� ZRRG�
EHWZHHQ� WKH� GULOO� ELW� DQG� WKH� VKDIW� WR� UHGXFH� PRYHPHQW� LQ� WKH� KDIW�� DQG� DOORZ� WKH� GULOO� ELW�
WR� EH� FHQWUHG�DORQJ� WKH� D[LV� RI�WKH� VKDIW�PRUH� DFFXUDWHO\�� 7KH� IRUFLQJ� RI� WKH� VOLYHUV� RI� ZRRG�
LQWR� FRQWDFW� ZLWK� WKH� GULOO� ELW� ZRXOG� SHUKDSV� SURGXFH� FKDUDFWHULVWLF� KDIWLQJ� WUDFHV�� +DIWLQJ�
ZLWK� VLQHZ� ZDV� GRQH� E\� FXWWLQJ� D� GHHS� VORW� LQWR� WKH� GULOO� KDIW�� LQWR� ZKLFK� WKH� GULOO� ELW� ZDV�
LQVHUWHG� DQG� KHOG� LQ� SODFH� E\� ZUDSSLQJ� WKH� VLQHZ� DURXQG� WKH� KDIW� DQG� WKH� SURWUXGLQJ� HGJHV�
RI� WKH� GULOO� ELW�� 7KH� HGJHV� ZHUH� DOORZHG� WR� SURWUXGH� VR� WKDW� WKH\� ZRXOG� EH� LQ� FRQWDFW� ZLWK�
WKH� VLQHZ�� 7KLV� ZDV� WR� WHVW� ZKHWKHU� DQ\� ZHDU� WUDFHV� ZRXOG� EH� SURGXFHG� DWWULEXWDEOH� WR� WKH�
VLQHZ�� m�6LQHZ�SROLVK�}�IURP�KDIWLQJ�KDYH�EHHQ�UHSRUWHG�E\� %LLOOHU���������7KH�FRQWDFW�PDWHULDOV�
ZHUH�VHOHFWHG�DV�UHOHYDQW�WR�WKH�DUFKDHRORJLFDO�VSHFLPHQV�DQG�WKH�SUHYLRXV�H[SHULPHQWDO�SURJUDP��
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ORDGHG
� UHVLQ� VKHOO�
ZHGJHG� VKHOO�
ZHGJHG� VWRQH�


� ORDGHG�
� UHVLQ� LYRU\�
ZHGJHG� SOXV� FKRFNV� WXUTXRLVH�
VLQHZ� ERXQG� PDODFKLWH�
VLQHZ� ERXQG� PDODFKLWH�
ZHGJHG� SOXV� FKRFNV� ODSLV� OD]XOL�
ZHGJHG� SOXV� FKRFNV� ODSLV� OD]XOL�
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7DEOH� �� ([SHULPHQWDO�SURJUDP� XVHG� LQ� WKH� LQYHVWLJDWLRQ� RI�WKH� KDILLQJ� WUDFHV�

7R�DWWHPSW� WR� LVRODWH� WKH� RULJLQ� RI� DQ\� WUDFHV�� PLFURJUDSKV� DW� ���� PDJQLILFDWLRQV� ZHUH�
WDNHQ� RI�WKH� WRROV� DW� HDFK� WHFKQRORJLFDO� VWDJH�� 3KRWRJUDSKV�ZHUH� WDNHQ� RI�DUHDV� RI�WKH� EODQNV�
DV� VRRQ� DV� WKH\� ZHUH� UHPRYHG� IURP� WKH� FRUH� DQG� DIWHU� EHLQJ� UHWRXFKHG� WR� IRUP� GULOO� ELWV��
7KH� GULOO� ELWV� ZHUH� WKHQ� SKRWRJUDSKHG� DIWHU� EHLQJ�KDIWHG� DQG� XVHG� LQ� WKH� ERZ�GULOO�� 2XWOLQH�
GUDZLQJV� RI�WKH� EODQNV� DQG� WKH� GULOO� ELWV� ZHUH� PDGH� VR� WKDW� WKH� SRVLWLRQ� RI� HDFK�SKRWRJUDSK�
FRXOG� EH� UHFRUGHG�� :H� DWWHPSWHG� WR� SKRWRJUDSK� WKH� VDPH� DUHDV� RQ� WKH� EODQNV� DQG� WKH� GULOO�
ELWV� ERWK� EHIRUH� DQG� DIWHU� XVH�� WR� SURGXFH� H[DFWO\� FRPSDUDEOH� SKRWRJUDSKV� �� WKLV� ZDV� QRW�
DOZD\V� SRVVLEOH� DV� VRPH� EODQNV� UHTXLUHG� H[WHQVLYH� UHWRXFK� WR� UHGXFH� WKHP� WR� GULOO� ELWV�� LQ�
VRPH� FDVHV� UHPRYLQJ� WKH� SKRWRJUDSKHG� DUHD� RI� WKH� EODQN�� $OO� DUHDV� VKRZLQJ� DQ\� YLVLEOH�
DOWHUDWLRQ� RI� WKH� IOLQW� VXUIDFH� DW� ���� PDJQLILFDWLRQV� ZHUH� SKRWRJUDSKHG�� DIWHU� WKH� GULOO� ELWV�
ZHUH�UHWRXFKHG��DQG� DJDLQ�DIWHU�WKH\� KDG�EHHQ�KDIWHG�DQG�XVHG��$� ODUJH�QXPEHU�RI�SKRWRJUDSKV�
ZHUH�WDNHQ� WR� REWDLQ�DV� FRPSOHWH�D� YLVXDO�UHFRUG� DV� SRVVLEOH�� VR� WKDW� DQ\�ZHDU�WUDFHV� REVHUYHG�
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FRXOG�EH� DVVLJQHG� WR� WKH� WHFKQRORJLFDO� VWDJH� DW� ZKLFK� WKH\� DSSHDUHG� �VHH� )LJ������ $� QXPEHU�
RI� WKHVH� SKRWRJUDSKV� ZHUH� VHOHFWHG� IRU� GLJLWDO� VFDQQLQJ� DQG� VXEVHTXHQW� WH[WXUH� DQDO\VLV�� WKH�
UHVXOWV� RI� ZKLFK� DUH� LOOXVWUDWHG� LQ� )LJXUH� ��� 7KH� YDOXHV� RI� WKH� VWDWLVWLFV� DUH� H[SUHVVHG� DV�
GLIIHUHQFHV� IURP� XQXVHG� IOLQW�� VR� WKDW� WKH� QHDUHU� WKH� SRLQW� LV� WR� WKH� RULJLQ�� WKH� FORVHU� WKH�
VLPLODULW\� RI� WKDW� WH[WXUH� VDPSOH� WR� XQXVHG� IOLQW�� 7KH� SURFHVV� E\� ZKLFK� WKHVH� VWDWLVWLFV� DUH�
GHULYHG� LV� H[SODLQHG� LQ� WKH� SDSHU� E\�*UDFH�� *UDKDP� DQG� 1HZFRPHU� �LQ� SUHVV���

$� EODQN�
e� DWWDU� UHWRXFK�
͎� DIWHU� KDWWLQJ�

)LJ���� 2XWOLQH� GUDZLQJ� RI�GULOO� ELW� QXPEHU� ��� VKRZLQJ�SRVLWLRQ� DQG� QXPEHU� RI�SKRWRJUDSKV��

$V� FDQ� EH� VHHQ� IURP� )LJXUH� �� PRVW� RI� WKH� VDPSOHV� FOXVWHU� DURXQG� WKH� RULJLQ� LQGLFDWLQJ�
WKHLU� VLPLOLUDW\� WR� XQXVHG� IOLQW�� DQG� WKXV� H[KLELWLQJ� OLWWOH� VXUIDFH� DOWHUDWLRQ�� 7KLV� JURXS�
LQFOXGHV� WH[WXUHV� RI�EODQNV�� UHWRXFKHG�GULOO� ELWV� DQG� XVHG� GULOO� ELWV�� IURP� SKRWRJUDSKV� RI�WKH�
VDPH�DUHD� RI�WKH� VDPH� WRRO��7KLV� LOOXVWUDWHV� WKDW� LQ� PRVW� FDVHV�QR� VXUIDFH� DOWHUDWLRQ� KDV� WDNHQ�
SODFH�� HLWKHU� IURP� UHWRXFK� RU� KDLOLQJ�� ,QFOXGHG� LQ� WKH� GLDJUDP� �)LJ����� DUH� �� H[DPSOHV� RI�
SKRWRJUDSKV� WDNHQ� RI� XVH� ZHDU� SURGXFHG� DW� WKH� WLS� RI� WKH� GULOO� ELWV�� DQG� RWKHU� H[DPSOHV� RI�
YDULRXV� XVH� ZHDU� SROLVKHV� IURP� GLIIHUHQW� IOLQW� WRROV�� 7KHVH� XVH� ZHDU� SROLVKHV� SURGXFHG� E\�
ZRRG�� DQWOHU� DQG�ERQH�KDYH� TXLWH� GLIIHUHQW� YDOXHV�IURP� XQXVHG�IOLQW� VR� WKDW� DQ\�KDLOLQJ�SROLVK�
VKRXOG�EH� FOHDUO\� GLIIHUHQWLDWHG� IURP� XQXVHG� IOLQW� E\� WKLV� WHFKQLTXH�� 7KH�DUHD� PDUNHG� DURXQG�
WKH� RULJLQ� RI� )LJXUH� �� UHSUHVHQWV� ���� RI� WKH� WRWDO� UDQJH� RI� YDULDWLRQ� IURP� XQXVHG� IOLQW��
$OORZLQJ� IRU� WKH� QDWXUDO� YDULDWLRQ� RI�IOLQW� WH[WXUHV�� SRLQWV� ZLWKLQ� WKLV� DUHD� DUH� QRW� FRQVLGHUHG�
VLJQLILFDQWO\� GLIIHUHQW� IURP� XQXVHG� IOLQW�� 7KHUH� UHPDLQ� VL[� SRLQWV� RXWVLGH� WKLV� DUHD�� 3RLQW� $�
LV� IURP� D� SKRWRJUDSK� WDNHQ� RI� WKH� EXOEDU� VFDU� RI� D� EODQN�� DQG� WKH� VOLJKW� VXUIDFH� DOWHUDWLRQ�
PD\� EH� GXH� WR� WKH� SUHVVXUH� H[HUWHG� EHWZHHQ� WKH� FRUH� DQG� WKH� EODQN� ZKHQ� LW� ZDV� VWUXFN��
3RLQWV� %�� &� DQG� '� DUH� IURP� SKRWRJUDSKV� WDNHQ� RI� UHWRXFKHG� GULOO� ELWV� EHIRUH� WKH\� ZHUH�
KDLOHG�� ,Q� DOO� WKUHH� FDVHV� WKHVH� DUHDV� ZHUH� RQ� GRUVDO� ULGJHV� RQ� WKH� GULOO� ELWV�� $� SRVVLEOH�
H[SODQDWLRQ� LV� WKDW� DV� WKH� WRROV� ZHUH� SUHVVXUH� UHWRXFKHG� RQ� D� KLGH� SDG�� VPDOO� FKLSV� RI� IOLQW�
ZHUH� UHPRYHG� WKDW� FRQJUHJDWHG� EHQHDWK� WKH� WRRO�� VR� WKDW� ZKHQ� SUHVVXUH� ZDV� DSSOLHG� GXULQJ�
UHWRXFK� WKH� GULOO� ELWV� ZHUH� SUHVVHG� GRZQ� RQ� WR� WKH� IOLQW� FKLSV� FDXVLQJ� IOLQW� RQ� IOLQW� FRQWDFW��
$OVR� SUHVVXUH� DJDLQVW� WKH� KLGH� FRXOG� EH� VXIILFLHQW� WR� SURGXFH� KLGH� SROLVK�� 7KH� GRUVDO� ULGJHV�
ZRXOG� SURYLGH� D� SDUWLFXODUO\�YXOQHUDEOH� DUHD� IRU� VXUIDFH� DOWHUDWLRQV� XQGHU�WKHVH� FLUFXPVWDQFHV�
�VHH� 3,���� E���� DQG� LW� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WUDFHV� RQ� GRUVDO� ULGJHV� KDYH� EHHQ� LQWHUSUHWDWHG�
DV� HYLGHQFH� IRU� KDLOLQJ� E\� .HHOH\� ������� )LJ������ ������� DQG� )ULVRQ� ������� ������

7KH� LQFLGHQFH� RI�VXFK�m�UHWRXFK�WUDFHV�}�SULRU� WR� KDLOLQJ�RQ�WKH� GULOO� ELWV� FRXOG�EH�FRQVLGHUHG�
PRUH� SUREDEOH� EHFDXVH� WKHVH� WRROV� DUH� UHWRXFKHG� DURXQG� PRVW� RI� WKH� SHULSKHU\�� EXW� WKH�
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)LJ���� 6FDWWHUGLDJUDP�ZLWK� YDOXHV�SORWWHG�IRU�XQXVHG�DQG�XVHG�IOLQW� WRROV� �VHH�WH[W�IRU�GHWDLOHG�H[SODQDWLRQ�
RI�WKH� PHWKRG� XVHG���

UHWRXFKLQJ� RI�WKH� QRQ�XWLOLVHG� HQG�RI�KDIWHG� WRROV� LV� PRUH� H[WHQVLYH� WKDQ� ZLWK� XQKDIWHG� WRROV�
RI� RWKHU� W\SHV�� 7KH� VKDSLQJ� RI� HQGVFUDSHUV� WR� ILW� WKH� KDIW�� RU� WKH� EDFNLQJ� RI� EODGHOHWV� IRU�
KDIWLQJ� DV� NQLYHV� RU� VLFNOHV� DUH� H[DPSOHV� RI� WKLV��

3RLQWV� ͈� DQG� )�DUH� IURP� XVHG� GULOO� ELWV�� 3RLQW� )� LV� DOVR� IURP� D� GRUVDO� ULGJH� �VHH� 3,���� F���
RI� WKH� KDIWHG� HQG� RI� GULOO� ELW� QXPEHU� �� �� SRLQW� ͈� LV� IURP� WKH� FHQWUDO� SDUW� RI� WKH� YHQWUDO�
VXUIDFH� RI� GULOO� ELW� QXPEHU� ��� 1HLWKHU� RI� WKHVH� H[DPSOHV� KDV� D� SROLVK� WKDW� LV� VXIILFLHQWO\�
GLVWLQFWLYH� WR� LGHQWLI\� DQ\� FRQWDFW� PDWHULDO� WKDW� PD\�KDYH� FDXVHG� LW�� DQG� WKHUHIRUH� FDQQRW� EH�
PDWFKHG� WR� DQ\� SDUWLFXODU� W\SH� RI� KDIW�� 1XPEHU� �� ZDV� ZHGJH� KDIWHG� DQG� QXPEHU� �� ZHGJH�
KDIWHG� ZLWK� WKH� DGGLWLRQ� RI� FKRFNV�� VR� WKDW� LI� WKHVH� VXUIDFH� DOWHUDWLRQV� ZHUH� GXH� WR� KDIWLQJ�
WKH\� VKRXOG� H[KLELW� WKH� FKDUDFWHULVWLFV� RI�ZRRG� SROLVK�� 1RW� RQO\� GR� WKH\� QRW� GR� VR�� EXW� WKH�
WZR� VXUIDFH� DOWHUDWLRQV� DUH� TXLWH� GLIIHUHQW��

)URP� �� GULOO� ELWV� KDIWHG� E\� YDULRXV� WHFKQLTXHV�� RQO\� WZR� VPDOO� DQG� LQGLVWLQFWLYH� DUHDV� RI�
VXUIDFH� DOWHUDWLRQ� ZHUH� REVHUYHG� WKDW� RFFXUHG� DIWHU� KDIWLQJ�� $� IDU� KLJKHU� LQFLGHQFH� RI�SRVLWLYH�
KDIWLQJ� WUDFHV� ZRXOG� EH� H[SHFWHG� WR� DSSHDU� RQ� �� GULOO� ELWV� LI� KDIWLQJ� WUDFHV� RFFXU� ZLWK� DQ\�
IUHTXHQF\�� HVSHFLDOO\�FRQVLGHULQJ� WKH� LQWHQVLW\� RI� XVH� DQG� WKH� DPRXQW�RI�IULFWLRQ� EHWZHHQ� WRRO�
DQG� KDIW� LQYROYHG� LQ� XVLQJ� GULOO� ELWV� LQ� D� ERZ� GULOO�� 7KH� GULOOLQJ� DFWLRQ� LQYROYHV� FRQVLGHUDEOH�
YHUWLFDO� SUHVVXUH� DSSOLHG� RQ� WKH� FDSVWRQH� DV� ZHOO� DV� WKH� YLJRURXV� URWDWLRQDO� PRYHPHQW� RI� WKH�
GULOO�� 7KH� URWDWLRQDO� DFWLRQ� RI� WKH� GULOO� WDNHV� WKH� IRUP� RI�DOWHUQDWH� FORFNZLVH� DQG� FRXQWHU
FORFNZLVH� PRYHPHQW�FDXVLQJ�ODWHUDO�YLEUDWLRQ�DV�WKH�LQHUWLD�RI�WKH�SUHYLRXV�PRYHPHQW�LV�RYHUFRPH��
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7KH� IDFW� WKDW� VXUIDFH� DOWHUDWLRQ� RFFXUHG� RQ� WKH� UHWRXFKHG�GULOO� ELWV� EHIRUH� KDLOLQJ� LQGLFDWHV�
WKDW� WKH\� PD\� EH� RWKHU� RULJLQV� IRU� WUDFHV� WKDW� PD\� KDYH� EHHQ� DWWULEXWHG� WR� KDLOLQJ�� :HDU�
WUDFHV� RI�WKH�PDQXIDFWXUH� RI�WRROV�KDYH�EHHQ� UHSRUWHG� EHIRUH�E\� .HHOH\� �������DQG�0RVV��������
$QWOHU� WUDFHV� IURP� WKH� VRIW� KDPPHU� UXEELQJ� RYHU� WKH� VXUIDFH� RI�WKH� WRRO� GXULQJ� UHWRXFK� KDYH�
EHHQ� REVHUYHG� �0RVV�� ������ )LJ�� ���G������� %XW�ZKHQ� WKH� PDQXIDFWXULQJ� WUDFHV� DUH� LQGLVWLQFW�
DQG� QRW� LGHQWLILDEOH� WR� D� NQRZQ� SURFHVV�� SHUKDSV� WKHUH� KDV� EHHQ� D� WHQGHQF\� WR� DVFULEH� WKHVH�
WUDFHV� WR� KDLOLQJ� EHFDXVH�WKH\� DSSHDU� RQ� WKH� DVVXPHG� KDIWHG� DUHD� RI� WKH� WRRO�� ,Q� WKLV� VWXG\�
VXUIDFH� DOWHUDWLRQ� RFFXUHG� RQ� GRUVDO� ULGJHV� RI� WRROV� GXULQJ� UHWRXFK�� DOWKRXJK� WKHVH� DUHDV� DUH�
ZHOO� DZD\� IURP� WKH� HGJH� ZKHUH� VXFK� WUDFHV� DV�m� KDPPHUVWRQH� VWULSH�}�PLJKW� EH� H[SHFWHG��
7KH� UHVXOWV� RI�WKHVH� H[SHULPHQWV� VKRZ�WKDW� ZHDU� WUDFHV� GR�RFFXU�GXULQJ� UHWRXFK�DQG�SRVVLEOH�

PLQRU� VXUIDFH� DOWHUDWLRQV� FDQ� RFFXU� ZKHQ� WKH� EODQN� LV� UHPRYHG� IURP� WKH� FRUH�� +DIW� ZHDU�
KDV� EHHQ� GHILQHG� DV� ZHDU� WUDFHV�� m�ZKLFK� PDNH� OLWWOH� VHQVH� DV� WUDFHV� RI� XWLOL]DWLRQ�� EXW� GRHV�
FRQIRUP� WR� ZKDW� LV� NQRZQ� RU� H[SHFWHG� RI� ZHDU� IURP� PLQRU� PRYHPHQW� RI�D� WRRO� DJDLQVW� LWV�
KDIW�}�� �&DKHQ��.HHOH\�DQG�9DQ�1RWHQ�� ������ ������7KH�VXUIDFH�DOWHUDWLRQV� IURP�WKH�PDQXIDFWXUH�
RI�WKHVH� WRROV� IDOO� ZLWKLQ� WKLV�GHILQLWLRQ�� DQG�FRXOG�HDVLO\�EH� FRQIXVHG� ZLWK� JHQXLQH� KDIW� ZHDU��

:LWK� SUHKLVWRULF� PDWHULDO� WKH� WRROV� FDQ� RQO\� EH� REVHUYHG� DIWHU� DOO� VWDJHV� RI�PDQXIDFWXUH��
KDIWLQJ� DQG�XVH� KDYH� WDNHQ� SODFH��� DQG� VR� LW� LV� LPSRVVLEOH� WR� EH�SUHFLVH� LQ� DVVLJQLQJ� WKH� WUDFHV�
WR�D� SDUWLFXODU�VWDJH� LQ�WKH� SURFHVV��%\� FDUHIXO�REVHUYDWLRQ� RI�WKLV�SURFHVV��ZH�KDYH�GHPRQVWUDWHG�
WKDW� ZHDU� WUDFHV� RQ� WKH� QRQ�RSHUDWLRQDO� HQG� RI� D� WRRO� DUH� QRW� QHFHVVDULO\�GXH� WR� KDIWLQJ�� DQG�
ZH� VXJJHVW� WKDW� H[WUHPH� FDXWLRQ� VKRXOG� EH� DSSOLHG� EHIRUH� DWWULEXWLQJ� DQ\� WUDFHV� WR� KDIWLQJ��

,QVWLWXWH� RI�$UFKDHRORJ\�
�� ������*RUGRQ�6TXDUH���/RQGRQ�
$PHULFDQ� 8QLYHUVLW\� RI�%HLUXW�

%,%/,2*5$3+<�

$O�*$,/$1,�:(55� /��� 6+$.,5�%�� DQG� 6$/0$1� 6��
���� &DWDORJXH� RI�WKH� F\OLQGHU�VHDOV� IURP� 7HOO� 6XOLHPHK�+DPULQ�� 6XPHU�� �����������

$1'(5621�*(5)$8'�3��
����� &RQWULEXWLRQ� P«WKRGRORJLTXH�¢�O
DQDO\VH�GHV�PLFURWUDFHV�G
XWLOLVDWLRQ�VXU� OHV�RXWLOV�SU«KLVWRULTXHV��

7KªVH� GH� �H� F\FOH�� 8QLYHUVLW«� GH� %RUGHDX[� ��� Qr������

%5$'/(<�5�� DQG� &/$<721�&�-��
LQ� SUHVV� 7KH� LQIOXHQFH� RI� IOLQW� PLFURVWUXFWXUH� RQ� WKH� IRUPDWLRQ� RI� PLFURZHDU� SROLVKHV�� LQ� ��

6,(9(.,1*�*��GH�*��DQG�1(:&20(5�0�+�� �HGV���3URFHHGLQJV� )RXUWK� ,QWHUQDWLRQDO�)OLQW�
6\PSRVLXP�� &DPEULGJH�� 7KH�8QLYHUVLW\� 3UHVV��

%520+($'�&�1��
����� 0LQHV� DQG� JHPV�� $QWLTXLW\�� ��� ���������
����� 3UDFWLFDO� JHRORJ\� LQ� DQFLHQW� %ULWDLQ�� 3URFHHGLQJV� RI�WKH� *HRORJLFDO� $VVRFLDWLRQ�� ���� �������

%8/*$5(//,� *�0��
����� 7HSH� +LVDU�� 3UHOLPLQDU\� UHSRUW� RQ� D� VXUIDFH� VXUYH\�� $XJXVW� ������ (DVW� DQG� :HVW�� ���� �������

%�//(5� +��
���� 0HWKRGRORJLFDO� SUREOHPV� LQ� WKH� PLFURZHDU� DQDO\VLV� RI� WRROV� VHOHFWHG� IURP� WKH� 1DWXILDQ� VLWHV�

RI� (O�:DG� DQG� $LQ�0DOODKD�� LQ��� &�$8�9,1�0��&�� �HG���� 7UDFHV� G
XWLOLVDWLRQ� VXU� OHV� RXWLOV�
Q«ROLWKLTXHV� GX� 3URFKH�2ULHQW�� /\RQ��0DLVRQ� GH� O
2ULHQW�� ���������
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&$+(1�'��� .((/(<�/�+�� DQG� 9$1�127(1�)�/��
���� 6WRQH� WRROV��WRRO� NLWV� DQG� KXPDQ� EHKDYLRXU�LQ� SUHKLVWRU\�� &XUUHQW�$QWKURSRORJ\�� �������� ���������

&+(9$/,(5�-��� ,1,=$1�0��/�� DQG� 7,;,(5�-��
����� 8QH� WHFKQLTXH� GH� SHUIRUDWLRQ� SDU� SHUFXVVLRQ� GH� SHUOHV� HQ� FRUQDOLQH� �/DUVD�� ,UDT��� 3DO«RULHQW��

��� �������

&/$5,7<� %�(��� 672�:$66(5� ͍�� DQG� :2/)(�5�*�� �HGV��
����� $� 'LFWLRQDU\� RI�,UDTL�$UDELF�� :DVKLQJWRQ� '�&���*HRUJHWRZQ� 8QLYHUVLW\� 3UHVV��

'(,0(/�$��
����� 6XPHULVFKHV� /H[LNRQ�� 5RPH�� 3RQWLILFDO� %LEOLFDO� ,QVWLWXWH��
����� 'LH� ,QVFKULIWHQ� YRQ� )DUD� ,�� /LVWH� GHU� DUFKDLVFKHQ� .HLOVFKULIW]HLFKHQ� �UHSULQW� RI� ����� HG����

2VQDEU¾FN�� =HOOHU��

)5$1.)257�+��
����� 7KH�$UW� DQG� $UFKLWHFWXUH� RI�WKH� $QFLHQW� 2ULHQW�� +DUPRQGVZRUWK�� 3HQJXLQ��

)5,621�*�&��
����� $� IXQFWLRQDO� DQDO\VLV� RI� FHUWDLQ� FKLSSHG� VWRQH� WRROV�� $PHULFDQ� $QWLTXLW\�� ������� ���������

*28/'�5�$��
���� /LYLQJ�$UFKDHRORJ\�� &DPEULGJH�� &DPEULGJH� 8QLYHUVLW\� 3UHVV��

*5$&(�5��� *5$+$0� ,�'�*�� DQG� 1(:&20(5�0�+��
LQ� SUHVV� 3UHOLPLQDU\� LQYHVWLJDWLRQV� LQWR� WKH� PDWKHPDWLFDO� FKDUDFWHULVDWLRQ�RI� XVH�ZHDU� RQ� IOLQW� WRROV��

LQ��� 6,(9(.,1*�*��GH�*�� DQG�1(:&20(5�0�+�� �HGV���� 3URFHHGLQJV� )RXUWK� ,QWHUQDWLRQDO�
)OLQW� 6\PSRVLXP�� &DPEULGJH�� &DPEULGJH� 8QLYHUVLW\� 3UHVV��

*:,11(77�$�-�� DQG�*25(/,&.�/��
���� %HDGPDNLQJ� LQ� ,UDQ� LQ� WKH� %URQ]H� $JH�� ([SHGLWLRQ�� ������� �������
���� $QFLHQW� ODSLGDU\�� ([SHGLWLRQ�� ������� �������

*<6(/6�-�� DQG�&$+(1�'��
����� /H� OXVWUH� GHV� IDXFLOOHV� HW� OHV� DXWUHV� WUDFHV� G
XVDJH� GHV� RXWLOV� HQ� VLOH[�� %XOOHWLQ� GH� OD� 6RFL«W«�

3U«KLVWRULTXH�)UDQ©DLVH�� ����������������

+$//�+�5�� DQG�:22//(<�&/��
����� 8U� ([FDYDWLRQV� YRO�� ���DO�
8EDLG��2[IRUG�� 2[IRUG� 8QLYHUVLW\� 3UHVV��

+2'*(6� +��
���� $UWLIDFWV�� DQ� ,QWURGXFWLRQ� WR� HDUO\� 0DWHULDOV� DQG� 7HFKQRORJ\�� /RQGRQ�� -RKQ� %DNHU��

+2/0(6�'��
LQ� SUHVV� 3UREOHPV�HQFRXQWHUHG� LQ� D� KLJK�SRZHU�PLFURZHDU� VWXG\� RI�VRPH� (J\SWLDQ� 3UHG\QDVWLF�OLWKLF�

DUWLIDFWV�� LQ��� 6,(9(.,1*�*��GH�*�� DQG� 1(:&20(5�0�+�� �HGV���� 3URFHHGLQJV� )RXUWK�
,QWHUQDWLRQDO�)OLQW� 6\PSRVLXP�� &DPEULGJH�� 7KH�8QLYHUVLW\� SUHVV��

.((/(<� /�+��
����� ([SHULPHQWDO� 'HWHUPLQDWLRQ� RI�6WRQH� 7RRO�8VHV�� D� 0LFURZHDU� $QDO\VLV�� &KLFDJR�� 8QLYHUVLW\�

RI�&KLFDJR� 3UHVV��
����� +DLOLQJ�DQG� UHWRROLQJ� �� HIIHFWV� RQ�WKH�DUKDHRORJLFDO� UHFRUG�� $PHULFDQ� $QWLTXLW\�� �������� ���������

.((/(<�/�+�� DQG�1(:&20(5�0�+��
���� 0LFURZHDU� DQDO\VLV� RI�H[SHULPHQWDO� IOLQW� WRROV�� D� WHVW� FDVH�� -RXUQDO� RI�$UFKDHRORJLFDO�6FLHQFH��

�������������
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/2',1*� '��
���� /DSLGDULHV� LQ� WKH� 8U,,,�SHULRG�� ([SHGLWLRQ�� ������� ������

0$&.$<�(��
����� %HDG�PDNLQJ� LQ� DQFLHQW� 6LQG�� -RXUQDO� RI�WKH�$PHULFDQ� 2ULHQWDO� 6RFLHW\�� ���� ������

0$//2:�$1� 0�(�/��
����� $� F\OLQGHU� VHDO� LQ� WKH� 8UXN�-DPGDW� 1DVU� VW\OH�� %DJKGDGHU�0LWWHLOXQJHQ�� ��� �������

0F*8,5(� -�'��
����� $� VWXG\�RI�WKH�SULPLWLYH� PHWKRGV�RI�GULOOLQJ�� 6PLWKVRQLDQ�,QVWLWXWLRQDO�$QQXDO�5HSRUW�����������

0,//(5�5��
����� $SSHQGL[� %�� FKLSSHG� VWRQH�� LQ�� %$:'(1*���('(16�&�� DQG� 0,//(5�5��� 3UHOLPLQDU\�

DUFKDHRORJLFDO� LQYHVWLJDWLRQV� DW� 7D\PD��$WODO����� ������� DQG� SL�� ����

0225(<�3�5�6��
����� 6RPH� DVSHFWV� RI� LQFLVHG� GUDZLQJ� DQG�PRVDLF� LQ� WKH� (DUO\� '\QDVWLF� SHULRG�� ,UDT�� ���� ��������

0266�(�+��
����� 7KH� )XQFWLRQDO�$QDO\VLV� RI�)OLQW�,PSOHPHQWV��� 3LQFHYHQW�DQG�3RQW�G�
$PERQ��� 7ZR� &DVH�6WXGLHV�

IURP�WKH�)UHQFK�)LQDO�3DODHROLWKLF��2[IRUG��%ULWLVK�$UFKDHRORJLFDO�5HSRUWV��,QWHUQDWLRQDO�6HULHV�������

1,66(1�+�-��
����� $VSHFWV� RI�WKH� GHYHORSPHQW� RI�HDUO\� F\OLQGHU�VHDOV�� LQ��� *,%621�0F*�� DQG� %,**6�5�'�� �HGV����

6HDOV� DQG� 6HDOLQJ�LQ� WKH� $QFLHQW� 1HDU� (DVW��0DOLEX�� 8QGHQD�� �������

2*'(1�-��
���� -HZHOOHU\� RI�WKH�$QFLHQW� :RUOG�� /RQGRQ�� 7UHIRLO��

3$5527�$��
����� 6XPHU�� /RQGRQ�� 7KDPHV� DQG� +XGVRQ��
����� /HV� WHPSOHV� G
,VKWDUDW� HW�GH� 1LQQL�=D]D�� 0LVVLRQ� DUFK«RORJLTXH� GH�0DUL�,,,��3DULV�� *HXWKQHU��

3$<1(�-�&��
���� $Q� (DUO\� '\QDVWLF�,,,� IOLQW� LQGXVWU\� IURP� $EX6DODELNK�� ,UDT�� ���� ���������

3,3(512�0��
����� 0LFUR�GULOOLQJ�DW�6KDKU�L�6RNKWD��� WKH�PDNLQJ�DQG�XVH�RI�WKH�OLWKLF�GULOO�KHDGV�� LQ� �� +$0021'�1��

�HG���� 6RXWK� $VLDQ� $UFKDHRORJ\�� /RQGRQ�� 'XFNZRUWK�� ���������
���� *UDYH� ��� DW� 6KDUK�L� 6RNKWD�� IXUWKHU� HYLGHQFH� RI� WHFKQRORJLFDO� VSHFLDOL]DWLRQ� LQ� WKH� �UG�

PLOOHQLXP�%�&�� (DVW� DQG� :HVW�� ���� ������

3/,6621�+�� DQG� 0$8*(5�0��
LQ� SUHVV� &KHPLFDO� DQG� PHFKDQLFDO� DOWHUDWLRQ� RI�PLFURZHDU� SROLVKHV��� DQ� H[SHULPHQWDO� DSSURDFK�� LQ� ��

6,(9(.,1*�*��GH�*�� DQG� 1(:&20(5�0�+�� �HGV��� 3URFHHGLQJV� )RXUWK� ,QWHUQDWLRQDO�)OLQW�
6\PSRVLXP�� &DPEULGJH�� 7KH�&DPEULGJH� 8QLYHUVLW\� 3UHVV��

3266(+/�*��
���� &DPED\� EHDGPDNLQJ�� ([SHGLWLRQ�� ��������������

3267*$7(�1��
���� ([FDYDWLRQV� DW� $EX6DODELNK�� ������ ,UDT�� ���� ���������
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52<� 6��
���� 0«WKRGRORJLH� SRXU� O
«WXGH� GHV� WUDFHV� G
XWLOLVDWLRQ� VXU� OHV� ODPHV� HW� «FODWV� EUXWV� �� UHFKHUFKH�

H[S«ULPHQWDOH� G
DSUªV� XQ� QLYHDX� «SLQDWRXILHQ� GH� 0XUH\EHW� �6\ULH��� &DKLHUV� GH� O
(XSKUDWH�� ���
���������

6+$:�&7��
����� %HDG�PDNLQJ�ZLWK� D�ERZ�GULOO� LQ� WKH� *ROG�&RDVW��-RXUQDO�RI�WKH�5R\DO�$QWKURSRORJLFDO�,QVWLWXWH��

���� �������

67$3(57� '��
����� 6RPH� QDWXUDO� VXUIDFH� PRGLILFDWLRQV� RQ� IOLQW� LQ� WKH� 1HWKHUODQGV�� 3DOHRKLVWRULD�� ���� ������

726,�0��
����� ([FDYDWLRQV�DW�6KDKU�L�6RNKWD��3UHOLPLQDU\�UHSRUW�RQ� WKH�VHFRQG�FDPSDLJQ��6HSWHPEHU�'HFHPEHU�

������ (DVW� DQG� :HVW�� ���� ���������
����� .DUQHRO�� LQ�� (%(/,1*(��� 0(,661(5%��� :(,'1(5(��� 62'(1:�� DQG� ('=$5'�'�2��

�HGV���� 5HDOOH[LFRQ� GHU� $VV\ULRORJLH� XQG� 9RUGHUDVLDWLVFKHQ� $UFKDHRORJLH�� ��� %HUOLQ�� 'H�*UX\WHU��
���������

726,�0�� DQG� 3,3(512�0��
���� /LWKLF� WHFKQRORJ\� EHKLQG� WKH� DQFLHQW� ODSLV�OD]XOL� WUDGH�� ([SHGLWLRQ�� ������� �������

75,1*+$0�5��� &223(5�*��� 2'(//�*���92<7(.�%�� DQG� :+,70$1�$��
���� ([SHULPHQWDWLRQ� LQ� WKH� IRUPDWLRQ�RI� HGJH� GDPDJH��� D� QHZ� DSSURDFK� WR� OLWKLF� DQDO\VLV�� -RXUQDO�

RI�)LHOG�$UFKDHRORJ\�� �� �� ���������

81*(5�+$0,/721�5��
���� $Q� LQYHVWLJDWLRQ� LQWR� WKH� YDULDEOHV� DIIHFWLQJ� WKH� GHYHORSPHQW� DQG� WKH� DSSHDUDQFH� RI� SODQW�

SROLVK� RQ� IOLQW� EODGHV�� LQ��� &$89,1�0��&�� �HG���� 7UDFHV� G
XWLOLVDWLRQ� VXU� OHV� RXWLOV� Q«ROLWKLTXHV�
GX�3URFKH�2ULHQW�� /\RQ�� 0DLVRQ� GH� O
2ULHQW�� ���������

���� 7KH� IRUPDWLRQ�RI�XVH��ZHDU�SROLVK� RQ� IOLQW�� EH\RQG� WKH� mGHSRVLW�YHUVXV� DEUDVLRQ}� FRQWURYHUV\��
-RXUQDO� RI�$UFKDHRORJLFDO� 6FLHQFH�� ���� �������

:22//(<�&�/��
����� 8U� H[FDYDWLRQV�YRO�� ����WKH�5R\DO�&HPHWHU\��/RQGRQ�3KLODGHOSKLD�� %ULWLVK�0XVHXP�DQG�8QLYHUVLW\�

RI�3HQQV\OYDQLD�0XVHXP��

:8/))� +�(��
����� 7KH� 7UDGLWLRQDO�&UDIWV� RI�3HUVLD�� &DPEULGJH��0DVVDFKXVHWWV� ,QVWLWXWH� RI�7HFKQRORJ\� 3UHVV��

<(5.(6�5�:��
����� 0LFURZHDU��PLFURGULOOV�DQG�0LVVLVVLSLDQ�FUDIW�VSHFLDOL]DWLRQ�� $PHULFDQ�$QWLTXLW\�������������������


