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)RUHLJQ�ERGLHV�LQ�QRVH�DUH�FRPPRQO\�VHHQ�LQ�

2WRUKLQRODU\QJRORJ\�� XVXDOO\� LQ� FKLOGUHQ� EH�

WZHHQ�WZR�DQG�IRXU�\HDUV�ROG�����6XFK�REMHFWV�

PD\� EH� FODVVLILHG� DV� RUJDQLF� DQG� LQRUJDQLF��

,QRUJDQLF� IRUHLJQ� ERGLHV� LQFOXGH� PHWDO� RE�

MHFWV�� EXWWRQV�� EHDGV� DQG� SODVWLF� REMHFWV��

7KHVH�PD\� OLH� XQGHWHFWHG� IRU� ORQJ� GXUDWLRQ��

JLYLQJ� ULVH� WR� QR� V\PSWRPV� DQG� RFFDVLRQDOO\�

DUH� IRXQG� DFFLGHQWDOO\� GXULQJ� URXWLQH� H[DPL�

QDWLRQ��2UJDQLF�IRUHLJQ�ERGLHV�VXFK�DV�ZRRG��

SDSHU��FRWWRQ�ZRRO�RU�IRDP�UXEEHU�SURGXFH�D�

ORFDO�LQIODPPDWRU\�UHDFWLRQ�ZKLFK�PD\�OHDG�WR�

WKH� IRUPDWLRQ�RI�JUDQXODWLRQ� WLVVXH��$�XQLODW�

HUDO� QDVDO� GLVFKDUJH� LV� DOZD\V� GXH� WR� D� IRU�

HLJQ�ERG\�XQOHVV�SURYHQ�RWKHUZLVH��0RVW�QD�

VDO�IRUHLJQ�ERGLHV�FDQ�EH�UHPRYHG�LQ�WKH�FOLQ�

LF� VHWWLQJV� ZLWKRXW� DQ\� FRPSOLFDWLRQ�� 6HSWDO�

SHUIRUDWLRQ� LV� D� UDUH� FRPSOLFDWLRQ� RI� QDVDO�

IRUHLJQ�ERGLHV�XVXDOO\� FDXVHG�E\�EXWWRQ�EDW�

WHU\� LQ� WKH� QRVH�� )RU� WKLV� UHDVRQ�� QDVDO�
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IRUHLJQ�ERGLHV� RWKHU� WKDQ�EDWWHULHV� DUH�RIWHQ�

EHQLJQ�� +RZHYHU�� DV� REVHUYHG� LQ� WKLV� FDVH��

ELODWHUDO�PDJQHWLF�QDVDO�IRUHLJQ�ERGLHV�FDQ�EH�

FRQVLGHUHG�DQ�H[FHSWLRQ��7KH�DWWUDFWLYH� IRUFH�

H[HUW�E\� WKH�RSSRVLWHV�PDJQHWV�RQ� WKH�QDVDO�

VHSWXP� FDXVHG� SUHVVXUH� QHFURVLV� DQG� FRP�

SOHWH�VHSWDO�SHUIRUDWLRQ��:KHQ�ELODWHUDO�PDJ�

QHWLF�QDVDO�IRUHLJQ�ERGLHV�LV�HQFRXQWHUHG��ZH�

UHFRPPHQG�XUJHQW�UHPRYDO�RI�WKLV�REMHFWV�WR�

SUHYHQW� SHUPDQHQW� VHTXHODH�� 9DULRXV� PHWK�

RGV� RI� QDVDO� IRUHLJQ� ERGLHV� UHPRYDO� DUH� GLV�

FXVVHG�LQ�WKLV�FDVH�UHSRUW� 
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$���-\HDU-ROG�ER\�SUHVHQWHG�WR�RXU�FOLQLF�ZLWK�

KLVWRU\� RI� ELODWHUDO� IRXO� VPHOOLQJ� QDVDO� GLV�

FKDUJH� RI� WZR� \HDUV� GXUDWLRQ�� +H� DOVR� KDG�

EORRG� VWDLQHG� QDVDO� GLVFKDUJH� LQWHUPLWWHQWO\��

2WKHUZLVH��KH�KDV�QR�QDVDO�EORFNDJH�DQG�RWK�

HU�V\PSWRPV�RI�DOOHUJLF�UKLQLWLV�RU�UKLQRVLQXVL�

WLV��+H�ZDV�XQDEOH�WR�UHFDOO�DQ\�HYHQW�RI�IRU�

HLJQ�ERG\�LQVHUWLRQ�LQ�WKH�QRVH� 

 

 )HZ� PRQWKV� SULRU� WR� KLV� YLVLW� WR� RXU�



FOLQLF�� WKH� FKLOG� ZDV� SUHYLRXVO\� EURXJKW� WR� D�

SULPDU\�FDUH�GRFWRU��ZKHUH�KH�ZDV�RQO\�SUH�

VFULEHG�D�FRXUVH�RI�RUDO�DQWLELRWLF�IRU�KLV�UKLQL�

WLV�V\PSWRPV� 

 

 $QWHULRU� UKLQRVFRS\� QRWHG� EODFNLVK�

IRUHLJQ�ERGLHV�FRYHUHG�E\�FUXVW�DGKHUHQFH�WR�

WKH� QDVDO� VHSWXP� RQ� ERWK� VLGHV� �)LJXUH� �D���

5HPRYDO� RI� IRUHLJQ� ERGLHV� ZDV� FDUULHG� RXW�

XVLQJ�D�QDVDO�IRUHLJQ�ERG\�KRRN�ZLWK�QDVRHQ�

GRVRSH�JXLGDQFH�� 7ZR�PDJQHWLF� IRUHLJQ�ERG�

LHV� ZKLFK� DGKHUHG� DFURVV� WKH� QDVDO� VHSWXP�

ZHUH�UHPRYHG��)LJXUH��E��DQG�D�VPDOO�VHSWDO�

SHUIRUDWLRQ� ZDV� QRWHG� �)LJXUH� �F��� 7KH� FKLOG�

ZDV�SUHVFULEHG�ZLWK�RUDO�DPR[LFLOOLQ-FODYXODQLF�

DFLG�DQG�DGYLVHG�RQ�QDVDO�K\JLHQH� 

 

 2Q� VXEVHTXHQW� IROORZ-XS�� WKH� FKLOG�

ZDV� DV\PSWRPDWLF�� 5HSHDWHG� QDVRHQGRVFRSH�

VKRZHG�D�ZHOO�KHDOHG�DQWHULRU�VHSWDO�SHUIRUD�

WLRQ�ZLWK�FOHDQ�HGJH� 
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)RUHLJQ�ERGLHV�FDQ�EH�FODVVLILHG�DV�HLWKHU�LQRU�

JDQLF� RU� RUJDQLF�� 3HDV�� EHDQV�� DQG� QXWV� DUH�

DPRQJ� WKH� PRUH� FRPPRQ� RUJDQLF� IRUHLJQ�

ERGLHV�IRXQG�LQ�QDVDO�SDVVDJHV��,QRUJDQLF�IRU�

HLJQ� ERGLHV� DUH� W\SLFDOO\� SODVWLF� RU� PHWDOOLF�

REMHFWV��&RPPRQ�H[DPSOHV�LQFOXGH�EHDGV�DQG�

VPDOO�SDUWV�IURP�WR\V�� 

 

 2UJDQLF� IRUHLJQ� ERGLHV� WHQG� WR� FDXVH�

PRUH� LUULWDWLRQ� WR� WKH�QDVDO�PXFRVD�DQG�WKXV�

SUHVHQW� HDUOLHU�ZLWK� V\PSWRPV�ZKHUHDV� LQRU�

JDQLF� IRUHLJQ� ERGLHV� PD\� OLH� XQGHWHFWHG� IRU�

ORQJ�GXUDWLRQ��JLYLQJ�ULVH�WR�QR�RU�QRQ-VSHFLILF�

V\PSWRPV�DV�REVHUYHG�LQ�WKLV�FDVH��8QLODWHUDO�

QDVDO� GLVFKDUJH�� IRXO� RGRXU�� VQHH]�

LQJ� HSLVWD[LV�DQG�SDLQ�DUH�DOO�SRVVLEOH�SUHVHQ�

WDWLRQ�RI�QDVDO�IRUHLJQ�ERGLHV�� 

 

 1DVDO�IRUHLJQ�ERGLHV�FRPPRQO\�ORGJHG�

DURXQG� WKH� IORRU� RI� WKH� QRVH� MXVW� EHORZ� WKH�

LQIHULRU� WXUELQDWH� RU� LPPHGLDWHO\� DQWHULRU� WR�

WKH� PLGGOH� WXUELQDWH�� �� 1DVRHQGRVFRSH� PD\�

EH�UHTXLUHG�LQ�GHHS�VHDWHG�IRUHLJQ�ERG\��7KLV�

LV�XVXDOO\�SHUIRUPHG�XQGHU�VHGDWLRQ�RU�DQDHV�

WKHVLD� LQ� FKLOGUHQ��5RXWLQH� UDGLRJUDSK�FDQ�EH�

KHOSIXO�LQ�ORFDOLVLQJ�UDGLR-RSDTXH�IRUHLJQ�ERG�

LHV��$OWKRXJK�PRVW�FDVHV�RI�QDVDO�IRUHLJQ�ERG�

LHV�DUH�EHQLJQ�FRQGLWLRQ��LW�FDQ�OHDG�WR�VLJQLIL�

FDQW� PRUELGLW\� GXH� WR� PXFRVDO� GDPDJH� RU�

HYHQ�PRUWDOLW\� LI� WKH� REMHFW� LV� GLVORGJHG� LQWR�

WKH� DLUZD\�� 7KXV�� RQFH� LGHQWLILHG�� DOO� QDVDO�

IRUHLJQ� ERGLHV� VKRXOG� EH� UHPRYHG� SURPSWO\��

2WKHU� WKDQ� EXWWRQ� EDWWHU\�� PDJQHWLF� IRUHLJQ�

ERGLHV�LQ�WKH�QRVH�LV�DOVR�FRQVLGHUHG�DQ�HPHU�

JHQF\�DV� WKH�RXWFRPH� LV� WLPH�VHQVLWLYH��SDU�

WLFXODUO\� DV� LQ� WKLV� FDVH� ZLWK� WZR� PDJQHWV�

ORGJHG� RQ� HLWKHU� VLGH� RI� WKH� VHSWXP� LQ� ERWK�

QDVDO�FDYLW\�UHVXOWLQJ� LQ�VHSWDO�SHUIRUDWLRQ��,W�

KDV�EHHQ�SUHYLRXVO\�UHSRUWHG�WKDW�WKH�DUHD�RI�

SUHVVXUH� QHFURVLV� EHFDPH� DSSDUHQW� DURXQG�

WKH� PDJQHW� LI� WKH� UHPRYDO� RI� WKH� PDJQHWV�

ZHUH�GHOD\HG�E\�RQO\�D�IHZ�KRXUV���� 

 

 ,Q� FDVH� RI� XQLODWHUDO� QDVDO� PDJQHWLF�

)LJV�� ��� D�� (QGRVFRSLF� LPDJHV� VKRZLQJ� EODFN� FRO�
RXUHG� IRUHLJQ� ERGLHV� �)%�� FUXVWHG� ZLWK� GU\� VHFUH�
WLRQ�DQG�DGKHUHQW� WR�ERWK�VLGH�RI�QDVDO�VHSWXP��E��
WZR� PDJQHWLF� IRUHLJQ� ERGLHV� UHPRYHG� IURP� ERWK�
QDVDO�FDYLWLHV��DQG�F��VPDOO�DQWHULRU�VHSWDO�SHUIRUD�
WLRQ� �DUURZ�� VHHQ� DIWHU� UHPRYDO� RI� WKH� PDJQHWLF�
IRUHLJQ�ERGLHV�� 
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IRUHLJQ� ERG\�� SUHVVXUH� QHFURVLV� DQG� SHUIRUD�

WLRQ� RI� WKH� QDVDO� VHSWXP� LV� XQOLNHO\� WR� RFFXU�

EHFDXVH� WKH� DEVHQFH� RI� WKH� DWWUDFWLYH� IRUFH�

WKDW�LV�UHTXLUHG�IRU�WKH�DGKHUHQW�RI�WKH�PDJ�

QHW� WR� WKH� QDVDO� VHSWXP�� ,Q� WKLV� FDVH�� WKH�

PDJQHW�� OLNHV� DQ\� RWKHU� QDVDO� IRUHLJQ� ERG\�

WHQGV�WR�ORGJH�RQ�WKH�QDVDO�IORRU�RU�MXVW�DQWH�

ULRU�WR�WKH�PLGGOH�WXUELQDWH� 

 

 0DQ\� WHFKQLTXHV� FDQ� EH� XVHG� WR� UH�

PRYH� QDVDO� IRUHLJQ� ERGLHV�� ,W� PD\� EH� UH�

PRYHG� ZLWK� GLUHFW� YLVXDOLVDWLRQ� XVLQJ� QDVDO�

IRUHLJQ� ERG\� KRRN�� IRUFHSV� RU� VXFWLRQ� FDWKH�

WHU�� $OWHUQDWLYHO\�� UHPRYDO� RI� QDVDO� IRUHLJQ�

ERG\�FDQ�EH�GRQH�E\�SDVVLQJ�D�)ROH\�FDWKHWHU�

RU� )RJDUW\� ELOLDU\� FDWKHWHU� SDVW� WKH� IRUHLJQ�

ERG\��LQIODWLQJ�WKH�EDOORRQ�ZLWK�����P/�RI�ZD�

WHU� DQG� SXOOLQJ� WKH� LQIODWHG� EDOORRQ� IRUZDUGV�

WRJHWKHU�ZLWK�WKH�IRUHLJQ�ERG\�WKXV�UHPRYLQJ�

WKH� IRUHLJQ�ERG\�� ����� �%RWPD�HW�DO��VXJJHVWHG�

WKH� XVH� RI� D� WHFKQLTXH� FDOOHG� SDUHQW� NLVV DV�

WKH�ILUVW� OLQH�PDQDJHPHQW�IRU�UHPRYLQJ�QDVDO�

IRUHLJQ� ERGLHV� LQ� \RXQJ� FKLOGUHQ�� �� ,Q� WKLV�

WHFKQLTXH��WKH�SDUHQW�EORZV�D�UDSLG��VRIW�SXII�

RI� DLU� LQWR� WKH� FKLOG¶V� PRXWK� ZKLOH� RFFOXGLQJ�

WKH�FRQWUDODWHUDO�QRVWULO��7KLV�WHFKQLTXH�FDXV�

HV� OHVV� WUDXPD�SK\VLFDOO\� DQG�SV\FKRORJLFDOO\�

WR�WKH�SDWLHQW��,Q�FDVH�RI�QDVDO�PDJQHWLF�IRU�

HLJQ�ERGLHV��DQ�DWWUDFWLYH�DSSURDFK�RI�UHPRY�

DO�XVLQJ� WKH�PHWDO�KDQGOH�RI�ED\RQHW� IRUFHSV�

KDV�EHHQ�GHVFULEHG��� 

 

 7KH� ILUVW� DWWHPSW� LV� FULWLFDO� LQ� IRUHLJQ�

ERG\� UHPRYDO� LQ� FKLOGUHQ�� $� FKLOG� PD\� VLW�

WKURXJK� RQH� DWWHPSW� DW� UHPRYDO� EXW� LI� WKLV�

IDLOV� DQG� HVSHFLDOO\� LI� WKH� DWWHPSW� SURGXFHV�

EOHHGLQJ�� WKH� FKLOG� LV� QRW� OLNHO\� WR� HQGXUH� D�

VHFRQG�� 

 

 %ULHI� HSLVWD[LV� LV� QRW� XQFRPPRQ� IRO�

ORZLQJ� UHPRYDO� RI� QDVDO� IRUHLJQ� ERG\�� 7KLV�

XVXDOO\�UHTXLUHV�QR�LQWHUYHQWLRQ��7KHUH�LV�SRV�

VLELOLW\�RI�VHFRQG�IRUHLJQ�ERG\�SUHVHQW��HLWKHU�

LQ� WKH� VDPH� VLGH� RU� LQ� WKH� RSSRVLWH� RQH� DQG�

DIWHU�UHPRYDO�RI�WKH�ILUVW�REMHFW�WKH�QRVH�PXVW�

EH�H[DPLQHG�IRU�WKLV� 

 

 )ROORZ�XS�LV�QHHGHG�WR�DVVHVV�IRU�ORQJ�

WHUP�FRPSOLFDWLRQV�RI�QDVDO�IRUHLJQ�ERGLHV�OLNH�

PXFRVDO�XOFHUDWLRQ��V\QHFKLDH�RU�VHSWDO�SHUIR�

UDWLRQ� 

 

 ,Q� FRQFOXVLRQ�� DOWKRXJK� QDVDO� IRUHLJQ�

ERG\� VHHPV� WR� EH� D� EHQLJQ� FRQGLWLRQ�� LW� FDQ�

OHDG� WR� VLJQLILFDQW� PRUELGLW\� GXH� WR� PXFRVDO�

GDPDJH�RU�HYHQ�PRUWDOLW\�LI�WKH�REMHFW�LV�GLV�

ORGJHG� LQWR� WKH�DLUZD\��+RZHYHU��PRVW�FDVHV�

RI� QDVDO� IRUHLJQ� ERGLHV� SUHVHQW� ZLWK� QRQ-

VSHFLILF� QDVDO� V\PSWRPV�� ,Q� FKLOGUHQ� SDUWLFX�

ODUO\� LI� WKHUH� LV� D� ODFN� RI� KLVWRU\� RI� IRUHLJQ�

ERGLHV¶� LQVHUWLRQ�� WKLV�PD\� EH� HDVLO\�PLVVHG��

+HQFH�FKLOGUHQ�ZLWK�SHUVLVWHQW�UHFXUULQJ�UKLQL�

WLV� V\PSWRPV� GHVSLWH� DGHTXDWH� WUHDWPHQW�

VKRXOG�EH� UHIHUUHG� WR�DQ�2WRUKLQRODU\JRORJLVW�

IRU�QDVRHQGRVFRS\�� 
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��� .LJHU�-5��%UHQNHUW�7(��/RVHN�-'��1DVDO� IRUHLJQ�

ERG\� UHPRYDO� LQ� FKLOGUHQ� 3HGLDWU� (PHUJ� &DUH�

������������-��� 

��� .DODQ�$��7DULT�0� )RUHLJQ�ERGLHV� LQ�QDVDO� FDYL�

WLHV�� D� FRPSUHKHQVLYH� UHYLHZ� RI� WKH� DHWLRORJ\�� GL�

DJQRVWLF� SRLQWHUV� DQG� WKHUDSHXWLF�PHDVXUHV�� 3RVW�

JUDG�0HG�-��������������-�� 

��� 0F&RUPLFN� 6�� %UHQQDQ� 3�� <DVVD� -�� 6KDZLV� 5��

&KLOGUHQ�DQG�PLQL-PDJQHWV��DQ�DOPRVW�IDWDO�DWWUDF�

WLRQ� (PHUJ�0HG�- �����������-�� 

��� )R[� -5�� )RJDUW\� FDWKHWHU� UHPRYDO� RI� QDVDO� IRU�

HLJQ�ERGLHV� $QQ�(PHUJ�0HG ����������-�� 

��� 3DYDQ� 03�� 5DMHHY� $�� 1DVDO� )RUHLJQ� %RGLHV�� $�

5HYLHZ� RI� 0DQDJHPHQW� 6WUDWHJLHV� DQG� D� &OLQLFDO�

6FHQDULR� 3UHVHQWDWLRQ�� &UDQLRPD[LOORIDF� 7UDXPD�

5HFRQVWU������������–�� 

��� %RWPD�0��%DGHU�5��.XEED�+�� 
$�SDUHQW
V� NLVV
��

HYDOXDWLQJ� DQ� XQXVXDO�PHWKRG� IRU� UHPRYLQJ� QDVDO�

IRUHLJQ� ERGLHV� LQ� FKLOGUHQ� -� /DU\QJRO� 2WRO ������

�������-�� 

��� /DQFH� %�� $QGUHZ� 7�� *HUDUGR� 6�� $Q� DWWUDFWLYH�

DSSURDFK� WR� PDJQHWV� DGKHUHQW� DFURVV� WKH� QDVDO�

VHSWXP��&-(0�-&08 �����������-�� 
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