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%LQL�-R\���6\DP�.�9HQXJRSDO���
6��$QRRS���1��'LYDNDUDQ�1DLU��DQG�
.��5DMDQNXWW\�
'HSDUWPHQW�2I�9HWHULQDU\�6XUJHU\�DQG�5DGLRORJ\�
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\����������7KULVVXU��.HUDOD

5HFHLYHG�����������
$FFHSWHG�����������

$EVWUDFW�
)UDFWXUHV� DUH� FRPPRQ� LQ� JRDWV��

WKRXJK� HSLGHPLRORJLF� GDWD� RQ� SUHYDOHQFH�
DQG�SUHGLVSRVLQJ�IDFWRUV�LV�OLPLWHG��6PLWK�DQG�
6KHUPDQ��������([WHUQDO�VNHOHWDO�¿[DWLRQ�LV�D�
PHWKRG�RI�WUHDWLQJ�VNHOHWDO�LQMXULHV�E\�DWWDFKLQJ�
ERQH� WR� DQ� H[WHUQDO� GHYLFH�� ,Q� WKH� SUHVHQW�
VWXG\�WKH�IUDFWXUH�RI�WLELD�LQ�D�JRDW�LV�VXUJLFDOO\�
PDQDJHG�ZLWK�XQLSODQDU�W\SH�,,�H[WHUQDO�VNHOHWDO�
¿[DWRU� XVLQJ� VWDLQOHVV� VWHHO� FRQQHFWLQJ� EDU��
WUDQV¿[DWLRQ� SLQ� DQG� FODPS��(SR[\SXWW\�ZDV�
XVHG� DV� FODPSV� LQ� WZR� VLWHV�� (IILFLHQF\� RI�
IUDFWXUH� KHDOLQJ� ZDV� VWXGLHG� FOLQLFDOO\� DQG�
UDGLRJUDSKLFDOO\� DQG� LPSODQW�ZDV� UHPRYHG� LQ�
VL[WK�ZHHN�
.H\ZRUGV��*RDW�� IUDFWXUH�� UDGLRJUDSKLF�
HYDOXDWLRQ�

)RRG�DQLPDOV�DUH�H[FHOOHQW�SDWLHQWV�IRU�
WUHDWPHQW�RI�RUWKRSHGLF� LQMXULHV�EHFDXVH� WKH\�
VSHQG�D�PDMRULW\� RI� WLPH� O\LQJ� GRZQ�� KDYH� D�
WUHPHQGRXV� SRWHQWLDO� IRU� ERQH� KHDOLQJ�� DUH�
UHVLVWDQW�WKDQ�RWKHU�DQLPDOV�WR�FRQWUDODWHUDO�OLPE�
EUHDNGRZQ�DQG�VWUHVV�ODPLQLWLV��DQG�XVXDOO\�GR�
QRW� UHVLVW� KDYLQJ� RUWKRSHGLF� GHYLFHV� RQ� WKHLU�

OLPEV��$QGHUVRQ�HW�DO����������7KH�FXULRVLW\�DQG�
FOLPELQJ�LQVWLQFWV�RI�JRDWV��IUDFWXUH�VHFRQGDU\�
WR� VWUXJJOLQJ�� WUDXPD� IURP� GRJ� DWWDFNV� DUH�
FRPPRQ�FDXVHV�RI�OLPE�ERQH�IUDFWXUHV�LQ�JRDWV�
�6PLWK� DQG�6KHUPDQ�� ������([WHUQDO� VNHOHWDO�
¿[DWLRQ� FDQ�EH�XVHG� LQ� VPDOO� UXPLQDQWV�DV�D�
VXFFHVVIXO�� HFRQRPLF�� DOWHUQDWLYH� WR� LQWHUQDO�
IL[DWLRQ�� .XPDUHVDQ� HW� DO�� ������� UHSRUWHG�
WKH�XVH�RI� HSR[\SXWW\� LQ� WKH�PDQDJHPHQW� RI�
IUDFWXUH�LQ�FDSULQHV��(SR[\SXWW\�LV�HDV\�WR�DSSO\��
LQH[SHQVLYH��OLJKW�ZHLJKW�DQG�YHUVDWLOH��.XPDU�
HW�DO���������
0DWHULDOV�DQG�0HWKRGV�

$�����GD\�ROG�-DPQDSDUL�FURVV�EUHHG�NLG�
ZDV�SUHVHQWHG�WR�8QLYHUVLW\�9HWHULQDU\�+RVSLWDO�
0DQQXWK\�ZLWK� WKH�KLVWRU\�RI� ODPHQHVV�RI� OHIW�
KLQGOLPE�VLQFH�RQH�GD\��2Q�H[DPLQDWLRQ�VOLJKW�
VZHOOLQJ�RQ� OHIW� KLQGOLPE�ZDV�QRWLFHG��$QLPDO�
VKRZHG� VHYHUH�SDLQ� DQG� VKRZHG�QRQ�ZHLJKW�
EHDULQJ� ODPHQHVV� RI� WKH� OLPE�� 7KH� FOLQLFDO�
FRQGLWLRQ�RI� WKH�DQLPDO�ZDV�QRUPDO�H[FOXGLQJ�
WKH�ODPHQHVV�

2Q� SK\VLFDO� H[DPLQDWLRQ�� IUDFWXUH� RI�
WKH� WLELD� ZDV� QRWLFHG� DQG� LW� ZDV� FRQILUPHG�


3DUW�RI�096F�WKHVLV�RI�WKH�¿UVW�DXWKRU��VXEPLWWHG�WR�.HUDOD�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV�8QLYHUVLW\��3RRNRGH��
���0�9�6F�6FKRODU�
��3URIHVVRU��DQG�+HDG��'HSDUWPHQW�RI�9HWHULQDU\�6XUJHU\�	�5DGLRORJ\��&9$6��3RRNRGH
��$VVLVWDQW�3URIHVVRU�
��3URIHVVRU�DQG�+HDG��'HSDUWPHQW�RI�9HWHULQDU\�3DWKRORJ\��&9$6��3RRNRGH
����3URIHVVRU��5HWG�
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E\� UDGLRJUDSK\�ZKLFK� UHYHDOHG�VSLUDO� IUDFWXUH�
RI� WKH�PLGVKDIW� RI� WLELD� �)LJ����7KH� OLPE�ZDV�
WHPSRUDULO\� LPPRELOL]HG� E\� DSSO\LQJ�5REHUW�
-RQHV�EDQGDJH�DQG�DGYLVHG�WR�EULQJ�WKH�DQLPDO�
RQ�QH[W�GD\�DIWHU�IDVWLQJ�
6XUJLFDO�7UHDWPHQW

7KH� VXUJHU\� ZDV� GRQH� XQGHU� GHHS�
VHGDWLRQ��6HGDWLRQ�ZDV�LQGXFHG�ZLWK�[\OD]LQH�DW�
WKH� UDWH�RI� �����PJ�NJ�ERG\ZHLJKW��7KHQ� WKH�
DQLPDO� ZDV� JLYHQ� LQWUDYHQRXVO\� GLD]HSDP��
�WRWDO�GRVH��PJ�RQ�LQFUHPHQWDO�GRVHV��WR�HIIHFW��
WR�PDLQWDLQ� VHGDWLRQ��7KH� DIIHFWHG� OLPE�ZDV�
SUHSDUHG�DVHSWLFDOO\�IRU�VXUJHU\��7KH�VLWH�ZDV�
VKDYHG� LQFOXGLQJ� WKH� MRLQWV� DERYH�DQG�EHORZ�
WKH�IUDFWXUH�VLWH�DIWHU�VFUXEELQJ�WKH�DUHD�ZLWK�
&KORUKH[LGLQH��FHWULPLGH�VROXWLRQ��7KH�VLWH�ZDV�
ZDVKHG�DQG�PRSSHG�GU\�

7UDFWLRQ� ZDV� DSSOLHG� WR� WKH� OLPE� E\�
SDUWLDOO\� VXVSHQGLQJ� WKH� ERG\ZHLJKW� RQ� WKH�
DIIHFWHG� OLPE� IRU� DERXW� ���PLQXWHV� EHIRUH�
VXUJHU\��7KH�DQLPDO�ZDV�UHVWUDLQHG�RQ� ODWHUDO�
UHFXPEHQF\� ZLWK� WKH� VXUJLFDO� VLWH� XS�� 7KH�
IUDFWXUH�ZDV�UHGXFHG�WR�QRUPDO�DOLJQPHQW�DQG�
DSSRVLWLRQ� E\� H[WHUQDO�PDQLSXODWLRQ�� ,Q� WKLV�
FDVH� WKH�H[WHUQDO�VNHOHWDO�¿[DWRU�ZDV�DSSOLHG�
E\� FORVHG� DSSURDFK� WR� WKH� ERQH�� � 7KH� SLQV�
ZHUH� LQWURGXFHG� SHUFXWDQHRXVO\� WKURXJK� WKH�
VDIH� FRUULGRUV� RI� WKH� ERQH�� FUDQLRPHGLDO� WR�
FDXGRODWHUDO�E\�KDQG�WKURXJK�WKH�VRIW�WLVVXH�WR�
WKH�OHYHO�RI�ERQH��DQG�WKHQ�GULOOHG�WKURXJK�ERQH�
XVLQJ�RUWKRSHGLF� GULOO��7ZR� ¿[DWLRQ� SLQV�ZHUH�
GULOOHG�WKURXJK�HDFK�IUDJPHQW�RI�WKH�ERQH��7KH�
SLQV�ZHUH�GULOOHG�DOPRVW�DW�ULJKW�DQJOH�WR�WKH�ORQJ�
D[LV�RI�ERQH�DQG�SDUDOOHO�WR�HDFK�RWKHU��7KH�SLQV�
ZHUH�FRQQHFWHG� WR�VWDLQOHVV�VWHHO� FRQQHFWLQJ�
EDU�XVLQJ�VWDLQOHVV�VWHHO�FRQQHFWLQJ�EDU�DW�VL[�
SRLQWV� �)LJ�� ���� ,Q� WKH� WZR�PRVW� SUR[LPDO� SLQ�
VLWHV��HSR[\SXWW\�ZDV�XVHG� WR�FRQQHFW� WR� WKH�
FRQQHFWLQJ�EDU�RQ�HLWKHU�VLGH��VLQFH�LW�DOORZHG�
JUHDWHVW�DGYDQWDJH�RI�DSSO\LQJ�SLQV�DW�DQ\�SODQH�
�)LJ������)UDFWXUH�VWDELOLW\�ZDV�HQVXUHG��

7KH� SLQ� HQWU\� DQG� H[LW� SRLQWV� ZHUH�
FRYHUHG�ZLWK�FRWWRQ�VRDNHG�LQ�7LQFWXUH�EHQ]RLQ��
7KH�SLQ�HQWU\�SRLQWV�ZHUH�FRYHUHG�ZLWK�VWHULOH�
FRWWRQ� JDX]H� SDGV� DQG� D� EDQGDJH� ZDV�
DSSOLHG�ZLWK� WKLFN� FRWWRQ� SDGGLQJ� DURXQG� WKH�
¿[DWRU�� 3RVWRSHUDWLYHO\� DQWLELRWLF�&HIWULD[RQH�
VRGLXP�ZDV�DGPLQLVWHUHG�IRU�¿YH�GD\V�ZLWK�DW�
D�UDWH�RI����PJ�NJ�ERG\�ZHLJKW�LQWUDYHQRXVO\��
7HWDQXV�WR[RLG�LQMHFWLRQ�ZDV�JLYHQ�LQWUDPXVFXODUO\�
SRVWRSHUDWLYHO\�RQ�WKH�GD\�RI�VXUJHU\�

&OLQLFDO�� KHPDWRORJLFDO�� UDGLRORJLFDO��
DQG� ELRFKHPLFDO� HYDOXDWLRQ�ZDV� FDUULHG� RXW��
SUHRSHUDWLYHO\� DQG� � � SRVW� RSHUDWLYHO\� DW� WZR�
ZHHNV�LQWHUYDO��XS�WR�VL[�ZHHNV��7KH�KHDOLQJ�ZDV�
FRPSOHWHG�DQG�LPSODQW�ZDV�UHPRYHG�DIWHU�VL[WK�
ZHHN�VLQFH�WKH�JDLW�RI�WKH�DQLPDO�ZDV�QRUPDO�
DQG�DOVR�XQLRQ�ZDV�QRWLFHG�LQ�UDGLRJUDSK�
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5HVXOWV�DQG�'LVFXVVLRQ�
$QLPDO�FRXOG�PDNH�JURXQG�FRQWDFW�RI�WKH�

OLPE�RQ�WKH�VHFRQG�GD\�RI�VXUJHU\�LWVHOI��(DUO\�
UHWXUQ� WR� VRXQG� IXQFWLRQDO� OLPE� LQGLFDWHG� WKH�
VWDELOLW\�RI�¿[DWRU��$FFRUGLQJ�WR�5RFKDW���������
VWDEOH�¿[DWLRQ�ZDV�UHTXLUHG�WR�SUHYHQW�GHOD\HG�
XQLRQ�DQG�WR�DYRLG�SRRU�OLPE�XVDJH��9HU\�JRRG�
OLPE�XVDJH�ZDV�QRWLFHG�E\��VW�ZHHN�LWVHOI��2Q�

UDGLRORJLFDO�H[DPLQDWLRQ�VOLJKW�DQJXODWLRQ�ZDV�
QRWLFHG� RQ� �QG� SRVWRSHUDWLYH�ZHHN� �)LJ�� ����
5DGLRJUDSKLF� H[DPLQDWLRQ� VKRZHG�HQGRVWHDO�
FDOOXV�IRUPDWLRQ�E\�VHFRQG�ZHHN�DQG�PLQLPXP�
FDOOXV� IRUPDWLRQ� LQGLFDWLQJ� VWLII� ¿[DWLRQ�ZDV�
QRWLFHG� E\� VL[WK�ZHHN� FRPSOHWHO\� RFFOXGLQJ�
IUDFWXUH� JDS� �)LJV�� �	���� 6R� LPSODQW� ZDV�
UHPRYHG�E\�VL[WK�ZHHN�

7KHUH�ZDV� VOLJKW� LQFUHDVH� LQ� DONDOLQH�
SKRVSKDWDVH� OHYHO� E\� WKH� VHFRQG� ZHHN� RI�
REVHUYDWLRQ� ZKLFK� JRW� VOLJKWO\� GHFUHDVHG�
DQG� FRPLQJ� WR� QRUPDO� OHYHO� LQ� VXEVHTXHQW�
SHULRGV�ZKLFK�PD\�EH�GXH� WR� WKH�SURJUHVV� LQ�
IUDFWXUH� KHDOLQJ� �.DQHNR�HW�DO����������7KHUH�
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���;\OD[LQ��;\OD]LQH�+\GURFKORULGH�������PJ��PO��,QGLDQ�,PPXQRORJLFDOV�/WG
���&DOPSRVH��GLD]HSDP��PJ�PO��5DQED[\�'LDJQRVWLF�/WG���
���,QWDFHI�����PJ��&HIWULD[RQH�LQMHFWLRQ��,QWDV�SKDUPDFHXWLFDOV�/WG

ZDV�D� VLJQL¿FDQW� GHFUHDVH� LQ� VHUXP�FDOFLXP�
FRQFHQWUDWLRQ�E\�WKH�IRXUWK�ZHHN�DQG�LW�UHPDLQHG�
DOPRVW� VWDWLRQDU\� GXULQJ� WKH� VXEVHTXHQW�
SHULRGV�� 6HUXP� SKRVSKRUXV� FRQFHQWUDWLRQ�
ORZHUHG� GXULQJ� WKH� IRXUWK� DQG� VL[WK�ZHHN� RI�
REVHUYDWLRQ�EXW�ZDV�ZLWKLQ�WKH�OLPLW��
5HIHUHQFHV�
$QGHUVRQ�� '�(�� DQG� � � 6W��-HDQ�*�� ������

0DQDJHPHQW� RI� IUDFWXUHV� LQ� ILHOG�
VHWWLQJV��9HW�� &OL�� )RRG��$QLP�� ����
���������

-XOLH��%��������$FU\OLF�H[WHUQDO�VNHOHWDO�¿[DWRU�IRU�
WKH�WUHDWPHQW�RI�ORQJ�ERQH�IUDFWXUH�LQ�
GRJV��0�9�6F��WKHVLV��.HUDOD�$JULFXOWXUH�
8QLYHUVLW\��9HOODQLNNDUD����S�

.DQHNR�� -�-��� +DUYH\��:�-�� DQG�%UXVV��0�/��
������&OLQLFDO�%LRFKHPLVWU\�RI�'RPHVWLF�
$QLPDOV�� �WK� HG��$FDGHPLF� SUHVV��
(OVHYLHU��S�����

.XPDU��3���$LWKDO��+�3���.LQMDYGHNDU��3���$PDUSDO���
3DZGH��$�:��3UDWDS��.��� 6XUEKL� DQG�
6LQKD��'�.��������(SR[\�SLQ�H[WHUQDO�
VNHOHWDO�¿[DWLRQ�IRU�WUHDWPHQW�RI�RSHQ�
IUDFWXUHV� RU� GLVORFDWLRQV� LQ� ��� GRJV��
,QGLDQ�-��9HW��6XUJ����������������

.XPDUHVDQ��$���'KDUPDFHHODQ��6���.DGLUYHO��6���
6HQWKLONXPDU��6��DQG� �-D\DNXPDU��.��
������0DQDJHPHQW�RI�2SHQ�IUDFWXUHV�
RI�PHWDFDUSXV� DQG�PHWDWDUVXV�ZLWK�
HSR[\�W\SH�,,�H[WHUQDO�¿[DWRU�LQ�FDSULQHV�
��$�VWXG\�RI�WZR�SDWLHQWV��,QWDV�3ROLYHW��
������������

5RFKDW��0�&�� ������ 8VLQJ� H[WHUQDO� VNHOHWDO�
¿[DWLRQ�WR�UHSDLU� ORQJ�ERQH�IUDFWXUHV��
9HW�0HG� �������������

6PLWK��&�0�� DQG�6KHUPDQ��'�0�� ������*RDW�
0HGLFLQH� ��QG� HG��:LOH\�%ODFNZHOO�� S�
���� �


