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)HQRPHQL�FDUVLFL�FDUDWWHULVWLFL�PD� UHODWLYDPHQWH� UDUL�� DOPHQR�SHU�TXDQWR� ULJXDUGD� OD�6ORYHQLD�� VRQR� VWDWL� GRFX�
PHQWDWL�QHOOD�EUHFFLD�FKH�JLDFH�VX�IRQGDPHQWD�LQFOLQDWH�GL�IO\VFK�LPSHUPHDELOH��*OL�DXWRUL�KDQQR�GLVWLQWR�WLSL�FDUDW�
WHULVWLFL�GL�JURWWH�H�VWDGL�LQL]LDOL�GL�GROLQH�LQ�VYLOXSSR��/H�SL|�ODUJKH�H�IUHTXHQWL�VRQR�OH�JURWWH�FKH�VL�VYLOXSSDQR�QHOOD
EUHFFLD�FKH�VL�WURYD�VXELWR�VRSUD�DO�FRQWDWWR�FRQ�LO�IO\VFK��/H�SL|�SLFFROH�H�VSHVVR�FROPH�GL�VHGLPHQWR�ILQH�VRQR�OH
JURWWH�FKH�VL�IRUPDQR�QHO�PH]]R�GHOOD�EUHFFLD��'L�RULJLQH�SDUWLFRODUH�VRQR�LQYHFH�OH�JURWWH�D�IHVVXUD�FKH�DWWUDYHUVDQR
L�SHQGLL�� 7UDFFH�GL� FRQWLQXD�SHUFROD]LRQH�YHUWLFDOH�G¢DFTXD� VRQR�PHQR�GLVWLQJXLELOL��$OFXQH�JURWWH� VL� VRQR� LQROWUH
VYLOXSSDWH�QHO�IO\VFK�

3DUROH�FKLDYH��FDUVRORJLD��FRVWUX]LRQH�GL�DXWRVWUDGH��IRUPH�LQ�ULOLHYR��JURWWH�FDUVLFKH��EUHFFLD��IO\VFK��6ORYHQLD
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,Q� WKH� VWXG\LQJ�DQG�SODQQLQJ� RI� WKH� 6ORYHQH�PRWRU�
ZD\� FRQVWUXFWLRQ�� NDUVWRORJLVWV� KDYH� WDNHQ� SDUW
�.RJRYÊHN� ������ ������ .QH]�HW� DO�� ������ ������ �����
������.QH]�	�ÉHEHOD�������ÉHEHOD�	�0LKHYF�������0L�
KHYF�������������0LKHYF�	�=XSDQ�+DMQD������� 6ODEH
������ ����D�� ����E�� ������ .RJRYÊHN�HW� DO�� ������0L�
KHYF� HW� DO������� ÉHEHOD� HW� DO������� %RVDN� HW� DO�� �����
.QH]�	�6ODEH�����������������������D������E�������
�������������$� ODUJH�SDUW�RI� WKH�PRWRUZD\�V\VWHP�UXQV
DFURVV� NDUVW� DUHDV�� 2XU� PLVVLRQ� LV� WR� LGHQWLI\� DQG� GH�
VFULEH� WKH� QHZO\� GLVFRYHUHG� QDWXUDO� KHULWDJH�� DQG� RXU
NQRZOHGJH�� HVSHFLDOO\� DERXW� WKH� FDYHV� LQ� WKH� NDUVW�� LV
IUHTXHQWO\�RI�WHFKQLFDO�KHOS�WR�URDG�EXLOGHUV�

7KH� 9LSDYD� 9DOOH\� OLHV� EHWZHHQ� WKH� KLJK� NDUVW� SOD�
WHDXV� RI� 7UQRYVNL� JR]G� DQG�0RXQW�1DQRV� WR� WKH� QRUWK
DQG� WKH� ORZ�SODWHDX�RI� WKH�&ODVVLFDO�.DUVW� WR� WKH� VRXWK�
0RXQW� 1DQRV� LV� RYHUWKUXVW� RQ� IO\VFK�� %HORZ� LWV� VWHHS
ZHVWHUQ� HGJH� RQ� WKH� VORSLQJ� IO\VFK�� VFUHH� PDWHULDO� DF�
FXPXODWHG�DQG�FRQVROLGDWHG�LQWR�EUHFFLD�WKDW�GHYHORSHG
LQWR�D�VSHFLDO�\RXQJ�NDUVW��)LJ�����

)LJ�����.DUVW�LQ�EUHFFLD�DQG�IO\VFK�EHORZ�0RXQW�1DQRV
LQ�WKH�9LSDYD�9DOOH\��VXUIDFH�NDUUHQ��ZLWK�VPDOO�GROLQH
DQG�ZDVKHG�EHOW�RI�EUHFFLD�EHORZ�LW�DQG�FDYHV�LQ�EUHF�
FLD��DW�WKH�FRQWDFW�RI�EUHFFLD�DQG�IO\VFK��DQG�LQ�IO\VFK�
6O�� ��� =DNUDVHORVW� EUHàH� LQ� IOLÉD� QD� SRERàMLK�1DQRVD� Y
9LSDYVNL� GROLQL�� V� ÉNUDSOMDPL� QD� SRYUÉMX�� ]� PDQMÉR
YUWDàR�LQ�V�SDVRP�L]SUDQH�NDPQLQH�SRG�QMR�WHU�MDPDPL
Y�EUHàL��QD�VWLNX�EUHàH�LQ�IOLÉD�LQ�Y�IOLÉX�

'XULQJ� WKH� WKRURXJK� DQG� ORQJ�WHUP�PRWRUZD\� FRQ�
VWUXFWLRQ�PRQLWRULQJ��FKDUDFWHULVWLF�DOWKRXJK�IRU�6ORYHQLD
UHODWLYHO\� UDUH� NDUVW� SKHQRPHQD� ZHUH� GLVFRYHUHG� LQ
EUHFFLD�WKDW�OLH�RQ�D�VORSLQJ�IRXQGDWLRQ�RI�LPSHUPHDEOH
IO\VFK�� :H� GLVWLQJXLVKHG� FKDUDFWHULVWLF� W\SHV� RI� FDYHV
DQG�HDUO\�VWDJHV�LQ�WKH�GHYHORSPHQW�RI�GROLQHV�

*(20253+2/2*,&$/�'(9(/230(17�2)�7+(�6,7(
$1'�*(2/2*,&$/�&21',7,216

*HRPRUSKRORJ\

7KH�PRWRUZD\� DOLJQPHQW� UXQV� DFURVV� WKUHH�JHRPRU�
SKRORJLFDOO\�GLYHUVH�XQLWV�DORQJ�WKH�VRXWKZHVWHUQ�VORSHV
RI�0RXQW�1DQRV��5HEUQLFH�DQG�%UHJ��DQG�WKH�IORRU�RI�WKH
9LSDYD�9DOOH\��)LJ������7KH�%UHJ�DQG�5HEUQLFH�VORSHV�DUH
GLVWLQFW� JHRPRUSKRORJLFDO� XQLWV�� 0LKHYF� ������� JHR�
PRUSKRORJLFDOO\�PDSSHG�WKH�VORSHV�RI�0RXQW�1DQRV� LQ
GHWDLO� RYHU� SDUW� RI� WKH� PRWRUZD\� DOLJQPHQW� WKDW� UXQV
WKURXJK� WKH� ODQGVFDSH� SDUN� DUHD�� $� VSHFLILF� JHRORJLFDO
WKUXVW� VWUXFWXUH� DQG� VSHFLILF� VORSH� SURFHVVHV� DQG� VHGL�
PHQWV�DUH�UHIOHFWHG�KHUH�LQ�WKH�PRUSKRORJ\�RI�WKH�VORSHV
DQG� LQ�ERWDQLFDO� DQRPDOLHV��7KHVH� IHDWXUHV� KDYH� OHG� WR
WKH� SURFODPDWLRQ� RI� D� ODQGVFDSH� SDUN� FRYHULQJ� WKH
VRXWKHUQ�DQG�ZHVWHUQ�VORSHV�RI�0RXQW�1DQRV�

7KH� VXUIDFH� RI� WKH� VORSHV� ZDV� IRUPHG� E\� WKH� PDVV
PRYHPHQW� DQG� PHFKDQLFDO� ZHDWKHULQJ� RI� URFN�� ZKLFK
ZDV�DFFRPSDQLHG�RQ� WKH� IO\VFK� EHGURFN� E\� ODQGVOLGHV�
:DWHU� WKDW� IORZHG� DERYH� WKH� IO\VFK� DOVR� GLVVHFWHG� WKH
VORSHV��)LJ������7KH�WKLFNQHVV�RI�WKH�OD\HUV�RI�VFUHH�PDWH�
ULDO�RU�EUHFFLD�YDULHV� IURP�SODFH� WR�SODFH��0RUH�RU� OHVV
YHUWLFDO� ILVVXUHV� GHYHORSHG� LQ� WKH� EUHFFLD� WKDW� LQGLFDWH
WHQVLRQV� LQ� WKH� VORSHV�� 'XULQJ� WKH�PRWRUZD\� FRQVWUXF�
WLRQ��WKH�FRQWDFW�EHWZHHQ�VFUHH�PDWHULDO�DQG�EUHFFLD�DQG
WKH�IO\VFK�EHGURFN�VKRZHG�DQ�H[WUHPHO\�IUDJLOH�EDODQFH
ZKHUH� WKH� DOLJQPHQW� FXWV� GHHSO\� LQWR� WKH� VORSH�� $IWHU
DEXQGDQW� SUHFLSLWDWLRQ�� QXPHURXV� VPDOOHU� VWUHDPV� DS�
SHDUHG� DORQJ� WKH� FRQWDFW� EHWZHHQ� IO\VFK� DQG� EUHFFLDV
UHYHDOHG� E\� WKH� FXWV�� 0DQ\� RI� WKHVH� VWUHDPV� DUH� H[�
SORLWHG�IRU�ZDWHU�VXSSO\�

:DWHU�SHUFRODWHV� IURP� WKH�VXUIDFH� LQ� D�PRUH�RU� OHVV
HYHQO\�GLVSHUVHG�IDVKLRQ�WKURXJK�PRVWO\�ZHOO�SHUPHDEOH
EUHFFLD�WR�WKH�FRQWDFW�ZLWK�IO\VFK��+RZHYHU�� LQ�LQGLYLG�
XDO�SODFHV��WUDFHV�RI�FRQWLQXRXV�SHUFRODWLRQ�RI�ZDWHU�FDQ
EH�FOHDUO\�VHHQ�LQ�WKH�FURVV�VHFWLRQ�RI�EUHFFLD�DQG�VFUHH
PDWHULDO�� 7KHVH� DUH� RQH�� WR� WZR�PHWHU� ZLGH� EHOWV� RI
ZDVKHG� VFUHH� DQG� EUHFFLD�� WKH� EHJLQQLQJV� RI� GROLQHV
�)LJ������$ERYH� WKHP��VPDOO�VLQNKROHV� IRUPHG�ZKRVH�GL�
DPHWHUV� GR�QRW� H[FHHG� WKUHH�PHWHUV�� 7KH\� DUH� FRYHUHG
ZLWK� VRLO�� 7KH� ZDWHU� IURP� WKH� VXUIDFH� DOVR� FDUULHV� VRLO
FRQWDLQLQJ� RUJDQLF�PDWHULDO� WKDW� IXUWKHU� DFFHOHUDWHV� WKH
GLVVROYLQJ�RI�FDUERQDWH�URFN�

5DLQZDWHU�KDV�FDUYHG�URFN�UHOLHI� IRUPV�RQ� WKH� ODUJHU
URFNV�WKDW�SURWUXGH�IURP�WKH�NDUVW�VXUIDFH�� WKH�PRVW�GLV�
WLQFW� EHLQJ� IOXWHV� DQG� VROXWLRQ� SDQV��0DWXUH� IOXWHV� WDNH
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)LJ�����0RWRUZD\�DOLJQPHQW�DORQJ�WKH�VORSHV�RI�0RXQW�1DQRV�
6O�����3RWHN�DYWRFHVWH�SR�SRERàMX�1DQRVD�

)LJ�����9DOOH\�FXW�LQ�EUHFFLD�DERYH�LPSHUPHDEOH�IO\VFK�
6O�����'ROLQD��YUH]DQD�Y�EUHàL�QDG�QHSUHSXVWQLP�IOLÉHP�

WZR�WKRXVDQG�\HDUV�WR�GHYHORS��*DPV���������7KHUHIRUH�
WKH�VXUIDFH�RI�PDVV�PRYHPHQWV�DQG� ODQGVOLGHV�RQ�SDUWV
RI� WKH� VORSHV� KDV� QRW� FKDQJHG� VLJQLILFDQWO\� IRU� D� ORQJ
WLPH�

)LJ�����(DUO\�VWDJH�RI�GROLQH�GHYHORSPHQW�
6O�����=DàHWQR�REGREMH�UD]YRMD�YUWDàH�
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*HRORJ\

*HRORJLVWV� ILUVW� VWXGLHG� WKH� VORSHV� RI� 0RXQW� 1DQRV
DQG�WKH�7UQRYVNL�JR]G�UDQJH�GXULQJ�WKH�JHRORJLFDO�PDS�
SLQJ�RI� WKH�DUHD��2Q�WKH�VORSHV� WKH\�HVWDEOLVKHG�� LQ�GH�
WDLO�� WKH� FRQWDFW� EHWZHHQ� IO\VFK� DQG� OLPHVWRQH� DQG� WKH
GLVWULEXWLRQ� RI� WKH� 4XDWHUQDU\� FRYHU� RI� VFUHH� PDWHULDO
DQG�ODUJHU�PDVV�PRYHPHQWV��%XVHU�HW�DO���������0ODNDU�
������ 3ODFHU� ������� 7KH\� DOVR� VWXGLHG� WKH� FRQWDFW� EH�
WZHHQ�OLPHVWRQH�DQG�IO\VFK�RQ�WKH�HDVWHUQ�VLGH�RI�0RXQW
1DQRV�DORQJ�WKH�HGJH�RI�WKH�3LYND�EDVLQ��àDU���������-HÌ
������� GHVFULEHG� VOLGHV� RI� VFUHH� PDWHULDO� DQG� EUHFFLD�
7KH� \RXQJHU� WDOXV� WKDW� IRUPHG� EHORZ� WKH� ZDOO� SXVKHG
ROGHU� VFUHH� PDWHULDO� DQG� EUHFFLD� WKDW� VOLG� GRZQZDUG�
0HOLN� ������� GHVFULEHG� GLVWLQFWLYH� VORSHV� LQ� KLV� PRQR�
JUDSK��ZKLOH�+DELá� ������� VWXGLHG� WKH� VORSHV�RI�0RXQW
1DQRV� LQ� KLV� H[DPLQDWLRQ� RI� WKH� 1DQRV� DQG� 7UQRYVNL
JR]G� KLJK� NDUVW� SODWHDXV�� +H� GHVFULEHG� YDULRXV� VORSH
PDWHULDOV��VFUHH�PDWHULDO��FRQJORPHUDWH��UHPDLQV�RI�PDVV
PRYHPHQWV�� DQG� ODUJHU� WDOXV� DQG� IDQV�� ,Q� WKH� 5HEUQLFH
DUHD��KH�REVHUYHG� LQYHUVH� UHOLHI�ZKHUH� WKLFNHU� OD\HUV� RI
VFUHH�PDWHULDO�DQG�EUHFFLD�LQ�IRUPHU�UDYLQHV�FDUYHG�LQWR
WKH� IO\VFK� EHGURFN��$URXQG�àUQLáH� 5DGLQMD� �������� RE�
VHUYHG�YDULRXV�VORSH�VHGLPHQWV�DQG�VOLGLQJ�RI�VORSH�VFUHH
PDWHULDO�RQ�IO\VFK�DQG�DWWHPSWHG�WR�GHWHUPLQH�LQGLYLGXDO
JHQHWLF�W\SHV�RI�JUDYHO�

/LPHVWRQH� RXWFURSV� LQ� WKH� YLFLQLW\� RI� WKH�PRWRUZD\
DOLJQPHQW�LQ�RQO\�D�IHZ�SODFHV��,Q�WKH�0ODNH�DUHD�DW�WKH
PLOLWDU\�ILULQJ�UDQJH��OLPHVWRQH�FRPSRVHG�RI�QXPPXOLWLF
EUHFFLD�KDV�EXLOW�D�VPDOOHU�HOHYDWLRQ�EHWZHHQ�IO\VFK�OD\�
HUV��6HYHUDO�VPDOOHU�DUHDV�LQ�WKH�VORSHV�DUH�FRPSRVHG�RI
&UHWDFHRXV�UXGLVWLG� OLPHVWRQH�� IRU�H[DPSOH�DW�ÉHPELMVNL
]DWUHS�DERYH�3RGQDQRV�DQG� WKH�VPDOOHU�SDWFK�RI�&UHWD�
FHRXV�OLPHVWRQH�QHDU�2UHÊMH�DQG�/R]LFH�

%UHFFLD

,Q�WKH�FURVV�VHFWLRQV�RI�WKH�VORSH�H[SRVHG�E\�FXWV�IRU
WKH�PRWRUZD\��LW� LV� IUHTXHQWO\�SRVVLEOH�WR�REVHUYH�PDQ\
OD\HUV�RI�VFUHH�PDWHULDO�DQG�EUHFFLD� �)LJ������ 7KHLU� WRWDO
WKLFNQHVV� RIWHQ� H[FHHGV� WHQ� PHWHUV�� DQG� LQ� LQGLYLGXDO
SODFHV�H[SRVHG�GXULQJ�WKH�GLJJLQJ�RI�IRXQGDWLRQV�IRU�WKH
YLDGXFW� SLOODUV� HYHQ� UHDFKHG� WZHQW\�ILYH� PHWHUV�� $V� D
UXOH��WKH�OD\HUV�GLIIHUHG�UHODWLYH�WR�WKH�GHJUHH�RI�FHPHQ�
WDWLRQ�RI� WKH� EUHFFLD��2QO\� LQGLYLGXDO� OD\HUV�ZHUH� UHOD�
WLYHO\�ZHOO�FHPHQWHG��7KH�FDUERQDWH�FHPHQW�FRQQHFWHG
VFUHH� PDWHULDO� LQ� EUHFFLD� ILUVW� DQG� PRVW� ILUPO\� DURXQG
ODUJHU� URFNV�� 7KH� H[FDYDWLRQ� ZRUN� IUHTXHQWO\� UHYHDOHG
FKXQNV� RI� EUHFFLD� VHYHUDO� FXELF� PHWHUV� LQ� VL]H�� VXU�
URXQGHG�E\�XQFHPHQWHG�RU�SRRUO\�FHPHQWHG�VFUHH�PD�
WHULDO�� %HWZHHQ� WKH� ODUJHU� DQG� VPDOOHU� SLHFHV� RI� VFUHH
PDWHULDO� DQG� URFN� IRUPLQJ� WKH� EUHFFLD� ZHUH� KROORZ
VSDFHV� SDUWO\� ILOOHG� ZLWK� IORZVWRQH�� 7KH� GHJUHH� RI� FH�
PHQWDWLRQ�RI�EUHFFLD�LV�WKHUHIRUH�WKH�FRQVHTXHQFH�RI�WKH
DJH�RI�WKH�PDVV�PRYHPHQWV��D�GHHS�RU�VKDOORZ�SRVLWLRQ
EHORZ� WKH� VXUIDFH�� WKH� VOLGLQJ� DQG� EUHDNLQJ� RI� ROGHU

EUHFFLD��DQG� WKH�FKDUDFWHULVWLFV�RI� WKH�ZDWHU� WKDW�SHUFR�
ODWHG� UHJXODUO\� IURP� WKH�VXUIDFH��ZKLFK� LV� FRYHUHG�E\�D
WKLQ�OD\HU�RI�VRLO�DQG�YHJHWDWLRQ��2I�FRXUVH��LQ�LQGLYLGXDO
SODFHV�WKH�EUHFFLD�LV�DOUHDG\�XQLTXHO\�NDUVWLILHG�

7KH�ZDWHU�WKDW�SHUFRODWHV�WKURXJK�WKH�VFUHH�PDWHULDO
DQG� EUHFFLDV� FDUULHV� GLVVROYHG� FDOFLXP� FDUERQDWH�� 7KH
FHPHQW� EHWZHHQ� FODVWV� RI� EUHFFLD� LV� DOPRVW� H[FOXVLYHO\
FDUERQDWH�LQ�QDWXUH��3LHFHV�LQ�WKH�EUHFFLD�DUH�IUDJPHQWV
RI�6HQRQLDQ��7XURQLDQ��DQG�&HQRPDQLDQ� OLPHVWRQH�DQG
PRVW� SUREDEO\� RI� /RZHU� &UHWDFHRXV� OLPHVWRQH� DV� ZHOO�
7KH� /RZHU� &UHWDFHRXV� OD\HUV� LQ� WKH� XSSHU� KDOI� RI� WKH
0RXQW�1DQRV� VORSHV� GHYHORSHG� VLPLODUO\� WR� WKH� 8SSHU
&UHWDFHRXV� &HQRPDQLDQ� OLPHVWRQH� �3OHQLáDU�� �����
%XVHU��������DQG�WKHUHIRUH�DUH�QRW�VKRZQ�VHSDUDWHO\�RQ
WKH�PDSV��%XVHU�HW�DO���������%XVHU�������

7KH�SRURVLW\�RI�EUHFFLD�YDULHV�DFFRUGLQJ�WR�WKH�FRP�
SRVLWLRQ�RI�WKH�PDWHULDO�IRUPLQJ�LW�DQG�WKH�ORFDO�SHUFROD�
WLRQ��7KH�VSDFHV�EHWZHHQ�FODVWV�GR�QRW�FRQWDLQ�DQ\�ILQH
PDWHULDO�DQG�WKH�FODVWV�DUH�QRW�FRYHUHG�ZLWK�IORZVWRQH��$
VLPLODU� VWUXFWXUH� LV� REVHUYHG� LQ� VHHPLQJO\� VLPLODU� EUHF�
FLDV��H[FHSW�WKDW�WKHLU�FODVWV�DUH�FRPSOHWHO\�FRYHUHG�ZLWK
D�PLOOLPHWUH� RU� WZR�RI� OD\HUHG��PRVWO\� SRURXV� RU�ZKLWH
IORZVWRQH��7KHUH�LV�DOVR�QR�ILQH�PDWHULDO�EHWZHHQ�WKHP�
7KLV�W\SH�RI�EUHFFLD�LV�YHU\�SRURXV��2QO\�SDUWLDOO\�SRURXV
EUHFFLDV� ZHUH� IRUPHG� ZKHUH� WKH� ZDWHU� EHWZHHQ� WKH
FODVWV� EURXJKW� ZHDWKHUHG� GHEULV� DQG� IHZHU� ILQH� OLPH�
VWRQH�FODVWV�IURP�WKH�VXUIDFH��,Q�SODFHV�ZKHUH�ILQH�OLPH�
VWRQH� IUDJPHQWV� WKH� VL]H� RI� VDQG� DFFXPXODWHG� EHWZHHQ
FODVWV�WKDW�DUH�VHYHUDO�FHQWLPHWUHV�LQ�GLDPHWHU��EUHFFLD�LV
VXEVWDQWLDOO\�OHVV�SRURXV�� ,W�DOVR�FRQWDLQV�ZHDWKHUHG�GH�
EULV�FHPHQWHG�LQ�IORZVWRQH��,Q�VRPH�FDVHV��FDOFLXP�FDU�
ERQDWH� LQ� ZKLFK� ZDWHU� GHSRVLWHG� PDMRU� TXDQWLWLHV� RI
ZHDWKHUHG� GHEULV� VHUYHG� DV� D� FHPHQWLQJ� DJHQW� WR� ELQG
WKH�FODVWV��(YHQ�LQ�WKLV�FDVH�� WKH�EUHFFLD�LV�SRRUO\�RU�DO�
PRVW� QRQ�SRURXV�� DQG� WKH� FHPHQW� LV� RI� FKDUDFWHULVWLF

)LJ�����$Q�H[DPSOH�RI�SRURXV�EUHFFLD��:LGWK�RI�SLFWXUH
LV����FP�
6O�����3ULPHU�SRUR]QH�EUHàH��ÈLULQD�VOLNH�MH����FP�
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)LJ�� ��� &RQWDFW� EHWZHHQ� VFUHH� PDWHULDO� DQG� IO\VFK�
:LGWK�RI�SLFWXUH�LV���P�
6O�����6WLN�JUXÉàD�LQ�IOLÉD��ÈLULQD�VOLNH�MH���P�

UHG�EURZQ� FRORXU�� ,Q� SODFHV�� FDYLWLHV� ZHUH� IRUPHG� EH�
WZHHQ� WKH�FODVWV��ZKHUH� WKH�EHJLQQLQJV�RI� ODUJHU�FDOFLWH
FU\VWDOV�FDQ�EH�REVHUYHG�

)ORZVWRQH�RIWHQ� ILOOV� WKH�VPDOOHU�VSDFHV�EHWZHHQ� WKH
URFN� IUDJPHQWV� WKDW� FRPSRVH� EUHFFLD�� :KHUH� WKHUH� LV
URRP��VWUDZV�IRUP�RQ�WKH�FHLOLQJ�RI�FDYLWLHV��:KHQ�SDUWV
RI�WKH�EUHFFLD�DUH�FRPSRVHG�RI�URFNV��VPDOOHU�IORZVWRQH
GRPHV� DUH� IRUPHG� ZKRVH� VWUDWLILFDWLRQ� LQGLFDWHV�� LQ
SODFHV�� WKH� RULJLQDOO\� ILOOHG� FDYLW\�� $� ULEEHG� IORZVWRQH
FRDWLQJ� RFFXUV� RQ� WKH� ZDOOV� RI� VORSH� ILVVXUHV�� /DUJHU
GRPHV�RI� IORZVWRQH�ZHUH�QDWXUDOO\�GLVFRYHUHG� LQ� FDYHV
RULJLQDWLQJ�DORQJ�WKH�FRQWDFW�ZLWK�IO\VFK�

)O\VFK

)O\VFK�OD\HUV�OLH�EHQHDWK�WKH�EUHFFLD��)LJ������2Q�WKH
VRXWK�VLGH�RI�0RXQW�1DQRV��LQ�WKH�DUHD�QHDU�5D]GUWR�DQG
LQ�WKH�5HEUQLFH�VORSH��WKH�IO\VFK�OD\HUV�GLS�JHQHUDOO\�WR�
ZDUG� WKH� VRXWKHDVW�� 1HDU� 3RGERUÊW�� QRUWKZHVW� RI� 3RG�
QDQRV��ZKHUH� WKH\�GLS� LQ� WKH�VDPH�GLUHFWLRQ�� WKH\�VODQW
PXFK� PRUH� VWHHSO\�� )DUWKHU� WR� WKH� QRUWKZHVW� QHDU
9LSDYD�� WKH� OD\HUV� RI� OLPHVWRQH� DQG� IO\VFK� DUH� DOPRVW
YHUWLFDO��)LJ�����

,Q�WKH�IO\VFK�URFNV��WKH�GRPLQDQW�JUH\�WR�EODFN�VKDOH
PDUOVWRQH�DQG�PDVVLYH�PDUOVWRQH�DOWHUQDWH�ZLWK�FDUERQ�
DWH� DQG� TXDUW]LIHURXV� VDQGVWRQH�� 7KH� ODWWHU� FRQWDLQV� D
VLJQLILFDQW�DPRXQW�RI�FDUERQDWH�SDUWLFOHV�DQG�FDUERQDWH
FHPHQW��2FFDVLRQDOO\��WKH�DOPRVW�EODFN�PDUOVWRQH�ODWHU�
DOO\�WUDQVIRUPV�LQWR�EURZQ�RFKUH��,Q�PRVW�FDVHV��LW�KDV�D
FKDUDFWHULVWLF�FRQFKRLGDO�IUDFWXUH�

,Q�SODFHV��ZH�REVHUYHG� WKDW� WKH�PDUOVWRQH� OD\HUV� DO�
WHUQDWHG�ZLWK�WKLFNHU�OD\HUV�RI�GDUN�JUH\�FDOFDUHQLWH��VLOW�
VWRQH��DQG�FOD\VWRQH��7KH�FODVWLF�URFNV�KDYH�D�YHU\�VWHHS
GLS��O\LQJ�EHWZHHQ���g�DQG���g�UHODWLYH�WR�WKH�VORSH��DQG
WKH� JHQHUDO� GLUHFWLRQ� RI� WKH� GLS� LV� WRZDUG� WKH� QRUWK� RU
QRUWKHDVW��,Q�SODFHV��WKH�OD\HUV�DUH�VXEYHUWLFDO�

)LJ�����/D\HUV�RI�IO\VFK�
6O�����3ODVWL�IOLÉD�

7KH� OLWKRORJLFDO� FRQWDFW� EHWZHHQ� &UHWDFHRXV� OLPH�
VWRQH� DQG� (RFHQH� IO\VFK� UXQV� PDLQO\� KLJK� XS� RQ� WKH
VORSHV� RI� 0RXQW� 1DQRV�� PRVWO\� DURXQG� WZR� KXQGUHG
PHWHUV� DERYH� WKH� PRWRUZD\� DOLJQPHQW�� 7KH� FRQWDFW� LV
PRUSKRORJLFDOO\� GLVWLQFW�� VLQFH� WKH� VORSHV� DUH� VWHHS� RU
HYHQ�YHUWLFDO�RQ� OLPHVWRQH�DQG�PRUH� JHQWO\� VORSLQJ� RQ
IO\VFK�URFN�

&$9(6�,1�%5(&&,$�$1'�)/<6&+

0DQ\� FKDUDFWHULVWLF� W\SHV� RI� FDYHV� ZHUH� IRUPHG� LQ
WKH�EUHFFLD�WKDW�GHYHORSHG�RQ�VWHHS�DQG�GLVVHFWHG�IO\VFK
VORSHV��7KH�ODUJHVW�DQG�PRVW�IUHTXHQW�DUH�FDYHV������WKDW
GHYHORSHG�LQ�WKH�EUHFFLD�DERYH�WKH�FRQWDFW�ZLWK�IO\VFK�
ZKLOH�FDYHV������WKDW�RFFXU�LQ�WKH�PLGGOH�RI�WKH�EUHFFLD
DUH�VPDOOHU�DQG�PRVW�RIWHQ�ILOOHG�ZLWK�ILQH�JUDLQHG�VHGL�

)LJ�����&DYH�LQ�EUHFFLD�DW�WKH�FRQWDFW�ZLWK�IO\VFK�
6O�����-DPD�QD�VWLNX�EUHàH�LQ�IOLÉD�
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PHQW��)LVVXUH�FDYHV������WKDW�FURVV�WKH�VORSHV�DUH�RI�VSH�
FLDO�RULJLQ��7UDFHV�RI�FRQWLQXRXV�YHUWLFDO�SHUFRODWLRQ�RI
ZDWHU�DUH�OHVV�GLVWLQFW��&DYHV�����DOVR�RFFXU�LQ�WKH�IO\VFK�

5HPÊNDU��������FROOHFWHG�GDWD�RQ�FDYHV�LQ�EUHFFLD�LQ
WKH� 9LSDYD� 9DOOH\�� VSHFLI\LQJ� W\SHV� RI� FDYHV� DQG� WKHLU
RULJLQ��+H�GLYLGHG�WKHP�LQWR�WKRVH�WKDW�GHYHORSHG�DORQJ
ILVVXUHV�� WKRVH� IRUPHG� E\� VWUHDPV� RI� ZDWHU�� DQG� URFN
VKHOWHUV�

&DYHV�DW�WKH�FRQWDFW�RI�EUHFFLD�DQG�IO\VFK

7KHVH� DUH� WKH� PRVW� IUHTXHQWO\� GLVFRYHUHG� FDYHV� LQ
WKLV�\RXQJ�NDUVW��7KH�GLDPHWHU�RI�VPDOOHU�WXEHV�PHDVXUHV
RQO\� D� GHFLPHWUH��ZKLOH� WKH� KHLJKW� RI� WKH� ODUJHVW� WXEHV
FDQ�UHDFK�WZR�PHWHUV�DQG�WKHLU�ZLGWK�WKUHH�PHWHUV��)LJ�
���� 7KH� ODUJHVW� SDUWV� RI� WKH� SDVVDJHV� DUH� FXSROD�VKDSHG
ZLGHQLQJV��7KHVH�DUH�QDUURZHU�DQG�KLJKHU�DORQJ�ILVVXUHV�
7KH�VL]H�DQG�VKDSH�RI�WKHLU�FURVV�VHFWLRQV�YDU\�GLVWLQFWO\
IURP�PHWHU�WR�PHWHU�DORQJ� WKH� OHQJWK�RI� WKH�SDVVDJH�� ,Q
SODFHV��WKH�VKDSH�RI�WKH�FDYH�UHIOHFWV�WKH�GLIIHUHQW�VWDJHV
RI� EUHFFLD� FHPHQWDWLRQ�� 7KH� PRUH� FRQVROLGDWHG� WKH
EUHFFLD��WKH�VPDOOHU�WKH�FURVV�VHFWLRQV�RI�SDVVDJHV�LQ�WKH
VDPH� FRQGLWLRQ�� 7KH� FRPSRVLWLRQ� RI� WKH� URFN� DOVR� GLF�
WDWHV�WKH�ILQH�GLVVHFWLRQ�RI�WKH�FLUFXPIHUHQFH�RI�WKH�SDV�
VDJHV�� 7KH� IORRUV� RI� FDYHV�� WKURXJK�ZKLFK�ZDWHU� IORZV�
DUH�IO\VFK�WKDW�LV�RQO\�SDUWO\�FRYHUHG�ZLWK�SLHFHV�RI�VFUHH
PDWHULDO�� ZKLOH� WKH� IORRUV� RI� GU\� FDYHV� DUH� FRYHUHG� E\
VFUHH� PDWHULDO� DQG� GRPHV� RI� IORZVWRQH�� VLQFH� EUHFFLD
WHQGV�WR�GLVLQWHJUDWH��7KHUH�DUH�VPDOOHU�VWDODFWLWHV�RQ�WKH
ORQJHU� HQGXULQJ� SDUW� RI� WKH� FLUFXPIHUHQFH�� 7KH� WKLFNHU
OD\HUV�RI� IORZVWRQH�IRXQG�DW�YDULRXV�KHLJKWV�LQ� WKH�FDYH
EHDU�ZLWQHVV� WR� WLPHV�ZKHQ� WKH� FDYHV� ZHUH� ILOOHG� ZLWK
ILQH�JUDLQHG�VHGLPHQW�

,Q�PRVW�FDVHV��LQGLYLGXDO�SDVVDJHV�ZHUH�RSHQHG�DQG
WKHLU�FRQQHFWLRQ�WR�D�EUDQFKHG�QHWZRUN�ZDV�UHYHDOHG�LQ
RQO\�D�IHZ�SODFHV��7KH�ODUJHVW�FDYH�UHYHDOHG�ZDV�ILIWHHQ

)LJ�����&XSROD�VKDSHG�ZLGHQLQJV�RI�FDYH�SDVVDJH��:LGWK
RI�SLFWXUH�LV���P�
6O�����.XSRODVWD�UD]ÉLULWHY�URYD��ÈLULQD�VOLNH�MH���P�

PHWHUV� ORQJ�� ,WV� FHQWUDO� SDUW�� D� GRPH�VKDSHG� GLVVHFWHG
SDVVDJH�ZDV� IRXQG� �)LJ������ 7KH� GLDPHWHU� RI� WKH� ODUJHVW
GRPH�PHDVXUHG� WKUHH�PHWHUV��2Q� WKH� IORRU��ZKLFK�ZDV
ODUJHO\� FRYHUHG�ZLWK� VFUHH�PDWHULDO�� D� ODUJHU� VWDODJPLWH
KDG�IRUPHG��:H�GLG�QRW�REVHUYH�DQ\�WUDFHV�RI�ZDWHU��EXW
D�VPDOO�TXDQWLW\�RI�ZDWHU�FRXOG�KDYH�SHUFRODWHG�WKURXJK
WKH�VFUHH�PDWHULDO�FRYHULQJ�WKH�FDYH�IORRU�

7KH� SDUW� RI� WKH� FDYH�ZLWK� D� SHUPDQHQW� VWUHDP� SUH�
VHUYHG� GXULQJ� WKH� H[FDYDWLRQ� ZRUN� ZDV� WHQ� PHWHUV� LQ
OHQJWK��,W�ZDV�WKUHH�PHWHUV�ZLGH�DQG�RQH�DQG�D�KDOI�PH�
WHUV�KLJK��DQG�D�VPDOO�VWUHDP�IORZHG�WKURXJK�LW�

,QGLYLGXDO� FDYHV� DUH� ILOOHG� ZLWK� ILQH�JUDLQHG� IO\VFK
VHGLPHQW�� :DWHU� IORZLQJ� DORQJ� WKH� FRQWDFW� FDUYHV� WKH
IO\VFK� EHGURFN� DQG� ILOOV� SRRUO\� SHUPHDEOH� SDUWV� RI� WKH
FDYHV�� ,W� DSSHDUV� WKDW� VRPH� RI� WKH� FDYHV� ZHUH� IRUPHG
ZKLOH� WKH\�ZHUH� LQ� WKH�SURFHVV� RI� ILOOLQJ�ZLWK� VHGLPHQW
WKDW� LV� SUHVHUYHG� LQ� SODFHV� DQG� ZDV� HOVHZKHUH� ZDVKHG
DZD\� GXH� WR� WKH� LQFUHDVHG� FRQGXFWLYLW\� RI� WKH� FDYHV�
7UDFHV�RI�HDUOLHU�ILOOLQJV�DUH�IRXQG�LQ�WKH�IORZVWRQH�FUXVWV
SUHVHUYHG�DW�GLIIHUHQW�KHLJKWV�LQ�WKH�FURVV�VHFWLRQV�RI�WKH
SDVVDJHV�� 7KH� ORZHU� SDUWV� RI� ODUJHU� FDYHV� DUH� FDUYHG
GHHSHU�LQWR�WKH�IO\VFK�URFN�

2IWHQ��RQO\�VPDOOHU�FRQWLQXRXV�VWUHDPV�WKDW�KDYH�QRW
\HW�IRUPHG�GLVWLQFWLYH�FDYHV�DUH�HYLGHQW�LQ�WKH�FURVV�VHF�
WLRQV� RI� WKH� VORSHV�� $IWHU� DEXQGDQW� SUHFLSLWDWLRQ�� WKH\

)LJ������&RQWDFW�FDYH�ZLWK�ZDWHU�IORZ�
6O������-DPD�]�YRGQLP�WRNRP�QD�VWLNX�EUHàH�LQ�IOLÉD�
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IORZ� VLGH� E\� VLGH�� 7KLV� LV� WKH�FRQVHTXHQFH�RI� KLJK� SR�
URVLW\� RI� EUHFFLD� DQG� LWV� FRQWDFW� ZLWK� IO\VFK�� ,Q� PRVW
FDVHV�� WKH�IO\VFK�SURYHV�WR�EH�D�SRRUO\�SHUPHDEOH�URFN�
HVSHFLDOO\� LWV� XSSHU� OD\HU�� ZKLFK� LV� ZHDWKHUHG� DQG
FOD\H\�

7KH� SDVVDJHV� RI� WKH� UHYHDOHG� FDYHV� UXQ� GRZQ� WKH
VORSH��7KH\�RFFXUUHG�GXH�WR�WKH�IORZLQJ�RI�ZDWHU�DW� WKH
FRQWDFW� RI� EUHFFLD� DQG� WKH� IO\VFK� FRYHUHG� E\� EUHFFLD
�)LJ�������7KH�ZDWHU�SHUPHDWLQJ�WKURXJK�WKH�VFUHH�PDWH�
ULDO�DQG�EUHFFLD�FRQJUHJDWHV�RQ�WKH�VORSLQJ�IO\VFK��&RQ�
GLWLRQV� IRU� WKH� IRUPDWLRQ� RI� FDYHV� RFFXU� DORQJ� ODUJHU
FRQWLQXRXV� VWUHDPV�� %UHFFLD� ZDV� FDUULHG� DZD\� LQ� D
QXPEHU�RI�SODFHV��DQG�VPDOOHU�YDOOH\V�IRUPHG�DORQJVLGH
WKH�VWUHDPV�

6HGLPHQW�ILOOHG�FDYHV

7KH� GLDPHWHUV� RI� WKHVH� FDYHV� GR� QRW� H[FHHG� RQH
PHWHU��DQG�DV�D�UXOH�WKH\�DUH�VPDOOHU��)LJ�������7KH�FURVV
VHFWLRQV�RI�WKH�FDYHV�DUH�PRUH�RU�OHVV�FLUFXODU�RU�HOOLSWL�
FDO� LQ� VKDSH�� DV� WKH\� ZHUH� XVXDOO\� IRUPHG� DORQJ� WKH
FRQWDFWV�EHWZHHQ�OD\HUV�RI�GLIIHUHQW�W\SHV�RI�EUHFFLD�DQG
DORQJ�ILVVXUHV��7KH\�DUH�IRXQG�LQ�DOO�WKH�FURVV�VHFWLRQV�RI
EUHFFLDV�� EXW� SULPDULO\� LQ� WKH� PRVW� FRQVROLGDWHG� DQG
OHDVW� SRURXV� SDUWV� RI� EUHFFLD�� $V� D� UXOH�� WKH\� DUH� ILOOHG
ZLWK�EURZQ�VHGLPHQW�DQG�VRLO�ZDVKHG� IURP� WKH� VXUIDFH
E\�ZDWHU�

7KH�FRQWDFW�EHWZHHQ�WKH�IO\VFK�DW�WKH�ERWWRP�DQG�WKH
EUHFFLD� DERYH� LV� QRW� IODW� EXW� GLVWLQFWO\� XQGXODWLQJ� DQG
ILQHO\�GLVVHFWHG��7KLV� LV� WKH�FRQVHTXHQFH�RI� WKH�GLYHUVH
JHRORJLFDO� VWUXFWXUH� RI� IO\VFK�� LWV� YDULRXVO\� O\LQJ� OD\HUV�
DQG�WKH�HURVLYH�DFWLRQ�RI�ZDWHU�WKDW�KDV�IORZHG�DQG�FRQ�
WLQXHV� WR� IORZ� HLWKHU� RQ� WKH� FRQWDFW� ZLWK� EUHFFLD� RU� LQ
VPDOOHU�YDOOH\V�RQ� WKH�IO\VFK��(YHQ� WKRXJK� WKHUH� LV�YHU\
SRURXV�NDUVW�RQ�D�VORSH��OHVV�SHUPHDEOH�VHFWLRQV��VRPH�
WLPHV�HYHQ�IORRGHG�]RQHV��DUH�IRUPHG�ORFDOO\�DQG�RFFD�

)LJ������&DYH�ILOOHG�ZLWK�VHGLPHQW�
6O������-DPD��]DSROQMHQD�]�QDSODYLQR�

VLRQDOO\�LQ�SODFHV�ZKHUH�FDYHV�ZHUH�IRUPHG�LQ�WKH�EUHF�
FLD��6HGLPHQWV��PDLQO\�VRLO�ZDVKHG�IURP�WKH�VXUIDFH��DUH
GHSRVLWHG�LQ�WKHP��DQG�WKH�FDYHV�ZLGHQ�DORQJ�WKH�VHGL�
PHQWV�� ,Q� RQH� RI� WKH� ZHOOV� XVHG� DV� D� IRXQGDWLRQ� IRU� D
EULGJH�� ZDWHU� EHJDQ� WR� DSSHDU� LQ� WKH� EUHFFLD� VHYHUDO
PHWHUV�DERYH�WKH�FRQWDFW�ZLWK�IO\VFK�

)LVVXUH�FDYHV

)LVVXUH� FDYHV� DUH� IRUPHG� DORQJ� ILVVXUHV� WKDW� GHYHO�
RSHG� LQ� EUHFFLD� �)LJ�� ����� $V� D� UXOH�� WKH\� FURVV� WKH
VORSHV�� 7KH� ODUJHVW� FDYHV�� ZKLFK� DUH� VHYHUDO� PHWHUV� RU
HYHQ�VHYHUDO�GR]HQ�PHWHUV�ORQJ�DQG�LQ�SODFHV�XS�WR�RQH
PHWHU�ZLGH�DUH�DFFHVVLEOH��0RVW�RI� WKHP��KRZHYHU�� DUH
QDUURZHU� DQG� GR� QRW� H[FHHG� RQH� GHFLPHWUH� LQ� ZLGWK�
7KH�GHSWK�RI�VXFK�FDYHV�LV�FRQGLWLRQHG�E\�WKH�WKLFNQHVV
RI� WKH� EUHFFLD� OD\HUV� DQG� WKH� FKDUDFWHULVWLFV� RI� WKH� ILV�
VXUH��7KH\�DUH�VKDSHG�E\�WKH�ZDWHU�SHUFRODWLQJ�LQ�WKHP�
6RPH� RI� WKHVH� FDYHV� DUH� ILOOHG� ZLWK� ILQH�JUDLQHG� VHGL�
PHQWV� DQG� VRLO� ZKHUH� WKH� URFN� GLVVROYHV� PRUH� UDSLGO\�
DQG�WKH�ZDOOV�RI�RWKHU�FDYHV�DUH�FRDWHG�ZLWK�IORZVWRQH�
7KH� VPDOOHVW� FDYHV� FDQ�EH� FRPSOHWHO\� ILOOHG�ZLWK� IORZ�
VWRQH�

)LJ������)LVVXUH�FDYHV�
6O������ÈSUDQMDVWH�YRWOLQH�
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&DYHV�LQ�IO\VFK

,Q� DGGLWLRQ� WR� FDYHV� WKDW� RSHQHG� DW� WKH� FRQWDFW� RI
EUHFFLD� DQG� IO\VFK�� ZH� DOVR� HQFRXQWHUHG� FDYHV� WKDW
IRUPHG�ZLWKLQ� WKH� IUDPHZRUN�RI� IO\VFK� URFN�DW� WKH�FRQ�
WDFW� RI� PDUOVWRQH� DQG� TXDUW]LIHURXV� VDQGVWRQH� DQG� RI
FDUERQDWH�VDQGVWRQH�DQG�FDOFDUHQLWH�

,Q�VRPH�SODFHV��ZH�REVHUYHG�VLJQLILFDQW�ZDWHU�IORZ�DW
WKH� FRQWDFW� RI� FDUERQDWH� DQG� QRQ�FDUERQDWH� URFN�� 7KH
FRQWDFW�ZLWK�QRQ�FDUERQDWH�URFN�LV�QRW�RQO\�D�ZDWHU�EDU�
ULHU� EXW� DOVR� DQ� DUHD� ZKHUH� ZDWHU� FDQ� VWDJQDWH� DQG
ZKHUH� LWV� OHYHO� FDQ� IOXFWXDWH�� 7KLV� FDXVHV� WKH� PDWHULDO
EHLQJ� ZDVKHG� DQG� FDUULHG� DZD\�� FKDQJHV� LQ� SUHVVXUH
FDQ�RFFXU�KHUH��DQG�WKH�ZDWHU�FDQ�IRUP�ODUJHU�FKDQQHOV�
%RWK�OLPHVWRQH�DQG�IO\VFK�SDUWLFOHV�DUH�WUDQVSRUWHG�DORQJ
WKHVH�SDWKV�

,Q� DGGLWLRQ�� ZH� GHWHUPLQHG� LQ� PDQ\� SODFHV� WKDW� D
VPDOO�QXPEHU�RI�XQGHUJURXQG�FRQGXFWLQJ�FKDQQHOV�KDG
IRUPHG�LQ�IO\VFK�URFN�� ,Q�SODFHV�ZKHUH� IO\VFK� OD\HUV�DUH
IUDFWXUHG� RU� IROGHG�� ZDWHU� IORZV� DORQJ� WKH� ILVVXUHV� RU
VSDFHV� EHWZHHQ� WKH� OD\HUV�� 7KHUH� LV� D� IORZ� RI� ZDWHU
DORQJ�WKH�LQWHUEHGGHG�FRQWDFWV�GXH�WR�WKH�DOPRVW�YHUWLFDO
OD\HUV��:DWHU�IORZLQJ�DORQJ�WKHVH�FRQWDFWV�FDUULHV�DZD\
WKH� IO\VFK�PDWHULDO��ZLGHQV� WKH� ILVVXUHV�� DQG� VLPXOWDQH�
RXVO\�SHULRGLFDOO\�RU� ODWHUDOO\� GHSRVLWV� FDOFLXP�FDUERQ�
DWH�LQ�GLIIHUHQW�ZD\V��:H�FDQ�IUHTXHQWO\�REVHUYH�FDOFLWH
ILOOLQJV� RI� ILVVXUHV� WKDW� DUH� VHYHUDO� FHQWLPHWUHV� WKLFN�� ,Q
SODFHV�� WKH� ILVVXUHV� DUH� FRPSOHWHO\� ILOOHG�� HOVHZKHUH� XS
WR� RQH� FHQWLPHWUH� ODUJH� VFDOHQRHGULF� FDOFLWH� FU\VWDOV
ZHUH�IRUPHG�LQ�WKH�ILVVXUHV��DQG�D�QXPEHU�RI�ILVVXUHV�DUH
FRYHUHG�E\�D�WKLQ��D�IHZ�PLOOLPHWUHV��FRDW�RI� IORZVWRQH�
,Q� PDUOVWRQH� ZLWK� GLVWLQFWO\� FRQFKRLGDO� IUDFWXUHV�� D
QXPEHU� RI� ILVVXUHV� KDYH� EHHQ� ILOOHG�ZLWK� FRDUVH�FU\VWDO
FDOFLWH�� ,W� LV� LPSRUWDQW� WR� HPSKDVL]H� WKDW� WKH� FHPHQW� LV
FDUERQDWH�DQG�WKDW�D�QXPEHU�RI�OD\HUV�FDQ�FRQWDLQ�PXFK
PRUH� WKDQ�����RI�SDUWLFOHV�RI�FDUERQDWH�RULJLQ�� 7KHUH�
IRUH��ERWK�HURVLRQ�DQG�FRUURVLRQ�RFFXU�ZKHQ�ZDWHU�IORZV

)LJ������(QWUDQFH�WR�IO\VFK�FDYH�
6O������9KRG�Y�MDPR�Y�IOLÉX�

WKURXJK� WKH� ILVVXUHV� DQG� DORQJ� WKH� IDXOWV�� 7KHUH� LV� QR
GRXEW� WKDW�NDUVWLILFDWLRQ� WDNHV�SODFH� WR� D� YHU\� VPDOO� H[�
WHQW�

+HDY\�ZHDWKHULQJ� RI� WKH� URFN� LQ� WKH� LQWHULRU� RI� WKH
WHFWRQLFDOO\�XQGHIRUPHG�EORFN�RI� URFN�RFFXUV�DORQJ� ILV�
VXUHV�DQG�IDXOWV�ZKHUH�WKH�SUHFLSLWDWLRQ�DQG�VXUIDFH�ZD�
WHU� IORZ��&DOFLXP�FDUERQDWH� �IORZVWRQH�� LV� GHSRVLWHG� DW
WKH�PDMRULW\�RI�VXFK�FRQWDFWV�

&DYHV�ZHUH� IRUPHG� DW� WKH� FRQWDFW� RI�PDUOVWRQH�DQG
FDOFDUHQLWH� �)LJ�� ����� 2QH� RI� WKH� PRUH� FKDUDFWHULVWLF
FDYHV�RI�WKLV�W\SH��PHDVXULQJ�XS�WR�ILYH�PHWHUV�LQ�GHSWK
DQG�ZLGWK�� RSHQHG� WR� WKH� QRUWK� RI� WKH� 7DERU� WXQQHO� DW
WKH�QRUWKZHVWHUQ�SDUW�RI� WKH�DOLJQPHQW��+HUH�DUH� OD\HUV
RI�GDUN�JUH\�WR�EODFN�PDUOVWRQH�IURP�D�IHZ�GR]HQ�FHQWL�
PHWUHV� WR� KDOI� D� PHWHU� WKLFN� WKDW� GXH� WR� WKHLU� VROLGLW\
KDYH� D� FOHDUO\� YLVLEOH� FRQFKRLGDO� IUDFWXUH�� 7KH� FDO�
FDUHQLWH� LV� KHDYLO\� IUDFWXUHG�� VR� WKDW� QXPHURXV� FDOFLWH
YHLQV�IXUWKHU�LQFUHDVH�WKH�FRQWHQW�RI�FDUERQDWH��%HFDXVH
WKH� OD\HUV� KDYH� D� GLS� EHWZHHQ� ��g� DQG� ��g�� WKH� ZDWHU
SDVVHV� HDVLO\� EHWZHHQ� WKH� OD\HUV�� $OWKRXJK� WKH� FDO�
FDUHQLWH� OD\HUV� DUH� EHLQJ� LQWHQVHO\� GLVVROYHG� E\� UDLQ�
ZDWHU�� ODUJHU�FDYLWLHV�RU�HYHQ�FDYHV�DUH�QRW� IRUPHG�GXH
WR�WKH�IUDFWXUHG�URFN�

&21&/86,216

7KH� JHRORJLFDO�� JHRPRUSKRORJLFDO�� VSHOHRORJLFDO�
DQG� K\GURORJLFDO� GLYHUVLW\� RI� 6ORYHQLD¤V� NDUVW� KDV� EHHQ
GHPRQVWUDWHG� DOVR� E\� WKH� VWXG\� RI� WKH� NDUVWLILFDWLRQ� RI
EUHFFLD� WKDW� IRUPHG� EHQHDWK� WKH� ZHVWHUQ� VORSHV� RI
0RXQW�1DQRV��:DWHU��LQ�PRVW�FDVHV�SHUFRODWLQJ�GLIIXVHO\
WKURXJK�WKH�SHUPHDEOH�VXUIDFH�RI�VFUHH�PDWHULDO�RU�EUHF�
FLD�WR�WKH�PRUH�RU�OHVV�LPSHUPHDEOH�IO\VFK�EHGURFN��FUH�
DWHV�\RXQJ�NDUVW�SKHQRPHQD�

5DLQZDWHU� FRYHUV� ODUJH� URFNV� RQ� WKH� NDUVW� VXUIDFH
ZLWK�IOXWHV�DQG�VROXWLRQ�SDQV��)LVVXUHV�FURVVLQJ�WKH�URFN
LQ�WKH�GLUHFWLRQ�RI�WKH�VORSH�LQGLFDWH�WHQVLRQV�LQ�WKH�URFN
PDVV�DQG�LWV�H[SRVXUH�WR�VOLGLQJ��%UHFFLD�DQG�VFUHH�PD�
WHULDO�OLH�RQ�VODQWLQJ�IO\VFK��DQG�PRVW�RI�WKH�ZDWHU�IORZV
DORQJ�WKH�FRQWDFW�FDXVLQJ�WKHLU�LQVWDELOLW\�

7KH�SHUFRODWLQJ�ZDWHU�LV�FROOHFWHG�ZKHUH�WKH�EUHFFLD
LV�PRVW�FRQVROLGDWHG��(DUWKZRUNV�KDYH�UHYHDOHG�WKH�HDUO\
VWDJHV�LQ�WKH�IRUPDWLRQ�RI�XQLTXH�GROLQHV�

&KDUDFWHULVWLF�W\SHV�RI�FDYHV�GHYHORSHG�LQ�WKH�\RXQJ
DQG�YHU\�SRURXV�EUHFFLD��ZKLFK� LV�FRQVROLGDWHG�RQO\� LQ
SODFHV��O\LQJ�RQ�WKH�PRUH�RU�OHVV�VODQWLQJ�IO\VFK��DQ�LP�
SHUPHDEOH�EHGURFN��7KH� WUXH�NDUVW� FDYHV� DUH� VPDOO� DQG
WKHLU�GHYHORSPHQW�ZDV� LQIOXHQFHG�E\� WKH� VHGLPHQW� WKDW
DV�D� UXOH� ILOOV� WKHP��7KH\�ZHUH� IRUPHG� LQ�D� ORFDOO\� DQG
SHULRGLFDOO\�IORRGHG�]RQH�DQG�DUH�RIWHQ�SDUDJHQHWLFDOO\
HQODUJHG�� 7KH� ODUJHVW� FDYHV� ZHUH� IRUPHG� DERYH� WKH
FRQWDFW�ZLWK�WKH�LPSHUPHDEOH�IO\VFK�EHGURFN��ZKHUH�WKH
ODUJHVW�VWUHDPV�MRLQ��7KHLU�VKDSH�UHIOHFWV� WKH�YDU\LQJ�GH�
JUHHV�RI�FRQVROLGDWLRQ�RI�WKH�EUHFFLD��,Q�DUHDV�ZKHUH�WKH
EUHFFLD� LV� OHVV� VROLG� DQG� DORQJ� ILVVXUHV�� WKH\� ULVH� LQWR
GRPHV�� $ORQJ� WKH� ILVVXUHV� WKDW� DUH� WKH� FRQVHTXHQFH� RI
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WKH�EUHFFLD�DQG�VFUHH�PDWHULDO�VOLGLQJ�GRZQ�WKH�VODQWLQJ
EHGURFN� RI� IUHTXHQWO\� VDWXUDWHG� IO\VFK�� ILVVXUH� FDYHV
ZHUH� IRUPHG� DFURVV� WKH� VORSH�� VRPH� RI� WKHP� DUH� YHU\
ORQJ�DQG�ZLGH�HQRXJK�LQ�SODFHV� WR�PDNH� WKHP�DFFHVVL�
EOH��$V�D�UXOH��WKHLU�ZDOOV�DUH�FRYHUHG�ZLWK�IORZVWRQH�

7R�D�YHU\�VPDOO�H[WHQW��NDUVWLILFDWLRQ�DOVR�WDNHV�SODFH
LQVLGH�WKH�IO\VFK�ZKHUH�WKH�PDUOVWRQH�RU�VDQGVWRQH�FRQ�
WDLQV� DW� OHDVW� FDOFLWH� FHPHQW�� .DUVWLILFDWLRQ� DW� WKH� FRQ�
WDFWV�RI�PDUOVWRQH�DQG�FDOFDUHQLWH��ZKHUH�FDYHV� VHYHUDO
PHWHUV�LQ�VL]H�DUH�IRUPHG�� LV�PRUH�VLJQLILFDQW�� ,Q�SODFHV
ZLWK�DOPRVW�YHUWLFDO�OD\HUV��ZDWHU�TXLFNO\�SHUFRODWHV�LQWR
WKH�XQGHUJURXQG��EXW�WKH�KHDYLO\�IUDFWXUHG�OD\HUV�KLQGHU
WKH�IRUPDWLRQ�RI�ODUJHU�FDYHV�

$OWKRXJK�WKH�GHVFULEHG�NDUVW�LV�UHODWLYHO\�\RXQJ��GLV�
FRYHUHG�LQ�LWV�HDUO\�GHYHORSPHQW�VWDJHV��LW�VWLOO�UHYHDOV�DOO

WKH� FKDUDFWHULVWLFV� RI� WKH� NDUVWLILFDWLRQ� RI� EUHFFLD� LQ
FKDUDFWHULVWLF� JHRORJLFDO�� JHRPRUSKRORJLFDO�� DQG� K\�
GURORJLFDO� FRQGLWLRQV�� /HDUQLQJ� DERXW� LW� H[SDQGV� RXU
NQRZOHGJH� RI� 6ORYHQLD¤V� GLYHUVH� QDWXUDO� NDUVW� KHULWDJH
DQG�IRUPV�WKH�EDVLV�IRU�IXWXUH�SODQQLQJ�RI�YDULRXV�VSDWLDO
LQWHUYHQWLRQV�LQ�WKH�HQYLURQPHQW�

$&.12:/('*(0(176

7KH�VWXGLHV�ZHUH�XQGHUWDNHQ�ZLWKLQ�WKH�IUDPHZRUN�RI
.DUVWRORJLFDO�DQG�6SHOHRORJLFDO�)HDWXUHV�LQ�WKH�5D]GUWR�
9LSDYD�5HEUQLFH� ([SUHVVZD\� $UHD� SURMHFW�� ILQDQFHG� E\
'$56�G�G��7KH�GUDZLQJV�ZHUH�PDGH�E\�7DPDUD�.RURÊHF
DQG�-HUQHMD�)ULGO�

-$0(�9�%5(à,�,1�)/,É8�32'�1$12620�9�9,3$96.,�'2/,1,��6/29(1,-$�

0DUWLQ�.1(=�	�7DGHM�6/$%(
,QÊWLWXW�]D�UD]LVNRYDQMH�NUDVD�=5&�6$=8��6,������3RVWRMQD��7LWRY�WUJ����6ORYHQLMD

(�PDLO��NQH]#]UF�VD]X�VL

329=(7(.

3RYUÈMH�SRERßMD�MXJR]DKRGQHJD�GHOD�1DQRVD�VR�REOLNRYDOL�SRGRUL� LQ�PHKDQVNR�UD]SDGDMRßD�NDPQLQD��3RERßMH
VR�UD]ßOHQLOH�WXGL�YRGH��NL�VH�SUHWDNDMR�QDG�IOLÈHP��9�EUHßL�VR�QDVWDOH�EROM�DOL�PDQM�QDYSLßQH�UD]SRNH��NL�NDÊHMR�QD
QDSHWRVWL�Y�SRERßMX��0HG�JUDGLWYLMR� DYWRFHVWH��NR� VH� MH� WUDVD� JOREOMH� ]DVHNDOD�Y�SRERßMH��SD� MH� VWLN�PHG�JUXÈßHP�
EUHßR�LQ�IOLÈQR�SRGODJR�SRND]DO�L]UHGQR�NUKNR�UDYQRWHÊMH��3R�RELOQLK�SDGDYLQDK�MH�SR�VWLNX�PHG�IOLÈHP�LQ�EUHßR��NL
VR�JD�UD]NULOL�XVHNL��QD�GDQ�SULYUHOD�PQRÊLFD�PDQMÈLK�YRGQLK�WRNRY�

=HPHOMVND�GHOD�PHG�JUDGLWYLMR�DYWRFHVWH�QD�RGVHNX�PHG�5D]GUWLP�LQ�9LSDYR�VR�UD]NULOD�]D�WRYUVWQL�NUDV�Y�EUHßDK�
NL� OHÊH� QD� QDJQMHQL� QHSUHSXVWQL� RVQRYL� IOLÈD�� ]QDßLOQH� LQ� SUL� QDV� UD]PHURPD� UHGNH� NUDÈNH� SRMDYH�� 5D]ORßLOL� VPR
]QDßLOQH�YUVWH�MDP�LQ�]DßHWQH�VWRSQMH�UD]YRMD�YUWDß��1DMYHßMH�LQ�QDMEROM�SRJRVWH�VR�MDPH��NL�VR�QDVWDOH�Y�EUHßL�QDG
VWLNRP�V�IOLÈHP��PDQMÈH�LQ�QDMYHßNUDW�]�GUREQR]UQDWR�QDSODYLQR�]DSROQMHQH�VR�MDPH��NL�VR�VUHGL�EUHßH��SRVHEQHJD�L]�
YRUD� SD� VR� UD]SRNOLQVNH� MDPH�� SUHßQH� QD� SDGHF� SRERßMD�� 6OHGL� VWUQMHQHJD� QDYSLßQHJD� SUHQLNDQMD� YRGH� VR� PDQM
L]UD]LWH��-DPH�QDVWDMDMR�WXGL�Y�IOLÈX�

.OMXÞQH�EHVHGH��NUDVRVORYMH��JUDGLWHY�DYWRFHVW��UHOLHIQH�REOLNH��NUDÊNH�MDPH��EUHáD��IOLÊ��6ORYHQLMD

5()(5(1&(6

%RVDN��3���0��.QH]��'��2WUXERYD��3��3UXQHU��7��6ODEH�	
'��9HQKRGRYD���������3DOHRPDJQHWLF�5HVHDUFK�RI�)RVVLO
&DYH�LQ�WKH�+LJKZD\�&RQVWUXFWLRQ�DW�.R]LQD��6:�6ORYH�
QLD���$FWD�FDUVRORJLFD���������������
%XVHU�� 6�� �������� 2VQRYQD� JHRORÊND� NDUWD� 6)5-� *RULFD
�����������=YH]QL�JHRORÊNL�]DYRG��%HRJUDG�
%XVHU��6����������7ROPDá�OLVWD�*RULFD��2VQRYQD�JHRORÊND
NDUWD�6)5-������������=YH]QL�JHRORÊNL�]DYRG��%HRJUDG�
%XVHU�� 6��� .�� *UDG� 	� 0�� 3OHQLÞDU� �������� 2VQRYQD
JHRORÊND�NDUWD�6)5-�3RVWRMQD������������=YH]QL�JHRORÊNL
]DYRG�%HRJUDG�

ÝDU�� -�� �������� ÉPLKHOVND� WHNWRQVND� NUSD�� *HRORJLMD�
���������������
*DPV�� ,�� ��������'HSWK� RI� 5LOOHQNDUUHQ� DV� D�PHVXUH� RI
GHIRUHVWDWLRQ�DJH��6WXGLD�FDUVRORJLFD�����������
+DELÞ�� 3�� �������� .UDÊNL� VYHW� PHG� ,GULMFR� LQ� 9LSDYR�
'HOD�6$=8������VWU�
-HÉ�� -�� �������� 9]URNL� LQ� PHKDQL]HP� ]HPHOMVNHJD� SOD�
]HQMD�QD�5HEUQLFDK�Y�9LSDYVNL�GROLQL��*HRORJLMD��������
������
.QH]�� 0�� 	� 7�� 6ODEH� �������� -DPH� EUH]� VWURSD� VR
SRPHPEQD�REOLND�QD�NUDÊNHP�SRYUÊMX�� V�NUDVRVORYQHJD
QDG]RUD�JUDGQMH�DYWRFHVW�QD�NUDVX��9��*RVWLQáDU��$���XU���
���VORYHQVNL�NRQJUHV�R�FHVWDK� LQ�SURPHWX��=ERUQLN�SRY�
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]HWNRY� UHIHUDWRY�� 'UXÌED� ]D� UD]LVNDYH� Y� FHVWQL� LQ� SUR�
PHWQL�VWURNL�6ORYHQLMH��VWU�����
.QH]��0��	�7��6ODEH���������.DUVWRORJ\�DQG�H[SUHVVZD\
FRQVWUXFWLRQ��3URF����WK�,5)�5RDG�:RUOG�&RQJUHVV��3DULV�
.QH]��0��	�7��6ODEH���������8QURRIHG�FDYHV�DUH�DQ�LP�
SRUWDQW�IHDWXUH�RI�NDUVW�VXUIDFHV��H[DPSOHV�IURP�WKH�FODV�
VLFDO�NDUVW��=��*HRPRUSKRO������������������
.QH]��0��	�7��6ODEH������D���.DUVWRORJ\�DQG� WKH�RSHQ�
LQJ�RI� FDYHV�GXULQJ�PRWRUZD\� FRQVWUXFWLRQ� LQ� WKH� NDUVW
UHJLRQ�RI�6ORYHQLD��,QW��-��6SHOHRO��������������������
.QH]�� 0�� 	� 7�� 6ODEH� �����E��� +LJKZD\V� RQ� NDUVW�� ,Q�
*XQQ��-���HG����(QF\FORSDHGLD�RI�FDYHV�DQG�NDUVW�VFLHQFH�
)LW]UR\�'HDUERUQ��1HZ�<RUN��/RQGRQ��SS����������
.QH]�� 0�� 	� 7�� 6ODEH� �������� &DYHV� DQG� VLQNKROHV� LQ
PRWRUZD\� FRQVWUXFWLRQ�� 6ORYHQLD�� ,Q�� :DOWKDP�� 7��� )�
%HOO� 	� 0�� &XOVKDZ� �HGV���� 6LQNKROHV� DQG� 6XEVLGHQFH�
.DUVW� DQG� &DYHUQRXV� 5RFNV� LQ� (QJLQHHULQJ� DQG� &RQ�
VWUXFWLRQ��6SULQJHU��&KLFKHVWHU��SS����������
.QH]��0��	�7��6ODEH���������'ROHQMVND�VXEVRLO�VWRQH�IRU�
HVWV� DQG� RWKHU� NDUVW� SKHQRPHQD� GLVFRYHUHG� GXULQJ� WKH
FRQVWUXFWLRQ�RI� WKH�+UDVWMH��� /HÊQLFD�PRWRUZD\� VHFWLRQ
�6ORYHQLD���$FWD�FDUVRORJLFD�����������������
.QH]��0��	�7��6ODEH��XU��� ��������.UDÊNL�SRMDYL�� UD]NULWL
PHG�JUDGQMR�VORYHQVNLK�DYWRFHVW��=DORÌED�=5&��/MXEOMD�
QD��&DUVRORJLFD�ÊW���������VWU�
.QH]��0��	�6��ÆHEHOD���������1RYR�RGNULWL�NUDÊNL�SRMDYL
QD� WUDVL� DYWRPRELOVNH� FHVWH� SUL� 'LYDáL�� 1DÊH� MDPH�� ���
����
.QH]��0���$��.UDQMF��%��2WRQLÞDU��7��6ODEH�	�6��6YHWOLÞLÞ
�������� 3RVOHGLFH� L]OLWMD� QDIWH� SUL� .R]LQL��8MPD�� ��� ���
���
.QH]��0���%��2WRQLÞDU�	�7��6ODEH���������6XEFXWDQHRXV
VWRQH� IRUHVW� �7UHEQMH�� &HQWUDO� 6ORYHQLD��� $FWD� FDUVROR�
JLFD���������������
.QH]��0��	�7��6ODEH�	�6��ÆHEHOD���������.DUVWLILFDWLRQ�RI
WKH�DTXLIHU�GLVFRYHUHG�GXULQJ�WKH�FRQVWUXFWLRQ�RI�WKH�H[�
SUHVVZD\�EHWZHHQ�.ODQHF�DQG�àUQL�.DO��&ODVVLFDO�.DUVW�
$FWD�FDUVRORJLFD�����������������
.QH]��0��	�7��6ODEH��6��ÆHEHOD��	�)��*DEURYÇHN��������
7KH� ODUJHVW� NDUVW� FDYHV� GLVFRYHUHG� LQ� D� WXQQHO� GXULQJ
PRWRUZD\� FRQVWUXFWLRQ� LQ� 6ORYHQLD
V� &ODVVLFDO� .DUVW
�.UDV���(QYLURQ��*HRO������������������
.RJRYÇHN��-����������:DWHU�FRPSRVLWLRQ�IORZLQJ�RII�RXU
URDGV��8MPD�����������
.RJRYÇHN�� -�� ��������'DWDLOHG�PRQLWRULQJ�RI� WKH�TXDOLW\
RI�WKH�ZDWHU�WKDW�UXQV�RII�WKH�PRWRUZD\�DQG�LWV�LPSDFW�RQ
NDUVW�ZDWHU��$QQDOHV��6HU��+LVW��1DW�����������������
.RJRYÇHN��-���7��6ODEH�	�6��ÆHEHOD���������0RWRUZD\V�LQ
.DUVW� �6ORYHQLD��� 3URFHHGLQJV� 	� )LHOGWULS� H[FXUVLRQ
JXLGH����WK�+LJKZD\�*HRORJ\�6\PSRVLXP��SS��������
0HOLN��$�� �������� 6ORYHQLMD� ��� 6ORYHQVNR�SULPRUMH�� 6OR�
YHQVND�PDWLFD��/MXEOMDQD������VWU�

0LKHYF��$�� �������� 7KH�FDYH�%UH]VWURSD� MDPD�QHDU� 3R�
YLU��1DÊH�MDPH������������
0LKHYF�� $�� �������� (WXGHV� GH� JpRJUDSKLH� SK\VLTXH�
VXSSO�� ;;9,,,�� &ROORTXH� HXURSpHQ�.DUVW� ���� SS�� ����
����
0LKHYF�$����������*HRPRUIRORÊNR�NDUWLUDQMH�QD�GHOX�WUD�
VH�+&�5D]GUWR�9LSDYD��5HEHUQLFH���NL�SRWHND�Y�REPRáMX
NUDMLQVNHJD�SDUND��,=5.�=5&�6$=8��3RVWRMQD�����VWU�
0LKHYF��$��	�1��=XSDQ�+DMQD���������&ODVWLF�VHGLPHQWV
IURP�GROLQHV�DQG�FDYHV�IRXQG�GXULQJ�WKH�FRQVWUXFWLRQ�RI
WKH�PRWRUZD\�QHDU�'LYDáD��RQ� WKH�&ODVVLFDO�.DUVW��$FWD
FDUVRORJLFD��������������
0LKHYF�� $��� 7�� 6ODEH� 	� 6�� ÆHEHOD� �������� 'HQXGHG
FDYHV��$FWD�FDUVRORJLFD�����������������
0ODNDU�� ,�� �������� .URYQD� ]JUDGED� LGULMVNR� ÌLURYVNHJD
R]HPOMD��*HRORJLMD�����������
3ODFHU�� /�� �������� *HRORÊND� ]JUDGED� MXJR]DKRGQH� 6OR�
YHQLMH��*HRORJLMD���������������
3OHQLÞDU�� 0�� �������� 7ROPDá� OLVWD� 3RVWRMQD�� 2VQRYQD
JHRORÊND� NDUWD� 6)5-� ����������� =YH]QL� JHRORÊNL� ]DYRG�
%HRJUDG�����VWU�
5DGLQMD�� '�� �������� 1HND� LVNXVWYD� X� SURXáHYDQMX� JUX�
ERNODVWLáQRJ� PDWHULDOD� VD� PRUIRPHWULMVNRP� PHWRGRP�
=ERUQLN�UDGRYD�����NRQJU��JHRJU��-XJ���VWU����������
5HPÇNDU�� %�� �������� -DPH� Y� EUHáL� QD� MXÌQHP� SRERáMX
7UQRYVNHJD�JR]GD��1DÊH�MDPH�����������
6ODEH��7����������.DUVW�IHDWXUHV�LQ�WKH�PRWRUZD\�VHFWLRQ
EHWZHHQ� àHEXORYLFD� DQG� 'DQH�� $FWD� FDUVRORJLFD�� ���
��������
6ODEH��7�� �����D���.DUVW� IHDWXUHV�GLVFRYHUHG�GXULQJ�PR�
WRUZD\� FRQVWUXFWLRQ� LQ� 6ORYHQLD�� (QYLURQ�� *HRO��� ������
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