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�&UXHO VSLQHV GHIHQG VRPH ILVKHV� DV WKH *RE\ IRQG

2I VDQGV DQG URFNV� WKH VFRUSLRQ� VZDOORZV IOHHW�
'UDJRQV DQG 'RJ ILVK� IURP WKHLU SULFNO\ PDLO

ZHOO QDPHG WKH VSLQRXV� 7KHVH LQ WKH SXQFWXUHV VKDUS�

$ IDWDO SRLVRQ IURP WKHLU VSLQHV LQMHFW�� �2SSLDQ�

7KHUH DUH IRXU VSHFLHV RI ZHHYHU ILVK EHORQJLQJ WR WKH IDPLO\ 7UDFKLQLGDH� DOO FRQWDLQ WKH YHQRPRXV VSLQHV� WKH

WR[LFLW\ RI ZKLFK YDULHV EHWZHHQ WKH LQGLYLGXDO VSHFLHV� ZLWK WKH /HVVHU ZHHYHU �7UDFKLQXV YLSHUD� WKH PRVW

WR[LF RI DOO� 0HPEHUV RI WKH 7UDFKLQLGDH IDPLO\ FDQ EH IRXQG IURP WKH 1RUWK VHD RQ WKH VKRUHV RI 1RUWKZHVW

$IULFD DQG WKURXJKRXW WKH ZKROH RI WKH 0HGLWHUUDQHDQ VHD DQG WKH EODFN VHD� 7KHUH DUH WKUHH RWKHU VSHFLHV RI

ZHHYHU� 7UDFKLQXV GUDFR� WKH JUHDW ZHHYHU� 7UDFKLQXV UDGLDWXV DQG 7UDFKLQXV DUDQHXV� WKH ODVW WZR DUH

FROOHFWLYHO\ NQRZQ DV WKH VRXWKHUQ ZHHYHUV�

$OWKRXJK WKH ILUVW GRFXPHQWHG VWXG\ RI WKH YHQRP DQG DVVRFLDWHG VWUXFWXUHV RI WKH ZHHYHU ILVK IDPLO\
�7UDFKLQLGDH� ZDVQ
W XQWLO ���� �WKLV ZDV P\ $OOPDQ�� 7KH YHQRPRXV QDWXUH RI WKH ZHHYHU ZDV NQRZQ DERXW DV

IDU EDFN DV �� $' LQ WKH �*UHHN +HUEDO� RI 'LVFRULGHV �FLUFD �� $'�� �WUDQVODWHG E\ JXQWKHU ������ 8QGHU WKH

VXEMHFW 'UDNRQ 7KDODVVRLV �7UDFKLQXV GUDFR� LV ZULWWHQ�

�7KH VHD GUDJRQ� EHLQJ RSHQHG DQG VRH DSSOLHG LV D FXUH IRU \H KXUW

GRRQH E\ KLV SULFNOHV�

,QGLFDWLQJ WKDW WKH YHQRPRXV QDWXUH RI WKH 7UDFKLQXV IDPLO\ ZDV NQRZQ DERXW� ZKHWKHU WKLV FXUH DFWXDOO\ ZRUNV

LV DV \HW XQSURYHG� 7KH SRHW 2SSLDQ� �DV TXRWHG E\ 'UXPPRQG ������� DFWXDOO\ ZURWH SRHPV DERXW ILVK ZLWK

VSLQHV LQFOXGLQJ WKH PHPEHUV RI WKH :HHYHU IDPLO\� $OWKRXJK LQ WKLV SRHP KH JURXSV WKH ZHHYHUV XQGHU D

GLIIHUHQW QDPH �'UDJRQV� DQG LQFOXGHV RWKHU ILVK WKDW GR QRW SURFHVV D YHQRP RI DQ\ NLQG�

7KH SUHVHQFH RI YHQRP FRQVLGHUHG WR EH D YLUXV EHIRUH ����� ZDV WKRXJKW E\ WKH YDVW PDMRULW\ RI VFLHQWLVWV WR EH

FRQILQHG WR WKH GRUVDO VSLQHV RI WKH ILVK� ,W ZDVQ
W XQWLO $OOPDQ ������ KDG WKH PLVIRUWXQH RI EHLQJ VWXQJ E\ WKH

2SHUFXODU VSLQH RI WKH ILVK DQG UHFRUGLQJ WKH UHDFWLRQ WKDW IROORZHG� WKDW WKLV WKHRU\ ZDV TXHVWLRQHG� $OOPDQ

ZURWH LQ D OHWWHU GDWHG $XJXVW �� �����

�2Q WKH �WK $XJXVW ����� , ZDV ZRXQGHG QHDU WKH WRS RI WKH WKXPE E\ 7UDFKLQXV YLSHUD� ZKLFK KDG MXVW WDNHQ LQ

D VHLQH RI KHUULQJV� VDQG HHOV 	 FR� 7KH ZRXQG ZDV LQIOLFWHG E\ WKH VSLQH DWWDFKHG WR WKH JLOO FRYHUV GXULQJ P\

DWWHPSW WR VHL]H WKH ILVK�

+H WKHQ JRHV RQ WR GHVFULEH WKH SDLQ VHQVDWLRQ DQG V\PSWRPV H[SHULHQFHG LQ WKH KDQG DQG ZULVW� &RQWDLQHG

ZLWKLQ WKH OHWWHU LV D VKRUW GHVFULSWLRQ RI WKH 2SHUFXODU VSLQH� $OOPDQ ������ IRXQG WKH VSLQH ZDV JURRYHG IURP
WKH WLS WR WKH SRVWHULRU HGJH RI WKH ERQ\ SDUW RI WKH RSHUFXOXP� +H DOVR IRXQG D VPDOO SXOS\ PDVV ZKLFK KH

VXJJHVWHG FRXOG SRVVLEO\ EH RI D JODQGXODU QDWXUH� 0DQ\ VFLHQWLVWV VLQFH KDYH GHVFULEHG WKH 2SHUFXODU VSLQH

YDU\LQJ LQ GHWDLO EXW DOO HVVHQWLDOO\ DJUHHLQJ RQ WKH JURRYHG VWUXFWXUH DQG WKH SUHVHQFH RI WKH VPDOO SXOS\ PDVV

DQG LQ VRPH FDVHV GHVFULELQJ WKLV LQ GHWDLO ZLWK UHJDUGV WR SRVLWLRQ DQG VWUXFWXUH� 3DUNHU ������ GHVFULEHV WKH

VWUXFWXUH RI WKH JODQGV DQG SRVVLEOH PHWKRG RI YHQRP GHOLYHU\ LQ WZR VSHFLHV RI ZHHYHU ILVK� 7�GUDFR DQG

7�YLSHUD�

,Q KLV SDSHU KH VXJJHVWV WKDW D SRVVLEOH PHWKRG RI YHQRP GHOLYHU\ LV WKDW WKH FHOOV VLPSO\ EXUVW DQG WKHLU

FRQWHQWV SDVV XS WKH JURRYH LQ WKH VSLQH WR WKH H[WHULRU� 7KLV LGHD RI WKH FHOOV EXUVWLQJ LV DOVR PHQWLRQHG E\ 6NHLH

������ ZKR GHVFULEHV WKHVH JODQGV LQ GHWDLO� +H DOVR GHVFULEHV WKH VHFUHWLRQ RI WR[LQ DV WKDW RI WKH +RORFULQH W\SH

�ZLWKRXW D YHQRP GXFW� WR[LQ SDVVHV GLUHFWO\ IURP WKH FHOOV WR WKH VSLQDO JURRYH�� 7KH FHOOXODU FRQWHQWV ZHUH
H[XGHG DV D �FUXGH WR[LQ ZKLFK GLVWLQFWO\ SUHVHQWHG LWVHOI DV D JUDQXODU� VWDLQDEOH SXOS�

,Q DQRWKHU SDSHU 6NHLH �����E� FRQFHQWUDWHV RQ WKH YHQRP LWVHOI� PHQWLRQLQJ WKDW WKH WR[LFLW\ RI WKH VHFUHWLRQ

UHPRYHG IURP WKH YHQRP JODQGV ZDV YDULHG KDYLQJ D WR[LFLW\ EHWZHHQ ���� DQG ������ '0/ �QXPEHU RI OHWKDO

GRVHV IRU PLFH� SHU PO ZKHQ LQMHFWHG LQWUDYHQRXVO\ RQ ZKLWH PLFH ZHLJKLQJ EHWZHHQ ����� JUDPV�

�6NHLH�����E� +H IXUWKHU JRHV RQ WR PHQWLRQ WKDW JHQHUDOO\ VSHDNLQJ WKH YHQRP RI WKH ZHHYHU KDV D VLPLODU

WR[LFLW\ WR YDULRXV VSHFLHV RI FRPPRQ YLSHU� 9LSHUD DVSLV� 9LSHUD DPPRG\WHV DQG 9LSHUD EHUXV�
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7KH YHQRP RI WKH ZHHYHU FRQVLVWV RI � PDLQ FRQVLWXDWHV� 3URWHLQV� &DUERK\GUDWHV DQG /LSLGV� 6NHLH �����E�

IRXQG WKDW RQO\ D VPDOO IUDFWLRQ RI WKH SURWHLQ FRQWDLQHG WR[LF SURSHUWLHV DQG DOVR VKRZHG WKDW DQ DQWL�YHQRP

FRXOG EH GHYHORSHG EHFDXVH VXUYLYDO WHVW DQLPDOV VXFK DV UDEELWV DQG PLFH VKRZHG VLJQV RI EHLQJ LPPXQH WR WKH

WR[LQ DIWHU WUHDWPHQW�

6WXGLHV KDYH EHHQ FDUULHG RXW VLQFH ���� RQ WKH VWUXFWXUH DQG IXQFWLRQ RI WKH YHQRP JODQGV RQ DOO PHPEHUV RI

WKH ZHHYHU ILVK IDPLO\� 7KHVH VFLHQWLVWV KDYH IRXQG WKH VDPH VWUXFWXUHV� 9HQRP VWXGLHV KDYH DOVR FRQILUPHG WKH

SUHYLRXV ZRUN� RQO\ GHIHUULQJ LQ WKH WHFKQLTXHV DQG XVH RI GLIIHUHQW WHVW DQLPDOV�

7KH ILUVW WLPH ZHHYHU ILVK DQWL�YHQRP ZDV SURGXFHG LQ VXIILFLHQW TXDQWLWLHV IRU JHQHUDO XVH� ZDV LQ ����� 6LQFH

WKLV WLPH DQWL�YHQRP KDV EHHQ PDQXIDFWXUHG LQ WKH ,QVWLWXWH IRU WKH &RQWURO DQG 5HVHDUFK RI ,PPXQR�ELRORJLFDO

VXEVWDQFHV� E\ 'U�'XEUDYND 0DWLF�3LDQWDQLGD� 7KH XVH RI VXFK DQ DQWL�YHQRP LV FRQILQHG WR WKRVH SDWLHQWV ZKR

KDYH UHDFWHG XQIDYRXUDEO\ WR WKH QRUPDO WUHDWPHQW RI EDWKLQJ WKH ZRXQG LQ KRW ZDWHU�

7KH DLP RI WKLV VWXG\ LV WR LQYHVWLJDWH WKH VWUXFWXUH RI WKH YHQRP DSSDUDWXV DQG PHWKRG RI YHQRP GHOLYHU\ LQ

7�YLSHUD DVVRFLDWHG ZLWK WKH RSHUFXODU VSLQH RI WKH VSHFLHV�
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7KH :HHYHUILVK FKRVHQ IRU WKH VWXG\ ZDV WKH OHVVHU ZHHYHU� 7UDFKLQXV YLSHUD� $OO WKH VSHFLPHQV XVHG ZHUH

FDXJKW LQ WKH ,ULVK VHD DQG VXUURXQGLQJ ZDWHUV DURXQG $QJOHVH\ E\ WUDZO DQG ZHUH SUHVHUYHG E\ RQH RI WZR

PHWKRGV� 7KH YHQRP JODQGV ZHUH WKHQ GLVVHFWHG RXW ZKHQ UHTXLUHG DQG SXW WKURXJK D QXPEHU RI SURFHVVHV�
7KHVH SURFHVVHV YDULHG DFFRUGLQJ WR WKH PHWKRG RI VWXG\� $ QXPEHU RI WHFKQLTXHV ZHUH XVHG� VXFK DV /LJKW

PLFURVFRS\ DQG HOHFWURQ PLFURVFRS\ WR VWXG\ WKH QDWXUH DQG VWUXFWXUH RI WKH YHQRPRXV VSLQHV DORQJ ZLWK WKH

DVVRFLDWHG YHQRP JODQGV� ,Q WKLV VWXG\ DOO RI WKH REVHUYDWLRQV ZHUH FDUULHG RXW RQ WKH RSHUFXODU VSLQH�

)LJ� � $ SKRWRJUDSK RI WKH OHVVHU :HHYHU �7�YLSHUD�� 7KLV SDUWLFXODU VSHFLPHQ ZDV ����FP ORQJ�

)LJ �D� $ SKRWRJUDSK RI WKH KHDG UHJLRQ RI WKH OHVVHU :HHYHU �7�YLSHUD�� VKRZ WKH SRVLWLRQ RI WKH RSHUFXODU

VSLQH �DUURZHG�� 7KLV SDUWLFXODU VSHFLPHQ ZDV ���� FP ORQJ ZLWK DQ RSHUFXODU VSLQH OHQJWK RI ���FP�

3UHVHUYDWLRQ 7HFKQLTXHV�

7ZR SUHVHUYDWLRQ VROXWLRQV ZHUH XVHG GXULQJ WKH VWXG\�

��� )RUPDOLQ�6HD ZDWHU 6ROXWLRQ �/LJKW 0LFURVFRSH�

*O\FHULQH $OFRKRO 6ROXWLRQ �$OO RWKHU 6WXGLHV�

7KH :HHYHU ILVK VSHFLPHQ ZDV SODFHG LQ D VFUHZ WRS MDU FRQWDLQLQJ RQH RI WKH DERYH VROXWLRQV DQG WKHQ OHIW IRU D

SHULRG RI DW OHDVW �� KRXUV EHIRUH DQ\ GLVVHFWLRQ WRRN SODFH� 7KH ZHHYHU ILVK VSHFLPHQV XVHG IRU WKHVH SURFHVV
ZHUH GHDG ZKHQ WKH\ ZHUH FDSWXUHG XVLQJ D WUDZO QHW� %XW DQ\ ILVK WKDW KDG EHHQ LQ XQWUHDWHG VHD ZDWHU IRU

ORQJHU WKDQ WZR KRXUV ZDV QRW XVHG� GXH WR WKH WLVVXH VWUXFWXUH ZRXOG KDYH EHHQ DIIHFWHG E\ QDWXUDO EUHDNGRZQ

SURFHVVHV DQG RI QR XVH IRU PLFURVFRS\ VWXG\�
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)L[DWLRQ RI WLVVXH�

7KH UHOHYDQW DUHDV RI WKH :HHYHUILVK ZHUH GLVVHFWHG RXW DQG SODFHG LQ D IL[DWLYH� 7KH WLVVXH VDPSOHV ZHUH WKHQ
OHIW IRU D SHULRG RI WLPH �WLPH GHSHQGHG RQ WKH IL[DWLYH XVHG ��

)25 7+( 5(&,3(6 2) ),;$7,9(6 86(' 6(( ),;$7,9(6 3$*(�

'HFDOFLILFDWLRQ�

'HFDOFLILFDWLRQ ZDV FDUULHG RXW XVLQJ D FRPPHUFLDOO\ DYDLODEOH VROXWLRQ �&$/(;�� 7KH LQVWUXFWLRQV VXSSOLHG

ZLWK WKH VROXWLRQ ZHUH FDUULHG RXW WR WKH OHWWHU DOWKRXJK WKH IL[DWLYHV DQG SUHVHUYDWLYHV ZHUH WKH RQHV GHVFULEHG

DERYH DQG QRW WKRVH UHFRPPHQGHG LQ WKH WH[W�

/LJKW 0LFURVFRS\ 7HFKQLTXH �2XWOLQH�

$OO WKH VOLGHV XVHG LQ WKLV SDSHU ZHUH SUHSDUHG LQ D VLPLODU ZD\� �JHQHUDO RXWOLQH GHVFULEHG EHORZ�� 2QO\ WKH

VWDLQLQJ PHWKRGV XVHG GHIHUUHG� DOO RWKHU VWDJHV ZHUH WKH VDPH LQ HYHU\ FDVH�

6WDJH �� :D[ HPEHGPHQW�

�� $IWHU IL[DWLRQ DQG GHFDOFLILFDWLRQ WKH WLVVXH VDPSOHV ZHUH GHK\GUDWHG XVLQJ YDULRXV VWUHQJWK DOFRKRO VROXWLRQV

XQWLO WKH WLVVXH VDPSOHV ZHUH LQ ���� DOFRKRO�

�� ���� DOFRKRO�7ROXHQH �� KRXU�

�� 7ROXHQH�ZD[ VROXWLRQ LQ D ��� UDWLR ���� KRXUV�

�� :D[ � ����� ZD[ ���� KRXUV��

�� :D[ � ����	 ZD[ ���� KRXUV��

�� (PEHG LQ ZD[ DQG DOORZ WR VHW�

6WDJH �� 6HFWLRQLQJ

7KH WLVVXH VDPSOHV ZHUH FXW LQWR VOLFHV �� PLFURQV� XVLQJ D 0LFURWRQH DQG SODFHG RQWR JODVV VOLGHV� 7KH VHFWLRQV

ZHUH DOORZHG WR VSUHDG XVLQJ DQ $OEXPHQ�*O\FHURO VROXWLRQ� 7KH VOLGHV ZHUH WKHQ OHIW WR GU\ RXW RQ D KRW SODWH�

6WDJH �� 5HPRYDO RI ZD[ IURP VHFWLRQV�

%HIRUH VWDLQLQJ DOO ZD[ ZDV UHPRYHG IURP WKH VHFWLRQV� 7KH JODVV VOLGHV ZHUH LQVSHFWHG EHIRUH WKH\ ZHUH

DOORZHG WR HQWHU WKH QH[W VWDJH WR LQVXUH DOO WKH ZD[ ZDV UHPRYHG IURP WKH VOLGH�

�� ,PPHUVH VOLGH LQ +LVWRFOHDU �� PLQV�

�� 7UDQVIHU VOLGH WR DEVROXWH DOFRKRO �� PLQV�

�� 7UDQVIHU WR ��� DOFRKRO �� PLQV�

6WDJH �� 5HPRYDO RI PHUFXU\ IURP VOLGHV�

7KLV VWDJH ZDV RQO\ FDUULHG RXW LI WKH IL[DWLYH XVHG ZDV 686$ �VHH ),;$7,9(6�

6WDJH �� 6WDLQLQJ

)RU PHWKRGV VHH 67$,1,1*

7KH WLVVXH VDPSOHV ZHUH GHK\GUDWHG WR WKH VDPH DOFRKRO FRQFHQWUDWLRQ RI WKH ILUVW VWHS RI D SDUWLFXODU VWDLQ

FKRVHQ�
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6WDJH �� 7UHDWPHQW RI VOLGHV DIWHU VWDLQLQJ�

7KH VOLGHV ZHUH GHK\GUDWHG XVLQJ YDULRXV DOFRKRO VROXWLRQV XQWLO WKH VOLGH ZDV SODFHG LQ ��� DOFRKRO DQG WKHQ

WKH IROORZLQJ VWHSV ZHUH FDUULHG RXW�

�� 7UDQVIHU VOLGH LQWR ���� DOFRKRO �� PLQV�� 7KLV VWHS ZDV FDUULHG RXW DW OHDVW WZLFH IRU HDFK VOLGH�

�� 7UDQVIHU WR +LVWRFOHDU� $W WKLV VWDJH WKH +LVWRFOHDU ZDV FKHFNHG IRU DQ\ VLJQV RI FORXGLQJ �SUHVHQFH RI ZDWHU

LQ WKH VOLGH� LI WKLV ZDV VHHQ WKH VOLGH ZDV WUDQVIHUUHG EDFN LQWR ���� DOFRKRO�

6WDJH �� 0RXQWLQJ�

7KH VOLGHV ZHUH OHIW LQ WKH +LVWRFOHDU DQG RQO\ UHPRYHG RQH DW D WLPH IRU PRXQWLQJ� '3; ZDV SODFHG RQWR WKH

VOLGH �FRYHULQJ WKH VWDLQHG VHFWLRQ� RQWR ZKLFK D FRYHU VOLGH ZDV WKHQ SODFHG� 7KH VOLGH ZDV WKHQ DOORZHG WR GU\

�DW OHDVW RYHUQLJKW��

6WDJH �� ([DPLQDWLRQ

7KH VOLGHV ZHUH WKHQ SODFHG XQGHU D OLJKW PLFURVFRSH DQG H[DPLQHG LQ WKH XVXDO ZD\�

)UR]HQ 6HFWLRQLQJ�

2QH RI WKH VOLGHV ZDV SUHSDUHG LQ D VOLJKWO\ GLIIHUHQW PDQQHU� ,QVWHDG RI HPEHGGLQJ WKH PDWHULDO LQ ZD[ DV

EHIRUH� WKH PDWHULDO ZDV IUR]HQ XVLQJ OLTXLG QLWURJHQ� 7KH FKRVHQ PDWHULDO ZDV SODFHG RQWR D GURS RI HPEHGGLQJ

IOXLG RQ WRS RI D KROORZ PHWDO VSHFLPHQ KROGHU� 7KLV ZDV WKHQ SODFHG LQWR D IODVN RI OLTXLG QLWURJHQ DQG DOORZHG

WR FRRO GRZQ �VORZO\� XQWLO WKH PDWHULDO EHFRPH IUR]HQ VROLG� 7KH KROGHU DQG VSHFLPHQ ZDV WKHQ SODFHG LQ D

FU\RVWDW DQG VHFWLRQHG� 7KH VHFWLRQV ZHUH WKHQ VWDLQHG�

(OHFWURQ 0LFURVFRS\� 7HFKQLTXH

7KH HOHFWURQ PLFURVFRSH XVHG ZDV D 6FDQQLQJ HOHFWURQ PLFURVFRSH� 7KH PLFURVFRSH ZDV XVHG WR DVVHVV WKH IRUP

DQG VWUXFWXUH RI WKH RSHUFXODU VSLQH LQ RUGHU WR UHODWH WKLV WR WKH PHWKRG RI YHQRP GHOLYHU\� 7KH VWHSV EHORZ

GHWDLO WKH VSLQH SUHSDUDWLRQ�

6WHS �� )OHVK UHPRYDO

7KH RSHUFXODU VSLQH ZDV GLVVHFWHG IUHH IURP WKH VXUURXQGLQJ WLVVXH WDNLQJ FDUH QRW WR GDPDJH WKH VSLQH VWUXFWXUH

LQ DQ\ZD\� 7KH VSLQH DORQJ ZLWK WKH VXUURXQGLQJ WLVVXH ZDV SODFHG LQ D JODVV EHDNHU DORQJ ZLWK �� POV RI

GLVWLOOHG ZDWHU ZKLFK KDG DSSUR[LPDWHO\ � JUDPV RI 3RWDVVLXP +\GUR[LGH GLVVROYHG LQ� 7KH WLVVXH LQ WKH VROXWLRQ

ZDV KHDWHG JHQWO\ WR VWDUW WKH SURFHVV RI IOHVK UHPRYDO� WDNLQJ FDUH QRW WR DOORZ WKH VROXWLRQ WR ERLO� 2QFH PRVW
RI WKH IOHVK ZDV UHPRYHG IURP WKH VSLQH� 7KH VSLQH ZDV SODFHG LQ D IUHVK VROXWLRQ DQG DOORZHG WR VWDQG

RYHUQLJKW WR LQVXUH WKDW DOO WKH IOHVK ZDV UHPRYHG IURP WKH VSLQH�

6WHS �� 0RXQWLQJ DQG FRDWLQJ LQ JROG�

7KH VSLQH ZDV SODFHG RQWR WKH PRXQW XVLQJ GRXEOH�VLGHG FHOORWDSH DQG FRDWHG LQ JROG� 7KH PDFKLQH XVHG IRU WKLV

SURFHVV ZDV D 6SXWWHU�FRDWHU�
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5(68/76

7KH YHQRP DSSDUDWXV RI WKH ZHHYHU ILVK �7�YLSHUD� ZDV IRXQG WR FRQVLVW RI WZR FRPSRQHQWV� 7KH YHQRP *ODQG

FRPSRQHQW �JODQGXODU FHOOV DQG RWKHU DFFHVVRU\ VWUXFWXUHV�� DQG WKH KDUG FRPSRQHQW FRQVLVWLQJ RI WKH RSHUFXODU

VSLQH� DOO RI ZKLFK LV HQFDVHG LQ D PHPEUDQH VKHDWK� 7KLV VKHDWK SURWHFWV WKHVH VWUXFWXUHV IURP HQYLURQPHQWDO
VXEVWDQFHV DQG DFWV DV DQ LQWHJUDO SDUW RI WKH HQWLUH YHQRP V\VWHP�

)LJ �F� $ SKRWRJUDSK RI WKH RSHUFXODU VSLQH DQG DFFHVVRU\ VWUXFWXUHV RI 7�YLSHUD� 7KH SKRWRJUDSK VKRZV WKH

PHPEUDQH� ZKLFK VXUURXQGV WKH VSLQH DQG DVVRFLDWHG VWUXFWXUHV� 7KH YHQRP JODQGV FDQ DOVR EH VHHQ� 2QH

DWWDFKHG WR WKH EDVH RI WKH VSLQH �9J�� DQG WKH RWKHU DWWDFKHG WR WKH WRS RI WKH VSLQH �9J��

0DJ [��

7KH YHQRP JODQG LV QRW RQH JODQG EXW WZR� 7KH JODQGV DUH IRXQG LQ WKH EDVDO JURRYHV RI WKH RSHUFXODU VSLQH DQG

VKRUW ZD\ XS WKH ODWHUDO JURRYH� ZKLFK UXQV DORQJ WKH OHQJWK RI WKH VSLQH H[WHQGLQJ IURP WKH EDVDO JURRYH DQG
WHUPLQDWLQJ D VKRUW GLVWDQFH IURP WKH VSLQH WLS� 7KH RQO\ GLIIHUHQFH EHWZHHQ WKH WZR JODQGV LV WKDW WKH JODQG RQ

WKH ERWWRP LV VOLJKWO\ ODUJHU WKDQ WKH JODQG DW WKH WRS� 7KH YHQRP JODQG FRQVLVWV RI ODUJH JOREXODU FHOOV

FRQWDLQLQJ WKH WR[LQ DQG RWKHU FHOOXODU FRPSRQHQWV� VXUURXQGHG E\ ILEUHV� 7KLV VWUXFWXUH LV VXUURXQGHG E\ D RXWHU

PHPEUDQH VKHDWK�
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)LJ � $ SKRWRPLFURJUDSK RI WKH YHQRP JODQG LQ WKH EDVDO JURRYH RI WKH RSHUFXODU VSLQH RI WKH OHVVHU ZHHYHU �7�
YLSHUD�� 7KH YHQRP JODQG LV LQ WKH FHQWUH RI WKH SLFWXUH VXUURXQGHG E\ WKH HGJH RI WKH EDVDO JURRYH�

%URPRSKHQRO EOXH� 0DJ [����

)LJ �� $ SKRWRPLFURJUDSK GHWDLOLQJ WKH GLVWLQFW UHJLRQV RI WKH YHQRP JODQG� 9HQRP JODQG FHOOV �*&�� WKH

9HQRP VXUURXQGLQJ WKHVH JODQGXODU FHOOV �9� DQG %DVDO JURRYH RU WKH µKDUG FRPSRQHQWV¶ RI WKH VSLQH �%*�� WKH

*ODQGXODU FRQQHFWLYH WLVVXH OD\HU �&)�� 7KLV OD\HU LV WKRXJKW WR EH D VWURQJ ILEURXV OD\HU DQG WKH RXWHU

PHPEUDQH �20��

%URPRSKHQRO EOXH� 0DJ [���
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)LJ �� $ SKRWRPLFURJUDSK RI WKH YHQRP JODQG �'� FRQWDLQHG ZLWKLQ WKH EDVDO JURRYH �&� DQG VXUURXQGHG E\ WKH

RXWHU PHPEUDQH �$�� 7KH JODQGXODU DSSHDUDQFH RI WKH YHQRP WR[LQ FDQ EH FOHDUO\ VHHQ �%�� 7KLV WR[LQ PD\ KDYH

EHHQ OHDNHG E\ WKH JODQGXODU FHOOV GDPDJHG GXULQJ SUHSDUDWLRQ� RU DOWHUQDWHO\ WKH FHOOV FRXOG EH VXUURXQGHG E\

WKH WR[LQ DV SDUW RI WKHLU QRUPDO IXQFWLRQ�

%URPRSKHQRO EOXH� [����

7KH YHQRP RI WKH :HHYHUILVK DIWHU VWDLQLQJ ZDV IRXQG WR JLYH D JUDLQHG DSSHDUDQFH� WKLV JUDLQHG DSSHDUDQFH
ZDV UHSHDWHG ZKHWKHU WKH YHQRP ZDV FRQWDLQHG ZLWKLQ WKH JODQGXODU FHOOV RU RQ WKH RXWVLGH� $V WKH VWDLQ XVHG

ZDV %URPRSKHQRO EOXH �$ VWDLQ VSHFLILFDOO\ IRU SURWHLQ� WKH WR[LQ FRXOG EH SURWHLQ EDVHG�

)LJ �D� $ SKRWRPLFURJUDSK RI WKH YHQRP JODQG RI 7�YLSHUD� 7KH LQGLYLGXDO JODQGXODU FHOOV FDQ EH FOHDUO\ VHHQ

DORQJ ZLWK WKH JUDQXODU DSSHDUDQFH RI WKH YHQRP LWVHOI� 7KH RXWHU HGJH RI WKH EDVDO JURRYH FDQ DOVR EH VHHQ�

%URPRSKHQRO EOXH [���
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7KH RXWHU PHPEUDQH VXUURXQGLQJ WKH HQWLUH YHQRP JODQG VWUXFWXUH LV D FRPSOH[ VWUXFWXUH FRQVLVWLQJ RI YDULRXV

FHOO W\SHV� 7KHVH FHOOV FRXOG KDYH D PDLQWHQDQFH IXQFWLRQ DV ZHOO DV D SURWHFWLYH RXWHU OD\HU ZKLFK LV DQ

LQWHJUDWH SDUW RI WKH HQWLUH YHQRP V\VWHP�

)LJ �� $ SKRWRPLFURJUDSK RI WKH PHPEUDQH FOHDUO\ VKRZLQJ WKH ODUJH JOREXODU FHOOV RQ WKH XQGHUVLGH RI WKH

PHPEUDQH� 7KH H[DFW IXQFWLRQ RI WKHVH FHOOV LV XQNQRZQ EXW WKH\ PD\ KDYH D VHFUHWDU\ IXQFWLRQ� 7KH IXQFWLRQ RI

WKH ODUJH GDUN FHOO RQ WKH RXWHU HGJH LV DOVR XQNQRZQ� EXW WKHVH FHOOV RQO\ DSSHDU LQWHUPHGLDWHO\ DORQJ WKH RXWHU

HGJH RI WKLV FHOOXODU OD\HU DQG DUH QRW DV QXPHURXV DV WKH FHOOV RQ WKH XQGHUVLGH� 7KHVH FHOOV FRXOG EH VRPH IRUP

RI FKHPLFDO UHFHSWRU RU MXVW EH SLJPHQWV LQ WKH RXWHU OD\HU� %URPRSKHQRO EOXH� [���� �2LO (PHUVRQ��

7KH KDUG SDUW RI WKH YHQRP DSSDUDWXV ZDV IRXQG WR FRQVLVW RI WKUHH GLVWLQFW UHJLRQV�

�� 7KH RSHUFXODU VSLQH ZKLFK KDG D ORQJLWXGLQDO JURRYH UXQQLQJ DORQJ LWV OHQJWK WHUPLQDWLQJ D VKRUW GLVWDQFH
IURP WKH WLS�

�� 7ZR %DVHO JURRYHV WKDW FRQQHFWHG RQWR WKH VSLQDO JURRYH�

�� 2SHUFXODU SODWH� ZKHUH WKH PXVFOHV WKDW UDLVHG DQG ORZHUHG WKH VSLQH DUH DWWDFKHG� 2Q WKH GRUVDO VLGH QR

VSHFLILF DWWDFKPHQW SRLQW ZDV IRXQG DOWKRXJK D UDLVHG VWUXFWXUH ZDV REVHUYHG WKDW FRXOG VHUYH DV D PXVFOH

DWWDFKPHQW SRLQW� RQ WKH YHQWUDO VLGH D UDLVHG VWUXFWXUH ZDV IRXQG ZKLFK WKH YHQWUDO PXVFOH ZDV DWWDFKHG WR�
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)LJ �� $Q (OHFWURQ PLFURJUDSK RI WKH RSHUFXODU VWUXFWXUH �GRUVDO VLGH� RI WKH :HHYHUILVK �7�YLSHUD�� VKRZLQJ

WKH SRVVLEOH VLWH RI PXVFOH DWWDFKPHQW �0D�� WKH %DVDO JURRYHV �%J� ZLWK D UHPQDQW RI WKH YHQRP JODQG �9J�
VWLOO YLVLEOH� 6HYHUDO KROHV FDQ EH VHHQ ZLWKLQ WKH RSHUFXODU VSLQH �2V� DQG WKH RSHUFXODU SODWH �RS�� 7KH IXQFWLRQ

RI WKHVH KROHV LV XQNQRZQ� 7KH\ FRXOG EH SUHVHQW RQ WKH VSLQH IRU WKH SDVVDJH RI EORRG YHVVHOV HWF� RU FRXOG EH

FDXVHG E\ WKH IOHVK UHPRYDO SURFHVV GDPDJLQJ WKH VSLQH VWUXFWXUH�

)LJ �� $Q (OHFWURQ PLFURJUDSK RI WKH JURRYH RQ WKH RSHUFXODU VSLQH RI 7�YLSHUD� 7KLV JURRYH UXQV DORQJ WKH

HQWLUH OHQJWK RI WKH VSLQH� 7KH JURRYH HQWHUV WKH EDVDO SDUW RI WKH VSLQH ZKHUH WKH YHQRP JODQG LV ORFDWHG� 7KH

YHQRP WUDYHOV DORQJ WKLV JURRYH RQ ERWK VLGHV RI WKH VSLQH� ZKLFK DOORZV SDVVDJH WR WKH RXWVLGH RI WKH VWUXFWXUH�
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)LJ �� $ VFDQQLQJ HOHFWURQ PLFURJUDSK RI WKH WLS RI WKH 2SHUFXODU VSLQH RI WKH /HVVHU ZHHYHU �7�YLSHUD�� 7KH

SKRWR VKRZV WKH QDUURZLQJ RI RQH RI WKH ORQJLWXGLQDO JURRYHV DV LW QHDUV WKH WLS RI WKH 2SHUFXODU VSLQH�

7KH ORQJLWXGLQDO JURRYH QDUURZV WRZDUGV WKH HQG RI WKH VSLQH WHUPLQDWLQJ LQ D SRLQW� 7KH RSHUFXODU VSLQH ZDV

IRXQG WR KDYH D OD\HUHG VWUXFWXUH �ILJ ���� VLPLODU WR WKDW RI D ODPLQDWHG ERDUG� 2QH RI WKH VSLQHV ZDV IRXQG WR

KDYH D SRVVLEOH GHIRUPLW\ LQ WKH %DVHO JURRYH� �)LJ � ��7KH %DVHO JURRYH RQ WKH OHIW RI WKH VWUXFWXUH LV VOLJKWO\

GHIRUPHG� LQ WKDW LW KDV D VWUXW YHUWLFDO VSOLWWLQJ WKH EDVDO JURRYH LQ WZR�

)LJ �� $Q VFDQQLQJ HOHFWURQ PLFURJUDSK RI WKH YHQWUDO VLGH RI WKH 2SHUFXODU VWUXFWXUH IURP 7�YLSHUD VKRZLQJ WKH

EDVDO JURRYHV HLWKHU VLGH RI WKH RSHUFXODU VSLQH� 7KH UDLVHG VWUXFWXUH DW WKH EDFN RI WKH RSHUFXODU VSLQH LV WKH

SRLQW RI DWWDFKPHQW ZKHUH WKH YHQWUDO PXVFOH ZDV IRXQG WR EH DWWDFKHG� 7KH RSHUFXODU SODWH LV KHDYLO\ GDPDJHG

SRVVLEO\ GXH WR WKH VWURQJ DONDOL VROXWLRQ WKDW ZDV XVHG WR UHPRYH WKH IOHVK DVVRFLDWHG ZLWK WKLV VWUXFWXUH�

LQGLFDWLQJ WKH VSLQH FRXOG EH FDOFLXP EDVHG� 7KH EDVDO JURRYH RQ WKH OHIW LV DOVR VOLJKWO\ GHIRUPHG DV D VWUXW

FURVVHV WKH EDVDO JURRYH� VSOLWWLQJ WKH JURRYH LQWR WZR�
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)LJ �� $ VFDQQLQJ HOHFWURQ PLFURJUDSK RI SDUW RI WKH RSHUFXODU VSLQH RI WKH OHVVHU ZHHYHU �7�YLSHUD�� 7KH SKRWR

VKRZV SDUW RI WKH VSLQH� ZKLFK ZDV GDPDJHG GXULQJ SUHSDUDWLRQ H[SRVLQJ WKH LQWHUQDO VWUXFWXUH RI WKH VSLQH� 7KH

VSLQH LV PDGH XS RI WKLQ OD\HUV UDWKHU OLNH WKH VWUXFWXUH RI D ODPLQDWHG ERDUG�
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$OO WKH FRPSRQHQWV RI WKH :HHYHUILVK YHQRP JODQG FRPH WRJHWKHU WR IRUP D YHU\ HIIHFWLYH GHIHQFH PHFKDQLVP�

$OWKRXJK WKLV SURMHFW KDV GHVFULEHG WKHVH FRPSRQHQWV LQ GHWDLO� 7KH ZD\ LQ ZKLFK DOO WKLV FRPSRQHQWV ZRUN

WRJHWKHU UHVXOWLQJ LQ WKH HIILFLHQW GHOLYHU\ RI WKH WR[LQ LV DV \HW XQH[SODLQHG� 7KH :HHYHUILVK KDV EHHQ NQRZQ WR
DFWLYHO\ VWULNH DW RWKHU RUJDQLVPV LQ RUGHU WR GR WKLV D YDULHW\ RI SURFHVVHV KDYH WR EH LQLWLDWHG� %\ HOHYDWLQJ WKH

RSHUFXODU SODWH WKH ZHHYHU H[SRVHV WKH RSHUFXODU VSLQH DQG WKHUHIRUH LQFUHDVLQJ WKH FKDQFHV RI WKH RWKHU

RUJDQLVP EHLQJ �VWXQJ��

2QH SRVVLEOH PHWKRG RI YHQRP GHOLYHU\ LV WKH RSHUFXODU VSLQH LV ILUVW UDLVHG WR LQFUHDVH WKH DPRXQW RI VSLQH

H[SRVHG� 7KLV LV DFKLHYHG E\ WKH LQWHUDFWLRQ RI WZR PXVFOHV DWWDFKHG WR WKH RSHUFXODU SODWH �ILJ ���� 7KHVH WZR

PXVFOHV ZRUN DQWDJRQLVWLFDOO\ �RQH UDLVLQJ WKH VSLQH WKH RWKHU ORZHULQJ WKH VSLQH�� $V WKH VSLQH LV UDLVHG WKH

RXWHU PHPEUDQH LV SXOOHG GRZQ WKH VKDIW RI WKH VSLQH� 7KLV LV GXH WR WKH PHPEUDQH EHLQJ QRQ�HODVWLF ZKLFK

H[SRVHV WKH VSLQH WLS� 7KH DPRXQW RI WLS H[SRVHG GHSHQGV RQ WKH DQJOH DW ZKLFK WKH RSHUFXODU LV UDLVHG IURP WKH

ERG\�

)LJ ��� $ GLDJUDP RI KRZ WKH LQWHUDFWLRQ EHWZHHQ WZR VHWV RI PXVFOHV ZRXOG UDLVH WKH RSHUFXODU VSLQH DZD\

IURP WKH ERG\ RI WKH ZHHYHUILVK�

7KH RXWHU 0HPEUDQH PRYLQJ GRZQ WKH VKDIW UHVXOWV LQ WKH EXLOG XS RI SUHVVXUH GLUHFWHG RQWR WKH JODQGXODU PDVV�

SUHVVLQJ WKH FHOOV LQWR WKH EDVDO JURRYH � ZKHQ UHOD[HG WKH YHQRP JODQG H[WHQGV RXWVLGH RI WKH EDVDO JURRYH� �

7KH UHVXOWDQW SUHVVXUH IRUFHV VRPH RI WKH FHOOV LQWR WKH EDVDO JURRYH� 7KLV UHVXOWDQW SUHVVXUH EXUVWV VRPH RI WKH

FHOOV IRUFLQJ WKHLU FHOO FRQWHQWV XS DORQJ WKH VSLQDO JURRYH� *ODQGXODU FHOOV WKDW DUH IRUFHG XS WKH VSLQH VWLOO LQWDFW

DUH EXUVW DV WKH\ QHDU WKH VSLQH WLS �ILJ ��� GXH WR WKH QDUURZLQJ RI WKH JURRYH� 7KH WR[LQ DQG RWKHU FHOOXODU

FRQWHQWV DUH SDVVHG WR WKH RXWVLGH�
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7KLV FRXOG EH RI DGYDQWDJH WR WKH :HHYHU LI RWKHU RUJDQLVPV FRXOG GHWHFW WKH YHQRP LQ WKH ZDWHU DQG EH UHSHOOHG

E\ LW� WKHUHIRUH OHDYLQJ WKH :HHYHU DORQH� HOLPLQDWLQJ WKH ULVN RI GDPDJH WR WKH LQGLYLGXDO LI WKH SUHGDWRU

DWWDFNHG� 7KLV LGHD RI WKH :HHYHU EHLQJ DEOH WR JLYH D FKHPLFDO DV ZHOO DV D YLVXDO ZDUQLQJ �H[SRVXUH RI WKH

VSLQHV� GRUVDO VSLQHV HVSHFLDOO\ DV WKH\ KDYH D EODFN PHPEUDQH� LV SXUHO\ VSHFXODWLYH DQG UHTXLUHV IXUWKHU

LQYHVWLJDWLRQ�

$OWKRXJK DFWXDO YHQRP H[FUHWLRQ ZDVQ
W VHHQ� 7KH DFWLRQ RI DQRWKHU ERG\ SUHVVLQJ RQWR WKH RSHUFXODU VSLQH DQG

VXUURXQGLQJ PHPEUDQH ZRXOG KDYH D VLPLODU HIIHFW� UHVXOWLQJ LQ WKH YHQRP EHLQJ SDVVHG WKURXJK WKH VSLQDO

JURRYH LQWR WKH SXQFWXUH ZRXQG PDGH E\ WKH WLS RI WKH VSLQH DQG LQWR WKH KRVW DQLPDO� 7KH VSLQH LV YHU\

LPSRUWDQW DV WKH WR[LQ LV PRVW HIIHFWLYH ZKHQ LQMHFWHG LQWUDYHQRXVO\ DQG KDV YHU\ GLIIHUHQW HIIHFWV GHSHQGLQJ RQ

KRZ WKH YHQRP HQWHUV WKH ERG\� 7KHUH LV QR HYLGHQFH LQ WKH OLWHUDWXUH FRQFHUQLQJ WKH HIIHFWV RI WKH WR[LQ

LQWURGXFHG LQWR WKH ERG\ E\ RWKHU PHDQV� DEVRUSWLRQ E\ WKH VNLQ HWF� 7KH VLWH RI WKH YHQRP LQMHFWLRQ LV DOVR

LPSRUWDQW GXH WR WKH YHQRP DFWLYLW\ RQ YDULRXV RUJDQV ZLWKLQ WKH ERG\�

,Q FRQWUDVW WR 6NLHV ������ VXJJHVWLRQ WKDW WKH FHOOV VLPSO\ EXUVW UHOHDVLQJ WKHLU FRQWHQWV LQWR WKH VSLQDO JURRYH�

$QRWKHU SRVVLEOH PHWKRG RI YHQRP LQMHFWLRQ LQYROYHV WKH FHOOV UHPDLQLQJ LQWDFW DFWLYHO\ VHFUHWLQJ WKH WR[LQ LQWR
WKH VSLQDO JURRYH� 7ZR SRVVLEOH PHWKRGV RI YHQRP LQMHFWLRQ XVLQJ WKLV SULQFLSOH DUH GHVFULEHG EHORZ�

0HWKRG �

7KH VSLQH FRXOG EH 
SUH�FKDUJHG
 � 7KDW LV WKH JODQGXODU FHOOV FRXOG VHFUHWH YHQRP LQWR WKH JURRYH DQG E\

FDSLOODU\ DFWLRQ WKH YHQRP ZRXOG WUDYHO XS WKH JURRYH DQG UHPDLQ LQ WKH JURRYH XQWLO WKH VSLQH ZDV XVHG� 2QFH

WKH VSLQDO JURRYH ZDV IXOO WKH FHOOV ZRXOG VWRS VHFUHWLQJ WR[LQ DQG WKHUHIRUH SUHYHQWLQJ ZDVWH� 7KH VSLQH ZRXOG

DFW UDWKHU OLNH D K\SRGHUPLF V\ULQJH� ZKLFK ZRXOG EH XVHG WR LQMHFW WKH YHQRP LQWR WKH SUHGDWRU�

0HWKRG �

$ VOLJKW PRGLILFDWLRQ RI PHWKRG � ZRXOG LQYROYH WKH FHOOV FRQWLQXDOO\ VHFUHWLQJ WKH WR[LQ LQWR WKH JURRYH

UHVXOWLQJ LQ VRPH WR[LQ ORVV� 1R VHQVRU\ FHOOV ZHUH VHHQ DURXQG WKH WLS RI WKH VSLQH LQGLFDWLQJ WKDW WKH

PHFKDQLVP HPSOR\HG E\ WKHVH ILVK IRU WR[LQ LQMHFWLRQ LVQ
W RI WKH PXVFXODU W\SH� LQMHFWLRQ RI YHQRP P\ PXVFOHV

SUHVVLQJ RQWR WKH JODQGXODU PDVV� DV WKLV ZRXOG UHTXLUH VRPH IRUP RI WULJJHU�

$OO WKHVH PHWKRGV RI YHQRP LQMHFWLRQ DUH EDVHG RQ ZKDW ZDV IRXQG UHTXLUH IXUWKHU LQYHVWLJDWLRQ WR SURYH RU

GLVSURYH WKHVH WKHRULHV�

6SLQH VWUXFWXUH DQG IRUP

7KH 2SHUFXODU VSLQH LV PDGH XS IURP QXPHURXV OD\HUV �ILJ ���� 7KLV ODPLQDWHG VWUXFWXUH FRXOG KDYH PDQ\

DGYDQWDJHV RYHU D VLPLODU VL]HG VROLG VSLQH� 7KLV VWUXFWXUH JLYHV WKH VSLQH DGGHG VWUHQJWK DQG GXUDELOLW\� GXH WR
WKH SUHVHQFH RI LQGLYLGXDO OD\HUV� ZKLFK HQDEOH WKH VSLQH WR EHQG VOLJKWO\ XQGHU SUHVVXUH DQG DQ\ GDPDJH� ZRXOG

EH OD\HU E\ OD\HU� ,I WKH VSLQH ZDV VROLG WKH HQWLUH VSLQH FRXOG VQDS XQGHU WKH VDPH SUHVVXUH DQG WKH :HHYHUILVK

ZRXOG EH GHIHQVHOHVV XQWLO WKH HQWLUH VSLQH ZDV UHSODFHG ZKLFK XQGRXEWHGO\ ZRXOG WDNH ORQJHU WKDQ UHSODFLQJ D

IHZ FUDFNHG OD\HUV� 7KLV VWUXFWXUH FRXOG DOVR EH UHODWHG WR JURZWK� WKH OD\LQJ GRZQ RI GLIIHUHQW OD\HUV HDFK \HDU�

DQG PD\ EH LQWHUSUHWHG DV JURZWK ULQJV� 7KH VSLQDO OD\HUV FRXOG EH ODLG GRZQ E\ WKH RXWHU PHPEUDQH FRYHULQJ

WKH HQWLUH VWUXFWXUH DV SRFNHWV ZHUH VHHQ DORQJ WKH LQQHU PRVW HGJH RI WKH PHPEUDQH ZKLFK FRXOG KDYH D

VHFUHWDU\ IXQFWLRQ �ILJ ��� WKLV LV VSHFXODWLYH DQG UHTXLUHV IXUWKHU LQYHVWLJDWLRQ� 7KH JHQHUDO VWUXFWXUH RI WKH VSLQH

LV LQ WKH IRUP RI D ODUJH 2SHUFXODU SODWH FRQQHFWHG WR ZKLFK LV D VSLQH WKDW KDV D JURRYH UXQQLQJ IURP WKH %DVHO

JURRYH WHUPLQDWLQJ D VKRUW GLVWDQFH IURP WKH WLS� 7KLV VWUXFWXUH LV WKH VDPH DV RWKHU VFLHQWLVWV �$OOPHQ������

6NHLH������ IRXQG LQ SUHYLRXV VWXGLHV� DOWKRXJK WKH\ GR QRW PHQWLRQ WKH ODPLQDWHG VWUXFWXUH RI WKH VSLQH� 7KLV

EDVLF VWUXFWXUH ZDV DOVR VHHQ LQ RWKHU PHPEHUV RI WKH ZHHYHU IDPLO\ E\ 3DUNHU ������ DJDLQ ZLWK QR PHQWLRQ RI
WKH LQWHUQDO VWUXFWXUH�

7KH QXPEHU RI KROHV VHHQ LQ WKH RSHUFXODU SODWH FRXOG EH GXH WR WKH SUHSDUDWLRQ SURFHVV �DUWLILFLDO� RU FRXOG EH

SDUW RI WKH VSLQHV VWUXFWXUH� PD\EH DFWLQJ DV QHUYH RU QXWULHQW FKDQQHOV ZKLFK VHUYH WKH VSLQH LQ VRPHZD\ RU

IHHG LQWR WKH EDVH RI WKH YHQRP JODQG VXSSO\LQJ QXWULHQWV WR WKLV VWUXFWXUH DV WKH\ DUH VHHQ GLUHFWO\ EHKLQG WKH

EDVDO JURRYH�
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7KLV LQYHVWLJDWLRQ KDVQ
W DGGHG DQ\ QHZ LQIRUPDWLRQ WR WKDW DOUHDG\ NQRZQ DERXW WKH :HHYHUILVK EXW KDV

UHFRQILUPHG PDQ\ RI WKH SRLQWV UDLVHG E\ RWKHU VFLHQWLVWV �$OOPDQ������6NHLH������ UHODWHG WR WKH VWUXFWXUH RI

WKH RSHUFXODU VSLQH DQG DVVRFLDWHG YHQRP JODQGV�7R P\ NQRZOHGJH QRQH RI WKH SUHYLRXV DXWKRUV PHQWLRQHG WKH

LQWHUQDO VWUXFWXUH RI WKH VSLQH� ZKLFK , IRXQG WR EH OD\HUHG IURP P\ LQYHVWLJDWLRQV� 7KLV GLVFRYHU\ ZDV GXH WR
DFFLGHQWDO GDPDJH GXULQJ WKH SUHSDUDWLRQ ZKLFK H[SRVHG WKH LQWHUQDO VWUXFWXUH RI WKH VSLQH�

7KLV SURMHFW DOVR FRQWDLQV WZR SRVVLEOH PHWKRGV RI YHQRP GHOLYHU\ QRW PHQWLRQHG E\ SUHYLRXV DXWKRUV

�$OOPDQ������ 6NHLH������ DORQJ ZLWK RQH GHWDLOHG GHVFULSWLRQ RI RQH SDUWLFXODU PHWKRG EDVHG RQ WKH SULQFLSOH

PHQWLRQHG E\ 6NHLH ������ RI WKH JODQGXODU FHOOV EXUVWLQJ UHOHDVLQJ WKH WR[LQ LQWR WKH VSLQDO JURRYH�

7KH LGHDV FRQWDLQHG ZLWKLQ WKLV SURMHFW DUH MXVW VSHFXODWLRQV DQG GXH WR WLPH FRQVWUDLQWV RQ WKLV SURMHFW ZLOO

UHPDLQ VR XQWLO IXUWKHU LQYHVWLJDWLRQV LQWR WKH YHQRP GHOLYHU\� VSLQH IRUPDWLRQ SURYH RU GLVSURYH WKHVH LGHDV�
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7KH SRLQWV UDLVHG LQ WKLV SURMHFW FRQFHUQ WKH VWUXFWXUH RI WKH 2SHUFXODU VSLQH DQG DVVRFLDWHG YHQRP JODQGV RI WKH
/HVVHU :HHYHU ILVK �7�YLSHUD�� 7KH PHWKRGV XVHG ZHUH EDVLF KLVWRORJLFDO PHWKRGV FRPELQHG ZLWK WKH XVH RI D

VFDQQLQJ HOHFWURQ PLFURVFRSH� 7KH YHQRP JODQG ZDV IRXQG WR EH PDGH XS RI WZR SDUWV VLWXDWHG DW WKH EDVH RI WKH

2SHUFXODU VSLQH DQG D VKRUW ZD\ XS WKH VSLQH� %RWK YHQRP JODQGV ZHUH D PDVV RI ODUJH JOREXODU YHQRP FHOOV

ZKLFK FRQWDLQHG WKH YHQRP VXUURXQGHG E\ WKH RXWHU PHPEUDQH� 7KH 2SHUFXODU VSLQH ZDV DOVR IRXQG WR EH PDGH

XS RI WZR GLVWLQFW SDUWV� WKH VSLQH LWVHOI DQG D ODUJH 2SHUFXODU SODWH ZLWK YDULRXV PXVFOH DWWDFKPHQW SRLQWV DORQJ

ZLWK WZR EDVDO JURRYHV ZKLFK DFFRPPRGDWH WKH YHQRP JODQGV� 7KH VSLQH ZDV IRXQG WR KDYH D OD\HUHG VWUXFWXUH

VLPLODU WR WKDW RI D ODPLQDWHG ERDUG� 7KH SURWHLQ VWDLQ XVHG �%URPRSKHQRO EOXH� LQGLFDWHG WKDW WKH YHQRP ZDV

SURWHLQ EDVHG GXH WR WKH XSWDNH RI WKH VWDLQ ERWK LQVLGH WKH JODQGXODU FHOOV DQG RXWVLGH �H[XGHG FHOO FRQWHQWV GXH

WR WKH GDPDJH GXULQJ SUHSDUDWLRQ RI VOLGHV�� 7KH VSLQH DOVR VWDLQHG EOXH LQGLFDWLQJ WKH VSLQH FRQWDLQHG VRPH

HOHPHQW RI SURWHLQ�
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$OOPDQ J�M ������� 2Q WKH VWLQJLQJ SURSHUW\ RI WKH /HVVHU ZHHYHU �7UDFKLQXV YLSHUD�

$QQ PDJ� 1DW +LVW �� S�������

'UXPPRQG :�+ ������� (VVD\ RQ WKH OLIH DQG ZULWLQJV RI 2SSLDQ '' 05,$

7UDQVDFWLRQV RI 5R\DO ,ULVK $FDGHP\

3DUNHU Z�Q� I�]�V ������� 2Q WKH SRLVRQ�RUJDQV RI 7UDFKLQXV

=RR� 6RF RI /RQGRQ� S�������

6NHLH ( ������� 7KH YHQRP RUJDQV RI WKH :HHYHUILVK �7UDFKLQXV GUDFR�
0HGG IUD GDQPDUNV ILVNHUL �� S��� � ���

6NHLH ( �����E��:HHYHUILVK WR[LQ� 6RPH 3K\VLRFKHPLFDO DQG ,PPXQRORJLFDO 2EVHUYDWLRQV�

$FWD SDWK HW PLFURELDO VFDQG� S�������
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6WDLQLQJ 0HWKRGV

%URPRSKHQRO EOXH VWDLQ IRU SURWHLQ

�� 7DNH WR ��� DOFRKRO

�� 6WDLQ �� 0LQV ��� PJ %URPRSKHQRO EOXH LQ ���POV ��� DOFRKRO

�� �� PLQV LQ ���� DFHWLF DFLG

�� 5LQVH IRU � PLQV LQ UXQQLQJ ZDWHU

�� 'HK\GUDWH DQG PRXQW

%URPRSKHQRO EOXH VWDLQ RQ IUR]HQ VHFWLRQV

7KH WLVVXH VHFWLRQV ZHUH SODFHG RQ D JODVV FRYHU VOLGH DQG WKH VWDLQLQJ SURFHGXUH LV DV IROORZV�

�� � PLQ LQ ��� PJ %URPRSKHQRO EOXH LQ ��� DOFRKRO

�� � PLQ LQ ���� DFHWLF DFLG
�� 5LQVH LQ ZDWHU

�� ��� DOFRKRO � PLQ

�� ���� DOFRKRO � PLQ

�� ;\OHQH � PLQ

�� 7KH JODVV FRYHU VOLSV ZHUH PRXQWHG RQWR JODVV VOLGHV E\ SODFLQJ D GURS RI '3; RQWR D JODVV VOLGH ZKLFK WKH

FRYHU VOLS ZDV SODFHG� 7KH UHVXOWDQW VOLGH ZDV OHIW WR GU\ �DW OHDVW RYHUQLJKW�

$OO $OFRKRO XVHG LQ WKH VWDLQLQJ SURFHVVHV ZDV ,QGXVWULDO0HQWKRODWHG 6SLULWV �,�0�6�
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)L[DWLYHV
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$FHWLF DFLG �*ODFLDO� �PO

)RUPDOLQ ��PO

0HUFXULF FKORULGH ���JPV

6RGLXP FKORULGH ���JPV

7ULFKORDFHWLF DFLG ���JPV

'LVWLOOHG ZDWHU �� PO

0HUFXU\ LV UHPRYHG EHIRUH DQ\ VWDLQLQJ SURFHGXUHV� 7KH GH�ZD[HG VOLGHV DUH LPPHUVHG LQ D VROXWLRQ RI ����
LRGLQH LQ ��� DOFRKRO IRU � PLQXWH IROORZHG E\ LPPHUVLRQ LQ �� VRGLXP WKLRVXOSKDWH IRU � PLQXWH� 7KH VOLGHV

DUH WKHQ ZDVKHG LQ UXQQLQJ ZDWHU IRU � PLQXWHV�
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�� PO )RUPDOLQ

�� PO RI HLWKHU 6HD ZDWHU RU 'LVWLOOHG ZDWHU
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