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3UHIDFH

7KLV UHSRUW LV WKH UHVXOW RI WZR PRQWKV RI ZRUN LQ $UJHQWLQD� 'XULQJ WKHVH WZR PRQWKV� GHWDLOHG LQYHV�
WLJDWLRQV LQ WKH SURYLQFH RI 5tR 1HJUR KDYH EHHQ SHUIRUPHG DQG PDQ\ GD\V DW WKH RIILFH RI %HVQD LQ
%XHQRV $LUHV KDYH EHHQ VSHQW�

7KH JRDO RI WKLV UHSRUW LV WR GR D FRQFHSWXDO UHVHDUFK RQ ZKLFK ORFDWLRQ LV WKH PRVW RSWLPDO IRU D SRWHQWLDO
JUHHQ K\GURJHQ H[SRUW SRUW� 7KLV ZDV SRVVLEOH GXH WR WKH FRPELQDWLRQ RI H[WHQVLYH OLWHUDWXUH UHVHDUFK�
GLVFXVVLRQV ZLWK H[SHULHQFHG SURIHVVLRQDOV ZLWK GLIIHUHQW VSHFLDOWLHV� RQ�VLWH VXUYH\V DQG D FRQFHSWXDO
0XOWL�&ULWHULD DQDO\VLV� %HLQJ SDUW RI WKLV 0XOWLGLVFLSOLQDU\ 3URMHFW ZDV DQ LQWULJXLQJ DQG LQWHUHVWLQJ SUR�
FHVV ZLWK YHU\ YDOXDEOH UHVXOWV� %HVLGHV H[SDQGLQJ RXU NQRZOHGJH DQG LQWHUHVW RQ GLIIHUHQW GRPDLQV RI
FLYLO HQJLQHHULQJ� LW ZDV UHDOO\ LQWHUHVWLQJ WR ZRUN DV D PXOWLGLVFLSOLQDU\ WHDP ZLWK GLIIHUHQW EDFNJURXQGV
DQG LGHDV�

7KLV UHSRUW LV WKH RXWFRPH RI FORVH FROODERUDWLRQ ZLWK PDQ\ SHRSOH� )LUVW� ZH ZRXOG OLNH WR WKDQN DOO
WKH FROOHDJXHV IURP 3RUW &RQVXOWDQWV 5RWWHUGDP IRU WKH IULHQGO\ ZRUNLQJ HQYLURQPHQW DQG WKHLU VXSSRUW�
(VSHFLDOO\ ZH ZRXOG OLNH WR WKDQN ,U� 3DEOR $UHFFR IRU EHLQJ RXU VXSHUYLVRU LQ $UJHQWLQD DQG IRU VKDULQJ�
DPRQJ RWKHUV� KLV H[WHQVLYH NQRZOHGJH� HQHUJ\� SDVVLRQ DQG D W\SLFDO $UJHQWLQLDQ DVDGR ZLWK XV� $OVR�
ZH ZRXOG OLNH DOVR WR WKDQN ,U� 3HGMD äLYRMQRYLü IRU KLV YDOXDEOH LQSXW DQG DGYLFHV� $QG ,U� 0HOLVD
/HYLQJWRQ IRU KHU SUHFLRXV VWUXFWXUDO KHOS� WUDQVODWLRQ VNLOOV DQG IRU SXVKLQJ XV WR OHDUQ WR VSHDN VSDQLVK�

0RUHRYHU� ZH ZRXOG OLNH WR WKDQN RXU ZHHNO\ VXSHUYLVRUV 'U� LU� 3RRQDP 7DQHMD DQG 'U� LU� 0DULDQ
%RVFK 5HNYHOGW IRU WKHLU FRQWLQXRXV JXLGDQFH DQG HQFRXUDJHPHQW� 7KHLU TXHVWLRQV� FRPPHQWV� DQG
VXJJHVWLRQV ZHUH EHQHILFLDO LQ RUGHU WR SUHVHQW RXU YDOXDEOH ILQGLQJV�

)XUWKHUPRUH� ZH ZRXOG OLNH WR WKDQN WKH JRYHUQRU RI WKH 3URYLQFH RI 5tR 1HJUR� $UDEHOD &DUUHUDV� IRU
WKLV RSSRUWXQLW\ WR ZRUN RQ VXFK DQ LPSUHVVLYH DQG IDVFLQDWLQJ SURMHFW� $GGLWLRQDOO\� ZH ZRXOG OLNH WR
WKDQN /XLV *LRUGDQR IURP WKH 1RUWKHUQ 3DWDJRQLDQ /RJLVWLFV &RUULGRU DQG *RQ]DOR 0HGLQD IURP WKH
,QYHVWPHQW $JHQF\ RI WKH *RYHUQPHQW RI WKH 3URYLQFH RI 5tR 1HJUR�

)LQDOO\� ZH ZRXOG OLNH WR WKDQN 0D\UD 0RUDOH DQG 1LFRODV (RUWL] IURP ,1$ IRU WKHLU JUHDW DVVLVWDQFH
GXULQJ WKH EDWK\PHWU\ VXUYH\ DW 3XQWD &RORUDGD� )HGHULFR 0LJOLRUD IRU KLV JUHDW VXSSRUW GXULQJ WKH
DUHD VXUYH\ DQG WKH 3UHIHFWXUD 1DYDO $UJHQWLQD IRU WKH QDYLJDWLRQ RI WKH ERDW DW 3XQWD &RORUDGD�

.DULQH YDQ %HUJHQ� 0DULQ .RN� 0D[ %HUQLQJ�
2OPR 0LGGHOGRUS� 9LFWRU *DOODUGR 7RUUHV DQG :RXWHU +RHN�

%XHQRV $LUHV� 0DUFK ��� ����
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$EVWUDFW

2YHU WKH ODVW \HDUV� WKH XUJH WR UHGXFH WKH ZRUOG¶V DLU SROOXWDQWV LV UDSLGO\ JURZLQJ� 1HZ SRVVLELOLWLHV
LQ RUGHU WR UHSODFH IRVVLO IXHOV KDYH EHHQ H[SORUHG DQG RQH RI WKHP LV WKH XVDJH RI JUHHQ K\GURJHQ�
7KH $UJHQWLQLDQ� 1RUWK 3DWDJRQLDQ� SURYLQFH RI 5tR 1HJUR� KDV D JUHDW SRWHQWLDO WR JHQHUDWH JUHHQ
K\GURJHQ RQ D ODUJH VFDOH� GXH WR WKH DYDLODEOH QDWXUDO UHVRXUFHV� 7KHUHIRUH� WKH SURYLQFH LV DPELWLRXV
WR FRQWULEXWH LQ WKH GHYHORSLQJ ZRUOGZLGH VXVWDLQDEOH HQHUJ\ PDUNHW E\ SURGXFLQJ DQG H[SRUWLQJ JUHHQ
K\GURJHQ� $UJHQWLQD LV ORFDWHG DW D ODUJH GLVWDQFH IURP WKH H[SHFWHG JUHHQ K\GURJHQ VDOHV PDUNHW LQ
(XURSH DQG $VLD� ,Q RUGHU WR UHDFK FRPSHWLWLYHQHVV ZLWK UHVSHFW WR RWKHU IXWXUH K\GURJHQ SRUWV� WKH
XVH RI D )UHH�7UDGH =RQH �)7=� LV FRQVLGHUHG� 7KLV LV D GHOLPLWHG WHUULWRU\ ZLWKLQ D FRXQWU\ LQ ZKLFK
WD[ EHQHILWV FDQ EH HQMR\HG� 7KH 3URYLQFH RI 5tR 1HJUR LV FRQVLGHULQJ WKUHH GLIIHUHQW ORFDWLRQV IRU D
SRWHQWLDO JUHHQ K\GURJHQ H[SRUW SRUW�

� 3XQWD &RORUDGD 0XHOOH� LV DQ ROG LURQ RUH H[SRUW SRUW WKDW LV RXW RI RSHUDWLRQ VLQFH ����� ,W LV OR�
FDWHG ZLWKLQ D )7=� 7KH GHWHULRUDWHG GU\ EXON MHWW\ FRXOG SRWHQWLDOO\ EH UHXVHG E\ DFFRPPRGDWLQJ
WKH OLTXLG EXON ORDGLQJ LQIUDVWUXFWXUH�

� 3XQWD &RORUDGD 6RXWK� LV D ORFDWLRQ URXJKO\ RQH NLORPHWUH VRXWK RI ROG LURQ RUH H[SRUW SRUW DQG LV
DOVR ORFDWHG ZLWKLQ D )7=�

� 3XHUWR /RERV� LV ORFDWHG RQ WKH ERUGHU RI WKH SURYLQFHV RI 5tR 1HJUR DQG &KXEXW� ,W KDV SRWHQWLDOO\
IDYRXUDEOH EDWK\PHWULF DQG K\GURG\QDPLF FKDUDFWHULVWLFV�

7KH IROORZLQJ PDLQ UHVHDUFK TXHVWLRQ LV IRUPHG� ´:KLFK ORFDWLRQ EHWZHHQ 3XQWD &RORUDGD 0XHOOH�
3XQWD &RORUDGD 6RXWK DQG 3XHUWR /RERV LV WKH PRVW VXLWDEOH IRU D SRWHQWLDO K\GURJHQ H[SRUW SRUW LQ
5tR 1HJUR"´ $ FRQFHSWXDO TXDOLWDWLYH 0XOWL�&ULWHULD $QDO\VLV LV H[HFXWHG WR FRPSDUH WKH ORFDWLRQV� ,Q
RUGHU WR FRPSOHWH WKLV DQDO\VLV� ILUVWO\ WKH K\GURJHQ H[SRUW SRUW UHTXLUHPHQWV DQG FULWHULD DUH GHILQHG�
6XEVHTXHQWO\� SULPDU\ DQG VHFRQGDU\ GDWD LV FROOHFWHG� 7KH SULPDU\ GDWD FRQVLVWV RXW RI ILHOGZRUN
VXUYH\V� LQFOXGLQJ D WRSRJUDSKLF DQDO\VLV� D K\GUDXOLF DQDO\VLV DQG D VWUXFWXUDO DQDO\VLV� 7KH VWUXFWXUDO
DQDO\VLV LV FRPSOHWHG VROHO\ RQ WKH H[LVWLQJ MHWW\ DW 3XQWD &RORUDGD 0XHOOH� LQ RUGHU WR FUHDWH DQ XQGHU�
VWDQGLQJ RI WKH FXUUHQW VWDWH RI WKH MHWW\� )XUWKHUPRUH� LQWHUYLHZV DUH FRQGXFWHG ZLWK WKH GLUHFWRU RI WKH
0DULWLPH DQG )OXYLDO 5HVHDUFK &HQWHU �&,(0)�� WKH H[HFXWLYH GLUHFWRU RI LQYHVWPHQW DJHQF\ RI WKH *RY�
HUQPHQW RI 5tR 1HJUR� DQG DQ H[�HPSOR\HH RI WKH SUHYLRXV PLQLQJ FRPSDQ\ DW 3XQWD &RORUDGD 0XHOOH�
6HFRQGDU\ GDWD RQ DOO ORFDWLRQV LV JDWKHUHG WKURXJK OLWHUDWXUH VWXGLHV DQG SUHVHQWHG GRFXPHQWV IURP
VWDNHKROGHUV�

:LWK GDWD IURP WKH ILHOG VXUYH\ VHYHUDO GHWDLOHG PDSV DUH PDGH� $ EDWK\PHWU\ PDS VKRZV WKH VHD
EHG SURILOH IURP 3XQWD &RORUDGD 0XHOOH XQWLO 3XQWD 3yUILGR� $ WRSRJUDSKLF PDS VKRZV WKH JURXQG OHYHO
HOHYDWLRQ IRU 3XQWD &RORUDGD 0XHOOH� $Q LQWHUDFWLYH PDS RI WKH MHWW\ LV PDGH ZKLFK FRQWDLQV DOO WKH
JDWKHUHG SKRWRJUDSKV RI WKH VWUXFWXUDO FRPSRQHQWV DQG LQGLFDWHV WKHLU OHYHO RI FRUURVLYHQHVV� 1H[W WR
WKDW WKH VWDNHKROGHUV DUH GLVSOD\HG LQ D SRZHU�LQWHUHVW GLDJUDP�

'XH WR WKH OLPLWHG LQIRUPDWLRQ DQG WKH TXDOLW\ RI WKH LQIRUPDWLRQ WKDW ZDV JDWKHUHG DW 3XHUWR /RERV QR
IDLU FRPSDULVRQ EHWZHHQ WKH ORFDWLRQV FDQ EH PDGH� %RWK ORFDWLRQV DW 3XQWD &RORUDGD KDYH SRWHQWLDO
WR FRQVWUXFW D JUHHQ K\GURJHQ H[SRUW SRUW� 7KH MHWW\ DW 3XQWD &RORUDGD 0XHOOH KDV WKH SRWHQWLDO WR EH
XVHG LQ WKH VKRUW�WHUP LI LW LV UHVWRUHG� 3XQWD &RORUDGD 6RXWK KDV WKH DGYDQWDJH WKDW SRWHQWLDO IXWXUH
SRUW RSHUDWLRQV ZLOO QRW GHSHQG RQ GDWHG LQIUDVWUXFWXUH� 1H[W WRW WKDW WKHUH LV QR LQWHUIHUHQFH ZLWK WKH
LURQ RUH SRUW DXWKRULW\� 3XHUWR /RERV KDV WKH GLVDGYDQWDJH WKDW WKHUH LV QR )7= DQG WKDW LV VLWXDWHG
DGMHFHQW WR D PDULQH SURWHFWHG DUHD�

7R SURSHUO\ FRPSDUH DOO WKUHH ORFDWLRQV� EDWK\PHWULF DQG DHULDO VXUYH\V WKDW ZHUH FRPSOHWHG DW WKH
3XQWD &RORUDGD ORFDWLRQV ZLOO QHHG WR EH UHSHDWHG DW 3XHUWR /RERV� 7R FUHDWH D PRUH GHILQLWLYH FRQFOX�
VLRQ RQ DQ\ ORFDWLRQ� DGGLWLRQDO UHVHDUFK OLNH D &37 DQG DQ LQ GHSWK DQDO\VLV RI WKH VWUXFWXUDO FDSDFLW\
RI WKH MHWW\ LV UHTXLUHG�
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)URP WKH EDWK\PHWULF VXUYH\V DQRWKHU SRWHQWLDOO\ LQWHUHVWLQJ ORFDWLRQ ZDV IRXQG LQ 3XQWR 3yUILGR� ,W LV
UHFRPPHQGHG WKLV ORFDWLRQ LV UHVHDUFKHG IXUWKHU�

7KUHH DOWHUQDWLYH VFHQDULRV IRU SKDVLQJ WKH SRUW FRQVWUXFWLRQ DQG RSHUDWLRQ DUH SUHVHQWHG� 7KHVH
VFHQDULRV GLIIHU LQ SHUPDQHQW� WHPSRUDU\ RU QR XVH RI WKH FXUUHQW MHWW\ DW DOO�
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� 0HWKRGRORJ\ �
��� %DFNJURXQG 6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� ,QWHUYLHZV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6WDNHKROGHU $QDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 7RSRJUDSKLF $QDO\VLV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� :LQJWUD2QH 'URQH $QDO\VHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 6DWHOOLWH 'DWD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 9LVXDO ,QVSHFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� +\GUDXOLF $QDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� +\GURPHWHRURORJLFDO &RQGLWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� %DWK\PHWU\ 6XUYH\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 2SHUDWLRQDO 3RUW 'RZQWLPH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )ORRG 6DIHW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 6WUXFWXUDO $QDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 6WHHO (OHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� &RQFUHWH (OHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� %DFNJURXQG 6WXG\ ��
��� +\GURJHQ ([SRUW LQ WKH 3URYLQFH RI 5tR 1HJUR � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 3URMHFW $PELWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� $VVHWV LQ WKH 3URYLQFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3URSRVHG 3RUW /RFDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3XQWD &RORUDGD 0XHOOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3XQWD &RORUDGD 6RXWK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3XHUWR /RERV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� *UHHQ +\GURJHQ ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� +\GURJHQ $SSOLFDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� +\GURJHQ 3URGXFWLRQ 7HFKQRORJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� +\GURJHQ &DUULHU 7HFKQRORJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� +\GURJHQ 6WRUDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RQFHSWXDO +\GURJHQ ([SRUW 3RUW 5HTXLUHPHQWV LQ 5tR 1HJUR � � � � � � � � � � � � � � � ��
����� $VVXPHG %RXQGDU\ &RQGLWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3DUW ,� +LQWHUODQG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3DUW ,,� 3URGXFWLRQ� 6WRUDJH DQG /RDGLQJ � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3DUW ,,,� %HUWKLQJ DQG 0RRULQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3DUW ,9� 6DIHW\ 5HTXLUHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 6WDNHKROGHU $QDO\VLV 5HVXOWV ��
��� 'HVFULSWLRQ RI 6WDNHKROGHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 6WDNHKROGHU 2YHUYLHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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� 7RSRJUDSKLF $QDO\VLV 5HVXOWV ��
��� 9LVXDO LQVSHFWLRQ RI VWUXFWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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'��� %DWK\PHWU\ VXUYH\� ����� ]RRPHG LQ RQ 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD

6RXWK� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
'���'LVWDQFHV IURP VKRUH WR UHTXLUHG GHSWK �VKRUW� DQG PHGLXP�WHUP� IRU 3XQWD &RORUDGD

0XHOOH EDWK\PHWU\ PDS �ILHOG PHDVXUHPHQWV IURP )HE ������ � � � � � � � � � � � � � � � ��
'��� 3XQWD &RORUDGD 6RXWK EDWK\PHWU\ PDS� PDGH ZLWK ILHOG PHDVXUHPHQWV SHUIRUPHG LQ ��������
'���1DYLRQLFV FKDUWV RI 3XHUWR /RERV LQ 1DYLRQLFV YLHZ �$� DQG 6RQDU YLHZ VKRZLQJ WKH

LQWHUSRODWLRQ SRLQWV �%�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

(�� ([DPSOH 6WHHO &RUURVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
(�� 2YHUYLHZ &RQFUHWH 'DPDJH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
(�� ([DPSOHV &RQFUHWH 'DPDJH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
(�� 4XDOLW\ FKHFN IORZFKDUW >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
(�� (OHPHQW ,GHQWLW\ >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)�� &ROXPQ JURXS HOHPHQW QXPEHUV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� 'DPDJHV DW WKH ILUVW FROXPQ JURXS� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� 'DPDJHV DW WKH VHFRQG FROXPQ JURXS� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� 'DPDJHV DW WKH WKLUG FROXPQ JURXS� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� ([DPSOH RI PDULQH JURZWK RQ ORZHU VWHHO FROXPQV� � � � � � � � � � � � � � � � � � � � � � ���
)�� &RQFUHWH SODWIRUP H[DPSOHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� 'DPDJH RI WKH FRQFUHWH SODWIRUP DW WKH FROXPQ JURXS ��� � � � � � � � � � � � � � � � � � ���
)�� &RQQHFWLQJ VWUXFWXUHV DERYH FROXPQ JURXS ��� �� DQG ��� � � � � � � � � � � � � � � � � � ���
)�� $Q H[DPSOH RI D WUXVV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)��� 3LFWXUHV RI SDUWV RI WKH WUXVVHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)��� 'HIRUPDWLRQ RI WZHOIWK WUXVV HOHPHQW GXH WR YHVVHO FUDVK� � � � � � � � � � � � � � � � � � ���
)��� 1XPEHULQJ RI WKH PRRULQJ GROSKLQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���



/LVW RI )LJXUHV [

)��� ([DPSOHV RI PRRULQJ GROSKLQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)��� ([DPSOHV RI PRRULQJ GROSKLQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)��� ([DPSOHV RI WKH PRRULQJ EROODUG W\SHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)��� 2YHUYLHZ RI WKH RULJLQDO EXR\V SUHVHQW �1:� 1(� (� 6(� 6:� :� LQFOXGLQJ WKH SRVVLEOH

PRRULQJ SRVLWLRQV DW WKH MHWW\ >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)��� %XR\V RQ ODQG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���



/LVW RI 7DEOHV

��� &ODVVLILFDWLRQ RI FRUURVLYHQHVV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 2YHUYLHZ RI WZR K\GURJHQ FDUULHUV DVVXPHG PRVW SODXVLEOH UHJDUGLQJ WKH SURMHFW DPEL�
WLRQV GHULYHG IURP $SSHQGL[ $��� >�@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3RUW SODQQLQJ SKDVHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $VVXPHG V\VWHP HIILFLHQF\ >��@>��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $QQXDO DPPRQLD SURGXFWLRQ DQG FRUUHVSRQGLQJ FDOOV� � � � � � � � � � � � � � � � � � � � ��
��� 6L]H LQGLFDWLRQ RI WRWDO HOHFWURO\VHU IDFLOLWLHV IRU WKH VKRUW� DQG PHGLXP WHUP EDVHG RQ

´+\GURKXE´ �*: HOHFWURO\VHU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 6L]H LQGLFDWLRQ RI WRWDO DPPRQLD SODQW IRU WKH VKRUW� DQG PHGLXP WHUP EDVHG RQ 3LOEDUD

DPPRQLD SODQW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 6L]H LQGLFDWLRQ RI DPPRQLD VWRUDJH LQ IODW�ERWWRP WDQNV IRU WKH VKRUW� DQG PHGLXP WHUP

EDVHG RQ 4$)&2 VWRUDJH WDQNV� PHVDLHHG� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 0LQLPXP UHTXLUHG GHSWK VKRUW�WHUP DQG PHGLXP�WHUP� � � � � � � � � � � � � � � � � � � � ��
��� ,QGLFDWLRQ RI WKH TXDOLW\ RI GLIIHUHQW FKDUWV� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVWDQFH IURP 3XQWD &RORUDGD 0XHOOH ODQG�KHDG WR PLQLPXP UHTXLUHG GHSWK IRU WKH VKRUW�

DQG PHGLXP�WHUP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVWDQFHV IURP 3XQWD &RORUDGD 6RXWK WR PLQLPXP UHTXLUHG GHSWK IRU WKH VKRUW� DQG

PHGLXP�WHUP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVWDQFHV IURP 3XHUWR /RERV WR PLQLPXP UHTXLUHG GHSWK IRU WKH VKRUW� DQG PHGLXP�WHUP� ��

��� $UHD UHTXLUHG IRU SURGXFWLRQ DQG VWRUDJH IDFLOLWLHV� � � � � � � � � � � � � � � � � � � � � � ��
��� 2YHUYLHZ RI WKH GLIIHUHQW OHQJWKV WR UHTXLUHG GHSWK DQG WKH GDWD VRXUFHV XVHG IRU DSSUR[�

LPDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 2YHUYLHZ RI 0XOWL�&ULWHULD $QDO\VLV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

%�� (OHFWURO\VHU HOHPHQWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%�� (OHFWURO\VHU W\SH FRPSDULVRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

(�� &RQQHFWLRQV LQ VWHHO VWUXFWXUHV >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
(�� ,QYHQWRU\ SURSHUWLHV IRU FROXPQV >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
(�� (OHPHQW ,GHQWLW\ SURSHUWLHV IRU FROXPQV >��@� � � � � � � � � � � � � � � � � � � � � � � � � ���
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�
,QWURGXFWLRQ

2YHU WKH ODVW \HDUV� WKH XUJH WR UHGXFH WKH ZRUOG¶V DLU SROOXWDQWV LV UDSLGO\ JURZLQJ� 1HZ SRVVLELOLWLHV
LQ RUGHU WR UHSODFH IRVVLO IXHOV KDYH EHHQ H[SORUHG DQG RQH RI WKHP LV WKH XVDJH RI JUHHQ K\GURJHQ�
+\GURJHQ LV D ]HUR�FDUERQ IXHO� ZKLFK RQ FRPEXVWLRQ RQO\ HPLWV ZDWHU� :KHQ K\GURJHQ LV SURGXFHG
XVLQJ UHQHZDEOH SRZHU VXFK DV VXQ DQG ZLQG� LW LV ODEHOHG DV JUHHQ K\GURJHQ�

$UJHQWLQD� ZKLFK LV WKH VHFRQG�ODUJHVW FRXQWU\ RI 6RXWK $PHULFD� LV VSOLW LQWR WZHQW\�WKUHH SURYLQFHV�
2QH RI WKHVH SURYLQFHV� WKH SURYLQFH RI 5tR 1HJUR� KDV VKRZQ JUHDW DPELWLRQ DQG SRWHQWLDO WR JHQHU�
DWH JUHHQ K\GURJHQ RQ D ODUJH VFDOH� 'XH WR WKH VWURQJ DQG FRQVLVWHQW ZLQG�FOLPDWH DQG IUHVK ZDWHU
DYDLODELOLW\ LQ WKH SURYLQFH� 5tR 1HJUR OHQGV LWVHOI HIILFLHQWO\ IRU WKH SURGXFWLRQ RI JUHHQ K\GURJHQ�

)RUWHVFXH� DQ $XVWUDOLDQ PLQLQJ FRPSDQ\ DQG PDMRU VXSSRUWHU RI JUHHQ K\GURJHQ� LV SODQQLQJ WR PDNH
D VLJQLILFDQW LQYHVWPHQW LQ JUHHQ K\GURJHQ LQ WKH SURYLQFH RI 5tR 1HJUR� LQ RUGHU WR SURGXFH JUHHQ
K\GURJHQ RQ DQ *LJD:DWW�VFDOH� 0DULQH H[SRUW RI WKLV K\GURJHQ LV FRQVLGHUHG YHU\ SODXVLEOH�

7KH SURYLQFH RI 5tR 1HJUR LV VLWXDWHG DW D UHODWLYHO\ ODUJH GLVWDQFH IURP WKHLU H[SHFWHG JUHHQ K\GURJHQ
FRQVXPHUV LQ (XURSH DQG $VLD >��@� ,Q RUGHU WR EH FRPSHWLWLYH ZLWK UHVSHFW WR RWKHU IXWXUH K\GURJHQ
H[SRUWHUV� WKH XVH RI D )UHH�7UDGH =RQH �)7=� LV FRQVLGHUHG� )7=� DOVR NQRZQ DV =RQDV )UDQFDV LQ
6SDQLVK� DUH GHOLPLWHG WHUULWRULHV ZLWKLQ D FRXQWU\ LQ ZKLFK WD[ EHQHILWV FDQ EH HQMR\HG LQ RUGHU WR LQ�
FUHDVH LW¶V FRPSHWLQJ SRVLWLRQ >��@� ,Q WKH SDVW� 5tR 1HJUR KDV KDG )7=V DQG WKH SURYLQFLDO JRYHUQPHQW
KDV FUHDWHG D QHZ ]RQH VSHFLILFDOO\ GHGLFDWHG IRU H[SRUW RI JUHHQ K\GURJHQ WD[�IUHH� 7KLV KDV PDGH 5LR
1HJUR HVSHFLDOO\ DWWUDFWLYH IRU SULYDWH LQYHVWPHQWV LQWR WKH SURGXFWLRQ DQG H[SRUW RI JUHHQ K\GURJHQ�
$OVR� WKH SRWHQWLDO SRUW FDQ EH HVWDEOLVKHG HFRQRPLFDOO\ GXH WR WKH IDFW WKDW SRUW FRQVWUXFWLRQ UHVRXUFHV
FDQ EH LPSRUWHG WD[�IUHH�

7KH 3URYLQFH RI 5tR 1HJUR LV FRQVLGHULQJ WKUHH GLIIHUHQW ORFDWLRQV IRU D SRWHQWLDO JUHHQ K\GURJHQ H[SRUW
SRUW� 7ZR RI WKHP DUH ORFDWHG LQ RU FORVH�E\ DQ )7=� ¶3XQWD &RORUDGD 0XHOOH¶� ZKLFK LV DQ DEDQGRQHG
LURQ RUH H[SRUW SRUW ZKHUH D MHWW\ LV SUHVHQW� DQG D ORFDWLRQ VLWXDWHG DSSUR[LPDWHO\ RQH NLORPHWUH WR WKH
6RXWK� ZKLFK LQ WKLV UHSRUW KDV EHHQ QDPHG ¶3XQWD &RORUDGD 6RXWK¶� 7KH WKLUG SRWHQWLDO SRUW ORFDWLRQ
LV ¶3XHUWR /RERV¶� ZKLFK LV �� NLORPHWHUV WR WKH 6RXWK� ORFDWHG RQ WKH ERUGHU EHWZHHQ WKH SURYLQFHV RI
5tR 1HJUR DQG &KXEXW� VHH )LJXUH ����

�



�

)LJXUH ���� 7KUHH SRVVLEOH ORFDWLRQV IRU WKH SRWHQWLDO K\GURJHQ SRUW�

7KH JRDO RI WKLV UHSRUW LV WR DQDO\VH WKH WKUHH ORFDWLRQV LQ RUGHU WR LGHQWLI\ ZKLFK RI WKH WKUHH JLYHQ
ORFDWLRQV LV WKH PRVW VXLWDEOH IRU D SRWHQWLDO K\GURJHQ H[SRUW SRUW� +HQFH� WKH IROORZLQJ PDLQ UHVHDUFK
TXHVWLRQ LV IRUPHG�

´:KLFK ORFDWLRQ EHWZHHQ 3XQWD &RORUDGD 0XHOOH� 3XQWD &RORUDGD 6RXWK DQG 3XHUWR /RERV LV WKH PRVW
VXLWDEOH IRU D SRWHQWLDO K\GURJHQ H[SRUW SRUW LQ 5tR 1HJUR"´

7R DQVZHU WKH PDLQ UHVHDUFK TXHVWLRQ� WKH IROORZLQJ VXE�TXHVWLRQV KDYH EHHQ GHILQHG�

$ µµ:K\ GRHV WKH 5tR 1HJUR SURYLQFH ZDQW D K\GURJHQ H[SRUW SRUW DQG ZKDW DUH LWV UHTXLUHPHQWV"¶¶
% µµ:KDW LQIOXHQFH DQG LQWHUHVWV GR WKH GLIIHUHQW VWDNHKROGHUV KDYH ZLWKLQ WKLV SURMHFW DQG KRZ FDQ

WKH\ EH HQJDJHG HIIHFWLYHO\"¶¶
& µµ:KDW DUH WKH WRSRJUDSKLF FKDUDFWHULVWLFV RI WKH WKUHH ORFDWLRQV WKDW OHQG WKHPVHOYHV IRU K\GURJHQ

H[SRUW"¶¶
' µµ:KDW DUH WKH K\GURPHWHRURORJLFDO� FRDVWDO DQG EDWK\PHWULF FKDUDFWHULVWLFV RI WKH WKUHH ORFDWLRQV

DQG KRZ ZRXOG WKH\ LQIOXHQFH WKH SRWHQWLDO K\GURJHQ SRUW"¶¶
( µµ:KDW DUH WKH VWUXFWXUDO DVVHWV RI WKH 3XQWD &RORUDGD 0XHOOH MHWW\ DQG LQ ZKDW VWDWH DUH WKH\"¶¶

7KH VWUXFWXUH RI WKLV UHSRUW IROORZV WKH IRUPDW RI WKH DERYH VWDWHG VXE�TXHVWLRQV� 7R EHJLQ� &KDSWHU ��
LV GLYLGHG LQWR VHFWLRQV LQ OLQH ZLWK WKH ILYH VXE�TXHVWLRQV RI WKH UHSRUW DQG LW SUHVHQWV WKH PHWKRGV
XVHG WR DQVZHU WKHVH VXE�TXHVWLRQV� 1H[W� &KDSWHU �� DQVZHUV VXE�TXHVWLRQ $ E\ UHVHDUFKLQJ WKH
DPELWLRQV DQG SRWHQWLDO RI WKH 3URYLQFH RI 5tR 1HJUR DQG WKH SRUW UHTXLUHPHQWV EDVHG RQ D OLWHUDWXUH DQG
SULPDU\ VWXG\� )ROORZLQJ� &KDSWHU � DQVZHUV VXE�TXHVWLRQ % E\ JLYLQJ DQ RYHUYLHZ RQ WKH LQIOXHQFH DQG
LQWHUHVWV RI WKH GLIIHUHQW VWDNHKROGHUV ZLWK WKH KHOS RI VHYHUDO LQWHUYLHZV� $IWHUZDUGV LQ &KDSWHU �� VXE�
TXHVWLRQ & LV DQVZHUHG E\ DQDO\VLQJ WKH VXUURXQGLQJV ZLWK WRSRJUDSKLF HOHYDWLRQV� YLVXDO LQVSHFWLRQV
DQG VDWHOOLWH YLHZV� 6XEVHTXHQWO\� VXE�TXHVWLRQ ' LV DQVZHUHG LQ &KDSWHU �� ZLWK OLWHUDWXUH UHVHDUFK
DQG SULPDU\ GDWD WKURXJK ODQG VXUYH\V� &RQVHTXHQWO\� &KDSWHU �� ZKLFK DQVZHUV VXE�TXHVWLRQ ( E\ DQ
RYHUYLHZ RI WKH MHWW\ ZLWK PDSV DQG GHVFULSWLRQV� $IWHU KDYLQJ SUHVHQWHG WKH UHVXOWV DQG DQVZHUHG WKH
VXE�TXHVWLRQV� WKH UHVXOWV DUH GLVFXVVHG LQ &KDSWHU �� &KDSWHU �� SUHVHQWV WKH 0XOWL�&ULWHULD $QDO\VLV
�0&$�� ,Q &KDSWHU ��� FRQFOXVLRQV DUH GUDZQ� )LQDOO\� UHFRPPHQGDWLRQV IRU IXWXUH VWXGLHV DUH JLYHQ LQ
&KDSWHU ���



�
0HWKRGRORJ\

7KLV UHVHDUFK LV EDVHG RQ LQIRUPDWLRQ JDWKHUHG WKURXJK ERWK SULPDU\ DQG VHFRQGDU\ UHVHDUFK PHWKRGV�
)LUVWO\� VHPL�VWUXFWXUHG LQWHUYLHZV DUH XVHG DV D WHFKQLTXH IRU TXDOLWDWLYH SULPDU\ UHVHDUFK� 7KHVH SUR�
YLGH WKH LQSXW IRU WKH VWDNHKROGHU DQDO\VLV DQG EDFNJURXQG DQDO\VHV� )XUWKHUPRUH� TXDOLWDWLYH VLWH DQG
VWUXFWXUH REVHUYDWLRQV DUH PDGH DV ZHOO DV TXDQWLWDWLYH GDWD FROOHFWLRQ FDPSDLJQV IRU WKH WRSRJUDSKLF
DQG EDWK\PHWULF FKDUDFWHULVWLFV RI WKH WKUHH ORFDWLRQV�

6HFRQGDU\ UHVHDUFK FRQWDLQV WKH JDWKHULQJ RI OLWHUDWXUH SXEOLFDWLRQV DQG VKDUHG GRFXPHQWV REWDLQHG
IURP VWDNHKROGHUV VXFK DV WKH SURYLQFH RI 5tR 1HJUR DQG PLQLQJ FRPSDQ\ 0&&� 7KLV LQFOXGHV ERWK
TXDOLWDWLYH DQG TXDQWLWDWLYH GDWD� $ IXOO RYHUYLHZ RI WKH PHWKRGRORJ\ RI WKLV UHSRUW LV VHHQ LQ )LJXUH ����

)LJXUH ���� 6WUXFWXUH IRU WKH PHWKRGRORJ\ RI WKH UHSRUW�

���� %DFNJURXQG 6WXG\
7KH EDFNJURXQG VWXG\ LV FRQGXFWHG LQ IRXU SDUWV� WKH SODQV DQG RSSRUWXQLWLHV IRU K\GURJHQ H[SRUW LQ 5tR
1HJUR� LQIRUPDWLRQ RQ WKH SURSRVHG SRUW ORFDWLRQV� D UHYLHZ RI WKH WHFKQLFDO EDFNJURXQG RI K\GURJHQ
H[SRUW DQG WKH FRQFHSWXDO SRUW UHTXLUHPHQWV RI DQ DPPRQLD H[SRUW SRUW�

�



���� ,QWHUYLHZV �

7KH PDMRULW\ RI WKH UHVHDUFK IRU WKH EDFNJURXQG VWXG\ LV GRQH E\ PHDQV RI D OLWHUDWXUH VWXG\� )RU
WKH SDUW RI FRQFHSWXDO SRUW UHTXLUHPHQWV RI DQ DPPRQLD H[SRUW SRUW� WKH OLWHUDWXUH VWXG\ LV FRPELQHG
ZLWK GLVFXVVLRQV ZLWK H[SHUWV RQ SRUW UHTXLUHPHQWV IRU WKH VSHFLILF FDVH RI DPPRQLD H[SRUW� 0XOWLSOH
PHHWLQJV ZHUH GRQH WR FRQILUP WKH DSSOLFDELOLW\ RI WKH UHTXLUHPHQWV IRXQG LQ WKH OLWHUDWXUH VWXG\�

���� ,QWHUYLHZV
3K\VLFDO LQWHUYLHZV DUH FRQGXFWHG ZLWK YDULRXV VWDNHKROGHUV LQ RUGHU WR JHW D WKRURXJK XQGHUVWDQGLQJ
RI WKH UROH RI WKH GLIIHUHQW SDUWLHV DV ZHOO DV D FRPSOHWH JDWKHULQJ RI GDWD RQ WKH SURMHFW�

,Q RUGHU WR XQGHUVWDQG DQG FRPSDUH WKH UROH RI WKH VWDNHKROGHUV SURSHUO\� WKH TXHVWLRQV FRQFHUQLQJ
WKHLU SRVLWLRQ ZLWKLQ WKH SURMHFW DUH DOZD\V DVNHG WR VDPH ZD\ IRU DOO LQWHUYLHZHHV� 7KLV DOORZV WKHP
WR LQWHUSUHW WKHVH TXHVWLRQV DFFRUGLQJ WR WKHLU LQIOXHQFH DQG LQWHUHVW LQ D SDUDOOHO PDQQHU� $GGLWLRQDOO\�
WDLORUHG TXHVWLRQV DUH DVNHG UHJDUGLQJ WKHLU H[SHUWLVH RQ WKH SURMHFW�

,QWHUYLHZV DUH FRQGXFWHG ZLWK WKH IROORZLQJ VWDNHKROGHUV�

� *XLOOHUPR 5� 'HODPHU� 'LUHFWRU RI &,(0)� WKH 0DULWLPH DQG )OXYLDO 5HVHDUFK DQG 7UDLQLQJ &HQWHU
� *RQ]DOR *� 0HGLQD� ([HFXWLYH 'LUHFWRU RI WKH ,QYHVWPHQW $JHQF\ RI WKH *RYHUQPHQW RI WKH
3URYLQFH RI 5tR 1HJUR

� +XJR 2� 1LFROD� ([�HPSOR\HH RI WKH PLQLQJ FRPSDQ\ 0&& DV RSHUDWLRQDO PDQDJHU DW 3XQWD
&RORUDGD 0XHOOH

7KH LQWHUYLHZV DUH FRQGXFWHG LQ WKH IRUP RI VHPL�VWUXFWXUHG LQWHUYLHZV VLQFH WKLV DOORZV IRU D FRPIRUW�
DEOH FRQYHUVDWLRQ LQ ZKLFK WKH VWDNHKROGHUV DUH HPSRZHUHG WR VKDUH LQIRUPDWLRQ RSHQO\� ZKLOVW NHHSLQJ
D GLUHFWLRQ IRU WKH FRQYHUVDWLRQ ZLWK SUHGHWHUPLQHG TXHVWLRQV >�@� 6HHLQJ DV DOO WKUHH LQWHUYLHZHHV KDYH
NQRZOHGJH DERXW WKH SURMHFW DV D ZKROH� LQFOXGLQJ FUXFLDO WHFKQLFDO NQRZOHGJH DQG SURFHGXUDO NQRZO�
HGJH� LW LV FKRVHQ WR NHHS WKH FRQYHUVDWLRQ TXLWH RSHQ LQ RUGHU IRU WKH VWDNHKROGHUV WR EH DEOH WR VKDUH
DOO LQVLJKWV WKDW FDQ EH UHOHYDQW� )XUWKHUPRUH� WKH DLP RI HDFK LQWHUYLHZ LV GHILQHG EHIRUHKDQG� LQ RUGHU
IRU WKH RXWSXW RI WKH LQWHUYLHZ WR EH FOHDU WR DOO DWWHQGDQFHV� $ FRPSOHWH RYHUYLHZ RI WKH LQWHUYLHZV DUH
IRXQG WR EH LQ $SSHQGL[ $�

���� 6WDNHKROGHU $QDO\VLV
7KH GHYHORSPHQW RI D K\GURJHQ H[SRUW SRUW LQ WKH SURYLQFH RI 5tR 1HJUR FRPHV ZLWK WKH LQYROYHPHQW
RI YDULRXV GLIIHUHQW VWDNHKROGHUV� %U\VRQ >��@ PHQWLRQV WKH LPSRUWDQFH RI DQDO\VLQJ DOO SRWHQWLDO VWDNH�
KROGHUV UHJDUGLQJ SURMHFWV� %\ XQGHUVWDQGLQJ ZKDW DGGHG YDOXH DQG ZKDW RSSRVLQJ LQIOXHQFH GLIIHUHQW
SDUWLHV FDQ EULQJ WR WKH SURMHFW� WKH VWDNHKROGHUV FDQ EHPDQDJHG DFFRUGLQJO\� 7KHUHIRUH� D VWDNHKROGHU
DQDO\VLV LV FRPSOHWHG�

7KH WHFKQLTXH XVHG WR DQDO\VH WKHVH VWDNHKROGHUV LV E\ FUHDWLQJ D SRZHU � LQWHUHVW JULG� 7KH VWDNHKROG�
HUV FRQFHUQHG E\ WKH GHYHORSPHQW RI D JUHHQ K\GURJHQ H[SRUW SRUW DUH GLVSOD\HG RQ WKH JULG EDVHG RQ
WKHLU SRZHU DQG LQWHUHVW� 7KH UHTXLUHG NQRZOHGJH WR ILOO LQ WKLV SRZHU � LQWHUHVW JULG LV DWWDLQHG PDLQO\
WKURXJK LQWHUYLHZV ZLWK WKH VWDNHKROGHUV� DV PHQWLRQHG LQ 6HFWLRQ ����

$GGLWLRQDOO\� WKH UROH� WKH LQWHUHVW� DQG WKH DWWLWXGH RI WKH VWDNHKROGHUV WRZDUGV WKH SURMHFW LV GHWHUPLQHG�
7KLV ZLOO JLYH LQVLJKW RQ KRZ WR VWUDWHJLFDOO\ HQJDJH WKH GLIIHUHQW SDUWLHV LQ WKH GHYHORSPHQW RI WKH SR�
WHQWLDO JUHHQ K\GURJHQ H[SRUW SRUW� 6WDNHKROGHUV ZLWK D QHJDWLYH DWWLWXGH WRZDUGV WKH SURMHFW� WRJHWKHU
ZLWK D ODUJH LQIOXHQFH DQG LQWHUHVW� KDYH KLJK EORFNLQJ SRZHU� 7KXV� WKHVH VWDNHKROGHUV QHHG WR EH
PDQDJHG DFFRUGLQJO\�

$GGLWLRQDOO\� VWDNHKROGHUV ZLWK D SRVLWLYH DWWLWXGH� DQG KLJK LQIOXHQFH DQG LQWHUHVW� FDQ EH LQYROYHG
VWUDWHJLFDOO\ WR JHW WKH PRVW RXW RI WKHLU LQWHUHVW� 7KH UHFRPPHQGHG VWUDWHJ\ IRU WKH HQJDJHPHQW RI WKH
VWDNHKROGHUV LV LQFOXGHG LQ WKH )LJXUH �����

���� 7RSRJUDSKLF $QDO\VLV
7KLV VHFWLRQ SUHVHQWV WKH PHWKRGV XVHG WR DQVZHU WKH UHVHDUFK VXE�TXHVWLRQ &� ´:KDW DUH WKH WR�
SRJUDSKLF FKDUDFWHULVWLFV RI WKH WKUHH ORFDWLRQV WKDW OHQG WKHPVHOYHV HIILFLHQWO\ IRU K\GURJHQ H[SRUW"´�



���� 7RSRJUDSKLF $QDO\VLV �

7KH WRSRJUDSKLF DQDO\VLV LV FRPSOHWHG LQ RUGHU WR JHW D SURSHU XQGHUVWDQGLQJ RI WKH WRSRJUDSKLF FKDU�
DFWHULVWLFV RQ WKH WKUHH GLVWLQFW ORFDWLRQV� 7KH WRSRJUDSKLF FKDUDFWHULVWLFV RI WKH ORFDWLRQV DUH RI KLJK
LPSRUWDQFH LQ RUGHU WR HYDOXDWH WKH IHDVLELOLW\ RI EXLOGLQJ D K\GURJHQ SRUW� 7R SURSHUO\ FRQVLGHU WKH
FKDUDFWHULVWLFV RI WKH SRWHQWLDO K\GURJHQ H[SRUW SRUW DUHDV� DQ DQDO\VLV LV PDGH WKURXJK D WRSRJUDSKLF
HOHYDWLRQ VXUYH\ XVLQJ WKH :LQJWUD2QH GURQH� ZKLFK LV GHVLJQHG SULPDULO\ IRU XVH LQ SUHFLVLRQ DJULFXO�
WXUH DQG ODQG VXUYH\LQJ UROHV� )XUWKHUPRUH� VDWHOOLWH GDWD UHWULHYHG IURP 4*,6 VRIWZDUH DQG *RRJOH
(DUWK LV XVHG WR DQDO\VH WKH DUHD� DQG D YLVXDO LQVSHFWLRQ LV GRQH RQ VLWH IRU LGHQWLI\LQJ H[LVWLQJ VWUXF�
WXUHV �VHH )LJXUH �����

)LJXUH ���� /DQG VXUYH\ PHWKRGV XVHG�

������ :LQJWUD2QH 'URQH $QDO\VHV
7KH :LQJWUD2QH GURQH LV XVHG LQ RUGHU WR LGHQWLI\ WKH ODQG HOHYDWLRQV RI WKH GLIIHUHQW DUHDV� ZKLFK FDQ
GHPRQVWUDWH WKH IHDVLELOLW\ WR EXLOG LQ WKH DUHD� /DUJHU GLIIHUHQFHV LQ HOHYDWLRQ ZLOO UHVXOW LQ GLIILFXOWLHV
IRU WKH FRQVWUXFWLRQ RI ODUJH IDFWRULHV� 7KH :LQJWUD2QH GURQH LV XVHG WR PHDVXUH WKH ODQG HOHYDWLRQV
RI 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK DUHDV� 7KH IROORZLQJ DUHDV KDYH EHHQ GHILQHG
DV IOLJKW ]RQHV IRU WKH GURQH �VHH )LJXUH ����� IRU ZKLFK WKH H[DFW PDS FRRUGLQDWHV FDQ EH IRXQG LQ
6HFWLRQ &���7KH WKUHH ]RQHV DUH GHILQHG DV WKH IROORZLQJ�

� =RQH VXUYH\ DUHD �� WKH FXUUHQW ORFDWLRQ RI 3XQWD &RORUDGD 0XHOOH DQG H[LVWLQJ SRUW VWUXFWXUHV�
� =RQH VXUYH\ DUHD �� WKH H[LVWLQJ MHWW\ LWVHOI� RQ WKH JURXQG RI WKH 3XQWD &RORUDGD 0XHOOH�
� =RQH VXUYH\ DUHD �� WKH FRPSOHWH =RQD )UDQFD DUHD IRU 3XQWD &RORUDGD�

)LJXUH ���� ,GHQWLILHG ]RQHV IRU WKH :LQJWUD2QH 'URQH IOLJKW� )LJXUH ���� :LQJWUD2QH 'URQH DW 3XQWD &RORUDGD 0XHOOH�

7KLV GDWD FROOHFWLRQ SURYLGHV DQ RXWSXW LQ $UF*,6 VRIWZDUH� ZKLFK GHPRQVWUDWHV WKH HOHYDWLRQV DQG
VORSHV RI WKH ]RQHV�



���� +\GUDXOLF $QDO\VLV �

������ 6DWHOOLWH 'DWD
7KH VDWHOOLWH GDWD UHWULHYHG IURP *RRJOH 0DSV DQG *,6 VRIWZDUH GHPRQVWUDWH WKH ORFDWLRQV RI H[LVWLQJ
VWUXFWXUHV RQ WKH ODQG� VXFK DV WKH ROG PLQLQJ IDFWRU\ VWUXFWXUHV DW WKH 3XQWD &RORUDGD 0XHOOH� )XU�
WKHUPRUH� WKH VDWHOOLWH GDWD LV XVHG WR LGHQWLI\ URDGV� RWKHU LQIUDVWUXFWXUH DVVHWV DQG UHVLGHQWLDO DUHDV�
)RU WKH DUHDV ZKHUH QR GURQH IOLJKWV FRXOG EH PDGH 'LJLWDO (OHYDWLRQ 0RGHO GDWD LV XVHG WR HVWLPDWH
HOHYDWLRQV�

������ 9LVXDO ,QVSHFWLRQ
7KH YLVXDO LQVSHFWLRQ LV FRPSOHWHG DW WKH ORFDWLRQV RI 3XQWD &RORUDGD0XHOOH DQG 3XQWD &RORUDGD 6RXWK�
7KH YLVXDO LQVSHFWLRQ SURYLGHV YDOXDEOH LQVLJKW RI WKH H[LVWLQJ VWUXFWXUHV RQ VLJKW� 5HJDUGLQJ WKH 3XQWD
&RORUDGD 0XHOOH� WKH DUHD LQFOXGHV PDQ\ VWUXFWXUHV ZKLFK FDQ EH YLVXDOO\ DQDO\VHG WR KDYH D FOHDUHU
XQGHUVWDQGLQJ RI WKH VLWH� 'XULQJ WKH YLVXDO LQVSHFWLRQ� WKH VWUXFWXUHV DUH PDUNHG RQ D PDS ZKLOVW
WDNLQJ SKRWRJUDSKV�

���� +\GUDXOLF $QDO\VLV
,Q WKLV VHFWLRQ WKH PHWKRGV IRU WKH EDWK\PHWULF VXUYH\ DQG WKH EDWK\PHWULF DQG K\GURPHWHUHRORJLFDO
DQDO\VHV DUH GHVFULEHG�

������ +\GURPHWHRURORJLFDO &RQGLWLRQV
$ OLWHUDWXUH VWXG\ LV GRQH WR GHWHUPLQH WKH K\GURPHWHRURORJLFDO FKDUDFWHULVWLFV RI WKH WKUHH SURSRVHG OR�
FDWLRQV� :LQG� ZDYH� FXUUHQW DQG WLGDO FRQGLWLRQV DUH YHU\ LPSRUWDQW IDFWRUV UHJDUGLQJ SRUW SHUIRUPDQFH
DQG WKH RYHUDOO IHDVLELOLW\ RI WKH SURMHFW� 7KH K\GURPHWHRURORJLFDO FRQGLWLRQV ZLOO HYHQWXDOO\ SUHVHQW DQ
LQGLFDWLRQ RQ WKH H[SHFWHG DQQXDO SRUW GRZQWLPH�

������ %DWK\PHWU\ 6XUYH\
'HVLUHG RXWSXW
$ EDWK\PHWU\ VXUYH\ LV H[HFXWHG WR PDS WKH SURILOH RI WKH VHDEHG DW WKH WKUHH ORFDWLRQV� 7KHVH EDWK\�
PHWULF FKDUWV FDQ ODWHU EH XVHG WR FRPSDUH WKH ORFDWLRQV LQ WKH 0&$� %DWK\PHWULF FKDUDFWHULVWLFV OLNH
VORSH RI WKH IRUHVKRUH DQG ORQJVKRUH XQLIRUPLW\ FDQ EH XVHIXO WR FRPSDUH WKH ORFDWLRQV�

$YDLODEOH EDWK\PHWU\ FKDUWV
7KUHH GLIIHUHQW VRXUFHV RI EDWK\PHWULF FKDUWV ZHUH DQDO\VHG WR JHW D FRPSOHWH RYHUYLHZ� LW VKRXOG EH
PHQWLRQHG WKDW WKH OHYHO RI GHWDLO DQG DFWXDOLW\ GLIIHU� 7KH GLIIHUHQW FKDUWV DUH XVHG WR JHW DFTXDLQWHG
ZLWK WKH DUHD DQG WR FRPSRVH D QDYLJDWLRQDO JULG IRU WKH EDWK\PHWU\ VXUYH\� 7KH EDWK\PHWULF FKDUWV
DUH OLVWHG EHORZ DQG DUH VKRZQ LQ DSSHQGL[ '�

� *RYHUQPHQWDO EDWK\PHWU\ FKDUWV IURP ����
� %DWK\PHWU\ FKDUWV IURP D VXUYH\ RI ���� DW 3XQWD &RORUDGD
� 1DYLRQLFV

0HDVXULQJ HTXLSPHQW DQG VHWXS
7KH EDWK\PHWULF VXUYH\ LV H[HFXWHG ZLWK D 5LJLG ,QIODWDEOH %RDW �5,%� SURYLGHG E\ WKH ORFDO FRDVWJXDUGV�
7KH 5,% LV HTXLSSHG ZLWK DQ HFKRVRXQGHU� 1H[W WR WKH 5,% D :LQJWUDRQH LV DYDLODEOH WR PDS WKH
WRSRJUDSK\ RI WKH LQWHUWLGDO ]RQH� $ VHQVRU LV PRXQWHG WR WKH MHWW\ ZKLFK PHDVXUHV WKH WLGDO HOHYDWLRQ�
.QRZLQJ WKH WLGDO HOHYDWLRQ GXULQJ WKH PHDVXULQJ SHULRG� WKH GHSWK PHDVXUHPHQWV RI WKH HFKRVRXQGHU
FDQ EH FRUUHFWHG WR WKH 06/� )XUWKHUPRUH D *DUPLQ *36 GHYLFH LV SUHVHQW RQ ERDUG WR NHHS WUDFN RI
WKH H[DFW ORFDWLRQ RI WKH 5,%� ,Q ILJXUH ��� D WKH PRXQWLQJ RI WKH HFKRVRXQGHU WR WKH 5,% LV VKRZQ� ,Q
ILJXUH ��� E LW LV VKRZQ KRZ WKH ZDWHU OHYHO VHQVRU LV PRXQWHG WR WKH MHWW\�



���� +\GUDXOLF $QDO\VLV �

�D� 6HWXS RI WKH HFKRVRXQGHU �E� ,QVWDOODWLRQ RI WKH ZDWHU OHYHO VHQVRU

)LJXUH ���� 0HDVXULQJ HTXLSPHQW VHWXS�

0D[LPXP ZDWHU GHSWK RI LQWHUHVW
$Q DSSUR[LPDWH PD[LPXP ZDWHU GHSWK RI LQWHUHVW LV GHWHUPLQHG WR GHPDUFDWH WKH FURVV�VKRUH GLVWDQFH
RI LQWHUHVW IRU WKH PHDVXULQJ FDPSDLJQ� 7KLV PD[LPXP ZDWHU GHSWK LV EDVHG RQ WKH H[SHFWHG YHVVHO
GUDXJKW� DQ DVVXPHG NHHO FOHDUDQFH DQG WKH WLGDO DPSOLWXGH�

$YHUDJH /1* WDQNHU GUDXJKW� ���� P
.HHO FOHDUDQFH� ��� P
7LGDO DPSOLWXGH� ��� P
:DWHU GHSWK QHHGHG� ���� P

$UHD RI LQWHUHVW
7KH DUHD RI LQWHUHVW DW 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK LV VKRZQ LQ ILJXUH ��� D� 7KH
FURVV VKRUH DUHD RI LQWHUHVW VWUHWFKHV IURP WKH QHDUVKRUH WRZDUGV DQ RIIVKRUH ZDWHU GHSWK RI �� PHWHUV�
7KH �� PHWHU GHSWK OLQH LV VNHWFKHG LQWR WKH VDWHOOLWH LPDJH RI 3XQWD &RORUDGD 0XHOOH DQG 6RXWK XVLQJ
WKH GDWD IURP 1DYLRQLFV� 7KH ORQJVKRUH DUHD RI LQWHUHVW VWUHWFKHV IURP WKH MHWW\ XQWLO WKH WUDGH IUHH ]RQH
6RXWK RI WKH MHWW\� $ PDUJLQ LV WDNHQ RI � ��� PHWHU QRUWK RI WKH MHWW\ DQG 6RXWK RI WKH WUDGH IUHH ]RQH�

7KH DUHD RI LQWHUHVW DW 3XHUWR /RERV LV VKRZQ LQ ILJXUH ��� E� 7KH FURVV VKRUH DUHD RI LQWHUHVW VWUHWFKHV
IURP WKH QHDUVKRUH WRZDUGV DQ RIIVKRUH ZDWHU GHSWK RI �� PHWHUV� 7KH �� PHWHU GHSWK OLQH LV VNHWFKHG
LQWR WKH VDWHOOLWH LPDJH RI 3XQWD &RORUDGD 0XHOOH DQG 6RXWK XVLQJ WKH GDWD IURP 1DYLRQLFV� 7KH ORQJ�
VKRUH DUHD RI LQWHUHVW LV FHQWHUHG DW WKH ERUGHU EHWZHHQ WKH SURYLQFH RI 5tR 1HJUR DQG WKH 3URYLQFH RI
&KXEXW� 7KH ORQJVKRUH GLVWDQFH RI LQWHUHVW LV FKRVHQ WR EH � � NP�



���� 6WUXFWXUDO $QDO\VLV �

�D� 3XQWD &RORUDGD �E� 3XHUWR /RERV

)LJXUH ���� $UHDV RI LQWHUHVW�

$ IXUWKHU HODERUDWLRQ RI WKH VXUYH\ FDPSDLJQ LV VKRZQ LQ DSSHQGL[ '�

������ 2SHUDWLRQDO 3RUW 'RZQWLPH
2SHUDWLRQDO GRZQWLPH RI D SRUW LV XQGHVLUDEOH EHFDXVH LW LQIOXHQFHV WKH UHOLDELOLW\ DQG WKH FRPSHWL�
WLYHQHVV RI WKH SRUW� 'RZQWLPH LV GHILQHG DV WKH WLPH GXULQJ WKH \HDU WKDW WKH K\GURPHWHRURORJLFDO
FRQGLWLRQV H[FHHG WKH RSHUDWLRQDO OLPLWV RI WKH SRUW� 7KH GRZQWLPH IRU HDFK RI WKH ORFDWLRQV VKRXOG EH
DVVHVVHG DQG FRPSDUHG WR GHWHUPLQH D SUHIHUHG ORFDWLRQ�

������ )ORRG 6DIHW\
,W LV REYLRXV WKDW IORRGLQJ RI WKH SRUW DUHD LV XQGHVLUHG DV K\GURJHQ LV KD]DUGRXV VXEVWDQFH� ,W VKRXOG
EH DVVHVVHG LI RQH RI WKH SRWHQWLDO ORFDWLRQV KDV D FRQVLGHUDEOH KLJKHU IORRG ULVN WKDQ RWKHUV� )RU WKLV
D OLWHUDWXUH VWXG\ KDV EHHQ GRQH DQG LV SUHVHQWHG LQ 6HFWLRQ ����

���� 6WUXFWXUDO $QDO\VLV
)URP WKH WKUHH FRQVLGHUHG ORFDWLRQV� 3XQWD &RORUDGD 0XHOOH LV WKH RQO\ RQH LQFOXGLQJ DQ DOUHDG\ H[�
LVWLQJ VWUXFWXUH� 7KLV SRUW LV DQ ROG PLQLQJ SRUW ZKLFK KDV QRW EHHQ XVHG IRU VHYHUDO \HDUV� 7KHUHIRUH�
VRPH GDPDJHV DUH H[SHFWHG�

7KH SXUSRVH RI WKLV VWUXFWXUDO DQDO\VLV LV WR H[DPLQH WKH SRWHQWLDO RI UHXVLQJ WKH ROG IDFLOLW\ LQ RUGHU WR
H[SRUW JUHHQ K\GURJHQ� 7KLV LV GRQH E\ SURYLGLQJ DQ RYHUYLHZ RI WKH VWDWH RI WKH MHWW\ LQ WKH IRUP RI
PDSV DQG TXDOLWDWLYH GHVFULSWLRQV�

7KH FRQVWUXFWLRQ RI D K\GURJHQ H[SRUW SRUW E\ FRQYHUWLQJ RU UHXVLQJ HOHPHQWV RI WKH ROG IDFLOLW\ ZLOO DYRLG
KHDY\ LQGXVWULDO SURFHVVHV� %\ UHXVLQJ HOHPHQWV ZLWK OLWWOH RU QR UHSURFHVVLQJ� HQYLURQPHQWDO EHQHILWV
FDQ EH HQMR\HG WKURXJK VDYLQJV RQ HQHUJ\ DQG UDZ PDWHULDOV� )XUWKHUPRUH� SRWHQWLDO FRVW�VDYLQJV DUH
DQ DGGLWLRQDO DGYDQWDJH� %\ UHXVLQJ HOHPHQWV RI WKH ROG IDFLOLW\ D KLJKHU OHYHO LQ WKH ZDVWH PDQDJHPHQW
KLHUDUFK\ ZLOO EH UHDFKHG� VHH )LJXUH ���� $OVR� GDPDJHG HOHPHQWV FRXOG EH UHSDLUHG RU UHSODFHG E\
QHZ HOHPHQWV LQ RUGHU WR LQFUHDVH WKH VHUYLFH OLIHWLPH DQG WR EH DEOH WR UHXVH WKH H[LVWLQJ VWUXFWXUH�



���� 6WUXFWXUDO $QDO\VLV �

)LJXUH ���� :DVWH PDQDJHPHQW KLHUDUFK\ >��@�

$FFRUGLQJ WR WKH 6WLFKWLQJ .RQLQNOLMN 1HGHUODQGV 1RUPDOLVDWLH ,QVWLWXXW �1(1�� WKH VWHSV LQ RUGHU WR
VXSSRUW WKH DVVHVVPHQW RI WKH SRVVLELOLW\ RI WKH UHXVH RI DQ H[LVWLQJ VWUXFWXUH DUH WKH IROORZLQJ >��@�

� 3HUIRUP YLVXDO LQVSHFWLRQ DQG WHFKQLFDO LQVSHFWLRQ�
� :KHQHYHU GDPDJH LV GHWHFWHG� D JRRG FODULILFDWLRQ PXVW EH JLYHQ� WKH GHVLJQ FDOFXODWLRQV VKRXOG
EH FKHFNHG DQG DOO FRQGLWLRQV XQGHU ZKLFK WKH VWUXFWXUH KDV IXQFWLRQHG VKRXOG EH UHFRUGHG� 5HOH�
YDQW SURSHUWLHV DQG ORDGV VKRXOG EH GHWHUPLQHG DQG DOO UHOHYDQW PHFKDQLVPV VKRXOG EH FKHFNHG�

� 7KH FXUUHQW VWUXFWXUDO FDSDFLW\ QHHGV WR EH GHWHUPLQHG DV ZHOO DV WKH UHOLDELOLW\ PDUJLQV�
� $GGLWLRQDO VSHFLDO LQVSHFWLRQV DQG FDOFXODWLRQV �ILQLWH HOHPHQW PHWKRG� QRQ OLQHDU� G\QDPLF� SURE�
DELOLVWLF� VKRXOG EH SHUIRUPHG LI QR VXIILFLHQW VDIHW\ KDV EHHQ SURYHG�

� 'HFLVLRQ PDNLQJ EDVHG RQ FRVWV� IRU H[DPSOH� UHSDUDWLRQ RU UHQRYDWLRQ� GHFRQVWUXFWLRQ RU GH�
VWUXFWLRQ DQG VR RQ�

7KH VWUXFWXUDO DQDO\VLV RI WKLV UHSRUW FRQVLVWV RI WKH YLVXDO LQVSHFWLRQ DQG WKH GHWHFWLRQ RI WKH GDPDJHV�
7KH RWKHU VWHSV DUH RXW RI WKH VFRSH RI WKLV UHSRUW�

7KH VWDWH RI WKH MHWW\ LV GHWHUPLQHG E\ FDUU\LQJ RXW WKH IROORZLQJ RQ�VLWH YLVXDO LQVSHFWLRQV�

� )URP WKH VKRUH
� )URP D ERDW GXULQJ ORZ WLGH
� )URP WKH DLU XVLQJ D GURQH
� 2Q WKH VWUXFWXUH LWVHOI�

'XULQJ WKHVH JOREDO LQVSHFWLRQV� GDPDJHV DQG IODZV DUH QRWHG DQG SKRWRJUDSKHG�

,Q RUGHU WR IDFLOLWDWH WKH VWUXFWXUDO DQDO\VLV� ZH GLYLGH WKH SRUW LQWR VHYHUDO GLIIHUHQW FRPSRQHQWV� (DFK
FRPSRQHQW LV DQDO\VHG DQG WKH SRWHQWLDO RI LWV UHXVH LV GHWHUPLQHG� :H DVVXPH WKDW LI PRVW RI WKH
FRPSRQHQWV DUH LQ JRRG VWDWH DQG VXLWDEOH IRU UHXVH� WKHQ WKH ZKROH H[LVWLQJ VWUXFWXUH LV DOVR VXLWDEOH
IRU UHXVH�

7KH SURFHVV RI UHXVLQJ HOHPHQWV DUH TXLWH VLPLODU ZKHQ LW FRPHV WR D VWHHO RU D UHLQIRUFHG FRQFUHWH
HOHPHQW� +RZHYHU� WKHLU GDPDJHV DUH IDLUO\ GLIIHUHQW� 7KH SURFHVV IRU ERWK PDWHULDOV DUH LGHQWLILHG LQ
WKH IROORZLQJ SDUDJUDSKV�

������ 6WHHO (OHPHQWV
7KH SURFHVV RI UHXVLQJ VWHHO HOHPHQWV GHSHQGV RQ WKH VL]H DQG FRPSOH[LW\ RI WKH HOHPHQW WKDW LV EHLQJ
UHXVHG� 7KHUHIRUH� WR IDFLOLWDWH WKH DQDO\VLV� WKH VWHHO HOHPHQWV DUH GLYLGHG LQWR GLIIHUHQW SDUWV KDYLQJ
WKH VDPH IRUP� VL]H DQG RULJLQDO IXQFWLRQ >��@�

$OVR� WKH GDPDJH OHYHO GHWHUPLQHV ZKHWKHU HOHPHQWV PD\ EH UHXVHG RU QRW� )RU VWHHO HOHPHQWV� LI WKH
FRUURVLRQ SURFHVV LV QRW WDNHQ FDUH RI RQ WLPH� WKH FRUURVLRQ WHQGV WR EXLOG XS LQ FHUWDLQ DUHDV RI WKH
PHWDO� 7KHUH DUH PDQ\ VWUXFWXUDO FRQVHTXHQFHV RI VWHHO FRUURVLRQ� VXFK DV ORVV RI VWUHQJWK� IDWLJXH�
UHGXFHG ERQG VWUHQJWK� OLPLWHG GXFWLOLW\ DQG UHGXFHG VKHDU FDSDFLW\ >��@� 6WHHO FRUURVLRQ FRQVWLWXWHV



���� 6WUXFWXUDO $QDO\VLV ��

WKH PRVW LPSRUWDQW FDXVH RI SUHPDWXUH DJLQJ DQG GHWHULRUDWLRQ RQ UHLQIRUFHG�FRQFUHWH VWUXFWXUHV >��@�
,Q WKH $SSHQGL[ (��� H[DPSOHV RI GLIIHUHQW W\SHV VWHHO FRUURVLRQ DUH JLYHQ�

7KH 6WHHO &RQVWUXFWLRQ ,QVWLWXWH �6&,� KDV SXEOLVKHG D SURWRFRO� 6&, 3���� 6WUXFWXUDO 6WHHO 5HXVH
>��@� LQ RUGHU WR DVVHVV WKH PDWHULDOV FKDUDFWHULVWLFV RI WKH UHXVHG VWHHO HOHPHQWV� 7KH SURWRFRO JLYHV
UHFRPPHQGDWLRQV IRU GDWD FROOHFWLRQ� LQVSHFWLRQ DQG WHVWLQJ WR HQVXUH WKDW WKH VWHHO HOHPHQWV FDQ EH
UHXVHG ZLWK FRQILGHQFH� $OVR� IXUWKHU LQIRUPDWLRQ RQ WKH GLPHQVLRQDO DQG PHFKDQLFDO SURSHUWLHV RI
WKH WR�EH UHXVHG VWHHO HOHPHQWV FRXOG EH REWDLQ ZLWK IXUWKHU WHVWLQJ� +RZHYHU� VWHHO HOHPHQWV ZLWK
VLJQLILFDQW ORVV RI VHFWLRQ GXH WR FRUURVLRQ LV RXW RI WKH VFRSH RI WKH 6&, SURWRFRO�

6LQFH QR VWDQGDUGLVHG PHWKRG IRU DVVHVVLQJ WKH HQJLQHHULQJ SURSHUWLHV RI UHXVHG FRUURGHG VWHHO LV
DYDLODEOH� FRQWUDFWRUV QHHG WR REWDLQ RULJLQDO GHVLJQ GRFXPHQWDWLRQ RU SHUIRUP PDWHULDO WHVWV LQ RUGHU
WR DVVHVV WKH SRWHQWLDO RI WKH UHXVH RI HOHPHQWV� +RZHYHU� DFFRUGLQJ WR :DOWHU 3� 0RRUH¶V $XVWLQ RIILFH
>��@� JRRG SUDFWLFHV LQ UHXVH RI VWUXFWXUDO VWHHO DUH�

� $VVHVVLQJ WKH GDPDJH � (OHPHQWV ZLWK DUHDV RI KLJK FRUURVLRQ� ORFDOLVHG VHFWLRQ ORVV� RU ZLWK
H[LVWLQJ KROHV LQ SODFHV ZKHUH QHZ KROHV DUH WR EH PDGH VKRXOG EH DYRLGHG�

� )RFXVVLQJ RQ FRQQHFWLRQV � &RQQHFWLRQV VKRXOG EH FKHFNHG DFFRUGLQJ WR 7DEOH (�� LQ $SSHQGL[
(��

� .QRZLQJ WKH KLVWRU\ � (OHPHQWV IURP G\QDPLFDOO\ ORDGHG VWUXFWXUHV VKRXOG EH DYRLGHG GXH WR
IRU H[DPSOH IDWLJXH GDPDJH� 7KH WHPSHUDWXUH VKRXOG DOVR EH FRQVLGHUHG DV LW FRXOG DIIHFW WKH
VWHHO SURSHUWLHV�

� 3UHSDULQJ WKH GRFXPHQWDWLRQ � 7KH RULJLQ RI WKH UHXVHG PHPEHUV VKRXOG EH NQRZQ� DV ZHOO DV
WKH VHFWLRQ SURSHUWLHV DQG PDWHULDO JUDGH�

7KH VWHHO VWUXFWXUDO DQDO\VLV RI WKLV UHSRUW FRQVLVWV RI WKH DVVHVVPHQW RI WKH GDPDJH RI WKH VWHHO HO�
HPHQWV E\ YLVXDO LQVSHFWLRQV DQG SLFWXUHV RI WKH 3XQWD &RORUDGD 0XHOOH� $OVR� WKH KLVWRU\ DQG WKH
GRFXPHQWDWLRQ RI MHWW\ LV LQWHQWHG WR EH REWDLQHG ZLWK OLWHUDWXUH� GUDZLQJV DQG LQWHUYLHZV DW WKH ORFDWLRQ
RI WKH SRUW�

,Q RUGHU WR JLYH DQ LQGLFDWLRQ RI WKH VWDWH RI WKH MHWW\ DQG RI WKH GDPDJHV� WKH VWHHO HOHPHQWV RI WKH
MHWW\ DUH JUDGHG DFFRUGLQJ WR WKH FRUURVLYHQHVV� 6LQFH WKHVH HOHPHQWV DUH QRW ZLWKLQ UHDFK IRU PHD�
VXUHPHQWV RU WHVWV� ZH HVWDEOLVKHG WKH JUDGDWLRQ RI WKH FRUURVLYHQHVV DFFRUGLQJ WR WKH YLVXDOV� 7KH
DVVXPSWLRQ LV PDGH WKDW IRU VWHHO HOHPHQWV WKH OHQJWK RI WKH FRUURVLRQ LV WKH GHFLVLYH IDFWRU >��@� 7KH
JUDGDWLRQ JRHV IURP&� �ZHDN FRUURVLRQ� WR &� �KLJK FRUURVLRQ� DQG HDFK JUDGH FRUUHVSRQGV WR D FRORXU�
VHH 7DEOH ����

&RUURVLYHQHVV &RUURVLRQ /HYHO
:HDN &�
0RGHUDWHO\ :HDN &�
0HGLXP &�
6WURQJ &�
+LJK &�

7DEOH ���� &ODVVLILFDWLRQ RI FRUURVLYHQHVV�

:LWK WKH RQ�VLWH YLVXDO LQVSHFWLRQV DQG WKH SLFWXUHV� WKH VWHHO HOHPHQWV DUH JUDGHG RQ EDVLV RI WKHLU
FRUURVLRQ OHYHO�� 7KH JUDGDWLRQ RI HDFK HOHPHQW LV GLVSOD\HG RQ PDSV LQ 6HFWLRQ ����

������ &RQFUHWH (OHPHQWV
7KH SURFHVV RI UHXVLQJ FRQFUHWH HOHPHQWV LV TXLWH FRPSOH[� 1RUPDOO\� UHLQIRUFHG FRQFUHWH HOHPHQWV
DUH GHVLJQHG IRU D VSHFLILF FDVH ZLWK FDOFXODWLRQV DFFRUGLQJ WR GHVLJQ QRUPV ZKLFK GHILQH WKH DPRXQW
RI UHLQIRUFHPHQW� 1RZ� LI WKHVH UHLQIRUFHG FRQFUHWH HOHPHQWV DUH WR EH UHXVHG� WKH\ PXVW FDUU\ WKH
ORDGV GHPDQG DFFRUGLQJ WR WKH FXUUHQW GHVLJQ VWDQGDUGV >��@�

,Q RUGHU WR DVVHVV ROG FRQFUHWH VWUXFWXUDO PHPEHUV� WKH DPRXQW DQG VLWXDWLRQ RI UHLQIRUFHPHQW QHHG WR
EH GHWHUPLQHG DV ZHOO DV VRPH SURSHUWLHV RI WKLV HOHPHQW� )RU WKLV SXUSRVH� NH\ LQIRUPDWLRQ LV QHHGHG�

�*UDGLQJ LV SHUIRUPHG LQGHSHQGHQWO\ E\ WKUHH SHUVRQV RI WKH PXOWLGLVFLSOLQDU\ SURMHFW WHDP DQG WKH DYHUDJH LV WDNHQ�



���� 6WUXFWXUDO $QDO\VLV ��

([DPSOHV DUH� WKH IXQFWLRQ RI WKH HOHPHQW� WKH H[SRVXUH FRQGLWLRQV� WKH UHPDLQLQJ VHUYLFH OLIH� WKH
PDWHULDO SURSHUWLHV� WKH UHLQIRUFHPHQW SURSHUWLHV DQG WKH FRQFUHWH VWUHQJWK >��@ >��@ >��@�

0RUHRYHU� GDPDJH WR FRQFUHWH UHGXFHV LWV VWUXFWXUDO FDSDFLW\� 7KHVH GDPDJHV PD\ UHVXOW LQ WKH FRQ�
FUHWH HOHPHQW WR QRW EH VXLWDEOH IRU UHXVLQJ� (OHPHQWV ZLWK KLJK FRUURVLRQ RU VHFWLRQ ORVV VKRXOG EH
DYRLGHG >��@� 7KH GLIIHUHQW W\SHV RI GDPDJH RI FRQFUHWH DUH PHFKDQLFDO� FKHPLFDO� SK\VLFDO GDPDJH
DQG UHLQIRUFHPHQW FRUURVLRQ� VHH )LJXUH (�� LQ $SSHQGL[ (�� >��@�

([DPSOHV RI UHOHYDQW GDPDJHV ZKLFK KDYH WR EH QRWHG GXULQJ WKH YLVXDO LQVSHFWLRQV DUH IRU H[DPSOH
KRQH\FRPEV� FDUERQDWLRQ� FKORULGH LQJUHVV� FRUURVLRQ� FUDFNV DQG VR RQ� 7KHVH H[DPSOHV DQG VRPH
PRUH DUH JLYHQ LQ $SSHQGL[ (��� 7KLV DSSHQGL[ LV DOVR XVHG LQ RUGHU WR GHWHUPLQH ZKLFK GDPDJH LV
VHHQ GXULQJ WKH YLVXDO LQVSHFWLRQV�

1RZDGD\V� QR VWDQGDUGLVHG WHFKQLTXH IRU WKH UHXVH RI FRQFUHWH VWUXFWXUHV LV DYDLODEOH� +RZHYHU� JRRG
SUDFWLFHV LQ WKH UHXVH RI FRQFUHWH HOHPHQWV ZDV IRXQG >��@� $OVR� DFFRUGLQJ WR $� *OLDV�� WKH UHXVH
SURFHVV RI FRQFUHWH HOHPHQWV FRQVLVWV RI VHYHUDO GLIIHUHQW VWHSV >��@� )URP WKHVH WZR VRXUFHV� WKH
IROORZLQJ VWHSV RI WKH UHXVH SURFHVV DUH HVWDEOLVKHG�

� &UHDWH DQ LQYHQWRU\ � 7KH LQYHQWRU\ ZLOO FRQWDLQ DOO WKH UHOHYDQW SURSHUWLHV VXFK DV� WKH W\SH DQG
TXDQWLW\ RI WKH HOHPHQWV� WKH ORFDWLRQ RI WKH HOHPHQWV� ROG GUDZLQJV DQG FDOFXODWLRQV VKHHWV� WKH
PDWHULDOV SURSHUWLHV DQG VR RQ� 7KH IROORZLQJ WDEOHV SUHVHQW WKH QHHGHG SURSHUWLHV RI FROXPQV
IRU WKH LQYHQWRU\�

� 4XDOLW\ &KHFN � ([DPLQH WKH TXDOLW\ DQG FRQGLWLRQ RI WKH VWUXFWXUDO HOHPHQWV ZLWK YLVXDO LQVSHF�
WLRQV DQG VSHFLILF WHVWLQJ� 0HPEHUV ZLWK DUHDV RI ORFDOLVHG FRUURVLRQ� IURVW GDPDJH RU ORFDOLVHG
VHFWLRQ ORVV VKRXOG EH DYRLGHG� 6ODEV ZLWK ZLGH FUDFNV RU FRUURGHG VWHHO VKRXOG EH DYRLGHG DV
ZHOO >��@� :KHQ IRFXVVLQJ RQ FRQQHFWLRQV� LI ZLGH FUDFNV RFFXU LQ WKH FRQVROH DUHD RI D FROXPQ�
WKHQ WKLV HOHPHQW VKRXOG EH DYRLGHG� $ IORZFKDUW RI WKH SURFHVV RI WKH TXDOLW\ FKHFN LV SUHVHQWHG
LQ $SSHQGL[ (�� )LJXUH (�� >��@�

� &HUWLILFDWLRQ � 7KH UHVXOWV RI WKH TXDOLW\ FKHFN� FRPELQHG ZLWK WKH EXLOGLQJ LQYHQWRU\ FUHDWH WKH
(OHPHQW ,GHQWLW\ �(,'� RI HDFK HOHPHQW� $Q H[DPSOH RI DQ (OHPHQW ,GHQWLW\ FDQ EH IRXQG LQ
$SSHQGL[ (�� )LJXUH (��� 7KLV FHUWLILHV ZKHWKHU WKH HOHPHQWV DUH VXLWDEOH IRU UHXVH RU QRW�

7KH FRQFUHWH VWUXFWXUDO DQDO\VLV RI WKLV UHSRUW FRQVLVWV RI WKH DVVHVVPHQW RI WKH GDPDJH RI WKH FRQFUHWH
HOHPHQWV E\ YLVXDO LQVSHFWLRQV DQG SLFWXUHV RI WKH VWUXFWXUH� 6SHFLILF WHVWLQJ LV RXW RI WKH VFRSH RI WKLV
UHSRUW� $OVR� DQ\ H[LVWLQJ LQIRUPDWLRQ LQ RUGHU WR FUHDWH WKH LQYHQWRU\ RI WKH FRQFUHWH HOHPHQWV RI WKH
MHWW\ LV LQWHQWHG WR EH REWDLQHG ZLWK OLWHUDWXUH� ROG GUDZLQJV DQG LQWHUYLHZV DW WKH ORFDWLRQ RI WKH SRUW�

7KH UHVHDUFK DQG WKH UHYLHZ RI DQ\ H[LVWLQJ LQIRUPDWLRQ DV ZHOO DV WKH FUHDWLRQ RI WKH LQYHQWRU\ FDQ EH
LQ WKH IRUP RI VWUXFWXUDO GUDZLQJV� VWUXFWXUDO GHVLJQ FDOFXODWLRQV� PDWHULDOV VSHFLILFDWLRQV DQG VWDQGDUGV
FRGHV >��@� +RZHYHU� OLWWOH LQIRUPDWLRQ RQ WKH MHWW\ LV DYDLODEOH� 7KHUHIRUH� WKH UHTXLUHG LQIRUPDWLRQ KDV
WR EH REWDLQHG ZLWK DQ RQ�VLWH VXUYH\�

7KLV VXUYH\ FRQVLVWV RI H[WHQGHG YLVXDO LQVSHFWLRQV RI WKH MHWW\ DV PHQWLRQHG HDUOLHU� 'XULQJ WKH YLVXDO
LQVSHFWLRQV RI WKH FRQFUHWH HOHPHQWV� WKH GDPDJH LV LGHQWLILHG� ORFDWHG DQG WKH VHYHULW\ LV UHYLHZHG�

7KH JDWKHUHG LQIRUPDWLRQ LV GLVSOD\HG RQ PDSV DQG TXDOLWDWLYH GHVFULSWLRQV DUH JLYHQ�

�$� *OLDV GLG KLV 0DVWHU 7KHVLV RQ WKH IHDVLELOLW\ RI UHXVLQJ H[LVWLQJ VWUXFWXUDO FRQFUHWH HOHPHQWV RI HPSW\ RIILFH EXLOGLQJV�



�
%DFNJURXQG 6WXG\

7KLV FKDSWHU DLPV WR DQVZHU VXE�TXHVWLRQ $� µ¶:K\ GRHV WKH 5tR 1HJUR SURYLQFH ZDQW D K\GURJHQ
H[SRUW SRUW DQG ZKDW DUH LWV UHTXLUHPHQWV"¶¶�

���� +\GURJHQ ([SRUW LQ WKH 3URYLQFH RI 5tR 1HJUR
7KLV VHFWLRQ SUHVHQWV LQIRUPDWLRQ UHJDUGLQJ WKH PRWLYH RI WKH 3URYLQFH RI 5tR 1HJUR WR UHDOLVH D K\�
GURJHQ H[SRUW SRUW� 7KLV LV GRQH WKURXJK SURYLGLQJ LQVLJKW LQWR WKH DPELWLRQV RI WKH SURYLQFH DQG WKH
DYDLODEOH DVVHWV WKDW WKH 3URYLQFH RI 5tR 1HJUR KDV IRU SURGXFLQJ JUHHQ K\GURJHQ� 7KH DPELWLRQV DUH
VXE�GLYLGHG LQWR WKRVH RI WKH SURYLQFH LWVHOI� DQG WKH SRWHQWLDO LQYHVWRU RI WKH SURMHFW� ZKLFK LV VWDWHG LQ
������ $IWHUZDUGV� WKH DVVHWV RI 5tR 1HJUR WR SURGXFH JUHHQ K\GURJHQ DUH GLVFXVVHG� 1DWXUDO DVVHWV
VXFK DV ZLQG� ZDWHU DQG DYDLODELOLW\ RI ODQG DUH SUHVHQWHG� ODWHU ILQDQFLDO DQG OHJDO DVVHWV DUH PHQWLRQHG
LQ ������ 7KH ODVW VHFWLRQ ��� LQFOXGHV WKH SURSRVHG SURMHFW ORFDWLRQV IRU WKH H[SRUW SRUW�

������ 3URMHFW $PELWLRQV
3URYLQFH RI 5tR 1HJUR
7RJHWKHU ZLWK WKH UHVHDUFK LQVWLWXWH ´,QVWLWXWR %DOVHLUR´ ORFDWHG LQ %DULORFKH �5tR 1HJUR�� DOWHUQDWLYHV
KDYH EHHQ DQDO\VHG IRU WKH UHJLRQ WR VWDUW SURGXFLQJ JUHHQ HQHUJ\� 7KLV KDV UHVXOWHG LQ WKH FRQFHSWXDO
SODQ RI XVLQJ ZLQG HQHUJ\ LQ FRPELQDWLRQ ZLWK HOHFWURO\VLV WR H[SRUW JUHHQ HQHUJ\ WR FXVWRPHUV LQ WKH
1RUWKHUQ +HPLVSKHUH� VHH 6HFWLRQ $���

'XH WR WKH XQLTXH QDWXUDO FRQGLWLRQV LQ WKH SURYLQFH RI 5tR 1HJUR WKHUH DUH KXJH RSSRUWXQLWLHV WR SUR�
GXFH JUHHQ K\GURJHQ LQ D FRVW HIIHFWLYH ZD\� 3URGXFLQJ JUHHQ K\GURJHQ LQ WKH SURYLQFH RI 5tR 1HJUR
FRXOG HFRQRPLFDOO\ ERRVW WKH UHJLRQ� ,W LV H[SHFWHG WKDW WKH SURMHFW ZLOO FUHDWH PRUH WKDQ ����� GLUHFW
MREV >�@� $UJHQWLQD FRXOG DOVR FRQWULEXWH LQ WKH JOREDO HQHUJ\ WUDQVLWLRQ DQG SDUWLFLSDWH LQ WKH LQWHUQD�
WLRQDO H[SRUW PDUNHW� 7KH JRYHUQPHQW RI WKH SURYLQFH RI 5tR 1HJUR KDV UHFRJQLVHG WKHVH SRVVLELOLWLHV
DQG DLPV WR EHFRPH D IURQW UXQQHU LQ WKH JUHHQ K\GURJHQ HFRQRP\ >��@� 7KH JRYHUQPHQW RI 5tR 1HJUR
VDLG WKDW ´,W LV H[SHFWHG WR WXUQ 5tR 1HJUR LQWR D JOREDO JUHHQ K\GURJHQ H[SRUW KXE E\ ����´�

7KH SURYLQFH RI 5tR 1HJUR LV SULPDULO\ LQWHUHVWHG LQ LQYHVWPHQWV IURP WKH SULYDWH VHFWRU IRU WKH UHDOLVDWLRQ
RI WKLV SURMHFW $��� 7KLV W\SH RI LQYHVWPHQW VWUXFWXUH KDV WKH EHQHILW RI DWWUDFWLQJ ODUJHU LQYHVWPHQWV ZKLOH
DOVR EHQHILWLQJ IURP WKH SULYDWH FRPSDQ\¶V LQ�KRXVH H[SHUWLVH DQG WHFKQRORJLHV UHJDUGLQJ K\GURJHQ
SURGXFWLRQ� $ SULYDWH LQYHVWPHQW ZRXOG LPSO\ WKH SULYDWH FRPSDQ\ WR EXLOG DQG RSHUDWH WKH IROORZLQJ
DVVHWV� ZLQG IDUP� HOHFWURO\VLV IDFLOLWLHV DQG WKH H[SRUW KDUERXU� 5tR 1HJUR VWDWHG WKDW PXOWLSOH SDUWLHV
KDYH EHHQ LQWHUHVWHG LQ WKLV W\SH RI SURMHFW LQ WKH SURYLQFH� &XUUHQWO\� QHJRWLDWLRQV DUH SUHVHQW EHWZHHQ
)RUWHVFXH )XWXUH ,QGXVWULHV �)),� WR GHWHUPLQH WKH GHWDLOV RI WKH WKLV SURMHFW�

)RUWHVFXH )XWXUH ,QGXVWULHV
)), LV D $XVWUDOLDQ HQHUJ\ FRPSDQ\� WKDW GHYHORSV� ILQDQFHV� RSHUDWHV DQG LQYHVWV LQ ]HUR�HPLVVLRQ
UHVRXUFHV WR SURGXFH UHQHZDEOH HQHUJ\ DW D VFDOH HTXDO WR WKH RLO DQG JDV VXSHU PDMRUV� 7KHLU DLP LV
WR PDNH JUHHQ K\GURJHQ WKH PRVW WUDGHG VHDERUQH HQHUJ\ FRPPRGLW\ LQ WKH ZRUOG >��@� $ QHZV DUWLFOH

��



���� +\GURJHQ ([SRUW LQ WKH 3URYLQFH RI 5tR 1HJUR ��

IURP 1RYHPEHU ���� IURP 5HXWHUV PHQWLRQV WKDW )),� LV ZLOOLQJ WR LQYHVW DERXW � � ELOOLRQ GROODUV WR
SURGXFH JUHHQ K\GURJHQ LQ WKH SURYLQFH RI 5tR 1HJUR >�@�

,Q 1RYHPEHU ���� D PHPRUDQGXP RI XQGHUVWDQGLQJ LV VLJQHG E\ )RUWHVFXH )XWXUH ,QGXVWULHV DQG WKH
*RYHUQPHQW RI 5tR 1HJUR >�@� 7KH ��WK RI -DQXDU\ ���� )), SUHVHQWHG LWV LQLWLDWLYH WR VXSSO\ D JUHHQ
K\GURJHQ SURGXFWLRQ SURGXFWLRQ SODQW DQG LWV GHULYDWLYHV WR WKH SURYLQFH RI 5tR 1HJUR� 1H[W WR WKDW WKH
FRQVWUXFWLRQ RI �� ZLQG PHDVXUHPHQW PDVWV LQ WKH UHJLRQ KDV EHHQ FRQWUDFWHG� &XUUHQWO\ WKH SURMHFW
LV WKH SUH�IHDVLELOLW\ VWDJH LQ ZKLFK )), GHILQHV WKH YLDELOLW\ RI WKH SURMHFW >��@� ,W ZDV PHQWLRQHG LQ DQ
LQWHUYLHZ ZLWK *RQ]DOR 0HGLQD WKDW )), DLPV IRU ���� WR VWDUW RSHUDWLQJ DQG H[SRUWLQJ K\GURJHQ� VHH
$SSHQGL[ $���

������ $VVHWV LQ WKH 3URYLQFH
7KLV VHFWLRQ HODERUDWHV RQ WKH PRVW HVVHQWLDO HOHPHQWV QHHGHG IRU K\GURJHQ SURGXFWLRQ DQG WKHLU DYDLO�
DELOLW\ LQ WKH SURYLQFH RI 5tR 1HJUR� 7KH SURGXFWLRQ RI JUHHQ K\GURJHQ QHHGV ZLQG DQG ODQG IRU WKH
JHQHUDWLRQ RI HOHFWULFLW\� DQG IUHVK ZDWHU IRU WKH FRQYHUVLRQ RI HOHFWULFLW\ LQWR K\GURJHQ� 7KHVH QDWXUDO
UHVRXUFHV DUH LQWURGXFHG LQ WKH ILUVW VHFWLRQV� 7KHUHDIWHU� ILQDQFLDO DQG OHJDO DVVHWV DUH GLVFXVVHG�

:LQG
$V VHHQ LQ ILJXUH ���� WKH DYDLODELOLW\ RI ZLQG UHVRXUFHV LV DEXQGDQW LQ WKH VRXWKHUQ SDUWV RI 5tR 1HJUR�
7KH DYDLODEOH HQHUJ\ IURP ZLQG LV SURSRUWLRQDO WR WKH FXEH RI LWV VSHHG� 7R DFFXUDWHO\ SRUWUD\ WKH
DYDLODELOLW\ RI ZLQG UHVRXUFHV LW LV H[SUHVVHG LQ ZLQG SRZHU GHQVLW\ �:�P��� 7KH UHODWLYH SUR[LPLW\ WR
WKH FRDVW IRU WKHVH H[FHSWLRQDOO\ ZLQG\ DUHDV PDNH IRU JUHDW FLUFXPVWDQFHV IRU FOHDQ HQHUJ\ JHQHUDWLRQ
DQG H[SRUW�

)LJXUH ���� :LQG SRZHU GHQVLW\ LQ WKH SURYLQFH RI 5tR 1HJUR DW D KHLJKW RI ���P�
>��@

:DWHU
7KHUH LV RQH VRXUFH RI IUHVK ZDWHU LQ 5tR 1HJUR� WKH ULYHU 5tR 1HJUR LWVHOI� $Q DUWLILFLDO FDQDO EUDQFKLQJ
IURP 5tR 1HJUR LV DYDLODEOH EHWZHHQ *HQHUDO &RQHVD DQG 6DQ $QWRQLR� 7KH FDSDFLW\ RI WKLV FDQDO LV
��� O�V� >��@� 6DPSOHV WDNHQ IURP WKH ULYHU KDYH VKRZQ WKDW ZDWHU TXDOLW\ LV VXIILFLHQW IRU HOHFWURO\VLV
SXUSRVHV�

,QWHUYLHZ $�� KDV SUHVHQWHG WKH LQWHQWLRQ RI WKH 3URYLQFH DQG )RUWHVFXH WR KDYH D GHVDOLQDWLRQ SODQW
WR GHPLQHUDOLVH VDOW ZDWHU IRU WKH HOHFWURO\VHUV�

%RWK IUHVK� DQG VDOW ZDWHU GHPLQHUDOLVDWLRQ DUH FRQVLGHUHG SODXVLEOH IRU WKLV SURMHFW DQG ZLOO EH GLV�
FXVVHG�



���� 3URSRVHG 3RUW /RFDWLRQV ��

)LQDQFLDO DQG OHJDO DVVHWV
7KH SURYLQFH RI 5tR 1HJUR LV ORFDWHG TXLWH IDU DZD\ IURP SRWHQWLDO FXVWRPHUV� ZKLFK DUH SUHGRPLQDQWO\
ORFDWHG LQ WKH 1RUWKHUQ +HPLVSKHUH >��@� 7UDQVSRUW FRVWV RI K\GURJHQ ZLOO WKXV EH VLJQLILFDQW� ,Q RUGHU
WR EHFRPH D FRPSHWLWLYH VXSSOLHU RI JUHHQ K\GURJHQ� WKH SURYLQFH KDV DSSOLHG D OHJDO IUDPHZRUN WR WKH
SURSRVHG H[SRUW ORFDWLRQV RI JUHHQ K\GURJHQ� FDOOHG� )7=�

7KH )7=V ZLOO SURYLGH D WD[�IUHH HQYLURQPHQW IRU WKH SULYDWH FRPSDQLHV WR FRQVWUXFW IDFLOLWLHV� SURGXFH
DQG H[SRUW FRPPRGLWLHV� 7KLV LV DWWUDFWLYH IRU ERWK WKH FRQVWUXFWLRQ RI DOO IDFLOLWLHV QHHGHG IRU WKH SRUW�
DQG IRU WKH H[SRUW RI JUHHQ K\GURJHQ�

7KH SURYLQFH ZLOO HDUQ UHQW IRU WKH XVDJH RI WKH DUHD ZLWKLQ WKH )7=� ZKLFK LV XOWLPDWHO\ WKH VRXUFH RI
LQFRPH IRU WKH SURYLQFH�

7KH RZQHUVKLS RI DOO LQIUDVWUXFWXUH WR EH EXLOG E\ WKH SULYDWH FRPSDQ\ LV TXLWH XQFHUWDLQ DW WKLV PRPHQW�
,W LV PRVW OLNHO\ WKDW SDUWLDO RZQHUVKLS RI WKH SURYLQFH DQG )RUWHVFXH ZLOO SUHYDLO� 7KLV LV LQ OLQH ZLWK
SUHYLRXV DJUHHPHQWV PDGH EHWZHHQ WKH SURYLQFH RI 5tR 1HJUR DQG WKH PLQLQJ FRPSDQ\ ¶0&&¶�

���� 3URSRVHG 3RUW /RFDWLRQV
,Q WKH 6RXWK�(DVW RI 5tR 1HJUR DW WKH *XOI RI 6DQ 0DWLDV� WKUHH ORFDWLRQV KDYH EHHQ LGHQWLILHG VXLWDEOH
IRU WKH K\GURJHQ H[SRUW KDUERXU� 7KHVH ORFDWLRQV DUH 3XQWD &RORUDGD 0XHOOH� 3XQWD &RORUDGD 6RXWK
DQG 3XHUWR /RERV� VHH ILJXUH ����

������ 3XQWD &RORUDGD 0XHOOH
7KH PLGGOH SDUW RI WKH GHDFWLYDWHG )7= RI 3XQWD &RORUDGD� VKRZQ LQ ILJXUH ���� LV SURSRVHG DV SRWHQWLDO
ORFDWLRQ� $ )7= RI ��� KHFWDUHV DGMDFHQW WR WKH FRDVW ZDV HVWDEOLVKHG DW WKLV ORFDWLRQ IRU WKH H[SRUW RI
LURQ RUH >��@� 7KH )7= LV VKRZQ LQ ILJXUH ��� ZLWKLQ WKH UHG IUDPH� 7KH SRUW KDV EHHQ RXW RI VHUYLFH
VLQFH ���� EHFDXVH RI WKHLU SRRU FRPSHWLWLYH SRVLWLRQ LQ WKH LURQ RUH PDUNHW� ,Q ���� WKH SURYLQFH RI
5tR 1HJUR KDV FRQWUDFWHG WKH &KLQHVH PLQLQJ FRPSDQ\ 0&&0LQHUD 6LHUUD *UDQGH WR RSHUDWH WKH SRUW�
7KH FRQWUDFW VWDWHV DQ DJUHHPHQW RI �� \HDUV� VWDUWLQJ LQ ����� ZKHUH 0&& KDV WKH ULJKW WR WKH XVH RI
WKH DVVHWV RQ WKH JURXQG RI WKH 3XQWD &RORUDGD DUHD >��@�

)LJXUH ���� )7= RI 3XQWD &RORUDGD >��@�

7KH PRVW LPSRUWDQW FKDUDFWHULVWLFV RI WKH ORFDWLRQ DUH OLVWHG�

� 7KH )7= KDV GLUHFW DFFHVVLELOLW\ WR UXWD QDFLRQDO � YLD WKH XQSDYHG UXWD SURYLQFLDO ��
� 7KH )7= LV FRQQHFWHG WR D KLJK YROWDJH JULG RI ��� .9 IURP 3XHUWR 0DGU\Q >��@�
� 7KH )7= LV FRQQHFWHG WR WKH ZDWHU DQG JDV VXSSO\ LQIUDVWUXFWXUH >��@�



���� 3URSRVHG 3RUW /RFDWLRQV ��

� 7KH PXQLFLSDOLW\ RI 6LHUUD *UDQGH� ZLWK ����� LQKDELWDQWV� LV ORFDWHG DERXW �� NP ZHVW RI WKH
)7= >��@�

� 7KH GHYHORSLQJ WRXULVWLF EHDFK WRZQ 3OD\DV 'RUDGDV LV ORFDWHG DERXW � NP 1RUWK RU WKH )7=�
3OD\DV 'RUDGDV DWWUDFWV ORWV RI WRXULVWV GXULQJ WKH VXPPHU VHDVRQ >��@�

� ,Q WKH LQWHUYLHZ ZLWK +XJR 2� 1LFROD LW ZDV PHQWLRQHG WKH SRUW DVVHWV KDYHQ¶W KDG PDLQWHQDQFH
VLQFH WKH SRUW ZHQW RXW RI RSHUDWLRQ� 7KH DVVHWV RI WKH SRUWV VKRZ FOHDU VLJQV RI GHIHUUHG PDLQWH�
QDQFH�

,Q SDUWLFXODU WKH H[LVWLQJ MHWW\ KDV EHHQ LGHQWLILHG WR EH UHXVHG IRU WKH H[SRUW RI K\GURJHQ� 7KH MHWW\
FRQVLVWV RI D ���� PHWHU YLDGXFW ZLWK D RQH PHWHU ZLGH FRQYH\RU EHOW� 2ULJLQDOO\ LW ZDV GHVLJQHG WR
ORDG GU\ EXON YHVVHOV XS WR ����� WRQV DQG XS WR /2$ ���P� 7KH MHWW\ XVHG WR KDYH D FDSDFLW\ RI
���� WRQV SHU KRXU >��@�$W WKH PRRULQJ GROSKLQV D GHSWK RI ����� PHWHU KDV EHHQ UHSRUWHG GXULQJ ORZ
ZDWHU >��@� 7KH FXUUHQW VWDWH RI WKH MHWW\� DQG WKH ODFNLQJ MHWW\ DVVHWV WR ORDG OLTXLG EXON DUH \HW WR EH
GHWHUPLQHG� 7KH MHWW\ LV VKRZQ LQ ILJXUH ���

)LJXUH ���� 3RUW RI 3XQWD &RORUDGD DQG WKH MHWW\�

������ 3XQWD &RORUDGD 6RXWK
7KH QH[W SURSRVHG ORFDWLRQ LV WKH 6RXWKHUQ SDUW RI WKH GHDFWLYDWHG )7= RI 3XQWD &RORUDGD� VKRZQ LQ
ILJXUH ���� 7KLV ORFDWLRQ LV DSSUR[LPDWHO\ � NP 6RXWK RI WKH H[LVWLQJ SRUW� $W WKLV ORFDWLRQ WKH SRUW ZRXOG
EH HVWDEOLVKHG ZLWKLQ WKH )7=� ZLWKRXW PDNLQJ XVH RI WKH LQIUDVWUXFWXUH RI WKH ROG LURQ RUH SRUW� ,W LV
FRQVLGHUHG WKDW WKH FKDUDFWHULVWLFV RI 3XQWD &RORUDGD 6RXWK DUH PRUH RU OHVV WKH VDPH DV IRU 3XQWD
&RORUDGD 0XHOOH� )LJXUH ��� JLYHV DQ LQGLFDWLRQ RI WKH SURSRVHG ORFDWLRQ�



���� 3URSRVHG 3RUW /RFDWLRQV ��

)LJXUH ���� 3XQWD &RORUDGD 6RXWK�

������ 3XHUWR /RERV
7KH ORFDWLRQ DW 3XHUWR /RERV ZDV LGHQWLILHG DQG SUHVHQWHG WR WKH SURYLQFH RI 5tR 1HJUR E\ &,(0)� VHH
$SSHQGL[ $��� ,W ZDV SURSRVHG WKDW WKH SRUW VKRXOG EH HVWDEOLVKHG H[DFWO\ DW WKH ERUGHU RU WKH SURYLQFH
RI 5tR 1HJUR DQG WKH SURYLQFH RI &KXEXW� &,(0) HQYLVLRQV WKDW ERWK SURYLQFHV FRXOG EHQHILW IURP WKH
SRUW� ,Q &,(0)¶V SODQV WKH SRUW DW 3XHUWR /RERV ZRXOG EH XVHG IRU PXOWLSOH SXUSRVHV� QRW MXVW K\GURJHQ
H[SRUW�

7KH PRVW LPSRUWDQW FKDUDFWHULVWLFV RI WKH SURSRVHG ORFDWLRQ DUH OLVWHG EHORZ�

� 3XHUWR /RERV LV DQ DEDQGRQHG WRZQ� ZKLFK FXUUHQWO\ RQO\ FRQVLVWV RI UXLQV RI ROG EXLOGLQJV >��@�
� 7KH QHDUHVW PXQLFLSDOLW\ LV WKH PXQLFLSDOLW\ RI 6LHUUD *UDQGH ZKLFK LV ORFDWHG DERXW �� NP WR WKH
1RUWK�:HVW�

� 7KH DUHD VXUURXQGLQJ WKH SURSRVHG SRUW ORFDWLRQ LV FXUUHQWO\ SXEOLFO\ RZQHG� HDVLQJ WKH ZD\ IRU
SRWHQWLDO FRQVWUXFWLRQ �VHH $SSHQGL[ $����

� 7KH WRXULVWLF ZHEVLWH SDWDJRQLD�FRP�DU PHQWLRQV WKDW LQ WKH SDVW WKHUH KDV EHHQ D )7= >��@ EXW
QR UHOLDEOH VRXUFHV ZHUH IRXQG WR FRQILUP WKLV�

)LJXUH ��� JLYHV DQ LQGLFDWLRQ RI WKH SURSRVHG ORFDWLRQ�



���� *UHHQ +\GURJHQ ,QWURGXFWLRQ ��

)LJXUH ���� 3XHUWR /RERV�

���� *UHHQ +\GURJHQ ,QWURGXFWLRQ
7KLV VHFWLRQ ILUVW HODERUDWHV RQ WKH DSSOLFDELOLW\ RI K\GURJHQ LQ WKH IXWXUH HQHUJ\ PDUNHW� /DWHU LW IR�
FXVHV RQ WKH EDVLF SK\VLFV RI WKH HOHFWURO\VLV DQG WKH W\SHV RI WHFKQRORJLHV XVHG QRZDGD\V WR SURGXFH
K\GURJHQ� 7KH ODVW VHFWLRQV EULHIO\ PHQWLRQ WKH GLIIHUHQW FDUULHU W\SHV DQG WKHLU VWRUDJH IDFLOLWLHV�

������ +\GURJHQ $SSOLFDWLRQ
*UHHQ K\GURJHQ KDV JDLQHG LQWHUHVW WKH SDVW GHFDGHV DV LW LV D SRVVLEOH VROXWLRQ IRU ODUJH VFDOH VWRUDJH
DQG WUDQVSRUW RI HOHFWULFDO HQHUJ\� 7KH DSSOLFDWLRQ RI K\GURJHQ SURGXFWLRQ XVLQJ VXVWDLQDEOH LQWHUPLWWHQW
HQHUJ\ VRXUFHV VXFK DV VRODU� DQG ZLQG�HQHUJ\ VHHPV WR EH DQ HVVHQWLDO SDUW RI WKH JOREDO WUDQVLWLRQ
WRZDUGV VXVWDLQDEOH HQHUJ\� +\GURJHQ LV D FDUULHU RI HQHUJ\ WKDW VXIIHUV IURP HIILFLHQF\ ORVVHV GXULQJ
FRQYHUVLRQ IURP DQG WRZDUGV HOHFWULFLW\� 7KXV� K\GURJHQ EHFRPHV DQ LQWHUHVWLQJ FRPPRGLW\ LQ WZR
VLWXDWLRQV� WHPSRUDO DQG VSDWLDO LQHTXDOLWLHV RI HQHUJ\� 7HPSRUDO LQHTXDOLWLHV RULJLQDWH ZKHQ SURGXFWLRQ
DQG GHPDQG RI HQHUJ\ DUH QRW HTXDO DW D FHUWDLQ WLPH� ZKLFK LV WKH FDVH ZKHQ ZLQG IDUPV SURGXFH
PRUH HQHUJ\ �GXH WR LQFUHDVHG ZLQG VSHHGV IRU LQVWDQFH� WKDQ LV GHPDQGHG E\ WKH ORFDO FRQVXPHUV DW
WKDW PRPHQW� :LWK WHPSRUDO LQHTXDOLW\� K\GURJHQ KDV D SULPDU\ IXQFWLRQ DV VWRUDJH�FRPPRGLW\� 6SDWLDO
LQHTXDOLWLHV RULJLQDWH ZKHQ SURGXFWLRQ DQG GHPDQG RI HQHUJ\ DUH ORFDWHG IDU DSDUW� 7KH SURYLQFH RI
5tR 1HJUR KDV WKH SRWHQWLDO WR JHQHUDWH ODUJH DPRXQWV RI VXVWDLQDEOH HQHUJ\ XVLQJ ZLQG IDUPV� EXW WKH
GHPDQG IRU WKLV HQHUJ\ LV ORFDWHG PDLQO\ LQ WKH 1RUWKHUQ +HPLVSKHUH� 7KXV� K\GURJHQ LV SRWHQWLDOO\
LQWHUHVWLQJ DV D WUDQVSRUW�FRPPRGLW\�

������ +\GURJHQ 3URGXFWLRQ 7HFKQRORJ\
(OHFWURFKHPLFDO UHDFWLRQ
+\GURJHQ LV REWDLQHG IURP VSOLWWLQJ D ZDWHU PROHFXOH �+�2� LQWR K\GURJHQ JDV �+�� DQG R[\JHQ JDV
�2�� XQGHU WKH VXSSO\ RI HOHFWULFLW\� WKLV HOHFWURFKHPLFDO UHDFWLRQ LV FDOOHG HOHFWURO\VLV� :KHQ HOHFWURO�
\VLV LV SHUIRUPHG XVLQJ VXVWDLQDEOH HQHUJ\� WKH K\GURJHQ SURGXFHG LV ODEHOHG ¶JUHHQ K\GURJHQ¶� 7KH
HOHFWURO\VLV UHDFWLRQ QHHGV WR EH SHUIRUPHG DW ODUJH VFDOH WR SURGXFH TXDQWLWLHV LQWHUHVWLQJ IRU PDULWLPH
WUDQVSRUW� ZKLFK KDV EHFRPH IHDVLEOH ZLWK HOHFWURO\VHUV QRZDGD\V� (OHFWURO\VHUV DUH EDVLFDOO\ ODUJH
VFDOH HOHFWURFKHPLFDO IDFWRULHV WKDW PDNH XVH RI WKH EDVLF LGHD RI HOHFWURO\VLV�

2H2O + HOHFWULFLW\− > 2H2 +O2 �����

8VLQJ WKH FKHPLFDO UHDFWLRQ DERYH� DQG DVVXPLQJ DQ HIILFLHQF\ RI WKH SURFHVV RI ����� DQ RYHUYLHZ
FDQ EH PDGH RI WKH LQSXW DQG RXWSXW TXDQWLWLHV RI DQ\ HOHFWURO\VHU� VHH ILJXUH ����



���� *UHHQ +\GURJHQ ,QWURGXFWLRQ ��

)LJXUH ���� 6FKHPDWLF RYHUYLHZ RI LQSXW DQG RXWSXW TXDQWLWLHV RI DQ\ HOHFWURO\VHU �DVVXPLQJ ���� HIILFLHQF\��

(OHFWURO\VHUV JHQHUDOO\ IROORZ D VLPLODU OD\RXW� D FUXGH RYHUYLHZ RI HOHFWURO\VHU HOHPHQWV LV DGGHG LQ
WKH WDEOH LQ $SSHQGL[ % WDEOH %���

:KLOH HOHFWURO\VHUV JHQHUDOO\ DUH YHU\ HIILFLHQW WUDQVIRUPLQJ HOHFWULFDO SRZHU LQWR K\GURJHQ �QHZHVW
PRGHOV DWWDLQ DOPRVW ���� HIILFLHQF\�� VRPH VXE�IXQFWLRQV PHQWLRQHG DERYH FRQVXPH SRZHU �VXFK DV
WKH ZDWHU SXULILFDWLRQ� FRROLQJ DUUDQJHPHQW� DQG FRPSUHVVRUV� ZKLFK UHGXFHV WKH QHW HIILFLHQF\ RI WKH
WRWDO SURFHVV� 7KH PRVW XVHG HOHFWURO\VHU W\SHV DUH FRPSDUHG LQ WKH WDEOH VKRZQ LQ $SSHQGL[ % WDEOH
%���

$VVXPLQJ D VXLWDEOH HOHFWURO\VHU W\SH IRU WKH 5tR 1HJUR SURMHFW LV GLIILFXOW PXOWLSOH DVSHFWV DUH RI LP�
SRUWDQFH� FDSLWDO FRVWV� XQFHUWDLQW\ UHJDUGLQJ IXWXUH FRVWV DQG IXWXUH SHUIRUPDQFH� 7KH PDMRULW\ RI
WKH H[SHUWV LQ WKH ILHOG RI HOHFWURO\VLV EHOLHYH LQ IXWXUH GRPLQDQFH RI WKH 3(0 HOHFWURO\VHU W\SH LQ FRP�
ELQDWLRQ ZLWK UHQHZDEOH HQHUJ\ VRXUFHV >��@� DQG DV VXFK� WKH 3(0 WHFKQRORJ\ LV DVVXPHG PRVW
SODXVLEOH IRU WKH 5tR 1HJUR SURGXFWLRQ RI K\GURJHQ�

������ +\GURJHQ &DUULHU 7HFKQRORJ\
+\GURJHQ FDQ EH KDQGOHG HLWKHU LQ LWV SXUH IRUP� OLTXLG RU FRPSUHVVHG� RU DWWDFKHG WR D FDUULHU VXFK
DV DPPRQLD� HWKDQRO RU GLEHQ]\OWROXHQH� (DFK ZD\ RI KDQGOLQJ KDV LWV DGYDQWDJHV DQG GLVDGYDQWDJHV�
7KH PRVW SODXVLEOH K\GURJHQ FDUULHU W\SHV DUH FRQVLGHUHG WR EH DPPRQLD DQG /+� >�@�

� $PPRQLD� PRVW SODXVLEOH IRU WKH SLORW DQG PLG�WHUP SODQQLQJ
� /LTXLG K\GURJHQ� SODXVLEOH IRU ORQJ�WHUP SODQQLQJ DV WKH WHFKQLTXH VKRZV SRWHQWLDO IRU KLJKHU
HQHUJ\ GHQVLW\� EXW QHHGV PRUH LQQRYDWLRQ�

7KH FKDUDFWHULVWLFV RI WKH FRQVLGHUHG K\GURJHQ FDUULHUV DUH VKRZQ EHORZ�

3URSHUW\ /LTXLG +\GURJHQ $PPRQLD 8QLW
&KHPLFDO )RUPXOD +� 1+� �
+ �ZW ��� ���� �
%RLOLQJ 7HPSHUDWXUH �� EDU� ���� ����� ◦&
/LTXLG 'HQVLW\ �� EDU� ���� ��� NJ�P�

+\GURJHQ 'HQVLW\ �� EDU� ���� ��� NJ +��P�

(QHUJ\ 'HQVLW\ ���� ����� 0-�P�

)ODPPDELOLW\ OLPLWV LQ DLU � � �� ���� � ���� �
0LQLPXP LJQLWLRQ HQHUJ\ ���� ��� P-

7DEOH ���� 2YHUYLHZ RI WZR K\GURJHQ FDUULHUV DVVXPHG PRVW SODXVLEOH UHJDUGLQJ WKH SURMHFW DPELWLRQV GHULYHG IURP $SSHQGL[
$��� >�@�



���� &RQFHSWXDO +\GURJHQ ([SRUW 3RUW 5HTXLUHPHQWV LQ 5tR 1HJUR ��

������ +\GURJHQ 6WRUDJH
/LTXLG K\GURJHQ VWRUDJH
1$6$ KDV EHHQ VWRULQJ /LTXLG +\GURJHQ �/+�� IRU GHFDGHV QRZ VR WKH WHFKQRORJ\ LV PRUH RU OHVV
GHYHORSHG� $ VFDOH�XS RI H[LVWLQJ WDQNV FDQ EH H[SHFWHG LQ WKH QH[W GHFDGHV OHDGLQJ WR WDQNV ZLWK
D FDSDFLW\ RI ������ P� >��@� ,Q 'HFHPEHU ���� .DZDVDNL DQQRXQFHG WKH FRPSOHWLRQ RI WKH EDVLF
GHVLJQ RI DQ ������ P� VSKHULFDO /+� VWRUDJH WDQN >��@�

6WRUDJH LV SRVVLEO\ WKH EHVW UHJXODWHG SDUW RI WKH OLTXLG K\GURJHQ YDOXH FKDLQ DV WKH (XURSHDQ ,QGXVWULDO
*DVHV $VVRFLDWLRQ �(,*$�� ,62 DQG &(1 KDYH DOO SXEOLVKHG RQ WKH XVH RI FU\RJHQLF WDQNV IRU OLTXLG
K\GURJHQ VWRUDJH� )RU H[DPSOH� (,*$ GRFXPHQW ����� JLYHV VSHFLILF JXLGDQFH RQ WKH OD\RXW DQG
ORFDWLRQV RI LQVWDOODWLRQV RI /+� WHUPLQDOV� +RZHYHU� PRVW H[LVWLQJ UHJXODWLRQV DQG VWDQGDUGV UHIHU WR
VPDOO VFDOH VWRUDJH WDQNV�

$PPRQLD VWRUDJH
1RZDGD\V� $PPRQLD �1+�� LV DOUHDG\ WUDQVSRUWHG RQ D ODUJH VFDOH� ZLWK ZHOO�HVWDEOLVKHG LQIUDVWUXFWXUH
IRU WKH KDQGOLQJ DQG VWRUDJH RI LW� 6WRUDJH LV GRQH LQ WZR PDLQ ZD\V GHSHQGLQJ RQ WKH YROXPH RI 1+�
WR EH VWRUHG� 8S WLOO YROXPHV RI ���� P�� WKH FRPPRQ WHFKQLTXH LV WR VWRUH 1+� SUHVVXULVHG DW DPELHQW
WHPSHUDWXUH� 6HD JRLQJ WDQNHUV FDQ HLWKHU FRPSUHVV RU UHIULJHUDWH 1+� RU HYHQ D FRPELQDWLRQ RI WKH
WZR WR NHHS LW LQ LWV OLTXLG VWDWH� &RROLQJ 1+� GRZQ WR ���◦& DOORZV WKH XVH RI XQSUHVVXULVHG FRQWDLQHUV
>�@� 7KH FRPPRQ SUDFWLFH IRU ODUJH YROXPHV LV WR VWRUH DV D OLTXLG DW DPELHQW SUHVVXUH DQG VDWXUDWLRQ
WHPSHUDWXUH� 7R PDNH VXUH WKDW 1+� LV FRQWDLQHG SURSHUO\� GRXEOH�ZDOOHG WDQN V\VWHPV DUH DSSOLHG�
%RLO�RII JDV LV DOVR SUHVHQW LQ 1+� VWRUDJH� ,Q WKLV FDVH� GXH WR WKH IDFW WKDW 1+� LV VWRUHG DW D UHODWLYHO\
KLJK WHPSHUDWXUH �FRPSDUHG WR /+�� DQG WKH ERLO�RII UDWH RI 1+� LV ORZ >�@� UH�OLTXLI\LQJ WKH JDVHRXV
1+� LV WKH DVVXPHG SURFHVV�

���� &RQFHSWXDO +\GURJHQ ([SRUW 3RUW 5HTXLUHPHQWV LQ 5tR 1HJUR
,Q WKLV VHFWLRQ WKH FRQFHSWXDO UHTXLUHPHQWV IRU D K\GURJHQ H[SRUW SRUW ZLOO EH LGHQWLILHG� )LUVWO\� WKH
ERXQGDU\ FRQGLWLRQV IRU WKH 5tR 1HJUR K\GURJHQ SRUW DUH OLVWHG� 7KLV ZLOO IRUP WKH VFRSH DQG EDVLV RI
WKH SRUW UHTXLUHPHQWV GHWHUPLQHG ODWHU LQ WKLV FKDSWHU� 6HFRQGO\� WKH GLIIHUHQW DVVHWV RI WKH SRUW DUH
GHVFULEHG� ,Q )LJXUH ��� D VFKHPDWLF DQG SUHOLPLQDU\ OD\RXW RQ WKH SRUW LV VKRZQ� 7KH ILJXUH VKRZV WKH
PRVW HVVHQWLDO UHTXLUHG SRUW DVVHWV� ,Q WKH IROORZLQJ VHFWLRQV DQ EULHI HODERUDWLRQ LV JLYHQ RQ HDFK RI
WKH DVVHWV� 7KH DVVHWV DUH GLYLGHG LQWR WKUHH FDWHJRULHV� 3DUW ,� +LQWHUODQG� 3DUW ,,� 3URGXFWLRQ� 6WRUDJH
DQG /RDGLQJ� 3DUW ,,,� %HUWKLQJ DQG 0RRULQJ� 3DUW ,9� 6DIHW\ UHTXLUHPHQWV� :KHQ SRVVLEOH� D FUXGH
HVWLPDWH LV JLYHQ RQ WKH VSDWLDO GLPHQVLRQV RI WKH GLIIHUHQW DVVHWV�

������ $VVXPHG %RXQGDU\ &RQGLWLRQV
+\GURJHQ FDUULHU
5HVXOWLQJ IURP WKH LQWHUYLHZ ZLWK *RQ]DOR 0HGLQD �VHH $SSHQGL[ $���� WKH K\GURJHQ FDUULHU XVHG IRU
H[SRUW LV DVVXPHG WR EH $PPRQLD� +RZHYHU� LW LV FRQVLGHUHG SUREDEOH WKDW WKH WUDQVSRUW RI OLTXLG
K\GURJHQ ZLOO EH FRPPRQ LQ WKH IXWXUH�

&RQFHSWXDO SRUW OD\RXW
7KH DPPRQLD SRUW KDV GLVWLQFW HOHPHQWV WKDW HDFK IDFLOLWDWH DQ HVVHQWLDO IXQFWLRQ� 7KH VFKHPDWLF
RYHUYLHZ EHORZ LQGLFDWHV WKH LQSXW� WKH SURFHVVHV� DQG WKH RXWSXW RI GLIIHUHQW HOHPHQWV� VHH )LJXUH ����



���� &RQFHSWXDO +\GURJHQ ([SRUW 3RUW 5HTXLUHPHQWV LQ 5tR 1HJUR ��

)LJXUH ���� )ORZ GLDJUDP RI SRUW V\VWHP�

(OHFWULFLW\ HQWHULQJ WKH SRUW DUHD QHHGV WR EH FRQYHUWHG IURP DOWHUQDWLQJ� WR GLUHFW�FXUUHQW� DQG IURP KLJK�
WR ORZ�YROWDJH ZLWK WKH XVDJH RI SRZHU FRQYHUVLRQ LQVWDOODWLRQV� 7KH ZDWHU VRXUFH LV H[SHFWHG WR EH
VDOW ZDWHU� ZKLFK KDV WR EH GHPLQHUDOLVHG� 7KLV LV H[SHFWHG WR EH SHUIRUPHG ZLWKLQ D UHYHUVH RVPRVLV
LQVWDOODWLRQ� %RWK WKH FRQYHUWHG HOHFWULFLW\ DQG WKH GHPLQHUDOLVHG ZDWHU DUH IHG LQWR WKH HOHFWURO\VHU�
ZKLFK SURGXFHV ORZ�GHQVLW\ SXUH R[\JHQ �2�� DQG ORZ�GHQVLW\ SXUH K\GURJHQ �+��� 7KH SXUH R[\JHQ
JDV LV D E\SURGXFW ZKLFK FRXOG EH VWRUHG DQG VROG WR YDULRXV LQGXVWULHV� )RU VLPSOLFLW\� R[\JHQ JDV LV
FRQVLGHUHG WR EH D ZDVWH SURGXFW DQG LV GLUHFWO\ UHOHDVHG LQWR WKH DWPRVSKHUH� 7KH SXUH EXW ORZ�GHQVLW\
K\GURJHQ LV IHG LQWR D VWRUDJH WDQN �SRVVLEO\ LQ FRPSUHVVHG IRUP�� 7KH HOHFWULILHG +DEHU�%RVFK SODQW
KDV WZR LQSXWV� SXUH QLWURJHQ JDV DQG SXUH K\GURJHQ JDV� 7KH SXUH QLWURJHQ JDV LV FROOHFWHG IURP WKH
ORFDO DWPRVSKHUH XVLQJ DQ DLU VHSDUDWRU� DIWHU WKH QLWURJHQ JDV KDV EHHQ IRUPHG LW LV IHG WR D VWRUDJH
WDQN� 7KH HOHFWULILHG +DEHU�%RVFK SODQW UHWULHYHV WKH SXUH K\GURJHQ DQG QLWURJHQ JDV IURP WKH VWRUDJH
WDQNV� ZKLFK DOORZ IRU VRPH EXIIHU ZKHQ GHPDQG DQG SURGXFWLRQ DUH QRW HTXDO� DQG SURGXFHV VROHO\
DPPRQLD ZKLFK LV WKHQ IHG LQWR ODUJH VWRUDJH WDQNV� 7KHVH VWRUDJH WDQNV VWRUH WKH SURGXFHG YROXPH
RI DPPRQLD XQWLO LW LV UHWULHYHG E\ WKH /LTXLILHG 1DWXUDO *DV �/1*� WDQNHU WKDW WUDQVSRUWV LW WR WKH FOLHQW�

,Q )LJXUH ��� D VFKHPDWLF DQG SUHOLPLQDU\ OD\RXW RQ WKH SRUW LV VKRZQ� 7KH ILJXUH VKRZV WKH PRVW
HVVHQWLDO UHTXLUHG SRUW DVVHWV DQG WKH H[WHUQDO FRQGLWLRQV�
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)LJXUH ���� &RQFHSWXDO SRUW OD\RXW�

3RUW SODQQLQJ SKDVHV
)RUWHVFXH SODQV WR LQFUHDVH HQHUJ\ SURGXFWLRQ ZLWK �*: HDFK \HDU XQWLO LW UHDFKHV �� *: >��@� :LWK
WKHVH FRQGLWLRQV WKH IROORZLQJ SKDVHV LQ WKH SRUW SODQQLQJ VKRZQ LQ 7DEOH ��� DUH FRQVLGHUHG VWDUWLQJ
IURP WKH ILUVW \HDU RI RSHUDWLRQ� 'XH WR WKH XQFHUWDLQWLHV RI WKH JOREDO GHYHORSLQJ K\GURJHQ PDUNHW� WKH
ORQJ�WHUP SODQQLQJ SKDVH NHSW RXW RI WKH VFRSH RI WKLV UHVHDUFK�

6FHQDULR +RUL]RQ >\HDUV@ &KDQJHV &DSDFLW\ >*:@ &DUULHU
6KRUW�WHUP � 0LQRU OD\�RXW FKDQJHV � 1+�
0HGLXP�WHUP � )LUVW SKDVH RI WKH PDVWHUSODQ �� 1+�
/RQJ�WHUP � 3RUW PDVWHUSODQ � 1+� RU +�

7DEOH ���� 3RUW SODQQLQJ SKDVHV�

([SHFWHG YHVVHOV
$PPRQLD LV WUDQVSRUWHG LQ SULVPDWLF /1* FDUULHUV >��@ DW ��� ◦& >�@� 7KH FKDUDFWHULVWLFV RI WKHVH VKLSV
DUH JLYHQ E\ )LJXUH ���� ,QLWLDOO\ LW LV DVVXPHG WKDW YHVVHOV ZLWK DQ DSSUR[LPDWH FDSDFLW\ RI ������ P�

ZLOO FDOO DW WKH SRUW� 7KHVH YHVVHOV DUH DVVXPHG RI VXIILFLHQW VL]H IRU WKH VKRUW�WHUP SKDVH� 7KH FDSDFLW\
RI WKLV W\SH RI YHVVHO ZLOO UHVXOW LQ DURXQG �� DQQXDO SRUW FDOOV LQ WKH VKRUW�WHUP SKDVH� DV FDQ EH VHHQ
LQ 7DEOH ���� ,Q WKH PHGLXP WHUP� XVLQJ WKLV YHVVHO ZRXOG UHVXOW LQ DQ LQFUHDVH RI WKH DPRXQW RI FDOOV
WR ��� FDOOV DQQXDOO\� $V WKLV DPRXQW RI FDOOV LV QRW IDYRXUDEOH ORJLVWLFDOO\ DQG HFRQRPLFDOO\ D ODUJHU
YHVVHO VKRXOG EH XVHG LQ WKH PHGLXP�WHUP SODQQLQJ� ,W LV WKHUHIRUH DVVXPHG WKDW DOO RI WKH YHVVHOV
VKRZQ LQ )LJXUH ��� QHHG WR EH DEOH WR FDOO DW WKH SRUW� )RU FDOFXODWLRQ SXUSRVHV UHJDUGLQJ WKH PHGLXP
WHUP� D YHVVHO ZLWK DQ DSSUR[LPDWH FDSDFLW\ RI ������� P� LV DVVXPHG�

)LJXUH ���� &KDUDFWHULVWLFV RI 3ULVPDWLF /1* FDUULHUV >��@�

1H[W WR WKDW� LW LV DVVXPHG )RUWHVFXH ZLOO ZDQW VWULFW FRQWURO RYHU WKH DYDLODELOLW\ RI YHVVHOV IRU H[SRUW�
(LWKHU WKURXJK DFTXLVLWLRQ RI WKHLU RZQ FDUJR IOHHW RU VWULFW FRQWUDFWV ZLWK DQ /1* FKDUWHULQJ FRPSDQ\� ,Q
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WKLV ZD\ WKH DUULYDO RI WKH YHVVHOV ZLOO EH RQ�GHPDQG� LQVWHDG RI DQ XQFHUWDLQW\ EDVHG RQ WKH DYDLODELOLW\
RI /1* FDUULHUV LQ WKH PDUNHW�

$PPRQLD SURGXFWLRQ
7KH WRWDO DQQXDO DPPRQLD SURGXFWLRQ LV GHWHUPLQHG IRU WKH VKRUW� DQG PHGLXP WHUP LQ RUGHU WR JHW D
ILUVW�RUGHU HVWLPDWH RI WKH WRWDO WKURXJKSXW RI WKH 5tR 1HJUR SRUW� 7KH FDOFXODWLRQ ZDV EDVHG RQ FHUWDLQ
HIILFLHQF\ UDWHV SUHVHQWHG LQ WDEOH ����

3URFHVV )DFWRU
:LQG WXUELQH FDSDFLW\ ���
(OHFWURO\VLV HIILFLHQF\ ���
+DEHU�%RVFK HIILFLHQF\ ����

7DEOH ���� $VVXPHG V\VWHP HIILFLHQF\ >��@>��@�

6FHQDULR &DSDFLW\
�*:�

<HDUO\ $PPRQLD 3UR�
GXFWLRQ �P��\U�

'HVLJQ 9HVVHO 6WRUDJH
�P��

&DOOV SHU \HDU

6KRUW�WHUP � ����
��� ������ ����
0HGLXP�WHUP �� ����
��� ������� ����

7DEOH ���� $QQXDO DPPRQLD SURGXFWLRQ DQG FRUUHVSRQGLQJ FDOOV�

������ 3DUW ,� +LQWHUODQG
+LJK YROWDJH SRZHU WUDQVPLVVLRQ
7KH SURGXFWLRQ IDFLOLWLHV QHHG WR EH VXSSOLHG ZLWK HOHFWULF SRZHU WR SURGXFH DPPRQLD� 7R FRQQHFW WKH
SURGXFWLRQ IDFLOLWLHV WR WKH IXWXUH ZLQG SDUNV LQODQG� D KLJK YROWDJH RYHUKHDG SRZHU WUDQVPLVVLRQ OLQH LV
UHTXLUHG�

+LQWHUODQG DFFHVVLELOLW\
$ FRQQHFWLRQ ZLWK WKH KLQWHUODQG E\ URDG LV UHTXLUHG IRU DFFHVV WR HPSOR\HHV� FRQVWUXFWLRQ PDWHULDOV
DQG PDLQWHQDQFH�

������ 3DUW ,,� 3URGXFWLRQ� 6WRUDJH DQG /RDGLQJ
7KLV VHFWLRQ JLYHV D VPDOO RYHUYLHZ RI WKH GLIIHUHQW HOHPHQWV ZLWKLQ SRUW WHUPLQDO QHHGHG IRU WKH SUR�
GXFWLRQ DQG VWRUDJH�

(OHFWURO\VHU IDFLOLW\
7KH HOHFWURO\VHU IDFLOLW\ LV EXLOG XS RI � VXE�HOHPHQWV� WKH HOHFWURO\VHU LWVHOI� WKH UHYHUVH�RVPRVLV IDFLOLW\�
DQG WKH SRZHU FRQYHUVLRQ IDFLOLW\�

µ+\GURKXE ,QQRYDWLRQ 3URJUDP¶ KDV SUHVHQWHG D SXEOLF UHSRUW IRU D �*: HOHFWURO\VHU IDFLOLW\ ZKLFK LV
WDNHQ DV UHIHUHQFH IRU WKLV SURMHFW �+\GURKXE ,QQRYDWLRQ 3URJUDP� ������ 7KH ´+\GURKXE´ HOHFWURO\VHU
JLYHV DQ LPSUHVVLRQ RI WKH VL]H RI WKH IDFLOLWLHV IRU D �*: �3(0� HOHFWURO\VHU� 7KH GHVLJQ WDNHV LQWR
DFFRXQW HQRXJK VSDFH IRU URDGV� DFFHVVLELOLW\ RI DOO IDFLOLWLHV� PDLQWHQDQFH� DQG SLSH� DQG FDEOH URXWLQJ�

7KH HOHFWURO\VHU ZLOO UHTXLUH � *: RI SURGXFWLRQ FDSDFLW\ LQLWLDOO\ DQG JURZ ZLWK � *: HDFK \HDU XQWLO LW
UHDFKHV ��*: >��@� 6L]HV DUH DVVXPHG WR LQFUHDVHG SURSRUWLRQDOO\� 3URSRUWLRQDO JURZWK LV DVVXPHG
DQ XSSHU�ERXQG HVWLPDWH RI WKH DFWXDO VL]H RI WKH HOHFWURO\VHU IDFLOLW\ VLQFH QRW DOO DUHDV KDYH WR LQFUHDVH
SURSRUWLRQDOO\ �URDGV� DUHDV QHHGHG IRU PDLQWHQDQFH� HWF��
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)LJXUH ����� 5HIHUHQFH �*: HOHFWURO\VHU SURSRVHG E\ ´+\GURKXE´ >�@�

3URMHFW 7HFKQRORJ\ &DSDFLW\ 6SDFH 5HTXLUHG
´+\GURKXE GHVLJQ´ 3(0 � *: �� KD
5tR 1HJUR 6KRUW�WHUP 3(0 � *: �� KD
5tR 1HJUR 0HGLXP�WHUP 3(0 �� *: ��� KD

7DEOH ���� 6L]H LQGLFDWLRQ RI WRWDO HOHFWURO\VHU IDFLOLWLHV IRU WKH VKRUW� DQG PHGLXP WHUP EDVHG RQ ´+\GURKXE´ �*: HOHFWURO\VHU�

$PPRQLD 3ODQW
7UDGLWLRQDO DPPRQLD SURGXFWLRQ SODQWV PDNH XVH RI WKH +DEHU�%RVFK SURFHVV� ,Q RUGHU WR PDNH DP�
PRQLD SURGXFWLRQ D QRQ�SROOXWLQJ LQGXVWU\� D PRGLILFDWLRQ RI WUDGLWLRQDO WKH WHFKQRORJ\ LV QHHGHG� WKLV LV
FDOOHG WKH HOHFWULILHG +DEHU�%RVFK SURFHVV >��@� 7KLV QRYHO WHFKQRORJ\ RQO\ QHHGV SXUH K\GURJHQ� DQG
SXUH QLWURJHQ JDV IRU SURGXFLQJ DPPRQLD�

:LWKLQ WKLV VWXG\� WKH HOHFWULILHG +DEHU�%RVFK SURFHVV LV DVVXPHG IHDVLEOH LQ WKH QHDU IXWXUH IRU ODUJH
VFDOH SURGXFWLRQ DQG FRPSDWLEOH ZLWK LQWHUPLWWHQW HQHUJ\ VRXUFHV� 7KH SODQW VL]H RI WKH JUHHQ DPPRQLD
IDFWRU\ LV DVVXPHG HTXDO WR PRGHUQ WUDGLWLRQDO DPPRQLD SURGXFWLRQ SODQWV RI VLPLODU SURGXFWLRQ FDSDF�
LW\� 7KH DPPRQLD SURGXFWLRQ SODQW LQ 3LOEDUD� $XVWUDOLD� IURP WKH IHUWLOLVHU FRPSDQ\ <$5$ LV WDNHQ DV
D UHIHUHQFH� 7KLV SODQW LV RQH RI WKH ODUJHVW DPPRQLD IDFWRULHV ���� 7RQV�\� DQG UHODWLYHO\ PRGHUQ
�FRQVWUXFWHG LQ -XQH ������ WKH FKDUDFWHULVWLFV RI WKH SODQW DUH DGGHG EHORZ DQG VL]H LQGLFDWLRQV DUH
JLYHQ IRU WKH VKRUW DQG PHGLXP WHUP LQ 7DEOH ����
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)LJXUH ����� 3LOEDUD DPPRQLD SODQW� $XVWUDOLD�

3URMHFW 7HFKQRORJ\ &DSDFLW\ 6SDFH 5HTXLUHG
<$5$ 3LOEDUD 7UDGLWLRQDO +DEHU�%RVFK ������� W�\U �� KD
5tR 1HJUR 6KRUW�WHUP (OHFWULILHG +DEHU�%RVFK ������� W�\U �� KD
5tR 1HJUR 0HGLXP�WHUP (OHFWULILHG +DEHU�%RVFK ��������� W�\U ��� KD

7DEOH ���� 6L]H LQGLFDWLRQ RI WRWDO DPPRQLD SODQW IRU WKH VKRUW� DQG PHGLXP WHUP EDVHG RQ 3LOEDUD DPPRQLD SODQW�

$PPRQLD VWRUDJH
)RU WKH $PPRQLD VWRUDJH� VHYHUDO SULVPDWLF VWRUDJH XQLWV DUH UHTXLUHG� 3UHVXPDEO\ XQLWV WKDW FDQ VWRUH
WKH DPPRQLD DW ��� ƕ&� ,W LV DVVXPHG WKDW DPPRQLD LV H[SRUWHG RQ GHPDQG� 8VLQJ WKLV DVVXPSWLRQ�
WKH WLPH YDULDELOLW\ RI WKH SURGXFHG YROXPH DQG WKH YHVVHO DUULYDO LV H[FOXGHG DQG WKH GLPHQVLRQV RI WKH
VWRUDJH IDFLOLW\ ZLOO RQO\ EH EDVHG RQ WKH VWRUDJH FDSDFLW\ RI WKH H[SHFWHG YHVVHO�

)RU WKH VKRUW�WHUP� �����m3 ZLOO EH WKHPLQLPXP UHTXLUHG VWRUDJH YROXPH� WKLV YROXPH � ,W LV VXJJHVWHG
WKDW WKH GLPHQVLRQV RI WKH VWRUDJH IDFLOLW\ VKRXOG KDYH D PDUJLQ RQ WKH PLQLPXP UHTXLUHG VWRUDJH
YROXPH� 7KLV VWRUDJH IDFLOLW\ RI WZLFH PLQLPXP UHTXLUHG VWRUDJH YROXPH LV WKHUHIRUH SURSRVHG� 7KLV LV
������ m3�

7R DFFRPPRGDWH VWRUDJH RI WKHVH HQRUPRXV TXDQWLWLHV RI DPPRQLD� WKH ODUJHVW DPPRQLD WDQNV H[LVWLQJ
WRGD\ DUH WDNHQ DV UHIHUHQFH� WKH 4$)&2 VWRUDJH WDQNV� 7KHVH WDQNV DUH IODW�ERWWRPHG� VWRUH XS WR
������ P� DQG KDYH D GLDPHWHU RI �� PHWHUV >��@�
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)LJXUH ����� 4$)&2 VWRUDJH WDQNV ������� P��� 0HVDLHHG�

6FHQDULR 6WRUDJH 5HTXLUHG 1XPEHU RI 7DQNV 6SDFH 5HTXLUHG
6KRUW�WHUP ������� P� � ��� KD
0HGLXP�WHUP ������� P� � ��� KD

7DEOH ���� 6L]H LQGLFDWLRQ RI DPPRQLD VWRUDJH LQ IODW�ERWWRP WDQNV IRU WKH VKRUW� DQG PHGLXP WHUP EDVHG RQ 4$)&2 VWRUDJH
WDQNV� PHVDLHHG�

/RDGLQJ LQIUDVWUXFWXUH
)RU ORDGLQJ WKH VKLSV WKUHH PDLQ FRPSRQHQWV DUH UHTXLUHG� FU\RJHQLF SLSHOLQHV� /1* WUDQVIHU V\VWHPV
DQG SXPSV� 7KH OHQJWK RI WKH FU\RJHQLF SLSHOLQHV VKRXOG EH DV VPDOO DV SRVVLEOH� DV WKH\ DUH H[SHQVLYH
DQG DGG KHDW WR WKH WUDQVSRUWHG DPPRQLD� +RZHYHU� LW LV QHFHVVDU\ WR DQWLFLSDWH RQ VXGGHQ YROXPH
FKDQJHV RI WKH DPPRQLD E\ FRQVWUXFWLQJ ORRSV LQ WKH SLSHOLQH >��@� )RU WKH WUDQVIHU V\VWHP� HLWKHU
D PDULQH ORDGLQJ DUP RU D IOH[LEOH KRVH WUDQVIHU V\VWHP� 3XPSV FRXOG EH SODFHG RQ WKH MHWW\� RU WKH
YHVVHOV RQ ERDUG SXPSV FRXOG EH XVHG�

-HWW\
$ MHWW\ LV D VKRUH�FRQQHFWHG VWUXFWXUH RYHU ZDWHU WR ZKLFK YHVVHOV FDQ EH PRRUHG� 6XFK D VWUXFWXUH LV
UHTXLUHG WR DFFRPPRGDWH WKH DPPRQLD ORDGLQJ LQIUDVWUXFWXUH� 7KH MHWW\ VKRXOG UHDFK DV IDU RII�VKRUH
XQWLO WKH UHTXLUHG ZDWHU GHSWK IRU WKH H[SHFWHG YHVVHOV� 7KH OHQJWK RI WKH MHWW\ LV SUHIHUDEO\ DV VKRUW D
SRVVLEOH WR UHGXFH FDSLWDO DQG PDLQWHQDQFH FRVWV RI ERWK WKH MHWW\ DQG WKH ORDGLQJ LQIUDVWUXFWXUH� 7KH
OHQJWK RI WKH MHWW\ HYHQWXDOO\ GHSHQGV RQ WKH ORFDO EDWK\PHWU\ DQG WKH UHTXLUHG ZDWHU GHSWK�

$Q RWKHU MHWW\ LV UHTXLUHG IRU XQORDGLQJ WKH SRUW FRQVWUXFWLRQ PDWHULDOV� ,PSRUWLQJ WKH FRQVWUXFWLRQ PD�
WHULDOV ZLWKLQ WKH )7= LV HFRQRPLFDOO\ EHQHILFLDO IRU WKH HVWDEOLVKPHQW RI WKH SRUW� ,W LV H[SHFWHG WKDW
WKHVH FRQVWUXFWLRQ PDWHULDOV ZLOO EH XQORDGHG DW D TXD\ ZDOO ZLWK FUDQHV DQG RWKHU QHFHVVDU\ XQORDGLQJ
LQIUDVWUXFWXUH� )XUWKHUPRUH� LW LV PHQWLRQHG WKDW WKLV VHFRQGDU\ MHWW\ PLJKW EH WHPSRUDU\ �VHH $SSHQGL[
$���

,I RQH MHWW\ LV DEOH WR IDFLOLWDWH ERWK WKH LPSRUW RI FRQVWUXFWLRQ PDWHULDOV DQG WKH H[SRUW RI DPPRQLD� RQH
MHWW\ LV SUHIHUUHG�
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������ 3DUW ,,,� %HUWKLQJ DQG 0RRULQJ
5HTXLUHG GHSWKV
7KH PLQLPXP UHTXLUHG GHSWK LV GHILQHG DV WKH GHSWK WKDW PXVW EH LPSOHPHQWHG IRU WKH DSSURDFK FKDQ�
QHO� PDQRHXYULQJ VSDFHV DQG EHUWKLQJ SRVLWLRQ�7KLV GHSWK LV EDVHG RQ WKH GHWHUPLQLVWLF SODQQLQJ VWDJH
IRUPXOD IRU WKH DFFHVV FKDQQHO� 7KLV IRUPXOD LV JLYHQ EHORZ >��@

d = Ds − T + smax + r +m �����

,Q WKLV HTXDWLRQ�

� Ds LV WKH GUDXJKW RI WKH GHVLJQ YHVVHO�
� T LV WKH WLGDO UHVWULFWLRQ�
� smax LV WKH VLQNDJH� $V D UXOH RI WKXPE smax  ��� P�
� r LV WKH UHVSRQVH WR ZDYHV� 7KLV LV Hs/2(m)

� m LV D VDIHW\ PDUJLQ� 7KLV LV ��� P IRU VRIW PXG DQG ��� P IRU URFN >��@�

7KH ORDGLQJ WLPH RI D YHVVHO RI ������ P� LV DSSUR[LPDWHO\ �� KRXUV >��@� 7KHUHIRUH� LW LV H[SHFWHG
WKDW IRU WKH YHVVHOV WKDW DUH H[SHFWHG LQ WKH VKRUW�WHUP� D WLGDO ZLQGRZ FDQ EH LPSOHPHQWHG� +RZHYHU�
LQ WKH ORQJ�WHUP� GXH WR WKH WLPH UHTXLUHG IRU ORDGLQJ RI WKH YHVVHO� QR WLGDO ZLQGRZ FDQ EH LPSOHPHQWHG
HIIHFWLYHO\�

)HQGHUV 	 EUHDVWLQJ GROSKLQV
7KH IROORZLQJ UHOHYDQW FRQVLGHUDWLRQV DUH PHQWLRQHG LQ 3,$1& ���>��@�

� )HQGHU V\VWHPV DQG EUHDVWLQJ GROSKLQV VKRXOG EH SRVLWLRQHG DORQJ WKH SDUDOOHO ERG\ RI WKH YHVVHO
ZKHQ EHUWKHG

� 7KH VSDFLQJ RI SULPDU\ IHQGHUV VKRXOG FRQVLGHU WKH JHRPHWU\ RI WKH UDQJH RI YHVVHOV WR EH EHUWKHG
� $ PLQLPXP RI WZR EUHDVWLQJ GROSKLQV VKRXOG EH SURYLGHG� DOWKRXJK IRXU GROSKLQV PD\ EH UHTXLUHG
WR DFFRPPRGDWH WKH UDQJH RI YHVVHOV

� $W OHDVW WZR IHQGHUV �RQH DW HLWKHU VLGH RI WKH SODWIRUP� VKRXOG PDNH IXOO�IDFH FRQWDFW ZLWK WKH
SDUDOOHO ERG\ RI WKH YHVVHO� 7KH VSDFLQJ EHWZHHQ RXWHU EUHDVWLQJ GROSKLQV VKRXOG EH EHWZHHQ
���� DQG ���� OHQJWK RYHUDOO �/2$� RI WKH PD[LPXP VL]HG YHVVHO H[SHFWHG WR FDOO DW WKH SRUW� 7KH
VSDFLQJ EHWZHHQ WKH LQQHU EUHDVWLQJ GROSKLQV VKRXOG EH DSSUR[LPDWHO\ ���� WR ���� /2$ RI WKH
PLQLPXP VL]HG YHVVHO H[SHFWHG WR FDOO DW WKH SRUW SHU 2&,0) >��@� 6HH ILJXUH ����

)LJXUH ����� 9LVXDOLVDWLRQ RI UHTXLUHG IHQGHU VSDFLQJ >��@�
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0RRULQJ
$ PRRULQJ DUUDQJHPHQW QHHGV WR EH PDGH IRU WKH SRUW� $Q LGHDOLVHG PRRULQJ DUUDQJHPHQW IRU D PXOWL�
GLUHFWLRQDO HQYLURQPHQW LV VKRZQ LQ )LJXUH ����� $ PRRULQJ DUUDQJHPHQW FRXOG DOVR FRQVLVW RI H[LVWLQJ
PRRULQJ EXR\V LQVWHDG RI WKH PRRULQJ GROSKLQV VKRZQ LQ WKH ILJXUH� 7KH PRRULQJ DUUDQJHPHQW VKRXOG
EH HTXLSSHG ZLWK D TXLFN UHOHDVH V\VWHP WR DOORZ IRU TXLFN H[LW RI YHVVHOV LQ HPHUJHQF\ VLWXDWLRQV DQG
VDIH OLQH KDQGOLQJ�

)LJXUH ����� ,GHDO PRRULQJ DUUDQJHPHQW IRU D PXOWL�GLUHFWLRQDO HQYLURQPHQW >��@�

7XJERDW DVVLVWDQFH
%HUWKLQJ /1* YHVVHOV UHTXLUHV WKH DVVLVWDQFH RI PXOWLSOH WXJERDWV� 'HSHQGLQJ RQ WKH UHJXODWLRQV RI
WKH 3UHIHFWXUD� SRVVLEO\ WKUHH RU IRXU WXJERDWV DUH UHTXLUHG� ,QLWLDOO\ ZLWK D OLPLWHG DPRXQW RI FDOOV WKHVH
WXJERDWV FRXOG FRPH IURP DQRWKHU SRUW OLNH 6DQ $QWRQLR DV ZDV GRQH LQ WKH SDVW �VHH $SSHQGL[ $����
:KHQ WKH DPRXQW RI FDOOV LQFUHDVHV LW PLJKW EH EHWWHU WR DFFRPPRGDWH SHUPDQHQW WXJERDWV DW WKH SRUW
LWVHOI�

2SHUDWLQJ OLPLWV
,Q WHUPV RI QDXWLFDO VDIHW\� OLTXLG K\GURJHQ LV QRW H[SHFWHG WR EH PRUH GDQJHURXV WKDQ /1*� +RZHYHU�
H[SRUWLQJ 1+� LV FRQVLGHUHG WR EHPRUH FKDOOHQJLQJ� ,Q WKH ILUVW DSSOLFDWLRQV VWULFW UXOHV FDQ EH H[SHFWHG
ZKLFK ZLOO SUREDEO\ EH UHOD[HG ZKHQ H[SHULHQFH LV JDLQHG >�@� 7R PDNH D ILUVW HVWLPDWH RI WKH QDXWLFDO
VDIHW\ UHTXLUHPHQWV DQG RSHUDWLQJ OLPLWV IRU PDULQH RLO DQG SHWURFKHPLFDO WHUPLQDOV H[SRUW DUH XVHG
VKRZQ LQ ILJXUH ����� )RU WKHVH OLPLWV LW LV FRQVHUYDWLYHO\ DVVXPHG WKDW WKH GLIIHUHQW HQYLURQPHQWDO OLPLWV
DFW VLPXOWDQHRXVO\� $Q\ ORFDWLRQ FRQVLGHUHG PXVW QRW H[FHHG WKHVH YDOXHV UHJXODUO\� RU WKH YDULRXV
DUHDV QHHG WR EH SURWHFWHG�
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)LJXUH ����� ,QGLFDWLYH RSHUDWLQJ OLPLWV E\ 3,$1& ��� >��@�

������ 3DUW ,9� 6DIHW\ 5HTXLUHPHQWV
5LVNV RI KDQGOLQJ DPPRQLD
$PPRQLD KDV D KLJK WR[LFLW\�OHYHO� ,I OLTXLG DPPRQLD LV OHDNHG IURP VWRUDJH XQLWV RU IURP WUDQVSRUW
SLSHOLQHV� D GHQVH FORXG ZLOO EH IRUPHG LQ WKH DWPRVSKHUH ZKLFK ZLOO SURSDJDWH FORVH WR WKH JURXQG
VXUIDFH EHFDXVH RI LWV UHODWLYH GHQVLW\ >�@� $W YHU\ KLJK FRQFHQWUDWLRQV� DPPRQLD FDQ JHW LQWR WKH
GHHSHU DLUZD\V FDXVLQJ GDPDJH WR WKH OXQJV DQG SRVVLEOH GHDWK >��@� 1H[W WR WKH KHDOWK ULVNV IRU VWDII
DQG ORFDO LQKDELWDQWV� DPPRQLD OHDNDJH FDXVHV VHYHUH GDPDJH WR QDWXUH�

$PPRQLD LV QRW HDVLO\ IODPPDEOH� ,Q FRPSDULVRQ ZLWK QDWXUDO JDV RU JDVROLQH YDSRXU� YHU\ KLJK FRQ�
FHQWUDWLRQV RI DPPRQLD DUH QHHGHG IRU DQ H[SORVLRQ WR RFFXU >�@� ´$ SRVVLEOH DPPRQLD ILUH JLYHV RQO\ D
OLPLWHG KD]DUG� EHFDXVH RQO\ YHU\ OLWWOH KHDW UDGLDWLRQ RFFXUV IURP WKH ILUH WR WKH HQYLURQPHQW� 7KH SURE�
DELOLW\ RI D ILUH RU H[SORVLRQ DULVLQJ H[LVWV DOPRVW H[FOXVLYHO\ LQ SRRUO\ YHQWLODWHG VSDFHV� 7KH PLQLPXP
LJQLWLRQ HQHUJ\ LV ��� P- �WKLV LV DSSUR[LPDWHO\ ������ WLPHV DV ODUJH DV IRU K\GURJHQ��´ >��@�

3UDFWLFDO UHTXLUHPHQWV
7KH 'HSDUWPHQW RI /DERU RI WKH 8QLWHG 6WDWHV KDV SXEOLVKHG WKH 6DIHW\ DQG +HDOWK 6WDQGDUGV IRU
VWRUDJH DQG KDQGOLQJ RI DQK\GURXV DPPRQLD� 7KH PRVW LPSRUWDQW VDIHW\ VWDQGDUGV DUH OLVWHG EHORZ WR
JHW D SUHOLPLQDU\ XQGHUVWDQGLQJ RI WKH SRUW OD\RXW UHTXLUHPHQWV�

� &\OLQGHUV VKDOO EH VWRUHG LQ VXFK PDQQHU DV WR SURWHFW WKHP IURP PRYLQJ YHKLFOHV RU H[WHUQDO
GDPDJH�

� 6WRUDJH DUHDV VKDOO EH NHSW IUHH RI UHDGLO\ LJQLWDEOH PDWHULDOV VXFK DV ZDVWH� ZHHGV� DQG ORQJ GU\
JUDVV�

� 3HUPDQHQW VWRUDJH FRQWDLQHUV VKDOO EH ORFDWHG DW OHDVW �� IHHW IURP D GXJ ZHOO RU RWKHU VRXUFHV
RI SRWDEOH ZDWHU VXSSO\� XQOHVV WKH FRQWDLQHU LV D SDUW RI D ZDWHU�WUHDWPHQW LQVWDOODWLRQ�

� 6HFXUH DQFKRUDJH RU DGHTXDWH SLHU KHLJKW VKDOO EH SURYLGHG DJDLQVW FRQWDLQHU IORWDWLRQ ZKHUHYHU
VXIILFLHQWO\ KLJK IORRG ZDWHU PLJKW RFFXU >��@�

7KH 3RUW RI $PVWHUGDP KDV H[HFXWHG D VWXG\ RQ H[WHUQDO VDIHW\ DVSHFWV ZKHQ EXQNHULQJ DOWHUQDWLYH
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PDULQH IXHO IRU VHDJRLQJ YHVVHOV� ,Q WKLV VWXG\ WKH PLQLPXP UHTXLUHG GLVWDQFH IURP WKH DPPRQLD
VWRUDJH WR YXOQHUDEOH DUHDV� VXFK DV UHVLGHQWLDO DUHDV DQG KRVSLWDOV� DUH FDOFXODWHG� 7KLV GLVWDQFH LV
EDVHG RQ WKH GXWFK VDIHW\ VWDQGDUGV IRU WR[LF FORXGV� DQ � � SUREDELOLW\ RI GHDG RI DQG XQSURWHFWHG
H[SRVHG SHUVRQ DQG WKH SUREDELOLW\ RI RFFXUUHQFH RI D FHUWDLQ VL]H RI WR[LF FORXGV� )RU OLTXLG DPPRQLD
IORZ UDWHV XS WR ��� m3/s D GLVWDQFH RI ���� PHWHU LV UHTXLUHG DQG IRU IORZ UDWHV XS WR ���� m3/s D
GLVWDQFH RI ���� PHWHU LV UHTXLUHG� 0LQLPXP UHTXLUHG GLVWDQFHV IRU ILUH DQG H[SORVLRQ KD]DUGV DUH QRW
WDNHQ LQWR DFFRXQW IRU DPPRQLD EHFDXVH WKH UHODWLYHO\ ORZ IODPPDELOLW\ >��@�



�
6WDNHKROGHU $QDO\VLV 5HVXOWV

7KLV FKDSWHU DLPV WR DQVZHU VXE�TXHVWLRQ %� µ¶:KDW LQIOXHQFH DQG LQWHUHVWV GR WKH GLIIHUHQW VWDNHKROGHUV
KDYH ZLWKLQ WKLV SURMHFW DQG KRZ FDQ WKH\ EH HQJDJHG HIIHFWLYHO\"¶¶�

$V PHQWLRQHG LQ 6HFWLRQ ���� WKH VWDNHKROGHU DQDO\VLV LV DQ LPSRUWDQW SDUW RI WKH UHDOLVDWLRQ RI WKH
JUHHQ K\GURJHQ SRUW H[SRUW� $FFRUGLQJ WR WKH 3URYLQFH RI 5tR 1HJUR� WKH JUHHQ K\GURJHQ SRUW LQ 5tR
1HJUR EXLOW E\ )RUWHVFXH ZLOO WUDQVSRUW WKH ILUVW VKLS RI DPPRQLD WR (XURSH LQ ���� �VHH $SSHQGL[ $����
)XUWKHUPRUH� WKH SURYLQFH RI 5tR 1HJUR GHVLUHV WR EH D IDFLOLWDWRU LQ WKH FUHDWLRQ RI WKLV SURMHFW LQ WKH
SULYDWH VHFWRU� DQG LV LQWHUHVWHG LQ EXLOGLQJ D JUHHQ K\GURJHQ H[SRUW SRUW IRU RZQ SXEOLF XVH� 7KHVH
ODUJH DPELWLRQV E\ WKH SURYLQFH DQG )RUWHVFXH UHTXLUH VWUDWHJLF PDQDJHPHQW RI WKH VWDNHKROGHUV ZKR
SOD\ D UROH LQ WKH UHDOLVDWLRQ RI WKLV SURMHFW� 'HSHQGLQJ RQ WKHLU OHYHO RI VXSSRUW� WKHLU QHHGV DQG WKHLU
H[SHFWDWLRQV RQ WKH SURMHFW� WKH\ FDQ EH LQYROYHG DSSURSULDWHO\�

)LJXUH ��� GHPRQVWUDWHV WKH SRZHU DQG LQWHUHVW JULG IRU WKH PDLQ VWDNHKROGHUV LQYROYHG ZLWKLQ WKH
SURMHFW�

��
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)LJXUH ���� 6WDNHKROGHU 3RZHU � ,QWHUHVW JULG IRU WKH UHDOLVDWLRQ RI WKH JUHHQ K\GURJHQ H[SRUW SRUW�

���� 'HVFULSWLRQ RI 6WDNHKROGHUV
$GGLWLRQDOO\� D GHWDLOHG XQGHUVWDQGLQJ RI WKH VWDNHKROGHUV DQG WKHLU UROHV LV SURYLGHG�

7KH SURYLQFH RI 5tR 1HJUR
7KH 3URYLQFH RI 5tR 1HJUR� LQ ZKLFK WKH SURMHFW LV VLWXDWHG� KDV H[WUHPHO\ KLJK LQIOXHQFH DQG LQWHUHVW LQ
WKH SURMHFW� 7KH DGGLWLRQ RI D JUHHQ K\GURJHQ H[SRUW SRUW LQ WKH SURYLQFH FUHDWHV DQ LPPHQVH HFRQRPLF
EHQHILW IRU WKH UHJLRQ� DQG DOORZV WKHP WR FRPSHWH RQ D ZRUOGZLGH VFDOH� 7KHLU KLJK LQWHUHVW LQ WKH
SURMHFW LV GHPRQVWUDWHG LQ WKHLU DPELWLRQV IRU WKH K\GURJHQ SRWHQWLDO LQ WKHLU SURYLQFH� ZKLFK LV YLVLEOH
WKURXJK WKHLU SXEOLFDWLRQV >��@� $GGLWLRQDOO\� WKH 3URYLQFH RI 5tR 1HJUR KROGV KLJK EORFNLQJ SRZHU� 7KH
SURYLQFHV LQ $UJHQWLQD DUH IXOO\ DXWRQRPRXV� WKH\ RZQ DQGPDQDJH WKHLU QDWXUDO DQG ILQDQFLDO UHVRXUFHV
>�@� 7KLV UHVXOWV LQ WKHLU SRZHU WR EORFN RU DGYDQFH WKH SURFHVV RI WKH SURMHFW�

)RUWHVFXH
)RUWHVFXH LV WKH GHYHORSHU DQG LQYHVWRU RI WKH K\GURJHQ SRUW DW 3XQWD &RORUDGD 0XHOOH� )RUWHVFXH LV
LQYHVWLQJ ��� ELOOLRQ GROODUV IRU WKH JUHHQ K\GURJHQ SODQ >��@� 7KLV OHDYHV WKH SDUW\ ZLWK D KLJK OHYHO RI
SRZHU UHJDUGLQJ WKH GHYHORSPHQW RI WKH SURMHFW� 7KH 3URYLQFH RI 5tR 1HJUR LV VXSSRUWLQJ WKHLU SODQV
>��@� )XUWKHUPRUH� )RUWHVFXH LV FRPSOHWLQJ WKHLU RZQ DQDO\VHV RI WKH GLIIHUHQW SRVVLEOH SRUW GHVLJQV�
7KHLU LQWHUHVW LV YHU\ KLJK VHHLQJ DV WKLV SURMHFW EULQJV ODUJH HFRQRPLF EHQHILWV WR WKH FRPSDQ\�

3&5
7KH 3RUW &RQVXOWDQF\ RI 5RWWHUGDP IXQFWLRQV LQ D FRQVXOWLQJ UROH ZLWKLQ WKH SURMHFW� 3&5 SURYLGHV
WKH 3URYLQFH RI 5tR 1HJUR ZLWK DGYLFH DQG UHFRPPHQGDWLRQV UHJDUGLQJ WKH SURMHFW� 7KH\ PDLQWDLQ
UHODWLYHO\ KLJK LQWHUHVW LQ WKH SURMHFW� KRZHYHU� WKHLU SRZHU UHPDLQV TXLWH ORZ�

0&& 0LQHUD 6LHUUD *UDQGH 6$
6LQFH ����� WKH &KLQHVH PLQLQJ FRPSDQ\ 0&& 0LQHUD 6LHUUD *UDQGH 6$ KDV D FRQFHVVLRQ IRU PDLQ�
WDLQLQJ DQG RSHUDWLQJ WKH PLQLQJ SRUW DQG DOO WKH DVVHWV ORFDWHG RQ WKH 3XQWD &RORUDGD 0XHOOH �VHH
$SSHQGL[ &� $FFRUGLQJ WR +XJR 2� 1LFROD >$SSHQGL[ $��@� DQ H[�HPSOR\HH RI 0&& DQG WKH RSHUDWLRQDO
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PDQDJHU RI WKH SRUW XQWLO ����� WKH FRQWUDFW VWDWHV DQ DJUHHPHQW RI �� \HDUV� VWDUWLQJ LQ ����� ZKHUH
0&& KDV WKH ULJKW WR WKH XVH RI WKH DVVHWV RQ WKH JURXQG RI WKH 3XQWD &RORUDGD 0XHOOH >��@� 7KHVH
LQFOXGH WKH PLQLQJ SURFHVVLQJ VWUXFWXUHV DQG PDFKLQHV� DV ZHOO DV WKH XVH RI WKH MHWW\ LWVHOI� 'XH WR
WKHLU ORQJ�WHUP FRQWUDFW UHJDUGLQJ WKH XVDJH RI WKH 3XQWD &RORUDGD 0XHOOH� 0&& KROGV UHODWLYHO\ KLJK
SRZHU� ,I WKH 3XQWD &RORUDGD 0XHOOH LV WR EH UHFRQVWUXFWHG IRU K\GURJHQ H[SRUW� WKH\ UHPDLQ LQ GHFLVLRQ
PDNLQJ SRZHU� 7KHLU LQWHUHVW LQ WKH SURMHFW DOVR UHPDLQV KLJK� VHHLQJ DV UHEXLOGLQJ WKH H[LVWLQJ SRUW LQWR
D K\GURJHQ H[SRUW SRUW ZRXOG FUHDWH PDQ\ HFRQRPLF RSSRUWXQLWLHV IRU 0&&�

*RYHUQPHQW RI $UJHQWLQD
7KH JRYHUQPHQW RI $UJHQWLQD RQO\ LQWHUYHQHV ZKHQHYHU D SURYLQFH DFWV DJDLQVW WKH &RQVWLWXWLRQ >�@�
7KHLU SRZHU LV KLJK� \HW IRU WKH SUHVHQW FDVH� WKH *RYHUQPHQW RI $UJHQWLQD DJUHHV WR WKH K\GURJHQ
GHYHORSPHQW SURMHFW DQG WKHUHIRUH WKH JRYHUQPHQW RI $UJHQWLQD KDV QR IXUWKHU ODUJH LQIOXHQFH� 7KH
GHFLVLRQPDNLQJ SRZHU QRZ OD\VPRUH LQ WKH KDQGV RI WKH SURYLQFH LWVHOI� 7KH LQWHUHVW RI WKH JRYHUQPHQW�
KRZHYHU� LV PRGHUDWHO\ KLJK VLQFH D K\GURJHQ H[SRUW SRUW LV EHQHILFLDO IRU WKH HFRQRP\ RI WKH HQWLUH
FRXQWU\�

&,(0)
7KH &HQWUR GH ,QYHVWLJDFLyQ \ (QWUHQDPLHQWR 0DUtWLPR \ )OXYLDO LV D FHQWUH IRU WKH WUDLQLQJ RI SLORWV DQG
UHVHDUFK WKURXJK VLPXODWLRQ LQWR SRUW GHVLJQ� 7KH &,(0) KDV LGHQWLILHG D ORFDWLRQ IRU D SRWHQWLDO KXE
SRUW DW 3XHUWR /RERV� 7KH SRUW ZRXOG EH XVHG WR ZHOFRPH ODUJH VKLSV ZLWK GHVWLQDWLRQV LQ (XURSH RU
$VLD� &,(0) HQYLVLRQV WKH H[SRUW RI WKH IXOO RLO DQG JDV ILHOGV RI $UJHQWLQD� &,(0) DOVR VHHV SRWHQWLDO
LQ WKH ORFDWLRQ IRU WUDQVSRUW RI FRQWDLQHUV RU RWKHU JRRGV� DV PHQWLRQHG LQ WKH LQWHUYLHZ ZLWK &,(0) �VHH
6HFWLRQ $���� 7KH UHVXOW RI D SRUW DW 3XHUWR /RERV ZRXOG EH ORFDO HFRQRPLF JURZWK DQG DQ LQFUHDVH LQ
SHRSOH VHWWOLQJ GRZQ ORFDOO\� DFFRUGLQJ WR &,(0)� &,(0) KDV KLJK LQWHUHVW LQ WKH SURMHFW� VHHLQJ DV WKH\
DUH LQWHUHVWHG WR VWD\ DERDUG RQ WKH SURMHFW DQG EH LQYROYHG LQ WKH LPSOHPHQWDWLRQ RI WKH SRUW� $FFRUGLQJ
WR *XLOOHUPR 'HODUPR� WKH GLUHFWRU RI &,(0)� WKH\ KDYH HFRQRPLF DV ZHOO DV UHVHDUFK LQWHUHVW LQ WKLV
SURMHFW� 5HJDUGLQJ WKHLU SRZHU� LW UHPDLQV TXLWH ORZ� 7KH SDUW\ GRHV QRW SOD\ D FUXFLDO IRU WKH UHDOLVDWLRQ
RI WKH K\GURJHQ SRUW LQ 5tR 1HJUR� HVSHFLDOO\ ZKHQ 3XHUWR /RERV ORFDWLRQ LV QRW FKRVHQ DV D YDOXDEOH
ORFDWLRQ� 7KH\ FRXOG KDYH DQ DGYLVLQJ UROH� KRZHYHU GR QRW KRZ KLJK GHFLVLRQ SRZHU�

3UHIHFWXUD 1DYDO
7KH 3UHIHFWXUD 1DYDO� WKH $UJHQWLQLDQ FRDVW JXDUG DXWKRULW\� LV UHVSRQVLEOH IRU WKH VHFXULW\ RI WKH SRUW
DUHD DQG PDNHV XVDJH RI WKH MHWW\ DUHD IRU WKHLU FRDVWDO RSHUDWLRQV� 7KH 3UHIHFWXUD KDV PHGLXP WR KLJK
LQWHUHVW LQ WKH SURMHFW� VHHLQJ DV LW LV EDVHG RQ WKH ODQG IRU ZKLFK WKH\ KDYH FRDVWDO VDIHW\ UHVSRQVLELOLW\�
+RZHYHU� WKHLU SRZHU UHPDLQV ORZ VLQFH WKH\ KDYH QR GHFLGLQJ SRZHU LQ WKH SURMHFW�

5HVRXUFH VXSSOLHUV
7KH UHVRXUFHV QHHGHG IRU WKH UH�SXUSRVLQJ RI WKH SRUW ZLOO EH VXSSOLHG E\ GLIIHUHQW SDUWLHV� ORFDWHG LQ
GLIIHUHQW FRXQWULHV� 7KHVH LQYROYH FRQVWUXFWLRQ PDWHULDO VXSSOLHUV DV ZHOO DV WKH ZLQG IDUP HOHPHQWV�
7KH VXSSOLHUV KDYH D UHODWLYHO\ KLJK LQWHUHVW GXH WR WKH SRWHQWLDO RI ZRUN DYDLODELOLW\� KRZHYHU WKHLU
LQIOXHQFH FDQ EH UHJDUGHG DV PHGLXP WR KLJK VLQFH WKH FRQVWUXFWLRQ GHSHQGV RQ UHVRXUFH DYDLODELOLW\�
+RZHYHU� WKHUH LV D SRVVLELOLW\ WR FKDQJH WR GLIIHUHQW VXSSOLHUV ZKHQ QHHGHG�

/RFDOV LQ 3XQWD &RORUDGD
7KH DUHD RI 3XQWD &RORUDGD LV UHODWLYHO\ GHVHUWHG� ZLWK SRWHQWLDO XSFRPLQJ UHVLGHQWLDO GHYHORSPHQWV�
7KLV UHVXOWV LQ OLWWOH LQIOXHQFH RI ORFDOV RQ WKH SURMHFW VLQFH WKH\ DUH ZLWK VXFK OLWWOH UHSUHVHQWDWLYHV�
$ORQJ ZLWK WKLV� WKHLU LQWHUHVW LV PHGLXP UHJDUGLQJ WKH SURMHFW� DV WKH\ ZLOO QRW EH LQ GLUHFW FRQWDFW
ZLWK WKH SURMHFW� 7KHUH LV RQH SULYDWH KRXVH VLWXDWHG GLUHFWO\ QH[W WR WKH 3XQWD &RORUDGD 0XHOOH �VHH
EXLOGLQJ �� LQ $SSHQGL[ &�� ZKLFK ZLOO EH LQIOXHQFHG E\ WKH ZRUNV RI WKH SRUW PRVWO\ E\ QXLVDQFH RI WKH
FRQVWUXFWLRQV� DV ZHOO DV WKH DFWXDO RSHUDWLRQV RI WKH SRUW� /LYLQJ FORVH WR DQ DPPRQLD IDFWRU\ FRPHV
ZLWK GDQJHURXV OLYLQJ FLUFXPVWDQFHV� 2Q WKH RWKHU KDQG� WKH K\GURJHQ H[SRUW ZLOO SURYLGH ORFDOV ZLWK
SRWHQWLDO HPSOR\PHQW RSSRUWXQLWLHV� WKXV FUHDWLQJ HFRQRPLF EHQHILWV LQ WKH DUHD� 7KH SRZHU RI ORFDOV
ZLOO UHPDLQ UHODWLYHO\ ORZ LQ WKH SURFHVV� VLQFH WKH\ DUH VXFK D VPDOO SOD\HU�

7RXULVWV LQ 3OD\D 'RUDGD
7KH UHJLRQ RI 3XQWD &RORUDGD LV D GHVHUWHG DUHD� ZKHUH WRXULVP SOD\V OLWWOH WR QR UROH� +RZHYHU� 3OD\DV
'RUDGDV FDQ EH IRXQG DERXW �� NLORPHWUHV QRUWK RI 3XQWD &RORUDGD� DQG LV D SRSXODU WRXULVWLF GHVWL�
QDWLRQ� RIIHULQJ PDQ\ UHFUHDWLRQDO SRVVLELOLWLHV� 7RXULVWV LQ WKLV DUHD KDYH QRQH WR OLWWOH LQWHUHVW LQ WKH
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SURMHFW� VHHLQJ DV WKH\ FDQ EH PLQLPDOO\ HIIHFWHG E\ WKH FRQVWUXFWLRQV� $SDUW IURP WKDW� D ZHOO IXQFWLRQ�
LQJ K\GURJHQ SRUW ZLOO FUHDWH H[WUD WUDIILF RQ DQG WR WKH FRDVW� ZKLFK FRXOG KDYH OLPLWHG LQIOXHQFH RQ WKH
DWWUDFWLYHQHVV RI WKH ORFDWLRQ� 7KHVH VWDNHKROGHUV KDYH ORZ LQWHUHVW DQG H[WUHPHO\ ORZ SRZHU�

(QYLURQPHQWDO JURXSV
7KHUH DUH WZR PDLQ HQYLURQPHQWDO RUJDQL]DWLRQV EDVHG LQ $UJHQWLQD� WKH &OLPDWH $FWLRQ 1HWZRUN /DWLQ
$PHULFD DQG WKH )XQGDFLyQ 9LGD 6LOYHVWUH $UJHQWLQD� 7KH IRUPHU UHSUHVHQWV /DWLQ $PHULFD DW 81 FOL�
PDWH FRQIHUHQFHV DQG OLQNV RYHU �� QRQ�JRYHUQPHQWDO RUJDQLVDWLRQV� ZKLFK DUH HQJDJHG LQ FOLPDWH
MXVWLFH LVVXHV DQG DFWLYH DJDLQVW FOLPDWH FKDQJH >��@� 7KH ODWWHU UHSUHVHQWV LQ $UJHQWLQD WKH :RUOG
:LOGOLIH )XQG �::)�� 5HJDUGLQJ WKH ORFDWLRQV� 3XHUWR /RERV SRVHV D ULVN IRU HQYLURQPHQWDO JURXSV�
3XHUWR /RERV IDOOV ZLWKLQ WKH $UJHQWLQLDQ QDWXUDO SURWHFWHG DUHDV� ZKLFK LV ORFDWHG RQ WKH ERUGHU EH�
WZHHQ WKH SURYLQFHV RI &KXEXW DQG 5tR 1HJUR >��@� 7KLV LV GHILQLWHO\ D VHQVLWLYH DUHD IRU HQYLURQPHQWDO
JURXSV WR JHW LQYROYHG� +RZHYHU� WKHLU SRZHU UHPDLQV TXLWH ORZ LQ $UJHQWLQD� )XUWKHUPRUH� WKH &OL�
PDWH $FWLRQ 1HWZRUN /DWLQ $PHULFD LV ILJKWLQJ FOLPDWH FKDQJH� ZKLFK FRXOG FDXVH WKHLU VXSSRUW IRU WKH
JUHHQ K\GURJHQ H[SRUW� 7KH RWKHU WZR SRWHQWLDO ORFDWLRQV� QDPHO\ 0XHOOH GH 3XQWD &RORUDGD 0XHOOH
DQG 3XQWD &RORUDGD 6RXWK DUH QHLWKHU ORFDWHG LQ D SUHVHUYHG QDWXUH DUHD�

)DUPHUV � )LVKHUV ZKR GHSHQG RQ WKH 5tR 1HJUR
6HHLQJ DV 3XQWD &RORUDGD LV ORFDWHG DORQJ WKH *ROIR 6DQ 0DWLDV� LW LV D UHJLRQ ZKLFK FDQ EH XVHG
IRU IDUPLQJ DQG ILVKLQJ� $V WKH UHJLRQ GHYHORSV LQWR DQ DFWLYH SRUW XVDJH� WKLV ZLOO KDYH LQIOXHQFH RQ
WKH IDUPHUV DQG ILVKHUV ZKR GHSHQG RQ WKLV VRXUFH RI ZDWHU� 7KHUHIRUH� WKHLU LQWHUHVW LV UHJDUGHG DV
PHGLXP� KRZHYHU VHHLQJ DV WKH KDUERXU GRHV QRW DWWUDFW PDQ\ IDUPHUV DQG ILVKHUV� WKHLU SRZHU UHPDLQV
ORZ�
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���� 6WDNHKROGHU 2YHUYLHZ
6WDNHKROGHU FKDUDFWHULVWLFV

6WDNHKROGHU 5ROH ,QWHUHVW ,QIOXHQFH OHYHO $WWLWXGH
3URYLQFH RI
5tR 1HJUR

7KH LQLWLDWRU RI
WKH SURMHFW DQG
GHFLVLRQ PDNLQJ
SRZHU�

$LPLQJ WR PDNH
WKH 3URYLQFH RI 5tR
1HJUR D JUHHQHU
SURYLQFH� ZKLOVW
FUHDWLQJ DQ HFR�
QRPLF EHQHILW IRU
$UJHQWLQD DV D
ZKROH�

([WUHPHO\ KLJK LQ�
IOXHQFH

3RVLWLYH DWWLWXGH

)RUWHVFXH 7KH LQYHVWRU RI WKH
SURMHFW�

*DLQ HFRQRPLF
SURILW IURP WKH
H[SRUW RI K\GURJHQ
LQ $UJHQWLQD�

([WUHPHO\ KLJK LQ�
IOXHQFH

3RVLWLYH DWWLWXGH

3&5 $GYLVLQJ UROH� 3URYLGLQJ WKH
SURYLQFH RI 5tR 1H�
JUR ZLWK YDOXDEOH
DGYLVH UHJDUG�
LQJ WKH WHFKQLFDO
LVVXHV IRU WKH SUR�
GXFWLRQ DQG H[SRUW
RI K\GURJHQ�

0HGLXP WR ORZ LQIOX�
HQFH

3RVLWLYH DWWLWXGH

0&& 0LQ�
HUD 6LHUUD
*UDQGH

7KH FRQWUDFWXDO
RZQHU RI WKH DVVHWV
ORFDWHG RQ WKH
3XQWD &RORUDGD
0XHOOH ORFDWLRQ�

,QWHUHVW LQ WKH HFR�
QRPLF EHQHILW 0&&
FDQ JDLQ IURP WKH
SURGXFWLRQ DQG H[�
SRUW RI JUHHQ K\GUR�
JHQ RQ WKHLU SURS�
HUW\�

3RWHQWLDO KLJK LQIOX�
HQFH

1HXWUDO DWWLWXGH

*RYHUQPHQW
RI $UJHQWLQD

$SSURYLQJ IDF�
WRU DQG GHFLVLRQ
PDNLQJ SRZHU�

(FRQRPLF JURZWK
IRU $UJHQWLQD� E\
EHFRPLQJ D NH\
ZRUOG�ZLGH SOD\HU
LQ WKH K\GURJHQ
SURGXFWLRQ DQG
H[SRUW VHFWRU�

+LJK LQIOXHQFH 3RVLWLYH DWWLWXGH

&,(0) $GYLVLQJ UROH UH�
JDUGLQJ 3XHUWR
/RERV�

3RVVLELOLW\ WR SUR�
YLGH GDWD DQG
UHVHDUFK RQ WKH
3XHUWR /RERV SRUW�
DQG XOWLPDWHO\ EH�
LQJ D NH\ SOD\HU
LQ WKH SURFHVV RI
UHDOLVLQJ WKLV SRUW�

/RZ LQIOXHQFH 3RVLWLYH DWWLWXGH



���� 6WDNHKROGHU 2YHUYLHZ ��

6WDNHKROGHU FKDUDFWHULVWLFV
6WDNHKROGHU 5ROH ,QWHUHVW ,QIOXHQFH OHYHO $WWLWXGH
3UHIHFWXUD
1DYDO

7KH FRDVW JXDUGV
RI 3XQWD &RORUDGD
0XHOOH�

,QWHUHVW LQ WKH FRO�
ODERUDWLRQ EHWZHHQ
3UHIHFWXUD 1DYDO
DQG WKH SRUW�

/RZ LQIOXHQFH 1HXWUDO DWWLWXGH

5HVRXUFH
VXSSOLHUV

6XSSO\ RI JRRGV
QHHGHG IRU WKH
FRQVWUXFWLRQ RI WKH
JUHHQ K\GURJHQ
H[SRUW SRUW�

)LQDQFLDO LQWHUHVW
LQ WKH VHOOLQJ RI
WKHLU JRRGV DQG
VHUYLFHV�

0HGLXP LQIOXHQFH 3RVLWLYH DWWLWXGH

/RFDOV LQ
3XQWD &RO�
RUDGD

/LYLQJ LQ WKH DUHD RI
3XQWD &RORUDGD�

/RFDOV KDYH DQ
LQWHUHVW LQ WKH GH�
YHORSPHQW RI WKHLU
UHJLRQ DQG HPSOR\�
PHQW RSSRUWXQLWLHV�
DV ZHOO DV WKDW
WKH\ GR QRW ZDQW
WR EH ERWKHUHG E\
QXLVDQFH RU VRXQG
SROOXWLRQ GXH WR
FRQVWUXFWLRQV LQ WKH
DUHD�

9HU\ ORZ LQIOXHQFH 1HJDWLYH DWWLWXGH

7RXULVWV
LQ 3OD\DV
'RUDGDV

&UHDWLQJ HFRQRPLF
DFWLYLW\ LQ WKH DUHD
RI 3OD\DV 'RUDGDV

(QMR\LQJ WKH FRDVW
RI 3OD\DV 'RUDGDV�
7KHLU LQWHUHVW LV QRW
IRXQG LQ WKH SUR�
GXFWLRQ RI DPPR�
QLD LQ WKH DUHD� 7KH
WRXULVW VHFWRU LQ WKH
DUHD LV LQWHUHVWHG LQ
D VDIH DQG FOHDQ
]RQH�

([WUHPHO\ ORZ LQIOX�
HQFH

1HXWUDO DWWLWXGH

$UJHQWLQLDQ
HQYLURQPHQ�
WDO JURXSV

3URYLGLQJ RSLQLRQV
RQ WKH SXUSRVH DQG
XVDJH RI ODQG LQ $U�
JHQWLQD� IURP WKH
SHUVSHFWLYH RI SUH�
VHUYLQJ WKH HQYLURQ�
PHQW�

6WULYLQJ IRU VXVWDLQ�
DELOLW\ DQG ELRGLYHU�
VLW\ LQ WKH SRUW ORFD�
WLRQV� DQG WKH SUR�
GXFWLRQ RI JUHHQ HQ�
HUJ\

0HGLXP WR ORZ 1HXWUDO� 1HJDWLYH
DWWLWXGH UHJDUGLQJ
WKH FRQVWUXFWLRQV�
KRZHYHU SRVLWLYH
DWWLWXGH WRZDUGV
JUHHQ K\GURJHQ
SURGXFWLRQ�

)LVKHUV�
IDUPHUV

)LVKLQJ DQG IDUP�
LQJ LQ WKH SURYLQFH
RI 5tR 1HJUR�

7KHLU LQWHUHVW LQ WKH
SURMHFW LV UHODWHG
WR WKH IDFW WKDW
WKH FRQVWUXFWLRQV
PLJKW QHJDWLYHO\ LQ�
IOXHQFH WKHLU DELOLW\
WR ILVK DQG IDUP LQ
WKH DUHD�

9HU\ ORZ LQIOXHQFH 1HJDWLYH DWWLWXGH

7KH VWDNHKROGHU DQDO\VHV SURYLGHV YDOXDEOH LQSXW IRU WKH ILQDO UHFRPPHQGDWLRQ DQG WKH HIIHFWLYH UHDOL�
VDWLRQ RI WKLV SURMHFW� 7KH UHFRPPHQGHG HQJDJHPHQW VWUDWHJLHV DUH SURYLGHG LQ 6HFWLRQ �����



�
7RSRJUDSKLF $QDO\VLV 5HVXOWV

7KLV VHFWLRQ GHPRQVWUDWHV WKH UHVXOWV UHJDUGLQJ WKH WRSRJUDSKLF DQDO\VHV RI WKH WKUHH GLIIHUHQW SRWHQWLDO
K\GURJHQ H[SRUW ORFDWLRQV DQG DLPV WR DQVZHU VXE�TXHVWLRQ & ´:KDW DUH WKH WRSRJUDSKLF FKDUDFWHULVWLFV
RI WKH WKUHH ORFDWLRQV WKDW OHQG WKHPVHOYHV IRU K\GURJHQ H[SRUW"´� 7KH YLVXDO LQVSHFWLRQ RI VWUXFWXUHV�
WKH WRSRJUDSKLF HOHYDWLRQV� WKH VDWHOOLWH VXUURXQGLQJV DQG WKH IUHH�WUDGH ]RQHV DQG PDULQH SURWHFWHG
DUHDV DUH LGHQWLILHG DQG H[SODLQHG IRU WKH ORFDWLRQV� 7KH UHVXOWV DUH FROOHFWHG WKURXJK SULPDU\ DQG
VHFRQGDU\ UHVHDUFK� DV PHQWLRQHG LQ 6HFWLRQ ����

���� 9LVXDO LQVSHFWLRQ RI VWUXFWXUHV
7KH YLVXDO LQVSHFWLRQ RI VWUXFWXUHV HQWDLOV WKH LGHQWLILFDWLRQ RI DOO SK\VLFDO VWUXFWXUHV ORFDWHG RQ WKH
DUHDV�

������ 3XQWD &RORUDGD 0XHOOH
$ YLVXDO ODQG LQVSHFWLRQ RI WKH 3XQWD &RORUDGD 0XHOOH� DURXQG WKH VKRUHVLGH RI WKH MHWW\ ZDV FRPSOHWHG
WR LGHQWLI\ DQ\ DVVHWV DQG VWUXFWXUHV LQ WKH DUHD� 7KH VRLO LV FRQWDPLQDWHG ZLWK ZDVWH SURGXFHG E\ WKH
SUHYLRXV PLQLQJ SURGXFWLRQ� 7KH VRLO LQ WKH ZKROH DUHD LV FRYHUHG LQ ILQH EODFN JUDQXODU PDWHULDO PL[HG
ZLWK LURQ RUH SHOOHWV� )LJXUH ��� GHPRQVWUDWHV WKH ORFDWLRQ RI WKH GHWHFWHG VWUXFWXUHV LQ WKH DUHD� $
FRPSOHWH RYHUYLHZ RI SKRWRV RI WKH VWUXFWXUHV GHWHFWHG FDQ EH IRXQG LQ $SSHQGL[ &� $W ORFDWLRQ ��� ROG
FRUURGHG EDUUHOV DUH IRXQG� ODEHOOHG DV RUJDQLF ZDVWH� 2OG EXOOGR]HUV� WUXFNV DQG RWKHU YHKLFOHV DUH
OHIW DOO RYHU WKH FRPSRXQG� 7KH DUHD LV IXOO RI DEDQGRQHG VWUXFWXUHV �ORFDWLRQV �� �� �� �� ����� WKDW ZHUH
SUHYLRXVO\ XVHG WR SURFHVV LURQ RUH IRU H[SRUW� 7KH EXLOGLQJV DUH JHQHUDOO\ LQ EDG VKDSH� VHHPLQJO\
QRW UHDG\ IRU GLUHFW XVH� 0RVW ZLQGRZV DUH EURNHQ DQG WKH LQWHULRUV LQ EDG VKDSH� KRZHYHU� WKH PDLQ
VWUXFWXUHV VHHP LQ DFFHSWDEOH VWDWH� $FFRUGLQJ WR D JXDUG RI 0&& WKH EXLOGLQJV FRXOG EH WDNHQ EDFN LQ
WR XVH� 7KHUH DUH VHYHUDO HPSW\ VWRUDJH SLWV DW �� � DQG ��� $W ORFDWLRQ � WKHUH LV D ZRUNLQJ WUDQVIRUPHU
EXLOGLQJ ZLWK XQNQRZQ FKDUDFWHULVWLFV ZKLFK VHHPV WR EH LQ D JRRG VKDSH� /RFDWLRQ �� VHHPV WR EH D
GHVLJQDWHG DUHD IRU EXON\ ZDVWH� 7KH GLUW URDG DW ORFDWLRQ � LV XVHG IRU WUDQVSRUWDWLRQ IURP DQG WR WKH
IDFLOLWLHV�

��



���� 7RSRJUDSKLF (OHYDWLRQV ��

)LJXUH ���� 9LVXDO DQDO\VHV RQ 3XQWD &RORUDGD 0XHOOH�

������ 3XQWD &RORUDGD 6RXWK
7KH DUHD RI 3XQWD &RORUDGD 6RXWK LV PDLQO\ FKDUDFWHULVHG E\ HPSW\ VSDFH� 7KHUH DUH D IHZ GLUW URDGV
WKDW DUH VHHPLQJO\ UDUHO\ XVHG� )XUWKHUPRUH WKHUH DUH VRPH IRXQGDWLRQV RI VWUXFWXUHV WKDW ZHUH QHYHU
FRPSOHWHG�

������ 3XHUWR /RERV
7KH 3XHUWR /RERV ORFDWLRQ FRXOG QRW EH YLVXDOO\ LQVSHFWHG GXH WR XQIRUHVHHQ FLUFXPVWDQFHV� )URP
*RRJOH (DUWK� WKUHH VWUXFWXUHV FDQ EH LGHQWLILHG LQ WKH DUHD� 2QH RI WKHVH VWUXFWXUHV LV FOHDUO\ DEDQ�
GRQHG�

���� 7RSRJUDSKLF (OHYDWLRQV
7KH WRSRJUDSKLF HOHYDWLRQV KDYH EHHQ GHWHFWHG WKURXJK WKH :LQJWUD2QH GURQH� 7KH GURQH GDWD RI WKH
IUHH�WUDGH ]RQH LV LQFRPSOHWH GXH WR WHFKQLFDO GLIILFXOWLHV� 7KH GDWD LV PLVVLQJ WKH DUHD RI DSSUR[LPDWHO\
� NP QRUWK RI WKH ERUGHU VKRZQ LQ )LJXUH ����

������ 6ORSHV LQ WKH )UHH�7UDGH =RQH� 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RO�
RUDGD 6RXWK

7KH FRQVWUXFWLRQ RI ODUJH DPPRQLD SURGXFWLRQ IDFLOLWLHV FDQ EH FRPSOHWHG PRUH HIILFLHQWO\ ZKHQ WKHUH
LV OLWWOH FKDQJH LQ ODQG HOHYDWLRQ� 7KHUHIRUH WKH VORSHV LQ WKH IUHH�WUDGH ]RQH DUH LGHQWLILHG XVLQJ LQWHU�
SRODWLRQ ZLWK $UF*,6� %DVHG RQ WKH GLIIHUHQW KHLJKWV LQ WKH DUHD� ZKLFK LV YLVLEOH LQ 6HFWLRQ &�� IURP
$SSHQGL[ &� WKH VORSHV FDQ EH LGHQWLILHG� $Q DUELWUDU\ OLPLWLQJ VORSH RI �◦ LV DVVXPHG� LQ RUGHU WR GHVLJ�
QDWH ORFDWLRQV IRU WKH QHFHVVDU\ IDFWRULHV� )LJXUH ��� YLVXDOLVHV WKH VORSHV IRU WKH HQWLUH UHJLRQ� 7KUHH
ORFDWLRQV ZLWK VORSHV H[FHHGLQJ WKH FRQVWUXFWLRQ OLPLW FDQ EH LGHQWLILHG� 7KH ILUVW ORFDWLRQ LV W\SLILHG E\
WKH GULHG XS ULYHU EHG� 7KH EDQNV RI WKLV GULHG XS ULYHU EHG H[FHHG WKH FRQVWUXFWLRQ OLPLW RI �◦� 7KH
VHFRQG DUHD LV ORFDWHG LQ WKH VRXWK RI WKH )UHH�7UDGH ]RQH� ZKHUH WKHUH DUH WZR VPDOO VORSHV WKDW
H[FHHG �◦� 7KH WKLUG ORFDWLRQ LV DW WKH VKRUHOLQH� ZKHUH LW FDQ EH UHDVRQDEO\ DVVXPHG WKH IDFWRU\ ZLOO
QRW EH EXLOW�

7KH VORSHV LQ WKH QRUWKHUQ ]RQH FDQ QRW EH GHWHUPLQHG XVLQJ WKH GURQH IRRWDJH� 8VLQJ YLVXDO LQVSHFWLRQ
DQG FRPSDULQJ VDWHOOLWH LPDJHV WR WKH DUHDV WKDW DUH ZHOO NQRZQ WKHUH LV QR UHDVRQ WR DVVXPH DQ\
VLJQLILFDQW VORSHV LQ WKLV DUHD�



���� 7RSRJUDSKLF (OHYDWLRQV ��

)LJXUH ���� 6ORSHV LQ WKH IUHH�WUDGH ]RQH� OLPLWLQJ VORSH RI �◦�

������ 'LJLWDO (OHYDWLRQ 0DS DQG ,QWHUSRODWHG 6ORSHV� 3XHUWR /RERV
$V QR GURQH GDWD ZDV DFTXLUHG DW WKH ORFDWLRQ RI 3XHUWR /RERV� WKH 'LJLWDO (OHYDWLRQ 0RGHO 6570
�6KXWWOH 5DGDU 7RSRJUDSKLF 0LVVLRQ� ��$UF6HFRQG JOREDO ZDV XVHG� 7KLV LV HOHYDWLRQ GDWD DFTXLUHG LQ
WKH \HDU ���� E\ WKH 6KXWWOH 5DGDU 7RSRJUDSK\ 0LVVLRQ� 6RPH FKDQJHV WR WKH HOHYDWLRQV PLJKW KDYH
RFFXUHG LQ WKLV WLPH� KRZHYHU WKH DVVXPSWLRQ LV PDGH WKDW WKHVH FKDQJHV DUH QHJOLJLEOH� 6570 KDV
D YHU\ FRXUVH UHVROXWLRQ RI DERXW ��P� 7KLV LV D FOHDU DV\PPHWU\ RI LQIRUPDWLRQ ZLWK WKH H[WUHPHO\
SUHFLVH GURQH GDWD� 7KH VORSHV LQ WKH DUHD DUH LQWHUSRODWHG XVLQJ $UF*,6� 7KH VORSHV H[FHHGLQJ �◦ DUH
FRORXUHG UHG LQ )LJXUH ���� 7KH RQO\ VLJQLILFDQW DUHDV H[FHHGLQJ �◦ IRXQG LQ WKH GLUHFW YLFLQLW\ RI 3XHUWR
/RERV DUH RQ WKH FRDVWOLQH�



���� 6DWHOOLWH 9LHZ RI 6XUURXQGLQJV ��

)LJXUH ���� (OHYDWLRQ VORSHV RI 3XHUWR /RERV�

���� 6DWHOOLWH 9LHZ RI 6XUURXQGLQJV
7KH VDWHOOLWH LPDJHV RI WKH VXUURXQGLQJV RI WKH WKUHH ORFDWLRQV GHPRQVWUDWH WKH H[LVWHQFH RI UHVLGHQWLDO
DUHDV QHDUE\ WKH SRWHQWLDO DPPRQLD H[SRUW ORFDWLRQV� DQG WKH JHRJUDSKLFDO DFFHVVLELOLW\ WKURXJK URDGV
DQG LQIUDVWUXFWXUH OHDGLQJ WR WKH ORFDWLRQV�

������ 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK
7KH 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK DUH ORFDWHG DURXQG �� NP IURP 6LHUUD *UDQGH�
DQG DURXQG � NP IURP 3OD\DV 'RUDGDV� D YLOODJH DQG PXQLFLSDOLW\ LQ 5tR 1HJUR ZKLFK DWWUDFWV PDQ\
WRXULVWV GXH WR WKH FRDVWDO EHDFKHV RI WKH 6DQ 0DWLDV *XOI� )XUWKHUPRUH� WKH RUDQJH KLJKOLJKW LQ )LJ�
XUH ��� GHPRQVWUDWHV DQ DUHD RI ��� Pð� FRQWDLQLQJ GHILQHG VWUHHW EORFNV� ZKLFK KDYH EHHQ FRQVWUXFWHG
IRU XVH RI UHDO HVWDWH DQG KRXVLQJ� 7KH SODQV IRU WKH XUEDQLVDWLRQ RI WKLV DUHD LQFOXGH ERWK UHVLGHQWLDO
DQG WRXULVWLF SXUSRVHV >��@� 7KH FRQVWUXFWLRQ RI DQ DPPRQLD H[SRUW SRUW GHILQLWHO\ LQIOXHQFHV WKH SRV�
VLELOLWLHV RI FRQVWUXFWLQJ KRXVLQJ LQ WKH DUHD�

)LJXUH ���� 6DWHOOLWH YLHZ RI VXUURXQGLQJV LQ 3XQWD &RORUDGD 0XHOOH DQG 6RXWK�

3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK DUH DFFHVVLEOH WKURXJK WKH PDLQ 1DWLRQDO 5RXWH
51�� D KLJKZD\ FURVVLQJ IURP WKH HDVWHUQ VLGH RI WKH FRXQWU\ LQ %XHQRV $LUHV� WKURXJK WKH SURYLQFHV
RI %XHQRV $LUHV� 5tR 1HJUR� &KXEXW 3URYLQFH� 6DQWD &UX] DQG 7LHUUD GHO )XHJR� )XUWKHUPRUH� WKH
3URYLQFLDO 5RXWHV 35� IROORZHG E\ 35� DOORZ IRU DFFHVV WR WKH 3XQWD &RORUDGD FRQVWUXFWLRQ VLWH�

������ 3XHUWR /RERV
3XHUWR /RERV LV DFFHVVLEOH WKURXJK WKH PDLQ 1DWLRQDO 5RXWH 51�� WRZDUGV WKH SURYLQFH RI &KXEXW�
IROORZLQJ E\ WKH 3URYLQFLDO 5RXWH 53��� 7KH ORFDWLRQ LV ORFDWHG DERXW �� NP IURP WKH PXQLFLSDOLW\ RI



���� )UHH�WUDGH =RQHV DQG 0DULQH 3URWHFWHG $UHDV ��

6LHUUD *UDQGH� 1R UHVLGHQWLDO DUHDV DUH ORFDWHG QHDU 3XHUWR /RERV� 7KHUH LV QR HYLGHQFH RI DQ\ VXSSO\
RI IUHVK ZDWHU� JDV RU HOHFWULFLW\�

3XHUWR /RERV LV ORFDWHG GLUHFWO\ RQ WKH ERUGHU RI WKH SURYLQFH RI 5tR 1HJUR DQG &KXEXW� DV YLVLEOH LQ
)LJXUH ����

)LJXUH ���� 6DWHOOLWH YLHZ RI 3XHUWR /RERV�

���� )UHH�WUDGH =RQHV DQG 0DULQH 3URWHFWHG $UHDV
7KLV VHFWLRQ ORRNV LQWR WKH SRWHQWLDO RI IUHH�WUDGH ]RQHV LQ WKH WKUHH ORFDWLRQV� DV ZHOO DV WKH SUHVHQFH
RI PDULQH SURWHFWHG DUHDV LQ WKH RII�VKRUH DQG RQ�VKRUH ]RQHV RI WKH ORFDWLRQV�

������ 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK
%RWK WKH SRWHQWLDO ORFDWLRQ RI 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK DOORZ IRU WKH FRQ�
VWUXFWLRQ RI WKH DPPRQLD H[SRUW SRUW LQ WKH IUHH�WUDGH ]RQH� ZKLFK FRPHV ZLWK PDQ\ DGYDQWDJHV� DV
H[SODLQHG LQ 6HFWLRQ ������ )XUWKHUPRUH� WKH DUHD LV QRW ORFDWHG ZLWKLQ DPDULQH SURWHFWHG DUHD� DOORZLQJ
IRU FRQVWUXFWLRQ WR RFFXU ZLWKRXW DUHD SURWHFWLRQ LVVXHV�

������ 3XHUWR /RERV
$V PHQWLRQHG LQ 6HFWLRQ ������ SDWDJRQLD�FRP�DU FODLPV WKDW WKHUH ZDV RQFH D )UHH�7UDGH ]RQH DW
3XHUWR /RERV ZKLFK FRXOG EH UHDFWLYDWHG >��@� 2Q WKH 5tR 1HJUR VLGH RI 3XHUWR /RERV� D SURYLQFLDO
PDULQH SURWHFWHG DUHD LV ORFDWHG� 7KH SURWHFWHG DUHD UDQJHV IURP ���P LQODQG WR �� PLOHV RIIVKRUH�
2Q WKH &KXEXW VLGH RI WKH ERUGHU� WKHUH LV D PDULQH SURWHFWHG DUHD ´3HQLQVXOD 9DOGHV´ WKDW RQO\ FRYHUV
WKH VHD VLGH RI WKH VKRUHOLQH�



���� )UHH�WUDGH =RQHV DQG 0DULQH 3URWHFWHG $UHDV ��

)LJXUH ���� 0DULQH SURWHFWHG DUHD DW 3XHUWR /RERV DQG 3HQLQVXOD 9DOGHV >��@�



�
+\GUDXOLF $QDO\VLV 5HVXOWV

7KLV FKDSWHU DLPV WR DQVZHU VXE�TXHVWLRQ '� µµ:KDW DUH WKH K\GURPHWHRURORJLFDO� FRDVWDO DQG EDWK\PHW�
ULF FKDUDFWHULVWLFV RI WKH WKUHH ORFDWLRQV DQG KRZ ZRXOG WKH\ LQIOXHQFH WKH SRWHQWLDO K\GURJHQ SRUW"¶¶�

���� +\GURPHWHRURORJLFDO FRQGLWLRQV
,Q WKLV VHFWLRQ WKH UHVXOWV RI WKH DQDO\VLV RI WKH ZLQG� ZDYHV DQG WLGDO FKDUDFWHULVWLFV DUH SUHVHQWHG�

������ :LQG
$OO WKUHH ORFDWLRQV RI 3XQWD &RORUDGD 0XHOOH� 3XQWD &RORUDGD 6RXWK DQG 3XHUWR /RERV DUH ORFDWHG
DW DQ DSSUR[LPDWH ODWLWXGH RI ���� $W WKHVH ODWLWXGHV VWURQJ ZHVWHUO\ WUDGH ZLQGV DUH SUHVHQW� 7KHVH
WUDGH ZLQGV JHQHUDOO\ EORZ LQ WKH VDPH GLUHFWLRQ WKURXJKRXW WKH \HDU DQG WKH\ FDQ YDU\ VSDWLDOO\ DQG
WHPSRUDOO\ ZLWK WKH VHDVRQV >�@�

7KLV LV FRQILUPHG E\ WKH RSHUDWLRQDO PDQXDO RI WKH MHWW\ ZKLFK PHQWLRQV� WKH VWURQJHVW ZLQGV DUH IURP
WKH 1RUWK�:HVW �1:�� 6RXWK�:HVW �6:� DQG 6RXWK �6� GLUHFWLRQ� 8QGHU WKH VWURQJ ZLQG FRQGLWLRQV IURP
1: DQG 6: GLUHFWLRQ� WKHUH LV RQO\ D VPDOO LQIOXHQFH RQ WKH VHD�VWDWH DQG WKH ZDYHV DV WKH IHWFK LV
OLPLWHG� HVSHFLDOO\ QHDU WKH FRDVW� 7KH DQQXDO ZLQG FRQGLWLRQV DUH LQGLFDWHG E\ WKH ZLQG URVH VKRZQ LQ
)LJXUH ��� >��@� ,W VKRXOG EH QRWHG WKDW WKHUH LV QR LQIRUPDWLRQ SURYLGHG RQ WKH ORFDWLRQ ZKHUH WKH GDWD
RI WKH ZLQG URVH GDWD ZDV JDWKHUHG� QRU WKH PHDVXULQJ SHULRG� $V GDWD LV ODFNLQJ IRU WKH 3XHUWR /RERV
ORFDWLRQ LV PLVVLQJ� LW LV DVVXPHG WKDW WKH VDPH ZLQG FRQGLWLRQV KROG IRU 3XHUWR /RERV DV LW LV ORFDWHG
UHODWLYHO\ FORVH�E\� RQO\ �� NP VRXWK RI ERWK 3XQWD &RORUDGD ORFDWLRQV�

��



���� +\GURPHWHRURORJLFDO FRQGLWLRQV ��

)LJXUH ���� $QQXDO ZLQG URVH >��@�

������ :DYHV
:DYH FOLPDWH LV H[SHFWHG WR EH PLOG LQ WKH DUHD DV WKH GRPLQDQW ZLQG GLUHFWLRQ LV GLUHFWHG RIIVKRUH DQG
WKH ORFDWLRQV RI 3XQWD &RORUDGD 0XHOOH� 3XQWD &RORUDGD 6RXWK DQG 3XHUWR /RERV DUH VHPL�VKHOWHUHG
GXH WR WKH JHRJUDSKLF SRVLWLRQ ZLWKLQ WKH *XOI RI 6DQ 0DWLDV� 7KLV LV FRQILUPHG E\ WKH ZDYH URVH
SURYLGHG E\ WKH 0&& RSHUDWLQJ PDQXDO VKRZQ LQ )LJXUH ���� 7KH EDUV RI WKH ZDYH URVH DGG XS WR
���� �� 1RUPDOO\ D ZDYH URVH VKRZV ZDYHV IURP DOO GLUHFWLRQ DQG WKH SHUFHQWDJHV DGG XS WR ��� ��
$V WKH ZDYHV LQ RIIVKRUH GLUHFWLRQ KDYH EHHQ RPLWWHG LQ WKH ZDYH URVH� LW LV DVVXPHG WKDW WKH PLVVLQJ
���� � RI ZDYHV ZHUH GLUHFWHG LQ RIIVKRUH GLUHFWLRQ �1:� : DQG 6:�� 7KLV DVVXPSWLRQ FDQ SDUWO\ EH
VXEVWDQWLDWHG IURP WKH ZLQG URVH LQ ZKLFK ���� � RI WKH \HDU� RIIVKRUH ZLQGV DUH SUHVHQW� ,W VKRXOG
DJDLQ EH QRWHG WKDW WKHUH LV QR LQIRUPDWLRQ SURYLGHG RQ ZKLFK ORFDWLRQ WKH ZDYH URVH GDWD LV JDWKHUHG�
QRU WKH PHDVXULQJ SHULRG� +RZHYHU� DV WKH RSHUDWLQJ PDQXDO ZDV VSHFLILFDOO\ PDGH IRU WKH 3XQWD
&RORUDGD 0XHOOH� LW LV DVVXPHG WKH PHDVXUHPHQWV ZHUH FRQGXFWHG ORFDOO\ DW WKH SRUW�



���� +\GURPHWHRURORJLFDO FRQGLWLRQV ��

)LJXUH ���� $QQXDO ZDYH URVH >��@�

:DYHV RULJLQDWLQJ IURP1 WR ( WR 6 QHHG WR EH FRQVLGHUHG� :LQG ZDYHV �2ODV ORFDO� ZDYHV UDUHO\ H[FHHG
���� P� 6ZHOO ZDYHV �0DUHMDGD� UDUHO\ RULJLQDWH IURP 1(� 8VXDOO\ VZHOO RULJLQDWHV IURP ( WR 6(� WKH
VZHOO GRHV QRW H[FHHG ����P� 7KH RSHUDWLRQDO PDQXDO RI WKH MHWW\ DOVR SURYLGHV LQIRUPDWLRQ RQ WKH
DQQXDO H[FHHGDQFH SHUFHQWDJH RI ZDYH KHLJKWV� 7KH DQQXDO ZDYH KHLJKW H[FHHGDQFH SHUFHQWDJHV
DUH VKRZQ LQ )LJXUH ���� 7KH PDQXDO GRHV QRW PHQWLRQ ZKHWKHU WKHVH DUH VLJQLILFDQW ZDYH KHLJKWV
RU DQ\ RWKHU ZDYH KHLJKW FKDUDFWHULVWLF� 7KH ZDYH PHDVXULQJ PHWKRG DQG VWDWLVWLFDO ZDYH SURFHVVLQJ
PHWKRG DUH QRW PHQWLRQHG HLWKHU�

)LJXUH ���� $QQXDO ZDYH KHLJKW H[FHHGDQFH SHUFHQWDJHV�

������ 7LGDO $PSOLWXGH DQG &XUUHQWV
,Q ���� WKH $UJHQWLQLDQ &RDVWDO (GXFDWLRQ DQG 5HVHDUFK )RXQGDWLRQ �&(5)� KDV SXEOLVKHG D VWXG\
LQ ZKLFK WKH WLGDO FXUUHQWV LQ WKH 1RUWK 3DWDJRQLDQ JXOIV ZHUH PRGHOOHG� 7KH PRGHO ZDV YDOLGDWHG
ZLWK GDWD IURP VHYHUDO FXUUHQW PHWHUV DQG WLGDO JDXJHV WKDW ZKHUH GHSOR\HG DURXQG WKH JXOI RI 6DQ



���� 2SHUDWLRQDO 'RZQWLPH RI WKH 3RUW ��

0DWtDV� $ WLGDO JDXJH DQG D FXUUHQW PHWHU ZHUH GHSOR\HG DW 3XQWD &RORUDGD 0XHOOH� 8QIRUWXQDWWHO\ QR
PHDVXUHPHQWV ZHUH GRQH DW 3XHUWR /RERV RU DQ\ ORFDWLRQ QHDU 3XHUWR /RERV� 0HDVXULQJ SHULRGV RI
WKH LQVWUXPHQWV UDQJHG IURP �� GD\V WR ��� GD\V� ,Q JHQHUDO WKH PRGHO RXWFRPHV VHHP WR FRUUHVSRQG
ZHOO ZLWK WKH PHDVXUHPHQWV�

7KH OHIW SDQHO RI )LJXUH ��� VKRZV RQH RI WKH PRGHO RXWFRPHV� 7KH WLGDO FXUUHQW LV VKRZQ E\ WLGDO
HOOLSVHV LQ WKH ED\� 7KH VFDOH RI DQ WLGDO HOOLSVH LV VKRZQ DW WKH ERWWRP RI WKH ILJXUH� ,W FDQ EH VHHQ
WKDW QHDUVKRUH DQG DW WKH VRXWKHUQ SDUW RI WKH ED\� DSSUR[LPDWHO\ DW 3XHUWR /RERV� WLGDO FXUUHQWV DUH
UHODWLYHO\ ZHDN� 7KH ILJXUH VKRZV WKDW WKH QHDUVKRUH FXUUHQWV LQWHQVLILHV VOLJKWO\ IURP 6RXWK WR 1RUWK�
,Q WKH 1RUWK D PD[LPDO WLGDO FXUUHQW RI ���� P�V DW 6DQ $QWRQLR LV UHSRUWHG�

)LJXUH ���� 7LGDO HOOLSVH DW 3XQWD &RORUDGD >��@�

$W 3XQWD &RORUDGD 0XHOOH� D WLGDO JDXJH KDV EHHQ LQVWDOOHG RYHU D SHULRG RI ��� GD\V WR PHDVXUH WKH
WLGDO DPSOLWXGH� $ PHDQ REVHUYHG DPSOLWXGH RI ���� P DQG D VHPL�GLXUQDO SHULRG KDYH EHHQ UHSRUWHG
>��@� 0&& PHQWLRQV D VSULQJ WLGDO DPSOLWXGH RI ���� P� 1H[W WR WKDW D FXUUHQW PHWHU KDV EHHQ LQVWDOOHG
RYHU D SHULRG RI �� GD\V� 7KH PHDQ FXUUHQW GLUHFWLRQ DQG YHORFLW\ DW 3XQWD &RORUDGD 0XHOOH LV GLVSOD\HG
LQ WKH WLGDO HOOLSVH LQ )LJXUH ��� RQ WKH ULJKW� 7KH VROLG OLQH LQGLFDWHV WKH REVHUYDWLRQV E\ WKH FXUUHQW
PHWHU� 7KH GDVKHG OLQH VKRZV WKH FXUUHQW VLPXODWLRQ� ,W FDQ EH FRQFOXGHG WKDW WKH PD[LPXP DEVROXWH
REVHUYHG FXUUHQW YHORFLW\ LV DSSUR[LPDWHO\ ��� P�V DQG LV GLUHFWHG HLWKHU WR WKH 11: DQG WKH 66(
>��@� 7KH FXUUHQW GLUHFWLRQV DUH FRQILUPHG E\ WKH RSHUDWLRQ PDQXDO RI WKH -HWW\� +RZHYHU� WKH UHSRUWHG
FXUUHQW LQWHQVLWLHV GR QRW FRUUHVSRQG� 7KH RSHUDWLRQDO PDQXDO UHSRUWV WKDW WKH FXUUHQW LQWHQVLWLHV FDQ
UHDFK XS WR ��� P�V DW WKH VKLS ORDGHU DQG � P�V RIIVKRUH RIIVKRUH >��@� 7KH RSHUDWLRQ PDQXDO GRHV QRW
UHSRUW DQ\ VRXUFHV RI WKH GDWD QRU HODERUDWHV RQ WKH KRZ WKHVH YDOXHV ZHUH IRXQG�

���� 2SHUDWLRQDO 'RZQWLPH RI WKH 3RUW
7KH RSHUDWLRQ OLPLWV GLVWLQJXLVK IRUFHV ORQJLWXGLQDO DQG WUDQVYHUVH WR WKH EHUWK� )LUVW� WKH SUHIHUUHG
EHUWKLQJ SRVLWLRQ LV GHWHUPLQHG� ,W LV PHQWLRQHG LQ 6HFWLRQ ����� WKDW QR WLGDO ZLQGRZ FDQ EH LPSOH�
PHQWHG EHFDXVH WKH ORQJ WLPH UHTXLUHG IRU ORDGLQJ� 7KXV� GXULQJ ORDGLQJ� WKH YHVVHO ZLOO EH VXEMHFW WR
WKH PD[LPXP WLGDO FXUUHQW� 7KH PD[LPXP WLGDO FXUUHQW UHSRUWHG E\ WKH 0&& LV � NQRW �� ���� P�V� LQ
11: DQG 66( GLUHFWLRQ DW WKH VKLS ORDGHU� 7KH RSHUDWLQJ OLPLWV IRU EHUWKLQJ WUDQVYHUVH WR WKH FXUUHQW
LV ��� P�V DQG IRU EHUWKLQJ ORQJLWXGLQDO WR WKH FXUUHQW ��� P�V� 7KHUHIRUH� YHVVHO EHUWKLQJ LV SUHIHUUHG
ORQJLWXGLQDO WR WKH PDLQ FXUUHQW GLUHFWLRQ� 7KLV PHDQV WKDW WKH ORQJLWXGLQDO D[LV RI WKH YHVVHO LV RULHQWHG



���� %DWK\PHWU\ ��

ORQJ�VKRUH SDUDOOHO �WR WKH QRUWK�� 7KLV DOVR PHDQV WKDW WKH YHVVHO ZLOO EH VXEMHFW WR ZLQG DQG ZDYHV
IURP WKHLU GRPLQDQW GLUHFWLRQ� 7KLV FDQ EH VHHQ LQ WKH ZDYH URVH DQG WKH ZLQG URVH LQ )LJXUH ��� DQG
)LJXUH ����

1H[W� WKH JRYHUQLQJ DFWLYLW\ ZLWK LWV RSHUDWLQJ OLPLWV VKRXOG EH FKRVHQ� :KHQ FRQGLWLRQV H[FHHG WKH
OLPLWV IRU WKH EHUWKLQJ RI WKH YHVVHO� WKH YHVVHO ZLOO MXVW ZDLW DW WKH DQFKRUDJH� :KHQ WKH FRQGLWLRQV
H[FHHG WKH RSHUDWLRQ OLPLWV IRU ORDGLQJ DQG XQORDGLQJ� WKH ORDGLQJ DQG XQORDGLQJ ZLOO EH VWRSSHG� %XW
ZKHQ WKH OLPLWV IRU WKH YHVVHO DW WKH EHUWK DUH H[FHHGHG� WKH YHVVHO QHHGV WR OHDYH DQG VDLO WR WKH
DQFKRUDJH� 7KLV LV FRQVLGHUHG YHU\ LQFRQYHQLHQW DQG LV WKHUHIRUH FKRVHQ WR EH WKH JRYHUQLQJ OLPLW�
7KHVH OLPLWV DUH ZLQGV RI �� P�V WUDQVYHUVH WR WKH EHUWK DQG VLJQLILFDQW ZDYHV RI � P WUDQVYHUVH WR WKH
EHUWK�

)URP WKH ZLQG URVH LQ )LJXUH ���� LW FDQ EH FRQFOXGHG WKDW WKHVH ZLQG VSHHGV EDUHO\ DUH H[FHHGHG
\HDUO\� )URP )LJXUH ��� LW FDQ EH VHHQ WKDW ZDYHV RI � PHWHU DUH H[FHHGHG � � RI WKH \HDU�

���� %DWK\PHWU\
7KLV VHFWLRQ JLYHV DQ RYHUYLHZ RI WKH EDWK\PHWU\ RQ HDFK RI WKH WKUHH SURMHFW ORFDWLRQV� 7KH EDWK\PHWU\
LV DQ LPSRUWDQW DVSHFW IRU SRUW FRQVWUXFWLRQ DV D FHUWDLQ PLQLPDO GHSWK PXVW EH JXDUDQWHHG IRU VKLSV
WR EHUWK� ORDG DQG OHDYH WKH SRUW VDIHO\ DW DOO WLPHV� $Q HODERUDWLRQ RQ WKH UHTXLUHG PLQLPDO GHSWK ZDV
JLYHQ LQ 6HFWLRQ ���� :LWK WKLV IRUPXOD� ILJXUH ��� RQ WKH H[SHFWHG YHVVHOV DQG LQIRUPDWLRQ DERXW WKH
WLGH DQG ZDYHV LQ WKH VHFWLRQ DERYH� WKH PLQLPXP UHTXLUHG GHSWK LV GHWHUPLQHG IRU WKH VKRUW�WHUP DQG
PHGLXP�WHUP� 7KLV LV VKRZQ LQ WDEOH ����

6KRUW�WHUP 0HGLXP�WHUP
'UDXJKW RI GHVLJQ YHVVHO ��� P �� P
7LGDO UHVWULFWLRQ � P ����
6LQNDJH ��� P ��� P
5HVSRQVH WR ZDYHV �)RU Hs  �P� � P � P
8QGHUNHHO FOHDUDQFH �)RU URFN� � P � P
0LQLPXP UHTXLUHG GHSWK �� �P�06/� ����� �P�06/�

7DEOH ���� 0LQLPXP UHTXLUHG GHSWK VKRUW�WHUP DQG PHGLXP�WHUP�

7KH GLVWDQFH IURP VKRUH WR WKH UHTXLUHG QDXWLFDO GHSWK LV LPSRUWDQW IRU WKH MHWW\ OHQJWK RU IRU WKH DPRXQW
RI FDSLWDO� DQG PDLQWHQDQFH GUHGJLQJ� LI SRVVLEOH� 2WKHU DVSHFWV WKDW SOD\ DQ LPSRUWDQW UROH LV WKH
ORQJVKRUH XQLIRUPLW\ RI GHSWK FRQWRXUV DV WKLV FDQ KLQGHU VKLS PDQRHXYUDELOLW\� /1* WDQNHUV QHHG WR
EH DEOH WR GHSDUW DW DQ\ WLPH GXH WR WKH KD]DUGRXV QDWXUH RI $PPRQLD ORDGLQJ�XQORDGLQJ� QDYLJDELOLW\
DURXQG WKH SRUW LV WKHUHIRUH RI JUHDW LPSRUWDQFH�

,Q WKLV FKDSWHU� WZR GDWD VRXUFHV DUH XVHG� 7KH ILUVW GDWD VRXUFH LV WKH GDWD REWDLQHG IURP WKH ILHOG
VXUYH\� 7KLV GDWD ZDV UHFHQWO\ FROOHFWHG DQG WKXV JLYHV DQ RYHUYLHZ RI WKH FXUUHQW EDWK\PHWU\� $
GLVDGYDQWDJH RI WKLV GDWD VRXUFH LV WKDW LW RQO\ LQFOXGHV WKH EDWK\PHWULHV DW 3XQWD &RORUDGD 0XHOOH DQG
3XQWD &RORUDGD 6RXWK�

7KH VHFRQG VRXUFH ZLOO EH EDWK\PHWU\ FKDUWV IURP 1DYLRQLFV� 7KHVH FKDUWV DUH DYDLODEOH DW DOO WKUHH
ORFDWLRQV DQG FDQ WKXV EH XVHG IRU D PXFK FRXUVHU� EXW FRPSOHWH DVVHVVPHQW� 7KH OHYHO RI GHWDLO GLIIHUV
ZLWKLQ WKHVH FKDUWV� ZKLFK LV TXDOLWDWLYHO\ LQGLFDWHG LQ 7DEOH ��� DQG LV VHHQ LQ WKH FKDUWV GXH WR D ORZ
QXPEHU RI GHSWK PHDVXUHPHQWV� VHH FKDUW W\SH %�

/RFDWLRQ &KDUW /HYHO RI 'HWDLO <HDU

3XQWD &RORUDGD 0XHOOH %DWK\PHWU\ 6XUYH\ 9HU\ KLJK ����
1DYLRQLFV 0RGHUDWH 8QNQRZQ

3XQWD &RORUDGD 6RXWK %DWK\PHWU\ 6XUYH\ +LJK ����
1DYLRQLFV 0RGHUDWH�/RZ 8QNQRZQ

3XHUWR /RERV � � �
1DYLRQLFV /RZ 8QNQRZQ

7DEOH ���� ,QGLFDWLRQ RI WKH TXDOLW\ RI GLIIHUHQW FKDUWV�



���� )ORRG 6DIHW\ ��

������ 3XQWD &RORUDGD 0XHOOH
7KH UHODWLYHO\ VWUDLJKW GHSWK FRQWRXUV LQGLFDWH DQ DORQJVKRUH XQLIRUP FRDVWOLQH ZKHUH RQO\ PLQRU GHSWK
FKDQJHV DUH SUHVHQW� 7KHVH PLQRU GHSWK FKDQJHV GR QRW SRVH ODUJH FKDOOHQJHV IRU YHVVHO PDQRHXYUD�
ELOLW\� 7KH H[LVWLQJ MHWW\ H[WHQGV ��� PHWHUV WRZDUGV WKH RIIVKRUH DQG KDV D ORFDO GHSWK QHDU WKH VKLS
ORDGHU RI �� �P�06/� IRU WKH ¶1�6¶ EHUWKLQJ SRVLWLRQ DQG ����� �P�06/� IRU WKH ¶:�(¶ EHUWKLQJ SRVLWLRQ�

'LVWDQFHV WR UHTXLUHG GHSWK DUH JLYHQ IRU WKH 3XQWD &RORUDGD 0XHOOH ORFDWLRQ IURP WKH PRVW RIIVKRUH
SRLQW RI WKH ODQG�KHDG ZKHUH WKH FXUUHQW MHWW\ LV SUHVHQW�

6KRUW�WHUP ��� P�06/� 0HGLXP�WHUP ������ P�06/�
'LVWDQFH WR UHTXLUHG GHSWK ���P ����P
8QLIRUPLW\ RI EDWK\PHWU\ DW UHTXLUHG GHSWK � �

7DEOH ���� 'LVWDQFH IURP 3XQWD &RORUDGD 0XHOOH ODQG�KHDG WR PLQLPXP UHTXLUHG GHSWK IRU WKH VKRUW� DQG PHGLXP�WHUP�

������ 3XQWD &RORUDGD 6RXWK
7KH GHSWK FRQWRXUV DUH TXLWH VWUDLJKW DQG DORQJVKRUH SDUDOOHO� 7KH ODUJHVW YDULDWLRQV RFFXU MXVW VRXWK
RI WKH )7= DQG YDU\ � PHWHU� ,I WKLV SRVHV VHULRXV FRQFHUQV IRU YHVVHO EHUWKLQJ� WKH MHWW\ PLJKW QHHG
WR EH EH ORFDWHG PRUH WR WKH 1RUWK RU WR WKH 6RXWK� 7KLV ORFDWLRQ GRHV QRW KDYH D ODQG�KHDG DV FDQ
EH VHHQ DW 3XQWD &RORUDGD 0XHOOH� FDXVLQJ GLVWDQFHV WR UHTXLUHG GHSWK WR EH OHQJWKLHU LQ JHQHUDO� 7KH
GLVWDQFH WR WKH UHTXLUHG GHSWK LV SUHVHQWHG IURP VKRUHOLQH DQG IURP WKH HQG RI WKH LQWHU WLGDO ]RQH DQG
LV SUHVHQWHG LQ 7DEOH ���� 7KH EDWK\PHWU\ PDS FDQ EH IRXQG LQ )LJXUH '��� LQ WKH DSSHQGL[�

7DEOH ���� 'LVWDQFHV IURP 3XQWD &RORUDGD 6RXWK WR PLQLPXP UHTXLUHG GHSWK IRU WKH VKRUW� DQG PHGLXP�WHUP�

6KRUW�WHUP ��� P�06/� 0HGLXP�WHUP ������ P�06/�
'LVWDQFH WR UHTXLUHG GHSWK ����P ����P
'LVWDQFH IURP HQG RI LQWHUWLGDO ]RQH ���P ����P
8QLIRUPLW\ RI EDWK\PHWU\ DW UHTXLUHG GHSWK � �

������ 3XHUWR /RERV
'DWD IRU EDWK\PHWULF DQDO\VLV LV FROOHFWHG IURP 1DYLRQLFV DQG SUHVHQWHG LQ )LJXUH '��� LQ WKH DSSHQGL[�
DV LW LV QRW NQRZQ ZKHQ WKLV GDWD ZDV JDWKHUHG DQG ZKDW WKH SUHFLVLRQ LV� WKLV VHFWLRQ SUHVHQWV RQO\ D
URXJK LQGLFDWLRQ RI WKH 3XHUWR /RERV ORFDWLRQ� 7KH 3XHUWR /RERV ORFDWLRQ KDV IDYRXUDEOH GLVWDQFHV WR
UHTXLUHG GHSWK� )XUWKHUPRUH� WKLV ORFDWLRQ VKRZV DQ DORQJVKRUH XQLIRUP FRDVW� EXW GXH WR ORZ�TXDOLW\
UHVROXWLRQ RI WKH EDWK\PHWU\ GDWD� WKLV PLJKW QRW EH DQ DFFXUDWH UHSUHVHQWDWLRQ� 7KLV LV PDLQO\ EHFDXVH
1DYLRQLFV KDV DQ LQWHUSRODWLRQ DOJRULWKP IRU ORFDWLRQV ZLWK ORZ DYDLODELOLW\ RI PHDVXUHPHQWV�

6KRUW�WHUP ��� P�06/� 0HGLXP�WHUP ������ P�06/�
'LVWDQFH WR UHTXLUHG GHSWK ����P ����P
'LVWDQFH IURP HQG RI LQWHUWLGDO ]RQH ���P ����P
8QLIRUPLW\ RI EDWK\PHWU\ DW UHTXLUHG GHSWK � �

7DEOH ���� 'LVWDQFHV IURP 3XHUWR /RERV WR PLQLPXP UHTXLUHG GHSWK IRU WKH VKRUW� DQG PHGLXP�WHUP�

���� )ORRG 6DIHW\
7KH IORRG VDIHW\ LV GLYLGHG LQWR WZR SDUWV� WKH ORFDO FRDVWDO YXOQHUDELOLW\ DQG WKH JHQHUDO WVXQDPL ULVN LQ
WKH *XOI RI 6DQ 0DWtDV� 7KH UHVXOWV DUH SUHVHQWHG LQ WKLV VHFWLRQ�

������ &RDVWDO 9XOQHUDELOLW\
7KH $UJHQWLQLDQ *HRORJLFDO $VVRFLDWLRQ KDV VWXGLHG WKH YXOQHUDELOLW\ WR VHD OHYHO ULVH RI WKH FRDVWDO
DUHDV RI 5tR 1HJUR� 7KH FRDVWOLQH KDV EHHQ GLYLGHG LQWR �� ]RQHV� 7KH &RDVWDO 9XOQHUDELOLW\ LQGH[



���� )ORRG 6DIHW\ ��

IRU HDFK ]RQH KDV EHHQ GHWHUPLQHG ZLWK WKH PHWKRG RI *RUQLW]� 7KLV LQGH[ FDQ EH XVHG WR LGHQWLI\
DUHDV RI JHRORJLFDO KD]DUG UHODWHG WR SHUPDQHQW DQG�RU HSLVRGLF IORRGV� 7KH LQGH[ LV EDVHG RQ VHYHUDO
FRPSRQHQWV WKDW GHVFULEH WKH FKDUDFWHULVWLFV RI D FRDVWDO ]RQH� &RPSRQHQWV VXFK DV� WRSRJUDSK\�
JHRPRUSKRORJ\� WLGDO UDQJH� PD[LPXP ZDYH KHLJKW DQG D PRGHUDWH VHD OHYHO ULVH RI � PP�\HDU� ,Q
)LJXUH ��� WKH FRDVWDO YXOQHUDELOLW\ LQGLFHV DUH VKRZQ� 7KH FRDVWDO YXOQHUDELOLW\ RI 3XQWD &RORUDGD
0XHOOH DQG 3XQWD &RORUDGD 6RXWK DUH FRQVLGHUHG KLJK ZLWK DQ LQGH[ RI ��� 7KH FRDVWDO YXOQHUDELOLW\
RI 3XHUWR /RERV LV FRQVLGHUHG PRGHUDWH ZLWK DQ LQGH[ RI �� >��@� ,W VKRXOG EH QRWHG WKDW WKH ]RQHV LQ
EHWZHHQ ERWK ORFDWLRQV DUH FRQVLGHUHG WR KDYH D ORZ YXOQHUDELOLW\� ,W VKRXOG EH QRWHG WKDW WKH SDSHU
GRHV QRW HODERUDWH RQ ZKLFK VFRUH ZDV JLYHQ WR WKH GLIIHUHQW FRPSRQHQWV RI WKH FRDVWDO ]RQHV�

)LJXUH ���� &RDVWDO YXOQHUDELOLW\ PDS RI WKH SURYLQFH RI 5tR 1HJUR >��@�

������ 7VXQDPLV
7KH *OREDO )DFLOLW\ RI 'LVDVWHU 5HGXFWLRQ DQG 5HFRYHU\ KDV GHYHORSHG DQ RQOLQH WRRO ZLWK LQIRUPDWLRQ
RQ GLVDVWHU ULVN RQ D JOREDO DQG ORFDO VFDOH� 7KH\ GHILQHG WKH KD]DUG RQ WVXQDPLV LQ WKH *XOI RI 6DQ
0DWtDV WR EH ORZ� 7KLV LV EDVHG RQ WKH VWXG\ RI 'DYLHV HW DO� ������ LQ ZKLFK WKH JOREDO SUREDELOLVWLF
WVXQDPL KD]DUG ZDV DVVHVVHG IURP HDUWKTXDNH VRXUFHV� *)'55 UHSRUWV WKDW WKHUH LV PRUH WKDQ D �
� FKDQFH WKDW D SRWHQWLDOO\ GDPDJLQJ WVXQDPL ZLOO RFFXU LQ WKH QH[W �� \HDUV >��@�



�
6WUXFWXUDO $QDO\VLV 5HVXOWV IRU 3XQWD

&RORUDGD 0XHOOH

,Q WKLV FKDSWHU� WKH UHVXOWV RI WKH VWUXFWXUDO VXUYH\ DUH SUHVHQWHG� 7KH UHVXOWV DLPV WR DQVZHU VXE�
TXHVWLRQ (� µµ:KDW DUH WKH VWUXFWXUDO DVVHWV RI WKH 3XQWD &RORUDGD 0XHOOH MHWW\ DQG LQ ZKDW VWDWH DUH
WKH\"¶¶�

,GHDOO\� PXFK GRFXPHQWDWLRQ VXFK DV ROG GUDZLQJV� FDOFXODWLRQV VKHHWV RU UHFRUGV ZRXOG KDYH EHHQ
JDWKHUHG� +RZHYHU� OLWWOH WR QR LQIRUPDWLRQ ZDV IRXQG LQ WKH OLWHUDWXUH RU DUFKLYHV EHVLGHV VDWHOOLWH
SLFWXUHV RI *RRJOH 0DSV� $OO WKH UHVXOWV DQG JDWKHUHG LQIRUPDWLRQ UHO\ RQ WKH VXUYH\�

7KH VXUYH\ FRQVLVWV RI YLVXDO LQVSHFWLRQV RI WKH MHWW\ VWUXFWXUH RI WKH 3XQWD &RORUDGD 0XHOOH� ZKLFK LV
D VWUXFWXUH RI DSSUR[LPDWHO\ ��� NLORPHWUHV� 7KH VWUXFWXUH LV GLYLGHG LQWR GLIIHUHQW HOHPHQWV LQ RUGHU WR
IDFLOLWDWH WKH VWUXFWXUDO DQDO\VLV� WKH FROXPQ JURXSV� WKH WUXVVHV� WKH VKLS ORDGLQJ VWUXFWXUH� WKH PRRULQJ
GROSKLQV DQG WKH EXR\V�

)LJXUH ���� 7KH MHWW\ VHHQ IURP WKH VKLS ORDGLQJ VWUXFWXUH�

)LUVWO\� DQ RYHUYLHZ RI WKH GLIIHUHQW FRPSRQHQWV RI WKH FROXPQ JURXSV LV JLYHQ IROORZHG E\ WKH JUDGDWLRQ
RI WKH VWDWH RI WKHVH FRPSRQHQWV� 6HFRQGO\� WKH OD\RXW DQG WKH FRQGLWLRQ RI WKH WUXVVHV DUH GHVFULEHG�
7KLUGO\� D GHVFULSWLRQ RQ WKH VWDWH RI WKH VKLS ORDGLQJ VWUXFWXUH LV JLYHQ� 1H[W� WKH PRRULQJ GROSKLQV DUH
HYDOXDWHG� )LQDOO\� WKH FRQGLWLRQ RI WKH EXR\V DUH SRUWUD\HG�

��



���� &ROXPQ *URXSV ��

7KH UHVXOWV DUH GLVSOD\HG LQWR PDSV DQG H[WHQGHG GHVFULSWLRQV� )XUWKHUPRUH� DQ LQWHUDFWLYH PDS RQ
*RRJOH 0\ 0DSV LV PDGH� ZKHUH \RX FDQ FOLFN RQ DQ LFRQ WR OHW FRUUHVSRQGLQJ SKRWRJUDSKV SRS XS ��

���� &ROXPQ *URXSV
7KH FROXPQ JURXSV DUH FRPSOH[ VWUXFWXUHV ZKLFK QHHG WR EH IXUWKHU GLYLGHG WR REWDLQ VPDOOHU� VLPSOHU
HOHPHQWV� 7KHUHIRUH� LW ZDV GHFLGHG WKDW D FROXPQ JURXS FRQVLVWV RI D FRQFUHWH SODWIRUP� VWHHO RU
FRQFUHWH FROXPQV DQG VWHHO SODWIRUP MRLQWV� 7KHUH DUH LQ WRWDO �� FROXPQ JURXSV ZKLFK DUH QXPEHUHG
LQ RUGHU WR EH DEOH WR UHFRJQLVH WKHP PRUH HDVLO\� VHH )LJXUH ����

)LJXUH ���� &ROXPQ JURXS W\SHV DQG QXPEHULQJ�

$V PHQWLRQHG LQ 6HFWLRQ ���� VWHHO DQG FRQFUHWH HOHPHQWV GR QRW KDYH WKH VDPH UHXVH SURFHVV� WKHUH�
IRUH� WKH �� FROXPQ JURXSV DUH VHSDUDWHG EDVHG RQ WKH PDWHULDO RI WKH FROXPQV�

&ROXPQ JURXSV QXPEHU �� � DQG � DUH PDGH RI FRQFUHWH FROXPQV� VHH )LJXUH ���� $OO WKUHH FROXPQ
JURXSV KDYH IRXU FRQFUHWH FROXPQV DWWDFKHG WR D FRQFUHWH SODWIRUP� 2Q WKLV SODWIRUP� EROWHG VWHHO MRLQWV
DUH SODFHG LQ RUGHU WR FRQQHFW WKH SODWIRUP ZLWK WKH WUXVVHV�

�/LQN WR LQWHUDFWLYH PDS� https://www.google.com/maps/d/u/0/edit?mid=1DbKPQ6_SlcOixza4Ki9jL37oBh4Htx43&ll=
-41.69403415262085%2C-65.01845355742495&z=16

https://www.google.com/maps/d/u/0/edit?mid=1DbKPQ6_SlcOixza4Ki9jL37oBh4Htx43&ll=-41.69403415262085%2C-65.01845355742495&z=16
https://www.google.com/maps/d/u/0/edit?mid=1DbKPQ6_SlcOixza4Ki9jL37oBh4Htx43&ll=-41.69403415262085%2C-65.01845355742495&z=16


���� &ROXPQ *URXSV ��

7KH IROORZLQJ �� FROXPQ JURXSV DUH PDGH RI VWHHO FROXPQV� VHH )LJXUH ���� 7ZR RI WKH VWHHO FROXPQ
JURXSV KDYH QLQH FROXPQV ZKHUHDV WKH RWKHU �� VWHHO FROXPQ JURXSV KDYH IRXU FROXPQV� -XVW DV WKH
FRQFUHWH FROXPQ JURXSV� WKH FROXPQV DUH FRQQHFWHG WR D FRQFUHWH SODWIRUP ZKLFK LV FRQQHFWHG WR WKH
WUXVVHV ZLWK EROWHG VWHHO MRLQWV� +RZHYHU� WKH VWHHO FROXPQ JURXSV DUH VRPHZKDW PRUH FRPSOH[ WKDQ
WKH FRQFUHWH FROXPQ JURXSV� ,QGHHG� WKH VWHHO FROXPQ JURXSV KDYH H[WUD HOHPHQWV� WKH VWHHO FURVVHV
DQG WZR W\SHV RI VWHHO MRLQWV� 7KH IRUPHU FRQQHFWV GLDJRQDOO\ WKH FROXPQV WR HDFK RWKHU ZLWK ZHOGHG
FRQQHFWLRQV DQG WKH ODWWHU LV ORFDWHG DW WKH PLGGOH RI WKH VWHHO FROXPQ VSOLWWLQJ WKH FROXPQ LQ WZR DQG
DW WKH WRS RI WKH FROXPQ FRQQHFWLQJ LW WR WKH FRQFUHWH SODWIRUP�

$GGLWLRQDOO\� WR FODULI\ ZKLFK HOHPHQWV RI WKH FROXPQ JURXSV DUH GDPDJHG� WKH FROXPQV DUH DOVR QXP�
EHUHG� VHH )LJXUH )�� LQ WKH DSSHQGL[� 7KH QXPEHULQJ IRU WKH FROXPQV RI FROXPQ JURXSV � WR �� IROORZV
WKH QXPEHULQJ RI WKH FROXPQV RI WKH FROXPQ JURXSV �� DQG ��� $OVR DV PHQWLRQHG HDUOLHU� WKH FROXPQ
JURXSV �� DQG �� FRQVLVW RXW RI QLQH VWHHO FROXPQV� \HW WKH PLGGOH FROXPQ LV QRW QXPEHUHG DV LW LV
KDUGO\ YLVLEOH DQG WKXV WRR GLIILFXOW WR DQDO\VH�

7R VXP XS� WKHUH DUH PDQ\ GLVWLQFW HOHPHQWV FRPSRVLQJ WKH FROXPQ JURXSV ZKLFK QHHG WR EH HYDOXDWHG
LQ RUGHU WR GHWHUPLQH WKH SRWHQWLDO RI WKH UHXVH RI WKH VWUXFWXUH QDPHO\�

� WKH FRQFUHWH FROXPQV
� WKH XSSHU DQG ORZHU VWHHO FROXPQV
� WKH XSSHU DQG ORZHU VWHHO FROXPQ MRLQWV
� WKH VWHHO FURVVHV
� WKH FRQFUHWH SODWIRUPV
� WKH VWHHO SODWIRUP MRLQWV

7KH VWDWH RI WKHVH FROXPQ JURXS HOHPHQWV LV GHVFULEHG LQ WKH IROORZLQJ SDUDJUDSKV�

������ &RQFUHWH &ROXPQV �&ROXPQ *URXS � � ��
,Q WKH PHWKRGRORJ\� LW KDV EHHQ SUHVHQWHG ZKLFK SURSHUWLHV DUH QHHGHG IRU WKH LQYHQWRU\ RI WKH FRQFUHWH
FROXPQV� 7KH PRVW UHOHYDQW RQHV DUH WKH GDPDJHV RQ WKH HOHPHQWV� 7KHVH DUH SUHVHQWHG LQ WKH
IROORZLQJ SDUDJUDSKV�

$W WKH ILUVW FROXPQ JURXS� VRPH VPDOO GDPDJHV DUH QRWLFHG� 7KH FURZQV RI FROXPQ ��� DQG FROXPQ
���� ERWK H[SHULHQFH FRUURVLRQ ZKLFK H[SRVHV D SDUW RI WKH UHLQIRUFHPHQW RI WKH FURZQV� VHH )LJXUH )��
LQ WKH DSSHQGL[�

$W WKH VHFRQG FROXPQ JURXS� GDPDJH LV QRWLFHG DV ZHOO� VHH )LJXUH )�� LQ WKH DSSHQGL[� &ROXPQ ���
KDV WZR ODUJH DUHDV RI KRQH\FRPEV DQG RQH DUHD RI ORFDOLVHG FRUURVLRQ� $OVR� WKH FURZQ RI WKH FROXPQ
H[SHULHQFHV UHLQIRUFHPHQW FRUURVLRQ� $W FROXPQ ���� D ODUJH VHFWLRQ ORVV LV GHWHFWHG DW WKH PLGGOH RI
WKH FROXPQ� DV ZHOO DV D ORFDOLVHG UHLQIRUFHPHQW FRUURVLRQ FORVH WR WKH WRS RI WKH FROXPQ�

7KH GDPDJH RI WKH ODVW FRQFUHWH FROXPQ JURXS LV VKRZQ LQ )LJXUH )�� LQ WKH DSSHQGL[� &ROXPQ ��� KDV
ODUJH DUHDV RI FRUURVLRQ ZKHUH WKH VWHHO ODGGHU FRQQHFWLRQV DUH ORFDWHG� $W FROXPQ ���� D PDQ�PDGH
UHFWDQJXODU KROH LV GHWHFWHG� ,WV HGJHV DUH GDPDJHG DQG VRPH FRUURVLRQ LV QRWLFHG EHORZ WKH KROH� ,W
LV QRW GHWHUPLQHG ZKDW LV WKH GHSWK RU WKH FDXVH RI WKLV UHFWDQJXODU KROH�

������ 6WHHO &ROXPQV �&ROXPQ *URXS � � ���
$V H[SODLQHG HDUOLHU� WKH VWHHO FROXPQV DUH VHSDUDWHG E\ VWHHO FROXPQ MRLQWV� 7KHUHIRUH� ZH GLVWLQJXLVK
WZR HOHPHQWV RI WKH VWHHO FROXPQV� QDPHO\ RQH DERYH WKH VWHHO MRLQW DQG WKH RWKHU RQH EHORZ WKH MRLQW�

$W DOO VWHHO FROXPQ JURXSV� WKH ORZHU VWHHO FROXPQV DUH IXOO\ FRYHUHG E\ URXJKO\ WKH VDPH DPRXQW
PDULQH JURZWK� VHH )LJXUH )�� LQ WKH DSSHQGL[� ,Q VKRUW� PDULQH JURZWK FDXVHV H[WUD VWDWLF ORDGLQJ WR
WKH VWUXFWXUH GXH WR LWV PDVV DQG FDXVHV H[WUD K\GURG\QDPLF ORDGLQJ GXH WR WKH LQFUHDVH RI LWV FROXPQ
GLDPHWHU >��@� +RZHYHU� WKH WKLFNQHVV LV VPDOO FRPSDUHG WR WKH FROXPQ GLDPHWHUV� 7KHUHIRUH� LW LV
DVVXPHG WKDW WKH PDULQH JURZWK KDV D YHU\ OLPLWHG QHJDWLYH HIIHFW RQ WKH VWUXFWXUDO FDSDFLW\ RI WKH
FROXPQV�

�7KH ILUVW QXPEHU FRUUHVSRQGV WR WKH FROXPQ JURXS DQG WKH VHFRQG QXPEHU FRUUHVSRQGV WR WKH FROXPQ



���� &ROXPQ *URXSV ��

0RVW RI WKH VWHHO FROXPQV DERYH WKH MRLQW DUH DIIHFWHG E\ JHQHUDO FRUURVLRQ� FKDUDFWHULVHG E\ WKH XQLIRUP
ORVV RI PDWHULDO RYHU WKH VXUIDFH� VHH $SSHQGL[ (�� IRU GLIIHUHQW W\SHV RI FRUURVLRQ� 7KH VHYHULW\ RI WKH
FRUURVLRQ YDULHV EHWZHHQ WKH HOHPHQWV� ,Q 6HFWLRQ ���� D JUDGDWLRQ IRU WKH VWHHO HOHPHQWV DFFRUGLQJ
WR WKH FRUURVLRQ OHYHO KDV EHHQ SURYLGHG� VHH 7DEOH ���� 7KH GHFLVLYH IDFWRU IRU WKH FRUURVLRQ OHYHO LV
WDNHQ DV WKH DUHD RI WKH FRUURVLRQ >��@� $IWHU FRPSDULVRQ RI WKH VWHHO FROXPQV� LW LV HVWDEOLVKHG WKDW WKH
OHDVW FRUURGHG VWHHO FROXPQ FRUUHVSRQGV WR ORZHVW FRUURVLRQ OHYHO �&�� DQG WKH PRVW FRUURGHG FROXPQ
FRUUHVSRQGV WR KLJKHVW FRUURVLRQ OHYHO �&��� VHH )LJXUH ����

�D� &�� �E� &�� �F� &�� �G� &�� �H� &��

)LJXUH ���� &RUURVLRQ OHYHOV� VWHHO FROXPQV�

$V VWDWHG LQ 6HFWLRQ ������ WKHUH DUH YDULRXV QHJDWLYH FRQVHTXHQFHV RI VWHHO FRUURVLRQ WR WKH VWUXFWXUDO
FDSDFLW\ RI VWHHO HOHPHQWV� 7\SLFDOO\� WKH VWUXFWXUDO FDSDFLW\ GHSHQGV SULPDULO\ RQ WKH FURVV�VHFWLRQDO
GLPHQVLRQV RI D VWUXFWXUDO PHPEHU� )RU DQ D[LDO PHPEHU DV WKH FROXPQV DUH� WKH FURVV�VHFWLRQDO ORVV
RI VWHHO LV JRYHUQLQJ IRU FDOFXODWLQJ WKH ORVV RI VWUXFWXUDO FDSDFLW\ >��@� 7KH ORVV RI VWHHO LV GLIILFXOW
WR GHWHUPLQH IURP WKH LPDJHV DQG WKHUHIRUH� WKH GHFUHDVH RI VWUXFWXUDO FDSDFLW\ FDQQRW EH TXDQWLILHG�
+RZHYHU� WKH FROXPQV WKDW VXIIHU WKH PRVW IURP FRUURVLRQ FDQ EH LGHQWLILHG LQ WKH PDSV� VHH )LJXUH ����



���� &ROXPQ *URXSV ��

�D� *UDGHV RI VWHHO FROXPQ JURXSV �����

�E� *UDGHV RI VWHHO FROXPQ JURXSV ������

)LJXUH ���� &RUURVLRQ JUDGHV RI WKH VWHHO FROXPQV�

������ 6WHHO &ROXPQ -RLQWV
$V H[SODLQHG HDUOLHU� WKHUH DUH WZR W\SHV RI MRLQWV DW WKH VWHHO FROXPQV� LQ WKH PLGGOH DQG DW WKH WRS RI
WKH FROXPQV� 7KH XSSHU MRLQWV� ZKLFK FRQQHFW WKH FRQFUHWH SODWIRUP� WKH FROXPQV DQG WKH FURVVHV WR
HDFK RWKHU� DUH DOO LQ VLPLODU VWDWH� WKH\ GR QRW H[SHULHQFH QRWLFHDEOH FRUURVLRQ� 7KHUHIRUH� WKHVH MRLQWV
DUH QRW IXUWKHU FRPSDUHG RU HYDOXDWHG�

7KH ORZHU MRLQWV ZKLFK VSOLW WKH FROXPQ VWHHOV LQ WZR DUH ODEHOHG DV WKH VWHHO FROXPQ MRLQWV� 7KH QXPEHU�
LQJ RI WKH MRLQWV IROORZV WKH QXPEHULQJ RI WKH FROXPQV� VHH )�� )LJXUH )��� 7KHVH MRLQWV DUH ZHOGHG MRLQWV
ZKLFK FRQQHFW WKH FURVVHV WR WKH FROXPQV� 8QOLNH WKH XSSHU VWHHO MRLQWV� WKHVH VWHHO FROXPQ MRLQWV DUH
FRUURGHG DQG WKH VHYHULW\ RI WKH FRUURVLRQ YDULHV EHWZHHQ WKH MRLQWV� -XVW OLNH WKH XSSHU VWHHO FROXPQV�
WKH OHQJWK RI WKH FRUURVLRQ LV WKH GHFLVLYH IDFWRU� 7KH JUDGDWLRQ RI WKH FRUURVLRQ OHYHO JRHV IURP WKH
ORZHVW OHYHO �&�� FRUUHVSRQGLQJ WR WKH OHDVW FRUURGHG MRLQW WR WKH WKH KLJKHVW OHYHO �&�� FRUUHVSRQGLQJ
WR WKH PRVW FRUURGHG MRLQW� VHH )LJXUH ����

�D� &�� �E� &�� �F� &�� �G� &�� �H� &��

)LJXUH ���� &RUURVLRQ OHYHOV� VWHHO FROXPQ MRLQWV�



���� &ROXPQ *URXSV ��

)RU SODWHV LQ EHQGLQJ� OLNH SDUWV RI WKH MRLQWV� WKH ORVV RI WKLFNQHVV LV JRYHUQLQJ IRU FDOFXODWLQJ WKH ORVV
RI VWUXFWXUDO FDSDFLW\ >��@� $V IRU WKH FROXPQV� WKH ORVV RI VWHHO LV GLIILFXOW WR GHWHUPLQH IURP WKH LPDJHV
DQG WKHUHIRUH� WKH GHFUHDVH RI VWUXFWXUDO FDSDFLW\ FDQQRW EH TXDQWLILHG� +RZHYHU� WKH MRLQWV WKDW VXIIHU
WKH PRVW IURP FRUURVLRQ FDQ EH LGHQWLILHG WKH PDS� VHH )LJXUH ����

�D� *UDGHV RI WKH FROXPQ JURXSV �����

�E� *UDGHV RI WKH FROXPQ JURXSV ������

)LJXUH ���� &RUURVLRQ JUDGHV RI WKH VWHHO FROXPQ MRLQWV�

������ 6WHHO &URVVHV
7KH VWHHO FURVVHV FRQQHFW WKH VWHHO FROXPQV WR HDFK RWKHU DQG DUH ZHOGHG WR WKH FROXPQV DW WKH ORFDWLRQ
RI WKH VWHHO FROXPQ MRLQWV� -XVW DV WKH VWHHO FROXPQV DQG WKH VWHHO FROXPQ MRLQWV� WKH VWHHO FURVVHV VXIIHU
IURP JHQHUDO FRUURVLRQ� :H GLVWLQJXLVK WZR W\SHV RI VHW RI FURVVHV� YHUWLFDO DQG KRUL]RQWDO� 7KH IRUPHU
FRQVLVWV RI WKUHH VWHHO EDUV LQ WKH VDPH YHUWLFDO SODQH DQG WKH ODWWHU RI WZR EDUV LQ WKH KRUL]RQWDO SODQH�
/LNH WKH VWHHO FROXPQV DQG WKH MRLQWV� WKH VHYHULW\ RI FRUURVLRQ GLIIHUV IURP RQH VHW WR DQRWKHU DQG WKH
JUDGDWLRQ LV FKDUDFWHULVHG DV VKRZQ LQ )LJXUH ����

�D� &�� �E� &�� �F� &�� �G� &�� �H� &��

)LJXUH ���� &RUURVLRQ OHYHOV� VWHHO FURVVHV�



���� &ROXPQ *URXSV ��

7KH UHVXOWV RI WKH JUDGLQJ DUH WR EH IRXQG LQ )LJXUH ����

�D� *UDGHV RI WKH FROXPQ JURXSV �����

�E� *UDGHV RI WKH FROXPQ JURXSV ������

)LJXUH ���� &RUURVLRQ JUDGHV RI WKH VWHHO FURVVHV�

������ &RQFUHWH 3ODWIRUP
7KH FRQFUHWH SODWIRUPV FRQVLVW RI D VTXDUHG UHLQIRUFHG FRQFUHWH SODWIRUP ZKLFK LV SODFHG RQ WRS RI
WKH FROXPQV� ,W LV QRWLFHG WKDW DOO SODWIRUPV KDYH FUDFNV� KRZHYHU� VRPH DUH PRUH VHYHUH WKDQ RWKHUV�
VHH )LJXUH )�� LQ WKH DSSHQGL[� 7KH FUDFN RFFXUULQJ DW FROXPQ JURXS � LV FRQVLGHUHG WKH ZRUVW� VHH
)LJXUH )��F LQ WKH DSSHQGL[� $FFRUGLQJ WR >��@� ZKHQ LW LV EHOLHYHG WKDW WKH FUDFN LQIOXHQFHV VWUXFWXUDO
LQWHJULW\ RI WKH HOHPHQW WKHQ H[WUD WHVWLQJ LV QHHGHG�

7KH GDPDJH RI WKH FRQFUHWH SODWIRUP RI FROXPQ JURXS �� LV GLIIHUHQW IURP WKH GDPDJHV RI WKH RWKHU
FRQFUHWH SODWIRUPV� 0DQ\ \HDUV DJR� D YHVVHO FROOLGHG ZLWK WKH MHWW\ DW WKH ORFDWLRQ RI WKH FROXPQ JURXS
��� &RQVHTXHQWO\� RQH RI WKH FRUQHUV LV VHYHUHO\ GDPDJHG� VHH )LJXUH )�� LQ WKH DSSHQGL[�

������ 6WHHO 3ODWIRUP -RLQWV
2Q WRS RI HDFK FRQFUHWH SODWIRUP RI WKH FROXPQ JURXSV � WR ��� IRXU VWHHO MRLQWV DUH ORFDWHG� 7KHVH
MRLQWV FRQQHFW WKH FRQFUHWH SODWIRUPV ZLWK WKH VWHHO WUXVVHV� 7KH MRLQWV DUH QXPEHUHG LQ WKH VDPH ZD\
DV WKH FROXPQV DQG FROXPQ MRLQWV DUH� 7KH\ FRQVLVW RI D VWHHO SODWH ZKLFK LV EROWHG WR WKH FRQFUHWH
SODWIRUP� 7KH FRUURVLRQ OHYHO LV HVWDEOLVKHG EDVHG RQ WKH DUHD RI FRUURVLRQ� $JDLQ� WKH OHDVW FRUURGHG
MRLQW FRUUHVSRQGV WR WKH ORZHVW FRUURVLRQ OHYHO &� DQG WKHPRVW FRUURGHG MRLQW FRUUHVSRQGV WR WKH KLJKHVW
OHYHO RI FRUURVLRQ &�� VHH )LJXUH ����



���� 7UXVVHV ��

�D� &�� �E� &�� �F� &�� �G� &�� �H� &��

)LJXUH ���� &RUURVLRQ OHYHOV� VWHHO SODWIRUP MRLQWV�

7KH UHVXOWV RI WKH JUDGLQJ DUH SUHVHQWHG EHORZ LQ )LJXUH �����

)LJXUH ����� 3ODWIRUP MRLQW JUDGHV RI WKH FROXPQ JURXSV �����

7KH FRQVWUXFWLRQV DERYH WKH FROXPQ JURXSV ��� �� DQG �� WKDW FRQQHFW WKH FROXPQ JURXSV WR WKH
WUXVVHV DQG VKLS ORDGLQJ VWUXFWXUH� DUH PRUH FRPSOH[� 'XH WR WKHLU FRPSOH[LW\� WKHVH VWUXFWXUHV DUH QRW
HODERUDWHG GHVFULSWLYHO\� +RZHYHU� LPDJHV RI WKH VWUXFWXUHV DUH SUHVHQWHG EHORZ LQ )LJXUH )�� LQ WKH
DSSHQGL[� 1RW PXFK GDPDJHV DUH REVHUYHG� EHVLGHV VRPH PLOG JHQHUDO DQG SLWWLQJ FRUURVLRQ�

���� 7UXVVHV
7KH WUXVVHV VXSSRUW WKH FRQYH\RU EHOW IURP WKH VKRUH WR WKH VKLS ORDGLQJ IDFLOLW\ DQG DUH VXSSRUWHG
E\ WKH FROXPQ JURXSV � WR ��� 7KHUH DUH WKLUWHHQ WUXVVHV LQ WRWDO� WKH ILUVW WZHOYH FRQVLVWLQJ RI WZHOYH
VTXDUHV RI � PHWUHV SHU VLGH�� 7KLV PDNHV D WRWDO OHQJWK RI �� PHWUHV SHU WUXVV� 7KH WKLUWHHQWK WUXVV
LV ORQJHU� 7KH FRPSRVLWLRQ RI WKH WUXVVHV FRQVLVW RI D KRUL]RQWDO URRI ZLWK WZR GLDJRQDOV DQG DW WKH
VLGHV YHUWLFDO VTXDUHV ZLWK RQH ODUJHU GLDJRQDO� $Q H[DPSOH RI RQH WUXVV LV VKRZQ LQ )LJXUH )�� LQ WKH
DSSHQGL[�

6RPH SDUWV RI WKH WUXVVHV DUH FRUURGHG� +RZHYHU� WKH GLIIHUHQFH LQ WKH VHYHULW\ RI FRUURVLRQ LV VPDOO
DQG WKHUHIRUH� QR JUDGLQJ LV SHUIRUPHG� )LJXUH )��� LQ WKH DSSHQGL[ VKRZV VRPH H[DPSOHV RI SDUWV RI
WKH WUXVVHV�

7R EH QRWHG DUH VRPH GHIOHFWLRQV DW WKH ��WK WUXVV� EHLQJ WKH WUXVV LQ EHWZHHQ FROXPQ JURXSV �� DQG ���
VHH )LJXUH )��� LQ WKH DSSHQGL[� $ YHVVHO FUDVKHG LQWR WKH FRQVWUXFWLRQ PDQ\ \HDUV DJR� DV PHQWLRQHG
LQ 6HFWLRQ ������ 'HVSLWH WKH GDPDJH� QR UHSDUDWLRQV ZHUH SHUIRUPHG� 7KH GDPDJH ZDV GHFODUHG WR
EH RI QR KDUP WR WKH VWUXFWXUDO IXQFWLRQ RI WKH WUXVV� VHH $SSHQGL[ $���

���� 6KLS /RDGLQJ 6WUXFWXUH
2Q VLWH� WKHUH LV D ODUJH FRQVWUXFWLRQ LQ RUGHU WR FRQQHFW WKH FRQYH\RU EHOW IURP WKH ODVW WUXVV WR WKH
IXQQHO� ZKLFK OHDGV WKH GU\ EXON WR D PRRUHG YHVVHO� 7KH FRQVWUXFWLRQ LV PDLQO\ PDGH RI FRQFUHWH DQG
KDV D VWHHO IUDPHZRUN SUHVHQW DW WKH WRS� 6RPH FRUURVLRQ LV YLVLEOH RQ WKH EDFN VLGH RI WKH FRQFUHWH
VWUXFWXUH� QRQHWKHOHVV WKH RYHUDOO VWUXFWXUH KDV OLWWOH GDPDJH�

�0HDVXUHG RQ VLWH�



���� 0RRULQJ 'ROSKLQV ��

)LJXUH ����� ,PDJH RI WKH VKLS ORDGLQJ VWUXFWXUH�

���� 0RRULQJ 'ROSKLQV
$W WKH SRUW IRXU PRRULQJ GROSKLQV DUH SUHVHQW� 7KH IRXQGDWLRQ H[LVWV RXW RI PDQ\ VWHHO FROXPQV� RQ
WRS RI WKDW D UHLQIRUFHG EORFN RI FRQFUHWH LV SODFHG� 2Q HDFK GROSKLQ WZR PRRULQJ EROODUGV DUH SUHVHQW�
7KHVH WKUHH FRPSRQHQWV ZLOO EH HODERUDWHG LQGHSHQGHQWO\� 6HH )LJXUH ���� IRU WZR H[DPSOHV�

�D� 0RRULQJ GROSKLQ � �E� 0RRULQJ GROSKLQ ��

)LJXUH ����� ([DPSOHV RI PRRULQJ GROSKLQV�

7KH PRRULQJ GROSKLQV DUH QXPEHUHG DFFRUGLQJ WR )LJXUH )��� LQ WKH DSSHQGL[�

������ 6WHHO &ROXPQV
$W WKH VHDVLGH WKH FROXPQV DUH SURWHFWHG E\ D ZRRGHQ VWUXFWXUH� %RWK WKH ZRRGHQ VWUXFWXUH DQG WKH
VWHHO FROXPQV DUH PRVWO\ FRYHUHG E\ PDULQH JURZWK� 6RPH SDUWV WKDW DUH QRW FRYHUHG E\ PDULQH JURZWK
DUH KHDYLO\ FRUURGHG� DV FDQ EH VHHQ LQ )LJXUH )��� LQ WKH DSSHQGL[�

������ &RQFUHWH 3ODWIRUP
7KH FRQFUHWH SODWIRUP RI DOO IRXU GROSKLQV DUH KHDYLO\ GDPDJHG� $ ORW RI FRUURVLRQ KDV RFFXUUHG� ZKLFK
KDV FDXVHG WKH UHLQIRUFHPHQW EDUV WR EH YLVLEOH LQ D ORW RI SODFHV� 7KLV FDQ EH VHHQ LQ )LJXUH )��� DQG
)LJXUH )��� LQ WKH DSSHQGL[�

������ 0RRULQJ %ROODUGV
2Q HDFK PRRULQJ GROSKLQ� WZR PRRULQJ EROODUGV DUH ORFDWHG� 7ZR W\SHV RI PRRULQJ EROODUGV DUH SUHVHQW�
W\SH � DQG W\SH �� EDVHG RQ WKHLU FRUURVLRQ OHYHO� 7\SH � LV VHYHUHO\ FRUURGHG DQG W\SH � LV VOLJKWO\
GDPDJHG� VHH )LJXUH )��� LQ WKH DSSHQGL[�



���� %XR\V ��

0RRULQJ GROSKLQV � DQG � ERWK KDYH WZR W\SH � EROODUGV� PRRULQJ GROSKLQV � DQG � ERWK KDYH RQH RI
ERWK W\SHV SUHVHQW�

���� %XR\V
2ULJLQDOO\ VL[ EXR\V ZHUH SUHVHQW� QDPHG DV VKRZQ LQ )LJXUH )��� LQ WKH DSSHQGL[� +RZHYHU� DW WKH
PRPHQW RI LQVSHFWLRQ WKH WZR QRUWKHUQ EXR\V ZHUH PLVVLQJ RIIVKRUH� OHDYLQJ WKH SRUW ZLWK RQO\ IRXU
EXR\V� 2QH RI WKH EXR\V ZDV ORVW GXULQJ D VWRUP DQG KLJK WLGH� DV WKH FKDLQ WKDW FRQQHFWV WKH EXR\
WR JURXQG� EURNH >+XJR 2� 1LFROD� $SSHQGL[ $��@� 7KH FDXVH IRU WKH DEVHQFH RI WKH RWKHU EXR\ LV
XQNQRZQ� $OVR� WKHUH DUH WZR EXR\V RQ WKH ODQG� RQH ZKLFK LV LQ D JRRG VWDWH DQG WKH RWKHU ZKLFK KDV
D ORW RI FRUURVLRQ� VHH )LJXUH )��� LQ WKH DSSHQGL[� 7KH IRXU UHPDLQLQJ EXR\V DUH VXEMHFWHG WR D ORW RI
FRUURVLRQ� DV VKRZQ LQ )LJXUH �����

�D� %XR\ ¶6XURHVWH¶ �6:�� �E� %XR\ ¶6XUHVWH¶ �6(�� �F� %XR\ ¶(VWH¶ �(�� �G� %XR\ ¶2HVWH¶ �:��

)LJXUH ����� %XR\V�

���� 3LSHOLQH LQ -HWW\
$V VWDWHG LQ 6HFWLRQ ����� RI WKH EDFNJURXQG VWXG\� D �FU\RJHQLF� SLSHOLQH ZLOO EH QHHGHG WR WUDQVSRUW
DPPRQLD WR WKH VKLS ORDGLQJ IDFLOLW\� 7KH LQWHUYLHZ ZLWK WKH IRUPHU RSHUDWLRQDO PDQDJHU RI WKH SRUW
PHQWLRQHG WKH SUHVHQFH RI HDUOLHU LQWHQWLRQV WR FRQVWUXFW D SLSHOLQH LQ WKH MHWW\� DV VWDWHG LQ $SSHQGL[ $���
3ODQV RI H[SRUWLQJ LURQ LQ D OLTXLG VWDWH ZHUH DOUHDG\ LQ DQ DGYDQFHG SKDVH� DV GUDZLQJV ZLWK D SLSHOLQH
LQ WKH WUXVV VWUXFWXUH ZHUH DOUHDG\ PDGH� 8QIRUWXQDWHO\� WKRVH GUDZLQJ KDYH QRW EHHQ UHWULHYHG�



�
'LVFXVVLRQ

,Q RUGHU WR GUDZ D FRQFOXVLRQ� WKH SRWHQWLDO SUREOHPV ZLWK WKH UHVXOWV KDYH WR EH GLVFXVVHG� ,Q WKLV
FKDSWHU WKH SRWHQWLDO LQDFFXUDFLHV RU RWKHU SUREOHPV ZLWK WKH UHVXOWV DUH GLVFXVVHG�

���� %DFNJURXQG 6WXG\
$OO WHFKQRORJ\ FRQFHUQHG ZLWK K\GURJHQ SURGXFWLRQ� VWRUDJH DQG WUDQVSRUW LV VXEMHFW WR YDVW DPRXQWV RI
UHVHDUFK VLQFH WHFKQRORJLFDO FKDOOHQJHV QHHG WR EH YDQTXLVKHG EHIRUH LW ZLOO EHFRPH D FRPPHUFLDOO\
WUDGH�DEOH FRPPRGLW\� 7KH XQFHUWDLQWLHV OLVWHG EHORZ KDYH EHHQ PHQWLRQHG LQ WKH UHSRUW EXW KDYH
EHHQ GHDOW ZLWK E\ PDNLQJ DVVXPSWLRQV RI IHDVLELOLW\� VFDOH DQG VDIHW\ UHTXLUHPHQWV IRU WKH GLIIHUHQW
HOHPHQWV� 0RVW DVVXPSWLRQV RQ VL]HV RI GLIIHUHQW HOHPHQWV ZLWKLQ WKH SRUW ZHUH XSSHU ERXQG LQ RUGHU
WR DFFRPPRGDWH IRU VRPH YDULDWLRQ� )XUWKHUPRUH� UHJDUGLQJ WKH IHDVLELOLW\ RI GLIIHUHQW WHFKQRORJLHV� LW
KDV EHHQ DVVXPHG WKDW PRVW WHFKQRORJLHV ZLOO EHFRPH DYDLODEOH DW WKH GHVLUHG VFDOH LQ WKH IXWXUH�

3URGXFWLRQ
'LIIHUHQW WHFKQRORJLHV FXUUHQWO\ H[LVW IRU SURGXFLQJ K\GURJHQ� EXW HOHFWURO\VHU LQVWDOODWLRQV DUH FXUUHQWO\
VLJQLILFDQWO\ H[SHQVLYH UHJDUGLQJ &$3(; DQG 23(;� )XUWKHUPRUH� WKH FRPSDWLELOLW\ ZLWK LQWHUPLWWHQW
HQHUJ\ VRXUFHV DQG HIILFLHQF\ RI WKH WRWDO LQVWDOODWLRQV DUH VWLOO D SRLQW RI LPSURYHPHQW� $V RI QRZ� LW LV
QRW FOHDU ZKLFK WHFKQRORJ\ LV JRLQJ WR EH PRVW VXLWDEOH IRU *:�VFDOH HOHFWURO\VHU IDFLOLWLHV ZKLFK SRVHV
DQ XQFHUWDLQW\ LQ WKH HVWLPDWLRQ RI FRVWV� DUHD QHHGHG DQG VDIHW\ UHTXLUHPHQWV�

&DUULHU
+\GURJHQ VWRUDJH DQG WUDQVSRUW IDFHV WHFKQLFDO FKDOOHQJHV VLQFH LW KDV WR EH HLWKHU FRROHG RU FRP�
SUHVVHG H[WHQVLYHO\ IRU LW WR EHFRPH HIILFLHQW� 6WRUDJH WDQNV DQG YHVVHOV QHHG WR EH DEOH WR KROG
K\GURJHQ FRPSUHVVHG DQG FRROHG IRU ORQJHU WLPH�SHULRGV VDIHO\� 7R RYHUFRPH GLIILFXOWLHV LQ VWRUDJH
DQG WUDQVSRUW� FDUULHUV RI K\GURJHQ SRVH DQ RXWFRPH� 7KHVH FDUULHUV DUH RIWHQ FKHPLFDO FRPSRVLWLRQV
FRQWDLQLQJ K\GURJHQ� +\GURJHQ QHHGV WR EH DGGHG WR WKH FDUULHU DIWHU SURGXFWLRQ DQG VXEWUDFWHG IURP
WKH FDUULHU EHIRUH XVDJH� 7KLV UHTXLUHV HQRUPRXV FKHPLFDO SODQWV DQG HIILFLHQF\ ORVVHV DUH DOVR HYLGHQW
LQ WKH FRQYHUVLRQ SURFHVVHV� )RU DPPRQLD LQ VSHFLILF� WKH SURFHVV WR FRQYHUW K\GURJHQ DQG QLWURJHQ
JDV LQWR DPPRQLD LV VWLOO D QRYHO WHFKQRORJ\ WKDW LV RQO\ SHUIRUPHG DW VPDOO VFDOH� :KLFK FDUULHU ZLOO
WXUQ RXW WR EH IDYRXUDEOH IRU K\GURJHQ WUDQVSRUW LQ WKH HQG LV WKXV XQGHFLGHG DW WKH PRPHQW� ZKLFK
DJDLQ SRVHV XQFHUWDLQWLHV RQ HVWLPDWLRQ RI FRVWV� DUHD QHHGHG DQG VDIHW\ UHTXLUHPHQWV ZLWKLQ WKH SRUW
WHUPLQDO DUHD�

���� 6WDNHKROGHU $QDO\VLV
7KH VWDNHKROGHU DQDO\VLV ZDV FRPSOHWHG WKURXJK SULPDU\ UHVHDUFK� FROOHFWHG E\ FRQGXFWLQJ VHPL�
VWUXFWXUHG LQWHUYLHZV ZLWK VWDNHKROGHUV DV ZHOO DV OLWHUDWXUH VRXUFHV IRXQG RQ WKH GLIIHUHQW SDUWLHV �VHH
)LJXUH ����� :KHQ DQDO\VLQJ WKH GDWD WKDW ZDV DFTXLUHG IRU WKH VWDNHKROGHU DQDO\VHV� LW LV LPSRUWDQW
WR QRWH WKH SRWHQWLDO VXEMHFWLYH QDWXUH RI WKH GDWD� 7KH LQWHUYLHZV PD\ SURYLGH VXEMHFWLYH LQIRUPDWLRQ

��



���� 7RSRJUDSKLF $QDO\VLV ��

UHJDUGLQJ WKH SRVLWLRQV DQG UROHV RI WKH GLIIHUHQW VWDNHKROGHUV� DV LW LV WKH SHUVSHFWLYH RI WKH LQWHUYLH�
ZHH UHJDUGLQJ WKH VXEMHFW� 7KH RSLQLRQ DERXW RQH¶V SRZHU� LQWHUHVW� DQG DWWLWXGH WRZDUGV WKH SURMHFW
LV YHU\ PXFK LQIOXHQFHG E\ WKH SHUVRQ¶V REMHFWLYHV DQG ZLVKHV UHJDUGLQJ WKH VXEMHFW� DQG LV SURQH WR
DOWHUDWLRQV LQ LQWHUSUHWDWLRQ RI WKH LQWHUYLHZHU�

)XUWKHUPRUH� WR VRPH H[WHQG WKH LQWHUYLHZV WKDW ZHUH FRQGXFWHG KDYH EHHQ UHFRUGHG E\ ZULWLQJ GRZQ
YHUEDWLP VRPHRQH¶V RUDO ODQJXDJH� $FFRUGLQJ WR :HEHU >��@� WKLV PHWKRG RI UHFRUGLQJ VRPHWLPHV
´WUDQVIRUPV WKDW ODQJXDJH� UREELQJ LW DW WLPHV RI LWV SRZHU� FODULW\� DQG GHSWK� HYHQ LWV PHDQLQJ´� 7KH
YHUEDWLP WUDQVFULSWLRQ FDQ FDXVH IRU WKH GLIIHUHQFHV LQ WRQHV� YRLFHV DQG VW\OHV WR EH OHIW RXW� ZKLOVW WKLV
FDQ GHILQLWHO\ KDYH DQ LPSDFW RQ WKH PHVVDJH ZKLFK LV WU\LQJ WR EH EURXJKW DFURVV� 7KLV LV D UHDOLVDWLRQ
ZKLFK VKRXOG EH NHSW PLQG ZKLOVW SURFHVVLQJ DQG XQGHUVWDQGLQJ WKH LQWHUYLHZ GDWD�

$GGLWLRQDOO\� PRVW VWDNHKROGHUV KDYH QRW EHHQ LQWHUYLHZHG GLUHFWO\ GXH WR ODFN LQ DYDLODEOH FRQWDFW� 7KH
DQDO\VLV RQ WKHVH VWDNHKROGHUV KDV EHHQ FRPSOHWHG WKURXJK LQIRUPDWLRQ DWWDLQHG IURP RWKHU VWDNHKROG�
HUV DQG OLWHUDWXUH UHVRXUFHV� )RU H[DPSOH� WKH LQYHVWRU )RUWHVFXH� RQH RI WKH NH\ SOD\HUV LQ WKH SURMHFW�
KDV QRW EHHQ LQWHUYLHZHG GLUHFWO\� 7KH RSLQLRQV DQG SHUVSHFWLYHV RI )RUWHVFXH UHJDUGLQJ WKLV SURMHFW
LV YDOXDEOH LQIRUPDWLRQ IRU WKH VXFFHVV RI WKLV SURMHFW� KRZHYHU� WKLV LQIRUPDWLRQ KDV EHHQ JDWKHUHG
WKURXJK VHFRQG�KDQG LQIRUPDWLRQ� OHDYLQJ URRP IRU PLVLQWHUSUHWDWLRQV DQG PLVXQGHUVWDQGLQJV� 7KHUH�
IRUH� WKH GDWD VKRXOG DOZD\V EH LQWHUSUHWHG ZLWK D FULWLFDO H\H�

���� 7RSRJUDSKLF $QDO\VLV
7KH WRSRJUDSKLF GDWD IRU 3XHUWR /RERV ZDV QRW FROOHFWHG ZLWK WKH VDPH WHFKQRORJ\ DV WKH GDWD IURP
3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK� 7KHUHIRUH� WKHUH LV D GLIIHUHQFH LQ WKH DFFXUDF\ RI
WKH GDWD� 7R YHULI\ WKH UHVXOWV RI WKH WRSRJUDSKLF DQDO\VLV IRU 3XHUWR /RERV� ZKLFK ZDV GRQH ZLWK 6570
GDWD� WKH VDPH W\SH RI GDWD ZDV DFTXLUHG IRU ERWK ORFDWLRQV RI 3XQWD &RORUDGD� 7KH GDWD LQWHUSRODWHG
IURP WKH FRQWRXU OLQHV VXSSOLHG E\ WKH GURQH GDWD DUH PRUH DFFXUDWH� 'XH WR WKH FRXUVHU UHVROXWLRQ LQ
WKH 6570 GDWD� VORSHV DUH UHGXFHG RYHUDOO� 7KLV FDQ EH VHHQ LQ )LJXUH ��� DQG )LJXUH ���� 7KHUH DUH
PXFK OHVV UHG DUHDV LQ )LJXUH ��� WKDQ LQ )LJXUH ���� 7KHUHIRUH DQ\ FRQFOXVLRQV GUDZQ IURP WKH 6570
GDWD DUH RI GLPLQLVKHG YDOXH�

)LJXUH ���� ,QWHUSRODWHG VORSHV IURP FRQWRXU OLQHV� )LJXUH ���� ,QWHUSRODWHG VORSHV IURP 6570�

���� +\GUDXOLF $QDO\VLV
4XDOLW\ RI K\GURPHWHRURORJLF GDWD
7KH JDWKHUHG GDWD RI WKH K\GURPHWHRURORJLFV DUH PRVWO\ UHWULHYHG IURP WKH RSHUDWLRQDO PDQXDO RI WKH
MHWW\� ,Q WKLV GRFXPHQW� GDWD RQ ZLQG� ZDYHV� FXUUHQWV DQG WKH WLGH ZDV JLYHQ ZLWKRXW DQ\ PHWDGDWD�
7KH GDWD ZRXOG KDYH EHHQ FRQVLGHUHG PRUH UHOLDEOH LI LQIRUPDWLRQ RQ PHDVXULQJ PHWKRG� PHDVXULQJ
HTXLSPHQW� PHDVXULQJ SHULRG� ZDV SURYLGHG DV ZHOO� 1H[W WR WKDW� WKH RSHUDWLRQDO PDQXDO RQO\ SURYLGHV



���� 6WUXFWXUDO $QDO\VLV 3XQWD &RORUDGD 0XHOOH ��

GDWD IRU 3XQWD &RORUDGD 0XHOOH� 1R GDWD RQ 3XHUWR /RERV ZDV IRXQG� $ FRPSDULVRQ EHWZHHQ ERWK
ORFDWLRQV LV WKHUHIRUH FRQVLGHUHG WR EH XQIDLU� 0RUHRYHU� WKH HVWLPDWHG RSHUDWLRQDO GRZQWLPH PLJKW
LQDFFXUDWH EHFDXVH WKH UHOLDELOLW\ RI WKH DYDLODEOH K\GURPHWHRURORJLFDO GDWD LV TXHVWLRQHG�

&RDUVHU EDWK\PHWU\ GDWD DW 3XHUWR /RERV
7KH EDWK\PHWULF GDWD IRU 3XHUWR /RERV ZDV QRW FROOHFWHG ZLWK WKH VDPH WHFKQRORJ\ DV WKH GDWD IURP
3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK� $W WKH 3XQWD &RORUDGD ORFDWLRQV D EDWK\PHWU\
VXUYH\ ZLWK DQ HFKR VRXQGHU KDV JHQHUDWHG DFFXUDWH DQG UHOLDEOH GDWD� $W 3XHUWR /RERV WKH RQO\
DYDLODEOH GDWD ZDV REWDLQHG IURP 1DYLRQLFV� /RRNLQJ DW ""%� LW FDQ EH VHHQ WKDW WKH UHVROXWLRQ RI
WKLV EDWK\PHWU\ PDS LV YHU\ FRDUVH� $ FRPSDULVRQ EHWZHHQ WKH EDWK\PHWU\ PDSV RI ERWK ORFDWLRQV LV
WKHUHIRUH FRQVLGHUHG WR EH LQDFFXUDWH�

���� 6WUXFWXUDO $QDO\VLV 3XQWD &RORUDGD 0XHOOH
7KH UHVXOWV RI WKH VWUXFWXUDO DQDO\VLV FDQ EH GLYLGHG LQWR WZRPDLQ DVSHFWV� WKH RYHUYLHZ RI WKH VWUXFWXUDO
HOHPHQWV RI WKH MHWW\ DQG WKH UHYLHZ RQ WKH VWDWH RI WKRVH HOHPHQWV� %RWK DVSHFWV DUH EULHIO\ GLVFXVVHG
LQ WKLV VHFWLRQ�

7KH VWUXFWXUDO HOHPHQWV RI WKH MHWW\ DUH SUHVHQWHG LQ VHYHUDO PDSV� SLFWXUHV DQG DFFRPSDQ\LQJ H[�
SODQDWLRQV� 7KLV JLYHV PXFK DGGLWLRQDO LQIRUPDWLRQ RQ WKH VFDUFH DYDLODEOH GDWD� +RZHYHU� VWLOO PDQ\
PRUH GHWDLOV RQ WKH VWUXFWXUH FDQ EH SURYLGHG� )RU H[DPSOH WKH VWHHO DQG FRQFUHWH W\SHV� WKH RULJLQDO
VWUXFWXUDO GUDZLQJV� WKH GHVLJQ FDOFXODWLRQV DQG D �' PRGHO RI WKH MHWW\� 7KLV LQIRUPDWLRQ ZRXOG EH RI
JUHDW YDOXH LQ RUGHU WR IXUWKHU DVVHVV WKH SRWHQWLDO RI WKH UHGHVLJQ RI WKH MHWW\ IRU DPPRQLD H[SRUW�

7KH VWUXFWXUDO HOHPHQWV RI WKH MHWW\ KDYH HLWKHU EHHQ JUDGHG EDVHG RQ WKH DPRXQW RI FRUURVLRQ RU UH�
YLHZHG TXDOLWDWLYHO\� 7KHVH JUDGHV DQG UHYLHZV JLYH D JRRG LGHD RI WKH VWDWH RI WKH VWUXFWXUH� +RZHYHU�
LPSRUWDQW WR QRWH LV WKDW OHYHO RI H[SHULHQFH RI WKH UHYLHZHUV� LQ LQVSHFWLQJ GDPDJHG VWUXFWXUHV LV YHU\
OLPLWHG� 7KLV PDNHV WKH RYHUDOO UHYLHZ UDWKHU VXSHUILFLDO� HYHQ WKRXJK WKH UHYLHZV DUH VXSSRUWHG E\
OLWHUDWXUH UHVHDUFK�

�7KUHH PHPEHUV RI WKH PXOWLGLVFLSOLQDU\ WHDP�



�
0XOWL�&ULWHULD $QDO\VLV

,Q RUGHU WR GUDZ D FRQFOXVLRQ RI WKH PRVW UHOHYDQW DVSHFWV LQ FRQVWUXFWLQJ WKH K\GURJHQ H[SRUW SRUW� D
TXDOLWDWLYH 0&$ LV FRQGXFWHG� 7KH FULWHULD IRU WKH 0&$ DUH EDVHG RQ WKH GRPDLQV DOUHDG\ GLVFXVVHG
LQ WKLV UHSRUW� WRSRJUDSKLFV� K\GUDXOLF FRQGLWLRQV� WKH SRWHQWLDO UHXVH RI WKH VWUXFWXUH DQG WKH SROLWLFDO
HQYLURQPHQW� 7KH FULWHULD DUH GHILQHG DQG WKHLU LPSRUWDQFH LV HVWDEOLVKHG� 7KLV LV GRQH TXDQWLWDWLYHO\
E\ FRPSDULQJ HDFK FULWHULRQ ZLWK WKH RWKHU FULWHULD DQG GHWHUPLQLQJ ZKLFK RQH LV PRVW LPSRUWDQW� 7KLV
TXDQWLWDWLYH ZHLJKWLQJ RI WKH FULWHULD LV GHWHUPLQHG IRU ILIW\ SHUFHQW E\ WKH DXWKRUV RI WKLV UHSRUW� WKH
RWKHU ILIW\ SHUFHQW E\ WZR FRQVXOWDQWV RI 3RUWV &RQVXOWDQWV 5RWWHUGDP �3&5� 3DEOR $UUHFFR DQG 3HGMD
äLYRMQRYLü�

+RZHYHU� WKH GDWD JDWKHUHG RQ DOO WKUHH ORFDWLRQV LV QRW HTXDOO\ DFFXUDWH� 7KHUHIRUH� QR JUDGHV IRU WKH
FULWHULD DUH JLYHQ� ,QVWHDG� WKH ORFDWLRQV DUH TXDOLWDWLYHO\ FRPSDUHG DQG HYDOXDWHG EDVHG RQ WKH UHVXOWV
DQG WKH VLJQLILFDQFH RI HDFK FULWHULRQ�

$OVR� D FRPSOHWH RYHUYLHZ RI WKH WKUHH GLIIHUHQW ORFDWLRQV LV JLYHQ� E\ H[SODLQLQJ WKH DGYDQWDJHV DQG
GLVDGYDQWDJHV RI HDFK ORFDWLRQ�

$OO FULWHULD FRQWDLQ D GHILQLWLRQ ZKLFK LV SURYLGHG LQ LWDOLF�

���� 7RSRJUDSKLF $QDO\VLV
7KH FKDUDFWHULVWLFV RI WKH ODQG DQG ORFDWLRQ GHWHUPLQH WKH IHDVLELOLW\ RI EXLOGLQJ D SRWHQWLDO MHWW\ LQ WKH
DUHD� 7KHVH FKDUDFWHULVWLFV DUH EDVHG RQ WKH IROORZLQJ IDFWRUV�

������ *HRJUDSKLFDO $FFHVVLELOLW\
7KH DFFHVVLELOLW\ RI WKH ORFDWLRQV LV EDVHG RQ WKH SUHVHQFH RI URDGV DQG LQIUDVWUXFWXUH WR DQG IURP WKH
ORFDWLRQ� 7KLV LQIOXHQFHV WKH IHDVLELOLW\ WR WUDQVSRUW JRRGV DQG VHUYLFHV WR WKH ORFDWLRQV� 7KLV LV UHOHYDQW
LQ WKH FRQVWUXFWLRQ SKDVH RI WKH SURMHFW� DV ZHOO DV WKH RSHUDWLRQV RI WKH K\GURJHQ H[SRUW SRUW�

'XH WR WKH SUHYLRXVO\ XVHG PLQLQJ H[SRUW LQIUDVWUXFWXUH DW WKH ORFDWLRQ RI 3XQWD &RORUDGD� WKLV ORFDWLRQ
LV DFFHVVLEOH E\ DOUHDG\ H[LVWLQJ URDGV� 7KH 51� DOORZV IRU DFFHVVLELOLW\ WKURXJK D KLJKZD\� ZKLFK
FDQ EH XVHG HIIHFWLYHO\ IRU WKH WUDQVSRUW RI WKH FRQVWUXFWLRQ PDWHULDOV� +RZHYHU� 35� DQG 35� DUH GLUW�
URDGV� UHVXOWLQJ LQ VHULRXV DFFHVVLELOLW\ GLIILFXOW\ ZKHQ WKHUH LV UDLQIDOO� 7KHUHIRUH� LI WKH 3XQWD &RORUDGD
ORFDWLRQ LV FKRVHQ IRU WKH K\GURJHQ H[SRUW SRUW� LW LV DGYLVHG WR SODFH SDYHG URDGV IURP 51� WR WKH SRUW
ORFDWLRQ� 7KLV URDG LV D WRWDO RI �� NP IURP :HVW WR (DVW�

5HJDUGLQJ 3XHUWR /RERV� WKHUH LV WKH VDPH FKDOOHQJH� 7KH KLJKZD\ 51� LV DFFHVVLEOH� KRZHYHU 53��
LV D GLUW�URDG� FUHDWLQJ GLIILFXOWLHV IRU WUDQVSRUWDWLRQ LQ UDLQ\ ZHDWKHU FLUFXPVWDQFHV� ,W LV DOVR UHFRP�
PHQGHG WR UHSODFH WKH GLUW�URDG ZLWK D SDYHG URDG IRU HIILFLHQW WUDQVSRUWDWLRQ RI PDWHULDOV� 7KLV URDG LV
D WRWDO RI �� NP�

��



���� 7RSRJUDSKLF $QDO\VLV ��

������ 3UHVHQFH RI 5HVLGHQWLDO $UHDV
7KH UHVLGHQWLDO DUHDV VXUURXQGLQJ RU ORFDWHG LQ WKH SRWHQWLDO K\GURJHQ H[SRUW SRUW DUHDV LQIOXHQFH WKH
IHDVLELOLW\ RI EXLOGLQJ LQ WKH DUHD� 7KH FRQVWUXFWLRQ RI DQ DPPRQLD IDFWRU\ FORVH WR D UHVLGHQWLDO DUHD
FRPHV ZLWK VHULRXV VDIHW\ LVVXHV� )XUWKHUPRUH� WKH FRQVWUXFWLRQ DQG RSHUDWLRQ RI WKH SRUW ZLOO FDXVH
QRLVH DQG DLU SROOXWLRQ IRU WKH UHVLGHQWLDO DUHDV�

$W 3XQWD &RORUDGD WKHUH DUH WZR PDLQ UHVLGHQWLDO DUHDV� WKH ILUVW EHLQJ 3OD\D 'RUDGDV� � NP QRUWK RI
WKH 3XQWD &RORUDGD -HWW\� 7KH FRQIOLFWV ZLWK WKLV UHVLGHQWLDO DUHD VKRXOG EH TXLWH OLPLWHG DV WKH GLVWDQFH
LV TXLWH ODUJH� 7KH VHFRQG UHVLGHQWLDO DUHD LV ORFDWHG ULJKW QH[W WR WKH )7=� 7KLV UHVLGHQWLDO DUHD LV VWLOO
LQ DQ HDUO\ VWDJH RI GHYHORSPHQW� 7KH UHVLGHQWLDO DQG WRXULVP XQGHU GHYHORSPHQW DUHD ULJKW QH[W WR
WKH SRWHQWLDO DPPRQLD SURGXFWLRQ IDFLOLWLHV ZLOO UDLVH VRPH VHULRXV VDIHW\ FRQFHUQV� 7KH SURSHUWLHV LQ
WKLV UHVLGHQWLDO DUHD ZLOO DOVR VXIIHU IURP GHYDOXDWLRQ� FUHDWLQJ PRUH FRQIOLFW EHWZHHQ WKH SURYLQFH� D
SRWHQWLDO RSHUDWRU RI WKH DPPRQLD SODQW DQG WKH RZQHUV RI WKH SORWV LQ WKH UHVLGHQWLDO DUHD�

$V WKHUH DUH QR UHVLGHQWLDO DUHDV QHDU 3XHUWR /RERV� QRQH RI WKHVH LVVXHV VKRXOG RFFXU LQ WKLV ORFDWLRQ�

������ 3UHVHQFH RI ([LVWLQJ ,QODQG 6WUXFWXUHV
7KH SUHVHQFH RI H[LVWLQJ VWUXFWXUHV RQ VLWH PHDQV WKDW WKHVH VWUXFWXUHV FDQ EH UHXVHG� UHF\FOHG� RU
QHHG WR EH GHPROLVKHG� 7KHVH H[LVWLQJ VWUXFWXUHV LQFOXGH VWUXFWXUHV VXFK DV ROG IDFWRU\ HOHPHQWV DQG
KRXVHV�

([LVWLQJ VWUXFWXUHV DUH PRVWO\ SURPLQHQW LQ WKH 3XQWD &RORUDGD ORFDWLRQ� ZKHUH WKH ROG RUH PLQLQJ
SURGXFWLRQ DQG H[SRUW VWUXFWXUHV FDQ VWLOO EH IRXQG �VHH $SSHQGL[ &�� 7KHVH ZLOO HLWKHU EH UH�XVHG RU
GHPROLVKHG� +RZHYHU� LVVXHV UHJDUGLQJ WKHVH EXLOGLQJV FDQ RFFXU GXH WR WKH FRQWUDFWXDO ULJKWV RI 0&&
RQ WKLV ORFDWLRQV� $V 0&& KDV WKH ULJKW WR RSHUDWH DQG PDLQWDLQ WKHVH VWUXFWXUHV� WKH\ PLJKW FDXVH
GLIILFXOWLHV ZLWK EXLOGLQJ DQG UH�EXLOGLQJ�

2Q WKH RWKHU KDQG� WKH ORFDWLRQV RI 3XQWD &RORUDGD 6RXWK DQG 3XHUWR /RERV GR QRW FRQWDLQ QRWH ZRUWK\
VWUXFWXUHV LQ WKH DUHD�

������ $YDLODEOH /DQG IRU &RQVWUXFWLRQ
7KH DUHD UHTXLUHG IRU DOO RI WKH GLIIHUHQW IDFLOLWLHV KDYH EHHQ GHWHUPLQHG LQ 6HFWLRQ ���� 7KH DUHD
DYDLODEOH LV PDLQO\ LQIOXHQFHG E\ WKH SUHVHQFH RI H[LVWLQJ VWUXFWXUHV DQG VORSHV LQ ODQG HOHYDWLRQ� /DUJH
GLIIHUHQFHV LQ ODQG HOHYDWLRQV RQ WKH SRWHQWLDO ORFDWLRQV FDQ FUHDWH GLIILFXOW EXLOGLQJ FRQGLWLRQV IRU WKH
SRUW� 7KH ODQG HOHYDWLRQV WKHUHIRUH GHPRQVWUDWH WKH IHDVLELOLW\ RI FRQVWUXFWLRQ RQ WKH DUHD�

7KH ODQG DYDLODEOH IRU FRQVWUXFWLRQ RI WKH DPPRQLD H[SRUW SRUW LV EDVHG RQ WKH WZR PDLQ DVSHFWV� WKH
IUHH�WUDGH ]RQH DOORFDWLRQ LQ 3XQWD &RORUDGD� DQG WKH GLIIHUHQFHV LQ ODQG HOHYDWLRQ ZKLFK PDNH WKH
FRQVWUXFWLRQ HLWKHU IHDVLEOH RU LQHIILFLHQW� 7KH ERXQGDU\ RI ODQG HOHYDWLRQV LQ RUGHU WR EXLOG LV VHW DW ���
DV VKRZQ LQ WKH 6HFWLRQ ���� 7KH UHTXLUHG DUHD IRU FRQVWUXFWLRQ RI DOO RI WKH SURGXFWLRQ IDFLOLWLHV LV JLYHQ
LQ 6HFWLRQ ��� DQG VKRZQ LQ 7DEOH ���� 7KH WRWDO HVWLPDWHG DUHD UHTXLUHG IRU WKH SURGXFWLRQ IDFLOLWLHV
DQG VWRUDJH LV ����� KD�

(OHFWURO\VHU $PPRQLD SODQW 6WRUDJH 7RWDO
6KRUW�7HUP �� KD �� KD ��� KD ���� KD
0HGLXP�7HUP ��� KD ��� KD ��� KD ����� KD

7DEOH ���� $UHD UHTXLUHG IRU SURGXFWLRQ DQG VWRUDJH IDFLOLWLHV�

7KH DYDLODEOH DUHD IRU FRQVWUXFWLRQ UHVXOWV IURP 6HFWLRQ ��� DQG DUH VKRZQ LQ )LJXUH ���� $V WKH PRVW
QRUWKHUQ DUHD ZDV QRW VXUYH\HG E\ WKH GURQH� QR VXEVWDQWLDO FRQFOXVLRQV FDQ EH GUDZQ RQ WKLV ���
KD DUHD� H[FHSW IURP WKH IDFW WKDW LW LV SRVLWLRQHG LQ WKH )7=� 7KH UHVW RI WKH ��� KD DUHD LV PRUH
WKDQ VXIILFLHQW IRU WKH ����� KD RI VSDFH UHTXLUHG IRU WKH FRQVWUXFWLRQ RI WKH SURGXFWLRQ IDFLOLWLHV DQG
VWRUDJH� 7KH FRQVWUDLQW RI WKH )7= ZLOO QRW EH D OLPLWLQJ IDFWRU LQ WKH VKRUW DQG PHGLXP WHUP SODQV IRU
WKH DPPRQLD H[SRUW SRUW� )LJXUH ��� GHPRQVWUDWHV WKH WKUHH ]RQHV LQ ZKLFK FRQVWUXFWLRQ EDVHG RQ WKH
)7= DQG GLIIHUHQFHV LQ ODQG HOHYDWLRQV LV IHDVLEOH�



���� +\GUDXOLF &RQGLWLRQV ��

)LJXUH ���� (VWLPDWHG DUHD DYDLODEOH IRU FRQVWUXFWLRQ LQ WKH )UHH�7UDGH ]RQH DW 3XQWD &RORUDGD�

$W 3XHUWR /RERV QR UHVWULFWLRQ GXH WR DQ\ )7= LV SUHVHQW� 7KHUHIRUH WKH DYDLODEOH DUHD IRU FRQVWUXFWLRQ
LV RQO\ EDVHG RQ WKH VORSHV LQ ODQG HOHYDWLRQ� $V WKH VORSHV EHKLQG WKH EHDFKIURQW DW 3XHUWR /RERV
DUH YHU\ OLPLWHG� WKHUH LV PRUH WKDQ VXIILFLHQW DUHD DYDLODEOH IRU FRQVWUXFWLRQ RI WKH DPPRQLD SURGXFWLRQ
IDFLOLWLHV�

���� +\GUDXOLF &RQGLWLRQV
7KH WKH K\GUDXOLF FRQGLWLRQV GHWHUPLQH WKH OHQJWK DQG LPSRUWDQW IDFWRUV UHJDUGLQJ WKH RSHUDWLRQ RI D
MHWW\�

������ 'LVWDQFH )URP 6KRUH WR 5HTXLUHG 'HSWK
7KH UHTXLUHG OHQJWK RI D QHZ RU H[LVWLQJ MHWW\ LV EDVHG RQ WKH GLVWDQFH IURP VKRUH WR D UHTXLUHG GHSWK
RI IRU YHVVHO EHUWKLQJ� 7KHVH UHTXLUHG GHSWKV KDYH EHHQ VSOLW LQWR D VKRUW�WHUP UHTXLUHG GHSWK RI ��
P�06/ DQG D PHGLXP�WHUP UHTXLUHG GHSWK RI ����� P�06/ �VHH 3RUW 5HTXLUHPHQWV 6HFWLRQ �����
7KH UHTXLUHG GHSWK LV GHWHUPLQHG WKURXJK PLQLPDO UHTXLUHG GHSWK RI WKH GHVLJQ YHVVHO� DQG WKH WLGDO
FKDUDFWHULVWLFV RU WLGDO ZLQGRZ�

)RU WKH VKRUW�WHUP WKH PLQLPXP UHTXLUHG GHSWK IRU YHVVHO PDQRHXYULQJ DQG EHUWKLQJ LV �� P�06/� )RU
WKH PHGLXP�WHUP WKH PLQLPXP UHTXLUHG GHSWK LV ����� P�06/� 7KH GLVWDQFH IURP WKH VKRUH WR WKH



���� +\GUDXOLF &RQGLWLRQV ��

UHTXLUHG GHSWK IRU EHUWKLQJ LV GLIIHUHQW IRU HDFK ORFDWLRQ EHFDXVH LW GHSHQGV RQ WKH ORFDO EDWK\PHWU\�
7KH WDEOH EHORZ JLYHV DQ DSSUR[LPDWLRQ RI WKH JHQHUDO GLVWDQFH WR UHTXLUHG GHSWK RI DOO ORFDWLRQV DQG
WKH GDWD VRXUFH XVHG IRU WKH DSSUR[LPDWLRQ�

/RFDWLRQ 6KRUW�WHUP
GLVWDQFH WR
UHTXLUHG GHSWK

0HGLXP�WHUP
GLVWDQFH WR
UHTXLUHG GHSWK

6RXUFH 4XDOLW\

3XQWD &RORUDGD
0XHOOH

���P ����P ����
%DWK\PHWU\
6XUYH\

*RRG 	 UHFHQW

3XQWD &RORUDGD
6RXWK

����P ����P ����
%DWK\PHWU\
6XUYH\

*RRG 	 UHFHQW

3XHUWR /RERV ����P ����P 1DYLRQLFV 3RRU 	 QR LQ�
IRUPDWLRQ RQ
GDWH RI PHD�
VXUHPHQW

7DEOH ���� 2YHUYLHZ RI WKH GLIIHUHQW OHQJWKV WR UHTXLUHG GHSWK DQG WKH GDWD VRXUFHV XVHG IRU DSSUR[LPDWLRQ�

7KH UHVXOWV LQGLFDWH WKH PRVW IDYRXUDEOH ORFDWLRQ WR VWDUW RSHUDWLRQ EDVHG RQ GLVWDQFH WR UHTXLUHG GHSWK
DQG WKHUHIRUH MHWW\ OHQJWK WR EH 3XQWD &RORUDGD 0XHOOH� 'XH WR WKH DYDLODELOLW\ RI D ODQG�KHDG WKH
GLVWDQFHV WR UHTXLUHG GHSWK DUH JHQHUDOO\ VPDOOHU� IRU ERWK WKH VKRUW�WHUP DQG ORQJ�WHUP� $OVR� WKH
SRVVLEOH UH�XVDJH RI WKH H[LVWLQJ LURQ RUH MHWW\ SURYLGHV SRVVLELOLWLHV IRU GHFUHDVHG LQYHVWPHQWV WR EH
PDGH IRU WKH VKRUW�WHUP� 7KH GHSWK DW WKH HQG RI WKH MHWW\ ��� P�06/� LV QRW VXIILFLHQW IRU WKH VKRUW�WHUP
GHVLJQ YHVVHO ��� P�06/�� &DXVLQJ WKH QHHG IRU HLWKHU GUHGJLQJ DFWLYLWLHV RU H[WHQVLRQ RI WKH MHWW\ DQG
DQRWKHU �� PHWHUV DQG EXLOGLQJ QHZ EHUWKLQJ VWUXFWXUHV�

3XHUWR /RERV KDV D UHODWLYHO\ VWHHS IRUHVKRUH DQG DOVR KDV UHGXFHG GLVWDQFH WR UHTXLUHG GHSWK� %HDU
LQ PLQG WKDW WKH VRXUFH LV TXHVWLRQDEOH DQG EDWK\PHWU\ VXUYH\V VKRXOG EH SHUIRUPHG WR FUHDWH D FOHDU
LPDJH�

������ /RQJ�VKRUH 8QLIRUPLW\ RI %DWK\PHWU\
/RDGLQJ RI DPPRQLD WR YHVVHOV DW EHUWK LV D FULWLFDO PRPHQW GXH WR WKH KD]DUGRXV QDWXUH RI WKH VXE�
VWDQFH� 7KH ORDGLQJ WLPH LV H[SHFWHG WR EH �� KRXUV IRU YHVVHOV ZLWK D FDSDFLW\ RI ������ m3� 'XULQJ
ORDGLQJ� WKH VKLS PXVW KDYH WKH SRVVLELOLW\ WR GHFRXSOH EHUWK DQG OHDYH ZLWKLQ PLQXWHV LI WKH K\GURPH�
WHRURORJLF FRQGLWLRQV H[FHHG WKH RSHUDWLRQ OLPLWV� $ ORQJ�VKRUH XQLIRUP GHSWK FRQWRXUV DUH EHQHILFLDO
IRU VKLS PDQRHXYUDELOLW\ DQG ZRXOG WKXV HDVH RSHUDWLRQV� ,Q WKH WDEOH EHORZ WKH ORQJ�VKRUH XQLIRUPLW\
RI WKH EDWK\PHWU\ LV FODVVLILHG IRU HDFK ORFDWLRQ�

7KH EDWK\PHWU\ FKDUWV VKRZQ LQ ��� ZHUH DQDO\VHG� )RU HDFK ORFDWLRQ� WKH ORQJ�VKRUH SURILOH ORRNV
XQLIRUP RQ D VFDOH ���� P� WKDW LV LPSRUWDQW IRU WKH QDYLJDELOLW\ RI YHVVHOV� 2Q ODUJHU VFDOH ����� P�
WKH ORQJ�VKRUH SURILOH YDULHV JUDGXDO� ,W LV FRQVLGHUHG WKDW WKLV VFDOH GRHV QRW QHJDWLYHO\ LQIOXHQFH WKH
QDYLJDELOLW\ RI WKH DUHD� )XUWKHUPRUH� QR QRWDEOH DQRPDOLHV LQ EDWK\PHWU\ VXFK DV VDQGEDQNV ZHUH
IRXQG�

������ +\GURPHWHRURORJLFDO &RQGLWLRQV
7KH K\GURPHWHRURORJLFDO FRQGLWLRQV JUHDWO\ LQIOXHQFH WKH DQQXDO H[SHFWHG GRZQWLPH WKH SRUW� /RDG�
LQJ DQG PRRULQJ FRXOG EH LQWHUUXSWHG LI WKH RSHUDWLQJ OLPLWV GLVFXVVHG LQ WKH SRUW UHTXLUHPHQWV DUH
H[FHHGHG�

7KH RSHUDWLRQDO PDQXDO RI WKH MHWW\ UHSRUWV GDWD RQ ZLQG� ZDYHV DQG FXUUHQWV LQ 3XQWD &RORUDGD� 0HWD�
GDWD RQ WKHVH ILQGLQJV VXFK DV� PHDVXULQJ PHWKRG DQG ORFDWLRQ RI PHDVXUHPHQW� ZDV QRW UHSRUWHG�
)XUWKHU OLWHUDWXUH VWXG\ GLG QRW \LHOG XVH IXOO GDWD RQ WKH K\GURPHWHRURORJLF FRQGLWLRQV DW 3XHUWR /RERV�

7KH VHPL�GLXUQDO WLGH DW WKH JXOI RI 6DQ 0DWtDV LV KDV D UDWKHU ODUJH WLGDO DPSOLWXGH QHDUVKRUH� $W 3XQWD
&RORUDGD D WLGDO DPSOLWXGH LV UHSRUWHG RI ���� P >��@� 7KH VDPH RUGHU RI PDJQLWXGH LV H[SHFWHG DW
3XHUWR /RERV�



���� 3RWHQWLDO 5HXVH RI -HWW\ ��

$ VWXG\ IURP&(5) KDVPRGHOOHG WKH WLGDO FXUUHQWV LQ WKH JXOI RI 6DQ0DWtDV� &RQFOXGLQJ IURP )LJXUH ����
WKH QHDUVKRUH FXUUHQWV VHHP WR LQWHQVLI\ VOLJKWO\ IURP 6RXWK WR 1RUWK LQ WKH JXOI RI 6DQ 0DWtDV >��@� 7KH
PD[LPXP WLGDO FXUUHQW LV H[SHFWHG WR EH VOLJKWO\ ODUJHU DW 3XQWD &RORUDGD� )RU ERWK ORFDWLRQV WKHVH
WLGDO FXUUHQWV DUH QRW H[SHFWHG WR H[FHHG WKH RSHUDWLRQDO OLPLWV�

7KH RSHUDWLRQDO GRZQWLPH RI WKH SRUW LV HVWLPDWHG ZLWK WKH RSHUDWLQJ OLPLWV IRU KDQGOLQJ PDULQH RLO DQG
SHWURFKHPLFDOV VKRZQ LQ )LJXUH ���� DQG WKH K\GURPHWHRURORJLFDO FRQGLWLRQV RI 3XQWD &RORUDGD VKRZQ
LQ 6HFWLRQ ���� )ROORZLQJ WKH UHDVRQLQJ LQ 6HFWLRQ ���� WKH HVWLPDWHG GRZQWLPH DW 3XQWD &RORUDGD LV �
� RI WKH \HDU� ZKLFK DPRXQWV WR �� GD\V� ,Q WKLV UHDVRQLQJ RSHUDWLRQDO GRZQWLPH ZDV PDLQO\ GXH WR
H[FHHGLQJ ZDYHKHLJKWV� ,W LV QRW H[SHFWHG WKDW WKH RSHUDWLRQDO GRZQWLPH ZRXOG GLIIHU D ORW DW 3XHUWR
/RERV�

������ )ORRG 6DIHW\
'XH WR WKH KDQGOLQJ RI WR[LF FKHPLFDOV� GDPDJH WR DQ\ RI DVVHWV RI WKH SRUW LV XQGHVLUHG� 7KHUHIRUH�
IORRG VDIHW\ DQG SRVVLEOH FRDVW HURVLRQ VKRXOG EH HYDOXDWHG� ,W VKRXOG EH DVVHVVHG LI DQ\ RI WKH ORFD�
WLRQV LV PRUH SURQH WR EH IORRGHG ZLWK UHVSHFW WR WKH RWKHUV�

7KH $UJHQWLQLDQ *HRORJLFDO $VVRFLDWLRQ KDV FODVVLILHG WKH FRDVW RI 5tR 1HJUR ZLWK *RUQLW] FRDVWDO YXO�
QHUDELOLW\ LQGLFHV� 7KH FRDVWDO YXOQHUDELOLW\ RI 3XQWD &RORUDGD ZDV FODVVLILHG KLJK ZLWK DQ LQGH[ RI
DSSUR[LPDWHO\ ��� 7KH FRDVWDO YXOQHUDELOLW\ RI 3XHUWR ORERV ZDV FODVVLILHG PRGHUDWH ZLWK DQ LQGH[ RI
DSSUR[LPDWHO\ �� >��@� 7KH SDSHU LV QRW FOHDU DERXW ZKDW FRPSRQHQWV RI WKH LQGLFHV ZHUH JRYHUQLQJ LQ
WKLV GLIIHUHQFH�

1H[W WR WKDW� WKH *)'55 UHSRUWV WKDW WKHUH LV PRUH WKDQ D � � FKDQFH WKDW D SRWHQWLDOO\ GDPDJLQJ
WVXQDPL ZLOO RFFXU LQ WKH QH[W �� \HDUV LQ WKH JXOI RI 6DQ 0DWtDV >��@�

���� 3RWHQWLDO 5HXVH RI -HWW\
7KLV FULWHULD LV QRW DSSOLFDEOH IRU WKH ORFDWLRQV RI 3XQWD &RORUDGD 6RXWK DQG 3XHUWR /RERV� VLQFH WKHVH
GR QRW LQYROYH H[LVWLQJ VWUXFWXUHV�

$W 0XHOOH 3XQWD &RORUDGD� WKHUH LV DQ DOUHDG\ H[LVWLQJ MHWW\ VWUXFWXUH� $W WKH RWKHU ORFDWLRQV� QDPHO\�
3XQWD &RORUDGD 6RXWK DQG 3XHUWR /RERV� D VWUXFWXUH ZLOO KDYH WR EH FRQVWUXFWHG IURP VFUDWFK�

5HXVLQJ DQ H[LVWLQJ VWUXFWXUH FDQ KDYH PDQ\ DGYDQWDJHV RQ PDQ\ ILHOGV�

)LUVWO\� WKH VXVWDLQDELOLW\ RI WKH SRUW� %\ FRQVWUXFWLQJ D QHZ SRUW� WKH 0XHOOH 3XQWD &RORUDGD ZLOO EH OHIW
XQXVHG� $OVR� UDZ PDWHULDOV ZLOO EH QHHGHG� WKHVH ZLOO QHHG WR EH WUDQVSRUWHG WR WKH FRQVWUXFWLRQ VLWH
DQG DJDLQ SURFHVVHG� 7KLV FRVWV D ORW RI WLPH� HQHUJ\ DQG PDWHULDOV� %\ FRQYHUWLQJ DQG UHXVLQJ WKH ROG
IDFLOLW\� D ORW RI HQHUJ\� ZDVWH DQG UDZ PDWHULDOV ZLOO EH VDYHG�

6HFRQGO\� WKH FRVWV RI WKH H[SRUW SRUW� 2Q WKH RQH KDQG� WKH FXUUHQW VWDWH RI WKH MHWW\ LV QRW GHWHUPLQHG
VR� PRUH WHVWLQJ LV QHHGHG� 7KLV FRXOG EULQJ SRWHQWLDO FRVWV LI HYHU\ HOHPHQWV ZRXOG WR EH WHVWHG� $OVR�
WKH SRVVLEOH FRVWV RI UHSDLU RU UHSODFHPHQW RI PDQ\ HOHPHQWV LV SUHVHQW� )LQDOO\� WKH IDFLOLW\ LV TXLWH
ROG VR� UHFXUUHQW PDLQWHQDQFH FRXOG RFFXU� ZKLFK ZLOO EULQJ H[WUD FRVWV� +RZHYHU� RQ WKH RWKHU KDQG�
UHXVLQJ WKH ROG IDFLOLW\ ZLOO VDYH WLPH DQG WKH PXFK KLJKHU FRVWV RI WKH FRQVWUXFWLRQ RI D QHZ VWUXFWXUH�

)LQDOO\� WKH FXUUHQW MHWW\ DW 3XQWD &RORUDGD LV GHVLJQHG IRU WUDQVSRUWDWLRQ RI GU\ EXON� (YHQ LI WKH VWUXF�
WXUDO HOHPHQWV RI WKH MHWW\ ZHUH WR EH LQ SHUIHFW FRQGLWLRQ� XQGRXEWHGO\ PDQ\ DGDSWDWLRQV ZRXOG QHHG
WR EH PDGH� 7KHUHIRUH� LW LV LPSRUWDQW WR DVVHVV WKH FRPSDWLELOLW\ RI WKLV GU\ EXON MHWW\� FRQVLGHUHG LQ
SHUIHFW VWDWH� ZLWK DPPRQLD WUDQVSRUW� ,I D ZKROH QHZ VWUXFWXUH ZRXOG WR EH FRQVWUXFWHG� WKHQ \RX ZRXOG
KDYH WKH IUHHGRP WR FRQVWUXFW WKH SRUW WKH ZD\ \RX ZDQW LW� 7KH SLSHOLQHV ZRXOG EH RQ WKH ULJKW SODFH�
WKH PRRULQJ DUUDQJHPHQWV ZRXOG EH RSWLPDO DQG \RX FRXOG EXLOG D FRQVWUXFWLRQ ZKLFK ZRXOG EH UHDG\
WR XVH RQ WKH VKRUW WHUP DQG DIWHUZDUGV H[WHQGHG IRU WKH PHGLXP WHUP� IRU H[DPSOH�

���� 3ROLWLFDO (QYLURQPHQW
7KH SROLWLFDO HQYLURQPHQW DW HDFK RI WKH ORFDWLRQV FRXOG JUHDWO\ LQIOXHQFH WKH IHDVLELOLW\ RI D K\GURJHQ
H[SRUW SURMHFW�



���� 3ROLWLFDO (QYLURQPHQW ��

������ ([LVWLQJ )UHH�7UDGH =RQHV
7R PDNH D PRUH DWWUDFWLYH EXVLQHVV FDVH IRU IRUHLJQ SDUWLHV� $UJHQWLQLDQ ODZ DOORZV IRU WKH FUHDWLRQ RI
D IUHH�WUDGH ]RQH� 7KH DYDLODELOLW\ RI VXFK D ]RQH FRXOG EH YHU\ LQIOXHQWLDO WR WKH DWWUDFWLYHQHVV RI WKH
SURMHFW�

$V H[SODLQHG LQ 6HFWLRQ ������ WKH IUHH�WUDGH ]RQH SURYLGHV D KXJH ILQDQFLDO EHQHILW UHJDUGLQJ WKH SUR�
GXFWLRQ DQG H[SRUW RI K\GURJHQ� 3XQWD &RORUDGD DQG 3XQWD &RORUDGD 6RXWK DUH SURYLGHG ZLWK WKH
EHQHILW RI EXLOGLQJ LQ WKH )7=� 2Q WKH RWKHU KDQG� 3XHUWR /RERV FDQQRW EHQHILW IURP WKLV WD[�IUHH UHJLRQ�
7KLV EULQJV D GHILQLWH DGYDQWDJH WR WKH ORFDWLRQV RI 3XQWD &RORUDGD FRPSDUHG WR 3XHUWR /RERV� $F�
FRUGLQJ WR *XLOOHUPR �VHH $SSHQGL[ $���� WKHUH LV D SRVVLELOLW\ IRU D QHZ )7= WR EH DOORFDWHG LQ 3XHUWR
/RERV� VLQFH LQ WKH ��¶V D )7= ZDV DFWXDOO\ RSHUDWLQJ� +RZHYHU� UHVHDUFK GRHV QRW SURYLGH DQ\ PRUH
SURRI RI WKLV� 7KHUHIRUH� WKLV VWDWHPHQW LV QRW FRQVLGHUHG IRU WKH 0&$�

������ 3UHVHQFH RI 0DULQH 3URWHFWHG $UHD
$UJHQWLQD LGHQWLILHV GLIIHUHQW PDULQH SURWHFWHG DUHDV LQ WKH FRXQWU\� LQ ZKLFK WKHLU REMHFWLYH LV WR SURWHFW
DQG FRQVHUYH WKH XQLTXH H[LVWLQJ HFRV\VWHP� ULFK LQ ZLOGOLIH DV ZHOO DV SDOHRQWRORJLFDO DQG DUFKDHRORJ�
LFDO UHVHDUFK SRWHQWLDO� %XLOGLQJ RQ RU FORVH WR PDULQH SURWHFWHG DUHDV FRPHV ZLWK FHUWDLQ FKDOOHQJHV�

$W 3XQWD &RORUDGD� QR PDULQH SURWHFWHG DUHD LV SUHVHQW�

7KHUH LV D PDULQH SURWHFWHG DUHD MXVW QRUWK DQG VRXWK RI WKH ERUGHU EHWZHHQ 5tR 1HJUR DQG &KXEXW�
&RQVWUXFWLRQ RI DQ H[SRUW IDFLOLW\ DW WKLV ORFDWLRQ ZRXOG PHDQ FKDQJLQJ WKH ERXQGDULHV RI DW OHDVW RQH
RI WKH PDULQH SURWHFWHG DUHDV� 7KLV ZRXOG EH PHW ZLWK SROLWLFDO UHVLVWDQFH� &KDQJLQJ WKH ERXQGDU\ RI
D PDULQH SURWHFWHG DUHD GHIHDWV WKH SXUSRVH RI FUHDWLQJ WKH DUHD LQ WKH ILUVW SODFH DQG HQYLURQPHQWDO
JURXSV ZLOO SURWHVW� /HJLVODWLRQ PLJKW QRW HYHQ DOORZ PRYLQJ WKH ERXQGDU\ IRU HFRQRPLF SXUSRVHV�

������ ,QWHUIHULQJ *RYHUQPHQWDO 0DQDJHPHQWV
,VVXHV ZLWK WKH ORFDO JRYHUQPHQW�V� FDQ DULVH LQ DQ\ ZD\� VKDSH RU IRUP� 3RWHQWLDO FROODERUDWLRQV RU
LQWHUQDO VWUXJJOHV RI JRYHUQPHQWDO LQVWLWXWLRQV FDQ HIIHFW WKH SURFHVV� ,W LV LPSRUWDQW WR DVVHVV WKH
GDQJHUV RI WKHVH LVVXHV WR WKH SURMHFW�

7KH JRYHUQPHQWDO SURYLQFHV LQ $UJHQWLQD ZRUN DXWRQRPRXVO\ OHDGLQJ WR WKH IDFW WKDW JRYHUQPHQWV
KDYH RZQ GHFLVLRQ PDNLQJ SRZHU� 3XQWD &RORUDGD� SODFHG LQ WKH SURYLQFH RI 5tR 1HJUR� UHVXOWV LQ WKH
GHFLVLRQ PDNLQJ SRZHU RI RQH SURYLQFH UHJDUGLQJ WKH FRQVWUXFWLRQ RI WKH JUHHQ K\GURJHQ H[SRUW SRUW�

+RZHYHU� DV 3XHUWR /RERV LV ORFDWHG RQ WKH ERUGHU RI WZR SURYLQFHV� QDPHO\ 5tR 1HJUR DQG &KXEXW�
WKH FRQVWUXFWLRQ RI WKH K\GURJHQ SRUW ZLOO UHVXOW LQ WZR SURYLQFHV EHLQJ LQYROYHG LQ WKH SURMHFW� 7KH
FROODERUDWLRQ RI WZR SURYLQFHV FRXOG SRWHQWLDOO\ UHVXOW LQ D VWURQJHU SRVLWLRQ LQ WKLV SURMHFW� VLQFH LW FDQ
EH YDOXDEOH WR VKDUH NQRZOHGJH DQG H[SHUWLVH RQ WKH H[SRUW RI K\GURJHQ DQG DOORZ IRU PRUH ILQDQFLDO
LQSXW� +RZHYHU� WKLV GHSHQGV RQ WKH ZLOOLQJQHVV DQG RSHQQHVV RI WKH SURYLQFHV WR FROODERUDWH� 2Q
WKH RWKHU KDQG� PD\ WKH ORFDWLRQ RQ WKH ERUGHU RI WKH SURYLQFHV FDXVH SROLWLFDO FRQIOLFWV DV GLIIHUHQW
SURYLQFLDO PXQLFLSDOLWLHV KDYH GLIIHUHQW REMHFWLYHV DQG SHUVSHFWLYHV RQ WKLV SURMHFW� 3ROLWLFDO FRQIOLFWV
GXULQJ WKHVH ODUJH FRPSOH[ SURMHFWV DUH YHU\ FRVWO\ DQG WLPH LQHIILFLHQW�



���� 2YHUYLHZ ��

���� 2YHUYLHZ
3XQWD &RORUDGD
0XHOOH

3XQWD &RORUDGD 6RXWK 3XHUWR /RERV

*HRJUDSKLFDO
DFFHVVLELOLW\

$GYLVHG SDYHPHQW RI
�� NP H[LVWLQJ GLUW
URDG

$GYLVHG SDYHPHQW RI
�� NP H[LVWLQJ GLUW
URDG

$GYLVHG SDYHPHQW RI
�� NP H[LVWLQJ GLUW
URDG

3UHVHQFH RI
UHVLGHQWLDO DUHDV

3OD\DV 'RUDGDV DW �
NP� SRWHQWLDO DGMDFHQW
UHVLGHQWLDO DUHD

3OD\DV 'RUDGDV DW �
NP� SRWHQWLDO
UHVLGHQWLDO DUHD DW �
NP

1R QHDU UHVLGHQWLDO
DUHDV

3UHVHQFH RI H[LVWLQJ
LQODQG VWUXFWXUHV

3RWHQWLDO SUDFWLFDO DQG
FRQWUDFWXDO LVVXHV RQ
RUH PLQLQJ VWUXFWXUHV

1R QHDUE\ VWUXFWXUHV 1R QHDUE\ VWUXFWXUHV

$YDLODEOH ODQG IRU
FRQVWUXFWLRQ

(QRXJK VXLWDEOH DUHD
DYDLODEOH IRU VKRUW�
DQG PHGLXP�WHUP
DPPRQLD SURGXFWLRQ
DQG VWRUDJH ZLWKLQ
)7=

(QRXJK VXLWDEOH DUHD
DYDLODEOH IRU VKRUW�
DQG PHGLXP�WHUP
DPPRQLD SURGXFWLRQ
DQG VWRUDJH ZLWKLQ
)7=

1R SRWHQWLDO )7=�
OLPLWHG DPRXQW RI
VORSHV SURYLGH SOHQW\
DUHD VXLWDEOH IRU
FRQVWUXFWLRQ

'LVWDQFH IURP VKRUH
WR UHTXLUHG GHSWK

��� P � ���� P ���� P � ���� P ��� � ���� P

8QLIRUPLW\ RI
EDWK\PHWU\

8QLIRUP 8QLIRUP 8QLIRUP

)ORRG VDIHW\ +LJK YXOQHUDELOLW\ +LJK YXOQHUDELOLW\ 0RGHUDWH YXOQHUDELOLW\
3RWHQWLDO UHXVH RI MHWW\ $GGLWLRQDO UHVHDUFK RQ

FXUUHQW VWUXFWXUDO
FDSDFLW\ QHHGHG�
UHXVH RI MHWW\
SRWHQWLDOO\ VDYHV D ORW
RI FRVWV DQG WLPH� DQG
LV SUHIHUUHG IURP D
VXVWDLQDEOH SRLQW RI
YLHZ

$GYDQWDJH RI
GHVLJQLQJ DPPRQLD
H[SRUW IDFLOLW\ ZLWKRXW
UHVWULFWLRQV RI DQ
H[LVWLQJ VWUXFWXUH

$GYDQWDJH RI
GHVLJQLQJ DPPRQLD
H[SRUW IDFLOLW\ ZLWKRXW
UHVWULFWLRQV RI DQ
H[LVWLQJ VWUXFWXUH

([LVWLQJ IUHH�WUDGH
]RQHV

)LQDQFLDO EHQHILWV GXH
WR H[LVWLQJ )7=

)LQDQFLDO EHQHILWV GXH
WR H[LVWLQJ )7=

1R )7= SUHVHQW

3UHVHQFH RI PDULQH
SURWHFWHG DUHD

1R PDULQH SURWHFWHG
DUHD SUHVHQW

1R PDULQH SURWHFWHG
DUHD SUHVHQW

&RQIOLFWLQJ PDULQH
SURWHFWHG DUHD SUHVHQW

,QWHUIHULQJ
JRYHUQPHQWDO
PDQDJHPHQWV

1R LQWHUIHULQJ
SURYLQFLDO
JRYHUQPHQWV

1R LQWHUIHULQJ
SURYLQFLDO
JRYHUQPHQWV

/RFDWLRQ DW ERUGHU RI
SURYLQFHV 5tR 1HJUR
DQG &KXEXW� SRWHQWLDO
FRRSHUDWLYH
DGYDQWDJH RU SROLWLFDO
FRQIOLFWV

7DEOH ���� 2YHUYLHZ RI 0XOWL�&ULWHULD $QDO\VLV�



��
&RQFOXVLRQ

7KH JRDO RI WKLV UHVHDUFK ZDV WR DQDO\VH WKUHH SURSRVHG ORFDWLRQV DQG GHWHUPLQH WKH PRVW VXLWDEOH
ORFDWLRQ IRU WKH FRQVWUXFWLRQ RI D K\GURJHQ H[SRUW SRUW� 7KLV FKDSWHU FRPSLOHV WKH PRVW HVVHQWLDO LQ�
IRUPDWLRQ IURP WKH 0&$ EDVHG RQ WKH ZHLJKWLQJ RI WKH FULWHULD� 7KHVH FULWHULD WRJHWKHU GHWHUPLQH WKH
VXLWDELOLW\ RI GLIIHUHQW ORFDWLRQV WKURXJK WKHLU VSHFLILF DGYDQWDJHV DQG GLVDGYDQWDJHV� ,QIRUPDWLRQ LV
VSOLW XS EHWZHHQ WKH WKUHH SURSRVHG ORFDWLRQV WR FUHDWH D FOHDU LPDJH SHU ORFDWLRQ DQG WRJHWKHU� WKH\
VHUYH WR DQVZHU WKH PDLQ UHVHDUFK TXHVWLRQ�

³:KLFK ORFDWLRQ EHWZHHQ 3XQWD &RORUDGD 0XHOOH� 3XQWD &RORUDGD 6RXWK DQG 3XHUWR /RERV LV WKH PRVW
VXLWDEOH IRU D SRWHQWLDO K\GURJHQ H[SRUW SRUW LQ 5tR 1HJUR"´

%HDU LQ PLQG WKDW WKH FRQFOXVLRQ SUHVHQWHG LQ WKLV UHSRUW LV PDGH ZLWK OLPLWHG DYDLODELOLW\ RI LQIRUPDWLRQ�
7KHUHIRUH� LW VKRXOG EH VWUHVVHG WKDW WKH FRQFOXVLRQ SUHVHQWHG LQ WKLV UHSRUW JLYHV DQ RYHUYLHZ RI WKH
FKDUDFWHULVWLFV RI DOO ORFDWLRQV� EXW PRUH GDWD DQG UHVHDUFK LV QHHGHG WR UHDFK D GHILQLWLYH FRQFOXVLRQ
RQ WKH UHVHDUFK TXHVWLRQ� IRU UHFRPPHQGDWLRQV RQ IXWXUH UHVHDUFK� VHH &KDSWHU ��

����� 3XQWD &RORUDGD 0XHOOH
7KH 3XQWD &RORUDGD 0XHOOH ORFDWLRQ LV FRQVLGHUHG WR KDYH KLJK SRWHQWLDO IRU D K\GURJHQ H[SRUW SRUW�
7KH H[LVWLQJ MHWW\ FUHDWHV SRVVLELOLWLHV IRU D FRVW�HIILFLHQW DQG UDSLGO\ UHDOLVDEOH H[SRUW RI K\GURJHQ LQ
WKH IRUP RI DPPRQLD� 7KHVH FKDUDFWHULVWLFV DUH XQLTXH LQ WKLV DUHD DQG WKH SRWHQWLDO LV DGYLVHG WR EH
IXUWKHU H[SORUHG ZLWK IXWXUH UHVHDUFK�

3UHYLRXV SODQV RI WKH PLQLQJ FRPSDQ\ 0&& LQGLFDWH FRQVWUXFWLRQ RI D SLSHOLQH ZLWKLQ WKH MHWW\ ZDV
SODXVLEOH� 7KLV HQIRUFHV WKH LGHD WKDW WKH FXUUHQW MHWW\ LV IHDVLEOH WR EH UHSXUSRVHG IRU K\GURJHQ H[SRUW�
+RZHYHU� PDLQWHQDQFH KDV EHHQ ODFNLQJ� GDPDJH ZDV QRWHG HVSHFLDOO\ IRU WKH EHUWKLQJ VWUXFWXUHV
DQG PRRULQJ EXR\V� 7KHVH VWUXFWXUHV QHHG WR EH UHYLVHG RU FRPSOHWHO\ UHQHZHG� ,W VKRXOG EH QRWHG
WKDW WKHVH UHVXOWV KDYH EHHQ GHULYHG IURP YLVXDO REVHUYDWLRQV� WR PDNH D FRQFOXVLYH VWDWHPHQW RQ WKH
UHSXUSRVLQJ RI WKLV MHWW\� VWUXFWXUDO VDPSOHV VKRXOG EH DQDO\VHG WR GHWHUPLQH WKH OLIHWLPH DQG VXLWDELOLW\
RI FHUWDLQ HOHPHQWV� D GHVLJQ VWXG\ VKRXOG FODULI\ LI LW LV SRVVLEOH WR LQFRUSRUDWH D FU\RJHQLF SLSHOLQH�
7KH SUHVHQFH RI WKH PLQLQJ FRPSDQ\ 0&&� ZKR VWLOO KDYH ULJKW WR XVH WKH H[LVWLQJ LQIUDVWUXFWXUH IRU
LURQ RUH H[SRUW� PLJKW SRVH SUREOHPV GXULQJ FRQVWUXFWLRQ DQG RSHUDWLRQ RI WKH SRUW� DV WKH K\GURJHQ
LQIUDVWUXFWXUH WR EH EXLOG ZLWKLQ WKH MHWW\ PD\ QRW OLPLW WKH IXQFWLRQDOLW\ RI WKH LURQ RUH LQIUDVWUXFWXUH�
&RRSHUDWLRQ ZLWK WKH PLQLQJ FRPSDQ\ LV FRQVLGHUHG SODXVLEOH DQG VKRXOG EH H[SORUHG�

7KH 3XQWD &RORUDGD 0XHOOH LV QRW GLUHFWO\ ERUGHULQJ PDULQH SURWHFWHG DUHDV ZKLFK VLPSOLILHV FRQVWUXF�
WLRQ DQG RSHUDWLRQ RI D KDUERXU ZLWK UHVSHFW WR WKH 3XHUWR /RERV ORFDWLRQ� )XUWKHUPRUH� WKH )7= ERU�
GHULQJ 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK KDYH DPSOH VSDFH WR IDFLOLWDWH HOHFWURO\VHUV�
DQ DPPRQLD SURGXFWLRQ SODQW� DQG VWRUDJH IDFLOLWLHV� 7KH VKRUW WHUP IDFLOLWLHV ZLOO WDNH XS DSSUR[LPDWHO\
�� RI WKH WRWDO )7= DUHD� LQ WKH PHGLXP WHUP WKH IDFLOLWLHV ZLOO WDNH XS DSSUR[LPDWHO\ ��� RI WKH WRWDO
)7= DUHD� OHDYLQJ DPSOH URRP IRU PRUH H[SDQVLRQ LI QHHGHG�

��



����� 3XQWD &RORUDGD 6RXWK ��

����� 3XQWD &RORUDGD 6RXWK
3XQWD &RORUDGD 6RXWK KDV DSSUR[LPDWHO\ WKH VDPH ODQG� DQG K\GUDXOLF FKDUDFWHULVWLFV DV 3XQWD &RO�
RUDGD 0XHOOH� 7KH RQO\ GLIIHUHQFH ZRXOG EH WKH DEVHQFH RI WKH H[LVWLQJ MHWW\� 'LVWDQFH WR UHTXLUHG
GHSWK IRU EHUWKLQJ RI YHVVHOV LV VRPHZKDW ODUJHU GXH WR DEVHQFH RI D ODQG�KHDG� PDNLQJ D QHZ MHWW\
VRPHZKDW PRUH FRVWO\� $Q DGYDQWDJH KRZHYHU� LV WKDW GHVLJQ DQG UHDOLVDWLRQ RI WKH K\GURJHQ SRUW LV
QRW UHVWULFWHG LQ DQ\ ZD\ E\ WKH H[LVWLQJ LQIUDVWUXFWXUH RU WKH PLQLQJ FRPSDQ\ 0&&� $ QHZ MHWW\ DOVR KDV
WKH DGYDQWDJH WKDW OLIHWLPH RI WKH VWUXFWXUH LV ZHOO NQRZQ DQG FHUWDLQ� DQG WKH MHWW\ FDQ EH GHGLFDWHG WR
WKH H[SRUW RI DPPRQLD VROHO\� LQ FRQWUDVW WR WKH 3XQWD &RORUDGD 0XHOOH ORFDWLRQ� /DVWO\� 3XQWD &RORUDGD
6RXWK DOVR KDV GLUHFW DFFHVV WR WKH =RQD )UDQFD� 7KLV ORFDWLRQ LV FRQVLGHUHG SRWHQWLDOO\ YDOXDEOH IRU
EXLOGLQJ D QHZ MHWW\�

����� 3XHUWR /RERV
3XHUWR /RERV VKRZV GHILFLHQFLHV RQ FHUWDLQ YHU\ LPSRUWDQW FULWHULD� )LUVWO\� 3XHUWR /RERV LV ORFDWHG RQ
WKH ERUGHU RI WZR PDULQH SURWHFWHG DUHDV� RQH LQ WKH 3URYLQFH RI 5tR 1HJUR� WKH RWKHU LQ &KXEXW� 7KH
PDULQH SURWHFWHG DUHDV KDYH WKH REMHFWLYH PDLQWDLQ WHUUHVWULDO� FRDVWDO� DQG PDULQH HFRV\VWHPV� 7KH
VSHFLILF ODZV DQG UHJXODWLRQV RI WKHVH PDULQH SURWHFWHG DUHDV PLJKW PDNH LW YHU\ GLIILFXOW WR FRQVWUXFW
DQG RSHUDWH D SRUW� )XUWKHUPRUH� WKH SUHVHQFH RI D KDUERXU ZLOO PRVW OLNHO\ GLVWXUE QDWXUDO SURFHVVHV�
6HFRQGO\� 3XHUWR /RERV KDV QR H[LVWLQJ SRUW LQIUDVWUXFWXUH� ZKLFK KDV WKH GLVDGYDQWDJH WKDW D QHZ
MHWW\ LV WR EH EXLOG IURP VFUDWFK� UHTXLULQJ ODUJHU LQLWLDO LQYHVWPHQWV DQG H[WUD WLPH WR VWDUW WKH H[SRUW RI
DPPRQLD� $Q DGYDQWDJH RQ WKH RWKHU VLGH LV WKDW WKHUH DUH QR UHVWULFWLRQV DSSOLHG WR WKH GHVLJQ RI DQ
DPPRQLD H[SRUW IDFLOLW\ GXH WR DOUHDG\ H[LVWLQJ EXLOGLQJV DQG LQIUDVWUXFWXUH� ,Q DGGLWLRQ� WKHUH LV QRW DQ
)7= DW WKH PRPHQW� 7KH OHJDO SURFHGXUHV WR FRQVWUXFW D )7= DUH H[WHQVLYH DQG QHHG WR EH UHDOLVHG LQ
5tR 1HJUR DV ZHOO DV LQ &KXEXW� 7KLV PLJKW WXUQ RXW WR EH D ERWWOHQHFN LQ WKH SURMHFW�

'XH WR ORZ DYDLODELOLW\ RI WKH VSHFLILF VLWH FRQGLWLRQV �K\GUDXOLF� WRSRJUDSKLF� DQG SROLWLFDO�� QR IDLU FRQ�
FOXVLYH UHVXOWV FDQ EH VKDUHG RQ WKLV ORFDWLRQ DQG UHFRPPHQGDWLRQV JR RXW WR IXWXUH UHVHDUFK LQ RUGHU
WR EH DEOH WR VWLOO LQFOXGH LW LQ WKH 0&$ SUHVHQWHG LQ &KDSWHU ��



��
5HFRPPHQGDWLRQV

����� 6WDNHKROGHU $QDO\VHV
7KLV VHFWLRQ GLYHV LQWR VXE�TXHVWLRQ %� DQG JLYHV D UHFRPPHQGDWLRQ RQ KRZ VWDNHKROGHUV FDQ EH HQ�
JDJHG HIILFLHQWO\ LQ RUGHU WR XVH WKHLU H[SHUWLVH DQG YDOXH WR WKH IXOOHVW H[WHQG LQ WKLV SURMHFW� )LJXUH ����
GHPRQVWUDWHV DQ RYHUYLHZ RI LQFUHDVLQJ OHYHO RI HQJDJHPHQW SHU VWDNHKROGHU JURXS� DQG DGYLVHV D FHU�
WDLQ DSSURDFK WRZDUGV WKHVH VWDNHKROGHUV�

)LJXUH ����� 6WDNHKROGHU HQJDJHPHQW VWUDWHJ\�

5HVHDUFK GHPRQVWUDWHV WKDW WKH VWDNHKROGHU DQDO\VLV LV D G\QDPLF SURFHVV� LQ ZKLFK WKH H[LVWLQJ VWDNH�
KROGHU QHWZRUNV DUH FRQVWDQWO\ VKLIWLQJ DQG FUHDWH IRU D FKDOOHQJH LQ VWDNHKROGHU PDQDJHPHQW >�@� 7KLV
G\QDPLF QDWXUH FDOOV IRU D G\QDPLF DSSURDFK LQ WKH VWDNHKROGHU DQDO\VHV� $V WKH SURMHFW SURJUHVVHV�
UHODWLRQVKLSV DQG DWWLWXGHV RI VWDNHKROGHUV WRZDUGV WKH SURMHFW FKDQJH� ,I WKH HQJDJHPHQW VWUDWHJ\ LV
LPSOHPHQWHG FRUUHFWO\� FHUWDLQ DWWLWXGHV DQG LQWHUHVWV PD\ VKLIW WR EHFRPH PRUH SRVLWLYH UHJDUGLQJ WKH
SURMHFW� ZKLFK FRQVHTXHQWO\ FDOOV IRU D GLIIHUHQW VWDNHKROGHU HQJDJHPHQW DSSURDFK� $SDUW IURP WKLV� WKH

��



����� 7RSRJUDSKLF $QDO\VLV ��

DOORFDWLRQ RI SRZHU EHWZHHQ WKH GLIIHUHQW VWDNHKROGHUV ZLOO FKDQJH DV GLIIHUHQW GHFLVLRQV UHJDUGLQJ WKH
SURMHFW KDYH EHHQ PDGH� )RU LQVWDQFH� ZKHQ WKH ILQDO GHFLVLRQ KDV EHHQ PDGH UHJDUGLQJ WKH ORFDWLRQ RI
WKH K\GURJHQ H[SRUW SRUW� LW PD\ UHVXOW LQ D OHVV SRZHUIXO UROH RI &,(0) LI 3XHUWR /RERV LV GLVUHJDUGHG�
2Q WKH RWKHU KDQG� ZKHQ WKH ORFDWLRQ RI WKH FXUUHQW MHWW\ DW 3XQWD &RORUDGD 0XHOOH LV FKRVHQ WR EH
UHXVHG� WKH SRZHU RI 0&& PD\ LQFUHDVH GXH WR WKHLU RSHUDWLRQDO FRQWUDFW RQ WKH ODQG�

7KHUHIRUH� LW LV DGYLVHG WKDW WKH VWDNHKROGHU QHWZRUN LV UHYLVHG FRQWLQXRXVO\� DQG FULWLFDOO\ UH�H[DPLQHG
GXULQJ WKH HQWLUH SURMHFW OLIH F\FOH� 'LIIHUHQW SDUWLHV PD\ FRPH LQWR SOD\� DQG FRPPXQLFDWLRQ VWUHDPV
DV ZHOO DV LQIOXHQFHV RI SDUWLHV PD\ VWDUW VKLIWLQJ� 7KH VWDNHKROGHU QHWZRUN LV UHFRPPHQGHG WR EH
XSGDWHG UHJXODUO\� HVSHFLDOO\ DW PRPHQWV ZKHQ WKH SURMHFW HQWHUV LQWR WKH QH[W SURMHFW VWDJH RU ZKHQ
WKH VWDNHKROGHU QHWZRUN FKDQJHV�

����� 7RSRJUDSKLF $QDO\VLV
7KH WRSRJUDSKLF DQDO\VLV IRFXVHV RQ WKH IHDVLELOLW\ RI EXLOGLQJ D K\GURJHQ H[SRUW SRUW RQ WKH WKUHH
GLIIHUHQW ORFDWLRQV� 7KLV ZDV FRPSOHWHG ZLWK WKH XVH RI WKH :LQJWUD2QH GURQH HOHYDWLRQ GDWD� WKH
VDWHOOLWH YLHZV DQG WKH YLVXDO LQVSHFWLRQ� DV GHPRQVWUDWHG LQ 6HFWLRQ ����

������� $GGLWLRQDO $HULDO 'DWD
7KH DHULDO HOHYDWLRQ GDWD ZDV FROOHFWHG ZLWKLQ WKH )7=� FRYHULQJ WKH ORFDWLRQV RI 3XQWD &RORUDGD 0XHOOH
DQG 3XQWD &RORUDGD 6RXWK� +RZHYHU� WKLV GDWD ZDV QRW DEOH WR EH FROOHFWHG DW 3XHUWR /RERV GXH
WR ZHDWKHU FLUFXPVWDQFHV� $V WKH FXUUHQWO\ XVHG HOHYDWLRQ GDWD RQ 3XHUWR /RERV ODFNV GHWDLO� LW LV
UHFRPPHQGHG WR REWDLQ WKH ODQG HOHYDWLRQ OHYHOV LQ 3XHUWR /RERV LQ WKH VDPH GHWDLO DV WKH FROOHFWHG
GDWD DW ERWK ORFDWLRQV RI 3XQWD &RORUDGD� $GGLWLRQDOO\� WKH :LQJWUD2QH GDWD ZDV QRW DFFXUDWHO\ VDYHG
UHJDUGLQJ WKH ]RQH FRYHULQJ WKH MHWW\ RI 3XQWD &RORUDGD 0XHOOH� ,W LV UHFRPPHQGHG WKDW WKLV ]RQH LV
LQFOXGHG LQ D IXWXUH VXUYH\�

������� ,QODQG 9LVXDO ,QVSHFWLRQ
7KH YLVXDO LQVSHFWLRQ UHJDUGLQJ WKH 3XQWD &RORUDGD 0XHOOH KDV EHHQ GRQH WKURXJK LGHQWLI\LQJ WKH VWUXF�
WXUHV RQ WKH ODQG� 7KH QH[W VWHS UHJDUGLQJ WKLV YLVXDO LQVSHFWLRQ LV FUHDWLQJ DQ XQGHUVWDQGLQJ RI WKH
FXUUHQW VWDWH RI WKH VWUXFWXUHV� 7KLV ZLOO DOORZ DQ RSLQLRQ RQ ZKHWKHU RU QRW WKHVH VWUXFWXUHV DUH UHXVDEOH
IRU WKH K\GURJHQ SRUW�

������� $GGLWLRQDO 0HDVXUHV
7R IXUWKHU DQDO\VH WKH SRWHQWLDO RI WKH DUHD IRU FRQVWUXFWLRQ RI WKH DPPRQLD SURGXFWLRQ IDFLOLWLHV� WKH
VRLO FKDUDFWHULVWLFV VKRXOG EH PHDVXUHG� $ &37 VKRXOG EH GRQH WR LGHQWLI\ DQG YHULI\ WKH ORFDWLRQV IRU
WKHVH ODUJH IDFLOLWLHV�

����� 6WUXFWXUDO $VVHVVPHQW RI ([LVWLQJ -HWW\
7KH VWUXFWXUDO DQDO\VLV RI WKLV UHSRUW UHVHDUFKHG WKH SRWHQWLDO RI WKH UHXVH RI WKH MHWW\ LQWR D K\GURJHQ
H[SRUW SRUW E\ YLVXDO LQVSHFWLRQV� ,Q 6HFWLRQ ���� WKH VWHSV WR DVVHVV WKH SRVVLELOLW\ RI WKH UHXVH RI
DQ H[LVWLQJ VWUXFWXUH ZHUH SUHVHQWHG� 7KH ILUVW VWHS LV FRPSOHWHG� YLVXDO LQVSHFWLRQV ZHUH SHUIRUPHG
DQG GXULQJ WKHVH LQVSHFWLRQV GDPDJHV ZHUH GHWHFWHG DQG UHSRUWHG� )RU IROORZLQJ VWXGLHV� IXUWKHU HODER�
UDWHG DVVHVVPHQW RI WKH GDPDJH LV QHHGHG DV ZHOO DV WKH FRPSOHWLRQ RI WKH ODVW VWHSV IURP 6HFWLRQ ����

������� 'DPDJH $VVHVVPHQW
)RU WKH FRPSOHWH DVVHVVPHQW RI WKH GDPDJH� IXUWKHU LQYHVWLJDWLRQ LV QHHGHG� 7KH FRQFUHWH HOHPHQWV
VXIIHUHG RI GLIIHUHQW GDPDJHV� QDPHO\ UHLQIRUFHPHQW FRUURVLRQ DQG FUDFNV� 6LQFH LW LV QRW NQRZQ LQ
ZKDW H[WHQG WKH FUDFNV DQG GHWHULRUDWLRQ DUH GHFUHDVLQJ WKH VWUXFWXUDO LQWHJULW\ RI WKH HOHPHQW� WKH\
QHHG WR EH WHVWHG� ,Q DGGLWLRQ� GHWHULRUDWLRQ LV FDXVHG GXH WR WKH HQYLURQPHQW RI WKH MHWW\� VR H[WUD
WHVWLQJ LV UHTXLUHG� VXFK DV WKH FDUERQDWLRQ GHSWK� FKORULGH LQJUHVV DQG FRUURVLRQ SRWHQWLDO >��@�

$V IRU GDPDJH RQ VWHHO HOHPHQWV� D JUDGDWLRQ RI WKH FRUURVLRQ OHYHO KDV EHHQ GHWHUPLQHG EDVHG RQ
WKH DUHD RI FRUURVLRQ� +RZHYHU� DV VWDWHG LQ 6HFWLRQ ������ WKH FURVV�VHFWLRQDO DUHD ORVV VKRXOG EH
GHWHUPLQHG WR REWDLQ WKH GHFUHDVH RI VWUXFWXUDO FDSDFLW\ RI WKH FRUURGHG HOHPHQWV



����� 5HXVH RI &XUUHQW -HWW\ ��

������� 'HWHUPLQDWLRQ RI WKH &XUUHQW 6WUXFWXUDO &DSDFLW\
1H[W� DV H[SODLQHG LQ WKH PHWKRGRORJ\� LW LV LPSRUWDQW WR JDWKHU LQIRUPDWLRQ RQ WKH HOHPHQWV� 6RPH RI
WKHVH LQIRUPDWLRQ KDYH EHHQ REWDLQHG� KRZHYHU D IHZ DUH PLVVLQJ� )RU H[DPSOH� WKH GLPHQVLRQV RI
WKH HOHPHQWV� WKH UHLQIRUFHPHQW SURSHUWLHV RI WKH FRQFUHWH HOHPHQWV� WKH FRQFUHWH VWUHQJWK� WKH \LHOG
DQG WHQVLOH VWUHQJWK RI WKH VWHHO DV ZHOO DV WKH ORDGV RQ WKH HOHPHQWV� 6RPH RI WKHVH FDQ EH REWDLQHG
ZLWK D IHUURVFDQ RU D JURXQG�SHQHWUDWLQJ UDGDU >��@� 7KHVH DUH QRQ�GHVWUXFWLYH WHVWV DQG WKHUHIRUH YHU\
LQWHUHVWLQJ IRU WKH MHWW\� 7KHVH WHVWV ZLOO YHULI\ WKH ORFDWLRQ� GLDPHWHU� FRYHU� VSDFLQJ DQG QXPEHU RI
VWHHO UHLQIRUFLQJ EDUV� 7KH VWUHQJWK RI WKH VWHHO LV DOVR LPSRUWDQW� )XUWKHUPRUH� LQ RUGHU WR GHWHUPLQH
WKH FRQFUHWH SURSHUWLHV� GLIIHUHQW PHWKRGV DUH DYDLODEOH� &RUH GULOOLQJ LV WKH PRVW DFFXUDWH� :LWK WKLV
PHWKRG� WKH FRPSUHVVLYH VWUHQJWK LV GHWHUPLQHG DV ZHOO DV WKH HODVWLFLW\ PRGXOXV� WKH EHQGLQJ VWUHQJWK
DQG WKH WHQVLOH VWUHQJWK >��@� ,W LV SUHIHUDEOH WR FRQGXFW WKH WHVWV LQ VSHFLILF FULWLFDO VSRWV� DV WKHVH DUH
WKH SODFHV ZKHUH WKH FKDQFH IRU IDLOXUH DUH WKH KLJKHVW�

$IWHU WKHVH WHVWV� GUDZLQJV RI WKH VWUXFWXUH VKRXOG EH PDGH ZLWK WKH JDWKHUHG LQIRUPDWLRQ DV ZHOO DV DQ
LQYHQWRU\ ZLWK WKH SURSHUWLHV RI WKH FRQFUHWH DQG VWHHO HOHPHQWV� &RQVHTXHQWO\ WKH VWUXFWXUDO FDSDFLW\
RI WKH SDUWLDO VWUXFWXUHV FDQ EH FDOFXODWHG� IRU H[DPSOH IRU D FROXPQ JURXSV RU WUXVV DV ZKROH�

������� 'HWDLOHG &DOFXODWLRQV
$IWHU KDYLQJ GHWHUPLQHG WKH SDUWLDO VWUXFWXUDO FDSDFLW\ RI ODUJHU HOHPHQWV� GHWDLOHG FDOFXODWLRQV VKRXOG
EH SHUIRUPHG RQ WKH JRYHUQLQJ MRLQWV DQG HOHPHQWV WR GHWHUPLQH WKHLU VWUXFWXUDO FDSDFLW\� )RU WKLV
PDWWHU� WKH XVH RI ILQLWH HOHPHQW PHWKRG GULYHQ VRIWZDUH LV DGYLVHG >��@�

������� 'HFLVLRQ 0DNLQJ
)LQDOO\� WKH GHFLVLRQ PDNLQJ ZLOO EH EDVHG RQ WKH FRVWV� 'HSHQGLQJ RQ WKH RXWFRPH RI WKH FDOFXODWLRQV
DQG WKH VWUXFWXUDO GHVLJQ UHTXLUHPHQWV RI WKH UHSXUSRVHG SRUW GHVLJQ� D FRVW HVWLPDWLRQ VKRXOG EH
PDGH� ,W LV DGYLVHG WR WDNH LQ FRQVLGHUDWLRQ WKH H[SHFWHG OLIH WLPH RI WKH SRVVLEO\ UHSDLUHG MHWW\� ZKHQ
FRPSDULQJ WKH FRVWV WR D FRPSOHWHO\ QHZ MHWW\�

����� 5HXVH RI &XUUHQW -HWW\
8VLQJ WKH ORFDWLRQ RI 3XQWD &RORUDGD FDQ EH IDYRXUDEOH LQ WKH FDVH WKDW WKH H[LVWLQJ MHWW\ FDQ EH XVHG� ,W
KDV DFFHVV WR WKH )7= ZKLFK LV ODUJH HQRXJK IRU WKH SURGXFWLRQ RI DPPRQLD IRU VKRUW DQG PHGLXP�WHUP
H[SRUW� 7KH GLVWDQFH IURP VKRUH WR WKH UHTXLUHG GHSWK RI ���P IRU WKH VKRUW�WHUP DQG ����P IRU WKH
PHGLXP WHUP LV DGHTXDWH�

����� +\GUDXOLF $QDO\VLV
7R PDNH D PRUH FRPSOHWH DQDO\VLV RI WKH K\GUDXOLF FRQGLWLRQV� WKH IROORZLQJ PHDVXUHV FRXOG EH WDNHQ�

������� +\GURG\QDPLF 0HDVXULQJ 6WDWLRQV DW /RFDWLRQV RI ,QWHUHVW
7R JHW PRUH H[DFW LQIRUPDWLRQ RI WKH K\GURPHWHRURORJLFDO FRQGLWLRQV DW WKH ORFDWLRQV� D PHDVXULQJ
VWDWLRQ IRU FXUUHQWV DQG ZDYH GDWD VKRXOG EH LQVWDOOHG DW 3XHUWR /RERV� 3XQWD &RORUDGD 0XHOOH DQG
3XQWD &RORUDGD 6RXWK� ,I WKHVH PHDVXULQJ VWDWLRQV DUH RQ ORFDWLRQ IRU D ORQJHU SHULRG RI WLPH� D PRUH
LQVLJKWIXO FRQFOXVLRQ RQ WKH GRZQWLPH RI D SRWHQWLDO SRUW FDQ EH JLYHQ IRU DOO ORFDWLRQV�

������� %DWK\PHWU\ 6XUYH\ DW 3XHUWR /RERV
7RPDNH DQ HGXFDWHG GHFLVLRQ RQ ZKLFK ORFDWLRQ WR EH DGYDQWDJHRXV IRU K\GURJHQ SRUW FRQVWUXFWLRQ DQG
RSHUDWLRQ� WKH EDWK\PHWU\ QHDU 3XHUWR /RERV LV UHFRPPHQGHG WR EH VXUYH\HG LQ WKH VDPH IDVKLRQ DV
ZDV GRQH IRU WKH 3XQWD &RORUDGD0XHOOH� 3XHUWR /RERV VKRZV D VWHHS IRUHVKRUH WKDW YDULHV VLJQLILFDQWO\
LQ DORQJVKRUH GLUHFWLRQ� 7KLV PHDQV WKHUH DUH SRVVLELOLWLHV WR KDYH D YHU\ VKRUW GLVWDQFH IURP VKRUH
WR UHTXLUHG GHSWK� ZKLFK PDNHV WKH FRQVWUXFWLRQ RI D MHWW\ FRVW�HIIHFWLYH� ,W LV SURSRVHG WR SHUIRUP
D H[SORUDWRU\ DQG D LQ GHSWK EDWK\PHWU\ VXUYH\ WKDW FRXOG EH SHUIRUPHG LQ WZR WR WKUHH GD\V� 7KH
H[SORUDWRU\ VXUYH\ VKRXOG SULPDULO\ EH IRFXVHG RQ ILQGLQJ ORFDWLRQV RI VSHFLILF LQWHUHVW ZKHUH JUHDW
GHSWKV DUH IRXQG QHDU WKH FRDVW� 2QFH WKHVH UHJLRQV KDYH EHHQ ORFDWHG� D PRUH GHWDLOHG VXUYH\ LV WR
EH SHUIRUPHG RQ WKHVH ORFDWLRQV RI LQWHUHVW�



����� ,QYHVWLJDWH /RFDWLRQV IRU &DUJR -HWW\ ��

������� 6RLO ,QYHVWLJDWLRQ RI 6HD�%RWWRP QHDU ([LVWLQJ -HWW\
'UHGJLQJ FRXOG SRVH DQ DGYDQWDJHRXV VROXWLRQ HVSHFLDOO\ ZKHQ UHXVLQJ WKH H[LVWLQJ MHWW\� 7KH ORFDO
GHSWK QHDU WKH H[LVWLQJ MHWW\ LV QRW VXIILFLHQW IRU VKRUW DQGPHGLXP�WHUP YHVVHOV WRPDQRHXYUH WR EHUWKLQJ
SRVLWLRQV� HYHQ ZKHQ WLPH�UHVWULFWLRQ DUH PDGH E\ LPSOHPHQWLQJ D WLGDO ZLQGRZ� &DSLWDO GUHGJLQJ DQ
DFFHVV FKDQQHO DQG VSDFH IRU PDQHXYHULQJ LQWR EHUWKLQJ SRVLWLRQ LV D VROXWLRQ LI WKH VRLO LV DEOH WR EH
GUHGJHG� 'XULQJ WKH ILHOG VXUYH\ LW EHFDPH FOHDU WKDW WKH VHD ERWWRP LV PDLQO\ PDGH XS RI URFN DQG
SDWFKHV RI VDQG RQ WRS� )XUWKHUPRUH� IURP DQ LQWHUYLHZ ZLWK +XJR IURP WKH 0&&� LW EHFDPH FOHDU WKDW
GUHGJLQJ ZDV FRQVLGHUHG GLIILFXOW LI QRW LPSRVVLEOH� 7KHUHIRUH� D VRLO LQYHVWLJDWLRQ LV UHFRPPHQGHG WR
H[SORUH WKH SRVVLELOLW\ RI GUHGJLQJ WKH VRLO WR UHTXLUHG GHSWK LQ VSHFLILF ORFDWLRQV�

����� ,QYHVWLJDWH /RFDWLRQV IRU &DUJR -HWW\
7KH K\GURJHQ SRUW ZLOO QHHG D FDUJR MHWW\ WR IDFLOLWDWH WKH LPSRUW RI DOO PDWHULDOV QHHGHG IRU WKH FRQ�
VWUXFWLRQ RI WKH K\GURJHQ SRUW� (OHFWURO\VHU FRPSRQHQWV� DPPRQLD SURGXFWLRQ FRPSRQHQWV� JHQHUDO
FRQVWUXFWLRQ PDWHULDOV� HWF� 7KLV FDUJR EHUWK ZLOO EH LQ XVH IRU PDQ\ \HDUV� DV WKHLU ZLOO EH D JUDGXDO
H[SDQVLRQ RI WKH K\GURJHQ SRUW WR PHHW LW¶V SURMHFWHG PD[LPXP SURGXFWLRQ FDSDFLW\ RI ��*: RYHU WKH
\HDUV� 7KH FDUJR EHUWK ZRXOG UHTXLUH D VPDOOHU GHSWK WKDQ WKH DPPRQLD H[SRUW EHUWK� 7KLV EHUWK ZRXOG
SUHIHUDEO\ EH DV FORVH WR WKH )7= DV SRVVLEOH IRU ORJLVWLFDO UHDVRQV� )XUWKHUPRUH� ORFDWLRQ RI WKH FDUJR
EHUWK VKRXOG EH VHOHFWHG ZLWK FDUH VR WKDW WKH LQIUDVWUXFWXUH PLJKW DOVR VHUYH YDULRXV RWKHU IXQFWLRQV�
VXFK DV VHUYLQJ DV WXJ�ERDW KDUERXU DQG RU IDFLOLWDWLQJ VPDOO ILVKLQJ YHVVHOV WR XQORDG� 3UHIHUHQWLDO OR�
FDWLRQV IRU VXFK D PXOWL SXUSRVH SRUW FDQ EH GHULYHG IURP WKH GHWDLOHG GDWD IURP WKH EDWK\PHWU\ VXUYH\
SHUIRUPHG ZLWKLQ WKLV UHVHDUFK�

����� ,QYHVWLJDWH 3XQWR 3yUILGR
:KHQ UHYLHZLQJ WKH UHVXOWV RI WKH EDWK\PHWU\ VXUYH\V� D IRXUWK LQWHUHVWLQJ ORFDWLRQ ZDV IRXQG DW 3XQWR
3yUILGR� 7KLV ORFDWLRQ LV FKDUDFWHULVHG E\ D YHU\ VWHHS ERWWRP SURILOH FORVH WR VKRUH� 7KLV PHDQV D
VKRUWHU MHWW\ FRXOG EH EXLOG DW WKLV ORFDWLRQ� 2QH RI WKH GLVDGYDQWDJHV RI WKLV ORFDWLRQ LV WKDW LW LV ORFDWHG
DSSUR[LPDWHO\ ��� NLORPHWHUV WR WKH VRXWK RI WKH )7=� FRQVWUXFWLQJ VXFK D OHQJWK\ FU\RJHQLF SLSHOLQH
EULQJV H[WUD FKDOOHQJHV RI LW¶V RZQ� 7KHUHIRUH� LW VKRXOG EH GHWHUPLQHG LI LW LV SRVVLEOH WR HLWKHU UHORFDWH
WKH )7= WR D ORFDWLRQ QHDUHU WR 3XQWR 3yUILGR� ,I WKLV LV QRW SRVVLEOH� DQ LQYHVWLJDWLRQ VKRXOG EH VWDUWHG
LQ RUGHU WR FRQVLGHU LI WKH DGYDQWDJHRXV RI WKH VKRUWHU MHWW\ ZHLJK XS WR WKH GLVDGYDQWDJHV RI D ORQJHU
FU\RJHQLF SLSHOLQH� 1R IXUWKHU UHVHDUFK ZDV SHUIRUPHG RQ WKH 3XQWD 3yUILGR ORFDWLRQ� 7KH RSSRUWXQLWLHV
DW WKLV ORFDWLRQ DUH UHFRPPHQGHG WR EH UHVHDUFKHG LQ PRUH GHWDLO�

����� 3RWHQWLDO )XWXUH 3RUW 6FHQDULRV
7KUHH SRVVLEOH SRUW DOWHUQDWLYHV DUH SUHVHQWHG LQ WKLV VHFWLRQ� 7KH VFHQDULRV DUH EDVHG RQ SHQGLQJ
IXUWKHU H[SHUW UHVHDUFK LQWR WKH VWUXFWXUDO LQWHJULW\ RI WKH MHWW\� 7KHVH DOWHUQDWLYHV DUH DQ LQGLFDWLRQ RI
WKH SRVVLELOLWLHV DW WKH ORFDWLRQV RI 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK�

������� 6KRUW�WHUP 8VH RI -HWW\
$IWHU H[SHUW DVVHVVPHQW RQ WKH ORVV RI VWUXFWXUDO LQWHJULW\ RI WKH HOHPHQWV DQG D SRWHQWLDO SRVLWLYH YHUGLFW
RQ WKH VWUXFWXUDO XVDELOLW\ RI WKH MHWW\� WKHUH LV D SRVVLELOLW\ WR UHXVH WKH H[LVWLQJ MHWW\� 7R DFFRPPRGDWH
WKH VKRUW�WHUP GHVLJQ YHVVHO DW WKH KHDG RI WKH MHWW\� WLGDO UHVWULFWLRQV ZLOO KDYH WR EH LPSOHPHQWHG DORQJ
ZLWK WKH GUHGJLQJ RI D VPDOO EHUWKLQJ SRFNHW� 7LGDO UHVWULFWLRQV DUH DFFHSWDEOH IRU WKH VPDOOHU YHVVHOV
XVHG LQ WKH VKRUW�WHUP VFHQDULR DV ORDGLQJ WDNHV VLJQLILFDQWO\ VKRUWHU WKDQ LW WDNHV IRU WKH PHGLXP�WHUP
YHVVHOV DV H[SODLQHG LQ 6HFWLRQ ������

������� 0HGLXP�WHUP 8VH RI -HWW\
,Q WKH PHGLXP�WHUP VFHQDULR� WKH GHSWK DW WKH VKLSORDGHU LV LQVXIILFLHQW IRU WKH UHTXLUHG YHVVHOV ZLWK D
GUDXJKW RI ��P� 7KH MHWW\ FDQ QRW EH XVHG LQ LWV FXUUHQW IRUP� $V D ODUJHU GHSWK ZLOO QHHG WR EH UHDFKHG�
D ���P ORQJHU MHWW\ LV UHTXLUHG�



����� 3RWHQWLDO )XWXUH 3RUW 6FHQDULRV ��

������� 6FHQDULR �� 3RUW 3KDVLQJ 8VLQJ WKH ([LVWLQJ -HWW\ DQG %XLOGLQJ D 1HZ
-HWW\

7R TXLFNO\ DGYDQFH WR D VWDJH LQ WKH SURMHFW ZKHUH H[SRUW RI DPPRQLD FDQ FRPPHQFH� LW LV UHFRP�
PHQGHG WR LQYHVWLJDWH WKH SRVVLELOLWLHV IRU WKH SKDVLQJ RI WKH SURMHFW�

$VVXPLQJ D SRVLWLYH H[SHUW YHUGLFW RQ WKH VWUXFWXUDO LQWHJULW\� WKH FXUUHQW MHWW\ FRXOG SRWHQWLDOO\ EH XVHG
IRU WKH VKRUW�WHUP VFHQDULR� 7KLV ZRXOG RQO\ UHTXLUH GHVLJQ DQG FRQVWUXFWLRQ ZRUNV RQ WKH UHSXUSRVLQJ
RI WKH MHWW\ LWVHOI� ,Q WKLV GHVLJQ� VKRZQ LQ )LJXUH ����� WKH SUHYLRXV IXQFWLRQ RI WKH VKLSORDGHU FRXOG EH
UHWDLQHG RU ORVW� WKLV LV D GHFLVLRQ WKDW ZRXOG QHHG WR EH PDGH LQ GLVFXVVLRQ ZLWK 0&&� 7KLV FRXOG EH
FRPSOHWHG UHODWLYHO\ TXLFNO\ ZKHQ FRPSDUHG WR WKH GHVLJQ DQG FRQVWUXFWLRQ RI DQ HQWLUH QHZ MHWW\� 7R
VDWLVI\ WKH QHHGV IRU WKH PHGLXP�WHUP SKDVH RI WKH SURMHFW� DGGLWLRQDO DUUDQJHPHQWV ZLOO QHHG WR EH
PDGH� 3DUDOOHO WR WKH UHSXUSRVLQJ RI WKH H[LVWLQJ MHWW\� D QHZ MHWW\ ZLWK D OHQJWK RI ����P ZRXOG EH EXLOW
DW WKH ORFDWLRQ RI 3XQWD &RORUDGD 6RXWK� $OWHUQDWLYHO\� GHSHQGLQJ RQ WKH RXWFRPHV RI IXWXUH UHVHDUFK�
SRWHQWLDOO\ D MHWW\ ZLWK D PXFK VKRUWHU OHQJWK FRXOG EH EXLOW DW 3XQWR 3yUILGR� 7KLV MHWW\ ZRXOG UHDFK
WKH UHTXLUHG GHSWKV IRU WKH PHGLXP�WHUP VFHQDULR DQG EH GHVLJQHG WR DFFRPPRGDWH WKH ODUJHVW /1*
FDUULHUV LQ WKH ZRUOG�

$Q DGYDQWDJH RI WKLV VFHQDULR FRPSDUHG WR VFHQDULR �� LV WKDW WKH OLIHWLPH RI WKH UHXVHG MHWW\ LV RI OLWWOH
LPSRUWDQFH IRU WKH PHGLXP�WHUP SKDVH RI WKH SURMHFW� ,Q DGGLWLRQ� WKH RSHUDWLRQV RI WKH UHXVHG MHWW\
DUH QRW GLVWXUEHG GXH WR WKH FRQVWUXFWLRQ RI WKH VHFRQG MHWW\� &RPSDUHG WR VFHQDULR � WKHUH ZLOO EH
PRUH FRVWV� KRZHYHU� WKHVH FRVWV FRXOG EH FRPSHQVDWHG E\ WKH SRWHQWLDO EHQHILW RI VWDUWLQJ WR H[SRUW
DPPRQLD LQ D VKRUWHU WLPH VSDQ�

)LJXUH ����� 9LVXDOLVDWLRQ RI VFHQDULR ��

������� 6FHQDULR �� 3RUW 3KDVLQJ 8VLQJ DQG ([WHQGLQJ WKH ([LVWLQJ -HWW\
,Q WKLV VFHQDULR� VKRZQ LQ )LJXUH ����� WKH H[LVWLQJ MHWW\ ZRXOG EH UHXVHG LQ WKH VDPHZD\ DV WKH VFHQDULR
DERYH� 7R PHHW WKH GHPDQGV RI WKH PHGLXP�WHUP SKDVH WKH MHWW\ ZRXOG WKHQ EH EUDQFKHG WR WKH VLGH
WR H[WHQG WKH MHWW\ DQRWKHU ���P RIIVKRUH WR WKH UHTXLUHG GHSWK ZLWKRXW KDOWLQJ VKRUW�WHUP RSHUDWLRQV
DW WKH H[LVWLQJ KHDG RI WKH MHWW\�

)RU WKLV VFHQDULR� WKH H[SHFWHG OLIHWLPH RI WKH UHXVHG MHWW\ VWUXFWXUH LV DQ LPSRUWDQW SDUDPHWHU WR GHWHU�
PLQH DQG FRXOG FDXVH FRPSOLFDWLRQV IRU PHGLXP� RU D SRVVLEOH ORQJ�WHUP XVH� $Q DGYDQWDJH FRPSDUHG
WR 6FHQDULR � LV WKH ELJ SRWHQWLDO FRVW VDYLQJV GXH WR WKH PLQLPL]DWLRQ RI QHZ FRQVWUXFWLRQV� &RPSDUHG
WR VFHQDULR � WKHUH DUH DV ZHOO SRWHQWLDO FRVW VDYLQJV� IXUWKHUPRUH WKHUH LV WKH SRWHQWLDO EHQHILW RI VWDUWLQJ
H[SRUW DPPRQLD LQ D VKRUWHU WLPH VSDQ�



����� 3RWHQWLDO )XWXUH 3RUW 6FHQDULRV ��

)LJXUH ����� 9LVXDOLVDWLRQ RI VFHQDULR ��

������� 6FHQDULR �� &RQVWUXFWLRQ RI D 1HZ -HWW\ :LWKRXW 5HXVLQJ WKH &XUUHQW
-HWW\

&RQVWUXFWLRQ RI D QHZ MHWW\ DW WKH ORFDWLRQ RI 3XQWD &RORUDGD 6RXWK� DV VHHQ LQ )LJXUH ���� RU� SHQGLQJ
PRUH LQYHVWLJDWLRQ LQWR WKH DUHD� 3XQWR 3RUILGR� ZLWKRXW UHXVLQJ WKH FXUUHQW MHWW\ DW 3XQWD &RORUDGD
0XHOOH FRXOG EH DQ RSWLRQ LI WKH MHWW\ LV QRW IRXQG WR EH VWUXFWXUDOO\ VRXQG� $QRWKHU UHDVRQ WR RQO\
EXLOG D QHZ MHWW\ FRXOG EH WKDW DIWHU PRUH LQ GHSWK LQYHVWLJDWLRQ LQWR WKH FRQVWUXFWLRQ FRVWV LW LV GHHPHG
LQHIILFLHQW WR UHSXUSRVH WKH H[LVWLQJ MHWW\� :KHQ EXLOGLQJ D QHZ MHWW\� SKDVLQJ FDQ DOVR EH DSSOLHG WR
FRPPHQFH VKRUW�WHUP H[SRUW DV TXLFNO\ DV SRVVLEOH� 7KLV ZRXOG EH GRQH E\ FUHDWLQJ DQ DGGLWLRQDO
EHUWK SDUWZD\ RI WKH GHVLJQ OHQJWK RI WKH IXOO MHWW\� 7KH SDUWLDOO\ EXLOW MHWW\ FRXOG WKHQ EH H[WHQGHG WR IXOO
GHVLJQ OHQJWK DW DQ\ WLPH�

%\ FUHDWLQJ DQ DGGLWLRQDO EHUWK WR DFFRPPRGDWH WKH VKRUW�WHUP H[SRUW RI DPPRQLD� LW LV H[SHFWHG WKDW
PRUH WLPH LV QHHGHG FRPSDUHG WR UH�XVLQJ WKH H[LVWLQJ MHWW\� ,Q DGGLWLRQ� WKH WLPH VSDQ EHWZHHQ WKH
FRPSOHWLRQ RI WKH VKRUW�WHUP EHUWKLQJ ORFDWLRQ DQG WKH PHGLXP�WHUP EHUWKLQJ ORFDWLRQ LV H[SHFWHG WR EH
UHODWLYHO\ VPDOO� 7KHUHIRUH� LW LV TXHVWLRQDEOH LI WKH DGYDQWDJH RI H[SRUWLQJ DPPRQLD LQ D VKRUWO\ HDUOLHU
VWDJH RXWZHLJKV WKH FRVWV RI WKH H[WUD EHUWK� &RPSDUHG WR VFHQDULR � DQG �� WKH PDLQ DGYDQWDJH LV
KDYLQJ QR FRPSOLFDWLRQV RU UHVWULFWLRQV GXH WR WKH XVH RI WKH H[LVWLQJ MHWW\� (VSHFLDOO\ FRPSDUHG WR
VFHQDULR �� ZKHUH WKH ZKROH SRUW VWUXFWXUH LV UHOLDQW RQ WKH H[LVWLQJ MHWW\�

)LJXUH ����� 9LVXDOLVDWLRQ RI VFHQDULR ��
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$��� ,QWHUYLHZ� *RQ]DOR *� 0HGLQD ��

$��� 7KH &,(0) DFWV DV DQ DGYLVLQJ LQVWLWXWLRQ� WKH\ JLYH DGYLFH RQ WKH 3XHUWR /RERV ORFDWLRQ�

4��� +RZ LV WKLV LQ FRQVXOWDWLRQ ZLWK WKH 3URYLQFH RI 5tR 1HJUR DQG RWKHU VWDNHKROGHUV"

$��� &,(0) KDV PHHWLQJV ZLWK WKH 3URYLQFH RI 5tR 1HJUR LQ RUGHU WR SUHVHQW DQG FRQVXOW DERXW WKH
3XHUWR /RERV ORFDWLRQ�

4��� :KLFK SDUWLHV DUH \RX PRVW LQ FRQWDFW ZLWK UHJDUGLQJ WKLV SURMHFW"

$��� 3URYLQFH RI 5tR 1HJUR LQ RUGHU WR GLVFXVV WKH SURSRVHG ORFDWLRQ�

$��� ,QWHUYLHZ� *RQ]DOR *� 0HGLQD
,QWHUYLHZHH� *RQ]DOR * 0HGLQD
)XQFWLRQ� ([HFXWLYH 'LUHFWRU RI WKH ,QYHVWPHQW $JHQF\ RI WKH *RYHUQPHQW RI WKH 3URYLQFH RI 5tR 1HJUR
'DWH� ��������
/DQJXDJH� (QJOLVK DQG 6SDQLVK

$WWHQGLQJ�
*RQ]DOR *� 0HGLQD
/XLVH *LRUGDQR
0HOLVD /HYLQJWRQ
0'3 WHDP

$LP� WR JHW D EHWWHU XQGHUVWDQGLQJ RI WKH UROH RI )RUWHVFXH DQG WKH SURYLQFH RI 5tR 1HJUR LQ WKH JUHHQ
K\GURJHQ SRUW SURMHFW�

4XHVWLRQV DQG DQVZHUV�

,QIRUPDWLRQ RQ WKH SRUW

4�� :KLFK FKDUDFWHULVWLFV GRHV WKH 3URYLQFH RI 5tR 1HJUR VHH DV PRVW UHOHYDQW IRU WKH SRUW"

$�� 7KHUH ZLOO EH D GHVDOLQL]DWLRQ SODQW� ZKLFK PHDQV WKDW WKHUH LV QR IUHVK ZDWHU QHHGHG� 7KH HOHFWURO�
\VHU DQG DPPRQLXP SODQWV DUH VHSDUDWHG�

4�� +RZ LPSRUWDQW LV WKH =RQD )UDQFD LQ \RXU GHFLVLRQ�PDNLQJ IRU WKH ORFDWLRQ"

$�� 3XQWD &RORUDGD LV D IUHH ]RQH� SURYLGLQJ PDQ\ HFRQRPLF RSSRUWXQLWLHV� 3XHUWR /RERV KRZHYHU� LV
QRW ORFDWHG LQ D IUHH ]RQH� WKHUHIRUH WKLV ORFDWLRQ LV QRW FRQVLGHUHG E\ )RUWHVFXH� 7KHUH ZLOO SRWHQWLDOO\
EH D QHZ IUHH ]RQH LQ 6DQ $QWRQLR� 3XQWD &RORUDGD SURYLGHV WKH EHQHILWV RI WKH =RQD )UDQFD�

4�� 'RHV WKH 3URYLQFH RI 5tR 1HJUR KDYH D PRVW SUHIHUUHG K\GURJHQ FDUULHU IRU WKH SRUW GHVLJQ" $QG
ZKDW LV WKH H[SHFWHG WKURXJKSXW"

$�� )RUWHVFXH QHHGV WR GHYHORS D SRUW� ZLWK � *: JURZWK SHU \HDU� 7KH\ ZLOO XVH DPPRQLD DQG
)RUWHVFXHZLOO EULQJ DOO RI WKHLU RZQPDWHULDOV� )RUWHVFXH SURYLGHV WKH SURYLQFH ZLWK OLWWOH LQIRUPDWLRQ� DQG
WKH\ KDYH QR LLGHD KRZ WKH\ ZLOO GHYHORS WKHLU SRUW� (YHU\WKLQJ LV VWLOO EHLQJ GHYHORSHG DQG QHJRWLDWHG�
%RWK VLGHV DUH VWLOO VSHFXODWLQJ� )RUWHVFXH LV GHYHORSLQJ JUHHQ +� DOO RYHU WKH ZRUOG�

7KH UROH RI 5tR 1HJUR

4�� &RXOG \RX JLYH D EULHI H[SODQDWLRQ RI \RXU JRDOV UHJDUGLQJ WKH K\GURJHQ H[SRUW SRUW"

$�� )RUWHVFXH ZLOO WUDQVSRUW WKHLU ILUVW VKLS RI $PRQLD LQ ����� 5tR 1HJUR VKRXOG EH GHYHORSHG LQWR WKH
LQWHUQDWLRQDO DJHQGD� VLQFH WKLV SURMHFW ZLOO SOD\ DQ LQWHUQDWLRQDO UROH� $UJHQWLQLDQ JUHHQ K\GURJHQ ZLOO
EHFRPH D ODUJH SOD\HU� $UJHQWLQD¶V HFRQRP\ LV YHU\ IUDJLOH� EXW WKH\ ZDQW WR DWWUDFW SULYDWH LQYHVWRUV
DQG SURMHFWV� 7KH SURYLQFH ZLOO EHFRPH D IDFLOLWDWRU WR FUHDWH SURMHFWV IRU WKH SULYDWH VHFWRU� 7KH\ KDYH
VWDUWHG D VFLHQWLILF SDUWQHUVKLS ZLWK )UDXQKRIHU� D SXEOLF *HUPDQ FRPSDQ\� 7KH SURYLQFH ZDQWV WR VWDUW
D SXEOLF JUHHQ K\GURJHQ SODQW� WR HQDEOH WKH RSSRUWXQLW\ IRU RWKHU FRPSDQLHV ZKR ZRXOG OLNH WR LQYHVW
LQ JUHHQ K\GURJHQ RI 5tR 1HJUR�

4�� :KDW FKDOOHQJHV GR \RX VHH UHJDUGLQJ WKLV SURMHFW"



$��� ,QWHUYLHZ� +XJR 2� 1LFROD ��

$�� 5tR 1HJUR KDV DQ LPSRUWDQW VFLHQWLILF FRPPXQLW\ LQ %DULORFKH� ZKHUH WKH\ KDYH EHHQ VWXG\LQJ JUHHQ
K\GURJHQ IRU �� \HDUV� 7KHUH LV D ORW RI NQRZOHGJH� EXW LW LV D FKDOOHQJH WR GHYHORS JUHHQ K\GURJHQ LQ
$UJHQWLQD ZLWK DOO LWV SROLWLFDO EDUULHUV� 7KH\ DUH QRW XVHG WR ZRUNLQJ ZLWK WKHVH SURIHVVLRQDO FRPSDQLHV�
VXFK DV )RUWHVFXH� DQG IXUWKHUPRUH WKH\ DUH QRW XVHG WR WHFKQLFDO GHYHORSPHQWV� +RZHYHU� WKH\ DUH
H[FLWHG WR EH DEOH WR VD\� µ¶WKLV JUHHQ K� FDPH IURP SDWDJRQLD� $UJHQWLQD¶¶�

4�� :KLFK RI WKH WKUHH ORFDWLRQV GR \RX WKLQN KDV WKH PRVW SRWHQWLDO DQG ZK\"

$�� *RQ]DOR LV RQO\ LQWHUHVWHG LQ 3XQWD &RORUDGD� DQG LV VFDUHG RI UHDFWLRQ RI )RUWHVFXH ZKHQ PHQWLRQ�
LQJ 3XHUWR /RERV RSWLRQ� 3XHUWR /RERV LV QRW LQ WKH IUHH�WUDGH ]RQH� PDNLQJ LW PXFK OHVV LQWHUHVWLQJ�

4�� :KLFK SDUWLHV DUH \RX PRVW LQ FRQWDFW ZLWK UHJDUGLQJ WKLV SURMHFW" $QG ZKDW LV WKLV FROODERUDWLRQ
OLNH"

$�� $ ORW RI FRQWDFW LV JRLQJ RQ EHWZHHQ 3URYLQFH RI 5tR 1HJUR DQG )RUWHVFXH� (YHU\WKLQJ LV VWLOO EHLQJ
GHYHORSHG DQG QHJRWLDWHG� ZKLOVW ERWK VLGHV DUH VWLOO VSHFXODWLQJ� )RUWHVFXH LV FXUUHQWO\ GHYHORSLQJ
JUHHQ K� DOO RYHU WKH ZRUOG� ,W LV VWLOO D ELW XQFHUWDLQ LI )RUWHVFXH ZLOO VKDUH WKHLU NQRZOHGJH ZLWK WKH
SURYLQFLDO� 7KH\ VD\ WKH\¶UH WKH EHVW LQ WKH ZRUOG� DQG VXSSO\ OLWWOH LQIRUPDWLRQ DERXW WKHLU SODQV� 7KLV
LV ZK\ WKH UHODWLRQVKLS LV GLIILFXOW� 3UREDEO\ WKH\ ZDQW WR NHHS WKHLU WHFKQRORJ\ VHFUHW IURP FRPSHWLWLRQ�

4�� :KDW LV WKH VWUXFWXUH IRU RZQHUVKLS LQ WKH SURMHFW"

$�� $OO LQIUDVWUXFWXUH ZLOO EH SURSHUW\ RI 5tR 1HJUR� 3ULYDWH FRPSDQ\ ZLOO EXLOG LW� DQG KDYH D FRQWUDFW
WR XVH LW IRU OLPLWHG WLPH� )RUWHVFXH ZLOO GHYHORS WKH SRUW DQG RSHUDWH LW�

4�� +RZ ZLOO WKH 3URYLQFH RI 5tR 1HJUR EH LQIOXHQFHG E\ WKLV SURMHFW"

$�� 7KLV SURMHFW ZLOO EULQJ PDQ\ HFRQRPLF EHQHILWV WR WKH SURYLQFH�

$��� ,QWHUYLHZ� +XJR 2� 1LFROD
,QWHUYLHZHH� +XJR 2PDU 1LFROD
)XQFWLRQ� ([�HPSOR\HH RI 0&& DV RSHUDWLRQDO PDQDJHU DW 0XHOOH 3XQWD &RORUDGD
'DWH� ���������
/DQJXDJH� 6SDQLVK

$WWHQGLQJ�
+XJR 2PDU 1LFROD
3DEOR $UUHFR
/XLVH *LRUGDQR
0HOLVVD /HYLQJWRQ
0'3 WHDP

$LP� WR JHW D EHWWHU XQGHUVWDQGLQJ RI FKDUDFWHULVWLFV RI WKH MHWW\ DQG WKH UHVSRQVLELOLWLHV RI 0&& LQ WKH
RSHUDWLRQV�

4XHVWLRQV DQG DQVZHUV�

$ERXW 0&&

4�� :KDW UROH GLG \RX KDYH RQ WKLV SRUW" ¢4Xp HVWDEDQ WX WUDEDMR HQ HVWH SXHUWR"

$�� 2SHUDWLRQDO PDQDJHU� VHFXULW\ DQG RSHUDWLRQ� FKDXIIHXU RI WKH SRUW ZLWKLQ 0&&�

4�� $UH \RX VWLOO LQYROYHG LQ WKH SRUW" ¢$KRUD WX HVWDV DFWLYR HQ HO SXHUWR" 7LHQHV WDUHDV"

$�� 7KH ZRUNV KDYH EHHQ VWRSSHG FRPSOHWHO\� VR KH KDV UHWLUHG�

4�� 'R \RX WKLQN WKH SRUW ZLOO EH XVHG IRU LURQ H[SRUW LQ WKH IXWXUH" ¢&UHH TXH HO SXHUWR VH XWLOL]DUi
SDUD OD H[SRUWDFLyQ GH KLHUUR HQ HO IXWXUR"

$�� 7KH LURQ RUHV LQ WKH UHJLRQ FRQWDLQ IRVIRU ZKLFK PDNHV LW H[SHQVLYH WR KDUYHVW DQG SURFHVV� 7KH\
DUH QRW DEOH WR FRPSHWH ZLWK $XVWUDOLD DQG %UD]LO�



$��� ,QWHUYLHZ� +XJR 2� 1LFROD ��

4�� :KDW LV 0&&¶V LGHD RI WKH UHEXLOGLQJ RI WKH SRUW" ¢4XH SLHQVDV 0&& VREUH OD UHFRQVWUXFFLyQ GHO
SXHUWR"

$�� 0&& LV LQWHUHVWHG LQ WKH SURMHFW� HFRQRPLFDO LQWHUHVW LQ K\GURJHQ� 7KH FRQWUDFW LV IRU �� \HDUV� DQG
KHV QRW VXUH ZK\ WKH FKLQHVH DUH VWD\LQJ ZKLOVW WKH\ FDQ OHDYH�

7HFKQLFDO TXHVWLRQV

4�� 'R \RX KDYH WKH WHFKQLFDO GUDZLQJV RI WKH SRUW" ¢7LHQHV ORV SODQRV WpFQLFRV GHO SXHUWR"

$�� +H ZLOO DVN IRU WKH VWUXFWXUDO GUDZLQJV� KH VD\V WKH\ VKRXOG EH DYDLODEOH DQG KH ZLOO WU\ KLV EHVW�

4�� 'R \RX KDYH PDLQWHQDQFH UHFRUGV IRU WKH SRUW" ¢&XHQWD FRQ UHJLVWURV GH PDQWHQLPLHQWR GHO
SXHUWR"

$�� /DVW VKLSPHQW ZDV LQ ����� VLQFH WKHQ WKHUH ZDV QR PDLQWHQDQFH� 7KH FKLQHVH FRPSDQ\ ZKR WRRN
RYHU WKH SRUW LQ ���� XSJUDGHG WKH PRRULQJ V\VWHP VR WKDW YHVVHOV RI ������ WR ������ GZW FRXOG PRRU�
&RQYH\RU EHOW QHHGV IXOO PDLQWHQDQFH� 3URWHFWLYH SDLQW RQ WUXVVHV� GROSKLQV DQG SLOHV LV IURP �����

4�� :KDW LV \RXU RSLQLRQ RQ WKH PDLQWHQDQFH QHHGHG DW WKH SRUW"

$�� ,Q KLV H\HV� WKH PRRULQJ EXR\V VKRXOG EH DVVHVVHG ILUVWO\� WKH FKDLQV DQG WKH DQFKRUV RI WKH
PRRULQJ EXR\V ZLWK GLYHUV WR PDNH VXUH WKDW VKLSV FDQ EHUWK� +H WKLQNV WKDW ZH VKRXOG UHYLHZ WKH
PRRULQJ GROSKLQV DQG EHUWKLQJ SODFHV�

4�� 'R WKH VWHHO FROXPQV KDYH FRQFUHWH LQVLGH" ¢/DV FROXPQDV GH DFHUR WLHQHQ KRUPLJyQ HQ VX
LQWHULRU"

$�� 7KH VWHHO FROXPQV KDYH FRQFUHWH LQVLGH�

4�� 'R \RX NQRZ WKH WHFKQLFDO DVSHFWV RI WKH ER\V� EULGJH DQG WKH MHWW\ LQ JHQHUDO"

$�� 0RRULQJ ER\V KDYH D FDSDFLW\ RI ��� WRQV� :LWK ORZ WLGH WKH GHSWK RI WKH QRUWKHUQ EHUWK LV �� PHWHUV�
'LIIHUHQW PRRULQJ ERX\HV ZHUH XVHG GHSHQGLQJ RQ WKH ZLQG FRQGLWLRQV ZKHQ EHUWKLQJ� 0RRULQJ ERX\HV
ZHUH DQFKRUHG WR WKH RFHDQ ERWWRP DQG DQFKRUHG ZLWK DQFKRUV RI ��� PHWHU� $ FDS RI ���� WRQV SHU
KRXU� WKH EULGJH FDQ WDNH XS ORDGV RI ��� WRQV� $ GHVLJQ DOUHDG\ H[LVWV RI D SLSHOLQH LQ WKH MHWW\ IRU WKH
H[SRUW RI OLTXLG LURQ� 'HVLJQ GUDZLQJV ZHUH DOUHDG\ PDGH ZKLFK VKRZHG D IHDVLEOH RSWLRQ WR FRQVWUXFW
D SLSHOLQH LQ WKH MHWW\�

4��� :DV LW GLIILFXOW IRU VKLSV WR PRRU DW WKH MHWW\" ¢)XH GLItFLO SDUD ORV EDUFRV DPDUUDU HQ HO HPEDU�
FDGHUR"

$��� 9HVVHOV QHHGHG WZR WXJERDWV IRU RSHUDWLRQ� RQH DOZD\V VWD\HG DW WKH EHUWK� RQH LQ WKH VPDOO EDVLQ�

4��� :KDW LV WKH FXUUHQW OLNH"

$��� 7KH FXUUHQW LV PRVWO\ QRUWK�HDVW�

4��� 'R \RX NQRZ LI WKH FRQYH\RU EHOW LV VWLOO IXQFWLRQLQJ" ¢6DEHV VL OD FLQWD WUDQVSRUWDGRUD VLJXH
IXQFLRQDQGR"

$��� <HV LW LV VWLOO IXQFWLRQLQJ�

4��� 'R \RX NQRZ DQ\WKLQJ DERXW ORFDO VHGLPHQWDWLRQ DQG GUHGJLQJ DFWLYLWLHV" ¢6DEH DOJR VREUH ODV
DFWLYLGDGHV ORFDOHV GH VHGLPHQWDFLyQ \ GUDJDGR"

$��� 7KH ZKROH VRLO FRQVLVW RI URFN DQG WKHUHIRUH QR GUHGJLQJ�

4��� +RZ RIWHQ ZHUH VKLSV PRRULQJ DW WKH SRUW" ¢&RQ TXp IUHFXHQFLD DWUDFDEDQ ORV EDUFRV HQ HO
SXHUWR"

$��� )URP ���� WLOOO ���� RQH YHVVHO SHU PRQWK�

4��� 'LG VKLSV KDYH WR ZDLW RIWHQ" ¢7XYLHURQ ORV EDUFRV TXH HVSHUDU D PHQXGR"

$��� 1RUPDOO\ ERDWV FRXOG HQWHU GLUHFWO\ EXW WKHUH ZDV D PD[ RI � GD\ ZDLWLQJ� 7KH PRRULQJ LV RQO\
DOORZHG GXULQJ GD\OLJKW� +RZHYHU� ORDGLQJ ZDV SRVVLEOH DOO GD\ �DOVR GXULQJ QLJKW� DQG WKH VDPH KROGV
IRU OHDYLQJ WKH SRUW E\ WKH YHVVHO�



$��� ,QWHUYLHZ� +XJR 2� 1LFROD ��

4��� $URXQG KRZ ODUJH ZHUH WKH YHVVHOV HQWHULQJ WKH SRUW"

$��� 9HVVHOV ZLWK �� PHWHUV GUDIW HQWHUHG WKH SRUW GXULQJ WKH ODVW \HDUV�

4��� :KDW KDYH EHHQ WKH ZRUVW FRQGLWLRQV \RX H[SHULHQFHG LQ \RXU \HDUV ZRUNLQJ IRU 0&&"

$��� 7KH ZRUVW PHWHRURORJLFDO FRQGLWLRQV KH KDV H[SHULHQFHG ZHUH ODUJH WLGDO DPSOLWXGH� � PHWHUV RI
ZDYHV� DQG KDUG ZLQGV� 7KH DQFKRU RI D PRRULQJ EXR\ VQDSSHG� 'XULQJ �� \HDUV RQO\ RQH WLPH WKH
ORDGLQJ RI D YHVVHO QHHGHG WR VWRS GXH WR ZHDWKHU FRQGLWLRQV� WKH YHVVHO FRXOG VWD\ PRRUHG�



#
+\GURJHQ WHFKQRORJ\

��



��

(OHPHQW 'HVFULSWLRQ ,QSXW 2XWSXW
3RZHU FRQ�
YHUWHU

7KLV VWDWLRQ LV QHHGHG WR FRQYHUW WKH
HOHFWULFLW\ IURP WKH ZLQG IDUP WR EH DS�
SOLFDEOH IRU WKH HOHFWURO\VHU�

+LJK YROWDJH DOWHU�
QDWLQJ FXUUHQW HOHF�
WULFLW\

/RZ YROWDJH GLUHFW
FXUUHQW

:DWHU SX�
ULILFDWLRQ
LQVWDOODWLRQ

7KH ZDWHU QHHGHG IRU HOHFWURO\VLV LV
GHPLQHUDOLVHG� DV QDWXUDO ZDWHU FRQ�
WDLQV PLQHUDOV VXFK DV VDOW DQG FDOFLXP�
D SXULILFDWLRQ LQVWDOODWLRQ LV QHHGHG�

5LYHU RU VHD ZDWHU
DQG HOHFWULFLW\

'HPL�ZDWHU

(OHFWURO\VHU
FHOO

7KLV LV WKH KHDUW RI WKH HOHFWURO\VHU
ZKHUH WKH HOHFWURO\VLV UHDFWLRQ KDS�
SHQV DW ODUJH VFDOH� 7KH FHOO FRQVLVW
RI D SRVLWLYHO\ FKDUJHG SODWH �$QRGH��
D QHJDWLYHO\ FKDUJHG SODWH �&DWKRGH��
DQG WKH HOHFWURO\WH�

'HPL�ZDWHU DQG
HOHFWULFLW\ �'&� ORZ
YROWDJH�

/RZ SUHVVXUH K\�
GURJHQ DQG R[\JHQ
JDV

&RPSUHVVRU +\GURJHQ JDV FRPLQJ RXW RI WKH HOHF�
WURO\VHU FHOO KDV D YHU\ ORZ GHQVLW\ DQG
LQ RUGHU WR VWRUH WKH K\GURJHQ JDV HIIL�
FLHQWO\� LW KDV WR EH FRPSUHVVHG XVLQJ
WKH FRPSUHVVRU�

/RZ GHQVLW\ K\GUR�
JHQ JDV DQG HOHF�
WULFLW\

+LJK GHQVLW\ K\GUR�
JHQ JDV

&RROLQJ DU�
UDQJHPHQW

6RPH HOHFWURO\VHU FHOOV SURGXFH ZDVWH
KHDW� DV HOHFWURO\VHU VKRXOG QRW EH�
FRPH RYHUKHDWHG� WKH QHHG IRU D FRRO�
LQJ DUUDQJHPHQW LV SUHVHQW�

(OHFWULFLW\ �

7DEOH %��� (OHFWURO\VHU HOHPHQWV�

7\SH 'HVFULSWLRQ (IILFLHQF\
���

3XULW\ ��� 
7HFKQRORJ\
0DWXULW\
/HYHO

$ONDOLQH
(OHFWURO\VLV
7HFKQRORJ\
�$(�

(OHFWURO\VHU FHOO FRQVLVWV RI DQ DQRGH�
FDWKRGH DQG DQ DTXHRXV VROXWLRQ� 5HO�
DWLYHO\ FKHDS DQG PDWXUH WHFKQRORJ\�
$( LV QRW YHU\ VXLWDEOH IRU YDU\LQJ VXS�
SO\� DOWKRXJK UHVHDUFK DLPV WR LPSURYH
WKLV DVSHFW�

����� ��� ����

3URWRQ
([FKDQJH
0HPEUDQH
�3(0�

(OHFWURO\VHU FHOO FRQVLVWV RI DQ DQ�
RGH� FDWKRGH DQG D SURWRQ H[FKDQJH
PHPEUDQH� 7KH PHPEUDQH LV UHOD�
WLYHO\ H[SHQVLYH DQG UHVHDUFK DLPV WR
ILQG QHZ� FKHDSHU PDWHULDOV WR UHSODFH
PHPEUDQH� 3(0 LV YHU\ VXLWDEOH WR
YDU\LQJ HOHFWULFLW\ VXSSO\�

����� ��� ���

6ROLG 2[LGH
(OHFWURO\VLV
�62(�

8VHV VROLG R[LGH DQG FHUDPLF HOHF�
WURO\WH WR SURGXFH K\GURJHQ JDV� 2S�
HUDWHV DW YHU\ KLJK WHPSHUDWXUHV �����
��� �&�� FDXVLQJ VWDUW XS WLPHV WR EH
UHODWLYHO\ ODUJH PDNLQJ LW OHVV VXLWDEOH
IRU YDU\LQJ HOHFWULFLW\ VXSSO\

����� ��� ���

7DEOH %��� (OHFWURO\VHU W\SH FRPSDULVRQ�



$
$UHD 6XUYH\V

&��� 9LVXDO 6XUYH\
)LJXUH &�� VKRZV WKH LGHQWLILHG VWUXFWXUHV ZKLFK ZHUH GLVFRYHUHG RQ WKH ORFDWLRQ RI 3XQWD &RORUDGD
0XHOOH� 7KHVH VWUXFWXUHV ZHUH SDUW RI WKH ROG LURQ RUH SRUW� ZKLFK ZDV PDQDJHG ELM 0&&�

��



&��� 9LVXDO 6XUYH\ ��

13       14        15

1       2        3

4       5        6

7       8        9

10       11        12

)LJXUH &��� 2YHUYLHZ RI VWUXFWXUHV RQ $UHD ��



&��� 'URQH VXUYH\ DUHD FRRUGLQDWHV ��

&��� 'URQH VXUYH\ DUHD FRRUGLQDWHV
7KH :LQJWUD2QH GURQH ZDV XVHG WR JDWKHU GDWD IRU WKH )7=� 7KH FRRUGLQDWHV VKRZQ LQ )LJXUH &�� ZHUH
LGHQWLILHG DV D ERXQGDU\ IRU WKH GURQH IOLJKW DUHD�

)LJXUH &��� $UHDV WR EH VXUYH\HG E\ GURQH�



&��� 7RSRJUDSKLF PDS RI )UHH�7UDGH =RQH� 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK ��

)LJXUH &��� &RRUGLQDWHV RI WKH DUHDV VXUYH\HG E\ GURQH�

&��� 7RSRJUDSKLF PDS RI )UHH�7UDGH =RQH� 3XQWD &RORUDGD 0XHOOH
DQG 3XQWD &RORUDGD 6RXWK

7KH:LQJWUD2QH GURQH LGHQWLILHG WKH OHYHOV RI HOHYDWLRQ LQ WKH IUHH�WUDGH ]RQH� ,Q )LJXUH &�� WKH GLIIHUHQW
KHLJKWV RI WKH DUHD� LQ PHWHUV� DUH YLVLEOH� WRJHWKHU ZLWK WKH IUHH�WUDGH ]RQH PDUNHG LQ SLQN� %RWK WKH
3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK DUHDV KDYH DFFHVV WR WKLV IUHH�WUDGH ]RQH� 7KH
GLIIHUHQW KHLJKWV LOOXVWUDWH WKH FKDQJHV LQ WRSRJUDSK\� ZKLFK LV YDOXDEOH LQIRUPDWLRQ IRU WKH FRQVWUXFWLRQ
DQG UHDOLVDWLRQ RI WKH K\GURJHQ SRUW� 7KH KHLJKWV DUH WUDQVIHUUHG LQWR VORSHV LQ WKH IROORZLQJ VHFWLRQ�



&��� 7RSRJUDSKLF PDS RI )UHH�7UDGH =RQH� 3XQWD &RORUDGD 0XHOOH DQG 3XQWD &RORUDGD 6RXWK ��

)LJXUH &��� 7RSRJUDSKLF PDS DQDO\VHV RI WKH )UHH�7UDGH =RQH�



%
%DWK\PHWU\ VXUYH\

,Q WKLV VHFWLRQ D IXUWKHU HODERUDWLRQ LV JLYHQ RQ WKH EDWK\PHWU\ VXUYH\�

'��� 0HDVXULQJ SHULRG
7KH 5,% ZLOO EH DYDLODEOH IRU WKUHH GD\V IURP 7KXUVGD\ WKH ��WK RI )HEUXDU\� 'XULQJ WKH HQWLUH WLGDO
F\FOH WKH 5,% ZLOO EH VDLOLQJ DQG JDWKHULQJ EDWK\PHWU\ GDWD�

'��� ([SHUW DVVLVWDQFH
$ WHDP RI WZR H[SHUWV IURP ,QVWLWXWR 1DFLRQDO GHO $JXD ZLOO VXSHUYLVH DQG PDQDJH WKH VXUYH\� 7KH
WHDP KDV YHU\ H[WHQVLYH NQRZOHGJH DQG H[SHUWLVH RQ H[HFXWLQJ EDWK\PHWU\ VXUYH\V DQG SURFHVVLQJ
WKH GDWD�

'��� &RQFHSWXDO VXUYH\ JULG
7KH VXUYH\ JULG LV XVHG DV D JXLGHOLQH IRU WKH URXWH RI WKH VXUYH\� 7KH WRWDO PHDVXULQJ GLVWDQFH LV EDVHG
RQ WKH GLVWDQFH ZKLFK FDQ EH FRYHUHG GXULQJ D ZRUNLQJ GD\� 7KLV LV FDOFXODWHG ZLWK WKH DVVXPSWLRQV
EHORZ�

$YHUDJH VDLOLQJ VSHHG � NP�K
2SHUDWLRQDO WLPH �� K�GD\
2SHUDWLRQDO GRZQ WLPH � K�GD\
0HDVXULQJ WLPH � K�GD\
7RWDO PHDVXULQJ GLVWDQFH �� NP�GD\

1H[W� WKH FRQFHSWXDO VXUYH\ JULGV KDYH EHHQ FRPSRVHG ZLWKLQ ERWK DUHDV RI LQWHUHVW� %RWK JULGV DUH
DSSUR[LPDWHO\ �� NP ORQJ� 7KH JULG LV ILQH DW WKH ORFDWLRQV ZKHUH ODUJHU GHWDLO LV GHVLUHG DQG FRDUVH DW
WKH ORFDWLRQV ZKHUH D ORZHU VSDWLDO UHVROXWLRQ LV DOORZHG� 7KH FRQFHSWXDO JULGV DUH VKRZQ LQ ILJXUH '��
D DQG E�
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'��� 0HWHRURORJLFDO FRQGLWLRQV ��

�D� 6XUYH\ JULG DW 3XQWD &RORUDGD �E� 6XUYH\ JULG DW 3XHUWR ORERV

)LJXUH '��� $UHDV RI LQWHUHVW�

'��� 0HWHRURORJLFDO FRQGLWLRQV
7KH PHWHRURORJLFDO FRQGLWLRQV GXULQJ WKH PHDVXULQJ FDPSDLJQ DUH VKRZQ LQ ILJXUH '��� 7KH FRQGLWLRQV
RQ 7KXUVGD\ DQG 6DWXUGD\ DUH FRQVLGHUHG WRR URXJK WR VHW VDLO� ,W LV H[SHFWHG WKDW WKH VXUYH\ FDQ RQO\
WDNH SODFH RQ )ULGD\ �� )HEUXDU\ DQG 6DWXUGD\ �� )HEUXDU\�

)LJXUH '��� 0HWHRURORJLFDO FRQGLWLRQV GXULQJ SODQQHG VXUYH\ SHULRG �'DWD UHWULHYHG IURP :LQGJXUX��

'��� 2WKHU SUDFWLFDOLWLHV
)RU WKH VXUYH\ DW 3XHUWR /RERV WKH PHDVXULQJ HTXLSPHQW QHHGV WR EH WUDQVSRUWHG IURP 3XQWD &RORUDGD
WR 3XHUWR /RERV� 7KH 5,% FDQ HLWKHU VDLO WR WKH ORFDWLRQ RU EH WUDQVSRUWHG ZLWK D WUDLOHU� %HFDXVH RI
WKH URXJK ZHDWKHU FRQGLWLRQV� VDLOLQJ WR 3XHUWR /RERV LV FRQVLGHUHG WR EH LUUHVSRQVLEOH� 7UDQVSRUWLQJ
WKH 5,% WR 3XHUWR /RERV LV FRQVLGHUHG WR EH LQHIILFLHQW DQG WLPH FRQVXPLQJ ���� KRXUV RYHU GLUW URDGV��
1H[W WR WKDW LW LV QRW NQRZQ LI WKH 5,% FDQ HYHQ ODXQFK DW WKH 3XHUWR /RERV� 7KHUHIRUH LW LV FKRVHQ WR
VKLIW WKH IRFXV RI WKH EDWK\PHWU\ VXUYH\ WR 3XQWD &RORUDGD DV LW KDV EHHQ FRQVLGHUHG QRW IHDVLEOH WR
H[HFXWH WKH VXUYH\ DW 3XHUWR /RERV�

'��� )LQDO VXUYH\ FDPSDLJQ
$VPHQWLRQHG EHIRUH� GXH WR WKHZHDWKHU IRUHFDVW DQG SUDFWLFDO FRQVLGHUDWLRQV WKH IRFXV IRU WKH EDWK\PHWU\
VXUYH\ KDV VKLIWHG WRZDUGV WKH ORFDWLRQV DW 3XQWD &RORUDGD� ,W LV QRZ LQWHQGHG WR JDWKHU DV PXFK LQIRU�
PDWLRQ DV SRVVLEOH DW 3XQWD &RORUDGD� 7KH ILQDO SURSRVHG VXUYH\ JULG LV GLYLGHG LQ WKUHH VWDJHV� 7KH
FRQVHFXWLYH VWDJHV ZLOO H[SORUH D ODUJHU SDUW RI WKH DUHD RI LQWHUHVW LI WKH ZHDWKHU FRQGLWLRQV DOORZ LW�

6WDJH � IRFXVHV RQ PDSSLQJ WKH DUHD DURXQG WKH VKLS ORDGHU DQG WKH SRWHQWLDO VDQGEDQNV LQGLFDWHG E\
QDYLRQLFV� 7KH 5,% ZLOO QDYLJDWH DORQJ D ILQH JULG� ZLWK D VSDFLQJ RI DSSUR[LPDWHO\ �� P� VXFK WKDW WKH
EDWK\PHWU\ FDQ EH PDSSHG ZLWK D KLJK VSDWLDO UHVROXWLRQ� 7KH JULG LV VKRZQ LQ ILJXUH '���
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)LJXUH '��� 6XUYH\ VWDJH ��

6WDJH � IRFXVHV RQ PDSSLQJ WKH EDWK\PHWU\ EHWZHHQ WKH MHWW\ DQG WKH VRXWKHUQ 3XQWD &RORUDGD ORFD�
WLRQ� $ ILQH JULG LV FKRVHQ QHDU WKH MHWW\ VR WKDW D PDS ZLWK D KLJK VSDWLDO UHVROXWLRQ FDQ EH REWDLQHG�
:KHQ JRLQJ PRUH VRXWK WKH JULG JHWV PRUH FRXUVH VR WKDW D ODUJHU DUHD FDQ EH VXUYH\HG� 7KH JULG RI
VWDJH � LV VKRZQ LQ ILJXUHV '���

)LJXUH '��� 6XUYH\ VWDJH ��
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XSGDWHG LQ ����� 7KH FKDUW LV VKRZQ LQ ILJXUH '�� DQG LV FRQVLGHUHG QRW YHU\ DFFXUDWH ZLWK D ORZ
VSDWLDO UHVROXWLRQ�

)LJXUH '��� *RYHUQPHQWDO EDWK\PHWU\ FKDUW�

7KH EDWK\PHWU\ PDS VKRZQ LQ ILJXUH '�� LV IURP D VXUYH\ H[HFXWHG LQ ���� DW 3XQWD &RORUDGD LV DYDLO�
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FDQ EH UHWULHYHG�
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GDPDJLQJ WKH HOHPHQWV

6WDQGDUG EROWV DQG VFUHZV PRVWO\ VXLWDEOH %ROW KROH FDQ DOUHDG\
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2. RESEARCH QUESTION

µ:KLFK�location between 
Punta Colorada Muelle, Punta Colorada South

and Puerto Lobos is the most suitable for 
a hydrogen export port LQ�5tR�1HJUR"µ

Port Requirements Stakeholders Topography Hydraulic Structural
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TOPOGRAPHIC SURVEY
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TERM HORIZONTE CAPACITY MEANS OF 
EXPORT

Short 2 years 2 GW NH3

Medium 8 years 15 GW NH3

Long - - NH3 or LH2

5. BACKGROUND STUDY
FUTURE SCENARIOS



SHORT TERM
75.000 m3

� LENGTH 230 m
� REQUIRED DEPTH 12 m
� WIDTH 35 m

MEDIUM TERM
220.000 m3

� LENGTH 300 m
� REQUIRED DEPTH 17.3 m
� WIDTH 50 m

5. BACKGROUND STUDY
EXPECTED VESSELS



� Storage and Transport
� High Pressure
� Low Temperature ²34 °C

� Inflamable in High Concentrations

� Leakage
� Toxic Clouds

5. BACKGROUND STUDY
AMMONIA MANAGEMENT



5. BACKGROUND STUDY
AMMONIA PRODUCTION

Short Term 1.320.000 m3 / 
year

Medium Term 9.880.000 m3 / 
year

17.5 times a year

44.9 times a year



2. Port Terminal5. BACKGROUND STUDY
PORT TERMINAL



2. Port Terminal

ELECTROLYSER AMMONIA PLANT AMMONIA 
STORAGE

Short Term 44.5 ha

Medium 
Term 329.5 ha

5. BACKGROUND STUDY
REQUIRED AREA



3. Hydraulic5. BACKGROUND STUDY
JETTY AND MOORING INFRASTRUCTURE



3. Hydraulic5. BACKGROUND STUDY
LOADING INFRASTRUCTURE



3. Hydraulic5. BACKGROUND STUDY
OPERATING LIMITS
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2. Port Terminal1. Hinterland 3. Hydraulic



5. BACKGROUND STUDY

� High Voltage Power Transmission

� Good Accessibility
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1. Hinterland



5. BACKGROUND STUDY
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2. Port Terminal

Electrolyser Facility Ammonia Production Ammonia Storage
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5. BACKGROUND STUDY
PORT PERFORMANCE

STRUCTURAL

Annual Amount of 
Time of Inactivity of 

the Port:
Approx. 14 days per 

year

PORT PERFORMANCE

W
A

V
E 

HE
IG

HT
 [m

]

2m

PERCANTAGE OF INACTIVITY
4%
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2 PUNTA COLORADA SOUTH
3 PUERTO LOBOS

6. RESULTS



39

6. RESULTS ² STRUCTURAL
PUNTA COLORADA MUELLE
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6. RESULTS ² STRUCTURAL
PUNTA COLORADA MUELLE

STRUCTURAL

Concrete Column
Groups (1-3)

Steel Column Groups
(4-12)

COLUMN GROUPS
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Large Steel Column Groups (13,14)

Steel Column Groups (15-25)
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SHIP LOADER
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BUOYS

ESTESURESTE OESTESUROESTE
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MOORING DOLPHINS
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6. RESULTS ² STRUCTURAL
PUNTA COLORADA MUELLE

STRUCTURAL

INTERACTIVE MAP WITH PHOTOS
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6. RESULTS ² TOPOGRAPHY
PUNTA COLORADA MUELLE

STRUCTURAL

WINGTRAONE DRONE VIDEO
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6. RESULTS ² TOPOGRAPHY
PUNTA COLORADA MUELLE

MEDIUM TERM
329.5 ha

ELEVATION AVAILABLE AREA
REQUIRED AREA

SHORT TERM
44.5 ha
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6. RESULTS ² TOPOGRAPHY
PUNTA COLORADA MUELLE

STRUCTURAL Urbanisation Project 
´&RVWD�'RUDGDVµ

Infrastructure
of MCC
Free-Trade 
Zone
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6. RESULTS ² BATHYMETRY
PUNTA COLORADA MUELLE

TOPOGRAPHY

BATHYMETRY

DISTANCE FROM SHORE TO REQUIRED DEPTH

990 m
1550 m
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6. RESULTS ² TOPOGRAPHY
PUNTA COLORADA SOUTH

ELEVATION DIFFERENT ZONES

Urbanisation
Project 
´&RVWD�
'RUDGDVµ

Infrastructure
of MCC

Free-Trade 
Zone

Residential 
DUHD�¶3OD\DV�
'RUDGDV·�DW�
5 km north
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6. RESULTS ² BATHYMETRY
PUNTA COLORADA SOUTH

1350 m

2100 m

DISTANCE FROM SHORE TO REQUIRED DEPTH
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6. RESULTS
PUERTO LOBOS
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6. RESULTS ² TOPOGRAPHY
PUERTO LOBOS

ELEVATION BORDER PROVINCE OF RÍO NEGRO / 
PROVINCE OF CHUBUT
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6. RESULTS ² TOPOGRAPHY
PUERTO LOBOS

MARINE PROTECTED AREAS AROUND PUERTO LOBOS
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6. RESULTS ² BATHYMETRY
PUERTO LOBOS

DISTANCE FROM SHORE TO REQUIRED DEPTH
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1 PUNTA COLORADA MUELLE
2 PUNTA COLORADA SOUTH
3 PUERTO LOBOS

7. SUMMARY OF THE LOCATIONS
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Punta Colorada Muelle Punta Colorada South Puerto Lobos

Presence of 
marine 
protected area

No protected marine 
area

No protected marine 
area

Presence of protected 
marine area

7. SUMMARY OF THE LOCATIONS
PROTECTED MARINE AREA
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7. SUMMARY OF THE LOCATIONS
POTENTIAL REUSE OF JETTY

Punta Colorada Muelle Punta Colorada South Puerto Lobos

Potential reuse 
of existing jetty

Yes, however 
further structural
investigation needed.

No No
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7. SUMMARY OF THE LOCATIONS
AREA FOR CONSTRUCTION

Punta Colorada Muelle Punta Colorada South Puerto Lobos

Available area
for construction

Sufficient area, 
however, existing 
infrastructures present

Sufficient area and no 
existing infrastructure

Sufficient area and no 
existing infrastructure
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7. SUMMARY OF THE LOCATIONS
FREE-TRADE ZONE

Punta Colorada Muelle Punta Colorada South Puerto Lobos

Presence of a 
Free-Trade 
Zone

Financial benefits due 
to the Free-Trade Zone

Financial benefits due 
to the Free-Trade Zone

No presence of a 
Free-Trade Zone
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7. SUMMARY OF THE LOCATIONS
DISTANCE FROM SHORE

Punta Colorada Muelle Punta Colorada South Puerto Lobos

Distance from 
shore to required 
depth

990m / 1510m 1390m/ 2750m 1000m / 2000m
(no reliable data)
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7. SUMMARY OF THE LOCATIONS
PRESENCE RESIDENTIAL AREAS

Punta Colorada Muelle Punta Colorada South Puerto Lobos

Presence of 
residential areas

Playas Doradas at 5 
km, potential adjacent 
residential area

Playas Doradas at 6 
km, potential adjacent 
residential area

No near residential 
areas
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7. SUMMARY OF THE THREE LOCATIONS
Punta Colorada Muelle Punta Colorada Sur Puerto Lobos

Presence of marine 
protected area

No protected marine 
area

No protected marine 
area

Presence of protected 
marine area

Potential reuse of 
existing jetty

Yes, however 
further structural investig
ation needed.

No No

Available area for 
construction

Sufficient area, 
however, existing 
infrastructures present

Sufficient area and no 
existing infrastructure

Sufficient area and no 
existing infrastructure

Presence of a Free-
Trade Zone

Financial benefits due 
to the Free-Trade Zone

Financial benefits due to 
the Free-Trade Zone

No presence of a Free-
Trade Zone

Distance from shore 
to required depth

990m / 1510m 1390m/ 2750m 1000m / 2000m
(no reliable data)

Presence of 
residential areas

Playas Doradas at 5 km, 
potential adjacent 
residential area

Playas Doradas at 6 km, 
potential adjacent 
residential area

No near residential areas
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Locations of Punta Colorada
� Both Punta Colorada locations show potential to build a 

hydrogen export port.
� They have similar characteristics: absence of marine 

protected areas and the presence of a Free-Trade Zone.
� The existing jetty at Punta Colorada Muelle has potential 

in the short-term for a cost-effective hydrogen port 
design. However, further structural investigation is 
required.

� Punta Colorada South has no interference from MCC and 
no design restrictions due to an existing jetty 
infrastructure.

8. CONCLUSIONS
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8. CONCLUSIONS

Puerto Lobos
� Puerto Lobos shows disadvantages in some very important 

criteria, such as the presence of a marine protected area and 
the fact that no Free-Trade Zone is present.

� There is little information available on this location, therefore, a 
complete conclusion cannot be reached.
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9. RECOMMENDATIONS
Further investigation on the existing jetty

� Retrieve the design calculations sheets and drawings
� Determine the actual capacity of the structure
� Repair or replace the mooring infrastructure (the mooring 

dolphins and the buoys)

To complete the comparison between the 
locations

� Puerto Lobos ² determine the flexibility of the area of the 
protected marine and the possibility of a Free-Trade Zone

� Complete the survey ² bathymetry and topography
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Favourable 
bathymetry

Challenging terrain 
elevations

9. RECOMMENDATIONS
INVESTIGATE PUNTA PÓRFIDO



9. RECOMMENDATIONS
STAKEHOLDER ANALYSES

75

Informing to create 
improved attitude
- news articles
- focus groups

Consulting to receive 
constructive advice
- focus groups
- feedback surveys

Involving to use their 
power in your advantage
- regular meetings
- feedback sessions

Collaborating to reach 
full potential of project
- regular meetings
- feedback sessions
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10. CONCEPTUAL PORT SCENARIOS
ALTERNATIVES

Alternative 1
� Short Term - Reuse existing jetty
� Long Term ² Extend jetty to deeper water

Alternative 3
� Short Term - Build new jetty to shallow depth
� Long Term ² Extend new jetty to deeper water

Alternative 2
� Short Term - Reuse existing jetty
� Long Term ² New jetty to deeper water
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10. CONCEPTUAL PORT SCENARIOS
ALTERNATIVE 1

� Quick start of export 
operations

� Huge cut in 
investments

� Sustainable

� Long term operations 
dependent on the 
lifetime of the 
current jetty

� Possible conflicts with 
MCC
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10. CONCEPTUAL PORT SCENARIOS
ALTERNATIVE 2

� Quick start export 
operations

� Lifetime of reused jetty 
does not influence the 
long-term port 
operations

� Large total investment
� Possible conflicts 

with MCC
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10. CONCEPTUAL PORT SCENARIOS
ALTERNATIVE 3

� No dependencies on 
the state of current 
jetty

� No dependencies/ 
conflicts on MCC

� Moderate total 
investment

� Long time needed to 
start export operations



PRESENTATION FOR THE CLIENT
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*��� 6SDQLVK 3UHVHQWDWLRQ



TRES UBICACIONES 
POTENCIALES PARA EXPORTAR 
HIDRÓGENO VERDE EN
RÍO NEGRO
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¿QUIENES SOMOS NOSOTROS?

KARINE
SE

MAX
HE

WOUTER
HE

OLMO
SE VICTOR

HE MARIN
CME

SE = ENGENIERÍA 
ESTRUCTURAL

HE = INGENIERÍA
HIDRÁULICA

CME = INGENIERÍA 
DE GESTIÓN DE LA 
CONSTRUCCIÓN
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3 Alcance
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7 Resumen tres ubicaciones
8 Conclusiones
9 Recomendaciones
10 Potencial Future Port Escenarios
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1. OBJETIVOS 
& OPORTUNIDADES
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1. OBJETIVOS
& OPORTUNIDADES

''Se espera que Río Negro se convierta en un centro 
mundial de exportación de hidrógeno verde para 

2030''
3

EFICIENCIA
Y 

COMPETENCIA

2
SOSTENIBILIDAD

AMBIENTAL

1 
SEGURIDAD
ENERGÉTICA

4
INCLUSION
SOCIAL Y 
EMPLEO



6

1. OBJETIVOS
& OPORTUNIDADES

VIENTO AGUA
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1. OBJETIVOS
& OPORTUNIDADES

ZONA FRANCA
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2. PREGUNTA PRINCIPAL

µ4XH�ubicación entre Punta Colorada Muelle, 
Punta Colorada Sur y Puerto Lobos es el mas 

apropiado para realizar un puerto para 
producir hidrógeno verde"··
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3. ALCANCE
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1 PUNTA COLORADA MUELLE
2 PUNTA COLORADA SUR
3 PUERTO LOBOS

3. ALCANCE
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3. ALCANCE
PUNTA COLORADA MUELLE
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3. ALCANCE
PUNTA COLORADA MUELLE

� VIEJO MUELLE DE HIERRO
� CARGA SECA A GRANEL - NO SE UTILIZA HACE 6 

AÑOS
� CERCA DE LA ZONA FRANCA
� PROPUESTA POR LA PROVINCIA RÍO NEGRO
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3. ALCANCE
PUNTA COLORADA SUR



14

3. ALCANCE
PUNTA COLORADA SUR

� PROPUESTA PARA INVESORES POTENCIALES
� ACCESO DIRECTO A LA ZONA FRANCA
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3. ALCANCE
PUERTO LOBOS
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3. ALCANCE
PUERTO LOBOS

� EL CENTRO DE INVESTIGACIÓN Y ENTRENAMIENTO 
MARÍTIMO Y FLUVIAL (CIEMF) INICIÓ EL ESTUDIO 
CONCEPTUAL

� COOPERACION DE LA PROVINCIA RIO NEGRO Y LA 
PROVINCIA DE CHUBUT

� SE ENCONTRARIA UNA MAYOR PROFUNDIDAD 
CERCANA A LA COSTA
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4. METODOLOGÍA

DEFINING PORT 
REQUIREMENTS AND 

CRITERIA
GATHERING DATA 

PER LOCATION

ANALYSING 
LOCATIONS BASED 
ON REQUIREMENTS 

AND CRITERIA

PROPOSING 
RECOMMENDATION 

FOR RIO NEGRO
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1 INVESTIGACIÓN TOPOGRÁFICO
2 INVESTIGACIÓN HIDRÁULICA
3 INVESTIGACIÓN ESTRUCTURAL

4. METODOLOGÍA
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4. METODOLOGÍA
INVESTIGACIÓN TOPOGRÁFICO

STRUCTURAL PUNTA
COLORADA

MUELLE

PUNTA
COLORADA

SUR 

PUERTO
LOBOS

Elevación de la 
tierra con 

WintraOne
Inspección visual
Datos satelitales

Elevación de la 
tierra con 

WintraOne

Datos satelitales

Datos satelitales
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4. METODOLOGÍA
INVESTIGACIÓN HIDRÁULICA

STRUCTURAL PUNTA
COLORADA

MUELLE

PUNTA
COLORADA

SUR 

PUERTO
LOBOS

Datos batimétricos

Análisis
hidrometeorológico

Datos batimétricos

Análisis
hidrometeorológico

Análisis
hidrometeorológico
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4. METODOLOGÍA
INVESTIGACIÓN ESTRUCTURAL

STRUCTURAL

PUNTA
COLORADA
MUELLE

PUNTA 
COLORADA
SOUTH 

PUERTO 
LOBOS

Inspección visual

Revisión de elementos 
estructurales

-

-
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1 SUPUESTOS PRIMARIOS
2 MAPA CONCEPTUAL
3 SISTEMA DE LA TERMINAL

5. ESTUDIO PRELIMINAR
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PLAZO HORIZONTE CAPACIDA
D

MANERA DE 
EXPORTACI
ÓN

Corto Año 2 2 GW NH3

Intermedio Año 8 15 GW NH3

Largo - - NH3 or LH2

5. ESTUDIO PRELIMINAR
ESCENARIO A FUTURO
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Corto Plazo
75.000 m3

� Longitud: 230 m
� Profundidad requerida: 12 m
� Ancho: 35 m

Plazo Intermedio
220.000 m3

� Longitud: 300 m
� Produndidad requerida: 17.3 m
� Ancho: 50 m

5. ESTUDIO PRELIMINAR
BARCOS ESPERADOS
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� Almacenar y transportar
� Alta presión
� Baja temperatura ²34 °C

� Inflamable en alta concentraciones
� En caso de derrame: Nube Toxica

5. ESTUDIO PRELIMINAR
MANEJO DE AMMONIA
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5. ESTUDIO PRELIMINAR
PRODUCCIÓN DE AMMONIA

Corto Plazo 1.320.000 m3 / 
año

Plazo Medio 9.880.000 m3 / 
año

17.5 veces / año

44.9 veces / año
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5. ESTUDIO PRELIMINAR
MAPA CONCEPTUAL
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2. Port Terminal5. ESTUDIO PRELIMINAR
SISTEMA DE LA TERMINAL
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2. Port Terminal

Electrolizador Planta de 
amoníaco

Almacenamiento 
de amoníaco

Corto Plazo 44.5 ha

Plazo Medio 329.5 ha

5. ESTUDIO PRELIMINAR
ÁREA REQUIRIDA
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3. Hydraulic5. ESTUDIO PRELIMINAR
MUELLE Y INFRASTRUCTURA DE AMARRE
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3. Hydraulic5. ESTUDIO PRELIMINAR
UNIDADES DE CARGA
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3. Hydraulic5. ESTUDIO PRELIMINAR
LÍMITES DE OPERACIÓN
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1 PUNTA COLORADA MUELLE
2 PUNTA COLORADA SUR
3 PUERTO LOBOS

6. RESULTADOS
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6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE
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6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

STRUCTURAL Grupos de columnas 
hormigón (1-3) 

Grupos de columnas 
acero (4-12) 



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

Grupos de columnas grandes acero 
(13,14) 
Grupos de columnas acero (15-25) 



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

PASARELA



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

Cargador de barcos



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

BOYASBOYAS



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

BOYAS

ESTESURESTE OESTESUROESTE



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

BOYAS



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

DUQUES DE ALBA



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

DUQUES DE ALBA



6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

DUQUES DE ALBA
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6. RESULTADOS: ESTRUCTURAL
PUNTA COLORADA MUELLE

STRUCTURAL
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6. RESULTADOS: INACTIVIDAD
PUNTA COLORADA MUELLE

STRUCTURAL

Tiempo de 
inactividad anual 

del puerto: 
Aprox. 14 días al año

Altura del oleaje igual o mayor que
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6. RESULTADOS: TOPOGRAFÍA
PUNTA COLORADA MUELLE

STRUCTURAL

WINGTRAONE DRONE VÍDEO
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6. RESULTADOS: TOPOGRAFÍA
PUNTA COLORADA MUELLE

Plazo Medio
329.5 ha

ELEVACIÓN TERRENO DISPONIBLE
TERRENO NECESARIO

Corto Plazo 
44.5 ha
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6. RESULTADOS: TOPOGRAFÍA
PUNTA COLORADA MUELLE

STRUCTURAL Proyecto de 
XUEDQL]DFLyQ�´&RVWD�
'RUDGDVµ
Estructuras de 
MCC 
Zona 
Franca
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6. RESULTADOS: BATIMETRÍA
PUNTA COLORADA MUELLE

TOPOGRAPHY

BATHYMETRY

DISTANCIA DE LA ORILLA A LA PROFUNDIDAD 
REQUERIDA

990 m
1550 m
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6. RESULTADOS 
PUNTA COLORADA SUR
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6. RESULTADOS: TOPOGRAFÍA
PUNTA COLORADA SUR

ELEVACIÓN ZONAS DIFFERENTES

Proyecto de 
urbanizació
Q�´&RVWD�
'RUDGDVµ

Estructuras 
de MCC 

Zona Franca
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6. RESULTADOS: BATIMETRÍA
PUNTA COLORADA SUR

1350 m

2100 m

DISTANCIA DE LA ORILLA A LA PROFUNDIDAD 
REQUERIDA
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6. RESULTADOS 
PUERTO LOBOS
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6. RESULTADOS: TOPOGRAFÍA
PUERTO LOBOS

ELEVACIÓN
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6. RESULTADOS: TOPOGRAFÍA
PUERTO LOBOS

ÁREAS NATURALES PROTEGIDAS PUERTO LOBOS Y PENINSULA VALDES
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6. RESULTADOS: BATIMETRÍA
PUERTO LOBOS
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1 PUNTA COLORADA MUELLE
2 PUNTA COLORADA SUR
3 PUERTO LOBOS

7. RESUMEN TRES UBICACIÓNES
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Punta Colorada Muelle Punta Colorada Sur Puerto Lobos

Presencia de 
área marina 
protegida

No área de marina 
protegida

No área de marina 
protegida

Presencia de áreas 
marinas protegidas

7. RESUMEN TRES UBICACIÓNES
MARINA PROTEGIDA
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7. RESUMEN TRES UBICACIÓNES
REUTILIZACIÓN MUELLE

Punta Colorada Muelle Punta Colorada Sur Puerto Lobos

Reutilización 
potencial del 
muelle

Si, aunque es necesario 
profundizar la 
investigación estructural

No No
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7. RESUMEN TRES UBICACIÓNES
TERRENO DISPONIBLE

Punta Colorada Muelle Punta Colorada Sur Puerto Lobos

Terreno 
disponible para 
construcción

Área suficiente, 
aunque con 
estructuras existentes

Área suficiente y no 
hay estructuras 
existentes cercanas

Área suficiente y no 
hay estructuras 
existentes cercanas
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7. RESUMEN TRES UBICACIÓNES
ZONA FRANCA

Punta Colorada Muelle Punta Colorada Sur Puerto Lobos

Presencia de 
zona franca

Beneficios financieros 
debido a la zona 
franca

Beneficios financieros 
debido a la zona 
franca

No presencia de una 
zona franca
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7. RESUMEN TRES UBICACIÓNES
DISTANCIA COSTA - PROFUNDIDAD

Punta Colorada Muelle Punta Colorada Sur Puerto Lobos

Distancia desde la costa 
hasta la profundidad 
requerida

990m / 1510m 1390m/ 2750m 1000m / 2000m
(datos poco 
fiables)
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7. RESUMEN TRES UBICACIÓNES
PRESENCIA AREAS RESIDENCIAL

Punta Colorada Muelle Punta Colorada Sur Puerto Lobos

Presencia de 
áreas residencial

Playas Doradas a 5 
km, potencial área 
residencial adyacente

Playas Doradas a 6 km, 
potencial área 
residencial adyacente

No áreas residenciales 
cercanos
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7. RESUMEN TRES UBICACIÓNES
Punta Colorada Muelle Punta Colorada Sur Puerto Lobos

Presencia de área marina 
protegida

No hay área de marina 
protegida

No hay área de marina 
protegida

Presencia de áreas 
marinas protegidas

Reutilización potencial del 
muelle

Si, aunque es necesario 
profundizar la 
investigación 
estructural

No No

Terreno disponible para 
construcción

Área suficiente, 
aunque con 
estructuras existentes

Área suficiente y no hay 
estructuras existentes 
cercanas

Área suficiente y no hay 
estructuras existentes 
cercanas

Presencia de zona franca Beneficios financieros 
debido a la zona 
franca

Beneficios financieros 
debido a la zona franca

No presencia de una zona 
franca

Distancia desde la costa 
hasta la profundidad 
requerida

990m / 1510m 1390m/ 2750m 1000m / 2000m
(datos poco fiables)

Presencia de áreas 
residencial

Playas Doradas a 5 km, 
potencial área 
residencial adyacente

Playas Doradas a 6 km, 
potencial área 
residencial adyacente

No hay áreas residenciales 
cercanas
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8. CONCLUSIONES
Ubicaciones de Punta Colorada
� Ambas ubicaciones de Punta Colorada muestran potencial 

para construir un puerto de exportación de hidrógeno y tienen 
características similares; ausencia de áreas marinas protegidas 
y disponibilidad de zonas francas.

� El muelle existente tiene potencial para un diseño de un puerto 
de hidrógeno rentable a corto plazo

� Punta Colorada Sur no tiene interferencia de MCC y no tiene 
restricciones de diseño debido a la infraestructura existente
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8. CONCLUSIONES
Puerto Lobos
� Puerto Lobos muestra desventajas en ciertos criterios muy 

importantes como áreas marinas protegidas y zona franca.
� Poca información, por lo tanto, no se llego a una conclusión 

completa sobre esta ubicación
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9. RECOMENDACIONES
Mas investigación sobre el muelle existente
� Recuperar cálculos y planos de diseño
� Determinar la capacidad estructural actual
� Posible reparación o reemplazo de la infraestructura de amarre 

(duques de alba y boyas)

Para completar comparación de ubicaciones:
� Puerto Lobos: determinar flexibilidad del área marina protegida 

y posibilidad de una zona franca
� Completar relevamiento: batimetría y topografía
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9. RECOMENDACIONES
Investigar 
Punta Pórfido

Batimetría 
favorable

Características 
en tierra
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Alternativa 1:
� Corto plazo: Reutilizar muelle existente
� Intermedio plazo: Extender el muelle existente a 

profundidad mayor

Alternativa 3:
� Corto plazo: Construir un nuevo muelle a poca 

profundidad
� Intermedio plazo: Construir el nuevo muelle a 

profundidad mayor

Alternativa 2:
� Corto plazo: Reutilisar muelle existente
� Intermedio plazo: Construir un nuevo muelle 

a profundidad mayor

10. ESCENARIO POTENCIAL DEL PUERTO
ALTERNATIVAS
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10. ESCENARIO POTENCIAL DEL PUERTO
ALTERNATIVA 1

� Inicio rapido de las 
operaciones de 
exportacion

� Reduccion potential de 
inversion

� sostenible

� Las operaciones a largo 
plazo dependen de la vida
util del muelle existente

� Posible conflicto con MCC
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10. ESCENARIO POTENCIAL DEL PUERTO
ALTERNATIVA 2

� Inicio rapido de las 
operaciones de 
exportacion

� Vida util del muelle
existente no influencer 
operaciones de 
exportacion

� Acceso directo a la Zona 
Franca

� Inversion total mas grande
� Posible conflict0 con MCC
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10. ESCENARIO POTENCIAL DEL PUERTO
ALTERNATIVA 3

� Operaciones de exporter 
no dependente del estado
actual del muelle existente

� Acceso directo a la Zona 
Franca

� Sin dependenciasni
conflictos con MCC

� Inversion total moderada
� El tiempo mas largo 

necesario para el inicio de 
las operaciones de 
exportacion



75

DANKJEWEL!

¡GRACIAS!


	Preface
	Abstract
	List of Figures
	List of Tables
	Introduction
	Methodology
	Background Study
	Interviews
	Stakeholder Analysis
	Topographic Analysis
	WingtraOne Drone Analyses
	Satellite Data
	Visual Inspection

	Hydraulic Analysis
	Hydrometeorological Conditions
	Bathymetry Survey
	Operational Port Downtime
	Flood Safety

	Structural Analysis
	Steel Elements
	Concrete Elements


	Background Study
	Hydrogen Export in the Province of Río Negro
	Project Ambitions
	Assets in the Province

	Proposed Port Locations
	Punta Colorada Muelle
	Punta Colorada South
	Puerto Lobos

	Green Hydrogen Introduction
	Hydrogen Application
	Hydrogen Production Technology
	Hydrogen Carrier Technology
	Hydrogen Storage

	Conceptual Hydrogen Export Port Requirements in Río Negro
	Assumed Boundary Conditions
	Part I: Hinterland
	Part II: Production, Storage and Loading
	Part III: Berthing and Mooring 
	Part IV: Safety Requirements


	Stakeholder Analysis Results
	Description of Stakeholders
	Stakeholder Overview

	Topographic Analysis Results
	Visual inspection of structures
	Punta Colorada Muelle
	Punta Colorada South
	Puerto Lobos

	Topographic Elevations
	Slopes in the Free-Trade Zone: Punta Colorada Muelle and Punta Colorada South
	Digital Elevation Map and Interpolated Slopes: Puerto Lobos

	Satellite View of Surroundings
	Punta Colorada Muelle and Punta Colorada South
	Puerto Lobos

	Free-trade Zones and Marine Protected Areas
	Punta Colorada Muelle and Punta Colorada South
	Puerto Lobos


	Hydraulic Analysis Results
	Hydrometeorological conditions 
	Wind
	Waves
	Tidal Amplitude and Currents

	Operational Downtime of the Port
	Bathymetry
	Punta Colorada Muelle
	Punta Colorada South
	Puerto Lobos

	Flood Safety
	Coastal Vulnerability
	Tsunamis


	Structural Analysis Results for Punta Colorada Muelle
	Column Groups
	Concrete Columns (Column Group 1 - 3)
	Steel Columns (Column Group 4 - 25)
	Steel Column Joints
	Steel Crosses
	Concrete Platform
	Steel Platform Joints

	Trusses
	Ship Loading Structure
	Mooring Dolphins
	Steel Columns
	Concrete Platform
	Mooring Bollards

	Buoys
	Pipeline in Jetty

	Discussion
	Background Study
	Stakeholder Analysis
	Topographic Analysis
	Hydraulic Analysis
	Structural Analysis Punta Colorada Muelle

	Multi-Criteria Analysis
	Topographic Analysis
	Geographical Accessibility
	Presence of Residential Areas
	Presence of Existing Inland Structures
	Available Land for Construction

	Hydraulic Conditions
	Distance From Shore to Required Depth
	Long-shore Uniformity of Bathymetry
	Hydrometeorological Conditions
	Flood Safety

	Potential Reuse of Jetty
	Political Environment
	Existing Free-Trade Zones
	Presence of Marine Protected Area
	Interfering Governmental Managements

	Overview

	Conclusion
	Punta Colorada Muelle
	Punta Colorada South
	Puerto Lobos

	Recommendations
	Stakeholder Analyses
	Topographic Analysis
	Additional Aerial Data
	Inland Visual Inspection
	Additional Measures

	Structural Assessment of Existing Jetty
	Damage Assessment
	Determination of the Current Structural Capacity
	Detailed Calculations
	Decision Making

	Reuse of Current Jetty
	Hydraulic Analysis
	Hydrodynamic Measuring Stations at Locations of Interest
	Bathymetry Survey at Puerto Lobos
	Soil Investigation of Sea-Bottom near Existing Jetty

	Investigate Locations for Cargo Jetty
	Investigate Punto Pórfido
	Potential Future Port Scenarios
	Short-term Use of Jetty
	Medium-term Use of Jetty
	Scenario 1: Port Phasing Using the Existing Jetty and Building a New Jetty
	Scenario 2: Port Phasing Using and Extending the Existing Jetty
	Scenario 3: Construction of a New Jetty Without Reusing the Current Jetty


	References
	Semi-Structured Interviews
	Interview: Guillermo R. Delamer
	Interview: Gonzalo G. Medina
	Interview: Hugo O. Nicola

	Hydrogen technology
	Area Surveys
	Visual Survey
	Drone survey area coordinates
	Topographic map of Free-Trade Zone: Punta Colorada Muelle and Punta Colorada South

	Bathymetry survey
	Measuring period
	Expert assistance
	Conceptual survey grid
	Meteorological conditions
	Other practicalities
	Final survey campaign
	Available Bathymetry charts
	Field Survey Data on Punta Colorada Muelle and Punta Colorada South
	Distances From Shore to Required Depth

	Structural Survey
	Examples Steel Corrosion
	Examples Concrete Damage

	Visuals Muelle Punta Colorada
	Column groups
	Trusses
	Mooring dolphins
	Buoys

	Presentation Slides
	English Presentation
	Spanish Presentation


