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$SSURDFKHV�IRU�$GGUHVVLQJ�&RQFHUQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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7HVWLQJ�DQG�$QDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

3OXJ�'HVLJQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

3UHVVXUH�5HOLHI � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

6XPPDU\�2SLQLRQV�RI�,QGHSHQGHQW�([SHUWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

5HPHGLDWLRQ�&RQVLGHUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

$UHDV�IRU�)XUWKHU�5HVHDUFK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

&KDSWHU�����&RQFOXVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

5HIHUHQFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

/LVW�RI�7DEOHV

7DEOH�����6WDWH�$FWLYLWLHV�5HJDUGLQJ�'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV

7DEOH��� ��2LO� DQG�*DV�:DVWHV�([HPSWHG� IURP�5&5$�+D]DUGRXV�:DVWH�5HTXLUHPHQWV� ����)5

�������-XO\���������

/LVW�RI�)LJXUHV

)LJXUH�����0DS�6KRZLQJ�5RFN�6DOW�'HSRVLWV�LQ�8QLWHG�6WDWHV

)LJXUH�����/RFDWLRQ�RI�7H[DV�2IIVKRUH�6DOW�'RPHV

)LJXUH�����/RFDWLRQ�RI�/RXLVLDQD�2IIVKRUH�6DOW�'RPHV

)LJXUH�����/RFDWLRQ�RI�7H[DV�2QVKRUH�6DOW�'RPHV

)LJXUH�����/RFDWLRQ�RI�/RXLVLDQD��0LVVLVVLSSL��DQG�$ODEDPD�6DOW�'RPHV

)LJXUH�����,GHDOL]HG�&DYHUQ�LQ�D�6DOW�'RPH�)RUPDWLRQ

)LJXUH�����,GHDOL]HG�&DYHUQ�LQ�D�%HGGHG�6DOW�)RUPDWLRQ



'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV� 3DJH�YL

$FNQRZOHGJHPHQWV

7KH�DXWKRUV�ZLVK�WR�H[SUHVV�WKHLU�DSSUHFLDWLRQ�IRU�WKH�PDQ\�SHUVRQV�ZKR�SURYLGHG�FRSLHV�RI

UHSRUWV�DQG�SDSHUV��VSRNH�ZLWK�XV�DERXW�YDULRXV�VDOW�FDYHUQ�LVVXHV��DQG�SURYLGHG�FRPPHQWV�RQ�WKH

WZR�GUDIWV�RI�WKH�UHSRUW���:H�SDUWLFXODUO\�H[WHQG�WKDQNV�WR�5LFKDUG�*LQQ�RI�WKH�5DLOURDG�&RPPLVVLRQ

RI�7H[DV��5�'��+LFNHUVRQ�RI�3HUPLDQ�%ULQH�6DOHV��,QF���DQG�+�:��'LDPRQG�RI�WKH�6ROXWLRQ�0LQLQJ

5HVHDUFK�,QVWLWXWH���0U��'LDPRQG�FRRUGLQDWHG�DQ�H[WHQVLYH�UHYLHZ�RI�WKH�VHFRQG�GUDIW�UHSRUW���7KH

UHYLHZ�SDQHO�FRQVLVWHG�RI�WKH�IROORZLQJ�SHUVRQV�

:LOOLDP�%DUORZ 7H[DV�%ULQH

&KDUOHV�&KDEDQQHV 6RIUHJD]�86�,QF�

'HQQLV�&ULVW 2KLR�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV

)ULW]�&URWRJLQR .DYHUQHQ�%DX��XQG�%HWULHEV�*PE+

.HQ�(��'DYLV (QYLURFRUS�6HUYLFHV�	�7HFKQRORJ\��,QF�

+�:��'LDPRQG 6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH

1RUEHUW�+HLWPDQQ 3%�.%%��,QF�

-DPHV�/LQQ 6DQGLD�1DWLRQDO�/DERUDWRULHV

-RH�/��5DWLJDQ 5(�63(&��,QF�

5REHUW�7KRPV $*0��,QF�

)UDQN�:KHOS\ 6RQDU�DQG�:HOO�7HVWLQJ�6HUYLFH

6FRWW�:KLWHODZ 7H[DV�%ULQH

7KH�ILQDO�UHSRUW�UHIOHFWV�WKH�FRQWULEXWLRQV�RI�HDFK�RI�WKHVH�SHUVRQV�



3UHOLPLQDU\�7HFKQLFDO�DQG�/HJDO�(YDOXDWLRQ�RI�'LVSRVLQJ�RI�

1RQKD]DUGRXV�2LO�)LHOG�:DVWH�LQWR�6DOW�&DYHUQV

E\

-��9HLO��'�(OFRFN��0��5DLYHO��'��&DXGOH��5�&��$\HUV��-U���DQG�%��*UXQHZDOG

([HFXWLYH�6XPPDU\

%HGGHG�DQG�GRPDO�VDOW�GHSRVLWV�RFFXU�LQ�PDQ\�VWDWHV���,I�VDOW�GHSRVLWV�DUH�WKLFN�HQRXJK��VDOW

FDYHUQV�FDQ�EH�IRUPHG�WKURXJK�VROXWLRQ�PLQLQJ���7KHVH�FDYHUQV�DUH�HLWKHU�FUHDWHG�LQFLGHQWDOO\�DV�D

UHVXOW�RI�VDOW�UHFRYHU\�RU�LQWHQWLRQDOO\�WR�FUHDWH�DQ�XQGHUJURXQG�FKDPEHU�WKDW�FDQ�EH�XVHG�IRU�VWRULQJ

K\GURFDUERQ�SURGXFWV�RU� FRPSUHVVHG�DLU�RU� IRU�GLVSRVLQJ�RI�ZDVWHV�� �7KLV� UHSRUW� HYDOXDWHV� WKH

VXLWDELOLW\�� IHDVLELOLW\�� DQG� OHJDOLW\� RI� GLVSRVLQJ� RI� QRQKD]DUGRXV� RLO� DQG� JDV� H[SORUDWLRQ�

GHYHORSPHQW��DQG�SURGXFWLRQ�ZDVWHV��KHUHDIWHU�UHIHUUHG�WR�DV�RLO�ILHOG�ZDVWHV��XQOHVV�RWKHUZLVH�QRWHG�

LQ�VDOW�FDYHUQV���

,Q�������WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��SXEOLVKHG�D�OLVW�RI�WKRVH�RLO�ILHOG

ZDVWHV�WKDW�ZHUH�H[HPSW�IURP�UHJXODWLRQ�DV�KD]DUGRXV�ZDVWHV�XQGHU�6XEWLWOH�&�RI�WKH�5HVRXUFH

&RQVHUYDWLRQ�DQG�5HFRYHU\�$FW��5&5$����(3$
V�8QGHUJURXQG�,QMHFWLRQ�&RQWURO��8,&��UHJXODWLRQV

DOORZ�PRVW�RI�WKRVH�RLO�ILHOG�ZDVWHV�WR�EH�LQMHFWHG�LQWR�&ODVV�,,�8,&�ZHOOV���(IIRUWV�DUH�FXUUHQWO\�XQGHU

ZD\�WR�REWDLQ�FODULILFDWLRQ�IURP�(3$�ZKHWKHU�DOO�H[HPSWHG�RLO�ILHOG�ZDVWHV�FDQ�EH�LQMHFWHG�LQWR�&ODVV

,,�ZHOOV���$W�WKH�VWDWH�OHYHO��RQO\�WKH�5DLOURDG�&RPPLVVLRQ�RI�7H[DV��75&��KDV�IRUPDOO\�DXWKRUL]HG

GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQWR�VDOW�FDYHUQV���7KH�75&�KDV�LVVXHG�SHUPLWV�IRU�VL[�IDFLOLWLHV��EXW�DV

RI�0D\�������RQO\� IRXU�RI� WKHVH�ZHUH�DFWLYH�� � ,Q�$SULO������� WKH�75&�UHOHDVHG�GUDIW�SURSRVHG

DPHQGPHQWV�WR�75&�5XOH����WKH�UHJXODWLRQ�WKDW�JRYHUQV�LQMHFWLRQ�LQWR�D�IRUPDWLRQ�QRW�SURGXFWLYH

RI�RLO��JDV��RU�JHRWKHUPDO�UHVRXUFHV���7HQ�RWKHU�VWDWHV�ZHUH�FRQWDFWHG�DERXW�WKHLU�LQWHUHVW�LQ�GLVSRVLQJ

RI�RLO�ILHOG�ZDVWH�LQWR�VDOW�FDYHUQV���0DQ\�RI�WKHVH�VWDWHV�ZHUH�LQWHUHVWHG�LQ�IROORZLQJ�WKH�75&

SURJUDP�WR�VHH�KRZ�LW�ZRUNHG��EXW�DW�WKLV�WLPH��RQO\�1HZ�0H[LFR�KDV�UHFHLYHG�DQ�DSSOLFDWLRQ�IRU

GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQWR�VDOW�FDYHUQV���7KHUH�DUH�QR�DSSDUHQW�UHJXODWRU\�EDUULHUV�WR�WKH�XVH�RI

VDOW�FDYHUQV�IRU�GLVSRVDO�RI�PRVW�W\SHV�RI�RLO�ILHOG�ZDVWHV�DW�HLWKHU�WKH�IHGHUDO�OHYHO�RU�LQ�WKH�HOHYHQ

VWDWHV�GLVFXVVHG�LQ�WKLV�DQDO\VLV�

7KH�W\SHV�RI�RLO�ILHOG�ZDVWH�WKDW�DUH�SODQQHG�IRU�GLVSRVDO�LQ�VDOW�FDYHUQV�DUH�WKRVH�WKDW�DUH

PRVW� WURXEOHVRPH� WR� GLVSRVH� RI� WKURXJK� UHJXODU�&ODVV� ,,� LQMHFWLRQ�ZHOOV�� EHFDXVH� WKH\� FRQWDLQ

H[FHVVLYH�OHYHOV�RI�VROLGV���7KH�VROLGV�FRQWDLQLQJ�RLO�ILHOG�ZDVWHV�PRVW�OLNHO\�WR�EH�GLVSRVHG�RI�LQ�VDOW

FDYHUQV�LQFOXGH�XVHG�GULOOLQJ�IOXLGV��GULOO�FXWWLQJV��FRPSOHWLRQ�DQG�VWLPXODWLRQ�ZDVWH��SURGXFHG�VDQG�

WDQN�ERWWRPV��DQG�VRLO�FRQWDPLQDWHG�E\�FUXGH�RLO�RU�SURGXFHG�ZDWHU��

7KH�ORFDWLRQ�DQG�GHVLJQ�RI�ZDVWH�GLVSRVDO�FDYHUQV�SOD\�DQ�LPSRUWDQW�UROH�LQ�HQVXULQJ�ORQJ�

WHUP�ZDVWH�LVRODWLRQ�IURP�WKH�VXUIDFH�ZDWHU�RU�JURXQGZDWHU�UHVRXUFHV���+XQGUHGV�RI�FDYHUQV�KDYH

EHHQ�XVHG�VDIHO\�IRU�VWRULQJ�K\GURFDUERQV���7KH�K\GURFDUERQ�VWRUDJH�LQGXVWU\�KDV�GHYHORSHG�XVHIXO�

GHWDLOHG� VWDQGDUGV� DQG� JXLGDQFH� IRU� GHVLJQLQJ� DQG� FRQVWUXFWLQJ� VWRUDJH� FDYHUQV� WKDW� DUH� DOVR
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DSSURSULDWH�IRU�FUHDWLQJ�VROXWLRQ�PLQHG�FDYHUQV�IRU�RWKHU�XVHV���6HYHUDO�IDFWRUV�VKRXOG�EH�FRQVLGHUHG

LQ�VHOHFWLQJ�VLWHV�IRU�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQ�FDYHUQV��LQFOXGLQJ�GLVWDQFH�WR�SRSXODWHG�DUHDV�

SUR[LPLW\�WR�RWKHU�LQGXVWULDO�IDFLOLWLHV��FXUUHQW�DQG�IXWXUH�XVH�RI�DGMDFHQW�SURSHUWLHV��KDQGOLQJ�RI�EULQH

RU�RWKHU�GLVSODFHG�IOXLG��SUR[LPLW\�WR�HQYLURQPHQWDOO\�VHQVLWLYH�ZHWODQGV��ZDWHUV��DQG�IUHVK�ZDWHU

DTXLIHUV��SUR[LPLW\�WR�WKH�VDOW�ERXQGDU\��DQG�SUR[LPLW\�WR�RWKHU�H[LVWLQJ�DQG�DEDQGRQHG�VXEVXUIDFH

DFWLYLWLHV��VXFK�DV�QHLJKERULQJ�FDYHUQV�IRU�EULQH�RU�K\GURFDUERQ�VWRUDJH���'HWDLOHG�NQRZOHGJH�RI�WKH

JHRORJ\�VKRXOG�EH�VXSSRUWHG�E\�DGHTXDWH�GRFXPHQWDWLRQ���2SHUDWRUV�VKRXOG�EH�DEOH�WR�GHPRQVWUDWH

WKDW�WKH�FDYHUQV�WKH\�SODQ�WR�XVH�¥�HLWKHU�QHZ�FDYHUQV�GHYHORSHG�VSHFLILFDOO\�IRU�RLO�ILHOG�ZDVWH

GLVSRVDO��RU�H[LVWLQJ�FDYHUQV�WKDW�DUH�EHLQJ�FRQYHUWHG�¥�ZLOO�UHPDLQ�VWDEOH�LQ�WKH�IXWXUH���

'LVSRVDO�FDYHUQV�DFW�OLNH�ODUJH�RLO�ZDWHU�VROLGV�VHSDUDWRUV���7KH�VROLGV�LQ�WKH�LQFRPLQJ�ZDVWH

VHWWOH�WR�WKH�ERWWRP�RI�WKH�FDYHUQ�ZKLOH�WKH�OLJKWHU�RLOV�DQG�K\GURFDUERQV�ULVH�WR�WKH�WRS�RI�WKH�FDYHUQ�

ZKHUH�WKH\�FDQ�EH�UHPRYHG���:KHQ�SODFLQJ�ZDVWH�LQ�D�FDYHUQ��WKH�FDYHUQ�VSDFH�LV�EHVW�XWLOL]HG�E\

ILOOLQJ�HYHQO\�DQG�XQLIRUPO\��ZLWK�QR�ODUJH�YRLGV���2QH�PHWKRG�IRU�HPSODFLQJ�WKH�ZDVWH�LQ�WKH�FDYHUQ

LV�WR�LQMHFW�LW�WKURXJK�WKH�WXELQJ�WR�WKH�ERWWRP�RI�WKH�FDYHUQ���8QGHU�WKLV�VFHQDULR��DQ�RSHUDWRU�RI�DQ

RLO�ILHOG�ZDVWH�GLVSRVDO�FDYHUQ�ZRXOG�LQMHFW�ZDVWH�XQWLO�WKH�HQG�RI�WKH�WXELQJ�LV�FRYHUHG�RU�WKH�EDFN

SUHVVXUH�IURP�WKH�DFFXPXODWHG�ZDVWH�SUHFOXGHV�IXUWKHU�LQMHFWLRQ���$W�WKLV�SRLQW��WKH�RSHUDWRU�ZRXOG

XVH�D� VPDOO� FRQWUROOHG�H[SORVLYH�FKDUJH� WR�FXW�RII� WKH�HQG�RI� WKH� WXELQJ� IXUWKHU�XS� WKH�FDYHUQ�

$QRWKHU�7H[DV�RSHUDWRU�SUHIHUV�WR�LQMHFW�ZDVWH�WKURXJK�WKH�WXELQJ�FDVLQJ�DQQXOXV�LQWR�WKH�WRS�RI�WKH

FDYHUQ�DQG�DOORZ�WKH�ZDVWH�WR�VHWWOH�WR�WKH�ERWWRP���$�WKLUG�7H[DV�RSHUDWRU�KDV�LQVWDOOHG�WZR�ZHOOV

LQ� WKH�FDYHUQ��RQH� IRU� LQMHFWLRQ�DQG� WKH�RWKHU� IRU�EULQH�ZLWKGUDZDO�� �8QGHU�DQ\�RI� WKHVH�ZDVWH

HPSODFHPHQW�VFHQDULRV��FDYHUQ�SUHVVXUH�VKRXOG�EH�PRQLWRUHG�DQG�FRQWUROOHG�EHIRUH�WKH�FDYHUQ�LV

ILOOHG�ZLWK�RLO�ILHOG�ZDVWH��WKURXJKRXW�WKH�ZDVWH�HPSODFHPHQW�F\FOH��DQG�RSWLPDOO\��IRU�VRPH�SHULRG

RI�WLPH�DIWHU�ZDVWH�HPSODFHPHQW�KDV�HQGHG�

7KHUH�LV�QR�DFWXDO�ILHOG�H[SHULHQFH�RQ�WKH�ORQJ�WHUP�LPSDFWV�WKDW�PLJKW�DULVH�IURP�VDOW�FDYHUQ

GLVSRVDO�RI�RLO�ILHOG�ZDVWHV���7KH�OLWHUDWXUH�FRQWDLQV�PDQ\�WKHRUHWLFDO�VWXGLHV�WKDW�VSHFXODWH�ZKDW

PLJKW�KDSSHQ�IROORZLQJ�FORVXUH�RI�D�FDYHUQ���$OWKRXJK�GLIIHUHQW�DXWKRUV�DJUHH�WKDW�SUHVVXUHV�ZLOO

EXLOG�LQ�D�FORVHG�EULQH�ILOOHG�FDYHUQ�GXH�WR�VDOW�FUHHS��GRPDO�VDOW�RQO\��DQG�JHRWKHUPDO�KHDWLQJ��WKH\

GR�QRW�VSHFLILFDOO\�DGGUHVV�FDYHUQV�ILOOHG�ZLWK�RLO�ILHOG�ZDVWHV���&DYHUQV�ILOOHG�ZLWK�RLO�ILHOG�ZDVWHV

KDYLQJ�VSHFLILF�JUDYLWLHV�JUHDWHU�WKDQ�WKDW�RI�EULQH�ZLOO�KDYH�D�ORZHU�OLNHOLKRRG�RI�IDLOXUH�WKDQ�FDYHUQV

ILOOHG�ZLWK�EULQH����0RUH�ILHOG�UHVHDUFK�RQ�SUHVVXUH�EXLOGXS�LQ�FORVHG�FDYHUQV�LV�GHVLUDEOH�

%DVHG�RQ�WKLV�SUHOLPLQDU\�UHVHDUFK��ZH�EHOLHYH�WKDW�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQWR�VDOW

FDYHUQV�LV�IHDVLEOH�DQG�OHJDO���,I�FDYHUQV�DUH�VLWHG�DQG�GHVLJQHG�ZHOO��RSHUDWHG�FDUHIXOO\��FORVHG

SURSHUO\��DQG�PRQLWRUHG�URXWLQHO\��WKH\�UHSUHVHQW�D�VXLWDEOH�PHDQV�RI�GLVSRVLQJ�RI�RLO�ILHOG�ZDVWHV�



'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV� 3DJH��

&KDSWHU�����,QWURGXFWLRQ

�

&RQWHQW�DQG�3XUSRVH�RI�5HSRUW

&DYHUQV�FDQ�EH�UHDGLO\�IRUPHG�LQ�VDOW�IRUPDWLRQV�WKURXJK�VROXWLRQ�PLQLQJ���7KH�FDYHUQV�PD\

EH�IRUPHG�LQFLGHQWDOO\��DV�D�UHVXOW�RI�VDOW�UHFRYHU\��RU�LQWHQWLRQDOO\�WR�FUHDWH�DQ�XQGHUJURXQG�FKDPEHU

WKDW�FDQ�EH�XVHG�IRU�VWRULQJ�K\GURFDUERQ�SURGXFWV�RU�FRPSUHVVHG�DLU�RU�GLVSRVLQJ�RI�ZDVWHV���7KH

SXUSRVH� RI� WKLV� UHSRUW� LV� WR� HYDOXDWH� WKH� IHDVLELOLW\�� VXLWDELOLW\�� DQG� OHJDOLW\� RI� GLVSRVLQJ� RI

QRQKD]DUGRXV�RLO�DQG�JDV�H[SORUDWLRQ��GHYHORSPHQW��DQG�SURGXFWLRQ�ZDVWHV��KHUHDIWHU�UHIHUUHG�WR�DV

RLO�ILHOG�ZDVWHV��XQOHVV�RWKHUZLVH�QRWHG��LQ�VDOW�FDYHUQV���

&KDSWHU���SURYLGHV�EDFNJURXQG�LQIRUPDWLRQ�RQ

� 7\SHV�DQG�ORFDWLRQV�RI�8�6��VXEVXUIDFH�VDOW�GHSRVLWV�

� %DVLF�VROXWLRQ�PLQLQJ�WHFKQLTXHV�XVHG�WR�FUHDWH�FDYHUQV��DQG

� :D\V�LQ�ZKLFK�VDOW�FDYHUQV�DUH�XVHG���

/DWHU�FKDSWHUV�SURYLGH�GLVFXVVLRQ�RI

� )HGHUDO�DQG�VWDWH�UHJXODWRU\�UHTXLUHPHQWV�FRQFHUQLQJ�GLVSRVDO�RI�RLO�ILHOG�ZDVWH��LQFOXGLQJ

ZKLFK�ZDVWHV�DUH�FRQVLGHUHG�HOLJLEOH�IRU�FDYHUQ�GLVSRVDO�

� :DVWH�VWUHDPV�WKDW�DUH�FRQVLGHUHG�WR�EH�RLO�ILHOG�ZDVWH��DQG

� $Q� HYDOXDWLRQ� RI� WHFKQLFDO� LVVXHV� FRQFHUQLQJ� WKH� VXLWDELOLW\� RI� XVLQJ� VDOW� FDYHUQV� IRU

GLVSRVLQJ�RI�RLO�ILHOG�ZDVWH���6HSDUDWH�FKDSWHUV�SUHVHQW�

� 7\SHV�RI�RLO�ILHOG�ZDVWHV�VXLWDEOH�IRU�FDYHUQ�GLVSRVDO�

� &DYHUQ�GHVLJQ�DQG�ORFDWLRQ��

� 'LVSRVDO�RSHUDWLRQV��DQG

� &ORVXUH�DQG�UHPHGLDWLRQ�

7KLV�UHSRUW�GRHV�QRW�VXJJHVW�VSHFLILF�QXPHULFDO�OLPLWV�IRU�VXFK�IDFWRUV�RU�YDULDEOHV�DV�GLVWDQFH

WR�QHLJKERULQJ�DFWLYLWLHV��GHSWKV�IRU�FDVLQJV��SUHVVXUH�WHVWLQJ��RU�VL]H�DQG�VKDSH�RI�FDYHUQ���7KH�LQWHQW

LV�WR�UDLVH�LVVXHV�DQG�JHQHUDO�DSSURDFKHV�WKDW�ZLOO�FRQWULEXWH�WR�WKH�JURZLQJ�ERG\�RI�LQIRUPDWLRQ�RQ

WKLV�VXEMHFW�
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&KDSWHU�����%DFNJURXQG

7\SHV�DQG�/RFDWLRQV�RI�8�6��6XEVXUIDFH�6DOW�'HSRVLWV

)LJXUH����IURP�-RKQVRQ�DQG�*RQ]DOHV�������VKRZV�WKH�ORFDWLRQ�RI�WKH�PDMRU�8�6��VXEVXUIDFH

VDOW�GHSRVLWV���7KHUH�DUH�WZR�W\SHV�RI�VXEVXUIDFH�VDOW�GHSRVLWV�LQ�WKH�8QLWHG�6WDWHV��VDOW�GRPHV�DQG

EHGGHG�VDOW���6DOW�GRPHV�DUH�ODUJH��JHQHUDOO\�KRPRJHQHRXV�IRUPDWLRQV�RI�VDOW�WKDW�DUH�IRUPHG�ZKHQ

D�FROXPQ�RI�VDOW�PLJUDWHV�XSZDUG�IURP�D�GHHS�VDOW�EHG��SDVVLQJ�WKURXJK�WKH�RYHUO\LQJ�VHGLPHQWV�

3IHLIOH�HW�DO���������UHSRUW�WKDW�WKH�W\SLFDO�DQK\GULWH��FDOFLXP�VXOIDWH��FRQWHQW�RI�*XOI�&RDVW�VDOW

GRPHV�DYHUDJHV�OHVV�WKDQ���SHUFHQW��6DOW�GRPH�GHSRVLWV�DUH�IRXQG�LQ�WKH�*XOI�&RDVW�UHJLRQ�RI�7H[DV�

/RXLVLDQD��0LVVLVVLSSL��DQG�$ODEDPD���)LJXUHV���WKURXJK����WDNHQ�IURP�-LULN�DQG�:HDYHU�������VKRZ

WKH�VSHFLILF�ORFDWLRQV�RI�PDQ\�RQVKRUH�DQG�RIIVKRUH�VDOW�GRPHV���

%HGGHG�VDOW�IRUPDWLRQV�RFFXU�LQ�OD\HUV�ERXQGHG�RQ�WKH�WRS�DQG�ERWWRP�E\�LPSHUPHDEOH

IRUPDWLRQV� DQG� LQWHUVSHUVHG� ZLWK� QRQVDOW� VHGLPHQWDU\� PDWHULDOV� KDYLQJ� YDU\LQJ� OHYHOV� RI

LPSHUPHDELOLW\��VXFK�DV�DQK\GULWH��VKDOH��DQG�GRORPLWH���8QOLNH�VDOW�GRPHV��EHGGHG�VDOW�GHSRVLWV�DUH

WDEXODU�GHSRVLWV�RI�VRGLXP�FKORULGH�WKDW�FDQ�FRQWDLQ�VLJQLILFDQW�TXDQWLWLHV�RI�LPSXULWLHV�� �0DMRU

EHGGHG�VDOW�GHSRVLWV�RFFXU�LQ�VHYHUDO�SDUWV�RI�WKH�8QLWHG�6WDWHV���

$OWKRXJK�VDOW�GHSRVLWV�RFFXU�LQ�PDQ\�SDUWV�RI�WKH�8QLWHG�6WDWHV��LQ�PRVW�VWDWHV��WKH�RFFXUUHQFH

RI�VDOW�LQ�WKH�TXDQWLWLHV�DQG�ORFDWLRQV�WKDW�ZRXOG�SURPRWH�FRPPHUFLDO�PLQLQJ�LV�OLPLWHG���7KHUH�DUH

���VWDWHV�LQ�ZKLFK�VDOW�RFFXUV�LQ�VXIILFLHQW�TXDQWLW\�WR�EH�PLQHG�E\�HLWKHU�H[FDYDWLRQ�RU�VROXWLRQ

PLQLQJ��RU�UHFRYHUHG�WKURXJK�VRODU�HYDSRUDWLRQ���7KH�VWDWHV�ZKHUH�WKHVH�PDMRU�VDOW�GHSRVLWV�RFFXU

DUH�� � $ODEDPD�� $UL]RQD�� &RORUDGR�� .DQVDV�� /RXLVLDQD��0LFKLJDQ��0LVVLVVLSSL��0RQWDQD�� 1HZ

0H[LFR��1HZ�<RUN��1RUWK�'DNRWD��2KLR��2NODKRPD��3HQQV\OYDQLD��7H[DV��DQG�8WDK���

2I�WKH�VWDWHV�OLVWHG�DERYH��WKRVH�ZLWK�WKH�PRVW�VLJQLILFDQW�VDOW�PLQLQJ�RSHUDWLRQV�DUH���.DQVDV�

/RXLVLDQD��0LFKLJDQ��1HZ�0H[LFR��1HZ�<RUN��2KLR��DQG�7H[DV���7KHVH�VWDWHV��HLWKHU�FXUUHQWO\�RU

LQ�WKH�IXWXUH��FRXOG�FRQWDLQ�FDYHUQV�VXLWDEOH�IRU�RLO�DQG�JDV�ZDVWH�GLVSRVDO���3HQQV\OYDQLD�FRQWDLQV

FDYHUQV�WKDW�DUH�FXUUHQWO\�SHUPLWWHG�IRU�K\GURFDUERQ�VWRUDJH�WKDW�FRXOG�SRWHQWLDOO\�EH�FRQYHUWHG�WR

ZDVWH�GLVSRVDO�FDYHUQV���8WDK�KDV�VRPH�SRWHQWLDO�IRU�IXWXUH�GLVSRVDO�FDYHUQ�RSHUDWLRQV��DOWKRXJK�LW

LV�D�UHODWLYHO\�VPDOO�RLO�DQG�JDV�ZDVWH�JHQHUDWRU���7KH�UHPDLQLQJ�VWDWHV�KDYH�RQO\�D�OLPLWHG�QXPEHU

RI�VDOW�SURGXFWLRQ�VLWHV�DQG�DUH�QRW�OLNHO\�FDQGLGDWHV�IRU�IXWXUH�FDYHUQ�GLVSRVDO�RSHUDWLRQV�

)RUPDWLRQ�RI�6DOW�&DYHUQV

6DOW�FDYHUQV�DUH�IRUPHG�E\�LQMHFWLQJ�ZDWHU�WKDW�LV�QRW�IXOO\�VDOW�VDWXUDWHG�LQWR�D�VDOW�IRUPDWLRQ

DQG�ZLWKGUDZLQJ�WKH�UHVXOWLQJ�EULQH�VROXWLRQ���)LJXUHV���DQG���VKRZ�WKH�PDLQ�IHDWXUHV�RI�VDOW�FDYHUQ

FRQVWUXFWLRQ�IRU�FDYHUQV�LQ�GRPDO�VDOW�DQG�EHGGHG�VDOW��UHVSHFWLYHO\���7KHVH�ILJXUHV�DUH�QRW�GUDZQ�WR

VFDOH�RU�LQWHQGHG�WR�VKRZ�GHWDLOHG�FRQVWUXFWLRQ�IHDWXUHV���

7KH�ILUVW�VWHS�LQ�FUHDWLQJ�D�VDOW�FDYHUQ�LV�GULOOLQJ�D�ERUHKROH���1HDU�WKH�VXUIDFH��WKH�ERUHKROH
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LV� ODUJHU� LQ�GLDPHWHU� WR� DOORZ� IRU� LQVWDOODWLRQ�RI� VHYHUDO� FRQFHQWULF� OD\HUV�RI� FDVLQJ��ZKLFK�DUH

FHPHQWHG�LQ�SODFH�WR�SURWHFW�DJDLQVW�FRQWDPLQDWLRQ�RI�GULQNLQJ�ZDWHU�VRXUFHV���7KH�RXWHUPRVW�OD\HU

RI�FDVLQJ�LV�NQRZQ�DV�WKH�VXUIDFH�FDVLQJ���7\SLFDOO\��LW�GRHV�QRW�H[WHQG�DOO�WKH�ZD\�WR�WKH�FDYHUQ�URRI�

7KH�ILQDO�FDVLQJ��RU�ORQJ�VWULQJ�FDVLQJ���ZKLFK�LV�DOVR�FHPHQWHG��LV�VHW�DW�D�GHSWK�EHORZ�WKH�WRS�RI�WKH

VDOW�IRUPDWLRQ���*HQHUDOO\��D�QRQ�FHPHQWHG�FDVLQJ�VWULQJ��WKH�WXELQJ�VWULQJ��LV�SODFHG�LQ�DQ�RSHQ�KROH

ZKLFK�KDV�EHHQ�GULOOHG�WR�D�GHSWK�DSSUR[LPDWHO\�ZKHUH�WKH�ERWWRP�RI�WKH�FDYHUQ�ZLOO�EH��DOWKRXJK

VRPH�LQWHUFRQQHFWHG�PXOWL�ZHOO�FDYHUQV�PD\�QRW�KDYH�D�QRQ�FHPHQWHG�VWULQJ�LQ�HDFK�ZHOO���,Q�VRPH

FDYHUQV��WZR�QRQ�FHPHQWHG�FDVLQJ�VWULQJV�PD\�H[WHQG�WR�D�GHSWK�DSSUR[LPDWHO\�ZKHUH�WKH�ERWWRP

RI�WKH�FDYHUQ�ZLOO�EH���8QGHU�WKLV�GHVLJQ�VFHQDULR��RQH�VWULQJ�LV�XVHG�WR�LQMHFW�ZDWHU�DQG�WKH�RWKHU�LV

XVHG�WR�ZLWKGUDZ�EULQH�

7KHUH� DUH� VHYHUDO�PHWKRGV� XVHG� IRU� GHYHORSLQJ� DQG� VKDSLQJ� WKH� FDYHUQ�� � ,Q� WKH� GLUHFW

FLUFXODWLRQ�PHWKRG��IUHVK�ZDWHU�LV�LQMHFWHG�WKURXJK�WKH�WXELQJ�VWULQJ��DQG�EULQH�LV�ZLWKGUDZQ�WKURXJK

WKH�DQQXODU�VSDFH�EHWZHHQ�WKH�WXELQJ�VWULQJ�DQG�WKH�ILQDO�FDVLQJ���,Q�WKH�UHYHUVH�FLUFXODWLRQ�PHWKRG�

IUHVK�ZDWHU�HQWHUV�WKURXJK�WKH�DQQXOXV�DQG�WKH�EULQH�LV�ZLWKGUDZQ�WKURXJK�WKH�WXELQJ�VWULQJ���$

FRPELQDWLRQ�RI�WKHVH�WZR�PHWKRGV�RU�RWKHU�PRUH�FRPSOLFDWHG�PHWKRGV�FDQ�EH�XVHG�WR�REWDLQ�WKH

GHVLUHG�FDYHUQ�JHRPHWU\���$3,��������GHVFULEHV�DQG�SURYLGHV�LOOXVWUDWLRQV�RI�WKHVH�PHWKRGV�

'XULQJ�FDYHUQ�IRUPDWLRQ��D�UXEEOH�EHG�RI�LPSXULWLHV�VXFK�DV�DQK\GULWH�FDQ�IRUP�RQ�WKH�ERWWRP

RI�WKH�FDYHUQ���'HSHQGLQJ�RQ�WKH�VL]H�RI�WKH�FDYHUQ�DQG�WKH�DPRXQW�RI�LPSXULWLHV�SUHVHQW��PRUH�WKDQ

���IHHW�RI�LPSXULWLHV�FDQ�VLW�RQ�WKH�ERWWRP�RI�WKH�FDYHUQ��7RPDVNR�������

7KH�SHWUROHXP�LQGXVWU\�KDV�FRQVWUXFWHG�PDQ\�VDOW�FDYHUQV�IRU�VWRULQJ�K\GURFDUERQV���,Q�DQ

DWWHPSW�WR�SURYLGH�JXLGDQFH�IRU�GHVLJQLQJ�DQG�RSHUDWLQJ�K\GURFDUERQ�VWRUDJH�VDOW�FDYHUQV��VHYHUDO

RUJDQL]DWLRQV�KDYH�GHYHORSHG�VWDQGDUGV�DQG�JXLGDQFH�GRFXPHQWV��&6$�������$3,�������DQG�,2*&&

������� �5HDGHUV�GHVLULQJ�PRUH�GHWDLOV�RQ�GHVLJQ�� ORFDWLRQ��DQG�FRQVWUXFWLRQ�RI� VDOW�FDYHUQV�DUH

UHIHUUHG�WR�WKHVH�UHSRUWV�

8VH�RI�6DOW�&DYHUQV

7KH�PRVW�FRPPRQ�XVH�RI�VDOW�FDYHUQV� LV�SURGXFWLRQ�RI�VDOW��ZKLFK� LQ� WXUQ��HQODUJHV� WKH

FDYHUQV���7KH�SRVW�PLQLQJ�XVHV�RI�FDYHUQV�DUH�K\GURFDUERQ�VWRUDJH��FRPSUHVVHG�DLU�VWRUDJH��DQG

ZDVWH�GLVSRVDO�

+\GURFDUERQ�6WRUDJH���6DOW�FDYHUQV�DUH�FRPPRQO\�XVHG�IRU�VWRULQJ�K\GURFDUERQV���7KH

HDUOLHVW�FDYHUQ�VWRUDJH�IRU�OLTXLILHG�SHWUROHXP�JDV��/3*��LQ�EHGGHG�VDOWV�RFFXUUHG�LQ�WKH�����V��ZLWK

VWRUDJH�LQ�VDOW�GRPH�FDYHUQV�EHJLQQLQJ�LQ��������6RPH�RI�WKH�SURGXFWV�WKDW�KDYH�EHHQ�VWRUHG�DUH

SURSDQH��EXWDQH��HWKDQH��HWK\OHQH��IXHO�RLO��JDVROLQH��QDWXUDO�JDV��DQG�FUXGH�RLO��4XHULR���������,Q

������WKH�8�6��&RQJUHVV�FUHDWHG�WKH�6WUDWHJLF�3HWUROHXP�5HVHUYH��635��SURJUDP�WR�SURYLGH�WKH

FRXQWU\�ZLWK�VXIILFLHQW�SHWUROHXP�UHVHUYHV�WR�UHGXFH�WKH�LPSDFWV�RI�IXWXUH�RLO�VXSSO\�LQWHUUXSWLRQV�

7KH�635�FRQVLVWV�RI����OHDFKHG�FDYHUQV�LQ�GRPDO�VDOW�ZLWK�D�WRWDO�FDSDFLW\�RI�����PLOOLRQ�EDUUHOV�

7KH�8�6��'HSDUWPHQW�RI�(QHUJ\��'2(��KDV�SUHSDUHG�D�SODQ�IRU��EXW�LV�QRW�FXUUHQWO\�SXUVXLQJ��WKH
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��3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�%LOO�'LDPRQG��([HFXWLYH�'LUHFWRU�� 6ROXWLRQ�0LQLQJ�5HVHDUFK�

,QVWLWXWH��'HHUILHOG��,/��DQG�-RKQ�9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ�� '&��RQ�$XJXVW����������

GHYHORSPHQW�RI�DQ�DGGLWLRQDO�����PLOOLRQ�EDUUHOV�RI�VWRUDJH�FDSDFLW\��

:DVWH�'LVSRVDO� ��$�VHFRQG�XVH�RI�VDOW�FDYHUQV�LV�GLVSRVLQJ�RI�YDULRXV�W\SHV�RI�ZDVWHV�

6HYHUDO� H[DPSOHV� RI� DFWXDO� RU� SURSRVHG� ZDVWH� GLVSRVDO� SURMHFWV� DUH� SUHVHQWHG� EHORZ�� � 7KHVH

H[DPSOHV�DUH�EDVHG�RQ�OLPLWHG�DQG�QRW�FRPSOHWHO\�XS�WR�GDWH�LQIRUPDWLRQ�IURP�IRUHLJQ�FRXQWULHV�

7KH�FXUUHQW�H[WHQW�RI�FDYHUQ�ZDVWH�GLVSRVDO�PD\�EH�ODUJHU�QRZ�

8QLWHG� 6WDWHV� �� ,Q� WKH�8QLWHG� 6WDWHV�� RQO\� OLPLWHG�ZDVWH� GLVSRVDO� LQWR� VDOW� FDYHUQV� KDV

RFFXUUHG���,Q�7H[DV��WKH�5DLOURDG�&RPPLVVLRQ�RI�7H[DV��75&��LVVXHG�VL[�SHUPLWV�EHWZHHQ

�����DQG������IRU�GLVSRVLQJ�RI�RLO�ILHOG�ZDVWH�LQWR�VDOW�FDYHUQV���$V�RI�0D\�������QHDUO\�KDOI

D�PLOOLRQ�EDUUHOV�RI�RLO�ILHOG�ZDVWH�KDG�EHHQ�GLVSRVHG�RI�LQ�WKLV�PDQQHU��)XOOHU�DQG�%R\W

��������7HQ�RWKHU�VWDWHV�ZLWK�VLJQLILFDQW�VROXWLRQ�PLQLQJ�DQG�RLO�DQG�JDV�SURGXFWLRQ�DFWLYLW\

ZHUH�DVNHG�LI�WKH\�FXUUHQWO\�XVHG�VDOW�FDYHUQV�IRU�GLVSRVLQJ�RI�RLO�ILHOG�ZDVWH���1RQH�RI�WKHVH

VWDWHV�FXUUHQWO\�KDYH�DSSURYHG�DQ\�VXFK�GLVSRVDO�SURMHFWV��DOWKRXJK�VHYHUDO�VWDWHV�UHSRUWHG

DQ�LQWHUHVW�LQ�WKH�VXEMHFW���1HZ�0H[LFR�KDV�UHFHLYHG�DQ�DSSOLFDWLRQ�WR�VLWH�DQG�RSHUDWH�D

GLVSRVDO�FDYHUQ�EXW�KDG�PDGH�QR�GHFLVLRQ�RQ�LW�DV�RI�0D\��������$�VXPPDU\�RI�WKH�FRQWDFWV

ZLWK�WKHVH�VWDWHV�LV�SURYLGHG�LQ�7DEOH���

6HYHUDO�SURSRVDOV�IRU�VWRULQJ�KD]DUGRXV�ZDVWHV�LQ�7H[DV�VDOW�GRPH�FDYHUQV�ZHUH�PDGH�GXULQJ

WKH�SDVW����\HDUV��EXW�QRQH�KDYH�EHHQ�DSSURYHG�E\�WKH�7H[DV�VWDWH�JRYHUQPHQW��7KRPV�DQG

*HKOH���������,Q�WKH�HDUO\�����V��D�+RXVWRQ�EDVHG�ZDVWH�GLVSRVDO�FRPSDQ\�SURSRVHG�WR

GLVSRVH�RI�WR[LF�ZDVWHV�LQ�WKH�9LQWRQ�VDOW�GRPH�LQ�VRXWKZHVW�/RXLVLDQD���$�YHUWLFDOO\�DOLJQHG

VHULHV�RI�FDYHUQV��VHSDUDWHG�E\�VDOW�LQWHUYDOV��ZDV�WR�EH�VROXWLRQ�PLQHG�IURP�D�VLQJOH�ZHOO�

7KH�GHHSHVW�ZRXOG�EH�PLQHG�ILUVW��ILOOHG�ZLWK�ZDVWHV��DQG�WKHQ�SOXJJHG�ZLWK�VDOW���7KH�QH[W

GHHSHVW�FDYHUQ�ZRXOG�WKHQ�EH�ILOOHG�DQG�VHDOHG���7KH�SURFHVV�ZRXOG�EH�FRQWLQXHG�XQWLO�WKH

XVDEOH�VDOW�LQWHUYDO�IRU�WKDW�ZHOO�ZDV�IXOO\�RFFXSLHG�ZLWK�VWDFNHG��PLQL�FDYHUQV����7KLV�GHVLJQ

ZDV�UHIHUUHG�WR�DV�WKH��VWULQJ�RI�SHDUOV��FRQFHSW�DQG�UHSRUWHGO\�ZDV�SDWHQWHG��7KRPV�������

%\� PLQLPL]LQJ� WKH� YHUWLFDO� H[WHQW� RI� DQ\� SDUWLFXODU� PLQL�FDYHUQ�� SUHVVXUH� GLIIHUHQWLDO

SUREOHPV�FRXOG�EH�UHGXFHG�

7KH�'2(�FRQVWUXFWHG�WKH�:DVWH�,VRODWLRQ�3LORW�3ODQW��:,33���DQ�XQGHUJURXQG�UHSRVLWRU\�IRU

UDGLRDFWLYH�ZDVWH��LQ�D�EHGGHG�VDOW�IRUPDWLRQ�LQ�VRXWKHDVWHUQ�1HZ�0H[LFR���$OWKRXJK�WKH

:,33�ZDV�H[FDYDWHG� UDWKHU� WKDQ� IRUPHG� WKURXJK� VROXWLRQ�PLQLQJ�� LWV� FRQFHSW�RI� VDIHO\

GLVSRVLQJ� RI�ZDVWHV� LQ� D� VDOW� IRUPDWLRQ� DSSOLHV� HTXDOO\�ZHOO� WR� RLO� ILHOG�ZDVWH� GLVSRVDO

FDYHUQV�

7KH�8�6��VDOW�PLQLQJ�LQGXVWU\�GLVSRVHV�RI�LPSXULWLHV�UHPRYHG�GXULQJ�WKH�EULQH�SXULILFDWLRQ

SURFHVV�LQWR�FDYHUQV ���
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�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�%UHQGD�$XVWLQ��$OEHUWD�(QHUJ\�DQG�8WLOLWLHV�%RDUG��&DOJDU\ ��

$OEHUWD��&DQDGD��DQG�-RKQ�9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�0D\����������

&DQDGD���,Q�������D�8�6��SDWHQW�ZDV�JUDQWHG�WR�&DQDGLDQ�LQYHQWRUV�IRU�D�PHWKRG�RI�UHIXVH

GLVSRVDO�LQ�VROXWLRQ�PLQHG�VDOW�FDYLWLHV��3HDUVRQ�DQG�$OVHWK��������EXW�WKHLU�SURFHVV�KDV�QRW

\HW�EHHQ�XVHG�LQ�WKH�8QLWHG�6WDWHV��

7KH�3URYLQFH�RI�$OEHUWD�KDV�DXWKRUL]HG�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQWR�VHYHUDO�FDYHUQV�QHDU

(GPRQWRQ ��

8QLWHG�.LQJGRP���,Q�WKH�8QLWHG�.LQJGRP��YDULRXV�ZDVWHV�DUH�EHLQJ�GLVSRVHG�RI�LQWR�FDYHUQV

DW�WKH�+ROIRUG�%ULQHILHOG��+RDWKHU�DQG�&KDOOLQRU���������7KH�EULQHILHOG�RSHUDWRU�LV�DXWKRUL]HG

WR�GLVSRVH�RI�����WRQV�SHU�GD\�RI�EULQH�PXG�VROLGV�IURP�WKH�SXULILFDWLRQ�RI�FUXGH�EULQH��DQG

����WRQV�SHU�GD\�RI�DONDOL�ZDVWHV�IURP�ORFDO�VRGD�DVK�SURGXFWLRQ��LQWR�VDOW�FDYHUQV���7KH�EULQH

GLVSODFHG� IURP� WKH� FDYHUQV�E\� WKH� VROLGV� LV� XVHG� WR� VOXUU\� DGGLWLRQDO� VROLGV�EDFN� WR� WKH

FDYHUQV�� � ,Q�DGGLWLRQ�� WKH�RSHUDWRU� LV�DXWKRUL]HG�WR�GLVSRVH�RI�RUJDQLF�UHVLGXHV�IURP�WKH

SURGXFWLRQ�RI�SHUFKORURHWK\OHQH��WULFKORURHWK\OHQH��DQG�RWKHU�UHODWHG�FKORURK\GURFDUERQV�LQWR

VSHFLDOO\�GHVLJQDWHG�FDYHUQV�WKDW�FRQWDLQ�DONDOLQH�PDWHULDO�WKDW�ZLOO�QHXWUDOL]H�DQ\�IUHH�DFLG

LQ�WKH�ZDVWHV���

)HDVLELOLW\�VWXGLHV�IRU�GLVSRVLQJ�RI�KD]DUGRXV�RU�RWKHU�ZDVWHV� LQ�VDOW�FDYHUQV�KDYH�EHHQ

FRQGXFWHG�LQ�VHYHUDO�(XURSHDQ�FRXQWULHV���+RDWKHU�DQG�&KDOOLQRU��������UHSRUW�RQ�D�SURSRVDO

WR�GLVSRVH�RI�FRQWDPLQDWHG�VRLOV��GRPHVWLF�DQG�FRPPHUFLDO�VROLG�ZDVWH��WUDVK���DQG�VHZDJH

VOXGJH�LQWR�WKH�+ROIRUG�%ULQHILHOG�LQ�WKH�8QLWHG�.LQJGRP����

*HUPDQ\���*HUPDQ\�KDV�DGRSWHG�WHFKQLFDO�UHJXODWLRQV�RQ�KD]DUGRXV�ZDVWH�PDQDJHPHQW��7$

6RQGHUDEIDOO���7KHVH�UHJXODWLRQV�UHTXLUH�WKDW�DOO�ZDVWH�WKDW�FDQQRW�EH�VWRUHG�IRU�H[WHQGHG

SHULRGV�DERYH�JURXQG�ZLWKRXW�SRVLQJ�D�VHULRXV�WKUHDW�WR�WKH�ELRVSKHUH��HYHQ�DIWHU�XQGHUJRLQJ

WUHDWPHQW�� VKDOO� EH� VWRUHG� XQGHUJURXQG� LQ� VXLWDEOH� JHRORJLF� IRUPDWLRQV�� � 7KH� *HUPDQ

JRYHUQPHQW�DQG�WKH�/RZHU�6D[RQ\�&RPSDQ\�IRU�WKH�)LQDO�'LVSRVDO�RI�+D]DUGRXV�:DVWH

�1*6��FR�VSRQVRUHG�D�VWXG\�RI�WKH�IHDVLELOLW\�RI�VWRULQJ�KD]DUGRXV�ZDVWH�LQ�VDOW�FDYHUQV

�1*6� GDWH� XQVSHFLILHG�� &URWRJLQR� ������� � 7KH� 7$� 6RQGHUDEIDOO� UHTXLUHV� WKDW� EULQH� EH

UHPRYHG�IURP�WKH�FDYHUQV�EHIRUH�HPSODFLQJ�ZDVWHV���7KH�1*6�VWXG\�IRXQG�WKDW�E\�DGDSWLQJ

H[LVWLQJ�WHFKQRORJLHV�IRU�ZDVWH�FRQGLWLRQLQJ��ZDVWH�HPSODFHPHQW��DQG�FDYHUQ�HQJLQHHULQJ�

WKH�UHTXLUHPHQWV�RI�7$�6RQGHUDEIDOO�FRXOG�EH�PHW���$W�WKLV�WLPH��KRZHYHU��QR�KD]DUGRXV

ZDVWHV�KDYH�EHHQ�GLVSRVHG�RI�LQ�*HUPDQ�VDOW�FDYHUQV�

�

&URWRJLQR��������UHSRUWV� WKDW�VDOW�EHDULQJ�GULOOLQJ�IOXLGV�DQG�FXWWLQJV�DULVLQJ�IURP�GHHS

GULOOLQJ�IRU�QDWXUDO�JDV��RLO��DQG�VDOW�FDYHUQV�DUH�GLVSRVHG�RI�LQ�VDOW�FDYHUQV���$W�WKH�WLPH

&URWRJLQR�SUHVHQWHG�WKLV�SDSHU��SURMHFWV�ZHUH�LQ�WKH�SODQQLQJ�VWDJH�IRU�GLVSRVLQJ�RI�YDULRXV

PLQHUDO�EXON�UHVLGXHV��H�J���FRQWDPLQDWHG�VRLO��DVKHV��GXVWV��DQG�VDQG�EODVWLQJ�UHVLGXHV��LQ�VDOW

FDYHUQV���0RUH�UHFHQWO\��*HUPDQ\�LV�SODQQLQJ�WR�GLVSRVH�RI�VHGLPHQWV�FRQWDPLQDWHG�ZLWK
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�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�)ULW]�&URWRJLQR��.DYHUQHQ�%DX��XQG�%HWULHEV�*PEK��+DQQRYHU ��

*HUPDQ\��DQG�-RKQ�9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�$XJXVW����������

�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�-RVH�3HUHLUD��3%�.%%��+RXVWRQ��7;��DQG�-RKQ�9HLO��$UJRQQ H�

1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�2FWREHU���������

PHUFXU\�IURP�WKH�KDUERU�LQ�+DPEXUJ�LQWR�VDOW�FDYHUQV ��

1HWKHUODQGV���:DVVPDQ��������UHSRUWV�WKDW�WKH�'XWFK�KDYH�GLVSRVHG�RI�ZDVWHV�IURP�D�EULQH

SXULILFDWLRQ�SODQW�LQ�D�VDOW�FDYHUQ���$W�WKDW�WLPH��WKH�'XWFK�ZHUH�PDNLQJ�SODQV�WR�GLVSRVH�RI

GULOOLQJ�IOXLGV�DQG�GULOO�FXWWLQJV�LQ�VDOW�FDYHUQV���&RQFHQWUDWHG�PDJQHVLXP�FKORULGH�EULQH�KDV

DOVR�EHHQ�VWRUHG�LQ�FDYHUQV�

0H[LFR� �� ,Q�0H[LFR��VXOIDWH�SXUJHG�IURP�VDOW�HYDSRUDWRUV� LV�EHLQJ�GLVSRVHG�RI� LQWR�VDOW

FDYHUQV ��
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&KDSWHU�����5HJXODWRU\�&RQVLGHUDWLRQV

([WHQW�RI�(YDOXDWLRQ

7KLV�FKDSWHU�HYDOXDWHV�WKH�VWDWH�DQG�IHGHUDO�HQYLURQPHQWDO�UHTXLUHPHQWV�DV�WKH\�DSSO\�WR

GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQWR�VDOW�FDYHUQV���1R�DWWHPSW�LV�PDGH�WR�HQFRPSDVV�DOO�W\SHV�RI�SHUPLWV�

OLFHQVHV��RU�DSSURYDOV�WKDW�PXVW�EH�REWDLQHG�E\�DQ�RSHUDWRU��LQFOXGLQJ�]RQLQJ�DSSURYDOV��PLQHUDO

ULJKWV��DQG�FRQVWUXFWLRQ��VDIHW\��DQG�ILUH�FRGH�UHTXLUHPHQWV�

'HVFULSWLRQ�RI�1RQKD]DUGRXV�2LO�)LHOG�:DVWHV

2Q�-XO\���������� WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\� �(3$�� LVVXHG�D� UHJXODWRU\

GHWHUPLQDWLRQ�WKDW�H[HPSWHG�ZDVWHV�IURP�WKH�H[SORUDWLRQ��GHYHORSPHQW��DQG�SURGXFWLRQ�RI�FUXGH�RLO�

QDWXUDO� JDV�� DQG� JHRWKHUPDO� HQHUJ\� IURP� UHJXODWLRQ� DV� KD]DUGRXV� ZDVWHV� XQGHU� WKH� 5HVRXUFH

&RQVHUYDWLRQ�DQG�5HFRYHU\�$FW��5&5$��6XEWLWOH�&�����)5����������7KH�OLVW�RI�ZDVWHV�H[HPSWHG

IURP�5&5$�6XEWLWOH�&�LV�UHSURGXFHG�LQ�7DEOH�����2Q�0DUFK�����������(3$�LVVXHG�FODULILFDWLRQ�RI

WKH� ����� GHWHUPLQDWLRQ�� DGGLQJ� WKDW� PDQ\� RWKHU� ZDVWHV� WKDW� ZHUH� XQLTXHO\� DVVRFLDWHG� ZLWK

H[SORUDWLRQ�DQG�SURGXFWLRQ�RSHUDWLRQV�ZHUH�DOVR�H[HPSWHG�IURP�5&5$�6XEWLWOH�&�UHTXLUHPHQWV����

)5����������7KH�FODULILFDWLRQ�RI�WKH�5&5$�H[HPSWLRQ�UHVWDWHV�(3$
V�SRVLWLRQ�WKDW�ZDVWHV�GHULYHG

IURP�WUHDWPHQW�RI�DQ�H[HPSWHG�ZDVWH�JHQHUDOO\�UHPDLQ�H[HPSW��DQG�WKDW�RII�VLWH�WUDQVSRUWDWLRQ�GRHV

QRW�QHJDWH�WKH�H[HPSWLRQ���6RPH�ZDVWHV�GHULYHG�IURP�WUHDWPHQW�RI�DQ�H[HPSW�ZDVWH�PD\�QRW�EH

H[HPSW��KRZHYHU���)RU�H[DPSOH��LI�D�WUHDWPHQW�IDFLOLW\�XVHV�DFLG�WR�WUHDW�DQ�H[HPSW�ZDVWH��WKH�ZDVWH

PDWHULDO�GHULYHG�IURP�WKH�H[HPSW�ZDVWH�UHPDLQV�H[HPSW��EXW�WKH�VSHQW�DFLG�LV�QRW�H[HPSW�

(3$�KDV�HPSKDVL]HG�WKH�QHHG�WR�ZRUN�ZLWK�VWDWHV�WR�HQFRXUDJH�FKDQJHV�LQ�WKHLU�UHJXODWLRQV

WR�LPSURYH�PDQDJHPHQW�RI�RLO�DQG�JDV�H[SORUDWLRQ�DQG�SURGXFWLRQ�ZDVWHV���)RU�H[DPSOH��DOWKRXJK

5&5$�6XEWLWOH�&�VSHFLILFDOO\�H[HPSWV�SURGXFHG�ZDWHU��GULOOLQJ�IOXLGV��DQG��RWKHU�ZDVWHV�DVVRFLDWHG�

ZLWK�H[SORUDWLRQ��GHYHORSPHQW��DQG�SURGXFWLRQ�DFWLYLWLHV��PRVW�VWDWH�UHJXODWLRQV�H[HPSW�SURGXFHG

ZDWHU�DQG�GULOOLQJ�IOXLGV�IURP�KD]DUGRXV�ZDVWH�UHJXODWLRQ��DOORZLQJ�IRU�WKHLU�GLVSRVDO�LQWR�&ODVV�,,

LQMHFWLRQ�ZHOOV��EXW�DUH�RIWHQ�VLOHQW�RQ�WKH�UHTXLUHPHQWV�IRU�WKH��DVVRFLDWHG�ZDVWHV����(3$�VSHFLILFDOO\

LGHQWLILHG�LQ�LWV������UHJXODWRU\�GHWHUPLQDWLRQ�PDQ\��DVVRFLDWHG�ZDVWHV��WKDW�DUH�H[HPSW�XQGHU

5&5$�6XEWLWOH�&��VHH�7DEOH������

&RQVLGHUDWLRQ�RI�6DOW�&DYHUQV�8VHG�IRU�'LVSRVLQJ�RI�2LO�)LHOG�:DVWH�DV�&ODVV�,,�,QMHFWLRQ�:HOOV

8QGHU�WKH�DXWKRULW\�RI�WKH�6DIH�'ULQNLQJ�:DWHU�$FW��6':$���(3$�HVWDEOLVKHG�UHJXODWLRQV

IRU� WKH�8QGHUJURXQG�,QMHFWLRQ�&RQWURO��8,&��SURJUDP���$OO� LQMHFWLRQ�ZHOOV�DUH�DVVLJQHG�WR�ILYH

FODVVHV���6DOW�FDYHUQV�XVHG�IRU�GLVSRVLQJ�RI�RLO�ILHOG�ZDVWH�DUH�&ODVV�,,�ZHOOV���6WDWHV�VHHNLQJ�DXWKRULW\

WR�DGPLQLVWHU�WKH�8,&�SURJUDP�FDQ�VHHN�SULPDF\�LQ�WZR�ZD\V���8QGHU�������RI�WKH�6':$��VWDWHV

PXVW�GHPRQVWUDWH�WKDW�WKHLU�VWDWH�UHJXODWLRQV�DUH�DW�OHDVW�DV�VWULQJHQW�DV�WKRVH�DGRSWHG�E\�(3$���7R

SURYLGH�JUHDWHU�IOH[LELOLW\�IRU�VWDWHV�DGPLQLVWHULQJ�&ODVV�,,�SURJUDPV��&RQJUHVV�DGGHG�������WR�WKH

6':$��ZKLFK�UHTXLUHV�VWDWHV�VHHNLQJ�GHOHJDWLRQ�WR�KDYH�DQ�XQGHUJURXQG�LQMHFWLRQ�SURJUDP�WKDW
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PHHWV� WKH� UHTXLUHPHQWV� RI� ������E�����$���'�� DQG� UHSUHVHQWV� DQ� HIIHFWLYH� SURJUDP� WR� SUHYHQW

XQGHUJURXQG�LQMHFWLRQ�WKDW�HQGDQJHUV�GULQNLQJ�ZDWHU�VRXUFHV���$�EULHI�GLVFXVVLRQ�RI�WKH�UHOHYDQW

IHGHUDO�8,&�UHJXODWLRQV�IROORZV���5HIHUHQFHV�WR�VWDWH�UHVSRQVLELOLWLHV�LQ�WKH�IROORZLQJ�VHFWLRQV�DUH

WKRVH�WKDW�ZRXOG�DSSO\�WR�VWDWHV�VHHNLQJ�GHOHJDWLRQ�XQGHU�������

���&)5�3DUW����� ��7KHVH�UHJXODWLRQV�HVWDEOLVK�WKH�PLQLPXP�UHTXLUHPHQWV�IRU� WKH�8,&

SURJUDP���(DFK�VWDWH�PXVW�PHHW�WKHVH�UHTXLUHPHQWV�LQ�RUGHU�WR�REWDLQ�SULPDU\�HQIRUFHPHQW�DXWKRULW\

IRU�WKH�8,&�SURJUDP�LQ�WKDW�VWDWH���7KHVH�UHJXODWLRQV�DOVR�DUH�SDUW�RI�WKH�8,&�SURJUDPV�LQ�VWDWHV

ZKHUH�WKH�SURJUDP�LV�DGPLQLVWHUHG�GLUHFWO\�E\�(3$���7KH�6':$�SURYLGHV�WKDW�DOO�XQGHUJURXQG

LQMHFWLRQV�DUH�XQODZIXO�DQG�VXEMHFW�WR�SHQDOWLHV�XQOHVV�DXWKRUL]HG�E\�SHUPLW�RU�E\�UXOH���3DUW�����VHWV

IRUWK�WKH�SHUPLWWLQJ�DQG�RWKHU�SURJUDP�UHTXLUHPHQWV�WKDW�PXVW�EH�PHW�E\�8,&�3URJUDPV��ZKHWKHU�UXQ

E\�D�VWDWH�RU�E\�(3$���&ODVV�,,�LQMHFWLRQ�ZHOOV�DUH�GHILQHG�DV��ZHOOV�ZKLFK�LQMHFW�IOXLGV�

���� :KLFK� DUH� EURXJKW� WR� WKH� VXUIDFH� LQ� FRQQHFWLRQ� ZLWK� QDWXUDO� JDV� VWRUDJH

RSHUDWLRQV��RU�FRQYHQWLRQDO�RLO�RU�QDWXUDO�JDV�SURGXFWLRQ�DQG�PD\�EH�FRPPLQJOHG

ZLWK� ZDVWH� ZDWHUV� IURP� JDV� SODQWV� ZKLFK� DUH� DQ� LQWHJUDO� SDUW� RI� SURGXFWLRQ

RSHUDWLRQV��XQOHVV�WKRVH�ZDWHUV�DUH�FODVVLILHG�DV�D�KD]DUGRXV�ZDVWH�DW�WKH�WLPH�RI

LQMHFWLRQ�

����)RU�HQKDQFHG�UHFRYHU\�RI�RLO�RU�QDWXUDO�JDV��DQG

���� )RU� VWRUDJH� RI� K\GURFDUERQV� ZKLFK� DUH� OLTXLG� DW� VWDQGDUG� WHPSHUDWXUH� DQG

SUHVVXUH�������&)5�������E��

(3$�GHILQHV�ZHOO�DV�D��ERUHG��GULOOHG�RU�GULYHQ�VKDIW��RU�D�GXJ�KROH��ZKRVH�GHSWK�LV�JUHDWHU

WKDQ�WKH�ODUJHVW�VXUIDFH�GLPHQVLRQ���DQG�IOXLGV�DV��DQ\�PDWHULDO�RU�VXEVWDQFH�ZKLFK�IORZV�RU�PRYHV

ZKHWKHU�LQ�D�VHPLVROLG��OLTXLG��VOXGJH��JDV��RU�RWKHU�DQ\�RWKHU�IRUP�RU�VWDWH���ERWK�IURP����&)5

���������

7KH�UHTXLUHPHQWV�LQ�3DUW�����WKDW�PD\�DIIHFW�WKH�SURSRVHG�XVH�RI�VDOW�FDYHUQV�DV�&ODVV�,,

LQMHFWLRQ�ZHOOV�IRU�GLVSRVDO�LQFOXGH�WKH�SURKLELWLRQ�RI�PRYHPHQW�RI�IOXLG�LQWR�XQGHUJURXQG�VRXUFHV

RI�GULQNLQJ�ZDWHU�����������DQG�WKH�FRPSOLDQFH�ZLWK�D�SODQ�IRU�SOXJJLQJ�DQG�DEDQGRQPHQW�RI�WKH

ZHOO�ZKLFK�PHHWV�WKH�UHTXLUHPHQWV�RI���������

���&)5�3DUW�������7KHVH�UHJXODWLRQV�VSHFLI\�WKH�SURFHGXUHV�(3$�ZLOO�IROORZ�LQ�DSSURYLQJ�

UHYLVLQJ��DQG�ZLWKGUDZLQJ�VWDWH�SURJUDPV�XQGHU�WKH�8,&�SURYLVLRQV�RI�WKH�6':$��DQG�LQFOXGH�WKH

HOHPHQWV� WKDW� PXVW� EH� SDUW� RI� VXEPLVVLRQV� WR� (3$� IRU� SURJUDP� DSSURYDO� DQG� WKH� VXEVWDQWLYH

SURYLVLRQV�WKDW�PXVW�EH�SUHVHQW�LQ�VWDWH�SURJUDPV�IRU�WKHP�WR�EH�DSSURYHG���(3$�KDV�HVWDEOLVKHG�8,&

SURJUDPV�LQ�VWDWHV�WKDW�GR�QRW�FRPSO\�ZLWK�HOHPHQWV�RI�D�VWDWH�SURJUDP�VXEPLVVLRQ�VHW�IRUWK�LQ

����������:KHQ�D�VWDWH�8,&�SURJUDP�LV�IXOO\�DSSURYHG�E\�(3$�WR�UHJXODWH�DOO�FODVVHV�RI�LQMHFWLRQV�

WKH�VWDWH�DVVXPHV�SULPDU\�HQIRUFHPHQW�DXWKRULW\�XQGHU�VHFWLRQ������E�����RI�WKH�6':$���6WDWHV�DUH
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QRW� SUHFOXGHG�� KRZHYHU�� IURP�RPLWWLQJ� RU�PRGLI\LQJ� DQ\� SURYLVLRQV� WR� LPSRVH�PRUH� VWULQJHQW

UHTXLUHPHQWV�

���&)5�3DUW�������7KHVH�UHJXODWLRQV�VHW�IRUWK�WHFKQLFDO�FULWHULD�DQG�VWDQGDUGV�IRU�WKH�8,&

3URJUDP���3DUW�����VWDQGDUGV�LQ�WKH�IROORZLQJ�DUHDV�PD\�DIIHFW�WKH�SURSRVHG�XVH�RI�VDOW�FDYHUQV�DV

&ODVV�,,�LQMHFWLRQ�ZHOOV�IRU�GLVSRVDO��WKH�DUHD�RI�UHYLHZ�IRU�HDFK�LQMHFWLRQ�ZHOO��PHFKDQLFDO�LQWHJULW\�

SOXJJLQJ� DQG� DEDQGRQPHQW�� FRQVWUXFWLRQ� RI� QHZ� DQG� VRPH� H[LVWLQJ� ZHOOV�� DQG� RSHUDWLQJ� DQG

PRQLWRULQJ�

&RPSDULVRQ�EHWZHHQ�5&5$�DQG�8,&�5HJXODWLRQV

6DOW�FDYHUQV�XVHG�IRU�GLVSRVLQJ�RI�QRQKD]DUGRXV�RLO�DQG�JDV�ZDVWH�EURXJKW�WR�WKH�VXUIDFH�LQ

FRQQHFWLRQ�ZLWK�FRQYHQWLRQDO�RLO�DQG�QDWXUDO�JDV�SURGXFWLRQ�DFWLYLWLHV�FOHDUO\�ZRXOG�ILW�LQWR�WKH

VHFWLRQ�����FDWHJRU\�RI�&ODVV�,,�ZHOOV���0RVW��EXW�QRW�DOO�RI�WKH�ZDVWHV�H[HPSWHG�E\�WKH������5&5$

UHJXODWRU\�GHWHUPLQDWLRQ�ZRXOG�PHHW�WKH�8,&�SURJUDP
V��LQ�FRQQHFWLRQ�ZLWK��RLO�DQG�JDV�SURGXFWLRQ

FULWHULRQ���6RPH�ZDVWHV��H�J���K\GURFDUERQ�FRQWDPLQDWHG�VRLO��ZRXOG�QRW�PHHW�WKH�8,&�FULWHULRQ�

KRZHYHU���$OWKRXJK�(3$
V�GHVFULSWLRQ�RI�ZDVWHV�WKDW�DUH��XQLTXHO\�DVVRFLDWHG��ZLWK�RLO�DQG�JDV

SURGXFWLRQ�XQGHU�5&5$�����)5��������FDQQRW�EH�FOHDUO\�DSSOLHG�WR�GHWHUPLQLQJ�ZKHWKHU�VXFK

ZDVWHV�KDYH�EHHQ�EURXJKW�WR�WKH�VXUIDFH��LQ�FRQQHFWLRQ�ZLWK��RLO�DQG�JDV�SURGXFWLRQ�XQGHU�WKH�8,&

&ODVV�,,�UHJXODWLRQV��WKH�ZDVWH�LQ�TXHVWLRQ��L�H���WKH�VRLO��KDV�EHHQ�FRQWDPLQDWHG�E\�ZDVWHV�WKDW�KDYH

EHHQ�EURXJKW�WR�WKH�VXUIDFH���,Q�)HEUXDU\�������WKH�*URXQG�:DWHU�3URWHFWLRQ�&RXQFLO�DVNHG�(3$�WR

FODULI\�WKDW�DOO�H[HPSWHG�RLO�ILHOG�ZDVWHV�FDQ�EH�LQMHFWHG�LQWR�&ODVV�,,�ZHOOV���$V�RI�0D\�������(3$

KDG�QRW�LVVXHG�WKH�UHTXHVWHG�FODULILFDWLRQ�

7KLV�SRWHQWLDO�JDS�LV�VRPHZKDW�FODULILHG�E\�D�GUDIW������PHPRUDQGXP�IURP�-DPHV�(OGHU�

WKHQ�(3$
V�'LUHFWRU�RI� WKH�2IILFH�RI�*URXQG�:DWHU�DQG�'ULQNLQJ�:DWHU� �WKH�SDUW�RI�(3$�WKDW

RYHUVHHV�WKH�8,&�SURJUDP���WR�(3$�5HJLRQDO�:DWHU�0DQDJHPHQW�'LYLVLRQ�GLUHFWRUV��(OGHU�������

,Q�WKDW�PHPRUDQGXP��(3$�KHDGTXDUWHUV�VWDWHV�

�7KH�NH\�FRQFHSWV�WKDW�KDYH�EHHQ�XVHG�E\�WKH�8,&�SURJUDP�WR�GHWHUPLQH�ZKHWKHU

ZDVWH� IOXLGV� FRXOG� EH� LQMHFWHG� LQ� &ODVV� ,,� ZHOOV� ZHUH� WKDW� WKH\� KDG� WR� EH� QRQ

KD]DUGRXV�DQG�LQWHJUDOO\�DVVRFLDWHG�ZLWK�RLO�DQG�JDV�SURGXFWLRQ������ZH�EHOLHYH�WKDW

DOO�H[HPSW�(	3�>H[SORUDWLRQ�DQG�SURGXFWLRQ@�ZDVWHV�XQGHU�5&5$�FDQ�EH�LQMHFWHG

LQ�&ODVV�,,�ZHOOV�DV�ORQJ�DV�WKHLU�SK\VLFDO�VWDWH�DOORZV�LW��

$OWKRXJK�WKDW�PHPRUDQGXP�KDV�DSSDUHQWO\�QHYHU�EHHQ�LVVXHG�LQ�ILQDO�IRUP��LW�KDV�EHHQ�XVHG

DV�WKH�EDVLV�RI�DW�OHDVW�RQH�OHWWHU�IURP�(3$�5HJLRQ�9,�WR�WKH�6WDWH�RI�/RXLVLDQD�RXWOLQLQJ�WKH�SROLF\

RQ�ZDVWH�W\SHV�HOLJLEOH�IRU�&ODVV�,,�ZHOO�GLVSRVDO��.QXGVRQ���������,Q�WKDW�OHWWHU��0\URQ�.QXGVRQ�

WKH�'LUHFWRU�RI�5HJLRQ�9,
V�:DWHU�0DQDJHPHQW�'LYLVLRQ��VWDWHV�
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�0LFKLJDQ��1HZ�<RUN��DQG�3HQQV\OYDQLD�UHTXLUH�VWDWH�OHYHO�SHUPLWV��LQ�DGGLWLRQ�WR�8,&�SHUPLW V�

LVVXHG�E\�(3$��WR�GULOO�RU�DOWHU�DQ�H[LVWLQJ�RLO�RU�JDV�ZHOO���0LFKLJDQ�UHTXLUHV�D�SHUPLW�WR�GULOO�D�ZHOO�IR U

GLVSRVDO�RI�EULQH�RU�RWKHU�RLO�ILHOG�ZDVWHV��0LFKLJDQ�$FW���������������3HQQV\OYDQLD�UHTXLUHV�WKH�DSSOLFDQW

WR�VXEPLW�D�FRS\�RI�WKH�(3$�8,&�SHUPLW�DQG�(3$�8,&�DSSOLFDWLRQ��DV�ZHOO�DV�WKH�UHODWHG�GRFXPHQWDWLR Q

UHTXLUHG�E\�(3$���3HQQV\OYDQLD�UHTXLUHV�WKH�DSSOLFDQW�WR�VXEPLW�ERWK�D�FRQWURO�DQG�GLVSRVDO�SODQ�DQG�D Q

HURVLRQ� DQG� VHGLPHQWDWLRQ� SODQ�� LQ� RUGHU� WR� FRPSO\� ZLWK� VWDWH� ZDWHU� SROOXWLRQ�� HURVLRQ�� DQG� HURVLR Q

VHGLPHQWDWLRQ�FRQWURO�UHJXODWLRQV��3HQQV\OYDQLD�&RGH��7LWOH���������������1HZ�<RUN�UHTXLUHV�D��FRQYHUVLR Q

SHUPLW��IRU�WKH�FRQVWUXFWLRQ�LQYROYHG�LQ�FRQYHUWLQJ�D� VROXWLRQ�PLQLQJ�RU�VWRUDJH�ZHOO�WR�D�GLVSRVDO�ZHOO��1HZ

<RUN�'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ�5HJXODWLRQV��7LWOH����&KDSWHU�9��6XEFKDSWHU�%��3DUW����� �

�8QGHU�WKH�QHZ�JXLGDQFH��DOO�H[SORUDWLRQ�DQG�SURGXFWLRQ��(	3��ZDVWHV�H[HPSWHG

XQGHU� 6HFWLRQ� �����E�����$�� RI� WKH� 5HVRXUFH� &RQVHUYDWLRQ� DQG� 5HFRYHU\� $FW

�5&5$��ZLOO�EH�HOLJLEOH�IRU�LQMHFWLRQ�LQWR�&ODVV�,,�GLVSRVDO�ZHOOV��

(3$
V�SRVLWLRQ�IURP������LV�FOHDUO\�LQGLFDWHG��EXW�VLQFH�WKH�JXLGDQFH�IURP�(3$�KHDGTXDUWHUV�LV�LQ

GUDIW�IRUP��FOHDU�JXLGDQFH�LV�QHHGHG�WR�GHWHUPLQH�ZKLFK�W\SHV�RI�H[SORUDWLRQ�DQG�SURGXFWLRQ�ZDVWHV

PD\�EH�GLVSRVHG�LQWR�&ODVV�,,�ZHOOV���2I�FRXUVH��WKRVH�ZDVWHV�GHWHUPLQHG�E\�(3$�QRW�WR�EH�H[HPSW

IURP�5&5$�6XEWLWOH�&��L�H���KD]DUGRXV�RLO�DQG�JDV�SURGXFWLRQ�ZDVWHV��FRXOG�QRW�EH�OHJDOO\�LQMHFWHG

LQWR�D�VDOW�FDYHUQ�SHUPLWWHG�DV�D�&ODVV�,,�LQMHFWLRQ�ZHOO���7KH�VHFWLRQ�����FDWHJRU\�RI�LQMHFWLRQ�ZHOO

LV�RIWHQ�UHIHUUHG�WR�LQ�VWDWH�UHJXODWLRQV�DV�D��GLVSRVDO�ZHOO��

6WDWH�8,&�5HJXODWLRQV

$V�GHVFULEHG�HDUOLHU��UHJXODWRU\�DJHQFLHV�LQ�HOHYHQ�RLO�SURGXFLQJ�VWDWHV�ZKHUH�VDOW�FDYHUQV

H[LVW�ZHUH�FRQVXOWHG�ZLWK�UHJDUG�WR�WKH�SRVVLEOH�XVH�RI�VDOW�FDYHUQV�IRU�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�

0RVW�RI�WKH�FRQWDFW�SHUVRQV�LQ�HDFK�VWDWH�IHOW�WKDW��ZHUH�VDOW�FDYHUQV�WR�EH�XVHG�IRU�WKLV�SXUSRVH��WKH\

ZRXOG�EH�FRQVLGHUHG�&ODVV�,,�LQMHFWLRQ�ZHOOV���+RZHYHU��ZLWK�WKH�H[FHSWLRQ�RI�RQH�VWDWH��7H[DV��WKHVH

VWDWH�RIILFLDOV�VDLG�WKDW�VDOW�FDYHUQV�ZHUH�QRW�EHLQJ�XVHG�LQ�VXFK�D�PDQQHU�LQ�WKHLU�VWDWH���0RUHRYHU�

PRVW�VDLG�WKDW�VXFK�DQ�LGHD�KDV�QHYHU�EHHQ�IRUPDOO\�SURSRVHG�LQ�WKHLU�VWDWH���7KHVH�VDPH�RIILFLDOV�

KRZHYHU��JHQHUDOO\�WKRXJKW�WKHUH�ZHUH�QR�H[LVWLQJ�SURYLVLRQV�LQ�WKHLU�VWDWHV
�&ODVV�,,�LQMHFWLRQ�ZHOO

RU�RWKHU�UHJXODWLRQV�ZKLFK�ZRXOG�VSHFLILFDOO\�SURKLELW�WKH�SUDFWLFH�RI�GLVSRVLQJ�RI�RLO�ILHOG�ZDVWHV

LQ�VDOW�FDYHUQV���7KUHH�RI�WKH�HOHYHQ�VWDWHV��0LFKLJDQ��1HZ�<RUN��DQG�3HQQV\OYDQLD��GR�QRW�KDYH

�SULPDF\��WR�DGPLQLVWHU�DQG�HQIRUFH�WKHLU�RZQ�&ODVV�,,�LQMHFWLRQ�ZHOO�SURJUDPV���$SSOLFDQWV�LQ�WKHVH

VWDWHV�PXVW�WKHUHIRUH�DSSO\�GLUHFWO\�WR�(3$�IRU�&ODVV�,,�SHUPLWV�

5HOHYDQW�'LIIHUHQFHV�IURP�(3$�8,&�5HJXODWLRQV���,Q�WKH�WKUHH�VWDWHV�WKDW�GR�QRW�KDYH

SULPDF\��0LFKLJDQ��1HZ�<RUN��DQG�3HQQV\OYDQLD��D�SHUVRQ�ZLVKLQJ�WR�UHFHLYH�D�SHUPLW�WR�XVH�VDOW

FDYHUQV�DV�&ODVV�,,�LQMHFWLRQ�ZHOOV�IRU�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�PXVW�FRPSO\�ZLWK�WKH�DSSOLFDEOH

(3$�UHJXODWLRQV ���2KLR
V�RLO�DQG�JDV�ODZ�VWDWHV�WKDW�WKH�2KLR�LQMHFWLRQ�ZHOO�UHJXODWLRQV�DUH�WR�EH�

LQWHUSUHWHG�DV�QR�PRUH�VWULQJHQW�WKDQ�WKH�6':$�8,&�UHJXODWLRQV��XQOHVV�D�VWULFWHU�LQWHUSUHWDWLRQ�LV

HVVHQWLDO�WR�HQVXUH�WKDW�XQGHUJURXQG�VRXUFHV�RI�GULQNLQJ�ZDWHU�ZLOO�QRW�EH�HQGDQJHUHG��2KLR�5HYLVHG

&RGH����������'�����2NODKRPD
V�VDOW�GHSRVLWV�DUH�QRW�VXLWDEOH�IRU�H[WHQVLYH�VROXWLRQ�PLQLQJ�RU�VDOW

FDYHUQ�GLVSRVDO��VR�QR�GHWDLOHG�DQDO\VLV�RI�WKDW�VWDWH
V�8,&�UHJXODWLRQV�ZDV�FRQGXFWHG�
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,Q�WKH�VL[�UHPDLQLQJ�VWDWHV�ZKRVH�UHJXODWLRQV�ZHUH�DQDO\]HG��WKH�DSSOLFDEOH�VWDWH�UHJXODWLRQV

PD\�YDU\�IURP�(3$�UHJXODWLRQV�LQ�WKH�H[WHQW�WR�ZKLFK�WKH\�ZRXOG�DOORZ�VDOW�FDYHUQV�WR�EH�XVHG�IRU

RLO�ILHOG�ZDVWH�GLVSRVDO���7KH�UHOHYDQW�SURYLVLRQV�RI�WKRVH�VWDWHV
�UHJXODWLRQV�DUH�GLVFXVVHG�EHORZ�

IROORZHG�E\�D�GLVFXVVLRQ�RI�WKH�7H[DV�SURJUDP�

.DQVDV���7KH�.DQVDV�*HQHUDO�5XOHV�DQG�5HJXODWLRQV�IRU�&RQVHUYDWLRQ�RI�&UXGH�2LO�DQG

1DWXUDO� *DV� VHW� IRUWK� SHUPLW� UHTXLUHPHQWV� IRU� LQMHFWLRQ� DQG� GLVSRVDO� ZHOOV� ����������

WKURXJK��������6HFWLRQ����������GHILQHV�GLVSRVDO�ZHOO�DV�D�ZHOO�LQ�ZKLFK�WKRVH�IOXLGV�EURXJKW

WR�WKH�VXUIDFH�LQ�FRQQHFWLRQ�ZLWK�RLO�DQG�QDWXUDO�JDV�SURGXFWLRQ�DUH�LQMHFWHG�IRU�SXUSRVHV

RWKHU�WKDQ�HQKDQFHG�UHFRYHU\���7KH�GHILQLWLRQ�RI�IOXLG�LV�LGHQWLFDO�WR�WKDW�LQ�WKH�(3$�8,&

UHJXODWLRQV���

$�SRVVLEOH�LPSHGLPHQW�WR�WKH�XVH�RI�VDOW�FDYHUQ�GLVSRVDO�ZHOOV�LQ�.DQVDV�LV�WKH�H[LVWHQFH�RI

ZHOO�ORFDWLRQ�DQG�VSDFLQJ�UHTXLUHPHQWV������������DQG��������$OWKRXJK�WKHVH�UHTXLUHPHQWV

ZHUH�QRW�VSHFLILFDOO\�PHQWLRQHG�DV� LPSHGLPHQWV� LQ�GLVFXVVLRQV�ZLWK� WKH�.DQVDV�FRQWDFW

SHUVRQ��WKLV�RIILFLDO�GLG�H[SUHVV�FRQFHUQV�DERXW�WKH�DGGLWLRQDO�GLVVROXWLRQ�RI�FDYHUQ�ZDOOV�WKDW

PLJKW�RFFXU�LI�FDYHUQV�DUH�XVHG�IRU�GLVSRVDO�RI�RLO�DQG�JDV�ZDVWH���7KH�GLVVROXWLRQ�RI�WKH

FDYHUQV�FRXOG�DIIHFW�WKH�VSDFLQJ�EHWZHHQ�FDYHUQV��

,W�VKRXOG�EH�QRWHG�WKDW�����������DOORZV�WKH�VWDWH�WR�JUDQW�DQ�H[FHSWLRQ�WR�DQ\�RI�WKHVH�RLO

DQG�QDWXUDO�JDV�FRQVHUYDWLRQ�UHJXODWLRQV�

/RXLVLDQD���7KH�/RXLVLDQD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�5HJXODWLRQV������;,;�����

FRQWDLQ�&ODVV�,,�LQMHFWLRQ�ZHOO�UHTXLUHPHQWV��LQFOXGLQJ�ZHOOV�IRU�GLVSRVDO�RI�QRQKD]DUGRXV

RLO�ILHOG�ZDVWH�JHQHUDWHG�IURP�GULOOLQJ�DQG�SURGXFWLRQ�RI�RLO�DQG�JDV�ZHOOV�DW�����;,;�����0�

ZKLFK�DSSO\�WR�WKH�GLVSRVDO�RI�QRQKD]DUGRXV�RLO�DQG�JDV�ZDVWH�E\�D�FRPPHUFLDO�IDFLOLW\�

7KHVH�UHJXODWLRQV�GHILQH�QRQKD]DUGRXV�RLO�ILHOG�ZDVWH��12:��VLPLODUO\�WR�WKH�GHVFULSWLRQ

RI� ZDVWHV� VXLWDEOH� IRU� GLVSRVDO� XQGHU� (3$
V� &ODVV� ,,� LQMHFWLRQ� ZHOO� UHJXODWLRQV�� � 7KH

/RXLVLDQD�UHJXODWLRQV�DOVR�OLVW�DOO�ZDVWHV�LQFOXGHG�LQ�WKH�GHILQLWLRQ�RI�12:���7KH�ZDVWHV

OLVWHG�DUH�VLPLODU�WR�WKRVH�OLVWHG�LQ�(3$
V������UHJXODWRU\�GHWHUPLQDWLRQ�RQ�WKH�H[HPSWLRQ

RI�RLO�DQG�JDV�ZDVWHV�IURP�5&5$�6XEWLWOH�&�

$V�LQ�WKH�.DQVDV�UHJXODWLRQV��/RXLVLDQD
V�UHJXODWLRQV�UHTXLUH�WKH�VXEVXUIDFH�JHRORJ\�RI�DQ\

SURSRVHG�LQMHFWLRQ�]RQH�WR�H[KLELW�DGHTXDWH�WKLFNQHVV�DQG�DUHDO�H[WHQW���'LVVROXWLRQ�RI�VDOW

FDYHUQ�GLVSRVDO�ZHOO�ZDOOV�PD\�LPSHGH�FRPSOLDQFH�ZLWK�WKLV�UHTXLUHPHQW�

0LVVLVVLSSL� �� 0LVVLVVLSSL� 5XOH� ���� JRYHUQLQJ� XQGHUJURXQG� LQMHFWLRQ� ZHOOV�� FRQWDLQV� D

GHVFULSWLRQ�RI�WKH�PDWHULDOV�WKDW�PD\�EH�LQMHFWHG�LQWR�&ODVV�,,�GLVSRVDO�ZHOOV�WKDW�LV�LGHQWLFDO

WR�WKDW�FRQWDLQHG�LQ����&)5�3DUW�����IRU�&ODVV�,,�GLVSRVDO�ZHOOV���0RVW�RI�WKH�UHTXLUHPHQWV

RI� 5XOH� ��� WKDW� DUH� VWULFWHU� WKDQ� (3$
V� UHJXODWLRQV� DUH� DGPLQLVWUDWLYH� DQG� PRQLWRULQJ

UHTXLUHPHQWV���5XOH����DOVR�FRQWDLQV�FULWHULD�IRU�HVWDEOLVKLQJ�PLQLPXP�GLVWDQFHV�EHWZHHQ

ZHOOV��ZKLFK�DUH�QRW�UHTXLUHG�E\�(3$�UHJXODWLRQV���6XFK�PLQLPXP�GLVWDQFH�UHTXLUHPHQWV
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�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�)UHG�+LOOH��6WDWH�2LO�DQG�*DV�%RDUG��-DFNVRQ��06��DQG�0DU \�

5DLYHO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�$XJXVW����������

�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�'DYLG�&DWDQDFK��1HZ�0H[LFR�2LO�&RQVHUYDWLRQ�'LYLVLRQ���

6DQWD�)H��10��DQG�0DU\�5DLYHO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�$XJXVW����������

�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�&KDUOHV�.RFK��1RUWK�'DNRWD�,QGXVWULDO� &RPPLVVLRQ��2LO�DQG�*DV�

'LYLVLRQ��%LVPDUN��1'��DQG�-RKQ�9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�0D\����������

ZRXOG�QHHG�WR�EH�FDUHIXOO\�FRQVLGHUHG�ZKHQ�VLWLQJ�FDYHUQV�IRU�GLVSRVDO�RI�WKH�RLO�DQG�JDV

ZDVWHV���,QFRPLQJ�ZDVWHV�WKDW�ZHUH�QRW�IXOO\�VDWXUDWHG�ZLWK�VDOW�FRXOG�GLVVROYH�WKH�ZDOOV�RI

WKH�FDYHUQV��WKHUHE\�DIIHFWLQJ�WKH�ZDOO�WKLFNQHVV ���5XOH����GRHV�DOORZ�IRU�H[FHSWLRQV�WR�EH�

JUDQWHG�IRU�DQ\�FRQVWUXFWLRQ�RU�RSHUDWLQJ�UHTXLUHPHQW�FRQWDLQHG�LQ�WKH�5XOH�

1HZ�0H[LFR���7KH�1HZ�0H[LFR�2LO�&RQVHUYDWLRQ�'LYLVLRQ
V�5XOHV���������VHW�IRUWK�WKH�QHZ

UHTXLUHPHQWV�IRU�&ODVV�,,�LQMHFWLRQ�DQG�GLVSRVDO�ZHOOV�WKDW�DOORZ�GLVSRVDO�RI�VDOWZDWHU�DQG

SURGXFHG�ZDWHU�LQ�&ODVV�,,�GLVSRVDO�ZHOOV���7KH�5XOHV�FRQWDLQ�FRQVWUXFWLRQ��RSHUDWLQJ��WHVWLQJ�

DQG�PRQLWRULQJ�UHTXLUHPHQWV�� �7KH�1HZ�0H[LFR�FRQWDFW�SHUVRQ�IHOW�WKDW�WKH�SURFHVV�IRU

GLVSRVDO�RI�QRQKD]DUGRXV�RLO�DQG�JDV�ZDVWHV�LQWR�VDOW�FDYHUQV�ZDV�XQFOHDU��EXW�WKDW�LW�ZRXOG

OLNHO\�EH�UHJXODWHG�XQGHU�WKH�&ODVV�,,�ZHOO�UHJXODWLRQV���+H�VWDWHG�WKDW�FHUWDLQ�UHTXLUHPHQWV

RI�WKH�1HZ�0H[LFR�UHJXODWLRQV�DUH�PRUH�VWULQJHQW�WKDQ�WKH�(3$�UHJXODWLRQV��LQFOXGLQJ�WKH

DUHD�RI�UHYLHZ��LQMHFWLRQ�SUHVVXUH��DQG�FRQVWUXFWLRQ�UHTXLUHPHQWV���+H�FRXOG�QRW�IRUHVHH�

KRZHYHU�� WKDW� WKHVH� VWULFWHU� UHTXLUHPHQWV� ZRXOG� EH� PRUH� GLIILFXOW� WR� FRPSO\� ZLWK� IRU

RSHUDWRUV�RI�VDOW�FDYHUQ�GLVSRVDO�ZHOOV�WKDQ�IRU�RSHUDWRUV�RI�RWKHU�&ODVV�,,�GLVSRVDO�ZHOOV���+H

VWUHVVHG��KRZHYHU��WKDW�KLV�RSLQLRQ�ZDV�TXDOLILHG�GXH�WR�XQFHUWDLQW\�DERXW�WKH�SURFHVV ��

1RUWK�'DNRWD���7KH�1RUWK�'DNRWD�,QMHFWLRQ�&RQWURO�5HJXODWLRQV��&KDSWHU�����������FRQWDLQ

D�GHILQLWLRQ�RI�XQGHUJURXQG�LQMHFWLRQ�LGHQWLFDO�WR�WKDW�FRQWDLQHG�LQ����&)5�3DUW�����IRU

GLVSRVDO�ZHOOV���7KHUH�GR�QRW�DSSHDU�WR�EH�DQ\�UHTXLUHPHQWV�LQ�WKH�1RUWK�'DNRWD�UHJXODWLRQV

EH\RQG�WKH�PLQLPXP�(3$�UHTXLUHPHQWV�WKDW�ZRXOG�LPSHGH�WKH�XVH�RI�VDOW�FDYHUQV�DV�&ODVV

,,�LQMHFWLRQ�ZHOOV�LQ�1RUWK�'DNRWD���+RZHYHU��1RUWK�'DNRWD
V�8,&�FRRUGLQDWRU�H[SODLQHG�WKDW

VDOW�IRUPDWLRQV�LQ�WKH�VWDWH�DUH�YHU\�GHHS�� �&RQVHTXHQWO\�� WKH�HQJLQHHULQJ�SUREOHPV�DQG

DVVRFLDWHG�FRVWV�VXJJHVW�WKDW�FDYHUQ�GLVSRVDO�LV�SUREDEO\�QRW�D�UHDOLVWLF�RSWLRQ�IRU�1RUWK

'DNRWD ��

7KH�7H[DV�3URJUDP���7KH�7H[DV�UHJXODWLRQ�DSSOLFDEOH�WR�XVH�RI�VDOW�FDYHUQV�DV�&ODVV�,,

LQMHFWLRQ�ZHOOV�IRU�GLVSRVDO�RI�QRQKD]DUGRXV�RLO�DQG�JDV�ZDVWH��7H[DV�6WDWHZLGH�5XOH�����������DOORZV

GLVSRVDO�RI�VDOWZDWHU�RU�RWKHU�RLO�DQG�JDV�ZDVWH�E\�LQMHFWLRQ�LQWR�D�SRURXV�IRUPDWLRQ�QRW�SURGXFWLYH

RI�RLO��JDV��RU�JHRWKHUPDO�UHVRXUFHV�� �7KH�75&�LV�WKH�DJHQF\�UHVSRQVLEOH�IRU�DGPLQLVWHULQJ�WKLV

UHJXODWLRQ���7R�GDWH��VL[�SHUPLWV�XQGHU�5XOH���KDYH�EHHQ�LVVXHG�IRU�GLVSRVDO�RI�RLO�ILHOG�ZDVWH�LQ�VDOW

FDYHUQV���5XOH���DOVR�VHWV�IRUWK�PRQLWRULQJ�DQG�UHSRUWLQJ�UHTXLUHPHQWV��ZKLFK�UHTXLUH�WKH�RSHUDWRU

WR�PRQLWRU�WKH�LQMHFWLRQ�SUHVVXUH�DQG�LQMHFWLRQ�UDWH�RI�HDFK�GLVSRVDO�ZHOO�RQ�DW�OHDVW�D�PRQWKO\�EDVLV�
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7KHUH� DUH� DOVR� UHTXLUHPHQWV� IRU� SUHVVXUH� WHVWLQJ� WKH� ZHOO�� WKH� DUHD� RI� UHYLHZ�� FDVLQJ�� VSHFLDO

HTXLSPHQW��DQG�SOXJJLQJ�RI�ZHOOV�

,Q� $SULO� ������ WKH� 75&� UHOHDVHG� GUDIW� SURSRVHG� DPHQGPHQWV� WR� 5XOH� �� WKDW� VHW� IRUWK

UHTXLUHPHQWV�VSHFLILFDOO\�IRU�GLVSRVDO�RI�RLO�DQG�JDV�ZDVWHV�LQ�VROXWLRQ�PLQHG�VDOW�FDYHUQV���&DYHUQ

GLVSRVDO�ZHOOV�PD\�EH�FUHDWHG��RSHUDWHG��RU�PDLQWDLQHG�RQO\�LQ�LPSHUPHDEOH�VDOW�IRUPDWLRQV�VR�WKDW

WKH\�GR�QRW�FDXVH�VXUIDFH�ZDWHU�RU�JURXQGZDWHU�SROOXWLRQ�RU�GDQJHU�WR�OLIH�RU�SURSHUW\���7KH�GUDIW

SURSRVHG�DPHQGPHQWV�ZRXOG�UHTXLUH�WKH�DSSOLFDQW�WR�VXEPLW�

� $�OLVW�RI�WKH�W\SHV�DQG�PD[LPXP�YROXPH�RI�WKH�RLO�DQG�JDV�ZDVWHV�WR�EH�GLVSRVHG�RI��

� *HRORJLF�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�RYHUO\LQJ�DQG�VXUURXQGLQJ�IRUPDWLRQV�DQG�WKH�VL]H�DQG

VKDSH�RI�WKH�FDYHUQ��

� $�OLVW�RI�DOO�ZHOOV�ZLWKLQ�RQH�TXDUWHU�PLOH�RI�WKH�SURSRVHG�FDYHUQ�GLVSRVDO�ZHOO�WKDW�SHQHWUDWH

WKH�VDOW�IRUPDWLRQ�DQG�DQ\�DGMDFHQW�GLVSRVDO��PLQLQJ��RU�VWRUDJH�FDYHUQ�ZHOOV�RU�FDYHUQV�

� 7RSRJUDSKLF�PDSV��

� $Q� RSHUDWLQJ� SODQ� WKDW� GHVFULEHV� IDFLOLWLHV�� HTXLSPHQW�� EULQH� PDQDJHPHQW�� DQG� FDYHUQ

PRQLWRULQJ�

� $�FORVXUH�SODQ�WKDW�DGGUHVVHV�PRQLWRULQJ�RI�SUHVVXUHV�DIWHU�VKXW�LQ�DQG�GHPRQVWUDWHV�WKDW

SRVW�SOXJJLQJ�SUHVVXUH�LQFUHDVHV�ZLOO�QRW�DIIHFW�WKH�ZHOO
V�DELOLW\�WR�FRQILQH�WKH�LQMHFWHG

IOXLGV��DQG

� )LQDQFLDO�VHFXULW\�LQIRUPDWLRQ�

7KH�GUDIW�SURSRVHG�DPHQGPHQWV�DOVR�GHVFULEH�VWDQGDUGV�DSSOLFDEOH�WR�RSHUDWLRQ�RI�D�FDYHUQ�GLVSRVDO

ZHOO��LQFOXGLQJ

� 0DLQWDLQLQJ�UHFRUGV�RI�WKH�IOXLGV�XVHG�WR�VOXUU\�WKH�ZDVWHV�LQWR�WKH�FDYHUQ�DQG�WKH�W\SH�

YROXPH��DQG�FKDUDFWHULVWLFV�RI�WKH�ZDVWHV�WKDW�DUH�LQMHFWHG�

� 6HWWLQJ�PD[LPXP�LQMHFWLRQ�SUHVVXUH�RI�D�FDYHUQ�GLVSRVDO�ZHOO��DQG

� (VWDEOLVKLQJ�PRQLWRULQJ��ILQDQFLDO�VHFXULW\��DQG�UHFRUGNHHSLQJ�UHTXLUHPHQWV�

7KH�DPHQGPHQWV�DOVR�HVWDEOLVK�WHVWLQJ��PRQLWRULQJ��VXUYH\LQJ��DQG�FORVXUH�UHTXLUHPHQWV�IRU�FDYHUQ

GLVSRVDO�ZHOOV�
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5HJXODWRU\�&RQFOXVLRQV

2WKHU�WKDQ�WKH�GUDIW�SURSRVHG�DPHQGPHQWV�WR�WKH�7H[DV�UHJXODWLRQV��WKHUH�DUH�QR�VSHFLILF

UHJXODWLRQV�DGGUHVVLQJ�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQ�VDOW�FDYHUQV�DW�HLWKHU�WKH�IHGHUDO�OHYHO�RU�LQ�WKH

VWDWHV�GLVFXVVHG�LQ�WKLV�DQDO\VLV���(3$
V�&ODVV�,,�ZHOO�UHTXLUHPHQWV�GR�QRW�VSHFLILFDOO\�DGGUHVV�RLO�DQG

JDV�ZDVWHV�JHQHUDWHG�RQ�WKH�VXUIDFH��QRW�EURXJKW�WR�WKH�VXUIDFH�LQ�FRQQHFWLRQ�ZLWK�FRQYHQWLRQDO�RLO

DQG�QDWXUDO�JDV�SURGXFWLRQ�DFWLYLWLHV����,W�ZRXOG�EH�XVHIXO�LI�(3$�ZRXOG�H[SOLFLWO\�DGGUHVV�VXFK

ZDVWHV�XQGHU�WKH�8,&�SURJUDP���6RPH�RI�WKH�W\SHV�RI�ZDVWHV�WKDW�DUH�FXUUHQWO\�JRLQJ�LQWR�WKH�IRXU

RSHUDWLQJ�7H[DV�FDYHUQ�GLVSRVDO�ZHOOV�DUH�LQ�WKLV�FDWHJRU\��H�J���FRQWDPLQDWHG�VRLOV���

$QRWKHU�SRWHQWLDO�EDUULHU�WR�DOORZLQJ�WKH�SUDFWLFH�RI�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQ�VDOW�FDYHUQV

LV� WKH�JHQHUDO�QDWXUH�RI�D� VWDWH
V� H[LVWLQJ�DSSOLFDEOH� UHJXODWLRQV�� �6WDWHV�ZRXOG�QHHG� WR�PDNH�D

GHFLVLRQ� DERXW� ZKHWKHU� WR� DOORZ� WKH� SUDFWLFH� XQGHU� H[LVWLQJ� UHJXODWLRQV�� DPHQG� WKH� H[LVWLQJ

UHJXODWLRQV� WR� PRUH� VSHFLILFDOO\� DGGUHVV� DQG� SHUPLW� VDOW� FDYHUQ� GLVSRVDO� ZHOOV�� RU� DPHQG� WKH

UHJXODWLRQV�WR�VSHFLILFDOO\�SURKLELW�WKH�SUDFWLFH���

*LYHQ�WKH�FXUUHQW�OHYHO�RI�VXSSRUW�DW�WKH�VWDWH�OHYHO�IRU�WKH�XVH�RI�VDOW�FDYHUQV�IRU�GLVSRVDO�RI

RLO�ILHOG�ZDVWH��DQG�WKH�JHQHUDO�FRQVHQVXV�WKDW�WKLV�SUDFWLFH�LV�SRVVLEOH�DQG�IHDVLEOH��LW�VHHPV�HQWLUHO\

UHDVRQDEOH�WKDW�RLO�SURGXFLQJ�VWDWHV�LQ�ZKLFK�VDOW�FDYHUQV�DUH�ORFDWHG�FRXOG�DOORZ�VDOW�FDYHUQ�GLVSRVDO

RI�RLO�ILHOG�ZDVWH�ZKHUH�DSSURSULDWH���0RUHRYHU��WKHVH�VWDWHV�FRXOG�XVH�WKH�7H[DV�VDOW�FDYHUQ�GLVSRVDO

SURJUDP�DV�D�PRGHO�� �&RQWDFW�SHUVRQV�IURP�VHYHUDO�RI� WKH�RWKHU�VWDWHV� LQGLFDWHG�WKDW� WKH\�ZHUH

LQWHUHVWHG�LQ�VHHLQJ�KRZ�WKH�75&�SURJUDP�ZRUNHG�RXW�
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&KDSWHU�����7\SHV�RI�2LO�)LHOG�:DVWHV�6XLWDEOH�IRU�&DYHUQ�'LVSRVDO

&KDSWHUV�����SUHVHQW�WHFKQLFDO�LVVXHV�DVVRFLDWHG�ZLWK�GLVSRVLQJ�RI�QRQKD]DUGRXV�RLO�ILHOG

ZDVWHV�LQWR�VDOW�FDYHUQV���

7\SHV�RI�:DVWHV�WR�EH�$FFHSWHG

7KH�W\SHV�RI�RLO�ILHOG�ZDVWH�SURSRVHG�IRU�GLVSRVDO�LQ�VDOW�FDYHUQV�DUH�WKRVH�WKDW�DUH�PRVW

WURXEOHVRPH�WR�GLVSRVH�RI�WKURXJK�UHJXODU�&ODVV�,,�LQMHFWLRQ�ZHOOV�EHFDXVH�WKH\�FRQWDLQ�KLJKHU�OHYHOV

RI�VROLGV���:DVWHV�FRQWDLQLQJ�ZDWHU�WKDW�LV�QRW�IXOO\�VDWXUDWHG�ZLWK�VDOW�PD\�LQFUHDVH�WKH�VL]H�RI

FDYHUQV�EHFDXVH�WKH�XQVDWXUDWHG�ZDWHU�ZLOO�OHDFK�VDOW�IURP�WKH�FDYHUQ�ZDOOV���7KH�SUHVHQFH�RI�IUHVK

ZDWHU�LQ�ZDVWHV�VKRXOG�QRW�SUHFOXGH�WKHLU�GLVSRVDO�LQ�VDOW�FDYHUQV��EXW�WKH�RSHUDWRU�PXVW�DFFRXQW�IRU

WKH�LQFUHDVHG�YROXPH�RI�WKH�FDYHUQ�DQG�ZKDW�HIIHFW�LW�ZLOO�KDYH�RQ�VXFK�FDYHUQ�VLWLQJ�SDUDPHWHUV�DV

GLVWDQFH�WR�DGMDFHQW�FDYHUQV�DQG�URRI�VSDQ�RU�WKLFNQHVV���7KH�VROLGV�FRQWDLQLQJ�RLO�ILHOG�ZDVWHV�PRVW

OLNHO\�WR�EH�GLVSRVHG�RI�LQ�VDOW�FDYHUQV�LQFOXGH

� 8VHG�GULOOLQJ�IOXLGV�

� 'ULOO�FXWWLQJV�

� &RPSOHWLRQ�DQG�VWLPXODWLRQ�ZDVWH�

� 3URGXFHG�VDQG�

� 7DQN�ERWWRPV��DQG

� &UXGH�RLO��RU�VDOW�FRQWDPLQDWHG�VRLO�

(DFK�RI�WKHVH�ZDVWHV�LV�GHVFULEHG�EHORZ�

8VHG�:DWHU�%DVHG�'ULOOLQJ�)OXLGV���:DWHU�EDVHG�IOXLGV�DUH�VXVSHQVLRQV�RI�GULOOLQJ�IOXLG

DGGLWLYHV�DQG�IRUPDWLRQ�VROLGV�LQ�ZDWHU��7KH\�XVXDOO\�FRQWDLQ�PDQ\�RI�WKH�IROORZLQJ�LQJUHGLHQWV�

EDULWH��FOD\��FKURPLXP�OLJQRVXOIRQDWH��OLJQLWH��SRO\PHUV��FDXVWLF�VRGD��DQG�IRUPDWLRQ�VROLGV���7KH\

PD\�DOVR�FRQWDLQ�ORZ�FRQFHQWUDWLRQV�RI�VSHFLDOW\�FKHPLFDOV�DGGHG�WR�WUHDW�D�VSHFLILF�SUREOHP��H�J��

DOXPLQXP�VWHDUDWH���GHIRDPHU��]LQF�FDUERQDWH���K\GURJHQ�VXOILGH�VFDYHQJHU����:DWHU�EDVHG�IOXLGV

PD\�DOVR�FRQWDLQ�������SHUFHQW�HPXOVLILHG�GLHVHO�RU�PLQHUDO�RLO���7KH�ZDWHU�LQ�ZDWHU�EDVHG�IOXLGV�PD\

EH�UHODWLYHO\�IUHVK�RU�PD\�FRQWDLQ�KLJK�FRQFHQWUDWLRQV�RI�VRGLXP��SRWDVVLXP��RU�FDOFLXP�FKORULGH�

8VHG�2LO�%DVHG�'ULOOLQJ�)OXLGV���2LO�EDVHG�GULOOLQJ�IOXLGV�DUH�ZDWHU�LQ�RLO�HPXOVLRQV���7KH\

FRQWDLQ�D�EDVH�RLO��GLHVHO�RU�PLQHUDO�RLO���EDULWH��FOD\V��HPXOVLILHUV��ZDWHU��FDOFLXP�FKORULGH��OLJQLWH�

DQG�OLPH���2LO�EDVHG�IOXLGV�DUH�PRUH�H[SHQVLYH�WKDQ�ZDWHU�EDVHG�IOXLGV�DQG�DUH�QRUPDOO\�UHFRYHUHG
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DQG�FOHDQHG�XS�IRU�UHXVH��KRZHYHU��LQ�VRPH�VLWXDWLRQV�VDOW�FDYHUQ�GLVSRVDO�PLJKW�EH�HFRQRPLFDOO\

YLDEOH���2LO�EDVHG�IOXLGV�DUH�GHQVH��YLVFRXV��H[KLELW�ORZ�YDSRU�SUHVVXUH��GR�QRW�GLVVROYH�FDYHUQ�ZDOOV�

DQG� DUH� LPPLVFLEOH� ZLWK� EULQH�� � 2QH� ZRXOG� H[SHFW� H[FHOOHQW� FDYHUQ� LQWHJULW\� DQG� PLQLPXP

GLVWXUEDQFH�RI�WKH�GLVSODFHG�EULQH�IURP�WKLV�W\SH�RI�ZDVWH���

'ULOO�&XWWLQJV� ��&XWWLQJV�FRQVLVW�RI� IRUPDWLRQ� VROLGV� �VKDOH�� VDQGVWRQH�� FKHUW�� HWF��� DQG

DVVRFLDWHG�GULOOLQJ�IOXLG�OLTXLG��ZDWHU�RU�RLO�DQG�IOXLG�DGGLWLYHV���EDULWH��FOD\��OLJQLWH��SRO\PHUV��HWF��

&XWWLQJV�FRQWDLQ�WUDFH�DPRXQWV�RI�KHDY\�PHWDOV��KRZHYHU��WKHVH�DUH�SUHVHQW�DV�LQVROXEOH�LQRUJDQLF

VDOWV�LQ�FRQFHQWUDWLRQV�FRPSDUDEOH�WR�WKRVH�IRXQG�LQ�VXUIDFH�VRLOV�

7KH�QDWXUH�RI�WKH�DVVRFLDWHG�IOXLG�LV�WKH�PRVW�LPSRUWDQW�FKDUDFWHULVWLF�WKDW�GLVWLQJXLVKHV

FXWWLQJV�IRU�GLVSRVDO���7KXV��FXWWLQJV�PD\�EH�FODVVLILHG�DV�HLWKHU�ZDWHU�EDVHG�RU�RLO�EDVHG���:DWHU�

EDVHG�FXWWLQJV�PD\�EH�IXUWKHU�FODVVLILHG�DV�VDOW�ZDWHU�EDVHG�RU�IUHVK�ZDWHU�EDVHG���1RUPDOO\��IUHVK�

ZDWHU�EDVHG� FXWWLQJV�ZRXOG� QRW� EH� FDQGLGDWHV� IRU� FDYHUQ� GLVSRVDO�� EHFDXVH� LQ�PRVW� FDVHV� LW� LV

SHUPLVVLEOH�WR�GLVSRVH�RI�WKHP�RQ�VLWH�HLWKHU�WKURXJK�ODQG�IDUPLQJ�RU�GLUHFW�SLW�FORVXUH�

:DVWH� IURP� &RPSOHWLRQ� DQG� 6WLPXODWLRQ� 2SHUDWLRQV� �� 9DULRXV� FRPSOHWLRQ� DQG

VWLPXODWLRQ�SURFHVVHV�RQ�RLO�DQG�JDV�ZHOOV�UHVXOW�LQ�VROLGV�FRQWDLQLQJ�ZDVWH���([FHVV�FHPHQW�DIWHU

VHWWLQJ�SOXJV�RU�FHPHQWLQJ�FDVLQJ�PD\�UHVXOW�LQ�FHPHQW�ZDVWH���:DVKLQJ�VDQG�RXW�RI�WXELQJ�ZLOO�UHVXOW

LQ� VLOLFRQ� GLR[LGH� DQG� RWKHU� IRUPDWLRQ� VROLGV�� �$FLG� VWLPXODWLRQ�ZDVWHV�PD\� FRQWDLQ� VROLGV� RU

QHXWUDOL]HG�ZDVWHV�PD\�GHSRVLW�VROLGV���7KHUH�DUH�D�QXPEHU�RI�RWKHU��VLPLODU�ZDVWH�VRXUFHV���$OO�WKHVH

ZRXOG�EH�FDQGLGDWHV�IRU�GLVSRVDO�LQ�D�VDOW�FDYHUQ�

3URGXFHG�6DQG���0DQ\�IRUPDWLRQV�FRPSRVHG�RI�VDQGVWRQH�EUHDN�GRZQ��DQG�ILQH�SDUWLFOHV

RI�WKH�IRUPDWLRQ�DUH�SURGXFHG�DORQJ�ZLWK�RLO��JDV��DQG�ZDWHU���7KHVH�VLOLFHRXV�PDWHULDOV�DUH�PXFK

KHDYLHU�WKDQ�WKH�OLTXLG�SRUWLRQV�RI�WKH�SURGXFHG�VWUHDP�DQG�VHWWOH�RXW�LQ�SLSLQJ��VHSDUDWRUV��DQG�RWKHU

WUHDWPHQW�YHVVHOV���7KLV�PDWHULDO�LV�GLVWLQFW�IURP�WDQN�ERWWRPV�EHFDXVH�LW�FROOHFWV�UDSLGO\�LQ�ODUJH

DPRXQWV�DQG�LV�IDLUO\�XQLIRUP�LQ�FRPSRVLWLRQ��PRVWO\�DV�SDUWLFOHV�RI�VLOLFRQ�GLR[LGH��VDQG����2WKHU

VPDOO�LPSXULWLHV�LQ�SURGXFHG�VDQG�FDQ�EH�ZDWHU�IRUPHG�VFDOHV�DQG�FOD\V���:DWHU�IRUPHG�VFDOHV�WHQG

WR�FRQWDLQ�UDGLXP�DV�D�FR�SUHFLSLWDQW�LQ�WKH�VFDOH���$W�WLPHV��WKH�QDWXUDOO\�RFFXUULQJ�UDGLRDFWLYH

PDWHULDOV��1250��FRQFHQWUDWLRQ�FDQ�EH�KLJK�HQRXJK�WR�FDXVH�WKLV�ZDVWH�WR�IDOO�XQGHU�1250�ZDVWH

GLVSRVDO�UHJXODWLRQV���

7DQN�%RWWRPV���6ROLGV�DFFXPXODWH�LQ�WKH�ERWWRP�RI�WDQNV�DQG�WUHDWLQJ�YHVVHOV���7KHVH�VROLGV

XVXDOO\�FRQWDLQ�RLO�DQG�DUH�GLVSHUVHG�LQ�D�ZDWHU�FRQWLQXRXV�SKDVH���7KH�VROLGV�FRQWHQW�LV�FRPSRVHG

RI�FOD\V�DQG�RWKHU�IRUPDWLRQ�ILQHV��FRUURVLRQ�SURGXFWV�VXFK�DV�LURQ�VXOILGH�DQG�LURQ�R[LGH��ZDWHU�

IRUPHG�VFDOHV�VXFK�DV�FDOFLXP�FDUERQDWH�RU�FDOFLXP�VXOIDWH��DQG�EDFWHULDO�ERGLHV��ELRPDVV����7UDFH

FRQVWLWXHQWV�PLJKW�LQFOXGH�WUHDWLQJ�FKHPLFDOV��OLYH�EDFWHULDO�FXOWXUHV��GLVVROYHG�JDVHV�VXFK�DV�FDUERQ

GLR[LGH��DQG�K\GURJHQ�VXOILGH���:DWHU�IRUPHG�VFDOHV�WHQG�WR�FRQWDLQ�UDGLXP�DV�D�FR�SUHFLSLWDQW�LQ

WKH�VFDOH���$W�WLPHV��WKH�1250�FRQFHQWUDWLRQ�FDQ�EH�KLJK�HQRXJK�WR�FDXVH�WKLV�ZDVWH�WR�IDOO�XQGHU

1250�ZDVWH�GLVSRVDO�UHJXODWLRQV��
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,Q� SK\VLFDO� IRUP�� VXFK�ZDVWHV� UDQJH� IURP� VRIW�� IORFFXOHQW�PDWHULDOV� FRPSRVHG�RI� VPDOO

DPRXQWV�RI�VROLGV�GLVSHUVHG�LQ�ZDWHU�DQG�RLO�WR�KDUG��FHPHQWHG�PDVVHV�WKDW�DUH�DOPRVW�HQWLUHO\�VROLG

PDWHULDOV���7\SLFDOO\��WKLV�ZDVWH�LV�D�ZDWHU\�VOXGJH��DQG�LW�LV�FROOHFWHG�DQG�WUDQVSRUWHG�E\�YDFXXP

WUXFN���6ROLGV�HQWUDLQHG�LQ�WKH�ZDVWH�DUH�RI�VPDOO�SDUWLFOH�VL]H�DQG�PD\�EH�DOPRVW�QHXWUDOO\�EXR\DQW

LQ�ZDWHU�

�

&UXGH�2LO�&RQWDPLQDWHG�6RLO� ��6XUIDFH�VRLO�PD\�EHFRPH�FRQWDPLQDWHG�ZLWK�FUXGH�RLO

EHFDXVH�RI�VSLOOV�RU�OHDNV���&UXGH�RLO�FRQWDPLQDWHG�VRLO�ZRXOG�EH�D�SRWHQWLDO�FDQGLGDWH�IRU�FDYHUQ

VWRUDJH�LI�UHFODPDWLRQ�ZHUH�QRW�HFRQRPLFDOO\�IHDVLEOH�

6DOW�&RQWDPLQDWHG�6RLO���6XUIDFH�VRLOV�PD\�EHFRPH�FRQWDPLQDWHG�ZLWK�VDOW�GXH�WR�EULQH�RU

SURGXFHG�ZDWHU�VSLOOV�RU�OHDNV���6DOW�FRQWDPLQDWHG�VRLO�ZRXOG�EH�D�SRWHQWLDO�FDQGLGDWH�IRU�FDYHUQ

VWRUDJH�LI�UHFODPDWLRQ�ZHUH�XQHFRQRPLFDO��

0RQLWRULQJ�DQG�5HFRUGNHHSLQJ�&RQVLGHUDWLRQV

,W�LV�WKH�EHVW�LQWHUHVW�RI�ERWK�WKH�UHJXODWRU�DQG�WKH�RSHUDWRU�WR�NQRZ�ZKDW�W\SHV�RI�ZDVWHV�KDYH

EHHQ�SODFHG�LQ�WKH�GLVSRVDO�FDYHUQ���7KLV�UHSRUW�GRHV�QRW�SURSRVH�VSHFLILF�PRQLWRULQJ�UHTXLUHPHQWV�

UDWKHU�WKH�UHDGHU�LV�UHIHUUHG�WR�,2*&&���������ZKLFK�SXWV�IRUWK�FULWHULD�WKDW�DUH�LQWHQGHG�WR�JXLGH

VWDWHV�LQ�DVVHVVLQJ�DQG�LPSURYLQJ�WKHLU�UHJXODWRU\�SURJUDPV�IRU�RLO�ILHOG�ZDVWH�PDQDJHPHQW���:KLOH

WKH�,2*&&�FULWHULD�GR�QRW�VSHFLILFDOO\�DSSO\�WR�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�E\�LQMHFWLRQ��ZKLFK

ORJLFDOO\� LQFOXGHV� FDYHUQ� GLVSRVDO��� WKH\� VKRXOG� EH� FRQVLGHUHG� DV� D� XVHIXO� VWDUWLQJ� SRLQW� IRU

HVWDEOLVKLQJ�PRQLWRULQJ�UHTXLUHPHQWV���,Q�SDUWLFXODU��6HFWLRQ�������:DVWH�&KDUDFWHUL]DWLRQ�VKRXOG�EH

FRQVXOWHG�

,W�LV�DSSURSULDWH�WR�PDLQWDLQ�ORQJ�WHUP�UHFRUGV�RI�WKH�VRXUFH��TXDQWLW\��DQG�W\SH�RI�HDFK�EDWFK

RI�ZDVWH�EURXJKW�WR�WKH�GLVSRVDO�IDFLOLW\���
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&KDSWHU�����&DYHUQ�'HVLJQ�DQG�/RFDWLRQ�&RQVLGHUDWLRQV

+XQGUHGV�RI�VDOW�FDYHUQV�KDYH�EHHQ�FRQVWUXFWHG�DQG�RSHUDWHG�DURXQG�WKH�ZRUOG���0RVW�RI

WKHVH�KDYH�EHHQ�VWUXFWXUDOO\�VRXQG�DQG�FRPSOHWHO\�IUHH�IURP�OHDNDJH�RU�FROODSVH���,I�FDYHUQ�IDLOXUH

GRHV�RFFXU��KRZHYHU��LW�FDQ�OHDG�WR�FRQWDPLQDWLRQ�RI�VXUIDFH�ZDWHU�DQG�JURXQGZDWHU���7KLV�FKDSWHU

GLVFXVVHV�VHYHUDO�SRWHQWLDO�IDLOXUH�PRGHV�RU�DUHDV�RI�FRQFHUQ�DQG�DSSURDFKHV�IRU�PLWLJDWLQJ�RU�DW�OHDVW

DGGUHVVLQJ�WKH�FRQFHUQV�

3RWHQWLDO�)DLOXUH�0RGHV

6DOW�&UHHS���6DOW�LV�D�PDWHULDO�WKDW�FUHHSV�RU�IORZV�XQGHU�VWUHVV���&UHHS�FORVXUH�LV�DQ�DFWLYH

SURFHVV�LQ�DQ\�VDOW�FDYLW\�ZKHUH�VWUHVVHV�RU�SUHVVXUH�GLIIHUHQWLDOV�H[LVW���6FLHQWLVWV�KDYH�VWXGLHG�WKH

EHKDYLRU�RI�URFN�VDOW��DQG�WKH�VXEMHFW�UHPDLQV�D�WRSLF�RI�LQYHVWLJDWLRQ���$JUHHPHQW�H[LVWV�DPRQJ�PRVW

VFLHQWLVWV�WKDW�VDOW�EHKDYHV�DV�D�IOXLG��LW�IORZV�XQGHU�HYHQ�VPDOO�GHYLDWRULF�VWUHVVHV��DQG�WKDW�WKH�FUHHS

UDWH�RI�D�FDYHUQ�LV�D�KLJKO\�QRQOLQHDU�IXQFWLRQ�RI�LWV�LQWHUQDO�SUHVVXUH�DQG�LV�VWURQJO\�LQIOXHQFHG�E\

WHPSHUDWXUH��%HUHVW�DQG�%URXDUG���������7KHVH�IDFWRUV�SURYLGH�IRU�WKH��VHOI�KHDOLQJ��RI�VDOW���,Q

FDYHUQV�XVHG�IRU�JDV�VWRUDJH��IRU�H[DPSOH��IUDFWXUHV�UHVXOWLQJ�IURP�H[FHVVLYH�RSHUDWLQJ�SUHVVXUHV�ZLOO

FORVH�ZKHQ�WKH�SUHVVXUHV�UHWXUQ�WR�QRUPDO���+RZHYHU��FUHHS�DOVR�UHVXOWV�LQ�ORVV�RI�YROXPH�RU�FORVXUH

RI�FDYHUQV���7KH�HIIRUW�UHTXLUHG�WR�REWDLQ�VLWH�VSHFLILF�GDWD�PD\�EH�YHU\�ODUJH��DQG�PRGHOLQJ�RI�VDOW

LV�TXLWH�VSHFLDOL]HG��DOWKRXJK�PRGHOV�DUH�DYDLODEOH�WR�GR�WKHVH�W\SHV�RI�FDOFXODWLRQV�

&DYHUQ�5RRI�&ROODSVH�DQG�6XEVLGHQFH���&DYHUQ�URRI�FROODSVH�ZRXOG�PRVW�OLNHO\�RFFXU�LQ

FDYHUQV�ZLWK�PLQLPDO�RU�QR�VDOW�URRIV�RU�RWKHU�ZHLJKW�VXSSRUWLQJ�URRI�VWUXFWXUH��LQ�FDYHUQV�ZLWK

H[FHVVLYH� URRI� VSDQV�� RU� LQ� FDYHUQV� ZLWK� PLQLPDO� LQWHUQDO� SUHVVXUH�� � 8QGHU� VXFK� FRQGLWLRQV�

OLWKRVWDWLF�SUHVVXUH��WKH�SUHVVXUH�DWWULEXWDEOH�WR�WKH�ZHLJKW�RI�WKH�RYHUO\LQJ�URFN��FRXOG�H[FHHG�WKH

ORDG�FDUU\LQJ�FDSDELOLW\�RI�WKH�URRI�VXSSRUW�DQG�WKH�URRI�FRXOG�FROODSVH��&ROODSVH�RI�D�FDYHUQ�URRI

PD\�UHVXOW� LQ�VXGGHQ�PDMRU�VXEVLGHQFH�DW� WKH�VXUIDFH�DQG�IRUPDWLRQ�RI�VLQNKROHV�H[WHQGLQJ�IRU

KXQGUHGV�RI�IHHW�DURXQG�WKH�FDYHUQ�ZHOO���1LHWR�3HVFHWWR�DQG�+HQGURQ��������VXJJHVW�WKDW�VLQNKROHV

DUH�OHVV�OLNHO\�WR�RFFXU�ZKHQ�WKH�WKLFNQHVV�RI�WKH�RYHUEXUGHQ�LV�JUHDWHU�WKDQ�WHQ�WLPHV�WKH�WKLFNQHVV

RI�WKH�VDOW�OD\HU���

)DLOXUH�ZLOO�DOVR�GHSHQG�RQ�VL]H�RI�WKH�URRI�VSDQ�DQG�VWUHQJWK�RI�WKH�VWUDWD�RYHUO\LQJ�WKH�VDOW�

$V�VDOW�LV�OHDFKHG�IURP�WKH�ZDOOV�RU�URRI�RI�WKH�FDYHUQ��ORDG�LV�WUDQVIHUUHG�WR�WKH�VWUDWD�DERYH�WKH�VDOW�

LQFUHDVLQJ�WKH�VWUHVV�LQ�WKHVH�OHVV�GXFWLOH�OD\HUV�� �7KH�FDYLW\�URRI�EHJLQV�WR�IDLO�ZKHQ�WKH�VWUHVV

H[FHHGV�WKH�VWUHQJWK�RI�WKHVH�OD\HUV���7KHUH�DUH�VHYHUDO�GRFXPHQWHG�FDVHV�RI�FDYHUQ�URRI�FROODSVH�

LQFOXGLQJ�VROXWLRQ�PLQHG�EULQH�FDYHUQV�LQ�*URVVH�,OH��0LFKLJDQ��DQG�VROXWLRQ�PLQHG�FDYHUQV�LQ

:LQGVRU��2QWDULR���&RDWHV�HW�DO����������:KLOH�WKH�SRWHQWLDO�IRU�URRI�FROODSVH�H[LVWV�IRU�DQ\�FDYHUQ�

WKH�OLNHOLKRRG�RI�URRI�FROODSVH�LV�YHU\�VPDOO�IRU�PRVW�FDYHUQV���

,PSDFWV�IURP�D�JHQHUDO�FROODSVH�ZRXOG�RFFXU�IURP�WKH�GLVSHUVLRQ�RI�WKH�ZDVWH�WKDW�KDG�EHHQ

GLVSRVHG�RI�LQ�WKH�FDYHUQ�RU�IURP�GLVSODFHG�EULQH���7KH�ILQDO�HQYLURQPHQWDO�LPSDFW�VWDWHPHQW��(,6�

IRU�WKH�6HDZD\�*URXS�6DOW�'RPHV�SUHSDUHG�IRU�WKH�635�GHVFULEHG�WKH�SURFHVV�RI�JHQHUDO�FROODSVH
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IRU�DQ�RLO�ILOOHG�FDYHUQ��'2(���������,I�WKH�ZDVWH�PDWHULDOV�LQ�WKH�FDYHUQ�ZHUH�LQ�D�OLTXLG�RU�VHPL�

OLTXLG�IRUP��WKH�SURFHVV�GHVFULEHG�E\�'2(�IRU�FROODSVH�LQWR�DQ�RLO�ILOOHG�FDYHUQ�FRXOG�EH�VLPLODU�IRU

FROODSVH� LQWR� D� ZDVWH�ILOOHG� FDYHUQ�� DVVXPLQJ� WKH� SURSHUWLHV� RI� WKH� ZDVWH� ZHUH� VLPLODU� WR� WKH

SURSHUWLHV�RI�WKH�RLO���,Q�WKH�'2(�FROODSVH�PRGHO��WKH�FRQWHQWV��D�QHDUO\�LQFRPSUHVVLEOH�IOXLG�VXFK

DV�EULQH�RU�RLO��ZRXOG�EH�GLVSODFHG�YROXPH�IRU�YROXPH�E\�WKH�IDOOLQJ�FDSURFN�DQG�RYHUO\LQJ�VHGLPHQW�

,I�WKH�HQWLUH�FROXPQ�RI�VHGLPHQW�DERYH�D�FDYHUQ�HQWHUHG�LW�LQ�D�PDQQHU�DQDORJRXV�WR�D�SLVWRQ�LQ�D

F\OLQGHU��DQG�LI�WKH�FDYHUQ�FRQWHQWV�ZHUH�FRPSOHWHO\�GLVSODFHG�E\�SHUFRODWLRQ�WKURXJK�WKH�VHGLPHQWV

RI�WKH�SLVWRQ��UDWKHU�WKDQ�FRPSUHVVHG��WKHUH�ZRXOG�EH�D�VXUIDFH�GHSUHVVLRQ�HTXDO�LQ�YROXPH�WR�WKH

RULJLQDO�FDYHUQ��ILOOHG�EXW�QRW�RYHUIORZLQJ�ZLWK�WKH�GLVSODFHG�IOXLG���

$�PRUH� UHDOLVWLF� UHVXOW�ZRXOG� UHIOHFW� YDULRXV�PHFKDQLVPV� �LPSHUIHFW� SDFNLQJ�RI� IDOOLQJ

SDUWLFOHV��DGVRUSWLRQ��DEVRUSWLRQ��GLVVROXWLRQ��DQG�WUDSSLQJ�RI�WKH�GLVSODFHG�IOXLG���ZKLFK�ZRXOG

UHGXFH�WKH�DPRXQW�RI�IOXLG�WKDW�ZRXOG�FRQWLQXH�WR�ULVH�WKURXJK�WKH�FRQH�RI�LQIOXHQFH�DQG�HPHUJH�WR

WKH�VXUIDFH�RU�WKDW�ZRXOG�PLJUDWH�LQWR�DTXLIHUV�EHWZHHQ�WKH�VXUIDFH�DQG�WKH�WRS�RI�WKH�FDYHUQ���8QGHU

WKHVH�PHFKDQLVPV��WKH�RLO�ZRXOG�SUREDEO\�UHDFK�WKH�VXUIDFH�DV�VPDOO�VHHSV��DQG�DV�VHGLPHQW�VHWWOHG

LQWR�WKH�SODFH�IRUPHUO\�RFFXSLHG�E\�WKH�RLO��D�VPDOO�VXUIDFH�GHSUHVVLRQ�ZRXOG�IRUP���6XEVLGHQFH

FRXOG�DOVR�RFFXU�ZLWKRXW�VXUIDFH�HPHUJHQFH�RI�RLO���8VLQJ�WKH�SLVWRQ�DQDORJ\��DQG�DVVXPLQJ�WKDW�WKH

RLO�SHUFRODWHV�XS�WKURXJK�ZDWHU�VDWXUDWHG�VHGLPHQWV�WKDW�KDYH�]HUR�HPSW\�SRUH�VSDFH��WKHUH�ZRXOG

EH�D�YROXPH�IRU�YROXPH�GLVSODFHPHQW�RI�RLO��DQG� WKH�FRPELQHG�YROXPH�RI�ZDVWH�DQG�VDWXUDWHG

VHGLPHQWV�ZRXOG�UHPDLQ�FRQVWDQW���,I�WKH�RLO�PRYHG�XS�IURP�WKH�VDWXUDWHG�OD\HU�LQWR�WKH�HPSW\�SRUHV

RI�DQ�XQVDWXUDWHG�OD\HU��WKH�YROXPH�RI�WKH�XQVDWXUDWHG�OD\HU�ZRXOG�UHPDLQ�FRQVWDQW�DV�ORQJ�DV�WKH�RLO

ILOOHG�RQO\�HPSW\�VSDFH���2LO�ZRXOG�QRW�HPHUJH�RQ�WKH�VXUIDFH�XQWLO�DOO�WKH�SRUH�VSDFH�QHDU�D�SRWHQWLDO

VHHS�ZDV�ILOOHG�ZLWK�RLO��7KLV�ZRXOG�SHUPLW�WKH�SRVVLEOH�IRUPDWLRQ�RI�DQ�RLO�VOLFN�RQ�WRS�RI�WKH�ZDWHU

WDEOH�VXUIDFH�LQ�WKH�XQVDWXUDWHG�OD\HU��'2(�������

6XEVLGHQFH�GXH� WR�FDYHUQ�URRI�FROODSVH�FRXOG�DIIHFW� WKH�VXUIDFH�HQYLURQPHQW�DV�ZHOO�DV

VXUIDFH�IDFLOLWLHV��EXLOGLQJV��HTXLSPHQW��DQG�SLSLQJ���6XEVLGHQFH�FDXVHG�E\�VDOW�FUHHS�DQG�FDYHUQ

FORVXUH�LV�JHQHUDOO\�OLPLWHG�DQG�VORZ���,Q�VKDOORZ�FDYHUQV��IRU�H[DPSOH��VXEVLGHQFH�UDWHV�RI�����PP

SHU�\HDU�DUH�FRPPRQ��:DVVPDQQ��������+RZHYHU��:DVVPDQQ�KDV�UHSRUWHG�VHYHUDO�FRQWULEXWLQJ

IDFWRUV�WR�VXUIDFH�VXEVLGHQFH�DERYH�VDOW�FDYHUQV���)RU�H[DPSOH��RQH�SDUWLFXODU�VDOW�FDYHUQ�LQ�WKH

+HJHOR�EULQH�ILHOG�LQ�WKH�1HWKHUODQGV�VXEVLGHG�GXH�WR�ERWK�RYHUPLQLQJ��������PP�VXEVLGHQFH�LQ��

\HDU�� DQG�GLVLQWHJUDWLRQ�RI� WKH�FDYHUQ� URRI��ZKLFK�ZDV� IXUWKHU�ZHDNHQHG�E\�JHRORJLF� IDXOWLQJ�

(YHQWXDOO\��WKH�EULQH�SHQHWUDWHG�WKH�URRI��FDXVLQJ�LW�WR�FDYH�LQ�VORZO\�DQG�VWHDGLO\�DQG�XOWLPDWHO\

FUHDWLQJ�D����PHWHU�FUDWHU�ZLWKLQ�D�FRXSOH�RI�KRXUV��:DVVPDQQ�������

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�LQ�D�GLVSRVDO�FDYHUQ�WKH�RLO�ILHOG�ZDVWH�ZLOO�EH�LQ�WKH�IRUP�RI�D

VROLG�RU�VHPL�VROLG���(YHQ�LI�WKH�URRI�RI�D�GLVSRVDO�FDYHUQ�VKRXOG�FROODSVH��WKH�VROLG�RU�VHPL�VROLG

ZDVWHV�ZLOO�QRW�EH�GLVSODFHG�IURP�WKH�FDYHUQ�WR�WKH�H[WHQW�WKDW�WKH�IOXLGV�FRQVLGHUHG�LQ�WKH�'2(

FROODSVH�PRGHO�ZRXOG�EH���7KHUHIRUH��WKH�FRQVHTXHQFHV�RI�D�URRI�FROODSVH�LQ�D�GLVSRVDO�FDYHUQ��LQ�WKH

HYHQW�LW�VKRXOG�RFFXU��ZRXOG�EH�OHVV�GDPDJLQJ�WKDQ�D�URRI�FROODSVH�LQ�D�IOXLG�ILOOHG�FDYHUQ�
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&DYHUQ�,QWHJULW\���$OWKRXJK�FDYHUQV�FDQ�DQG�VKRXOG�EH�GHVLJQHG�WR�PLQLPL]H�WKH�FKDQFH

IRU�FROODSVH�DQG�VXEVLGHQFH��WKH�XVH�RI�FDYHUQV�KLVWRULFDOO\�GHYHORSHG�IRU�RWKHU�SXUSRVHV�DQG�XVHG

WRGD\�IRU�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�PXVW�EH�FDUHIXOO\�DVVHVVHG��$OWKRXJK�SHUPLWWHG�DW�WKHLU�WLPH�RI

GHYHORSPHQW�IRU�K\GURFDUERQ�VWRUDJH�RU�EULQH�SURGXFWLRQ��WKHLU�XVH�VSHFLILFDOO\�IRU�GLVSRVDO�VKRXOG

FRQVLGHU�ORFDWLRQ��VL]H�DQG�VKDSH��DQG�SUR[LPLW\�WR�QHDUE\�FDYHUQV�DQG�RWKHU�DFWLYLWLHV�WKDW�FRXOG�LQ

DQ\�ZD\�EH�DIIHFWHG�LQ�WKH�ORQJHU�WHUP��

/RFDWLRQ�RI�FDYHUQ���$�PDMRU�IDFWRU�LQ�GHWHUPLQLQJ�FDYHUQ�VWDELOLW\�LV�FDYHUQ�GHSWK���'HHS

FDYLWLHV�VXEMHFWHG�WR�ODUJH�RYHUEXUGHQ�VWUHVVHV�DUH�PRUH�OLNHO\�WR�VXIIHU�H[FHVVLYH�FORVXUH

EHFDXVH�WKH�SRWHQWLDO�IRU�ODUJH�VKHDU�VWUHVV�LV�JUHDWHU�WKDQ�IRU�VKDOORZ�FDYLWLHV��&RDWHV�HW�DO�

��������1HDUQHVV�WR�VDOW�IRUPDWLRQ�ERXQGDULHV�DQG�WR�RWKHU�FDYHUQV�ZLWKLQ�WKH�VDOW�IRUPDWLRQ

DOVR�DIIHFWV�FDYHUQ�VWDELOLW\�¥�FDYHUQV�QHDU�VDOW�IRUPDWLRQ�ERXQGDULHV�PD\�LQGXFH�KLJK

GHYLDWRULF�VWUHVVHV�LQ�PRUH�EULWWOH�URFN�RXWVLGH�WKH�VDOW���

&DYHUQ�VL]H�DQG�VKDSH���&DYHUQ�VL]H�DQG�VKDSH�DIIHFW�LQ�VLWX�VWUHVV�FKDQJHV��ZKLFK�LQ�WXUQ

LQIOXHQFH�VWUHVV�FRQFHQWUDWLRQV�DURXQG�WKH�FDYHUQ���6KRUW��ZLGH�FDYHUQV�WHQG�WR�SURGXFH�ODUJHU

VWUHVVHV�WKDQ�KLJK��QDUURZ�FDYLWLHV�RI�HTXDO�YROXPH���7KXV��IRU�FDYHUQV�RI�HTXDO�YROXPH�

WKRVH�ZLWK�UHODWLYHO\�KLJK�KHLJKW�WR�GLDPHWHU�UDWLRV�DUH�FRQVLGHUHG�WR�EH�OHVV�VXEMHFW�WR�URRI

FROODSVH�WKDQ�WKRVH�ZLWK�ORZHU�UDWLRV�

3UR[LPLW\�WR�RWKHU�FDYHUQV���:KHQ�PXOWLSOH�FDYLWLHV�DUH�FUHDWHG�LQ�VDOW�GRPHV��D�SULPDU\

FRQVLGHUDWLRQ�LV�WKH�WKLFNQHVV�RI�WKH�ZDOOV�EHWZHHQ�FDYLWLHV�UHTXLUHG�WR�PDLQWDLQ�V\VWHP

VWDELOLW\���7KLV�GHVLJQ�FRQVLGHUDWLRQ�LV�VLPLODU�WR�WKDW�LQYROYHG�LQ�GHVLJQLQJ�VXSSRUWLQJ�SLOODUV

IRU�URRP�DQG�SLOODU�PLQLQJ�DQG�LV�WZR�IROG���)LUVW��WKH�LQLWLDO�GHVLJQ�RU�VSDFLQJ�RI�PXOWLSOH

FDYHUQV�PXVW�EH�VXFK�WKDW�WKH�URRIV�ZLOO�EH�DGHTXDWHO\�VXSSRUWHG���6HFRQG��WKHUH�LV�D�SRWHQWLDO

IRU�FDYHUQ�GLDPHWHU�WR�LQFUHDVH���7KLV�LQFUHDVH�FRXOG�RFFXU�LI�WKHUH�ZHUH�XQVDWXUDWHG�ZDWHU

LQ�WKH�ZDVWHV�WKDW�FRXOG�GLVVROYH�VDOW�IURP�WKH�VXUURXQGLQJ�ZDOOV��WKHUHE\�LQFUHDVLQJ�WKH�VL]H

RI�WKH�H[LVWLQJ�FDYHUQV�DQG�IXUWKHU�UHGXFLQJ�WKH�WKLFNQHVV�RI�WKH�VDOW�ZDOO�EHWZHHQ�WKHP���7KLV

SURFHVV�FRXOG�EH�DFFHOHUDWHG�LI�VHDPV�RI�VDOW�PRUH�VROXEOH�WKDQ�VRGLXP�FKORULGH�ZHUH�SUHVHQW

LQ�WKH�IRUPDWLRQ���7KLV�FRQFHUQ�FDQ�JHQHUDOO\�EH�DGGUHVVHG�E\�EDVLQJ�WKH�RULJLQDO�FDYHUQ

GHVLJQ� RQ� WKH� DQWLFLSDWHG� LQFUHDVH� LQ� FDYHUQ� GLDPHWHU� FDXVHG� E\� DGGLWLRQDO� OHDFKLQJ�

&RPPXQLFDWLRQ�EHWZHHQ�FDYHUQV��RU�WKH�SDVVDJH�RI�PDWHULDO�WKURXJK�SRURXV�DQG�SHUPHDEOH

FRQQHFWLRQV�IURP�RQH�FDYHUQ�WR�DQRWKHU��PD\�DOVR�UHVXOW�IURP�DFWLYLWLHV�RXWVLGH�WKH�FDYHUQ

DQG�RXWVLGH�WKH�FRQWURO�RI�WKH�FDYHUQ�RSHUDWRU��HVSHFLDOO\�ZKHQ�WKH�GLVSRVDO�FDYHUQ�LV�QHDU

RWKHU�FDYHUQV�WKDW�FRXOG�H[SDQG�

%\�XVLQJ�FRPSUHKHQVLYH�JHRWHFKQLFDO�FRPSXWDWLRQV��:DOOQHU�DQG�YDQ�9OLHW��������DVVHVVHG

FKDQJHV�LQ�FDYLW\�VWDELOLW\�DQG�VXUIDFH�VXEVLGHQFH�H[SHFWHG�WR�UHVXOW�IURP�HQODUJLQJ�VHYHUDO

EULQH�FDYHUQV�LQ�D�VDOW�GRPH�LQ�WKH�1HWKHUODQGV���6DOW�ILHOG�RSHUDWRUV�SODQQHG�WR�HQODUJH�FDYLW\

GLDPHWHUV�IURP�����WR�����PHWHUV��OHDGLQJ�WR�DQ�LQFUHDVHG�YROXPH�DQG�DQ�LQFUHDVHG�UDWLR�RI

FDYLW\�VSDFLQJ�WR�GLDPHWHU�DSSURDFKLQJ�������7KH�PRGHO�LQGLFDWHG�WKDW�WKH�H[LVWLQJ�IRUPDWLRQ

LV�VWDEOH�EHFDXVH�RI�D�EULGJLQJ�HIIHFW���WKH�LQQHU�UHJLRQ�RI�WKH�FDYLW\�DUUD\�UHOD[HV�DQG�WKH
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RXWHU�UHJLRQ�RI�WKH�GRPH�UHFHLYHV�WKH�WUDQVIHUUHG�VWUHVVHV���7KH�PRGHO�DOVR�LQGLFDWHG�WKDW�IRU

WKLV�SDUWLFXODU�DUUD\��WKH�VWDELOLW\�RI�WKH�FDYLWLHV�DQG�WKH�SLOODUV�ZRXOG�QRW�EH�HQGDQJHUHG�E\

HQODUJLQJ�WKH�FDYLW\�GLDPHWHU��DOWKRXJK�WKH�HQODUJHG�GLDPHWHUV�UHVXOWHG�LQ�VOLJKWO\�LQFUHDVHG

VXUIDFH�VXEVLGHQFH���7KH�PRGHO�SUHGLFWHG�FRQWLQXHG�VWDELOLW\�DV�WKH�VSDFLQJ�WR�GLDPHWHU�UDWLR

DSSURDFKHG� ����� DOWKRXJK� VHYHUDO� SXEOLVKHG� VWDQGDUGV� RU� UHJXODWRU\� UHTXLUHPHQWV� IRU

K\GURFDUERQ�VWRUDJH�FDYHUQV�UHTXLUH�D�VSDFLQJ�WR�GLDPHWHU�UDWLR�RI�QR�OHVV�WKDQ������&6$

������715&&���������7KH�&6$�VWDQGDUGV�DOORZ�DOWHUQDWH�VSDFLQJ�LI�JHRORJLFDO�VWXGLHV�VKRZ

WKDW�FDYHUQV�PD\�EH�FORVHU���$QRWKHU�UHFHQW�UHIHUHQFH�UHFRPPHQGV�D�VSDFLQJ�WR�GLDPHWHU

UDWLR�RI�����IRU�K\GURFDUERQ�VWRUDJH�FDYHUQV�XQOHVV�VLWH�VSHFLILF�JHRPHFKDQLFDO�VWXGLHV�VKRZ

WKDW�FDYHUQV�PD\�EH�FORVHU��,2*&&�������

7KH�1HWKHUODQGV�VWXG\�DOVR�DVVXPHG�WKDW�WKH�FDYLWLHV�ZHUH�RSHQ�DQG�VXEMHFW�WR�K\GURVWDWLF

EULQH�SUHVVXUH�RQO\���7KH�VWXG\�VXJJHVWHG�WKDW�ORQJ�WHUP�VXEVLGHQFH�IRUHFDVWV�ZLOO�GHSHQG

RQ�FDYLW\�DEDQGRQPHQW�DQG�VHDOLQJ�FULWHULD��ZKLFK�QHHG�WR�EH�GHYHORSHG�DQG�WHVWHG��DQG

ZKLFK��QHHG�VXEVWDQWLDO�UHVHDUFK�HIIRUW�DQG�VWXG\�LQ�WKH�\HDUV�WR�FRPH���:DOOQHU�DQG�YDQ

9OLHW��������

/HDNDJH�RI�&DYHUQ�&RQWHQWV���$OWKRXJK�VDOW�LV�E\�QDWXUH�D�FUHHSLQJ�PDWHULDO�DQG�ZLOO

WKHRUHWLFDOO\�VHDO�XQGHU�QRUPDO�FRQGLWLRQV��OHDNV�IURP�FDYHUQV�KDYH�EHHQ�HQFRXQWHUHG���'2(
V�635

IRXQG�RQH�FDYHUQ�DW�6XOSKXU�0LQHV��/RXLVLDQD��WKDW�ZKHQ�WHVWHG��OHDNHG�DW�D�UDWH�RI�VHYHUDO�KXQGUHG

EDUUHOV�SHU�\HDU���2WKHU�RSHUDWLRQV�KDYH�RFFDVLRQDOO\�H[SHULHQFHG�VLPLODU�OHDNV���6XFK�OHDNV�DUH

QRUPDOO\�DWWULEXWHG�WR�SRRU�RU�GHWHULRUDWHG�FHPHQW�MREV�RQ�WKH�HQWU\�ZHOO�WR�WKH�FDYHUQV���,Q�WKH

6XOSKXU�0LQHV�FDVH��VDFULILFLDO�QLWURJHQ�ZDV�PDLQWDLQHG�RQ�WKH�FDYHUQ�URRI�GXULQJ�FUXGH�RLO�VWRUDJH

WR�SUHFOXGH�SURGXFW�ORVV���$GGLWLRQDOO\�WKHUH�KDV�EHHQ�DW�OHDVW�RQH�FDVH�LQ�VRXWKHUQ�/RXLVLDQD�RI�D

FDYHUQ�EHLQJ�DFFLGHQWDOO\�OHDFKHG�WKURXJK�DW�WKH�HGJH�RI�WKH�GRPH���,W�LV�LPSRUWDQW�WR�QRWH��KRZHYHU�

WKDW� WKH�YDVW�PDMRULW\�RI� WKH�KXQGUHGV�RI� VWRUDJH�FDYHUQV� LQ�XVH�KDYH� VHUYHG�DV� VHFXUH� VWRUDJH

FKDPEHUV�DQG�KDYH�QRW�OHDNHG��

6ROXELOLW\�RI�VDOW���$OO�PDWHULDOV�IRXQG�LQ�VDOW�IRUPDWLRQV�GR�QRW�GLVVROYH�DW�WKH�VDPH�UDWH�

&HUWDLQ� QRQVDOW� FRQVWLWXHQWV� �H�J��� DQK\GULWH��PD\� GLVVROYH� DW� VORZHU� UDWHV� WKDQ� VRGLXP

FKORULGH��WKHUHE\�OHDYLQJ�OHGJHV��ZKLOH�RWKHU�W\SHV�RI�VDOWV�PD\�GLVVROYH�PRUH�TXLFNO\�WKDQ

VRGLXP�FKORULGH��FUHDWLQJ�XQDQWLFLSDWHG�FKDQQHOV�RU�HQODUJHG�DUHDV�ZLWKLQ�D�FDYHUQ�

7\SH�RI�VDOW�IRUPDWLRQ���7KH�W\SH�RI�IRUPDWLRQ�LQ�ZKLFK�WKH�VDOW�FDYHUQ�LV�ORFDWHG�PD\�DIIHFW

WKH�SRWHQWLDO�IRU�OHDNDJH���7KHUH�DUH�WZR�JHQHUDO�W\SHV�RI�VDOW�IRUPDWLRQV���EHGGHG�DQG�GRPDO�

DQG�WKHUH�DUH�VLJQLILFDQW�YDULDWLRQV�LQ�VDOW�SURSHUWLHV�DQG�FKDUDFWHULVWLFV�ZLWKLQ�WKHVH�WZR

FDWHJRULHV�DV�ZHOO�DV�ZLWKLQ�LQGLYLGXDO�EHGV�RU�GRPHV���%HGGHG�VDOW��ZKLFK�KDV�KLVWRULFDOO\

EHHQ�XVHG�IRU�EULQH�PLQLQJ�LQ�ZHVW�7H[DV�� LV�RIWHQ�FKDUDFWHUL]HG�E\�LQVROXEOH�VKDOH�DQG

DQK\GULWH�]RQHV�WKDW�MXW�LQWR�WKH�FDYHUQ��VHH�)LJXUH������$�FRQFHUQ�KDV�EHHQ�UDLVHG�WKDW�VDOW

PD\�EH�LQWHUEHGGHG�ZLWK�SRURXV�RU�IUDFWXUHG�URFN�OD\HUV��DQG�WKDW�OLTXLG�ZDVWH�PLJKW�PLJUDWH

RXW�RI�WKH�FDYHUQ�WKURXJK�WKHVH�OD\HUV��LI�VXFK�OD\HUV�DUH�SUHVHQW���+RZHYHU��WKLV�PHFKDQLVP

RI�PLJUDWLRQ�LV�FRQVLGHUHG�KLJKO\�XQOLNHO\��EHFDXVH�WKHVH�OD\HUV�ZRXOG�EH�H[SHFWHG�WR�EH
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SOXJJHG�ZLWK�VDOW���0HFKDQLFDO�LQWHJULW\�WHVWLQJ�RI�GLVSRVDO�FDYHUQV�ZRXOG�GHWHUPLQH�ZKHWKHU

IOXLG�PLJUDWLRQ�WKURXJK�WKHVH�OD\HUV�LV�RFFXUULQJ�

*HQHUDOO\��VDOW�GRPHV�FRQWDLQ�VDOW�WKDW�LV�UHODWLYHO\�IUHH�RI�VKDOH�DQG�DQK\GULWH�OD\HUV���7KH

UHODWLYH�SXULW\�RI� WKH�VDOW� LQ� WKH�GHHSHU�GRPDO�DUHDV�DOORZV�XQLIRUP�GLVVROXWLRQ�DQG� WKH

IRUPDWLRQ�RI�UHJXODU�FDYHUQV��DOWKRXJK�GRPDO�VDOW�FDQ�DOVR�YDU\�IURP�IRUPDWLRQ�WR�IRUPDWLRQ�

DQG�HYHQ�ZLWKLQ�D�IRUPDWLRQ���3K\VLFDO�WHVWV�FRQGXFWHG�IRU�WKH�6ROXWLRQ�0LQLQJ�5HVHDUFK

,QVWLWXWH�WR�GHWHUPLQH�K\GURIUDF�JUDGLHQWV��SUHVVXUH�JUDGLHQWV�WKDW�ZLOO�FDXVH�IRUPDWLRQV�WR

SK\VLFDOO\�IUDFWXUH��RI�*XOI�&RDVW�VDOW�GRPHV�VKRZHG�WKDW�LQ�VLWX�IUDFWXULQJ�FKDUDFWHULVWLFV

DQG�FRQWDLQPHQW�SURSHUWLHV�RI�VDOW�FDQ�YDU\�JUHDWO\���7KH�UHVXOWV�DOVR�GHPRQVWUDWH�WKDW�WKH

K\GUDXOLF�IUDFWXUH�JUDGLHQW�W\SLFDOO\�DVVXPHG�IRU�*XOI�&RDVW�GRPHV�OHDGV�WR�FRQVHUYDWLYH

SUDFWLFHV�LQ�VROXWLRQ�PLQLQJ�DQG�VWRUDJH��7KRPV�DQG�*HKOH�������

&RQVWUXFWLRQ� DQG� RSHUDWLQJ� SUDFWLFHV� ��'XULQJ� FRQVWUXFWLRQ� RI� D� VDOW� FDYHUQ� IRU�ZDVWH

GLVSRVDO�� LW�ZLOO�EH�QHFHVVDU\�WR�DYRLG�DQ\�VHULRXV�GDPDJH��IUDFWXUH��UXSWXUH��WKDW�PLJKW

FRPSURPLVH�FDYHUQ�VWDELOLW\�DQG�ORQJ�WHUP�FDSDFLW\�IRU�FRQWDLQPHQW���2SHUDWLQJ�FRQGLWLRQV

DQG�SUDFWLFHV�FDQ�OHDG�WR�OHDNDJH�LI�WKH�LQWHJULW\�RI�WKH�ILQDO�FHPHQWHG�FDVLQJ�RU�WKH�FDVLQJ

VHDW��D�FHPHQWHG�EDVH�SODFHG�DW�WKH�ERWWRP�RI�WKH�FDVLQJ��LV�FRPSURPLVHG���)DFWRUV�DIIHFWLQJ

WKH� SUHVVXUH� RI� WKH� FDVLQJ� VHDW� LQFOXGH� GLVSRVDO� LQMHFWLRQ� UDWH�� FDVLQJ� DQG� WXEXODU

FRQILJXUDWLRQ�� DQG� V\VWHP� EDFN� SUHVVXUH�� � $� VSHFLILF� H[DPSOH� RI� KRZ� V\VWHP� SLSLQJ�

ZHOOKHDGV��DQG�WKH�FDYHUQ�IRUPDWLRQ�FDQ�EH�GDPDJHG�LV�WKURXJK�H[FHVVLYH�SUHVVXUH�VXUJHV

FDXVHG�E\�WKH�VXGGHQ�VWRSSDJH�RI�D�IORZLQJ�VWUHDP�� �7KLV�FDQ�KDSSHQ�LI��LQ� WKH�FDVH�RI

K\GURFDUERQ�VWRUDJH�ZHOOV��SURGXFW�LV�LQMHFWHG�RU�ZLWKGUDZQ�DW�YHU\�KLJK�IORZ�UDWHV��$3,

��������$3,�UHSRUWV�WKDW�EULQH��IUHVK�ZDWHU��DQG�VRPH�UHODWLYHO\�QRQ�FRPSUHVVLEOH�PDWHULDOV

FDQ�FDXVH�SUHVVXUH�VKRFN�ZDYHV�VHYHUH�HQRXJK�WR�GDPDJH�SLSLQJ��ZHOOKHDGV��DQG�WKH�FDYHUQ

IRUPDWLRQ���7KXV��LW�LV�SRVVLEOH�WKDW�LQMHFWLRQ�RI�RLO�ILHOG�ZDVWHV�DW�SUHVVXUHV�WKDW�DUH�WRR�KLJK

FRXOG�OHDG�WR�VXGGHQ�VWRSSDJHV��RU��ZDWHU�KDPPHU��HIIHFWV���7KH�GLVSRVDO�FDYHUQV�SHUPLWWHG

LQ�7H[DV�RSHUDWH�DW�PXFK�ORZHU�LQMHFWLRQ�SUHVVXUHV�WKDQ�PRVW�K\GURFDUERQ�VWRUDJH�FDYHUQV�

&RQVHTXHQWO\��ZDWHU�KDPPHU�HIIHFWV�VKRXOG�QRW�EH�D�SUREOHP�

$SSURDFKHV�IRU�0LWLJDWLQJ�3RWHQWLDO�)DLOXUH�0RGHV

7KH� FRQFHUQV� UDLVHG� DERYH� FDQ� EH� DGGUHVVHG� WKURXJK� DSSURSULDWH� GHVLJQ�� FRQVWUXFWLRQ�

RSHUDWLQJ��DQG�FORVXUH�SURFHGXUHV���3UHVHQWHG�EHORZ�DUH�VXJJHVWLRQV�IRU�PLWLJDWLQJ�SRWHQWLDO�DGYHUVH

FRQVHTXHQFHV�DVVRFLDWHG�ZLWK�XVLQJ�VDOW�GRPHV�IRU�GLVSRVLQJ�RLO�ILHOG�ZDVWH���

&RPSXWHU�0RGHOLQJ� �� 0DQ\� RI� WKH� FRQFHUQV� GHVFULEHG� DERYH� FDQ� EH� SUHGLFWHG� ZLWK

FRPSXWHU� SURJUDPV� WKDW� IRUHFDVW� FORVXUH� DQG� VXEVLGHQFH� UDWHV�� � &DYHUQ� GHVLJQ� DQG� RSHUDWLQJ

SURFHGXUHV�FDQ�WKHQ�EH�PRGLILHG��LI�QHFHVVDU\��RQ�WKH�EDVLV�RI�WKH�UHVXOWV���+RZHYHU��EHFDXVH�HDFK

VLWXDWLRQ�LV�GLIIHUHQW��VXFK�SURJUDPV�PXVW�EH�FDOLEUDWHG�WR�WKH�VSHFLDO�FLUFXPVWDQFHV�RI�HDFK�ORFDWLRQ

DQG�QRW�DOO�SKHQRPHQD�FDQ�EH�PRGHOHG�DFFXUDWHO\���7KXV��ZKLOH�PRGHOLQJ�LV�YDOXDEOH�IRU�KHOSLQJ�WR

PLWLJDWH�SRWHQWLDO�DGYHUVH�HIIHFWV��HPSLULFDO�GDWD�DQG�DFWXDO�PHDVXUHPHQWV�DUH�DOVR�XVHIXO��
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6LWH�6HOHFWLRQ�&ULWHULD���6HYHUDO�IDFWRUV�VKRXOG�EH�FRQVLGHUHG�LQ�VHOHFWLQJ�VLWHV�IRU�GLVSRVDO

RI� RLO� ILHOG� ZDVWHV�� � 7KHVH� LQFOXGH� PDQ\� VXJJHVWHG� E\� WKH� ,QWHUVWDWH� 2LO� DQG� *DV� &RPSDFW

&RPPLVVLRQ�IRU�VLWLQJ�QDWXUDO�JDV�VWRUDJH�FDYHUQV��,2*&&�������

� 'LVWDQFH�WR�SRSXODWHG�DUHDV�

� 3UR[LPLW\�WR�RWKHU�LQGXVWULDO�IDFLOLWLHV�

� &XUUHQW�DQG�IXWXUH�XVH�RI�DGMDFHQW�SURSHUWLHV��LQFOXGLQJ�DJULFXOWXUH��ZKLFK�PD\�ZLWKGUDZ

ODUJH�DPRXQWV�RI�JURXQGZDWHU�DQG�SRWHQWLDOO\�LQFUHDVH�VXEVLGHQFH�UDWHV�

� +DQGOLQJ�RI�EULQH�RU�RWKHU�GLVSODFHG�IOXLG�

� 3UR[LPLW\�WR�HQYLURQPHQWDOO\�VHQVLWLYH�ZHWODQGV��ZDWHUV��DQG�IUHVK�ZDWHU�DTXLIHUV�

� 3UR[LPLW\�WR�WKH�VDOW�ERXQGDU\��DQG

� 3UR[LPLW\�WR�RWKHU�H[LVWLQJ�DQG�DEDQGRQHG�VXEVXUIDFH�DFWLYLWLHV��H�J���QHLJKERULQJ�FDYHUQV

IRU�EULQH��JDV��RU�K\GURFDUERQV��

$QRWKHU�FRQVLGHUDWLRQ�IRU�VLWLQJ�LV�WKH�SRWHQWLDO�IRU�VHLVPLF�DFWLYLW\�

'HVLJQ�&RQVLGHUDWLRQV���7R�PLQLPL]H�WKH�FKDQFH�IRU�IDLOXUH�GXH�WR�FORVXUH��FROODSVH��RU

OHDNDJH��DFFHSWDEOH�GHVLJQV�VKRXOG�EH�EDVHG�RQ�D�JHRORJLFDO�UHYLHZ�RI�WKH�ORFDWLRQ�WKDW�FRYHUV�DOO

IHDWXUHV�FDSDEOH�RI�DIIHFWLQJ�WKH�FDYHUQ���$GHTXDWH�VWXGLHV�VKRXOG�DGGUHVV�UHJLRQDO�VWUHVVHV�DQG

VWUDLQV��PHFKDQLFDO��FKHPLFDO��DQG�FRQWDLQPHQW�SURSHUWLHV�RI�WKH�VDOW�DQG�FRQILQLQJ�URFN�IRUPDWLRQV�

DQG� VWUXFWXUDO� DQRPDOLHV�� LQFOXGLQJ� IDXOWLQJ� �,2*&&�������� � 7KH� GHVLJQ� VKRXOG� DOVR� FRQVLGHU

SRWHQWLDOO\�DVVRFLDWHG�ORZ�SHUPHDELOLW\�]RQHV�DQG�WKH�HIIHFWV�RI�WKRVH�]RQHV�RQ�GLVSRVDO�RSHUDWLRQV

�&6$���������'HWDLOHG�NQRZOHGJH�RI�WKH�JHRORJ\�VKRXOG�EH�VXSSRUWHG�E\�DGHTXDWH�GRFXPHQWDWLRQ�

2SHUDWRUV�VKRXOG�EH�DEOH�WR�GHPRQVWUDWH�WKDW�WKH�FDYHUQV�WKH\�SODQ�WR�XVH�¥�HLWKHU�QHZ�FDYHUQV

GHYHORSHG�VSHFLILFDOO\�IRU�RLO�ILHOG�ZDVWH�GLVSRVDO�RU�H[LVWLQJ�FDYHUQV�WKDW�DUH�EHLQJ�FRQYHUWHG�¥�ZLOO

UHPDLQ�VWDEOH�LQ�WKH�IXWXUH���

&RQVWUXFWLRQ�&RQVLGHUDWLRQV���)ROORZLQJ�FDYHUQ�FRQVWUXFWLRQ�DQG�EHIRUH�ZDVWH�GLVSRVDO

EHJLQV��LQVSHFWLRQ�DQG�WHVWLQJ�VKRXOG�EH�FRQGXFWHG�WR�YHULI\�WKH�WLJKWQHVV�RI�WKH�FDYHUQ��DQG�WR�HQVXUH

WKDW�WKHUH�LV�QR�K\GUDXOLF�FRPPXQLFDWLRQ�EHWZHHQ�WKH�FDYHUQ�DQG�RWKHU�FDYHUQV�RU�HOVHZKHUH�RXWVLGH

WKH�VDOW�IRUPDWLRQ�

2SHUDWLQJ�&RQVLGHUDWLRQV���'XULQJ�GLVSRVDO�RSHUDWLRQV��UHFRUGV�RI�RSHUDWLRQ�DV�ZHOO�DV

PHDVXUHPHQWV�RI�VXEVLGHQFH�DQG�FDYHUQ�LQWHJULW\�VKRXOG�EH�PDGH�SHULRGLFDOO\���&DUH�PXVW�EH�WDNHQ

WR�HQVXUH�DJDLQVW�FRQGLWLRQV�WKDW�ZRXOG�FDXVH�WKH�SUHVVXUH�DW�WKH�FHPHQWHG�FDVLQJ�VHDW�WR�H[FHHG�WKH
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IUDFWXUH�SUHVVXUH���(PHUJHQF\�SODQQLQJ�VKRXOG�DOVR�EH�XQGHUWDNHQ�WR�DGGUHVV�DFFLGHQWDO�UHOHDVHV�RI

EULQH�RU�RLO\�VXEVWDQFHV�
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&KDSWHU�����'LVSRVDO�2SHUDWLRQV

7KH�'LVSRVDO�3URFHVV

,QLWLDOO\��FDYHUQV�DUH�ILOOHG�ZLWK�FOHDQ�EULQH���:DVWHV�DUH�LQWURGXFHG�DV�D�VOXUU\�RI�ZDVWH�DQG

D� FDUULHU� IOXLG� �EULQH� RU� IUHVK�ZDWHU��� �$� FDUULHU� IOXLG� WKDW� LV� QRW� IXOO\� VDWXUDWHG�ZLWK� VDOW�ZLOO

HYHQWXDOO\�OHDFK�VDOW�IURP�WKH�FDYHUQ�ZDOOV�RU�URRI���([SDQVLRQ�RI�FDYHUQ�GLDPHWHU�LV�JHQHUDOO\�QRW

D�SUREOHP�DV� ORQJ�DV� WKH�DQWLFLSDWHG�GHJUHH�RI�H[SDQVLRQ� LV�DFFRXQWHG� IRU�ZKHQ�GHVLJQLQJ� WKH

FDYHUQV���7R�DYRLG�H[FHVVLYH�OHDFKLQJ�RI�WKH�FDYHUQ�URRI��RSHUDWRUV�PD\�LQWHQWLRQDOO\�LQWURGXFH�D

K\GURFDUERQ�SDG�WKDW��E\�YLUWXH�RI�LWV�ORZHU�GHQVLW\��ZLOO�IORDW�WR�WKH�WRS�RI�WKH�FDYHUQ�DQG�NHHS�WKH

XQVDWXUDWHG�FDUULHU�IOXLG�IURP�FRPLQJ�LQ�FRQWDFW�ZLWK�WKH�FDYHUQ�URRI�

$V�WKH�ZDVWH�VOXUU\�LV�LQMHFWHG��WKH�FDYHUQ�DFWV�DV�D�RLO�ZDWHU�VROLGV�VHSDUDWRU���7KH�KHDYLHU

VROLGV� IDOO� WR� WKH�ERWWRP�RI� WKH�FDYHUQ�� IRUPLQJ�D�SLOH�� �$Q\�IUHH�RLOV�RU�K\GURFDUERQV� WKDW�DUH

DVVRFLDWHG�ZLWK�WKH�ZDVWH�IORDW�WR�WKH�WRS�RI�WKH�FDYHUQ���&OHDQ�EULQH�GLVSODFHG�E\�WKH�LQFRPLQJ�VOXUU\

LV�UHPRYHG�IURP�WKH�FDYHUQ�DQG�HLWKHU�VROG�DV�D�SURGXFW�RU�GLVSRVHG�RI�LQ�DQ�LQMHFWLRQ�ZHOO���:KHQ

WKH�FDYHUQ�LV�ILOOHG��WKH�RSHUDWRU�UHPRYHV�WKH�K\GURFDUERQ�SDG�DQG�SOXJV�WKH�FDYHUQ���7KH�UHPDLQGHU

RI� WKLV� FKDSWHU� SURYLGHV� JUHDWHU� GHWDLO� RQ� WKH� GLVSRVDO� SURFHVV� DQG� GLVFXVVHV� LVVXHV� UHODWLQJ� WR

GLVSRVDO�

&DUULHU�)OXLG�&RQVLGHUDWLRQV

)XOO\�VDWXUDWHG�EULQH�LV�D�JRRG�FDUULHU�IOXLG��EXW�LW�PD\�QRW�DOZD\V�EH�DYDLODEOH�RU�PD\�EH�WRR

FRVWO\���8VLQJ�IUHVK�ZDWHU�RU�EULQHV�WKDW�DUH�QRW�IXOO\�VDWXUDWHG�DV�FDUULHU�IOXLGV�GRHV�QRW�SUHVHQW�PDMRU

GLIILFXOWLHV��KRZHYHU���8QGHU�WKLV�VFHQDULR��WKH�RSHUDWRU�ZRXOG�QHHG�WR�EH�DZDUH�RI�WKH�HIIHFW�WKH

FDUULHU�IOXLGV�ZRXOG�KDYH�RQ�DGGLWLRQDO�VDOW�OHDFKLQJ���$OWKRXJK�WKH�SUHVHQFH�RI�IUHVK�ZDWHU�VKRXOG

FDXVH�RQO\�D� UHODWLYHO\� VPDOO� FKDQJH� LQ� WKH�GLDPHWHU�RU�KHLJKW� WKURXJK� OHDFKLQJ��XQGHU� FHUWDLQ

FLUFXPVWDQFHV��WKH�DPRXQW�RI�DGGLWLRQDO�OHDFKLQJ�FRXOG�UHGXFH�WKH�LQWUD�FDYHUQ�GLVWDQFH��WKH�GLVWDQFH

WR�WKH�HGJH�RI�WKH�VDOW�IRUPDWLRQ��RU�WKH�FDYHUQ�URRI�WKLFNQHVV�WR�D�GHJUHH�WKDW�ZRXOG�EH�FRQVLGHUHG

XQGHVLUDEOH�� �7KHUHIRUH�� LI� WKH�ZDVWH�FRQWDLQV�IUHVK�ZDWHU�RU� OHVV� WKDQ�IXOO\�VDWXUDWHG�EULQH�� WKH

RSHUDWRU�DQG�WKH�UHJXODWRU\�DJHQF\�ZRXOG�QHHG�WR�DJUHH�LQ�DGYDQFH�RQ�WKH�H[WHQW�RI�DGGLWLRQDO

OHDFKLQJ�WKDW�ZRXOG�EH�DOORZHG�DW�WKDW�SDUWLFXODU�VLWH�DQG�KRZ�WKDW�OHDFKLQJ�UDWH�FRXOG�EH�FRQWUROOHG�

:KLOH�FDYHUQV�ZLOO�H[SDQG�LI�FDUULHU�IOXLGV�DUH�QRW�IXOO\�VDWXUDWHG��WKH�H[WHQW�RI�H[SDQVLRQ�LV

JHQHUDOO\�QRW�SDUWLFXODUO\�ODUJH���)RU�H[DPSOH��LI�D�FDYHUQ�LV�ILOOHG�FRPSOHWHO\�ZLWK�IUHVK�ZDWHU��ZKLFK

VXEVHTXHQWO\�GLVVROYHV�HQRXJK�VDOW�WR�EHFRPH�IXOO\�VDWXUDWHG��WKH�FDYHUQ�YROXPH�LV�H[SHFWHG�WR

LQFUHDVH�E\�RQO\�RQH�VL[WK�DQG�WKH�GLDPHWHU�LV�H[SHFWHG�WR�LQFUHDVH�E\�RQO\���SHUFHQW��'LDPRQG

������

:DVWH�(PSODFHPHQW�&RQVLGHUDWLRQV

7KHUH�DUH�WKUHH�SRWHQWLDO�ZD\V�WR�ILOO�WKH�FDYHUQ��
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����7KH�ZDVWH�FDQ�EH�SXPSHG�GRZQ�WKH�WXELQJ�DQG�WKH�GLVSODFHG�EULQH�ZLWKGUDZQ�IURP�WKH

DQQXOXV�

����7KH�ZDVWH�FDQ�EH�SXPSHG�GRZQ�WKH�DQQXOXV�DQG�WKH�GLVSODFHG�EULQH�FDQ�EH�ZLWKGUDZQ

IURP�WKH�WXELQJ��DQG

��� �7KH�ZDVWH�FDQ�EH�SXPSHG�GRZQ�RQH�ZHOO�DQG�WKH�GLVSODFHG�EULQH�FDQ�EH�ZLWKGUDZQ

WKURXJK�D�VHFRQG�ZHOO�

7KH�ILUVW�VFHQDULR�GHVFULEHG�DERYH�LV�WKH�RQH�PRVW�OLNHO\�WR�EH�XVHG���7KH�KHDYLHU�VROLGV�LQ

WKH�LQFRPLQJ�ZDVWH�ZLOO�EH�LQWURGXFHG�QHDU�WKH�ERWWRP�RI�WKH�FDYHUQ�DQG�ZLOO�KDYH�D�JRRG�FKDQFH

RI�VHWWOLQJ�DQG�UHPDLQLQJ�LQ�WKH�FDYHUQ���6RPH�RI�WKH�K\GURFDUERQV�ULVLQJ�WKURXJK�WKH�FDYHUQ�PD\

EHFRPH�HQWUDLQHG�LQ�WKH�GLVSODFHG�EULQH�WKDW�LV�OHDYLQJ�WKH�FDYHUQ��DOWKRXJK�PRVW�K\GURFDUERQV�ZLOO

DFFXPXODWH�LQ�D�SDG�RU�OD\HU�QHDU�WKH�URRI�

2QH�RSHUDWRU�LQ�7H[DV�IROORZV�WKH�VHFRQG�VFHQDULR���:DVWH�LV�LQWURGXFHG�QHDU�WKH�WRS�RI�WKH

FDYHUQ���7KH�OLJKWHU�PDWHULDO�ZLOO�UHPDLQ�DW�WKH�WRS�RI�WKH�FDYHUQ�ZKLOH�WKH�KHDYLHU�VROLGV�PXVW�IDOO

WKURXJK�PDQ\�IHHW�RI�EULQH�EHIRUH�UHDFKLQJ�WKH�FDYHUQ�ERWWRP���7KH�KHDYLHU�VROLGV�DUH�PRYLQJ�LQ�WKH

VDPH�GLUHFWLRQ�DV�WKH�GLVSODFHG�EULQH�DQG�PD\�PL[�ZLWK�WKH�GLVSODFHG�EULQH�DQG�EH�FDUULHG�RXW�RI�WKH

FDYHUQ�

$QRWKHU�7H[DV�GLVSRVDO�FDYHUQ�RSHUDWRU�VWDUWHG�GLVSRVDO�RSHUDWLRQV�ZLWK�D�VLQJOH�ZHOO�DQG

LQMHFWHG�ZDVWH�WKURXJK�WKH�WXELQJ���7KH�FURVV�VHFWLRQDO�DUHD�RI�WKH�WXELQJ�DQG�WKH�DQQXOXV�OLPLWHG�WKH

UDWH�DW�ZKLFK�WKH�FDYHUQ�FRXOG�EH�ILOOHG���7R�SURYLGH�DGGLWLRQDO�FURVV�VHFWLRQDO�DUHD�WR�HQKDQFH�WKH

UDWH�RI�ILOOLQJ��WKH�RSHUDWRU�UHFHQWO\�GULOOHG�D�VHFRQG�ZHOO�DQG�LV�QRZ�RSHUDWLQJ�WKH�FDYHUQ�XVLQJ�RQH

ZHOO�IRU�LQMHFWLRQ�DQG�WKH�RWKHU�ZHOO�IRU�EULQH�ZLWKGUDZDO�

,QMHFWLRQ�DW�WKH�ERWWRP�RI�WKH�FDYHUQ�SUHVHQWV�WKH�SUREOHP�RI�FKDQJLQJ�WKH�LQMHFWLRQ�WXELQJ

GHSWK�DV�WKH�FDYHUQ�ILOOV���2SHUDWRUV�RI�RLO�ILHOG�ZDVWH�GLVSRVDO�FDYHUQV�XVLQJ�LQMHFWLRQ�WKURXJK�WKH

WXELQJ�LQMHFW�ZDVWH�XQWLO�WKH�HQG�RI�WKH�WXELQJ�LV�FRYHUHG�RU�WKH�EDFN�SUHVVXUH�IURP�WKH�DFFXPXODWHG

ZDVWH�SUHFOXGHV�IXUWKHU�LQMHFWLRQ���$W�WKLV�SRLQW��WKH�RSHUDWRUV�XVH�D�VPDOO�FRQWUROOHG�H[SORVLYH�FKDUJH

WR�FXW�RII�WKH�HQG�RI�WKH�WXELQJ�IXUWKHU�XS�WKH�FDYHUQ�DQG�WKHQ�FDQ�UHVXPH�ILOOLQJ�WKH�FDYHUQ����

'LVSODFHG�)OXLGV�&RQVLGHUDWLRQV

$V�WKH�VROLG�FRPSRQHQWV�RI�WKH�LQFRPLQJ�ZDVWH�ILOO�WKH�ERWWRP�RI�WKH�FDYHUQ��DQ�LQWHUIDFH

IRUPV�EHWZHHQ�WKH�DFFXPXODWHG�ZDVWH�DQG�WKH�RYHUO\LQJ�EULQH��LQFOXGLQJ�D�WUDQVLWLRQ�]RQH�RI�EULQH

WKDW�LV�PL[HG�ZLWK�WKH�ZDVWH���(DUO\�LQ�WKH�OLIH�RI�D�GLVSRVDO�FDYHUQ��EULQH�LV�ZLWKGUDZQ�KXQGUHGV�RI

IHHW�DERYH�WKH�VXUIDFH�RI�WKH�ZDVWH�SLOH�RU�WKH�WUDQVLWLRQ�]RQH���7KH�YDVW�PDMRULW\�RI�WKH�GLVSODFHG

EULQH�ZLOO�EH�FOHDQ���$V�WKH�FDYHUQ�ILOOV��KRZHYHU��WKH�WUDQVLWLRQ�]RQH�EULQH�PD\�PDNH�XS�D�ODUJHU

SURSRUWLRQ�RI�WKH�UHPDLQLQJ�FDYHUQ�YROXPH���$W�VRPH�ODWHU�WLPH��WKH�EULQH�ZLWKGUDZQ�IURP�WKH�FDYHUQ

ZLOO�FRQVLVW�SDUWLDOO\�RU�FRPSOHWHO\�RI�EULQH�IURP�WKH�WUDQVLWLRQ�]RQH���7KH�WUDQVLWLRQ�]RQH�EULQH�ZLOO
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EH� QRWLFHDEO\� GLUWLHU� WKDQ� WKH� FOHDQ� EULQH� WKDW�ZDV� RULJLQDOO\� GLVSODFHG� IURP� WKH� FDYHUQ�� � 7KH

ZDVWH�EULQH� LQWHUDFWLRQ� LQ� WKH� WUDQVLWLRQ� ]RQH� VKRXOG� KDYH� QR� HIIHFW� RQ� WKH� QRQKD]DUGRXV

FODVVLILFDWLRQ�RI�WKH�EULQH�RU�RQ�WKH�HQYLURQPHQWDO�VXLWDELOLW\�RI�FDYHUQ�GLVSRVDO���+RZHYHU��WKHUH�PD\

EH�XQDQWLFLSDWHG�RSHUDWLRQDO�FRQFHUQV�DQG�H[SHQVHV���

'LVSODFHG�EULQH�LV�JHQHUDOO\�VROG�DV�D�SURGXFW�RU�LQMHFWHG�LQWR�EULQH�GLVSRVDO�ZHOOV���$V�ORQJ

DV�WKH�EULQH�LV�FOHDQ��HLWKHU�PHWKRG�RI�PDQDJLQJ�GLVSODFHG�EULQH�FDQ�EH�SUDFWLFHG�ZLWKRXW�DGGLWLRQDO

WUHDWPHQW�RU�KDQGOLQJ�� �+RZHYHU��DV� WKH�WUDQVLWLRQ�]RQH�EULQH�LV�GLVSODFHG�IURP�WKH�FDYHUQ�� WKH

RSHUDWRU�PD\�EH� IDFHG�ZLWK� DGGLWLRQDO� H[SHQVH� WR� FOHDQ�XS� WKH� EULQH� EHIRUH� LW� FDQ�EH� LQMHFWHG

XQGHUJURXQG�IRU�GLVSRVDO���6ROLGV�ODGHQ�EULQH�FRXOG�FORJ�WKH�IRUPDWLRQ�LQWR�ZKLFK�LW�ZDV�LQMHFWHG�

W\SLFDOO\�VXFK�ZDVWHV�DUH�ILOWHUHG�SULRU�WR�LQMHFWLRQ���6LQFH�PRVW�RI�WKH�EULQH�WKDW�LV�VROG�LV�XVHG�DV�D

FRQVWLWXHQW�RI�GULOOLQJ�IOXLGV�WR�GULOO�DGGLWLRQDO�RLO�DQG�JDV�ZHOOV��WKH�SUHVHQFH�RI�ZDVWH�FRPSRQHQWV

LQ�WKH�EULQH�PD\�QRW�DIIHFW�LWV�VDODELOLW\���

$Q�DOWHUQDWLYH�WR�FOHDQLQJ�XS�WKH�GLVSODFHG�IOXLG�IRU�GLVSRVDO�LV�HDUO\�DEDQGRQPHQW�RI�WKH

FDYHUQ��EHIRUH�LW�LV�FRPSOHWHO\�IXOO���7KLV�UHVXOWV�LQ�OHVV�GLVSRVDO�YROXPH�WKDQ�ZDV�LQLWLDOO\�SODQQHG�

ZLWK�D�UHVXOWDQW�ORVV�LQ�UHYHQXH���<HW�DQRWKHU�DOWHUQDWLYH�LV�WR�ILOO�D�FDYHUQ�XQWLO�WKH�GLVSODFHG�EULQH

VKRZV�FKDUDFWHULVWLFV�RI�WKH�WUDQVLWLRQ�]RQH���$W�WKDW�SRLQW�WKH�RSHUDWRU�FRXOG�GLVFRQWLQXH�GLVSRVDO

IRU�D�SHULRG�RI�WLPH��DOORZLQJ�WKH�VROLG�ZDVWHV�WR�PRUH�FRPSOHWHO\�VHWWOH�DQG�PLQLPL]LQJ�WKH�H[WHQW

RI�WKH�WUDQVLWLRQ�]RQH�

� 'LVSODFHG�EULQH�WKDW�LV�VROG�VKRXOG�QRW�FRQWDLQ�H[FHVVLYH�OHYHOV�RI�FRQWDPLQDQWV���5HJXODWRU\

FULWHULD�IRU�DFFHSWDEOH�OHYHOV�RI�FRQWDPLQDQWV�RU�RQ�WKH�SURMHFWHG�HQG�XVH�PD\�EH�DSSURSULDWH���

2WKHU�&RQVLGHUDWLRQV

0RQLWRULQJ�RI�FDYHUQ�SUHVVXUH�VKRXOG�EH�GRQH�EHIRUH�WKH�FDYHUQ�LV�ILOOHG�ZLWK�RLO�ILHOG�ZDVWH�

WKURXJKRXW�WKH�ZDVWH�HPSODFHPHQW�F\FOH��DQG�RSWLPDOO\��IRU�VRPH�SHULRG�RI�WLPH�DIWHU�WKH�FDYHUQ�KDV

EHHQ� FORVHG�� � ,Q�RUGHU� WR�PRQLWRU� FDYHUQ�SUHVVXUH� DIWHU� FORVXUH�� D� SUHVVXUH� WUDQVGXFHU�PXVW� EH

LQVWDOOHG�LQ�WKH�FDYHUQ�DW�WKH�WLPH�LW�LV�FORVHG�

7KH�W\SHV�DQG�YROXPHV�RI�ZDVWHV�HPSODFHG�VKRXOG�EH�UHFRUGHG�RQ�D�UHJXODU�EDVLV�DQG�WKH

UHFRUGV�VKRXOG�EH�PDLQWDLQHG�IRU�VHYHUDO�\HDUV�IROORZLQJ�FORVXUH�RI�WKH�FDYHUQ�

6LQFH�WKHUH�LV�YHU\�OLPLWHG�H[SHULHQFH�ZLWK�RSHUDWLQJ�VDOW�FDYHUQV�IRU�GLVSRVDO�RI�RLO�ILHOG

ZDVWH��FHUWDLQ�IDFHWV�RI�RSHUDWLRQ�FRXOG�EHQHILW�IURP�DGGLWLRQDO�UHVHDUFK���7KH�IHZ�RLO�ILHOG�ZDVWH

GLVSRVDO�FDYHUQV�LQ�RSHUDWLRQ�KDYH�QRW�\HW�EHFRPH�IXOO��7KHUH�ZLOO�EH�GLIIHUHQFHV�LQ�EULQH�TXDOLW\�DV

WKH�FDYHUQV�ILOO���5HVHDUFK�FRXOG�SURYLGH�LQIRUPDWLRQ�XVHIXO�WR�RSHUDWRUV�RQ�KRZ�WR�FRQWURO�EULQH

TXDOLW\�DQG�ZKHQ�EULQH�ZLOO�KDYH�WR�EH�WUHDWHG�SULRU�WR�GLVSRVDO�RU�VDOH��
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&KDSWHU�����&ORVXUH�DQG�5HPHGLDWLRQ�

$OWKRXJK�YDULRXV�LQGXVWULHV�KDYH�EHHQ�RSHUDWLQJ�VWRUDJH�DQG�SURGXFWLRQ�FDYHUQV�IRU�\HDUV�

WKH�ORQJ�WHUP�EHKDYLRU�RI�FDYHUQV�ILOOHG�ZLWK�RLO�ILHOG�ZDVWH�LV�XQNQRZQ���6FLHQWLVWV�KDYH�PRGHOHG

FDYHUQ�EHKDYLRU�DQG�HQJLQHHUV�KDYH�FRQGXFWHG�OLPLWHG�WHVWV�RI�FORVHG�EULQH�ILOOHG�FDYHUQV���0RVW

KDYH�VWXGLHG�OLTXLG�ILOOHG�VDOW�FDYHUQV��DOWKRXJK�VRPH�KDYH�PRGHOHG�KD]DUGRXV�ZDVWH�GLVSRVDO�LQ�GU\

FDYHUQV��7KH�H[WHQW�WR�ZKLFK�SUHOLPLQDU\�ILQGLQJV�LQ�WKHVH�DUHDV�UHODWH�WR�WKH�EHKDYLRU�RI�FDYHUQV

XVHG�IRU�RLO�ILHOG�ZDVWHV�LV�QRW�NQRZQ���+RZHYHU��LW�ZLOO�GHSHQG�DW�OHDVW�LQ�SDUW�RQ�WKH�UDWLR�RI�EULQH

�RU�RWKHU�OLTXLG�ZDVWH�FRQWHQWV��WR�VROLGV�DQG�RQ�WKH�GHQVLWLHV�RI�WKH�VROLG�ZDVWHV�UHODWLYH�WR�WKRVH�RI

WKH�VXUURXQGLQJ�VDOW���7R�SUHVHQW�WKH�FXUUHQW�WKLQNLQJ�UHJDUGLQJ�FORVXUH�DQG�DEDQGRQPHQW�DQG�WR

KLJKOLJKW� VRPH�RI� WKH� LVVXHV�DVVRFLDWHG�ZLWK�VXFK�DFWLYLWLHV�� WKH�VWDWXV�RI�NQRZOHGJH� UHODWHG� WR

FORVLQJ�DQG�DEDQGRQLQJ�FDYHUQV�LV�DGGUHVVHG�LQ�WKLV�FKDSWHU���

&RQFHUQV�ZLWK�6HDOLQJ�DQG�$EDQGRQLQJ�&DYHUQV

6HDOLQJ�DQG�$EDQGRQPHQW�RI�/LTXLG�)LOOHG�&DYHUQV

7KH� JHQHUDO� FRQFHUQ� ZLWK� VHDOLQJ� DQG� DEDQGRQLQJ� D� IOXLG�ILOOHG� VDOW� FDYHUQ� LV� WKDW� WKH

FRQWLQXHG�FUHHS�RI�WKH�FDYHUQ�FDQ�UDLVH�WKH�IOXLG�SUHVVXUH�DW�WKH�WRS�RI�WKH�FDYHUQ�WR�D�YDOXH�JUHDWHU

WKDQ�WKDW�RI�WKH�OLWKRVWDWLF�SUHVVXUH�DW�WKDW�SRLQW��%LVKRS���������7KLV�FRQGLWLRQ�FDQ�OHDG�WR�D�SRVVLEOH

IUDFWXUH�LQ�WKH�DUHD�RI�WKH�ZHOOERUH��DOORZLQJ�EULQH�WR�EH�IRUFHG�RXW�RI�WKH�FDYHUQ��

7KH�635�KDV�RQO\�FXUVRULO\�DGGUHVVHG�WKH�DEDQGRQPHQW�RI�635�FDYHUQV���6DOLQH�DTXLIHUV�RU

LPSHUPHDEOH�FDSURFN�RYHUOD\�WKH�VDOW�DURXQG�WKH�635�VDOW�GRPHV���:KHQ�WKH�635�FDYHUQV�DUH�FORVHG�

WKH\�ZLOO�EH�VHDOHG�DV�VWDWH�ODZ�UHTXLUHV���+RZHYHU��HYHQ�VWDWH�FRQFHUQV�UHODWLYH�WR�EULQH�HVFDSLQJ�LQWR

VDWXUDWHG�DTXLIHUV�RU�FDSURFN�DUH�PLQLPDO�IRU�635�FDYHUQV���2WKHU�VLWHV�IRU�H[LVWLQJ�RU�SRWHQWLDO

ZDVWH� GLVSRVDO� FDYHUQV�PD\� EH� ORFDWHG� LQ� DUHDV� WKDW� SRVH� JUHDWHU� ULVNV�� � (DFK� VLWH� VKRXOG� EH

LQGLYLGXDOO\�HYDOXDWHG�IRU�LWV�ULVN�SRWHQWLDO�

,Q� ������ WKH� 6ROXWLRQ� 0LQLQJ� 5HVHDUFK� ,QVWLWXWH� VSRQVRUHG� D� VWXG\� XVLQJ� FRPSXWHU

VLPXODWLRQV�FRPELQHG�ZLWK�NQRZOHGJH�RI�WKH�PDWHULDO�SURSHUWLHV�RI�URFN�VDOW�DQG�ZLWK�FRPSDULVRQV

ZLWK�DFWXDO�SUHVVXUH�EXLOGXS�GDWD�REWDLQHG�LQ�ILHOG�RSHUDWLRQV�WR�DQDO\]H�WKH�ORQJ�WHUP�EHKDYLRU�RI

D�VROXWLRQ�FDYHUQ�VHDOHG�ZLWK�D�FHPHQW�SOXJ��6HUDWD�����D����:KLOH�WKH�VLPXODWLRQV�VKRZHG�WKH

SOXJJHG� FDYHUQ� WR� VWHDGLO\� DSSURDFK� VWUXFWXUDO� HTXLOLEULXP�ZLWK� SHUPDQHQW� VWDELOLW\�� WKH\� DOVR

GLVFORVHG�D�SRWHQWLDO�GDQJHU�UHVXOWLQJ�IURP�FDYHUQ�SUHVVXUH�EXLOGXS���,I�WKH�FDYHUQ�SUHVVXUH�EXLOGXS

ZHUH�WR�H[FHHG�WKH�VXUURXQGLQJ�JURXQG�SUHVVXUH�DW� WKH�FDYHUQ�WRS�RU�DW� WKH�ZHOOERUH�EHORZ�WKH

FHPHQW�SOXJ��WKH�H[FHVV�SUHVVXUH�FRXOG�OHDG�WR�EULWWOH�IUDFWXUH�RU�SODVWLF�\LHOG��GHSHQGLQJ�RQ�WKH

VWUHQJWK�RI�PDWHULDOV�DQG�LQLWLDO�VWUHVV�VWDWHV�DW�WKH�HOHYDWLRQ�RI�WKH�FHPHQW�SOXJ���)DFWRUV�FRQWULEXWLQJ

WR�WKH�PDJQLWXGH�RI�FDYHUQ�SUHVVXUH�EXLOGXS�LQFOXGH�ERWWRP�GHSWK��WKLFNQHVV�DQG�VL]H�RI�VDOW�PDVV

EHKLQG�WKH�FDYHUQ�ZDOO��SUR[LPLW\�WR�FDYHUQ�ERXQGDULHV��LQIOXHQFH�RI�QHLJKERULQJ�FDYHUQV��FDYHUQ

JHRPHWU\��DQG�WKH�LQLWLDO�VWUHVV�VWDWH�DW�WKH�FDYHUQ�ERWWRP��6HUDWD�����E��
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6HUDWD������D��K\SRWKHVL]HV�D�FULWLFDO�GHSWK�RI�������IHHW���,I�WKH�FDYHUQ�WRS�LV�KLJKHU�WKDQ�WKH

FULWLFDO�GHSWK��WKHQ�WKH�FDYHUQ�URRI�PD\�FUDFN�DQG�OHDN���/LNHZLVH��LI�WKH�ZHOOERUH�SOXJ�LV�VHW�DERYH

WKH�FULWLFDO�GHSWK��WKH�ZHOOERUH�ZRXOG�EH�IUDFWXUHG��FUHDWLQJ�D�GLUHFW�FRQGXLW�IRU�FDYHUQ�FRQWHQWV�WR

UHDFK�WKH�VXUIDFH���+RZHYHU��PRUH�UHFHQW�UHVHDUFK�VXJJHVWV�WKDW�WKLV�K\SRWKHVLV�FDQQRW�EH�VXSSRUWHG

�/LQQ�������

%LVKRS��������FDOFXODWHV�WKDW�WKH�VDOW�VWUHQJWK�RI�GRPHV�DQG�WKH�FRPSUHVVLYH�VWUHQJWK�RI�WKH

FHPHQW�SOXJ�LQ�WKH�ZHOOERUH�LV�W\SLFDOO\�PXFK�JUHDWHU�WKDQ�WKH�OLWKRVWDWLF�SUHVVXUH���&RQVHTXHQWO\�

%LVKRS�EHOLHYHV�WKDW�IUDFWXULQJ�LV�XQOLNHO\���

,Q�������DQWLFLSDWLQJ�HYHQWXDO�VHDOLQJ�DQG�DEDQGRQPHQW�RI�635�FDYHUQV��'2(�VSRQVRUHG�D

VHULHV�RI�PRGHOLQJ� HIIRUWV� WR�JDLQ� LQVLJKW� LQWR� WKH� ORQJ�WHUP�EHKDYLRU�RI� D� W\SLFDO�635�FDYHUQ

�(KJDUWQHU�DQG�/LQQ���������7R�SUHGLFW�WKH�VSHHG�DQG�H[WHQW�RI�FDYHUQ�SUHVVXUL]DWLRQ��WKH�LQGLYLGXDO

DQG�FRPELQHG�HIIHFWV�RI�VDOW�FUHHS��VDOW�GLVVROXWLRQ��DQG�JHRWKHUPDO�KHDWLQJ�RI�EULQH�RQ�WKH�SUHVVXUHV

JHQHUDWHG�DIWHU�SOXJJLQJ�ZHUH�PRGHOHG���7KH�PRGHOV�VKRZHG�WKDW�DIWHU�SOXJJLQJ��WKH�LQWHUQDO�IOXLG

SUHVVXUHV�LQ�D�EULQH�ILOOHG�FDYHUQ�HYHQWXDOO\�H[FHHG�OLWKRVWDWLF�SUHVVXUH�LQ�WKH�XSSHU�SRUWLRQ�RI�WKH

FDYHUQ��UHVXOWLQJ�LQ�HQODUJHPHQW�DQG�LQFUHDVHG�SRWHQWLDO�IRU�OHDNDJH���7KH�WLPH�QHHGHG�IRU�WKH�EULQH

SUHVVXUH�WR�H[FHHG�WKH�OLWKRVWDWLF�SUHVVXUH�YDULHV�ZLWK�EULQH�WHPSHUDWXUH�DQG�VDOLQLW\���$VVXPLQJ�QR

VDOW�GLVVROXWLRQ�DIWHU�SOXJJLQJ�WKH�FDYHUQ��WKH�SUHGLFWHG�WLPH�IRU�JHRWKHUPDOO\�KHDWHG�EULQH�WR�UHDFK

OLWKRVWDWLF�SUHVVXUH�DW�WKH�FDVLQJ�VHDW�ZDV�RQO\�DERXW�WZR�\HDUV��ZLWKRXW�JHRWKHUPDO�KHDWLQJ�RI�WKH

EULQH��WKH�SUHGLFWHG�WLPH�ZDV�RYHU�����\HDUV���6DOW�GLVVROXWLRQ�KDG�WKH�HIIHFW�RI�QHDUO\�GRXEOLQJ�WKH

WLPH�QHHGHG�WR�UHDFK�OLWKRVWDWLF�SUHVVXUH���7KH�DXWKRUV�VXJJHVWHG�WKDW�WKH�VHQVLWLYLW\�RI�FDYHUQ�EULQH

SUHVVXUHV�WR�WHPSHUDWXUH�DQG�VDOW�GLVVROXWLRQ�FDQ�EH�XVHG�WR�LQFUHDVH�WKH�WLPH�EHIRUH�WKH�FDVLQJ�VHDW

H[FHHGV�OLWKRVWDWLF�SUHVVXUH�DQG�GHFUHDVH�WKH�PD[LPXP�IOXLG�SUHVVXUH�H[HUWHG�RQ�WKH�FDVLQJ�VHDW�

7KXV��KHDWLQJ�WKH�EULQH�DQG�XVLQJ�EULQH�RI�ORZHU�VDOLQLWLHV�FRXOG�KHOS�GHFUHDVH�IOXLG�SUHVVXUH�RQ�WKH

FDVLQJ� VHDW�� � 7KH� DXWKRUV� FRQFOXGH�� KRZHYHU�� WKDW� HYHQ�ZLWKRXW� KHDWLQJ� WKH� EULQH� RU� GHOD\LQJ

LQVWDOODWLRQ�RI�WKH�SOXJ��WKH�SUHGLFWHG�UDWH�RI�EULQH�SUHVVXUL]DWLRQ�LV�QRW�KLJK�HQRXJK�WR�UHVXOW�LQ

IUDFWXULQJ�RI�WKH�VDOW��

$�PRUH�UHFHQW�VWXG\�RI� WKH�EHKDYLRU�RI�VHDOHG�VROXWLRQ�PLQHG�FDYHUQV�VXJJHVWV� WKDW� WKH

IDFWRUV�DIIHFWLQJ�FDYHUQ�FORVXUH�LQFOXGH�QRW�RQO\�EULQH�KHDWLQJ�DQG�FDYHUQ�FUHHS��EXW�DOVR�URFN�VDOW

SHUPHDELOLW\���0RUH�LPSRUWDQWO\��URFN�VDOW�SHUPHDELOLW\��HYHQ�LI�YHU\�VPDOO��DOORZV�VRPH�SUHVVXUH

UHOHDVH�DQG�OHDGV�WR�D�ILQDO�HTXLOLEULXP�SUHVVXUH�WKDW�FDQ�EH�VXEVWDQWLDOO\�ORZHU�WKDQ�WKH�OLWKRVWDWLF

SUHVVXUH��%HUHVW�DQG�%URXDUG���������7KH�DXWKRUV�UHSRUWHG�WKUHH�WHVW�FDVHV���7KH�ILUVW�FRQFHUQHG

VKDOORZ�EULQH�SURGXFWLRQ�FDYHUQV�LQ�)UDQFH�DQG�VKRZHG�WKDW�GXULQJ�WKH�WHVW�PHDVXUHPHQW�SHULRG��WKH

SUHGRPLQDQW�HIIHFW�ZDV�WKHUPDO�H[SDQVLRQ��QHLWKHU�SHUFRODWLRQ�QRU�FUHHS�SOD\HG�PDMRU�UROHV����7KH

VHFRQG�FDVH�ZDV�D�FDYHUQ�RSHUDWHG�E\�*D]�GH�)UDQFH�WKDW�ZDV�FORVHG�URXJKO\�RQH�\HDU�DIWHU�OHDFKLQJ

KDG�HQGHG�DQG�ZDV�NHSW�FORVHG�IRU�DERXW��×�PRQWKV���7HVWV�VKRZHG�WKDW�WKHUPDO�H[SDQVLRQ�UHPDLQHG

DFWLYH�DQG�FRXOG�EH�FRQVLGHUHG�UHVSRQVLEOH�IRU����WR����SHUFHQW�RI�WKH�REVHUYHG�EULQH�RXWIORZ���7KH

WKLUG�WHVW�ZDV�FRQGXFWHG�LQ�PXFK�GHHSHU�FDYHUQV��URFN�VDOW�OD\HUV�EHWZHHQ�������PHWHUV�DQG������

PHWHUV�� DQG� VKRZHG� WKDW� IRU�GHHS� FDYHUQV�� FDYHUQ� FUHHS� LV�PXFK�PRUH� LPSRUWDQW� WKDQ� WKHUPDO

H[SDQVLRQ���+RZHYHU��ZKHQ�WKH�JDS�EHWZHHQ�OLWKRVWDWLF�SUHVVXUH�DQG�EULQH�SUHVVXUH�EHFRPHV�YHU\
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��3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�'DYLG�7RPDVNR��$UJRQQH�1DWLRQDO�/DERUDWRU\��$UJRQQH��,/ ��

DQG�-RKQ�9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�-DQXDU\����������

VPDOO�� FUHHS� LV� LQHIIHFWLYH� DQG� WKHUPDO� H[SDQVLRQ�EHFRPHV� WKH�SULPDU\� FRQWULEXWRU� WR�SUHVVXUH

EXLOGXS���

%HUHVW�DQG�%URXDUG��������IRXQG�WKDW�SUHVVXUH�EXLOGXS�JHQHUDWHG�E\�VDOW�FUHHS�DQG�EULQH

KHDWLQJ� LQ� D� VHDOHG� FDYHUQ� OHDGV� WR� D� ILQDO� HTXLOLEULXP�SUHVVXUH� WKDW� LV� VPDOOHU� WKDQ� OLWKRVWDWLF

SUHVVXUH��SURYLGHG�WKDW�VXUURXQGLQJ�URFN�VDOW�H[KLELWV�VRPH�SHUPHDELOLW\���7KH\�VXJJHVW�WKDW�FDYHUQ

RSHUDWRUV�FRQVLGHU�VXFK�SHUPHDELOLW\� LQ�RUGHU� WR�HYDOXDWH� WKH�DUHD��HVSHFLDOO\�SULRU� WR� OHDFKLQJ�

+RZHYHU��WKH\�DFNQRZOHGJH�WKDW�VDOW�SHUPHDELOLW\�PD\�QRW�EH�VXIILFLHQW�WR�DYRLG�D�WUDQVLHQW�SHULRG

LQ�ZKLFK�WKH�SUHVVXUH�LQ�WKH�FDYHUQ�H[FHHGV�WKH�OLWKRVWDWLF�SUHVVXUH���7KH\�VXJJHVW�WKDW�WKLV�SUREOHP

FDQ�EH�PLWLJDWHG�E\�LQMHFWLQJ�QLWURJHQ�RU�DLU�LQWR�WKH�FDYHUQ�SULRU�WR�SOXJJLQJ�WR�PRGLI\�FDYHUQ

FRPSUHVVLELOLW\�DQG�UHGXFH�SUHVVXUH�EXLOGXS�UDWH�DQG�DOVR�E\�GHOD\LQJ�SOXJ�LQVWDOODWLRQ�XQWLO�WKH�VDOW

KDV�KHDWHG�WKH�EULQH���

7KH� WHPSHUDWXUH� GLIIHUHQWLDO� EHWZHHQ� WKH� ERWWRP� DQG� WRS� RI� D� WDOO� FDYHUQ� FDQ� OHDG� WR

FRQYHFWLYH�PL[LQJ�RI�WKH�IOXLGV�LQ�WKH�FDYHUQ���)RU�RLO�ILHOG�ZDVWH�GLVSRVDO�FDYHUQV��WKH�FRQYHFWLRQ

LV�XQOLNHO\�WR�GLVWXUE�WKH�VROLG�RU�VHPL�VROLG�ZDVWH�OD\HU�DW�WKH�ERWWRP�RI�WKH�FDYHUQ��EXW�LW�FRXOG�PL[

WKH�RYHUO\LQJ�EULQH���7KLV�LV�QRW�DQWLFLSDWHG�WR�OHDG�WR�FDYHUQ�IDLOXUH ��

7KH�FXUUHQW�OLWHUDWXUH�FLWHG�DERYH��ZKRVH�FRQFOXVLRQV�DUH�EDVHG�RQ�PRGHOLQJ��VXJJHVWV�WKDW

EULQH�ILOOHG�FDYHUQV�ZLOO�QRW� OHDN�� �+RZHYHU��QR�HPSLULFDO� WHVWV�RI� WKHVH�VXJJHVWLRQV�KDYH�EHHQ

UHSRUWHG�LQ�WKH�OLWHUDWXUH�WR�GDWH���

6HDOLQJ�DQG�$EDQGRQPHQW�RI�:DVWH�)LOOHG�&DYHUQV

,W�LV�QRW�NQRZQ�KRZ�WKHVH�ILQGLQJV�IRU�EULQH�ILOOHG�FDYHUQV�ZLOO�WUDQVODWH�WR�FDYHUQV�ILOOHG�ZLWK

RLO�ILHOG�ZDVWH���3UHVXPDEO\�WKHUH�ZLOO�EH�VRPH�EULQH�UHPDLQLQJ�LQ�D�ZDVWH�GLVSRVDO�FDYHUQ�DW�WKH�WLPH

RI�FORVXUH��EHFDXVH�WKH�OLNHOLKRRG�RI�WKH�GLVSODFHG�EULQH�FRPLQJ�IURP�WKH�WUDQVLWLRQ�]RQH�LQFUHDVHV

DV�WKH�DPRXQW�RI�ZDVWH�GLVSRVHG�LQFUHDVHV���7KHUHIRUH��WKH�GLVSRVDO�SURFHVV�ZLOO�OLNHO\�UHDFK�D�SRLQW

DW�ZKLFK�WKH�GLVSODFHG�EULQH�FDQ�QR�ORQJHU�EH�HFRQRPLFDOO\�H[WUDFWHG�DQG�WUHDWHG�RU�GLVSRVHG�RI�

)XUWKHU��WKHUH�ZLOO�EH�EULQH�RU�RWKHU�IOXLGV�LQ�WKH�SRUH�VSDFHV�VXUURXQGLQJ�WKH�VROLG�ZDVWH�SDUWLFOHV

DQG�WKH�UXEEOH�DW�WKH�ERWWRP�RI�WKH�FDYHUQ�GHSRVLWHG�GXULQJ�FDYHUQ�IRUPDWLRQ���7KH�ZDVWHV�QHDU�WKH

ERWWRP�RI�WKH�FDYHUQ�PD\�FRQWDLQ�OHVV�SRUH�IOXLGV�EHFDXVH�WKH�LQFUHDVHG�SUHVVXUH�DW�WKDW�GHSWK�ZLOO

KDYH�SDFNHG�WKH�SDUWLFOHV�PRUH�WLJKWO\���$OWKRXJK�WKH�VROLGV�SRUWLRQ�RI�WKH�ZDVWH�PDVV�ZLOO�UHVLVW�VDOW

FUHHS��WKH�EULQH�SRUWLRQ�LV�OLNHO\�WR�EH�VXEMHFWHG�WR�FUHHS�DQG�JHRWKHUPDO�KHDWLQJ�

7KH�HIIHFW�RI�JHRWKHUPDO�KHDWLQJ�PD\�QRW�EH�DV�VLJQLILFDQW�IRU�ZDVWH�ILOOHG�FDYHUQV�DV�IRU

IOXLG�ILOOHG�FDYHUQV�EHFDXVH�WKH�DQWLFLSDWHG�ILOOLQJ�UDWH�LV�VORZHU�WKDQ�IRU�IOXLG�ILOOHG�FDYHUQV���
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7KH�RLO�ILHOG�ZDVWHV�ZLOO�KDYH�D�ORQJHU�WLPH�WR�UHDFK�IRUPDWLRQ�WHPSHUDWXUHV�EHIRUH�WKH�FDYHUQ�LV

VHDOHG�

%HFDXVH�QR�FDYHUQV�ILOOHG�ZLWK�VROLG�ZDVWH�KDYH�EHHQ�VHDOHG��PRVW�RI�WKH�LQIRUPDWLRQ�RQ�WKH

EHKDYLRU�RI�VHDOHG��VROLG�ZDVWH�ILOOHG�FDYHUQV�LV�EDVHG�RQ�PRGHOLQJ�DQG�WKHRU\���7KH�WZR�VWXGLHV

FLWHG�EHORZ�ERWK�FRQVLGHU�GLVSRVDO�RI�SUHGRPLQDQWO\�GU\�ZDVWHV�LQWR�GU\�FDYHUQV���,W�LV�QRW�NQRZQ

KRZ�WKHLU�FRQFOXVLRQV�UHODWH�WR�WKH�VFHQDULR�RI�GLVSRVLQJ�RI�D�VOXUULHG�VROLG�VHPL�VROLG�ZDVWH�LQWR�D

IOXLG�ILOOHG�FDYHUQ�

2QH�SUHOLPLQDU\�VWXG\��7LQXFFL�HW�DO��������PRGHOHG�WKH�UHVSRQVH�RI�D�KD]DUGRXV�ZDVWH�

GLVSRVDO�FDYHUQ�LQ�WKUHH�VWDJHV�RYHU�D�����\HDU�PRGHOLQJ�SHULRG���7KH�VWDJHV�FRQVLVWHG�RI�D���\HDU

SHULRG�IRU�FDYHUQ�FUHDWLRQ�WKURXJK�VROXWLRQ�PLQLQJ��D���\HDU�ZDVWH�HPSODFHPHQW�SHULRG��LQ�WKH�ILUVW

��\HDUV�WKH�FDYHUQ�ZDV�DVVXPHG�WR�EH�HPSW\��WKHQ�ILOOLQJ�RFFXUUHG�DW�WKH�HQG�RI�WKH���\HDU�SHULRG��

DQG�D�����\HDU�VHDOHG�SHULRG���7KH�ZDVWH�PDWHULDO�ZDV�DVVXPHG�WR�EH�D�ZHDN�FRPSUHVVLEOH�VROLG�RI

KLJK�SRURVLW\�LQ�D�SHOOHWL]HG�IRUP�ZLWK�ORZ�VKHDU�VWUHQJWK���7KH�PRGHOLQJ�UHVXOWV�LQGLFDWHG�WKDW�PRVW

GHIRUPDWLRQ�RFFXUUHG�ZKHQ�WKH�FDYHUQ�ZDV�HPSW\��ZLWK�D�FDYHUQ�YROXPH�UHGXFWLRQ�RI�����SHUFHQW

LQ�WKH�ILUVW���\HDUV��DQG�OHVV�WKDQ�����SHUFHQW�WKHUHDIWHU���+RZHYHU��GHSHQGLQJ�RQ�WKH�FUHHS�HTXDWLRQV�

WKH�UHVXOWV�FRXOG�EH���WR���WLPHV�KLJKHU���8SRQ�VHDOLQJ��WKH�PRGHO�SUHGLFWHG�UDSLG�SUHVVXUH�EXLOGXS

ZLWKLQ���PRQWKV��DQG� WKHQ�D� OHYHOOLQJ�RII�� �:KLOH� WKH�SUHVVXUH�DW� WKH� WRS�RI� WKH�FDYHUQ�GLG�QRW

VLJQLILFDQWO\�H[FHHG�WKH�RULJLQDO�OLWKRVWDWLF�SUHVVXUH��WKH�FDYHUQ�SUHVVXUH�ZDV�H[SHFWHG�WR�H[FHHG

OLWKRVWDWLF�SUHVVXUH�HYHQWXDOO\�LI�WKH�VWUHVVHV�FDPH�WR�HTXLOLEULXP�DQG�WKH�FDYHUQ�GLG�QRW�OHDN�RII

SUHVVXUH���0RGHOHG�GHIRUPDWLRQV�ZHUH�ODUJH�HQRXJK�WR�IUDFWXUH�VHYHUDO�RI�WKH�]RQHV��EXW�IUDFWXULQJ

GLPLQLVKHG�RYHU�WLPH�

�&URWRJLQR���������ZKLOH�VWXG\LQJ�GLVSRVDO�RI�KD]DUGRXV�ZDVWHV�LQWR�GU\��HPSW\�FDYHUQV�

LGHQWLILHG�DW�OHDVW�WZR�SDUWLFXODU�FRQFHUQV�IRU�FORVXUH�RI�FDYHUQV�ILOOHG�ZLWK�VROLG�ZDVWHV���7KH�ILUVW

UHODWHV�WR�WKH�SRVVLELOLW\�RI�IOXLG�OLNH�SUHVVXUH�EXLOGXS���7R�DYRLG�WKLV��WKH�PHFKDQLFDO�SURSHUWLHV�RI

WKH�ZDVWH�VKRXOG�EH�VXFK�WKDW�VKHDU�VWUHVV�ZLOO�EH�DEVRUEHG�� �7KH�RWKHU�FRQFHUQ�LV� WKH�SRVVLEOH

VXEVLGHQFH�RI�WKH�VXUIDFH�GXH�WR�WKH�SRURVLW\�RI�WKH�ZDVWH�PDWHULDOV�� �8SRQ�LQWURGXFWLRQ��ZDVWH

PDWHULDOV� KDYH� D� SRURVLW\� RI� ��� WR� ��� SHUFHQW�� D� IDFWRU�ZKLFK� LV� VXEVHTXHQWO\� UHGXFHG� E\� WKH

LPSLQJLQJ�URFN�SUHVVXUH���7R�SUHGLFW�FDYLW\�FRQYHUJHQFH��ODE�WHVWV�FDQ�EH�XVHG�WR�SURMHFW�FRPSDFWLRQ

EHKDYLRU�� � 7KH� REMHFWLYH� LV� WR� DFKLHYH� HODVWRSODVWLF� EHKDYLRU� RI� WKH� ZDVWH� E\� XQGHUWDNLQJ

FRUUHVSRQGLQJ�FRQGLWLRQLQJ���

$SSURDFKHV�IRU�$GGUHVVLQJ�&RQFHUQV

%HFDXVH�QHLWKHU�WKH�EHKDYLRU�QRU�WKH�LPSDFWV�RI�D�EUHDFK�RI�FDYHUQ�LQWHJULW\�DIWHU�FORVXUH�DUH

ZHOO�XQGHUVWRRG��LW�LV�GLIILFXOW�WR�VXJJHVW�PLWLJDWLQJ�DSSURDFKHV���,W�FDQ�EH�DUJXHG�WKDW�EHFDXVH�RI�WKH

XQNQRZQ�IDFWRUV��WKH�DSSURDFKHV�VKRXOG�EH�FRQVHUYDWLYH���+RZHYHU��LI�WKH�LPSDFWV�RI�DFWXDO�EUHDFK

RI�FRQWDLQPHQW�DUH�ORZ��DV�ZRXOG�EH�WKH�FDVH�IRU�FDYHUQV�ORFDWHG�DZD\�IURP�DTXLIHUV�DQG�KXPDQ

DFWLYLW\���WKHQ�LW�FRXOG�EH�DUJXHG�WKDW�WKH�UHJXODWRU\�DSSURDFK�VKRXOG�QRW�HQWDLO�RYHUO\�SUHVFULSWLYH

DQG�FRQVHUYDWLYH�UHTXLUHPHQWV���$UJRQQH�1DWLRQDO�/DERUDWRU\�KDV�UHFHLYHG�IXQGLQJ�IURP�'2(�WR
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FRQGXFW�D�SUHOLPLQDU\�ULVN�DQG�FRVW�DQDO\VLV�RI�VDOW�FDYHUQV�FRPSDUHG�WR�RWKHU�PHWKRGV�IRU�GLVSRVLQJ

RI�RLO�ILHOG�ZDVWHV�GXULQJ��������7KH�ILQGLQJV�RI�WKLV�VWXG\�ZLOO�FRQWULEXWH�WR�D�EHWWHU�XQGHUVWDQGLQJ

RI�WKH�ULVNV�DQG�LPSDFWV�DVVRFLDWHG�ZLWK�FDYHUQ�GLVSRVDO�

7KH�IROORZLQJ�LVVXHV�VKRXOG�EH�FRQVLGHUHG�ZKHQ�HVWDEOLVKLQJ�UHJXODWRU\�UHTXLUHPHQWV�

7HVWLQJ�DQG�$QDO\VLV���3OXJJLQJ�DQG�DEDQGRQPHQW�UHTXLUHPHQWV�VKRXOG�LQFRUSRUDWH�VXFK

WHVWV�DV

� *HRPHFKDQLFDO�DQDO\VHV�RI�VWDELOLW\�RI�WKH�FDYHUQ�DQG�LWV�URRI�SULRU�WR�DEDQGRQPHQW��DQG

� 3UHVVXUH�WHVWV�WR�HQVXUH�LQWHJULW\�RI�WKH�FDYHUQ��ZHOOERUH��DQG�FHPHQW�SULRU�WR�VHWWLQJ�SOXJV

RU�WR�GHPRQVWUDWH�WKDW�WKH�ZDVWH�ZLOO�UHPDLQ�LQ�WKH�FDYHUQ�

3OXJ�'HVLJQ� �� 7KH� VWDQGDUGV� GHYHORSHG� IRU� SOXJJLQJ� K\GURFDUERQ� VWRUDJH� FDYHUQV� DUH

DSSOLFDEOH�IRU�GLVSRVDO�FDYHUQV�WRR���)RU�H[DPSOH��WKH�,2*&&��������VWDQGDUGV�FDOO�IRU�LQVWDOODWLRQ

RI�D�GULOODEOH�EULGJH�SOXJ�ZLWKLQ����IHHW�RI�WKH�FDVLQJ�VKRH��D�UHLQIRUFLQJ�FROODU�RI�VWHHO�DWWDFKHG�WR

WKH�ERWWRP�RI�WKH�FDVLQJ��RU�WKH�HQG�RI�WKH�FDVLQJ�LI�QR�FDVLQJ�VKRH�LV�SUHVHQW���7KH�EULGJH�SOXJ�LV

WKHQ�FDSSHG�ZLWK�D�SOXJ�RI�VDOW�VDWXUDWHG��VXOIDWH�UHVLVWDQW�FHPHQW�WR�D�GHSWK�VXIILFLHQW�WR�FRYHU�WZR

FDVLQJ� FROODUV�� �$GGLWLRQDO� SOXJV� VKRXOG�EH� ORFDWHG�ZLWKLQ� WKH�ZHOOERUH� WR� FRYHU� DOO� SRURXV� RU

SHUPHDEOH�]RQHV�EHWZHHQ�WKH�FDVLQJ�VKRH�DQG�WKH�VXUIDFH�

6RPH�RI�WKH�UHVHDUFK�LQWR�KD]DUGRXV�ZDVWH�GLVSRVDO�KDV�FRQVLGHUHG�DOWHUQDWLYH�SOXJJLQJ

GHVLJQV�DQG�PDWHULDOV���&URWRJLQR��������VXJJHVWV�WKDW�ERWK�ORQJ�WHUP�DQG�VKRUW�WHUP�VHDOLQJ�QHHGV

PXVW�EH�PHW���/RQJ�WHUP�VHDOLQJ�UHTXLUHV�D�PDWHULDO�WKDW�FRPSDFWV�XQGHU�WKH�HIIHFWV�RI�SUHVVXUH�

WHPSHUDWXUH��DQG�KXPLGLW\���&UXVKHG�URFN�VDOW�DSSHDUV�WR�PHHW�WKRVH�UHTXLUHPHQWV�DQG�VKRXOG�EH

FRQVLGHUHG�DV�D�FRPSRQHQW�RI�WKH�ERUHKROH�SOXJ���2YHU�WLPH��LW�UHFU\VWDOOL]HV�WR�D�KRPRJHQHRXV

PDWHULDO�WKDW�LV�EDUHO\�GLVWLQJXLVKDEOH�IURP�QDWXUDOO\�RFFXUULQJ�URFN�VDOW��DQG�LW�FDQ�EH�LQWURGXFHG�DV

D�EXON�PDWHULDO��ZKLFK�JUDGXDOO\�MRLQV�ZLWK�WKH�VXUURXQGLQJ�URFN�RYHU�WKH�ORQJ�WHUP����+RZHYHU��VLQFH

VDOW�ILQHV�GR�QRW�SURGXFH�D�IXOO\�IXQFWLRQLQJ�VHDO�LQ�WKH�LQWHUPHGLDWH�WHUP��LW�PD\�EH�QHFHVVDU\�WR�VHDO

SDUW� RI� WKH�XQFDVHG� VHFWLRQ�ZLWK� ORZ�SHUPHDELOLW\�JURXW�SOXJV� �H�J��� VDOW� FRQFUHWH�RU�ELWXPHQ��

5HVHDUFK�UHJDUGLQJ�WKH�XVH�RI�SOXJV�RI�GHVLJQHG�YLVFRVLW\�WR�DFKLHYH�D�SHUPDQHQW�VHDO�LV�XQGHU�ZD\�

$�SOXJ�VKRXOG�KDYH�D�YLVFRVLW\�KLJK�HQRXJK�WR�DFW�DV�D�SUHVVXUH�VHDO�DQG�ORZ�HQRXJK�WR�DOORZ

H[LVWLQJ�SUHVVXUHV�WR�IRUFH�LW�DJDLQVW�WKH�VDOW��HQKDQFLQJ�WKH�DELOLW\�RI�WKH�KLJKO\�YLVFRXV�VDOW�WR

FRQIRUP�H[DFWO\�WR�WKH�SHULPHWHU�RI�WKH�SOXJ��%LVKRS���������

3UHVVXUH�5HOLHI���2QH�DSSURDFK�WR�UHOLHYLQJ�SUHVVXUH�FUHDWHG�E\�FDYHUQ�FORVXUH�DIWHU�VHDOLQJ

ZRXOG�EH�WR�EOHHG�RII�EULQH�DV�QHFHVVDU\���8QGHU�WKLV�DSSURDFK��RSHUDWRUV�ZRXOG�QHHG�WR�GHPRQVWUDWH

WKDW�WKHUH�ZDV�VXIILFLHQW�EULQH�UHPDLQLQJ�LQ�WKH�FDYHUQ�DIWHU�FORVXUH�WR�DOORZ�EOHHGLQJ�DQG�ZRXOG�KDYH

WR�PDLQWDLQ�PRQLWRULQJ�DQG�UHVSRQVLELOLW\�IRU�VHYHUDO�\HDUV�IROORZLQJ�FDYHUQ�FORVXUH���
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�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�-DPHV�/LQQ��6DQGLD�1DWLRQDO �/DERUDWRULHV��$OEXTXHUTXH��10���

DQG�-RKQ�9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�'HFHPEHU���������DQG�0D\����������

�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�-RH�/��5DWLJDQ��5(�63(&�,QF���5DSLG�&LW\��6'� �DQG�-RKQ�9HLO���

$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�'HFHPEHU���������DQG�0D\����������

�3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�5REHUW�/��7KRPV��$*0�,QF���&ROOHJH�6WDWLRQ��7;��DQG�-RK Q��

9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��RQ�'HFHPEHU����������

6XPPDU\�2SLQLRQV�RI�,QGHSHQGHQW�([SHUWV

7R�EHWWHU�DVVHVV�WKH�VLJQLILFDQFH�RI�WKHVH�UHSRUWV�DQG�ILQGLQJV��WKH�DXWKRUV�LQWHUYLHZHG�VHYHUDO

H[SHULHQFHG�UHVHDUFKHUV�LQ�WKH�ILHOG�WR�OHDUQ�WKHLU�RSLQLRQV���'U��-DPHV�/LQQ�RI�6DQGLD�1DWLRQDO

/DERUDWRULHV� VXJJHVWV� WKDW� IRU� OLTXLG�ILOOHG� FDYHUQV�� UHVHDUFKHUV� GRQ
W� NQRZ�ZKDW�ZLOO� KDSSHQ�

DOWKRXJK�LI�FDYHUQ�SUHVVXUH�EXLOGXS�LV�VORZ��WKH�FDYHUQV�VKRXOG�QRW�IDLO���'U��/LQQ�DOVR�VXJJHVWV�WKDW

VROLGV�ILOOHG�FDYHUQV�ZLOO�QRW�WUDQVPLW�SUHVVXUH�OLNH�IOXLG�ILOOHG�FDYHUQV�DQG�FRQVHTXHQWO\�ZLOO�QRW�IDLO�

&DYHUQV�ILOOHG�ZLWK�QRQFRPSUHVVLEOH�VROLGV�ZLWK�SRURVLW\�DUH�PRUH�VWDEOH�WKDQ�FDYHUQV�ILOOHG�ZLWK

EULQH��EXW�OLJKWHU��PRUH�FRPSUHVVLEOH�VROLGV�SURYLGH�OHVV�VWDELOLW\�WKDQ�QRQFRPSUHVVLEOH�VROLGV���7KH

UHODWLYH�VWDELOLW\�GHSHQGV�RQ�WKH�QDWXUH�RI�WKH�ZDVWH ����

'U��-RH�5DWLJDQ�RI�5(�63(&�,QF��VXJJHVWV�WKDW�UHVHDUFKHUV�KDYH�D�JRRG�NQRZOHGJH�RI�IOXLG�

ILOOHG�FDYHUQ�EHKDYLRU�XS�WR�LQWHUQDO�SUHVVXUHV�RI���������WLPHV�OLWKRVWDWLF�SUHVVXUH��EXW�WKH\�GLVDJUHH

DV�WR�ZKDW�ZLOO�RFFXU�EH\RQG�WKDW�SRLQW�� �7KH�SRWHQWLDO�ZHDN�OLQNV�ZKHUH�IUDFWXUHV�FRXOG�RFFXU

LQFOXGH�WKH�FDVLQJ�SOXJ��WKH�FHPHQW�ILOOLQJ�WKH�DQQXOXV��DQG�WKH�URFN�LWVHOI���$QRWKHU�DYHQXH�IRU�ZDVWH

OHDNDJH�IURP�WKH�FDYHUQ�ZRXOG�EH�IRU�WKH�FDYHUQ�FRQWHQWV�WR�GLIIXVH�LQWR�WKH�URFN�PDVV ���

'U��5REHUW�7KRPV�RI�$*0�,QF��VXJJHVWV�WKDW�YHU\�WDOO�OLTXLG�ILOOHG�FDYHUQV�FRXOG�H[SHULHQFH

OHDNDJH�SUREOHPV�DW�WKH�WRS�GXH�WR�LQFUHDVHG�SUHVVXUH�IROORZLQJ�FORVXUH��EXW�FDYHUQV�WKDW�DUH�VKRUWHU

ZRXOG�EH� OHVV� OLNHO\� WR� OHDN�� �&DYHUQV�ILOOHG�ZLWK�VROLGV� WKDW�KDYH�VXIILFLHQW�VKHDU�VWUHQJWK�DQG

DGHTXDWH�YRLG�VSDFHV�VKRXOG�KDYH�OLWWOH�FKDQFH�RI�OHDNDJH���7KH�ZHLJKW�RI�WKH�ZDVWH�SLOH�ZLOO�H[HUW

ODWHUDO�SUHVVXUH�RQ�WKH�FDYHUQ�ZDOOV�DQG�SURYLGH�DGGLWLRQDO�VWDELOLW\���'U��7KRPV�VXJJHVWV�WKDW�RQH

DGGLWLRQDO�VDIHJXDUG�WKDW�FRXOG�EH�HPSOR\HG�LV�WR�ILOO�WKH�FDYHUQ��PRQLWRU�SUHVVXUH�IRU�VHYHUDO�\HDUV�

DQG�WKHQ�SHUPDQHQWO\�VHDO�WKH�FDYHUQ ����

$V�SDUW�RI�WKH�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V�FRPPHQWV�RQ�WKH�VHFRQG�GUDIW�RI�WKLV

UHSRUW��'LDPRQG�������FRPPHQW������WZR�SHUVRQV�H[SHULHQFHG�LQ�WKH�VDOW�FDYHUQ�LQGXVWU\�DGGHG

DGGLWLRQDO�LQVLJKWV�RQ�WKH�VWDELOLW\�RI�FDYHUQV�ILOOHG�ZLWK�VROLGV�YHUVXV�FDYHUQV�ILOOHG�ZLWK�EULQH���)ULW]

&URWRJLQR�RI�.DYHUQHQ�%DX��XQG�%HWULHEV�*PE+�FRPPHQWHG�WKDW�KLV�UHVHDUFK�IRXQG�WKDW�VROLGV�FDQ

KDYH�D�SRURVLW\�H[FHHGLQJ����SHUFHQW�DQG�WKDW�VLJQLILFDQW�FDYHUQ�SUHVVXUH�UHGXFWLRQ�RQO\�RFFXUV�DIWHU

FRPSDFWLRQ�RI�RYHU����SHUFHQW��&URWRJLQR���������0U��&URWRJLQR�H[SHFWV�WKDW�VOXUULHG�RLO�ILHOG�ZDVWHV

LQWURGXFHG�WR�D�EULQH�ILOOHG�FDYHUQ�ZLOO�EHKDYH�LQ�WKH�VDPH�PDQQHU�DV�SULPDULO\�GU\�VROLGV�LQWURGXFHG

LQWR�D�GU\�FDYHUQ��WKH�VLWXDWLRQ�RQ�ZKLFK�KH�UHSRUWHG�LQ�&URWRJLQR����������0U��&URWRJLQR�VXJJHVWV

WKDW�FRPSDFWLRQ�RI����SHUFHQW�FDQ�RQO\�EH�H[SHFWHG�DIWHU�D� ORQJ�SHULRG�RI� WLPH�DW� WKH� LQWHUQDO
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SUHVVXUH�FRUUHVSRQGLQJ�WR�D�EULQH�FROXPQ�DQG�DV�ORQJ�DV�WKH�ZDVWH�PDWHULDO�KDV�QRW�EHHQ�FRPSDFWHG

WR�D�FRQVLGHUDEOH�H[WHQW��WKHUH�ZLOO�EH�QR�LQFUHDVH�LQ�LQWHUQDO�SUHVVXUH�

7KH�VHFRQG�SHUVRQ�ZKR�H[SUHVVHG�DQ�RSLQLRQ�RQ�WKLV�LVVXH�LV�&KDUOHV�&KDEDQQHV�RI�6RIUHJD]

86� ,QF�� �0U��&KDEDQQHV� VXJJHVWV� WKDW� VROLG�SDUWLFOHV� LQ� WKH�ZDVWH�SLOH�ZLOO� SUREDEO\�QRW� RIIHU

VWUXFWXUDO�VXSSRUW�XQWLO�QHDUO\�DOO�WKH�SRUH�VSDFH�KDV�EHHQ�HOLPLQDWHG�E\�FUHHS�LQGXFHG�FRPSDFWLRQ

�'LDPRQG�������FRPPHQW�����

$OWKRXJK�WKH�FRPPHQWV�IURP�0U��&URWRJLQR�DQG�0U��&KDEDQQHV�PD\�DSSHDU�WR�GLVDJUHH�ZLWK

WKH�VWDWHPHQWV�DWWULEXWHG�WR�WKH�RWKHU�H[SHULHQFHG�UHVHDUFKHUV��'U��7KRPV�VXJJHVWV�WKDW�GLIIHUHQW

H[SHUWV�KDYH�IRFXVHG�RQ�GLIIHUHQW�DVSHFWV�RI�WKH�ILOO�PDWHULDO�LVVXH�DQG�WKDW�DOO�RI�WKHLU�FRPPHQWV�DUH

YDOLG���+H�RIIHUV�WKH�IROORZLQJ�VXPPDU\��7KRPV���������$V�D�JHQHUDO�UXOH��WKH�VWDELOLW\�RI�OLTXLG�

ILOOHG�FDYHUQV�LQFUHDVHV�ZLWK�WKH�GHQVLW\�RI�WKH�ILOOLQJ�OLTXLG���&DYHUQV�WKDW�DUH�ILOOHG�E\�GLVSODFLQJ

EULQH�ZLWK�PDWHULDOV�PRUH�GHQVH�WKDQ�EULQH�ZLOO�EH�PRUH�VWDEOH�WKDQ�WKRVH�ILOOHG�ZLWK�EULQH�DORQH�

$V�VROLG�SDUWLFOHV�DUH�LQMHFWHG�LQWR�D�FDYHUQ��WKH\�LQWURGXFH�DGGLWLRQDO�ODWHUDO�IRUFHV�WKDW�UHLQIRUFH�WKH

VWDELOL]LQJ�HIIHFW�RI�WKH�EULQH�SUHVVXUH�DFWLQJ�RXWZDUG�DJDLQVW�WKH�FDYHUQ�ZDOOV���7KH�ODWHUDO�IRUFHV

KDYH�WZR�FRPSRQHQWV���7KH�ILUVW�FRPSRQHQW�LV�ODWHUDO�FRQILQHPHQW�RI�WKH�VROLG�SDUWLFOHV�E\�WKH�FDYHUQ

ZDOOV��ZKLFK�LV�LQIOXHQFHG�E\�WKH�ZHLJKW�DQG�LQWHUORFNLQJ�FKDUDFWHULVWLFV�RI�WKH�VROLGV���7KH�VHFRQG

FRPSRQHQW�LV�D�SURSSLQJ�UHVLVWDQFH�RI�WKH�VROLGV�PDWUL[�LQ�UHVSRQVH�WR�LQZDUG�FUHHS�RI�WKH�FDYHUQ

ZDOOV��LW�WHQGV�WR�LQFUHDVH�RYHU�WLPH���,I�WKH�ZDVWH�SLOH�FRQWDLQV�ODUJH�YRLG�VSDFHV��H�J���&URWRJLQR
V

���SHUFHQW�SRURVLW\���VLJQLILFDQW�ZDOO�PRYHPHQWV�PD\�EH�QHFHVVDU\�WR�LQFXU�DQ\�SURSSLQJ�HIIHFWV�

'U��7KRPV�LQGLFDWHV�WKDW�0U��&URWRJLQR
V�DQG�0U��&KDEDQQHV
�FRPPHQWV�DUH�FRQVLVWHQW�ZLWK

WKH�FRQFHSW�WKDW�D�EULQH�FDYHUQ�WKDW�H[KLELWV�OLWWOH�VDOW�FUHHS�EHIRUH�ZDVWH�LQWURGXFWLRQ�ZLOO�LQLWLDOO\

JDLQ�OLWWOH�DGGLWLRQDO�VWDELOLW\�IURP�WKH�SURSSLQJ�UHVLVWDQFH�RI�D�VROLG�ZDVWH�SLOH�ZLWK�FRQVLGHUDEOH

SRURVLW\���+RZHYHU��WKH�SUHVHQFH�RI�WKH�VROLGV�LQ�WKH�FDYHUQ�UHSUHVHQWV�D�PHDVXUH�RI�LQVXUDQFH�DJDLQVW

ORQJ�WHUP�FUHHS�HIIHFWV���,I�WKH�QDWXUH�RI�WKH�LQFRPLQJ�ZDVWH�LV�VXFK�WKDW�LW�GHIRUPV�UHDGLO\��DV�ZRXOG

D� EULQH�RLO� ILHOG�ZDVWH� VOXUU\�� WKHUH�ZLOO� EH� DQ� LPPHGLDWH� JDLQ� GXH� WR� FRQILQHPHQW� HIIHFWV�� ,Q

VXPPDU\��GLVSRVDO�RI�VROLGV�LQWR�EULQH�ILOOHG�FDYHUQV�ZLOO�JHQHUDOO\�WHQG�WR�HQKDQFH�WKH�VWDELOLW\�RI

FDYHUQV���7KH�GHJUHH�RI�VWDELOLW\�HQKDQFHPHQW�GHSHQGV�RQ�WKH�QDWXUH�RI�WKH�PDWHULDO��7KRPV�������

7KH�H[SHUWV�DUH�LQ�DJUHHPHQW�WKDW�GLVSRVDO�FDYHUQV�DUH�OLNHO\�WR�EH�VWDEOH��LI�GHVLJQHG�DQG

RSHUDWHG�SURSHUO\���(YHQ�LI�ZDVWH�ILOOHG�FDYHUQV�DUH�QR�PRUH�VWDEOH�WKDQ�EULQH�ILOOHG�FDYHUQV��WKH\�VWLOO

DUH�YHU\�VWDEOH��DV�LQGLFDWHG�E\�OLWHUDWXUH�VWXGLHV���,I�ZDVWH�ILOOHG�FDYHUQV�SURYH�WR�EH�PRUH�VWDEOH�WKDQ

EULQH�ILOOHG�FDYHUQV��HLWKHU� LQLWLDOO\�RU�DW�D� ODWHU�SRLQW� IROORZLQJ�FUHHS�LQGXFHG�FRPSDFWLRQ�� WKH

DGGLWLRQDO�PDUJLQ�RI�VDIHW\�IXUWKHU�UHGXFHV�WKH�OLNHOLKRRG�RI�FDYHUQ�OHDNDJH�

5HPHGLDWLRQ�&RQVLGHUDWLRQV

7KHUH�DSSHDUV�WR�EH�XQGXH�FRQFHUQ�DERXW�HVFDSH�RI�ZDVWH�IURP�D�FDYHUQ�LI�LWV�VWUXFWXUDO

LQWHJULW\�LV�EUHDFKHG���0RVW�RLO�ILHOG�ZDVWHV�WKDW�ZRXOG�EH�SODFHG�LQ�D�FDYHUQ�IRU�GLVSRVDO�DUH�VROLGV

RU�VHPL�VROLGV�DQG�ZRXOG�QRW�PRYH�DQ�DSSUHFLDEOH�GLVWDQFH�HYHQ�LI�WKH�FDYHUQ�UXSWXUHG���$OO�WKDW
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UHPDLQV�WR�FDXVH�FRQFHUQ�LV�RLO�DQG�EULQH���7KH�PRYHPHQW�RI�RLO�ZRXOG�EH�OLPLWHG�LI�LW�ZHUH�QRW

DFFRPSDQLHG� E\�ZDWHU�� � ,W� ZRXOG� WHQG� WR� DGVRUE� RQ� URFN� RU� VRLO� DQG� LWV�PRYHPHQW�ZRXOG� EH

PLQLPL]HG���7KH�PRVW�VLJQLILFDQW�GDQJHU�IURP�D�ZDVWH�GLVSRVDO�FDYHUQ�IDLOXUH�LV�WKH�HVFDSH�RI�EULQH�

,I�D�IDLOXUH�RFFXUUHG�WKDW�DOORZHG�EULQH�WR�HVFDSH��LW�ZRXOG�SRVH�WKH�JUHDWHVW�WKUHDW�LI�LW�UHDFKHG

IRUPDWLRQV�FRQWDLQLQJ�IUHVK�ZDWHU���

,I�EULQH�ZHUH�WR�HVFDSH�IURP�WKH�FDYHUQ��WKH�SURSHU�UHPHGLDWLRQ�ZRXOG�FRQVLVW�RI�UHFRYHU\

ZHOOV�WKDW�FRXOG�FDSWXUH�WKH�HVFDSHG�EULQH�EHIRUH�LW�UHDFKHG�IUHVK�ZDWHU�IRUPDWLRQV��DVVXPLQJ�WKDW

WKH� OHDN�ZDV� GHWHFWHG� EHIRUH� IUHVK�ZDWHU� FRQWDPLQDWLRQ� RFFXUUHG�� � ,I� D� GULQNLQJ�ZDWHU� DTXLIHU

EHFRPHV�FRQWDPLQDWHG�ZLWK�EULQH��WKHUH�DUH�D�YDULHW\�RI�WHFKQLTXHV�WKDW�FDQ�EH�XVHG�IRU�UHPHGLDWLQJ

WKH� DTXLIHU�� �0RVW� VWDWH� JURXQGZDWHU� SURWHFWLRQ�RU�ZDVWH� VLWH� FOHDQXS� DJHQFLHV� KDYH� H[WHQVLYH

H[SHULHQFH�ZLWK�WKHVH�WHFKQLTXHV�

0DWDOXFFL��������SURYLGHV�D�WKRURXJK�UHYLHZ�RI�WHFKQLTXHV�WKDW�FRXOG�EH�XVHG�WR�UHSDLU�OHDNV

LQ�WKH�635�FDYHUQV���7KH�VDPH�WHFKQLTXHV�DUH�DSSOLFDEOH�WR�WKH�ERUHKROH�DQG�FDVLQJV�RI�GLVSRVDO

FDYHUQV�WRR���7KH�WHFKQLTXHV�UHYLHZHG�E\�0DWDOXFFL�LQFOXGH

� ,QQHU�IXOO�OHQJWK�FHPHQWHG�OLQHU�

� ,QQHU�XQFHPHQWHG�OLQHU�RSWLRQV�XVLQJ�H[WHUQDO�FDVLQJ�SDFNHUV�

� ,QWHUQDO�VWHHO�OLQHU�FDVLQJ�SDWFK��+20&2�SDWFK���DQG

� 9DULRXV�VTXHH]H�FHPHQWLQJ�RSWLRQV�XVLQJ�VPDOO�SDUWLFOH�VL]H�FHPHQWLQJ�PDWHULDOV�

,W�ZRXOG�VHHP�PRUH�SUXGHQW�WR�GHVLJQ�IRU�ORZ�ULVN�WKDQ�WR�KDYH�WR�FRXQWHUDFW�IDLOXUH���$

YLVFRXV�ZDVWH�FRQWDLQLQJ�OLWWOH�EULQH��WKDW�NHSW�DOO�LWV�FRQVWLWXHQWV�LQ�D�FRQWLJXRXV�PDVV�DQG�WKDW�ILOOHG

WKH�FDYHUQ�FRPSOHWHO\�EHIRUH�FORVXUH�ZRXOG�DSSHDU�WR�SRVH�WKH�OHDVW�ULVN���

$UHDV�IRU�)XUWKHU�5HVHDUFK

7KH�FXUUHQW�VWDWH�RI�NQRZOHGJH�DERXW�WKH�ORQJ�WHUP�EHKDYLRU�RI�FORVHG�ZDVWH�ILOOHG�FDYHUQV

LV�LQFRPSOHWH���5HVHDUFK�LQ�VHYHUDO�NH\�DUHDV�ZRXOG�LPSURYH�RXU�XQGHUVWDQGLQJ�RI�ZKDW�KDSSHQV�LQ

FORVHG�FDYHUQV�DQG�WKH�ULVNV�WKDW�FORVHG�FDYHUQV�SRVH�UHODWLYH�WR�RWKHU�GLVSRVDO�PHFKDQLVPV���7KHVH

DUHDV�LQFOXGH�

� 'HILQLQJ�ZD\V�WR�FRQGXFW�ORQJ�WHUP�PRQLWRULQJ�RI�FORVHG�FDYHUQV��SDUWLFXODUO\�FDYHUQV�ILOOHG

ZLWK�RLO� ILHOG�ZDVWHV�� WR�HQVXUH� WKDW� OHDNV�DUH�GLVFRYHUHG� LQ�D� WLPHO\�PDQQHU�� LQFOXGLQJ

GHILQLQJ�SDUDPHWHUV�WR�EH�PRQLWRUHG�DQG�KRZ�WKH�PRQLWRULQJ�ZRXOG�EH�GRQH�

� ,GHQWLI\LQJ�DQG�HYDOXDWLQJ�WKH�ULVNV�DVVRFLDWHG�ZLWK�ZDVWH�GLVSRVDO�FDYHUQ�EHKDYLRU�IROORZLQJ

FORVXUH�DQG�WKH�LPSDFWV�RI�D�FRQWDLQPHQW�EUHDFK�VKRXOG�LW�RFFXU��
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� (VWLPDWLQJ�WKH�UHODWLYH�ULVN�RI�GLVSRVLQJ�RI�RLO�ILHOG�ZDVWHV�LQ�VDOW�FDYHUQV�FRPSDUHG�WR�RWKHU

H[LVWLQJ�GLVSRVDO�PHWKRGV��DQG

� ,GHQWLI\LQJ�DQG�DVVHVVLQJ�WKH�FRVWV�DQG�EHQHILWV�RI�YDULRXV�PHWKRGV�IRU�GLVSRVLQJ�RI�RLO�ILHOG

ZDVWHV�
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&KDSWHU�����&RQFOXVLRQV

7KLV�UHSRUW�SUHVHQWV�DQ�LQLWLDO�HYDOXDWLRQ�RI�WKH�VXLWDELOLW\��IHDVLELOLW\��DQG�OHJDOLW\�RI�XVLQJ

VDOW�FDYHUQV�IRU�GLVSRVDO�RI�QRQKD]DUGRXV�RLO�ILHOG�ZDVWHV���*LYHQ�WKH�SUHOLPLQDU\�DQG�JHQHUDO�QDWXUH

RI� WKLV� UHSRUW��ZH�UHFRJQL]H�WKDW�VRPH�RI�RXU�ILQGLQJV�DQG�FRQFOXVLRQV�PD\�EH�VSHFXODWLYH�DQG

VXEMHFW�WR�FKDQJH�XSRQ�IXUWKHU�UHVHDUFK�RQ�WKLV�WRSLF�

� 7KLV�SDUWLFXODU�PRGH�RI�GLVSRVDO�LV�LQ�LWV�LQIDQF\���$W�WKH�WLPH�WKLV�UHSRUW�ZDV�SUHSDUHG��ZH

FRXOG�LGHQWLI\�RQO\�VL[�8�6��IDFLOLWLHV�SHUPLWWHG�IRU�WKLV�W\SH�RI�GLVSRVDO��DQG�RQO\�IRXU�RI

WKRVH�ZHUH�LQ�DQ�DFWLYH�VWDWXV�DV�RI�0D\��������:KLOH�WKHUH�DSSHDUV�WR�EH�LQWHUHVW�IURP

VHYHUDO�RLO�SURGXFLQJ�VWDWHV�LQ�FRQVLGHULQJ�WKLV�PHWKRG�RI�RLO�ILHOG�ZDVWH�GLVSRVDO��QR�RWKHU

VWDWH�KDV�DSSURYHG�DQ\�SURMHFW�\HW�DQG�RQO\�1HZ�0H[LFR�KDV�UHFHLYHG�DQ�DSSOLFDWLRQ�IRU

VLWLQJ�DQG�RSHUDWLQJ�D�GLVSRVDO�FDYHUQ���

� 7KHUH�DUH�QR�DSSDUHQW�UHJXODWRU\�EDUULHUV�WR�WKH�XVH�RI�VDOW�FDYHUQV�IRU�GLVSRVDO�RI�RLO�ILHOG

ZDVWHV�DW�HLWKHU�WKH�IHGHUDO�OHYHO�RU�LQ�WKH�HOHYHQ�VWDWHV�GLVFXVVHG�LQ�WKLV�DQDO\VLV���2QH�DUHD

WKDW�ZRXOG�EHQHILW�IURP�FODULILFDWLRQ�LV�IXUWKHU�(3$�JXLGDQFH�RQ�ZKDW�W\SHV�RI�ZDVWHV�PD\

EH�GLVSRVHG�RI�LQWR�&ODVV�,,�ZHOOV���

� 7KH�W\SHV�RI�RLO�ILHOG�ZDVWHV�WKDW�DUH�H[HPSWHG�IURP�5&5$�KD]DUGRXV�ZDVWHV�UHTXLUHPHQWV

DUH�JHQHUDOO\�VXLWDEOH�IRU�GLVSRVDO�LQ�VDOW�FDYHUQV���0DQ\�RI�WKHVH�ZDVWHV�DUH�QRZ�GLVSRVHG

RI�LQ�ODQGILOOV�RU�DUH�ODQG�IDUPHG��WKHVH�GLVSRVDO�PHWKRGV�SRVH�HQYLURQPHQWDO�ULVNV�RI�WKHLU

RZQ���

� 7KHUH� DUH�PDQ\� YDULDEOHV� WR� FRQVLGHU�ZKHQ� VLWLQJ�� FRQVWUXFWLQJ�� DQG� RSHUDWLQJ� D�ZDVWH

GLVSRVDO�FDYHUQ���7KH�K\GURFDUERQ�VWRUDJH�LQGXVWU\�KDV�GHYHORSHG�XVHIXO��GHWDLOHG�VWDQGDUGV�

JXLGDQFH��DQG�FULWHULD�IRU�GHVLJQLQJ�DQG�FRQVWUXFWLQJ�FDYHUQV��WKHVH�DUH�DSSURSULDWH�IRU�ZDVWH

GLVSRVDO� FDYHUQV�� WRR�� � +XQGUHGV� RI� VWRUDJH� FDYHUQV� KDYH� VXFFHVVIXOO\� EHHQ� RSHUDWHG

ZRUOGZLGH�IRU�VHYHUDO�GHFDGHV�

� 7KHUH�LV�QR�DFWXDO�ILHOG�H[SHULHQFH�RQ�WKH�ORQJ�WHUP�LPSDFWV�WKDW�PLJKW�DULVH�IURP�VDOW�FDYHUQ

VWRUDJH�RI�RLO�ILHOG�ZDVWHV���7KH�OLWHUDWXUH�FRQWDLQV�PDQ\�WKHRUHWLFDO�VWXGLHV�WKDW�HVWLPDWH

ZKDW�PLJKW�KDSSHQ�IROORZLQJ�FORVXUH�RI�D�FDYHUQ���$OWKRXJK�GLIIHUHQW�DXWKRUV�DJUHH�WKDW

SUHVVXUHV�ZLOO�EXLOG�LQ�D�FORVHG�FDYHUQ�GXH�WR�VDOW�FUHHS�DQG�JHRWKHUPDO�KHDWLQJ��WKH\�GR�QRW

VSHFLILFDOO\�DGGUHVV�FDYHUQV�ILOOHG�ZLWK�RLO�ILHOG�ZDVWHV���6HYHUDO�H[SHULHQFHG�UHVHDUFKHUV�LQ

WKH� ILHOG� LQWHUYLHZHG� E\� WKH� DXWKRUV� EHOLHYHG� WKDW� FDYHUQV� ILOOHG� ZLWK� RLO� ILHOG� ZDVWHV

SUHVHQWHG� PXFK� OHVV� OLNHOLKRRG� RI� OHDNDJH� WKDQ� IOXLG�ILOOHG� FDYHUQV�� DOWKRXJK� RWKHU

H[SHULHQFHG� UHVHDUFKHUV� EHOLHYHG� WKDW� XQWLO� WKH� SRUH� VSDFH� RI� WKH�ZDVWH� SLOH� LV� UHGXFHG

WKURXJK�FUHHS�LQGXFHG�FRPSDFWLRQ��D�VROLGV�ILOOHG�FDYHUQ�ZLOO�EHKDYH�LQ�WKH�VDPH�ZD\�DV�D

IOXLG�ILOOHG�FDYHUQ���0RUH�ILHOG�UHVHDUFK�RQ�WKH�HIIHFWV�RI�SUHVVXUH�EXLOGXS�LQ�FORVHG�FDYHUQV

ZRXOG�DLG�RXU�XQGHUVWDQGLQJ�RI�WKLV�VXEMHFW�
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� 1R�DWWHPSW�ZDV�PDGH�LQ�WKLV�VWXG\�WR�HYDOXDWH�WKH�FRVW�HIIHFWLYHQHVV�RI�FDYHUQ�GLVSRVDO�RI

RLO�ILHOG�ZDVWHV���$GGLWLRQDO�UHVHDUFK�LQ�WKH�DUHDV�RI�ULVN�DVVHVVPHQW�DQG�FRVWV�RI�FDYHUQ

GLVSRVDO�FRPSDUHG�WR�RWKHU�DOWHUQDWLYHV�IRU�RLO�ILHOG�ZDVWH�GLVSRVDO��VRPH�RI�ZKLFK�ZLOO�EH

FRQGXFWHG�E\�$UJRQQH�1DWLRQDO�/DERUDWRU\�GXULQJ�������ZLOO�IDFLOLWDWH�WKH�GHYHORSPHQW�RI

HIILFLHQW�DQG�HIIHFWLYH�SROLF\�

� 2Q�WKH�EDVLV�RI�WKLV�SUHOLPLQDU\�UHVHDUFK��ZH�EHOLHYH�WKDW�GLVSRVDO�RI�RLO�ILHOG�ZDVWHV�LQWR�VDOW

FDYHUQV�LV�IHDVLEOH�DQG�OHJDO���,I�FDYHUQV�DUH�ZHOO�VLWHG�DQG�GHVLJQHG��RSHUDWHG�FDUHIXOO\�

FORVHG�SURSHUO\��DQG�PRQLWRUHG�URXWLQHO\��WKH\�UHSUHVHQW�D�VXLWDEOH�PHDQV�RI�GLVSRVLQJ�RI�RLO

ILHOG�ZDVWHV���
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5HIHUHQFHV

$3,���������2SHUDWLRQ�RI�6ROXWLRQ�0LQHG�6WRUDJH���$3,�5HFRPPHQGHG�3UDFWLFH�������$PHULFDQ

3HWUROHXP�,QVWLWXWH��:DVKLQJWRQ��'&��$XJXVW���

$3,���������'HVLJQ�RI�6ROXWLRQ�0LQHG�8QGHUJURXQG�6WRUDJH�3UDFWLFHV���$3,�5HFRPPHQGHG�3UDFWLFH

������$PHULFDQ�3HWUROHXP�,QVWLWXWH��:DVKLQJWRQ��'&��-XQH�

%HUHVW��3���DQG�%��%URXDUG���������%HKDYLRU�RI�6HDOHG�6ROXWLRQ�0LQHG�&DYHUQV���SUHVHQWHG�DW�����

6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V�6SULQJ�0HHWLQJ��1HZ�2UOHDQV��/$��$SULO����0D\���

%LVKRS��:�0����������/RQJ�7HUP�'LVSRVLWLRQ�RI�635�&DYHUQV�1RW�8VHG�IRU�3HWUROHXP�6WRUDJH��$

'UDIW�3ODQ���XQSXEOLVKHG�UHSRUW��2FWREHU�����

%LVKRS��:�0��� ������ OHWWHU� IURP� %LVKRS�� 3%�.%%�� +RXVWRQ�� 7;�� WR� 5�� 7D\ORU�� 7D\ORU� 6:'

2SHUDWLQJ��,QF���FRQFHUQLQJ��)UDFWXUH�3RWHQWLDO�IRU�7D\ORU����GXULQJ�/RQJ�7HUP�&ORVXUH���$XJXVW

���

&RDWHV��*�.���&�$��/HH��:�&��0F&ODLQ��DQG�3�(��6HQVHQ\���������&ORVXUH�DQG�&ROODSVH�RI�0DQ�

0DGH�&DYLWLHV�LQ�6DOW���LQ�3URFHHGLQJV�RI�6L[WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6DOW��SS�����������

&URWRJLQR��)����������7HFKQLFDO�&RQFHSW�IRU�D�+D]DUGRXV�:DVWH�&DYHUQ�LQ�6DOW�LQ�$FFRUGDQFH�ZLWK

WKH�*HUPDQ�5HJXODWLRQV�RQ�+D]DUGRXV�:DVWH���SUHVHQWHG�DW�WKH�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V

)DOO�0HHWLQJ��3DULV��)UDQFH��2FWREHU�

&URWRJLQR��)����������:DVWH�'LVSRVDO�LQ�6DOW�&DYHUQV���7KH�6LWXDWLRQ�LQ�*HUPDQ\���SUHVHQWHG�DW

6SHFWUXP�
����$WODQWD��*$��$XJXVW��������

&6$���������6WRUDJH�RI�+\GURFDUERQV�LQ�8QGHUJURXQG�)RUPDWLRQV���2LO�DQG�*DV�,QGXVWU\�6\VWHPV

DQG�0DWHULDOV���&6$�6WDQGDUG�=��������&DQDGLDQ�6WDQGDUGV�$VVRFLDWLRQ��5H[GDOH��2QWDULR��&DQDGD�

-XO\�

'LDPRQG��+�:���������OHWWHU�FRQWDLQLQJ�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V�FRPPHQWV�RQ��QG�GUDIW

RI�$UJRQQH�1DWLRQDO�/DERUDWRU\�UHSRUW���3UHOLPLQDU\�7HFKQLFDO�DQG�/HJDO�(YDOXDWLRQ�RI�'LVSRVLQJ

RI�1RQKD]DUDGRXV�2LO�)LHOG�:DVWH�LQWR�6DOW�&DYHUQV��)HEUXDU\�������������IURP�'LDPRQG��6ROXWLRQ

0LQLQJ�5HVHDUFK�,QVWLWXWH��'HHUILHOG��,/��WR�-�$��9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ�

'&��$SULO����

'2(���������)LQDO�(QYLURQPHQWDO�,PSDFW�6WDWHPHQW��6WUDWHJLF�3HWUROHXP�5HVHUYH��6HDZD\�*URXS

6DOW�'RPHV��%U\DQ�0RXQG�([SDQVLRQ��$OOHQ��1DVK��'DPRQ�0RXQG��DQG�:HVW�&ROXPELD���%UD]RULD

&RXQW\�7H[DV���8�6��'HSDUWPHQW�RI�(QHUJ\��'2(�(,$�������-XQH�
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(KJDUWQHU�� %�/��� DQG� -�.�� /LQQ�� ������ �0HFKDQLFDO� %HKDYLRU� RI� 6HDOHG� 635� &DYHUQV��� SDSHU

SUHVHQWHG�DW�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V�6SULQJ�0HHWLQJ��+RXVWRQ��7;��$SULO�������

(OGHU��-�5���������GUDIW�PHPRUDQGXP�IURP�(OGHU��'LUHFWRU�RI�(3$
V�2IILFH�RI�*URXQG�:DWHU�DQG

'ULQNLQJ�:DWHU�WR�:DWHU�0DQDJHPHQW�'LYLVLRQ�'LUHFWRUV��5HJLRQ�,,�;���5&5$�([HPSW�2LO�DQG�*DV

([SORUDWLRQ� DQG� 3URGXFWLRQ� :DVWHV� DQG� $XWKRUL]DWLRQ� IRU� ,QMHFWLRQ� LQWR� &ODVV� ,,� :HOOV� �

8QGHUJURXQG�,QMHFWLRQ�&RQWURO�3URJUDP�*XLGDQFH��;;���0DUFK����

)XOOHU��-���DQG�-��%R\W��������LQWHUQDO�2LO�DQG�*DV�'LYLVLRQ�PHPRUDQGXP�WR�%��:LOOLDPVRQ��&�.�

5\ODQGHU��DQG�&�5��0DWWKHZV��5DLOURDG�&RPPLVVLRQ�RI�7H[DV��RQ��&DYHUQ�'LVSRVDO�:HOOV���0D\

��

+RDWKHU��+�$��� DQG�'��&KDOOLQRU�� ������ �7KH�8VH�RI�6DOW�&DYLWLHV� IRU� WKH�'LVSRVDO� RI�:DVWH��

SUHVHQWHG�DW�WKH�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V�)DOO�0HHWLQJ��+DQQRYHU��*HUPDQ\��6HSWHPEHU

���2FWREHU����

,2*&&���������,2*&&�(QYLURQPHQWDO�*XLGHOLQHV�IRU�6WDWH�2LO�	�*DV�5HJXODWRU\�3URJUDPV���WKH

,QWHUVWDWH�2LO�DQG�*DV�&RPSDFW�&RPPLVVLRQ��2NODKRPD�&LW\��2.��0D\�

,2*&&���������1DWXUDO�*DV�6WRUDJH�LQ�6DOW�&DYHUQV���$�*XLGH�IRU�6WDWH�5HJXODWRUV���WKH�,QWHUVWDWH

2LO�DQG�*DV�&RPSDFW�&RPPLVVLRQ��2NODKRPD�&LW\��2.��2FWREHU�

-LULN��&�-���DQG�/�.��:HDYHU���������$�6XUYH\�RI�6DOW�'HSRVLWV�DQG�6DOW�&DYHUQV���7KHLU�5HOHYDQFH

WR�WKH�6WUDWHJLF�3HWUROHXP�5HVHUYH���8�6��)HGHUDO�(QHUJ\�$GPLQLVWUDWLRQ��

)($�6��������

-RKQVRQ��.�6���DQG�6��*RQ]DOHV���������6DOW�'HSRVLWV�LQ�WKH�8QLWHG�6WDWHV�DQG�5HJLRQDO�*HRORJLF

&KDUDFWHULVWLFV� ,PSRUWDQW� IRU� 6WRUDJH� RI� 5DGLRDFWLYH�:DVWHV��� � SUHSDUHG� IRU� 2IILFH� RI�:DVWH

,VRODWLRQ��8�6��'HSDUWPHQW�RI�(QHUJ\��E\�(DUWK�5HVRXUFH�$VVRFLDWHV��<�2:,�68%���������0DUFK�

.QXGVRQ��0�2���������OHWWHU�IURP�.QXGVRQ��:DWHU�0DQDJHPHQW�'LYLVLRQ��(3$�5HJLRQ����'DOODV�

7;��WR�+�:��7KRPSVRQ��/RXLVLDQD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��%DWRQ�5RXJH��/$��DERXW�&ODVV

,,�:DVWHVWUHDP�&ODVVLILFDWLRQ��$SULO����

/LQQ��-�.���������PHPRUDQGXP�FRQWDLQLQJ�FRPPHQWV�RQ�GUDIW�VDOW�FDYHUQ�UHSRUW�IURP�/LQQ��6DQGLD

1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��10��WR�-��9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&�

6HSWHPEHU����

0DWDOXFFL��5�9��������� �$�5HYLHZ�RI�$OWHUQDWLYH�7HFKQLTXHV� IRU�5HSDLULQJ�/HDNV� LQ�6WUDWHJLF

3HWUROHXP� 5HVHUYH� �635�� &DYHUQ� :HOOV��� 6DQGLD� 1DWLRQDO� /DERUDWRULHV�� $OEXTXHUTXH�� 10�

6$1'���������$XJXVW�



'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV� 3DJH���

1*6��GDWH�XQVSHFLILHG���([SHULPHQWDOXQWHUVXFKXQJHQ�]XU�$EODJHUXQJ�YRQ�$EIDOOHQ�LQ�6DO]NDYHUQHQ

�([SHULPHQWDO�6WXGLHV�LQWR�WKH�'LVSRVDO�RI�:DVWHV�LQ�6DOW�&DYHUQV����SUHSDUHG�E\�1LHGHUVDFKVLVFKH

*HVHOOVFKDIW� ]XU� (QGODJHUXQJ� YRQ� 6RQGHUDEIDOO� PE+� �/RZHU� 6D[RQ\� &RPSDQ\� IRU� WKH� )LQDO

'LVSRVDO�RI�+D]DUGRXV�:DVWH���+DQQRYHU��*HUPDQ\�

1LHWR�3HVFHWWR��$�6���DQG�$�-��+HQGURQ��-U����������6WXG\�RI�6LQNKROHV�5HODWHG� WR�%HGGHG�6DOW

3URGXFWLRQ�LQ�WKH�$UHD�RI�'HWURLW��0LFKLJDQ���SXEOLVKHG�E\�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH�

)ORVVPRRU��,/��1RYHPEHU�

3HDUVRQ��$�*�$���DQG�$��$OVHWK��������8�6��3DWHQW�1R��������������0HWKRG�IRU�5HIXVH�'LVSRVDO�LQ

6ROXWLRQ�0LQHG�6DOW�&DYLWLHV���-XO\����

3IHLIOH��7�:���7�-��9RJW��DQG�*�$��%UHNNHQ���������&RUUHODWLRQ�RI�&KHPLFDO��0LQHUDORJLF��DQG

3K\VLFDO�&KDUDFWHULVWLFV�RI�*XOI�&RDVW�'RPH�6DOW�WR�'HIRUPDWLRQ�DQG�6WUHQJWK�3URSHUWLHV���6ROXWLRQ

0LQLQJ�5HVHDUFK�,QVWLWXWH�5HVHDUFK�3URMHFW�5HSRUW���������6��'HHUILHOG��,/��-DQXDU\�

4XHULR��&�:��� ������ �'HVLJQ� DQG�&RQVWUXFWLRQ� RI� 6ROXWLRQ�0LQHG�&DYHUQV� IRU�/3*�6WRUDJH��

SUHVHQWHG�DW�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V�)DOO�0HHWLQJ��0LQQHDSROLV��01��2FWREHU�������

6HUDWD��6�������D���8OWLPDWH�6WUHVV�LQ�WKH�6DOW�(QYHORSH�RI�D�6HDOHG�/LTXLG�)LOOHG�6ROXWLRQ�&DYHUQ��

9RO�����SUHSDUHG�IRU�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH��:RRGVWRFN��,/��E\�6HUDWD�*HRPHFKDQLFV�

$XJXVW����

6HUDWD�� 6��� ����E�� �)ROORZ�8S� 3URSRVDO� IRU� 3UDFWLFDO� $SSOLFDWLRQ�� 8OWLPDWH� 6WUHVV� LQ� WKH� 6DOW

(QYHORSH� RI� D� 6HDOHG�/LTXLG�)LOOHG� 6ROXWLRQ�&DYHUQ��� SUHSDUHG� IRU� 6ROXWLRQ�0LQLQJ�5HVHDUFK

,QVWLWXWH��:RRGVWRFN��,/��E\�6HUDWD�*HRPHFKDQLFV��2FWREHU����

7KRPV��5�/���������PHPRUDQGXP�FRQWDLQLQJ�FRPPHQWV�RQ�GUDIW�VDOW�FDYHUQ�UHSRUW�IURP�7KRPV�

$*0��,QF���&ROOHJH�6WDWLRQ��7;��WR�-��9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��2FWREHU

��

7KRPV��5�/���������PHPRUDQGXP�FRQWDLQLQJ�RSLQLRQV�RQ�FDYHUQ�VWDELOLW\�IURP�7KRPV��$*0��,QF��

&ROOHJH�6WDWLRQ��7;��WR�-��9HLO��$UJRQQH�1DWLRQDO�/DERUDWRU\��:DVKLQJWRQ��'&��DQG�+�:��'LDPRQG�

6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH��'HHUILHOG��,/��0D\����

7KRPV��5�/��DQG�5�0��*HKOH���������+\GURIUDF�*UDGLHQW�LQ�*XOI�&RDVW�6DOW�'RPHV���

3KDVH�����5HVHDUFK�3URMHFW�5HSRUW�IRU�WKH�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH��2FWREHU�����

7KRPV��5�/���DQG�5�0��*HKOH���������$QDO\VLV�RI�D�6ROLGLILHG�:DVWHV�'LVSRVDO�&DYHUQ�LQ�D�*XOI

&RDVW�6DOW�'RPH���SUHVHQWHG�DW�WKH�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V�)DOO�0HHWLQJ��+DQQRYHU�

*HUPDQ\��6HSWHPEHU����2FWREHU����



'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV� 3DJH���

7LQXFFL��-�3���6��-��&KHUQ��:�&��<HXQJ��DQG�%��'LDO���������$�6WXG\�RI�+D]DUGRXV�:DVWH�'LVSRVDO

LQ�6DOW���SUHVHQWHG�DW�WKH�6ROXWLRQ�0LQLQJ�5HVHDUFK�,QVWLWXWH
V�6SULQJ�0HHWLQJ��0RELOH��$/��$SULO

���

715&&��������7H[DV�1DWXUDO�5HVRXUFH�&RQVHUYDWLRQ�&RPPLVVLRQ��7�$�&���7LWOH�����&KDSWHU�����

6XEFKDSWHU�-��6WDQGDUGV�IRU�&ODVV�,�6DOW�&DYHUQ�6ROLG�:DVWH�'LVSRVDO�5XOHV�����������

7RPDVNR��'����������$�1XPHULFDO�0RGHO�IRU�3UHGLFWLQJ�WKH�7KHUPDO�%HKDYLRU�RI�&DYHUQV�LQ�WKH

6WUDWHJLF�3HWUROHXP�5HVHUYH���GLVVHUWDWLRQ�VXEPLWWHG�LQ�SDUWLDO�IXOILOOPHQW�RI�WKH�UHTXLUHPHQWV�RI�WKH

GHJUHH�RI�'RFWRU�RI�3KLORVRSK\�LQ�&LYLO�(QJLQHHULQJ��WKH�8QLYHUVLW\�RI�1HZ�0H[LFR��$OEXTXHUTXH�

1HZ�0H[LFR�

:DOOQHU��0���DQG�$��YDQ�9OLHW���������$VVHVVPHQW�RI�6XUIDFH�6XEVLGHQFH�DERYH�D�&DYLW\�)LHOG

5HVXOWLQJ�IURP�&DYLW\�'LDPHWHU�(QODUJHPHQW��SUHVHQWHG�DW�WKH�6HYHQWK�6\PSRVLXP�RQ�6DOW��

9RO��,��SS�����������(OVHYLHU�6FLHQFH�3XEOLVKHUV�%�9���$PVWHUGDP��1HWKHUODQGV�

:DVVPDQ��7�+����������&DYLW\�8WLOL]DWLRQ�LQ�WKH�1HWKHUODQGV���SUHVHQWHG�DW�WKH�6L[WK�,QWHUQDWLRQDO

6\PSRVLXP�RQ�6DOW��9RO��,,��SS����������7RURQWR��&DQDGD��0D\�

:DVVPDQQ�� 7�+��� ������ �0LQLQJ� 6XEVLGHQFH� DERYH� &DYLWLHV� &UHDWHG� E\� 6ROXWLRQ� 0LQLQJ� RI

5RFNVDOW���SUHVHQWHG�DW� WKH�6HYHQWK�6\PSRVLXP�RQ�6DOW��9RO�� ,��SS�����������(OVHYLHU�6FLHQFH

3XEOLVKHUV�%�9���$PVWHUGDP��1HWKHUODQGV�



'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV� 3DJH���

7DEOH�����6WDWH�$FWLYLWLHV�5HJDUGLQJ�'LVSRVDO�RI�2LO�)LHOG�:DVWH�LQWR�6DOW�&DYHUQV�

6WDWH &RQWDFW $UH�VDOW�FDYHUQV +DV�WKLV�SUDFWLFH $UH�WKHUH�DQ\�VWDWH &RPPHQWV

EHLQJ�XVHG�LQ�\RXU HYHU�EHHQ UHJXODWLRQV

VWDWH�IRU�GLVSRVDO�RI FRQVLGHUHG" VSHFLILFDOO\

RLO�LQGXVWU\�ZDVWH" DGGUHVVLQJ�GLVSRVDO

RI�RLO�ILHOG�ZDVWH

LQWR�VDOW�FDYHUQV"

7; 5LFKDUG�*LQQ <HV 1�$ 3URSRVHG�UHJXODWLRQV 7KH�ILUVW�IDFLOLW\�ZDV�HVWDEOLVKHG�IRXU�\HDUV

7H[DV�5DLOURDG�&RPP� KDYH�EHHQ�GUDIWHG� DJR���7KH�ZDVWHV�WKDW�DUH�EHLQJ�GLVSRVHG�RI

$XVWLQ��7;����������� 7H[DV�KDV�IRXU�VDOW LQ�WKHVH�FDYHUQV�KDYH�D�KLJK�VROLGV�FRQWHQW

������������ FDYHUQV�WKDW�DFFHSW�2	* �VXVSHQGHG�VROLGV���ZKLFK�PDNH�WKHP�OHVV

RU SURGXFWLRQ��ZDVWHV� VXLWDEOH�IRU�W\SLFDO�&ODVV�,,�LQMHFWLRQ���

-HE�%R\W

������������ 7KH�VDOW�EULQH�WKDW�LV�GLVSODFHG�IURP�WKH

FDYHUQ�WR�PDNH�VSDFH�IRU�WKH�2	*�ZDVWH�LV

GLVSRVHG�RI�LQ�&ODVV�,,�ZHOOV��

/$ -DPHV�:HOVK 1R <HV 1R 1R�KD]DUGRXV�ZDVWH�FDQ�EH�GLVSRVHG�RI�YLD

/$�'HSDUWPHQW�RI�1DWXUDO LQMHFWLRQ�ZHOOV�LQ�/RXLVLDQD���

5HVRXUFHV

3�2��%R[������ +H�LQGLFDWHG�WKDW�LQMHFWLRQ�RI�SURGXFWLRQ

%DWRQ�5RXJH��/$������� ZDVWH�VWUHDPV�ZLWK�D�KLJK�VROLGV�FRQWHQW

������������ �FXWWLQJV��GULOOLQJ�IOXLGV��HWF���DUH�QRW�PXFK

RI�DQ�LVVXH�ZLWK�LQMHFWLRQ�LQWR�&ODVV�,,�ZHOOV

ZKHQ�WKH�WHFKQRORJ\��EDOO�PLOOV�RU�JULQGHUV�

LV�XVHG�WR�JULQG�WKH�VROLGV�LQWR�ILQH�SDUWLFOHV��

7KH\�DUH�RSHQ�WR�WKH�LGHD�

0, 5��7KRPDV�6HJDOO 1R <HV 1R� 0LFKLJDQ�LV�LQWHUHVWHG�LQ�NQRZLQJ�ZKDW�WKH

0,�'HSW��RI�1DWXUDO RWKHU�VWDWHV�DUH�FRQVLGHULQJ���7KH\�FXUUHQWO\

5HVRXUFHV SHUPLW�FDYHUQ�XVH�IRU�OLTXLG�QDWXUDO�JDV

3�2��%R[������ VWRUDJH�

/DQVLQJ��0,�������

������������

RU�

5D\PRQG�(OOLV�

������������

2+ 'HQQLV�&ULVW 1R <HV 1R +H�WKLQNV�LW�LV�D�JRRG�LGHD�IRU�WKH�GLVSRVDO

2+�'15 RI�VROLG�ZDVWHV��GULOOLQJ�IOXLGV��QRW�W\SLFDOO\

)RXQWDLQ�6TXDUH GLVSRVHG�RI�LQ�&ODVV�,,�ZHOOV�

&ROXPEXV��2+������

������������ +H�IHHOV�WKDW�D�)HGHUDO�$GYLVRU\�&RPPLWWHH

RQ�WKH�VXEMHFW�VKRXOG�EH�FRQVLGHUHG���

.6 5LFKDUG�+HVWHUPDQQ 1R 1R 1R +H�LQGLFDWHG�WKDW�KH�ZDV�QRW�DZDUH�RI�DQ\

.6�&RUS��&RPP� GLVFXVVLRQV�DERXW�SHUPLWWLQJ�VXFK�DFWLYLW\

&RORUDGR�'HUE\�%OGJ���5P LQ�WKH�VWDWH�RI�.DQVDV���6RPH�RI�WKH�ROGHU

��� VROXWLRQ�PLQHV�WKDW�KDG�EHHQ�DEDQGRQHG

:LFKLWD��.6������� DQG�LQMHFWLRQ�ZHOOV�WKDW�KDG�JRQH�WKURXJK

������������ WKHVH�VDOW�GHSRVLWV�KDYH�EHHQ�DVVXPHG

UHVSRQVLEOH�IRU�VLQN�KROHV�WKDW�KDYH

RFFXUUHG�LQ��.DQVDV���,W�LV�WKRXJKW�WKDW�IOXLG

WUDYHOLQJ�GRZQ�KROH�DORQJ�WKH�FDVLQJ

WKURXJK�WKH�VDOW�GHSRVLW�GLVSODFHG�WKH�VDOW

DQG�FUHDWHG�D�YRLG�WKDW�HYHQWXDOO\�FROODSVHG��



'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV� 3DJH���

7DEOH�����6WDWH�$FWLYLWLHV�5HJDUGLQJ�'LVSRVDO�RI�2LO�)LHOG�:DVWH�LQWR�6DOW�&DYHUQV�

6WDWH &RQWDFW $UH�VDOW�FDYHUQV +DV�WKLV�SUDFWLFH $UH�WKHUH�DQ\�VWDWH &RPPHQWV

EHLQJ�XVHG�LQ�\RXU HYHU�EHHQ UHJXODWLRQV

VWDWH�IRU�GLVSRVDO�RI FRQVLGHUHG" VSHFLILFDOO\

RLO�LQGXVWU\�ZDVWH" DGGUHVVLQJ�GLVSRVDO

RI�RLO�ILHOG�ZDVWH

LQWR�VDOW�FDYHUQV"

2. %UXFH�/DQJKXV 1R 1R 1R 7KH�VDOW�GHSRVLWV�LQ�2NODKRPD�DUH�QRW�WKLFN

2.�&RUS��&RPP� DQG�FRQGXFLYH�WR�VROXWLRQ�PLQLQJ���7KHUH�LV

-LP�7KRUSH�%XLOGLQJ RQO\�RQH�VROXWLRQ�PLQH�LQ�WKH�VWDWH�

2NODKRPD�&LW\��2.�������

������������

06 )UHG�+LOOH 1R <HV +H�LQGLFDWHG�WKDW�WKH 7KH\�KDG�EHHQ�WKLQNLQJ�WKDW�WKH�GLVSRVDO�RI

6WDWH�2	*�%RDUG H[LVWLQJ�VWDWH� 1DWXUDOO\�2FFXUULQJ�5DGLRDFWLYH�0DWHULDO

����*UH\PRQW�$YH���6XLWH�( UHJXODWLRQV�GR�QRW �1250��ZDVWHV�IURP�2	*�SURGXFWLRQ

-DFNVRQ��06������� SURKLELW�WKLV�SUDFWLFH�� PLJKW�EH�HIIHFWLYHO\�GLVSRVHG�RI�LQ�VDOW

������������ 1R�VWDWH�UHJXODWLRQV FDYHUQV�����

RU ZRXOG�QHHG�WR�EH

-DPHV�&UDZIRUG FKDQJHG�WR�DOORZ�WKLV 0LVVLVVLSSL�LV�YHU\�LQWHUHVWHG�LQ�ZKDW�RWKHU

'HSW��RI�(QY��4XDOLW\ SUDFWLFH� VWDWHV�DUH�WKLQNLQJ�

3�2��%R[������

-DFNVRQ��06������

������������

1' &KDUOHV�$��.RFK 1R 1R 1R 1RUWK�'DNRWD�RQO\�KDV�RQH�VROXWLRQ�PLQH��

1'�,QGXVWULDO�&RPP� ,W�LV�LQ�DQ�2	*�SURGXFWLRQ�DUHD�

����(��%RXOHYDUG�$YH�

%LVPDUFN��1'������� 6HYHUDO�\HDUV�DJR�WKH�VWDWH�FRQVLGHUHG�XVLQJ

������������ VDOW�FDYHUQV�IRU�VWRUDJH�EXW�PDGH�WKH

RU GHFLVLRQ�QRW�WR�

:HVOH\�1RUWRQ

������������ 2	*�GULOOHUV�KDYH�H[SHULHQFHG�PDQ\�FDVLQJ

SUREOHPV�WKURXJK�WKH�VDOW�VHFWLRQ�ZKLFK�LV

DSSUR[LPDWHO\�����IHHW�WKLFN��

+H�GLG�QRW�IHHO�WKDW�1RUWK�'DNRWD�ZRXOG

OLNHO\�XWLOL]H�VDOW�FDYHUQV�IRU�2	*�ZDVWH

GLVSRVDO�VLQFH�WKH�VDOW�IRUPDWLRQV�DUH�YHU\

GHHS��

10 'DYLG�&DWDQDFK 1R <HV 1R 10�2LO�&RQVHUYDWLRQ�'LYLVLRQ�KDV�UHFHLYHG

10�2LO��&RQVHUY��'LY�� DQ�DSSOLFDWLRQ�IURP�D�FRPSDQ\�LQWHUHVWHG�LQ

3�2��%R[����� GHYHORSLQJ�D�FRPPHUFLDO�RLO�ILHOG�ZDVWH

6DQWD�)H��10������ GLVSRVDO�IDFLOLW\�LQ�10���7KH�10�2LO

������������ &RQVHUYDWLRQ�'LYLVLRQ�ZLOO�EH�KDQGOLQJ�WKH

DSSOLFDWLRQ��

7KH�H[LVWLQJ�VWDWH�UHJXODWLRQV�DUH�VLOHQW�RQ

WKH�VXEMHFW�



'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV� 3DJH���

7DEOH�����6WDWH�$FWLYLWLHV�5HJDUGLQJ�'LVSRVDO�RI�2LO�)LHOG�:DVWH�LQWR�6DOW�&DYHUQV�

6WDWH &RQWDFW $UH�VDOW�FDYHUQV +DV�WKLV�SUDFWLFH $UH�WKHUH�DQ\�VWDWH &RPPHQWV

EHLQJ�XVHG�LQ�\RXU HYHU�EHHQ UHJXODWLRQV

VWDWH�IRU�GLVSRVDO�RI FRQVLGHUHG" VSHFLILFDOO\

RLO�LQGXVWU\�ZDVWH" DGGUHVVLQJ�GLVSRVDO

RI�RLO�ILHOG�ZDVWH

LQWR�VDOW�FDYHUQV"

1< -RKQ�&��+DUPRQ 1R 1R 1R 6HYHUDO�\HDUV�DJR��WKHUH�ZDV�VRPH

1<�'HSW��RI�(QY��&RQV����� FRQVLGHUDWLRQ�RI�SHUPLWWLQJ�GLVSRVDO�RI

���:ROI�5RDG��5P���� PXQLFLSDO�IO\�DVK�LQWR�D�ODUJH�FRQYHQWLRQDO

$OEDQ\��1<������� VDOW�PLQH���+RZHYHU��D�URRI�FROODSVHG�LQ�D

������������ SRUWLRQ�RI�WKH�PLQH��FDXVLQJ�IORRGLQJ�RI�WKH

RU� FDYHUQ��DQG�WKH�SHUPLW�ZDV�QHYHU�JUDQWHG���

%UDGOH\�)LHOG

������������ +H�VWDWHG�WKDW�LQMHFWLRQ�RI�2	*�ZDVWH�LQWR

VDOW�FDYHUQV�LV�QRW�OLNHO\�LQ�1HZ�<RUN�

7KHUH�LV�OLWWOH�QHHG�IRU�WKH�GLVSRVDO�RI�VROLG

GULOOLQJ�ZDVWH�EHFDXVH�PRVW�RI�WKH�ZHOOV�DUH

DLU�GULOOHG��QRW�XWLOL]LQJ�GULOOLQJ�IOXLGV���

3$ -DPHV�(UE 1R 1R 1R� 7KH�'LYLVLRQ�RI�2	*�KDV�UXOHV�WR�SHUPLW

3$�'HSW��RI�(QYLU��5HVRXUFHV �6HH�&RPPHQWV� WKH�XVH�RI�FDYHUQV�IRU�JDV�VWRUDJH��EXW�WKH

3�2��%R[����� %XUHDX�RI�/DERU�DQG�,QGXVWU\�UHJXODWHV

+DUULVEXUJ��3$������� FDYHUQV���7KHUH�DUH�VHYHUDO�VWRUDJH�FDYHUQV

������������ SHUPLWWHG�



'LVSRVDO�RI�2LO�)LHOG�:DVWHV�LQWR�6DOW�&DYHUQV� 3DJH���

7DEOH�����2LO�DQG�*DV�:DVWHV�([HPSWHG�IURP�

5&5$�+D]DUGRXV�:DVWH�5HTXLUHPHQWV�����)5��������-XO\���������

� 3URGXFHG�ZDWHU�

� 'ULOOLQJ�IOXLGV�

� 'ULOO�FXWWLQJV�

� 5LJZDVK�

� 'ULOOLQJ�IOXLGV�DQG�FXWWLQJV�IURP�RIIVKRUH�RSHUDWLRQV�GLVSRVHG�RI�RQVKRUH�

� :HOO�FRPSOHWLRQ��WUHDWPHQW��DQG�VWLPXODWLRQ�IOXLGV�

� %DVLF�VHGLPHQW�DQG�ZDWHU�DQG�RWKHU�WDQN�ERWWRPV�IURP�VWRUDJH�IDFLOLWLHV�WKDW�KROG�SURGXFW

DQG�H[HPSW�ZDVWH�

� $FFXPXODWHG�PDWHULDOV��VXFK�DV�K\GURFDUERQV��VROLGV��VDQG��DQG�HPXOVLRQ�IURP�SURGXFWLRQ

VHSDUDWRUV��IOXLG�WUHDWLQJ�YHVVHOV��DQG�SURGXFWLRQ�LPSRXQGPHQWV�

� 3LW�VOXGJHV�DQG�FRQWDPLQDWHG�ERWWRPV�IURP�VWRUDJH�RU�GLVSRVDO�RI�H[HPSW�ZDVWHV�

� :RUNRYHU�ZDVWHV�

� *DV�SODQW�GHK\GUDWLRQ�ZDVWHV��LQFOXGLQJ�JO\FRO�EDVHG�FRPSRXQGV��JO\FRO�ILOWHUV��ILOWHU�PHGLD�

EDFNZDVK��DQG�PROHFXODU�VLHYHV�

� *DV�SODQW�VZHHWHQLQJ�ZDVWHV�IRU�VXOIXU�UHPRYDO��LQFOXGLQJ�DPLQHV��DPLQH�ILOWHUV��DPLQH�ILOWHU
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FIGURE 6  Idealized Cavern in a Salt Dome Formation
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FIGURE 7  Idealized Cavern in a Bedded Salt Formation
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