
$�+XPDQ�+HDOWK�5LVN�$VVHVVPHQW�RI�WKH�-RKQ�:D\QH�DQG
3URSRVHG�2UDQJH�&RXQW\�,QWHUQDWLRQDO�$LUSRUWV�LQ
2UDQJH�&RXQW\��&DOLIRUQLD

'DYLG�(��/LQGEHUJ��3�(���4�(�3�
&+�0�+,//
����%�6WUHHW��6XLWH����
6DQ�'LHJR��&$������

-RKQ�&DVWOHEHUU\
&+�0�+,//
�����1DWRPDV�3DUN�'ULYH��6XLWH����
6DFUDPHQWR��&$������

5REHUW�2��3ULFH
3	'�(QYLURQPHQWDO
����7RZQ�	�&RXQWU\�5RDG���WK�)ORRU
2UDQJH��&$������

$%675$&7

5HFHQW�JURZWK�LQ�WKH�DLU�WUDQVSRUWDWLRQ�LQGXVWU\�LV�SUHVHQWLQJ�FKDOOHQJHV�WR�UHJLRQDO�SODQQLQJ
DJHQFLHV�DV�WKH\�WU\�WR�DFFRPPRGDWH�DYLDWLRQ�JURZWK�ZLWKRXW�GHJUDGLQJ�DLU�TXDOLW\�DQG�SXEOLF
KHDOWK��6LJQLILFDQW�FRQFHUQV�KDYH�EHHQ�UDLVHG�RYHU�SRWHQWLDO�KHDOWK�ULVNV�WR�FRPPXQLWLHV�QHDU
DLUSRUWV�DV�D�UHVXOW�RI�DLUSRUW�H[SDQVLRQ�DQG�FRQVWUXFWLRQ�SURMHFWV��5HPDUNDEO\�OLWWOH�LV�NQRZQ
DERXW�KRZ�PXFK�WR[LF�DLU�SROOXWLRQ�LV�HPLWWHG�E\�DLUSRUW�UHODWHG�VRXUFHV�DQG�WR�ZKDW�H[WHQW
ODUJH�DLUSRUWV�SRVH�KHDOWK�ULVNV�WR�VXUURXQGLQJ�FRPPXQLWLHV�

7KLV�SDSHU�SURYLGHV�DQ�DVVHVVPHQW�RI�SRWHQWLDO�FDQFHU�ULVNV�SRVHG�E\�H[SRVXUH�WR�WR[LF
VXEVWDQFH�HPLVVLRQV�IURP�WKH�-RKQ�:D\QH�$LUSRUW��-:$��DQG�SURSRVHG�2UDQJH�&RXQW\
,QWHUQDWLRQDO�$LUSRUW��2&;��LQ�2UDQJH�&RXQW\��&DOLIRUQLD��7KH�KHDOWK�ULVN�DVVHVVPHQW�LV
EDVHG�RQ�SURMHFWHG�SDVVHQJHU�YROXPHV�RI�����PLOOLRQ�DQQXDO�SDVVHQJHUV��0$3��DQG�����
0$3��UHVSHFWLYHO\��LQ�WKH�\HDU�������$FFRUGLQJ�WR�SUHOLPLQDU\�ZRUN��PD[LPXP��ZRUVW
SODXVLEOH��RII�VLWH�UHVLGHQWLDO�H[FHVV�OLIHWLPH�FDQFHU�ULVNV�DUH�SUHGLFWHG�WR�EH����LQ�D�PLOOLRQ
QHDU�-:$�DQG����LQ�D�PLOOLRQ�QHDU�WKH�SURSRVHG�2&;��([FHVV�OLIHWLPH�FDQFHU�ULVNV�LQ�WKLV
VWXG\�ZHUH�GRPLQDWHG�E\�GLHVHO�H[KDXVW�IURP�JURXQG�VXSSRUW�HTXLSPHQW�DQG�IXHO�GHOLYHU\
WUXFNV��3ROOXWDQWV�SULPDULO\�UHVSRQVLEOH�IRU�H[FHVV�OLIHWLPH�FDQFHU�ULVNV�LQ�WKLV�VWXG\�DUH�GLHVHO
H[KDXVW��DERXW����SHUFHQW��DQG�����EXWDGLHQH��DERXW����SHUFHQW���$LUFUDIW�HQJLQHV�LQ�WD[L
PRGH�SURGXFH�DOPRVW�DOO�RI�WKH�����EXWDGLHQH�HPLVVLRQV�LQ�WKLV�VWXG\��&DQFHU�ULVNV�DWWULEXWHG
WR�WKH�WZR�DLUSRUWV�DUH�UHODWLYHO\�ORZ�LQ�FRPSDULVRQ�WR�H[FHVV�OLIHWLPH�FDQFHU�ULVN�HVWLPDWHV�RI
������LQ�D�PLOOLRQ�DWWULEXWHG�WR�DPELHQW�DLU�TXDOLW\�LQ�WKH�6RXWK�&RDVW�$40'���7KH
PHWKRGRORJ\�XVHG�WR�SHUIRUP�WKH�FDQFHU�ULVN�DVVHVVPHQW�RI�WKHVH�WZR�DLUSRUWV�LV�SUHVHQWHG�LQ
WKLV�SDSHU��DV�ZHOO�DV�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�WKLV�VWXG\�DQG�SULRU�ZRUN�
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9DOXHV�SUHVHQWHG�LQ�WKLV�SDSHU�DUH�SUHOLPLQDU\�DQG�LQGLFDWLYH�RI�ZRUN�LQ�SURJUHVV�RQ
(QYLURQPHQWDO�,PSDFW�5HSRUW��(,5��1R�������5HVXOWV�SUHVHQWHG�PD\�GLIIHU�IURP�UHVXOWV
SUHVHQWHG�LQ�WKH�ILQDO�(,5�

,1752'8&7,21

3XEOLF�FRQFHUQ�KDV�EHHQ�UDLVHG�RYHU�WKH�SRWHQWLDO�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�WR[LF
VXEVWDQFHV�LQ�XUEDQ�DLU��([SRVHG�SRSXODWLRQV�WHQG�WR�UHVLGH�LQ�LQGXVWULDOL]HG�XUEDQ�DUHDV
ZKHUH�WKH�DPELHQW�FRQFHQWUDWLRQV�RI�WR[LF�VXEVWDQFHV�DUH�WKH�KLJKHVW��(QYLURQPHQWDO�MXVWLFH
FRQFHUQV�E\�,OOLQRLV�FRQJUHVVPHQ�LQ������SUHFLSLWDWHG�D�VWXG\�E\�WKH�8�6��(3$�RI�FDQFHU
ULVNV�LQ�6RXWKZHVW�&KLFDJR��ZKLFK�LQFOXGHG�DLUFUDIW�RSHUDWLRQV�DQG�RWKHU�DLUSRUW�UHODWHG
VRXUFHV�DW�&KLFDJR�0LGZD\�$LUSRUW��0':���7KH�6RXWKZHVW�&KLFDJR�VWXG\�HVWLPDWHG�WKDW
0':�DFFRXQWHG�IRU�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�WRWDO�H[FHVV�OLIHWLPH�FDQFHU�ULVN
DWWULEXWHG�WR�DLU�SROOXWLRQ���7KH�PD[LPXP�RII�VLWH�LQFUHPHQWDO�FDQFHU�ULVN�DVVRFLDWHG�ZLWK
0':�PRELOH�VRXUFHV�ZDV�HVWLPDWHG�WR�EH�����LQ�D�PLOOLRQ����$�VLPLODU�VWXG\�SHUIRUPHG�E\
WKH�/RV�$QJHOHV�8QLILHG�6FKRRO�'LVWULFW�HVWLPDWHG�PD[LPXP�RII�VLWH�LQFUHPHQWDO�FDQFHU�ULVN
IRU�SURSRVHG�RSHUDWLRQV�DW�WKH�6DQWD�0RQLFD�0XQLFLSDO�$LUSRUW�WR�EH����LQ�D�PLOOLRQ��

7KH�&RXQW\�RI�2UDQJH�KDV�SURSRVHG�WR�FRQYHUW�WKH�IRUPHU�0DULQH�&RUSV�$LU�6WDWLRQ��0&$6�
(O�7RUR�WR�DQ�LQWHUQDWLRQDO�DLUSRUW��-RKQ�:D\QH�$LUSRUW��ZKLFK�FXUUHQWO\�VHUYHV�2UDQJH
&RXQW\��ZRXOG�UHPDLQ�RSHUDWLRQDO�DV�ZHOO��7KH�SURSRVDO�LV�GRFXPHQWHG�LQ�(QYLURQPHQWDO
,PSDFW�5HSRUW��(,5��1R�������,Q�UHVSRQVH�WR�SXEOLF�FRQFHUQ��D�KXPDQ�KHDOWK�ULVN�DVVHVVPHQW
RI�WR[LF�DLU�HPLVVLRQV�ZDV�SHUIRUPHG�IRU�ERWK�DLUSRUWV��7KH�ULVN�DVVHVVPHQW��ZKLFK�LV
LQFOXGHG�LQ�(,5�1R�������DGGUHVVHG�KHDOWK�ULVNV�IURP�DQ�H[LVWLQJ�RSHUDWLRQV�VFHQDULR�DQG�D
IXWXUH�RSHUDWLRQV�VFHQDULR��+RZHYHU��WKLV�SDSHU�LV�OLPLWHG�WR�D�GLVFXVVLRQ�RI�WKH�SUHGLFWHG
H[FHVV�OLIHWLPH�FDQFHU�ULVNV�DVVRFLDWHG�ZLWK�WKH�IXWXUH�RSHUDWLRQV�VFHQDULR�RQO\��7KH�ORFDWLRQ
RI�-:$�DQG�WKH�SURSRVHG�2&;�LV�VKRZQ�LQ�)LJXUH���

,I�WKH�FRQYHUVLRQ�SURFHHGV��2&;�ZLOO�SURYLGH�GRPHVWLF��LQWHUQDWLRQDO��DQG�FDUJR�VHUYLFH�ZLWK
D�SURMHFWHG�SDVVHQJHU�YROXPH�RI������0$3�LQ�WKH�\HDU�������8QGHU�WKLV�VFHQDULR��-:$�ZLOO
SURYLGH�SULPDULO\�VKRUW�KDXO�GRPHVWLF�DQG�JHQHUDO�DYLDWLRQ�VHUYLFH��DQG�ZLOO�KDYH�D�SURMHFWHG
SDVVHQJHU�YROXPH�RI�����0$3�LQ�WKH�\HDU�������7KH�SURSRVHG�FRQYHUVLRQ�UHSUHVHQWV�DQ
LQFUHDVH�LQ�GRPHVWLF�DLU�WUDQVSRUWDWLRQ��QHZ�LQWHUQDWLRQDO�VHUYLFH�FDSDELOLW\��DQG�QHZ�FDUJR
VHUYLFH�FDSDELOLW\�ZLWKLQ�2UDQJH�&RXQW\��,W�LV�H[SHFWHG�WKDW�WKH�SURSRVHG�FRQYHUVLRQ�ZRXOG
DEVRUE�D�SRUWLRQ�RI�LWV�LQFUHDVHG�GRPHVWLF��LQWHUQDWLRQDO��DQG�FDUJR�VHUYLFH�IURP�RWKHU�DLUSRUWV
LQ�WKH�UHJLRQ�

7KH�KXPDQ�KHDOWK�ULVN�DVVHVVPHQW�ZDV�SUHSDUHG�LQ�DFFRUGDQFH�ZLWK�&DOLIRUQLD�$LU�3ROOXWLRQ
&RQWURO�2IILFHUV�$VVRFLDWLRQ��&$3&2$��JXLGHOLQHV�DQG�JXLGDQFH�IURP�WKH�6RXWK�&RDVW�$LU
4XDOLW\�0DQDJHPHQW�'LVWULFW��6&$40'���7KLV�SDSHU�DOVR�SUHVHQWV�D�FRPSDULVRQ�RI�SRWHQWLDO
H[FHVV�OLIHWLPH�FDQFHU�ULVNV�HVWLPDWHG�IRU�2&;�DQG�-:$�WR�FDQFHU�ULVNV�DVVRFLDWHG�ZLWK
EDFNJURXQG�DLU�TXDOLW\�LQ�WKH�6RXWK�&RDVW�$40'�DQG�HPLVVLRQV�IURP�RWKHU�86�DLUSRUWV��$
GLVFXVVLRQ�RI�WKH�VRXUFHV�RI�XQFHUWDLQW\�LQ�ULVN�DVVHVVPHQWV�LQ�JHQHUDO��DQG�LQ�WKH�ULVN
DVVHVVPHQW�IRU�WKLV�SURMHFW��LV�DOVR�SURYLGHG�
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)LJXUH�����3URMHFW�/RFDWLRQ�0DS�

+$=$5'�$66(660(17

7R[LF�6XEVWDQFHV

7KH�OLVW�RI�VXEVWDQFHV�IRU�ZKLFK�HPLVVLRQV�KDYH�EHHQ�TXDQWLILHG�LQ�WKLV�ULVN�DVVHVVPHQW�ZDV
REWDLQHG�IURP�(3$�GRFXPHQWV�SUHSDUHG�LQ�VXSSRUW�RI�WKH������%DVH�<HDU�1DWLRQDO�7R[LFV
,QYHQWRU\�����$�WRWDO�RI����WR[LF�VXEVWDQFHV�ZHUH�LGHQWLILHG�IRU�LQFOXVLRQ�LQ�WKLV�ULVN
DVVHVVPHQW�����RI�ZKLFK�DUH�UHFRJQL]HG�E\�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��&$5%��DV
SRWHQWLDO�FDUFLQRJHQV��LQFOXGLQJ�SDUWLFXODWH�PDWWHU�OHVV�WKDQ����PLFURPHWHUV�LQ�GLDPHWHU
>30

��

@�LQ�GLHVHO�H[KDXVW���7KLV�SDSHU�RQO\�DGGUHVVHV�FDQFHU�ULVNV��ZKLFK�DUH�DVVRFLDWHG�ZLWK
H[SRVXUH�WR�WKHVH����FDUFLQRJHQLF�VXEVWDQFHV��7KH�OLVW�SURYLGHG�LQ�7DEOH���FRQVLVWV�RI���WR[LF
VXEVWDQFHV�IURP�WKH�QDWLRQDO�WR[LFV�LQYHQWRU\��SOXV�GLHVHO�30

��

�

3RO\F\FOLF�RUJDQLF�PDWWHU��320��DV���SRO\F\FOLF�DURPDWLF�K\GURFDUERQV����3$+��LQFOXGHV
WKH�IROORZLQJ���320�FRPSRXQGV�GHWHUPLQHG�E\�WKH�,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ

N
0 3

SCALE IN MILES

P
a c i f i c  O

c e a n

El T
or

o R
oa

d
John
Wayne Airport

RIVERSIDE

COUNTY

Proposed Orange County
International Airport

ORANGE

COUNTY5

405

1

39

55

22

241

133

261

1

573

74

Project Locations
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7DEOH�����/LVW�RI�7R[LF�6XEVWDQFHV�(YDOXDWHG�,Q�7KLV�+XPDQ�+HDOWK�5LVN�$VVHVVPHQW
����%XWDGLHQH 320�DV���3$+
$FHWDOGHK\GH 6W\UHQH
%HQ]HQH 'LHVHO�30

��

)RUPDOGHK\GH &KURPLXP��KH[DYDOHQW�
/HDG 1LFNHO

&DQFHU�WR�FDXVH�FDQFHU��EHQ]�D�DQWKUDFHQH��EHQ]R�D�S\UHQH��EHQ]R�E�IOXRUDQWKHQH�
EHQ]R�N�IOXRUDQWKHQH��FKU\VHQH��GLEHQ]�D�K�DQWKUDFHQH��DQG�LQGHQR�������FG�S\UHQH��+D]DUGV
DVVRFLDWHG�ZLWK�H[SRVXUH�WR�WKHVH�VXEVWDQFHV�KDYH�EHHQ�FKDUDFWHUL]HG�XVLQJ�EHQ]�D�S\UHQH�DV
D�VXUURJDWH�FRPSRXQG���7KLV�UHSUHVHQWV�D�FRQVHUYDWLYH�DSSURDFK�EHFDXVH�EHQ]�D�S\UHQH�KDV
WKH�KLJKHV��PRVW�FDUFLQRJHQLF��XQLW�ULVN�IDFWRU�RI�DQ\�LQ�WKH�JURXS�

(;32685(�$66(660(17

(PLVVLRQV�&DOFXODWLRQ�0HWKRGRORJ\

5XQZD\�8VH�&RQILJXUDWLRQV

7KH�ORFDWLRQ�RI�HPLVVLRQ�VRXUFHV�XQGHU�HDFK�UXQZD\�XVH�FRQILJXUDWLRQ�LV�VKRZQ�LQ�)LJXUHV��
�2&;��DQG����-:$���7KH�PDMRULW\�RI�K\GURFDUERQ�HPLVVLRQV�IURP�DLUSRUW�RSHUDWLRQV�RFFXU
GXULQJ�WKH�DLUFUDIW�WD[L�PRGH��,Q�RUGHU�WR�DFFRXQW�IRU�WKH�YDULRXV�ORFDWLRQV�RI�DLUFUDIW�WD[L
HPLVVLRQV��ULVNV�ZHUH�FDOFXODWHG�VHSDUDWHO\�IRU�HDFK�UXQZD\�XVH�FRQILJXUDWLRQ�DW�-:$�DQG
2&;��7KHVH�ULVN�UHVXOWV�ZHUH�VXEVHTXHQWO\�FRPELQHG�LQ�SURSRUWLRQ�WR�WKH�QXPEHU�RI�KRXUV
SHU�\HDU�WKDW�HDFK�UXQZD\�XVH�FRQILJXUDWLRQ�LV�LQ�HIIHFW��)RU�WKH�SXUSRVHV�RI�WKLV�VWXG\��LW�ZDV
DVVXPHG�WKDW�PHWHRURORJLFDO�FRQGLWLRQV��H�J��ZLQG�VSHHG�DQG�GLUHFWLRQ��GLFWDWHG�ZKLFK
UXQZD\�XVH�FRQILJXUDWLRQ�ZRXOG�EH�LQ�HIIHFW�DW�DQ\�WLPH��)RXU�UXQZD\�XVH�FRQILJXUDWLRQV
ZHUH�DVVXPHG�WR�EH�SRVVLEOH�IRU�2&;�DQG�WZR�UXQZD\�XVH�FRQILJXUDWLRQV�ZHUH�DVVXPHG�WR�EH
SRVVLEOH�IRU�-:$��'HVFULSWLRQV�RI�HDFK�FRQILJXUDWLRQ�DQG�WKH�IUHTXHQF\�RI�PHWHRURORJLFDO
FRQGLWLRQV�FRUUHVSRQGLQJ�WR�HDFK�FRQGLWLRQ�DUH�SUHVHQWHG�LQ�7DEOH���

7KH�SULPDU\�UXQZD\�XVH�FRQILJXUDWLRQ�DQWLFLSDWHG�IRU�2&;�LV�WKH�1RUWK�	�(DVW�)ORZ
FRQILJXUDWLRQ��ZKLFK�FRQVLVWV�RI�DUULYDOV�RQ�UXQZD\����DQG�GHSDUWXUHV�RQ�UXQZD\V����DQG���
7KH�2&;�1RUWK�	�(DVW�)ORZ�FRQILJXUDWLRQ�RFFXUV�DSSUR[LPDWHO\�����RI�WKH�WLPH���7KH
SULPDU\�UXQZD\�XVH�FRQILJXUDWLRQ�LQ�HIIHFW�IRU�-:$�LV�WKH�6RXWK�)ORZ�FRQILJXUDWLRQ��ZKLFK
FRQVLVWV�RI�DUULYDOV�DQG�GHSDUWXUHV�RQ�5XQZD\������7KH�-:$�6RXWK�)ORZ�FRQILJXUDWLRQ
RFFXUV�DSSUR[LPDWHO\�����RI�WKH�WLPH���)RU�HDFK�UXQZD\�XVH�FRQILJXUDWLRQ��WR[LF�VXEVWDQFH
HPLVVLRQV�ZHUH�TXDQWLILHG�IRU�DLUFUDIW�RSHUDWLRQV��JURXQG�VXSSRUW�HTXLSPHQW��*6(�
RSHUDWLRQV��MHW�IXHO��-HW�$��GHOLYHU\�WDQNHU�WUXFNV��DQG�MHW�IXHO�VWRUDJH�WDQNV��2I�WKHVH
HPLVVLRQ�VRXUFHV��RQO\�DLUFUDIW�HPLVVLRQV�YDU\�E\�UXQZD\�XVH�FRQILJXUDWLRQ�
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)LJXUH�����2&;�5XQZD\�8VH�&RQILJXUDWLRQV

)LJXUH�����-:$�5XQZD\�8VH�&RQILJXUDWLRQV�

North and East Flow
Configuration (94.8%)

North Flow
Configuration (4.4%)

Approach

Climbout

Takeoff

Taxiways

Gates/Hardstands

Tank Farms

Legend:

N
0 2,500

SCALE IN FEET

South Flow
Configuration (rare)

South and East Flow
Configuration (0.7%)

Approach

Climbout

Takeoff

Taxiways

Gates

Tank Farm

Legend:

North Flow Configuration (3.2%)

South Flow Configuration (96.8%)

Terminal

Terminal

N
0 500

SCALE IN FEET
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7DEOH�����'HVFULSWLRQ�RI�$LUSRUW�5XQZD\�8VH�&RQILJXUDWLRQV

$LUSRUW
'HVFULSWLRQ�RI
&RQILJXUDWLRQ 5XQZD\V�LQ�8VH

$SSUR[LPDWH
)UHTXHQF\

2&; 1RUWK�	�(DVW�)ORZ ���DQG��� �����
1RUWK�)ORZ �� ����

6RXWK�	�(DVW�)ORZ ���DQG��� ����
6RXWK�)ORZ �� �����

-:$ 6RXWK�)ORZ ��/�5 �����
1RUWK�)ORZ ��/�5 ����

1RWH��$QQXDO�WR[LF�VXEVWDQFH�HPLVVLRQV�ZHUH�SURSRUWLRQHG�EHWZHHQ�HDFK�UXQZD\�XVH
FRQILJXUDWLRQ�EDVHG�RQ�WKH�IUHTXHQF\�RI�UXQZD\�XVH�FRQILJXUDWLRQ�RFFXUUHQFH�

$LUFUDIW�2SHUDWLRQV

(PLVVLRQV�IURP�DLUFUDIW�RSHUDWLRQV�ZHUH�FDWHJRUL]HG�LQWR�WKH�GLIIHUHQW�PRGHV�RI�DLUFUDIW
RSHUDWLRQ��DSSURDFK��FOLPE�RXW��WDNHRII��DQG�WD[L�LGOH��$SSURDFK�PRGH�HPLVVLRQV�RFFXU�IURP
WKH�SRLQW�ZKHUH�WKH�DLUFUDIW�GURS�EHORZ�WKH�ORFDO�LQYHUVLRQ�KHLJKW��������IHHW��WR�WKH�UXQZD\
WKUHVKROG��7DNHRII�PRGH�HPLVVLRQV�RFFXU�DORQJ�WKH�UXQZD\�DQG�FRQWLQXH�XQWLO�WKH�DLUFUDIW
UHDFKHV�DQ�DOWLWXGH�RI�����IHHW��&OLPE�RXW�HPLVVLRQV�RFFXU�EHWZHHQ�DQ�DOWLWXGH�RI�����IHHW
DQG�WKH�LQYHUVLRQ�KHLJKW��7D[L�LGOH�PRGH�HPLVVLRQV�RFFXU�DV�WKH�DLUFUDIW�WD[L�LQWR�WKH
SDVVHQJHU�WHUPLQDO�JDWHV�DIWHU�ODQGLQJ�DQG�DV�WKH�DLUFUDIW�WD[L�RXW�WR�WKH�UXQZD\V�IRU�WDNHRII�
6LWH�VSHFLILF�WLPH�LQ�PRGH��7,0��YDOXHV�IRU�DOO�IRXU�PRGHV�REWDLQHG�IURP�WKH�6,002'
PRGHO�ZHUH�XVHG�WR�FDOFXODWH�HPLVVLRQV�

7R[LF�VXEVWDQFH�VSHFLDWLRQ�IDFWRUV�XVHG�LQ�WKLV�VWXG\�DUH�OLVWHG�LQ�7DEOH����6SHFLDWLRQ�IDFWRUV
IRU�DLUFUDIW�RSHUDWLRQV�ZHUH�REWDLQHG�IURP�GRFXPHQWDWLRQ�RI�WKH������%DVH�<HDU�1DWLRQDO
7R[LFV�,QYHQWRU\���6SHFLDWLRQ�IDFWRUV�IRU�DFHWDOGHK\GH��320�DV���3$+��DQG�VW\UHQH�DUH
EDVHG�RQ�WKH�IUDFWLRQ�RI�WRWDO�YRODWLOH�RUJDQLF�FRPSRXQGV��92&��HPLWWHG��6SHFLDWLRQ�IDFWRUV
IRU�����EXWDGLHQH��EHQ]HQH��DQG�IRUPDOGHK\GH�DUH�EDVHG�RQ�WKH�IUDFWLRQ�RI�WRWDO�RUJDQLF�JDVHV
�72*��HPLWWHG��(PLVVLRQV�RI�WR[LF�VXEVWDQFHV�ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�WKH�IROORZLQJ
UHODWLRQVKLS�

:KHUH�(
$

�
L

� �PRGDO�HPLVVLRQV�RI�WR[LF�VXEVWDQFH�$��OE�\HDU
1� �QXPEHU�RI�HQJLQHV�DLUFUDIW
+&

L

� �DLUFUDIW�HQJLQH�K\GURFDUERQ�PRGDO�HPLVVLRQ�IDFWRU��NJ�KU
L� �DLUFUDIW�RSHUDWLQJ�PRGH
/72� �ODQGLQJ�WDNHRII�F\FOHV�\HDU
7,0

L

� �WLPH�LQ�PRGH��PLQXWHV
72*�92&� �UDWLR�RI�DLUFUDIW�HQJLQH�72*�WR�92&�HPLVVLRQV
92&�+&� �UDWLR�RI�DLUFUDIW�HQJLQH�92&�WR�+&�HPLVVLRQV
\� �WR[LF�VXEVWDQFH�K\GURFDUERQ�IUDFWLRQ�

\
92&
72*

+&
92&

/727,0+&1\UOE( LLL$ 

��
�����
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Table 3.  Toxic Substance Emission Factors
$LUFUDIW� *6(�DQG�7UXFN�(QJLQHV�

&RPSRXQG 8QLWV -HW 7XUERSURS 3LVWRQ 'LHVHO *DVROLQH

$FHWDOGHK\GH 92&�IUDFWLRQ ������ ������ ������ 1$ ������
%HQ]HQH 72*�IUDFWLRQ ������ ������ ������ 1$ ������
����%XWDGLHQH 72*�IUDFWLRQ ������ ������ ������ 1$ ������
)RUPDOGHK\GH 72*�IUDFWLRQ ������ ������ ������ 1$ ������
320�DV���3$+ 92&�IUDFWLRQ ���[���� ����[���� ���[���� 1$ ���[����

6W\UHQH 92&�IUDFWLRQ ������ ������ ������ 1$ ������
&KURPLXP 30

��
�IUDFWLRQ 1$ 1$ ���[���� 1$ ���[����

/HDG JUDPV�JDOORQ 1$ 1$ ��� 1$ ������
1LFNHO 30

��
�IUDFWLRQ 1$ 1$ ���[���� 1$ ���[����

'LHVHO�30
��

JUDPV�PLOH 1$ 1$ 1$ ���� 1$
1$� �QRW�DSSOLFDEOH
1'� �QR�GDWD
92&� �YRODWLOH�RUJDQLF�FRPSRXQGV
72*� �WRWDO�RUJDQLF�JDVHV

7DEOH�����92&�DQG�72*�(PLVVLRQV�&RQYHUVLRQ�)DFWRUV��
$LUFUDIW�(QJLQHV *6(�DQG�7UXFN�(QJLQHV

-HW 7XUERSURS 3LVWRQ 'LHVHO *DVROLQH
92&�+& ������ ������ ������ ������ ������
72*�92& ������ ������ ������ ����� �����

+\GURFDUERQ�HPLVVLRQ�IDFWRUV�ZHUH�REWDLQHG�IURP�WKH�,QWHUQDWLRQDO�&LYLO�$YLDWLRQ
2UJDQL]DWLRQ��,&$2��(QJLQH�([KDXVW�(PLVVLRQV�'DWDEDQN��)DFWRUV�XVHG�WR�FRQYHUW�HQJLQH
K\GURFDUERQ�HPLVVLRQV�WR�92&�DQG�72*�ZHUH�REWDLQHG�IURP�(3$�GRFXPHQWDWLRQ��DQG�DUH
SURYLGHG�LQ�7DEOH���

*URXQG�6XSSRUW�(TXLSPHQW

*6(�DVVLJQPHQWV�DQG�RSHUDWLQJ�WLPHV�SHU�/72�F\FOH�ZHUH�REWDLQHG�IURP�WKH�)$$�(PLVVLRQV
DQG�'LVSHUVLRQ�0RGHOLQJ�6\VWHPV��('06���YHUVLRQ������FRPSXWHU�SURJUDP��ZLWK�WKH
H[FHSWLRQ�WKDW�IRRG�VHUYLFH�WUXFNV��FDELQ�VHUYLFH�WUXFNV��DQG�ODYDWRU\�WUXFNV�ZHUH�H[FOXGHG
IURP�FDUJR�DLUFUDIW�HPLVVLRQ�LQYHQWRULHV��([FHSW�IRU�JDVROLQH�EDJJDJH�WXJV��DOO�*6(�ZHUH
DVVXPHG�WR�EH�HTXLSSHG�ZLWK�GLHVHO�HQJLQHV��7KHVH�DVVXPSWLRQV�UHSUHVHQW�D�FRQVHUYDWLYH
DSSURDFK��VLQFH�WKH�IXWXUH�*6(�IOHHW�LQ�2UDQJH�&RXQW\�LV�OLNHO\�WR�KDYH�D�KLJKHU�SHUFHQWDJH
RI�HOHFWULF�DQG�DOWHUQDWLYH�IXHOHG�HTXLSPHQW�WKDQ�UHIOHFWHG�LQ�('06��+\GURFDUERQ�HPLVVLRQ
LQGLFHV�XVHG�WR�FDOFXODWH�WR[LF�VXEVWDQFH�HPLVVLRQV�ZHUH�REWDLQHG�IURP�(3$
GRFXPHQWDWLRQ��������(PLVVLRQV�RI�WR[LF�VXEVWDQFHV�IURP�WKH�RSHUDWLRQ�RI�*6(�ZHUH�FDOFXODWHG
DFFRUGLQJ�WR�WKH�IROORZLQJ�UHODWLRQVKLS�
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:KHUH�(
$�JVH

� �*6(�HPLVVLRQV�RI�WR[LF�VXEVWDQFH�$��OE�\HDU
+&

JVH

� �*6(�K\GURFDUERQ�HPLVVLRQ�IDFWRU��NJ�KU
7
JVH

 �*6(�RSHUDWLQJ�WLPH��PLQV�/72�F\FOH
92&�+&� �UDWLR�RI�*6(�HQJLQH�92&�WR�+&�HPLVVLRQV
72*�92&� �UDWLR�RI�*6(�HQJLQH�72*�WR�92&�HPLVVLRQV
\� �WR[LF�VXEVWDQFH�K\GURFDUERQ�IUDFWLRQ�

6SHFLDWLRQ�IDFWRUV�IRU�GLHVHO�DQG�JDVROLQH�*6(�DUH�SURYLGHG�LQ�7DEOH����DQG�IDFWRUV�IRU
FRQYHUVLRQ�RI�+&�HPLVVLRQV�WR�72*�DQG�92&�HPLVVLRQV�DUH�SURYLGHG�LQ�7DEOH���

-HW�$�)XHO�'HOLYHU\�7UXFNV

,W�ZDV�DVVXPHG�WKDW�DOO�MHW�IXHO�UHTXLUHG�WR�RSHUDWH�HDFK�DLUSRUW�ZRXOG�EH�GHOLYHUHG�E\�WDQNHU
WUXFN��%DVHG�RQ�MHW�IXHO�FRQVXPSWLRQ������GDLO\�WDQNHU�WUXFN�IXHO�GHOLYHULHV�WR�WKH�WDQN�IDUP
DUHD�ZRXOG�EH�UHTXLUHG�WR�RSHUDWH�2&;��(PLVVLRQV�IURP�RQ�URDG��KHDY\�GXW\�GLHVHO�YHKLFOHV
�+''9V��ZHUH�OLPLWHG�WR�WKH�SRUWLRQ�RI�YHKLFOH�WUDYHO�RQ�RU�QHDU�DLUSRUW�SURSHUW\��(PLVVLRQV
RI�GLHVHO�30

��

�IURP�+''9V�ZHUH�FDOFXODWHG�XVLQJ�DQ�HPLVVLRQ�IDFWRU�RI������JUDPV�SHU
YHKLFOH�PLOH�WUDYHOHG��J�907���REWDLQHG�IURP�WKH�09(,�*�FRPSXWHU�PRGHO��7KLV�IDFWRU
FRUUHVSRQGV�WR�SRVW������PRGHO�\HDU�YHKLFOHV�LQ�ZLQWHU�FRQGLWLRQV�ZLWK�DYHUDJH�VSHHG�RI���
PLOHV�SHU�KRXU��PSK���,GOH�HPLVVLRQV�IURP�+''9V�ZHUH�FDOFXODWHG�XVLQJ�D�GLHVHO�30

��

HPLVVLRQ�IDFWRU�RI�����J�KU��REWDLQHG�IURP�09(,�*��DQG�DQ�DVVXPHG�LGOH�WLPH�RI���KRXU�SHU
WUXFN�

-HW�$�)XHO�6WRUDJH�7DQNV

(YDSRUDWLYH�HPLVVLRQV��ZRUNLQJ�DQG�EUHDWKLQJ�ORVVHV��ZHUH�FDOFXODWHG�IURP�WKH�-HW�$�VWRUDJH
WDQN�IDUPV�DW�HDFK�DLUSRUW��-HW�$�LV�D�QRQ�YRODWLOH�SHWUROHXP�PL[WXUH��VR�HPLVVLRQV�DUH
UHODWLYHO\�LQVLJQLILFDQW�LQ�FRPSDULVRQ�WR�WKH�RWKHU�SURFHVV�FDWHJRULHV��(YDSRUDWLYH�HPLVVLRQV
ZHUH�FDOFXODWHG�XVLQJ�WKH�(3$�7DQNV�SURJUDP���

7R[LF�6XEVWDQFH�(PLVVLRQV�,QYHQWRULHV

,Q�WKH�\HDU�������2&;�LV�SURMHFWHG�WR�KDYH�DQ�DQQXDO�FDSDFLW\�RI������0$3�ZLWK��������
DQQXDO�RSHUDWLRQV��7KH�WRWDO�QXPEHU�RI�DQQXDO�/72�F\FOHV��IOLJKWV��E\�DLUFUDIW�W\SH��DQG�7,0
YDOXHV�DVVLJQHG�WR�HDFK�DLUFUDIW�DW�2&;�LQ������DUH�SURYLGHG�LQ�7DEOH����7KH�GLVWULEXWLRQ�RI
DQWLFLSDWHG�IOLJKWV�E\�DLUFUDIW�W\SH�LQGLFDWH�WKDW�2&;�ZLOO�VHUYH�DV�DQ�LQWHUQDWLRQDO��PHGLXP�
WR�ORQJ�KDXO�GRPHVWLF��DQG�FDUJR�VHUYLFH�DLUSRUW��$OPRVW�DOO�DLUFUDIW�XVLQJ�2&;�ZLOO�EH�HLWKHU
MHWV�RU�WXUERSURS�DLUFUDIW��9HU\�IHZ�SLVWRQ�HQJLQH�DLUFUDIW�DUH�H[SHFWHG�WR�XVH�2&;�

\
92&
72*
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�7DEOH�����3URMHFWHG�$LUFUDIW�2SHUDWLRQV�DW�2&;�LQ������
7LPH�,Q�0RGH��PLQ�

$LUFUDIW $QQXDO�/72 $SSURDFK &OLPE�2XW 7DNHRII 7D[L
3DVVHQJHU
$��� ��� ���� ���� ���� �����
$��� �� ���� ���� ���� �����
$��� ��� ���� ���� ���� �����
$��� ����� ���� ���� ���� �����
$��� ����� ���� ���� ���� �����
$75�� ����� ���� ���� ���� �����
$75�� ����� ���� ���� ���� �����
%�;;�$�;; ����� ���� ���� ���� �����
%(���� ��� ���� ���� ���� �����
&5- ����� ���� ���� ���� �����
'&�� ��� ���� ���� ���� �����
'+&� ����� ���� ���� ���� �����
(0� ����� ���� ���� ���� �����
)�� ����� ���� ���� ���� �����
-�� ����� ���� ���� ���� �����
0'�� ����� ���� ���� ���� �����
0'���VHULHV ����� ���� ���� ���� �����
0'���VHULHV ����� ���� ���� ���� �����
6)��� ��� ���� ���� ���� �����
%�����0'���� ����� ���� ���� ���� �����
%����������� ������ ���� ���� ���� �����
%������� ����� ���� ���� ���� �����
%����63 ����� ���� ���� ���� �����
%��� ������ ���� ���� ���� �����
%��� ������ ���� ���� ���� �����
%��� ����� ���� ���� ���� �����

6XEWRWDO �������
&DUJR
&$1 ����� ���� ���� ���� �����
'&��) ��� ���� ���� ���� �����
0'��) ����� ���� ���� ���� �����
6:0 ��� ���� ���� ���� �����
%���) ����� ���� ���� ���� �����
%���) ����� ���� ���� ���� �����
%���) ����� ���� ���� ���� �����
%���) ����� ���� ���� ���� �����
%���) ����� ���� ���� ���� �����

6XEWRWDO ������
*HQHUDO�$YLDWLRQ
0XOWL�(QJLQH ��� ���� ���� ���� �����
%XVLQHVV�-HW ����� ���� ���� ���� �����
7XUERSURS ����� ���� ���� ���� �����
+HOLFRSWHU ��� ���� ���� � �����

6XEWRWDO ������
0LOLWDU\�7UDQVSRUW ��� ���� ���� ���� �����
727$/ �������
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,Q�WKH�\HDU�������-:$�LV�SURMHFWHG�WR�KDYH�DQ�DQQXDO�FDSDFLW\�RI�����0$3�ZLWK��������
RSHUDWLRQV��7KH�WRWDO�QXPEHU�RI�DQQXDO�/72�F\FOHV��IOLJKWV��E\�DLUFUDIW�W\SH��DQG�7,0�YDOXHV
DVVLJQHG�WR�HDFK�DLUFUDIW�DW�-:$�LQ������DUH�SURYLGHG�LQ�7DEOH����7KH�GLVWULEXWLRQ�RI
DQWLFLSDWHG�IOLJKWV�E\�DLUFUDIW�W\SH�LQGLFDWH�WKDW�-:$�ZLOO�VHUYH�DV�D�VKRUW��WR�PHGLXP�KDXO
GRPHVWLF�DQG�JHQHUDO�DYLDWLRQ�DLUSRUW��'XH�WR�LWV�UHODWLYHO\�VKRUW�UXQZD\��ODUJH�DLUFUDIW�FDQQRW
XVH�-:$��$�VLJQLILFDQW�IUDFWLRQ�RI�WKH�WRWDO�RSHUDWLRQV�DW�-:$��ZLWK�2&;��ZLOO�FRQVLVW�RI
JHQHUDO�DYLDWLRQ�DLUFUDIW�ZLWK�SLVWRQ�HQJLQHV�

7DEOH�����3URMHFWHG�$LUFUDIW�2SHUDWLRQV�DW�-:$�LQ������

7LPH�,Q�0RGH��PLQ�

$LUFUDIW $QQXDO�/72 $SSURDFK &OLPE�2XW 7DNHRII 7D[L

3DVVHQJHU
$��� ��� ���� ���� ���� �����
$75�� ��� ���� ���� ���� �����
$75�� ��� ���� ���� ���� �����
%������� ��� ���� ���� ���� �����
%��������������� ������ ���� ���� ���� �����
%������� ����� ���� ���� ���� �����
%������� ����� ���� ���� ���� �����
&5- ��� ���� ���� ���� �����
'+&� �� ���� ���� ���� �����
'+&����� ��� ���� ���� ���� �����
'+&����� ��� ���� ���� ���� �����
)�� ��� ���� ���� ���� �����
-�� ��� ���� ���� ���� �����
0'���VHULHV ����� ���� ���� ���� �����
0'���VHULHV ����� ���� ���� ���� �����
%�����0'���� ��� ���� ���� ���� �����
6)��� ��� ���� ���� ���� �����

6XEWRWDO ������

*HQHUDO�$YLDWLRQ
0XOWL�(QJLQH ������ ���� ���� ���� ����
%XVLQHVV�-HW ������ ���� ���� ���� ����
7XUERSURS ����� ���� ���� ���� ����
6LQJOH�(QJLQH ������� ���� ���� ���� ����
6LQJOH�(QJLQH��7*2� ������ ���� ���� ���� ����
+HOLFRSWHU ����� ���� ���� ���� ����

6XEWRWDO �������

0LOLWDU\
7UDQVSRUW ��� ���� ���� ���� ����

6XEWRWDO ���

727$/ �������
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7RWDO�DQQXDO�WR[LF�VXEVWDQFH�HPLVVLRQV�IURP�2&;�DQG�-:$�LQ������DUH�VXPPDUL]HG�LQ
7DEOH����7KH�SULPDU\�WR[LF�VXEVWDQFHV�HPLWWHG�IURP�DLUFUDIW�HQJLQHV�DUH�IRUPDOGHK\GH�
DFHWDOGHK\GH��EHQ]HQH��DQG�����EXWDGLHQH��30

��

�ZDV�WKH�RQO\�WR[LF�VXEVWDQFH�IRU�ZKLFK
HPLVVLRQV�ZHUH�TXDQWLILHG�IURP�*6(�DQG�WUXFNV��6LQFH�OHDG��FKURPLXP��DQG�QLFNHO�DUH�RQO\
HPLWWHG�E\�VSDUN�LJQLWLRQ�HQJLQHV�VRXUFHV��JDVROLQH�HQJLQHV��LQFOXGLQJ�SLVWRQ�HQJLQH�DLUFUDIW��
HPLVVLRQV�RI�WKHVH�SROOXWDQWV�DUH�H[SHFWHG�WR�EH�KLJKHU�DW�-:$�WKDQ�DW�2&;�

'LVSHUVLRQ�0RGHOLQJ

,6&67�

*URXQG�OHYHO�FRQFHQWUDWLRQV�RI�WR[LF�VXEVWDQFHV�UHVXOWLQJ�IURP�WKH�HPLWWLQJ�SURFHVVHV�DW�HDFK
DLUSRUW�GLVFXVVHG�DERYH�ZHUH�SUHGLFWHG�XVLQJ�WKH�(3$�,QGXVWULDO�6RXUFH�&RPSOH[�6KRUW�7HUP
�,6&67���FRPSXWHU�GLVSHUVLRQ�PRGHO��YHUVLRQ��������$LUFUDIW�WD[LZD\V��HPLVVLRQV�IURP
DLUFUDIW�LQ�WKH�WD[L�PRGH���JDWHV�DQG�KDUGVWDQG�DUHDV��HPLVVLRQV�IURP�*6(���DQG�WKH�WDQN�IDUP
DUHD��HPLVVLRQV�IURP�WKH�WDQN�IDUP��ZHUH�PRGHOHG�DV�DUHD�VRXUFHV���7KH�DLUFUDIW�DSSURDFK�
FOLPE�RXW��DQG�WDNHRII�PRGHV��DQG�URDGZD\V��HPLVVLRQV�IURP�-HW�$�IXHO�GHOLYHU\�WUXFNV��ZHUH
PRGHOHG�DV�VHULHV�RI�YROXPH�VRXUFHV�

7KH�PHWHRURORJLFDO�GDWD�XVHG�LQ�WKH�DLU�GLVSHUVLRQ�PRGHOLQJ�FRQVLVWHG�RI�VXUIDFH�REVHUYDWLRQV
IURP�WKH�0&$6�(O�7RUR��6WDWLRQ�,'�������DQG�XSSHU�DLU�REVHUYDWLRQV�IURP�6DQ�'LHJR
�6WDWLRQ�,'��������IRU�WKH�\HDUV������WKURXJK�������(DFK�UXQZD\�XVH�FRQILJXUDWLRQ�ZDV
PRGHOHG�ZLWK�D�VSHFLILF�VXEVHW�RI�PHWHRURORJLFDO�GDWD�WKDW�UHIOHFWV�WKH�FRQGLWLRQV�XQGHU
ZKLFK�WKDW�SDUWLFXODU�FRQILJXUDWLRQ�ZRXOG�EH�LQ�HIIHFW��5XQZD\�ZLQG�FRYHUDJH�DQG�XWLOL]DWLRQ
FULWHULD�ZHUH�REWDLQHG�IURP�WKH�0&$6�(O�7RUR�5HGHYHORSPHQW�$XWKRULW\��7HFKQLFDO�5HSRUW���
)DFLOLW\�5HTXLUHPHQWV���

7KH�LQLWLDO�,6&67��FRDUVH�UHFHSWRU�JULG�XVHG�LQ�WKLV�VWXG\�LV�VKRZQ�LQ�)LJXUH����7KH�FRDUVH
JULG�KDV�GLPHQVLRQV�RI����NLORPHWHUV��NP��LQ�WKH�QRUWK�VRXWK�GLUHFWLRQ�E\����NP�LQ�WKH�HDVW�
ZHVW�GLUHFWLRQ�DQG�FRQVLVWV�RI�����UHFHSWRUV��&RXUVH�JULG�UHFHSWRUV�ZHUH�VSDFHG���NP�DSDUW�

7DEOH�����(VWLPDWHG�$QQXDO�(PLVVLRQV�RI�&DUFLQRJHQV�DW�-:$�DQG�2&;�LQ������
6XEVWDQFH -:$�(PLVVLRQV��OE�\U� 2&;�(PLVVLRQV��OE�\U�

$FHWDOGHK\GH ����� ������
%HQ]HQH ����� �����
����%XWDGLHQH ����� �����
)RUPDOGHK\GH ����� ������
320�DV���3$+ ����� ����
6W\UHQH ��� ���
&KURPLXP��KH[DYDOHQW� ����� �����
/HDG ��� ����
1LFNHO ����� �����
'LHVHO�30

��

����� ������
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)LJXUH�����&RDUVH�*ULG�5HFHSWRU�'LDJUDP�

6XEVHTXHQW�GLVSHUVLRQ�PRGHOLQJ�ZDV�SHUIRUPHG�XVLQJ�D�ILQH�JULG�RI�UHFHSWRUV��)LQH�JULG
UHFHSWRUV�ZHUH�VSDFHG�����PHWHUV�DSDUW�DQG�ZHUH�ORFDWHG�LQ�DUHDV�RI�KLJKHVW�SUHGLFWHG�FDQFHU
ULVN��DV�GHWHUPLQHG�E\�WKH�FRDUVH�JULG�PRGHOLQJ�DQDO\VLV��7KH�IROORZLQJ�ILQH�JULG�UHFHSWRU
W\SHV�ZHUH�HYDOXDWHG�LQ�WKLV�VWXG\�

�� 5HVLGHQWLDO�5HFHSWRUV�±�&RQWLQXRXV�H[SRVXUH�����KRXUV�SHU�GD\������GD\V�SHU�\HDU��IRU���
\HDUV�ZDV�DVVXPHG�IRU�UHVLGHQWLDO�UHFHSWRUV��$�WRWDO�RI�����UHVLGHQWLDO�UHFHSWRUV�ZHUH
LQFOXGHG�LQ�WKH�ILQH�JULG�DQDO\VLV±�����QHDU�2&;�DQG�����QHDU�-:$�

�� 2FFXSDWLRQDO�5HFHSWRUV�±�2FFXSDWLRQDO�UHFHSWRUV�ZHUH�DVVXPHG�WR�EH�H[SRVHG���KRXUV
SHU�GD\������GD\V�SHU�\HDU��IRU�D����\HDU�GXUDWLRQ��$�WRWDO�RI�����RFFXSDWLRQDO�UHFHSWRUV
ZHUH�LQFOXGHG�LQ�WKH�ILQH�JULG�DQDO\VLV�±�����QHDU�2&;�DQG�����QHDU�-:$�

�� 2Q�6LWH�5HFHSWRUV�±�/RFDWHG�RQ�VLWH�LQ�DUHDV�ZKHUH�ZRUNHU�DFWLYLW\�LV�FRQFHQWUDWHG��FDUJR
ORDGLQJ�DUHDV��IXHO�KDQGOLQJ�DUHDV��HWF����DQG�DW�WKH�SDVVHQJHU�WHUPLQDO��6HYHQWHHQ�RQ�VLWH
UHFHSWRUV�ZHUH�LQFOXGHG�LQ�WKH�ILQH�JULG�DQDO\VLV�±����DW�2&;�DQG���DW�-:$��2FFXSDWLRQDO
H[SRVXUH�DVVXPSWLRQV�ZHUH�DVVXPHG�

�� 6HQVLWLYH�5HFHSWRUV�±�KRVSLWDOV��GD\�FDUH�FHQWHUV��DQG�VFKRROV��7ZHQW\�HLJKW�6HQVLWLYH
UHFHSWRUV�ZHUH�HYDOXDWHG�ZLWK�UHVLGHQWLDO�H[SRVXUH�DVVXPSWLRQV��VHH�)LJXUH����
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)LQH�JULGV�RI�UHVLGHQWLDO�UHFHSWRUV�ZHUH�ORFDWHG�LQ�WKH�YLFLQLW\�RI�HDFK�DLUSRUW�ZKHUH�WKH�FRDUVH
JULG�PRGHOLQJ�LQGLFDWHG�WKH�KLJKHVW�H[FHVV�FDQFHU�ULVN�LQ�UHVLGHQWLDO�DUHDV��,Q�D�VLPLODU
PDQQHU��ILQH�JULGV�RI�RFFXSDWLRQDO�UHFHSWRUV�ZHUH�ORFDWHG�RQ�WKH�QRUWK�HQG�RI�-:$�DQG�ZHVW
RI�2&;�ZKHUH�FRDUVH�JULG�PRGHOLQJ�LQGLFDWHG�WKH�KLJKHVW�H[FHVV�FDQFHU�ULVN�ZRXOG�RFFXU�LQ
FRPPHUFLDO��LQGXVWULDO��DQG�DJULFXOWXUDO�DUHDV�

6HSDUDWH�PD[LPDOO\�H[SRVHG�LQGLYLGXDOV��0(,V��ZHUH�GHWHUPLQHG�IRU�HDFK�UHFHSWRU�W\SH�QHDU
HDFK�DLUSRUW��7KH�0(,V�UHSUHVHQW�WKH�ORFDWLRQV�RI�PD[LPXP�SUHGLFWHG�FDQFHU�ULVN�WR�WKH
QHDUHVW�����PHWHUV�

5,6.�&+$5$&7(5,=$7,21

$&(����

+HDOWK�ULVNV�ZHUH�HVWLPDWHG�XVLQJ�WKH�$VVHVVPHQW�RI�&KHPLFDO�([SRVXUH�IRU�$%�����
�$&(������FRPSXWHU�PRGHO��YHUVLRQ��������$&(�����LV�D�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG
�&$5%��DSSURYHG�ULVN�DVVHVVPHQW�FRPSXWHU�PRGHO�WKDW�HVWLPDWHV�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK
H[SRVXUH�WR�VSHFLILF�FKHPLFDOV�XVLQJ�WKH�DOJRULWKPV�DQG�UHFRPPHQGDWLRQV�LQ�WKH�&$3&2$
JXLGHOLQHV��7KLV�PRGHO�GLUHFWO\�LQWHUIDFHV�ZLWK�RXWSXW�IURP�,6&67��

Dose-response assessments have characterized the relationship between exposure to an
agent and the incidence of an adverse health effect in exposed populations. ,Q�TXDQWLWDWLYH
FDQFHU�ULVN�DVVHVVPHQW��WKH�GRVH�UHVSRQVH�UHODWLRQVKLS�PD\�EH�H[SUHVVHG�LQ�WHUPV�RI�DQ
LQKDODWLRQ�XQLW�ULVN�IDFWRU��ZKLFK�LV�XVHG�WR�FDOFXODWH�WKH�SUREDELOLW\�RI�ULVN�RI�FDQFHU
DVVRFLDWHG�ZLWK�D�JLYHQ�H[SRVXUH�OHYHO�LQ�WKH�DLU��([SRVXUH�YLD�WKH�QRQ�LQKDODWLRQ�SDWKZD\
PD\�EH�H[SUHVVHG�DV�DQ�RUDO�SRWHQF\�YDOXH��ZKLFK�LV�XVHG�WR�FDOFXODWH�WKH�SUREDELOLW\�RI�ULVN
RI�FDQFHU�DVVRFLDWHG�ZLWK�LQJHVWLRQ�RI�D�VXEVWDQFH�WKURXJK�YDULRXV�PHDQV��,QKDODWLRQ�XQLW�ULVN
IDFWRUV�DQG�RUDO�SRWHQF\�YDOXHV�IRU�WR[LF�VXEVWDQFHV�LQFOXGHG�LQ�WKLV�KHDOWK�ULVN�DVVHVVPHQW
DUH�SURYLGHG�LQ�7DEOH���

Table 8.  Unit Risk Factors and Oral Potency Values.

6XEVWDQFH
,QKDODWLRQ�8QLW�5LVN

��J�P����
2UDO�3RWHQF\
�PJ�NJ�GD\���

5HIHUHQFH

$FHWDOGHK\GH ����[����� Q�D 2(++$������
%HQ]HQH ����[����� Q�D 2(++$������
����%XWDGLHQH ����[����� Q�D 2(++$������
)RUPDOGHK\GH ����[����� Q�D 2(++$������
320�DV���3$+ ����[����� ����[����� 2(++$������
6W\UHQH ����[����� Q�D &$3&2$������
&KURPLXP����� ����[����� ����[����� 2(++$������
/HDG ����[����� ����[����� 2(++$������
1LFNHO ����[����� Q�D 2(++$������
'LHVHO�30

��

����[����� Q�D 2(++$������
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5HODWLYH�WR[LFLW\�RI�D�FRPSRXQG�LV�GHWHUPLQHG�E\�LWV�8QLW�5LVN�)DFWRU��85)���7KH�LQKDODWLRQ
H[SRVXUH�SDWKZD\�ZDV�DVVHVVHG�IRU�DOO�VXEVWDQFHV�HYDOXDWHG�LQ�WKLV�VWXG\��,Q�DFFRUGDQFH�ZLWK
&$3&2$�UHTXLUHPHQWV������3$+��FKURPLXP��DQG�OHDG�ZHUH�DOVR�HYDOXDWHG�IRU�WKH�QRQ�
LQKDODWLRQ�SDWKZD\��7KH�IROORZLQJ�QRQ�LQKDODWLRQ�H[SRVXUH�SDWKZD\V�ZHUH�DVVHVVHG�

�� 6RLO�LQJHVWLRQ
�� 'HUPDO�FRQWDFW
�� +RPHJURZQ�SURGXFH�LQJHVWLRQ��UHVLGHQWLDO�DQG�VHQVLWLYH�UHFHSWRUV�RQO\�

7R[LFLW\�GDWD�SXEOLVKHG�E\�WKH�&DOLIRUQLD�2IILFH�RI�(QYLURQPHQWDO�+HDOWK�+D]DUG�$VVHVVPHQW
�2(++$����ZHUH�XVHG�DV�WKH�SULPDU\�VRXUFH�RI�ULVN�IDFWRUV�IRU�WKLV�ULVN�DVVHVVPHQW�
+RZHYHU��WKH�XQLW�ULVN�IDFWRU�IRU�VW\UHQH�ZDV�REWDLQHG�IURP�WKH�&$3&2$�JXLGHOLQHV��

EHFDXVH�QHLWKHU�WKH�8�6��(3$�QRU�2(++$�KDV�SXEOLVKHG�D�XQLW�ULVN�IDFWRU�IRU�VW\UHQH�

([FHVV�/LIHWLPH�&DQFHU�5LVN

&DQFHU�ULVN�LVRSOHWKV�DVVRFLDWHG�ZLWK������DLUSRUW�RSHUDWLRQ�HPLVVLRQV�DUH�VKRZQ�LQ�)LJXUH���
7KH�LVRSOHWKV�VKRZQ�DUH�EDVHG�RQ�WKH�FRDUVH�JULG�DQDO\VLV�DQG�UHIOHFW�UHVLGHQWLDO��L�H��
FRQWLQXRXV��H[SRVXUH�FRQGLWLRQV��7ZR�GLVWLQFW�DUHDV�RI�HOHYDWHG�FDQFHU�ULVN�DSSHDU�±�RQH�LQ
WKH�YLFLQLW\�RI�HDFK�DLUSRUW��2II�VLWH�H[FHVV�LQFUHPHQWDO�OLIHWLPH�FDQFHU�ULVNV�H[FHHG�����LQ�D
PLOOLRQ�QHDU�-:$�DQG�����LQ�D�PLOOLRQ�QHDU�2&;��7KH�DLUSRUWV�DUH�FORVH�HQRXJK�WRJHWKHU�VR
WKDW�WKHLU�KHDOWK�HIIHFWV�FRPELQH��7KH�H[FHVV�LQFUHPHQWDO�FDQFHU�ULVN�LQ�WKH�DUHD�EHWZHHQ
-:$�DQG�2&;�UHPDLQV�DERYH����LQ�D�PLOOLRQ�

7DEOH���SUHVHQWV�WKH�ZRUVW�SODXVLEOH�H[FHVV�OLIHWLPH�FDQFHU�ULVNV�DWWULEXWHG�WR�H[SRVXUH�WR
HPLVVLRQV�DW�WKH�WZR�DLUSRUWV��7KHVH�UHVXOWV�DUH�EDVHG�RQ�WKH�ILQH�JULG�DQDO\VLV���7KH�FDQFHU
ULVNV�DUH�FRQVLGHUHG�ZRUVW�SODXVLEOH�EHFDXVH�WKH�H[SRVHG�LQGLYLGXDO�LV�DVVXPHG�WR�EH�ORFDWHG
DW�WKH�SRLQW�RI�PD[LPXP�ULVN��$GGLWLRQDOO\��IRU�RFFXSDWLRQDO�DQG�RQ�VLWH�UHFHSWRUV��H[SRVXUH
LV�DVVXPHG�WR�RFFXU���KU�GD\�RYHU�D�SHULRG�RI����\HDUV��)RU�UHVLGHQWLDO�DQG�VHQVLWLYH�UHFHSWRUV�
H[SRVXUH�LV�DVVXPHG�WR�RFFXU����KU�GD\�RYHU�D�SHULRG�RI����\HDUV�

7KH�KLJKHVW�RQ�VLWH�H[FHVV�OLIHWLPH�FDQFHU�ULVNV�ZHUH�����LQ�D�PLOOLRQ�DW�2&;�DQG�����LQ�D
PLOOLRQ�DW�-:$��7KHVH�ULVNV�DUH�EDVHG�RQ�WKH�DSSOLFDWLRQ�RI�RFFXSDWLRQDO�H[SRVXUH
DVVXPSWLRQV�WR�UHFHSWRUV�LQ�DUHDV�WR�ZKLFK�WKH�SXEOLF�DQG�DLUSRUW�HPSOR\HHV�KDYH�DFFHVV��2Q�
VLWH�UHFHSWRUV�ZHUH�QRW�ORFDWHG�RQ�WD[LZD\V�RU�UXQZD\V��VLQFH�DFFHVV�LV�SURKLELWHG��([FHVV
OLIHWLPH�FDQFHU�ULVNV�IRU�RII�VLWH�RFFXSDWLRQDO�0(,V�DUH�SUHGLFWHG�WR�EH����DQG����LQ�D�PLOOLRQ�
UHVSHFWLYHO\��7KHVH�YDOXHV�JHQHUDOO\�UHSUHVHQW�ULVNV�DORQJ�WKH�DLUSRUW�SURSHUW\�ERXQGDU\�
([FHVV�OLIHWLPH�FDQFHU�ULVNV�DW�WKH�UHVLGHQWLDO�0(,V�DUH�SUHGLFWHG�WR�EH����LQ�D�PLOOLRQ�QHDU
2&;�DQG����LQ�D�PLOOLRQ�QHDU�-:$��7KHVH�YDOXHV�UHSUHVHQW�KHDOWK�ULVNV�LQ�]RQHG�UHVLGHQWLDO
DUHDV�SUR[LPDWH�WR�WKH�WZR�DLUSRUWV��$V�D�UHVXOW�RI�WKH�PRUH�GLVWDQW�ORFDWLRQ�RI�UHVLGHQWLDO
UHFHSWRUV�IURP�WKH�DLUSRUWV��H[FHVV�OLIHWLPH�FDQFHU�ULVNV�DUH�ORZHU�IRU�WKLV�W\SH�RI�H[SRVXUH
WKDQ�IRU�RFFXSDWLRQDO�H[SRVXUH��7KH�SULPDU\�FRQWULEXWRUV�WR�WKH�SUHGLFWHG�FDQFHU�ULVNV�DUH
GLHVHO�30

��

��DERXW����SHUFHQW��DQG�����EXWDGLHQH��DERXW����SHUFHQW���*6(�SURGXFH�WKH
PDMRULW\�RI�GLHVHO�30

��

�HPLVVLRQV��$LUFUDIW�HQJLQHV�LQ�LGOH�DQG�WD[L�PRGH�SURGXFH�WKH
PDMRULW\�RI�����EXWDGLHQH�HPLVVLRQV��DERXW����SHUFHQW��
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)LJXUH�����([FHVV�,QFUHPHQWDO�/LIHWLPH�&DQFHU�5LVN�

7DEOH�����:RUVW�3ODXVLEOH�([FHVV�/LIHWLPH�&DQFHU�5LVNV��&KDQFHV�LQ�D�0LOOLRQ��IRU�WKH
0D[LPDOO\�([SRVHG�,QGLYLGXDOV�

0(,�5HFHSWRU 2&; -:$
2Q�6LWH ��� ���
5HVLGHQWLDO �� ��
2FFXSDWLRQDO �� ��
6HQVLWLYH �� ��

81&(57$,17<�,1�+($/7+�5,6.�$66(660(176

7KHUH�DUH�LQKHUHQW�XQFHUWDLQWLHV�LQ�ULVN�DVVHVVPHQW�ZLWK�UHJDUG�WR�WKH�LGHQWLILFDWLRQ�RI
FRPSRXQGV�DV�FDXVLQJ�FDQFHU�RU�RWKHU�KHDOWK�HIIHFWV�LQ�KXPDQV��WKH�FDQFHU�SRWHQFLHV��WKH
H[SRVXUH�OHYHOV�RI�FRPSRXQGV��DQG�WKH�H[SRVXUHV�WKDW�LQGLYLGXDOV�UHFHLYH��,W�LV�FRPPRQ
SUDFWLFH�WR�XVH�FRQVHUYDWLYH��KHDOWK�SURWHFWLYH��DVVXPSWLRQV�ZLWK�UHVSHFW�WR�XQFHUWDLQ
SDUDPHWHUV��8QFHUWDLQW\�RFFXUV�IURP�WKH�DSSOLFDWLRQ�RI�LQGLYLGXDO�UHVXOWV�WR�WKH�JHQHUDO
SRSXODWLRQ�
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7KLV�VHFWLRQ�VXPPDUL]HV�VRPH�RI�WKH�PDMRU�DUHDV�RI�XQFHUWDLQW\�DQG�WKH�DVVXPSWLRQV�XVHG�WR
DGGUHVV�WKHP�

��� 7KH�GHWHUPLQDWLRQ�RI�ULVN�YDOXHV�IRU�HDFK�FRPSRXQG�FDUULHV�D�OHYHO�RI�XQFHUWDLQW\��7KH
ULVN�IDFWRUV�GHYHORSHG�E\�UHJXODWRU\�DJHQFLHV�FRPPRQO\�LQFRUSRUDWH�VDIHW\�IDFWRUV�WR
HQVXUH�WKDW�WKH\�DUH�KHDOWK�SURWHFWLYH�

��� 'LVSHUVLRQ�PRGHOLQJ�LV�SUREDELOLVWLF��QRW�GHWHUPLQLVWLF��'LVSHUVLRQ�PRGHOV�DUH�EDVHG�RQ
DVVXPSWLRQV�WKDW�DUH�LQWHQGHG�WR�EH�FRQVHUYDWLYH�DQG�WKDW�GR�QRW�UHIOHFW�DFWXDO�FRQGLWLRQV�

��� 7KH�FRPSOH[LW\�RI�D�ODUJH�DLUSRUW�LV�DQ�LQKHUHQW�VRXUFH�RI�XQFHUWDLQW\�EHFDXVH�LW�LV�QRW
SRVVLEOH�WR�DFFXUDWHO\�PRGHO�WKH�FRPSOH[�QHWZRUN�RI�DLUFUDIW�RSHUDWLRQV�RQ�WKH�JURXQG
DQG�LQ�WKH�DLU�

��� 6LJQLILFDQW�XQFHUWDLQWLHV�H[LVW�ZLWK�UHJDUG�WR�TXDQWLILFDWLRQ�RI�WR[LF�VXEVWDQFH�HPLVVLRQV�
0RVW�RI�WKH�IDFWRUV�XVHG�WR�VSHFLDWH�WR[LF�VXEVWDQFHV�IURP�DLUFUDIW�HQJLQH�K\GURFDUERQ
HPLVVLRQV�DUH�EDVHG�RQ�D�UHODWLYHO\�VPDOO�DPRXQW�RI�GDWD�

��� &RQVHUYDWLYH�DVVXPSWLRQV�XVHG�WR�TXDQWLI\�ULVN�IURP�ORQJ�WHUP��FKURQLF��H[SRVXUHV��VXFK
DV�WKH�DVVXPSWLRQ�WKDW�DQ�LQGLYLGXDO�ZRXOG�UHPDLQ�DW�WKH�VDPH�ORFDWLRQ�IRU�D����\HDU
OLIHWLPH��DUH�XQUHDOLVWLF�

,Q�VXPPDU\��WKH�HVWLPDWHV�JHQHUDWHG�LQ�WKLV�ULVN�DVVHVVPHQW��DV�ZHOO�DV�RWKHU�&$3&2$�EDVHG
$%�����ULVN�DVVHVVPHQWV��DUH�H[SHFWHG�WR�RYHU�SUHGLFW�ULVN�WR�KXPDQ�KHDOWK��$V�D�UHVXOW��ULVN
DVVHVVPHQWV�DUH�EHVW�XVHG�WR�FRPSDUH�RQH�VRXUFH�RI�DLU�FRQWDPLQDQWV�ZLWK�DQRWKHU�RQ�UHODWLYH
WHUPV�

),1',1*6�$1'�&21&/86,216

7KH�NH\�UHVXOWV�DQG�FRQFOXVLRQV�IURP�WKH�FDQFHU�ULVN�DVVHVVPHQW�DUH�DV�IROORZV�

�� 7KH�PD[LPXP��ZRUVW�FDVH��H[FHVV�OLIHWLPH�FDQFHU�ULVNV�LQ�UHVLGHQWLDO�DUHDV�DVVRFLDWHG
ZLWK�H[SRVXUH�WR�WR[LF�VXEVWDQFH�HPLVVLRQV�IURP�DLUFUDIW��*6(��DQG�IXHO�GHOLYHU\�WUXFN
RSHUDWLRQV�LQ�WKH�\HDU������DUH�HVWLPDWHG�WR�EH����LQ�D�PLOOLRQ�QHDU�2&;�DQG����LQ�D
PLOOLRQ�QHDU�-:$�

�� 'LHVHO�H[KDXVW�HPLVVLRQV�DUH�SULPDU\�FRQWULEXWRUV�WR�WKH�FDQFHU�ULVN�SURMHFWLRQV��7KH
GLIIHUHQFHV�LQ�WKH�ULVN�IURP�RQH�VLWH�WR�DQRWKHU�DUH�PXFK�PRUH�GULYHQ�E\�WKH�LQIOXHQFH�RI
PRELOH�VRXUFHV��VXFK�DV�*6(�DQG�IXHO�GHOLYHU\�WUXFNV��WKDQ�IURP�VWDWLRQDU\�VRXUFHV��IXHO
WDQN�IDUP��

�� 7KH�SROOXWDQWV�UHVSRQVLEOH�IRU�HVWLPDWHG�FDQFHU�ULVNV�DW�WKH�0(,��LQ�RUGHU�RI�VLJQLILFDQFH�
DUH�GLHVHO�H[KDXVW������������EXWDGLHQH���������EHQ]HQH�������DQG�IRUPDOGHK\GH������
&DQFHU�ULVNV�DVVRFLDWHG�ZLWK�WKH�UHPDLQLQJ�SROOXWDQWV�DUH�HVWLPDWHG�WR�DFFRXQW�IRU�OHVV
WKDQ����DW�WKH�0(,�

�� 7KH�RYHUZKHOPLQJ�PDMRULW\�RI�FDQFHU�ULVN��!�����SUHGLFWHG�IRU�H[SRVXUH�WR�HPLVVLRQV
IURP�DLUFUDIW�RSHUDWLRQV�LV�GXH�WR�DLUFUDIW�LQ�WKH�WD[L�LGOH�PRGH�
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�� +LJKHU�HVWLPDWHV�RI�OLIHWLPH�H[FHVV�FDQFHU�ULVNV�DUH�REVHUYHG�LQ�DUHDV�FORVH�WR�WKH
SDVVHQJHU�WHUPLQDO��GLHVHO�H[KDXVW��DQG�DLUFUDIW�WD[LZD\V������EXWDGLHQH��

�� 7KH�SUR[LPLW\�RI�UHFHSWRUV�WR�WKH�DLUFUDIW�DSSURDFK�DQG�FOLPE�RXW�SDWKZD\V�GRHV�QRW
DSSHDU�WR�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�SUHGLFWHG�FDQFHU�ULVNV�

�� ,PSOHPHQWDWLRQ�RI�PLWLJDWLRQ�PHDVXUHV�WDUJHWHG�DW�WKH�XVH�RI�HOHFWULF�*6(�FRXOG�UHGXFH
WKH�WRWDO�SUHGLFWHG�FDQFHU�ULVN�E\�XS�WR����SHUFHQW�

�� (VWLPDWHG�ZRUVW�SODXVLEOH�H[FHVV�OLIHWLPH�FDQFHU�ULVNV�UDQJHG�IURP�����SUHGLFWHG�IRU�WKH
-:$�VHQVLWLYH�0(,��WR������-:$�RQ�VLWH�0(,���7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�KHDOWK
ULVN�DVVHVVPHQWV�SHUIRUPHG�IRU�WKH�&KLFDJR�0LGZD\��DLUSRUW�0(,� �����LQ�D�PLOOLRQ��DQG
6DQWD�0RQLFD�0XQLFLSDO�$LUSRUWV��0(,� ����LQ�D�PLOOLRQ��

�� $LUFUDIW��*6(��DQG�IXHO�GHOLYHU\�WUXFN�RSHUDWLRQV�DW�-:$�DQG�WKH�SURSRVHG�2&;
UHSUHVHQW�D�UHODWLYHO\�VPDOO�SRUWLRQ�RI�WKH�WRWDO�EDFNJURXQG�FDQFHU�ULVN��������LQ�D
PLOOLRQ��HVWLPDWHG�IRU�H[SRVXUH�WR�DPELHQW�DLU�LQ�WKH�6RXWK�&RDVW�$LU�%DVLQ�

5()(5(1&(6

��� 0XOWLSOH�$LU�7R[LFV�([SRVXUH�6WXG\��0$7(6�,,����6RXWK�&RDVW�$40'���'UDIW�5HSRUW��1RYHPEHU
���������(6�

��� (VWLPDWLRQ�DQG�(YDOXDWLRQ�RI�&DQFHU�5LVNV�$WWULEXWHG�WR�$LU�3ROOXWLRQ�LQ�6RXWKZHVW�&KLFDJR�
8�6��(3$�5HJLRQ�9��$LU�DQG�5DGLDWLRQ�'LYLVLRQ���$SULO�����������7DEOH�%���

��� 3LD]]D��%LOO���3UHVHQWDWLRQ�+DQGRXWV�IURP�WKH�&OHDQ�$LUSRUW�6XPPLW�&RQFXUUHQW�6HVVLRQ�RQ�$LU
7R[LFV��&KLFDJR��,/���$SULO�������7DEOH���

��� 8�6��(3$������E��'RFXPHQWDWLRQ�IRU�WKH������%DVH�<HDU�1DWLRQDO�7R[LFV�,QYHQWRU\�IRU�$LUFUDIW
6RXUFHV��(PLVVLRQ�)DFWRU�DQG�,QYHQWRU\�*URXS��0'������(PLVVLRQV��0RQLWRULQJ�DQG�$QDO\VLV
'LYLVLRQ��$SULO�����������3������DSSHQGL[�$

��� 8�6��(3$������D��'RFXPHQWDWLRQ�IRU�WKH������%DVH�<HDU�1DWLRQDO�7R[LFV�,QYHQWRU\�IRU�2Q�5RDG
6RXUFHV��(PLVVLRQ�)DFWRU�DQG�,QYHQWRU\�*URXS��0'������(PLVVLRQV��0RQLWRULQJ�DQG�$QDO\VLV
'LYLVLRQ��$SULO����������������DSSHQGL[�$

��� 0HPRUDQGXP�IURP�5LFK�&RRN��8�6�(3$�2IILFH�RI�0RELOH�6RXUFHV�WR�$QQH�3RSH��8�6��(3$
2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV�UHJDUGLQJ�6RXUFH�,GHQWLILFDWLRQ�DQG�%DVH�<HDU
�����(PLVVLRQV�,QYHQWRU\�*XLGDQFH�IRU�0RELOH�6RXUFH�+$3V�RQ�WKH�2$436�/LVW�RI����3ULRULW\
+$3V��-XQH����������

��� 86�)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ��('06�&RPSXWHU�3URJUDP�Y����

��� 8�6��(3$������D��(PLVVLRQV�DFHWDOGHK\GH��EHQ]HQH������EXWDGLHQH��DQG�IRUPDOGHK\GH�IURP�*6(
REWDLQHG�IURP�0HPRUDQGXP�IURP�5LFK�&RRN��8�6��(3$�206�WR�$QQH�3RSH��2$436��)HEUXDU\
���������

��� 8�6��(3$������E��(PLVVLRQV�DFUROHLQ��VW\UHQH����3$+��DQG����3$+�IURP�*6(�REWDLQHG�IURP
0HPRUDQGXP�IURP�5LFK�&RRN��8�6��(3$�206�WR�$QQH�3RSH��2$436���-XQH����������

����8�6��(3$������E��(PLVVLRQV�WROXHQH�DQG�[\OHQHV�IURP�*6(�REWDLQHG�IURP�0HPRUDQGXP�IURP
5LFK�&RRN��8�6��(3$�206�WR�/DXUHO�'ULYHU��2$436��-XQH���������
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����7UXH[��7��DQG�1RUEHFN��-��(YDOXDWLRQ�RI�)DFWRUV�WKDW�$IIHFW�'LHVHO�([KDXVW�7R[LFLW\��8QLYHUVLW\
RI�&DOLIRUQLD�5LYHUVLGH��&HQWHU�IRU�(QYLURQPHQWDO�5HVHDUFK�DQG�7R[LFRORJ\�����0DUFK������

����8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��7$1.6�FRPSXWHU�SURJUDP��DYDLODEOH�RQ�(3$V
7HFKQRORJ\�7UDQVIHU�1HWZRUN�

����0&$6�(O�7RUR�5HGHYHORSPHQW�$XWKRULW\������E��7HFKQLFDO�5HSRUW����)DFLOLW\�5HTXLUHPHQWV�
0DVWHU�'HYHORSPHQW�3URJUDP��'HFHPEHU��������������

����&DOLIRUQLD�$LU�3ROOXWLRQ�&RQWURO�2IILFHUV�$VVRFLDWLRQ��&$3&2$�������D��$LU�7R[LFV��+RW�6SRWV�
3URJUDP�5HYLVHG������5LVN�$VVHVVPHQW�*XLGHOLQHV��2FWREHU�������7DEOH�,,,����7DEOH�,,,��

����2IILFH�RI�(QYLURQPHQWDO�+HDOWK�+D]DUG�$VVHVVPHQW��2(++$�������D��2IILFH�RI�(QYLURQPHQWDO
+HDOWK�+D]DUG�$VVHVVPHQW��&DQFHU�3RWHQF\�)DFWRUV��0D\����������

.(<:25'6

$LU�4XDOLW\��$LUSRUWV��$YLDWLRQ��+HDOWK�5LVN�$VVHVVPHQW��&DQFHU��2UDQJH�&RXQW\
,QWHUQDWLRQDO�$LUSRUW��-RKQ�:D\QH�$LUSRUW��'LHVHO�([KDXVW������%XWDGLHQH��)RUPDOGHK\GH�
%HQ]HQH


