
38%/,6+(' '2&80(17 3' �����������

$SSOLFDWLRQ RI ILUH 
VDIHW\ HQJLQHHULQJ 
SULQFLSOHV WR WKH GHVLJQ 
RI EXLOGLQJV ¦

3DUW �� 6SUHDG RI VPRNH DQG WR[LF JDVHV 
ZLWKLQ DQG EH\RQG WKH HQFORVXUH RI
RULJLQ �6XE�V\VWHP ��

,&6 ���������

�� ������	 ���
��� ��� ���
������ ������ �� ���
����� �� ������	
� ���

Confirmed 
February 2012



3' �����������

7KLV 3XEOLVKHG 'RFXPHQW�
KDYLQJ EHHQ SUHSDUHG XQGHU 
WKH GLUHFWLRQ RI WKH +HDOWK DQG
(QYLURQPHQW 6HFWRU 3ROLF\ DQG
6WUDWHJ\ &RPPLWWHH� ZDV 
SXEOLVKHG XQGHU WKH DXWKRULW\
RI WKH 6WDQGDUGV 3ROLF\ DQG
6WUDWHJ\ &RPPLWWHH RQ
�� $XJXVW ����

� %6, �� $XJXVW ����

7KH IROORZLQJ %6, UHIHUHQFHV
UHODWH WR WKH ZRUN RQ WKLV 
3XEOLVKHG 'RFXPHQW�
&RPPLWWHH UHIHUHQFH )6+�����

,6%1 � ��� ����� �

&RPPLWWHHV UHVSRQVLEOH IRU WKLV 
3XEOLVKHG 'RFXPHQW
7KH SUHSDUDWLRQ RI WKH %ULWLVK 6WDQGDUG ZDV HQWUXVWHG E\ )6+���� )LUH VDIHW\
HQJLQHHULQJ� WR 6XEFRPPLWWHH )6+������ XSRQ ZKLFK WKH IROORZLQJ ERGLHV ZHUH
UHSUHVHQWHG�

$VVRFLDWLRQ RI %XLOGLQJ (QJLQHHUV
$XWRFODYHG $HUDWHG &RQFUHWH 3URGXFW
%5(�/3& /DERUDWRULHV
&KLHI DQG $VVLVWDQW &KLHI )LUH 2IILFH
&RQVXPHU 3ROLF\ &RPPLWWHH RI %6,
(85,62/ 8. 0LQHUDO :RRO $VVRFLDWLRQ
)LUH 6DIHW\ 'HYHORSPHQW *URXS
+RPH 2IILFH
+6( ¥ +HDOWK DQG 6DIHW\ ([HFXWLYH
,)6$ ¥ ,QWXPHVFHQW )LUH 6HDOV $VVRFLDWLRQ
/RQGRQ )LUH DQG (PHUJHQF\ 3ODQQLQJ $XWKRULW\

$PHQGPHQWV LVVXHG VLQFH SXEOLFDWLRQ

$PG� 1R� 'DWH &RPPHQWV
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� %6, �� $XJXVW ���� L

&RQWHQWV
3DJH

&RPPLWWHHV UHVSRQVLEOH ,QVLGH IURQW FRYHU
)RUHZRUG LL

,QWURGXFWLRQ �
� 6FRSH �
� 1RUPDWLYH UHIHUHQFHV �
� 7HUPV DQG GHILQLWLRQV �
� 'HVLJQ DSSURDFK �
� 6PRNH FRQWURO ��
� (QYLURQPHQWDO LQIOXHQFHV RQ VPRNH FRQWURO ��
� 8VH RI 6XE�V\VWHPV ��
� 'HVLJQ SURFHGXUH ��
� $QDO\VLV ��
�� )LUH VDIHW\ PDQDJHPHQW ��
�� 'DWD ��

$QQH[ $ �LQIRUPDWLYH� &RPSXWHU PRGHOOLQJ ��
$QQH[ % �LQIRUPDWLYH� ,QGLFDWLYH FDOFXODWLRQ SURFHGXUH ��

%LEOLRJUDSK\ ��

)LJXUH � ¦ %6 ���� DQG WKH 3XEOLVKHG 'RFXPHQWV �
)LJXUH � ¦ 5HODWLRQVKLS EHWZHHQ 6XE�V\VWHPV ��
)LJXUH � ¦ 6WDJHV IRU WKH DQDO\VLV RI VPRNH DQG WR[LF JDVHV ZLWKLQ DQG
EH\RQG WKH HQFORVXUH RI RULJLQ ��
)LJXUH $�� ¦ 6FKHPDWLF UHSUHVHQWDWLRQ RI D FRPSXWHU ]RQH PRGHO ��
)LJXUH $�� ¦ 6FKHPDWLF UHSUHVHQWDWLRQ RI D &)' PRGHO ��
)LJXUH %�� ¦ )ORZ FKDUW ��
)LJXUH %�� ¦ 6FKHPDWLF VKRZLQJ ORFDWLRQ RI YLUWXDO RULJLQ IRU FDOFXODWLRQ RI
VPRNH PDVV IORZ UDWH LQ §IDU ILHOG ��
)LJXUH %�� ¦ 6FKHPDWLF VKRZLQJ VPRNH VWUDWLI\LQJ EHIRUH UHDFKLQJ FHLOLQJ
LQ DQ DPELHQW HQYLURQPHQW ZKHUH DLU WHPSHUDWXUH LV HOHYDWHG DW FHLOLQJ
OHYHO ��
)LJXUH %�� ¦ 6LGH HOHYDWLRQ RI VPRNH OD\HU VSLOOLQJ RYHU EDOFRQ\ HGJH ��
)LJXUH %�� ¦ 3ODQ YLHZ RI VPRNH FKDQQHOOHG E\ VFUHHQV ��
)LJXUH %�� ¦ 3ODQ YLHZ RI VPRNH VSUHDGLQJ XQFKDQQHOOHG EHQHDWK
EDOFRQ\ ��

7DEOH � ¦ )UDFWLRQ RI FKHPLFDO KHDW UHOHDVH IURP VRPH PDWHULDOV
FRQYHFWHG E\ SOXPH LQ ZHOO�YHQWLODWHG ILUHV �7HZDUVRQ >��@� ��
7DEOH � ¦ )LUH SURGXFWV IURP ZHOO�YHQWLODWHG IODPLQJ FRPEXVWLRQ RI JHQHULF
SURGXFWV IURP 7HZDUVRQ >��@ DQG 0XOKROODQG >��@ ��
7DEOH � ¦ )LUH SURGXFWV IURP ZHOO YHQWLODWHG IODPLQJ FRPEXVWLRQ IURP 
7HZDUVRQ >��@ DQG 0XOKROODQG >��@ ��
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LL � %6, �� $XJXVW ����

)RUHZRUG

7KLV 3XEOLVKHG 'RFXPHQW �3'� ZDV SXEOLVKHG XQGHU WKH )LUH 6WDQGDUGV 3ROLF\
&RPPLWWHH� 2WKHU SDUWV SXEOLVKHG RU DERXW WR EH SXEOLVKHG DUH DV IROORZV�

¦ 3DUW �� *XLGH WR GHVLJQ IUDPHZRUN DQG ILUH VDIHW\ HQJLQHHULQJ SURFHGXUHV�
¦ 3DUW �� ,QLWLDWLRQ DQG GHYHORSPHQW RI ILUH ZLWKLQ WKH HQFORVXUH RI RULJLQ�
¦ 3DUW �� 6WUXFWXUDO UHVSRQVH DQG ILUH VSUHDG EH\RQG WKH HQFORVXUH RI RULJLQ�
¦ 3DUW �� 'HWHFWLRQ RI ILUH DQG DFWLYDWLRQ RI ILUH SURWHFWLRQ V\VWHPV�
¦ 3DUW �� )LUH VHUYLFH LQWHUYHQWLRQ�
¦ 3DUW �� (YDFXDWLRQ�
¦ 3DUW �� 3UREDELOLVWLF ULVN DVVHVVPHQW�

7KHVH 3XEOLVKHG 'RFXPHQWV DUH LQWHQGHG WR EH XVHG LQ VXSSRUW RI %6 ���������� 
$SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦
&RGH RI SUDFWLFH�

,W KDV EHHQ DVVXPHG LQ WKH GUDIWLQJ RI WKLV 3' WKDW WKH H[HFXWLRQ RI LWV SURYLVLRQV
LV HQWUXVWHG WR DSSURSULDWHO\ TXDOLILHG DQG FRPSHWHQW SHRSOH�

'UDIWLQJ RI WKLV SXEOLFDWLRQ ZDV FRPSOHWHG LQ -XO\ �����

$FNQRZOHGJHPHQW LV PDGH WR WKH FRQWULEXWLRQ RI 'U '� $� 6PLWK DQG 3URI *� &R[�
ERWK RI )56�%5(� LQ WKH SUHSDUDWLRQ RI WKLV SXEOLFDWLRQ�

7KLV SXEOLFDWLRQ GRHV QRW SXUSRUW WR LQFOXGH DOO WKH QHFHVVDU\ SURYLVLRQV RI D
FRQWUDFW� 8VHUV DUH UHVSRQVLEOH IRU LWV FRUUHFW DSSOLFDWLRQ�

&RPSOLDQFH ZLWK D 3XEOLVKHG 'RFXPHQW GRHV QRW RI LWVHOI FRQIHU 
LPPXQLW\ IURP OHJDO REOLJDWLRQV�

6XPPDU\ RI SDJHV

7KLV GRFXPHQW FRPSULVHV D IURQW FRYHU� DQ LQVLGH IURQW FRYHU� SDJHV L DQG LL� 
SDJHV � WR ��� DQ LQVLGH EDFN FRYHU DQG D EDFN FRYHU�
7KH %6, FRS\ULJKW QRWLFH GLVSOD\HG LQ WKLV GRFXPHQW LQGLFDWHV ZKHQ WKH 
GRFXPHQW ZDV ODVW LVVXHG�
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� %6, �� $XJXVW ���� �

,QWURGXFWLRQ

7KLV 3XEOLVKHG 'RFXPHQW LV RQH RI D VHULHV RI GRFXPHQWV LQWHQGHG WR VXSSRUW %6 ����� 7KH &RGH RI 3UDFWLFH
SURYLGHV D IUDPHZRUN IRU GHYHORSLQJ D UDWLRQDO PHWKRGRORJ\ IRU GHVLJQ XVLQJ D ILUH VDIHW\ HQJLQHHULQJ
DSSURDFK WKURXJK WKH DSSOLFDWLRQ RI VFLHQWLILF DQG HQJLQHHULQJ SULQFLSOHV WR WKH SURWHFWLRQ RI SHRSOH�
SURSHUW\ DQG WKH HQYLURQPHQW IURP ILUH�

7KH 3XEOLVKHG 'RFXPHQWV �3'V� FRQWDLQ JXLGDQFH DQG LQIRUPDWLRQ RQ KRZ WR XQGHUWDNH TXDQWLWDWLYH DQG 
GHWDLOHG DQDO\VLV RI VSHFLILF DVSHFWV RI WKH GHVLJQ� 7KH\ DUH D VXPPDU\ RI WKH VWDWH RI WKH DUW DQG LW LV
LQWHQGHG WKDW WKH\ EH XSGDWHG DV QHZ WKHRULHV� FDOFXODWLRQ PHWKRGV DQG�RU GDWD EHFRPH DYDLODEOH� 7KH\ GR
QRW SUHFOXGH WKH XVH RI DSSURSULDWH PHWKRGV DQG GDWD IURP RWKHU VRXUFHV� )LJXUH � VKRZV WKH VWUXFWXUH RI 
WKH &RGH RI 3UDFWLFH DQG WKH 3XEOLVKHG 'RFXPHQWV�

%6 ���� FDQ EH XVHG WR GHILQH RQH RU PRUH ILUH VDIHW\ GHVLJQ LVVXHV WR EH DGGUHVVHG XVLQJ ILUH VDIHW\
HQJLQHHULQJ� 7KH DSSURSULDWH 3'V FDQ WKHQ EH XVHG WR VHW VSHFLILF DFFHSWDQFH FULWHULD DQG�RU XQGHUWDNH
GHWDLOHG DQDO\VLV�

$ ILUH VDIHW\ HQJLQHHULQJ �)6(� DSSURDFK WKDW WDNHV LQWR DFFRXQW WKH WRWDO ILUH VDIHW\ SDFNDJH FDQ RIWHQ 
SURYLGH D PRUH IXQGDPHQWDO DQG HFRQRPLFDO VROXWLRQ WKDQ PRUH SUHVFULSWLYH DSSURDFKHV WR ILUH VDIHW\� ,W
PD\ LQ VRPH FDVHV EH WKH RQO\ YLDEOH PHDQV RI DFKLHYLQJ D VDWLVIDFWRU\ VWDQGDUG RI ILUH VDIHW\ LQ VRPH ODUJH 
DQG FRPSOH[ EXLOGLQJV�

)LUH VDIHW\ HQJLQHHULQJ FDQ KDYH PDQ\ EHQHILWV� 7KH XVH RI %6 ���� ZLOO IDFLOLWDWH WKH SUDFWLFH RI ILUH VDIHW\
HQJLQHHULQJ DQG LQ SDUWLFXODU LW ZLOO�

D� SURYLGH WKH GHVLJQHU ZLWK D GLVFLSOLQHG DSSURDFK WR ILUH VDIHW\ GHVLJQ�

E� DOORZ WKH VDIHW\ OHYHOV IRU DOWHUQDWLYH GHVLJQV WR EH FRPSDUHG�

F� SURYLGH D EDVLV IRU VHOHFWLRQ RI DSSURSULDWH ILUH SURWHFWLRQ V\VWHPV�

G� SURYLGH RSSRUWXQLWLHV IRU LQQRYDWLYH GHVLJQ�

H� SURYLGH LQIRUPDWLRQ RQ WKH PDQDJHPHQW RI ILUH VDIHW\ IRU D EXLOGLQJ�

)LUH LV DQ H[WUHPHO\ FRPSOH[ SKHQRPHQRQ DQG WKHUH DUH VWLOO JDSV LQ WKH DYDLODEOH NQRZOHGJH� :KHQ XVHG
E\ VXLWDEO\ TXDOLILHG SHUVRQV� H[SHULHQFHG LQ ILUH VDIHW\ HQJLQHHULQJ� WKLV VHULHV RI GRFXPHQWV ZLOO SURYLGH
D PHDQV RI HVWDEOLVKLQJ DFFHSWDEOH OHYHOV RI ILUH VDIHW\ HFRQRPLFDOO\ DQG ZLWKRXW LPSRVLQJ XQQHFHVVDU\ 
FRQVWUDLQWV RQ DVSHFWV RI EXLOGLQJ GHVLJQ�
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� 6FRSH

7KLV 3XEOLVKHG 'RFXPHQW SURYLGHV JXLGDQFH RQ WKH DSSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV IRU WKH
WUHDWPHQW RI VPRNH PRYHPHQW� FRQWURO DQG PDQDJHPHQW SUREOHPV� 7KH JXLGDQFH LV LQWHQGHG SULPDULO\ IRU 
SURIHVVLRQDO HQJLQHHUV ZLWK D UHVSRQVLELOLW\ IRU WKH GHVLJQ RU DVVHVVPHQW RI ILUH VDIHW\ LQ EXLOGLQJV�

6XE�V\VWHP � �3' ������� SURYLGHV LQIRUPDWLRQ RQ WKH UDWH RI SURGXFWLRQ RI KHDW DQG FRPEXVWLRQ SURGXFWV
IURP WKH ILUH VRXUFH� 7KH DLP RI 6XE�V\VWHP � LV WR SURYLGH GHVLJQ DSSURDFKHV WR HVWLPDWH WKH VSUHDG RI WKH
FRPEXVWLRQ JDVHV ZLWKLQ DQG EH\RQG WKH URRP RI RULJLQ DQG WR HYDOXDWH WKHLU SURSHUWLHV� L�H� WHPSHUDWXUH�
YLVLELOLW\ DQG FRQFHQWUDWLRQ RI WR[LF SURGXFWV� 7KLV LQIRUPDWLRQ FDQ EH XVHG WR FDOFXODWH WKH WLPH EHWZHHQ 
WKH GHWHFWLRQ RI D ILUH WR FRQGLWLRQV GHYHORSLQJ ZKLFK ZRXOG EH GDQJHURXV WR EXLOGLQJ RFFXSDQWV� 7KLV ZLOO
HQDEOH WKH GHVLJQ RI ILUH VDIHW\ PHDVXUHV WR HQVXUH WKDW VXIILFLHQW WLPH LV DYDLODEOH IRU HVFDSH� ,W DOVR
SURYLGHV LQIRUPDWLRQ WKDW ZLOO DOORZ SURSHUW\ LVVXHV WR EH DVVHVVHG�

7KLV 3XEOLVKHG 'RFXPHQW IRUPV SDUW RI D VHULHV RI 6XE�V\VWHPV � WR � �3' ������ WR 3' �������� EXW PD\�
LQ FRQVXOWDWLRQ ZLWK WKH DSSURSULDWH UHIHUHQFHV� EH UHJDUGHG DV §VWDQG�DORQH¨ JXLGDQFH�

� 1RUPDWLYH UHIHUHQFHV
7KH IROORZLQJ QRUPDWLYH GRFXPHQWV FRQWDLQ SURYLVLRQV ZKLFK� WKURXJK UHIHUHQFH LQ WKLV WH[W� FRQVWLWXWH
SURYLVLRQV RI WKLV SDUW RI WKLV 3XEOLVKHG 'RFXPHQW� )RU GDWHG UHIHUHQFHV� VXEVHTXHQW DPHQGPHQWV WR� RU 
UHYLVLRQV RI� DQ\ RI WKHVH SXEOLFDWLRQV GR QRW DSSO\� )RU XQGDWHG UHIHUHQFHV� WKH ODWHVW HGLWLRQ RI WKH
SXEOLFDWLRQ UHIHUUHG WR DSSOLHV�

%6 �������������� 0HWKRGV IRU PHDVXULQJ VPRNH SHQHWUDWLRQ WKURXJK GRRUVHWV DQG VKXWWHU DVVHPEOLHV�

%6 ������������ )LUH SUHFDXWLRQV LQ WKH GHVLJQ� FRQVWUXFWLRQ DQG XVH RI EXLOGLQJV ¦ &RGH RI SUDFWLFH IRU 
VPRNH FRQWURO XVLQJ SUHVVXUH GLIIHUHQWLDOV�

%6 ���������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ &RGH RI SUDFWLFH�

'' ��������� )LUH VDIHW\ HQJLQHHULQJ LQ EXLOGLQJV ¦ 3DUW �� *XLGH WR WKH DSSOLFDWLRQ RI ILUH VDIHW\ 
HQJLQHHULQJ SULQFLSOHV�

,62 ',6 ����������� )LUH VDIHW\ ¦ 9RFDEXODU\�

,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� $SSOLFDWLRQ RI ILUH SHUIRUPDQFH FRQFHSWV WR GHVLJQ 
REMHFWLYHV�

,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� 'HVLJQ ILUH VFHQDULRV DQG GHVLJQ ILUHV�

,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� $VVHVVPHQW DQG YHULILFDWLRQ RI PDWKHPDWLFDO ILUH 
PRGHOV�

,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� ,QLWLDWLRQ DQG GHYHORSPHQW RI ILUH DQG JHQHUDWLRQ
RI ILUH HIIOXHQWV�

,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� 0RYHPHQW RI ILUH HIIOXHQWV�

,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� 6WUXFWXUDO UHVSRQVH DQG ILUH VSUHDG EH\RQG WKH 
HQFORVXUH RI RULJLQ�

,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� 'HWHFWLRQ� DFWLYDWLRQ DQG VXSSUHVVLRQ�

,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� /LIH VDIHW\�RFFXSDQW EHKDYLRXU� ORFDWLRQ DQG
FRQGLWLRQ�

3' ������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ 3DUW �� *XLGH WR 
GHVLJQ IUDPHZRUN DQG ILUH VDIHW\ HQJLQHHULQJ SURFHGXUHV�

3' ������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ 3DUW �� ,QLWLDWLRQ
DQG GHYHORSPHQW RI ILUH ZLWKLQ WKH HQFORVXUH RI RULJLQ �6XE�V\VWHP ���

3' ������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ 3DUW �� 6WUXFWXUDO
UHVSRQVH DQG ILUH VSUHDG EH\RQG WKH HQFORVXUH RI RULJLQ �6XE�V\VWHP ���

3' ������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ 3DUW �� 'HWHFWLRQ RI
ILUH DQG DFWLYDWLRQ RI ILUH SURWHFWLRQ V\VWHPV �6XE�V\VWHP ���
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3' ������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ 3DUW �� )LUH VHUYLFH 
LQWHUYHQWLRQ �6XE�V\VWHP ���

3' ������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦
3DUW �� (YDFXDWLRQ �6XE�V\VWHP ���

� 7HUPV DQG GHILQLWLRQV
)RU WKH SXUSRVH RI WKLV SDUW RI 3' ����� WKH IROORZLQJ WHUPV DQG GHILQLWLRQV DSSO\�

��� 
DPELHQW FRQGLWLRQ
SURSHUW\ RI WKH VXUURXQGLQJV RXWVLGH WKH LQIOXHQFH RI D ILUH

��� 
DLU HQWUDLQPHQW
PL[LQJ RI DPELHQW DLU LQWR D MHW RU SOXPH RI JDV RU OLTXLG DV D UHVXOW RI PRPHQWXP WUDQVIHU

��� 
D[L�V\PPHWULF SOXPH
SOXPH RI FRPEXVWLRQ SURGXFWV DQG HQWUDLQHG DLU ULVLQJ DERYH D ILUH VRXUFH ZKHUH WKH DLU LV HQWUDLQHG
V\PPHWULFDOO\ WRZDUGV WKH VRXUFH

��� 
EDFNGUDXJKW
H[SORVLYH RU UDSLG EXUQLQJ RI XQEXUQW S\URO\VLV SURGXFWV WKDW RFFXUV ZKHQ R[\JHQ LV LQWURGXFHG LQWR D
EXLOGLQJ WKDW KDV QRW EHHQ SURSHUO\ YHQWLODWHG DQG KDV D GHSOHWHG VXSSO\ RI R[\JHQ GXH WR ILUH

��� 
FHLOLQJ MHW
IORZ RI KRW ILUH JDVHV GULYHQ DZD\ IURP WKH VPRNH SOXPH FHLOLQJ LPSLQJHPHQW SRLQW

��� 
FKDQQHOOLQJ VFUHHQ
VPRNH EDUULHU LQVWDOOHG EHQHDWK D EDOFRQ\ RU SURMHFWLQJ FDQRS\ WR GLUHFW WKH IORZ RI VPRNH DQG KRW JDVHV
IURP D URRP RSHQLQJ WR WKH VSLOO HGJH

��� 
FRPSDUWPHQW
VSDFH GHILQHG E\ ILUH UHVLVWLQJ ERXQGDU\ HOHPHQWV

��� 
&RPSXWDWLRQDO IOXLG G\QDPLFV PRGHO
&)' PRGHO
ILHOG PRGHO
FRPSXWHU VLPXODWLRQ PRGHO ZKHUH WKH IXQGDPHQWDO HTXDWLRQV RI KHDW DQG PDVV WUDQVIHU DUH VROYHG XVLQJ 
QXPHULFDO PHWKRGV
127( ,Q FRQWUDVW WR ]RQH PRGHOV� FRPSXWHUV SURYLGH WKH HQDEOLQJ WHFKQRORJ\ IRU WKHVH PRGHOV�

��� 
FRQYHFWLYH KHDW IOX[
KHDW IOX[ FDUULHG E\ WKH FRQYHFWHG PRWLRQ RI WKH ILUH JDVHV

���� 
GHVLJQ ILUH
K\SRWKHWLFDO ILUH WKDW LV DJUHHG DV UHSUHVHQWDWLYH RI DFWXDO VHYHUH ILUHV OLNHO\ WR RFFXU LQ D SDUWLFXODU ILUH 
VFHQDULR



3' �����������

� %6, �� $XJXVW ���� �

���� 
GLVFKDUJH FRHIILFLHQW
UDWLR RI DFWXDO IORZ UDWH� PHDVXUHG XQGHU VSHFLILHG FRQGLWLRQV� WR WKH WKHRUHWLFDO IORZ UDWH WKURXJK DQ
RSHQLQJ
127(  )RU H[DPSOH� D YHQW�

����
GLVFUHWL]H
SURFHVV RI UHSODFLQJ D FRQWLQXRXV PDWKHPDWLFDO IXQFWLRQ E\ LWV QXPHULFDO FRXQWHUSDUW ZKHUH LW KDV D YDOXH 
DW RQO\ GLVFUHWH LQWHUYDOV
127(  )RU H[DPSOH� JULG SRLQWV LQ D QXPHULFDO PHVK�

���� 
HQFORVXUH
VSDFH GHILQHG E\ ERXQGDU\ HOHPHQWV �RQ DOO VLGHV� DURXQG WKH SRLQW RI RULJLQ RI WKH ILUH

���� 
HVFDSH WLPH
VXP RI SUH�PRYHPHQW WLPH DQG WUDYHO WLPH WR DQG WKURXJK DQ H[LW WR D SODFH RI VDIHW\

���� 
ILUH VFHQDULR
VHW RI FLUFXPVWDQFHV� FKRVHQ DV DQ H[DPSOH� WKDW GHILQHV WKH GHYHORSPHQW RI ILUH DQG WKH VSUHDG RI
FRPEXVWLRQ SURGXFWV WKURXJKRXW D EXLOGLQJ RU SDUW RI D EXLOGLQJ

���� 
IODVKRYHU
UDSLG WUDQVLWLRQ WR D VWDWH RI WRWDO VXUIDFH LQYROYHPHQW LQ D ILUH RI FRPEXVWLEOH PDWHULDOV ZLWKLQ DQ
HQFORVXUH

����
ILUH GHWHFWLRQ DQG DODUP
GHWHFWLRQ RI D ILUH E\ RFFXSDQWV DQG�RU PHFKDQLFDO GHYLFH DQG YLVXDO� DXGLEOH RU VRPH RWKHU PHWKRG RI
DOHUWLQJ WKH RFFXSDQWV

���� 
ILUH VDIHW\ HQJLQHHULQJ
XVH RI HQJLQHHULQJ SULQFLSOHV IRU WKH DFKLHYHPHQW RI ILUH VDIHW\

���� 
IUHH�KDQJLQJ VPRNH FXUWDLQ
VPRNH FXUWDLQ IL[HG RQO\ DORQJ LWV WRS HGJH

���� 
LWHUDWLRQ
UHSHDWHG FDOFXODWLRQ SHUIRUPHG RQ GLVFUHWL]HG HTXDWLRQV
127(  7KHVH DUH QRUPDOO\ SHUIRUPHG E\ WDNLQJ WKH VROXWLRQ IURP RQH FDOFXODWLRQ� WKH SUHYLRXV LWHUDWLRQ� DV DQ LQSXW WR WKH QH[W
LWHUDWLRQ� 7KLV SURFHVV LV UHSHDWHG PDQ\ WLPHV RYHU XQWLO WKH GLIIHUHQFHV EHWZHHQ VXFFHVVLYH LWHUDWLRQV DUH DFFHSWDEO\ VPDOO�

����
QDWXUDO YHQWLODWLRQ
YHQWLODWLRQ UHVXOWLQJ IURP WKH H[SORLWDWLRQ RI WKH WKHUPDO EXR\DQF\ RI WKH VPRN\ JDVHV WR H[KDXVW WKHP WR
EH UHSODFHG DW LQOHWV E\ DPELHQW DLU

���� 
SRZHUHG VPRNH DQG KHDW H[KDXVW YHQWLODWLRQ
YHQWLODWLRQ UHVXOWLQJ IURP WKH DSSOLFDWLRQ RI H[WHUQDOO\ SRZHUHG YHQWLODWRUV �H�J� IDQV� WR H[KDXVW VPRN\
JDVHV WR EH UHSODFHG DW LQOHWV E\ DPELHQW DLU
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����
SODFH RI VDIHW\
SUHGHWHUPLQHG SODFH LQ ZKLFK SHUVRQV DUH LQ QR GDQJHU IURP WKH HIIHFWV RI ILUH

���� 
SUH�PRYHPHQW WLPH
LQWHUYDO EHWZHHQ WKH WLPH DW ZKLFK D ZDUQLQJ RI ILUH LV JLYHQ DQG WKH WLPH DW ZKLFK WKH ILUVW PRYH LV PDGH
WRZDUGV DQ H[LW

���� 
VHQVLWLYLW\ DQDO\VLV
FDOFXODWLRQ RI FKDQJHV LQ RXWSXWV IRU YDULDWLRQV LQ DQ LQSXW SDUDPHWHU RI LQWHUHVW

���� 
VPRNH FXUWDLQ
FXUWDLQ WR UHVWULFW WKH VSUHDG RI VPRNH DQG KRW JDVHV IURP D ILUH
127( ,W RIWHQ IRUPV SDUW RI WKH ERXQGDU\ RI D VPRNH UHVHUYRLU�

���� 
VPRNH H[SORVLRQ
H[SORVLRQ RI D PL[WXUH RI IODPPDEOH ILUH JDVHV �S\UROL]HG IXHO DQG SDUWLDO FRPEXVWLRQ SURGXFWV� DQG DLU
127(  $ SDUWLFXODU FDVH RI D EDFNGUDXJKW�

����
UHSODFHPHQW DLU
DPELHQW DLU UHSODFLQJ WKH PDVV IORZ RI VPRN\ JDVHV YHQWHG WR WKH H[WHUQDO HQYLURQPHQW

����
VPRNH UHVHUYRLU
UHJLRQ ZLWKLQ D EXLOGLQJ RU RWKHU FRQVWUXFWLRQ ZRUN OLPLWHG RU ERUGHUHG E\ VPRNH FXUWDLQV RU VWUXFWXUDO
HOHPHQWV VR DV WR UHWDLQ D WKHUPDOO\ EXR\DQW VPRNH OD\HU LQ WKH HYHQW RI D ILUH

���� 
VSLOO SOXPH
YHUWLFDOO\ ULVLQJ SOXPH UHVXOWLQJ IURP WKH DQ LQLWLDOO\ KRUL]RQWDOO\�IORZLQJ VPRNH OD\HU HQFRXQWHULQJ D IUHH
HGJH

���� 
VWHDG\ VWDWH GHVLJQ
GHVLJQ VROXWLRQV ZKLFK DUH WLPH LQYDULDQW� L�H� KRW JDV OD\HU GHSWK DQG WHPSHUDWXUH UHPDLQ FRQVWDQW RYHU 
WLPH
127( 7KHVH DUH XVXDOO\ EDVHG XSRQ WKH GHVLJQ ILUH EXUQLQJ VWHDGLO\ DW LWV ODUJHVW VL]H�

����
WLPH GHSHQGHQW GHVLJQ
GHVLJQ VROXWLRQV EDVHG XSRQ WLPH�GHSHQGHQW LQSXW SDUDPHWHUV
127(  8VXDOO\ WKHVH DUH GHVLJQHG WR PDLQWDLQ VDIH FRQGLWLRQV IRU D VSHFLILF WLPH� H�J� WLPH UHTXLUHG IRU SHRSOH WR UHDFK D SODFH RI 
VDIHW\�

���� 
WUDYHO GLVWDQFH
DFWXDO GLVWDQFH WR EH WUDYHOOHG E\ D SHUVRQ DORQJ DQ HVFDSH URXWH WR WKH QHDUHVW H[LW WR D SODFH RI VDIHW\ RU
D UHIXJH RU D SURWHFWHG HVFDSH URXWH� KDYLQJ UHJDUG WR WKH OD\RXW RI ZDOOV� SDUWLWLRQV DQG ILWWLQJV

���� 
YLUWXDO RULJLQ
SRLQW RU OLQH IURP ZKLFK D SOXPH DSSHDUV WR KDYH HPHUJHG
127( ,W FDQ EH DERYH RU EHORZ WKH UHDO ILUH VRXUFH GHSHQGLQJ RQ LWV EXR\DQF\ DQG PRPHQWXP�

����
YLVLELOLW\
DELOLW\ WR VHH WKURXJK VPRNH
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���� 
]RQH PRGHO
WKHRUHWLFDO VLPXODWLRQ RI WKH ZKROH V\VWHP FKDUDFWHUL]LQJ WKH HQFORVXUH ILUH E\ D VHULHV RI UHODWLYHO\ IHZ 
VHSDUDEOH FRPSRQHQW SURFHVVHV� (DFK FRPSRQHQW LV UHSUHVHQWHG E\ DQ HTXDWLRQ RU HVWLPDWLRQ IRUPXOD

����  1RPHQFODWXUH

� LV DQ HQWUDLQPHQW FRHIILFLHQW �GLPHQVLRQOHVV��


 �NJ�V���P������


P LV D §SURILOH FRUUHFWLRQ IDFWRU¨ �GLPHQVLRQOHVV��

� LV WKH DPELHQW DLU GHQVLW\ �NJ�P���

� LV WKH GHQVLW\ RI WKH VSHFLHV � �NJ�P���

F LV WKH GHQVLW\ RI WKH ERXQGDU\ VXUIDFH�
� LV DQ H[FHVV WHPSHUDWXUH ��&��
�F LV WKH PD[LPXP WHPSHUDWXUH ULVH LQ WKH FHLOLQJ MHW ��&��
�LPS LV WKH PD[LPXP WHPSHUDWXUH ULVH LQ WKH YHUWLFDO SOXPH DW WKH LPSLQJHPHQW SRLQW �&��
�� LV WKH H[FHVV WHPSHUDWXUH RI WKH VPRNH OD\HU ��&��
�PD[ LV WKH PD[LPXP WHPSHUDWXUH ULVH LQ WKH FHLOLQJ MHW �&��
� LV WKH IUDFWLRQ RI WKH WRWDO KHDW UHOHDVH FRQYHFWHG E\ WKH SOXPH �GLPHQVLRQOHVV��

$L LV WKH WRWDO DUHD RI DOO LQOHWV �P���
$Y LV WKH WKURDW DUHD RI WKH YHQWLODWRU �P���
E LV WKH KRUL]RQWDO GLVWDQFH IURP WKH RSHQLQJ WR EDOFRQ\ HGJH �P��
F� LV WKH PDVV FRQFHQWUDWLRQ RI VSHFLHV D �NJ�P���
&G LV D GLVFKDUJH FRHIILFLHQW IRU WKH RSHQLQJ �GLPHQVLRQOHVV��
&H LV WKH FRQVWDQW RI SURSRUWLRQDOLW\ LQ HTXDWLRQ ��� RU HTXDWLRQ ���� �NJ�V�P�����

&L LV WKH HQWU\ FRHIILFLHQW IRU LQOHWV �GLPHQVLRQOHVV��

&S LV WKH VSHFLILF KHDW RI DLU DW FRQVWDQW SUHVVXUH �N-�NJ�.��

&Y LV WKH FRHIILFLHQW RI GLVFKDUJH �GLPHQVLRQOHVV��

&Z LV WKH VSHFLILF KHDW RI WKH ERXQGLQJ VROLG�

&�
LV WKH YROXPH FRQFHQWUDWLRQ RI VSHFLHV � �GLPHQVLRQOHVV��

GV LV WKH ORQJHU OLQHDU GLPHQVLRQ RI WKH VRXUFH �P��

G LV WKH VPRNH OD\HU GHSWK �P��

' LV WKH RSWLFDO GHQVLW\ SHU XQLW SDWK OHQJWK RI WKH VPRNH �P����

'F LV WKH GHIOHFWLRQ RI WKH FXUWDLQ �P��

'P LV WKH PDVV RSWLFDO GHQVLW\ IRU WKH IXHO FRQFHUQHG �P��NJ��

'V LV WKH VRXUFH GLDPHWHU RU FKDUDFWHULVWLF OHQJWK �P��

IE LV WKH WRWDO PDVV RI IXHO EXUQW �NJ��

J LV WKH DFFHOHUDWLRQ GXH WR JUDYLW\ �P�V���
K LV WKH KHLJKW RI RSHQLQJ �P��
+ LV WKH KHLJKW RI WKH FHLOLQJ DERYH WKH ILUH VRXUFH �P��

LV WKH IUDFWLRQ RI OLJKW WUDQVPLWWHG WKURXJK VPRNH �GLPHQVLRQOHVV��

NZ LV WKH WKHUPDO FRQGXFWLYLW\ RI WKH ERXQGLQJ VROLG �N:�P�.��

�
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. LV OLJKW H[WLQFWLRQ FRHIILFLHQW �P����

O LV WKH FRUULGRU KDOI ZLGWK �P��

/ LV WKH ODWHUDO H[WHQW RI WKH VSLOO SOXPH �P��

/F LV WKH OHQJWK RI WKH VPRNH FXUWDLQ PHDVXUHG DORQJ WKH IDEULF �P��
P LV WKH PDVV IORZ UDWH HQWHULQJ WKH OD\HU �NJ�V��
PDLU LV WKH PDVV IORZ UDWH RI DLU HQWUDLQHG �NJ�V��
PIXHO LV WKH PDVV EXUQLQJ UDWH RI IXHO �NJ�V��
PVPRNH LV WKH PDVV IORZ UDWH RI VPRNH �NJ�V��
PE LV WKH PDVV IORZ UDWH RI VPRNH DSSURDFKLQJ D EDOFRQ\ HGJH �NJ�V��

PFULW LV WKH FULWLFDO PDVV IORZ UDWH RI DQ H[KDXVW SRLQW SULRU WR SOXJ�KROLQJ �NJ�V��

0E LV WKH ZHLJKW SHU XQLW OHQJWK RI WKH FXUWDLQªV ERWWRP EDU �NJ�P��
0F LV WKH ZHLJKW SHU XQLW DUHD RI WKH FXUWDLQ IDEULF �NJ�P���
Q LV D FRQVWDQW LQ HTXDWLRQ ���� �GLPHQVLRQOHVV��
1 LV WKH QXPEHU RI H[WUDFW YHQWV �GLPHQVLRQOHVV��
S LV WKH SHULPHWHU RI WKH VRXUFH �P��
4S LV WKH UDWH RI KHDW UHOHDVH FRQYHFWHG E\ WKH SOXPH �N:��
4 LV WKH WRWDO UDWH RI KHDW UHOHDVH RI WKH ILUH VRXUFH �N:��
4� LV WKH WRWDO UDWH RI KHDW UHOHDVH SHU XQLW DUHD RI ILUH VRXUFH �N:�P���

4

      IRU §QRUPDO¨ DPELHQW FRQGLWLRQV ZKHQ 4 LV LQ N: DQG ' LQ

PHWUHV �GLPHQVLRQOHVV��
U LV WKH UDGLDO GLVWDQFH IURP WKH FHLOLQJ LPSLQJHPHQW SRLQW �P��
V LV RSWLFDO SDWK OHQJWK �P��
6 LV WKH YLVLELOLW\ GLVWDQFH �P��
W LV WKH WKHUPDO SHQHWUDWLRQ WLPH �V��
7 LV WKH ORFDO VPRNH WHPSHUDWXUH �.��
7� LV WKH DPELHQW DLU WHPSHUDWXUH �.��
XPD[ LV WKH PD[LPXP JDV YHORFLW\ LQ WKH FHLOLQJ MHW �P�V��
9 LV WKH YROXPH IORZ UDWH RI VPRNH �P��V��
9W LV WKH WRWDO YROXPH RI VPRNH DW D ORFDWLRQ �P���
Z LV WKH ZLGWK RI WKH RSHQLQJ RQ WR WKH EDOFRQ\ �P��
Z9 LV WKH FKDUDFWHULVWLF ZLGWK RI WKH YHQWLODWRU �P��
\ LV WKH GLVWDQFH DORQJ WKH FRUULGRU IURP WKH LPSLQJHPHQW SRLQW �P��
<� LV WKH PDVV \LHOG WKH VSHFLHV � �NJ�NJ��WKH UDWLR RI PDVV JHQHUDWLRQ UDWH RI WKH VSHFLHV� �� WR PDVV 

JDVLILFDWLRQ UDWH RI WKH IXHO�

<IX LV WKH ORFDO PDVV IUDFWLRQ RI IXHO �GLPHQVLRQOHVV��

<R[ LV WKH ORFDO PDVV IUDFWLRQ RI DLU �GLPHQVLRQOHVV��

] LV KHLJKW DERYH WKH IXHO VXUIDFH RU EDOFRQ\ HGJH �P��
]� LV WKH KHLJKW RI WKH YLUWXDO VRXUFH DERYH WKH IXHO VXUIDFH �P��
]IO LV WKH PHDQ KHLJKW RI OXPLQRXV IODPHV DERYH WKH IXHO VXUIDFH �P��
]PD[ LV WKH PD[LPXP KHLJKW RI ULVH RI VPRNH SOXPH �P��

4
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� 'HVLJQ DSSURDFK

��� 2EMHFWLYH RI 3XEOLVKHG 'RFXPHQW

$ IUDPHZRUN RI WKH DSSOLFDWLRQ RI HQJLQHHULQJ DSSURDFKHV WR ILUH VDIHW\ LQ EXLOGLQJV LV SURYLGHG LQ %6 ����� 
3' ������ SURYLGHV DGGLWLRQDO JXLGDQFH WR DVVLVW WKH ILUH VDIHW\ HQJLQHHU WKURXJK WKH GHVLJQ SURFHVV�

7KH TXDQWLWDWLYH DQDO\VLV QHFHVVDU\ DV SDUW RI WKH GHVLJQ LV GLYLGHG LQWR D QXPEHU RI VHSDUDWH SDUWV RU 
6XE�V\VWHPV� (DFK 6XE�V\VWHP FDQ EH XVHG LQ LVRODWLRQ ZKHQ DQDO\VLQJ D SDUWLFXODU DVSHFW RI GHVLJQ RU
WKH\ FDQ DOO EH XVHG LQ FRPELQDWLRQ DV SDUW RI DQ RYHUDOO ILUH HQJLQHHULQJ HYDOXDWLRQ RI D EXLOGLQJ� $
UHSUHVHQWDWLRQ RI WKH FRQFHSW LV VKRZQ LQ )LJXUH �� 6RPH RI WKH SRWHQWLDO LQWHUDFWLRQV EHWZHHQ 6XE�V\VWHPV 
DUH LOOXVWUDWHG� 7KH SDUDPHWHUV DUH RIWHQ ERWK LQSXWV LQWR RQH SDUWLFXODU 6XE�V\VWHP DQG RXWSXWV IURP 
DQRWKHU�

7KLV 3XEOLVKHG 'RFXPHQW SURYLGHV JXLGDQFH RQ WKH DSSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV IRU WKH
WUHDWPHQW RI VPRNH PRYHPHQW� FRQWURO DQG PDQDJHPHQW SUREOHPV� 7KH JXLGDQFH LV LQWHQGHG SULPDULO\ IRU 
SURIHVVLRQDO HQJLQHHUV ZLWK D UHVSRQVLELOLW\ IRU WKH GHVLJQ RU DVVHVVPHQW RI ILUH VDIHW\ LQ EXLOGLQJV�

6XE�V\VWHP � �3' ������� SURYLGHV LQIRUPDWLRQ RQ WKH UDWH RI SURGXFWLRQ RI KHDW DQG FRPEXVWLRQ SURGXFWV
IURP WKH ILUH VRXUFH� 7KH DLP RI 6XE�V\VWHP � LV WR SURYLGH GHVLJQ DSSURDFKHV WR HVWLPDWH WKH VSUHDG RI WKH
FRPEXVWLRQ JDVHV ZLWKLQ DQG EH\RQG WKH URRP RI RULJLQ DQG WR HYDOXDWH WKHLU SURSHUWLHV� L�H� WHPSHUDWXUH�
YLVLELOLW\ DQG FRQFHQWUDWLRQ RI WR[LF SURGXFWV� 7KLV LQIRUPDWLRQ FDQ EH XVHG WR FDOFXODWH WLPH WR GDQJHU IURP
WKH GHWHFWLRQ RI D ILUH DQG WR GHVLJQ DQ\ ILUH VDIHW\ PHDVXUHV UHTXLUHG WR HQVXUH WKDW VXIILFLHQW WLPH LV
DYDLODEOH IRU HVFDSH�

,W LV UHFRPPHQGHG WKDW D VHQVLWLYLW\ DQDO\VLV EH FRQGXFWHG WR H[DPLQH WKH FRQVHTXHQFHV RI WKH FKRLFHV
PDGH IRU VPRNH FRQWURO DQG IRU GHVLJQ ILUH RQ WKH ULJRXU RI WKH VROXWLRQ SURSRVHG� 7KH REMHFWLYH RI WKH 
DQDO\VLV LV WR HVWDEOLVK WKH LPSDFW RQ WKH RXWSXW SDUDPHWHUV FDXVHG E\ YDULDWLRQ RI WKH LQSXW SDUDPHWHUV�
,I D SDUWLFXODU FKRLFH LV VKRZQ WR EH FULWLFDO WR WKH GHVLJQ� FRQVLGHUDWLRQ VKRXOG EH JLYHQ WR SURYLGLQJ D 
GHJUHH RI UHGXQGDQF\ WR WKH GHVLJQ�

,W LV LPSRUWDQW WR DSSUHFLDWH WKDW ZKDW PD\ EH FRQVHUYDWLYH IRU RQH FRPSRQHQW RI WKH GHVLJQ PD\ EH D EHVW
FDVH IRU DQRWKHU� $ ODUJH RU IDVW JURZLQJ GHVLJQ ILUH FDQ� IRU H[DPSOH� EH FRQVHUYDWLYH IRU HVWLPDWLRQ RI 
VPRNH H[KDXVW FDSDFLWLHV EXW ZRXOG EH RYHUO\ RSWLPLVWLF IRU ILUH GHWHFWLRQ RU VXSSUHVVLRQ DFWLYDWLRQ WLPHV�

7KH FDOFXODWLRQ PHWKRGV DQG GDWD FRQWDLQHG LQ WKLV 6XE�V\VWHP DUH LQFOXGHG ZLWK WKH NQRZQ OLPLWDWLRQV�
$OWHUQDWLYH GDWD DQG FDOFXODWLRQ PHWKRGV DUH QRW SUHFOXGHG DQG PD\ EH UHTXLUHG� 6DWLVIDFWRU\ MXVWLILFDWLRQ 
RI DQ\ FDOFXODWLRQ PHWKRG RU DSSURDFK VHOHFWHG VKRXOG DOZD\V EH SURYLGHG�

7KLV 3XEOLVKHG 'RFXPHQW IRUPV SDUW RI D VHULHV RI 6XE�V\VWHPV � WR � �3' ������ WR 3' �������� EXW FDQ�
LQ FRQVXOWDWLRQ ZLWK WKH DSSURSULDWH UHIHUHQFHV� EH UHJDUGHG DV §VWDQG�DORQH¨ JXLGDQFH� *XLGDQFH LV DOVR
DYDLODEOH IURP RWKHU 3XEOLVKHG 'RFXPHQWV LQFOXGLQJ WKH ,62�75 ����� VHULHV DQG UHIHUHQFHV >�@ WR >�@� 

��� 4XDOLILFDWLRQV RI WKH XVHU

7KH FRPSOH[LW\ RI WKH LQWHUDFWLRQV EHWZHHQ SHRSOH� EXLOGLQJV DQG ILUH LV VXFK WKDW QR VLQJOH VHW RI
FDOFXODWLRQ SURFHGXUHV FDQ EH DSSOLHG WR DOO W\SHV RI EXLOGLQJV LQ DOO FLUFXPVWDQFHV� 7KHUHIRUH ILUH VDIHW\
HQJLQHHULQJ UHTXLUHV D JUHDWHU GHJUHH RI FDUH DQG UHVSRQVLELOLW\ E\ WKH GHVLJQHU WKDQ GRHV WKH DSSOLFDWLRQ
RI SUHVFULSWLYH FRGHV� ,W LV HVVHQWLDO WKDW WKH DSSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ EH FRQGXFWHG E\ VXLWDEO\
TXDOLILHG DQG H[SHULHQFHG SHUVRQQHO� ,Q DVVHVVLQJ WKH VXLWDELOLW\ RI ILUH VDIHW\ HQJLQHHULQJ GHVLJQ
SHUVRQQHO� SURIHVVLRQDO TXDOLILFDWLRQV �H�J� &KDUWHUHG 0HPEHUVKLS RI WKH ,QVWLWXWLRQ RI )LUH (QJLQHHUV��
NQRZOHGJH RI FXUUHQW HQJLQHHULQJ JXLGDQFH DQG KDQGERRNV DQG H[SHULHQFH RQ FRPSOH[ SURMHFWV VKRXOG EH
WDNHQ LQWR DFFRXQW�

��� 7KH KD]DUG DVVRFLDWHG ZLWK VPRNH

6PRNH LV WKH WHUP XVHG WR GHVFULEH WKH §DLUERUQH¨ SURGXFWV RI FRPEXVWLRQ IURP WKH ILUH WRJHWKHU ZLWK ODUJH
YROXPHV RI DLU WKDW EHFRPH HQWUDLQHG LQWR WKHP GXH WR WKHLU PRWLRQ� 7KHVH FRPEXVWLRQ SURGXFWV FDQ FRQWDLQ 
VROLG DQG OLTXLG SDUWLFXODWHV ZLWKLQ D JDVHRXV PDVV�

$OPRVW DOO ILUHV SURGXFH VPRNH ZKLFK ZKHQ HQFORVHG E\ D EXLOGLQJ KDV WKH SRWHQWLDO WR EHFRPH H[WUHPHO\
KD]DUGRXV WR LWV RFFXSDQWV DQG GDPDJLQJ WR SURSHUW\� 0RVW GHDWKV LQ ILUHV DUH GXH WR VPRNH LQKDODWLRQ 
UDWKHU WKDQ WR WKH YLFWLP KDYLQJ EHHQ EXUQHG� 

7KH JDVHRXV FRPEXVWLRQ SURGXFWV� FKLHIO\ FDUERQ GLR[LGH DQG ZDWHU XVXDOO\ LQFOXGH WR[LF JDVHV� WKH PRVW
FRPPRQ EHLQJ FDUERQ PRQR[LGH� DOWKRXJK K\GURJHQ F\DQLGH DQG RWKHU PLQRU VSHFLHV PLJKW EH SUHVHQW WR
VRPH H[WHQW� $PRQJVW WKHVH� LUULWDQW JDVHV VXFK DV DFUROHLQ FDQ KDYH D VLJQLILFDQW HIIHFW RQ SHRSOH
DWWHPSWLQJ WR HVFDSH ILUH�
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7KH VROLG DQG OLTXLG IUDFWLRQV RI WKH SURGXFWV RI FRPEXVWLRQ DUH UHVSRQVLEOH IRU WKH SRRU YLVLELOLW\ WKURXJK
VPRNH� 7KLV DGGV WR WKH SUREOHPV SUHVHQWHG E\ WKH VPRNH� 1RW RQO\ LV LW SK\VLRORJLFDOO\ KD]DUGRXV LQ LWV
RZQ ULJKW EXW HVFDSH WKURXJK LW LV PDGH PRUH GLIILFXOW E\ LW REVFXULQJ HVFDSH URXWHV� 7KHVH IUDFWLRQV FDQ
WKHPVHOYHV EH LUULWDQWV� DQG FDQ EH SDUWLFXODUO\ GDQJHURXV WR SHRSOH ZKR DUH VXEMHFW WR DVWKPD RU RWKHU 
UHVSLUDWRU\ SUREOHPV�

7KH UHGXFWLRQ LQ R[\JHQ GXH WR FRPEXVWLRQ FDQ LWVHOI EH GDQJHURXV LQ VRPH VLWXDWLRQV DQG FDQ UHVXOW LQ WKH
VXIIRFDWLRQ RI YLFWLPV WUDSSHG LQ VPRNH� 7KH KHDW RI WKH FRPEXVWLRQ SURGXFWV LV DOVR SRWHQWLDOO\ KD]DUGRXV
WR WKH EXLOGLQJ RFFXSDQWV� HLWKHU WKURXJK WKHLU SRWHQWLDO LPPHUVLRQ LQ WKH VPRNH RU E\ WKHUPDO UDGLDWLRQ
IURP WKH KRW VPRNH OD\HU�

6PRNH FDQ DOVR FDXVH GDPDJH WR SURSHUW\� 0RVW ILUHV SURGXFH VRRW DQG PDQ\ JHQHUDWH FRUURVLYH JDVHV VXFK 
DV K\GURJHQ FKORULGH� 7KH HIIHFW RI WKHVH RQ VHQVLWLYH HTXLSPHQW FDQ EH UHVSRQVLEOH IRU ODUJH PRQHWDU\
ORVVHV GXH WR HTXLSPHQW GDPDJH� WKH QHHG IRU V\VWHP FOHDQ�XS DQG FRQVHTXHQW EXVLQHVV LQWHUUXSWLRQ�

7KHUH DUH DOVR KD]DUGV WKDW KDYH EHHQ WHUPHG §VPRNH H[SORVLRQV¨ DVVRFLDWHG ZLWK VPRNH FRQWDLQLQJ WKH
XQEXUQW S\URO\VLV SURGXFWV RI ILUH� 7KHVH KD]DUGV DUH PRUH SURSHUO\ FRQVLGHUHG ZLWKLQ WKH EURDGHU FDWHJRU\
RI EDFNGUDXJKW WKDW FDQ RFFXU DV D UHVXOW RI WKH VXGGHQ DYDLODELOLW\ RI IUHVK DLU�

$OO ILUHV VWDUW VPDOO DQG JURZ� VRPH RQO\ VPRXOGHU� ,Q WKH HDUOLHVW VWDJHV ZKHQ GHWHFWLRQ LV WKH SULRULW\� WKH
ILUH ZLOO QRW \HW EH FRQWUROOLQJ WKH DLUIORZ SDWWHUQV� $W WKLV WLPH WKH VPRNH LV VLPSO\ D §SDVVHQJHU¨ RQ WKH
SUHYDLOLQJ QDWXUDO DLU FXUUHQWV FDXVHG E\ VSDFH KHDWLQJ� ZLQG SUHVVXUHV HWF� 0RVW RI ZKDW IROORZV GHVFULEHV 
WKH SURFHVVHV DIWHU WKH ILUH KDV EHFRPH ODUJH HQRXJK IRU EXR\DQF\ WR GRPLQDWH WKHVH FXUUHQWV� 7KH
WUHDWPHQW RI WKHVH YHU\ HDUO\ FRQGLWLRQV LV QRW FRYHUHG KHUH H[FHSW LQ WKH VHFWLRQ RQ &)' PRGHOOLQJ ZKLFK
GRHV HQFRPSDVV ERWK VLWXDWLRQV�

��� 6PRNH G\QDPLFV

,W LV LPSRUWDQW WR XQGHUVWDQG WKH EDVLF PHFKDQLVPV WKDW FRQWURO WKH JURZWK RI ILUH LQ DQ HQFORVXUH�

D� 7KH ILUH VWDUWV IRU ZKDWHYHU UHDVRQ� LWV UDWH RI JURZWK GHSHQGLQJ XSRQ WKH PDWHULDOV LQYROYHG� WKHLU
RULHQWDWLRQ DQG SRVLWLRQV UHODWLYH WR HDFK RWKHU� ,Q PRVW VLWXDWLRQV WKHUH LV VXIILFLHQW R[\JHQ WR VXSSRUW
FRPEXVWLRQ LQ WKH ILUVW IHZ PLQXWHV DQG WKH ILUH JURZWK DQG VPRNH SURGXFWLRQ DUH FRQWUROOHG E\ WKH IXHO�

E� %HFDXVH RI LWV EXR\DQF\ WKH VPRNH ULVHV IURP WKH ILUH� ,QLWLDOO\ WKH EXR\DQF\ LV ORZ DQG WKH VPRNH ZLOO
IROORZ WKH DPELHQW DLU FXUUHQWV SUHVHQW EHIRUH WKH ILUH RFFXUUHG EXW DV LWV KHDW UHOHDVH LQFUHDVHV� LWV
EXR\DQF\ LQFUHDVHV DQG LW VRRQ EHJLQV WR GRPLQDWH DLU FXUUHQWV LQ WKH HQFORVXUH� :KHQ WKH ILUH UHDFKHV
D VXIILFLHQW VL]H WKH VPRNH ULVHV LQ D SOXPH WRZDUGV WKH FHLOLQJ� $V LW GRHV VR LW HQWUDLQV ODUJH YROXPHV RI
DLU JUHDWO\ LQFUHDVLQJ VPRNH YROXPH EXW UHGXFLQJ LWV WHPSHUDWXUH DQG FRQFHQWUDWLRQV RI FKHPLFDO
FRQVWLWXHQWV�

F� 7KH WRWDO HQWUDLQHG YROXPH LQFUHDVHV VXEVWDQWLDOO\ ZLWK LQFUHDVLQJ KHLJKW RI ULVH RI WKH SOXPH� :LWK
VXIILFLHQW EXR\DQF\ WKH VPRNH HYHQWXDOO\ LPSLQJHV WKH FHLOLQJ� VSUHDGLQJ RXW UDGLDOO\ WR UHDFK DQ\
VLGH�ZDOOV DQG WKHQ WR EHJLQ WR IRUP D OD\HU ZKLFK GHHSHQV DV PRUH VPRNH LV SURGXFHG�

G� 6PRNH HYHQWXDOO\ IORZV RXW LQWR DGMDFHQW VSDFHV WKURXJK DQ\ KLJK OHYHO RSHQLQJV� 7KLV RXWIORZ LV
EDODQFHG E\ DQ LQIORZ RI DLU XVXDOO\ DW ORZ OHYHO� 7KH RSHQLQJV PD\ EH E\ GHVLJQ RU E\ IDLOXUH RI� IRU 
H[DPSOH� D JODVV SDUWLWLRQ�

H� $V QHZ IODPPDEOH PDWHULDO EHFRPHV LQYROYHG DV D UHVXOW RI LQFUHDVLQJ KHDW WUDQVIHU WR LW� PRUH DLU LV
UHTXLUHG IRU WKH IXHO YRODWLOHV WR EXUQ� ,I WKLV LV QRW DYDLODEOH WKH ILUH ZLOO HLWKHU QRW JURZ DQ\ IXUWKHU RU
WKH IXHO YRODWLOHV ZLOO LQVWHDG EXUQ RXWVLGH WKH HQFORVXUH RI RULJLQ LQ WKH RSHQ DLU RU LQ DQ DGMDFHQW VSDFH�
7KLV LV SDUWLFXODUO\ OLNHO\ DIWHU IODVKRYHU ZKHQ D VXGGHQ GUDPDWLF JURZWK LQ WKH ILUH RFFXUV DV D UHVXOW RI
WKH VLPXOWDQHRXV LQYROYHPHQW RI DOO IODPPDEOH PDWHULDO LQ WKH HQFORVXUH�
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� 6PRNH FRQWURO

��� 'HVLJQ REMHFWLYHV

����� *HQHUDO

6LQFH VPRNH FRQWURO FDQ KDYH D PDMRU LPSDFW RQ WKH RYHUDOO GHVLJQ RI WKH EXLOGLQJ LW QHHGV WR EH FRQVLGHUHG 
DW WKH HDUOLHVW SRVVLEOH VWDJH RI WKH GHVLJQ SURFHVV� ,QGHHG ZKHUH LW LV XVHG WR DOORZ LQFUHDVHG 
PHDQV�RI�HVFDSH WUDYHO GLVWDQFHV LW ZLOO KDYH D SURIRXQG HIIHFW RQ WKH RYHUDOO FRQFHSW�

6PRNH FRQWURO V\VWHPV DUH XVXDOO\ GHVLJQHG WR PDLQWDLQ D WHQDEOH HQYLURQPHQW IRU RFFXSDQWV WR HQDEOH 
WKHLU VDIH HVFDSH IURP WKH EXLOGLQJ RU WR D SODFH RI UHIXJH� 7KH\ FDQ DOVR EH UHTXLUHG WR DVVLVW LQ SURSHUW\
SURWHFWLRQ� WR DVVLVW WKH HQWU\ DQG VXEVHTXHQW RSHUDWLRQV RI ILUH�ILJKWHUV� DQG� E\ OLPLWLQJ WKH WHPSHUDWXUH
RI WKH VPRNH OD\HU� DVVLVWLQJ WKH ILUH SHUIRUPDQFH RI WKH VWUXFWXUH�

6PRNH FRQWURO V\VWHPV DUH UHTXLUHG ERWK IRU SURWHFWLRQ RI WKH HQFORVXUH RI ILUH RULJLQ DV ZHOO DV SUHYHQWLQJ 
VPRNH VSUHDG WR DGMRLQLQJ VSDFHV� 7KHVH WZR UHTXLUHPHQWV PD\ QHHG WR EH VDWLVILHG E\ GLIIHUHQW W\SHV RI
V\VWHP�

,W ZLOO EH IRU WKH 4'5 WR GHWHUPLQH ZKHUH WKHVH GLIIHUHQW WUHDWPHQWV VKRXOG EH DSSOLHG DQG WR HQVXUH WKHLU
FRPSDWLELOLW\� 5HIHUHQFHV >�@ DQG >�@ �&,%6( *XLGH ( )LUH (QJLQHHULQJ� &KDSWHU � )LUH DQG 6PRNH 
YHQWLODWLRQ DQG %5( ���� SURYLGH DGGLWLRQDO JXLGDQFH WR DVVLVW WKH GHFLVLRQ�PDNLQJ SURFHVV�

7KHUH DUH YHU\ IHZ FDVHV ZKHUH &RGHV RI 3UDFWLFH UHTXLUH VPRNH FRQWURO PHDVXUHV� $SSURYHG 
'RFXPHQW % >�@ VSHFLILHV WKDW QHZ VKRSSLQJ PDOOV LQ (QJODQG DQG :DOHV FRQIRUP WR %6 �������� ZKLFK
VSHFLILHV XVH RI VPRNH FRQWURO LQ WKRVH SUHPLVHV� 6PRNH FRQWURO LV DOVR UHTXLUHG IRU EDVHPHQWV �IRU ILUH
ILJKWLQJ� DQG VHUYLFH FRUULGRUV LQ VKRSSLQJ PDOOV DOWKRXJK LW LV EHFRPLQJ FRPPRQ LQ ODUJH GHSDUWPHQW
VWRUHV DV ZHOO� 7KH RQO\ RWKHU VFHQDULR ZKHUH VPRNH FRQWURO LV PDQGDWRU\ LV DWULXP EXLOGLQJV WKDW DUH RYHU 
�� P KLJK �%6 �������� DOWKRXJK LW LV D SHUPLWWHG DOWHUQDWLYH LQ RWKHU VFHQDULRV�

7KH IRXU PDLQ REMHFWLYHV IRU WKH VPRNH FRQWURO V\VWHPV DUH JLYHQ LQ ������ ������ ����� DQG ������

����� 3URWHFWLRQ RI PHDQV RI HVFDSH

7KH REMHFWLYH LV WR DFKLHYH D GHVLUHG VPRNH IUHH FOHDU OD\HU EHQHDWK D VPRNH OD\HU� 7KLV DSSURDFK LV
FRPPRQO\ XVHG ZKHUH WKH SXUSRVH RI WKH VPRNH H[KDXVW YHQWLODWLRQ V\VWHP LV WR DOORZ WKH FRQWLQXHG XVH
RI HVFDSH URXWHV ZKLFK DUH LQ WKH VDPH VSDFH DV WKH ILUH �H[DPSOHV LQFOXGH HQFORVHG VKRSSLQJ PDOOV DQG 
PDQ\ DWULD RU ODUJH VLQJOH VWRUH\ VSDFHV H�J� IRU SXEOLF DVVHPEO\�� 7KH WKHUPDOO\ EXR\DQW VPRNH IRUPV D
OD\HU EHQHDWK WKH FHLOLQJ� 7KH VPRNH H[KDXVW �XVLQJ HLWKHU QDWXUDO VPRNH H[KDXVW YHQWLODWRUV RU SRZHUHG
VPRNH H[KDXVW YHQWLODWRUV� LV FDOFXODWHG WR EH ODUJH HQRXJK WR NHHS WKH VPRNH DW D VDIH KHLJKW DERYH WKH
KHDGV RI SHRSOH ORQJ HQRXJK IRU WKHP WR PDNH WKHLU VDIH HVFDSH� ,W LV HVVHQWLDO WKDW WKH V\VWHP FRPHV LQWR
RSHUDWLRQ DV HDUO\ DV SRVVLEOH GXULQJ WKH ILUH� DQG LW LV XVXDO WR LQLWLDWH RSHUDWLRQ DXWRPDWLFDOO\ RQ UHFHLSW 
RI D VLJQDO IURP D VPRNH GHWHFWLRQ V\VWHP�

6PRNH FRQWURO XVLQJ SUHVVXUH GLIIHUHQWLDOV LV D GLIIHUHQW WHFKQLTXH RIWHQ XVHG WR SURWHFW VWDLUZHOOV DQG
VRPHWLPHV FRUULGRUV DJDLQVW WKH LQJUHVV RI VPRNH� 7KH XVH RI VPRNH FRQWURO GRRUV LQ FRQMXQFWLRQ ZLWK D
ZHOO�VHDOHG FRUULGRU RU VWDLUZD\ FRQVWUXFWLRQ FDQ DOVR UHVLVW VPRNH LQJUHVV RQWR SURWHFWHG URXWHV�

����� 7HPSHUDWXUH FRQWURO

6PRNH DQG KHDW H[KDXVW YHQWLODWLRQ V\VWHPV FDQ EH GHVLJQHG WR PLQLPL]H WKH WHPSHUDWXUH RI WKH JDVHV LQ 
WKH EXR\DQW OD\HU LQ FULWLFDO DUHDV RI WKH GHVLJQ� 7KLV SURWHFWV WKH XVH RI PDWHULDOV WKDW ZRXOG RWKHUZLVH EH
GDPDJHG E\ WKH KRW JDVHV� $ W\SLFDO H[DPSOH LV ZKHUH DQ DWULXP IDFDGH KDV JOD]LQJ ZKLFK LV QRW ILUH
UHVLVWLQJ� EXW ZKLFK LV NQRZQ WR EH DEOH WR VXUYLYH JDV WHPSHUDWXUH JUDGLHQWV XS WR VRPH VSHFLILHG YDOXH�
7KH XVH RI D §WHPSHUDWXUH FRQWURO¨ VPRNH H[KDXVW YHQWLODWLRQ V\VWHP LQ VXFK D FDVH FRXOG� IRU H[DPSOH� 
DOORZ WKH DGRSWLRQ RI D SKDVHG HYDFXDWLRQ VWUDWHJ\ IURP KLJKHU VWRUH\V VHSDUDWHG IURP WKH DWULXP RQO\ E\
VXFK JOD]LQJ�

����� 7R DVVLVW ILUH ILJKWLQJ RSHUDWLRQV

,Q H[WHQVLYH DQG PXOWL�VWRUH\ FRPSOH[ EXLOGLQJV ILUH�ILJKWLQJ DQG UHVFXH RSHUDWLRQV FDQ EH VHYHUHO\
KDPSHUHG E\ WKH SUHVHQFH RI KRW VPRN\ JDVHV� 7KH WUDYHO WLPH IURP WKH ILUH DSSOLDQFHV WR XSSHU DQG ORZHU 
OHYHOV FDQ EH LPSURYHG E\ WKH SURYLVLRQ RI VPRNH FRQWURO V\VWHPV LQVWDOOHG SULPDULO\ IRU WKH RFFXSDQWVª
PHDQV RI HVFDSH RU SURWHFWLRQ RI SURSHUW\�

6PRNH FRQWURO V\VWHPV FDQ DOVR EH LQVWDOOHG IRU ILUH�ILJKWLQJ DORQH DQG KHUH WKH GHVLJQ FULWHULD ZLOO EH
GLIIHUHQW UHIOHFWLQJ WKH VSHFLDOLVW HTXLSPHQW FORWKLQJ DQG WUDLQLQJ RI WKH ILUH VHUYLFH�
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����� 3URSHUW\ SURWHFWLRQ

6PRNH FRQWURO V\VWHPV FDQ EH XVHG WR SURWHFW QRW RQO\ WKH FRQWHQWV RI D EXLOGLQJ EXW DOVR VRPH DVSHFWV RI
WKH VWUXFWXUH� +HDW FDQ EH YHQWHG E\ WKH VPRNH H[KDXVW V\VWHP WR HQVXUH WKDW WKH KHDW IOX[ WR FULWLFDO
VWUXFWXUDO HOHPHQWV LV NHSW EHORZ DFFHSWDEOH FULWHULD� 6XFK VPRNH FRQWURO V\VWHPV XVXDOO\ GHSHQG RQ WKH 
LQFOXVLRQ RI PHDVXUHV WR OLPLW ILUH VL]H�

'HSHQGLQJ RQ WKH PDWHULDOV SUHVHQW� D SURSHUW\ SURWHFWLRQ SKLORVRSK\ FDQ EH EDVHG RQ WKH QHHG WR PDLQWDLQ
WKH KRW EXR\DQW VPRNH OD\HU DERYH VHQVLWLYH PDWHULDOV� RU FDQ EH EDVHG RQ WKH QHHG WR PDLQWDLQ WKH VPRNH 
OD\HU EHORZ D FULWLFDO WHPSHUDWXUH�

��� 6PRNH FRQWURO WHFKQLTXHV LQ FRPPRQ XVH

����� 6PRNH FRQWDLQPHQW

6PRNH FRQWDLQPHQW UHOLHV RQ SK\VLFDO EDUULHUV WR OLPLW WKH VSUHDG RI VPRN\ JDVHV IURP RQH VSDFH LQ D
EXLOGLQJ WR DQRWKHU VSDFH� 3DVVLYH FRPSDUWPHQWDWLRQ VXFK DV GRRUV� VKXWWHUV� ZDOOV DQG IORRUV� FDQ SURYLGH
VRPH SURWHFWLRQ DJDLQVW VPRNH SHQHWUDWLRQ� 7KH H[WHQW WR ZKLFK VPRNH OHDNV WKURXJK WKHVH EDUULHUV 
GHSHQGV RQ WKH VL]H DQG VKDSH RI OHDNDJH SDWKV DQG WKH SUHVVXUH GLIIHUHQWLDOV DFURVV WKHP�

7KHVH OHDNDJH SDWKV FDQ EH HOLPLQDWHG� RU VXEVWDQWLDOO\ UHGXFHG E\ WKH LQFRUSRUDWLRQ RI OLQHDU JDS VHDOLQJ
V\VWHPV� SHQHWUDWLRQ VHDOLQJ V\VWHPV� VPRNH FRQWURO GRRUVHWV DQG WKHLU DVVRFLDWHG VHDOV� &RQWURO RI KLJK
WHPSHUDWXUH VPRNH FDQ EH DFKLHYHG ZLWK WKH XVH RI LQWXPHVFHQW VHDOV�

4XDQWLWDWLYH PHDVXUHPHQWV RI VPRNH OHDNDJH WKURXJK GRRUVHWV HWF� DUH DFKLHYHG E\ UHIHUHQFH WR
%6 ��������������

����� 6PRNH FOHDUDQFH

7KLV WHUP GHVFULEHV DQ\ PHWKRG RI UHPRYLQJ UHODWLYHO\ FRRO VPRN\ JDVHV IURP D VSDFH LQ D EXLOGLQJ ZKHQ
VPRNH LV QR ORQJHU HQWHULQJ RU EHLQJ FUHDWHG LQ WKDW VSDFH� 7KLV FDQ EH DFKLHYHG E\ SURYLGLQJ QDWXUDO
FURVV�YHQWLODWLRQ� H�J� E\ WKH RSHQLQJ RI ZLQGRZV� RU E\ DFWLYDWLRQ RI SRZHUHG H[KDXVW V\VWHPV�

����� 6PRNH GLOXWLRQ

7KLV WHUP GHVFULEHV DQ\ PHWKRG RI PL[LQJ WKH VPRN\ JDVHV ZLWK HQRXJK FOHDQ DLU WR LQFUHDVH YLVLELOLW\ DQG
UHGXFH WKH WKUHDW IURP WR[LF FRPEXVWLRQ SURGXFWV� 7KLV FDQ UHTXLUH D YHU\ ODUJH GLOXWLRQ WR DFKLHYH D VDIH
YLVLELOLW\� :LWK VPRN\ IXHOV VXFK DV WKRVH IURP PDQ\ SODVWLFV PDWHULDOV WKLV GLOXWLRQ PD\ QHHG WR EH RQH 
WKRXVDQG WLPHV WKH LQLWLDO YROXPH RI FRPEXVWLRQ JDVHV� 7KLV FDQ EH GLIILFXOW WR DFKLHYH IRU DOO H[FHSW WKH
VPDOOHVW GHVLJQ ILUHV LQ D ODUJH EXLOGLQJ YROXPH�

����� 6PRNH H[KDXVW YHQWLODWLRQ

7KLV LV D PHWKRG SURYLGLQJ D VHSDUDWLRQ EHWZHHQ DQ XSSHU OD\HU RI VPRNH DQG D ORZHU OD\HU RI UHODWLYHO\
FOHDQ DLU� 7KLV LV DFKLHYHG E\ H[KDXVWLQJ VPRNH IURP WKH EXR\DQW VPRNH OD\HU XVLQJ HLWKHU QDWXUDO RU
SRZHUHG YHQWLODWRUV� DQG UHSODFLQJ LW ZLWK FOHDQ DLU HQWHULQJ WKH VSDFH EHORZ WKH OD\HU�

+RW� EXR\DQW JDVHV IURP D ILUH ULVH WR IRUP D VWDEOH OD\HU LQ D UHVHUYRLU EHORZ WKH FHLOLQJ VXFK WKDW D FRROHU 
FOHDU OD\HU RI VXIILFLHQW KHLJKW PD\ EH SUHVHQW IRU ORQJ HQRXJK WR DFKLHYH VDIH HYDFXDWLRQ RI RFFXSDQWV�

,W LV UDUH WR ILQG FLUFXPVWDQFHV ZKHUH D GHGLFDWHG VPRNH H[KDXVW YHQWLODWLRQ V\VWHP LV UHTXLUHG ZLWKLQ D
VPDOO URRP DOWKRXJK WKH SURFHVV PD\ SOD\ DQ LPSRUWDQW SDUW LQ ILUH ILJKWLQJ�

*XLGDQFH RQ WKH GHVLJQ RI VPRNH H[KDXVW YHQWLODWLRQ FDQ EH IRXQG LQ %6 ������ �GUDIW� DQG
%6 ������ �GUDIW��

����� 3UHVVXUL]DWLRQ

3UHVVXUL]DWLRQ LV D IRUP RI VPRNH FRQWURO XVLQJ SUHVVXUH GLIIHUHQWLDOV� LQ ZKLFK WKH DLU SUHVVXUH LQ VSDFHV
EHLQJ SURWHFWHG LV UDLVHG DERYH WKDW LQ WKH ILUH�DIIHFWHG DUHD� $LUIORZ WKURXJK WKH OHDNDJH SDWKV SUHYHQWV
LQILOWUDWLRQ RI VPRNH WR WKH SURWHFWHG KLJK�SUHVVXUH VLGH�

*XLGDQFH RQ WKH GHVLJQ RI SUHVVXUL]DWLRQ V\VWHPV FDQ EH IRXQG LQ %6 ������������

7KH SUHVVXUH GLIIHUHQFH DFURVV DQ\ VPDOO RSHQLQJV RQWR DQ HVFDSH URXWH VKRXOG EH ODUJH HQRXJK WR RIIVHW
WKH ILUH�JHQHUDWHG SUHVVXUH DV ZHOO DV DQ\ DGYHUVH SUHVVXUHV FDXVHG E\ H[WHUQDO ZLQGV DQG VWDFN HIIHFWV� ,W 
VKRXOG DOVR EH ORZ HQRXJK WR DOORZ WKH HVFDSH GRRUV WR EH RSHQHG ZLWK UHODWLYH HDVH� 7KH UHTXLUHPHQWV FDQ
EH FRQWUDGLFWRU\ DQG GLIILFXOW WR UHFRQFLOH�
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3UHVVXUL]DWLRQ V\VWHPV DUH GHVLJQHG WR KDYH DGHTXDWH DLU IORZ UDWHV DFURVV DQ\ ODUJH RSHQLQJV �H�J� GRRUV��
H[FHVVLYH SUHVVXUH GLIIHUHQFH DFURVV D VPDOO RSHQLQJ �ZKHQ WKH GRRUV DUH FORVHG� FDQ EH SUHYHQWHG E\ WKH
XVH RI SUHVVXUH�UHOLHI GDPSHUV DQG GXFWV�

����� 'HSUHVVXUL]DWLRQ

'HSUHVVXUL]DWLRQ LV VPRNH FRQWURO XVLQJ SUHVVXUH GLIIHUHQWLDOV LQ ZKLFK WKH DLU SUHVVXUH LQ WKH VSDFH
FRQWDLQLQJ WKH ILUH LV UHGXFHG EHORZ WKDW LQ WKH DGMDFHQW VSDFHV UHTXLULQJ SURWHFWLRQ�

*DVHV DUH UHPRYHG IURP WKH VPRNH�DIIHFWHG VSDFH LQ D ZD\ WKDW PDLQWDLQV WKH GHVLUHG SUHVVXUH GLIIHUHQFHV
DFURVV OHDNDJH RSHQLQJV EHWZHHQ WKDW VSDFH DQG DGMDFHQW VSDFHV�

,Q WKH VSHFLDO FLUFXPVWDQFHV RI DQ DWULXP LW LV VRPHWLPHV SRVVLEOH WR XVH WKH EXR\DQF\ RI WKH VPRN\ JDVHV 
WKHPVHOYHV WR FUHDWH WKH GHVLUHG GHSUHVVXUL]DWLRQ HIIHFWV�

*XLGDQFH RQ WKH GHVLJQ RI GHSUHVVXUL]DWLRQ V\VWHPV FDQ EH IRXQG LQ %6 ������������

� (QYLURQPHQWDO LQIOXHQFHV RQ VPRNH FRQWURO
7KH HIILFLHQF\ RI DQ\ FKRVHQ VPRNH FRQWURO V\VWHP FDQ EH DGYHUVHO\ DIIHFWHG E\ WKH ZLQG DQG RXWVLGH
WHPSHUDWXUHV� 7KH SUHVVXUHV JHQHUDWHG E\ ZLQG FDQ KDPSHU WKH H[WUDFWLRQ RI VPRNH E\ SURYLGLQJ D SRVLWLYH 
SUHVVXUH DW WKH H[WUDFWLRQ SRLQW� ,QWHUQDO FOLPDWLF FRQGLWLRQV PD\ DOVR EH LPSRUWDQW�

,Q URRPV RI ODUJH YROXPH� VXFK DV H[KLELWLRQ KDOOV� IRUFHG DLU FLUFXODWLRQ RU VRODU JDLQ FDQ LQLWLDOO\ SUHYHQW
VPRNH RI ORZ EXR\DQF\ UHDFKLQJ KLJK OHYHO GHWHFWRUV� 6WDFN HIIHFWV LQ WDOO EXLOGLQJV� DQG WHPSHUDWXUH
LQYHUVLRQV EHWZHHQ IORRU DQG FHLOLQJ ZLOO DOVR QHHG WR EH FRQVLGHUHG�

� 8VH RI 6XE�V\VWHPV

��� *HQHUDO

(DFK RI WKH 6XE�V\VWHPV � WR � �3' ������ WR 3' ������� FDQ EH XVHG LQ LVRODWLRQ EXW IRU PRVW SUDFWLFDO
GHVLJQ SXUSRVHV VHYHUDO 6XE�V\VWHPV ZLOO EH QHHGHG WR FDUU\ RXW D IXOO DQDO\VLV�

'XULQJ WKH 4'5 WKH PDLQ LQSXW GDWD IRU D TXDQWLILHG VWXG\ ZLOO KDYH EHHQ HVWDEOLVKHG �H�J� EXLOGLQJ
SDUDPHWHUV� WULDO GHVLJQV� ILUH VFHQDULRV�� 7KH EDVLF FDOFXODWLRQ DSSURDFK ZLOO DOVR KDYH EHHQ GHFLGHG�

��� 5HODWLRQVKLS EHWZHHQ 6XE�V\VWHPV

,W PD\ EH SRVVLEOH WR XVH HDFK 6XE�V\VWHP LQ LVRODWLRQ JLYHQ LQSXW IURP WKH 4'5 DQG WKH VRXUFH WHUPV IURP 
6XE�V\VWHP � �3' �������� ,W LV TXLWH OLNHO\ WKRXJK WKDW WKHUH ZLOO EH VXEVWDQWLDO LQWHUGHSHQGHQFH EHWZHHQ
6XE�V\VWHPV� )RU LQVWDQFH� WKH UDWH RI ILUH JURZWK JLYHQ E\ 6XE�V\VWHP � �3' ������� FDQ EH LQIOXHQFHG E\
WKH DFWLYDWLRQ RI VSULQNOHUV �6XE�V\VWHP �� 3' ������� ZKRVH WLPLQJ LV GHWHUPLQHG E\ WKH VSUHDG RI
FRPEXVWLRQ JDVHV �6XE�V\VWHP ��� 7KH QDWXUH RI WKH OLQNV EHWZHHQ WKH YDULRXV 6XE�V\VWHPV LV LOOXVWUDWHG 
E\ WKH LQIRUPDWLRQ EXV DQDORJ\ �VHH )LJXUH ���

(YDOXDWLQJ DOO RI WKH SRVVLEOH LQWHUDFWLRQV LV RIWHQ QRW SUDFWLFDO EHFDXVH RI D ODFN RI GDWD RU WKH
FRPSXWDWLRQDO HIIRUW UHTXLUHG� +RZHYHU� E\ PDNLQJ DSSURSULDWH VLPSOLILFDWLRQV DQG XWLOL]LQJ §ZRUVW FDVH¨
DVVXPSWLRQV LW LV JHQHUDOO\ SRVVLEOH WR VLPSOLI\ WKH FDOFXODWLRQ SURFHVV WR PDQDJHDEOH SURSRUWLRQV�

$ OLIH VDIHW\ DQDO\VLV FDQ LQYROYH XVLQJ ILYH RI WKH VL[ 6XE�V\VWHPV �ILUH VHUYLFH LQWHUYHQWLRQ LV QRUPDOO\
GLVFRXQWHG ZKHQ GHVLJQLQJ IRU WKH OLIH VDIHW\ RI WKH LQLWLDO RFFXSDQWV� ZKHUHDV ZKHQ FRQVLGHULQJ VWUXFWXUDO 
IDLOXUH LW PD\ RQO\ EH QHFHVVDU\ WR FRQVLGHU 6XE�V\VWHPV � DQG � �3' ������ DQG 3' ��������

7KH FKRLFH RI ZKLFK 6XE�V\VWHPV DUH XWLOL]HG DQG WKH PDQQHU LQ ZKLFK WKH\ DUH OLQNHG LQ WKH FDOFXODWLRQ
SURFHVV ZLOO WKHUHIRUH GHSHQG XSRQ WKH W\SH RI SUREOHP EHLQJ FRQVLGHUHG DQG WKH H[WHQW WR ZKLFK LW LV
VLPSOLILHG LQ WKH 4'5 DQG VXEVHTXHQW TXDQWLILFDWLRQ SURFHVV�

��� 8VH RI 6XE�V\VWHP �

)LJXUH � RXWOLQHV WKH PDLQ VWDJHV IRU WKH DQDO\VLV RI VPRNH DQG WR[LF JDVHV ZLWKLQ DQG EH\RQG WKH HQFORVXUH
RI RULJLQ�
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)LJXUH � ¦ 5HODWLRQVKLS EHWZHHQ 6XE�V\VWHPV

Building characteristics
Design fire
Occupant characteristics
Evacuation strategy
Environmental influences
Rate of heat release
Time to flashover
Rate of smoke mass production
Rate of CO mass production
Flame size
Smoke and hot gas temperature
Smoke optical density
CO concentration
Flowrate of smoke and hot gases
Time of fire spread from enclosure
Time of structural failure
Time of activation of alarm system
Time of activation of smoke control systems
Time of activation of smoke and fire barriers
Time of activation of suppression systems
Time of fire service notification
Time of fire service intervention
Fire service extinguishing capacity
Time of evacuation
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)LJXUH � ¦ 6WDJHV IRU WKH DQDO\VLV RI VPRNH DQG WR[LF JDVHV ZLWKLQ DQG EH\RQG WKH 
HQFORVXUH RI RULJLQ

QDR Sub-system 1 Sub-system 4 Sub-system 5

Time of fire
service intervention

Time to activation
of smoke control

systems

Time to activation
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barriers
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systems
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��� ,QSXWV WR 6XE�V\VWHP �

,QSXWV DUH VXPPDUL]HG LQ )LJXUH � DQG )LJXUH �� 7KH\ DUH EXLOGLQJ FKDUDFWHULVWLFV� GHVLJQ ILUH� RFFXSDQW
FKDUDFWHULVWLFV DQG HQYLURQPHQWDO LQIOXHQFHV DYDLODEOH IURP WKH 4'5 DQG WKH ORFDWLRQ DQG W\SH RI
GHWHFWRUV� VSULQNOHUV DQG RWKHU DFWLYH PHDVXUHV VXFK DV YHQWV� VPRNH FXUWDLQV� HWF�

7KH UDWH RI KHDW� VPRNH DQG WR[LF JDV UHOHDVH IURP WKH GHVLJQ ILUHV ZLOO EH DYDLODEOH IURP 6XE�V\VWHP �
�3' �������� 7LPH RI DFWLYDWLRQ RI DQ\ ILUH GHWHFWLRQ DQG VSULQNOHU V\VWHP DFWLYDWLRQ ZLOO EH DYDLODEOH IURP
6XE�V\VWHP � �3' ������� SRVVLEO\ IROORZLQJ FDOFXODWHG YDOXHV IURP WKLV 6XE�V\VWHP RI VPRNH JDV YHORFLWLHV
DQG WHPSHUDWXUHV� 7KH WLPH RI DFWLYDWLRQ RI VPRNH DQG ILUH EDUULHUV ZLOO DOVR EH SURYLGHG E\ 6XE�V\VWHP �
�3' �������� DJDLQ SRVVLEO\ IROORZLQJ WKH LQSXWV WR LW IURP WKLV 6XE�V\VWHP�

��� /RFDWLRQV RI LQWHUHVW

'XULQJ WKH 4'5� WKH ORFDWLRQV RI LQWHUHVW LQ WHUPV RI WKH SRWHQWLDO LPSDFW RI VPRNH VSUHDG VKRXOG EH
HVWDEOLVKHG� 7KHVH ORFDWLRQV FDQ LQFOXGH�

¦ WKH SRVLWLRQV ZKHUH WKH RFFXSDQWV PD\ EH DW ULVN�
¦ WKH SRVLWLRQV RI VPRNH DQG KHDW GHWHFWRUV OLNHO\ WR EH ILUVW DFWLYDWHG�
¦ WKH SURSRVHG SRVLWLRQV RI ILUH GHWHFWRUV OLQNHG WR DFWLYH V\VWHPV� VXFK DV VHOI�FORVLQJ GRRUV� VKXWWHUV�
H[WLQJXLVKLQJ V\VWHPV� VPRNH FXUWDLQV HWF��
¦ WKH SRVLWLRQV RI DQ\ FRQWHQWV DW ULVN�

7KH ORFDWLRQV RI LQWHUHVW FDQ FKDQJH RYHU WLPH DV WKH ILUH GHYHORSV DQG VSUHDGV� :KHUH VHYHUDO ORFDWLRQV RI
LQWHUHVW DUH FRQVLGHUHG� VHSDUDWH VHWV RI FDOFXODWLRQV PD\ EH QHFHVVDU\�

��� 2XWSXWV IURP 6XE�V\VWHP �

6XE�V\VWHP � ZLOO SURYLGH HVWLPDWHV RI VPRNH SURSHUW\ GLVWULEXWLRQ DV D IXQFWLRQ RI WLPH WKURXJKRXW WKH
EXLOGLQJ� 7KH VPRNH SURSHUWLHV ZLOO EH� JDV YHORFLW\ DQG WHPSHUDWXUH� PDVV IORZ UDWHV RI VPRNH� XQEXUQHG
IXHO DQG WR[LF SURGXFW FRQFHQWUDWLRQV� 7KHVH ZLOO EH DFFRPSDQLHG E\ HVWLPDWHV RI RSWLFDO GHQVLW\ DQG
YLVLELOLW\ WKURXJK WKH VPRNH�

7KH JDV YHORFLW\ DQG WHPSHUDWXUH LQIRUPDWLRQ ZLOO EH XVHG DV LQSXW WR 6XE�V\VWHP � �3' ������� IRU 
DFKLHYHPHQW RI GHWHFWLRQ DQG VXSSUHVVLRQ DFWLYDWLRQ FULWHULD� 7KH GLVWULEXWLRQ RI FRPEXVWLRQ SURGXFW
FRQFHQWUDWLRQ DQG WHPSHUDWXUH ZLOO DOVR EH XVHG DV LQSXW WR 6XE�V\VWHPV � DQG � �3' ������ DQG
3' ��������

��� 6PRNH FKDUDFWHULVWLFV

7KH FKDUDFWHULVWLFV RI VPRNH DW DQ\ ORFDWLRQ FDQ EH XVHG WR HVWDEOLVK ZKHWKHU DQG ZKHQ ORFDO FRQGLWLRQV
EHFRPH XQWHQDEOH RU ZKHWKHU VPRNH GHWHFWRUV� KHDW GHWHFWRUV DQG VXSSUHVVLRQ V\VWHPV ZLOO EH DFWLYDWHG�

,Q PRVW QRQ�LQGXVWULDO FDVHV ZKHUH W\SLFDO EXLOGLQJ FRQWHQWV DUH EXUQLQJ� ORVV RI YLVLELOLW\� DGHTXDWH
HQRXJK IRU VDIH HVFDSH� RFFXUV EHIRUH WKH RQVHW RI LQFDSDFLWDWLQJ WR[LF FRQGLWLRQV� 9LVLELOLW\ WKURXJK VPRNH�
DQG WKH UHVSRQVH RI VPRNH GHWHFWRUV� FDQ EH GHWHUPLQHG IURP WKH RSWLFDO GHQVLW\ RI WKH VPRNH� 7KH UHVSRQVH
RI KHDW GHWHFWRUV FDQ EH GHWHUPLQHG IURP WKH VPRNH WHPSHUDWXUH� &DOFXODWLRQV WR HVWDEOLVK WKH
FRQFHQWUDWLRQ RI WR[LF VSHFLHV DUH JHQHUDOO\ UHTXLUHG RQO\ ZKHQ GHDOLQJ ZLWK XQXVXDOO\ WR[LF FRPEXVWLRQ 
SURGXFWV RU ZKHQ YLVLELOLW\ LV QRW D FULWLFDO OLIH VDIHW\ FULWHULRQ�

��� &DOFXODWLRQ SURFHGXUHV DQG WKH UROH RI FRPSXWHU PRGHOOLQJ

$ ODUJH YDULHW\ RI HQJLQHHULQJ PHWKRGV RI GLIIHULQJ OHYHOV RI FRPSOH[LW\ DUH DYDLODEOH WR HYDOXDWH WKH VSUHDG
RI VPRNH DQG WR[LF JDVHV� 7KH\ LQFOXGH HVWLPDWLRQ IRUPXODH� FRPSXWHU VLPXODWLRQ PRGHOV DQG H[SHULPHQWDO
PHWKRGV�

0RVW RI WKH GHWDLO SUHVHQWHG KHUH LQYROYHV WKH XVH RI LQGLYLGXDO HVWLPDWLRQ IRUPXODH WR GHVFULEH WKH 
FRPSRQHQW SDUWV RI WKH SUREOHP� H�J� WKH VPRNH IORZ IURP WKH ILUH VRXUFH� WKH IORZ RXW RI WKH HQFORVXUH RI 
RULJLQ� WKH IORZ ULVLQJ DERYH D EDOFRQ\� WKH RSWLFDO GHQVLW\ RI WKH VPRNH DW DQ\ SRLQW HWF� HWF�

+RZHYHU� PDQ\ RI WKHVH LQGLYLGXDO WUHDWPHQWV� DQG PRUH� DUH LQFOXGHG ZLWKLQ D ZLGH UDQJH RI FRPSXWHU 
VLPXODWLRQ PRGHOV FXUUHQWO\ DYDLODEOH� 7KHVH FDQ SURYLGH IXOO VLPXODWLRQV RI WKH ZKROH SURFHVV LQFOXGLQJ
WKH DQDO\VHV SURYLGHG LQ WKH RWKHU 6XE�V\VWHPV DQG WKHVH DUH GLVFXVVHG LQ $QQH[ $�
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8VH RI WKHVH VLPXODWLRQ PRGHOV FDQ EOXU WKH VKDUS ERXQGDULHV EHWZHHQ 6XE�V\VWHPV� )RU H[DPSOH D VLQJOH
FRPSXWHU VLPXODWLRQ PRGHO PD\ EH DEOH WR SURYLGH D IXOO\ FRXSOHG OLQN EHWZHHQ WKH YDULDEOHV GLVFXVVHG LQ
6XE�V\VWHPV �� �� �� � DQG SRVVLEO\ �� *LYHQ D FKRVHQ JURZLQJ GHVLJQ ILUH� WKH PRGHO ZLOO QRW RQO\ EH DEOH
WR SURYLGH GHWDLOV RI WKH VPRNH ILOOLQJ RI D EXLOGLQJ VSDFH EXW ZLOO DOVR FDOFXODWH ZKHQ WKH FRQGLWLRQV IRU ILUH
GHWHFWLRQ RU VSULQNOHU DFWLYDWLRQ DUH DFKLHYHG� $W GHWHFWLRQ WKH PRGHO FDQ QRZ VLPXODWH WKH FRQVHTXHQFHV 
RI YDULRXV VPRNH YHQWLODWLRQ VWUDWHJLHV DQG WKHLU LPSDFW RQ WKH RFFXSDQWV� $W FDOFXODWHG DFWLYDWLRQ RI WKH
ILUVW VSULQNOHU� WKH GHVLJQ ILUH JURZWK FDQ EH PRGLILHG DFFRUGLQJ WR WKH JXLGDQFH SURYLGHG LQ 6XE�V\VWHP �
�3' ������� WR DOORZ IRU WKH HIIHFWV RI VSULQNOHU RSHUDWLRQ RQ WKH KHDW UHOHDVH UDWH IURP WKH GHVLJQ ILUH�

7ZR GLVWLQFWO\ GLIIHUHQW W\SHV RI FRPSXWHU ILUH PRGHO DUH DYDLODEOH WR DVVHVV SURSRVHG GHVLJQV� .QRZQ DV
]RQH DQG ILHOG �RU &RPSXWDWLRQDO )OXLG '\QDPLFV� PRGHOV� WKH\ GLIIHU SULPDULO\ LQ WKHLU WUHDWPHQWV RI WKH
JDV SKDVH� 7KH WKHRUHWLFDO EDVLV RI WKH WZR DSSURDFKHV WR PRGHOOLQJ KDV EHHQ GLVFXVVHG LQ VRPH GHWDLO
HOVHZKHUH� H�J� UHIHUHQFHV >�@�>�@� 0RUH LQIRUPDWLRQ LV SURYLGHG RQ WKHVH DSSURDFKHV LQ $QQH[ $�

7KH ]RQDO PHWKRG LV YHU\ VLPLODU LQ DSSURDFK WR WKDW DGRSWHG LQ &ODXVH � DQG UHOLHV RQ DVVHPEOLQJ D
UHODWLYHO\ VPDOO QXPEHU RI HTXDWLRQV VLPLODU RU LGHQWLFDO WR WKRVH GHVFULEHG KHUH� HDFK RI ZKLFK GHVFULEH� WR
WKH GHVLUHG OHYHO RI DFFXUDF\� D UHFRJQL]HG §FRPSRQHQW¨ RI WKH RYHUDOO V\VWHP� 7\SLFDO FRPSRQHQWV ZLOO EH
WKH WKHUPDO SOXPH ULVLQJ DERYH WKH ILUH VRXUFH� D FHLOLQJ OD\HU RI KRW FRPEXVWLRQ SURGXFWV VSLOOLQJ RYHU DQ
§LQYHUWHG¨ ZHLU DERYH DQ RSHQ ZLQGRZ RU RYHU D EDOFRQ\�

1R RQH ]RQH PRGHO FDQ EH H[SHFWHG WR FRYHU DOO FODVVHV RI SUREOHP VLQFH WKH\ DUH EDVHG ODUJHO\ RQ D SULRUL
DVVXPSWLRQV� JXLGHG E\ H[SHULHQFH DQG REVHUYDWLRQ� RQ KRZ ILUHV GHYHORS LQ SDUWLFXODU HQYLURQPHQWV�

7KH LQIOXHQFHV RQ VPRNH PRYHPHQW ZLWKLQ D VPDOO RIILFH RU KRWHO EHGURRP PLJKW EH YHU\ GLIIHUHQW IURP 
WKRVH� VD\� ZLWKLQ D YHU\ ODUJH DWULXP ZKLFK UHTXLUH GLIIHUHQW ]RQDO FRPSRQHQWV�

0RUH VRSKLVWLFDWHG &)' PRGHOV LQVWHDG H[SORLW WKH ODWHVW WHFKQLTXHV XVHG IRU WKH VLPXODWLRQ RI IOXLG IORZ
WKURXJKRXW WKH IXOO EUHDGWK RI HQJLQHHULQJ DSSOLFDWLRQ� 7KHVH VROYH GLUHFWO\� WKURXJKRXW WKH GRPDLQ RI 
LQWHUHVW �XVLQJ QXPHULFDO PHWKRGV� WKH WKUHH GLPHQVLRQDO� WLPH�GHSHQGHQW HTXDWLRQV GHVFULELQJ WKH ODZV 
RI FRQVHUYDWLRQ VXEMHFW WR WKH SDUWLFXODU ERXQGDU\ FRQGLWLRQV RI WKH SUREOHP� 7KHVH HTXDWLRQV DUH QRW WKRVH
SUHVHQWHG LQ &ODXVH � EXW DUH LQVWHDG XQLYHUVDO HTXDWLRQV JRYHUQLQJ IOXLG IORZ DQG KHDW WUDQVIHU�

7KH YLDELOLW\ RI WKHVH PRUH VRSKLVWLFDWHG PRGHOV LV FULWLFDOO\ GHSHQGHQW RQ WKH VSHHG DQG PHPRU\ RI PRGHUQ
FRPSXWHU §KDUGZDUH¨� 7KRXJK WKHVH PRGHOV DUH PRUH FRPSOH[ DQG H[SHQVLYH WR UXQ WKDQ WKH ]RQDO PRGHOV
WKH\ DUH PRUH XQLYHUVDOO\ DSSOLFDEOH� QRW EHLQJ GHSHQGHQW RQ WKH D SULRUL DVVXPSWLRQV RQ VPRNH PRYHPHQW 
RI WKH ]RQDO WUHDWPHQW�

7KH IORZ FKDUW SURYLGHG LQ $QQH[ % �)LJXUH %��� LV LQGLFDWLYH RI WKH FDOFXODWLRQ SURFHGXUHV UHTXLUHG�

([SHULPHQWDO PHWKRGV FDQ DOVR EH XVHG WR HYDOXDWH WKH HIIHFWLYHQHVV RI D SDUWLFXODU GHVLJQ LWVHOI EDVHG RQ
RQH RU PRUH RI WKH WKHRUHWLFDO DSSURDFKHV� 7KHVH UDQJH IURP VPDOO VFDOH PRGHOOLQJ XVLQJ KHDWHG JDV RU
KHOLXP WR UHSUHVHQW WKH EXR\DQF\ RI WKH ILUH WKURXJK VDOW ZDWHU DQDORJXHV >�@ WR IXOO VFDOH §KRW VPRNH¨
WHVWV >�@� >��@�

� 'HVLJQ SURFHGXUH

��� *HQHUDO

7R HQVXUH WKDW WKH VPRNH FRQWURO V\VWHP LV DGHTXDWH IRU LWV SXUSRVH� FDOFXODWLRQV DUH QHFHVVDU\ WR HVWLPDWH
WKH SURSHUWLHV RI WKH VPRNH OLNHO\ WR EH HQFRXQWHUHG DW YDULRXV ORFDWLRQV DQG DW YDULRXV WLPHV ZLWKLQ WKH
GHVLJQ� *LYHQ SDUWLFXODU GHVLJQ RSWLRQV DQG GHVLJQ ILUHV IURP WKH 4'5 DQG 6XE�V\VWHP � �3' �������� WKH
SULPDU\ FRQFHUQ LV WR HYDOXDWH WKH GHJUHH RI DLU HQWUDLQPHQW LQWR WKH EXR\DQW FRPEXVWLRQ SURGXFWV WKDW 
HPHUJH IURP WKH ILUH� 7KLV LV EHFDXVH LW LV WKHVH ODUJH YROXPHV RI DLU WKDW GRPLQDWH WKH PDVV� YROXPH DQG 
WHPSHUDWXUH RI WKH VPRNH DQG LWV WR[LF JDV FRQFHQWUDWLRQV�

&RQVLGHUDWLRQ QHHGV WR EH JLYHQ WR ZKHUH DLU HQWUDLQPHQW ZLOO RFFXU DQG WR FDOFXODWH WKH FRQVHTXHQFHV RI 
WKLV HQWUDLQPHQW RQ WKH NH\ SURSHUWLHV� 7KLV FDQ EH DFKLHYHG E\ H[SORLWLQJ WKH LQGLYLGXDO HTXDWLRQV
SURYLGHG LQ D GHVLJQ VHTXHQFH RU DOWHUQDWLYHO\ E\ H[SORLWDWLRQ RI FRPSXWHU VLPXODWLRQ WRROV� 7KH GLIIHUHQW
FODVVHV RI PRGHO DUH GHVFULEHG EULHIO\ LQ ��� DQG LQ PRUH GHWDLO LQ WKH $QQH[ $�
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��� ,QSXWV WR 6XE�V\VWHP �

����� %XLOGLQJ FKDUDFWHULVWLFV

7KH GLPHQVLRQV DQG JHRPHWU\ RI WKH HQFORVXUHV DQG EXLOGLQJV� LQFOXGLQJ SURSRVHG ORFDWLRQ RI GHWHFWRUV�
VXSSUHVVLRQ V\VWHPV DQG RWKHU DFWLYH SURWHFWLRQ V\VWHPV VKRXOG EH REWDLQHG IURP WKH 4'5 WRJHWKHU ZLWK
GHWDLOV RI HVFDSH URXWHV DQG SODFHV RI UHIXJH� 7KH WKHUPDO SURSHUWLHV DQG WKH VXUIDFH URXJKQHVV RI ERXQGLQJ
VXUIDFHV FDQ KDYH D VXEVWDQWLDO LQIOXHQFH RQ KHDW DQG PRPHQWXP ORVVHV IURP FHLOLQJ MHWV DQG KRW JDV
OD\HUV�

7ULDO ILUH VDIHW\ GHVLJQV LQFOXGLQJ FKRLFH RI VPRNH PDQDJHPHQW V\VWHP SURSRVHG DQG ORFDWLRQ DQG W\SH RI
DQ\ YHQWV ZLOO EH DYDLODEOH IURP WKH 4'5�

����� 2FFXSDQW FKDUDFWHULVWLFV

7KH QXPEHUV DQG ORFDWLRQV RI RFFXSDQWV OLNHO\ WR EH DW ULVN QHHGV WR EH VXSSOLHG E\ WKH 4'5� 7KHVH VKRXOG
LQFOXGH DQ\ IDFWRUV WKDW PD\ KDYH SDUWLFXODU LPSDFW RQ RFFXSDQW HVFDSH H�J� WKHLU PRELOLW\� DOHUWQHVV�
IDPLOLDULW\ ZLWK WKH EXLOGLQJ HWF� *XLGDQFH RQ WKHVH PDWWHUV LV SURYLGHG LQ 6XE�V\VWHP � �3' ��������

����� 'HVLJQ ILUH

7KH VWDUWLQJ SRLQW ZLOO EH WKH GHVLJQ ILUH� 7KH W\SH RI ILUH ZLOO EH VXSSOLHG E\ WKH 4'5 ZLWK LWV
FKDUDFWHULVWLFV �KHDW� VPRNH DQG VSHFLHV UHOHDVH UDWHV� SURYLGHG E\ 6XE�V\VWHP � �3' �������� 7KH GHFLVLRQ
ZLOO EH PDGH LQ WKH 4'5 DV WR ZKHWKHU� IRU GHVLJQ SXUSRVHV� WKH ILUH ZLOO EH FRQVLGHUHG WR EH VWHDG\ RU
WLPH�GHSHQGHQW�

7KH WLPH�GHSHQGHQW GHVLJQ ILUH VKRXOG SURYLGH WKH SK\VLFDO VL]H DQG KHDW RXWSXW RI WKH ILUH FKDQJLQJ ZLWK
WLPH LQ D UHDOLVWLF PDQQHU� DOORZLQJ WKH JURZLQJ WKUHDW WR RFFXSDQWV� SURSHUW\ DQG ILUH�ILJKWHUV WR EH
FDOFXODWHG DV WLPH SURJUHVVHV� 6XFK WLPH�EDVHG FDOFXODWLRQV RI WKH HYROYLQJ KD]DUG XVXDOO\ KDYH WR EH
FRPSDUHG ZLWK VHSDUDWH DVVHVVPHQWV RI WKH WLPH DYDLODEOH IRU VDIH HVFDSH RI WKH RFFXSDQWV DQG IRU LQLWLDWLRQ
RI VXFFHVVIXO ILUH�ILJKWLQJ� 7KHVH FDOFXODWLRQV DUH GLVFXVVHG LQ 6XE�V\VWHPV � DQG � �3' ������
DQG 3' ��������

7KH DOWHUQDWLYH DVVXPSWLRQ RI D VWHDG\ ILUH DOORZV WKH VPRNH FRQWURO V\VWHP WR FDWHU LQGHILQLWHO\ IRU DOO ILUHV
XS WR GHVLJQ ILUH VL]H HIIHFWLYHO\ DOORZLQJ WKH RFFXSDQWV DQ LQGHILQLWH WLPH IRU HVFDSH� 7KLV KDV WKH PHULW RI
QRW UHTXLULQJ RFFXSDQW HYDFXDWLRQ WLPHV WR EH FDOFXODWHG�

,W VKRXOG EH QRWHG WKDW ZKDW PD\ EH D §ZRUVW FDVH¨ FKRLFH IRU RQH GHVLJQ REMHFWLYH PD\ EH D §EHVW FDVH¨ IRU 
DQRWKHU� )RU H[DPSOH� D ODUJH RU IDVW JURZLQJ GHVLJQ ILUH PD\ HQVXUH D FRQVHUYDWLYH HVWLPDWH RI VPRNH 
H[KDXVW FDSDFLW\ UHTXLUHG EXW FDQ DOVR SURGXFH D IDU WRR RSWLPLVWLF HVWLPDWH RI GHWHFWLRQ WLPH� 

����� (QYLURQPHQWDO LQIOXHQFHV

7KH 4'5 ZLOO QHHG WR SURYLGH GDWD RQ�

D� WKH OLNHO\ LQIOXHQFHV RI ZLQG RQ WKH EXLOGLQJ� VLQFH ZLQG�LQGXFHG SUHVVXUHV FDQ KDYH DQ LPSDFW RQ DQ\
VPRNH FRQWURO PHDVXUHV�

E� LQWHUQDO DLU PRYHPHQWV GXH WR WKH QRUPDO KHDWLQJ DQG YHQWLODWLQJ V\VWHPV� WKHVH FDQ KDYH D 
SDUWLFXODUO\ VLJQLILFDQW LPSDFW RQ HDUO\ ILUH GHWHFWLRQ� 

F� VWDFN HIIHFWV LQ WDOO EXLOGLQJV� 7KH SRVVLELOLW\ RI WHPSHUDWXUH LQYHUVLRQV EHWZHHQ IORRU DQG FHLOLQJ ZLOO 
DOVR QHHG WR EH FRQVLGHUHG�

����� $FWLYH V\VWHP DFWLYDWLRQ WLPHV

7KHVH ZLOO EH SURYLGHG E\ 6XE�V\VWHP � �3' ������� EXW FRPSXWHU PRGHOOLQJ RI VPRNH PRYHPHQW LQ WKLV
6XE�V\VWHP PD\ DOORZ WKHVH WLPHV WR EH GHWHUPLQHG KHUH EDVHG RQ WKH FULWHULD IRU DFWLYH V\VWHP RSHUDWLRQ 
IURP 6XE�V\VWHP ��
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��� +HDW FRQWHQW RI SOXPH

1RW DOO WKH KHDW UHOHDVHG E\ WKH ILUH VRXUFH LV FRQYHFWHG DZD\ E\ WKH SOXPH� $ VXEVWDQWLDO IUDFWLRQ� W\SLFDOO\
�� WR �� �� LV ORVW WR WKH VXUURXQGLQJV E\ UDGLDWLYH KHDW WUDQVIHU IURP WKH IODPHV� )RU HQJLQHHULQJ SXUSRVHV
WKLV LV RIWHQ ZULWWHQ�

ZKHUH

��� 6PRNH SOXPHV DERYH ILUH VRXUFH

����� *HQHUDO

5HODWLRQVKLSV DUH SUHVHQWHG IRU WKH PDVV IORZ UDWHV RI VPRNH JHQHUDWHG E\ ILUHV� 7KHVH DUH EDVHG XSRQ WKH 
DLU HQWUDLQHG LQWR WKH ILUH SOXPHV� 7KH\ DUH EDVHG RQ ERWK WKHRU\ DQG H[SHULPHQWDO GDWD� ([FHSW ZKHUH 
VWDWHG WKH PDVV IORZ UDWH RI IXHO LV QHJOLJLEOH ZKHQ FRPSDUHG ZLWK WKDW RI WKH HQWUDLQHG DLU DQG LV QRW WDNHQ
LQWR DFFRXQW�

$W D JLYHQ KHLJKW� HQWUDLQPHQW GHSHQGV RQ WKH KHDW UHOHDVH UDWH RI WKH ILUH DQG DW VPDOO SOXPH KHLJKWV RQ
WKH JHRPHWU\ RI WKH VRXUFH�

����� 7KH D[L�V\PPHWULF SOXPH

7KH SURGXFWV RI FRPEXVWLRQ IURP D ILUH DUH KRW DQG WKHUHIRUH EXR\DQW� 7KH SURGXFWV ULVH DZD\ IURP WKH ILUH 
VRXUFH HQWUDLQLQJ DLU IURP WKH VXUURXQGLQJV� 7KLV DLU PL[HV ZLWK WKH SURGXFWV RI FRPEXVWLRQ WR GLOXWH� FRRO
DQG WR VORZ WKH UHVXOWLQJ SOXPH EXW LQFUHDVLQJ WKH WRWDO YROXPH RI VPRNH WKUHDWHQLQJ WKH RFFXSDQWV RI D
EXLOGLQJ� ,Q WKH HDUO\ VWDJHV GHWDLOV RI WKH HQFORVXUH ZLOO KDYH OLWWOH LQIOXHQFH DOWKRXJK DPELHQW DLU�IORZV
ZLOO� 6HH ������

$V WKH ILUH JURZV WKHQ GHWDLOV VXFK DV WKH ORFDWLRQ RI RSHQLQJV VXFK DV GRRUZD\V RU ZLQGRZV DQG WKH
SUR[LPLW\ RI ZDOOV ZLOO LQIOXHQFH QRW RQO\ WKH UDWH RI KHDW UHOHDVH RI WKH ILUH EXW DOVR WKH HQWUDLQPHQW RI DLU
DQG FRQVHTXHQWO\ WKH YROXPHV RI VPRNH SURGXFHG�

)RU PRVW ILUHV DZD\ IURP ZDOOV� WKH SOXPH FDQ EH FRQVLGHUHG WR EH XQGLVWXUEHG DQG D[L�V\PPHWULF� 7KH
PHDQ KHLJKW RI OXPLQRXV IODPHV IRU ILUHV RI 4
 � � LV JLYHQ E\ >��@� >��@�

RU PRUH VLPSO\

4S  �4 ���

� LV WKH IUDFWLRQ RI WKH WRWDO KHDW UHOHDVH FRQYHFWHG E\ WKH SOXPH�
7KLV FDQ UDQJH W\SLFDOO\ IURP ��� WR ��� GHSHQGLQJ RQ WKH IXHO �GDWD IRU SDUWLFXODU IXHOV DUH 
SURYLGHG LQ &ODXVH ��� 7DEOH ���

4S LV WKH UDWH RI KHDW UHOHDVH FRQYHFWHG E\ WKH SOXPH�
4 LV WKH WRWDO UDWH RI KHDW UHOHDVH RI WKH ILUH VRXUFH�

]IO   ���4
���'V ���

]IO   ���4��� ���

ZKHUH

 IRU §QRUPDO¨ DPELHQW FRQGLWLRQV ���

127( � 4
 GHVFULEHV WKH UHODWLYH FRQWULEXWLRQV RI EXR\DQF\ DQG PRPHQWXP DW WKH VRXUFH� 4
 IRU EXR\DQW 
ILUHV UDQJHV IURP FORVH WR ]HUR WR DURXQG ���� )LUHV ZLWK 4
 DERYH WKLV DUH FORVHU WR MHW ILUHV DQG PRUH
FKDUDFWHULVWLF RI JDVHRXV OHDNDJHV IURP SLSHV HWF�

4
 4


�7�&SJ� �� 'V
� ��

����������������������������������������������� 4

����'V
� ��

���������������������������  
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:KHQ 4
 �� �� WKHQ GLIIHUHQW H[SUHVVLRQV DSSO\� >��@� EXW HTXDWLRQ ��� UHSUHVHQWV DQ XSSHU OLPLW IRU WKH 
IODPH KHLJKW�
127( � )RU 4
 �� �� +HVNHVWDG
V H[SUHVVLRQ >��@ FDQ EH XVHG ZKLFK FDQ EH ZULWWHQ�

127( � 6LQFH HTXDWLRQV ��� DQG ��� GR QRW DJUHH SHUIHFWO\ DW 4
   �� WKH PRUH FRQVHUYDWLYH FKRLFH VKRXOG EH WDNHQ ZKHUH WKHUH LV
GRXEW�

,Q WKH §IDU ILHOG¨ RI VXFK ILUHV �ZKHQ ] ! �'V� WKHQ WKH PDVV IORZ UDWH RI VPRNH� D GLVWDQFH ] DERYH WKH IXHO
VXUIDFH� LV >��@�

ZKHUH

,Q WKH QHDU ILHOG� EHORZ WKH YLVLEOH IODPH KHLJKW ]IO� WKH PDVV IORZ UDWH RI DLU HQWUDLQHG LQWR WKH ILUH LV >��@�

ZKHUH

$OWKRXJK HTXDWLRQ ��� GRHV JLYH UHDVRQDEOH HVWLPDWHV IRU VPRNH PDVV IORZ UDWH DERYH WKH YLVLEOH IODPH
KHLJKW� LWV ODFN RI H[SOLFLW GHSHQGHQFH RQ 4� UHTXLUHV VSHFLDO FDUH WR EH H[HUFLVHG ZKHQ XQGHUWDNLQJ 
VHQVLWLYLW\ VWXGLHV LQ FRQMXQFWLRQ ZLWK RWKHU HTXDWLRQV WKDW DUH 4 GHSHQGHQW� ,Q H[SORULQJ VHQVLWLYLW\ WR
GHVLJQ ILUHV LW FDQ RIWHQ EH DVVXPHG WKDW WKH KHDW UHOHDVH UDWH SHU XQLW DUHD LV FRQVWDQW IRU D SDUWLFXODU ILUH
W\SH� 7KHUH LV WKHQ D VLPSOH UHODWLRQVKLS EHWZHHQ S DQG 4� H�J� IRU D VTXDUH ILUH�

:KHUH 4� LV WKH KHDW UHOHDVH UDWH SHU XQLW DUHD RI ILUH� 7KLV LPSOLHV WKDW PVPRNH � 4��� LQ HTXDWLRQ ��� UDWKHU 
WKDQ 4��� LQ HTXDWLRQ ����

]IO   ���4
���'V � ����'V ���

PVPRNH   �����4S
��� �] � ]����� ���

'V LV WKH OLQHDU GLPHQVLRQ RI WKH VRXUFH�
] LV WKH KHLJKW RI WKH SOXPH DERYH IXHO VXUIDFH�
]� LV WKH KHLJKW RI WKH YLUWXDO VRXUFH DERYH WKH IXHO VXUIDFH�
4S LV WKH FRQYHFWLYH KHDW RXWSXW RI WKH ILUH�

127( � +HUH� ]�  �����'V � ����4
��� 'V >��@ ���

127( � ]� LV XVXDOO\ QHJDWLYH PHDQLQJ WKDW WKH YLUWXDO VRXUFH LV ORFDWHG EHORZ WKH IXHO VXUIDFH �VHH )LJXUH %����

PDLU   ����S]��� ���

S LV WKH SHULPHWHU RI WKH VRXUFH� DQG
PVPRNH   PDLU DERYH WKH IODPH KHLJKW��
127( � 7KLV H[SUHVVLRQ LV VWULFWO\ RQO\ YDOLG EHORZ WKH IODPH WLS EXW FDQ EH XVHG DERYH LW IRU ] � ��'V�

���4 4�S�

��
������������� 
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����� 7KH OLQH SOXPH

5HFWDQJXODU ILUH VRXUFHV ZLWK WKH ORQJHU VLGH JUHDWHU WKDQ ILYH WLPHV WKH VKRUWHU VLGH FDQ EH WUHDWHG DV OLQH
ILUHV� +HUH WKH IODPH OHQJWK LV >��@� >��@�

ZKHUH

,Q WKH IDU ILHOG ZKHQ ] � �GV� WKH SOXPH ZLOO EH FORVH WR D[LV\PPHWULF DQG HTXDWLRQ ��� PD\ EH XVHG�

����� (IIHFW RI DGMDFHQW ZDOOV

:KHQ D ILUH RFFXUV FORVH WR D ZDOO RU LQ D FRUQHU WKHQ DLU FDQ RQO\ EH HQWUDLQHG RYHU D SDUW RI WKH ILUH 
SHULPHWHU� 7KLV FDXVHV IODPHV WR OHQJWKHQ DQG UHGXFHV WKH UHVXOWLQJ PDVV IORZ UDWHV RI VPRNH�

0DVV IORZ UDWHV DUH QRW VLPSO\ KDOYHG RU TXDUWHUHG EXW FDQ EH HVWLPDWHG DV IROORZV� (TXDWLRQV ���� WR ����
SUHVHQWHG KHUH H[SORLW D §PLUURU¨ LPDJH DVVXPSWLRQ WR HVWDEOLVK WKH DSSURSULDWH UHODWLRQVKLSV IURP WKH 
D[LV\PPHWULF HTXDWLRQV ��� DQG ��� ZKLOVW HTXDWLRQV ���� DQG ���� DUH PRGLILFDWLRQV WR HTXDWLRQ ����

)RU ILUHV RI 4
 � � IODPH OHQJWK DJDLQVW D ZDOO EHFRPHV >��@�

7KH PDVV IORZ UDWH RI VPRNH LQ WKH IDU ILHOG RI D ILUH DJDLQVW D ZDOO DQG LQ D FRUQHU ZKHQ ] ! �'V EHFRPH
UHVSHFWLYHO\�

,Q WKH QHDU ILHOG� EHORZ ]IO� HTXDWLRQ ��� PD\ EH PRGLILHG WR DOORZ HQWUDLQPHQW IURP HLWKHU WKUHH TXDUWHUV
RU KDOI RI WKH RYHUDOO SHULPHWHU RI WKH ILUH L�H� WKH PDVV IORZ UDWHV RI VPRNH IURP ZDOO DQG FRUQHU ILUHV EHFRPH
UHVSHFWLYHO\ >��@�

127(  7KHUH KDV EHHQ LQVXIILFLHQW WHVWLQJ RI WKHVH PRGHOV DJDLQVW H[SHULPHQWDO GDWD VHH >��@ IRU D GLVFXVVLRQ RI WKLV LVVXH� 5HVXOWV
DUH RQO\ LQGLFDWLYH DQG LW LV OLNHO\ WKDW HTXDWLRQV ���� DQG ���� SURYLGH DQ RYHU�SUHGLFWLRQ RI IODPH KHLJKW ZKLOVW HTXDWLRQV ���� WR ���� 
SURYLGH DQ XQGHUSUHGLFWLRQ RI VPRNH PDVV IORZ UDWH� 'HSHQGLQJ XSRQ WKH ZKHWKHU WKH FULWLFDO FRQGLWLRQ LV VPRNH PDVV IORZ UDWH RU 
VPRNH FRQFHQWUDWLRQ WKHQ WKH PRVW FRQVHUYDWLYH FKRLFH EHWZHHQ ZDOO�DIIHFWHG DQG IUHH SOXPHV VKRXOG EH FKRVHQ�

����

GV LV WKH ORQJHU OLQHDU GLPHQVLRQ RI WKH VRXUFH�
DQG WKH PDVV IORZ UDWH RI VPRNH� D GLVWDQFH ] DERYH WKH ILUH� XS WR ] � �GV ZLOO EH >��@�

PVPRNH   ����4S
��� GV

���] ����

]IO   ����4��� ����

DQG LQ D FRUQHU

]IO   ����4��� ����

PVPRNH   �����4S
��� �] � ]����� ����

DQG

PVPRNH   �����4S
��� �] � ]����� ����

PVPRNH   ����S]��� ����

DQG

PVPRNH   ����S]��� ����

]IO ����� 4
GV
������
� 


� �
���
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����� (IIHFW RI ILUH�LQGXFHG ZLQGV

$ ILUH SOXPH LQ D VPDOO FRPSDUWPHQW RU FORVH WR DQ HQFORVXUH RSHQLQJ FDQ EH GHIOHFWHG DZD\ IURP LW DV D
UHVXOW RI WKH ILUH�LQGXFHG MHW RI HQWUDLQHG DLU WKURXJK WKH RSHQLQJ� 7KH FRQVHTXHQFH LV WKDW IODPH KHLJKWV
DQG OHQJWKV QHDU VXFK RSHQLQJV FDQ EH GLVWXUEHG DV ZLOO PDVV IORZ UDWHV RI VPRNH� 7KLV FDQ FDXVH DGGLWLRQDO
DLU HQWUDLQPHQW LQWR WKH SOXPH DQG WKHUHIRUH VPRNH PDVV IORZ UDWHV LQ VXFK FLUFXPVWDQFHV FDQ LQFUHDVH 
VXEVWDQWLDOO\� 2QH ZD\ WR FDOFXODWH IRU WKLV LQ WKH QHDU ILHOG� L�H� ZKHQ ] ! �'V� LV WR LQFUHDVH WKH FRQVWDQW
RI SURSRUWLRQDOLW\ LQ HTXDWLRQ ��� >��@�

127(  7KH FRPPHQWV IROORZLQJ HTXDWLRQ ��� DSSO\ HTXDOO\ KHUH� $OWHUQDWLYH� PRUH IOH[LEOH� WUHDWPHQWV EDVHG RQ WKH LQIOXHQFH RI D 
FURVV�ZLQG RQ HTXDWLRQ ��� ZLOO EH IRXQG LQ >��@�

����� 6WUDWLILFDWLRQ RI VPRNH

:KHQ WKH DPELHQW DLU WHPSHUDWXUH DERYH WKH ILUH VRXUFH LV VLJQLILFDQWO\ KLJKHU WKDQ WKDW EHLQJ HQWUDLQHG
LQWR LW DW ORZHU OHYHO� GXH IRU H[DPSOH WR VRODU RU VSDFH KHDWLQJ RI WKH YROXPH FRQFHUQHG� WKHQ WKH SOXPH 
ZLOO VWRS ULVLQJ EHIRUH LW UHDFKHV WKH FHLOLQJ �)LJXUH %���� 7KLV LV EHFDXVH LW KDV QRZ ORVW LWV EXR\DQF\
UHODWLYH WR LWV ZDUPHU VXUURXQGLQJV� $OWKRXJK WKLV VLWXDWLRQ ZLOO HYHQWXDOO\ EH RYHUFRPH LQ WLPH DV WKH ILUH
FRQWLQXHV WR JURZ� LW FDQ KDYH VLJQLILFDQW FRQVHTXHQFHV IRU WKH HDUO\ GHWHFWLRQ RI ILUH�

7KH PD[LPXP KHLJKWV RI ULVH RI D[L�V\PPHWULF DQG OLQH SOXPHV DJDLQVW DQ DPELHQW WHPSHUDWXUH JUDGLHQW

RI  DUH UHVSHFWLYHO\ >�����@�

127( (TXDWLRQ ���� KDV EHHQ UHDVRQDEO\ ZHOO YDOLGDWHG DJDLQVW GDWD EXW HTXDWLRQ ���� KDV \HW WR EH WHVWHG�

��� &HLOLQJ MHWV

����� *HQHUDO

:KHQ D ILUH SOXPH LPSLQJHV RQ D FHLOLQJ� WKH IORZ RI VPRN\ JDVHV WXUQV WR PRYH KRUL]RQWDOO\ EHQHDWK WKH
FHLOLQJ DQG WKHQ WR VSUHDG WR RWKHU DUHDV RI WKH EXLOGLQJ� 7KH YHORFLW\ DQG WHPSHUDWXUH RI WKHVH JDVHV QHHGV 
WR EH NQRZQ WR HQDEOH GHWHFWRU DQG VSULQNOHU DFWLYDWLRQ WLPHV WR EH DVVHVVHG VLQFH WKLV LV ZKHUH VXFK GHYLFHV 
DUH XVXDOO\ LQVWDOOHG� 7KH JDVHV LQLWLDOO\ PRYH DZD\ IURP WKH LPSLQJHPHQW SRLQW LQ DQ D[L�V\PPHWULF 
FHLOLQJ MHW XQWLO LW LPSLQJHV ERXQGLQJ ZDOOV� EHDPV HWF� &HLOLQJ MHWV DUH W\SLFDOO\ � � WR �� � RI WKH ILUH
VRXUFH�WR�FHLOLQJ KHLJKW LQ GHSWK� 7KH PD[LPXP JDV YHORFLWLHV DQG WHPSHUDWXUHV RFFXU ZLWKLQ WKLV MHW DW
DSSUR[LPDWHO\ � � RI WKH WRWDO ILUH VRXUFH�WR�FHLOLQJ KHLJKW� EHORZ WKH FHLOLQJ� ,Q WKH SDUWLFXODU
FLUFXPVWDQFHV RI QDUURZ FKDQQHOV VXFK DV FRUULGRUV RU XQGHU EHDPHG FHLOLQJV� D QHZ WZR�GLPHQVLRQDO
FHLOLQJ MHW EHFRPHV HVWDEOLVKHG�

7KH SURSHUWLHV RI WKH FHLOLQJ MHW DUH GHSHQGHQW XSRQ WKH VXUIDFH URXJKQHVV RI WKH FHLOLQJ WRJHWKHU ZLWK KHDW
ORVVHV WR LW� 0RVW RI WKH PHWKRGV DYDLODEOH >��@ FDOFXODWH WKH PD[LPXP WHPSHUDWXUH DQG YHORFLW\ LQ WKH
FHLOLQJ MHW� ,I GHWHFWRUV RU VSULQNOHU KHDGV DUH VLWXDWHG VXEVWDQWLDOO\ ORZHU WKDQ WKLV GLVWDQFH WKHQ ORZHU
YDOXHV WKDQ WKRVH TXRWHG VKRXOG EH H[SHFWHG OHDGLQJ WR ORQJHU DFWLYDWLRQ WLPHV�

)RU WLPH�GHSHQGHQW GHVLJQ ILUHV� WKH IROORZLQJ HTXDWLRQV FDQ EH DVVXPHG WR EH TXDVL�VWHDG\ DQG WKH
WLPH�YDU\LQJ 4� REWDLQHG IURP 6XE�V\VWHP � �3' �������� LQVHUWHG LQWR WKH DSSURSULDWH HTXDWLRQ� 7KLV LV
UHDVRQDEOH LQ UHODWLYHO\ VPDOO HQFORVXUHV ZKHUH WKH WUDQVLW WLPH RI WKH VPRNH IURP ILUH WR GHWHFWRU LV ORZ 
EXW ZKHUH WKLV LV OLNHO\ WR H[FHHG DURXQG �� VHFRQGV VSHFLDO FRQVLGHUDWLRQ QHHGV WR EH JLYHQ� &)' ILUH 
PRGHOV FDQ EH RI SDUWLFXODU DVVLVWDQFH ZLWK WKHVH SUREOHPV�

7UHDWPHQWV IRU WKH HIIHFWV RI VXUIDFH URXJKQHVV DQG RI KHDW ORVV FDQ EH IRXQG LQ >��@� >��@ RU FDQ EH
LQFRUSRUDWHG E\ XVH RI FRPSXWHU PRGHOV�

PVPRNH   ����S]��� ����

]PD[   ����4S
��� ����

]PD[   ���� ����
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����� $[L�V\PPHWULF FHLOLQJ MHW

7KH PD[LPXP WHPSHUDWXUHV DQG YHORFLWLHV LQ DQ XQFRQILQHG D[L�V\PPHWULF FHLOLQJ MHW XQGHU D VPRRWK
FHLOLQJ SURGXFHG E\ D VWHDG\ ILUH DUH >��@�

ZKHUH

127(  7KHVH HTXDWLRQV DVVXPH WKDW WKH MHW LV PRYLQJ WKURXJK DPELHQW DLU DQG LV QRW VXEPHUJHG ZLWKLQ D FHLOLQJ VPRNH OD\HU�

����� 7ZR�GLPHQVLRQDO FHLOLQJ MHW

7KH WZR�GLPHQVLRQDO FHLOLQJ MHW WKDW GHYHORSV GRZQVWUHDP RI DQ D[L�V\PPHWULF FHLOLQJ MHW LPSLQJLQJ
ERXQGLQJ YHUWLFDO VXUIDFHV VXFK DV EHDPV RU FRUULGRU ZDOOV FDQ EH GHVFULEHG E\ LWV VORZ GHFUHDVH LQ
WHPSHUDWXUH DQG YHORFLW\ >��@�

ZKHUH

IRU  � ���� ����

IRU  ! ���� ����

IRU  � ���� ����

IRU  ! ���� ����

�PD[ LV WKH PD[LPXP WHPSHUDWXUH ULVH LQ WKH FHLOLQJ MHW�
XPD[ LV WKH PD[LPXP JDV YHORFLW\ LQ WKH FHLOLQJ MHW�
U LV WKH UDGLDO GLVWDQFH IURP WKH FHLOLQJ LPSLQJHPHQW SRLQW�
+ LV WKH KHLJKW RI WKH FHLOLQJ DERYH WKH ILUH VRXUFH�

\ ! O ����

DQG

\ ! O ����

�LPS LV WKH PD[LPXP WHPSHUDWXUH ULVH LQ WKH YHUWLFDO SOXPH DW WKH LPSLQJHPHQW SRLQW�
O LV WKH FRUULGRU KDOI ZLGWK�
\ LV WKH GLVWDQFH DORQJ WKH FRUULGRU IURP WKH LPSLQJHPHQW SRLQW�

�PD[
����

+���
����������� 4��� U

+
�����

�PD[
���
+
�������� 4

U
����
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��� )ORZ IURP HQFORVXUH RSHQLQJV

����� *HQHUDO

7KH PDVV IORZ UDWH RI VPRNH IURP D YHUWLFDO RSHQLQJ RI ZLGWK� Z� JUHDWHU WKDQ LWV KHLJKW� K� EHIRUH WKH RQVHW
RI IODVKRYHU LV >��@�

$Q DOWHUQDWLYH SUHVHQWHG LQ WHUPV RI WKH JDV WHPSHUDWXUH LV >�@�

ZKHUH

7KH VPRNH OD\HU GHSWK FDQ EH REWDLQHG E\ HTXDWLQJ WKH PDVV RXWIORZ� HTXDWLRQ ���� ZLWK WKH PDVV
HQWUDLQPHQW UDWH RI DLU LQWR WKH SOXPH IURP HTXDWLRQ ���� ��� RU ����� )RU HTXDWLRQV ��� RU ���� WKLV EHFRPHV�

+HUH &H LV WKH FRQVWDQW RI SURSRUWLRQDOLW\ LQ HTXDWLRQ ��� RU ����� ���� RU ���� UHVSHFWLYHO\�
7KH VPRNH RXWIORZ UHVXOWLQJ IURP HTXDWLQJ WKH SOXPH HQWUDLQPHQW DQG RXWIORZ LV WKHQ�

127( � WDNHV D YDOXH RI ���� � ���� NJ�V���P���� IRU � EHWZHHQ ��� �& DQG � ��� �&� EHORZ ��� �& LW GHFUHDVHV WR IRU H[DPSOH ���� 
DW �� �&�

6LPLODU FDOFXODWLRQV FDQ EH FRQGXFWHG E\ FRXSOLQJ RI HTXDWLRQV ��� DQG ���� EXW LWHUDWLYH PHWKRGV DUH
QHHGHG IRU VROXWLRQ RI WKH UHVXOWLQJ HTXDWLRQ�

PVPRNH   ����K�4SZ����� ����

PVPRNH  ����

&G LV D GLVFKDUJH FRHIILFLHQW IRU WKH RSHQLQJ���� IRU DQ RSHQLQJ ZLWK D GHHS GRZQVWDQG RU ���
IRU QR GRZQVWDQG >�@�

G LV WKH GHSWK RI VPRNH OD\HU LQ WKH RSHQLQJ�

P LV D §SURILOH FRUUHFWLRQ IDFWRU¨ WR DOORZ IRU GHSDUWXUH IURP D VWHS IXQFWLRQ IRU WKH YHUWLFDO

WHPSHUDWXUH JUDGLHQW �
P LV ��� IRU D VWHS IXQFWLRQ EXW FDQ EH WDNHQ DV ��� IRU PRVW KRW JDV
OD\HUV ZKHUH � LV OHVV WKDQ ��� &��

� LV WKH PD[LPXP WHPSHUDWXUH ULVH LQ WKH KRW JDV OD\HU DW WKH RSHQLQJ�
7 LV WKH PD[LPXP WHPSHUDWXUH LQ WKH KRW JDV OD\HU DW WKH RSHQLQJ �7   7� � ���
7� LV WKH DPELHQW DLU WHPSHUDWXUH�

� LV WKH DPELHQW DLU GHQVLW\�

DQG Q   ��� IRU DQ RSHQLQJ PXFK ZLGHU WKDQ WKH KRW JDV OD\HU GHSWK �Z !! G��
Q   � IRU RSHQLQJV PXFK QDUURZHU WKDW WKH KRW JDV OD\HU GHSWK �Z �� G��

G  
����

PVPRNH  
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����� 6SLOO SOXPHV

7KH HTXDWLRQV ��� WR ���� SUHVHQWHG DERYH SHUPLW WKH PDVV IORZ UDWHV RI VPRNH DQG FRPEXVWLRQ SURGXFWV
HPDQDWLQJ IURP WKH ILUH HQFORVXUH WR EH DVVHVVHG� :KHUH WKHVH FDQQRW EH FRQILQHG WR WKH HQFORVXUH RI RULJLQ
RU LWV LPPHGLDWH YLFLQLW\ LW LV OLNHO\ WKDW DGGLWLRQDO DLU HQWUDLQPHQW ZLOO RFFXU HQ URXWH WR UHPRWH VPRNH 
YHQWV�

7KLV HQWUDLQPHQW ZLOO EH GHSHQGHQW RQ GHWDLOV RI WKH GHVLJQ� $ SDUWLFXODUO\ FRPPRQ SUREOHP LV WKDW
DVVRFLDWHG ZLWK VSLOOLQJ RI VPRNH RYHU D EDOFRQ\ HGJH LQWR D ODUJH YRLG� 7KH ODUJHU WKH KHLJKW RI ULVH RI WKH
SOXPH DQG LQGHHG WKH ODUJHU LWV VXUIDFH DUHD WKH JUHDWHU WKH PDVV RI DLU HQWUDLQHG LQWR WKH IORZ DQG
WKHUHIRUH WKH JUHDWHU WKH PDVV IORZ UDWH RI VPRNH WKDW QHHGV WR EH GHDOW ZLWK� 7KLV DGGLWLRQDO PDVV IORZ
UDWH FDQ RIWHQ EH PXFK JUHDWHU WKDQ WKDW HPDQDWLQJ IURP WKH ILUH HQFORVXUH LWVHOI�

7KHUH LV VWLOO FRQVLGHUDEOH XQFHUWDLQW\ DVVRFLDWHG ZLWK WKH DVVHVVPHQW RI WKLV DGGLWLRQDO DLU HQWUDLQPHQW�
$ ODUJH YDULHW\ RI DSSURDFKHV DUH DYDLODEOH� 2QO\ WKH VLPSOHU DUH SUHVHQWHG KHUH� $OWHUQDWLYHV WR WKH XVH RI 
WKHVH DUH WKH %5( PHWKRG >�@ RU &)' PRGHOV �VHH UHIHUHQFH >��@� IRU H[DPSOH��

7KH DGGLWLRQDO PDVV IORZ UDWH RI DLU HQWUDLQHG LQWR D IUHH SOXPH ULVLQJ DERYH D EDOFRQ\ HGJH ZLWK QR
HQWUDLQPHQW LQWR WKH HQGV RI WKH SOXPH EXW ZKHUH LWV ODWHUDO H[WHQW� /� DQG VPRNH GHSWK LQ WKH OD\HU
DSSURDFKLQJ WKH VSLOO HGJH� G� DUH NQRZQ �)LJXUH %�� DQG )LJXUH %��� LV >��@�

ZKHUH

127( � 7KLV H[SUHVVLRQ UHVXOWV IURP DQDO\VLV RI H[SHULPHQWDO GDWD VXJJHVWLQJ WKDW LQ WKH IDU ILHOG WKH VSLOO SOXPH EHKDYHV DV WKRXJK
LW KDV HPHUJHG IURP D YLUWXDO OLQH VRXUFH D GLVWDQFH� G� EHORZ WKH EDOFRQ\ HGJH�

$OWHUQDWLYHO\ >��@ WKLV PD\ EH ZULWWHQ�

ZKHUH

7KH WRWDO PDVV IORZ UDWH RI VPRNH DERYH WKH VSLOO HGJH LV�
PVPRNH  PE� PDLU

127( � 7KLV H[SUHVVLRQ UHVXOWV IURP GLPHQVLRQDO DQDO\VLV RI WKH VDPH GDWD DV ZHUH XVHG IRU HTXDWLRQ ���� EXW ZLWKRXW WKH
DVVXPSWLRQ RI D YLUWXDO VRXUFH� 7KH WZR H[SUHVVLRQV DJUHH ZLWK HDFK RWKHU EXW HTXDWLRQ ���� UHTXLUHV NQRZOHGJH RI G�

7KH\ ERWK DJUHH UHDVRQDEO\ ZHOO ZLWK WKH §%5( PHWKRG¨ >�@ ZKHQ LW XVHV D ORZHU DVVXPHG DLU HQWUDLQPHQW FRQVWDQW ��   ����� LQVWHDG 
RI WKH RULJLQDO ��   ����� WDNHQ IURP WKH /HH DQG (PPRQV >��@ OLQH SOXPH WUHDWPHQW� 7KHUH LV D JURZLQJ ERG\ RI HYLGHQFH WR VXSSRUW 
D UHGXFWLRQ RI HQWUDLQPHQW FRHIILFLHQW �VHH >��@ IRU D VXPPDU\��

$OWKRXJK LW LV SRVVLEOH WR DGMXVW HTXDWLRQV ���� DQG ���� WR DOORZ IRU HQWUDLQPHQW LQWR WKH HQGV RI WKH VSLOO 
SOXPH� H[SHULPHQWDO HYLGHQFH WR VXSSRUW WKHP LV LQDGHTXDWH� $Q DOWHUQDWLYH DSSURDFK >��@ IRU IORZ WKDW LV
FKDQQHOOHG E\ YHUWLFDO VFUHHQV EHIRUH VSLOOLQJ RYHU WKH EDOFRQ\ HGJH VXJJHVWV WKDW WKH WRWDO PDVV HQWUDLQHG�
LQFOXGLQJ WKH HQG HIIHFWV LV�

7KLV H[SUHVVLRQ� ZKLFK GRHV QRW UHTXLUH D NQRZOHGJH RI VPRNH OD\HU GHSWK LQFOXGHV HQWUDLQPHQW LQWR WKH 
VSLOO SOXPH HQGV DV ZHOO DV WKH DSSURDFK IORZ�
127( � (TXDWLRQ ���� XVHV DQ DVVXPSWLRQ� EDVHG RQ HYLGHQFH IURP VPDOO VFDOH H[SHULPHQWV WKDW WKH VPRNH DERYH WKH EDOFRQ\
EHKDYHV DV WKRXJK LW ZHUH HPHUJLQJ IURP D §YLUWXDO RULJLQ¨ D GLVWDQFH ���� + EHORZ WKH EDOFRQ\ HGJH� (TXDWLRQ ���� LQVWHDG DVVXPHV
WKDW WKLV §YLUWXDO RULJLQ¨ LV QRW IL[HG EXW DW D GLVWDQFH� G� EHORZ WKH EDOFRQ\ HGJH� (TXDWLRQ ���� PDNHV QR DVVXPSWLRQV DERXW D YLUWXDO 
RULJLQ� $OWKRXJK FRQYHQLHQW WR XVH WKHVH HTXDWLRQV DUH EDVHG RQ UHODWLYHO\ IHZ GDWD�

7KH GLIIHUHQW FRQVWDQWV RI SURSRUWLRQDOLW\ LQ HTXDWLRQV ���� DQG ���� DUH FDXVHG E\ WKH LQFOXVLRQ RI HQG HIIHFWV DQG UHIOHFW D GLIIHUHQW
GHJUHH RI HQWUDLQPHQW REVHUYHG LQ VPRNH UHVHUYRLUV RI GLIIHUHQW DVSHFW UDWLR�

PDLU   ����4S
���/����] � G� ����

/ LV WKH ODWHUDO H[WHQW RI WKH VSLOO SOXPH� H�J� WKH GLVWDQFH EHWZHHQ FKDQQHOOLQJ VFUHHQV�
G LV WKH VPRNH OD\HU GHSWK DW WKH EDOFRQ\ HGJH�

PDLU   ����4S
���/���] � ������4S � ���PE ����

PE LV WKH PDVV IORZ UDWH RI VPRNH DSSURDFKLQJ WKH EDOFRQ\�

PVPRNH  PE� PDLU   ����4S
���/����] � ����+� ����
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:KHUH WKH VPRNH IORZ LV QRW FKDQQHOOHG EHWZHHQ WKH HQFORVXUH RSHQLQJ DQG WKH VSLOO HGJH� )LJXUH %���
UHIHUHQFH >��@ UHFRPPHQGV WKDW HTXDWLRQ ���� EH PRGLILHG WR�

ZKHUH

127( � $W YHU\ ODUJH KHLJKWV� L�H� ] ! �/ RU ] ! ��Z � E�� WKH SOXPH FDQ EH FRQVLGHUHG D[L�V\PPHWULF DQG HQWUDLQPHQW FDOFXODWHG 
IURP HTXDWLRQ ��� ZLWK ]�   � LI WKLV JLYHV D PRUH FRQVHUYDWLYH VROXWLRQ�

(TXDWLRQV ���� DQG ���� DUH EDVHG RQ UHODWLYHO\ IHZ GDWD DQG DUH LQWHQGHG IRU WKH DVVHVVPHQW RI VPRNH PDVV IORZ UDWHV RQO\� (TXDWLRQ
���� LV XQOLNHO\ WR EH JHQHUDO LQ DSSOLFDWLRQ EXW FDQ EH XVHG IRU E OHVV WKDQ RU HTXDO WR Z� ,W VKRXOG QRW EH XVHG WR LQGLFDWH WKH ZLGWK 
RI IORZ XQGHU WKH EDOFRQ\� :KHUH WKHUH LV XQFHUWDLQW\ DV WR WKH GHJUHH RI VPRNH VSUHDGLQJ XQGHUQHDWK D EDOFRQ\ WKH XVH RI &)'
PRGHOOLQJ VKRXOG EH FRQVLGHUHG�

)RU SUDFWLFDO DSSOLFDWLRQ LW LV UHFRPPHQGHG WKDW HYDOXDWLRQ RI HDFK DSSURDFK LV QHFHVVDU\ DQG WKH PRUH FRQVHUYDWLYH FKRVHQ
GHSHQGLQJ RQ ZKHWKHU WKH FULWLFDO FRQGLWLRQ LV IRU VPRNH PDVV IORZ UDWH RU VPRNH WHPSHUDWXUH RU JDV FRQFHQWUDWLRQ�

:KHUH LW LV FOHDU WKDW WKH VSLOO SOXPH ZLOO DWWDFK WR D ZDOO DERYH WKH EDOFRQ\ HGJH WKH DLU HQWUDLQHG DQG
WKHUHIRUH WKH PDVV IORZ UDWH RI VPRNH ZLOO EH UHGXFHG� 7KLV LV EHFDXVH DLU FDQ QRZ EH HQWUDLQHG IURP RQO\
RQH VLGH DQG IXUWKHUPRUH WXUEXOHQW PL[LQJ LV UHGXFHG E\ WKH VWDELOL]LQJ HIIHFW RI WKH ZDOO� 6LPSOH HVWLPDWHV
EDVHG RQ WKH PHDVXUHPHQWV RI *UHOOD DQG )DHWK >��@ VXJJHVW WKDW WKH PDVV IORZ UDWH RI VPRNH FDQ EH DV
ORZ DV EHWZHHQ �� � DQG �� � RI WKH IUHH SOXPH FRQGLWLRQ�

����� )ORZ RI KRW JDVHV WKURXJK QDWXUDO KRUL]RQWDO YHQWV

7KH PDVV IORZ UDWH RI VPRNH IURP KRUL]RQWDO QDWXUDO YHQWV LV >��@�

ZKHUH

:KHQ UHFDVW LQ WHUPV LQ WHUPV RI YHQW DUHD� HTXDWLRQ ���� EHFRPHV�

7KLV FDQ EH UHDUUDQJHG WR DOORZ YHQW DUHD WR EH GHWHUPLQHG LQ WHUPV RI 4� XVLQJ HTXDWLRQ ����� )RU YHU\ 
ODUJH LQOHW DUHDV�

127( ,Q XVLQJ HTXDWLRQ ��� IRU DQ HVWLPDWH RI PVPRNH� LWV ODFN RI H[SOLFLW GHSHQGHQFH RQ 4� UHTXLUHV VSHFLDO FDUH WR EH H[HUFLVHG ZKHQ
XQGHUWDNLQJ VHQVLWLYLW\ VWXGLHV LQ FRQMXQFWLRQ ZLWK HTXDWLRQV ���� DQG ����� ,W LV DGYLVDEOH LQ GHWHUPLQLQJ VHQVLWLYLW\ RI $Y WR ILUH VL]H
WR HQVXUH WKDW 4� UHPDLQV FRQVWDQW�

PVPRNH  PE� PDLU   ����4S
����Z � E�����] � ����+� ����

Z LV WKH ZLGWK RI WKH RSHQLQJ RQ WR WKH EDOFRQ\�
E LV WKH KRUL]RQWDO GLVWDQFH IURP WKH RSHQLQJ WR EDOFRQ\ HGJH�

PVPRNH  ����

$Y LV WKH WKURDW DUHD RI WKH YHQWLODWRU�
&Y LV WKH FRHIILFLHQW RI GLVFKDUJH�
$L LV WKH WRWDO DUHD RI DOO LQOHWV�
&L LV WKH HQWU\ FRHIILFLHQW IRU LQOHWV�

$Y  
����

$Y  ����

$Y&Y
�

�JG�7�

7� $Y&Y
$L&L
��������������
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� �
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��� 5HSODFHPHQW DLU

,W LV HVVHQWLDO WR HQVXUH WKDW SURYLVLRQ LV PDGH WR DOORZ IRU PDNH�XS RU UHSODFHPHQW DLU WR UHSODFH WKH VPRNH 
PDVV EHLQJ YHQWHG E\ HLWKHU QDWXUDO RU PHFKDQLFDO PHDQV�

7KH LQFRPLQJ DLUIORZ WKURXJK HVFDSH GRRUV VKRXOG QRW H[FHHG � PV�� WR SHUPLW XQLPSHGHG HVFDSH� 6HH
6XE�V\VWHP � �3' ��������

��� 3URSHUWLHV RI WKH VPRNH

����� 7HPSHUDWXUH RI WKH KRW JDVHV

$ VSDWLDOO\ DYHUDJHG WHPSHUDWXUH RI KRW JDVHV DERYH WKH IODPLQJ UHJLRQ RI D ILUH FDQ EH REWDLQHG IURP WKH 
ORFDO PDVV IORZ UDWH DVVXPLQJ D ZHOO�PL[HG OD\HU DQG FRQVHUYDWLRQ RI KHDW�

ZKHUH

:KHUH WKH JDV OD\HU LV SDUWLFXODUO\ ODUJH RU ZKHUH KHDW ORVVHV DUH OLNHO\ WR EH VLJQLILFDQW D QXPHULFDO 
PRGHOOLQJ WUHDWPHQW LV OLNHO\ WR EH QHFHVVDU\�

����� 6PRNH YROXPH IORZ UDWH

7KH YROXPH IORZ UDWH RI D ZHOO�PL[HG OD\HU RI VPRNH DW D SDUWLFXODU ORFDWLRQ ZLOO EH�

ZKHUH

����� 2SWLFDO GHQVLW\ RI VPRNH

3RRU YLVLELOLW\ WKURXJK VPRNH LV RIWHQ WKH ILUVW HIIHFW RI ILUH WR KDPSHU RFFXSDQWV PDNLQJ WKHLU HVFDSH� /LJKW 
LV DWWHQXDWHG E\ VPRNH DFFRUGLQJ WR WKH H[SUHVVLRQ�

ZKHUH

7KLV LV RIWHQ JLYHQ LQ WHUPV RI D EDVH RI �� UDWKHU WKDQ WKH H[SRQHQWLDO IXQFWLRQ�

ZKHUH

�  ����

&S LV WKH VSHFLILF KHDW RI DLU DW FRQVWDQW SUHVVXUH�

9   PVPRNH ����

7 LV WKH ORFDO VPRNH WHPSHUDWXUH�
7� LV WKH DPELHQW DLU WHPSHUDWXUH�

� LV WKH DPELHQW DLU GHQVLW\�
127(  $V ZLWK HTXDWLRQV ����� ���� DQG ���� LW LV DGYLVDEOH LQ GHWHUPLQLQJ VHQVLWLYLW\ RI 9 WR ILUH VL]H ZKHQ XVLQJ HTXDWLRQ ���
IRU PVPRNH WR HQVXUH WKDW 4� UHPDLQV FRQVWDQW�

,  ,�H�.V ����

, LV WKH OLJKW LQWHQVLW\ D GLVWDQFH� V� IURP DQ REVHUYHG REMHFW RI LQWHQVLW\ ,��
. LV WKH H[WLQFWLRQ FRHIILFLHQW�

,  ,�����'V ����

' LV WKH RSWLFDO GHQVLW\ RI WKH VPRNH SHU XQLW SDWK OHQJWK �DQG '   ���.��

4S
PVPRNH&S
���������������������������

7

�7�
�������������
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)URP D VSHFLILHG PDVV RI PDWHULDO LQ D JLYHQ YROXPH� ' LV JLYHQ LV JLYHQ E\�

ZKHUH

7KLV DVVXPHV D KRPRJHQHRXV GLVWULEXWLRQ RI VPRNH WKURXJKRXW WKH YROXPH RI LQWHUHVW� $V ZLWK WKH 
WHPSHUDWXUH GLVWULEXWLRQ LQ ������ D QXPHULFDO PRGHOOLQJ WUHDWPHQW ZLOO EH QHFHVVDU\ LI WKLV DVVXPSWLRQ LV
QRW YDOLG RU ZKHUH PRUH GHWDLOHG ORFDO LQIRUPDWLRQ LV UHTXLUHG�
)RU WKH IORZLQJ FDVH�

ZKHUH

6RPH W\SLFDO YDOXHV IRU 'P DUH SURYLGHG LQ 7DEOH � DQG 7DEOH � RI &ODXVH ���

����� 9LVLELOLW\ WKURXJK VPRNH

9LVLELOLW\ WKURXJK VPRNH FDQ EH UHODWHG WR LWV RSWLFDO GHQVLW\� ,W KDV EHHQ IRXQG H[SHULPHQWDOO\ WKDW IRU
SUDFWLFDO SXUSRVHV WKHVH FDQ EH UHODWHG YHU\ DSSUR[LPDWHO\ E\ >��@�

ZKHUH

7KLV UHODWLRQVKLS LV GHSHQGHQW RQ WKH DYDLODEOH LOOXPLQDWLRQ DQG ZKHUH D VLJQ LV §EDFN LOOXPLQDWHG¨ LWV
YLVLELOLW\ GLVWDQFH LV LQFUHDVHG E\ D IDFWRU RI DSSUR[LPDWHO\ ����
127( ' WKH RSWLFDO GHQVLW\ SHU XQLW OHQJWK LV VRPHWLPHV TXRWHG LQ GHFLEHOV SHU XQLW OHQJWK� 7KH ULJKW KDQG VLGHV RI HTXDWLRQV
���� DQG ���� DUH WKHQ LQFUHDVHG E\ D IDFWRU ���

����� *DV VSHFLHV PDVV FRQFHQWUDWLRQV

7KH PDVV FRQFHQWUDWLRQ� F�� RI D SDUWLFXODU FKHPLFDO VSHFLHV LV JLYHQ E\�

ZKHUH

9DOXHV RI <� IRU FDUERQ PRQR[LGH DUH OLVWHG LQ 7DEOH � DQG 7DEOH � RI &ODXVH ��� 0RUH IXHO GDWD DUH
SUHVHQWHG LQ >��@� $V IRU WKH WHPSHUDWXUH GLVWULEXWLRQ DERYH� D QXPHULFDO PRGHOOLQJ WUHDWPHQW ZLOO EH
QHFHVVDU\ LI WKLV DVVXPSWLRQ LV QRW YDOLG RU ZKHUH PRUH GHWDLOHG ORFDO LQIRUPDWLRQ LV UHTXLUHG�

'   ����

'P LV WKH PDVV RSWLFDO GHQVLW\ IRU WKH IXHO FRQFHUQHG�
9W LV WKH WRWDO YROXPH RI VPRNH�
IE LV WKH WRWDO PDVV RI IXHO EXUQW�

'   ����

9 LV WKH YROXPH IORZ UDWH RI VPRNH�

6  ����

6 LV WKH YLVLELOLW\ GLVWDQFH WKURXJK VPRNH�
' LV WKH RSWLFDO GHQVLW\ SHU XQLW OHQJWK IURP HTXDWLRQ ���� RU �����

F�  ����

<� LV WKH PDVV \LHOG RI WKH VSHFLHV ��

'PIE
9W

��������������

'PPIXHO
9

�����������������������

�
'
����

<�IE
9W
������������
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����� *DV VSHFLHV YROXPH FRQFHQWUDWLRQV

7KH YROXPH FRQFHQWUDWLRQ� &�� LV JLYHQ E\�

ZKHUH

7KHVH FRQFHQWUDWLRQV PD\ EH FRPSDUHG ZLWK WKH WHQDELOLW\ FULWHULD SURYLGHG LQ 6XE�V\VWHP � �3' ��������

��� 6PRNH UHVHUYRLU VL]H

6PRNH FROOHFWLQJ LQ D UHVHUYRLU ZLOO ORVH KHDW DQG WKHUHIRUH EXR\DQF\ WR LWV ERXQGLQJ VXUIDFHV� 7KLV KHDW
ORVV ZLOO GHSHQG XSRQ WKH WKHUPDO SURSHUWLHV RI WKH VXUIDFHV DQG ZLOO LQFUHDVH ZLWK VXUIDFH DUHD� 7KHUH ZLOO 
WKHUHIRUH EH DQ XSSHU OLPLW WR UHVHUYRLU DUHD EH\RQG ZKLFK WKH JDVHV ZLOO QRW UHPDLQ EXR\DQW XQGHUPLQLQJ 
WKH SULQFLSOH RI H[KDXVW YHQWLODWLRQ�

,Q WKH DEVHQFH RI FRPSXWHU PRGHOOLQJ LW EHFDPH FRPPRQ SUDFWLFH WR VSHFLI\ WKH PD[LPXP DUHD IRU D 
QDWXUDOO\ YHQWLODWHG VPRNH UHVHUYRLU DW � ��� P� IRU WKH SURWHFWLRQ RI HVFDSH URXWHV� ULVLQJ WR � ��� P� IRU
SRZHUHG YHQWLODWRUV WR SUHYHQW WKLV VLWXDWLRQ RFFXUULQJ� 7KLV OLPLW URVH WR � ��� P� IRU WKH SURWHFWLRQ RQO\
RI SURSHUW\� 6RPHZKDW GLIIHUHQW FULWHULD KDYH EHHQ DGRSWHG IRU VKRSSLQJ PDOOV EDVHG RQ WKH VDPH
SULQFLSOHV�

7KHVH OLPLWDWLRQV FDQ EH RYHUFRPH E\ WKH XVH RI FRPSXWHU PRGHOOLQJ WHFKQLTXHV WKDW SHUPLW VXFK ORVVHV WR
EH LQFRUSRUDWHG�

��� 0LQLPXP QXPEHU RI H[KDXVW SRLQWV

7KH QXPEHU RI H[KDXVW SRLQWV ZLWKLQ WKH UHVHUYRLU LV LPSRUWDQW VLQFH� IRU DQ\ VSHFLILHG OD\HU GHSWK� WKHUH
LV D PD[LPXP UDWH DW ZKLFK VPRN\ JDVHV FDQ HQWHU DQ\ LQGLYLGXDO H[KDXVW SRLQW� $Q\ IXUWKHU DWWHPSW WR
LQFUHDVH WKH UDWH RI H[KDXVW WKURXJK WKDW H[KDXVW SRLQW PHUHO\ VHUYHV WR GUDZ IUHVK DLU LQWR WKH RULILFH IURP
EHORZ WKH VPRNH OD\HU�

7KLV SKHQRPHQRQ LV VRPHWLPHV NQRZQ DV §SOXJ�KROLQJ¨� :KHUH SOXJ�KROLQJ LV SUHVHQW� SDUW RI WKH LQVWDOOHG
H[KDXVW FDSDFLW\ LV EHLQJ §ZDVWHG¨ E\ GUDZLQJ FOHDQ DLU LQWR WKH RULILFHV RI WKH YHQWLODWRUV LQVWHDG RI VPRN\
JDVHV�

,W IROORZV WKDW� IRU HIILFLHQW H[KDXVW� WKH QXPEHU RI H[KDXVW SRLQWV VKRXOG EH FKRVHQ WR HQVXUH WKDW QR DLU
LV GUDZQ XS LQ WKLV ZD\�

7KH FULWLFDO H[KDXVW UDWH� PFULW� IRU D YHQWLODWRU DZD\ IURP D ZDOO LV JLYHQ E\ >�@�

ZKHUH

7KH HTXDWLRQ VKRZV WKDW WKH FULWLFDO H[KDXVW UDWH LQFUHDVHV UDSLGO\ ZLWK LQFUHDVLQJ OD\HU GHSWK DQG
VXJJHVWV WKDW D QXPEHU RI VPDOO YHQWLODWRUV DUH SUHIHUDEOH WR D VLQJOH ODUJH YHQWLODWRU WR RSWLPL]H WKH
H[KDXVW HIILFLHQF\�

 &�  ����


� LV WKH GHQVLW\ RI WKH VSHFLHV �� )RU &2� 
� LV ���� NJ�P��

PFULW  ����

PFULW FULWLFDO H[KDXVW UDWH DW DQ H[KDXVW SRLQW SULRU WR WKH RQVHW RI SOXJ�KROLQJ �NJV����

� GHQVLW\ RI DLU DW DPELHQW WHPSHUDWXUH �NJP����
J DFFHOHUDWLRQ GXH WR JUDYLW\ �PV����
G GHSWK RI VPRNH OD\HU EHORZ WKH H[KDXVW SRLQW �P��
7� DEVROXWH DPELHQW WHPSHUDWXUH �.��
�� H[FHVV WHPSHUDWXUH RI VPRNH OD\HU ��&��
ZY FKDUDFWHULVWLF ZLGWK RI WKH YHQWLODWRU �P� �H�J� WKH GLDPHWHU� RU WKH GLDPHWHU RI WKH FLUFOH RI WKH

VDPH DUHD��

F�

�
������

����
� J7��� �
���G�ZY

���

7
���������������������������������������������������������������
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3UR[LPLW\ WR D ZDOO ZLOO UHGXFH WKH DYDLODEOH VPRNH GLVFKDUJH FDSDFLW\� 7KH FULWLFDO H[KDXVW IORZ ZLOO UHGXFH
E\ DERXW �� � >��@�

7KH UHTXLUHG QXPEHU RI H[WUDFW YHQWV �1� LV WKHQ JLYHQ E\�

ZKHUH

:KHUH VSULQNOHUV DUH LQVWDOOHG DQG DGGLWLRQDO FRROLQJ RI WKH VPRNH OD\HU QHHGV WR EH DFFRXQWHG IRU� WKH
QXPEHU RI H[KDXVW SRLQWV UHTXLUHG FDQ EH GHWHUPLQHG E\ FDOFXODWLQJ WKH FULWLFDO H[KDXVW UDWH IRU DQ RSHQLQJ 
XVLQJ HTXDWLRQ �����

��� ,QWHUDFWLRQV EHWZHHQ VSULQNOHUV DQG VPRNH YHQWLODWLRQ

6SULQNOHU V\VWHPV DQG VPRNH YHQWLODWRUV DUH ERWK LPSRUWDQW IRU OLIH VDIHW\ DQG IRU SURSHUW\ SURWHFWLRQ
REMHFWLYHV� )UHTXHQWO\ WKHUHIRUH ERWK VSULQNOHUV DQG VPRNH YHQWLODWRUV ZLOO EH XVHG WRJHWKHU� 7KH 
FRQWULEXWLRQ WKDW VPRNH YHQWLODWLRQ ZLOO PDNH WR OLIH VDIHW\ LV WR UHPRYH KRW DQG QR[LRXV JDVHV DQG WR
PDLQWDLQ VXIILFLHQW YLVLELOLW\ WR HQDEOH RFFXSDQWV WR PDNH WKHLU HVFDSH� 7KH PDLQ FRQWULEXWLRQ WKDW LW ZLOO 
PDNH WR SURSHUW\ SURWHFWLRQ LV WR PDNH ILUH�ILJKWLQJ HDVLHU DQG IDVWHU�

$XWRPDWLF VSULQNOHU V\VWHPV KDYH D PDMRU LPSDFW RQ WKH SURWHFWLRQ RI SURSHUW\ DJDLQVW ILUH DQG LI WKH\
RSHUDWH HDUO\ HQRXJK GXULQJ WKH ILUH JURZWK FDQ DOVR KDYH D OLIH VDIHW\ UROH� 7KHLU HIIHFW LV WR UHGXFH WKH
IUHTXHQF\ RI ODUJH ILUHV�

,Q WKH SUHFHGLQJ WH[W� PHWKRGV KDYH EHHQ SUHVHQWHG WR DOORZ VPRNH SURSHUWLHV WR EH FDOFXODWHG DV D 
FRQVHTXHQFH RI ILUH ZLWKLQ D EXLOGLQJ� 7KH LPSDFW RI VSULQNOHU VSUD\V RQ FRQWUROOLQJ WKH UDWH RI ILUH JURZWK
KDV RQO\ EHHQ FRQVLGHUHG� +RZHYHU� WKH GRZQZDUG PRPHQWXP RI VSULQNOHU VSUD\V DFWLYDWHG DW VRPH
GLVWDQFH IURP WKH ILUH VRXUFH FDQ KDYH D GHOHWHULRXV HIIHFW RQ WKH HIILFLHQF\ RI VPRNH YHQWLODWLRQ V\VWHPV�
7KH SUHVHQFH RI VPRNH YHQWLODWLRQ FDQ DOVR GHOD\ WKH DFWLYDWLRQ RI WKH VXSSUHVVLRQ V\VWHP� 7KH FRPELQHG
HIIHFWV RI HQWUDLQPHQW RI VPRN\ JDVHV LQWR GRZQZDUG GLUHFWHG VSUD\V DV ZHOO DV EXR\DQF\ UHGXFWLRQ GXH WR
WKH FRROLQJ HIIHFWV RI WKH VSUD\V QHHGV WR EH FRQVLGHUHG� *XLGDQFH RQ WKHVH LVVXHV LV SURYLGHG LQ� IRU 
H[DPSOH� UHIHUHQFH >�@�

���� )UHH KDQJLQJ VPRNH FXUWDLQV

������ *HQHUDO

6PRNH FXUWDLQV FDQ HLWKHU EH IL[HG RU PRYDEOH� 7KH ODWWHU DUH XVXDOO\ GHVLJQHG WR GURS YHUWLFDOO\ LQ
UHVSRQVH WR DQ DSSURSULDWH VLJQDO� :KHUH WKHVH DUH QRW JXLGHG E\ YHUWLFDO FKDQQHOV EXW DUH IUHH KDQJLQJ
WKHLU OHQJWK VKRXOG EH DGHTXDWH WR FRQWDLQ WKH VPRN\ JDVHV ZLWKRXW VSLOODJH GXH WR KRUL]RQWDO GHIOHFWLRQ E\
EXR\DQF\ DQG IDQ LQGXFHG SUHVVXUH GLIIHUHQWLDOV� 7KLV LV RQO\ OLNHO\ WR EH SUREOHPDWLF ZKHQ FXUWDLQV DUH
GHHS RU WKH ERWWRP EDUV OLJKW�

1 � ����

P WKH PDVV IORZ UDWH HQWHULQJ WKH OD\HU�

P
PFULW
�������������
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������ &XUWDLQV FRQWDLQLQJ D VPRNH OD\HU

7KH GHIOHFWLRQ RI D FXUWDLQ XVHG WR FUHDWH D VPRNH UHVHUYRLU DQG QRW UHDFKLQJ GRZQ WR IORRU OHYHO WKXV
DGPLWWLQJ DLU EHQHDWK LW� LV >�@�

ZKHUH

7KH OHQJWK RI WKH FXUWDLQ WR FRQWDLQ D JDV OD\HU RI GHSWK G FDQ EH FDOFXODWHG XVLQJ DQ LWHUDWLYH SURFHGXUH
IURP�

7KH SURFHGXUH LV DV IROORZV�

�� $VVXPH D VWDUWLQJ YDOXH IRU /F � G�

�� &DOFXODWH 'F XVLQJ HTXDWLRQ �����

�� &DOFXODWH QH[W YDOXH RI /F XVLQJ HTXDWLRQ �����

5HSHDW VWHSV �� WR �� ZLWK WKH QHZ YDOXH RI /F� XQWLO VXFFHVVLYH YDOXHV RI /F GLIIHU E\ DQ DFFHSWDEO\ VPDOO 
DPRXQW �H�J� � ���

7KH FDOFXODWHG YDOXH IRU /F FDQ WKHQ EH PRGLILHG E\ LQFOXGLQJ D WHUP WR DOORZ IRU ERZLQJ RI WKH FXUWDLQ� VR
WKDW >�@�

'F  ����

'F GHIOHFWLRQ RI WKH FXUWDLQ �P��

� GHQVLW\ RI DPELHQW DLU �NJP����
� WHPSHUDWXUH ULVH DERYH DPELHQW RI WKH JDVHV LQ WKH VPRNH OD\HU ��&��
G GHSWK RI WKH JDV OD\HU �P��
0E ZHLJKW SHU PHWUH OHQJWK RI WKH FXUWDLQªV ERWWRP EDU �NJP����
0F ZHLJKW SHU P� RI WKH FXUWDLQ IDEULF �NJP����
/F OHQJWK RI WKH VPRNH FXUWDLQ IURP WRS WR ERWWRP EDU� PHDVXUHG DORQJ WKH IDEULF �P��

/F  ����

/F�ILQDO�  /F � ����/F � G� ����

���

��G�

�7 �0E 0F/F�� �

����������������������������������������������

G 'FWDQ
WDQ �± 'F

G
�������
� 


� �

�
�����������������������������
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������ &XUWDLQV FORVLQJ DQ RSHQLQJ

7KH GHIOHFWLRQ RI D FXUWDLQ WKDW LV XVHG WR FRPSOHWHO\ FORVH DQ RSHQLQJ ZKHUH WKH VPRNH OD\HU H[WHQGV EHORZ 
WKH ERWWRP RI WKH FXUWDLQ LV >�@�

ZKHUH 

7KH UHTXLUHG FXUWDLQ OHQJWK LV FDOFXODWHG XVLQJ D VLPLODU LWHUDWLYH SURFHGXUH EXW XVLQJ HTXDWLRQV ���� DQG
���� LQVWHDG RI ���� DQG �����

$JDLQ WKH FDOFXODWHG YDOXH IRU /F PXVW WKHQ EH PRGLILHG E\ LQFOXGLQJ D WHUP WR DOORZ IRU ERZLQJ RI WKH 
FXUWDLQ DV IRU FXUWDLQV QRW UHDFKLQJ WKH IORRU� VR WKDW�

�� )LUH VDIHW\ PDQDJHPHQW
2QFH LQVWDOOHG LW LV HVVHQWLDO WKDW WKH VPRNH FRQWURO V\VWHP DORQJ ZLWK RWKHU SDVVLYH DQG DFWLYH ILUH VDIHW\
V\VWHPV DUH ZRUNLQJ SURSHUO\� %6 ������ GHVFULEHV KRZ E\ FDUHIXO FRQVLGHUDWLRQ GXULQJ WKH GHVLJQ SKDVH�
WKH ILUH VDIHW\ PDQDJHU FDQ HQVXUH WKDW DOO IXQFWLRQV DUH FRQGXFWHG HIIHFWLYHO\� ,W GHVFULEHV WKH IUHTXHQF\ 
RI LQVSHFWLRQ� PDLQWHQDQFH DQG WHVWLQJ RI WKH ILUH VDIHW\ V\VWHPV�

�� 'DWD
7DEOH �� 7DEOH � DQG 7DEOH � VKRZ WKH IUDFWLRQ RI FKHPLFDO KHDW UHOHDVH IURP VRPH PDWHULDOV FRQYHFWHG E\
SOXPH LQ ZHOO�YHQWLODWHG ILUHV DQG ILUH SURGXFWV IURP ZHOO�YHQWLODWHG IODPLQJ FRPEXVWLRQ RI VSHFLILHG
SURGXFWV UHVSHFWLYHO\�

7DEOH � ¦ )UDFWLRQ RI FKHPLFDO KHDW UHOHDVH IURP VRPH PDWHULDOV FRQYHFWHG E\ SOXPH LQ 
ZHOO�YHQWLODWHG ILUHV �7HZDUVRQ >��@�

GF   ��� ����

K LV WKH KHLJKW RI WKH RSHQLQJ �P� DQG RWKHU YDULDEOHV DUH DV GHILQHG DERYH�

/F  ����

/F�ILQDO�  /F � ����/F � K� ����

0DWHULDO &RQYHFWHG IUDFWLRQ

HWKDQRO ����
NHURVHQH ����
EHQ]HQH ����
RFWDQH ����
VLOLFRQH ����
300$ ����
'RXJODV ILU ����
SRO\VW\UHQH ����
SRO\XUHWKDQH ����


�� �G �K±� �K�

�7 �0E 0F/F�� �

����������������������������������������������

K 'FWDQ
WDQ �± 'F

K
�������
� 
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�
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7DEOH � ¦ )LUH SURGXFWV IURP ZHOO�YHQWLODWHG IODPLQJ FRPEXVWLRQ RI JHQHULF SURGXFWV IURP 
7HZDUVRQ >��@ DQG 0XOKROODQG >��@

127(  &2 \LHOG LQ SDUWLFXODU ZLOO ULVH VXEVWDQWLDOO\ ZLWK OHVV ZHOO�YHQWLODWHG FRPEXVWLRQ DQG FDQ EH H[SHFWHG WR UHDFK ���� IRU PRVW
SURGXFWV LQ VXFK FRQGLWLRQV�

7DEOH � ¦ )LUH SURGXFWV IURP ZHOO YHQWLODWHG IODPLQJ FRPEXVWLRQ IURP 7HZDUVRQ >��@ DQG 
0XOKROODQG >��@

0DWHULDO &DUERQ 0RQR[LGH� <&2 0DVV RSWLFDO GHQVLW\� 'P

�NJ�NJ� �P��NJ�

&HOOXORVLFV ����� ���
3ODVWLFV ����� WR ����� ��� WR � ���
*HQHULF EXLOGLQJ FRQWHQWV ����� ���

0DWHULDO &DUERQ 0RQR[LGH \LHOG� <&2 0DVV RSWLFDO GHQVLW\� 'P

�NJ�NJ� �P��NJ�

SO\ZRRG ¦ ���
300$ ����� ���
39& �ZLWK SODVWLFL]HU� ����� ���
'RXJODV ILU ����� ���
SRO\VW\UHQH ����� ��� WR � ���
SRO\XUHWKDQH ����� ��� WR ���
HWKDQRO ����� ¦
NHURVHQH ����� ¦
EHQ]HQH ����� ¦
RFWDQH ����� ¦
VLOLFRQH ����� ¦
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$QQH[ $ �LQIRUPDWLYH�
&RPSXWHU PRGHOOLQJ

$�� 0RGHO W\SHV

7ZR PRGHO�EXLOGLQJ VWUDWHJLHV KDYH HYROYHG IRU FDOFXODWLQJ WKH HIIHFWV RI ILUH LQ HQFORVXUHV� 7KH\ GLIIHU 
SULPDULO\ LQ WKHLU WUHDWPHQWV RI WKH JDV SKDVH� 7KH PRUH WUDGLWLRQDO PHWKRG UHOLHV RQ DVVHPEOLQJ D
UHODWLYHO\ VPDOO QXPEHU RI FRQVWLWXHQW HTXDWLRQV� HDFK RI ZKLFK GHVFULEH� WR WKH GHVLUHG OHYHO RI DFFXUDF\� 
D UHFRJQL]HG §FRPSRQHQW¨ RI WKH RYHUDOO V\VWHP� 7\SLFDO FRPSRQHQWV PLJKW EH DQ\ RI WKRVH OLVWHG LQ WKH
PDLQ WH[W� 7\SLFDOO\ WKH\ DUH D WKHUPDO SOXPH ULVLQJ DERYH WKH ILUH VRXUFH� D GLVWLQFW FHLOLQJ OD\HU RI KRW
FRPEXVWLRQ SURGXFWV ZKLFK WKHQ IORZV RXW WKURXJK DQ §LQYHUWHG¨ ZHLU DERYH DQ RSHQ ZLQGRZ RU WKURXJK D
GRRUZD\ WR DQ DGMDFHQW VSDFH �)LJXUH $����

6XFK ]RQH PRGHOV� DV WKH\ KDYH EHFRPH NQRZQ� DUH EDVHG ODUJHO\ RQ D SULRUL DVVXPSWLRQV� JXLGHG E\
H[SHULHQFH DQG REVHUYDWLRQ� RQ KRZ ILUHV GHYHORS� 7KH PRVW LPSRUWDQW RI WKHVH LV WKDW WKH HQFORVXUH RI
FRQFHUQ ILOOV ZLWK VPRNH LQ WKH VDPH EXW LQYHUWHG PDQQHU RI D EDWKWXE ILOOLQJ ZLWK ZDWHU� 7KH VPRNH LV WKXV
DVVXPHG WR LPPHGLDWHO\ IRUP D OD\HU EHQHDWK WKH FHLOLQJ DQG WR ILOO GRZQZDUGV XQLIRUPO\ DFURVV WKH HQWLUH 
H[SDQVH RI WKH FHLOLQJ� :KHWKHU D ]RQDO WUHDWPHQW FDQ EH H[SORLWHG ZLOO GHSHQG ODUJHO\ RQ ZKHWKHU WKLV
DVVXPSWLRQ LV YDOLG IRU WKH SDUWLFXODU GHVLJQ XQGHU FRQVLGHUDWLRQ� 7KH DGYDQWDJH WKDW WKH FRPSXWHU ]RQH
PRGHO KDV ZKHQ FRPSDUHG ZLWK WKH LQGLYLGXDO HTXDWLRQV OLVWHG LQ &ODXVH � LV WKH DELOLW\ WR UXQ D IXOO\
FRXSOHG WUDQVLHQW FDOFXODWLRQ DQG WR FDOFXODWH WKH ILOOLQJ RI DQ HQFORVXUH ZLWK WLPH� ,W LV DOVR VWUDLJKWIRUZDUG
WR LQFOXGH WKH HIIHFWV RI KHDW ORVV WR WKH ERXQGLQJ VXUIDFHV�

7KH PRUH UHFHQW PHWKRG� H[SORLWLQJ WHFKQLTXHV ZLGHO\ XVHG HOVHZKHUH LQ HQJLQHHULQJ IOXLG PHFKDQLFV� LV WR
VROYH GLUHFWO\ WKURXJKRXW WKH GRPDLQ RI LQWHUHVW� XVLQJ QXPHULFDO PHWKRGV� WKH WKUHH GLPHQVLRQDO� WLPH�
GHSHQGHQW HTXDWLRQV GHVFULELQJ WKH ODZV RI FRQVHUYDWLRQ VXEMHFW WR WKH SDUWLFXODU ERXQGDU\ FRQGLWLRQV RI 
WKH SUREOHP �)LJXUH $���� 7KHVH PRGHOV� VRPHWLPHV UHIHUUHG WR DV ILHOG PRGHOV� DQG EDVHG RQ WKH DSSOLFDWLRQ
RI FRPSXWDWLRQDO IOXLG G\QDPLFV �&)'�� KDYH RQO\ EHFRPH D SRVVLEOH DOWHUQDWLYH WR WKH ]RQDO DSSURDFK
EHFDXVH RI WKH UDSLG DGYDQFHV LQ UHFHQW \HDUV LQ WKH GHYHORSPHQW RI HOHFWURQLF FRPSXWHUV� 7KHLU YLDELOLW\ LV
FULWLFDOO\ GHSHQGHQW RQ WKH VSHHG DQG PHPRU\ RI PRGHUQ FRPSXWHU §KDUGZDUH¨� 7KH\ DUH PRUH FRPSOH[ DQG 
H[SHQVLYH WR UXQ WKDQ WKH ]RQDO PRGHOV EXW DUH� LQ SULQFLSOH� PRUH XQLYHUVDOO\ DSSOLFDEOH�

)LJXUH $�� ¦ 6FKHPDWLF UHSUHVHQWDWLRQ RI D FRPSXWHU ]RQH PRGHO

Upper zone

Lower zone
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*UHDWHU HPSKDVLV LV JLYHQ KHUH WR WKH &)' PRGHOV VLQFH PXFK RI WKH ]RQDO PRGHOOLQJ WUHDWPHQW LV FRYHUHG 
E\ &ODXVH ��

$�� =RQH PRGHOV

7KH FRQFHSW RI WKH ]RQH PRGHO LV WR FKDUDFWHUL]H WKH HQFORVXUH ILUH E\ D VHULHV RI VHSDUDEOH FRPSRQHQW
SURFHVVHV� RU ]RQHV� WKDW JR WRJHWKHU WR GHVFULEH WKH V\VWHP DV D ZKROH� (DFK ]RQH LV FRQVLGHUHG LQ LVRODWLRQ 
DQG LV GHVFULEHG E\ JOREDO� VHPL�HPSLULFDO HTXDWLRQV VXFK DV WKRVH OLVWHG LQ &ODXVH � DQG GHGXFHG XVXDOO\ 
IURP GLPHQVLRQDO UHDVRQLQJ ZLWK SURSRUWLRQDOLW\ FRQVWDQWV VXSSOLHG E\ H[SHULPHQW� ,QGHHG WKH ]RQH PRGHO
PD\ EH UHJDUGHG DV VLPSO\ D V\QWKHVLV RI VHOHFWHG HVWLPDWLQJ IRUPXODH HLWKHU SUHVHQWHG DERYH RU DFFHSWHG
DV UHDVRQDEOH DOWHUQDWLYHV� 7KH FRPSXWHU PHUHO\ IDFLOLWDWHV UDSLG FDOFXODWLRQ DQG LQWHUDFWLRQ LQ D WUDQVLHQW 
PDQQHU EHWZHHQ ]RQHV WKDW LV GLIILFXOW ZKHQ PRYLQJ VHTXHQWLDOO\ WKURXJK WKH FRPSRQHQW HTXDWLRQV
RI &ODXVH �� 

7KH WUHDWPHQW IRU WKH WKHUPDO SOXPH DERYH WKH ILUH VRXUFH PLJKW EH HTXDWLRQ ��� IRU H[DPSOH� ZLWK
LQIOXHQFH RI WKH HQFORVXUH RQ WKH SOXPH LJQRUHG� +RZHYHU LW LV LPSRUWDQW WR UHDOL]H WKDW PRVW ]RQH PRGHOV
KDYH EHHQ GHYHORSHG IURP UHVHDUFK SURJUDPPHV DQG WKDW WKH LQGLYLGXDO HTXDWLRQV H[SORLWHG FDQ GLIIHU IURP 
WKRVH OLVWHG KHUH DQG LQGHHG GLIIHU EHWZHHQ PRGHOV� ,W LV WKXV YHU\ LPSRUWDQW IRU WKH XVHU WR EH DZDUH RI WKH
FRQVWLWXHQW SDUWV RI WKH PRGHOV DYDLODEOH DQG WR EH LQ D SRVLWLRQ� QRW RQO\ WR GHFLGH ZKHWKHU WKH ]RQDO
DVVXPSWLRQV DUH YDOLG� EXW DOVR WR VHOHFW WKH ]RQH PRGHO DSSURSULDWH IRU WKH SDUWLFXODU DSSOLFDWLRQ�

7KH WKHRUHWLFDO EDVLV RI WKLV DSSURDFK WR PRGHOOLQJ KDV EHHQ GLVFXVVHG LQ VRPH GHWDLO HOVHZKHUH�
H�J� >��@� >��@ DQG GHVFULSWLRQV RI VHOHFWHG PRGHOV ZLOO EH IRXQG� IRU H[DPSOH� LQ >��@� >��@ DQG >��@�

&OHDUO\ WKH LPSRUWDQW ]RQHV ZLOO GLIIHU IURP RQH FODVV RI SUREOHP WR DQRWKHU� <HW PRVW H[LVWLQJ PRGHOV KDYH
EHHQ FRQVWUXFWHG ZLWK WKH SXUSRVH RI WUHDWLQJ D VLQJOH FRPSDUWPHQW RU VHULHV RI FRPSDUWPHQWV ZKRVH VL]H
LV UHSUHVHQWDWLYH RI GRPHVWLF URRPV� RIILFHV RU VPDOOHU LQGXVWULDO XQLWV� )RU WKHVH LW PD\ EH SHUIHFWO\
UHDVRQDEOH WR DVVXPH� IRU H[DPSOH� WKDW VPRNH ILOOV WKH FRPSDUWPHQW IURP WRS WR ERWWRP LQ D PLUURU LPDJH
RI KRZ ZDWHU IURP D WDS ILOOV D EDWKWXE�HVVHQWLDOO\ VWDJQDQW DQG RQH�GLPHQVLRQDO� +RZHYHU� RI FRXUVH� IRU 
PXFK ODUJHU FRPSDUWPHQWV VXFK DV WDOO DWULD RU WKRVH ZLWK D YHU\ ODUJH H[SDQVH RI FHLOLQJ� VXFK DQ
DVVXPSWLRQ PD\ QRW EH YDOLG�

7KH SOXPH ULVH LQ D WDOO YROXPH LV GHSHQGHQW XSRQ WKH DPELHQW OHYHOV RI WHPSHUDWXUH VWUDWLILFDWLRQ�VHH
HTXDWLRQV ���� DQG ����� 7KHUH ZLOO EH D ILUH VL]H IRU D JLYHQ OHYHO RI VWUDWLILFDWLRQ EHORZ ZKLFK LWV FRPEXVWLRQ
SURGXFWV PD\ QHYHU UHDFK WKH FHLOLQJ RU DW OHDVW ZLOO EH GHOD\HG VLJQLILFDQWO\ EHIRUH GRLQJ VR� ,Q D ODUJH DUHD
EXLOGLQJ� ZKHUH WKH FRPEXVWLRQ SURGXFWV GR UHDFK WKH FHLOLQJ� WKH\ FDQ WDNH D VXEVWDQWLDO WLPH WR UHDFK WKH
ERXQGLQJ ZDOOV DQG LQGHHG FDQ FRRO VXIILFLHQWO\ WR PL[ ZLWK ORZHU DPELHQW DLU FXUUHQWV� 6XFK SRVVLELOLWLHV
UHTXLUH VSHFLDO DWWHQWLRQ ZKHQ XVLQJ DQG LQWHUSUHWLQJ WKH UHVXOWV IURP D ]RQH PRGHO� 

$OWKRXJK WKH PRGHUQ GLJLWDO FRPSXWHU LV QRW HVVHQWLDO WR WKH XVH RI ]RQDO PRGHOV� LWV DSSOLFDWLRQ SHUPLWV
IDU PRUH ]RQHV WR LQWHUDFW WKDQ ZRXOG RWKHUZLVH EH SRVVLEOH�

)LJXUH $�� ¦ 6FKHPDWLF UHSUHVHQWDWLRQ RI D &)' PRGHO
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$�� &RPSXWDWLRQDO IOXLG G\QDPLFV �&)'�

$���� *HQHUDO

6LQFH LWV HPHUJHQFH DV D SUDFWLFDO GHVLJQ DQG DQDO\VLV WRRO� FRPSXWDWLRQDO IOXLG G\QDPLFV KDV PDGH DQ
LQFUHDVLQJO\ VLJQLILFDQW FRQWULEXWLRQ WR WKH VROXWLRQ RI IOXLG IORZ SUREOHPV LQ PDQ\ EUDQFKHV RI HQJLQHHULQJ�
([DPSOHV RI LWV DSSOLFDWLRQ FDQ EH IRXQG LQ PDQ\ DUHDV UDQJLQJ IURP DLUIUDPH� VKLSVª KXOO DQG FDU ERG\
GHVLJQ WKURXJK WR DQDO\VHV RI WKH HIILFLHQF\ RI JDV WXUELQHV� FHPHQW NLOQV DQG JODVV IXUQDFHV� ,W LV DOVR EHLQJ 
XVHG IRU WKH GHVLJQ RI KHDWLQJ DQG YHQWLODWLRQ V\VWHPV LQ EXLOGLQJV >��@�

7KH PRGHOV VROYH� QXPHULFDOO\� WKH SDUWLDO GLIIHUHQWLDO HTXDWLRQ VHW GHVFULELQJ WKH SULQFLSOHV RI ORFDO 
FRQVHUYDWLRQ RI PDVV� PRPHQWXP� HQHUJ\ DQG VSHFLHV� VXEMHFW WR WKH SDUWLFXODU ERXQGDU\ FRQGLWLRQV RI WKH
SUREOHP >��@� 7KH\ SURYLGH FDOFXODWLRQV RI KD]DUG IURP D GHYHORSLQJ ILUH ZLWKRXW PDNLQJ WKH DVVXPSWLRQV
QHFHVVDU\ LQ PRUH WUDGLWLRQDO DQDO\VHV� )RU H[DPSOH� LW LV QRW QHFHVVDU\ WR DVVXPH� DV GR WKH ]RQH PRGHOV� 
WKDW WKH VPRNH IURP D ILUH ZLOO LQVWDQWDQHRXVO\ FRYHU WKH FHLOLQJ RI D FRPSDUWPHQW LQ WKH IRUP RI D 
KRPRJHQHRXV OD\HU DQG WKHQ ILOO LW IURP WKH WRS GRZQZDUGV� 7KH LQIOXHQFHV RI SUH�ILUH DPELHQW
VWUDWLILFDWLRQ WKDW PD\ GLVWRUW WKLV VLPSOH SLFWXUH� DW OHDVW LQ WKH HDUO\ VWDJHV� FDQ EH WDNHQ LQWR DFFRXQW� 
6LPLODUO\ WKH WUDQVLW RI WKH FHLOLQJ MHW RYHU D ODUJH FHLOLQJ FDQ EH H[DPLQHG� DV FDQ WKH LQIOXHQFHV RQ SOXPH
DLU HQWUDLQPHQW FDXVHG E\ WKH SUHVHQFH RI ZDOOV DQG ILUH�LQGXFHG ZLQGV� 7KHVH HIIHFWV DUH DOO LQFRUSRUDWHG
QDWXUDOO\ E\ WKH PRUH IXQGDPHQWDO DSSURDFK RI &)'� ,W LV QRW QHFHVVDU\ WR DVVXPH WKDW SOXPH HQWUDLQPHQW
LV GHVFULEHG E\� IRU H[DPSOH� HTXDWLRQV ��� RU ���� LQVWHDG LW ZLOO EH GHWHUPLQHG GXULQJ WKH VROXWLRQ RI WKH 
XQGHUO\LQJ HTXDWLRQV� )XUWKHUPRUH WKH LQIOXHQFHV RI H[WHUQDO ZLQG IRUFHV� GLIILFXOW WR DFFRXQW IRU LQ WKH
]RQDO WUHDWPHQW� DUH WDNHQ DFFRXQW RI WKURXJK FKRLFH RI DSSURSULDWH ERXQGDU\ FRQGLWLRQV�

$���� 3ULQFLSOHV

2QO\ D EULHI VXPPDU\ RI WKH PHWKRGRORJ\ LV RIIHUHG KHUH� PRUH GHWDLOV ZLOO EH IRXQG HOVHZKHUH >��@� >��@�
>��@�

&)' PRGHOV VWDUW ZLWK WKH §H[DFW¨ LQVWDQWDQHRXV SDUWLDO GLIIHUHQWLDO HTXDWLRQ VHW GHVFULELQJ WKH ORFDO
FRQVHUYDWLRQ SULQFLSOHV� )RU VPRNH PRYHPHQW SUREOHPV WKHVH DUH WKHQ VROYHG VXEMHFW WR WKH IROORZLQJ
FULWLFDO GHFLVLRQV�

D� KRZ WR WUHDW WKH SUREOHP RI WXUEXOHQW PL[LQJ�

E� ZKLFK DOJRULWKP LV WR EH XVHG WR FDOFXODWH WKH QXPHULFDO VROXWLRQ RI WKH UHVXOWLQJ HTXDWLRQV DW LQWHULRU 
SRLQWV RI WKH IORZ GRPDLQ�

F� KRZ SURSHUO\ WR DSSUR[LPDWH ERXQGDU\ FRQGLWLRQV DORQJ WKH GRPDLQ ERXQGDULHV�

G� KRZ WR WUHDW FRPEXVWLRQ DQG WKHUPDO UDGLDWLRQ�

,Q WKH GHFLVLRQ D� DERYH� PRVW SUDFWLFDO DSSOLFDWLRQV RI &)' WR GDWH KDYH H[SORLWHG D WLPH�DYHUDJHG 
DSSURDFK WR VROYLQJ WKH §H[DFW¨ HTXDWLRQV DQG WKLV LV ZKDW ZLOO EH SUHVHQWHG KHUH� +RZHYHU DQ DOWHUQDWLYH
DSSURDFK XVLQJ ODUJH HGG\ VLPXODWLRQ WHFKQLTXHV KDV EHFRPH D YLDEOH DOWHUQDWLYH IRU DSSOLFDWLRQ WR VPRNH 
PRYHPHQW SUREOHPV EXW DV \HW WKH GHJUHH RI YHULILFDWLRQ LV OHVV WKDQ IRU WKH SURFHGXUH RXWOLQHG KHUH� 0RUH
LQIRUPDWLRQ RQ WKLV DSSURDFK FDQ EH IRXQG LQ >��@�

7KH EDVLF HTXDWLRQ VHW IRU WKH VLPXODWLRQ RI ILUHV LQ HQFORVXUHV FRPSULVHV WLPH�DYHUDJHG FRQVHUYDWLRQ 
HTXDWLRQV IRU PDVV� PRPHQWXP� HQHUJ\ DQG FKHPLFDO VSHFLHV RI WKH JHQHUDO IRUP�

ZKHUH � LV D JHQHULF YDULDEOH WKDW PD\ UHSUHVHQW� IRU H[DPSOH� WKH WKUHH &DUWHVLDQ YHORFLW\ FRPSRQHQWV XL� 
WKH HQWKDOS\ K RU WKH PDVV IUDFWLRQ RI D SDUWLFXODU VSHFLHV <L� �7KH PDVV FRQWLQXLW\ HTXDWLRQ LV UHSUHVHQWHG
E\ WKH FDVH �   ��� 6� LV D VRXUFH WHUP DSSURSULDWH WR � ZKLFK LQFRUSRUDWHV� IRU H[DPSOH� WKH HIIHFWV RI 
FKHPLFDO SURGXFWLRQ DQG UDGLDWLYH KHDW ORVV�

�$���

L�H� WLPH

UDWH RI � &RQYHFWLRQ   'LIIXVLRQ � 6RXUFH�6LQN

FKDQJH
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$ &DUWHVLDQ JULG LV QRW HVVHQWLDO EXW LV DVVXPHG KHUH IRU VLPSOLFLW\� $OO GHSHQGHQW YDULDEOHV LQ
HTXDWLRQ �$��� DUH WLPH DYHUDJHG TXDQWLWLHV DQG� VLQFH GHQVLW\ IOXFWXDWLRQV DUH XVXDOO\ QHJOHFWHG� PD\ EH
YLHZHG DV LPSOLFLWO\ GHQVLW\�ZHLJKWHG� IRU H[DPSOH�

7KH GLIIXVLRQ WHUP LQFRUSRUDWHV WKH HIIHFWV RI ERWK WXUEXOHQW DQG PROHFXODU GLIIXVLRQ WKURXJK WKH H[FKDQJH 
FRHIILFLHQW ��� ,Q PRVW ILHOG PRGHOV LW LV DVVXPHG WKDW WKH 5H\QROGV VWUHVVHV DQG VFDODU IOX[HV� ZKLFK LQYROYH
WKH FRUUHODWLRQV RI IOXFWXDWLQJ SURSHUWLHV� FDQ EH PRGHOOHG E\ XVH RI WKH JUDGLHQW WUDQVSRUW K\SRWKHVLV� 
ZKLFK IRU VFDODUV LV�

+HUH X�L� DQG ��UHSUHVHQW WKH IOXFWXDWLQJ FRPSRQHQWV RI YHORFLW\ DQG WKH JHQHULF YDULDEOH UHVSHFWLYHO\�

7R GHWHUPLQH WKH ORFDO YDOXH RI �� WZR IXUWKHU WUDQVSRUW HTXDWLRQV DUH VROYHG IRU N� WKH WXUEXOHQFH NLQHWLF
HQHUJ\ DQG LWV UDWH RI GLVVLSDWLRQ� 	� 7KH HIIHFWV RI EXR\DQF\ RQ H[WUD WXUEXOHQFH SURGXFWLRQ �LQ ULVLQJ 
SOXPHV� DQG LQKLELWLRQ �LQ VWUDWLILHG OD\HUV� UHTXLUH VSHFLDO DWWHQWLRQ�

7KH PRGHOOHG FRQVHUYDWLRQ HTXDWLRQV DUH WKHQ GLVFUHWL]HG DQG VROYHG LWHUDWLYHO\ RQ D QXPHULFDO JULG RI 
KXQGUHGV RI WKRXVDQGV� PD\EH PLOOLRQV RI HOHPHQWDU\ FRQWURO YROXPHV ILOOLQJ WKH FRPSXWDWLRQDO GRPDLQ� 
7KLV LV DFKLHYHG XVLQJ §JXHVV�DQG�FRUUHFW RSHUDWLRQV¨�

6ROXWLRQ RI WKHVH HTXDWLRQV DORQH� WRJHWKHU ZLWK WKH DSSURSULDWH LQLWLDO DQG ERXQGDU\ FRQGLWLRQV LV
VXIILFLHQW WR FDSWXUH WKH PDMRU IHDWXUHV RI WKH VPRNH PRYHPHQW SUREOHP IRU D NQRZQ ILUH VL]H�

+RZHYHU WKH LQFRUSRUDWLRQ RI D FRPEXVWLRQ PRGHO LV H[WUHPHO\ LPSRUWDQW IRU PRGHOOLQJ WKH H[WHQGHG
UHOHDVH RI KHDW RYHU D YROXPH GHWHUPLQHG E\ ORFDO PL[LQJ FRQGLWLRQV� 7KH WHPSWDWLRQ WR UHSUHVHQW WKH ILUH
E\ D KHDW VRXUFH VKRXOG EH UHVLVWHG ZLWKRXW D FOHDU DSSUHFLDWLRQ RI WKH FRQVHTXHQFHV�

:KHUH LW LV QHFHVVDU\ WR HVWLPDWH KD]DUG WR KXPDQ OLIH GXH WR LQKDODWLRQ RI WR[LF JDVHV RU WR UDGLDWLYH DQG
FRQYHFWLYH KHDW H[SRVXUH WKH §VXE�PRGHOV¨ RI FRPEXVWLRQ DQG WKHUPDO UDGLDWLRQ DUH DOVR QHHGHG�

$���� &RPEXVWLRQ

7KH WUHDWPHQW RI WKH HIIHFWV RI WXUEXOHQW WUDQVSRUW KDV DOUHDG\ EHHQ PHQWLRQHG EULHIO\� 8QIRUWXQDWHO\ WKH
WXUEXOHQW PL[LQJ SURFHVV DOVR KDV D VLJQLILFDQW LQIOXHQFH RQ WKH PHDQ UDWH RI FKHPLFDO UHDFWLRQ� 7KH
K\GURG\QDPLF PL[LQJ RI IXHO ZLWK DLU LV PXFK VORZHU LQ ILUHV WKDQ LV WKH UDWH RI FKHPLFDO UHDFWLRQ DQG VR LW
LV WKH IRUPHU ZKLFK FRQWUROV WKH UDWH RI IXHO GLVDSSHDUDQFH� 5IX� DQG RI SURGXFW \LHOG�

$ VLPSOH PHWKRG IRU GHDOLQJ ZLWK WKLV GLIILFXOW\ LV WR DOORZ WKH FRPEXVWLRQ SURFHVV WR EH FRQWUROOHG RQO\ E\
WKH UDWH RI VPDOO�VFDOH WXUEXOHQW PL[LQJ EHWZHHQ WKH UHDFWDQWV DQG IRU WKDW UDWH WR EH IXUWKHU FRQWUROOHG E\
WKH FRQFHQWUDWLRQ RI GHILFLHQW UHDFWDQW �HLWKHU DLU RU IXHO�� ,Q DLU�ULFK ORFDWLRQV� WKH UHDFWLRQ LV FRQWUROOHG E\ 
ODFN RI IXHO DQG YLFH�YHUVD LQ IXHO�ULFK ORFDWLRQV� WKXV�

ZKHUH

�$���

�$���

�$���

<IX� <R[ DUH WKH ORFDO PDVV IUDFWLRQV RI IXHO DQG DLU�
V LV WKH VWRLFKLRPHWULF UDWLR�
& LV D QXPHULFDO FRQVWDQW�
( LV WKH DFWLYDWLRQ HQHUJ\�
5 LV WKH JDV FRQVWDQW�
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$ WUDQVSRUW HTXDWLRQ IRU <IX� LQFRUSRUDWLQJ WKH DERYH VRXUFH WHUP� LV VROYHG LQ DGGLWLRQ WR RQH IRU D
QRUPDOLVHG PL[WXUH IUDFWLRQ� I� ZKHUH�

6LQFH I LV FRQVHUYHG LWV WUDQVSRUW HTXDWLRQ GRHV QRW LQYROYH D VRXUFH WHUP� >7KH VXEVFULSWV ��� �� GHQRWH
FRQGLWLRQV LQ WKH IXHO VXSSO\ DQG DPELHQW DLU UHVSHFWLYHO\@� 7KLV PHWKRG FDQ EH XVHG WR SUHGLFW WKH PDMRU
IHDWXUHV RI D ZLGH UDQJH RI EXLOGLQJ ILUH SUREOHPV LQFOXGLQJ WKH VWDEOH VSHFLHV RI &2� DQG +�2�

$���� 7KHUPDO UDGLDWLRQ

7ZR TXLWH GLVWLQFW GLIILFXOWLHV QHHG WR EH DGGUHVVHG IRU WKH UHDOLVWLF PRGHOOLQJ RI UDGLDQW KHDW WUDQVIHU� 7KH 
ILUVW FRQFHUQV §JHRPHWULFDO¨ SUREOHPV DVVRFLDWHG LQ SDUWLFXODU ZLWK WKH H[FKDQJH RI UDGLDQW HQHUJ\ EHWZHHQ 
UHPRWH HPLWWHUV DQG UHFHLYHUV� EH WKH\ VROLG VXUIDFHV VXFK DV FRPSDUWPHQW ZDOOV RU SDUWLFXODWH�JDV SKDVH
PL[WXUHV VXFK DV VPRNH DQG IODPHV� 7KH VHFRQG GLIILFXOW\ FRQFHUQV WKH FDOFXODWLRQ RI WKH ORFDO HPLVVLYH 
SRZHU� 7KH UHODWLYH FRQWULEXWLRQV IURP VRRW DQG JDVHRXV HPLVVLRQV ZLOO YDU\ VXEVWDQWLDOO\ EHWZHHQ IODPH 
DQG VPRNH SURGXFWV� ,Q DGGLWLRQ� DV ZLWK WUDQVSRUW SURFHVVHV DQG FRPEXVWLRQ FKHPLVWU\� WKH HIIHFW RI
WXUEXOHQW IOXFWXDWLRQV LQ WHPSHUDWXUH DQG JDV FRPSRVLWLRQ PD\ LQIOXHQFH UDGLDQW KHDW WUDQVIHU� ,Q VPRNH 
PRYHPHQW DVVHVVPHQW WKLV ODWWHU LQIOXHQFH LV JHQHUDOO\ LJQRUHG� 0DQ\ VPRNH PRYHPHQW DQDO\VHV DVVXPH 
D JUH\ JDV RI IL[HG DEVRUSWLYLW\ DQG FDOFXODWH UDGLDQW KHDW WUDQVIHU RQO\ LQ WKH VL[ &DUWHVLDQ FRRUGLQDWH
GLUHFWLRQV EDVHG RQ WLPH�PHDQ SUHGLFWLRQV RI ORFDO JDV WHPSHUDWXUH�

$���� +HDW WUDQVIHU EHWZHHQ VPRNH DQG HQFORVXUH VXUIDFHV

6ROXWLRQ RI WKH HQWKDOS\ WUDQVSRUW DQG UDGLDWLYH WUDQVIHU HTXDWLRQV GHVFULEHV WKH LQWHUQDO SURFHVVHV RI KHDW
UHGLVWULEXWLRQ ZLWK WKH EXLOGLQJ HQFORVXUH EXW KHDW LV DOVR ORVW LQWR WKH HQYHORSLQJ VWUXFWXUH� $ VLPLODU 
WUHDWPHQW WR WKDW DGRSWHG LQ ]RQH PRGHOOLQJ FDQ EH H[SORLWHG E\ VROYLQJ D TXDVL�VWHDG\� RQH�GLPHQVLRQDO
FRQGXFWLRQ HTXDWLRQ IRU HYHU\ FRQWURO YROXPH RQ WKH HQFORVXUH ERXQGDULHV� 7KH KHDW IOX[ SHU XQLW DUHD ORVW
E\ FRQGXFWLRQ� T�FRQG WR WKH ERXQGDULHV LV�

ZKHUH WKH WHPSHUDWXUH JUDGLHQW ZLWKLQ WKH VROLG LV DVVXPHG KHUH WR EH OLQHDU EHWZHHQ WKH LQWHUQDO VXUIDFH
DW 7V DQG D WKHUPDO SHQHWUDWLRQ GHSWK� �� ZKLFK LV WLPH GHSHQGHQW�

ZKHUH

�$���

�$���

�$���

NZ LV WKH WKHUPDO FRQGXFWLYLW\ RI WKH ERXQGLQJ VROLG�

F LV WKH GHQVLW\ RI WKH ERXQGLQJ VROLG�
&Z LV WKH VSHFLILF KHDW RI WKH ERXQGLQJ VROLG�
W LV WKH WKHUPDO SHQHWUDWLRQ WLPH�
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$���� :KDW WKH PRGHOV SUHGLFW

7KH SULPDU\ RXWSXW RI WKLV NLQG RI PRGHO LV D VHULHV RI WLPH KLVWRULHV IRU HDFK RI WKH YDULDEOHV VROYHG LQ WKH 
HTXDWLRQ VHW $�� �L�H� JDV YHORFLWLHV� JDV WHPSHUDWXUHV� IXHO� R[LGDQW DQG FRPEXVWLRQ SURGXFW FRQFHQWUDWLRQV
WRJHWKHU ZLWK SUHVVXUHV� DW HDFK HOHPHQWDU\ FRQWURO YROXPH WKURXJKRXW WKH FDOFXODWLRQ GRPDLQ� 0DVV
IOX[HV WKURXJK YHQWLODWLRQ RSHQLQJV DV ZHOO DV FRQYHFWLYH DQG UDGLDWLYH KHDW IOX[HV DFURVV WKH IDFH RI VROLG
ERXQGDULHV DUH DOVR SURYLGHG�

6HFRQGDU\ YDULDEOHV FDQ EH GHGXFHG IURP WKH SULPDU\ RQHV E\ WKH XVH RI IXUWKHU DVVXPSWLRQV� 6PRNH
REVFXUDWLRQ LQ HDFK FRQWURO YROXPH� IRU H[DPSOH� FDQ EH GHGXFHG IURP ORFDO FRPEXVWLRQ SURGXFW
FRQFHQWUDWLRQ� DV FDQ FRQFHQWUDWLRQV RI GHWDLOHG FKHPLFDO VSHFLHV� +RZHYHU� GHGXFWLRQV RI WKHVH VHFRQGDU\ 
YDULDEOHV DUH KHDYLO\ GHSHQGHQW RQ WKH DVVXPSWLRQV PDGH DQG DUH LQ WKH VSLULW RI WKH ]RQDO PRGHOOLQJ 
DSSURDFK� 7KH YDOLGLW\ RI WKHVH DVVXPSWLRQV VKRXOG DOZD\V EH NHSW XQGHU UHYLHZ�

$���� :KDW DVVXPSWLRQV DUH QHFHVVDU\"

$V KDV EHHQ PHQWLRQHG� PRGHOV RI WKLV W\SH DYRLG PDQ\ RI WKH DVVXPSWLRQV LPSOLFLW LQ WKH FRQVWUXFWLRQ RI
D ]RQDO PRGHO� +RZHYHU� DV ZLWK PRGHOV RI DOO W\SHV� &)' PRGHOV DOVR UHO\ RQ DVVXPSWLRQV UHJDUGLQJ WKH
FKRLFH RI GHVLJQ ILUH� 7KH VWDWH RI GHYHORSPHQW RI ILUH VFLHQFH LV� DV \HW� XQDEOH WR PDNH DFFXUDWH D SULRUL 
SUHGLFWLRQV RI ILUH JURZWK IRU SUDFWLFDO VLWXDWLRQV� )RU GHVLJQ SXUSRVHV LW LV QHFHVVDU\ WR UHVRUW WR DVVXPHG 
ILUH JURZWK FXUYHV RI WKH W\SH GHVFULEHG LQ 6XE�V\VWHP � �3' ��������

$���� 1XPHULFDO WUHDWPHQW

,W LV QRW WKH LQWHQWLRQ RI WKLV DQQH[ WR FRQVLGHU WKH GHWDLOV RI WKH QXPHULFDO WUHDWPHQW� KRZHYHU WKH 
LPSOLFDWLRQV RI XVLQJ VXFK D PHWKRG QHHG WR EH DSSUHFLDWHG�

D� 7KH FRPSXWHU VROXWLRQV DUH GLVFUHWL]HG DSSUR[LPDWLRQV WR WKH FRQWLQXRXV SDUWLDO GLIIHUHQWLDO 
HTXDWLRQ �$���� FDOFXODWHG DW WKH JULG SRLQWV RI D QXPHULFDO PHVK VSDQQLQJ WKH GRPDLQ RI LQWHUHVW� 7KH 
YDULDWLRQ RI SURSHUW\ EHWZHHQ JULG SRLQWV KDV WR EH DVVXPHG�

E� 7KH GLVFUHWH QDWXUH RI WKH VROXWLRQ PHDQV WKDW LW FDQQRW DFFXUDWHO\ FDSWXUH DOO WKH SK\VLFDO IHDWXUHV
RI WKH WUXH VROXWLRQ DW OHQJWK RU WLPH VFDOHV OHVV WKDQ WKRVH DVVRFLDWHG ZLWK WKH QXPHULFDO PHVK DQG WLPH
VWHS� &HOO GLPHQVLRQV DUH W\SLFDOO\ TXLWH ODUJH� RIWHQ JUHDWHU WKDQ ��� P� DQG� SDUWLFXODUO\ LQ ODUJH
FRPSDUWPHQWV� XVXDOO\ VXEVWDQWLDOO\ ODUJHU� L�H� SHUKDSV HYHQ VHYHUDO PHWUHV� 3KHQRPHQD DW VPDOOHU 
OHQJWK VFDOH DUH GHVFULEHG E\ DSSUR[LPDWH §VXE�JULG¨ VFDOH WXUEXOHQFH PRGHOOLQJ�

$���� $FFHSWDQFH RI WKH VROXWLRQ

%HIRUH DQ\ HQJLQHHULQJ MXGJHPHQW LV PDGH RQ D QXPHULFDO VROXWLRQ LW LV LPSRUWDQW WKDW DQ DFFHSWDEOH OHYHO
RI FRQYHUJHQFH EH GHPRQVWUDWHG� &RQYHUJHQFH LV WKH WHUP WKDW GHVFULEHV ZKHWKHU RU QRW WKH VROXWLRQV RI WKH 
GLVFUHWL]HG IRUP RI WKH HTXDWLRQV DSSURDFK WKH WUXH VROXWLRQ RI WKH SDUWLDO GLIIHUHQWLDO HTXDWLRQV KDYLQJ WKH 
VDPH LQLWLDO DQG ERXQGDU\ FRQGLWLRQV� DV WKH QXPHULFDO PHVK LV UHILQHG DQG DV WKH QXPEHU RI QXPHULFDO
LWHUDWLRQV LQFUHDVHV� 6LQFH WKH WUXH VROXWLRQ LV QRW NQRZQ� FRQYHUJHQFH LV GHWHUPLQHG IRU D JLYHQ PHVK IURP 
LQVSHFWLRQ RI WKH EHKDYLRXU RI WKH §UHVLGXDO¨ HUURUV LQ HDFK RI WKH FRQVHUYDWLRQ HTXDWLRQV DV LWHUDWLYH
VROXWLRQV SURFHHG�

7KHVH UHVLGXDO HUURUV DUH WKH PDJQLWXGHV RI LPEDODQFH EHWZHHQ ULJKW� DQG OHIW�KDQG VLGHV RI WKH GLVFUHWL]HG 
HTXDWLRQV XVLQJ WKH ODWHVW VROXWLRQ RI WKH §JXHVV�DQG�FRUUHFW¨ RSHUDWLRQ IRU HDFK YDULDEOH� ,W LV QRW HQRXJK
VLPSO\ WR GHPRQVWUDWH WKDW D VROXWLRQ GRHV QRW FKDQJH DV LWHUDWLRQ SURFHHGV� 7KLV FRXOG RFFXU LI
FRQVLGHUDEOH XQGHU�UHOD[DWLRQ KDV EHHQ XVHG LQ DQ DWWHPSW WR SURFXUH FRQYHUJHQFH DQG WKH VROXWLRQ WKHQ
EHFRPHV IUR]HQ EXW QRW FRQYHUJHG� )XUWKHUPRUH LW LV LPSRUWDQW WR H[DPLQH WKH VHQVLWLYLW\ RI WKH VROXWLRQ WR
JULG UHILQHPHQW� 7KLV FDQ EH DQ H[SHQVLYH WDVN� UHILQLQJ D JULG E\ D IDFWRU RI WZR LQ HDFK FR�RUGLQDWH
GLUHFWLRQ ZLOO LQFUHDVH FRPSXWDWLRQDO FRVW URXJKO\ E\ D IDFWRU RI HLJKW VR LW LV RIWHQ QHFHVVDU\ WR VWULNH D
FRPSURPLVH EHWZHHQ FRVW DQG DFFXUDF\� 0RVW &)' SDFNDJHV SURYLGH GLDJQRVWLF LQIRUPDWLRQ RQ WKH SURJUHVV
RI UHVLGXDO HUURUV IRU HDFK RI WKH HTXDWLRQV VROYHG� +RZHYHU� LW LV LPSRUWDQW WR EH VDWLVILHG WKDW RYHUDOO PDVV
DQG HQHUJ\ EDODQFHV IRU WKH ZKROH GRPDLQ DUH ZLWKLQ DFFHSWDEOH ERXQGV� &RPSDUWPHQW PDVV RXWIORZV 
VKRXOG EDODQFH PDVV LQIORZV DQG KHDW ORVW LQWR WKH VWUXFWXUH WDNHQ WRJHWKHU ZLWK KHDW ORVW IURP WKH
FRPSDUWPHQW WKURXJK LWV RSHQLQJV VKRXOG EDODQFH WKDW JHQHUDWHG E\ WKH ILUH�
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7KHUH ZLOO EH RFFDVLRQV ZKHUH WKH PRGHO FDQ VXJJHVW XQH[SHFWHG EHKDYLRXU� ,I D SK\VLFDO VLPXODWLRQ ZHUH 
WR SURGXFH VRPHWKLQJ XQH[SHFWHG� WKH HQJLQHHU ZRXOG XVH KLV RU KHU NQRZOHGJH DQG H[SHULHQFH WR H[SODLQ
ZKDW KDV EHHQ VHHQ RU ZKDW KDV EHHQ PHDVXUHG DQG WR UHODWH LW WR WKH SUDFWLFDO SUREOHP LQ KDQG� +RZHYHU� 
ZLWK D QXPHULFDO VLPXODWLRQ VXFK DQ HYHQWXDOLW\ LV PRUH GLVWXUELQJ VLQFH LW FDQ KDYH WZR H[SODQDWLRQV� 
HLWKHU LW LV JHQXLQH DQG ZRXOG KDYH EHHQ REVHUYHG LQ D SK\VLFDO VLPXODWLRQ RU DOWHUQDWLYHO\ LW LV VRPH VRUW
RI PLVOHDGLQJ QXPHULFDO DUWLIDFW�

7KH SRVVLELOLW\ RI WKH ODWWHU FDQQRW EH FRPSOHWHO\ GLVFRXQWHG ZLWK VXFK FRPSOH[ QXPHULFDO VLPXODWLRQV DV
WKRVH LQYROYHG LQ &)'� ,W LV WKHUHIRUH HVVHQWLDO WR §VKDGRZ¨ WKH QXPHULFDO VLPXODWLRQ� ZKHUH SRVVLEOH� ZLWK
NQRZQ VLPSOH FDOFXODWLRQ PHWKRGV�

$����� 0RGH RI ZRUNLQJ

6LQFH FRPSXWDWLRQDO IOXLG G\QDPLFV LV D SDUWLFXODUO\ FRPSOH[ XQGHUWDNLQJ LWV SUDFWLWLRQHUV FDQ EH
VSHFLDOLVWV ZLWK OLWWOH H[SHULHQFH LQ ILUH VFLHQFH DQG ILUH HQJLQHHULQJ� 7KHUHIRUH� ZKHQ DSSO\LQJ &)' WR ILUH 
SUREOHPV� LW LV SDUWLFXODUO\ LPSRUWDQW WKDW WKH SURMHFW WHDP FRQWDLQ ERWK ILUH DQG &)' VNLOOV WR HQVXUH WKDW 
WKH SUREOHP LV SURSHUO\ SRVHG DQG WKDW WKH UHVXOWV SURGXFHG DUH UHDVRQDEOH�

7KH UHVSRQVLELOLWLHV RI WKH ILUH HQJLQHHU DQG &)' SUDFWLWLRQHU FDQ EH VXPPDUL]HG DV IROORZV�

7KH ILUH HQJLQHHU QHHGV WR�

D� VLPSOLI\ WKH SUREOHP WR LWV HVVHQWLDOV� WKH SUHVHQFH RI GHVLJQ IHDWXUHV FDQ LQIOXHQFH VRPH DVSHFWV RI D
SUREOHP EXW QRW RWKHUV� H�J� VWUXFWXUDO EHDPV WKDW FDQ VLJQLILFDQWO\ DIIHFW GHWHFWLRQ WLPHV EXW QRW VPRNH
ILOOLQJ WLPHV�

E� VSHFLI\ WKH ZD\ WKDW WKH ILUH VRXUFH LV WR EH WUHDWHG �FRQVWDQW RU JURZLQJ ILUH� DQG GHFLGH LQ GLVFXVVLRQ
ZLWK WKH &)' SUDFWLWLRQHU ZKHWKHU WKH ILUH LV WR EH WUHDWHG VLPSO\ DV D KHDW VRXUFH RI NQRZQ YROXPH RU 
DUHD RU ZKHWKHU D FRPEXVWLRQ VXE�PRGHO LV UHTXLUHG�

F� §VKDGRZ¨ WKH &)' VLPXODWLRQV ZLWK VLPSOH FDOFXODWLRQV VXFK DV WKRVH SUHVHQWHG LQ WKLV GRFXPHQW DQG
WKH RWKHU 3'ªV WR GHWHUPLQH ZKHWKHU WKH UHVXOWV REWDLQHG IURP WKH &)' DUH UHDVRQDEOH�

7KH &)' SUDFWLWLRQHU QHHGV WR�

�� GHFLGH RQ WKH SODFHPHQW DQG UHILQHPHQW RI WKH JULG PHVK LQ GLVFXVVLRQ ZLWK ILUH VDIHW\ HQJLQHHU
�WR GHWHUPLQH ZKHUH VWHHS SURSHUW\ JUDGLHQWV DUH H[SHFWHG HWF�� DQG WKH WLPH VWHS VL]H�

�� GHPRQVWUDWH FRQYHUJHQFH� HQHUJ\ DQG PDVV EDODQFH LQIRUPDWLRQ�

�� SURYLGH D VWDWHPHQW RQ WKH GHJUHH WR ZKLFK JULG LQVHQVLWLYH VROXWLRQV KDYH EHHQ REWDLQHG�

�� VHW GRZQ WKH DVVXPSWLRQV RQ ZKLFK DQ\ §VHFRQGDU\¨ YDULDEOHV VXFK DV YLVLELOLW\ RU JDV VSHFLHV
FRQFHQWUDWLRQ DUH EDVHG�
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$QQH[ % �LQIRUPDWLYH�
,QGLFDWLYH FDOFXODWLRQ SURFHGXUH

)LJXUH %��� )LJXUH %��� )LJXUH %��� )LJXUH %�� DQG )LJXUH %�� VKRZ VPRNH VSUHDG LQ YDULRXV VLWXDWLRQV� IRU
FDOFXODWLRQ SXUSRVHV�

)LJXUH %�� ¦ )ORZ FKDUW

Calculate smoke
properties of

ceiling jet

Local layer criteria
acceptable?

Repeat as part of
sensitivity analysis

Time to local hazard
exceed escape time?

Time dependant
design fire

Steady state
design fire

Is there a spill
plume

Re-evaluateRe-evaluate

Calculate smoke
properties

Sub-clauses 9.2 and 9.4

Calculate smoke
properties

Sub-clause 9.2  

QDR SS 1

SS 4

Can zonal treatment 
be used?

Use CFD
annex A

Time to detection
and activation of
suppression
systems

No

No

NoNo

Yes

Yes Yes

Yes
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)LJXUH %�� ¦ 6FKHPDWLF VKRZLQJ ORFDWLRQ RI YLUWXDO RULJLQ IRU FDOFXODWLRQ RI VPRNH PDVV
IORZ UDWH LQ §IDU ILHOG

)LJXUH %�� ¦ 6FKHPDWLF VKRZLQJ VPRNH VWUDWLI\LQJ EHIRUH UHDFKLQJ FHLOLQJ LQ DQ DPELHQW
HQYLURQPHQW ZKHUH DLU WHPSHUDWXUH LV HOHYDWHG DW FHLOLQJ OHYHO

z
D

-z
o

z fl

Ceiling

Floor

z m
ax

T/
   

z
Δ

Δ
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)LJXUH %�� ¦ 6LGH HOHYDWLRQ RI VPRNH OD\HU VSLOOLQJ RYHU EDOFRQ\ HGJH

)LJXUH %�� ¦ 3ODQ YLHZ RI VPRNH FKDQQHOOHG E\ VFUHHQV

Air entrainment

z
d

Channelling
screens

Fire

Air 
entrainment

Air 
entrainment

Air 
entrainment

b

w

L
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)LJXUH %�� ¦ 3ODQ YLHZ RI VPRNH VSUHDGLQJ XQFKDQQHOOHG EHQHDWK EDOFRQ\

Fire

Air 
entrainment

Air 
entrainment

Air 
entrainment

b

W
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%LEOLRJUDSK\ 

6WDQGDUGV SXEOLFDWLRQV

%6 ������ �GUDIW�� &RPSRQHQWV IRU VPRNH DQG KHDW FRQWURO V\VWHPV ¦ 3DUW �� &RGH RI SUDFWLFH RQ IXQFWLRQDO
UHTXLUHPHQWV DQG FDOFXODWLRQ PHWKRGV IRU VPRNH DQG KHDW H[KDXVW V\VWHPV HPSOR\LQJ VWHDG\�VWDWH GHVLJQ
ILUHV�

%6 ������ �GUDIW�� &RPSRQHQWV IRU VPRNH DQG KHDW FRQWURO V\VWHPV ¦ 3DUW �� &RGH RI SUDFWLFH RQ IXQFWLRQDO
UHTXLUHPHQWV DQG FDOFXODWLRQ PHWKRGV IRU VPRNH DQG KHDW H[KDXVW V\VWHPV HPSOR\LQJ WLPH�GHSHQGHQW
GHVLJQ ILUHV�

%6 ������ �GUDIW�� 3UHFDXWLRQV DJDLQVW ILUH ¦ 3DUW �� 7KH PDQDJHPHQW RI ILUH VDIHW\�

2WKHU SXEOLFDWLRQV

>�@ )LUH (QJLQHHULQJ 'HVLJQ *XLGH� 8QLYHUVLW\ RI &DQWHUEXU\� 1HZ =HDODQG� �����

>�@ *XLGH IRU 6PRNH 0DQDJHPHQW 6\VWHPV LQ 0DOOV� $WULD DQG /DUJH $UHDV� 1)3$ ��%� 1DWLRQDO )LUH
3URWHFWLRQ $VVRFLDWLRQ� 4XLQF\� �����

>�@ )LUH (QJLQHHULQJ *XLGHOLQHV� )LUH &RGH 5HIRUP &HQWUH /WG� 6WDQGDUGV $XVWUDOLD� �����

>�@ &,%6( *XLGH (� )LUH (QJLQHHULQJ� &KDUWHUHG ,QVWLWXWH IRU %XLOGLQJ 6HUYLFHV (QJLQHHUV� /RQGRQ� �����

>�@ 025*$1� +�3�� *+26+� %�.�� *$55$'� *�� 3$0/,76&+.$� 5�� '( 60('7 -�&� DQG 6FKRRQEDHUW�
'HVLJQ 0HWKRGRORJLHV IRU 6PRNH DQG +HDW ([KDXVW 9HQWLODWLRQ� %5( 5HSRUW ���� �����

>�@ 7KH %XLOGLQJ 5HJXODWLRQV ����� $SSURYHG 'RFXPHQW % ����� HGLWLRQ�� )LUH� +062� �����

>�@ 0,7/(5� +�(� 0DWKHPDWLFDO 0RGHOOLQJ RI (QFORVXUH )LUHV�1XPHULFDO $SSURDFKHV WR &RPEXVWLRQ
0RGHOOLQJ� S���� HG� 2UDQ� (�6� DQG %RULV� -�3�� 3URJUHVV LQ $VWURQDXWLFV DQG $HURQDXWLFV� ���� �����

>�@ &2;� *� &RPSDUWPHQW )LUH 0RGHOOLQJ� &KDSWHU �� HG� &R[� *�� &RPEXVWLRQ )XQGDPHQWDOV RI )LUH� 
$FDGHPLF 3UHVV� /RQGRQ� �����

>�@ 67(&./(5� .�'�� %$80� +�5� DQG 48,17,(5(� -�*� 6DOW ZDWHU PRGHOOLQJ RI ILUH�LQGXFHG IORZV LQ D 
0XOWLFRPSDUWPHQW HQFORVXUH� S ���� 3URF ��VW 6\PSRVLXP �,QWHUQDWLRQDO� RQ &RPEXVWLRQ� 7KH
&RPEXVWLRQ ,QVWLWXWH� 3LWWVEXUJK� �����

>��@ $6�1=6 ���� �,QW������� 6PRNH 0DQDJHPHQW 6\VWHPV�+RW 6PRNH 7HVW� 6WDQGDUGV $XVWUDOLD DQG 
6WDQGDUGV 1HZ =HDODQG� +RPHEXVK DQG :HOOLQJWRQ� �����

>��@ &2;� *� DQG &+,77<� 5� $ 6WXG\ RI WKH 'HWHUPLQLVWLF 3URSHUWLHV RI 8QERXQGHG )LUH 3OXPHV�
&RPEXVWLRQ DQG )ODPH� ��� ���� �����

>��@ &2;� *� DQG &+,77<� 5� 6RPH 6RXUFH 'HSHQGHQW (IIHFWV RI 8QERXQGHG )LUHV� &RPEXVWLRQ DQG )ODPH� 
��� ���� �����

>��@ +(6.(67$'� *� )LUH 3OXPHV� &KDSWHU ���� 6)3( +DQGERRN RI )LUH 3URWHFWLRQ (QJLQHHULQJ�
%RVWRQ� �����

>��@ =8.26.,� (�(�� .8%27$� 7� DQG &(7(*(1� %� (QWUDLQPHQW LQ )LUH 3OXPHV� )LUH VDIHW\ -RXUQDO� �� 
���� ��������

>��@ 7+20$6� 3�+�� +,1./(<� 3�/�� 7+(2%$/'� &�5� DQG 6,006� '�/� ,QYHVWLJDWLRQV LQWR WKH IORZ RI
KRW JDVHV LQ URRI YHQWLQJ� )LUH 5HVHDUFK 7HFKQLFDO 3DSHU 1R �� +062� /RQGRQ� �����

>��@ +$6(0,� <� DQG 1,6+,+$7$� 0� )XHO 6KDSH (IIHFW RQ WKH 'HWHUPLQLVWLF 3URSHUWLHV RI 7XUEXOHQW 
'LIIXVLRQ )ODPHV� S ���� 3URF �QG ,QWHUQDWLRQDO 6\PSRVLXP RQ )LUH 6DIHW\ 6FLHQFH� +HPLVSKHUH� 1HZ <RUN� 
�����

>��@ <8$1� /�0� DQG &2;� *� $Q ([SHULPHQWDO 6WXG\ RI 6RPH /LQH )LUHV� )LUH 6DIHW\ -RXUQDO� ��� ���� ��

>��@ /((� 6�/� DQG (00216� +�:� $ 6WXG\ RI 1DWXUDO &RQYHFWLRQ $ERYH D /LQH )LUH� - )OXLG 0HFKV� ��� 
���� �����

>��@ 325(+� 0� DQG *$55$'� *� $ VWXG\ RI ZDOO DQG FRUQHU ILUH SOXPHV� )LUH 6DIHW\ -RXUQDO� ��� ������ 
�����

>��@ =8.26.,� (�(� 3URSHUWLHV RI )LUH 3OXPHV� &KDSWHU � RI &RPEXVWLRQ )XQGDPHQWDOV RI )LUH� HG * &R[�
$FDGHPLF 3UHVV� �����

>��@ +$16(//� *�2� +HDW DQG 0DVV 7UDQVIHU 3URFHVVHV DIIHFWLQJ VPRNH FRQWURO LQ DWULXP EXLOGLQJV� 
3K' WKHVLV� 6RXWK %DQN 8QLYHUVLW\� /RQGRQ� �����

>��@ 48,17,(5(� -�4�� 5,1.,1(1� :�-� DQG -21(6� :�:� 7KH (IIHFW RI 5RRP 2SHQLQJV RQ )LUH 3OXPH
(QWUDLQPHQW� &RPEXVWLRQ 6FLHQFH DQG 7HFKQRORJ\� ��� �������� �����
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>��@ 025721� %�5�� 7$</25� *�,� DQG 7851(5� -�6� 7XUEXOHQW *UDYLWDWLRQDO &RQYHFWLRQ IURP 0DLQ�
WDLQHG DQG ,QVWDQWDQHRXV 6RXUFHV� 3URF 5R\DO 6RFLHW\� $���� �� �����

>��@ 7+20$6� 3�+� 2Q WKH 6WUDWLILFDWLRQ RI /LQH SOXPHV� %XLOGLQJ 5HVHDUFK (VWDEOLVKPHQW� )LUH 1RWH ��
�����

>��@ (9$16� '� &HLOLQJ -HW )ORZV� 6)3( +DQGERRN RI )LUH 3URWHFWLRQ (QJLQHHULQJ� �QG (GLWLRQ� ����
6RFLHW\ IRU )LUH 3URWHFWLRQ (QJLQHHULQJ� %RVWRQ� �����

>��@ $/3(57� 5�/� &DOFXODWLRQ RI 5HVSRQVH 7LPH RI &HLOLQJ�0RXQWHG )LUH GHWHFWRUV� )LUH 7HFKQRORJ\� ��
���� �����

>��@ '(/,&+$76,26� 0�$� 7KH )ORZ RI )LUH *DVHV 8QGHU D %HDPHG &HLOLQJ� &RPEXVWLRQ DQG )ODPH� ��� 
�� �����

>��@ 7+20$6� 3�+� 7ZR 'LPHQVLRQDO 6PRNH )ORZV IURP )LUHV LQ &RPSDUWPHQWV� 6RPH (QJLQHHULQJ
5HODWLRQVKLSV� )LUH 6DIHW\ -RXUQDO� ��� ���� �����

>��@ .$:$*2(� .� )LUH %HKDYLRXU LQ 5RRPV 5HSRUW 1R �� %XLOGLQJ 5HVHDUFK ,QVWLWXWH� 7RN\R �����

>��@ 0,/(6� 6�� .80$5� 6� DQG &2;� *�� 7KH %DOFRQ\ 6SLOO 3OXPH�VRPH &)' 6LPXODWLRQV� SS ��������
3URF �WK ,QWHUQDWLRQDO 6\PSRVLXP RQ )LUH 6DIHW\ 6FLHQFH� ,$)66� �����

>��@ 325(+�0�� 025*$1� +�3�� 0$56+$//� 1�5� DQG +$55,621� 5�� (QWUDLQPHQW E\ 7ZR�'LPHQ�
VLRQDO 6SLOO 3OXPHV� )LUH 6DIHW\ -RXUQDO� ��� �� �����

>��@ 7+20$6� 3�+�� 025*$1� +�3� DQG 0$56+$//� 1�5�� 7KH 6SLOO 3OXPH LQ 6PRNH &RQWURO 'HVLJQ�
)LUH 6DIHW\ -RXUQDO� ��� ��� �����

>��@ /$:� 0� $ 1RWH RQ 6PRNH 3OXPHV IURP )LUHV LQ 0XOWL�/HYHO 6KRSSLQJ 0DOOV� )LUH 6DIHW\ -RXUQDO� 
����������� �����

>��@ *5(//$� -�-� DQG )$(7+� *�0� 0HDVXUHPHQWV LQ D WZR GLPHQVLRQDO WKHUPDO SOXPH DORQJ D YHUWLFDO 
DGLDEDWLF ZDOO� - )OXLG 0HFKV�� ��� ���� �����

>��@ 635$77� '� DQG +(6(/'(1� $�-�0� (IILFLHQW H[WUDFWLRQ RI VPRNH IURP D WKLQ OD\HU XQGHU D FHLOLQJ� 
)LUH 5HVHDUFK 1RWH ����� )LUH 5HVHDUFK 6WDWLRQ� �����

>��@ 7(:$5621� $� *HQHUDWLRQ RI +HDW DQG &KHPLFDO &RPSRXQGV LQ )LUHV� 6)3( +DQGERRN RI )LUH
3URWHFWLRQ (QJLQHHULQJ� �QG (GLWLRQ� ����� 6RFLHW\ IRU )LUH 3URWHFWLRQ (QJLQHHULQJ� %RVWRQ� �����

>��@ 08/+2//$1'� *�:� 6PRNH 3URGXFWLRQ DQG 3URSHUWLHV� 6)3( +DQGERRN RI )LUH 3URWHFWLRQ 
(QJLQHHULQJ� �QG (GLWLRQ� ������ 6RFLHW\ IRU )LUH 3URWHFWLRQ (QJLQHHULQJ� %RVWRQ� �����

>��@ 0,7/(5� +�(� 0DWKHPDWLFDO 0RGHOOLQJ RI (QFORVXUH )LUHV�1XPHULFDO $SSURDFKHV WR &RPEXVWLRQ
0RGHOOLQJ� S���� HG 25$1� (�6� DQG %25,6� -�3�� 3URJUHVV LQ $VWURQDXWLFV DQG $HURQDXWLFV� ���� �����

>��@ &2;� *� &RPSDUWPHQW )LUH 0RGHOOLQJ� &KDSWHU �� HG� &R[ *� &RPEXVWLRQ )XQGDPHQWDOV RI )LUH� 
$FDGHPLF 3UHVV� /RQGRQ� �����

>��@ &223(5� /�<� DQG 675283� '�:�� $6(7�$ &RPSXWHU 3URJUDP IRU &DOFXODWLQJ $YDLODEOH 6DIH (JUHVV
7LPH� )LUH 6DIHW\ -RXUQDO� �� ������ �����

>��@ 3($&2&.� 5�'�� )251(<� *�3�� 5(1(.(� 3�$�� 3257,(5� 5�0�� -21(6�:�:� &)$67� WKH 
&RQVROLGDWHG 0RGHO RI )LUH *URZWK DQG 6PRNH 7UDQVSRUW� 1DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7HFKQRORJ\�
1,67 7HFKQLFDO 1RWH ����� 1,67� *DLWKHUVEXUJ� 0DU\ODQG� �����

>��@ 1HOVRQ� +�(� )3(722/� )LUH 3URWHFWLRQ (QJLQHHULQJ 7RROV IRU +D]DUG (VWLPDWLRQ� 1DWLRQDO ,QVWLWXWH
RI 6WDQGDUGV DQG 7HFKQRORJ\� 1,67,5 ����� 1,67� *DLWKHUVEXUJ� 0DU\ODQG� �����

>��@ )LUH PRGHOOLQJ� %5( 'LJHVW ��� �*DUVWRQ� %XLOGLQJ 5HVHDUFK (VWDEOLVKPHQW� �������

>��@ 3$7$1.$5� 6� 9� 1XPHULFDO KHDW WUDQVIHU DQG IOXLG IORZ �:DVKLQJWRQ '&� +HPLVSKHUH� �������

>��@ &2;� *� DQG .80$5� 6� 0RGHOOLQJ HQFORVXUH ILUHV XVLQJ &)'� 6)3( +DQGERRN RI )LUH 3URWHFWLRQ
(QJLQHHULQJ� �UG (GLWLRQ� 6RFLHW\ IRU )LUH 3URWHFWLRQ (QJLQHHULQJ� %RVWRQ� WR EH SXEOLVKHG �����

>��@ 0(//� :�(�� 0F*5$77$1� .�%� DQG %$80� +�5� 1XPHULFDO 6LPXODWLRQ RI &RPEXVWLRQ LQ )LUH 
3OXPHV� S����� 3URF ��WK 6\PSRVLXP �,QWHUQDWLRQDO� RQ &RPEXVWLRQ� &RPEXVWLRQ ,QVWLWXWH� �����



EODQN
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%6, ¦ %ULWLVK 6WDQGDUGV ,QVWLWXWLRQ
%6, LV WKH LQGHSHQGHQW QDWLRQDO ERG\ UHVSRQVLEOH IRU SUHSDULQJ 
%ULWLVK 6WDQGDUGV� ,W SUHVHQWV WKH 8. YLHZ RQ VWDQGDUGV LQ (XURSH DQG DW WKH
LQWHUQDWLRQDO OHYHO� ,W LV LQFRUSRUDWHG E\ 5R\DO &KDUWHU�

5HYLVLRQV

%ULWLVK 6WDQGDUGV DUH XSGDWHG E\ DPHQGPHQW RU UHYLVLRQ� 8VHUV RI 
%ULWLVK 6WDQGDUGV VKRXOG PDNH VXUH WKDW WKH\ SRVVHVV WKH ODWHVW DPHQGPHQWV RU 
HGLWLRQV�

,W LV WKH FRQVWDQW DLP RI %6, WR LPSURYH WKH TXDOLW\ RI RXU SURGXFWV DQG VHUYLFHV�
:H ZRXOG EH JUDWHIXO LI DQ\RQH ILQGLQJ DQ LQDFFXUDF\ RU DPELJXLW\ ZKLOH XVLQJ
WKLV %ULWLVK 6WDQGDUG ZRXOG LQIRUP WKH 6HFUHWDU\ RI WKH WHFKQLFDO FRPPLWWHH
UHVSRQVLEOH� WKH LGHQWLW\ RI ZKLFK FDQ EH IRXQG RQ WKH LQVLGH IURQW FRYHU�
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� �����

%6, RIIHUV PHPEHUV DQ LQGLYLGXDO XSGDWLQJ VHUYLFH FDOOHG 3/86 ZKLFK HQVXUHV 
WKDW VXEVFULEHUV DXWRPDWLFDOO\ UHFHLYH WKH ODWHVW HGLWLRQV RI VWDQGDUGV�

%X\LQJ VWDQGDUGV

2UGHUV IRU DOO %6,� LQWHUQDWLRQDO DQG IRUHLJQ VWDQGDUGV SXEOLFDWLRQV VKRXOG EH
DGGUHVVHG WR &XVWRPHU 6HUYLFHV� 7HO� ��� ����� ���� ����� 
)D[� ��� ����� ���� ����� (PDLO� RUGHUV#EVL�JOREDO�FRP� 6WDQGDUGV DUH DOVR
DYDLODEOH IURP WKH %6, ZHEVLWH DW KWWS���ZZZ�EVL�JOREDO�FRP�

,Q UHVSRQVH WR RUGHUV IRU LQWHUQDWLRQDO VWDQGDUGV� LW LV %6, SROLF\ WR VXSSO\ WKH 
%6, LPSOHPHQWDWLRQ RI WKRVH WKDW KDYH EHHQ SXEOLVKHG DV %ULWLVK 6WDQGDUGV�
XQOHVV RWKHUZLVH UHTXHVWHG�

,QIRUPDWLRQ RQ VWDQGDUGV

%6, SURYLGHV D ZLGH UDQJH RI LQIRUPDWLRQ RQ QDWLRQDO� (XURSHDQ DQG 
LQWHUQDWLRQDO VWDQGDUGV WKURXJK LWV /LEUDU\ DQG LWV 7HFKQLFDO +HOS WR ([SRUWHUV
6HUYLFH� 9DULRXV %6, HOHFWURQLF LQIRUPDWLRQ VHUYLFHV DUH DOVR DYDLODEOH ZKLFK JLYH
GHWDLOV RQ DOO LWV SURGXFWV DQG VHUYLFHV� &RQWDFW WKH ,QIRUPDWLRQ &HQWUH� 
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� (PDLO� LQIR#EVL�JOREDO�FRP�

6XEVFULELQJ PHPEHUV RI %6, DUH NHSW XS WR GDWH ZLWK VWDQGDUGV GHYHORSPHQWV
DQG UHFHLYH VXEVWDQWLDO GLVFRXQWV RQ WKH SXUFKDVH SULFH RI VWDQGDUGV� )RU GHWDLOV
RI WKHVH DQG RWKHU EHQHILWV FRQWDFW 0HPEHUVKLS $GPLQLVWUDWLRQ�
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� 
(PDLO� PHPEHUVKLS#EVL�JOREDO�FRP�

,QIRUPDWLRQ UHJDUGLQJ RQOLQH DFFHVV WR %ULWLVK 6WDQGDUGV YLD %ULWLVK 6WDQGDUGV 
2QOLQH FDQ EH IRXQG DW KWWS���ZZZ�EVL�JOREDO�FRP�EVRQOLQH�

)XUWKHU LQIRUPDWLRQ DERXW %6, LV DYDLODEOH RQ WKH %6, ZHEVLWH DW
KWWS���ZZZ�EVL�JOREDO�FRP�

&RS\ULJKW

&RS\ULJKW VXEVLVWV LQ DOO %6, SXEOLFDWLRQV� %6, DOVR KROGV WKH FRS\ULJKW� LQ WKH
8.� RI WKH SXEOLFDWLRQV RI WKH LQWHUQDWLRQDO  VWDQGDUGL]DWLRQ ERGLHV� ([FHSW DV
SHUPLWWHG XQGHU WKH &RS\ULJKW� 'HVLJQV DQG 3DWHQWV $FW ���� QR H[WUDFW PD\ EH
UHSURGXFHG� VWRUHG LQ D UHWULHYDO V\VWHP RU WUDQVPLWWHG LQ DQ\ IRUP RU E\ DQ\
PHDQV ¥  HOHFWURQLF� SKRWRFRS\LQJ� UHFRUGLQJ RU RWKHUZLVH ¥ ZLWKRXW SULRU ZULWWHQ
SHUPLVVLRQ IURP %6,�

7KLV GRHV QRW SUHFOXGH WKH IUHH XVH� LQ WKH FRXUVH RI LPSOHPHQWLQJ WKH VWDQGDUG�
RI QHFHVVDU\ GHWDLOV VXFK DV V\PEROV� DQG VL]H� W\SH RU JUDGH GHVLJQDWLRQV� ,I WKHVH 
GHWDLOV DUH WR EH XVHG IRU DQ\ RWKHU SXUSRVH WKDQ LPSOHPHQWDWLRQ WKHQ WKH SULRU
ZULWWHQ SHUPLVVLRQ RI %6, PXVW EH REWDLQHG�

'HWDLOV DQG DGYLFH FDQ EH REWDLQHG IURP WKH &RS\ULJKW 	 /LFHQVLQJ 0DQDJHU� 
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� 
(PDLO� FRS\ULJKW#EVL�JOREDO�FRP�


