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National foreword

This British Standard was published by BSI. It is the UK implementation of  
EN 12056-3:2000. It supersedes BS 6367:1983 which is withdrawn.
The UK participation in its preparation was entrusted by Technical Committee 
B/505, Wastewater engineering, to Subcommittee B/505/21, Roof drainage  
and sanitary pipework. Subcommittee B/505/21 was disbanded  
on 2 November 2000 and so Technical Committee B/505 assumes 
responsibility for this work.
A list of organizations represented on the technical committee can be obtained 
on request to its secretary.
In March 2007, Technical Committee B/505 introduced an amendment to 
BS EN 12056-3:2000 to delete National Annex NF. This annex is replaced by 
the test method given in BS 8490:2007, Annex B.
The remaining national annexes are an informative element of this standard 
and contain information provided to support easier implementation of 
EN 12056-3:2000 in the United Kingdom, within the framework envisaged by 
the scope of that standard. The remaining national annexes constitute a 
revision of those parts of BS 6367:1983 that were not otherwise superseded by 
BS EN 12056-3:2000. However, users are reminded that only the normative 
elements of the adopted European Standard set out the provisions to which it 
is necessary to conform in order to form part of a trade description when citing 
this British Standard by number or when compliance with it is claimed.
This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for its correct application.
Additional information
It is recognized that Figure 2, Figure 3, Figure 4 and Figure 11, along with the 
logic diagrams contained in Annex D, are of poor quality. This has been 
reported to CEN in a proposal to correct them in the English language version 
of EN 12056-3:2000.
Until the standard is corrected, which BSI is not authorized to do, it is strongly 
recommended that these figures be used with care.
Textual errors
The textual errors set out below were discovered when the English language 
version of EN 12056-3:2000 was adopted as the national standard. They have 
been reported to CEN in a proposal to amend the text of the European 
Standard.

— Note 1 to Figure 8 should refer to Table 8, rather than Table 7.
— Note 3 to Figure 8 should refer to Table 8, rather than Table 7.

Compliance with a British Standard cannot confer immunity from 
legal obligations. 

Amendments issued since publication

Amd. No. Date Comments

17041 30 March 2007 Deletion of National Annex NF and revision 
of national foreword
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(8523($1�67$1'$5'

1250(�(8523e(11(

(8523b,6&+(�1250

(1��������

-XQH�����

,&6���������������������

(QJOLVK�YHUVLRQ

*UDYLW\�GUDLQDJH�V\VWHPV�LQVLGH�EXLOGLQJV���3DUW����5RRI
GUDLQDJH��OD\RXW�DQG�FDOFXODWLRQ

5pVHDX[�G
pYDFXDWLRQ�JUDYLWDLUH�j�O
LQWpULHXU�GHV�EkWLPHQWV��
3DUWLH����6\VWqPH�G
pYDFXDWLRQ�GHV�HDX[�SOXYLDOHV�

FRQFHSWLRQ�HW�FDOFXOV

6FKZHUNUDIWHQWZlVVHUXQJVDQODJHQ�LQQHUKDOE�YRQ
*HElXGHQ���7HLO����'DFKHQWZlVVHUXQJ��3ODQXQJ�XQG

%HPHVVXQJ

7KLV�(XURSHDQ�6WDQGDUG�ZDV�DSSURYHG�E\�&(1�RQ����2FWREHU������

&(1�PHPEHUV�DUH�ERXQG�WR�FRPSO\�ZLWK�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV�ZKLFK�VWLSXODWH�WKH�FRQGLWLRQV�IRU�JLYLQJ�WKLV�(XURSHDQ
6WDQGDUG�WKH�VWDWXV�RI�D�QDWLRQDO�VWDQGDUG�ZLWKRXW�DQ\�DOWHUDWLRQ��8S�WR�GDWH�OLVWV�DQG�ELEOLRJUDSKLFDO�UHIHUHQFHV�FRQFHUQLQJ�VXFK�QDWLRQDO
VWDQGDUGV�PD\�EH�REWDLQHG�RQ�DSSOLFDWLRQ�WR�WKH�&HQWUDO�6HFUHWDULDW�RU�WR�DQ\�&(1�PHPEHU�

7KLV�(XURSHDQ�6WDQGDUG�H[LVWV�LQ�WKUHH�RIILFLDO�YHUVLRQV��(QJOLVK��)UHQFK��*HUPDQ���$�YHUVLRQ�LQ�DQ\�RWKHU�ODQJXDJH�PDGH�E\�WUDQVODWLRQ
XQGHU�WKH�UHVSRQVLELOLW\�RI�D�&(1�PHPEHU�LQWR�LWV�RZQ�ODQJXDJH�DQG�QRWLILHG�WR�WKH�&HQWUDO�6HFUHWDULDW�KDV�WKH�VDPH�VWDWXV�DV�WKH�RIILFLDO
YHUVLRQV�

&(1�PHPEHUV�DUH�WKH�QDWLRQDO�VWDQGDUGV�ERGLHV�RI�$XVWULD��%HOJLXP��&]HFK�5HSXEOLF��'HQPDUN��)LQODQG��)UDQFH��*HUPDQ\��*UHHFH�
,FHODQG��,UHODQG��,WDO\��/X[HPERXUJ��1HWKHUODQGV��1RUZD\��3RUWXJDO��6SDLQ��6ZHGHQ��6ZLW]HUODQG�DQG�8QLWHG�.LQJGRP�

(8523($1� &200,77((� )25� 67$1'$5',=$7,21
&20,7e � (8523e(1 � '( � 1250$/,6$7 ,21
(8523b,6&+(6 � .20,7(( � )h5 � 125081*

&HQWUDO�6HFUHWDULDW��UXH�GH�6WDVVDUW��������%������%UXVVHOV

�������&(1 $OO�ULJKWV�RI�H[SORLWDWLRQ�LQ�DQ\�IRUP�DQG�E\�DQ\�PHDQV�UHVHUYHG
ZRUOGZLGH�IRU�&(1�QDWLRQDO�0HPEHUV�

5HI��1R��(1��������������(
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3DJH��
(1�������������

&RQWHQWV
3DJH

)RUHZRUG �

� 6FRSH �

� 1RUPDWLYH�UHIHUHQFHV �

� 'HILQLWLRQV�DQG�V\PEROV �
��� 'HILQLWLRQV �
��� 6\PEROV �

� 5XQRII�FDOFXODWLRQV �
��� 4XDQWLW\�RI�UDLQZDWHU�UXQRII �
��� 5DLQIDOO�LQWHQVLW\��U �
��� (IIHFWLYH�URRI�DUHD��$ ��

� +\GUDXOLF�GHVLJQ ��
��� (DYHV�JXWWHUV ��
��� 9DOOH\��DQG�SDUDSHW�JXWWHUV ��
��� *XWWHU�RXWOHWV ��
��� )ODW�URRI�RXWOHWV ��

� 5DLQZDWHU�SLSHV ��
��� 3DUW�ILOOHG��QRQ�VLSKRQLF�V\VWHPV� ��
��� 6LSKRQLF�V\VWHPV ��
��� 'UDLQV ��
��� &RQQHFWLRQ�WR�VDQLWDU\�SLSHZRUN ��

� /D\RXW ��
��� *HQHUDO ��
��� *XWWHUV ��
��� 2XWOHWV ��
��� (PHUJHQF\�RXWOHWV ��
��� $FFHVV ��
��� 3LSHZRUN ��
��� 7UDFH�KHDWLQJ ��
��� &KDQJH�RI�EXLOGLQJ�XVH ��

$11(;�$��1250$7,9(���7(67,1*�2)�*877(56�$1'�287/(76 ��
$�� &DSDFLW\�RI�JXWWHU�DQG�RXWOHW�LQ�FRPELQDWLRQ ��
$�� &DSDFLW\�RI�JXWWHU ��
$�� &DSDFLW\�RI�JXWWHU�RXWOHW ��

$11(;�%��,1)250$7,9(���1$7,21$/�$1'�/2&$/�5(*8/$7,216�$1'�35$&7,&( ��

$11(;�&��,1)250$7,9(���&$3$&,7<�2)�'5$,16 ��

$11(;�'��,1)250$7,9(���/2*,&�',$*5$06 ��

© BSI 2007
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3DJH��
(1�������������

)RUHZRUG

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�E\�7HFKQLFDO�&RPPLWWHH�&(1�7&������:DVWH�ZDWHU
HQJLQHHULQJ���WKH�VHFUHWDULDW�RI�ZKLFK�LV�KHOG�E\�',1�

7KLV�(XURSHDQ�6WDQGDUG�VKDOO�EH�JLYHQ�WKH�VWDWXV�RI�D�QDWLRQDO�VWDQGDUG��HLWKHU�E\�SXEOLFDWLRQ�RI�DQ
LGHQWLFDO�WH[W�RU�E\�HQGRUVHPHQW��DW�WKH�ODWHVW�E\�'HFHPEHU�������DQG�FRQIOLFWLQJ�QDWLRQDO
VWDQGDUGV�VKDOO�EH�ZLWKGUDZQ�DW�WKH�ODWHVW�E\�-XQH������

7KLV�SDUW�LV�WKH�WKLUG�LQ�D�VHULHV�UHODWLQJ�WR�WKH�IXQFWLRQDO�UHTXLUHPHQWV�RI�JUDYLW\�GUDLQDJH�V\VWHPV
LQVLGH�EXLOGLQJV��7KHUH�ZLOO�EH�ILYH�SDUWV��DV�IROORZV��*UDYLW\�GUDLQDJH�V\VWHPV�LQVLGH�EXLOGLQJV

3DUW��� *HQHUDO�DQG�SHUIRUPDQFH�UHTXLUHPHQWV

3DUW��� 6DQLWDU\�SLSHZRUN���/D\RXW�DQG�FDOFXODWLRQ

3DUW��� 5RRI�GUDLQDJH���/D\RXW�DQG�FDOFXODWLRQ

3DUW��� :DVWH�ZDWHU�OLIWLQJ�SODQWV���/D\RXW�DQG�FDOFXODWLRQ

3DUW��� ,QVWDOODWLRQ�DQG�WHVWLQJ��LQVWUXFWLRQV�IRU�RSHUDWLRQ��PDLQWHQDQFH�DQG�XVH

$FFRUGLQJ�WR�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV��WKH�QDWLRQDO�VWDQGDUGV�RUJDQL]DWLRQV�RI�WKH
IROORZLQJ�FRXQWULHV�DUH�ERXQG�WR�LPSOHPHQW�WKLV�(XURSHDQ�6WDQGDUG��$XVWULD��%HOJLXP��&]HFK
5HSXEOLF��'HQPDUN��)LQODQG��)UDQFH��*HUPDQ\��*UHHFH��,FHODQG��,UHODQG��,WDO\��/X[HPERXUJ�
1HWKHUODQGV��1RUZD\��3RUWXJDO��6SDLQ��6ZHGHQ��6ZLW]HUODQG�DQG�WKH�8QLWHG�.LQJGRP�

© BSI 2007
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3DJH��
(1�������������

� 6FRSH
7KLV�(XURSHDQ�6WDQGDUG�DSSOLHV�WR�ZDVWHZDWHU�GUDLQDJH�V\VWHPV��ZKLFK�RSHUDWH�XQGHU�JUDYLW\��,W�LV
DSSOLFDEOH�IRU�GUDLQDJH�V\VWHPV�LQVLGH�GZHOOLQJV�DQG�FRPPHUFLDO��LQVWLWXWLRQDO�DQG�LQGXVWULDO
EXLOGLQJV�

7KLV�WKLUG�SDUW�RI�WKLV�(XURSHDQ�6WDQGDUG�GHVFULEHV�D�PHWKRG�RI�FDOFXODWLQJ�WKH�K\GUDXOLF�DGHTXDF\
RI�QRQ�VLSKRQLF�URRI�GUDLQDJH�V\VWHPV�DQG�JLYHV�SHUIRUPDQFH�UHTXLUHPHQWV�IRU�VLSKRQLF�URRI
GUDLQDJH�V\VWHPV���,W�DOVR�VHWV�VWDQGDUGV�IRU�WKH�OD\RXW�DQG�LQVWDOODWLRQ�RI�URRI�GUDLQDJH�LQVRIDU�DV
WKH\�DIIHFW�IORZ�FDSDFLW\�

7KLV�SDUW�RI�WKLV�(XURSHDQ�6WDQGDUG�DSSOLHV�WR�DOO�URRI�GUDLQDJH�V\VWHPV�ZKHUH�WKH�RXWOHWV�DUH
ODUJH�HQRXJK�QRW�WR�OLPLW�WKH�IORZ�FDSDFLW\�RI�WKH�JXWWHU��L�H��IUHH�GLVFKDUJH�FRQGLWLRQV����,W�DSSOLHV�WR
DOO�PDWHULDOV�XVHG�IRU�URRI�GUDLQDJH�V\VWHPV�

'HWDLOHG�LQIRUPDWLRQ�DGGLWLRQDO�WR�WKDW�FRQWDLQHG�LQ�WKLV�6WDQGDUG�PD\�EH�REWDLQHG�E\�UHIHUULQJ�WR
WKH�WHFKQLFDO�GRFXPHQWV�OLVWHG�LQ�$QQH[�%�

© BSI 2007
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3DJH��
(1�������������

� 1RUPDWLYH�UHIHUHQFHV
7KLV�(XURSHDQ�6WDQGDUG�LQFRUSRUDWHV�E\�GDWHG�RU�XQGDWHG�UHIHUHQFH��SURYLVLRQV�IURP�RWKHU
SXEOLFDWLRQV��7KHVH�QRUPDWLYH�UHIHUHQFHV�DUH�FLWHG�DW�WKH�DSSURSULDWH�SODFHV�LQ�WKH�WH[W�DQG�WKH
SXEOLFDWLRQV�DUH�OLVWHG�KHUHDIWHU��)RU�GDWHG�UHIHUHQFHV��VXEVHTXHQW�DPHQGPHQWV�WR�RU�UHYLVLRQV�RI
DQ\�RI�WKHVH�SXEOLFDWLRQV�DSSO\�WR�WKLV�(XURSHDQ�6WDQGDUG�RQO\�ZKHQ�LQFRUSRUDWHG�LQ�LW�E\
DPHQGPHQW�RU�UHYLVLRQ��)RU�XQGDWHG�UHIHUHQFHV�WKH�ODWHVW�HGLWLRQ�RI�WKH�SXEOLFDWLRQ�UHIHUUHG�WR
DSSOLHV�

(1��������� *UDYLW\�GUDLQDJH�V\VWHPV�LQVLGH�EXLOGLQJV
3DUW����*HQHUDO�DQG�SHUIRUPDQFH�UHTXLUHPHQWV

(1��������� *UDYLW\�GUDLQDJH�V\VWHPV�LQVLGH�EXLOGLQJV
3DUW����6DQLWDU\�SLSHZRUN��OD\RXW�DQG�FDOFXODWLRQ

(1�������� *UDYLW\�GUDLQDJH�V\VWHPV�LQVLGH�EXLOGLQJV
3DUW����,QVWDOODWLRQ�DQG�WHVWLQJ��LQVWUXFWLRQV�IRU�RSHUDWLRQ��PDLQWHQDQFH�DQG
XVH

© BSI 2007
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3DJH��
(1�������������

� 'HILQLWLRQV�DQG�V\PEROV

��� 'HILQLWLRQV
)RU�WKH�SXUSRVHV�RI�WKLV�(XURSHDQ�6WDQGDUG��WKH�IROORZLQJ�GHILQLWLRQV�DSSO\�

������ JXWWHU�DQJOH
GHYLDWLRQ�LQ�JXWWHU�GLUHFWLRQ

������ GHVLJQ�ZDWHU�GHSWK
PD[LPXP�GHSWK�RI�ZDWHU�XQGHU�GHVLJQ�UDLQIDOO�FRQGLWLRQV

������ GUDLQDJH�OHQJWK
OHQJWK�RI�JXWWHU�IURP�D�VWRS�HQG�WR�DQ�RXWOHW�RU�KDOI�WKH�GLVWDQFH�EHWZHHQ�DGMDFHQW�RXWOHWV��LQ
PLOOLPHWUHV

������ HDYHV�JXWWHU
JXWWHU�ZKHUH�DQ\�VSLOORYHU�ZLOO�GLVFKDUJH�RXWVLGH�WKH�EXLOGLQJ

������ IODW�VROH
VROH�RI�WKH�JXWWHU��ZKLFK�LV�KRUL]RQWDO�LQ�FURVV�VHFWLRQ�IRU�DW�OHDVW�WKH�ZLGWK�RI�WKH�RXWOHW

������ IUHHERDUG
WRWDO�GHSWK�RI�JXWWHU�PLQXV�WKH�GHVLJQHG�ZDWHU�GHSWK

������ ORQJ�JXWWHU
JXWWHU�ZKRVH�GUDLQDJH�OHQJWK�LV�JUHDWHU�WKDQ����WLPHV�LWV�GHVLJQ�ZDWHU�GHSWK

������ URRI�GUDLQDJH�RI�EXLOGLQJV
DOO�SLSHZRUN�DQG�ILWWLQJV�RXWVLGH�DQG�LQVLGH��IL[HG�WR�RU�SDVVLQJ�WKURXJK�WKH�EXLOGLQJ�VWUXFWXUH�
LQFOXGLQJ�GUDLQV�EHORZ�WKH�EXLOGLQJ��WR�WKH�SRLQW�RI�FRQQHFWLRQ�WR�WKH�EXULHG�GUDLQ�DGMDFHQW�WR�WKH
EXLOGLQJ��XVHG�WR�UHPRYH�SUHFLSLWDWLRQ�IURP�D�URRI���6HH�6FRSH�RI�(1����������

������ VKRUW�JXWWHU
JXWWHU�ZKRVH�GUDLQDJH�OHQJWK�LV�QRW�JUHDWHU�WKDQ����WLPHV�LWV�GHVLJQ�ZDWHU�GHSWK

������� VLSKRQLF�GUDLQDJH�V\VWHP
GUDLQDJH�V\VWHP�LQ�ZKLFK�WKH�RXWOHWV�DQG�SLSHZRUN�HQDEOH�WKH�V\VWHP�WR�IORZ�FRPSOHWHO\�IXOO�XQGHU
GHVLJQ�FRQGLWLRQV�DQG�PDNH�XVH�RI�WKH�WRWDO�KHDG�DYDLODEOH�EHWZHHQ�WKH�RXWOHWV�DQG�WKH�GLVFKDUJH
SRLQW

������� VSLOORYHU�OHYHO
OHYHO�DW�ZKLFK�ZDWHU�ZLOO�RYHUIORZ�WKH�JXWWHU

© BSI 2007
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3DJH��
(1�������������

��� 6\PEROV

)RU�WKH�SXUSRVHV�RI�WKLV�(XURSHDQ�6WDQGDUG��WKH�IROORZLQJ�V\PEROV�KDYH�EHHQ�XVHG�

6\PERO 'HVFULSWLRQ 8QLW 7H[W
UHIHUHQFH

$ HIIHFWLYH�URRI�DUHD P� 7DEOH��

$( IXOO�FURVV�VHFWLRQDO�DUHD�RI�JXWWHU PP� �����

$: FURVV�VHFWLRQDO�DUHD�RI�WKH�JXWWHU�EHORZ�WKH�IUHHERDUG PP� �����

$2 SODQ�DUHD�RI�D�JXWWHU�RXWOHW PP� )LJXUH��

%5 ZLGWK�RI�URRI�IURP�JXWWHU�WR�ULGJH P )LJXUH��

& UXQRII�FRHIILFLHQW GLPHQVLRQOHVV ���

GL LQWHUQDO�GLDPHWHU�RI�SLSH PP 7DEOH��

' HIIHFWLYH�GLDPHWHU�RI�D�JXWWHU�RXWOHW PP )LJXUH��

'2 DFWXDO�GLDPHWHU�RI�D�JXWWHU�RXWOHW PP )LJXUH��

I ILOOLQJ� GHJUHH� RI� UDLQZDWHU� SLSH� ZKLFK� LV� HTXDO� WR� WKH
SURSRUWLRQ�RI�FURVV�VHFWLRQ�RI�UDLQZDWHU�SLSH�ILOOHG�ZLWK
ZDWHU

GLPHQVLRQOHVV 7DEOH��

)G GHSWK�IDFWRU GLPHQVLRQOHVV )LJXUH��

)K RXWOHW�KHDG�IDFWRU GLPHQVLRQOHVV )LJXUH���

)/ FDSDFLW\�IDFWRU�IRU�ORQJ�DQG�VORSLQJ�JXWWHUV GLPHQVLRQOHVV 7DEOH��

)V VKDSH�IDFWRU GLPHQVLRQOHVV )LJXUH��

K KHDG�DW�RXWOHW PP 7DEOH��

+5 KHLJKW�RI�URRI�IURP�JXWWHU�WR�ULGJH P )LJXUH��

KG ZDWHU�GHSWK�LQ�GUDLQ PP DQQH[�&

L SLSH�RU�JXWWHU�JUDGLHQW GLPHQVLRQOHVV DQQH[�&

NE HIIHFWLYH�SLSH�URXJKQHVV PP 7DEOH��

N2 RXWOHW�FRHIILFLHQW GLPHQVLRQOHVV 7DEOH��

/ GUDLQDJH� OHQJWK� RI� JXWWHU�� L�H�� OHQJWK� RI� JXWWHU� IURP� D
VWRS�HQG�WR�DQ�RXWOHW�RU�KDOI�WKH�GLVWDQFH�EHWZHHQ�WZR
DGMDFHQW�RXWOHWV

PP 7DEOH��

/5 OHQJWK�RI�URRI�WR�EH�GUDLQHG P )LJXUH��

/6 OHQJWK�RI�VXPS PP )LJXUH���

/. OHQJWK�RI�WDSHU�RI�D�JXWWHU�RXWOHW PP )LJXUH��

/: OHQJWK�RI�ZHLU�RYHU�ZKLFK�ZDWHU�FDQ�IORZ PP ������DQG
)LJXUH���

4 UDWH�RI�IORZ�RI�ZDWHU O�V ���

4G GUDLQ�FDSDFLW\ O�V DQQH[�&

4/ GHVLJQ�FDSDFLW\�RI��VKRUW��JXWWHU��ODLG�OHYHO O�V �����

41 QRPLQDO�FDSDFLW\�RI�JXWWHU O�V �����

42 WRWDO�IORZ�WR�DQ�RXWOHW��FDOFXODWHG�RQ�DUHD�GUDLQHG
�PXOWLSOLHG�E\�WKH�UDLQIDOO�LQWHQVLW\�

O�V 7DEOH��
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3DJH��
(1�������������

6\PERO 'HVFULSWLRQ 8QLW 7H[W
UHIHUHQFH

45:3 FDSDFLW\�RI�D�UDLQZDWHU�SLSH O�V 7DEOH��

46( FDSDFLW\�RI�DQ�HTXLYDOHQW�VTXDUH�HDYHV�JXWWHU O�V ������DQG
)LJXUH��

469 FDSDFLW\� RI� DQ� HTXLYDOHQW� VTXDUH� YDOOH\� RU� SDUDSHW
JXWWHU

O�V �����

5 LV�WKH�UDGLXV�RI�D�JXWWHU�RXWOHW PP )LJXUH��

U UDLQIDOO�LQWHQVLW\ O��V¼P�� ���

6 ZLGWK�RI�JXWWHU�DW�VROH PP )LJXUH��

7 ZLGWK�RI�JXWWHU�DW�GHVLJQDWHG�ZDWHU�OLQH PP )LJXUH��

75 GLVWDQFH�IURP�JXWWHU�WR�ULGJH�PHDVXUHG�DORQJ�WKH�URRI P )LJXUH��

3 ZHWWHG�SHULPHWHU PP DQQH[�$

Y IORZ�YHORFLW\ P�V DQQH[�&

: GHVLJQ�ZDWHU�GHSWK PP )LJXUH��

= WRWDO� GHSWK� RI� JXWWHU� WR� VSLOORYHU� OHYHO�� LQFOXGLQJ
IUHHERDUG

PP )LJXUH��

n NLQHPDWLF�YLVFRVLW\�RI�ZDWHU P��V DQQH[�&

� 5XQRII�FDOFXODWLRQV

��� 4XDQWLW\�RI�UDLQZDWHU�UXQRII

7KH�UDWH�RI�IORZ�RI�UDLQZDWHU�WR�EH�GUDLQHG�DZD\�IURP�D�URRI�XQGHU�VWHDG\�VWDWH�FRQGLWLRQV�VKDOO�EH
FDOFXODWHG�IURP�HTXDWLRQ���

�4� �U�¼�$�¼�& ����������

ZKHUH

4 LV�WKH�UDWH�RI�IORZ�RI�ZDWHU��LQ�OLWUHV�SHU�VHFRQG��O�V��
U LV�WKH�UDLQIDOO�LQWHQVLW\��LQ�OLWUHV�SHU�VHFRQG�SHU�VTXDUH�PHWUH�>O��V�¼�Pð�@�
$ LV�WKH�HIIHFWLYH�URRI�DUHD��LQ�VTXDUH�PHWUHV��Pð��
& LV�D�UXQRII�FRHIILFLHQW��WDNHQ�DV�����XQOHVV�QDWLRQDO�DQG�ORFDO�UHJXODWLRQV�DQG

SUDFWLFH�VWDWH�RWKHUZLVH���GLPHQVLRQOHVV�
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3DJH��
(1�������������

��� 5DLQIDOO�LQWHQVLW\��U

����� :KHUH�WKHUH�LV�DGHTXDWH�VWDWLVWLFDO�UDLQIDOO�GDWD�UHODWHG�WR�WKH�IUHTXHQF\�RI�UHFXUUHQFH�RI�VWRUPV�RI
VSHFLILF�LQWHQVLW\�DQG�GXUDWLRQ��WKH�UDLQIDOO�LQWHQVLW\��U��XVHG�LQ�HTXDWLRQ���VKDOO�EH�FKRVHQ�ZLWK�GXH
UHJDUG�WR�WKH�QDWXUH�DQG�XVH�RI�WKH�EXLOGLQJ�DQG�DSSURSULDWH�WR�WKH�GHJUHH�RI�ULVN�WKDW�FDQ�EH
DFFHSWHG���:KHUH�VWDWLVWLFDO�UDLQIDOO�GDWD�LV�XVHG��FODXVH�������VKDOO�QRW�DSSO\�

����� :KHUH�VWDWLVWLFDO�UDLQIDOO�GDWD�GRHV�QRW�H[LVW��D�PLQLPXP�UDLQIDOO�LQWHQVLW\�XVHG�DV�D�EDVLV�IRU�GHVLJQ
VKDOO�EH�FKRVHQ�IURP�WKH�LQWHQVLWLHV�OLVWHG�LQ�7DEOH����DSSURSULDWH�WR�WKH�FOLPDWH�DW�WKH�ORFDWLRQ�RI�WKH
EXLOGLQJ�DQG�LQ�DFFRUGDQFH�ZLWK�QDWLRQDO�DQG�ORFDO�UHJXODWLRQV�DQG�SUDFWLFH���7KH�PLQLPXP�UDLQIDOO
LQWHQVLW\�VKDOO�EH�PXOWLSOLHG�E\�D�ULVN�IDFWRU�JLYHQ�LQ�7DEOH���WR�JLYH�WKH�UDLQIDOO�LQWHQVLW\��U��WR�EH�XVHG
LQ�HTXDWLRQ����XQOHVV�QDWLRQDO�DQG�ORFDO�UHJXODWLRQV�DQG�SUDFWLFH�VWDWH�RWKHUZLVH�

7DEOH���²�5DLQIDOO�LQWHQVLW\�UDWHV

5DLQIDOO�LQWHQVLW\
O��V�¼�P��
�����
�����
�����
�����
�����
�����
�����
�����

7DEOH���²�5LVN�IDFWRUV

6LWXDWLRQ 5LVN
IDFWRU

(DYHV�JXWWHUV ���

(DYHV�JXWWHUV�ZKHUH�ZDWHU�RYHUIORZLQJ�ZRXOG�FDXVH�SDUWLFXODU�LQFRQYHQLHQFH��H�J�
RYHU�HQWUDQFHV�WR�SXEOLF�EXLOGLQJV ���

1RQ�HDYHV�JXWWHUV�DQG�LQ�DOO�RWKHU�FLUFXPVWDQFHV�ZKHUH�DEQRUPDOO\�KHDY\�UDLQ�RU
EORFNDJH�LQ�WKH�URRI�GUDLQDJH�V\VWHP�FRXOG�FDXVH�ZDWHU�WR�VSLOORYHU�LQWR�WKH
EXLOGLQJ

���

)RU�QRQ�HDYHV�JXWWHUV�LQ�EXLOGLQJV�ZKHUH�DQ�H[FHSWLRQDO�GHJUHH�RI�SURWHFWLRQ�LV
QHFHVVDU\��H�J�

��� KRVSLWDO�RSHUDWLQJ�WKHDWUHV
��� FULWLFDO�FRPPXQLFDWLRQV�IDFLOLWLHV
��� VWRUDJH�IRU�VXEVWDQFHV�WKDW�JLYH�RII�WR[LF�RU�IODPPDEOH�IXPHV�ZKHQ�ZHW
��� EXLOGLQJV�KRXVLQJ�RXWVWDQGLQJ�ZRUNV�RI�DUW

���

© BSI 2007

Li
ce

ns
ed

 c
op

y:
 M

r 
Iq

ba
l L

im
ba

, A
ss

oc
ia

tio
n 

of
 C

on
su

lti
ng

 E
ng

in
ee

rs
, V

er
si

on
 c

or
re

ct
 a

s 
of

 1
2/

04
/2

01
3 

07
:2

4,
 (

c)
 T

he
 B

rit
is

h 
S

ta
nd

ar
ds

 In
st

itu
tio

n 
20

13



3DJH���
(1�������������

��� (IIHFWLYH�URRI�DUHD��$

����� 1R�DOORZDQFH�VKDOO�EH�PDGH�IRU�WKH�HIIHFWV�RI�ZLQG�ZKHQ�FDOFXODWLQJ�WKH�HIIHFWLYH�URRI�DUHD��XQOHVV
QDWLRQDO�DQG�ORFDO�UHJXODWLRQV�DQG�SUDFWLFH�VWDWH�RWKHUZLVH�

����� :KHUH�QR�DOORZDQFH�LV�PDGH�IRU�ZLQG��WKH�HIIHFWLYH�URRI�DUHD�VKDOO�EH�FDOFXODWHG�IURP�HTXDWLRQ�����

$� �/5��¼�%5 ���

ZKHUH

$� LV�WKH�HIIHFWLYH�URRI�DUHD��LQ�VTXDUH�PHWUHV��Pð��
/5� LV�WKH�OHQJWK�RI�URRI�WR�EH�GUDLQHG��VHH�)LJXUH�����LQ�PHWUHV��P��
%5 LV�WKH�ZLGWK�RI�URRI�IURP�JXWWHU�WR�ULGJH��VHH�)LJXUH�����LQ�PHWUHV��P��

����� :KHUH�DOORZDQFH�LV�PDGH�IRU�ZLQG��WKH�HIIHFWLYH�URRI�DUHD�VKDOO�EH�FDOFXODWHG�LQ�DFFRUGDQFH�ZLWK�D
PHWKRG�VHOHFWHG�IURP�7DEOH���

����� ,Q�DUHDV�ZKHUH�ZLQG�LV�WDNHQ�LQWR�DFFRXQW�LQ�UDLQIDOO�FDOFXODWLRQV��ZKHUH�UDLQ�GULYHQ�DJDLQVW�D�ZDOO�E\
WKH�ZLQG�FDQ�UXQ�GRZQ�RQWR�WKH�URRI�RU�LQWR�D�JXWWHU������RI�WKH�DUHD�RI�WKH�ZDOO�VKDOO�EH�DGGHG�WR�WKH
HIIHFWLYH�DUHD�RI�WKH�URRI�

7DEOH���²�(IIHFWLYH�LPSHUPHDEOH�URRI�DUHD

$OORZDQFH�WR�EH�PDGH�IRU�WKH�HIIHFW�RI
ZLQG

(IIHFWLYH�LPSHUPHDEOH�URRI�DUHD��$
P�

:LQG�GULYHQ�UDLQ����R�WR�YHUWLFDO
Ü
Ý

Û
Ì
Í

Ë +¼=
�
5

55
+

%/$

5DLQ�SHUSHQGLFXODU�WR�URRI��L�H��VXUIDFH�DUHD�RI
URRI�XVHG�

$� �/5�¼�75

127(6�
/5 LV�WKH�OHQJWK�RI�URRI�WR�EH�GUDLQHG��LQ�PHWUHV��P��
%5 LV�WKH�SODQ�ZLGWK�RI�URRI�IURP�JXWWHU�WR�ULGJH��LQ�PHWUHV��P��
+5 LV�WKH�KHLJKW�RI�URRI�IURP�JXWWHU�WR�ULGJH��LQ�PHWUHV��P��
75 LV�WKH�GLVWDQFH�IURP�JXWWHU�WR�ULGJH�PHDVXUHG�DORQJ�WKH�URRI��LQ�PHWUHV��P��
$ LV�WKH�HIIHFWLYH�LPSHUPHDEOH�URRI�DUHD��LQ�VTXDUH�PHWUHV��Pð��

)LJXUH���LOOXVWUDWHV�WKHVH�GLPHQVLRQV�
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3DJH���
(1�������������

)LJXUH���²�5RRI�GLPHQVLRQV

� +\GUDXOLF�GHVLJQ

��� (DYHV�JXWWHUV

����� *XWWHUV�PD\�EH�ODLG�OHYHO�RU�WR�D�JUDGLHQW��XQOHVV�VWDWHG�RWKHUZLVH�E\�ORFDO�RU�QDWLRQDO�UHJXODWLRQ���$
JXWWHU�ODLG�WR�D�QRPLQDO�JUDGLHQW�RI���PP�P�RU�OHVV��UHIHUUHG�WR�DV�´QRPLQDOO\�OHYHO´��VKDOO�EH
GHVLJQHG�DV�D�OHYHO�JXWWHU�

����� )RU�HDYHV�JXWWHUV�RI�VHPL�FLUFXODU�DQG�VLPLODU�VKDSH��GHVLJQHG�DV�OHYHO�DQG�ZLWK�RXWOHWV�FDSDEOH�RI
DOORZLQJ�IUHH�GLVFKDUJH��WKH�FDSDFLW\�VKDOO�EH�FDOFXODWHG�XVLQJ�LWV�FURVV�VHFWLRQDO�DUHD�DQG�VKDSH�
IURP�HTXDWLRQ�����

4/��� �������¼�41 ���

ZKHUH

4/ LV�WKH�GHVLJQ�FDSDFLW\�RI��VKRUW��JXWWHU��VHH��������ODLG�OHYHO��LQ�OLWUHV�SHU�VHFRQG��O�V��
��� LV�D�IDFWRU�RI�VDIHW\��GLPHQVLRQOHVV�
41 LV�WKH�QRPLQDO�FDSDFLW\�RI�WKH�JXWWHU��FDOFXODWHG�DV

�����¼������¼�$(
������RU�GHWHUPLQHG�E\�WHVW��LQ�OLWUHV�SHU�VHFRQG��O�V��

$( LV�WKH�IXOO�FURVV�VHFWLRQDO�DUHD�RI�JXWWHU��LQ�VTXDUH�PLOOLPHWUHV��PPð��

127(���
7KH�IXOO�FURVV�VHFWLRQDO�DUHD�RI�D�JXWWHU�LV�WKH�DUHD�RI�WKH�FURVV�VHFWLRQ�EHORZ�VSLOORYHU�OHYHO�
DV�LOOXVWUDWHG�LQ�)LJXUH���

127(���
)RU�FRQYHQLHQFH��WKH�YDULDWLRQ�RI�41�ZLWK�$(�LV�VKRZQ�LQ�)LJXUH���
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3DJH���
(1�������������

��LQGLFDWHV�IXOO�FURVV�VHFWLRQDO�DUHD

D���VHPL�FLUFXODU�DQG�VLPLODU�VKDSH�JXWWHUV��������������������E���WUDSH]RLGDO�JXWWHUV

)LJXUH���²�,OOXVWUDWLRQV�RI�IXOO�FURVV�VHFWLRQDO�DUHD�RI�JXWWHUV

����� 7KH�FDSDFLW\�RI�D�JXWWHU�RI�VHPL�FLUFXODU�RU�VLPLODU�VKDSH�ZKHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�$
PD\�EH�VXEVWLWXWHG�IRU�FDOFXODWHG�YDOXHV�RI�41���41�GHWHUPLQHG�E\�WHVW�VKDOO�EH�PXOWLSOLHG�E\�D�VDIHW\
IDFWRU�RI�����WR�JLYH�4/�XVHG�IRU�GHVLJQ�SXUSRVHV�

������ )RU�HDYHV�JXWWHUV�RI�UHFWDQJXODU��WUDSH]RLGDO�DQG�VLPLODU�VKDSHV��VHH�)LJXUH�����GHVLJQHG�DV�OHYHO
DQG�ZLWK�RXWOHWV�FDSDEOH�RI�DOORZLQJ�IUHH�GLVFKDUJH��WKH�FDSDFLW\�VKDOO�EH�FDOFXODWHG�IURP��HTXDWLRQ
����

4/� �����¼�41 ���

ZKHUH
4/ LV�WKH�GHVLJQ�FDSDFLW\�RI��VKRUW��JXWWHU��VHH��������ODLG�OHYHO��LQ�OLWUHV�SHU�VHFRQG��O�V��
��� LV�WKH�IDFWRU�RI�VDIHW\��GLPHQVLRQOHVV�
41 LV�WKH�QRPLQDO�FDSDFLW\�RI�WKH�JXWWHU��FDOFXODWHG�DV�46(�¼�)G�¼�)V�RU�GHWHUPLQHG�E\

WHVW��LQ�OLWUHV�SHU�VHFRQG��O�V��
46( LV�WKH�FDSDFLW\�RI�DQ�HTXLYDOHQW�VTXDUH�HDYHV�JXWWHU��FDOFXODWHG�DV

������[������¼$(
������LQ�OLWUHV�SHU�VHFRQG��O�V��

$( LV�WKH�IXOO�FURVV�VHFWLRQDO�DUHD�RI�JXWWHU��LQ�VTXDUH�PLOOLPHWUHV��PPð��
)G LV�WKH�GHSWK�IDFWRU��GHWHUPLQHG�IURP�)LJXUH����GLPHQVLRQOHVV�
)V LV�WKH�VKDSH�IDFWRU��GHWHUPLQHG�IURP�)LJXUH����GLPHQVLRQOHVV�

127(���
7KH�IXOO�FURVV�VHFWLRQDO�DUHD�RI�D�JXWWHU�LV�WKH�DUHD�RI�WKH�FURVV�VHFWLRQ�EHORZ�VSLOORYHU�OHYHO�
DV�LOOXVWUDWHG�LQ�)LJXUH���

127(���
)RU�FRQYHQLHQFH��WKH�YDULDWLRQ�RI�46(�ZLWK�$(�LV�VKRZQ�LQ�)LJXUH���

127(���
)LJXUH���LOOXVWUDWHV�WKH�VKDSHV�DQG�GLPHQVLRQV�RI�JXWWHUV�WR�ZKLFK�)LJXUHV���������DQG���
DSSO\�
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3DJH���
(1�������������

���VTXDUH�JXWWHU D��&DSDFLW\�41�RU�46(�LQ�O�V
���VHPL�FLUFXODU�JXWWHU E��&URVV�VHFWLRQDO�DUHD�$(�LQ�PPð

)LJXUH���²�&DSDFLW\�RI�HDYHV�JXWWHUV

����� 7KH�FDSDFLW\�RI�D�JXWWHU�RI�UHFWDQJXODU��WUDSH]RLGDO�DQG�VLPLODU�VKDSHV�ZKHQ�WHVWHG�LQ�DFFRUGDQFH
ZLWK�DQQH[�$�PD\�EH�VXEVWLWXWHG�IRU�FDOFXODWHG�YDOXHV�RI�41���41�GHWHUPLQHG�E\�WHVW�VKDOO�EH
PXOWLSOLHG�E\�D�VDIHW\�IDFWRU�RI�����WR�JLYH�4/�XVHG�IRU�GHVLJQ�SXUSRVHV�

����� $�JXWWHU�VKDOO�EH�FRQVLGHUHG�WR�EH�K\GUDXOLFDOO\��VKRUW��LI�LWV�OHQJWK��/���VHH�7DEOH����LV�QRW�JUHDWHU
WKDQ����WLPHV�WKH�GHVLJQ�GHSWK�RI�ZDWHU��:����VHH�)LJXUH����ZKLFK�LQ�WKH�FDVH�RI�DQ�HDYHV�JXWWHU�LV
HTXDO�WR�LWV�RYHUDOO�GHSWK�WR�VSLOORYHU���)RU�VORSLQJ�RU�OHYHO�JXWWHUV�WKDW�H[FHHG�WKLV�OLPLW��WKH�GHVLJQ
FDSDFLW\�4/�IURP�������RU�������VKDOO�EH�PXOWLSOLHG�E\�WKH�DSSURSULDWH�FDSDFLW\�IDFWRU��)/��IURP
7DEOH����L�H��WKH�JXWWHU�FDSDFLW\�LV�4/�¼�)/�

����� 7KH�FDSDFLW\�IDFWRUV��)/��IRU�VORSLQJ�JXWWHUV�JLYHQ�LQ�7DEOH���DUH�RQO\�DSSOLFDEOH�LI�HDFK�VHFWLRQ�RI
JXWWHU�LQ�D�FRQWLQXRXV�OHQJWK�KDV�D�GRZQZDUG�VORSH�WRZDUGV�WKH�RXWOHW�WKDW�GUDLQV�LW���,I�D�JXWWHU�ZLWK
D�FRQWLQXRXV�VORSH�KDV�PRUH�WKDQ�RQH�RXWOHW��WKH�LQFUHDVH�LQ�FDSDFLW\�RI�D�OHQJWK�ZLWK�D�IDYRXUDEOH
VORSH�ZLOO�EH�DSSUR[LPDWHO\�EDODQFHG�E\�WKH�GHFUHDVH�LQ�FDSDFLW\�RI�D�OHQJWK�ZLWK�DQ�DGYHUVH�VORSH�
,Q�VXFK�FDVHV��DOO�JXWWHU�OHQJWKV�VKDOO�EH�GHVLJQHG�DV�WKRXJK�WKH\�ZHUH�QRPLQDOO\�OHYHO�

����� 9DOXHV�RI�JXWWHU�GHVLJQ�FDSDFLW\��4/��REWDLQHG�IURP�������RU��������VKDOO�EH�PXOWLSOLHG�E\�D�UHGXFWLRQ
IDFWRU�RI������ZKHUH�D�JXWWHU�OHQJWK�FRQWDLQV�RQH�RU�PRUH�JXWWHU�DQJOHV�JUHDWHU�WKDQ�������$QJOHV
VKRXOG�EH�DYRLGHG�FORVH�WR�DQ�RXWOHW�
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3DJH���
(1�������������

��� 9DOOH\��DQG�SDUDSHW�JXWWHUV

����� 9DOOH\�DQG�SDUDSHW�JXWWHUV�PD\�EH�ODLG�OHYHO�RU�WR�D�JUDGLHQW��XQOHVV�VWDWHG�RWKHUZLVH�E\�ORFDO�DQG
QDWLRQDO�UHJXODWLRQ�DQG�SUDFWLFH���$�JXWWHU�ODLG�WR�D�QRPLQDO�JUDGLHQW�RI���PP�P�RU�OHVV��UHIHUUHG�WR�DV
³QRPLQDOO\�OHYHO´��VKDOO�EH�GHVLJQHG�DV�D�OHYHO�JXWWHU�

����� 7KH�PLQLPXP�IUHHERDUG�DW�WKH�XSVWUHDP�HQG�RI�D�YDOOH\�RU�SDUDSHW�JXWWHU�VKDOO�EH�QRW�OHVV�WKDQ�WKH
GLPHQVLRQ�JLYHQ�LQ�7DEOH�����$ERYH�WKH�ZDWHU�OLQH��WKH�VLGHV�RI�WKH�JXWWHU�DUH�QRW�UHTXLUHG�WR�FRQWLQXH
DW�WKH�VDPH�VORSH�DV�EHORZ�WKH�ZDWHU�OLQH�EXW�VKDOO�QRW�VORSH�VKDUSO\�LQZDUGV��VHH�)LJXUH����

7DEOH���²�0LQLPXP�IUHHERDUG�IRU�YDOOH\�DQG�SDUDSHW�JXWWHUV

'HSWK�RI�JXWWHU�LQFOXGLQJ�IUHHERDUG�
=
PP

0LQLPXP�IUHHERDUG

PP

/HVV�WKDQ��� ��

���WR���� ����=

*UHDWHU�WKDQ���� ��

����� )RU�D�YDOOH\�RU�SDUDSHW�JXWWHU�RI�UHFWDQJXODU��WUDSH]RLGDO�RU�VLPLODU�VKDSH��VHH�)LJXUH�����GHVLJQHG�DV
OHYHO�DQG�ZLWK�DQ�RXWOHW�FDSDEOH�RI�DOORZLQJ�IUHH�GLVFKDUJH��WKH�FDSDFLW\�VKDOO�EH�FDOFXODWHG�IURP
HTXDWLRQ�����

4/� �����¼�41 ����

ZKHUH
4/ LV�WKH�GHVLJQ�FDSDFLW\�RI��VKRUW��JXWWHU��VHH��������ODLG�OHYHO��LQ�OLWUHV�SHU�VHFRQG��O�V��
��� LV�D�IDFWRU�RI�VDIHW\���GLPHQVLRQOHVV��
41� LV�WKH�QRPLQDO�FDSDFLW\�RI�WKH�JXWWHU��FDOFXODWHG�DV�469��¼�)G�¼�)V��LQ�OLWUHV�SHU�VHFRQG

�O�V��
469� LV�WKH�FDSDFLW\�RI�DQ�HTXLYDOHQW�VTXDUH�YDOOH\�RU�SDUDSHW�JXWWHU��FDOFXODWHG�DV

�����¼������¼�$:
������LQ�OLWUHV�SHU�VHFRQG��O�V��

$: LV�WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�JXWWHU�EHORZ�WKH�IUHHERDUG��LQ�VTXDUH�PLOOLPHWUHV
�PPð��

)G LV�WKH�GHSWK�IDFWRU��GHWHUPLQHG�IURP�)LJXUH����GLPHQVLRQOHVV�
)V� LV�WKH�VKDSH�IDFWRU��GHWHUPLQHG�IURP�)LJXUH����GLPHQVLRQOHVV�

127(�
)RU�FRQYHQLHQFH��WKH�YDULDWLRQ�RI�469�ZLWK�$:�LV�SORWWHG�LQ�)LJXUH���

����� 7KH�FDSDFLW\�RI�D�JXWWHU�ZKHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�$�PD\�EH�VXEVWLWXWHG�IRU�FDOFXODWHG
YDOXHV�RI�41���41�GHWHUPLQHG�E\�WHVW�VKDOO�EH�PXOWLSOLHG�E\�D�VDIHW\�IDFWRU�RI�����WR�JLYH�4/�XVHG�IRU
GHVLJQ�SXUSRVHV�
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3DJH���
(1�������������

����� $�JXWWHU�VKDOO�EH�FRQVLGHUHG�WR�EH�K\GUDXOLFDOO\��VKRUW��LI�LWV�GUDLQDJH�OHQJWK��/��LV�QRW�JUHDWHU�WKDQ���
WLPHV�WKH�GHVLJQ�GHSWK�RI�ZDWHU��:��ZKLFK�LQ�WKH�FDVH�RI�D�YDOOH\�RU�SDUDSHW�JXWWHU�LV�HTXDO�WR�LWV
RYHUDOO�GHSWK�WR�VSLOORYHU�OHVV�WKH�DOORZDQFH�IRU�IUHHERDUG���)RU�VORSLQJ�RU�OHYHO�JXWWHUV�WKDW�H[FHHG
WKLV�OLPLW��WKH�GHVLJQ�FDSDFLW\�4/�IURP�������RU�������VKDOO�EH�PXOWLSOLHG�E\�WKH�DSSURSULDWH�FDSDFLW\
IDFWRU��)/��IURP�7DEOH����L�H��WKH�RYHUDOO�JXWWHU�FDSDFLW\�LV�4/�¼�)/�

����� 7KH�FDSDFLW\�IDFWRUV��)/��IRU�VORSLQJ�JXWWHUV�JLYHQ�LQ�7DEOH���DUH�RQO\�DSSOLFDEOH�LI�HDFK�VHFWLRQ�RI
JXWWHU�LQ�D�FRQWLQXRXV�OHQJWK�KDV�D�GRZQZDUG�VORSH�WRZDUGV�WKH�RXWOHW�WKDW�GUDLQV�LW���,I�D�JXWWHU�ZLWK
D�FRQWLQXRXV�VORSH�KDV�PRUH�WKDQ�RQH�RXWOHW��WKH�LQFUHDVH�LQ�FDSDFLW\�RI�D�OHQJWK�ZLWK�D�IDYRXUDEOH
VORSH�ZLOO�EH�DSSUR[LPDWHO\�EDODQFHG�E\�WKH�GHFUHDVH�LQ�FDSDFLW\�RI�D�OHQJWK�ZLWK�DQ�DGYHUVH�VORSH�
,Q�VXFK�FDVHV��DOO�JXWWHU�OHQJWKV�VKDOO�EH�GHVLJQHG�DV�WKRXJK�WKH\�ZHUH�QRPLQDOO\�OHYHO�

������ :KHUH�REVWUXFWLRQV�DUH�SUHVHQW�LQ�D�YDOOH\�RU�SDUDSHW�JXWWHU��VXFK�DV�ZDONZD\V���WZLFH�WKH�DUHD�RI
WKH�REVWUXFWLRQ�YLHZHG�LQ�WKH�GLUHFWLRQ�RI�WKH�FURVV�VHFWLRQ��VKDOO�EH�GHGXFWHG�IURP�WKH�FURVV�
VHFWLRQDO�DUHD�RI�WKH�JXWWHU��$:��ZKHQ�FDOFXODWLQJ�LWV�FDSDFLW\�
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3DJH���
(1�������������

������ 7DEOH���²�&DSDFLW\�IDFWRU��)/��IRU�ORQJ�JXWWHUV��QRPLQDOO\�OHYHO�RU�VORSLQJ�WRZDUGV�DQ�RXWOHW

:

/ &DSDFLW\�IDFWRU��)/

1RPLQDOO\
OHYHO

��PP�P�WR
��PP�P

*UDGLHQW

��PP�P

*UDGLHQW

��PP�P

*UDGLHQW

��PP�P

*UDGLHQW

���PP�P

��� ���� ���� ���� ���� ����

� ��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ����

127(6�

/ �����������LV�WKH�GUDLQDJH�OHQJWK�RI�JXWWHU��LQ�PLOOLPHWUHV��PP��
: LV�WKH�GHVLJQ�ZDWHU�GHSWK��L�H��IXOO�GHSWK�RI�JXWWHU�WR�VSLOORYHU�OHYHO�IRU�HDYHV

JXWWHUV�RU�GHSWK�RI�JXWWHU�WR�VSLOORYHU�OHYHO�OHVV�IUHHERDUG�DOORZDQFH�IRU�YDOOH\�DQG
SDUDSHW�JXWWHUV��LQ�PLOOLPHWUHV��PP��
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3DJH���
(1�������������

D )UHHERDUG
E ([WHQVLRQV�RI�WKH�VLGHV�RI�YDOOH\�JXWWHUV�GR�QRW�IRUP�SDUW�RI�WKH�JXWWHU�IRU�WKH�SXUSRVHV�RI� )LJXUHV������

��DQG�����VHH�������
F $SSOLFDEOH�WR�
G 6SLOORYHU�OHYHO
H 5RXQGHG�FRUQHUV�VKDOO�EH�DOORZHG�IRU�LQ�FDOFXODWLQJ�FURVV�VHFWLRQDO�DUHD�EXW��IRU�WKH�SXUSRVH�RI

)LJXUHV���DQG�����6�PD\�EH�PHDVXUHG�WR�WKH�SRLQW�LQGLFDWHG�SURYLGHG�WKDW�5�LV�QRW�JUHDWHU�WKDQ�:��
6 :LGWK�DW�VROH
7 :LGWK�DW�GHVLJQHG�ZDWHU�OLQH
: 'HSWK�EHORZ�GHVLJQHG�ZDWHU�OLQH

)LJXUH���²�'LPHQVLRQV�IRU�XVH�ZLWK�)LJXUHV���������DQG���
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3DJH���
(1�������������

D����'HSWK�IDFWRU�)G E����:�7

)LJXUH���²�'HSWK�IDFWRU��)G

D����6KDSH�IDFWRU�)V E����6�7

)LJXUH���²�6KDSH�IDFWRU��)6
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3DJH���
(1�������������

D &DSDFLW\�469�LQ�O�V

E &URVV�VHFWLRQDO�DUHD�WR�GHVLJQ�ZDWHU�OLQH�$Z�LQ�PPð

)LJXUH���²�&DSDFLW\�RI�VTXDUH�YDOOH\�DQG�SDUDSHW�JXWWHUV��K\GUDXOLFDOO\�VKRUW�DQG�QRPLQDOO\�OHYHO

��� *XWWHU�RXWOHWV

����� ,W�LV�LPSUDFWLFDO�WR�OD\�GRZQ�VLPSOH�UXOHV�IRU�WKH�GLPHQVLRQV�RI�RXWOHWV�IURP�JXWWHUV�ZLWK�QRQ�IODW�VROHV�
DQG�LQ�JHQHUDO�WKHLU�FDSDFLWLHV�VKRXOG�EH�HVWDEOLVKHG�E\�WHVW��VHH�DQQH[�$����2XWOHWV�IURP�JXWWHUV
ZLWK�IODW�VROHV�VKRXOG�EH�FDOFXODWHG�LQ�DFFRUGDQFH�ZLWK�������RU�GHWHUPLQHG�E\�WHVW�

����� )RU�QRQ�IODW�VROHG�JXWWHUV��H[SHULHQFH�KDV�VKRZQ�WKDW��ZKHUH�WKH�RSHQLQJ�LQ�WKH�VROH�RI�WKH�JXWWHU
KDV�D�SODQ�DUHD�DSSUR[LPDWHO\�WZLFH�WKDW�RI�WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�VPDOOHVW�UDLQZDWHU�SLSH
FDSDEOH�RI�WDNLQJ�WKH�IORZ��FDOFXODWHG�IURP�7DEOH�����DQG�D�VPRRWK�WUDQVLWLRQ�WR�WKH�UDLQZDWHU�SLSH�
WKH�RXWOHW�LV�GHHPHG�WR�EH�DGHTXDWH�IRU�WKH�FDSDFLW\�RI�WKH�JXWWHU�ODLG�QRPLQDOO\�OHYHO���7KLV
DUUDQJHPHQW�LV�VKRZQ�LQ�)LJXUH�����1DWLRQDO�DQG�ORFDO�UHJXODWLRQ�DQG�SUDFWLFH�PD\�DOVR�GLFWDWH
PLQLPXP�GLPHQVLRQV�RI�RXWOHWV�

����� :KHQ�DQ�RXWOHW�IURP�D�QRQ�IODW�VROHG�JXWWHU�LV�ILWWHG�ZLWK�D�VWUDLQHU��WKH�FDSDFLW\�RI�WKH�JXWWHUV�OHDGLQJ
WR�LW�VKDOO�EH�PXOWLSOLHG�E\�D�IDFWRU�RI�����

����� 7KH�FDSDFLW\�RI�DQ�RXWOHW�IURP�D�JXWWHU��KDYLQJ�D�IODW�VROH�ZLGHU�WKDQ�WKH�GLDPHWHU�RI�WKH�RXWOHW��VKDOO
EH�FDOFXODWHG�XVLQJ�WKH�HTXDWLRQV�JLYHQ�LQ�7DEOH���
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3DJH���
(1�������������

����$UHD�������FURVV�VHFWLRQDO�DUHD�RI�UDLQZDWHU�SLSH�FDOFXODWHG�IURP�7DEOH��
����(GJH�RI�RXWOHW�WUDQVLWLRQ
����0LQLPXP�VL]H�RI�UDLQZDWHU�SLSH�FDSDEOH�RI�WDNLQJ�IORZ��7DEOH���

D�����JXWWHU�GHSWK��=

)LJXUH���²�2XWOHWV�IURP�QRQ�IODW�VROHG�JXWWHUV��WR�LOOXVWUDWH������

����� :KHQ�DQ�RXWOHW�IURP�D�JXWWHU�LV�ILWWHG�LQ�WKH�ERWWRP�RI�D�VXPS�RU�ER[�UHFHLYHU��VHH�)LJXUH������WKH
PLQLPXP�OHQJWK�RI�ZHLU�IURP�WKH�JXWWHU�WR�WKH�ER[�VKDOO�EH�FDOFXODWHG�IURP�)LJXUH�����XVLQJ�D�KHDG
QRW�H[FHHGLQJ�WKDW�QHFHVVDU\�WR�DOORZ�IUHH�GLVFKDUJH�FRQGLWLRQV�LQ�WKH�JXWWHU�ZKLFK�PD\�EH�REWDLQHG
IURP�)LJXUH������7KH�OHQJWK�RI�ZHLU�PD\�EH�WDNHQ�DV�EHLQJ�WKH�SHULPHWHU�RI�WKH�ER[�UHFHLYHU��RYHU
ZKLFK�ZDWHU�FDQ�IORZ��IRU�D�FLUFXODU�RXWOHW�WKLV�LV�p�¼�'2��ZKHUH�'2�LV�GHILQHG�LQ�)LJXUH����

127(�
)LJXUH����PD\�EH�XVHG�WR�ILQG�WKH�FDSDFLW\�RI�RYHUIORZV�IURP�YDOOH\�JXWWHUV��RYHUIORZ
RSHQLQJV�LQ�SDUDSHWV�DQG�FKXWHV�GLVFKDUJLQJ�WKURXJK�RSHQLQJV�LQ�SDUDSHWV�RI�IODW�URRIV�LQWR
UDLQZDWHU�KHDGV�
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3DJH���
(1�������������

7DEOH���²�2XWOHW�FDSDFLW\

&LUFXODU�RXWOHWV 1RQ�FLUFXODU�RXWOHWV
:HLU�IORZ

����

���
2

2
'KN

4 =

9DOLG�ZKHUH�
�

'
K = �RU�OHVV

�����

���
:2

2
K/N

4 =

9DOLG�ZKHUH�
:

��

/

$
K = �RU�OHVV

2ULILFH�IORZ

�����

����
2

2
K'N

4 =

9DOLG�ZKHUH�
�

'
K >

�����

���
22

2
K$N

4 =

9DOLG�ZKHUH�
:

2�

/

$
K >

127(6�

��� 42 LV� WKH� WRWDO� IORZ� WR� WKH�RXWOHW� �FDOFXODWHG�RQ�DUHD�GUDLQHG�E\� WKH�RXWOHW� LQ�DFFRUGDQFH
ZLWK�VHFWLRQ�����LQ�OLWUHV�SHU�VHFRQG�
�' LV�WKH�HIIHFWLYH�GLDPHWHU�RI�WKH�RXWOHW��VHH�)LJXUH�����LQ�PLOOLPHWUHV�
�K LV�WKH�KHDG�DW�RXWOHW��VHH�QRWH�����LQ�PLOOLPHWUHV�
�N2 LV�WKH�RXWOHW�FRHIILFLHQW��GLPHQVLRQOHVV��WDNHQ�DV�

�����IRU�XQREVWUXFWHG�RXWOHWV�
�����IRU�RXWOHWV�ILWWHG�ZLWK�VWUDLQHUV�RU�JUDWLQJV�

�/: LV�WKH�OHQJWK�RI�ZHLU�RYHU�ZKLFK�ZDWHU�FDQ�IORZ��LQ�PLOOLPHWUHV�
�$2 LV�WKH�SODQ�DUHD�RI�RXWOHW��LQ�VTXDUH�PLOOLPHWUHV�
�

��� )RU�WKH�ZHLU�IORZ�HTXDWLRQ�WR�EH�DSSOLFDEOH��WKHUH�VKDOO�EH�D�JDS�EHWZHHQ�WKH�HGJH�RI�WKH�RXWOHW
DQG�WKH�VLGH�RI�WKH�JXWWHU�RI�DW�OHDVW����RI�WKH�GLDPHWHU�RI�WKH�RXWOHW�

�
��� 7KH�KHDG�DW�WKH�RXWOHW��K��RI�D�WUDSH]RLGDO��UHFWDQJXODU�RU�WULDQJXODU�JXWWHU�LV�WKH�GHVLJQHG

PD[LPXP�GHSWK�RI�IORZ��:��PXOWLSOLHG�E\�WKH�RXWOHW�KHDG�IDFWRU��)K��WDNHQ�IURP�)LJXUH����
GHSHQGLQJ�XSRQ�6�7��VHH�)LJXUH�����L�H��K� �)K�¼�:�

��� )ODW�URRI�RXWOHWV

����� 7KH�GUDLQDJH�RI�IODW�URRIV�VKDOO�WDNH�LQWR�DFFRXQW�WKH�VWUHQJWK�DQG�FRQVWUXFWLRQ�RI�WKH�URRI�

����� $Q\�RXWOHW��RYHUIORZ�RU�FKXWH�VKDOO�EH�GHVLJQHG�VR�WKDW�LWV�RSHUDWLQJ�KHDG�GRHV�QRW�FDXVH�D�EXLOG�XS
RI�ZDWHU�WKDW�H[FHHGV�WKH�URRI�GHVLJQ�ORDGLQJ�RU�SHQHWUDWHV�WKH�URRI�FRYHULQJ��H�J��WKURXJK�MRLQWV�
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3DJH���
(1�������������

D����7DSHUHG�RXWOHW
'2�������Â�GL���/7���'2���(IIHFWLYH�GLDPHWHU�'� �'2

E����5RXQG�HGJHG�RXWOHW
'2�������Â�GL���5���'2�����(IIHFWLYH�GLDPHWHU�'� �����Â�'2

F����6KDUS�HGJHG�RXWOHW
(IIHFWLYH�GLDPHWHU�'� �'2� �GM

)LJXUH���²�(IIHFWLYH�GLDPHWHUV�RI�JXWWHU�RXWOHWV
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3DJH���
(1�������������

D���2XWOHW�KHDG�IDFWRU�)K
E 6�7

)LJXUH����²�2XWOHW�KHDG�IDFWRU��)K��IRU�GHWHUPLQLQJ�DYDLODEOH�KHDG�DW�RXWOHW
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3DJH���
(1�������������

DERYH� 6XPS�DW�HQG�RI�YDOOH\�JXWWHU�RU�SDUDSHW�RXWOHW
EHORZ� 6XPS�LQ�YDOOH\�JXWWHU

)LJXUH����²�%R[�UHFHLYHUV�RU�VXPSV
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3DJH���
(1�������������

D���)ORZ�SHU�����PP�OHQJWK�RI�ZHLU��O�V�
E���+HDG��PP�

�����

���
:

:
K/

4
¼

=

ZKHUH

/:� �OHQJWK�RI�ZHLU��PP�
K� �KHDG�RYHU�ZHLU��PP�
4:� �IORZ�UDWH�RYHU�ZHLU��O�V�

)LJXUH����²�)ORZ�RYHU�VKDUS�HGJHG�ZHLUV
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3DJH���
(1�������������

� 5DLQZDWHU�SLSHV

��� 3DUW�ILOOHG��QRQ�VLSKRQLF�V\VWHPV�

����� 7KH�PD[LPXP�GHVLJQ�IORZ���FDOFXODWHG�RQ�WKH�DUHD�GUDLQHG�E\�WKH�UDLQZDWHU�SLSH�LQ�DFFRUGDQFH
ZLWK�FODXVH����LQ�YHUWLFDO�FLUFXODU�UDLQZDWHU�SLSHV�VKDOO�EH�QRW�JUHDWHU�WKDQ�WKH�FDSDFLW\�JLYHQ�LQ
7DEOH����$�ILOOLQJ�GHJUHH�RI������VKDOO�EH�XVHG�XQOHVV�QDWLRQDO�DQG�ORFDO�UHJXODWLRQ�DQG�SUDFWLFH
VWDWHV�WKDW�DQRWKHU�ILOOLQJ�IDFWRU��EHWZHHQ������DQG�������LV�WR�EH�XVHG���,W�VKRXOG�EH�QRWHG�WKDW�WKH
FDSDFLW\�RI�WKH�UDLQZDWHU�V\VWHP�LV�XVXDOO\�GHSHQGHQW�XSRQ�WKH�FDSDFLW\�RI�WKH�JXWWHU�RXWOHW�RU�IODW
URRI�RXWOHW�UDWKHU�WKDQ�WKH�FDSDFLW\�RI�WKH�UDLQZDWHU�SLSH�

7DEOH���²�&DSDFLWLHV�RI�YHUWLFDO�UDLQZDWHU�SLSHV

,QWHUQDO
GLDPHWHU�RI

UDLQZDWHU�SLSH�
GL

�PP�

&DSDFLW\
45:3

�O�V�
,QWHUQDO

GLDPHWHU�RI
UDLQZDWHU�SLSH�

GL

�PP�

&DSDFLW\
45:3

�O�V�

)LOOLQJ
GHJUHH
I� �����

)LOOLQJ
GHJUHH
I� �����

)LOOLQJ
GHJUHH
I� �����

)LOOLQJ
GHJUHH
I� �����

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

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

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

�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����!����

��������
��������
��������
��������
��������
��������
��������
��������
��������
��������
��������
��������
8VH�:\O\�
(DWRQ
HTXDWLRQ

���������
���������
���������
���������
���������
���������
���������
���������
���������
���������
���������
���������
8VH�:\O\�
(DWRQ
HTXDWLRQ

127(
%DVHG�RQ�WKH�:\O\�(DWRQ�HTXDWLRQ�

45:3� �����¼���
���¼�NE

��������¼�G,
�������¼�I������

ZKHUH
45:3 LV�WKH�FDSDFLW\�RI�UDLQZDWHU�SLSH��LQ�OLWUHV�SHU�VHFRQG��O�V��
NE LV�WKH�SLSH�URXJKQHVV��LQ�PLOOLPHWUHV��DVVXPHG�����PP��
GL LV�WKH�LQWHUQDO�GLDPHWHU�RI�UDLQZDWHU�SLSH��LQ�PLOOLPHWUHV��PP��
I LV�WKH�ILOOLQJ�GHJUHH��GHILQHG�DV�WKH�SURSRUWLRQ�RI�FURVV�VHFWLRQ�ILOOHG

ZLWK�ZDWHU��GLPHQVLRQOHVV�
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3DJH���
(1�������������

127(���
7KH�PD[LPXP�FDSDFLW\�LQ�D�YHUWLFDO�QRQ�FLUFXODU�UDLQZDWHU�SLSH�PD\�EH�WDNHQ�DV�HTXDO�WR�WKH
PD[LPXP�IORZ�LQ�D�FLUFXODU�SLSH�RI�WKH�VDPH�FURVV�VHFWLRQDO�DUHD�

127(���
:KHQ�D�YHUWLFDO�UDLQZDWHU�SLSH�KDV�DQ�RIIVHW�ZLWK�D�JUDGLHQW�RI�QRW�OHVV�WKDQ���R������PP�P�
WR�WKH�KRUL]RQWDO��WKH�RIIVHW�PD\�EH�LJQRUHG�

����� 7KH�IORZ�LQ�RIIVHWV�OHVV�WKDQ���R�WR�WKH�KRUL]RQWDO�VKDOO�EH�FDOFXODWHG�DV�D�GUDLQ�ZLWK�D�ILOOLQJ�GHJUHH
RI�QRW�PRUH�WKDQ�����XQOHVV�QDWLRQDO�DQG�ORFDO�UHJXODWLRQ�DQG�SUDFWLFH�VWDWHV�RWKHUZLVH��DV
LOOXVWUDWHG�LQ�)LJXUH�����

&DOFXODWH�FDSDFLW\�DV�D�YHUWLFDO &DOFXODWH�FDSDFLW\�DV�D�GUDLQ
UDLQZDWHU�SLSH

)LJXUH����²�(IIHFW�RI�RIIVHWV�LQ�UDLQZDWHU�SLSHV

����� &RQVLGHUDWLRQ�VKDOO�EH�JLYHQ�WR�WKH�ULVN�RI�EORFNDJH��HVSHFLDOO\�ZKHQ�XVLQJ�VPDOO�ERUH�SLSHV��L�H�
SLSHV�OHVV�WKDQ�'1�����

��� 6LSKRQLF�V\VWHPV

����� 7KH�V\VWHP�VKDOO�GUDLQ�WKH�UXQRII�IURP�WKH�LPSHUPHDEOH�DUHD�VHUYHG��FDOFXODWHG�LQ�DFFRUGDQFH�ZLWK
FODXVH����ZLWKRXW�WDNLQJ�JXWWHU�VWRUDJH�LQWR�FRQVLGHUDWLRQ���,W�LV�UHFRPPHQGHG�WKDW�WKH�UHFXUUHQFH
SHULRG�PHWKRG��VHH��������VKRXOG�EH�XVHG�ZKHQHYHU�SRVVLEOH�

����� )RU�IODW�URRI�GUDLQDJH��WKH�V\VWHP�VKDOO�FRQIRUP�WR�FODXVH�������)RU�JXWWHU�GUDLQDJH��WKH�V\VWHP
VKDOO�FRQIRUP�WR�FODXVHV�����DQG�����

����� 7KH�VLSKRQLF�HIIHFW�VKDOO�FRPPHQFH�TXLFNO\�HQRXJK�WR�SUHYHQW�GHVLJQ�ZDWHU�GHSWKV�RQ�WKH�URRI�RU
LQ�WKH�JXWWHU�EHLQJ�H[FHHGHG�

����� 7KH�IORZ�FDSDFLW\�RI�LQGLYLGXDO�RXWOHWV�VKDOO�EH�EDODQFHG�WR�HQVXUH�WKH�HQWLUH�V\VWHP�SHUIRUPV�DV
VSHFLILHG�

����� 7KH�VLSKRQLF�V\VWHP�VKDOO�EH�GHVLJQHG�WR�WDNH�LQWR�DFFRXQW�DQ\�VXUFKDUJLQJ�RI�WKH�EXULHG�GUDLQDJH�

����� 3LSHV�DQG�ILWWLQJV�VKDOO�ZLWKVWDQG�WKH�PD[LPXP�SRVLWLYH�DQG�QHJDWLYH�SUHVVXUHV�HQFRXQWHUHG�XQGHU
GHVLJQ�FRQGLWLRQV�

������ 7KH�PLQLPXP�YHORFLW\�LQ�WKH�V\VWHP�DW�WKH�GHVLJQ�UDLQIDOO�VKDOO�EH�FKRVHQ�WR�SUHYHQW�GHSRVLWLRQ�LQ
SLSHZRUN�DQG�WR�HQVXUH�UDSLG�FRPPHQFHPHQW�RI�WKH�VLSKRQLF�HIIHFW�
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3DJH���
(1�������������

������ 2XWOHWV�VKDOO�EH�ILWWHG�ZLWK�VWUDLQHUV�WR�H[FOXGH�VROLG�PDWHULDO�DQG�SUHYHQW�EORFNDJHV���7KH�HIIHFW�RI
D�VWUDLQHU�RQ�ZDWHU�OHYHOV�LQ�JXWWHUV�RU�RQ�IODW�URRIV�VKDOO�EH�WDNHQ�LQWR�DFFRXQW�

����� 7KH�PLQLPXP�LQWHUQDO�SLSH�GLDPHWHU��GL��VKDOO�EH����PP�

������ 7KH�GHVLJQ�PHWKRG�VKDOO�EH�YDOLGDWHG�E\�SK\VLFDO�WHVWLQJ�

������ 7KH�ORZHVW�GHVLJQ�SUHVVXUH�VKDOO�EH�FKRVHQ�WR�SUHYHQW�SRVVLEOH�FDYLWDWLRQ�GDPDJH�DQG�FROODSVH�RI
SLSHV�

������ 5HGXFWLRQV�LQ�GLDPHWHU�LQ�WKH�GLUHFWLRQ�RI�IORZ�DUH�SHUPLWWHG�LQ�VLSKRQLF�V\VWHPV�

������ 7KH�V\VWHP�VKDOO�EH�LQVWDOOHG�LQ�DFFRUGDQFH�ZLWK�WKH�GHVLJQ�DVVXPSWLRQV���7KH�HIIHFW�RI�DQ\
GLIIHUHQFH�EHWZHHQ�WKH�GHVLJQ�DQG�WKH�V\VWHP�DV�LQVWDOOHG�VKDOO�EH�FDOFXODWHG�DQG�DSSURSULDWH
DFWLRQ�WDNHQ�

��� 'UDLQV

����� 7KH�K\GUDXOLF�FDSDFLW\�RI�GUDLQV�VKRXOG�EH�FDOFXODWHG�XVLQJ�DQ\�HVWDEOLVKHG�K\GUDXOLF�HTXDWLRQ�
XVLQJ�7DEOHV�RU�FKDUWV�DV�FRQYHQLHQW���+RZHYHU��LQ�FDVHV�RI�GLVSXWH�WKH�&ROHEURRN�:KLWH��HTXDWLRQ
VKDOO�EH�XVHG��VHH�DQQH[�&�

����� )RU�FRQYHQLHQFH��GUDLQ�FDSDFLWLHV�FDOFXODWHG�E\�WKH�&ROHEURRN�:KLWH�HTXDWLRQ�KDYH�EHHQ
WDEXODWHG�LQ�DQQH[�&�

����� 7KH�GLDPHWHU�RI�GUDLQV�VKDOO�EH�QR�VPDOOHU�WKDQ�WKH�UDLQZDWHU�SLSH�FRQQHFWHG�WR�WKHP�DQG�QRW�OHVV
WKDQ�'1����XQOHVV�QDWLRQDO�RU�ORFDO�UHJXODWLRQV�DQG�SUDFWLFH�VWDWH�RWKHUZLVH�

����� :KHUH�UDLQZDWHU�DQG�IRXO�ZDWHU�DUH�ERWK�GLVFKDUJHG�LQWR�WKH�VDPH�GUDLQ�RU�VHZHU��WKH�UDLQZDWHU
V\VWHP�VKDOO�EH�WUDSSHG�LQ�VXFK�D�ZD\�WKDW�DYRLGV�IRXO�DLU�IURP�EHLQJ�GLVFKDUJHG�WR�D�SRVLWLRQ
ZKHUH�LW�FRXOG�FDXVH�D�QXLVDQFH���7UDSV�VKDOO�EH�VR�SODFHG�WKDW�WKH\�DUH�DFFHVVLEOH�IRU�FOHDULQJ
EORFNDJHV�DQG�VKDOO�KDYH�DGHTXDWH�FDSDFLW\�WR�SUHYHQW�ORVV�RI�VHDO�E\�HYDSRUDWLRQ�GXULQJ
SURORQJHG�GU\�ZHDWKHU�

����� 'UDLQV�VKDOO�EH�VHOI�FOHDQVLQJ�XQGHU�GHVLJQ�FRQGLWLRQV�XQOHVV�DOORZHG�RWKHUZLVH�LQ�QDWLRQDO�DQG
ORFDO�UHJXODWLRQ�DQG�SUDFWLFH�

��� &RQQHFWLRQ�WR�VDQLWDU\�SLSHZRUN

5DLQZDWHU�IURP�D�VPDOO�LVRODWHG�DUHD�RI�URRI�RU�EDOFRQ\�PD\�EH�WDNHQ�LQWR�D�VDQLWDU\�VWDFN�RU
ZDVWHZDWHU�GUDLQ�SURYLGHG�

D� WKHUH�LV�QR�QDWLRQDO�DQG�ORFDO�UHJXODWLRQ�DQG�SUDFWLFH�WKDW�SURKLELWV�LW�
E� WKH�UDLQZDWHU�FRQQHFWLRQ�LV�WUDSSHG�
F� WKH�VWDFN�LV�QRW�OHVV�WKDQ�'1�����DQG�KDV�DGHTXDWH�FDSDFLW\��VHH�(1����������
G� WKH�UDLQZDWHU�IORZ�GRHV�QRW�H[FHHG�����O�V�

�����������������������������������������������������
���$OVR�NQRZQ�DV�WKH�3UDQGWO�&ROHEURRN�HTXDWLRQ
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3DJH���
(1�������������

� /D\RXW

��� *HQHUDO

'HVLJQ�RI�URRI�GUDLQDJH�V\VWHPV�VKDOO�WDNH�DFFRXQW�RI�FRQVWUXFWLRQ�WROHUDQFHV�DQG�VHWWOHPHQW�VR�DV
WR�DYRLG�EDFNIDOOV�DQG�SRQGLQJ��ZKLFK�PD\�DGYHUVHO\�DIIHFW�GXUDELOLW\�

��� *XWWHUV

����� *XWWHUV�GHVLJQHG�DV�OHYHO�RU�QRPLQDOO\�OHYHO�VKRXOG�EH�ODLG�WR�D�QRPLQDO�JUDGLHQW�RI�EHWZHHQ
��PP�P�DQG���PP�P�ZKHUH�SUDFWLFDEOH���7KH�JUDGLHQW�RI�DQ�HDYHV�JXWWHU�VKDOO�QRW�EH�VR�VWHHS�WKDW
WKH�JXWWHU�GURSV�EHORZ�WKH�OHYHO�RI�WKH�URRI�WR�VXFK�DQ�H[WHQW�WKDW�ZDWHU�GLVFKDUJLQJ�IURP�WKH�URRI
ZLOO�SDVV�RYHU�WKH�IURQW�HGJH�RI�WKH�JXWWHU�

����� ,Q�DUHDV�ZKHUH�VQRZ�OLHV�RQ�URRIV��WKH�IURQW�HGJH�RI�WKH�JXWWHU�VKRXOG�QRW�EH�KLJKHU�WKDQ�WKH
SURMHFWHG�OLQH�RI�WKH�URRI��XQOHVV�VQRZ�JXDUGV�RU�RWKHU�SUHFDXWLRQV�DUH�XVHG�

��� 2XWOHWV

����� )RU�IODW�URRIV�ZLWK�SDUDSHWV��DW�OHDVW�WZR�RXWOHWV��RU�RQH�RXWOHW�SOXV�DQ�HPHUJHQF\�RYHUIORZ��VKDOO�EH
SURYLGHG�IRU�HDFK�URRI�DUHD�

����� 'UDLQDJH�IURP�URRI�JDUGHQV�VKRXOG�HQDEOH�LQVSHFWLRQ�DQG�DFFHVV�WR�WKH�RXWOHW�DQG�VKDOO
LQFRUSRUDWH�PHDQV�RI�H[FOXGLQJ�VRLO�DQG�GHEULV�IURP�HQWHULQJ�WKH�URRI�GUDLQDJH�V\VWHP�

����� 7KH�UHGXFWLRQ�LQ�RXWOHW�FDSDFLW\�GXH�WR�VWUDLQHUV�EHLQJ�LQVWDOOHG�LQ�RXWOHWV�VKDOO�EH�WDNHQ�LQWR
FRQVLGHUDWLRQ��VHH�������DQG���������:KHUH�VWUDLQHUV�DUH�LQVWDOOHG�LQ�RXWOHWV��WKH�FDSDFLW\�RI�WKH
RXWOHW�PD\�EH�VLJQLILFDQWO\�UHGXFHG��HYHQ�ZKHQ�WKH�VWUDLQHU�LV�FOHDQ�

��� (PHUJHQF\�RXWOHWV

2YHUIORZV�RU�HPHUJHQF\�RXWOHWV�VKRXOG�EH�SURYLGHG�RQ�IODW�URRIV�ZLWK�SDUDSHWV�DQG�LQ�QRQ�HDYHV
JXWWHUV�LQ�RUGHU�WR�UHGXFH�WKH�ULVN�RI�RYHUVSLOOLQJ�RI�UDLQZDWHU�LQWR�D�EXLOGLQJ�RU�VWUXFWXUDO
RYHUORDGLQJ�

��� $FFHVV

����� $FFHVV�IRU�FOHDQLQJ��LQVSHFWLRQ�DQG��LI�UHTXLUHG��IRU�WHVWLQJ�VKDOO�EH�LQVWDOOHG�DERYH�WKH�IRRW�RI�D
UDLQZDWHU�VWDFN�DQG�DW�FKDQJHV�LQ�GLUHFWLRQ�ZKHUH�WKHUH�LV�D�ULVN�RI�EORFNDJH���:KHUH�D�UDLQZDWHU
SLSH�GLVFKDUJHV�YLD�D�SLSH�VKRH��WKLV�LV�GHHPHG�WR�SURYLGH�DGHTXDWH�DFFHVV�

����� :KHUH�SUDFWLFDEOH��DFFHVV�SRLQWV�VKRXOG�QRW�EH�VLWHG�LQ�KDELWDEOH�URRPV�

��� 3LSHZRUN

����� ,Q�KRUL]RQWDO�DQG�QHDU�KRUL]RQWDO�SLSHOLQHV��LQFUHDVHV�LQ�VL]H�VKDOO�EH�LQVWDOOHG�VXFK�WKDW�WKH�VRIILW�LV
FRQWLQXRXV�LQ�RUGHU�WR�SUHYHQW�DLU�IURP�EHLQJ�WUDSSHG�

������ :KHUH�SLSHV�SDVV�WKURXJK�WKH�H[WHUQDO�ZDOOV�RI�WKH�EXLOGLQJ��D�ZDWHUWLJKW�VHDO�VKDOO�EH�PDGH�
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3DJH���
(1�������������

����� 5DLQZDWHU�SLSHV�VKRXOG�QRW�EH�HQFDVHG�LQ�VWUXFWXUDO�HOHPHQWV�RI�EXLOGLQJV���:KHUH�WKH\�DUH
LQVWDOOHG�LQ�GXFWV�RU�FDVLQJV��WKH\�VKDOO�EH�DFFHVVLEOH�IRU�LQVSHFWLRQ��PDLQWHQDQFH��UHSDLU�DQG
UHSODFHPHQW���7KLV�GRHV�QRW�DSSO\�WR�UDLQZDWHU�GUDLQV��ZKLFK�PD\�EH�FRQVWUXFWHG�LQ�IORRUV�

����� ,QWHUQDO�UDLQZDWHU�SLSHV�VKDOO�EH�DEOH�WR�ZLWKVWDQG�WKH�KHDG�RI�ZDWHU�OLNHO\�WR�RFFXU�LQ�WKH�HYHQW�RI�D
EORFNDJH�

����� 3LSHZRUN�VKDOO�QRW�UHGXFH�LQ�GLDPHWHU�LQ�WKH�GLUHFWLRQ�RI�IORZ��H[FHSW�LQ�WKH�FDVH�RI�VLSKRQLF
V\VWHPV�

����� :KHUH�FRQGHQVDWLRQ�ZRXOG�FDXVH�SUREOHPV��SLSHZRUN�LQVLGH�EXLOGLQJV�VKDOO�EH�LQVXODWHG�

����� :KHUH�WKHUH�LV�QR�DOWHUQDWLYH�WR�D�UDLQZDWHU�SLSH�GLVFKDUJLQJ�RQ�WR�D�ORZHU�URRI�RU�SDYHG�DUHD��D
SLSH�VKRH�VKRXOG�EH�ILWWHG�WR�GLYHUW�ZDWHU�DZD\�IURP�WKH�EXLOGLQJ���6SHFLDO�VKRHV�DUH�DYDLODEOH
ZKHUH�QHFHVVDU\�WR�UHGXFH�VSODVKLQJ�

����� :KHUH�UDLQZDWHU�SLSHV�GLVFKDUJH�RQ�WR�D�ORZHU�URRI��WKH�FRYHULQJ�RI�WKH�URRI�VKRXOG�EH�UHLQIRUFHG
DW�WKH�SRLQW�ZKHUH�WKH�SLSH�VKRH�GLVFKDUJHV�

����� :KHUH�D�UDLQZDWHU�SLSH�GLVFKDUJHV�LQWR�D�JXOO\��LW�VKRXOG�WHUPLQDWH�EHORZ�WKH�JXOO\�JUDWLQJ�EXW
DERYH�WKH�ZDWHU�VHDO��SUHIHUDEO\�E\�WKH�XVH�RI�D�EDFN�LQOHW�

��� 7UDFH�KHDWLQJ

,Q�DUHDV�VXEMHFW�WR�IUHH]LQJ�FRQGLWLRQV��ZKHUH�LFH�FRXOG�EORFN�RXWOHWV�DQG�FDXVH�IORRGLQJ�LQVLGH
EXLOGLQJV��FRQVLGHUDWLRQ�VKDOO�EH�JLYHQ�WR�LQVWDOODWLRQ�RI�WUDFH�KHDWLQJ�LQ�YDOOH\�JXWWHUV�DQG�SLSHV�

��� &KDQJH�RI�EXLOGLQJ�XVH

:KHQ�WKH�XVH�RI�D�EXLOGLQJ�FKDQJHV��WKH�UDLQZDWHU�V\VWHP�VKRXOG�EH�FKHFNHG�IRU�DGHTXDF\�
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3DJH���
(1�������������

$11(;�$��1250$7,9(�

7(67,1*�2)�*877(56�$1'�287/(76

$�� &DSDFLW\�RI�JXWWHU�DQG�RXWOHW�LQ�FRPELQDWLRQ

$���� ,QWURGXFWLRQ

7KLV�WHVW�LV�DSSURSULDWH�IRU�UDLQZDWHU�V\VWHPV�LQ�ZKLFK�D�SDUWLFXODU�W\SH�RI�RXWOHW�LV�SURYLGHG�IRU�XVH
ZLWK�D�SDUWLFXODU�W\SH�RI�JXWWHU�DQG�LV�FRQQHFWHG�GLUHFWO\�WR�WKH�VROH�RI�WKH�JXWWHU���)RU�VXFK�V\VWHPV�
LW�LV�EHVW�WR�GHWHUPLQH�WKH�IORZ�FDSDFLW\�RI�WKH�JXWWHU�DQG�RXWOHW�LQ�FRPELQDWLRQ���7KH�PHDVXUHG
FDSDFLW\�PD\�EH�XVHG�LQ�SODFH�RI�WKH�QRPLQDO�FDSDFLW\��41��FDOFXODWHG�LQ�FODXVHV��������������RU
������

$���� 7HVW�PHWKRG

D� ,QVWDOO�WKH�RXWOHW�WR�UHFHLYH�IORZ�IURP�WZR�HTXDO�OHQJWKV�RI�VWUDLJKW�JXWWHU�RI�XQLIRUP�GHSWK�HLWKHU
VLGH�RI�WKH�RXWOHW���7KH�OHQJWK�RI�HDFK�JXWWHU�VKDOO�EH����WLPHV�WKH�GHVLJQ�GHSWK�RI�IORZ��:��LQ�WKH
JXWWHU�����PP��VXEMHFW�WR�D�PLQLPXP�OHQJWK�RI���P���,Q�WKH�FDVH�RI�DQ�HDYHV�JXWWHU��:�LV�HTXDO�WR
WKH�RYHUDOO�GHSWK�RI�WKH�JXWWHU��=�

E� ,QVWDOO�WKH�JXWWHUV�OHYHO��ZLWK�WKH�LQYHUW�RI�WKH�JXWWHUV�QRW�YDU\LQJ�E\�PRUH�WKDQ����PP�IURP�D
KRUL]RQWDO�OLQH���7KH�OHYHO�DW�WKH�XSVWUHDP�HQG�RI�HDFK�JXWWHU�VKDOO�QRW�EH�KLJKHU�WKDQ�WKH
FRUUHVSRQGLQJ�OHYHO�DW�WKH�RXWOHW�

F� ,QVWDOO�D�VWRS�HQG�DW�WKH�XSVWUHDP�HQG�RI�HDFK�JXWWHU�

G� &RQQHFW�RQWR�WKH�RXWOHW�D�YHUWLFDO�SLSH�RI�FRQVWDQW�GLDPHWHU�ZLWK�D�OHQJWK�HTXDO�WR��$�3��ZKHUH�$�LV
WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�SLSH�DW�WKH�ERWWRP�RI�WKH�RXWOHW�DQG�3�LV�WKH�FRUUHVSRQGLQJ�ZHWWHG
SHULPHWHU��IRU�FLUFXODU�SLSHV��WKH�UHTXLUHG�OHQJWK�LV�HTXDO�WR�WKH�ERWWRP�GLDPHWHU�RI�WKH�RXWOHW�

H� 6XSSO\�ZDWHU�WR�WKH�JXWWHU�WR�SURGXFH�D�VLPLODU�W\SH�RI�XQLIRUP�IORZ�WR�WKDW�RI�D�VORSLQJ�URRI�RQ�RQH
VLGH�RQO\�RI�WKH�JXWWHU���7KH�UDWH�RI�LQIORZ�SHU�XQLW�OHQJWK�WR�WKH�JXWWHU��DYHUDJHG�RYHU�GLVWDQFHV�RI
����PP��VKDOO�QRW�YDU\�E\�PRUH�WKDQ������IURP�WKH�PHDQ�LQIORZ�UDWH��HTXDO�WR�WKH�WRWDO�IORZ�UDWH
GLYLGHG�E\�WKH�WRWDO�OHQJWK�RI�JXWWHU�EHLQJ�WHVWHG����7KH�WRWDO�IORZ�UDWH�VKDOO�EH�PHDVXUHG�WR�DQ
DFFXUDF\�RI������E\�D�FDOLEUDWHG�LQVWUXPHQW���7KH�WHPSHUDWXUH�RI�WKH�ZDWHU�LQ�WKH�WHVWV�VKDOO�EH
EHWZHHQ��R&�DQG���R&�

I�� )RU�HDYHV�JXWWHUV�GHVLJQHG�WR�IORZ�IXOO��GHWHUPLQH�WKH�FDSDFLW\�RI�DQ�RXWOHW�ZLWK�WZR�OHQJWKV�RI
JXWWHU�E\�JUDGXDOO\�LQFUHDVLQJ�WKH�IORZ�UDWH�WR�WKH�JXWWHUV�XQWLO�WKH�ZDWHU�OHYHO�DW�WKH�GHHSHVW�SRLQW�LV
MXVW�EHORZ�WKH�VSLOORYHU�OHYHO���0DLQWDLQ�FRQVWDQW�IRU�DW�OHDVW���PLQ�WKH�IORZ�UDWH�FRUUHVSRQGLQJ�WR�WKH
FDSDFLW\�RI�WKH�V\VWHP�ZLWKRXW�RYHUIORZLQJ���'LVUHJDUG�PLQRU�VSODVKLQJ�FDXVHG�E\�ZDWHU�GURSOHWV�

J� )RU�YDOOH\�RU�SDUDSHW�JXWWHUV�GHVLJQHG�QRW�WR�IORZ�IXOO��LQVWDOO�D�SUHVVXUH�WDSSLQJ�LQ�WKH�JXWWHU�VROH�DW
WKH�XSVWUHDP�HQG�RI�HDFK�OHQJWK���'HWHUPLQH�WKH�FDSDFLW\�RI�WKH�V\VWHP�DV�WKH�PD[LPXP�IORZ�UDWH
IRU�ZKLFK�WKH�WLPH�DYHUDJHG�ZDWHU�GHSWKV�PHDVXUHG�E\�WKH�WDSSLQJV�RYHU�D���PLQ�SHULRG�GR�QRW
H[FHHG�WKH�GHVLJQ�IORZ�GHSWK��:��RI�WKH�JXWWHUV�

K�� ,I�UHTXLUHG��FDUU\�RXW�DQ�DGGLWLRQDO�WHVW�XVLQJ�WKH�DERYH�SURFHGXUH�WR�GHWHUPLQH�WKH�IORZ�FDSDFLW\�RI
DQ�RXWOHW�UHFHLYLQJ�ZDWHU�IURP�RQO\�RQH�OHQJWK�RI�JXWWHU�
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3DJH���
(1�������������

$�� &DSDFLW\�RI�JXWWHU

$���� ,QWURGXFWLRQ

7KLV�WHVW�LV�DSSURSULDWH�IRU�JXWWHUV�WKDW�PD\�EH�XVHG�ZLWK�D�YDULHW\�RI�RXWOHWV���7KH�WHVW�GHWHUPLQHV
WKH�FDSDFLW\�RI�D�VLQJOH�JXWWHU�OHQJWK�ZKHQ�GLVFKDUJLQJ�IUHHO\�DW�RQH�HQG���7KH�PHDVXUHG�FDSDFLW\
PD\�EH�XVHG�LQ�SODFH�RI�WKH�QRPLQDO�FDSDFLW\��41��FDOFXODWHG�LQ��������������RU�������

$���� 7HVW�PHWKRG

,QVWDOO�DQG�PHDVXUH�WKH�JXWWHU�FDSDFLW\�DV�GHVFULEHG�LQ�$�������7KH�JXWWHU�VKDOO�EH�VWUDLJKW�LQ�SODQ
DQG�LWV�OHQJWK�VKDOO�EH����WLPHV�WKH�GHVLJQ�GHSWK�RI�IORZ��:������PP��)LW�RQH�HQG�RI�WKH�JXWWHU�ZLWK
D�VWRS�HQG�DQG�OHDYH�WKH�RWKHU�HQG�RSHQ�VR�DV�WR�DOORZ�WKH�ZDWHU�WR�GLVFKDUJH�IUHHO\�

$�� &DSDFLW\�RI�JXWWHU�RXWOHW

$���� ,QWURGXFWLRQ

7KLV�WHVW�LV�DSSURSULDWH�IRU�RXWOHWV�WKDW�PD\�EH�XVHG�ZLWK�D�UDQJH�RI�GLIIHUHQW�JXWWHU�W\SHV�DQG
OD\RXWV���7KH�WHVW�GHWHUPLQHV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�IORZ�UDWH�LQ�WKH�RXWOHW�DQG�WKH�GHSWK�RI
ZDWHU�LQ�WKH�JXWWHU�QHDU�WR�WKH�RXWOHW���7KH�UHVXOWV�PD\�EH�XVHG�LQ�SODFH�RI�WKH�HTXDWLRQV�LQ�������

$���� 7HVW�PHWKRG

D� ,QVWDOO�WKH�RXWOHW�WR�UHFHLYH�IORZ�IURP�WZR�HTXDO�OHQJWKV�RI�VWUDLJKW��OHYHO�UHFWDQJXODU�JXWWHU�HLWKHU
VLGH�RI�WKH�RXWOHW���7KH�RXWOHW�VKDOO�EH�ORFDWHG�RQ�WKH�FHQWUH�OLQH�RI�WKH�JXWWHUV�ZKRVH�ZLGWK�VKDOO�QRW
EH�OHVV�WKDQ���WLPHV�WKH�WRS�ZLGWK�RI�WKH�RXWOHW��PHDVXUHG�WUDQVYHUVH�WR�WKH�FHQWUH�OLQH����(DFK
JXWWHU�OHQJWK�VKDOO�QRW�EH�OHVV�WKDQ�����P�

E� ,QVWDOO�D�SUHVVXUH�WDSSLQJ�RQ�HDFK�VLGH�RI�WKH�RXWOHW�RQ�WKH�FHQWUH�OLQHV�RI�WKH�JXWWHUV���7KH�GLVWDQFH
RI�HDFK�WDSSLQJ�IURP�WKH�FHQWUH�OLQH�RI�WKH�RXWOHW�VKDOO�EH���WLPHV�WKH�WRS�ZLGWK�RI�WKH�RXWOHW�

F�� )LW�D�OHQJWK�RI�YHUWLFDO�SLSH�WR�WKH�RXWOHW�DV�VSHFLILHG�LQ�$����

G� 6XSSO\�IORZ�DW�HTXDO�UDWHV�WR�WKH�XSVWUHDP�HQG�RI�HDFK�JXWWHU��GR�QRW�LQWURGXFH�WKH�IORZ�XQLIRUPO\
DORQJ�WKH�OHQJWK�RI�WKH�JXWWHU�DV�LQ�$���DQG�$�����7KH�LQOHW�DUUDQJHPHQWV�IRU�WKH�IORZ�VKDOO�SURGXFH
VPRRWK�IORZ�FRQGLWLRQV�LQ�WKH�JXWWHUV�

H� &DUU\�RXW�WHVWV�IRU�DQ�DSSURSULDWH�UDQJH�RI�VWHDG\�IORZ�UDWHV�DQG�ZDWHU�GHSWKV���0HDVXUH�WKH�WRWDO
IORZ�UDWH�WR�WKH�RXWOHW�WR�DQ�DFFXUDF\�RI��������0DLQWDLQ�FRQVWDQW�HDFK�IORZ�UDWH�IRU�DW�OHDVW���PLQ
DQG�PHDVXUH�WKH�WLPH�DYHUDJHG�ZDWHU�GHSWKV�QHDU�WKH�RXWOHW�ZLWK�WKH�WZR�SUHVVXUH�WDSSLQJV�
GHILQH�WKH�KHDG�GLVFKDUJH�FKDUDFWHULVWLF�RI�WKH�RXWOHW�XVLQJ�WKH�ODUJHU�RI�WKH�WZR�ZDWHU�GHSWKV
PHDVXUHG�E\�WKH�WDSSLQJV�
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3DJH���
(1�������������

$11(;�%��,1)250$7,9(�

1$7,21$/�$1'�/2&$/�5(*8/$7,216�$1'�35$&7,&(

7KH�IROORZLQJ�GRFXPHQWV�FRQWDLQ�GHWDLOV�ZKLFK�VKRXOG�EH�FRQVLGHUHG�ZLWKLQ�WKH�IUDPHZRUN�RI�WKLV
VWDQGDUG��7KLV�OLVW�ZDV�FRUUHFW�DW�WKH�WLPH�RI�SXEOLFDWLRQ�RI�WKLV�VWDQGDUG�EXW�VKRXOG�QRW�EH
FRQVLGHUHG�WR�EH�H[KDXVWLYH��8VHUV�RI�WKLV�VWDQGDUG�VKRXOG�FKHFN�IRU�WKH�ODWHVW�DSSOLFDEOH
GRFXPHQWV�

$XVWULD

g1250� %� ����� � �(QWZlVVHUXQJVDQODJHQ� I�U� *HElXGH� XQG� *UXQGVW�FNH�� %HVWLPPXQJHQ� I�U
3ODQXQJ�XQG�$XVI�KUXQJ�

g1250� %� ������� � �5HJHQZDVVHU�6LFNHUDQODJHQ� I�U� $EOlXIH� YRQ� 'DFKIOlFKHQ� XQG� EHIHVWLJWHQ
)OlFKHQ���7HLO����$QZHQGXQJ��K\GUDXOLVFKH�%HPHVVXQJ��%DX�XQG�%HWULHE�

g:$9�5HJHOEODWW�����5LFKWOLQLHQ�I�U�GLH�K\GUDXOLVFKH�%HUHFKQXQJ�YRQ�$EZDVVHUNDQlOHQ�

g:$9�5HJHOEODWW������5LFKWOLQLHQ�I�U�GLH�DEZDVVHUWHFKQLVFKH�%HUHFKQXQJ�YRQ�6FKPXW]���5HJHQ�
XQG�0LVFKZDVVHUNDQlOHQ�

%HOJLXP

$FFRUGLQJ�WR�WKH�5R\DO�'HFUHH�RI������������RQ�WKH�PXQLFLSDOLWLHV��GUDLQDJH�LQVWDOODWLRQV�LQVLGH
EXLOGLQJV�DUH�RI�WKH�FRPSHWHQFH�RI�WKH�PXQLFLSDOLWLHV��'UDLQDJH�V\VWHPV�KDYH�WKXV�WR�FRPSO\�ZLWK
WKH�PXQLFLSDO�UHJXODWLRQV�

'HQPDUN

%\JQLQJVUHJOHPHQW�%5�������8GJLYHW�DI�%\��RJ�%ROLJPLQLVWHULHW�
'DQLVK�%XLOGLQJ�5HJXODWLRQ�%5�������3XEOLVKHG�E\�WKH�1DWLRQDO�%XLOGLQJ�DQG�+RXVLQJ�$JHQF\�
DYDLODEOH�IURP 6FKXOW]�,QIRUPDWLRQ

+HUVWHGYDQJ���
'.������$OEHUWVOXQG
7HOHSKRQH������������������
7HOHID[������������������

'6����������1RUP�IRU�DIO¡EVLQVWDOODWLRQHU�
'6����������&RGH�RI�3UDFWLFH�IRU�VDQLWDU\�GUDLQDJH���:DVWH�ZDWHU�LQVWDOODWLRQV�

'6����������5HW���1RUP�IRU�DIO¡EVLQVWDOODWLRQHU�
'6����������&RUU���&RGH�RI�3UDFWLFH�IRU�VDQLWDU\�GUDLQDJH���:DVWH�ZDWHU�LQVWDOODWLRQV�

)UDQFH

5qJOHPHQW�VDQLWDLUH�GpSDUWHPHQWDO��WLWUH�,,,��/RFDX[�G
KDELWDWLRQ�HW�DVVLPLOpV���FLUFXODLUH�GX���DR�W
�����PRGLILpH�SDU�OHV�FLUFXODLUHV�GHV����DYULO����������MDQYLHU����������PDL����������MXLOOHW������
���PDL�������

0LQLPXP�UDLQIDOO�LQWHQVLW\��U� ������O��V¼P��
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3DJH���
(1�������������

*HUPDQ\

1DWLRQDO�UHJXODWLRQV�UHTXLUH�GUDLQDJH�V\VWHP�,�WR�EH�XVHG�
)RU�(1���������UHIHU�WR�',1��������DQG�����',1�(1������DQG�',1�������
)RU�(1���������UHIHU�WR�',1��������DQG�����',1�(1������DQG�',1�������
)RU�(1���������UHIHU�WR�',1��������DQG�����',1�(1������DQG�',1�������
)RU�(1���������UHIHU�WR�',1��������DQG����DQG�',1�(1���������WR����

)RU�(1���������UHIHU�WR�',1��������DQG�����',1�(1������DQG�',1�������

0LQLPXP�UDLQIDOO�LQWHQVLW\��U� ������O��V¼Pð���>����O��V¼KD�@

)RU�SUHIDEULFDWHG�JXWWHUV��WKH�PDQXIDFWXUHU�VKDOO�SURYLGH�DOO�K\GUDXOLF�GHVLJQ�GDWD��GHWHUPLQHG�LQ
DFFRUGDQFH�ZLWK�WKLV�VWDQGDUG�

,UHODQG

1DWLRQDO�5HJXODWLRQV��%XLOGLQJ�5HJXODWLRQV������7HFKQLFDO�*XLGDQFH�'RFXPHQW�+�'UDLQDJH�DQG
:DVWH�:DWHU�'LVSRVDO�

/RFDO�5HJXODWLRQV��/RFDO�$XWKRULWLHV�KDYH�GLIIHUHQW�UHTXLUHPHQWV�FRQFHUQLQJ�WKH�XVH�RI�W\SHV�RI
GUDLQDJH�V\VWHPV��DQG�WKH�XVH�RI�DLU�DGPLWWDQFH�YDOYHV��'UDLQDJH�6\VWHP�1R���LV�WKH�DFFHSWHG
PHWKRG�RI�JUDYLW\�GUDLQDJH�LQVLGH�EXLOGLQJV�LQ�,UHODQG�

,WDO\

/(**(�P������/HJJH�0HUOL����������
1RUPH�SHU�OD�WXWHOD�GHOOH�DFTXH�GDOO
LQTXLQDPHQWR�FRRUGLQDWH�FRQ�OH�PRGLILFKH�HG�LQWHJUD]LRQL
DSSRUWDWH�GDOOD�/HJJH�����������Q������GDOOD�/HJJH�������������Q������GDOOD�/HJJH�����������
Q������*�8��Q����GHO����������

'HFUHWR�/HJJH�Q���������������
3URURJD�GHL�WHUPLQL�GL�FXL�DJOL�DUWLFROL��������H����GHOOD�/HJJH������/HJJH�0HUOL��GHO�����������
UHFDQWH�*�8��Q�����GHOO
���������

'HOLEHUD�0,1,67(52�//�33��&20,7$72�0,1,675,�787(/$�$&48(���������
&ULWHUL��PHWRGROLJLH�H�QRUPH�WHFQLFKH�JHQHUDOL�GL�FXL�DOO
$UW����OHWWHUD�E���G���H��GHOOD�OHJJH����
�/HJJH�0HUOL��GHO������������UHFDQWH�QRUPH�SHU�OD�WXWHOD�GHOOH�DFTXH�GDOO
LQTXLQDPHQWR

'HFUHWR�/HJJH�Q��������������
3URURJD�GHL�WHUPLQL�HG�LQWHJUD]LRQL�GHOOH�/HJJL�����GHO�����������H������/HJJH�0HUOL��GHO
�����������LQ�PDWHULD�GL�WXWHOD�GHOOH�DFTXH�GDOOR�LQTXLQDPHQWR��*�8��Q�����GHO����������

/(**(�Q��������������
,QWHJUD]LRQL�H�PRGLILFKH�GHOOH�/HJJL�Q�����GHO�����������H�Q�����GHO������������/HJJH�0HUOL��LQ
PDWHULD�GL�WXWHOD�GHOOH�DFTXH�GDOO
LQTXLQDPHQWR��*�8��Q�����GHO�����������

'HFUHWR�/HJJH�Q�������������
3URYYHGLPHQWR�XUJHQWL�LQ�PDWHULD�GL�WXWHOD�GHOOH�DFTXH�GDOOR�LQTXLQDPHQWR��*�8��Q�����GHO
���������

/(**(�Q������������
&RQYHUVLRQH�LQ�OHJJH��FRQ�PRGLILFD]LRQL��GHO�'�/�������������Q������FRQFHUQHQWH�SURYYHGLPHQWL
XUJHQWL�LQ�PDWHULD�GL�WXWHOD�GHOOH�DFTXH�GDOOR�LQTXLQDPHQWR��*�8��Q����GHO���������
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3DJH���
(1�������������

&LUFRODUH�Q������6,�$&�GHO�0,1,67(52�'(//
$0%,(17(����������
,QGDJLQH�VXJOL�LPSLDQWL�GL�GHSXUD]LRQH�GHOOH�DFTXH�UHIOXH��*�8��Q�����GHO���������

'HFUHWR�/HJLVODWLYR�Q��������������
$WWXD]LRQH�GHOOD�GLUHWWLYD�&((�Q�������FRQFHUQHQWH�OD�SURWH]LRQH�GHOOH�DFTXH�VRWWHUUDQHH
GDOO
LQTXLQDPHQWR�SURYRFDWR�GD�DOFXQH�VRVWDQ]H�SHULFRORVH��6XSSO��2UG��Q����DOOD�*�8��Q����GHO
���������

'HFUHWR�Q�����GHO�35(6,'(17(�'(//$�5(38%%/,&$����������
5HJRODPHQWR�SHU�O
RUJDQL]]D]LRQH�GHO�6HUYL]LR�SHU�OD�WXWHOD�GHOOH�DFTXH��OD�GLVFLSOLQD�GHL�ULILXWL��LO
ULVDQDPHQWR�GHO�VXROR�H�OD�SUHYHQ]LRQH�GHOO
LQTXLQDPHQWR�GL�QDWXUD�ILVLFD�H�GHO�6HUYL]LR�SHU
O
LQTXLQDPHQWR�DFXVWLFR��DWPRVIHULFR�H�SHU�OH�LQGXVWULH�D�ULVFKR�GHO�0LQLVWHUR�GHOO
DPELHQWH��*�8�
Q�����GHOO
���������

'HFUHWR�/HJJH�Q��������������
0RGLILFD�DOOD�GLVFLSOLQD�GHJOL�VFDULFKL�GHOOH�SXEEOLFKH�IRJQDWXUH�H�GHJOL�LQVHGLDPHQWL�FLYLOL�FKH�QRQ
UHFDSLWDQR�LQ�SXEEOLFKH�IRJQDWXUH��*�8��Q�����GHO�����������

'HFUHWR�/HJJH�Q�������������
0RGLILFD�DOOD�GLVFLSOLQD�GHJOL�VFDULFKL�GHOOH�SXEEOLFKH�IRJQDWXUH�H�GHJOL�LQVHGLDPHQWL�FLYLOL�FKH�QRQ
UHFDSLWDQR�LQ�SXEEOLFKH�IRJQDWXUH��*�8��Q����GHO����������

'HFUHWR�/HJJH�Q��������������
0RGLILFKH�DOOD�GLVFLSOLQD�GHJOL�VFDULFKL�GHOOH�SXEEOLFKH�IRJQDWXUH�H�GHJOL�LQVHGLDPHQWL�FLYLOL�FKH�QRQ
UHFDSLWDQR�LQ�SXEEOLFKH�IRJQDWXUH��*�8��Q����GHO����������

'HFUHWR�/HJJH�Q��������������
0RGLILFKH�DOOD�GLVFLSOLQD�GHJOL�VFDULFKL�GHOOH�SXEEOLFKH�IRJQDWXUH�H�GHJOL�LQVHGLDPHQWL�FLYLOL�FKH�QRQ
UHFDSLWDQR�LQ�SXEEOLFKH�IRJQDWXUH��*�8��Q�����GHO����������

'HFUHWR�/HJJH�Q��������������
0RGLILFKH�DOOD�GLVFLSOLQD�GHJOL�VFDULFKL�GHOOH�SXEEOLFKH�IRJQDWXUH�H�GHJOL�LQVHGLDPHQWL�FLYLOL�FKH�QRQ
UHFDSLWDQR�LQ�SXEEOLFKH�IRJQDWXUH��QRQFKp�ULRUJDQL]]D]LRQH�GHJOL�RUJDQL�FROOHJLDOL�GHO�0LQLVWHUR
GHOO
$PELHQWH��*�8��Q�����GHO����������

'HFUHWR�/HJJH�Q��������������
0RGLILFKH�DOOD�GLVFLSOLQD�GHJOL�VFDULFKL�GHOOH�SXEEOLFKH�IRJQDWXUH�H�GHJOL�LQVHGLDPHQWL�FLYLOL�FKH�QRQ
UHFDSLWDQR�LQ�SXEEOLFKH�IRJQDWXUH��*�8��Q�����GHO����������

'HFUHWR�/HJJH�Q��������������
0RGLILFD�DOOD�GLVFLSOLQD�GHJOL�VFDULFKL�GHOOH�SXEEOLFKH�IRJQDWXUH�H�GHJOL�LQVHGLDPHQWL�FLYLOL�FKH�QRQ
UHFDSLWDQR�LQ�SXEEOLFKH�IRJQDWXUH��*�8��Q�����GHO�����������

'HFUHWR�/HJJH�Q������������
0RGLILFD�DOOD�GLVFLSOLQD�GHJOL�VFDULFKL�GHOOH�SXEEOLFKH�IRJQDWXUH�H�GHJOL�LQVHGLDPHQWL�FLYLOL�FKH�QRQ
UHFDSLWDQR�LQ�SXEEOLFKH�IRJQDWXUH��*�8��Q����GHO����������

/(**(�Q��������������
&RQYHUVLRQH�LQ�/HJJH��FRQ�PRGLILFD]LRQL��GHO�'HFUHWR�/HJJH����PDU]R�������Q�����UHFDQWH
GLVSRVL]LRQL�XUJHQWL�SHU�IDYRULUH�O
RFFXSD]LRQH��*�8��Q�����GHO����������
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3DJH���
(1�������������

1HWKHUODQGV

1(1����� %LQQHQULROHULQJ�LQ�ZRQLQJHQ�HQ�ZRRQJHERXZHQ�±�(LVHQ�HQ�EHSDOLQJVPHWKRGHQ
6HZHUDJH�LQVLGH�GZHOOLQJV�±�5HTXLUHPHQWV�DQG�GHWHUPLQDWLRQ�PHWKRGV

175����� %LQQHQULROHULQJ�±�5LFKWOLMQ�YRRU�RQWZHUS�HQ�XLWYRHULQJ
6HZHUDJH�LQVLGH�GZHOOLQJV�±�*XLGHOLQHV�IRU�GHVLJQ�DQG�LQVWDOODWLRQ

5DLQIDOO�LQWHQVLW\��U� �������O��V�Â�P��

6ZHGHQ

%RYHUNHWV�%\JJUHJOHU�%%5���
6ZHGLVK�%XLOGLQJ�5HJXODWLRQV����ZLWK�PDQGDWRU\�SURYLVLRQV�DQG�JHQHUDO�DGYLVRU\�QRWHV

%RYHUNHWV�)|UIDWWQLQJVVDPOLQJ�%)6����������NDSLWHO����+\JLHQ��KlOVD�RFK�PLOM|
&RGH�RI�6WDWXWHV���������RI�WKH�6ZHGLVK�1DWLRQDO�%RDUG�RI�+RXVLQJ��%XLOGLQJ�DQG�3ODQQLQJ�
FKDSWHU����+\JLHQH��+HDOWK�DQG�(QYLURQPHQW

6ZLW]HUODQG

��� 1DWLRQDO�UHJXODWLRQV�UHTXLUH�GUDLQDJH�V\VWHP�,�WR�EH�XVHG�
��� 7KH�SHUPLVVLRQ�RI�DLU�DGPLWWDQFH�YDOYHV�LV�VXEMHFW�WR�ORFDO�ERGLHV�
��� 6ZLVV�VWDQGDUG�61��������LV�DSSOLFDEOH�IRU�DOO�OD\RXW�UXOHV�ZKLFK�DUH�QRW�FRQWDLQHG�LQ
�����(1�������3DUWV���WR���

0LQLPXP�UDLQIDOO�LQWHQVLW\��FODXVH������� ������O��V�Â�P��

5LVN�IDFWRU��FODXVH������� $V�7DEOH��

:LQG�GULYHQ�UDLQ��FODXVH������� 1RW�WDNHQ�LQWR�DFFRXQW

0LQLPXP�GLPHQVLRQV�RI�RXWOHWV�IURP�QRQ�IODW
VROH�JXWWHUV��FODXVH������� 1R�UHTXLUHPHQW

)LOOLQJ�GHJUHH�RI�UDLQZDWHU�SLSHV��FODXVH������� ����

0D[LPXP�GHVLJQ�GHSWK�RI�ZDWHU�RQ�IODW�URRIV
�FODXVH���������)RU�VQRZ�ORDG�VHH�6,$�1R����� ���PP

5XQRII�FRHIILFLHQW��FODXVH����� ���

0LQLPXP�GLDPHWHU�RI�GUDLQ��FODXVH������� '1����

$QQH[�$ $W�WKH�GLVFUHWLRQ�RI�WKH�PDQXIDFWXUHU

6ZLVV�6WDQGDUG�61��������LV�DSSOLFDEOH�IRU�DOO�OD\RXW�UXOHV�QRW�FRQWDLQHG�LQ�(1 ������3DUWV�� WR ��
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3DJH���
(1�������������

8QLWHG�.LQJGRP

��� %XLOGLQJ�5HJXODWLRQV�������$SSURYHG�'RFXPHQW�+
DYDLODEOH�IURP 'HSDUWPHQW�RI�WKH�(QYLURQPHQW��7UDQVSRUW�DQG�WKH�5HJLRQV��'(75�

+062�3XEOLFDWLRQV�&HQWUH
32�%R[����
/RQGRQ
6:���'7
*UHDW�%ULWDLQ
7HOHSKRQH�������������������
7HOHID[�������������������

��� 7HFKQLFDO�6WDQGDUGV�IRU�&RPSOLDQFH�ZLWK�WKH�%XLOGLQJ�6WDQGDUGV
�6FRWODQG��5HJXODWLRQV�������3DUW�0��'UDLQDJH�DQG�VDQLWDU\�IDFLOLWLHV�
DYDLODEOH�IURP 6FRWWLVK�2IILFH��62�

1HZ�6W�$QGUHZ
V�+RXVH
(GLQEXUJK
(+���7*
*UHDW�%ULWDLQ
7HOHSKRQH�������������������

��� 7KH�%XLOGLQJ�5HJXODWLRQV��1RUWKHUQ�,UHODQG��������7HFKQLFDO�ERRNOHW�1��'UDLQDJH�
DYDLODEOH�IURP 'HSDUWPHQW�RI�WKH�(QYLURQPHQW�IRU�1RUWKHUQ�,UHODQG��'21�

F�R�+062�%RRNVKRSV
���$UWKXU�6WUHHW
%HOIDVW
%7���*'
*UHDW�%ULWDLQ
7HOHSKRQH������������������
7HOHID[������������������

��� 1DWLRQDO�DQQH[HV�WR�%6�(1��������

��� 1DWLRQDO�DQQH[HV�WR�%6�(1��������
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3DJH���
(1�������������

$11(;�&��,1)250$7,9(�

&$3$&,7<�2)�'5$,16

)RU�FRQYHQLHQFH��GUDLQ�FDSDFLWLHV�FDOFXODWHG�IURP�&ROHEURRN�:KLWH�IRUPXOD�XVLQJ�DQ�HIIHFWLYH
URXJKQHVV�RI�NE� �����PP�DQG�D�YLVFRVLW\�RI�n� �����������P��V�DUH�OLVWHG�LQ�&���

7DEOH�&���²�'LVFKDUJH�YDOXHV��ILOOLQJ�GHJUHH�������K�G� �����

6ORSH '1

���

'1

���

'1

���

'1

���

'1

���

'1

���

'1

���

L 4PD[ Y 4PD[ Y 4PD[ Y 4PD[ Y 4PD[ Y 4PD[ Y 4PD[ Y

FP�P O�V P�V O�V P�
V

O�V P�V O�V P�V O�V P�V O�V P�V O�V P�V

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

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

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

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

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

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

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

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

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

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

.H\�
4PD[  0D[LPXP�IORZ�UDWH�SHUPLWWHG�O�V�
Y  9HORFLW\��P�V�
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3DJH���
(1�������������

$11(;�'��,1)250$7,9(�

/2*,&�',$*5$06

/RJLF�GLDJUDP���²�&DOFXODWLRQ�RI�UXQRII

U
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3DJH���
(1�������������

/RJLF�GLDJUDP���²�6LSKRQLF�GUDLQDJH�V\VWHPV
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3DJH���
(1�������������

/RJLF�GLDJUDP���²�)ODW�URRI�GUDLQDJH
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3DJH���
(1�������������

/RJLF�GLDJUDP���²�(DYHV�JXWWHUV

*XWWHU
GHVLJQ
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3DJH���
(1�������������

/RJLF�GLDJUDP���²�(DYHV�JXWWHUV��FRQWLQXHG�

*XWWHU
GHVLJQ

5DLQZDWHU
SLSH�GHVLJQ

1R

1R
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3DJH���
(1�������������

/RJLF�GLDJUDP���²�(DYHV�JXWWHUV��FRQWLQXHG�
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3DJH���
(1�������������

/RJLF�GLDJUDP���²��9DOOH\�DQG�SDUDSHW�JXWWHUV

*XWWHU
GHVLJQ
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3DJH���
(1�������������

/RJLF�GLDJUDP���²��9DOOH\�DQG�SDUDSHW�JXWWHUV��FRQWLQXHG�

*XWWHU
GHVLJQ

5DLQZDWHU
SLSH
GHVLJQ

1R
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3DJH���
(1�������������

/RJLF�GLDJUDP���²�9DOOH\�DQG�SDUDSHW�JXWWHUV��FRQWLQXHG�
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3DJH���
%6�(1�������������

1$7,21$/�$11(;�1$��,1)250$7,9(�

0$7(5,$/6�$1'�&20321(176�)25�5$,1:$7(5�*22'6

1$�� *HQHUDO

7KH�PDLQ�ERG\�RI�WKH�WH[W�LV�PDWHULDO�LQGHSHQGHQW���7KLV�DQQH[�JLYHV�DGYLFH�RQ�PDWHULDOV�XVHG�LQ
URRI�GUDLQDJH�V\VWHPV���5HIHUHQFHV�LQ�VTXDUH�EUDFNHWV�UHIHU�WR�FODXVHV�LQ�WKH�PDLQ�ERG\�RI�WKH
6WDQGDUG�

0DWHULDOV�DQG�FRPSRQHQWV�IRU�UDLQZDWHU�JRRGV��H�J��JXOOLHV��SLSHV��ILWWLQJV�DQG�IL[LQJ�DFFHVVRULHV�
VKRXOG�FRQIRUP�WR�DSSURSULDWH�(XURSHDQ�6WDQGDUGV�RU�(XURSHDQ�7HFKQLFDO�$VVHVVPHQWV��(7$V��
:KHUH�QR�UHOHYDQW�(XURSHDQ�6WDQGDUG�RU�(7$�H[LVWV��%ULWLVK�6WDQGDUGV�RU�%ULWLVK�%RDUG�RI
$JUpPHQW�&HUWLILFDWHV�VKRXOG�EH�XVHG�

5DLQZDWHU�JRRGV�VKRXOG�EH�LQVWDOOHG�LQ�DFFRUGDQFH�ZLWK�PDQXIDFWXUHU¶V�UHFRPPHQGDWLRQV�

7KH�PDWHULDOV�OLVWHG�LQ�D��WR�N��EHORZ�KDYH�EHHQ�ZLGHO\�DQG�VXFFHVVIXOO\�XVHG�LQ�URRI�GUDLQDJH
ZRUN���7KH\�KDYH�GLIIHUHQW�SK\VLFDO�FKDUDFWHULVWLFV�WKDW�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�GXULQJ
KDQGOLQJ�DQG�IL[LQJ�DQG�IRU�HDFK�RI�WKHVH�PDWHULDOV�UHIHUHQFH�VKRXOG�EH�PDGH�WR�DQ\�UHOHYDQW
FRGH�RI�SUDFWLFH�DQG�WR�PDQXIDFWXUHU¶V�LQVWUXFWLRQV���0DWHULDOV�VKRXOG�EH�XVHG�LQ�VHFWLRQV�WKDW
HQDEOH�WKH�V\VWHP�WR�ZLWKVWDQG�WKH�PD[LPXP�K\GUDXOLF�KHDG�WKDW�FRXOG�RFFXU�VKRXOG�D�EORFNDJH
WDNH�SODFH�DW�WKH�ORZHVW�SRLQW���>VHH������@

%LPHWDOOLF�FRUURVLRQ�VKRXOG�EH�DYRLGHG�
$OO�IHUURXV�PHWDOV�VKRXOG�EH�SURWHFWHG�DJDLQVW�FRUURVLRQ�

D� $OXPLQLXP���$OXPLQLXP�VKRXOG�EH�SURWHFWHG�IURP�FRQWDFW�ZLWK�RU�UXQ�RII�WR�RU�IURP�FDVW
LURQ��VWHHO��LQFOXGLQJ�VWDLQOHVV���FRSSHU��DONDOLQH�FRQFUHWH��PRUWDU�RU�SODVWHU���3URWHFW�ZKHUH
QHFHVVDU\�E\�SRZGHU�FRDWLQJ��ELWXPHQ�RU�RWKHU�VXLWDEOH�FRDWLQJ���3DLQW�RU�VHDO�MRLQWV�RU�RYHUODSV�
*LYH�DGGLWLRQDO�SURWHFWLRQ�LQ�KHDYLO\�SROOXWHG�DWPRVSKHUHV�RU�ZKHUH�VXEMHFW�WR�VDOW�VSUD\�

E� )LEUH�FHPHQW��'LVSRVDO�DQG�PHFKDQLFDO�ZRUNLQJ�RI�DVEHVWRV�FHPHQW�LV�VXEMHFW�WR�WKH
SURYLVLRQ�RI�WKH�&RQWURO�RI�$VEHVWRV�DW�:RUN�5HJXODWLRQV��������$Q\�QHZ�ILEUH�FHPHQW�JRRGV
VKRXOG�EH�DVEHVWRV�IUHH�DQG�SUHFDXWLRQV�VKRXOG�EH�WDNHQ�GXULQJ�FXWWLQJ�DQG�GULOOLQJ�

F� &DVW�LURQ��/LJKW�ZHLJKW�FDVW�LURQ�VHFWLRQV�DUH�XVXDOO\�VXSSOLHG�SULPHG�DQG�KHDY\�ZHLJKW
VHFWLRQV�DUH�XVXDOO\�VXSSOLHG�ZLWK�D�ELWXPLQRXV�FRDWLQJ���([WHUQDO�SLSHV�VKRXOG�EH�ILWWHG�ZLWK
VWDQG�RII�HDUV��VSDFLQJ�SLHFHV�RU�KROGHUEDWV�VR�WKDW�VXEVHTXHQW�SDLQWLQJ�FDQ�EH�FRQWLQXRXV
DURXQG�WKH�SLSH���,QVLGH�VXUIDFHV�RI�JXWWHUV�VKRXOG�EH�SDLQWHG�

G� &RSSHU���&RSSHU�VKRXOG�EH�SURWHFWHG�E\�ELWXPLQRXV�RU�RWKHU�VXLWDEOH�FRDWLQJ�IURP
FRQWDFW�ZLWK�RU�UXQ�RII�IURP�DONDOLQH�FRQFUHWH��PRUWDU�RU�SODVWHU���8QSURWHFWHG�FRSSHU�PD\
GHYHORS�D�JUHHQ�SDWLQD�LQ�WKH�FRXUVH�RI�WLPH�ZKLFK��KRZHYHU��LV�QRW�JHQHUDOO\�KDUPIXO�

����������������������������������������������������������
��7KHVH�PDWHULDOV�DUH�VXLWDEOH�DOVR�IRU�QRQ�VWDQGDUG�DQG�GHFRUDWLYH�VHFWLRQV�
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3DJH���
%6�(1�������������

H� *ODVV�UHLQIRUFHG�SODVWLFV��*53���*53�FDQ�EH�IRUPHG�LQ�D�YDULHW\�RI�VHFWLRQV��LQFOXGLQJ
LQVXODWHG�VHFWLRQV�IRU�XVH�LQ�YDOOH\�DQG�SDUDSHW�JXWWHUV�

I� /HDG� /HDG�VKRXOG�EH�SURWHFWHG�IURP�FRQWDFW�ZLWK�RU�UXQ�RII�IURP�SRURXV�FRQFUHWH�RU
PRUWDU�ZKLFK�ZLOO�OHDG�WR�WKH�IRUPDWLRQ�RI�D�FDUERQDWH�VFDOH�

J� /RZ�FDUERQ�VWHHO��/RZ�FDUERQ�VWHHO�VKRXOG�EH�KRW�GLS�JDOYDQL]HG�RU�VWRYH�HQDPHOOHG�

K� 8QSODVWLFL]HG�39&��39&�X���7KH�LPSDFW�VWUHQJWK�RI�XQSODVWLFL]HG�39&�UHGXFHV�ZLWK
WHPSHUDWXUH�DQG�FDUH�VKRXOG�EH�WDNHQ�LQ�KDQGOLQJ�DW�RU�EHORZ�IUHH]LQJ�SRLQW���$OORZ�IRU�D
UHODWLYHO\�KLJK�FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ�

L� 6WDLQOHVV�VWHHO����$YRLG�FRQWDFW�ZLWK�RU�UXQ�RII�IURP�RWKHU�PHWDOV��LQFOXGLQJ�FDVW�LURQ�DQG
ORZ�FDUERQ�VWHHO�

M� =LQF���=LQF�VKRXOG�EH�SURWHFWHG�E\�ELWXPLQRXV�RU�RWKHU�VXLWDEOH�FRDWLQJ�IURP�FRQWDFW�ZLWK
RU�UXQ�RII�IURP�DONDOLQH�FRQFUHWH��PRUWDU�RU�SODVWHU�

N� 3RO\HWK\OHQH��3(���3(�VKRXOG�KDYH�IUHTXHQW�VXSSRUW�WR�DYRLG�VDJJLQJ�DQG�KDV�D�KLJK
FRHIILFLHQW�RI�H[SDQVLRQ���,I�XVHG�H[WHUQDOO\��LW�VKRXOG�KDYH�89�VWDELOL]DWLRQ�

����������������������������������������������������������
��7KHVH�PDWHULDOV�DUH�VXLWDEOH�DOVR�IRU�QRQ�VWDQGDUG�DQG�GHFRUDWLYH�VHFWLRQV�
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3DJH���
%6�(1�������������

1$7,21$/�$11(;�1%��,1)250$7,9(�

0(7(252/2*,&$/�$63(&76

1%�� *HQHUDO

,Q�WKH�8.�WKH�VWDWLVWLFDO�PHWHRURORJLFDO�GDWD�JLYHQ�LQ�1%���WR�1%���VKRXOG�EH�XVHG�LQ�FRQMXQFWLRQ
ZLWK�WKH�GHVLJQ�PHWKRGV�JLYHQ�LQ�WKH�PDLQ�ERG\�RI�WKH�WH[W���&URVV�UHIHUHQFHV�WR�WKH�PDLQ�WH[W�
ZKHUH�DSSOLFDEOH��DUH�JLYHQ�LQ�VTXDUH�EUDFNHWV�

:KHQ�GHVLJQLQJ�URRI�GUDLQDJH�V\VWHPV�LW�LV�QRUPDOO\�LPSUDFWLFDEOH�WR�JXDUG�DJDLQVW�YHU\
LQIUHTXHQW�H[WUHPHO\�KHDY\�UDLQIDOO�HYHQWV���7KH�GHVLJQ�VKRXOG�DFKLHYH�D�EDODQFH�EHWZHHQ�WKH
FRVW�RI�WKH�URRI�GUDLQDJH�V\VWHP�DQG�WKH�IUHTXHQF\�DQG�FRQVHTXHQFHV�RI�IORRGLQJ�

7KH�FDSDFLW\�RI�URRI�GUDLQDJH�V\VWHPV�VKRXOG�EH�DGHTXDWH�WR�GLVSRVH�RI�LQWHQVH�UDLQIDOO�WKDW
XVXDOO\�RFFXUV�LQ�VXPPHU�WKXQGHUVWRUPV�

7KH�IUHTXHQF\�DQG�VHYHULW\�RI�WKH�LQWHQVH�VKRUW�GXUDWLRQ�UDLQV�DUH�UHODWHG�WR�JHRJUDSKLF�ORFDWLRQ�
$OWKRXJK�XSODQG�DUHDV�RI�QRUWKHUQ�DQG�ZHVWHUQ�8.�UHFHLYH�KLJKHU�DYHUDJH�DQQXDO�UDLQIDOOV�WKDQ
ORZODQG�DUHDV��LW�LV�LQ�WKHVH�ORZODQG�DUHDV�WKDW�YHU\�LQWHQVH�VKRUW�GXUDWLRQ�UDLQIDOOV�DUH�PRUH
IUHTXHQW�

1%����5DLQIDOO�LQWHQVLW\��U�>VHH������@

1%���� 3ULQFLSOHV

7KH�UHWXUQ�SHULRG��7��LQ�\HDUV���RI�D�VWRUP�HYHQW�FDQ�EH�GHILQHG�DSSUR[LPDWHO\�E\�WKH�FKDQFH����7�
WKDW�WKH�HYHQW�ZLOO�EH�H[FHHGHG�LQ�DQ\�JLYHQ�\HDU���,W�VKRXOG�EH�QRWHG�WKDW���7�GRHV�QRW�H[DFWO\
UHSUHVHQW�WKH�FKDQFH�RI�H[FHHGLQJ�WKH�FKRVHQ�UDWH�RI�UDLQIDOO�LQ�D�JLYHQ�\HDU�EXW�LV�D�JRRG
DSSUR[LPDWLRQ�LI�7�LV�PRUH�WKDQ���\HDUV���6LQFH�LW�PD\�EH�WKH�FRQWHQWV�RI�WKH�EXLOGLQJV�WKDW�DUH�DW
ULVN��WKLV�FKDQFH�SHU�\HDU�FDQ�EH�UHODWHG�WR�WKH�FRQVHTXHQFHV�RI�GDPDJH�WR�WKH�FRQWHQWV�

7KH�SUREDELOLW\��3U���RI�H[FHHGLQJ�WKH�FKRVHQ�UDWH�RI�UDLQIDOO�GXULQJ�WKH�OLIHWLPH�RI�WKH�EXLOGLQJ�PD\
EH�DVVLJQHG�D�YDOXH�EHWZHHQ������UHSUHVHQWLQJ�DVVXUHG�VDIHW\��DQG������UHSUHVHQWLQJ�FHUWDLQW\
WKDW�WKH�UDWH�ZLOO�EH�H[FHHGHG���)RU�YDOXHV�RI�UHWXUQ�SHULRG�HTXDO�WR�RU�JUHDWHU�WKDQ���\HDUV��3U

DQG�7�DUH�DSSUR[LPDWHO\�UHODWHG�E\�WKH�HTXDWLRQ�

3U� �����>���������7���@
/\ «����1%���

ZKHUH�

3U LV�WKH�SUREDELOLW\�RI�H[FHHGLQJ�WKH�FKRVHQ�UDWH�RI�UDLQIDOO�GXULQJ�WKH�OLIHWLPH�RI�WKH
EXLOGLQJ�

7 LV�WKH�UHWXUQ�SHULRG�RI�WKH�FKRVHQ�HYHQW��LQ�\HDUV�
/\ LV�WKH�DQWLFLSDWHG�OLIH�RI�WKH�EXLOGLQJ�RU�WKH�SHULRG�IRU�ZKLFK�WKH�FRQWHQWV�QHHG�WR�EH

SURWHFWHG��ZKLFKHYHU�LV�EHLQJ�XVHG�DV�WKH�GUDLQDJH�GHVLJQ�FULWHULRQ��LQ�\HDUV�
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3DJH���
%6�(1�������������

)RU�D�JLYHQ�UHWXUQ�SHULRG��WKH�PD[LPXP�UDWH�RI�UXQRII�ZLOO�UHVXOW�IURP�D�VWRUP�HYHQW�LQ�ZKLFK�WKH
GXUDWLRQ�RI�WKH�SHDN�LQWHQVLW\�LV�HTXDO�WR�WKH�WLPH�RI�FRQFHQWUDWLRQ��ZKLFK�LV�WKH�PLQLPXP�WLPH�IRU
WKH�ZKROH�DUHD�RI�WKH�URRI�WR�FRQWULEXWH�IORZ�WR�WKH�SRLQW�RI�GLVFKDUJH���$�WLPH�RI�FRQFHQWUDWLRQ�RI��
PLQ�LV�FRQVLGHUHG�W\SLFDO�IRU�PDQ\�URRIV�

)RXU�FDWHJRULHV�RI�GHVLJQ�UDWH�DUH�SURSRVHG�DV�IROORZV�

&DWHJRU\��� $�UHWXUQ�SHULRG��7��RI���\HDU�LV�WKH�PLQLPXP�WKDW�VKRXOG�EH�XVHG�IRU�HDYHV�JXWWHUV
DQG�IODW�URRIV���5DLQIDOO�LQWHQVLWLHV�IRU�D���PLQ�HYHQW��ZLWKLQ�D�VWRUP�RI�ORQJHU�GXUDWLRQ��DUH
JLYHQ�LQ�)LJXUH�1%���

&DWHJRU\��� �)RU�YDOOH\�DQG�SDUDSHW�JXWWHUV�RU�ZKHUH�D�EXLOGLQJ�RU�LWV�FRQWHQWV�VKRXOG�KDYH�DQ
DGGLWLRQDO�PHDVXUH�RI�SURWHFWLRQ��D�UHWXUQ�SHULRG��7��RI�����/\�VKRXOG�EH�XVHG��FRUUHVSRQGLQJ
WR�D�SUREDELOLW\��3U���RI�������5DLQIDOO�LQWHQVLWLHV�IRU�D���PLQ�HYHQW��GXULQJ�D�VWRUP�RI�ORQJHU
GXUDWLRQ��PD\�EH�IRXQG�XVLQJ�)LJXUHV�1%���WR�1%���

7KH�PDS�ZKLFK�KDV�D�UHWXUQ�SHULRG�HTXDO�WR�RU�JUHDWHU�WKDQ�WKH�GHVLJQ�UHWXUQ�SHULRG�VKRXOG
EH�FKRVHQ���*UHDWHU�DFFXUDF\�LV�XQQHFHVVDU\�

&DWHJRU\��� ,I�D�KLJKHU�GHJUHH�RI�VHFXULW\�WKDQ�WKDW�SURYLGHG�E\�FDWHJRU\���LV�GHVLUHG��D�UHWXUQ
SHULRG��7��RI�����/\�VKRXOG�EH�XVHG�FRUUHVSRQGLQJ�WR�D�SUREDELOLW\��3U���RI�������7KH�GHVLJQ
UDLQIDOO�LQWHQVLW\�PD\�WKHQ�EH�IRXQG�DV�LQ�FDWHJRU\���

&DWHJRU\���:KHUH�WKHUH�VKRXOG�EH�WKH�KLJKHVW�SRVVLEOH�VHFXULW\��3U��DSSURDFKLQJ�������WKH
PD[LPXP�SUREDEOH�UDLQIDOO�VKRXOG�EH�GHWHUPLQHG�XVLQJ�)LJXUH�1%���

7KH�PDSV�LQ�)LJXUHV�1%���WR�1%���VKRZ�WKH�UDLQIDOO�LQWHQVLW\��U��IRU���PLQ�GXUDWLRQ�VWRUP�HYHQWV
ZLWK�UHWXUQ�SHULRGV�XS�WR�WKH�PD[LPXP�SUREDEOH�UDLQIDOO���,QWHQVLWLHV�VKRXOG�EH�LQWHUSRODWHG�IRU
ORFDWLRQV�EHWZHHQ�FRQWRXUV�
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3DJH���
%6�(1�������������
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\HDU���LQ�O�V�SHU�Pð�
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3DJH���
%6�(1�������������
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Orkneys: 0.016 L/S/MSQ
Shetlands: 0.012 L/S/MSQ
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\HDUV���LQ�O�V�SHU�Pð�
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3DJH���
%6�(1�������������

1%���� (VWLPDWLRQ�RI�UDLQIDOO�LQWHQVLW\�IRU�GLIIHUHQW�UHWXUQ�SHULRGV�DQG�GXUDWLRQV�RI
VWRUP�HYHQW�XS�WR����PLQ

7KH�UDLQIDOO�LQWHQVLW\�IRU�DQ\�UHWXUQ�SHULRG�DQG�DQ\�GXUDWLRQ�RI�VWRUP�HYHQW�EHWZHHQ���PLQ�DQG���
PLQ�IRU�DQ\�JHRJUDSKLFDO�ORFDWLRQ�PD\�EH�HVWLPDWHG�XVLQJ�WKH�SURFHGXUH�EHORZ�

�D� 8VLQJ�)LJXUH�1%����HVWLPDWH�WKH�GHSWK�RI�UDLQIDOO�IDOOLQJ�LQ���PLQ�VWRUP�HYHQW�ZLWK�D�UHWXUQ
SHULRG�RI�RQFH�LQ���\HDUV����PLQ�0����LQ�PP�

�E� 8VLQJ�7DEOH�1%����REWDLQ�WKH�0��UDLQIDOO�GHSWK�FRUUHVSRQGLQJ�WR�WKH�FKRVHQ�GXUDWLRQ
�'�PLQ�0����LQ�PP�

(F) 8VLQJ�)LJXUH�1%���DQG�WKH�'�PLQ�0��WR�FDOFXODWH�WKH�GHSWK�RI�UDLQIDOO�IDOOLQJ�RYHU
GXUDWLRQ��'�PLQ��IRU�WKH�UHTXLUHG�UHWXUQ�SHULRG��'�PLQ�07���LQ�PP�

�G� &DOFXODWH�WKH�UDLQIDOO�LQWHQVLW\��U���LQ�O�V�SHU�Pð�XVLQJ�HTXDWLRQ�1%��

U� ��'�PLQ�07� ��«����1%���
� ���������'�����

ZKHUH

U�� LV�WKH�UDLQIDOO�LQWHQVLW\��LQ�O�V�SHU�Pð�

�'�PLQ�07���LV�WKH�GHSWK�RI�UDLQIDOO�IDOOLQJ�LQ�D�VWRUP�HYHQW�ZLWK�UHWXUQ�SHULRG�7�\HDUV�DQG
GXUDWLRQ�'�PLQ��LQ�PP�

' LV�WKH�GXUDWLRQ�RI�WKH�VWRUP�HYHQW��LQ�PLQ�

7DEOH�1%���²�0��UDLQIDOO�IRU�GLIIHUHQW�VWRUP�GXUDWLRQV�DV�D�IUDFWLRQ�RI�WKH���PLQ�0��UDLQIDOO

6WRUP
GXUDWLRQ��'
�PLQ�

)UDFWLRQ�RI
��PLQ�0�

�
�
�
�
�
�
�
�
�
��

����
����
����
����
����
����
����
����
����
����
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3DJH���
%6�(1�������������

1%���� ([DPSOHV�RI�SURFHGXUH

1%������ (;$03/(�����'HWHUPLQH�WKH�UDLQIDOO�LQWHQVLW\�WR�EH�XVHG�IRU�WKH�GHVLJQ�RI�YDOOH\
JXWWHUV�IRU�D�OLJKW�HQJLQHHULQJ�ZRUNV�LQ�WKH�HDVWHUQ�SDUW�RI�6KHIILHOG���,W�LV�HVWLPDWHG�WKDW�WKH
FRQWHQWV�RI�WKH�EXLOGLQJ�QHHG�WR�EH�SURWHFWHG�IURP�UDLQZDWHU�IRU����\HDUV�ZLWK�D�KLJK�GHJUHH�RI
FRQILGHQFH�

)URP�1%������LW�FDQ�EH�VHHQ�WKDW�WKH�UHTXLUHPHQWV�DUH�VDWLVILHG�E\�FDWHJRU\�����7KXV�WKH�UHWXUQ
SHULRG��7��RI�WKH�GHVLJQ�VWRUP�LV�JLYHQ�E\�

7� �������SHULRG�IRU�ZKLFK�FRQWHQWV�QHHG�WR�EH�SURWHFWHG

��� ���������� �����\HDUV�

)URP�)LJXUH�1%����WKH�UDLQIDOO�LQWHQVLW\�IRU�D���PLQ�GXUDWLRQ�VWRUP�HYHQW�ZLWK�D�UHWXUQ�SHULRG�RI
����\HDUV��ZKLFK�LV�JUHDWHU�WKDQ�WKH�UHTXLUHG�UHWXUQ�SHULRG��LV������O�V�SHU�Pð�

1%������ (;$03/(�����,I�JUHDWHU�SUHFLVLRQ�LV�VRXJKW��ZKLFK�LV�QRW�UHFRPPHQGHG�GXH�WR
WKH�LQKHUHQW�YDULDELOLW\�RI�UDLQIDOO��RU�LI�WKH�WLPH�RI�FRQFHQWUDWLRQ�IRU�WKH�URRI�LV�QRW���PLQ��WKH
PHWKRG�JLYHQ�LQ�1%�����PD\�EH�XVHG�

$VVXPLQJ�D���PLQ�WLPH�RI�FRQFHQWUDWLRQ��FDOFXODWH�WKH�GHVLJQ�UDLQIDOO�LQWHQVLW\�IRU�WKH�JXWWHUV
GHVFULEHG�LQ�H[DPSOH���

)URP�)LJXUH�1%����WKH���PLQ�0��GHSWK�RI�UDLQIDOO�LV�����PP���)URP�7DEOH�1%����WKH���PLQ�0�
GHSWK�RI�UDLQIDOO�ZLOO�EH�

���PLQ�0��  ��IUDFWLRQ������PLQ�0��
 �������������� �������PP

8VLQJ�)LJXUH�1%���IRU�WKH�UHFRPPHQGHG�UHWXUQ�SHULRG�RI�����\HDUV�

���PLQ�0����� ����
�����PLQ�0��

���PLQ�0����� ������������ �������PP

'HVLJQ�UDLQIDOO�LQWHQVLW\��U���IRU���PLQ�GXUDWLRQ�VWRUP�HYHQW�ZLWK�D�UHWXUQ�SHULRG�RI�����\HDUV�LV�

U� ����PLQ�0������ �������� �������O�V�SHU�Pð
��������������� ���
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3DJH���
%6�(1�������������

1%�� :LQG�>VHH�������DQG������@

1%���� +RUL]RQWDO�VXUIDFHV

1R�DOORZDQFH�IRU�ZLQG�LV�UHFRPPHQGHG�IRU�WKH�GHVLJQ�RI�GUDLQDJH�RI�KRUL]RQWDO�VXUIDFHV�

1%���� 6ORSLQJ�RU�YHUWLFDO�VXUIDFHV

,Q�WKH�8.��VORSLQJ�RU�YHUWLFDO�VXUIDFHV�VKRXOG�EH�DVVXPHG�WR�EH�VXEMHFW�WR�ZLQG�GULYHQ�UDLQ�DW�DQ
DQJOH�RI�����WR�WKH�YHUWLFDO��L�H����LQ����

1%�� 6QRZIDOO�>VHH�������DQG����

*XWWHUV�GHVLJQHG�IRU�UDLQIDOO�ZLOO�KDYH�DGHTXDWH�IORZ�FDSDFLW\�IRU�WKH�UHPRYDO�RI�PHOWLQJ�VQRZ�
+RZHYHU��JXWWHUV�DQG�RXWOHWV�FDQ�EHFRPH�EORFNHG�E\�IUR]HQ�VQRZ�EXW�WKLV�FDQ�EH�DYRLGHG�E\�WKH
XVH�RI�WUDFH�KHDWLQJ�RU�VQRZERDUGV�

6QRZJXDUGV�PD\�EH�ILWWHG�WR�WKH�HDYHV�RI�D�SLWFKHG�URRI�ZKHUH�VOLGLQJ�VQRZ�PD\�FDXVH�LQMXU\�WR
SHRSOH�RU�GDPDJH�WR�VWUXFWXUHV�EHORZ���'HSHQGLQJ�XSRQ�ZKDW�LV�DW�ULVN��VQRZJXDUGV�FDQ�EH
QHFHVVDU\�IRU�URRI�SLWFKHV�XS�WR�����IURP�WKH�KRUL]RQWDO�DQG�WKH\�QHHG�QRW�EH�KLJKHU�WKDQ����
PP�IRU�PRVW�VLWXDWLRQV���7KH�IL[LQJV�VKRXOG�EH�VWURQJ�HQRXJK�WR�ZLWKVWDQG�WKH�IRUFHV�FDOFXODWHG�LQ
DFFRUGDQFH�ZLWK�%6��������

1%�� 7KHUPDO�PRYHPHQW

6XSSRUWV�DQG�IL[LQJV�WR�UDLQZDWHU�JRRGV�VKRXOG�DOORZ�WKHUPDO�PRYHPHQW�WR�WDNH�SODFH�DQG��LQ
DGGLWLRQ��H[SDQVLRQ�MRLQWV�FDQ�EH�QHFHVVDU\�

:KHUH�VWUXFWXUDO�H[SDQVLRQ�MRLQWV�DUH�SURYLGHG�LQ�WKH�EXLOGLQJ��H[SDQVLRQ�MRLQWV�VKRXOG�EH
SURYLGHG�LQ�WKH�JXWWHU�WR�FRLQFLGH�
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��\HDUV����PLQ�0��
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D
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Return period (years)
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)LJXUH�1%���²�5DWLR�RI�UDLQIDOO�LQWHQVLW\�IRU�GLIIHUHQW�UHWXUQ�SHULRGV�EXW�IRU�WKH�VDPH
GXUDWLRQ
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3DJH���
%6�(1�������������

1$7,21$/�$11(;�1&��,1)250$7,9(�

())(&7,9(�&$7&+0(17�$5($

1&�� *HQHUDO

7KLV�DQQH[�SURYLGHV�DGGLWLRQDO�LQIRUPDWLRQ�DQG�GHWDLO�WR�FRPSOHPHQW�FODXVH�����RI�WKH�PDLQ�WH[W�
5HIHUHQFHV�LQ�VTXDUH�EUDFNHWV�UHIHU�WR�FODXVHV�LQ�WKH�PDLQ�ERG\�RI�WKH�6WDQGDUG�

)RU�QRUPDO�8.�GHVLJQ�SXUSRVHV�LW�LV�DVVXPHG�WKDW�UDLQ�LV�ZLQG�GULYHQ�DW�DQ�DQJOH�RI�����WR�WKH
YHUWLFDO��L�H����LQ������(DFK�JXWWHU�VKRXOG�EH�GHVLJQHG�IRU�WKH�ZLQG�GLUHFWLRQ�WKDW�ZLOO�JLYH�WKH
PD[LPXP�IORZ�LQ�WKH�JXWWHU�

$LU�IORZ�SDWWHUQV�DURXQG�EXLOGLQJV�FDQ�DIIHFW�WKH�ORFDO�DQJOH�RI�GHVFHQW�RI�UDLQ�DQG�SDUWLFXODU
FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�WDOO�EXLOGLQJV�DQG�EXLOGLQJV�LQ�H[SRVHG�SRVLWLRQV�

1&�� )ODW�URRIV

7KH�HIIHFWLYH�FDWFKPHQW�DUHD��$��RI�D�IODW�URRI�LV�LWV�SODQ�DUHD�DQG�VKRXOG�EH�FDOFXODWHG�XVLQJ
HTXDWLRQ���DQG�LV�LOOXVWUDWHG�LQ�)LJXUH�1&���D����:KHUH�VORSLQJ�RU�YHUWLFDO�VXUIDFHV�GUDLQ�RQWR�D�IODW
URRI��WKH�DGGLWLRQDO�DUHD�RI�FDWFKPHQW�VKRXOG�EH�FDOFXODWHG�LQ�DFFRUGDQFH�ZLWK�1&���DQG�1&���

1&�� 6ORSLQJ�URRIV�>VHH������@

7KH�HIIHFWLYH�FDWFKPHQW�DUHD��$��RI�D�URRI�GUDLQLQJ�WR�DQ�HDYHV�RU�SDUDSHW�JXWWHU�VKRXOG�EH
FDOFXODWHG�XVLQJ�7DEOH�����7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH�1&���E��

)RU�D�YDOOH\�JXWWHU��RQH�VLGH�RI�WKH�URRI�ZLOO�WHQG�WR�EH�H[SRVHG�WR�WKH�ZLQG�DQG�WKH�RWKHU�ZLOO�WHQG
WR�EH�VKHOWHUHG���7KH�PHWKRG�RI�FDOFXODWLQJ�WKH�HIIHFWLYH�FDWFKPHQW�DUHD�LV�LOOXVWUDWHG�LQ�)LJXUH
1&���F��

5XQRII�IURP�DQ\�YHUWLFDO�ZDOO�VKRXOG�EH�DGGHG�WR�WKH�HIIHFWLYH�FDWFKPHQW�DUHD�>VHH������@�

1&�� 9HUWLFDO�VXUIDFHV�>VHH������@

7KH�HIIHFWLYH�FDWFKPHQW�DUHD�RI�D�VLQJOH�ZDOO�VKRXOG�EH�WDNHQ�DV������RI�LWV�DUHD�>VHH������@��XS
WR�D�PD[LPXP�H[SRVHG�KHLJKW�RI����P�

:KHUH�WZR�RU�PRUH�ZDOOV�IRUP�DQ�DQJOH�RU�ED\��WKH�GLUHFWLRQ�RI�WKH�ZLQG�VKRXOG�EH�DVVXPHG�WR�EH
VXFK�WKDW�WKH�ZDOOV�FRQVLGHUHG�WRJHWKHU�SUHVHQW�WKH�PD[LPXP�YHUWLFDO�DUHD�WR�WKH�UDLQ��DV
LOOXVWUDWHG�LQ�)LJXUH�1&���

)RU�DQ�HQFORVHG�DUHD��WKH�HIIHFWLYH�FDWFKPHQW�DUHD�ZLOO�EH�LWV�SODQ�DUHD�XQOHVV�WKH�VXUURXQGLQJ
ZDOOV�DUH�RI�XQHTXDO�KHLJKW����,Q�WKH�ODWWHU�FDVH��WKH�YDOXH�RI�$�VKRXOG�EH�LQFUHDVHG�E\�KDOI�WKH
DUHD�LQ�HOHYDWLRQ�E\�ZKLFK�WKH�KLJKHU�ZDOO�H[FHHGV�WKH�ORZHU�ZDOO�
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1&�� 6PDOO�URRIV

*XWWHUV�DQG�UDLQZDWHU�SLSHV�PD\�EH�RPLWWHG�IURP�D�URRI�DW�DQ\�KHLJKW�SURYLGHG�WKDW�LW�KDV�DQ�DUHD
QRW�H[FHHGLQJ���Pð�DQG�QR�RWKHU�DUHD�GUDLQV�RQWR�LW�

1&�� 7DOO�EXLOGLQJV

*XWWHUV�DQG�UDLQZDWHU�SLSHV�PD\�EH�RPLWWHG�IURP�WDOO�VWUXFWXUHV�ZKHUH�UXQRII�ZRXOG�EH�GLVSHUVHG
EHIRUH�UHDFKLQJ�WKH�JURXQG���6XFK�UXQRII�VKRXOG�EH�GLUHFWHG�VR�DV�WR�DYRLG�XQGHVLUDEOH�SDWWHUQ
VWDLQLQJ�DQG�VSODVKLQJ�RI�ZLQGRZV�
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Angle of descent
of rain

CL

Angle of descent
of rain

2

1

a) Flat roof:  A  =  A h

hA

vA

Angle of descent
of rain

2

1

b) Sloping roof: A =  A   +    h
   Av

2

   A h
   A v

2

2

1    A

   A v,1

c) Valley gutter:  A = A     +  A       +  h,1   2h,2
1 ( A       -  A     )

A           A     v,2 v,1

v,2 v,1

h,2Ah,1A

v,2

)LJXUH�1&���²�&DOFXODWLRQ�RI�HIIHFWLYH�FDWFKPHQW�DUHD��$��RI�IODW�URRIV�DQG�VORSLQJ�URRIV
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A v,2

Gutter

Av,1

2
1 ( A     +  A     

v,1 v,2
 A  =  A     

v,2
2 2  - 2A

v,1
2 cos θ )

where  A      and   A     v,1 v,2 are areas of the vertical walls, as shown,
contributing to the flow of the gutter

)LJXUH�1&���²�&DOFXODWLRQ�RI�HIIHFWLYH�FDWFKPHQW�DUHD��$��RI�YHUWLFDO�VXUIDFHV
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1$7,21$/�$11(;�1'��,1)250$7,9(�

+<'5$8/,&�'(6,*1

1'�� *HQHUDO

7KLV�DQQH[�SURYLGHV�DGGLWLRQDO�LQIRUPDWLRQ�WR�WKH�PDLQ�ERG\�RI�WKH�WH[W����5HIHUHQFHV�LQ�VTXDUH
EUDFNHWV�UHIHU�WR�FODXVHV�LQ�WKH�PDLQ�ERG\�RI�WKH�6WDQGDUG�

,W�FRYHUV�WKH�GHVLJQ�RI�JXWWHUV�ZLWK�UHVWULFWHG�RXWOHWV�DQG�SRVLWLRQLQJ�RI�RXWOHWV��ZKLFK�KDV�D�GLUHFW
HIIHFW�RQ�JXWWHU�VL]H��

1'�� 3RVLWLRQ�RI�JXWWHU�RXWOHWV

,I�D�OHQJWK�RI�JXWWHU�LV�VHUYHG�E\�WZR�RXWOHWV��WKH�IORZ�ZLOO�VSOLW�HTXDOO\�EHWZHHQ�WKHP�HYHQ�LI�WKH
IORZ�GRHV�QRW�HQWHU�WKH�JXWWHU�XQLIRUPO\�DORQJ�LWV�OHQJWK���)LJXUH�1'���D��VKRZV�KRZ�WKH�IORZ�DW
HDFK�RXWOHW�LQ�D�OHQJWK�RI�JXWWHU�FDQ�EH�FDOFXODWHG�

)LJXUHV�1'���E��DQG�F��VKRZ�KRZ�WKH�UHTXLUHG�VL]H�RI�D�JXWWHU�LV�DIIHFWHG�E\�WKH�SRVLWLRQ�RI�WKH
RXWOHWV���)RU�WKH�DUUDQJHPHQW�VKRZQ�LQ�)LJXUH�1'���E���WKH�RXWOHWV�VSOLW�WKH�JXWWHU�LQWR�WKUHH
VHFWLRQV��HDFK�JXWWHU�OHQJWK�QHHGV�WR�KDYH�D�FDSDFLW\�RI�4�����0RYLQJ�WKH�RXWOHWV�WR�WKH�HQG�RI�WKH
JXWWHU�DV�VKRZQ�LQ�)LJXUH�1'���F��PHDQV�WKDW�HDFK�JXWWHU�OHQJWK�QHHGV�WR�KDYH�D�GLVFKDUJH
FDSDFLW\�RI�4���

)RU�HDYHV�JXWWHUV��DQ�RXWOHW�VKRXOG�EH�ORFDWHG��ZKHUH�SUDFWLFDEOH��QHDU�WR�HDFK�DQJOH�

)RU�YDOOH\�DQG�SDUDSHW�JXWWHUV�DQ�RXWOHW�VKRXOG�EH�SRVLWLRQHG�VR�WKDW�WKH�GLUHFWLRQ�RI�IORZ�LV�QRW
FKDQJHG�VKDUSO\��H�J��WKURXJK�����MXVW�EHIRUH�UHDFKLQJ�LW����:KHUH�RYHUIORZLQJ�RI�D�JXWWHU�FDQQRW
EH�WROHUDWHG��D�PLQLPXP�RI�WZR�RXWOHWV�VKRXOG�EH�SURYLGHG�>VHH����@���,W�PD\�DOVR�EH�QHFHVVDU\
HLWKHU�WR�SURYLGH�D�ZHLU�RYHUIORZ�DW�WKH�HQG�RI�WKH�JXWWHU��GLVFKDUJLQJ�RXWVLGH�WKH�EXLOGLQJ��RU�WR
GHVLJQ�IRU�D�UDWH�RI�UDLQIDOO�WKDW�FRUUHVSRQGV�WR�D�KLJK�GHJUHH�RI�VHFXULW\��VHH�1%������

1'�� *XWWHUV�ZLWK�UHVWULFWHG�RXWOHWV

1'���� *HQHUDO

7KH�PHWKRGV�JLYHQ�LQ�WKH�PDLQ�WH[W�IRU�FDOFXODWLQJ�WKH�FDSDFLWLHV�RI�JXWWHUV�DQG�RXWOHWV�DUH�EDVHG
RQ�WKH�DVVXPSWLRQ�WKDW�WKH�RXWOHWV�ZLOO�EH�PDGH�ODUJH�HQRXJK�WR�DOORZ�WKH�JXWWHUV�WR�GLVFKDUJH
IUHHO\�DQG�WKHUHE\�DFKLHYH�WKHLU�PD[LPXP�IORZ�FDSDFLWLHV�

)RU�QRPLQDOO\�OHYHO�YDOOH\�DQG�SDUDSHW�JXWWHUV�ZKLFK�KDYH�RXWOHWV�FRQQHFWHG�GLUHFWO\�WR�WKH�VROH�
VPDOOHU�RXWOHWV�FDQ�EH�XVHG�WKDW�FDXVH�D�SDUWLDO�UHVWULFWLRQ�RI�WKH�IORZ�LQ�WKH�JXWWHU���$OORZLQJ
UHVWULFWHG�IORZ�FDQ�HQDEOH�XVH�WR�EH�PDGH�RI�VXUSOXV�IORZ�FDSDFLW\�LQ�JXWWHUV�ZKRVH�GLPHQVLRQV
PD\�EH�GHWHUPLQHG�E\�PDLQWHQDQFH�RU�VWUXFWXUDO�FRQVLGHUDWLRQV�UDWKHU�WKDQ�E\�K\GUDXOLF
UHTXLUHPHQWV�

(DYHV�JXWWHUV�VKRXOG�QRW�EH�GHVLJQHG�IRU�UHVWULFWHG�GLVFKDUJH�EHFDXVH�WKH�ODFN�RI�IUHHERDUG
PDNHV�WKHP�PRUH�VHQVLWLYH�WR�DQ\�GHVLJQ�HUURUV�RU�PLQRU�EORFNDJHV���)RU�VLPLODU�UHDVRQV��VORSLQJ

© BSI 2007

Li
ce

ns
ed

 c
op

y:
 M

r 
Iq

ba
l L

im
ba

, A
ss

oc
ia

tio
n 

of
 C

on
su

lti
ng

 E
ng

in
ee

rs
, V

er
si

on
 c

or
re

ct
 a

s 
of

 1
2/

04
/2

01
3 

07
:2

4,
 (

c)
 T

he
 B

rit
is

h 
S

ta
nd

ar
ds

 In
st

itu
tio

n 
20

13



3DJH���
%6�(1�������������

JXWWHUV�DQG�JXWWHUV�ZLWK�D�VLGH�RXWOHW�VKRXOG�QRW�EH�GHVLJQHG�IRU�UHVWULFWHG�GLVFKDUJH���2XWOHWV�IRU
HDYHV�JXWWHUV�DQG�IRU�DOO�W\SHV�RI�VORSLQJ�JXWWHU�VKRXOG�EH�PDGH�ODUJH�HQRXJK�WR�DOORZ�IUHH
GLVFKDUJH�XVLQJ�WKH�GHVLJQ�PHWKRG�GHVFULEHG�LQ�FODXVH���

1'���� 'HWHUPLQDWLRQ�RI�IUHH�RU�UHVWULFWHG�GLVFKDUJH

:KHUH�WKH�GLPHQVLRQV�RI�JXWWHUV�DQG�RXWOHWV�KDYH�EHHQ�GHWHUPLQHG��WKH�OLPLWLQJ�IORZ�FDSDFLW\�RI
WKH�V\VWHP�PD\�EH�FDOFXODWHG�E\�WKH�IROORZLQJ�PHWKRG�

,I�DQ�RXWOHW�UHFHLYHV�IORZ�IURP�WZR�JXWWHUV��ZLWK�GUDLQDJH�OHQJWKV�/��DQG�/��DQG�HIIHFWLYH
FDWFKPHQW�DUHDV�$��DQG�$��UHVSHFWLYHO\����LW�LV�DVVXPHG�IRU�WKH�SXUSRVH�RI�WKH�IROORZLQJ
FDOFXODWLRQV�WKDW�$��LV�ODUJHU�WKDQ�RU�HTXDO�WR�$��

D� 8VH�FODXVH�����WR�FDOFXODWH�WKH�IORZ�FDSDFLWLHV��4��DQG�4���RI�WKH�WZR�JXWWHUV��DVVXPLQJ�IUHH
GLVFKDUJH�DQG�DOORZLQJ�IRU�WKHLU�OHQJWK�GHSWK�UDWLRV�DQG�IRU�DQ\�DQJOHV��REVWUXFWLRQV��HWF�

E� )RU�JXWWHU�OHQJWK�/���GUDLQLQJ�WKH�ODUJHU�FDWFKPHQW�DUHD�$���XVH�)LJXUH����WR�GHWHUPLQH�WKH
PD[LPXP�KHDG���K�� �)K�:��ZKHUH�:�LV�WKH�PD[LPXP�DOORZDEOH�IORZ�GHSWK�LQ�WKH�JXWWHU��RYHU
WKH�RXWOHW�IRU�IUHH�GLVFKDUJH���7KHQ�FDOFXODWH�IURP�7DEOH���WKH�FRUUHVSRQGLQJ�IORZ�UDWH��42�
WKDW�FDQ�EH�GLVFKDUJHG�E\�WKH�RXWOHW�

F� ,I�42���4����4����WKH�RXWOHW�LV�ODUJH�HQRXJK�QRW�WR�UHVWULFW�WKH�GLVFKDUJH�DQG�WKH�JXWWHUV�ZLOO�EH
FDSDEOH�RI�DFKLHYLQJ�WKHLU�PD[LPXP�IORZ�FDSDFLWLHV��4��DQG�4���L�H��IUHH�GLVFKDUJH��

G� ,I�42���4����4����WKH�RXWOHW�ZLOO�UHVWULFW�WKH�GLVFKDUJH�DQG�WKH�SURFHGXUH�LQ�1'�����VKRXOG�EH
XVHG�WR�FDOFXODWH�WKH�OLPLWLQJ�IORZ�FDSDFLWLHV�RI�WKH�RXWOHW�DQG�RI�WKH�OHQJWKV�RI�JXWWHU�WKDW�LW
GUDLQV�

,I�RQO\�RQH�OHQJWK�RI�JXWWHU�GUDLQV�WR�WKH�RXWOHW��DOO�TXDQWLWLHV�UHODWLQJ�WR�JXWWHU�OHQJWK�/��VKRXOG�EH
VHW�HTXDO�WR�]HUR�

1'���� 'HVLJQ�SURFHGXUH

7R�GHWHUPLQH�WKH�KHDG��K5���RYHU�WKH�RXWOHW�IRU�UHVWULFWHG�GLVFKDUJH�DQG�WKH�FRUUHVSRQGLQJ�IORZ
FDSDFLWLHV�RI�WKH�JXWWHUV��XVH�WKH�IROORZLQJ�LWHUDWLYH�SURFHGXUH�

D� $VVXPH�D�YDOXH�IRU�K5�EHWZHHQ�K���WKH�OLPLWLQJ�KHDG�IRU�IUHH�GLVFKDUJH�IRXQG�LQ�1'������DQG
:�

E� &DOFXODWH�WKH�YDOXH�RI�WKH�IORZ�UHVWULFWLRQ�IDFWRU��)5���JLYHQ�E\�

F� 8VH�7DEOH���WR�FDOFXODWH�WKH�GLVFKDUJH�FDSDFLW\��425���RI�WKH�RXWOHW�FRUUHVSRQGLQJ�WR�WKH
KHDG��K5���IRU�UHVWULFWHG�IORZ�

G� 8VH�)LJXUH�1'���DQG�WKH�YDOXH�RI�)5�IURP�VWHS�E��WR�ILQG�WKH�YDOXH�RI�WKH�UDWLR�4�5�4���ZKHUH
4�5�LV�WKH�UHVWULFWHG�IORZ�FDSDFLW\�RI�JXWWHU�OHQJWK�/����DQG�4��LV�LWV�PD[LPXP�FDSDFLW\�LI�LW
ZHUH�DEOH�WR�GLVFKDUJH�IUHHO\��DV�FDOFXODWHG�LQ�1'��������+HQFH�FDOFXODWH�4�5��

ÜÜ
Ý

Û
ÌÌ
Í

Ë
-
-

ÜÜ
Ý

Û
ÌÌ
Í

Ë
=

�

5

5
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K
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H� %DVHG�RQ�WKH�UDWLR�RI�WKH�FDWFKPHQW�DUHDV�GUDLQHG�E\�WKH�WZR�JXWWHU�OHQJWKV��WKH�FRPELQHG
IORZ�UDWH��4&���IURP�WKH�JXWWHUV�ZLOO�EH��4&� �4�5��$����$���$��

I� ,I�WKH�FRPELQHG�IORZ�UDWH�4&�IURP�WKH�JXWWHUV�LV�HTXDO�WR�WKH�GLVFKDUJH�FDSDFLW\��425���RI�WKH
RXWOHW�FDOFXODWHG�LQ�VWHS�F����WKHQ�WKH�DVVXPHG�YDOXH�RI�RXWOHW�KHDG��K5���LQ�VWHS�D��ZDV�FRUUHFW���,I
WKH�YDOXHV�DUH�QRW�HTXDO��DVVXPH�D�QHZ�YDOXH�RI�K5�DQG�UHSHDW�WKH�SURFHGXUH�UHSHDWHG�XQWLO�D
VXIILFLHQWO\�FORVH�DJUHHPHQW�LV�DFKLHYHG���7KH�OLPLWLQJ�IORZ�UDWHV�LQ�WKH�JXWWHUV�IRU�UHVWULFWHG�IORZ
DUH�4�5�LQ�OHQJWK�/��DQG�4�5� �425�±�4�5�LQ�OHQJWK�/��

J� ,Q�RUGHU�WR�GHWHUPLQH�LI�WKH�V\VWHP�PHHWV�WKH�GHVLJQ�UHTXLUHPHQWV��FRPSDUH�WKH�FDOFXODWHG
FDSDFLWLHV�RI�WKH�JXWWHUV�DQG�WKH�RXWOHW�ZLWK�WKH�FRUUHVSRQGLQJ�YDOXHV�RI�UXQ�RII�SURGXFHG�E\�WKH
GHVLJQ�UDLQIDOO�LQWHQVLW\�

,I�RQO\�RQH�OHQJWK�RI�JXWWHU�GUDLQV�WR�WKH�RXWOHW��VHW�DOO�TXDQWLWLHV�UHODWLQJ�WR�JXWWHU�OHQJWK�/���HTXDO
WR�]HUR�
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(Non-uniform inflow)
Q

Q

Q

Q Q

Q

Q

QQ Q

Q Q Q Q

Q Q

a)

b)

c)

1

2

3

1 2/2 2/2 3/2 3/2

/4 /4 /4 /4

/2 /2

NOTE:  For the same total flow, the gutter in (c) requires 
twice the capacity of the gutter in (b)

)LJXUH�1'���²�'LYLVLRQ�RI�IORZ�EHWZHHQ�JXWWHU�RXWOHWV
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R
at

io
 o

f r
es

tr
ic

te
d 

fl
ow

 ca
pa

ci
ty

 to
 fr

ee
ly

di
sc

ha
rg

in
g 

ca
pa

ci
ty

Flow restriction factor, FR

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

)LJXUH�1'���²�5DWLR�RI�UHVWULFWHG�IORZ�FDSDFLW\�WR�IUHHO\�GLVFKDUJLQJ�FDSDFLW\

)5
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1$7,21$/�$11(;�1(��,1)250$7,9(�

/$<287��,167$//$7,21��,163(&7,21��7(67,1*�$1'
0$,17(1$1&(

1(�� *HQHUDO

7KLV�DQQH[�JLYHV�IXUWKHU�GHWDLOV�WR�FRPSOHPHQW�WKH�PDLQ�ERG\�RI�WKH�VWDQGDUG���5HIHUHQFHV�WR�WKH
PDLQ�ERG\�RI�WKH�WHVW�DUH�JLYHQ�LQ�VTXDUH�EUDFNHWV�

1(�� /D\RXW

1(���� *XWWHU�ORFDWLRQ�>VHH������@

7KH�VSUHDG�RI�ZDWHU�DV�LW�OHDYHV�WKH�URRI�HGJH�GHSHQGV�RQ�WKH�UDWH�RI�UDLQIDOO��WKH�URRI�FRYHULQJ
DQG�WKH�SLWFK�RI�WKH�URRI���7KH�PRVW�VDWLVIDFWRU\�URRI�HGJH�LV�RQH�ZLWK�WKH�XSSHU�FRUQHU�URXQGHG
DQG�WKH�ORZHU�FRUQHU�VKDUS�

*XWWHUV�VKRXOG�EH�IL[HG�LQ�VXFK�D�SRVLWLRQ�WKDW�WKH\�LQWHUFHSW�WKH�IORZ�IURP�WKH�URRI��VHH�)LJXUH
1(�����LQ�WKH�DEVHQFH�RI�DQ\�RWKHU�LQIRUPDWLRQ�RQ�WKH�UXQRII�FKDUDFWHULVWLFV�RI�WKH�URRI��WKH�JXWWHU
VKRXOG�EH�IL[HG�FHQWUDOO\�XQGHU�WKH�URRI�HGJH�DQG�FORVH�EHQHDWK�LW�

1(���� (DYHV�JXWWHUV

5RRI�IHOWLQJ�VKRXOG�EH�H[WHQGHG�WR�MXVW�EHORZ�WKH�WRS�HGJH�RI�WKH�JXWWHU�WR�SUHYHQW�ZLQG�EORZLQJ
ZDWHU�EHKLQG�WKH�JXWWHU���7KH�URRI�FRYHULQJ�VKRXOG�QRW�H[WHQG�VR�IDU�LQWR�WKH�JXWWHU�DV�WR�SUHYHQW
HDV\�FOHDQLQJ�DQG�PDLQWHQDQFH�

*XWWHUV�VKRXOG�EH�DGHTXDWHO\�VXSSRUWHG�VR�DV�WR�SUHYHQW�VDJJLQJ�DQG�SRQGLQJ���6DJJLQJ�FDXVHV
EDFN�IDOOV�ZKLFK�UHGXFH�WKH�JXWWHU�FDSDFLW\��SRQGLQJ�UHGXFHV�WKH�GXUDELOLW\�RI�WKH�JXWWHU���&DUH
VKRXOG�EH�WDNHQ�WR�HQVXUH�WKDW�WKHUH�LV�QR�VLGHZD\V�WLOW�RI�WKH�JXWWHU�DV�WKLV�UHGXFHV�WKH�JXWWHU
FDSDFLW\�

(DYHV�JXWWHUV�DUH�XVXDOO\�VXSSRUWHG�E\�PHDQV�RI�IDVFLD�RU�UDIWHU�EUDFNHWV�WKDW�VKRXOG�EH�IDVWHQHG
ZLWK�FRUURVLRQ�UHVLVWLQJ�ZRRG�VFUHZV�RI�PLQLPXP�VL]H����PP�ORQJ�[���PP��DQG�ILWWHG�QRW�PRUH
WKDQ���P�DSDUW���6SHFLDO�UHVWUDLQLQJ�EUDFNHWV�VKRXOG�EH�XVHG�WR�SUHYHQW�WKH�JXWWHU�EHLQJ
GLVORGJHG�E\�ODGGHUV�RU�VWURQJ�ZLQGV���$GGLWLRQDO�EUDFNHWV�VKRXOG�EH�ILWWHG�WR�RU�QHDU�DQJOHV�DQG
RXWOHWV�WR�SUHYHQW�VDJJLQJ�

:LWK�XQSODVWLFL]HG�39&�JXWWHUV�KDYLQJ�VRFNHWV�DV�LQWHJUDO�SDUWV�RI�WKH�JXWWHU��VXSSRUW�EUDFNHWV
VKRXOG�EH�DUUDQJHG�VR�WKDW�RQH�LV�IL[HG�QRW�PRUH�WKDQ�����PP�IURP�WKH�VRFNHW�HQG�RI�WKH�JXWWHU�
3ODLQ�HQGHG�39&�X�JXWWHUV�VKRXOG�KDYH�XQLRQ�FOLSV�ZKLFK�PD\�LQFRUSRUDWH�D�EUDFNHW���8QLRQ�FOLSV
QRW�LQFRUSRUDWLQJ�D�EUDFNHW�ZLOO�QHHG�D�VXSSRUW�EUDFNHW�FORVH�WR�HDFK�VLGH�RI�WKH�XQLRQ�FOLS�
6XSSRUW�EUDFNHWV�IRU�39&�X�DUH�RI�WZR�W\SHV��RQH�LQWHJUDO�ZLWK�D�VRFNHW�DQG�WKH�RWKHU�D�VLPSOH
FOLS�IL[LQJ�IRU�LQWHUPHGLDWH�VXSSRUW�

:KHUH�RJHH�DQG�RWKHU�PRXOGHG�JXWWHUV�DUH�QRW�VXSSRUWHG�E\�EUDFNHWV��VFUHZ�IL[LQJ�WKURXJK�WKH
EDFN�RI�WKH�JXWWHU�LV�VRPHWLPHV�XVHG�EXW�QRW�UHFRPPHQGHG���:KHUHYHU�WKLV�PHWKRG�LV�HPSOR\HG�
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3DJH���
%6�(1�������������

WKH�IURQW�RYHUVSLOO�OHYHO�RI�WKH�JXWWHU�VKRXOG�EH�EHORZ�WKH�OHYHO�RI�WKH�IL[LQJ�VFUHZV���0RXOGHG�RU
ER[�JXWWHUV�PD\�DOVR�EH�VXSSRUWHG�E\�EULFN�RU�VWRQH�FRUQLFHV��LQ�ZKLFK�FDVH�GDPSQHVV�RI�WKH
VWUXFWXUH�VKRXOG�EH�SUHYHQWHG�E\�WKH�SURYLVLRQ�RI�GDPS�SURRI�FRXUVHV�EHKLQG�DQG�XQGHU�WKH
JXWWHU�

:KHUH�HDYHV�JXWWHUV�RFFXU�RQ�LQGXVWULDO�EXLOGLQJV��IL[LQJ�WR�RU�WKURXJK�FRUUXJDWHG�ZDOO�FODGGLQJ
PDWHULDOV�FDQ�QHHG�VSHFLDO�EUDFNHWV�DQG�IL[LQJV�

%R[�UHFHLYHUV�DUH�SUHIHUDEOH�WR�WKH�XVH�RI�VROH�RXWOHWV�DV�WKH\�UHGXFH�WKH�ULVN�RI�RYHUWRSSLQJ�
+RZHYHU��WKLV�LV�JHQHUDOO\�QRW�SUDFWLFDEOH�

1(���� 9DOOH\��SDUDSHW�DQG�ERXQGDU\�ZDOO�JXWWHUV

*XWWHUV�VKRXOG�EH�ODUJH�HQRXJK�WR�HQDEOH�D�SHUVRQ�WR�ZDON�DORQJ�WKHP�IRU�PDLQWHQDQFH
SXUSRVHV��IRU�YDOOH\�JXWWHUV�WKH�UHFRPPHQGHG�PLQLPXP�WRS�ZLGWK�LV����PP�DQG�IRU�SDUDSHW�DQG
ERXQGDU\�ZDOO�JXWWHUV����PP���7KH�VLGHV�RI�YDOOH\�JXWWHU�VKRXOG�KDYH�WKH�VDPH�VORSH�DV�WKH�URRI�
WKH\�PD\�EH�YHUWLFDO�DERYH�WKH�GHVLJQHG�WRS�ZDWHU�OHYHO�WR�SURYLGH�WKH�UHTXLUHG�IUHHERDUG�

6XSSRUWV�VKRXOG�EH�SURYLGHG�WR�DOORZ�DGMXVWPHQW�WR�HQDEOH�JXWWHUV�WR�EH�ODLG�WR�WKH�GHVLJQ�IDOO�DQG
WR�DYRLG�SRQGLQJ�>VHH����@���:KHUH�VXSSRUWV�DUH�VXEMHFW�WR�GHIOHFWLRQ�XQGHU�GHDG�DQG�OLYH�ORDGV
IURP�WKH�URRI��DGMXVWDEOH�EUDFNHWV�DQG�VXSSRUWV�DUH�UHFRPPHQGHG���7ZR�VXFK�VXSSRUWV�VKRXOG
EH�ILWWHG�WR�HDFK�OHQJWK�RI�JXWWHU��H[FHSW�IRU�JXWWHUV�GHVLJQHG�IRU�XQXVXDOO\�ORQJ�VSDQV�ZKHQ�WKH
PDQXIDFWXUHU¶V�UHFRPPHQGDWLRQV�VKRXOG�EH�IROORZHG�

%R[�UHFHLYHUV�DUH�SUHIHUDEOH�WR�VROH�RXWOHWV��VLGH�RXWOHWV�VKRXOG�QRW�EH�XVHG���7KH�GHVLJQ�RI�WKH
VWUXFWXUDO�IUDPHZRUN�VKRXOG�WDNH�DFFRXQW�RI�DQ\�LQWHUQDO�ER[�UHFHLYHUV�

1(���� %R[�UHFHLYHUV�>VHH�������DQG�)LJXUH���@

'LPHQVLRQV�RI�ER[�UHFHLYHUV�QHHG�WR�EH�ODUJH�HQRXJK�WR�DOORZ�WKH�IORZ�WR�GLVFKDUJH�IUHHO\�IURP
WKH�JXWWHU�WR�ZKLFK�LW�LV�FRQQHFWHG���7\SLFDO�GHVLJQV�IRU�ER[�UHFHLYHUV�DUH�JLYHQ�LQ�)LJXUH����

7KH�PLQLPXP�ZLGWK�RI�WKH�ER[�VKRXOG�EH�QRW�OHVV�WKDQ�WKH�ZLGWK�RI�IORZ�LQ�WKH�JXWWHU�DW�D�GHSWK
HTXDO�WR�KDOI�WKH�RYHUDOO�GHSWK�RI�JXWWHU��=���,I�IORZ�HQWHUV�WKH�ER[�UHFHLYHU�IURP�RQO\�RQH�GLUHFWLRQ�
WKH�OHQJWK�RI�WKH�ER[�LQ�WKH�GLUHFWLRQ�RI�IORZ�VKRXOG�EH�QRW�OHVV�WKDQ������:���,I�WKH�IORZ�HQWHUV
IURP�RSSRVLWH�GLUHFWLRQV��WKH�OHQJWK�RI�WKH�ER[�VKRXOG�EH�QRW�OHVV�WKDQ�����:���7KH�WRS�RI�WKH�ER[
VKRXOG�EH�OHYHO�ZLWK�WKH�WRS�RI�WKH�JXWWHU�H[FHSW�ZKHUH�WKH�ER[�LV�H[WHUQDO�WR�WKH�EXLOGLQJ��ZKHQ
WKH�RXWHU�HGJH�RI�WKH�ER[�PD\�EH�ORZHUHG�WR�DFW�DV�DQ�HPHUJHQF\�RYHUIORZ�

1(���� *XWWHU�RXWOHWV

*UDWLQJV�DUH�DOZD\V�D�SRWHQWLDO�VRXUFH�RI�EORFNDJH�DQG�VKRXOG�RQO\�EH�XVHG�RQ�QRQ�VLSKRQLF
JXWWHU�RXWOHWV�DV�D�VDIHW\�PHDVXUH�IRU�RSHQLQJV�RU�WR�SUHYHQW�ORVV�RI�ORRVH�URRI�FRYHULQJ�

2XWOHWV�FRQQHFWHG�WR�WKH�VLGHV�RI�JXWWHUV�DUH�LQHIILFLHQW�DQG�WKHLU�XVH�LV�QRW�UHFRPPHQGHG�

1(���� 2YHUIORZ�ZHLUV

2YHUIORZ�ZHLUV�DUH�XVHG�WR�GLVFKDUJH�ZDWHU�FOHDU�RI�D�EXLOGLQJ�ZKHQ�WKH�IORZ�LQ�D�JXWWHU�H[FHHGV
WKH�GHVLJQ�UDWH�RU�ZKHQ�D�SDUWLDO�RU�FRPSOHWH�EORFNDJH�RFFXUV�DW�DQ�RXWOHW�
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3DJH���
%6�(1�������������

2YHUIORZ�ZHLUV�PD\�EH�LQVWDOOHG�DW�HLWKHU�WKH�XSVWUHDP�RU�GRZQVWUHDP�HQGV�RI�WKH�JXWWHU�

$Q�XSVWUHDP�RYHUIORZ�LV�LOOXVWUDWHG�LQ�)LJXUH�1(�����7KH�FUHVW�RI�WKH�ZHLU�QHHGV�WR�EH�DERYH�WKH
GHVLJQ�GHSWK�RI�IORZ�LQ�WKH�JXWWHU�DW�WKH�XSVWUHDP�HQG���$W�WKH�GHVLJQ�UDWH�RI�IORZ��VXFK�RYHUIORZV
GR�QRW�JHQHUDOO\�KDYH�VXIILFLHQW�FDSDFLW\�WR�SUHYHQW�WKH�JXWWHU�RYHUIORZLQJ�DORQJ�LWV�OHQJWK�LI�D
FRPSOHWH�EORFNDJH�RFFXUV�DW�WKH�RXWOHW�

$�W\SLFDO�GRZQVWUHDP�RYHUIORZ�LV�VKRZQ�LQ�WKH�XSSHU�GLDJUDP�RI�)LJXUH������7KLV�KDV�WKH
DGYDQWDJH�WKDW�LW�FDQ�GLVFKDUJH�WKH�ZKROH�IORZ�IURP�WKH�JXWWHU�LI�WKH�RXWOHW�VKRXOG�EHFRPH
FRPSOHWHO\�EORFNHG�

1(���� 5DLQZDWHU�SLSHV�

:KHUH�XVHG�H[WHUQDOO\��MRLQWV�RQ�YHUWLFDO�VSLJRW�DQG�VRFNHW�UDLQZDWHU�SLSHV�DUH�JHQHUDOO\�OHIW
XQVHDOHG�ZLWK�WKH�H[FHSWLRQ�RI�WKH�MRLQW�EHWZHHQ�WKH�JXWWHU�RXWOHW�DQG�WKH�UDLQZDWHU�SLSH���0HWDO
SLSHV�OHIW�XQVHDOHG�VKRXOG�EH�ZHGJHG�WR�SUHYHQW�UDWWOH�

:KHUH�LQWHUQDO�UDLQZDWHU�SLSHV�DUH�FRQQHFWHG�WR�DQ�RXWOHW�VLWXDWHG�LQ�D�IODW�URRI�IRUPHG�RI�PHWDO
GHFNLQJ��DOORZDQFH�VKRXOG�EH�PDGH�LQ�WKH�MRLQW�EHWZHHQ�WKH�UDLQZDWHU�SLSH�DQG�URRI�RXWOHW�IRU
GLIIHUHQWLDO�PRYHPHQW�GXH�WR�URRI�GHIOHFWLRQ�

5DLQZDWHU�SLSHV�PD\�EH�IL[HG�E\�HDUV�FDVW��EROWHG�RU�ZHOGHG�WR�WKH�SLSH�VRFNHWV�RU�E\�ORRVH
KROGHUEDWV��VFUHZHG�RU�EXLOW�LQ��RQH�WR�HDFK�OHQJWK�RI�SLSH���:KHUH�SLSHV�H[FHHG���P�LQ�OHQJWK��DQ
LQWHUPHGLDWH�KROGHUEDW�VKRXOG�EH�ILWWHG���$OO�KROGHUEDWV�VKRXOG�EH�DGHTXDWHO\�SURWHFWHG�DJDLQVW
FRUURVLRQ���3LSHV�WKDW�UHTXLUH�SDLQWLQJ�VKRXOG�EH�IL[HG�DW�OHDVW����PP�FOHDU�RI�WKH�EXLOGLQJ
VWUXFWXUH�XVLQJ�VSDFHUV�RU�SURMHFWLQJ�HDUV���:KHUH�WKHUH�LV�D�ULVN�RI�GDPDJH�WKH�SLSHV�VKRXOG�EH
SURWHFWHG���3LSHV�VKRXOG�EH�IL[HG�ZLWK�VFUHZV�LQWR�VXLWDEOH�ZDOO�SOXJV�RU�ZLWK�SXUSRVH�PDGH�SLSH
QDLOV���0DWHULDOV�IRU�IL[LQJV�DQG�KROGHUEDWV�VKRXOG�EH�VHOHFWHG�WR�DYRLG�HOHFWURO\WLF�DFWLRQ�

1(���� +RUL]RQWDO�UDLQZDWHU�SLSHV�LQ�QRQ�VLSKRQLF�V\VWHPV�>VHH������@

:KHUH�SUDFWLFDEOH��KRUL]RQWDO�OHQJWKV�RI�SLSH�VKRXOG�EH�JLYHQ�D�VPDOO�IDOO�WR�SUHYHQW�SRQGLQJ�RI
ZDWHU���/RQJ�OHQJWKV�RI�SLSHZRUN�VKRXOG�EH�GHVLJQHG�DV�D�GUDLQ�>VHH����@�

&DOFXODWLRQV�VKRXOG�EH�PDGH�WR�GHWHUPLQH�ZKHWKHU�WKH�KRUL]RQWDO�SLSH�IORZV�IXOO�DW�WKH�UDWHV�RI
IORZ�XVHG�LQ�WKH�GHVLJQ�RI�WKH�JXWWHU�DQG�LWV�RXWOHWV��LI�WKH�SLSH�GRHV�IORZ�IXOO��WKH�ZDWHU�OHYHOV�LQ
WKH�FRQQHFWLRQV�EHWZHHQ�WKH�JXWWHU�RXWOHWV�DQG�WKH�KRUL]RQWDO�SLSH�VKRXOG�EH�FDOFXODWHG��VHH
)LJXUH�1(����

)ULFWLRQDO�ORVVHV�FDQ�EH�GHWHUPLQHG�XVLQJ�DQ\�HVWDEOLVKHG�K\GUDXOLF�HTXDWLRQ��VXFK�DV�WKH
&ROHEURRN�:KLWH�HTXDWLRQ��XVLQJ�D�YDOXH�RI�VXUIDFH�URXJKQHVV�RI������PP����0LQRU�ORVVHV�GXH�WR
EHQGV�DQG�WHHV�HWF��FDQ�EH�FDOFXODWHG�XVLQJ�HTXDWLRQ�1(���

+P� �z���Y
�ð� �� ��«����1(���

�������� �������������J

ZKHUH�

+P LV�WKH�PLQRU�KHDG�ORVV��P��
Y LV�WKH�YHORFLW\�LQ�WKH�SLSH�RU�ILWWLQJ��P�V��
J LV�WKH�JUDYLWDWLRQDO�FRQVWDQW� ������P�Vð�
z� LV�D�GLPHQVLRQOHVV�KHDG�ORVV�IDFWRU��VHH�7DEOH�1(����
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7DEOH�1(���²��0LQRU�ORVV�IDFWRUV

)LWWLQJ z
����EHQG
����EHQG
����WHH
����WHH
7DSHU

���
���
���
���
���

&DOFXODWLRQV�VKRXOG�EHJLQ�DW�WKH�GRZQVWUHDP�HQG�RI�WKH�KRUL]RQWDO�SLSH�ZKHUH�WKH�SLSH�VKRXOG�EH
DVVXPHG�WR�EH�MXVW�IORZLQJ�IXOO���,I�WKH�K\GUDXOLF�JUDGLHQW�OLHV�DERYH�WKH�VRIILW�RI�WKH�SLSH��WKH�SLSH
ZLOO�EH�VXUFKDUJHG�DQG�ZDWHU�ZLOO�EDFN�XS�LQ�WKH�FRQQHFWLRQV�EHWZHHQ�WKH�JXWWHU�DQG�WKH
KRUL]RQWDO�SLSH���,I�WKH�OHYHO�RI�WKH�ZDWHU�VXUIDFH�LQ�VXFK�D�FRQQHFWLRQ�LV�KLJKHU�WKDQ�WKH�EDVH�RI
WKH�LQOHW�WR�WKH�UDLQZDWHU�SLSH��WKH�IORZ�PD\�EDFN�XS�LQ�WKH�JXWWHU�RU�ER[�UHFHLYHU�WR�ZKLFK�WKH�LQOHW
LV�FRQQHFWHG��WR�FRUUHFW�WKLV��D�ODUJHU�VL]H�RI�KRUL]RQWDO�SLSH�VKRXOG�EH�XVHG�

$OO�MRLQWV�RQ�KRUL]RQWDO�SLSHV�VKRXOG�EH�VHDOHG�DQG�DFFHVV�IRU�LQVSHFWLRQ�DQG�FOHDQLQJ�VKRXOG�EH
SURYLGHG�>VHH����@���:KHUH�IL[HG�LQWHUQDOO\��WKH\�VKRXOG�EH�SUHVVXUH�WHVWHG�

1(���� 9HUWLFDO�VXUIDFHV

3URYLVLRQ�VKRXOG�EH�PDGH�WR�LQWHUFHSW�RU�GLYHUW�WKH�UXQRII�IURP�D�YHUWLFDO�VXUIDFH�DW�SRLQWV�ZKHUH�LW
ZRXOG�FDXVH�GDPDJH�RU�LQFRQYHQLHQFH��VXFK�DV�DW�DQ�HQWUDQFH�WR�D�EXLOGLQJ���2Q�WDOO�DQG�KLJKO\
H[SRVHG�EXLOGLQJV��FRQVLGHUDWLRQ�VKRXOG�DOVR�EH�JLYHQ�WR�WKH�SURYLVLRQ�RI�JDUODQGV��L�H��JXWWHUV
SODFHG�SDUW�ZD\�GRZQ�WKH�ZDOO����6HH�DOVR�1&���

1(����� )ODW�URRIV�>VHH����@

1(������� *HQHUDO����)ODW�URRIV�VKRXOG�EH�GHVLJQHG�WR�DYRLG�SRQGLQJ�EHFDXVH�LW�LV�GLIILFXOW�WR
PDLQWDLQ�ZDWHUWLJKWQHVV�RI�D�IODW�URRI�XQGHU�WKHVH�FRQGLWLRQV�

1(������� /D\RXW���)ODW�URRIV�PD\�EH�GUDLQHG�HLWKHU�

D� WRZDUGV�WKH�RXWHU�HGJHV�RI�WKH�URRI��RU�

E� WRZDUGV�FKDQQHOV�RU�RXWOHWV�ZLWKLQ�WKH�SHULPHWHU�RI�WKH�URRI�

,Q�ERWK�FDVHV�IDOOV�VKRXOG�EH�SURYLGHG�HLWKHU�E\�WKH�FRQVWUXFWLRQ�RI�WKH�URRI�RU�E\�VFUHHGLQJ�

,Q�JHQHUDO��DQ�HFRQRPLF�GHVLJQ�ZLOO�LQFOXGH�IHZ�RXWOHWV�EXW�WKH�QXPEHU�QHHGHG�PD\�RIWHQ�EH
GHWHUPLQHG�E\�WKH�SODQ�VKDSH�RI�WKH�URRI�UDWKHU�WKDQ�E\�WKH�DUHD�GUDLQHG�

1(������� 'HSWK�RI�ZDWHU�RQ�URRI���7KH�GHSWK�RI�ZDWHU�WKDW�FDQ�EH�DOORZHG�XSRQ�D�IODW�URRI
GXULQJ�D�VWRUP�GHSHQGV�XSRQ�LWV�GHVLJQ�VWUHQJWK��PHWKRG�RI�FRQVWUXFWLRQ�DQG�KHLJKW�RI�XSVWDQGV�

7UDGLWLRQDOO\��RQ�URRIV�ODLG�WR�IDOOV��ZDWHU�GHSWKV�RI�XS�WR����PP�DURXQG�RXWOHWV�KDYH�EHHQ
DFFHSWDEOH�

1(������� 'LVFKDUJH�DW�HGJH�RI�URRI���5XQRII�IURP�D�IODW�URRI�PD\�EH�GLVFKDUJHG�LQWR�
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�D� DQ�HDYHV�JXWWHU��VHH�)LJXUH�1(���D����RU�
�E� D�FKXWH�FRQQHFWHG�WR�D�KRSSHU�KHDG��VHH�)LJXUH�1(��E���

7KH�HQWUDQFH�WR�WKH�FKXWH�DFWV�DV�D�ZHLU�DQG�WKH�ZLGWK�WKDW�LV�QHHGHG�FDQ�EH�FDOFXODWHG�XVLQJ
)LJXUH������,I�D�VXPS�LV�IRUPHG�LQ�IURQW�RI�WKH�FKXWH��LW�LV�SRVVLEOH�WR�PDNH�K�JUHDWHU�WKDQ�WKH
PD[LPXP�GHSWK�RI�ZDWHU�DOORZHG�RQ�WKH�URRI�

1(������� 'LVFKDUJH�ZLWKLQ�SHULPHWHU�RI�URRI���5XQRII�IURP�D�IODW�URRI�PD\�GLVFKDUJH�WR�

D� D�FKDQQHO�IRUPHG�ZLWKLQ�RU�E\�WKH�URRI��VHH�)LJXUH�1(��G���RU�
E� D�VXPS�FRQWDLQLQJ�DQ�RXWOHW��RU�
F� DQ�RXWOHW�GUDLQLQJ�WKH�URRI�GLUHFWO\��VHH�)LJXUH�1(��F���

5RRI�FKDQQHOV�DQG�WKHLU�RXWOHWV�VKRXOG�EH�GHVLJQHG�DV�YDOOH\�JXWWHUV���6XPSV�DQG�URRI�RXWOHWV
QRUPDOO\�DFW�DV�ZHLUV�DQG�VKRXOG�EH�GHVLJQHG�WR�OLPLW�WKH�GHSWK�RI�ZDWHU�RQ�WKH�URRI���7KH�GHSWK
RI�VXPS�LV�GHWHUPLQHG�E\�WKH�FDSDFLW\�RI�WKH�RXWOHW�WKDW�GUDLQV�LW�DQG�VKRXOG�EH�QRW�OHVV�WKDQ
K������PP�

1(������� 'HVLJQ�RI�VXPSV���7KH�SURFHGXUH�JLYHQ�LQ�D��WR�I��EHORZ�PD\�EH�XVHG�WR
GHWHUPLQH�WKH�UHFRPPHQGHG�GLPHQVLRQV�RI�VXPS�

D� /RFDWH�WKH�SRVLWLRQ�RI�WKH�VXPS�DQG�FDOFXODWH�WKH�HIIHFWLYH�FDWFKPHQW�DUHD�WKDW�LW�GUDLQV�
:KHUH�SRVVLEOH��WKH�VXPS�VKRXOG�EH�SODFHG�FHQWUDOO\�

E� &KRRVH�WKH�GHVLJQ�UDWH�RI�UDLQIDOO��VHH�QDWLRQDO�DQQH[�1%��DQG�FDOFXODWH�WKH�WRWDO�UDWH�RI
UXQRII��4���LQ�O�V��DVVXPLQJ�WKDW�WKH�URRI�LV�LPSHUPHDEOH�

F� 6HOHFW�WKH�GHVLJQ�GHSWK�RI�ZDWHU�RQ�WKH�URRI�DQG�XVH�)LJXUH����WR�FDOFXODWH�WKH�SHULPHWHU�RI
WKH�VXPS��ZKLFK�PD\�EH�WDNHQ�DV�WKH�OHQJWK�RI�ZHLU��/Z��QHHGHG�IRU�4�

G� 8VLQJ�7DEOH����VHOHFW�D�VXLWDEOH�RXWOHW�WR�GUDLQ�WKH�VXPS�DQG�FDOFXODWH�WKH�KHDG�RI�ZDWHU��K��LQ
WKH�VXPS�

H� 7KH�GHSWK�RI�VXPS�DERYH�WKH�OHYHO�RI�WKH�RXWOHW�VKRXOG�EH�DW�OHDVW�K������PP�

I� 8VH�7DEOH���WR�FDOFXODWH�WKH�PLQLPXP�VL]H�RI�UDLQZDWHU�SLSH�

1(����� :DUQLQJ�SLSHV�IRU�QRQ�VLSKRQLF�V\VWHPV

,QWHUQDO�UDLQZDWHU�SLSHV�VKRXOG�EH�DEOH�WR�ZLWKVWDQG�WKH�KHDG�RI�ZDWHU�OLNHO\�WR�RFFXU�GXH�WR
EORFNDJH��EXW��LQ�RUGHU�WR�LQGLFDWH�WKDW�WKH�SLSH�LV�LQ�GDQJHU�RI�EHLQJ�FKDUJHG�XS�WR�URRI�OHYHO�
ZDUQLQJ�SLSHV�VKRXOG�EH�SURYLGHG�DW�D�KHLJKW�RI�QRW�PRUH�WKDQ���P�DERYH�WKH�SRLQW�ZKHUH
EORFNLQJ�LV�OLNHO\��H�J��DW�WKH�ERWWRP�RI�VWDFNV�DQG�DW�FKDQJHV�LQ�GLUHFWLRQ���:DUQLQJ�SLSHV�VKRXOG
EH�QRW�OHVV�WKDQ�'1����DQG�VKRXOG�WDNH�DQ�XSZDUG�GLUHFWLRQ�IURP�WKH�VWDFN�DQG�GLVFKDUJH�LQ�D
YLVLEOH�SRVLWLRQ�
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3DJH���
%6�(1�������������

1(�� ,QVSHFWLRQ

:RUN�VKRXOG�EH�YLVXDOO\�LQVSHFWHG�GXULQJ�LQVWDOODWLRQ�WR�FKHFN�FRPSOLDQFH�ZLWK�WKH�VSHFLILFDWLRQ
DQG�GHVLJQ���2Q�FRPSOHWLRQ�RI�WKH�LQVWDOODWLRQ��DOO�UDLQZDWHU�SLSHV�VKRXOG�EH�FKHFNHG�WR�HQVXUH
WKDW�QR�REVWUXFWLRQV�DUH�SUHVHQW�

1(�� 7HVWLQJ

1(���� *HQHUDO

$OO�ZRUN�WKDW�LV�WR�EH�FRQFHDOHG�VKRXOG�EH�WHVWHG�EHIRUH�LW�LV�ILQDOO\�HQFORVHG���7HVWV�IRU
VRXQGQHVV�VKRXOG�EH�DSSOLHG�WR�DOO�LQWHUQDO�SLSHZRUN�DQG�LW�LV�UHFRPPHQGHG�WKDW�ORQJ�ORZ
JUDGLHQW�UXQV�VKRXOG�EH�VLPLODUO\�WHVWHG���7KH�LQWHUQDO�UDLQZDWHU�SLSHV�VKRXOG�EH�WHVWHG�ZLWK�ZDWHU
WR�ZKDWHYHU�SUHVVXUH�LV�OLNHO\�WR�EH�H[HUWHG�ZLWKLQ�WKH�SLSH�VKRXOG�D�EORFNDJH�RFFXU�

1(���� $LU�WHVW�IRU�LQWHUQDO�UDLQZDWHU�SLSHV

,QWHUQDO�UDLQZDWHU�SLSHV�VKRXOG�EH�FDSDEOH�RI�ZLWKVWDQGLQJ�D�FRQVWDQW�DLU�SUHVVXUH�RI����PP
ZDWHU�JDXJH�IRU�D�SHULRG�RI���PLQ�

7KH�RSHQ�HQGV�RI�SLSH�WR�EH�WHVWHG�VKRXOG�EH�ILWWHG�ZLWK�SOXJV�VXLWDEOH�IRU�ZLWKVWDQGLQJ�WKH�WHVW
SUHVVXUH���2QH�RI�WKH�SOXJV�VKRXOG�EH�ILWWHG�ZLWK�D�WHH�SLHFH�RI�ZKLFK�RQH�EUDQFK�VKRXOG�EH
FRQQHFWHG�E\�PHDQV�RI�D�IOH[LEOH�WXEH�WR�D�PDQRPHWHU�

7R�DSSO\�WKH�WHVW��DLU�VKRXOG�EH�SXPSHG�RU�EORZQ�WKURXJK�WKH�RWKHU�EUDQFK�RI�WKH�WHH�SLHFH�XQWLO
WKH�UHFRPPHQGHG�SUHVVXUH�LV�LQGLFDWHG�RQ�WKH�PDQRPHWHU�VFDOH�
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3DJH���
%6�(1�������������

1(���� :DWHU�WHVW�IRU�JXWWHUV

$OO�JXWWHUV�RYHU�ZDOOV�DQG�LQWHUQDO�DUHDV�VKRXOG�EH�WHVWHG�IRU�OHDNDJH��DIWHU�WKH�JXWWHU�RXWOHW�KDV
EHHQ�SOXJJHG��E\�ILOOLQJ�WKH�JXWWHU�ZLWK�ZDWHU�WR�WKH�RYHUIORZ�OHYHO��LI�DQ\��RU�RWKHUZLVH�WR�WKH�ORZHU
OHYHO�RI�WKH�IUHHERDUG���$IWHU���PLQ�WKH�JXWWHU�VKRXOG�EH�FKHFNHG�YLVXDOO\�IRU�HYLGHQFH�RI�OHDNV�

1(�� 0DLQWHQDQFH

1(���� 3HULRGLF�LQVSHFWLRQ�DQG�FOHDQLQJ

*XWWHUV��UDLQZDWHU�SLSHV��RXWOHWV�DQG�JUDWLQJV�VKRXOG�EH�LQVSHFWHG�DQG�WKRURXJKO\�FOHDQHG�RQFH�D
\HDU��RU�PRUH�RIWHQ�LI�WKH�EXLOGLQJ�LV�LQ�RU�QHDU�DQ�LQGXVWULDO�DUHD�RU�LV�QHDU�WR�WUHHV�RU�PD\�EH
VXEMHFWHG�WR�H[WUHPHV�RI�WHPSHUDWXUH�

7KH�IUHTXHQF\�RI�LQVSHFWLRQ�DQG�FOHDQLQJ�ZLOO�QHHG�WR�EH�EDVHG�RQ�ORFDO�H[SHULHQFH�

'HIHFWV�VKRXOG�EH�UHPHGLHG�DV�VRRQ�DV�SRVVLEOH�DIWHU�EHLQJ�QRWHG�

1(���� 3DLQWLQJ

$OO�IHUURXV�PHWDOV�VKRXOG�EH�SURWHFWHG�DJDLQVW�FRUURVLRQ��DQG�LI�QRW�VXSSOLHG�ZLWK�DQ�DGHTXDWH
SURWHFWLYH�FRDWLQJ��VKRXOG�EH�SDLQWHG���,W�LV�LPSRUWDQW�WKDW�WKH�LQWHUQDO�VXUIDFHV�RI�IHUURXV�JXWWHUV
DUH�SDLQWHG�
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3DJH���
%6�(1�������������

a) b)

c) d)

e) f)

g) h)

Spread of water is shown by broken lines

)LJXUH�1(���²�)ORZ�SDWWHUQV�DW�YDULRXV�URRI�HGJHV
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3DJH���
%6�(1�������������

Yu

Yu is the upstream depth of flow

)LJXUH�1(���²�:HLU�RYHUIORZ�DW�XSVWUHDP�HQG�RI�JXWWHU

Gutter

Water level

Head loss at tee
for horizontal pipe Hydraulic gradient

along horizontal pipe

Standing 
water level

Frictional head
loss along
horizontal pipe

Pipe just
flowing full

)LJXUH�1(���²�0HWKRG�IRU�DVFHUWDLQLQJ�VWDQGLQJ�ZDWHU�OHYHO�LQ�KRUL]RQWDO�SLSH
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3DJH���
%6�(1�������������

Roof surface

Chute into hopper headb)

Lead

Floor of outlet
(e.g. concrete)

Asphalt

Roof surface

Vertical pipe with bellmouth and
grating

c) Vertical pipe either from channel
or box-receiver 

d)

Eaves guttera)

)LJXUH�1(���²�'UDLQDJH�RI�IODW�URRIV��W\SHV�RI�RXWOHW
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