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National foreword

This British Standard is the official English language version of EN 12469:2000. It supersedes Parts 1
and 3 of the 1992 edition of BS 5726, which relate to the specification, performance and testing of
microbiological safety cabinets. The remaining parts of BS 5726 are being revised to give guidance on
the selection, installation and maintenance of microbiological safety cabinets.

The UK participation in its preparation was entrusted to Technical Committee CII/58, Biotechnology,
which has the responsibility to:

Ð aid enquirers to understand the text;

Ð present to the responsible European committee any enquiries on the interpretation, or
proposals for change, and keep the UK interests informed;

Ð monitor related international and European developments and promulgate them in the UK.

A list of organizations represented on this committee can be obtained on request to its secretary.

EN 12469 was developed by CEN/TC 233 Biotechnology in support of 90/219/EEC Council Directive of
23 April 1990 on the contained use of genetically modified organisms, and 90/679/EEC Council
Directive of 29 November 1990 on the protection of workers from the risks related to exposure to
biological agents at work. It applies to microbiological safety cabinets used for other purposes,
including containment of biological agents and infected animals.

Note Directive 90/219/EEC was amended by 98/81/EC Council Directive of 26 October 1998 on community classification of
biological agents.

BS EN 12469 differs from the 1992 edition of BS 5726 in the following aspects.

Ð The mandatory part of the standard includes a type test for operator protection. However, this
is only optional at installation and is not specifically required at routine maintenance.

Ð Some other important items which were mandatory in BS 5726, such as airflows and
dimensions, are included in EN 12469 only as informative annexes.

Ð The option of potassium iodide or bacterial challenge testing for operator protection remain,
but the methods for bacterial testing have been brought into line with those specified by the
National Sanitation Foundation (USA) in NAF 49 for Class II microbiological safety cabinets,
and the results are expressed in absolute values rather than as a ratio.

Ð Requirements for installation and commissioning remain open.

The Control of Substances Hazardous to Health (COSHH) 1999 regulations give requirements for
performance of risk assessments for maintenance and control of microbiological safety cabinets and
purchasers and users are advised to consult the HSE/C guidance notes including that produced by the
Advisory Committee on Dangerous Pathogens.

Cross-references

The British Standards which implement international or European publications referred to in this
document may be found in the BSI Standards Catalogue under the section entitled ªInternational
Standards Correspondence Indexº, or by using the ªFindº facility of the BSI Standards Electronic
Catalogue.

A British Standard does not purport to include all the necessary provisions of a contract. Users of
British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity from legal
obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page, pages 2 to 45 and a
back cover.

The BSI copyright notice displayed in this document indicates when the document was last issued.
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)RUHZRUG

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�E\�7HFKQLFDO�&RPPLWWHH�&(1�7&����
�%LRWHFKQRORJ\���WKH�VHFUHWDULDW�RI�ZKLFK�LV�KHOG�E\�$)125�

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\�1RYHPEHU�������DQG�FRQIOLFWLQJ
QDWLRQDO�VWDQGDUGV�VKDOO�EH�ZLWKGUDZQ�DW�WKH�ODWHVW�E\�1RYHPEHU������

$FFRUGLQJ�WR�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV��WKH�QDWLRQDO�VWDQGDUGV�RUJDQL]DWLRQV
RI�WKH�IROORZLQJ�FRXQWULHV�DUH�ERXQG�WR�LPSOHPHQW�WKLV�(XURSHDQ�6WDQGDUG��$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�
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,QWURGXFWLRQ

0LFURELRORJLFDO�VDIHW\�FDELQHWV�DUH�LQWHQGHG�WR�UHGXFH�WKH�ULVN�WR�WKH�RSHUDWRU�ZKHQ�KDQGOLQJ
KD]DUGRXV�RU�SRWHQWLDOO\�KD]DUGRXV�PLFUR�RUJDQLVPV��7KH\�GR�QRW�QHFHVVDULO\�SURWHFW�WKH
RSHUDWRU�IURP�DOO�KD]DUGV�LQYROYHG��6RPH�W\SHV�RI�VDIHW\�FDELQHW�FDQ�DOVR�SURWHFW�WKH
PDWHULDOV�EHLQJ�KDQGOHG�LQ�WKHP�IURP�HQYLURQPHQWDO�FRQWDPLQDWLRQ�

� 6FRSH

7KLV�(XURSHDQ�6WDQGDUG�VSHFLILHV�EDVLF�UHTXLUHPHQWV�IRU�PLFURELRORJLFDO�VDIHW\�FDELQHWV
�06&V��ZLWK�UHVSHFW�WR�VDIHW\�DQG�K\JLHQH�

7KLV�(XURSHDQ�6WDQGDUG�VHWV�WKH�PLQLPXP�SHUIRUPDQFH�FULWHULD�IRU�VDIHW\�FDELQHWV�IRU�ZRUN
ZLWK�PLFUR�RUJDQLVPV�DQG�VSHFLILHV�WHVW�SURFHGXUHV�IRU�PLFURELRORJLFDO�VDIHW\�FDELQHWV�ZLWK
UHVSHFW�WR�SURWHFWLRQ�RI�WKH�ZRUNHU�DQG�WKH�HQYLURQPHQW��SURGXFW�SURWHFWLRQ�DQG�FURVV
FRQWDPLQDWLRQ��0HFKDQLFDO��HOHFWULFDO��FKHPLFDO�RU�UDGLRDFWLYH�VDIHW\�SUHFDXWLRQV�DUH�QRW
FRYHUHG�LQ�WKH�VWDQGDUG�EXW�DUH�FRYHUHG�LQ�(1����������(1�������DQG�(1��������VHH
%LEOLRJUDSK\�>�@��>�@�DQG�>�@��

7KLV�(XURSHDQ�6WDQGDUG�GRHV�QRW�FRYHU�VDIHW\�SUHFDXWLRQV�IRU�DVSHFWV�QRW�DVVRFLDWHG�ZLWK
WKH�XVH�RI�PLFUR�RUJDQLVPV�VXFK�DV�WKRVH�FRYHULQJ�PHFKDQLFDO�DQG�HOHFWULFDO�KD]DUGV��ZKLFK
DUH�FRYHUHG�LQ�(1����������VHH�%LEOLRJUDSK\�>�@���QRU�GRHV�LW�FRYHU�VDIHW\�UHTXLUHPHQWV
UHJDUGLQJ�IODPPDEOH�JDV�DQG�LQHUW�JDVHV�

127(��6RPH�IHDWXUHV�RI�06&V�LQ�DGGLWLRQ�WR�WKRVH�IRU�SHUIRUPDQFH�DQG�VDIHW\�DUH
JLYHQ�IRU�JXLGDQFH�LQ�WKLV�(XURSHDQ�6WDQGDUG�DQG�LQ�(1��������VHH�%LEOLRJUDSK\�>�@��

� 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������� +LJK�HIILFLHQF\�DLU�ILOWHUV��+(3$�DQG�8/3$����3DUW����&ODVVLILFDWLRQ�
SHUIRUPDQFH�WHVWLQJ��PDUNLQJ

(1������ %LRWHFKQRORJ\���(TXLSPHQW���*XLGDQFH�RQ�WHVWLQJ�SURFHGXUHV�IRU
FOHDQDELOLW\

(1������ %LRWHFKQRORJ\���(TXLSPHQW���*XLGDQFH�RQ�WHVWLQJ�SURFHGXUHV�IRU
VWHULOL]DELOLW\

(1������ %LRWHFKQRORJ\���(TXLSPHQW���*XLGDQFH�RQ�WHVWLQJ�SURFHGXUHV�IRU
OHDNWLJKWQHVV

(1����������� %LRWHFKQRORJ\���3HUIRUPDQFH�FULWHULD�IRU�ILOWHU�HOHPHQWV�DQG�ILOWUDWLRQ
DVVHPEOLHV
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� 'HILQLWLRQV

)RU�WKH�SXUSRVHV�RI�WKLV�VWDQGDUG��WKH�IROORZLQJ�GHILQLWLRQV�DSSO\�

��� DSHUWXUH�SURWHFWLRQ�IDFWRU��$SI�

5DWLR�RI�H[SRVXUH�WR�DLUERUQH�FRQWDPLQDWLRQ�JHQHUDWHG�RQ�WKH�RSHQ�EHQFK��WR�WKH�H[SRVXUH
UHVXOWLQJ�IURP�WKH�VDPH�GLVSHUVDO�RI�DLUERUQH�FRQWDPLQDWLRQ�JHQHUDWHG�ZLWKLQ�WKH�FDELQHW�

��� FURVV�FRQWDPLQDWLRQ

8QLQWHQGHG�LQWURGXFWLRQ�RI�LPSXULWLHV�RI�D�FKHPLFDO�RU�PLFURELRORJLFDO�QDWXUH�IURP�D�PDWHULDO
RU�SURGXFW�LQWR�DQRWKHU�PDWHULDO�RU�SURGXFW�

��� PLFURELRORJLFDO�VDIHW\�FDELQHW��06&�

9HQWLODWHG�HQFORVXUH�LQWHQGHG�WR�RIIHU�SURWHFWLRQ�WR�WKH�XVHU�DQG�WKH�HQYLURQPHQW�IURP�WKH
DHURVROV�DULVLQJ�IURP�WKH�KDQGOLQJ�RI�SRWHQWLDOO\�KD]DUGRXV�DQG�KD]DUGRXV�PLFUR�RUJDQLVPV�
ZLWK�DLU�GLVFKDUJHG�WR�WKH�DWPRVSKHUH�EHLQJ�ILOWHUHG�

��� 06&�FODVV�,

6DIHW\�FDELQHW�ZLWK�D�IURQW�DSHUWXUH�WKURXJK�ZKLFK�WKH�RSHUDWRU�FDQ�FDUU\�RXW�PDQLSXODWLRQV
LQVLGH�WKH�FDELQHW�DQG�ZKLFK�LV�FRQVWUXFWHG�VR�WKDW�WKH�ZRUNHU�LV�SURWHFWHG�DQG�WKH�HVFDSH�RI
DLUERUQH�SDUWLFXODWH�FRQWDPLQDWLRQ�JHQHUDWHG�ZLWKLQ�WKH�FDELQHW�LV�FRQWUROOHG�E\�PHDQV�RI�DQ
LQZDUG�DLUIORZ�WKURXJK�WKH�ZRUNLQJ�IURQW�DSHUWXUH�DQG�ILOWUDWLRQ�RI�WKH�H[KDXVW�DLU�

��� 06&�FODVV�,,

6DIHW\�FDELQHW�ZLWK�D�IURQW�DSHUWXUH�WKURXJK�ZKLFK�WKH�RSHUDWRU�FDQ�FDUU\�RXW�PDQLSXODWLRQV
LQVLGH�WKH�FDELQHW�DQG�ZKLFK�LV�FRQVWUXFWHG�VR�WKDW�WKH�ZRUNHU�LV�SURWHFWHG��WKH�ULVN�RI
SURGXFW�DQG�FURVV�FRQWDPLQDWLRQ�LV�ORZ�DQG�WKH�HVFDSH�RI�DLUERUQH�SDUWLFXODWH�FRQWDPLQDWLRQ
JHQHUDWHG�ZLWKLQ�WKH�FDELQHW�LV�FRQWUROOHG�E\�PHDQV�RI�DQ�DSSURSULDWH�ILOWHUHG�LQWHUQDO�DLUIORZ
DQG�ILOWUDWLRQ�RI�WKH�H[KDXVW�DLU�

127(��$�W\SLFDO�ZD\�RI�DFKLHYLQJ�WKLV�LV�E\�PHDQV�RI�D�XQL�GLUHFWLRQDO�GRZQZDUG
ODPLQDU�DLUIORZ�LQVLGH�WKH�FDELQHW�DQG�DQ�DLU�FXUWDLQ�DW�WKH�IURQW�DSHUWXUH�

��� 06&�FODVV�,,,

6DIHW\�FDELQHW�LQ�ZKLFK�WKH�ZRUNLQJ�DUHD�LV�WRWDOO\�HQFORVHG�DQG�WKH�RSHUDWRU�LV�VHSDUDWHG
IURP�WKH�ZRUN�E\�D�SK\VLFDO�EDUULHU��L�H��JORYHV�PHFKDQLFDOO\�DWWDFKHG�WR�WKH�FDELQHW���)LOWHUHG
DLU�LV�FRQWLQXRXVO\�VXSSOLHG�WR�WKH�FDELQHW�DQG�WKH�H[KDXVW�DLU�LV�WUHDWHG�WR�SUHYHQW�UHOHDVH�RI
PLFUR�RUJDQLVPV�

127(����5HOHYDQW�SURYLVLRQV�RI�WKLV�VWDQGDUG�IRU�FODVV�,,,�PLFURELRORJLFDO�VDIHW\
FDELQHWV�PD\�DSSO\�LQ�UHVSHFW�RI�SHUIRUPDQFH�DQG�FRQVWUXFWLRQ�WR�ULJLG�RU�IOH[LEOH�ILOP
LVRODWRUV��)XUWKHU�JXLGDQFH�VSHFLILF�WR�LVRODWRUV�LV�JLYHQ�LQ�(1��������VHH�%LEOLRJUDSK\
>�@��
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127(����7KH�H[KDXVW�DLU�FDQ�EH�FOHDQHG�E\�DW�OHDVW�GRXEOH�LQ�OLQH�KLJK�HIILFLHQF\
SDUWLFXODWH�DLU�ILOWHUV�DQG�FDQ�EH�FRQGXFWHG�WKURXJK�LWV�RZQ�H[KDXVW�DLU�V\VWHP�LQWR�WKH
RSHQ�DLU�

��� SURGXFW�SURWHFWLRQ

$ELOLW\�RI�WKH�06&�WR�SUHYHQW�DLUERUQH�FRQWDPLQDWLRQ�IURP�RXWVLGH�HQWHULQJ�WKH�06&�WKURXJK
WKH�IURQW�DSHUWXUH�

��� UHWHQWLRQ�HIILFLHQF\

$ELOLW\�RI�EDUULHU�WR�UHWDLQ�PLFUR�RUJDQLVPV�DQG�RU�DHURVROV�PHDVXUHG�DV�WKH�UDWLR�RI�WKH
FRQFHQWUDWLRQ�RI�D�JLYHQ�PDUNHU�VXEVWDQFH�EHWZHHQ�D�FKDOOHQJHG�DUHD�DQG�DQ�DGMDFHQW�DUHD�

127(��)RU�06&V��WKH�SURWHFWLRQ�RI�RSHUDWRUV��HQYLURQPHQW�DQG�SURGXFWV�LV�DFKLHYHG
E\�YDULRXV�EDUULHUV�VXFK�DV�KRXVLQJ��ILOWHUV�RU�DGHTXDWH�IORZ�SDWWHUQV��7KH�IXQFWLRQ�RI
WKRVH�EDUULHUV�LV�WR�SUHYHQW�RU�PLQLPL]H�WKH�WUDQVIHU�RI�PLFUR�RUJDQLVPV�DHURVROV
EHWZHHQ�DGMDFHQW�DUHDV�EHLQJ�VHSDUDWHG�E\�D�EDUULHU��'HSHQGLQJ�RQ�WKH�GLUHFWLRQ�RI
WKH�WUDQVIHU�WR�EH�FRQVLGHUHG��WKH�FKDOOHQJH�DUHD�FDQ�EH�WKH�FDELQHW�ZRUNLQJ�VSDFH��WKH
XSVWUHDP�VLGH�RI�ILOWHUV�RU�WKH�ODERUDWRU\�HQYLURQPHQW�

��� ZRUNLQJ�VSDFH

3DUW�RI�WKH�LQWHULRU�RI�WKH�FDELQHW�ZLWKLQ�ZKLFK�PDQLSXODWLRQV�DUH�FDUULHG�RXW�

� +D]DUGV

7KH�IROORZLQJ�KD]DUGV�VKDOO�EH�WDNHQ�LQWR�DFFRXQW�

��UHOHDVH�RI�PLFUR�RUJDQLVPV�GXULQJ�RSHUDWLRQ�IRU�H[DPSOH�WKURXJK�WKH�IURQW�DSHUWXUH�
H[KDXVW��SLSLQJ�RU�FDUFDVV�

��UHOHDVH�RI�PLFUR�RUJDQLVPV�GXULQJ�GLVPDQWOLQJ�RU�PDLQWHQDQFH�H�J��ILOWHU�UHSODFHPHQW�RI
06&V�RU�SDUWV�WKHUHRI�IROORZLQJ�LPSURSHU�VWHULOL]DWLRQ�

��UHOHDVH�RI�PLFUR�RUJDQLVPV�E\�UHPRYDO�RI�FRQWDPLQDWHG�PDWHULDO�IURP�WKH�06&�DIWHU
SURGXFW��RU�FURVV�FRQWDPLQDWLRQ�

� 3HUIRUPDQFH�FODVVHV

��� /HDNWLJKWQHVV

7KH�SHUIRUPDQFH�FODVVHV�IRU�OHDNWLJKWQHVV�RI�06&V�DUH�JLYHQ�LQ�WDEOH���
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7DEOH�����/HDNWLJKWQHVV�SHUIRUPDQFH

3HUIRUPDQFH�FODVV�IRU
OHDNWLJKWQHVV

/HDNWLJKWQHVV�,QGH[��/,�

'HVFULSWLRQ�RI�SHUIRUPDQFH�FODVV

/,�$ OHDNDJH�RI�WDUJHW�PLFUR�RUJDQLVP�QRW�GHILQHG
/,�% OHDNDJH���RI�WDUJHW�PLFUR�RUJDQLVP�GHWHFWHG�DQG

TXDQWLILHG�XQGHU�GHILQHG�FRQGLWLRQV
/,�& OHDNDJH���RI�WDUJHW�PLFUR�RUJDQLVP�WHVWHG�XQGHU

GHILQHG�FRQGLWLRQV�DQG�OHDNDJH�EHORZ�GHWHFWLRQ�OLPLW
RU�WKUHVKROG�YDOXH��

�� %DVHG�RQ�OHDNDJH�DVVHVVPHQW�E\�%$71((&��%HVW�$YDLODEOH�7HFKQLTXH�1RW�(QWDLOLQJ�([FHVVLYH�&RVWV�*�
�� 3UHVFULEHG�WKUHVKROG�YDOXH�VKRXOG�EH�EDVHG�RQ�WKH�UHTXLUHG�VDIHW\�OHYHO�DQG�FDQ�IRU�H[DPSOH�EH�WKH

GHWHFWLRQ�OLPLW�RI�DQ�DSSURYHG�%$71((&�

��� &OHDQDELOLW\

7KH�SHUIRUPDQFH�FODVVHV�IRU�FOHDQDELOLW\�RI�06&V�DUH�JLYHQ�LQ�WDEOH���

7DEOH�����&OHDQDELOLW\�SHUIRUPDQFH

3HUIRUPDQFH�FODVV�IRU
FOHDQDELOLW\

&OHDQDELOLW\�,QGH[��&,�

'HVFULSWLRQ�RI�SHUIRUPDQFH�FODVV

&,�$ YLVLEOH�VRLO�RU�FOHDQOLQHVV�QRW�GHILQHG
&,�% FOHDQDELOLW\���WHVWHG�DQG�TXDQWLILHG�XQGHU�GHILQHG

FRQGLWLRQV�RU�06&�GHVLJQHG�ZLWK�UHJDUG�WR�VSHFLILHG
WHFKQLFDO�FULWHULD

&,�& FOHDQDELOLW\���WHVWHG�DQG�TXDQWLILHG�XQGHU�GHILQHG
FRQGLWLRQV�DQG�VRLO�EHORZ�GHWHFWLRQ�OLPLW�RU�WKUHVKROG
YDOXH���

�� %DVHG�RQ�DVVHVVPHQW�E\�%$71((&��%HVW�$YDLODEOH�7HFKQLTXH�1RW�(QWDLOLQJ�([FHVVLYH�&RVWV�*�
�� 3UHVFULEHG�WKUHVKROG�YDOXH�VKRXOG�EH�EDVHG�RQ�WKH�UHTXLUHG�VDIHW\�OHYHO�DQG�FDQ�IRU�H[DPSOH�EH�WKH

GHWHFWLRQ�OLPLW�RI�DQ�DSSURYHG�%$71((&�

7KH�SHUIRUPDQFH�IRU�FOHDQDELOLW\�VKDOO�EH�&,�%�RU�EHWWHU�IRU�DOO�FODVVHV�RI�06&V�

&OHDQDELOLW\�DSSOLHV�DV�D�SHUIRUPDQFH�FULWHULRQ�IRU�06&V�ZKHUH�

��GHSRVLWV�RI�VRLO�LQ�06&V�FRXOG�MHRSDUGL]H�WKH�VWHULOL]DWLRQ�SURFHGXUH�LI�WKH�VWHULOL]DWLRQ
PHGLD�GR�QRW�UHDFK�DOO�SDUWV�RI�WKH�06&�RU�LI�WKH�UHTXLUHG�WHPSHUDWXUH�LV�QRW�UHDFKHG�

��FOHDQLQJ�SURFHGXUHV�DUH�LQWHQGHG�WR�UHPRYH�DQG�LQDFWLYDWH�PLFUR�RUJDQLVPV�WR�PDNH
06&V�VDIH�IRU�KDQGOLQJ�ZLWKRXW�XVLQJ�DQ\�RWKHU�VWHULOL]DWLRQ�RU�LQDFWLYDWLRQ�SURFHGXUH�

��� 6WHULOL]DELOLW\

7KH�SHUIRUPDQFH�FODVVHV�IRU�VWHULOL]DELOLW\�RI�06&V�DUH�JLYHQ�LQ�WDEOH���

������������������������������������������������
*�8VH�RI�%$71((&�GRHV�QRW�PHDQ�WKDW�ILQDQFLDO�LVVXHV�PRGHUDWH�WKH�GHJUHH�RI�VDIHW\��:KHUH�VHYHUDO�PHWKRGV
DUH�DYDLODEOH��WKH�XVHU�FDQ�FKRRVH�WKH�PRVW�FRQYHQLHQW��SURYLGHG�WKDW�LW�JLYHV�UHVXOWV�RI�WKH�QHFHVVDU\�TXDOLW\�



3DJH��
(1�����������

��%6,��������

7DEOH�����6WHULOL]DELOLW\�SHUIRUPDQFH

3HUIRUPDQFH�FODVV�IRU
VWHULOL]DELOLW\

6WHULOL]DELOLW\�,QGH[��6,�

'HVFULSWLRQ�RI�SHUIRUPDQFH�FODVV

6,�$ 06&�QRW�VXLWDEOH�RU�QRW�WHVWHG�IRU�UHGXFWLRQ�RI�YLDEOH
WDUJHW�PLFUR�RUJDQLVPV

6,�% 06&�FDQ�EH�WUHDWHG�IRU�D�VSHFLILHG�UHGXFWLRQ�RI
YLDEOH�WDUJHW�PLFUR�RUJDQLVPV

6,�& 06&�FDQ�EH�VWHULOL]HG
127(��,Q�WKLV�WDEOH�WKH�UHVXOW��SHUIRUPDQFH��RI�DQ�LQDFWLYDWLRQ�SURFHGXUH�LV�GHVFULEHG�DQG�QRW�WKH�ZD\�RU
PHDQV�RI�DFKLHYLQJ�WKH�UHVXOW�

7KH�SHUIRUPDQFH�IRU�VWHULOL]DELOLW\�VKDOO�EH�6,�%�RU�EHWWHU�IRU�DOO�FODVVHV�RI�06&V�

��� 0LQLPXP�UHTXLUHPHQWV�IRU�SHUIRUPDQFH

7DEOH���JLYHV�UHTXLUHPHQWV�RI�SHUIRUPDQFH�ZLWK�UHVSHFW�WR�OHDNWLJKWQHVV�DQG�PLFURELDO
FRQWDLQPHQW�IRU�WKH�WKUHH�FODVVHV�RI�06&V�

7DEOH�����0LQLPXP�UHTXLUHPHQWV�RI�SHUIRUPDQFH�IRU�WKUHH�FODVVHV�RI�06&V

&ODVV 5HWHQWLRQ�DW�IURQW�DSHUWXUH�� /HDNWLJKWQHVV 3URGXFW
SURWHFWLRQ

&URVV
FRQWDPLQDWLRQ

, �����&)8�SHU�RSHUDWRU¶V�WHVW��

DQG�����&)8�SHU�QRQ�
GLVWXUEDQFH�WHVW����RU
$SI�����[����

/,�&�IRU�FDUFDVV 1RW�DSSOLFDEOH 1RW�DSSOLFDEOH

,, �����&)8�SHU�RSHUDWRU¶V�WHVW���

DQG�����&)8�SHU�QRQ�
GLVWXUEDQFH�WHVW�����RU
$SI�����[����

/,�&�IRU�FDUFDVV ����&)8�SHU�WHVW ����&)8�SHU�WHVW

,,, 1RW�DSSOLFDEOH �������ORVV�RI�WHVW
RYHUSUHVVXUH�RI
����3D�LQ�WKH�ZKROH
HQFORVHG�V\VWHP
DIWHU����PLQ

1RW�DSSOLFDEOH 1RW�DSSOLFDEOH

�� ([SUHVVHG�LQ�$SI�RU�HJUHVV�RI�PLFUR�RUJDQLVPV�
�� $W�RSHUDWRU
V�SRVLWLRQ�
�� $W�VLGH�SRVLWLRQV�DQG�LQZDUG�IORZ�DW�IURQW�DSHUWXUH�HVWDEOLVKHG�E\�D�QRQ�GLVWXUEDQFH�WHVW�
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� &ODVVLILFDWLRQ�DQG�YHULILFDWLRQ�RI�SHUIRUPDQFH

��� *HQHUDO

06&V�FRYHUHG�E\�WKLV�(XURSHDQ�6WDQGDUG�VKDOO�EH�FODVVLILHG�LQ�DFFRUGDQFH�ZLWK�WKH�WDEOHV���
��DQG����7KH�SHUIRUPDQFH�RI�06&V�LV�GHWHUPLQHG�DQG�YHULILHG�E\�WKH�PDQXIDFWXUHU�RU�E\�WKH
XVHU�

,Q�JHQHUDO�WKUHH�W\SHV�RI�SHUIRUPDQFH�WHVWLQJ�FDQ�EH�GLVWLQJXLVKHG�

��W\SH�WHVWLQJ�

��LQVWDOODWLRQ�WHVWLQJ�DIWHU�FRPPLVVLRQLQJ�RU�DW�FKDQJH�RI�LQVWDOODWLRQ��RU�FKDQJH�RI
HQYLURQPHQW��DQG

��URXWLQH�PDLQWHQDQFH�WHVWLQJ�

7KH�GHVLJQ��FRQVWUXFWLRQ�DQG�PDWHULDOV�RI�06&V�VKDOO�EH�DGHTXDWH�IRU�VDIH�RSHUDWLRQ�ZLWKLQ
WKH�06&��,OOXPLQDWLRQ��VRXQG�OHYHO��YLEUDWLRQ��VWDELOLW\��WHPSHUDWXUH��HOHFWULFDO�DQG�JDV�VXSSO\
VKDOO�EH�DGHTXDWH�IRU�VDIH�RSHUDWLRQ�ZLWKLQ�WKH�06&��06&V�VKDOO�LQFRUSRUDWH�FRQWLQXRXV
PRQLWRULQJ�V\VWHPV�OLQNHG�WR�DODUPV��VXLWDEOH�IRU�LQGLFDWLQJ�VDIH�DQG�XQVDIH�FRQGLWLRQV�

127(��*XLGDQFH�RQ�KRZ�WR�DFKLHYH�VXFK�FRQGLWLRQV�LV�JLYHQ�LQ�DQQH[�$�

��� /HDNWLJKWQHVV

����� *HQHUDO

06&V�VKDOO�EH�WHVWHG�IRU�OHDNWLJKWQHVV�LQ�DFFRUGDQFH�ZLWK�(1��������7KH�UHTXLUHPHQWV�IRU
OHDNWLJKWQHVV�DQG�UHWHQWLRQ�DW�IURQW�DSHUWXUH�DUH�JLYHQ�LQ�WDEOH����7HVWV�VKDOO�EH�SHUIRUPHG
XQGHU�UHSUHVHQWDWLYH�SURFHVV�FRQGLWLRQV��7KH�WZR�PDLQ�DVSHFWV�IRU�PLFURELDO�OHDNWLJKWQHVV
IRU�06&V�DUH�GHVFULEHG�LQ�������DQG�������

127(��$�VXLWDEOH�WHVW�PHWKRG�IRU�OHDNDJH�RI�WKH�FDUFDVV�LV�GHVFULEHG�LQ�DQQH[�%��$
VXLWDEOH�WHVW�PHWKRG�IRU�UHWHQWLRQ�DW�IURQW�DSHUWXUH�LV�GHVFULEHG�LQ�DQQH[�&��$Q\�RWKHU
WHVW�PHWKRG�PD\�EH�XVHG�SURYLGHG�D�YDOLGDWHG�FRUUHODWLRQ�LV�HVWDEOLVKHG�ZLWK�WKHVH�WHVW
PHWKRGV�

����� /HDNWLJKWQHVV�IRU�DLU

������� /HDNDJH�RI�FDUFDVV��FODVV�,�DQG�FODVV�,,�

06&V�VKDOO�IXOILO�WKH�UHTXLUHPHQWV�JLYHQ�LQ�WDEOH����7KH�FDUFDVV�RI�06&V�LQ�ZKLFK
FRQWDPLQDWHG�DLU�LV�XQGHU�SRVLWLYH�SUHVVXUH�DQG�FDQ�OHDN�GLUHFWO\�WR�WKH�RXWVLGH�VKDOO�EH
WHVWHG�IRU�OHDNV��06&V�VKDOO�EH�WHVWHG�IRU�OHDNV�XQGHU�SRVLWLYH�SUHVVXUH�
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������� /HDNDJH�RI�FDUFDVV��FODVV�,,,�

7KH�GHVLJQ�ZRUNLQJ�SUHVVXUH�LQ�06&V�VKDOO�EH�DW�OHDVW�����3D�EHORZ�WKH�DLU�SUHVVXUH�RI�WKH
ODERUDWRU\��06&V�VKDOO�IXOILO�WKH�UHTXLUHPHQWV�JLYHQ�LQ�WDEOH���

����� /HDNWLJKWQHVV�IRU�OLTXLG�VSLOODJH

06&V�VKDOO�KDYH�DGHTXDWH�SURYLVLRQV�WR�FROOHFW�VSLOOHG�OLTXLGV�

����� 7HVWLQJ�IRU�OHDNWLJKWQHVV�DVSHFWV�DQG�PLFURELRORJLFDO�FRQWDPLQDWLRQ

'LUHFW�RU�LQGLUHFW�WHVW�PHWKRGV��IRU�H[DPSOH�IORZ�PHDVXUHPHQW�RI�H[KDXVW�RU�VXSSO\�DLU��VKDOO
EH�XVHG�IRU�LQVWDOODWLRQ�WHVWLQJ�DQG�URXWLQH�PDLQWHQDQFH�WHVWLQJ�RI�06&V�

127(����7DEOH���VXPPDUL]HV�WHVW�PHWKRGV�IRU�W\SH�WHVWLQJ��LQVWDOODWLRQ�WHVWLQJ�DQG
URXWLQH�PDLQWHQDQFH�WHVWLQJ�RI�WKH�YDULRXV�DVSHFWV�RI�OHDNWLJKWQHVV�RI�06&V�

,QVWDOODWLRQ�WHVWLQJ�VKDOO�EH�FDUULHG�RXW�ZKHQ�06&V�DUH�LQVWDOOHG�RU�DW�FKDQJH�RI�LQVWDOODWLRQ�
RU�FKDQJH�RI�HQYLURQPHQW��,I�WKH�YHQWLODWLRQ�LQ�WKH�URRP�LV�FKDQJHG��QR��UH�LQVWDOODWLRQ�WHVWLQJ
LV�UHTXLUHG�LI�WKH�XVHU�FDQ�GHPRQVWUDWH��YHULI\�DQG�GRFXPHQW�WKDW�WKH�HQYLURQPHQW�DQG�WKH
VHW�XS�RI�06&V�DUH�ZLWKLQ�WKH�FRQGLWLRQV�RI�FODVVLILFDWLRQ�DIWHU�W\SH�WHVWLQJ�DV�VSHFLILHG�E\�WKH
PDQXIDFWXUHU��,Q�WKLV�FDVH�ILOWHU�WHVWLQJ�LV�VWLOO�UHTXLUHG��0HDVXUHPHQW�RI�YROXPHWULF�DLUIORZ
UDWH�DQG�YLVXDOL]DWLRQ�RI�DLUIORZ�SDWWHUQV�DUH�UHTXLUHG�EXW�FDQ�EH�VXSSOHPHQWHG�E\�UHWHQWLRQ
WHVWLQJ�DW�IURQW�DSHUWXUH�

127(����$WWHQWLRQ�LV�GUDZQ�WR�UHOHYDQW�1DWLRQDO�UHJXODWLRQV�FRQFHUQLQJ�URXWLQH
PDLQWHQDQFH�WHVWLQJ�

��� &OHDQDELOLW\

06&V�VKDOO�EH�WHVWHG�IRU�FOHDQDELOLW\�LQ�DFFRUGDQFH�ZLWK�(1��������$OO�FRUQHUV�DQG�DQJOHV
LQVLGH�WKH�FDELQHW�ZRUNLQJ�VSDFH�DQG�RWKHU�QRUPDOO\�DFFHVVLEOH�DUHDV��H�J��GXULQJ�FOHDQLQJ�
OLNHO\�WR�FRPH�LQWR�FRQWDFW�ZLWK�PLFUR�RUJDQLVPV�VKDOO�EH�URXQGHG�IRU�SURSHU�FOHDQLQJ��:KHQ
VXUIDFHV�LQVLGH�WKH�ZRUNLQJ�VSDFH�DUH�H[DPLQHG�ZLWKRXW�PDJQLILFDWLRQ�E\�QRUPDO�RU
FRUUHFWHG�YLVLRQ��WKHUH�VKDOO�EH�QR�FUDFNV�RU�VXUIDFH�GHIHFWV�

��� 6WHULOL]DELOLW\

06&V�VKDOO�EH�WHVWHG�IRU�VWHULOL]DELOLW\�LQ�DFFRUGDQFH�ZLWK�(1�������

127(��$QQH[�-�GHVFULEHV�D�PHWKRG�IRU�IXPLJDWLRQ�RI�06&V�
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7DEOH�����7HVW�PHWKRGV�IRU�W\SH�WHVWLQJ��LQVWDOODWLRQ�WHVWLQJ�DQG�URXWLQH�PDLQWHQDQFH�WHVWLQJ�IRU�FODVV�,�DQG�,,�06&V

7HVWLQJ 5HWHQWLRQ�DW�IURQW�DSHUWXUH /HDNWLJKWQHVV�RI
FDUFDVV

)LOWHUV 3URGXFW�SURWHFWLRQ
�FODVV�,,�RQO\�

&URVV�FRQWDPLQDWLRQ
�FODVV�,,�RQO\�

7\SH�WHVWLQJ � PLFURELRORJLFDO�RU�.,�PHWKRG��VHH
DQQH[�&�

�� VRDS�VROXWLRQ�WHVW
PHWKRG��VHH�DQQH[
%�

� DHURVRO�FKDOOHQJH
PHWKRG��VHH�DQQH[
'�

� PLFURELRORJLFDO�PHWKRG��VHH�DQQH[�(� � PLFURELRORJLFDO�PHWKRG��VHH�DQQH[�)�

,QVWDOODWLRQ
WHVWLQJ

� FKHFN�WKDW�PDQXIDFWXUHU¶V
VSHFLILFDWLRQ�LV�PHW�

� FKHFN�YROXPHWULF�DLUIORZ�UDWH
PHDVXUHPHQWV��VHH�IRU�H[DPSOH
DQQH[HV�*�DQG�+���DQG

� FKHFN�DLUIORZ�SDWWHUQV��YLVXDOL]DWLRQ��

� RSWLRQDO��UHWHQWLRQ�WHVWLQJ
�PLFURELRORJLFDO�PHWKRG�>VHH�DQQH[
(@��RU�DOWHUQDWLYH�PHWKRGV�VXFK�DV
.,��OLJKW�VFDWWHULQJ��DIWHU�YDOLGDWLRQ�

QRW�DSSOLFDEOH � DHURVRO�FKDOOHQJH
PHWKRG��VHH�DQQH[
'���RU

� �ZKHQ�DSSURSULDWH�
QDWXUDO�DHURVRO
FKDOOHQJH�PHWKRG

� FKHFN�WKDW�PDQXIDFWXUHU¶V
VSHFLILFDWLRQ�LV�PHW�

� FKHFN�YROXPHWULF�DLUIORZ�UDWH
PHDVXUHPHQWV��VHH�IRU�H[DPSOH
DQQH[HV�*�DQG�+���DQG

� FKHFN�DLUIORZ�SDWWHUQV��YLVXDOL]DWLRQ��

� RSWLRQDO��UHWHQWLRQ�WHVWLQJ
PLFURELRORJLFDO�PHWKRG�>VHH�DQQH[�(@�
RU�DOWHUQDWLYH�PHWKRGV�VXFK�DV�.,�
OLJKW�VFDWWHULQJ��DIWHU�YDOLGDWLRQ�

� FKHFN�WKDW�PDQXIDFWXUHU¶V
VSHFLILFDWLRQ�LV�PHW

5RXWLQH
PDLQWHQDQFH
WHVWLQJ��VHH
DQQH[�.�

� FKHFN�PDQXIDFWXUHU¶V�UHTXLUHPHQWV
IRU�PDLQWHQDQFH�

� FKHFN�YROXPHWULF�DLUIORZ�UDWH
PHDVXUHPHQWV��VHH�IRU�H[DPSOH
DQQH[HV�*�DQG�+���DQG

� FKHFN�DLUIORZ�SDWWHUQV��YLVXDOL]DWLRQ�

QRW�DSSOLFDEOH � DV�IRU�LQVWDOODWLRQ
WHVWLQJ

� FKHFN�PDQXIDFWXUHU¶V�UHTXLUHPHQWV
IRU�PDLQWHQDQFH�

� FKHFN�YROXPHWULF�DLUIORZ�UDWH
PHDVXUHPHQWV��VHH�IRU�H[DPSOH
DQQH[HV�*�DQG�+���DQG

� FKHFN�DLUIORZ�SDWWHUQV��YLVXDOL]DWLRQ�

� FKHFN�PDQXIDFWXUHU¶V�UHTXLUHPHQWV�IRU
PDLQWHQDQFH�

� FKHFN�YROXPHWULF�DLUIORZ�UDWH
PHDVXUHPHQWV��VHH�IRU�H[DPSOH
DQQH[HV�*�DQG�+���DQG

� FKHFN�DLUIORZ�SDWWHUQV��YLVXDOL]DWLRQ�

127(��1DWLRQDO�UHJXODWLRQV�PD\�UHTXLUH�ULVN�DVVHVVPHQW�DQG�PD\�GHPDQG�DGGLWLRQDO�UHTXLUHPHQWV�LQ�VSHFLDO�FDVHV��H�J��LI�KLJKO\�KD]DUGRXV�PLFUR�RUJDQLVPV�DUH�WR�EH�XVHG�RU�LI�WKHUH�LV�D
KLJKHU�GDQJHU�RI�LQIHFWLRQ�YLD�WKH�DLUERUQH�URXWH�
�,QIRUPDWLRQ�RQ�ILOWHUV�LV�JLYHQ�LQ�(1������������
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� 6DIHW\�UHTXLUHPHQWV

��� 6HDOLQJ�RI�RSHQLQJV

,W�VKDOO�EH�SRVVLEOH�WR�VHDO�DOO�RSHQLQJV�RI�FODVV�,��FODVV�,,�DQG�FODVV�,,,�06&V�H�J��IRU
IXPLJDWLRQ�DQG�GLVLQIHFWLRQ�

3URYLVLRQ�IRU�VHDOLQJ�WKH�RSHQLQJ�IRU�WKH�LQOHW�ILOWHU�IRU�FODVV�,,,�FDELQHWV�VKDOO�EH�SURYLGHG��,W
VKDOO�DOORZ�IRU�D�SUHVVXUH�WHVW�PHWKRG�WR�EH�SHUIRUPHG�

��� $ODUP�LQGLFDWRUV

$XGLWRU\�DQG�YLVXDO�LQGLFDWRUV�RI�DODUP�FRQGLWLRQV�VKDOO�EH�SURYLGHG�IRU�FODVV�,��FODVV�,,�DQG
FODVV�,,,�06&V�

127(����$�PDQRPHWHU�VKRZLQJ�WKH�SUHVVXUH�GURS�DFURVV�WKH�ILOWHU�V��VKRXOG�QRW�EH
XVHG�IRU�WKLV�SXUSRVH�

9LVXDO�LQGLFDWRUV�VKDOO�EH�FOHDUO\�YLVLEOH�IURP�WKH�RSHUDWLQJ�SRVLWLRQ��7KH�DODUP�LQGLFDWRUV
VKDOO�EH�DFWLYDWHG�ZKHQ�WKH�YHQWLODWLRQ�SDUDPHWHUV�GHYLDWH�IURP�WKRVH�VSHFLILHG�E\�WKH
PDQXIDFWXUHU��7KH�WKUHVKROG�OLPLWV�RI�WKH�GHYLDWLRQ�VKDOO�DOVR�EH�VSHFLILHG��VHH�DQQH[�.���2Q
VWDUWLQJ�WKH�FDELQHW��WKH�DODUP�LQGLFDWRUV�VKDOO�DFWLYDWH�XQWLO�WKH�FRUUHFW�DLUIORZV�DUH�UHDFKHG�

127(����$XGLEOH�DODUPV�PD\�EH�PXWHG�GXULQJ�VWDUW�XS�

,W�VKDOO�QRW�EH�SRVVLEOH�IRU�WKH�RSHUDWRU�WR�GLVDEOH�WKH�DODUPV�XQGHU�RSHUDWLQJ�FRQGLWLRQV�DOVR
LQ�WKRVH�FDVHV�LQ�ZKLFK�WKH�V\VWHP�IDLOV�

��� (QYLURQPHQWDO�VDIHW\

(DFK�FDELQHW�VKDOO�EH�FRQVWUXFWHG�VR�WKDW�DLU�GLVFKDUJHG�IURP�WKH�FDELQHW�LV�ILOWHUHG�WKURXJK�D
KLJK�HIILFLHQF\�SDUWLFXODWH�DLU��+(3$��ILOWHU��FRQIRUPLQJ�WR�WKH�UHTXLUHPHQWV�RI
(1������������DQG�RI�FODVV�+���RU�KLJKHU�RI�(1��������

127(����,Q�FHUWDLQ�FLUFXPVWDQFHV�LW�PD\�EH�DSSURSULDWH�WR�GLVFKDUJH�DLU�IURP�D�FDELQHW
WKURXJK�WZR�LQ�OLQH�+(3$�ILOWHUV�ZKLFK�VKRXOG�EH�DEOH�WR�EH�LQGLYLGXDOO\�WHVWHG�

127(����&DELQHWV�GHVLJQHG�WR�UHFLUFXODWH�ILOWHUHG�DLU�WR�WKH�ODERUDWRU\�VKRXOG�EH
SURYLGHG�ZLWK�D�VXLWDEOH�PHDQV�IRU�WKH�GLVVLSDWLRQ�RI�GLVLQIHFWLRQ�JDV�IROORZLQJ
IXPLJDWLRQ�

��� 06&V�H[KDXVW�DQG�DQWL�EORZEDFN�V\VWHP

:KHQ�WKH�FDELQHW�H[KDXVW�V��DUH�GXFWHG�WR�RXWVLGH�WKH�EXLOGLQJ��SUHFDXWLRQV�VKDOO�EH�WDNHQ�WR
SUHYHQW�DLU�IORZLQJ�EDFN�LQWR�WKH�FDELQHW��7KH�PDQXIDFWXUHU�VKDOO�SURYLGH�WHFKQLFDO�GHWDLOV�RQ
WKH�GXFWZRUN��QHFHVVDU\�WR�HQVXUH�WKH�SHUIRUPDQFH�RI�WKH�FDELQHW��WRJHWKHU�ZLWK�WKH
FKDUDFWHULVWLFV�RI�WKH�H[KDXVW�V\VWHP�

127(��9LVLEOH�LQGLFDWRUV�PD\�EH�XVHG��VHH�DQQH[�.��
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��� )LOWHU�DVVHPEOLHV�IRU�VXSSO\�DQG�H[KDXVW�DLU

)LOWHUV�VKDOO�EH�+(3$�ILOWHUV��FRQIRUPLQJ�WR�WKH�UHTXLUHPHQWV�RI�(1������������DQG�RI�FODVV
+���RU�KLJKHU�RI�(1���������)LOWHUV�VKDOO�EH�PRXQWHG�LQ�D�IDLO�VDIH�PDQQHU�

127(����$LUZD\V�FRQWDLQLQJ�FRQWDPLQDWHG�DLU�FKDPEHUV��ZKLFK�DUH�XQGHU�SRVLWLYH
SUHVVXUH��VKRXOG�EH�VXUURXQGHG�E\�LQWHUQDO�DLUZD\V�DW�QHJDWLYH�SUHVVXUH�

)LOWHUV�VKDOO�EH�PRXQWHG�LQ�VXFK�D�ZD\�WKDW�QR�DLU�FDQ�E\SDVV�WKH�ILOWHU�PHGLXP�

127(����$LU�GXFWV�FRQWDLQLQJ�FRQWDPLQDWHG�DLU�VKRXOG�EH�DV�VKRUW�DV�SRVVLEOH�DQG�WKH
PDLQ�H[KDXVW�ILOWHU�VKRXOG�EH�VLWHG�DV�QHDU�WR�WKH�ZRUNLQJ�VSDFH�DV�SUDFWLFDEOH�WR
IDFLOLWDWH�HIIHFWLYH�GLVLQIHFWLRQ��$�VXLWDEOH�SUH�ILOWHU�FDQ�EH�SURYLGHG�WR�H[WHQG�WKH�OLIH�RI
WKH�PDLQ�ILOWHU��DQG�VKRXOG�EH�UHDGLO\�DFFHVVLEOH�

6DPSOLQJ�SRUWV��VXLWDEOH�IRU�VFDQQLQJ��VKDOO�EH�ILWWHG�IRU�ILOWHU�WHVWLQJ�LQ�VXFK�D�SRVLWLRQ�WKDW
WKH�ZKROH�ILOWHU��VHDOV��JDVNHWV�DQG�FRQVWUXFWLRQ�MRLQWV�DUH�WHVWHG�HIIHFWLYHO\�

,I�PRUH�WKDQ�RQH�ILOWHU�LV�ILWWHG�WKH�SRUWV�VKDOO�SHUPLW�HDFK�ILOWHU�WR�EH�WHVWHG�LQGHSHQGHQWO\�
7KH�SRUWV�VKDOO�EH�VHDODEOH�

,I�FDELQHWV�DUH�ILWWHG�ZLWK�GRXEOH�LQ�OLQH�ILOWHUV�SURYLVLRQ�VKDOO�EH�PDGH�WR�WHVW�HDFK�ILOWHU�DQG
UHOHYDQW�VHDO�LQGHSHQGHQWO\�

7KH�LQVWDOODWLRQ�VKDOO�EH�WHVWHG�XVLQJ�D�UHFRJQL]HG�DQG�ZHOO�GRFXPHQWHG�SURFHGXUH�IRU
LQVWDOOHG�+(3$�ILOWHU�OHDN�WHVWLQJ�E\�VFDQQLQJ�WKH�FOHDQ�VLGH�RI�WKH�+(3$�ILOWHUV��VHDOV�
JDVNHWV��DQG�FRQVWUXFWLRQ�MRLQWV��$�VXLWDEOH�PHWKRG�LV�JLYHQ�LQ�DQQH[�'�

��� 9ROXPHWULF�DLUIORZ�UDWH�DQG�YHQWLODWLRQ�UDWLR��FODVV�,,,�

7KH�DLUIORZ�YHORFLW\�WKURXJK�HDFK�RSHQ�JORYH�SRUW��ZLWK�RQO\�RQH�JORYH�UHPRYHG�VKDOO�EH�D
PLQLPXP�RI�����P�V��$�VXLWDEOH�PHWKRG�LV�JLYHQ�LQ�DQQH[�*�

7KH�YROXPHWULF�DLUIORZ�UDWH�WKURXJK�WKH�LQOHW�ILOWHU�VKDOO�EH�PHDVXUHG�DQG�VKDOO�EH�D�PLQLPXP
RI������P��V�IRU�HDFK�FXELF�PHWUH�RI�FDELQHW�YROXPH�ZKHQ�WKH�JORYHV�DUH�DWWDFKHG�DQG�WKH
FDELQHW�LV�DW�D�QHJDWLYH�SUHVVXUH�RI�DW�OHDVW�����3D��$�VXLWDEOH�PHWKRG�IRU�PHDVXUHPHQW�RI
PDVV�DLUIORZ�LV�JLYHQ�LQ�DQQH[�*�

��� &DELQHW�SUHVVXUH�PRQLWRULQJ��FODVV�,,,�

$�PDQRPHWHU�FDSDEOH�RI�PHDVXULQJ�IURP������3D�WR������3D�VKDOO�EH�PRXQWHG�RQ�WKH
FDELQHW�WR�JLYH�D�YLVXDO�LQGLFDWLRQ�RI�WKH�SUHVVXUH�LQ�WKH�LQWHULRU�

� 0DUNLQJ�DQG�SDFNDJLQJ

(DFK�06&�VKDOO�EH�PDUNHG�LQ�VXFK�D�ZD\�WKDW�LWV�SHUIRUPDQFH�ZLWK�UHJDUG�WR�WKH
UHTXLUHPHQWV�JLYHQ�LQ�WKLV�(XURSHDQ�6WDQGDUG�FDQ�EH�YHULILHG��,I�LW�LV�QRW�SUDFWLFDO�WR�PDUN�DQ
06&�RU�D�FRPSRQHQW�RI�LW��H�J��GXH�WR�LWV�VL]H�RU�QDWXUH��WKH�SDFNDJLQJ�VKDOO�EH�PDUNHG�
06&V�VKDOO�EH�SHUPDQHQWO\�DQG�OHJLEO\�PDUNHG�ZLWK�WKH�IROORZLQJ�LQIRUPDWLRQ�
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D��WKH�FODVV�RI�WKH�06&�

E��WKH�QDPH�DQG�DGGUHVV�RI�WKH�PDQXIDFWXUHU�

F��WKH�QXPEHU�DQG�GDWH�UHIHUHQFH�WR�WKLV�(XURSHDQ�6WDQGDUG��L�H��(1������������

G��WKH�PRGHO�RU�FDWDORJXH�QXPEHU�WRJHWKHU�ZLWK�D�VHULDO�QXPEHU�

H��WKH�HOHFWULFDO�YROWDJH��IUHTXHQF\�DQG�SRZHU�FRQVXPSWLRQ�

I��WKH�VDIH�ZRUNLQJ�DUHD�

J��WKH�\HDU�RI�PDQXIDFWXUH�

� 'RFXPHQWDWLRQ

7KH�PDQXIDFWXUHU�RU�VXSSOLHU�VKDOO�SURYLGH�D�ZULWWHQ�PDQXDO�ZKLFK�GHWDLOV�WKH�RSHUDWLQJ
SURFHGXUHV�ZKLFK�HQDEOH�WKH�06&�WR�SHUIRUP�LQ�DFFRUGDQFH�ZLWK�LWV�VSHFLILHG�FODVVLILFDWLRQ�

7KH�XVHU�VKDOO�NHHS�GRFXPHQWDWLRQ�ZKLFK�GHPRQVWUDWHV�WKH�FXUUHQW�SHUIRUPDQFH�RI�WKH
HTXLSPHQW�DQG�LWV�YHULILFDWLRQ��LQFOXGLQJ�

D��D�WHVW�FHUWLILFDWH�GHWDLOLQJ�FRPSOLDQFH�ZLWK�DOO�SDUWV�RI�WKLV�(XURSHDQ�6WDQGDUG��D
FHUWLILFDWH�RI�+(3$�ILOWHU�VHDO�OHDNWLJKWQHVV�RI�WKH�FDELQHW�DW�WKH�SODFH�RI�XVH�

E��PHWKRGV�DQG�HTXLSPHQW�XVHG�IRU�WHVWLQJ�WKH�06&�

F��LQVWDOODWLRQ�DQG�RSHUDWLQJ�PDQXDOV�

G��LQVWUXFWLRQV�IRU�PDLQWHQDQFH�DQG�UHSODFHPHQW�RI�ILOWHUV��LQFOXGLQJ�D�VWDWHPHQW�RI�WKH
QHHG�IRU�DSSURSULDWH�GHFRQWDPLQDWLRQ�RI�WKH�FDELQHW�

H��D�GLDJUDP�VKRZLQJ�WKH�DLUIORZ�SDWWHUQ�WKURXJK�WKH�FDELQHW�

I��WKH�OLPLWV�RI�WKH�ZRUNLQJ�VSDFH�DQG�DQ�LQGLFDWLRQ�RI�DQ\�DUHDV��H�J��QHDU�WKH�IURQW
DSHUWXUH��WKDW�DUH�QRW�SURWHFWHG�

J��LQVWUXFWLRQV�RQ�KRZ�WR�GLVLQIHFW�DQG�FOHDQ�WKH�FDELQHW�DQG�ZKLFK�GLVLQIHFWDQWV�DUH
VXLWDEOH�

K��IRU�FODVV�,,,�FDELQHWV��WKH�JORYH�FXII�GLDPHWHU�DQG�VKDSH�DSSURSULDWH�WR�WKH�SRUW�VL]H�
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$QQH[�$��LQIRUPDWLYH�

*XLGDQFH�RQ�PDWHULDOV��GHVLJQ�DQG�PDQXIDFWXUH

$�� )URQW�DSHUWXUH�KHLJKW

7KH�KHLJKW�RI�WKH�IURQW�DSHUWXUH�V��VKRXOG�EH�EHWZHHQ�����PP�DQG�����PP��9HUWLFDO�VOLGLQJ
VDVKHV��LI�SURYLGHG��VKRXOG�EH�FRQVWUXFWHG�VR�WKDW�WKH�VDVK�FDQQRW�IDOO�DQG�HQGDQJHU�WKH
XVHU�LI�WKH�VXVSHQGLQJ�V\VWHP�IDLOV��,I�VOLGLQJ�VDVKHV�DUH�SURYLGHG�DQ�DODUP�RU�ORFNLQJ�V\VWHP
VKRXOG�EH�LQFRUSRUDWHG�WR�HQVXUH�WKDW�ZRUN�FDQ�RQO\�EH�FDUULHG�RXW�ZLWKLQ�WKH�VSHFLILHG�IURQW
DSHUWXUH�KHLJKWV�

$�� /LJKWLQJ

/LJKWLQJ�VKRXOG�EH�DGHTXDWH�IRU�VDIH�ZRUNLQJ�ZLWKLQ�WKH�FDELQHW��,OOXPLQDWLRQ�PHDVXUHG�DW�WKH
ZRUN�VXUIDFH�VKRXOG�EH�DW�OHDVW�����OX[��8OWUDYLROHW��89��UDGLDWLRQ�LV�QRW�UHFRPPHQGHG�IRU
XVH�LQ�VDIHW\�FDELQHWV��+RZHYHU��LI�UHTXHVWHG��LW�VKRXOG�EH�LQVWDOOHG�LQ�VXFK�D�PDQQHU�WKDW�LW
GRHV�QRW�DIIHFW�WKH�DLUIORZ�DQG�FRQWDLQPHQW�SHUIRUPDQFH�RI�WKH�FDELQHW��0DWHULDOV�ZKLFK�DUH
QRW�DIIHFWHG�E\�89�VKRXOG�EH�XVHG�IRU�WKH�FRQVWUXFWLRQ�RI�WKH�FDELQHW��(OHFWULFDO�LQWHUORFNLQJ
VKRXOG�EH�SURYLGHG�WR�SUHYHQW�GLUHFW�H[SRVXUH�RI�WKH�ZRUNHU�WR�89�ZKHQ�ZRUNLQJ�DW�WKH
FDELQHW�

$�� 6RXQG

6RXQG�OHYHOV�LQ�D�FDELQHW�VKRXOG�EH�ORZ�HQRXJK�QRW�WR�GLVWUDFW�D�ZRUNHU��:KHQ�WHVWHG�LQ
DFFRUGDQFH�ZLWK�(1�,62�������VHH�%LEOLRJUDSK\�>�@��XVLQJ�D�VRXQG�OHYHO�PHWHU�VLWXDWHG
����P�IURP�WKH�FHQWUH�RI�WKH�IURQW�DSHUWXUH�RI�WKH�FDELQHW��RU�����P�IURP�DQ\�SDUW�RI�WKH
LQVWDOODWLRQ�ZLWKLQ�WKH�ODERUDWRU\��WKH�$�ZHLJKWHG�VRXQG�SUHVVXUH�OHYHO�JHQHUDWHG�E\�WKH
FDELQHW�VKRXOG�QRW�H[FHHG����G%�ZKHQ�WKH�$�ZHLJKWHG�VRXQG�SUHVVXUH�OHYHO�RI�WKH
EDFNJURXQG�LV�OHVV�WKDQ����G%��,I�WKH�EDFNJURXQG�QRLVH�H[FHHGV����G%�WKHQ�WKH�FRUUHFWHG
FDELQHW�$�ZHLJKWHG�VRXQG�SUHVVXUH�OHYHO�VKRXOG�QRW�H[FHHG����G%�

7KH�$�ZHLJKWHG�VRXQG�SUHVVXUH�OHYHO�FDQ�DOVR�EH�GHWHUPLQHG�DFFRUGLQJ�WR�,62��������VHH
%LEOLRJUDSK\�>�@���7KH�PHDVXUHPHQW�LV�FDUULHG�RXW�DW�WKH�ZRUNVWDWLRQ�ZKLFK�LV�����P�IURP�WKH
FHQWUH�RI�WKH�IURQW�DSHUWXUH�RI�WKH�FDELQHW�DQG�����P�IURP�DQ\�SDUW�RI�WKH�LQVWDOODWLRQ�ZLWKLQ
WKH�ODERUDWRU\��,I�WKHUH�LV�D�EDFNJURXQG�QRLVH�WKH�VRXQG�SUHVVXUH�OHYHO�KDV�WR�EH�FRUUHFWHG�E\
$���7KH�VRXQG�SUHVVXUH�OHYHO�VKRXOG�EH�GHFODUHG�DFFRUGLQJ�WR�,62�������VHH�%LEOLRJUDSK\
>�@��LQ�WKH�LQVWUXFWLRQ�KDQGERRN�DQG�LQ�WKH�WHFKQLFDO�OLWHUDWXUH�DYDLODEOH�DV�LQIRUPDWLRQ�IRU
SXUFKDVLQJ��WKH�XQFHUWDLQW\�LV�.� ���G%�

$�� 9LEUDWLRQ

7KH�QHW�GLVSODFHPHQW�VKRXOG�QRW�H[FHHG�������PP�506�DPSOLWXGH�LQ�WKH�FHQWUH�RI�WKH�ZRUN
VXUIDFH�EHWZHHQ����+]�DQG��������+]�ZKHQ�WKH�FDELQHW�LV�ZRUNLQJ�DW�WKH�PDQXIDFWXUHU
V
UHFRPPHQGHG�DLUIORZ�YHORFLWLHV��$�VXLWDEOH�PHWKRG�IRU�PHDVXULQJ�YLEUDWLRQ�LV�JLYHQ�LQ�,62
������VHH�%LEOLRJUDSK\�>�@��
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$�� 6WDELOLW\

06&V�VKRXOG�FRQIRUP�WR�(1��������(1�������DQG�(1����������VHH�%LEOLRJUDSK\�>�@�>�@�DQG
>�@��IRU�VWDELOLW\��06&V�VKRXOG�EH�GHVLJQHG�WR�VWDQG�RQ�WKH�IORRU�RU�RQ�D�EHQFK�LQ�D�VXLWDEOH
DQG�VHFXUH�PDQQHU�

$�� 0DWHULDOV��JHQHUDO

7KH�PDWHULDO�RI�06&V�ZKLFK�LV�OLNHO\�WR�EH�LQ�FRQWDFW�ZLWK�PLFUR�RUJDQLVPV�VKRXOG�EH
XQLIRUPO\�FRUURVLRQ�UHVLVWDQW��QRQ�IODPPDEOH�DQG�QRQ�DGVRUELQJ�

127(����0DQXIDFWXUHUV�VKRXOG�HQVXUH�WKDW�WKH�PDWHULDOV�RI�FRQVWUXFWLRQ�ZLOO�QRW�EH
GDPDJHG�E\�IXPLJDWLRQ�DQG�DUH�UHVLVWDQW�WR�GLVLQIHFWDQWV�

127(����&KLSERDUG�VKRXOG�QRW�EH�XVHG�

0DWHULDOV�DQG�VHDODQWV�IRU�MRLQWV�VKRXOG�EH�GXUDEOH�DQG�UHVLVWDQW�WR�FOHDQLQJ�DQG�GLVLQIHFWLRQ
DJHQWV�DQG�UHVLVWDQW�WR�JHQHUDO�XVH�RI�06&V�

127(����7KH�IROORZLQJ�KDYH�EHHQ�IRXQG�WR�EH�VDWLVIDFWRU\�

D��WZR�FRPSRQHQW�DFFHOHUDWHG�V\QWKHWLF�WHPSHUDWXUH�UHVLVWDQW�KLJK�DGKHVLRQ�JUDGH
RU�HTXLYDOHQW�XVHG�LQ�DFFRUGDQFH�ZLWK�PDQXIDFWXUHU
V�UHFRPPHQGDWLRQ��RU

E��RQH�FRPSRQHQW�VHDODQW�FRPSRXQG�XVHG�LQ�DFFRUGDQFH�ZLWK�WKH�PDQXIDFWXUHU
V
UHFRPPHQGDWLRQV��H�J��VLOLFRQH�RU�DFU\OLF��

0DQXIDFWXUHUV�VKRXOG�HQVXUH�WKDW�WKH�PDWHULDOV�RI�FRQVWUXFWLRQ�ZLOO�QRW�EH�GDPDJHG�E\
IXPLJDWLRQ�ZLWK�IRUPDOGHK\GH�

$�� *ODVV�DQG�IURQW�ZLQGRZV

/DPLQDWHG�VDIHW\�JODVV�RU�89�UHVLVWDQW�VDIHW\�SODVWLFV�ZKLFK�KDYH�WKH�GXUDELOLW\�WR�FRQWLQXH
WR�SHUIRUP�VDWLVIDFWRULO\�IRU�WKH�H[SHFWHG�OLIH�RI�WKH�VDIHW\�FDELQHW�VKRXOG�EH�XVHG��7KH
H[WHUQDO�DQG�LQWHUQDO�HQYLURQPHQWV�WR�ZKLFK�WKH\�ZLOO�EH�H[SRVHG�DQG�WKH�PHWKRG�JOD]LQJ
VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�

*ODVV�VKRXOG�FRQIRUP�WR�(1�������DQG�(1��������VHH�%LEOLRJUDSK\�>�@�DQG�>�@���0HDQV
VKRXOG�EH�SURYLGHG�WR�KROG�WKH�IURQW�ZLQGRZ�RSHQ�VHFXUHO\�IRU�ORDGLQJ�HTXLSPHQW�EHIRUH
VWDUWLQJ�ZRUN�

9HUWLFDO�VOLGLQJ�VDVK�ZLQGRZV��LI�SURYLGHG��VKRXOG�EH�FRQVWUXFWHG�VR�WKDW�WKH�VDVK�FDQQRW�IDOO
DQG�HQGDQJHU�WKH�XVHU�LI�WKH�VXVSHQGLQJ�V\VWHP�IDLOV�

127(��:KHQ�LQ�ZRUNLQJ�SRVLWLRQ��WKH�VL]H�SRVLWLRQ�DQG�DQJOH�RI�WKH�ZLQGRZ�VKRXOG�EH
VXFK�DV�WR�JLYH�DQ�XQREVWUXFWHG�YLHZ�LQWR�WKH�ZRUNLQJ�VSDFH�ZKHQ�WKH�RSHUDWRU�LV
VHDWHG�FHQWUDOO\�DW�WKH�FDELQHW�

$Q�DFRXVWLF�DQG�RSWLFDO�DODUP�V\VWHP�VKRXOG�EH�LQFRUSRUDWHG�LQWR�WKH�FDELQHW�LQ�RUGHU�WR
HQVXUH�WKDW�WKH�IURQW�ZLQGRZ�UHPDLQV�ZHOO�FORVHG�LQ�ZRUN�FRQGLWLRQV��7KLV�ZLOO�DOVR�HQVXUH
WKDW�WKH�HTXLSPHQW�IXQFWLRQV�FRUUHFWO\�
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$�� (OHFWULFDO�VDIHW\

*HQHUDO�UHTXLUHPHQWV�IRU�HOHFWULFDO�VDIHW\�DUH�JLYHQ�LQ�(1����������VHH�%LEOLRJUDSK\�>�@��

$�� *DV�VXSSO\�VDIHW\

06&V�VKRXOG�FRPSO\�ZLWK�UHTXLUHPHQWV�IRU�JHQHUDO�DVSHFWV�RI�JDV�VXSSO\�VDIHW\�JLYHQ�LQ
(1�������DQG�(1��������VHH�%LEOLRJUDSK\�>�@�DQG�>�@���,I�WKHUH�LV�SURYLVLRQ�IRU�JDV�VXSSO\�WR
WKH�LQVLGH�RI�WKH�FDELQHW�WKHQ�WKH�FRQWUROV�VKRXOG�EH�FRORXU�FRGHG�DV�DSSURSULDWH�

$�IODPPDEOH�JDV�VXSSO\�WR�WKH�LQVLGH�RI�WKH�FDELQHW�VKRXOG�EH�FRQWUROOHG�E\�D�VXLWDEOH�YDOYH
WKDW�FDQ�EH�RSHQHG�E\�WKH�RSHUDWRU�ZKHQ�WKH�FDELQHW�LV�UXQQLQJ�DQG�WKDW�FORVHV�XQGHU�DOO
RWKHU�FRQGLWLRQV�

127(����3LH]RHOHFWULF�V\VWHPV�ZKLFK�SURGXFH�D�IODPH�ZKHQ�LW�LV�QHFHVVDU\�DQG�ZKLFK
FDQ�EH�RSHUDWHG�E\�IRRW�DUH�SUHIHUDEOH�WR�%XQVHQ�EXUQHUV�

127(����8VH�RI�D�%XQVHQ�EXUQHU�ZLWKLQ�WKH�06&�LV�QRW�UHFRPPHQGHG��EXW�LI�HVVHQWLDO�
WKH�ORZ�SURILOH�W\SH�RSHUDWHG�E\�IRRW�WR�JLYH�IXOO�IODPH�RQO\�DV�UHTXLUHG�SURGXFHV�WKH
OHDVW�GLVWXUEDQFH�WR�DLUIORZ�

)LWWLQJV�IRU�IODPPDEOH�JDV�VKRXOG�QRW�EH�SURYLGHG�LQ�FODVV�,,,�FDELQHWV�

$��� (UJRQRPLFV

7KH�GHVLJQ�VKRXOG�HQVXUH�WKDW�PDLQWHQDQFH�FDQ�VDIHO\�EH�FDUULHG�RXW�RQ�WKH�FDELQHW�DIWHU
LQVWDOODWLRQ��7KH�JHQHUDO�HUJRQRPLF�UHTXLUHPHQWV�VKRXOG�EH�FRQVLGHUHG�DFFRUGLQJ�WR
SU(1�,62�������������VHH�%LEOLRJUDSK\�>��@��

$��� 7HPSHUDWXUH

$IWHU���K�FRQWLQXRXV�UXQQLQJ�ZLWK�WKH�IDQ�V��ZRUNLQJ�DQG�WKH�OLJKWV�RQ��WKH�DLU�WHPSHUDWXUH
LQVLGH�WKH�FDELQHW�PHDVXUHG�DW�WKH�FHQWUH�RI�WKH�ZRUNLQJ�YROXPH�VKRXOG�QRW�KDYH�ULVHQ�E\
PRUH�WKDQ����&�DERYH�WKH�DPELHQW�ODERUDWRU\�DLU�WHPSHUDWXUH�

127(��%XR\DQF\�HIIHFWV�GXH�WR�KLJK�DLU�WHPSHUDWXUHV�FDQ�UHGXFH�FDELQHW�DLUIORZV�DQG
FDQ�SUHMXGLFH�FRQWDLQPHQW�SHUIRUPDQFH�

$��� *ORYH�SRUWV�DQG�JORYHV��FODVV�,,,�

*ORYHV�VKRXOG�KDYH�D�ILW�FRQIRUPLQJ�WR�WKH�GLDPHWHU�DQG�VKDSH�RI�WKH�JORYH�SRUWV�

,W�VKRXOG�EH�SRVVLEOH�WR�UHSODFH�JORYHV�IURP�WKH�RXWVLGH�RI�WKH�FDELQHW�LQ�VXFK�D�ZD\�WKDW�WKH
ROG�JORYHV�FDQ�EH�SXVKHG�LQVLGH�WKH�FDELQHW�DQG�QHZ�RQHV�ILWWHG�ZKLOVW�WKH�IDQ�LV�VWLOO�UXQQLQJ�
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$QQH[�%��QRUPDWLYH�

7HVW�PHWKRG�IRU�OHDNDJH�RI�FDUFDVV�IRU�FODVV�,�DQG�,,�06&V

%�� 3ULQFLSOH

7KH�06&�LV�WHVWHG�IRU�OHDNDJH�E\�VXEMHFWLQJ�LW�WR�DQ�LQWHUQDO�SUHVVXUH�DQG�REVHUYLQJ�EXEEOHV
IRUPLQJ�LQ�VRDS�DSSOLHG�WR�ZHOGV��JDVNHWV�DQG�MRLQWV�

%�� 5HDJHQWV

6RDS�VROXWLRQ��FRPSULVLQJ����J�O�VRIW�VRDS�LQ�WHSLG�GLVWLOOHG�ZDWHU�SUHSDUHG�LQ�D�JUHDVH�IUHH
YHVVHO�

%�� $SSDUDWXV

0DQRPHWHU��FDSDEOH�RI�UHDGLQJ�LQ�WKH�UDQJH���3D�WR�����3D�

3DLQW�EUXVK�����PP�ZLGH�

%�� 3URFHGXUH

6HDO�DOO�RSHQLQJV�LQ�WKH�FDELQHW�E\�DQ\�FRQYHQLHQW�PHDQV�DQG�VXEMHFW�WKH�FDELQHW�WR�DQ
LQWHUQDO�DLU�SUHVVXUH�RI�����3D�DV�PHDVXUHG�XVLQJ�WKH�PDQRPHWHU�

$SSO\�WKH�VRDS�VROXWLRQ�WR�DOO�ZHOGV��JDVNHWV�DQG�MRLQWV�XVLQJ�WKH�SDLQW�EUXVK��/RRN�IRU�DQ\
VRDS�EXEEOHV�LQGLFDWLQJ�OHDNV�

%�� ([SUHVVLRQ�RI�UHVXOWV

([SUHVV�WKH�UHVXOWV�DV�WKH�SUHVHQFH�RU�DEVHQFH�RI�VRDS�EXEEOHV�

%�� 7HVW�UHSRUW

,QFOXGH�WKH�UHVXOW�RI�WKH�WHVW�DQG�UHIHUHQFH�WR�WKH�PHWKRG�XVHG��L�H��DQQH[�%�RI
(1�������������LQ�WKH�GRFXPHQWDWLRQ�VSHFLILHG�LQ�FODXVH���
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$QQH[�&��QRUPDWLYH�

7HVW�PHWKRGV�IRU�WKH�UHWHQWLRQ�HIILFLHQF\�DW�WKH�IURQW�DSHUWXUH

&�� *HQHUDO

&���� *HQHUDO�SULQFLSOH

7KH�06&�LV�WHVWHG�IRU�UHWHQWLRQ�HIILFLHQF\�DW�IURQW�DSHUWXUH�E\�JHQHUDWLQJ�ZLWKLQ�WKH�06&
HLWKHU�DQ�DHURVRO�RI�PLFURELRORJLFDO�VSRUH�VXVSHQVLRQ�RU�DQ�DHURVRO�RI�SRWDVVLXP�LRGLGH��.,�
VROXWLRQ�DQG�E\�FRXQWLQJ�WKH�QXPEHU�RI�VSRUHV�RU�SDUWLFOHV�VDPSOHG�DW�VSHFLILF�SODFHV�RXWVLGH
WKH�06&�

7KH�DLUIORZ�HQWHULQJ�WKH�FDELQHW�LV�GLVWXUEHG�VR�DV�WR�VLPXODWH�WKH�HIIHFW�RI�D�ZRUNHU
V�DUP�E\
LQWURGXFLQJ�D�F\OLQGHU�WKURXJK�WKH�IURQW�DSHUWXUH�

7KH�WHVW�LV�FDUULHG�RXW�DW�QRPLQDO�VHW�SRLQW�

&���� 5HSOLFDWH�WHVWLQJ

)RU�FDELQHWV�XS�WR�����P�ZLGH����UHSOLFDWH�WHVWV�VKDOO�EH�FDUULHG�RXW�DW�WKH�FHQWUH�RI�WKH�IURQW
DSHUWXUH��)RU�FDELQHWV�IURP�����P�WR���P�ZLGH����UHSOLFDWH�WHVWV�VKDOO�EH�FDUULHG�RXW�DW�WKH
FHQWUH�RI�WKH�IURQW�DSHUWXUH�DQG�ILYH�HDFK�DW�WKH�FHQWUH�RI�WKH�ULJKW�DQG�OHIW�KDOYHV�RI�WKH�IURQW
DSHUWXUH��)RU�ZLGHU�FDELQHWV����UHSOLFDWH�WHVWV�VKDOO�EH�FDUULHG�RXW�DW�WKH�FHQWUH�RI�HDFK���P�RI
WKH�ZLGWK�RI�WKH�FDELQHW�

&�� 0LFURELRORJLFDO�WHVW�PHWKRG

&���� 5HDJHQWV

6SRUHV�RI�%DFLOOXV�VXEWLOLV�YDU��QLJHU��%��VXEWLOLV���$7&&1)�������1&7&2)�������RU�%��VXEWLOLV
YDU��0DUEXUJ�$7&&������

6WHULOH�GLOXHQW��SUHSDUHG�DV�IROORZV�

(LWKHU�
D� )LQDO�GLOXHQW�SKRVSKDWH�EXIIHU�VROXWLRQ��3%6���VWHS���

'LVVROYH����J�.+�32��LQ�����PO�GLVWLOOHG�+�2
$GMXVW�S+�WR�����������ZLWK���1�1D2+�DW�����&
'LOXWH�WR���O�ZLWK�GLVWLOOHG�+�2
)LQDO�GLOXHQW�3%6��VWHS���
'LVWLOOHG�+�2����O
6WRFN�3%6�VWHS��������PO
)LQDO�S+�����������
$XWRFODYH�DW������&�IRU����PLQ
2SWLRQDO��0DJQHVLXP�VXOIDWH�����J�0J62����+�2�SHU�O�GLVWLOOHG�+�2�����PO�

RU�

������������������������������������������������
1)�$PHULFDQ�7\SH�&XOWXUH�&ROOHFWLRQ��5RFNYLOOH��0'��86$
2)�1DWLRQDO�&ROOHFWLRQ�RI�7\SH�&XOWXUHV��/RQGRQ��(QJODQG
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E� 'LVWLOOHG�+�2����O
$GMXVW�S+�WR������������DW�����&
$XWRFODYH�DW������&�IRU����PLQ

127(��)RUPXOD�E��LV�VXLWDEOH�IRU�GLOXHQW�ZKHQ�VSRUH�VXVSHQVLRQ�LV�SUHSDUHG�IRU
LPPHGLDWH�XVH��:KHQ�VWRUDJH�RI�GLOXHQW�VXVSHQVLRQ�DW����&�LV�UHTXLUHG��IRUPXOD�D�
VKRXOG�EH�XVHG�

6XVSHQVLRQ�RI�%��VXEWLOLV�YDU��QLJHU�VSRUHV��SUHSDUHG�DFFRUGLQJ�WR�PHWKRG�$�RU�%�DV�IROORZV�

0HWKRG�$��XVLQJ�SUHYLRXVO\�KDUYHVWHG�%��VXEWLOLV�VSRUHV�

$VHSWLFDOO\�LQRFXODWH�E\�VWUHDN�SODWLQJ�WHFKQLTXH�VHYHUDO�WU\SWLF�VR\�DJDU�3HWUL�SODWHV�RI�VL]H
�����[����PP���,QFXEDWH�IRU����������K�DW�������������&��5HPRYH�FKDUDFWHULVWLF�SLJPHQWHG
FRORQLHV�DQG�WUDQVIHU�WR�WHQ�����PO�VWHULOH�VFUHZ�FDSSHG�ERWWOHV�FRQWDLQLQJ�DSSUR[LPDWHO\
���PO�RI�WU\SWLF�VR\�DJDU��,QFXEDWH�IRU����������K�DW�������������&��$GG����PO�RI�3%6�WR�HDFK
VODQW��DQG�JHQWO\�ZDVK�WKH�EDFWHULD�IURP�WKH�DJDU�VXUIDFH�

7UDQVIHU�WKH�EDFWHULDO�VXVSHQVLRQV�WR�\LHOG�DSSUR[LPDWHO\�����PO�LQ�D�VWHULOH�����PO�VFUHZ�
FDS�ERWWOH��,I�FHOO�GHEULV�LQWHUIHUHV�ZLWK�QHEXOL]HU�GLVVHPLQDWLRQ��WKH�VXVSHQVLRQ�PD\�EH
FODULILHG�E\�ZDVKLQJ�WKUHH�WLPHV�LQ�3%6�E\�FHQWULIXJDWLRQ�DW������U�PLQ�IRU����PLQ�
5HVXVSHQG�LQ�3%6�WR�WKH�RULJLQDO�YROXPH��+HDW�VWRFN�FXOWXUH�DW�������������&�IRU����PLQ�
'HWHUPLQH�VSRUH�FRQFHQWUDWLRQ�E\�VWDQGDUG�GLOXWLRQ�SODWH�PHWKRGV�XVLQJ�3%6�DQG�WU\SWLF�VR\
DJDU��6SRUHV�SUHSDUHG�DV�DERYH�VKRXOG�\LHOG�DQ�DYHUDJH�FRXQW�RI���WR���[�����VSRUHV�PO�

,QFXEDWH�SODWHV�IRU����������K�DW�������������&��'LOXWH�WKH�VSRUH�VXVSHQVLRQ�ZLWK�3%6�WR�REWDLQ
ILQDO�VSRUH�FRQFHQWUDWLRQ�RI����WR����[�����VSRUHV�PO�LI�VSRUHV�DUH�WR�EH�XVHG�LPPHGLDWHO\�
6WRUH�WKH�VWRFN�VSRUH�VXVSHQVLRQ�>���WR����[�����VSRUHV�PO@�DW����&��RU�GLYLGH�LQWR�DOLTXRWV�WR
VWRUH�LQ�VFUHZ�FDSSHG�YLDOV�DW������&��PDNLQJ�IUHTXHQW�FKHFNV�RI�VSRUH�YLDELOLW\�E\�VXUIDFH
SODWLQJ�DQG�VSRUH�SUHGRPLQDQFH�E\�DQ�DFFHSWDEOH�VSRUH�VWDLQLQJ�WHFKQLTXH�

0HWKRG�%

,QRFXODWH�����PO�SRUWLRQV�RI�VWHULOH�WU\SWRVH�EURWK�ZLWK�DOLTXRWV�RI�SUHYLRXVO\�KDUYHVWHG
%��VXEWLOLV�VSRUHV��RU�UHK\GUDWHG�IUHH]H�GULHG�FXOWXUHV�SHU�$7&&�RU�1&7&�LQVWUXFWLRQV�
,QFXEDWH�RQ�D�UHFLSURFDWLQJ�VKDNHU�IRU����������K�DW�������������&��+HDW�VWRFN�FXOWXUHV�DW������
������&�IRU����PLQ�

7UDQVIHU�VXVSHQVLRQV�WR�VFUHZ�FDS�WHVW�WXEHV�DQG�ZDVK�DW�OHDVW�WKUHH�WLPHV�LQ�VWHULOH�GLVWLOOHG
+�2�E\�FHQWULIXJDWLRQ�DW������U�PLQ�IRU����PLQ��8VH�3%6�LQ�ODVW�ZDVKLQJ�LI�VWRUDJH�LV
UHTXLUHG��'HWHUPLQH�VSRUH�FRQFHQWUDWLRQ�E\�VWDQGDUG�GLOXWLRQ�SODWH�PHWKRGV�XVLQJ�3%6�DQG
WU\SWLF�VR\�DJDU��6SRUHV�SUHSDUHG�DV�GHVFULEHG�DERYH�VKRXOG�DYHUDJH�����[�����VSRUHV�PO�

,QFXEDWH�SODWHV�IRU����������K�DW�������������&��,I�VSRUH�VXVSHQVLRQ�LV�WR�EH�XVHG�SURPSWO\�
GLOXWH�WKH�VSRUH�VXVSHQVLRQ�ZLWK�3%6�WR�REWDLQ�D�ILQDO�VXVSHQVLRQ�FRQFHQWUDWLRQ�RI����WR����[
����VSRUHV�PO��7R�VWRUH�WKH�VWRFN�VSRUH�FXOWXUH��GLYLGH�LQWR�DOLTXRWV�DQG�VWRUH�DW����&�LQ�VWHULOH
VFUHZ�FDS�YLDOV��RU�VWRUH�LQ�IUHH]HU�DW������&��%HIRUH�XVH��FKHFN�YLDELOLW\�RI�VSRUH�VXVSHQVLRQ
DV�LQ�PHWKRG�$�
&���� $SSDUDWXV

3HWUL�SODWHV��RI�VL]HV������[�����PP�RU������[�����PP�FRQWDLQLQJ�QXWULHQW�DJDU��WU\SWLFDVH�VR\
DJDU��RU�RWKHU�VXLWDEOH�JURZWK�PHGLXP�ZLWK�QR�LQKLELWRUV�RU�RWKHU�DGGLWLYHV�
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6L[�DOO�JODVV�UDLVHG�FDSLOODU\�LPSLQJHU�VDPSOHUV��VHH�%LEOLRJUDSK\�>�@���FDSLOODU\�GLDPHWHU
����PP��IORZ�UDWH�FDOLEUDWHG�DW������O�PLQ��FRQWDLQLQJ����PO�RI�VWHULOH�GLOXHQW�

7ZR�VOLW�W\SH�DLU�VDPSOHUV��RSHUDWLQJ�DW�D�IORZ�RI��������O�PLQ3)��

5HIOX[LQJ���MHW�PRGLILHG�05(�W\SH�VKRUW�IRUP�&ROOLVRQ�QHEXOL]HU���DYDLODEOH�DV�0RGHO�&1���
QHEXOL]HU�IURP�%*,�,QF���:DOWKDP�0$��86$4)���RU�DQ\�RWKHU�QHEXOL]HU�WKDW�FDQ�EH
GHPRQVWUDWHG�WR�SURGXFH�D�EDFWHULDO�DHURVRO�RI�HTXLYDOHQW�FKDUDFWHULVWLFV�

6WDLQOHVV�VWHHO��VWHHO�RU�DOXPLQLXP�F\OLQGHU��RI�RXWVLGH�GLDPHWHU����PP�DQG�ZLWK�FORVHG�HQGV�
7KH�F\OLQGHU�VKDOO�EH�XVHG�WR�GLVUXSW�WKH�DLUIORZ��7KH�OHQJWK�RI�WKH�F\OLQGHU�VKDOO�EH
GHWHUPLQHG�E\�WKH�VL]H�RI�WKH�FDELQHW�LQWHULRU��2QH�HQG�EXWWV�DJDLQVW�WKH�EDFN�ZDOO�RI�WKH
FDELQHW��DQG�WKH�RWKHU�HQG�SURWUXGHV�DW�OHDVW�����PP�LQWR�WKH�URRP�WKURXJK�WKH�ZRUN�DFFHVV
RSHQLQJ�RI�WKH�FDELQHW�

&���� 3URFHGXUH

6HOHFW�DQG�FDOLEUDWH�WKH�QHEXOL]HU�DV�VSHFLILHG�LQ�&���

:HLJK�WKH�QHEXOL]HU�FRQWDLQLQJ�XS�WR����PO�RI�VSRUH�VXVSHQVLRQ�����WR����[�����VSRUHV�PO�RI
%DFLOOXV�VXEWLOLV��DQG�FHQWUH�LW�EHWZHHQ�WKH�VLGH�ZDOOV�RI�WKH�FDELQHW��)RU�FODVV�,�06&V�HQVXUH
WKDW�WKH�VSUD\�D[LV�LV�EHORZ�WKH�F\OLQGHU�DQG�DSSUR[LPDWHO\�PLGZD\�EHWZHHQ�LWV�ORZHU�VXUIDFH
DQG�WKH�ZRUN�VXUIDFH��)RU�FODVV�,,�06&V�HQVXUH�WKDW�WKH�VSUD\�D[LV�LV�OHYHO�ZLWK�WKH�XSSHU
HGJH�RI�WKH�IURQW�DSHUWXUH�

(QVXUH�WKDW�WKH�RSHQLQJ�RI�WKH�QHEXOL]HU�LV�����PP�EHKLQG�WKH�IURQW�ZLQGRZ�DQG�WKDW�WKH
VSUD\�D[LV�LV�SDUDOOHO�WR�WKH�ZRUN�VXUIDFH�DQG�GLUHFWHG�WRZDUGV�WKH�IURQW�ZLQGRZ�

3ODFH�WKH�F\OLQGHU�DW�WKH�FDELQHW�FHQWUH��(QVXUH�WKDW�WKH�D[LV�RI�WKH�F\OLQGHU�LV����PP�DERYH
WKH�ZRUN�VXUIDFH��$URXQG�WKH�F\OLQGHU��SRVLWLRQ�IRXU�LPSLQJHUV�ZLWK�WKH�VDPSOLQJ�LQOHWV
���PP�RXWVLGH�WKH�FDELQHW�IURQW��3RVLWLRQ�WZR�LPSLQJHUV�VR�WKDW�WKHLU�LQOHW�D[HV�DUH�����PP
���LQ��DSDUW��DQG�LQ�D�KRUL]RQWDO�SODQH�WDQJHQW�WR�WKH�WRS�RI�WKH�F\OLQGHU��3RVLWLRQ�WKH�RWKHU�WZR
LPSLQJHUV�VR�WKDW�WKHLU�LQOHW�D[HV�DUH����PP�DSDUW�DQG�OLH�LQ�D�KRUL]RQWDO�SODQH����PP�EHORZ
WKH�F\OLQGHU��$V�D�SRVLWLYH�FRQWURO��SODFH�DQ�DJDU�SODWH�XQGHU�WKH�FHQWUH�RI�WKH�F\OLQGHU�DQG
HQVXUH�WKDW�LW�LV�VXSSRUWHG����PP������LQ��DERYH�RU�EHORZ�WKH�IURQW�LQWDNH�JULOO��WR�PLQLPL]H
WKH�REVWUXFWLRQ�RI�DLUIORZ�LQWR�WKH�JULOO�

3ODFH�WZR�VOLW�W\SH�DLU�VDPSOHUV�VR�WKDW�WKH�KRUL]RQWDO�SODQH�RI�WKH�DLU�LQOHWV�LV�DW�WKH�ZRUN
VXUIDFH�HOHYDWLRQ��WKH�YHUWLFDO�D[HV�RI�WKH�LQOHWV�DUH�����PP�LQ�IURQW�RI�WKH�FDELQHW��DQG
����PP�IURP�HDFK�LQWHULRU�VLGH�ZDOO��3ODFH�WZR�LPSLQJHUV�VR�WKDW�WKH�KRUL]RQWDO�SODQH�RI�WKH
DLU�LQOHWV�LV�����PP�DERYH�WKH�ZRUN�VXUIDFH��WKH�YHUWLFDO�D[HV�DUH����PP�RXWVLGH�WKH�IURQW
HGJH�RI�WKH�FDELQHW��DQG�����PP�RQ�HDFK�VLGH�RI�WKH�FDELQHW�FHQWUHOLQH�

6ZLWFK�RQ�WKH�06&�DQG�DOORZ�LW�WR�UXQ�XQWLO�QRUPDO�RSHUDWLRQ�FRQGLWLRQV�DUH�UHDFKHG��L�H��DW
OHDVW����PLQ�EHIRUH�WKH�VWDUW�RI�DQ\�WHVW�

������������������������������������������������
3)�6OLW�W\SH�DLU�VDPSOHV�ZLWK�DQ�DLU�YHORFLW\�DW�WKH�VOLW�RI�����������P�V��7KH�GLVWDQFH�EHWZHHQ�WKH�ORZHU�MHW�RSHQLQJ
DQG�WKH�VXUIDFH�RI�WKH�DJDU�PHGLXP�VKRXOG�QRW�EH�JUHDWHU�WKDQ���WR���WLPHV�WKH�GLVWDQFH�EHWZHHQ�WKH�WRS�DQG�WKH
ERWWRP�RSHQLQJV�RI�WKH�VOLW��7ZR�VOLW�W\SH�VDPSOHV�DUH�QHHGHG�IRU�HDFK�WHVW�
4)�0RGHO�&1����QHEXOL]HU�LV�DQ�H[DPSOH�RI�D�VXLWDEOH�SURGXFW�DYDLODEOH�FRPPHUFLDOO\��7KLV�LQIRUPDWLRQ�LV�JLYHQ�IRU
WKH�FRQYHQLHQFH�RI�WKH�XVHUV�RI�WKLV�(XURSHDQ�6WDQGDUG�DQG�GRHV�QRW�FRQVWLWXWH�DQ�HQGRUVHPHQW�E\�&(1�RI�WKHVH
SURGXFWV�
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7KH�GXUDWLRQ�RI�WKH�WHVW�VKDOO�EH����PLQ��&DUU\�RXW�WKH�WHVW�VHTXHQFH�DV�IROORZV�

��7LPH����VWDUW�WKH�VOLW�VDPSOHUV�
��7LPH���PLQ��VWDUW�WKH�QHEXOL]HU�
��7LPH���PLQ��VWDUW�WKH�LPSLQJHUV�
��7LPH����PLQ��VWRS�WKH�LPSLQJHUV�
��7LPH������PLQ��VWRS�WKH�QHEXOL]HU��
��7LPH����PLQ��VWRS�WKH�VOLW�VDPSOHUV�

)LOWHU�WKH�VDPSOLQJ�IOXLG�IURP�DOO�WKH�LPSLQJHUV�WKURXJK�D����PP�GLDPHWHU�PHPEUDQH�ILOWHU
ZLWK�D�SRUH�VL]H�RI�������P��UHPRYH�WKH�ILOWHU�DVHSWLFDOO\�DQG�SODFH�RQ�DSSURSULDWH�PHGLD�
3ODWHV�FRQWDLQLQJ�WKH�ILOWHUV�DQG�SODWHV�IURP�WKH�VOLW�W\SH�DLU�VDPSOHUV�VKDOO�EH�LQFXEDWHG�DW���
�&��([DPLQH�DIWHU�����WR�����K��DQG�LI�QHJDWLYH��UHLQFXEDWH�DQG�UHDG�DW�����WR�����K�

127(��)RU�UHVHDUFK�DQG�ILHOG�DSSOLFDWLRQV��WKH�VDPSOLQJ�IOXLG�PD\�EH�ILOWHUHG
VHSDUDWHO\�IURP�HDFK�LPSLQJHU�WR�SURYLGH�LQIRUPDWLRQ�RQ�VSHFLILF�DUHDV�ZLWKLQ�WKH�06&�

7KH�FRQWURO�SODWH�VKDOO�EH�SRVLWLYH��$�SODWH�LV��SRVLWLYH��ZKHQ�LW�FRQWDLQV�JUHDWHU�WKDQ����
%��VXEWLOLV�&)8�

&���� &DOFXODWLRQ

7KH�DPRXQW�RI�OLTXLG�VSUD\HG�LV�GHWHUPLQHG�E\�ZHLJKLQJ�WKH�QHEXOL]HU�DW�WKH�VWDUW�DQG�DW�WKH
HQG�RI�HDFK�WHVW��:LWK�D�NQRZQ�VSRUH�FRQFHQWUDWLRQ��FDOFXODWH�WKH�QXPEHU�RI�VSRUHV�VSUD\HG�
1��DV�IROORZV�

1� �F��P��P��

ZKHUH�

1 LV�WKH�QXPEHU�RI�VSRUHV�VSUD\HG��H[SUHVVHG�LQ�&)8�

F LV�WKH�FRQFHQWUDWLRQ�RI�WKH�VSRUH�VXVSHQVLRQ��H[SUHVVHG�LQ�&)8�SHU�JUDP��&)8�J��

P� LV�WKH�PDVV�RI�WKH�QHEXOL]HU�ZLWK�WKH�VSRUH�VXVSHQVLRQ��H[SUHVVHG�LQ�JUDPV��J��EHIRUH
WKH�WHVW�

P� LV�WKH�PDVV�RI�WKH�QHEXOL]HU�ZLWK�WKH�VSRUH�VXVSHQVLRQ��H[SUHVVHG�LQ�JUDPV��J��DIWHU
WKH�WHVW�

&RXQW�WKH�QXPEHU�RI�%��VXEWLOLV�&)8�UHFRYHUHG�IURP�WKH�VL[�LPSLQJHUV�DQG�WKH�QXPEHU�RI�%�
VXEWLOLV�&)8�UHFRYHUHG�IURP�WKH�WZR�VOLW�W\SH�DLU�VDPSOHUV�
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&���� ([SUHVVLRQ�RI�UHVXOWV

([SUHVV�WKH�UHVXOWV�DV�WKH�QXPEHU�RI�VSUD\HG�VSRUHV��1��DQG�WKH�QXPEHU�RI�&)8�UHFRYHUHG�

&���� 7HVW�UHSRUW

,QFOXGH�WKH�UHVXOW�RI�WKH�WHVW�DQG�UHIHUHQFH�WR�WKH�PHWKRG�XVHG��L�H��DQQH[�&�RI
(1�������������LQ�WKH�GRFXPHQWDWLRQ�VSHFLILHG�LQ�FODXVH���

&�� 3RWDVVLXP�LRGLGH��.,��PHWKRG

&���� ,QWURGXFWLRQ

7KH�WUDQVIHU�LQGH[��VHH�%LEOLRJUDSK\�>��@��GHILQHV�WKH�H[SRVXUH�H[SHULHQFHG�DW�D�JLYHQ�SRLQW
DV�Q��1�[�V���ZKHUH�1�LV�WKH�QXPEHU�RI�SDUWLFOHV�OLEHUDWHG�DQG�Q�WKH�QXPEHU�UHFRYHUHG�DW�D
VDPSOLQJ�UDWH�RI�V��WKH�VDPSOLQJ�EHLQJ�FRQWLQXHG�WR�FRPSOHWLRQ��,Q�D�URRP�ZLWK�WXUEXOHQW
YHQWLODWLRQ�JLYLQJ�FRPSOHWHO\�XQLIRUP�PL[LQJ�WKURXJKRXW�WKH�VSDFH�WKH�WUDQVIHU�LQGH[�LV
HTXLYDOHQW�WR���9��VHH�%LEOLRJUDSK\�>��@��ZKHUH�9�LV�WKH�HIIHFWLYH�YROXPHWULF�YHQWLODWLRQ�UDWH
ZKLFK�LQFOXGHV�ORVV�E\�VHGLPHQWDWLRQ��7KH�WUDQVIHU�LQGH[�KDV�WKH�GLPHQVLRQV�WLPH�FXELF
OHQJWK�

7KH�UDWLR�RI�WKH�WUDQVIHU�LQGLFHV�LQ�WKH�WZR�VLWXDWLRQV��RQ�WKH�RSHQ�EHQFK�DQG�ZLWKLQ�WKH
FDELQHW��LV�WKH�SURWHFWLRQ�IDFWRU�DQG�LV�GLPHQVLRQOHVV��)RU�WKH�UHIHUHQFH�RSHQ�EHQFK
FRQGLWLRQV�9��WKH�URRP�YHQWLODWLRQ�LV�WDNHQ�DV����P��PLQ��7KH�$SI�WKHQ�EHFRPHV��1�[�V�����Q��
ZLWK�V��WKH�VDPSOLQJ�UDWH��H[SUHVVHG�LQ�FXELF�PHWUHV�SHU�PLQXWH��P��PLQ���RU��1�[�V������Q���LI
V�LV�H[SUHVVHG�LQ�FXELF�GHFLPHWUHV�SHU�PLQXWH��GP��PLQ���,GHDOO\�WKHUH�VKRXOG�EH�QR�HVFDSH
RI�KD]DUGRXV�DHURVROV�IURP�D�VDIHW\�FDELQHW��VR�Q�VKRXOG�EH�]HUR�DQG�WKH�SURWHFWLRQ�IDFWRU
LQILQLWH��+RZHYHU��QR�RSHQ��IURQWHG�VDIHW\�FDELQHW�ZLOO�JLYH�FRPSOHWH�SURWHFWLRQ�DQG�WKH
PLQLPXP�YDOXH�RI�WKH�$SI�WKDW�FDQ�EH�DVVHVVHG�GHSHQGV�RQ�WKH�VHQVLWLYLW\�RI�WKH�WHVW��L�H��WKH
VL]H�RI�WKH�FKDOOHQJH��1��WKH�VDPSOLQJ�UDWH��V��DQG�WKH�VPDOOHVW�QXPEHU�RI�SDUWLFOHV�UHFRYHUHG
WKDW�FDQ�EH�UHOLDEO\�GLIIHUHQWLDWHG�IURP�EDFNJURXQG�FRQWDPLQDWLRQ�

3UDFWLFDO�YDOXHV�IRU�D�WHVW�V\VWHP��DUH�1�QRW�OHVV�WKDQ���[������V�QRW�OHVV�WKDQ����GP��PLQ�DQG
Q�QRW�JUHDWHU�WKDQ����ZKLFK�ZRXOG�OHDG��IRU�VXFK�D�V\VWHP��WR�D�PLQLPXP�DVFHUWDLQDEOH�YDOXH
IRU�WKH�$SI�RI�QRW�OHVV�WKDQ�����[���

��

&���� 5HDJHQWV

3RWDVVLXP�LRGLGH�����J�O�VROXWLRQ�HLWKHU�LQ�DEVROXWH�HWKDQRO�RU�LQGXVWULDO�PHWK\ODWHG�VSLULWV
ZLWK�D�ZDWHU�FRQWHQW�RI�QRW�PRUH�WKDQ�D�YROXPH�IUDFWLRQ�RI�����

3DOODGLXP�FKORULGH������J�O�VROXWLRQ�LQ�����PRO�O�K\GURFKORULF�DFLG�

&���� $SSDUDWXV

&������ $HURVRO�JHQHUDWRU�DVVHPEO\��FRPSULVLQJ�D����PP�GLDPHWHU�VSLQQLQJ�GLVF�FDSDEOH�RI
URWDWLQJ�DW��������U�PLQ�������U�PLQ�DQG�D�QR]]OH�WR�GHOLYHU�WKH�SRWDVVLXP�LRGLGH�VROXWLRQ
�&������WR�WKH�VSLQQLQJ�GLVF��WKH�JDS�EHWZHHQ�WKH�HQG�RI�WKH�QR]]OH�DQG�WKH�VSLQQLQJ�GLVF
EHLQJ�VHW�WR�����PP��7KH�DVVHPEO\�DOVR�LQFOXGHV�D�ODERUDWRU\�VWDQG�WR�KROG�WKH�DHURVRO
JHQHUDWRU�DERYH�WKH�ZRUN�VXUIDFH�ZKHQ�QHFHVVDU\�
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&������ $LU�VDPSOHUV��ZRUNLQJ�RQ�D�FHQWULSHWDO�SULQFLSOH�ZLWK�D�YROXPH�IORZ�UDWH�RI�DLU�RI
����GP��PLQ�WKURXJK�WKH�IURQW�RULILFH��DQG�D�FRQH��HQWUDLQLQJ�VRPH����RI�WKLV�DLU��VHH
%LEOLRJUDSK\�>��@��

127(����$LUIORZ�WKURXJK�WKH�VDPSOHUV�PD\�EH�SURYLGHG�E\�D�FHQWULIXJDO�IDQ�FRXSOHG�WR
WKH�DLU�VDPSOHUV�E\�D�IL[HG�WXEH�

127(����7KH�SDUWLFOHV��EHLQJ�KHDYLHU�WKDQ�DLU��IROORZ�D�VWUDLJKW�SDWK�WKURXJK�WKH�FRQH
DQG�DUH�GHSRVLWHG�RQ�D�ILOWHU�PHPEUDQH�ORFDWHG�DW�WKH�EDVH�RI�WKH�FRQH��ZKLOH�WKH�DLU�LV
GHIOHFWHG�WR�WKH�RXWVLGH�RI�WKH�FRQH�

&������ 0HWDO�F\OLQGHU�ZLWK�D�GLDPHWHU�RI�EHWZHHQ����PP�DQG����PP��D�VPRRWK�VXUIDFH�DQG
FORVHG�DW�RQH�HQG��KHOG�LQ�DQ�DGMXVWDEOH�VWDQG�

&������ 3HWUL�GLVKHV��RI����PP�GLDPHWHU�

&������ )LOWHU�PHPEUDQHV�����PP�GLDPHWHU�DQG�ZLWK�D�SRUH�VL]H�RI���mP�

&���� 3UHSDUDWLRQ�IRU�WHVWV

6HW�RXW�WZR�3HWUL�GLVKHV�DZD\�IURP�WKH�FDELQHW�EHLQJ�WHVWHG��+DOI�ILOO�RQH�GLVK�ZLWK�SDOODGLXP
FKORULGH�VROXWLRQ��KDOI�ILOO�WKH�RWKHU�ZLWK�GLVWLOOHG�ZDWHU�DQG�UHSODFH�WKH�OLGV�RQ�HDFK��6HW�RXW
WZR�ILOWHU�SDSHUV�IRU�GU\LQJ�WKH�ILOWHU�PHPEUDQHV�

3ODFH�WKH�F\OLQGHU�FHQWUDOO\�EHWZHHQ�WKH�VLGH�ZDOOV�RI�WKH�VDIHW\�FDELQHW�ZRUNLQJ�VSDFH�ZLWK
RQH�HQG�LQVLGH�WKH�FDELQHW�DQG�WKH�ORZHU�HGJH�EHWZHHQ����PP�DQG����PP�IURP�WKH�FDELQHW
IORRU��8VLQJ�D�VSLULW�OHYHO��DGMXVW�WKH�F\OLQGHU�VR�WKDW�LW�LV�KRUL]RQWDO�DQG�SURWUXGLQJ�D�PLQLPXP
RI�����PP�LQWR�WKH�ODERUDWRU\�IURP�WKH�SODQH�RI�WKH�IURQW�DSHUWXUH�

3RVLWLRQ�IRXU�DLU�VDPSOHUV�LQ�IURQW�RI�WKH�FHQWUH�RI�WKH�FDELQHW�VR�WKDW�WKH�DLU�LQOHWV�DUH
����PP�WR�����PP�IURP�WKH�SODQH�RI�WKH�IURQW�DSHUWXUH��(QVXUH�WKDW�WZR�VDPSOHUV�KDYH�WKHLU
LQOHWV�OHYHO�ZLWK�WKH�WRS�RI�WKH�F\OLQGHU�DQG�����PP�HLWKHU�VLGH�RI�WKH�IURQW�DSHUWXUH�FHQWUH
OLQH�DQG�WKDW�WKH�RWKHU�WZR�VDPSOHUV�DUH�SODFHG�ZLWK�WKHLU�LQOHWV�OHYHO�ZLWK�WKH�ERWWRP�HGJH�RI
WKH�ZLQGRZ�DQG�����PP�HLWKHU�VLGH�RI�WKH�IURQW�DSHUWXUH�FHQWUH�OLQH�

)RU�FODVV�,�VDIHW\�FDELQHWV��SODFH�WKH�DHURVRO�JHQHUDWRU�FHQWUDOO\�LQ�WKH�FDELQHW�EHORZ�WKH
F\OLQGHU�VR�WKDW�WKH�OHDGLQJ�HGJH�RI�WKH�GLVF�LV�����PP�EHKLQG�WKH�SODQH�RI�WKH�IURQW�DSHUWXUH�

)RU�FODVV�,,�VDIHW\�FDELQHWV��SODFH�WKH�DHURVRO�JHQHUDWRU��RQ�D�ODERUDWRU\�VWDQG��FHQWUDOO\�LQ
WKH�FDELQHW�VR�WKDW�WKH�FHQWUH�RI�WKH�GLVF�LV�GLUHFWO\�DERYH�WKH�FHQWUH�RI�WKH�F\OLQGHU�DQG�WKH
OHDGLQJ�HGJH�RI�WKH�GLVF�LV�����PP�EHKLQG�WKH�SODQH�RI�WKH�IURQW�DSHUWXUH��$GMXVW�WKH�KHLJKW
RI�WKH�JHQHUDWRU�VR�WKDW�WKH�GLVF�LV�OHYHO�ZLWK�WKH�XSSHU�HGJH�RI�WKH�IURQW�DSHUWXUH�

127(��7KH�SRVLWLRQV�IRU�WKH�DHURVRO�JHQHUDWRU�DUH�GLIIHUHQW�IRU�FODVV�,�DQG�FODVV�,,
FDELQHWV�LQ�RUGHU�WR�WHVW�DW�WKH�PRVW�YXOQHUDEOH�SDUW�RI�WKH�DLU�FXUWDLQ�

/RDG�HDFK�DLU�VDPSOHU�ZLWK�D�ILOWHU�PHPEUDQH��$GMXVW�WKH�SUHVVXUH�GLIIHUHQFHV�DFURVV�HDFK
VDPSOHU�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�LQVWUXFWLRQV��WR�JLYH�DQ�LQIORZ�RI�����GP��PLQ�
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&���� 3URFHGXUH

6ZLWFK�RQ�WKH�FDELQHW�DQG�DOORZ�LW�WR�UXQ�XQWLO�WKH�QRUPDO�RSHUDWLQJ�FRQGLWLRQ�LV�UHDFKHG�

$SSO\�VXFWLRQ�WR�WKH�DLU�VDPSOHUV�DQG�VWDUW�WKH�VSLQQLQJ�GLVF��:DLW����V�DQG�WKHQ�DOORZ�WKH
SRWDVVLXP�LRGLGH�WR�IHHG�RQ�WR�WKH�FHQWUH�RI�WKH�GLVF��$OORZ����PO�RI�SRWDVVLXP�LRGLGH�WR�EH
DHURVROL]HG��7XUQ�RII�WKH�DLU�VDPSOHUV����V�DIWHU�DHURVROL]DWLRQ�KDV�VWRSSHG��:DLW�XQWLO�WKH
VXFWLRQ�SXPS�KDV�FRPSOHWHO\�VWRSSHG��DQG�WKHQ�UHPRYH�WKH�ILOWHU�PHPEUDQHV�

3ODFH�WKH�ILOWHU�PHPEUDQH�IURP�RQH�VDPSOHU�LQ�WKH�3HWUL�GLVK�FRQWDLQLQJ�WKH�SDOODGLXP
FKORULGH�VROXWLRQ��ZLWK�WKH�VXUIDFH�WKDW�KDV�EHHQ�H[SRVHG�WR�WKH�DLUIORZ�IDFLQJ�XSZDUGV��1RWH
WKH�VDPSOHU�IURP�ZKLFK�WKH�PHPEUDQH�ZDV�UHPRYHG�

:LWKLQ����V�WR����V�WKH�PHPEUDQH�ZLOO�EHFRPH�VDWXUDWHG�ZLWK�SDOODGLXP�FKORULGH�DQG�DQ\
SRWDVVLXP�LRGLGH�SDUWLFOHV�ZLOO�EHFRPH�YLVLEOH�DV�EURZQ�VSRWV��5HPRYH�WKH�PHPEUDQH�DQG
LPPHUVH�LQ�GLVWLOOHG�ZDWHU�IRU���V�WR���V�DQG�WKHQ�SODFH�WKH�PHPEUDQH�RQ�D�FOHDQ�ILOWHU�SDSHU
WR�GU\��5HSHDW�WKLV�SURFHGXUH�ZLWK�WKH�ILOWHU�PHPEUDQHV�IURP�WKH�RWKHU�DLU�VDPSOHUV��5HSODFH
WKH�OLGV�RQ�WKH�3HWUL�GLVKHV�

127(����,Q�RUGHU�WR�DYRLG�FRQWDPLQDWLRQ��FDUH�VKRXOG�EH�WDNHQ�WR�HQVXUH�WKDW�WKH
WZHH]HUV�XVHG�IRU�SODFLQJ�WKH�PHPEUDQH�LQ�WKH�SDOODGLXP�FKORULGH�VROXWLRQ�DUH�QRW
XVHG�IRU�ORDGLQJ�WKH�DLU�VDPSOHUV�

127(����7KH�VROXWLRQ�RI�SRWDVVLXP�LRGLGH�XVHG�IRU�WKH�WHVWV�LV�IODPPDEOH�DQG�FRUURVLYH
WR�XQWUHDWHG�VWHHO��&RQVHTXHQWO\�WKH�FDELQHW�XQGHU�WHVW�VKRXOG�EH�ZLSHG�FOHDQ�ZLWK�D
ZHW�FORWK�DQG�VFUXSXORXV�FDUH�VKRXOG�EH�WDNHQ�WR�FOHDQ�WKH�VSLQQLQJ�GLVF�HTXLSPHQW�

([DPLQH�HDFK�ILOWHU�ZLWK�D�[���PDJQLILHU�DQG�FRXQW�WKH�QXPEHU�RI�EURZQ�VSRWV�RQ�WKH�ILOWHU
PHPEUDQH�

127(����,I�WKH�QXPEHU�H[FHHGV����WR�����VSRWV�LW�ZLOO�EH�QHFHVVDU\�WR�XVH�D�JUDWLFXOH
ZLWK�WKH�PDJQLILHU�DQG�WR�FRXQW�WKH�VSRWV�ZLWKLQ�D�VTXDUH�RI�D�FRQYHQLHQW�FLUFOH�DQG�WR
XVH�DQ�DSSURSULDWH�PXOWLSOLFDWLRQ�IDFWRU�

&���� &DOFXODWLRQ�RI�WKH�$SI�DQG�H[SUHVVLRQ�RI�UHVXOWV

&DOFXODWH�WKH�QXPEHU�RI�SRWDVVLXP�LRGLGH�SDUWLFOHV�OLEHUDWHG��1�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

1� �����[�����[�0

ZKHUH�

0� LV�WKH�YROXPH�RI�SRWDVVLXP�LRGLGH�VROXWLRQ�GLVSHUVHG�E\�WKH�DHURVRO�JHQHUDWRU�
H[SUHVVHG�LQ�PLOOLOLWUHV��PO��

����[���� LV�D�FRQVWDQW�GHULYHG�IURP�WKH�GURSOHW�VL]H��WKH�VDPSOLQJ�IORZ�UDWH�DQG�WKH�VSHHG
RI�URWDWLRQ�RI�WKH�GLVF�

7KHQ�FDOFXODWH�D�YDOXH�IRU�WKH�DSHUWXUH�SURWHFWLRQ�IDFWRU��$SI��VHSDUDWHO\�IURP�HDFK�ILOWHU
PHPEUDQH�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

$SI� �19���
�Q

ZKHUH�
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9 LV�WKH�VDPSOLQJ�IORZ�UDWH��H[SUHVVHG�LQ�FXELF�GHFLPHWUHV�SHU�PLQXWH��GP��PLQ��

Q LV�WKH�QXPEHU�RI�VSRWV�RQ�WKH�ILOWHU�PHPEUDQH�

127(����,Q�WKLV�FDVH�0� ����PO�DQG�9� �����GP��PLQ��VHH�&��������

127(����8VLQJ�WKH�DERYH�HTXDWLRQV�DQG�WKH�YDOXH�RI�0�DQG�9�JLYHQ�LQ�WKH�127(����DQ
$SI�RI�����[���

��ZRXOG�FRUUHVSRQG�WR����VSRWV�RQ�WKH�ILOWHU�PHPEUDQH�

127(����:KHQ�FDOFXODWLQJ�WKH�$SI��LI�WKHUH�ZDV�RQH�VSRW�RQ�WKH�ILOWHU�PHPEUDQH�WKH
SURWHFWLRQ�IDFWRU�ZRXOG�EH�����[������,I�WKHUH�ZHUH�QR�VSRWV�RQ�WKH�ILOWHU�PHPEUDQH�WKLV
ZRXOG�LQGLFDWH�WKDW�WKH�SURWHFWLRQ�IDFWRU�ZDV�KLJKHU�WKDQ�WKLV�DQG�WKH�SURWHFWLRQ�IDFWRU
ZRXOG�EH�UHFRUGHG�DV�$SI�!�����[���

��

&���� %DFNJURXQG�WHVWV

3ODFH�WZR�DLU�VDPSOHUV�ORDGHG�ZLWK�ILOWHU�PHPEUDQHV�LQ�IURQW�RI�WKH�VDIHW\�FDELQHW������PP�WR
HLWKHU�VLGH�RI�WKH�IURQW�DSHUWXUH�FHQWUH�OLQH�DQG�����PP�IURP�WKH�SODQH�RI�WKH�IURQW�DSHUWXUH�
7XUQ�WKH�VDPSOHU�VXFWLRQ�IDQ�RQ�DQG�UXQ�LW�IRU����PLQ�ZLWKRXW�DQ\�JHQHUDWLRQ�RI�SRWDVVLXP
LRGLGH�GURSOHWV�E\�WKH�DHURVRO�JHQHUDWRU�

5HPRYH�WKH�ILOWHU�PHPEUDQHV�DQG�GHYHORS�DQG�H[DPLQH�WKHP�LQ�DFFRUGDQFH�ZLWK�&�����

127(����2Q�FRPSOHWLRQ�RI�WKH�EDFNJURXQG�WHVWV�LQ�ODERUDWRULHV�ZKHUH�QR�SUHYLRXV
WHVWV�KDYH�WDNHQ�SODFH�ZLWKLQ����K��WKH�GHYHORSHG�PHPEUDQHV�VKRXOG�QRW�VKRZ�DQ\
EURZQ�VSRWV�

127(����,Q�ODERUDWRULHV�ZKHUH�$SI�WHVWV�KDYH�UHFHQWO\�WDNHQ�SODFH��RU�ZKHUH�WKH\�KDYH
UHVXOWHG�LQ�FRQVLGHUDEOH�OHDNDJH�RI�WKH�DHURVRO�FKDOOHQJH��LW�LV�SDUWLFXODUO\�DGYLVDEOH�WR
SHUIRUP�EDFNJURXQG�WHVWV�EHIRUH�PDNLQJ�DQ\�IXUWKHU�WHVWV�RQ�WKH�FDELQHWV��$�FRXQW�RI
PRUH�WKDQ�ILYH�VSRWV�RQ�RQH�RI�WKH�WZR�ILOWHU�PHPEUDQHV�IROORZLQJ�D����PLQXWH�WHVW
VKRXOG�EH�UHJDUGHG�DV�XQVDWLVIDFWRU\�DQG�IXUWKHU�FDELQHW�WHVWV�SRVWSRQHG�XQWLO�WKH
EDFNJURXQG�LV�QR�ORQJHU�FRQWDPLQDWHG�

&���� 7HVW�UHSRUW

,QFOXGH�WKH�UHVXOW�RI�WKH�WHVW�DQG�UHIHUHQFH�WR�WKH�PHWKRG�XVHG��L�H��DQQH[�&�RI
(1�������������LQ�WKH�GRFXPHQWDWLRQ�VSHFLILHG�LQ�FODXVH���

&�� 1HEXOL]HU�VHOHFWLRQ�DQG�FDOLEUDWLRQ�IRU�PLFURELRORJLFDO�PHWKRG

&�����6HOHFWLRQ�FULWHULD

$�QHEXOL]HU�LV�DFFHSWDEOH�ZKHQ�LW�

D��GHOLYHUV����WR����[�����DLUERUQH�VSRUHV�RI�%DFLOOXV�VXEWLOLV��H�J��YDU��QLJHU�LQ���PLQ�

E��GHOLYHUV������������VLQJOH�FHOO�VSRUHV�
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F��KDV�D�VSRUH�DHURVRO�GLVFKDUJH�YHORFLW\�RI���������������P�V�

127(����7HVW�SHUIRUPHG�E\�)LUVW�HW�DO���VHH�%LEOLRJUDSK\�>��@��GHPRQVWUDWHG�WKDW�D
VWDLQOHVV�VWHHO���MHW�&ROOLVRQ�UHIOX[LQJ�QHEXOL]HU�ZLOO�GHOLYHU�WKH�EDFWHULDO�VSRUH�DHURVRO
UHTXLUHG�LQ�SDUDJUDSK�&�����ZKHQ�WKH�IROORZLQJ�FRQGLWLRQV�DUH�PHW�

��WKH�QHEXOL]HU�LV�HTXLSSHG�ZLWK�D�JODVV�IODVN����PP�LQ�GLDPHWHU�����PP�KLJK�DQG�D
���PP�,'�KRUL]RQWDO�GLVFKDUJH�VSRXW�RQ�WRS�

��WKH�QHEXOL]HU�LV�RSHUDWHG�DW�����N3D������EDU��

�����PO�RI�D����WR����[�����PO�VSRUH�VXVSHQVLRQ�LV�SODFHG�LQ�WKH�IODVN�

��WKH�ERWWRP�RI�WKH���MHW�VSUD\�KHDG�LV����PP�DERYH�WKH�ERWWRP�RI�WKH�IODVN�

��VL[�URVHWWH�SDWWHUQV�FUHDWHG�E\�WKH�DLU�MHWV�IRUP�RQ�WKH�LQVLGH�RI�WKH�JODVV�IODVN�
�7KHVH�VKRXOG�EH�REVHUYHG�IUHTXHQWO\�IRU�VL]H�DQG�FRQWRXU�WR�YHULI\�WKDW�WKH�MHWV�DUH
QRW�FORJJHG�RU�REVWUXFWHG��

127(����7KH���MHW�&ROOLVRQ�UHIOX[LQJ�QHEXOL]HU�QHHG�QRW�EH�UHWHVWHG�IRU�SHUIRUPDQFH
EHIRUH�XVH�

&���� &DOLEUDWLRQ

&������ *HQHUDO

&DOLEUDWH�WKH�QHEXOL]HU�LQ�WKH�ODERUDWRU\�ZKHUH�LW�LV�EHLQJ�XVHG��SULRU�WR�ILUVW�XVH�DQG
SHULRGLFDOO\�WKHUHDIWHU�

&������ 5HDJHQWV

$�VXVSHQVLRQ�RI����WR����[�����%DFLOOXV�VXEWLOLV��H�J��YDU��QLJHU�VSRUHV�SHU�PLOOLOLWUH�

&������ $SSDUDWXV

1HEXOL]HU�WR�EH�FDOLEUDWHG�

2QH�LPSLQJHU�VDPSOHU�

6ZLWFKLQJ�WLPHU�

0HPEUDQH�ILOWHU�IXQQHO��RI�ILOWHU�VL]H����PP��ZLWK�VLOLFRQH�UXEEHU�GLDSKUDJPV�VHDOHG�WR�HDFK
HQG�ZLWK�URRP�WHPSHUDWXUH�YXOFDQL]LQJ��579���'LDSKUDJPV�DUH�SHUIRUDWHG�WR�LQVHUW�WKH�RXWOHW
RI�WKH�QHEXOL]HU�DW�WKH�ZLGHU�HQG�RI�WKH�IXQQHO�DQG�RQH�LPSLQJHU�VDPSOHU�DW�WKH�RWKHU�HQG�
,QVHUWLRQV�VKDOO�EH�WLJKW�RQ�WKH�LPSLQJHU�HQG��,QVHUWLRQ�VKDOO�EH�ORRVH�RQ�WKH�QHEXOL]HU�HQG�VR
WKDW�WKH�LPSLQJHU�LV�RSHUDWLQJ�LQ�DWPRVSKHULF�SUHVVXUH��QRW�LQ�D�FORVHG�V\VWHP�

)ORZ�PHWHUV�

3UHVVXUH�JDXJH�
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$����PP�DHURVRO�W\SH�PHPEUDQH�ILOWHU�LQ�VDPSOLQJ�FDVVHWWH�ZLWK�DQ�RSHQ�IDFH�

&������ &DOLEUDWLRQ�SURFHGXUH

0HDVXUH�WKH�QHEXOL]HU�RXWOHW�GLPHQVLRQV�DQG�FDOFXODWH�WKH�DUHD��H[SUHVVHG�LQ�VTXDUH�PHWUHV
�P���

&DOFXODWH�WKH�DLUIORZ��H[SUHVVHG�LQ�OLWUHV�SHU�PLQXWH��O�PLQ���WKURXJK�WKH�QHEXOL]HU�UHTXLUHG�WR
UHVXOW�GLVFKDUJH�YHORFLW\��H[SUHVVHG�LQ�PHWUHV�SHU�VHFRQG��P�V��

$GG�WKH�PDQXIDFWXUHU
V�UHFRPPHQGHG�YROXPH�RI�VSRUH�VXVSHQVLRQ�WR�WKH�QHEXOL]HU�

3ODFH�WKH�RXWOHW�RI�WKH�QHEXOL]HU�LQ�WKH�UXEEHU�GLDSKUDJP�RI�WKH�ZLGH�HQG�RI�WKH�ILOWHU�IXQQHO�
,QVHUW�WKH�FROOHFWLQJ�WXEH�RI�WKH�LPSLQJHU�VDPSOHU�WKURXJK�WKH�UXEEHU�GLDSKUDJP�DW�WKH
RSSRVLWH�HQG�RI�WKH�ILOWHU�IXQQHO��,QVXUH�D�WLJKW�ILW�DW�WKH�LPSLQJHU�HQG�

127(��7ZR�W\SHV�RI�LPSLQJHU�VDPSOHV��FKHPLFDO�FRUSV�W\SH��DUH�DYDLODEOH��DQ�LPSLQJHU
ZLWK�WLS�VXEPHUJHG�LQ�OLTXLG���PP�IURP�IODVN�ERWWRP�DQG�SDVVLQJ���O�PLQ�DW�D�SUHVVXUH
GURS�RI����N3D�������EDU��RU�JUHDWHU��$&(�*ODVV�1R�������LPSLQJHU��DQG�DQ�LPSLQJHU
ZLWK�LWV�WLS�DERYH�WKH�OLTXLG�VXUIDFH�DQG�SDVVLQJ������O�PLQ�DW�D�SUHVVXUH�GURS�RI����N3D
������EDU��RU�JUHDWHU��NQRZQ�DV�$*,������$&(�*ODVV�1R�������LPSLQJHU���(LWKHU
LPSLQJHU�PD\�EH�XVHG��:KHQ�WKH�DLU�GHOLYHU\�UDWH�RI�WKH�QHEXOL]HU�LV�QRW�SUHFLVHO\��
O�PLQ�RU������O�PLQ��VHOHFW�WKH�LPSLQJHU�WKDW�VDPSOHV�DW�D�KLJKHU�UDWH�DQG�EOHHG�LQ
WKURXJK�DQ�RSHQLQJ�DURXQG�WKH�QHEXOL]HU�LQVHUWLRQ�DQ�DPRXQW�RI�DLU�HTXDO�WR�WKH
GLIIHUHQFH�LQ�WKH�WZR�DLUIORZV��,I�WKH�QHEXOL]HU�DQG�WKH�LPSLQJHU�DUH�WR�EH�RSHUDWHG�DW
WKH�VDPH�IORZ�UDWH��D�VQXJ�ILW�LQ�WKH�GLDSKUDJP�DW�ERWK�HQGV�LV�UHFRPPHQGHG�

$WWDFK�D�KRVH�WR�D�SUHVVXUH�JDXJH�DWWDFKHG�WR�IORZ�PHWHU��WKHQ�WR�QHEXOL]HU�

6LPXOWDQHRXVO\�WXUQ�RQ�WKH�QHEXOL]HU��PDLQWDLQLQJ�WKH�DLUIORZ�WKURXJK�WKH�QHEXOL]HU�WR�UHVXOW
LQ�D�FDOFXODWHG������P�V�RXWSXW�YHORFLW\�EDVHG�RQ�DLUIORZ�DQG�GLDPHWHU�RI�WKH�GLVFKDUJH�VSRXW
�������O�PLQ�IRU�WKH���MHW�FROOLVRQ�GHVFULEHG�LQ�WKLV�DQQH[��DQG�WKH�LPSLQJHU�VDPSOHU��RSHUDWLQJ
DFFRUGLQJ�WR�PDQXIDFWXUHU
V�LQVWUXFWLRQV��2SHUDWH�WKH�QHEXOL]HU�IRU���PLQ��XVLQJ�WKH�VZLWFKLQJ
WLPHU��DQG�WKH�LPSLQJHU�VDPSOHU�IRU���PLQ����V�

$VHSWLFDOO\�WUDQVIHU�WKH�LPSLQJHU�VDPSOHU�FROOHFWLQJ�IOXLG�WR�D�VWHULOH�����PO�JUDGXDWHG
F\OLQGHU��5LQVH�WKH�IXQQHO��LPSLQJHU�VWHP�DQG�ERWWOH�ZLWK�VWHULOH�ZDWHU�WR�HQVXUH�FROOHFWLRQ�RI
DOO�VSRUHV��DQG�FROOHFW�DOO�ULQVH�ZDWHU�LQ�WKH�JUDGXDWHG�F\OLQGHU�

0HDVXUH�DQG�UHFRUG�WKH�YROXPH�RI�IOXLG�LQ�WKH�JUDGXDWHG�F\OLQGHU��7UDQVIHU�DOO�WKH�IOXLG
DVHSWLFDOO\�WR�D�VWHULOH�IODVN�FRQWDLQLQJ�D�PDJQHWLF�VWLUUHU�DQG�PL[�WKRURXJKO\�

3UHSDUH�VHULDO�GLOXWLRQV�DQG�TXDQWLI\�VSRUH�FRQFHQWUDWLRQV�E\�ILYH�UHSOLFDWH�SODWLQJV�

$FWLYHO\�VDPSOH�WKH�FHOO�VSRUH�DHURVRO�ZLWK�WKH�PHPEUDQH�ILOWHU�ORFDWHG�LQ�LWV�GHVLJQ�PRGH�
$IWHU�VDPSOLQJ�LV�FRPSOHWHG��VWDLQ�WKH�PHPEUDQH�ZLWK�DQ�DSSURSULDWH�G\H��&RXQW�WKH�QXPEHU
RI�GHSRVLWV�FRQWDLQLQJ�VLQJOH�DQG�PRUH�WKDQ�RQH�FHOO�VSRUHV�LQ�UHSUHVHQWDWLYH�ILHOGV�XQGHU�WKH
PLFURVFRSH�
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&������ &DOFXODWLRQV�DQG�H[SUHVVLRQ�RI�UHVXOWV

1XPEHU�RI�VSRUHV�GHOLYHUHG�LQ���PLQ� ��GLOXWLRQ�IDFWRU��[��DYHUDJH�QXPEHU�RI�&)8V�RQ�WKH��
SODWHV��

9HORFLW\�RI�DLU�OHDYLQJ�QHEXOL]HU� �WKH�DLU�YROXPH�PHDVXUHG�LQ�O�PLQ� ������[�����P��V�GLYLGHG
E\�QHEXOL]HU�RXWOHW�DUHD�LQ�P����6HH�DOVR�&��������

&DOFXODWH�WKH�SHUFHQWDJH�RI�VLQJOH�FHOO�VSRUHV�LQ�WKH�WRWDO�DHURVRO�VDPSOH�

&������ $OWHUQDWLYH�PHWKRG�IRU�GHWHUPLQLQJ�WKH�DLU�YHORFLW\�RI�WKH�QHEXOL]HU

7KH�YHORFLW\�RI�WKH�DLU�FXUUHQW�OHDYLQJ�WKH�QHEXOL]HU�FDQ�EH�PHDVXUHG�LQ�WKH�PLGGOH�RI�WKH
RSHQLQJ�XVLQJ�D�KRW�ZLUH�DQHPRPHWHU��7KH�QHEXOL]HU�VKDOO�EH�RSHUDWHG�ZLWKRXW�OLTXLG��7KH
PD[LPXP�DLU�YHORFLW\�LV�DW�WKH�PLGGOH�RI�WKH�RSHQLQJ�DQG�WKH�PLQLPXP�DW�WKH�VLGHV�GXH�WR�WKH
IULFWLRQ�RI�DLU�PROHFXOHV�DW�WKH�ZDOO��7KLV�FDQ�EH�WDNHQ�LQWR�DFFRXQW�ZLWK�DQ�HTXDWLRQ�LQ�ZKLFK
WKH�YROXPHWULF�IORZ

( )9 5 � U Y
�

= p
�

DQG�WKH�PHDQ�RXWIORZ�YHORFLW\

Y
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FDQ�EH�FDOFXODWHG�

ZKHUH�
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LV�WKH�DLU�FXUUHQW��H[SUHVVHG�LQ�OLWUHV�SHU�PLQXWH��O�PLQ��

5 LV�WKH�LQVLGH�UDGLXV�RI�WKH�RXWOHW��H[SUHVVHG�LQ�PLOOLPHWUHV��PP��

U LV�WKH�FRUUHFWLRQ�FRQVWDQW��������H[SUHVVHG�LQ�PLOOLPHWUHV��PP��WR�FRPSHQVDWH�IRU�ORVV
GXH�WR�IULFWLRQ�

Y LV�WKH�YHORFLW\�PHDVXUHG�LQ�WKH�PLGGOH�RI�WKH�RXWOHW��H[SUHVVHG�LQ�PHWUHV�SHU�VHFRQG
�P�V��

Y LV�WKH�FDOFXODWHG�PHDQ�YHORFLW\�LQ�WKH�RXWOHW�RI�WKH�QHEXOL]HU��H[SUHVVHG�LQ�PHWUHV�SHU
VHFRQG��P�V��
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$QQH[�'��LQIRUPDWLYH�

$HURVRO�FKDOOHQJH�WHVW�PHWKRG�IRU�LQVWDOOHG�+(3$�ILOWHU�V\VWHP�OHDNDJH�GHWHFWLRQ

'�� 3ULQFLSOH

7KH�+(3$�ILOWHU�V\VWHP�ILWWHG�WR�WKH�06&�LV�WHVWHG�IRU�OHDNDJH�E\�VXEMHFWLQJ�LW�WR�DQ�DHURVRO
RQ�WKH�XSVWUHDP�VLGH�DQG�PHDVXULQJ�SDVVDJH�RI�WKH�DHURVRO�WR�WKH�GRZQVWUHDP�VLGH�

'�� 5HDJHQWV

$HURVRO�PDWHULDO�XVHG�IRU�GLVSHUVLRQ�LQ�DQ�DHURVRO�JHQHUDWRU�

'�� $SSDUDWXV

$HURVRO�JHQHUDWRU�FDSDEOH�RI�SURGXFLQJ�WHVW�DHURVRO�IRU�+(3$�ILOWHU�OHDN�WHVWLQJ�

0HDVXULQJ�V\VWHP�IRU�GHWHFWLQJ�WKH�XSVWUHDP�DQG�GRZQVWUHDP�WHVW�DHURVRO�FRQFHQWUDWLRQV�
FDSDEOH�RI�GHWHFWLRQ�RI�QRW�OHVV�WKDQ���ORJ�UDWHV�RI�FRQFHQWUDWLRQ�

6XLWDEOH�PHDVXULQJ�V\VWHPV�DUH�

D��GLVFUHWH�SDUWLFOH�FRXQWHU�ZLWK�D�GLOXWLRQ�V\VWHP�IRU�GHWHFWLQJ�D�ORFDO�SHQHWUDWLRQ�IRU
SDUWLFOHV�!�����mP�RI��������RU�OHVV��RU

E��DHURVRO�SKRWRPHWHU�ZLWK�DQ�XSSHU�PHDVXULQJ�WKUHVKROG�RI�����J�O�WR�����mJ�O�DQG�D
UDQJH�FRYHULQJ�QRW�OHVV�WKDQ���ORJ�UDWHV�

'�� 3URFHGXUH

2SHUDWH�WKH�06&�DQG�LQGXFH�WKH�DHURVRO�FKDOOHQJH�DW�D�VXLWDEOH�ORFDWLRQ�RQ�WKH�XSVWUHDP
VLGH�RI�+(3$�ILOWHUV��VHDOV�DQG�FRQVWUXFWLRQ�MRLQWV�WR�EH�WHVWHG��(QVXUH�WKDW�WKH�FKDOOHQJH
DHURVRO�FRQFHQWUDWLRQ�LV�XQLIRUP�RQ�WKH�XSVWUHDP�+(3$�ILOWHU�IDFH�

0HDVXUH�WKH�DYHUDJH�XSVWUHDP�DHURVRO�FRQFHQWUDWLRQ�

6FDQ�WKH�GRZQVWUHDP�VLGH�RI�WKH�+(3$�ILOWHU�E\�SDVVLQJ�WKH�DHURVRO�GHWHFWLRQ�SUREH�VOLJKWO\
RYHUODSSLQJ�RYHU�WKH�HQWLUH�VXUIDFH�RI�WKH�+(3$�ILOWHU��6FDQ�WKH�HQWLUH�SHULSKHU\�RI�WKH�ILOWHU�
WKH�MXQFWLRQ�EHWZHHQ�WKH�ILOWHU��DQG�ILOWHU�PRXQWLQJ�IUDPH�

'HWHUPLQH�WUDYHUVH�VFDQ�UDWH��VDPSOH�DFTXLVLWLRQ�WLPH�DQG�WKH�DFWXDO�SDUWLFOH�FRXQWV�ZKLFK
FKDUDFWHUL]HV�D�OHDN�

'�� ([SUHVVLRQ�RI�UHVXOWV

([SUHVV�WKH�UHVXOW�DV�WKH�XSVWUHDP�DHURVRO�FRQFHQWUDWLRQ��GRZQVWUHDP�DHURVRO�FRQFHQWUDWLRQ
DQG�WKH�UDWLR�RI�FRQFHQWUDWLRQV�LQ�SHUFHQWDJH�
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,I�D�GLVFUHWH�SDUWLFOH�FRXQWHU�LV�XVHG��WKH�ORFDO�SHQHWUDWLRQ�RI�D�+(3$�ILOWHU�ZLWK��������
LQWHJUDO�SHQHWUDWLRQ�VKRXOG�EH�QRW�PRUH�WKDQ���������VHH�%LEOLRJUDSK\�>��@��>����>��@��

,I�DQ�DHURVRO�SKRWRPHWHU�LV�XVHG��WKH�ORFDO�SHQHWUDWLRQ�RI�D�+(3$�ILOWHU�VKRXOG�EH�QRW�PRUH
WKDQ���������VHH�%LEOLRJUDSK\�>��@��>��@��>��@��

'�� 7HVW�UHSRUW

,QFOXGH�WKH�UHVXOW�RI�WKH�WHVW�DQG�UHIHUHQFH�WR�WKH�PHWKRG�XVHG��L�H��DQQH[�'�RI
(1�������������LQ�WKH�GRFXPHQWDWLRQ�VSHFLILHG�LQ�FODXVH���
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$QQH[�(��QRUPDWLYH�

7HVW�PHWKRG�IRU�SURGXFW�SURWHFWLRQ�IRU�FODVV�,,�06&V

(�� 3ULQFLSOH

7KH�SURGXFW�SURWHFWLRQ�DELOLW\�RI�DQ�06&�LV�WHVWHG�E\�GHWHUPLQLQJ�FRQWDPLQDWLRQ�RI�FXOWXUH
SODWHV�VSUHDG�RQ�WKH�ZRUN�VXUIDFH�ZLWK�DQ�DHURVRO�RI�PLFURELRORJLFDO�VSRUH�VXVSHQVLRQ�IURP
D�QHEXOL]HU�SODFHG�RXWVLGH�WKH�06&�

7KH�DLUIORZ�HQWHULQJ�WKH�FDELQHW�LV�GLVWXUEHG�VR�DV�WR�VLPXODWH�WKH�HIIHFW�RI�D�ZRUNHU
V�DUP�E\
LQWURGXFLQJ�D�F\OLQGHU�WKURXJK�WKH�IURQW�DSHUWXUH�

7KH�WHVW�LV�FDUULHG�RXW�DW�QRPLQDO�VHW�SRLQW�

(�� 5HDJHQWV

6SRUH�VXVSHQVLRQ��FRPSULVLQJ�VSRUHV�RI�D�QRQ�SDWKRJHQLF�EDFWHULXP��H�J��%DFLOOXV�VXEWLOLV
YDU��JORELJLL��1&7&�UHIHUHQFH�QXPEHU���������LQ�VWHULOH�GLVWLOOHG�ZDWHU�

&XOWXUH�SODWHV��FRPSULVLQJ�3HWUL�GLVKHV�RI����PP�GLDPHWHU�FRQWDLQLQJ�QXWULHQW�DJDU�RU
WU\SWLFDVH�VR\�DJDU�

(�� $SSDUDWXV

1HEXOL]HU��FDSDEOH�RI�JHQHUDWLQJ�DW�OHDVW�����VSRUHV�PLQ�ZLWK�WKH�YHORFLW\�RI�WKH�FDUULHU�DLU
PHDVXUHG�DW�WKH�IURQW�DSHUWXUH�RI�WKH�FDELQHW�XVLQJ�WKH�PHWKRG�RI�+LQR�DQG�6DWR��VHH
%LEOLRJUDSK\�>��@���QRW�H[FHHGLQJ�WKH�LQZDUG�DLU�YHORFLW\�RI�WKH�FDELQHW�

127(��1HEXOL]HUV�RI�WKH�&ROOLVRQ�SDWWHUQ�KDYH�EHHQ�IRXQG�WR�EH�VXLWDEOH��VHH
%LEOLRJUDSK\�>��@��

0HWDO�F\OLQGHU�KDYLQJ�D�GLDPHWHU�RI�EHWZHHQ����PP�DQG����PP��ZLWK�D�VPRRWK�VXUIDFH�DQG
FORVHG�DW�RQH�HQG��KHOG�LQ�DQ�DGMXVWDEOH�VWDQG�

(�� 3URFHGXUH

&DOLEUDWH�WKH�QHEXOL]HU�DV�VSHFLILHG�LQ�&�����

&RYHU�WKH�ZRUN�VXUIDFH�ZLWK�RSHQ�DJDU�SODWHV�ZLWK�WKH�F\OLQGHU�DW�WKH�PLG�SRLQW�
3RVLWLRQ�WKH�KRUL]RQWDO�VSUD\�D[LV�RI�WKH�QHEXOL]HU�FRQWDLQLQJ����PO�RI�VSRUH�VXVSHQVLRQ�����WR
���[�����%DFLOOXV�VXEWLOLV�VSRUHV�PO��DW�WKH�OHYHO�RI�WKH�WRS�HGJH�RI�WKH�ZRUN�RSHQLQJ��DQG
FHQWUH�EHWZHHQ�WKH�WZR�VLGHV�RI�WKH�FDELQHW��ZLWK�WKH�RSHQLQJ�RI�WKH�QHEXOL]HU�����PP
RXWVLGH�WKH�ZLQGRZ��7KH�VSUD\�D[LV�LV�SDUDOOHO�WR�WKH�ZRUN�VXUIDFH�DQG�GLUHFWHG�WRZDUGV�WKH
RSHQ�IURQW�RI�WKH�FDELQHW�

3ODFH�D����PP�RXWVLGH�GLDPHWHU�F\OLQGHU��ZLWK�FORVHG�HQGV��LQ�WKH�FHQWUH�RI�WKH�FDELQHW�
3RVLWLRQ�WKH�F\OLQGHU��LQ�WKH�FDELQHW�VR�WKDW�RQH�HQG�EXWWV�DJDLQVW�WKH�EDFN�ZDOO�RI�WKH
FDELQHW��WKH�RWKHU�HQG�H[WHQGV�DW�OHDVW�����PP�LQWR�WKH�URRP�WKURXJK�WKH�IURQW�RSHQLQJ�RI�WKH
FDELQHW��DQG�WKH�D[LV�RI�WKH�F\OLQGHU�LV����PP�DERYH�WKH�ZRUN�VXUIDFH�
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$V�D�SRVLWLYH�FRQWURO��SODFH�DQ�DJDU�SODWH�XQGHU�WKH�FHQWUH�RI�WKH�F\OLQGHU��DQG�VXSSRUW�LW
���PP�DERYH�RU�EHORZ�WKH�IURQW�LQWDNH�JULOO�WR�PLQLPL]H�WKH�REVWUXFWLRQ�RU�DLUIORZ�LQWR�WKH�JULOO�

6ZLWFK�RQ�WKH�06&�DQG�DOORZ�LW�WR�UXQ�XQWLO�QRUPDO�RSHUDWLRQ�FRQGLWLRQV�DUH�UHDFKHG��L�H��DW
OHDVW����PLQ�EHIRUH�WKH�VWDUW�RI�DQ\�WHVW�

:HLJK�WKH�QHEXOL]HU�DQG�RSHUDWH�IRU���PLQ��)LYH�PLQXWHV�DIWHU�QHEXOL]DWLRQ�LV�WHUPLQDWHG�
SODFH�OLGV�RQ�WKH�DJDU�SODWHV�DQG�UHZHLJK�WKH�QHEXOL]HU�

3HUIRUP�WKUHH�UHSOLFDWHV�

,QFXEDWH�SODWHV�DW�����&�DQG�H[DPLQH�WKHP�DW�����WR�����K��,I�QHJDWLYH��UHLQFXEDWH�DQG�UHDG
DIWHU�����WR�����K�

7KH�FRQWURO�SODWHV�VKDOO�EH�SRVLWLYH��$�SODWH�LV��SRVLWLYH��ZKHQ�LW�FRQWDLQV�JUHDWHU�WKDQ����
&)8�RI�%��VXEWLOLV�

(�� &DOFXODWLRQ�DQG�H[SUHVVLRQ�RI�UHVXOWV

&DOFXODWH�DQG�H[SUHVV�WKH�UHVXOW�DV�WKH�QXPEHU�RI�VSUD\HG�VSRUHV��1��DV�VSHFLILHG�LQ�&�����

&RXQW�DQG�H[SUHVV�WKH�UHVXOW�DV�WKH�WRWDO�QXPEHU�RI�&)8�UHFRYHUHG�IURP�DOO�DJDU�SODWHV�

(�� 7HVW�UHSRUW

,QFOXGH�WKH�UHVXOW�RI�WKH�WHVW�DQG�UHIHUHQFH�WR�WKH�PHWKRG�XVHG��L�H��DQQH[�(�RI
(1�������������LQ�WKH�GRFXPHQWDWLRQ�VSHFLILHG�LQ�FODXVH���
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$QQH[�)��QRUPDWLYH�

7HVW�PHWKRG�IRU�FURVV�FRQWDPLQDWLRQ�SURWHFWLRQ�IRU�FODVV�,,�06&V

)�� 3ULQFLSOH

7KH�FURVV�FRQWDPLQDWLRQ�SURWHFWLRQ�DELOLW\�RI�DQ�06&�LV�WHVWHG�E\�GHWHUPLQLQJ�FRQWDPLQDWLRQ
RI�FXOWXUH�SODWHV�VSUHDG�RQ�WKH�ZRUN�VXUIDFH�ZLWK�DQ�DHURVRO�RI�PLFURELRORJLFDO�VSRUH
VXVSHQVLRQ�IURP�D�QHEXOL]HU�SODFHG�LQVLGH�WKH�06&�

127(��7KH�SRLQW�ZKHUH�WKH�ODPLQDU�GRZQ�IORZ�DLU�VSOLWV��ZLWK�SRUWLRQV�PRYLQJ�LQWR�WKH
IURQW�LQWDNH�DQG�WKH�UHDU�H[KDXVW�JULOOV��LV�QRW�DOZD\V�ORFDWHG�DW�WKH�FHQWUH�RI�WKH�LQWHULRU
VLGH�ZDOO��7KHUHIRUH�WKLV�VSOLW�OLQH�VKRXOG�EH�LGHQWLILHG�IRU�SURSHU�SODFHPHQW�RI�WKH
QHEXOL]HU��7KLV�SRLQW�FDQ�HDVLO\�EH�ORFDWHG�E\�XVLQJ�D�VPRNH�WXEH�WHVW
�VHH�%LEOLRJUDSK\�>��@��

7KH�DLUIORZ�HQWHULQJ�WKH�FDELQHW�LV�GLVWXUEHG�VR�DV�WR�VLPXODWH�WKH�HIIHFW�RI�D�ZRUNHU
V�DUP�E\
LQWURGXFLQJ�D�F\OLQGHU�WKURXJK�WKH�IURQW�DSHUWXUH�

7KH�WHVW�LV�FDUULHG�RXW�DW�QRPLQDO�VHW�SRLQW�

)�� 5HDJHQWV

6SRUH�VXVSHQVLRQ��FRPSULVLQJ�VSRUHV�RI�D�QRQ�SDWKRJHQLF�EDFWHULXP��H�J��%DFLOOXV�VXEWLOLV
YDU��JORELJLL��1&7&�UHIHUHQFH�QXPEHU���������LQ�VWHULOH�GLVWLOOHG�ZDWHU�

&XOWXUH�SODWHV��FRPSULVLQJ�3HWUL�GLVKHV�RI����PP�GLDPHWHU�FRQWDLQLQJ�QXWULHQW�DJDU�RU
WU\SWLFDVH�VR\�DJDU�

)�� $SSDUDWXV

1HEXOL]HU��FDSDEOH�RI�JHQHUDWLQJ�DW�OHDVW�����VSRUHV�PLQ�ZLWK�WKH�YHORFLW\�RI�WKH�FDUULHU�DLU
PHDVXUHG�DW�WKH�IURQW�DSHUWXUH�RI�WKH�FDELQHW�XVLQJ�WKH�PHWKRG�RI�+LQR�DQG�6DWR��VHH
%LEOLRJUDSK\�>��@���QRW�H[FHHGLQJ�WKH�LQZDUG�DLU�YHORFLW\�RI�WKH�FDELQHW�

127(��1HEXOL]HUV�RI�WKH�&ROOLVRQ�SDWWHUQ�KDYH�EHHQ�IRXQG�WR�EH�VXLWDEOH
�VHH�%LEOLRJUDSK\�>��@��

)�� 3URFHGXUH

)���� &DOLEUDWH�WKH�QHEXOL]HU�DV�VSHFLILHG�LQ�&�����

)���� :HLJK�WKH�QHEXOL]HU�FRQWDLQLQJ����PO�RI�VSRUH�VXVSHQVLRQ�����WR����[�����%DFLOOXV
VXEWLOLV�VSRUHV�PO��DQG�SRVLWLRQ�LW�ZLWK�WKH�KRUL]RQWDO�VSUD\�D[LV�RI�WKH�QHEXOL]HU
����WR������PP�DERYH�WKH�ZRUN�VXUIDFH��ZLWK�WKH�EDFN�RI�WKH�QHEXOL]HU�DJDLQVW�WKH�OHIW�LQWHULRU
ZDOO�DW�WKH�SRLQW�ZKHUH�WKH�GRZQ�IORZ�DLU�VSOLWV��VPRNH�WHVW���7KH�VSUD\�D[LV�LV�SDUDOOHO�WR�WKH
ZRUN�VXUIDFH�DQG�LV�GLUHFWHG�WRZDUGV�WKH�RSSRVLWH�VLGH�ZDOO�

)���� 6ZLWFK�RQ�WKH�06&�DQG�DOORZ�LW�WR�UXQ�XQWLO�QRUPDO�RSHUDWLRQ�FRQGLWLRQV�DUH�UHDFKHG�
L�H��DW�OHDVW����PLQ�EHIRUH�WKH�VWDUW�RI�DQ\�WHVW�
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)���� 3ODFH�RSHQ�DJDU�VHWWOLQJ�SODWHV�RQ�WKH�ZRUN�VXUIDFH��3ODFH�WZR�URZV�RI�FRQWURO�SODWHV
ZLWK�WKH�FHQWUH�OLQH�XQGHU�WKH�RXWOHW�RI�WKH�QHEXOL]HU��3ODFH�RQH�URZ�RI�SODWHV�ZLWK�WKHLU
FHQWUHV�RQ�D�OLQH�GUDZQ�IURQW�WR�EDFN�����PP�IURP�WKH�VLGH�ZDOO�EHLQJ�WHVWHG��1HVW�DW�OHDVW
RQH�PRUH�URZ�RI�SODWHV�EH\RQG�WKH�����PP�URZ��WZR�URZV�ZKHQ�WKHUH�LV�URRP�

)���� 6WDUW�WKH�QHEXOL]HU��$IWHU���PLQ��VWRS�WKH�QHEXOL]HU�EXW�FRQWLQXH�WR�RSHUDWH�WKH�FDELQHW
IRU����PLQ��5HZHLJK�WKH�QHEXOL]HU�

)���� /HW�WKH�FDELQHW�PRWRU�UXQ�ZKLOH�SODFLQJ�WKH�FRYHUV�RQ�WKH�RSHQ�DJDU�SODWHV��,QFXEDWH
WKH�SODWHV�DW�����&�DQG�H[DPLQH�WKHP�DW�����WR�����K��,I�QHJDWLYH��UHLQFXEDWH�DQG�UHDG�DW
����WR�����K�

)���� 5HSHDW�WKH�SURFHGXUH�LQ�)�����WR�)������EXW�SODFH�WKH�QHEXOL]HU�DJDLQVW�WKH
DSSURSULDWH�SRLQW�RI�WKH�ULJKW�LQWHULRU�ZDOO�

)���� 3HUIRUP�WKUHH�UHSOLFDWHV�IURP�WKH�OHIW�DQG�ULJKW�VLGHV�RI�WKH�FDELQHW�

)���� 6RPH�DJDU�SODWHV��IURP�WKH�FKDOOHQJH�VLGHZDOO�WR�����PP�IURP�WKH�VLGHZDOO��ZLOO
UHFRYHU�%��VXEWLOLV�&)8�DQG�VKDOO�EH�XVHG�DV�FRQWUROV�

)�� &DOFXODWLRQ�DQG�H[SUHVVLRQ�RI�UHVXOWV

&DOFXODWH�DQG�H[SUHVV�WKH�UHVXOW�DV�WKH�QXPEHU�RI�VSUD\HG�VSRUHV��1��DV�VSHFLILHG�LQ�&�����

&RXQW�WKH�WRWDO�QXPEHU�RI�&)8�UHFRYHUHG�RQ�DJDU�SODWHV�ZLWK�FHQWUHV�JUHDWHU�WKDQ�����PP�

)�� 7HVW�UHSRUW

,QFOXGH�WKH�UHVXOW�RI�WKH�WHVW�DQG�UHIHUHQFH�WR�WKH�PHWKRG�XVHG��L�H��DQQH[�)�RI
(1�������������LQ�WKH�GRFXPHQWDWLRQ�VSHFLILHG�LQ�FODXVH���
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$QQH[�*��LQIRUPDWLYH�

0HWKRG�RI�PHDVXUHPHQW�RI�YROXPHWULF�DLUIORZ�UDWH

*�� 3ULQFLSOH

7KH�YROXPHWULF�DLUIORZ�UDWH�LV�PHDVXUHG�E\�XVLQJ�HLWKHU�DQ�DQHPRPHWHU�LQ�PXOWLSO\LQJ
PHDVXUHPHQW�E\�WKH�VHFWLRQDO�DUHD��RU�D�PHDVXUHPHQW�GHYLFH�VXLWDEOH�IRU�PHDVXULQJ
YROXPHWULF�DLUIORZ�UDWH�LQ�GXFWV�

7KH�WHVW�LV�FDUULHG�RXW�DW�QRPLQDO�VHW�SRLQW�

*�� $SSDUDWXV

$QHPRPHWHU��ZLWK�D�VXLWDEOH�UDQJH�DQG�VHQVLWLYLW\�

127(��$QHPRPHWHUV�VKRXOG�EH�FDOLEUDWHG�DW�UHJXODU�LQWHUYDOV�LQ�DFFRUGDQFH�ZLWK
PDQXIDFWXUHU
V�UHFRPPHQGDWLRQV�

0HDVXUHPHQW�GHYLFH�VXLWDEOH�IRU�PHDVXULQJ�YROXPHWULF�DLUIORZ�UDWH�ZLWKLQ�WKH�H[KDXVW�GXFW�

*�� 3URFHGXUH

*���� &ODVV�,�06&V

7XUQ�WKH�06&�RQ��:LWK�WKH�DQHPRPHWHU�LQ�WKH�SODQH�RI�WKH�IURQW�DSHUWXUH��PDNH�DLU�YHORFLW\
PHDVXUHPHQWV�RYHU�D�SHULRG�RI�DW�OHDVW���PLQ�IRU�HDFK�PHDVXUHPHQW�DW�D�PLQLPXP�RI�ILYH
SRVLWLRQV��QDPHO\�DW�WKH�JHRPHWULF�FHQWUH�RI�WKH�IURQW�DSHUWXUH�DQG�HDFK�RI�LWV�IRXU�FRUQHUV�
ZLWK�WKH�FHQWUH�RI�WKH�DQHPRPHWHU�EHWZHHQ����PP�DQG����PP�IURP�WKH�ULJKW�KDQG�RU�OHIW�
KDQG�HGJH�RI�WKH�IURQW�DSHUWXUH�DQG�IURP�WKH�WRS�RU�ERWWRP�

*���� &ODVV�,,�06&V

*������ 'RZQIORZ

7XUQ�WKH�06&�RQ��:LWK�WKH�DQHPRPHWHU�LQVLGH�WKH�06&��PDNH�DLU�YHORFLW\�PHDVXUHPHQWV�LQ
WKH�KRUL]RQWDO�SODQH����PP�WR�����PP�DERYH�WKH�WRS�HGJH�RI�WKH�IURQW�DSHUWXUH��0DNH
PHDVXUHPHQWV�RYHU�D�SHULRG�RI�DW�OHDVW���PLQ�LQ�HDFK�SRVLWLRQ�IRU�DW�OHDVW�HLJKW�SRVLWLRQV�
QDPHO\�IRXU�DORQJ�D�OLQH�����RI�WKH�GHSWK�RI�WKH�ZRUNLQJ�VSDFH�IRUZDUG�RI�WKH�UHDU�ZDOO�DQG
IRXU�DORQJ�D�OLQH�WKH�VDPH�GLVWDQFH�EHKLQG�WKH�IURQW�ZLQGRZ��(QVXUH�WKDW�WKH�PHDVXUHPHQWV
DUH�VSDFHG�DORQJ�WKHVH�OLQHV�DW�����DQG�����RI�WKH�ZLGWK�RI�WKH�ZRUNLQJ�VSDFH�IURP�ERWK�WKH
OHIW�KDQG�DQG�ULJKW�KDQG�VLGHV�

*������ ,QIORZ

7XUQ�WKH�06&�RQ��0HDVXUH�WKH�PHDQ�DLUIORZ�YHORFLW\�ZLWKLQ�WKH�H[KDXVW�GXFW�ZLWK�D�VXLWDEOH
PHDVXUHPHQW�GHYLFH�
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0XOWLSO\�WKH�PHDQ�YHORFLW\�REWDLQHG�E\�WKH�DUHD�RI�WKH�H[KDXVW�GXFW�WR�JLYH�WKH�YROXPHWULF
UDWH�RI�GLVFKDUJH�RI�H[KDXVW�DLU�IURP�WKH�06&��'LYLGH�WKH�GLVFKDUJH�DLU�YROXPH�E\�WKH�FURVV�
VHFWLRQDO�DUHD�RI�WKH�IURQW�DSHUWXUH�WR�JLYH�WKH�PHDQ�LQZDUG�DLU�YHORFLW\�WKURXJK�WKH�IURQW
DSHUWXUH�

127(��$�PHWKRG�IRU�PHDVXULQJ�YROXPHWULF�DLUIORZ�UDWH�LQ�FLUFXODU�H[KDXVW�GXFWV�LV
JLYHQ�LQ�%6�������������FODXVH�����VHH�%LEOLRJUDSK\�>��@��

*���� &ODVV�,,,�06&V

*������ ,QIORZ�WKURXJK�RSHQ�JORYH�SRUW

7XUQ�WKH�06&�RQ��:LWK�WKH�DQHPRPHWHU�SODFHG�DW�WKH�FHQWUH�RI�RQH�RSHQ�JORYH�SRUW�UHFRUG
DQ�DLU�YHORFLW\�PHDVXUHPHQW�RYHU�D�SHULRG�RI�DW�OHDVW���PLQ��5HSHDW�WKLV�SURFHGXUH�ZLWK�WKH
DQHPRPHWHU�DW�WKH�FHQWUH�RI�WKH�RWKHU�RSHQ�JORYH�SRUW�

*������ ,QIORZ�WKURXJK�WKH�LQOHW�ILOWHU

7XUQ�WKH�06&�RQ��0HDVXUH�WKH�PHDQ�DLUIORZ�YHORFLW\�ZLWKLQ�WKH�H[KDXVW�GXFW�ZLWK�D�VXLWDEOH
PHDVXUHPHQW�GHYLFH�

0XOWLSO\�WKH�PHDQ�YHORFLW\�REWDLQHG�E\�WKH�DUHD�RI�WKH�H[KDXVW�GXFW�WR�JLYH�WKH�YROXPHWULF
UDWH�RI�GLVFKDUJH�RI�H[KDXVW�DLU�IURP�WKH�06&�ZKLFK�LV�HTXDO�WR�WKH�LQIORZ�WKURXJK�WKH�LQOHW
ILOWHU�

127(����$�PHWKRG�IRU�PHDVXULQJ�IORZ�UDWHV�LQ�FLUFXODU�H[KDXVW�GXFWV�LV�JLYHQ�LQ�%6
�������FODXVH�����VHH�%LEOLRJUDSK\�>��@��

127(����,W�PD\�EH�XVHIXO�WR�WDNH�UHDGLQJV�DW�WKH�IDFH�RI�WKH�LQOHW�ILOWHU��:KLOVW�WKLV�ZLOO
QRW�SURYLGH�DQ�DFFXUDWH�DLU�LQIORZ�PHDVXUHPHQW�LW�ZLOO�JLYH�DQ�LQGLFDWLRQ�WR�WKH�XVHU�RI
ILOWHU�EORFNDJH�RYHU�D�SHULRG�RI�WLPH�

*�� ([SUHVVLRQ�RI�UHVXOWV

([SUHVV�WKH�UHVXOWV�DV�WKH�PHDQ�YROXPHWULF�DLUIORZ�UDWH�RU�WKH�PHDQ�DLUIORZ�YHORFLW\��HLWKHU�LQ
PXOWLSO\LQJ�WKH�PHDQ�DLU�YHORFLW\�E\�WKH�FURVV�VHFWLRQDO�DUHD��RU�E\�GLUHFW�UHDGLQJ�RI�WKH
PHDVXUHPHQW�GHYLFH�

7KH�PHDQ�YROXPHWULF�DLUIORZ�UDWH�LV�H[SUHVVHG�LQ�FXELF�PHWUHV�SHU�VHFRQG��P��V��

7KH�PHDQ�DLUIORZ�YHORFLW\�LV�H[SUHVVHG�LQ�PHWUHV�SHU�VHFRQG��P�V��

*�� 7HVW�UHSRUW

,QFOXGH�WKH�UHVXOW�RI�WKH�WHVW�DQG�UHIHUHQFH�WR�WKH�PHWKRG�XVHG��L�H��DQQH[�*�RI
(1�������������LQ�WKH�GRFXPHQWDWLRQ�VSHFLILHG�LQ�FODXVH���
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$QQH[�+��LQIRUPDWLYH�

'HVLJQ�RI�06&V�DQG�DLUIORZ�YHORFLWLHV�LQ�06&V

+�� *HQHUDO

7DEOH�+���GHVFULEHV�W\SLFDO�DLUIORZ�YHORFLWLHV�IRU�WKUHH�FODVVHV�RI�06&V�

7DEOH�+�����$LUIORZ�YHORFLWLHV�IRU�WKUHH�FODVVHV�RI�06&V

&ODVV 0HDQ�LQIORZ�YHORFLW\�WR�DFKLHYH
RSHUDWRU�SURWHFWLRQ

0HDQ�GRZQIORZ�YHORFLW\�WR�DFKLHYH
SURGXFW�SURWHFWLRQ

, !�����P�V�������P�V 1RW�DSSOLFDEOH

,, !�����P�V �����P�V��������P�V

,,, !�����P�V�ZLWK�RQH�JORYH�UHPRYHG 1RW�DSSOLFDEOH

+�� &ODVV�,�06&V

7KH�GLUHFWLRQ�RI�DLUIORZ��DV�GHPRQVWUDWHG�E\�VPRNH�RU�RWKHU�YLVXDOL]DWLRQ�WHVWV��H�J��ZDWHU
IRJ��VKRXOG�EH�LQZDUG�RYHU�WKH�ZKROH�DUHD�RI�WKH�IURQW�DSHUWXUH��VHH�%LEOLRJUDSK\�>��@��

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�*��WKH�PHDVXUHG�DLU�YHORFLWLHV�DW�DOO�SRLQWV�VKRXOG�EH
LQ�DFFRUGDQFH�ZLWK�WDEOH�+���XQGHU�RSHUDWLQJ�FRQGLWLRQV�

127(����)RU�W\SH�WHVWLQJ��WHVWLQJ�LV�SHUIRUPHG�ZLWK�XQXVHG�ILOWHUV�

127(����$LUIORZ�YHORFLW\�RI�!���P�V�FDQ�FUHDWH�XQDFFHSWDEOH�WXUEXOHQFH�

+�� &ODVV�,,�06&V

+���� *HQHUDO

7KH�GHVLJQ�VKRXOG�HQVXUH�WKDW�WKH�IURQW�DLU�LQWDNH�VORWV�FDQQRW�EH�REVWUXFWHG�

7KH�H[WHQW�RI�WKH�LQWHQGHG�ZRUNLQJ�VSDFH�VKRXOG�EH�VXLWDEO\�LQGLFDWHG�RQ�WKH�ZRUNLQJ
VXUIDFH�

7KH�GHOLYHU\�DUHD�IRU�WKH�DLU�WR�WKH�ZRUNLQJ�VSDFH�VKRXOG�EH�ZLWKRXW�LQWHUSRVHG�SURMHFWLRQV�RU
FDYLWLHV�WKDW�FRXOG�LQWHUIHUH�ZLWK�FRQWDLQPHQW�SHUIRUPDQFH�

7KH�GLUHFWLRQ�RI�DLUIORZ��DV�GHPRQVWUDWHG�E\�VPRNH�RU�RWKHU�YLVXDOL]DWLRQ�WHVWV��H�J��ZDWHU
IRJ��VKRXOG�EH�LQZDUG�RYHU�WKH�ZKROH�DUHD�RI�WKH�IURQW�DSHUWXUH�DQG�GRZQZDUG�ZLWKRXW�XQGXH
WXUEXOHQFH�RYHU�WKH�ZRUNVXUIDFH��VHH�%LEOLRJUDSK\�>��@��
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+���� 'RZQIORZ

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�WKH�PHWKRG�JLYHQ�LQ�DQQH[�*��WKH�PHDQ�YHORFLW\�RI�WKH
GRZQZDUG�DLUIORZ�VKRXOG�EH�LQ�DFFRUGDQFH�ZLWK�WDEOH�+���XQGHU�RSHUDWLQJ�FRQGLWLRQV��1R
LQGLYLGXDO�PHDVXUHPHQW�VKRXOG�GLIIHU�IURP�WKH�PHDQ�E\�PRUH�WKDQ�����

+���� ,QIORZ

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�WKH�PHWKRG�JLYHQ�LQ�DQQH[�*��WKH�PHDQ�DLUIORZ�YHORFLW\
LQZDUG�WKURXJK�WKH�IURQW�DSHUWXUH�VKRXOG�EH�LQ�DFFRUGDQFH�ZLWK�WDEOH�+���XQGHU�RSHUDWLQJ
FRQGLWLRQV��1R�LQGLYLGXDO�PHDVXUHPHQW�VKRXOG�GLIIHU�IURP�WKH�PHDQ�E\�PRUH�WKDQ�����

+���� 6WRS�VWDUW�RI�06&V

7KH�FDELQHW�VKRXOG�RQO\�EH�WXUQHG�RQ�DQG�RII�E\�PHDQV�RI�D�VSHFLDO�WRRO��IRU�H[DPSOH��NH\�
PDJQHWLF�FDUG���)DQ�V��WKDW�VWRS�GXH�WR�D�SRZHU�FXW�VKRXOG�DXWRPDWLFDOO\�EH�UHVWDUWHG�ZKHQ
WKH�SRZHU�LV�UHDFWLYDWHG�
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5HFRPPHQGDWLRQV�IRU�GHFRQWDPLQDWLRQ��FOHDQLQJ�DQG�IXPLJDWLRQ�RI�06&V�DQG�ILOWHUV

-�� 'HFRQWDPLQDWLRQ�DQG�FOHDQLQJ

$OO�06&V�VKRXOG�EH�NHSW�FOHDQ�DQG�IUHH�RI�XQQHFHVVDU\�HTXLSPHQW��7KH�LQWHULRU�VKRXOG�EH
VZDEEHG�DIWHU�XVH�ZLWK�D�VXLWDEOH�GLVLQIHFWDQW��3KHQROLFV��TXDWHUQDU\�DPPRQLXP�FRPSRXQGV
DQG�DOGHK\GHV�FDQ�EH�XVHG�IRU�GLVLQIHFWLQJ�WKHVH�VXUIDFHV��8VHUV�RI�FKORULQH�FRPSRXQGV
VKRXOG�EH�DZDUH�RI�WKHLU�FRUURVLYH�QDWXUH��7KH�XVH�RI�DOFRKROV�VKRXOG�EH�XQGHUWDNHQ�ZLWK
FDXWLRQ�EHFDXVH�RI�WKH�ULVN�RI�ILUH��+HDY\�GXW\�SRO\YLQ\O�FKORULGH��39&��RU�UXEEHU�JORYHV
ZKLFK�SURYLGH�VXLWDEOH�SURWHFWLRQ�IRU�WKH�KDQGV�DQG�ZULVWV�DQG�ZKLFK�FDQ�EH�GLVLQIHFWHG�IRU
UH�XVH�VKRXOG�EH�ZRUQ�ZKHQ�FOHDQLQJ�06&V��

127(����,Q�FDVHV�ZKHUH�IXPLJDWLRQ�PD\�EH�LQHIIHFWLYH��LW�PD\�EH�QHFHVVDU\�WR�KDYH
06&V�GHVLJQHG�WR�DOORZ�FRQWDLQHG�UHPRYDO�IRU�VXLWDEOH�GLVSHUVDO��IRU�H[DPSOH
LQFLQHUDWLRQ�

127(����$W�WKH�VHOHFWLRQ�RI�GLVLQIHFWDQWV�RFFXSDWLRQDO�KHDOWK�DVSHFWV�VKRXOG�EH
FRQVLGHUHG�

-�� )XPLJDWLRQ

06&V�VKRXOG�EH�IXPLJDWHG�LQ�WKH�IROORZLQJ�FLUFXPVWDQFHV�

D��EHIRUH�DQ\�PDLQWHQDQFH�ZRUN�RQ�WKH�FDELQHW�ZKHUH�DFFHVV�WR�SRWHQWLDOO\�FRQWDPLQDWHG
SDUWV�LV�QHFHVVDU\��LQFOXGLQJ�ILOWHU�DQG�SUH�ILOWHU�FKDQJHV�LI�WKH\�KDYH�EHHQ�XVHG�IRU
KD]DUGRXV�PLFUR�RUJDQLVPV��

E��EHIRUH�FDUU\LQJ�RXW�ILOWHU�SHQHWUDWLRQ�WHVWV�

F��DIWHU�D�VSLOODJH�ZKHUH�LQDFFHVVLEOH�VXUIDFHV�PD\�KDYH�EHFRPH�FRQWDPLQDWHG�

127(����,Q�FHUWDLQ�FDVHV�LW�PD\�EH�QHFHVVDU\�WR�IXPLJDWH�ZKHQ�WKH�QDWXUH�RI�WKH�ZRUN
FKDQJHV�

)XPLJDWLRQ�VKRXOG�EH�FDUULHG�RXW�E\�D�UHVSRQVLEOH�SHUVRQ�ZLWK�DGHTXDWH�NQRZOHGJH�RI�WKH
SURFHGXUH�DQG�WKH�SUHFDXWLRQV�WR�EH�IROORZHG��$�ZDUQLQJ�QRWLFH�WKDW�WKH�FDELQHW�LV�EHLQJ
IXPLJDWHG�VKRXOG�EH�GLVSOD\HG�

'HFRQWDPLQDWLRQ�RI�WKH�ZKROH�FDELQHW��LQFOXGLQJ�ILOWHUV��IDQ�XQLW�DQG�ZRUN�VXUIDFHV�LV�PRVW
IUHTXHQWO\�FDUULHG�RXW�E\�IXPLJDWLRQ�ZLWK�IRUPDOGHK\GH�YDSRXU��$OWHUQDWLYHV�WKDW�PD\�EH�XVHG
DUH�IRU�H[DPSOH�K\GURJHQ�SHUR[LGH��+RZHYHU�WKLV�PD\�QRW�EH�DSSURSULDWH�LQ�FHUWDLQ�FDVHV�
ZKHQ�ORFDO�UHJXODWLRQV�VKRXOG�EH�IROORZHG�

:$51,1*��)RUPDOGHK\GH�YDSRXU�LV�H[SORVLYH�DW�D�YROXPH�IUDFWLRQ�RI��������LQ�GU\�DLU��LWV
LJQLWLRQ�SRLQW�LV������&��1DWLRQDO�RFFXSDWLRQDO�H[SRVXUH�OLPLWV�VKRXOG�EH�FRQVLGHUHG�

7KH�YROXPH�RI�WKH�FDELQHW�VKRXOG�EH�FDOFXODWHG�DQG�VXIILFLHQW�IRUPDOGHK\GH�XVHG�WR�SURGXFH
D�SHUVLVWHQW�DLUERUQH�FRQFHQWUDWLRQ�RI�DW�OHDVW����PJ�P��
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)RUPDOGHK\GH�YDSRXU�FDQ�EH�JHQHUDWHG�E\�

��HYDSRUDWLRQ�RI�IRUPDOLQ��D�YROXPH�IUDFWLRQ�RI��������LQ�ZDWHU��

127(�������PO�RI�IRUPDOLQ�SOXV����PO�ZDWHU�VKRXOG�EH�YDSRUL]HG�SHU�FXELF�PHWUH�RI
FDELQHW�YROXPH�

��GHSRO\PHUL]DWLRQ�RI�SDUDIRUPDOGHK\GH�E\�KHDWLQJ��SURYLGHG�DGHTXDWH�KXPLGLW\�LV
DYDLODEOH�

)RUPDOGHK\GH�SHQHWUDWHV�SRRUO\�DQG�LWV�HIIHFWLYHQHVV�LV�GHSHQGHQW�RQ�WHPSHUDWXUH�DQG
KXPLGLW\��,W�LV�PRVW�HIIHFWLYH�DERYH�D�WHPSHUDWXUH�RI�����&�DQG�D�UHODWLYH�KXPLGLW\�RI�����
8VH�RI�H[FHVVLYH�DPRXQWV�FDQ�UHVXOW�LQ�SRO\PHU�GHSRVLWLRQ�ZLWKLQ�WKH�FDELQHW�DQG�PD\
FRQWULEXWH�WR�ILOWHU�EORFNDJH�

7KH�FDELQHW�VKRXOG�EH�VHDOHG�EHIRUH�IXPLJDWLRQ�WR�HQVXUH�WKDW�QR�IRUPDOGHK\GH�FDQ�OHDN�LQWR
WKH�ODERUDWRU\�RU�RWKHU�URRPV��)XPLJDWLRQ�LV�PRVW�FRQYHQLHQWO\�GRQH�RYHUQLJKW��$�VKRUWHU
H[SRVXUH�SHULRG�DV�GHWHUPLQHG�E\�VXLWDEOH�ELRORJLFDO�WHVWV�FDQ�EH�XVHG�EXW�LW�LV�XQOLNHO\�WR�EH
OHVV�WKDQ���K�

3URFHGXUHV�IRU�ERWK�FDELQHW�DQG�ILOWHU�IXPLJDWLRQ�VKRXOG�HQVXUH�WKDW�WKH�GRZQVWUHDP�VLGH�RI
WKH�+(3$�ILOWHUV�DQG�GXFWZRUN�LV�H[SRVHG�WR�IRUPDOGHK\GH�IRU�D�SHULRG�VXIILFLHQW�WR�HQVXUH
LQDFWLYDWLRQ�RI�PLFUR�RUJDQLVPV�WKDW�KDYH�SHQHWUDWHG�WKH�ILOWHU��7KLV�ZLOO�UHTXLUH�DQ�H[SRVXUH
WLPH�RI�RYHU���K�

7R�HQVXUH�DGHTXDWH�IXPLJDWLRQ�DIWHU�JHQHUDWLRQ�RI�IRUPDOGHK\GH�YDSRXU�WKH�IROORZLQJ
SURFHGXUH�VKRXOG�EH�DGRSWHG�LQ�WKH�DEVHQFH�RI�VSHFLILF�UHFRPPHQGDWLRQV�E\�WKH
PDQXIDFWXUHU�

L��DIWHU�DERXW�KDOI�WKH�IRUPDOLQ�KDV�HYDSRUDWHG��WXUQ�WKH�FDELQHW�IDQV�RQ�IRU����V�WR����V�WR
DOORZ�IRUPDOGHK\GH�WR�UHDFK�DOO�DUHDV�

LL��DIWHU�HYDSRUDWLRQ�LV�FRPSOHWHG�VZLWFK�WKH�FDELQHW�IDQV�RQ�IRU����V�WR����V�

(YHQ�DIWHU�WKLV�WUHDWPHQW�+(3$�ILOWHUV�VKRXOG�RQO\�EH�FRQVLGHUHG�DV��VDIH�WR�KDQGOH�XVLQJ
DSSURSULDWH�SURWHFWLYH�FORWKLQJ��UDWKHU�WKDQ�VWHULOH��DQG�VKRXOG�EH�DXWRFODYHG�RU�LQFLQHUDWHG
DIWHU�UHPRYDO��$IWHU�IXPLJDWLRQ�WKH�VHDOV�RQ�WKH�FDELQHW�VKRXOG�EH�UHPRYHG�DQG�WKH�H[KDXVW
IDQ�UXQ�IRU�D�SHULRG�VXIILFLHQW�WR�UHPRYH�UHVLGXDO�IRUPDOGHK\GH�YDSRXU�EHIRUH�XVLQJ�WKH
FDELQHW�RU�FDUU\LQJ�RXW�PDLQWHQDQFH�

)RU�FDELQHWV�WKDW�UHFLUFXODWH�DLU�WR�WKH�URRP��WKH�V\VWHP�RI�IXPLJDWLRQ�XVHG�VKRXOG�HQVXUH
WKDW�SHUVRQQHO�DUH�QRW�H[SRVHG�WR�OHYHOV�DERYH�WKRVH�UHTXLUHG�E\�FRPSHWHQW�DXWKRULWLHV��IRU
H[DPSOH�E\�VLWLQJ�WKH�FDELQHW�FRQWUROV�UHPRWHO\�RU�E\�XVLQJ�WHPSRUDU\�GXFWLQJ�WR�YHQW�WR�WKH
RXWVLGH��5HVSLUDWRU\�SURWHFWLYH�HTXLSPHQW�VXLWDEOH�IRU�IRUPDOGHK\GH�VKRXOG�EH�SURYLGHG�IRU
XVH�LQ�WKH�HYHQW�RI�DQ�HPHUJHQF\�



3DJH���
(1�����������

��%6,��������

$QQH[�.��LQIRUPDWLYH�

5HFRPPHQGDWLRQV�IRU�URXWLQH�PDLQWHQDQFH�RI�06&V

.�� *HQHUDO

5RXWLQH�PDLQWHQDQFH�WHVWV�VKRXOG�EH�FDUULHG�RXW�RQ�FODVV�,��FODVV�,,�DQG�FODVV�,,,�06&V�DW
UHJXODU�LQWHUYDOV�RU�DV�GHWHUPLQHG�E\�UHJXODWRU\�DXWKRULWLHV�

$OO�HTXLSPHQW�XVHG�IRU�WKHVH�WHVWV�VKRXOG�EH�UHJXODUO\�FDOLEUDWHG�DQG�FHUWLILFDWHV�WR�WKLV�HIIHFW
VKRXOG�EH�DYDLODEOH��,Q�DGGLWLRQ��WKH�GDWH�RI�WKH�ODVW�PDLQWHQDQFH�VKRXOG�DSSHDU�LQ�DQ�HDVLO\
YLVLEOH�SRVLWLRQ�

&KHFNV�VKRXOG�EH�PDGH�WR�FRQILUP�WKDW�WKH�DQWL�EORZ�EDFN�YDOYH��LI�SUHVHQW��LV�IXQFWLRQLQJ
DQG�LV�FOHDUO\�YLVLEOH�

.�� &ODVV�,�06&V

$OO�LQWHUQDO�DQG�H[WHUQDO�VXUIDFHV�RI�WKH�VDIHW\�FDELQHW�VKRXOG�EH�YLVXDOO\�H[DPLQHG�WR�HQVXUH
WKDW�WKHUH�DUH�QR�VXUIDFH�GHIHFWV��FUDFNV�RU�RWKHU�GDPDJH�

:KHUH�SUDFWLFDEOH��WKH�H[WUDFWLRQ�GXFW�V\VWHP��LI�SUHVHQW��VKRXOG�EH�YLVXDOO\�LQVSHFWHG�WR
HQVXUH�WKDW�LW�LV�IUHH�IURP�GHIHFWV��FUDFNV�DQG�RWKHU�GDPDJH�DQG�WKDW�LW�LV�FOHDUO\�ODEHOOHG�

7KH�DLUIORZ�LQGLFDWRU�V��DQG�DODUP�V��VKRXOG�EH�H[DPLQHG�DQG�FKHFNHG��DQG�UH�FDOLEUDWHG�WR
WKH�PDQXIDFWXUHU
V�VSHFLILFDWLRQ�LI�QHFHVVDU\�

.�� &ODVV�,,�06&V

$OO�LQWHUQDO�DQG�H[WHUQDO�VXUIDFHV�RI�WKH�VDIHW\�FDELQHW�VKRXOG�EH�YLVXDOO\�H[DPLQHG�WR�HQVXUH
WKDW�WKHUH�DUH�QR�VXUIDFH�GHIHFWV��FUDFNV�RU�RWKHU�GDPDJH�

:KHUH�SUDFWLFDEOH��WKH�H[WUDFWLRQ�GXFW�V\VWHP��LI�SUHVHQW��VKRXOG�EH�YLVXDOO\�LQVSHFWHG�WR
HQVXUH�WKDW�LW�LV�IUHH�IURP�GHIHFWV��FUDFNV�DQG�RWKHU�GDPDJH�DQG�WKDW�LW�LV�FOHDUO\�ODEHOOHG�

7KH�DODUP�LQGLFDWRUV�VKRXOG�EH�FKHFNHG�WR�WKH�PDQXIDFWXUHU
V�VSHFLILFDWLRQ��6KRXOG�WKH
DODUP�GHYLFH�UHTXLUH�FDOLEUDWLRQ��WKH�PDQXIDFWXUHU�VKRXOG�LQGLFDWH�WKH�UHFDOLEUDWLRQ�WLPH
LQWHUYDOV�WR�SUHYHQW�WULSSLQJ�RI�WKH�DODUP�RXW�RI�WKH�WKUHVKROG�OLPLWV�

7KH�GRZQIORZ�DLU�YHORFLW\�LQ�WKH�ZRUNLQJ�DUHD�RI�WKH�FDELQHW�VKRXOG�EH�PHDVXUHG�LQ
DFFRUGDQFH�ZLWK�WKH�PHWKRG�JLYHQ�LQ�DQQH[�*��LQ�DFFRUGDQFH�ZLWK�PDQXIDFWXUHU¶V
LQVWUXFWLRQV�DQG�LQ�DFFRUGDQFH�ZLWK�WDEOH�+���

7KH�SUH�ILOWHU��LI�ILWWHG��VKRXOG�EH�UHSODFHG�SULRU�WR�DLUIORZ�PHDVXUHPHQWV�EHLQJ�PDGH�

,Q�FDELQHWV�WKDW�KDYH�WZR�H[KDXVW�ILOWHUV�HDFK�ILOWHU�VKRXOG�EH�LQGHSHQGHQWO\�WHVWHG�
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.�� &ODVV�,,,�06&V

$OO�LQWHUQDO�DQG�H[WHUQDO�VXUIDFHV�RI�WKH�VDIHW\�FDELQHW�VKRXOG�EH�YLVXDOO\�H[DPLQHG�WR�HQVXUH
WKDW�WKHUH�DUH�QR�VXUIDFH�GHIHFWV��FUDFNV�RU�RWKHU�GDPDJH�

7KH�PDQRPHWHU�VKRXOG�EH�FKHFNHG�DQG�LI�QHFHVVDU\�UH�FDOLEUDWHG�WR�WKH�PDQXIDFWXUHU
V
VSHFLILFDWLRQ�

:KHUH�SUDFWLFDEOH��WKH�H[WUDFWLRQ�GXFW�V\VWHP��LI�SUHVHQW��VKRXOG�EH�YLVXDOO\�LQVSHFWHG�WR
HQVXUH�WKDW�LW�LV�IUHH�IURP�GHIHFWV��FUDFNV�DQG�RWKHU�GDPDJH��DQG�WKDW�LW�LV�FOHDUO\�ODEHOOHG�

7KH�DODUP�LQGLFDWRUV�VKRXOG�EH�FKHFNHG�WR�WKH�PDQXIDFWXUHU
V�VSHFLILFDWLRQ��6KRXOG�WKH
DODUP�GHYLFH�UHTXLUH�FDOLEUDWLRQ��WKH�PDQXIDFWXUHU�VKRXOG�LQGLFDWH�WKH�UHFDOLEUDWLRQ�WLPH
LQWHUYDOV�WR�SUHYHQW�WULSSLQJ�RI�WKH�DODUP�RXW�RI�WKH�WKUHVKROG�OLPLWV�

)LOWHU�DQG�VHDO�LQWHJULW\�VKRXOG�EH�FKHFNHG�XVLQJ�DQ�RLO�DHURVRO�SHQHWUDWLRQ�WHVW�LQ
DFFRUGDQFH�ZLWK�DQQH[�'�DQG�WKH�UHVXOWV�LQFOXGLQJ�WKRVH�IRU�ERWK�LQOHW�DQG�H[KDXVW�ILOWHUV
VKRXOG�FRQIRUP�WR������7KH�DLUIORZ�WKURXJK�HDFK�RSHQ�JORYH�SRUW�VKRXOG�EH�PHDVXUHG�LQ
DFFRUGDQFH�ZLWK�DQQH[�*�DQG�VKRXOG�EH�DW�OHDVW�����P�V�

7KH�DLUIORZ�WKURXJK�WKH�LQOHW�ILOWHU�ZKHQ�WKH�JORYHV�DUH�DWWDFKHG�DQG�WKH�FDELQHW�LV�DW�D
QHJDWLYH�SUHVVXUH�RI�DW�OHDVW�����3D�VKRXOG�EH�PHDVXUHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�*�DQG
VKRXOG�QRW�EH�OHVV�WKDQ���P��PLQ�IRU�HDFK�FXELF�PHWUH�RI�FDELQHW�YROXPH��7KH�SUH�ILOWHU��LI
ILWWHG��VKRXOG�EH�UHSODFHG�SULRU�WR�DLUIORZ�PHDVXUHPHQWV�EHLQJ�PDGH�

7KH�ZRUNLQJ�SUHVVXUH�LQ�WKH�FDELQHW�VKRXOG�EH�FKHFNHG�DQG�VKRXOG�EH�QRW�OHVV�WKDQ������3D
�ZLWK�UHVSHFW�WR�WKH�ODERUDWRU\��
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%LEOLRJUDSK\

>�@ (1�������� 6DIHW\�UHTXLUHPHQWV�IRU�HOHFWULFDO�HTXLSPHQW�IRU�PHDVXUHPHQW�
FRQWURO�DQG�ODERUDWRU\�XVH���3DUW����*HQHUDO�UHTXLUHPHQWV

>�@ (1������ 6DIHW\�RI�PDFKLQHU\���%DVLF�FRQFHSWV��JHQHUDO�SULQFLSOHV�IRU�GHVLJQ��
3DUW����%DVLF�WHUPLQRORJ\��PHWKRGRORJ\

>�@ (1������ 6DIHW\�RI�PDFKLQHU\���%DVLF�FRQFHSWV��JHQHUDO�SULQFLSOHV�IRU�GHVLJQ��
3DUW����7HFKQLFDO�SULQFLSOHV�DQG�VSHFLILFDWLRQV

>�@ (1������ %LRWHFKQRORJ\���/DERUDWRULHV�IRU�UHVHDUFK��GHYHORSPHQW�DQG
DQDO\VLV���*XLGDQFH�IRU�ELRWHFKQRORJ\�ODERUDWRU\�RSHUDWLRQV

>�@ (1�,62����� $FRXVWLFV���'HWHUPLQDWLRQ�RI�VRXQG�SRZHU�OHYHOV�RI�QRLVH�VRXUFHV
XVLQJ�VRXQG�SUHVVXUH���(QJLQHHULQJ�PHWKRG�LQ�DQ�HVVHQWLDOO\�IUHH
ILHOG�RYHU�D�UHIOHFWLQJ�SODQH��,62�����������

>�@ ,62������ $FRXVWLFV���1RLVH�HPLWWHG�E\�PDFKLQHU\�DQG�HTXLSPHQW��
0HDVXUHPHQW�RI�HPLVVLRQ�VRXQG�SUHVVXUH�OHYHOV�DW�D�ZRUN�VWDWLRQ
DQG�DW�RWKHU�VSHFLILHG�SRVLWLRQV���(QJLQHHULQJ�PHWKRG�LQ�DQ
HVVHQWLDOO\�IUHH�ILHOG�RYHU�D�UHIOHFWLQJ�SODQH

>�@ ,62����� $FRXVWLFV���'HFODUDWLRQ�DQG�YHULILFDWLRQ�RI�QRLVH�HPLVVLRQ�YDOXHV�RI
PDFKLQHU\�DQG�HTXLSPHQW

>�@ ,62����� 0HFKDQLFDO�YLEUDWLRQ���*XLGHOLQHV�IRU�WKH�PHDVXUHPHQW�DQG�WKH
DVVHVVPHQW�RI�KXPDQ�H[SRVXUH�WR�KDQG�WUDQVPLWWHG�YLEUDWLRQ

>�@ 0D\��.�5���DQG�+DUSHU��*�-��7KH�HIILFLHQF\�RI�YDULRXV�OLTXLG�LPSLQJHU�VDPSOHUV�LQ
EDFWHULDO�DHURVROV��%ULWLVK�-RXUQDO�RI�,QGXVWULDO�0HGLFLQH��������������������

>��@ )LUVW��0�:���6WXDUW��'���:HEE��7��5HSRUW�RI�16)�6WDQGDUG�1XPEHU����$G�+RF�7DVN
*URXS�WR�5HFRPPHQG�5HYLVLRQV�WR�$SSHQGL[�&��1RYHPEHU���������

>��@ )RRUG��1���DQG�/LGZHOO��2�0��$LUERUQH�LQIHFWLRQ�LQ�D�IXOO\�DLU�FRQGLWLRQHG�KRVSLWDO��,,�
7UDQVIHU�RI�DLUERUQH�SDUWLFOHV�EHWZHHQ�URRPV�UHVXOWLQJ�IURP�WKH�PRYHPHQW�RI�DLU�IURP
RQH�URRP�WR�DQRWKHU��-RXUQDO�RI�+\JLHQH�&DPEULGJH������������������

>��@ /LGZHOO��2�0��7KH�HYDOXDWLRQ�RI�YHQWLODWLRQ��-RXUQDO�RI�+\JLHQH��&DPEULGJH�����������
��������

>��@ %RXUGLOORQ��5�%���/LGZHOO��2�0���DQG�7KRPDV��-�&��-RXUQDO�RI�+\JLHQH��&DPEULGJH�
������������������

>��@ 9',������3DUW�� (QWZXUI��&RQWDPLQDWLRQ�FRQWURO���0HDVXULQJ�WHFKQLTXH�IRU�FOHDQ�DLU
URRPV��)HEUXDU\�����

>��@ ,(6�53�&&�������7HVWLQJ�&OHDQURRPV��,QVWLWXWH�RI�(QYLURQPHQWDO�6FLHQFHV��0RXQW
3URVSHFW��,OOLRQRLV�������������

>��@ ,62�&'�������� &OHDQURRPV�DQG�DVVRFLDWHG�FRQWUROOHG�HQYLURQPHQWV���3DUW���
0HWURORJ\�DQG�WHVW�PHWKRGV
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>��@ (8529(17������,Q�VLWX�OHDNDJH�WHVW�RI�KLJK�HIILFLHQF\�ILOWHUV�LQ�FOHDQ�VSDFHV�
(XURSHDQ�&RPPLWWHH�RI�$LU�+DQGOLQJ�DQG�$LU�&RQGLWLRQLQJ�(TXLSPHQW�

>��@ +LQR��6���DQG�6DWR��+��&ROOLVRQ����MHW�QHEXOL]HU��FKRLFH�IRU�WKH�FHUWLILFDWLRQ�WHVW�RI
&ODVV�,,�ELRORJLFDO�VDIHW\�FDELQHW��-DSDQHVH�-RXUQDO�RI�([SHULPHQWDO�0HGLFLQH�������
�������������

>��@ 5HGHNHU�)���+�QHUW�5���5RKQHQ�0��DQG�+lQVFK�/��)XQNWLRQVSU�IXQJ�YRQ�+26&+�
)LOWHUQ�LQ�/DPLQDU�)ORZ�$QODJHQ��3KDUP��,QG������������������

>��@ 0D\��.�5��7KH�&ROOLVRQ�QHEXOL]HU��GHVFULSWLRQ��SHUIRUPDQFH�DQG�DSSOLFDWLRQ��-RXUQDO
RI�$HURVRO�6FLHQFH�������������������

>��@ %6����������� )DQV�IRU�JHQHUDO�SXUSRVHV���3DUW����3HUIRUPDQFH�WHVWLQJ�XVLQJ
VWDQGDUGL]HG�DLUZD\V

>��@ .HQQHG\��'�$��:DWHU�IRJ�DV�D�PHGLXP�IRU�YLVXDOL]DWLRQ�RI�DLUIORZV��$QQDOV�RI
2FFXSDWLRQDO�+\JLHQH��������������������

>��@ SU(1�,62������������6DIHW\�RI�PDFKLQHU\���$QWKURSRPHWULF�UHTXLUHPHQWV�IRU�WKH
GHVLJQ�RI�ZRUNVWDWLRQV�DW�PDFKLQHU\��,62�',6������������

>��@ &ODUN�5�3���(OOLRWW�&�-��DQG�/LVWHU�3�$��$�FRPSDULVRQ�RI�PHWKRGV�WR�PHDVXUH�RSHUDWRU
SURWHFWLRQ�IDFWRUV�LQ�RSHQ�IURQWHG�PLFURELRORJLFDO�VDIHW\�FDELQHWV��-RXUQDO�RI�$SSOLHG
%DFWHULRORJ\��������������������

>��@ &ODUN�5�3��DQG�*RII�0�5��7KH�SRWDVVLXP�LRGLGH�PHWKRG�IRU�GHWHUPLQLQJ�SURWHFWLRQ
IDFWRUV�LQ�RSHQ�IURQWHG�PLFURELRORJLFDO�VDIHW\�FDELQHWV��-RXUQDO�RI�$SSOLHG
%DFWHULRORJ\��������������������
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BSI Ð British Standards Institution

BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of British Standards
should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and services. We
would be grateful if anyone finding an inaccuracy or ambiguity while using this
British Standard would inform the Secretary of the technical committee responsible,
the identity of which can be found on the inside front cover. Tel: 020 8996 9000.
Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library and its Technical Help to Exporters Service. Various
BSI electronic information services are also available which give details on all its
products and services. Contact the Information Centre. Tel: 020 8996 7111.
Fax: 020 8996 7048.

Subscribing members of BSI are kept up to date with standards developments and
receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Membership Administration. Tel: 020 8996 7002.
Fax: 020 8996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means ± electronic,
photocopying, recording or otherwise ± without prior written permission from BSI.

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager.
Tel: 020 8996 7070.


