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National foreword

This British Standard is the official English language version of EN 13346:2000.

The UK participation in its preparation was entrusted to Technical Committee EH/5,
Sludge characterization, 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.

Further information

Users of this standard are informed that the UK submitted some substantial
comments at the final voting stage of the draft EN for the following reasons.

1) The scope fails to address the question of whether this method is appropriate for
all of the types of sludges in the scope of CEN/TC 308. For example, is it applicable
to sludges containing large amounts of lime? Hence, modify the scope to answer the
question of applicability to the scope of the TC.

2) The following note should be added to the scope:
ªThe validation for this standard has only been carried out using materials as
described in annex A. For other sludges, the user should validate the method using
recovery and reproducibility testsº.

3) The final phrase, ªand sludge products,º in the first sentence of the scope should
be removed as it is inappropriate.

4) This is not a single standard since there are 4 alternative methods of extraction
and 3 alternative methods of pretreatment. The test report in clause 12 should
therefore specify which of the 12 permutations has been used. Therefore, either
rewrite c) as ªdescribe which method of pretreatment and which method of
digestion was usedº or modify the document so that there is only one standard
method against which others may be benchmarked.

5) In annex D, the data presented for Method D with reference materials appear to
condemn this method as unfit since it is almost invariably outside the 95%
confidence of the reference sample. Therefore, suggest deleting Method D.

6) It is recommended that an additional brief section on the use of adequate AQC as
per CEN/TC 223 methods be added:
ªThe analysis described in this standard should be carried out within a quality
control system utilizing analytical quality control measures. Where performance data
are absent for the sample type, recovery and reproducibility data should be obtained
as a minimumº.



BS EN 13346:2000

 BSI 10-2000 i

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, pages i and ii, the
EN title page, pages 2 to 29 and a back cover.

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



ii blank



(8523($1�67$1'$5'

1250(�(8523e(11(

(8523b,6&+(�1250

(1������

$XJXVW�����

,&6����������

(QJOLVK�YHUVLRQ

&KDUDFWHUL]DWLRQ�RI�VOXGJHV���'HWHUPLQDWLRQ�RI�WUDFH�HOHPHQWV
DQG�SKRVSKRUXV���$TXD�UHJLD�H[WUDFWLRQ�PHWKRGV

&DUDFWpULVDWLRQ�GHV�ERXHV���'pWHUPLQDWLRQ�GHV�pOpPHQWV
WUDFHV�HW�GX�SKRVSKRUH���0pWKRGHV�G
H[WUDFWLRQ�j�O
HDX

UpJDOH

&KDUDNWHULVLHUXQJ�YRQ�6FKOlPPHQ���%HVWLPPXQJ�YRQ
6SXUHQHOHPHQWHQ�XQG�3KRVSKRU���([WUDNWLRQVYHUIDKUHQ�PLW

.|QLJVZDVVHU

7KLV�(XURSHDQ�6WDQGDUG�ZDV�DSSURYHG�E\�&(1�RQ���$XJXVW������

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

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

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

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

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

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

5HI��1R��(1������������(



3DJH��
(1�����������

��%6,��������

&RQWHQWV

3DJH

)RUHZRUG����������������������������������������������������������������������������������������������������������������������������������������������������������

,QWURGXFWLRQ �����������������������������������������������������������������������������������������������������������������������������������������������������

� 6FRSH ��������������������������������������������������������������������������������������������������������������������������������������������������

� 1RUPDWLYH�UHIHUHQFHV ������������������������������������������������������������������������������������������������������������������������

� 7HUPV�DQG�GHILQLWLRQV������������������������������������������������������������������������������������������������������������������������

� 3ULQFLSOH ����������������������������������������������������������������������������������������������������������������������������������������������

� 5HDJHQWV ���������������������������������������������������������������������������������������������������������������������������������������������

� $SSDUDWXV �������������������������������������������������������������������������������������������������������������������������������������������

� 3UHSDUDWLRQ�RI�WKH�ODERUDWRU\�VDPSOH ����������������������������������������������������������������������������������������������

� 3URFHGXUH �������������������������������������������������������������������������������������������������������������������������������������������

� %ODQN�WHVW ��������������������������������������������������������������������������������������������������������������������������������������������

�� 0HDVXUHPHQWV�����������������������������������������������������������������������������������������������������������������������������������

�� ([SUHVVLRQ�RI�UHVXOWV �����������������������������������������������������������������������������������������������������������������������

�� 7HVW�UHSRUW �����������������������������������������������������������������������������������������������������������������������������������������

�� 3UHFLVLRQ�GDWD �����������������������������������������������������������������������������������������������������������������������������������

$QQH[�$��LQIRUPDWLYH���3UHWUHDWPHQW�RI�WKH�VDPSOH��������������������������������������������������������������������������������������

$QQH[�%��LQIRUPDWLYH���&DOLEUDWLRQ�RI�WKH�PLFURZDYH�RYHQ �������������������������������������������������������������������������

$QQH[�&��LQIRUPDWLYH���*XLGHOLQHV�IRU�PHDVXUHPHQW��WHFKQLTXHV ��������������������������������������������������������������

$QQH[�'��LQIRUPDWLYH���3UHFLVLRQ�GDWD�IRU�PHWKRGV�&�DQG�'�ZLWK�UHIHUHQFH�PDWHULDOV ����������������������������

%LEOLRJUDSK\ ���������������������������������������������������������������������������������������������������������������������������������������������������



3DJH��
(1�����������

��%6,��������

)RUHZRUG

7KLV� (XURSHDQ� 6WDQGDUG� KDV� EHHQ� SUHSDUHG� E\� 7HFKQLFDO� &RPPLWWHH� &(1�7&� ����� &KDUDFWHUL]DWLRQ� RI
VOXGJHV��WKH�6HFUHWDULDW�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\�)HEUXDU\�������DQG�FRQIOLFWLQJ�QDWLRQDO�VWDQGDUGV�VKDOO�EH�ZLWKGUDZQ
DW�WKH�ODWHVW�E\�)HEUXDU\������

$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�

7KH�DQQH[HV�$�WR�'�DUH�LQIRUPDWLYH�
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,QWURGXFWLRQ

(OHPHQWV�H[WUDFWDEOH� LQ�DTXD�UHJLD�FDQQRW�EH�GHVFULEHG�DV��WRWDO���FRQYHUVHO\� WKH\�FDQQRW�EH�UHJDUGHG�DV
WKH��ELR�DYDLODEOH��IUDFWLRQ��DV�WKH�H[WUDFWLRQ�SURFHGXUH�LV�WRR�YLJRURXV�WR�UHSUHVHQW�DOO�ELRORJLFDO�SURFHVVHV�

2QH�H[WUDFWLRQ�PHWKRG�LV�SURSRVHG��XVLQJ�DTXD�UHJLD��)RXU�KHDWLQJ�SURFHVVHV�DUH�GHVFULEHG��WKH\�XVH�WKH
VDPH�UHDJHQWV�WKHUHIRUH�WKH�VDPH�SULQFLSOH�RI�FKHPLFDO�UHDFWLRQ�

0HWKRG�$�LV�D�YLJRURXV�GLJHVWLRQ�SURFHGXUH�DOORZLQJ�ODUJHU�WHVW�SRUWLRQV�

0HWKRG�%�LV�D�IDVW�SURFHGXUH�FDUULHG�RXW�LQ�D�VLQJOH�YHVVHO��VPDOOHU�WHVW�SRUWLRQV�DUH�XVHG�

0HWKRGV�&�DQG�'�DUH�PLFURZDYH�KHDWLQJ�SURFHGXUHV�XVLQJ�FORVHG�DQG�RSHQ�V\VWHPV�UHVSHFWLYHO\�
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�� 6FRSH

7KLV�VWDQGDUG�VSHFLILHV�PHWKRGV�IRU�WKH�H[WUDFWLRQ��ZLWK�DTXD�UHJLD��RI�WUDFH�HOHPHQWV�DQG�SKRVSKRUXV�IURP
VOXGJHV�DQG�VOXGJH�SURGXFWV��7KH�UHVXOWLQJ�VROXWLRQ�LV�VXLWDEOH�IRU�WKH�GHWHUPLQDWLRQ�RI�$V��&G��&U��&X��+J�
1L��3E��6H��=Q�DQG�3�XVLQJ�VSHFWURPHWULF�WHFKQLTXHV�

127(�� :LWK� KLJK� VROXWH� FRQFHQWUDWLRQV� LQ� H[WUDFW� VROXWLRQV�� VSHFWUDO� LQWHUIHUHQFHV� DQG� EDFNJURXQG� HQKDQFHPHQW
VKRXOG�EH�H[SHFWHG�

127(�� 7KLV�PHWKRG�FDQ�EH�XVHG�IRU�RWKHU�HOHPHQWV�H[FHSW�WKDW�SRUWLRQ�RI�WKH�HOHPHQWV�ERQGHG�WR�VLOLFD�

�� 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�������:DWHU�TXDOLW\���'HWHUPLQDWLRQ�RI�FKURPLXP���$WRPLF�DEVRUSWLRQ�VSHFWURPHWULF�PHWKRGV�

(1�������:DWHU�TXDOLW\���'HWHUPLQDWLRQ�RI�PHUFXU\�

(1��������&KDUDFWHUL]DWLRQ�RI�VOXGJHV���'HWHUPLQDWLRQ�RI�GU\�UHVLGXH�DQG�ZDWHU�FRQWHQW�

(1�,62�������:DWHU�IRU�DQDO\WLFDO�ODERUDWRU\�XVH���6SHFLILFDWLRQ�DQG�WHVW�PHWKRGV��,62������������

(1� ,62� ������ :DWHU� TXDOLW\� �� 'HWHUPLQDWLRQ� RI� FDGPLXP� E\� DWRPLF� DEVRUSWLRQ� VSHFWURPHWU\
�,62������������

(1�,62��������:DWHU�TXDOLW\���'HWHUPLQDWLRQ�RI����HOHPHQWV�E\�LQGXFWLYHO\�FRXSOHG�SODVPD�DWRPLF�HPLVVLRQ
VSHFWURVFRS\��,62�������������

(1�,62��������:DWHU�TXDOLW\���'HWHUPLQDWLRQ�RI�DUVHQLF���$WRPLF�DEVRUSWLRQ�VSHFWURPHWULF�PHWKRG��K\GULGH
WHFKQLTXH���,62�������������

,62���������$FFXUDF\��WUXHQHVV�DQG�SUHFLVLRQ��RI�PHDVXUHPHQW�PHWKRGV�DQG�UHVXOWV���3DUW����%DVLF�PHWKRG
IRU�WKH�GHWHUPLQDWLRQ�RI�UHSHDWDELOLW\�DQG�UHSURGXFLELOLW\�RI�D�VWDQGDUG�PHDVXUHPHQW�PHWKRG�

,62�������:DWHU�TXDOLW\� ��'HWHUPLQDWLRQ�RI�FREDOW��QLFNHO��FRSSHU��]LQF��FDGPLXP�DQG� OHDG���)ODPH�DWRPLF
DEVRUSWLRQ�VSHFWURPHWULF�PHWKRGV�

�� 7HUPV�DQG�GHILQLWLRQV

)RU�WKH�SXUSRVHV�RI�WKLV�(XURSHDQ�6WDQGDUG��WKH�IROORZLQJ�WHUPV�DQG�GHILQLWLRQV�DSSO\�

���
DTXD�UHJLD
GLJHVWLRQ�VROXWLRQ�REWDLQHG�E\�PL[LQJ�RQH�YROXPH�RI�QLWULF�DFLG�DQG�WKUHH�YROXPHV�RI�K\GURFKORULF�DFLG

���
GU\�PDVV��GU\�PDWWHU�
WKH� PDVV� RI� VROLGV� REWDLQHG� DIWHU� WKH� VSHFLILHG� GU\LQJ� SURFHVV�� ,W� LV� H[SUHVVHG� DV� JUDPV� RU� NLORJUDPV
[(1������]
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�� 3ULQFLSOH

7KH� ODERUDWRU\� VDPSOH� LV� SUHSDUHG� LQ�RUGHU� WR�REWDLQ�D� UHSUHVHQWDWLYH� WHVW� SRUWLRQ�ZKLFK� LV� H[WUDFWHG�ZLWK
DTXD�UHJLD�DFFRUGLQJ�WR�RQH�RI�WKH�IROORZLQJ�KHDWLQJ�SURFHGXUHV�

£� ERLOLQJ� IRU� DERXW� ��K� ZLWK� D� UHIOX[� FRQGHQVHU�� IROORZHG� E\� ILOWUDWLRQ� DQG� PDNLQJ� XS� WR� YROXPH� LQ� D
YROXPHWULF�IODVN��PHWKRG�$��

£� ERLOLQJ�IRU�DERXW����PLQ� LQ�D�FDOLEUDWHG�JODVV�WXEH��PDNLQJ�XS�WR�YROXPH�LQ�WKH�VDPH�WXEH��DOORZLQJ�WR
VHWWOH�DQG�WKHQ�GHFDQWLQJ�WKH�VXSHUQDWDQW�VROXWLRQ�IRU�DQDO\VLV��PHWKRG�%��

£� PLFURZDYH�GLJHVWLRQ�IRU�DERXW����PLQ�LQ�D�FORVHG�YHVVHO�IROORZHG�E\�ILOWUDWLRQ�DQG�PDNLQJ�XS�WR�YROXPH
LQ�D�YROXPHWULF�IODVN��PHWKRG�&��

£� PLFURZDYH�GLJHVWLRQ�IRU�DERXW����PLQ�LQ�DQ�RSHQ�YHVVHO�IROORZHG�E\�ILOWUDWLRQ�DQG�PDNLQJ�XS�WR�YROXPH
LQ�D�YROXPHWULF�IODVN��PHWKRG�'��

127( 2WKHU�KHDWLQJ�SURFHGXUHV�FDQ�EH�XVHG�SURYLGLQJ�WKH\�GHPRQVWUDWH�HTXLYDOHQW�SHUIRUPDQFH�

�� 5HDJHQWV

���� *HQHUDO

7KH�UHDJHQWV�XVHG�VKDOO�EH�RI�VXIILFLHQW�SXULW\�VR�DV�QRW�WR�LQWURGXFH�D�VLJQLILFDQW�HUURU�LQWR�WKH�VXEVHTXHQW
DQDO\VLV��$�UHDJHQW�EODQN�FRPSULVLQJ�WKH�VDPH�TXDQWLW\�RI�DFLGV�VKDOO�EH�WDNHQ�WKURXJK�WKH�HQWLUH�SURFHGXUH
ZLWK�HDFK�EDWFK�RI�DQDO\VLV�

���� :DWHU

'HLRQL]HG�RU�GLVWLOOHG�ZDWHU�XVHG�VKDOO�FRQIRUP�WR�SXULW\�JUDGH���RI�(1�,62������

��� +\GURFKORULF�DFLG��VROXWLRQ�F�+&O�� ������PRO�O�

$ERXW�������P�P���r� ������J�PO�

��� 1LWULF�DFLG��VROXWLRQ��F�+12��� ������PRO�O�

$ERXW�������P�P���r� ������J�PO�

��� 1LWULF�DFLG�VROXWLRQ��DERXW������9�9��IRU�FOHDQLQJ�

7DNH����PO�RI�QLWULF�DFLG�������DQG�GLOXWH� WR���O� LQ�D� IODVN�ZLWK�ZDWHU��7KLV�GLOXWH�QLWULF�DFLG�VKDOO�EH�XVHG� WR
FOHDQ�WKH�JODVVZDUH�

��� Q�'RGHFDQH�RU�RWKHU�VXLWDEOH�DQWLIRDPLQJ�DJHQWV��IRU�DGGLWLRQ�LQ�PHWKRG�%��

�� $SSDUDWXV

���� *HQHUDO

$OO�JODVVZDUH�DQG�SODVWLFVZDUH�VKDOO�EH�DGHTXDWHO\�FOHDQHG�DQG�VWRUHG�LQ�RUGHU�WR�DYRLG�DQ\�FRQWDPLQDWLRQ�

127( ,W�FDQ�EH�QHFHVVDU\� WR�SHULRGLFDOO\�FOHDQ� WKH� UHDFWLRQ�YHVVHO�ZLWK�D�VXLWDEOH�VXUIDFWDQW� WR� UHPRYH�VWXEERUQ
GHSRVLWV�
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���� 5HDFWLRQ�YHVVHOV

D�� JODVV�IODVN������PO�IRU�H[DPSOH��IRU�PHWKRG�$��

E�� FDOLEUDWHG� ERURVLOLFDWH� JODVV� WXEH� ��� PO�� IRU� H[DPSOH�� ZLWK� D� JODVV� RU� SRO\SURS\OHQH� VWRSSHU� �IRU
PHWKRG�%��

F�� SODVWLFV�YHVVHO��DW�OHDVW�����PO��PDGH�RI�SHUIOXRURDONR[\�SRO\PHU��3)$��RU�WHWUDIOXRURPHWKR[\O�SRO\PHU
�7)0��HTXLSSHG�ZLWK� D� V\VWHP�FDSDEOH� RI� FRQWUROOLQJ� RYHUSUHVVXUH� LQ� RUGHU� WR� DYRLG� H[SORVLRQ�RI� WKH
YHVVHO��IRU�PHWKRG�&��

G�� GLJHVWLRQ�YHVVHO�PDGH�RI�ERURVLOLFDWH�JODVV�ZLWK�D�YROXPH�RI�DW�OHDVW����PO��IRU�PHWKRG�'��

127( 4XDUW]�YHVVHOV�FDQ�EH�XVHG�LQVWHDG�RI�JODVV�YHVVHOV�

���� 5HIOX[�FRQGHQVHU

$GDSWDEOH�WR�UHDFWLRQ�YHVVHOV�XVHG�LQ�PHWKRGV�$�RU�'�

���� +HDWLQJ�GHYLFHV

D�� D�KHDWLQJ�PDQWOH�RU�DOXPLQLXP�EORFN�KHDWHU��IRU�PHWKRGV�$�DQG�%�UHVSHFWLYHO\��

E�� D�PLFURZDYH�RYHQ�ZLWK�SURJUDPPDEOH�SRZHU�WR�FRQWURO�IDVW�H[RWKHUPLF�UHDFWLRQ�DQG�FORVHG�PLFURZDYH
YHVVHOV�HTXLSSHG�ZLWK�D�VDIHW\�V\VWHP�IRU�PHWKRG�&��$�GRPHVWLF�PLFURZDYH�RYHQ�LV�QRW�DOORZHG�

F�� D�PLFURZDYH�RYHQ�ZLWK�D�SURJUDPPHU�PRGXOH��IRU�PHWKRG�'��

127( )RU�H[DPSOH�DQ�DSSDUDWXV�ZLWK�PLFURZDYH�IUHTXHQFLHV������*+]��HOHFWURQLF�DXWRPDWLF�SRZHU�FRQWURO�ZKLFK
FDQ� EH� SLORW�RSHUDWHG� IURP� ����� WR� ����� ZLWK� ���� LQFUHPHQW� IRU�PD[LPDO� SRZHU� UHOHDVHG� RI� ����:� DQG� D� SXPS� IRU
UHDJHQW�

���� )LOWHU�SDSHUV

)LOWHU�SDSHU�FHOOXORVH�EDVHG��KDUGHQHG�DQG�UHVLVWDQW�WR�DTXD�UHJLD�

��� 9ROXPHWULF�IODVNV��FDSDFLW\����PO�����PO�RU�����PO�

��� $QDO\WLFDO�EDODQFH��ZLWK�DQ�DFFXUDF\�RI���PJ�RU�EHWWHU�

��� %RLOLQJ� DLGV�� DQWL� EXPSLQJ� JUDQXOHV� RU� JODVV� EHDGV�� GLDPHWHU� �� PP� WR� �� PP�� DFLG� ZDVKHG� �IRU
PHWKRGV�$�DQG�%��

�� 3UHSDUDWLRQ�RI�WKH�ODERUDWRU\�VDPSOH

:HLJK�D�UHSUHVHQWDWLYH�DPRXQW�RI� WKH�ZHW�VDPSOH�� WR�JLYH�D�VXIILFLHQW�GU\�PDVV�IRU� WKH�PHWKRG�XVHG�� LQ�D
SRUFHODLQ�GLVK�DQG�SUHSDUH�LW�DFFRUGLQJ�WR�(1��������7DNH�WKH�GULHG�VDPSOH�DQG�JULQG�ZLWK�FRQWDPLQDQW�IUHH
SHVWOH�DQG�PRUWDU�RU�PLOO��.HHS�WKH�VDPSOH�XQGHU�GU\�FRQGLWLRQV�

127( 2WKHU�PHWKRGV�RI�GULHG�VDPSOH�SUHSDUDWLRQ�DUH�SUHVHQWHG�LQ�DQQH[�$�
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�� 3URFHGXUH

���� ([WUDFWLRQ�SURFHGXUH�XQGHU�UHIOX[�FRQGLWLRQV��PHWKRG�$�

:HLJK� DSSUR[LPDWHO\� ��J�� WR� WKH� QHDUHVW�������J�� RI� WKH� SUHSDUHG� VDPSOH� �FODXVH� ��� DQG� WUDQVIHU� WR
WKH�����PO�UHDFWLRQ�YHVVHO�>����D�@��0RLVWHQ�ZLWK�DERXW�����PO�WR�����PO�RI�ZDWHU�������DQG�DGG��ZLWK�PL[LQJ�
�����������PO�RI�K\GURFKORULF�DFLG� ������ IROORZHG�E\� ����������PO�RI�QLWULF�DFLG� ������GURSZLVH� LI�QHFHVVDU\� WR
UHGXFH�IRDPLQJ��&RQQHFW�WKH�FRQGHQVHU�������WR�WKH�UHDFWLRQ�YHVVHO��DQG�VWDQG�DW�URRP�WHPSHUDWXUH�XQWLO�DQ\
HIIHUYHVFHQFH�DOPRVW�FHDVHV�WR�DOORZ�IRU�VORZ�R[LGDWLRQ�RI�WKH�RUJDQLF�PDVV�LQ�WKH�VOXGJH�

7UDQVIHU� WR� WKH� KHDWLQJ� GHYLFH� >���� D�@� DQG� UDLVH� WKH� WHPSHUDWXUH� RI� WKH� UHDFWLRQ�PL[WXUH� VORZO\� WR� UHIOX[
FRQGLWLRQV�DQG�PDLQWDLQ� IRU���K�HQVXULQJ� WKDW� WKH�FRQGHQVDWLRQ�]RQH� LV� ORZHU� WKDQ�����RI� WKH�KHLJKW�RI� WKH
FRQGHQVHU��WKHQ�DOORZ�WR�FRRO��5LQVH�WKH�FRQGHQVHU�LQWR�WKH�UHDFWLRQ�YHVVHO�ZLWK����PO�RI�ZDWHU�������

127( ,I� WKH� GLJHVWHG� VDPSOH� FRQWDLQV� SDUWLFXODWHV� ZKLFK� FDQ� FORJ� QHEXOL]HUV� RU� LQWHUIHUH� ZLWK� LQMHFWLRQ� RI� WKH
VDPSOH��WKH�VDPSOH�FDQ�EH�FHQWULIXJHG��DOORZHG�WR�VHWWOH��RU� ILOWHUHG�EHIRUH�WUDQVIHUULQJ� LQWR�D�VXLWDEOH�VL]HG�YROXPHWULF
IODVN��������)RU�H[DPSOH��WKH�VROXWLRQ�VKRXOG�EH�DOORZHG�WR�SDVV�WKURXJK�WKH�ILOWHU�SDSHU��������WKHQ�WKH�LQVROXEOH�UHVLGXH
ZDVKHG�RQWR�WKH�ILOWHU�SDSHU�ZLWK�D�PLQLPXP�RI�ZDWHU�������

7UDQVIHU� WKH�GLJHVWHG�VDPSOH� LQWR�D�VXLWDEOH�VL]HG�YROXPHWULF� IODVN� ������DQG�GLOXWH� WR� WKH�PDUN�ZLWK�ZDWHU
������

���� ([WUDFWLRQ�SURFHGXUH�XQGHU�ERLOLQJ�LQ�JODVV�WXEH��PHWKRG�%�

:HLJK� DSSUR[LPDWHO\� ����J�� WR� WKH� QHDUHVW�������J�� RI� WKH� SUHSDUHG� VDPSOH� �FODXVH� ��� DQG� WUDQVIHU� WR
WKH����PO�JODVV�WXEH�>����E�@��$GG�������������PO�RI�ZDWHU�������WR�ZHW�WKH�VDPSOH��$GG�D�IHZ�ERLOLQJ�DLGV�������
&DUHIXOO\�UXQ�������������PO�RI�K\GURFKORULF�DFLG�������GRZQ�WKH�VLGH�RI�WKH�WXEH�IROORZHG�E\�������������PO�RI
QLWULF� DFLG� ������� 3ODFH� WKH� WXEH� LQ� D� UDFN� DQG� DOORZ� WKH� LQLWLDO� YLJRURXV� UHDFWLRQ� WR� VXEVLGH�� ,I� H[FHVVLYH
IRDPLQJ�RFFXUV�DGG�WZR�GURSV�RI�Q�GRGHFDQH�������

3ODFH� WKH� WXEH� LQ� WKH�KHDWLQJ�DSSDUDWXV� >����D�@�DQG�DGMXVW� WKH�FRQWURO�VR� WKDW� WKH�VDPSOH�JHQWO\� UHIOX[HV�
$IWHU� ���������PLQ�� ZDVK� GRZQ� WKH� VLGHV� RI� WKH� WXEH� ZLWK� DERXW� ��PO� RI� ZDWHU� ������� 5HIOX[� IRU� D� IXUWKHU
��������PLQ� WKHQ� UHPRYH� WKH� WXEH� IURP� WKH� EORFN�� $OORZ� WR� FRRO� DQG�PDNH� XS� WR� YROXPH�ZLWK�ZDWHU� ������
6WRSSHU�WKH�WXEH�DQG�PL[�E\�LQYHUVLRQ�

127( ,I� WKH� GLJHVWHG� VDPSOH� FRQWDLQV� SDUWLFXODWHV� ZKLFK� FDQ� FORJ� QHEXOL]HUV� RU� LQWHUIHUH� ZLWK� LQMHFWLRQ� RI� WKH
VDPSOH��WKH�VDPSOH�FDQ�EH�FHQWULIXJHG��DOORZHG�WR�VHWWOH��RU� ILOWHUHG�EHIRUH�WUDQVIHUULQJ� LQWR�D�VXLWDEOH�VL]HG�YROXPHWULF
IODVN��������)RU�H[DPSOH��WKH�VROXWLRQ�VKRXOG�EH�DOORZHG�WR�SDVV�WKURXJK�WKH�ILOWHU�SDSHU��������WKHQ�WKH�LQVROXEOH�UHVLGXH
ZDVKHG�RQWR�WKH�ILOWHU�SDSHU�ZLWK�D�PLQLPXP�RI�ZDWHU�������

7UDQVIHU� WKH�GLJHVWHG�VDPSOH� LQWR�D�VXLWDEOH�VL]HG�YROXPHWULF� IODVN� ������DQG�GLOXWH� WR� WKH�PDUN�ZLWK�ZDWHU
������

���� ([WUDFWLRQ�SURFHGXUH�ZLWK�FORVHG�PLFURZDYH�RYHQ��PHWKRG�&�

:HLJK�DSSUR[LPDWHO\�����J�WR���J��WR�WKH�QHDUHVW�������J�RI�WKH�SUHSDUHG�VDPSOH��FODXVH����DQG�WUDQVIHU�WR
WKH�YHVVHO������F����$GG�����������PO�RI�QLWULF�DFLG�������DQG�����������PO�RI�K\GURFKORULF�DFLG��������3ODFH�FRYHU
DQG�VSULQJ�RQ�WKH�WRS�RI�WKH�YHVVHO�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��:HLJK�WKH�UHDFWLRQ�YHVVHO�WR
WKH�QHDUHVW�����J��3ODFH�LW�LQ�WKH�URWRU�>����E�@��3ODFH�WKH�URWRU�LQ�WKH�PLFURZDYH�RYHQ�>�����E�@�DQG�VWDUW�WKH
GLJHVWLRQ�SURJUDPPH��$OZD\V�ILOO�DOO�SRVLWLRQV�RI�WKH�URWRU�

$W� WKH� HQG� RI� WKH� SURJUDPPH�� FRRO� WKH� URWRU� WR� URRP� WHPSHUDWXUH� WR� UHGXFH� WKH� LQWHUQDO� SUHVVXUH� LQ� WKH
YHVVHO��7R�FRQILUP�WKDW�QR�H[FHVV�ORVV�RI�GLJHVWLRQ�VROXWLRQ�RFFXUUHG�GXULQJ�WKH�GLJHVWLRQ�SURFHGXUH�FKHFN
WKH�PDVV�RI� WKH�YHVVHO�DQG�WKH�FRQGLWLRQ�RI� WKH�VDIHW\�PHPEUDQH�RU�FRYHU�� UHIHUULQJ� WR� WKH�PDQXIDFWXUHU¶V
LQVWUXFWLRQV��&RQWURO�WKDW�WKH�ORVV�RI�PDVV�VKDOO�QRW�H[FHHG�������P�P��RI�WKH�LQLWLDO�PDVV��2SHQ�WKH�YHVVHO
VORZO\�XQGHU�IXPH�H[WUDFWLRQ�

127(�� ,I� WKH� GLJHVWHG� VDPSOH� FRQWDLQV� SDUWLFXODWHV� ZKLFK� FDQ� FORJ� QHEXOL]HUV� RU� LQWHUIHUH� ZLWK� LQMHFWLRQ� RI� WKH
VDPSOH��WKH�VDPSOH�FDQ�EH�FHQWULIXJHG��DOORZHG�WR�VHWWOH��RU� ILOWHUHG�EHIRUH�WUDQVIHUULQJ� LQWR�D�VXLWDEOH�VL]HG�YROXPHWULF
IODVN��������)RU�H[DPSOH��WKH�VROXWLRQ�VKRXOG�EH�DOORZHG�WR�SDVV�WKURXJK�WKH�ILOWHU�SDSHU��������WKHQ�WKH�LQVROXEOH�UHVLGXH
ZDVKHG�RQWR�WKH�ILOWHU�SDSHU�ZLWK�D�PLQLPXP�RI�ZDWHU�������
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7UDQVIHU� WKH�GLJHVWHG�VDPSOH� LQWR�D�VXLWDEOH�VL]HG�YROXPHWULF� IODVN� ������DQG�GLOXWH� WR� WKH�PDUN�ZLWK�ZDWHU
������

127(�� ([DPSOH�RI�D�GLJHVWLRQ�SURJUDPPH�IRU�VL[�VDPSOHV�

£� ��PLQ�DW�����:�

£� ��PLQ�DW���:�

£� ��PLQ�DW�����:�

£� ��PLQ�DW�����:�

£� ��PLQ�DW�����:�

127(�� &DOLEUDWLRQ�RI�WKH�PLFURZDYH�RYHQ��VHH�%����

���� ([WUDFWLRQ�SURFHGXUH�ZLWK�RSHQ�PLFURZDYH�RYHQ��PHWKRG�'�

:HLJK�DSSUR[LPDWHO\�����J�WR���J��WR�WKH�QHDUHVW�������J��RI�WKH�SUHSDUHG�VDPSOH��FODXVH����DQG�WUDQVIHU�LQWR
WKH�YHVVHO�>����G�@��DGG�WKH�DFLGV�DFFRUGLQJ�WR�WKH�SURJUDPPH�FKRVHQ�DQG�WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�
FDS� WKH� YHVVHO� ZLWK� WKH� UHIOX[� FROXPQ� DQG� SODFH� WKH� YHVVHO� LQ� WKH� PLFURZDYH� XQLW� >���� F�@� DQG� UXQ� WKH
SURJUDPPH��VHH�QRWH����

$W� WKH� HQG� RI� WKH� PLFURZDYH� SURJUDPPH�� DOORZ� WKH� YHVVHO� WR� FRRO� WR� URRP� WHPSHUDWXUH�� &RPSOHWH� WKH
SUHSDUDWLRQ�RI�WKH�VDPSOH�E\�XQFDSSLQJ�DQG�YHQWLQJ�XQGHU�IXPH�H[WUDFWLRQ�

127(�� ,I�WKH�GLJHVWHG�VDPSOH�FRQWDLQV�SDUWLFXODWH�ZKLFK�FDQ�FORJ�QHEXOL]HUV�RU�LQWHUIHUH�ZLWK�LQMHFWLRQ�RI�WKH�VDPSOH�
WKH�VDPSOH�FDQ�EH�FHQWULIXJHG��DOORZHG�WR�VHWWOH��RU�ILOWHUHG�EHIRUH�WUDQVIHUULQJ�LQWR�D�VXLWDEOH�VL]HG�YROXPHWULF�IODVN�������
)RU�H[DPSOH�� WKH�VROXWLRQ�VKRXOG�EH�DOORZHG� WR�SDVV� WKURXJK� WKH� ILOWHU�SDSHU� ������� WKHQ� WKH� LQVROXEOH� UHVLGXH�ZDVKHG
RQWR�WKH�ILOWHU�SDSHU�ZLWK�D�PLQLPXP�RI�ZDWHU�������

7UDQVIHU� WKH�GLJHVWHG�VDPSOH� LQWR�D�VXLWDEOH�VL]HG�YROXPHWULF� IODVN� ������DQG�GLOXWH� WR� WKH�PDUN�ZLWK�ZDWHU
������

127(�� ([DPSOH�RI�D�GLJHVWLRQ�SURJUDPPH�

7DEOH���²�6WHSV�RI�D�SURJUDP

7LPH

PLQ

3RZHU

ZDWW

+12�

PO

+&O

PO

�� �� � �

�� �� � �

127(�� &DOLEUDWLRQ�RI�WKH�PLFURZDYH�RYHQ��VHH�%����

�� %ODQN�WHVW

$�EODQN�WHVW�VKDOO�EH�FDUULHG�RXW�LQ�SDUDOOHO�E\�WKH�VDPH�H[WUDFWLRQ�SURFHGXUH��XVLQJ�WKH�VDPH�TXDQWLWLHV�RI�DOO
UHDJHQWV�EXW�RPLWWLQJ�WKH�WHVW�SRUWLRQ�
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��� 0HDVXUHPHQWV

7DNH�LQWR�DFFRXQW�VSHFLILF�LQWHUIHUHQFHV�RFFXUULQJ�ZLWK�VOXGJHV��VHH�DQQH[�&��

7DNH�WKH�H[WUDFWV��VHH�FODXVH����DQG�WKH�EODQN�WHVW��VHH�FODXVH����DQG�SHUIRUP�WKH�DQDO\VLV�DFFRUGLQJ�WR�WKH
UHVSHFWLYH� (XURSHDQ� DQG� ,QWHUQDWLRQDO� 6WDQGDUGV�� (1������� (1������� (1�,62������� ,62������
(1�,62������� DQG�(1�,62�������� $GMXVW� WKH� DFLG� VWUHQJWKV� WR� PDWFK� WKRVH� GHVFULEHG� LQ� WKH� ZULWWHQ
SURFHGXUHV�

��� ([SUHVVLRQ�RI�UHVXOWV

7KH� UHVXOWV� VKDOO� EH� H[SUHVVHG� LQ� PLOOLJUDPV� SHU� NLORJUDP� RI� GU\� PDWWHU� RU� LQ� JUDPV� SHU� NLORJUDP� IRU
SKRVSKRUXV��3��

��� 7HVW�UHSRUW

7KH� WHVW� UHSRUW�VKDOO�EH� LVVXHG�VHSDUDWHO\�RU� LQ�FRQMXQFWLRQ�ZLWK� WKH� UHSRUW� IURP� WKH�VXEVHTXHQW�DQDO\WLFDO
PHWKRG��7KH�WHVW�UHSRUW�VKDOO�FRQWDLQ�WKH�IROORZLQJ�LQIRUPDWLRQ�

D�� D�UHIHUHQFH�WR�WKLV�(XURSHDQ�6WDQGDUG�

E�� FRPSOHWH�LGHQWLILFDWLRQ�RI�WKH�VDPSOH�

F�� LQIRUPDWLRQ�DERXW�WKH�SUH�WUHDWPHQW�DQG�H[WUDFWLRQ�RI�WKH�VDPSOH�

G�� DQ\�GHWDLO�QRW�VSHFLILHG�LQ�WKLV�(XURSHDQ�6WDQGDUG��RU�ZKLFK�DUH�RSWLRQDO�

H�� DQ\�RWKHU�LQIRUPDWLRQ�SHUWLQHQW�WR�WKH�TXDOLW\�RI�WKH�DQDO\WLFDO�GDWD�

��� 3UHFLVLRQ�GDWD

2QH�LQWHUODERUDWRU\�WHVW�FDUULHG�RXW�LQ�-XO\������LQ�(XURSH�����FRXQWULHV�DQG����ODERUDWRULHV��KDV�JLYHQ�WKH
YDOXHV�LQGLFDWHG�LQ�WKH�7DEOHV���WR����DQG�WKH�HYDOXDWLRQ�ZDV�PDGH�XVLQJ�,62��������
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7DEOH���²�3UHFLVLRQ�GDWD�IRU�$V

6DPSOH 0HWKRG O Q 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� ��� ��� ���� ���� ���� ���� ����

% � �� � ���� ���� ���� ���� ����

& �� �� � ���� ���� ���� ���� ����

' � �� � ���� ���� ���� ���� ����

6OXGJH�� $ �� ��� ��� ���� ���� ���� ���� ���

% � �� � ���� ���� ���� ���� ����

& �� �� � ���� ���� ���� ���� ����

' � �� � ���� ���� ���� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�
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7DEOH���²�3UHFLVLRQ�GDWD�IRU�&G

6DPSOH 0HWKRG O 1 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� ��� � ��� ���� ���� ���� ���

% �� �� ��� ���� ���� ���� ���� ���

& �� �� ��� ���� ���� ���� ��� ���

' � �� � ���� ��� ���� ���� ���

6OXGJH�� $ �� ��� ��� ���� ���� ���� ��� ���

% �� �� ��� ���� ���� ��� ���� ����

& �� �� ��� ��� ���� ��� ���� ����

' � �� ���� ���� ���� ���� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

7DEOH���²�3UHFLVLRQ�GDWD�IRU�&U

6DPSOH 0HWKRG O Q 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� ��� ��� ����� ���� ���� ���� ����

% � �� � ����� ���� ���� ���� ���

& �� �� � ����� ���� ���� ���� ���

' � �� � ����� ���� ���� ���� ���

6OXGJH�� $ �� ��� ��� ����� ���� ���� ���� ���

% �� �� � ����� ���� ���� ���� ���

& �� ��� � ����� ���� ���� ���� ���

' � �� � ����� ���� ���� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

7DEOH���²�3UHFLVLRQ�GDWD�IRU�&X

6DPSOH 0HWKRG O Q 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� ��� ��� ����� ���� ��� ���� ���

% �� �� ��� ����� ����� ���� ���� ���

& �� ��� ��� ����� ���� ��� ���� ���

' � �� ���� ����� ���� ��� ���� ���

6OXGJH�� $ �� ��� ��� ������ ����� ��� ���� ���

% �� �� ��� ������ ����� ���� ���� ���

& �� ��� ��� ������ ����� ��� ����� ���

' � �� ���� ������ ����� ��� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

7DEOH���²�3UHFLVLRQ�GDWD�IRU�+J

6DPSOH 0HWKRG O Q 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� ��� � ���� ���� ���� ���� ���

% � �� ���� ���� ���� ���� ���� ���

& �� �� � ���� ���� ���� ���� ����

' � �� � ���� ���� ���� ���� ���

6OXGJH�� $ �� ��� � ���� ���� ���� ���� ���

% �� �� �� ���� ���� ���� ���� ���

& �� �� � ���� ���� ���� ���� ���

' � �� � ���� ���� ���� ���� ����

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

7DEOH���²�3UHFLVLRQ�GDWD�IRU�1L

6DPSOH 0HWKRG O 1 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� ��� ����� ����� ���� ���� ���� ����

% �� �� � ����� ���� ���� ���� ���

& �� ��� ��� ����� ���� ���� ���� ���

' � �� � ����� ���� ���� ���� ���

6OXGJH�� $ �� ��� � ����� ���� ���� ���� ���

% �� �� � ����� ���� ���� ���� ���

& �� �� � ����� ���� ���� ���� ���

' � �� � ����� ���� ���� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

7DEOH���²�3UHFLVLRQ�GDWD�IRU�3E

6DPSOH 0HWKRG O Q 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� ��� � ����� ���� ���� ���� ����

% �� �� � ����� ���� ���� ���� ���

& �� �� ��� ����� ���� ���� ���� ���

' �� �� � ����� ����� ���� ���� ���

6OXGJH�� $ �� ��� � ����� ���� ���� ���� ���

% �� �� � ����� ����� ���� ���� ���

& �� ��� � ����� ����� ���� ���� ���

' �� �� � ����� ����� ���� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

7DEOH���²�3UHFLVLRQ�GDWD�IRU�6H

6DPSOH 0HWKRG O 1 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� �� ��� ���� ���� ���� ���� ����

% � �� ���� ���� ���� ���� ���� ���

& �� �� � ���� ���� ���� ���� ����

' � �� � ���� ���� ���� ���� ����

6OXGJH�� $ �� �� ��� ���� ���� ���� ���� ����

% � �� � ���� ���� ���� ���� ���

& �� �� � ���� ���� ���� ���� ����

' � �� � ���� ���� ���� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

7DEOH����²�3UHFLVLRQ�GDWD�IRU�=Q

6DPSOH 0HWKRG O Q 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� ��� ��� ����� ���� ��� ���� ���

% �� �� ���� ����� ���� ��� ���� ���

& �� ��� ��� ����� ���� ��� ���� ���

' � �� � ����� ���� ��� ���� ���

6OXGJH�� $ �� ��� ��� ����� ���� ��� ���� ���

% �� �� � ����� ���� ���� ���� ���

& �� ��� ��� ����� ���� ���� ���� ���

' � �� � ����� ���� ���� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

7DEOH����²�3UHFLVLRQ�GDWD�IRU�3

6DPSOH 0HWKRG O Q 1$3 [ s5 9&5 sU 9&U

� PJ�NJ PJ�NJ � PJ�NJ �

6OXGJH�� $ �� �� ��� ����� ���� ��� ���� ���

% � �� � ����� ���� ���� ���� ���

& �� �� � ����� ���� ��� ���� ���

' � �� � ����� ���� ���� ���� ���

+�62��+12� � �� � ����� ���� ��� ���� ���

6OXGJH�� $ �� �� ��� ����� ���� ��� ���� ���

% � �� � ����� ���� ���� ���� ���

& �� �� ��� ����� ���� ��� ���� ���

' � �� ���� ����� ���� ��� ���� ���

+�62��+12� � �� � ����� ���� ��� ���� ���

6OXGJH�� 0L[WXUH�RI�GULQNLQJ�ZDWHU�VOXGJH�DQG�VHZDJH�VOXGJH�

6OXGJH�� 0L[WXUH�RI�LQGXVWULDO�VOXGJH�DQG�GULQNLQJ�ZDWHU�VOXGJH�

O LV�WKH�QXPEHU�RI�ODERUDWRULHV�

Q LV�WKH�QXPEHU�RI�YDOXHV�

1$3 LV�WKH�SHUFHQWDJH�RI�RXWOLHUV�

[ LV�WKH�RYHUDOO�PHDQ�

s5 LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFLELOLW\�

9&5 LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSURGXFLELOLW\�

sU LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSHDWDELOLW\�

9&U LV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�UHSHDWDELOLW\�



3DJH���
(1�����������

��%6,��������

$QQH[�$�
�LQIRUPDWLYH�

3UHWUHDWPHQW�RI�WKH�VDPSOH

$��� *HQHUDO

7KUHH�PHWKRGV�DUH�JLYHQ�FRQFHUQLQJ�WKH�SUHWUHDWPHQW�RI�VDPSOHV�UHFHLYHG�E\�WKH�ODERUDWRU\�LQ�RUGHU�WR�XVH
WHVW�SRUWLRQV�WDNHQ�IURP�

£� ZHW�VOXGJH�

£� IUHH]H�GULHG�VOXGJH�

£� SDUWLDOO\�DLU�GULHG�VOXGJH�RU�D�SDUWLDOO\�IUHH]H�GULHG�VOXGJH�

$��� :HW�VOXGJH

7KH�GU\� UHVLGXH�KDV� WR�EH�NQRZQ� LQ�RUGHU� WR� WDNH�D� WHVW�SRUWLRQ� LQ�DFFRUGDQFH�ZLWK���������������DQG�����
0HDVXUH� WKH� GU\� UHVLGXH� LQ� SHUFHQW� �T��� DFFRUGLQJ� WR� (1�������� &DOFXODWH� WKH� UHTXLUHG� DPRXQW� �P�
H[SUHVVHG�LQ�JUDPV�RI�ZHW�VOXGJH�DFFRUGLQJ�WR�WKH�IROORZLQJ�HTXDWLRQ�

�
����

��
�

�

T

P
P

�
=

ZKHUH

P� LV�WKH�DPRXQW�RI�GU\�PDWWHU�JLYHQ�LQ���������������RU�����LQ�JUDPV�

T� LV�WKH�SHUFHQWDJH�RI�GU\�PDVV��GU\�UHVLGXH��

6KDNH�WKH�VDPSOH�ERWWOH�YLJRURXVO\�VR�WKDW�D�UHSUHVHQWDWLYH�VDPSOH�FDQ�EH�WDNHQ�

$��� )UHH]HG�GULHG�VOXGJH

:HLJK�DSSUR[LPDWHO\�����J�RI�WKH�ZHW�VDPSOH�DQG�SXW�LW�LQWR�D�VXLWDEOH�JODVV�GLVK�ZLWK�D�FRYHU�ILWWHG�ZLWK�D
KROH�

3XW�WKH�VDPSOHV�LQ�D�IUHH]H�GULHU�DW�D�WHPSHUDWXUH�RI�-����&�IRU����K��6WDUW�WKH�FRQGHQVHU�RI�WKH�IUHH]H�GULHU
DQG�ZDLW�WLOO�WKH�WHPSHUDWXUH�LV�-����&�

3XW�WKH�IUR]HQ�VDPSOHV�RQ�WKH�KHDWLQJ�SODWHV�RI�WKH�IUHH]H�GULHU��FORVH�WKH�YDFXXP�WDS�DQG�VWDUW�WKH�SXPS�
:KHQ�WKHUH�LV�D�YDFXXP�RI����3D��VWDUW�WKH�KHDWLQJ�DW�D�WHPSHUDWXUH�RI�DSSUR[LPDWHO\������&��'U\�XQWLO�WKH
ZDWHU�FRQWHQW�LV�OHVV�WKDQ���PO�

127( $V�D�UHIHUHQFH��D�ERWWOH�DSSUR[LPDWHO\�����PO�ZDWHU�VKRXOG�EH�GULHG��:KHQ�WKHUH�LV�PRUH�WKDQ���PO�ZDWHU�OHIW
DIWHU�WKH�GU\LQJ�VWDJH�WKHUH�LV�D�QHHG�WR�GU\�WKH�VDPSOHV�DQRWKHU�GD\�

7DNH�WKH�GULHG�VDPSOH�RII� WKH�KHDWHU�DQG�SXW� LW� LQ�D�PRUWDU��+RPRJHQL]H�WKH�VDPSOH�ZLWK�D�SHVWOH��SXW� WKH
VDPSOH�LQ�IODVN�DQG�FORVH�LW�



3DJH���
(1�����������

��%6,��������

$��� 3DUWLDOO\�DLU�GULHG�RU�IUHH]H�GULHG�VOXGJHV

3DUWLDOO\� GULHG� VOXGJHV� DUH� GHILQHG� KHUH� DV� VOXGJHV� FRQWDLQLQJ� D� UHPDLQLQJ� ZDWHU� FRQWHQW� ORZ� HQRXJK� WR
HQDEOH� WKH� SDUWLDOO\� GULHG� VDPSOH� WR� EH� JURXQG� DQG� KRPRJHQL]HG�� *HQHUDOO\� D� UHVLGXDO� ZDWHU� FRQWHQW� RI
����������LV�VXLWDEOH�

7KH�GU\�UHVLGXH�LQ�SHUFHQW�LQ�WKH�SDUWLDOO\�GULHG�VDPSOH�LV�GHWHUPLQHG�DFFRUGLQJ�WR�(1�������

7KH�WHVW�SRUWLRQ�LV�WDNHQ�LQ�WKH�JURXQG�DQG�KRPRJHQL]HG�SDUWLDOO\�GULHG�VDPSOH�

$LU�GU\LQJ�FDQ�EH�FDUULHG�RXW�DW�D�WHPSHUDWXUH�EHWZHHQ�����&�DQG�����&��,W� LV�DGYLVDEOH�WR�PL[�WKH�VDPSOH
URXJKO\�VHYHUDO�WLPHV�GXULQJ�WKLV�RSHUDWLRQ�WR�LPSURYH�WKH�GU\LQJ�

7KHUH�LV�QR�QHHG�WR�FRQWURO�WKH�IUHH]H�GU\LQJ�DV�DFFXUDWHO\�DV�H[SODLQHG�LQ�$����7KH�GU\LQJ�WLPH�GHSHQGV�RQ
WKH�TXDQWLWLHV��WKH�W\SHV�RI�VOXGJHV�DQG�WKH�NLQG�RI�DSSDUDWXV�XVHG�IRU� WKDW�RSHUDWLRQ��6RPH�H[SHULHQFH� LV
WKHQ�QHFHVVDU\�WR�DSSUHFLDWH�WKH�WLPH�QHHGHG�WR�REWDLQ�SDUWLDOO\�GULHG�VDPSOHV�
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$QQH[�%�
�LQIRUPDWLYH�

&DOLEUDWLRQ�RI�WKH�PLFURZDYH�RYHQ

%��� &DOLEUDWLRQ�RI�WKH�PLFURZDYH�RYHQ�IRU�PHWKRG�&

7KH� FDOLEUDWLRQ� RI� WKH� PLFURZDYH� RYHQ� LV� DQ� HVVHQWLDO� VWHS� EHIRUH� XVLQJ� LW�� %\� PHDQV� RI� FDOLEUDWLRQ�
LQGLFDWLRQV�RI� WKH�SRZHU�DGMXVWPHQW�VFDOH�FDQ�EH�FRUUHODWHG�ZLWK� WKH�DFWXDOO\�VXSSOLHG� �HIIHFWLYH�SRZHU�� LQ
RUGHU�WR�DGMXVW�WKH�SRZHU�DSSOLHG�ZKDWHYHU�WKH�PLFURZDYH�RYHQ�LQ�XVH��7KLV�DQQH[�GHVFULEHV�WKH�FDOLEUDWLRQ
SURFHGXUH�RI�D�PLFURZDYH�RYHQ�XVHG�IRU�GLJHVWLRQ�RI�VOXGJH�VDPSOHV�

$�PLFURZDYH�RYHQ�VKRXOG�EH�FDOLEUDWHG�SHULRGLFDOO\��,Q�SUDFWLFH��ELDQQXDO�FDOLEUDWLRQ�XVXDOO\�WXUQV�RXW�WR�EH
VXIILFLHQW�

'HSHQGLQJ� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� VXSSOLHG� SRZHU� LQ� WKH� PLFURZDYH� RYHQ� DQG� WKH� VFDOH� RI� LWV
HOHFWURQLF�V\VWHP��JHQHUDOO\�LQ�SHUFHQWV�RI�WRWDO�SRZHU���D�FKRLFH�VKRXOG�EH�PDGH�EHWZHHQ�D�WZR�SRLQW�RU�D
PXOWL�SRLQW� FDOLEUDWLRQ�� )RU� WKH� ILUVW� FDOLEUDWLRQ� RU�ZKHQ� WKH� UHODWLRQVKLS� LV� QRW� OLQHDU� RYHQ� WKH�ZKROH� XVHG
UDQJH��D�PXOWL�SRLQW�FDOLEUDWLRQ� LV� UHTXLUHG��)RU�H[DPSOH��D�FDOLEUDWLRQ� LV�FDUULHG�RXW�DW������������������
�����DQG������SRZHU� DQG� WKH� UHVXOWV� SORWWHG� LQ� D� JUDSK��8VH� RI� WKH� QRQ�OLQHDU� SDUW� FDQ� EH� H[FOXGHG� RU
OLPLWHG��,Q�FDVH�RI�OLQHDU�UHODWLRQVKLS��FDOLEUDWLRQ�FDQ�EH�GRQH�DW�WZR�SRVLWLRQV��IRU�H[DPSOH������DQG������
SRZHU��

(IIHFWLYH�SRZHU�LV�GHWHUPLQHG�E\�PHDVXULQJ�WKH�SRZHU�GLVVLSDWHG�E\�WKH�RYHQ�LQ�D�JLYHQ�VDPSOH��IRU�H[DPSOH
E\�KHDWLQJ���NJ�ZDWHU�IRU�D�IL[HG�WLPH�SHULRG�RI���PLQ�

)RU�WKDW�SXUSRVH�WKH�IROORZLQJ�SURFHGXUH�VKRXOG�EH�XVHG��WUDQVIHU�WKH�ZDWHU�LQ�D�SODVWLFV�EHDNHU��RU�D�EHDNHU
RI� DQ\�PLFURZDYH� HQHUJ\� QRQ�DEVRUEHQW�PDWHULDO�� DQG� VWLU��*ODVV� EHDNHUV� DEVRUE�PLFURZDYH� HQHUJ\� DQG
VKRXOG�QRW�EH�XVHG��0HDVXUH�WKH�WHPSHUDWXUH�RI�WKH�ZDWHU�� LWV�YDOXH�VKRXOG�EH�QHDU�WKH�URRP�WHPSHUDWXUH
YDOXH�DW�WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQW�

3ODFH�WKH�SODVWLFV�EHDNHU�LQ�WKH�PLFURZDYH�RYHQ��'R�DOZD\V�VHOHFW�WKH�VDPH�SRVLWLRQ�DQG�SUHIHUDEO\�LQ�WKH
PLGGOH�RI�WKH�WXUQWDEOH��$SSO\�WKH�VHOHFWHG�SRZHU�IRU���PLQ��5HPRYH�WKH�EHDNHU��VWLU��DQG�PHDVXUH�WKH�ILQDO
WHPSHUDWXUH��5HSHDW�WKLV�SURFHGXUH�ZLWK�WKH�RWKHU�VHOHFWHG�SRZHU�VHWWLQJV�

7KH�PHDVXUHPHQWV�VKRXOG�EH�DFFXUDWH�WR������&�DQG�EH�FDUULHG�RXW�ZLWKLQ����V�DIWHU�KHDWLQJ��:KHQ�VHYHUDO
PHDVXUHPHQWV�DUH�GRQH��GR�QRW�XVH�WKH�VDPH�ZDWHU��XQOHVV�WKLV�KDV�EHHQ�FRROHG�WR�URRP�WHPSHUDWXUH�

7KH�DEVRUEHG�SRZHU�LV�GHWHUPLQHG�ZLWK�WKH�IROORZLQJ�HTXDWLRQ�

W

7P&
3

S D��
= �%���

ZKHUH

3 LV�WKH�SRZHU�DEVRUEHG�E\�WKH�ZDWHU��LQ�ZDWWV�

&S LV�WKH�VSHFLILF�KHDW�IRU�ZDWHU��LQ�-�NJ¼.�� ������-�NJ¼.��

P LV�WKH�PDVV�RI�ZDWHU�XVHG�IRU�WKH�FDOLEUDWLRQ�LQ�NLORJUDPV�

D7 LV�WKH�GLIIHUHQFH�EHWZHHQ�LQLWLDO�DQG�ILQDO�WHPSHUDWXUH��LQ�.HOYLQ�

W LV�WKH�WLPH�SHULRG��LQ�VHFRQGV�
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,I�LQ�WKH�DERYH�GHVFULEHG�SURFHGXUH���PLQ�DQG���NJ�ZDWHU�DUH�XVHG��WKH�HTXDWLRQ��%����FDQ�EH�VLPSOLILHG�WR�

3� �D7��������

,Q�WKLV�ZD\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�DFWXDOO\�VXSSOLHG��HIIHFWLYH��SRZHU�DQG�WKH�JUDGXDWLRQ�RI�WKH�VFDOH
FDQ�EH�GHWHUPLQHG�

%��� &DOLEUDWLRQ�RI�WKH�PLFURZDYH�RYHQ�IRU�PHWKRG�'

&DOLEUDWLRQ�LV�LQLWLDOO\�DFKLHYHG�DQG�SHULRGLFDOO\�YHULILHG�E\�WKH�PDQXIDFWXUHU�
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*XLGHOLQHV�IRU�PHDVXUHPHQW��WHFKQLTXHV

&��� .LQG�RI�VOXGJH

0RVWO\� IURP�ZDVWHZDWHU� WUHDWPHQW�SODQWV��7KH�VOXGJH�FDQ�KDYH�EHHQ� WUHDWHG�ZLWK� OLPH��NHSW� LQ�D�GLJHVWLRQ
WDQN�RU�QRW�WUHDWHG�DW�DOO��7KH�ZDVWHZDWHUV��IURP�ZKLFK�WKH�VOXGJH�RULJLQDWHV�IURP��KDYH�RIWHQ�EHHQ�WUHDWHG
ZLWK�UHDJHQWV�FRQWDLQLQJ�$O-�RU�)H�VDOWV�DQG�FDOFLXP�R[LGH�

7KH�GU\�UHVLGXH�FDQ�YDU\�IURP�OHVV�WKDQ�����XS�WR�DERXW������E\�PDVV�

7KH�ORVV�RQ�LJQLWLRQ�YDULHV�DSSUR[LPDWHO\�IURP�WR������XS�WR�������DV�SHUFHQW�RI�GU\�PDVV���PRVW�FRPPRQO\
�����WR�������

&��� $WRPLF�DEVRUSWLRQ�VSHFWURPHWU\��$$6�

$WRPLF�DEVRUSWLRQ�VSHFWURPHWU\�KDV�KLVWRULFDOO\�EHHQ�WKH�PRVW�ZLGHO\�XVHG�WHFKQLTXH�IRU�HOHPHQWDO�DQDO\VLV
LQ� VOXGJHV�� 7KH� GHWHFWLRQ� OLPLWV� DFKLHYDEOH� XVLQJ� IODPH�$$6� DUH� VDWLVIDFWRU\� IRU� PRVW� DSSOLFDWLRQV�� ZLWK
IODPHOHVV� $$6� OLPLWHG� WR� YHU\� ORZ� OHYHO� GHWHUPLQDWLRQV� RI� OHVV� DEXQGDQW� HOHPHQWV� VXFK� DV� FDGPLXP�
%HFDXVH�RI� WKH�ZLGH�YDULHW\�RI� FRQILJXUDWLRQV�QR�JXLGDQFH� LV�JLYHQ�KHUH�ZLWK� UHJDUG� WR� LQVWUXPHQW� VHW�XS�
KRZHYHU�LW�LV�UHOHYDQW�WR�GLVFXVV�VRPH�RI�WKH�FRPPRQ�LQWHUIHUHQFHV�DVVRFLDWHG�ZLWK�WKH�WHFKQLTXH�

D�� 3K\VLFDO�LQWHUIHUHQFHV

3K\VLFDO�LQWHUIHUHQFHV�DUH�GHILQHG�DV�GHSUHVVLRQ�RU�HQKDQFHPHQW�RI�WKH�DQDO\WH�VLJQDO�LQ�WKH�VDPSOH�UHODWLYH
WR� WKH� FDOLEUDWLRQ� VWDQGDUG� WKDW� DUH� GXH� WR� GLIIHUHQFHV� LQ� SK\VLFDO� SURSHUWLHV� VXFK� DV� YLVFRVLW\�� VXUIDFH
WHQVLRQ�DQG�YDSRXU�SUHVVXUH��7KH\�DUH�PRUH�LPSRUWDQW�LQ�IODPH�$$6�WKDQ�IODPHOHVV�$$6�GXH�WR�WKH�JUHDWHU
FRPSOH[LW\�RI�WKH�VDPSOH�LQWURGXFWLRQ�V\VWHP��6XFK�LQWHUIHUHQFHV�FDQ�EH�RYHUFRPH�E\�PDWUL[�PDWFKLQJ�WKH
FDOLEUDWLRQ� VWDQGDUGV�� GLOXWLQJ� WKH� VDPSOH�� RU� YHU\� PXFK� DV� D� ODVW� UHVRUW�� XVLQJ� WKH� PHWKRG� RI� VWDQGDUG
DGGLWLRQV�

E�� &KHPLFDO�LQWHUIHUHQFHV

&KHPLFDO�LQWHUIHUHQFHV�LQ�IODPH�$$6�DUH�GXH�WR�LQFRPSOHWH�DWRPL]DWLRQ�RI�WKH�DQDO\WH�RU�FKHPLFDO�UHDFWLRQ
RI�DQDO\WH�DWRPV�WR�IRUP�VWDEOH�FRPSRXQGV��7KHVH�LQWHUIHUHQFHV�DUH�RYHUFRPH�HLWKHU�E\�XVLQJ�D�KRWWHU�IODPH
�QLWURXV�R[LGH�DFHW\OHQH��RU�E\�DGGLQJ�D�FKHPLFDO�UHOHDVLQJ�VKLHOGLQJ�DJHQW�WR�WKH�VDPSOH��,Q�IODPHOHVV�$$6�
FKHPLFDO� LQWHUIHUHQFHV� DUH� GXH� HLWKHU� WR� YRODWLOH� FRPSRXQG� IRUPDWLRQ� LQ�ZKLFK� WKH� DQDO\WH� LV� ORVW� SULRU� WR
DWRPL]DWLRQ��RU�VWDEOH�FRPSRXQG�IRUPDWLRQ��7KHVH�LQWHUIHUHQFHV�DUH�RYHUFRPH�E\�WKH�XVH�RI�PDWUL[�PRGLILHUV
DQG�FDUHIXO�VHOHFWLRQ�RI�WKH�FXYHWWH�W\SH�DQG�DWRPL]DWLRQ�FRQGLWLRQV�

F�� ,RQL]DWLRQ�LQWHUIHUHQFHV

,I� WKH� DQDO\WH� LV� LRQL]HG� LQ� WKH� IODPH�� DWRPLF� DEVRUSWLRQ� GRHV� QRW� RFFXU� DQG� D� GHSUHVVHG� UHVSRQVH� LV
REVHUYHG��7KLV�W\SH�RI�LQWHUIHUHQFH�LV�D�SUREOHP�LQ�WKH�DQDO\VLV�RI�HDVLO\�LRQL]HG�HOHPHQWV�VXFK�DV�WKH�DONDOL
DQG�DONDOLQH�HDUWK�PHWDOV�� ,W� LV�RYHUFRPH�E\� �EXIIHULQJ�� WKH�FDOLEUDWLRQ�VWDQGDUGV�DQG�VDPSOH�ZLWK�D� ODUJH
H[FHVV�RI�D�PRUH�HDVLO\�LRQL]HG�HOHPHQW�VXFK�DV�FDHVLXP�

G�� 6SHFWUDO�LQWHUIHUHQFHV

6SHFWUDO� LQWHUIHUHQFHV� LQ� DWRPLF� DEVRUSWLRQ� VSHFWURPHWU\� DUH� UHODWLYHO\� XQFRPPRQ� DQG� DUH� GXH�PDLQO\� WR
PROHFXODU�DEVRUSWLRQ��6XFK�EURDG�EDQG�RU�FRQWLQXXP�W\SH�DEVRUSWLRQ�FDQ�RIWHQ�EH�HOLPLQDWHG�E\�EDFNJURXQG
FRUUHFWLRQ�
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&��� ,QGXFWLYHO\�FRXSOHG�SODVPD�RSWLFDO�HPLVVLRQ�VSHFWURPHWU\��,&3�2(6�

)RU� WKRVH� ODERUDWRULHV� ZLWK� KLJK� VDPSOH� WKURXJKSXW�� ,&3�2(6� VSHFWURPHWU\� LV� LQFUHDVLQJO\� EHFRPLQJ� WKH
SULPDU\�WHFKQLTXH�IRU�VOXGJH�DQDO\VLV��7KH�PXOWL�HOHPHQW�FDSDELOLWLHV��ZLGH�OLQHDU�G\QDPLF�UDQJH�DQG�UHODWLYH
IUHHGRP�IURP�LQWHUIHUHQFHV�RI� ,&3�2(6�JLYH� LW�VLJQLILFDQW�DGYDQWDJHV�RYHU�$$6��2QFH�DJDLQ� WKHUH�DUH� WRR
PDQ\� GLIIHUHQW� LQVWUXPHQW� FRQILJXUDWLRQV� WR� GLVFXVV� WKH� WHFKQLTXH� LQ� GHWDLO�� &RPPRQ� LQWHUIHUHQFHV� DUH
VXPPDUL]HG�EHORZ�

D�� 3K\VLFDO�LQWHUIHUHQFHV

%HFDXVH�RI�WKH�VLPLODULW\�LQ�VDPSOH�LQWURGXFWLRQ�V\VWHPV��WKH�SK\VLFDO�LQWHUIHUHQFHV��DQG�WKH�SURFHGXUHV�IRU
RYHUFRPLQJ�WKHP��DUH�PXFK�WKH�VDPH�DV�IRU�$$6��+RZHYHU��EHFDXVH�,&3�2(6�LV�D�PXOWL�HOHPHQW�WHFKQLTXH
LW�LV�SRVVLEOH�WR�XVH�LQWHUQDO�VWDQGDUGL]DWLRQ�LQ�SUHIHUHQFH�WR�WKH�PHWKRG�RI�VWDQGDUG�DGGLWLRQV�

E�� &KHPLFDO�DQG�LRQL]DWLRQ�LQWHUIHUHQFHV

7KHVH� LQWHUIHUHQFHV�DUH�PXFK� OHVV�FRPPRQ� LQ� ,&3�2(6� WKDQ� LQ�$$6��KRZHYHU� LQ� WKH� ODWHVW�JHQHUDWLRQ�RI
D[LDO� ,&3� LQVWUXPHQWV� ZKHUH� WKH� SODVPD� LV� YLHZHG� �HQG� RQ�� WR� LPSURYH� GHWHFWLRQ� OLPLWV�� FKHPLFDO� DQG
LRQL]DWLRQ�LQWHUIHUHQFHV�FDQ�EH�PRUH�RI�D�SUREOHP�EHFDXVH�LW�LV�QRW�SRVVLEOH�WR�EH�DV�VHOHFWLYH�DERXW�ZKLFK
]RQH�RI�WKH�SODVPD�LV�YLHZHG�E\�WKH�RSWLFV�

F�� 6SHFWUDO�LQWHUIHUHQFHV

6SHFWUDO�LQWHUIHUHQFHV�DUH�E\�IDU�WKH�PRVW�LPSRUWDQW�SRWHQWLDO�VRXUFH�RI�HUURU�LQ�,&3�2(6��(PLVVLRQ�VSHFWUD
DUH�H[WUHPHO\�FRPSOH[�DQG� LQ�D�PDWUL[�VXFK�DV�D�VOXGJH�GLJHVW� WKHUH�DUH�PDQ\�HOHPHQWV�SUHVHQW�DW�KLJK
FRQFHQWUDWLRQ��6SHFWUDO� LQWHUIHUHQFHV�FDQ�EH�GXH� WR�EDFNJURXQG�VKLIW� FDXVHG�E\�FRQWLQXXP�HPLVVLRQ� IURP
KLJK�FRQFHQWUDWLRQV�RI�HOHPHQWV�VXFK�DV�DOXPLQLXP�DQG�FDOFLXP�RU�OLQH�RYHUODS�IURP�DQRWKHU�HOHPHQW�LQ�WKH
VDPSOH��&RQWLQXXP�HPLVVLRQ�FDQ�XVXDOO\�EH�EDFNJURXQG�FRUUHFWHG�� ,Q�FDVHV�RI� OLQH�RYHUODS�� LI� WKHUH� LV�QR
RWKHU�DYDLODEOH�HPLVVLRQ�OLQH��LW�LV�XVXDOO\�QHFHVVDU\�WR�FDOFXODWH�DQG�DSSO\�DQ�LQWHU�HOHPHQW�FRUUHFWLRQ�IDFWRU
WKRXJK� WKHUH� DUH� VRPH� LQVWUXPHQWV� FRPLQJ� RQ� WR� WKH� PDUNHW� WKDW� XVH� SRZHUIXO� PDWKHPDWLFDO� PRGHOOLQJ
WHFKQLTXHV�WR�FRUUHFW�IRU�OLQH�RYHUODS�

&��� ,QGXFWLYHO\�FRXSOHG�SODVPD�PDVV�VSHFWURPHWU\��,&3�06�

,Q�WHUPV�RI�GHWHFWDELOLW\�DQG�UDQJH�RI�HOHPHQWV�FRYHUHG��,&3�06�LV�WKH�PRVW�SRZHUIXO�WHFKQLTXH�DYDLODEOH�IRU
HOHPHQWDO�DQDO\VLV��+RZHYHU��LW�KDV�D�QXPEHU�RI�OLPLWDWLRQV�WKDW�PDNH�LW�OHVV�VXLWDEOH�IRU�VOXGJH�DQDO\VLV�WKDQ
,&3�2(6���,&3�06�LQVWUXPHQWV�FDQQRW�FRSH�ZLWK�GLVVROYHG�VROLGV�DERYH�DERXW��������)LQDOO\��LQWHUIHUHQFHV
GXH� WR� LRQV� ZLWK� WKH� VDPH� PDVV�FKDUJH� UDWLR� �LVREDULF� LQWHUIHUHQFHV�� DUH� D� SDUWLFXODU� SUREOHP� IRU
PRQRLVRWRSLF� HOHPHQWV� �H�J�� DUVHQLF��� 1HYHUWKHOHVV� WKHUH� DUH� VRPH� ODERUDWRULHV� WKDW� XVH� ,&3�06�� ZLWK
VDPSOH�GLOXWLRQ��IRU�WKH�DQDO\VLV�RI�VOXGJHV�
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3UHFLVLRQ�GDWD�IRU�PHWKRGV�&�DQG�'�ZLWK�UHIHUHQFH�PDWHULDOV

7KH� IROORZLQJ� WDEOH�SUHVHQWV� WKH�PHDQV�DQG������FRQILGHQFH� LQWHUYDOV�REWDLQHG� IRU�VL[�H[SHULPHQWV�XVLQJ
PHWKRGV�&�DQG�'��DQG�WKH�FHUWLILHG�YDOXHV�

&50�����5�� 6HZDJH�VOXGJH�DPHQGHG�VRLO���$TXD�UHJLD�FHUWLILHG�YDOXH

&50������ 6HZDJH�VOXGJH�IURP�GRPHVWLF�RULJLQ

&50�����5�� 6HZDJH�VOXGJH�IURP�PL[HG�RULJLQ���$TXD�UHJLD�FHUWLILHG�YDOXH

&50������ 6HZDJH�VOXGJH�IURP�LQGXVWULDO�RULJLQ

7DEOH�'���²�0HWDOV�UHFRYHU\�IURP�UHIHUHQFH�PDWHULDOV���0HWKRG�&

&U

�J�J

&X

�J�J

1L

�J�J

=Q

�J�J

3E

�J�J

&G

�J�J

+J

�J�J

&50����

PHDQ ��� ��� ��� ����� ��� ���� ����

�����FRQILGHQFH�LQWHUYDO �� �� �� �� �� ���� ����

7RWDO�FRQWHQW�FHUWLILHG�YDOXH ��� ��� ��� ����� ��� ���� ����

�����FRQILGHQFH�LQWHUYDO �� �� �� ��� �� ���� ����

&50�����5

PHDQ ��� ��� ��� ����� ��� ���� ����

�����FRQILGHQFH�LQWHUYDO �� �� �� ��� �� ���� ����

$TXD�UHJLD�FHUWLILHG�YDOXH ��� ��� ��� ����� ��� �����D ����

�����FRQILGHQFH�LQWHUYDO �� � � �� � ���� ����

&50����

PHDQ ��� ��� ��� ����� ����

�����FRQILGHQFH�LQWHUYDO �� �� �� ��� ����

7RWDO�FRQWHQW�FHUWLILHG�YDOXH ��� ��� ��� ����� ����

�����FRQILGHQFH�LQWHUYDO �� �� �� �� ����

D 7RWDO�FRQWHQW�YDOXH�

,Q�JUH\��UHVXOW�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�FHUWLILHG�YDOXH�
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7DEOH�'���²�0HWDOV�UHFRYHU\�IURP�UHIHUHQFH�PDWHULDOV���0HWKRG�'

&U

�J�J

&X

�J�J

1L

�J�J

=Q

�J�J

3E

�J�J

&G

�J�J

&50����

PHDQ ��� ��� ��� ����� ��� ����

�����FRQILGHQFH�LQWHUYDO �� �� �� ��� �� ����

7RWDO�FRQWHQW�FHUWLILHG�YDOXH ��� ��� ��� ����� ��� ����

�����FRQILGHQFH�LQWHUYDO �� �� �� ��� �� ����

&50�����5

PHDQ ��� ��� ��� ����� ��� ����

�����FRQILGHQFH�LQWHUYDO � �� � �� � ���

$TXD�UHJLD�FHUWLILHG�YDOXH ��� ��� ��� ����� ��� �����D

�����FRQILGHQFH�LQWHUYDO �� � � �� � ����

&50�����5

PHDQ ��� ��� ��� ����� ��� ��

�����FRQILGHQFH�LQWHUYDO �� ��� ���� �� � ���

$TXD�UHJLD�VROXEOH ��� ������D ��� ����� ��� ��

�����FRQILGHQFH�LQWHUYDO �� ��� � �� � ���

D 7RWDO�FRQWHQW�YDOXH�

,Q�JUH\��UHVXOW�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�FHUWLILHG�YDOXH�

127( 2WKHU� VWXGLHV� RQ�&G��&U��&X��1L�� 3��3E� DQG�=Q� KDYH� VKRZQ� JRRG� DJUHHPHQW� EHWZHHQ� WKH� WRWDO� GLJHVWLRQ
�+)�+&O2��� VROXWLRQ� DQG�DTXD� UHJLD� GLJHVWLRQ�� 7KH� FRPSDULVRQ� EHWZHHQ� WKH�PHWKRGV�JLYHV� D� FRHIILFLHQW� RI� WKH� VORSH
EHWZHHQ������DQG������OHDGLQJ�WR�WKH�FRQFOXVLRQ�WKDW�ERWK�GLJHVWLRQ�WHFKQLTXHV�FDQ�EH�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�WRWDO
FRQWHQW�
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%LEOLRJUDSK\

%&5�� ,QIRUPDWLRQ� 5HIHUHQFH� PDWHULDOV� IURP� (XURSHDQ� &RPPLVVLRQ� SXEOLFDWLRQ�� &50�����5�� &50�����
&50�����5��&50�����
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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
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Fax: 020 8996 7048.
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receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Membership Administration. Tel: 020 8996 7002.
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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
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