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Chapter 2: Exhaust Emission Test Cycle and Test Procedures

2.1  Introduction

,Q�RUGHU�IRU�(3$�WR�VXFFHVVIXOO\�UHJXODWH�H[KDXVW�HPLVVLRQV�IURP�VPDOO

QRQURDG�HQJLQHV��WKH�$JHQF\�VWULYHV�WR�HVWDEOLVK�WHVW�SURFHGXUHV�DQG�F\FOHV

ZKLFK�HQVXUH�WHFKQRORJLHV�XVHG�E\�PDQXIDFWXUHUV�QRW�RQO\�PHHW�WKH�HPLVVLRQ

VWDQGDUGV�ZKHQ�WHVWHG�RYHU�WKH�UHTXLUHG�WHVW�SURFHGXUHV��EXW�DOVR�UHVXOW�LQ�D

SUHGLFWDEOH�HPLVVLRQ�UHGXFWLRQ�LQ�DFWXDO�XVH���7HVW�SURFHGXUHV�DUH�VSHFLILHG�WR�D

OHYHO�RI�GHWDLO�QHFHVVDU\�WR�SURGXFH�DFFXUDWH��UHSHDWDEOH�UHVXOWV�

2.2  Phase 1 test procedures and test cycle

7KH�3KDVH���WHVW�SURFHGXUH�LV�GHVFULEHG�LQ����&)5�3DUW�����6XESDUWV�'

DQG�(���7KH�3KDVH���WHVW�SURFHGXUH�LV�EDVHG�XSRQ�ZHOO�HVWDEOLVKHG�DQG�DFFHSWHG

RQ�KLJKZD\�H[KDXVW�HPLVVLRQ�PHWKRGV�DQG�HTXLSPHQW��ZLWK�VRPH�PRGLILFDWLRQ

WR�WDNH�LQWR�DFFRXQW�WKH�XQLTXH�QDWXUH�RI�VPDOO�6,�HQJLQHV���7KH�SURFHGXUHV�DUH

GHVLJQHG�WR�DFFXUDWHO\�PHDVXUH�HQJLQH�HPLVVLRQ�SHUIRUPDQFH���$�GHVFULSWLRQ�RI

WKH�3KDVH���WHVW�F\FOH�DQG�SURFHGXUH�FDQ�EH�IRXQG�LQ�WKH�ILQDO�5,$�IRU�WKH

3KDVH���UXOH��5HI������7KH�3KDVH���WHVW�F\FOHV��WZR�IRU�QRQKDQGKHOG�DQG�RQH�IRU

KDQGKHOG�HQJLQHV��DUH�FRPSULVHG�RI�D�VHULHV�RI�VWHDG\�VWDWH�¶PRGHV·���$�PRGH�LV

D�VSHFLILHG�HQJLQH�VSHHG�DQG�ORDG�FRQGLWLRQ��GXULQJ�ZKLFK�WKH�HQJLQH�LV

VWDELOL]HG�DQG�HPLVVLRQV�DUH�VDPSOHG���7KH�HPLVVLRQ�UHVXOWV�IRU�DOO�RI�WKH�PRGHV
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DUH�FRPELQHG�XVLQJ�¶ZHLJKWLQJ�IDFWRUV·�LQWR�D�VLQJOH�QXPEHU�IRU�HDFK�SROOXWDQW�

7KUHH�GLVWLQFW�F\FOHV��VHWV�RI�PRGHV��DUH�XVHG�IRU�VPDOO�HQJLQHV�����

HQJLQHV�XVHG�LQ�QRQ�KDQGKHOG�LQWHUPHGLDWH�VSHHG�DSSOLFDWLRQV������HQJLQHV

XVHG�LQ�QRQ�KDQGKHOG�UDWHG�VSHHG�DSSOLFDWLRQV��DQG������HQJLQHV�XVHG�LQ

KDQGKHOG�DSSOLFDWLRQV���7KH�WHVW�F\FOH�IRU�QRQ�KDQGKHOG�LQWHUPHGLDWH�VSHHG

HQJLQHV�FRQVLVWV�RI�VL[�GLIIHUHQW�VSHHG�ORDG�PRGHV��ILYH�ORDG�FRQGLWLRQV�WKDW

VSDQ�WKH�ORDG�UDQJH�RI�WKH�HQJLQH�DW�LQWHUPHGLDWH�VSHHG�DQG�RQH�QR�ORDG

FRQGLWLRQ�DW�LGOH�VSHHG���7KH�WHVW�F\FOH�IRU�QRQ�KDQGKHOG�UDWHG�VSHHG

DSSOLFDWLRQV�DOVR�FRQVLVWV�RI�VL[�GLIIHUHQW�PRGHV��ILYH�ORDG�FRQGLWLRQV�DW�UDWHG

VSHHG�DQG�RQH�QR�ORDG�FRQGLWLRQ�DW�LGOH�VSHHG���7KH�WHVW�F\FOH�IRU�KDQGKHOG

DSSOLFDWLRQV�FRQVLVW�RI���PRGHV��RQH�IXOO�ORDG�FRQGLWLRQ�DW�UDWHG�VSHHG�DQG�RQH

QR�ORDG�FRQGLWLRQ�DW�LGOH�VSHHG�

7KH�$JHQF\�GHWHUPLQHG�GXULQJ�WKH�3KDVH���UXOHPDNLQJ��EDVHG�RQ�WKH

LQIRUPDWLRQ�DYDLODEOH�DW�WKH�WLPH���WKDW�IRU�WKH�UDQJH�RI�WHFKQRORJLHV�H[SHFWHG

WR�EH�XVHG�WR�PHHW�WKH�3KDVH���VWDQGDUGV��WKDW�WKH�3KDVH���WHVW�F\FOH�DQG

ZHLJKWLQJ�IDFWRUV�ZHUH�DSSURSULDWH�

2.3  Agency review of Phase 1 test cycle and procedure for proposed Phase

2 rule

3ULRU�WR�SURSRVLQJ�3KDVH���HPLVVLRQ�VWDQGDUGV�IRU�VPDOO�QRQURDG�HQJLQHV�

WKH�$JHQF\�ILUVW�XQGHUWRRN��ZLWK�WKH�FRRSHUDWLRQ�RI�WKH�HQJLQH�LQGXVWU\�DQG

PHPEHUV�RI�WKH�1HJRWLDWHG�5XOHPDNLQJ�&RPPLWWHH��D�WHVW�SURJUDP�WR

GHWHUPLQH�LI�WKH�3KDVH���UXOH�VKRXOG�FRQWDLQ�D�FKDQJH�LQ�WKH�WHVW�F\FOH���7KH

$JHQF\�KDV�IRXQG�IRU�RWKHU�PRELOH�VRXUFH�FDWHJRULHV�WKDW�VWHDG�VWDWH�WHVW�F\FOHV
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RIWHQ�GR�QRW�UHVXOW�LQ�UHDO�LQ�XVH�HPLVVLRQ�UHGXFWLRQV�DQG�WKDW�¶WUDQVLHQW·�WHVW

F\FOHV�ZKLFK�PRUH�FORVHO\�PLPLF�UHDO�ZRUOG�RSHUDWLQJ�FRQGLWLRQV�DUH�QHFHVVDU\��

$�WUDQVLHQW�F\FOH�PHDQV�D�FRPELQDWLRQ�RI�VSHHG�DQG�RU�ORDG�FRQGLWLRQV�ZKLFK

YDU\�ZLWK�WLPH��VXFK�DV�WKH�RQ�KLJKZD\�)HGHUDO�7HVW�3URFHGXUH�IRU�OLJKW�GXW\

YHKLFOHV�RU�KHDY\�GXW\�HQJLQHV���

'XULQJ�WKH�5HJ�1HJ�SURFHVV�WKH�$JHQF\�H[SUHVVHG�FRQFHUQV�UHJDUGLQJ

WKH�DELOLW\�RI�WKH�3KDVH���VWHDG\�VWDWH�WHVW�F\FOHV�WR�DGHTXDWHO\�SUHGLFW�LQ�XVH

HPLVVLRQ�UHGXFWLRQV�IRU�D�3KDVH���UXOH�ZKLFK�ZRXOG�UHVXOW�LQ�GLIIHUHQW�HQJLQH

WHFKQRORJLHV�EHLQJ�HPSOR\HG���7KH�5HJ�1HJ�FRPPLWWHH�HVWDEOLVKHG�D�7HVW

3URFHGXUH�7DVN�*URXS�WR�H[DPLQH�WKH�H[LVWLQJ�3KDVH���WHVW�F\FOH�DQG�SURFHGXUH

DQG�PDNH�UHFRPPHQGDWLRQV�WR�WKH�FRPPLWWHH�UHJDUGLQJ�DQ\�DSSURSULDWH

FKDQJHV����5HI������7KH�7HVW�3URFHGXUH�7DVN�*URXS�HVWDEOLVKHG�WZR�VXEJURXSV

WR�H[DPLQH�WKH�3KDVH���VWHDG\�VWDWH�QRQ�KDQGKHOG�DQG�KDQGKHOG�WHVW�F\FOHV�

2.3.1 Review of Non-handheld Test Cycle

7KH�7HVW�3URFHGXUH�7DVN�*URXS�HVWDEOLVKHG�D�1RQKDQGKHOG�6XEJURXS�

FRQVLVWLQJ�RI�RQH�(3$�WHFKQLFDO�VWDII�SHUVRQ�DQG�WZR�LQGXVWU\�HQJLQHHUV��WR

GHYHORS�DQG�FDUU\�RXW�D�WHVW�SURJUDP�WR�GHWHUPLQH�LI�´IXWXUHµ�WHFKQRORJ\�QRQ�

KDQGKHOG�HQJLQH�HPLVVLRQ�UHGXFWLRQV�FRXOG�EH�SUHGLFWHG�ZLWK�WKH�XVH�RI�D

VWHDG\�VWDWH�WHVW�F\FOH�RU�LI�D�WUDQVLHQW�WHVW�F\FOH�ZDV�QHFHVVDU\���7KLV�WDVN

JURXS�XQGHUWRRN�D�WHVW�SURJUDP�ODVWLQJ�VHYHUDO�PRQWKV�ZKLFK�LQFOXGHG�

GHYHORSPHQW�RI�D�WUDQVLHQW�WHVW�F\FOH�DQG�SURFHGXUH��GHYHORSPHQW�RI�D

FRPSDUDEOH�VWHDG\�VWDWH�WHVW�F\FOH��GHYHORSPHQW�RI�D�´IXWXUHµ�WHFKQRORJ\

HQJLQH��DQG�FRPSOHWLQJ�D�VHULHV�RI�HPLVVLRQ�WHVWV���7KH�ZRUN�GRQH�E\�WKH

1RQKDQGKHOG�6XEJURXS�LV�ZHOO�GRFXPHQWHG�LQ�WKHLU�ILQDO�UHSRUW���5HI����

7KH�1RQKDQGKHOG�6XEJURXS�GHYHORSHG�D�UHSUHVHQWDWLYH�WUDQVLHQW�F\FOH
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EDVHG�RQ�ILHOG�GDWD�IRU�D�ZDON�EHKLQG�URWDU\�PRZHU�DSSOLFDWLRQ��UHIHUUHG�WR�DV

WKH�JUDVV�FXWWLQJ�GXW\�F\FOH��*&'&����7KH�1RQKDQGKHOG�6XEJURXS�DOVR

GHYHORSHG�D�VWHDG\�VWDWH�F\FOH�ZLWK�D�FRPSDUDEOH�ORDG�IDFWRU�WR�WKH�*&'&

ZKLFK�FRXOG�EH�XVHG�IRU�FRPSDUDWLYH�SXUSRVHV���7KH�1RQKDQGKHOG�6XEJURXS

XWLOL]HG�WKUHH�WHVW�HQJLQHV�IRU�FRPSDULVRQ�WHVWLQJ�EHWZHHQ�WUDQVLHQW�DQG�VWHDG\�

VWDWH�RSHUDWLRQV��WZR�EDVHOLQH�WHFKQRORJ\�HQJLQHV�DQG�RQH�IXWXUH�WHFKQRORJ\

HQJLQH���7KH�EDVHOLQH�HQJLQHV�ZHUH�VLQJOH�F\OLQGHU�2+9�ZDON�EHKLQG�PRZHU

HQJLQHV��WKH�IXWXUH�WHFKQRORJ\�ZDV�EDVHG�RQ�WKH�VDPH�PRGHO��EXW�ZLWK�DQ

H[SHULPHQWDO�FDUEXUHWRU�DQG�DFFHOHUDWRU�SXPS�ZKLFK�DOORZHG�WKH�HQJLQH�WR

SHUIRUP�DW�HQOHDQHG�DLU�IXHO�UDWLRV�DQG�UHO\�RQ�WKH�DFFHOHUDWRU�SXPS�IRU

DFFHOHUDWLRQV���7DEOH������FRQWDLQV�D�VXPPDU\�RI�WKH�UHOHYDQW�GDWD�IURP�WKH

1RQKDQGKHOG�6XEJURXS�ILQDO�UHSRUW�UHJDUGLQJ�WKH�FRPSDULVRQ�EHWZHHQ�VWHDG\�

VWDWH�DQG�WUDQVLHQW�UHVXOWV�
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7DEOH�������

6XPPDU\�RI�5HVXOWV�IURP�1RQKDQGKHOG�7UDQVLHQW�6WHDG\�6WDWH�&\FOH�3URJUDP

7HVW�(QJLQH &\FOH �J�N:�KU �J�N:�KU� �J�N:�KU�

$YJ��+& $YJ��12[ $YJ��&2

(QJLQH��� VWHDG\�VWDWH ������ ���� ���

(QJLQH��� WUDQVLHQW ����� ���� ���

(QJLQH��� VWHDG\�VWDWH ����� ���� ���

(QJLQH��� WUDQVLHQW ����� ���� ���

(QJLQH������(QOHDQHG

Z�$FFHOHUDWRU�3XPS� VWHDG\�VWDWH ���� ���� ��

(QJLQH������(QOHDQHG

Z�$FFHOHUDWRU�3XPS� WUDQVLHQW ���� ���� ��

7KH�VWHDG\�VWDWH�F\FOH�UHVXOWV�VKRZQ�LQ�7DEOH������DUH�EDVHG�RQ�WKH

1RQKDQGKHOG�6XEJURXS·V�VWHDG\�VWDWH�F\FOH�ZKLFK�ZDV�GHYHORSHG�WR�KDYH�WKH

VDPH�ORDG�IDFWRU�DV�WKH�WUDQVLHQW�*&'&���$V�GLVFXVVHG�LQ�&KDSWHU���RI�WKLV

GUDIW�56'��WKH�$JHQF\�LV�SURSRVLQJ�VWDQGDUGV�IRU�&ODVV�,�DQG�&ODVV�,,�HQJLQHV

ZKLFK�FDQ�EH�PHHW�E\�HLWKHU�69�DQG�2+9�WHFKQRORJ\�VXFK�DV�WKH�2+9

WHFKQRORJ\�XVHG�LQ�(QJLQHV����DQG������7KH�$JHQF\�HVWLPDWHV�WKH�SURSRVHG

&ODVV�,�DQG�,,�HQJLQH�VWDQGDUGV�ZLOO�QRW�UHTXLUH�WKH�OHYHO�RI�HQOHDQPHQW�RU�DQ

DFFHOHUDWRU�VXFK�DV�WKH�WHFKQRORJ\�HPSOR\HG�E\�(QJLQH������7KHUHIRUH��EDVHG

RQ�WKH�UHODWLYHO\�PLQRU�GLIIHUHQFHV�LQ�+&�DQG�12[�HPLVVLRQV�EHWZHHQ�WKH

VWHDG\�VWDWH�DQG�WUDQVLHQW�F\FOHV�IRU�(QJLQHV����DQG�����WKH�$JHQF\�FRQFOXGHV

D�VWHDG\�VWDWH�F\FOH�LV�DSSURSULDWH�IRU�3KDVH���QRQKDQGKHOG�HQJLQHV�

'XULQJ�GLVFXVVLRQV�ZLWK�QRQKDQGKHOG�HQJLQH�PDQXIDFWXUHUV�ZLWKLQ�WKH
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7HVW�3URFHGXUH�7DVN�*URXS��HQJLQH�PDQXIDFWXUHUV�DQG�WKH�$JHQF\�JHQHUDOO\

DJUHHG�WKDW�WKH�3KDVH���WHVW�SURFHGXUH�SUDFWLFH�RI�XVLQJ�IL[HG�WKURWWOH�RSHUDWLRQ

GXULQJ�WKH�VWHDG\�VWDWH�F\FOH�ZDV�QRW�FRQVLGHUHG�DQ�LGHDO�WHVW�PHWKRG�IRU

FKDUDFWHUL]LQJ�UHDO�ZRUOG�HPLVVLRQV�IURP�HQJLQHV�HTXLSSHG�ZLWK�HQJLQH

URWDWLRQDO�VSHHG�JRYHUQRUV���)RU�3KDVH���HQJLQHV�����&)5��������DOORZV�D

PDQXIDFWXUHU�WR�FKRRVH�EHWZHHQ�XVLQJ�WKH�HQJLQHV�VSHHG�JRYHUQRU�RU�XVLQJ�DQ

H[WHUQDO�WKURWWOH�FRQWUROOHU�WR�PDLQWDLQ�HQJLQH�VSHHG�DQG�ORDG���7KH�$JHQF\�LV

FRQFHUQHG�WKDW�DV�VWDQGDUGV�EHFRPH�PRUH�VWULQJHQW�WKH�SRWHQWLDO�QHJDWLYH

HIIHFWV�IURP�DUWLILFLDO�FRQWURO�RI�DQ�HQJLQHV�WKURWWOH�YDOYH�PD\�EHFRPH

LQFUHDVLQJO\�LPSRUWDQW���

%DVHG�RQ�GLVFXVVLRQ�GXULQJ�WKH�PHHWLQJV�RI�WKH�7HVW�3URFHGXUH�7DVN

*URXS�DQG�WKH�$JHQF\·V�GHVLUH�WR�PDLQWDLQ�DQ�DSSURSULDWH�UHODWLRQVKLS�EHWZHHQ

WKH�)HGHUDO�7HVW�3URFHGXUH�DQG�UHDO�ZRUOG�RSHUDWLRQ��WKH�$JHQF\�LV�SURSRVLQJ

WKDW�3KDVH���&ODVV�,�DQG�,,�HQJLQHV�HTXLSSHG�ZLWK�HQJLQH�VSHHG�JRYHUQRUV�PXVW

XWLOL]H�WKH�JRYHUQRU�GXULQJ�WKH�WHVW�F\FOH��H[FHSW�IRU�WKH������ORDG�PRGH�

GXULQJ�ZKLFK�IL[HG�WKURWWOH�RSHUDWLRQ�PD\�EH�XVHG�WR�GHWHUPLQH�WKH�ZLGH�RSHQ

WKURWWOH�FRQGLWLRQ���7KH�VSHFLILF�FKDQJHV�DUH�FRQWDLQHG�LQ�SURSRVHG�UHJXODWRU\

PRGLILFDWLRQV�WR�6XESDUW�(�RI����&)5�3DUW����

2.3.2 Review of Handheld Test Cycle

7KH�7HVW�3URFHGXUH�7DVN�*URXS�HVWDEOLVKHG�E\�WKH�5HJ�1HJ�FRPPLWWHH

DOVR�H[DPLQHG�WKH�3KDVH���KDQGKHOG�WHVW�F\FOH�DQG�LW·V�YLDELOLW\�DV�D�3KDVH��

WHVW�F\FOH���7KH�ZRUN�SHUIRUPHG�E\�WKH�+DQGKHOG�6XEJURXS�LV�ZHOO�GRFXPHQWHG

LQ�WKHLU�ILQDO�UHSRUW���5HI�����

7KH�+DQGKHOG�6XEJURXS�FKRRVH�D�&ODVV�,9�FKDLQ�VDZ�DV�WKH�WHVW�HQJLQH

XVHG�WR��HYDOXDWH�WKH�HIIHFW�RI�WUDQVLHQW�RSHUDWLRQ�RQ�D�IXWXUH�WHFKQRORJ\
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HQJLQH��WKH�+DQGKHOG�6XEJURXS�FKRRVH�D�&ODVV�,9�FKDLQ�VDZ��ZKLFK�ZDV�WHVWHG

LQ�D�EDVHOLQH�FRQILJXUDWLRQ�DQG�ZLWK�D�PRGLILHG�FDUEXUHWRU�ZKLFK�LQFOXGHG�D

OHDQHU�FDOLEUDWLRQ�DQG�DQ�DFFHOHUDWRU�SXPS�WR�VLPXODWH�D�¶IXWXUH�WHFKQRORJ\·

HQJLQH���7KH�+DQGKHOG�6XEJURXS�FKRRVH�D�FKDLQ�VDZ�DSSOLFDWLRQ�EHFDXVH�´7KH

FKDLQ�VDZ�ZDV�SLFNHG�EHFDXVH�FKDLQ�VDZV�KDYH�WKH�KLJKHVW�DPRXQW�RI�WKURWWOH

DFWLYDWLRQV�IURP�LGOH�WR�:27µ��VHH�5HI����WR�WKLV�&KDSWHU���H�J���FKDLQ�VDZ�XVH

LV�FRQVLGHUHG�WR�EH�WKH�PRVW�WUDQVLHQW�RI�KDQGKHOG�HQJLQH�DSSOLFDWLRQV���7KH

+DQGKHOG�6XEJURXS�XVHG�LQ�ILHOG�HQJLQH�RSHUDWLQJ�GDWD�WR�GHWHUPLQH�WKH

DSSURSULDWH�ZHLJKWLQJ�EHWZHHQ�ZLGH�RSHQ�WKURWWOH��:27��H�J���PD[LPXP�ORDG�

DQG�LGOH�FRQGLWLRQV�IRU�FKDLQ�VDZ�XVH�ZDV����SHUFHQW�:27��DQG����SHUFHQW

LGOH���7KH�+DQGKHOG�6XEJURXS�FKRRVH�DV�D�UHSUHVHQWDWLYH�VHW�RI�WUDQVLHQW�WHVW

F\FOHV�IRU�FKDLQ�VDZ�RSHUDWLRQ�WKUHH�F\FOHV���2I�WKH�WKUHH�WUDQVLHQW�F\FOHV��WKH

+DQGKHOG�:RUNJURXS�GHWHUPLQHG�WKH�´���VHFRQGµ�F\FOH�WR�EH�WKH�PRVW

DSSURSULDWH�IRU�FKDLQ�VDZ�DSSOLFDWLRQV���7KH����VHFRQG�F\FOH�IOXFWXDWHG

EHWZHHQ�:27�DQG�LGOH�DW�D�UDWH�RI����VHFRQGV�:27�IROORZHG�E\���VHFRQGV�RI

LGOH�ZKLFK�ZDV�UHSHDWHG�IRU�D�WRWDO�F\FOH�WLPH�RI�����VHFRQGV��RU����UHSHWLWLRQV

RI�WKH�:27�LGOH�FKDQJH���7KH�VWHDG\�VWDWH�FRPSDULVRQ�F\FOH�ZDV�D�WZR�PRGH

WHVW�LGHQWLFDO�WR�WKH�3KDVH���KDQGKHOG�HQJLQH�WHVW�F\FOH��EXW�ZLWK�ZHLJKWLQJ

IDFWRUV�DGMXVWHG�WR�PDWFK�WKH�VSHFLILF�RSHUDWLQJ�FRQGLWLRQV�RI�FKDLQ�VDZV�����

IRU�WKH�PD[LPXP�SRZHU�PRGH��DQG�����IRU�WKH�LGOH�PRGH���7DEOH������FRQWDLQV

D�VXPPDU\�RI�WKH�UHOHYDQW�HPLVVLRQ�WHVW�UHVXOWV�FROOHFWHG�E\�WKH�+DQGKHOG

6XEJURXS�
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7DEOH�����
6XPPDU\�RI�5HVXOWV�IURP�+DQGKHOG�7UDQVLHQW�6WHDG\�6WDWH�&\FOH�3URJUDP

7HVW�(QJLQH &\FOH �J�N:�KU �J�N:�KU� �J�N:�KU�
$YJ��+& $YJ��12[ $YJ��&2

&ODVV�,9�&KDLQ�6DZ�Z�
$FFHOHUDWRU�3XPS 6WHDG\�6WDWH ��� ���� ��

&ODVV�,9�&KDLQ�6DZ�Z� ����6HFRQG
$FFHOHUDWRU�3XPS 7UDQVLHQW ��� ���� ���

&ODVV�,9�&KDLQ�6DZ�Z�
1R�$FFHOHUDWRU�3XPS 6WHDG\�6WDWH ��� ���� ���

&ODVV�,9�&KDLQ�6DZ�Z� ���6HFRQG
1R�$FFHOHUDWRU�3XPS 7UDQVLHQW ��� ���� ��

7KH�HPLVVLRQ�UHVXOWV�IRU�WKLV�H[SHULPHQWDO�WHVW�HQJLQH�DUH�ZHOO�EHORZ�WKH

SURSRVHG�3KDVH���&ODVV�,9�+&�12[�OHYHO�RI�����J�N:�KU��WKLV�LV�OLNHO\�GXH�WR

WKH�OHDQ�FDUEXUHWRU�FDOLEUDWLRQ��DV�HYLGHQW�E\�WKH�YHU\�ORZ�&2�HPLVVLRQ�UDWHV��

$V�GLVFXVVHG�LQ�&KDSWHU���RI�WKLV�GUDIW�5,$��WKH�$JHQF\�GRHV�QRW�H[SHFW

PDQXIDFWXUHUV�ZLOO�DSSO\�DFFHOHUDWRU�SXPSV�RU�YHU\�OHDQ�FDOLEUDWLRQV�LQ�RUGHU�WR

PHHW�WKH�SURSRVHG�3KDVH���VWDQGDUGV���+RZHYHU��WKH�$JHQF\�GRHV�H[SHFW

PDQXIDFWXUHUV�WR�LQFRUSRUDWH�FKDQJHV�VXFK�DV�OHDQHU�FDOLEUDWLRQV�DORQJ�ZLWK

FKDQJHV�WR�FRPEXVWLRQ�FKDPEHU�DQG�SRUWLQJ�GHVLJQV���7KH�$JHQF\�H[SHFWV

WKHVH�FKDQJHV�ZLOO�UHVXOW�LQ�HQJLQH�GHVLJQV�VLPLODU�WR�WKH�WHVW�HQJLQH�XVHG�E\�WKH

+DQGKHOG�6XEJURXS��H[FHSW�IRU�WKH�XVH�RI�DQ�DFFHOHUDWRU�SXPS���7DEOH�����

LQGLFDWHV�WKDW��HYHQ�LI�PDQXIDFWXUHUV�FKRRVH�WR�PHHW�WKH�SURSRVHG�3KDVH��

VWDQGDUGV�E\�HLWKHU�OHDQ�FDUEXUHWRU�FDOLEUDWLRQ��RU�ZLWK�OHDQ�FDUEXUHWRU

FDOLEUDWLRQV�FRPELQHG�ZLWK�DQ�DFFHOHUDWRU�SXPS��D�WUDQVLHQW�WHVW�F\FOH�LV�QRW

QHFHVVDU\�WR�SUHGLFW�HPLVVLRQ�UHVXOWV�DW�WKLV�OHYHO�RI�FRQWURO���7KHUHIRUH��WKH

$JHQF\�LV�SURSRVLQJ�WR�XVH�WKH�3KDVH���WZR�PRGH�VWHDG\�VWDWH�WHVW�SURFHGXUH
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IRU�3KDVH���KDQGKHOG�HQJLQHV�

,Q�DGGLWLRQ�WR�H[DPLQLQJ�WKH�SRVVLEOH�QHHG�IRU�D�WUDQVLHQW�WHVW�F\FOH�IRU�D

3KDVH���SURJUDP��WKH�7HVW�3URFHGXUH�7DVN�*URXS�DOVR�H[DPLQHG�WKH

DSSURSULDWHQHVV�RI�ZHLJKWLQJ�IDFWRUV�IRU�WKH�WZR�PRGH�VWHDG\�VWDWH�F\FOH���7KH

3KDVH���WHVW�SURFHGXUH�VSHFLILHV�D�ZHLJKWLQJ�IDFWRU�RI������IRU�0RGH��

�PD[LPXP�SRZHU�PRGH��DQG������IRU�0RGH����LGOH�PRGH����7KH�DQDO\VLV�DQG

UHFRPPHQGDWLRQ�RI�WKH�LQGXVWU\�JURXS�ZKLFK�VWXGLHG�WKH�ZHLJKWLQJ�IDFWRU�LVVXH

LV�ZHOO�GRFXPHQWHG�LQ�WKHLU�ILQDO�UHSRUW��5HI������$�JURXS�RI�KDQGKHOG�HQJLQH

PDQXIDFWXUHUV�FROOHFWHG�ILHOG�F\FOH�GDWD�RQ�VHYHUDO�KDQGKHOG�DSSOLFDWLRQV�����

WULPPHUV�EUXVK�FXWWHU����FKDLQ�VDZV��DQG���EORZHUV���7KH�LQGXVWU\�JURXS

SURSRVHG�D�PHWKRGRORJ\�WR�GHWHUPLQH�WKH�DSSURSULDWH�KDQGKHOG�WHVW�F\FOH

ZHLJKWLQJ�IDFWRUV�ZKLFK�GHWHUPLQHG�WKH�DYHUDJH�:27�LGOH�WLPH�SHUFHQWDJHV�IRU

HDFK�DSSOLFDWLRQ��WULPPHUV�EUXVK�FXWWHUV��FKDLQ�VDZV��DQG�EORZHUV���DQG

ZHLJKWHG�WKHVH�E\�WKH�+&�HPLVVLRQV�LQYHQWRU\�LPSDFW�IURP�HDFK�DSSOLFDWLRQ��

7KH�+&�HPLVVLRQV�LQYHQWRU\�LPSDFW�RI�HDFK�DSSOLFDWLRQ�ZDV�GHWHUPLQHG�E\�WKH

IROORZLQJ�IRUPXOD�

(PLVVLRQV�,QYHQWRU\�,PSDFW�� ���78�[�+8�[�/)�[�+3�[�(0��¸�7(

ZKHUH��78� �WRWDO�XQLWV�VROG�SHU�\HDU�SHU�DSSOLFDWLRQ��+8� �DQQXDO�KRXUV�RI

XVH�SHU�DSSOLFDWLRQ��/)� �ORDG�IDFWRU�SHU�DSSOLFDWLRQ���+3� �DYHUDJH�UDWHG

KRUVHSRZHU�SHU�DSSOLFDWLRQ��(0� �HQJLQH�HPLVVLRQ�IDFWRU��J�+3�KU��SHU

DSSOLFDWLRQ��7(� �WRWDO�HPLVVLRQV�SHU�\HDU�IRU�DOO�DSSOLFDWLRQV���7KH�UHVXOWV�RI

WKH�DQDO\VLV�SHUIRUPHG�E\�PHPEHUV�RI�WKH�KDQGKHOG�HQJLQH�LQGXVWU\�LQGLFDWH

WKDW�DSSURSULDWH�WKH�ZHLJKWLQJ�IDFWRUV�IRU�KDQGKHOG�HQJLQHV�LV������IRU�0RGH��

DQG������IRU�0RGH���

7KH�$JHQF\�LV�SURSRVLQJ�WR�PRGLI\�WKH�ZHLJKWLQJ�IDFWRUV�IRU�3KDVH��

HQJLQHV�WR�UHIOHFW�WKH�UHVXOWV�RI�WKH�DQDO\VLV�SHUIRUPHG�E\�LQGXVWU\���7KRXJKW
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WKHVH�QHZ�ZHLJKWLQJ�IDFWRUV�DUH�RQO\�VOLJKWO\�GLIIHUHQW�IURP�WKH����������

YDOXHV�XVHG�IRU�3KDVH����WKH�$JHQF\�EHOLHYHV�WKH�3KDVH���SURJUDP�LV�DQ

DSSURSULDWH�WLPH�WR�PDNH�WKLV�PLQRU�FKDQJH��

2.4  Additional changes to Phase 1 test procedure

,Q�RUGHU�WR�DFFRPPRGDWH�WKH�SURSRVHG�RSWLRQDO�QRQ�PHWKDQH

K\GURFDUERQ��10+&��VWDQGDUG�IRU�QDWXUDO�JDV�IXHOHG�QRQKDQGKHOG�HQJLQHV�

WKH�$JHQF\�LV�SURSRVLQJ�WR�LQFRUSRUDWH�E\�UHIHUHQFH�WKH�DSSURSULDWH�VHFWLRQV

IURP����&)5�3DUW����ZKLFK�UHODWH�WR�WKH�PHDVXUHPHQW�RI�PHWKDQH�HPLVVLRQV

IURP�VSDUN�LJQLWHG�HQJLQHV���7KHVH�DSSURSULDWH�VHFWLRQV�ZHUH�SXEOLVKHG�DV�SDUW

RI�D�ILQDO�UXOHPDNLQJ�WLWOHG�´6WDQGDUGV�IRU�(PLVVLRQV�)URP�1DWXUDO�*DV�)XHOHG�

DQG�/LTXHILHG�3HWUROHXP�*DV�)XHOHG�0RWRU�9HKLFOHV�DQG�0RWRU�9HKLFOH

(QJLQHV��DQG�&HUWLILFDWLRQ�3URFHGXUHV�IRU�$IWHUPDUNHW�&RQYHUVLRQVµ�VHH����)5

�������SXEOLVKHG�RQ�6HSWHPEHU������������7KH�VSHFLILF�VHFWLRQV�EHLQJ

LQFRUSRUDWHG�FDQ�EH�IRXQG�LQ�WKH�SURSRVHG�UHJXODWRU\�ODQJXDJH�FRQWDLQHG�LQ

WKLV�SURSRVDO�DW���������G��DQG���������G��
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����´5HJXODWRU\�6XSSRUW�'RFXPHQW��&RQWURO�RI�$LU�3ROOXWLRQ��(PLVVLRQ�6WDQGDUGV�IRU
1HZ�1RQURDG�6SDUN�,JQLWLRQ�(QJLQHV�DW�RU�%HORZ����NLOR:DWWVµ�86�(3$��0D\������
(3$�$LU�'RFNHW�$��������'RFNHW�,WHP��9�%����

����+DQGRXWV�DQG�1RWHV�IURP�DOO�0HHWLQJV�RI�WKH�7HVW�3URFHGXUH�7DVN�*URXS�KHOG
GXULQJ�WKH�3KDVH���5HJXODWRU\�1HJRWLDWLRQ�DUH�DYDLODEOH�LQ�(3$�$LU�'RFNHW�$�������

�����7UDQVLHQW�9HUVXV�6WHDG\�6WDWH�7HVW�3URFHGXUH�(YDOXDWLRQ�RI�6PDOO�8WLOLW\
(QJLQHVµ��(3$�$LU�'RFNHW�$��������'RFNHW�,WHP�,,�0����

����´)LQDO�5HSRUW���+DQGKHOG�6XEJURXS�RI�WKH�7HVW�3URFHGXUH�7DVN�*URXSµ��(3$�$LU
'RFNHW�$��������'RFNHW�,WHP�,,�0����

����´+DQG�+HOG�&RPSRVLWH�'XW\�&\FOHµ��'HF������������(3$�$LU�'RFNHW�$�������
'RFNHW�,WHP�,,�'���
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