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mailto:fbuchter@eivd.ch
mailto:fbuchter@eivd.ch
http://www.limsi.fr/indexgb.html
http://www.eivd.ch/
http://www.eivd.ch/igt/lesbat/default.htm


)��%XFKWHU��IEXFKWHU#HLYG�FK ��

PDFKLQH�� RSHUDWHG� LQ� D� ����� VRODU�SRZHUHG� ���KRXU�F\FOH� ZLWK� IODW�SODWH�� VRODU� FROOHFWRUV� FRQWDLQLQJ� WKH�DGVRUEHQW�� +RZHYHU�� ZKHQ� UHIHUULQJ� WR� WKH� ZRUNV�UHSRUWHG�DERYH��ERWK�WKH�HIILFLHQF\�RI�WKH�VRODU�FROOHFWRU�DQG�WKDW�RI�WKH�DGVRUSWLRQ�WKHUPRG\QDPLF�F\FOH�PD\�EH�LPSURYHG��7KHVH�UHTXLUHPHQWV� OHDG�WR�WKH�GHVLJQ�RI� WKH�
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)LJXUH� ��� $Q� LGHDO� DGVRUSWLRQ� FRROLQJ� F\FOH� LQ� WKH�'�KULQJ� GLDJUDP�� 6DWXUDWLRQ� OLTXLG�YDSRXU� FXUYH�IRU� WKH� UHIULJHUDQW� �(&� GDVKHG� OLQH��� LVRVWHU� FXUYHV��WKLQ� OLQHV��� DGVRUSWLRQ� F\FOH� �WKLFN� OLQHV��� +HDWLQJ�SHULRG�� VWHS� $%� ��� D�P�� ± ��� D�P��� DQG� VWHS� %'����� D�P��± �� S�P����FRROLQJ�SHULRG��VWHS�')���� S�P��±�� S�P���DQG�VWHS�)$���� S�P��± �� D�P���
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2QFH� SRLQW� %� LV� UHDFKHG�� WKH� FRQGHQVHU� WHPSHUDWXUH��LGHDOO\� FRQVWDQW�� IL[HV� WKH� SUHVVXUH� LQ� WKH� V\VWHP� DQG�DQ\� LQFUHDVH� LQ� WKH� DGVRUEHQW� WHPSHUDWXUH� UHVXOWV� LQ�GHVRUSWLRQ��VHH�WKH�SDWK�%'�LQ�)LJXUH ���LGHDOO\�LVREDULF��VHH� SRLQW� &� LQ� ILJXUH� ���� 7KH� UHIULJHUDQW� YDSRXU�GHVRUEHG� IURP� WKH� FROOHFWRU�DGVRUEHU� LV� FRROHG� DQG�OLTXHILHG�LQ�WKH�FRQGHQVHU��ZKLFK�FRQVHTXHQWO\�UHOHDVHV�KHDW� WR� DPELHQW� DLU�� 7KH� OLTXLG� UHIULJHUDQW� DW� 7F LV�FROOHFWHG�LQ�D�JUDGXDWHG�ERWWOH�IRU�PHDVXUHPHQW��VHH�����LQ�)LJXUH ��$V� ORQJ�DV� WKH�VRODU�KHDW�VXSSO\� LV� ODUJHU� WKDQ� WKH�KHDW�ORVVHV� RI� WKH� FROOHFWRU�DGVRUEHU�� WKH� WHPSHUDWXUH� RI� WKH�ODWWHU� LQFUHDVHV�� ZKLFK� DGGV� PRUH� WR� WKH� DPRXQW� RI�
SURFHVVHG
� �L�H�� GHVRUEHG� DQG� FRQGHQVHG�� UHIULJHUDQW��+RZHYHU��DIWHU�QRRQ�WKH�VRODU�LUUDGLDQFH�GHFUHDVHV�ZLWK�WLPH��ZKLOH�WKH�KHDW�ORVVHV�RI�WKH�FROOHFWRU�LQFUHDVH�ZLWK�LWV� WHPSHUDWXUH�� (YHQWXDOO\� D� WLPH� FRPHV� ZKHQ� WKH�FROOHFWRU�DGVRUEHU� UHDFKHV� LWV� PD[LPDO� WHPSHUDWXUH��GHQRWHG� DV�7K��7KLV�PRPHQW� FRUUHVSRQGV� WR� SRLQW�'� LQ�)LJXUH ���XVXDOO\�UHDFKHG�EHWZHHQ���DQG���S�P��$W�WKDW�PRPHQW��WKH�HQWLUH�OLTXLG�UHIULJHUDQW�LV�WUDQVIHUUHG�IURP�WKH� JUDGXDWHG� ERWWOH� LQWR� WKH� HYDSRUDWRU� �VHH� ���� LQ�)LJXUH ���� ZKLFK� LV� DIWHUZDUG� NHSW� GLVFRQQHFWHG� IURP�WKH�DGVRUEHU�XQWLO�VWHS���
�����6WHS����,VRVWHULF�FRROLQJ
$IWHU� WKDW� PRPHQW�� WKH� WHPSHUDWXUH� RI� WKH� FROOHFWRU�DGVRUEHU� FDQQRW� GR� DQ\WKLQJ� HOVH� EXW� GHFUHDVH�� WKH�FRROLQJ�SHULRG�RI� WKH�F\FOH�EHJLQV��7KH�GHFUHDVH� LQ� WKH�DGVRUEHU� WHPSHUDWXUH�FDQ�EH� IDYRXUHG�ZKHQ�YHQWLODWLRQ�GDPSHUV� DUH� LQVWDOOHG� RQ� WKH� XQLWV�� 2SHQLQJ� WKHVH�GDPSHUV��SRVLWLRQ���E��LQ�)LJXUH����DOORZV�DPELHQW�DLU��PRYHG� E\� QDWXUDO� FRQYHFWLRQ�� WR� IORZ� DORQJ� WKH�FROOHFWRU� DQG� WKXV� WR� FRRO� LW� PRUH� HIILFLHQWO\� WKDQ�FRQGXFWLRQ� RQO\� WKURXJK LQVXODWLRQ�� 7KH� WHPSHUDWXUH�GHFUHDVH�RI� WKH�DGVRUEHU�LQGXFHV�D�SUHVVXUH�GHFUHDVH�LQ�LVRVWHULF�FRQGLWLRQV��$W�WKDW�VWDJH��SDWK�')�LQ�)LJXUH ����WKH�V\VWHP�LV�GHSUHVVXULVHG�:KHQ� SUHVVXUH� UHDFKHV� WKH� YDOXH� RI� WKH� VDWXUDWLRQ�SUHVVXUH� DW� WKH� HYDSRUDWRU� WHPSHUDWXUH��3  3V�7H��� VHH�3RLQW )� LQ� )LJXUH ��� WKH� YDOYH� �VHH� ���� LQ� )LJXUH ���FORVHG� LQ� WKH�PRUQLQJ� IRU�GLVFRQQHFWLQJ� WKH�HYDSRUDWRU�IURP�WKH�DGVRUEHU��LV�QRZ�RSHQ��DOORZLQJ�WKH�UHIULJHUDQW�WR�HYDSRUDWH��7KLV�XVXDOO\�RFFXUV�EHWZHHQ���DQG���S�P�
�����6WHS��� $GVRUSWLRQ�DQG�HYDSRUDWLRQ
7KH� WHPSHUDWXUH� RI� WKH� HYDSRUDWRU�� LGHDOO\� FRQVWDQW��QRZ� IL[HV� WKH� SUHVVXUH�� 7KH� WHPSHUDWXUH� RI� WKH�DGVRUEHQW�FRQWLQXHV�GHFUHDVLQJ��YDSRXU�LV�DGVRUEHG�DQG�FRQVHTXHQWO\� SXPSHG� IURP� WKH� HYDSRUDWRU� LQWR� WKH�DGVRUEHU�� VHH� LQ�)LJXUH �� WKH� SDWK�)$�� LGHDOO\� LVREDULF��7KH�UHIULJHUDQW��WUDQVIHUUHG�DV�OLTXLG�LQWR�WKH�HYDSRUDWRU�DW�WKH�HQG�RI�VWHS ���HYDSRUDWHV�DQG�H[WUDFWV�KHDW�DW�ORZ�WHPSHUDWXUH�IURP�WKH�FROG�FDELQHW��:KHQ��OLNH�SUHVHQWO\��WKH� HYDSRUDWRU� FRQWDLQV� PRUH� ZDWHU� WKDQ� SURFHVVHG� E\�WKH� F\FOH�� WKH� IUHH]LQJ� RI� WKLV� ZDWHU� IL[HV� WKH�HYDSRUDWLRQ�WHPSHUDWXUH�DW���&�

7KLV� SHULRG� FRUUHVSRQGV� WR� WKH� QLJKW�� $W� VXQULVH�� WKH�WHPSHUDWXUH� RI� WKH� FROOHFWRU�DGVRUEHU� LV� PLQLPDO�� WKH�V\VWHP�KDV�UHDFKHG�SRLQW�$�DQG�WKH�F\FOH�LV�FORVHG����� '(6&5,37,21� 2)� 7+(� 0$&+,1(�7(67('� ,1� <9(5'21�/(6�%$,16��6:,7=(5/$1'
�����*HQHUDO�IHDWXUHV
,Q�RUGHU�WR�REWDLQ�EHWWHU�&23�WKDQ�WKH�YDOXHV�UHSRUWHG�LQ�UHI�� >���� ���� ��@�� ERWK� WKH� HIILFLHQF\� RI� WKH� VRODU�FROOHFWRU� DQG� WKDW�RI� WKH� WKHUPRG\QDPLF�F\FOH�PXVW�EH�LPSURYHG��7KLV�OHDGV�WR�WKH�VHOHFWLRQ�RI�D�FROOHFWRU�W\SH��FRQFHQWUDWLQJ�RU�IODW�SODWH��WRJHWKHU�ZLWK�WKH�VHOHFWLRQ�RI�DQ�DGVRUSWLRQ�SDLU�)LUVW� RI� DOO�� IRU� HFRORJLFDO� UHDVRQV�� WKH� UHIULJHUDQW� LV�ZDWHU�� ZKLFK� OHDGV� WR� WZR� SRVVLEOH� DGVRUSWLRQ� SDLUV��]HROLWH���ZDWHU RU�VLOLFDJHO���ZDWHU��,W�LV�ZHOO�NQRZQ�WKDW�WKH� ILUVW� SDLU� \LHOGV� JRRG� &23� ZKHQ� WKH� GHVRUSWLRQ�WHPSHUDWXUH�LV�UDWKHU�KLJK����������&��ZKLOH�WKH�VHFRQG�SDLU�LV�PRVW�RIWHQ�XVHG�ZKHQ�WKH�GHVRUSWLRQ�WHPSHUDWXUH�OLHV� DURXQG� ����&�� $V� D� UHVXOW� ]HROLWH� ZRXOG� EH� XVHG�ZLWK� D� ORZ�FRQFHQWUDWLRQ� FROOHFWRU� �H�J�� &RPSRXQG�3DUDEROLF�&ROOHFWRU��DQG�VLOLFDJHO�ZLWK�DQ�HIILFLHQW� IODW�SODWH� FROOHFWRU� �H�J�� GRXEOH� JOD]HG� RU� WUDQVSDUHQW�LQVXODWLRQ� PDWHULDOV��� $� UDSLG� SUHOLPLQDU\� VWXG\� KDV�VKRZQ� WKDW� WKH� FRQILJXUDWLRQ� VLOLFDJHO� ZLWK� GRXEOH�JOD]HG�FROOHFWRU��ZKHQ�FRUUHFWO\�GHVLJQHG��RIIHUV�D�JRRG�FRPSURPLVH� EHWZHHQ� SHUIRUPDQFH� DQG� FRPSOH[LW\� RI�WKH� PDFKLQH�� 7KH� DGVRUEHQW� LV� WKHQ� D� PLFURSRURXV�VLOLFDJHO��$FWLJHO�6*���6LOJHODF��
�����&ROOHFWRU�DGVRUEHU
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+
)LJXUH� ��� 6FKHPH� RI� WKH� VRODU� FROOHFWRU�DGVRUEHU��JODVV� FRYHU� �$��� WHIORQ� ILOP� �%��� WXEH� FRYHUHG� ZLWK�VHOHFWLYH� VXUIDFH� �&�� DQG� LQWHUQDOO\� OD\HUHG� ZLWK�3DS\H[££�� FHQWUDO� WXEH� IRU� YDSRXU� WUDQVSRUW� �'���VLOLFDJHO� EHG� �(��� WKHUPDO� LQVXODWLRQ� DURXQG� WKH�FROOHFWRU� �)��� LQVXODWLQJ� GDPSHUV� DUH� DOVR� VKRZQ� LQ�FORVHG�SRVLWLRQ��*��DQG�RSHQ�SRVLWLRQ�IRU�YHQWLODWLRQ��+��
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7KH� VRODU� FROOHFWRU� �� P��� WLOW� DQJOH� RI� ���� LV� GRXEOH�JOD]HG��D�7HIORQ�ILOP�LV� LQVWDOOHG�EHWZHHQ�WKH�JODVV�DQG�WKH�DGVRUEHU�LWVHOI��7KLV�ILOP�UHGXFHV�WKH�FRQYHFWLYH�DQG�UDGLDWLYH� KHDW� ORVVHV� EHWZHHQ� WKH� DGVRUEHU� DQG� JODVV�FRYHU�� 7KH� DGVRUEHU� FRQVLVWV� RI� ��� SDUDOOHO� WXEHV������ PP� LQ� GLDPHWHU�� WKDW� FRQWDLQ� WKH� VLOLFDJHO������ NJ��� 7KH� WXEHV� DUH� FRYHUHG� ZLWK� DQ� HOHFWURO\WLF�VHOHFWLYH� OD\HU� �&KURPH�EODFN�� (QHUJLH� 6RODLUH� 6$���ZKLFK�DEVRUEV�����RI� WKH�YLVLEOH� VRODU� UDGLDWLRQ�ZKLOH�SUHVHQWLQJ� DQ� HPLVVLYLW\� RI� ����� LQ� WKH� LQIUDUHG� ZDYH�OHQJWKV��,Q�RUGHU�WR�LPSURYH�WKH�WKHUPDO�FRQGXFWLYLW\�RI�WKH�VLOLFDJHO�EHG��WKH�WXEHV�DUH�OD\HUHG�ZLWK�D�PDWHULDO�RI�JRRG�FRQGXFWLYLW\�EXW�ORZ�VSHFLILF�KHDW�FDSDFLW\��VKHHWV�RI�JUDSKLWH��3DS\H[���/H�&DUERQH�/RUUDLQH�� $�FHQWUDO�WXEH�PDGH�RXW�RI�D�JULG��GLDPHWHU��� PP��PHVK�� PP��ZLUH����� PP�GLDPHWHU��DOORZV�WKH�ZDWHU�YDSRXU�WR�IORZ�HDVLO\�DORQJ�WKH�WXEH��)LJXUH ��SUHVHQWV�D�VFKHPH RI�WKH�FROOHFWRU�DV�ZHOO�DV�D�GHWDLO�RI�WKH�WXEHV��7KH�YHQWLODWLRQ�GDPSHUV�PHQWLRQHG�LQ�WKH�SUHYLRXV�VHFWLRQV�FRQVLVW�RI�D�PHFKDQLVP� WKDW� DOORZV� WR� 
RSHQ
� WKH� WKHUPDO� LQVXODWLRQ�RQ� WKH� UHDU�VLGH�RI� WKH�FROOHFWRU� ��� PP�JODVV�ZRRO��DV�VKRZQ� LQ� )LJXUH ��� WR SURYLGH� HIILFLHQW� FRROLQJ� E\�QDWXUDO�FRQYHFWLRQ�GXULQJ�WKH�QLJKW�
�����&RQGHQVHU
(LJKW�SDUDOOHO�ILQQHG�WXEHV�PDNH�D�FRQGHQVHU��FRROHG�E\�QDWXUDO� FRQYHFWLRQ� RI� DLU�� 7KH� SLWFK� EHWZHHQ� ILQV� LV��� PP�� 7KH� WRWDO� ILQ� DUHD� LV� RI� ��� P��� ZKLFK� VKRXOG�JXDUDQWHH� D� WHPSHUDWXUH� GLIIHUHQFH�ZLWK� DPELHQW� ORZHU�WKDQ��� .�
�����(YDSRUDWRU��LFH�VWRUDJH�DQG�FROG�FDELQHW
(YDSRUDWLRQ� RI�ZDWHU�GXULQJ�WKH�QLJKW

9DSRXU�IORZ
)LOOLQJ� RI� WKH� HYDSRUDWRU��GXULQJ�WKH�GD\

)DOOLQJ�OLTXLG
:DWHU���LFH

)LJXUH� ��� 6FKHPH� RI� WKH� HYDSRUDWRU� DQG�UHSUHVHQWDWLRQ� RI� ZDWHU� IORZV� GXULQJ� HYDSRUDWLRQ��QLJKW��DQG�GXULQJ�ILOOLQJ��PLG�DIWHUQRRQ��
7KH�HYDSRUDWRU�FRQVLVWV�RI�WKUHH�ULQJV�PDGH�ZLWK�VTXDUH�WXEHV� DUUDQJHG� DV� VKRZQ� LQ� )LJXUH� ��� 7KH� WRWDO� KHDW�H[FKDQJH� DUHD� LV� ��� P��� 7KH� HYDSRUDWRU� FDQ� FRQWDLQ��� OLWUHV�RI�ZDWHU��'XULQJ�HYDSRUDWLRQ��SDUW�RI�WKLV�ZDWHU�WXUQV� LQWR� LFH��ZKLFK�DFWV�DV D� 
FROG�VWRUDJH
� VR� WKDW� WKH�FROG�FKDPEHU�LV�NHSW�FROG��QRW�RQO\�XQWLO�WKH�QH[W�QLJKW�EXW� DOVR� IRU� D� SHULRG� RI� WKUHH� GD\V� RI� ORZ� LUUDGLDWLRQ��DVVXPLQJ� D� WKHUPDO� ORDG� RI� �� OLWUHV� ZDWHU� DW� ���&�LQWURGXFHG�HDFK�GD\�

7KH� FROG� FDELQHW� LV� RI� WKH� FKHVW�W\SH�� :HOO� LQVXODWHG����� PP�RI�H[SDQGHG�SRO\VW\UHQH���LWV�LQWHUQDO�DYDLODEOH�YROXPH�LV�RI�����OLWUHV�
�����9DOYHV�DQG�LQVWUXPHQWDWLRQ
,Q� WKH� SUHVHQW� FRQILJXUDWLRQ�� D� YDOYH� LV� QHHGHG� RQ� WKLV�PDFKLQH�� WKH� RQH� ORFDWHG� EHWZHHQ� WKH� JUDGXDWHG� ERWWOH�DQG� WKH� HYDSRUDWRU�� 7KH� RWKHU� YDOYHV� KDYH� EHHQ�LPSOHPHQWHG�IRU�H[SHULPHQWDO�SXUSRVHV�RQO\�7HPSHUDWXUH�LV�PHDVXUHG��SODWLQXP�SUREHV�3W�����LQ�WKH�FROOHFWRU�DGVRUEHU�� RQ� WKUHH� FRQGHQVHU� WXEHV� DQG� WKUHH�HYDSRUDWRU� WXEHV�� DPELHQW� DLU� WHPSHUDWXUH� LV� DOVR�PHDVXUHG�� 9DSRXU� SUHVVXUH� LV� PHDVXUHG� LQ� WKH�FRQGHQVHU��SLH]R�JDXJH����� N3D��DQG�LQ�WKH�HYDSRUDWRU��SLH]R�JDXJH����� N3D���*OREDO�LUUDGLDQFH�LQ�WKH�SODQ�RI�WKH� FROOHFWRU� LV� UHFRUGHG� E\� D� S\UDQRPHWHU� �.LSS�=RQHQ��$� JUDGXDWHG� ERWWOH� ����� OLWUHV�� FROOHFWV� WKH� FRQGHQVHG�ZDWHU�� VHH� ���� LQ� )LJXUH ��� 7KH� OHYHO� RI� OLTXLG�ZDWHU� LV�UHDG� RQ� JUDGXDWLRQV�� PRUH� RU� OHVV� UHJXODUO\� GXULQJ� WKH�GHVRUSWLRQ�VWHS�$SDUW� IURP� WKH� OHYHO� RI� OLTXLG� ZDWHU�� DOO� WKH�PHDVXUHPHQWV� DUH� DXWRPDWLFDOO\� UHFRUGHG� HYHU\��� VHFRQGV��0RUHRYHU�� WKH� YHQWLODWLRQ� GDPSHUV� DQG� WKH�YDOYH�RSHQLQJ�DQG�FORVLQJ�WLPHV�DUH�UHFRUGHG����7<3,&$/�(;3(5,0(17$/�5(68/76)LJXUHV �����DQG���VKRZ�W\SLFDO�PHDVXUHPHQWV�REWDLQHG�RQ� D� UDWKHU� VXQQ\� GD\�� 7KH� IRXU� VWHSV� RI� WKH� F\FOH� DV�ZHOO�DV�WKH�SRLQWV�$��%��'��DQG�)��PHQWLRQHG�LQ�)LJXUH ��FDQ EH�UHFRJQLVHG��7KHVH� ILJXUHV�FDQ�EH�FRPPHQWHG�DV�IROORZV�
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)LJXUH� ��� 3UHVHQWDWLRQ� RI� WKH� H[SHULPHQWDO� F\FOH� LQ�WKH�'�KULQJ�GLDJUDP�IRU���WK 6HSWHPEHU��������7KH�HIIHFWV�RI�WKH�EORFNLQJ�RI�HYDSRUDWLRQ�FDQ�EH�UHDGLO\�VHHQ��$SDUW�IURP�WKLV�SRLQW��WKH�H[SHULPHQWDO�F\FOH�LV�UDWKHU�FORVH�WR�WKH�LGHDO�F\FOH�VKRZQ�LQ�)LJXUH���
'XH� WR� LUUDGLDQFH� YDULDWLRQV�� DPELHQW� WHPSHUDWXUH� DQG�FRQGHQVHG� IORZ�UDWH� �DQG� WKHUHIRUH� LQ� WKH� WKHUPDO�SRZHU�UDWH� UHOHDVHG�E\� WKH�FRQGHQVHU���GHVRUSWLRQ�GRHV�QRW�SHUIRUP�DW� FRQVWDQW�SUHVVXUH� OLNH� LQ� WKH� LGHDO� F\FOH�VKRZQ�LQ�)LJXUH ���
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7KH� HIIHFW� RI� D� FORXG\�SHULRG� �EHWZHHQ������ D�P�� DQG��� S�P��� RQ� WKH� DGVRUEHQW� WHPSHUDWXUH� DQG� YDSRXU�SUHVVXUH� FDQ� EH� UHDGLO\� VHHQ�� ZKLOH� LWV� HIIHFW� RQ� WKH�DPRXQW�RI�FRQGHQVHG�ZDWHU�LV�KDUGO\�QRWLFHDEOH��7KLV�LV�GXH� WR� WKH� FXPXODWLYH� SULQFLSOH� RI� WKH� VROLG�VRUSWLRQ�FRROLQJ�F\FOH�7KH� WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ� FRQGHQVHU� DQG�DPELHQW�DLU�LV�DOZD\V�OHVV�WKDQ��� .�
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)LJXUH� ��� 7\SLFDO� PHDVXUHPHQWV� RYHU� D� GD\�QLJKW�SHULRG�� 7HPSHUDWXUHV� �,�� DQG� DYHUDJH� WHPSHUDWXUH��+�� RI� FROOHFWRU�DGVRUEHU� DQG� LUUDGLDQFH� �*��� ���WK6HSWHPEHU��������
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)LJXUH� ��� 7\SLFDO� PHDVXUHPHQWV� RYHU� D� GD\�QLJKW�SHULRG�� 7HPSHUDWXUH� RI� FRQGHQVHU� �.��� HYDSRUDWRU��1�� DQG� DPELHQW� DLU� �-��� YDSRXU� SUHVVXUH� LQ�FRQGHQVHU� �0�� DQG� HYDSRUDWRU� �2��� YROXPH� RI�SURFHVVHG�ZDWHU��/�����WK 6HSWHPEHU��������
7KH�WHPSHUDWXUH�LQ�WKH�FROG�FDELQHW�UHPDLQV�LQ�WKH�UDQJH�>���� ���&@��$� ORDG� LV� LQWURGXFHG� HYHU\� GD\� GXULQJ� WKH�PHDVXUHG� SHULRG� LQ� RUGHU� WR� VLPXODWH� D� UHDO� XVH� RI� WKH�UHIULJHUDWRU��7KH� WHPSHUDWXUH�RI� WKH�HYDSRUDWRU� UHPDLQV�EHORZ���&�DOO�GD\�ORQJ�DQG�GURSV�GRZQ�WR�±��&�GXULQJ�WKH� QLJKW�� 7KLV� EHKDYLRXU� PHDQV� WKDW� HYDSRUDWLRQ� RI�ZDWHU� LV� UHSODFHG� E\� VXEOLPDWLRQ� RI� LFH�� DOWKRXJK� D�TXDQWLW\� RI� ZDWHU� LQ� WKH� HYDSRUDWRU� LV� VWLOO� OLTXLG�� ,Q�RWKHU� ZRUGV�� D� VPDOO TXDQWLW\� RI� LFH� DFWXDOO\� FUHDWHV� D�WKLQ� OD\HU� EHWZHHQ� WKH� ZDWHU� DQG� WKH� YDSRXU�� %\�VXEOLPDWLRQ��WKH�WHPSHUDWXUH�RI�WKLV�VPDOO�DPRXQW�RI�LFH�GURSV� GRZQ� EHORZ� ��&�� ZKLOH� WKH� OLTXLG� ZDWHU�UHPDLQLQJ� LQ� WKH�HYDSRUDWRU� LV�DW�D� WHPSHUDWXUH�VOLJKWO\�KLJKHU� WKDQ� ��&�� 7KLV� EHKDYLRXU� LV� LQKHUHQW� LQ� XVLQJ�ZDWHU� DV� UHIULJHUDQW� DQG� FROG� VWRUDJH� DW� WHPSHUDWXUHV�

QHDU���&��+RZHYHU�D�EHWWHU�GHVLJQ�RI�WKH�HYDSRUDWRU�FDQ�UHGXFH�WKLV�HIIHFW��7KLV�SRLQW�LV�WR�EH�PHQWLRQHG�EHFDXVH�LW� FDQ� UHDGLO\� EH� XQGHUVWRRG� WKDW� VXFK� D� EHKDYLRXU��VXEOLPDWLRQ� LQVWHDG� RI� HYDSRUDWLRQ�� UHGXFHV� WKH�H[SHULPHQWDO�SHUIRUPDQFH�RI�WKH�PDFKLQH���� 3(5)250$1&(� 2)� 7+(� 7(67('�81,7)RU�HDFK�GD\��D�JURVV�VRODU�&2365 FDQ�EH�GHILQHG�DV�WKH�UDWLR�RI�WKH�KHDW�H[WUDFWHG�E\�HYDSRUDWLRQ�RI�ZDWHU�WR�WKH�VRODU� KHDW� VXSSO\�� VHH� HTXDWLRQ� ��� 7KH� ILUVW� RQH��4H�� LV�REWDLQHG� E\� PXOWLSO\LQJ� WKH� PDVV� RI� SURFHVVHG� ZDWHU��P/�� E\� WKH� HQWKDOS\� GLIIHUHQFH� EHWZHHQ� WKH� VDWXUDWHG�YDSRXU�DW�7H DQG� WKH� VDWXUDWHG� OLTXLG�DW�7F��7KH� VHFRQG�RQH��4K��LV�WKH�SURGXFW�RI�WKH�VXUIDFH�6 RI�FROOHFWRU�DQG�WKH� VRODU� LUUDGLDWLRQ� REWDLQHG� E\� LQWHJUDWLQJ� WKH� VRODU�LUUDGLDQFH� * IURP� VXQULVH� WR� VXQVHW�� 7KLV� \LHOGV� WKH�IROORZLQJ�H[SUHVVLRQ�IRU�WKH�JURVV�VRODU�&2365�
&2365  � KH44  � ³ ���� VXQVHW

VXQULVH G���� �@�> WW*6 77&S/P
IV

HF// ���
2Q���WK 6HSWHPEHU�������� WKH� VRODU� KHDW� VXSSO\� IRU� WKH�� P� FROOHFWRU�� 4K�� ZDV� ���� 0-�� 7KH� DPRXQW� RI�SURFHVVHG�ZDWHU�ZDV����� OLWUHV��ZKLFK�FRUUHVSRQGV�WR�D�JURVV� KHDW� H[WUDFWLRQ�� 4H�� RI� ��� 0-�� $V� D� UHVXOW�� WKH�JURVV�VRODU�&2365 LV������7KLV� YDOXH� RI� &2365 LV� H[FHOOHQW� �DERXW� ��� KLJKHU�WKDQ� WKH� RQHV� SUHYLRXVO\� SXEOLVKHG�� DQG� FDQ� EH�FRPPHQWHG� DV� IROORZV�� )LUVW� RI� DOO�� WKH� DPELHQW�WHPSHUDWXUH�ZDV� UDWKHU� ORZ��EHWZHHQ����DQG����&��VHH�)LJXUH� ��� ZKLFK� LV� YHU\� IDYRXUDEOH� WR� WKH� F\FOH�HIILFLHQF\�� 6HFRQGO\�� WKH� VRODU� LUUDGLDWLRQ� ZDV� IDLU EXW�QRW� YHU\� ODUJH�� LW� RIWHQ� KDSSHQV� WKDW� LW� UDLVHV� XS� WR��� 0-�P�� RU�PRUH��7KLUGO\��DV�DOUHDG\�PHQWLRQHG��VRPH�LFH�VXEOLPDWLRQ�RFFXUUHG� LQ� WKH�HYDSRUDWRU��$V�D� UHVXOW��WKH� HYDSRUDWLRQ� SUHVVXUH� DW� WKH� HQG� RI� WKH� QLJKW� OLHG�DURXQG���� 3D��VHH�)LJXUH ���LQVWHDG�RI�WKH�XVXDO���� 3D�ZLWK� ZDWHU� DV� UHIULJHUDQW�� 7KLV� GUDPDWLF� UHGXFWLRQ� RI�SUHVVXUH��������VLJQLILFDQWO\�UHGXFHV�SHUIRUPDQFH��$V�D�FRQFOXVLRQ�� ZKHQ� JDWKHULQJ� WKHVH� WKUHH� DUJXPHQWV�� LW�FDQ� EH� H[SHFWHG� WKDW� D� VLPLODU� PDFKLQH� \LHOGV� &2365DSSURDFKLQJ������HYHQ�LQ�DQ�$IULFDQ�FOLPDWH�:KHQ� WKH�KHDW� ORVVHV�RI� WKH� UHIULJHUDWHG�FKHVW� �DFWXDOO\�WKH�KHDW�LQSXW�IURP�DPELHQW��HYDOXDWHG�DW���� 0-�IRU�WKDW�GD\��DUH�VXEWUDFWHG�IURP�WKH�KHDW�H[WUDFWLRQ��RQH�REWDLQV�WKH�QHW�KHDW�H[WUDFWLRQ�DQG�WKH�QHW�VRODU�&2361��ZKLFK�LV�RI������IRU�WKDW�GD\���� (1(5*<�%$/$1&(�2)�7+(� 62/$5�&2//(&7257KH�HQHUJ\�EDODQFH�RI� WKH�VRODU�FROOHFWRU� LV�HVWDEOLVKHG�ZLWK� WKH� KHOS� RI� DOO� WKH� WHPSHUDWXUHV� PHDVXUHG� LQ� WKH�DGVRUEHU�� 7KH� KHDW� EDODQFH� LQYROYHV� GLIIHUHQW�WHPSHUDWXUH�JUDGLHQWV��LQ�WKH�FURVV�VHFWLRQ�RI�WKH�WXEHV��DORQJ�WKHLU�OHQJWK�DQG�EHWZHHQ�WKH�GLIIHUHQW�WXEHV���7KLV�EDODQFH� SHUPLWV� WR� HYDOXDWH� RQ� WKH� RQH� KDQG� WKH�
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GLIIHUHQW� ORVVHV� RI� WKH� FROOHFWRU� DQG� RQ� WKH� RWKHU� KDQG�WKH� FROOHFWHG� HQHUJ\�� 4FROO�� 7KH� 6DQNH\� GLDJUDP��)LJXUH ���VXPPDULVHV�WKH�KHDW�EDODQFH�4 UD �����0-

4 K �����0-�

4 K 

  ����0-

4 FROO �����0-

4 OV ����0-4 UV ����0-

4 VH 
  ����0-4 VH 

  ����0-4 G ����0-

4 IV ����0-

4 K 
 ����0-

)LJXUH����'LVWULEXWLRQ�RI�WKH�GLIIHUHQW�KHDW�TXDQWLWLHV�LQYROYHG�LQ�WKH�KHDW�EDODQFH�RI�WKH�FROOHFWRU�DGVRUEHU�IRU� ��WK 6HSWHPEHU�� ������ ZLWK�� 4K  6RODU� KHDW�VXSSO\� �VXQVHW� WR� VXQULVH��� 4K
  6RODU� KHDW� VXSSO\�EHIRUH� WKH� EHJLQQLQJ� RI� KHDWLQJ�� 4K�  6RODU� KHDW�VXSSO\� DIWHU� WKH� HQG� RI� GHVRUSWLRQ� 4UD  /RVVHV� E\�UHIOHFWLRQ� DQG� DEVRUSWLRQ� RI� WKH� GRXEOHG�JODVV��4VH
  6HQVLEOH�KHDW�RI�WKH�LQHUW��4VH�  6HQVLEOH�KHDW�RI� WKH� VLOLFDJHO� DQG� WKH� ZDWHU� �LQFOXGHG� LQ� WKH�VLOLFDJHO�� 4G  +HDW� RI GHVRUSWLRQ� 4FROO  &ROOHFWHG�HQHUJ\�� 4IV  /RVVHV� IURQW� VLGH� 4UV  /RVVHV� UHDU�VLGH��4OV  /RVVHV�ODWHUDO�VLGH�&ROOHFWRU� ORVVHV� DUH� FRPSRVHG�RI� VHYHUDO� SDUWV�� XQXVHG�LUUDGLDWLRQ�EHIRUH�WKH�EHJLQQLQJ�RI�KHDWLQJ�DQG�DIWHU�WKH�HQG� RI� GHVRUSWLRQ�� ORVVHV� GXH� WR� UHIOHFWLRQ� DQG�DEVRUSWLRQ�RI�YLVLEOH�ZDYHOHQJWKV�E\�WKH�GRXEOH�JOD]LQJ��LQIUDUHG� DQG� FRQGXFWLYH�FRQYHFWLYH� ORVVHV� RQ� WKH� IURQW�VLGH� RI� WKH� FROOHFWRU�� DQG� FRQGXFWLYH�FRQYHFWLYH� ORVVHV�RQ�LWV�RWKHU�VLGHV�7KH� ORVVHV� GXH� WR� UHIOHFWLRQ� DQG� DEVRUSWLRQ� RI� YLVLEOH�ZDYHOHQJWKV�E\�WKH�GRXEOH�JOD]LQJ�WDNH�LQWR�DFFRXQW�WKH�DQJOH� RI� LQFLGHQFH� RI� GLUHFW� VRODU� UDGLDWLRQ� RQ� WKH�FROOHFWRU�� 7KH� HIIHFWLYH� DEVRUSWDQFH� RI� WKH� GRXEOH�JOD]LQJ�FRYHU� DGVRUEHU� V\VWHP� �WD�HII KDV� EHHQ�FDOFXODWHG� RQ� WKH� EDVLV� RI� WKH� HTXDWLRQV� IRXQG� LQ� >��@�DQG� >��@�� )LQDOO\�� RQH�REWDLQV� WKHVH� ORVVHV� E\� DSSO\LQJ�WKH�IROORZLQJ�HTXDWLRQ��
GWW*64 '

$
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7KLV�HQHUJ\��4UD��LV�HYDOXDWHG�WR�EH������0-�7KH� ORVVHV� RI� WKH� FROOHFWRU�DGVRUEHU� DUH� VHSDUDWHG� LQ�WKUHH�SDUWV��ORVVHV�RI�WKH�IURQW�VLGH��RI�WKH�UHDU�VLGH�DQG�RI�WKH�ODWHUDO�VLGHV��7KH�ILUVW�RQH�WDNHV�LQWR�FRQVLGHUDWLRQ�WKH� FRQGXFWLYH�� FRQYHFWLYH� DQG� UDGLDWLYH� KHDW� WUDQVIHUV�EHWZHHQ� WKH� GLIIHUHQW� OD\HUV� �WXEH�7HIORQ� ILOP�� 7HIORQ�ILOP�JODVV� DQG� JODVV�DPELHQW��� 7KH� JHQHUDO� HTXDWLRQ�XVHG�IRU�WKLV�GHWHUPLQDWLRQ�LV�
GW77WK64 '

$
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7KH�GLIIHUHQW�FRHIILFLHQWV�RI�WKLV�HTXDWLRQ�DUH�FDOFXODWHG�DFFRUGLQJ� WR� WKH� WKHRU\�RI�KHDW� WUDQVIHU��7KH�QXPHULFDO�UHVXOW�RI�4IV LV�����0-�7KH� ORVVHV� E\� WKH� ODWHUDO� VLGH� DQG� E\� WKH� UHDU� IDFH�LQFOXGH�WKH�FRQGXFWLYH�KHDW�WUDQVIHU�WKURXJK�WKH�VLGHV�RI�WKH� FROOHFWRU� DQG� WKH� FRQYHFWLYH� KHDW� WUDQVIHU� WR� WKH�VXUURXQGLQJV�� 7KH� UDGLDWLYH� KHDW� WUDQVIHU� RI� WKHVH�VXUIDFHV�LV�GLVUHJDUGHG�EHFDXVH�RI�WKH�ORZ�HPLVVLYLW\�RI�WKH� DOXPLQLXP� FRDWLQJ� RI� WKH� FROOHFWRU�� 7KH� ORVVHV� DUH�GHILQHG�DFFRUGLQJ�WR�
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ZLWK�KUV DQG�KOV GHILQHG�DFFRUGLQJ�WR�
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4UV LV�����0-�DQG�4OV ����0-�7KH� FROOHFWHG� HQHUJ\� XVHIXO� IRU� WKH� F\FOH� GLYLGHV� LQWR�WKUHH� WHUPV�� WKH� VHQVLEOH� HQHUJ\� IRU� KHDWLQJ� WKH� LQHUW�HOHPHQWV� �WXEHV�� GDPSHUV� DQG� 3DS\H[���� WKH� VHQVLEOH�HQHUJ\�IRU�KHDWLQJ�WKH�VLOLFDJHO�DQG�WKH�ZDWHU�LW�FRQWDLQ��DQG� WKH� HQHUJ\� RI� GHVRUSWLRQ�� ,Q� RUGHU� WR� WDNH� LQWR�DFFRXQW� WKH� WHPSHUDWXUH� JUDGLHQWV� DORQJ�DQG�DFURVV� WKH�WXEHV��WKH\�KDYH�EHHQ�GLYLGHG�LQWR�VHYHUDO�VHFWLRQV��7KH�VHQVLEOH�HQHUJ\�LV�GHILQHG�IRU�HDFK�VHFWLRQ�M E\�¦ ��� ZVJSDVW; W$;W';;;MVH 77&SP4 ��� ��� �� ���
7KH� WRWDO� HQHUJ\�4VH LV� JLYHQ�E\� WKH� VXP��4VH�M��ZKLFK�\LHOGV�WR�����0-�IRU�WKH�LQHUW�DQG�����0-�IRU�WKH�VLOLFDJHO���ZDWHU�7KH� TXDQWLW\� RI� ZDWHU� FRQWDLQHG� LQ� WKH� VLOLFDJHO� LV�GHILQHG�E\�WKH�HTXDWLRQ�RI�/DQJPXLU�
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QQV 3E3ET ��� �� �� �� H ���
ZLWK�TV  ������� >NJ�NJ��@�

¸̧¹·¨̈©§ �'�� 75+H[SEE �� >3D��@
E�  ������������ >3D��@'+�  ����������� >-�NJ��@Q  ���� >�@

7KH�HQHUJ\�RI�GHVRUSWLRQ� LV�FDOFXODWHG� IRU�HDFK� VHFWLRQ�E\�PHDQ�RI�WKH�IROORZLQJ�HTXDWLRQ�
GW+P4 '

$
W
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7KH�WRWDO�HQHUJ\�4G��ZKLFK�UHVXOWV�LQ�����0-��LV�WKH�VXP�RI�WKH�HQHUJLHV�RI�WKH�GLIIHUHQW�VHFWLRQV�:LWK� WKHVH� ILJXUHV�� WKH� FROOHFWHG� HQHUJ\�� 4FROO�� LV�HYDOXDWHG� DW� ���� 0-�� ,W� UHVXOWV� WKDW� WKH� FROOHFWRU�HIILFLHQF\��K� GHILQHG� DV��K  KFROO44 �� UHDFKHV� WKH� YDOXH�RI� ������ 7KLV� LV� VLJQLILFDQWO\� ODUJHU� WKDQ� WKH� YDOXHV� RI���������� SXEOLVKHG� LQ� HDUOLHU� SHUIRUPHG� H[SHULPHQWV�>������@��,W� LV�ZRUWK�QRWLFLQJ� WKDW� WKH�PDLQ�FRQWULEXWLRQ�WR� WKH� KHDW� ORVVHV� LV� GXH� WR� UHIOHFWLRQ� RI� WKH� VRODU�LUUDGLDWLRQ� DQG� LWV� DEVRUSWLRQ� E\� WKH� GRXEOH� JOD]LQJ��7KLV�VLJQLILFDQW�KHDW�ORVV������RI�WKH�VRODU�KHDW�VXSSO\��LV� WKH� FRXQWHUSDUW� RI� WKH� YHU\� VWURQJ� UHGXFWLRQ� RI� WKH�LQIUDUHG�DQG�FRQGXFWLYH�FRQYHFWLYH�ORVVHV��,QGHHG��WKHVH�WZR�KHDW ORVVHV�DUH�RQO\�����RI�WKH�VRODU�KHDW�VXSSO\�7KH� UDWLR� RI� WKH� KHDW� H[WUDFWLRQ� �JURVV� RU� QHW�� E\� WKH�FROOHFWHG�HQHUJ\�\LHOGV�WKH�&23�RI�WKH�DGVRUSWLRQ�F\FOH�LWVHOI�� 7KH� REWDLQHG� YDOXHV� DUH�� &23&5  ����� �JURVV��DQG�&23&1  ������QHW���$JDLQ�� WKHVH�YDOXHV�DUH�KLJKHU�WKDQ�WKH�RQHV�IRUPHUO\�SXEOLVKHG�IRU�VRODU�H[SHULPHQWV������� �JURVV��ZLWK� WKH� ]HROLWH� ��ZDWHU� SDLU� >��@� RU� ������JURVV�� ������ �QHW�� ZLWK� WKH� DFWLYH� FDUERQ� ��PHWKDQRO�SDLU� >��@�� ,W� ILQDOO\� DSSHDUV� WKDW� WKH� LPSURYHPHQW� LQ�SHUIRUPDQFH� REWDLQHG� ZLWK� WKLV� QHZ� VRODU�SRZHUHG�DGVRUSWLRQ� UHIULJHUDWRU� LV� SDUWO\� GXH� WR� WKH� GRXEOH�JOD]LQJ�DQG�SDUWO\�GXH�WR�WKH�VHOHFWLRQ�RI�WKH�VLOLFDJHO���ZDWHU�SDLU����&21&/86,213URYLGHG� D� FRQVLVWHQW� GHVLJQ� RI� WKH� FROOHFWRU�DGVRUEHU�ZDV� DSSOLHG�� WKH� FRPELQDWLRQ� RI� D� GRXEOH�JOD]HG� IODW�SODWH� VRODU� FROOHFWRU� FRYHUHG� E\� DQ� HIILFLHQW� VHOHFWLYH�VXUIDFH� ZLWK� WKH� DGVRUSWLRQ� SDLU� VLOLFDJHO� �� ZDWHU� DQG�LPSURYLQJ� WKH�FRQGXFWLYLW\�RI� WKH� VLOLFDJHO�EHG�SHUPLWV�WR� REWDLQ� VRODU� FRROLQJ� &2365 DURXQG� ������ L�H��VLJQLILFDQWO\� JUHDWHU� WKDQ� WKH� RQHV� SUHYLRXVO\� REWDLQHG��6XFK� SHUIRUPDQFH� RI� VRODU�SRZHUHG� DXWRQRPRXV�FRROLQJ� PDFKLQHV� PLJKW� RSHQ� QHZ� PDUNHWV�� HVSHFLDOO\�

ZLWK� WKH� SUHVHQW� GHVLUHV� WR� VDYH� HQHUJ\� DQG� UHGXFH�JOREDO�ZDUPLQJ�$FNQRZOHGJHPHQWV7KH� �)RQGV� VWUDWpJLTXH� RI� WKH� 8QLYHUVLW\� RI� $SSOLHG�6FLHQFHV� RI� :HVWHUQ� 6ZLW]HUODQG� �+(6�62��� DQG��O
$PEDVVDGH� GH� )UDQFH� j� %HUQH�� DUH� JUDWHIXOO\�DFNQRZOHGJHG�IRU�WKHLU�ILQDQFLDO�VXSSRUW�5()(5(1&(6>�@ &KLQQDSSD� -�&�9��� 3HUIRUPDQFH�RI� DQ� LQWHUPLWWHQW�UHIULJHUDWRU� RSHUDWHG� E\� D� IODW�SODWH� FROOHFWRU�� 6RODU�(QHUJ\��9RO�����SS����������������>�@ :RUV¡H�6FKPLGW� 3��� 6RODU� UHIULJHUDWLRQ� IRU�GHYHORSLQJ� FRXQWULHV� XVLQJ� D� VROLG� DEVRUSWLRQ� F\FOH��,QW��-��$PELHQW�(QHUJ\��9RO�����SS����������������>�@ (UKDUG� $��� 6SLQGOHU� .�� DQG� +DKQH� (��� 7HVW� DQG�VLPXODWLRQ� RI� D VRODU� SRZHUHG� VRUSWLRQ� FRROLQJ�PDFKLQH�� ,QW�� -�� 5HIULJHUDWLRQ�� 9RO�� ������� SS�� ��������������>�@ 6SLQQHU� %��� *RHW]� 9��� 0D]HW� 1��� 0DXUDQ� 6�� DQG�6WLWRX '��� 3HUIRUPDQFH� RI� FKHPLFDO� UHDFWLRQ� KHDW�SURFHVVHV� FRXSOHG� WR� D� VRODU� VRXUFH�� -�� 3K\V�� ,9��9RO� ���SS����������������>�@ 0HXQLHU� )��� 6RUSWLRQ� VRODU� FRROLQJ�� 5HQHZDEOH�(QHUJ\��9RO��������SS����������������>�@ +HDGOH\� 2�6W&��� .RWKGLZDOD� $�)�� DQG�0F'RRP ,�$��� &KDUFRDO�PHWKDQRO� DGVRUSWLRQ�UHIULJHUDWRU� SRZHUHG� E\� D� FRPSRXQG� SDUDEROLF�FRQFHQWUDWLQJ� VRODU� FROOHFWRU�� 6RODU� (QHUJ\��9RO� �������SS����������������>�@ /LX� =��� /X� <�� DQG� =KDR� -��� =HROLWH�DFWLYH� FDUERQ�FRPSRXQG� DGVRUEHQW� DQG� LWV� XVH� LQ� DGVRUSWLRQ� VRODU�FRROLQJ� WXEH��6RODU�(QHUJ\�0DWHULDOV�DQG�VRODU�FHOOV��9RO������SS��������������>�@ 1LHPDQQ�0���.UHX]EXUJ�-���6FKUHLWP�OOHU�.�5��DQG�/HSSHUV� /��� 6RODU� SURFHVV� KHDW� JHQHUDWLRQ� XVLQJ� DQ�(7&� FROOHFWRU� ILHOG� ZLWK� H[WHUQDO� SDUDEROLF� FLUFOH�FRQFHQWUDWRU� �3&&�� WR� RSHUDWH� DQ� DGVRUSWLRQ�UHIULJHUDWLRQ� V\VWHP�� 6RODU� (QHUJ\��9RO�� ��������� SS��������������>�@ $GHOO� $��� 'HVFULSWLRQ� G¶XQ� UpIULJpUDWHXU� VRODLUH� j�DGVRUSWLRQ� VROLGH�� pWXGH� GH� VRQ� IRQFWLRQQHPHQW� HQ�FOLPDW�pTXDWRULDO��5HY��*pQ��7KHUP��)U���9RO�������SS����������������>��@ %RXEDNUL� $��� $UVDODQH� 0��� <RXV� %��� $OL�0RXVVD /���3RQV�0���0HXQLHU )��DQG�*XLOOHPLQRW -�-���([SHULPHQWDO� VWXG\� RI� DGVRUSWLYH� VRODU�SRZHUHG� LFH�PDNHUV�LQ�$JDGLU��0RURFFR�����3HUIRUPDQFH�LQ�DFWXDO�VLWH��5HQHZDEOH�(QHUJ\��9RO����Q����SS������������D�>��@ %RXEDNUL� $��� $UVDODQH� 0��� <RXV� %��� $OL�0RXVVD /���3RQV�0���0HXQLHU )��DQG�*XLOOHPLQRW -�-��([SHULPHQWDO� VWXG\� RI� DGVRUSWLYH� VRODU�SRZHUHG� LFH�PDNHUV� LQ� $JDGLU� �0RURFFR����� ,QIOXHQFHV� RI�PHWHRURORJLFDO�SDUDPHWHUV��5HQHZDEOH�(QHUJ\��9RO����Q����SS�������������E�>��@ &ULWRSK� 5�(��� $Q� DPPRQLD� FDUERQ� VRODU�UHIULJHUDWRU� IRU� YDFFLQH� FRROLQJ�� 5HQHZDEOH� (QHUJ\��9RO����SDUW��,��SS����������������
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>��@ &ULWRSK� 5�(��� 7DPDLQRW�7HOWR� =�� DQG� 0XQ\HEYX�(��� 6RODU� VRUSWLRQ� UHIULJHUDWRU�� 5HQHZDEOH� (QHUJ\���������SS����������������>��@ *UHQLHU� 3K��� *XLOOHPLQRW� -�-��� 0HXQLHU� )�� DQG�3RQV 0��� 6RODU� SRZHUHG� VROLG� DGVRUSWLRQ� FROG� VWRUH��$�6�0�(�� 7UDQV��-�� 6RODU�(QHUJ\�(QJ�������� ��������������>��@ 0DUPRWWDQW� %��� 0KLPLG� $��� (O� *ROOL� 6�� DQG�*UHQLHU 3K��� ,QVWDOODWLRQ� GH� UpIULJpUDWLRQ� VRODLUH� j�DGVRUSWLRQ� �� H[SpULPHQWDWLRQ� HW� PRGpOLVDWLRQ�� 5HYXH�*pQ��7KHUPLTXH�)U��������SS���������������>��@ 0KLUL�)�� DQG�(O�*ROOL�6���(WXGH�G¶XQ� UpIULJpUDWHXU�VRODLUH� j� DGVRUSWLRQ� VROLGH� DYHF� OH� FRXSOH� FKDUERQ�DFWLI�PpWKDQRO�� 5HY�� *pQ�� 7KHUP���9RO�� ���� SS�� ��������������>��@ 3RQV�0��DQG�*UHQLHU�3K���([SHULPHQWDO�GDWD�RQ�D�VRODU�SRZHUHG� LFH� PDNHU� XVLQJ� DFWLYDWHG� FDUERQ� DQG�PHWKDQRO�DGVRUSWLRQ�SDLU��-��6RODU�(QHUJ\�(QJ���$60(�7UDQV���9RO�������SS����������������

>��@ 3RQV� 0�� DQG� *XLOOHPLQRW� -�-��� 'HVLJQ� RI� DQ�H[SHULPHQWDO� VRODU�SRZHUHG�� VROLG�DGVRUSWLRQ� LFH�PDNHU��-��6RODU�(QHUJ\�(QJ���$60(�7UDQV���9RO�������SS����������������>��@ 3UDORQ� )HUUHLUD�/HLWH� $�� DQG� 'DJXHQHW� 0���3HUIRUPDQFH�RI�D�QHZ�VROLG�DGVRUSWLRQ�LFH�PDNHU�ZLWK�VRODU� HQHUJ\� UHJHQHUDWLRQ�� (QHUJ\� &RQYHUVLRQ� DQG�0DQDJHPHQW��9RO������SS������������������>��@ :DQJ� 5�=��� /L� 0��� ;X� <�;�� DQG� :X� -�<��� $Q�HQHUJ\�HIILFLHQW�K\EULG�V\VWHP�RI�VRODU�SRZHUHG�ZDWHU�KHDWHU� DQG� DGVRUSWLRQ� LFH�PDNHU�� 6RODU� (QHUJ\��9RO���������SS����������������>��@ &KDVVpULDX[� -�0�� &RQYHUVLRQ� WKHUPLTXH� GX�UD\RQQHPHQW� VRODLUH�� SS�� ��������� ,6%1� ���������������������>��@ +RZHOO� -�5�� %DQQHURW� 5�%�� 9OLHW� *�&�� 6RODU�7KHUPDO� (QHUJ\� 6\VWHPV�� $QDO\VLV� DQG� 'HVLJQ�� SS�����������,6%1�����������������������
1RPHQFODWXUH&23 &RHIILFLHQW�RI�3HUIRUPDQFH >�@&S 6SHFLILF�KHDW >-�NJ���.��@* ,UUDGLDQFH >:�P��@K +HDW�WUDQVIHU�FRHIILFLHQW >:�P���.��@/ (YDSRUDWLRQ�ODWHQW KHDW IRU�ZDWHU >-�NJ��@P 0DVV >NJ@3 3UHVVXUH >3D@4 +HDW�TXDQWLW\ >-@6 6XUIDFH >P�@W 7LPH >V@7 7HPSHUDWXUH >.@'+ 'HVRUSWLRQ�HQHUJ\ >-�NJ��@H $GVRUEHG�DPRXQW >NJ�NJ��@K &ROOHFWRU�HIILFLHQF\ >�@�WD�HII (IIHFWLYH�DEVRUSWDQFH�RI�FRYHU�DEVRUEHU >�@
,QGH[HVD DPELHQW$ EHJLQQLQJ�RI�KHDWLQJ��)LJXUH���& F\FOHF FRQGHQVHUFROO FROOHFWRUFF FRQGXFWLYH�WUDQVIHUFY FRQYHFWLYH�WUDQVIHU

G GHVRUSWLRQ' HQG�RI�GHVRUSWLRQ��)LJXUH���H HYDSRUDWRUI ILOP�7HIORQIV FROOHFWRU�IURQW�VLGHJ JODVVK VRODU�KHDW�VXSSO\L LQLWLDOM WXEH�VHFWLRQ�LQGH[OV FROOHFWRU�ODWHUDO�VLGHV/ OLTXLG1 QHWWSD 3DS\H[�5 URXJKU UDGLDWLYH�WUDQVIHUUD UHIOHFWLRQ�� DEVRUSWLRQUV FROOHFWRU�UHDU�VLGH6 VRODUV VDWXUDWLRQVH VHQVLEOHVJ VLOLFDJHOVW VWHHO�WXEHW WXEHZ ZDWHU
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