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+\GUDXOLF�HMHFWRU�VWURNH LQFKHV ����
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� ���� ���� ����
6FUHZ�GLDPHWHU PP �� �� ��

6FUHZ�GLDPHWHU LQFKHV ����� ����� �����
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��� R] ���� ���� ����

,QMHFWLRQ�FDSDFLW\ LQñ ���� ���� ����
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��� R]�VHF ��� ��� ���

3ODVWLFL]LQJ�FDSDFLW\
��� OEV�KU ��� ��� ���

,QMHFWLRQ�UDWH�DW�PD[��SUHVV�
� LQñ�VHF ���� ���� ����

,QMHFWLRQ�UDWH��UHJHQHUDWLYH�
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,QMHFWLRQ�YHORFLW\�DW�PD[��SUHVV�
� LQ�VHF ��� ��� ���

,QMHFWLRQ�YHORFLW\��UHJHQHUDWLYH�
� LQ�VHF ��� ��� ���

6FUHZ�VWURNH LQFKHV ����� ����� �����

,QMHFWLRQ�SUHVVXUH��PD[�� SVL ����� ����� �����

,QMHFWLRQ�SUHVVXUH��UHJHQHUDWLYH� SVL ����� ����� �����

6FUHZ�VSHHG�UDQJH��PLQ ��� USP ���

6FUHZ�WRUTXH
� IW�OEV ����

6FUHZ�/�'�UDWLR ����

1R]]OH�VWURNH LQFKHV �����

1R]]OH�IRUFH 86�WRQV ����
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3XPS�FDSDFLW\��UHTXLUHG� JSP ����

2LO�UHVHUYRLU�FDSDFLW\ 86�JDO ���

��������

3RZHU�VXSSO\�DYDLODEOH YROWV �������������������������3+�����+]

7RWDO�UDWHG�KRUVHSRZHU +3 ��

1XPEHU�RI�KHDW�FRQWURO�]RQHV ��1R]]OH
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� VHF ���
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�
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�������	�(������� +\GUDXOLFV��FRQW
G� ,QMHFWLRQ��FRQW
G�

,QMHFWLRQ ��2LO�OHYHO�LQGLFDWRU�ZLWK�OHYHO�VZLWFK ��(OHFWULF�VFUHZ�GULYH�IRU�LQFUHDVHG�HQHUJ\�

��1LWULGHG�EDUUHO�DQG�VFUHZ ��3UHVVXUH�VHOHFWRU�JDXJH ��HIILFLHQF\

��1RQ�UHWXUQ�ULQJ�FKHFN�YDOYH ��3URSRUWLRQDO�FODPS�YDOYH�IRU�DFFXUDWH ��,QVXODWLQJ�EODQNHW�IRU�EDUUHO

�����VWHS�LQMHFWLRQ�VSHHG�SURILOLQJ ��FODPS�SRVLWLRQLQJ ��+RSSHU�RU�GUDZHU�PDJQHWV

�����VWHS�KROGLQJ�SUHVVXUH�SURILOLQJ &RQWUROV��(OHFWULFV�	�(OHFWURQLFV &ODPS

����VWHS�EDFN�SUHVVXUH�SURILOLQJ ��0LFURSURFHVVRU�FRQWURO�ZLWK�KLJK�UHVROXWLRQ ��3ODWHQV�SUHSDUHG�IRU�ZDWHU�FRROLQJ

����VWHS�VFUHZ�VSHHG�SURILOLQJ ��IODW�FRORU�VFUHHQ ��0ROG�ORFDWLQJ�ULQJ�RQ�WKH�PRYLQJ�SODWHQ

��'LJLWDO�VFUHZ�VSHHG��530��GLVSOD\ ��0LFURJUDSK�SOXV�IRU�&&����FRQWURO ��0ROG�YHQWLQJ�SURJUDP

��'LJLWDO�LQMHFWLRQ�WLPH�PRQLWRULQJ ���RSWLRQDO�ZLWK�(&���� ��4XLFN�PROG�PRXQWLQJ�V\VWHPV

��6FUHZ�UHFRYHU\�WLPH�PRQLWRULQJ ��5,6&�0XOWLSOH�SURFHVVRU�DUFKLWHFWXUH ����K\GUDXOLF�RU�PDJQHWLF�

��%RRVW�FXW�RII��WLPH��VWURNH��DQG�K\GUDXOLF ���GLVWULEXWHG�LQWHOOLJHQFH� ��6HPL��RU�IXOO\�DXWR��PROG�FKDQJH�V\VWHP

��SUHVVXUH�GHSHQGHQW��VZLWFK�RYHU�E\�FDYLW\ ��%XLOW�LQ�GLVN�GULYH�IRU�GDWD�XS�GRZQ�ORDGLQJ� ��$LU�EORZ�RII�YDOYH

��SUHVVXUH�LV�RSWLRQDO� ��0ROG�VHW�XSV�VWRUHG�YLD�PDFKLQH�&38� ��0ROG�VXSSRUW�DVVHPEO\

��$XWRPDWLF�FXVKLRQ�PRQLWRULQJ�DQG�FRQWURO ��4XLFN�PDFKLQH�VHW�XS�YLD�VLQJOH�VFUHHQ ��63,�VDIHW\�NH\�VZLWFK�IRU�FODPS��HMHFWRU

��&ROG�VWDUW�SURWHFWLRQ ��+HOS�WH[W�V\VWHP ���DQG�FRUH�PRYHPHQW

��,QMHFWLRQ�XQLW�VZLYHO ��/LQHDU�WUDQVGXFHUV�IRU�PHDVXUHPHQW�RI�WKH ��([WHQGHG�WLH�EDUV

��4XLFN�EDUUHO�FKDQJH ��FODPS��LQMHFWLRQ��FDUULDJH�	�HMHFWRU�SRVLWLRQV ��$XWRPDWLF�FODPS�IRUFH�FRQWURO��VWG�ZLWK�&&����

��3UHFLVLRQ�OLQHDU�EHDULQJV�IRU�FDUULDJH�PRYHPHQW ��1HWZRUNLQJ�FDSDELOLW\�YLD��7HOHVHUYLFH�(QJHO +\GUDXOLFV

��+RSSHU�GLVFKDUJH�FKXWH ��0RQLWRULQJ�6\VWHP��HWKHUQHW�FRQQHFWLRQ�RQ ��,QFUHDVHG�K\GUDXOLF�GULYH�IRU�LQFUHDVHG

��)HHGWKURDW�SUHSDUHG�IRU�ZDWHU�FRROLQJ ��&&����PRGHOV���RSWLRQDO�RQ�(&����PRGHOV� ��SODVWLFL]LQJ�DQG�LQMHFWLRQ�VSHHGV

��)HHGWKURDW�ZLWK�WKHUPRPHWHU ��$XWRPDWLF�F\FOH�PRQLWRULQJ�DQG�DQDO\VLV ��&RUHSXOO�V��DQG�XQVFUHZLQJ

��,QFUHDVHG�ZDWWDJH�FHUDPLF�KHDWHU�EDQGV ��'LJLWDO�GLVSOD\�RI�DOO�DFWXDO�YDOXHV ��+RW�UXQQHU�YDOYH�JDWH�FRQWURO

��4XLFN�GLVFRQQHFWV�IRU�KHDWHU�EDQGV ��&XUUHQW�IXQFWLRQ�GLVSOD\ ���SQHXPDWLF�RU�K\GUDXOLF�

��,QFUHDVHG�LQMHFWLRQ�VSHHG��UHJHQHUDWLYH�FLUFXLW� ��6HOI�GLDJQRVWLFV��PRQLWRULQJ��DODUP�	�FDOLEUDWLRQ ��,QGHSHQGHQW�SODVWLFL]LQJ

��VFUHHQ�VHOHFWDEOH� ��$XWRPDWLF�VFUHHQ�VKXW�RII ��+LJK�WRUTXH�VFUHZ�GULYH

��3URJUDPV�IRU�VSUXH�EUHDN� ��$XWRPDWLF�EDODQFLQJ�RI�KHDW�]RQHV ��%\�SDVV�RLO�ILOWUDWLRQ

��GHFRPSUHVVLRQ��DQG�LQWUXVLRQ ��GXULQJ�ZDUP�XS ��$FFXPXODWRU�IRU�LQFUHDVHG�LQM��VSHHG

&ODPS ��$XWR�EDUUHO�VWDQG�E\�WHPSHUDWXUH�ZKHQ�PDFKLQH &RQWUROV��(OHFWULFV�	�(OHFWURQLFV

��63,�PROG�PRXQWLQJ�DQG�HMHFWRU�SDWWHUQ ��LQ�DODUP�FRQGLWLRQ ��&&����PLFURSURFHVVRU�FRQWURO�ZLWK�KLJK

��0XOWL�VWURNH�K\GUDXOLF�HMHFWLRQ��VSHHG ��$XWRPDWLF�UHMHFW�VHOHFWLRQ ��UHVROXWLRQ�IODW�FRORU�VFUHHQ�

��DQG�SUHVVXUH�FRQWUROOHG ��$GGLWLRQDO�VFUHHQ�VHOHFWDEOH�ODQJXDJHV ��0LFURSODVW�DQG�0LFURIORZ�VRIWZDUH�SNJV�

��+HDY\�WLH�EDUV��ODUJH�EHDULQJ�VXUIDFH ���6SDQLVK�)UHQFK���RWKHU�ODQJXDJHV�DYDLODEOH ��0LFURJUDSK�IRU�(&����&RQWURO

��VXSSRUW�IRU�PRYLQJ�SODWHQ ��XSRQ�UHTXHVW� ���VWDQGDUG�ZLWK�&&����&RQWURO�

��6SOLW�EDVH�GHVLJQ ��86�PHWULF�XQLWV�FRQYHUVLRQ��$���FRQWUROV�RQO\� ��3URFHVV�GDWD�JUDSKLFV�DQG�UHSRUWV

��&HQWHU�HMHFWRU�URG ��8VHU�GHILQHG�SURJUDPPDEOH�WH[W�SDJHV� ��0DJQHWLF�VHFXULW\�FDUG�DFFHVV

��0HFKDQLFDO�VDIHW\�GURSEDU ��.H\ERDUG�RSWLRQDO� ��63&��4XDOLW\�'DWD�6WDWLVWLFV�

����VSHHG�RSHQLQJ�DQG�FORVLQJ ��6HOI�WXQLQJ�WHPSHUDWXUH�FRQWUROV ��$XWR��EDUUHO�QR]]OH�KHDW�XS����GD\�����KRXU�WLPH

��+\GUDXOLF��HOHFWULF�DQG�HOHFWURQLF ��+LVWRU\�UHSRUWLQJ�RI�DODUP�FRQGLWLRQV�DQG�VHW�XS ��3RZHU�IDFWRU�FDSDFLWRUV

��VDIHW\�JDWH�LQWHUORFNV ��FKDQJHV ��5RERW�LQWHUIDFH

��$XWRPDWLF�PROG�SURWHFWLRQ���VHOI�OHDUQLQJ ��5HVHWWDEOH�F\FOH�DQG�QRQ�UHVHWWDEOH�KRXU�FRXQWHUV ��$X[LOLDU\�HOHFWULFDO�RXWOHWV

��PROG�SURWHFWLRQ�IRU�RSWLPXP�F\FOH�WLPH ��9HQWLODWHG��ILOWHUHG�FRQWURO�SDQHO ��+RVW�FRPSXWHU�	�63,�DX[LOLDU\�GHYLFH�LQWHUIDFH�

��DQG�VHW�XS�HIILFLHQF\�RQ�&&����PRGHOV� ��(QHUJ\�HIILFLHQW��WRWDOO\�HQFORVHG�IDQ�FRROHG�PRWRU ��$XWRPDWLF�VKXWGRZQ�IRU��OLJKWV�RXW�

���RSWLRQDO�ZLWK�(&���� *HQHUDO ��RSHUDWLRQ��JKRVW�VKLIW�SURJUDP�

��6PRRWK��IDVW�DFWLQJ���SRLQW�GRXEOH�WRJJOH ��(DV\�DFFHVV�WR�PRWRUV��SXPSV�	�K\GUDXOLFV ��+RW�UXQQHU�3,'�WHPSHUDWXUH�FRQWUROV

��$GMXVWDEOH�VXSSRUW�XQGHU�PRYLQJ�SODWHQ ��/DUJH��RSHQ�GURS�DUHD�IRU�DXWRPDWLRQ ��0HOW�WHPSHUDWXUH�PRQLWRU

��$XWRPDWLF�FHQWUDO�OXEULFDWLRQ�ZLWK ��(UJRQRPLF�GHVLJQ�IRU�RSHUDWRU�HDVH�DQG�VDIHW\ ��0HOW�SUHVVXUH�PRQLWRU

��SUHVVXUH�V\VWHP�SURWHFWLRQ ��2SWLFDOO\�LVRODWHG�FRQWURO�V\VWHP��SURWHFWLRQ�IURP ��&ORVHG�ORRS�IHHGWKURDW�FRROLQJ

��6WDWLRQDU\�SODWHQ�SUHSDUHG�IRU�ZDWHU�FRROLQJ ��RXWVLGH�QRLVH� ��&DYLW\�SUHVVXUH�GHSHQGHQW�ERRVW�

����VSHHG�SUHVVXUH�SRVLWLRQ�PROG�SURWHFWLRQ ��$QDORJ�GLJLWDO�FRQYHUVLRQ�WR�PLQLPL]H ��FXW�RII��.LVWOHU�5-*�'\QLVFR�

��RQ�(&����PRGHOV ��VLJQDO�QRLVH�RQ�OLQHDU�SRVLWLRQ�WUDQVGXFHUV� ��*UDSKLFV�SULQWHU

+\GUDXOLFV ��0DQXIDFWXUHG�WR�$16,�63,�%������VDIHW\ ��3RZHU�VXSSO\�DYDLODEOH�

��&ORVHG�ORRS�LQMHFWLRQ�VSHHG��LQMHFWLRQ ��UHJXODWLRQV ������������������������YROWV���3K�����+]

��SUHVVXUH�DQG�VFUHZ�EDFN�SUHVVXUH� ��$PPHWHUV�IRU�EDUUHO�DQG�QR]]OH�]RQHV

��YLD�VLQJOH�
VPDUW
�SXPS�WHFKQRORJ\�RQ�(&��� 237,21$/�(48,30(17 *HQHUDO�2SWLRQV

��FRQWUROOHG�PRGHOV���YLD�GRXEOH�
VPDUW
�SXPS ,QMHFWLRQ�8QLW ��0DFKLQH�OHYHOOLQJ�YLEUDWLRQ�PRXQWV

��WHFKQRORJ\�RQ�&&����FRQWUROOHG�PRGHOV� ��+DUGHQHG�VFUHZV�DQG�EL�PHWDOOLF�EDUUHOV ��:DWHU�PDQLIROGV�DQG�IORZ�FRQWUROV

��,QGHSHQGHQW�HMHFWRU�FRUH�PRWLRQ�FDUULDJH ��6SHFLDOW\�VFUHZV�DQG�VFUHZ�WLSV�IRU�D ��6SHFLDO�SDLQWLQJ�RI�PDFKLQH�WR�FXVWRPHU�VSHFV

��PRYHPHQW�RQ�&&����FRQWUROOHG�PRGHOV ��ZLGH�YDULHW\�RI�DSSOLFDWLRQV ��0XOWL�LQMHFWLRQ

���FRUHSXOO�KDUGZDUH�RSWLRQDO� ��/,0��7KHUPRVHW��39&��3,0��*DV�LQM�� ��$ODUP�EHOO�LQ�DGGLWLRQ�WR�DODUP�OLJKW

��)XOO\�SURSRUWLRQDO�OLQHDUL]HG�K\GUDXOLF�V\VWHP ��0X&HOO�DQG�RWKHU�SDFNDJHV ��$LU�DQG�ZDWHU�VHUYLFH�URXWLQJ

��$XWRPDWLF�FDOLEUDWLRQ�RI�SURSRUWLRQDO ��6PDOOHU�WKDQ�VWDQGDUG�LQMHFWLRQ�XQLWV ��6SDUH�SDUWV�SDFNDJHV

��K\GUDXOLF�YDOYHV�DQG�WUDQVGXFHUV ��,QFUHDVHG�ZDWWDJH�	�DLU�FRROHG�KHDWHUEDQGV ��(QJHO�URERWV

��&ORVHG�ORRS�RLO�WHPSHUDWXUH ��6KXW�RII�QR]]OHV ��7UDLQLQJ�SURJUDPV

��UHJXODWLRQ�ZLWK�SUHZDUPLQJ�V\VWHP ��(QJHO�PRQLWRULQJ�V\VWHP

��&ORJJHG�ILOWHU�LQGLFDWRU
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