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���� (QGHPLVP��)DFWRUV�FRQWUROOLQJ�GLVWULEXWLRQ�RI�IORUD�DQG�IDXQD�
���� +RW�6SRWV�DQG�FROG�VSRWV��FRQFHSW�RI�QDWLYH�DQG�H[RWLF�VSHFLHV�
���� %LRGLYHUVLW\�GHFOLQH��'ULYHUV�RI�FKDQJH�DQG�SUHVVXUHV�
���� 7KUHDWHQHG� VSHFLHV� FDWHJRULHV� RI� ,8&1�� FRQFHSW� RI� H[WLQFWLRQ� WKUHVKROG� DQG� H[WLQFWLRQ�

GHEW

8QLW ,,,��%LRGLYHUVLW\�0DQDJHPHQW
���� )RUHVW�FRQVHUYDWLRQ��VRFLDO�IRUHVWU\�DQG�MRLQW�IRUHVW�PDQDJHPHQW�
����0DQDJHPHQW�RI�UDQJHODQGV�
���� )LVKHU\�UHVRXUFH�PDQDJHPHQW
����0RQLWRULQJ�DQG�PDQDJHPHQW�RI�ELR�GLYHUVLW\�
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E�([�VLWX� FRQVHUYDWLRQ�� ERWDQLFDO� JDUGHQV�� ]RRORJLFDO� SDUNV�� ]RRV�� VHHG� EDQNV�� LQ�YLWUR�
FRQVHUYDWLRQ�

8QLW ,9��0DQDJHPHQW�RI�QDWXUDO�UHVRXUFHV
����&RQFHSW�DQG�VWUDWHJLHV�RI�VXVWDLQDEOH�GHYHORSPHQW�
����0DQDJHPHQW�RI�PLQHUDO�UHVRXUFHV�
����0DQDJHPHQW�RI�IUHVK�ZDWHU�UHVRXUFHV�
����(QHUJ\�FULVLV�DQG�FRQVHUYDWLRQ�RI�HQHUJ\�UHVRXUFHV�
����&RQFHSW�RI�HFRORJLFDO�IRRWSULQW�DQG�FDUERQ�VHTXHVWUDWLRQ
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7KH�SURMHFW�ZRUN� VKDOO� EH� RI� SUDFWLFDO� QDWXUH DQG� WKH� FDQGLGDWH� KDV� WR� FDUU\� RXW WKH�
SURMHFW�ZRUN�UHODWHG�WR�HQYLURQPHQW�XQGHU WKH�VXSHUYLVLRQ�RI�FRQFHUQHG�WHDFKHU�
7KH�GLVWULEXWLRQ�VKRXOG�EH�DV�IROORZV�
¾ 3DUW�,����,GHQWLILFDWLRQ�RI�SUREOHP�DUHD�DQG�JHQHUDO�GHVFULSWLRQ�
¾ 3DUW� ,,�� 6WXG\� RI� VSHFLILF� OLWHUDWXUH� LQ� GHWDLO� SHUWDLQLQJ� WR� WKH� VWDWHPHQW� RI� WKH�

SUREOHP
¾ 3DUW�,,,��'HYHORSLQJ�D�VROXWLRQ��PHWKRGRORJ\�RU�SURSRVLQJ�D�K\SRWKHVLV�WR�VROYH�WKH�

SUREOHP
¾ 3DUW�,9��([SHULPHQWDO�DQDO\VLV��UHVXOWV��GLVFXVVLRQ��FRQFOXVLRQ�DQG�UHFRPPHQGDWLRQV

������������������������������������������������������������������������������Ǥ�����
����������������������������ȋ��������Ȍ�������������� ȋ��������Ȍ��������������������Ǥ�
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(16�����'&(��$TXDWLF�(FRORJ\���������������������������������������� ����FUHGLWV�

8QLW ,��)UHVKZDWHU�HFRORJ\
���� $TXDWLF�HFRV\VWHP��VHUYLFHV�
���� $HVWKHWLF�YDOXHV�RI�ODNHV�DQG�ULYHUV�
���� 3DOHROLPQRORJ\�
���� 7URSKLF�G\QDPLFV�LQ�DTXDWLF�HFRV\VWHPV�
���� 5ROH�RI�SK\WRSODQNWRQ�DQG�]RRSODQNWRQ�

8QLW ,,��6WUHDP�DQG�ULYHU�HFRORJ\
���� &RQFHSWV�LQ�VWUHDP�HFRORJ\�DQG�VWUHDP�FODVVLILFDWLRQ�
���� 6WUHDPV�DQG�ULYHUV�DV�HFRV\VWHPV�
���� &KHPLFDO�IOX[HV�DQG�G\QDPLFV�LQ�ULYHU�DQG�VWUHDP�HFRV\VWHPV�
���� $TXDWLF�LQVHFWV�HFRORJ\�DQG�IHHGLQJ�LQ�VWUHDPV�DQG�ULYHUV�
���� &RQFHSW�DQG�LPSRUWDQFH�RI�ULSDULDQ�]RQHV�

8QLW ,,,��/DNHV�DQG�ZHWODQG�HFRORJ\
���� (FRORJ\�RI�ODNHV�DQG�ZHWODQGV��*OREDO�GLVWULEXWLRQ�DQG�FODVVLILFDWLRQ�V\VWHPV�
���� 0DFURSK\WHV��FODVVLILFDWLRQ�DQG�]RQDWLRQ�
���� 0L[LQJ�G\QDPLFV�LQ�ODNHV�DFURVV�FOLPDWLF�]RQHV�
���� (IIHFW�RI�FOLPDWH�FKDQJH�RQ�ODNHV�DQG�ZHWODQGV�
���� ,PSRUWDQW�ODNHV�DQG�ZHWODQGV�RI�-	.�

8QLW ,9��*URXQGZDWHU�HFRORJ\
���� *URXQGZDWHU�HFRORJ\�DQG�K\GURORJ\�
���� 9HUWLFDO�GLVWULEXWLRQ�RI�JURXQGZDWHU��'DUF\¶V�ODZ�DQG�LWV�YDOLGLW\�
���� 7\SHV�RI�DTXLIHUV�DQG�WKHLU�FODVVLILFDWLRQ�
���� 6XEWHUUDQHDQ�HFRV\VWHPV�DQG�ELRGLYHUVLW\
���� *URXQGZDWHU�TXDOLW\�DQG�PDQDJHPHQW

(16�����'&(��7HUUHVWULDO�(FRORJ\���������������������������������������� ����FUHGLWV�

8QLW ,��7HUUHVWULDO�HFRV\VWHPV�
���� (FRV\VWHP�VWUXFWXUH�DQG�SURFHVVHV
���� 7HUUHVWULDO�ZDWHU�DQG�HQHUJ\�EDODQFH
���� 7HUUHVWULDO�SURGXFWLRQ
���� 7HUUHVWULDO�GHFRPSRVLWLRQ�
���� &DUERQ�VHTXHVWUDWLRQ�SRWHQWLDO�RI�WHUUHVWULDO�HFRV\VWHPV�

8QLW ,,�� 6RLO�DQG�ODQGVFDSH�HFRORJ\
���� 6RLO�SURFHVV�DQG�HFRV\VWHP�IXQFWLRQLQJ
����6RLO�ELRORJ\
����&RQFHSW�RI�ODQGVFDSH�HFRORJ\
����7RROV�DQG�DSSURDFKHV�LQ�ODQGVFDSH�HFRORJ\
����$SSOLFDWLRQ�RI�ODQGVFDSH�HFRORJ\

8QLW ,,,��)RUHVW�DQG�DJUR�HFRORJ\
���� )RUHVW�FRPP\�VWUXFWXUH�DQG�IXQFWLRQ



ϭϴ

����7KHRU\� DQG� SUDFWLFH� RI�PDQDJLQJ� WKH� HVWDEOLVKPHQW�� FRPSRVLWLRQ�� DQG� GHYHORSPHQW� RI�
WKH�IRUHVW

����8UEDQ�IRUHVW�HFRORJ\
���� $JUR�HFRV\VWHPV��&RQFHSW��VWUXFWXUDO�DQG�IXQFWLRQDO�FRPSRQHQWV�
���� 5ROH�RI�ELRGLYHUVLW\�LQ�DJUR�HFRV\VWHPV��)RRG�VHFXULW\�DQG�DJULFXOWXUH�

8QLW ,9��'HVHUW�DQG�JUDVVODQG HFRORJ\
���� (FRORJLFDO�FRPSOH[LW\�RI�WKH�GHVHUW�FRPPLHV
���� IDXQD�DQG�IORUD�RI�WKH�GHVHUWV
���� /DGDNK�FROG�GHVHUW�
���� *UDVVODQGV�HFRORJ\��HYROXWLRQ�DQG�W\SHV
���� %LRGLYHUVLW\�DQG�FRQVHUYDWLRQ�LQ�JUDVVODQGV�

(16�����'&(��(QYLURQPHQWDO�3ODQQLQJ�DQG�$XGLWLQJ ����FUHGLWV��
8QLW ,
����(QYLURQPHQWDO�SODQQLQJ�± LPSRUWDQFH�DQG�REMHFWLYHV
����/DQG�XVH�SODQQLQJ
����8UEDQ�GHYHORSPHQW�DQG�HQYLURQPHQWDO�SODQQLQJ
����5XUDO�GHYHORSPHQW�DQG�HQYLURQPHQWDO�SODQQLQJ
���� 5ROH�RI�HWKLFV��DHVWKHWLFV�DQG�VFLHQFH�LQ�HQYLURQPHQWDO�SODQQLQJ
8QLW ,,
����3ULQFLSOHV�DQG�JXLGHOLQHV�RI�HQYLURQPHQWDO�DXGLWLQJ�
����3UHSDUDWLRQ�RI�HQYLURQPHQWDO� DXGLW�UHSRUW�
����:DVWH�DXGLW�SURFHGXUHV�± VRXUFHV��W\SHV�DQG�PDQDJHPHQW�RI�ZDVWHV�
����,62������DQG������
����,62������

(16�����'&(��5HVWRUDWLRQ�(FRORJ\ ����FUHGLWV�

8QLW ,��&RQFHSWV�LQ�UHVWRUDWLRQ�HFRORJ\����������������������������������������������������������������������
���� 7KH�EDVLF�SULQFLSOHV�DQG�FRQFHSWV�RI�UHVWRUDWLRQ�HFRORJ\�
���� &KDUDFWHULVWLFV�RI�GHJUDGHG�DQG�UHVWRUHG�HFRV\VWHPV�
���� (FRORJLFDO�LQGLFDWRUV�LQ�UHVWRUDWLRQ
���� 7KHRU\�DQG�SUDFWLFH�RI�UHVWRULQJ�DQLPDO�DQG�SODQW�GLYHUVLW\�
���� (FRORJLFDO�SULQFLSOHV�RI�WKH�UHVWRUDWLRQ�RI�QDWLYH�HFRV\VWHPV�

8QLW ,,��5HVWRUDWLRQ�SODQQLQJ
���� *RDOV�DQG�REMHFWLYHV�
���� $GDSWLYH�PDQDJHPHQW�DQG�PRQLWRULQJ�
���� (WKLFV�RI�UHVWRUDWLRQ�
���� 5ROH�RI�SXEOLF�SULYDWH�SDUWQHUVKLS�LQ�UHVWRUDWLRQ�
���� 0HDVXULQJ�SURJUHVV�DQG�VXFFHVV�RI�UHVWRUDWLRQ�SURJUDPV�



ϭϴ

����7KHRU\� DQG� SUDFWLFH� RI�PDQDJLQJ� WKH� HVWDEOLVKPHQW�� FRPSRVLWLRQ�� DQG� GHYHORSPHQW� RI�
WKH�IRUHVW

����8UEDQ�IRUHVW�HFRORJ\
���� $JUR�HFRV\VWHPV��&RQFHSW��VWUXFWXUDO�DQG�IXQFWLRQDO�FRPSRQHQWV�
���� 5ROH�RI�ELRGLYHUVLW\�LQ�DJUR�HFRV\VWHPV��)RRG�VHFXULW\�DQG�DJULFXOWXUH�

8QLW ,9��'HVHUW�DQG�JUDVVODQG HFRORJ\
���� (FRORJLFDO�FRPSOH[LW\�RI�WKH�GHVHUW�FRPPLHV
���� IDXQD�DQG�IORUD�RI�WKH�GHVHUWV
���� /DGDNK�FROG�GHVHUW�
���� *UDVVODQGV�HFRORJ\��HYROXWLRQ�DQG�W\SHV
���� %LRGLYHUVLW\�DQG�FRQVHUYDWLRQ�LQ�JUDVVODQGV�

(16�����'&(��(QYLURQPHQWDO�3ODQQLQJ�DQG�$XGLWLQJ ����FUHGLWV��
8QLW ,
����(QYLURQPHQWDO�SODQQLQJ�± LPSRUWDQFH�DQG�REMHFWLYHV
����/DQG�XVH�SODQQLQJ
����8UEDQ�GHYHORSPHQW�DQG�HQYLURQPHQWDO�SODQQLQJ
����5XUDO�GHYHORSPHQW�DQG�HQYLURQPHQWDO�SODQQLQJ
���� 5ROH�RI�HWKLFV��DHVWKHWLFV�DQG�VFLHQFH�LQ�HQYLURQPHQWDO�SODQQLQJ
8QLW ,,
����3ULQFLSOHV�DQG�JXLGHOLQHV�RI�HQYLURQPHQWDO�DXGLWLQJ�
����3UHSDUDWLRQ�RI�HQYLURQPHQWDO� DXGLW�UHSRUW�
����:DVWH�DXGLW�SURFHGXUHV�± VRXUFHV��W\SHV�DQG�PDQDJHPHQW�RI�ZDVWHV�
����,62������DQG������
����,62������

(16�����'&(��5HVWRUDWLRQ�(FRORJ\ ����FUHGLWV�

8QLW ,��&RQFHSWV�LQ�UHVWRUDWLRQ�HFRORJ\����������������������������������������������������������������������
���� 7KH�EDVLF�SULQFLSOHV�DQG�FRQFHSWV�RI�UHVWRUDWLRQ�HFRORJ\�
���� &KDUDFWHULVWLFV�RI�GHJUDGHG�DQG�UHVWRUHG�HFRV\VWHPV�
���� (FRORJLFDO�LQGLFDWRUV�LQ�UHVWRUDWLRQ
���� 7KHRU\�DQG�SUDFWLFH�RI�UHVWRULQJ�DQLPDO�DQG�SODQW�GLYHUVLW\�
���� (FRORJLFDO�SULQFLSOHV�RI�WKH�UHVWRUDWLRQ�RI�QDWLYH�HFRV\VWHPV�

8QLW ,,��5HVWRUDWLRQ�SODQQLQJ
���� *RDOV�DQG�REMHFWLYHV�
���� $GDSWLYH�PDQDJHPHQW�DQG�PRQLWRULQJ�
���� (WKLFV�RI�UHVWRUDWLRQ�
���� 5ROH�RI�SXEOLF�SULYDWH�SDUWQHUVKLS�LQ�UHVWRUDWLRQ�
���� 0HDVXULQJ�SURJUHVV�DQG�VXFFHVV�RI�UHVWRUDWLRQ�SURJUDPV�



ϭϴ

����7KHRU\� DQG� SUDFWLFH� RI�PDQDJLQJ� WKH� HVWDEOLVKPHQW�� FRPSRVLWLRQ�� DQG� GHYHORSPHQW� RI�
WKH�IRUHVW

����8UEDQ�IRUHVW�HFRORJ\
���� $JUR�HFRV\VWHPV��&RQFHSW��VWUXFWXUDO�DQG�IXQFWLRQDO�FRPSRQHQWV�
���� 5ROH�RI�ELRGLYHUVLW\�LQ�DJUR�HFRV\VWHPV��)RRG�VHFXULW\�DQG�DJULFXOWXUH�

8QLW ,9��'HVHUW�DQG�JUDVVODQG HFRORJ\
���� (FRORJLFDO�FRPSOH[LW\�RI�WKH�GHVHUW�FRPPLHV
���� IDXQD�DQG�IORUD�RI�WKH�GHVHUWV
���� /DGDNK�FROG�GHVHUW�
���� *UDVVODQGV�HFRORJ\��HYROXWLRQ�DQG�W\SHV
���� %LRGLYHUVLW\�DQG�FRQVHUYDWLRQ�LQ�JUDVVODQGV�

(16�����'&(��(QYLURQPHQWDO�3ODQQLQJ�DQG�$XGLWLQJ ����FUHGLWV��
8QLW ,
����(QYLURQPHQWDO�SODQQLQJ�± LPSRUWDQFH�DQG�REMHFWLYHV
����/DQG�XVH�SODQQLQJ
����8UEDQ�GHYHORSPHQW�DQG�HQYLURQPHQWDO�SODQQLQJ
����5XUDO�GHYHORSPHQW�DQG�HQYLURQPHQWDO�SODQQLQJ
���� 5ROH�RI�HWKLFV��DHVWKHWLFV�DQG�VFLHQFH�LQ�HQYLURQPHQWDO�SODQQLQJ
8QLW ,,
����3ULQFLSOHV�DQG�JXLGHOLQHV�RI�HQYLURQPHQWDO�DXGLWLQJ�
����3UHSDUDWLRQ�RI�HQYLURQPHQWDO� DXGLW�UHSRUW�
����:DVWH�DXGLW�SURFHGXUHV�± VRXUFHV��W\SHV�DQG�PDQDJHPHQW�RI�ZDVWHV�
����,62������DQG������
����,62������

(16�����'&(��5HVWRUDWLRQ�(FRORJ\ ����FUHGLWV�

8QLW ,��&RQFHSWV�LQ�UHVWRUDWLRQ�HFRORJ\����������������������������������������������������������������������
���� 7KH�EDVLF�SULQFLSOHV�DQG�FRQFHSWV�RI�UHVWRUDWLRQ�HFRORJ\�
���� &KDUDFWHULVWLFV�RI�GHJUDGHG�DQG�UHVWRUHG�HFRV\VWHPV�
���� (FRORJLFDO�LQGLFDWRUV�LQ�UHVWRUDWLRQ
���� 7KHRU\�DQG�SUDFWLFH�RI�UHVWRULQJ�DQLPDO�DQG�SODQW�GLYHUVLW\�
���� (FRORJLFDO�SULQFLSOHV�RI�WKH�UHVWRUDWLRQ�RI�QDWLYH�HFRV\VWHPV�

8QLW ,,��5HVWRUDWLRQ�SODQQLQJ
���� *RDOV�DQG�REMHFWLYHV�
���� $GDSWLYH�PDQDJHPHQW�DQG�PRQLWRULQJ�
���� (WKLFV�RI�UHVWRUDWLRQ�
���� 5ROH�RI�SXEOLF�SULYDWH�SDUWQHUVKLS�LQ�UHVWRUDWLRQ�
���� 0HDVXULQJ�SURJUHVV�DQG�VXFFHVV�RI�UHVWRUDWLRQ�SURJUDPV�



ϲ

8QLW ,,,��%LR�PDJQLILFDWLRQ�RI�[HQRELRWLFV
���� %LRDFFXPXODWLRQ��ELRFRQFHQWUDWLRQ�DQG�ELRPDJQLILFDWLRQ � VWXG\�PHWKRGV��PLFURFRVP��
���� &RPSDUWPHQW�PRGHOV�
���� %LRDVVD\�DQG�LWV�DSSOLFDWLRQV�LQ�WR[LFRORJ\�
���� $QWLGRWDO�SURFHGXUHV�LQ�WR[LFRORJ\�
���� &KHPLFDO�VDIHW\�HYDOXDWLRQ�

8QLW ,9��7R[LFDQWV�DV�SXEOLF�KHDOWK�KD]DUG
����3HVWLFLGHV�DQG KHDY\�PHWDOV�
����5DGLRDFWLYH�VXEVWDQFHV�DQG�IRRG�DGGLWLYHV
����$XWRPRELOH�HPLVVLRQV�
����2FFXSDWLRQDO�GLVHDVHV��3ULQFLSOHV�DQG�PHWKRGV�RI�RFFXSDWLRQDO�KHDOWK�
����(YDOXDWLRQ�DQG�FRQWURO�RI�RFFXSDWLRQDO�KHDOWK�KD]DUGV�

(16�����'&(��0RXQWDLQ�(FRORJ\���������������������������� ����FUHGLWV�

8QLW ,��0RXQWDLQV�HFRORJ\
���� 0RXQWDLQ�HFRV\VWHP��*RRGV�DQG�VHUYLFHV�
���� 0DMRU�PRXQWDLQV�V\VWHPV�RI�WKH�ZRUOG��+LPDOD\DV��$OSV��$QGHV�
���� (FRORJLFDO�VSHFLDOL]DWLRQV LQ�KLJK�DOWLWXGH�HFRV\VWHPV�
���� ,PSDFWV�RI�FOLPDWH�FKDQJH�RQ�PRXQWDLQ�HFRV\VWHPV�
���� 0RXQWDLQ�SROLF\�VXSSRUW��/DQG�XVH�G\QDPLFV��SRYHUW\�DQG�IRRG�VHFXULW\�

8QLW ,,��+LPDOD\DQ�UHVRXUFHV�
���� *ODFLHU�UHVRXUFHV�
���� )RUHVWV�DQG�IRUHVWU\�
���� 0HGLFLQDO�SODQWV�
���� )ORUD�DQG�IDXQD�RI�-DPPX�	�.DVKPLU�
���� (QHUJ\�UHVRXUFHV�RI�-DPPX�	�.DVKPLU��+\GHO�DQG�6RODU�

(16�����'&(��+XPDQ DQG�(QYLURQPHQW��� ����FUHGLWV�

8QLW ,��(QYLURQPHQWDOLVP���������������������������������������������������������������������������������������
���� (QYLURQPHQWDOLVP��&RQFHSW�DQG�KLVWRU\�
���� (QYLURQPHQWDO�RUJDQL]DWLRQV��::)��81(3��,8&1��:+2��
���� (QYLURQPHQWDO�PRYHPHQWV�LQ�,QGLD��1DUPDGD�GDP��7HKUL�GDP� $OPDWWL�GDP�DQG�&KLSNR�
���� 7KH�PRQHWL]DWLRQ�IURQWLHU�
���� (QYLURQPHQWDO�SROLWLFV�

8QLW ,,��(QYLURQPHQWDO�HGXFDWLRQ�DQG�SV\FKRORJ\
���� (QYLURQPHQWDO�HGXFDWLRQ�
���� (QYLURQPHQWDO�SURWHFWLRQ�DQG�UHOLJLRXV�WHDFKLQJV�
���� 3XEOLF�DZDUHQHVV�DQG�UROH�RI�1*2V�
���� (QYLURQPHQWDO�SV\FKRORJ\�DQG�FXUUHQW�SUREOHPV�
���� (QYLURQPHQWDO�HWKLFV�



ϱ

���������������������������

(16�����'&(��(QYLURQPHQWDO�*HRVFLHQFH���������������� ����FUHGLWV�

8QLW ,��(DUWK�VFLHQFH���������������������������������������������������������������������������������������������
���� 2ULJLQ�DQG�HYROXWLRQ�RI�HDUWK�
���� *HRORJLFDO�WLPH�VFDOH�
���� (DUWK�VXUIDFH�SURFHVVHV
���� *HRPDJQHWLVP��0DJQHWLF�DQG�JUDYLWDWLRQDO�ILHOGV�RI�WKH�HDUWK�
���� &RQWLQHQWDO�GULIW��3ODWH�WHFWRQLFV�DQG�1HR�WHFWRQLFV�

8QLW ,,��1DWXUDO�KD]DUGV�DQG�GLVDVWHU�PDQDJHPHQW
���� &RQFHSW�DQG�FODVVLILFDWLRQ�RI�QDWXUDO�KD]DUGV�
���� &DXVHV�DQG�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�

D��(DUWK�TXDNHV�DQG�7VXQDPL��������E� )ORRGV�DQG�GURXJKWV� F��/DQGVOLGHV�
���� 5LVN�DVVHVVPHQW�DQG�YXOQHUDELOLW\�DQDO\VLV�
���� 'LVDVWHU�PDQDJHPHQW��SUHSDUHGQHVV��UHVSRQVH��UHKDELOLWDWLRQ�DQG�IDLOXUHV��FDVH�VWXGLHV��
���� 1DWLRQDO�GLVDVWHU�PDQDJHPHQW�SROLF\

8QLW ,,,��0DULQH�V\VWHPV
���� 0DULQH�]RQHV�
���� &RPSRVLWLRQ�RI�VHDZDWHU�
���� 0DULQH�UHVRXUFHV�DQG�WKHLU�UHF\FOLQJ�
���� ,FH�VKHHWV�DQG�IOXFWXDWLRQV�RI�VHDZDWHU�
���� 2FHDQ�FRQYH\RU�EHOW�

8QLW ,9��*HRFKHPLVWU\
���� *HRFKHPLFDO�FODVVLILFDWLRQ�DQG�GLVWULEXWLRQ�RI�HOHPHQWV�LQ�HDUWK�
���� 0RELOLW\�RI�WUDFH�HOHPHQWV�
���� &RQFHSW�RI�UDUH�HDUWK�HOHPHQWV�
���� *HRFKHPLFDO�F\FOHV�� &��1��3��6�
���� &RQFHSW�RI�UHVLGHQFH�WLPH�DQG�UDWH�RI�QDWXUDO�F\FOHV�

(16�����'&(���(QYLURQPHQWDO�7R[LFRORJ\�������������������������� ����FUHGLWV�

8QLW ,��3ULQFLSOHV�RI�WR[LFRORJ\��������������������������������������������������������������������������
���� 'HILQLWLRQ��VFRSH��JRDOV�DQG�GLYLVLRQV�RI�WR[LFRORJ\�
���� )DFWRUV�LQIOXHQFLQJ�WR[LFLW\� WR[LFLW\ RI�FKHPLFDO�PL[WXUHV
���� )DFWRUV�DIIHFWLQJ�HQYLURQPHQWDO�FRQFHQWUDWLRQ�RI�WR[LFDQWV��
���� 'RVH�� UHVSRQVH�UHODWLRQVKLS�
���� 7R[LFLW\�WHVWLQJ�PHWKRGV��VLQJOH�	�UQXOWL�VSHFLHV��DFXWH��VXE�DFXWH�DQG�FKURQLF�WR[LFLW\��

8QLW ,,��%LRWUDQVIRUPDWLRQ�RI�[HQRELRWLFV
����0HPEUDQRXV�EDUULHUV��ELQGLQJ��VWRUDJH�DQG�DEVRUSWLRQ�RI�[HQRELRWLFV�
���� ([FUHWLRQ�RI�[HQRELRWLFV�
���� %LRWUDQVIRUPDWLRQ��*HQHUDO�SULQFLSOHV�DQG�W\SHV�RI�ELRWUDQVIRUPDWLRQ�
���� &\WRFKURPH�3������LWV�YDULDQWV�DQG�WKHLU�UROH
���� *OXWDWKLRQH�± 6� WUDQVIHUDVH��LWV�YDULDQWV�DQG�WKHLU�UROH�
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(16�����'&(��(QYLURQPHQWDO�*HRVFLHQFH���������������� ����FUHGLWV�

8QLW ,��(DUWK�VFLHQFH���������������������������������������������������������������������������������������������
���� 2ULJLQ�DQG�HYROXWLRQ�RI�HDUWK�
���� *HRORJLFDO�WLPH�VFDOH�
���� (DUWK�VXUIDFH�SURFHVVHV
���� *HRPDJQHWLVP��0DJQHWLF�DQG�JUDYLWDWLRQDO�ILHOGV�RI�WKH�HDUWK�
���� &RQWLQHQWDO�GULIW��3ODWH�WHFWRQLFV�DQG�1HR�WHFWRQLFV�

8QLW ,,��1DWXUDO�KD]DUGV�DQG�GLVDVWHU�PDQDJHPHQW
���� &RQFHSW�DQG�FODVVLILFDWLRQ�RI�QDWXUDO�KD]DUGV�
���� &DXVHV�DQG�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�
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���� ,FH�VKHHWV�DQG�IOXFWXDWLRQV�RI�VHDZDWHU�
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���� &RQFHSW�RI�UHVLGHQFH�WLPH�DQG�UDWH�RI�QDWXUDO�F\FOHV�

(16�����'&(���(QYLURQPHQWDO�7R[LFRORJ\�������������������������� ����FUHGLWV�

8QLW ,��3ULQFLSOHV�RI�WR[LFRORJ\��������������������������������������������������������������������������
���� 'HILQLWLRQ��VFRSH��JRDOV�DQG�GLYLVLRQV�RI�WR[LFRORJ\�
���� )DFWRUV�LQIOXHQFLQJ�WR[LFLW\� WR[LFLW\ RI�FKHPLFDO�PL[WXUHV
���� )DFWRUV�DIIHFWLQJ�HQYLURQPHQWDO�FRQFHQWUDWLRQ�RI�WR[LFDQWV��
���� 'RVH�� UHVSRQVH�UHODWLRQVKLS�
���� 7R[LFLW\�WHVWLQJ�PHWKRGV��VLQJOH�	�UQXOWL�VSHFLHV��DFXWH��VXE�DFXWH�DQG�FKURQLF�WR[LFLW\��

8QLW ,,��%LRWUDQVIRUPDWLRQ�RI�[HQRELRWLFV
����0HPEUDQRXV�EDUULHUV��ELQGLQJ��VWRUDJH�DQG�DEVRUSWLRQ�RI�[HQRELRWLFV�
���� ([FUHWLRQ�RI�[HQRELRWLFV�
���� %LRWUDQVIRUPDWLRQ��*HQHUDO�SULQFLSOHV�DQG�W\SHV�RI�ELRWUDQVIRUPDWLRQ�
���� &\WRFKURPH�3������LWV�YDULDQWV�DQG�WKHLU�UROH
���� *OXWDWKLRQH�± 6� WUDQVIHUDVH��LWV�YDULDQWV�DQG�WKHLU�UROH�



ϲ

8QLW ,,,��%LR�PDJQLILFDWLRQ�RI�[HQRELRWLFV
���� %LRDFFXPXODWLRQ��ELRFRQFHQWUDWLRQ�DQG�ELRPDJQLILFDWLRQ � VWXG\�PHWKRGV��PLFURFRVP��
���� &RPSDUWPHQW�PRGHOV�
���� %LRDVVD\�DQG�LWV�DSSOLFDWLRQV�LQ�WR[LFRORJ\�
���� $QWLGRWDO�SURFHGXUHV�LQ�WR[LFRORJ\�
���� &KHPLFDO�VDIHW\�HYDOXDWLRQ�

8QLW ,9��7R[LFDQWV�DV�SXEOLF�KHDOWK�KD]DUG
����3HVWLFLGHV�DQG KHDY\�PHWDOV�
����5DGLRDFWLYH�VXEVWDQFHV�DQG�IRRG�DGGLWLYHV
����$XWRPRELOH�HPLVVLRQV�
����2FFXSDWLRQDO�GLVHDVHV��3ULQFLSOHV�DQG�PHWKRGV�RI�RFFXSDWLRQDO�KHDOWK�
����(YDOXDWLRQ�DQG�FRQWURO�RI�RFFXSDWLRQDO�KHDOWK�KD]DUGV�

(16�����'&(��0RXQWDLQ�(FRORJ\���������������������������� ����FUHGLWV�

8QLW ,��0RXQWDLQV�HFRORJ\
���� 0RXQWDLQ�HFRV\VWHP��*RRGV�DQG�VHUYLFHV�
���� 0DMRU�PRXQWDLQV�V\VWHPV�RI�WKH�ZRUOG��+LPDOD\DV��$OSV��$QGHV�
���� (FRORJLFDO�VSHFLDOL]DWLRQV LQ�KLJK�DOWLWXGH�HFRV\VWHPV�
���� ,PSDFWV�RI�FOLPDWH�FKDQJH�RQ�PRXQWDLQ�HFRV\VWHPV�
���� 0RXQWDLQ�SROLF\�VXSSRUW��/DQG�XVH�G\QDPLFV��SRYHUW\�DQG�IRRG�VHFXULW\�

8QLW ,,��+LPDOD\DQ�UHVRXUFHV�
���� *ODFLHU�UHVRXUFHV�
���� )RUHVWV�DQG�IRUHVWU\�
���� 0HGLFLQDO�SODQWV�
���� )ORUD�DQG�IDXQD�RI�-DPPX�	�.DVKPLU�
���� (QHUJ\�UHVRXUFHV�RI�-DPPX�	�.DVKPLU��+\GHO�DQG�6RODU�

(16�����'&(��+XPDQ DQG�(QYLURQPHQW��� ����FUHGLWV�

8QLW ,��(QYLURQPHQWDOLVP���������������������������������������������������������������������������������������
���� (QYLURQPHQWDOLVP��&RQFHSW�DQG�KLVWRU\�
���� (QYLURQPHQWDO�RUJDQL]DWLRQV��::)��81(3��,8&1��:+2��
���� (QYLURQPHQWDO�PRYHPHQWV�LQ�,QGLD��1DUPDGD�GDP��7HKUL�GDP� $OPDWWL�GDP�DQG�&KLSNR�
���� 7KH�PRQHWL]DWLRQ�IURQWLHU�
���� (QYLURQPHQWDO�SROLWLFV�

8QLW ,,��(QYLURQPHQWDO�HGXFDWLRQ�DQG�SV\FKRORJ\
���� (QYLURQPHQWDO�HGXFDWLRQ�
���� (QYLURQPHQWDO�SURWHFWLRQ�DQG�UHOLJLRXV�WHDFKLQJV�
���� 3XEOLF�DZDUHQHVV�DQG�UROH�RI�1*2V�
���� (QYLURQPHQWDO�SV\FKRORJ\�DQG�FXUUHQW�SUREOHPV�
���� (QYLURQPHQWDO�HWKLFV�
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(16�����'&(��$WPRVSKHULF�6FLHQFH ����FUHGLWV�

8QLW ,��7KH�DWPRVSKHUH���������������������������������������������������������������������������������
����,QWURGXFWLRQ�WR�DWPRVSKHULF�VFLHQFH�
����$WPRVSKHULF�G\QDPLFV�
����%DVLF�VWUXFWXUH�DQG�PHFKDQLVP�RI�DWPRVSKHULF�JHQHUDO�FLUFXODWLRQ��
���� 0RQVRRQ�V\VWHPV��F\FORQHV��DQWLF\FORQHV��MHW�VWUHDPV��(162�
����$LU�VHD�LQWHUDFWLRQV�

8QLW ,,��&OLPDWRORJ\
����)XQGDPHQWDOV RI�FOLPDWRORJ\�
����&ODVVLILFDWLRQ�RI�FOLPDWH��.RSSHQ¶V�DQG��7UHZDUWKD
����&OLPDWLF�]RQHV�RI�,QGLD
����&OLPDWH�RI�-	.�
���� 3DOHR�FOLPDWRORJ\�DQG�FOLPDWH�FKDQJH�

8QLW ,,,��$WPRVSKHULF�DHURVROV
����,QWURGXFWLRQ�DQG�W\SHV�RI�DHURVROV�
����6RXUFHV��WUDQVIRUPDWLRQ� JHRJUDSKLFDO�GLVWULEXWLRQ�DQG�DWPRVSKHULF�HIIHFWV
����&KHPLFDO�FRPSRVLWLRQ�RI�DHURVROV
����&DUERQDFHRXV�DHURVROV��%ODFN�FDUERQ�
����*OREDO�FRROLQJ�YHUVXV�JOREDO�ZDUPLQJ�

8QLW ,9��$WPRVSKHULF�GDWD�DQDO\VLV
����'U\�DQG�ZHW�DWPRVSKHULF�GHSRVLWLRQ
����/,'$56��62'$56��ZHDWKHU�5$'$56�
����5HPRWH�VHQVLQJ�WHFKQLTXHV��:3�5$66��
���� 6HOI�UHFRUGLQJ�LQVWUXPHQWV��UDGLRVRQGHV��UDGLRPHWHUVRQGHV��R]RQH�VRQGH
���� &OLPDWH�PRGHOLQJ

(16�����'&(��(QYLURQPHQWDO�0LFURELRORJ\��������������������� ����FUHGLWV�

8QLW ,��0LFURELDO�HFRORJ\����������������������������������������������������������������������������������������
����+LVWRU\�DQG�VFRSH�RI�PLFURELRORJ\�
����*HQHUDO�DFFRXQW�RI�PLFUR�RUJDQLVPV�

D� %DFWHULD�
E� )XQJL��DOJDH�DQG�YLUXVHV�
F� 3URWR]RD�

����,QWHUDFWLRQV�EHWZHHQ�PLFUREHV�DQG�RWKHU�RUJDQLVPV�
���� )DFWRUV�DIIHFWLQJ�JURZWK�RI�PLFURRUJDQLVPV�
���� %ULHI� LQWURGXFWLRQ� WR� WKHUPRSKLOHV�� EDURSKLOHV�� DFLGRSKLOHV�� DONDORSKLOHV� DQG�

SV\FKURSKLOHV�

8QLW ,,��0LFUREHV�DQG�HQYLURQPHQW
���� 1DWXUH�DQG�IXQFWLRQ�RI�PLFUR�RUJDQLVPV�LQ�VRLO��ZDWHU�DQG�DLU�
����0LFURELDO�VSRLODJH�RI�IRRG�DQG�LWV�SUHVHUYDWLRQ�
����0LFURELDO�DFWLYLW\�LQ�VHZDJH�GLVSRVDO�
���� $SSOLFDWLRQ�RI�PLFUR�RUJDQLVPV�LQ�WKH�FRQWURO�RI�
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ϭϬ

D� 2LO�SROOXWLRQ�
E� &KHPLFDO�SROOXWLRQ�� SHVWLFLGHV��V\QWKHWLF�SRO\PHUV��DQG�PHWDOV�
F� %LR�GHWHULRUDWLRQ�RI�PDWHULDOV�

���� 5ROH� RI� PLFUREHV� LQ� IL[DWLRQ� DQG� VROXELOL]DWLRQ� �� PLQHUDOL]DWLRQ� RI� QXWULHQWV��
FDUERQ��QLWURJHQ��SKRVSKRUXV��VXOSKXU�

8QLW ,,,��0LFURRUJDQLVPV�DQG�KXPDQ�KHDOWK
���� +XPDQ�KHDOWK�DQG�HQYLURQPHQW��005��,05��/LIH�H[SHFWDQF\��PRUELGLW\
���� 6WDWXV�RI�FRPPXQLFDEOH�GLVHDVHV�LQ�,QGLD
���� (SLGHPLRORJ\��UHVHUYRLU�RI�LQIHFWLRQ��FRPPXQLFDELOLW\�DQG�FRQWURO��

D� $LU�ERUQH�GLVHDVHV��WXEHUFXORVLV���LQIOXHQ]D�YLUXVHV
E� 6RLO�ERUQH�GLVHDVHV��WHWDQXV�DQG�JDV�JDQJDULQH�
F�:DWHU�DQG�IRRG�ERUQH�GLVHDVHV��FKROHUD��W\SKRLG��JLDUGLDVLV��KHSDWLWLV�

���� $OOHUJLF�GLVHDVHV�
���� ,QVHFW�YHFWRUV�RI�KXPDQ�GLVHDVHV�OLNH�PDODULD��GHQJXH��HQFHSKDOLWLV��DQG�WKHLU�FRQWURO�

8QLW ,9��,QGXVWULDO�PLFURELRORJ\

��� 0DMRU�SURGXFWV�RI�LQGXVWULDO�PLFURELRORJ\�� $QWLELRWLFV��DPLQR�DFLGV�DQG�ELRSRO\PHUV�
��� )HUPHQWDWLRQ�WHFKQRORJ\�DQG�ELRSURFHVVLQJ
��� 5ROH�RI�PLFURELRORJ\�LQ�PHWDOOXUJ\�
��� %DVLF�WHFKQLTXHV�LQ�PROHFXODU�ELRORJ\�� 3&5�DQG�HOHFWURSKRUHVLV
��� %LRVDIHW\�OHYHOV�LQ�PLFURELRORJ\�ODEV��

(16�����'&(�� *UHHQ�(QYLURQPHQW ��� &UHGLWV�

8QLW ,,��(FRWRXULVP
����(FRWRXULVP��FRQFHSW�DQG�VLJQLILFDQFH�
����7RXULVP�LQ�1DWLRQDO�3DUNV��VDQFWXDULHV��ZHWODQGV�DQG�RWKHU�ODQGVFDSHV�
���� &RQFHSW�RI�WRXULVP�FDUU\LQJ�FDSDFLW\
���� 7RXULVP�SROLF\�
����(FRWRXULVP�SRWHQWLDO�LQ�-	.�

8QLW ,9��*UHHQ�FLWLHV
����&RQFHSW�RI�JUHHQ�EXLOGLQJV�DQG�FLWLHV�
����*UHHQ�EHOW�
����&RQVXPHU�EHKDYLRU
����6XVWDLQDEOH�XUEDQ�WUDIILF�PDQDJHPHQW�
����*UHHQ�FLW\��D�FDVH�VWXG\

(16�����'&(��(FRORJLFDO�7RXU ����FUHGLWV�
'XULQJ� �QG VHPHVWHU�� VWXGHQWV� DUH� UHTXLUHG� WR� JR� IRU� LQVWLWXWLRQDO� YLVLW� WR� YDULRXV�
DFDGHPLF� DQG� UHVHDUFK� LQVWLWXWLRQV� RXWVLGH� -DPPX�	�.DVKPLU� FDUU\LQJ� ��� FUHGLWV� DQG�
ZLOO�IRUP�D�FRPSRQHQW�RI�(OHFWLYH�$OOLHG��2QH�FUHGLW�ZLOO�EH�JLYHQ�IRU�SDUWLFLSDWLRQ�DQG�
RQH�FUHGLW�IRU�7RXU�UHSRUW�DQG�YLYD�YRFH�
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���� &RQFHSW�RI�WRXULVP�FDUU\LQJ�FDSDFLW\
���� 7RXULVP�SROLF\�
����(FRWRXULVP�SRWHQWLDO�LQ�-	.�

8QLW ,9��*UHHQ�FLWLHV
����&RQFHSW�RI�JUHHQ�EXLOGLQJV�DQG�FLWLHV�
����*UHHQ�EHOW�
����&RQVXPHU�EHKDYLRU
����6XVWDLQDEOH�XUEDQ�WUDIILF�PDQDJHPHQW�
����*UHHQ�FLW\��D�FDVH�VWXG\

(16�����'&(��(FRORJLFDO�7RXU ����FUHGLWV�
'XULQJ� �QG VHPHVWHU�� VWXGHQWV� DUH� UHTXLUHG� WR� JR� IRU� LQVWLWXWLRQDO� YLVLW� WR� YDULRXV�
DFDGHPLF� DQG� UHVHDUFK� LQVWLWXWLRQV� RXWVLGH� -DPPX�	�.DVKPLU� FDUU\LQJ� ��� FUHGLWV� DQG�
ZLOO�IRUP�D�FRPSRQHQW�RI�(OHFWLYH�$OOLHG��2QH�FUHGLW�ZLOO�EH�JLYHQ�IRU�SDUWLFLSDWLRQ�DQG�
RQH�FUHGLW�IRU�7RXU�UHSRUW�DQG�YLYD�YRFH�



ϭϬ

D� 2LO�SROOXWLRQ�
E� &KHPLFDO�SROOXWLRQ�� SHVWLFLGHV��V\QWKHWLF�SRO\PHUV��DQG�PHWDOV�
F� %LR�GHWHULRUDWLRQ�RI�PDWHULDOV�

���� 5ROH� RI� PLFUREHV� LQ� IL[DWLRQ� DQG� VROXELOL]DWLRQ� �� PLQHUDOL]DWLRQ� RI� QXWULHQWV��
FDUERQ��QLWURJHQ��SKRVSKRUXV��VXOSKXU�

8QLW ,,,��0LFURRUJDQLVPV�DQG�KXPDQ�KHDOWK
���� +XPDQ�KHDOWK�DQG�HQYLURQPHQW��005��,05��/LIH�H[SHFWDQF\��PRUELGLW\
���� 6WDWXV�RI�FRPPXQLFDEOH�GLVHDVHV�LQ�,QGLD
���� (SLGHPLRORJ\��UHVHUYRLU�RI�LQIHFWLRQ��FRPPXQLFDELOLW\�DQG�FRQWURO��

D� $LU�ERUQH�GLVHDVHV��WXEHUFXORVLV���LQIOXHQ]D�YLUXVHV
E� 6RLO�ERUQH�GLVHDVHV��WHWDQXV�DQG�JDV�JDQJDULQH�
F�:DWHU�DQG�IRRG�ERUQH�GLVHDVHV��FKROHUD��W\SKRLG��JLDUGLDVLV��KHSDWLWLV�

���� $OOHUJLF�GLVHDVHV�
���� ,QVHFW�YHFWRUV�RI�KXPDQ�GLVHDVHV�OLNH�PDODULD��GHQJXH��HQFHSKDOLWLV��DQG�WKHLU�FRQWURO�

8QLW ,9��,QGXVWULDO�PLFURELRORJ\

��� 0DMRU�SURGXFWV�RI�LQGXVWULDO�PLFURELRORJ\�� $QWLELRWLFV��DPLQR�DFLGV�DQG�ELRSRO\PHUV�
��� )HUPHQWDWLRQ�WHFKQRORJ\�DQG�ELRSURFHVVLQJ
��� 5ROH�RI�PLFURELRORJ\�LQ�PHWDOOXUJ\�
��� %DVLF�WHFKQLTXHV�LQ�PROHFXODU�ELRORJ\�� 3&5�DQG�HOHFWURSKRUHVLV
��� %LRVDIHW\�OHYHOV�LQ�PLFURELRORJ\�ODEV��

(16�����'&(�� *UHHQ�(QYLURQPHQW ��� &UHGLWV�

8QLW ,,��(FRWRXULVP
����(FRWRXULVP��FRQFHSW�DQG�VLJQLILFDQFH�
����7RXULVP�LQ�1DWLRQDO�3DUNV��VDQFWXDULHV��ZHWODQGV�DQG�RWKHU�ODQGVFDSHV�
���� &RQFHSW�RI�WRXULVP�FDUU\LQJ�FDSDFLW\
���� 7RXULVP�SROLF\�
����(FRWRXULVP�SRWHQWLDO�LQ�-	.�

8QLW ,9��*UHHQ�FLWLHV
����&RQFHSW�RI�JUHHQ�EXLOGLQJV�DQG�FLWLHV�
����*UHHQ�EHOW�
����&RQVXPHU�EHKDYLRU
����6XVWDLQDEOH�XUEDQ�WUDIILF�PDQDJHPHQW�
����*UHHQ�FLW\��D�FDVH�VWXG\

(16�����'&(��(FRORJLFDO�7RXU ����FUHGLWV�
'XULQJ� �QG VHPHVWHU�� VWXGHQWV� DUH� UHTXLUHG� WR� JR� IRU� LQVWLWXWLRQDO� YLVLW� WR� YDULRXV�
DFDGHPLF� DQG� UHVHDUFK� LQVWLWXWLRQV� RXWVLGH� -DPPX�	�.DVKPLU� FDUU\LQJ� ��� FUHGLWV� DQG�
ZLOO�IRUP�D�FRPSRQHQW�RI�(OHFWLYH�$OOLHG��2QH�FUHGLW�ZLOO�EH�JLYHQ�IRU�SDUWLFLSDWLRQ�DQG�
RQH�FUHGLW�IRU�7RXU�UHSRUW�DQG�YLYD�YRFH�



ϭϮ

8QLW ,,,��(,$�&DVH�VWXGLHV�
���� +\GUR�SRZHU��LUULJDWLRQ�DQG�GUDLQDJH�
���� ,QGXVWULDO�HVWDWHV�DQG 3DUNV�
���� +LJKZD\V�DQG 5DLOZD\V�
���� 7KHUPDO�SRZHU�SURMHFWV�
���� &HPHQW�DQG�&KHPLFDO�LQGXVWULHV�

8QLW ,9��(FRORJLFDO�PRGHOLQJ
���� 5ROH�RI�PRGHOV�LQ�HFRORJ\�
���� &RPSRQHQWV�RI�D�PRGHO�
���� &ODVVHV�RI�PDWKHPDWLFDO�PRGHOV�
����0RGHOV�RI�SRSXODWLRQ��JURZWK�DQG�LQWHUDFWLRQ��DQG�SROOXWDQW�GLVSHUVDO

D� /RWND�± 9ROWHUUD�PRGHO�
E� /HVOLH¶V�PDWUL[�PRGHO�
F� *DXVVLDQ�SOXPH�PRGHO�

����0RGHOLQJ RI�DLU�TXDOLW\��ZDWHU�TXDOLW\�DQG�QRLVH�FKDUDFWHULVWLFV�

(16�����&5��/DERUDWRU\�&RXUVH ����FUHGLWV�

&RXUVH�&RQWHQWV
�� &DVH�VWXGLHV�EDVHG�RQ�HQYLURQPHQWDO�ODZV�
�� 6XUYH\�RI�GLIIHUHQW�UHVLGHQWLDO�DUHDV�IRU�GHWHUPLQLQJ�WKH�SUHYDOHQFH�RI�GLIIHUHQW�DLU��ZDWHU��

VRLO�DQG�IRRG�ERUQH�GLVHDVHV�
�� (,$�± /HRSROG�0DWUL[�PHWKRG�DQG�FDVH�VWXGLHV�
�� 6RFLR�HFRQRPLF�VWXGLHV�± SUHSDULQJ�RI�TXHVWLRQQDLUH�DQG�FDVH�VWXGLHV�
�� &RPSXWDWLRQ�RI�VWDQGDUG�GHYLDWLRQ��VWDQGDUG�HUURU�DQG�FRHIILFLHQW�RI�YDULDWLRQ�
�� &RPSXWDWLRQ�RI�FRUUHODWLRQ�DQG�UHJUHVVLRQ�
�� 2QH�ZD\�DQG�WZR�ZD\�FODVVLILFDWLRQ�RI�$129$�
�� /DQG�XVH���ODQG�FRYHU�FODVVLILFDWLRQ�IURP�VDWHOOLWH�GDWD�
�� 'HOLQHDWLRQ�RI�GUDLQDJH�RI�D�JLYHQ�DUHD�IURP�VDWHOOLWH�GDWD�
��� 'HOLQHDWLRQ�RI�SRLQW��OLQH�DQG�SRO\JRQ�WKHPHV
��� :DVWH�DXGLWLQJ�RI�DQ\�LQVWLWXWLRQ��RUJDQL]DWLRQ
��� :RUNLQJ�DQG�GHVLJQ�RI�WUHDWPHQW�SODQWV�
��� 6SULQJ�DQG�VWUHDP�RUGHU�FODVVLILFDWLRQ�
��� 6WXG\�RI�FRORQL]DWLRQ�SRWHQWLDO�RI�SHULSK\WRQ�RQ�DUWLILFLDO�VXEVWUDWHV��
��� 6WXG\�RI�PRUSKRJHQHWLF�UHVSRQVH�RI�H[SODQWV�RQ�PHGLD
��� &ROOHFWLRQ�DQG�GHPRQVWUDWLRQ�RI� WKH�SKDUPDFRJQRVWLF�FKDUDFWHUV�RI� LPSRUWDQW�PHGLFLQDO�

SODQWV
��� &RPSDUDWLYH�DQDWRPLFDO�VWXG\�RI�PHVRSK\WHV��K\GURSK\WHV�DQG�[HURSK\WHV�
��� &ROOHFWLRQ�DQG�LGHQWLILFDWLRQ�RI�FRPPRQ�DTXDWLF�PDFURSK\WHV
��� )LHOG�WULS�WR�1DWLRQDO�SDUN�ZLOGOLIH�VDQFWXDU\�LQGXVWULDO�DUHD�
��� 6WXG\�RI�LQVHFW�IDXQD�LQ�GLIIHUHQW�HQYLURQPHQWV�



ϭϱ

&RXUVH�'HVFULSWLRQV �
WK

6(0(67(5

������������

(16�����&5��(QYLURQPHQWDO�(QJLQHHULQJ�������������������� ����FUHGLWV�

8QLW ,��)XQGDPHQWDOV RI�HQYLURQPHQWDO�HQJLQHHULQJ����������������������������������������������������
���� (QYLURQPHQWDO�HQJLQHHULQJ��,QWURGXFWLRQ�DQG�VFRSH�
���� 6HZDJH�DQG�VWRUP�ZDWHU�GUDLQDJH�
���� 3ODQQLQJ�RI�KRXVLQJ�GUDLQDJH�
���� (QYLURQPHQWDO�VDQLWDWLRQ�
���� 9HQWLODWLRQ�DQG�DLU�FRQGLWLRQLQJ�

8QLW ,,��'ULQNLQJ�ZDWHU�WUHDWPHQW
����0HWKRGV�RI�ZDWHU�SXULILFDWLRQ��IORFFXODWLRQ� VHGLPHQWDWLRQ��VHGLPHQWDWLRQ�ZLWK�

FRDJXODWLRQ�
���� )LOWUDWLRQ��VDQG�ILOWHUV��SUHVVXUH�ILOWHUV��KRUL]RQWDO�ILOWHUV�
���� 'LVLQIHFWLRQ�DQG�GHVDOLQDWLRQ�RI�ZDWHU�
���� &KHPLFDO�WUHDWPHQW��DGVRUSWLRQ��JDV�VWULSSLQJ��LRQ�H[FKDQJH�
���� 5HYHUVH�RVPRVLV�DQG�GLVWLOODWLRQ�

8QLW ,,,��6HZDJH�WUHDWPHQW
����:DVWHZDWHU�WUHDWPHQW�SODQWV��&RQFHSW��PHWKRGV�DQG�GHVLJQ�

D� 3ULPDU\�
E� 6HFRQGDU\�
F� 7HUWLDU\�

���� 6OXGJH�DQG�LWV�GLVSRVDO�WHFKQLTXHV�
���� 1DWXUDO�PHWKRGV�RI�VHZDJH�GLVSRVDO�
���� %LRORJ\�RI�VHZDJH�WUHDWPHQW�
���� 5HFODPDWLRQ�DQG�UHXVH�RI�LQGXVWULDO�DQG�GRPHVWLF�ZDVWHZDWHU�

8QLW ,9��6ROLG�DQG�KD]DUGRXV�ZDVWH�PDQDJHPHQW
���� 6ROLG�ZDVWHV��VRXUFHV��JHQHUDWLRQ�DQG�WKHLU�FKDUDFWHULVWLFV�
���� +D]DUGRXV�ZDVWH��VRXUFHV�DQG�JHQHUDWLRQ�DQG�WKHLU�FKDUDFWHULVWLFV
���� 'LVSRVDO�DQG�PDQDJHPHQW�RI�VROLG��LQGXVWULDO�DQG�KD]DUGRXV�ZDVWHV��
���� +RVSLWDO�ZDVWH�PDQDJHPHQW�
���� 6LWH�UHPHGLDWLRQ

(16�����&5��%LRGLYHUVLW\�DQG�5HVRXUFH�0DQDJHPHQW������������������FUHGLWV�

8QLW ,��%LRJHRJUDSK\����������������������������������������������������������������������������������������������
���� *HRJUDSKLFDO�FODVVLILFDWLRQ�DQG�]RQHV�
����0DMRU�ELRPHV�RI�WKH�ZRUOG��'LVWULEXWLRQ�DQG�FKDUDFWHULVWLF�IHDWXUHV�
���� =RRJHRJUDSKLF�UHDOPV�RI�WKH�ZRUOG��3DODHDUFWLF��QHDUFWLF��QHRWURSLFDO��RULHQWDO��DXVWUDOLDQ�

DQG�DIULFDQ�
���� 'LVSHUVDO��0HDQV��PRGHV�DQG�EDUULHUV��LVODQG�OLIH�
����0LJUDWLRQV�



ϭϲ

8QLW ,,��%LRGLYHUVLW\
���� %LRGLYHUVLW\��6WDWXV�DQG�LPSRUWDQFH��,QGLD�DV�D�PHJD�GLYHUVLW\�QDWLRQ�
���� (QGHPLVP��)DFWRUV�FRQWUROOLQJ�GLVWULEXWLRQ�RI�IORUD�DQG�IDXQD�
���� +RW�6SRWV�DQG�FROG�VSRWV��FRQFHSW�RI�QDWLYH�DQG�H[RWLF�VSHFLHV�
���� %LRGLYHUVLW\�GHFOLQH��'ULYHUV�RI�FKDQJH�DQG�SUHVVXUHV�
���� 7KUHDWHQHG� VSHFLHV� FDWHJRULHV� RI� ,8&1�� FRQFHSW� RI� H[WLQFWLRQ� WKUHVKROG� DQG� H[WLQFWLRQ�

GHEW

8QLW ,,,��%LRGLYHUVLW\�0DQDJHPHQW
���� )RUHVW�FRQVHUYDWLRQ��VRFLDO�IRUHVWU\�DQG�MRLQW�IRUHVW�PDQDJHPHQW�
����0DQDJHPHQW�RI�UDQJHODQGV�
���� )LVKHU\�UHVRXUFH�PDQDJHPHQW
����0RQLWRULQJ�DQG�PDQDJHPHQW�RI�ELR�GLYHUVLW\�
���� %LRGLYHUVLW\�&RQVHUYDWLRQ�

D� ,Q�VLWX�FRQVHUYDWLRQ��1DWLRQDO�SDUNV��VDQFWXDULHV��ELRVSKHUH�UHVHUYHV��UDPVDU�6LWHV�
E�([�VLWX� FRQVHUYDWLRQ�� ERWDQLFDO� JDUGHQV�� ]RRORJLFDO� SDUNV�� ]RRV�� VHHG� EDQNV�� LQ�YLWUR�
FRQVHUYDWLRQ�

8QLW ,9��0DQDJHPHQW�RI�QDWXUDO�UHVRXUFHV
����&RQFHSW�DQG�VWUDWHJLHV�RI�VXVWDLQDEOH�GHYHORSPHQW�
����0DQDJHPHQW�RI�PLQHUDO�UHVRXUFHV�
����0DQDJHPHQW�RI�IUHVK�ZDWHU�UHVRXUFHV�
����(QHUJ\�FULVLV�DQG�FRQVHUYDWLRQ�RI�HQHUJ\�UHVRXUFHV�
����&RQFHSW�RI�HFRORJLFDO�IRRWSULQW�DQG�FDUERQ�VHTXHVWUDWLRQ

(16�����&5��3URMHFW�:RUN���������������������������� ����FUHGLWV�

7KH�SURMHFW�ZRUN� VKDOO� EH� RI� SUDFWLFDO� QDWXUH DQG� WKH� FDQGLGDWH� KDV� WR� FDUU\� RXW WKH�
SURMHFW�ZRUN�UHODWHG�WR�HQYLURQPHQW�XQGHU WKH�VXSHUYLVLRQ�RI�FRQFHUQHG�WHDFKHU�
7KH�GLVWULEXWLRQ�VKRXOG�EH�DV�IROORZV�
¾ 3DUW�,����,GHQWLILFDWLRQ�RI�SUREOHP�DUHD�DQG�JHQHUDO�GHVFULSWLRQ�
¾ 3DUW� ,,�� 6WXG\� RI� VSHFLILF� OLWHUDWXUH� LQ� GHWDLO� SHUWDLQLQJ� WR� WKH� VWDWHPHQW� RI� WKH�

SUREOHP
¾ 3DUW�,,,��'HYHORSLQJ�D�VROXWLRQ��PHWKRGRORJ\�RU�SURSRVLQJ�D�K\SRWKHVLV�WR�VROYH�WKH�

SUREOHP
¾ 3DUW�,9��([SHULPHQWDO�DQDO\VLV��UHVXOWV��GLVFXVVLRQ��FRQFOXVLRQ�DQG�UHFRPPHQGDWLRQV

������������������������������������������������������������������������������Ǥ�����
����������������������������ȋ��������Ȍ�������������� ȋ��������Ȍ��������������������Ǥ�



ϯ

&RXUVH�'HVFULSWLRQV �VW 6HPHVWHU

������������

(16�����&5��)XQGDPHQWDOV�RI�(QYLURQPHQWDO�6FLHQFH ����FUHGLWV�

8QLW ,��&RPSRQHQWV�RI�HQYLURQPHQW��������������������������������������������������������������������
���� 'HILQLWLRQ��SULQFLSOH�DQG�VFRSH�RI�HQYLURQPHQWDO�VFLHQFH�
���� $WPRVSKHUH��6WUXFWXUH�DQG�FRPSRVLWLRQ�
���� +\GURVSKHUH�DQG�FU\RVSKHUH��+\GURORJLFDO�F\FOH�
���� /LWKRVSKHUH��6WUXFWXUH�DQG�FRPSRVLWLRQ�
���� %LRVSKHUH��&RPSRQHQWV�

8QLW�,,��(FRV\VWHP�G\QDPLFV
���� 6WUXFWXUH�DQG�IXQFWLRQ�RI�HFRV\VWHPV�
���� (FRV\VWHP�UHVLOLHQFH�
���� 3ULPDU\�SURGXFWLYLW\�
���� 6HFRQGDU\�SURGXFWLYLW\�
���� (QHUJ\�IORZ��HQHUJ\�PRGHOV�DQG�HQHUJ\�UHODWLRQV�LQ�HFRV\VWHPV�

8QLW�,,,��3RSXODWLRQ�DQG�FRPP\�HFRORJ\
���� &KDUDFWHULVWLFV�RI�SRSXODWLRQ�
���� 3RSXODWLRQ�JURZWK�DQG�SRSXODWLRQ�LQWHUDFWLRQV�
���� 3RSXODWLRQ�UHJXODWLRQ��'HQVLW\�GHSHQGHQW�DQG�GHQVLW\�LQGHSHQGHQW�
���� &RQFHSW�DQG�FKDUDFWHULVWLFV�RI�FRPPLHV�
���� (FRORJLFDO�VXFFHVVLRQ��SULPDU\�DQG�VHFRQGDU\�SURFHVVHV�LQ�VXFFHVVLRQV��FOLPD[�

FRPP\�DQG�W\SHV�RI�FOLPD[�

8QLW ,9��0HWHRURORJ\

���� 0HWHRURORJLFDO� SDUDPHWHUV��$WPRVSKHULF� SUHVVXUH�� WHPSHUDWXUH�� SUHFLSLWDWLRQ�� KXPLGLW\
DQG�ZLQG�

���� 5DGLDWLRQ�DQG�KHDW�EXGJHW�
���� $WPRVSKHULF�VWDELOLW\�
��� 7HPSHUDWXUH�LQYHUVLRQV
������:LQG�URVHV

(16�����&5��(QYLURQPHQWDO�&KHPLVWU\���������������������������� ����FUHGLWV��

8QLW ,��$QDO\WLFDO�FKHPLVWU\��������������������������������������������������������
���� 6WRLFKLRPHWU\�
���� 7LWULPHWU\�DQG�JUDYLPHWU\�
���� 3RWHQWLRPHWU\��S+�DQG�FRQGXFWLYLW\�
���� 89�YLVLEOH�DQG�IODPH�SKRWRPHWU\�
���� $WRPLF�DEVRUSWLRQ�VSHFWURSKRWRPHWU\�

8QLW ,,��$WPRVSKHUH�FKHPLVWU\
���� )RUPDWLRQ�DQG�HYROXWLRQ�RI�HDUWK¶V�DWPRVSKHUH�
���� ,RQV��UDGLFDOV�DQG�SDUWLFXODWHV�LQ�WKH�DWPRVSKHUH�



ϰ

���� )RUPDWLRQ�RI�LQRUJDQLF�DQG�RUJDQLF�SDUWLFXODWH�PDWWHU�
���� 7KHUPR�FKHPLFDO�DQG�SKRWRFKHPLFDO�UHDFWLRQV�LQ�WKH�DWPRVSKHUH
���� &KHPLVWU\�RI�JUHHQ�KRXVH�JDVVHV�

8QLW ,,,��:DWHU�FKHPLVWU\
���� 3K\VLFR�FKHPLFDO�FKDUDFWHULVWLFV�RI�ZDWHU�

���� 6ROXELOLW\�RI�JDVHV�LQ�ZDWHU��GLVVROYHG�JDVHV�LQ�ZDWHU�� &2���2���+�6��&+� DQG�1+�
���� %LRFKHPLFDO�R[\JHQ�GHPDQG�DQG�FKHPLFDO�R[\JHQ�GHPDQG�
���� &DUERQDWH�ELFDUERQDWH�V\VWHP�
���� 5HGR[�SRWHQWLDO�

8QLW ,9��6RLO�FKHPLVWU\
���� 6RLO�SURILOH�DQG�SHGRJHQHVLV�
���� ,QRUJDQLF�DQG�RUJDQLF�FRPSRQHQWV�RI�VRLO�
���� 3K\VLFR� FKHPLFDO�SURSHUWLHV�RI�VRLOV�
���� %LRFKHPLFDO�SURSHUWLHV�RI�VRLO�
���� 6RLO�FODVVLILFDWLRQ�DQG�W\SHV�

(16�����&5��/DERUDWRU\�&RXUVH ����FUHGLWV�

&RXUVH�&RQWHQWV
�� (VWLPDWLRQ�RI�YROXPH�RI�D�ZDWHU�ERG\��3RQG��SRRO��ODNH�
�� 'HWHUPLQDWLRQ�RI�WKH�VRLO�WH[WXUH�LQ�GLIIHUHQW�WHUUHVWULDO�KDELWDWV
�� (VWLPDWLRQ�RI�PHWHRURORJLFDO�SDUDPHWHUV��WHPSHUDWXUH��SUHFLSLWDWLRQ��KXPLGLW\��ZLQG�
�� 'HWHUPLQDWLRQ�RI�ODWLWXGH��ORQJLWXGH�DQG�DOWLWXGH�RI�D�SODFH�
�� 'HPRQVWUDWLRQ RI�PDMRU�URFN�W\SHV�
�� 'HWHUPLQDWLRQ�RI�OLJKW�LQWHQVLW\�LQ�GLIIHUHQW�KDELWDWV�
�� 6WDQGDUGL]DWLRQ�RI UHDJHQWV�± WLWUDQWV��DFLGV��EDVHV��
�� 'HWHUPLQDWLRQ�RI�S+��FRQGXFWLYLW\��DONDOLQLW\�DQG�DFLGLW\�RI�ZDWHU�VDPSOHV�
�� (VWLPDWLRQ�RI�S+��FRQGXFWLYLW\ DQG�DONDOLQLW\�RI�VRLO�VDPSOHV�
��� (VWLPDWLRQ�RI�IUHH�FDUERQ�GLR[LGH�FRQWHQW�LQ�ZDWHU�VDPSOHV
��� (VWLPDWLRQ�RI�FKORULGH�FRQWHQW�LQ�GLIIHUHQW�ZDWHU DQG�VRLO�VDPSOHV
��� (VWLPDWLRQ�RI�FDWLRQV��FDOFLXP��PDJQHVLXP��VRGLXP��SRWDVVLXP��LQ�ZDWHU�VDPSOHV�
��� (VWLPDWLRQ�RI�FDWLRQV��FDOFLXP��PDJQHVLXP��VRGLXP��SRWDVVLXP��LQ�VRLO�VDPSOHV�
��� ([SHULPHQWDO�YHULILFDWLRQ RI�%HHU�/DPEHUW¶V�ODZ�
��� 'HWHUPLQDWLRQ�RI�SULPDU\�SURGXFWLYLW\�DTXDWLF�KDELWDWV�
��� 'HWHUPLQDWLRQ�RI�SULPDU\�SURGXFWLYLW\�LQ�WHUUHVWULDO�KDELWDWV
��� 6WXG\�RI�GRVH�± HIIHFW�UHODWLRQVKLSV�LQ�LPSRUWDQW�WR[LFDQWV�SROOXWDQWV�
��� 6WXG\�RI�OHDI�SLJPHQW�E\�SDSHU�FKURPDWRJUDSK\�DQG�7/&�PHWKRGV
��� (VWLPDWLRQ�RI�SURWHLQ�DQG�FDUERK\GUDWH�FRQWHQW�LQ�ELRORJLFDO�VDPSOHV
��� &ROOHFWLRQ�DQG�LGHQWLILFDWLRQ�RI�WKH�ILVK�IDXQD�RI�GLIIHUHQW�DTXDWLF�KDELWDWV�



ϳ

&RXUVH�'HVFULSWLRQV �QG 6HPHVWHU
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(16�����&5��(QYLURQPHQWDO�3ROOXWLRQ�DQG�LWV�&RQWURO�± , ����FUHGLWV�

8QLW ,��$LU�SROOXWLRQ�������������������������������������������������������������������������������������������������
���� 6RXUFHV��FODVVLILFDWLRQ�DQG�SURSHUWLHV�RI�SULPDU\�DQG�VHFRQGDU\�DLU�SROOXWDQWV�
���� 3ROOXWDQW¶V EHKDYLRXU�LQ�DWPRVSKHUH�
���� 6PRJ�DQG�DFLG�UDLQ�
���� 2]RQH�OD\HU�GHSOHWLRQ�
���� *OREDO�ZDUPLQJ�DQG�FOLPDWH�FKDQJH�

8QLW ,,��&RQWURO�RI�DLU�SROOXWLRQ
���� ,QGRRU�DLU�SROOXWLRQ�DQG�LWV�FRQWURO��VPRNH��+&V��SDUWLFXODWH�PDWWHU��UDGRQ�
���� $LU� TXDOLW\� VWDQGDUGV� DQG� PRQLWRULQJ� RI� DLU� SROOXWLRQ�� 62[�� 12[�� &2�� 630� DQG�

K\GURFDUERQ�
���� &RQWURO�RI�SDUWLFXODWH�DQG�JDVHRXV�DLU�SROOXWLRQ�� 62[��12[��&2�
���� &RQWURO�RI�JUHHQ�KRXVH�JDVHV�
���� %LR�ILOWHUV�IRU FRQWURO�RI�DLU�SROOXWLRQ�

8QLW ,,,��1RLVH�SROOXWLRQ�DQG�LWV�FRQWURO
���� 1RLVH�SROOXWLRQ��GHILQLWLRQ�DQG�VRXUFHV�
����0HDVXUHPHQW�RI�QRLVH�
���� (TXLYDOHQW� VRXQG�SUHVVXUH� OHYHO� �/HT���QRLVH�SROOXWLRQ� OHYHO� �13/��� VRXQG�H[SRVXUH�

OHYHO��6(/���WUDIILF�QRLVH�LQGH[��71,���GD\�QLJKW�OHYHO��'1/���QRLVH�FULWHULD�FXUYHV�
���� ,PSDFW�RI�QRLVH�RQ�KXPDQ�KHDOWK�DQG�HQYLURQPHQW�
���� 1RLVH�FRQWURO�DQG�DEDWHPHQW�PHDVXUHV�

8QLW ,9��7KHUPDO�DQG�UDGLRDFWLYH�SROOXWLRQ�DQG�WKHLU FRQWURO
���� 7KHUPDO�SROOXWLRQ��FDXVHV�DQG�FRQVHTXHQFHV�
���� &RQWURO�RI�WKHUPDO�SROOXWLRQ�
���� 5DGLRDFWLYH�SROOXWLRQ��FDXVHV�DQG�FRQVHTXHQFHV�
���� 7\SHV�RI�UDGLRDFWLYH�SROOXWDQWV�DQG�WKHLU�VRXUFHV�
���� 5DGLRDFWLYH�ZDVWH�PDQDJHPHQW�DQG�FRQWURO�

(16�����&5��(QYLURQPHQWDO�3ROOXWLRQ�DQG�LWV�&RQWURO�± ,, ����&UHGLWV�

8QLW ,��/DQG�GHJUDGDWLRQ�DQG�VRLO�SROOXWLRQ
���� /DQG�GHJUDGDWLRQ�DQG�VRLO�SROOXWLRQ� FDXVHV�DQG�W\SHV�
���� 'HVHUWLILFDWLRQ��FDXVHV��FRQVHTXHQFHV�
���� 6RLO�HURVLRQ��FDXVHV��DVVHVVPHQW�DQG�HQYLURQPHQWDO�LPSDFWV�
���� ,PSDFW�RI�SHVWLFLGHV�LQ�VRLO�
���� ,QGXVWULDO�ZDVWH�HIIOXHQWV�DQG�KHDY\�PHWDOV�DQG�WKHLU�LQWHUDFWLRQ�ZLWK�VRLO�FRPSRQHQWV�

8QLW ,,��&RQWURO�RI�ODQG�GHJUDGDWLRQ�DQG�VRLO�SROOXWLRQ
���� &RQWURO�RI�VRLO�SROOXWLRQ
���� 6RLO�FRQVHUYDWLRQ�DQG�FRQWURO�RI�VRLO�HURVLRQ
���� :DVWH�ODQGV�DQG�WKHLU�UHFODPDWLRQ


