
  

 

 

 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 

ZZZ�PRVTXLWRFRQWURORILRZD�QHW 
PRVTXLWR#LRZDWHOHFRP�QHW 

 7KH�EHVW�VROXWLRQ�IRU�DQ\�VLWXDWLRQ�� 

%87�7+(<�&$1�127�+,'(��� 

02648,72(6�:,//�&20(«� 



$HULDO�$GXOWLFLGLQJ� :H�DW�0RVTXLWR�&RQWURO�RI�,RZD�KDV�RYHU����\HDUV�RI�H[SHULHQFH�RI�
VSUD\LQJ�FLWLHV�IRU�PRVTXLWRHV�ZLWK�RYHU�����UHQHZDO�RI�FRQWUDFWV� 
 
:H�RULJLQDWHG�DQG�FRQWLQXH�WR�LPSURYH�WKH�³�(1+$1&('�)8//�
352*5$0´�ZKLFK�H[FLGHV�WKH�,30��,QWHJUDWHG�3HVW�0DQDJHPHQW��
FRQFHSW�RI�VXUYH\LQJ��PRQLWRULQJ��LGHQWLILFDWLRQ��ODUYDFLGLQJ��DGXOWL�
FLGLQJ��DQG�EDUULHU� 
 
:H�DUH�OLFHQVHG�DQG�FHUWLILHG�E\�WKH�VWDWH�RI�,RZD�DQG�0LQQHVRWD��:H�
DUH�DOVR�FHUWLILHG�E\�WKH�VWDWH�RI�)ORULGD�LQ�GURSOHW�DQDO\VLV�DQG�VSUD\HU�
FDOLEUDWLRQ� 

 
 
 
 

 
 
 

$ERXW�WKH�&KHPLFDOV 
7KH�FKHPLFDO�ZH�XVH�IRU�DGXOWLFLGLQJ��ODUYDFLGLQJ�DQG�EDUULHU�FRQWURO�
DUH�WKH�VDIHVW�XVHG�LQ�PRVTXLWR�FRQWURO���/DEHOV��06'6�DQG�(;�
72;1(7�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�RXU�ZHEVLWH�IRU�FLW\�DQG�UHVL�
GHQWV�XVH� 

,Q�+RXVH�/DE 
6SHFLH�,GHQWLILFDWLRQ 

:H�GR�VSHFLHV�LGHQWLILFDWLRQ�WR�GHWHUPLQH�WKH�W\SH�RI�PRVTXLWR�WKDW�ZH�
DUH�GHDOLQJ�ZLWK���RYHU����GLIIHUHQW�VSHFLHV�MXVW�LQ�,RZD��DOORZLQJ�XV�
WR�NQRZ�ZKHWKHU�WKH\�DUH�GLVHDVH�FDUU\LQJ�RU�QXLVDQFH�PRVTXLWRHV�DQG�
HQDEOLQJ�XV�WR�GHWHUPLQH�WKH�EHVW�FRXUVH�RI�DFWLRQ�WR�WDNH� 

$HGHV�9L[HQ 
&XOH[�3LSLHQV 

7KH�WZR�PDLQ�VSHFLHV�RI�PRV�
TXLWRHV�ZH�GHDO�ZLWK�LQ�WKH�

PLG�ZHVW� 

0RVTXLWR�FRQWURO�RI�,RZD�KDV�DHULDO�PRVTXL�
WR�VSUD\LQJ���7KLV�LV�DQ�RSWLRQ�WKDW�ZH�KDYH�
DYDLODEOH�WR�XVH�LQ�WKH�HYHQW�RI�D�HPHUJHQF\�
DW�0RVTXLWR�&RQWURO�RI�,RZD�GLVFUHWLRQ���'R�
WR�DGYDQFHPHQWV�LQ�JURXQG�HTXLSPHQW�WKDW�
ZH�KDYH�GHVLJQHG�WKH�DLUFUDIW�LV�PXFK�OHVV�
HIIHFW�WKHQ�WKH�JURXQG�XQLWV� 

$�³�02648,72�&21752/�352*5$0´�QHHGV�–� 
$��6859(<�2)��02648,72�+$%,7$76 
 ���6ZDPS�ODQGV�DQG�3HUPDQHQW�ZDWHU�VRXUFHV� 
 ���&DWFK�EDVLQV�DQG�'UDLQDJH�DUHDV 
 ���5RDG�GLWFKHV�DQG�5DLOURDG�WUDFNV 
 ���'XPSV��WLUHV��HWF� 
%��0$33,1*�2)�352%/(0�$5($6 
 ���7R�NQRZ�ZKHUH�DGXOWV�ZLOO�EH�OD\LQJ�WKHLU�HJJV�IRU�GRLQJ�ODUYLFLGLQJ 
 ���$GXOW�KDELWDW�WR�FRQWURO�ZKLOH�UHVWLQJ 
&��6859(<�2)�02648,72�3238/$7,216 
 ���0RVTXLWR�ODUYD 
 ������$��'LS�FROOHFWLRQV��DQ\�ODUJH�ERG\�RI�ZDWHU��SXGGOHV��SRQGV��HWF�� 
 ������%��$VSLUDWRU�FROOHFWLRQV��WUHH�KROHV��FDQV��WLUHV��HWF�� 
 ���$GXOW�PRVTXLWRHV 
� ������$��/LJKW�WUDSV�DQG�&'&�WUDSV��EHVW�PHWKRG�IRU�DOO�VSHFLHV� 
 ������%��%LWH�FROOHFWLRQV��EHVW�PHWKRG�IRU�GHWHUPLQLQJ�VSHFLILF�KXPDQ�SHVW� 
 ������&��5HVWLQJ�VLWH�FROOHFWLRQV��GD\WLPH��EHVW�PHWKRG�IRU�&8/(;�YHFWRUV� 
 ������'��6ZHHS�FROOHFWLRQV��OHDVW�GHVLUDEOH�PHWKRG� 
'��02648,72�,'(17,),&$7,21�����VSHFLHV�LQ�,RZD� 
 ���1XLVDQFH�SHVW 
 ���'LVHDVH�FDUULHUV��HPHUJHQF\�VLWXDWLRQ� 
 ���1RQ-RIIHQVLYH�VSHFLHV 
(��021,725,1*�$1'�&+$57,1* 
 ���:HDWKHU��PRLVWXUH�DQG�WHPSHUDWXUH� 
 ���6HDVRQDO�PRVTXLWR�SRSXODWLRQ 
 ���5HVXOWV�RI�FRQWURO�SURJUDP� 
)��/$59,&,',1*��XVLQJ�GDWD�IURP�VXUYH\�DQG�PRQLWRULQJ� 
 ���$HULDO 
 ���0LVW�EORZHUV 
 ���+\GUDXOLF�VSUD\HUV 
 ���*UDQXOH�VSUHDGHUV 
*��$'8/7�&21752/ 
 ���&RQWDFW�FRQWURO 
 �����$��8/9 
 �����%��78* 
 �����&��0LVW�%ORZHU 
 �����'��$HULDO 
 �����(��6WRUP�VHZHU�IRJJHU 
 ���%DUULHU�DQG�3HULPHWHU�FRQWURO 
 ����$��25/$6 
 ����%��3��+LJK�SUHVVXUH�VSUD\HU� 
 ����&��0LVW�%ORZHU 
 ����'��/3* 
 ����(��$HULDO 
 ����)��3����� 
 
 
 



*URXQG�$GXOWLFLGLQJ 
$GXOWLFLGLQJ�LV�FRQWUROOLQJ�WKH�DGXOW�PRVTXLWRHV�ZKLOH�WKH\�DUH�DFWLYH�
WKLV�LV�XVXDOO\�GRQH�DW�QLJKW���:H�DUH�XVLQJ�0RVTXLWR�&RQWURO�RI�,RZD�
GHVLJQHG�78*���7KHUPDO�8/9�*HQHUDWRU��XQLW������PLFURQ�GURSOHW�
VL]H��DQG�FDQ�VWD\�LQ�WKH�DLU�IRU�PXFK�ORQJHU�SHULRGV�RI�WLPH��7KH�
78*��XQLWV�KDYH�EHFDPH�WKH�SULPDU\�JURXQG�IRJJLQJ�HTXLSPHQW�WKDW�
ZH�XVH�LQ�WKH�FLWLHV��78*��VSUD\HUV�IRU�VHYHUDO�\HDUV�DQG�KDYH�GHWHU�
PLQHG�WKDW�ZH�DFKLHYH�PXFK�EHWWHU�UHVXOWV�WKHQ�WKH�8/9
V��:H�KDYH�WKH�
78*��XQLWV�PRXQWHG�RQ�ERWK�WUXFN�DQG�879¶V� 

 

 
7KH�8/9V�EUHDN�WKH��FKHPLFDO�GRZQ�LQWR�VPDOO�GURSOHWV�RI����PLFURQV� 
�D�KXPDQ�KDLU�LV�����PLFURQV�LQ�GLDPHWHU��DOORZLQJ�WKH�FKHPLFDO�WR�EH�
FDUULHG�E\�WKH�DLU�FXUUHQWV�WR�UHDFK�WKH�WDUJHW�DUHD��7KH�8/9�VSUD\HUV�DUH�
WKH�XQLWV�DSSURYHG�E\�WKH�ZRUOG�KHDOWK�RUJDQL]DWLRQ�DQG�XVHG�E\�PRVW�
RWKHU�FRPSDQLHV���$OO�RXU�WUXFNV�DUH�HTXLSSHG�ZLWK�XOYV�HYHQ�WKRXJK�XVH�
RI�WKHP�LV�YHU\�OLPLWHG�EHFDXVH�WKH\�DUH�QRW�QHDU�DV�HIIHFWLYH�DV�78*�
XQLWV 

0RVTXLWR�&RQWURO�RI�,RZD�
KDV�VHYHUDO�WUXFNV�DQG�
879�PRXQWHG�XQLWV��*LY�
LQJ�XV�WKH�DELOLW\�WR�XVH�
VHYHUDO�XQLWV�LQ�D�FLW\�WR�
FRYHU�ODUJH�DUHDV�LQ�WKH�
PRVW�HIIHFWLYH��FRQWURO�
WLPHV� 

 
$OO�RI�RXU�XQLWV�DUH�*36�HTXLSSHG���%\�XVLQJ�WKLV��ZH�FDQ�JHW�DQ�RYHU�
KHDG�YLHZ�RI�WKH�WRZQ�PDS��SUH-SODQ�RXU�URXWHV��FKDQJH�URXWHV�RQ�WKH�
PRYH�WR�PDLQWDLQ�D�EHWWHU�KDQGOH�RQ�RXU�ORFDWLRQ�DQG�VSHHGV�WR�SURYLGH�
PXFK�EHWWHU�FRYHUDJH�RI�WKH�FLW\�DV�ZH�VSUD\���*36�ORJV�DUH�VDYHG�IRU�

UHFRUG�NHHSLQJ� 

78*�YV�8/9 
%RWK�XQLWV�DUH�SXWWLQJ�RXW�
WKH�VDPH�DPRXQW�RI�FKHPL�
FDO�LQ�VDPH�ZHDWKHU�FRQGL�
WLRQ���7R�GHPRQVWUDWH�WKH�
GLIIHUHQFH�LQ�GURSOHW�FRXQWV� 

,Q�+RXVH�/DE 
'URSOHW�$QDO\VLV 

:H�KDYH�RXU�RZQ�LQ�KRXVH�ODE�DQG�WUDLQHG�WHFKQLFLDQV�IRU�GRLQJ�GURS�
OHW�DQDO\VLV�DQG�VSHFLHV�LGHQWLILFDWLRQ��� 
 
7KH�UHDVRQ�IRU�GRLQJ�WKH�GURSOHW�DQDO\VLV�LV�WR�PDNH�VXUH�WKDW�WKH�
VSUD\HU�LV�VHW�WR�FUHDWH�WKH�SURSHU�VL]H�GURSOHWV��WR�FRPSO\�ZLWK�(3$�
ODEHO�UHJXODWLRQV��D�MRNH�GR�WR�WKH�ODEHO�UHTXLUHPHQWV�DUH�QR�ZKHUH�
QHDU�JRRG�FRQWURO�VL]H���7KH�GURSOHWV�WKDW�DUH�WR�ODUJH�ZLOO�QRW�UHPDLQ�
VXVSHQGHG�UHQGHULQJ�WKHP�OHVV�HIIHFWLYH���0DQ\�PRVTXLWR�FRQWURO�SUR�
JUDPV�KDYH�IDLOHG�RYHU�WKH�\HDUV�GR�WR�WKH�VSUD\HUV�QRW�EHLQJ�FDODEL�
WUHG�FRUUHFW���:H�GR�GURSOHW�WHVWLQJ�RQ�RXU�HTXLSPHQW�DQ\�WLPH�WKHUH�LV�
ZRUN�GRQH�RQ�WKH�VSUD\HU�RU�UDQGRP�FKHFNV�WR�PDNH�VXUH�LW�LV�PDLQ�
WDLQLQJ�WKH�RSWLPDO�GURSOHW�VL]H���2XU�VWDQGDUGV�DUH�PXFK�KLJKHU�WKHQ�
LV�UHTXLUHG�E\�ODZ�RU�PRVW�RWKHU�FRPSDQ\���FLW\�VWDQGDUGV�WR�PDNH�
VXUH�ZH�KDYH�WKH�RSWLPDO�GURSOHW�VL]H�WR�PD[LPL]H�WKH�FRQWURO�� 
 
.QRZLQJ�WKH�GURSOHW�VL]H�KHOSV�XV�XQGHUVWDQG�H[SHFWHG�EHKDYLRU�RI�
WKH�GURSOHW�ZKHQ�WUDYHOLQJ�WR�WKH�WDUJHW�WKURXJK�VSDFH�HQFRXQWHULQJ�
YDULRXV�DWPRVSKHULF�FRQGLWLRQV��ZKHQ�HQFRXQWHULQJ�YDULRXV�KXUGOHV�
VXFK�DV�SODQWV�DQG�EXLOGLQJV�DQG�XSRQ�DSSURDFKLQJ�WKH�LQWHQGHG�WDUJHW�� 
 
$W�WKH�VDPH�DSSOLFDWLRQ�UDWH��UHGXFLQJ�WKH�GURSOHW�VL]H�E\�KDOI�ZLOO�LQ�
FUHDVH�WKH�QXPEHU�RI�GURSOHWV�E\�D�IDFWRU�RI����'XH�WR�WKHLU�KLJKHU�
QXPEHU�GHQVLW\��VPDOO�GURSOHWV�KDYH�PXFK�KLJKHU�SUREDELOLW\�RI�FRP�
LQJ�LQ�FRQWDFW�ZLWK�WKH�WDUJHW���JRLQJ�IURP����PL�
FURQ�WR�����PLFURQ�LQFUHDVHV�GURSOHW�FRXQW�IURP�
��������WR���PLOOLRQ�GURSOHWV�SHU�VTXDUH�LQFK��DV�
GURSOHW�FRXQW�LQFUHDVHV�WKH�VPDOOHU�GURSOHWV�ZLOO�
VWD\�LQ�NLOO�]RQH�PXFK�ORQJHU�DQG�WKH�LQFUHDVH�
QXPEHU�RI�GURSV�LQFUHDVH�WKH�RGGV�RI�FRQWDFWLQJ�D�
PRVTXLWR�LQFUHDVHV���)RU�PRUH�LQIRUPDWLRQ�RQ�
GURSOHW�DQG�DOO�WKH�IDFWRUV�WKDW�HQWHU�LQWR�WKH�VL]LQJ�
SOHDVH�YLVLW�WKH�'2'�ZHEVLWH�IRU�D�VLPSOH�H[SODQD�
WLRQ�DW�KWWS���ZZZ�DISPE�RUJ�FRQWHQW�GRG-HTXLSPHQW-KHOSGHVN-
IDT�ZK\GURSOHWVL]HLVLPS 
 
 

 
 



%DUULHU�DQG�3HULPHWHU�FRQWURO 
 

:H�KDYH�VSHFLILFDOO\�GHVLJQHG�HTXLSPHQW�WR�DSSO\�D�EDUULHU�VWULS�
RI�FKHPLFDO�DURXQG�WKH�SHULPHWHU�RI�WKH�PRVTXLWR�KDELWDW���7KH�
PRVTXLWR�ZLOO�HLWKHU�GLH�ZKHQ�FRPLQJ�LQWR�FRQWDFW�ZLWK�WKH�EDUUL�
HU�RU�UHIUDLQ�IURP�FURVVLQJ�LQWR�WKH�SURWHFWHG�DUHD�GHSHQGLQJ�RQ�
WKH�DSSOLFDWLRQ�PHWKRG���%\�GRLQJ�WKLV�ZH�DUH�DEOH�WR�JHW�FRQWURO�
LQ�WKLV�DUHDV�IRU�XS�WR���ZHHNV�GHSHQGLQJ�RQ�WKH�ZHDWKHU�DQG�WKH�
W\SH�RI�FKHPLFDO�XVHG� 
 
7KH�25/$6���2II�5RDG�/DUJH�$UHD�
6SUD\��LV�XVHG�LQ�SDUNV��EDVHEDOO�ILHOGV��
GLWFKHV��DQG��RWKHU�SODFHV�ZKHUH�WKH\�UHVW��
7KLV�OD\V�GRZQ�D�FKHPLFDO�VWULS����IHHW�
ZLGH�VHWWLQJ�XS�D�EDUULHU� 
 
%XIIDOR�WXUELQH�XVHV�DQ�DLU�EODVW�WR�VSUD\�
FKHPLFDO�GHHS�LQ�WR�IROLDJH�WR�SURYLGH�D�
ORQJ�ODVWLQJ�EDUULHU���,W�SURGXFHV��������
&)0�RI�DLU�WUDYDLOLQJ�DW�����PSK� 
 
 
7KH�&:5��&LW\�:LGH�5HVLGXDO��ZDV�GH�
YHORSHG�WR�OD\�GRZQ�UHVLGXDO�LQ�KDELWDW�
DUHDV�WKURXJK�RXW�WKH�FLW\���8VLQJ�D�KLJK�SUHVVXUH�V\VWHP�WR�SHQH�
WUDWH�DQG�FRYHU�WKH�YHJHWDWLRQ��'XH�WR�WKH�ZHDWKHU�FRQGLWLRQV�LQ�
�����ZH�KDYH�DGGHG�QHZ�HTXLSPHQW�DQG�H[SDQGHG�WKH�XVDJH�RI�
WKH�&:5�V\VWHPV� 

&:5 &:5 

/DUYLFLGLQJ 
/DUYLFLGLQJ�LV�SXWWLQJ�D�VXEVWDQFH�LQ�WKH�ZDWHU�WR�
NLOO�RU�VWRS�WKH�JURZWK�RI�WKH�\RXQJ�PRVTXLWRHV��
&RQWURO�FDQ�VRPH�WLPHV�EH�DFKLHYHG�MXVW�E\�UH�
PRYLQJ�WKH�VWDQGLQJ�ZDWHU�VXFK�DV�LQ�WLUHV�RU�ROG�
FRQWDLQHUV�� 
 
$SSO\LQJ�WKH�VXEVWDQFH�

FDQ�EH�GRQH�LQ�PDQ\�ZD\V���:H�XVH�$UJRV��
DWYV��GURQHV��EDFN�SDFNV��KDQG�KHOG�HOHFWULF�
VSUD\HUV��DQG�%XIIDOR�7XUELQHV��GHSHQGLQJ�RQ�

WKH�VL]H�DQG�ORFDWLRQ�RI�WKH�
ZDWHU 
 
2XU�WUXFNV�DUH�HTXLSSHG�ZLWK�ODUYDFLGH�XQLWV�VR�ZH�FDQ�
WUHDW�VWDQGLQJ�ZDWHU�ZKLOH�ZH�DUH�GRLQJ�VWDQGDUG�DGXO�
WLFLGLQJ�� 

0RQLWRULQJ�DQG�6XUYH\LQJ 
,Q�D�PRVTXLWR�FRQWURO�SURJUDP�ZH�PRQLWRU�WR�GHWHUPLQH�
ZKDW�W\SH�RI�PRVTXLWRHV�ZH�DUH�WU\LQJ�WR�FRQWURO���7KLV�
FDQ�EH�GRQH�E\�OLJKW�WUDSV�DQG�ELWH�FRXQWV�DOORZLQJ�XV�WR�
DQDO\]H�WKH�PRVTXLWRHV�� 
 

6XUYH\LQJ�LQFOXGHV�DHULDO�E\�GURQH�VXUYH\�DQG�
WUDYHOLQJ�WKH�FLW\�DQG�VXUURXQGLQJ�DUHDV�WR�ILQG�
ORFDWLRQV�WKDW�ZDWHU�ZLOO�VWDQG�IRU��-���GD\V�
ZKHUH�PRVTXLWR�ODUYD�PLJKW�EH�SUHVHQW� 

 
:KHQ�ZH�ILQG�ORFDWLRQV�ZKHUH�ZDWHU�FDQ�VWDQG�IRU�ORQJHU�SH�
ULRGV�RI�WLPH�ZH�FDQ�JR�EDFN�DQG�GLS�WKHP�WR�VHH�LI�ODUYD�LV�
SUHVHQW�DQG��ODUYDFLGH�WKH�ORFDWLRQ� 

6WRUP�6HZHU�7UHDWPHQW 
6RPH�VSHFLHV�RI�PRVTXLWRHV�UHVW�DQG�OD\�HJJV�LQ�WKH�
VWRUP�VHZHUV�>FXOH[�SLSHQV��GLVHDVH�FDUU\LQJ�@���7KLV�
XQLW�HQDEOHV�XV�WR�VSUD\�LQWR�WKH�GUDLQV�DQG�PRYHV�WKH�
IRJ�IRU�VHYHUDO�EORFNV�LQ�HDFK�GLUHF�
WLRQ�PDNLQJ�LW�SRVVLEOH�IRU�XV�WR�WUHDW�
ODUJH�DUHDV�RI�WKH�V\VWHP���$OORZLQJ�

XV�WR�IRFXV�RQ�DQG�HOLPLQDWH�ODUJH�QXPEHU�RI�PRVTXL�
WRHV�LQ�WKLV�KDELWDW� 


