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Letter from the Editor 
 

:HOFRPH�WR�0DUFK��� 

 

,W�KDV�EHHQ�SDUWLFXODUO\�FROG�WKLV�\HDU�LQ�WKH�86$��VR�ZH�DUH�ORRNLQJ�IRUZDUG�WR�VSULQJ�DQG�ZDUPHU�

ZHDWKHU���$V�ZH�ORRN�IRUZDUG�WR�WKH�IXWXUH�ZH�KRSH�WKDW�WUDYHO�FDQ�UHWXUQ�DQG�ZH�FDQ�DJDLQ�VSHDN�

DW�VRPH�FROOHJHV�ODWHU�WKLV�\HDU���:H�WU\�WR�LQVSLUH�VWXGHQWV�WR�FRQWLQXH�WKHLU�HGXFDWLRQ�E\�XWLOL]LQJ�

,$&3(�3UDFWLFDO�'HVLJQ�0RGXOHV�WR�OHDUQ�WR�XWLOL]H�WKH�IXQGDPHQWDOV�WKH\�DFTXLUHG�LQ�8QLYHUVLWLHV���

7KH� ,$&3(�7LWOH� DQG�&HUWLILFDWH� LV� RQO\� D� V\PERO� RI� WKH� SUDFWLFDO� NQRZOHGJH� WKDW� \RX�PD\�JDLQ�

IURP�WKH�PRGXOHV�WKDW�ZLOO�DVVLVW�\RX�IRU�WKH�UHVW�RI�\RXU�FDUHHU� 

 

,Q� WKH�0DJD]LQH� WKLV�PRQWK�ZH� DJDLQ� KDYH� JUHDW� DUWLFOHV� IURP�RXU� JUHDW� FRQWULEXWRUV�� �:H�DOVR�

KDYH�D�VSHFLDO�4XHVWLRQ�DQG�$QVZHU�'LVWLOODWLRQ�5RXQGWDEOH� 

 

$OO�WKH�EHVW�LQ�<RXU�&DUHHU�DQG�/LIH� 

 

$OO�WKH�EHVW� 

.DUO�.ROPHW] 
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:H�KRSH�RXU�UHDGHUV�IHOW�DW�OHDVW�D�ELW�KHDUWHQHG�
DIWHU� VFDQQLQJ� 7KH� 9LHZ� IURP� 5RFN� %RWWRP� LQ�
-DQXDU\¶V�HGLWLRQ�RI�(QJLQHHULQJ�3UDFWLFH�0DJD�
]LQH���:H�KDG�HQWHUHG�WKH�GDUN�WXQQHO�WKDW�LV�WKH�
&29,'-��� SDQGHPLF�� DQG� ZHUH� JOREDOO\� DP�
EXVKHG�ZLWKRXW�DQ\�H[LVWLQJ�DQHFGRWH�IRU� WKH�YL�
UXV��+HQFH����������UHJLVWHUHG�WUHPHQGRXV�VRFL�
HWDO�VWUHVVHV��VWUDLQV��DQG�IDWDOLWLHV���$OVR��D�QHY�
HU-EHIRUH�H[SHULHQFHG�SHULRG�RI�KXJH�XQFHUWDLQ�
O\�� RFFXUULQJ� VLPXOWDQHRXVO\� RQ� D� JOREDO� VFDOH���
:H� UHPDLQ� KRSHIXO� WKDW� DV� YDFFLQHV� DUH� QRZ�
VSUHDGLQJ�WKURXJK�UHJLRQDO�SRSXODWLRQV��DQG�WKDW�
VRPH� VHQVH�RI� UHWXUQLQJ�QRUPDOF\� LV� VKLQLQJ� LWV�
OLJKW� DW� WKH� HQG� RI� WKLV� KRUULEOH� WXQQHO�� &ULWLFDO�
FKDUDFWHULVWLFV� RI� SHWURFKHPLFDO-EDVHG� SDFNDJ�
LQJ��GXUDEOH�JRRGV��DQG�PHGLFDO�VXSSOLHV�FRQWLQ�
XH� WR� KHOS� PDNH� WKLV� SRVVLEOH� DQG� VKRXOG� DOVR�
ERGH�ZHOO�IRU�K\GURFDUERQ�LQGXVWU\¶V�KHDOWK�� 

:KLOH�ZH�ZHUH�VWLOO�SRQGHULQJ�WKH�PLUDFOH�RI�YDF�
FLQH�VFLHQFH��)HEUXDU\¶V�DUFWLF�GHHS�IUHH]H�UROOHG�
LQWR� 7H[DV�� 7HQ� GD\V� RI� VXE-IUHH]LQJ� ZHDWKHU��
GHFLPDWHG� HOHFWULFLW\�� UXQQLQJ� ZDWHU�� DQG� KRPH�
KHDWLQJ�� �7KH�GLVDVWHU�FDXVHG�PLVHU\�DQG�GHDWK�
DFURVV� WKH�VWDWH��DQG�PXFK�RI� WKH�VRXWKHUQ�86��
7KH� H[SHFWHG� ILQJHU-SRLQWLQJ� DQG� EODPH� JDPH�
HQVXHG� LQFOXGLQJ� (5&27�� YDULRXV� JHQHUDWRUV��
HQYLURQPHQWDOLVWV-YV��IRVVLO�IXHOHUV��VWDWH�OHDGHUV��
DQG�WKH�SXEOLF��� 

3OHQW\�RI�XQSODQQHG�HYHQWV�ZHUH�EODPHG�IRU�WKH�
EODFNRXW�� EXW� RQH� WKDW� FRQWLQXHG� WR� FRQIXVH�PH�
ZDV�WKH�VLJQLILFDQW�SHUFHQWDJH�RI�JHQHUDWLQJ�FD�
SDFLW\�NQRFNHG�RIIOLQH��QRW�GXH�WR�IUR]HQ�WXUELQHV��
JHQHUDWRUV�� WUDQVIRUPHUV�� RU� LFHG� GLVWULEXWLRQ�
OLQHV��EXW�PRUH�XSVWUHDP�LQ�WKH�HTXDWLRQ—IUR]HQ�
IXHO�JDV�GHOLYHU\��:KDDDDDW"""«FDQ�WKH�QDWXUDO�
JDV�V\VWHP�IUHH]H" 

<(6�LW�FDQ��8QUHILQHG�QDWXUDO�JDV�KDV�D�EDG�KDE�
LW� RI� IUHH]LQJ�� IRUPLQJ� K\GUDWHV� LQ� SLSHV� DW� DQ\�
WHPSHUDWXUH� EHORZ� ��� )�� +\GUDWHV� DUH� D� UHDO�
FRQFHUQ� WR� 2	*� FRPSDQLHV�� LQ� DQG� DERYH�
JURXQG� DW� KLJK� SUHVVXUH� QDWXUDO� JDV� ZHOOV�� ([�
SDQGLQJ� JDV� ORZHUV� WKH� WHPSHUDWXUH� �WKH� SULQFL�
SOH� EHKLQG� KRZ� \RXU� UHIULJHUDWRU� DQG� $&� IXQF�
WLRQV��DQG�K\GUDWHV�FDQ� IRUP� LQ�SLSLQJ�DW�SRLQWV�
ZKHUH�SUHVVXUH�GURSV�H[LVW��+\GUDWHV�FDQ�IRUP�LQ�
DQ\�ZHDWKHU�EXW� FROG�ZHDWKHU� LV�PRVW� FRPPRQ��
7KH\�FDQ�DOVR� IRUP� LQ�XQH[SHFWHG�SODFHV� LQ� WKH�
OLQHV��+\GUDWHV�FDQ�EH�SUHYHQWHG�EXW�QRW� 

QHFHVVDULO\�UHPRYHG�ZLWK�WKH�LQMHFWLRQ�RI�PHWK�
DQRO� LQWR� WKH� SLSLQJ�� 0HWKDQRO� LV� K\JURVFRSLF�
DQG� FDQ� NHHS� K\GUDWHV� IURP� IRUPLQJ�� � $V� WKH�
SRVVLEOH�FXOSULW��ZKHWKHU�RU�QRW�DSSURSULDWH�DS�
SOLFDWLRQ� RI� DOFRKRO� ZDV� DW� SOD\� LQ� 7H[DV¶� JDV�
V\VWHP�WKLV�WLPH�PD\�SOD\�D�UDWKHU� LQVLJQLILFDQW�
UROH� YV�� WKH� SKHQRPHQD� RI� KRZ� K\GUDWH� IRU�
PDWLRQ�PLJKW�DFWXDOO\�+(/3�XV�LQ�WKH�IXWXUH� 

7KH� (QHUJ\� ,QIRUPDWLRQ� $GPLQLVWUDWLRQ� HVWL�
PDWHV� WKDW� K\GUDWHV� FRQWDLQ�PRUH� FDUERQ� WKDQ�
HDFK� SHWUROHXP� SURGXFW� DFFHVVLEOH� RQ� (DUWK�
FRPELQHG�� $OVR�� WKDW� WKHVH� LFH-OLNH� VWUXFWXUHV�
FRXOG�KROG�VRPHZKHUH�LQ�WKH�UDQJH�IURP��������
WULOOLRQ�WR�LQ�H[FHVV�RI���������WULOOLRQ�FXELF�IHHW�
RI� IODPPDEOH� JDV�� %\� FRPSDULVRQ�� (,$� VDLG� LQ�
�����WKDW�WKHUH�DUH�D�OLWWOH�PRUH�WKDQ�������WULO�
OLRQ�FXELF�IHHW�RI�DFWXDOO\�UHFRYHUDEOH�VKDOH�JDV�
VWRUHV�WKURXJKRXW�WKH�ZRUOG� 

7KLV�SRWHQWLDO�LVQ
W�ORVW�RQ�IHGHUDO�RUJDQL]DWLRQV��
'2(� KDV� EHHQ� GLUHFWLQJ� DQ� LQYHVWLJDWLRQ� LQWR�
PHWKDQH� K\GUDWHV� RQ� DQG� RII� VLQFH� WKH� ����V��
DQG�DV�RI� ODWH�� KDV� UH-LQFUHDVHG� LWV�SURPLVH� WR�
XQGHUVWDQGLQJ� WKH� VXEVWDQFH�� (DUOLHU� WKLV� \HDU�
WKH� '2(� GHFODUHG� WKDW� LW� LQWHQGV� WR� GLUHFW� DS�
SUR[LPDWHO\����PLOOLRQ�LQWR�VXEVLGL]LQJ�UHVHDUFK�
YHQWXUHV� LQYHVWLJDWLQJ� WKH� SRWHQWLDO� IXHO� VRXUFH�
DQG� KRZ� LW� YHU\� ZHOO� PD\� EH� GHYHORSHG� DQG�
FRPPHUFLDOL]HG� 

�:H� UHDOL]H� WKDW� PHWKDQH� K\GUDWHV� KROG� LP�
PHQVH�SRWHQWLDO�DV�D�IXWXUH�HQHUJ\�DVVHW���VDLG�
5D\� %RVZHOO�� WKH� '2(� SURJUDP� FKLHI� RQ� PH�
WKDQH�K\GUDWHV� IRU� WKH�GLYLVLRQ
V�1DWLRQDO�(QHU�
J\�7HFKQRORJ\�/DE�����:H
YH�PRYHG�EH\RQG�WKH�
VXEMHFW�RI�µGRHV�WKLV�VXEVWDQFH�WUXO\�H[LVW�DQG�LV�
LW� DFFHVVLEOH¶«�QRZ� ZH
UH� WUXO\� DWWHPSWLQJ� WR�
VRUW�RXW�LWV�DPRXQW«>VLF@�WR�ZKHUH�ZH�FDQ�UHD�
VRQDEO\�WKLQN�RI�LW�DV�D�SRUWLRQ�RI�RXU�IXWXUH�HQ�
HUJ\�VDYH��DQG�ZH
UH�UXQQLQJ�DIWHU�WKDW�́ � 

:KHQ�LQTXLUHG�DV�WR�ZKHWKHU�PHWKDQH�K\GUDWHV�
UHPDLQ�D�SDUW�LQ�WKH�%LGHQ�DGPLQLVWUDWLRQ¶V�HQHU�
J\�WKHVLV��%RVZHOO�DQVZHUHG���,QGHHG��WRWDOO\�́  

)ULHQG�RU�IRH"��JRLQJ�IRUZDUG��NHHS�DQG�H\H�RQ�
K\GUDWHV� FRPPHUFLDOL]DWLRQ�� � 6RPHWLPHV� HP�
EUDFLQJ�D�SUREOHP�SURYLGHV�LPPHQVH�RSSRUWXQL�
W\� 

Rock Bottom View 

Texas Blizzards & 
Hydrates….Friend or Foe? 

Ronald J. Cormier, Engineering Practice Contributing Author 
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$�� 6,08/$7,21�� %�� +$5':$5(� '(6,*1��
&��,167$//$7,21��(��&200,66,21,1*" 

$QGUHZ��,�ZLOO�GHILQH�WKH�PRVW�FKDOOHQJLQJ�DUHD�
DV� WKH� RQH� WKDW� DSSHDUV� WR� EH�PRVW� SURQH� WR�
KDYH� PLVWDNHV�� (YHU\RQH¶V� RSLQLRQ� ZLOO� EH�
EDVHG�RQ�WKHLU�RZQ�ZRUN�KLVWRU\��,�ZRXOG�VD\�,�
KDYH�VHHQ�WKH�PRVW�SUREOHPV�LQ�KDUGZDUH�GH�
VLJQ�IROORZHG�FORVHO\�E\�VLPXODWLRQ��7KH�XQGHU�
O\LQJ�FDXVHV�GLIIHU� 

0RVW� KDUGZDUH� GHVLJQ� LV� GRQH� E\� YHQGRUV��
7KH\� DUH� VXEMHFW� WR� FRPSHWLWLYH� SUHVVXUH� WR�
GHOLYHU� WKH� ORZHVW� FRVW� HTXLSPHQW�� 7KH\� DUH�
DOVR� RIWHQ� JLYHQ� LQVXIILFLHQW� LQIRUPDWLRQ� DERXW�
WKH�SRWHQWLDO�UDQJH�RI�SURFHVV�FRQGLWLRQV� 

6LPXODWLRQ�ZRUN�WHQGV�WR�EH�JLYHQ�WR�WKH�QHZ�
HVW� HQJLQHHUV� EHFDXVH� WKH\� DUH� SHUFHLYHG� WR�
EH�PRVW�FRPSXWHU�VDYY\��7KLV�PHDQV�D� ORW�RI�
VLPXODWLRQV�JHW�GRQH�E\�LQH[SHULHQFHG�SHRSOH� 

3UREOHPV� GR� KDSSHQ� GXULQJ� LQVWDOODWLRQ� DQG�
FRPPLVVLRQLQJ�� EXW� GLUHFW� FRPSDULVRQ� RI� WKH�
QXPEHU�RI�LQFLGHQWV�LV�PLVOHDGLQJ��$�SODQW�PD\�
RQO\�GHVLJQ�D�WRZHU��VLPXODWLRQ�DQG�KDUGZDUH��
RQFH�� EXW� WKDW� WRZHU� PD\� EH� VKXW� GRZQ� DQG�
VWDUWHG�XS�PDQ\�WLPHV�GXULQJ�LWV�OLIH��7KH�QXP�
EHU� RI� LQVWDOODWLRQ� DQG� FRPPLVVLRQ� SUREOHPV�
PD\�VHHP�KLJK��EXW� WKDW� LV�EHFDXVH� WKHUH�DUH�
ORWV�RI�VKXWGRZQV��UHSDLUV��DQG�VWDUWXSV� 

0LNH��$OO� WKHVH�DVSHFWV�SUHVHQW� LQFUHGLEO\�VLJ�
QLILFDQW� FKDOOHQJHV�� � :LWK� HDFK� DVSHFW�� ³DOO´�
IHDVLEOH� DQG� UHDVRQDEOH� RSWLRQV� VKRXOG� EH�
FRQVLGHUHG�� �(YHQ�PRUH� LPSRUWDQWO\�� WKH�RSLQ�
LRQV�RI�H[SHULHQFHG�HQJLQHHUV�DQG�WHFKQLFLDQV�
VKRXOG�EH�VRXJKW�YLJRURXVO\� 

.DUO��$V� ,� KDYH� EHHQ� RQ� PDQ\� WRZHU� LQVSHF�
WLRQV� WKHUHIRUH�� ,� KDYH� VHHQ�PDQ\� LQVWDOODWLRQ�
HUURUV� ZKLFK� ZH� FRUUHFWHG�� �:LWKRXW� D� VHQLRU�
LQVSHFWRU� PDQ\� RI� WKH� HUURUV� ZRXOG� EH� XQGH�
WHFWHG�� 0RVW� RI� WKH� LQVWDOODWLRQ� HUURUV� ZLOO� QRW�
VWRS� WKH�FROXPQ�IURP�SHUIRUPLQJ��EXW� WKH\�ZLOO�
OLPLW�WKH�XSVLGH�SRWHQWLDO�RI�FDSDFLW\�DQG�UHFRY�
HULHV�� � $V� VHQLRU� GLVWLOODWLRQ� LQVSHFWRU� WKDW� XQ�
GHUVWDQGV�KDUGZDUH�DQG�SURFHVV�GHVLJQ�FDQ� 

EH�D�PXOWL-PLOOLRQ�GROODU�UHWXUQ�RQ�LQYHVWPHQW����
-XVW�D�VPDOO����DGGLWLRQDO�FDSDFLW\�JDLQ� LV�D�
KXJH�UHWXUQ� 

0RVW� FRPPLVVLRQLQJ� DUH� FRPSOHWHG� ZLWKRXW�
PDQ\� LVVXHV� DV� PRVW� SODQWV� SXW� WRJHWKHU�
JRRG�FRPPLVVLRQLQJ� WHDPV�� �7UD\�DQG�SDFN�
LQJ� GDPDJH� WHQG� WR� KDSSHQ� ODWHU� LQ� XQH[�
SHFWHG�RXWDJHV�DQG�SRZHU�IDLOXUHV� 

&KULVWLDQ�� *RRG� VLPXODWLRQ� UHTXLUHV� H[SHUL�
HQFH��)LUVW�� LW� LV� LPSRUWDQW� WR�NQRZ�WKH� OLPLWD�
WLRQV� RI� WKH� VHOHFWHG� PRGHOV� DQG� WKHLU� DS�
SOLFDELOLW\� IRU� WKH� SURFHVV� EHLQJ� VLPXODWHG��
6HFRQG��H[SHULHQFH�LV�QHFHVVDU\�WR�MXGJH�WKH�
UHOLDELOLW\�RI�WKH�SURSHUW\�GDWD�EHLQJ�XVHG��:H�
KDYH�VHHQ�IDLOXUHV�RI�VLPXODWLRQV�GXH�WR�ERWK�
UHDVRQV� 

7R� FRQYHUW� VLPXODWLRQ� UHVXOWV� LQWR� RSWLPXP�
KDUGZDUH� GHVLJQ�� WKH� KDUGZDUH� GHVLJQHU�
QHHGV�WR�NQRZ�WKH�EDFNJURXQG�RI�WKH�VLPXOD�
WLRQ� FDVHV�� )RU� H[DPSOH�� ³:KDW� DUH� VWDUWXS�
VKXWGRZQ� FDVHV�� ZKDW� DUH� ³UDWLQJ� FDVHV´�
ZKHUH� ORZHU�HIILFLHQF\�RU�KLJKHU�HQHUJ\�FRQ�
VXPSWLRQ�PLJKW�EH�DFFHSWDEOH"�:KDW�DUH�WKH�
³UHDO´� SURGXFWLRQ� FDVHV� ZKHUH� \RX� ZDQW� WKH�
RSWLPXP�SHUIRUPDQFH�RI�WKH�XQLW"´�7KH�VDPH�
LV� YDOLG� IRU� VSHFLILHG� WXUQGRZQ� UDWLRV�� 'RHV�
WKH�FROXPQ�UHDOO\�QHHG�WR�SHUIRUP�ZHOO�DW�����
WXUQGRZQ�RU�LV�LW�RQO\�D�VWDUWXS�FDVH" 

%DVHG� RQ� WKLV�� WKH� FKDOOHQJHV� IRU� WKH� KDUG�
ZDUH�HQJLQHHU�DUH� 

· 0LQLPL]LQJ� LQYHVWPHQW�� FKDOOHQJH� LV�
FKRLFH� RI� PDWHULDO�� PLQLPL]LQJ� WRZHU� GL�
PHQVLRQV� 

· 0D[LPL]H�IOH[LELOLW\��)LQG�WKH�RSWLPXP�GH�
VLJQ� WR� FRYHU� WKH� VSHFLILHG� WXUQGRZQ�
UDQJH� 

· 0D[LPL]H� VHSDUDWLRQ� HIILFLHQF\�� FKDOOHQJ�
HV� DUH� FKRLFH� RI� DGHTXDWH� VWUXFWXUHG� RU�
UDQGRP�SDFNLQJ��DQG���RU�WUD\�GHVLJQ�DQG�
WUD\�VSDFLQJ� 

,�ZRXOG�VD\�WKDW�VLPXODWLRQ�DQG�KDUGZDUH�GH�
VLJQ�DUH�WKH�WZR�PDLQ�FKDOOHQJHV�LQ�GLVWLOODWLRQ� 

Questions & Answers 

Distillation Roundtable  

Panelist : Andrew W Sloley, Mike Resetarits, Karl Kolmetz, Henry Kister, Christian Geipel 
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GHVLJQ�� ,QVWDOODWLRQ� DQG� FRPPLVVLRQLQJ� DOVR�
KDYH� WKHLU�FKDOOHQJHV�DQG� IDLOXUHV�FDQ� OHDG� WR�
WUHPHQGRXV� FRVWV�� EXW� ,� ZRXOG� QRW� VD\� WKDW�
WKHVH�SUREOHPV�DUH�W\SLFDOO\�³GHVLJQ�UHODWHG´� 

����'(6&5,%(�7+(�&+$//(1*(6�,1�6,08�
/$7,21� $1'� &+226,1*� 7+(� &255(&7�
()),&,(1&<� 

$QGUHZ�� ,� ZLOO� VWLFN� WR� WUD\� HIILFLHQF\�� WKRXJK�
PDQ\�RI� WKH�VDPH�JHQHUDO�REVHUYDWLRQV�DSSO\�
WR�SDFNLQJ��(IILFLHQF\�HVWLPDWHV�KDYH�GLIIHUHQW�
DSSURDFKHV�ZKHQ�HYDOXDWLQJ�DQ�H[LVWLQJ�WRZHU�
YHUVXV�GHVLJQLQJ�D�QHZ�WRZHU� 

1HDUO\� HYHU\� WLPH� RQH� HYDOXDWHV� DQ� H[LVWLQJ�
WRZHU��WKH�EHVW�DSSURDFK�LV�WR�DGMXVW�WKH�QXP�
EHU�RI�WKHRUHWLFDO�VWDJHV�LQ�WKH�PRGHO�XQWLO�WKH�
UHVXOWV�PDWFK�WKH�XQLW�SHUIRUPDQFH�LQ�WKH�ILHOG��
7KH� WKHRUHWLFDO� VWDJHV� GLYLGHG� E\� DFWXDO� WUD\V�
JLYHV�D�WUD\�HIILFLHQF\�WKDW�LV�WKHQ�DSSOLFDEOH�WR�
DQ�HQWLUH�VHFWLRQ�RI�WKH�WRZHU��2QO\�YHU\�UDUHO\�
GRHV� XVLQJ� SDUWLDO� WUD\� HIILFLHQFLHV� LQ� VLPXOD�
WLRQ� VRIWZDUH� JLYH� XVHIXO� UHVXOWV�� :KLOH� WKH\�
DOORZ�IRU�GLIIHUHQW�HIILFLHQFLHV�IRU�PXOWLSOH�FRP�
SRQHQWV�� WKH\� WHQG� QRW� WR� UHIOHFW� ZKDW� HQJL�
QHHUV� PHDQ� E\� HIILFLHQF\�� $GGLWLRQDOO\�� XVLQJ�
WKH� SDUWLDO� WUD\� HIILFLHQFLHV� RSWLRQ� RIWHQ� OHDGV�
WR�VROXWLRQ�LQVWDELOLW\�DQG�KLJK�H[HFXWLRQ�WLPHV��
HYHQ�ZLWK�PRGHUQ�VRIWZDUH�DQG�FRPSXWHUV� 

:KHQ�GHVLJQLQJ�D�QHZ�WRZHU��WKH�EHVW�VWDUWLQJ�
SRLQW�LV�WR�ILQG�GHPRQVWUDWHG�VHFWLRQ�HIILFLHQF\�
LQ�VLPLODU�HTXLSPHQW�EHLQJ�XVHG�LQ�D�VLPLODU�RU�
LGHQWLFDO� VHUYLFH�� ,I� VXFK� LQIRUPDWLRQ� LV� QRW�
DYDLODEOH�� WKH� PRVW� XVHIXO� HIILFLHQF\� FRUUHOD�
WLRQV�DUH�WKH�2¶&RQQHOO�FRUUHODWLRQ� 

 

RU�WKH�PRUH�UHFHQW�7D\ORU-'XVV�YDULDWLRQ� 

�� 

1RWH�WKDW�WKHVH�HTXDWLRQV�RQO\�ORRN�DW�WZR�IDF�
WRUV�� YLVFRVLW\� DQG� UHODWLYH� YRODWLOLW\�� 1R� WUD\�
GHVLJQ�SDUDPHWHUV�DUH�LQFOXGHG� 

+XQGUHGV� RI� SDSHUV� KDYH� EHHQ� ZULWWHQ� DQG�
PDQ\�UHVHDUFKHUV�KDYH�ZRUNHG�RQ�GHYHORSLQJ�
IXQGDPHQWDO� UHODWLRQVKLSV� IRU� HTXLSPHQW� HIIL�
FLHQF\�� 7KH� UHDVRQ� VR� PXFK� ZRUN� KDV� EHHQ�
GRQH� LV� WKDW�PRVW�FRUUHODWLRQV�GR�QRW�SURGXFH�
XVHIXO� UHVXOWV—WKDW¶V�ZK\� SHRSOH� NHHS� WU\LQJ��
7KHUH�DUH�FHUWDLQO\�JHQHUDO� WUHQGV� LQ�KRZ�WUD\�
GHVLJQ�DQG�V\VWHP�SURSHUWLHV�DIIHFW�HIILFLHQF\��
%XW� WKH� VSHFLILFV� RI� LQGLYLGXDO� VLWXDWLRQV� DUH�
HVSHFLDOO\� LPSRUWDQW�� ,I�\RX�FDQ� ILQG�SXEOLVKHG�
GDWD�RQ�WKH�V\VWHP�\RX�DUH�ORRNLQJ�DW��\RX�DUH�
LQ�OXFN��2WKHUZLVH��VWLFN�WR�WKH�VLPSOHU�FRUUHOD�
WLRQV�� 7KH\� DUH� MXVW� DV� DFFXUDWH� DV� WKH�PRUH�
FRPSOH[�RQHV� 

0LNH��,I�DQ�H[LVWLQJ�FROXPQ�KDV�EHHQ�VLPXODW�
HG�ZLWK�D�ZURQJ�HIILFLHQF\��D�UHGHVLJQ�FDQ�VWLOO�
ZRUN� RXW� RND\� DV� ORQJ� DV� WKH� VDPH�� ZURQJ�
HIILFLHQF\� LV� HPSOR\HG� DJDLQ�� � $� EHWWHU� SDWK��
RI� FRXUVH�� LV� WR� FRUUHFWO\� GHWHUPLQH� WKH� WUXH�
HIILFLHQF\�RI�WKH�H[LVWLQJ�WUD\V�SDFNLQJV�HVSH�
FLDOO\�YLD�WKH�XVH�RI�WKH�FRUUHFW�WKHUPR��9/(��
PRGHO� DQG� WKH� XVH� RI� JRRG� RSHUDWLQJ� GDWD��
ZKHUHLQ�WKH�PDVVHV�EDODQFH� 

.DUO�� 7KH� FKDOOHQJH� RI� VLPXODWLRQ� LV� WR� KDYH�
\RXU� VLPXODWLRQ� PRGHO� ZKDW� KDSSHQV� LQ� WKH�
ILHOG�� 7DNLQJ� D� VLPXODWLRQ� WR� WKH� ILHOG� DQG�
FKRRVLQJ�WKH�FRUUHFW�WUD\�HIILFLHQF\�WDNHV�PXO�
WLSOH�\HDUV�RI�H[SHULHQFH��7KHUH�DUH�FRPSOH[�
PRGHOV�IRU�5HILQHU\�9DFXXP�7RZHUV�DQG�RWK�
HU�V\VWHPV�WKDW�KDYH�XQXVXDO�EHKDYLRU�LQ�WKH�
ILHOG��(QVXUH� WKDW�\RXU�VLPXODWLRQ�PRGHOV�DF�
WXDO�ILHOG�EHKDYLRU� 

7KHUH� LV�D� ODUJH�GDWD�EDVH� LQ� WKH� LQGXVWU\�RI�
HVWLPDWHG� WUD\� HIILFLHQFLHV�� 0DQ\� DUH� EDVHG�
RQ� 65.� 9/(� GDWD�� %H� FRQVHUYDWLYH� ZKHQ�
FKRRVLQJ� WUD\� HIILFLHQF\� HYHQ� ZKHQ� XVLQJ�
65.� 

��� � '(6&5,%(� 7+(� &+$//(1*(6� ,1�
+$5':$5(�'(6,*1� 

$QGUHZ��7KH�WZR�PRVW�FKDOOHQJLQJ�DVSHFWV�RI�
KDUGZDUH�GHVLJQ�DUH� ���� IOXLG� IORZ�XQGHU� ORZ�
SUHVVXUH�GURS�FRQGLWLRQV�DQG�����YDSRU-OLTXLG�
PL[LQJ�DQG�VHSDUDWLRQ�RQ�WUD\V� 

/LWWOH�SUHVVXUH�GURS�LV�DYDLODEOH�LQVLGH�WRZHUV�
WR� GULYH� IOXLG� IORZ�� 2XWVLGH� RI� H[WHUQDO� IHHG�
SXPSLQJ� WR� WKH� WRZHU�� RQO\� JUDYLW\� KHDG� LV�
DYDLODEOH� IRU� OLTXLG� IORZ�� $OVR�� WKH� SUHVVXUH�
GURS� LQVLGH� WKH� WRZHU� FUHDWHG� E\� WKH� YDSRU�
IORZ� LQFUHDVHV� OLTXLG� KROG-XS�� 7KHVH� LVVXHV�
DSSO\� WR�ERWK� WUD\� WRZHUV�DQG�SDFNHG� WRZHUV�
EXW�KDV�GLIIHUHQW� LPSOLFDWLRQV� IRU� WKH�GLIIHUHQW�
WRZHU� W\SHV�� 8QGHUVWDQGLQJ� KRZ� DQG� ZKHUH�
SUHVVXUH� GURS� LV� FUHDWHG� DQG� ZKHUH� VWDWLF�
KHDG�DFFXPXODWHV�LV�FULWLFDO�WR�XQGHUVWDQGLQJ�
HTXLSPHQW�K\GUDXOLFV� 

9DSRU-OLTXLG�PL[LQJ� LVVXHV� DSSO\�PXFK�PRUH�
WR� WUD\V� WKDQ� SDFNLQJ�� 7UD\V� PL[� OLTXLG� DQG�
YDSRU� DQG� WKHQ� VHSDUDWH� WKHP�� 3KDVH� PH�
FKDQLFV�FDQ�UDQJH�IURP�IURWK�WR�XQFOHDUO\�GH�
ILQHG�LQWHUPHGLDWHV�WR�VSUD\��GHSHQGLQJ�XSRQ�
IORZ� UDWHV� DQG� SK\VLFDO� SURSHUWLHV�� 7KH� K\�
GUDXOLFV�RI�D�JLYHQ�V\VWHP�FDQ�FDXVH�HQWUDLQ�
PHQW� �MHW� IORRG�� DQG� GRZQFRPHU� ILOOLQJ��
.QRZOHGJH� DQG� XQGHUVWDQGLQJ� RI� WKHVH� IDF�
WRUV�DUH�FULWLFDO�WR�VXFFHVVIXO�WUD\�GHVLJQ� 

0LNH�� +DUGZDUH� GHVLJQ� PHWKRGRORJLHV� DUH�
RIWHQ�UHJDUGHG�DV�SURSULHWDU\�DQG�FRQILGHQWLDO� 
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E\�KDUGZDUH�FRPSDQLHV���$V�D�UHVXOW��WKHLU�GH�
VLJQV�RIWHQ�FDQQRW�EH�FKHFNHG�E\�WKH�SXUFKDV�
HUV�RU�VHOHFWRUV�RI�WKH�KDUGZDUH��3XUFKDVHUV�RI�
VXFK�KDUGZDUH�VKRXOG�LQVLVW�WKDW�WKH�SXUYH\RUV�
SURYH� WKDW� VLPLODU� GHVLJQV� LQ� VLPLODU� DSSOLFD�
WLRQV�KDYH�SHUIRUPHG�ZHOO�VXEVHTXHQW�WR�VWDUW-
XSV� 

.DUO��7KH�KDUGZDUH�GHVLJQHU�DVVXPHV�WKDW�\RX�
KDYH�SXW�WKH�GHVLJQ�VDIHW\�PDUJLQ�LQ�WKH�VLPX�
ODWLRQ�� VR� WKH\� UDUHO\� ZLOO� DGG� DQ\� DGGLWLRQDO�
GHVLJQ�PDUJLQ�� � ,�ZDV�FRQVXOWLQJ�RQ�D�UHILQHU\�
FUXGH�WRZHU�UHYDPS�DW�WKH�VWDUWXS���,�UHYLHZHG�
WKH� K\GUDXOLF� GHVLJQ� –� DQG� WKH� MHW� IORRG� ZDV�
GHVLJQHG� DW� ����� � ,� ZRXOG� QRUPDOO\� OLNH� WKH�
GHVLJQ� WR� EH� DERYH� ����� � 7KLV� ORZ� MHW� IORRG�
OHDGV�WR�ORZ�WUD\�SUHVVXUH�GURS��DQG�ORZHU�WUD\�
HIILFLHQF\� 

&KULVWLDQ��7KH�FKDOOHQJH�LQ�KDUGZDUH�GHVLJQ�LV�
WR� FRPELQH�RSWLPL]H�PDVV� WUDQVIHU� HTXLSPHQW�
�SDFNLQJ�WUD\�� ZLWK� FRUUHVSRQGLQJ� WRZHU� LQWHU�
QDOV� �GLVWULEXWRUV�� FROOHFWLQJ� WUD\V�� DQG� GURSOHW�
VHSDUDWRUV��WR�HQVXUH�RSWLPXP�SHUIRUPDQFH�RI�
WKH�ZKROH�V\VWHP� 

7KH�FKDOOHQJHV�DUH�LQ�GHWDLO�� 

· 0D[LPXP�FDSDFLW\��HVSHFLDOO\�IRU�5HYDPSV 

· WXUQ�GRZQ�UDWLR�IOH[LELOLW\�� 

· FRQVLGHUDWLRQ� RI� IRXOLQJ�� IRDPLQJ�� HWF��
ZKHUH�DSSOLFDEOH 

· 0LQLPL]DWLRQ�RI�GURSOHW�HQWUDLQPHQW�DW�KLJK�
FDSDFLW\ 

$�WRSLF�WKDW�LV�RIWHQ�XQGHUHVWLPDWHG�LV�WKH�LQGL�
YLGXDO�PHFKDQLFDO�GHVLJQ�RI�WKH�KDUGZDUH��HV�
SHFLDOO\� LQ� UHYDPS� FDVHV�� $� NQRZOHGJHDEOH�
PHFKDQLFDO� GHVLJQ� HQJLQHHU� FDQ�PLQLPL]H� LQ�
VWDOODWLRQ�WLPH�ZLWK�WDLORU-PDGH��LQQRYDWLYH�PH�
FKDQLFDO� GHVLJQV�� 7KH� XVH� RI� H[LVWLQJ� ZHOG-LQ�
SDUWV�DQG�VXSSRUW�ULQJV�DQG�DGDSWLQJ�WKH�KDUG�
ZDUH� GHVLJQ� WR� WKH� LQGLYLGXDO� VFHQDULR� FDQ�
DYRLG�RU�DW�OHDVW�UHGXFH�FXWWLQJ�DQG�ZHOGLQJ�LQ�
WKH�FROXPQ�� 

2QH�WUHQG�ZH�FXUUHQWO\�VHH�LQ�KDUGZDUH�GHVLJQ�
LV�WKDW�KLJKHU�LQYHVWPHQW�LV�DFFHSWHG�LI�WKH�RS�
HUDWLQJ�FRVW�RI� WKH�SODQW�FDQ�EH�UHGXFHG��H�J���
E\�LQVWDOOLQJ�PRUH�WUD\V�DQG�UHGXFLQJ�UHIOX[� 

��� � '(6&5,%(� 7+(� &+$//(1*(6� ,1� ,1�
67$//$7,21� 

$QGUHZ��7KH�ELJJHVW�FKDOOHQJH�LQ�LQVWDOODWLRQ�LV�
DWWHQWLRQ�WR�GHWDLO��,QVWDOODWLRQ�LV�RIWHQ�GRQH�E\�
FRQWUDFW� ZRUNHUV� ZKR� PD\� KDYH� OLWWOH� H[SHUL�
HQFH� LQ� WKH�ILHOG��7KH�FRPSDQ\� LQYROYHG� LV�RI�
WHQ�WKH�ORZHVW-FRVW�ELGGHU��7KH�LQVSHFWLQJ� 

HQJLQHHU� KDV� D� JUHDW� UHVSRQVLELOLW\� WR� PDNH�
VXUH� WKH� LQVWDOODWLRQ� LV� SHUIRUPHG� FRUUHFWO\��
+H� RU� VKH� DOVR� KDV� WKH� ODVW� RSSRUWXQLW\� WR�
FDWFK�HUURUV�� ,QVSHFW�ZLWK�PRUH� WKDQ� MXVW� WKH�
H\HV��<HV��PDNH�VXUH� WKDW�HTXLSPHQW� LV�PH�
FKDQLFDOO\�LQVWDOOHG�DV�GHVLJQHG��%XW�DOVR�ORRN�
DW�WKH�HTXLSPHQW�DQG�DVN��³'RHV�WKLV�LQVWDOOD�
WLRQ�PDNH�VHQVH"´�,I� LW�GRHV�QRW��GR�QRW�DUEL�
WUDULO\� FKDQJH� WKLQJV�� EXW� JHW� DQ� H[SODQDWLRQ�
RI�ZK\� LW� LV� WKH�ZD\� LW� LV��DQG�PDNH�VXUH�WKDW�
VSHFLDOLVWV�KDYH�FKHFNHG�WKH�VLWXDWLRQ� 

0LNH��:HOGLQJ� LQVLGH� WRZHUV� ³DOZD\V´� QHHGV�
WR� EH� IROORZHG� E\� KHDW� WUHDWLQJ�� /DUJH-
GLDPHWHU� WRZHUV� UHTXLUH� ODUJH�� DQG� KHDY\��
SDUWV�WKDW�QHHG�WR�EH�DEOH�WR�ILW�WKURXJK�PDQ�
KROHV� 

.DUO��2QH� RI� WKH� FKDOOHQJHV� RI� LQVWDOODWLRQ� LV�
WKDW� WKH� ULQJV�DUH� LQVWDOOHG�E\� WKH� WRZHU�YHQ�
GRU��DQG�WKH\�PD\�RU�PD\�QRW�PDWFK�WKH�WUD\V�
DQG�WRZHU�YDSRU���OLTXLG�GUDZV���,Q�RQH�LQVWDO�
ODWLRQ�ZH�GLG�QRW�LQVWDOO�WKH�ERWWRP�WUD\��VR�ZH�
FRXOG�PDWFK� WKH� OLTXLG� WR� WKH� FRUUHFW� VLGH� RI�
WKH� UHERLOHU� EDIIOH�� � ,W� UHTXLUHG� VRPH� ILHOG�
PRGLILFDWLRQV�WR�WKH�WUD\V� 

&KULVWLDQ��'HSHQGLQJ�RQ�WKH�VL]H��LQVWDOODWLRQV�
FDQ� EH� KXJH� DQG� FRPSOH[� SURMHFWV� WKDW� UH�
TXLUH� GHWDLOHG� SODQQLQJ� DQG� SURMHFW�PDQDJH�
PHQW�� 0DQSRZHU�� HTXLSPHQW�� DQG� KDUGZDUH�
QHHG�WR�EH�DW�WKH�ULJKW�SODFH�DW�WKH�ULJKW�WLPH��
ER[HV� QHHG� WR� EH� FOHDUO\� ODEHOOHG�� HWF��
6RXQGV�HDV\��EXW�RIWHQ�FUHDWHV�SUREOHPV� 

$W� WKH� VDPH� WLPH� WKHUH� LV� D� WUHQG� WR� UHGXFH�
FRVWV� E\� XVLQJ� ORZ-ZDJH� FRQWUDFW� ZRUNHUV��
YHVVHOV� PDQXIDFWXUHG� LQ� ORZ-FRVW� FRXQWULHV��
HWF� 

7KLV� UHVXOW�� IRU�H[DPSOH�� LQ�PXFK� ODUJHU� WKDQ�
XVXDO� FROXPQ� WROHUDQFHV�� ,Q� WKH� ODVW� IHZ�
\HDUV��ZH�KDYH�GHYHORSHG��RU�KDG�WR�GHYHORS��
D�YDULHW\�RI�³DGDSWHUV´�DQG�PRGLILFDWLRQ�VROX�
WLRQV�WR�DGMXVW�KDUGZDUH�WR�DFFRPPRGDWH�XQ�
OHYHO� VXSSRUW� ULQJV�DQG� ODUJH�GHYLDWLRQV� IURP�
URXQGQHVV�WROHUDQFHV� 

,W�KDV�DOVR�SURYHQ�YHU\�VXFFHVVIXO� WR� LQFOXGH�
XV��\RXU�KDUGZDUH�VXSSOLHU�� LQ�YHVVHO� LQVSHF�
WLRQV�DW� WKH�FROXPQ�PDQXIDFWXUHU¶V�ZRUNVKRS�
EHIRUH�GHOLYHU\�RQ�VLWH��:H�DUH�DEOH�WR�PDNH�
GHWDLOHG� GRFXPHQWDWLRQ� RI� WKH� UHDO� GLPHQ�
VLRQV��7KLV�KHOSV�WR� UHGXFH�HUURUV�DQG� LQVWDO�
ODWLRQ�WLPH�RQ�VLWH� 

����'(6&5,%(�7+(�&+$//(1*(6�,1�&20�
0,66,21,1*� 

$QGUHZ��6SHFLILF�VHUYLFHV�PD\�FUHDWH�XQLTXH�
SUREOHPV�DW�VWDUWXS��EXW�WKH�ELJJHVW�VLQJOH�� 
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LVVXH�LQ�PDQ\�VHUYLFHV�LV�ERWWRPV�OHYHO�FRQWURO��
7KH�SUREOHP�WHQGV�WR�EH�ZRUVH�LQ�WRZHUV�ZLWK�
WUD\V�� /HYHO� VSDQV�RQ� WRZHU�ERWWRPV�DUH� W\SL�
FDOO\� VHW� E\� RSHUDWLRQDO� FRQWURO� UDQJHV� RU� E\�
LQYHQWRU\� UHTXLUHPHQWV� IRU� GRZQVWUHDP� SUR�
FHVVHV�RU�HTXLSPHQW��VXFK�DV�SXPSV���5DUHO\��
LI�HYHU��GRHV�OLTXLG�LQYHQWRU\�LQ�WKH�OHYHO�UDQJH�
WDNH� LQWR�DFFRXQW� WKH� OLTXLG� LQYHQWRU\�RQ� WUD\V�
RU�SDFNLQJ��$V�YDSRU�UDWHV�ULVH��OLTXLG�LQYHQWRU\�
EXLOGV� XS� RQ� WUD\V�� UHGXFLQJ� WKH� OLTXLG� IORZ� WR�
WKH� WRZHU� ERWWRPV�� &RQWURO� UHVSRQVH� LV� WR� HL�
WKHU� UHGXFH� ERWWRPV� SURGXFW� UDWH� RU� WR� DOORZ�
OLTXLG� OHYHO� WR�GURS�� ,I� YDSRU� UDWH�GURSV�GXULQJ�
VWDUWXS�� WUD\V� ORVH� OLTXLG� WR� WKH� ERWWRPV�� 7KLV�
FUHDWHV� D� VXGGHQ� LQFUHDVH� LQ� ERWWRPV� UDWH� RU�
ERWWRPV�OHYHO��VLPLODU�WR�LQYHUVH�UHVSRQVH� 

,I�WKH�ERWWRPV�OLTXLG�OHYHO�VSDQ�LV�WRR�VPDOO��WKH�
VXGGHQ� OLTXLG� OHYHO� FKDQJHV� FDQ� FDXVH� WKH�
FRQWURO� UDQJH� WR� GURS� WR� ]HUR� RU� ULVH� WR� RYHU�
���� LQ� QRWLFHDEO\� VKRUW� SHULRGV�� ,� KDYH� VHHQ�
VRPH�WRZHUV�ZLWK�PDQ\�WUD\V�LQ�ZKLFK�WKH�FRQ�
WURO� UDQJH�RQ� WKH�ERWWRPV� OLTXLG� LQYHQWRU\�ZDV�
DV�ORZ�DV�����RI�WKH�WUD\�OLTXLG�LQYHQWRU\� 

/RZ� OLTXLG� OHYHO� KDV� WKH� SRWHQWLDO� WR� GDPDJH�
GRZQVWUHDP�HTXLSPHQW�VXFK�DV�SXPSV�RU�ILUHG�
KHDWHUV��+LJK�OLTXLG�OHYHO�FDQ�FDXVH�WKH�UHERLO�
HU�UHWXUQ�WR�PDVVLYHO\�HQWUDLQ�OLTXLG�XS�WKH�WRZ�
HU�� 7KH�PDVVLYH� HQWUDLQPHQW� FDQ� NQRFN� WUD\V�
RXW�RU�FDXVH�RWKHU�GDPDJH� 

6WDUWXS�LV�D�EXV\�WLPH��0DQ\�FRQWURO�ORRSV�DUH�
VHW� WR� PDQXDO�� DQG� RSHUDWRUV� FDQQRW� PRQLWRU�
HYHU\WKLQJ� FORVHO\� DOO� WKH� WLPH�� 7KH\� WHQG� WR�
NHHS� OLTXLG� OHYHOV� KLJK� WR� SURWHFW� GRZQVWUHDP�
HTXLSPHQW��:KHQ�DQ�XSVHW�KDSSHQV��D�VXGGHQ�
DGGLWLRQDO�LQFUHDVH�LQ�OLTXLG�OHYHO�GDPDJHV�WKH�
LQWHUQDOV�RI�WKH�WRZHU��,Q�P\�H[SHULHQFH�DFURVV�
DOO� GLVWLOODWLRQ� WRZHUV�� WKLV� LV� RQH� RI� WKH� PRVW�
FRPPRQ�FDXVHV�RI�HTXLSPHQW�GDPDJH�GXULQJ�
VWDUWXS� 

0LNH��7HFKQLFLDQ�HQJLQHHU�VKLIW� FKDQJHV�RIWHQ�
EULQJ�GLIIHUHQW�VWDUW-XS�SKLORVRSKLHV�DQG���FRP�
PXQLFDWLRQV� EHWZHHQ� WKH� VKLIWV� DUH� RIWHQ� WRR�
LQFRPSOHWH��� 

7KHUH�ZDV�D�XQLW�VWDUW-XS�ZKHUH�D�VHQLRU�HQJL�
QHHU�RQ�WKH�QLJKW�VKLIW�KDG�KLV�RZQ�SKLORVRSK\�
UHJDUGLQJ� KRZ� WKH� QHZ� XQLW� VKRXOG� RSHUDWH���
+LV� LQVWUXFWLRQV� WR� WKH� RSHUDWRUV� GLIIHUHG� YHU\�
VLJQLILFDQWO\� IURP� WKRVH� WKDW�ZHUH�JLYHQ� WR� WKH�
GD\� VKLIW� RSHUDWRUV�� � 7KH� XQLW� RSHUDWLRQ� ZHQW�
YHU\� DVWUD\�� 7ZR� GD\V� ZHUH� ORVW� JHWWLQJ� WKH�
VWDUW-XS�EDFN�RQ�WUDFN���%HFDXVH�RI�KLV�DFWLRQV��
WKH� VHQLRU� HQJLQHHU�ZDV� ILUHG�DIWHU� WKH�XQLW� IL�
QDOO\�UHDFKHG�HTXLOLEULXP��� 

 

�,�ZDV�WKH�GD\�VKLIW�HQJLQHHU�ZKR�FRPSODLQHG�
DERXW�WKH�SHUIRUPDQFH�RI�WKH�QLJKW�VKLIW�HQJL�
QHHU��ZKR�ZDV�QRW�P\�IULHQG�� �7KH�XQLW�PDQ�
DJHU� WRRN� PH� RXWVLGH� RI� WKH� FRQWURO� URRP�
ZKHUH�,�KRQHVWO\�WKRXJKW�WKDW�KH�ZDV�JRLQJ�WR�
SXQFK�PH�RU� WHOO�PH� WR�VKXW� XS�RU� ERWK�� � ,Q�
VWHDG��KH�WROG�PH�WKDW�KH�KDG�EHHQ�DIUDLG�WKDW�
WKH� QLJKW� VKLIW� VHQLRU� HQJLQHHU� ZDV� JRLQJ� WR�
OHDG� WKH� VWDUW-XS�DVWUD\�� �+H� WKDQNHG�PH� IRU�
P\� IXWXUH�SDWLHQFH�� �+H�KLQWHG� WKDW� WKH�QLJKW�
VKLIW� HQJLQHHU�ZDV� VRRQ� JRLQJ� WR� EH�³D�JRQ�
HU�´� 

.DUO��2QH�RI�WKH�FRPPLVVLRQLQJ�FKDOOHQJHV�LV�
WKDW� SXPSV� QHHG� WR� UXQ� DW� OHDVW� ��� WR� ����
SHUFHQW� RI� GHVLJQ� DQG�PDQ\� IHHG� SXPSV� GR�
QRW�KDYH�PLQLPXP�IORZ�ORRSV���7KHUHIRUH��WKH�
IHHG�WR�WKH�WRZHU�JRHV�IURP���WR�����TXLFNO\���
:KHQ�,�GHVLJQ�D�IHHG�ORRS�,�FRQVLGHU�WKLV�DQG�
WU\� WR� SODQ� IRU� WKLV� VWDUW� XS� LVVXH�� � +DYLQJ� D�
ODUJHU�IHHG�SLSH�DQG�IHHG�LQWHUQDOV�PLJKW�EH�D�
JRRG�LGHD� 

�� ',6&866� <285� 0267� ',)),&8/7�
72:(5�7528%/(6+227,1*� 

0LNH� 
$���$ORQJVLGH�RWKHU�HQJLQHHUV��,�YLVLWHG�D�FHU�
WDLQ� OLTXLG-OLTXLG� H[WUDFWRU� �� WLPHV� RYHU� D� �-
\HDU� SHULRG�� � � ,WV� FDSDFLW\� ZDV� ORZHU-WKDQ-
H[SHFWHG�E\�������2XU�WHDP�FRXOG�QRW�ILJXUH�
RXW�ZKDW�ZDV�ZURQJ"��(YHQWXDOO\��ZH�SURYLG�
HG�D�QHZ�H[WUDFWRU�WKDW�KDG�����PRUH�FURVV-
VHFWLRQDO� DUHD� WKDQ� WKH� RULJLQDO� H[WUDFWRU���
7KDW�QHZ�H[WUDFWRU�ZRUNHG�ZHOO�� 

,Q� D� OLTXLG-OLTXLG� H[WUDFWRU�� WKHUH� LV� D� GRZQ�
ZDUG� OLTXLG�YHORFLW\�DQG�DQ�XSZDUG� OLTXLG�YH�
ORFLW\���,Q�UHYLHZLQJ�WKH�SLORW�GDWD��WKH�FRUUHOD�
WLRQV� ZHUH� EDVHG� RQ� KROH� YHORFLWLHV� DQG� QRW�
FURVV�VHFWLRQDO� WRZHU�DUHD�YHORFLW\�� WKHUHIRUH�
WKH�VFDOH�XS�ZDV�QRW�FRUUHFWO\�SUHGLFWHG���:H�
FRUUHFWHG�WKH�FRUUHODWLRQV� 

%���,�FOLPEHG�WKH�RXWVLGH�RI�D�WRZHU�RQ�D�FROG�
DQG�VQRZ\�QLJKW�WR�UHDG�VRPH�JDXJHV�DW�WKH�
WRS� RI� WKH� WRZHU�� � $OO� RI� WKH� YHUWLFDO� ODGGHUV�
ZHUH�VXUURXQGHG�E\�FDJHV���,�ZRUH�DOO�DSSUR�
SULDWH� VDIHW\� JHDU�� �:KHQ� ,� VKLQHG�P\� IODVK�
OLJKW� DW� RQH� SDUWLFXODU� SUHVVXUH� JDXJH�� D�
³EODFN� WKLQJ´� FDPH� IO\LQJ� DQG� VFUHHFKLQJ� DW�
P\�KHDG���,�IHOO�VHYHUDO�IHHW�XQWLO�P\�JURLQ�LP�
SDFWHG� RQH� RI� WKH� FDJH¶V� KRUL]RQWDO� VXSSRUW�
VWUXWV�� � � ,� GLG�QRW�NQRZ� WKDW�GXULQJ� WKH�SUHYL�
RXV����KRXUV��D�FURZ�KDG�GHFLGHG� WR�EXLOG�D�
QHVW�EHKLQG� WKH�VXEMHFW�SUHVVXUH�JDXJH�� �7R�
WKLV�GD\��,�³KDWH´�FURZV� 
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&�� � $� OLTXLG-OLTXLG� H[WUDFWRU� ZDV� H[SHULHQFLQJ�
DQ� DEQRUPDOO\� KLJK� SUHVVXUH� GURS�� � 7KH� WRS�
PDQKROH� ZDV� RSHQHG�� DQG� D� IODVKOLJKW� UH�
YHDOHG� WKDW� WKH� WRS� WZR� WUD\V� DSSHDUHG� WR� EH�
³JRRG� DV� QHZ�´� �:KHQ�ZH� HQWHUHG� WKH� WRZHU��
WKH� WUD\V� FUXPEOHG� EHQHDWK� RXU� IHHW�� � $FLGV�
KDG�PDGH� WKH� WUD\V� SDSHU� WKLQ�� � 7KH� WUD\V� LQ�
WKH�ERWWRP�RI� WKH� WRZHU�SURYHG� WR�EH�SOXJJHG�
ZLWK�WKH�E\-SURGXFWV�RI�WKH�DFLG�DWWDFNV� 

.DUO��:H�VLPXODWHG�DQG�GHVLJQHG�D�WRZHU�IRU�D�
7KDLODQG� &KHPLFDO� 3ODQW�� �:H� SXW� PRUH� WKDQ�
DGHTXDWH� VDIHW\� LQ� WKH� GHVLJQ�� � 7RZHU� ZDV�
WKHQ� EXLOW� DQG� HUHFWHG�� � 7RZHU� ZDV� FRPPLV�
VLRQHG�� ZRXOG� PDNH� GHVLJQ� FDSDFLW\�� EXW�
ZRXOG�QRW�PDNH�GHVLJQ�SXULWLHV�� �)RU� WKH�QH[W�
WKUHH�GD\V�ZH�WULHG�HYHU\�FRPELQDWLRQ�RI�WHP�
SHUDWXUH�� SUHVVXUHV� DQG� IORZV� WR� DFKLHYH� WKH�
GHVLJQ�SXULW\���,W�ZDV�D�YHU\�GLIILFXOW�WKUHH�GD\V� 

,� WKHQ� FKRRVH� WR� UHLQVSHFW� WKH� WRZHU�� WKH�
VWDUWXS� VHHPHG� VPRRWK�� EXW� ZH� PD\� KDYH�
GDPDJHG� VRPH� WUD\V� LQ� FRPPLVVLRQLQJ�� DQG�
ZH� VWDUWHG� SODQQLQJ� WR� VKXW� GRZQ� WKH� WRZHU���
7KH�WRZHU�ERWWRPV�ZDV�WKH�RQH�ZLWK�WKH�SXULW\�
DQG�WKHUH�ZDV�D�IHHG���ERWWRPV�KHDW�H[FKDQJ�
HU�� � :H� GHFLGHG� EHIRUH� ZH� VKXW� WKH� WRZHU�
GRZQ� WR� VDPSOH� WKH� ERWWRPV� EHIRUH� WKH� KHDW�
H[FKDQJHU���,W�ZDV�RQ�WHVW���7KH�IHHG���ERWWRPV�
KHDW� H[FKDQJHU� ZDV� OHDNLQJ�� � :H� UHSDLU� WKH�
KHDW� H[FKDQJHU� DQG� WRZHU� SDVV� WKH� SHUIRU�
PDQFH�WHVW� 

+HQU\��&RS\ULJKW���E\�+HQU\�=��.LVWHU��UHSULQW�
HG�E\�SHUPLVVLRQ� 

,Q�������,�ZDV� OHDGLQJ�D�WHDP�WURXEOHVKRRWLQJ�
D� FKHPLFDO� WRZHU� WKDW� ZDV� UHYDPSHG� WR�
DFKLHYH�D�VPDOO� LQFUHDVH� LQ�FDSDFLW\� ���-����
E\� LQFUHDVLQJ� WKH� WUD\V� KROH� DUHDV� IURP� �����
WR�����RI�WKH�DFWLYH�DUHD��,Q�DGGLWLRQ��UDGLXVHV�
ZHUH�DGGHG�DW� WKH�ERWWRP�RI� WKH�GRZQFRPHUV�
WR� VPRRWKHQ� H[LW� RI� OLTXLG� DQG� UHGXFH� GRZQ�
FRPHU� EDFNXS�� 6WUDQJHO\�� LQVWHDG� RI� JDLQLQJ�
FDSDFLW\��LW�ORVW����FDSDFLW\�� 

%HIRUH� ������ WKH� PHFKDQLVP� RI� YDSRU� FURVV�
IORZ�FKDQQHOLQJ��9&)&��.LVWHU��+��=���.��)��/DU�
VRQ�� DQG� 3�� (�� 0DGVHQ� ³9DSRU� &URVV� )ORZ�
&KDQQHOLQJ� RQ� 6LHYH� 7UD\V�� � )DFW� RU� 0\WK"´��
&KHP��(QJ��3URJ���1RYHPEHU� ������ RQ� VLHYH�
DQG�YDOYH� WUD\V�ZDV�QRW� UHFRJQL]HG�E\� WKH� LQ�
GXVWU\�� ,� LQTXLUHG� DURXQG�� DQG� HYHU\RQH� ZDV�
WHOOLQJ� PH� WKDW� WKH� FDSDFLW\� UHGXFWLRQ� VKRXOG�
QRW� KDYH� KDSSHQHG�� 7KHUH� ZDV� RQH� OHDG�� DV�
\HW� FRQVLGHUHG� XQOLNHO\�� WKDW� VXJJHVWHG� WKDW�
9&)&� FRXOG� EH� WDNLQJ� SODFH�� D� PHFKDQLVP�
ZHOO-NQRZQ� LQ�EXEEOH-FDS� WUD\V��*RRG�WURXEOH�
VKRRWLQJ� LQYHVWLJDWLRQV� IROORZ� DOO� OHDGV�� OLNHO\�
RU�XQOLNHO\��6R��,�GLG�� 

,Q�9&)&��)LJXUH���� WKH�K\GUDXOLF�JUDGLHQW�RQ�
WKH� WUD\� LQGXFHV� SUHIHUHQWLDO� ULVH� RI� YDSRU�
QHDU� WKH� RXWOHW� DQG� PLGGOH� RI� WKH� WUD\� DQG�
IRUPV� D� YDSRU-GHILFLHQW� UHJLRQ� QHDU� WKH� LQOHW�
WR�WKH�WUD\��7KH�KLJK�YDSRU�YHORFLWLHV�QHDU�WKH�
WUD\�RXWOHW�VWHS�XS�HQWUDLQPHQW��ZKLOH�WKH�ORZ�
YDSRU� YHORFLWLHV� QHDU� WKH� WUD\� LQOHW� LQGXFH�
ZHHSLQJ�� ,QWHUDFWLRQ� EHWZHHQ� DGMDFHQW� WUD\V�
�)LJXUH����DFFHOHUDWHV�ERWK�WKH�RXWOHW�HQWUDLQ�
PHQW�DQG�WKH� LQOHW�ZHHSLQJ��7KH�UHVXOW� LV�H[�
FHVVLYH� HQWUDLQPHQW� DQG� SUHPDWXUH� IORRGLQJ�
DW� WKH� WUD\� PLGGOH� DQG� RXWOHW�� VLPXOWDQHRXV�
ZLWK�ZHHSLQJ�IURP�WKH�WUD\�LQOHW��DFFRPSDQLHG�
E\�D�ORVV�RI�HIILFLHQF\�DQG�WXUQGRZQ��7KH�WKH�
RU\�ZDV�WKDW�LQFUHDVLQJ�WKH�WUD\�RSHQ�DUHD�RQ�
WKH�WUD\V�OHG�WR�WKH�RQVHW�RI�9&)&�DQG�FRQVH�
TXHQW�SUHPDWXUH�IORRGLQJ�RQ�WKH�WUD\V� 

7KH� FKDOOHQJH�ZDV� WR� WHVW� WKLV� WKHRU\��*DP�
PD� VFDQQLQJ� ZDV� WKH� PRVW� SURPLVLQJ� WHFK�
QLTXH��EXW�QR�RQH�KDG�H[SHULHQFH�ZLWK�DSSO\�
LQJ� JDPPD� VFDQV� IRU� GLDJQRVLQJ� 9&)&�� QRU�
DQ� LGHD� KRZ� WR� GR� LW�� 6R�� LW� ZDV� GHFLGHG� WR�
EUDLQVWRUP� WRJHWKHU� ZLWK� 7UX-7HF� ZKR� KDG�
H[WHQVLYH�JDPPD�VFDQQLQJ�H[SHUWLVH��8QGHU�
VWDQGLQJ�WKH�FKDOOHQJH��7UX-7HF�OLQHG�XS�WKHLU�
WKUHH� WRS� H[SHUWV�� DQG� WRJHWKHU� ZLWK� WKH� FOL�
HQW¶V� WRS� H[SHUWV� DQG� WKH� DXWKRU�PHW� LQ�7UX-
7HF� /D3RUWH¶V� RIILFH�� 7KH� PHHWLQJ� VWDUWHG�
DERXW���30��ODVWHG�IRU�D�IHZ�WHGLRXV�KRXUV��$�
ORW� RI� LGHDV� DQG� VWLPXODWLQJ� EUDLQVWRUPLQJ�
ZHUH� WRVVHG� DURXQG�� EXW� QR� EUHDNWKURXJKV��
3HRSOH�EHJDQ�WR�ZRQGHU�LI�DQ\�UHVROXWLRQ�ZLOO�
FRPH�RXW�� 

-XVW� WKHQ��RQH�RI� WKH�7UX-7HF�H[SHUWV�VSRNH��
³/RRNV� OLNH� ZH� KDYH� EUDLQVWRUPHG� IRU� D� IHZ�
KRXUV�DQG�JRW�QRZKHUH��0D\EH�ZH�DUH�GRLQJ�
LW�DOO�ZURQJ��6R��OHW�PH�VXJJHVW�DQRWKHU�ZD\´��
7KHQ�KH�FRQWLQXHG�³1RW�IDU�IURP�KHUH�WKHUH�LV�
DQ� H[FHOOHQW�0H[LFDQ� 5HVWDXUDQW� FDOOHG� 'RQ�
.H\�� 7KH\� KDYH� IDEXORXV� IRRG�� EXW� ZKDW� LV�
PRUH� LPSRUWDQW�� LV� WKH\� KDYH� DQ� H[FHOOHQW�
EHYHUDJH� FDOOHG� 'RQNDULWD�� ,W� LV� VLPLODU� WR�
0DUJDULWD�� H[FHSW� WKDW� LW� NLFNV� OLNH� D� GRQNH\��
$IWHU� RQH�RU� WZR�RI� WKHVH��ZH�PD\�JHW�PRUH�
FUHDWLYH� DQG� FRPH� XS� ZLWK� D� ZLQQLQJ� LGHD´��
+LV�PRWLRQ�ZDV�XQDQLPRXVO\�DQG�HQWKXVLDVWL�
FDOO\�DFFHSWHG��1RW�RQO\�GLG�ZH�HQMR\�D�GHOL�
FLRXV�PHDO�DQG�GRQNDULWDV��EXW�ZH� OHIW�ZLWK�D�
SODQ�WKDW�HYHU\RQH�ZDV�KDSS\�ZLWK�–�DQG�ODLG�
WKH� IRXQGDWLRQV� WR� WKH� TXDQWLWDWLYH� VFDQQLQJ�
WKDW� LV� XVHG� WR� WURXEOHVKRRW� FKDQQHOLQJ� XQWLO�
WRGD\� �.LVWHU�� +�� =��� ³8VH�4XDQWLWDWLYH�*DP�
PD�6FDQV� WR�7URXEOHVKRRW�0DOGLVWULEXWLRQ�RQ�
7UD\V´��&KHP��(QJ��3URJU���)HEUXDU\�������� 
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)LJXUH����9DSRU�FURVV�IORZ�FKDQQHOLQJ 

7KH� ZLQQLQJ� LGHD� ZDV� WR� VFDQ� WKUHH� GLIIHUHQW�
FKRUGV� DORQJ� WKH� IORZ� SDWK� OHQJWK� ERWK� XQGHU�
IORRGHG�DQG�XQIORRGHG�FRQGLWLRQV��DQG�WR�DSSO\�
TXDQWLWDWLYH� DQDO\VLV� WR� GHULYH� IURWK� KHLJKWV��
IURWK�GHQVLWLHV��DQG�OLTXLG�KHDGV��)URP�WKH� OLT�
XLG�KHDGV�K\GUDXOLF�JUDGLHQWV�FDQ�EH� LQIHUUHG��
7KH� GHWDLOV� DUH� GHVFULEHG� LQ� WKH� DERYH� UHIHU�
HQFH�� 7KH� UHVXOWV� DUH� VKRZQ� RQ� )LJXUH� ��� ,Q�
)LJXUH����DOO� WKH�WUD\�GLPHQVLRQV�DUH�GUDZQ�WR�
VFDOH�� 7UD\� OLTXLG� KHDG� YDOXHV� GHULYHG� IURP�
TXDQWLWDWLYH�DQDO\VLV�RI�JDPPD�VFDQV�DUH�SORW�
WHG�VR�WKDW�D� OLTXLG�KHDG�RI�KDOI�WKH�WUD\�VSDF�
LQJ�LV�SORWWHG�DV�D�SRLQW�RQ�WKH�WUD\�DERYH��=H�
UR� OLTXLG�KHDG� LV�SORWWHG�DV�D�SRLQW�RQ�WKH�WUD\�
IORRU�� 

,Q� WKH� XQIORRGHG� VFDQV� �)LJXUH� �D��� K\GUDXOLF�
OLTXLG�JUDGLHQWV� DUH� IODW� RU� VOLJKW�� VORSLQJ� IURP�
WUD\�LQOHW�WR�RXWOHW��8SRQ�IORRG�LQLWLDWLRQ��)LJXUH�
�E��� WKH� K\GUDXOLF� OLTXLG� JUDGLHQWV� RQ� WKH� RGG�
WUD\V� EHFRPH� YHU\� VWHHS�� HVSHFLDOO\� EHWZHHQ�
WKH�PLGGOH�DQG�RXWOHW��7KH�HYHQ�WUD\V��WUD\V����
���DQG�����VKRZ� ODUJH�XQLIRUP�K\GUDXOLF�JUDGL�
HQWV�VWUHWFKLQJ�IURP�LQOHW�WR�RXWOHW�DW�IORRG�LQLWL�
DWLRQ� 

7KLV� LQWHQVLILFDWLRQ� RI� WKH� K\GUDXOLF� JUDGLHQWV�
VWURQJO\�VXSSRUWHG�9&)&�DV�WKH�URRW�FDXVH�RI�
WKH�REVHUYHG�SUHPDWXUH�IORRG��)URP�DQ�XQOLNH�
O\�K\SRWKHVLV��9&)&�EHFDPH�WKH�OHDGLQJ�WKHR�
U\��%DVHG�RQ�WKLV�GLDJQRVLV��PLQRU� 

PRGLILFDWLRQV�ZHUH�PDGH� WR� WRZHU� DX[LOLDULHV�
WKDW� SHUPLWWHG� UDLVLQJ� WRZHU� SUHVVXUH�� :LWK�
9&)&� LQGXFLQJ� D� SUHPDWXUH� HQWUDLQPHQW�
IORRG�� UDLVLQJ� WRZHU� SUHVVXUH� UHLQVWDWHG� WKH�
ORVW� FDSDFLW\��3ULRU� WR� WKH�PRGLILFDWLRQV�� UDLV�
LQJ�WKH�SUHVVXUH�GLG�QRW�LPSURYH�FDSDFLW\�EH�
FDXVH�WKH�WUD\V�ZHUH�ERWWOHQHFNHG�VLPXOWDQH�
RXVO\� E\� GRZQFRPHU� EDFNXS� �ZKLFK� ZDV�
GHERWWOHQHFNHG� E\� DGGLQJ� WKH� GRZQFRPHU�
UDGLXVHV��DQG�E\�HQWUDLQPHQW�IORRG� 

7KH�WDNHDZD\��ZKHQ�GHDOLQJ�ZLWK�D�FKDOOHQJ�
LQJ�SUREOHP��D�FKDQJH�RI�HQYLURQPHQW�IURP�D�
IRXU-ZDOO� PHHWLQJ� URRP� WR� D� PRUH� SOHDVDQW�
VXUURXQGLQJ�PD\�KHOS�XVKHU� LQ�D�FUHDWLYH�VR�
OXWLRQ�� 

&KULVWLDQ��,Q�WKH�EHJLQQLQJ��LW�LV�RIWHQ�YHU\�GLI�
ILFXOW� WR� JHW� D� FRPSOHWH� SLFWXUH� RI� WKH� VLWXD�
WLRQ��HVSHFLDOO\�LI�\RX�DUH�QRW�RQ�VLWH��,I�WKLV�LV�
QRW�SRVVLEOH��D�GHWDLOHG�GLVFXVVLRQ�ZLWK�HQJL�
QHHUV� DQG� RSHUDWRUV� LV� RIWHQ� YHU\� KHOSIXO� WR�
JHW�PRUH�LQVLJKW��3KRWRV�FDQ�DOVR�EH�LQYDOXD�
EOH� 

([SHFW� WKH� XQH[SHFWHG�� ,� KDYH� VHHQ� ORVW�
VKRHV� DQG� KHOPHWV� LQVLGH� FROXPQV�� EXW� DOVR�
XQGHWHFWHG�SUREOHPV�ZLWK�PHDVXUHPHQWV�FDQ�
EH�FKDOOHQJLQJ� 
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)LJXUH����&OHDU�OLTXLG�KHLJKWV�GHULYHG�IURP�
WKUHH�JDPPD�VFDQ�FKRUGV�DORQJ�WKH�IORZ�SDWK�
OHQJWK�SORWWHG�RQ�D�WR-VFDOH�FROXPQ�VNHWFK��

7UD\�OLTXLG�KHDG�YDOXHV�GHULYHG�IURP�TXDQWLWD�
WLYH�DQDO\VLV�RI�JDPPD�VFDQV�DUH�SORWWHG�VR�
WKDW�D�OLTXLG�KHDG�RI�KDOI�WKH�WUD\�VSDFLQJ�LV�
SORWWHG�DV�D�SRLQW�RQ�WKH�WUD\�DERYH��=HUR�OLT�
XLG�KHDG�LV�SORWWHG�DV�D�SRLQW�RQ�WKH�WUD\�IORRU��
+\GUDXOLF�JUDGLHQWV�FDQ�EH�LQIHUUHG�IURP�WKH�

GLDJUDP��D��8QIORRGHG��E��)ORRGHG� 

����',6&866�<285�0267�81868$/�72:�
(5�7528%/(6+227,1*�),1',1*" 

$QGUHZ��2Q�RQH�WURXEOHVKRRWLQJ�DVVLJQPHQW��,�
UHFHLYHG�3	,'V� WKH�GD\�EHIRUH� WKH�SODQW� YLVLW��
7KH� VHUYLFH� ZDV� D� VSHFLDOW\� SURGXFW�PDGH� LQ�
DQ�H[FHSWLRQDOO\�ODUJH�EDWFK�GLVWLOODWLRQ�FROXPQ�
WKDW� RSHUDWHG� DW� GHHS� YDFXXP� ���� PP+J��
������� N3D��� $IWHU� VRPH� WLPH� ORRNLQJ� DW� WKH�
3	,'V� ,� ZDV� FRPSOHWHO\� VWXQQHG�� 7KH\� ZHUH�
VR� RGG� ,� WRRN� WKHP� WR� D� FROOHDJXH� WR� YHULI\� ,�
ZDV� UHDGLQJ� WKHP� FRUUHFWO\�� 7KH� QH[W� GD\� LQ�
WKH�ILHOG�,�FRQILUPHG�WKH�3	,'V�ZHUH�DFFXUDWH��
7KH� FROXPQ� KDG� QR� UHIOX[�� ,Q� IDFW�� WKH� UHIOX[�
OLQH�GLG�QRW�H[LVW�DW�DOO� 

�<HDUV�ODWHU�,�OHDUQHG�WKDW�VRPH�LQGXVWULDO�XQLWV� 

% 

LQ� WKH� ODWH�����V�DQG�HDUO\� ����V�ZHUH�EXLOW�
ZLWKRXW�UHIOX[��7KH\�GHSHQGHG�XSRQ�KHDW�ORVV�
WR�SURYLGH�WKH�LQWHUQDO� OLTXLG�LQ�WKH�WRZHU��)RU�
DQ� H[DPSOH�� ORRN� DW� WKH� 5RJHU¶V� VWLOO� LQ� KLV�
����� SDWHQW�� 7KH� WRS� VHFWLRQ� RI� WKH� WRZHU�
JHWV�DOO�LWV�UHIOX[�IURP�KHDW�ORVV�� 

7KH�XQLW�UHTXLULQJ�WURXEOHVKRRWLQJ�ZDV�EXLOW�LQ�
WKH�����V�DQG�FRQYHUWHG�WR�LWV�FXUUHQW�XVH�LQ�
WKH�����V��:KLOH� LW�ZDV�ROGHU�� LW�ZDV�QRW�WKDW�
ROG��,W�VKRXOG�KDYH�KDG�UHIOX[� 

$GGLQJ�D�UHIOX[�OLQH��PRGLI\LQJ�WKH�LQWHUQDOV�LQ�
WKH�WRS�RI�WKH�WRZHU�WR�KDQGOH�WKDW�UHIOX[��DQG�
DGGLQJ� IORZ� FRQWURO� OHG� WR� VXEVWDQWLDOO\� LP�
SURYHG� VHSDUDWLRQ�� WR� WKH� DPD]HPHQW� �DQG�
VDWLVIDFWLRQ��RI�WKH�SODQW� 

0LNH�� ,Q�RQH� WURXEOHVKRRW� LQ�$VLD��QHZ�KDUG�
ZDUH� ZDV� EHLQJ� HPSOR\HG� LQ� D� WRZHU� WR� LQ�
FUHDVH� WKH� WRZHU¶V� FDSDFLW\�� � 6KRUWO\� DIWHU�
VWDUW-XS�� WKH�$VLDQ�FRPSDQ\�FRPSODLQHG� WKDW�
WKH�WRZHU�ZDV�QRW�ZRUNLQJ���$IWHU�IO\LQJ�LPPH�
GLDWHO\�WR�$VLD�DQG�ZKHQ�,�DUULYHG�DW�WKH�SODQW��
,� GHWHUPLQHG� WKDW� WKH� FXVWRPHU� KDG� QHYHU�
HYHQ� WULHG� WR� LQFUHDVH� WKH� IHHG� UDWH� WR� WKH�
QHZ�IHHG�UDWH���:LWK�PH�SUHVHQW�� WKH\�UDLVHG�
WKH�IHHG�UDWH�DQG�WKH�WRZHU�SHUIRUPHG�ZHOO� 
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.DUO�� 7KHUH� DUH� PDQ\� JUHDW� VWRULHV� LQ� WKH� LQ�
GXVWU\�RI�XQXVXDO�WRZHU�WURXEOHVKRRWLQJ�� 

$�� � $� QHZ� VPDOO� SDFNHG� FROXPQ� ZRXOG� QRW�
PHHW�VSHFLILFDWLRQV���7KH�WRZHU�ZDV�VKXW�GRZQ�
DQG�DQ�LQVSHFWRU�ZDV�EURXJKW�LQ�WR�LQVSHFW�WKH�
FROXPQ��7KH�VPDOO�DPRXQW� WR� UDQGRP�SDFNLQJ�
ZDV� GHOLYHUHG� LQ� NLWFKHQ� VL]HG� JDUEDJH� EDJV���
7KH� LQVWDOODWLRQ� WHDP� KDG� FDUHIXOO\� LQVWDOOHG�
HDFK� JDUEDJH� EDJ� RI� SDFNLQJ� LQVLGH� WKH� FRO�
XPQ�� � � 7KH� LQVSHFWRU� LQVWUXFWHG� WKH� WHDP� WR�
WDNH�RXW� WKH�JDUEDJH�EDJV�DQG� MXVW� LQVWDOO� WKH�
SDFNLQJ� LQ� WKH�FROXPQ�� �7KH�FROXPQ� WKHQ�PHW�
VSHFLILFDWLRQV� 

%�� � $� /RZ� 3UHVVXUH� 'H0HWKDQL]HU� ZDV� XS�
JUDGHG�ZLWK�D�ODUJHU�QHZ�VWDLQOHVV�VWHHO�UHERLO�
HU�� �:KHQ�ZHOGLQJ� VWDLQOHVV� VWHHO� WKHUH� LV� DQ�
DUJRQ� JDV� EODQNHW� UHTXLUHPHQW�� � 7KH�ZHOGHUV�
ZLOO�LQVWDOO�SOXJV�WR�UHGXFH�WKH�DPRXQW�RI�DUJRQ�
JDV�UHTXLUHG���:HOGLQJ�ZDV�FRPSOHWHG�DQG�XQLW�
FRPPLVVLRQHG� EXW� UHERLOHU� ZRXOG� QRW� IXQFWLRQ�
SURSHUO\��� 

7RZHU�ZDV�VKXW�GRZQ�DQG�LQVSHFWHG���:HOGHUV�
GLG� QRW� UHPRYH� WKH� SOXJV� DV� UHTXLUHG�� � 3OXJV�
ZHUH� UHPRYHG�� WRZHU� UHFRPPLVVLRQHG� DQG�
WKHQ�IXQFWLRQHG�SURSHUO\� 

+HQU\��&RS\ULJKW���E\�+HQU\�=��.LVWHU��UHSULQW�
HG�E\�SHUPLVVLRQ� 

$V�D�6WDUWXS�6XSHULQWHQGHQW�DW�,&,�$XVWUDOLD�LQ�
WKH�ODWH�����¶V��,�ZDV�LQ�FKDUJH�RI�VWDUWLQJ�XS�D�
QHZ�XQLW�LQ�WKH�2OHILQV�SODQW�WKDW�SURGXFHG�SRO�
\PHU� JUDGH� SURS\OHQH�� 7KH� PDLQ� HTXLSPHQW�
ZDV� D� &�� VSOLWWHU� FROXPQ�� ZKLFK� DW� WKH� WLPH�
ZDV�WKH�ELJJHVW�WRZHU�LQ�$XVWUDOLD��LV�LQ�RSHUD�
WLRQ�XQWLO�WRGD\��DQG�FDQ�EH�VHHQ�DV�RQH�ODQGV�
LQ� 6\GQH\� DLUSRUW�� 7KH� DX[LOLDULHV� ZHUH� D� UH�
ERLOHU� KHDWHG� E\� ZDVWH� KHDW� IURP� WKH� ROHILQV�
TXHQFK�ZDWHU�V\VWHP��D�ZDWHU-FRROHG�FRQGHQ�
VHU�� DQG� D� UHIOX[� GUXP�� 'XH� WR� WKH� YHU\� KLJK�
FRROLQJ� ORDG��D�QHZ�FRROLQJ�ZDWHU�V\VWHP�ZDV�
DGGHG� WR� VHUYLFH� WKH� QHZ� XQLW� DORQH�� PRVWO\�
WKH� &�� VSOLWWHU� FRQGHQVHU�� 7KH� FRROLQJ� WRZHU�
ZDV� VRPH� GLVWDQFH� DZD\� IURP� WKH� XQLW�� DQG�
WKH� ODUJH�FRROLQJ�ZDWHU�SLSHV�ZHUH�PRVWO\�XQ�
GHUJURXQG� WR� DYRLG� WKH� QHHG� RI� D� SLSH� UDFN��
7KH�HTXLSPHQW�ZDV�LQVWDOOHG��DQG�,�ZDV�LQ�WKH�
SURFHVV�RI�FRPPLVVLRQLQJ�DQG�WHVWLQJ�WKH�XQLW��
ZHOO�EHIRUH�K\GURFDUERQV�ZHUH�LQWURGXFHG�� 

7KH�FRROLQJ�ZDWHU�V\VWHP�VWDUWXS�ZDV�VPRRWK�
DQG�XQHYHQWIXO��(YHU\WKLQJ�ZDV�ILQH��ZDWHU� 

IORZHG�RYHU�WKH�FRROLQJ�WRZHU�� WKH�SXPS�ZDV�
SXPSLQJ� ZLWK� D� GLVFKDUJH� SUHVVXUH� FORVH� WR�
GHVLJQ��$V�WKH�SURFHVV�VLGH�ZDV�QRW�FRPPLV�
VLRQHG�\HW��QR�KHDW�ZDV�H[FKDQJHG�� 

:KLOH�WDNLQJ�D�ZDON�WR�FORVHO\�ZDWFK�WKH�V\V�
WHP�� ,� QRWLFHG� WKH� FRROLQJ� ZDWHU� IORZPHWHU�
�)LJXUH� ��� WKH� IORZPHWHU� ZDV� LQ� D� KRUL]RQWDO�
VHFWLRQ� RI� SLSH�� ZLWK� DPSOH� SLSH� GLDPHWHUV�
EHIRUH� DQG� DIWHU� WR� JLYH� D� UHOLDEOH� UHDGLQJ��
UHDGLQJ�]HUR��7KH�GLDO�ZDV�DFWXDOO\�KLWWLQJ�WKH�
VWRS� SLQ� EHORZ� WKH� ]HUR� PDUN�� ,� FDOOHG� WKH�
SODQW� LQVWUXPHQW� IRUHPDQ�� ZKR� FKHFNHG� WKH�
WUDQVPLWWHU�� 

³7KLV�ZRUWKOHVV� WUDQVPLWWHU� LV�NDSXW�´�+H�VDLG�
�XVLQJ�DQRWKHU�ZRUG�IRU�³NDSXW´���$OO�WKDW�(QJL�
QHHULQJ� KDYH� EHHQ� JLYLQJ� XV� LQ� WKLV� SODQW� LV�
MXQN� �DJDLQ�� XVLQJ� DQRWKHU� ZRUG� IRU� ³MXQN´���
:K\�GRQ¶W� \RX� WHOO�(QJLQHHULQJ� WR�SURYLGH�XV�
ZLWK�LQVWUXPHQWV�WKDW�ZRUN"´ 

7KLV�VWDWHPHQW�ZDV� WUXH��0DQ\�RI� WKH� LQVWUX�
PHQWV� WKDW�ZHUH� VXSSOLHG�ZHUH� LQRSHUDWLYH�� ,�
SDVVHG�WKH�PHVVDJH�WR�$ODQ��WKH�(QJLQHHULQJ�
LQVWUXPHQW�HQJLQHHU�� 

³$JDLQ"�2XU�DSRORJLHV��/HW�PH�ORRN�LQWR�LW´ 

$�FRXSOH�RI�KRXUV�ODWHU�KH�UHWXUQHG�� 

³,� FKHFNHG� WKH� WUDQVPLWWHU�� 7KHUH� LV� QRWKLQJ�
ZURQJ�ZLWK�LW��,W�ZRUNV´� 

³6R� ZK\� LV� LW� UHDGLQJ� ]HUR"� 7KH� SXPS� LV�
SXPSLQJ� IODW� RXW�� WKH�ZDWHU� IORZLQJ�� DQG� KDG�
WKH� WUDQVPLWWHU� EHHQ� DQ\� JRRG�� LW� ZRXOG� QRW�
UHDG�]HUR´� 

³$UH�\RX�VXUH�\RXU�FRROLQJ�ZDWHU�LV�QRW�JRLQJ�
EDFNZDUGV"´�KH�VDLG�� 

,�DOPRVW�FKRNHG��WKHQ�VWDUHG�ULJKW�DW�KLP��� 

³$ODQ��LI�DQ\ERG\�HOVH�FDPH�XS�ZLWK�WKLV�QRQ�
VHQVH�� ,� ZRXOG� KDYH� WKURZQ� KLP� RXW� RI� WKLV�
GRRU��%XW�LQ�\RXU�FDVH��,�KDYH�D�ORW�RI�UHVSHFW�
IRU�\RXU�H[SHUWLVH��ZKLFK�LQFLGHQWDOO\��ZLWK�WKLV�
NLQG�RI�FRPPHQWV�,�DP�DERXW�WR�ORVH��%XW�MXVW�
IRU� ROG� WLPHV¶� VDNH�� ,� ZLOO� JHW� WKLV� QRQVHQVH�
RXW�RI�\RXU�KHDG´� 

³+RZ"´�KH�DVNHG 

³/HW¶V�JR´��:H�FOLPEHG�XS�WKH�FRQGHQVHU�SODW�
IRUP��,�SRLQWHG�DW�WKH�EXWWHUIO\�YDOYH�DW�WKH� 
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FRQGHQVHU� RXWOHW�� ³,� ZLOO� VKXW� WKH� YDOYH� DQG�
RSHQ� WKH� �´� YHQW� YDOYH� �)LJXUH� ����:KDW� \RX�
ZLOO� VHH� LV�D�ZDWHU� MHW� VKRRWLQJ�XS���� IW� LQ� WKH�
DLU��ZKLFK�ZLOO�GLVSURYH�\RXU�QRQVHQVH�LGHD´��� 

³*RRG�GHDO´�KH�VDLG�� 

,�VKXW�WKH�EXWWHUIO\�WKHQ�RSHQHG�WKH�YHQW��$�ZD�
WHU� MHW�VKRW�XS����IHHW� LQ� WKH�DLU�� MXVW� OLNH�,�H[�
SHFWHG�� $V� ,� ZDV� JHWWLQJ� UHDG\� WR� VKXW� WKH�
YDOYH� WKH� MHW� SOXQJHG�� DQG� SOXQJHG�� XQWLO� LW�
VWRSSHG���,�VKRRN�P\�KHDG�LQ�GLVEHOLHI�� 

³7KLV� LV� ZK\� WKH� QHHGOH� ZDV� KLWWLQJ� WKH� VWRS�
SLQ��,W�ZDV�UHDGLQJ�QHJDWLYH�DQG�WULHG�WR�WHOO�XV�
VRPHWKLQJ´��KH�VDLG� 

,�UHRSHQHG�WKH�EXWWHUIO\��WKH�UHSHDWHG�WKH�WHVW��
-XVW� LQ� FDVH� ,� ZDV� GUHDPLQJ�� 7KH� VDPH� KDS�
SHQHG�DJDLQ��,W�ZDV�QRW�D�GUHDP� 

³,�DP� WDNLQJ� LW�EDFN��$ODQ��0\� UHVSHFW� WR�\RXU�
H[SHUWLVH�ZRUN�KDV�GRXEOHG��7KLV� LV�DQ�DPD]�
LQJ�FDWFK´� 

 

,�LQVWUXFWHG�UHPRYLQJ�WKH�GLUW�WKDW�FRYHUHG�WKH�
XQGHUJURXQG� SLSHV�� 6XUH� HQRXJK�� WKHUH� ZDV�
DQ� LQFRUUHFW� SLSH� FRQQHFWLRQ� XQGHUJURXQG�
�)LJXUH� ��� WKDW� ZDV� RYHUORRNHG� E\� WKH� FRQ�
VWUXFWLRQ� LQVSHFWRUV�� $V� D� UHVXOW�� WKH� FRROLQJ�
ZDWHU�IORZHG�EDFNZDUGV�WKURXJK�WKH�FRQGHQ�
VHUV� DQG� WKH�PHWHU�� � %HLQJ� XQGHUJURXQG�� QR�
RQH� VXVSHFWHG�� )RUWXQDWHO\�� WKLV� ZDV� LGHQWL�
ILHG�EHIRUH�K\GURFDUERQV�ZHUH�LQWURGXFHG���,W�
ZDV� WKH� RQH� IORZ�PHWHU� DQG� D� WRS� QRWFK� LQ�
VWUXPHQW� HQJLQHHU� WKDW� PDGH� DOO� WKH� GLIIHU�
HQFH�� 

7KH� WDNHDZD\�� QHYHU� GLVEHOLHYH� DQ� LQVWUX�
PHQW�� ,W�PD\�EH� WU\LQJ� WR� WHOO� \RX�VRPHWKLQJ��
<RX�GR�QRW�QHHG�WR�WUXVW� LW�EXW� OLVWHQ�WR� LW��$O�
ZD\V� WKRURXJKO\� FKHFN� RXW� VXVSLFLRXV� UHDG�
LQJV��� 

 

 

)LJXUH����&RROLQJ�ZDWHU�V\VWHP�LQ�SURS\OHQH�
SXULILFDWLRQ�XQLW 



14 

 

)LJXUH����&RROLQJ�ZDWHU�V\VWHP�LQ�SURS\OHQH�
SXULILFDWLRQ�XQLW�DV�LQVWDOOHG� 

����:(�+$9(��67�*(1(5$7,21���1'�*(1�
(5$7,21� $1'� 12:� �5'� *(1(5$7,21�
5$1'20� 3$&.,1*�� � :+$7� $5(� 7+(�
675(1*7+6�$1'�:($.1(66�2)�($&+" 

$QGUHZ�� &RVW� GULYHV� WKH� VHOHFWLRQ� EHWZHHQ�
WKHVH�SDFNLQJ�W\SHV��$OO�ZRUN�ZHOO��GHVLJQ�DQG�
RSHUDWLQJ� FKDUDFWHULVWLFV� RI� DOO� W\SHV� DUH� ZHOO�
XQGHUVWRRG�� $V� D� JHQHUDO� UXOH�� WKH� ODWHU� WKH�
JHQHUDWLRQ�� WKH�KLJKHU�WKH�FDSDFLW\�RU�HIILFLHQ�
F\� IRU� WKH� VDPH� FROXPQ� FURVV� VHFWLRQ�� 7KHUH�
DUH� VXEWOH� GLIIHUHQFHV� WKDW� DSSO\� WR� VSHFLILF�
FDVHV��EXW�WKHVH�PXVW�EH�H[DPLQHG�RQ�DQ�LQGL�
YLGXDO�EDVLV� 

)RU�DQ�H[LVWLQJ�FROXPQ��EX\� WKH�FKHDSHVW� WKDW�
PHHWV�\RXU�FRPELQDWLRQ�RI�UHTXLUHG�VWDJHV�DQG�
FDSDFLW\�� )RU� D� QHZ� FROXPQ�� �UG� JHQHUDWLRQ�
W\SHV� W\SLFDOO\� UHGXFH� FROXPQ� GLDPHWHU� DQG�
WRWDO�FDSLWDO��PDNLQJ�WKHP�WKH�SUHIHUUHG�RSWLRQ�
GHVSLWH� WKH� SUHPLXP� SULFH�� +RZHYHU�� WKH� GH�
VLJQ�WHDP�VKRXOG�DOZD\V�FKHFN��,Q�VRPH�VLWXD�
WLRQV� WKDW�SUHPLXP�SULFH�FDQ�PDNH�WKH�RYHUDOO�
SODQW� PRUH� H[SHQVLYH� DQG� VZD\� WKH� GHFLVLRQ�
WRZDUGV��VW�JHQHUDWLRQ�SDFNLQJ� 

.DUO�� /LNH�PRVW� WKLQJV� LQ� OLIH�� WKHUH� LV� QR� RQH�
VL]H�ILWV�DOO���'LVWLOODWLRQ�LV�VLPLODU���7KHUH�LV�WKH�
EHVW�FKRLFH�IRU�HDFK�DSSOLFDWLRQ���0DQ\�WLPHV�� 

WKH� YHQGRU� ZLOO� WU\� WR� SURSRVH� WKHLU� KLJKHVW�
SURILW�PDUJLQ�SDFNLQJ��ZKHQ� LW� LV�QRW� WKH�EHVW�
RSWLRQ�IRU�WKH�DSSOLFDWLRQ� 

�VW�*HQHUDWLRQ� 

7\SLFDOO\�� WKLFNHU� PHWDO� RI� FRQVWUXFWLRQ� OHDG�
LQJ� WR� KLJKHU� FUXVK� VWUHQJWK� DQG� FRUURVLRQ�
UHVLVWDQFH�� � )RU� TXHQFK� WRZHU� WKDW� DUH� KHDW�
WUDQVIHU�OLPLWHG���VW�*HQHUDWLRQ�&DVFDGH�0LQL�
5LQJV�PD\�EH�WKH�EHVW�FKRLFH� 

/DWHU�*HQHUDWLRQV 

7KH\� W\SLFDOO\� ZLOO� EH� WKLQQHU� PHWDO� RI� FRQ�
VWUXFWLRQ� OHDGLQJ� WR� ORZHU�FUXVK�VWUHQJWK�DQG�
FRUURVLRQ� UHVLVWDQFH�� � 7KH\� ZLOO� KDYH� ORZHU�
SUHVVXUH�GURSV��EXW�KLJKHU�FDSDFLWLHV�DQG�HIIL�
FLHQFLHV� 

&KULVWLDQ�� �VW� DQG� �QG� *HQHUDWLRQ� 3DFNLQJ�
DUH�PRUH�RU�OHVV�LQGXVWULDO�VWDQGDUGV�� 

-�HDV\�WR�UHSODFH�� 

-�YDULHW\�RI�VXSSOLHUV�� 

-� ZHOO-NQRZQ� �LPSOHPHQWHG� LQ� VHYHUDO� VRIW�
ZDUH�SDFNDJHV��� 

-�ODUJHU�ZDOO�WKLFNQHVV��FRUURVLRQ�UHVLVWDQFH��� 

'LVDGYDQWDJHV� DUH� QRUPDOO\� KLJK� SUHVVXUH�
GURS�DQG�ORZ�FDSDFLW\� 
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�UG� RU� �WK� *HQHUDWLRQ� 3DFNLQJ� DUH� RSWLPL]HG�
IRU� 

-�ORZ�SUHVVXUH�GURS�� 

-�KLJK�FDSDFLW\�DQG� 

-� VXIILFLHQW�PDVV� WUDQVIHU� �FRPSDUHG� WR� �VW� RU�
�QG� JHQHUDWLRQ� W\SH� SDFNLQJ� ZLWK� VDPH� VXU�
IDFH�DUHD��E\�RSHQ�VWUXFWXUHV�DQG�WKLQ�FRLO�PD�
WHULDOV�� UHVXOWLQJ� LQ� ZLGH� RSHUDWLRQ� OLPLWV�� 'LV�
DGYDQWDJHV� DUH� WKLQ� PDWHULDO�� ZKLFK� LV� PRUH�
VHQVLWLYH� WR�FRUURVLRQ��DQG�KLJKHU� LQYHVWPHQWV�
FRVWV� GXH� WR� GLIILFXOW\� LQ� JHWWLQJ� ³HTXLYDOHQW´�
SURGXFWV�� 7\SLFDOO\�� WKHVH� SDFNLQJ� W\SHV� DOVR�
SURYLGH� OHVV� KROGXS�� ,Q� VRPH� UDUH� FDVHV� WKLV�
PLJKW�EH�D�SUREOHP��VXFK�DV�ZKHQ�WKH�SURFHVV�
DVNV�IRU�KLJKHU�OLTXLG�UHVLGHQFH�WLPHV� 

����:+$7�$5(�620(�2)�7+(�025(�',)),�
&8/7�$33/,&$7,216�72�'(6,*1" 

$QGUHZ�� $SSOLFDWLRQV� WKDW� LQFOXGH� D� PL[� RI�
FKDOOHQJLQJ�SURFHVV�FRQGLWLRQV�DQG�GHYLFH�K\�
GUDXOLFV�FDQ�EH�GLIILFXOW�WR�GHVLJQ��6PDOO�HUURUV�
LQ� HVWLPDWHV� RI� YDSRU-OLTXLG� HTXLOLEULXP� FDQ�
KDYH�ODUJH�FRQVHTXHQFHV�IRU�GHVLJQ�RU�SHUIRU�
PDQFH�RI�VXSHU�IUDFWLRQDWRUV�������VWDJHV�UH�
TXLUHG�� RU� V\VWHPV� UHTXLULQJ� H[WUHPHO\� KLJK�
SXULWLHV��5HDFWLYH�GLVWLOODWLRQ�FDQ�EH�SDUWLFXODUO\�
FKDOOHQJLQJ�� 5HDFWLRQ� SDWKZD\V� DQG� NLQHWLFV�
LQWHUDFW� ZLWK� FRPSRVLWLRQ� SURILOHV�� PDNLQJ� LW�
GLIILFXOW� WR� SUHGLFW� KROGXSV� WKDW�ZLOO� SURYLGH� DQ�
HIIHFWLYH� VSDFH� YHORFLW\�� 0DNLQJ� FKDQJHV� WR�
V\VWHPV� ZLWK� H[WUHPH� FKDQJHV� LQ� YDSRU� DQG�
OLTXLG�UDWHV�FDQ�EH�FKDOOHQJLQJ��VLQFH�GLIIHUHQW�
HTXLSPHQW�GHVLJQV�PXVW�EH�SODFHG�LQ�SODFHG�LQ�
GLIIHUHQW� SDUWV� RI� WKH� FROXPQ��<RX� QHHG� WR� EH�
DEOH� WR� SUHGLFW� WKHVH� ORFDWLRQV� FRUUHFWO\�� 2QH�
PRUH�� ZKHQ� ZRUNLQJ� ZLWK� H[FHSWLRQDOO\� ODUJH�
GLDPHWHU� WRZHUV�� RQH� QHHGV� WR� SD\� SDUWLFXODU�
DWWHQWLRQ� WR� ERWK� IOXLG� IORZ� DQG� GLVWULEXWLRQ� DV�
ZHOO�DV�WKH�HTXLSPHQW¶V�VWUXFWXUDO�GHWDLOV� 

0LNH�� 7KH� FRUUHFW� HIILFLHQFLHV� DVVRFLDWHG�ZLWK�
DOFRKRO� VHSDUDWLRQV� DUH� GLIILFXOW� WR� DVFHUWDLQ�
DQG� WR� XWLOL]H�� 5HILQHU\� FROXPQV� RIWHQ� UHTXLUH�
QXPHURXV� WUDQVLWLRQV�� IHHGV�� GUDZV�� DQG� VLGH�
VWULSSHUV�UHTXLULQJ�DWWHQWLRQ�WR�GHWDLO� 

.DUO��,Q�D�QHZ�FROXPQ�RQH�FDQ�SXW�LQ�DGHTXDWH�
VDIHW\� PDUJLQV�� ,Q� UHYDPSV�� RIWHQ� WKH� VDIHW\�
PDUJLQV� DUH� FKDOOHQJHG�� � ,Q� RQH� &�� 6SOLWWHU�
UHYDPS�� ZKLFK� LV� YHU\� ZHOO� XQGHUVWRRG� 9/(��
WKH�YHQGRU�ZDV�YHU\�DJJUHVVLYH� LQ�JXDUDQWHH�
LQJ�D�FDSDFLW\�DQG�WKH�FDSDFLW\�ZDV�QRW�� 

UHDFKHG�LQ�WKH�SHUIRUPDQFH�WHVW�UXQ���(YHQ�LQ�
ZHOO� XQGHUVWRRG� V\VWHPV� SHUIRUPDQFH� WHVW�
UXQV�FDQ�IDLO� 

,Q� SRODU� DQG� IRDPLQJ� V\VWHPV�� WKH� GHVLJQ�RI�
WKH� DFWXDO� FDSDFLW\� FDQ� EH� FKDOOHQJLQJ���
7KHUH� KDYH� EHHQ� PDQ\� IDLOXUHV� LQ� IRDPLQJ�
V\VWHPV�UHDFKLQJ�GHVLJQ�FDSDFLWLHV��� 

���� :+$7� $5(� 7+(� $'9$17$*(6� $1'�
',6$'9$17$*(6� 72� ',9,'('� :$//�
&2/8016" 

$QGUHZ��7KH�SRWHQWLDO�DGYDQWDJHV�RI�D�GLYLG�
HG-ZDOO� FROXPQ�DUH� ORZHU�FDSLWDO�DQG�RSHUDW�
LQJ�FRVWV��7KH�PDMRU�GLVDGYDQWDJH�LV�WKDW�WKH�
FROXPQ� LV� PRUH� FRPSOH[�� DQG� ERWK� GHVLJQ�
DQG�FRQWURO�DUH�PRUH�FKDOOHQJLQJ��7KH�HQWLUH�
SRVVLEOH� UDQJH�RI� IHHG�DQG�SURGXFW�FRPSRVL�
WLRQV� PXVW� EH� ZHOO� XQGHUVWRRG�� 7KH� HTXLS�
PHQW� IRU� FRQWUROOLQJ� WKH� OLTXLG-YDSRU� VSOLWV�
PXVW�EH�GHVLJQHG�WR�DFFRPPRGDWH�WKH�VSHF�
WUXP�RI�FRPSRVLWLRQ�DQG�UDWH�UDQJHV��$OWHUQD�
WLYHO\��D�GHVLJQ�PDUJLQ�FDQ�EH�LQFRUSRUDWHG�WR�
GHDO�ZLWK�IHHG�DQG�SURGXFW�YDULDWLRQV��+RZHY�
HU��DOORZLQJ�IRU�H[WUD�UHIOX[�RU�H[WUD�ERLO�XS�ZLOO�
UHGXFH� WKH� FDSLWDO� DQG� HQHUJ\� VDYLQJV� WKDW�
PDGH�WKH�RSWLRQ�DWWUDFWLYH�LQ�WKH�ILUVW�SODFH� 

2QH� RWKHU� PLQRU� GLVDGYDQWDJH� VKRXOG� EH�
PHQWLRQHG��,Q�D�GLYLGHG-ZDOO�FROXPQ��WKH�WRWDO�
UHERLOHU� GXW\� ZLOO� GURS�� EXW� WKH� GXW\� DW� WKH�
KLJKHVW� WHPSHUDWXUH� OHYHO�PD\�JR�XS��7KLV� LV�
EHFDXVH������RI� WKH� UHERLOHU�GXW\� LV�QRZ�DW�
WKH� HTXLOLEULXP� WHPSHUDWXUH� RI� WKH� KHDYLHVW�
SURGXFW� LQVWHDG�RI�EHLQJ�VSOLW�DFURVV�PXOWLSOH�
SURGXFWV�� ,Q� VRPH� KHDW� LQWHJUDWHG� V\VWHPV�
WKLV�PD\�QHJDWH�PXFK�RI�WKH�SRWHQWLDO�HQHUJ\�
VDYLQJV� 

&KULVWLDQ��7\SLFDO�DGYDQWDJHV�DUH�EHWWHU�HQHU�
J\� HIILFLHQF\� DQG� ORZHU� LQYHVWPHQW� EHFDXVH�
PXOWLSOH�VHSDUDWLRQV�DUH�GRQH�LQ�RQH�FROXPQ��
7KH� GLVDGYDQWDJHV� DUH� WKDW� FRQWURO� DQG� GH�
VLJQ� DUH� PRUH� FRPSOH[�� $V� D� FRQVHTXHQFH��
WURXEOHVKRRWLQJ�PD\�EHFRPH�PRUH�FRPSOLFDW�
HG�� MXVW� EHFDXVH� PRUH� SDUDPHWHUV� DUH� LQ�
YROYHG� 

���� �:+$7� $5(�620(�2)�',67,//$7,21�
352&(66�&21752/�,668(6" 

$QGUHZ��7KH�ELJJHVW� LVVXH� LQ�GLVWLOODWLRQ�FRQ�
WURO� LV� LQWHUDFWLRQ� EHWZHHQ� FRQWURO� ORRSV� DQG�
ORRS� GHOD\� WLPH�� 7KH� VLPSOHVW� ORRSV�� RYHU�
KHDG�OLTXLG�OHYHO�FRQWURO�DQG�ERWWRPV�OLTXLG� 
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OHYHO� FRQWURO� DUH� W\SLFDOO\�� EXW� QRW� DOZD\V��
VWUDLJKWIRUZDUG��%H\RQG�WKDW��FRPSRVLWLRQ�FRQ�
WUROV� FDQ� EH� RYHUO\� FRPSOH[� DQG� FUHDWH� WKH�
ODUJHVW� LQWHUDFWLRQV�� &RQWUROOLQJ� FRPSRVLWLRQ�
UHDOO\�PHDQV�FRQWUROOLQJ�WKH�HQWLUH�FRPSRVLWLRQ�
SURILOH� WKURXJKRXW� WKH� FROXPQ�� +RZHYHU�� WKH�
FRPSRVLWLRQ� FRQWUROV� JHW� IHHGEDFN� IURP� RQO\�
RQH� SRLQW� RQ� D� FROXPQ�� $V� D� UHVXOW�� DOO� 6,62�
�VLQJOH-LQSXW�� VLQJOH-RXWSXW�� FRQWURO� FRQILJXUD�
WLRQV�VXIIHU� IURP� ORRS� LQWHUDFWLRQ�DQG� ODJ�� ,W� LV�
SRVVLEOH�WR�VHW�XS�FRQWUROV�WR�PHHW�FRPSRVLWLRQ�
VSHFLILFDWLRQV� RQ� DOO� SURGXFW� VWUHDPV�� 7KLV� LV�
NQRZQ� DV� WZR-SRLQW� FRQWURO�� RU� WZR-SURGXFW�
FRQWURO��DQG� LV�VXFK�D�GLIILFXOW� FRQWURO�SUREOHP�
WKDW� H[WUHPHO\� IHZ� LQGXVWULDO� XQLWV� HYHQ� DW�
WHPSW�LW� 

$GYDQFHG� FRQWURO� ORJLF� FDQ� UHGXFH� FRQWURO� LQ�
WHUDFWLRQ� DQG� GHOD\�� EXW� UDUHO\� HOLPLQDWHV� LW��
6HOHFWLQJ� D� JRRG� EDVLF� FRQWURO� FRQILJXUDWLRQ�
JUHDWO\�HDVHV�WKH�WDVN�RI�DQ�DGYDQFHG�FRQWURO�
OHU�� $W� WKH� RWKHU� H[WUHPH�� VHOHFWLQJ� D� SRRU�
EDVLF� FRQILJXUDWLRQ� ZLOO� PDNH� WKH� WDVN� RI� DQ�
DGYDQFHG�FRQWUROOHU�QHDUO\�LPSRVVLEOH� 
 
+HQU\��&RS\ULJKW���E\�+HQU\�=��.LVWHU��UHSULQW�
HG�E\�SHUPLVVLRQ� 
 
([SHULHQFH� LV� WKH� EHVW� WHDFKHU� DQG� OHDUQLQJ�
IURP� WKH� SDVW� LV� WKH� EHVW� ZD\� IRU� VROYLQJ� WR�
GD\¶V� SUREOHPV� DQG� DYRLGLQJ� WRPRUURZ¶V�� 7R�
WKLV� HQG�� ZH� FRQGXFWHG� D� VXUYH\� RI� WKH� FDVH�
VWXGLHV�RI�PDOIXQFWLRQLQJ� WRZHUV� �.LVWHU��+��=��
�:KDW�&DXVHG�7RZHU�0DOIXQFWLRQV� LQ� WKH�/DVW�
���<HDUV���7UDQV��,&KHP(�9RO������3DUW�$��S����
-DQXDU\�������� 
 
7KLV� VXUYH\� ZDV� XSGDWHG� LQ� .LVWHU¶V� ERRN�
³'LVWLOODWLRQ� 7URXEOHVKRRWLQJ´�� �-RKQ� :LOH\� 	�
6RQV�� ������ DQG� UHFHQWO\� WKH� FRQWURO� LVVXH� LQ�
.LVWHU¶V� ,&KHP(-VSRQVRUHG� RQ-OLQH� FRXUVH�
³7URXEOHVKRRWLQJ� 'LVWLOODWLRQ� &RQWUROV´� KWWSV���
ZZZ�NLVWHUGLVWLOODWLRQVHPLQDUV�FRP� RU� KWWSV���
ZZZ�LFKHPH�RUJ�FDUHHU�WUDLQLQJ�RQOLQH�� %HORZ�
LV� DQ� RYHUYLHZ�RI� WKH� SULPH� GLVWLOODWLRQ� FRQWURO�
LVVXHV�EDVHG�RQ�WKLV�VXUYH\� 
 
2XU�VXUYH\�SXW�FRQWURO�LVVXHV�LQ�WKH��UG�VSRW�RQ�
WKH�GLVWLOODWLRQ�PDOIXQFWLRQ�OLVW��WR�EH�VXUSDVVHG�
RQO\� E\� IRXOLQJ�SOXJJLQJ� DQG� SUREOHPV� LQ� WKH�
FROXPQ�ERWWRP�VXPS��7KH�SULPH�FRQWURO�LVVXHV�
FDQ�EH� FDWHJRUL]HG� LQWR� WKUHH� FODVVHV�� FRQWURO�
V\VWHP� DVVHPEO\� LVVXHV�� WHPSHUDWXUH� DQG�
FRPSRVLWLRQ� FRQWURO� LVVXHV�� DQG� FRQGHQVHU��
SUHVVXUH��DQG�UHERLOHU�FRQWURO�LVVXHV�� 
 
$� UHODWHG� FDWHJRU\� LV� PLVOHDGLQJ� LQVWUXPHQWV��
$�FRQWURO�V\VWHP�LV�RQO\�DV�JRRG�DV� LWV� LQVWUX�
PHQWDWLRQ��7KLV�FDWHJRU\�LV�GLVFXVVHG�DW�OHQJWK�
LQ� ³'LVWLOODWLRQ� 7URXEOHVKRRWLQJ´� DQG� H[FOXGHG�
KHUH�GXH�WR�VSDFH�OLPLWDWLRQV�� 

0RVW� FRQWURO� V\VWHP� DVVHPEO\� LVVXHV� FDVH�
KLVWRULHV� FRPH� IURP� FKHPLFDOV� DQG� ROHILQV�
JDV� WRZHUV�� ZKHUH� VSOLWV� DUH� XVXDOO\� PXFK�
WLJKWHU� WKDQ�EHWZHHQ�SHWUROHXP�FXWV� LQ� UHILQ�
HU\� WRZHUV��2YHU� KDOI� RI� WKH� UHSRUWHG� FRQWURO�
V\VWHP� DVVHPEO\� LVVXHV� VWHP� IURP� YLRODWLRQ�
RI�WKUHH�EDVLF�SULQFLSOHV��)LUVW��YLRODWLRQ�RI�WKH�
PDWHULDO� EDODQFH� FRQWURO� SULQFLSOH�� 6SHFLDO�
GLIILFXOWLHV� KDYH� EHHQ� HQFRXQWHUHG� ZKHQ�
DGRSWLQJ� WKH�PDWHULDO�EDODQFH�FRQWURO� WR� WRZ�
HUV� ZLWK� VLGH� GUDZV�� 7KH� JRRG� SUDFWLFHV� IRU�
WKLV� VLWXDWLRQ� ZHUH� GHVFULEHG� E\� /X\EHQ¶V�
FODVVLF�DUWLFOH������6FKHPHV�WR�&RQWURO�'LVWLO�
ODWLRQ� &ROXPQV� ZLWK� 6LGHVWUHDP� 'UDZ� RIIV���
,6$� -��� ��� ����� S�� ���� �������� 7KH� VHFRQG� LV�
YLRODWLRQ� RI� ZKDW� LV� NQRZQ� DV� ³5LFKDUGVRQ¶V�
UXOH´� ZKLFK� VWDWHV� ³,W� LV� QRW� D� JRRG� LGHD� WR�
FRQWURO�D�OHYHO�RQ�D�VPDOO�VWUHDP�´�7KH�WKLUG�LV�
DWWHPSWLQJ�WR�VLPXOWDQHRXVO\�FRQWURO�WZR�FRP�
SRVLWLRQV�LQ�D�WZR-SURGXFW�FROXPQ�ZLWKRXW�GH�
FRXSOLQJ�WKH�LQWHUIHUHQFH�EHWZHHQ�WKHP�� 
 
6RPH� FDVH� KLVWRULHV� DGGUHVV� WKH� GUDZEDFNV�
RI�VRPH�RI�WKH�FRPPRQ�PDWHULDO�EDODQFH�FRQ�
WURO�VFKHPHV��([DPSOHV� LQFOXGH� WKH�VORZ�G\�
QDPLF� UHVSRQVH� RI� D� VFKHPH� WKDW� FRQWUROV�
WUD\� WHPSHUDWXUH� E\� PDQLSXODWLQJ� UHIOX[� LQ�
ODUJH�WUD\�WRZHUV��RU�WKH�LQYHUVH�UHVSRQVH�H[�
SHULHQFHG� ZLWK� WKH� VFKHPH� WKDW� FRQWUROV� WKH�
ERWWRP� OHYHO� E\� PDQLSXODWLQJ� WKH� UHERLOHU�
VWHDP� 
 
7ZR�DSSURDFKHV�KDYH�EHHQ�VXFFHVVIXO�LQ�LP�
SURYLQJ� FRQWURO� V\VWHP� DVVHPEO\�� WKH� WUDGL�
WLRQDO� DSSURDFK� GLDJQRVHV� GHILFLHQFLHV� DQG�
HOLPLQDWHV� WKHP� E\� MXGLFLRXV� FKDQJHV� WR� WKH�
FRQWURO�V\VWHP��7KH�DOWHUQDWLYH��PRUH�PRGHUQ�
ZD\� LV� WR� UHSODFH� WKH� FRQYHQWLRQDO� FRQWURO�
VFKHPH�E\�DGYDQFHG� FRQWUROV�� XVLQJ�PRGHOV�
DQG�VWDWLVWLFDO�SURFHVV�FRQWUROV�� 
 
0RVW� RI� WKH� WHPSHUDWXUH�FRPSRVLWLRQ� FRQWURO�
PDOIXQFWLRQV� FRPH� IURP� FKHPLFDOV� DQG� ROH�
ILQV�JDV� WRZHUV�� ZKHUH� VSOLWV� DUH� XVXDOO\�
PXFK� WLJKWHU� WKDQ�EHWZHHQ�SHWUROHXP�FXWV� LQ�
UHILQHU\� WRZHUV�� 7KH�PDMRU� FRPSRVLWLRQ� FRQ�
WURO� LVVXH� KDV� EHHQ� FRUUHFWO\� LGHQWLI\LQJ� WKH�
EHVW� WHPSHUDWXUH� FRQWURO� WUD\�� $SSOLFDWLRQ� RI�
WKH�H[FHOOHQW�PHWKRG�E\�7ROOLYHU�DQG�0F&XQH�
��)LQGLQJ� WKH� 2SWLPXP� 7HPSHUDWXUH� &RQWURO�
7UD\V�IRU�'LVWLOODWLRQ�&ROXPQV��� ,Q7HFK��������
S����� ������ KDV� HIIHFWLYHO\� GHDOW�ZLWK� WKLV� LV�
VXH�� � 6WLOO�� WKHUH� DUH� VRPH� VLWXDWLRQV� ZKHUH�
ILQGLQJ�D�VDWLVIDFWRU\�WHPSHUDWXUH�FRQWURO�FDQ�
EH� HOXVLYH�� 2WKHU� NH\� LVVXHV� KDYH� EHHQ�
DFKLHYLQJ� VXFFHVVIXO� DQDO\]HU� FRQWURO� DQG�
REWDLQLQJ� DGHTXDWH� SUHVVXUH� FRPSHQVDWLRQ�
IRU� WHPSHUDWXUH� FRQWURO�� :LWK� DQDO\]HUV�� WKH�
PDLQ�SUREOHPV�KDYH�EHHQ�PHDVXUHPHQW�ODJV�
DQG� RQ-OLQH� WLPH�� 0RGHUQ� DQDO\]HU� FRQWUROV�
DUH�RIWHQ�DVVRFLDWHG�ZLWK�DGYDQFHG�FRQWUROV� 
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DQG�KDYH�JURZQ�LQ�VLJQLILFDQFH�LQ�UHFHQW�\HDUV� 
 
7ZR�DSSURDFKHV� KDYH� EHHQ� VXFFHVVIXO� LQ� LP�
SURYLQJ�WHPSHUDWXUH�DQG�FRPSRVLWLRQ�FRQWUROV��
7KH� WUDGLWLRQDO� DSSURDFK� XVHV� VROXWLRQV� VXFK�
DV� GHILQLQJ� WKH� EHVW� WHPSHUDWXUH� FRQWURO� WUD\�
DQG� FDVFDGLQJ� DQDO\]HUV� RQWR� WHPSHUDWXUH�
FRQWUROV��$�PRUH�PRGHUQ�ZD\� LV� WR�XVH�YLUWXDO�
DQDO\]HUV�� EDVHG� RQ� PRGHO� FDOFXODWLRQV� IURP�
WRZHU�PHDVXUHPHQWV��DQG�XVLQJ�VWDWLVWLFDO�SUR�
FHVV� FRQWUROV��8VHIXO� WULFNV�� VXFK� DV� SUHVVXUH�
FRUUHFWLRQ� WR� WKH� WHPSHUDWXUH��RU�XVLQJ�DQ�DY�
HUDJH� WHPSHUDWXUH�� KDYH� EHHQ� LQFRUSRUDWHG�
ZLWK�ERWK�DSSURDFKHV��� 
 
0RUH�SUHVVXUH��FRQGHQVHU�DQG�UHERLOHU�FRQWURO�
FDVH� KLVWRULHV� FRPH� IURP� UHILQHU\� WKDQ� IURP�
FKHPLFDO� WRZHUV��2QH� UHDVRQ� IRU� WKLV� LV� UHILQ�
HUV
� H[WHQVLYH� XVH� RI� KRW� YDSRU� E\SDVVHV��
$ERXW� RQH� WKLUG� RI� WKH� UHSRUWHG� SUHVVXUH� DQG�
FRQGHQVHU�FRQWURO�FDVH�KLVWRULHV�DUH�DVVRFLDW�
HG� ZLWK� KRW� YDSRU� E\SDVVHV�� SUDFWLFDOO\� DOO� LQ�
UHILQHULHV�� 7KHUH� LV� OLWWOH� GRXEW� WKDW� WKLV� LV� SR�
WHQWLDOO\�WKH�PRVW�WURXEOHVRPH�SUHVVXUH�FRQWURO�
PHWKRG�� PRVWO\� GXH� WR� SRRU� FRQILJXUDWLRQ� RI�
KRW� YDSRU� E\SDVV� SLSLQJ�� HYROYLQJ� IURP� SRRU�
XQGHUVWDQGLQJ� RI� LWV� SULQFLSOHV�� 7KHVH� SULQFL�
SOHV� KDYH� EHHQ� GHWDLOHG� LQ� UHFHQW� SDSHUV� E\�
.LVWHU�DQG�+DQVRQ��³&RQWURO�&ROXPQ�3UHVVXUH�
YLD�+RW�9DSRU�%\SDVV´��&KHPLFDO�(QJLQHHULQJ�
3URJUHVV�� )HEUXDU\�� S�� ���� ������ DQG� .LVWHU�
�³)ORRGHG�&RQGHQVHUV�&RQWUROV��3ULQFLSOHV�DQG�
7URXEOHVKRRWLQJ´�� &KHPLFDO� (QJLQHHULQJ�� -DQ�
XDU\��S������������ �:KHQ�FRQILJXUHG�FRUUHFWO\��
RXU�H[SHULHQFH�LV�WKDW�KRW�YDSRU�E\SDVVHV�DUH�
VHOGRP�WURXEOHVRPH�� 
 
$QRWKHU�WURXEOHVRPH�SUHVVXUH�FRQGHQVHU�FRQ�
WURO�LV�E\�FRROLQJ�ZDWHU�WKURWWOLQJ��,W�KDV�LQGXFHG�
ORZ� FRROLQJ� ZDWHU� YHORFLWLHV� DQG� KLJK� RXWOHW�
WHPSHUDWXUHV�� OHDGLQJ� WR� IRXOLQJ�� FRUURVLRQ��
DQG� LQVWDELOLW\�� HYHQ� ERLOLQJ� RI� FRROLQJ� ZDWHU��
7KLV� LV�PRUH�RI�D�SUREOHP� LQ�FKHPLFDO� WRZHUV��
ZKHQ�YHQWLQJ�DQ� LQHUWV�VWUHDP� IURP� WKH� UHIOX[�
GUXP� UHTXLUHV� D� WHPSHUDWXUH� FRQWURO� DW� WKH�
GUXP�WR�DYRLG�SURGXFW�ORVV�RU�SURGXFW�FRQWDPL�
QDWLRQ��$�WKLUG�LVVXH�LV�ORZ�SRLQWV�WKDW�DFFXPX�
ODWH�FRQGHQVDWH� LQ� WKH�SUHVVXUH-FRQWUROOHG�YD�
SRU� SURGXFW� OLQHV� ZLWK� WKH� FRQGHQVDWH� EDFN-
SUHVVXULQJ�WKH�FROXPQ�� 
 
5HERLOHU� DQG� SUHKHDWHU� FRQWUROV� KDYH� EHHQ�
WURXEOHVRPH� LQ� ERWK� UHILQHU\�� FKHPLFDO�� DQG�
ROHILQV�JDV� WRZHUV�� 7HPSHUDWXUH� FRQWURO� SURE�
OHPV� ZLWK� SUHKHDWHUV� DUH� FRPPRQ�� RIWHQ� GXH�
WR�GLVWXUEDQFHV� LQ� WKH�KHDWLQJ�PHGLXP�RU�GXH�
WR�YDSRUL]DWLRQ�LQ�WKH�IHHG�OLQHV��$OPRVW�DOO�WKH�
UHERLOHU� FDVH� KLVWRULHV� UHSRUWHG� LQYROYHG� D� OD�
WHQW-KHDW�KHDWLQJ�PHGLXP��+\GUDXOLF�SUREOHPV�
VXFK� DV� ³VWDOO´� DUH� FRPPRQ� ZKHQ� WKH� FRQWURO�
YDOYH�LV�LQ�WKH�VWHDP�YDSRU�OLQH�WR�WKH�UHERLOHU��
ZKLOH�ORVV�RI�UHERLOHU�FRQGHQVDWH�VHDO�LV� 

FRPPRQ�ZKHQ�WKH�FRQWURO�YDOYH�LV�LQ�WKH�FRQ�
GHQVDWH�OLQHV�RXW�RI�WKH�UHERLOHU��6XFK�FRQWURO�
SUREOHPV�RIWHQ�OHDG�WR�FROXPQ�FDSDFLW\�OLPLWD�
WLRQ�� KDPPHULQJ�� IRXOLQJ�� DQG� FRUURVLRQ�� 7KH�
YDULHW\� RI� VROXWLRQV�� ZHOO-LOOXVWUDWHG� LQ�
³'LVWLOODWLRQ� 7URXEOHVKRRWLQJ´�� LV� D� WULEXWH� WR�
WKH� LQJHQXLW\� DQG� UHVRXUFHIXOQHVV� RI� HQJL�
QHHUV��VXSHUYLVRUV��DQG�RSHUDWRUV� 
 
$GYDQFHG� FRQWUROV� KDYH� WKHLU� RZQ�SUREOHPV��
2QH� LVVXH� LV� XSGDWLQJ� PXOWLYDULDEOH� FRQWUROV�
�09&��� ZKLFK� FDQ� EH� WURXEOHVRPH�ZKHQ� WKH�
SURFHVV� WUDLQ�FKDQJHV��HVSHFLDOO\� LI� WKH�09&�
VLPXOWDQHRXVO\�RSWLPL]HV�DQ�HQWLUH�XQLW�UDWKHU�
WKDQ� LQGLYLGXDO� WRZHUV�� $QRWKHU� LVVXH� LV� WKH�
UHVSRQVH� WR� EDG�PHDVXUHPHQWV�� 6R� IDU�� WKH�
QXPEHU�RI� UHSRUWHG�FDVH�KLVWRULHV�RI� WURXEOH�
VRPH�DGYDQFHG�FRQWUROV�KDV�EHHQ�ORZ�� 

���� � :+<� $5(� 620(� &21'(16(56�
3/$&('� $7� *5281'� /(9(/�� $1'� '2�
<28�5(&200(1'�7+,6�'(6,*1" 

$QGUHZ��&RQVLVWHQW�ZLWK�JRRG�HTXLSPHQW�GH�
VLJQ� DQG�PLQLPL]LQJ� RYHUDOO� SODQW� FRVW�� WKHUH�
LV� QR� SUREOHP� ZLWK� KDYLQJ� FRQGHQVHUV� DW�
JURXQG� OHYHO�� 7KH� ELJJHVW� UHDVRQ� IRU� SXWWLQJ�
WKHP� WKHUH� LV� WR� UHGXFH� WKHLU� FDSLWDO� DQG�
PDLQWHQDQFH�FRVWV��/HVV�VWUXFWXUH�LV�UHTXLUHG�
ZKHQ� WKH� FRQGHQVHU� LV� SODFHG� FORVH� WR� WKH�
JURXQG��$FFHVV�IRU�PDLQWHQDQFH�LV�HDVLHU�� 

7KHUH� LV� RQH� RSHUDWLRQDO� FRQVHTXHQFH� WR�
FRQVLGHU�� 3XWWLQJ� WKH� FRQGHQVHU� FORVH� WR� WKH�
JURXQG�QRUPDOO\�QHFHVVLWDWHV�D�YHUWLFDO�ULVH�WR�
WKH� RYHUKHDG� UHIOX[� GUXP�� 7KH� GUXP� LV� LQ�
VWDOOHG� DW� D� KLJKHU� HOHYDWLRQ� WR�PDNH� WKH� LQ�
VWDOODWLRQ� RI� SXPSV� FKHDSHU� DQG� HDVLHU��
7KHUHIRUH��WKH�FRQGHQVHU�RSHUDWHV�DW�D�KLJK�
HU� SUHVVXUH� WKDQ� WKH� GUXP� EHFDXVH� RI� WKH�
VWDWLF�KHDG�EHWZHHQ�WKHP� 

)RU�PRVW� DSSOLFDWLRQV� ZLWK� WRWDO� FRQGHQVHUV��
WKH�OLTXLG�ZLOO�EH�VXIILFLHQWO\�VXEFRROHG�WR�SUH�
YHQW� YDSRUL]DWLRQ� LQ� WKH� OLQH� WR� WKH� UHIOX[�
GUXP��3DUWLDO�FRQGHQVHUV��RQ�WKH�RWKHU�KDQG��
PD\�KDYH�SUREOHPV�ZLWK�XQVWDEOH� WZR-SKDVH�
IORZ�UHJLPHV�LQ�WKH�RXWOHW�OLQH�WR�WKH�GUXP� 

+DYLQJ� D� FRQGHQVHU� DW� JURXQG� OHYHO� LV� QRW� D�
JRRG�FKRLFH�ZKHQ�WKH�KLJKHU�SUHVVXUH�FUHDW�
HG� E\� WKH� VWDWLF� KHDG� LQFUHDVHV� XSVWUHDP�
FRVWV��2QH�VXFK�DSSOLFDWLRQ�LV�D�IOXLG�FDWDO\WLF�
FUDFNHU� �)&&�� PDLQ� IUDFWLRQDWRU� RYHUKHDG�
V\VWHP�� 7KH� H[WUD� OLTXLG� KHLJKW� FDQ� FUHDWH�
VLJQLILFDQW� FRVW� RU� FDSDFLW\� SUREOHPV� IRU� WKH�
XSVWUHDP�)&&�DLU�EORZHU��2Q�ODUJHU��PRGHUQ�
XQLWV� WKH� DLU� EORZHU� LV� DQ� D[LDO� FRPSUHVVRU��
7KHVH� FRPSUHVVRUV�KDYH� OLPLWHG�KHDG� FDSD�
ELOLW\� DQG� VPDOO� FKDQJHV� LQ� WKH� GRZQVWUHDP�
SUHVVXUH�SURILOH�FDXVHG�E\�WKH�VWDWLF�KHDG� 
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EHWZHHQ� WKH� H[FKDQJHU� DQG� WKH� UHIOX[� GUXP�
FRXOG�KDYH�ODUJH�FRQVHTXHQFHV� 

+HQU\��&RS\ULJKW���E\�+HQU\�=��.LVWHU��UHSULQW�
HG�E\�SHUPLVVLRQ� 

0RQH\� DQG� HQYLURQPHQW�� 7KH� KRW� YDSRU� E\�
SDVV� VFKHPH� SHUPLWV� PRXQWLQJ� ZDWHU-FRROHG�
WRWDO�FRQGHQVHUV�DW�JURXQG� OHYHO� LQVWHDG�RI�RQ�
D� SODWIRUP� DERYH� WKH� UHIOX[� GUXP�� /RFDWLQJ�
ODUJH�FRROLQJ�ZDWHU�FRQGHQVHUV�DW�JURXQG�OHYHO�
HOLPLQDWHV� WKH� QHHG� IRU� PDVVLYH� FRQGHQVHU�
VXSSRUW� VWUXFWXUH�DQG� IRU� SLSLQJ� FRROLQJ�ZDWHU�
WR� KLJK� HOHYDWLRQV� DQG� SURYLGHV� HDV\� DFFHVV�
IRU� PDLQWHQDQFH�� .HHS� LQ� PLQG� WKDW� IRU� D� �-
PHWHUV� ORQJ� HOHYDWHG� FRQGHQVHU�� D� ��-PHWHUV�
ORQJ� SODWIRUP� LV� QHHGHG� EHFDXVH� WKH� WXEHV�
QHHG� WR�EH�SXOOHG�RXW� DW� WKH� WXUQDURXQG��:LWK�
WKH�KRW�YDSRU�E\SDVV�VFKHPH�DQG�JURXQG-OHYHO�
FRQGHQVHUV� WKH� SLSLQJ� LV� VLPSOH�� WKH� FRQWURO�
YDOYH� LV�VPDOO�� WKH� UHVSRQVH� LV� IDVW��DQG� WKHUH�
DUH�QR�FRQFHUQV�DERXW�GUDZLQJ�YDFXXP�LQ�WKH�
FRROLQJ� ZDWHU� UHWXUQ� SLSHV� DW� WKH� KLJK� HOHYD�
WLRQV�� 7KHVH� DGYDQWDJHV� FDQ� WUDQVODWH� LQWR�
KDQGVRPH� VDYLQJV� LQ� VWHHOZRUN�� SODWIRUPV��
WUROOH\V��DQG�PDLQWHQDQFH��7KHVH�VDYLQJV�FDQ�
EH� PDMRU� LQ� ODUJH� LQVWDOODWLRQV�� HVSHFLDOO\�
ZKHUH� D� EDWWHU\� RI� FRQGHQVHUV� UDWKHU� WKDQ� D�
VLQJOH�H[FKDQJHU� LV�XVHG��)XUWKHU��ZLWK� WKH� LQ�
FUHDVLQJ� HQYLURQPHQWDO� DZDUHQHVV�� WKH� HOLPL�
QDWLRQ� RI� WKH� PDVVLYH� SODWIRUPV�� VWHHOZRUN��
DQG�SLSLQJ�UHGXFHV�WKH�FDUERQ�IRRWSULQWV�RI�WKH�
SODQW�� 

$V�VWDWHG� LQ�P\� UHSO\� WR����DERYH��DERXW�RQH�
WKLUG� RI� WKH� UHSRUWHG� SUHVVXUH� DQG� FRQGHQVHU�
FRQWURO� FDVH� KLVWRULHV� DUH� DVVRFLDWHG� ZLWK� LQ�
FRUUHFWO\� FRQILJXUHG� JURXQG-OHYHO� FRQGHQVHUV�
FRQWUROOHG� E\� KRW� YDSRU� E\SDVVHV�� HYROYLQJ�
IURP� SRRU� XQGHUVWDQGLQJ� RI� LWV� SULQFLSOHV��
7KHVH�SULQFLSOHV�KDYH�EHHQ�GHWDLOHG� LQ� UHFHQW�
SDSHUV�E\�.LVWHU�DQG�+DQVRQ��³&RQWURO�&ROXPQ�
3UHVVXUH� YLD� +RW� 9DSRU� %\SDVV´�� &KHPLFDO�
(QJLQHHULQJ�3URJUHVV�� )HEUXDU\�� S�� ���� ������
DQG� .LVWHU� �³)ORRGHG� &RQGHQVHUV� &RQWUROV��
3ULQFLSOHV�DQG�7URXEOHVKRRWLQJ´��&KHPLFDO�(Q�
JLQHHULQJ��-DQXDU\��S�������������:KHQ�FRQILJ�
XUHG�FRUUHFWO\��RXU�H[SHULHQFH�LV�WKDW�KRW�YDSRU�
E\SDVVHV� DUH� VHOGRP� WURXEOHVRPH�� )LJXUH� ��
VKRZV� VDPSOHV� RI� LQFRUUHFWO\� DQG� FRUUHFWO\-
FRQILJXUHG�DUUDQJHPHQWV��6RPH�NH\�FRQVLGHU�
DWLRQV�DUH� 

7KLV�PHWKRG� LV� RQO\� VXLWDEOH� IRU� WRWDO� FRQGHQ�
VHUV�� L�H��� QR� YDSRU� SURGXFW�� ,W� VKRXOG� QRW� EH�
XVHG� IRU�SDUWLDO� FRQGHQVHUV��DV� LW�GHSHQGV�RQ�
VXEFRROLQJ�� 

 

&RUUHFW� SLSLQJ� LV� PDQGDWRU\�� � /LTXLG� OHDYLQJ�
WKH� FRQGHQVHU� LV� VXEFRROHG�� DQG� GHZ� SRLQW�
YDSRU� ZLOO� FROODSVH� RQWR� LW� FDXVLQJ� LQVWDELOLW\�
DQG�KDPPHULQJ��)LJXUH��D� VKRZV�D� FRQILJX�
UDWLRQ� WKDW� ,�KDYH�VHHQ�PRUH�WKDQ�WZR�GR]HQ�
WLPHV��QRQH�RI�ZKLFK�ZRUNHG��7KH�E\SDVV�YD�
SRU�PXVW�HQWHU� WKH�YDSRU�VSDFH�RI� WKH� UHIOX[�
GUXP� �)LJXUH� �E�� ZLWK� QR� SUHYLRXV� FRQWDFW�
ZLWK� WKH� VXEFRROHG� OLTXLG�� � 7KH� E\SDVV�PXVW�
EH� IUHH�RI�SRFNHWV�ZKHUH� OLTXLG�FDQ�DFFXPX�
ODWH��DQ\�KRUL]RQWDO�UXQV�VKRXOG�GUDLQ�LQWR�WKH�
UHIOX[� GUXP�� �0RVW� LPSRUWDQW�� OLTXLG� IURP� WKH�
FRQGHQVHU�� DV� ZHOO� DV� DQ\� RWKHU� VXEFRROHG�
OLTXLG� VWUHDPV� OLNH� WKH� UHIOX[� SXPS�PLQLPXP�
IORZ�UHF\FOH��PXVW�HQWHU�WKH�UHIOX[�GUXP�QHDU�
WKH�ERWWRP�RI�WKH�GUXP��)LJXUH��E��� 

2SHUDWLRQ� LV� OLNHO\� WR� EH� WURXEOHVRPH� LI� WKH�
GUXP�OLTXLG�VXUIDFH�LV�DJLWDWHG��$JLWDWLRQ�PD\�
EH� GXH� WR� KLJK-YHORFLW\� LPSLQJHPHQW� RI� WKH�
KRW�YDSRU�MHW�RQ�WKH�OLTXLG�VXUIDFH��GXH�WR�XS�
ZDUG-GLUHFWHG� VXEFRROHG� OLTXLG� MHW� UHDFKLQJ�
WKH� OLTXLG� VXUIDFH�� DV� ZHOO� DV� RWKHU� FDXVHV��
$JLWDWLRQ�RI�WKH�OLTXLG�VXUIDFH�FDQ�EH�DYRLGHG�
E\�MXGLFLRXV�EDIIOLQJ��)LJXUH��E��� 

%HFDXVH� RI� WKH� OLTXLG� OHJ� EHWZHHQ� WKH� FRQ�
GHQVHU� DQG� WKH� GUXP�� VXGGHQ� UHGXFWLRQ� LQ�
GUXP� SUHVVXUH� FDQ� UDSLGO\� VXFN� WKH� OLTXLG�
ULJKW� RXW� RI� WKH� FRQGHQVHU�� FDXVLQJ� D� PDMRU�
XSVHW��7KHUH� LV� DOVR� WKH�SRVVLELOLW\� RI�8-WXEH�
RVFLOODWLRQV��%RWK� LVVXHV� FDQ�EH�PLWLJDWHG�E\�
DGGLQJ�D� WKURWWOLQJ� YDOYH� LQ� WKH� OLTXLG� OHJ�EH�
WZHHQ� WKH� FRQGHQVHU� DQG� WKH� GUXP� �)LJXUH�
�E�� 

7KLV�WHFKQLTXH�FDQ�VXIIHU�IURP�LQWHUDFWLRQ�EH�
WZHHQ�WKH�GUXP�DQG�WKH�FRQGHQVHU�OLTXLG�OHY�
HOV��7R�PLQLPL]H�WKH�LQWHUDFWLRQ��WKH�SUHVVXUH�
FRQWUROOHU� VKRXOG�EH� WXQHG�PXFK� WLJKWHU� WKDQ�
WKH� GUXP� OHYHO� FRQWUROOHU�� 7KLV� FDQ� EH� DQ� LV�
VXH� LI� WKH� UHIOX[�GUXP� LV� VPDOO�� DQG� WKH� OHYHO�
FRQWUROOHU� QHHGV� WR� EH� WXQHG� IDVW� WR� DYRLG�
RYHUIORZ�RU� ORVV�RI� OHYHO��7KLV�VFHQDULR� LV�XQ�
FRPPRQ��ZH�KDYH�HQFRXQWHUHG� WKLV�VLWXDWLRQ�
RQO\� RQFH�� EXW� DQRWKHU�FDVH�ZDV� UHSRUWHG� LQ�
WKH�OLWHUDWXUH��� 

%HFDXVH� RI� WKH� OLTXLG� OHJ� EHWZHHQ� WKH� FRQ�
GHQVHU� DQG� WKH� GUXP�� QRQ-FRQGHQVDEOHV� DF�
FXPXODWH� LQ� WKH�FRQGHQVHU�DQG�QHHG�YHQWLQJ�
IURP�WKHLU�DFFXPXODWLRQ�SRLQWV��,I�D�YHQW�OLQH�LV�
DEVHQW�� LQVWDELOLW\� DQG� FDSDFLW\� ERWWOHQHFNV�
DUH�OLNHO\�WR�UHVXOW��� 

/HDNDJH�RI�YDSRU�WKURXJK�WKH�E\SDVV�YDOYH�DW�
WKH� FORVHG� SRVLWLRQ� FDQ� VXEVWDQWLDOO\� UHGXFH�
FRQGHQVHU�FDSDFLW\��8QGHU�VL]LQJ�RI�WKH�E\ 
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SDVV�FRQWURO�YDOYH�PD\�OHDG�WR�LQDELOLW\�WR�NHHS�
WKH� WRZHU� SUHVVXUH� XS� LQ� FROG� ZLQWHU� GD\V�
ZKHQ� WKH�GUXP� LV�QRW� LQVXODWHG�� ,Q�VRPH�FDV�
HV�� WKH� UHIOX[�GUXP�YDSRU� VSDFH�PD\�QHHG� WR�
EH�LQVXODWHG�WR�PLQLPL]H�LQWHUIHUHQFH�IURP�UDLQ�
DQG�VQRZVWRUPV� 

:H�KDYH� VHHQ� FDVHV�ZKHQ� WKH� KRW� YDSRU� E\�
SDVV�FRQWURO�YDOYH�LV�PDQLSXODWHG�E\�WKH�GUXP�
SUHVVXUH�LQVWHDG�RI�WKH�WRZHU�SUHVVXUH��:H�GR�
QRW� UHFRPPHQG� WKLV��'\QDPLFDOO\�� WKLV� FRQWURO�
LV� LQIHULRU� EHFDXVH� WKH� YDSRU� YROXPH� LQ� WKH�
GUXP� LV� PXFK� VPDOOHU� WKDQ� LQ� WKH� WRZHU� DQG�
PRUH�YDULDEOH�LQ�UHVSRQVH�WR�DPELHQW�FKDQJHV�� 

7KHUH�DUH�RWKHU�OHVV�FRPPRQ�LVVXHV�GHVFULEHG�
LQ�WKH�FLWHG�DUWLFOHV�DERYH�� 

$ 

 

 

 

 

 

 

 

 

 

% 

 

 

 

 

 

 

 

 

 

)LJXUH����+RW�YDSRU�E\SDVV�FRQWUROV�ZLWK�
JURXQG-OHYHO�FRQGHQVHUV��D��,QFRUUHFW�DUUDQJH�
PHQW��KRW�E\SDVV�YDSRU�FROODSVLQJ�RQWR�VXE�
FRROHG�OLTXLG��OHDGV�WR�LQVWDELOLW\��SRRU�FRQWURO��
KDPPHULQJ��E��&RUUHFW�DUUDQJHPHQW��YDSRU�
JRLQJ�WR�YDSRU��OLTXLG�WR�OLTXLG��QR�FRQWDFW�EH�

WZHHQ�KRW�YDSRU�DQG�VXEFRROHG�OLTXLG� 

,Q�VXPPDU\�� WKLV�PHWKRG�KDV�PDMRU�FRVW�DQG�
HQYLURQPHQWDO� DGYDQWDJHV� LQ� ODUJH� ZDWHU-
FRROHG�WRWDO�FRQGHQVHUV��DQG�ZH�ZRXOG�KLJKO\�
UHFRPPHQG� LW� LQ� WKH� FRUUHFW� DSSOLFDWLRQV�� 7R�
PDNH�LW�ZRUN�LW�LV�LPSHUDWLYH�WR�XQGHUVWDQG�LWV�
SULQFLSOHV� DQG� FRQILJXUH� LW� SURSHUO\�� :KHQ�
FRQILJXUHG� FRUUHFWO\�� RXU� H[SHULHQFH� LV� WKDW�
JURXQG� OHYHO� FRQGHQVHUV� ZLWK� KRW� YDSRU� E\�
SDVV�FRQWUROV�DUH�VHOGRP�WURXEOHVRPH� 

���� :+$7� $5(� 7+(� $'9$17$*(6� $1'�
',6$'9$17$*(6� 2)� 08/7,3/(� '2:1�
&20(5�7<3(�75$<6" 

$QGUHZ��,�ZLOO�RQO\�DGGUHVV�JHQHULF�WUD\V�ZLWK�
PXOWLSOH� GRZQFRPHUV� KHUH�� QRW� VSHFLDOL]HG�
GHVLJQV� XVHG� LQ� SURSULHWDU\� WUD\� FRQILJXUD�
WLRQV� 

7UD\V� ZLWK� PXOWLSOH� IORZ� SDWKV� DGG� H[WUD�
GRZQFRPHUV� WR� H[WHQG� WKH� ZHLU� OHQJWK� DQG�
UHGXFH�OLTXLG�ORDG�SHU�OHQJWK�RI�ZHLU��7KLV�UH�
GXFHV�WUD\�SUHVVXUH�GURS�DQG�LV�WKH�PRVW�LP�
SRUWDQW�UHDVRQ�IRU�XVLQJ�WKHP—WKHLU�DELOLW\�WR�
KDQGOH� KLJK� OLTXLG� ORDGV�� 7KH� UHGXFHG� SUHV�
VXUH�GURS�DOVR�LQFUHDVHV�WKHLU�YDSRU�KDQGOLQJ�
FDSDFLW\� 

7KH�PDLQ�GLVDGYDQWDJH�RI�PXOWLSOH-SDVV�WUD\V�
LV� WKDW� WKH\� LQFUHDVH� WKH�PLQLPXP� OLTXLG� UDWH�
DV� ZHOO�� %ORZLQJ�� ZKLFK� UHGXFHV� HIILFLHQF\��
FDQ� RFFXU� DW� ORZ� OLTXLG� UDWHV�� $V�ZHLU� OHQJWK�
LQFUHDVHV�� VR� GRHV� WKH� OLTXLG� UDWH� DW� ZKLFK�
EORZLQJ� VWDUWV�� 0XOWLSOH-SDVV� WUD\V� JHQHUDOO\�
KDYH� OHVV� FDSDFLW\� UDQJH� WKDQ� VLQJOH-SDVV�
WUD\V� 

7ZR-SDVV� WUD\V� DUH� UHODWLYHO\� VWUDLJKWIRUZDUG�
WR� XQGHUVWDQG� DQG� GHVLJQ�� 7UD\V� ZLWK� WKUHH�
SDVVHV�RU�PRUH�LQFOXGH�QRQ-V\PPHWULFDO�VHF�
WLRQV�� UHTXLULQJ� D� PRUH� GHWDLOHG� XQGHUVWDQG�
LQJ� RI� K\GUDXOLFV� WR� JHW� FRQVWDQW� YDSRU-WR-
OLTXLG�UDWLRV�LQ�DOO�VHFWLRQV��'HVLJQ�DQG�DQDO\�
VLV�RI�WUD\V�ZLWK�WKUHH�RU�PRUH�SDVVHV�VKRXOG�
EH�OHIW�WR�VSHFLDOLVWV� 

0XOWLSOH-SDVV� WUD\V� DUH� DOVR� XVHG� WR� UHGXFH�
WKH�IORZ�SDWK�OHQJWK�DFURVV�WKH�WUD\��+RZHYHU��
LI� WKH� RQO\� SXUSRVH� LV� WR� UHGXFH� IORZ� SDWK�
OHQJWK�� D� VWHSSHG� WUD\� ZLWK� DQ� LQWHUPHGLDWH�
ZHLU�LV�RIWHQ�PRUH�HIIHFWLYH� 

0LNH�� 0XOWLSOH� GRZQFRPHU� W\SH� WUD\V� KDYH�
EHHQ�HPSOR\HG�YHU\�VXFFHVVIXOO\� IRU�RYHU����
\HDUV� LQ�PDQ\�DSSOLFDWLRQV�DQG�DW�H[FHSWLRQ�
DOO\� ODUJH� GLDPHWHUV�� � (IILFLHQFLHV� DUH� VRPH�
WLPHV� VOLJKWO\� OHVV� WKDQ� ZLWK� FURVVIORZ� WUD\V���
0XOWLSOH�GRZQFRPHU�WUD\V�HPSOR\�VLJQLILFDQWO\�
PRUH�PHWDO� DQG� WKHUHIRUH� FRVW� PRUH�� � 7KHLU�
FDSDFLWLHV�� KRZHYHU�� DUH� RIWHQ� ���� KLJKHU�
WKDQ�FURVVIORZ�WUD\V� 



20 

 

.DUO�� 7KH� FKDOOHQJH� RI� WKHVH� W\SHV� RI� WUD\V� LV�
HVWLPDWLQJ� WKH� FRUUHFW� HIILFLHQFLHV�� 7KH\� FDQ�
EH� DW� OHDVW� ���� OHVV� HIILFLHQW� GXH� WR� WKH� ORZ�
SDWK�IORZ�OHQJWK���%XW�WKH\�FDQ�EH�LQVWDOOHG�RQ�
ORZHU� WUD\� VSDFLQJ� DQG� HQG� XS� ZLWK� KLJKHU�
RYHUDOO� WRZHU�HIILFLHQF\��ZLWK� WKH�DGYDQWDJH�RI�
KLJKHU�FDSDFLW\���5DUHO\�GR�\RX�JHW�KLJKHU�FD�
SDFLW\�DQG�HIILFLHQF\� 

+HQU\��&RS\ULJKW���E\�+HQU\�=��.LVWHU��UHSULQW�
HG�E\�SHUPLVVLRQ� 

7KHVH�DUH�H[FHOOHQW�KLJK-FDSDFLW\�WUD\V�IRU�WKH�
FRUUHFW� DSSOLFDWLRQV�� 7KHLU� FDSDFLW\� HQKDQFH�
PHQW�LV�D�UHVXOW�RI�WKUHH�IDFWRUV�� 

�� 7KH� DGGLWLRQ� RI� GRZQFRPHUV� LQFUHDVHV�
ZHLU� OHQJWKV�� WKXV� ORZHULQJ� WKH� ZHLU� ORDGV�
�WKH�ZHLU� ORDG�LV�WKH�TXDQWLW\�RI� OLTXLG�IORZ�
LQJ�SHU�XQLW�ZHLU�OHQJWK���7KLV�VKLIWV�WKH�RS�
HUDWLQJ�SRLQW�WR�WKH�OHIW�RQ�)LJXUH����7RZHUV�
WKDW�KDYH�KLJK�ZHLU�ORDGV�ZLWK�FRQYHQWLRQDO�
WUD\V� �HVSHFLDOO\� !� ��� P��K�P� RI� RXWOHW�
ZHLU��FDQ�VLJQLILFDQWO\�JDLQ�FDSDFLW\�E\� WKH�
DGGLWLRQDO�ZHLU� OHQJWK��7KH�GHVLJQV�XVXDOO\�
DLP�DW�EULQJLQJ�WKH�WRZHUV�WR�WKH�PD[LPXP�
UHJLRQ����-���P��K�P�RI�RXWOHW�ZHLU���7RZ�
HUV� WKDW� RSHUDWH� DW� ORZ� ZHLU� ORDGV� ��� ���
P��K�P� RI� RXWOHW� ZHLU�� KDYH� OLWWOH� WR� JDLQ�
IURP�WKLV�W\SH�RI�WUD\V� 

�� 7KHVH� WUD\V� XVH� WUXQFDWHG� GRZQFRPHUV��
WHUPLQDWLQJ�MXVW�RYHU�DERXW�KDOIZD\�WKURXJK�
WKH� WUD\� VSDFLQJ�� /LTXLG� LVVXHV� IURP�KROHV�
RU� VORWV� DW� WKH� ERWWRP� RI� WKHVH� GRZQFRP�
HUV�� 7KLV� DOORZV� SHUIRUDWLQJ� ZKDW� QRUPDOO\�
ZRXOG� EH� WKH� GHDG� VHDO� DUHDV� XQGHU� WKH�
GRZQFRPHUV�DQG�JDLQV�DFWLYH�DUHD� 

�� 7KHVH�WUD\V�XVXDOO\�XVH�VPDOO�SHUIRUDWLRQV��
W\SLFDOO\� �� PP�� DQG� VHOGRP�PRUH� WKDQ� ���
6PDOOHU� KROHV� JDLQ� FDSDFLW\�� ZLWK� �� PP�
KROHV� W\SLFDOO\� JLYLQJ� ��� KLJKHU� FDSDFLW\�
FRPSDUHG�WR����PP�KROHV�DW�ZHLU� ORDGV�RI�
��-���P��K�P�RI�RXWOHW�ZHLU� 

�� 7KH� FDSDFLW\� FDQ� EH� IXUWKHU� HQKDQFHG� E\�
LQFRUSRUDWLQJ� VORWV� WKDW� LPSDUW� D� IRUZDUG�
SXVK� WR� WKH� OLTXLG�� WRJHWKHU� ZLWK� DQWL-MXPS�
EDIIOHV� WKDW� FDWFK� WKLV� OLTXLG� DQG� GLYHUW� LW�
LQWR�WKH�GRZQFRPHUV� 

7KH�GLVDGYDQWDJHV�RI�WKHVH�WUD\V�DUH� 

�� 7KH� DGGLWLRQDO� GRZQFRPHUV� UHGXFH� WKH�
IORZ�SDWK�OHQJWK��ZKLFK�ORZHUV�WUD\�HIILFLHQ�
F\��7KH�HIILFLHQF\�RI�WKLV�W\SH�RI�WUD\�LV�W\SL�
FDOO\�RI�WKH�RUGHU�RI�����OHVV�WKDQ�FRQYHQ�
WLRQDO� WUD\V�� 7KLV� ZRXOG� QRUPDOO\� PHDQ� D�
VWDJH�ORVV��KRZHYHU��WKH�FDSDFLW\�JDLQV�DUH�
VR�KLJK��WKDW�WKH�PXOWL�GRZQFRPHU�W\SH� 

WUD\V�FDQ�EH�SODFHG�DW�WLJKWHU�VSDFLQJ�DQG�
VWLOO�JLYH�VXEVWDQWLDO�FDSDFLW\�JDLQV��$OWHU�
QDWLYHO\�� WKH� WUD\� VSDFLQJ� FDQ� EH� RSWL�
PL]HG� WR� JLYH�PRUH� FDSDFLW\��PRUH� VWDJ�
HV��RU�ERWK� 

�� 7KH�VPDOO�KROHV�PDNH�VXFK�WUD\V�SURQH�WR�
SOXJJLQJ��6XFK�WUD\V�DUH�QRW�D�JRRG�DSSOL�
FDWLRQ�IRU�IRXOLQJ�VHUYLFHV� 

�� 7KHUH� DUH� VRPH� WURXEOHVKRRWLQJ� LVVXHV�
ZLWK�PXOWLSOH� GRZQFRPHU� WUD\V��PRVWO\� DW�
ORZHU� SUHVVXUHV� ��� ��� EDUJ��� 6LQFH� WKH�
GRZQFRPHUV� KDYH� QR� VWDWLF� VHDOV�� WKH\�
DUH� SURQH� WR� YDSRU� WR� EUHDNLQJ� LQ�
�³EORZE\´���,Q�DGGLWLRQ��ZLWK�WKH�ODUJH�QXP�
EHU� RI� GRZQFRPHUV��PHWHULQJ� WKH� FRUUHFW�
DPRXQW�RI�OLTXLG�WR�WKH�YDULRXV�SDQHOV�EH�
FRPHV�DQ�LVVXH��DQG�FDQ�OHDG�WR�PDOGLVWUL�
EXWLRQ�DQG�GU\� UHJLRQV��'U\� UHJLRQV�RIWHQ�
OHDG�WR�RU�DJJUDYDWH�EORZE\�LVVXHV��*RRG�
LQLWLDO� OLTXLG�GLVWULEXWLRQ� LV� FULWLFDO�� DQG�ZH�
KDYH�VHHQ�SUREOHPV�ZLWK� IHHG�DQG� UHIOX[�
HQWU\�� 7KHVH� WURXEOHVKRRWLQJ� LVVXHV� FDQ�
FDXVH� ODUJH� UHGXFWLRQV� LQ� WUD\� HIILFLHQF\��
IRUFLQJ�RSHUDWRU� WR�XVH�H[FHVV� UHIOX[�DQG�
UHERLO��DQG�RIWHQ� UXQ� LQWR�D�FDSDFLW\� OLPLW���
7KHVH� LVVXHV� DUH� GLVFXVVHG� ZLWK� WLSV� RQ�
KRZ�WKH\�FDQ�EH�GLDJQRVHG�XVLQJ�JDPPD�
VFDQV� LQ� .LVWHU¶V� DUWLFOH� �³*DPPD� 6FDQ�
4XDQWLWDWLYH� $QDO\VLV� &DQ� 'LDJQRVH� DQG�
0LWLJDWH� &KDQQHOLQJ� LQ� +LJK-&DSDFLW\�
7UD\V� ZLWK� 7UXQFDWHG� 'RZQFRPHUV´��
&KHP��(QJ��3URJU���$SULO��S������������ 

�� 'XH�WR�WKH�HDVH�RI�ORVLQJ�WKH�GRZQFRPHU�
VHDO��WKH�WXUQGRZQ�RI�PXOWLSOH�GRZQFRPHU�
WUD\V� LV� UHODWLYHO\� ORZ�� W\SLFDOO\�DERXW������
FRPSDUHG�WR���IRU�VLHYH�WUD\V������IRU�IL[HG�
YDOYHV��DQG��-��IRU�PRYLQJ�YDOYH�WUD\V� 

�� 0XOWLSOH�GRZQFRPHU�WUD\V�DUH�YHU\�GLIILFXOW�
WR� LQVSHFW� DW� WKH� WXUQDURXQG�� 7KLV� DJDLQ�
HPSKDVL]HV� WKH� QHHG� WR� DYRLG� WKHP� LQ�
IRXOLQJ�VHUYLFHV��:KHQ�PHWDOOXUJLVWV�QHHG�
WR� LQVSHFW� WKH� WRZHU�ZDOO� IRU� FRUURVLRQ� DW�
WXUQDURXQGV��WKLV�FDQ�EH�SURKLELWLYH� 

�� 7KH\� DUH� H[SHQVLYH�� HVSHFLDOO\� ZKHQ�
WKHUH� LV� D� QHHG� WR� FKDQJH� WUD\� VSDFLQJ��
ZKLFK� PD\� UHTXLUH� VSHFLDO� WHFKQLTXHV� WR�
DYRLG� RU� PLQLPL]H� ZHOGLQJ� WR� WKH� WRZHU�
VKHOO�� )RU� D� QHZ� WRZHU�� WKH� H[SHQVH� FDQ�
EH� RIIVHW� E\� UHGXFLQJ� FROXPQ� KHLJKW� RU�
GLDPHWHU� 

�� 0XOWLSOH� GRZQFRPHU� W\SH� WUD\V� DUH� IDU�
PRUH� VHQVLWLYH� WR� RXW-RI-OHYHOQHVV� WKDQ�
FRQYHQWLRQDO�WUD\V��0DQ\�WRZHUV�KDYH�H[�
SHULHQFHG�VHYHUH�HIILFLHQF\�ORVV�EHFDXVH� 
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WKH� WUD\V�ZHUH�QRW� LQVWDOOHG� OHYHO� WR� WKH� WLJKW�
YHQGRU�VSHFV��6WLFNLQJ�WR�WKHVH�VSHFV�FDQ�EH�
FKDOOHQJLQJ� LQ� WDOO� WRZHUV�� HVSHFLDOO\� GXULQJ�
ZLQG\�FRQGLWLRQV�ZKHQ�WKH�WRZHU�VZD\V��DQG�
ZDLWLQJ�IRU�WKH�ZLQG�WR�GURS�PD\�SURORQJ�WKH�
WXUQDURXQG� 

 

 

 

 

 

 

 

 

 

)LJXUH����$�W\SLFDO�WUD\�FDSDFLW\�GLDJUDP��YD�
SRU��9��YHUVXV�OLTXLG��/���ZLWK�WKH�OLTXLG�ORDG�

H[SUHVVHG�DV�ZHLU�ORDGV��OLTXLG�IORZ�UDWH��P��K��
GLYLGHG�E\�RXWOHW�ZHLU�OHQJWK��P���7KH�XSSHU�

FXUYH�LV�D�W\SLFDO�MHW�IORRG�FXUYH��VOLJKWO\�VWHHS�
HU�WKDQ�LQ�UHDOLW\�WR�LOOXVWUDWH�WKH�SULQFLSOH��7KH�
GLDJUDP�VKRZV�D�PD[LPXP�YDSRU-KDQGOLQJ�
FDSDFLW\�DW�D�ZHLU�ORDG�RI��-��JSP�LQ����-���

P��K��P�RI�ZHLU�OHQJWK��� 

&KULVWLDQ 

)LUVW� RI� DOO�� ZH� KDYH� WR� GLVWLQJXLVK� EHWZHHQ�
PXOWL-SDVV�RU�PXOWL�GRZQFRPHU�WUD\V��%RWK�GH�
VLJQV� KDYH� WKHLU� DSSOLFDWLRQ� LQ� FROXPQV� ZLWK�
KLJK�OLTXLG�ORDGV��0XOWL�SDVV�W\SH�WUD\V��OLNH�����
�� RU� �� SDVV� WUD\V�� GHOLYHU� D� VWDEOH� HIILFLHQF\��
ZKHQ�SURSHUO\�GHVLJQHG��6RPH�KDYH�D�UHSRUW�
HGO\� ORZHU�HIILFLHQF\�GXH�WR�UHGXFHG�IORZ�SDWK�
OHQJWK� DQG� GLIIHUHQW� OLTXLG� JXLGLQJ� RQ� WKH� WUD\�
SDQHOV�� )XUWKHUPRUH�� DOO� RI� WKHP� FRPH�ZLWK� D�
G\QDPLFDOO\� VHDOHG� GRZQFRPHU�� ZKLFK� OLPLWV�
WKH�RSHUDWLQJ�UDQJH�RI� WKH� WUD\�� ,I�QRW�SURSHUO\�
GHVLJQHG�� WKLV� WUD\� W\SH� VKRZV� D� KLJK� ULVN� RI�
JDV�E\�SDVVLQJ��$GGLWLRQDOO\��VRPH�RI�WKHP�GR�
QRW�KDYH�D�PDQZD\��ZKLFK�H[FOXGHV�WKH�SRVVL�
ELOLW\� RI� LQVSHFWLRQ� GXULQJ� WXUQDURXQGV� RU� IRU�
WURXEOH�VKRRWLQJ� 

����:+(1�6+28/'�72:(5�6&$11,1*�%(�
87,/,=('" 

0LNH�� 7KH� EHVW� UHDVRQ� WR� VFDQ� LV�ZKHQ� OLTXLG�
FDQQRW�JHW�GRZQ�WKH�WRZHU��6HYHUDO�\HDUV�DJR��
D� SDSHU� ZDV� JLYHQ� DW� D� &KLFDJR� (QJLQHHULQJ�
&RQIHUHQFH�GHVFULELQJ�D�WUD\HG�WRZHU�WKDW�ZDV�
KDYLQJ� FDSDFLW\� SUREOHPV�� � *DPPD� VFDQQLQJ�
VKRZHG�WKDW�RQH�GRZQFRPHU�RQ�RQH�SDUWLFXODU� 

WUD\� ZDV� EORFNLQJ� OLTXLG� IORZ� DSSUHFLDEO\���
2QFH� WKH� WRZHU� ZDV� LGOHG� DQG� HQWHUHG�� WKH�
HQJLQHHUV� IRXQG� WKDW� D� WRZHU� UHYDPS� FUHZ�
KDG� OHIW� D� YDFXXP� FOHDQHU� �\HV�� D� YDFXXP�
FOHDQHU��LQ�RQH�RI�WKH�WUD\¶V�GRZQFRPHUV� 

.DUO��7KH�WRZHU�VKRXOG�EH�VFDQQHG�LW�WKH�WRZ�
HU� LV� KDYH� FKDOOHQJHV�� � ,I� D� WRZHU� LV� KDYLQJ�
FKDOOHQJHV� WKH�VLPSOH�FKHFNV�VKRXOG�EH�SHU�
IRUPHG� ILUVW�� �&RQILUP� WKH� OHYHOV�� WDNH�D� WHP�
SHUDWXUH�SURILOH��DQG�SUHVVXUH�SURILOH�� �7KHVH�
VLPSOH�FKHFNV�ZLOO� WKHQ� OHDG� WR�DQ�DQVZHU�RI�
ZKHQ�D�WRZHU�VKRXOG�EH�VFDQQHG� 

+HQU\�� &RS\ULJKW� �� E\� +HQU\� =�� .LVWHU�� UH�
SULQWHG�E\�SHUPLVVLRQ� 

&RPPHUFLDO�JDPPD�VFDQQLQJ�KDV�EHHQ�VXF�
FHVVIXOO\�DSSOLHG�WR�WURXEOHVKRRW�WHQV�RI�WKRX�
VDQGV�RI� WRZHUV� IRU� RYHU� ILYH�GHFDGHV��6FDQ�
GDWD� KDYH� WUDGLWLRQDOO\� EHHQ� LQWHUSUHWHG� E\�
YLVXDO� H[DPLQDWLRQ� RI� WKH� VFDQV� WR� GHWHFW�
FKDQJHV� RU� WUHQGV� LQ� HQWUDLQPHQW�� IURWK� �RU�
VSUD\��KHLJKWV��DQG�OLTXLG�KROGXS�� 

0RVW� JDPPD� VFDQ� DSSOLFDWLRQV� DUH� TXDOLWD�
WLYH��HYHQ�PDQ\�RI�WKRVH�WKDW�PD\�FODLP�WR�EH�
TXDQWLWDWLYH�� 4XDOLWDWLYH� JDPPD� VFDQV� FDQ�
UHDGLO\� GHWHFW� JURVV� DEQRUPDOLWLHV� VXFK� DV�
IORRGLQJ�� PLVVLQJ� WUD\V�� FROODSVHG� WUD\V�� H[�
FHVVLYH� OLTXLG� OHYHO� LQ� WKH� ERWWRP� VXPS�� RU�
KHDY\� IRDPLQJ��7KLV�WHFKQLTXH�FDQ�DOVR�KHOS�
GLDJQRVH� D� IORRG� PHFKDQLVP� DQG� VKHG� OLJKW�
RQ�PRUH�VXEWOH�DEQRUPDOLWLHV�VXFK�DV�KLJK�RU�
ORZ�WUD\� ORDGLQJV��H[FHVVLYH�HQWUDLQPHQW��H[�
FHVVLYH� ZHHSLQJ�� EORFNDJH�� DQG� PXOWLSDVV�
OLTXLG� PDOGLVWULEXWLRQ�� *DPPD� VFDQV� SHU�
IRUPHG�RQ�D�URXWLQH�EDVLV�FDQ�DOVR�EH�XVHG�WR�
PRQLWRU� GHWHULRUDWLRQ� LQ� FROXPQ� SHUIRUPDQFH�
GXH�WR�IRXOLQJ��FRUURVLRQ��DQG�RWKHU�IDFWRUV� 

,Q� SDFNHG� WRZHUV�� D� ³JULG´� RI� IRXU� HTXDO�
FKRUGV�LV�RIWHQ�VKRW��)LJXUH�����RQH�FKRUG�DI�
WHU�WKH�RWKHU��)RU�HDFK�FKRUG��WKH�VRXUFH�DQG�
GHWHFWRU�DUH�PRYHG�VLPXOWDQHRXVO\�GRZQ�WKH�
EHG�� WDNLQJ� VKRWV� HYHU\� �� WR� �� LQFKHV�� 7KLV�
³JULG´� JDPPD� VFDQ� ORRNV� IRU� PDOGLVWULEXWLRQ�
DQG� FKDQQHOLQJ�� ZKLFK� LV� E\� IDU� WKH� PDLQ�
FDXVH�RI�SDFNHG� WRZHU�HIILFLHQF\� ORVV��:KHQ�
OLTXLG�GLVWULEXWLRQ�LV�JRRG�WKH�IRXU�FKRUGV�JLYH�
WKH� VDPH� GHWHFWRU� UHDGLQJV�� 'LIIHUHQFHV� EH�
WZHHQ�WKH�FKRUGV�DUH�LQWHUSUHWHG�DV�EHG�PDO�
GLVWULEXWLRQ�� 

-XGLFLRXV�VHWWLQJ�RI� WKH�FKRUGV�FDQ�DOVR�SUR�
YLGH� D� PHDVXUHPHQW� RI� OLTXLG� KHLJKW� DQG�
IURWKLQHVV� LQ� FROOHFWRUV�� SDUWLQJ� ER[HV�� DQG�
GLVWULEXWRUV�� DQG� LGHQWLI\� WURXJK� RU� SDQ� RYHU�
IORZV�RU�OHYHO�XQHYHQQHVV�FDXVLQJ�OLTXLG� 
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PDOGLVWULEXWLRQ�RU�SUHPDWXUH� IORRGV��2YHUIORZV�
DQG� SOXJJLQJ� �ZKLFK� WRR�ZLOO� FDXVH� RYHUIORZV��
ZHUH�LGHQWLILHG�DV�PDMRU�WURXEOHVKRRWLQJ�LVVXHV�
LQ� SDFNHG� WRZHUV� �.LVWHU¶V� ERRN� ³'LVWLOODWLRQ�
7URXEOHVKRRWLQJ´��-RKQ�:LOH\�	�6RQV���������� 

,Q�DGGLWLRQ��JULG�VFDQV�FDQ�QRUPDOO\�GHWHFW�WKH�
SRVLWLRQ�RI�WKH�EHG��WKH�GLVDSSHDUDQFH�RI�VRPH�
RI�WKH�SDFNLQJV��H�J���E\�EHLQJ�FRUURGHG�DZD\���
VLJQLILFDQW� EORFNDJHV� DQG� ORFDO� IORRGHG� UH�
JLRQV�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

)LJXUH����3DFNHG�WRZHU�JULG�VFDQ 

,Q�&$7��&RPSXWHU�$LGHG�7RPRJUDSK\��VFDQV��
D�JDPPD�VFDQ�VRXUFH�LV�SODFHG��DQG�D�QXPEHU�
RI� GHWHFWRUV� �W\SLFDOO\� DERXW� QLQH�� DUH� VHW�
DURXQG�WKH�EHG�DW�HYHQO\�VSUHDG�PDUNHG�UDGLDO�
SRVLWLRQV�� DOO� DW� WKH� VDPH� HOHYDWLRQ�� 2QFH�
GRQH�� WKH� VRXUFH� LV� PRYHG� WR� WKH� SRVLWLRQ� RI�
WKH�QHDUHVW�GHWHFWRU�� WKH�GHWHFWRU� WR� WKH�SRVL�
WLRQ� RI� WKH� VRXUFH�� DQG� WKH� VFDQ� LV� UHSHDWHG��
7KLV�FRQWLQXHV�XQWLO� WKH�VRXUFH� LV�SODFHG� LQ�DOO�
WKH� UDGLDO� SRVLWLRQV� DURXQG� WKH� EHG�� 7KH� SUR�
ILOHV� REWDLQHG� DUH� WKHQ� LQWHJUDWHG� WR� JLYH� WKH�
WZR-GLPHQVLRQDO� DEVRUSWLRQ� GHQVLW\� SURILOH��
ZKLFK� LGHQWLILHV� OLTXLG-ULFK�UHJLRQV��KLJK�GHQVL�
W\�� DQG� GULHU� UHJLRQV� �ORZ� GHQVLW\��� 7KH� &$7�
VFDQ�FDQ�EH� UHSHDWHG�DW� DGGLWLRQDO� HOHYDWLRQV�
DORQJ�WKH�EHG��EXW�WKLV�UXQV�XS�WKH�FRVWV���7KLV�
WHFKQLTXH� LV� XVHG� SULPDULO\� WR� LGHQWLI\� WKH� QD�
WXUH�RI�PDOGLVWULEXWLRQ�LQ�SDFNHG�EHGV��,W�LV�DOVR�
LQYDOXDEOH� LQ� VKRZLQJ� D� FHQWHU-WR-SHULSKHU\�
OLTXLG� PDOGLVWULEXWLRQ� WKDW� JULG� VFDQV� FDQQRW�
LGHQWLI\�� 

6WDWLRQDU\�PRQLWRULQJ��³WLPH�VWXGLHV´��SODFHV�D�
QXPEHU�RI�VWDWLRQDU\�JDPPD�UD\�VRXUFHV�ZLWK� 

GHWHFWRUV� ULJKW� DFURVV� DW� VWUDWHJLFDOO\-SODFHG�
ORFDWLRQV� DORQJ� WKH� FROXPQ� VKHOO�� 6WDUWLQJ� LQ�
WKH� XQIORRGHG� FRQGLWLRQ�� WKH� UDWHV� �UHIOX[��
ERLOXS�� IHHG�� RU�ZKDWHYHU� YDULDEOH� LV� VWXGLHG��
DUH�UDLVHG�XQWLO�WKH�DPRXQW�RI�UDGLDWLRQ�WUDQV�
PLWWHG�VKDUSO\� IDOOV� LQ�RQH�RI� WKH�YDSRU�VSDF�
HV�� LQGLFDWLQJ� OLTXLG� DFFXPXODWLRQ� DQG� WKHUH�
IRUH�IORRGLQJ��6WDWLRQDU\�PRQLWRULQJ�FDQ�GLDJ�
QRVH�ZKHUH�WKH�IORRGLQJ�VWDUWV��FDOLEUDWH�OLTXLG�
OHYHO� LQVWUXPHQWV�� GHWHFW� HQWUDLQPHQW�� DQG�
RYHUIORZ�IURP�SDFNLQJ�GLVWULEXWRUV��DQG�GHWHFW�
IORRGV� GXH� WR� KLJK� ERWWRPV� OHYHO�� 6WDWLRQDU\�
PRQLWRULQJ� LV�DOVR�YDOXDEOH�IRU�DFFXUDWHO\�GH�
WHUPLQLQJ� WKH� IORRG� UDWHV�� SHUPLWWLQJ� HQJL�
QHHUV� DQG� RSHUDWRUV� GHYLVH� D� VWUDWHJ\� IRU�
SXVKLQJ�WKH�WRZHU�WR�LWV�OLPLWV�RU�UHYDPSLQJ� 

*DPPD�VFDQV�FDQ�GHWHFW�SOXJJLQJ��SUHVHQFH�
RI� YDSRU� LQ� OLTXLG� OLQHV�� DQG� SUHVHQFH� RI� HQ�
WUDLQHG� OLTXLG� LQ� YDSRU� OLQHV�� 7KLV� WHFKQLTXH�
FDQ� JLYH� UHOLDEOH� TXDQWLWDWLYH� QXPEHUV� ZKHQ�
SHUIRUPHG�SURSHUO\� 

&DSDFLW\-HQKDQFLQJ� IHDWXUHV�RI�KLJK-FDSDFLW\�
WUD\V� VXFK� DV� SXVK� YDOYHV�� WUXQFDWHG� GRZQ�
FRPHUV��DQG�PXOWLSOH�GRZQFRPHUV��EULQJ�ZLWK�
WKHP� XQLTXH� WURXEOHVKRRWLQJ� FKDOOHQJHV�� ([�
FHVVLYH� IRUZDUG� SXVK� PD\� JHQHUDWH� H[FHV�
VLYH� IURWK� JUDGLHQWV�� WUXQFDWHG� GRZQFRPHUV�
GR� QRW� KDYH� D� VWDWLF� OLTXLG� VHDO�� ZKLFK� PD\�
SHUPLW� YDSRU� SDVVDJH� XS� WKH� GRZQFRPHUV�
�³EORZE\´��� DQG�PXOWLSOH�GRZQFRPHUV� OHDG� WR�
QRQ-V\PPHWULFDO�DFWLYH�DUHDV�ZKLFK�PD\�SUR�
PRWH� FKDQQHOLQJ� DQG� PDOGLVWULEXWLRQ�� 7KHVH�
DUH�GLIILFXOW��RIWHQ�LPSRVVLEOH��WR�GLDJQRVH�XV�
LQJ� FRQYHQWLRQDO� WURXEOHVKRRWLQJ� WHFKQLTXHV�
VXFK� DV� YHQGRU� VRIWZDUH�� ǻ3�PHDVXUHPHQW��
DQG�TXDOLWDWLYH�JDPPD�VFDQV��-XGLFLRXV�PXOWL
-FKRUGDO�JDPPD�VFDQV�ZLWK�TXDQWLWDWLYH�DQDO�
\VLV� �.LVWHU��+��=��� ³8VH�4XDQWLWDWLYH�*DPPD�
6FDQV� WR� 7URXEOHVKRRW� 0DOGLVWULEXWLRQ� RQ�
7UD\V´�� &KHP�� (QJ�� 3URJU��� )HEUXDU\�� S�����
DQG�$SULO��S�����������LV�WKH�EHVW�WRRO�IRU�GLDJ�
QRVLQJ�WKHVH�LVVXHV��:LWK�WKLV�WHFKQLTXH��VHY�
HUDO� SDUDOOHO� FKRUGV� DUH� VKRW� DORQJ� WKH� IORZ�
SDWK��)LJXUH�����)URWK�KHLJKWV��IURWK�GHQVLWLHV��
OLTXLG�KHDGV��DQG�HQWUDLQPHQW� LQGH[�GDWD�DUH�
GHWHUPLQHG� IRU� HDFK� WUD\� DW� HDFK� FKRUG� DQG�
DUH�SORWWHG� WR-VFDOH�RQ�D� WUD\�GLDJUDP��)URP�
WKHVH� SORWV�� FKDQQHOLQJ� SDWWHUQV� FDQ� EH� LQ�
IHUUHG�� 

5HFHQWO\�� 7UDFHUFR� LQWURGXFHG� TXDQWLWDWLYH�
SDFNHG� WRZHU� JDPPD� VFDQV�� 7KH� OLTXLG�
KROGXS�RI�WKH�SDFNLQJ�LV�FDOFXODWHG�DV�WKH�GLI�
IHUHQFH�EHWZHHQ�WKH�GHQVLW\�LQIHUUHG�IURP�WKH�
VFDQ� DQG� WKH� GU\� SDFNLQJ� GHQVLW\� DYDLODEOH�
IURP� WKH� SDFNLQJ� YHQGRU�� $� ODUJH� GLIIHUHQFH�
EHWZHHQ�WKH�WZR�LQGLFDWHV�WKDW�WKHUH�FRXOG�EH� 
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VRPH�OLTXLG�DFFXPXODWLRQ�RU�VROLGV�WKHUH��VXJ�
JHVWLQJ�IORRGLQJ�RU�SOXJJLQJ��7KLV�W\SH�RI�VFDQ�
LV�HIIHFWLYH�IRU�HYDOXDWLQJ�WKH�H[WHQW�RI�PDOGLV�
WULEXWLRQ�DQG�EHG�SOXJJLQJ�� 

&KULVWLDQ�� 7RZHU� VFDQQLQJ�JLYHV� \RX�PRUH� LQ�
IRUPDWLRQ�DERXW�GLVWULEXWLRQ�RI�WKH�OLTXLG�LQVLGH�
WKH�FROXPQ�GXULQJ�RSHUDWLRQ��$OVR�³GLVORFDWHG´�
LQWHUQDOV�WUD\V� FDQ� EH� GHWHFWHG�� 7\SLFDOO\�� LW�
FDQ� KHOS� WR� ORFDWH� WKH� SUREOHP� DQG� DOVR� WR�
PDNH� DVVXPSWLRQV� DERXW� SRVVLEOH� RSWLRQV� WR�
VROYH�WKH�SUREOHP��+RZHYHU��LW�GRHV�QRW�XVXDO�
O\� DOORZ� IRU� VROXWLRQV�ZLWKRXW� RSHQLQJ� WKH� FRO�
XPQ��6R��\RX�KDYH�WR�GHFLGH�ZKHWKHU�LW�PDNHV�
VHQVH�WR�VFDQ�WKH�FROXPQ�RU�WR�GLUHFWO\�RSHQ�LW� 

���� :+$7� ,6� $� *22'� 7851� '2:1� 3(5�
&(17$*(�72�.((3�*22'�()),&,(1&<" 

$QGUHZ�� 0RVW� VSHFLILFDWLRQV� DUELWUDULO\� FDOO� IRU�
D�WXUQGRZQ�WR�����RI�PD[LPXP�FDSDFLW\�� 

3DFNLQJ� KDV� DQ� H[FHSWLRQDOO\� ODUJH� FDSDFLW\�
UDQJH�DQG� WXUQGRZQ� LV�XVXDOO\�QRW�D�SUREOHP��
7KH� FKDOOHQJH� LQ� SDFNHG� WRZHUV� OLHV� ZLWK� WKH�
OLTXLG� GLVWULEXWRUV�� 0RVW� OLTXLG� GLVWULEXWRUV�
VKRXOG�SHUIRUP�ZHOO�IURP������WR�����RI�UDWH��
7KH� UDQJH� FDQ� EH� H[WHQGHG� E\� XVLQJ� PRUH�
FRPSOH[�� PRUH� H[SHQVLYH�� DQG� ODUJHU� HTXLS�
PHQW��(YHQ�VR��LW�LV�XQXVXDO�WR�VHH�D�OLTXLG�GLV�
WULEXWRU� ZLWK� D� UHDOLVWLF� RSHUDWLQJ� UDQJH� ZLGHU�
WKDQ�����WR�������3XVKLQJ�D�JUDYLW\�GLVWULEX�
WRU� WR� RSHUDWH� EHORZ� LWV� PLQLPXP� UHDVRQDEOH�
IORZ� UDWH� OHDGV� WR�D�JUDGXDO�� EXW� DFFHOHUDWLQJ��
GURS� LQ� SHUIRUPDQFH�� ([FHHGLQJ� PD[LPXP�
UDWHV� WHQGV� WR� UHVXOW� LQ� D� UDSLG� SHUIRUPDQFH�
GURS�� )RU� SUHVVXUH-VSUD\� GLVWULEXWRUV� WKH�
WUHQGV�DUH�UHYHUVHG� 

$V� IRU� WUD\V��PRVW�VLQJOH�SDVV� WUD\V�ZLOO� RSHU�
DWH� UHDVRQDEO\� ZHOO� LQ� WKH� ��-����� UDQJH��
7KLV� LV� WUXH� RI� VLHYH� WUD\V� DV� ZHOO� DV� YDOYH�
WUD\V�� 7KH�PRUH� WUD\� SDVVHV�� WKH� VPDOOHU� WKH�
WXUQGRZQ� UDQJH�� 6SHFLDO� KLJK-FDSDFLW\� WUD\V�
ZLWK� G\QDPLFDOO\� VHDOHG� GRZQFRPHUV� PD\�
KDYH� UHGXFHG� RSHUDWLQJ� UDQJHV� IRU� WKH� OLTXLG�
UDWH��6SHFLDO�GHVLJQV�FDQ�DFFRPPRGDWH�PXFK�
ODUJHU� WXUQGRZQ� UDQJHV�� 7UD\V� ZLWK� UDQJHV� RI�
���� WR� ����� FDQ� EH� EXLOW�� EXW� WKH� UHTXLUHG�
IHDWXUHV�QRUPDOO\� OHDG� WR�KLJKHU� WUD\�SUHVVXUH�
GURSV�DQG�HLWKHU�ORZHU�FDSDFLW\�IRU�WKH�GLDPH�
WHU�RU�KLJKHU�WUD\�VSDFLQJ� 

0LNH��3ODQW�RSHUDWRUV�FDQ�VHOHFW�DQ\�WXUQGRZQ�
SHUFHQWDJH�WKDW� WKH\�WUXO\�QHHG���7UD\�GHVLJQ�
HUV�FDQ�DGMXVW�WKH�WUD\�GHVLJQ�WR�DFFRPPRGDWH�
WKRVH�QHHGV���+HUH�LV�DQ�H[WUHPH�H[DPSOH���,I�
D�WUD\HG�WRZHU�QHHGV�WR�EH�WXUQHG�GRZQ�WR����
RI� IXOO� UDWHV�� WKDW� WRZHU� FDQ� LQGHHG� DFKLHYH�
JRRG�HIILFLHQFLHV�DV�VXFK�UDWHV���-���DV�ORQJ�DV�

.DUO�� 0RVW� SXPSV� DQG� FRPSUHVVRU� KDYH� D�
PLQLPXP�IORZ�RI�������5DUHO\� LV�D�SODQW�UXQ�
QLQJ� OHVV�WKDQ�����GXH� WR�WKHVH�FRQVWUDLQWV���
%XW� ,� KDYH�VHHQ�GHVLJQ� MHW� IORRG�GHVLJQHG�DW�
���� -� DW� WKH� QRUPDO� GHVLJQ� XQLW� UDWH�� ZKLFK�
OHDGV� WR� ORZ� WUD\�SUHVVXUH�GURS�DQG� ORZ� WUD\�
HIILFLHQF\���,�SUHIHU�WR�GHVLJQ�MHW�IORRG�����RU�
KLJKHU���-HW�IORRG�FDQ�JR�WR������ZLWKRXW�ORV�
LQJ�HIILFLHQF\�� LI� \RX�KDYH�JRRG�GRZQ�FRPHU�
FDSDFLW\�–�VR�DW�����\RX�VWLOO�KDYH�����VDIH�
W\� IDFWRU�� �0DQ\�RSHUDWLQJ�FRPSDQLHV�VWLOO� UH�
TXLUH� GRZQWXUQ� RI� ���� DQG� YHQGRUV� DUH� UH�
TXLUHG� WR�PHHW� WKLV� UHTXLUHPHQW�HYHQ� WKRXJK�
WKH�SODQW�ZLOO�DOPRVW�QHYHU�EH�UXQQLQJ�DW����� 

&KULVWLDQ�� 7\SLFDO� WXUQ� GRZQ� UDWLRV� IRU� SDFN�
LQJV�DUH� 

��VW�DQG��QG�*HQHUDWLRQ�3DFNLQJ�������� 

��UG� DQG� �WK� *HQHUDWLRQ� 3DFNLQJ� �5065�
50;5�������� 

�6WUXFWXUHG� PHWDO� 3DFNLQJ� �597� 503�
�������� 

)RU�UDQGRP�DQG�VWUXFWXUHG�SDFNLQJ��WKH�³WXUQ�
GRZQ�UDWLR´�PD\�QRW�EH�WKH�SURSHU�GHVLJQ�FUL�
WHULD�� ,W� LV� PRUH� XVHIXO� WR� GLVFXVV� PLQLPXP�
DQG� PD[LPXP� JDV� IDFWRUV� DQG� OLTXLG� ORDGV��
/LPLWDWLRQV� DUH� QRUPDOO\� IL[HG� E\� WKH� WRZHU�
LQWHUQDOV�� PDLQO\� OLTXLG� GLVWULEXWRUV� DQG� FRO�
OHFWLQJ� WUD\V� ZKLFK� KDYH� ORZHU� RSHUDWLRQ�
UDQJHV�WKDQ�SDFNLQJ�PHGLD� 

7\SLFDO�WXUQGRZQ�UDWHV�IRU�WUD\V�DUH� 

�0RYDEOH�9DOYH�WUD\V��H�J���9���������-� 

�6LHYH�DQG�IL[HG�YDOYH�WUD\V� �����-� 

:H� DUH� DOZD\V� ZRUNLQJ� WR� LPSURYH� SURGXFW�
SHUIRUPDQFH�� )RU� H[DPSOH�� RXU� 059� )L[HG�
9DOYH�7UD\�VKRZV�JRRG�DQG�FRQVWDQW�HIILFLHQ�
F\�RYHU�D�ZLGH�RSHUDWLQJ�UDQJH�RI��������FRP�
SDUHG� WR� WKH� W\SLFDO� RSHUDWLQJ� UDQJH�RI� ���-��
IRU� VWDQGDUG� IL[HG� YDOYH� WUD\V� �)5,� WHVW� XQLW��
WRWDO�UHIOX[�� 

%HVLGHV� WKDW�� WKHUH� DUH� VSHFLDO� WUD\� GHVLJQV�
WKDW�VKRZ�PXFK�KLJKHU� WXUQGRZQ�UDWLRV��H�J���
EXEEOH� FXS� WUD\V�� EXW� KDYH� RWKHU� GLVDG�
YDQWDJHV� �FRVW�� SUHVVXUH� GURS��� 'XDO� IORZ�
WUD\V� DUH� XVHG� LQ� VRPH� VSHFLDO� DSSOLFDWLRQV��
WKH\�RQO\�KDYH�D�YHU\�ORZ�WXUQGRZQ�UDWLR� 
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$%287�7+(�$87+256 

+HQU\� =��.LVWHU� LV�D�)OXRU�&RUSRUDWLRQ�6HQLRU�
)HOORZ�DQG�'LUHFWRU�RI�)UDFWLRQDWLRQ�7HFKQROR�
J\��ZLWK�D�YDVW�EDFNJURXQG�LQ�DOO�SKDVHV�RI�GLV�
WLOODWLRQ�� LQFOXGLQJ� RSHUDWLRQ�� WURXEOHVKRRWLQJ�
FRQWUROV��GHVLJQ��DQG�VWDUW-XS��$W�)OXRU��+HQU\�
GHVLJQV�� UHYDPSV� DQG� DGYLVHV� RQ� GLVWLOODWLRQ�
SURFHVVHV�� HTXLSPHQW� DQG� FRQWUROV� IRU� WKH�
FKHPLFDO��SHWURFKHPLFDO�DQG�RLO� LQGXVWULHV��+H�
LV� )OXRU
V� UHSUHVHQWDWLYH� WR� WKH )5, 7HFKQLFDO�
$GYLVRU\�DQG�'HVLJQ�3UDFWLFHV &RPPLWWHHV��LV�
D�)HOORZ�RI�$,&K(�DQG�,&KHP(��DQG�LV�D�PHP�
EHU�RI�WKH�86�$FDGHP\�RI�(QJLQHHULQJ��+HQU\�
LV� WKH� DXWKRU� RI� WKUHH� GLVWLOODWLRQ� WH[WERRNV��
RYHU�����WHFKQLFDO�DUWLFOHV��DQG�KDV�SUHVHQWHG�
WKLV� FRXUVH� RYHU� ���� WLPHV� LQ� SXEOLF� DQG� IRU�
PDMRU� FRUSRUDWLRQV� LQ� �� FRXQWULHV� RQ� DOO� VL[�
FRQWLQHQWV� 

$QGUHZ�:��6OROH\� LV�D�3ULQFLSDO�&RQVXOWDQW�DW�
$GYLVLDQ�� +LV� FXUUHQW� UHVSRQVLELOLWLHV� LQFOXGH�
FRQVXOWLQJ�� FRQFHSWXDO� GHVLJQ�� DQG� IURQW-HQG�
GHVLJQ� IRU� WKH� UHILQLQJ� DQG� SHWURFKHPLFDO� LQ�
GXVWULHV��+LV�H[SHULHQFH�LQFOXGHV�GHWDLOHG�SUR�
FHVV�DQG�PHFKDQLFDO�GHVLJQ�DQG�WURXEOHVKRRW�
LQJ� IRU� GLVWLOODWLRQ� V\VWHPV�� 3UHYLRXVO\� KH�
ZRUNHG� DW� ([[RQ� &KHPLFDOV�� *OLWVFK�� 3&6��
7KH� 'LVWLOODWLRQ� *URXS�� DQG� &+�0� +,//�� +LV�
VSHFLDOW\� LV� WKH�DUHD�RI�GLVWLOODWLRQ��SURGXFW� UH�
FRYHU\��DQG�KHDW�LQWHJUDWLRQ��7KLV�KDV�LQFOXGHG�
FRQYHQWLRQDO� GLVWLOODWLRQ�� H[WUDFWLYH� GLVWLOODWLRQ��
OLTXLG-OLTXLG� H[WUDFWLRQ�� DQG� FRPSOH[� KHDW-
LQWHJUDWHG� SURFHVVHV� LQ� WKH� UHILQLQJ�� SHWUR�
FKHPLFDOV��DQG�FKHPLFDOV�LQGXVWULHV� 

&KULVWLDQ�*HLSHO� UHFHLYHG�KLV�0DVWHU¶V�LQ�0H�
FKDQLFDO� DQG� 3URFHVV� (QJLQHHULQJ� IURP� 78�
'DUPVWDGW�*HUPDQ\� LQ� ����� IROORZHG� E\� KLV�
3K'� LQ� WKHUPRG\QDPLFV� IURP� 78� 'DUPVWDGW�
*HUPDQ\��3URI��6WHSKDQ��LQ�������)URP�����-
����� KH� KHOG� YDULRXV� SRVLWLRQV� LQ� WKH� ILHOG� RI�
WKHUPRG\QDPLFV�DQG�SURFHVV�GHVLJQ�IRU�$8',�
DQG�/,1'(�(1*,1((5,1*�LQ�*HUPDQ\��6LQFH�
������KH�KDV�EHHQ�RQH�RI�WKH�PDQDJLQJ�GLUHF�
WRUV�RI�597�3URFHVV�(TXLSPHQW�*PE+� 

$IWHU�UHFHLYLQJ�%6�DQG�06�GHJUHHV�LQ�FKHPL�
FDO�HQJLQHHULQJ��0U��0LNH� 5HVHWDULWV¶� FDUHHU�
EHJDQ� LQ� ������ DW� 8QLRQ� &DUELGH� &RUSRUD�
WLRQ� �:KLOH�WKHUH��0LNH�ZRUNHG�RQ�WKH�GHYHO�
RSPHQW�RI�WKH�0'�GLVWLOODWLRQ�WUD\�DQG�WKH�08�
OLTXLG-OLTXLG� H[WUDFWLRQ� WUD\�� 7KH� (&0'� WUD\�
ZDV� LQYHQWHG�ZLWK�'U��0LNH�/RFNHWW� �6HYHUDO�
8QLRQ�&DUELGH� EXVLQHVVHV�ZHUH� DFTXLUHG� E\�
823� LQ�������DW�ZKLFK�SRLQW�0LNH�EHFDPH�D�
823� 5	'� 0DQDJHU� ,Q� ������ 0LNH� MRLQHG�
.RFK-*OLWVFK�DV� WKHLU�5	'�'LUHFWRU�DQG� ODWHU�
DV� WKHLU�*OREDO�7UD\�3URGXFW�0DQDJHU�� �0LNH�
KHOSHG� WR� OHDG�WKH�GHYHORSPHQW�HIIRUWV�DVVR�
FLDWHG�ZLWK�8OWUD-)UDF� WUD\V�DQG�)OH[LSDF�+&�
VWUXFWXUHG� SDFNLQJ�� 0LNH� VSHQW� DSSUHFLDEOH�
WLPH� LQ� WKH� ILHOG�� UXQQLQJ� SLORW� SODQW� WHVWV��
VWDUWLQJ� XQLWV�� SHUIRUPLQJ� WURXEOHVKRRWLQJ�
ZRUN� DQG� FROOHFWLQJ� GDWD�� � +H� LV� FRDXWKRU� RI�
��� SDWHQWV� DQG� RYHU� ��� SUHVHQWDWLRQV� DQG�
DUWLFOHV� 

.DUO�.ROPHW]�LV�D�6HQLRU�7HFKQLFDO�(QJLQHHU�
LQJ� 3URIHVVLRQDO� �� 6HQLRU� 0DQDJHU� DW� ./0�
7HFKQRORJ\�*URXS���+H�LV�WKH�(GLWRU�IRU�(QJL�
QHHULQJ�3UDFWLFH�0DJD]LQH�DQG�WKH�+DQGERRN�
RI� 3URFHVV� (TXLSPHQW� 'HVLJQ�� � +H� KDV� DX�
WKRUHG�PRUH�WKDQ�����SXEOLFDWLRQV�RQ�D�YDULH�
W\� RI� VXEMHFWV� IRU� SURGXFW� UHFRYHU\�� WURXEOH�
VKRRWLQJ�� WUDLQLQJ�� SURMHFW�PDQDJHPHQW�� SUR�
FHVV� GHVLJQ�� SURFHVV� VDIHW\� PDQDJHPHQW�
DQG�VLPXODWLRQ�ZLWK�VDIHW\�DQG�HQYLURQPHQWDO�
IRFXV�� �+LV� UHVHDUFK� LQWHUHVW� IRFXVHV�RQ�KRZ�
WR� DSSO\� WKH� IXQGDPHQWDOV� RI� HQJLQHHULQJ� WR�
SUDFWLFDO�DSSOLFDWLRQV���7KH�+DQGERRN�RI�3UR�
FHVV� (TXLSPHQW� 'HVLJQ� KDV� RYHU� ���� FKDS�
WHUV�RQ�D�YDULHW\�RI�SURFHVV�HTXLSPHQW�LQFOXG�
LQJ�� OLQH� VL]LQJ�� SXPSV�� FRPSUHVVRUV�� UHOLHI�
YDOYH�� IODUHV�� VHSDUDWRUV�� GLVWLOODWLRQ� DQG� RWK�
HUV�� .DUO� LV� D� &HUWLILHG� 3UDFWLFLQJ� (QJLQHHU�
�&3(�� IURP� WKH� ,QWHUQDWLRQDO� $VVRFLDWLRQ� RI�
&HUWLILHG� 3UDFWLFLQJ� (QJLQHHUV�
�ZZZ�LDSFH�FRP�� 

.LVWHU�   ����6OROH\�  ��*HLSHO�  5HVHWDULWV�  .ROPHW] 
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,1752'8&7,21 

5HILQLQJ� LQGXVWU\� LV� JRLQJ� WKURXJK�PDQ\� FKDO�
OHQJHV�� &KLHI� DPRQJ� WKHP� EHLQJ� WKH� XVH� RI�
WHFKQRORJLHV� DQG� FDWDO\VWV�ZKLFK� UHGXFHV� WKH�
FDUERQ�IRRWSULQW�RI�SURGXFWV�WKH\�SURGXFH�ZKLOH�
DW� WKH� VDPH� WLPH� UDLVLQJ� WKH� SHUIRUPDQFH� RI�
SURGXFWV� 

:LWK� LQFUHDVLQJ� IUHTXHQF\�� UHILQHUV� GULYHQ� E\�
HFRQRPLFV�� DUH� SURFHVVLQJ� KHDYLHU� DQG�PRUH�
GLIILFXOW�FUXGHV��ZKLOH�DW�WKH�VDPH�WLPH�KDYH�WR�
PHHW�WKH�LQFUHDVLQJO\�VWULQJHQW�SURGXFW�VSHFLIL�
FDWLRQV�� $WWDLQLQJ� WKHVH� JRDOV� UHTXLUH� DOWHUD�
WLRQV� LQ� HLWKHU� SURFHVV� DQG�RU� FDWDO\VW� GHVLJQ��
+\GURSURFHVVLQJ� WHFKQRORJLHV� DOORZ� SURGXF�
WLRQ�RI�FOHDQHU�DQG�EHWWHU�SHUIRUPLQJ�SUHPLXP�
SURGXFWV��,W�KDV�EHFRPH�DQ�LQWHJUDO�SDUW�RI� LQ�
GXVWU\�DQG�SUDFWLFDOO\� LW� LV� LPSRVVLEOH� WR�DWWDLQ�
SURGXFW�VSHFLILFDWLRQV�ZLWKRXW�SDVVLQJ�WKURXJK�
DW� OHDVW� RQH� K\GURSURFHVVLQJ� VWHS�� &DWDO\VWV�
DUH� ³WKH� KHDUW´� RI� K\GURSURFHVVLQJ� WHFKQROR�
JLHV�DQG�LWV�SHUIRUPDQFH�LV�FULWLFDO�WR�UHILQHU\¶V�
SURILWDELOLW\��*RLQJ� IRUZDUG�� LWV� LPSRUWDQFH�ZLOO�
LQFUHDVH�LQ�WKH�FRPLQJ�GHFDGHV�WR�FRPEDW�FOL�
PDWH�FKDQJH�� 

7KLV� SDSHU�ZLOO� SURYLGH� D� EULHI� LQWURGXFWLRQ� RQ�
K\GURWUHDWLQJ� DQG� K\GURFUDFNLQJ� FDWDO\VWV�
FRPPRQO\� FDOOHG� DV� K\GURSURFHVVLQJ� FDWD�
O\VWV� 

&$7$/<676 

&DWDO\VWV�DUH�PDWHULDOV�ZKLFK�ZKHQ�DGGHG�WR�
D�FKHPLFDO�UHDFWLRQ� LQFUHDVHV�WKH�UDWH�RU� WKH�
VSHHG�DW�ZKLFK�WKH�UHDFWLRQ�LV�RFFXUULQJ��(YH�
U\� UHDFWLRQ� SURFHHGV� YLD� D� SDWK�PHFKDQLVP�
FDOOHG�WKH�UHDFWLRQ�PHFKDQLVP�ZLWK�D�SDUWLFX�
ODU� DFWLYDWLRQ� HQHUJ\� DVVRFLDWHG� ZLWK� LW�� 7KLV�
DFWLYDWLRQ� HQHUJ\� LV� WKH�PLQLPXP� DPRXQW� RI�
HQHUJ\� UHTXLUHG� WR� WDNH� WKH� UHDFWDQWV� WR� WKH�
FRQGLWLRQ�LQ�ZKLFK�WKH\�ZLOO�VWDUW�UHDFWLQJ�ZLWK�
HDFK�RWKHU�WR�FDUU\�RXW�WKH�FKHPLFDO�UHDFWLRQ��
,I� WKLV� DPRXQW� RI� HQHUJ\� LV� QRW� DYDLODEOH�� QR�
UHDFWLRQ�ZLOO�KDSSHQ��$V�VKRZQ�LQ�)LJ����LQWUR�
GXFWLRQ�RI�FDWDO\VW� UHVXOWV� LQ�D�GLIIHUHQW�SDWK�
PHFKDQLVP� ZKRVH� DVVRFLDWHG� DFWLYDWLRQ� HQ�
HUJ\� LV� PXFK� VPDOOHU� WKDQ� WKDW� ZLWKRXW� WKH�
FDWDO\VW� DQG� UHVXOWV� LQ� D� KLJKHU� UHDFWLRQ� UDWH�
DW�WKH�VDPH�WHPSHUDWXUH�� 

+<'5275($7,1*�&$7$/<676 

+\GURWUHDWLQJ� SURFHVV� LV� DSSOLHG� HLWKHU� DV� D�
ILQLVKLQJ�VWHS�RI�ILQDO�SURGXFWV�RU�DV�DQ� LQWHU�
PHGLDWH�VWHS�WR�SUHSDUH�IHHG�IRU�GRZQVWUHDP�
SURFHVVHV�OLNH�UHIRUPLQJ��IOXLG�FDWDO\WLF�FUDFN�
LQJ� RU� K\GURFUDFNLQJ�� 7KH� SURFHVV� LQYROYHV�
FKHPLFDO� UHDFWLRQV� EHWZHHQ� RUJDQLF� FRP�
SRXQGV� FRQWDLQLQJ� WKH� FRQWDPLQDQWV� DQG� K\�
GURJHQ�LQ�SUHVHQFH�RI�D�FDWDO\VW��,I�WKHVH� 
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FRQWDPLQDWHV�DUH�QRW�UHPRYHG��LW�PD\�UHVXOW�LQ�
HPLVVLRQV�DQG�FDXVH�HQYLURQPHQWDO�SUREOHPV��
GDPDJLQJ� HFRV\VWHPV� DV� ZHOO� DV� KXPDQ�
KHDOWK�� %DVHG� RQ� WKH� W\SHV� RI� FRQWDPLQDQWV�
UHPRYHG�� WKH� UHDFWLRQV� FDQ� EH� FDOOHG� DV� K\�
GURGHVXOIXUL]DWLRQ� RU� +'6� �UHPRYLQJ� VXOIXU���
K\GURGHQLWURJHQDWLRQ�RU�+'1� �UHPRYLQJ�QLWUR�
JHQ��� K\GURGHR[\JHQDWLRQ� RU� +'2� �UHPRYLQJ�
R[\JHQ��� K\GURGHPHWDOOL]DWLRQ� RU� +'0�
�UHPRYLQJ� PHWDOV�� DQG� K\GURGHDURPDWL]DWLRQ�
RU� +'$� �VDWXUDWLQJ� DURPDWLFV��� 3URFHVV� IORZ�
VFKHPHV�DUH�SUHWW\�PXFK�VLPLODU� IRU�PRVW� K\�
GURSURFHVVLQJ� SURFHVVHV�� KRZHYHU�� WKH� RSHU�
DWLQJ� VHYHULW\� YDULHV�� GHWHUPLQHG� E\� YDULDEOHV�
OLNH� W\SH� RI� FRQWDPLQDQWV�� GHSWK� RI� FRQWDPL�
QDQW� FRQYHUVLRQ�� K\GURJHQ� SDUWLDO� SUHVVXUH�
DQG� FDWDO\VW��7\SLFDOO\�� WKH� UHDFWLRQV� DUH� FRQ�
GXFWHG�LQ�IL[HG�WULFNOH�EHG�UHDFWRU�V��ZLWK�FDWD�
O\VW� SHOOHWV� VWDFNHG� LQ� D� SDFNHG� EHG� DQG� JDV�
�K\GURJHQ��DQG� OLTXLG� �RLO�� IORZLQJ�FR-FXUUHQWO\�
IURP�WKH�WRS�RI�WKH�UHDFWRU�� 

&DWDO\VW� DFWLYLW\� LV� GHWHUPLQHG� E\� VHYHUDO� IDF�
WRUV� LQFOXGLQJ� WKH� W\SH�TXDQWLW\� RI�PHWDOV�� GLV�
SHUVLRQ� RI� PHWDOV� DQG� PHWDO-VXSSRUW� LQWHUDF�
WLRQ�� 7KRXJK� PHWDOV� ZLWK� GLIIHUHQW� JURXSLQJV�
KDYH�EHHQ�UHVHDUFKHG��W\SLFDOO\�WZR�JURXSV�RI�
PHWDOV�DUH�XVHG� LQ�WKH�SURGXFWLRQ�RI�FRPPHU�
FLDO�FDWDO\VWV��7KH�DFWLYH�SKDVH�QRUPDOO\�FRP�
SULVLQJ�PHWDO�IURP�*URXS�9,��0RO\EGHQXP-0R��
DQG� WKH� SURPRWHU� PHWDOV� IURP� *URXS� 9,,,�
�1LFNHO-1L� DQG� &REDOW-&R��� 2WKHU� SURPRWHU�
PHWDOV�FDQ�DOVR�EH�DGGHG�WR� LPSURYH� WKH�SHU�
IRUPDQFH�� IRU� H�J��� 3KRVSKRURXV� LV� DGGHG� WR�
1L0R� FDWDO\VWV� ZLWK� WKH� REMHFWLYH� WR� LPSURYH�
+'1� DFWLYLW\�� 7UDGLWLRQDO� K\GURWUHDWLQJ� SUR�
FHVVHV�PDLQO\�HPSOR\V�&R0R�DQG�1L0R�FRP�
ELQDWLRQV�� 2QH� RI� WKH� NH\� FRPSRQHQWV� RSWL�
PLVHG�GXULQJ�FDWDO\VW�PDQXIDFWXULQJ�SURFHVV�LV�
WKH� TXDQWLW\� RI� PHWDOV� RU� PHWDOV� ORDGLQJ�� $V�
VKRZQ� LQ� )LJ� ��� DFWLYLW\� RI� FDWDO\VW� LQFUHDVHV�
ZLWK� KLJKHU� PHWDOV� ORDGLQJ� EXW� DIWHU� D� SHDN��
DFWLYLW\� GURSV� RII�� 7KHUH� LV� DQ� RSWLPDO� ORDGLQJ�
IRU�HDFK�VXSSRUW��ZKLFK�YDULHV�IURP��-��ZW��DV� 

1L� RU� &R� R[LGHV� DQG� IURP� �-��� ZW�� DV� 0R�
R[LGHV��$FWLYH�IRUPV�RI�WKHVH�PHWDOV�DUH�WKHLU�
VXOILGH� IRUPV� DQG� JRRG� VXOILGLQJ� LV� HVVHQWLDO�
IRU�DFKLHYLQJ�IXOO�SHUIRUPDQFH�SRWHQWLDO� 

7KH� LQWHUDFWLRQ� EHWZHHQ� PHWDO� DQG� VXSSRUW�
DOVR� KDV� D� ELJ� LPSDFW� RQ� DFWLYLW\�� %HIRUH�
������PRVW�FDWDO\VWV�ZHUH�RI�³7\SH�,´�NLQG� LQ�
ZKLFK�WKH�PHWDOV�KDG�D�VWURQJ�LQWHUDFWLRQ�ZLWK�
WKH� VXSSRUW�� 6LQFH� WKHQ�� ³7\SH� ,,´� FDWDO\VWV�
KDYH� EHFRPH� WKH� LQGXVWU\� VWDQGDUG� ZKLFK�
UHOLHV� RQ� FDUHIXO� WXQLQJ� RI� WKH� PHWDO-VXSSRUW�
LQWHUDFWLRQ� DQG� KDYH� IRXQG� ZLGH� DFFHSWDQFH�
LQ� D� YDULHW\� RI� K\GURWUHDWLQJ� DSSOLFDWLRQV� HV�
SHFLDOO\� LQ�8/6'�SURGXFWLRQ�DQG�K\GURFUDFN�
LQJ�SUHWUHDW��$FWLYH�SKDVH� LQ�7\SH� ,,� FDWDO\VW�
KDV�ZHDN�LQWHUDFWLRQ�ZLWK�WKH�VXSSRUW�DQG�KDV�
PRUH�VWDFNLQJ�RI�0R6��VODEV�WKDQ�7\SH�,�JLY�
LQJ� LW�PRUH� LQWULQVLF� DFWLYLW\��$V� VKRZQ� LQ�)LJ�
��� IXUWKHU� LPSURYHPHQWV� LQ� 7\SH� ,,� FDWDO\VWV�
KDYH� HQDEOHG� WKHP� WR� SURYLGH� VLJQLILFDQWO\�
KLJKHU� DFWLYLWLHV��7KLV� KDV� EHHQ�PDGH� SRVVL�
EOH�ZLWK�EHWWHU�UDZ�PDWHULDOV��LPSURYHG�PDQX�
IDFWXULQJ� WHFKQLTXHV� LQFOXGLQJ� XVH� RI� FKH�
ODWHV��RSWLPLVDWLRQ�RI�PHWDO�GLVSHUVLRQ�RQ�VXS�
SRUW�� HQKDQFHG� SURPRWHU� HIIHFWLYHQHVV� DQG�
DGYDQFHG� DQDO\WLFDO� WHFK�QLTXHV� JLYLQJ�PRUH�
LQVLJKW�LQWR�FDWDO\VW�PRUSKRORJ\� 

 

 

 

 

 

 

 

 

)LJ����'HYHORSPHQW�SURJUHVV�–�IURP�7\SH�,�
WKURXJK�7\SH�,,��+DOGRU�7RSVRH������� 

 

7KH� PHWDOV� DUH� VXSSRUWHG� RQ� D� FDUULHU�
�VXSSRUW���7KH�QDWXUH�RI� VXSSRUW� SOD\V�D�NH\�
UROH� LQ� WKH�PRUSKRORJ\��GLVSHUVLRQ��DQG�FDWD�
O\WLF� DFWLYLW\� RI� WKH� SUHSDUHG� FDWDO\VWV�� 7KH�
VXSSRUW� DOVR� SURYLGHV� WKH� PHFKDQLFDO�
VWUHQJWK� WR� WKH� FDWDO\VW� DV� ZHOO� DV� KLJK� VXU�
IDFH� DUHD� WR� PD[LPL]H� PHWDOV� GLVSHUVLRQ��
$PRQJ�WKH�DYDLODEOH�DQG�GHYHORSHG�VXSSRUWV�
IRU�K\GURWUHDWLQJ�FDWDO\VWV��JDPPD�DOXPLQD��Ȗ
-$O�2��� KDV� EHHQ� ZLGHO\� DSSOLHG� GXH� WR� LWV�
UHDVRQDEO\� KLJK� VXUIDFH� DUHD�� SRURVLW\� DQG�
WKHUPDO� VWDELOLW\�� H[FHOOHQW� PHFKDQLFDO�
VWUHQJWK��YHU\�JRRG�PRUSKRORJ\��HDV\�DYDLOD�
ELOLW\�DQG�ORZ�FRVW�� 

)LJ����5HODWLRQVKLS�EHWZHHQ�PHWDOV�DQG�DFWLYLW\�
�$57������� 
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7R�SURFHVV�D�SDUWLFXODU�IHHG��D�XQLYHUVDO�FDWD�
O\VW� RU� D� FDWDO\WLF� V\VWHP� GRHV� QRW� H[LVW� DQG�
FDWDO\VW� VHOHFWLRQ�PXVW� EH� WDLORU-PDGH�� ,Q� ORZ�
SUHVVXUH�XQLWV�WKDW�QHHG�ORZ�UHDFWLRQ�VHYHULW\��
D� &R0R� FRPELQDWLRQ� LV� W\SLFDOO\� DSSOLHG�� )RU�
KLJK�SUHVVXUH�XQLWV�ZHUH� WKH� UHDFWLRQ�VHYHULW\�
LV� KLJK�� D� 1L0R� FRPELQDWLRQ� LV� QRUPDOO\� SUH�
IHUUHG�� 7R� RSWLPLVH� IRU� SDUWLFXODU� UHDFWLRQV�
ZLWKLQ� ³]RQHV´� LQ� UHDFWRU�� D� VWDFNHG� FRPELQD�
WLRQ�RI�&R0R�DQG�1L0R�FDWDO\VWV�LV�VRPHWLPHV�
FKRVHQ�WR�SURYLGH�WKH�EHVW�SHUIRUPDQFH�UDWKHU�
WKDQ� MXVW� XVLQJ� RQH� FRPELQDWLRQ� DORQH�� )LJ� ��
LOOXVWUDWHV�DQ�H[DPSOH�RQ�EDODQFLQJ�+'6�DFWLY�
LW\� ZKLOH� PLQLPLVLQJ� K\GURJHQ� FRQVXPSWLRQ�
XVLQJ�VWDFNHG�FRPELQDWLRQ��$V�1L0R�FDWDO\VW�LV�
DGGHG� WR� WKH� V\VWHP�� WKHUH� LV� D� VLJQLILFDQW�
ERRVW� LQ� +'6� DFWLYLW\� DQG� WKH� SURGXFW� VXOIXU�
JRHV� GRZQ� EHIRUH� HYHQWXDOO\� KLWWLQJ� D� PLQL�
PXP��PD[�+'6�DFWLYLW\���:LWK�LQFUHDVH�LQ�SHU�
FHQWDJH�RI�1L0R�FDWDO\VW��K\GURJHQ�FRQVXPS�
WLRQ� DOVR� LQFUHDVHV�� ,Q� WKH� UHJLRQ� ZKHUH� WKH�
V\VWHP�VKRZV�WKH�EHVW�+'6�DFWLYLW\��K\GURJHQ�
FRQVXPSWLRQ� LV� RQO\� VOLJKWO\� JUHDWHU� WKDQ� WKDW�
RI�DOO�&R0R�V\VWHP��DQG�ZHOO�EHORZ�WKDW�IRU�DOO�
1L0R�V\VWHP� 

 

 

 

 

 

 

 

 

)LJ����%DODQFLQJ�+'6�DFWLYLW\�ZKLOH�PLQLPLVLQJ�
+��FRQVXPSWLRQ��$57������� 

*RRG�+'1�DFWLYLW\�LV�WKH�SULPDU\�IXQFWLRQ�RI�D�
K\GURWUHDWLQJ� FDWDO\VW� LQ� D� K\GURFUDFNLQJ� XQLW�
DV� WKH� RUJDQLF� QLWURJHQ� FRPSRXQGV� DUH� GHWUL�
PHQWDO�WR�WKH�SHUIRUPDQFH�RI�FUDFNLQJ�FDWDO\VW��
7KH�UDWH�OLPLWLQJ�VWHS�LQ�+'1�UHDFWLRQ�SDWKZD\�
LV� DURPDWLF� ULQJ� VDWXUDWLRQ� EHFDXVH� LQ� PRVW�
UHIUDFWRU\� QLWURJHQ� FRPSRXQGV� WKH� QLWURJHQ�
DWRP�LV�LQFRUSRUDWHG�LQ�WKH�DURPDWLF�ULQJ�ZKLFK�
QHHGV�WR�EH�VDWXUDWHG�ILUVW�EHIRUH�WKH�QLWURJHQ�
FDQ� EH� H[WUDFWHG�� $V� D� UHVXOW�� 1L0R� FDWDO\VW�
DUH�XVHG�DV�K\GURFUDFNLQJ�SUHWUHDW�FDWDO\VWV� 

+<'52&5$&.,1*�&$7$/<676 

&RPSDUHG� WR� K\GURWUHDWLQJ� FDWDO\VW�� K\�
GURFUDFNLQJ�FDWDO\VW�SHUIRUPV�D�GXDO-IXQFWLRQDO�
UROH�ZKHUH� LW�FUDFNV�WKH�KLJK�PROHFXODU�ZHLJKW�
K\GURFDUERQ�DQG�WKHQ�VLPXOWDQHRXVO\� 

K\GURJHQDWHV�WKH�XQVDWXUDWHV�WKDW�DUH�IRUPHG�
GXULQJ� WKH�FUDFNLQJ�VWHS��7KH�PDLQ�FRPSRVL�
WLRQ�RI�DQ\�K\GURFUDFNLQJ�FDWDO\VW�FRQWDLQV�DQ�
DFLG�VXSSRUW� IRU�FUDFNLQJ�� LVRPHUL]DWLRQ�IXQF�
WLRQV�DQG�PHWDOV� IRU�K\GURJHQDWLRQ��GHK\GUR�
JHQDWLRQ�IXQFWLRQV�� 

)RU� FUDFNLQJ� FDWDO\VWV�� K\GURJHQDWLRQ� IXQF�
WLRQ� LV� SURYLGHG�E\�*URXS�9,� �0R��7XQJVWHQ-
:�� DQG� 9,,,� EDVH� PHWDOV� �&R�� 1L�� RU� QREOH�
PHWDOV� �3ODWLQXP-3W� RU� 3DOODGLXP-3G��� ZLWK�
H[WHQVLYH� XVH� RI� EDVH� PHWDOV� DV� WKHVH� DUH�
UHODWLYHO\�FKHDS��0RVW�FRPPRQO\�XVHG�FRPEL�
QDWLRQV� LQ� LQGXVWULDO� K\GURFUDFNLQJ� FDWDO\VWV�
DUH�1L0R�DQG�1L:�LQ�WKHLU�VXOILGHG�IRUP��0HW�
DO�SDLUV�VXFK�DV�&R0R�DQG�&R:�KDYH�OLPLWHG�
XVH�EHFDXVH�RI�WKHLU�ORZHU�K\GURJHQDWLRQ�DF�
WLYLWLHV��7KRXJK�QRW�ZLGHO\�XVHG�DV�EDVH�PHW�
DOV�� QREOH�PHWDOV� H[KLELW� PXFK� KLJKHU� DFWLYL�
WLHV� WKDQ� WKH�VXOILGHG�EDVH�PHWDOV� LQ�D�FOHDQ�
UHDFWLRQ� HQYLURQPHQW� DQG� DUH� W\SLFDOO\� XVHG�
LQ� WKH� VHFRQG� VWDJH� RI� D� WZR-VWDJH� K\�
GURFUDFNLQJ�SURFHVV��,Q�WKH�ILUVW�VWDJH�RSHUD�
WLRQ�RU� LQ� D� VLQJOH-VWDJH�SURFHVV�� QREOH�PHW�
DOV�WHQG�WR�ORVH�WKHLU�DGYDQWDJH�RYHU�WKH�VXO�
ILGHG�EDVH�PHWDOV�GXH�WR�WKH�SUHVHQFH�RI�FRQ�
WDPLQDQWV�� SULPDULO\� +�6��:LWKRXW� VLJQLILFDQW�
SHUIRUPDQFH� DGYDQWDJH�� LW� LV� QRW� HFRQRPLFDO�
WR� RSHUDWH� ZLWK� QREOH� PHWDO� FDWDO\VW� XQGHU�
WKHVH� SURFHVV� FRQGLWLRQV�� 7KH�PHWDO� ORDGLQJ�
IRU� EDVH�PHWDO� FDWDO\VW� YDULHV� IURP� �-�� ZW��
IRU�1L�R[LGHV�DQG�IURP��-���ZW��IRU�0R�RU�:�
R[LGHV�� ,Q� DGGLWLRQ� WR�PHWDOV� ORDGLQJ�� DWRPLF�
UDWLR�RI�PHWDOV�LV�DOVR�LPSRUWDQW�DV�LW� LPSDFWV�
WKH� K\GURJHQDWLRQ� DFWLYLW\� RI� WKH� FDWDO\VW�� $�
VWXG\� RI� WKH� K\GURJHQDWLRQ� DFWLYLW\� RI� *URXS�
9,� DQG� 9,,,� XVLQJ� WROXHQH� DV� D� PRGHO� FRP�
SRXQG�LQ�WKH�SUHVHQFH�RI�+�6��FRQFOXGHG�WKH�
RSWLPXP� DWRPLF� UDWLR� WR� EH� DERXW� ����� DV�
VKRZQ�LQ�)LJ���� 

 

 

 

 

 

 

 

 

 

)LJ����&RUUHODWLRQ�EHWZHHQ�FRQYHUVLRQ�DQG�
DWRPLF�UDWLR��823������� 
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6LQFH�WKH�DFLG�IXQFWLRQ�LV�UHVSRQVLEOH�IRU�LVRP�
HUL]DWLRQ�FUDFNLQJ� UHDFWLRQV�� FUDFNLQJ� FDWDO\VW�
DFWLYLW\� LV� SULPDULO\� GHWHUPLQHG� E\� WKH� WRWDO�
DFLGLW\� RI� WKH� FDWDO\VW�� $FLGLW\� LV� D� IXQFWLRQ� RI�
VLOLFD�WR�DOXPLQD�UDWLR�DQG�LV�SURYLGHG�HLWKHU�E\�
DPRUSKRXV� �DOXPLQD� DQG� VLOLFD-DOXPLQD�� RU�
FU\VWDOOLQH� �]HROLWHV�� FRPSRQHQWV� ZKLFK� DOVR�
DFWV�DV�WKH�VXSSRUW��2I�VHYHUDO�VROLG�R[LGH�PD�
WHULDOV� XVHG� DV� DPRUSKRXV� VXSSRUWV�� VLOLFD-�
DOXPLQD�LV�PRVW�ZLGHO\�XVHG�GXH�LWV�KLJK�DFLGL�
W\�DQG� ORZ�FRVW��&UDFNLQJ�FDWDO\VWV�PDGH�ZLWK�
DPRUSKRXV� VROLG� R[LGH� KDYH� KLJK� VHOHFWLYLW\�
WRZDUGV� GLVWLOODWH� SURGXFWV�� � =HROLWHV� DUH� PL�
FURSRURXV��FU\VWDOOLQH�DOXPLQRVLOLFDWHV�ZLWK�WHW�
UDKHGUDOO\� FRRUGLQDWHG� IUDPHZRUN� DOXPLQLXP��
$PRQJ� YDULRXV� ]HROLWH� PDWHULDOV�� PRGLILHG� <�
]HROLWH�LV�PRVW�VXFFHVVIXOO\�DSSOLHG�LQ�LQGXVWUL�
DO� K\GURFUDFNLQJ�� 0RVW� ]HROLWHV� DUH� V\QWKH�
VLVHG�IURP�D�VOXUU\�FRQVLVWLQJ�RI�VLOLFD��DOXPLQD�
DQG� FDXVWLF�� 7KH� V\QWKHVLVHG� ]HROLWH� LV�PRGL�
ILHG�E\� LRQLF�H[FKDQJH�DQG� WKHUPDO� RU� FKHPL�
FDO�WUHDWPHQW�FDOOHG�GHDOXPLQDWLRQ�WR�REWDLQ�DQ�
DFWLYH�FDWDO\VW��DQ�XOWUD-VWDEOH�<��86<��]HROLWH�
ZLWK�DSSURSULDWH�XQLW� FHOO� VL]H� �8&6���&DWDO\VW�
PDQXIDFWXULQJ� RSHUDWLQJ� VHYHULW\� GHWHUPLQHV�
WKH�GHJUHH�RI�GHDOXPLQDWLRQ��$V�WKH�GHJUHH�RI�
GHDOXPLQDWLRQ�LQFUHDVHV��VLOLFD�WR�DOXPLQD�UDWLR�
LQFUHDVHV�DQG�8&6�GHFUHDVHV�DV�VKRZQ�LQ�)LJ�
���6LQFH�WKH�SURSHUWLHV�RI�GHDOXPLQDWHG�<�]HR�
OLWH�FDQ�EH�YDULHG�VR�ZLGHO\�GXULQJ�PDQXIDFWXU�
LQJ�SURFHVV��86<�LV�WKH�PRVW�YHUVDWLOH�PDWHULDO�
IRU�K\GURFUDFNLQJ��$�KLJK�8&6�86<�]HROLWH�ZLOO�
KDYH� KLJKHU� DFWLYLW\� DQG� DUH� W\SLFDOO\� XVHG� LQ�
QDSKWKD�SURGXFWLRQ�ZKLOH�D�ORZ�8&6�86<�]HR�
OLWH� ZLOO� KDYH� ORZHU� DFWLYLW\� DQG� DUH� XVHG� IRU�
GLVWLOODWH�SURGXFWLRQ� 

 

 

 

 

 

 

 

 

 

)LJ����&RUUHODWLRQ�EHWZHHQ�]HROLWLF�XQLW�FHOO�VL]H�
DQG�6L�$O�UDWLR��823������� 

&DWDO\VW�SRUH�VWUXFWXUH�SOD\V�DQ�LPSRUWDQW�UROH�
LQ�KRZ�WKH\�FRQYHUW� WKH�IHHG��)LJ���VKRZV�WKH�
GLIIHUHQFH� LQ� WKH� SRUH� VWUXFWXUH� RI� DQ� DPRU�
SKRXV�DQG�]HROLWH�FDWDO\VW�ZLWK�DPRUSKRXV� 

FDWDO\VW� KDYLQJ� PRUH� ODUJHU� SRUHV� WKDQ� WKH�
]HROLWH� FDWDO\VW�� /DUJHU� SRUH� VWUXFWXUH� RI�
DPRUSKRXV� FDWDO\VW� VXSSRUW� SUHIHUHQWLDOO\�
FRQYHUWV�KHDY\�PROHFXOHV�DQG�FRPELQHG�ZLWK�
LWV� ORZHU�DFWLYLW\� UHVXOW� LQ�KLJKHU�\LHOGV�RI� WKH�
KHDYLHU�SURGXFWV� 

 

 

 

 

 

 

 

 

)LJ����&RPSDULVRQ�RI�SRUH�VWUXFWXUH��823��
����� 

7KH� SURGXFW� \LHOG� GHSHQGV� RQ�PHWDO� WR� DFLG�
DFWLYLW\� UDWLR� RI� WKH� FDWDO\VW� LQ� XVH� DQG� LQ�
FUHDVHV�ZLWK�LQFUHDVLQJ�UDWLR��7KH�\LHOG�FRXOG�
DSSURDFK�PD[LPXP�ZKHQ�D� FDWDO\VW� FDQ�H[�
KLELW� LGHDO� FUDFNLQJ� EHKDYLRXU�� 7KH� SURGXFW�
GLVWULEXWLRQ� FKDUDFWHULVWLFV� DUH� TXLWH� GLIIHUHQW�
EHWZHHQ�DPRUSKRXV�FDWDO\VWV�DQG�WKRVH�FRQ�
WDLQLQJ�<�]HROLWH��)LJ���VKRZV�WKH�LQFUHPHQWDO�
\LHOG�DV�D�IXQFWLRQ�RI�WKH�GLVWLOODWLRQ�WHPSHUD�
WXUH� RI� WKH� SURGXFW� VODWHV� IRU� ERWK� W\SHV� RI�
FDWDO\VW��$W�WKH�VDPH�FRQYHUVLRQ�OHYHO�WR�����
)�� DPRUSKRXV� 6L2�ā$O�2�� FDWDO\VW� VKRZV� D�
PXFK�KLJKHU�GLVWLOODWHV�VHOHFWLYLW\�ZKHUHDV�WKH�
SURGXFW�RI�<�]HROLWH�FDWDO\VW�LV�KHDYLO\�VNHZHG�
WRZDUG�QDSKWKD��7KH�<�]HROLWH�FDWDO\VW�EHLQJ�
VLJQLILFDQWO\�PRUH�DFWLYH� WKDQ� WKH�DPRUSKRXV�
FDWDO\VW� ODFNV� WKH�SURSHU�PHWDO�DFLG� EDODQFH��
$V� D� UHVXOW�� H[FHVVLYH� VHFRQGDU\� FUDFNLQJ�
RFFXUV�RYHU�WKH�<�]HROLWH�FDWDO\VW�VKLIWLQJ�WKH�
SURGXFW�WR�OLJKWHU�ERLOLQJ�UDQJH�� 

 

 

 

 

 

 

 

)LJ����&RPSDULVRQ�RI�SURGXFW�SURILOHV��823��
����� 
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&21&/86,216 

7KH� SLYRWDO� UROH� RI� K\GURSURFHVVLQJ� XQLWV� LQ� D�
PRGHUQ� UHILQHU\�KLQJHV�RQ� LWV�XQLTXH�DELOLW\� WR�
SURGXFH�D�ZLGH�UDQJH�RI�SUHPLXP�TXDOLW\�SURG�
XFWV� ZLWK� FDWDO\VW� WHFKQRORJ\� DW� LWV� KHDUW��
3XVKHG� E\�PRUH� VWULQJHQW� IXHO� TXDOLW\� OHJLVOD�
WLRQV��FDWDO\VW�YHQGRUV�DUH�FRPELQLQJ�VWDWH-RI-
WKH-DUW� FKDUDFWHUL]DWLRQ� DQG� PDQXIDFWXULQJ�
WHFKQLTXHV� WR� FRPH� XS� EHWWHU� FDWDO\VWV� DQG�
LQQRYDWLYH�FDWDO\VW�VHOHFWLRQ� WHFKQLTXHV� WR�XQ�
ORFN� RSSRUWXQLWLHV� ZKLFK� FDQ� VLJQLILFDQWO\� HQ�
KDQFH� UHILQHU\�SURILW� LQ�D�VXVWDLQDEOH�ZD\�DQG�
FDXVH�OHVV�GDPDJH�WR�WKH�HQYLURQPHQW� 

5()(5(1&(6 

&KDUOHV�2OVHQ�DQG�%ULDQ�:DWNLQV�– ,QFUHDVHG�
DFWLYLW\�LQ�)&&�SUHWUHDW� 374�0DJD]LQH������ 

0LFKDHO� 7� 6FKPLGW� – 'HYHORSPHQWV� LQ� K\�
GURWUHDWLQJ�FDWDO\VW� 374�0DJD]LQH������ 

:RRG\� 6KLIOHWW�� &KDUOHV� 2OVHQ�� 'DQ� 7RUFKLD�
DQG� 'DYLG� %URVVDUG� – 2SWLPLVLQJ� K\GURSUR�
FHVVLQJ� FDWDO\VW� V\VWHPV� 374� 0DJD]LQH��
���� 

/L�:DQJ� DQG� +HPDQW� *DOD�–� +\GURFUDFNLQJ�
&DWDO\VW� 7HFKQRORJ\�� $,&+(�6SULQJ�1DWLRQDO�
0HHWLQJ������� 

$%287�7+(�$87+25 

 

5DMHVK� 6LYDGDVDQ� KROGV� D� &KHPLFDO� (QJL�
QHHULQJ� GHJUHH� DQG� LV� D� 3ULQFLSDO� 6SHFLDOLVW�
EDVHG� LQ� 7KH� 1HWKHUODQGV�� +LV� ��� \HDUV� RI�
H[SHULHQFH� LQ� +\GURSURFHVVLQJ� DUHD� LQFOXGH�
UROHV� LQ� WHFKQLFDO� VHUYLFH�� SODQW� RSHUDWLRQ��
SURFHVV� PRGHOOLQJ� DQG� RSWLPL]DWLRQ�� WURXEOH�
VKRRWLQJ��FRPPLVVLRQLQJ��WXUQDURXQG�VXSSRUW��
VWDUW� XS� DQG� WUDLQLQJ� ZLWK� FRPSDQLHV� OLNH�
823��.%&��$OEHPDUOH�DQG�,QGLDQ2LO� 
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De-scaling Application:  
Why the Pump Fails? 
Abhijeet Keer  

����,1752'8&7,21 

,W� LV� HVVHQWLDO� IRU� WKH� VWHHO� UROOLQJ�PLOOV� WR� LP�
SURYH� HIILFLHQF\� DQG� SURGXFW� TXDOLW\�� 2QH� RI�
WKH�NH\�IDFWRUV�LQ�GHWHUPLQLQJ�WKH�TXDOLW\�RI�WKH�
ILQDO� SURGXFW� LV� WKH� VFDOH� UHPRYDO� SURFHVV��
VFDOH� ZKLFK� LVQ
W� SURSHUO\� UHPRYHG� FDQ� EH�
FRPELQHG� ZLWK� WKH� VWHHO� ELOOHW� DV� LW� SDVVHV�
WKURXJK�WKH�PLOO��UHVXOWLQJ�LQ�GHIHFWLYH�RU�ORZHU�
TXDOLW\� VWHHO�� 7KLV� SURFHVV� RI� UHPRYDO� RI�
6FDOHV�LV�FDOOHG�'HVFDOLQJ� 

6WHHO�VODE�RU�ELOOHW�KHDWHG�WR�DSSUR[������Û&�LQ�
UHKHDWLQJ�IXUQDFH�LV�WUDQVIHUUHG�WR�UROOHU�WDEOHV�
RQ� LWV� RQZDUG� MRXUQH\� WR� UROOLQJ� PLOO� VWDQG�
ZKHUH� LW� ZLOO� EH� UROOHG� LQ� PXOWLSOH� SDVVHV� WR�
DFKLHYH� ORZHU� WKLFNQHVV� RU� GHVLUHG� VKDSH��
6OLJKW� R[LGL]LQJ� DWPRVSKHUH� LV� PDLQWDLQHG� LQ�
UHKHDWLQJ�IXUQDFH��7KDW�LV�ZK\��LW�UHVXOWV�LQ�WKH�
IRUPDWLRQ�RI�,URQ�R[LGH�VFDOHV�RQ�WKH�6WHHO�ELO�
OHW��6FDOH�IRUPHG�LQ�WKH�UHKHDWLQJ�IXUQDFH�QHHG�
WR� EH� ZDVKHG� EHIRUH� VHQGLQJ� WKH� PDWHULDO� WR�
PLOO�VWDQGV� 

����352&(66�'(6&5,37,21 

7KH�3URFHVV�RI�GHVFDOLQJ�L�H��6WULNLQJ�RI�:DWHU�
-HW� ZLWK� +LJK� LPSDFW� (QHUJ\� FDQ� EH� DFFRP�
SOLVKHG�WKURXJK�GLIIHUHQW�ZD\V��'LIIHUHQW�PHWK�
RGV�VXFK�DV�GLUHFW�GHVFDOLQJ�RU�LQGLUHFW�GHVFDO�
LQJ�KDYH�EHHQ�LQFRUSRUDWHG��/HW�XV�XQGHUVWDQG�
KRZ�WKLV�ZRUNV� 

'LUHFW� GHVFDOLQJ� LQYROYHV� XVLQJ� D� +LJK� SUHV�
VXUH� XVXDOO\� D� 0XOWLVWDJH� &HQWULIXJDO� 3XPS�
ZKLFK�ZLOO� GHOLYHU� WKH� UHTXLUHG� DPRXQW� RI� IORZ�
WKURXJK�WKH�1R]]OHV�DWWDFKHG�WR�KHDGHU� LQ�WKH�
'HVFDOLQJ�%R[�� ,Q� FDVH�RI� GLUHFW�PHWKRG�� RQH�
WKLQJ� WKDW�PXVW� EH� QRWHG� LV� WKDW�� WKH� WRWDO� GH�
PDQG� RI� WKH� IORZ� IRU� GHVFDOLQJ� LV� VHUYHG� E\�
3XPS�DORQH� 

:KHUHDV� LQ� ,Q-GLUHFW�PHWKRG�� WKH�3XPS�DORQJ�
ZLWK�WKH�DFFXPXODWRU�LV�XVHG��7KH�DFFXPXODWRU�
LV� D� SUHVVXUH� YHVVHO� ZKLFK� VWRUHV� WKH� IOXLG� DW�
KLJK�SUHVVXUH�DQG�VXSSOHPHQWV�WKH�SXPS�IORZ�
DV�DQG�ZKHQ�UHTXLUHG� 

1RZ��WKH�TXHVWLRQ�PD\�DULVH��ZKDW�LV�WKH�QHHG�
IRU� VXFK� GLIIHUHQW� PHWKRGV� RI� GLUHFW� DQG� LQGL�
UHFW� 

,I�ZH� ORRN�DW� WKH�3URFHVV�RI�GHVFDOLQJ� LQ�GH�
WDLO��ZH�ZLOO�UHDOL]H�WKH�SDLQ�SRLQWV�DVVRFLDWHG�
ZLWK� WKH� V\VWHP�� 7KH� 'HVFDOLQJ� RSHUDWLRQ� LV�
DQ� LQWHUPLWWHQW� RSHUDWLRQ�� 7KH� %LOOHW� RU� VODE�
WKDW�UROOV�RYHU�WKH�SURGXFWLRQ�OLQH�KDV�D�F\FOH�
WLPH�� ,W� SDVVHV� WKURXJK� YDULRXV� VWDWLRQV� IRU�
FHUWDLQ� SHULRG� RI� WLPH��'HVFDOLQJ� VHFWLRQ� EH�
LQJ�RQH�RI� WKH� ILUVW� VWDWLRQV� WKDW� WKH� VODE�HQ�
FRXQWHUV��RQFH� LW� FRPHV�RXW�RI� WKH� UHKHDWLQJ�
IXUQDFH��+HQFH�WKH�SURFHVV�RI�'HVFDOLQJ�LV�D�
F\FOLF�RQH��$V�VKRZQ�LQ�ILJ����ZKHQ�WKH�PDWH�
ULDO� UHDFKHV� 'HVFDOLQJ� VHFWLRQ� FDOOHG� DV� GH�
VFDOLQJ� ER[�� WKH� GHVFDOLQJ� YDOYH� RSHQV� DQG�
WKH�VSHFLDOO\�GHVLJQHG�VSUD\�QR]]OHV�LQVWDOOHG�
RQ� WRS� DQG� ERWWRP� KHDGHU�� VSUD\� WKH� MHW� RI�
ZDWHU� RQ� WKH� PDWHULDO�� 7KH� GHVFDOLQJ� YDOYH�
UHPDLQV� RSHQ� W\SLFDOO\� IRU� ��� WR� ��� VHFRQGV�
RI� F\FOH� WLPH� GHSHQGLQJ� XSRQ� WKH� OHQJWK� RI�
WKH� VWHHO� VODE� DQG� FORVHV� DJDLQ�� 7KH� 6WHHO�
ELOOHW�VODE�� LQ� RUGHU� WR� DWWDLQ� UHTXLUHG� WKLFN�
QHVV� KDV� WR� JR� WKURXJK� PXOWLSOH� SDVVHV�
WKURXJK�WKH�UROOHUV��+HQFH��LQ�VRPH�FDVHV�� LQ�
RQH�F\FOH�ODVWLQJ�IRU���WR���PLQXWHV��GHVFDOLQJ�
YDOYHV�RSHQ�DQG�FORVH�IRU���WR���WLPHV��VRPH�
WLPHV�DW�WKH�LQWHUYDO�RI����VHFRQGV�RU�OHVV� 

6LQFH� WKH�V\VWHP�KDV�D�F\FOLF�RSHUDWLRQ�ZLWK�
IOXFWXDWLQJ� GHPDQGV�� WKLV� LV� OLNHO\� FDQGLGDWH�
IRU� WKH�XVH�RI�$FFXPXODWRUV��7KH�HQHUJ\�HIIL�
FLHQF\� RI� WKH� RSHUDWLRQ�� DV� FDQ� EH� VHHQ�� LV�
ORZ��2I�FRXUVH��WKH�PHDVXUH�FRQWULEXWLQJ�IDF�
WRU� IRU� WKH� HQHUJ\� FRQVXPSWLRQ� EHLQJ� WKH�
3XPS��$V�WKH�HIILFLHQF\�RI�WKH�GHVFDOLQJ�SUR�
FHVV�GHSHQGV�RQ�WKH�LPSDFW�RI�ZDWHU�MHW�� LW� LV�
TXLHW� FHUWDLQ� WKDW� WKH� V\VWHP� ZLOO� QHHG� WKH�
+LJK� SUHVVXUH� SXPS� ZLWK� PRGHUDWH� IORZ��
+HQFH� WKLV� FDOOV� IRU� WKH� XVXDOO\� KLJK� VSHHG�
0XOWLVWDJH� 3XPSV�� VLQFH� WKHUH� LV� FOHDU� DG�
YDQWDJH� RI� HIILFLHQF\� LQ� FDVH� RI� FHQWULIXJDO�
SXPSV��+RZHYHU��WKH�ODUJH�DPRXQW�RI�%\SDVV�
IORZ�WLPH�GXULQJ�WKH�OLIH�WLPH�RI�WKH�SXPS��WKH�
HQHUJ\�ZDVWDJH�LV�FRQVLGHUDEOH�DQG�KHQFH��LW�
LV� HVVHQWLDO� WR� UHGXFH� WKH� VL]H� RI� WKH� SXPS�
ZKLFK�ZLOO�LQ�WXUQ�PHDQV�UHGXFLQJ�WKH�IORZ� 

6R� XVH� RI� DFFXPXODWRUV� JLYHV� WKLV� OLEHUW\� IRU�
UHGXFWLRQ�LQ�VL]H�RI�WKH�SXPS��7KH�DFFXPXOD�
WRUV�VXSSOHPHQW� WKH�3XPS�E\�DGGLQJ� WKH� UH�
TXLUHG�DPRXQW�RI�IORZ�ZKHQ�QHFHVVDU\��:LWK�



32 

 

KDYH� EHHQ� ODUJHU� WR�PHHW� WKH� GHPDQG� RI� WKH�
RSHUDWLRQ� 
 
7KLV�VKRZV�WKH�ILUVW�DQG�IRUHPRVW�SDLQ�SRLQW�RI�
WKH�6\VWHP�L�H� LQWHUPLWWHQW�RSHUDWLRQ� 
 
6HFRQGO\��LI�ZH�UHIHU�WR�ILJ���DJDLQ��ZH�ZLOO�VHH�
WKDW� WKHUH� LV� UHFLUFXODWLRQ�YDOYH�SODFHG�QHDU� WR�
5HVHUYRLU� IURP�ZKHUH� WKH� 3XPS� LV� WDNLQJ� WKH�
6XFWLRQ�� $V� ZH� KDYH� VHHQ�� WKH� RSHUDWLRQ� RI�
GHVFDOLQJ� LV� LQWHUPLWWHQW� RQH�� WKHUH� LV� D� GZHOO�
WLPH�LQ�WKH�RSHUDWLRQ��7LOO� WKH�QH[W�F\FOH�VWDUWV��
WKH�SXPS�KDV� WR�NHHS�UXQQLQJ�DQG�KHQFH�� WKH�
IORZ�RI�WKH�SXPS�LV�URXWHG�WKURXJK�UHFLUFXODWLRQ�
YDOYH�� EDFN� WR� WKH� UHVHUYRLU�� 7KH� RSHUDWLQJ�
SRLQW� IRU� WKH� SXPS� XVXDOO\� LQ� WKLV� FRQGLWLRQ� LV�
0LQLPXP� DOORZDEOH� FRQWLQXRXV� IORZ�� ZKLFK�
VKDOO�EH�VXIILFLHQW�VR�WKDW��WKHUH�ZLOO�QRW�EH�DQ\�
XQGHVLUHG� 7HPSHUDWXUH� LQFUHDVH� RI� WKH� ZDWHU�
EHLQJ� SXPSHG� DQG� VHFRQGO\� WKH� YLEUDWLRQV� RI�
WKH�HTXLSPHQW�VKDOO�QRW�JR�EH\RQG�WKH�OLPLW� 
 
6R� RXU� VHFRQG� SDLQ� SRLQW� KLJKOLJKWHG� KHUH� LV�
WKH UXQQLQJ�RI�SXPS�WRZDUGV�OHIW�RI�WKH�SHUIRU�
PDQFH�FXUYH� 
 
���� 9$5,286� 352%/(06� $662&,$7('�
:,7+�7+(�352&(66 
 
1RZ��DV�ZH�XQGHUVWDQG� WKH�V\VWHP�� OHW�XV� OLVW�
RXW� WKH�SUREOHPV�DVVRFLDWHG�ZLWK�WKH�SXPSLQJ�
RI�WKH�ZDWHU�UHTXLUHG�IRU�WKH�RSHUDWLRQ� 

��      )UHTXHQW�&KDQJH�RI�RSHUDWLQJ�SRLQW 
��      5XQQLQJ�WKH�SXPS�RQ�E\SDVV�IORZ 
��      9DU\LQJ�V\VWHP�UHVLVWDQFHV 
��      4XDOLW\�RI�ZDWHU�EHLQJ�3XPSHG 
��      +LJK�VSHHG�DSSOLFDWLRQ 
��     +LJK�SUHVVXUH�PHDQLQJ�KLJK�V\VWHP�UH�

VLVWDQFHV 
 
7KHVH� DUH� VRPH� RI� WKH� FDXVHV� RI� SUREOHPV�
DVVRFLDWHG�ZLWK� WKH�3XPS��ZKLFK� OHDG� WR� IUH�
TXHQW�EUHDNGRZQ�RI�WKH�HTXLSPHQW� 
 
7KH� W\SLFDO� IDLOXUHV� HQFRXQWHUHG� E\� WKH�
3XPSV� DUH� KLJK� YLEUDWLRQ�� KLJK� EHDULQJ� WHP�
SHUDWXUHV��VHL]XUH��HYHQ�VKDIW�EUHDNDJH�LV�QRW�
XQFRPPRQ� 
 
7KH� IUHTXHQW� FKDQJHV� LQ� RSHUDWLQJ� FRQGLWLRQ�
OHDG� WR� WUDQVLHQW� RSHUDWLRQV� DQG� DOVR� OHDG� WR�
IDWLJXH�ORDGLQJ�RI�WKH�SXPS��,I�ZH�REVHUYH�WKH�
FURVV� VHFWLRQ� RI� RQH� RI� WKHVH� W\SLFDO� PXOWL�
VWDJH� SXPSV�� ZH� VHH� WKDW� WKH� VKDIW� RI� WKH�
SXPS�LV�FDUU\LQJ�D�UDGLDO�DQG�KXJH�DPRXQW�RI�
$[LDO� WKUXVW� GXH� WR� WKH� KLJK� SUHVVXUH� RSHUD�
WLRQ��7KH�VKDIW�EHLQJ�VOHQGHU�DQG�ZLWK�QXPEHU�
RI�LPSHOOHUV�PRXQWHG�ZLOO�GHIOHFW��2I�FRXUVH��LW�
ZLOO�EH�GHVLJQHG�WR�NHHS�WKH�GHIOHFWLRQ�ZLWKLQ�
OLPLW� EXW� WKH� VLPXOWDQHRXV� DFWLRQ� RI� $[LDO�
WKUXVW�� DQG� WKDW� WRR� IOXFWXDWLQJ�� SUHVHQW� WKH�
FRQGLWLRQV��ZKLFK�DUH�QHHGHG� WR�EH�DQDO\VHG�
LQ�GHWDLO�GXULQJ�WKH�GHVLJQ�VWDJH�DQG�ZLOO�EH� 

)LJ�� 
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GLIIHUHQW� IRU� HDFK� DSSOLFDWLRQ�� 0DQ\� RI� WKH�
WLPHV�� WKHVH� WUDQVLHQW� FRQGLWLRQV� DUH� RYHU�
ORRNHG� UDWKHU� QRW� HYHQ� FRQVLGHUHG� GXULQJ� WKH�
HQTXLU\� VWDJH�� 7KH� UHVXOW� EHLQJ� WKH� IUHTXHQW�
IDLOXUH�RI�WKH�SXPS�RQ�ILHOG� 
 
0RVW� FRPPRQO\� REVHUYHG� SDLQ� SRLQW� LV� WKH� YL�
EUDWLRQ� RI� WKH� HTXLSPHQW�� 2QH� WKLQJ� WR� QRWH�
KHUH� LV� WKH� GHVLJQ� RI� 5RWRU� RI� WKH� PXOWLVWDJH�
SXPS�� +HUH� LV� WKH� TXLFN� VLPSOH� FDOFXODWLRQ� WR�
LOOXVWUDWH��KRZ�RQH�PLJKW�JR�ZURQJ�� LI� WKH�VXE�
PLWWHG� RSHUDWLQJ� FRQGLWLRQV� E\� WKH� FXVWRPHUV�
DUH�QRW�DVVHVVHG�SURSHUO\� 
/HW¶V�VD\�WKH�RSHUDWLQJ�VSHHG�RI�WKH�HTXLSPHQW�
XQGHU�FRQVLGHUDWLRQ�LV�DURXQG������USP� 
1RZ��DW�WKLV�RSHUDWLQJ�VSHHG�LI�ZH�ZDQW�WR�NHHS�
WKH�YLEUDWLRQV�EHORZ�����PP�V�WKHQ�LW�LV�LPSHUD�
WLYH� WR�EDODQFH� WKH�5RWRU�G\QDPLFDOO\�DW�JUDGH�
*���� DV� SHU� ,62� ������ 1RZ� OHW¶V� GR� VRPH�
EDVLF�FDOFXODWLRQ� 
9� �U�[�Z ���ZKHUH�Y� �YLEUDWLRQ�YHORFLW\�PP�V 
      U� �HFFHQWULFLW\��PP 
      Z� �DQJXODU�VSHHG��UDG�V� 
QRZ� 

 
  
+HQFH��U� �����PLFURQV 
 
:KLFK� PHDQV� WKDW�� WKH� HFFHQWULFLW\� DOORZDEOH�
IRU�WKH�FHQWUH�RI�PDVV�DW�JLYHQ�RSHUDWLQJ�VSHHG�
LV� RQO\� ��PLFURQV�� 1RZ�� LI� ZH� DUH� DVVHPEOLQJ�
WKH�LPSHOOHUV�RQ�WKH�6KDIW��WKHUH�PXVW�EH�VRPH�
FOHDUDQFH� IRU� WKH� DVVHPEO\� RI� VKDIW� ZLWK� WKH�
LPSHOOHU��VXUHO\�QRZ��LI�ZH�FKRRVH�WKH�VOLGLQJ�ILW�
EHWZHHQ�VKDIW�DQG� LPSHOOHU�ZKLFK�PLJKW� UHVXOW�
LQ� PLQLPXP� OLPLW� KLJKHU� WKDQ� WKLV� ��� PLFURQV�
�� UDGLDOO\� �� PLFURQV��� 7KLV� ZLOO� VXUHO\� OHDG� WR�
KLJKHU�YLEUDWLRQV� 
1RZ��WKLV�DOO�ZKDW�ZH�GLVFXVVHG�LV�IRU�WKH�%HVW�
HIILFLHQF\� SRLQW� RI� WKH� SXPS�� 2QH� FDQ� JXHVV��
ZKDW�ZLOO�KDSSHQ�ZKHQ�WKH�SXPS�LV�UXQQLQJ�RQ�
WKH� OHIW� RI� WKH� FXUYH� ZKHUH� WKH� YLEUDWLRQV� DUH�
LQKHUHQWO\�KLJKHU�GXH�WR�IORZ�WUDQVLHQWV� 
 
$QRWKHU�SRLQW�RI�LQWHUHVW�FRXOG�EH�FKHFNLQJ�WKH�
QDWXUDO� IUHTXHQFLHV� RI� WKH� EDVHSODWHV� DV� ZHOO�
DV� FRPSOHWH� DVVHPEOHG� SXPS�� 2QH� VKRXOG�
PDNH�VXUH��WKH�SXPS�LV�QRW�LQ�UHVRQDQFH�ZKLOH�
RSHUDWLQJ�DW�JLYHQ�RSHUDWLQJ�VSHHG� 
 
,Q� FDVH� RI� 0XOWLVWDJH� 3XPSV�� WKH� D[LDO� WKUXVW�
WKDW�WKH�6KDIW�QHHGV�WR�FDUU\�LV�KXJH��7KHUH�DUH�
YDULRXV�PHDQV�E\�ZKLFK�WKH�$[LDO�WKUXVW�FDQ�EH�
FRPSHQVDWHG�� )RU� PXOWLVWDJH� 3XPSV�� EDODQF�
LQJ� GLVN� RU� EDODQFLQJ� GUXP� DUH� XVXDOO\� HP�
SOR\HG�PHWKRGV�WR�FRXQWHU�$[LDO�WKUXVW��%DODQF�
LQJ� GLVN� FRPSOHWHO\� EDODQFHV� WKH� D[LDO� WKUXVW�
DQG�KHQFH�GRHV�QRW�UHTXLUH�DQ�DGGLWLRQDO� 

WKUXVW� EHDULQJ�� %DODQFLQJ� GUXP� RQ� WKH� RWKHU�
KDQG��UHTXLUHV�DGGLWLRQDO�WKUXVW�EHDULQJ�WR�FDU�
U\�UHVLGXDO�D[LDO�WKUXVW� 
 
)RU� LQWHUPLWWHQW� RSHUDWLRQ� DQG� KLJK� D[LDO�
WKUXVW��VXFK�DV�WKLV��RI�FRXUVH�EDODQFLQJ�GUXP�
LV� WKH� REYLRXV� FKRLFH��2QH� RI� WKH� NH\� WKLQJV�
KHUH�ZRUWK� QRWLFLQJ� LV� WKDW�� WKH� GHVLJQ� RI� WKH�
EDODQFLQJ�GUXP�LV�IRU�VLQJOH�GXW\�SRLQW��ZKLFK�
LV�%HVW�HIILFLHQF\�SRLQW�RI�WKH�3XPS��+HQFH�IRU�
DOO� RWKHU� RSHUDWLQJ�SRLQWV�� HVSHFLDOO\� DW� ORZHU�
IORZV�� WKH�$[LDO� WKUXVW�ZLOO�FKDQJH�DQG�ZLOO�EH�
KXJH�GXH�WR�KLJK�SUHVVXUH�DW�ORZHU�IORZ� 
 
7KHVH� IOXFWXDWLRQV� LQ� WKH� $[LDO� WKUXVW� FRXOG�
HYHQ� OHDG� WR� UHODWLYH�PRYHPHQW� EHWZHHQ� WKH�
%HDULQJV� WKUXVW� SODWH�DQG� WKH�6KDIW��$QG� WKLV�
OLNHO\�WR�UHVXOW�LQ�WKH�)UHWWLQJ�GDPDJH�DV�ZHOO��
)UHWWLQJ� RFFXUV� ZKHQ� WKHUH� LV� DQ� RVFLOODWLQJ�
PRYHPHQW� EHWZHHQ� WZR� VXUIDFHV� ZKLFK� DUH�
KDYLQJ� DOPRVW� ]HUR� FOHDUDQFH�� ,Q� FDVH� RI�
WKUXVW�SODWH��LW�LV�PRXQWHG�RQ�WKH�VKDIW�ZLWK�WKH�
,QWHUIHUHQFH� ILW�� EXW� GXH� WR� KXJH� DPRXQW� RI�
WKUXVW� DQG� WKDW� WRR� IOXFWXDWLQJ�� WKH� IUHWWLQJ�
GDPDJH�LV�OLNHO\�WR�KDSSHQ� 
 
$OVR� GXULQJ� GHVLJQ� VWDJH�� RQH� QHHGV� WR� WDNH�
FDUH�RI�WKH�HORQJDWLRQ�RI�WKH�VKDIW�GXH�WR�ORDG�
LQJ� DQG� VKRXOG� VHOHFW� WKH�PDWHULDO� ZKLFK�ZLOO�
UHPDLQ�VWLII�ZLWKRXW�DQ\�H[FHVVLYH�GHIOHFWLRQ� 
 
2QH� PRUH� SUREOHP� DVVRFLDWHG� ZLWK� LQWHUPLW�
WHQW�RSHUDWLRQ�WKDW�PLJKW�EH�RYHUORRNHG�GXULQJ�
WKH�VHOHFWLRQ�RI�WKH�HTXLSPHQW�LV��WKH�FKDQJHV�
LQ� QR]]OH� ORDGV�� 7KLV� OHDGV� WR� WKH� PLVDOLJQ�
PHQW�RI�WKH�HTXLSPHQW��ZKLFK�OHDGV�WR�KLJKHU�
YLEUDWLRQV��XQHYHQ�ZHDU��EHDULQJ�WHPSHUDWXUH�
ULVH��HWF� 
 
$ORQJ�ZLWK�WKDW��LI�WKH�SXPS�LV�UXQQLQJ�DW�ORZHU�
IORZ�� PHDQV� DW� KLJKHU� V\VWHP� UHVLVWDQFH��
WKHUH� DUH� FKDQFHV� RI� IORZ� VHSDUDWLRQ� RQ� WKH�
VXFWLRQ�VLGH�RI�WKH�YDQH��7KLV� LQ�WXUQ�GLVWXUEV�
WKH�KHDG�JHQHUDWLRQ�DQG�UHVXOWV�LQ�IORZ�SXOVD�
WLRQV�LQ�WKH�IOXLG�DQG�DOVR�LQ�WKH�SXPS�FRPSR�
QHQWV��$QRWKHU� SUREOHP� LV� WKH� VXFWLRQ�RU� GLV�
FKDUJH� UHFLUFXODWLRQ� GXH� WR� ORZ� IORZ� FRQGL�
WLRQV�� 0RVWO\�� LQ� FDVH� RI� ORZ� VSHFLILF� VSHHG�
SXPSV�VXFK�DV�WKHVH��GLVFKDUJH�UHFLUFXODWLRQ�
FRXOG�EH�PRUH�SURQRXQFHG�ZKLFK�FRXOG�HYHQ�
OHDG�WR�GDPDJH�DW�WKH�,PSHOOHU�VKURXG�RXWVLGH�
GLDPHWHU�DQG�YDQH�WLS�DUHD� 
 
$QRWKHU�SDLQ�SRLQW�LV�WKH�GHVFDOLQJ�ZDWHU�XVHG�
DFFXPXODWHV�ZLWK�VROLG�SDUWLFOHV��'HVSLWH�SUH-
ILOWUDWLRQ��QRW�DOO�SDUWLFOHV�FDQ�EH�UHPRYHG�IURP�
WKH� ZDWHU�� 6ROLG� SDUWLFOH� DFFXPXODWLRQ� LQ� WKH�
SURFHVV�ZDWHU�FDQ�EH�KDUPIXO� IRU� WKH�VHDOLQJ�
LQ� WKH� OLTXLG�HQG�DQG�RWKHU�ZHWWHG�SDUWV��7KLV�
DOVR� UHVXOWV� LQ� XQHYHQ� ZHDU� RI� WKH� K\GUDXOLF�
FRPSRQHQWV��HVSHFLDOO\�FORVH�FOHDUDQFH�DUHDV�
VXFK�DV�PHFKDQLFDO�VHDOV��7KH�ZHDU�DW�LPSHO�
OHU�RXWVLGH�GLDPHWHU�LV�DOVR�QRW�XQFRPPRQ� 
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����&21&/86,21 
 
7KH� GHVFDOLQJ� RSHUDWLRQ� EHLQJ� D� F\FOLF� RQH� LV�
FULWLFDO� IRU� WKH� SXPS� DQG� DVVRFLDWHG� DFFHVVR�
ULHV�DQG�SLSLQJ�DV�ZHOO��+HQFH�FDUHIXO�HYDOXD�
WLRQ�DQG�H[DFW� IRUPXODWLRQ�RI�VSHFLILFDWLRQV� IRU�
WKH�HTXLSPHQW� LV�YHU\�HVVHQWLDO��'XULQJ�GHVLJQ�
VWDJH��RQH�QHHG�WR�DGGUHVV�DW� OHDVW� WKH�SRLQWV�
OLVWHG�DERYH��LQ�RUGHU�WR�KDYH�WURXEOH�IUHH�RSHU�
DWLRQ�RI�WKH�HTXLSPHQW� 
 
����5()(5(1&(6 
 
+LJK-SUHVVXUH�ZDWHU� KHDW-VWDWH� GHVFDOLQJ� V\V�
WHP�RI�HOHFWURK\GUDXOLF�XQORDGLQKJ�YDOYH�������
/XR� -LDQKXD�� /LX� 6KRXKXD�� /L� ;LDQJZHQ�
&1�������$�� 
 
$FFXPXODWRU� V\VWHP� ZLWK� FHQWUIXJDO� SXPS��
5REHUW�-��/LQGVH\��&LQFLQQDWL��2KLR��DVVLJQRU�WR�
DPHULFDQ�VWHHO�IRXQGULHV��FKLFDJR��LOO���D�FRUSR�
UDWLRQ� RI� QHZ� MHUVH\� DSSOLFDWLRQ� MXQH� ��� ������
VHULDO�QR���������SDWHQWHG�QRY���������� 
 
$%287�7+(�$87+25 

 
$EKLMHHW�.HHU� LV�D�\RXQJ�SDVVLRQDWH�HQJLQHHU��
ZKR�KDV�EHHQ�ZRUNLQJ�LQ�WKH�'HVLJQ�ILHOG�RI�WKH�
&HQWULIXJDO� 3XPSV� IRU� RYHU� �� <HDUV�� 7KH�PH�
FKDQLFDO� &RQVWUXFWLRQ� DQG� 0DWHULDOV� DUH� KLV�
VWURQJ� VNLOOV��:LWK� RYHU� �� \HDUV� RI� KLV� &DUHHU�
ZRUNLQJ�DV�D�'HVLJQ�(QJLQHHU�ZLWK�PDMRU�SOD\�
HUV� LQ�3XPS� ,QGXVWU\��.6%� OLPLWHG� DQG�.LUORV�
NDU�%URWKHUV�/LPLWHG��KH�KDV�GHYHORSHG�VWURQJ�
DIILQLW\� WRZDUGV� WKLV� ILHOG�� +H� FRPSOHWHG� KLV�
%DFKHORU¶V� GHJUHH� LQ� 0HFKDQLFDO� (QJLQHHULQJ�
IURP� 8QLYHUVLW\� RI� 0XPEDL�� ,QGLD�� +H� HQMR\V�
ZULWLQJ� DUWLFOHV� UHODWHG� WR� 3XPSV� DQG� DSSOLFD�
WLRQV��+LV�SURIHVVLRQDO� H[SHULHQFH� FRYHUV�QHZ�
3URGXFW� GHVLJQ� DQG� GHYHORSPHQWV�� PDWHULDO�
VHOHFWLRQ�DQG�DSSOLFDWLRQ�HQJLQHHULQJ�DQG�FRP�
SOHWH�PHFKDQLFDO�FRQVWUXFWLRQV� 
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How to...Downcomers | Part 5 
All About Downcomers and Weirs 
'U��-,QJ��9RONHU�(QJHO 

7RZHU� WUD\V� DQG� LQWHUQDOV� DUH� WKH� KHDUW� RI� DOO�
GLVWLOODWLRQ�FROXPQV��7KHLU�GHVLJQ� LV�DQ�HVVHQ�
WLDO� SDUW� RI� D� SURFHVV� HQJLQHHU¶V� WDVN� DQG� GH�
WHUPLQHV�WKH�SURFHVV�UHOLDELOLW\�DQG�HFRQRP\� 

7KLV�DUWLFOH� LV� WKH�SDUW�RI� D� VHULHV�RQ�GLIIHUHQW�
NLQGV�RI�WUD\V�DQG�LQWHUQDOV� 

,Q�DOPRVW�DOO� WUD\� WRZHUV�� WKH� OLTXLG� IORZV�KRUL�
]RQWDOO\�IURP�WKH�LQOHW��JHWV�LQ�FRQWDFW�ZLWK�WKH�
YHUWLFDO�VWUHDPLQJ�JDV��JHQHUDWHV�D�WZR-SKDVH�
OD\HU�RQ�WKH�DFWLYH�DUHD��OHDYHV�WKH�WUD\�DW�WKH�
RXWOHW� ZHLU� DQG� GHJDVHV� LQ� WKH� GRZQFRPHU�
ZKLOH�SDVVLQJ�WR�WKH�QH[W�WUD\�EHORZ�� 

7KH�PDLQ�IRFXV�LQ�WUD\�WRZHUV�LV�RIWHQ�RQO\�WKH�
DFWLYH� DUHD� �W\SH� RI� WUD\�� SUHVVXUH� GURS�� IURWK�
KHLJKW��HIILFLHQF\��������ZKHUH�WKH�PDVV�WUDQVIHU�
WDNHV� SODFH��7R� XQGHUVWDQG� DOO� WKH� FRPSOH[LW\�
RI� WUD\V�� LW� LV� QHFHVVDU\� WR�JHW� DQ�RYHUYLHZ�RI�
WKH� YDULRXV� VKDSHV� DQG� OD\RXWV� RI� GRZQFRP�
HUV�� 

'2:1&20(56��'&� 

7KH�PDLQ�IXQFWLRQ�RI�WKH�GRZQFRPHU�LV�WR�FRO�
OHFW� DOO� OLTXLG� IURP� WKH� DFWLYH� DUHD�� GHJDV� WKH�
OLTXLG�� OHDG�WKH� OLTXLG�WR�WKH�QH[W� WUD\�DQG�VHDO�
WKH�GRZQFRPHU�DJDLQVW�JDV�E\SDVV��)LJ������ 

7KH� VL]H� DQG� VKDSH� RI� WKH� GRZQFRPHU� LV�
VSHFLILHG�E\� WKH� OLTXLG�IORZ�UDWH��ZKHUHDV� WKH�
VL]H� RI� WKH� DFWLYH� DUHD� LV� GHWHUPLQHG� E\� WKH�
JDV�ORDG� 

2QH�RI� WKH�PDLQ� WDVNV�DW�GHVLJQLQJ�D�SURSHU�
WUD\�LV�WR�FKRRVH�VXLWDEOH�YDOXHV�IRU�WKHVH�WZR�
DUHDV��7KLV�VHWV�WKH�WRZHU�GLDPHWHU� 

)/2:�3$66(6 

2QH�RI� WKH�YHU\� ILUVW�VWHSV� LQ� WKH�GHVLJQ�RI�D�
WUD\� LV� WR� GHDO� ZLWK� WKH� OLTXLG� ORDG�� ,W� VKRZV��
KRZ�PDQ\�GRZQFRPHUV�SHU�WUD\�DUH�UHTXLUHG�
DQG� KRZ� WKH� GRZQFRPHU�V�� KDYH� WR� EH� GH�
VLJQHG��7R�KDQGOH�WKH�OLTXLG�ORDG��\RX�KDYH�WR�
VXSSO\� WKH� DSSUR�SULDWH� GRZQFRPHU� DUHD� DV�
ZHOO�DV�HQRXJK�ZHLU�OHQJWK� 

7R� DFKLHYH� WKLV� JRDO�� WKHUH� DUH� GLIIHUHQW� OD\�
RXWV�ZLWK�RQH�RU�PRUH�GRZQFRPHUV�DQG�VSH�
FLDO� GRZQ�FRPHU� VKDSHV�� �6RPH� RWKHU� GH�
VLJQV�OLNH�'XDO�IORZ�WUD\V��EDIIOH�WUD\V��VKRZHU�
GHFNV������KDYH�QR�GRZQ�FRPHUV�� 

,Q� WKH� HDVLHVW� FDVH�� WKHUH� LV� RQO\� RQH� GRZQ�
FRPHU� �)LJ�� ���� 7KH� OLTXLG� LV� VWUHDPLQJ� IURP�
RQH� VLGH� RI� WKH� WRZHU� WR� WKH� RWKHU�� 7KHUH� LV�
RQH� DFWLYH� DUHD� DQG� RQH� IORZ� SDWK�� 7KLV�
�FRPPRQ�� GHVLJQ� LV� FDOOHG� �-SDVV� RU�6LQJOH-
SDVV� WUD\��7KH� WUD\�GHVLJQ� LV� WXUQHG�E\������
DW�HDFK�VWDJH�� ,W� LV�XVHG� IRU� WRZHU�GLDPHWHUV�
XS�WR��P���)RU�VRPH�VSHFLDO�DSSOLFD�WLRQV�\RX�
ZLOO�HYHQ�ILQG��-SDVV�WUD\V�XS�WR��P�� 

 

 

 

 

 

 

)RU�KLJKHU� OLTXLG� ORDGV�DQG� ODUJHU� GLDPHWHUV��
WZR� OLTXLG� SDWKV� DUH� QHHGHG� �)LJ�� ���� 7KLV�
OHDGV�WR�WZR�GLIIHUHQW� WUD\�GHVLJQV��ZKLFK�DUH�
XVHG�DOWHUQDWHO\� IRU� WKH�VWDJHV� �WKHUHIRUH� WKH�
RGG� WUD\� QXPEHUV� EHORQJ� WR� RQH� GHVLJQ�� WKH�
HYHQ�RQHV�WR�WKH�RWKHU���7KH�VR-FDOOHG� 
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LQERDUG�GHVLJQ�KDV�D� FHQWHU� GRZQFRPHU�� WKH�
RWKHU� �RXWERDUG� GHVLJQ�� KDV� WZR� VLGH� GRZQ�
FRPHUV��7KH�OLTXLG�LV�VWUHD�PLQJ�IURP�WKH�FHQ�
WHU� GRZQ�FRPHU� WR� WKH� VLGH�GRZQFRPHUV�DQG�
RQ�WKH�QH[W�VWDJH�IURP�WKH�VLGHV�WR�WKH�FHQWHU�
GRZQFRPHU�� 7KH� DFWLYH� DUHD� LV� V\PPHWULFDO�
RQ�HDFK�WUD\���-SDVV�GHVLJQV�DUH�RIWHQ�XVHG�LQ�
SUDFWLFH� 

 

 

 

 

 

 

 

 

7KH�QH[W�ORJLFDO�VWHS�LV�WKH��-SDVV�WUD\�GHVLJQ�
�)LJ������7KHUH�LV�D�VLGH�GRZQFRPHU�DQG�DQ�RII
-FHQWHU� GRZQFRPHU��7KH�GHVLJQ� LV� URWDWHG�E\�
����� SHU� VWDJH��7KHUH� LV� RQO\� RQH� GHVLJQ� IRU�
DOO�WUD\V��DV�IRU�WKH��-SDVV�GHVLJQ���7KLV�LV�DQ�
DG�YDQWDJH� LQ� WHUPV� RI� WKH� LQYHVWPHQW� FRVWV�
FRPSDUHG� WR� WKH� �-� DQG� �-SDVV� WUD\� GHVLJQ��
2Q� WKH� RWKHU� KDQG� WKHUH� DUH� WKUHH� GLIIHUHQW�
VKDSHG�DFWLYH�DUHDV�SHU�VWDJH�DQG�D�YHU\�GLI�
IHUHQW� JHRPHWU\� RI� WKH� GRZQFRPHUV�� 7KHUH�
IRUH�LW�LV�QRW�HDV\�WR�GHVLJQ�WKLV��-SDVV�WUD\�IRU�
D� ZLGH� RSHUDWLRQ� UDQJH� DQG� \RX�ZLOO� QRW� ILQG�
WKLV�W\SH�YHU\�RIWHQ�LQ�SUDFWLFH��EXW�\RX�ZLOO��� 

 

 

 

 

 

 

 

 

 

7KH��-SDVV� WUD\�KDV� WZR� WUD\� OD\RXWV��)LJ������
2QH� VWDJH� LV� HTXLSSHG� ZLWK� WZR� VLGH� GRZQ�
FRPHUV� DQG� RQH� FHQWHU� GRZQFRPHU�
�RXWERDUG���WKH�RWKHU�ZLWK�WZR�RII-FHQWHU�GRZQ�
FRPHUV� �LQERDUG���$V�HDFK� OD\RXW� LV� V\PPHW�
ULFDO� WR� WKH� WRZHU� FHQWHU� OLQH�� WKHUH� DUH� RQO\�
WZR�GLIIHUHQW� DFWLYH�DUHD� VKDSHV��7KHUHIRUH� LW�
LV�HDVLHU�WR�FDOFXODWH�WKDQ�WKH��-SDVV-GHVLJQ�–�
EXW� DV� WKH� OLTXLG� VSOLWV� XS� LQ� WZR�GLIIHUHQW� DF�
WLYH� DUHDV� �ZLWK� GLIIHUHQW� IURWK� KHLJKWV�� SUHV�
VXUH�GURS�� ������ WKH�FDOFXODWLRQ�RI��-SDVV� WUD\V�
QHHGV�D�FRPSOH[�LWHUDWLRQ�IRU�WKH�LQGLYLGXDO� 

ORDG�RI�HDFK�DFWLYH�DUHD�IRU�HDFK�GHVLJQ�FDVH�
�PLQ���GHVLJQ���PD[�� 

 

 

 

 

 

 

 

 

7KH� QH[W� ORJLFDO� QXPEHU� RI� GRZQFRPHUV�
ZRXOG�EH�WKH��-SDVV�WUD\��<RX�ZLOO�ILQG�LW�LQ�OLW�
HUDWXUH��EXW�UDUHO\�LQ�SUDFWLFH� 

)RU� ODUJH� WRZHU� GLDPHWHUV� WKH� �-SDVV� WUD\� LV�
XVHG� �)LJ�� ���� 6LQFH� LW� LV� V\PPHWULFDO� WR� WKH�
WRZHU�FHQWHU�OLQH��WKHUH�DUH�³RQO\´�WKUHH�GLIIHU�
HQW� DFWLYH� DUHDV� SHU� WUD\� DQG� IRXU� GLIIHUHQW�
GRZQ�FRPHU� VKDSHV� SHU� WUD\�� 7KHUHIRUH� WKH�
FDOFXODWLRQ�LV�VLPLODU�WR�WKDW�RI�WKH��-SDVV�WUD\��
7KH� RXWERDUG� OD\RXW� KDV� WZR� VLGH� GRZQ�
FRPHUV� DQG� WZR� RII-FHQWHU� GRZQFRPHUV�� WKH�
LQERDUG� OD\RXW� KDV� RQH� FHQWHU� GRZQFRPHU�
DQG�WZR�RII-FHQWHU�GRZQFRPHUV� 

 

 

 

 

 

 

 

 

 

7KH� FKRLFH� RI� D� FHUWDLQ� GHVLJQ� �QXPEHU� RI�
SDVVHV�� DQG� VHWWLQJ� WKH� ZLGWK� RI� WKH� GRZQ�
FRPHU� UHVXOWV� LQ� D� FHUWDLQ� OHQJWK� RI� WKH� IORZ�
SDWKV�� 7KLV� IORZ� SDWK� OHQJWK� LV� UHOHYDQW� LQ�
WHUPV�RI�K\GUDX�OLFV� �FRQWDFW� WLPH�RI� WKH�JDV-
OLTXLG�PL[�WXUH��DV�ZHOO�DV�LQ�WHUPV�RI�SUDFWLFH�
�WKH�IORZ�SDWK�OHQJWK�LV�WKH�PD[LPXP�ZLGWK�RI�
RQH� GLPHQ�VLRQ� RI� WKH� PDQZD\��� 7KHUHIRUH�
\RX�KDYH�WR�FKHFN�WKHVH�K\GUDXOLF�DQG�VHFXUL�
W\�DVSHFWV��WRR� 

08/7,-'2:1&20(56 

7KH�GHVLJQV�GHVFULEHG�DERYH�DUH�FDOOHG�FRQ�
YHQWLRQDO� PXOWL-SDVV� WUD\V� DQG� WKH\� DUH�
³ERXQG´� WR� WKH� FLUFOH� JHRPHWU\� RI� WRZHUV�� ,Q�
VWHDG� RI� XVLQJ� WKH� WRZHU� VKHOO� DV� SDUW� RI� WKH�
GRZQFRPHU�ZDOO��\RX�FDQ�SODFH�GRZQFRPHU� 
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ER[HV� LQ� WKH� DFWLYH� DUHD�� 7KHVH� GHVLJQV� DUH�
FDOOHG�0XOWL-'RZQFRPHU�GHVLJQV��´0'�WUD\V´��� 

7KHUH�DUH�GLIIHUHQW�SULQFLSOHV� 

<RX�FDQ�SODFH� WKH�GRZQFRPHU�ER[HV�RYHU�WKH�
HQWLUH�GLDPHWHU�RI�WKH�WRZHU�DQG�URWDWH�WKH�GH�
VLJQ� E\� ���� SHU� VWDJH� �)LJ�� ���� 7KH� FURVVLQJ�
SRLQWV�RI�WKH�ER[HV�DUH�EORFNHG�WR�KDYH�QR�OLT�
XLG�VKRUWFXWV� 

 

 

 

 

 

 

 

 

 

 

$QRWKHU�RSWLRQ�LV�WR�SODFH�WKH�GRZQFRPHU�ER[�
HV� RQO\� RQ� RQH� KDOI� RI� WKH� FURVV� VHFWLRQ� DUHD�
DQG�URWDWH�WKH�GHVLJQV�E\������SHU�VWDJH��)LJ��
����7KHVH�GHVLJQV�DUH�DOVR�NQRZQ�DV�&DOPLQJ�
6HFWLRQ�WUD\V� 

 

 

 

 

 

 

 

 

 

$QRWKHU� W\SH� LV� VKRZQ� LQ� )LJ�� ��� ,W� LV� DOVR�
NQRZQ�DV�+L)L-WUD\��6KHOO�� 

 

 

 

 

 

 

 

 

7KHVH� 0'� WUD\V� DUH� QRUPDOO\� XVHG� IRU� ODUJH�
OLTXLG�ORDG��ZKHQ�YROXPHWULF�UDWLR�EHWZHHQ� 

YDSRU�DQG� OLTXLG�UDWH� LV� ORZ� �PHGLXP�WR�KLJK-
SUHVVXUH�V\VWHPV�� 

5(9(56(-)/2: 

$QRWKHU� GHVLJQ� IRU� WKH� IORZ� SDWK� LV� WKH� VR-
FDOOHG�5HYHUVH-)ORZ� WUD\� �)LJ�� ����� ,W� LV� XVHG�
WR� DFKLHYH� ORQJ� IORZ� SDWKV� DQG� ORQJ� FRQWDFW�
WLPHV�EHWZHHQ�JDV�DQG�OLTXLG� 

 

 

 

 

 

 

 

 

 

'2:1&20(5�6+$3(6 

7KH�VLGH�GRZQFRPHU�LQ�D�FODVVLF�GHVLJQ�LV�QRU
�PDOO\� FKRUGDO� �)LJ�� ����� 7KLV� GHVLJQ� LV� FRP�
SDUDEO\� HDV\� LQ� FRQVWUXFWLRQ� DQG� IDEULFDWLRQ�
IRU�WRZHU�DWWDFKPHQWV�DQG�WUD\�SDUWV� 

 

 

 

 

 

 

 

 

 

 

)RU� KLJK� OLTXLG� ORDGV� \RX� FDQ� KDYH� PXOWL-
FKRUGDO� GHVLJQV� �)LJ�� ����� (VSHFLDOO\� DW� WKH�
VLGH�GRZQ�FRPHUV�\RX�DUH�VWUXJJOLQJ�ZLWK�WKH�
JHRPHWU\�RI�URXQG�WRZHUV��FKDQJLQJ�WKH�ZLGWK�
RI�WKH�VLGH�GRZQFRPHU�KDV�JUHDW�HIIHFW�RQ�WKH�
DUHD��EXW�VPDOO�RQ�WKH�ZHLU�OHQJWK��:LWK�D�PXO�
WL-FKRUGDO� GHVLJQ� \RX� FDQ� DFKLHYH� D� ORQJ�HU��
ZHLU�OHQJWK�ZLWKRXW�LQFUHDVLQJ�WKH�FRUUHVSRQG�
LQJ�FKRUGDO�GRZQFRPHU�DUHD�� 
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$W� WKH� GHVLJQ� RI� PXOWL-FKRUGDO� GRZQFRPHUV��
\RX�KDYH�VRPH�GHJUHHV�RI�IUHHGRP��1RUPDOO\�
\RX� ZLOO� ILQG� �� VHJPHQWV� DV� PXOWL-FKRUGDO��
VRPH�WLPHV���VHJPHQWV��7KH�FRQVWUXFWLRQ�DQG�
IDEULFDWLRQ�RI�D�PXOWL-FKRUGDO� WUD\� LV�PRUH�H[�
SHQVLYH�WKDQ�D�FKRUGDO�GHVLJQ� 

6/23('�'2:1&20(5 

7KH�JDV-OLTXLG�PL[WXUH�HQWHULQJ�WKH�GRZQFRP�
HU� KDV� WKH� DYHUDJH� GHQVLW\� RI� WKH� SKDVHV��
'XULQJ� WKH� GHJDVVLQJ� SURFHVV�� WKH� GHQVLW\�
LQFUHDVHV�DQG�LGHDOO\�EHFRPHV�WKH�OLTXLG�GHQ�
VLW\�DW�WKH�ERWWRP�RI�WKH�GRZQFRPHU��<RX�FDQ�
WDNH� EHQHILW� IURP� WKLV� FKDQJH� LQ� GHQVLW\� �L�H��
FKDQJH�LQ�YROXPH��E\�UHGXFLQJ�WKH�FURVV�VHF�
WLRQDO�DUHD�RI�WKH�GRZQ�FRPHU�RYHU�LWV�KHLJKW��
7KLV� DGMXVWPHQW� LV� FDOOHG� VORSHG� RU� VWHSSHG�
GRZQFRPHU��)LJ������� 

 

 

 

 

 

 

 

,W�FDQ�EH�DSSOLHG�RQ�DOO� W\SHV�RI�GRZQFRPHUV�
�VLGH�� FHQWHU�� RII-FHQWHU�� PXOWL-GRZQFRPHUV��
������ 7KH� EHQHILW� RI� WKLV� GHVLJQ� LV� WKH� JDLQ� RI�
DFWLYH�DUHD�RQ�WKH�QH[W�WUD\� 

7581&$7('�'2:1&20(5 

$QRWKHU�SRVVLELOLW\� WR�PD[LPL]H� WKH�DFWLYH�DU�
HD� LV� WR�XVH� WUXQFDWHG�GRZQFRPHUV��)LJ�������
,Q� WKLV�GHVLJQ� WKH� IORRU�RI� WKH�QH[W� WUD\� LV�QRW�
WKH�ERWWRP�RI�WKH�GRZQFRPHU�–�WKH�GRZQFRP�
HU�HQGV�DERYH�WKH�DFWLYH�DUHD��)RU�0XOWL-'RZQ
�-FRPHUV� WKLV� GHVLJQ� LV� VWDQGDUG�� 7KH� DUHD�
EHORZ�WKH�GRZQFRPHU�FDQ�EH�XVHG��SDUWO\��DV�
DFWLYH�DUHD� 

 

 

 

 

 

 

 

 

7UXQFDWHG�GRZQFRPHUV�EULQJ�XV�WR�VRPH�IXQ�
GDPHQWDO�K\GUDXOLF�FRQVLGHUDWLRQV� 

'2:1&20(5�)/22',1* 

7KHUH�DUH�WZR�IORRGLQJ�HIIHFWV�UHODWHG�WR�GRZQ
�FRPHUV�� 2QH� GHDOV� ZLWK� WKH� PD[LPXP�
WKURXJK�SXW�� WKH� RWKHU� ZLWK� WKH� OLTXLG� OHYHO� LQ�
WKH�GRZQ�FRPHU� 

7KH�ILUVW�RQH�LV�FDOOHG�&KRNH�)ORRG�DQG�LV�UH�
ODWHG�WR�WKH�FURVV-VHFWLRQDO�DUHD�RI�WKH�GRZQ�
FRPHU�DQG�WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�OLTXLG�
DQG� WKH� JDV�� ,I� WKHUH� LV� QRW� HQRXJK� DUHD� IRU�
WKH� GHJDVVLQJ� �XSIORZLQJ� JDV� DQG� GRZQIORZ�
LQJ� OLTXLG�� WKH�GRZQFRPHU�³FKRNHV´�� ,Q� UHVXOW��
QR�OLTXLG�ZLOO�SDVV�WURXJK�WKH�GRZQ�FRPHU�DQG�
WKH�WRZHU�VWDUWV�IORRGLQJ�� 

7KH� VWDQGDUG�PRGHO� IRU� FDOFXODWLQJ� WKH�PD[��
YROXPH� IORZ� UDWH� WKURXJK� D� GRZQFRPHU� ZDV�
SXEOLVKHG�E\�*OLWVFK�LQ�������KHUH�LQ�6,-XQLWV�� 

 

 

 

 

 

 

7KH� HTXDWLRQV� DUH� EDVHG� RQ� JDV� GHQVLW\� U*��
OLTXLG�GHQVLW\� U/�� WUD\�VSDFLQJ�76�DQG�V\VWHP�
IDFWRU� 6)�� 7KLV� ODVW� SDUDPHWHU� GHVFULEHV� WKH�
GLIILFXOW\� RI� GHJDVVLQJ�� <RX� FDQ� ILQG� OLVWV� RI�
YDOXHV� IRU� GLIIHUHQW� DSSOL�FDWLRQV� LQ� OLWHUDWXUH�
�UHI��WR�5HIHUHQFHV�DW�WKH�HQG�RI�DUWLFOH�� 

7KH� VHFRQG� IORRGLQJ� HIIHFW� LV� WKH� VR-FDOOHG�
$HUDWHG�'RZQFRPHU�)ORRG��DOVR�FDOOHG�'RZQ�
FRPHU� %DFNXS� )ORRG��� ,Q� WKLV� FDVH� WKH� OLTXLG�
OHYHO� LQ� WKH� GRZQFRPHU� H[FHHGV� WKH� WRWDO�
GRZQ�FRPHU� KHLJKW�� 7KH� OHYHO� LQ� WKH� GRZQ�
FRPHU� LV� WKH� UHVXOW� RI� ³ERUGHU� HIIHFWV´� �)LJ��
���� 

 

 

 

 

 

 

 

���7KH�WZR-SKDVH�OD\HU�RQ�WKH�QH[W�WUD\�VHDOV�
WKH�GRZQFRPHU�� ,W� LV�FDOFXODWHG�E\� WKH�SK\VL�
FDO� KHLJKW� RI� WKH� ZHLU� SOXV� WKH� ZHLU� FUHVW�
KHLJKW� 

��� 7KH� K\GUDXOLF� JUDGLHQW� RI� D� WUD\� SURGXFHV�
DQ� DGGLWLRQDO� OLTXLG� KHDG� LQ� WKH� GRZQFRPHU��
�'HSHQGV�RQ�FRQWDFW�HOHPHQWV�DQG� IORZ�SDWK�
OHQJWK�� 
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���7KH�OLTXLG�LV�DFFHOHUDWHG�E\�OHDYLQJ�WKURXJK�
WKH� FOHDUDQFH�� 7KLV� ULVH� LQ� NLQHWLF� HQHUJ\� LV�
WDNHQ� IURP�SRWHQWLDO�HQHUJ\�DQG� UHVXOWV� LQ�DQ�
DGGLWLRQDO�OLTXLG�KHDG� 

���7KH�SUHVVXUH�S��RI� WKH�JDV� LV� KLJKHU� WKDQ�
WKH�SUHVVXUH�S���DW�WKH�WUD\�DERYH��7KLV�GLIIHU�
HQFH� LQ�SUHVVXUH� UHVXOWV� LQ� OLTXLG�KHDG� LQ� WKH�
GRZQ�FRPHU� 

$OO� WKHVH� YDOXHV� DUH� FDOFXODWHG� DV� ³FOHDU� OLT�
XLG´�� ,Q� SUD[LV� WKH� OLTXLG� LQ� WKH� GRZQFRPHU�
FRQWDLQV�JDV��FDOFXODWHG�DV�VR-FDOOHG�$HUDWLRQ�
)DFWRU�� DQG� OHDGV� WR� D� KLJKHU� OHYHO� LQ� WKH�
GRZQFRPHU�WKDQ�WKH�FOHDU�OLTXLG�KHLJKW��,I�WKLV�
OHYHO�H[FHHGV�WKH�GRZQFRPHU�KHLJKW�SOXV�ZHLU�
KHLJKW�� WKH� GRZQ�FRPHU� ZLOO� QRW� EH� DEOH� WR�
KDQGOH�WKH�ORDG�DQG�IORRGV� 

 

 

 

 

7KHUH� DUH� VRPH� FDOFXODWLRQ� PRGHOV� IRU� WKH�
$HUDWLRQ� )DFWRU� LQ� OLWHUDWXUH� �UHI�� WR� 5HIHU�
HQFHV�DW�WKH�HQG�RI�DUWLFOH�� 

$� VKRUW� JODQFH� EDFN��:H� VWDUWHG� WKH� GLVFXV�
VLRQ� ZLWK� WUXQFDWHG� GRZQFRPHUV�� 6LQFH� WKH�
KHLJKW� RI� WKH� GRZQFRPHU� LV� UHOHYDQW� IRU� WKH�
$HUDWHG� 'RZQFRPHU� )ORRG� �DQG� D� WUXQFDWHG�
GRZQFRPHU�LV�OHVV�LQ�KHLJKW���WUXQFDWHG�GRZQ�
FRPHUV�DUH�RQO\�DSSOLFDEOH��LI�WKHUH�LV�QR�SURE�
OHP�ZLWK�$HUDWHG�'RZQFRPHU�)ORRG� 

287/(7�:(,56 

7KH� OLTXLG-JDV�PL[WXUH�HQWHUV� WKH�GRZQFRPHU�
DW�WKH�RXWOHW�ZHLU��7KH�VWDQGDUG�ZHLU�LV�D�SODLQ�
EDU� RI� DERXW� ��� PP� KHLJKW�� ,Q� OLTXLG� OLPLWHG�
V\VWHPV� RU� RQ� WUD\V� UXQQLQJ� LQ� WKH� IURWK� UH�
JLPH��WKH�ZHLU�KHLJKW�PLJKW�EH�PRUH��7KH�VSH�
FLILF�ZHLU�ORDG�VKRXOG�EH�PRUH�WKDQ�����P��P�
K��RU���PP�ZHLU�FUHVW�KHLJKW���:K\" 

,I� WKH�ZHLU�FUHVW�KHLJKW� LV�YHU\� ORZ��DQ\� OHYHO�
LQJ� LVVXHV� RI� WKH� WRZHU� �GXH� WR� WRZHU� DWWDFK�
PHQWV�� WRZHU� LQVWDOODWLRQ� RU� HYHQ� ZLQG�� FDQ�
FDXVH�SUREOHPV��,I�D�SDUW�RI�WKH�ZHLU� LV�QRW� LQ�
XVH�� WKLV�SDUW�RI� WKH�DFWLYH�DUHD� LV�VWDJQDQW�–�
QR�PDVV�WUDQVIHU�ZLOO�KDSSHQ��)LJ������� 

7R� DFKLHYH� D� XQLIRUP� RYHUIORZ� DW� WKH� HQWLUH�
OHQJWK� RI� WKH� GRZQFRPHU�� \RX� FDQ� XVH�
1RWFKHG�:HLUV��)LJ�������$W� ORZ� ORDGV� WKH� OLT�
XLG� XVHV� WKH� ERWWRP� SDUWV� RI� WKH� QRWFKHV�� $W�
KLJKHU�ORDGV�WKH�HQWLUH�ZHLU�LV�XVHG�E\�WKH�OLT�
XLG� 

7R� DFKLHYH� D� XQLIRUP� RYHUIORZ� DW� WKH� HQWLUH�
OHQJWK� RI� WKH� GRZQFRPHU�� \RX� FDQ� XVH�
1RWFKHG�:HLUV��)LJ�������$W� ORZ� ORDGV� WKH� OLT�
XLG� XVHV� WKH� ERWWRP� SDUWV� RI� WKH� QRWFKHV�� $W�
KLJKHU�ORDGV�WKH�HQWLUH�ZHLU�LV�XVHG�E\�WKH�OLT�
XLG� 

 

 

 

 

)RU�VDIHW\� UHDVRQV� �H�J��GXULQJ� LQVWDOODWLRQ�RU�
LQVSHFWLRQ�� LW� LV� VWURQJO\� UHFRPPHQGHG� WR�
KDYH�SODLQ�WRSV�DW�WKH�QRWFKHV�� 

$QRWKHU� SRVVLELOLW\� WR� DGDSW� ORQJ� ZHLUV� IRU�
VPDOO�OLTXLG�ORDGV�LV�WR�EORFN�WKH�ZHLU��)LJ�������
7KH� ZHLU� OHQJWK� LV� UHGXFHG� WR� WKH� RSHQLQJV��
$Q�DGGLWLRQDO�HIIHFW�RI�D�EORFNHG�ZHLU��LW�NHHSV�
WKH�WZR-SKDVH�OD\HU�RQ�WKH�DFWLYH�DUHD� 

 

 

 

 

 

 

7KH� QXPEHU� DQG�ZLGWK� RI� WKH� EORFNV� GHSHQG�
RQ�WKH�ZHLU�FUHVW�KHLJKW�\RX�KDYH�WR�DFKLHYH��
7KH�PHWKRG�RI�EORFNLQJ�LV�QRW�RQO\�UHOHYDQW�IRU�
VPDOO� OLTXLG� ORDGV�� EXW� DOVR� IRU� EDODQFLQJ� WKH�
GLIIHUHQW�ZHLU� OHQJWKV�RI��-DQG-PRUH-SDVV�OD\�
RXWV��7KH�EORFN�VKRXOG�EH�DW� OHDVW�DV�KLJK�DV�
WKH�WZR-�SKDVH�OD\HU�RI�WKH�DFWLYH�DUHD� 

%ORFNHG� ZHLUV� SUHYHQW� ZRUNHUV�LQVSHFWRUV�
IURP�FOLPELQJ�RYHU�WKH�FHQWHU�RII-FHQWHU�GRZQ�
FRPHUV� WR� WKH�RWKHU�SDVV�� ,I� WKHUH� LV�QR�PDQ�
KROH��LQ�HDFK�SDVV��WKHUH�VKRXOG�EH�PDQZD\V�
LQ�WKH�EORFNHG�ZHLU� 

6RPHWLPHV�\RX�ZLOO� ILQG�ZHLUV�ZLWK�DGMXVWDEOH�
KHLJKW��7KHVH�DUH�EXLOW�LQ�ZKHQ�LW�LV�NQRZQ�WKDW�
WKH�ORDG�ZLOO�FKDQJH�LQ�WKH�IXWXUH�� 

$17,--803�%$))/(6 

$W� FHQWHU�� RII-FHQWHU� DQG� PXOWL-GRZQFRPHUV��
WKH� OLTXLG� HQWHUV� WKH� GRZQFRPHU� IURP� ERWK�
VLGHV�� $W� KLJK� OLTXLG� ORDGV� DQG� VPDOO� GRZQ�
FRPHU� ZLGWKV�� \RX� KDYH� WR� LQVWDOO� VR-FDOOHG�
$QWL--XPS�%DIIOHV��)LJ�������7KHVH�EDIIOHV�HQ�
VXUH��WKDW�RQO\�KDOI�RI�WKH�DUHD�LV�XVHG�E\�HDFK�
VLGH� 
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-XVW�OLNH�IRU�WKH�ZHLU�EORFNV��$QWL--XPS�%DIIOHV�
KDYH�WR�EH�DV�KLJK�DV�WKH�WZR-SKDVH�OD\HU�RQ�
WKH�DFWLYH�DUHD��7KHUHIRUH�WKH\�EORFN�WKH�SDV�
VDJH�GXULQJ�LQVSHFWLRQV��,W� LV�JRRG�SUDFWLFH�WR�
KDYH�EROWHG�PDQZD\V�LQ�WKH�EDIIOHV� 

6:(37-%$&.�:(,5 

7R� DFKLHYH� D� ORQJ� ZHLU�� \RX� FDQ� XVH� D� VR-
FDOOHG�6ZHSW-EDFN�:HLU� �)LJ�� �����7KH�GRZQ�
FRPHU�VWD\V�FKRUGDO��EXW� WKH�ZHLU� LV�–�VLPLODU�
WR� WKH� VKDSH� RI� PXOWL-FKRUGDO� GRZQFRPHUV� –�
ORQJHU�WKDQ�WKH�FKRUGDO�OHQJWK� 

 

 

 

 

 

 

:(,56�)25�67$5783 

)RU�KLJK�FDSDFLW\� WUD\V�\RX�ZLOO� ILQG�VR-FDOOHG�
:HLU�6SRXWV��)LJ�������$W�WUD\�IORRU�OHYHO��WKHUH�
DUH�UHFWDQJXODU�RSHQLQJV� 

7KHVH�KROHV�KHOS�WR�ILOO�WKH�GRZQFRPHU�LQLWLDOO\�
DW�VWDUWXS�RI� WKH� WRZHU��'XULQJ�RSHUDWLRQ� WKH\�
KHOS�WR�UHGXFH�WKH�ZHLU�FUHVW�KHLJKW��7KH\�DUH�
RQO\� XVHG�� LI� WKH� WRZHU� LV� DOZD\V� UXQQLQJ� DW�
KLJK� OLTXLG� ORDGV� DQG� WKHUH� LV� QR� PLQLPXP�
ORDG�LVVXH� 

 

 

 

 

&/($5$1&( 

7KH� ODVW�DVSHFW�RI�GRZQFRPHUV� LV� WKH�GHVLJQ�
RI�WKH�OLTXLG�RXWOHW�� �LQOHW�WR�WKH�QH[W�WUD\��� 

7KH� OLTXLG� LV� OHDYLQJ� WKH� GRZQFRPHU� WKURXJK�
WKH�VR-FDOOHG�&OHDUDQFH��7KH�RXWOHW�YHORFLW\�RI�
WKH�OLTXLG�VKRXOG�EH�OHVV�WKDQ������P�V��,I�LW�LV�
KLJKHU�� WKH� OLTXLG�ZLOO� VSODVK� DQG� RYHUUXQ� WKH�
ILUVW�URZV�RI�FRQWDFW�HOHPHQWV��VHH�ODWHU��� 

7KH� KHLJKW� RI� WKH� FOHDUDQFH�+&/� LV� QRUPDOO\�
OHVV�WKDQ�WKH�RXWOHW�ZHLU�KHLJKW�+:�WR�KDYH�D�
6WDWLF�6HDO� 

6HDOVWDWLF� �+:�–�+&/�� 

)RU�OLTXLG-WLJKW�WUD\V��H�J��EXEEOH�FDS�RU�WXQQHO�
WUD\V�� WKLV� VHDO� LV� SUHVHQW��ZKHQHYHU� OLTXLG� LV�
RQ�WKH�WUD\��)RU�DOO�RWKHU�WUD\�W\SHV��H�J��VLHYH��
IORDW� YDOYHV�� IL[HG� YDOYHV�� WKH� VHDO� LV� RQO\�
ZRUNLQJ�� LI� WKHUH� LV� HQRXJK�JDV� IRU� QR�ZHHS�
LQJ�� 

,I� WKHUH� LV�QR�6WDWLF�6HDO��GXH�WR�GHVLJQ��SRRU�
K\GUDXOLFV� RU� DW� VWDUWXS�RI� WKH� WRZHU�� WKHUH� LV�
WKH� ULVN� RI� JDV� E\SDVVLQJ� WKH� DFWLYH� DUHD�
WKURXJK�WKH�GRZQFRPHU� 

'XULQJ�RSHUDWLRQ�WKH�ZHLU�FUHVW�JHQHUDWHV�DG�
GLWLRQDO� OLTXLG�KHLJKW��+RZ���)LJ������DQG�JHQ�
HUDWHV�D�'\QDPLF�6HDO� 

6HDOG\QDPLF� �+RZ���+:�–�+&/� 

 

 

 

 

 

 

6R-FDOOHG�KLJK�FDSDFLW\�GHVLJQV�DUH�RIWHQ�UXQ�
QLQJ�ZLWK�QR�VWDWLF�EXW�RQO\�G\QDPLF�VHDOLQJ� 

5$',86�/,3 

7KH�DFFHOHUDWLRQ�RI�WKH�OLTXLG�LQ�WKH�FOHDUDQFH�
UHVXOWV� LQ� OLTXLG�KHDG� �UHI�� WR�)LJ������$HUDWHG�
'RZQ�FRPHU�)ORRG���������7R�UHGXFH�WKLV�HIIHFW��
\RX� FDQ� DGG� D� 5DGLXV� /LS� �)LJ�� ����� 7KLV�
VKDSH�ORZHUV�WKH�RXWOHW�RULILFH�FRHIILFLHQW� 

 

 

 

 

 

 

 

,1/(7�:(,5 

7R� HQVXUH� VHDOLQJ� RI� GRZQFRPHUV� \RX� FDQ�
SODFH� DQ� ,QOHW�:HLU� LQ� IURQW� RI� WKH� FOHDUDQFH�
�)LJ�� ����� (YHQ� DW� D� YHU\� VPDOO� OLTXLG� ORDG��
WKHUH�ZLOO�EH�QR�JDV�E\SDVV�WKURXJK�WKH�GRZQ�
FRPHU��7KH� LQOHW�ZHLU�FDQ�RQO\� IXQFWLRQ� LI� LW� LV�
KLJKHU� WKDQ� WKH� FOHDUDQFH�� ,W� FDQ� DOVR� EH�
QRWFKHG��IRU�ORZ�OLTXLG�ORDGV�� 

7KH� LQOHW�ZHLU� LV� KHOSIXO� IRU� WKH� VWDUWXS�RI� WKH�
WRZHU� DQG� DW� ORZ� OLTXLG� ORDG�–� EXW� WKH�GRZQ�
FRPHU�WHQGV�WR�EORFNLQJ�LQ�IRXOLQJ�V\VWHPV� 
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$V� GLVFXVVHG� DW� WKH� $HUDWHG� 'RZQFRPHU�
)ORRG��RQH�SDUW�RI�WKH�OLTXLG�OHYHO�LQ�WKH�GRZQ�
FRPHU�GHSHQGV�RQ�WKH�OLTXLG�OHYHO�RQ�WKH�QH[W�
WUD\��)RU�SDUW� � � � � � � �)LJ������\RX�KDYH� WR� WDNH�
LQWR�DFFRXQW�WKH�LQOHW�ZHLU�KHLJKW�SOXV�WKH�LQOHW�
ZHLU� FUHVW� KHLJKW�� 7KHUHIRUH� DQ� LQOHW� ZHLU�
³FRVWV´�GRZQ�FRPHU�KHLJKW�LQ�UHVSHFW�WR�GRZQ�
FRPHU� IORRGLQJ� �HVSHFLDOO\� DW� ORZ� WUD\� VSDF�
LQJV�� 

5(&(66('�6($/�3$1 

7KH�HIIHFW�RI�VHDOLQJ�FDQ�DOVR�EH�DFKLHYHG�E\�
WKH�VR-FDOOHG�5HFHVVHG�6HDO�3DQ��DOVR�FDOOHG�
,QOHW�3RW�� )LJ�� �����7KH�PDLQ� DGYDQWDJH� RYHU�
WKH� LQOHW�ZHLU� LV�� WKDW� LW� ³FRVWV´�QR�GRZQFRPHU�
KHLJKW�� %XW� RI� FRXUVH� LW� LV� PRUH� FRPSOH[� LQ�
FRQVWUXFWLRQ� DQG� IDEULFDWLRQ�� ,W� LV� QRUPDOO\�
FRPELQHG�ZLWK�D�VORSHG�GRZQFRPHU� 

 

 

 

 

 

,17(55837(5�%$5 

$W� IORDW� YDOYH� WUD\V� \RX� PD\� VRPHWLPHV� ILQG�
HOHPHQWV�� WKDW� DUH� ORRNLQJ� VLPLODU� WR� LQOHW�
ZHLUV��7KH\�DUH�QRW�IRU�VHDOLQJ�WKH�GRZQFRPHU�
EXW�WR�NHHS�WKH�ILUVW�YDOYH�URZ�IXQFWLRQDO��)LJ��
�����7KH�EDU�LV�DERXW���PP�KLJK�DQG�LV�FDOOHG�
,QWHUUXSWHU�%DU� 

 

 

 

 

 

%8%%/,1*�,1,7,$7256 

$W� KLJK� OLTXLG� RXWOHW� YHORFLW\�� WKH� OLTXLG� RYHU�
UXQV� WKH� ILUVW� URZV� �RI� IL[HG� YDOYHV�� VLHYH�
KROHV�� ������ 7R� EUHDN� WKH� LPSXOVH� DW� KLJK� FD�
SDFLW\�WUD\V�WKHUH�DUH�%XEEOLQJ�,QLWLDWRUV��DOVR�
FDOOHG�%XEEOLQJ�3URPRWHUV��)LJ�������7KH\�DUH�
SODFHG�LQVWHDG�RI�WKH�ILUVW�URZ�RI�³QRUPDO´�FRQ�
WDFW�HOHPHQWV��7KH�JDV�RXWOHW�RSHQLQJV�RI�WKH�
%XEEOLQJ� ,QLWLDWRUV� DUH� QRW� RULHQWHG� WRZDUGV�
WKH�GRZQFRPHU��WR�SUHYHQW�JDV�HQWU\�WKURXJK�
WKH�FOHDUDQFH�� 

 

 

 

 

 

 

,1/(7�386+(5 

$�VSHFLDO�GHVLJQ��³1<(-WUD\´��IRU�WKH�LQOHW�LV�WR�
SXVK�JDV�QHDU�WKH�FOHDUDQFH�WKURXJK�KROHV�WR�
WKH�DFWLYH�DUHD��)LJ������� ,W�DOVR�KHOSV� WR� LQLWL�
DWH� WKH� WZR-SKDVH� OD\HU�� ,W� LV� QRW� HDV\� WR�GH�
VLJQ�WKLV�OD\RXW�IRU�D�ODUJH�RSHUDWLQJ�UHJLRQ� 

 

 

 

 

 

 

6($/�3$1 

7KH� ODVW� GRZQFRPHU� RI� D� WRZHU�VHFWLRQ� LV�
VHDOHG�E\�D�VSHFLDO�6HDO�3DQ��)LJ������RU�VXE�
PHUJHG�LQ�WKH�ERWWRP�OLTXLG��)LJ������ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

,Q�DQ\�FDVH��WKH�JDV�LQOHW�VKRXOG�QRW�DIIHFW�WKH�
RXWOHW�RI�WKH�OLTXLG��,W�LV�JRRG�SUDFWLFH�WR�PDNH�
WKH� ODVW� GRZQFRPHU� ORQJ� HQRXJK� WR� E\SDVV�
WKH�JDV�LQOHW� 
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'5$:-2))��'5$:� 

<RX�ZLOO�ILQG�VHDO�SDQV�QRW�RQO\�DW�WKH�YHU\�ODVW�
GRZQFRPHU� RI� D� WRZHU��:KHQHYHU� WKHUH� LV� D�
FKDQJH�LQ�IORZ�SDWK�QXPEHU�DQG�RU�WUD\�RULHQ�
WDWLRQ� �³WUDQVLWLRQV´��� WKH� OLTXLG� LV� � WUDQVIHUUHG�
WR� WKH� QH[W� WUD\� �RU� WR� D� OLTXLG� GLVWULEXWRU�� E\�
SLSHV��)LJ�����VKRZV�VRPH�H[DPSOHV�IRU�'UDZ
-2IIV�IURP�D�VHDO�SDQ� 

,Q�DOO�FDVHV�\RX�KDYH�WR�HQVXUH�WKDW�WKH�VHDO�LV�
QRW�DIIHFWHG�E\�WKH�'UDZ-2II� 

 

 

 

 

 

 

 

 

2QH� RI� WKH� DGYDQWDJHV� RI� WUD\� WRZHUV� LV� WKH�
SRVVLELOLW\� WR� GUDZ� RII� OLTXLG� DW� HDFK� VWDJH��
7KHVH� LQWHUPHGLDWH� 'UDZ-2IIV� DUH� QRUPDOO\�
GRQH� ZLWK� WKH� KHOS� RI� 5HFHVVHG� 6HDO� 3DQV�
�)LJ������ 

 

 

 

 

 

 

)(('�72�'2:1&20(5 

$V�PHQWLRQHG�EHIRUH��\RX�ZLOO�LQVWDOO�VR-FDOOHG�
)DOVH� 'RZQFRPHUV� �)'&�� WR� IHHG� OLTXLG� RQ�
WKH� WRS� WUD\� RI� D� VHFWLRQ� �)LJ�� ����� 7KH\� DUH�
GHVLJQHG� DFFRUGLQJO\� WR� WKH� GRZQFRPHUV� RI�
WKH�IROORZLQJ�WUD\V� 

 

 

 

 

 

7R� IHHG� OLTXLG� WR� D� WUD\�ZLWKLQ� D� VHFWLRQ�� LW� LV�
JRRG� SUDFWLFH� WR� IHHG� QHDU� WKH� GRZQFRPHU�
FOHDUDQFH��IHHG�SLSH�ZLWK�KROHV�GLUHFWHG�WR�WKH�
DUHD�DERYH�WKH�FOHDUDQFH��)LJ�������,I�WKHUH�LV�
WKH�GDQJHU�RI� WZR-SKDVH�RU� VXSHU-KHDWHG� OLT�
XLG�� \RX�ZLOO� VKLHOG� WKH� GRZQFRPHU�ZDOO� E\� D�
VR-FDOOHG�,PSLQJHPHQW�%DIIOH� 

 

 

 

 

 

 

0(&+$1,&$/�$63(&76 

7KH�DFWLYH�DUHD�LV�FDUULHG�E\�WKH�VXSSRUW�ULQJ��
WKH� GRZQFRPHU� �DW� WKH� RXWOHW� ZHLU� VLGH�� DQG�
WKH� GRZQFRPHU� VHDO� VHJPHQW� �DW� WKH� LQOHW���
7KHUH�IRUH� WKHVH� GRZQFRPHU� HOHPHQWV� KDYH�
WR� EH� GHVLJQHG� WR� ZLWKVWDQG� WKH� GHDG� ORDG�
SOXV�WKH�OLTXLG�ORDG� 

)RU�ODUJH�WRZHU�GLDPHWHUV��WKH�XSSHU�SDUW�RI� 

WKH� GRZQFRPHUV� �VR-FDOOHG� 'RZQFRPHU�
7UXVV�� ZLOO� EH� IDEULFDWHG� LQ� D� KLJKHU� PDWHULDO�
WKLFNQHVV��)LJ������ 

 

 

 

 

 

 

:KHQHYHU� WKH� GRZQFRPHU� HOHPHQWV� ZRXOG�
QRW� ILW� WKURXJK� WKH� PDQKROH�� WKH� HOHPHQWV�
KDYH�WR�EH�GLYLGHG��WRR���$�EHQHILW�RI�D�GRZQ�
FRPHU�ZDOO� FRQVLVWLQJ� RI� WZR� SDUWV� LV� WKH� RS�
SRUWXQLW\�WR�DGMXVW�WKH�FOHDUDQFH�KHLJKW�GXULQJ�
LQVWDOODWLRQ�� 

 

,Q� GRZQFRPHUV� WKHUH� DUH� XVHG� VR-FDOOHG�
'RZQ�FRPHU�%UDFNHWV��)LJ�������7KH\�VXSSRUW�
WKH�GRZQFRPHU�VHDO�VHJPHQW�DQG�SUHYHQW�WKH�
ZDOOV�IURP�YLEUDWLRQ��,Q�FHQWHU�RII-FHQWHU�GRZQ�
FRPHUV� WKH� EUDFNHWV� DGGLWLRQDOO\� FRQQHFW� WKH�
ZDOOV� DQG� NHHS� WKHP� LQ�SODFH�–� LQ� EHVW� FDVH�
HYHQ�DW�D�SUHVVXUH�VXUJH�� �$�ZHOO-NQRZQ� IDLO�
XUH�SDWWHUQ� LV�ZKHQ� WKH�GRZQFRPHU�ZDOOV�DUH�
SXVKHG� LQZDUGV� DIWHU� D� SUHVVXUH� VXUJH� DQG�
WKH� SDQHOV� RI� WKH� DFWLYH� DUHD� WKHUHIRUH� VOLS�
DQG�IDOO�� 
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&$/&8/$7('�3$5$0(7(56 

7KH�IROORZLQJ�SDUDPHWHUV�KDYH�WR�EH�FDOFXODW�
HG� DQG� FKHFNHG� IRU� DOO� GRZQFRPHUV� DW� HDFK�
ORDG�� 7KLV� FDQ� KDUGO\� EH� GRQH� E\� KDQG�� EXW�
ZLWK�VXLWDEOH�VRIWZDUH��$Q\�VRIWZDUH�WKDW�GRHV�
QRW� VKRZ� DOO� RI� WKHVH� SDUDPHWHUV� FDUULHV� WKH�
ULVN�RI�RYHUORRNLQJ� UHOHYDQW�YDOXHV��6LQFH� WKH�
VXSSOLHU
V�IUHH�VRIWZDUH�GRHV�QRW�GR�WKLV��FRP�
PHUFLDO� VRIWZDUH� �UHI�� 7UD\+HDUW�� VKRXOG� EH�
XVHG� 

3DUDPHWHUV�RI�WKH�GRZQFRPHU� 

������5HVLGHQFH�7LPH 

������&OHDU�OLTXLG�OHYHO�LQ�GRZQFRPHU 

������$HUDWLRQ�)DFWRU�RI�GRZQFRPHU 

������$HUDWHG�OLTXLG�OHYHO�LQ�GRZQFRPHU 

������/LTXLG�KHDG�FDXVHG�E\�FOHDUDQFH 

������/LTXLG�RXWOHW�YHORFLW\ 

������0D[��OLTXLG�YROXPH�IORZ�WKURXJK 

�������GRZQFRPHU 

)RU� WKH� RXWOHW� ZHLU� WKH� IROORZLQJ� SDUDPHWHUV�
KDYH�WR�EH�FDOFXODWHG� 

������6SHFLILF�OLTXLG�ORDG�RI�ZHLU 

������:HLU�FUHVW�KHLJKW 

������7KURZ�ZLGWK�RYHU�ZHLU 

������/LTXLG�UDWLR�WKURXJK�VSRXWV 

,I�WKHUH�LV�DQ�LQOHW�ZHLU� 

������6SHFLILF�OLTXLG�ORDG�RI�ZHLU 

������:HLU�FUHVW�KHLJKW 

&21&/86,21 

7KHUH� DUH� PDQ\� OD\RXWV� DQG� GHVLJQV� IRU�
GRZQFRPHUV�DQG�ZHLUV��7KH�HIIRUW�IRU� WKH�HQ�
JLQHHU� LV� WR� FRPELQH� WKH� EHVW� RSWLRQV� WR�
DFKLHYH�DQ�RSWLPXP�IRU� WKH�YHU\�GLIIHUHQW�DV�
SHFWV�DV�VWDUWXS��VWDWLFV��K\GUDXOLFV�DQG�LQWHU�
DFWLRQ�ZLWK� WKH�DFWLYH�DUHD��7KH�K\GUDXOLF�GH�
VLJQ�RI�GRZQFRPHUV�KDV�WR�EH�DV�DFFXUDWH�DV�
WKH�GHVLJQ�RI�WKH�DFWLYH�DUHD� 

$%287�7+(�$87+25 

9RONHU� (QJHO� VWXGLHG� SURFHVV� HQJLQHHULQJ� DW�
WKH�7HFKQLFDO�8QLYHUVLW\�RI�0XQLFK�DQG�GLG�KLV�
3K�'�� WKHVLV� RQ� SDFNHG� FROXPQV� ZLWK� 3URI��
-RKDQQ� *�� 6WLFKOPDLU�� 6LQFH� ����� KH� KDV�
EHHQ�WKH�PDQDJLQJ�GLUHFWRU�RI�:HO&KHP�3UR�
FHVV� 7HFKQRORJ\� *PE+� DQG� KHDG� RI� WKH�
7UD\+HDUW�VRIWZDUH��7UD\+HDUW�KDV�GHYHORSHG�
LQWR�D�VWDWH-RI-WKH-DUW�GHVLJQ�WRRO�IRU�WUD\V�DQG�
LQWHUQDOV�LQ�SURFHVV�WHFKQRORJ\� 

 

5()(5(1&(6 

*OLWVFK� %DOODVW� 7UD\� 'HVLJQ� 0DQXDO�� %XOOHWLQ�
�������WK�HGLWLRQ��'DOODV������� 

+RSSH�� .��� 0LWWHOVWUDVV� 0��� *UXQGODJHQ� GHU�
'LPHQVLRQLHUXQJ� YRQ� .RORQQHQE|GHQ�� 6WHLQ�
NRSII�9HUODJ��'UHVGHQ������� 

.LVWHU�� +�� =��� 'LVWLOODWLRQ�2SHUDWLRQ��0F�*UDZ�
+LOO������� 

/LHEHUPDQQ��1���3URFHVV�(TXLSPHQW�0DOIXQF�
WLRQV��7HFKQLTXHV�WR�,GHQWLI\�DQG�&RUUHFW�3ODQW�
3UREOHPV��0F*UDZ+LOO������� 

/LHEHUPDQQ�� 1��� /LHEHUPDQQ�� (��� � $� ZRUNLQJ�
JXLGH� WR�3URFHVV�(TXLSPHQW��0F*UDZ+LOO�(G�
XFDWLRQ������� 

/RFNHWW�� 0�� -��� 'LVWLOODWLRQ� WUD\� IXQGDPHQWDOV��
&DPEULGJH�8QLYHUVLW\�3UHVV��1HZ�<RUN������� 

1RUWRQ�9DOYH�7UD\�'HVLJQ�0DQXDO��&RPSDQ\�
SXEOLFDWLRQ�������97'0-�-(������� 

1XWWHU�(QJLQHHULQJ��)ORDW�9DOYH�'HVLJQ�0DQX�
DO���������$SULO��UHY�� 

6WLFKOPDLU�� -��� *UXQGODJHQ� GHU� 'LPHQVLRQLHU�
XQJ� GHV� *DV�)O�VVLJNHLW-.RQWDNWDSSDUDWHV�
%RGHQNRORQQH�� 9HUODJ� &KHPLH�� :HLQKHLP�
������ 

6WLFKOPDLU�� -��� )DLU�� -��� 'LVWLOODWLRQ�–� 3ULQFLSOH�
DQG�3UDFWLFH��:LOH\-9&+�1HZ�<RUN������� 

:HO&KHP� 3URFHVV� 7HFKQRORJ\�� 7UD\+HDUW�
6RIWZDUH�� 7RZHU� ,QWHUQDOV� &DOFXODWLRQ� 6RIW�
ZDUH�� 

,QWHUQHW�� ZZZ�ZHOFKHP�FRP�� ,QIR�� VHU�
YLFH#ZHOFKHP�FRP 
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Cold Eye Review of Project Progress or 
Any Situation 
Lalit Mohan Nainwal, C Eng. (India), MBA 

6LQFH� HYHU\WKLQJ� LV� SHUVRQ� WR� SHUVRQ�� HYHU\�
WKLQJ� FRXQWV� RU� QRWKLQJ� FRXQWV� DW� DOO�� 0DQ\�
WLPHV� ZKHWKHU� LW� LV� LQ� SURMHFWV�� HYHQWV�� LQFL�
GHQWV� RU� D� VXUYH\� RQH� KDV� WR� JR� WKURXJK� FLU�
FXPVWDQFHV�ZKHUH�KH�VKH�KDV�EHHQ�DVNHG�RU�
KH�VKH� LV� UHTXLUHG� WR� UHSRUW�VWDWH�H[DFWO\�ZKDW�
KH� KDV� VHHQ�UHYLHZHG�� 2QH� LV� H[SHFWHG� WR�
VWDWH�IDFWV�ZLWKRXW�DGGLQJ�DQ\WKLQJ�LQ�LW�GXH�WR�
KLV�KHU� SUHYLRXV� H[SHULHQFH�� H[LVWLQJ�
NQRZOHGJH�� RU� DGGHG� NQRZOHGJH� E\� RWKHUV�
ZKLOH� YLHZLQJ�UHYLHZLQJ� WKH� VLWXDWLRQ�� 2QH� LV�
QHLWKHU�H[SHFWHG�WR�H[DJJHUDWH�QRU�XQGHUVWDWH��
$�VWDWHPHQW�RI�IDFWV�RU�UHSRUW�ZKLFK�VWDWHV�KRZ�
WKH�SURJUHVV�VLWXDWLRQ� LV�DV�RI� WKDW�PRPHQW�RI�
YLVLW�UHYLHZ�ZLWKRXW�EHLQJ�MXGJHPHQWDO�RU�HPR�
WLRQDOO\�DWWDFKHG�DW�DOO� LV�D�FROG�H\H�UHYLHZ�UH�
SRUW� 

���+LVWRU\  

+LVWRULFDO� ERRN� 0DKDEKDUDWD� LQ� ,QGLD� KDV� D�
UHFRUG�RI� ILUVW�FROG�H\H�UHYLHZ��$�EDWWOH��ZKLFK�
ZDV�EHLQJ�QDUUDWHG�E\�6DQMD\� WR�D�EOLQG�NLQJ��
QDPHO\� 'KULWDUDVKWUD�� ZLWKRXW� EHLQJ� DWWDFKHG�
WR�DQ\�RI�ERWK�SDUWLHV�LQGXOJHG�LQ�EDWWOH��6DQMD\�
ZDV�WKH�SHUVRQ�ZLWK�WKH�FDSDELOLW\�WR�VHH�ZKDW�
LV�JRLQJ�RQ�DW� WKH�EDWWOHJURXQG�DQG�KH�KDV� WR�
VWDWH� WKH� IDFWV� WR� WKH� NLQJ�� ,Q� VKRUW� FROG� H\H�
UHYLHZ� PHDQV� DQ� HPRWLRQOHVV� UHYLHZ� RI� DQ\�
VLWXDWLRQ�RU�DQ\�ZRUN�LQ�SURJUHVV� 

���:K\�LW¶V�WHUPHG�&ROG�(\H�5HYLHZ 

7KH� UHYLHZ� UHSRUW� DXWKRU� RU� RULJLQDWRU� LV� H[�
SHFWHG� WR� EH� DQ� H[SHULHQFHG� SURIHVVLRQDO�
VXEMHFW�PDWWHU� VSHFLDOLVW� LQ� ZKDWHYHU� ILHOG� WKH�
UHYLHZ�EHLQJ� SHUIRUPHG�� KLV� YLVLRQ�ZLWKRXW� DW�
WDFKPHQW� LV� H[SHFWHG� LQ� WKH� ILQDO� VXEPLVVLRQ��
KLV�UHYLHZ�QDPHO\�FROG�H\H�UHYLHZ�LJQRUHV�DG�
YLFH� DQG� VHDUFK� IDFWV� EH\RQG� DSSHDVHPHQW��
&ROG�H\H�KHUH�LV�VRPHWKLQJ�WR�WHOO�WKH�UHDGHU�RI�
WKDW� UHSRUW� WKDW� WKLV� LV� ZKDW� ,� VDZ� H[DFWO\�
DJDLQVW� JLYHQ� VFRSH�� VSHFV�� GUDZLQJV�� RU� GH�
WDLOV�LQ�DQ\�IRUP� 

���+RZ�&ROG�(\H�5HYLHZ�LV�D�QHFHVVLW\�LQ�3UR�
MHFWV 

$Q�XQIRUWXQDWH�IDFW�WKDW�IDOVH�UHSRUWLQJ�DOZD\V�
RFFXUV�� WKHUH� DUH� VHYHUDO� UHDVRQV�� H[FXVHV�
DQG�PLVXQGHUVWDQGLQJV�ZK\�LW�RFFXUV��OHW¶V�QRW�
JR�LQWR�LW� 

0DQDJHPHQW� VHHNV� WKH� H[DFW� UHSRUW� RI� DQ\�
SURMHFW¶V� SURJUHVV� DW� YDULRXV� VWDJHV�SKDVHV�
OHW� LW� EH� (QJLQHHULQJ�� 3URFXUHPHQW�� ([HFX�
WLRQ�&RQVWUXFWLRQ��DQG�&RPSOHWLRQ� 

/HW¶V�JR�LQ�GHWDLOV�RI�SURJUHVV�RQ�HDFK�SKDVH� 

�D��(QJLQHHULQJ�3URJUHVV�5HSRUWLQJ 

$Q� H[SHUW� LV� DVNHG� WR� JR� WR� DQ� HQJLQHHULQJ�
FRQWUDFWRU¶V� RIILFH�RU� DW� D� FRQVXOWDQW¶V� RIILFH��
WKH� ILUVW� WKLQJ� ZLOO� FRPH� WR� DQ\ERG\
V� PLQG�
WKDW�KRZ�FDQ�VRPHRQH�UHYLHZ�WKH�DFWXDO�SUR�
JUHVV�ZKHQ�PRVW�RI�WKH�WKLQJV�DUH�LQ�VRIW�IRUP�
LQ�FRPSXWHUV�RI�YDULRXV�GHVLJQHU�RU�HQJLQHHU�
LQJ�IXQFWLRQ�KHDGV" 

DQVZHU� LV�� WKH� H[SHUW� ZLOO� KDYH� D� VFKHGXOH�
DQG�H[SHFWHG�GHOLYHUDEOHV� OLVW�IURP�HQJLQHHU�
LQJ�ZLWK� KLP�DQG�KH�ZLOO� KDYH�D� FOHDU� XQGHU�
VWDQGLQJ� RI� WKH� MRE� EHIRUH� KH� SURFHHG� WR� UH�
YLHZ�� 2QFH� WKH� UHYLHZ� VWDUWHG�� KH� ZLOO� QRWH�
GRZQ� WKH� IDFWV� DJDLQVW� VFKHGXOH� 	� GHOLYHUD�
EOHV� QRW� H[SHFWDWLRQV� RU� VWDWHPHQWV� RI� WHDP�
PHPEHUV�ZKR�DUH�ZRUNLQJ�RQ�WKDW�MRE� 

�E��3URFXUHPHQW�3URJUHVV�5HSRUWLQJ 

:KHQ� DQ� H[SHUW� LV� DERXW� WR� UHYLHZ� SURFXUH�
PHQW� SURJUHVV�� KH� ZLOO� EH� LQIRUPHG� E\� VR�
PDQ\� VRXUFHV�� ZH� KDG�05V� UHDG\�� WKLV�ZDV�
IORDWHG� WR� YHQGRUV�� WKDW�ZDV�(4�RU�&4� IURP�
YHQGRUV��EXW�DQ�H[SHUW� LV�H[SHFWHG�QRW�WR�JHW�
LQYROYHG� LQ� DQ\� RSLQLRQV� DQG� FKHFN� DJDLQVW�
DJUHHG� SURFXUHPHQW� VFKHGXOH� EDVHOLQHV�
ZKHWKHU� WKH� SURJUHVV� LV� PDGH� DV� UHTXLUHG�
DQG�ZKHUH�H[DFWO\�WKH�SURFXUHPHQW�VWDQGV�RQ�
WKH�GD\�RI�UHYLHZ� 

�F�� ([HFXWLRQ�&RQVWUXFWLRQ� 3URJUHVV� 5HSRUW�
LQJ 

7KLV� LV� WKH� PRVW� FRPSOLFDWHG� ZRUN� LQ� FDVH�
VRPHRQH�LV�UHTXHVWHG�WR�DVFHUWDLQ�WKH�FRUUHFW�
SURJUHVV� LQ�KXJH�SURMHFWV�RU� VRPHRQH� LV�H[�
SHFWHG� WR� SURYLGH� FROG�H\H� UHYLHZ�RI� D� KXJH�
HYHQW�� 7KH� H[SHUW� ZLOO� ILQG� PDQ\� ZRUNV� DUH�
RQJRLQJ�DQG�ZLOO�EH�GUDJJHG�E\�PDQ\�RQ�WKH�
SHUFHQWDJH�SURJUHVV�WKH\�ZDQW�WR�UHSRUW��7KH�
FROG�H\H�UHYLHZ�LQYROYHG�H[SHULHQFHG�SURIHV�
VLRQDO�VXEMHFW�PDWWHU� H[SHUW� ZLOO� KDYH� WR� LVR�
ODWH�KLPVHOI�IURP�LQIOXHQFHV�DQG�FKHFN�UHDOLW\� 
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RQ� WKH� JURXQG� DJDLQVW� DJUHHG� VFKHGXOH� RU�
WLPH� IUDPH�� TXDOLW\� VWDQGDUGV�� RU� RWKHU� UHOH�
YDQW�GRFXPHQWV� 

�G��&RPSOHWLRQ�3URJUHVV�5HSRUWLQJ 

8QIRUWXQDWH� WKDW� PDQ\� ZRUNV� LQ� SURMHFWV� RU�
KXJH�HYHQWV�PDUNHG�YHUEDOO\�FRPSOHWH�EXW�VR�
PDQ\� WKLQJV�UHPDLQ� WR�EH�GRQH��,�DP�QRW�JR�
LQJ� LQWR�SXQFK�OLVWLQJ�KHUH�EXW�DQ�H[SHUW�VKDOO�
NHHS� LQ�PLQG� WKDW� FRPSOHWH�PHDQV� FRPSOHWH�
LQ� DOO� VHQVH�� ,Q� FROG� H\H� UHYLHZ� WKH�(3�60(�
ZLOO� FKHFN� LW� DJDLQVW� UHTXLUHG� LQVSHFWLRQ� UHF�
RUGV� YV� VLJQHG� RII� UHFRUGV�� YHULI\LQJ� WKLQJV�
SK\VLFDOO\�E\�KLPVHOI� 

��� +RZ� FDQ� PDQDJHPHQW� DVN� &ROG� (\H� 5H�
YLHZ�RQ�WKH�SUHYDLOLQJ�VLWXDWLRQ 

([SHULHQFHG� 3URIHVVLRQDO� �� 6XEMHFW� 0DWWHU�
([SHUW�LV�DOZD\V�DVNHG�WR�KHOS�RQ�ILQGLQJ�IDFWV�
DQG� WR� WKH� EHVW� XQGHUVWDQGLQJ� RI� IDFWV��PDQ�
DJHPHQW� XVHV� LW� WR� FRPSDUH�ZLWK�ZKDW� LV� UH�
SRUWHG��1RUPDOO\�IURP�DQ\�HYHQW�RU�ZRUN�WKHUH�
ZLOO�EH�PDQ\�VRXUFHV�SURYLGLQJ� LQIRUPDWLRQ�WR�
PDQ\� KHDGV� DW� WKH� VDPH� WLPH�� $Q� H[HFXWLRQ�
KHDG�ZLOO�JHW�UHSRUWV�IURP�KLV�SURMHFW�LQYROYHG�
WHDP� WKDW� VR� DQG� VR� DFWLYLW\� LV� FRPSOHWH� EXW�
WKH� TXDOLW\� WHDP� LV� QRW� FRPLQJ� WR� LQVSHFW�� DW�
WKH�VDPH�LQVWDQFH�TXDOLW\�WHDP¶V�KHDG�ZLOO�EH�
DSSUDLVHG� WKDW�H[HFXWLRQ�FRQVWUXFWLRQ�KDV�QRW�
\HW�FRPSOHWHG�WKH�ZRUN�DQG�UDLVHG�UHTXHVW�WR�
LQVSHFW�� 7KHUH� ZLOO� EH� DPELJXLW\� DQG� FURVV�
ILJKWV� DPRQJ� GHSDUWPHQWV� DQG� SURIHVVLRQDOV��
0DQDJHPHQW�QHHGV�WR�FDUHIXOO\�FKRRVH�D�SHU�
VRQ�ZKR�FDQ�KDYH�D�YLHZSRLQW�QRW� LQFOLQHG�WR�
DQ\� WHDP� ZKHQ� KH� LV� RQ� KLV� PLVVLRQ� WR� SUR�
GXFH�D�FROG�H\H�UHYLHZ�UHSRUW� 

��� &ROG� H\H� UHYLHZ� LV� QRW� SXQFK� OLVWLQJ�� ZK\�
LW¶V�VR�	�KRZ" 

&ROG� H\H� UHYLHZ� LV� D� GHWDLOHG� GRFXPHQW� WKDW�
SURYLGHV� LQVLJKW� LQWR� WKH�FXUUHQW�VLWXDWLRQ�DQG�
KDV�QR�LQIOXHQFH�RQ�XSFRPLQJ�ZRUNV�RU�SUHSD�
UDWLRQV�� 7KH� &ROG� H\H� UHYLHZ� IRU� D� ZRUN� LI�
VHHQ� LQFRPSOHWH�ZLOO�PDUN� LW� LQFRPSOHWH�HYHQ�
LI� LW¶V� DUJXHG� WKDW� ZKROH� SUHSDUDWLRQ� LV� GRQH�
DQG� ZRUN� ZLOO� EH� FRPSOHWHG� ZLWKLQ� D� VKRUW�
WLPH�� ,WV� QRW� SXQFK� OLVW�ZKLFK� FDQ�PDUN�ZRUN�
DV� SDUWLDOO\� FRPSOHWH� ZLWK� IHZ� FRPPHQWV�
RSHQ� 

���2XWSXWV�RI�&ROG�(\H�5HYLHZV 

&ROG�H\H�UHYLHZ�LV�H[SHFWHG�WR�GHOLYHU�D�FU\V�
WDO�FOHDU�SLFWXUH�RI�D�SURMHFW�SURJUHVV�RU�RQJR�
LQJ�HYHQW�ZKHUH�GRHV�LW�VWDQG�ZKHQ�WKH�VWXG\�
UHYLHZ�ZDV�GRQH� 

 

���'LVFXVVLRQ���5HSRUWLQJ�ILQGLQJV�RI�FROG�H\H�
UHYLHZ  

7R� DYRLG� FRQIOLFW� DQG� LQ� DQ� DWWHPSW� WR� PDNH�
WKLQJV� ZRUN� DV� SHU� SODQ� DJDLQ�� WKH� FROG� H\H�
UHYLHZ� UHSRUW� ZLOO� EH� WDNHQ� XS� IRU� GLVFXVVLRQ�
ZLWK� VHQLRU� OHYHO� WHDP� GLUHFW� UHODWHG� WR� RU� LQ�
YROYHG�LQ�H[HFXWLRQ��7KH�PDQDJHPHQW�SXW�IRU�
ZDUG� ILQGLQJV� WR� KDYH� D� UHVSRQVLELOLW\� PDWUL[�
GHYHORSHG�DQG� WDUJHWV� VHW� DJDLQ� WR� FORVH� WKH�
ILQGLQJV�� 0DQDJHPHQW� FDQ� KDYH� DQ� LQVLJKW�
ZKHUH�ZHUH� WKH� ODSVHV� DQG� FDQ� FRUUHFW� IURP�
WKHLU�HQG�WRR� 

���$FWLRQ�SODQ� IRU� LPSOHPHQWDWLRQ�RI� FROG�H\H�
UHYLHZ�ILQGLQJV 

2QFH� GLVFXVVLRQ� ZLWK� DOO� FRQFHUQHG� FRPSOHW�
HG�� WKH� GHWDLOHG� LPSOHPHQWDWLRQ� SODQ� ZLOO� EH�
JHQHUDWHG�DQG�DOO� UHVSRQVLEOH�ZLOO�KDYH�D�VD\�
EHIRUH� WKH� DFWLRQ� SODQ� LV� ILQDOL]HG�� $OO� ODSVHV�
RU�JUH\�DUHDV�ZKHUH�QR�RQH�VHHPV�WDNLQJ�WKH�
ZRUN� FDQ� EH� UHGLVWULEXWHG� WR� WHDP� PHPEHUV�
DQG� WKH� DFWLRQ� SODQ� LV� ILQDOL]HG� DQG� LPSOH�
PHQWHG� 

���&RQFOXVLRQ 

&ROG� (\H� 5HYLHZ� LV� NH\� WR� VXFFHVV� IRU� WKH�
FRPSOLFDWHG� ZRUN� ZKLFK� KDV� KXJH� YROXPHV�
DQG�KXJH� WHDPV�ZRUNLQJ�� ,W�EULQJV� WKH�HIIRUWV�
WRZDUG�D�VLQJOH�JRDO��&ROG�H\H�UHYLHZ�LV�D�KRW�
ZRUN� WR� EH� FRPSOHWHG� ZKHQ� QRWKLQJ� HOVH�
VHHPV�WR�JLYH�FRUUHFW�UHSRUWV� 

$%287�7+(�$87+25 

 

/DOLW� 0RKDQ� 1DLQZDO� KDV� DOZD\V� VWULYHG� IRU�
NQRZOHGJH��/DOLW�FRQWLQXHG�KLV�HGXFDWLRQ�ZLWK�
KLV� FDUHHU� DV� D� VKLSZULJKW� DSSUHQWLFH� DQG�
DFKLHYHG� KLV� $0,(�0HFK��� &� (QJ� �,QGLD�� 	�
0%$�� $SDUW� IURP� ,QGLDQ� 1DY\
V� 'RFNV�� /DOLW�
ZRUNHG� ZLWK� VHYHUDO� UHQRZQHG� (3&� FRPSD�
QLHV� LQ� ,QGLD�	�DEURDG�VXFK�DV�7DWD�3URMHFWV��
6.(	&��DQG�.%5�,QF�� LQ�PDMRU�SURMHFWV�VXFK�
DV� +55/�� .33&� $URPDWLFV�� 3HDUO� *7/�� DQG�
,FKWK\V�/1*�3URMHFW� 
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3LSLQJ�V\VWHPV�DVVRFLDWHG�ZLWK�SURGXFWLRQ��
WUDQVSRUWLQJ�RLO�	�JDV��ZDWHU�JDV�LQMHFWLRQ�LQWR�
UHVHUYRLUV��H[SHULHQFH�ZHDU�	�WHDU�ZLWK�WLPH�	�
RSHUDWLRQV��7KHUH�ZRXOG�EH�PHWDO�ORVV�GXH�WR�
HURVLRQ��HURVLRQ-FRUURVLRQ�DQG�FDYLWDWLRQ�WR�
QDPH�D�IHZ��7KH�SUHVHQFH�RI�FRUURVLRQ�GH�
IHFWV�SURYLGHV�D�PHDQV�IRU�ORFDOL]HG�IUDFWXUHV�
WR�SURSDJDWH�FDXVLQJ�SLSH�UXSWXUHV�	�OHDN�
DJHV��7KLV�DOVR�UHGXFHV�WKH�SLSH�SLSHOLQH�PD[�
LPXP�DOORZDEOH�RSHUDWLQJ�SUHVVXUH�>0$23@� 

7KH�IROORZLQJ�DUWLFOH�FRYHUV�PHWKRGV�E\�'19�
VWDQGDUGV�WR�TXDQWLWDWLYHO\�HVWLPDWH�WKH�HUR�
VLRQ�UDWH�IRU�GXFWLOH�SLSHV�DQG�EHQGV�GXH�WR�WKH�
SUHVHQFH�RI�VDQG��,W�LV�WR�EH�QRWHG�WKDW�FRUUR�
VLRQ�FDQ�RFFXU�LQ�PDQ\�RWKHU�VFHQDULRV�VXFK�
DV�SLSH�GLPHQVLRQLQJ��IORZ�UDWH�OLPLWDWLRQV��
SLSH�SHUIRUPDQFH�VXFK�DV�SUHVVXUH�GURS��YL�
EUDWLRQV��QRLVH��LQVXODWLRQ��K\GUDWH�IRUPDWLRQ�
DQG�UHPRYDO��VHYHUH�VOXJ�IORZ��WHUUDLQ�VOXJJLQJ�
DQG�DOVR�XSKHDYDO�EXFNOLQJ��+RZHYHU�DOO�WKHVH�
DVSHFWV�DUH�QRW�FRYHUHG�LQ�WKLV�GRFXPHQW� 

%DVHG�RQ�WKH�HURVLRQDO�UDWHV�RI�SLSHV�DQG�
EHQGV��WKH�0D[LPXP�6DIH�3UHVVXUH�5HYLVHG�
0$23�LV�HYDOXDWHG�EDVHG�RQ�D�/HYHO���$V�
VHVVPHQW�SURFHGXUH�IRU�WKH�UHPDLQLQJ�VWUHQJWK�
RI�WKH�SLSHOLQH���7KH�/HYHO���SURFHGXUHV�WDNHQ�
XS�LQ�WKLV�DUWLFOH�DUH�5675(1*����G/�PHWKRG��
'19*/�53�)-�����3DUW-%��DQG�
3(752%5$6¶V�3%�(TXDWLRQ� 

*(1(5$/�127(6�	�$668037,216 

�� ,Q�HYDOXDWLQJ�FRUURVLRQ�GHIHFWV��WKH�JHQHU�
DOO\�DFFHSWHG�RU�WUDGLWLRQDO�DSSURDFK�LV�WKH�
$60(�%��*�FRGH�ZKLFK�JLYHV�RYHUO\�FRQ�
VHUYDWLYH�UHVXOWV�LQ�WHUPV�RI�ORZHU�EXUVW�
SUHVVXUHV�ZLWK�ZKLFK�RSHUDWRUV�UHSDLU�
UHSODFH�WKH�FRUURGHG�SLSH�SLSHOLQH�VHJ�
PHQWV��7KLV�UHSUHVHQWV�KLJKHU�PDLQWH�
QDQFH�FRVWV�QHFHVVLWDWLQJ�WKH�QHHG�WR�IRO�
ORZ�D�SURFHGXUH�WKDW�PHHWV�SLSHOLQH�LQWHJUL�
W\�UHTXLUHPHQWV�ZKLOH�DOVR�ORZHULQJ�PDLQWH�
QDQFH��UHSDLU�	�UHSODFHPHQW�FRVWV� 

�� 7R�DVVHVV�SLSHOLQH�LQWHJULW\��VWDQGDUG�FRU�

FODVVLILHG�RQ�WKUHH�OHYHOV�–�/HYHO����/HYHO�
��DQG�/HYHO����/HYHO���SURFHGXUH�UHSUH�
VHQWV�ORQJLWXGLQDO�DUHD�RI�PHWDO�ORVV�
EDVHG�RQ�WKH�PD[LPXP�GHIHFW�GHSWK�DQG�
RYHUDOO�GHIHFW�OHQJWK��7KH�$60(�%��*��
5675(1*����G/��DQG�'19*/�53�)-����
PHWKRG�IRU�VLQJOH�GHIHFW�FDQ�EH�FODVVLILHG�
DV�/HYHO���PHWKRGV��/HYHO���SURFHGXUH�
UHSUHVHQWV�ORQJLWXGLQDO�DUHD�RI�PHWDO�ORVV�
EDVHG�RQ�WKH�GHIHFW�GHSWK�SURILOH��7KH�
5675(1*�(IIHFWLYH�$UHD�PHWKRG�DQG�
'19*/�53�)-����PHWKRG�IRU�FRPSOH[�
VKDSHG�GHIHFWV�FDQ�EH�FODVVLILHG�DV�/HYHO�
��PHWKRGV��/HYHO���DVVHVVPHQW�PHWKRGV�
LQYROYH�XVLQJ�)LQLWH�HOHPHQW�PHWKRGV�
�)(0��SURYLGHG�WKH�)(0�PRGHO�LV�YDOLGDW�
HG�DJDLQVW�H[SHULPHQWDO�UHVXOWV� 

�� &RUURVLRQ�IDLOXUHV�DUH�FDXVHG�E\�WZR�PDLQ�
PHFKDQLVPV�–�/HDNDJH�UHVXOWLQJ�LQ�D�UHO�
DWLYHO\�VPDOO�ORVV�RI�SURGXFW�DQG�5XSWXUH�
FDXVLQJ�D�VXGGHQ�UHOHDVH�RI�SUHVVXUH�
ZKLFK�SURSDJDWHV�LQ�LVRODWLRQ� 

�� 7R�XQGHUVWDQG�FRUURVLRQ�DVVHVVPHQW�SUR�
FHGXUHV��WZR�WHUPV�FRPH�LQWR�SOD\�–�)ROL�
DV�%XOJLQJ�IDFWRU�>07@�DQG�IORZ�VWUHVV�>VI@��
)RODLV�IDFWRU�UHSUHVHQWV�WKH�EXOJLQJ�HIIHFW�
RI�D�VKHOO�VXUIDFH�WKDW�LV�WKLQQHU�LQ�ZDOO�
WKLFNQHVV�>:7@�WKDQ�WKH�VXUURXQGLQJ�VKHOO��
,W�WDNHV�LQWR�DFFRXQW�WKH�ZRUN-KDUGHQLQJ�
HIIHFW��L�H���WKH�LQFUHDVH�LQ�WKH�VWUHVV�FRQ�
FHQWUDWLRQ�OHYHOV�DV�WKH�FRUURVLRQ�GHIHFW�
EHJLQV�WR�EXOJH�EHIRUH�HYHQWXDOO\�FDXVLQJ�
D�IDLOXUH��7KH�IORZ�VWUHVV�LV�WKH�VWUHVV�DW�
ZKLFK�WKH�FRUURVLRQ�GHIHFW�LV�SUHGLFWHG�WR�
FDXVH�D�IDLOXUH� 

�� ,Q�SLSHOLQH�DVVHVVPHQW�OLWHUDWXUH��60<6�	�
\LHOG�VWUHQJWK�DUH�XVHG�GLIIHUHQWO\��6SHFLI�
LF�0LQLPXP�<LHOG�6WUHQJWK��60<6��LV�WKH�
DEVROXWH�PLQLPXP�\LHOG�VWUHQJWK�IRU�D�SDU�
WLFXODU�PDWHULDO�JUDGH�VSHFLILHG�E\�$670�
VWDQGDUGV��:KHUHDV��\LHOG�VWUHQJWK�LV�RE�
WDLQHG�IURP�PLOO�FRQGXFWHG�WHQVLOH�WHVWV��,Q�
FDVHV��ZKHUH�WKH�\LHOG�VWUHQJWK�YDOXH�LV�
QRW�DYDLODEOH��60<6�FDQ�EH�XVHG�LQVWHDG� 
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�� :KHQ� D� FRUURVLRQ� GHIHFW� RFFXUV� LQVLGH� D�
SLSH�SLSHOLQH�� WKH� GHIHFW� WHQGV� WR� SURSD�
JDWH�ORQJLWXGLQDOO\��$60(�%��*�PDQGDWHV�
D� PD[LPXP� DOORZDEOH� ORQJLWXGLQDO� OHQJWK�
>/0@� IRU� D� JLYHQ� GHIHFW� GHSWK� >G@�� $V� SHU�
0RGLILHG�$60(�%��*�PHWKRG� L�H��� ���G/�
PHWKRG��GHIHFWV�DUH�FODVVLILHG�DV�/RQJ�GH�
IHFW�DQG�VKRUW�GHIHFW�EDVHG�RQ� WKH�FRQGL�
WLRQ��/6��'W� �����:KHUH�'� �3LSHOLQH�2XW�
HU�GLDPHWHU��2'��DQG�W� �SLSHOLQH�QRPLQDO�
ZDOO� WKLFNQHVV�� :KHQ� ILHOG� PHDVXUHG� GH�
IHFW¶V� ORQJLWXGLQDO� OHQJWK�� /� �� /6�� WKH� GH�
IHFW� LV� WHUPHG� DV� VKRUW� GHIHFW��:KHQ� /� !�
/6�� WKH� GHIHFW� LV� WHUPHG� DV� ORQJ� GHIHFW��
7KH� '19*/� 53� )-���� PHWKRG� GRHV� QRW�
FODVVLI\�GHIHFWV� LQ� UHODWLRQ� WR� WKHLU� ORQJLWX�
GLQDO�OHQJWK��7KH�SUHVVXUH�VWUHQJWK�RI�ORQJ�
GHIHFWV�LV�D�IXQFWLRQ�RI�WKH�ORQJLWXGLQDO�GH�
IHFW�OHQJWK�>/@��7KH�/RQJHU�WKH�GHIHFW��ORZ�
HU� LV� WKH� IDLOXUH� SUHVVXUH� +RZHYHU� D� OLPLW�
H[LVWV�LQ�WKH�YDOXH�RI�/��EH\RQG�ZKLFK�DQ\�
ODUJH� LQFUHDVH� LQ� WKH� ORQJLWXGLQDO� GHIHFW�
OHQJWK�� /� SURGXFHV� YHU\� OLWWOH� UHGXFWLRQ� LQ�
WKH�IDLOXUH�SUHVVXUH�� 

�� /RQJ� ,QWHUQDO� GHIHFWV� DUH� RQH� RI� WKH� YDUL�
RXV� FDXVHV� IRU� JHRPHWU\� FRUURVLRQ� LQ�
GXFHG�GDPDJH�WKDW�RFFXU�LQ�RLO�	�JDV�SLSH�
OLQHV�� 7KHVH� RFFXU� RQ� WKH� SLSH�SLSHOLQH�
ERWWRP� GXH� WR� DFFXPXODWLRQ� RI� OLTXLGV� LQ�
FOXGLQJ� ZDWHU��:KHUHDV� ORQJ� H[WHUQDO� GH�
IHFWV� DUH� FDXVHG� RQ� WKH� SLSHOLQH¶V� RXWHU�
VXUIDFH�GXH�WR�ORVV�RI�SURWHFWLYH�FRDWLQJV� 

�� $60(�%��*�DVVXPHV�D�SDUDEROLF�SURILOH�
DFURVV�WKH�DUHD�RI�WKH�GHIHFW��L�H���$UHD�RI�
GHIHFW� �����G�/��ZKHUH��G� �'HIHFW�GHSWK�
DQG�/� �'HIHFW�ORQJLWXGLQDO�OHQJWK��:KHUH�
DV�ZLWK�WKH�5675(1*����G/�PHWKRG��WKH�
GHIHFW�DUHD�LV�DSSUR[LPDWHG�DV�����RI�WKH�
SHDN�GHSWK��L�H���E\�XVLQJ�D�IDFWRU�RI�������
L�H���'HIHFW�$UHD� ������G�/�� 

 

��  

��  

 

 

)LJXUH����&RUURVLRQ�6KDSH�$SSUR[LPDWLRQ 

�� 7KH�SRWHQWLDO�IRU�VDQG�SDUWLFOHV�WR�JHW�FDU�
ULHG�IURP�WKH�IRUPDWLRQ�WR�ZHOO�ERUH�LQ�RLO�	�
JDV�ZHOOV�LV�VXEMHFWHG�WR�WKH�UHVHUYRLU�JH�
RORJ\��:LWK�WKH�RQVHW�RI�ZDWHU�IRUPDWLRQ�RU�
UDSLG� FKDQJH� LQ� ZHOO� FRQGLWLRQV�� WKHUH� LV�
VDQG� IRUPDWLRQ��(PSOR\LQJ�D� ]HUR� UDWH�RI�
VDQG� SURGXFWLRQ� ZRXOG� EH� HFRQRPLFDOO\�
LQIHDVLEOH�� 7KHUHIRUH� VDQG� PDQDJHPHQW�
SURJUDPPHV�DUH�SXW�LQ�SODFH�ZKHUHE\�XS�
VWUHDP� IDFLOLWLHV� DUH� HTXLSSHG� ZLWK� VDQG�
WUDSV� ZLWK� QHFHVVDU\� VDIHJXDUGV� WKDW� DLG�
LQ�DFKLHYLQJ�DQ�DFFHSWDEOH�VDQG�UDWH��7KH�
VWDQGDUG� XVHG� IRU� WKLV� DUWLFOH� LV� '19*/�
53�2����ZKLFK�SURYLGHV�HPSLULFDO�PRGHOV�
WKDW� FRYHU� SODLQ� HURVLRQ� 	� QRW� WKH� FRP�
ELQHG�HIIHFWV�RI�FRUURVLRQ-HURVLRQ��GURSOHW�
HURVLRQ�	�FDYLWDWLRQ��7KH�DUWLFOH� WKHUHIRUH�
FRQVLGHUV� SODLQ� HURVLRQ� ZKLFK� OHDGV� WR�
FRUURVLRQ�SLWV�LQ�WKH�SLSHOLQH�	�WKH�DVVRFL�
DWHG�0$23�LV�FRPSXWHG�XVLQJ� WKH�VWDQG�
DUG�FRUURVLRQ�DVVHVVPHQW�PHWKRGV� 

 
��� :KHQ� DSSO\LQJ� WKH� RULJLQDO� $60(� %��*�

PHWKRG� LQ� VLPSOLILHG� IRUP� �$SSHQGL[� /� RI�
$60(� %������� WKH� 6DIH� 2SHUDWLQJ� 3UHV�
VXUH� JLYHQ� DV� 3¶�PXVW� ILUVW� EH� FDOFXODWHG�
XVLQJ� WKH� SUHVVXUH� FRUUHVSRQGLQJ� WR� D�
KRRS� VWUHVV� HTXDO� WR� ����� RI� 60<6� IRU�
WKH�RSHUDWLQJ�SUHVVXUH��3��7KH�UHVXOWLQJ�3¶�
LV� WKH� HVWLPDWHG� IDLOXUH� SUHVVXUH�� ZKLFK�
PXVW�WKHQ�EH�GLYLGHG�E\�WKH�GHVLJQ�IDFWRU�
GHVLUHG� IDFWRU� RI� VDIHW\� WR�REWDLQ� WKH� FRU�
UHFW�3¶� 
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&$6(�678'< 
$�FDVH�VWXG\�LV�PDGH�IRU�D�FDVH�RI����00VFIG�
RI� ZHOO� IOXLGV� WUDQVSRUWHG� WKURXJK� DQ� �´� '1�
FDUERQ� VWHHO� IORZOLQH� IURP� WKH�ZHOO� KHDG� WR� D�
WUXQN�OLQH��7KH�GHVLJQ�GHWDLOV�DUH�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
:(//�)/8,'6�0,;785(�3523(57,(6 
7KH� PL[WXUH� GHQVLW\� DQG� PL[WXUH� YLVFRVLW\� RI�
WKH�ZHOO�IOXLGV�FDQ�EH�GHWHUPLQHG�DV�IROORZV�� 

 � �� ȋͳȌ 

 � �� ȋʹȌ 

������ 

ȋ͵Ȍ 

�
ȋͶȌ 

,1&/,1('�3,3(�(526,21�5$7(�–�'19�53�
2���� 

7KH� IORZOLQH� SURILOH� RYHU� WKH� WHUUDLQ� ZRXOG�
KDYH� LQFOLQHG�VHFWLRQV��:LWK� WKH�RQVHW�RI�ZD�
WHU�SURGXFWLRQ�IURP�WKH�ZHOOV��TXDUW]�VDQG�SDU�
WLFOHV� IURP� ZHOOV� >��� SSP:�� ���� �P�� ������
NJ�P�@�LPSLQJH�DW�DQ�LPSDFW�DQJOH�RI������$V�
SHU�'19*/�53�2����>5HY������@��IRU�GXFWLOH�
PDWHULDOV�� WKH� PD[LPXP� HURVLRQ� RFFXUV� IRU�
LPSDFW� DQJOHV� LQ� WKH� UDQJH� RI� ���� WR� �����
ZKHUHDV� EULWWOH� PDWHULDOV� H[SHULHQFH� PD[L�
PXP� HURVLRQ� DW� QRUPDO� LPSDFW� DQJOH�� 7KH�
HURVLYH�ZHDU�FDQ�EH�HVWLPDWHG�DV� 

 ��
ȋͷȌ 

:KHUH� 

PS� �6DQG�)ORZ�UDWH�>NJ�V@ 

. 0DWHULDO�&RQVWDQW������-��IRU�6WHHO�*UDGHV� 

Q� 0DWHULDO�&RQVWDQW������IRU�6WHHO�*UDGHV� 

8S� �3DUWLFOH�9HORFLW\�>P�V@��9J���9O� 

UW� �3LSHOLQH�GHQVLW\�>NJ�P
�@� 

$W� �3LSHOLQH�$UHD�H[SRVHG�WR�(URVLRQ�>P
�@ 

)�D�� �)XQFWLRQ�FKDUDFWHULVWLF�RI�GXFWLOLW\�>-@ 

7KH�YDOXH�RI�)�D��LV�FDOFXODWHG�DV�� 

��� 

)RU�WKH�FRQGLWLRQ��)�D�Ì�>����@�IRU�D�Ì�>���S��@ 

1RWH����PLO� �������WK�RI�DQ�LQFK 

7KH�VDQG�IORZ�UDWH�EDVHG�RQ�SSP:�LV�FDOFX�
ODWHG�DV� 

��������� ����� ���� 

���������������������������� ʹͷ ����� 

������������������ȏ��Ȑ ͺǤ͸ʹͷ �� 

������������������������ȏ��Ȑ ͵Ǥͳͺ �� 

����ͷ������ 
���ͳ�
�͸ͷ 

- 

��������������������������ȏ��Ȑ ͷ͵Ͳ ��� 

�����ȏ�Ȑ ͶͶͺ ��� 

����������������ȏ��Ȑ ͻ͵Ǥͷ ���� 

�������������������ȏ��Ȑ ͳͲͲ Ͳ� 


���	���������ȏ��Ȑ ͵ͳǡ͸ͷ͹ ��Ȁ� 

�������	���������ȏ��Ȑ ͳͶǡͻʹͺ ��Ȁ� 


�����������ȏ��Ȑ ͶʹǤͲ ��Ȁ�͵ 

���������������ȏ��Ȑ ͹ͳ͵Ǥʹ ��Ȁ�͵ 


�������������ȏρ�Ȑ 
ͳǤ͵Ͷ�-
Ͳͷ 

��Ȁ�Ǥ� 

�����������������ȏρ�Ȑ 
ͶǤ͹ʹ�-
ͲͶ 

��Ȁ�Ǥ� 

������������������ȏρ�Ȑ 
ʹǤͷͺ�-
Ͳͷ 

��Ȁ�Ǥ� 


������������ȏ��Ȑ ͷǤͻ �Ȁ� 

����������������ȏ��Ȑ ͲǤͳ͸ �Ȁ� 

�������������ȏ����Ȑ ͷͲǤͲ ���� 

�������������������������� ͵ͲͲ ρ� 

��Ǥ� ��� ����� ��������� ȏͻͲͲ�
����������Ȑ 

ͳǤͷ ȏ-Ȑ 

���������������������������ȏ�Ȑ ͵ͲͲ ������� 
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  ������������� 

7KH�HURVLRQ�UDWH�FDQ�EH�FDOFXODWHG�EHJLQQLQJ�
ZLWK� HVWLPDWLQJ� WKH� IXQFWLRQ� FKDUDFWHUL]LQJ�
SLSHOLQH�GXFWLOLW\��)�D��DV�IROORZV� 

)RU�������  ������������� 

��� 

7KH�VDQG�IORZ�UDWH�EDVHG�RQ�SSP:�LV� 

����������� 

7KH�SLSHOLQH�DUHD�H[SRVHG�WR�HURVLRQ�LV� 

�������������� 

7KH�HURVLRQ�UDWH�LV�WKHUHIRUH�FDOFXODWHG�DV� 

���� 

��������� 

3,3(� %(1'� (526,21�5$7(� –� '19*/� 53�
2���� 

3LSHOLQH� EHQGV� DUH� SURQH� WR� HURVLRQDO� ZHDU��
:KHQ�WKH�IORZ�GLUHFWLRQ� LQ� WKH�EHQG�FKDQJHV��
VDQG� SDUWLFOHV� FUDVK� DJDLQVW� WKH� EHQG� ZDOO��
LQVWHDG�RI�IROORZLQJ�WKH�IORZ�GLUHFWLRQ��$VVXP�
LQJ� D� VWUDLJKW� OHQJWK� >��'@� EHIRUH� WKH� EHQG��
WKH�HURVLRQ�UDWH�LV�HVWLPDWHG�DV� 

 

 

 

 

 

 

 

)LJXUH����,PSDFW�$QJOH�>D@�LQ�3LSHOLQH�%HQGV 

7KH�FKDUDFWHULVWLF�LPSDFW�DQJOH��D�IRU�WKH�SLSH�
EHQG� JHRPHWU\� LV� FDOFXODWHG� IURP� WKH� UDGLXV�
RI�FXUYDWXUH��7KH�UDGLXV�RI�FXUYDWXUH��5F�>L�H���
EHQG�UDGLXV@�IRU�D�EHQG�LV�H[SUHVVHG�DV�QXP�
EHU�RI�SLSH�GLDPHWHUV��&RQVLGHULQJ�D�����ORQJ�
HOERZ��WKH�EHQG�UDGLXV� LQ� WHUPV�RI�QXPEHU�RI�
SLSH�GLDPHWHUV�LV������L�H���5F� ����� 

���   ���������
���� 

���� 

7KH�OHQJWK�RI�WKH�����EHQG�LV�HVWLPDWHG�DV� 

������
���� 

���
���� 

$V�SHU�'19*/�53�2������WKH�HURVLRQDO�UDWH�
>(@�IRU�SLSH�EHQGV�LV�FRPSXWHG�DV� 

���
���� 

:KHUH� 

(� �(URVLRQ�5DWH�>PP�\HDU@� 

PS� �6DQG�)ORZ�UDWH�>NJ�V@ 

. 0DWHULDO�&RQVWDQW������-��IRU�6WHHO�*UDGHV� 

Q� 0DWHULDO�&RQVWDQW������IRU�6WHHO�*UDGHV� 

8S� �3DUWLFOH�9HORFLW\�>P�V@��9J���9O� 

UW� �3LSHOLQH�GHQVLW\�>NJ�P
�@ 

$W� �%HQG�$UHD�H[SRVHG�WR�HURVLRQ�>P
�@ 

)�D�� �)XQFWLRQ�FKDUDFWHULVWLF�RI�GXFWLOLW\�>-@ 

*� �3DUWLFOH�6L]H�FRUUHFWLRQ�IXQFWLRQ�>-@ 

&�� �&RQVWDQW�DFFRXQWLQJ� IRU�PXOWLSOH� LPSDFW�
RI�VDQG�SDUWLFOHV�DW�WKH�EHQG¶V�RXWHU�HQG�>���@ 

*)� �*HRPHWU\�)DFWRU 
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7KH� JHRPHWU\� IDFWRU� >*)@�� LV� WDNHQ� WR� EH� ����
EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�VWUDLJKW�OLQH�
VHFWLRQ��XSVWUHDP�RI� WKH�EHQG� LV�JUHDWHU� WKDQ�
��'�� )RU� VWUDLJKW� OLQH� VHFWLRQ� OHVV� WKDQ� ��'��
WKH� *)� LQFUHDVHV� WR� �� RU� ��� 7R� DUULYH� DW� WKH�
SDUWLFOH� VL]H� FRUUHFWLRQ� WHUP�� *�� WKH� GLPHQ�
VLRQOHVV�SDUDPHWHU�$�LV�FDOFXODWHG�ILUVW� 

���  ������������ 

7KH�GLDPHWHU�UHODWLRQ�>J@�DQG�FULWLFDO�GLDPHWHU�
UHODWLRQ�>JJ@�LV�FDOFXODWHG�DV� 

�� �   ������������ 

:KHUH��GS� �$YHUDJH�3DUWLFOH�GLDPHWHU 

��
���� 

7KH�SDUWLFOH�VL]H�FRUUHFWLRQ�IXQFWLRQ�>*@�LV� 

�   ������������ 

7KH�SLSHOLQH�%HQG�$UHD�H[SRVHG�WR�HURVLRQ�LV� 

�   � ������������ 

$SSO\LQJ�WKH�H[SUHVVLRQV�WR�WKH�FDVH�VWXG\� 

��������� 

�  ������������ 

������� 

7KHUHIRUH� VLQFH� J� �� JJ�� WKH� SDUWLFOH� VL]H� FRU�
UHFWLRQ�IXQFWLRQ�LV� 

� ������������������������ 

7KH�FULWLFDO�SDUWLFOH�GLDPHWHU�>GS�F@�LV�FDOFXODWHG�
DV� 

���� 

7KH�SLSHOLQH�DUHD�H[SRVHG�WR�HURVLRQ�LV� 

����������
���� 

7KH� IXQFWLRQ� FKDUDFWHUL]LQJ� SLSHOLQH� GXFWLOLW\��
)�D��DV�IROORZV� 

)RU�������  ������������ 

���� 

7KHUHIRUH�WKH�HURVLRQ�UDWH�LV�FRPSXWHG�DV� 

����
���� 

��������� 

0$;�6$)(�35(6685(�,1�&2552'('�$5�
($� 

:LWK�VDQG�HURVLRQ�RFFXUULQJ�GXH�WR�VDQG�IORZ��
GHIHFWV� EHJLQ� WR� IRUP� RQ� WKH� SLSHOLQH� LQQHU�
VXUIDFH�� 7KHVH� GHIHFWV� KDYH� D� FHUWDLQ� GHSWK�
RI�SHQHWUDWLRQ�>G@�IRU�D�JLYHQ�ZDOO�WKLFNQHVV�RI�
WKH� SLSH� >W@�� 7KH� IROORZLQJ� VHFWLRQ� SURYLGHV�
FDOFXODWLRQV� IRU� WKH� PD[LPXP� VDIH� SUHVVXUH�
IRU� RSHUDWLRQ� EDVHG� RQ� 5675(1*� ���G/�
PHWKRG��'19*/�53�)����6LQJOH�GHIHFW�PHWK�
RG�DQG�3(752%5$6�3%�PHWKRG�� 

$V�SHU�$60(�%��*�� IRU� D� SLW� GHSWK�RI� XS� WR�
�����WKH�SLSHOLQH�FDQ�EH�FRQWLQXHG�WR�EH�RS�
HUDWHG�ZLWK�WKH�H[LVWLQJ�0$23��)RU�D�SLW�GHSWK�
EHWZHHQ�����DQG������WKH�SLSHOLQH�QHHGV�WR�
EH� RSHUDWHG� DW� WKH� UHYLVHG�UHGXFHG� 0$23�
EDVHG� RQ� WKH� FRUURGHG�ZDOO� WKLFNQHVV�� )RU� D�
SLW�GHSWK�JUHDWHU�WKDQ������WKH�SLSHOLQH�ZRXOG�
KDYH�WR�UHSDLUHG�RU�UHSODFHG�� 

$V�SHU�$60(�%��*��IRU�D�FRQWLJXRXV�FRUURG�
HG� DUHD� KDYLQJ� D� PD[LPXP� GHSWK� RI� PRUH�
WKDQ� ���� EXW� OHVV� WKDQ� ���� RI� WKH� QRPLQDO�
SLSH� ZDOO� WKLFNQHVV�� /P� VKRXOG� QRW� H[WHQG�
DORQJ� WKH� ORQJLWXGLQDO� D[LV� RI� WKH� SLSH� IRU� D�
GLVWDQFH�JUHDWHU� WKDQ�FDOFXODWHG� IURP�WKH�H[�
SUHVVLRQ��  
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���   ������������ 

:KHUH� 

/P�  �0D[LPXP�$OORZDEOH�/RQJLWXGLQDO� OHQJWK�
RI�FRUURGHG�DUHD�>LQ@ 

'� �3LSHOLQH�2'�>LQ@ 

7� �3LSHOLQH�VHOHFWHG�:DOO�WKLFNQHVV�>LQ@ 

7KH�FRQVWDQW�%�LV�HVWLPDWHG�DV� 

���  
 ���� 

$V�SHU�$60(�%��*��%�FDQQRW� EH�!������)RU�
FRUURVLRQ� GHSWK� >G�W@� EHWZHHQ� ���� DQG�
������� WKH�YDOXH�RI�%� LV� WR�EH� OLPLWHG� WR������
)RU�H�J���ZLWK�G�W� ������� WKH�YDOXH�RI�%�	�/P�
LV� 

� ������������ 

���� 

5675(1*����'/�0(7+2' 

7KH� PD[� VDIH� SUHVVXUH� ZLWK� 5675(1*�
���G/�PHWKRG�LV�GHWHUPLQHG�DV�IROORZV� 

���
���� 

:KHUH� 

60<6� �6SHFLILF�0LQ�<LHOG�6WUHQJWK�>03D@ 

'� �3LSHOLQH�2'�>LQ@ 

0� �)ROLDV�%XOJLQJ�)DFWRU�>-@ 

)RU�WKH�FRQGLWLRQ��/��'W�������0�LV� 

���� 

)RU�WKH�FRQGLWLRQ��/��'W�!�����0�LV� 

 � ������������ 

,Q�WKLV�FDVH��WKH�PHDVXUHG�PD[�FRUURGHG�DUHD�
GHSWK�>G@�DQG�PHDVXUHG�ORQJLWXGLQDO�OHQJWK�>/@�
LQ�WKH�LQFOLQHG�SLSH�LV�����´�DQG��´�UHVSHFWLYH�
O\��)RU�WKH�VHOHFWHG�ZDOO�WKLFNQHVV�RI������PP��
G�W�LV�������L�H�������SLW�GHSWK� 

6LPLODUO\�IRU�WKH�SLSH�EHQG��WKH�PHDVXUHG�PD[�
FRUURGHG�DUHD�GHSWK� >G@�DQG�PHDVXUHG� ORQJL�
WXGLQDO�OHQJWK�>/@�LV�����´�DQG����´�UHVSHFWLYH�
O\��)RU�WKH�VHOHFWHG�ZDOO�WKLFNQHVV�RI������PP��
G�W�LV�������L�H�������SLW�GHSWK� 

7KHUHIRUH�IRU�WKH�LQFOLQHG�SLSHOLQH� 

 ������������ 

6LQFH�/��'W�������WKH�)ROLDV�EXOJLQJ�IDFWRU�LV� 

����
���� 

��    ������������ 

7KHUHIRUH�WKH�PD[�VDIH�SUHVVXUH�LV� 

�
���� 

�   ������������ 

3HUIRUPLQJ�VLPLODU�FDOFXODWLRQV� IRU�3LSH�%HQG�
ZLWK�G� �����´�DQG�/ ���´��WKH�0D[�VDIH�SUHV�
VXUH�LV������EDUD� 

'19�53�)����6,1*/(�'()(&7�0(7+2' 

7KH�PD[�VDIH�SUHVVXUH�ZLWK�'19*/�53�)����
VLQJOH�GHIHFW�PHWKRG�LV�GHWHUPLQHG�DV� 

������������ 

:KHUH� 

VX� �8OWLPDWH�7HQVLOH�6WUHQJWK�>03D@ 

'� �3LSHOLQH�2'�>LQ@ 

0� �)ROLDV�%XOJLQJ�)DFWRU�>-@ 

�   �
 ���� 
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$SSO\LQJ� WKH�'19*/�53�)����6LQJOH� GHIHFW�
PHWKRG� WR� WKH� VDPH� LQFOLQHG� SLSH� DQG� SLSH�
EHQG� GDWD� IRU� DQ� XOWLPDWH� WHQVLOH� VWUHQJWK� RI�
����03D��WKH�PD[�VDIH�SUHVVXUH�LV� 

 ������������ 

���
���� 

�   ������������ 

3HUIRUPLQJ� VLPLODU� FDOFXODWLRQV� IRU� SLSH� EHQG�
ZLWK� G ����´� DQG� / ���´�� WKH�0D[� VDIH� SUHV�
VXUH�LV������EDUD� 

3(752%5$6�3%�0(7+2' 

7KH�PD[�VDIH�SUHVVXUH�ZLWK�3(752%5$6�3%�
PHWKRG�LV�GHWHUPLQHG�DV� 

������������ 

:KHUH� 

VX� �8OWLPDWH�7HQVLOH�6WUHQJWK�>03D@ 

0� �)ROLDV�%XOJLQJ�)DFWRU�>-@ 

��������� 

$SSO\LQJ�WKH�3(752%5$6�3%�PHWKRG�WR�WKH�
VDPH�LQFOLQHG�SLSH�DQG�SLSH�EHQG�GDWD�IRU�DQ�
XOWLPDWH�WHQVLOH�VWUHQJWK�RI�����03D��WKH�PD[�
VDIH�SUHVVXUH�LV� 

��
���� 

����
���� 

�   ������������ 

3HUIRUPLQJ�VLPLODU�FDOFXODWLRQV� IRU�3LSH�%HQG�
ZLWK�G� �����´�DQG�/ ���´��WKH�0D[�VDIH�SUHV�
VXUH�LV������EDUD� 

5(68/76 

6XPPDUL]LQJ�� WKH�PD[� VDIH� SUHVVXUH� LV� �����
EDUD�IRU�SLSHOLQH�DQG����EDUD�IRU�SLSH�EHQG�� 

 

 

 

 

 

 

 

 

 

%DVHG� RQ� WKH� HURVLRQ� UDWH� IRU� DQ� RSHUDWLQJ�
SHULRG�RI����\HDUV��WKH�SLSHOLQH�:7�ORVW�LV� 

 

 

 

 

 

5()(5(1&(6 

³0DQDJLQJ� 6DQG� 3URGXFWLRQ� DQG� (URVLRQ´��
'19*/-53-2�����$XJ������(GLWLRQ� 

³0DQXDO� IRU� 'HWHUPLQLQJ�5HPDLQLQJ� 6WUHQJWK�
RI�&RUURGHG�3LSHOLQHV´��$60(�%��*-���� 

³)ROLDV� )DFWRU´�� 6FLHQFH� 'LUHFW�� KWWSV���
ZZZ�VFLHQFHGLUHFW�FRP�WRSLFV�HQJLQHHULQJ�
IROLDV-IDFWRU� 

³0RGLILHG� (TXDWLRQ� IRU� WKH� $VVHVVPHQW� RI�
/RQJ� &RUURVLRQ� 'HIHFWV´�� $GLOVRQ� &�� %HQMD�
PLQ�� 5RQDOGR� '� 9LHULD�� -RVH� /XL]� )�� )ULHUH��
-DLPH� 7�3�� GH� &DVWUR�� KWWSV���
ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ��������� 

������ 
�����������������ǡ�

���ȏ����Ȑ 

- ���������
���� 

���������
���� 

������
�Ͳͺͷ�� ͺͺǤͶ ͻͲǤͲ 

���� ��� 	ͳͲͳ� ������� ��Ǧ
���� ͻͳǤͻ ͻ͸Ǥ͵ 

������������ ͻͶǤ͵ ͻͻǤ͹ 

����������������ȏ��Ȑ ͻ͵Ǥͷ ͻ͵Ǥͷ 

�����������������ǡ��� ͺͺǤͶ ͻͲǤͲ 

��������� 
���������
���� 

���������
���� 

�������������ȏ��Ȁ�Ȑ ͲǤͲͲ͹ͺ ͲǤͲͶͻ͸ 

�����������ʹͷ�������ȏ��Ȑ ͲǤʹͲ ͳǤʹͶ 
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$%287�7+(�$87+25 

 
9LMD\� 6DUDWK\� KROGV� D� 0DVWHU¶V� 'HJUHH� LQ�
&KHPLFDO� (QJLQHHULQJ� IURP� %LUOD� ,QVWLWXWH� RI�
7HFKQRORJ\� 	� 6FLHQFH� �%,76��� 3LODQL�� ,QGLD�
DQG� LV�D�&KDUWHUHG�(QJLQHHU�IURP�WKH� ,QVWLWX�
WLRQ�RI�&KHPLFDO�(QJLQHHUV��8.��+LV�H[SHUWLVH�
RYHU���� \HDUV�RI�SURIHVVLRQDO� H[SHULHQFH� FR�
YHUV�)URQW�(QG�(QJLQHHULQJ��3URFHVV�'\QDP�
LF� 6LPXODWLRQ� DQG� 6XEVHD�2QVKRUH� SLSHOLQH�
IORZ� DVVXUDQFH� LQ� WKH� 2LO� DQG� *DV� LQGXVWU\��
9LMD\� KDV� ZRUNHG� DV� DQ� 8SVWUHDP� 3URFHVV�
(QJLQHHU� ZLWK� PDMRU� FRQJORPHUDWHV� RI� *HQ�
HUDO�(OHFWULF��(1,�6DLSHP�DQG�6KHOO� 

 

PT. Dinamika Teknik Persada� 
 
LV�DQ�(QJLQHHULQJ�&RQVXOWDQWV�IRFXVHG�RQ 
SURYLGLQJ�HQJLQHHULQJ�DQG�WHFKQLFDO�VHUYLFHV�WR�
WKH�RLO�DQG�JDV�LQGXVWU\� 
:H�GHYHORS�LQQRYDWLYH�DQG�FRVW�HIIHFWLYH�VROX�
WLRQV�DQG�KHOSLQJ�RXU�FOLHQWV�WR�DFKLHYH�KLJK�SHU�
IRUPDQFH�IURP�WKHLU�DVVHWV�E\�SURYLGLQJ�H[SHU�
WLVH��QRYHO�PHWKRGV�DQG�DSSURSULDWH�WRROV� 
 
-)(('�WR�'HWDLOHG�HQJLQHHULQJ�
'HVLJQ 
-,QGHSHQGHQW�'HVLJQ�9HULILFD�
WLRQ 
-5LVN�$VVHVVPHQWV 
-$VVHW�,QWHJULW\�0DQDJHPHQW 
-5LVN�%DVHG�,QVSHFWLRQ 
-5HOLDELOLW\�&HQWHUHG�0DLQWH�
QDQFH 

37�'LQDPLND�7HNQLN�
3HUVDGD�SURYLGH�(QJL�
QHHULQJ�'HVLJQ�WR�WKH�
XSVWUHDP�DQG�GRZQ�
VWUHDP�VHFWRUV�RI�RLO�	�
JDV�LQGXVWU\� 
 
-�3URFHVVLQJ�SODQWV� 
-�3UHVVXUH�YHVVHOV� 
-�+HDW�H[FKDQJHUV� 
-�3LSLQJ�V\VWHPV� 
-�2QVKRUH�SLSHOLQHV� 
-�2IIVKRUH�SLSHOLQHV� 

$GGUHVV���5XNR�*ROGHQ�%RXOHYDUG�%ORN�.�1R���-� 
-O��3DKODZDQ�6HULEX��%6'�&LW\��6HUSRQJ 

7DQJHUDQJ�������–�,QGRQHVLD 
3KRQH���)D[� �� ��������������� 

(PDLO���LQIR#GWS-HQJ�FRP 
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Electric Shock Hazard Prevention  

&KULV�3DOPLVDQR��0(6+��,)$& 

 
 
7KLV�PRQWK�ZH�DUH�H[FLWHG�WR�EH�UROOLQJ�RXW�RXU�
1(:�6DIHW\�7DON�6HULHV�� �(YHU\�RWKHU�PRQWK��
ZH�ZLOO�SURYLGH�D�VDIHW\�WDON�IRU�RXU�UHDGHUV�RQ�
D�QHZ�WRSLF���7KH\�FDQ�EH�XVHG�DV�UHVRXUFH�WR�
VKDUH�ZLWK�\RXU�HPSOR\HHV�DV�D�6DIHW\�7DON�RU�
7RRO�%R[�7DON��WR�KHOS�\RX�PDLQWDLQ�D�VDIH�DQG�
KHDOWKIXO�ZRUNSODFH� 
 
7RGD\¶V�WRSLF�LV�RQH�  
  
(/(&75,&�6+2&.�+$=$5'�35(9(17,21 
 
7KHUH� DUH� VHYHUDO� SUHFDXWLRQV� DJDLQVW� DFFL�
GHQWDO� JURXQGLQJ� WKDW� ZH� DOO� VKRXOG� REVHUYH�
ZKHQ�XVLQJ�SRUWDEOH�HOHFWULF�WRROV��&KHFN�\RXU�
WRROV�IRU�WKHVH�FRQGLWLRQV�� 
 
· 'HIHFWLYH�RU�EURNHQ�LQVXODWLRQ� 
· ,PSURSHU� RU� SRRUO\� PDGH� FRQQHFWLRQV� WR�

WHUPLQDOV�� 
· %URNHQ�RU�RWKHUZLVH�GHIHFWLYH�SOXJV�� 
· /RRVH�RU�EURNHQ�VZLWFKHV�� 
· 6SDUNLQJ�EUXVKHV�� 
 
,I� DQ\�RI� WKHVH�FRQGLWLRQV�H[LVW��KDYH� WKH� WRRO�
UHSDLUHG�EHIRUH�XVLQJ�LW��RU�UHSRUW�LW�WR�\RXU�VX�
SHUYLVRU���'R�QRW�XVH�WKH�GHIHFWLYH�WRRO�� 
 
:KHQ� LW� FRPHV� WR� HOHFWULFDO� VDIHW\�� GRQ¶W� DW�
WHPSW�WR�UHSDLU�RU�DGMXVW�SRUWDEOH�HOHFWULF�WRROV�
ZKLOH� WKH\¶UH�SOXJJHG� LQ��'R�QRW� XVH�SRUWDEOH�
HOHFWULF� WRROV� LQ� WKH� SUHVHQFH� RI� ZDWHU�� IODP�
PDEOH�YDSRUV�RU�JDVHV��XQOHVV�WKH�WRRO�LV�VSH�
FLILFDOO\�GHVLJQHG�IRU�VXFK�XVH�� 

6RPH�SHRSOH�EHOLHYH�WKDW�ORZ�YROWDJH�VKRFNV�
FDQ¶W� KDUP� WKHP��$FWXDOO\�� WKHVH� ORZ� YROWDJH�
MROWV� FDQ� EH� IDWDO�� 7KH� VHYHULW\� RI� D� VKRFN� LV�
PHDVXUHG� E\� WKUHH� IDFWRUV—WKH� TXDQWLW\� RI�
FXUUHQW� IORZLQJ� WKURXJK� WKH�ERG\�� WKH�SDWK�RI�
WKH� FXUUHQW� DV� LW� SDVVHV� WKURXJK� WKH� ERG\��
DQG�WKH�GXUDWLRQ�RI�WKH�FXUUHQW�� 
 
)DXOW\� WRROV� FDQ� EH� UHVSRQVLEOH� IRU� DQ� DFFL�
GHQW�� 7RROV� VKRXOG� UHFHLYH� SURSHU� FDUH� VR�
WKH\� ZLOO� QRW� EHFRPH� IDXOW\�� 7KH\� VKRXOG� DO�
ZD\V� EH� UHWXUQHG� WR� WKHLU� SURSHU� SODFH��
VKRXOG� EH� KDQGOHG�ZLWK� FDUH�� DQG� VKRXOG� EH�
LQVSHFWHG�UHJXODUO\�� 
 
7R�UHGXFH�WKH�KD]DUG�RI�HOHFWULF�VKRFN��WKLUG-
ZLUH� JURXQGHG� RU� DSSURYHG� GRXEOH-LQVXODWHG�
WRROV�PXVW�EH�XVHG��$Q\�H[WHQVLRQ�FRUGV�\RX�
XVH� PXVW� KDYH� WKUHH-SURQJHG� SOXJV�� �:KHQ�
UHSDLULQJ�H[WHQVLRQ� FRUGV�PDNH� VXUH� WKH�SR�
ODULW\�LV�FRUUHFW 
 
7KHUH�DUH�WKUHH�IDFWRUV�LQYROYHG�LQ�DFFLGHQWDO�
JURXQGLQJ� PLVKDSV� ZKLFK� VKRXOG� EH� UHFRJ�
QL]HG��$OO� RI� WKHVH� IDFWRUV�DUH�FRQWULEXWHG�E\�
SHRSOH�DQG�WKH\�DUH� 
 
· /DFN�RI�NQRZOHGJH�RI�VDIHW\�SUHFDXWLRQV�� 
· ,JQRULQJ�KD]DUGV�RU�VDIHW\�UXOHV 
· 1HJOHFW�� 
 
$JDLQ�� LW¶V� LPSRUWDQW� WR� FKHFN� \RXU� WRROV� EH�
IRUH�XVLQJ�WKHP��,I�WKH\�DSSHDU�EURNHQ��GHIHF�
WLYH��RU� LQ�SRRU�FRQGLWLRQ��UHSRUW� LW� WR�\RXU�VX�
SHUYLVRU��'R�QRW�XVH�WKH�WRRO�XQWLO�LW�KDV�EHHQ�
DSSURYHG�IRU�IXUWKHU�XVH�� 
 
67$<� $/(57� 21� 7+(� -2%� $1'� '2� 127�
7$.(�$1<�811(&(66$5<�&+$1&(6 
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Pneumatic Dilute Phase Solids Conveying 
Joe Bonem 
 
 

,1752'8&7,21 
6ROLGV� FRQYH\LQJ� LV� XVHG� WKURXJKRXW� WKH� LQ�
GXVWULDO� DQG� EXVLQHVV� ZRUOG�� ,W� LV� XVHG� IURP�
GULYH-WKURXJK� EDQNLQJ� GHSRVLWLQJ� WR� KHDY\� LQ�
GXVWU\��:KLOH� WKH� SQHXPDWLF� GHVLJQ� FDQ� YDU\�
IURP� GLOXWH� SKDVH� WR� GHQVH� SKDVH� DQG� IURP�
YDFXXP�V\VWHPV�WR�SUHVVXUH�V\VWHP�� WKLV�SD�
SHU� GHDOV� ZLWK� SUHVVXUL]HG� GLOXWH� SKDVH� V\V�
WHP�FRQFHSWV��7KHVH�FRQFHSWV�ZLOO� EH�KHOSIXO�
LQ� ERWK� GHVLJQ� DQG� SUREOHP� VROYLQJ� DUHDV���
7KH� SDSHU� FRQWDLQV� JXLGHOLQHV�� FRQFOXVLRQV�
DQG�WKH�UHVXOWV�RI�FDOFXODWLRQV��7KHVH�FDOFXODW�
HG� YDOXHV� DUH� EDVHG� RQ� SURSULHWDU\� FRUUHOD�
WLRQV�� 7KHVH� SURSULHWDU\� FRUUHODWLRQV� KDYH�
EHHQ�YDOLGDWHG� LQ� FRPPHUFLDO� RSHUDWLRQV�RI� D�
SUHVVXUL]HG� WUDQVIHU� V\VWHP� ZLWK� D� OHQJWK� RI�
���� IHHW� DV� ZHOO� DV� OLPLWHG� ODERUDWRU\� GDWD��
:KHUHYHU�SRVVLEOH�WKH�FRUUHODWLRQV�KDYH�EHHQ�
FRQILUPHG�E\�DFWXDO�SODQW�GDWD� 
 
7KH�SK\VLFDO�SURSHUWLHV�RI�WKH�VROLG�EHLQJ�FRQ�
YH\HG�DUH�WKRVH�RI�D�VSKHULFDOO\�VKDSHG�SRO\�
ROHILQ��,W�LV�QRW�NQRZQ�WR�ZKDW�H[WHQW�WKH�FRUUH�
ODWLRQV�DUH�YDOLG�IRU�RWKHU�VROLGV��7KH�SDSHU� LV�
IRFXVHG� RQ� V\VWHPV� ZKHUH� WKH� JDV� LV� HLWKHU�
QLWURJHQ�RU�DLU��+RZHYHU��WKH�FRQFHSWV�DUH�YDO�
LG� IRU� RWKHU� JDVHV�� 7KH� GLOXWH� SKDVH� SUHVVXU�
L]HG� V\VWHP� LV� JHQHUDOO\� RQH�ZKHUH� WKH� VROLG�
WR�JDV�UDWLR�LV�OHVV�WKDQ���SRXQGV�RI�VROLGV�SHU�
SRXQG�RI�JDV��$OWKRXJK�WKHUH�DUH�OLWHUDWXUH�UHI�
HUHQFHV�RI�D�VROLG�WR�JDV�UDWLR�EHLQJ�DV�KLJK�DV�
���� � � � 3UHVVXUL]HG� V\VWHPV� DUH� GHILQHG� DV� D�
V\VWHP�ZKHUH� WKH� ILQDO� SUHVVXUH� LV� DERYH� DW�
PRVSKHULF� SUHVVXUH�� 7KH� LQLWLDO� SUHVVXUH� ZLOO�
WKHQ�GHSHQG�RQ�SUHVVXUH�GURS� LQ� WKH�FRQYH\�
LQJ� V\VWHP�� $Q� H[DPSOH� RI� WKLV� V\VWHP� LV�
VKRZQ�VFKHPDWLFDOO\�LQ�)LJXUH��� 
 
:KHQ� FRQVLGHULQJ� WKH� GLOXWH� SKDVH� SUHVVXU�
L]HG� V\VWHP� VKRZQ� LQ� )LJXUH� ��� WKHUH� DUH� ��
PDMRU�FRPSRQHQWV�WKDW�HDFK�FDQ�FRQWULEXWH�WR�
WKH�VXFFHVV�RU�IDLOXUH�RI�D�V\VWHP��7KH\�DUH� 
 
· $�PHDQV�WR�WUDQVIHU�WKH�VROLGV�IURP�D�ORZHU�

SUHVVXUH�WR�WKH�KLJKHU�SUHVVXUH�FRQYH\LQJ�
V\VWHP�� 7KLV� FDQ� EH� D� URWDU\� IHHGHU� RU� D�
VFUHZ� FRQYH\HU�� 7KH� V\VWHP� VKRZQ� KHUH�
LV� D� URWDU\� IHHGHU�� 7KHUH� DUH� DOVR� FDVHV�
ZKHUH� WKH� VROLGV� DUH� DW� KLJKHU� SUHVVXUH�
DQG� D� URWDU\� IHHGHU� RU� YDOYLQJ� V\VWHP� ,V�
XVHG�WR�FRQWURO�WKH�VROLGV�IORZ�� 

· $�EORZHU�WR�SURYLGH�WKH�HQHUJ\�QHFHVVDU\�
WR�PRYH�WKH�VROLGV�WR�WKH�QH[W�SURFHVVLQJ�
VWHS���7KH�V\VWHP�VKRZQ�KHUH�LV�D�W\SLFDO�
FORVHG� ORRS� QLWURJHQ� V\VWHP� ZKHUH� WKH�
QLWURJHQ�LV�UHWXUQHG�WR�WKH�VXFWLRQ�VLGH�RI�
WKH� EORZHU�� +RZHYHU�� DQ� DLU� FRQYH\LQJ�
V\VWHP�ZRXOG�EH�VLPLODU�H[FHSW�WKH�EORZ�
HU�DQG�UHWXUQ�OLQH�ZRXOG�QRW�EH�UHTXLUHG� 

· 3LSLQJ� WR� WUDQVIHU� WKH� GLOXWH� SKDVH� WR� WKH�
QH[W� SURFHVVLQJ� VWHS�� :KLOH� WKH� SLSLQJ�
OD\RXW� PD\� VHHP� WULYLDO�� LW� LV� YHU\� LP�
SRUWDQW� LQ� VROLGV� FRQYH\LQJ� DV� GLVFXVVHG�
ODWHU� 

· 7KH�ILQDO�VHSDUDWLRQ�RI�WKH�VROLGV�IURP�WKH�
FRQYH\LQJ�JDV�ZKLFK�LV�XVXDOO\�GRQH�E\�D�
F\FORQH�RU�³GXVW�FROOHFWRU´� 

 
$Q� HQJLQHHU� FRQIURQWHG� ZLWK� WKH� GHVLJQ� RU�
SUREOHP� VROYLQJ� DVVRFLDWHG� ZLWK� WKH� V\VWHP�
VKRZQ�LQ�)LJXUH���VWUXJJOHV�EHFDXVH�UHODWLYH�
WR� PRUH� WUDGLWLRQDO� HQJLQHHULQJ� DVSHFWV�� WKH�
WHFKQRORJ\� LV� QRW� ZHOO� GHILQHG�� QRW� HDVLO\�
DYDLODEOH� DQG� QRW� FRYHUHG� LQ� WKH� DFDGHPLF�
ZRUOG�� 7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� LQWUR�
GXFH� WKH� QRQ-H[SHUW� WR� WHUPLQRORJ\� DQG� FDO�
FXODWLRQ� DSSURDFKHV� IRU� GLOXWH� SKDVH� SQHX�
PDWLF� FRQYH\LQJ�� %HFDXVH� WKH� FDOFXODWLRQV�
XVH� SURSULHWDU\� FRUUHODWLRQV�� RQO\� WKH� UHVXOWV�
RI� WKH� FDOFXODWLRQV� DUH� VKRZ�� +RZHYHU�� WKH�
DXWKRU� LV� DYDLODEOH� IRU� FRQVXOWLQJ� LQ� WKH� GLV�
FXVVHG�ILHOG� 
 
7KH�SDSHU�SUHVHQWV�UHVXOWV�RI�FDOFXODWLRQV�IRU�
LPSRUWDQW�FULWHULD�VXFK�DV�UHTXLUHG�YHORFLW\�WR�
VXVSHQG� WKH� SDUWLFOHV� DQG� SUHVVXUH� GURS� LQ�
WKH� V\VWHP�� ,Q� DGGLWLRQ� WR� UHVXOWV� RI� FDOFXOD�
WLRQV��WKHUH�DUH�JXLGHOLQHV�DQG�YDOXHV�SURYLG�
HG� WKDW� ZLOO� DLG� LQ� WKH� GHVLJQ� DQG� SUREOHP�
VROYLQJ� RI� WKHVH� GLOXWH� SKDVH� WUDQVIHU� V\V�
WHPV�� 
 
:KLOH�WKH�WKUXVW�RI�WKLV�SDSHU�LV�D�VROLGV�FRQ�
YH\LQJ� V\VWHP� KDQGOLQJ� DLU� RU� QLWURJHQ�� WKH�
VDPH� FRQFHSWV� ZRXOG� DSSO\� WR� V\VWHPV�
ZKHUH� WKH� JDV� LV� D� K\GURFDUERQ�� )RU� H[DP�
SOH��LQ�WKH�SURGXFWLRQ�RI�SRO\ROHILQV��WKH�HIIOX�
HQW�IURP�D�UHDFWRU�RIWHQ�IORZV�IURP�KLJK�SUHV�
VXUH� WR� D� ORZHU� SUHVVXUH� ZKHUH� WKH� PRWLYH�
IRUFH� LV� SURYLGHG� E\� YDSRUL]LQJ� OLTXLG� IURP� D�
OLTXLG�SKDVH�UHDFWRU�RU�UHDFWRU�JDV�IURP�D�JDV�
SKDVH�UHDFWRU� 
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.(<�&21&(376 
7KH�.H\�&RQFHSWV�FRQVLVW�RI�WKH�IROORZLQJ� 
 
· *DV�5DWH�–�7KLV�LV�WKH�OLQHDU�YHORFLW\�RI�WKH�

JDV�EDVHG�RQ�WKH�WRWDO�FURVV�VHFWLRQDO�DUHD�
RI�WKH�SLSH� 

· 6ROLGV� WR� *DV� 5DWLR-7KLV� LV� QRUPDOO\� H[�
SUHVVHG� LQ� ZHLJKW� WHUPV� VXFK� DV� OEV�� VRO�
LGV�OE��JDV��+RZHYHU��RWKHU�XQLWV�DUH�RIWHQ�
XVHG�� 7KH� NH\� WR� UHPHPEHU� LV� WR� FRQILUP�
ZKDW�XQLWV�DUH�EHLQJ�XVHG� 

· 6ROLGV� (QWUDQFH� 'HVLJQ-� 7KH� VROLGV� HQ�
WUDQFH� GHVLJQ� WR� WKH� JDV� VWUHDP� LV� LP�
SRUWDQW� WR� JHW� WKH� VROLGV�PRYLQJ� LQ� WKH� GL�
UHFWLRQ� RI� WKH� JDV� VWUHDP�� ,Q� DGGLWLRQ�� WKH�
FRQYH\LQJ� JDV� WKDW� ILOOV� WKH� URWDU\� IHHGHU�
PXVW� EH� YHQWHG�� 7KHVH� IHDWXUHV� DUH� GH�
VFULEHG�ODWHU� 

· 3LSLQJ� 'HVLJQ� –� 7KH� NH\� WR� D� VXFFHVVIXO�
SLSLQJ� GHVLJQ� LV� WR� PLQLPL]H� HOERZV�� 7KH�
SUHVVXUH�GURS�LQ�HOERZV�LV�GLVFXVVHG�ODWHU� 

· 3UHVVXUH�'URS�LQ�SLSLQJ�–�7KH�SUHVHQFH�RI�
VROLGV� LQ� WKH� �� SKDVH� IORZ� LQFUHDVHV� WKH�
SUHVVXUH�GURS�SDUWLFXODUO\�LQ�HOERZV� 

 
7KHVH� DUHDV� DUH� GLVFXVVHG� LQ� WKH� IROORZLQJ�
SDUDJUDSKV� 
 
*$6�5$7(  

7KH�JDV�UDWH�PXVW�EH�KLJK�HQRXJK�VR�WKDW�WKH�
VROLGV� PRYH� XQLIRUPO\�� :KLOH� GHQVH� SKDVH�
WUDQVIHU� LV�D�PHFKDQLVP�ZKHUH�WKH�VROLGV�IORZ�
UDWH� YDULHV�ZLWK� WLPH�� LQ� GLOXWH� SKDVH� IORZ� WKH�
VROLGV�IORZ�UDWH�WR�D�UHFHLYLQJ�YHVVHO�LV�UHDVRQ�
DEO\�FRQVWDQW��7KLV�GRHV�QRW�QHFHVVDULO\�PHDQ�
WKDW�WKH�VROLGV�DUH�WUDYHOLQJ�DW�WKH�VDPH�YHORFL�
W\�DV�WKH�JDV�7KLV�GLIIHUHQFH�EHWZHHQ�JDV�YH�
ORFLW\� DQG� VROLGV� YHORFLW\� LV� UHIHUUHG� WR� DV� VOLS�
YHORFLW\��7KH�PRVW� LPSRUWDQW�FULWHULD� WR�DVVXUH�
WKDW�WKH�VROLGV�IORZ�UDWH�WR�WKH�UHFHLYLQJ�YHVVHO��
LV�FRQVWDQW�LV�JDV�UDWH��� 

*DV� IORZ� UDWH� VKRXOG� EH� DERYH� WKH� VDOWDWLRQ�
YHORFLW\�� 6DOWDWLRQ� YHORFLW\� LV� GHILQHG� DV� WKH�
PLQLPXP� YHORFLW\� LQ� KRUL]RQWDO� SLSLQJ� WR� SUR�
YLGH� WKH� FRQVWDQW� VROLGV� UDWH� WR� WKH� UHFHLYLQJ�
YHVVHO��7KLV�GHILQLWLRQ�DOVR�LPSOLHV�WKDW�WKH�VRO�
LGV�DUH�GLVSHUVHG�XQLIRUPO\� LQ� WKH� IORZLQJ�JDV�
VWUHDP��$�W\SLFDO�FDOFXODWHG�VDOWDWLRQ�YHORFLW\�LV�
��-��� ISV�� 7KLV� LV� IRU� D� QLWURJHQ�DLU� V\VWHP�
FRQYH\LQJ� SRO\ROHILQ� SDUWLFOHV�ZLWK� D� GLDPHWHU�
RI����-�����PLFURQV�DW�SUHVVXUHV�OHVV�WKDQ����
SVLJ��7KLV� FDOFXODWHG� VDOWDWLRQ� YHORFLW\� LV� JHQ�
HUDOO\� LQFUHDVHG�E\���-����WR� LQVXUH� WKH�VXF�
FHVVIXO�GHVLJQ�RI�WKH�FRQYH\LQJ�V\VWHP��)LJXUH�
��VKRZV�WKH�HVWLPDWHG�HIIHFW�RI�SDUWLFOH�GLDPH�
WHU� RQ� HVWLPDWHG� VDOWDWLRQ� YHORFLW\� IRU� WKH� GH�
VFULEHG� V\VWHP�� )LJXUH� �� VKRZV� WKH� HIIHFW� RI�
VROLGV�UDWH�RQ�SUHVVXUH�GURS�DW�D�IL[HG�JDV�UDWH�
IRU�WKH�GHVFULEHG�V\VWHP��6LPLODU�FDOFXODWLRQV� 

LQGLFDWH� WKDW� SDUWLFOH� GHQVLW\� KDV� OLWWOH� HIIHFW�
RQ� VDOWDWLRQ� YHORFLW\�� 7KLV� VWDWHPHQW� VHHPV�
FRXQWHU� LQWXLWLYH�� ,W� LV� DVVRFLDWHG� ZLWK� WKH�
FRPSHQVDWLQJ� HIIHFWV� WKDW� WKH� GHQVHU� VLQJOH�
SDUWLFOH�DQG�ORZHU�YROXPHWULF�VROLGV�IORZ�KDYH�
RQ�WKH�VDOWDWLRQ�YHORFLW\�� 

:KLOH�VDOWDWLRQ�YHORFLW\�LV�DVVRFLDWHG�ZLWK�KRU�
L]RQWDO� IORZ�� WKH� FRPSDUDEOH� WHUP� IRU� YHUWLFDO�
IORZ� LV� ³FKRNH� IDFWRU´�� ,I� WKH� JDV� IORZ� UDWH�
GRHV� QRW� SURYLGH� D� FKRNH� IDFWRU� DERYH� WKH�
PLQLPXP�� VROLGV� ZLOO� WHQG� WR� EXLOG� XS� LQ� WKH�
ERWWRP� RI� WKH� YHUWLFDO� ULVHU� DQG� WKHQ� VXUJH�
LQWR�WKH�UHFHLYLQJ�YHVVHO��,Q�WKH�FDVHV�VKRZQ�
KHUH�� WKH� VDOWDWLRQ� YHORFLW\� LV� DOZD\V� JUHDWHU�
WKDQ�WKH�YHORFLW\�UHTXLUHG�WR�DYRLG�FKRNLQJ� 

,Q� DQ� RSHUDWLQJ� IDFLOLW\�� LW� LV� RIWHQ� GLIILFXOW� WR�
NQRZ�LI�VDOWDWLRQ�LV�RFFXUULQJ��)LJXUH���VKRZV�
SUHVVXUH�GURS�LQ�WKH�FRQYH\LQJ�OLQH�DV�D�IXQF�
WLRQ�RI�JDV�UDWH��$V�VKRZQ�LQ�WKLV�ILJXUH��WKHUH�
LV�D�PLQLPXP�SRLQW��7KH�PLQLPXP�SRLQW�LQ�WKLV�
ILJXUH� LV�JHQHUDOO\�FRQVLGHUHG�WKH�SRLQW�RI�LQ�
FLSLHQW� VROLGV�VDOWDWLRQ��,QFLSLHQW�VROLGV�VDOWD�
WLRQ� LV� GHILQHG� DV� WKH� SRLQW� ZKHUH� WKH� OLQHV�
VKRZQ�LQ�)LJXUH���LQWHUVHFW��$V�VKRZQ�LQ�WKLV�
ILJXUH��DV�WKH�JDV�IORZ�LV�GHFUHDVHG�IURP�WKH�
KLJKHVW� UDWH� VKRZQ� RQ� WKH� ULJKW� RI� )LJXUH� ���
WKH� SUHVVXUH� GURS� GHFUHDVH� XQWLO� WKH� PLQL�
PXP�SUHVVXUH�GURS� LV�UHDFKHG��$W� WKLV�SRLQW��
WKH�VROLGV�EHJLQ�WR�VHWWOH�RXW��$V�WKH�JDV�UDWH�
FRQWLQXHV� WR� EH� GHFUHDVHG�� WKH� VROLGV� OHYHO�
EXLOGV� LQ� WKH� SLSH� DQG� EHJLQV� WR� UHVWULFW� WKH�
JDV� IORZ� FDXVLQJ� WKH� SUHVVXUH� GURS� WR� LQ�
FUHDVH�� &RQYHUVHO\� DV� WKH� JDV� IORZ� UDWH� LV�
LQFUHDVHG�IURP�WKH� OHIW�VLGH�RI� WKH�ILJXUH�� WKH�
UHVWULFWHG� DUHD� GHFUHDVHV� DV� WKH� IORZ� LV� LQ�
FUHDVHG�DQG�WKH�VROLGV�VOLGH�DORQJ�WKH�ERWWRP�
RI� WKH� SLSH��$V� WKH�JDV� UDWH� FRQWLQXHV� WR� LQ�
FUHDVH�� WKH� GHSWK� RI� VROLGV� LQ� WKH� SLSH� GH�
FUHDVHV� DQG� WKH� DUHD� RI� JDV� IORZ� LQFUHDVHV��
7KLV� UHVXOWV� LQ� D� GHFUHDVH� LQ� SUHVVXUH� GURS��
$W� WKH� SRLQW� RI� LQFLSLHQW� VDOWDWLRQ�� WKH� VROLGV�
EHJLQ� WR� EH� SLFNHG� XS� LQWR� WKH� JDV� VWUHDP��
+RZHYHU�� WKHUH� ZLOO� VWLOO� EH� D� OD\HU� RI� VROLGV�
VOLGLQJ� DORQJ� WKH�SLSH��$V� WKH�JDV� UDWH� LV� LQ�
FUHDVHG�PRUH�VROLG�IOXLGL]DWLRQ�RFFXUV�DQG�WKH�
VROLGV� DUH� HYHQWXDOO\� XQLIRUPO\� GLVEXUVHG� LQ�
WKH�IORZLQJ�JDV�VWUHDP��7KH�SRLQW�ZKHUH�PRVW�
RI� WKH� VROLGV� DUH� GLVEXUVHG� LQ� WKH� FRQYH\LQJ�
JDV� LV�GHILQHG�DV� WKH�VDOWDWLRQ�YHORFLW\�� ,I� WKH�
JDV� UDWH� LV� LQFUHDVHG� IXUWKHU�� WKH� SUHVVXUH�
GURS� ZLOO� FRQWLQXH� WR� LQFUHDVH�� 7KH� VDOWDWLRQ�
YHORFLWLHV�GLVFXVVHG�LQ�WKLV�SDSHU�DUH���-����
DERYH� WKLV� SRLQW� RI� PLQLPXP� SUHVVXUH� GURS�
�LQFLSLHQW�VDOWDWLRQ�YHORFLW\��� 

:KLOH� LW� PLJKW� VHHP� DSSURSULDWH� WR� EH� FRQ�
VHUYDWLYH� DQG� GHVLJQ� WKH�JDV� UDWH� WR� EH�ZHOO�
DERYH� WKH�VDOWDWLRQ�YHORFLW\��%HVLGHV�ZDVWLQJ�
IXQGV� LQ�RYHUGHVLJQ�RI� WKH�V\VWHP�� WKHUH� LV�D�



61 

 

WHPSHUDWXUH� RI� WKH� VROLG� SDUWLFOHV� WR� LQFUHDVH�
SDVW� WKH�PHOWLQJ�SRLQW��$W�HOERZV� WKH�SDUWLFOHV�
DSSURDFK�D�FRPSOHWH�VWRS�DQG�WKH�NLQHWLF�IORZ�
LQJ�HQHUJ\� LV�FRQYHUWHG� WR�KHDW�� ,I� WKLV�KHDW� LV�
QRW� TXLFNO\� GLVSHUVHG� WKURXJKRXW� WKH� SDUWLFOH��
VRPH�RI�WKH�SDUWLFOH�VXUIDFH�PD\�EH�LQ�WKH�PHOW�
SKDVH�� 7KHVH� SDUWLFOHV� ZLWK� PHOWHG� VXUIDFH�
PD\�FUHDWH�DJJORPHUDWHV�RU�RWKHU� W\SHV�RI� LU�
UHJXODU�SDUWLFOHV� 

7KH� SDUWLFOHV� WKDW� VORZ� GRZQ� DW� WKH� HOERZV�
PXVW� WKHQ� EH� UHDFFHOHUDWHG� WR� WKH� VROLG¶V� YH�
ORFLW\�� 7KLV� UHDFFHOHUDWLRQ� FUHDWHV� DGGLWLRQDO�
SUHVVXUH�GURS��6R�DQ\�H[FHVV�JDV�UDWH�FDXVHV�
ERWK� DQ� LQFUHDVH� LQ� SUHVVXUH� GURS� DVVRFLDWHG�
ZLWK� UHDFFHOHUDWLRQ� DW� HOERZV� DQG� SUHVVXUH�
GURS�DVVRFLDWHG�ZLWK�WKH�KLJKHU�JDV�UDWHV��7KH�
LQFUHDVHG�SUHVVXUH�GURS� LQ� WKH�SLSLQJ�DQG� UH�
DFFHOHUDWLRQ�DW�HOERZV�ZLOO�OHDG�WR�KLJKHU�SUHV�
VXUH� DW� WKH� HQWUDQFH� IURP� WKH� URWDU\� IHHGHU��
7KLV� LQFUHDVHG� SUHVVXUH� ZLOO� LQFUHDVH� WKH�
DPRXQW�RI�FRQYH\LQJ�JDV�WUDSSHG�LQ�WKH�HPSW\�
SRFNHW� RI� WKH� URWDU\� IHHGHU�� 7KXV�� HQKDQFHG�
IDFLOLWLHV�PXVW� EH� SURYLGHG� WR� DOORZLQJ� YHQWLQJ�
WKLV�JDV� 

7KH�VXEMHFW�RI�PLQLPXP�VDOWDWLRQ�YHORFLW\�LV�VR�
FRPSOH[�WKDW�H[SHUWV�LQ�WKH�ILHOG�RIWHQ�LQGLFDWH�
WKDW�H[SHULPHQWDO�ZRUN�LV�WKH�RQO\�ZD\�WR�DFFX�
UDWHO\� SUHGLFW� LW�� 7KH� FRUUHODWLRQV� XVHG� LQ� WKLV�
SDSHU�VHHP�WR�JLYH�UHDVRQDEOH�UHVXOWV�DQG�DUH�
LQ� JHQHUDO� DJUHHPHQW� ZLWK� ZRUN� SXEOLVKHG� E\�
)��5L]N��7KH�5L]N�UHODWLRQVKLS�LV�VKRZQ�EHORZ� 

)UAD� ��
��AE 

 9 )U
�J'�A�� 

 D� ����
G���� 

 E� �����
G����� 

  :KHUH� 

  )U� �7KH�FDOFXODWHG�)URXGH�QXPEHU 

�� �7KH�VROLGV� ORDGLQJ� LQ�ZW��VROLGV�ZW��
JDV 

  J� �JUDYLWDWLRQDO�FRQVWDQW������P�VHF� 

  '� �3LSH�GLDPHWHU�LQ�PHWHUV 

  G� �SDUWLFOH�GLDPHWHU�LQ�PP 

  9� �6DOWDWLRQ�YHORFLW\�LQ�P�VHF 

62/,'6�72�*$6�5$7,2 

7KH� DPRXQW� RI� VROLGV� EHLQJ� FRQYH\HG� ZLWK� D�
IL[HG� DPRXQW� RI� JDV� FDQ� LPSDFW� WKH� SUHVVXUH�
GURS��)LJXUH���VKRZV� WKH� LPSDFW�RI� WKH�VROLGV�
UDWH� RQ� WKH� HVWLPDWHG� SUHVVXUH� GURS�� 7DEOH� ��
VKRZV� WKLV� DORQJ� ZLWK� HVWLPDWHG� VDOWDWLRQ� YH�
ORFLW\�IRU�WKH�YDULRXV�VROLGV�UDWHV��7DEOH���DOVR�
VKRZV�WKH�UDWLR�RI� WZR�SKDVH��JDV�DQG�VROLGV��
SUHVVXUH�GURS� WR�JDV�RQO\�SUHVVXUH�GURS��7KH�
UHODWLYH�SUHVVXUH�GURSV�DUH�VKRZQ�EHORZ� 

3LSLQJ�&RQILJXUDWLRQ 5DWLR� RI� 3UHV�
VXUH� 'URS� IRU�
7ZR� 3KDVHV�
*DV�RQO\ 

 +RUL]RQWDO�3LSH  ����WR���� 

 9HUWLFDO�3LSH  ����WR���� 

 (OERZV�RU�%HQGV  ����WR���� 

7KLV� VXPPDU\� VKRZV� WKH� LPSRUWDQFH� RI� HO�
ERZV� RU� EHQGV� LQ� D� SLSLQJ� OD\RXW�� 7DEOH� ��
VKRZV�WKH�EDVLV�IRU�WKHVH�FDOFXODWLRQV� 

62/,'6�(175$1&(�'(6,*1 

7KH� RSWLPXP� GHVLJQ� RI� VROLGV� HQWUDQFH� LQWR�
WKH�IORZLQJ�JDV�VWUHDP�LV�VKRZQ�VFKHPDWLFDO�
O\� LQ� �)LJXUH���� � ,Q� D� SUHVVXUL]HG� V\VWHP� WKH�
URWDU\� IHHGHU� SRFNHWV�ZLOO� ILOO� ZLWK� JDV� DV� WKH�
VROLGV� DUH� GLVFKDUJHG� DQG� IORZ� LQWR� WKH� FRQ�
YH\LQJ�JDV�VWUHDP��7KLV�JDV�ZLOO�EH�YHQWHG�DV�
URWDU\� IHHGHU� URWDWH� DQG� VROLGV� IORZ� LQWR� WKH�
SRFNHW�� ,I� WKH� VROLGV� DUH� VPDOO� HQRXJK�� WKLV�
YHQWHG�JDV�ZLOO�IOXLGL]H�WKHP�DQG�WKH\��ZLOO�EH�
KHOG�XS� LQ� WKH�VWDQGSLSH��(YHQWXDOO\� WKH\�ZLOO�
GXPS� LQWR� WKH� URWDU\� IHHGHU�� 7KLV� XQVWHDG\�
VWDWH�FUHDWHV�IOXFWXDWLQJ�VROLGV�IORZ�ZKLFK�FDQ�
FDXVH� WKH� GLOXWH� SKDVH� V\VWHP� WR� SOXJ�� 7KH�
YHVVHO� GHVLJQ� VKRZQ� LQ� )LJXUH� �� VKRXOG� EH�
ODUJH� HQRXJK� WR� DOORZ� WKH� JDV� WR� GLVHQJDJH�
IURP�WKH�VROLGV�DQG�YHQW�WR�D�SURSHU�ORFDWLRQ���
)LJXUH���DOVR�VKRZV�D�VORSHG�VROLGV�HQWUDQFH�
WKDW�ZLOO� DVVLVW� LQ� VWDUWLQJ� WKH� VROLGV� IORZ� LQWR�
WKH� IORZLQJ�JDV�VWUHDP� LQ� WKH�VDPH�GLUHFWLRQ�
DV�WKH�IORZLQJ�JDV��� 

3,3,1*�'(6,*1 

7KH�SLSLQJ�GHVLJQ�IRU�GLOXWH�SKDVH�VROLGV�FRQ�
YH\LQJ� LV� YHU\� LPSRUWDQW�� 7KH� WZR� PRVW� LP�
SRUWDQW�JXLGHOLQHV�DUH� 

· 3LSLQJ� UXQV� PXVW� EH� HLWKHU� KRUL]RQWDO� RU�
YHUWLFDO�� ,QFOLQHG� SLSLQJ� UXQV� KDYH� EHHQ�
VKRZQ�WR�KDYH�����KLJKHU�SUHVVXUH�GURS�
WKDQ� KRUL]RQWDO� SLSLQJ�� ,Q� WKH� FDVH� RI� WKH�
FRQYH\LQJ� JDV� EHLQJ� D� YRODWLOH� K\GURFDU�
ERQ�IURP�D�SUHVVXUH�UHGXFWLRQ�VWHS��WKHUH�
ZLOO� EH� D� KLJK� UDWH� RI� JDV� DQG� WKH� LQ�
FUHDVHG�SUHVVXUH�GURS�ZLOO� QRW� EH�D� FRQ�
FHUQ��,Q�WKLV�FDVH�LW�PD\�EH�DFFHSWDEOH�WR�
XVH�LQFOLQHG�SLSLQJ�� 

· (OERZV�VKRXOG�EH�PLQLPL]HG��$V�LQGLFDWHG�
HDUOLHU� HOERZV� FDXVH� SDUWLFOHV� WR� VWRS�
IORZLQJ� XQWLO� WKH\� DUH� UHDFFHOHUDWHG�� 7KH�
PRWLYH� IRUFH� IRU� WKLV� UHDFFHOHUDWLRQ� PXVW�
FRPH� IURP� WKH� FRQYH\LQJ�JDV�ZKLFK� FUH�
DWHV�DQ�LQFUHDVHG�SUHVVXUH�GURS�� 
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,Q�DGGLWLRQ� WR� WKHVH�JXLGHOLQHV��FRQVLGHUDWLRQV�
IRU� WKH�GHVLJQ�RI�D�VDPSOLQJ�V\VWHP�DUH�RIWHQ�
RI� LQWHUHVW�� ,Q� RUGHU� WR� REWDLQ� UHSUHVHQWDWLYH�
VDPSOHV� RI� WKH� VROLG� EHLQJ� FRQYH\HG�� FULWHULD�
DUH�QHFHVVDU\��7ZR�DOWHUQDWH�VDPSOLQJ�GHVLJQ�
DUH�SRVVLEOH�DV�IROORZV� 

�� ,Q� WKH� ILUVW� DOWHUQDWLYH� WKH� VDPSOH� LV� WDNHQ�
IURP� D� ZHOO� GLVSHUVHG� VWUHDP� RI� JDV� DQG�
VROLGV��7KH�VROLGV�PXVW�KDYH�REWDLQHG�XQL�
IRUP�GLVSHUVLRQ� LQ� WKH� IORZLQJ�JDV�VWUHDP��
7KLV� FDQ� RIWHQ� UHTXLUH� ��-��� GLDPHWHUV� RI�
OHQJWK�IROORZLQJ�WKH�LQMHFWLRQ�RI�VROLGV��7KH�
VHFRQG� FULWHULD� LV� VRPHZKDW� PRUH� GLIILFXOW�
WR� DFKLHYH�� 7KH� VDPSOH� OLQH� LWVHOI� VKRXOG�
H[WHQG�LQWR�WKH�FHQWHU�RI�WKH�FRQYH\LQJ�OLQH�
DQG� WKH� LQOHW� VKRXOG� SRLQW� GLUHFWO\� LQWR� WKH�
IORZLQJ� VWUHDP�� ,Q� DGGLWLRQ�� WKH� YHORFLW\� LQ�
WKH� VDPSOLQJ� OLQH� JRLQJ� WR� WKH� VDPSOH� F\�
FORQH� �RU� RWKHU� VROLGV-JDV� VHSDUDWRU��
VKRXOG� EH� GHVLJQHG� IRU� WKH� VDPH� YHORFLW\�
DV�WKH�DFWXDO�JDV�YHORFLW\�LQ�WKH�FRQYH\LQJ�
OLQH� 

�� $�VHFRQG�DSSURDFK�LV�WR�LQVWDOO�D�VDPSOLQJ�
GHYLFH�RQ�WKH�RXWVLGH�FXUYH�RI�DQ�HOERZ��$W�
WKLV�SRLQW�WKH�VROLGV�ZLOO�EH�VOLGLQJ�DORQJ�WKH�
HOERZ�� ,I� SDUWLFOH� VL]H� GLVWULEXWLRQ� LV� LP�
SRUWDQW�� WKLV� DSSURDFK� PD\� JLYH� IDOVH� UH�
VXOWV� 

/$%25$725<� (9$/8$7,216� $1'�
6&$/(83 

7KH�FRUUHODWLRQV�WR�GHWHUPLQH�VDOWDWLRQ�YHORFLW\� 

DUH� GHSHQGHQW� RQ� IDFWRUV� VXFK� DV� SDUWLFOH�
VKDSH��SDUWLFOH�GHQVLW\��DQG�VPDOO�SDUWLFOH�DJ�
JORPHUDWLRQ�WKDW�KDYH�D�ZLGH�GHJUHH�RI�HUURU��
$V� LQGLFDWHG�HDUOLHU� WKLV�RIWHQ�IRUFHV��H[SHUWV�
WR�XVH�VPDOO� VFDOH� WHVWLQJ��8VLQJ� WUDQVSDUHQW�
SLSH�� LW� LV� UHODWLYHO\� HDV\� WR� VSRW� WKH� SRLQW� RI�
XQLIRUP�VROLGV�IORZ�� ,I� LW� LV�QRW�SRVVLEOH�WR�RE�
WDLQ�D�YLVXDOL]H�REVHUYDWLRQ�RI�WKH�VROLGV�IORZ��
7KH�WHFKQLTXH�GHVFULEHG�DERYH�DQG�VKRZQ�LQ�
)LJXUH���FDQ�EH�XWLOL]HG��$V� LQGLFDWHG�HDUOLHU��
WR�REWDLQ�WKH�GHVLUHG�IORZ�UHJLPH�RI�IXOO\�VXV�
SHQGHG�� WKH� YHORFLW\� VKRXOG� EH� LQFUHDVHG� E\�
����RU�PRUH��:LWK�YHORFLWLHV�GHYHORSHG� LQ�D�
ODERUDWRU\�H[SHULPHQW� WKH�VFDOHXS�FULWHULD� IRU�
D� FRPPHUFLDO� GHVLJQ� PXVW� EH� GHYHORSHG��
%DVHG� RQ� WKH� SURSULHWDU\� FRUUHODWLRQV� GLV�
FXVVHG� HDUOLHU�� WKH� VFDOHXS� LV� SUREDEO\� EHVW�
GRQH�NHHSLQJ�WKH�ODERUDWRU\�YHORFLW\�FRQVWDQW�
LQ� WKH�FRPPHUFLDO�SODQW��7KLV�ZLOO� OLNHO\� UHVXOW�
LQ� D� ORZHU� SUHVVXUH� GURS� LQ� WKH� FRPPHUFLDO�
SODQW� WKDQ� REVHUYHG� LQ� WKH� ODERUDWRU\� IRU� WKH�
LGHQWLFDO�SLSLQJ�FRQILJXUDWLRQ� 

6800$5< 

:KLOH� WKH� VFLHQFH� LQYROYHG� LQ� GLOXWH� SKDVH�
WUDQVIHU�LV�HYROYLQJ��WKLV�SDSHU�SURYLGHV�VRPH�
H[SRVXUH�IRU�WKH�QRQ-H[SHUW�WR�WKLV�FULWLFDO�DU�
HD��,�ZRXOG�EH�LQWHUHVWHG�LQ�UXQQLQJ�P\�PRGHO�
RQ�DQ\�VHW�RI�DFWXDO�GDWD�RQ�D�SUR�ERQR�EDVLV��
7KLV� ZLOO� SURYLGH� DGGLWLRQDO� FUHGLELOLW\� IRU� WKH�
PRGHO�DV�ZHOO�DV�VRPH�SRWHQWLDO�LPSURYHPHQW�
DUHDV�IRU�\RX� 

7$%/(����,03$&7�2)�62/,'6�5$7(�21�35(6685(�'523 
 
,7(0 
6ROLGV�5DWH�SSK  �����   �����   �����   �����  ����� 
6DOWDWLRQ�9HORFLW\�ISV ��   ��   ��   ��  �� 
*DV�9HORFLW\�ISV ��   ��   ��   ��  �� 
6ROLGV�9HORFLW\�ISV ��   ��   ��   ��  �� 
7RWDO�&DOFXODWHG� 
3UHVVXUH�'URS�SVL ���   ���   ���   ���  ���
  
5$7,2�2)�727$/�35(6685(�'523�72�*$6�21/<�35(6685(�'523�,1 
(OERZV   ���   ���   ���   ���  ��� 
+RUL]RQWDO�3LSH  ���   ���   ���   ���  ��� 
9HUWLFDO�3LSH  ���   ���   ���   ���  ��� 

7$%/(����%$6,6�)25�&$/&8/$7,216 
2SHUDWLQJ�&RQGLWLRQV�XQOHVV�YDULDEOH�LV�XVHG�DV�LQGHSHQGHQW�YDULDEOH 
· *DV�)ORZ�-������SSK 
· 6ROLGV�)ORZ�–������SSK 
· 3DUWLFOH�6L]H�–�6SKHULFDO�ZLWK�����PLFURQV�DYHUDJH�GLDPHWHU 
· 3DUWLFOH�'HQVLW\�–������OEV�IW� 
· 3DUWLFOH�6L]H�'LVWULEXWLRQ�–�7KH�DVVXPHG�SDUWLFOH�VL]H�GLVWULEXWLRQ�LV�VXFK�WKDW�G������G���HTXDOV�������:KHUH�G����� �

7KH�VL]H�SDUWLFOH�WKDW��������RI�SDUWLFOHV�DUH�VPDOOHU�WKDQ�DQG�G���UHSUHVHQWV�WKH�PHGLXP�SDUWLFOH�VL]H�� 
· 3DUWLFOH�6SHFLILF�*UDYLW\�-������ 
· 'LVFKDUJH�3UHVVXUH�-�����SVLJ 
3LSLQJ�6\VWHP�%DVLV 
· +RUL]RQWDO�/HQJWK�–�����IHHW 
· 9HUWLFDO�5LVH�–�����IHHW 
· 1XPEHU�RI�HOERZV�–��� 
· 3LSH�,'�–���LQFK 
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$%287�7+(�$87+25 

 

-RH� %RQHP� LV� D� KLJKO\� H[SHULHQFHG� SURFHVV�
FKHPLFDO�HQJLQHHU�LQ�DUHDV�VXFK�DV�RLO�SURGXF�
WLRQ�XVLQJ�IUDFWXULQJ� WHFKQLTXHV��RLO�SURGXFWLRQ�
IURP�WKH�&DQDGLDQ�RLO�VDQGV��LQFOXGLQJ�FOHDQXS�
RI� WDLOLQJ�SRQGV���UHILQLQJ�RI�RLO�DQG�SURGXFWLRQ�
RI�SHWURFKHPLFDOV��2YHU�WKH�ODVW�IHZ�\HDUV��KH�
KDV� FRQVXOWHG�ZLWK� VHYHUDO� )RUWXQH� ���� FRP�
SDQLHV� DV� ZHOO� DV� VRPH� VPDOOHU� FRPSDQLHV��
7KH�DUHDV�RI�FRQVXOWLQJ�KDYH�LQFOXGHG�SURFHVV�
GHYHORSPHQW� DQG� VFDOHXS�� SURFHVV� GHVLJQ��
SODQW� SUREOHP� VROYLQJ� DQG� SUREOHP� VROYLQJ�
WUDLQLQJ��+H�KDV�FRQGXFWHG�WUDLQLQJ�FRXUVHV� LQ�
WKH�86$� DQG�0LGGOH� (DVW� �8QLWHG�$UDE�(PLU�
DWHV�DQG�%DKUDLQ��DV�ZHOO�DV�ZRUNHG�ZLWK�FRP�
SDQLHV� LQ� -DSDQ�� (QJODQG�� )UDQFH�� ,WDO\� DQG�
%HOJLXP��+LV�VSHFLDOWLHV�LQFOXGH��SURFHVV�HQJL�
QHHULQJ�DQG�FKHPLFDO�HQJLQHHULQJ��SODQW�SURE�
OHP�VROYLQJ�DQG�WUDLQLQJ��SURFHVV�VFDOHXS�DQG�
GHYHORSPHQW��DQG�PDQXIDFWXULQJ�DQG� WHFKQRO�
RJ\�RI�ROHILQ�EDVHG�SRO\PHUV�� 
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Considerations for Fabrication of Mass 
Transfer Products 
Neil Almeida, Consulting Tool Engineer 
 
 

7KLV� DUWLFOH� SRLQWV� RXW� VRPH� RI� WKH� WHFKQLFDO�
SRLQWV� LQ� WKH� PDQXIDFWXULQJ�IDEULFDWLRQ� RI�
0DVV�7UDQVIHU�SURGXFWV� 
 
7KHVH�GR�QRW�DIIHFW� WKH� IDEULFDWLRQ� LQ�D� UHDOO\�
VLJQLILFDQW� ZD\�� EXW� LI� QRWLFHG�� FRXOG� EH� YHU\�
XVHIXO�DQG�PDNH�OLIH�HDV\�IURP�D�PDQXIDFWXU�
LQJ�SRLQW�RI�YLHZ� 
 
,Q� WKLV�DUWLFOH�ZLOO�XVH�D�³7UD\´�DV�DQ�H[DPSOH�
RI� 0DVV� 7UDQVIHU� SURGXFW� WR� LOOXVWUDWH� WKH�
SRLQWV� 
 
75$<6 
�$-� 6,(9(� 75$<� '(&.� –� 685)$&(� 7(1�
6,21�2)�)/8,'�)/2:� 
/HW� XV� FRQVLGHU� WKH�6LHYH� WUD\�GHFN� �7KH� IRO�
ORZLQJ� LQIRUPDWLRQ�HTXDOO\�DSSOLHV� WR�DOO�NLQGV�
RI�WUD\�GHFN�RSHQLQJV���� 
 
+ROH�RSHQLQJ�� 
 
7KHUH�DUH� WZR�PHWKRGV�RI�PDNLQJ�D�KROH� WKDW�
DUH� SUHGRPLQDQWO\� XVHG� LQ� WKH� LQGXVWU\� FXU�
UHQWO\��WKH\�DUH�� 
 
· /DVHU�FXW� 
· 7XUUHW�SXQFK� 
 
%RWK�RSWLRQV�DUH�XVHG�ZLGHO\�QRZDGD\V�GXH�WR�
WKHLU�VSHHG�	�DFFXUDF\� 
 
)LJ��� VKRZV� DQ� H[DPSOH� RI� KROHV� PDGH� E\�
ERWK� WKH� PHWKRGV�� 7KH� 7RS� KDOI� VKRZV� D�
SXQFKHG�KROH��PDGH�RQ�D�&1&�7XUUHW�SUHVV�	�
WKH�ERWWRP�KDOI�VKRZV�D�KROH� �FXW�E\�D�/DVHU�
PDFKLQH�� 6WDQGDUG� 3LFNOLQJ� KDV� � EHHQ� GRQH�
RQ�ERWK�WKH�VDPSOHV��6RPH�ZDWHU�ZDV�SRXUHG�
RQ� WKH� VDPSOHV� WR� VLPXODWH� IOXLG� IORZ� WR� RE�
VHUYH�WKH�GLIIHUHQFH�LQ�IOXLG�IORZ�RQ�WKH�VXUIDFH�
RI� WKH� VDPSOHV�� 7KH� WKLFNQHVV� RI� WKH� WUD\� LV�
LQFRQVHTXHQWLDO� EHFDXVH� ZH� DUH� FRQVLGHULQJ�
WKH�IOXLG�IORZ�SDWWHUQ�RQ�WKH�WRS�VXUIDFH�RI�WKH�
WUD\�GHFN� 
 
,Q� D�7XUUHW� SXQFKHG�KROH� WKH� VOLJKW� UDGLXV�RQ�
WKH�VXUIDFH�RI�WKH�WUD\�DW�WKH�HGJH�RI�WKH�KROH��
UHGXFHV�VXUIDFH�WHQVLRQ�VR�DV�WR�DOORZ�WKH�IUHH�
IORZ�RI�WKH�IOXLG�ZLWKRXW�SRROLQJ�DW�WKH�HGJH�RI� 

WKH� KROH��7KLV� LV� FOHDUO\� YLVLEOH� LQ� WKH� SLFWXUH�
DV�WKH�DUHD�DURXQG�WKH�KROH�LV�ODUJHO\�GU\� 
 
7KH�VKDUS�HGJH�RI�D� ODVHU�FXW�KROH�GRHV�QRW�
DOORZ� WKH� IUHH� IORZ� RI� IOXLG� WKURXJK� WKH� KROH��
7KLV� LV� FOHDUO\� LQGLFDWHG� EHFDXVH� WKH� DUHD�
DURXQG�WKH�HGJHV�RI�WKH�KROH�LV�TXLWH�ZHW� 
 
 
 
 
 
 
 
 
 
 
 
 
 
)LJ���&RPSDULVRQ�RI�VXUIDFH�WHQVLRQ�RI�RQ�
IOXLG��IORZ�LQ�3XQFKHG�	�/DVHU�FXW�KROH� 

 
/HW�XV�FRQVLGHU�D� IOXLG�ZLWK�PRUH�YLVFRVLW\�	�
LPSXULW\�LV�IORZLQJ�WKURXJK�WKH�KROHV� 
 
$V�LPSXULWLHV�ULVH��WKH�VKDUS�HGJHV�RI�D�ODVHU�
FXW� KROH� RIIHU� IXUWKHU� UHVLVWDQFH� WR� IOXLG� IORZ�
ZKLFK� OHDGV�WR�IOXLG�EXLOG�XS�DURXQG�WKH�HGJ�
HV�� 7KLV� FDXVHV� WKH� VXUIDFH� WHQVLRQ� WR� GURS�
DURXQG�WKH�HGJHV�WKDW� OHDGV�WR�IOXLG�EXLOG�XS��
7KLV� IOXLG� EXLOG� XS� FDQ� OHDG� WR� UHGXFWLRQ� LQ�
KROH�GLDPHWHU�DV�LPSXULWLHV�JDWKHU�DURXQG�WKH�
HGJHV� RI� WKH� KROH�� %HFDXVH� RI� WKH� EXLOG� XS�
WKH�IOXLG�OHYHO�ULVHV�DQG�QHYHU�DFWXDOO\�IORZ�RQ�
WKH�VXUIDFH�RI�WKH�WUD\� 
 
7KLV�NLQG�RI�IOXLG�EXLOG�XS�PD\�EH�EHFRPH�UH�
DOO\�QRWLFHDEOH�DQG�DIIHFW�SHUIRUPDQFH� LQ� WKH�
ORQJ�UXQ��7KLV�ORVV�RI�SHUIRUPDQFH�LV�JHQHUDO�
O\�QRW� WDNHQ� LQWR�DFFRXQW�GXULQJ�SURFHVV�FDO�
FXODWLRQ� 
 
�%�),;('�9$/9(�–�5,6(�2)�),;('�9$/9( 
)L[HG� YDOYHV� FDQ� EH� IDEULFDWHG� ZLWK� D� &1&�
7XUUHW� SXQFK�� D� 1RUPDO� 2%&� ELJJHU� QHFN�
SUHVV�� RU� D� 1&� 3UHVV�� &1&� 7XUUHW� SXQFK� LV�
XVHG�LI�WKH�SURGXFWLRQ�VSHHG�LV�LPSRUWDQW�� 
)L[HG�9DOYHV�VKRXOG�EH�SURGXFHG�XVLQJ�D� 
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1RUPDO�SUHVV�LI�WKH�9DOYH�5LVH�LV�DQ�LPSRUWDQW�
FRQVLGHUDWLRQ�LQ�WKH�0DVV�7UDQVIHU�SURFHVV� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)LJ���7\S��9LHZ�RI�9DOYH�5LVH�LQ��'�	�DFWXDO�

VDPSOH�RI�3UHVV�IRU�)L[�9DOYH 
 
)L[HG� YDOYHV� DUH� QRW� XVHG� LQ� KXJH� TXDQWLWLHV�
JHQHUDOO\�� 6R�� 1&� SUHVVHV� DUH� XVHG� WR� EDO�
DQFH� WKH� SURGXFWLRQ� UDWHV� DQG� WKH� YDOYH� ULVH��
1&�SUHVV�FDQ�SURGXFH�YDOYHV�DW�VSHHGV�FRP�
SDUDEOH� WR� &1&� 7XUUHW� SXQFK� DQG� SURGXFH�
YDOYHV� ZLWK� ELJJHU� ULVH� WKDQ� D� 7XUUHW� SXQFK��
7KH�ULVH�SURGXFHG�E\�D�1&�SUHVV�LV�FRPSDUD�
EOH�WR�WKDW�RI�1RUPDO�2%&�SUHVV� 
 
7KH�WRS�KDOI�RI�)LJ���VKRZV�D��'�LPDJH�RI�WKH�
W\SLFDO� KHLJKWV� GHVLUHG� � LQ� IL[HG� YDOYHV�� 7KH�
ERWWRP�KDOI�VKRZV�WKH�DFWXDO�SLFWXUH�RI�D�IL[HG�
YDOYH�SXQFKHG�RQ�D�1&�3UHVV� 
 
7KH� PD[LPXP� KHLJKW� RI� D� IL[HG� YDOYH� SUR�
GXFHG�LQ�D�&1&�7XUUHW�ZDV����PP�GXH�WR�WKH�
OLPLWDWLRQV�RI�VWDQGDUG�7XUUHW�*DS�EHWZHHQ�WRS�
	�ERWWRP�WXUUHWV� 
 
1&� SUHVVHV� FDQ� HDVLO\� SURGXFH� D� OLIH� RI� ��-
��PP��,W�FRXOG�HDVLO\�JR�XS�WR���-���PP�ULVH��
:H� KDYH� PDGH� IL[HG� YDOYHV� ZLWK� D� ���PP�
WKLFNQHVV� LQ� +DVWHOOR\� &���� RQ� 1&� 3UHVV��
ZKLFK� FDQQRW� � EH� GRQH� RQ� D� VWDQGDUG� &1&�
7XUUHW�SXQFK�GXH�WR�OLPLWDWLRQV�RI�D�&1&�WXUUHW�
KDQGOLQJ�WKLFNHU�PDWHULDO�DQG�ORQHU�UXQV� 
 
�&-5281'�)/2$7,1*�9$/9( 
5RXQG� IORDWLQJ� YDOYHV� DUH� PDQXIDFWXUHG� LQ�
RQH�RI�WZR�ZD\V��ZLWK�D�VLQJOH�SURJUHVVLYH�GLH�
RU�PXOWL�VWDJH�ZLWK�PXOWLSOH�GLHV�� 
 
$�3URJUHVVLYH�'LH�FDQ�SURGXFH�WKH�YDOYHV�DW�D�
VLJQLILFDQWO\� KLJKHU� UDWH�DOORZLQJ� WKH�SURGXFHU�
WKH�DELOLW\�WR�VXSSO\�SDUWV�LQ�QHDU�UHDO�WLPH�-,7��
EXW� WKH�SURGXFW�\LHOG� LV�DERXW�����RI� WKH�UDZ�
PDWHULDO�WKXV�LQFUHDVLQJ�WKH�SURGXFW�FRVW��$� 

 
 
 
 
 
 
 
 
 
 
 
 
)LJ���6WULS�OD\RXW�IRU�D�SURJUHVVLYH�GLH�	�PXO�
WLVWDJH�VLQJOH�WRRO�GLHV�IRU�PDQXIDFWXULQJ�

5RXQG�IORDWLQJ�YDOYH� 
 
SURJUHVVLYH�GLH�FDQ�FRVW�DERXW�����WR���WLPHV�
WKH�FRPELQHG�FRVW�RI�DOO� WKH�PXOWLVWDJH�WRROV��
LQFUHDVLQJ�WKH�SURGXFW�FRVW�VLJQLILFDQWO\� 
 
1DWXUDOO\� WKH� SURGXFWLRQ� WLPH� IRU� PXOWLVWDJH�
WRROV�LV�KLJKHU�WKDQ�ZLWK�D�SURJUHVVLYH�GLH��EXW�
WKH�SURGXFW�\LHOG�LV�DERXW�����RI�WKH�UDZ�PD�
WHULDO�ZKLFK�UHVXOWV� LQ�VLJQLILFDQW�FRVW�VDYLQJV�
7KLV�LV�DFFRPSOLVKHG�E\�WLJKW�QHVWLQJ�RI�SURG�
XFW�RQ�D�VKHHW��)LJ���VKRZV�WKH�GLIIHUHQFH� LQ�
SURGXFW�\LHOG�IRU�D�SURJUHVVLYH�GLH�DQG�PXOWL�
VWDJH�PXOWL�WRRO�SURGXFWLRQ� 
 
8QOLNH�UDQGRP�SDFNLQJ�YDOYHV�DUH�QRW�XVHG�LQ�
ODUJH� TXDQWLWLHV� LQ�0DVV� WUDQVIHU�� VR� LW�PLJKW�
QRW� EH� D�JRRG� LGHD� WR� FKRRVH� D� SURJUHVVLYH�
GLH� LQ� WKLV�VLWXDWLRQ�� ,W� LV�DGYLVDEOH� WR�FKRRVH�
WKH� PDQXIDFWXULQJ� SURFHVV� EDVHG� RQ� GH�
PDQG� 
 
�'-67</(6�2)�75$<�'(&.�$66(0%/< 
,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� FKRLFH�RI� WUD\�
GHFN�GHVLJQ��MRLQLQJ�GLIIHUHQW�VHFWLRQV�� LV�QRW�
SDUWLFXODUO\� GHSHQGHQW� RQ� SURFHVV� EXW� LV�
KHDYLO\� LQIOXHQFHG� E\� PDQXIDFWXUDELOLW\� DQG�
HDVH�RI�LQVWDOODWLRQ�LQ�D�FROXPQ�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)LJ���'LIIHUHQW�VW\OHV�RI�7UD\�$VVHPEO\ 
 
7KH�WKUHH�GLIIHUHQW�VW\OHV�RI�DVVHPEOLQJ�WKH� 
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WZR�VHFWLRQV�RI�WKH�WUD\�GHFN�DUH� LOOXVWUDWHG�LQ�
)LJ����ZKHUH�SURFHVV�GHVLJQ�UHPDLQV�LQWDFW�IRU�
DOO� DQG� FKDQJH� KDV� EHHQ�PDGH�PHFKDQLFDOO\�
FRQVLGHULQJ�HDVH�IRU�PDQXIDFWXULQJ�DV�ZHOO�DV�
LQVWDOODWLRQ� 
 
7KH� ILUVW� VW\OH� EHLQJ� WKH� PRVW� DZNZDUG� DQG�
GLIILFXOW� VW\OH�� ZKHUH� WZR� VHFWLRQV� DUH� MRLQHG�
LQVLGH�D�FROXPQ�E\�EROWLQJ�WKHP�WRJHWKHU��7KH�
VHFRQG� VW\OH� LV� DQ� LPSURYHPHQW� RQ� WKH� ILUVW�
VW\OH� ZKHUH� D� MRJ� DW� HDFK� HQG� RI� WKH� VHFWLRQ�
DOORZV� IRU� WKH� RYHUODS� RI� DGMDFHQW� VHFWLRQV�
PDNLQJ�WKH�EROWLQJ�RI�WKH�VHFWLRQV�VOLJKWO\�HDVL�
HU� WKDQ� WKH� ILUVW� VW\OH� DQG� LV� FRPPRQO\� XVHG�
IRU�DVVHPEO\�RI�VHFWLRQV� 
 
7KH�WKLUG�VW\OH��WKH�ODWHVW�GHYHORSPHQW�LQ�MRLQ�
LQJ� WUD\� GHFN� VHFWLRQV� ZKLFK� LV� FRQVLGHUHG�
PRVW� LQVWDOODWLRQ� IULHQGO\� GHVLJQ� DQG�ZKLFK� LV�
DQ�1%&��QRQ-EROWLQJ�FRQVWUXFWLRQ��GHVLJQ�WKDW�
DOORZV�WKH�LQVWDOOHU�WR�KROG�D�VHFWLRQ�E\�LWV�H[�
WHQGHG�WHHWK�DQG�VOLGLQJ�WKH�WHHWK�WKURXJK�WKH�
VORWV�RI�WKH�QH[W�VHFWLRQ� 
 
:H�NQRZ��LQVWDOODWLRQ�LQ�&ROXPQ�LV�QRW�DQ�HDV\�
WDVN� DQG� E\� FKRRVLQJ� 7KLUG� RSWLRQ�� RQH� FDQ�
VDYH�DW�OHDVW�����RI�GHFN�DVVHPEO\�WLPH�GXH�
WR�1%&�GHVLJQ�� 
 
�(-326,%,/,7<�2)�(;75$�9$/9( 
7KH�WRS�KDOI�RI�)LJ�����VKRZV�D�6LHYH�7UD\� LQ�
DVVHPEO\�SRVLWLRQ�DQG� WKH�ERWWRP�KDOI� VKRZV�
IORDWLQJ�YDOYHV�LQ�DVVHPEO\�SRVLWLRQ� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)LJ���7\S��3URSRVHG�3ODFH�IRU�H[WUD�YDOYHV 

 
)URP�D�SURFHVV�SRLQW�RI�YLHZ�� WKH� LGHDO�VLWXD�
WLRQ� LV� WR� KDYH� SHUIRUDWLRQV� DOO� RYHU� WKH� H[�
SRVHG��GLDPHWULFDO��DUHD�LQ�D�FROXPQ��%XW�PH�
FKDQLFDO� OLPLWDWLRQV� OLNH� MRLQHG�WUD\�GHFNV�VHF�
WLRQV�UHGXFH�WKH�ZRUNLQJ�DUHD��7KLV�ORVW�ZRUN�
LQJ�DUHD�FDQQRW�EH�FRQVLGHUHG�IRU�SURFHVV�FDO�
FXODWLRQV�LQ�YDOYH�SODFHPHQW�GHVLJQ� 
 
,I�ZH�FDQ�XWLOLVH�D�SRUWLRQ�LQ�WKLV�ORVW�ZRUNLQJ� 

DUHD��LW�ZLOO�UHVXOW�LQ�EHWWHU�SHUIRUPDQFH�RI�WKH�
PDVV�WUDQVIHU�SURFHVV� 
 
2Q�D�VLHYH� WUD\�VHFWLRQ� LI�ZH�FDQ�H[WHQG� WKH�
SHUIRUDWLRQ� DUHD� � WLOO� WKH� DUHD� VSHFLILHG� IRU�
FODPSLQJ�DQG�ILWWLQJ��LOOXVWUDWHG�LQ�WKH�SLFWXUHV�
DERYH��DQG�FDQ�PDWFK�KROHV�RQ�DGMDFHQW�VHF�
WLRQV��ZKHQ� WKH\�DUH�FODPSHG�WRJHWKHU��DGGL�
WLRQDO�URRP�FDQ�EH�FUHDWHG�IRU�DQ�H[WUD�VLHYH�
YDOYH��RSHQLQJ�XS�PRUH�SURFHVV�ZRUNLQJ�DUHD�
HQDEOLQJ�EHWWHU�SHUIRUPDQFH�RI�WKH�WUD\� 
 
,Q� D� IORDWLQJ� YDOYH� WUD\�� ZH� FDQ�PDNH� SURYL�
VLRQ�IRU� �H[WUD�YDOYHV�DURXQG� WKH�DUHD�ZKHUH�
WZR� VHFWLRQV� DUH� MRLQHG� WRJHWKHU� E\� FXWWLQJ�
WKH�RYHUODSSHG�VHFWLRQ�RI� WKH�ERWWRP�VHFWLRQ�
LQ�D�H[WUD� ODUJH�µ8¶� IRUP� WR�DOORZ� IRU� WKH� OHJV�
RI�WKH�YDOYH�WR�IORDW�XS�DQG�GRZQ�DV�LOOXVWUDWHG�
E\�WKH�ERWWRP�KDOI�RI�)LJ�� 
 
7KLV�NLQG�RI�DUUDQJHPHQW�LV�QRW�HDV\�WR�PDNH�
LQ� D� IL[HG� YDOYH� WUD\� XQOLNH� D� IORDWLQJ� YDOYH�
WUD\�EHFDXVH�PRUH�PDWHULDO� LV�QHHGHG�DW� WKH�
FRUQHU�RI�D�WUD\�WR�SUHYHQW�WKH�WUD\�IURP�EHLQJ�
WRUQ� DZD\� IURP� EDVH� GHFN�� $� ELJJHU� VORW�
QHHGV�WR�EH�PDGH�RQ�WKH�ERWWRP�WUD\�ZKHUH�LW�
LV�MRLQHG�WR�WKH�WRS�WUD\��7KLV�VORW�QHHGV�WR�EH�
ORQJHU�WKDQ�WKH�OHJV�RI�WKH�YDOYH�WR�DOORZ�HDV\�
IORZ�RI�IOXLG��7KLV�NLQG�RI�DUUDQJHPHQW�LV�RQO\�
SRVVLEOH� LQ� WUD\V� WKDW� KDYH� VRPH� URRP� WR�
ZRUN� DURXQG� DQG� QRW� ILW� WRR� WLJKW� LQ� WKH� FRO�
XPQ� 
 
7KHVH� DUH� VRPH� LWHPV� WR� FRQVLGHU� WR� LQ� GH�
VLJQLQJ�EHWWHU�SHUIRUPLQJ�PDVV�WUDQVIHU�SURG�
XFWV� 
 
�)-�3529,6,21�)25�67$1'�%<�9$/9(� 
$� JRRG� RSWLRQ� IRU� WKH� 7UD\V� WR� FRQVLGHU� LQ�
VRPH� FDVHV� ZRXOG� EH� WR� SURYLGH� IRU� H[WUD�
YDOYHV� ZKLFK� DUH� EORFNHG� RII� 	DUH� QRW� XVHG�
XQGHU�QRUPDO�RSHUDWLRQV� 
 
:KHQ� WKH�RULJLQDO� VHW�RI� YDOYHV�FORJJHG�ZLWK�
WKH� LPSXULWLHV� LQ� WKH� IOXLG�� WKH� EORFNHG� RII�
YDOYHV� FDQ� EH� RSHQHG� IRU� FRQWLQXHG� RSHUD�
WLRQV�RI�WKH�FROXPQ�DOEHLW�DW�D�UHGXFHG�FDSDF�
LW\�WR�DOORZ�IRU�UHSODFHPHQW�WR�EH�RUGHUHG� 
 
7KLV�FDQ�VKRUWHQHG�GRZQWLPH�RI�FROXPQ� 
 
6SHFLDO� 7KDQNV��0U�.DUO� .ROPHW]��0U�� .D]XR�
:DWDUL��0U��$QDQWK�+DOYL 
 
$%287�7+(�$87+25 
�1HLO��-��$OPHLGD�KD�RYHU���� 
\HDUV�RI�H[SHULHQFH�DV� 
FRQVXOWLQJ�7RRO�'HVLJQ� 
(QJLQHHU�LQ�0DVV�7UDQVIHU�DQG� 
KDYH�SULYLOHJH�WR�GHYHORS��QHZ� 
SURGXFWV�IRU�FOLHQWV� 
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Test Your Process Knowledge with These 
20 Questions 
Norm Lieberman, Process Improvement Engineering 
 
 

<RX�FDQ�JDXJH� WKH�H[WHQW�RI� \RXU�NQRZOHGJH�
LQ� SURFHVV� RSHUDWLRQV� DQG� HQJLQHHULQJ�� 7KH�
WHVW� DVVXPHV� WKDW� \RX� KDYH� FRPSOHWHG� KLJK�
VFKRRO� VFLHQFH�� 7KH� JDPH� RI� ³7ZHQW\� 4XHV�
WLRQV´�ZDV� SRSXODU�ZKHQ� ,�ZDV� D� WHHQDJHU� LQ�
WKH�����¶V��7KHVH�TXHVWLRQV�DUH�D�PL[WXUH�RI�
RSHUDWLRQDO� DQG� SURFHVV� HQJLQHHULQJ� SURE�
OHPV�� 6FRUH� \RXUVHOI� EDVHG� RQ� WKH� DWWDFKHG�
DQVZHU� SDJH�� ,I� \RX� JHW� ����� FRUUHFW�� ,� ZLOO�
VHQG�\RX�D�IUHH�ERRN��³3URFHVV�'HVLJQ�IRU�5H�
OLDEOH�2SHUDWLRQV���QG�(GLWLRQ´�� 
 
1. ,QFUHDVLQJ� WKH� WHPSHUDWXUH�RI������� IW��RI�

DLU� IURP� ���)� WR� ����)�� LQFUHDVHV� WKH� DLU�
YROXPH�WR�DERXW�� 

A. ������IW�� 
B. �������IW� 
&� �������IW� 

�� 7KH�SXUSRVH�RI�DQ�LPSHOOHU�LQ�D�FHQWULIXJDO�
SXPS� �LQ� QRQ-YLVFRXV� IORZ�� LV� WR�
BBBBBBBB" 

�� $� VWHDP� YDFXXP� HMHFWRU� XVLQJ� ����� PR�
WLYH� VWHDP�� KDV� DQ� LQWHUQDO� VWHDP� QR]]OH�
ZKHUH� WKH� VWHDP� YHORFLW\� LQFUHDVHV� IURP�
���� IW�VHF� WR� ������� IW�VHF�� :KHUH� GRHV�
WKH� HQHUJ\� FRPH� IURP� WR� DFFHOHUDWH� WKH�
VWHDP" 

�� 7KH�SXUSRVH�RI�D�YDOYH�WUD\�LQ�D�IUDFWLRQD�
WRU�� LV� WR� IUDFWLRQDWH� EHWZHHQ� WKH� OLJKWHU�
DQG�KHDYLHU�FRPSRQHQWV��7UXH�RU�IDOVH" 

�� $� FHQWULIXJDO� SXPS�PHFKDQLFDO� VHDO� IOXVK�
SUHVVXUH�VKRXOG�EH� 

$� +LJKHU� RU� FORVH� WR� WKH� GLVFKDUJH�
SUHVVXUH� 

%� -XVW� D� OLWWOH� ORZHU� WKDQ� WKH� GLV�
FKDUJH�SUHVVXUH� 

&� -XVW�D� OLWWOH�KLJKHU� WKDQ� WKH�VXFWLRQ�
SUHVVXUH� 

'� -XVW� D� OLWWOH� ORZHU� WKDQ� WKH� VXFWLRQ�
SUHVVXUH� 

�� 7KH� HQHUJ\� RI� DQ� ROG-VW\OH� UHFLSURFDWLQJ�
VWHDP�GULYHQ�HQJLQH��XVLQJ������SUHVVXUH�
VWHDP�� WKDW� H[KDXVWV� WR� WKH� DWPRVSKHUH��
FRPHV�IURP�ZKDW�SURSHUW\�RI�WKH�VWHDP" 

�� +RZ� GRHV� ORZHULQJ� D� GLVWLOODWLRQ� WRZHU�
SUHVVXUH� DIIHFW� WKH� UHODWLYH� YRODWLOLW\� EH�
WZHHQ�SURSDQH�DQG�EXWDQH" 

$� %LJJHU 
%� 6PDOOHU 
&� 1R�HIIHFW 

�� :KLFK� W\SH� RI� WUD\� KDV� D� EHWWHU� SRWHQWLDO�
WR� GHYHORS� HIILFLHQW� WUD\� IUDFWLRQDWLRQ� HIIL�
FLHQF\� 

$� 6LHYH 
%� 9DOYH 
&� %XEEOH�&DS 
'� *ULG 

�� :KHQ�ZH�FKDQJH� IURP�D��´�SLSH�� WR�D��´�
SLSH�� DW� FRQVWDQW� YROXPHWULF� IORZ�� WKH�
SUHVVXUH� GURS�ZRXOG� LQFUHDVH� IURP� �� SVL�
WR� 

$� ��SVL 
%� ��SVL 
&� ���SVL 
'� ���SVL 
(� ���SVL 

��� :K\�GRHV�ZDWHU� SDVVLQJ� WKURXJK� D� FRRO�
LQJ� WRZHU� FRRO�� WR� OHVV� WKDQ� WKH� DPELHQW�
WHPSHUDWXUH" 

��� :KDW�KDSSHQV�WR�WKH�GHQVLW\�RI�ZDWHU�DV�LW�
FRROV"�,QFUHDVHV�RU�GHFUHDVHV" 

��� 7R� LQFUHDVH� WKH� 1HW� 3RVLWLYH� 6XFWLRQ�
+HDG�DYDLODEOH�WR�D�SXPS��SXPSLQJ�OLTXLG�
IURP�D�YDSRU-OLTXLG�VHSDUDWRU��DW�HTXLOLEUL�
XP�� VKRXOG� ZH� LQFUHDVH� RU� GHFUHDVH� WKH�
YHVVHO¶V�SUHVVXUH" 

��� 2SHUDWRUV� VRPHWLPHV� VSUD\� ZDWHU� RQ� D�
KRW�SXPS�VXFWLRQ�OLQH��WR�VXSSUHVV�FDYLWD�
WLRQ�� 'RHV� WKLV� DFWXDOO\� KHOS� WKH� SXPS¶V�
SHUIRUPDQFH" 

��� 6WHDP� WXUELQHV� UXQQLQJ� ZLWK� ���� SVLJ�
VWHDP��H[KDXVWLQJ�WR�WKH�DWPRVSKHUH��DUH�
XVLQJ�ZKDW�SURSHUW\�RI� WKH�VWHDP�WR�GULYH�
WKH�WXUELQH� 

$� 7HPSHUDWXUH 
%� 3UHVVXUH 
&� /DWHQW�+HDW 

��� :KHQ�XQORDGLQJ�D�UHFLSURFDWLQJ�FRPSUHV�
VRU��WKH�PRVW�HIILFLHQW�ZD\�WR�UHGXFH�ORDG�
LV� 

$� 2SHQ�VSLOO-EDFN� 
%� 2SHQ�KHDG-HQG�XQORDGHU�ERWWOH� 
&� 7KURWWOH�WKH�GLVFKDUJH� 

��� :KHQ� ZH� LQFUHDVH� WKH� WKLFNQHVV� RI� DQ�
RULILFH� SODWH�� DW� FRQVWDQW� IORZLQJ� YHORFLW\��
ZKDW�KDSSHQV�WR�WKH�SUHVVXUH�GURS" 

$� +LJKHU 
%� /RZHU 
&� 8QFKDQJHG 
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��� &DQ� WKH� SUHVVXUH� LQVLGH� RI� D� ILUHG� KHDWHU�
UDGLDQW�VHFWLRQ��H[FHHG�DWPRVSKHULF�SUHV�
VXUH" 

��� +RZ�GRHV�ZLQG�DIIHFW�GUDIW� LQ�D�ILUHG�KHDW�
HU� 

$� %LJJHU 
%� 6PDOOHU 
&� 1R�HIIHFW 

��� :K\� GR� WKH� QRQ-FRQGHQVDEOHV�� YHQWHG�
IURP� D� VWHDP� KHDWHU�� W\SLFDOO\� EXUQ� ZKHQ�
LJQLWHG" 

��� :KDW� LV�WKH�EHVW�ZD\�WR�FRQWURO�UHIOX[�DQG�
UHERLOHU�GXW\�LQ�D�OLJKW-HQGV�GLVWLOODWLRQ�WRZ�
HU�RU�DQ�DURPDWLF�IUDFWLRQDWRU" 

 
��� $16:(56 
�� �������UHPHPEHU�5DQNLQH�RU�.HOYLQ� 
�� $FFHOHUDWH� WKH� IORZ� –� QRW� WR� LQFUHDVH� WKH�

SUHVVXUH� 
�� 0RVWO\�IURP�WKH�WHPSHUDWXUH�RI�WKH�VWHDP��

$OPRVW�QRQH�FRPHV�IURP�WKH�VWHDP¶V�SUHV�
VXUH� 

�� )DOVH��7KH�SXUSRVH�RI�WKH�WUD\�LV�WR�PL[�WKH�
YDSRU�IORZLQJ�XS�IURP�WKH�UHERLOHU��ZLWK�WKH�
OLTXLG�IORZLQJ�GRZQ�IURP�WKH�FRQGHQVHU� 

�� &�–� -XVW� D� OLWWOH� ELW� KLJKHU� WKDQ� WKH� SXPS�
VXFWLRQ�SUHVVXUH� 

�� ,W¶V�WKH�ODWHQW�KHDW�–�QRW�LWV�SUHVVXUH� 
�� %LJJHU 
�� %XEEOH�FDS 
�� ���SVL 
��� (YDSRUDWLRQ�RI�WKH�ZDWHU� 
��� ,QFUHDVHV�WR����)����&��DQG�WKHQ�JHWV�OHVV�

GHQVH��$�XQLTXH�SURSHUW\�RI�ZDWHU� 
��� $W�HTXLOLEULXP��LW�GRHVQ¶W�PDWWHU� 
��� <HV 
��� 7HPSHUDWXUH���/DWHQW�+HDW��L�H���HQWKDOS\�� 
��� 2SHQ�WKH�KHDG-HQG��RU�FUDQN-HQG��XQORDG�

HU�ERWWOH� 
��� /RZHU�–�E\�D�ORW� 
��� <HV 
��� %LJJHU 
��� ,W¶V�K\GURJHQ�IURP�&2��FRUURVLRQ��7KH�K\�

GURJHQ� LRQV� FDXVH� K\GURJHQ� DVVLVWHG�
6WUHVV�&RUURVLRQ�&UDFNLQJ� 

��� &ORVHG-ORRS� 6SHFWURVFRSLF� DQDO\]HU� FRQ�
WURO�� *DV� &KURPH� ODJ� WLPH� LV� H[FHVVLYH��
&KHFN�ZLWK�7HF�86$� 

 
7KDQNV�IRU�WDNLQJ�RXU�WHVW��:H�KRSH�WKDW�LW�ZLOO�
KHOS�LQ�\RXU�ZRUN��,I�\RX�ZRXOG�OLNH�WR�KDYH�DQ�
H[SODQDWLRQ� RI� DQ\� RI� RXU� DQVZHUV�� SOHDVH�
HPDLO��QRUP#OLHEHUPDQ-HQJ�FRP 
 
2U�� \RX� FDQ� FRQVXOW� RXU� ZHEVLWH� DQG� VHOHFW�
RQH� RI� WKH� HOHYHQ� ERRNV� ZH� KDYH� DXWKRUHG�
SHUWDLQLQJ� WR� 3URFHVV� (QJLQHHULQJ�
�ZZZ�OLHEHUPDQ-HQJ�FRP�� 

$%287�7+(�$87+25 
1RUP� /LHEHUPDQ� KDV� D� GHJUHH� LQ� &KHPLFDO�
(QJLQHHULQJ��&RRSHU�8QLRQ���������+LV�SULQFL�
SDO� DFWLYLW\� LV� ILHOG� WURXEOHVKRRWLQJ� UHILQHU\�
SUREOHPV�� 2YHU� ������� RSHUDWRUV� DQG� HQJL�
QHHUV�KDYH�DWWHQGHG�KLV� ���� VHPLQDUV� VLQFH�
������ WKDW� H[SODLQ� 7URXEOHVKRRWLQJ� 7HFK�
QLTXHV��/LHEHUPDQ�KDV�DXWKRUHG����ERRNV�RQ�
WKLV� VXEMHFW�� +H� UHVLGHV� LQ� 1HZ� 2UOHDQV��
ZKHUH�KH�ZDV� IRUPHUO\� WKH�3ODQW�0DQDJHU�RI�
WKH�*RRG�+RSH�5HILQHU\�LQ�1RUFR�� 
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Guidelines for Process Plants Alarm 
Grouping & Alarm Prioritization 
Praveen Nagenderan C 
 
 

����,03257$1&(�2)�$/$50�6<67(0 
$ODUP� V\VWHPV� DUH� LQFUHDVLQJO\� LPSRUWDQW� LQ�
WKH�VDIH�PDQDJHPHQW�RI�SODQW�DQG�PDFKLQHU\��
$ODUP�V\VWHPV� IRUPV�DQ�HVVHQWLDO� SDUW�RI� WKH�
RSHUDWRU�LQWHUIDFH�ZKLFK�SURYLGHV�YLWDO�VXSSRUW�
WR� WKH� RSHUDWRU� E\� ZDUQLQJ� WKHP� RI� VLWXDWLRQ�
WKDW� QHHG� WKHLU� DWWHQWLRQ��$ODUP� V\VWHPV� WKXV�
KDYH�DQ� LPSRUWDQW� UROH� LQ� SUHYHQWLQJ�� FRQWURO�
OLQJ�DQG�PLWLJDWLQJ�WKH�HIIHFWV�RI�DEQRUPDO�VLW�
XDWLRQV�� 7KH� HIIHFWV� FDQ� EH� YHU\� VHULRXV� LI�
WKHVH� DODUP� V\VWHPV� GRHV� QRW� ZRUN� ZHOO��
$ODUP� V\VWHPV� DUH� D� YHU\� LPSRUWDQW� ZD\� RI�
DXWRPDWLFDOO\� PRQLWRULQJ� WKH� SODQW� FRQGLWLRQ�
DQG� DWWUDFWLQJ� WKH� DWWHQWLRQ� RI� WKH� SURFHVV�
SODQW� RSHUDWRU� WR� VLJQLILFDQW� FKDQJHV� WKDW� UH�
TXLUH�DVVHVVPHQW�RU�DFWLRQ��7KH\�KHOS�WKH�RS�
HUDWRU�WR�PDLQWDLQ�WKH�SODQW�ZLWKLQ�D�VDIH�RSHU�
DWLQJ� HQYHORSH�� $� JRRG� DODUP� V\VWHP� KHOSV�
WKH� RSHUDWRU� WR� FRUUHFW� SRWHQWLDOO\� GDQJHURXV�
VLWXDWLRQV� EHIRUH� WKH� (PHUJHQF\� 6KXWGRZQ�
�(6'��V\VWHP� LV� IRUFHG� WR� LQWHUYHQH��7KLV� LP�
SURYHV� SODQW� DYDLODELOLW\�� KHOSV� WR� UHFRJQL]H�
DQG�DFW�WR�DYRLG�KD]DUGRXV�VLWXDWLRQV��KHOSV�WR�
LGHQWLI\�GHYLDWLRQV�IURP�GHVLUHG�RSHUDWLQJ�FRQ�
GLWLRQV� WKDW� FRXOG� OHDG� WR� ILQDQFLDO� ORVV� DQG�
KHOSV� WR� XQGHUVWDQG� FRPSOH[� SURFHVV� FRQGL�
WLRQV��$ODUPV�VKRXOG�EH�DQ�LPSRUWDQW�GLDJQRV�
WLF�WRRO�DQG�DUH�RQH�RI�VHYHUDO�VRXUFHV�WKDW�DQ�
RSHUDWRU�XVHV�GXULQJ�DQ�XSVHW��$ODUPV�DUH�VLJ�
QDOV� ZKLFK� DUH� DQQXQFLDWHG� WR� WKH� RSHUDWRU��
W\SLFDOO\� E\� DQ� DXGLEOH� VRXQG�� VRPH� IRUP� RI�
YLVXDO� LQGLFDWLRQ�� XVXDOO\� IODVKLQJ�� DQG� E\� WKH�
SUHVHQWDWLRQ� RI� D� PHVVDJH� RU� VRPH� RWKHU�
LGHQWLILHU��$Q�DODUP�ZLOO� LQGLFDWH�D�SUREOHP�UH�
TXLULQJ�RSHUDWRU�DWWHQWLRQ��DQG�LV�JHQHUDOO\�LQL�
WLDWHG� E\� D� SURFHVV� PHDVXUHPHQW� SDVVLQJ� D�
GHILQHG�DODUP�VHWWLQJ�DV� LW�DSSURDFKHV�DQ�XQ�
GHVLUDEOH� RU� SRWHQWLDOO\� XQVDIH� YDOXH�� $ODUP�
0DQDJHPHQW� KHOSV� WR� LGHQWLI\� SURFHVV� SURE�
OHPV� OLNH� YDOYHV� �� HTXLSPHQW� 	� LQVWUXPHQWV�
PDOIXQFWLRQ� DQG� FRQWUROOHU� WXQLQJ� SUREOHPV��
UHGXFHV�XQSODQQHG�GRZQ�WLPH�RI�SODQW��UHGXF�
HV� SURGXFWLRQ� ORVVHV�� SUHYHQWV� LQFLGHQWV�� LP�
SURYHG� SURGXFWLYLW\� –� ERWK� HTXLSPHQW¶V� DQG�
SHUVRQQHO¶V�� $ODUP� V\VWHPV� VKRXOG� EH� GH�
VLJQHG�WR�PHHW�XVHU�QHHGV�DQG�RSHUDWH�ZLWKLQ�
WKH�RSHUDWRU
V�FDSDELOLWLHV��7KLV�PHDQV�WKDW�WKH�
LQIRUPDWLRQ� DODUP� V\VWHPV� SUHVHQW� VKRXOG� EH�
UHOHYDQW�WR�WKH�RSHUDWRU¶V�UROH�DW�WKH�WLPH��LQGL�
FDWH�FOHDUO\�ZKDW�UHVSRQVH�LV�UHTXLUHG��EH� 

SUHVHQWHG�DW�D�UDWH�WKDW�WKH�RSHUDWRU�FDQ�GHDO�
ZLWK��EH�HDV\�WR�XQGHUVWDQG�� 
 
����$/$50�*5283,1* 
$ODUP�JURXSLQJ� LV�RQH�RI� WKH� LPSRUWDQW� WKHR�
ULHV� LQ� WKH� SODQW� DODUP� PDQDJHPHQW� V\VWHP�
ZKHUH� WKH� DODUPV� FRQILJXUHG� DUH� WR� EH�
JURXSHG� LQWR� GLIIHUHQW� FDWHJRULHV�� $OO� DODUPV�
ZKLFK�DUH�FRQILJXUHG�LQ�WKH�V\VWHP�VKRXOG�EH�
VSHFLILHG� ZLWK� D� JURXS� QDPH�� 7KH� DODUP�
JURXSLQJ�DFWLYLW\�ODWHU�VXSSRUWV�DODUP�UDWLRQDO�
L]DWLRQ� DFWLYLW\� DV�ZHOO� VLJQLILFDQWO\� IRU� DQDO\�
VLV� 
 
����*(1(5$/�*8,'(/,1(6 
· ,QVWUXPHQW� WDJV� UHODWHG� WR� SURFHVV�ZKLFK�

DUH�FRQILJXUHG�ZLWK�DODUPV�DUH� WR�EH�SUR�
YLGHG�ZLWK�WKH�JURXS�QDPH�ZLWK�UHVSHFW�WR�
WKH� UHVSHFWLYH� GHILQHG� SURFHVV� DUHDV��
7KHVH� DODUPV� DUH� FRPPRQO\� FDOOHG� DV�
³352&(66�$/$50´� 

· 6DIHW\� V\VWHPV� UHODWHG� DODUPV� VKDOO� EH�
SURYLGHG� ZLWK� WKH� JURXS� QDPH� RI�
³6$)(7<´� 

· (TXLSPHQW� VWDUW�VWRS� UHODWHG� DODUPV�VKDOO�
EH� SURYLGHG� ZLWK� D� JURXS� QDPH� RI�
³(48,30(17´� 

· 6KXW�GRZQ�YDOYHV��%ORZ�GRZQ�YDOYHV�DQG�
&RQWURO� YDOYHV� UHODWHG� DODUPV� VKDOO� EH�
SURYLGHG�ZLWK�D�JURXS�QDPH�RI�³9$/9(6´� 

· '&6�RU�3/&�V\VWHP�UHODWHG�DQG�&RPPX�
QLFDWLRQV�UHODWHG�DODUPV�VKDOO�EH�SURYLGHG�
ZLWK�JURXS�QDPH�RI�³6<67(0´� 

· (OHFWULFDO�VZLWFK�JHDU�UHODWHG�DODUPV�VKDOO�
EH� SURYLGHG� ZLWK� JURXS� QDPH� RI�
³(/(&75,&$/´� 

 
����$/$50�35,25,7< 
$ODUP�SULRULW\� LV�XVHG� WR�DLG� WKH�RSHUDWRU�GH�
WHUPLQLQJ� WKH� RUGHU� LQ� ZKLFK� WR� UHVSRQG� WR�
DODUPV��(IIHFWLYH�SULRULWL]DWLRQ�W\SLFDOO\�UHVXOWV�
LQ� KLJKHU� SULRULWLHV� FKRVHQ� OHVV� IUHTXHQWO\�
WKDQ� ORZHU� SULRULWLHV�� 0RVW� RI� WKH� DODUPV�
VKRXOG�EH�DVVLJQHG�WR�WKH�ORZHVW�DODUP�SULRUL�
W\� �OHDVW� LPSRUWDQW�� DQG� WKH� IHZHVW� WR� WKH�
KLJKHVW� DODUP� SULRULW\� �PRVW� LPSRUWDQW�� ZLWK�
WKH� FRQVLVWHQW� WUDQVLWLRQ� EHWZHHQ� WKH� WZR��
7KH�UHVXOWLQJ�SULRULWLHV�VKRXOG�KDYH�DOLJQPHQW�
ZLWK� WKH� FRQVHTXHQFH� DQG� DOORZDEOH� UH�
VSRQVH�WLPH�VXFK�WKDW�WKH�ORZHVW�SULRULW\� 
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DODUPV� KDYH� WKH� OHDVW� VHYHUH� FRQVHTXHQFH�
DQG� ORQJHVW� DOORZDEOH� UHVSRQVH� WLPH� DQG� WKH�
KLJKHVW� SULRULW\� DODUPV� KDYH� WKH�PRVW� VHYHUH�
FRQVHTXHQFH��([DPSOH��)LUH�DQG�*DV�V\VWHP�
DODUPV�� DQG� WKH� VKRUWHVW� DOORZDEOH� UHVSRQVH�
WLPH�� 
 
����*(1(5$/�*8,'(/,1(6 
$OO�DODUPV�FRQILJXUHG�LQ�WKH�V\VWHP�ZLOO�EH�SUL�
RULWL]HG�EDVHG�RQ�WKH�FODVV�QDPHV�� 
 
· )DFLOLW\�VKDOO�JHQHUDOO\�XVH�IRXU�FODVVHV�IRU�

SURFHVV� UHODWHG� DODUPV� DQG� RQH� FODVV� IRU�
V\VWHP�UHODWHG�DODUPV�� 

· $ODUPV�ZKLFK�DUH�JURXSHG�XQGHU�6<67(0�
VKRXOG�EH�FODVVLILHG�DV�³6<67(0´�� 

· 2WKHU� DODUPV� ZKLFK� DUH� JURXSHG� XQGHU�
GLIIHUHQW� QDPHV� DV� SHU� WKH� DODUP� JURXSV�
JXLGHOLQHV� DV� VSHFLILHG� DERYH� DUH� WR� EH�
FODVVLILHG� DV� ³&5,7,&$/´�� ³+,*+´��
³0(',80´�DQG�³/2:´� 

· 3ULRULW\� GLVWULEXWLRQ� RI� WKH� SURFHVV� UHODWHG�
DODUPV� FODVV� VKDOO� EH�� &5,7,&$/�� ����
+,*+�� ����� 0(',80�� ���� DQG� /2:��
������'HWHUPLQDWLRQ�RI�SULRULW\�SHUFHQWDJH�
LV�D�FDVH�GHSHQGHQW�DFWLYLW\�ZLWK�UHVSHFW�WR�
WKH�UHVSHFWLYH�SURFHVV�LQGXVWU\�SODQW��*HQ�
HUDO�SHUFHQWDJH�ZKLFK�ZRUNV�DQG�SUDFWLFDO�
O\� SRVVLEOH� WR� LPSOHPHQW� ZHUH� VXJJHVWHG�
KHUH�� 

· $ODUPV�ZKLFK�DUH�FULWLFDO�WR�SURFHVV�VDIHW\�
RI�WKH�SURWHFWLRQ�RI�KXPDQ�OLIH�RU�SHUVRQQHO�
VDIHW\�SURWHFWLRQ�E\�GHIDXOW�DUH�WR�EH�FRQ�
VLGHUHG�IRU�³&5,7,&$/´�SULRULW\�FODVV� 

· $ODUPV� IRU� FRPPHUFLDO� ORVV� RU� SURGXFW�
TXDOLW\�VKDOO�EH�FRQVLGHUHG�IRU�³&5,7,&$/´�
SULRULW\�FODVV� 

· ,QVWUXPHQW� WDJV�ZKLFK�DUH�FRQILJXUHG�ZLWK�
DODUPV� KDYLQJ� GLUHFW� UHODWLRQ� WR� WKH� WRWDO�
SODQW� WULS�RU�D�VHFWLRQ� WULS�VKDOO�EH�FRQVLG�
HUHG�IRU�³&5,7,&$/´�SULRULW\�FODVV� 

· ,QVWUXPHQW� WDJV�ZKLFK�DUH�FRQILJXUHG�ZLWK�
DODUPV� ZKLFK� DIIHFWV� WKH� VHFWLRQ� RI� WKH�
SODQW� EXW� SURYLGHV� UHODWLYH� UHVSRQVH� WLPH�
WR� WKH� RSHUDWRU� RU� ZKLFK� GRHVQ¶W� WULJJHU�
WRWDO�SODQW�VKXW�GRZQ�LPPHGLDWHO\�VKDOO�EH�
FRQVLGHUHG�IRU�³+,*+´�SULRULW\�FODVV� 

· (TXLSPHQW� VWRS� UHODWHG� DODUPV� VKDOO� EH�
FRQVLGHUHG�IRU� ³+,*+´�FODVV�EDVHG�RQ� WKH�
FULWLFDOLW\�RI� WKH�HTXLSPHQW�ZLWK� UHVSHFW� WR�
WKH�SURFHVV�FRQGLWLRQV�ZKHUHDV�HTXLSPHQW�
VWDUW�UHODWHG�DODUPV�VKDOO�EH�FRQVLGHUHG�IRU�
³/2:´�FODVV�EDVHG�RQ�WKH�FULWLFDOLW\�RI�WKH�
HTXLSPHQW� ZLWK� UHVSHFW� WR� WKH� SURFHVV�
FRQGLWLRQV� 

· $ODUP�SULRULW\�FODVV�IRU�6KXWGRZQ�YDOYHV�RU�
VROHQRLG�YDOYH�VWDWXV�DODUPV�WR�EH�GHFLGHG�
EDVHG�RQ�WKH�FULWLFDOLW\�RI�WKH�SURFHVV�FRQ�
GLWLRQV��6KXWGRZQ� YDOHV� RU� VROHQRLG� YDOYH�
VWDWXV�IHHGEDFN�&/26(�23(1�DODUPV� 

ZKLFK�DUH�KDYLQJ�GLUHFW�UHODWLRQ� WR�WKH�WR�
WDO�SODQW� WULS�RU� UHVSHFWLYH�YDOYH�FORVXUH� �
RSHQ� VWDWXV� ZKLFK� JLYHV� YHU\� OHVV� UH�
VSRQVH� WLPH� IRU� RSHUDWRU� WR� WDNH� DFWLRQ�
FDQ�EH�FRQVLGHUHG�IRU�³&5,7,&$/´� 

· ,QVWUXPHQW�WDJV�ZKLFK�DUH�FRQILJXUHG�ZLWK�
DODUPV� ZKLFK� SHUIRUPV� UHPRWH� RSHUDWLRQ�
L�H��RSHUDWLRQ�SHUIRUPHG�E\�RSHUDWRU�WR�EH�
FRQVLGHUHG�IRU�³/2:´�FODVV� 

· &KDUDFWHULVWLFDOO\� DOO� EDG� 39� �3URFHVV�
9DOXH��DODUP�VKDOO�EH�FRQILJXUHG�ZLWK� ORZ�
SULRULW\�H[FHSW�IRU�WKH�SRLQWV�WDJV�ZLWK�KLJK�
SULRULW\�DODUP�ZKHUH�EDG�39�VKDOO�DOVR�EH�
DVVLJQHG�KLJK�SULRULW\� 

· $V�SHU�+$=23�VWXG\�UHSRUW��$ODUPV�OLVWHG�
DV�VDIHJXDUGV�PHDVXUHV�RU�UHFRPPHQGD�
WLRQ�VKDOO�EH�DVVLJQHG�ZLWK�SULRULW\�DV�GH�
ILQHG�E\�WKH�VHYHULW\�FRQVHTXHQFH�PDWUL[� 

 
����5()(5(1&(6 
$16,�,6$-���������� 0DQDJHPHQW� RI� $ODUP�
6\VWHPV�IRU�WKH�SURFHVV�LQGXVWULHV 
 
((08$� 38%/,&$7,2Q� 1R����� (GLWLRQ� ��
$ODUP�6\VWHPV�$�*XLGH� WR�'HVLJQ��0DQDJH�
PHQW�DQG�3URFXUHPHQW 
 
$%287�7+(�$87+25 

 
3UDYHHQ�1DJHQGHUDQ�&� LV� D�&KHPLFDO� (QJL�
QHHU�ZLWK�H[SHULHQFH�LQ�WKH�ILHOG�RI�2LO�	�*DV�
SURGXFWLRQ� 	� SURFHVVLQJ� IDFLOLWLHV� DQG� 5HILQ�
HU\� SURFHVV� XQLWV�� 3URIHVVLRQDO� H[SHULHQFH�
FRYHUV� LQ�3URGXFWLRQ�RSHUDWLRQV��)DFLOLW\� VXU�
YHLOODQFH�� 7HFKQLFDO� VDIHW\�� 7HFKQLFDO� 6HU�
YLFHV� -� 3URFHVV�� DQG� 3URMHFWV�� 3UDYHHQ� KDV�
ZRUNHG� ZLWK� PDMRU� 2LO� 	� *DV� FRPSDQLHV� LQ�
,QGLD�QDPHO\�1D\DUD�(QHUJ\� IRUPHUO\� NQRZQ�
DV�(VVDU�2LO�/LPLWHG�DQG�&DLUQ�2LO�	�*DV� 
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,1752'8&7,21�$1'�&217(;7 
'HVSLWH� WKH� FXUUHQW� VFHQDULR� ZKHUH� LV� RE�
VHUYHG�D� VXUSOXV�RI� FUXGH�RLO� IROORZHG�E\� ORZ�
SULFHV�� WKH� GRZQVWUHDP� LQGXVWU\� OLYHV� FRQ�
VWDQWO\�ZLWK�XQFHUWDLQWLHV� UHODWHG� WR�JXDUDQWHH�
RI�DFFHVV�DQG�VXSSO\�RI�FUXGH�RLO�LQ�WKH�TXDQWL�
W\�DQG�TXDOLW\�UHTXLUHG��SUREOHPV�UHODWHG�WR�WKH�
JHRSROLWLFV� RU� HYHQ� DERXW� WKH� H[KDXVWLRQ� RI�
H[LVWHQW�UHFRYHUDEOH�UHVHUYHV�DUH�GULYLQJ�IRUF�
HV�WR�WKH�GHYHORSPHQW�RI�DOWHUQDWLYHV�WHFKQRO�
RJLHV�WKH�FUXGH�RLO��7KLV�WRSLF�LV�HVSHFLDOO\�DW�
WUDFWLYH� WR� FRXQWULHV� WKDW� SUHVHQW� D� ODFN� RI� D�
VLJQLILFDQW� DPRXQW� RI� FUXGH� RLO� UHVHUYHV� DQG�
JUHDW� GHSHQGHQFH�E\� FUXGH�RLO� GHULYDWLYHV�DV�
-DSDQ�DQG�&KLQD�� 
 
,Q� WKLV�FDVH�� WKH� ORRN�IRU�DOWHUQDWLYHV� WR�FUXGH�
RLO�DLPLQJ� WR�VXVWDLQ� WKH�HQHUJ\�GHPDQG�QHF�
HVVDU\� WR� VXVWDLQ� HFRQRPLF� GHYHORSPHQW� EH�
FRPH�D� VWUDWHJLF� LVVXH��DV�PHQWLRQHG�HDUOLHU��
PDLQO\�FRQVLGHULQJ�WKH�YRODWLOLW\�RI�WKH�FUXGH�RLO�
SULFHV�DV�ZHOO�DV�WKH�JHRSROLWLFDO�VFHQDULR��'H�
VSLWH� WKH� KLJKHU� FRVW� LQ� FRPSDULVRQ� ZLWK� WKH�
WUDGLWLRQDO� FUXGH� RLO� UHILQLQJ�� WKH� QHFHVVLW\� RI�
WKH�SURGXFWLRQ�RI� KLJK-TXDOLW\� IXHOV� FDQ�PDNH�
WKH�QRQFRQYHQWLRQDO�DOWHUQDWLYHV�DWWUDFWLYH��$Q�
H[DPSOH� ZDV� WKH� FRDO� OLTXLGV� K\GURJHQDWLRQ�
GXULQJ� WKH�6HFRQG�:RUOG�:DU� WR�SURGXFH� OLT�
XLG�IXHOV�RQ�D�ODUJH�VFDOH�GXH�WR�WKH�VFDUFLW\�RI�
FUXGH�RLO�E\�VRPH�FRXQWULHV��&UXGH�RLO�SURGXF�
WLRQ�SOD\HUV�ZLWK�JUHDW�UHVHUYHV�RI�QDWXUDO�JDV�
FDQ� ILQG� LQ� WKH�*DV� WR�/LTXLG� WHFKQRORJLHV�DQ�
DWWUDFWLYH�ZD\�WR�HQVXUH�KLJKHU�DGGHG�YDOXH�WR�
KLV�QDWXUDO�UHVRXUFHV� 
 
*$6�72�/,48,'6�$/7(51$7,9( 
2QH�RI�WKH�PRVW�SURPLVLQJ�DQG�ZHOO-GHYHORSHG� 
 

WHFKQRORJLHV� FXUUHQWO\� LV� WKH� FRQYHUVLRQ� RI�
V\QJDV� �&2� �� +��� LQ� ORQJHU-FKDLQ� K\GURFDU�
ERQV� VXFK� DV� JDVROLQH� DQG� RWKHU� OLTXLG� IXHO�
SURGXFWV��NQRZQ�DV�*DV�WR�/LTXLGV�7HFKQROR�
JLHV� �*7/���7KH� OLTXLG� K\GURFDUERQV� SURGXF�
WLRQ�FDQ�EH�FDUULHG�RXW�E\�GLUHFW�V\QJDV�FRQ�
YHUVLRQ�� LQ� )LVFKHU-7URSVFK� V\QWKHVLV� UHDF�
WLRQV�RU�WKURXJK�PHWKDQRO�SURGXFWLRQ�DV�LQWHU�
PHGLDWH�SURGXFW��0HWKDQRO�WR�2OHILQV�WHFKQRO�
RJLHV����� 
 
)LVFKHU-7URSVFK� LV� D� FKHPLFDO� SURFHVV�
WKURXJK� LV� SRVVLEOH� WKH� OLTXLG� K\GURFDUERQ�
SURGXFWLRQ� DFFRUGLQJ� WR� WKH� IROORZLQJ� FKHPL�
FDO�UHDFWLRQV�� 
 

3DUDIILQ�3URGXFWLRQ�� 
Q�&2�����Q���+�� �&Q+�Q������Q+�2 

2OHILQ�3URGXFWLRQ�� 
Q�&2����Q+�� �&Q+�Q����Q+�2 

7KHVH� UHDFWLRQV�DUH�VWURQJO\�H[RWKHUPLF�DQG�
WKH�&2�+��UDWLR�LQ�WKH�V\QJDV�LV�D�NH\�SDUDP�
HWHU� WR� GHILQH� WKH� K\GURFDUERQ� FKDLQ� H[WHQ�
VLRQ�WKDW�ZLOO�EH�SURGXFHG�� 

7KH�UHDFWLRQV�RFFXU�QRUPDOO\�XQGHU�WHPSHUD�
WXUHV�WKDW�YDU\�IURP�����WR�����R&�DQG�RSHU�
DWLQJ�SUHVVXUHV� LQ� WKH�UDQJH�RI����WR����EDU��
7KH�FDWDO\VW�FRPPRQO\�DSSOLHG�WR�WKHVH�UHDF�
WLRQV�LV�EDVHG�RQ�FREDOW�RU�LURQ�DV�DFWLYH�PHW�
DOV�GHSRVLWHG�XSRQ�DOXPLQD�DV�FDUULHU��� 

)LJXUH���SUHVHQWV�D�EORFN�GLDJUDP�IRU�D�W\SL�
FDO� SURFHVV�SODQW� GHGLFDWHG� WR� SURGXFLQJ� OLT�
XLG� K\GURFDUERQV� IURP� )LVFKHU-7URSVFK� V\Q�
WKHVLV� 

 

)LJXUH���–�%ORFN�'LDJUDP�WR�D�7\SLFDO�)LVFKHU-7URSVFK�*7/�3URFHVV�3ODQW 
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6KRZHG� SURFHVV� LQ� )LJXUH� �� LV� EDVHG� LQ� WKH�
V\QJDV� JDV� JHQHUDWLRQ� IURP� VWHDP� UHIRUPLQJ�
RI�QDWXUDO�JDV��WKLV�LV�WKH�PRVW�FRPPRQ�URXWH��
KRZHYHU�� WKHUH� DUH� SURFHVV� YDULDWLRQV� DSSO\�
LQJ� V\QJDV� SURGXFWLRQ� WKURXJK� FRDO�� ELRPDVV�
RU�SHWUROHXP�FRNH�JDVLILFDWLRQ�URXWH���� 
 
7KH� SURFHVV� VWDUWV� ZLWK� V\QJDV� JHQHUDWLRQ�
DQG��DV�DIRUHPHQWLRQHG��WKH�SURGXFHG��K\GUR�
FDUERQ� FKDLQ� H[WHQVLRQ� LV� FRQWUROOHG� LQ� WKH�
)LVFKHU-7URSVFK� V\QWKHVLV� VWHS� WKURXJK� WKH�
&2�+��UDWLR�LQ�WKH�V\QJDV�IHG�WR�WKH�)7�UHDF�
WRUV� �EH\RQG� WHPSHUDWXUH� DQG� UHDFWLRQ� SUHV�
VXUH��� IROORZLQJ� WKH� SURGXFHG� K\GURFDUERQV�
DUH� VHSDUDWHG� DQG� VHQW� WR� UHILQLQJ� VWHSV� DV�
LVRPHULVDWLRQ�� K\GURWUHDWLQJ�� K\GURFUDFNLQJ��
FDWDO\WLF� UHIRUPLQJ�� HWF��$FFRUGLQJ� WR� DSSOLFD�
WLRQ�RI�WKH�SURGXFHG�GHULYDWLYH��*DVROLQH��'LH�
VHO��/XEULFDQW��HWF����� 
 
6RPH�VLGH�UHDFWLRQV�FDQ�RFFXU�GXULQJ�WKH�K\�
GURFDUERQV� SURGXFWLRQ� SURFHVV�� OHDGLQJ� WR�
FRNH� GHSRVLWLRQ� RQ� WKH� FDWDO\VW�� FDXVLQJ� KLV�
GHDFWLYDWLRQ� DFFRUGLQJ� WR� IROORZLQJ� FKHPLFDO�
UHDFWLRQV�� 

��&2� �&���&2����� 
�%RXGRXDUG�5HDFWLRQ� 

&2���+�� �&���+�2� 
�&2�5HGXFWLRQ� 

 
7KH�W\SH�RI�UHDFWRU�DSSOLHG�LQ�WKH�)7�V\QWKHVLV�
VWHS� KDYH� VWURQJ� LQIOXHQFH� RQ� WKH� \LHOG� DQG�
TXDOLW\� RI� � WKH� REWDLQHG� SURGXFWV�� WKH� FDP�
SDLJQ� WLPH�RI� WKH�SURFHVV�XQLWV�DOVR�GHSHQGV�
RQ�WKH�W\SH�RI�UHDFWRU��)L[HG�EHG�UHDFWRUV�DUH�
ZLGHO\� HPSOR\HG� WR� )7� V\QWKHVLV�� KRZHYHU��
VKRZ�D�UHGXFHG�FDPSDLJQ�WLPH�GXH�WR�WKH�ORZ�
UHVLVWDQFH� WR� FDWDO\VW� GHDFWLYDWLRQ� SKHQRPH�
QRQ���0RGHUQ�SURFHVV�XQLWV�DSSO\�IOXLGL]HG�EHG�
RU�VOXUU\�SKDVH�UHDFWRUV� WKDW�SUHVHQW�D�KLJKHU�
UHVLVWDQFH�WR�FRNH�GHSRVLWLRQRQ�WKH�FDWDO\VW� 

DQG�EHWWHU�KHDW��GLVWULEXWLRQ��OHDGLQJ�WR�KLJKHU�
FDPSDLJQ�SHULRGV�� 

 
0RVW�UHFHQWO\�LV�REVHUYHG�D�UHGXFWLRQ�WUHQG�LQ�
WKH�GHPDQG�E\�WUDQVSRUWDWLRQ�IXHOV�DQG�VRPH�
UHILQHUV�DUH�ORRNLQJ�IRU�FKDQJH�KLV�SURGXFWLRQ�
IRFXV�IURP�WUDQVSRUWDWLRQ�IXHOV�WR�SHWURFKHPL�
FDOV��7KH�JDV�WR�OLTXLGV�FDQ�EH�DSSOLHG�LQ�V\Q�
HUJ\� ZLWK� FRQYHQWLRQDO� UHILQLQJ� SURFHVVHV� WR�
LPSURYH�WKH�\LHOG�RI�SHWURFKHPLFDOV�LQ�WKH�UH�
ILQLQJ� KDUGZDUH� WKURXJK� WKH� SURGXFWLRQ� RI�
KLJK� TXDOLW\� QDSKWKD� WKDW� FDQ� EH� DSSOLHG� WR�
)&&�RU�VWHDP�FUDFNLQJ�XQLWV�WR�SURGXFH� OLJKW�
ROHILQV�� HQVXULQJ� KLJKHU� DGGHG� YDOXH� WR� WKH�
SURFHVVHG�FUXGHV�DQG�JDV�DV�ZHOO�DV�SDUWLFL�
SDWLRQ�LQ�D�JURZLQJ�PDUNHW� 
 
$QRWKHU� DWWUDFWLYH� DOWHUQDWLYH� DQG� V\QHUJ\�
RSSRUWXQLWLHV� WR� UHILQHUV� LV� WKH� SURGXFWLRQ� RI�
DPPRQLD� WKDW� DUH� WKH� EDVH� RI� DQ\� IHUWLOL]HU��
'HVSLWH�WKH�IODW�GHPDQG�RYHU�WKH�ODVW�\HDUV��LV�
H[SHFWHG�D�JURZLQJ�PDUNHW� LQ� WKH�QH[W�\HDUV�
GXH� WR� WKH� LQFUHDVLQJO\� GHPDQG� E\� IRRG� DW�
JOREDO�OHYHO���$V�SUHVHQWHG�LQ�)LJXUH����LV�DOVR�
H[SHFWHG� D� JURZLQJ� GHPDQG� RI� 0HWKDQRO� LQ�
WKH�QH[W�\HDUV��WKLV�LQWHUPHGLDWH�FDQ�EH�XVHG�
WR�SURGXFH�KLJK�GHPDQG�SURGXFWV�OLNH�IRUPDO�
GHK\GH�WKDW�LV�DSSOLHG�WR�SURGXFH�SODVWLFV�DQG�
FRDWLQJV�� DOORZLQJ� JUHDW� DGGHG� YDOXH� WR� WKH�
FUXGH�RLO�DQG�QDWXUDO�SURGXFLQJ�FKDLQ� 
 
$9$,/$%/(�7(&+12/2*,(6 
7KH�VHYHUDO�JHRSROLWLFV�FULVHV�RYHU�WKH�KLVWRU\�
PRWLYDWHG� WKH� GHYHORSPHQW� RI� QHZ� WHFKQROR�
JLHV� DQG� WKH� LPSURYHPHQW� RI� WKH� )LVFKHU-
7URSVFK�RULJLQDO�SURFHVV��7KHUH� LV�D�ZLGH�DU�
UD\�RI�SURFHVV�WHFKQRORJLHV�GHYHORSHG�DLPLQJ�
WR� OLTXLG� K\GURFDUERQV� SURGXFWLRQ� IURP� V\Q�
JDV�� DPRQJ� WKH� SULQFLSDO� DYDLODEOH� WHFKQROR�
JLHV� ZH� FDQ� � TXRWH� WKH� SURFHVVHV� 6<1�
7+2/�� DQG� 63'�� GHYHORSHG� E\� 6DVRO�
&RPSDQ\��WKH�*$6(/��SURFHVV�E\�$[HQV� 

)LJXUH���–�3ULPDU\�&KHPLFDOV�3URGXFWLRQ�)RUHFDVW��,($������� 
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&RPSDQ\�� WKH� (-*DV�� WHFKQRORJ\� E\� &RQR�
FR3KLOOLSV�FRPSDQ\��WKH�6&*3��E\�6KHOO��WKH�
7,*$6���GHYHORSHG�E\�+DOGRU�7RSVRH�&RP�
SDQ\��DPRQJ�RWKHUV�� 
 
)LJXUH� �� SUHVHQWV� D� EDVLF� SURFHVV� IORZ� GLD�
JUDP� IRU� WKH�*$6(/�� WHFKQRORJ\�GHYHORSHG�
E\� $[HQV� &RPSDQ\� ZKLFK� DSSO\� D� VOXUU\�
SKDVH�UHDFWRU�� 
 
$V�FLWHG�HDUOLHU��RQH�RI�WKH�PDLQ�DGYDQWDJHV�RI�
*7/�WHFKQRORJLHV� LV� WKH�SRVVLELOLW\�RI�DSSOLFD�
WLRQ�VHYHUDO� UDZ�PDWHULDOV� WR�SURGXFH�V\QJDV��
ZKLFK�HQVXUHV�JUHDW� IOH[LELOLW\�� ,Q� UHJLRQV�ZLWK�
ODUJH�FRDO�DYDLODELOLW\��WKH�JDVLILFDWLRQ�WHFKQRO�
RJLHV� KDV� VWUDWHJLF� FKDUDFWHU� JLYHQ� WKDW� WKH�
JUHDW�UHVWULFWLRQ�RI�WKLV�IXHO�XVH�LQ�WKH�HQHUJHW�
LF�PDWUL[�GXH�WKH�KLJK�HQYLURQPHQWDO�LPSDFW��LQ�
WKHVH� FDVHV� WKH� FRDO� FRQYHUVLRQ� LQWR� V\QJDV�
DQG� SRVWHULRUO\� LQ� OLTXLG� K\GURFDUERQV� LV� YHU\�
HFRQRPLFDOO\� DWWUDFWLYH�� DQRWKHU� DOWHUQDWLYH� LV�
WR�DSSO\� UHQHZDEOH� UDZ�PDWHULDO� �ELRPDVV�� WR�
SURGXFH�V\QJDV�� 
 
2Q�WKH�RWKHU�KDQG��LQ�UHJLRQV�ZLWK�JUHDW�DYDLO�
DELOLW\� DQG� HDV\� DFFHVV� WR� ODUJH� QDWXUDO� JDV�
UHVHUYHV��WKH�V\QJDV�SURGXFWLRQ�WKURXJK�QDWX�
UDO� JDV� UHIRUPLQJ� VWHDP� VWLOO� LV� VKRZQ� DV� WKH�
PRVW� HFRQRPLFDO� URXWH� WR� SURGXFH� WKLV� UDZ�
PDWHULDO�LQ�LQGXVWULDO�VFDOH� 
 
$Q� DOWHUQDWLYH� URXWH� WR� SURGXFH� OLTXLG� K\GUR�
FDUERQV�IURP�V\QJDV� LV�WKH�QRQ-FDWDO\WLF�FRQ�
YHUVLRQ� RI� WKH� QDWXUDO� JDV� WR� PHWKDQRO� IRO�
ORZHG� E\� WKH� SRO\PHUL]DWLRQ� WR� SURGXFH� DO�
NHQHV��0HWKDQRO�LV�SURGXFHG�IURP�QDWXUDO�JDV�
DFFRUGLQJ�WR�WKH�IROORZLQJ�FKHPLFDO�UHDFWLRQV���� 

&+����+�2� �&2����+������ 
�6WHDP�5HIRUPLQJ� 

 
&2���+�2� �&2����+�������� 

�6KLIW�UHDFWLRQ� 
 

�+����&2� �&+�2+� 
�0HWKDQRO�6\QWKHVLV� 

 

,Q� WKH�VHTXHQFH�� WKH�PHWKDQRO� LV�GHK\GUDWHG�
WR�SURGXFH�'LPHWK\O-(WKHU�ZKLFK�LV�SRVWHULRU�
O\� GHK\GUDWHG� WR� SURGXFH� K\GURFDUERQV�� DV�
VKRZQ�LQ�WKH�VHTXHQFH�� 

 
��&+�2+� �&+�2&+����+�2� 
�0HWKDQRO�'HK\GUDWLRQ� 

&+�2&+�� �&�+����+�2� 
�'LPHWK\O-(WKHU�'HK\GUDWLRQ� 

7KH� PHWKDQRO� FRQYHUVLRQ� WR� ROHILQV� LQWR� K\�
GURFDUERQV� LV� FDOOHG� 0HWKDQRO� WR� 2OHILQV�
�072�� RU�0HWKDQRO� WR�*DVROLQH� �07*�� WHFK�
QRORJLHV��7KH�PRVW�NQRZQ�SURFHVVHV�GHGLFDW�
HG� WR� FRQYHUWLQJ� PHWKDQRO� LQ� K\GURFDUERQV�
DUH�WKH�SURFHVVHV�07*��GHYHORSHG�E\�([[�
RQ0RELO�&RPSDQ\�DQG�WKH�072-+\GUR��SUR�
FHVV��GHYHORSHG�E\�823�&RPSDQ\���)LJXUH���
SUHVHQWV� WKH� SURFHVV� IORZ� GLDJUDP� IRU� WKH�
07*��SURFHVV�E\�([[RQ0RELO�&RPSDQ\��� 

7KH� 072� WHFKQRORJLHV� SUHVHQWV� VRPH� DG�
YDQWDJHV� LQ� UHODWLRQ� WR� )LVFKHU-7URSVFK� SUR�
FHVVHV�� RQFH� VKRZ� KLJKHU� VHOHFWLYLW\� LQ� WKH�
K\GURFDUERQ�SURGXFWLRQ�� IXUWKHUPRUH�� WKH�RE�
WDLQHG� SURGXFWV� UHTXLUH� ORZHU� DGGLWLRQDO� SUR�
FHVVLQJ�VWHSV�WR�DFKLHYH�FRPPHUFLDO� 

)LJXUH���–�3URFHVV�)ORZ�'LDJUDP�IRU�*$6(/��7HFKQRORJ\�E\�$[HQV�&RPSDQ\ 
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VSHFLILFDWLRQV�� DQRWKHU� LPSRUWDQW� SRLQW� LQ� WKDW�
WKH� LQVWDOODWLRQ� FRVW� LV� QRUPDOO\� ORZHU� WR�072�
SURFHVV�SODQWV�ZKHQ�FRPSDUHG�ZLWK�)7�XQLWV��
RQFH� )LVFKHU-7URSVFK� XQLWV� DUH� HFRQRPLFDOO\�
YLDEOH� RQO\� LQ� ODUJH� VFDOH�� 5HJDUGLQJ� WKH� ROH�
ILQV�SURGXFWLRQ�� WKH�PD[LPL]DWLRQ�RI� WKHVH�GH�
ULYDWLYHV�FDQ�EH�HVSHFLDOO\�DWWUDFWLYH�LQ�WKH�FXU�
UHQW�VFHQDULR�ZKHUH� WKHUH� LV�D� WUHQG�RI� UHGXF�
WLRQ�LQ�WUDQVSRUWDWLRQ�IXHOV�GHPDQG�IROORZHG�E\�
WKH�JURZLQJ�PDUNHW�RI�SHWURFKHPLFDOV��FUHDWLQJ�
WKH�QHFHVVLW\�RI�FORVHU�LQWHJUDWLRQ�EHWZHHQ�UH�
ILQLQJ� DQG� SHWURFKHPLFDO� DVVHWV� DLPLQJ� WR�
PD[LPL]H� WKH� DGGHG� YDOXH�� VKDUH� ULVNV� DQG�
FRVWV�� DV� ZHOO� DV� HQVXUH� PDUNHW� VKDUH� LQ� D�
KLJKO\�FRPSHWLWLYH�VFHQDULR�RI�WKH�GRZQVWUHDP�
VHFWRU� 
 
7KH� VWUHDPV� SURGXFHG� E\� *7/� WHFKQRORJLHV�
VKRZ� UHGXFHG� FRQWDPLQDQWV� FRQWHQW� �VXOIXU��
QLWURJHQ�� HWF��� DV� ZHOO� DV� KLJK-TXDOLW\� WKDW�
PDNHV�WKHVH�SURGXFWV�DWWUDFWLYH�IURP�WKH�SRLQW�
RI� YLHZ�RI� HQYLURQPHQWDO� IRRWSULQW� DQG�SURILWD�
ELOLW\��WKHVH�FKDUDFWHULVWLFV�OHDGV�WR�ORZHU�RSHU�
DWLRQ� FRVW� ZKHQ� FRPSDUHG� ZLWK� WKH� FRQYHQ�
WLRQDO�FUXGH�RLO� UHILQLQJ�URXWH�RQFH� LW¶V�QHHGHG�
D� ORZHU� K\GURSURFHVVLQJ� FDSDFLW\� DV� ZHOO� DV�
OHVV�VHYHUH�SURFHVVHV�WKDW�FDQ�EH�D�VLJQLILFDQW�
FRPSHWLWLYH�GLIIHUHQWLDO��,Q�VFHQDULRV�ZLWK�FUXGH�
RLO� VKRUWDJH� RU� RYHUSULFHV�� WKHVH� WHFKQRORJLHV�
FDQ� EH� FRPSHWLWLYH� DQG� DFKLHYH� VWUDWHJLFDOO\�
FKDUDFWHU�WR�VRPH�QDWLRQV�� 

'HVSLWH�WKHVH�DGYDQWDJHV��WKH�VWUHDPV�
SURGXFHG�E\�)LVFKHU-7URSVFK�SURFHVV�WHQGV�WR�
SUHVHQW� OLQHDU�FKDLQ� �HVVHQWLDOO\�QRUPDO�SDUDI�
ILQ�� WKDW� OHDG� WR� SRRU� FROG� IORZ� SURSHUWLHV�� ,Q�
PDUNHW� FRQVXPHUV�ZLWK�FROG�ZHDWKHU�� WKH�XVH�
RI� K\GURSURFHVVLQJ� XQLWV� ZLWK� GHZD[LQJ� EHGV�
FDQ� EH� QHFHVVDU\� WR�PHHW� WKH� TXDOLW\� UHJXOD�
WLRQV�DQG�HQVXUH�DGHTXDWH�SHUIRUPDQFH�RI�WKH�
ILQDO�GHULYDWLYHV��$LPLQJ�WR�PLQLPL]H�WKLV�LVVXH��
VRPH�UHVHDUFKHUV�DUH�VWXG\LQJ�WKH�XSJUDGH�RI�
WKH� WUDGLWLRQDO� )LVFKHU-7URSVFK� SURFHVV�
WKURXJK�WKH�XVH�RI�D�QHZ�FDWDO\VW��7KH�FDWDO\VW�
3W�+-=60-���]HROLWH�DSSHDUV�OLNH�WKH�PRVW� 

SURPLVLQJ�DLPLQJ� WR� LVRPHUL]H�VHOHFWLYHO\� WKH�
Q-SDUDIILQ� SURGXFHG� E\� WKH� )LVFKHU-7URSVFK�
SURFHVV�� LPSURYLQJ� WKHQ� WKH� TXDOLW\� DQG� WKH�
DGGHG�YDOXH�RI� WKH�SURGXFHG�VWUHDPV�� LQ� WKLV�
SRLQW�LV�LPSRUWDQW�WR�FRQVLGHU�WKH�KLJK�FRVW�RI�
WKH�SODWLQXP�FDWDO\VW�EHLQJ�QHFHVVDU\�DQ�DG�
HTXDWH� HFRQRPLF� HYDOXDWLRQ� WR� VXSSRUW� WKH�
GHFLVLRQ�WR�FDWDO\VW�FKDQJH� 

/2:(5�(19,5210(17$/�)22735,17 

$QRWKHU�FKDUDFWHULVWLF�WKDW�FDQ�PDNH�WKH�*7/�
WHFKQRORJLHV�HYHQ�PRUH�DWWUDFWLYH�LQ�WKH�QH[W�
\HDUV� LV� WKH� LQFUHDVLQJ� UHVWULFWLRQ� WR� &2��
HPLVVLRQV�IURP�IRVVLO�IXHO�FRPEXVWLRQ��DPRQJ�
WKHQ�� WKH� QDWXUDO� JDV�� 7KH� SRVVLELOLW\� WR� IL[�
FDUERQ� WKURXJK� *7/� SURFHVV� FDQ� UHSUHVHQW�
DQ�HIILFLHQW�DQG�SURILWDEOH�DOWHUQDWLYH��� 

7KH� HQYLURQPHQWDO� IRRWSULQW� LV� RQH� RI� WKH�
JUHDW� FRQFHUQ� RI� WKH� VRFLHW\� UHODWHG� WR� WKH�
FUXGH�RLO�SURGXFWLRQ�FKDLQ�DQG�WKH�XVH�RI�JDV�
WR�OLTXLG�WHFKQRORJLHV�FDQ�PLQLPL]H�WKH�JUHHQ�
KRXVH� JDVHV�� DOORZLQJ� D� PRUH� VXVWDLQDEOH�
DQG�SURILWDEOH�JURZLQJ�WR�WKH�VRFLHW\� 

&21&/86,21 

$V�H[SRVHG�DERYH�WKH�JDV�WR�OLTXLG�WHFKQROR�
JLHV�FDQ�UHSUHVHQW�DQ�DWWUDFWLYH�DOWHUQDWLYH�WR�
VRPH� QDWLRQV� DLPLQJ� WR� HQVXUH� D� VRXUFH� RI�
KLJK-TXDOLW\� OLTXLG� K\GURFDUERQV� FDSDEOH� WR�
VXVWDLQ� WKH� HFRQRPLF� GHYHORSPHQW� LQ� D� VFH�
QDULR�RI� ODFN�RI�FUXGH�RLO� UHVRXUFHV�DQG�VXS�
SO\�FULVLV�DV�ZHOO�DV�DOORZ�D�KLJKHU�YDOXH�DGGL�
WLRQ�WR�KLV�QDWXUDO�UHVRXUFHV�� 

 

)LJXUH���–�3URFHVV�)ORZ�'LDJUDP�IRU�07*��7HFKQRORJ\�E\�([[RQ0RELO� 
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5()(5(1&(6 

52%,1621�� 3�5��� +68�� &�6�� +DQGERRN� RI�
3HWUROHXP�7HFKQRORJ\���D�HG��6SULQJHU������� 

*$5<�� -�� +��� +$1':(5.�� *�� (�� 3HWUROHXP�
5HILQLQJ� –� 7HFKQRORJ\� DQG� (FRQRPLFV��WKHG��
0DUFHO�'HNNHU��������� 

,($� �,QWHUQDWLRQDO� (QHUJ\� $JHQF\�� -� 3ULPDU\�
FKHPLFDO�SURGXFWLRQ� LQ� WKH�6XVWDLQDEOH�'HYHO�
RSPHQW�6FHQDULR������-�����–������ 

$%287�7+(�$87+25 

 

'U��0DUFLR�:DJQHU� GD�6LOYD� LV� 3URFHVV�(QJL�
QHHU� DW� +HQULTXH� /DJH� 5HILQHU\�
�3(752%5$6� EDVHG� LQ� 6mR� -RVp� GRV� &DP�
SRV��%UD]LO��%DFKHORU� LQ�&KHPLFDO�(QJLQHHULQJ�
IURP�8QLYHUVLW\� RI�0DULQJD� �8(0��� %UD]LO� DQG�
3K'��LQ�&KHPLFDO�(QJLQHHULQJ�IURP�WKH�8QLYHU�
VLW\� RI�&DPSLQDV� �81,&$03���%UD]LO��+DV� H[�
WHQVLYH� H[SHULHQFH� LQ� UHVHDUFK�� GHVLJQ�� DQG�
FRQVWUXFWLRQ� WR� RLO� DQG� JDV� LQGXVWU\� LQFOXGLQJ�
GHYHORSLQJ�DQG�FRRUGLQDWLQJ�SURMHFWV�WR�RSHUD�
WLRQDO� LPSURYHPHQWV� DQG� GHERWWOHQHFNLQJ� WR�
ERWWRP� EDUUHO� XQLWV�� PRUHRYHU�� 'U�� 0DUFLR�
:DJQHU� KDV� DQ�0%$� LQ� 3URMHFW� 0DQDJHPHQW�
IURP� )HGHUDO� 8QLYHUVLW\� RI� 5LR� GH� -DQHLUR�
�8)5-�� DQG� LV� FHUWLILHG� LQ� %XVLQHVV� IURP�
*HWXOLR�9DUJDV�)RXQGDWLRQ��)*9�� 
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