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Letter from the Editor 
Days Go by Slow, Years Go by Fast 

,W�VHHPV�WKDW�WKH�GD\V�VRPHWLPHV�JR�E\�YHU\�VORZO\��EXW�WKH�\HDUV�JR�E\�IDVW� :HOFRPH�WR�������

PDQ\�SHRSOH�DUH�KDSS\� WR�VHH������JRQH� 7KHUH�ZHUH�VRPH�FKDOOHQJHV� LQ�������EXW�HYHQ�ZLWK�

WKH�FKDOOHQJHV�ZH�VKRXOG�EH�WKDQNIXO�IRU�WKH�EOHVVLQJ�WKDW�ZH�KDYH�  ,�KDYH�EHHQ�EOHVVHG�IDU�PRUH�

WKDQ� ,� FDQ� MXVWLI\� )RU�P\�DJH� ,�DP�KHDOWK\�DQG� ,�KDYH�EHHQ�JLYHQ� WKH�RSSRUWXQLW\� WR�VWXG\�DQG�

ZRUN� 0DQ\�SHRSOH�ZRXOG�FRQVLGHU�PH�OXFN\�DV�,�DP�D�VHQLRU�HQJLQHHU�ZRUNLQJ�LQ�D�JUHDW�SURIHV�

VLRQ�  

 

%XW�P\�SDWK�ZDV�QRW� SDYHG�ZLWK� OXFN� ,�ZRUNHG�DQG�ZHQW� WR� VFKRRO� IRU���� \HDUV� 0DQ\� \HDUV� ,�

ZRUNHG� WKH�QLJKW�VKLIW��VR� ,�FRXOG�DWWHQG�VRPH�UHTXLUHG�GD\�FODVVHV�  ,I�\RX�ZLOO�VWXG\�DQG�ZRUN�

SHRSOH�ZLOO�RQH�GD\�ZLOO�FRQVLGHU�\RX�OXFN\�DOVR� 

 

$Q\�HDV\�ZD\�IRU�\RX�WR�FRQWLQXH�WR�VWXG\�DV�\RX�DUH�ZRUNLQJ�LV�WR�JDLQ�NQRZOHGJH�DQG�FHUWLILFD�

WLRQ�IURP�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�&HUWLILHG�3UDFWLFLQJ�(QJLQHHUV��,$&3(��  7KLV� LV�D�JUHDW�

SURJUDP� WR� JDLQ� SUDFWLFDO� NQRZOHGJH� RI� SURFHVV�� LQVWUXPHQWDWLRQ�� FLYLO� DQG� PHFKDQLFDO� HTXLS�

PHQW� :H� KDYH� SURJUDPV� IRU� HQJLQHHUV�� DQG� QRQ-HQJLQHHUV� ORRNLQJ� WR� LQFUHDVH� WKHLU� SUDFWLFDO�

NQRZOHGJH�RI�SURFHVVLQJ�HTXLSPHQW�  

 

$OO�WKH�EHVW� 

.DUO�.ROPHW] 

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 
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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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)HZ�ZLOO� GLVDJUHH� WKDW� �����ZDV� FKRFN� IXOO� RI�
EDG�QHZV�IRU�JOREDO�SXELF�KHDOWK��DQG�DFFRUG�
LQJO\��QHDUO\�DOO�FRPPRGLW\�YDOXH�FKDLQV�DVVR�
FLDWHG�ZLWK� OLYLQJ�RXU�PRGHUQ� OLYHV�� �+\GURFDU�
ERQ�H[SORUDWLRQ�DQG�SULFH� IHOO� WR� XQSUHFHGHQW�
HG�QHJDWLYH�YDOXH��WKDQNIXOO\�D�VKRUW-OLYHG�WUDG�
LQJ-UHODWHG� DQRPDO\��� DQG� UHILQLQJ� FUDFN�
VSUHDGV� IHOO� SUHFLSLWRXVO\�DV� WUDQVSRUW� IXHO�GH�
PDQG� FROODSVHG�� � )URP� FUXGH� WR� -HW� $�� FRP�
PRGLW\�LQYHQWRU\�URVH�DQG�SULFH�HURGHG� 

0RYLQJ�D�ELW�IXUWKHU�GRZQVWUHDP�IURP�WKH�ZHOO�
KHDG�DQG�UHILQLQJ��EDVLF�SHWURFKHPLFDOV�DW�ILUVW�
IROORZHG�� EXW� QRZ� DSSHDU� DV� D� SKRHQL[� ULVLQJ�
IURP� WKH�DVKHV�� �:LWK� WKH�86*&¶V�KHDY\� UHOL�
DQFH� RQ� 1*/� IHHGV�� HWK\OHQH�PDUJLQV� GXULQJ�
ODWH��4���LQFUHDVHG�H[SRQHQWLDOO\���&RPSDUHG�
WR�$SULO��'HFHPEHU¶V�HWK\OHQH�SULFH�VHWWOHPHQW�
RI� ����� FHQWV� SHU� SRXQG� �86'�� ZDV� XS� DQ�
DPD]LQJ��;��7KHUH�DUH�D�ZKROH� UDQJH�RI� IDF�
WRUV� UHVSRQVLEOH�� LQFOXGLQJ� SHWFKHP� RXWDJHV�
GXH�WR�DQ�XQSUHFHGHQWHG�QXPEHU�RI�*XOI�KXUUL�
FDQHV—LQ� IDFW��VR�PDQ\� WKDW�JHQHURXV�XVH�RI�
WKH�*UHHN�DOSKDEHW�ZDV�UHTXLUHG�DIWHU�H[SHQG�
LQJ�12$$¶V� ����� QDPH� OLVW�� � %HVLGHV�PRWKHU�
QDWXUH¶V� ZUDWK�� QHZ� GRZQVWUHDP� GHULYDWLYH�
XQLWV� FRPLQJ� RQOLQH�� UREXVW� H[SRUWV� IURP� WKH�
(QWHUSULVH� 0RUJDQ¶V� 3RLQW� GRFN�� DQG� ZHOO��
JRRG�ROG�VWURQJ�GHPDQG�IRU�GRZQVWUHDP�SURG�
XFWV� SUHYDLOHG� —� HYHU\WKLQJ� IURP� VLQJOH-XVH�
IRRG� DQG� VDIHW\� SDFNDJLQJ� PDQGDWHG� E\�
&29,'�� WR� FRQVWUXFWLRQ� PDWHULDOV� �UHPRWH�
ZRUNHUV� VLPXOWDQHRXVO\� FRXOG� DOVR� EHWWHU� DF�
FRPSOLVK� KRPH� LPSURYHPHQW��� ZHUH� UHVSRQVL�
EOH� 

/XFNLO\�� UHVXPSWLRQ� RI� GHPDQG� LQ� WKH� VHFRQG�
KDOI�RI� WKH�\HDU� WXUQHG�RXW� LQ�VWDUN�FRQWUDVW� WR�
VLJQSRVWV� DSSDUHQW� DW� WKH� GHSWK� RI� WKH� SDQ�
GHPLF-UHODWHG� PHOWGRZQ�� � 0RVW� DOO� GXUDEOH�
JRRGV� IURP� DXWR� SDUWV� WR� DSSOLDQFHV� ZHUH�
VKXWWLQJ�GRZQ��+RZHYHU��WKH�FUDVK�ZDV�WKDQN�
IXOO\� VKRUW-OLYHG�� SHWFKHPV� VWDUWHG� WXUQLQJ�
DURXQG�LQ�0D\�DQG�DORQJ�ZLWK�HWK\OHQH�SULFHV��
KDYH�EHHQ�UHERXQGLQJ�HYHU�VLQFH�    

*RLQJ� IRUZDUG�� ZLOO� DSSUHFLDEOH� ROHILQV-EDVHG�
PDUJLQV�HQGXUH"�0D\EH�LW¶V�ZRUWK�DQ�H[SDQG�
HG�ORRN�DW�WKH�ODVW�ILYH-\HDU�F\FOH�WR�JHW�DQ� 

LGHD���,Q�����-����HWK\OHQH�ZDV�D�FRPIRUWDEOH�
��-��� F�OE��� DQG� GHPDQG� IURP� GRZQVWUHDP�
GHULYDWLYH� SODQWV� ZDV� UHODWLYHO\� EDODQFHG�
FRPSDUHG� WR� ROHILQV� VWHDP� FUDFNHU� RXWSXW��
7KHQ� LQ� ������ PDMRU� SOD\HUV� VXFK� DV� 'RZ�
,QF��� &3� &KHP�� ([[RQ0RELO�� :HVWODNH-/RWWH�
DQG� 6DVRO� DGGHG� QHZ� ROHILQV� EXLOGLQJ-EORFN�
FDSDFLW\�� :KLOH� PRVW� RI� WKLV� RXWSXW� ZDV� LQ�
FRQMXQFWLRQ�ZLWK�QHZ�GHULYDWLYH�FRQVXPSWLRQ��
WKHVH� XVHU� SODQWV� FDPH� RQVWUHDP� ODWHU� WKDQ�
WKH�PRQRPHUV�� �7KH�UHVXOW�ZDV�VRIW�HWK\OHQH�
SULFLQJ� LQ� WKH� ��-��� F�OE�� UDQJH��ZLWK� KRSHIXO�
H[SHFWDWLRQV� RI� LQFUHDVHG� GHPDQG� IURP� (Q�
WHUSULVH� 3URGXFWV¶� QHZ� H[SRUW� IDFLOLW\�� � �����
RSHQHG� ZLWK� ��� GD\V� RI� VLPLODU� WUHQG�� EXW�
&RYLG-DIIHFWHG� HFRQRPLF�PHOWGRZQ� VHW� LQ� E\�
HQG��4�����(WK\OHQH�SULFH�IHOO�DQG�KLW�����F�OE��
E\�PLG-$SULO�� �6KDUHV� LQ�SHWFKHP�FRPSDQLHV�
IHOO�E\�����ZLWK�D�GLP�RXWORRN��XQWLO� WKH�VXG�
GHQ�DERXW-IDFH�RIIHUHG�LPSURYHG�GHPDQG��� 

)LQJHUV�FURVVHG��WKH�LQGXVWU\�KDQJV�KRSHV�RQ�
VWHS�FKDQJHV�IURP�UHPRWH-ZRUNHU�WUHQGV��VLQ�
JOH� XVH� SRO\PHUV� DQG� PHGLFDOO\-DVVRFLDWHG�
SODVWLFV� GHYLFHV� DQG� ILOPV� GULYHQ� E\� &RYLG�
�DQG� YDFFLQH� GLVWULEXWLRQ��� SOXV� LQFUHDVLQJ�
FRQVXPSWLRQ� IURP� WKH� UHILQHU\� EDVH� ORRNV� WR�
EH�EHWWHU�QHZV� IRU������� �:LQWHU� LV�DOVR�KLV�
WRULFDOO\� SRVLWLYH� IRU� PHWKDQH� KHDWLQJ� FRQ�
VXPSWLRQ�DQG�KHQFH�DVVRFLDWHG�1*/V�VXSSO\�
OHQJWKHQV� �EDUULQJ� OLTXLGV� UHMHFWLRQ�� VKRXOG�
JDV� SULFH� LQFUHDVH� RQ� VRPH� XQSODQQHG� ED�
VLV��� �$VVXPLQJ� FXUUHQW�XSWXUQV� LQ� FRQVXPHU�
GHPDQG�KROG��DQG�HWKDQH�IHHGV�SURYH�SOHQWL�
IXO�� JRRG� WLPHV� RXJKW� WR� EH� DW� KDQG� IRU� WKH�
�����SHWFKHP�SDWFK� 

$%287�7+(�$87+25� 
5RQDOG� -�� &RUPLHU� LV� 2ZQHU� DQG� 0DQDJLQJ�
3DUWQHU�RI�5RFN�%RWWRP�(QWHUSULVHV��//&��,Q�
GHSHQGHQW� FRPPHUFLDO� VHUYLFHV� FRQVXOWDQF\�
DGYLVRU\��VSHFLDOL]LQJ�LQ�FRPPHUFLDO�EXVLQHVV�
GHYHORSPHQW��FRPPRGLW\�SURGXFW�WUDGLQJ��DQG�
HTXLSPHQW�UHSXUSRVLQJ�IRU�GRZQVWUHDP�UHILQ�
LQJ�� SHWURFKHPLFDO�� ILHOG� OLTXLGV�� DQG�EXON� OLT�
XLG�K\GURFDUERQ� ORJLVWLFV�VHJPHQWV��2YHU����
\HDUV� RI� H[SHUWLVH� DQG� VSHFLDOW\� ZLWK� RLOV��
IXHOV��ROHILQV��DURPDWLFV��DQG�WKHLU�ILUVW�GHULYD�
WLYHV� 

Rock Bottom View 

Rising from 2020’s Ashes, 
Ethylene Margins Offer Reason  

to Celebrate in 2021  

Ronald J. Cormier, Engineering Practice Contributing Author 
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����,1752'8&7,21�� 

1DWXUDO�JDV�ZKHQ�SURGXFHG�IURP�WKH�UHVHUYRLU�
LV� VDWXUDWHG�ZLWK�ZDWHU�DQG�PRVW�RI� WKH�ZDWHU�
KDV� WR� EH� UHPRYHG� EHIRUH� LW� FDQ� EH� FRPPHU�
FLDOO\�PDUNHWHG�WR�PHHW�WKH�VDOHV�JDV�FRQWUDFW�
VSHFLILFDWLRQV�� 2WKHU� LPSRUWDQW� UHDVRQV� WR� UH�
PRYH� WKH� ZDWHU� IURP� WKH� QDWXUDO� JDV� DUH� K\�
GUDWH�IRUPDWLRQ�XQGHU�FHUWDLQ�FRQGLWLRQV��FRUUR�
VLRQ� HVSHFLDOO\� LQ� WKH� SUHVHQFH� RI� +�6� DQG�
&2��� VOXJJLQJ� FRQGLWLRQV� �WZR-SKDVH�� 	� HUR�
VLRQ��GHFUHDVH�LQ�WKH�KHDWLQJ�YDOXH�RI�WKH�JDV��
DQG�FDQ�FDXVH�IUHH]LQJ�LQ�FU\RJHQLF�DQG�UHIULJ�
HUDWHG� DEVRUSWLRQ� SODQW�� 7KH� DPRXQW� RI�ZDWHU�
WKDW� PXVW� EH� UHPRYHG� IURP� WKH� JDV� GHSHQGV�
SULPDULO\� RQ� WKH� ORZHVW� WHPSHUDWXUH� WR� ZKLFK�
WKH�JDV�ZLOO�EH�H[SRVHG�LQ�WKH�SLSHOLQH�RU�SUR�
FHVVLQJ� SODQW�� 7KH�PRVW� FRPPRQO\� XVHG� SUR�
FHVV� WR� GHK\GUDWH� QDWXUDO� JDV� LV� WKH� SURFHVV�
WKDW� HPSOR\V� D� OLTXLG� GHVLFFDQW� V\VWHP� WKDW�
XVHV�JO\FRO� WR�UHPRYH�ZDWHU�IURP�QDWXUDO�JDV��
7UL-(WK\OHQH�JO\FRO�LV�WKH�PRVW�FRPPRQO\�XVHG�
JO\FRO�LQ�WKH�LQGXVWU\�� 

����352&(66�'(6&5,37,21�� 

7KH�SURFHVV�IORZ�GLDJUDP�RI�WKH�*DV�'HK\GUD�
WLRQ�XQLW�HPSOR\LQJ�7(*�LV�VKRZQ�EHORZ�ZKHUH�
WKH�:HW�JDV�HQWHUV�LQWR�WKH�*O\FRO�&RQWDFWRU� 

ZKLFK�LV�DQ�DEVRUEHU�WRZHU��*O\FRO�&RQWDFWRU�
QRUPDOO\� EXLOGV� ZLWK� DQ� LQWHUQDO� VFUXEEHU�
ZKHUH�IUHH�ZDWHU�FRPLQJ�DORQJ�ZLWK�WKH�QDWX�
UDO� JDV� LV� NQRFNHG� RII��*O\FRO�&RQWDFWRU� HP�
SOR\V� HLWKHU� WUD\� RU� SDFNLQJ� ZKHUH� ZDWHU� LV�
SUHIHUHQWLDOO\� DEVRUEHG� E\� WKH� JO\FRO� ZKHQ�
WKH�QDWXUDO�JDV�DQG�JO\FRO� FRPHV� LQ�FRQWDFW��
7KH�JDV�DIWHU�JHWV�LQWR�FRQWDFW�ZLWK�JO\FRO�ORV�
HV� WKH� ZDWHU� FRQWHQW� DQG� OHDYHV� WKH� *O\FRO�
&RQWDFW�RU�DV�GHK\GUDWHG�JDV��7KH�ULFK�JO\FRO�
IURP� WKH�*O\FRO�&RQWDFWRU�JRHV� WR� WKH�JO\FRO�
UHJHQHUDWLRQ� SDFNDJH�� 7KH� ULFK� JO\FRO� IORZV�
RXW� RI� WKH�*O\FRO� &RQWDFWRU� DQG� JRHV� WR� WKH�
*O\FRO� 5HIOX[� &RQGHQVHU� ZKHUH� LW� LV� KHDWHG�
ZLWK�WKH�FRQGHQVLQJ�ZDWHU�YDSRU�DW�WKH�WRS�RI�
WKH�*O\FRO� 6WLOO� &ROXPQ�� 7KH� ULFK� JO\FRO� WKHQ�
IORZV� WR� WKH�*O\FRO�)ODVK�'UXP�ZKHUH� OLJKWHU�
DQG�KHDYLHU�K\GURFDUERQV�DUH� UHPRYHG��7KH�
JO\FRO� LV� WKHQ�ILOWHUHG� WKURXJK�WKH�3DUWLFOH�)LO�
WHU� DQG� $FWLYDWHG� &DUERQ� )LOWHU�� 7KH� ILOWHUHG�
JO\FRO� LV�WKHQ�KHDWHG�LQ�/HDQ�5LFK�*O\FRO�([�
FKDQJHU� EHIRUH� HQWHULQJ� WKH�*O\FRO� 6WLOO� &RO�
XPQ�E\�KHDW�H[FKDQJH�ZLWK� WKH�KRW� OHDQ�JO\�
FRO�FRPLQJ�IURP�WKH�*O\FRO�6WULSSLQJ�&ROXPQ��
7KH�ILOWHUHG�JO\FRO�HQWHUV� WKH�*O\FRO�6WLOO�&RO�
XPQ�DQG�IORZV�LQWR�WKH�*O\FRO�5HERLOHU�VSDFH�
ZKHUH�WKH�JO\FRO�LV�KHDWHG�WR�UHPRYH�ZDWHU� 

 

 

 

 

Key Operations Checkpoints for the 
Smooth Operation of Gas Dehydration Unit 

Praveen Nagenderan C 

3URFHVV�)ORZ�'LDJUDP��*DV�'HK\GUDWLRQ�8QLW�SURFHVV�HPSOR\LQJ�7(* 



7 

 

YDSRU��7KH�ZDWHU�YDSRU�IURP�WKH�*O\FRO�5HERLO�
HU�ULVHV�WKURXJK�WKH�*O\FRO�6WLOO�&ROXPQ�ZKHUH�
LV�FRROHG�DQG�FRQGHQVHG� LQ� WKH�*O\FRO�5HIOX[�
&RQGHQVHU�ZKHUH�WKH�FRQGHQVHG�OLTXLG�DFWV�DV�
UHIOX[�� 7KH�ZDWHU� YDSRU� LV� WKHQ� GLVFKDUJHG� WR�
WKH� ORZ-SUHVVXUH� IODUH� KHDGHU�� 7KH� KRW� OHDQ�
JO\FRO� IORZV� LQWR� WKH� *O\FRO� 6WULSSLQJ� &ROXPQ�
ZKHUH�WKH�VWULSSLQJ�JDV�LV�XVHG�WR�LPSURYH�WKH�
JO\FRO� FRQFHQWUDWLRQ� IXUWKHU��7KH� KRW� OHDQ�JO\�
FRO� VWUHDP� IURP� WKH� *O\FRO� 6WULSSLQJ� &ROXPQ�
XQGHUJRHV�FRROLQJ�LQ�WKH�/HDQ�5LFK�*O\FRO�([�
FKDQJHU� EHIRUH� HQWHULQJ� WKH� *O\FRO� 6XUJH�
'UXP��7KH�OHDQ�JO\FRO�LV�SXPSHG�IURP�WKH�*O\�
FRO� 6XUJH� 'UXP� E\� WKH� /HDQ�*O\FRO� 3XPS� WR�
WKH� *O\FRO� &RROHU� ZKHUH� OHDQ� JO\FRO� JHWV�
FRROHG� E\� WKH� FRROLQJ�ZDWHU�� 7KH� FRROHG� OHDQ�
JO\FRO�JRHV�WR�WKH�*O\FRO�&RQWDFWRU�IRU�DEVRUE�
LQJ�ZDWHU�IURP�WKH�QDWXUDO�JDV�� 

����.(<�23(5$7,216�&+(&.32,176� 

7KH�NH\� RSHUDWLRQV� FKHFNSRLQWV� LQ� WKH� RSHUD�
WLRQ�RI� WKH�*O\FRO�'HK\GUDWLRQ�XQLW�DUH�DV�GLV�
FXVVHG�EHORZ� 

����:(7�*$6�7(03(5$785(�� 

*HQHUDOO\��,QOHW�JDV�WHPSHUDWXUH�LV�WR�EH�PDLQ�
WDLQHG�EHWZHHQ����)�DQG�����)��$�KLJKHU�WHP�
SHUDWXUH� LQGLFDWHV�KLJKHU�ZDWHU� FRQWHQW� RI� WKH�
JDV� ZKLFK� WKHUHE\� LQFUHDVHV� WKH� DPRXQW� RI�
ZDWHU� WR�EH� UHPRYHG�IURP�WKH�JDV��*O\FRO�YD�
SRUL]DWLRQ�ORVV�ZLOO�LQFUHDVH�DW�KLJKHU�JDV�WHP�
SHUDWXUHV��*O\FRO�ZLOO� EHFRPH� YHU\� YLVFRXV� DW�
ORZHU�JDV� WHPSHUDWXUH��7KH�JDV�ZKLFK� HQWHUV�
WKH� *O\FRO� &RQWDFWRU� LV� VDWXUDWHG� ZLWK� ZDWHU�
WKHUHIRUH� WKH� LQOHW�ZHW� JDV� WHPSHUDWXUH� LV� WKH�
LQOHW� ZDWHU� GHZ� SRLQW�� (PSLULFDO� FRUUHODWLRQV�
DUH�XVHG�IRU� WKH�SUHGLFWLRQ�RI�ZDWHU�FRQWHQW� LQ�
WKH�QDWXUDO�JDV��0FNHWWD�DQG�:HKH�FRUUHODWLRQ�
LV� XVHG� IRU� VZHHW� JDVHV� ZKHUH� &DPSEHOO� RU�
5RELQVRQ� DQG�0DGGR[� FRUUHODWLRQ� LV� XVHG� IRU�
VRXU�JDVHV�DV�+�6�DQG�&2��LQFUHDVH�WKH�VDW�
XUDWHG�ZDWHU�FRQWHQW��:DWHU�FRQWHQW�LQFUHDVHV�
ZLWK� LQFUHDVLQJ� WHPSHUDWXUH� DQG� GHFUHDVLQJ�
SUHVVXUH�� 6DOHV� JDV� VSHFLILFDWLRQ� IRU� ZDWHU�
FRQWHQW� LQ� WKH� FROGHU� DUHDV� LV� �� OEV�006&)�
DQG�IRU�ZDUPHU�DUHDV��WKH�VSHFLILFDWLRQ�OLPLW� LV�
�� OEV�006&)��$V� WKH�VDOHV�JDV�JHQHUDOO\�KDV�
WKH�VSHFLILFDWLRQ� OLPLW�VHW� LQ�PDVV�SHU�XQLW�YRO�
XPH�LW�LV�QHFHVVDU\�WR�GHWHUPLQH�WKH�GHZSRLQW�
WHPSHUDWXUH�LQ�&RQWDFWRU�SUHVVXUH� 

����*/<&2/�&,5&8/$7,21�5$7(�� 

7KH� JO\FRO� FLUFXODWLRQ� UDWH� RI� WKH� XQLW� LV� WKH�
/HDQ�*O\FRO�3XPS�GLVFKDUJH�IORZ�UDWH�ZKLFK�LV�
RQH� RI� WKH� LPSRUWDQW� SDUDPHWHUV� WR� EH� PRQL�
WRUHG�IRU�WKH�VPRRWK�RSHUDWLRQ�RI�WKH�XQLW��5H�
TXLUHG� GHZ� SRLQW� GHSUHVVLRQ� �7KH� GHZ� SRLQW�
GHSUHVVLRQ�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�ZDWHU�
GHZSRLQW�RI�WKH�ZHW�JDV�HQWHULQJ�WKH�*O\FRO� 

&RQWDFWRU�DQG�WKH�ZDWHU�GHZ�SRLQW�RI�WKH�GU\�
JDV� OHDYLQJ� WKH� *O\FRO� &RQWDFWRU�� VKDOO� EH�
DFKLHYHG� E\� FLUFXODWLQJ� D� FHUWDLQ� DPRXQW� RI�
JO\FRO��*HQHUDOO\��LI�WKH�JO\FRO�FRQFHQWUDWLRQ�LV�
QRW� KLJK�� DQ\� KLJKHU� FLUFXODWLRQ� ZLOO� QRW�
DFKLHYH� WKH� UHTXLUHG� GHZ� SRLQW� GHSUHVVLRQ�
EXW� OHVVHU� FLUFXODWLRQ� ZLOO� FHUWDLQO\� LQFUHDVH�
WKH� PRLVWXUH� FRQWHQW� RI� WKH� JDV�� 7KH� JO\FRO�
FLUFXODWLRQ� UDWH� VKDOO� EH� RSWLPL]HG� EDVHG� RQ�
WKH�XQLW�LQOHW�ZHW�JDV�IORZ�UDWH�DIWHU�QHFHVVDU\�
FDOFXODWLRQV� EDVHG� RQ� $3,� 63(&� ��*'8� RU�
-0�&DPSEHOO�ERRN�VHULHV�JXLGHOLQHV��*HQHUDO�
FDXVHV� IRU� WKH� ORZ� JO\FRO� FLUFXODWLRQ� UDWH� WR�
FRQWDFWRU� DUH� SXPS� RU� PRWRU� IDLOXUH�� *O\FRO�
6XUJH�'XP� OHYHO� ORZ� SOXJJHG� OLQHV�� DQG� YD�
SRU�ORFN�LQ�SXPS�RU�SLSHOLQH� 
���� '(+<'5$7('� *$6� 02,6785(� 
&217(17� 
7KH� 'HK\GUDWHG� JDV� PRLVWXUH� FRQWHQW� LV�
PHDVXUHG�DW� WKH�RXWOHW�RI� WKH�*O\FRO�&RQWDF�
WRU� E\� WKH� PRLVWXUH� DQDO\]HU� LQVWUXPHQW�
PRXQWHG� RQ� WKH� SLSHOLQH�� 3HULRGLFDOO\� WKH�
PRLVWXUH�DQDO\]HU�VKDOO�EH�FDOLEUDWHG�DQG�DOVR�
VKDOO� EH� FURVV-FKHFNHG�E\� WKH� SRWDEOH�PRLV�
WXUH� DQDO\]HU�� 7KH� PRLVWXUH� FRQWHQW� DW� WKH�
*O\FRO�&RQWDFWRU�RXWOHW�GHWHUPLQHV�WKH�RYHUDOO�
XQLW� SHUIRUPDQFH�� &ULWLFDO� SULRULW\� DODUP� VHW�
WLQJV� VKDOO� EH� FRQILJXUHG� LQ� WKH� +0,� RI� WKH�
'&6�3/&� V\VWHP� IRU� HIIHFWLYH�PRQLWRULQJ� E\�
WKH� RSHUDWLRQ� WHDP��*HQHUDO� UHDVRQV� IRU� WKH�
KLJK�PRLVWXUH�FRQWHQW� RI� WKH�GHK\GUDWHG�JDV�
DUH� ORZ� OHDQ� JO\FRO� FRQFHQWUDWLRQ�� ORZ� JO\FRO�
FLUFXODWLRQ� UDWH� FRQFHUQLQJ� WKH� JDV� IORZ� UDWH�
RI�WKH�XQLW��SOXJJLQJ�RI�WUD\V�RU�SDFNLQJ�ZKLFK�
OHDGV� WR� LQHIILFLHQW�FRQWDFW�RI�JDV�DQG�JO\FRO��
DQG�IRDPLQJ�FRQGLWLRQV�LQ�WKH�*O\FRO�&RQWDF�
WRU�� 
���� */<&2/� &217$&725� 3$&.,1*� 
',))(5(17,$/�35(6685(�� 
*O\FRO�&RQWDFWRU� SDFNLQJ� RU� WUD\V� GLIIHUHQWLDO�
SUHVVXUH� DERYH� ���� .J�FP�� �J�� LQGLFDWHV�
IRDPLQJ��5HDVRQV�IRU�IRDPLQJ�DUH�KLJK�GLIIHU�
HQWLDO� WHPSHUDWXUH� EHWZHHQ� JO\FRO� DQG� ZHW�
JDV�LQOHW�WHPSHUDWXUH��KLJK�S+�RI�JO\FRO��SUHV�
HQFH�RI�K\GURFDUERQV� LQ� WKH�JO\FRO��DQG�VXV�
SHQGHG�VROLGV��)RDP�WHVW�VKDOO�EH�SHUIRUPHG�
LQ�WKH�ILHOG�RU� LQ�D� ODERUDWRU\�ZKHUH�WKH�IRDP�
KHLJKW� RI� ��-���PO�ZLWK�EUHDN� WLPH�RI� �� VHF�
RQGV�LV�FRQVLGHUHG�WR�EH�QRUPDO��,I� WKH�UHVXOW�
LQGLFDWHV�PRUH�KHLJKW� DQG�EUHDN� WLPH� WKHQ� LW�
LQGLFDWHV�IRDPLQJ��$QWL-)RDP�DJHQWV�VKDOO�EH�
DGGHG�DW�WKH�VXFWLRQ�RI�/HDQ�*O\FRO�3XPS�IRU�
WKH�IRDPLQJ�FRQWURO��&DUERQ�ILOWHU�WR�EH�NHSW�LQ�
E\-SDVVHG�FRQGLWLRQ�ZKLOH�DQWL-IRDP� LQMHFWLRQ�
EHFDXVH� WKH� FDUERQ� VLWHV� ZLOO� DEVRUE� WKH�
FKHPLFDO� DQG� WKHUHE\� PDNHV� LQMHFWLRQ� OHVV�
HIIHFWLYH�WR�WKH�V\VWHP�DQG�SRWHQWLDO�GDPDJH�
WR�WKH�FDUERQ�VLWHV�� 
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���� ',))(5(17,$/� 7(03(5$785(� –� 
*/<&2/�	�:(7�*$6��� 

/HDQ�JO\FRO�HQWHULQJ�WKH�*O\FRO�&RQWDFWRU�VKDOO�
EH� �-��&�ZDUPHU� WKDQ� WKH�ZHW� JDV� LQOHW� WHP�
SHUDWXUH� RI� WKH� *O\FRO� &RQWDFWRU�� *HQHUDOO\��
WKH� UHTXLUHG� WHPSHUDWXUH� FRQWURO� FDQ� EH�
DFKLHYHG� E\� SURYLGLQJ� D� E\-SDVV� OLQH� DURXQG�
WKH� *O\FRO� FRROHU� LQ� WKH� JO\FRO� VLGH� IORZ� SDWK�
ZLWK� D� FRQWURO� YDOYH�� 7KH� GLIIHUHQWLDO� WHPSHUD�
WXUH�YDOXH�LV�WKH�FDOFXODWHG�YDOXH�FRQILJXUHG�LQ�
WKH�+0,�RI� WKH�'&6�3/&�V\VWHP�EHWZHHQ� WKH�
*O\FRO� LQOHW� WHPSHUDWXUH� DQG� :HW� JDV� LQOHW�
WHPSHUDWXUH�� 7KH� E\-SDVV� FRQWURO� YDOYH� SUH�
VHQW� LQ� WKH�E\-SDVV� OLQH�VKDOO�PRGXODWH�EDVHG�
RQ� WKH� FRQILJXUHG� FDOFXODWHG� GLIIHUHQWLDO� WHP�
SHUDWXUH��'7��YDOXH� 

���� )/$6+� '580� 9(17� 35(6685(� 
&21752/�9$/9(�� 

7KH�PDLQ�SXUSRVH�RI�WKH�*O\FRO�)ODVK�'UXP�LV�
WKH� UHPRYDO� RI� OLJKWHU� DQG� KHDYLHU� K\GURFDU�
ERQV� SUHVHQW� LQ� WKH� JO\FRO�� 7KH� OLJKWHU� K\GUR�
FDUERQV�JHW� UHPRYHG�E\� IODVKLQJ� WKH�JO\FRO� LQ�
WKH�*O\FRO�)ODVK�'UXP��7KHVH�JDVHV�DUH�JHQ�
HUDOO\�URXWHG�WR�WKH�IODUH�KHDGHU�RU�RWKHU�K\GUR�
FDUERQ�UHFRYHU\�V\VWHP�RI�WKH�SODQW��6NLPPLQJ�
RSHUDWLRQ� WR� EH� SHUIRUPHG� SHULRGLFDOO\� WR� UH�
PRYH�WKH�VHWWOHG�KHDYLHU�K\GURFDUERQV�IORDWLQJ�
LQ�WKH�JO\FRO�LQVLGH�WKH�*O\FRO�)ODVK�'UXP��7KH�
SUHVVXUH�RI�WKH�*O\FRO�)ODVK�'UXP�GHWHUPLQHV�
WKH�HIIHFWLYH� UHPRYDO� RI� WKH�K\GURFDUERQ�JDV�
HV��%HWWHU�UHPRYDO�RI�K\GURFDUERQ�JDVHV�IURP�
WKH�JO\FRO�FDQ�EH�DFKLHYHG�E\� ORZHULQJ�*O\FRO�
)ODVK� 'UXP� SUHVVXUH� EXW� DOVR� WKH� SUHVVXUH�
PDLQWDLQHG� LQ�WKH�)ODVK�'UXP�VKRXOG�EH�JRRG�
HQRXJK� WR� IORZ� WR� WKH� GRZQVWUHDP�HTXLSPHQW�
DV�ZHOO��$Q�H\H�RQ� WKH�YHQW�3&9�PDQLSXODWHG�
RXWSXW� YDOXH� �09�� JLYHV� D� JRRG� LQGLFDWLRQ� RI�
JDVHV�EHLQJ�UHPRYHG�IURP�WKH�JO\FRO��$�GUDVWLF�
LQFUHDVH�RU� FKDQJH� LQ� WKH�PDQLSXODWHG�RXWSXW�
YDOXH�RI�WKH�YHQW�SUHVVXUH�FRQWURO�YDOYH��3&9��
FDQ� LQGLFDWH� OLJKWHU� K\GURFDUERQV� FDUU\� RYHU�
DORQJ�ZLWK�WKH�JO\FRO�ZKLFK�LQ�WXUQ�FDQ�EH�XVHG�
DV�D�FKHFNSRLQW�WR�FDUU\�RXW�QHFHVVDU\�DGMXVW�
PHQWV�LQ�WKH�RSHUDWLRQV�WR�DYRLG�IXUWKHU�FDUU\R�
YHU�� 

���� 3$57,&/(� ),/7(5� $1'� $&7,9$7('�
&$5%21� ),/7(5� ',))(5(17,$/� 
35(6685(�� 

3DUWLFOH� ILOWHU� UHPRYHV� VROLG� SDUWLFOHV� RYHU� ��
PLFURQV� LQ� VL]H� IURP� WKH� ULFK� JO\FRO� VWUHDP�
ZKLFK� SUHYHQWV� WKH� GRZQVWUHDP� HTXLSPHQW�
IURP� IRXOLQJ�� ,I� FDUWULGJH� ILOWHU�GLIIHUHQWLDO�SUHV�
VXUH�GRHVQ¶W�FKDQJH�RYHU���GD\V�RU�UHDGV�]HUR�
FRQWLQXRXVO\� WKHQ� WKH� ILOWHU� HOHPHQW� PD\� EH�
LQVWDOOHG� LQFRUUHFWO\� RU� IDLOHG�� 3HULRGLFDOO\� WKH�

YHULI\� WKDW� WKH� JDV� KDV� QRW� EURNHQ� LQWR� WKH�
SLSHOLQH� RU� JDV� SRFNHW� FRQGLWLRQV�� $FWLYDWHG�
&DUERQ� )LOWHU� DEVRUEV� KHDY\� K\GURFDUERQ� WR�
UHGXFH� WKH� ORDG� RQ� WKH� *O\FRO� 5HERLOHU� DQG�
SRWHQWLDO�IRDPLQJ�LQ�WKH�*O\FRO�&RQWDFWRU�DQG�
5HERLOHU�� &DUERQ� ILOWHU� FKDQJH-RXW� IUHTXHQF\�
VKDOO�EH�GRQH�HYHU\�VL[�PRQWKV��%RWK��3DUWLFOH�
DQG�&DUERQ�)LOWHU�HOHPHQWV�VKDOO�EH�UHSODFHG�
ZLWK�QHZ�HOHPHQWV� LI� WKH�GLIIHUHQWLDO�SUHVVXUH�
UHDGLQJ� FURVVHV� ���� .J�FP�� �J��� 7KH� SHUIRU�
PDQFH�RI�WKH�&DUERQ�)LOWHU�VKDOO�EH�HYDOXDWHG�
E\�DQDO\]LQJ�WKH�K\GURFDUERQ�SUHVHQFH�DW�WKH�
RXWOHW�RI�WKH�ILOWHU��&DUERQ�VLWHV�LQGLFDWH�VDWX�
UDWLRQ� FRQGLWLRQ� LI� WKH� K\GURFDUERQ� SUHVHQFH�
LV�FRQILUPHG�DW�WKH�RXWOHW�RI�WKH�ILOWHU�� 

����5(%2,/(5�7(03(5$785(�� 

7KH�SXUSRVH�RI� WKH�*O\FRO�5HERLOHU� LV� WR�SUR�
YLGH�KHDW�WR�WKH�JO\FRO�WR�ERLO�WKH�ZDWHU�YDSRU�
RXW� RI� WKH� JO\FRO� VROXWLRQ�� 5HERLOHU� WHPSHUD�
WXUH� GLUHFWO\� GHWHUPLQHV� WKH� OHDQ� JO\FRO� FRQ�
FHQWUDWLRQ�� /RZHU� UHERLOHU� WHPSHUDWXUH� ZLOO�
FDXVH� UHGXFHG� JO\FRO� FRQFHQWUDWLRQ�ZKLFK� LQ�
WXUQ�ZLOO� LQFUHDVH� WKH�PRLVWXUH�FRQWHQW�RI� WKH�
GHK\GUDWHG� JDV� DW� WKH� RXWOHW� RI� WKH� *O\FRO�
&RQWDFWRU�� 5HERLOHU� RSHUDWLQJ� WHPSHUDWXUHV�
DUH�PDLQWDLQHG�EHWZHHQ����-����&�ZLWK�VWULS�
SLQJ�JDV�VXSSRUW�WR�DFKLHYH�D�JO\FRO�FRQFHQ�
WUDWLRQ� RI� ����� ZW� ��� 0DLQWDLQLQJ� 5HERLOHU�
WHPSHUDWXUH�DERYH�����&�ZLOO� FDXVH� WKHUPDO�
GHJUDGDWLRQ�RI�WKH�JO\FRO�KHQFH�UHERLOHU�RSHU�
DWLQJ� WHPSHUDWXUH� VKDOO� EH� RSWLPL]HG� EDVHG�
RQ�WKH�JO\FRO�FRQFHQWUDWLRQ� 

���� */<&2/� 67,//� &2/801� 
7(03(5$785(�� 

*O\FRO� 6WLOO� &ROXPQ�RSHUDWLQJ� WHPSHUDWXUH� WR�
EH� PDLQWDLQHG� EHWZHHQ� ���� -����&�� *O\FRO�
6WLOO� &ROXPQ� WHPSHUDWXUH� PRUH� WKDQ� ����&�
ZRXOG� LQGLFDWH� LQVXIILFLHQW� UHIOX[� DQG� ZLOO� UH�
VXOW� LQ� WKH� YDSRUL]DWLRQ� ORVV� IURP�*O\FRO� 6WLOO�
&ROXPQ��*O\FRO�6WLOO�&ROXPQ�WHPSHUDWXUH�EH�
ORZ� ����&� ZRXOG� LQGLFDWH� H[FHVVLYH� UHIOX[�
ZKLFK�LQ�WXUQ�ZLOO�LQFUHDVH�WKH�*O\FRO�5HERLOHU�
GXW\� DQG� UHGXFH� WKH� OHDQ� JO\FRO� FRQFHQWUD�
WLRQ�� 5HIOX[� FRQGHQVHU� E\-SDVV� OLQH� VKDOO� EH�
SURYLGHG�ZLWK�D�FRQWURO�YDOYH� WR�PDLQWDLQ� WKH�
*O\FRO� 6WLOO� &ROXPQ� WHPSHUDWXUH� WR� WKH� GH�
VLUHG� OLPLWV��$GGLWLRQDOO\�� WKH� ULFK�JO\FRO� SLSH�
OLQH� IURP� WKH� RXWOHW� RI�*O\FRO� &RQWDFWRU�� 5H�
IOX[�&RQGHQVHU��DQG�WLOO�WR�WKH�LQOHW�RI�WKH�*O\�
FRO�)ODVK�'UXP�VKDOO� EH� LQVXODWHG�ZKLFK�FDQ�
EH�KHOSIXO�WR�NHHS�WKH�ULFK�JO\FRO�WHPSHUDWXUH�
SURILOH� FRQVWDQW� LQ� WKH� V\VWHP� WKHUHE\� HUDGL�
FDWLQJ� WKH� DPELHQW� WHPSHUDWXUH� FKDQJHV� HI�
IHFWV�RQ�WKH�ULFK�JO\FRO�SLSHOLQH� 
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�����675,33,1*�*$6�)/2:�5$7(�� 

6WULSSLQJ�JDV� LV�D�VPDOO�VWUHDP�RI�QDWXUDO�JDV�
IORZHG� LQWR� WKH� KRW� JO\FRO�� 6WULSSLQJ� JDV� ZLOO�
KHOS� WR� LQFUHDVH� WKH� JO\FRO� FRQFHQWUDWLRQ� WR�
�����ZW���� ([FHVVLYH� VWULSSLQJ� JDV� UDWHV� FDQ�
OHDG� WR� IORRGLQJ� LQ� WKH� UHERLOHU�DQG�KLJK� OHYHO��
7KH�6WULSSLQJ�JDV�UDWH�LV�XVXDOO\�VHW�DV�D�UDWLR�
RI� VP��VP��RI� JO\FRO� FLUFXODWHG��*36$�+DQG�
ERRN�VKDOO�EH�UHIHUUHG�IRU�GHWHUPLQLQJ�DQG�RSWL�
PL]DWLRQ�RI�VWULSSLQJ�JDV�IORZ�UDWH�IRU�WKH�DVVR�
FLDWHG�JO\FRO�FRQFHQWUDWLRQ� 

����� /($1�5,&+� */<&2/� (;&+$1*(5�
7(03(5$785(�	�35(6685(�352),/(�� 

/HDQ�5LFK�*O\FRO� ([FKDQJHU� WHPSHUDWXUH� DQG�
SUHVVXUH�SURILOH�WR�EH�PRQLWRUHG�DQG�UHFRUGHG�
RQ� GDLO\� EDVLV��2YHU� D�ZKLOH�� WKH� WHPSHUDWXUH�
SURILOH�RI� WKH�H[FKDQJHU�VKDOO�EH�DVVHVVHG�IRU�
WKH�IRXOLQJ�RI� WKH�H[FKDQJHU��$OVR��D�SUHVVXUH�
VXUYH\� VKDOO� EH� FDUULHG� RXW� SHULRGLFDOO\� ZKLFK�
VKDOO�LQGLFDWH�H[FKDQJHU�SDVVLQJ�FRQGLWLRQV�L�H�
5LFK�JO\FRO�JHWWLQJ�PL[HG� LQWR�WKH�/HDQ�*O\FRO�
VLGH�ZKLFK�ZLOO�UHGXFH�WKH�JO\FRO�FRQFHQWUDWLRQ�
RI� WKH� OHDQ� JO\FRO� DQG� DOVR� LQFUHDVH� WKH� OHDQ�
JO\FRO� WHPSHUDWXUH� ZKLFK� FDQ� DOVR� SRWHQWLDOO\�
LQFUHDVH�WKH�ORDG�RQ�WKH�*O\FRO�FRROHU� 

����� */<&2/� 685*(� '580� /(9(/� $1'�
7(03(5$785(�� 

*O\FRO�6XUJH�GUXP�OHYHO�UHGXFWLRQ�GLUHFWO\�LQGL�
FDWHV� WKH� JO\FRO� ORVV� IURP� WKH� V\VWHP�� 'DLO\�
ORVVHV�LQ�WKH�V\VWHP�FDQ�EH�FDOFXODWHG�E\�SHU�
IRUPLQJ�YROXPH�FDOFXODWLRQ�RI�WKH�*O\FRO�6XUJH�
'UXP�RQ� GDLO\� EDVLV��7KH� GLIIHUHQFH� LQ�*O\FRO�
6XUJH� 'UXP� YROXPH� EHWZHHQ� \HVWHUGD\� DQG�
WRGD\�ZLOO�JLYH�WKH�JO\FRO�ORVV�TXDQWLW\�WKDW�KDS�
SHQHG�LQ�WKH�V\VWHP�SURYLGHG�WKHUH�LV�QR�KROG-
XS� LQ� WKH� RWKHU� YHVVHOV�� *HQHUDOO\�� D� W\SLFDO�
JO\FRO� ORVV� LV� ��� OLWHUV� SHU�006&0��$Q\WKLQJ�
EH\RQG�WKH�DFFHSWDEOH�ORVV�OLPLWV�WR�EH�LQYHVWL�
JDWHG� DFFRUGLQJO\�� /HDQ� *O\FRO� 3XPS� GHVLJQ�
WHPSHUDWXUH� LV� EDVHG� RQ� WKH� GHVLJQ� WHPSHUD�
WXUH�RI�6XUJH�'UXP��/HDQ�5LFK�H[FKDQJHU�IRXO�
LQJ�RU� SDVVLQJ�ZLOO� LQFUHDVH�6XUJH�'UXP� WHP�
SHUDWXUH� FORVH� WR� WKH� GHVLJQ� WHPSHUDWXUH� DQG�
FDQ� FDXVH� /HDQ� *O\FRO� 3XPS� IDLOXUH�� /HDQ�
*O\FRO� 3XPS� VXFWLRQ� WHPSHUDWXUH� KLJK� WULS� LV�
SURYLGHG� DV� D� VDIHW\�PHDVXUH� IRU� WKH� SXPSV��
*O\FRO�PDNH-XS� WR� WKH�VXUJH�GUXP� LV�GRQH�GL�
UHFWO\�LQWR�WKH�*O\FRO�6XUJH�'UXP� 

 

����$1$/<7,&$/�&21752/�� 

· 5LFK�JO\FRO�DQG�OHDQ�JO\FRO�VDPSOHV�DUH�WR�
EH�DQDO\]HG� IRU�S+�DQG�FRQFHQWUDWLRQ�RQ�
D�GDLO\�EDVLV� 

· )RUWQLJKWO\� FKHFNV� WR� EH� FDUULHG� IRU� WKH�
JO\FRO� VDPSOHV� IRU� ,URQ�� +\GURFDUERQV��
6SHFLILF� JUDYLW\�� &KORULGHV�� 6ROLGV�� DQG�
)RDP�WHVW� 

· 2QFH� LQ� D� ZHHN� WDNH� D� VDPSOH� IURP� WKH�
6XUJH�'UXP�ERWWRP�GUDLQ�SRLQW�DQG�FKHFN�
IRU� ILQH� EODFN� SDUWLFOHV� LQ� WKH�JO\FRO� VDP�
SOH�ZKLFK� LQGLFDWHV�FRUURVLRQ�GXH� WR�)H6�
RU� )H�2�-� DQG� ILOWHU� SUREOHPV�� $OVR��
FKHFN�IRU�WKH�RLO\�OD\HU�IORDWLQJ�RQ�WKH�JO\�
FRO�ZKLFK�LQGLFDWHV�D�KHDYLHU�K\GURFDUERQ�
SUHVHQFH� 

· 6SHFLILF�JUDYLW\�LQGLFDWHV�WKH�SXULW\�RI�JO\�
FRO�� +LJK� VSHFLILF� JUDYLW\� LQGLFDWHV� WKDW�
JO\FRO� PD\� EH� FRQWDPLQDWHG� ZLWK� VROLG�
SDUWLFOHV�DQG�ORZ�VSHFLILF�JUDYLW\�LQGLFDWHV�
PRUH� ZDWHU� FRQWHQW�� KLJK� K\GURFDUERQ�
FRQWHQW��DQG�WKHUPDO�GHJUDGDWLRQ� 

· +\GURFDUERQ� FRQWHQW� DOORZDEOH� OLPLWV� LQ�
WKH�JO\FRO�VWUHDPV�DUH������ZW��� 

· +LJK�VXVSHQGHG�VROLGV�DQG�UHVLGXDO�VROLGV�
LQGLFDWH�LQDGHTXDWH�ILOWUDWLRQ��7KHVH�VROLGV�
JHQHUDWHG� FDQ� FUHDWH� VOXGJH� LQ� WKH� V\V�
WHP�� IRDPLQJ�� DQG� HPXOVLRQ�� $OORZDEOH�
VXVSHQGHG� VROLGV� OLPLWV� LQ� WKH� JO\FRO�
VWUHDPV�DUH������SSP� 

· &KORULGHV�DUH�WHVWHG�DV�D�PHDVXUH�RI�VDOW�
FRQWHQW��$OORZDEOH�OLPLWV�DUH������SSP� 

· S+�LQGLFDWHV�WKH�DFLGLW\�RU�DONDOLQLW\�RI�WKH�
JO\FRO��S+�WR�EH�PDLQWDLQHG�EHWZHHQ���WR�
����� S+� EHORZ� �� SURPRWHV� FRUURVLRQ� DQG�
DERYH�����FDXVHV�FKDQFHV�RI�IRDPLQJ�� 

· 0($� LV� WKH� SUHIHUUHG� FKHPLFDO� WR� ERRVW�
WKH�S+�RI� WKH�JO\FRO�DQG�%25$;�VROXWLRQ�
LV� XVHG� WR� UHGXFH� WKH�S+�RI� WKH�JO\FRO� LQ�
FDVH� RI� DONDOLQLW\� VWDWH�� ,I� 0($� LV� DGGHG�
LQWR� WKH� V\VWHP� WKHQ� WKH� *O\FRO� 3DUWLFOH�
)LOWHU�GLIIHUHQWLDO�SUHVVXUH�WR�EH�PRQLWRUHG�
FORVHO\�DV�VROXEOH�LURQ�SUHFLSLFHV�RXW�DIWHU�
DGGLWLRQ�RI� WKH�FKHPLFDO� DQG�JHWV� ILOWHUHG�
LQ� WKH� SDUWLFOH� ILOWHU�� ,I�0($� LV� XVHG� WKHQ�
WKH�/HDQ�JO\FRO�S+�UDLVH�ZLOO�EH�UHODWLYHO\�
ORZHU� ZKHQ� FRPSDUHG� WR� WKH� ULFK� JO\FRO�
S+�DV� WKH�ERLOLQJ�SRLQW�RI�0($� LV�����&���
+HUH�� VRPH� DPRXQW� RI� 0($� PLJKW� KDYH�
EHHQ�ORVW�DORQJ�ZLWK�WKH�UHERLOHU�YDSRUV� 
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DV�*O\FRO�5HERLOHU�RSHUDWLQJ�WHPSHUDWXUH�LV�
RQ�WKH�KLJKHU�VLGH��,Q�WKDW�FDVH��*O\FRO�5H�
ERLOHU� WHPSHUDWXUH� VKDOO� EH� EURXJKW� GRZQ�
IURP����-����&�WR�EHORZ�����&�IRU�D�VKRUW�
HU� GXUDWLRQ� WR� DYRLG� D� QHJDWLYH� LPSDFW� RQ�
WKH�PRLVWXUH�FRQWHQW�RI�WKH�GHK\GUDWHG�JDV�
DQG�PD[LPL]H� WKH�0($� HIIHFW� RQ� WKH� OHDQ�
JO\FRO�FLUFXLW� 

· ,URQ� LV� WKH� LQGH[� RI� FRUURVLRQ�� $OORZDEOH�
,URQ� FRQWHQW� LV� �� ��� SSP��&RUURVLRQ� UDWHV�
RI� WKH�V\VWHP�VKDOO� EH�PRQLWRUHG�DQG� UHF�
RUGHG�E\� WKH�FRUURVLRQ�FRXSRQV�SODFHG�RQ�
ERWK�WKH�ULFK�DQG�OHDQ�JO\FRO�VWUHDPV��2[\�
JHQ�ZLOO�SURPRWH�R[LGDWLRQ�DQG�IRUP�FRUUR�
VLYH� RUJDQLF� DFLGV� KHQFH� R[\JHQ� LQJUHVV�
VKRXOG�EH�SUHYHQWHG�LQ�WKH�V\VWHP� 

����5()(5(1&(6� 

· *DV� 3URFHVVRUV� 6XSSOLHUV� $VVRFLDWLRQ� –�
*36$�(QJLQHHULQJ�'DWD�%RRN�E\�*DV�3UR�
FHVVRUV�$VVRFLDWLRQ 

· 3HWUROHXP� DQG� *DV� )LHOG� 3URFHVVLQJ� E\�
+�.� $EGHO-$DO�� 0RKDPHG� $JJRXU�� 0�$�
)DKLP 

· *DV� &RQGLWLRQLQJ� DQG� 3URFHVVLQJ�� 7KH�
(TXLSPHQW� 0RGXOHV� �9ROXPH� ��� E\� -RKQ�
0��&DPSEHOO 

· $3,�63(&���*'8�–�6SHFLILFDWLRQ�IRU�*O\�
FRO-7\SH�*DV�'HK\GUDWLRQ�8QLW 

$%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��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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)LJXUH���–�7UDGH�2II�%HWZHHQ�6FKHGXOH��&RVW�DQG�4XDOLW\�LQ�3URMHFW�0DQDJHPHQW��:$51(5��0��
����� 

Project Management in the Downstream  
Industry  
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,1752'8&7,21�$1'�&217(;7 

7KH� DJLOLW\� WR� LPSOHPHQW� QHZ� HQWHUSULVHV� LQ�
FUXGH� RLO� UHILQHULHV� LV� IXQGDPHQWDO� WR� DOORZ�
TXLFNO\� DGDSWDWLRQ� RI� WKH� UHILQLQJ� KDUGZDUH�
ERWK�WR�DFKLHYH�EHWWHU�RSHUDWLRQDO�SHUIRUPDQFH�
DQG�VDIH�FRQGLWLRQV��,Q�WKH�ODVW�\HDUV��WKH�SUR�
MHFW� PDQDJHPHQW� LQ� FUXGH� RLO� UHILQHULHV� EH�
FDPH� HVSHFLDOO\� LPSRUWDQW� WR� WKH� FRPSHWLWLYH�
QHVV� GXH� WR� WKH� WLJKWHU� UHILQLQJ� PDUJLQV� WKDW�
OHDGV� WR� D� QHFHVVLW\� WR� D�PRUH� TXLFNO\� UHWXUQ�
RYHU� LQYHVWPHQW�� FUHDWLQJ�JUHDW� SUHVVXUH� RYHU�
WKH�SURMHFW�PDQDJHUV�LQ�FUXGH�RLO�UHILQHULHV� 

�7DNLQJ� LQWR� DFFRXQW� WKH� GLIILFXOWLHV� UHODWHG� WR�
WKH� H[HFXWLRQ� SKDVH� LQ� SURFHVV� SODQWV� ZKLFK�
RSHUDWHV� ��� KRXUV� VHYHQ� GD\V� SHU� ZHHN�� WKH�
SURMHFW�PDQDJHPHQW�LQ�FUXGH�RLO�UHILQHULHV�UHS�
UHVHQWV� D� VSHFLDO� FKDOOHQJH�� ,Q� WKLV� HQYLURQ�
PHQW��RQH�RI� WKH�PRVW� LPSRUWDQW�GLVFLSOLQHV� LQ�
WKH� SURMHFW� PDQDJHPHQW� LV� UHODWHG� WR� WKH�

2XU� H[SHULHQFH� VKRZV� WKDW� DQ� DGHTXDWH�
VWDNHKROGHUV�PDQDJHPHQW�FDQ�HQVXUH�EHWWHU�
LQWHJUDWLRQ�� ORZHU� LQWHUQDO� UHVLVWDQFH�� OHVV�
FRQIOLFWV�� ORZHU� LPSOHPHQWDWLRQ� WHUPV�� DQG�
VKRUWHU� WLPH� WR� DFKLHYH� WKH� GHVLUHG� UHWXUQ�
RYHU� LQYHVWPHQW�� 7KH� VSHFLDOL]HG� OLWHUDWXUH�
SUHVHQWV�VRPH�DYDLODEOH� WRROV� WR� LGHQWLI\�DQG�
PDQDJHPHQW�VWDNHKROGHUV��HYHQ�LQ�VPDOO�SUR�
MHFWV� IRFXVHG� LQ� RSHUDWLRQDO� LPSURYHPHQW� LQ�
EURZQILHOG�FUXGH�RLO�UHILQHULHV� 

7+(� 75$',7,21$/� 75$'(� 2))� ,1� 7+(�
352-(&7� 0$1$*(0(17� $1'� 7+(�
($51('�9$/8(�675$7(*< 

2QH� RI� WKH� PRVW� FRPPRQ� FKDOOHQJH� LQ� WKH�
SURMHFW�PDQDJHPHQW� LV� WKH�WUDGH�RII�EHWZHHQ�
WKH�FDOOHG�JROGHQ�WULDQJOH�RI�FRVW��TXDOLW\�DQG�
VFKHGXOH�DV�SUHVHQWHG�LQ�)LJXUH���� 

$V�SUHVHQWHG�LQ�)LJXUH����WKH�VXFFHVV�RI�DQ\�
SURMHFW�LV�VWULFW�UHODWHG�WR�DQ�DGHTXDWH� 
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HTXLOLEULXP� EHWZHHQ� TXDOLW\�� FRVW�� DQG� VFKHG�
XOH��,Q�WKH�GRZQVWUHDP�LQGXVWU\��DV�DIRUHPHQ�
WLRQHG�� QRUPDOO\� WKH� SURMHFWV� SUHVHQW� KLJK� UH�
WXUQ�RYHU�LQYHVWPHQW�DQG�WKH�SUHVVXUH�WR�TXLFN�
LPSOHPHQWDWLRQ� LV� LQFUHDVLQJO\�KLJK�DV�ZHOO�DV�
WKH�TXDOLW\�LV�D�IXQGDPHQWDO�SUHPLVH�RQFH�IDLO�
XUHV�FDQ� OHDG� WR�JUHDW� ILQDQFLDO� ORVVHV�DQG�� LQ�
H[WUHPH�FDVHV��SURFHVV�DFFLGHQWV�� 

7KLV� IDFW� FUHDWHV� JUHDW� SUHVVXUH� RYHU� WKH�
VFKHGXOH�� QRUPDOO\� WKH� SURMHFW� PDQDJHUV� LQ�
YROYHG� LQ� GRZQVWUHDP� SURMHFWV� IDFHV� JUHDW�
FKDOOHQJHV� WR� PHHW� WKH� VFKHGXOH�� UHVSHFWLQJ�
WKH� SODQQHG� FRVW�� $JDLQ�� DV� SUHVHQWHG� LQ� )LJ�
XUH� ��� VRPHWLPHV� WKH� WUDGH� RII� EHWZHHQ� FRVW��
VFKHGXOH��DQG�TXDOLW\�FDQ�FUHDWH�SUHVVXUH�RYHU�
WKH� VFRSH�� ,W¶V� FRPPRQ� WR� KHDU� LQ� SURMHFW� LP�
SOHPHQWDWLRQ� LQ� FUXGH� RLO� UHILQHULHV� TXHVWLRQV�
OLNH�³+RZ�LV�WKH�PLQLPXP�VFRSH�WR�HQVXUH�WKH�
VWDUW-XS"´�� GHVSLWH� EHLQJ� D� FRPPRQ� VLWXDWLRQ�
LW¶V� LPSRUWDQW� WR� WDNLQJ� LQWR� DFFRXQW� WKDW� WKLV�
FDQ� EH� D� GDQJHURXV� VFHQDULR�� VRPHWLPHV� WKH�
PLQLPXP� VFRSH� FDQ� FRPSURPLVH� WKH� TXDOLW\�
DQG� WKH� SODQQHG� UHWXUQ� RYHU� WKH� LQYHVWPHQW�
RQFH� WKH� SURMHFW� FDQ� EH� HQGHG� ZLWK� WKH�
³PLQLPXP´� VFRSH�� VSHFLDOO\� LQ� VFHQDULRV� ZLWK�
JUHDW� SUHVVXUH�RYHU� FDSLWDO� FRVWV� OLNH� WKH� FXU�
UHQW� VLWXDWLRQ� GXH� WR� WKH� HFRQRPLF� FULVLV� SUR�
YRNHG�E\�WKH�&29,'-���SDQGHPLF� 

,Q�RUGHU�WR�PLQLPL]H�WKLV��RQH�RI�WKH�PRVW�HIIHF�
WLYH� VWUDWHJ\� LQ� SURMHFW� PDQDJHPHQW� LV� DSSO\�
WKH� HDUQHG� YDOXH� VWUDWHJ\�� 7KH�PDLQ� IRFXV� RI�
WKH� HDUQHG� YDOXH� DQDO\VLV� LV� WR� PHDVXUH� WKH�
UHDO� YDOXH� REWDLQHG�ZLWK� WKH� FDSLWDO� VSHQGLQJ��
WR�XQGHUVWDQG� WKH�HDUQHG�YDOXH�PDQDJHPHQW��
LW¶V�QHFHVVDU\�WR�GHILQH�VRPH�EDVLF�FRQFHSWV� 

39�–�3ODQQHG�9DOXH��7KH�HVWLPDWHG�FRVW� 

WR�WKH�SODQQHG�ZRUN� 

(9�–�(DUQHG�9DOXH��7KH�HVWLPDWHG�FRVW�WR�
WKH�UHDOO\�GRQH�ZRUN� 

$&� –� $FWXDO� &RVW�� 7KH� UHDO� FRVW� RI� WKH�
GRQH�ZRUN 

6XSSRVH� WKDW�D�GHWHUPLQHG� WDVN�KDV�DQ�HVWL�
PDWHG�FRVW�RI�86�����������DQG�ZDV�SODQQHG�
WR� ILQLVK� WRGD\�� GHVSLWH� WKLV�� WKH� SK\VLFDO� DG�
YDQFH� LQ� WKH�VFKHGXOH� WR� WKLV� WDVN� LV�RQO\����
��� LQ� WKLV� FDVH�� WKH� HDUQHG� YDOXH� ZLWK� WKLV�
WDVN�LV�RQO\�86����������%DVHG�LQ�WKH�HDUQHG�
YDOXH� WHFKQLTXH� LW¶V� SRVVLEOH� WR� FRQWURO� WKH�
FRVW�RI�WKH�SURMHFW�PHDVXULQJ�WKH�UHDOO\�DGGHG�
YDOXH� RI� WKH� FRPSOHWHG� WDVNV�� GHILQLQJ� VRPH�
.3,��.H\�3HUIRUPDQFH�,QGH[��DV�IROORZ� 

&9��&RVW�9DULDQFH�� �(9�–�$&��1HJDWLYH�
YDOXHV�LQGLFDWHV�WKDW�WKH�SURMHFW�LV�VSHQG�
LQJ�FDSLWDO�ZLWKRXW�DGG�YDOXH� 

69� �6FKHGXOH� 9DULDQFH��  � (9-39�� 3RVL�
WLYH� YDOXHV� LQGLFDWHV� DGYDQFHG� VFKHGXOH�
ZKLOH� QHJDWLYH� YDOXHV� LQGLFDWHV� GHOD\�
VFKHGXOH�� FDOOLQJ� WKH� SURMHFW� PDQDJHU� WR�
GHILQH�DQ�DFWLRQ�SODQ��)LJXUH���SUHVHQW�WKH�
FRQFHSW� RI� (DUQHG� YDOXH� DQDO\VLV� LQ� D�
JUDSKLF�YHUVLRQ� 

'HVSLWH� EHLQJ� DQG� LQWHUHVWLQJ� DQG� HIIHFWLYH�
DQDO\VLV�� WKH�HDUQHG�YDOXH�PDQDJHPHQW�SUH�
VHQW� VRPH�ZHDNQHVV�� WKH� ILUVW� FRQFHUQ� LV� UH�
ODWHG� ZLWK� WKH� TXDOLW\�� $V� SUHVHQWHG� DERYH��
WKH�HDUQHG�YDOXH� WHFKQLTXH�GRHV�QRW�SURYLGH�
PHDVXUHV� WR� FRQWURO� WKH� SURMHFW� TXDOLW\�� DV�
DIRUHPHQWLRQHG��HVSHFLDOO\� LQ�SURMHFWV�IRU� WKH�
GRZQVWUHDP�LQGXVWU\�WKLV�FDQ�EH�D�GDQJHURXV�
OLPLWDWLRQ� 

)LJXUH���–�(DUQHG�9DOXH�$QDO\VLV�LQ�3URMHFW�0DQDJHPHQW 
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3(&8/,$5,7,(6� 2)� 7+(� 352-(&7� 0$1�
$*(0(17� ,1� 7+(� '2:1675($0� ,1'86�
75< 

'HVSLWH�EHLQJ�D�JOREDO�PHWKRGRORJ\��RXU�H[SH�
ULHQFH� VKRZV� WKDW� WKH� SURMHFW�PDQDJHPHQW� LQ�
WKH�GRZQVWUHDP�LQGXVWU\�VKRZV�VRPH�SHFXOLDU�
LWLHV�LQ�UHODWLRQ�WR�WKH�RWKHU�LQGXVWULHV��7KH�ILUVW�
SHFXOLDULW\� LV� UHODWHG� WR� WKH� H[SHULHQFH� RI� WKH�
SURMHFW� PDQDJHU�� WKH�PRVW� SDUW� RI� WKH� SURMHFW�
PDQDJHPHQW�VFKRROV�LQGLFDWHV�WKDW�WKH�SURMHFW�
PDQDJHU�GRHV�QRW�QHHGV�WR�EH�VSHFLDOLVW�LQ�WKH�
SURMHFW�DUHD��LQ�RXU�SRLQW�RI�YLHZ�WKLV�LV�D�SDUWLDO�
WUXWK�� 

1RUPDOO\�� WKH� SURMHFWV� LQ� WKH� GRZQVWUHDP� LQ�
GXVWU\� KDYH� D� JUHDW� WHFKQLFDO� FKDUJH� DQG� WKH�
PLQLPXP�NQRZOHGJH� LQ� WKH�DUHD� IURP� WKH�SUR�
MHFW�PDQDJHU�ZLOO�KHOS�WR�GLVFXVV�DQG�GHDO�ZLWK�
WKH� VSHFLDOLVWV� DQG� VWDNHKROGHUV�� PDLQO\� WR�
PDQDJH� H[SHFWDWLYH� ZLWK� WKH� SURMHFW� GHOLYHUD�
EOHV�DQG�VFKHGXOH��,Q�RXU�SRLQW�RI�YLHZ��D�PLQL�
PXP� NQRZOHGJH� RI� WKH� GRZQVWUHDP� EXVLQHVV�
LW¶V� IXQGDPHQWDO� WR� WKH� VXFFHVV� RI� WKH� SURMHFW�
PDQDJHU� RQFH� LPSURYH� WKH� HPSDWK\� ZLWK� WKH�
VWDNHKROGHUV�� VXSSOLHUV� DQG� WHFKQLFDO� WHDP� LQ�
RUGHU� WR� DOORZ� D� EHWWHU� QHJRWLDWLRQ� SHUIRU�
PDQFH� 

$QRWKHU�SHFXOLDULW\�IRU�WKH�SURMHFW�PDQDJHPHQW�
LQ� WKH�GRZQVWUHDP� LQGXVWU\� LV� WKH�UHODWLRQ�ZLWK�
VXSSOLHUV�� QRUPDOO\� MXVW� D� OLPLWHG� QXPEHU� RI�
VXSSOLHUV� PHHW� WKH� WHFKQLFDO� DQG� TXDOLW\� UH�
TXLUHPHQWV� RI� WKH� GRZQVWUHDP� LQGXVWU\�� 7KLV�
IDFW�LPSDFWV�WKH�ULVN�PDQDJHPHQW�RI�WKH�ZKROH�
SURMHFW� DV�ZHOO� DV� UHTXLUHV� DGHTXDWH� SODQQLQJ�
WR�DYRLG�WURXEOH�ZLWK�VXSSOLHUV�OLPLWDWLRQ�FDSDFL�
W\��PDLQO\�LQ�VFHQDULRV�ZKHUH�WKH�FDSLWDO�LQYHVW�
PHQW�DUH�DWWUDFWLYH�OLNH�KLJK�SULFHV�RI�FUXGH�RLO�
EDUUHO��LQ�WKHVH�FDVHV��WKH�VFKHGXOH�FDQ�EH�GH�
OD\HG� GXH� WR� VKRUWDJH� RI�PDWHULDOV�� VNLOOHG� OD�
ERU��HWF�� 

$� GHHS� FRQFHUQ� ZLWK� TXDOLW\� FRQWURO� FDQ� EH�
TXRWHG�DV�DQRWKHU�SDUWLFXODULW\�RI�SURMHFW�PDQ�
DJHPHQW�LQ�WKH�GRZQVWUHDP�LQGXVWU\��$V�DIRUH�
PHQWLRQHG��TXDOLW\�LVVXHV�FDQ�OHDG�WR�SRRU�SHU�
IRUPDQFH� RI� SURFHVVLQJ� SODQWV�� FRPSURPLVLQJ�
WKH�UHWXUQ�RYHU�LQYHVWPHQW�DQG�WKH�FRPSHWLWLYH�
QHVV� DQG�� LQ� H[WUHPH� FDVHV�� FDQ� OHDG� WR� VHUL�
RXV�SURFHVV�DFFLGHQWV�� 

,Q� RXU� SRLQW� RI� YLHZ�� WKH� SHFXOLDULWLHV� TXRWHG�
DERYH�UHTXLUHV�D�KLJKOLJKWHG�VNLOO�IURP�WKH�SUR�
MHFW�PDQDJHU��WKH�VWDNHKROGHU�PDQDJHPHQW� 

7+(� 67$.(+2/'(56� 0$1$*(0(17� –�
7+(�&21&(37 

7KH� VWDNHKROGHUV� PDQDJHPHQW� DLPV� WR� LQWH�
JUDWH� DQG� PDQDJH� WKH� UHODWLRQVKLS� EHWZHHQ�
DFWRUV�FDSDEOH�WR�LQIOXHQFH��SRVLWLYHO\�RU�QHJD�
WLYHO\��WKH�LPSOHPHQWDWLRQ�RI�WKH�SURMHFW��,Q�WKLV� 

VHQVH�� DQ� DGHTXDWH� VWDNHKROGHUV� PDQDJH�
PHQW�LV�IXQGDPHQWDO�WR�DOORZ�WKH�RUJDQL]DWLRQ�
WR�DFKLHYH�WKH�GHVLUHG�DQG�SODQQHG�YDOXH�ZLWK�
WKH�SURMHFW�LPSOHPHQWDWLRQ� 

$FFRUGLQJ� WR� WKH� 3URMHFW� 0DQDJHPHQW� ,QVWL�
WXWH� �30,��� VWDNHKROGHU� LV� DQ\� SHUVRQ�� JURXS�
RU�RUJDQL]DWLRQ�FDSDEOH�WR�DIIHFW��EH�DIIHFWHG��
DQG� IHHO� DIIHFWHG� IRU� D� GHFLVLRQ�� DFWLYLW\�� RU�
UHVXOW�RI�D�SURMHFW�� 

7KH� SURFHVV� RI� VWDNHKROGHU� PDQDJHPHQW�
VWDUWV�ZLWK� WKH� LGHQWLILFDWLRQ�RI� WKH� VWDNHKROG�
HUV� RI� WKH� SURMHFW�� IROORZHG� E\� WKH� FODVVLILFD�
WLRQ� RI� WKHVH� VWDNHKROGHUV�� 2QH� RI� WKH� PRVW�
IDPRXV�PRGHOV� DSSOLHG� WR� FODVVLI\� WKH� VWDNH�
KROGHUV� LV� WKH� 6DOLHQFH� 0RGHO� SURSRVHG� E\�
0,7&+(//�HW��DO�� LQ� ������ ,Q� WKLV�PRGHO�� WKH�
VWDNHKROGHUV� DUH� FODVVLILHG� EDVHG� RQ� WKUHH�
FKDUDFWHULVWLFV�� 

· 3RZHU�–�&DSDFLW\�WR�LPSRVH�D�ZLOO��GHVLUH��
RU�SRLQW�RI�YLHZ�RYHU�WKH�RUJDQL]DWLRQ��7KH�
SRZHU� FDQ� EH� FRHUFLYH� �IRUFH� RU� WKUHDW���
QRUPDWLYH� �UHJXODWLRQ�DQG�PHGLD���RU�XWLOL�
WDULDQ��KDYH�LQIRUPDWLRQ�RU�UHVRXUFHV�� 

· /HJLWLPDF\� –� *HQHUDO� SHUFHSWLRQ� WKDW� DQ�
HQWLW\
V� DFWLRQV� DUH� GHVLUDEOH� RU� DSSURSUL�
DWH�� DFFRUGLQJ� WR� WKH� VRFLDOO\� FRQVWUXFWHG�
FRQWH[W��&DQ� EH� LQGLYLGXDO�� RUJDQL]DWLRQDO�
RU�VRFLDO� 

· 8UJHQF\� -� ,PPHGLDWH�QHHG� IRU�DFWLRQ� WKDW�
GHILQHV� WKH� VSHHG� RI� UHVSRQVH� RUJDQL]D�
WLRQ�LQ�UHODWLRQ�WR�VWDNHKROGHU�GHPDQGV�� 

%DVHG�RQ�WKHVH�FKDUDFWHULVWLFV��WKH�VWDNHKROG�
HUV�FDQ�EH�FODVVLILHG�LQ�WKUHH�GLIIHUHQW�FDWHJR�
ULHV� 

· /DWHQW�6WDNHKROGHU�–�3UHVHQW�RQO\�RQH�RI�
WKH� FKDUDFWHULVWLFV� DQG� WHQGV� WR� UHFHLYH�
ORZ�DWWHQWLRQ�IURP�WKH�RUJDQL]DWLRQ� 

· ([SHFWDQW� 6WDNHKROGHU� –� 3UHVHQW� WZR� RI�
WKH� DWWULEXWHV�� UDLVLQJ� WKHLU� LQIOXHQFH� RYHU�
WKH�RUJDQL]DWLRQ� 

· 'HILQLWLYH� 6WDNHKROGHU� –� 3UHVHQW� SRZHU��
OHJLWLPDF\�� DQG� XUJHQF\� OHDGLQJ� WKH� RU�
JDQL]DWLRQ�WR�GHGLFDWH�LPPHGLDWH�DWWHQWLRQ�
WR�WKHVH�VWDNHKROGHUV� 

'HVSLWH� WKLV�VLPSOH�FODVVLILFDWLRQ�� WKH�FKDUDF�
WHULVWLFV�FDQ�RYHUODS��DV�SUHVHQWHG�LQ�)LJXUH����
OHDGLQJ� WKH� SRVVLELOLW\� WR� FODVVLI\� WKH� VWDNH�
KROGHUV�LQ�HLJKW�GLVWLQFW�FODVVHV� 

$FFRUGLQJ� WR� WKH� )LJXUH� ��� WKH� VWDNHKROGHUV�
FDQ�EH�GHVFULEHG�DV�EHORZ� 

· 'RUPDQW�6WDNHKROGHU�-�*URXS�RU�LQGLYLGXDO�
WKDW�KDV� WKH�SRZHU� WR� LPSRVH� WKHLU�GHVLUH�
RQ�WKH�RUJDQL]DWLRQ��EXW�KDV�QR�OHJLWLPDF\� 
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RU� XUJHQF\�� 7HQGV� WR� KDYH� OLWWOH� LQIOXHQFH�
RQ� WKH� RUJDQL]DWLRQ�� EXW� VKRXOG� EH� PRQL�
WRUHG� IRU� SRVVLELOLW\� RI� UHDFKLQJ� D� VHFRQG�
DWWULEXWH� 

· 'LVFUHWLRQDU\� 6WDNHKROGHU� -�*URXS� RU� LQGL�
YLGXDO�WKDW�KDV�OHJLWLPDF\��EXW�LW�KDV�QR�LQ�
IOXHQFH�SRZHU�DQG�GRHV�QRW�FODLP�XUJHQF\� 

· 'HPDQGLQJ� 6WDNHKROGHU� –� +DV� RQO\� WKH�
XUJHQF\�DWWULEXWH��$V�GRQ¶W�KDYH�SRZHU�DQG�
OHJLWLPDF\�� WHQGV� WR� QRW� LPSRVH� WKHLU� ZLOO�
RYHU�WKH�RUJDQL]DWLRQ� 

· 'RPLQDQW�6WDNHKROGHU�–�3UHVHQW�OHJLWLPDF\�
DQG� SRZHU� DQG� QHHGV� WR� UHFHLYH�JUHDW� DW�
WHQWLRQ�IURP�WKH�RUJDQL]DWLRQ� 

· 'DQJHURXV� 6WDNHKROGHU� –� 3UHVHQW� SRZHU��
DQG� XUJHQF\�� ,Q� WKLV� FDVH�� QHHGV� WR� EH�
PRQLWRUHG� RQFH� FDQ� EH� DJJUHVVLYH� WR� WKH�
RUJDQL]DWLRQ� 

· 'HSHQGHQW�6WDNHKROGHU�–�3UHVHQW�XUJHQF\�
DQG� OHJLWLPDF\� EXW� QRW� LQIOXHQFH� SRZHU� WR�
LPSRVH�WKHLU�ZLVK�WR�WKH�RUJDQL]DWLRQ�� 

GHSHQGLQJ� RQ� RWKHU� VWDNHKROGHUV� WR� EH�
FRQVLGHUHG� 

· 'HILQLWLYH� 6WDNHKROGHU�–� 3UHVHQWV� SRZHU��
OHJLWLPDF\� DQG� XUJHQF\�� ,Q� WKLV� FDVH�� DUH�
WKH� PDLQ� VWDNHKROGHUV� DQG� QHHGV� WR� EH�
SULRULWL]HG�E\�WKH�RUJDQL]DWLRQ� 

· 1RQ� 6WDNHKROGHU� –� ,Q� WKLV� FDWHJRU\� DUH�
FODVVLILHG�WKH�JURXS�RU�LQGLYLGXDOV�WKDW�DUH�
QRW�DIIHFW�DQG�DUH�QRW�DIIHFWHG�E\� WKH�RU�
JDQL]DWLRQ� 

· 7KH�6DOLHQFH�0RGHO� LV�RQO\�RQH�DYDLODEOH�
WR�FODVVLI\� WKH�VWDNHKROGHUV� LQ� WKH�SURMHFW�
PDQDJHPHQW�� WKHUH�DUH�VRPH�DQRWKHU�DO�
WHUQDWLYHV� OLNH� WKH� PRGHO� GHYHORSHG� E\�
0$,1$5'(6�HW��DO��LQ������ 

67$.(+2/'(56� 0$1$*(0(17� ,1�
&58'(�2,/�5(),1(5,(6� 

$V�DIRUHPHQWLRQHG��WKH�PDLQ�GLIILFXOW�WR�LPSOH�
PHQW�RSHUDWLRQDO�LPSURYHPHQWV�LQ�WKH�UHILQLQJ�
KDUGZDUH� LV� UHODWHG� WR� WKH� LPSOHPHQWDWLRQ�
VWHS� RQFH� WKH� SURFHVV� SODQW� RSHUDWHV� ���
KRXUV�SHU�GD\��VHYHQ�GD\V�SHU�ZHHN�� 

)LJXUH���–�6WDNHKROGHUV�&ODVVLILFDWLRQ�$FFRUGLQJ�WR�6DOLHQFH�0RGHO��0,7&+(//�HW��DO�������� 
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7KH�GHVLJQ�VWHS�QHHGV�WR�FRQVLGHUDWH�WKLV�IDFW�
DQG�DQ�DGHTXDWH�FRPPXQLFDWLRQ�SODQ�QHHGV�WR�
EH�H[HFXWHG��PDLQO\� WR�FODULI\� WR� WKH�RSHUDWLRQ�
WHDP�ZKDW�LV�WKH�PDLQ�DGYDQWDJH�RI�WKH�SURMHFW�
IRU�WKH�UHILQHU\��FUHDWLQJ�WKHQ�DQ�DGHTXDWH�HQ�
JDJHPHQW� 

$IWHU� WKH� FODVVLILFDWLRQ� VWHS� DSSO\LQJ� WKH� 6DOL�
HQFH�PRGHO��LW¶V�SRVVLEOH�WR�GHILQH�DFWLRQV�DLP�
LQJ� WR� HQJDJH� WKH� VWDNHKROGHUV� ZLWK� IRFXV� WR�
HOLPLQDWH� LQWHUQDO� UHVLVWDQFHV�� ,Q� WKH� FDVH� RI�
WKH� UHTXHVWLQJ� VHFWRU� �QRUPDOO\� WKH� RSHUDWLRQ�
WHDP�� LW� PXVW� EH� XQGHUVWRRG� WKDW� WKH� FHQWUDO�
REMHFWLYH�RI�WKH�FOLHQW�ZLOO�DOZD\V�EH�PDLQWDLQ�D�
VWDEOH�RSHUDWLRQ�RI�WKH�UHILQHU\
V�SURFHVV�XQLWV��
VR� LW� LV� QDWXUDO� WKDW� WKHUH� LV� UHVLVWDQFH� WR� WKH�
LPSOHPHQWDWLRQ�RI�FKDQJHV�DULVLQJ�IURP�LQYHVW�
PHQW� SURMHFWV�� $ZDUH� RI� WKLV� IDFW�� WKH� SURMHFW�
PDQDJHPHQW� WHDP�PXVW� DFW� LQ� RUGHU� WR�PDNH�
FOHDU� WKH� REMHFWLYHV� DQG� EHQHILWV� WKDW� ZLOO� EH�
DFKLHYHG�ZLWK�WKH�VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�
WKH� SURMHFWV�� WKXV� LQFUHDVLQJ� WKH� FKDQFHV� RI�
VXFFHVV�LQ�HQJDJLQJ�WKLV�VWDNHKROGHU� 

$Q� DGHTXDWH� HQJDJHPHQW� VWUDWHJ\� LQYROYHV� D�
VDWLVIDFWRU\� GLVVHPLQDWLRQ� RI� LQIRUPDWLRQ� DQG�
WKH�FUHDWLRQ�RI�D�IHHOLQJ�RI�SDUWQHUVKLS�EHWZHHQ�
HQJLQHHULQJ�PDQDJHPHQW�DQG�LWV�VWDNHKROGHUV��
7R�WKLV�HQG��LW�LV�VXJJHVWHG�WR�FUHDWH�PHHWLQJV�
WR�PRQLWRU� WKH�SK\VLFDO�SURJUHVV�RI� LQYHVWPHQW�
SURMHFWV�ZLWK� WKH�SUHVHQFH�RI� WKHVH�VWDNHKROG�
HUV�VR�WKDW�WKH\�UHDOO\�IHHO�SDUW�RI�WKH�SURMHFWV� 

%\�RXU�H[SHULHQFH� LW¶V�SRVVLEOH� WR�DFKLHYH�VLJ�
QLILFDQW� UHGXFWLRQ� LQ� WKH� LPSOHPHQWDWLRQ� WLPH�
DSSO\LQJ� DGHTXDWH� FRPPXQLFDWLRQ� DQG� VWDNH�
KROGHUV�PDQDJHPHQW�LQ�RSHUDWLRQ�LPSURYHPHQW�
SURMHFWV� LQ�FUXGH�RLO�UHILQHULHV��WKLV�FDQ�UHGXFH�
WKH� LVVXHV� ZLWK� FRQWUDFW� PDQDJHPHQW� DV� ZHOO�
DV�DFFHOHUDWH�WKH�UHWXUQ�RYHU�LQYHVWPHQW� 

&21&/86,21� 

7KH�GRZQVWUHDP�LQGXVWU\�SUHVHQWV�VRPH�SHFX�
OLDULWLHV� ZKLFK� UHTXLUHV� VSHFLDO� VNLOOV� IURP� WKH�
SURMHFW�PDQDJHUV�DQG�D�SUHYLRXV�NQRZOHGJH�RI�
WKH�GRZQVWUHDP�EXVLQHVV�FDQ�KHOS� WKH�SURMHFW�
PDQDJHUV�WR�DFKLHYH�WKH�VXFFHVV�� 

7KH� RSHUDWLRQDO� LPSURYHPHQW� DFWLRQV� DUH� IXQ�
GDPHQWDO� WR� NHHS� WKH� UHILQLQJ� KDUGZDUH� XS� WR�
GDWH� ZLWK� WKH� UHILQHU\� QHFHVVLW\� DQG� DQ� DJLOH�
SURMHFW� LPSOHPHQWDWLRQ� LV� D� VXFFHVV� IDFWRU� LQ�
WKLV� VHQVH�� ,Q� FUXGH� RLO� UHILQHUV� LW¶V� QRUPDO� WR�
IDFH�UHVLVWDQFH�WR�SURMHFW�LPSOHPHQWDWLRQ�RQFH�
WKH�PDLQ�REMHFWLYH�LV�WR�NHHS�WKH�VWDEOH�RSHUD�
WLRQ� RI� WKH� UHILQLQJ� KDUGZDUH�� DYRLGLQJ� XQ�
SODQQHG�VKXWGRZQV�RU�VHFXULW\� LVVXHV��GHVSLWH�
WKLV� VFHQDULR�� DQ� DGHTXDWH� VWDNHKROGHUV�PDQ�
DJHPHQW�DQG�DQ�HIIHFWLYH�FRPPXQLFDWLRQ�SODQ�
FDQ� HQVXUH� VKRUWHU� H[HFXWLRQ� WLPH� DV� ZHOO� DV�
DQWLFLSDWH�WKH�SODQQHG�UHWXUQ�RYHUW�LQYHVWPHQW� 

5()(5(1&(6�� 

*5((1:22'��0��6WDNHKROGHU�(QJDJHPHQW��
%H\RQG�WKH�0\WK�RI�&RUSRUDWH�5HVSRQVDELOLW\��
-RXUQDO� RI� %XVLQHVV� (WKLFV�� ��� ����� SS�� ���-
���������� 

0,7&+(//�� 5�.��� $*/(�� %�5��� :22'�� '�-��
7RZDUG�D�7KHRU\�RI�6WDNHKROGHU�,GHQWLILFDWLRQ�
DQG� 6DOLHQFH�� 'HILQLQJ� WKH� 3ULQFLSOH� RI� :KR�
DQG� :KDW� 5HDOO\� &RXQWV�� 7KH� $FDGHP\� RI�
0DQDJHPHQW� 5HYLHZ�� ��� ����� SS�� ���-�����
����� 

3(&&(,��5���*8(67��'��7UXVW��([FKDQJH�DQG�
9LUWXRXV�&LUFOHV�RI�&RRSHUDWLRQ��$�7KHRUHWLFDO�
DQG� (PSLULFDO� $QDO\VLV� RI� 3DUWQHUVKLS� DW�
:RUN�� 7KH� 0DQDJHPHQW� &HQWUH� 5HVHDUFK�
3DSHUV��.LQJ¶V�&ROOHJH�/RQGRQ���������� 

32:(5��0��� &RXQWLQJ��&RQWURO� DQG�&DOFXOD�
WLRQ�� 5HIOHFWLRQV� RQ�0HDVXULQJ� DQG�0DQDJH�
PHQW�� � +XPDQV� 5HODWLRQV�� ��� ����� SS�� ���-
���������� 

:$51(5��0��+DZDLL��:H�+DYH�D��6FKHGXOH��
3UREOHP� -� 7KH� 3URMHFW� 0DQDJHPHQW� %OXH�
3ULQW�FRP������� 

$%287�7+(�$87+25 

'U��0DUFLR�:DJQHU�GD�6LOYD� LV�3URFHVV�(QJL�
QHHU�DQG�3URMHFW�0DQDJHU�IRFXVLQJ�RQ�&UXGH�
2LO� 5HILQLQJ� ,QGXVWU\� EDVHG� LQ� 6mR� -RVp� GRV�
&DPSRV�� %UD]LO�� %DFKHORU� LQ� &KHPLFDO� (QJL�
QHHULQJ� IURP� 8QLYHUVLW\� RI� 0DULQJD� �8(0���
%UD]LO�DQG�3K'��LQ�&KHPLFDO�(QJLQHHULQJ�IURP�
8QLYHUVLW\� RI� &DPSLQDV� �81,&$03��� %UD]LO��
+DV�H[WHQVLYH�H[SHULHQFH�LQ�UHVHDUFK��GHVLJQ�
DQG� FRQVWUXFWLRQ� WR� RLO� DQG� JDV� LQGXVWU\� LQ�
FOXGLQJ� GHYHORSLQJ� DQG� FRRUGLQDWLQJ� SURMHFWV�
WR� RSHUDWLRQDO� LPSURYHPHQWV� DQG� GHERWWOH�
QHFNLQJ� WR� ERWWRP� EDUUHO� XQLWV��PRUHRYHU� 'U��
0DUFLR�:DJQHU�KDYH�0%$�LQ�3URMHFW�0DQDJH�
PHQW�IURP�)HGHUDO�8QLYHUVLW\�RI�5LR�GH�-DQHL�
UR� �8)5-�� DQG� LV� FHUWLILHG� LQ� %XVLQHVV� IURP�
*HWXOLR�9DUJDV�)RXQGDWLRQ��)*9��� 
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$%675$&7�� 

7KH� SXUSRVH� RI� SLVWRQ� ULQJV� LV� WR� SUHYHQW� WKH�
EORZ-E\� RI� JDV� IURP� RQH� HQG� RI� WKH� SLVWRQ� WR�
WKH� RWKHU�� 5LGHU� ULQJV� RU� ZHDU� EDQGV� ZKLFK�
VXSSRUW�WKH�ZHLJKW�RI�WKH�SLVWRQ�SOXV�KDOI�D�URG��
KHOS�JXLGH�WKH�SLVWRQ� LQ�WKH�ERUH��DQG�SUHYHQW�
UXEELQJ�RI�WKH�SLVWRQ�RQ�WKH�F\OLQGHU�ZDOO��7KLV�
SDSHU� SUHVHQWV� WKH� GHVLJQ� RI� D� QRQ-PHWDOOLF�
SLVWRQ� ULQJ� DQG� ULGHU� ULQJV� IRU� D� UHFLSURFDWLQJ�
FRPSUHVVRU��7KH�YDOXHV�RI�PHWDOOLF�SLVWRQ�ULQJ�
GLPHQVLRQV�DUH�WDEXODWHG�LQ�WKH�VWDQGDUGV�,62�
�������������,62�����-����',1�������8QIRUWX�
QDWHO\��QR�VXFK�YDOXHV�RU�VWDQGDUGV�DUH�DYDLOD�
EOH�IRU�QRQ-PHWDOOLF�SLVWRQ�ULQJV�� ,Q�WKLV�SDSHU��
DQ�DWWHPSW� LV�PDGH� WR�DUULYH�DW� VRPH� UHDOLVWLF�
DVVXPSWLRQV� 	� FRQVWUXFW� VWDQGDUG� WDEOHV� IRU�
QRQ-PHWDOOLF�SLVWRQ�ULQJV��7KH�WDEOH�YDOXHV�DUH�
FDOFXODWHG� YDOXHV� EDVHG� RQ� UHDVRQDEOH� DV�
VXPSWLRQV� 

,1752'8&7,21 

5HFLSURFDWLQJ� FRPSUHVVRU� SLVWRQV� ZRUN�
DJDLQVW�SUHVVXUH�DQG�PXVW�KDYH�D�VOLGLQJ�VHDO�
WR�DOORZ�WKH�SLVWRQ�WR�FRPSUHVV�WKH�JDV�ZLWKRXW�
OHDNDJH�SDVW� WKH�SLVWRQ��7KH�SLVWRQ� ULQJV�SUR�
YLGH�WKLV�VHDOLQJ�IRU�PD[LPXP�F\OLQGHU�FDSDFL�
W\�� HIILFLHQF\� DQG� DVVXULQJ� WKH� IORZ� RI� KHDW�
IURP�WKH�SLVWRQ�WR�WKH�F\OLQGHU��7KH�SLVWRQ�VHDO�
LQJ� HOHPHQWV� DUH� RQO\� VXEMHFW� WR� WKH� G\QDPLF�
SUHVVXUH�FRPSRQHQW�YDU\LQJ�EHWZHHQ�WKH�VXF�
WLRQ� DQG� GLVFKDUJH� SUHVVXUH�� � 7KH� JDV� SUHV�
VXUH�SXVKLQJ�WKH�SLVWRQ�ULQJ�RXWZDUG� 

DJDLQVW� WKH� F\OLQGHU�ZDOO� DQG� VLGH� RI� ULQJ� UH�
VXOWV�LQ�VHDOLQJ�DV�VKRZQ�LQ�)LJ��� 

5LGHU� ULQJV� DQG� SLVWRQ� ULQJV� DUH� DOPRVW� DO�
ZD\V�RI� WKH�VDPH�PDWHULDO��5LGHU� ULQJV�PXVW�
EH�GHVLJQHG�VR�WKDW�WKH\�GR�QRW�DFW�DV�D�SLV�
WRQ�ULQJ��2WKHUZLVH��ZHDU�ZLOO�RFFXU�WRR�UDSLG�
O\��6ROLG� ULGHU� ULQJV�DUH�QRW�SURQH� WR�RXWZDUG�
H[SDQVLRQ�� &XW� ULGHU� ULQJV� PXVW� EH� YHQWHG�
ZLWK�KROHV�RU�VORWV�WR�EOHHG�RII�SUHVVXUH� 

3,6721�5,1*6 

7KH�FRPSUHVVRUV�3LVWRQ�ULQJ�KDV�D�UHFWDQJX�
ODU� FURVV-VHFWLRQ�� 3LVWRQ� ULQJV�PDGH� RI� ILOOHG�
37)(� ZLOO� KDYH� DQ� HQG� JDS� FOHDUDQFH� RI�
������� WR� ������� SHU� LQFK� RI� SLVWRQ� GLDPHWHU�
ZKHQ�ILWWHG� LQWR�WKH�F\OLQGHU�ERUH��6LGH�FOHDU�
DQFH� LQ� WKH� JURRYH� VKRXOG� EH� ������-�������
SHU� LQFK� RI� ZLGWK�� ,W� VKRXOG� EH� UHPHPEHUHG�
WKDW�7HIORQ�H[SDQVLRQ�UDWHV�DUH�DSSUR[LPDWHO\�
VHYHQ�WLPHV�WKRVH�RI�FDVW�LURQ��9DOXHV�IRU�RLO-
OXEULFDWHG� FRPSUHVVRUV� ZLWK� FDVW� LURQ� ULQJV�
DUH��������� SHU� LQFK�RI�GLDPHWHU� IRU� WKH� ULQJ�
JDS��3��%ORFK�� 

5,1*�&217$&7�35(6685(6 

���&RQWDFW�SUHVVXUH�IURP�JDV�SUHVVXUH�>3J@�-
7KH� JDV� SUHVVXUH� �3J�� EHKLQG� WKH� ILUVW� FRP�
SUHVVLRQ�ULQJ�YDULHV�DFFRUGLQJ�WR�WKH�F\OLQGHU�
SUHVVXUH�� 7KH� JDV� SUHVVXUH� EHKLQG� WKH� VHF�
RQG� FRPSUHVVLRQ� ULQJ� LV� DOUHDG\� VLJQLILFDQWO\�
ORZHU�WKDQ�WKH�SUHVVXUH�EHKLQG�WKH�ILUVW�FRP�
SUHVVLRQ� ULQJ��:LWK�D�JDV�SUHVVXUH�DFWLQJ�RQ�
WKH�SLVWRQ�ULQJ��WKH�FRQWDFW�SUHVVXUH�DQG�WKXV�
WKH� FRQIRUPLW\� LV� JUHDWO\� LQFUHDVHG�� 2Q� WKH�
RWKHU� KDQG�� WKH� JDV� SUHVVXUHV� DUH� RI� VLJQLIL�
FDQFH� RQO\� IRU� D� VPDOO� SURSRUWLRQ� RI� WKH� HQ�
JLQH� F\FOH� �&KLWWHQGHQ�	�3ULHVW�� ������� SDJH�
�����*DV�SUHVVXUH�DXJPHQWV�ERWK� WKH� UDGLDO�
DQG� WKH� D[LDO� FRQWDFW� LQ� WKH� SLVWRQ� ULQJ�
JURRYH�� 7KH� DFWLRQ� RI� WKH� JDV� SUHVVXUH� LQ�
FUHDVHV� WKH� VHDOLQJ� FDSDELOLW\� RI� WKH� SLVWRQ�
ULQJ��$[LDO�FRQWDFW�FDQ�DOWHUQDWH�EHWZHHQ� WKH�
WRS� DQG� ERWWRP� VLGH� RI� WKH� JURRYH� RZLQJ� WR�
WKH�LQWHUDFWLRQ�RI�JDV��LQHUWLD�DQG�IULFWLRQ�IRUF�
HV�� 7KH� DFWXDO� FRQWDFW� SUHVVXUH� LV� PDQ\�
WLPHV�JUHDWHU�GXH� WR� WKH�JDV�SUHVVXUH�DFWLQJ�
EHKLQG�WKH�ULQJ��0HDQ�UDGLDO�JDV�SUHVVXUH�RQ�
WKH�ILUVW�ULQJ�LV�DERXW������WR������WLPHV�WKH� 

)LJXUH����3LVWRQ�5LQJ�:RUNLQJ 
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GLIIHUHQWLDO�SUHVVXUH�DFURVV�WKH�SLVWRQ��()5&���
7HIORQ�EDVHG�3LVWRQ�5LQJV� IRU� OXEULFDWHG�FRP�
SUHVVRUV� DUH� QRW� UHFRPPHQGHG� RYHU� ���� EDU�
GLIIHUHQWLDO�JDV�SUHVVXUH�DFURVV�WKH�SLVWRQ� 

��� &RQWDFW� 3UHVVXUH� IURP� 5LQJ� &RPSUHVVLRQ�
>3Z@�–�2QH� SLHFH� SLVWRQ� ULQJ� GRXEOH� DFWLQJ� LV�
RYHUWXUQHG� SHU� PDWHULDO� WDEOHV� WR� SURYLGH� WKH�
SUH-WHQVLRQ� WR� PDLQWDLQ� ULQJ� WR� F\OLQGHU� ZDOO�
FRQWDFW� �3Z��� $W� DWPRVSKHULF� RU� YDFXXP� VXF�
WLRQ�� DQ� H[SDQGHU�PD\�EH� UHTXLUHG� WR� SURYLGH�
DGGLWLRQDO� ORDGLQJ�RI�WKH�ULQJ�DJDLQVW� WKH�F\OLQ�
GHU�ZDOO��7KH�DQJOH�FXW�RI�WKH� MRLQW�VWDQGDUG� LV�
����� 7KH�5LQJ�PDGH� IURP� KDUG�PDWHULDOV� DQG�
GLDPHWHU�OHVV�WKDQ�����PP�DUH�UHFRPPHQGHG�
WR� EH� WZR-SLHFH� ULQJV�� 7KH\� GR� QRW� H[HUW� DQ\�
IRUFH� RU� SUHVVXUH� RQ� WKH� F\OLQGHU� ZDOO� ZKHQ�
LQVWDOOHG�� EHFDXVH� WKH� WXUQHG�2'� LV� WKH� VDPH�
F\OLQGHU�ERUH��7KH� ORDGLQJ�DVVRFLDWHG�ZLWK� WKH�
HODVWLF�VSULQJ� IRUFH�RQ� ULQJV� LV� UHSUHVHQWHG�DV�
HTXLYDOHQW� SUHVVXUH� DFWLQJ� RQ� WKH� UHDU� RI� WKH�
ULQJ��,W�LV�W\SLFDOO\�����WR�����3D��EXW�WKLV�UHSUH�
VHQWV� RQO\� RQH� SHUFHQW� RI� WKH� SHDN�JDV� SUHV�
VXUH��'DZVRQ��������� 

5,1*�6,=,1* 

7KH� PDLQ� VWUXFWXUDO� GLPHQVLRQV� RI� WKH� SLVWRQ�
ULQJV�FDQ�EH�DGRSWHG�DFFRUGLQJ�WR�H[LVWLQJ�F\O�
LQGHU�ERUH�DQG�DYDLODEOH�VSDFH��7KHUHIRUH��WKH�
UDGLDO�WKLFNQHVV�DQG�ZLGWK�RI�WKH�ULQJ�VKRXOG�EH�
VL]HG� DV� LWV� PDWHULDO� VWUHQJWK� SHUPLWV�� &RP�
SUHVVRUV� 2(0V� �RULJLQDO� HTXLSPHQW� PDQXIDF�
WXUHUV�� DOUHDG\� GHVLJQHG� QRQ-PHWDOOLF� ULQJ�
WKLFNQHVV� �W�� DQG� ZLGWK� �+�� ZLWK� VRPH� VLJQLIL�
FDQW�GLIIHUHQFHV�EHWZHHQ�WKHP� 7KH�PD[LPXP�
EHQGLQJ�VWUHVV�LQ�SLVWRQ�ULQJ�LV�DOZD\V�����GH�
JUHH�IURP�WKH�MRLQW��WKH�PD[LPXP�WHQVLOH�VWUHVV�
LQ�WKH�SLVWRQ�ULQJ�DW�ZRUNLQJ�FRQGLWLRQV�RU�ZKHQ�
WKH�ULQJ�LV�FORVHG�LQ�WKH�F\OLQGHU��FDOFXODWHG�E\�
WKH�FXUYHG�EHDP�EHQGLQJ�VWUHVV�HTXDWLRQ� 

�   ������� 
2U�E\�XVLQJ� 

   ������ 
3Z� LV�WKH�QRPLQDO�FRQWDFW�RU�UDGLDO�SUHVVXUH�RI�
ULQJ�RQ� WKH�F\OLQGHU�ZDOO� �PHDQ�SUHVVXUH�� WKDW�
WKH� ULQJ� H[HUWV� UDGLDOO\� RXWZDUGV� DJDLQVW� WKH�
F\OLQGHU� ZDOO�� 7KLV� LV� 3LVWRQ� 5LQJ� SUH-WHQVLRQ�
IRUFH� UHSUHVHQWHG� DV� DQ� HTXLYDOHQW� SUHVVXUH�
DQG�LW�LV�QRW�JDV�SUHVVXUH�ZKLFK�LV�VWDWHG�DV� 

    ������ 

)W�LV�WKH�IRUFH�ZKLFK�ZKHQ�DSSOLHG�WDQJHQWLDO�
O\�WR�WKH�HQGV�RI�WKH�ULQJ��LV�VXIILFLHQW�WR�FRP�
SUHVV� WKH� ULQJ� WR� WKH� VSHFLILHG� FORVHG� JDS��
7KH�7DQJHQWLDO�IRUFH�RI�WKH�SLVWRQ�ULQJ�LQ�1��LV�
FDOFXODWHG�E\� 

   ������ 

3LVWRQ� ULQJV� DUH� VXEMHFWHG� WR� WKH� JUHDWHVW�
VWUHVV� GXULQJ� LQVWDOODWLRQ�ZKHQ� WKH� ULQJ�PXVW�
EH�VWUHWFKHG�RYHU�WKH�SLVWRQ�WR�LQVWDOO�LW�LQ�WKH�
SLVWRQ�JURRYH��6LQFH�WKH�VROXWLRQ�WR�WKH�PDWK�
HPDWLFDOO\� H[DFW� UHODWLRQVKLS� ZRXOG� EH� WRR�
FRPSOLFDWHG�� WKH� LQVWDOODWLRQ� VWUHVV� LV� WDNHQ�
IURP� .RRSHUV� &RPSDQ\� DQG� FDOFXODWHG� DV�
IROORZV� 

  ������ 
:KHUH� 

6W� �PD[��WHQVLOH�VWUHVV�LQ�SLVWRQ�ULQJ�ZKHQ�LW�
LV�FORVHG�LQ�WKH�F\OLQGHU�>0SD@ 

3Z�  � PHDQ� UDGLDO� SUHVVXUH� RQ� F\OLQGHU� ZDOO�
H[HUWHG�E\�WKH�ULQJ�>0SD@ 

)W� �WDQJHQWLDO�IRUFH�>1@ 

(� �<RXQJ¶V�PRGXOXV�RI�HODVWLFLW\�LQ�>0SD@ 

J�  � 5LQJ� IUHH� JDS� OHVV� HQG� FOHDUDQFH� >PP@��
J ʌW 

K� �$[LDO�5LQJ�ZLGWK�>PP@ 

'� �1RPLQDO�5LQJ�GLDPHWHU�>PP@� 

W�  � 5DGLDO� ZDOO� WKLFNQHVV� RSSRVLWH� WR� MRLQW�
>PP@ 

6L� �ULQJ�LQVWDOODWLRQ�VWUHVV�>0SD@ 

6W� �PD[��EHQGLQJ�VWUHVV�LQ�SLVWRQ�ULQJ�>0SD@ 

7KH� LQVWDOODWLRQ� VWUHVV� �6L�� VKRXOG� EH� OHVV�
WKDQ�WKH�WHQVLOH�VWUHQJWK�RI�WKH�ULQJ�PDWHULDO��,I�
KLJKHU�� WKH� ULQJ� ZLOO� EUHDN� DW� WKH� DVVHPEO\��
7KHQ� WZR� SLHFH� ULQJV� RU� WKLQQHU� ULQJV� VKRXOG�
EH� XVHG�� 7KH� YDOXHV� RI� ULQJ� GLPHQVLRQV� DQG�
VSHFLILF� WDQJHQWLDO� IRUFHV� IRU� YDULRXV�PHWDOOLF�
SLVWRQ� ULQJV� DUH� WDEXODWHG� LQ� WKH� VWDQGDUGV�
,62��������������,62�����-����',1������� 

8QIRUWXQDWHO\�� QR� VXFK� YDOXHV� RU� VWDQGDUGV�
DUH� DYDLODEOH� IRU� QRQ-PHWDOOLF� SLVWRQ� ULQJV���
6R��WKH�DXWKRUV�DVVXPH�D�PRGXOXV�RI�HODVWLFL�
W\� >(@� YDOXH� RI� ������ 0SD� �DYHUDJH� RI� ILOOHG�
37)(��DQG�HVWDEOLVK�WKH�EHORZ�VKRZQ� 
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VWDQGDUG�WDEOH��WDNLQJ�WKH�DYHUDJH�RI�UDGLDO�
WKLFNQHVV�DQG�D[LDO�ZLGWK�YDOXHV�XVHG�E\�PDQ\�
2(0V�DQG�DGGLQJ�WR�WKH�WDEOH��GDWD�VXFK�DV�
0D[��%HQGLQJ�VWUHVV��WDQJHQWLDO�IRUFH��UDGLDO�
ZDOO�SUHVVXUH�DQG�LQVWDOODWLRQ�VWUHVV� 

VWDQGDUG�WDEOH��WDNLQJ�WKH�DYHUDJH�RI�UDGLDO�
WKLFNQHVV�DQG�D[LDO�ZLGWK�YDOXHV�XVHG�E\�PDQ\�
2(0V�DQG�DGGLQJ�WR�WKH�WDEOH��GDWD�VXFK�DV�
0D[��%HQGLQJ�VWUHVV��WDQJHQWLDO�IRUFH��UDGLDO�
ZDOO�SUHVVXUH�DQG�LQVWDOODWLRQ�VWUHVV� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�7KLV�VWDQGDUG�WDEOH�SUHSDUHG�E\�0HKPHW�6DPDQFLRJOX 

)RU�H[DPSOH��IRU�WKH�FDVH�RI����PP�F\OLQGHU�
GLDPHWHU��EHORZ�GUDZLQJ���' �����W �����K ��� 

)URP�(T����)W� �������1 

)URP�(T����3Z� ��������0SD��� 

)URP�(T���RU�(T����6W� ������0SD 

)URP�(T����6L� ������0SD 

 

 

 

 

 

 

 

 

 

)LJXUH�������PP�&\OLQGHU�([DPSOH 

 

W� �JLYHV�DFFHSWDEOH�ULQJ�WKLFNQHVV�YDOXHV�IRU�
QRQ-�PHWDOOLF�SLVWRQ�ULQJ�PDWHULDOV� 

W� �����'�WR������'��DSSUR[LPDWHO\�IRU�FDVW�
LURQ�SLVWRQ�ULQJ�PDWHULDOV� 

$[LDO�ZLGWK��K��RI�SLVWRQ�ULQJ��K� ����W�WR�W����� 

7KH�ZLGWK�RI�WKH�ULQJ�VKRXOG�EH�DV�QDUURZ�DV�
LWV�VWUHQJWK�SHUPLWV��%HORZ�*UDSK�LQGLFDWHV�
GLIIHUHQW�5LQJ�D[LDO�ZLGWK�IRU�WZR�NQRZQ�2(0V�
>1XRYR�3LJQRQH�DQG�1HXPDQ�(VVHU@� 

 

 

 

 

 

 

 

 

 

 

)LJXUH����5LQJ�D[LDO�ZLGWK�IRU�YDULRXV�2(0V 

 

180%(5�2)�5,1*6 

7KH�QXPEHU�RI�ULQJV�SOD\V�QR�SULQFLSDO�UROH�IRU�
WKH�SDFNLQJ�DFWLRQ�H[FHSW�LQFUHDVH�WKH�IULF�
WLRQDO�UHVLVWDQFH�RI�SLVWRQ��+HQFH��D�ODUJH�ULQJ�
EUHDGWK��ZLGWK��ZLOO�QRW�EH�QHFHVVDU\��7KHUH�
IRUH��WKH�EUHDGWK�RI�WKH�ULQJ�VKRXOG�EH�DV�QDU�
URZ�DV�LWV�VWUHQJWK�SHUPLWV��,W�PD\�VXUHO\�EH�
VDLG�WKDW�ZKHQ�D�SLVWRQ�ULQJ�KDV�JRRG�TXDOLW\�
IRU�WKH�SDFNLQJ�DFWLRQ��LWV�WLJKWQHVV�IRU�D�KLJK-
SUHVVXUH�JDV�LV�DWWDLQHG�ZHOO�HQRXJK�E\�WKH�
ILUVW�RQH�RU�WZR�ULQJV��7KH�RWKHU�ULQJV�VHUYLQJ�
DUH�RQO\�IRU�VSDUH�SXUSRVHV���7HFKQLFDO�0HP�
RUDQGXP��������3���-�����7KH�QXPEHU�RI�
ULQJV�KDV�EHHQ�PLVXQGHUVWRRG�E\�PDQ\�HQJL�
QHHUV�ZKHUH�PRUH�ULQJV�DUH�XVHG�WKDQ� 
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UHTXLUHG��L�H���PRUH�WKDQ�GRXEOH�RI�VXJJHVWHG�
ULQJV�LQ�WKH�WDEOH��7KLV�RQO\�LQFUHDVHV�IULFWLRQ� 

Table 2. NACA technical memorandum, No. 1057 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)RU� EHWWHU� SHUIRUPDQFH� DQG� ORZ� PROHFXODU�
ZHLJKW�JDVHV�DQ�H[WUD�RQH�ULQJ�FDQ�EH�DGGHG� 

5,'(5�5,1*6 
5LGHU� ULQJV� RU� ZHDU� EDQGV� ZKLFK� VXSSRUW� WKH�
SLVWRQ�ZHLJKW�SOXV�KDOI� WKH� URG��KHOS�JXLGH� WKH�
SLVWRQ� LQ� WKH�ERUH�� DQG�SUHYHQW� UXEELQJ�RI� WKH�
SLVWRQ� RQ� WKH� F\OLQGHU� ZDOO�� 7KH� FRPSUHVVRU�
$[LDO� ZLGWK� RI� 5LGHU� 5LQJ� µ*¶� LV� FDOFXODWHG� DV�
EHORZ��$3,�������)RU�+RUL]RQWDO�W\SH 

��   ������� 

)RU�9-W\SH 

� ������ 
:KHUH� 
*� �7RWDO�ZLGWK�RI�5LGHU�ULQJ�>PP@ 
'� �&\OLQGHU�GLDPHWHU�>PP@ 

0� �SLVWRQ�LV�SLVWRQ�ZHLJKW�DV�IRUFH�>1@�
��NJ ����1� 

0�URG�LV�5RG�ZHLJKW�DV�IRUFH�>1@ 

3� �%HDULQJ�ORDG�RQ�5LGHU�ULQJ�LQ�1�PP� 

)RU�QRQ-OXEULFDWHG�PD[LPXP�3� ������1�
PP�� ���SVL��$3,�����VWDQGDUG�� 

)RU�OXEULFDWHG�PD[LPXP�3� ������1��PP�� �
���SVL��$3,�����VWDQGDUG� 

+LJKHU�ORDGLQJ�LV�SRVVLEOH��XS�WR�����1�PP���
GHSHQGLQJ�RQ�ULQJ�PDWHULDO�DQG�DSSOLFDWLRQ���
+RZHYHU�WKH�DOORZDEOH�5LGHU�ULQJ�KDV�D�PD[L�
PXP�ZLGWK��RI���PP��$ERYH�WKLV�YDOXH��PXOWL�
SOH�5LGHU�LV�SUHIHUUHG� 

 

5,'(5�5,1*�',0(16,216 
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7KH�3LVWRQ��FDVW�LURQ��WR�F\OLQGHU�ERUH�RU�OLQHU�LV�
��������� SHU� LQFK� RI� WKH� ERUH� GLDPHWHU�� $QG�
3LVWRQ� �DOXPLQXP�� WR� F\OLQGHU� ERUH� RU� OLQHU� LV�
�������SHU�LQFK�RI�ERUH�GLDPHWHU��3��%ORFK�� 

 

&21&/86,216 
7KH�HVWLPDWHG�WDEOH�YDOXHV�DUH�EDVHG�RQ�D�UHD�
VRQDEOH�DVVXPSWLRQ�RI�3Z�DQG�6W�9DOXHV��7KH�
DERYH�FOHDUDQFHV�DUH�EDVHG�RQ�DQ�DYHUDJH�RI�
PDQ\�2(0V�GDWD¶V�DQG� IRU� FRPSUHVVRU�GLIIHU�
HQWLDO� SUHVVXUH�XS� WR�����EDU�� ,W� LV� SDUWLFXODUO\�
LPSRUWDQW�WR�HVWDEOLVK�WKH�UHFRPPHQGHG�FOHDU�
DQFHV�JLYHQ�E\� WKH�2(0� IRU� WKH�YDULRXV�FRP�
SUHVVRU� FRPSRQHQWV�� &KDUWV� DUH� JHQHUDOL]HG�
IRU� LQVWDOODWLRQ�� LQVSHFWLRQ� RI� VSHFLILF� VL]HV�
ZKLFK�PD\�YDU\�GXH�WR�SUHVVXUH��WHPS��GHVLJQ�
SDUDPHWHUV� 

5()(5(1&(6 
�� &KLWWHQGHQ��5���	�3ULHVW��0�� ��������$QDO\�

VLV�RI�WKH�3LVWRQ�$VVHPEO\��%RUH�'LVWRUWLRQ�
DQG�)XWXUH�'HYHORSPHQWV� 7ULERORJ\�6HULHV�
(QJLQH� 7ULERORJ\�� ���–����� GRL�� ��������
V����-�������������-� 

�� 'RZVRQ�� '�� �������� 3LVWRQ� $VVHPEOLHV��
%DFNJURXQG� DQG� /XEULFDWLRQ� $QDO\�
VLV� 7ULERORJ\�6HULHV�(QJLQH�7ULERORJ\�����
–�����GRL����������V����-�������������-� 

�� 7HFKQLFDO�0HPRUDQGXP� -�1DWLRQDO�$GYLVR�
U\�&RPPLWWHH�IRU�$HURQDXWLFV��������� ����
-��������� 

�� *RHW]H��������� 3LVWRQ�ULQJ�KDQGERRN��%XU�
VFKHLG� 

�� 5�6��.KXUPL��������� $�WH[WERRN�RI�PDFKLQH�
GHVLJQ 

�� 2(0V� �1�3�� 1($&�� %XUWRQ� &RUEOLQ�� 6LDG��
&SL��0LWVXL��.REH��%	0��'DWD¶V 

�� ',1�������-���� 
�� %ORFK�� +�� 3��� 	� +RHIQHU�� -�� -��

������� 5HFLSURFDWLQJ� FRPSUHVVRUV�� RSHUD�
WLRQ�DQG�PDLQWHQDQFH��+RXVWRQ��*XOI 

�� /HXYD��+���6KDK��6��$���	�%KDUJDY��+��$��
�������� &RPSXWDWLRQDO� $QDO\VLV� RI� 5HFLS�
URFDWLQJ� &RPSUHVVRU� 3LVWRQ� IRU� /LIHWLPH�
3HUIRUPDQFH� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
5H-� 6HDUFK� DQG� ,QQRYDWLRQV� LQ� 6FLHQFH��
(QJLQHHULQJ� 	7HFKQRORJ\� ��� ���–�����
GRL�����������UIZ] 

��� $QGHUVVRQ�� 3��� 7DPPLQHQ�� -��� 	� 6DQG�
VWURP��&�-(��������� 3LVWRQ�ULQJ�WULERORJ\�$�
OLWHUDWXUH�VXUYH\��(VSRR��+HOVLQNL�8QLYHUVL�
W\�RI�7HFKQRORJ\��,QWHUQDO�&RPEXVWLRQ�(Q�
JLQH�/DERUDWRU\ 

��� (QJLQHHU
V� +DQGERRN� RI� 3LVWRQ� 5LQJV��
6HDO�5LQJV��0HFKDQLFDO�6KDIW�6HDOV��.RS�
SHUV�&R 

��� 6WHSKHQ�7LPRVKHQNR��-�6WUHQJWK�RI�0DWH�
ULDOV�� 3W�� ��� $GYDQFHG� 7KHRU\� DQG� 3URE�
OHPV  

 
$%287�7+(�$87+256 

 
(QJ�� 0HKPHW� 6DPDQFLRJOX� UHFHLYHG� KLV� GH�
JUHH� LQ� 0HFKDQLFDO� (QJLQHHULQJ� �%6F�� IURP�
WKH�8QLYHUVLW\�RI�0RVXO�� ,UDT� LQ�������+H�EH�
JDQ�KLV�SURIHVVLRQDO�FDUHHU�DV�D�PDLQWHQDQFH�
HQJLQHHU�ZLWK�15&�UHILQHU\��,UDT�DQG�ZHQW�RQ�
WR�EHFRPH�D�5RWDWLQJ�(TXLSPHQW�6XSHULQWHQ�
GHQW�� ,Q�������KH� MRLQHG�&3,�FRPSUHVVLRQ�DV�
$UHD�6DOHV�0DQDJHU�IRU�D�SHULRG�RI�DERXW����
\HDUV�� ,Q� ������ 0HKPHW� MRLQHG� *XDUQLIORQ�
63$-� ,WDO\� DV� D�7HFKQLFDO� &RQVXOWDQW� SURYLG�
LQJ� 6HDOLQJ� VROXWLRQV� IRU� 5HFLSURFDWLQJ� *DV�
&RPSUHVVRUV��+H� LV�DOVR�D�7HFKQLFDO�$GYLVRU�
GHYHORSLQJ�XSJUDGHG�VHDOLQJ�PDWHULDOV�IRU�GU\
-UXQQLQJ�VHDOLQJ�V\VWHP�LQ�WKH�5�'�WHDP� 
 

 
'U�� )LNUHW� 7HU]L� KDV� PRUH� WKDQ� ��� \HDUV� RI�
WHDFKLQJ�DQG�SURIHVVLRQDO�H[SHULHQFH�LQ�GLIIHU�
HQW�8QLYHUVLWLHV�LQ�,UDT��OHFWXULQJ�RQ�3HWUROHXP�
DQG� &KHPLFDO� HQJLQHHULQJ�� +H� KDV� KHOG� WKH�
SRVLWLRQ�RI�'HDQ� LQ�.LUNXN�7HFKQLFDO�&ROOHJH��
,UDT� IRU� ��� \HDUV�� )XUWKHU� WR� KLV� UHWLUHPHQW�
IURP�VHUYLFH�LQ�,UDT��KH�LV�FXUUHQWO\�WKH�$VVLV�
WDQW�3URIHVVRU� LQ�&\SUXV�,QWHUQDWLRQDO�8QLYHU�
VLW\��/HINRVD��1RUWK�&\SUXV��7XUNLVK�UHSXEOLF� 
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Molecular Investigation of a Condenser 
with Blocked Airflow 
5XHEHQ�$EUDKDP 

*29(51,1*�)$&7256 

$� FRPPRQ� SKHQRPHQRQ� WKDW� GHVLJQHUV� 	�
WHFKQLFLDQV� LQ� WKH� +9$&5� LQGXVWU\� FRPH�
DFURVV�LV�WKH�ULVH�LQ�FRQGHQVHU�SUHVVXUH�GXH�WR�
UHVWULFWLRQV�LQ�DLUIORZ����7KLV�DUWLFOH�GHVFULEHV�D�
WKRXJKW�H[SHULPHQW� WKDW�DQDO\]HV� WKH�PROHFX�
ODU� PHFKDQLVPV� DVVRFLDWHG� ZLWK� WKLV� ULVH� LQ�
SUHVVXUH�� 3ULPDULO\�� LW� LV� LPSRUWDQW� WR� XQGHU�
VWDQG�WKDW�WKH�SUHVVXUH�LQVLGH�WKH�FRQGHQVHU�LV�
D� IXQFWLRQ� RI� VHYHUDO� SDUDPHWHUV� WKDW� LQFOXGH��
EXW�DUH�QRW�OLPLWHG�WR�� 

�� 7KH� FDSDFLW\� RI� WKH� FRPSUHVVRU� L�H�� WKH�
PDVV�IORZ�UDWH�RI�UHIULJHUDQW�EHLQJ�SXPSHG 

�� 7KH� OLQH� VL]H� RI� WKH� GLVFKDUJH� WXELQJ� L�H��
WKH�LQQHU�YROXPH�RI�WKH�FRQGHQVHU 

�� 9ROXPH�IORZ�UDWH�RI�WKH�DLU�WKURXJK�WKH�FRQ�
GHQVHU 

�� 7HPSHUDWXUH� GLIIHUHQFH� EHWZHHQ� WKH� DLU� 	�
WKH�UHIULJHUDQW�LQ�WKH�FRQGHQVHU 

�� )DFWRUV� WKDW� DIIHFW� FRQGHQVHU� KHDW� UHMHF�
WLRQ�� QDPHO\�� DUHD� RI� KHDW� H[FKDQJH�� ILQ�
VKDSH�� GLVWDQFH� EHWZHHQ� ILQV�� PDWHULDO�
SURSHUWLHV�RI�WXEHV�	�ILQV�� 

�� 6L]H�RI�WKH�H[SDQVLRQ�GHYLFH 

�� /RDG�RQ�WKH�HYDSRUDWRU� 

�� 6\VWHP�JDV�FKDUJH�TXDQWLW\ 

�� 5HIULJHUDQW�SURSHUWLHV 

7KLV�DUWLFOH�ZLOO�IRFXV�RQ�WKH�HIIHFW�RI�DLUIORZ�RQ�
FRQGHQVHU�SUHVVXUH�DV� LWV� LPSDFW�RQ�RWKHU� UH�
IULJHUDQW�SDUDPHWHUV�FDQ�EH�H[SODLQHG�E\�ZLWK�
D�VLPLODU�PHWKRGRORJ\�� 

-2851(<�7+528*+�7+(�&21'(16(5 

:KHQ� WKH� VXFWLRQ� IDFH� DUHD� RI� DQ� DLU-FRROHG�
FRQGHQVHU� LV� EORFNHG�� HLWKHU� E\� DQ� H[WHUQDO�
FRYHULQJ�RU�E\�GHEULV�WUDSSHG�EHWZHHQ�LWV�ILQV��
WKH� V\VWHP� EHJLQV� WR� IXQFWLRQ� DW� DQ� HOHYDWHG�
SUHVVXUH�UHODWLYH�WR�LWV�GHVLJQHG�SRLQW��7KLV�ZLOO�
KDYH�D�FRQVHTXHQFH�RQ� WKH�VXFWLRQ�SUHVVXUH��
HYDSRUDWLQJ� WHPSHUDWXUH� >LQ� FDVH� RI� D� FDSLO�
ODU\@�� FRPSUHVVRU� FXUUHQW� FRQVXPSWLRQ�� FRP�
SUHVVRU�KHDG�WHPSHUDWXUHV�HWF��HYHQWXDOO\� 

FDXVLQJ�DQ�RYHUDOO�GHYLDWLRQ�RI�V\VWHP�SHUIRU�
PDQFH�IURP�LWV�LQWHQGHG�UDQJH� 

7R�XQGHUVWDQG�WKH�LQQHU�ZRUNLQJV�DW�D�PROHF�
XODU� OHYHO�� ZH� ZLOO� QHHG� WR� FRYHU� WKH� EDVLFV�
ILUVW�� 5HIULJHUDQW� JDV� ZKLFK� LV� DW� D� UHODWLYHO\�
KLJKHU� WHPSHUDWXUH� WKDQ� WKH� UHVW� RI� WKH� V\V�
WHP��HQWHUV�WKH�FRQGHQVHU�DW�D�IORZ�UDWH�JRY�
HUQHG�E\� WKH�FRPSUHVVRU¶V�FDSDFLW\��7KLV� UH�
IULJHUDQW�JDV�XQGHUJRHV���PDMRU�SURFHVVHV�LQ�
LWV�MRXUQH\�WKURXJK�WKH�FRQGHQVHU 

'H-VXSHUKHDWLQJ��LV�SURFHVV�RI�UHPRYLQJ�VHQ�
VLEOH�KHDW�IURP�D�VXSHUKHDWHG�JDV�XQWLO�LW�KDV�
UHDFKHG�LWV�SRLQW�RI�VDWXUDWLRQ 

&RQGHQVLQJ�� LV� WKH� ODWHQW�KHDW�UHPRYDO�VWDJH�
WKDW�FDXVHV�D�FKDQJH�LQ�SKDVH�IURP�D�JDV�WR�
D�VDWXUDWHG�OLTXLG 

6XE-FRROLQJ��LV�WKH�VHQVLEOH�KHDW�UHPRYDO�SUR�
FHVV�RI�D�OLTXLG�EHORZ�LWV�WHPSHUDWXUH�RI�VDWX�
UDWLRQ 

5($/�:25/'�(;$03/( 

/HW� XV� FRQVLGHU� D� UHIULJHUDWLRQ� V\VWHP� IXQF�
WLRQLQJ� DW� WKH� IROORZLQJ� FRQGLWLRQV� WR� EHWWHU�
XQGHUVWDQG�WKH�FRQFHSW 

· &RQGHQVLQJ�WHPSHUDWXUH�RI����&� 

· (YDSRUDWLQJ�WHPSHUDWXUH�RI�-���&� 

· 5HIULJHUDQW�FDSDFLW\�RI�����ZDWWV� 

· 5����DV�D�UHIULJHUDQW� 

· 6XSHUKHDW�RI����.� 

· 6XEFRROLQJ�RI���.� 

· ,VHQWURSLF� HIILFLHQF\� WDNHQ� DV� �� IRU� VLP�
SOLFLW\ 

:H�FDQ�SORW� WKH�3-+�FKDUW� IRU� WKLV�FRQILJXUD�
WLRQ�XVLQJ� WKH�FRROSDFN�VRIWZDUH��6HH�*UDSK�
� 
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7DEOH����3URSHUWLHV�GHULYHG�IRU�5����DW����&�FRQGHQVLQJ�WHP�
SHUDWXUH 

*UDSK����7HPSHUDWXUH�	�3UHVVXUH�SORWWHG�RQ�D�3+�FKDUW�IRU�5��� 

$V�WKH�JDVHRXV�UHIULJHUDQW�HQWHUV�WKH�FRQGHQ�
VHU�>UHSUHVHQWHG�DV�SRLQW���RQ�WKH�3-+�FKDUW@��
LW�EHJLQV�WR�ORVH�LWV�KHDW�WR�WKH�DLU�EHLQJ�EORZQ�
RYHU�LW��,W�LQLWLDOO\�GH-VXSHUKHDWV�IURP���-���DQG�
EHJLQV�WR�FKDQJH�SKDVH�IURP�SRLQWV���-����7KH�
VSDFH�RFFXSLHG�E\�WKH�UHIULJHUDQW�GXULQJ���-���
LV� WKH� PDLQ� GULYLQJ� IRUFH� IRU� WKH� SUHVVXUH� LQ�
WKH� FRQGHQVHU�� 6LQFH� WKH� UHIULJHUDQW� H[LVWV�
ERWK�DV�D�JDV�	�D�OLTXLG�LQ�WKH�UHJLRQ�EHWZHHQ�
��	����WKH�FRPELQHG�HIIHFW�RI�JDVHRXV�	�OLTXLG�
VSHFLILF�YROXPHV�DIIHFW�SUHVVXUH�GLUHFWO\��*DV�
PROHFXOHV�RFFXS\�PRUH�VSDFH�WKDQ�OLTXLG�PRO�
HFXOHV�DW�WKH�VDPH�FRQGHQVLQJ�SUHVVXUH��7KLV�
FDQ� EH� YLVXDOO\� UHSUHVHQWHG� E\� GUDZLQJ� WZR�
VSKHUHV�RI� GLPHQVLRQV�GHULYHG� IURP� WKH� VSH�
FLILF� YROXPH� RI� WKH� OLTXLG� 	� JDV� DW� WKH� VDPH�
FRQGHQVLQJ�SUHVVXUH��)RU�VLPSOLFLW\��ZH�LPDJ�
LQH� WKH�PROHFXOHV�WR�EH�RI�D�VSKHULFDO�VKDSH��
6HH�7DEOH���IRU�SURSHUW\�GDWD�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)LJ����6L]H�FRPSDULVRQ�EHWZHHQ� OLTXLG�	�JDV�
PROHFXOH� RI� 5���� DW� D� FRQGHQVLQJ� WHPSHUD�
WXUH�RI����& 

 

,W� LV� REVHUYHG� WKDW� WKH� PROHFXOHV� XQGHUJR� D�
����UHGXFWLRQ� LQ� WKH�UDGLL�	�D�����UHGXFWLRQ�
LQ�YROXPH�DV�WKH�JDV�FRQGHQVHV�WR�OLTXLG� 

*UDSK� �� VKRZV� WKH� YDULDWLRQ� LQ� VSHFLILF� YRO�
XPH�RI�WKH�PROHFXOHV�DW�WKH�VDPH�FRQGHQVLQJ�
SUHVVXUH� RI� ������ EDU�� 7KH� VORSH� LV� VWHHS� LQ�
WKH� VXSHUKHDWHG� SKDVH� 	� IODW� LQ� WKH� OLTXLG�
SKDVH��$OVR�QRWLFH�WKH�VXGGHQ�GURS�LQ�VSHFLILF�
YROXPH� DW� D� FRQVWDQW� WHPSHUDWXUH� RI� ���&��
7KLV� LV� WKH� UHJLRQ� RI� SKDVH� FKDQJH� ZKHUH� D�
UHGXFWLRQ� LQ� VSHFLILF� YROXPH� LQ� QHDUO\� �����
7KHUHIRUH�� ZH� FDQ� LQIHU� WKDW� WKH� TXLFNHU� ZH�
DUH�DEOH�WR�FRQGHQVH� WKH�VXSHUKHDWHG�JDV� WR�
OLTXLG��PRUH�WKH�VSDFH�DYDLODEOH�WR�DFFRPPR�
GDWH�H[WUD� UHIULJHUDQW�	� ORZHU� WKH�SUHVVXUH� LQ�
WKH� FRQGHQVHU�� $V� WKH� DLU� IORZV� WKURXJK� WKH�
FRQGHQVHU��LW�SLFNV�XS�KHDW�IURP�LW�	�LQVWLJDWHV�
FRQGHQVDWLRQ�� 7KH� IDVWHU� WKLV� DLUIORZ�� WKH�
TXLFNHU�WKH�UDWH�RI�FRQGHQVDWLRQ��WKHUHE\� 
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NHHSLQJ� WKH�SUHVVXUH�ZLWKLQ� OLPLWV��*UDSK��� LQ�
GLFDWHV� WKH� YDULDWLRQ� LQ� VSHFLILF� YROXPH� RI� 
5����DW�GLIIHUHQW�TXDOLWLHV�DW����&� 

 

 

 

 

 

 

 

 

 

 

 

*5$3+,1*�285�7+28*+76 

/HW¶V� WDNH�XS�D�JUDSKLFDO�H[HUFLVH� WR�GULYH� WKH�
SRLQW�KRPH��6RPH�DVVXPSWLRQV� IRU� WKLV�DQDO\�
VLV�LQFOXGH 

5HG� VSKHUHV� UHSUHVHQW� JDV� PROHFXOHV� ZKLOH�
WKH�JUHHQ�VSKHUHV�UHSUHVHQW�OLTXLG� 

'LPHQVLRQV�RI�WKH�PROHFXOHV�DUH�VFDOHG�EDVHG�
RQ� WKH� GDWD� VKRZQ� LQ� 7DEOH� ��� $OO� PROHFXOHV�
DUH�DVVXPHG�WR�EH�VSKHULFDO� 

7KH�VL]H�YDULDWLRQ�RI�WKH�JDVHRXV�PROHFXOHV�DW�
GLIIHUHQW� TXDOLWLHV� LV� QRW� PRGHOHG�� 2QO\� WKH�
ERXQGDU\�VSHFLILF�YROXPHV�EHWZHHQ�WKH�JDV�	�
OLTXLG�DW�WKH�VDLG�FRQGHQVLQJ�SUHVVXUHV� 

&RPSUHVVLELOLW\�RI�WKH�JDVHRXV�PROHFXOHV�LV� 

QRW�JUDSKLFDOO\�UHSUHVHQWHG�LQ�WKH�DQDO\VLV 

7KH� ZKLWH� VSDFHV� LQ� EHWZHHQ� WKH�PROHFXOHV�
GR�QRW�UHSUHVHQW�YDFXXP��$OO�VSDFH�ZRXOG�EH�
ILOOHG�ZLWK�JDV�RU�OLTXLG�PROHFXOHV� 

)LJXUH� ��� VKRZV� WKH� FRQGHQVDWLRQ� SURFHVV�
WDNLQJ� SODFH� LQ� WKH� FRQGHQVHU�� 7KH� ODUJHU�
�UHG��JDVHRXV�PROHFXOHV�XQGHUJR�D�UHGXFWLRQ�
LQ� YROXPH� DV� WKH� FRQGHQVDWLRQ� SURJUHVVHV���
7KH�FRQGHQVDWLRQ�LV�LQVWLJDWHG�E\�WKH�DLU�IORZ�
DFURVV�WKH�WXEH�	�WKH� 

 

 

 

 

 

 

WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ� WKH�DLU�	� WKH�
UHIULJHUDQW� 

&RQVLGHU�D��QG�VFHQDULR�RI� LQFUHDVHG�DLUIORZ�
FRPSDUHG�WR�VFHQDULR���>PDLQWDLQLQJ�WKH�WHP�
SHUDWXUH�RI� LQFRPLQJ�DLU�FRQVWDQW@��7KH�JDVH�
RXV� PROHFXOHV� ZRXOG� EHJLQ� FKDQJLQJ� SKDVH�
WR�OLTXLG�DW�D�PXFK�IDVWHU�UDWH��7KLV�KLJKHU�UDWH�
RI� FRQGHQVDWLRQ� PHDQV� D� TXLFNHU� UDWH� DW�
ZKLFK� ODUJHU� JDV� PROHFXOH� FRQYHUWV� WR� D�
VPDOOHU� OLTXLG�PROHFXOH��7KLV� OHDGV� WR�D�PRUH�
VSDFH� EHLQJ� DYDLODEOH� LQ� WKH� FRQGHQVHU� IRU�
PRUH�PROHFXOHV�RI�UHIULJHUDQW�WR�EH�DFFRPPR�
GDWHG�� 7KLV� DOVR�PHDQV� WKDW� WKH� SUHVVXUH� LQ�
WKH� OLQH� LV� ORZHU� WKDQ� 
LWV�GHVLJQHG�FDVH��6HH�)LJXUH�� 

*UDSK����6SHFLILF�9ROXPH�9DULDWLRQ�DW�������EDU 

*UDSK����7KH�³5HJLRQ�RI�SKDVH�
&KDQJH´�LQGLFDWHG�LQ�*UDSK���DW�D�
FRQGHQVLQJ�WHPSHUDWXUH�RI����& )LJXUH����'HVLJQHG�DLUIORZ�VFHQDULR 
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)LJXUH����6LGH�E\�6LGH�&RPSDULVRQ�RI�WKH�
��6FHQDULRV� 

 

 

 

 

 
&RQVLGHU�WKH�RSSRVLWH�FDVH�ZKHUH�WKH�DLU�IORZ�
DFURVV� WKH� FRQGHQVHU� LV� UHGXFHG� EHORZ� LWV�
GHVLJQHG�FRQGLWLRQ��7KH� UDWH�RI�FRQGHQVDWLRQ�
ZRXOG�UHGXFH��FDXVLQJ�D�VORZHU�UDWH�DW�ZKLFK�
WKH�JDV�PROHFXOHV�FRYHUWV�WR�OLTXLG��7KLV�FDXV�
HV� D� EXLOGXS� RI� JDV�PROHFXOHV� LQ� WKH� OLQH� DV�
WKH�UDWH�DW�ZKLFK�WKH�PROHFXOHV�HQWHU�WKH�FRQ�
GHQVHU� LV� JUHDWHU� WKDQ� WKH� PROHFXOHV� FRQ�
GHQVLQJ�	� OHDYLQJ� WKH� FRQGHQVHU�� 7KLV� OHDGV�
WR�EXLOG�XS�RI�SUHVVXUH�LQ�WKH�OLQH�DWWULEXWHG�RI�
WKH�FRQWLQXRXV�SXPSLQJ�RI�JDV�PROHFXOHV�LQWR�
WKH�FRQGHQVHU�E\�WKH�FRPSUHVVRU� 

3877,1*�,7�$//�72*(7+(5 

$�VLGH�E\�VLGH�FRPSDULVRQ�RI�WKH��-VFHQDULRV�
UHSUHVHQWHG� LQ� WKH� SUHYLRXV� VHFWLRQV� VKHGV�
OLJKW�RQ�WKH�LPSRUWDQFH�RI�DLUIORZ�	�WKH�UHSHU�
FXVVLRQV�RI�D�EORFNHG�FRQGHQVHU�RQ�SUHVVXUH��
7KH� DLU� IORZLQJ� WKURXJK� WKH� FRQGHQVHU� SLFNV�
XS� KHDW� IURP� WKH� UHIULJHUDQW� 	� LQVWLJDWHV� WKH�
FRQGHQVDWLRQ� SURFHVV�� 7KH� TXDQWLW\� RI� WKLV�
DLUIORZ� KDV� D� GLUHFW� LPSDFW� RQ� WKH� SUHVVXUH�
EXLOW�XS� LQ� WKH�GLVFKDUJH� OLQH��*UHDWHU�WKH�DLU�
IORZ�� IDVWHU� WKH�UDWH�RI�FRQGHQVDWLRQ�	�KHQFH�
PRUH�VSDFH�DYDLODEOH� IRU� WKH�PRUH�UHIULJHUDQW�
JDV� WR� EH� DFFRPPRGDWHG� LQ� WKH� FRQGHQVHU��
6LPLODUO\�� ORZHU� DLUIORZ� ZRXOG� DPRXQW� WR� D�
VPDOOHU� UDWH�RI� FRQGHQVDWLRQ� WKHUHE\�FDXVLQJ�
D� EXLOGXS� RI� JDV� PROHFXOHV� LQ� WKH� GLVFKDUJH�
OLQH��KHQFH�UDLVLQJ�WKH�SUHVVXUH� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5()(5(1&(6 

&RROSDFN�� 6DWXUDWHG� SURSHUWLHV� IRU� 5���� 	�
VRIWZDUH� IRU� SORWWLQJ� WKH� 3+� FKDUW� KWWSV���
ZZZ�LSX�GN�SURGXFWV�FRROSDFN� 

:LOOLDP� &�� :KLWPDQ�� :LOOLDP� 0�� -RKQVRQ��
-RKQ� $��� 7RPF]\N�� DQG� (XJHQH� 6LOEHUVWHLQ��
5HIULJHUDWLRQ� 	� $LU� &RQGLWLRQLQJ� 7HFKQRORJ\���
6L[WK�(GLWLRQ��'HOPDU�&HQJDJH�/HDUQLQJ 

$%287�7+(�$87+25 

5HXEHQ�$EUDKDP�KDV�EHHQ�DW�WKH�KHOP�RI�UH�
VHDUFK�� GHYHORSPHQW� 	� GHVLJQ� RI� KHDWLQJ�
FRROLQJ� V\VWHPV� IRU� RYHU� �� \HDUV�� )URP� GH�
VLJQLQJ�UHIULJHUDWLRQ�SODQWV��WKH�VL]H�RI�IRRWEDOO�
ILHOGV� WR� V\VWHPV� WKDW� VLW� RQ� D� FRXQWHUWRS��
5HXEHQ
V� H[SHULHQFH� VWUHWFKHV� DFURVV� LQGXV�
WULDO��FRPPHUFLDO�	�GRPHVWLF�DSSOLFDWLRQV�ZLWK�
SURMHFWV� H[HFXWHG� IRU� JOREDO� PDUNHWV�� $OW�
KRXJK� IRUPDOO\� WUDLQHG� ZLWK� D� GHJUHH� LQ� 0H�
FKDQLFDO�HQJLQHHULQJ��KH�OHYHUDJHV�KLV�FXULRVL�
W\� IRU�HOHFWURQLFV�	�FRGLQJ�WR�GHYHORS� LQQRYD�
WLYH�VROXWLRQV�WR�SHUWLQHQW�SUREOHPV�� 

)LJXUH����+LJK�DLUIORZ�VFHQDULR� 
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Key Thermo-Physical Properties of Light 
Crude Oils 
-D\DQWKL�9LMD\�6DUDWK\��(QJLQHHULQJ�3UDFWLFH�&RQWULEXWLQJ�$XWKRU 

3URFHVV� IDFLOLWLHV�DUH�HTXLSSHG�ZLWK�SURWHFWLRQ�
PHDVXUHV�� VXFK� DV� SUHVVXUH� VDIHW\� YDOYHV�
�369��	�DV�D�PLQLPXP��369V�DUH�VL]HG� IRU�D�
ILUH�FDVH��7R�GR�VR�IRU�D�SUHVVXUH�YHVVHO�FRQ�
WDLQLQJ�FUXGH�RLO�D�NH\�SDUDPHWHU�LV�WKH�/DWHQW�
KHDW�RI�9DSRUL]DWLRQ�>+Y@�� 

)RU� SXUH� FRPSRQHQWV�� WKH� -REDFN¶V� 0HWKRG�
FDQ� EH� HPSOR\HG�ZKLFK� XVHV� EDVLF� VWUXFWXUDO�
LQIRUPDWLRQ� RI� WKH� FKHPLFDO� PROHFXOH� WR� HVWL�
PDWH�WKHUPR-SK\VLFDO�GDWD��+RZHYHU�LW�FDQ�EH�
FRPSOH[� IRU�HTXLSPHQW� WKDW� FRQWDLQV�FUXGH�RLO�
EHFDXVH� WKH� SOXV� IUDFWLRQV� >&��@� FDQ� FRQWDLQ�
WKRXVDQGV�RI�VWUDLJKW�FKDLQ��F\FOLF�	�IXQFWLRQDO�
JURXSV��7KHUHIRUH�E\�VSOLWWLQJ�DQG�OXPSLQJ�WKH�
FUXGH� IUDFWLRQV�� D� VPDOOHU� QXPEHU� RI� FRPSR�
QHQWV� DUH� DUULYHG� DW�� WR� FKDUDFWHUL]H� DQG� EH�
DEOH� WR�DSSO\�(TXDWLRQ�RI�6WDWH��(R6��FRUUHOD�
WLRQV�WR�HVWLPDWH�WKH�IUDFWLRQ¶V�WKHUPR-SK\VLFDO�
SURSHUWLHV� 

7R� HVWLPDWH� SURSHUWLHV� VXFK� DV�0:�� 6SHFLILF�
JUDYLW\�>J@��&ULWLFDO�3UHVVXUH�>3F@��&ULWLFDO�7HP�
SHUDWXUH� >7F@� DQG� /DWHQW� KHDW� RI� 9DSRUL]DWLRQ�
>+Y@��WKH�IROORZLQJ�DUWLFOH�SURYLGHV�IHZ�FRUUHOD�
WLRQV� DSSOLFDEOH� IRU� OLJKW� FUXGHV� ZLWK� ERLOLQJ�
SRLQWV� �� ����&� EDVHG� RQ� '-��� 'LVWLOODWLRQ�
FXUYHV� 

*(1(5$/�127(6 

�� /DWHQW� KHDW� RI� 9DSRUL]DWLRQ� >+Y@�� FDQ� EH�
HVWLPDWHG� XVLQJ� FULWLFDO� SURSHUWLHV� RI� WKH�
SOXV�IUDFWLRQV�LQ�WKH�K\GURFDUERQ�PL[WXUHV� 

�� 2LO�IUDFWLRQV�WHQG�WR�GHFRPSRVH�DW�a����)�
�����&��DW� ��DWP��$V�D� UHVXOW�� LW� EHFRPHV�
QHFHVVDU\� WR� ORZHU� WKH�SUHVVXUH� WR�DV� ORZ�
DV� ��PP� +J� WR� REWDLQ� WKH� 7UXH� %RLOLQJ�
3RLQW� �7%3�� GLVWLOODWLRQ� FXUYHV�� $670�
PHWKRGV�FDQ�EH�XVHG�WR�FRQYHUW�WKH�UHVXOW�
LQJ�ERLOLQJ�SRLQW�FXUYH�LQWR�7%3�FXUYHV�XV�
LQJ� FRUUHODWLRQV� IURP� $3,� 7HFKQLFDO� 'DWD�
%RRN�–�3HWUROHXP�5HILQLQJ� 

�� 7KH� $670�'-��� GLVWLOODWLRQ� RI� DQ� RLO� IUDF�
WLRQ�LV�FRQGXFWHG�LQ�ODERUDWRU\�URRP�FRQGL�
WLRQV� DW� �� DWP� DQG� WKH� '-��� GLVWLOODWLRQ�
FXUYH�HQGV�DW�a����)������&�� 

�� 7KH� $670� '-����� GLVWLOODWLRQ� RI� DQ� RLO�
IUDFWLRQ�LV�FRQGXFWHG�DW�PXFK�ORZHU�SUHV�
VXUHV�� W\SLFDOO\����PP+J� IRU�KHDYLHU�RLOV�
ZLWK�KLJK�ERLOLQJ�SRLQWV�WR�SUHYHQW�GHFRP�
SRVLWLRQ�RI�WKH�RLO�VDPSOH��:LWK�WKLV�PHWK�
RG�� RLO� IUDFWLRQV� FDQ� EH� GLVWLOOHG� XSWR�
a����)� WR� a�����)� �����&� WR� ����&���
UHSRUWHG�RQ�D����PP�+J�EDVLV� 

�� 7KH� ERLOLQJ� SRLQW� RI� DOO� FRPSRXQGV� LQ� D�
FUXGH� PL[WXUH� FDQ� EH� UHSUHVHQWHG� E\� D�
VLQJOH� FKDUDFWHULVWLF� ERLOLQJ� SRLQW� FDOOHG�
9ROXPH� $YHUDJH� %RLOLQJ� 3RLQW� >9$%3@��
6LQFH� WKH� LQGLYLGXDO�PROH� IUDFWLRQV�RI� WKH�
SHWUROHXP� VWUHDP� LV� QRW� NQRZQ��9$%3� LV�
FDOFXODWHG� IURP� VWDQGDUG� GLVWLOODWLRQ� GDWD�
>$670� '-��@� IROORZHG� E\� FDOFXODWLQJ� WKH�
PHDQ�DYHUDJH�ERLOLQJ�SRLQW�>0H$%3@� 

�� 7KH� 0ROHFXODU� ZHLJKW� >0:@�� 6SHFLILF�
JUDYLW\�>J@�	�ERLOLQJ�SRLQW�>7E@�DUH�WDNHQ�DV�
WKH�NH\�SURSHUWLHV�WR�GHILQH�WKH�PDNHXS�RI�
D� SHWUROHXP� IUDFWLRQ�� ,Q� WKLV� DUWLFOH�� WKH�
.DW]-)LURR]DEDGL� >����@�� 5LD]L-'DXEHUW�
>����������@�	�$KPHG�>����@�FRUUHODWLRQV�
DUH�VKRZQ�WR�SUHGLFW�0:��VSHFLILF�JUDYLW\�
>J@��&ULWLFDO�3UHVVXUH� >3F@�	�&ULWLFDO�7HP�
SHUDWXUH�>7F@��7R�HVWLPDWH�+Y��5LHGHO�FRU�
UHODWLRQ� LV� HPSOR\HG� WR� HVWLPDWH� WKH� /D�
WHQW� +HDW� RI� 9DSRUL]DWLRQ� >+Y�1%3@� DW�
1RUPDO� %RLOLQJ� 3RLQW� >0H$%3�1%3�7E@��
:DWVRQ�UHODWLRQ� LV�XVHG�WR�HVWLPDWH�+9�7�
DW�GHVLUHG�WHPSHUDWXUH�� 

6(/(&7('�&255(/$7,216 

7KH�EHORZ�WDEOH�JLYHV�D�VXPPDU\�RI� WKH� WZR�
JHQHUDOL]HG�FRUUHODWLRQV�WR�HVWLPDWH�0:��3F��
7F�DQG�+Y�RI�WKH�SHWUROHXP�IUDFWLRQ�� 
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,W� LV� WR� EH� QRWHG� WKDW�� WKH� .DW]-)LURR]DEDGL�
>����@� FRUUHODWLRQ� ZDV� RULJLQDOO\� EDVHG� RQ�
.UHJOHZVNL� DQG� =ZROLQVNL� >����@� JHQHUDOL]HG�
H[SUHVVLRQ�ZKLFK�LV�RI�WKH�IRUP� 

������������������ 
 

:KHUH�� T� UHSUHVHQWV� WKH� SURSHUWLHV� VXFK� DV�
7E��J��3F�DQG�7EU� 

7KH� YDOXH� RI� WKH� FRQVWDQWV�� D�� E�� F� LQ� WKH�
DERYH�H[SUHVVLRQ�LV�EDVHG�RQ�D�WDEXODWHG�VHW�
JHQHUDWHG� IURP� WKH� SK\VLFDO� SURSHUWLHV� RI� ���
FRQGHQVDWHV�DQG�FUXGH�RLO� V\VWHPV��7KH�YDO�
XH�RI�J�EDVHG�RQ�0:�LQ�WKH�.DW]-)LURR]DEDGL�
FRUUHODWLRQ� SUHGLFWV� ZLWKLQ� ����� IRU� VWUDLJKW�
FKDLQ�QXPEHUV� >6&1@�JURXSV� IURP�&�� WR�&����
6LPLODUO\�� WKH� DEVROXWH� DYHUDJH� GHYLDWLRQ�
�$$'��� RI� WKH� .UHJOHZVNL� DQG� =ZROLQNVL�
>����@� FRUUHODWLRQ� JLYHV� DQ� $$'�� RI� ������
�������������DQG����LQ�WKH�SURSHUWLHV�RI�7E��
J�� 7EU�� 3F� UHVSHFWLYHO\� EHWZHHQ� FRUUHODWLRQV�
DQG�SK\VLFDO�SURSHUWLHV�RI�WKH����FRQGHQVDWHV�
DQG�FUXGH�RLO�V\VWHPV� 

9$%3�	��0H$%3�&$/&8/$7,21 
)RU� SHWUROHXP� IUDFWLRQV� XVXDOO\�� WKHUH� ZRXOG�
EH�QR� LQIRUPDWLRQ�DYDLODEOH�DERXW� WKH�ZHLJKW��
PROH�RU�YROXPH�IUDFWLRQV�FRQVLGHULQJ�WKH�ODUJH�
QXPEHU�RI�FRPSRXQGV�SUHVHQW��,Q�VXFK�FDVHV��
WKH�$670�EDVHG�'-���GLVWLOODWLRQ�GDWD�IRU�OLJKW�
RLOV��$3,�*UDYLW\�!����$3,�DQG�'-���7HPSHUD�
WXUHV� �� ����&�� FDQ� EH� XVHG� WR� HVWLPDWH� WKH�
9ROXPH� $YHUDJH� %RLOLQJ� 3RLQW� �9$%3�� DQG�
0HDQ� $YHUDJH� %RLOLQJ� 3RLQW� �0H$%3�� ZKLFK�
FDQ�EH�FDOFXODWHG�DV�IROORZV� 

��� 
,W�LV�WR�EH�QRWHG�WKDW�ZKHQ�WKH�DYHUDJH�ERLOLQJ�
SRLQW� �$%3�� RI� D� FUXGH� VDPSOH� LV� HVWLPDWHG�
EDVHG�RQ�ZHLJKW� �:���PROHV� �0��DQG� YROXPH�
�9�� EDVLV�� WKHUH� ZRXOG� H[LVW� D� GLIIHUHQFH� LQ�
HDFK�RI�WKHVH�DYHUDJH�ERLOLQJ�SRLQWV��7R�UHODWH�
WKH�GLIIHUHQW�W\SHV�RI�$%3V��WKH�9$%3�YDOXH�LV�
FRUUHFWHG�ZLWK�D�VORSH�OLQH�DQG�FRUUHFWLRQ�IDF�
WRU�OLQH�WR�ILQG�RWKHU�$%3V��7KH�6ORSH�/LQH��6��
LV�HVWLPDWHG�DV�� 

� ������������� 
:LWK�WKH�6�YDOXH�� WKH�FRUUHFWLRQ�IDFWRU��'70H$�
LV�HVWLPDWHG�XVLQJ�WKH�HPSLULFDO�H[SUHVVLRQ�� 

�
 � ������������������������������������������������ 

:KHUH�� 
9$%3� �9ROXPH�$YHUDJH�%RLOLQJ�3RLQW�>�&@ 

:LWK�WKH�FRUUHFWLRQ�IDFWRU��'70H$�� WKH�0H$%3�
LV�HVWLPDWHG�DV� 

� ������������ 
7R� HVWLPDWH� WKH� FULWLFDO� SURSHUWLHV�� 0:� DQG�
ODWHQW� KHDW� RI� YDSRUL]DWLRQ� >+Y@�� 0H$%3� EH�
FRPHV�WKH�QRUPDO�ERLOLQJ�SRLQW��7E�� 
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&$6(�678'< 
/LJKW�&UXGH�2LO�LV�SUHVHQW�LQ�D�SURFHVV�YHVVHO�
DW� ����.� >������&@�� 7R� VL]H� D� 369� IRU� ILUH�
FDVH��WKH�ODWHQW�KHDW�RI�YDSRUL]DWLRQ�>+Y@�YDOXH�
LV�UHTXLUHG�WR�EH�FRPSXWHG��7KH�'-���GLVWLOOD�
WLRQ�FXUYHV�DUH�DV�IROORZV� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

:LWK� WKH� DYDLODEOH� GDWD�� 9$%3� LV� HVWLPDWHG�
DV� 

������� 

� � ������������ 

7KH�VORSH��6�LV�HVWLPDWHG�DV� 

���� 

7KH�FRUUHFWLRQ�IDFWRU�'70H$�EHFRPHV� 

�� 
����������������������������������������������������������������������� 
7KH�0H$%3�LV�HVWLPDWHG�DV� 

������ 

2U� ������������� 

$SSO\LQJ� WKH� 0H$%3�7E� YDOXH�� WKH� FULWLFDO�
SURSHUWLHV��J�DQG�0:�LV�HVWLPDWHG�DV�IROORZV� 

����� 

������� 

������� 

���� 

����� 

� ������������������������ 

������� 

6LPLODUO\� DSSO\LQJ� 5LD]L-'DXEHUW� FRUUHODWLRQV�
IURP�7DEOH���ZLWK�J �������DQG�7E� ����

�.� 

�  ����������������������� 

���  ����������� 

�  ����������� 

7KH�/DWHQW�+HDW�RI�9DSRUL]DWLRQ�>+Y�1%3@�EDVHG�
RQ�.DW]-)LURR]DEDGL�3F��7F��7E�GDWD�LV� 

����� 

$W�����.��+Y�7�LV� 

������ 

6LPLODUO\��XVLQJ�5LD]L-'DXEHUW�3F��7F��7E�GDWD� 

��   ������������ 

$W�����.�� �  ����������� 

$'',7,21$/� &255(/$7,21� –� $+0('�
>����@ 
%DVHG� RQ� $KPHG� >����@� FRUUHODWLRQ� RI� WKH�
.DW]-)LURR]DEDGL� >����@�� SK\VLFDO� SURSHUWLHV�
DUH� WDEXODWHG� ZLWK� WKH� QXPEHU� RI� FDUERQ� DW�
RPV�LQ�SHWUROHXP�IUDFWLRQV�XVLQJ�D�UHJUHVVLRQ�
PRGHO�RI�WKH�IRUP� 

� ����������� 
:KHUH� 
T� �7F��3F 
Q� �QXPEHU�RI�FDUERQ�DWRPV� 
D���D���D���D���D�� FRHIILFLHQWV 
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%DVHG�RQ�$KPHG�>����@�FRUUHODWLRQ� 

�  ������������ 

���  ������������ 

�  ������������ 

��   ������������ 

$W�����.�� �  ������������ 

5(68/76 

 

7DNLQJ�DQ�DYHUDJH�RI�WKH�HVWLPDWHV�PDGH��WKH�
FULWLFDO� SURSHUWLHV�� 0:� DQG� +Y� LV� HVWLPDWHG�
DV�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5()(5(1&(6 
�� ³3K\VLFDO� 3URSHUWLHV� RI� +HDY\� 3HWUROHXP�

)UDFWLRQV�DQG�&UXGH�2LOV´��0RKDPPDG��5��
5LD]L�� 7DKHU� $�� $O-6DKKDI�� )OXLG� 3KDVH�
(TXLOLEULD����������������-���� 

�� ³(TXDWLRQ�RI�6WDWH�DQG�397�$QDO\VLV´��7D�
UHN�$KPHG��*XOI�3XEOLVKLQJ�&RPSDQ\ 

�� �³3HWUROHXP� 5HILQHU\� 3URFHVV� 0RGHOOLQJ��
,QWHJUDWHG� 2SWLPL]DWLRQ� 7RROV� DQG� $SSOL�
FDWLRQV´��<�$��/LX��$L-)X�&KDQJ��.LUDQ�3D�
VKLNDQWL�� )LUVW� (GLWLRQ�� ����� :LOH\–9&+�
9HUODJ�*P%+�	�&R� 

�� ³(YDOXDWLRQ�RI�'LIIHUHQW�&RUUHODWLRQ�3HUIRU�
PDQFH�IRU� WKH�FDOFXODWLRQ�RI�&ULWLFDO�3URS�
HUWLHV� DQG� $FHQWULF� )DFWRU� RI� 3HWUROHXP�
+HDY\�)UDFWLRQV´��'DFLG�%��/��5DIHO�%��6��
$QGUH�3�&�0�9��$GROIR�3��3��9LDWFKHVODY�,��
3�� KWWS���G[�GRL�RUJ���������
LQWHFKRSHQ������ 

 
$%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�'\QDPLF�
6LPXODWLRQ�DQG�6XEVHD�2QVKRUH�SLSHOLQH�IORZ�
DVVXUDQFH� LQ� WKH�2LO� DQG�*DV� LQGXVWU\�� 9LMD\�
KDV� ZRUNHG� DV� DQ� 8SVWUHDP� 3URFHVV� (QJL�
QHHU� ZLWK� PDMRU� FRQJORPHUDWHV� RI� *HQHUDO�
(OHFWULF��(1,�6DLSHP�DQG�6KHOO� 
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Guidelines for Mist Elimination Equipment 
Selection, Sizing, Safety &  
Troubleshooting | Part 1 

.DUO�.ROPHW]��8WDPL�/HG\DQD�'DXOD\��$SULOLDQD�'ZLMD\DQWL 

,1752'8&7,21 
0LVW� HOLPLQDWLRQ�� RU� WKH� UHPRYDO� RI� HQWUDLQHG�
OLTXLG� GURSOHWV� IURP� D� YDSRU� VWUHDP� LV� RQH� RI�
WKH� PRVW� HQFRXQWHUHG� SURFHVVHV� HTXLSPHQW�
UHTXLUHPHQWV�UHJDUGOHVV�RI�XQLW�RSHUDWLRQ��0LVW�
HOLPLQDWLRQ� FDQ� EH� GHILQHG� DV� WKH�PHFKDQLFDO�
VHSDUDWLRQ� RI� OLTXLGV� IURP� JDVHV�� 7KH� HTXLS�
PHQW�XVHG�IRU� WKH�UHPRYDO�RI� WKLV�HQWUDLQPHQW�
LV�UHIHUUHG�WR�DV�D�PLVW�HOLPLQDWRUV��� 
 
$� SURSHUO\� HQJLQHHUHG� PLVW� HOLPLQDWRU� PD\�
UHGXFH� OLTXLG� FDUU\RYHU� E\� D� IDFWRU� RI� PRUH�
WKDQ�RQH�KXQGUHG�SHUFHQW� ������� UHODWLYH� WR�
D� VWDQGDUG� YDQLOOD� XQLW�� �3UHVVXUH�GURS�KHDG�
ORVVHV�UHGXFHG�E\�ILIW\�SHUFHQW�������RU�PRUH�
DQG� LQFUHDVH� SURGXFWLRQ� FDSDFLW\� E\� IDFWRUV�
RI�WKUHH�WR�IRXU�KXQGUHG�SHUFHQW��������� 
 
,Q� WKH� FKHPLFDO� SURFHVV� LQGXVWU\�� WKHUH� DUH� D�
QXPEHU�RI�SURFHVVHV�ZKHUH�JDVHV�DQG�OLTXLGV�
FRPH� LQWR� FRQWDFW�ZLWK�HDFK� RWKHU� DQG�ZKHQ�
HYHU� WKLV�KDSSHQV� WKH�JDV�ZLOO� HQWUDLQ�D�VPDOO�
DPRXQW�RI�WKH�OLTXLG�SDUWLFOHV��7KLV�OLTXLG�SKDVH�
ZKLFK� JHWV� FDUULHG� DZD\� ZLWK� WKH� JDVHRXV�
SKDVH�PD\� OHDG� WR�D�QXPEHU�RI�SUREOHPV� OLNH�
ORVV�RI�SURGXFW�TXDOLW\��HTXLSPHQW�GDPDJH�IRU�
H[DPSOH� DV� LQ� D� FRPSUHVVRU�� SURFHVV� LQHIIL�
FLHQF\�� DQG� QHHGV� WR� EH� HOLPLQDWHG� DQG� �� RU�
UHGXFHG� 
 
3URSHU� PLVW� HOLPLQDWLRQ� HTXLSPHQW� VHOHFWLRQ�
FDQ� UHGXFH� WKH� VL]H� RI� WKH� VHSDUDWLRQ� YHVVHO�
OHDGLQJ� WR� D� ODUJH� FRVW� VDYLQJ� LQ� FDSLWDO� RI� D�
SURMHFW�� � 3URSHU� VHOHFWLRQ� RI� IRXOLQJ� UHVLVWDQW�
PLVW� HOLPLQDWLRQ� HTXLSPHQW� FDQ� LQFUHDVH� UXQ�
OHQJWK�VLJQLILFDQWO\�� 
 
8QIRUWXQDWHO\��PLVW�HOLPLQDWRUV�DUH�RIWHQ�FRQ�
VLGHUHG� FRPPRGLW\� LWHPV� DQG� DUH� VSHFLILHG�
ZLWKRXW�WKH�SURSHU�DWWHQWLRQ�WR�DYDLODEOH�WHFK�
QRORJLHV� DQG� GHVLJQ� DSSURDFKHV�� 0DQ\�
WLPHV��WKH\�DUH�VSHFLILHG�LQFRUUHFWO\�OHDGLQJ�WR�
ORZHU� FDSDFLW\�� IRXOLQJ�� KLJK� SUHVVXUH� GURS�
DQG�IDLOXUH�� 
 
2QH�ZRXOG�WKLQN�WKDW�WKH�PXOWLSOH�IDLOXUHV�
ZRXOG�OHDG�WR�EHWWHU�GHVLJQ�SUDFWLFHV���7KH�
FKDOOHQJH�RI�PLVW�HOLPLQDWLRQ�GHVLJQ�LV�KDYLQJ�

WURXEOHVKRRWLQJ�WR�EXLOG�WKHVH�EHVW�SUDFWLFHV���
7KHUH�DUH�YHU\�IHZ�JURXSV�WKDW�KDYH�WKH�
NQRZOHGJH�RI�DOO�WKUHH�–�LQVWLOODWLRQ��XQLW�RSHU�
DWLRQ�DQG�WURXEOHVKRRWLQJ��� 
 
7KH�RQH�SLHFH�WKDW�PRVW�JURXS�ODFN�LV�XQLW�
RSHUDWLRQ�DQG�EHLQJ�DEOH�WR�HVWLPDWH�WKH�IDLO�
XUH�PHFKDQLVPV���(QVXUH�WKDW�\RXU�GHVLJQHU�
KDV�NQRZOHGJH�LQ�DOO�WKUHH�DUHDV�EHIRUH�GH�
VLJQLQJ�PLVW�HOLPLQDWLRQ�RU�LQ�IDFW�DQ\�SURFHVV�
HTXLSPHQW� 
 
'(6,5('�)($785(6�,1�$�0,67�(/,0,1$�
725� 
· 6LPSOH�VWUXFWXUH� 
· /LJKWZHLJKW� 
· +LJK�SRURVLW\� 
· /RZ�SUHVVXUH�GURSV� 
· /DUJH�VXUIDFH�DUHD� 
· +LJK�PLVW�VHSDUDWLQJ�HIILFLHQF\� 
· (DV\�WR�LQVWDOO��RSHUDWH�DQG�PDLQWDLQ� 
· (DVLO\�WDLORU�PDGH�WR�VXLW�PRVW�YHVVHO�

VKDSHV�DQG�VL]HV� 
· 'XUDEOH�DQG�ORQJ�VHUYLFH�OLIH� 
· &RUURVLRQ�UHVLVWDQFH 
 
./0�7HFKQRORJ\�*URXS�ZRXOG�EH�KDSS\�WR�
DVVLVW�LQ�\RXU�QHHGV�IRU�PLVW�HOLPLQDWLRQ���:H�
DUH�RQH�RI�WKH�IHZ�JURXSV�WKDW�KDYH�DOO�WKUHH�
UHTXLUHPHQWV�WR�SURIHVVLRQDOO\�GHVLJQ�SUR�
FHVV�HTXLSPHQW�-��LQVWDOODWLRQ��XQLW�RSHUDWLRQ�
DQG�WURXEOHVKRRWLQJ���:H�FDQ�HQJLQHHU��VXS�
SO\��RU�WURXEOHVKRRW�\RXU�DSSOLFDWLRQ���3OHDVH�
FRQWDFW�XV�DW�LQIR#NOPWHFKJURXS�FRP�� 
 
6(/(&7,21�2)�(48,30(17� 
0LVW�HOLPLQDWRUV�ILQG�D�ZLGH�YDULHW\�RI�DSSOLFD�
WLRQV�VXFK�DV�HYDSRUDWRUV��WKUHH�SKDVH�VHSD�
UDWRUV��NQRFNRXW�YHVVHOV��VFUXEEHUV��GLVWLOOD�
WLRQ�FROXPQV�DQG�RWKHUV��7KH�FKRLFH�RI�PLVW�
HOLPLQDWRU�PXVW�EH�GRQH�RQ�WKH�EDVLV�RI�WKH�
DSSOLFDWLRQ�UHTXLUHPHQWV��3URGXFWV�DUH�DYDLO�
DEOH�LQ�D�ZLGH�DUUD\�RI�PHWDOV��SODVWLFV��DQG�
WKHUPRSODVWLFV�WR�VXLW�D�YDULHW\�RI�DSSOLFD�
WLRQV� 
 
�� :LUH�0HVK�3DG�0LVW�(OLPLQDWRU��7KH�PHVK�

SDG�PLVW�HOLPLQDWRU�UHPRYHV�GURSOHWV�E\�
LPSLQJHPHQW�RQ�VXUIDFH�RI�D�ZLUH��7KH� 
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OLTXLG�FROOHFWHG�RQ�WKH�ILODPHQW�LV�GUDLQHG�
RII�XQGHU�JUDYLW\��7KHVH�PLVW�HOLPLQDWRUV�
SURYLGH�PD\�SURYLGH�UHPRYDO�RI�GURSOHWV�
GRZQ�WR���WR���PLFURQV� 

�� 3ODLQ�9DQH�3DFN�0LVW�(OLPLQDWRU��7KH�SODLQ�
YDQH�SDFN�PLVW�HOLPLQDWRU�LV�D�KLJK�HIIL�
FLHQF\�PLVW�HOLPLQDWRU�FRPPRQO\�XVHG�IRU�
UHPRYLQJ�HQWUDLQHG�OLTXLGV�IURP�YDSRU�
IORZLQJ�YHUWLFDOO\�XSZDUGV��7KHVH�PLVW�
HOLPLQDWRUV�XVH�FRUUXJDWHG�YDQHV�DV�D�
PHFKDQLVP�IRU�PLVW�HOLPLQDWLRQ� 

�� 3RFNHWHG�9DQH�3DFN�0LVW�(OLPLQDWRU��7KH�
KLJK�FDSDFLW\�YDQH�SDFN�PLVW�HOLPLQDWRUV�
XVH�D�KRRNHG�YDQH�PHFKDQLVP�IRU�KLJKHU�
FDSDFLW\�PLVW�HOLPLQDWLRQ��7KH\�SURYLGH�IRU�
HIILFLHQW�GURSOHW�UHPRYDO�DQG�VXSHULRU�UH�
VLVWDQFH�WR�IRXOLQJ�IRU�KLJK�UDWH�KRUL]RQWDO�
YDSRU�IORZ� 

�� 0LVW�(OLPLQDWRUV�IRU�KLJK�HIILFLHQF\�PLVW�
HOLPLQDWLRQ��7KH�KLJK�HIILFLHQF\�PHVK�SDG�
PLVW�HOLPLQDWRUV�UHPRYH�GURSOHWV�E\�LP�
SLQJHPHQW�RQ�WKH�ZLUH�VXUIDFH��7KH�OLTXLG�
FROOHFWHG�RQ�WKH�ILODPHQWV�GUDLQV�RII�XQGHU�
JUDYLW\��7KH\�SURYLGH�UHPRYDO�RI�GURSOHWV�
GRZQ�WR�DERXW��-��PLFURQV��7KH\�SURYLGH�D�
WXUQGRZQ�UDQJH�RI�YDSRU�UDWH�RI�DURXQG�
���� 

 
 

:,5(�0(6+�'(0,67(5�3$'6 
7KH�VLPSOHVW�DQG�PRVW�FRPPRQO\�VSHFLILHG�LV�
WKH�ZLUH�PHVK�PLVW�HOLPLQDWRU���WKH�ZLUH�PHVK�
HOLPLQDWRU��LQ�WKH�PRVW�JHQHUDO�VHQVH��LV�D�
VLPSOH�SRURXV�EODQNHW�RI�PHWDO�RU�SODVWLF�ZLUH�
WKDW�UHWDLQV�OLTXLG�GURSOHWV�HQWUDLQHG�E\�WKH�
JDV�SKDVH��7KH�VHSDUDWLRQ�SURFHVV�LQ�WKH�ZLUH�
PHVK�PLVW�HOLPLQDWRU�LQFOXGHV�WKUHH�VWHSV�� 
 
���7KH�ILUVW��EHLQJ�CLQHUWLD�LPSDFWLRQ
�RI�WKH�
OLTXLG�GURSOHWV�RQ�WKH�VXUIDFH�RI�ZLUH��$V�WKH�
JDV�SKDVH�IORZV�SDVW�WKH�VXUIDFH�RU�DURXQG�
ZLUHV�LQ�WKH�PHVK�SDG�WKH�VWUHDPOLQHV�DUH�GH�
WHFWHG��EXW�WKH�NLQHWLF�HQHUJ\�RI�WKH�OLTXLG�
GURSOHWV�DVVRFLDWHG�ZLWK�WKH�JDV�VWUHDP�PD\�
EH�WRR�KLJK�WR�IROORZ�WKH�VWUHDPOLQH�RI�WKH�JDV�
DQG�WKH\�LPSLQJHG�RQ�WKH�ZLUHV�� 
 
���7KH�VHFRQG�VWDJH�LQ�WKH�VHSDUDWLRQ�SUR�
FHVV��LV�WKH�FRDOHVFHQFH�RI�WKH�GURSOHWV�LP�
SLQJLQJ�RQ�WKH�VXUIDFH�RI�WKH�ZLUHV�� 
 
���,Q�WKH�WKLUG�VWHS��GURSOHWV�GHWDFK�IURP�WKH�
SDG��,Q�WKH�YHUWLFDO�IORZ�LQVWDOODWLRQV��WKH�FDS�
WXUHG�OLTXLG�GUDLQV�EDFN�LQ�WKH�IRUP�RI�ODUJH�
GURSOHWV�WKDW�GULS�IURP�WKH�XSVWUHDP�IDFH�RI�
WKH�ZLUH�PHVK�SDG��,Q�WKH�KRUL]RQWDO�IORZ�V\V�
WHPV��FROOHFWHG�OLTXLG�GURSOHWV�GUDLQ�GRZQ�
WKURXJK�WKH�YHUWLFDO�D[LV�RI�WKH�PHVK�SDG�LQ�D�
FURVV�IORZ�IDVKLRQ� 
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7\SLFDOO\�� PD[LPXP� DOORZDEOH� YHORFLW\� IRU� D�
PLVW� HOLPLQDWRU� LV� OLPLWHG� E\� WKH� DELOLW\� RI� WKH�
FROOHFWHG� OLTXLG�WR�GUDLQ�IURP�WKH�XQLW��,Q�YHUWL�
FDO�XS� IORZ�PHVK�GHPLVWHU��ZKHQ� WKH�JDV�YH�
ORFLW\� LQFUHDVHV� SDVW� GHVLJQ� OHYHOV�� OLTXLG� EH�
JLQV� WR� DFFXPXODWH� LQ� WKH� ERWWRP� RI� WKH� XQLW��
7KH� OLTXLG� EXLOGXS� UHVXOWV� LQ� UH-HQWUDLQ� RI� WKH�
OLTXLG�ZLWK�WKH�JDV�VWUHDP��7KLV�LV�EHFDXVH�WKH�
LQHUWLD�RI�WKH�LQFRPLQJ�JDV�SUHYHQWV�WKH�OLTXLG�
IURP�GUDLQLQJ�RXW�RI� WKH�ERWWRP�RI� WKH�XQLW�� ,Q�
KRUL]RQWDO� XQLWV�� WKH� JDV� LQHUWLD� SXVKHV� WKH�
FDSWXUHG� OLTXLG� WRZDUG� WKH� GRZQVWUHDP� IDFH�
DQG�ZLWK�WKH�JDV�VWUHDP�� 
 
$V�D�UXOH��VPDOOHU�GLDPHWHU�ZLUH�WDUJHWV�FROOHFW�
VPDOOHU� OLTXLG� GURSOHWV� PRUH� HIILFLHQWO\�� )RU�
H[DPSOH��D����PP�ZLUH�UHPRYHV�VPDOOHU�GURS�
OHWV� WKDQ� D� ����PP�ZLUH�� +RZHYHU�� D� EHG� RI�
��� PP� ZLUHV� QRUPDOO\� KDV� WKH� WHQGHQF\� WR�
IORRG�DQG�UH-HQWUDLQ�DW�PXFK�ORZHU�JDV�YHORFL�
WLHV� WKDQ� D� EHG� RI� ����PP�ZLUH�� 7KLV� LV� EH�
FDXVH�WKH�WKLQQHU�ZLUHV�SURYLGH�GHQVH�SDFNLQJ�
WKDW�FDQ� WUDS� WKH� OLTXLG�E\�FDSLOODU\�DFWLRQ�EH�
WZHHQ�WKH�ZLUHV�� 
 
,QWHUZHDYLQJ�RI�VPDOO�GLDPHWHU�ZLUHV�ZLWK�ODUJ�
HU�GLDPHWHU�ZLUH�KDV�EHHQ�XVHG�RIWHQ�WR�WDFNOH�
VRPH�RI� WKH�PRVW� GLIILFXOW�PLVW� UHPRYDO� SURE�
OHPV��7KLV�GHVLJQ�XVHV� WKH�PHWDOOLF�RU�SODVWLF�
ZLUHV�DV�D�VXSSRUW�VWUXFWXUH� WR�KROG�WKH�ZLUHV�
DSDUW��6SHFLDO� LQWHUQDO�PHVK�JHRPHWU\�PRGLIL�
FDWLRQV�DUH�QRZ�DYDLODEOH� WKDW�DOORZ� WKHVH�EL-
FRPSRQHQW� �WKDW� LV�� VPDOO� ILEHU� DQG� ODUJH-
GLDPHWHU�ZLUH�PHVK��FRQILJXUDWLRQV�WR�RSHUDWH�
DW� YHORFLWLHV� HVVHQWLDOO\� WKH� VDPH� DV� FRQYHQ�
WLRQDO�PHVK�GHVLJQV�� 
 
7KHVH� XOWUD-KLJK-HIILFLHQF\� GHVLJQV� FDQ� EH�
VXEVWLWXWHG� IRU� FRQYHQWLRQDO� PHVK� DQG� XVHG��
IRU�H[DPSOH��LQ�WKH�GHK\GUDWLRQ�WRZHUV�RI�QDW�
XUDO� JDV� SURGXFWLRQ� SODQWV��ZKHUH� HYHQ� VPDOO�
ORVVHV� RI� DEVRUSWLRQ� FKHPLFDOV�� VXFK� DV� HWK�
\OHQH� JO\FRO�� FDQ� EH� D� VLJQLILFDQW� RSHUDWLQJ�
H[SHQVH� 
 
&RQVWUXFWLRQ� PDWHULDOV� IRU� WKH� ZLUHV� LQFOXGH�
PHWDO�� ILEHUJODVV�� SODVWLFV�� RU� SRO\PHUV� VXFK�
DV� SRO\SURS\OHQH� RU� 7HIORQ�� 5HFHQWO\�� WKUHH�
QHZ�DOOR\V�KDYH�EHHQ�PDGH�DYDLODEOH� LQ�ZLUH�
IRUP�� ZKLFK� URXWLQHO\� SURYLGH� WKUHH� WR� ILYH�
WLPHV�WKH�VHUYLFH�OLYHV�RI�WKH�WUDGLWLRQDO� 

PDWHULDOV�� 7KH\� FDQ� RIIHU� LPSURYHG� VHUYLFH�
GHSHQGLQJ�RQ� WKH� WHPSHUDWXUH�DQG�DFLG�FRQ�
FHQWUDWLRQ�RI� WKH�JDV� VWUHDP��7KH�JDV�SKDVH�
YHORFLW\�VKRXOG�EH�OLPLWHG�WR�������P�V�WR�SUH�
YHQW�DQ\�UH-HQWUDLQ�RI�WKH�ZDWHU�GURSOHWV�FDS�
WXUHG�LQ�WKH�ZLUH�PHVK�SDG� 
 
:,5(�0(6+�'(0,67(5�3$'� 
,167$//$7,216�,1�&2/8016��9(66(/6���
72:(56 
:LUH�0HVK�'HPLVWHU�3DGV�PD\�EH�LQVWDOOHG�LQ�
FROXPQV�� YHVVHOV� RU� WRZHUV� LQ� YDULRXV� SRVL�
WLRQV� GHSHQGLQJ� XSRQ� WKH� VKDSH�� YDSRU� LQOHW�
QR]]OH� ORFDWLRQ�� YDSRU� RXWOHW� QR]]OH� ORFDWLRQ��
OLTXLG�RXWOHW�QR]]OH�ORFDWLRQ�DQG�SURFHVV�DSSOL�
FDWLRQV�� 
 
:,5(�0(6+�(/,0,1$725�'(6,*1�6,=,1*� 
:LUH�0HVK� (OLPLQDWRU� 'HPLVWHU� 3DGV� VKRXOG�
EH�GHVLJQHG�VR�WKDW�WKH�IDFH�DUHD�SURYLGHV�D�
YDSRU�UDWH�RI�DSSUR[LPDWHO\�����RI�PD[LPXP�
DOORZDEOH�UH-HQWUDLQPHQW�YHORFLW\��)RU�WKH�SXU�
SRVH� RI� HVWLPDWLRQ�� VXLWDEOH� GHVLJQ� YHORFLWLHV�
RFFXU� DW� D� .-IDFWRU� RI� ������ P�V� IRU� YHUWLFDO�
IORZ�RU�������P�V�IRU�KRUL]RQWDO�JDV�IORZ��GXH�
WR�EHWWHU�GUDLQDJH��ZKHUH� 

�����   ��(T�� 
 

:KHUH�� 
9V  �$FWXDO�YDSRU�YHORFLW\��P�V� 
ȡY  �9DSRU�GHQVLW\ 
ȡ/  �/LTXLG�GHQVLW\ 
 
$Q� DSSUR[LPDWH� SUHVVXUH� GURS� FDQ� EH� HVWL�
PDWHG�IURP�WKH�IROORZLQJ�IRUPXOD 
 
3��N3D�� �&�ȡ/�–�ȡ9��.

��W��  ��(T�� 
 

:KHUH� &�  � ����� IRU� D� W\SLFDO� PHVK� SDG� GH�
PLVWHU��DQG�LW�LV�WKH�SDG�WKLFNQHVV�LQ�PHWHUV� 
1RWH� WKDW� WKH�GU\�SUHVVXUH�GURS� LV�KDOI�RI� WKH�
ZHW�ILJXUH� 
 
7KH�PHWKRG�RI�GURSOHW�FUHDWLRQ�ZLOO�RIWHQ�JLYH�
D�JRRG� LQGLFDWLRQ�DERXW� WKH�GLIILFXOW\�RI�VHSD�
UDWLRQ��3K\VLFDO�SURSHUWLHV�RI�HDFK�SKDVH�DQG�
RWKHU�GDWD�QHHG�WR�EH�FROOHFWHG� 

V
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�� 'HQVLW\� GLIIHUHQFHV� DQG� YLVFRVLW\� GHWHU�
PLQH�KRZ�IDVW�WKH�GURSOHWV�ZLOO�GLVHQJDJH� 

�� )ORZ�UDWHV�ZLOO�GHWHUPLQH�WKH�XOWLPDWH�VL]H�
RI�WKH�UHTXLUHG�VHSDUDWLRQ�HTXLSPHQW� 

�� 'HVLUHG� VHSDUDWLRQ� SHUIRUPDQFH� PXVW� EH�
GHILQHG� 

�� ,QWHUIDFLDO� WHQVLRQ��ZKLFK� LV� D�PHDVXUH� RI�
WKH�HDVH�RI�GURSOHW� FRDOHVFLQJ�DQG�KRZ� LW�
LV� DIIHFWHG� E\� S+�DQG� WHPSHUDWXUH�� LV� H[�
WUHPHO\�KHOSIXO�ZKHQ�DYDLODEOH� 

�� SUHVHQFH�RI�LPSXULWLHV�DQG�VROLGV�ZLOO�RIWHQ�
FUHDWH� D� PRUH� GLIILFXOW� VHSDUDWLRQ�� VLQFH�
WKH\� FDQ� FROOHFW� DW� WKH� LQWHUIDFH� EHWZHHQ�
WKH�OLTXLGV��PDNLQJ�FRDOHVFLQJ�GLIILFXOW�DQG�
DOVR�OLPLWLQJ�HTXLSPHQW�FKRLFHV� 

�� 5HODWLYH�VROXELOLW\�DW�RSHUDWLQJ�WHPSHUDWXUH�
ZLOO�KHOS� WKH�GHVLJQHU�XQGHUVWDQG�ZKHWKHU�
WKH�GHVLUHG� VHSDUDWLRQ� LV� EHLQJ�SUHYHQWHG�
E\�VROXELOLW\�OLPLWV� 

 
:,5(�0(6+�(/,0,1$725� 
7528%/(6+227,1* 
,Q� IRXOLQJ� VHUYLFHV� ZLUH� PHVK� HOLPLQDWRU� GH�
PLVWHU�SDGV�KDYH�D�KLJK�IDLOXUH�UDWH���$�W\SLFDO�
IRXOLQJ� VHUYLFH� ZRXOG� EH� DQ� HWK\OHQH� SODQW�
FDXVWLF�WRZHU���7KLV�LV�D�SLFWXUH�RI�D�IRXOHG�GH�
PLVWHU�SDG�LQ�DQ�HWK\OHQH�SODQW�FDXVWLF�WRZHU���
<RX�FDQ�VHH� WKH� IRXOLQJ� WKDW�ZLOO� OHDG� WR�KLJK�
SUHVVXUH�GURS�DFURVV�WKH�GHPLVWHU�SDG����,I�WKH�
SUHVVXUH�GURS�EHFRPHV�KLJK�HQRXJK�LI�ZLOO� OLIW�
WKH�GHPLVWHU�SDG�OHDGLQJ�WR�YDSRU�E\SDVVLQJ� 
 

+HUH�LV�D�QHZ�GHPLVWHU�SDG�WKDW�ZDV�KDG�RQH�
SDQHO�QRW�GHOLYHUHG���1RWLFH�WKH�GLIIHUHQFH�EH�
WZHHQ�WKH�QHZ�SDQHOV�DQG�WKH�ROG�SDQHO� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
$V� WKH� SUHVVXUH� GURS� LQFUHDVHV� WKH� GHPLVWHU�
SDG�ZLOO�OLIW�OHDGLQJ�WR�YDSRU�E\SDVVLQJ�WKH�GH�
PLVWHU�SDG���+HUH�LV�GHPLVWHU�SDG�IDLOXUH� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7KLV� SLFWXUH� LV� IURP� DQ� HWK\OHQH� SODQW� VWHDP�
JHQHUDWRU�WRZHU��WKH\�DUH�XVHG�WR�UHF\FOH�ZD�
WHU���$Q\�WLPH�\RX�KDYH�VWHDP�JHQHUDWLRQ�\RX�
KDYH� WKH�KLJK�SUREDELOLW\� RI� SUHVVXUH� VXUJHV��
DQG� \RX� VKRXOG� GHVLJQ� IRU� WKLV� SRVVLELOLW\���
7KLV�GHPLVWHU�SDG�LV�QRW�IRXOHG��VR�WKLV�SURED�
ELOLW\�ZDV�D�SUHVVXUH�VXUJH�� 
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6$)(7<� 
)URP�D�VDIHW\�SHUVSHFWLYH�DIWHU�UHYLHZLQJ�SLF�
WXUHV�OLNH�WKLV�IDLOXUH��PDQ\�SHRSOH�ZDQW�WR�OLP�
LW�WKH�SRVVLELOLW\�RI�D�IDLOHG�GHPLVWHU�SDG�SOXJ�
JLQJ� D� 3UHVVXUH� 5HOLHI� 'HYLFH�� � 1HZHU� GH�
VLJQV� LQ� IRXOLQJ� VHUYLFH� DUH� SODFLQJ� WKH�3UHV�
VXUH�5HOLHI�'HYLFH�EHORZ�WKH�GHPLVWHU�SDG�� 
 
&21&/86,216�)25�3$57��� 
0LVW� HOLPLQDWLRQ� VHHP� VLPSOH� WR� GHVLJQ�� DQG�
WKHUH�DUH�PXOWLSOH�JURXSV�SURYLGLQJ�PLVW�HOLPL�
QDWLRQ� HTXLSPHQW� OHDGLQJ� WR� PDQ\� IDLOXUHV���
2QH� ZRXOG� WKLQN� WKDW� WKH� PXOWLSOH� IDLOXUHV�
ZRXOG� OHDG� WR� EHWWHU� GHVLJQ� SUDFWLFHV�� � 7KH�
FKDOOHQJH�RI�PLVW�HOLPLQDWLRQ�GHVLJQ� LV�KDYLQJ�
VRPH�H[SHULHQFH�LQ�LQVWDOODWLRQ��RSHUDWLRQ�DQG�
WURXEOHVKRRWLQJ� WR� EXLOG� WKHVH� EHVW� SUDFWLFHV���
7KHUH� DUH� YHU\� IHZ� JURXSV� WKDW� KDYH� WKH�
NQRZOHGJH�RI�DOO�WKUHH�–�LQVWLOODWLRQ��XQLW�RSHUD�
WLRQ�DQG� WURXEOHVKRRWLQJ�� �7KH�RQH�SLHFH� WKDW�
PRVW� JURXS� ODFN� LV� XQLW� RSHUDWLRQ� DQG� EHLQJ�
DEOH�WR�HVWLPDWH�WKH�IDLOXUH�PHFKDQLVPV���(Q�
VXUH� WKDW� \RXU� GHVLJQHU� KDV� NQRZOHGJH� LQ� DOO�
WKUHH� DUHDV� EHIRUH� GHVLJQLQJ�PLVW� HOLPLQDWLRQ�
RU�DQ\�SURFHVV�HTXLSPHQW� 
 
5()(5(1&(6 
�� 6PLWK� 5�� &KHPLFDO� 3URFHVV� 'HVLJQ� DQG�

,QWHJUDWLRQ��0F*UDZ�+LOO������� 
�� 3�� )DELDQ�� 5�� &XVDFN�� 3�� +HQQHVVH\�� 0��

1HXPDQ�� 'HP\VWLI\LQJ� WKH� VHOHFWLRQ� RI�
PLVW�HOLPLQDWRUV��3DUW�,��7KH�EDVLFV��&KHP��
(QJ���������������������� 

�� ,�.��%UDGLH��$�1��'LFNVRQ��5HPRYDO�RI�HQ�
WUDLQPHQW�OLTXLG�GURSOHWV�E\�ZLUH�PHVK�GH�
PLVWHUV��3URF��,QF��0HFK��(QJ�������������
���������� 

�� 0�9��%KDWLD��(QWUDLQPHQW� VHSDUDWRUV�� SUR�
FHVV� HTXLSPHQW� VHULHV�� 9&+�� 1HZ� <RUN��
����� 

�� :��&DSSV��SURSHUO\�VSHFLI\�ZLUH-PHVK�PLVW�
HOLPLQDWRUV��&KHP��(QJ��3URJ��������������
��� 

�� 7�/��+ROPHV��*�.��&KHQ��'HVLJQ�� DQG� VH�
OHFWLRQ� RI� VSUD\�� PLVW� HOLPLQDWLRQ� HTXLS�
PHQW��&KHP��(QJ��2FWREHU���������������� 

�� +$7� LQWHUQDWLRQDO�� $OSKD0,67� 'HVLJQ�
VKHHW� 

�� 'HVVRXN\��,PDG�0��(WWRXQH\�DW�DOO��3HUIRU�
PDQFH� RI� ZLUH� PHVK� PLVW� HOLPLQDWRU��
&KHP��(QJ�.XZDLW�8QLYHUVLW\������ 

�� $&6� ,QGXVWULHV�� 7KH� (QJLQHHUHG� 0LVW�
(OLPLQDWRU��+RXVWRQ��7H[DV�� 

��� )LQHSDF�6WUXFWXUHV�397��/7'��0LVW�(OLPL�
QDWRU 

��� 6HSFR� 3URFHVV�� ,QF�� 0LVW� (OLPLQDWRU� 'H�
VLJQ�0DQXDO 

��� .� .ROPHW]� HW� DO�� .ROPHW]� +DQGERRN� RI�
3URFHVV�(TXLSPHQW�'HVLJQ��./0�7HFKQRO�
RJ\� *URXS�� 'LVWLOODWLRQ� &ROXPQ� 6HOHFWLRQ��
6L]LQJ�� DQG� 7URXEOHVKRRWLQJ�� (QJLQHHULQJ�
'HVLJQ�*XLGHOLQH��-XQH����� 

��� �.� .ROPHW]� HW� DO�� .ROPHW]� +DQGERRN� RI�
3URFHVV� (TXLSPHQW� 'HVLJQ�� ./0� 7HFK�
QRORJ\� *URXS�� )LOWHU� 6HSDUDWRU� 6HOHFWLRQ��
6L]LQJ� DQG� 7URXEOHVKRRWLQJ�� (QJLQHHULQJ�
'HVLJQ�*XLGHOLQH��-DQ����� 

��� .� .ROPHW]� HW� DO�� .ROPHW]� +DQGERRN� RI�
3URFHVV� (TXLSPHQW� 'HVLJQ�� ./0� 7HFK�
QRORJ\�*URXS�� )OXLG� )ORZ� 3LSLQJ� +\GUDX�
OLFV� )OXLG� )ORZ� /LQH� 6L]LQJ� DQG� 0DWHULDO�
6HOHFWLRQ� (QJLQHHULQJ� 'HVLJQ� *XLGHOLQH��
���� 

��� .� .ROPHW]� HW� DO�� .ROPHW]� +DQGERRN� RI�
3URFHVV� (TXLSPHQW� 'HVLJQ�� ./0� 7HFK�
QRORJ\�*URXS��3UHVVXUH�9HVVHO�6HOHFWLRQ��
6L]LQJ� DQG� 7URXEOHVKRRWLQJ�� (QJLQHHULQJ�
'HVLJQ�*XLGHOLQHV��-XQH����� 

��� .� .ROPHW]� HW� DO�� .ROPHW]� +DQGERRN� RI�
3URFHVV� (TXLSPHQW� 'HVLJQ�� ./0� 7HFK�
QRORJ\� *URXS�� 6HSDUDWRU� 9HVVHO� 6HOHF�
WLRQ�� 6L]LQJ� DQG� 7URXEOHVKRRWLQJ�� (QJL�
QHHULQJ�'HVLJQ�*XLGHOLQH��-DQ����� 

��� .� .ROPHW]� HW� DO�� .ROPHW]� +DQGERRN� RI�
3URFHVV� (TXLSPHQW� 'HVLJQ�� ./0� 7HFK�
QRORJ\� *URXS�� 'HPLVWHU� 3DG� 6HOHFWLRQ��
6L]LQJ� DQG� 7URXEOHVKRRWLQJ�� (QJLQHHULQJ�
'HVLJQ�*XLGHOLQH��1RY����� 
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Megaproject OSBL Scope Development 

-RH�0DWKHUQH��&KLHI�3URFHVV�(QJLQHHU��3URFHVV�(QJLQHHULQJ� 
$VVRFLDWHV��//& 

'HVLJQLQJ� FULWLFDO� 26%/� IDFLOLWLHV� IRU� WKH� 6D�
GDUD� 3URMHFW� SUHVHQWHG� WKH� 83,� WHDP� ZLWK�
VRPH�XQLTXH�FKDOOHQJHV��ZKLFK�UHTXLUHG�LQQR�
YDWLYH�VROXWLRQV� 
 
7KH�6DGDUD�&KHPLFDO�&RPSDQ\�LV�D�MRLQW�YHQ�
WXUH� EHWZHHQ� 7KH� 'RZ� &KHPLFDO� &RPSDQ\�
DQG�6DXGL�$UDPFR�� 6DGDUD�FRQVWUXFWHG�DW�$O�
-XEDLO��.6$� WKH�ZRUOG¶V� ODUJHVW� SHWURFKHPLFDO�
FRPSOH[�HYHU�H[HFXWHG�LQ�D�VLQJOH�SKDVH� �7R�
WDO�&$3(;�IRU�WKH�6DGDUD�SURMHFW�ZDV�DSSUR[L�
PDWHO\�����ELOOLRQ� � ,WV��-NP� VLWH� IHDWXUHV����
LQWHJUDWHG�� ZRUOG-VFDOH� PDQXIDFWXULQJ� SODQWV�
WKDW� SURGXFH� D� WRWDO� RI� RYHU� �� PLOOLRQ� PHWULF�
WRQV� RI� KLJK� YDOXH-DGGHG� SODVWLFV� DQG� FKHPL�
FDO�SURGXFWV�HDFK�\HDU����� 

7KH�6DGDUD�VLWH�LQFOXGHV�D�ZRUOG-VFDOH�0L[HG�
)HHG�&UDFNHU������ZKLFK�ZHQW�OLYH�LQ�����������
DQG� SURGXFHV� DSSUR[LPDWHO\� ����PLOOLRQ� WRQV�
SHU� \HDU� RI� HWK\OHQH� DQG� DSSUR[LPDWHO\�
��������WRQV�SHU�\HDU�RI�SURS\OHQH�������� 
 
7KH� GHVLJQ� WHDPV� IRU� WKH� ��� SURFHVV� SODQWV�
ZHUH�ORFDWHG�LQ�FRQWUDFWRU�RIILFHV�DOO�RYHU�WKH�
ZRUOG� GXULQJ� WKH� )(('� DQG� GHWDLOHG� GHVLJQ�
SKDVHV�RI�WKH�SURMHFW�������� �7KH�VFRSH�RI�WKH�
6DGDUD� 8WLOLWLHV�� 3RZHU�� DQG� ,QIUDVWUXFWXUH�
�83,��3URMHFW������ZKLFK�ZDV�GHYHORSHG�LQ�WKH�
86�DQG�8.��LQFOXGHG� 
 
· 6WHDP�*HQHUDWLRQ�DQG�8WLOLWLHV 
· 3RZHU�'LVWULEXWLRQ 
· ,QWHUFRQQHFWLQJ�)DFLOLWLHV 
· :DVWH�7UHDWPHQW 
· ,QWHUIDFH�0DQDJHPHQW 

)LJXUH��-�6DGDUD�&RQILJXUDWLRQ���� 
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7KH� 6DGDUD� 6WHDP�*HQHUDWLRQ� SODQW� IHDWXUHG�
VL[� ��0:� ERLOHUV�� HDFK� ILWWHG� ZLWK� DGYDQFHG�
12[� DQG� 62[� HPLVVLRQ� FRQWURO� V\VWHPV�
���� � 7KH�83,� ,QWHUFRQQHFWLQJ�)DFLOLWLHV� VFRSH�
LQFOXGHG�GLVWULEXWLRQ�RI������P��KRXU�RI�GHVDOL�
QDWHG� ZDWHU� SURGXFHG� E\� D� WKLUG� SDUW\� IRU�
PDNHXS� WR� FRROLQJ� WRZHUV� ORFDWHG� WKURXJKRXW�
WKH� VLWH� ���� � 7KH�:DVWH� 7UHDWPHQW� VFRSH� LQ�
FOXGHG� WZR� ZRUOG-VFDOH� 7KHUPDO� 7UHDWPHQW�
8QLWV� WR� SURFHVV� KD]DUGRXV�� WR[LF�� DQG� KDOR�
JHQDWHG� K\GURFDUERQ� ZDVWHV� JHQHUDWHG�
DFURVV�WKH�FRPSOH[����� 
 
'HVLJQLQJ�FULWLFDO�26%/�IDFLOLWLHV�VXFK�DV�WKHVH�
VXSSRUWLQJ�D�PHJDSURMHFW�OLNH�6DGDUD�SUHVHQW�
HG�WKH�83,�WHDP�ZLWK�VRPH�XQLTXH�FKDOOHQJHV��
ZKLFK�UHTXLUHG�LQQRYDWLYH�VROXWLRQV� 
 
3UDFWLFDOO\�DOO�RI�WKH�83,�SURMHFW�IDFLOLWLHV�KDG�WR�
EH�PHFKDQLFDOO\� FRPSOHWH� DQG� FRPPLVVLRQHG�
EHIRUH�DQ\�RI�WKH�SURFHVV�SODQWV�FRXOG�EHJLQ�WR�
VWDUW�XS� �<HW�WKH�VFKHGXOH�IRU�WKH�6DGDUD�SUR�
MHFW� UHTXLUHG� WKH� 83,� WHDP� WR� ILQDOL]H� WKH� GH�
VLJQ� RI� WKHLU� IDFLOLWLHV� EHIRUH� WKH� GHVLJQ� IRU�
PDQ\�RI� WKH�SURFHVV�SODQWV�KDG�DGYDQFHG� IDU�
HQRXJK� WR� DOORZ� WKHLU� XWLOLW\� DQG� ZDVWH� WUHDW�
PHQW� UHTXLUHPHQWV� WR� EH� ILUPO\� VHW� � 7R� RYHU�
FRPH� WKLV� VFKHGXOH� GLVFRQQHFW�� DV� WKH� 83,�
WHDP�FROOHFWHG�XWLOLW\� DQG�ZDVWH� WUHDWPHQW� GH�
PDQG�GDWD� IURP�WKH� WHDPV�GHVLJQLQJ� WKH� LQGL�
YLGXDO�SURFHVV�SODQWV�� WKH\�ZHUH�DVNHG� WR�QRW�
RQO\� GHILQH� WKH� H[SHFWHG� QRUPDO� DQG� SHDN�
VWUHDP�IORZUDWHV��WKH\�ZHUH�DOVR�DVNHG�WR�KRQ�
HVWO\�DVVHVV�KRZ�ILUP�WKDW�GDWD�ZDV� �%DVHG�RQ�
WKLV� LQIRUPDWLRQ�� WKH� 83,� WHDP� DVVLJQHG� DQ�
³XQFHUWDLQW\� IDFWRU´� WR�HDFK�ELW�RI�GHVLJQ�GDWD��
ZKLFK� UHIOHFWHG� WKH� H[WHQW� WR� ZKLFK� WKH� XWLOLW\�
DQG�ZDVWH�WUHDWPHQW�GHPDQGV�UHSRUWHG�E\�WKH�
SURFHVV� SODQW� GHVLJQ� WHDPV� FRXOG� JURZ� DV�
WKHLU�GHVLJQV�SURJUHVVHG� �(VVHQWLDOO\�D�GHVLJQ�
PDUJLQ�� DQ� XQFHUWDLQW\� IDFWRU� RI� ���� ZDV� DV�
VLJQHG�WR�GDWD�83,�UHFHLYHG�UHJDUGLQJ�DQ\�SUR�
FHVV� SODQW� ZKRVH� GHVLJQ� ZDV� ILQDOL]HG� DQG�
WKXV�FRQVLGHUHG�ILUP� �$�KLJKHU�XQFHUWDLQW\�IDF�
WRU��XS�WR������ZDV�DVVLJQHG�WR�GHVLJQ�GDWD�83,�
UHFHLYHG� UHJDUGLQJ� DQ\� SURFHVV� SODQW� ZKRVH�
GHVLJQ�ZDV�SUHOLPLQDU\��DQG�KHQFH�SRWHQWLDOO\�
VXEMHFW�WR�VLJQLILFDQW�JURZWK�� $OWKRXJK�VXEMHF�
WLYH�DQG� LPSUHFLVH�� WKLV�DSSURDFK�QRQHWKHOHVV�
DOORZHG� WKH�83,� WHDP�WR�DVVHPEOH� WKH�GHVLJQ�
GDWD� IRU� WKHLU� IDFLOLWLHV� LQ� D�PDQQHU� FRQVLVWHQW�
ZLWK�WKH�RYHUDOO�6DGDUD�SURMHFW�VFKHGXOH� 
 
7KH�83,� WHDP�QH[W�KDG�WR�DJJUHJDWH� WKH� LQGL�
YLGXDO� ELWV� RI� XQFHUWDLQW\-DGMXVWHG� XWLOLW\� DQG�
ZDVWH�WUHDWPHQW�GHPDQG�GDWD�UHJDUGLQJ�WKH����
LQGLYLGXDO� SURFHVV� SODQWV� LQWR� GHVLJQ� UHTXLUH�
PHQWV� IRU� WKH� RYHUDOO� 6DGDUD� VLWH� XWLOLW\� DQG�
ZDVWH�WUHDWPHQW�V\VWHPV� �83,�ZDV� 

 
 
 
 
 
 
)LJXUH���–�6DGDUD�6WHDP�%RLOHUV�8QGHU� 
&RQVWUXFWLRQ���� 
 
FKDUJHG�ZLWK�GHVLJQLQJ�FRVW-HIILFLHQW�IDFLOLWLHV�
WKDW�ZRXOG�VXSSRUW�XS�WR�WKH�SHDN�IORZUDWH�IRU�
HDFK� XWLOLW\� VWUHDP�JRLQJ� WR� RU� ZDVWH� VWUHDP�
FRPLQJ� IURP� HDFK� RI� WKH� SURFHVV� SODQWV��
ZKHWKHU�GXULQJ�VWDUWXS��VKXWGRZQ��RU�DQ\�RWK�
HU�QRQ-VWHDG\-VWDWH�RSHUDWLQJ�FRQGLWLRQ� �$QG�
\HW�LW�ZRXOG�KDYH�EHHQ�XQHFRQRPLFDO�IRU�83,�
WR� GHVLJQ� WKHLU� IDFLOLWLHV� WR� DFFRPPRGDWH� DOO�
WKH�SHDN�IORZUDWHV�IRU�DQ\�JLYHQ�XWLOLW\�VXSSO\�
RU� ZDVWH� WUHDWPHQW� V\VWHP� IURP� DOO� UHOHYDQW�
SODQWV� RFFXUULQJ� VLPXOWDQHRXVO\� � 7KXV�� IRU�
WKH�ILUVW�SDVV�� WKH�83,� WHDP�DGRSWHG� WKH�SKL�
ORVRSK\� RI� GHVLJQLQJ� HDFK� XWLOLW\� DQG� ZDVWH�
WUHDWPHQW�V\VWHP�IRU�WKH�³VXP�RI�WKH�QRUPDOV�
SOXV� WKH� JUHDWHVW� VLQJOH� SHDN�´ � ,Q� RWKHU�
ZRUGV�� 83,� VWDUWHG� ZLWK� WKH� DVVXPSWLRQ� WKDW�
DOO� SHDN� XWLOLW\� GHPDQG� RU� ZDVWH� JHQHUDWLRQ�
VFHQDULRV� IRU� WKH� YDULRXV� SURFHVV� SODQWV�
ZRXOG� RFFXU� LQGHSHQGHQW� RI� HDFK� RWK�
HU� �7KHQ�83,�ZHQW�EDFN�DQG��LQ�FROODERUDWLRQ�
ZLWK�WKH�GHVLJQ�WHDPV�IRU�WKH�SURFHVV�SODQWV��
LGHQWLILHG� VFHQDULRV� LQ�ZKLFK� RQH� RU�PRUH� RI�
WKH� XWLOLW\� RU� ZDVWH� JHQHUDWLRQ� SHDN� IORZV�
FRXOG� RFFXU� VLPXOWDQHRXVO\�� DQG� RQO\� GH�
VLJQHG� IRU� VXFK� VFHQDULRV� E\� H[FHS�
WLRQ� �7KXV��WKH�6DGDUD�83,�WHDP�PHW�LWV�REOL�
JDWLRQ� WR� GHVLJQ� FRVW-HIILFLHQW� IDFLOLWLHV� WKDW�
ZRXOG�VXSSRUW� WKH� IXOO� UDQJH�RI�H[SHFWHG�RS�
HUDWLRQV�IRU�WKH�SURFHVV�SODQWV� 
 
 
 
 
 
 
 
 
)LJXUH���–�6DGDUD�3RZHU�DQG�3LSHUDFN� 
,QWHUIDFH���� 
 
'XH� WR� LWV� PDVVLYH� VFDOH�� 83,¶V� LQWHUIDFH�
PDQDJHPHQW� UROH�SUHVHQWHG� WKH� WHDP�DQRWK�
HU� XQLTXH� FKDOOHQJH��  7KHUH� ZHUH� VHYHUDO�
KXQGUHG�LQWHUIDFH�SRLQWV�EHWZHHQ�83,¶V�IDFLOL�
WLHV� DQG� WKRVH� RI� WKH� ��� LQGLYLGXDO� SURFHVV�
SODQWV�WR�EH�WUDFNHG�DQG�PDQDJHG�DV�WKH�6D�
GDUD� SURMHFW� SURJUHVVHG� � 7KHVH� LQWHUIDFH�
SRLQWV� LQFOXGHG� QRW� MXVW� XWLOLW\� DQG� ZDVWH�
VWUHDPV��EXW�DOVR�DOO� UDZ�PDWHULDO� IHHGVWRFNV�
DQG�DQ\�SURFHVV�VWUHDPV�H[FKDQJHG�DPRQJ� 
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WKH� SURFHVV� SODQWV� WKDW� SDVVHG� WKURXJK�83,¶V�
,QWHUFRQQHFWLQJ�)DFLOLWLHV� �$W� ILUVW�� WKH�RQO\� LQ�
IRUPDWLRQ� WKDW� ZDV� NQRZQ� UHJDUGLQJ� HDFK� RI�
WKHVH� LQWHUIDFH� SRLQWV� ZDV� ZKDW� PLJKW� EH�
IRXQG� LQ� D� W\SLFDO� SURFHVV� VLPXODWRU�–� QRUPDO�
DQG� SHDN� IORZUDWH�� FRPSRVLWLRQ�� WHPSHUDWXUH��
SUHVVXUH�� 7KHQ��DV�WKH�GHVLJQ�SURJUHVVHG��WKH�
LQWHUIDFH� GDWD� ZDV� H[SDQGHG� WR� LQFOXGH� SLSH�
VL]H�DQG�IODQJH�UDWLQJ��ZKLFK�KDG�WR�PDWFK�EH�
WZHHQ� WKH� 83,� DQG� ,6%/� VLGHV� RI� HDFK� LQWHU�
IDFH� SRLQW� � 'XULQJ� GHWDLOHG� GHVLJQ�� WKH� LQWHU�
IDFH�GDWD�ZDV�IXUWKHU�H[SDQGHG�WR� LQFOXGH�WKH�
SK\VLFDO� ORFDWLRQ� LQ� VSDFH� IRU� HDFK� LQWHUIDFH�
SRLQW�� ZKLFK� DJDLQ� KDG� WR� PDWFK� H[DFWO\� –� WR�
WKH�PLOOLPHWHU� � 'XULQJ� FRQVWUXFWLRQ�� WKH� LQWHU�
IDFH� GDWD� ZDV� ILQDOL]HG� E\� LQFOXGLQJ� WKH� GDWH�
ZKHQ�WKH�VHFWLRQ�RI�SLSH�PDNLQJ�XS�HDFK�KDOI�
RI�HDFK�LQWHUIDFH�SRLQW�ZDV�H[SHFWHG�WR�EH� LQ�
VWDOOHG�� 1RQH�RI�WKH�6DGDUD�LQWHUIDFH�PDQDJH�
PHQW�ZRUN�ZDV�D]HRWURSLF�GLVWLOODWLRQ� �%XW�MXVW�
WKH� VKHHU� YROXPH� RI� GDWD� WKDW� KDG� WR� EH� H[�
FKDQJHG�� FKHFNHG�� DQG� UHSHDWHGO\� UHFKHFNHG�
GXULQJ� HDFK� SKDVH� RI� WKH� SURMHFW� ZLWK� WHDPV�
VFDWWHUHG�DOO�DFURVV�WKH�JOREH�IRU�WKH�KXQGUHGV�
RI� LQGLYLGXDO�SRLQWV� LQ�83,¶V� LQWHUIDFH�PDQDJH�
PHQW� GDWDEDVH� PDGH� WKLV� FULWLFDO� DVSHFW� RI�
83,¶V�VFRSH�D�PDMRU�XQGHUWDNLQJ� 
 
 
 
 
 
 
 
 
)LJXUH���–�6DGDUD��NP�,QWHUFRQQHFWLQJ� 
)DFLOLWLHV�3LSHUDFN���� 
 
+\GUDXOLF� KDPPHU�� RU� VXUJH�� LV� W\SLFDOO\� RQO\�
FRQVLGHUHG� LQ� SURFHVV� SODQWV� IRU� ORQJ� OLTXLG�
OLQHV� � %XW� VLQFH� 83,¶V� ,QWHUFRQQHFWLQJ� )DFLOL�
WLHV� VSDQQHG� DFURVV� 6DGDUD¶V� HQWLUH� �NP� [�
�NP�VLWH��HYHU\�OLTXLG�OLQH�ZDV�D�ORQJ�OLQH� �83,�
FRQGXFWHG� RYHU� D� KXQGUHG� K\GUDXOLF� KDPPHU�
FDOFXODWLRQV�DQG�WHQ�G\QDPLF�VLPXODWLRQV��DQG�
WKHQ� PDQDJHG� WKH� UHVROXWLRQ� RI� DOO� SUREOHPV�
WKDW� WKHVH� HYDOXDWLRQV� XQFRYHUHG� � 9DSRU�
ZDVWH� VWUHDPV� SUHVHQWHG� WKH�83,� WHDP� D� GLI�
IHUHQW�FKDOOHQJH� �83,�FRQGXFWHG�KHDW-ORVV�FDO�
FXODWLRQV�RQ�HDFK�RI� WKH�YDSRU�ZDVWH�VWUHDPV�
EHWZHHQ� WKH� VHQGLQJ� SURFHVV� SODQWV� DQG� WKH�
83,� ZDVWH� WUHDWPHQW� V\VWHPV�� DQG� LGHQWLILHG�
WKH� LQVXODWLRQ� DQG�RU� KHDW� WUDFLQJ� QHHGHG� WR�
NHHS� HDFK� VWUHDP� VDIHO\� DERYH� LWV� GHZ� SRLQW�
WKURXJKRXW� 

 
 
 
 
 
 
 
)LJXUH� �� –� 6DGDUD� ��P� :DVWHZDWHU� 7DQN�
&RQVWUXFWLRQ���� 
 
,Q� WKH� HQG�� WKH� 6DGDUD� 3URMHFW� ZDV� D� UH�
VRXQGLQJ�VXFFHVV�GXH�LQ�QR�VPDOO�SDUW�WR�WKH�
FRQWULEXWLRQV�RI�WKH�8WLOLWLHV��3RZHU��DQG�,QIUD�
VWUXFWXUH� 7HDP� WKDW� GHVLJQHG� DQG� LQVWDOOHG�
FULWLFDO� 26%/� IDFLOLWLHV� VXSSRUWLQJ� WKH� HQWLUH�
���� ELOOLRQ� YHQWXUH� � 7KH� 6DGDUD� 83,� WHDP�
OHDUQHG� DORQJ� WKH�ZD\� KRZ� WR� RYHUFRPH� WKH�
XQLTXH� SURFHVV� ULVNV� DVVRFLDWHG�ZLWK� VXFK� D�
PHJDSURMHFW�� VWLWFKLQJ� WRJHWKHU� 6DGDUD¶V� ���
SURFHVV�SODQWV�VR�WKH\�FRXOG�ZRUN�WRJHWKHU�DV�
SDUWV�RI�D�XQLILHG�ZKROH� 
 
5()(5(1&(6 
6DGDUD�&RUSRUDWH�%URFKXUHB(1�SGI 
'RZB6DGDUB8SGDWH��0DU�����SGI 
6DGDUD�,QWHJUDWHG�&KHPLFDOV�&RPSOH[�–�)OX�
RU�KWPO 
3HQWDLU� –� &DVH� VWXG\� DERXW� 6DGDUD�
&RGHOLQH�KWPO 
'RZ� DQG� 6DXGL� $UDPFR� FRQWLQXH� WR� DZDUG�
6DGDUD� SDFNDJHV� –� �%�VWFRQVXOWLQJ�
�%�VWFRQVXOWLQJ�KWPO 
6HPL� GU\� VFUXEEHU� V\VWHPV� +DGHN� 6DGDUD�
6WHDP�6WDWLRQ�KWPO 
6XVWDLQDELOLW\�5HSRUW������–�/DQGVFDSH�SGI 
6DGDUD� &KHPLFDOV� &RPSOH[�� $O� 6KDUTL\D��
6DXGL�$UDELD�–�&KHPLFDO�7HFKQRORJ\�KWPO 
 
$%287�7+(�$87+25 
0U��-RVHSK�/���-RH��0DWKHUQH��&KLHI�3URFHVV�
(QJLQHHU��D�FKHPLFDO�HQJLQHHU� �%�6���8QLYHU�
VLW\� RI� 7HQQHVVHH�� ������ ZLWK�PRUH� WKDQ� ���
\HDUV� H[SHULHQFH� LQ� SURFHVV� GHYHORSPHQW�
DQG�GHVLJQ�LQFOXGLQJ�SURFHVV�DOWHUQDWLYH�HYDO�
XDWLRQV�� WHFKQRORJ\� GHYHORSPHQW�� GHVLJQ��
FRPPLVVLRQLQJ�� VWDUWXS�� DFFHSWDQFH� WHVWLQJ�
DQG� WURXEOHVKRRWLQJ� VXSSRUWLQJ� D� YDULHW\� RI�
FKHPLFDO� SURFHVV� EXVLQHVVHV� LQFOXGLQJ� JDV-
SKDVH� //'3(�+'3(�� WHFKQRORJ\� OLFHQVLQJ��
HWK\OHQHDPLQHV� DQG� HWKDQRODPLQHV�� PHJD�
SURMHFW�FRPPRQ�IDFLOLWLHV��DQG�RWKHU�FKHPLFDO�
SURGXFWLRQ�SURFHVVHV��DV�ZHOO�DV�SURFHVV�HQ�
JLQHHULQJ�OHDGHUVKLS�UROHV� 
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