
7HFKQLFDO�5HSRUW�'RFXPHQWDWLRQ�3DJH

���5HSRUW�1R�

)+:$�7;����������)

���*RYHUQPHQW�$FFHVVLRQ�1R� ���5HFLSLHQW¶V�&DWDORJ�1R�

���7LWOH�DQG�6XEWLWOH

$�35(&$67�68%6758&785(�'(6,*1
)25�67$1'$5'�%5,'*(�6<67(06

���5HSRUW�'DWH

6HSWHPEHU��������

���3HUIRUPLQJ�2UJDQL]DWLRQ�&RGH

���$XWKRU�V� ���3HUIRUPLQJ�2UJDQL]DWLRQ�5HSRUW�1R�

6DUDK�%LOOLQJWRQ��5REHUW�%DUQHV�DQG�-RKQ�%UHHQ 5HVHDUFK�5HSRUW�������)

���3HUIRUPLQJ�2UJDQL]DWLRQ�1DPH�DQG�$GGUHVV ����:RUN�8QLW�1R���75$,6�

&HQWHU�IRU�7UDQVSRUWDWLRQ�5HVHDUFK
7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ
�����5HG�5LYHU��6XLWH����
$XVWLQ��7;�����������

����&RQWUDFW�RU�*UDQW�1R�

��5HVHDUFK�6WXG\�������

����6SRQVRULQJ�$JHQF\�1DPH�DQG�$GGUHVV

7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ
5HVHDUFK�DQG�7HFKQRORJ\�7UDQVIHU�6HFWLRQ�&RQVWUXFWLRQ�'LYLVLRQ
3�2��%R[�����

����7\SH�RI�5HSRUW�DQG�3HULRG�&RYHUHG

)LQDO

��������$XVWLQ��7;����������� ����6SRQVRULQJ�$JHQF\�&RGH

����6XSSOHPHQWDU\�1RWHV

3URMHFW�FRQGXFWHG�LQ�FRRSHUDWLRQ�ZLWK�WKH�)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�

5HVHDUFK�VWXG\�WLWOH����³$HVWKHWLFV�DQG�(IILFLHQW�1HZ�6XEVWUXFWXUH�'HVLJQV�IRU�6WDQGDUG�%ULGJH�6\VWHPV´

����$EVWUDFW

7KH� SURSRVHG� VXEVWUXFWXUH� V\VWHP� GHVFULEHG� LQ� WKLV� UHSRUW� KDV� EHHQ� GHYHORSHG� WR� LPSURYH� WKH� DHVWKHWLFV� DQG� UHGXFH� WKH
FRQVWUXFWLRQ�WLPH�RI�WKH�VXSSRUW�VWUXFWXUHV�IRU�VWDQGDUG�EULGJHV��7KH�IRUP�RI�WKH�SURSRVHG�VXEVWUXFWXUHV�LV�KLJKO\�DWWUDFWLYH��DQG�LV
D�GLVWLQFW�LPSURYHPHQW�RYHU�PDQ\�WUDGLWLRQDO�VKRUW��DQG�PHGLXP�VSDQ�EULGJH�VXEVWUXFWXUHV�

7KH�VXEVWUXFWXUH�V\VWHP�GHYHORSHG� LV�SDUWLFXODUO\�ZHOO�VXLWHG� IRU�SUHFDVWLQJ��DOWKRXJK� WKH�JHRPHWULF� IRUP�FRXOG�EH� FDVW�LQ�VLWX�
3UHFDVWLQJ�ZRXOG�UHVXOW� LQ� LQFUHDVHG�XVH�RI�KLJK�SHUIRUPDQFH�FRQFUHWH� LQ� WKH�VXEVWUXFWXUHV��7KH�XVH�RI�VXFK�FRQFUHWH�ZLOO�EULQJ
LPSURYHG�GXUDELOLW\�VLQFH�WKH�KLJK�SHUIRUPDQFH�FRQFUHWH�LV�JUHDWO\�UHVLVWDQW�WR�LQJUHVV�RI�PRLVWXUH�DQG�FKORULGHV��,Q�DGGLWLRQ��WKH
JUHDWHU�FRPSUHVVLYH�VWUHQJWK�RI�WKH�KLJK�SHUIRUPDQFH�FRQFUHWHV�LV�XWLOL]HG�IRU�UHGXFLQJ�WKH�KDQGOLQJ�ZHLJKW�DQG�GHDG�ORDG�RI�WKH
VXEVWUXFWXUH� XQLWV�� � 7KH� EHQW� FDS� XQLWV� DUH�PRUH� FRPSOH[� WKDQ� WUDGLWLRQDO� FDVW�LQ�SODFH� EHQW� FDSV� EXW� DSSHDU� IHDVLEOH� IRU� SODQW
SURGXFWLRQ� RU� ODUJH�VFDOH�� FDVW�RQ�VLWH� SURMHFWV�� 7KH� FRQVWUXFWLRQ�PHWKRG� SURSRVHG� FRXOG� VKRUWHQ� FRQVWUXFWLRQ� WLPHV� RQ�VLWH� LQ
FHUWDLQ� DSSOLFDWLRQV�� 6KRUWHQHG� FRQVWUXFWLRQ� WLPH�� LQ� WXUQ�� OHDGV� WR� LPSRUWDQW� VDIHW\� DQG� HFRQRPLF� DGYDQWDJHV� ZKHQ� WUDIILF
GLVUXSWLRQ�RU�UH�URXWLQJ�LV�QHFHVVDU\�

&RVW�VWXGLHV�EDVHG�RQ�LQSXW�IURP�SUHFDVWHUV�DQG�FRQWUDFWRUV�LQGLFDWH�WKDW�LI�WKH�SURSRVHG�V\VWHP��RU�RQH�TXLWH�VLPLODU��LV�DFWXDOO\
VWDQGDUGL]HG�DQG�XVHG�RQ�VHYHUDO�SURMHFWV��WKH�GLUHFW�FRVWV�ZLOO�EH�FRPSHWLWLYH�ZLWK�FRVWV�RI�FXUUHQW�GHVLJQV�IRU�FRQFHDOHG�EHQW�FDS
VXEVWUXFWXUHV��ZKLOH�WKH�RQ�VLWH�FRQVWUXFWLRQ�WLPH�FRXOG�EH�UHGXFHG�VXEVWDQWLDOO\���7KLV�UHGXFWLRQ�FDQ�KDYH�LPSRUWDQW�HFRQRPLF�DQG
VDIHW\�LPSOLFDWLRQV�RQ�VRPH�SURMHFWV�

����.H\�:RUGV

%ULGJH�GHVLJQ��DHVWKHWLFV��EULGJH�VXEVWUXFWXUH�
FRQVWUXFWLRQ�WLPH��SUHFDVW�FRQFUHWH��VHJPHQWDO
SLHU��SUHWHQVLRQHG�FRQFUHWH��SRVW�WHQVLRQHG
FRQFUHWH

����'LVWULEXWLRQ�6WDWHPHQW

1R�UHVWULFWLRQV��7KLV�GRFXPHQW�LV�DYDLODEOH�WR�WKH�SXEOLF
WKURXJK�WKH�1DWLRQDO�7HFKQLFDO�,QIRUPDWLRQ�6HUYLFH�
6SULQJILHOG��9LUJLQLD�������

����6HFXULW\�&ODVVLI���RI�UHSRUW�

8QFODVVLILHG

����6HFXULW\�&ODVVLI���RI�WKLV�SDJH�

8QFODVVLILHG

����1R��RI�SDJHV

���

����3ULFH

)RUP�'27�)�������������� 5HSURGXFWLRQ�RI�FRPSOHWHG�SDJH�DXWKRUL]HG





A PRECAST SUBSTRUCTURE DESIGN FOR STANDARD
BRIDGE SYSTEMS

BY

SARAH L. BILLINGTON, ROBERT W. BARNES AND JOHN E. BREEN

Research Report No. 1410-2F

Research Project 0-1410

“Aesthetic and Efficient New Substructure Designs for Standard Bridge Systems”

conducted for the

Texas Department of Transportation

IN COOPERATION WITH THE

U.S. Department of Transportation

Federal Highway Administration

by the

CENTER FOR TRANSPORTATION RESEARCH

BUREAU OF ENGINEERING RESEARCH

THE UNIVERSITY OF TEXAS AT AUSTIN

September 1998





iii

This report was prepared in cooperation with the Texas Department of Transportation and the U.S.
Department of Transportation, Federal Highway Administration.

DISCLAIMERS

The contents of this report reflect the views of the authors, who are responsible for the facts and the
accuracy of the data presented herein.  The contents do not necessarily reflect the official views or
policies of the Federal Highway Administration or the Texas Department of Transportation.  This
report does not constitute a standard, specification, or regulation.

There was no invention or discovery conceived or first actually reduced to practice in the course of or
under this contract, including any art, method, process, machine, manufacture, design or composition
of matter, or any new and useful improvement thereof, or any variety of plant which is or may be
patentable under the patent laws of the United States of America or any foreign country.

NOT INTENDED FOR CONSTRUCTION,

BIDDING, OR PERMIT PURPOSES

John E. Breen, P.E. (Texas No. 18479)

Research Supervisor

IMPLEMENTATION

The proposed substructure system described in this report has been developed to improve the
aesthetics and reduce the construction time of the support structures for standard bridges.  The form
of the proposed substructures is highly attractive, and is a distinct improvement over many traditional
short- and medium-span bridge substructures.

The substructure system developed is particularly well-suited for precasting, although the geometric
form could be cast-in-situ.  Precasting would result in increased use of high performance concrete in
the substructures.  The use of such concrete will bring improved durability since the high
performance concrete is greatly resistant to ingress of moisture and chlorides.  In addition, the greater
compressive strength of the high performance concretes is utilized for reducing the handling weight
and dead load of the substructure units.  The bent cap units are more complex than traditional cast-in-
place bent caps but appear feasible for plant production or large-scale, cast-on-site projects.  The
construction method proposed could shorten construction times on-site in certain applications.
Shortened construction time, in turn, leads to important safety and economic advantages when traffic
disruption or re-routing is necessary.

Cost studies based on input from precasters and contractors indicate that if the proposed system (or
one quite similar) is actually standardized and used on several projects, the direct costs will be
competitive with costs of current designs for concealed bent cap substructures, while the on-site
construction time could be reduced substantially.  This reduction can have important economic and
safety implications on some projects.
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)LJXUH������%ULGJH�W\SHV�EXLOW�LQ�7H[DV�VLQFH�����

7KH�KLJK�UHSHWLWLRQ�RI�SUHFDVW�VXSHUVWUXFWXUH�HOHPHQWV�� ORZ�FRVW�RI� ODERU�DQG�DYDLODELOLW\�RI
FRQFUHWH�DOO� FRQWULEXWH� WR� WKLV�YHU\�HFRQRPLFDO�EULGJH� W\SH�� �7KH� VXSHUVWUXFWXUH� JLUGHUV� DUH
VOLP��HIILFLHQW�DQG�RIWHQ�DWWUDFWLYH�� �+RZHYHU��VRPH�SUREOHPV�KDYH�EHHQ�LGHQWLILHG�ZLWK�WKH
VXEVWUXFWXUHV�RI� WKHVH�EULGJHV�� �7KH�SUHGRPLQDQWO\� FDVW�LQ�SODFH� VXEVWUXFWXUHV� DUH� W\SLFDOO\
WKH� OHDVW� GXUDEOH� HOHPHQW� RI� WKHVH� EULGJHV�� SDUWLFXODUO\� LQ� DJJUHVVLYH� HQYLURQPHQWV�� >�@
&RPSOHWH� RQ�VLWH� FRQVWUXFWLRQ� RI� WKH� VXEVWUXFWXUH� FDQ� OHDG� WR� H[FHVVLYH� DQG� XQGHVLUDEOH
WUDIILF�GHOD\V� �)LJXUH������� �7KH�XQDWWUDFWLYH� IRUHVW�RI� FROXPQV�FUHDWHG�E\� WKH�PXOWLFROXPQ
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WLPH�ZLOO�EH�VKRUWHQHG�WKXV�UHGXFLQJ�WUDIILF�GHOD\V�DQG�UHURXWLQJ�GXULQJ�FRQVWUXFWLRQ���+LJK
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:LGHVSUHDG� LQWURGXFWLRQ� RI� SUHFDVW� VXEVWUXFWXUHV� RQ� D� VWDQGDUGL]HG� EDVLV� SUHVHQWV� DQ
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SURFHVV�DQG�LQFUHDVHG�GHVLJQHU�H[SUHVVLRQ�LQ�VXEVWUXFWXUH�GHVLJQ���<HW��WKH\�DUH�SURSRVLQJ�D
VHW� RI� VWDQGDUG� GHVLJQV� LQ� RUGHU� WR� EHQHILW� IURP� HFRQRPLHV� RI� VFDOH� DQG� WKH� LPSURYHG
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D� QHZ� VWDQGDUGL]HG� V\VWHP� RI� VXEVWUXFWXUH� HOHPHQWV�� VXSSOHPHQWLQJ� WKH� SUHVHQW� VWDQGDUG
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)LJXUH������$Q�DWWUDFWLYH�FDVW�LQ�SODFH�VXEVWUXFWXUH

5HFRJQL]LQJ�WKDW�WKH�LPDJLQDWLRQ�RI�HQJLQHHUV�LV�RIWHQ�VWLIOHG��UDWKHU�WKDQ�FXOWLYDWHG��LQ�PDQ\
HQJLQHHULQJ�RIILFHV�DQG�LQ�W\SLFDO�HQJLQHHULQJ�FXUULFXOD��D� UHVHDUFK�SURMHFW�ZDV�SURSRVHG�WR
WKH� 7H[DV� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� �7['27�� E\� WKH� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ
&HQWHU� IRU� 7UDQVSRUWDWLRQ� 5HVHDUFK� �&75�� WR� DGGUHVV� WKH� SUREOHP� RI� WKH� DHVWKHWLFV� DQG
HIILFLHQF\� RI�7H[DV¶� VKRUW�� DQG�PRGHUDWH�VSDQ� EULGJHV� DQG� WKHLU� VXEVWUXFWXUH� V\VWHPV�� �%\
DGGUHVVLQJ� HIILFLHQF\�� RU� WKH� PLQLPL]DWLRQ� RI� ZDVWHG� PDWHULDO�� QRQSURGXFWLYH� ODERU� DQG
FRQVWUXFWLRQ� WLPH� LQ�PHHWLQJ� WKH�XVHU¶V�QHHGV�ZLWKLQ� WKH�SURMHFW� FRQVWUDLQWV� �IXQFWLRQDOLW\��
WKH�VWUXFWXUDO�IXQFWLRQ�DQG�FRQVWUXFWLRQ�RI�WKH�EULGJH�LV�WLHG�PRUH�FORVHO\�WR�WKH�HFRQRP\�RI
WKH� EULGJH�� � 7KH� SUHFDVW� JLUGHU� V\VWHPV� VR� FRPPRQO\� XVHG� WKURXJKRXW� 7H[DV� KDYH� EHHQ
SURYHQ�VXFFHVVIXO�WKURXJK�WKHLU�HIILFLHQF\��HOHJDQFH�DQG�HFRQRP\���7KURXJK�&75�3URMHFW���
������ DWWHQWLRQ� LV� QRZ�EHLQJ� WXUQHG� WRZDUGV� LPSURYHG� VXEVWUXFWXUH� GHVLJQ�� WR� DGYDQFH� WKH
SURXG� 7H[DV� WUDGLWLRQ� RI� EXLOGLQJ� IXQFWLRQDO�� HFRQRPLFDO� DQG� DWWUDFWLYH� EULGJHV� IRU� WKHLU
KLJKZD\�V\VWHP�

���� 2EMHFWLYHV

������ 2EMHFWLYHV�RI�WKH�3URMHFW

7KH�REMHFWLYHV�RI�&75�3URMHFW��±�����DV�SURSRVHG�WR�7['27�DUH��>�@

��� 7R� GHYHORS� FRQFHSWXDO� SODQV� DQG� YLVXDO� JXLGHOLQHV� IRU� LPSURYLQJ� WKH� DHVWKHWLFV� DQG
HIILFLHQF\�RI�ZLGHO\�XVHG�PRGHUDWH�VSDQ�EULGJH�V\VWHPV�

��� 7R� LQWURGXFH� PRUH� DWWUDFWLYH� VWUXFWXUDO� IRUPV� DQG� WH[WXUHV� LQ� VXEVWUXFWXUHV� WKRXJK
LQFUHDVHG� XVH� RI� SUHFDVWLQJ� RU�� ZKHUH� DSSURSULDWH�� LQ�VLWX� FDVWLQJ� XWLOL]LQJ� LPSURYHG
IRUP�V\VWHPV�VLPLODU�WR�WKRVH�XVHG�LQ�SUHFDVWLQJ�
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��� 7R� UHGXFH� FRQVWUXFWLRQ� WLPH�� FRVW� RI� WUDIILF� GHOD\� DQG� UHURXWLQJ� GXULQJ� FRQVWUXFWLRQ�
DQG�ILHOG�FRQFUHWLQJ�SUREOHPV�E\�LQFUHDVHG�SUHFDVWLQJ�RI�EULGJH�VXEVWUXFWXUHV�

��� 7R� GHYHORS� FRQFHSWXDO� SODQV� IRU� VHYHUDO� GHPRQVWUDWLRQ� SURMHFWV� DQG� WR� UHILQH� WKRVH
SODQV�EDVHG�RQ�ILHOG�H[SHULHQFH�DQG�REVHUYDWLRQV��DQG

��� 7R� SURYLGH� XVHIXO� GHVLJQ� JXLGHOLQHV� DQG� H[DPSOHV� IRU� LPSURYLQJ� WKH� DHVWKHWLFV� DQG
HIILFLHQF\�RI�VXEVWUXFWXUHV�IRU�6WDQGDUG�%ULGJH�6\VWHPV�

7KH� REMHFWLYHV� RI� WKLV� SURMHFW� KDYH� EHHQ� FDUULHG� RXW� LQ� GHWDLO� E\� IRXU� JUDGXDWH� UHVHDUFK
DVVLVWDQWV� DVVRFLDWHG� ZLWK� WKLV� SURMHFW�� � 3UHOLPLQDU\� GHVLJQ� JXLGHOLQHV� ZHUH� GHYHORSHG� E\
/LVWDYLFK�� >�@� �7KH�EDFNJURXQG�ZDV� ODUJHO\�FRPSOHWHG�DQG�DQ� LQLWLDO�SUHFDVW� VLQJOH�FROXPQ
VXEVWUXFWXUH� V\VWHP� GHYHORSHG� IRU� 2EMHFWLYHV� �� DQG� �� E\� %DUQHV�� >�@� � :RUN� WRZDUGV
2EMHFWLYHV���DQG���ZDV�FDUULHG�RXW�E\�5DWFK\H��>�@

)XUWKHU� GHYHORSPHQW� DQG� UHVWUXFWXULQJ� RI� WKH� JXLGHOLQHV� IRU� 2EMHFWLYHV� �� DQG� �� ZHUH
FRPSOHWHG�E\�%LOOLQJWRQ�>�@�DQG�UHSRUWHG� LQ�5HSRUW�����±��� >�@� �'HYHORSPHQW�RI�D�SUHFDVW
VXEVWUXFWXUH�V\VWHP�IRU�2EMHFWLYHV���DQG���EHJXQ�E\�%DUQHV�>�@�ZDV�FRPSOHWHG�E\�%LOOLQJWRQ
>�@� ZLWK� H[WHQVLYH� FRQWULEXWLRQV� IURP� WKH� UHVHDUFK� WHDP�� GHVLJQHUV�� SUHFDVWHUV�� IRUP
PDQXIDFWXUHUV� DQG� FRQWUDFWRUV�� � 7KH� RULJLQDO� FRQFHSW� KDV� EHHQ� VXEVWDQWLDOO\� PRGLILHG� DQG
H[SDQGHG�WR�FRYHU�D�ZLGH�UDQJH�RI�VXEVWUXFWXUH�W\SHV�JHQHUDOO\�IRXQG�LQ�7H[DV�

������ 2EMHFWLYHV�RI�WKH�5HSRUW

7KHUH� DUH� WZR� PDMRU� REMHFWLYHV� RI� WKLV� UHSRUW�� 7KH� ILUVW� REMHFWLYH� LV� WR� SUHVHQW� VXJJHVWHG
DOWHUQDWLYH� VXEVWUXFWXUH� GHVLJQV� IRU� XVH� ZLWK� VWDQGDUG� VXSHUVWUXFWXUH� V\VWHPV� FRPPRQ� LQ
7H[DV���:LWK�PRUH�DWWHQWLRQ�SDLG�WR�VXEVWUXFWXUH�GHVLJQ��WKH�DSSHDUDQFH��GXUDELOLW\�DQG�WLPH
UHTXLUHG�IRU�FRQVWUXFWLRQ�RI�VWDQGDUG�SUHFDVW�EULGJHV�FDQ�EH�JUHDWO\�LPSURYHG���,Q�SDUWLFXODU�
WKH� GHYHORSPHQW� RI� D� VSHFLILF� SUHFDVW� VXEVWUXFWXUH� V\VWHP� WR� EH� FRQVLGHUHG� IRU
VWDQGDUGL]DWLRQ�LV�SUHVHQWHG���$IWHU�FDUHIXO�LQYHVWLJDWLRQ�RI�DYDLODEOH�WHFKQRORJ\�IRU�GLIIHUHQW
VXEVWUXFWXUH� IDEULFDWLRQ� DQG� HUHFWLRQ� WHFKQLTXHV�� � D� IDPLO\� RI� JHRPHWULHV�� PDWHULDOV� DQG
WHFKQLTXHV� MXGJHG� E\� WKH� DXWKRUV� DV� PRVW� DSSURSULDWH� IRU� 7['27� DUH� SUHVHQWHG�� � 0DQ\
GHVLJQ�LPSOLFDWLRQV�IRU�WKH�QHZHU�W\SHV�RI�VXEVWUXFWXUH�V\VWHPV�DUH�GLVFXVVHG�DV�ZHOO�� �7KH
VHFRQG�REMHFWLYH� LV� WR�GRFXPHQW� WKH�SRVVLEOH�EHQHILWV�RI�DSSO\LQJ� WKLV� UHVHDUFK� WR�SUDFWLFH�
%HQHILWV�DV�ZHOO�DV�GUDZEDFNV�LQ�WHUPV�RI�DHVWKHWLF�FRQVHTXHQFHV��VDIHW\��VHUYLFHDELOLW\�DQG
HFRQRP\�FRQVLGHULQJ�ERWK�LQLWLDO�DQG�OLIH�F\FOH�FRVWV�DUH�GHPRQVWUDWHG�WKURXJK�UHIHUHQFH�WR
FDVH�VWXGLHV�SUHVHQWHG�DV�SDUW�RI�WKH�$HVWKHWLF�*XLGHOLQHV�LQ�����±���>�@��)XUWKHU�EHQHILWV�DQG
SRVVLEOH�GUDZEDFNV�RI�SUHFDVW�VXEVWUXFWXUH�V\VWHPV�DUH�DGGUHVVHG�WKURXJK�GLVFXVVLRQV�RI�SDVW
DQG�IXWXUH�DSSOLFDWLRQV�RI�VXFK�V\VWHPV�WR�VKRUW��DQG�PRGHUDWH�VSDQ�EULGJH�FRQVWUXFWLRQ�

���� 6FRSH

7KH�VFRSH�RI�WKLV�UHSRUW�LV�WR�GRFXPHQW�WKH�FRPSOHWLRQ�RI�WKH�REMHFWLYHV�GHVFULEHG�LQ�6HFWLRQ
������

&KDSWHU� �� LV� D� OLWHUDWXUH� UHYLHZ� WUDFLQJ� WKH� GHYHORSPHQW� DQG� XVH� RI� SUHFDVW� VXEVWUXFWXUH
V\VWHPV�

&KDSWHU� �� SUHVHQWV� D� VXJJHVWHG� DOWHUQDWLYH� VXEVWUXFWXUH� V\VWHP� IRU� WKH� VWDQGDUG� VKRUW�� DQG
PRGHUDWH�VSDQ�EULGJHV�RI�7H[DV���7KH�PDLQ�IRFXV�RI�WKLV�FKDSWHU�LV�RQ�WKH�GHYHORSPHQW�RI�D
SUHFDVW� VXEVWUXFWXUH� V\VWHP� IRU� VWDQGDUGL]DWLRQ� LQ� 7H[DV�� � 7KLV� LQFOXGHV� D� UHYLHZ� RI� SDVW
SURMHFWV�� D� EULHI� VXUYH\� RI� VWDWH�RI�WKH�DUW� WHFKQRORJ\� IRU� SUHFDVWLQJ� VXEVWUXFWXUHV�� D
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GLVFXVVLRQ�RI�FRQFHUQV�H[SUHVVHG�E\�GHVLJQHUV�DQG�FRQVWUXFWLRQ�LQGXVWU\�SHUVRQQHO�LQ�7H[DV
DQG� D� SURSRVDO� IRU� D� QHZ� VXEVWUXFWXUH� V\VWHP� LQFOXGLQJ� GHVLJQ�� IDEULFDWLRQ�� DQG� HUHFWLRQ
VHTXHQFHV�� � $GGLWLRQDO� GLVFXVVLRQ� LQFOXGHV� DOWHUQDWLYH� GHVLJQV� IRU� D� JHRPHWULFDOO\� VLPLODU
FDVW�LQ�SODFH�VXEVWUXFWXUH�V\VWHP�DQG�D�V\VWHP�RI�ERWK�SUHFDVW�DQG�FDVW�LQ�SODFH�HOHPHQWV�

&KDSWHU� �� SUHVHQWV� QXPHURXV� RSWLRQV� IRU� FDVW�LQ�SODFH� VXEVWUXFWXUH� GHVLJQ� IRU� VKRUW�� DQG
PRGHUDWH�VSDQ� EULGJHV�� � 7KH� JRDO� RI� WKLV� FKDSWHU� LV� WR� VKRZ� WKH� YDULHW\� RI� VWDQGDUG
VXEVWUXFWXUH�V\VWHPV�DYDLODEOH�DQG�WKH�ZD\V�LQ�ZKLFK�WKHLU�DSSHDUDQFH�DQG�HIILFLHQF\�FDQ�EH
HQKDQFHG�

&KDSWHU���GHVFULEHV�DUHDV�IRU�IXUWKHU�LPSOHPHQWDWLRQ�RI�WKLV�UHVHDUFK�

&KDSWHU���SURYLGHV�D�VXPPDU\�DQG�FRQFOXVLRQV�RI�WKLV�ZRUN�

$SSHQGL[�$�LV�D�ELEOLRJUDSK\�RQ�SUHFDVW�VXEVWUXFWXUH�GHVLJQ���:KLOH�RPLWWHG�IURP�WKLV�UHSRUW�
DSSHQGLFHV�&�DQG�'�WR�5HIHUHQFH���SUHVHQW�GHWDLOHG�GHVLJQ�FDOFXODWLRQV�DQG�GUDZLQJV�IRU�D
SUHFDVW� KDPPHUKHDG� DQG� IUDPH� EHQW� UHVSHFWLYHO\�� XVLQJ� WKH� SUHFDVW� VXEVWUXFWXUH� V\VWHP
SUHVHQWHG�LQ�&KDSWHU�����&RSLHV�RI�WKHVH�WZR�DSSHQGLFHV�KDYH�EHHQ�PDGH�DYDLODEOH�WR�7['27
'HVLJQ�'LYLVLRQ�UHYLHZHUV�DQG�DUH�DYDLODEOH�XSRQ�UHTXHVW�IRU�WKH�FRVW�RI�UHSURGXFWLRQ�IURP
7KH� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ�� &HQWHU� IRU� 7UDQVSRUWDWLRQ� 5HVHDUFK�� $XVWLQ�� 7H[DV�
������
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���� ,QWURGXFWLRQ
7KH� FXUUHQW� FRPPRQ� RYHUDOO� FRQFHSW� LQ� 7H[DV� IRU� EULGJH� VXEVWUXFWXUH� GHVLJQ� DQG
FRQVWUXFWLRQ�LV�EDVLFDOO\�WKH�VDPH�DV�LW�ZDV�IRUW\�\HDUV�DJR���&DVW�LQ�SODFH�FLUFXODU�FROXPQV
ZLWK� FDVW�LQ�SODFH� UHFWDQJXODU� EHQW� FDSV� FRQVWLWXWH� WKH� PRVW� ZLGHO\� XVHG� V\VWHP�
2FFDVLRQDOO\� UHFWDQJXODU� VLQJOH� RU� PXOWLFROXPQ� EHQWV� ZLWK� UHFWDQJXODU� RU� LQYHUWHG�7� EHQW
FDSV�DUH�XVHG���7KHVH�DUH�IUHTXHQWO\�IRXQG�LQ�XUEDQ�VHWWLQJV���+RZHYHU��VXEVWUXFWXUH�GHVLJQ�LQ
JHQHUDO�KDV�VWDJQDWHG���)UHHGRP�RI�GHVLJQHU�H[SUHVVLRQ�KDV�EHHQ�VWLIOHG�E\�WKH�GHVLUH�WR�UHXVH
WKH�VDPH�VKDSH�IRU�HYHU\�SURMHFW�IRU�HFRQRPLF�VDYLQJV���3RVWRQ�HW��DO��VXPPDUL]HG�D�VXUYH\
RI�FRPPRQ�SLHU�GHVLJQV�EXLOW� EHWZHHQ������ DQG������� >�@� �7KH� VXUYH\� UHVXOWV� UHSUHVHQWHG
LQIRUPDWLRQ�RQ�RYHU���������EXLOW�SLHUV�DV�UHSRUWHG�E\����RUJDQL]DWLRQV�LQFOXGLQJ����VWDWHV
DQG�WKH�)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ��)+:$����7KH�YDVW�PDMRULW\�RI�SLHU�W\SHV�GHVLJQHG
E\�WKHVH�RUJDQL]DWLRQV�IDOO�LQWR�WZR�FDWHJRULHV²FDWHJRU\�$�IRU�VLQJOH�FROXPQV��)LJXUH����D�
DQG� FDWHJRU\� $� IRU� PXOWLFROXPQ� EHQWV� �)LJXUH� ���E��� � 7KH� FURVV� VHFWLRQV� RI� WKH� YDULRXV
FROXPQV� DUH� SUHGRPLQDQWO\� RQH� RI� WKUHH� VKDSHV� IRU� VLQJOH�FROXPQ� SLHUV� DQG� RQH� RI� WZR
VKDSHV�IRU�PXOWLFROXPQ�SLHUV��)LJXUH������� �7KH�WUHQG�WRZDUGV�PRQRWRQ\�LQ�SLHU�GHVLJQ�KDV
EHHQ�QDWLRQZLGH��QRW�MXVW�SDUWLFXODU�WR�7H[DV�

�D� �E�

%DU�JUDSKV�VKRZ�SHUFHQWDJHV�RI
SLHUV�EXLOW�IRU�EULGJHV�ZLWK�VSDQ
OHQJWKV�DV�JLYHQ�LQ�IHHW�EHORZ�

)LJXUH������6XUYH\�UHVXOWV�RQ�SLHU�W\SHV�EXLOW�IURP�����������>�@

7KH� VXEVWUXFWXUH� GHVLJQV�PRVW� FRPPRQO\� XVHG� LQ�7H[DV� DUH� QRW� RQO\� IDLUO\� XJO\�� EXW� WKH\
KDYH�QRW�SURYHQ�WR�EH�SDUWLFXODUO\�GXUDEOH�� �)LIW\�IRXU�SHUFHQW�RI� WKRVH�VWDWH�RZQHG�EULGJHV
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�³RQ�V\VWHP�EULGJHV´�� LQ�7H[DV� WKDW�KDYH�EHHQ� FODVVLILHG� DV�GHILFLHQW�KDYH� VXEVWUXFWXUHV� LQ
³SRRU� FRQGLWLRQ´� RU� ZRUVH�� � ³3RRU� FRQGLWLRQ´� LV� GHILQHG� DV� DGYDQFHG� VHFWLRQ� ORVV�
GHWHULRUDWLRQ��VSDOOLQJ�RU�VFRXU��>��@��$VLGH�IURP�WKH�VWUXFWXUHV�GHILFLHQW�EHFDXVH�RI�VFRXU��WKH
YDVW�PDMRULW\� RI� WKHVH� GHILFLHQW� VXEVWUXFWXUHV� DUH� LQ� FRDVWDO� UHJLRQV��ZKHUH� VDOWZDWHU� VSUD\
DQG�ZLFNLQJ�DUH�SUHYDOHQW��LQ�WKH�QRUWKHUQ�UHJLRQV�RI�WKH�VWDWH�ZKHUH�GHLFLQJ�VDOWV�DSSOLHG�WR
GHFNV� DUH� FDUULHG� WKURXJK� WKH� MRLQWV� DQG� DJJUHVVLYHO\� DWWDFN� WKH� FDSV� DQG� UXQ� GRZQ� WKH
FROXPQV� DQG� LQ� UHJLRQV� ZLWK� KLJK� VXOIDWH� VRLOV�� � )UHTXHQWO\� WKH� GLVWUHVV� LV� PDQLIHVWHG� E\
SURJUHVVLYH�FRYHU�FUDFNLQJ��VSDOOLQJ�DQG�VHYHUH�FRUURVLRQ�RI�UHLQIRUFHPHQW���:LWK�LQFUHDVHG
XQGHUVWDQGLQJ� RI� GXUDELOLW\� SUREOHPV� DQG� GHYHORSPHQWV� LQ� VWDWH�RI�WKH�DUW� WHFKQRORJ\� WR
DYRLG�VXFK�SUREOHPV��HQJLQHHUV�PXVW�DSSO\�QHZ�GHVLJQV��PDWHULDOV�� GHWDLOV� DQG�PHWKRGV�RI
FRQVWUXFWLRQ�WR�VXEVWUXFWXUH�GHVLJQ�
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)LJXUH������6XUYH\�UHVXOWV�RI�SLHU�FURVV�VHFWLRQV�EXLOW�IURP������WR������>�@

)RU�WKH�SDVW�VHYHUDO�GHFDGHV�7['27�KDV�EHHQ�DGGUHVVLQJ�WKH�VXEVWUXFWXUH�GXUDELOLW\�SUREOHP
LQ�ERWK�UHVHDUFK�VWXGLHV�DQG�ILHOG� LPSOHPHQWDWLRQ�� �$OPRVW�DOO�DXWKRULWLHV�DJUHH� WKDW� WZR�RI
WKH�PRVW�HIIHFWLYH�PHDVXUHV�WR�LQFUHDVH�GXUDELOLW\�DUH�LPSURYLQJ�FRQFUHWH�TXDOLW\�WR�PDNH�WKH
FRQFUHWH�OHVV�SHUPHDEOH�DQG�LQFUHDVLQJ�FRQFUHWH�FRYHU�WR�SURYLGH�D�JUHDWHU�EDUULHU���,Q�EULGJH
VXEVWUXFWXUHV�� WKH� XVH� RI� WKH� KLJKO\� SHUPHDEOH� &ODVV� $� FRQFUHWH� ZDV� UHSODFHG� E\� WKH� OHVV
SHUPHDEOH�&ODVV�&�FRQFUHWH�RYHU����\HDUV�DJR���6XSHUVWUXFWXUH�JLUGHU�FRQFUHWH�LV�QRZ�ODUJHO\
FDVW� LQ�SUHFDVW�SODQWV�� �3UHFDVW� JLUGHUV�KDYH�PXFK� OHVV�SHUPHDEOH� FRQFUHWH�DQG� WKH� UHFHQWO\
LQWURGXFHG� +LJK� 3HUIRUPDQFH� &RQFUHWH� �+3&�� KDV� EHHQ� VKRZQ� WR� KDYH� H[WUHPHO\� ORZ
SHUPHDELOLW\� DQG� DIIRUGV� LQFUHDVHG� SURWHFWLRQ�� �7KH�PRVW� SUDFWLFDO�ZD\� RI� LQWURGXFLQJ� WKLV
+3&�LQWR�VXEVWUXFWXUHV�LV�WR�SUHFDVW�VXEVWUXFWXUH�HOHPHQWV�

0DQ\�RWKHU�VWHSV�KDYH�EHHQ�WDNHQ�WR�LPSURYH�GXUDELOLW\�� �7KH�IRUPHU����PP���ò�LQ��FRYHU
ZDV� LQFUHDVHG� URXWLQHO\� WR� ���PP� ���LQ�� LQ� WKH� HDUO\� ����V�� � ,W� LV� QRZ� URXWLQH� WR� VSHFLI\
���PP����LQ��FRYHU�LQ�KDUVK�HQYLURQPHQWV���(SR[\�FRDWHG�UHLQIRUFHPHQW�DQG�HSR[\�SDLQWHG
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WRSV� RI� FDS� VXUIDFHV� DUH� QRZ� XVHG� LQ� VRPH� GLVWULFWV�� � &RQWLQXHG� H[SHULPHQWDWLRQ� DQG
LQQRYDWLRQ�DUH�XQGHUZD\�WR�ILQG�LPSURYHG�FRUURVLRQ�UHVLVWDQW�GHWDLOV�

1XPHURXV� LPSURYHPHQWV� FDQ� EH� PDGH� LQ� WHUPV� RI� DSSHDUDQFH�� PDWHULDO� DQG� FRQVWUXFWLRQ
HIILFLHQF\� DQG� HFRQRPLFV� LQ� WKH� VWDQGDUG� KLJKZD\� EULGJH� VXEVWUXFWXUHV� RI� 7H[DV�� � 1HZ
GHVLJQV� PD\� LQFOXGH� QHZ� VKDSHV� IRU� ERWK� FDVW�LQ�SODFH� DQG� SUHFDVW� VXEVWUXFWXUH� V\VWHPV�
0DWHULDOV�WKDW�PD\�EH�DSSOLHG�WR�VXEVWUXFWXUH�GHVLJQ�LQFOXGH�KLJK�SHUIRUPDQFH�FRQFUHWH�DQG
SUHVWUHVVLQJ�VWHHO�� �'HWDLOV�RI�VWUXFWXUDO�FRQQHFWLRQV�DQG�RI�QRQVWUXFWXUDO�VXUIDFH� WUHDWPHQWV
FDQ�DQG�VKRXOG�EH�LQYHVWLJDWHG���1HZ�PHWKRGV�RI�FRQVWUXFWLRQ��VXFK�DV�SUHFDVWLQJ�VHJPHQWDO
SLHUV��FDQ�RIIHU�HFRQRPLF�VDYLQJV�IRU�EULGJH�GHVLJQV�LQ�VRPH�ORFDWLRQV�

���� 3UHFDVW�6XEVWUXFWXUH�6\VWHPV
������ 6WDWH�RI�WKH�$UW�7HFKQRORJ\

3UHFDVWLQJ� RI� EULGJH� HOHPHQWV� LQ� WKH� SDVW� KDV� EHHQ� SULPDULO\� IRU� VXSHUVWUXFWXUH� HOHPHQWV�
3UHFDVW� JLUGHUV� RI� ,�� 7�� 8� DQG� ER[� FURVV�VHFWLRQV� PDNH� XS� WKH� PDMRULW\� RI� WKH� VKRUW�� DQG
PRGHUDWH�VSDQ�KLJKZD\�EULGJHV�LQ�7H[DV��3UHFDVW�VHJPHQWDO�ER[�JLUGHU�FRQVWUXFWLRQ�ZDV�ILUVW
LQWURGXFHG� LQ� WKH� 8QLWHG� 6WDWHV� LQ� ����� IRU� WKH� -).� &DXVHZD\� LQ� &RUSXV� &KULVWL�� 7H[DV�
7ZLQ� VHJPHQWDO� ER[� JLUGHUV� ZHUH� GHVLJQHG� DQG� FRQVWUXFWHG� IRU� WKH� PDLQ� VSDQV� RI� WKLV
FDXVHZD\� �)LJXUH� ������ � 6LQFH� WKH� LQWURGXFWLRQ� RI� SUHFDVW� VHJPHQWDO� FRQVWUXFWLRQ� WR� WKH
8QLWHG�6WDWHV��D�ODUJH�QXPEHU�RI�RWKHU�VHJPHQWDO�ER[�JLUGHU�VXSHUVWUXFWXUH�EULGJHV�KDYH�EHHQ
FRPSOHWHG� �VHH� 5HIHUHQFHV� ��� WKURXJK� ����� � 7KLV� PHWKRG� RI� FRQVWUXFWLRQ� IRU� ER[� JLUGHU
VXSHUVWUXFWXUHV�KDV�SURYHQ�WR�EH�YHU\�HFRQRPLFDO��SDUWLFXODUO\�IRU�KLJKO\�UHSHWLWLYH�PRGHUDWH�
VSDQ� DV� ZHOO� DV� ORQJ�VSDQ� SURMHFWV�� � � 7KH� VWDWH� RI� WKH� DUW� IRU� VHJPHQWDO� FRQVWUXFWLRQ� LV
HYROYLQJ�DQG�WKHUH�DUH�QXPHURXV�GLIIHUHQW�FRQVWUXFWLRQ�PHWKRGV�IRU�VHJPHQWDO�VXSHUVWUXFWXUH
EULGJHV�� >������@� �7KLV�EULGJH� W\SH�FDQ� UHVXOW� LQ�YHU\� HOHJDQW�GHVLJQV� �)LJXUH������ DQG� LV� D
GXUDEOH�V\VWHP��>��@
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)LJXUH������7KH�-).�&DXVHZD\�LQ�&RUSXV
&KULVWL��7H[DV������

)LJXUH������7KH�6DQ�$QWRQLR�³<´�SURMHFW�LQ
7H[DV�VKRZV�RII�WKH�HOHJDQFH�SRVVLEOH�ZLWK
VHJPHQWDO�FRQFUHWH�EULGJH�GHVLJQ



��

$SSOLFDWLRQ�RI�SUHFDVW�VHJPHQWDO�WHFKQRORJ\�WR�VXEVWUXFWXUH�GHVLJQ�KDV�EHHQ�PRUH�OLPLWHG��,Q
SDUWLFXODU��VHJPHQWDO�FRQVWUXFWLRQ�IRU�VKRUWHU�VSDQ�EULGJH�VXEVWUXFWXUHV��VSDQV�OHVV�WKDQ����P
>����IW@�� KDV� EHHQ� H[SORUHG� YHU\� OLWWOH�� �:KHUH� SUHFDVW� VXEVWUXFWXUHV� KDYH� EHHQ� XVHG�� WKH\
KDYH�EHHQ�XVHG�IRU�D�YDULHW\�RI�SURMHFW�W\SHV�ZLWK�D�YDULHW\�RI�GLIIHUHQW�VXEVWUXFWXUH�HOHPHQWV
EHLQJ�SUHFDVW���$�EULHI�VXUYH\�RI�SDVW�SURMHFWV�XWLOL]LQJ�SUHFDVW�VXEVWUXFWXUH�HOHPHQWV��UHFHQW
WUHQGV� IRU� VHJPHQWDOO\�SUHFDVW� VKRUW�� DQG�PRGHUDWH�VSDQ�EULGJH� HOHPHQWV�� DV�ZHOO� DV� IXWXUH
DSSOLFDWLRQV�IRU�SUHFDVW�VXEVWUXFWXUH�V\VWHPV�LV�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

������ 3DVW�3URMHFWV�ZLWK�3UHFDVW�6HJPHQWDO�6XEVWUXFWXUHV

3UHFDVW� VHJPHQWDO� VXEVWUXFWXUHV� KDYH� GLVWLQFW� DGYDQWDJHV� IRU� FHUWDLQ� GHVLJQ� VLWXDWLRQV�
(QKDQFHG� DHVWKHWLFV�� VSHHG� RI� FRQVWUXFWLRQ�� FRQVWUXFWLRQ� LQ� GLIILFXOW� WR� DFFHVV� VLWHV� DQG
PLQLPL]DWLRQ�RI�FRQVWUXFWLRQ¶V�HQYLURQPHQWDO�LPSDFW�DUH�NH\�UHDVRQV�WKDW�SUHFDVW�VHJPHQWDO
FRQVWUXFWLRQ�KDV�EHHQ�XVHG�LQ�WKH�SDVW�� �/DUJH�SURMHFWV�DOORZ�IRU�HIILFLHQW�SURGXFWLRQ�RI� UH�
SHWLWLYH� HOHPHQWV� LQ� WKH� FRQWUROOHG� HQYLURQPHQW� RI� D� SUHFDVWLQJ� \DUG� RU� SODQW�� � 3ODQW
SURGXFWLRQ�LV�SDUWLFXODUO\�DGYDQWDJHRXV�LQ�KDUVK�HQYLURQPHQWV�ZKHUH�WKH�FRQVWUXFWLRQ�VHDVRQ
LV�VKRUW�� �3UHFDVW�HOHPHQWV�FDQ�EH� IDEULFDWHG� \HDU� URXQG� LQ�D�SUHFDVW�SODQW�� �3UHFDVWLQJ�SLHU
HOHPHQWV�PLQLPL]HV�WKH�DPRXQW�RI�RQ�VLWH�FRQVWUXFWLRQ�ZRUN�WKXV�UHGXFLQJ�WUDIILF�UHURXWLQJ
DQG�GHOD\V�DV�ZHOO�DV�WKH�HQYLURQPHQWDO� LPSDFW�RI� WKH�FRQVWUXFWLRQ�SURFHVV�� �5HIHUHQFHV���
DQG��������WKURXJK��������DQG����WKURXJK����GHVFULEH�D�QXPEHU�RI�SURMHFWV�ZKHUH�VHJPHQWDO
FRQVWUXFWLRQ� RI� SLHUV� KDV� EHHQ� XVHG� DGYDQWDJHRXVO\�� � $� EULHI� VXPPDU\� RI� PDQ\� RI� WKHVH
SURMHFWV�LV�JLYHQ�LQ�5HIHUHQFH���

'LIIHUHQW�HOHPHQWV�ZLWKLQ�VXEVWUXFWXUH�V\VWHPV�KDYH�EHHQ�SUHFDVW�IRU�GLIIHUHQW�SURMHFWV�� �$W
5HGILVK�%D\�>��@��SUHFDVW�SLOH�FDSV�ZHUH�SODFHG�RYHU�SUHFDVW�SLOHV� WR�FRQVWUXFW�D� ORQJ� ORZ�
ZDWHU� FURVVLQJ� �)LJXUH� ������ � 3UHFDVWLQJ� WKH� SLOH� FDSV� VDYHG� WKH� FRQWUDFWRU� VL[� PRQWKV� RI
FRQVWUXFWLRQ� WLPH�E\� DYRLGLQJ� WKH�QHHG� WR� SODFH� IUHVK� FRQFUHWH� RYHU�ZDWHU�� 3UHFDVWLQJ� DOVR
SURYLGHG�EHWWHU�TXDOLW\�FRQWURO� IRU�FRQFUHWH�SODFHPHQW�� �$W� WKH�/LQQ�&RYH�9LDGXFW�� KROORZ
SLHU� HOHPHQWV� ZHUH� SUHFDVW� DQG� WKHQ� ORZHUHG� LQWR� SODFH� IURP� WKH� QHZO\� FRQVWUXFWHG
VXSHUVWUXFWXUH�WR�PLQLPL]H�FRQVWUXFWLRQ�LPSDFW�RQ�WKH�VLWH�EHORZ��)LJXUH�������>��@��3UHFDVW
SLHUV� ZHUH� XVHG� DW� 9DLO� 3DVV� WR� PLQLPL]H� VLWH� LPSDFW� �)LJXUH� ������ >��@� � 3UHFDVW� FDLVVRQ
HOHPHQWV�KDYH�EHHQ�XVHG�IRU�D�QXPEHU�RI�ZDWHU�FURVVLQJV�WR�VSHHG�FRQVWUXFWLRQ��)LJXUH������
>���� ��@� � 7KH� KLJK� TXDOLW\� FRQWURO� RI� FRQFUHWH� IDEULFDWLRQ� LQ� D� SUHFDVW� SODQW� ZDV� XVHG
DGYDQWDJHRXVO\�IRU�KROORZ�FROXPQ�VHJPHQWV�WKDW�VXSSRUW�DQ�RFHDQ�SLHU�LQ�6RXWK�$IULFD��>��@
7KH�LQWHUORFNLQJ��VWDFNHG��KROORZ�FROXPQ�VHJPHQWV�ZHUH�XVHG�DV�D�GHQVH�FRUURVLRQ�UHVLVWDQW
IRUP� WKDW� ZDV� ILOOHG� ZLWK� WUHPLH� FRQFUHWH�� � 7KH� ODUJHVW� EULGJH� SURMHFW� FDUULHG� RXW� LQ� WKH
0LGGOH�(DVW�DV�RI�'HFHPEHU������ZDV�WKH�%DKUDLQ�&DXVHZD\�ZKLFK�ZDV�FRQVWUXFWHG�DOPRVW
HQWLUHO\�RXW�RI�SUHFDVW�HOHPHQWV��>��@��3LOH�IRXQGDWLRQV��SLOH�FDSV�DQG�SLHU�VKDIWV�IRU�VL[�SLOH
JURXSV� RQ� HLWKHU� VLGH� RI� WKH� WKUHH�PDLQ� VSDQV� RI� WKLV� FDXVHZD\�ZHUH� DOO� SUHFDVW�� � 3UHFDVW
KDPPHUKHDG�FDSV�KDYH�DOVR�EHHQ�XVHG�LQ�WKH�SDVW�WR�WRS�FDVW�LQ�SODFH�FROXPQV��)LJXUH������



��
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)LJXUH������3UHFDVW�SLOH�FDSV�IRU�WKH�5HGILVK�%D\�ORZ�ZDWHU�FURVVLQJ���$�PLQLPDO�DPRXQW�RI�FDVW�LQ�SODFH
FRQFUHWH�LV�XVHG�LQ�PDNLQJ�FDS�WR�SLOH�FRQQHFWLRQV�

)LJXUH������3UHFDVW�KROORZ�FRQFUHWH�SLHU�VHJPHQWV
ORZHUHG�LQWR�SRVLWLRQ�IURP�WKH�GHFN�DERYH�DW�WKH
/LQQ�&RYH�9LDGXFW�LQ�1RUWK�&DUROLQD�>��@



��

�D� �E�

)LJXUH������$�VFKHPDWLF�GUDZLQJ��D��DQG�WKH�DV�EXLOW�YLHZ��E��RI�WKH�SUHFDVW�FRQFUHWH�SLHUV�IRU
9DLO�3DVV�LQ�&RORUDGR�>��@

)LJXUH������3UHFDVW�FRIIHUGDPV�XVHG� )LJXUH������3ODFHPHQW�RI�D�SUHFDVW�SLHU�FDS�RQ�D�WR
VSHHG�FRQVWUXFWLRQ�>��@ FDVW�LQ�SODFH�FROXPQ
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3DVW�SURMHFWV��DOWKRXJK�OLPLWHG�LQ�QXPEHU��KDYH�VKRZQ�WKDW�SUHFDVWLQJ�VXEVWUXFWXUH�HOHPHQWV
LV�IHDVLEOH�DQG�DGYDQWDJHRXV�IRU�D�ZLGH�YDULHW\�RI�SURMHFW�W\SHV���1HZ�DSSOLFDWLRQV�IRU�SUHFDVW
VXEVWUXFWXUH�HOHPHQWV�FRQWLQXH�WR�EH�H[SORUHG�

������ 5HFHQW�7UHQGV�IRU�6HJPHQWDO�&RQVWUXFWLRQ�RI�6KRUW��DQG�0RGHUDWH�6SDQ�%ULGJHV

6HJPHQWDO�FRQVWUXFWLRQ�KDV�WUDGLWLRQDOO\�EHHQ�XVHG�LQ�PRGHUDWH��DQG�ORQJ�VSDQ�VXSHUVWUXFWXUH
GHVLJQ�� � 7KLV� PHWKRG� RI� FRQVWUXFWLRQ� LV� QRZ� EHLQJ� IXUWKHU� H[SORUHG� IRU� DSSOLFDWLRQV� ZLWK
VKRUW��WR�PRGHUDWH�VSDQ�VXSHUVWUXFWXUH�DQG�VXEVWUXFWXUH�GHVLJQ�

$� MRLQW� FRPPLWWHH� RI� WKH� 3UHFDVW� &RQFUHWH� ,QVWLWXWH� �3&,�� DQG� WKH� $PHULFDQ� 6HJPHQWDO
%ULGJH�,QVWLWXWH��$6%,��KDV�GHYHORSHG�VWDQGDUGV�IRU�SUHFDVW�VHJPHQWDO�ER[�JLUGHU�VHFWLRQV�IRU
XVH�ZLWK�VSDQV�RI���±���P�����±����IW��IRU�VSDQ�E\�VSDQ�HUHFWLRQ�DQG���±���P�����±����IW�
IRU� EDODQFHG� FDQWLOHYHU� FRQVWUXFWLRQ�� �7KHVH� VWDQGDUGV� DFFRPPRGDWH� GHFN� ZLGWKV� RI� ���±
�����P� ���±���IW��� � 6WDQGDUG� GHVLJQ� VKHHWV�ZLWK� GHVLJQ� H[DPSOHV� KDYH� EHHQ� DVVHPEOHG� E\
FRPPLWWHH�PHPEHUV�IURP�GLIIHUHQW�EULGJH�GHVLJQ�RIILFHV�LQ�WKH�8QLWHG�6WDWHV��>��@��'HVLJQV
VLPLODU� WR� WKH� VWDQGDUGV� EHLQJ� GHYHORSHG� KDYH� EHHQ� XVHG� VXFFHVVIXOO\� IRU� PRGHUDWH�VSDQ
EULGJHV�FRQVWUXFWHG�E\�WKH�VSDQ�E\�VSDQ�PHWKRG�VXFK�DV�DW�WKH�)ORULGD�.H\V�>������@��LQ�6DQ
$QWRQLR��7H[DV�>��@�DQG�LQ�$XVWLQ��7H[DV��>��@

7KH�EULGJH�GHVLJQ�ILUP�-��0XOOHU�,QWHUQDWLRQDO�KDV�GHYHORSHG�D�VHJPHQWDO�EULGJH�V\VWHP�IRU
VSDQV�RI���±���P����±����IW��QDPHG�WKH�6HJPHQWDO�&RQFUHWH�&KDQQHO�%ULGJH�6\VWHP��>��@
7KLV� V\VWHP� RI� FKDQQHO� VHJPHQWV� LV� ORQJLWXGLQDOO\� SRVW�WHQVLRQHG� WRJHWKHU� DQG� PD\� EH
WUDQVYHUVHO\� SUH�� RU� SRVW�WHQVLRQHG� �)LJXUH� ������� � .H\� IHDWXUHV� RI� WKLV� V\VWHP� LQFOXGH
LQFUHDVHG� FOHDUDQFH� IRU� VWDQGDUG� KLJKZD\� RYHUSDVVHV�� VKRUWHU� FRQVWUXFWLRQ� WLPH� DQG� ORZHU
OLIH�F\FOH�FRVWV���7ZR�VXFK�EULGJHV�KDYH�EHHQ�GHVLJQHG�IRU�XVH�LQ�1HZ�<RUN�VWDWH�

7KH� UHFHQW� WUHQG� RI� DSSO\LQJ� VHJPHQWDO� FRQVWUXFWLRQ� WHFKQRORJLHV� WR� VKRUW�� DQG�PRGHUDWH�
VSDQ�EULGJHV�KDV�DOVR�EHHQ�H[SORUHG�IRU�VXEVWUXFWXUH�GHVLJQ�� �7['27�KDV�GHVLJQHG�SUHFDVW
VHJPHQWDO� SLHUV� IRU� WKUHH� PRGHUDWH�VSDQ� EULGJH� SURMHFWV� LQ� 7H[DV�� � 86� +LJKZD\� ���� LQ
$XVWLQ� �)LJXUH��������6WDWH�+LJKZD\�����RYHU�/RXHWWD�5RDG� LQ�+RXVWRQ��)LJXUH�������� DQG
PRVW�UHFHQWO\��DQ�RYHUSDVV�RYHU�,QWHUVWDWH�+LJKZD\����QHDU�(O�3DVR��7;���7KH�GHVLJQV�IRU�WKH
ODWWHU�WZR�SURMHFWV�ZHUH�HVVHQWLDOO\�WKH�VDPH�

7HFKQLFDO�VHVVLRQV�DW�LQGXVWU\�FRQIHUHQFHV�RIWHQ�LQFOXGH�SUHVHQWDWLRQV�RQ�WKH�XVH�RI�SUHFDVW
VXEVWUXFWXUH�HOHPHQWV�IRU�ERWK�QHZ�GHVLJQ�DQG�UHKDELOLWDWLRQ�SURMHFWV��>������@��$�QXPEHU�RI
SUDFWLWLRQHUV� DWWHQGLQJ� SUHVHQWDWLRQV� E\� WKH� VHQLRU� DXWKRU� RQ� WKH� VXEVWUXFWXUH� V\VWHP
SUHVHQWHG� LQ� &KDSWHU� �� KDYH� H[SUHVVHG� LQWHUHVW� LQ� OHDUQLQJ� PRUH� DERXW� WKLV� V\VWHP� IRU
SRVVLEOH�XVH�LQ�WKHLU�GHVLJQ�ILUPV���6RPH�HQJLQHHUV�DWWHQGLQJ�FRPPHQWHG�WKDW�WKH\�IUHTXHQWO\
XVH�SUHFDVW�VXEVWUXFWXUHV�IRU�WKHLU�EULGJH�GHVLJQV�IRU�VXFFHVVIXO��UDSLG�FRQVWUXFWLRQ�



��

����
�D�3UHFDVW�FKDQQHO�VHJPHQWV�PDNH�XS�WKH�VXSHU��VWUXFWXUH� �E���$�FRPSOHWHG�FKDQQHO�EULGJH
7KH�SULPDU\�ORDG�FDUU\LQJ�V\VWHP�LV�WKH�SDUDSHW�ZDOOV

)LJXUH�������7KH�6HJPHQWDO�&RQFUHWH�&KDQQHO�%ULGJH�6\VWHP�GHYHORSHG�E\�-��0XOOHU�,QWHUQDWLRQDO�IRU
VSDQV�RI������P���������IW��

�������
)LJXUH�������3UHFDVW�VHJPHQWDO�SLHUV )LJXUH�������3UHFDVW�SLHUV�IRU�D�JUDGH�VHSDUDWLRQ�LQ
DW�86�����LQ�$XVWLQ��7H[DV +RXVWRQ��7H[DV

$� UHFHQW� SURMHFW� XVLQJ� SUHFDVW� VXEVWUXFWXUH� HOHPHQWV� IRU� D� PRGHUDWH� VSDQ� SUHFDVW� JLUGHU
EULGJH�LV�WKH�(GLVRQ�%ULGJH�RYHU�WKH�&DORRVDKDWFKHH�5LYHU� LQ�)RUW�0\HUV��)ORULGD�GHVLJQHG
E\� +'5� (QJLQHHULQJ�� ,QF�� >��@� � 7KH� SUHFDVW� VXEVWUXFWXUH� XQLWV� XVHG� QRQSUHVWUHVVHG
UHLQIRUFHPHQW�FRQQHFWHG�ZLWK�JURXWHG�VOHHYH�FRXSOHUV���6HSDUDWH�QRUWKERXQG�DQG�VRXWKERXQG
VWUXFWXUHV�ZHUH�GHVLJQHG�ZLWK����P������IW��VSDQV�PDGH�XS�RI������PP�����LQ��GHHS�)ORULGD
EXOE�7V�VXSSRUWHG�E\�SUHFDVW�IUDPH�EHQWV���7KH�EHQWV�ZHUH�PDGH�XS�RI�,�VKDSHG�FROXPQV�WKDW
ZHUH�FDVW�LQ�VLQJOH�SLHFHV�XS�WR������P�����IW��WDOO���7KH�ODUJHVW�FROXPQ�VHJPHQW�ZHLJKHG����
N1�����NLSV����7KH�FDSV�ZHUH�XS�WR������P�����IW��ORQJ���,Q�RUGHU�WR�NHHS�WKH�ZHLJKW�ORZ��WKH\
ZHUH�LQYHUWHG�8�VHFWLRQV��)LJXUH���������7KH�ODUJHVW�FDS�VHJPHQW�ZHLJKHG�����N1������NLSV��
7KH�FDSV�KDG�VROLG�VHFWLRQV�RYHU� WKH�FROXPQV� WR�SURYLGH�KRUL]RQWDO� VKHDU� WUDQVIHU� IURP� WKH
FDS�WR�WKH�FROXPQV�LQ�DFFRUGDQFH�ZLWK�WKH�VHLVPLF�FULWHULD�IRU�WKH�DUHD���7KH�FROXPQ�VHJPHQWV
ZHUH� FRQQHFWHG� WR� WKH� FDVW�LQ�SODFH� IRRWLQJV� DQG� WR� WKH� SUHFDVW� SLHU� FDSV�ZLWK�PHFKDQLFDO
FRXSOHUV� �JURXWHG� VOHHYH� FRXSOHUV��� � 7R� HQVXUH� D� ³SHUIHFW´� ILW�� VLPLODU� SDWWHUQV� �EDVLFDOO\
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PHWDO�VKHHWV�ZLWK�PHDVXUHG�RSHQLQJV��ZHUH�XVHG�WR�DOLJQ�WKH�GRZHOV�IURP�WKH�IRRWLQJ�DQG�WR
DOLJQ�WKH�SODFHPHQW�RI�WKH�VOHHYHV�LQ�WKH�SLHU�VHJPHQW���7KH�SDWWHUQ�LQ�WKH�ILHOG�KDG�VOHHYHV�WR
NHHS� WKH� GRZHOV� YHUWLFDO� GXULQJ� FRQVWUXFWLRQ�� � 6LPLODU� SDWWHUQV� ZHUH� XVHG� IRU� WKH� GRZHOV
SURWUXGLQJ�IURP�WKH�WRS�RI�WKH�FROXPQ�VHJPHQWV�DQG�IRU�WKH�VOHHYH�ORFDWLRQV�LQ�WKH�FDS���7KH
WRS� RI� WKH� FDSV� ZHUH� KRUL]RQWDO� WR� IDFLOLWDWH� SODFHPHQW� RYHU� WKH� GRZHOV� LQ� WKH� FROXPQ
VHJPHQWV�� �7KH����FURVV� VORSH�QHFHVVDU\� IRU� WKH�GHFN�ZDV� WKHQ� DFKLHYHG� WKURXJK�YDULDEOH
KHLJKW�EHDULQJ� VHDWV� FDVW� RQ� WRS� RI� WKH� FDS� DW� WKH� EULGJH� VLWH�� � ,Q� �����GROODUV�� WKH� SUHFDVW
FROXPQ� ELG� SULFHV�ZHUH� ����� SHU� FXELF�PHWHU� ������ SHU� FXELF� \DUG�� DQG� WKH� SUHFDVW� FDSV
DYHUDJHG������SHU�FXELF�PHWHU�������SHU�FXELF�\DUG����7KH�VXEVWUXFWXUH�ELG�SULFHV�PDGH�XS
URXJKO\������RI�WKH�WRWDO�EULGJH�ELG�SULFH�

+�VKDSHG�SUHFDVW�FROXPQ

3UHFDVW�,QYHUWHG�8�FDS

(OHYDWLRQ 3URILOH

$ $

$���$

)LJXUH�������6FKHPDWLF�RI�WKH�(GLVRQ�EULGJH�SUHFDVW�EHQWV

$�SUHOLPLQDU\� VWXG\� IRU�GHYHORSLQJ�SUHFDVW�EULGJH�VXEVWUXFWXUHV� WKDW�FRXOG�EH� VWDQGDUGL]HG
IRU�PRGHUDWH�VSDQ�EULGJHV�� LQ�SDUWLFXODU�PRGHUDWH�VSDQ�ZDWHU� FURVVLQJV��ZDV� FRPSOHWHG� IRU
WKH�)ORULGD�'27� LQ�0D\�� �����E\�/R%XRQR��$UPVWURQJ�	�$VVRFLDWHV��+'5�(QJLQHHULQJ�
,QF��DQG�0RUDOHV�DQG�6KXPHU�(QJLQHHUV��,QF��>��@��7KH�LQLWLDO�SKDVH�RI�WKH�VWXG\�LQYROYHG�D
VXUYH\�RI�WKH�XVH�RI�SUHFDVW�VXEVWUXFWXUHV�LQ�WKH�8QLWHG�6WDWHV���,W�ZDV�IRXQG�WKDW�PRVW�VWDWH
'27¶V��)ORULGD�FRQWUDFWRUV�DQG�PDMRU�SUHFDVW�FRQFUHWH� LQGXVWULHV�ZHUH�SULPDULO\�FRQFHUQHG
ZLWK� FRQQHFWLRQ�GHWDLOV� IRU�SUHFDVW� VXEVWUXFWXUHV�� �7KH� VHFRQG�SKDVH� RI� WKH� VWXG\� LQYROYHG
LGHQWLI\LQJ�D�QXPEHU�RI�SUHFDVW�VXEVWUXFWXUH�RSWLRQV�IRU�SLOH�EHQW�FDSV��DQG�FROXPQV�DQG�FDSV
IRU�PXOWLFROXPQ�DQG�KDPPHUKHDG�EHQWV�� �$�QXPEHU�RI�VKDSHV�DQG�IDEULFDWLRQ�RSWLRQV�ZHUH
WKHQ�UDWHG�E\�FRQVXOWDQWV�DQG�UHSUHVHQWDWLYHV�IURP�ERWK�FRQWUDFWLQJ�DQG�SUHFDVWLQJ�LQGXVWULHV�
$�UHFRPPHQGDWLRQ�ZDV�PDGH�WR�OLPLW�SUHFDVW�HOHPHQW�ZHLJKWV�WR�����N1������NLSV��DQG�WR
OLPLW� WKH� QXPEHU� RI� QHFHVVDU\� FRQQHFWLRQV�� � &RQQHFWLRQV� GLVFXVVHG� LQFOXGHG� PHFKDQLFDO
FRXSOHUV�VXFK�DV�JURXW�VOHHYH�FRXSOHUV��SRVW�WHQVLRQHG�FRQQHFWLRQV��ZHOGHG�FRQQHFWLRQV�DQG
UHLQIRUFLQJ�EDU�ODS�VSOLFHV���7DEOH�����DQG�)LJXUH������VKRZV�WKH�VHFWLRQ�W\SHV�UHFRPPHQGHG
IRU�IXUWKHU�LQYHVWLJDWLRQ�DV�DQ�RXWFRPH�RI�WKH�VWXG\�
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7DEOH������3UHFDVW�VXEVWUXFWXUH�FRPSRQHQWV�FKRVHQ�IRU�IXUWKHU�VWXG\�IRU�WKH�)ORULGD�'27

&RPSRQHQW &RQILJXUDWLRQ &RQILJXUDWLRQ

0XOWLFROXPQ�3LHU�&DS

������)LJXUH�����D�F�

6ROLG�5HFWDQJOH��,$� ,QYHUWHG�8��,,,�

0XOWLFROXPQ�3LHU�&ROXPQ

������)LJXUH�����G�

+ROORZ�5HFWDQJOH±
5RXQGHG�&RUQHUV��,,,%�

,�6KDSHG��,9$�

3LOH�%HQW�&DSV

������)LJXUH�����H�

6ROLG�5HFWDQJOH��,9� ,QYHUWHG�8��,�

+DPPHUKHDG�3LHU�&DS

������)LJXUH�����I�

6ROLG�5HFWDQJOH��,5%�

+DPPHUKHDG�3LHU�&ROXPQ

������)LJXUH�����J�

+ROORZ�5HFWDQJOH±
5RXQGHG�&RUQHUV��,,%�

'RXEOH�,�6KDSHG��,,,�
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���� ,QWURGXFWLRQ

7KLV� FKDSWHU� VXPPDUL]HV� WKH� GHYHORSPHQW� RI� D� SDUWLFXODU� SUHFDVW� FRQFUHWH� VXEVWUXFWXUH
V\VWHP�SURSRVHG�E\�WKH�3URMHFW��±�����LQYHVWLJDWRUV�DV�D�SRVVLEOH�FDQGLGDWH�IRU�UHILQHPHQW�
WULDO�XVH�DQG�IXWXUH�VWDQGDUGL]DWLRQ�E\�7['27�

���� )XWXUH�$SSOLFDWLRQV

7KH� EHQHILWV� RI� SUHFDVWLQJ� VXEVWUXFWXUH� V\VWHPV� IRU� VKRUW�� DQG� PRGHUDWH�VSDQ� EULGJHV� DUH
SURPLVLQJ�� � 5HFHQWO\� GHVLJQHG� SUHFDVW� VXEVWUXFWXUH� HOHPHQWV� KDYH� EHHQ� VXFFHVVIXO� LQ
GHFUHDVLQJ� RQ�VLWH� FRQVWUXFWLRQ� WLPH�� � $V� D� UHVXOW�� WUDIILF� GHOD\V� DQG� UH�URXWLQJ� ZHUH
PLQLPL]HG�� WKXV� UHGXFLQJ� DQ� LQGLUHFW� FRVW� WR� WKH� SXEOLF�� � 5HGXFLQJ� FRQVWUXFWLRQ� WLPH� KDV
DGYDQWDJHV�LQ�PDQ\�SDUWV�RI�7H[DV��)LJXUH��������3DUWLFXODUO\�LQ�FRQJHVWHG�XUEDQ�DUHDV��QHZ
KLJKZD\� RU� OLJKW� UDLO� FRQVWUXFWLRQ�PD\� FDXVH� VLJQLILFDQW� WUDIILF� SUREOHPV�� � 7KH� IDVWHU� WKDW
QHFHVVDU\�EULGJH�VWUXFWXUHV�FDQ�EH�EXLOW�ZLWK�PLQLPXP�WUDIILF�GLVUXSWLRQ��WKH�OHVV�GLIILFXOWLHV
WKHUH�ZLOO�EH�IRU�WKH�SXEOLF��DV�ZHOO�DV�WKH�HQJLQHHUV�DQG�FLW\�RIILFLDOV�

)LJXUH������7UDIILF�FRQJHVWLRQ�FRXOG�EH�UHOLHYHG�VRRQHU�ZLWK
IDVWHU�KLJKZD\�EULGJH�FRQVWUXFWLRQ

7KH� FXUUHQW� WUHQG� RI� PLQLPL]LQJ� WKH� FRQVWUXFWLRQ� LQGXVWU\¶V� LPSDFW� DW� WKH� VLWH� RI� QHZ
FRQVWUXFWLRQ� LV� LPSRUWDQW� WR�PDLQWDLQ�JRRG�SXEOLF� UHODWLRQV�DQG� WR�SURWHFW� WKH�HQYLURQPHQW�
3UHFDVWLQJ�VXEVWUXFWXUHV�PRYHV�WKDW�SRUWLRQ�RI�FRQVWUXFWLRQ�WR�D�SUHFDVWLQJ�SODQW�DQG�DYRLGV
WKH�QHHG�IRU�HOHPHQW� IDEULFDWLRQ�� IRUPZRUN�DVVHPEO\� DQG�FRQFUHWH�SODFHPHQW�RQ�VLWH�� �7KH
UHVXOW�LV�OHVV�HTXLSPHQW�RQ�VLWH�DQG�WKHUHIRUH�OHVV�LQWHUIHUHQFH�DW�WKH�VLWH�GXULQJ�FRQVWUXFWLRQ�



��

3UHFDVWLQJ� DOORZV� IRU� KLJKHU� TXDOLW\� FRQWURO� RI� WKH� FRQFUHWH�� � +LJK� SHUIRUPDQFH� FRQFUHWH
�+3&���D�PRUH�GXUDEOH�PDWHULDO�WKDQ�QRUPDO�VWUHQJWK�FRQFUHWH��UHTXLUHV�KLJKHU�TXDOLW\�FRQWURO
IRU�SURSHU�IDEULFDWLRQ���+3&�FDQ�WKHUHIRUH�EH�PRUH�HIILFLHQWO\�DQG�HFRQRPLFDOO\�PL[HG�DQG
SODFHG�LQ�D�SUHFDVWLQJ�SODQW�WKDQ�RQ�VLWH���3UHFDVWLQJ�DOVR�DOORZV�IRU�PRUH�DWWUDFWLYH�ILQLVKHV
WKDQ�FDVW�LQ�SODFH�FRQFUHWH�

7KH�SRVLWLYH�IHHGEDFN�DQG�LQWHUHVW�IURP�SUDFWLWLRQHUV�LV�D�VLJQ�WKDW�SUHFDVWLQJ�LV�D�QHZ�RSWLRQ
IRU�VXEVWUXFWXUH�GHVLJQ���5HFHQW�VXFFHVV�ZLWK�SUHFDVW�VXEVWUXFWXUHV�DQG�WKH�SURYHQ�HIILFLHQF\�
HFRQRP\� DQG� GXUDELOLW\� RI� SUHFDVW� VHJPHQWDO� FRQVWUXFWLRQ� IRU� VXSHUVWUXFWXUH� GHVLJQ� LQ� WKH
8QLWHG�6WDWHV�>��@�SRLQW�WR�D�SRVLWLYH�IXWXUH�IRU�SUHFDVW�VHJPHQWDO�VXEVWUXFWXUH�GHVLJQ�

)RU�VXSHUVWUXFWXUH�GHVLJQ��WKH�WUDGH�RII�EHWZHHQ�WKH�FRQVWUXFWLRQ�VLPSOLFLW\�RI�FRQVWDQW�GHSWK
VHFWLRQV� DQG� WKH�PDWHULDO� HIILFLHQF\�RI�YDULDEOH�GHSWK� VHFWLRQV� KDV� VKRZQ� WKH� IRUPHU� WR� EH
PRUH�HFRQRPLFDO�ZLWK�VKRUWHU�VSDQ�VWUXFWXUHV���$�VLPLODU�WUHQG�FDQ�EH�VHHQ�ZLWK�VXEVWUXFWXUH
GHVLJQV���+LJKZD\�VWUXFWXUHV�RI�VKRUW��DQG�PRGHUDWH�VSDQV�ZLWK�KHLJKWV�XQGHU����P�������IW�
DUH� W\SLFDOO\� FRQVWUXFWHG�ZLWK� SLHUV� RI� FRQVWDQW� FURVV�VHFWLRQ��>�@� � 7KH� VDYLQJV� GXH� WR� WKH
VLPSOLFLW\�RI�FRQVWUXFWLQJ�FRQVWDQW�FROXPQ�VHFWLRQV�W\SLFDOO\�RXWZHLJK�DQ\�PDWHULDO�VDYLQJV
DFKLHYHG�E\�WDSHULQJ�WKH�FROXPQV�� �$V�D� UHVXOW�� VWDQGDUGL]DWLRQ� LV�SDUWLFXODUO\�DWWUDFWLYH� IRU
VKRUW�� DQG� PRGHUDWH�VSDQ� EULGJHV� RI� PRGHUDWH� KHLJKW�� � &RQVWDQW� FURVV�VHFWLRQV� OHQG
WKHPVHOYHV�PRUH�HDVLO\�WR�HFRQRPLFDO�VWDQGDUGL]DWLRQ�

$V�SUHFDVWLQJ�VXEVWUXFWXUHV�LV�D�IDLUO\�QHZ�DUHD�RI�GHVLJQ��WKHUH�LV� OLPLWHG�ILHOG�LQIRUPDWLRQ
RQ�WKHLU�EHKDYLRU�DQG�SHUIRUPDQFH���0RUH�LPSRUWDQWO\��WKHUH�LV�OLPLWHG�FRQWUDFWRU�H[SHULHQFH
ZLWK�WKLV�IRUP�RI�FRQVWUXFWLRQ��7KH�ELJJHVW�KXUGOHV�WR�RYHUFRPH�ZLWK�GHYHORSLQJ�QHZ�SUHFDVW
VXEVWUXFWXUH� V\VWHPV�DUH� WKH�PDQ\�XQIRXQGHG�QHJDWLYH� EHOLHIV� DERXW� VXFK� V\VWHPV�KHOG� E\
³SULVRQHUV�RI� WKH� IDPLOLDU�´� �7KURXJK�DWWHQWLRQ� WR� LQGXVWU\� FRQFHUQV�DQG�NQRZOHGJH�RI�SDVW
VXFFHVVHV� DQG� IDLOXUHV�� IXQFWLRQDO�� HFRQRPLFDO� DQG� DWWUDFWLYH� QHZ� VXEVWUXFWXUHV� FDQ� EH
GHVLJQHG�DQG�EXLOW���:LWK�FDUHIXO�LPSOHPHQWDWLRQ�RI�WKLV�UHFHQW�WUHQG�LQ�VXEVWUXFWXUH�GHVLJQ�
WKH�DGYDQWDJHV�RI�SUHFDVW�VHJPHQWDO�VXEVWUXFWXUH�V\VWHPV�ZLOO�VKLQH�IRUWK�

���� &ULWHULD�IRU�D�7H[DV�3UHFDVW�6XEVWUXFWXUH�6\VWHP

/RRNLQJ�VSHFLILFDOO\�WRZDUGV�GHYHORSLQJ�D�SUHFDVW�VXEVWUXFWXUH�V\VWHP�IRU�7['27��D�QXPEHU
RI�QHHGV�DQG�FRQVWUDLQWV�PXVW�EH�PHW�� �7KH� FULWHULD� IRU� WKH�SUHFDVW� VXEVWUXFWXUH� V\VWHP�DUH
WKDW�WKH�V\VWHP�PXVW�

•� EH�FRPSDWLEOH�ZLWK�SUHFDVW�EHDP�VXSHUVWUXFWXUHV�

•� EH�HFRQRPLFDOO\�FRPSHWLWLYH�ZLWK�FXUUHQW�SUDFWLFH�

•� EH�VL]HG�IRU�IDEULFDWLRQ�DQG�HUHFWLRQ�ZLWK�H[LVWLQJ�SODQWV�DQG�FRQVWUXFWLRQ
HTXLSPHQW�

•� PDNH�XVH�RI�SUHFDVWHU�DQG�FRQWUDFWRU�H[SHULHQFH�

•� LPSURYH�GXUDELOLW\�

•� EH�GHVLJQHG�LQ�DFFRUGDQFH�ZLWK�$$6+72�%ULGJH�'HVLJQ�6SHFLILFDWLRQV
>��±��@�DQG�WKH�7['27�%ULGJH�'HVLJQ�0DQXDO��>��@
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$�SUHFDVW�VXEVWUXFWXUH�V\VWHP�IRU�7H[DV�PXVW�EH�FRPSDWLEOH�ZLWK�SUHFDVW�FRQFUHWH�,���7���8�
DQG� ER[�EHDP� VXSHUVWUXFWXUH� V\VWHPV� DV� WKHVH� DUH� WKH� SUHGRPLQDQW� VXSHUVWUXFWXUH� V\VWHPV
XVHG� LQ� 7H[DV�� � 7KH� VXEVWUXFWXUH� V\VWHP� PXVW� EH� HFRQRPLFDOO\� FRPSHWLWLYH� ZLWK� FXUUHQW
VXEVWUXFWXUH�V\VWHPV���(FRQRPLFV�RI�WKH�GHVLJQ�VKRXOG�FRQVLGHU�QRW�RQO\�LQLWLDO�GROODU�FRVWV
EXW�DOVR�LQGLUHFW�FRVWV�DQG�EHQHILWV�WR�WKH�SXEOLF�GXH�WR�FRQVWUXFWLRQ�WLPH�DQG�LPSDFW���:KLOH
LW� LV� UHFRJQL]HG� WKDW� WKH� LQLWLDO�FRVW�RI�D�SUHFDVW�V\VWHP�PD\�EH�KLJKHU�� WKH� V\VWHP�PXVW�EH
GHYHORSHG�ZLWK�IRUPV�DQG�GHWDLOV�WKDW�FDQ�HDVLO\�EH�VWDQGDUGL]HG���:LWK�ZLGH�UHXVH�RYHU�WLPH�
VWDQGDUGL]DWLRQ�ZLOO� EULQJ� FRVWV� GRZQ� DQG�PDNH� SUHFDVW� V\VWHPV� HFRQRPLFDOO\� FRPSHWLWLYH
ZLWK� FDVW�LQ�SODFH� V\VWHPV� IRU�PDQ\� EULGJH� SURMHFWV�� SDUWLFXODUO\� ZKHUH� UDSLG� FRQVWUXFWLRQ
WLPH�LV�YDOXHG�

$Q�DGGLWLRQDO�DSSURDFK�WR�NHHSLQJ�WKH�LQLWLDOO\�KLJKHU�FRVWV�RI�D�SUHFDVW�V\VWHP�GRZQ��LV� WR
GHYHORS�D�V\VWHP�WKDW�PDNHV�XVH�RI�H[LVWLQJ�SUHFDVW�SODQW�IDFLOLWLHV�DQG�HTXLSPHQW�LQ�7H[DV�
7KH� FRQVWUXFWLRQ� HTXLSPHQW� �SUHGRPLQDQWO\� WKH� FUDQHV�� UHTXLUHG� IRU� VXEVWUXFWXUH� HUHFWLRQ
VKRXOG�EH�FRPSDWLEOH�ZLWK�WKH�HTXLSPHQW�UHTXLUHPHQWV�IRU�VXSHUVWUXFWXUH�HUHFWLRQ���7KHUHIRUH
HOHPHQW� ZHLJKWV� VKRXOG� EH� NHSW� EHORZ� ���±����N1� ����±����NLSV��� � �7KLV� LV� URXJKO\� WKH
ZHLJKW� RI� WKH� ODUJHVW� SUHIDEULFDWHG� EHDPV� XVHG� LQ� 7H[DV��� � /LPLWLQJ� HOHPHQW� ZHLJKWV� IRU
HUHFWLRQ�ZLOO�DOVR�NHHS�KDXOLQJ�FRVWV�GRZQ�

'XUDELOLW\�LV�D�PDMRU�FRQFHUQ�WKDW�PXVW�EH�DGGUHVVHG�E\�WKH�GHYHORSHG�V\VWHP���,QWURGXFWLRQ
RI� KLJK� SHUIRUPDQFH� FRQFUHWH� DQG� WKH� XVH� RI� SUHVWUHVVLQJ� LQ� WKH� VXEVWUXFWXUH� ZLOO� EH
DGYDQWDJHRXV�� � )LQDOO\�� WKH� V\VWHP�PXVW� EH� GHVLJQHG� LQ� DFFRUGDQFH� ZLWK� WKH�PRVW� FXUUHQW
$$6+72�EULGJH�GHVLJQ�VSHFLILFDWLRQV�DQG�WKH�7['27�%ULGJH�'HVLJQ�0DQXDO���7KH�$$6+72
6SHFLILFDWLRQV� LQFOXGH� WKH� ����� $$6+72� 6WDQGDUG� 6SHFLILFDWLRQ� IRU� +LJKZD\� %ULGJHV�
6L[WHHQWK� (GLWLRQ� >��@� �6WDQGDUG� $$6+72��� ����� $$6+72� /5)'� %ULGJH� 'HVLJQ
6SHFLILFDWLRQV�>��@��/5)'�$$6+72���DQG������,QWHULP�*XLGH�6SHFLILFDWLRQV�IRU�'HVLJQ�DQG
&RQVWUXFWLRQ� RI� 6HJPHQWDO� &RQFUHWH� %ULGJHV� >��@� �$$6+72� 6HJPHQWDO� 6SHFLILFDWLRQV��
(DFK�RI�WKH�LVVXHV�PHQWLRQHG�LQ�WKLV�VHFWLRQ�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�6HFWLRQ�����ZKHUH
WKH�ILQDO�SURSRVHG�V\VWHP�LV�SUHVHQWHG�

���� 3UHOLPLQDU\�6\VWHP±3URSRVDO�,

$� SUHOLPLQDU\� SUHFDVW� VXEVWUXFWXUH� V\VWHP�� 3URSRVDO� ,�� ZDV� GHYHORSHG� DV� D� SDUW� RI� WKLV
UHVHDUFK�SURMHFW�E\�%DUQHV�DQG�LV�VXPPDUL]HG�LQ�WKLV�VHFWLRQ���$�PRUH�GHWDLOHG�UHSRUW�RI�WKLV
ZRUN�FDQ�EH�IRXQG�LQ�5HIHUHQFH���

3URSRVDO�,�LV�D�VXEVWUXFWXUH�V\VWHP�PDGH�XS�RI�SUHGRPLQDQWO\�SUHFDVW�HOHPHQWV��)LJXUH������
'HWDLOV�ZHUH�GHYHORSHG�IRU�VLQJOH�FROXPQ��KDPPHUKHDG��EHQWV�ZLWK�LQYHUWHG�7�FDSV�IRU�XVH
ZLWK�$$6+72�7\SH� ,,,��7\SH� ,9��DQG�³7H[DV�8�EHDP´�SUHWHQVLRQHG�JLUGHUV�� �6XFK�VLQJOH�
FROXPQ� EHQWV� DUH� LQKHUHQWO\� OHVV� HIILFLHQW� WKDQ�PXOWLFROXPQ� EHQWV� EXW� DUH� RIWHQ� GHVLUHG� WR
PLQLPL]H�VLWH�FRQJHVWLRQ��RSHQ�XS�YLVWDV��DQG�RU�SURYLGH�OHVV�LQWHUIHUHQFH�ZLWK�KLJKZD\�ODQHV
DW� WKH� ORZHU� OHYHO�� � 7KH\� DUH� XVXDOO\�PXFK�PRUH� DWWUDFWLYH� WKDQ� WKH� VWDQGDUG�PXOWLFROXPQ
EHQWV���)RXU�GLIIHUHQW�FROXPQ�VL]HV�ZLWK�RQH�EDVLF�FDS�VKDSH�ZHUH�GHVLJQHG�WR�EH�DVVHPEOHG
IRU�YDU\LQJ�KHLJKWV�DQG�ZLGWKV�RI�VWDQGDUG�EULGJHV���7KHVH�VDPH�VHFWLRQV�ZHUH�HQYLVLRQHG�WR
EH� DEOH� WR� EH� FRPELQHG� WR� IRUP� VWUDGGOH� DQG� IUDPH� EHQWV�� DJDLQ� IRU� YDU\LQJ� KHLJKWV� DQG
ZLGWKV��)LJXUH��������7KLV�SDUW�RI�WKH�VWXG\�ZDV�ODUJHO\�FRQFHSWXDO�DQG�ILQDO�GHWDLOV�ZHUH�QRW
GHYHORSHG� IRU� WKH� PXOWLFROXPQ� EHQWV�� � &ROXPQ� VHJPHQWV� ZRXOG� EH� SUHFDVW� XVLQJ� PDWFK�
FDVWLQJ� WHFKQLTXHV�� � 7KH� VHJPHQWV� ZRXOG� WKHQ� EH� KDXOHG� WR� WKH� VLWH� DQG� SRVW�WHQVLRQHG
WRJHWKHU�DQG�WR�WKH�IRXQGDWLRQV�



��

)LJXUH������6HJPHQWDO�VXEVWUXFWXUH�RI�3URSRVDO�,�VKRZLQJ�ORQJLWXGLQDO
FDS�UHLQIRUFHPHQW�DQG�YHUWLFDO�FROXPQ�UHLQIRUFHPHQW�>�@

)LJXUH������3LHU�FRQILJXUDWLRQV�IRUHVHHQ�IRU�3URSRVDO�,�>�@
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������ (OHPHQWV�RI�WKH�3UHFDVW�6XEVWUXFWXUH�6\VWHP±3URSRVDO�,

7KH� SUHFDVW� KDPPHUKHDG� FROXPQ� GHYHORSHG� LQ� 3URSRVDO� ,� LV� GHSLFWHG� LQ� )LJXUH� ����� � 7KH
VXEVWUXFWXUH� LV� PDGH� XS� RI� WKUHH� EDVLF� VHJPHQW� W\SHV�� FROXPQ� VHJPHQWV�� D� ³WHPSODWH´
VHJPHQW� DQG� LQYHUWHG�7�FDS�VHJPHQWV�� � ,QYHUWHG�7�FDSV�ZHUH� FKRVHQ�RYHU� UHFWDQJXODU�EHQW
FDSV� IRU� UHDVRQV� RI� LPSURYHG� YLVLELOLW\� WKURXJK� WKH� EULGJH� DV� ZHOO� DV� LQFUHDVHG� FOHDUDQFH
XQGHUQHDWK�WKH�VXEVWUXFWXUH���7KHUH�DUH�WZR�DUHDV�VSHFLILHG�IRU�JHRPHWU\�FRQWURO�ZLWKLQ�WKHVH
VXEVWUXFWXUHV��D�MRLQW�DW�WKH�EDVH�XQGHU�WKH�ILUVW�FROXPQ�VHJPHQW��DQG�D�MRLQW�DW�WKH�WRS�RI�WKH
FROXPQ�VKDIW�XQGHU�WKH�WRS�FROXPQ�SLHFH��WKH�³WHPSODWH´����7KHVH�WZR�MRLQWV�DUH�FDVW�LQ�SODFH
ZLWK� D� KLJK� TXDOLW\� FRQFUHWH�� � 7KH� RWKHU� MRLQWV� DUH� PDWFK� FDVW� DQG� HSR[\� ILOOHG�� � 7KHVH
JHRPHWU\� FRQWURO� ORFDWLRQV� DUH� IXUWKHU� H[SODLQHG� LQ� WKLV� VHFWLRQ� DQG� LQ� 6HFWLRQ� ������� � 7KH
GHVLJQ�FULWHULD� IRU� WKH� VXEVWUXFWXUH�XQLWV�PDGH�XS�RI� WKHVH�SUHFDVW� HOHPHQWV� DUH�RXWOLQHG� LQ
5HIHUHQFH���

3ULPDU\�6HJPHQW6HFRQGDU\

6HJPHQW

6HFRQGDU\

6HJPHQW

7HPSODWH

&ROXPQ

6HJPHQWV

$GMXVWDE OH �6XSSRUWV

�JHRPHWU\ �FRQWUR O�MR LQ W�
)RXQGDWLRQ

0DWFK�FDVW
´SHUIHFW�ILWµ
MRLQWV

$GMXVWDE OH �6XSSRUWV

�JHRPHWU\�FRQWUR O�MR LQ W�

)LJXUH������(OHPHQWV�RI�WKH�SUHFDVW�SLHU�IRU�3URSRVDO�,�>�@

)RXU� KROORZ� FROXPQ� VHJPHQW� VL]HV� ZHUH� GHVLJQHG� �)LJXUH� ������ � &ROXPQ� VHJPHQWV� ZHUH
KROORZ�WR�UHGXFH�WKH�ZHLJKW�RI�WKH�HOHPHQWV�IRU�KDXOLQJ�DQG�HUHFWLRQ���7KHVH�KROORZ�VHFWLRQV
ZHUH�GHYHORSHG�IRU�XVH�ZLWK�KLJK�SHUIRUPDQFH�FRQFUHWHV�KDYLQJ�VWUHQJWKV�RI�XS� WR����03D
��������SVL����3URYLVLRQV�IRU�SRVW�WHQVLRQLQJ�GXFWV�DV�ZHOO�DV�VKHDU�NH\V�ZHUH�GHYHORSHG���$Q
DUHD�ZDV�LQFOXGHG�RQ�WKH�VLGH�ZDOOV�IRU�DQ�RSWLRQDO�UHFHVV�RU�LQVHUWLRQ�RI�D�IRUPOLQHU�



��

6KHDU�NH\
2SWLRQDO���PP�LQVHW�RU�IRUPOLQHG�VXUIDFH

3,(5�6(*0(17�6(&7,216

'LPHQVLRQV�LQ�PP����LQ�� �����PP

3RVW�WHQVLRQLQJ
GXFW

��
��
�7
<
3
�

����

3��

��
�

����

3��

���

���

����

3��

����

�
�
�

3��

�
�
�

)LJXUH������7KH�IRXU�SLHU�FURVV�VHFWLRQV�IRU�3URSRVDO�,�>�@

)RXU� WHPSODWH� VHJPHQWV� ZHUH� GHVLJQHG�� RQH� IRU� HDFK� RI� WKH� GLIIHUHQW� FROXPQ� VL]HV�� � 7KH
WHPSODWH�VHJPHQW�LV�EDVLFDOO\�D�FRQVWUXFWLRQ�DLG���7KH�LGHD�IRU�WKH�WHPSODWH�ZDV�DGRSWHG�IURP
WKH� UHFHQW� 1RUWKXPEHUODQG� 6WUDLW� &URVVLQJ� �16&�� SURMHFW� LQ� &DQDGD� FRQQHFWLQJ� 1HZ
%UXQVZLFN� DQG�3ULQFH�(GZDUG� ,VODQG�� >��±��@� �7KH�16&�JLUGHU�XQLWV�� IDEULFDWHG�RQ� VKRUH�
ZHUH�SUHFDVW�VHJPHQWDOO\�DQG�SRVW�WHQVLRQHG�WRJHWKHU�LQWR�KDXQFKHG�VSDQ�XQLWV�XS�WR�����P
�����IW��ORQJ���7KH�FHQWUDO�VHJPHQW�RI�HDFK�KDXQFKHG�VSDQ��RU� WKH�SLHU�VHJPHQW��ZDV�PDWFK
FDVW�LQ�WKH�FDVWLQJ�\DUG�WR�WKH�WRSPRVW�SLHU�VHJPHQW�WKDW�ZDV�FDOOHG�WKH�WHPSODWH����$�WHPSODWH
LV�GHILQHG�LQ�WKH�:HEVWHU¶V�'LFWLRQDU\�DV�³D�PROG��LQ�WKLV�FDVH�D�SUHFDVW�HOHPHQW��XVHG�DV�D
JXLGH� WR� IRUP� D� SLHFH� EHLQJ�PDGH�´� >��@�� � 'XULQJ� 16&� HUHFWLRQ� WKH� OLJKW� WHPSODWH� SLHFH
�ZHLJKLQJ�RQO\�����N1������NLSV���ZKLFK�LV�OLJKW�ZKHQ�FRPSDUHG�WR�D������01���������NLS�
JLUGHU� VHJPHQW��� FRXOG� EH� TXLFNO\� DOLJQHG� DQG� FDVW� LQWR� SODFH� DWRS� WKH� SLHU�� � 7KH� JLUGHU
VHJPHQWV� ZHUH� WKHQ� IORDWHG� WR� WKH� VLWH�� DQG� SODFHG� XSRQ� DQG� SRVW�WHQVLRQHG� GRZQ� WR� WKH
SUHFDVW� SLHUV� �)LJXUH������� �7KHVH� ODUJH� JLUGHU� VHJPHQWV�ZHUH� SODFHG� RQ� WKH� WHPSODWH� IRU� D
³SHUIHFW´�ILW�LQ�XQGHU�RQH�KRXU���7KH�WLSV�RI�WKH�FDQWLOHYHUV�IRU�WKHVH�VHJPHQWV�DIWHU�SODFHPHQW
ZHUH� ZLWKLQ� ���PP� �����LQ�� RI� WKHLU� GHVLJQHG� SRVLWLRQV�� � 7KLV� LV� D� FOHDU� WHVWLPRQ\� WR� WKH
H[FHOOHQFH� RI� WKLV� FRQVWUXFWLRQ� PHWKRG�� � 7KH� KDXQFKHG� JLUGHU� VHJPHQWV� FDQWLOHYHULQJ� RXW
IURP� WKH� SLHUV�ZHUH� WKHQ� FRQQHFWHG�ZLWK� SUHFDVW� ³GURS�LQ´� VSDQV� WR� FRPSOHWH� HDFK� EULGJH
VSDQ��)LJXUH������



��

)LJXUH������3ODFHPHQW�RI�D�����P������IW���SUHFDVW�VHJPHQWDO�JLUGHU�IRU�WKH�1RUWKXP�
EHUODQG�6WUDLW�FURVVLQJ�>��@���7HPSODWH�VHJPHQW�LV�LQ�SRVLWLRQ�RQ�WRS�RI�WKH�SLHU��

)LJXUH������'URS�LQ�SDQHOV�FRQQHFWLQJ�KDXQFKHG�JLUGHU�VHJPHQWV�DW�WKH�1RUWKXPEHUODQG�6WUDLW�&URVVLQJ�>��@

$OWKRXJK�WKH�SUHFDVW�VXEVWUXFWXUH�V\VWHP�GHYHORSHG�LQ�3URSRVDO�,�LV�RQ�D�PXFK�VPDOOHU�VFDOH
WKDQ� WKH� 16&� SURMHFW�� WKH� HUHFWLRQ� WLPH� FDQ� QRQH�WKH�OHVV� EH� JUHDWO\� UHGXFHG� DQG� WKH
JHRPHWU\�FRQWURO�LPSURYHG�E\�PDWFKFDVWLQJ�WKH�FDS�WR�WKH�WHPSODWH��)LJXUH��������7KH�OLJKWHU
WHPSODWH�SLHFH�FDQ�EH�SURSHUO\�DOLJQHG�LQ�WKH�ILHOG�WR�WKH�SURSHU�GHFN�FURVV�VORSH�DQG�VHW�ZLWK
D�FDVW�LQ�SODFH�MRLQW�PRUH�TXLFNO\�WKDQ�WKH�KHDYLHU��DZNZDUG�VKDSHG�FDS���)RU�3URSRVDO�,�WKH
WHPSODWH�LV�HVVHQWLDOO\�D�VPDOOHU�FROXPQ�VHJPHQW���7KLV�VPDOO�VL]H�DOORZHG�WKH�WHPSODWH�WR�EH
QRW�RQO\�D�FRQVWUXFWLRQ�DLG��EXW�DOVR�DQ�DUWLVWLF�RSSRUWXQLW\���$Q�LQWHUHVWLQJ�VKDSH�FRXOG�HDVLO\
EH�DFFRPPRGDWHG�LQ�WKLV�VPDOO�VHJPHQW���$�IODUHG�FKDPIHU�ZDV�FKRVHQ�WR�YLVXDOO\�LQWHJUDWH
WKH�YHUWLFDO�VKDIW�ZLWK�WKH�KRUL]RQWDO�FDS��)LJXUH������



��

)LJXUH������&ROXPQ�DQG�FDS�YLVXDOO\�LQWHJUDWHG�ZLWK�IODULQJ�FKDPIHUV
RQ�WKH�WHPSODWH�VHJPHQW�RI�3URSRVDO�,

7KH� LQYHUWHG�7� FDSV�ZRXOG� EH�PDWFK� FDVW� VHJPHQWDOO\� �)LJXUHV� ���� DQG� ������ LQ� D�PDQQHU
VLPLODU� WR� WKH� ZD\� VHJPHQWDO� JLUGHUV� DUH� PDWFK� FDVW�� � 3RVW�WHQVLRQLQJ� GXFW� DQG� VKHDU� NH\
ORFDWLRQV�DUH�SURYLGHG���7KH�VRIILW�RI�WKH�FDS�WDSHUV�LQ�WZR�GLUHFWLRQV���,Q�HOHYDWLRQ��WKHUH�LV�D
WDSHU�LQFUHDVLQJ�WKH�OHGJH�GHSWK�IURP�WKH�WLS�RI�WKH�FDS�WR�WKH�IDFH�RI�WKH�WHPSODWH�DQG�FROXPQ
�)LJXUH����D����,Q�SODQ��WKH�ERWWRP�VXUIDFH�RI�WKH�OHGJH�WDSHUV�IURP�WKH�IXOO�ZLGWK�RI�WKH�OHGJH
DW� WKH� WLS�RI� WKH� FDS� GRZQ� WR� WKH� QDUURZHU�ZLGWK� RI� WKH� WHPSODWH� DW� WKH� LQWHUVHFWLRQ� RI� WKH
WHPSODWH� DQG� FROXPQ� IDFH� �)LJXUH� ���E��� � 7KH� LQFUHDVHG� GHSWK� RI� WKH� WDSHULQJ� FDS� DW� WKH
FROXPQ� IDFH� SURYLGHV� DGGLWLRQDO�PRPHQW� DQG� VKHDU� UHVLVWDQFH� DW� WKLV� FULWLFDO� VHFWLRQ�� � 7KH
DPRXQW�RI�WDSHU�SURYLGHG�ZDV�PRUH�WKDQ�DGHTXDWH�VWUXFWXUDOO\�EXW�ZDV�NHSW�DW�WKLV�GHSWK�IRU
DQ� DWWUDFWLYH� YLVXDO� WUDQVLWLRQ�� LQWHJUDWLQJ� WKH� KRUL]RQWDO� FDS� DQG� WKH� YHUWLFDO� FROXPQ�
7DSHULQJ� WKH� FDS� JDYH� DQ� LQWHUHVWLQJ� DQG� VWULNLQJ� DSSHDUDQFH� EXW� PDGH� FDS� IRUP� GHWDLOV
FRPSOH[�IRU�YDU\LQJ�FDS�OHQJWKV�

$ $

$ ���$

D ��( OHYDWLRQ

E��8 QGHUVLGH

)LJXUH������,QYHUWHG�7�FDS�WDSHU�IRU�3URSRVDO�,�LQ�HOHYDWLRQ�DQG�SODQ
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������ )DEULFDWLRQ�6HTXHQFH±3URSRVDO�,

7KH� IDEULFDWLRQ� VHTXHQFH� IRU� WKH� SUHFDVW� VXEVWUXFWXUH� HOHPHQWV� RI�3URSRVDO� ,� LV� RXWOLQHG� LQ
)LJXUHV� ����� DQG� ������ � 7KH� FROXPQ� VHJPHQWV� DUH� PDWFK� FDVW� LQ� WKHLU� YHUWLFDO� SRVLWLRQ�
9HUWLFDO�FDVWLQJ�KDV�PDQ\�DGYDQWDJHV���)RUPHG�VXUIDFHV�ZLOO�PDNH�XS�DOO�ILQDOO\�YLVLEOH�IDFHV
RI�WKH�FROXPQ���7KH�FRQFUHWH�FDQ�EH�EHWWHU�FRQVROLGDWHG�DURXQG�WKH�GXFWV�DQG�WKH�LQQHU�FRUH
IRUP���+DQGOLQJ�ZLOO�EH�HDVLHU�DV�WKH�VHJPHQWV�ZLOO�EH�VWRUHG��KDXOHG�DQG�HUHFWHG�LQ�WKH�VDPH
RULHQWDWLRQ�DV�WKH\�ZHUH�FDVW���%HFDXVH�RI�WKH�DGYDQWDJHV�RI�YHUWLFDO�FDVWLQJ��WKH�³VKRUW�OLQH´
PHWKRG� LV� XVHG� LQ� ZKLFK� WKH� FDVWLQJ� HTXLSPHQW� LV� QHYHU� PRUH� WKDQ� WZR� VHJPHQWV� KLJK�
0LQLPL]LQJ�WKLV�KHLJKW�DOORZV�IRU�HDVLHU�DVVHPEO\�DQG�OLIWLQJ�DV�ZHOO�DV�XVH�RI�HTXLSPHQW�LQ
H[LVWLQJ�SUHFDVW�SODQWV�

$

$

����3UHYLRXVO\�FDVW�EXONKHDG�6HJPHQW�$�LV�DOLJQHG�DQG
VXUYH\HG�

����%RQG�EUHDNLQJ�VXEVWDQFH�LV�DSSOLHG�WR�WRS�IDFH�RI
VHJPHQW�

����2XWHU�IRUP�IRU�6HJPHQW�%�LV�SRVLWLRQHG�DQG�VXUYH\HG�

$

$

%

%

$

����5HLQIRUFLQJ�FDJH�DQG�FHQWUDO�YRLG�IRUP�DUH
���������LQVHUWHG�LQ�6HJPHQW�%�IRUP�
����6HJPHQW�%�FRQFUHWH�LV�FDVW�

����$IWHU�DGHTXDWH�FXULQJ��IRUPV�DUH�UHPRYHG��WKH
UHODWLRQ�EHWZHHQ�6HJPHQW�$�DQG�6HJPHQW�%�LV
VXUYH\HG��DQG�6HJPHQW�%�LV�PRYHG�LQWR�SRVLWLRQ
DV�EXONKHDG�VHJPHQW�IRU�FDVWLQJ�RI�6HJPHQW�&�

����6HJPHQW�$�LV�UHPRYHG�IRU�VWRUDJH��6HJPHQW�%�LV
DOLJQHG�DQG�VXUYH\HG��DQG�WKH�HQWLUH�SURFHVV�LV
UHSHDWHG�

%

%

)LJXUH�������6KRUW�OLQH�PDWFK�FDVWLQJ�SURFHGXUH�IRU�SUHFDVW�SLHU�VHJPHQWV



��

7HPSODWH� VHJPHQWV� DUH� FDVW� VHSDUDWHO\� �³ORRVH�ILW´��� �7KH� WHPSODWH� LV� WKHQ�SODFHG� XQGHU� DQ
RSHQLQJ� LQ� WKH� IRUPZRUN�RI� WKH�FDS� DQG� LV� DOLJQHG� IRU� WKH�SURSHU� FURVV�VORSH�RI� WKH� IXWXUH
EULGJH��)LJXUH���������7KH�FDS�LV�WKHQ�FDVW�XVLQJ�WKH�³ORQJ�OLQH´�PHWKRG�LQ�ZKLFK�WKH�HQWLUH
FDS� LV�PDWFK� FDVW� LQ� LWV� ILQDO� UHODWLYH�SRVLWLRQ� DQG�DOLJQPHQW�ZLWK� WKH� WHPSODWH�� � /RQJ�OLQH
FDVWLQJ�DOORZV�IRU�YDULDWLRQV�LQ�FDS�OHQJWKV��LQ�WDSHUHG�VRIILW�LQVHUWV��DQG�LQ�PDWFK�FDVW�MRLQW
ORFDWLRQV�

����$OLJQ�WHPSODWH�VHJPHQW�IRU�GHVLUHG�FURVV�VORSH
DQG�DSSO\�ERQG�EUHDNLQJ�VXEVWDQFH�WR�WRS
VXUIDFH�

����,QVWDOO�IRUPV�IRU�ERWWRP�IODQJH�RI�FDS�

����,QVHUW�IRUPV�IRU�WDSHUHG�FDS�VRIILWV�

����,QVWDOO�FDS�ORQJLWXGLQDO�MRLQW�IRUPV�
����,QVHUW�UHLQIRUFHPHQW�FDJH�DQG�SRVW�WHQVLRQLQJ

GXFWV�IRU�SULPDU\�FDS�VHJPHQW�

����,QVWDOO�VLGH�IRUPV�IRU�ZHE�RI�FDS�
����&DVW�FRQFUHWH�IRU�SULPDU\�FDS�VHJPHQW�DIWHU

YHULI\LQJ�SURSHU�IRUP�DOLJQPHQW�

����5HPRYH�ZHE�DQG�MRLQW�IRUPV�
�����$SSO\�ERQG�EUHDNLQJ�VXEVWDQFH�WR�SULPDU\�FDS

VHJPHQW�MRLQW�IDFHV�
����,QVWDOO�HQG�IRUPV�
����,QVHUW�UHLQIRUFHPHQW�FDJHV�DQG�GXFWV�IRU

VHFRQGDU\�FDS�VHJPHQWV�

����,QVWDOO�ZHE�IRUPV�IRU�VHFRQGDU\�FDS�VHJPHQWV�
����&DVW�FRQFUHWH�IRU�VHFRQGDU\�FDS�VHJPHQWV�

����5HPRYH�IRUPV�
����6XUYH\�DV�FDVW�DOLJQPHQW�
����5HPRYH�VHJPHQWV�IRU�VWRUDJH�

����&DVW�WHPSODWH�VHJPHQW�LQ�LWV�RZQ�IRUP���5HPRYH
IURP�IRUP�DQG�SODFH�LQ�FDS�IRUP�

)LJXUH�������/RQJ�OLQH�PDWFK�FDVWLQJ�SURFHGXUH�IRU�SUHFDVW�VHJPHQWDO�LQYHUWHG�7�FDSV�ZLWK
D�WDSHUHG�VRIILW�IRU�3URSRVDO�,



��

������ (UHFWLRQ�6HTXHQFH�DQG�&RQQHFWLRQ�'HWDLOV±3URSRVDO�,

$IWHU� WKH� GULOOHG� VKDIW�� VSUHDG� IRRWLQJV� RU� SLOH� FDS� IRXQGDWLRQV� DW� WKH� EULGJH� VLWH� DUH
FRPSOHWHG��SUHFDVW�VXEVWUXFWXUH�HOHPHQWV�FDQ�EH�KDXOHG�WR�WKH�VLWH�IRU�HUHFWLRQ���7KH�HUHFWLRQ
VHTXHQFH� LV� VKRZQ� LQ� )LJXUH� ������ � 7KH� ILUVW� VHJPHQW� LV� SODFHG� DQG� DOLJQHG� RQ� DGMXVWDEOH
VXSSRUWV� RQ� WRS� RI� WKH� IRRWLQJ�� � ,I� QHHGHG� IRU� JHRPHWU\� UDQJHV�� WKHUH� LV� DOVR� WKH� RSWLRQ� RI
FDVWLQJ�D�UHFHVV�LQWR�WKH�IRRWLQJ�DQG�SODFLQJ�WKH�ERWWRP�RI�WKH�ILUVW�VHJPHQW�LQ�WKH�UHFHVV���$
FRPPRQ�DGMXVWDEOH�VXSSRUW�V\VWHP�ZRXOG�EH�D�VWHHO� IUDPH� WKDW�FDQ�EH�DGMXVWHG�ZLWK�VFUHZ
WKUHDGV�RU�VKLPV���2QFH�DOLJQHG��GXFWV�DUH�FRQQHFWHG�DQG�WKH�SRVW�WHQVLRQLQJ�EDUV��37�EDUV�
DUH� WKUHDGHG� LQWR�DQFKRUV�SUHYLRXVO\�FDVW� LQWR� WKH� IRXQGDWLRQ�� �7KH�ERWWRP�VHJPHQW� LV� WKHQ
³ORFNHG´�LQ�SRVLWLRQ�ZLWK�D�FDVW�LQ�SODFH�MRLQW���7KH�KHLJKW�RI�WKLV�FDVW�LQ�SODFH�MRLQW�FDQ�YDU\
LQ� DFFRUGDQFH�ZLWK� WKH� ILQDO� KHLJKW� UHTXLUHG� IRU� WKH� SLHU�� � 3LHU� VHJPHQWV� DUH� WR� EH� FDVW� LQ
�����PP�� �����PP�� DQG� ����PP� ���� LQ�� ��� LQ�� ���LQ�� WDOO� VHJPHQWV�� � 7KHUHIRUH� WKH
PD[LPXP�UHTXLUHG�KHLJKW�RI�WKH�FDVW�LQ�SODFH�MRLQW�ZLOO�DOZD\V�EH�OHVV�WKDQ�����PP�����LQ��
2QFH� WKH� ILUVW� VHJPHQW� LV� SHUPDQHQWO\� LQ� SODFH�� WKH� QH[W� VHJPHQW� FDQ� EH� OLIWHG� LQWR� SODFH
DERYH� WKH� ILUVW� VHJPHQW�� � 37� EDUV� DUH� SODFHG� DQG� FRXSOHG�ZKLOH� WKH� QHZ� VHJPHQW� LV� KHOG
DERYH�WKH�SUHYLRXVO\�SODFHG�VHJPHQW���(SR[\�LV�DSSOLHG�WR�HDFK�IDFH�RI�WKH�MRLQW�DQG�WKH�WRS
VHJPHQW�LV�ORZHUHG�LQWR�SRVLWLRQ���3RVW�WHQVLRQLQJ�FDQ�WKHQ�EH�VWUHVVHG�WR�SURYLGH�D�PLQLPXP
�����03D�����SVL��SUHVVXUH�DFURVV�WKH�MRLQW�IRU�HYHQ�VHWWLQJ�RI�WKH�HSR[\���7KH������03D����
SVL�� SUHVVXUH� LV� UHTXLUHG� E\� WKH� ����� ,QWHULP� $$6+72� 6HJPHQWDO� 6SHFLILFDWLRQV�� >��@
7['27� KDV� KDG� VXFFHVV� LQ� XVLQJ� RQO\� WKH� VHJPHQW� ZHLJKW� WR� VTXHH]H� RXW� WKH� HSR[\�
$GGLWLRQDO�FROXPQ�VHJPHQWV�DUH�SODFHG�VLPLODUO\�

$GMXVWDEOH
6XSSRUWV

6WDUWHU
6HJPHQW

)RXQGDWLRQ
&DS

37�%DUV

&DVW�LQ�3ODFH�
³3HGHVWDO´

3UHFDVW�7HPSODWH

$GMXVWDEOH
6XSSRUWV

3ULPDU\�&DS
6HJPHQW

3UHFDVW�
7HPSODWH

&DVW�LQ�3ODFH
-RLQW

6HFRQGDU\�&DS
6HJPHQW

� � �

� � �

37�6WUDQG

)LJXUH�������(UHFWLRQ�VHTXHQFH�IRU�WKH�VHJPHQWDOO\�SUHFDVW�KDPPHUKHDG�SLHU�RI�3URSRVDO�,



��

$IWHU� WKH� ODVW� RUGLQDU\� FROXPQ� VHJPHQW� LV� SODFHG�� WKH� WHPSODWH� VHJPHQW� LV� SODFHG� RQ
WHPSRUDU\�DGMXVWDEOH�VXSSRUWV�DERYH�WKH�WRSPRVW�FROXPQ�VHJPHQW�DQG�DOLJQHG�WR�SURYLGH�WKH
QHFHVVDU\� FURVV�VORSH� DQG� HOHYDWLRQ� IRU� WKH�PDWFK�FDVW� FDS�� �7KLV� MRLQW� LV� WKHQ� IRUPHG� DQG
³ORFNHG´� LQ� SODFH� ZLWK� D� FDVW�LQ�SODFH� MRLQW�� � %RWK� FDVW�LQ�SODFH� MRLQWV� DUH� HQYLVLRQHG� DV
FRQVWUXFWHG�RI�D�KLJKO\�GXUDEOH��VWURQJ�MRLQWLQJ�PDWHULDO�RI�VLPLODU�TXDOLW\� WR�WKH�UHVW�RI� WKH
FROXPQ� VKDIW�� � 3URYLGLQJ� WKH� VHFRQG� GHVLJQDWHG� JHRPHWU\� FRQWURO� MRLQW� XQGHU� WKH� WHPSODWH
VHUYHV� WZR�SXUSRVHV�� �)LUVW�� WKLV� JHRPHWU\� FRQWURO� MRLQW� DOORZV� IRU� DFFXUDWH� FDS� SODFHPHQW�
6HFRQG�� DQ\� XQIRUHVHHQ� RXW�RI�VWUDLJKWQHVV� UHVXOWLQJ� IURP� LQLWLDO� VHWWLQJ� DQG� VXEVHTXHQW
SODFHPHQW�RI�FROXPQ�VHJPHQWV�FDQ�EH�FRUUHFWHG�DW�WKLV�MRLQW�

:LWK�WKH�WHPSODWH�LQ�SODFH�� WKH�SULPDU\�FDS�SLHFH�FDQ�EH�UDSLGO\�SRVLWLRQHG� LQWR� LWV�PDWFK�
FDVW� DOLJQPHQW�RQ� WKH� HSR[\� MRLQW� DQG�SRVW�WHQVLRQHG� GRZQ� WR� WKH� FROXPQ�� �:KHWKHU� SRVW�
WHQVLRQLQJ�EDUV�RU�ORRSHG�SRVW�WHQVLRQLQJ�VWUDQG�DUH�XVHG��DOO�SRVW�WHQVLRQLQJ�RSHUDWLRQV�FDQ
EH� FDUULHG� RXW� IURP� DERYH�� � 6HFRQGDU\� FDS� VHJPHQWV� FDQ� QH[W� EH� ORZHUHG� LQWR� SODFH�ZLWK
VLPSOH�KRRNLQJ�KDUGZDUH�DWWDFKHG�WR�WKH�WRS�RI�WKH�FDS�VHJPHQWV���)RU�FRQWUROOHG�SODFHPHQW�
RQH�PHWKRG�ZRXOG�EH�WR�DWWDFK�D�KRRN�WR�WKH�VHFRQGDU\�FDS�VHJPHQW�WKDW�FDQ�EH�SODFHG�RYHU�D
URG� EHWZHHQ� OLIWLQJ� EHDPV� RQ� WRS� RI� WKH� SULPDU\� VHJPHQW�� � 7KLV� PHWKRG� ZDV� XVHG
VXFFHVVIXOO\� IRU� HUHFWLQJ� WKH� -).� &DXVHZD\� LQ� &RUSXV� &KULVWL� �)LJXUH� ������� � 2QFH� WKH
VHFRQGDU\� FDS�VHJPHQWV�DUH� LQ� WKHLU�PDWFK�FDVW�SRVLWLRQ�� WKH�FDS� LV�SRVW�WHQVLRQHG� WRJHWKHU
DQG� WKH� VXSHUVWUXFWXUH� FDQ� EH� SODFHG�� � 'HSHQGLQJ� RQ� WKH� HUHFWLRQ� VHTXHQFH� IRU� WKH
VXSHUVWUXFWXUH�� WKH� FDS� PD\� QHHG� WR� EH� SRVW�WHQVLRQHG� LQ� VWDJHV� WR� DYRLG� H[FHHGLQJ� ]HUR
WHQVLRQ�VWUHVV�OLPLWDWLRQV���7KLV�SRVVLEOH�WHQVLOH�VWUHVV�VWDJHG�SRVW�WHQVLRQLQJ�LV�RI�SDUWLFXODU
FRQFHUQ�DFURVV�VHJPHQWDO�MRLQWV��ZKHUH�QR�WHQVLRQ�LV�SHUPLWWHG�DW�DQ\�VWDJH�

�D�

�E�

�F�

URGURG

KRRNKRRN

3UHFDVW�ER[�JLUGHU�VHJPHQWV�ZHUH�ORZHUHG�LQWR�SRVLWLRQ��D�
ZLWK�³KRRNLQJ´�KDUGZDUH��E�	�F��WKDW�ZDV�WHPSRUDULO\�IDVWHQHG
WR�WKH�WRS�RI�WKH�VHJPHQWV�WR�EH�MRLQHG�

)LJXUH�������&RQVWUXFWLRQ�RI�WKH�-).�&DXVHZD\
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���� (YDOXDWLRQ�RI�3URSRVDO�,±,QGXVWU\�&RQFHUQV�$GGUHVVHG

8SRQ�FRPSOHWLRQ�RI�3URSRVDO�,�IRU�D�SUHFDVW�VXEVWUXFWXUH�V\VWHP��GHWDLOV�ZHUH�SUHVHQWHG�WR�D
QXPEHU� RI� LQGXVWU\� SHUVRQQHO� IRU� UHYLHZ� DQG� FRPPHQWV�� � 0HHWLQJV� ZHUH� KHOG� ZLWK
UHSUHVHQWDWLYHV� IURP� WKH� SUHFDVW� LQGXVWU\� LQFOXGLQJ� GHVLJQHUV�� SUHFDVWHUV�� IRUPZRUN
PDQXIDFWXUHUV��DQG�PDWHULDO�VXSSOLHUV���$�SUHVHQWDWLRQ�LQWURGXFLQJ�WKLV�V\VWHP�ZDV�DOVR�JLYHQ
WR� 7['27� HQJLQHHUV� IURP� DFURVV� WKH� VWDWH�� 2WKHU� SUHVHQWDWLRQV� ZHUH� JLYHQ� DW� QDWLRQDO
FRQIHUHQFHV�LQFOXGLQJ�WKH������$PHULFDQ�&RQFUHWH�,QVWLWXWH��$&,��)DOO�&RQYHQWLRQ�LQ�1HZ
2UOHDQV�� /RXLVLDQD�� WKH� ����� $PHULFDQ� 6HJPHQWDO� %ULGJH� ,QVWLWXWH� �$6%,�� &RQYHQWLRQ� LQ
2UODQGR�� )ORULGD�� DQG� WKH� ����� 7UDQVSRUWDWLRQ� 5HVHDUFK� %RDUG� �75%�� &RQIHUHQFH� LQ
:DVKLQJWRQ��'�&�

7KH� SUHVHQWDWLRQV� DW� WKH� QDWLRQDO� FRQIHUHQFHV� ZHUH� ZHOO�UHFHLYHG�� � $� IHZ� VWDWH� '27
HQJLQHHUV�ZHUH� LQWHUHVWHG� LQ� WKH� SUHFDVW� V\VWHP�EXW� IHOW� WKH\�ZRXOG� KDYH� GLIILFXOW\� ILQGLQJ
ORFDO� FRQWUDFWRUV� WR� GR� WKH� ZRUN�� � $V� PHQWLRQHG� LQ� 6HFWLRQ� ������� PDQ\� SUDFWLWLRQHUV
UHTXHVWHG�PRUH�LQIRUPDWLRQ�RQ�WKH�V\VWHP�IRU� WKHLU�RZQ�GHYHORSPHQW� LQ� WKH� IXWXUH�� �$� IHZ
SUDFWLWLRQHUV�FRPPHQWHG�WKDW�WKH\�KDYH�EHHQ�SUHFDVWLQJ�VXEVWUXFWXUHV�IRU�VPDOO�ORFDO�SURMHFWV
VXFFHVVIXOO\�IRU�\HDUV�

7KH�PHHWLQJV� ZLWK� LQGXVWU\� SHUVRQQHO� DQG� WKH� SUHVHQWDWLRQ� WR� 7['27� HQJLQHHUV� ZHUH� WKH
PRVW� KHOSIXO� LQ� IXUWKHULQJ� WKH� GHYHORSPHQW� RI� WKH� SUHFDVW� VXEVWUXFWXUH� V\VWHP�� � ,PSRUWDQW
FRQFHUQV�DQG�TXHVWLRQV�ZHUH�UDLVHG�WKDW�UHVXOWHG�LQ�VXEVWDQWLDO�VXEVHTXHQW� LPSURYHPHQWV�LQ
WKH�RULJLQDO�SURSRVDO�� �2WKHU�FRQFHUQV�ZHUH�UHFRJQL]HG�DV�FRPPRQO\�KHOG�EHOLHIV� WKDW�ZHUH
PRUH� OLNH�³ROG�ZLYHV¶� WDOHV�´� �1RQHWKHOHVV�� VXFK� UHVHUYDWLRQV�DQG�SHUFHSWLRQV�QHHGHG� WR�EH
DGGUHVVHG� WR� GLVSHO� IDOVH� QRWLRQV�� � 7KH� NH\� FRQFHUQV� DGGUHVVHG� LQFOXGHG� WKH� FDS� EHLQJ
VHJPHQWDO�DV�RSSRVHG�WR�RQH�SLHFH��WKH�VXLWDELOLW\�RI�WKH�V\VWHP�IRU�IDEULFDWLRQ�LQ�SUHFDVWLQJ
SODQWV�PRUH�DFFXVWRPHG�WR�SUHFDVW�JLUGHUV�� WKH� UHODWLYH�PHULWV�RI�PDWFK�FDVWLQJ�YV�� ORRVH�ILW
IDEULFDWLRQ�� WKH� FKRLFH� RI� HSR[\� MRLQWV� YV��PRUWDU� MRLQWV�� DQG� WKH�ZRUULHV� RYHU� SUREOHPV� LQ
JURXWLQJ�RI�YHUWLFDO�WHQGRQ�GXFWV�

������ 6HJPHQWDO�&DS

2QH�RI�WKH�NH\�FRQFHUQV�IUHTXHQWO\�UDLVHG�DERXW�3URSRVDO�,�ZDV�WKH�FRQILJXUDWLRQ�RI�WKH�FDS�
7KH� VHJPHQWDOO\� FRQVWUXFWHG� FDS� ZDV� YLHZHG� DV� D� ODUJH� REVWDFOH� WR� DGRSWLQJ� WKH� HQWLUH
V\VWHP���$�ZLGH�UDQJH�RI�HQJLQHHUV�LQGLFDWHG�LW�ZRXOG�EH�PRUH�GHVLUDEOH�WR�XVH�D�VLQJOH�FDS
SLHFH� LQ� KDPPHUKHDG� EHQWV� RU� D� SDLU� RI� FDS� SLHFHV� FRQQHFWHG� ZLWK� FDVW�LQ�VLWX� MRLQWV� LQ
PXOWLFROXPQ�EHQWV���7KH�VHJPHQWDO�FDS�VFKHPH�ZDV�RULJLQDOO\�FKRVHQ�GXH�WR�WKH�ODUJH�ZHLJKW
RI� WKH� HQWLUH� FDS�� � $V� GLVFXVVHG� LQ� 6HFWLRQ� ����� SUHFDVW� HOHPHQW� ZHLJKWV� QHHGHG� WR� EH
UHVWULFWHG� WR� OHVV� WKDQ� DERXW� ���±���N1� ����±���NLSV�� WR� NHHS� KDXOLQJ� DQG� HUHFWLRQ� FRVWV
GRZQ���7KH�ORQJHVW�FDS�QHHGHG�IRU�WKH�VLQJOH�SLHU�V\VWHP�LV������P�����IW��IRU�D����P�����IW�
RU� WKUHH�ODQH� URDGZD\�� � ,I� FDVW� DV� RQH� XQLW�� VXFK� D� 3URSRVDO� ,� FDS� ZRXOG� ZHLJK� FORVH� WR
�����N1������NLSV��� � ,Q�DGGLWLRQ��FRQFHUQV�ZHUH�H[SUHVVHG�DERXW� WKH� IRUP�FRPSOH[LW\�ZLWK
WKH�WDSHULQJ�RI�WKH�FDS�VRIILW���7R�HDVH�WKH�HUHFWLRQ�SURFHVV��D�QHZ�VFKHPH�XVLQJ�RQO\�VLQJOH
SULVPDWLF� FDS� SLHFHV� ZDV� GHYHORSHG� DQG� LQYHVWLJDWHG�� � 7KH� QHZ� VFKHPH� LV� SUHVHQWHG� LQ
6HFWLRQ�����



��

������ 6XLWDELOLW\�IRU�)DEULFDWLRQ�LQ�3UHFDVW�3ODQWV

$�PDMRU�JRDO�RI�WKLV�SURMHFW�LV�WR�GHYHORS�D�SUHFDVW�VXEVWUXFWXUH�V\VWHP�ZKLFK�FRXOG�EHFRPH
D� VWDQGDUG� VXEVWUXFWXUH� GHVLJQ� RSWLRQ�� � 6WDQGDUGL]DWLRQ� ZLOO� PDNH� WKH� V\VWHP� EHFRPH
LQFUHDVLQJO\�HFRQRPLFDO�WKURXJK�ZLGHVSUHDG�XVH���,W�LV�LPSRUWDQW�WKHUHIRUH�WR�KDYH�D�V\VWHP
WKDW� LV� DWWUDFWLYH� WR� DOO� SDUWLHV� LQYROYHG� ZLWK� IDEULFDWLRQ� DQG� HUHFWLRQ� RI� VWDQGDUG� EULGJH
V\VWHPV��ERWK�FRQWUDFWRUV�DQG�SUHFDVWHUV�

0DWFK�FDVW�VHJPHQWDO�FDSV�UHTXLUH�SRVW�WHQVLRQLQJ���7KH�VHJPHQWDO�FDSV�RI�3URSRVDO�,�FRXOG
EH� IDEULFDWHG� E\� HLWKHU� SUHFDVWHUV� RU� JHQHUDO� FRQWUDFWRUV�� :KLOH� D� SRVW�WHQVLRQHG� V\VWHP
ZRXOG� EH� DWWUDFWLYH� IRU� JHQHUDO� FRQWUDFWRUV�� D� SUHWHQVLRQHG� V\VWHP�� QRW� SDUW� RI� 3URSRVDO� ,�
ZRXOG�EH�PRVW�DWWUDFWLYH�IRU�PDQ\�3&,�PHPEHU�SUHFDVWLQJ�SODQWV���$�KLJK�UDWH�RI�IDEULFDWLRQ
DQG� XVH� RI� H[LVWLQJ� SUHFDVW� SODQW� SUHWHQVLRQLQJ� EXONKHDGV� DQG� HTXLSPHQW� ZLOO� HDVH� WKH
LQYHVWPHQW�FRVWV�RI�LPSOHPHQWLQJ�D�QHZ�VWDQGDUG�IRU�VXEVWUXFWXUH�GHVLJQ���3UHWHQVLRQLQJ�WKH
FDS�HOHPHQW�ZLOO�DOVR�UHGXFH�WKH�DPRXQW�RI�QRQSUHVWUHVVHG�UHLQIRUFHPHQW�UHTXLUHG�LQ�WKH�FDS
WR�SUHYHQW�FUDFNLQJ�GXULQJ�WUDQVSRUWDWLRQ�DQG�KDQGOLQJ�

7KHUHIRUH�� DIWHU� HYDOXDWLQJ�3URSRVDO� ,�� LW�ZDV� IHOW� WKDW� WKH� SRVW�WHQVLRQHG� V\VWHP� VKRXOG� EH
VHFRQGDU\��DQG�WKH�SULPDU\�RSWLRQ�VKRXOG�EH�D�SUHWHQVLRQLQJ�SURSRVDO�IRU�WKH�SUHFDVW�FDSV���$
QHZ�FDS�IDEULFDWLRQ�VHTXHQFH�QHHGHG�WR�EH�H[SORUHG�WKDW�ZRXOG�JLYH�SUHFDVWHUV�D�IDEULFDWLRQ�
IRUPLQJ�DQG�SUHWHQVLRQLQJ�RSWLRQ�PRUH�VXLWHG�WR�WKHLU�H[LVWLQJ�SODQWV���$�PDMRU�JRDO�EHFDPH
GHYHORSPHQW�RI�D�SUHWHQVLRQHG�FDS�V\VWHP�ZLWKLQ�ZHLJKW�OLPLWV�ZKLFK�ZRXOG�SHUPLW�KDQGOLQJ
E\� WUXFN� FUDQH� XQLWV� RI� FDSDFLWLHV� DVVRFLDWHG� ZLWK� WKH� SODFHPHQW� RI� ORQJHU� VSDQ� SUHFDVW
JLUGHUV�� �+RZHYHU�� LQ� WKH� LQWHUHVW� RI� WKH� SURMHFW¶V� IXWXUH� XVH�� D� UHYLVHG� V\VWHP� VKRXOG� DOVR
KDYH�DQ�DOWHUQDWH�SRVW�WHQVLRQHG�FDS�RSWLRQ�IRU�JHQHUDO�FRQWUDFWRUV���5HJDUGOHVV�RI�ZKHUH�WKH
IDEULFDWLRQ�RI�VXFK�D�V\VWHP�LV�SHUIRUPHG��WKH�V\VWHP�FDQ�VWLOO�EH�VWDQGDUGL]HG���6WDQGDUG�SODQ
VKHHWV�DV�ZHOO�DV�VWDQGDUG�IRUPZRUN�VKRXOG�EH�GHYHORSHG�

������ 0DWFK�&DVWLQJ�YV��/RRVH�)LW��(SR[\�YV��0RUWDU�-RLQWV

7KHUH�ZHUH�PDQ\�TXHVWLRQV�DQG�FRQFHUQV�DERXW�WKH�W\SH�RI�MRLQWV�FKRVHQ�IRU�WKH�VHJPHQWV�LQ
3URSRVDO�,�� �7KH�MRLQWLQJ�PDWHULDO�LV�GLUHFWO\�UHODWHG�WR�WKH�FDVWLQJ�SURFHGXUH�� �'U\�MRLQWV�RU
HSR[\�MRLQWV�FDQ�EH�XVHG�ZLWK�PDWFK�FDVW�VHJPHQWV�ZKLOH�PRUWDU�RU�FDVW�LQ�SODFH�FRQFUHWH�LV
XVHG�ZLWK�VHJPHQWV�IDEULFDWHG�LQGLYLGXDOO\��³ORRVH�ILW´��

'U\�MRLQWV�DUH�SHUPLWWHG�RQO\�LQ�PLOG�FOLPDWHV�WKDW�GR�QRW�H[SHULHQFH�IUHH]LQJ�RU�H[SRVXUH�WR
VDOW�ZDWHU���7KLV�OLPLWDWLRQ�SURKLELWV�XVH�LQ�PRVW�ORFDWLRQV�LQ�7H[DV���'U\�MRLQWV�DOVR�ODFN�WKH
XQLIRUP� EHDULQJ� VXUIDFH� SURYLGHG� E\� WKH� HSR[\� ILOOHG� MRLQWV� DQG� DUH� PRUH� SURQH� WR� HGJH
FUXVKLQJ���7KHUHIRUH�GU\�MRLQWV�ZHUH�QRW�FRQVLGHUHG���7KH�RSWLRQ�RI�XVLQJ�D�WKLQ�FRDW�RI�HSR[\
WR�VHDO�PDWFK�FDVW� MRLQWV�KDV�KDG�H[FHOOHQW�VXFFHVV� LQ� WKH�SDVW�FRQWULEXWLQJ� WR�ERWK�HUHFWLRQ
HDVH�DQG�GXUDELOLW\�� �7KH� WKLQ� FRDW�RI� HSR[\� OXEULFDWHV� WKH� MRLQW�GXULQJ� VHJPHQW�SODFHPHQW
DQG�WKXV�DOORZV�IRU�HDV\��DFFXUDWH�MRLQLQJ�RI�WKH�VHJPHQWV�WKDW�ZHUH�DOLJQHG�DQG�PDWFK�FDVW
GXULQJ�IDEULFDWLRQ��ZLWK�OLWWOH�VLWH�PHDVXUHPHQW���7KH�VHJPHQWV�³DXWR�VHDW´�LQWR�WKHLU�PDWFK�
FDVW�SRVLWLRQV�� �:LWK�ORRVH�ILW�IDEULFDWLRQ��HDFK�VHJPHQW�PXVW�EH�FDUHIXOO\�DOLJQHG�DQG�KHOG
RQ�VLWH�EHIRUH�MRLQWLQJ���$V�HDFK�MRLQW�LV�D�JHRPHWU\�FRQWURO�MRLQW��D�WKLFNHU�MRLQW�RI�PRUWDU�LV
UHTXLUHG�

7KH� RSWLRQ� RI�PDWFK� FDVWLQJ�ZLWK� HSR[\� MRLQWV� ZDV� FKRVHQ� RYHU� ORRVH�ILW� IDEULFDWLRQ�ZLWK
PRUWDU�MRLQWV�IRU�UHDVRQV�RI�GXUDELOLW\�DQG�FRQVWUXFWLRQ�VSHHG���$OWKRXJK�ORRVH�ILW�IDEULFDWLRQ
FDQ� RFFXU� DW� DQ\� UDWH� WKH� SUHFDVWHU� FKRRVHV� �GHSHQGLQJ� RQ� KRZ� PDQ\� VHWV� RI� IRUPV� WKH



��

SUHFDVWHU�RU�FRQWUDFWRU�LQYHVWV�LQ���WKH�SURFHGXUH�RI�SODFLQJ�PRUWDU�DQG�DOLJQLQJ�VHJPHQWV�RQ
VLWH� LV�GLIILFXOW�DQG�WLPH�FRQVXPLQJ� WR�SHUIRUP�DFFXUDWHO\�� �7KLV� LV�D�PDMRU�GUDZEDFN�IRU�D
V\VWHP�GHYHORSHG�WR�VSHHG�XS�RQ�VLWH�FRQVWUXFWLRQ���'LIILFXOWLHV�DULVH�DOVR�ZLWK�HQVXULQJ�WKH
TXDOLW\�DQG�HYHQ�GLVWULEXWLRQ�RI�WKH�PRUWDU�EHWZHHQ�WKH�VHJPHQWV���7KLV�FDQ�OHDG�WR�SDUWLDOO\
ILOOHG� MRLQWV�� VWUHVV�FRQFHQWUDWLRQV�� FUDFNLQJ�DQG�HYHQWXDO� FRUURVLRQ�RI� WKH� UHLQIRUFLQJ� VWHHO�
0RUWDU�MRLQWV�KDYH�KDG�GXUDELOLW\�SUREOHPV�LQ�WKH�SDVW��)LJXUH��������>��@��0HDVXUHV�WR�HQVXUH
PRUWDU�GXUDELOLW\�DW�HYHU\�MRLQW�ZRXOG�EH�UHTXLUHG�

&RUURVLRQ�RI�6 WUDQG

6HJPHQWDO�-R LQW

�D �

�E �

)LJXUH��������D���7KH�FROODSVH�RI�D�EULGJH�DW�<Q\V�\�*ZDV�LQ�:DOHV����E��&ROODSVH
ZDV�DWWULEXWHG�WR�FRUURVLRQ�RI�SUHVWUHVVLQJ�VWUDQG�DW�PRUWDU�ILOOHG�VHJPHQWDO�MRLQWV
>IURP�5HIHUHQFH���@

0DWFK� FDVWLQJ� RI� FROXPQ� VHJPHQWV� FDQ� EH� SHUIRUPHG� DW� DQ� HFRQRPLFDO� UDWH� FRPSOHWLQJ� DW
OHDVW�RQH�VHJPHQW�SHU�GD\�SHU�FDVWLQJ�PDFKLQH���:LWK�PDWFK�FDVWLQJ��DOLJQPHQW�LV�WDNHQ�FDUH
RI�LQ�WKH�FDVWLQJ�\DUG�� �7KH�SUHYLRXVO\�DOLJQHG�DQG�³SHUIHFW�ILW´�FDVWLQJ�RI�VHJPHQWV�DOORZV
IRU�UDSLG�SODFHPHQW�RQ�WKH�FRQVWUXFWLRQ�VLWH���7KH�H[FHOOHQW�GXUDELOLW\�UHFRUG�RI�HSR[\�MRLQWV
LV�SURPLVLQJ���7KHUHIRUH�WR�PD[LPL]H�ERWK�FRQVWUXFWLRQ�VSHHG�DQG�VXEVWUXFWXUH�GXUDELOLW\��D
V\VWHP�RI�PDWFK�FDVW�VHJPHQWV�ZLWK�HSR[\�MRLQWV�ZDV�GHYHORSHG���:LWK�WKH�SURSRVDO�KHUHLQ��LW
LV�VWLOO�QHFHVVDU\�WR�KDYH�WZR�FDVW�LQ�SODFH�DOLJQPHQW�MRLQWV�LQ�HDFK�RI�WKH�RWKHUZLVH�PDWFK�
FDVW� SLHUV�� �&RQFUHWH� RU�PRUWDU� SODFHG� LQ� WKHVH� ORFDWLRQV�PXVW� EH� GXUDEOH� DQG� WKH� WHQGRQV
SURWHFWHG�



��

������ *URXWLQJ�RI�9HUWLFDO�7HQGRQV

6RPH� SUDFWLWLRQHUV� KDYH� TXHVWLRQHG� WKH� UHOLDELOLW\� RI� JURXWLQJ� YHUWLFDO� WHQGRQ� GXFWV�
+RZHYHU��PDQ\�JXLGHOLQHV�KDYH�EHHQ�GHYHORSHG�IRU�WKLV�SURFHGXUH�JLYLQJ�VXFFHVVIXO�UHVXOWV�
>��@� �3UHVVXUH�JURXWLQJ� LQ�SDUWLFXODU�KDV�EHHQ�VXFFHVVIXO� LQ� WKH�SDVW�� �5HFHQW�H[SHULHQFH� LQ
7H[DV��86�+LJKZD\�����LQ�$XVWLQ��DQG�)ORULGD��6WDWH�5RDG�����RYHU�6HDEUHH]H�%RXOHYDUG�LQ
9ROXVLD� &RXQW\�� KDV� EHHQ� YHU\� SRVLWLYH� ZLWK� UHJDUG� WR� SUHVVXUH� JURXWLQJ� YHUWLFDO� WHQGRQ
GXFWV�� �&RQFHUQV� DERXW� WKLV� SURFHGXUH� DSSHDU� WR� VWHP� IURP� ODFN� RI� H[SHULHQFH�� UDWKHU� WKDQ
SRRU�SHUIRUPDQFH�LQ�WKH�SDVW�

���� )LQDO�6\VWHP±3URSRVDO�,,

$IWHU� FRQVXOWDWLRQ� ZLWK� D� YDULHW\� RI� PHPEHUV� RI� WKH� FRQVWUXFWLRQ� LQGXVWU\�� WKH� SUHFDVW
VXEVWUXFWXUH�V\VWHP�RI�3URSRVDO� ,�ZDV�PRGLILHG�DQG�H[WHQGHG� IRU�XVH�ZLWK� VLQJOH�� VWUDGGOH�
DQG� IUDPH� EHQWV�� � 7KH� LQGXVWU\� FRQFHUQV� GLVFXVVHG� LQ� 6HFWLRQ� ���� ZHUH� DGGUHVVHG�� DQG
VXJJHVWHG�LPSURYHPHQWV�ZHUH�LQFRUSRUDWHG�LQWR�WKH�QHZ�V\VWHP��3URSRVDO�,,���7KH�SURFHVV�E\
ZKLFK� WKH�QHZ� HOHPHQWV�ZHUH�GHYHORSHG� LV�GLVFXVVHG� LQ� WKH� IROORZLQJ� VHFWLRQV�� �&RPSOHWH
FDOFXODWLRQV�DQG�SODQV�IRU�VHYHUDO�H[DPSOHV�RI�3URSRVDO�,,�DUH�LQFOXGHG�LQ�$SSHQGLFHV�&�DQG
'�RI�5HIHUHQFH�����$JDLQ��PXFK�DWWHQWLRQ�ZDV�SDLG�WR�WKH�VLQJOH�FROXPQ�KDPPHUKHDG�EHQW�
7KH� DHVWKHWLF� DQG� FOHDUDQFH� DGYDQWDJHV� RI� VXFK� D� SLHU� ZRXOG� KDYH� WR� EH� FRPSDUHG� WR� WKH
JHQHUDOO\�ORZHU�FRVWV�RI�PXOWLFROXPQ�EHQWV���0XOWLFROXPQ�EHQWV�DUH�LQFOXGHG�LQ�WKLV�SURSRVDO�
EXW�IRU�ZLGHU�EULGJHV�

������ 3LHU�6HJPHQWV±3URSRVDO�,,

7KH�IRXU�FROXPQ�VL]HV�VXJJHVWHG�LQ�3URSRVDO� ,�ZHUH�VXEVWDQWLDOO\� UHYLVHG�DQG�DUH�VKRZQ�LQ
)LJXUH� ������ � :KLOH� IRXU� FROXPQ� VL]HV� DUH� LQFOXGHG� LQ� 3URSRVDO� ,,�� RQH� RI� WKHVH� LV� D
FRQVLGHUDEO\�VPDOOHU�VHFWLRQ�VXLWDEOH�IRU�PDQ\�IUDPH�EHQWV���7KH�GLPHQVLRQ�WUDQVYHUVH�WR�WKH
FDS�RI�DOO�SLHU�VHJPHQWV�ZDV�VHOHFWHG�DV������PP�����LQ��WR�FRUUHVSRQG�ZLWK�WKH�ZLGWK�RI�WKH
FDS� VWHP�� � 7KHVH� PDWFKLQJ� GLPHQVLRQV� IDFLOLWDWH� WKH� FRQWLQXDWLRQ� DQG� DQFKRUDJH� RI� SRVW�
WHQVLRQLQJ�VWHHO�IURP�WKH�FROXPQ�LQWR�WKH�FDS���&ROXPQ�SRVW�WHQVLRQLQJ�PD\�EH�HLWKHU�SRVW�
WHQVLRQLQJ� EDUV� RU� VWUDQGV�� � 3RVW�WHQVLRQLQJ� EDUV� ZRXOG� EH� FRXSOHG� WR� DQFKRUV� FDVW� LQWR
IRXQGDWLRQ�FDSV���3RVW�WHQVLRQLQJ�VWUDQG�ZRXOG�EH�WKUHDGHG�IURP�WKH�WRS�RI�WKH�FDS�LQWR�GXFWV
SDVVLQJ�WKURXJK�D�����GHJUHH�WXUQ�LQ�WKH�IRXQGDWLRQ�FDS�UHVXOWLQJ�LQ�ERWK�HQGV�RI�WKH�VWUDQG
H[LWLQJ�WKH�WRS�RI�WKH�FDS��VLPLODU�WR�)LJXUH����D�DQG�VKRZQ�LQ�)LJXUH���������7KXV��DOO�VWUDQG
DQFKRUDJHV� DQG� SRVW�WHQVLRQLQJ� RSHUDWLRQV� DUH� SHUIRUPHG� DW� WKH� WRS� RI� WKH� FDS�� � &ROXPQ
HUHFWLRQ�LQFOXGLQJ�IRXQGDWLRQ�FRQQHFWLRQV�DQG�SRVW�WHQVLRQLQJ�RSWLRQV�LV�IXUWKHU�GLVFXVVHG�LQ
6HFWLRQ�������



��

�
�
�
�P
P

����PP ����PP

����PP����PP

3�� 3��

3�� 3��

�
�
�
�P
P

6HJPHQW�ZHLJKWV�IRU
D����P���IW���VHJPHQW�
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6KHDU�NH\

�
�
�
P
P
�W
\S
�

3RVW�WHQVLRQLQJ�
VWUDQG�RU�EDUV�RQ�HQGV

3RVW�WHQVLRQLQJ�EDUV
RQ�ORQJ�IDFH

)LJXUH�������)RXU�SLHU�FURVV�VHFWLRQV�IRU�3URSRVDO�,,

7KH� FROXPQ� GLPHQVLRQ� SDUDOOHO� WR� WKH� FDS� �WUDQVYHUVH� WR� WKH� VSDQ� RI� WKH� EULGJH�� IRU� HDFK
FROXPQ�VL]H� LV������PP�������PP�������PP�RU������PP����� LQ����� LQ����� LQ��RU�����LQ��
7KH� FROXPQ� VHJPHQWV� DUH� GHVLJQDWHG� DV� 3���� 3���� 3��� DQG� 3��� WR� FRUUHVSRQG� ZLWK� WKH
WUDQVYHUVH� GLPHQVLRQ� RI� WKH� FROXPQ� VHJPHQW�� � 3LHU� VHJPHQWV� FDQ� EH� FDVW� LQ� ����PP�
�����PP� DQG� �����PP� KHLJKWV� ���� LQ�� ��� LQ�� DQG� ��� LQ�� DQG� VKRXOG� EH� FDVW� ZLWK� D� KLJK
SHUIRUPDQFH� FRQFUHWH�� �)LJXUH������VKRZV� W\SLFDO� FROXPQ�GHWDLOLQJ� IRU� D�����P� ���� LQ�� WDOO
3���SLHU�VHJPHQW�
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1RQ�SUHVWUHVVHG
UHLQIRUFHPHQW
GHWDLOLQJ�DV�SHU
6HFWLRQ��������D

%XUVWLQJ�UHLQIRUFHPHQW
IRU�37�EDUV�PD\�EH
UHTXLUHG�LI�EDUV�DUH
IXOO\�VWUHVVHG�GXULQJ
FROXPQ�HUHFWLRQ

����PP

(OHYDWLRQ

)LJXUH�������$�W\SLFDO�����P����IW���3���VHJPHQW

7KH�EDVLF�KROORZ�SLHU�VKDSH�RI�3URSRVDO� ,,� LV�VLPLODU� WR� WKDW�RI�3URSRVDO� ,�� �2QH�GHWDLO�ZDV
FKDQJHG� UHJDUGLQJ� FRUQHU� FKDPIHULQJ�� � 7KH� FRUQHU� FKDPIHUV� IRU� 3URSRVDO� ,,� YDU\
SURSRUWLRQDOO\� DORQJ� WKH� FROXPQ� ORQJ� GLPHQVLRQ� ZLWK� WKH� LQFUHDVLQJ� SLHU� GLPHQVLRQV�� � ,Q
3URSRVDO�,��WKH�FRUQHU�FKDPIHUV�KDG�WKH�VDPH�GLPHQVLRQV�UHJDUGOHVV�RI�SLHU�VL]H���7KH�YLVXDO
HIIHFWV�RI�GLIIHUHQW�FROXPQ�FKDPIHULQJ�WHFKQLTXHV�DUH�GLVFXVVHG�LQ�6HFWLRQ�������

7KH�SLHU�VHJPHQWV�RI�3URSRVDO�,,�KDYH�QR�UHFHVV�EXLOW�LQWR�WKH�IRUP���7KH�ZDOO�WKLFNQHVV�DQG
FRQFUHWH� FRYHUV� IRU� WKH� SLHUV� FDQ� HDVLO\� DFFRPPRGDWH� LQVHUWV� RU� IRUPOLQHUV� DWWDFKHG� WR� WKH
IRUPZRUN���7KH�GHVLJQHU�LV�IUHH�WR�FKRRVH�ZKDWHYHU�W\SH�RI�LQVHUW�RU�IRUPOLQHU��LI�DQ\��ZRXOG
EH�PRVW�DSSURSULDWH�IRU�D�JLYHQ�SURMHFW���7KH�H[DFW�W\SH�RI�LQVHUW�VKRXOG�EH�FKRVHQ�DIWHU�WKH
FDS� ORQJLWXGLQDO� UHLQIRUFHPHQW� LV� GHWHUPLQHG�� � 7KLV� ORQJLWXGLQDO� FDS� UHLQIRUFHPHQW
�GLVFXVVHG�IXUWKHU�LQ�6HFWLRQ��������GLFWDWHV�WKH�ORFDWLRQ�RI�FROXPQ�WHQGRQ�GXFWV���$�IRUPOLQHU
SDWWHUQ�ZLOO�UHPRYH�D�FHUWDLQ�SRUWLRQ�RI�FRQFUHWH�FRYHU� IRU� WKH�FROXPQ�UHLQIRUFHPHQW�� �7KH
DPRXQW� RI� FRYHU� WKDW�PD\� EH� UHPRYHG� E\� WKH� LQVHUW�PXVW� VWLOO� OHDYH� SURSHU� FRYHU� IRU� WKH
FROXPQ� UHLQIRUFHPHQW� �GLFWDWHG� E\� H[SRVXUH� FRQGLWLRQV� DQG� VSHFLILHG� LQ� $$6+72
6SHFLILFDWLRQV��
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7KH� HQJLQHHU� PD\� DOVR� FKRRVH� ZKHWKHU� RU� QRW� WKH� MRLQWV� EHWZHHQ� SLHU� VHJPHQWV� ZLOO� EH
DFFHQWHG�ZLWK�FKDPIHUV���%DFNLQJ�EDUV�FDQ�EH�WDFN�ZHOGHG�WR�VWDQGDUG�VWHHO�IRUPV�WR�FUHDWH
FKDPIHUV���7KH�EDUV�FDQ�EH�VLPSO\�JURXQG�RII�LI�FKDPIHUV�DUH�QRW�GHVLUHG�IRU�WKH�QH[W�SURMHFW�
&KDPIHULQJ� MRLQWV� KHOSV� KLGH� VWDLQLQJ� FDXVHG� E\� HSR[\� RR]LQJ� RXW� RI� WKH�PDWFK�FDVW� MRLQW
GXULQJ�SRVW�WHQVLRQLQJ�RSHUDWLRQV���+RZHYHU��FKDPIHULQJ�WKH�MRLQWV�FDOOV�DWWHQWLRQ�WR�WKH�MRLQW
DQG� JLYHV� WKH� SLHU� D� PDVRQU\�OLNH� DSSHDUDQFH�� ZKLFK�PD\� RU� PD\� QRW� EH� GHVLUDEOH�� � 7KH
FKRLFH�RI�SLHU�DSSHDUDQFH�ZLOO�EH�WKH�HQJLQHHU¶V�

6KHDU�NH\V�DUH�SURYLGHG�DW� WKH�FKDPIHUHG� FRUQHUV�� �7KH�ZDOOV�RI� WKH�KROORZ�SLHU� VHJPHQWV
SURYLGH�URRP�IRU�SRVW�WHQVLRQLQJ�EDUV�RI�XS�WR����PP��������LQ��ZLWK�D�VWUHQJWK�RI������03D
�����NVL��RU������03D������NVL��DV�ZHOO�DV�PXOWLVWUDQG�WHQGRQV�XS�WR�WKH�FXUUHQW���.��VL]H
PDGH�XS�RI�������PP������LQ��VWUDQGV�ZLWK�D�VWUHQJWK�RI������03D������NVL��� �7KH�KROORZ
FRUH� RI� WKH� VHJPHQWV� SURYLGHV� URRP� IRU� LQWHUQDO� GUDLQDJH� GXFWV� ZLWKRXW� UHGXFLQJ� VHFWLRQ
HIILFLHQF\���$V�VKRZQ�LQ�7DEOH������SLHU�VHJPHQW�ZHLJKWV�IRU�3URSRVDO� ,,�DUH�FRPSDUDEOH�WR
WKRVH� RI� 3URSRVDO� ,� DQG� DUH� HDVLO\�ZLWKLQ� WKH� FDSDFLW\� RI� FUDQHV� XVHG� IRU� KDQGOLQJ� SUHFDVW
FRQFUHWH�JLUGHUV�

7DEOH������3LHU�VHJPHQW�ZHLJKW�FRPSDULVRQ

3LHU�6HJPHQW

����P����IW�

:HLJKW

N1����NLSV�

3URSRVDO�, 3�� �� ����

3�� ����� ����

3�� ����� ����

3�� ����� ����

3URSRVDO�,, 3�� �� ����

3�� �� ����

3�� ��� ����

3�� ��� ����

������ %HQW�&DSV�DQG�7HPSODWH�6HJPHQWV

7KH� EHQW� FDS� GHVLJQ� RI� 3URSRVDO� ,� FKDQJHG� FRQVLGHUDEO\� IRU� 3URSRVDO� ,,�� � 0DWFK�FDVW
VHJPHQWDO�FDSV�ZHUH�VHHQ�E\�LQGXVWU\�SHUVRQQHO�DV�WRR�FXPEHUVRPH���&RQVWUXFWLRQ�VSHHG�DQG
HIILFLHQF\�ZRXOG�EH�JUHDWO\�LPSURYHG�LI�WKH�FDS�FRXOG�EH�SUHFDVW�DQG�KDQGOHG�DV�RQH�VHJPHQW�
7KH�FDS�GLPHQVLRQV�IRU�3URSRVDO�,�UHVXOWHG�LQ�H[WUHPHO\�KHDY\�FDS�HOHPHQWV���$�FDS�OHQJWK�RI
��P�����IW��IURP�3URSRVDO�,�ZRXOG�ZHLJK�����N1������NLSV�²DURXQG�WKH�GHVLUHG�PD[LPXP
ZHLJKW�IRU�DQ\�SUHFDVW�HOHPHQW�LQ�WKH�V\VWHP��GLVFXVVHG�LQ�6HFWLRQ��������7KH�UDQJH�RI�GHVLJQ
GLPHQVLRQV� IRU� WKH�SURSRVHG�VXEVWUXFWXUH� V\VWHP�UHTXLUHV� D� VLQJOH� FDS� HOHPHQW� WR�EH�XS� WR
�����P�����IW��IRU�D�WKUHH�ODQH�EULGJH�ZLWK�D�VKRXOGHU���7KH�PD[LPXP���P�����IW��VLQJOH�FDS
HOHPHQW�RI�3URSRVDO�,�LV�ZLGH�HQRXJK�RQO\�IRU�D�VLQJOH�ODQH�EULGJH�ZLWK�D�VKRXOGHU�

7R�KDYH�D�V\VWHP�ZKHUHE\�WKH�FDS�ZRXOG�EH�RQH�VLQJOH�SUHFDVW�HOHPHQW�XS�WR������P�����IW��
WKH�ZHLJKW�RI�WKH�FDSV�IURP�3URSRVDO�,�QHHGHG�WR�EH�UHGXFHG�FRQVLGHUDEO\���7KH�WDSHU�RI�WKH
FDS�LQ�3URSRVDO�,�KDG�EHHQ�GHVLJQHG�IRU�VWUXFWXUDO�HIILFLHQF\�DV�ZHOO�DV�YLVXDO�LQWHJUDWLRQ�RI
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WKH�KRUL]RQWDO�FDS�ZLWK�WKH�YHUWLFDO�SLHU����7KH�WDSHU�LQFUHDVHV�ZKHUH�WKH�PRPHQW�DQG�VKHDU�LQ
WKH� FDS� DUH� KLJKHVW� DQG� WKXV� YLVXDOO\� UHSUHVHQWV� WKH� IORZ� RI� IRUFHV� IURP� WKH� JLUGHUV� WR� WKH
FROXPQ�DQG�IRXQGDWLRQ����%\�UHPRYLQJ�WKH�WDSHU��WKH�FDS�ZHLJKW�FRXOG�EH�UHGXFHG�E\�����
5HPRYLQJ�WKH�WDSHU�DOVR�UHGXFHV�WKH�LQWHUQDO� OHYHU�DUP�DW� WKH�FULWLFDO�VHFWLRQ�DW� WKH�FROXPQ
IDFH�� �5DWKHU� WKDQ� SURYLGLQJ� DGGLWLRQDO� UHLQIRUFHPHQW� WR�PDNH� XS� IRU� WKH� UHGXFHG� LQWHUQDO
OHYHU�DUP�� WKH�GHVLJQ�EHQGLQJ�PRPHQW� IRU� WKH�FDS�ZDV�VXEVWDQWLDOO\�GHFUHDVHG�E\� UHGXFLQJ
WKH� FDS�ZHLJKW� DQG�E\�ZLGHQLQJ� WKH� WHPSODWH�XQGHUQHDWK� WKH� FDS� �)LJXUH� ������� �$OWKRXJK
UHPRYDO� RI� WKH� FDS� WDSHU� UHGXFHG� WKH� FDS¶V� UHVLVWDQFH� WR� ORDG� HIIHFWV� VXFK� DV� VKHDU� DQG
EHQGLQJ�PRPHQW�� WKH� HIILFLHQF\�RI� WKH�RYHUDOO� VWUXFWXUH�ZDV�SUHVHUYHG�EHFDXVH� WKH� FROXPQ
IODUH�VLJQLILFDQWO\�UHGXFHG�WKH�PDJQLWXGH�RI�WKHVH�ORDG�HIIHFWV�E\�FKDQJLQJ�WKH�ORFDWLRQ�RI�WKH
FDS�FULWLFDO�GHVLJQ�VHFWLRQ���5DWKHU�WKDQ�GHHSHQLQJ�WKH�FDS�VHFWLRQ�DW�WKH�FDS�FROXPQ�LQWHUIDFH
WR� EHWWHU� UHVLVW� WKH�PRPHQW�� WKH� FROXPQ� VHFWLRQ�ZDV� ZLGHQHG� WR� VKLIW� WKH� SRLQW� RI� FULWLFDO
PRPHQW�LQ�WKH�FDS�RXWZDUGV�VR�WKDW�ORZHU�PRPHQW�FDSDFLW\�ZRXOG�EH�UHTXLUHG�

G
�

G
�

0
�

9
�

9
�

0
�

0
�

! ��0
�

9
�

! ��9
�

0 RP H Q W

6 K H D U

3 UR S R VD O� , 3 UR S R V D O�, ,

G
�

! ��G
�

* LUG H U� OR D G V �D UH � WK H �V DP H

Z
�

Z
�

! ��Z
�

Z
�

J LUG H U
OR D G

)LJXUH�������&ULWLFDO�FDS�GHVLJQ�PRPHQW�DQG�VKHDU�DUH�UHGXFHG�ZKHQ�WKH�EDVLF�VWUXFWXUDO�V\VWHP
FKDQJHV�IURP�D�WDSHUHG�FDS��3URSRVDO�,��WR�D�IODUHG�WHPSODWH��3URSRVDO�,,�

5HPRYLQJ�WKH�FDS�WDSHU�DOVR�UHPRYHG�WKH�QHHG�IRU�D�FRPSOH[�IRUP�V\VWHP�IRU� WKH�FDS� WKDW
FRXOG�KDQGOH�WDSHUV�IRU�GLIIHUHQW�OHQJWK�FDSV���6XFK�D�IRUP�V\VWHP�VLJQDOHG�WR�PDQ\�LQGXVWU\
SHUVRQQHO�D�KLJKHU�ULVN�DQG�KLJKHU�XQFHUWDLQW\�RI�VXFFHVVIXO�IDEULFDWLRQ���,W�ZDV�LQGLFDWHG�WKDW
VXFK� XQFHUWDLQW\� FRXOG� OHDG� WR� VXEVWDQWLDOO\� LQFUHDVHG� FRVWV�� � $OWKRXJK� D� WDSHUHG� FDS� LV
YLVXDOO\�DWWUDFWLYH�DQG�VWUXFWXUDOO\�HIILFLHQW��HIILFLHQW�XVH�RI�PDWHULDOV��� WKH�HFRQRP\�RI�WKLV
GHVLJQ�DOWHUQDWLYH�ZRXOG�EH�VDFULILFHG���7KLV�GLOHPPD�ZDV�D�JRRG�H[DPSOH�RI�KRZ�HQJLQHHUV
PXVW�VWULYH�WR�EDODQFH�WKH�WKUHH�HQJLQHHULQJ�GLVFLSOLQHV�RI�DHVWKHWLFV��HIILFLHQF\�DQG�HFRQRP\
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�GLVFXVVHG� LQ�5HIHUHQFH����ZKLOH�PHHWLQJ� WKH�XVHU�QHHGV� �IXQFWLRQDOLVP��ZLWKLQ� WKH�SURMHFW
FRQVWUDLQWV���,Q�WKLV�FDVH��D�SULPDU\�FRQFHUQ�IRU�WKH�GHVLJQ�RI�D�SURWRW\SH�SUHFDVW�VXEVWUXFWXUH
V\VWHP�ZDV�WKDW�LW�FRXOG�EH�HDVLO\�VWDQGDUGL]HG���(FRQRPLFDO�VWDQGDUGL]DWLRQ�GLFWDWHV�WKH�XVH
RI�VLPSOH��UHXVDEOH�DQG�HDVLO\�VHDOHG�IRUPV���7KH�WDSHUHG�FDS�RI�3URSRVDO�,�GLG�QRW�PHHW�WKLV
FULWHULD�� � 7KH� UHVXOWLQJ� XQLIRUP� GHSWK� FDS� DQG� WDSHUHG� WHPSODWH� IRU� 3URSRVDO� ,,� SURYLGHV� D
V\VWHP� WKDW� LV� DWWUDFWLYH� DQG� HIILFLHQW� �LQ� WHUPV� RI� PDWHULDO� UHTXLUHPHQWV�� IDEULFDWLRQ� DQG
FRQVWUXFWDELOLW\��

7KH�VPDOO�WHPSODWH�VHFWLRQV�RI�3URSRVDO�,�ZHUH�LQFUHDVHG�VXEVWDQWLDOO\�LQ�VL]H�DQG�ZHUH�PDGH
WR�EH�SURSRUWLRQDO�ZLWK�HDFK�SLHU�VL]H�� �7KH�UHVXOWLQJ� WHPSODWH�HOHPHQWV� IRU�3URSRVDO� ,,� DUH
VKRUW��IODUHG�SLHU�VHJPHQWV���$�IODUHG�WHPSODWH�SURYLGHV�D�VWURQJHU�YLVXDO�LQWHJUDWLRQ�EHWZHHQ
WKH� SLHU� DQG� FDS� WKDQ� D� VXEWOH� FDS� WDSHU�� � 7KH� GHFUHDVHG� EHQGLQJ� PRPHQW� DW� WKH� FULWLFDO
VHFWLRQ�LQ�WKH�FDS�UHTXLUHV�OHVV�FDS�UHLQIRUFHPHQW���)LJXUH������VKRZV�WKH�IRXU�WHPSODWH�VL]HV
RI�3URSRVDO�,,�� �(DFK�WHPSODWH�VL]H�FRUUHVSRQGV�WR�RQH�RI� WKH�IRXU�SLHU�VHJPHQWV�� �7KH\�DUH
VLPLODUO\�GHVLJQDWHG�DQG�UHIHUUHG�WR�DV�7����7����7���DQG�7�����$V�VKRZQ�LQ�7DEOH������WKHLU
ZHLJKWV�DUH�ZLWKLQ�WKH����±����N1�����±����NLS��PD[LPXP�UDQJH�
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(OHYDWLRQ (OHYDWLRQ

3ODQ 3ODQ

3ODQ 3ODQ

(OHYDWLRQ
(OHYDWLRQ

6KHDU�NH\V

YDULHV


YDULHV


YDULHV


YDULHV


���PP ���PP

���PP ���PP

%RWWRP�GLPHQVLRQV�DQG
FKDPIHUV�DUH�WKH�VDPH
DV�WKRVH�IRU�HDFK
WHPSODWH¶V
FRUUHVSRQGLQJ�SLHU
VHJPHQW��7���ZLWK�3���
7���ZLWK�3���HWF��
VKRZQ�LQ�)LJXUH�����

����������7HPSODWH�:HLJKWV�

7�� ��N1 ���N�
7�� ���N1 ���N�
7�� ���N1 ���N�
7�� ���N1 ����N�


7HPSODWH�³SODWH´
KHLJKW�YDULHV�DV�SHU
GHVLUHG�FURVV�VORSH�
6HH�)LJXUH�����

)LJXUH�������)RXU�WHPSODWH�VHJPHQWV�RI�3URSRVDO�,,
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7DEOH������7HPSODWH�ZHLJKWV�IRU�3URSRVDO�,,

7HPSODWH�6HJPHQW
3URSRVDO�,,

:HLJKW
N1��NLSV�

7�� �� ����
7�� ��� ����
7�� ��� ����
7�� ��� �����

7R�IXUWKHU�GHFUHDVH�WKH�ZHLJKW�RI� WKH�FDS�� WKH�VWUXFWXUDO�IXQFWLRQ�RI� WKH�FDS�ZDV�H[DPLQHG�
$V�VKRZQ�LQ�)LJXUH�������WKH�IORZ�RI�IRUFHV�FDQ�EH�VHHQ�IURP�VLPSOH�VWUXW��DQG�WLH�PRGHOV�
([DPLQLQJ�WKH�IORZ�RI�IRUFHV�IRU�WKH�VROLG�FDS�RI�3URSRVDO�,��)LJXUH�����F�DQG�G��VKRZV�DUHDV
ZKHUH� WKH� FRQFUHWH� LV�QRW�QHHGHG�VWUXFWXUDOO\²LQ� WKH� FHQWHU�RI� WKH� VWHP�DQG� LQ� WKH�ERWWRP
RXWHU� FRUQHUV� RI� WKH� OHGJH�� � )LJXUH� ����� VKRZV� WKH� VHTXHQWLDO� SURFHVV� RI� UHPRYLQJ� WKH
XQZDQWHG�PDWHULDO�DQG�WKH�HIIHFW�WKH�PDWHULDO�UHPRYDO�KDV�RQ�WKH�ZHLJKW�RI�D������P�����IW�
FDS±WKH�ORQJHVW�VLQJOH�FDS�SLHFH�UHTXLUHG�IRU� WKH�V\VWHP�� �5HPRYLQJ� WKLV�XQQHFHVVDU\�GHDG
ORDG�IURP�WKH�LQYHUWHG�7�FDS�IXUWKHU�UHGXFHV�WKH�DPRXQW�RI�UHLQIRUFHPHQW�UHTXLUHG�LQ�WKH�FDS�

�D��&URVV�6HFWLRQ�WKURXJK�D�7\SLFDO�
,QYHUWHG�7�&DS

�E��(OHYDWLRQ�RI�,QYHUWHG�7�&DS
6XSSRUWLQJ�,�*LUGHUV

7HQVLRQ�7LH

&RPSUHVVLRQ
6WUXW

�F��6WUXW�DQG�7LH�0RGHO �G��6WUXW�DQG�7LH�0RGHO

�H��0RGLILHG�&DS�&URVV�6HFWLRQ

�I��(OHYDWLRQ�RI�,QYHUWHG�7�&DS
ZLWK�&KDPIHUHG�/HGJH

)LJXUH�������$�VWUXW�DQG�WLH�PRGHO�ZDV�XVHG�WR�GHYHORS�DQ�HIILFLHQW�QHZ�VKDSH�IRU�DQ�LQYHUWHG�7�EHQW�FDS
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)LJXUH�������0RGLI\LQJ�WKH�FDS�FURVV�VHFWLRQ�OHG�WR�D�UHGXFHG�FDS�ZHLJKW

7KH� SUHFDVW� FDS� HOHPHQWV� PD\� EH� ORQJLWXGLQDOO\� SUHWHQVLRQHG�� SRVW�WHQVLRQHG� RU� D
FRPELQDWLRQ� RI� ERWK�� � 7KH�ZHE� ZDOOV� RI� WKH� LQYHUWHG�7� VWHP�ZHUH� PLQLPL]HG� WR� ����PP
����LQ��LQ�WKH�FDQWLOHYHUHG�SRUWLRQV�DQG�����PP�����LQ��DW�WKH�FDS�FROXPQ�FRQQHFWLRQ���7KLV
ZLGWK� VKRXOG� SURYLGH� DGHTXDWH� FRYHU� IRU� DQFKRUDJH� ]RQH� DQG� VKHDU� UHLQIRUFHPHQW� ZLWK
VXIILFLHQW� URRP� IRU� FRQFUHWH� SODFHPHQW� DQG� FRQVROLGDWLRQ� DURXQG� WKH� ORQJLWXGLQDO� FDS
UHLQIRUFHPHQW���)LJXUH������VKRZV�GHWDLOV�RI�D�SUHFDVW�FDS�ZLWK�WZR�ORQJLWXGLQDO�UHLQIRUFLQJ
RSWLRQV��RQH�IXOO\�SUHWHQVLRQHG�DQG�RQH�IXOO\�SRVW�WHQVLRQHG����)LJXUH������VKRZV�SRUWLRQV�RI
WKH�FURVV�VHFWLRQV�DW� WKH�FDS�FROXPQ�FRQQHFWLRQ�WR�VKRZ�WKH�FRYHU�DQG�VSDFLQJ�RI� WKH� WKUHH
SUHVWUHVVLQJ� RSWLRQV�� � )RU� WKH� IXOO\� SUHWHQVLRQHG� RSWLRQ�� HDFK� ZDOO� FDQ� DFFRPPRGDWH� IRXU
FROXPQV� RI� �����PP� �����LQ�� GLDPHWHU� SUHWHQVLRQLQJ� VWUDQGV� RQ� ���PP� ���LQ�� FHQWHUV�� D
���PP� ���LQ�� GXFW� IRU� FROXPQ� 37� EDUV� ZLWK� SURSHU� FRXSOLQJ� VKHDWKV�� DQG� LQWHULRU� FRYHU
�)LJXUH�����D����7KH�ZDOOV�FDQ�DOVR�DFFRPPRGDWH�����PP����LQ��GXFWV�IRU���.��PXOWLVWUDQG
ORQJLWXGLQDO� WHQGRQV�LQVWHDG�RI�SUHWHQVLRQLQJ�VWUDQG�ZLWK� WKH�FROXPQ�37�EDUV� ORFDWHG�XS� WR
���PP����LQ��FORVHU�WR�WKH�RXWVLGH�FRYHU�RI�WKH�VWHP��)LJXUH�����E����7KLV�ZLOO�UHTXLUH�XS�WR�D
��� GHJUHH� EHQG� LQ� WKH� VWLUUXS� DW� WKH� EDVH� RI� WKH� VWHP� WR� DFFRPPRGDWH� WKH� VKHDWKLQJ� DQG
FRXSOHU� IRU� WKH� FROXPQ� YHUWLFDO� 37� EDUV� �VHH� FURVV�VHFWLRQ� %�� LQ� )LJXUH� ����F��� � $
FRPELQDWLRQ� RI� FDS� ORQJLWXGLQDO� SUHWHQVLRQLQJ� DQG� SRVW�WHQVLRQLQJ� PD\� DOVR� EH
DFFRPPRGDWHG�XVLQJ�WKH�WZR�RXWHU�FROXPQV�RI�SUHWHQVLRQLQJ�DQG�D�PD[LPXP�RI�D�����PP
���LQ��GXFW��UHTXLUHG�IRU�D���.��PXOWLVWUDQG�WHQGRQ��IRU�SRVW�WHQVLRQLQJ��)LJXUH�����F����)RU
WKLV�VFKHPH�WRR��WKH�FROXPQ�37�EDUV�ZLOO�EH�FORVHU�WR�WKH�RXWVLGH�FRYHU�RI�WKH�VWHP���7KH�SUH�
DQG�SRVW�WHQVLRQLQJ�FRPELQDWLRQ�IRU�FDS�ORQJLWXGLQDO�UHLQIRUFHPHQW�ZLOO�EH�W\SLFDO�IRU�IUDPH
EHQWV���:KHQ�VSHFLILF�SRVW�WHQVLRQLQJ�GHYLFHV�DUH�VHOHFWHG�DQG�QHFHVVDU\�VXSSOHPHQWDU\�DQG
FRQWLQXLQJ� UHLQIRUFHPHQW� VHOHFWHG�� D� IXOO�VFDOH� DQFKRUDJH� ]RQH� WHVW� VKRXOG� EH� SHUIRUPHG�
'XH� WR� WKH� ORZ�FROXPQ�RYHUWXUQLQJ�PRPHQWV� LQ� IUDPH�EHQWV�� � WKH� DPRXQW�RI�YHUWLFDO� SRVW�
WHQVLRQLQJ�UHTXLUHG�FDQ�W\SLFDOO\�EH�KDQGOHG�LQ�WKH�FROXPQ�³HQGV´��DV� LQGLFDWHG�RQ�WKH�3��
VHJPHQW�RI�)LJXUH���������,Q�WKHVH�EHQWV��WKH�37�EDUV�ZLOO�EH�ORFDWHG�WRZDUGV�WKH�FHQWHU�RI�WKH
LQYHUWHG�7� VWHP�� � 7KXV�� WKH� FRXSOHU� VKHDWKLQJ� ZLOO� QRW� UHTXLUH� DQ\� DGGLWLRQDO� EHQGLQJ� RI
VWLUUXS�FDJH�UHLQIRUFHPHQW���7KH�YDU\LQJ�ORFDWLRQ�RI�WKH�YHUWLFDO�37�EDUV��WKDW�GHSHQG�RQ�FDS
ORQJLWXGLQDO� UHLQIRUFHPHQW�� PXVW� EH� DFFRXQWHG� IRU� LQ� FROXPQ� GHVLJQ� �LQFOXGLQJ� FRYHU
UHTXLUHPHQWV� ZKHQ� IRUP� LQVHUWV� DUH� EHLQJ� FKRVHQ��� � $Q� DOWHUQDWLYH� GHVLJQ� IRU� WKH
SUHWHQVLRQHG�FDS�ZRXOG�EH�WR�XVH�����LQ�GLDPHWHU�VWUDQGV�� �7KH�QXPEHU�RI�VWUDQGV�FRXOG�EH
UHGXFHG�ZLWK�D�SUREDEOH�UHGXFWLRQ�LQ�SODQW�ODERU�FRVWV�DQG�VOLJKW�LQFUHDVH�LQ�WKH�HFFHQWULFLW\
RI�WKH�SUHVWUHVV�IRUFH�
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3UHWHQVLRQLQJ�VWUDQGV 3RVW�WHQVLRQLQJ�GXFW
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OHQJWK�YDULHV

5HFHVV�IRU�37�RSHUDWLRQV

&/

37�VWUDQG
GXFW

)LJXUH�����D��3UHFDVW�FDS�GHWDLOV�IRU�3URSRVDO�,,
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3UHWHQVLRQLQJ

6KHDU�6WLUUXSV
	�+DQJHU
5HLQIRUFHPHQW

&ROXPQ �37�%DU
$QFKRUDJH

%XUVWLQJ
5HLQIRUFHPHQW

37�%DU �&RXSOHU

37�$QFKRUDJH
IRU�(UHFWLRQ

*URXW�9HQW

/HGJH
5HLQIRUFHPHQW

&ROXPQ �37�%DU
LQ�'XFW

)LJXUH�����E��&URVV�VHFWLRQV�RI�FDS�DQG�WHPSODWH�IRU�D�IXOO\�SUHWHQVLRQHG�FDS
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%����%� %����%�

3RVW�WHQVLRQLQJ
'XFW

6KHDU�6WLUUXSV�
	�+DQJHU�
5HLQIRUFHPHQW

&ROXPQ�37�%DU
$QFKRUDJH

%XUVWLQJ�
5HLQIRUFHPHQW

37�$QFKRUDJH
IRU�(UHFWLRQ

*URXW�9HQW

/HGJH
5HLQIRUFHPHQW

&ROXPQ�37�%DU
LQ�'XFW

%HQG�LQ�6WLUUXS�WR
DFFRPPRGDWH�37
%DU�&RXSOHU

37�%DU�&RXSOHU

)LJXUH�����F��&URVV�VHFWLRQV�RI�FDS�DQG�WHPSODWH�IRU�D�IXOO\�SRVW�WHQVLRQHG�FDS
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'HWDLOHG�YLHZ�RI�SUHWHQVLRQLQJ�DQG�QRQ�

SUHVWUHVVHG�UHLQIRUFHPHQW�LQ�ZHE�ZDOO�RI
6HFWLRQ�$��$��RQ�)LJXUH�����E

'HWDLOHG�YLHZ�RI�SUHWHQVLRQLQJ�DQG�QRQ�

SUHVWUHVVHG�UHLQIRUFHPHQW�LQ�ZHE�ZDOO�RI
6HFWLRQ�$��$��RQ�)LJXUH�����E

���PP ���PP

)LJXUH�����D��6SDFLQJ�DQG�FRYHU�GHWDLOV�IRU�D�FDS�ZLWK�RQO\�SUHWHQVLRQLQJ�VWUDQG��IRU�ORQJLWXGLQDO
UHLQIRUFHPHQW
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'HWDLOHG�YLHZ�RI�SRVW�WHQVLRQLQJ�DQG�QRQ�
SUHVWUHVVHG�UHLQIRUFHPHQW�LQ�ZHE�ZDOO�RI
6HFWLRQ�%��%��RQ�)LJXUH�����F

'HWDLOHG�YLHZ�RI�SRVW�WHQVLRQLQJ�DQG�QRQ�
SUHVWUHVVHG�UHLQIRUFHPHQW�LQ�ZHE�ZDOO�RI
6HFWLRQ�%��%��RQ�)LJXUH�����F

���PP ���PP

)LJXUH�����E��6SDFLQJ�DQG�FRYHU�GHWDLOV�IRU�D�FDS�ZLWK�RQO\�SRVW�WHQVLRQLQJ�DV�ORQJLWXGLQDO�UHLQIRUFHPHQW



��

��PP

��PP��PP
��PP

��PP

��PP

�
�
��
P
P
�S
UH
WH
Q
VL
R
Q
LQ
J

VW
UD
Q
G
�R
Q
��
�
P
P
�F
H
Q
WH
UV

��PP

��PP

��PP

��PP

��PP

�
�
��
P
P
�S
UH
WH
Q
V
LR
Q
LQ
J

V
WUD
Q
G
�R
Q
��
�
P
P
�F
H
Q
WH
UV

��PP

�
�
�
P
P

�
�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

�
�
P
P

��PP

�
�
P
P

�
�
�
P
P

�
�
P
P

�
�
�
P
P

� $�FRPELQDWLRQ�RI�SUHWHQVLRQLQJ�DQG�SRVW�WHQVLRQLQJ�ZLOO�EH�D�JRRG�DOWHUQDWLYH�WR�IXOO\�SRVW�WHQVLRQHG�FDSV�IRU�IUDPH�EHQWV
� ��.��WHQGRQV��VKRZQ�KHUH�UHTXLUH�WKH�ODUJHVW�GXFWV�SHUPLVVLEOH�LQ�WKHVH�ZHE�ZDOOV���6KRXOG�PRUH�LQWHULRU�FRYHU�EH�GHVLUHG��WKH

KROORZ�SRUWLRQ�RI�WKH�FDS�FRXOG�VLPSO\�EH�UHGXFHG�

���PP ���PP

)LJXUH�����F��6SDFLQJ�DQG�FRYHU�GHWDLOV�IRU�D�FDS�ZLWK�SUHWHQVLRQHG�DQG�SRVW�WHQVLRQHG�ORQJLWXGLQDO
UHLQIRUFHPHQW

:KLOH�WKH�FHQWHU�RI�WKH�FDS�VWHP�ZRXOG�EH�KROORZ��VROLG�SRUWLRQV�DUH�UHTXLUHG�DW�WKH�HQGV�IRU
FDS�DQFKRUDJH�]RQHV�ZKHQ� ORQJLWXGLQDO�SRVW�WHQVLRQLQJ� LV�XVHG� �)LJXUH�����D��� �$QFKRUDJH
]RQHV�DUH�DOVR�UHTXLUHG�DERYH�WKH�FROXPQ�IRU�WKH�FROXPQ�UHLQIRUFHPHQW�QRW�DQFKRUHG�LQ�WKH
ZHEV�RI�WKH�VWHP���7DEOH�����JLYHV�D�FRPSDULVRQ�RI�FDS�ZHLJKWV�IRU�RQH���WZR��DQG�WKUHH�ODQH
EULGJHV�XVLQJ�VLQJOH�HOHPHQW�FDSV�IURP�3URSRVDOV�,�DQG�,,�

7DEOH������6LQJOH�SUHFDVW�HOHPHQW�EHQW�FDS�ZHLJKW�FRPSDULVRQ

%ULGJH�:LGWK &DS�/HQJWK
 7RWDO�&DS�:HLJKW��N1��NLSV�

P���IW�� 3URSRVDO�, 3URSRVDO�,,

�����ODQH�������P� ����� ���� ����� ����� ��� ����

�����ODQHV�������P� ����� ���� ����� ����� ��� �����

�����ODQHV�����P� ���������� ����������� ��� �����


1R�VNHZ



��

������ %HQW�&RQILJXUDWLRQV±3URSRVDO�,,

7KH�IRXU�SLHU�VL]HV��IRXU�FRUUHVSRQGLQJ�WHPSODWHV�DQG�WKH�VLQJOH�GHSWK�EXW�YDULDEOH�OHQJWK�FDS
VHFWLRQ�FDQ�EH� FRPELQHG� LQ�QXPHURXV�ZD\V� WR�PDNH�XS�D�ZLGH� UDQJH�RI� VXEVWUXFWXUH�XQLWV
H[WHQGLQJ�IURP�VLQJOH�FROXPQ�EHQWV�WR�VWUDGGOH�EHQWV�DQG�IUDPH�EHQWV��)LJXUH���������7KHVH
EHQWV�FDQ�VXSSRUW�URDGZD\V�XS�WR����P������IW��ZLGH�DQG�XS�WR����P�����IW��WDOO���$�YDULHW\�RI
VNHZV�PD\�EH� DFFRPPRGDWHG� DV�ZHOO�� �7KH� LQYHUWHG�7� FDS� FDQ� VXSSRUW�$$6+72�7\SH� ,9
*LUGHUV�DQG������PP�����LQ��GHHS�7H[DV�8�EHDPV���$�VLPLODU�FDS�ZLWK�D�VKRUWHU�VWHP�FRXOG
EH� IDEULFDWHG� IRU� XVH� ZLWK� VKDOORZHU� VWDQGDUG� SUHFDVW� FRQFUHWH� JLUGHUV�� � 6KDOORZHU� JLUGHUV
FRXOG�DOVR�EH�VXSSRUWHG�RQ�WKH�GHHSHU�FDSV�ZLWK�EXLOW�XS�EHDULQJ�VHDWV���'HHS�FDSV�VXSSRUWLQJ
VKDOORZ�JLUGHUV� VKRXOG�EH�XVHG�RQO\�ZKHQ�QHFHVVDU\�� DQG� DHVWKHWLF� LPSDFW�RI� VXFK� D�GHWDLO
VKRXOG�EH�FDUHIXOO\�DQG�FRPSOHWHO\�FRQVLGHUHG���$�PRUH�FRPSOHWH�GLVFXVVLRQ�RI�WKH�WUHDWPHQW
RI�VKDOORZ�JLUGHUV�LQ�FRPELQDWLRQ�ZLWK�GHHS�FDSV�FDQ�EH�IRXQG�LQ�6HFWLRQ���������
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6LQJOH�&ROXPQ�%HQWV�ZLWK�6LQJOH�&DS�(OHPHQW 6WUDGGOH�%HQWV�ZLWK���&DS�(OHPHQWV

)UDPH�%HQW�ZLWK���&DS�(OHPHQWV)UDPH�%HQWV�ZLWK���&DS�(OHPHQWV

����P�������P�FOHDU

X
S
�W
R
��
�
P

��P�������P����P�����P

X
S
�W
R
��
�
P

X
S
�W
R
��
�
P

&DVW�LQ�3ODFH�-RLQW

)LJXUH�������6XEVWUXFWXUH�FRQILJXUDWLRQV�IRU�3URSRVDO�,,

$OO�EHQW�FDSV�PD\�EH�IDEULFDWHG�LQ�VLQJOH�HOHPHQWV�XS�WR������P�����IW��ORQJ���7KHUHIRUH�DOO
VLQJOH�FROXPQ� EHQWV� DUH� FRQVWUXFWHG� ZLWK� MXVW� RQH� FDS� VHJPHQW�� � &DS� VHJPHQWV� PD\� EH
SUHWHQVLRQHG�RU�SRVW�WHQVLRQHG���6WUDGGOH�DQG�IUDPH�EHQWV�MRLQ�WZR�FDS�VHFWLRQV�ZLWK�D�FDVW�
LQ�SODFH�MRLQW�DQG�ORQJLWXGLQDO�SRVW�WHQVLRQLQJ���7KHVH�ZLGHU�EHQWV�FDQ�DFFRPPRGDWH�FDSV�XS
WR����P�����IW�� LQ� OHQJWK�ZLWK� MXVW� WZR�FDS�VHJPHQWV� �WZR������P�>��� IW@� VHJPHQWV�ZLWK�DQ
����PP�>���LQ@�FDVW�LQ�SODFH�MRLQW����:LGHU�EHQWV�FDQ�EH�DFFRPPRGDWHG�ZLWK�WZR�SLHUV�DQG
WZR� ORQJ� VHJPHQWV� DQG� RQH� PDWFK�FDVW� VKRUWHU� FDS� VHJPHQW� IDEULFDWHG� DQG� HUHFWHG� DV
GHVFULEHG� LQ� 6HFWLRQV� ������ DQG� ������� � $OWHUQDWLYHO\�� WKUHH� SLHUV� DQG� WKUHH� FDSV� FRXOG� EH
XWLOL]HG�



��

7KH�SLHU�VHJPHQW�FKRVHQ�IRU�D�SURMHFW�ZLOO�YDU\�GHSHQGLQJ�RQ�SURMHFW�FRQVWUDLQWV���5RDGZD\
ZLGWK��VSDQ� OHQJWKV�� URDG�FXUYDWXUH��SLHU�KHLJKW�DQG�EHQW� VNHZV�ZLOO� DOO� HIIHFW� WKH�SLHU� VL]H
UHTXLUHPHQW���2WKHU�IDFWRUV�DIIHFWLQJ�WKH�FKRLFH�RI�SLHU�VL]H�ZLOO�EH�FRQFUHWH�VWUHQJWK�DQG�W\SH
RI� FROXPQ� UHLQIRUFHPHQW� FKRVHQ�� � )RU� LQVWDQFH�� DQ� ��P� ����IW� KLJK�� VLQJOH�FROXPQ� SLHU
VXSSRUWLQJ� D� ���P� ����IW� ZLGH�� URDGZD\� FRXOG� EH� FRQVWUXFWHG� RI� 3��� VHJPHQWV� ZLWK� D
FRQFUHWH�VWUHQJWK�RI����03D����NVL��RU�3���VHJPHQWV�ZLWK�DQ����03D�����NVL��FRQFUHWH���7KLV
FKRLFH� LV� SRVVLEOH� EHFDXVH� WKH� FRQWUROOLQJ� IDFWRU� IRU� WKH� SLHU� GHVLJQ� LV� WKH� PD[LPXP
FRPSUHVVLRQ�VWUHVV�UHVXOWLQJ�IURP�FROXPQ�SRVW�WHQVLRQLQJ�QHFHVVDU\�WR�SUHYHQW�WHQVLRQ�DFURVV
WKH�VHJPHQWDO�MRLQWV�XQGHU�ELD[LDO�EHQGLQJ�LQ�WKH�VHUYLFH�OLPLW�VWDWH�

:LWK� WKH� IUDPH�EHQWV�� WKH� SLHU� VHJPHQW� VL]H� VKRXOG� LQLWLDOO\� EH� FKRVHQ� EDVHG� RQ� VWUXFWXUDO
UHTXLUHPHQWV�� � ,Q�PDQ\� FDVHV�� WKH� VPDOOHVW� FROXPQ� VHFWLRQ�PD\� VXIILFH� IRU� FROXPQ� ORDGV�
+RZHYHU�ZLWK�ORQJHU�EHQWV��D�ODUJHU�FROXPQ�VHFWLRQ�DQG�WKHUHIRUH�ODUJHU�WHPSODWH�VHFWLRQ�ZLOO
UHGXFH� FULWLFDO� EHQGLQJ�PRPHQW� DQG� VKHDU� IRUFHV� LQ� WKH� FDS�� � 7KH� GHVLJQHU� PXVW� EDODQFH
LVVXHV� RI� HFRQRPLFV� DQG� FRQVWUXFWDELOLW\� ZKHQ� FKRRVLQJ� EHWZHHQ� XVLQJ� ODUJHU� FROXPQ
VHFWLRQV�RU�PRUH�FDS�UHLQIRUFHPHQW���)RU�DHVWKHWLF�UHDVRQV�DV�ZHOO��WKH�GHVLJQHU�PD\�FKRRVH
WR� XVH� ODUJHU� FROXPQ� VHFWLRQV� IRU� D� ORQJ� IUDPH� EHQW�� � 6OHQGHU� FROXPQV� XQGHU� D� ZLGH
VXSHUVWUXFWXUH�PD\�DSSHDU�YLVXDOO\�ZHDN�DQG�XQVDIH�

'HVLJQ�FDOFXODWLRQV�DQG�GHWDLOV�IRU�D�VLQJOH�FROXPQ�SLHU�XVLQJ�3���VHJPHQWV�IRU�D�WRWDO�FOHDU
KHLJKW� RI� ���P� ����IW�� VXSSRUWLQJ� D� ���P� ����IW�� URDGZD\� DUH� VKRZQ� LQ� $SSHQGL[� &� RI
5HIHUHQFH�����$�FRPELQDWLRQ�RI�SRVW�WHQVLRQHG�VWUDQG�DQG�EDUV�DUH�XVHG�IRU�WKH�FROXPQ�DQG
WKH�FDS�LV�GHVLJQHG�WR�EH�SUHWHQVLRQHG���'HVLJQ�FDOFXODWLRQV�DQG�GHWDLOV�IRU�D�IUDPH�EHQW�XVLQJ
3���VHJPHQWV�WR�VXSSRUW�D������P�����IW��URDGZD\�DUH�JLYHQ�LQ�$SSHQGL[�'�RI�5HIHUHQFH���
,Q� WKDW�H[DPSOH��RQO\�SRVW�WHQVLRQLQJ�EDUV�DUH�XVHG�IRU� WKH�FROXPQ�ZKLOH� WKH�FDS�VHJPHQWV
DUH�ERWK�SUHWHQVLRQHG�DQG�SRVW�WHQVLRQHG���$�GLVFXVVLRQ�RI�SLHU�GHVLJQ�DQG�GHWDLOLQJ�FDQ�EH
IRXQG�LQ�6HFWLRQV�������WR�������

������ )DEULFDWLRQ�6HTXHQFH±3URSRVDO�,,

&ROXPQ�VHJPHQW�IDEULFDWLRQ�ZRXOG�EH�WKH�VDPH�DV�GHVFULEHG�LQ�6HFWLRQ�������DQG�VKRZQ�LQ
)LJXUH� ������ � 3URYLVLRQV� IRU� IDVWHQHUV� LQ� WKH� VLGHV� RI� WKH� VHFWLRQV� IRU� EROWLQJ� WKH� XSSHU
VHJPHQW�IRUPV�WR�WKH�H[LVWLQJ�VHJPHQW�VKRXOG�EH�WKH�VDPH�RQHV�XVHG�IRU�DWWDFKLQJ�WHPSRUDU\
GHYLFHV� IRU� KDQGOLQJ� WKH� VHJPHQWV�� � 7KLV� GXDO� XVH� ZLOO� PLQLPL]H� WKH� QXPEHU� RI� KROHV� RU
³GLVWXUEDQFHV´�WR�WKH�VHFWLRQ�

7KH� WHPSODWH� VHJPHQWV� ZLOO� EH� FDVW� LQGLYLGXDOO\�� � 7KH� WRS� SRUWLRQ� RI� WKH� WHPSODWH� LV
HVVHQWLDOO\� D� TXDGULODWHUDO� SODWH�� 7KLV� DUHD� FDQ� EH� VFUHHGHG� WR� YDU\LQJ� KHLJKWV� WR� SURYLGH
QHFHVVDU\�FURVV�VORSH�IRU�WKH�FDS���7KH�RYHUDOO�SODWH�KHLJKW�YDULHV�GHSHQGLQJ�RQ�WKH�WHPSODWH
VL]H���7KLV�YDULDWLRQ�DFFRUGLQJ�WR�WHPSODWH�VL]H�DOORZV�HDFK�WHPSODWH�WR�UHDGLO\�SURYLGH�XS�WR
D����FURVV�VORSH�IRU�WKH�FDS��)LJXUH���������7KH����YDOXH�UHSUHVHQWV�DQ�DUELWUDU\�OLPLW�IRU�WKH
VWDQGDUG�IRUPV���,W�ZDV�FKRVHQ�RQ�WKH�EDVLV�WKDW�DERXW�����RI�DSSOLFDWLRQV�WHQG�WR�KDYH�FURVV�
VORSHV�RI����RU�OHVV���7KH�WDEOH�LQ�)LJXUH������JLYHV�H[DPSOH�SODWH�KHLJKWV�IRU�HDFK�WHPSODWH
VHJPHQW�WKDW�FDQ�SURYLGH�D��±���FURVV�VORSH���5HTXLUHG�FURVV�VORSHV�JUHDWHU�WKDQ����FDQ�EH
DFFRPPRGDWHG�E\�GHYHORSLQJ�RWKHU� WHPSODWH�GHVLJQV�RU�E\�XVLQJ�WKH����FURVV�VORSH� LQ� WKH
WHPSODWH�DQG�WKHQ�E\�YDU\LQJ�JLUGHU�EHDULQJ�VHDW�HOHYDWLRQV�IRU�WKH�UHPDLQGHU���$�PLQLPXP
KHLJKW�RI����PP����LQ��LV�SURYLGHG�RQ�WKH�HQGV�RI�WKH�WHPSODWH�³SODWH�´
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)LJXUH�������([DPSOH�RI�D����FDS�FURVV�VORSH�EHLQJ�SURYLGHG�IRU�LQ�D�SUHFDVW�WHPSODWH

6FUHHGLQJ�WR�WKH�GHVLUHG�FURVV�VORSH�FDQ�EH�IDFLOLWDWHG�LQ�VWHHO�IRUPV�E\�SURYLGLQJ�D�WULDQJXODU
FKDPIHU� VWULS�� WDFN�ZHOGHG� WR� WKH� LQVLGH� RI� WKH� IRUP�� � 7KLV� VFUHHGLQJ� JXLGH� �³VFUHHG� UDLO´�
VKRXOG�EH�ZHOGHG�WR�ERWK�WKH�LQVLGH�RI�WKH�RXWHU�IRUP�DQG�WKH�RXWVLGH�RI�WKH�LQQHU�FRUH�IRUP
�)LJXUH���������7KH�UDLO�RQ�WKH�RXWVLGH�IRUP�ZLOO�FUHDWH�D�FKDPIHU�DW�WKH�VLWH�RI�WKH�IXWXUH�FDS�
WHPSODWH� MRLQW�� �7KLV�FKDPIHU� VKRXOG�KLGH� HSR[\�GULSSLQJV� LQ� WKLV� DZNZDUG� ORFDWLRQ�ZKLFK
ZRXOG�EH�GLIILFXOW� WR� FOHDQ�GXULQJ� HUHFWLRQ�� �7KH� VFUHHG� UDLO� RQ� WKH� LQQHU� FRUH� IRUP�ZRXOG
SURYLGH�D�OHGJH�WR�VXSSRUW�HOHPHQWV�IRU�IRUPLQJ�WKH�FDS���:KHQ�WKH�FDS�LV�ODWHU�PDWFK�FDVW�WR
WKH� WHPSODWH�� IRUP� VXUIDFHV� DUH� QHHGHG� WR� SUHYHQW� IUHVK� FRQFUHWH� IURP� HQWHULQJ� WKH� KROORZ
SRUWLRQ�RI� WKH� WHPSODWH�VHJPHQW�� �7KH� WDFN�ZHOGHG�VFUHHGLQJ�UDLOV�FRXOG�HDVLO\�EH�UHPRYHG
�JURXQG�RII��ZLWK�QHJOLJLEOH�IRUP�GDPDJH�IRU�WKH�QH[W�WHPSODWH�VHJPHQW�LI�D�GLIIHUHQW�FURVV�
VORSH� LV� UHTXLUHG�� � ,I� ZRRGHQ� IRUPV� DUH� XVHG� IRU� HLWKHU� WKH� LQQHU� RU� RXWHU� WHPSODWH� IRUP�
ZRRGHQ�VFUHHG�UDLOV�FRXOG�EH�XVHG���$OO�LQQHU�FRUH�IRUPV�VKRXOG�EH�³GUDIWHG´��DQJOHG�RXWZDUG
VOLJKWO\�DV�WKH\�ULVH�WR�IDFLOLWDWH�HDV\�UHPRYDO����$Q�DQJOH�DV�VPDOO�DV���PP�RYHU�����P�ZRXOG
VXIILFH������LQ�RYHU���IW��
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)RUPZRUN�IRU�WHPSODWH�ZLWK�VFUHHG�UDLO�WDFN�ZHOGHG�WR�IRUP�DW�FKRVHQ�FURVV�VORSH�DQJOH

7HPSODWH�VHJPHQW�ZLWK�IODW�WRS��QR�FURVV�VORSH
SURYLGHG�IRU�PDWFK�FDVW�FDS�

7HPSODWH�VHJPHQW�ZLWK�WRS�VFUHHGHG�WR
SURYLGH�FURVV�VORSH�IRU�PDWFK�FDVW�FDS

3ODQ

$ $

6HFWLRQ�$�$

6FUHHG�5DLOV

6FUHHG�5DLOV

*URXW�GXFWV�IRU
JURXWHG�MRLQW
EHORZ�WHPSODWH

6KHDU�.H\V��LQGHQWHG�

6FUHHG�5DLOV

3RVW�WHQVLRQLQJ�GXFWV

)LJXUH�������7HPSODWH�IDEULFDWLRQ�GHWDLOV

'XFWV�IRU�SRVW�WHQVLRQLQJ�EDUV�PXVW�EH�FDVW�LQWR�WKH�WHPSODWH�VHJPHQW���$�SDWWHUQ�VKHHW�FRXOG
EH�IDEULFDWHG�WR�HQVXUH�SURSHU�ORFDWLRQ�DQG�DOLJQPHQW�RI�GXFWV���$�SDWWHUQ�VKHHW�ZRXOG�VLPSO\
EH�D�PHWDO�SODWH�ZLWK� WKH�GXFW� ORFDWLRQV� IURP�DGMDFHQW�FROXPQ�VHFWLRQV�GULOOHG� LQWR� LW�� �7KH
SDWWHUQ�VKHHW�LV�SODFHG�DW�WKH�ERWWRP�RI�WKH�WHPSODWH�VHJPHQW�ZKLOH�GXFWV�DUH�SODFHG�WR�HQVXUH
WKDW�WKH�GXFWV�DUH�SURSHUO\�DOLJQHG�DFURVV�WKLV�MRLQW���$SSUR[LPDWHO\�IRXU�DGGLWLRQDO�GXFWV�RI
���PP� �����LQ�� GLDPHWHU�PXVW� EH� FDVW� LQWR� WKH� WHPSODWH� IRU� SODFHPHQW� RI� D� IORZDEOH� KLJK
VWUHQJWK� JURXW� WR� FRPSOHWHO\� ILOO� WKH� MRLQW� EHWZHHQ� WKH� WRS� SLHU� VHJPHQW� DQG� WKH� WHPSODWH
VHJPHQW���7KLV�MRLQW�GHWDLO�LV�IXUWKHU�GLVFXVVHG�LQ�6HFWLRQ�������ZKHUH�WKH�HUHFWLRQ�VHTXHQFH
RI�WKHVH�SLHUV�LV�RXWOLQHG�

)DEULFDWLRQ�RI�WKH�FDSV�ZLOO�EH�PXFK�PRUH�LQYROYHG�WKDQ�IDEULFDWLRQ�RI�WKH�FROXPQ�VHJPHQWV�
7KHUH�DUH�D�QXPEHU�RI�ZRUNDEOH�VFKHPHV�IRU�IDEULFDWLQJ�WKH�FDSV�ZLWK�WKH�QHFHVVDU\�PDWFK�
FDVW� MRLQW� EHWZHHQ� WKH� ERWWRP� RI� WKH� FDS� DQG� WKH� WRS� RI� WKH� WHPSODWH� VHJPHQW�� � 6RPH
IDEULFDWLRQ�RSWLRQV�DUH�EHWWHU�VXLWHG�IRU�SUHWHQVLRQLQJ��ZKLOH�RWKHUV�DUH�EHWWHU�VXLWHG�IRU�SRVW�
WHQVLRQLQJ�

)RU�SUHWHQVLRQLQJ�� D� IDEULFDWLRQ� V\VWHP� IRU� WKH� FDSV� WKDW� FDQ�EH� HDVLO\� DGRSWHG� E\� H[LVWLQJ
SUHWHQVLRQLQJ�SODQWV�ZDV�GHYHORSHG���7KLV�V\VWHP�LQYROYHV�FDVWLQJ�WKH�FDS�LQ�WZR�VWDJHV���,Q
WKH�ILUVW�VWDJH��WKH�OHGJH�RI�WKH�FDS�ZRXOG�EH�PDWFK�FDVW�WR�WKH�SUHYLRXVO\�FDVW�WHPSODWH���7KLV
RSHUDWLRQ� FRXOG� EH� GRQH�ZLWK� WKH� WHPSODWH� VXSSRUWHG� IURP� WKH� JURXQG� DQG� WKH� OHGJH� IRUP
VXSSRUWHG� DERYH� �6WDJH� �� LQ� )LJXUH� ����D� DQG� )LJXUH� ����E��� � :HE� UHLQIRUFHPHQW� ZRXOG
H[WHQG�DERYH�WKH�OHGJH���7KH�FDVWLQJ�RSHUDWLRQV�ZRXOG�UHTXLUH�FRQFUHWH�SODFHPHQW�QRW�PRUH
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WKDQ� ����P� ���� IW�� WKH� DLU�� �7KLV� LPSRVHV� QR� SUREOHP�RQ� H[LVWLQJ� SUHFDVW� SODQW� HTXLSPHQW�
2QFH�WKH�OHGJH�LV�FDVW�DQG�WKH�FRQFUHWH�FXUHG��WKH�OHGJH�ZRXOG�EH�WUDQVSRUWHG�WR�DQ�H[LVWLQJ
SUHWHQVLRQLQJ� EHG� �6WDJH� �� LQ� )LJXUH� ����D��� � :LWK� D� QXPEHU� RI� OHGJHV� LQ� WKH� EHG�
SUHWHQVLRQLQJ� VWUDQGV� ZRXOG� EH� SODFHG� DQG� IRUPV� IRU� WKH� LQYHUWHG�7� VWHPV� VHW�� � 3RVW�
WHQVLRQLQJ� GXFWV� IRU� WKH� FROXPQ� DQG�� LI� UHTXLUHG�� IRU� WKH� FDS� ZRXOG� EH� DOLJQHG� DQG� WKH
FRQFUHWH�SODFHG�� �)RU�PRVW�RI� WKH� VLQJOH� FDS�VHJPHQWV��SUHWHQVLRQLQJ�ZLOO� VXIILFH� �QR�SRVW�
WHQVLRQLQJ�ZLOO�EH�UHTXLUHG��IRU�WKH�FDS¶V�ORQJLWXGLQDO�UHLQIRUFHPHQW���2QO\�LQ�FDVHV�ZLWK�ORQJ
FDSV�WKDW�QHHG�WR�EH�VWDJH� WHQVLRQHG�ZLOO�SRVW�WHQVLRQLQJ�EH�UHTXLUHG�� � ,Q� WKH�FDVH�RI� IUDPH
FDSV��SRVW�WHQVLRQLQJ�ZLOO�EH�UHTXLUHG�WR�MRLQ�WKH�FDS�VHJPHQWV�DQG�SURYLGH�SRVLWLYH�PRPHQW
UHLQIRUFHPHQW�LQ�WKH�FORVXUH�DQG�VSDQ�EHWZHHQ�WKH�SLHUV��)LJXUH�������

&DJH�6WHHO &ROXPQ�3RVW�WHQVLRQLQJ�'XFWV

$GMXVWDEOH�WHPSODWH�VXSSRUWV
IRU�FDS�FURVV�VORSH

/HGJH
37�6WUDQG
'XFW

37�%DU
'XFW

6XSSRUW�IRU�OHGJH�IRUPZRUN

3UHFDVW�7HPSODWH

3UHWHQVLRQLQJ�%XONKHDG

3UHWHQVLRQLQJ
6WUDQGV

6WHP�RI�FDS�WR�EH�IRUPHG�DQG�FDVW

$

$


6WDJH�����0DWFK�FDVW�OHGJH�RI�FDS�WR�SUHFDVW�WHPSODWH

6WDJH�����3ODFH�OHGJHV�LQ�SUHWHQVLRQLQJ�EHG��IRUP�VWHPV��SUHWHQVLRQ�DQG�FDVW

/HGJH�FDVW�LQ�6WHS��

0DWFK�FDVW
MRLQW


�6KRZQ�LQ�)LJXUH�����E

)LJXUH�����D��7ZR�VWDJH�PDWFK�FDVWLQJ�RI�SUHFDVW��SUHWHQVLRQHG�LQYHUWHG�7�FDSV
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$GMXVWDEOH�VXSSRUWV�IRU
FDS�FURVV�VORSH

3UHFDVW�WHPSODWH

)RUPZRUN�IRU�OHGJH

/HGJH�FDVW�LQ�6WHS��

&DJH�VWHHO

0DWFK
FDVW�MRLQW

6HFWLRQ�$�$


�)URP�)LJXUH�����D

)LJXUH������E��&URVV�VHFWLRQ�WKURXJK�WKH�FDS�DQG�WHPSODWH�GXULQJ�6WDJH�,
IURP�)LJXUH�����D

7KH�WZR�VWDJHG�FDVWLQJ�RI�WKH�FDS�IRU�WKLV�SUHWHQVLRQLQJ�VFKHPH�HOLPLQDWHV�WKH�QHHG�IRU�VHOI�
VWUHVVLQJ�IRUPV��IRUPV�ZLWK�HQGV�WKDW�HVVHQWLDOO\�DFW�DV�EXONKHDGV�� WKDW�ZLOO�EH��±��P�����±
���IW��LQ�WKH�DLU�� �6WDJHG�FDVWLQJ�DOORZV�WKH�SUHFDVWHU� WR�XVH�H[LVWLQJ�SUHWHQVLRQLQJ�EHGV�DQG
EXONKHDGV���6WDJHG�FDVWLQJ�DOVR�HDVHV�FRQFUHWH�SODFHPHQW�DYRLGLQJ�SUREOHPV�GXH�WR�WUDSSHG
DLU�XQGHU�WKH�OHGJH�WKDW�FRXOG�RFFXU�ZLWK�D�VLQJOH��FORVHG�IRUP��)LJXUH���������,Q�VLQJOH�VWDJH
FDVWLQJ�� YLEUDWLRQ� RI� WKH� OHGJH� GRZQ� WKURXJK� WKH� ZDOOV� RI� WKH� VWHP� ZRXOG� EH� H[WUHPHO\
GLIILFXOW�ZLWK�SUHWHQVLRQLQJ� VWUDQG� UXQQLQJ� WKURXJKRXW�� �2QH�SRVVLEOH� VROXWLRQ�ZRXOG� EH� WR
YLEUDWH�WKH�OHGJHV�WKURXJK�WKH�RSHQ�WRS�VXUIDFHV�RI�WKH�OHGJHV��DOORZ�WKH�FRQFUHWH�WR�GHYHORS
DQ�LQLWLDO�VHW�IRU����WR����PLQXWHV�DQG�WKHQ�SODFH�WKH�ZHE�FRQFUHWH���:LWK�WKH�VWDJHG�FDVWLQJ�
FRQFUHWH�VKHDU�NH\V��LI�QHHGHG��PD\�EH�VHW�LQWR�WKH�OHGJH�IRU�VKHDU�WUDQVIHU�LQ�WKH�FRQFUHWH�IRU
WKH�ILQDO�VWUXFWXUH���:HE�KDQJHU�UHLQIRUFHPHQW�IRU�VKHDU�ZLOO�DOVR�QHHG�WR�H[WHQG�XSZDUG�RU
EH�PHFKDQLFDOO\�VSOLFHG�DW�WKLV�ORFDWLRQ���$V�VKRZQ�LQ�)LJXUH�����D��WKH�VWLUUXSV�UHTXLUHG�IRU
WKH�FDS�ZRXOG�EH�FDVW� LQWR� WKH� OHGJH�� �7KLV�GHWDLO� LV�JRRG��SURYLGLQJ�XQVSOLFHG�VWLUUXSV�DQG
DOVR� D� FDJH� ZLWK� ZKLFK� WR� OLIW� WKH� OHGJH� LQWR� D� SUHWHQVLRQLQJ� EHG�� � &RQVLGHUDWLRQ� RI� WKH
GLIIHUHQW�FRQFUHWH�VWLIIQHVVHV�LQ�WKH�OHGJH�DQG�VWHP�DW�UHOHDVH�RI�WKH�WHQGRQV�ZLOO�QHHG�WR�EH
WDNHQ� LQWR� DFFRXQW� WR� SURSHUO\� DVVHVV� SUHVWUHVV� ORVVHV� GXH� WR� HODVWLF� VKRUWHQLQJ� �VHH� SDJHV
&��±&���RI�$SSHQGL[�&�LQ�5HIHUHQFH���IRU�H[DPSOH�FDOFXODWLRQV��
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)RUPZRUN�IRU�FDS�FDVW
LQ�VLQJOH�SRXU

$UHD�ZLWK�SRWHQWLDO
DLU�YRLG�SUREOHPV

3UHFDVW�WHPSODWH��PRVW
OLNHO\�XQGHUJURXQG�LI
FDS�LV�SUHWHQVLRQHG
DQG�FDVW�LQ�RQH�VWDJH�
6HH�)LJXUH������

3UHWHQVLRQLQJ

���PP
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)LJXUH�������&URVV�VHFWLRQ�WKURXJK�D�FDQWLOHYHU�RI�D�SUHWHQVLRQHG�FDS�IRUPHG�IRU�D
VLQJOH�VWDJH�FDVWLQJ

$QRWKHU�SRVVLEOH�PHWKRG�RI�FDS�FRQVWUXFWLRQ�WKDW�HOLPLQDWHV�WKH�QHHG�IRU�VHOI�VWUHVVLQJ�IRUPV
�±��P� ����±���IW�� LQ� WKH� DLU�ZRXOG� EH� WR� LQVHUW� WKH� WHPSODWH� VHJPHQW� LQ� DQ� RSHQLQJ� EHORZ
JUDGH�DQG�PDWFK�FDVW�WKH�FDS�WR�WKH�WHPSODWH�ZKLOH�WKH�FDS�LV�VXSSRUWHG�DW�JUDGH�OHYHO��)LJXUH
��������7KLV�ZRXOG�UHTXLUH�WKH�SUHFDVWHU�WR�GHSUHVV�WKH�WHPSODWH�XS�WR�����P����IW��EHORZ�JUDGH
�IRU�WKH�ODUJHVW�WHPSODWH��7������&DVWLQJ�FRXOG�DJDLQ�EH�VWDJHG�ZLWK�WKH�OHGJH�EHLQJ�FDVW�ILUVW
DQG�WKHQ�SODFHG�LQ�D�SUHWHQVLRQLQJ�EHG���2WKHU�IDEULFDWLRQ�RSWLRQV�LQFOXGH�PDWFK�FDVWLQJ�WKH
FDS� LQ� RQH� VWDJH� DERYH� WKH� WHPSODWH� LQ� D� VHOI�VWUHVVLQJ� IRUP�� � $QRWKHU� RSWLRQ� IRU� WKH
IDEULFDWRU�ZRXOG�EH� WR�FDVW�D�VLQJOH�FDS� LQ�RQH�VWDJH� UHVWLQJ� DW�JUDGH� OHYHO� LQ� VHOI�VWUHVVLQJ
IRUPV�RU�LQ�D�VKRUW�SUHWHQVLRQLQJ�EHG�ZLWK�WKH�WHPSODWH�LQVHUWHG�LQ�DQ�RSHQLQJ�LQ�WKH�JURXQG
WR�IDFLOLWDWH�WKH�UHTXLUHG�PDWFK�FDVW�MRLQW�
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&DJH�6WHHO &ROXPQ�3RVW�WHQVLRQLQJ�'XFWV

/HGJH�VXSSRUWHG
RQ�JURXQG

$

$

+ROH�LQ�JURXQG

3UHFDVW�7HPSODWH

0DWFK�FDVW
MRLQW

a
�
�
�
�
P
P

/HGJH�PDWFK�FDVW
WR�WHPSODWH�ZKLOH
VXSSRUWHG�RQ
JURXQG

6HFWLRQ�$�$

� 0DWFK�FDVWLQJ�WKH�FDS�WR�WKH�WHPSODWH�ZLWK�WKH�WHPSODWH�LQ�WKH
JURXQG�FRXOG�UHSODFH�6WHS���LQ�)LJXUH�����D�

� 7KH�PDWFK�FDVWLQJ�PHWKRG�VKRZQ�KHUH�FRXOG�DOVR�EH�XVHG�IRU
SUHWHQVLRQLQJ�LQGLYLGXDO�FDSV�LQ�D�VKRUW�SUHWHQVLRQLQJ�EHG���,Q
WKLV�FDVH�WKH�FDS�FRXOG�EH�FDVW�LQ�RQH�RU�WZR�VWDJHV�

$GMXVWDEOH�VXSSRUWV�IRU
FDS�FURVV�VORSH

0DWFK
FDVW�MRLQW 3UHFDVW�7HPSODWH

$GMXVWDEOH�VXSSRUWV�IRU
FDS�FURVV�VORSH

)RUPZRUN �IRU�OHGJH

&DJH�6WHHO

)LJXUH�������7ZR�VWDJH�PDWFK�FDVWLQJ�RI�SUHFDVW�FDSV�ZLWK�SUHFDVW�WHPSODWH�LQ�JURXQG

$Q�DGYDQWDJH� WR� IDEULFDWLRQ� LQ�D�SUHFDVWLQJ�SODQW�DV�RSSRVHG� WR� ILHOG�FRQFUHWLQJ� LV� WKDW� WKH
TXDOLW\� RI� KLJK� SHUIRUPDQFH� FRQFUHWH� FDQ� EH� EHWWHU� FRQWUROOHG�� � 8VH� RI� KLJK� SHUIRUPDQFH
FRQFUHWH� ZLWK� LWV� KLJK� HDUO\� VWUHQJWK� DOORZV� IRU� IDVWHU� WXUQRYHU� RI� SUHWHQVLRQHG� HOHPHQWV�
6XFK� KLJKHU� WXUQRYHU� KHOSV� PDNH� HOHPHQW� IDEULFDWLRQ� HFRQRPLFDO�� � 3UHWHQVLRQLQJ� WKH
HOHPHQWV�ZLOO�DOVR�UHGXFH� WKH�DPRXQW�RI�QRQSUHVWUHVVHG� UHLQIRUFHPHQW� W\SLFDOO\� UHTXLUHG� WR
FRQWURO�FUDFNLQJ�GXULQJ�KDQGOLQJ�RI�WKH�HOHPHQWV�WR�EH�SRVW�WHQVLRQHG�RQVLWH�

)DEULFDWLRQ� RI� SUHFDVW� FDSV� WKDW� ZLOO� EH� HQWLUHO\� SRVW�WHQVLRQHG� FDQ� EH� SHUIRUPHG� LQ� D
SUHFDVWLQJ�SODQW�RU�LQ�D�WHPSRUDU\�SUHFDVWLQJ�\DUG���$JDLQ��WKH�WHPSODWH�VHJPHQW�FDQ�UHVW�RQ
WKH� JURXQG� ZLWK� WKH� FDS� IRUPHG� DQG� FRQFUHWH� SODFHG� �±��P� ����±���IW�� LQ� WKH� DLU� RU� WKH
WHPSODWH�FDQ�EH�SODFHG� LQ� D� UHFHVV�EHORZ�JUDGH� DQG� WKH� FDS� FDVW� DERYH�ZKLOH� VXSSRUWHG� DW
JUDGH� OHYHO�� � 7KH� HQWLUH� FDS� FRXOG� EH� IRUPHG� IRU� RQH� FDVW� LQ� HLWKHU� VLWXDWLRQ� VLQFH� VHOI�
VWUHVVLQJ�IRUPV�RU�EXONKHDGV�IRU�SUHWHQVLRQLQJ�ZRXOG�QRW�EH�XVHG�� �+RZHYHU��DV�SUHYLRXVO\
GLVFXVVHG�� WZR�VWDJH� FDVWLQJ� LV� UHFRPPHQGHG� IRU� FRQVWUXFWDELOLW\�� � 3RVW�WHQVLRQLQJ� GXFWV
UXQQLQJ� WKURXJKRXW� WKH� ZDOOV� RI� WKH� VWHP�ZLOO� DGG� WR� WKH� GLIILFXOW\� RI� YLEUDWLQJ� WKH� OHGJH
FRQFUHWH�LI�SODFHG�LQ�D�VLQJOH�FDVW�

������ (UHFWLRQ�6HTXHQFH±3URSRVDO�,,

7KH�HUHFWLRQ�VHTXHQFH�IRU�WKH�FROXPQ�VHJPHQWV�IRU�3URSRVDO�,,�LV�VLPLODU�WR�WKDW�RI�3URSRVDO
,���1RUPDO�IRXQGDWLRQ�FRQVWUXFWLRQ�LV�FDUULHG�RXW�ZLWK�SURYLVLRQV�IRU�FROXPQ�SRVW�WHQVLRQLQJ
EDUV� DQG�RU� VWUDQGV� LQ� WKH� IRXQGDWLRQ� FDS�� RU� IRRWLQJ�� � &ROXPQ� SRVW�WHQVLRQLQJ� EDUV� DUH
DQFKRUHG� LQ� WKH� FDVW�LQ�SODFH� IRRWLQJ�� � 3RVW�WHQVLRQLQJ� VWUDQGV� UHTXLUH� GXFWV� FXUYLQJ� ���
GHJUHHV���7KH�FXUYLQJ�GXFWV�LQ�WKH�IRRWLQJ�IDFLOLWDWH�WKH�WKUHDGLQJ�RI�WKH�VWUDQGV�IURP�WKH�WRS
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RI�WKH�FDS�GRZQ�WKURXJK�WKH�IRRWLQJ�DQG�EDFN�WR�WKH� WRS�RI� WKH�FDS�RQFH� WKH�FDS� LV�SODFHG�
6XFK�D�GXFW�OD\RXW�DOORZV�DOO�ILQDO�FROXPQ�SRVW�WHQVLRQLQJ�RSHUDWLRQV�WR�EH�SHUIRUPHG�DW�WKH
WRS�RI�WKH�FDS�ZLWK�QR�GLVUXSWLRQ�WR�WKH�FRPSOHWHG�IRXQGDWLRQV�

7KH�ILUVW�FROXPQ�VHJPHQW�LV�SODFHG�RQ�DGMXVWDEOH�VXSSRUWV�DERYH�WKH�SUHYLRXVO\�FDVW�IRRWLQJ�
:KHUH�GHVLUDEOH�IRU�JHRPHWU\�IOH[LELOLW\�ZLWK�VWDQGDUG�KHLJKW�VHJPHQWV��WKH�IRRWLQJ�FRXOG�EH
GHVLJQHG� WR�KDYH�D� UHFHVV� LQ�ZKLFK� WR�SODFH� WKH� ILUVW� VHJPHQW�� �:LWK�D� UHFHVV�KRZHYHU�� WKH
RYHUDOO�IRRWLQJ��RU�SLOH�FDS��GHSWK�PD\�EH�LQFUHDVHG���'HHSHU�IRRWLQJV�ZLOO�EH�XQHFRQRPLFDO
LQ� PDQ\� ORFDWLRQV� LQ� 7H[DV� ZKHUH� URFN� LV� ORFDWHG� MXVW� EHORZ� WKH� VXUIDFH�� � ,QFUHDVHG
H[FDYDWLRQ� FRVWV� ZLOO� RIWHQ� GLFWDWH� XVLQJ� IRRWLQJV� DQG� SLOH� FDSV� WKDW� DUH� DV� VKDOORZ� DV
SRVVLEOH�� � )RU� PRVW� VLWXDWLRQV�� WKH� ILUVW� SLHU� VHJPHQW� ZLOO� WKHUHIRUH� EH� SODFHG� DERYH� WKH
IRRWLQJ�

7KH�ILUVW�VHJPHQW�LV�DOLJQHG�RQ�DGMXVWDEOH�VXSSRUWV��VXFK�DV�WKH�VLPSOH�VWHHO�IUDPH�DGMXVWHG
ZLWK�VFUHZ�WKUHDGV�RU�VKLPV�DV�GHVFULEHG�LQ�6HFWLRQ���������$Q�H[DPSOH�RI�WKLV�PHWKRG�XVHG
UHFHQWO\�LQ�$XVWLQ��7H[DV�LV�VKRZQ�LQ�)LJXUH�����D���&ROXPQ�SRVW�WHQVLRQLQJ�GXFWV�DUH�VSOLFHG
WR�WKH�FRUUHVSRQGLQJ�SRVW�WHQVLRQLQJ�GXFWV�LQ�WKH�IRRWLQJ��LQWHUQDO�GUDLQSLSHV�DUH�SODFHG�DQG
MRLQW�UHLQIRUFHPHQW�LV�WLHG���7KLV�ILUVW�VHJPHQW�LV�WKHQ�ORFNHG�LQWR�SRVLWLRQ�ZLWK�D�FDVW�LQ�SODFH
MRLQW� �)LJXUH� ����E��� � 7KH� ILUVW� MRLQW� VKRXOG� EH� D� FRQFUHWH� RI� VLPLODU� TXDOLW\� WR� WKH� SLHU
VHJPHQWV���7KLV�MRLQW�PD\�YDU\�LQ�KHLJKW�IURP�����WR�����PP�����WR����LQ��GHSHQGLQJ�RQ�WKH
UHTXLUHG� KHLJKW� RI� WKH� SLHU�� �$� QXPEHU� RI� ILUVW� VHJPHQWV�PD\� EH� SODFHG� DQG� DOLJQHG� IRU� D
SURMHFW� EHIRUH� WKH\� DUH� ³ORFNHG´� LQWR� SRVLWLRQ� ZLWK� WKHVH� FDVW�LQ�SODFH� MRLQWV�� � 'XH� WR� WKH
UHODWLYHO\�VPDOO�DPRXQW�RI�FRQFUHWH�QHHGHG�WR�VHW�HDFK�VHJPHQW��OHVV�WKDQ�����P�����\G���IRU
WKH� ODUJHVW� VHJPHQW��� SODFLQJ� FRQFUHWH� IRU� PRUH� WKDQ� RQH� FROXPQ� DW� D� WLPH� ZLOO� EH� PRUH
HFRQRPLFDO� DQG� OHVV� WLPH�FRQVXPLQJ� LQ� WHUPV� RI� GLVUXSWLRQV� WR� WKH� VLWH� GXH� WR� ILHOG
FRQFUHWLQJ�
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�D���3ODFHPHQW�RI�ILUVW�SLHU�VHJPHQW�RQ�
DGMXVWDEOH�VXSSRUWV���6HJPHQW�
DOLJQHG��37�GXFWV�VSOLFHG��MRLQW�
UHLQIRUFHPHQW�WLHG��LQWHUQDO�GUDLQ�
SLSHV�LQVWDOOHG

�E���%DVH�MRLQW�FDVW�LQ�SODFH

�F���37�EDUV�FRXSOHG��SODFHPHQW�RI�VXEVHTXHQW�VHJPHQWV
ZLWK�HSR[\�DSSOLHG�WR�DGMRLQLQJ�VHJPHQW�IDFHV

�G���1HZ�VHJPHQW�SRVW�WHQVLRQHG
GRZQ�WR�SUHYLRXVO\�HUHFWHG
VHJPHQWV

)LJXUH�������(UHFWLRQ�VHTXHQFH�IRU�WKH�SUHFDVW�SLHUV�DW�86�����LQ�$XVWLQ��7H[DV

:LWK� WKH� ILUVW� VHJPHQW� VHW�� WKH� QH[W� SLHU� VHJPHQW� FDQ� EH� ORZHUHG� LQWR� SODFH�� � %HIRUH� WKH
VHJPHQW�LV�VHW�GRZQ��37�EDUV�DUH�FRXSOHG��DQG�WKHQ�HSR[\�LV�SODFHG�RQ�WKH�IDFHV�RI�DGMRLQLQJ
VHJPHQWV��)LJXUH�����F����7KH�VHJPHQW�LV�WKHQ�ORZHUHG�LQWR�SRVLWLRQ���7KH�PDWFK�FDVW�MRLQWV
ZLWK�DOLJQLQJ�VKHDU�NH\V�DOORZ�IRU�UDSLG�SODFHPHQW�� �:LWK�SURSHU�DOLJQPHQW�FRQWURO�FDUULHG
RXW�GXULQJ�WKH�PDWFK�FDVWLQJ�SURFHVV��QR�IXUWKHU�DOLJQPHQW�FKDQJHV�VKRXOG�EH�QHHGHG�LQ�WKH
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ILHOG�� �7KH� QHZO\� SODFHG� VHJPHQW�PXVW� WKHQ� EH� SRVW�WHQVLRQHG� WR� WKH� H[LVWLQJ� SLHU� �)LJXUH
����G�� WR� SURYLGH� D� VXUIDFH� SUHVVXUH� RI� ����� 03D� ����SVL��� � �7KH� �����03D�� ���SVL
UHTXLUHPHQW�LV�SDUW�RI�WKH������,QWHULP�$$6+72�6HJPHQWDO�6SHFLILFDWLRQV���7KLV�UHTXLUHPHQW
PD\�EH� ORZHUHG� WR� �����03D� >���SVL@� LQ� IXWXUH� UHYLVLRQV�� >��@� � 7KLV�ZLOO�PHDQ� WKDW� D� ��P
>���IW@� VHJPHQW� RI� DQ\� FURVV�VHFWLRQ� ZLOO� LWVHOI� SURYLGH� WKH� QHFHVVDU\� �����03D� >���SVL@
SUHVVXUH�DQG�WHPSRUDU\�SRVW�WHQVLRQLQJ�ZLOO�QRW�EH�UHTXLUHG����)RU�VKRUWHU�VHJPHQWV��D�VHFRQG
VHJPHQW� FRXOG�EH�SODFHG� DERYH� WR� DSSO\� WKLV�SUHVVXUH�ZKLOH� WKH� HSR[\� VHWV�� �$YRLGLQJ� WKH
SRVW�WHQVLRQLQJ� RSHUDWLRQV� IRU� HDFK� VHJPHQW� SODFHPHQW� LQ� WKH� IXWXUH� VKRXOG� GHFUHDVH� ODERU
FRVWV�FRQVLGHUDEO\�DQG�LQFUHDVH�FRQVWUXFWLRQ�VSHHG�

:LWK� WKH� ILQDO� SLHU� VHJPHQW� LQ� SRVLWLRQ�� WKH� WHPSODWH� VHJPHQW� FDQ� WKHQ� EH� SODFHG�� � 7KH
WHPSODWH� LV� VHW� RQ� DGMXVWDEOH� VXSSRUWV�� 37� GXFWV� DUH� VSOLFHG� DQG� WKH� VHJPHQW� LV� DOLJQHG� WR
SURYLGH� WKH� SURSHU� FURVV�VORSH� IRU� WKH�PDWFK�FDVW� FDS�� � 7KLV� MRLQW� FDQ� EH� YHU\� VPDOO� ���±
����PP�>�±��LQ@��DQG�ZLOO�EH�ILOOHG�ZLWK�D�GXUDEOH�KLJK�VWUHQJWK�HSR[\�JURXW���*URXWLQJ�WKH
MRLQW� ZLOO� W\SLFDOO\� EH� PRUH� HFRQRPLFDO� WKDQ� SODFLQJ� VXFK� D� VPDOO� DPRXQW� RI� FRQFUHWH� DW
KHLJKWV�XS�WR���P�����IW����$�EUDFLQJ�V\VWHP�EROWHG�WR�WKH�WHPSODWH�DQG�WKH�WRS�SLHU�VHJPHQW
IURP�WKHLU�LQQHU�FRUHV�FDQ�EH�XVHG�WR�KROG�WKH�WHPSODWH�LQ�SODFH�RQFH�WKH�SURSHU�DOLJQPHQW�LV
DFKLHYHG��)LJXUH���������7KH�MRLQW�LV�WKHQ�IRUPHG�DQG�D�IORZDEOH�KLJK�VWUHQJWK�JURXW�LV�SODFHG
WKURXJK�GXFWV�LQ�WKH�WHPSODWH�VHJPHQW���$IWHU�WKH�MRLQW�KDV�FXUHG��WKH�WHPSODWH�VHJPHQW�FDQ
EH�SRVW�WHQVLRQHG�WR�WKH�SLHU��DQG�WKH�WHPSRUDU\�EUDFLQJ�FDQ�EH�UHPRYHG�
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&ROXPQ�37�'XFW

LQ�D�3���FROXPQ

VHJPHQW

%ROW

%UDFLQJ
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IORZDEOH�KLJK

VWUHQJWK�JURXW

*URXWHG�MRLQW

7���3UHFDVW�WHPSODWH
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)LJXUH�������&URVV�VHFWLRQ�WKURXJK�D�3���SLHU�VKRZLQJ�JURXWLQJ�RI�WKH�WHPSODWH�WR
WKH�WRS�FROXPQ�VHJPHQW
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7KH�FDS�LV�SODFHG�QH[W�� �(SR[\�LV�DSSOLHG�WR�WKH�ERWWRP�RI�WKH�FDS�OHGJH�DQG�WKH�WRS�RI� WKH
WHPSODWH� VHJPHQW�� �7KH� FDS� LV� WKHQ� HDVLO\� VHW� RQ� WRS� RI� WKH� WHPSODWH� WR�ZKLFK� LW� KDV� EHHQ
SUHYLRXVO\� PDWFK� FDVW�� � 1R� VSHFLDO� DOLJQPHQW� SURFHGXUHV� DUH� QHFHVVDU\� IRU� WKLV� KHDY\
HOHPHQW�� � ,W� LV� VLPSO\� VHW� LQ� SODFH�� VHOI�DOLJQHG� GXH� WR� WKH� PDWFK�FDVW� VKHDU� NH\V� DQG� LV
YHUWLFDOO\�SRVW�WHQVLRQHG�WR�WKH�SLHU��)LJXUH���������7KH�UHFHVV�LQ�WKH�FDS�IRU�WKH�YHUWLFDO�SRVW�
WHQVLRQLQJ� DQFKRU� SODWHV� FDQ� WKHQ� EH� ILOOHG�ZLWK� D� KLJKO\� GXUDEOH� FRQFUHWH�� � $Q\� UHTXLUHG
ORQJLWXGLQDO� SRVW�WHQVLRQLQJ� RI� WKH� FDS� LV� SHUIRUPHG� QH[W�� � ,Q� VRPH� FDVHV�� VWDJHG� SRVW�
WHQVLRQLQJ� RI� WKH� FDS� PD\� EH� QHFHVVDU\�� � 7KLV� SRVW�WHQVLRQLQJ� ZRXOG� EH� VHTXHQFHG� LQ
DFFRUGDQFH�ZLWK�SODFHPHQW�RI�WKH�VXSHUVWUXFWXUH�JLUGHUV�

3UHFDVW�7HPSODWH

$GMXVWDEOH
6XSSRUWV

� �

3UHFDVW�&DS
3UHWHQVLRQHG�RU
3RVW�WHQVLRQHG

�&DS�OLIWHG�E\���RU
��FUDQHV�DV�SHU
ZHLJKW�

&RXSOHG�3RVW
7HQVLRQLQJ�%DUV

0DWFK�FDVW
³SHUIHFW�ILẂ

�

&RXSOHG
37�%DUV

³/RRSHǴ
37�6WUDQG

3RVW�WHQVLRQLQJ�RI
FDS�WR�FROXPQ�DOO
IURP�DERYH

)LJXUH�������(UHFWLRQ�VHTXHQFH�IRU�D�KDPPHUKHDG�EHQW�ZLWK�D�VLQJOH�FDS�HOHPHQW

7KH� HUHFWLRQ� SURFHVV� IRU� IUDPH� EHQWV� OHVV� WKDQ� ���P� ����IW�� ZLGH� PDGH� XS� RI� WZR� FDS
VHJPHQWV�LV�VKRZQ�LQ�)LJXUH��������3LHU�HUHFWLRQ�LV�WKH�VDPH�DV�WKDW�IRU�VLQJOH�FROXPQ�EHQWV�
(DFK� �PDWFK�FDVW� FDS� VHJPHQW� LV� WKHQ� YHUWLFDOO\� SRVW�WHQVLRQHG� WR� D� SLHU�� � $Q\� DGGLWLRQDO
VHJPHQWV� UHTXLUHG� EHWZHHQ� WKH� FDS� VHJPHQWV� IRU� WKH� IUDPH� EHQWV� ZLGHU� WKDQ� ���P� ����IW�
ZRXOG� EH� DGGHG� LQ� WKH� PDQQHU� GHVFULEHG� LQ� 6HFWLRQ� ������� � 7KH� DGGLWLRQDO� VHJPHQWV� DUH
ORQJLWXGLQDOO\�SRVW�WHQVLRQHG�WR�WKH�ILUVW�FDS�VHJPHQWV�WKDW�ZHUH�YHUWLFDOO\�SRVW�WHQVLRQHG�WR
WKH� SLHUV�� � 7KH� UHPDLQLQJ� MRLQW� EHWZHHQ� WKH� FDS� VHJPHQWV� ZRXOG� WKHQ� EH� IRUPHG�� SRVW�
WHQVLRQLQJ� GXFWV� VSOLFHG�� DQG� QRQSUHVWUHVVHG� UHLQIRUFHPHQW� WLHG�� � &DVW�LQ�SODFH� FRQFUHWH� LV
WKHQ� SODFHG� LQ� WKH� MRLQW�� � 2QFH� WKH� MRLQW� FRQFUHWH� KDV� FXUHG�� WKH� HQWLUH� FDS� FDQ� EH� SRVW�
WHQVLRQHG��WKXV�SURYLGLQJ�SRVLWLYH�PRPHQW�UHLQIRUFHPHQW�DW�WKH�PLG�VSDQ�RI�WKH�EHQW���$JDLQ�
VWDJHG�SRVW�WHQVLRQLQJ�PD\�EH�UHTXLUHG�GXULQJ�SODFHPHQW�RI�WKH�VXSHUVWUXFWXUH�
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3RVLWLRQLQJ�DQG�JURXWLQJ�RI�WHPSODWHV 3 ODFHPHQW�RI�ILUVW�FDS�VHJPHQW

3RVW�WHQVLRQ�ILUVW�VHJPHQW�WR�SLHU��S ODFH
VHFRQG�FDS�VHJPHQW 3RVW�WHQVLRQ�VHFRQG�FDS�VHJPHQW�WR�S LHU

� �

� �

)RUP LQJ�DQG�FDVWLQJ�RI�FHQWUD O�FDS�MR LQW 3RVW�WHQVLRQLQJ�RI�FDS

� �

)LJXUH�������(UHFWLRQ�VHTXHQFH�IRU�D�IUDPH�EHQW

)RU� WKH� IUDPH� EHQW� FDSV� DQG� WKH� VLQJOH�FROXPQ� EHQW� FDSV� UHTXLULQJ� SRVW�WHQVLRQLQJ�� DQ
DGGLWLRQDO� FDVW�LQ�SODFH� FRYHU� FRXOG� EH� DGGHG� WR� WKH� HQGV� RI� WKH� FDS� WR� FRYHU� WKH� SRVW�
WHQVLRQHG� DQFKRU� SODWHV�� � 7KLV� DGGLWLRQ� FDQ� EH� DWWUDFWLYHO\� FKDPIHUHG� DV� VKRZQ� LQ� )LJXUH
����E�� � $� FKDPIHUHG� HQG�PLQLPL]HV� WKH� YLVXDO� GLVUXSWLRQ� WR� WKH� SURILOH� RI� WKH� EULGJH� WKDW
EOXQW�EHQW�FDS�HQGV�RIWHQ�FUHDWH���7KH�FKDPIHUV�ZLOO�DOVR�LQWHJUDWH�WKH�FDS�PRUH�DWWUDFWLYHO\
ZLWK�VNHZHG�OD\RXWV��LQ�D�IDVKLRQ�VLPLODU�WR�WKH�RFWDJRQDO�FROXPQV�SURSRVHG�IRU�WKH�EHQWV�LQ
)LJXUH�������

������ 3UHFDVW�6XEVWUXFWXUH�'HVLJQ�3URFHVV±3URSRVDO�,,

7KLV�VHFWLRQ�RXWOLQHV� WKH�JHQHUDO�SURFHGXUH�IRU�GHVLJQLQJ�D�SUHFDVW�VXEVWUXFWXUH�EHQW�� �7ZR
VSHFLILF�H[DPSOHV�ZLWK�GHWDLOHG�FRPSXWDWLRQV�DUH�JLYHQ�LQ�$SSHQGLFHV�&�DQG�'�RI�5HIHUHQFH
����6SHFLILF�FDOFXODWLRQV�DQG�GHVLJQ�HTXDWLRQV�PHQWLRQHG�LQ�WKLV�VHFWLRQ�ZLOO�EH�UHIHUHQFHG�WR
WKH�GHVLJQV�LQ�WKHVH�$SSHQGLFHV�
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7KH�ORDGLQJ�RQ�D�SUHFDVW�VXEVWUXFWXUH�EHQW�VKRXOG�EH�LQ�DFFRUGDQFH�ZLWK�WKH�SUHYDLOLQJ�FRGH
RU�VSHFLILFDWLRQV�XVHG�E\� WKH�HQJLQHHU�� � ,Q�DGGLWLRQ� WR� VDWLVI\LQJ�VHUYLFHDELOLW\� DQG�VWUHQJWK
XQGHU� VHUYLFH� DQG� XOWLPDWH� ORDGV� UHVSHFWLYHO\�� DQ\� SHUWLQHQW� VHUYLFHDELOLW\� RU� VWUHQJWK
UHTXLUHPHQWV�PXVW�EH�VDWLVILHG�XQGHU�FRQVWUXFWLRQ� ORDGV�� �&RQVWUXFWLRQ�VWUHVV� OLPLWV�PD\�EH
FULWLFDO� LQ� SLHU� GHVLJQ� GXH� WR� WKH� XQEDODQFHG� PRPHQWV� LPSRVHG� ZKLOH� JLUGHUV� DUH� EHLQJ
SODFHG�

9DULDWLRQV� LQ� WKH� GHVLJQ� IRUFHV� ZLOO� GLFWDWH� WKH� VSHFLILF� SLHU� VHFWLRQ� DQG� FRUUHVSRQGLQJ
WHPSODWH�VL]H�WR�EH�XVHG���:LWK�H[SHULHQFH��WKH�GHVLJQHU�ZLOO�KDYH�D�IHHO�IRU�ZKDW�SLHU�VL]H�LV
UHTXLUHG� IRU� FHUWDLQ� SLHU� FRQILJXUDWLRQV�� SLHU� KHLJKWV� DQG� URDGZD\�ZLGWKV�� � 7KH� ODUJHU� SLHU
VHFWLRQV�ZLOO� JHQHUDOO\�EH� UHTXLUHG� IRU� WKH� VLQJOH�FROXPQ�DQG� VWUDGGOH�EHQWV�ZKHUH� FROXPQ
PRPHQWV�FDQ�EH�FRQVLGHUDEOH���)UDPH�EHQWV�W\SLFDOO\�H[SHULHQFH�OHVV�EHQGLQJ�DQG�RIWHQ�DOORZ
XVH�RI�WKH�VPDOOHU�SLHU�VHFWLRQV�

:KLOH� WKH� FXUUHQW� SUDFWLFH� DW� 7['27� LV� WR� GHVLJQ� DOO� PXOWLFROXPQ� EHQW� FDSV� DV� LI� SLQ�
FRQQHFWHG�WR�WKH�EHQW�FROXPQV��PXOWLFROXPQ��LQ�WKLV�FDVH�WZR�FROXPQ��SUHFDVW�EHQWV�VKRXOG
EH�DQDO\]HG�DV�IUDPHV�ZLWK�PRPHQW�FRQQHFWLRQV�EHWZHHQ�WKH�FDS�DQG�FROXPQV���,Q�SDUWLFXODU�
VHFRQGDU\�PRPHQWV�FDXVHG�E\� WKH� ORQJLWXGLQDO�SRVW�WHQVLRQLQJ�RI� IUDPH�EHQW�FDSV�PXVW�EH
DFFRXQWHG�IRU�LQ�GHVLJQ�

6OHQGHUQHVV� HIIHFWV�PXVW� EH� FRQVLGHUHG� LQ� WKH� SLHU� DQDO\VLV�� �$� VHFRQG� RUGHU� DQDO\VLV� WKDW
DFFRXQWV� IRU� WKH� HIIHFWV� RI� SUHVWUHVVLQJ�ZLOO� EH� WKH�PRVW� GHVLUDEOH� VROXWLRQ�� � $SSUR[LPDWH
PHWKRGV� VXFK� DV� WKH� PRPHQW� PDJQLILHU� PHWKRG� DQG� WKH� 3�GHOWD� PHWKRG� DV� RXWOLQHG� LQ
$$6+72�6WDQGDUG�DQG�/5)'�6SHFLILFDWLRQV�FDQ�EH�XVHG�DV�ZHOO�� �7KHVH�PHWKRGV�ZHUH�QRW
VSHFLILFDOO\� GHYHORSHG� IRU� XVH�ZLWK� SUHVWUHVVHG� FROXPQV� DQG� WKHUHIRUH� VRPH�PRGLILFDWLRQV
VKRXOG� EH� PDGH� ZKHQ� XVLQJ� WKHP�� � 7KH� GHVLJQ� H[DPSOHV� LQ� $SSHQGLFHV� &� DQG� '� RI
5HIHUHQFH���ZHUH�EDVHG�RQ�FROXPQ�PRPHQWV�DPSOLILHG�XVLQJ�WKH�PRPHQW�PDJQLILHU�PHWKRG
�SDJHV�&���DQG�'������$V�WKH�VHUYLFH�OLPLW�VWDWH�GLFWDWHV�QR�FUDFNLQJ�RI�SUHVWUHVVHG�PHPEHUV
XQGHU� VHUYLFH� ORDGV�� XQFUDFNHG� VHFWLRQV� ZHUH� DVVXPHG� ZKHQ� PDJQLI\LQJ� VHUYLFH� ORDG
PRPHQWV�� � 7KHUHIRUH� WKH� RQO\� PRGLILFDWLRQ� WR� WKH� VWLIIQHVV� RI� WKH� VHFWLRQ� DW� VHUYLFH� ORDG
OHYHOV�LV�IRU�FUHHS�HIIHFWV��βG��� �:KHQ�PDJQLI\LQJ�FROXPQ�PRPHQWV�XQGHU�XOWLPDWH�ORDGV��D
UHGXFHG�VWLIIQHVV�ZKLFK�DFFRXQWV�IRU�FUDFNLQJ��FUHHS�DQG�VKULQNDJH�HIIHFWV�DV�VSHFLILHG�LQ�WKH
$$6+72�6WDQGDUG�RU�/5)'�6SHFLILFDWLRQV�VKRXOG�EH�XVHG�� �7KLV�ZLOO�EH�FRQVHUYDWLYH�DV� LW
QHJOHFWV� WKH� HQKDQFHG� VWLIIHQLQJ� HIIHFW� GXH� WR� SUHVWUHVVLQJ� LQ� WKH� FROXPQV�� � 7KH� PRPHQW
PDJQLILHU�PHWKRG�LV�D�FRQVHUYDWLYH�DSSUR[LPDWH�PHWKRG���,W�VKRXOG�EH�UHSODFHG�E\�D�UHILQHG
VHFRQG�RUGHU� DQDO\VLV�ZKHQ� VOHQGHUQHVV� HIIHFWV�GRPLQDWH�� � ,Q� VXFK� D� VHFRQG�RUGHU� DQDO\VLV
WKH�EHQHILFLDO�HIIHFWV�RI�SUHVWUHVVLQJ�FDQ�EH�FRQVLGHUHG���6OHQGHUQHVV�HIIHFWV�ZLOO�XVXDOO\�EH
PRUH�FULWLFDO�LQ�WKH�EULGJH�ORQJLWXGLQDO�GLUHFWLRQ��ZHDN�D[LV�EHQGLQJ�RI�WKH�FROXPQ��WKDQ�LQ
WKH� WUDQVYHUVH� GLUHFWLRQ� �VWURQJ� D[LV� EHQGLQJ� RI� WKH� FROXPQ�� IRU� WKH� SURSRVHG� SUHFDVW
VXEVWUXFWXUH� V\VWHP� LI� WKH� VXSHUVWUXFWXUH� LV� VLPSO\� VXSSRUWHG�� � :LWK� D� FRQWLQXRXV
VXSHUVWUXFWXUH��VOHQGHUQHVV�HIIHFWV�IRU�ORQJLWXGLQDO�EHQGLQJ�VKRXOG�QRW�EH�FULWLFDO�

$IWHU�WKH�GHWHUPLQDWLRQ�RI�FULWLFDO�ORDG�HIIHFWV��D[LDO��VKHDU�DQG�PRPHQW��LV�FRPSOHWHG��D�ILQDO
SLHU�VL]H�VKRXOG�EH�VHOHFWHG���$PSOLILHG�PRPHQWV�PD\�KDYH�WR�EH�UHYLVHG�IRU�WKH�FKDQJHG�VL]H
DQG� DQ� LWHUDWLYH� SURFHGXUH� XWLOL]HG�� � 6HJPHQWDO� SLHU� GHVLJQ�ZLOO� JHQHUDOO\� EH� FRQWUROOHG� E\
VHUYLFH� ORDG� FRQGLWLRQV�� � 7KH� FROXPQ� VHFWLRQ� DQG� SUHVWUHVVHG� UHLQIRUFHPHQW� DUH� VHOHFWHG
EDVHG�RQ�VDWLVI\LQJ�WKH�]HUR�WHQVLOH�VWUHVV�OLPLW�DQG�WKH�PD[LPXP�VHUYLFH�FRPSUHVVLRQ�ORDG
VWUHVV� VSHFLILHG� LQ� WKH�$$6+72� FRGHV�� � &ROXPQ� GHVLJQ� DOVR� ZLOO� EH� DQ� LWHUDWLYH� SURFHVV�
VHOHFWLQJ� D� VHFWLRQ� VL]H�� GHWHUPLQLQJ� WKH� DPRXQW� RI� UHLQIRUFHPHQW� UHTXLUHG�� DQG� WKHQ
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GHWHUPLQLQJ� WKH� UHTXLUHG� FRQFUHWH� FRPSUHVVLYH� VWUHQJWK�� � 7KH� XOWLPDWH� FDSDFLW\� RI� WKH
FROXPQV� PXVW� WKHQ� EH� FKHFNHG� E\� FRQVWUXFWLQJ� DQ� LQWHUDFWLRQ� GLDJUDP�� � 7KH� LQWHUDFWLRQ
GLDJUDP� IRU� D� SUHVWUHVVHG� FROXPQ� LV� FRQVWUXFWHG� VLPLODUO\� WR� WKDW� RI� D� QRQSUHVWUHVVHG
UHLQIRUFHG� FROXPQ� E\� GHWHUPLQLQJ� WKH� IDLOXUH� HQYHORSH� RI� D[LDO� DQG� IOH[XUDO� ORDG
FRPELQDWLRQV� WKURXJK� D� VWUDLQ� FRPSDWLELOLW\� DQDO\VLV�� � 2QH� LPSRUWDQW� GLIIHUHQFH� ZLWK
SUHVWUHVVHG�FROXPQV�LV�WKDW�ERWK�WKH�VWHHO�DQG�FRQFUHWH�KDYH�LQLWLDO�VWUDLQV�DQG�VWUHVVHV�GXH�WR
WKH�SUHVWUHVVLQJ� WKDW�PXVW�EH� DFFRXQWHG� IRU� LQ� DQDO\VLV�� � ,W� VKRXOG� QRW� EH� DVVXPHG� WKDW� WKH
XOWLPDWH� VWUHQJWK� RI� WKH� SUHVWUHVVLQJ� VWHHO� ZLOO� EH� GHYHORSHG� DW� XOWLPDWH� ORDG� FRQGLWLRQV�
([DPSOH�FDOFXODWLRQV�IRU�DQ�LQWHUDFWLRQ�GLDJUDP�IRU�D�SUHVWUHVVHG�FROXPQ�DUH�VKRZQ�RQ�SDJHV
&���DQG�'���RI�5HIHUHQFH����DV�ZHOO�DV�LQ�5HIHUHQFH����

0DLQ� IOH[XUDO� UHLQIRUFHPHQW� IRU� WKH� FDS� FDQ� EH� KDQGOHG� ZLWK� SUHWHQVLRQHG� DQG�RU� SRVW�
WHQVLRQHG� VWHHO� FRPELQHG�ZLWK� QRQSUHVWUHVVHG� UHLQIRUFHPHQW� IRU� WKH� OHGJHV�� � 3UHWHQVLRQLQJ
ZLOO�UHGXFH�WKH�DPRXQW�RI�QRQSUHVWUHVVHG�UHLQIRUFHPHQW�UHTXLUHG�LQ�WKH�FDS�IRU�KDQGOLQJ���,Q
WKH�FDVH�RI�VWUDGGOH�DQG�IUDPH�EHQWV��VRPH�SRVW�WHQVLRQHG�UHLQIRUFHPHQW�ZLOO�EH�UHTXLUHG�WR
SURYLGH� SRVLWLYH� PRPHQW� UHLQIRUFHPHQW� EHWZHHQ� WKH� VXSSRUWV� DQG� WLH� WKH� FDS� VHJPHQWV
WRJHWKHU�� �6HFRQGDU\�PRPHQW�HIIHFWV�GXH�WR�SRVW�WHQVLRQLQJ�LQ�WKH�IUDPH�DQG�VWUDGGOH�EHQWV
�HVVHQWLDOO\� ULJLG� IUDPHV�� PXVW� EH� FRQVLGHUHG�� � ([DPSOHV� RI� WKH� GHVLJQ� RI� FDS� IOH[XUDO
UHLQIRUFHPHQW�DUH�JLYHQ�LQ�$SSHQGLFHV�&�DQG�'�RI�5HIHUHQFH���EHJLQQLQJ�RQ�SDJHV�&���DQG
'���

&KRRVLQJ� DQ� DSSURSULDWH� WHQGRQ� OD\RXW� IRU� IUDPH� EHQWV� LQ� SDUWLFXODU� ZLOO� EH� DQ� LWHUDWLYH
SURFHVV�� �6WUHVV� OLPLWDWLRQV�PXVW�EH�VDWLVILHG�GXULQJ�FRQVWUXFWLRQ�DV�ZHOO� DV� DW� VHUYLFH� OLPLW
VWDWH���$�FRQWUROOLQJ�IDFWRU�PD\�RIWHQ�EH�WKDW�QR�WHQVLOH�VWUHVV�LV�SHUPLWWHG�DFURVV�D�MRLQW�WKDW
KDV�QR�ERQGHG�QRQSUHVWUHVVHG�UHLQIRUFHPHQW�SDVVLQJ�WKURXJK�LW���7KLV�FDVH�ZLOO�RIWHQ�RFFXU�DW
WKH� FDVW�LQ�SODFH� FORVXUH� MRLQW�� � 7KHUH� DUH� D� QXPEHU� RI� GHVLJQ� RSWLRQV� WR� KDQGOH� VWUHVV
OLPLWDWLRQV�WKDW�DUH�FULWLFDO�DW�WKLV�MRLQW�DQG�ZKHQ�D�FDVW�LQ�SODFH�FORVXUH�DW�WKH�FHQWHU�DORQH�LV
QRW�VDWLVIDFWRU\���2QH�RSWLRQ�LV�WR�VSHFLI\�D�ILHOG�ZHOG�VSOLFH�EHWZHHQ�QRQSUHVWUHVVHG�EDUV�WKDW
DUH�FDVW�H[WHQGLQJ�IURP�WKH�HQG�RI� WKH�FDS��)LJXUH�����D��� �3UHFDVWLQJ�ZLOO�SURYLGH�VXLWDEOH
WROHUDQFH�OHYHOV�IRU�WKH�ORFDWLRQ�RI�WKH�QRQSUHVWUHVVHG�UHLQIRUFHPHQW�H[WHQGLQJ�IURP�WKH�FDS
HQGV�WR�DOORZ�IRU�ILHOG�ZHOGLQJ���$QRWKHU�RSWLRQ�IRU�KDQGOLQJ�VWUHVVHV�DFURVV�WKH�FDVW�LQ�SODFH
MRLQW� LV� WR�PRYH� WKH� MRLQW� DZD\� IURP� WKH�PRVW� FULWLFDO� ORDG� DUHD� �)LJXUH�����E��� �+RZHYHU�
PRYLQJ� WKH� MRLQW� IURP� WKH� FHQWHU� ZLOO� UHTXLUH� FDS� HOHPHQWV� RI� GLIIHUHQW� OHQJWKV�� � 7KH
XQEDODQFHG�ORDG�FRQGLWLRQ��SDUWLFXODUO\�RI� WKH�ORQJHU�FDS�HOHPHQW��GXULQJ�FRQVWUXFWLRQ�PD\
FRQWURO� WKH� GHVLJQ� RI� WKH� FROXPQ�� � 7KH� WZR� FDQWLOHYHUV�PDNLQJ� XS� WKH� FHQWUDO� VSDQ� RI� WKH
IUDPH� EHQW� ZRXOG� KDYH� WR� EH� LQWHQWLRQDOO\� DGMXVWHG� GXULQJ� PDWFK� FDVWLQJ� WR� SURYLGH
DSSURSULDWH�FURVV�VORSH�IRU� WKH�GHFN�� �7KLV�EHFRPHV� LQFUHDVLQJO\�FRPSOH[� LI� WKH�FDQWLOHYHUV
KDYH� FRQVLGHUDEO\� GLIIHUHQW� GHIOHFWLRQV� GXH� WR� XQEDODQFHG� ORDGV�� +RZHYHU�� LQ� JHQHUDO�� WKH
FDSV�DUH�QRW�YHU\�IOH[LEOH���)RU�H[DPSOH�� LQ�WKH�EHQW�VKRZQ�LQ�$SSHQGL[�'�RI�5HIHUHQFH���
PRYLQJ� WKH� ORFDWLRQ�RI� WKH� MRLQW�E\�RQH�PHWHU� UHPRYHG� WKH�QHHG�IRU�VWDJHG�SRVW�WHQVLRQLQJ
GXULQJ�HUHFWLRQ�\HW�UHVXOWHG�LQ�RQO\�D�KDOI�LQFK�GLIIHUHQFH�LQ�GHIOHFWLRQ���$�WKLUG�RSWLRQ�VKRZQ
LQ�)LJXUH�����F�LV�WR�XVH�WHPSRUDU\�SRVW�WHQVLRQLQJ�EDUV�DFURVV�WKH�WRS�RI�WKH�FDS�EHWZHHQ�WKH
WZR�FDS�UHFHVVHV�WKDW�DFFRPPRGDWH�WKH�FROXPQ�SRVW�WHQVLRQLQJ�DQFKRUDJHV���7KLV�RSWLRQ�ZLOO
EH�PRVW�XVHIXO�ZKHQ�FDOFXODWHG�VWUHVVHV�GXULQJ�FRQVWUXFWLRQ�GR�QRW�PHHW� VWUHVV� OLPLWDWLRQV�
7KLV�PD\�RFFXU�ZKHQ� WKH� VWUHVVHV� DW�PLGVSDQ�RI� WKH� FDS� FDXVHG�E\� WKH�SRVW�WHQVLRQLQJ� DUH
VLJQLILFDQWO\�JUHDWHU�WKDQ�WKH�RIIVHWWLQJ�VWUHVVHV�IURP�WKH�GHDG�ORDG�RI�WKH�JLUGHUV���7HPSRUDU\
37� EDUV� DFURVV� WKH� WRS� RI� WKH� FDS�PD\� DOORZ� IRU� IXOO� SRVW�WHQVLRQLQJ� LQLWLDOO\�� UDWKHU� WKDQ
UHTXLULQJ�D�PRUH�WLPH�FRQVXPLQJ�VWDJHG�SRVW�WHQVLRQLQJ�VFKHPH���'HSHQGLQJ�RQ�WKH�WHQGRQ
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OD\RXW�FKRVHQ��WKH�SURYLVLRQDO�37�EDUV�DFURVV�WKH�WRS�RI�WKH�FDS�FRXOG�UHPDLQ�LQ�SODFH�UDWKHU
WKDQ�EH� WHPSRUDU\�GXULQJ�HUHFWLRQ�� �7KH� VL]H� DQG�QXPEHU�RI� WKHVH�37�EDUV�ZLOO� GLFWDWH� WKH
QHFHVVDU\�GHSWK�RI�WKH�UHFHVV�DERYH�WKH�FROXPQV�WR�DFFRPPRGDWH�SRVW�WHQVLRQLQJ�RSHUDWLRQV
IRU� WKHVH� EDUV� �ZKLFK� ZLOO� RFFXU� DIWHU� WKH� FROXPQ� SRVW�WHQVLRQLQJ� LV� FRPSOHWHG�� DQG� WR
SURYLGH�WKHP�ZLWK�DGHTXDWH�FRYHU�LI�WKH\�DUH�WR�UHPDLQ�LQ�SODFH�SHUPDQHQWO\�

5HFHVV�LQ�FDS�IRU�FROXPQ�37 37�%DUV

&,3�MRLQW�RII�FHQWHU�
UHTXLULQJ�FDS
VHJPHQWV�RI
GLIIHUHQW�OHQJWKV

1RQ�SUHVWUHVVHG
UHLQIRUFHPHQW�WR
EH�VSOLFHG�ZLWK�D
ILHOG�ZHOG

�D���3URYLGH�ERQGHG�UHLQIRUFHPHQW�DFURVV�WKH�MRLQW

�E���0RYH�MRLQW�DZD\�IURP�SRVLWLRQ�RI�FULWLFDO�IRUFH�HIIHFWV

�F���8VH�37�EDUV�DFURVV�WRS�RI�FDS��WHPSRUDU\�RU�SHUPDQHQW�

&,3�MRLQW�DW�FHQWHU�
FDS�VHJPHQWV�RI
HTXDO�OHQJWKV

)LJXUH�������$OWHUQDWH�FRQQHFWLRQ�RSWLRQV�IRU�IUDPH�EHQWV

2QFH� WKH� PDLQ� FDS� IOH[XUDO� UHLQIRUFHPHQW� LV� GHVLJQHG�� WKH� FDSV� PXVW� WKHQ� EH� GHWDLOHG� WR
WUDQVIHU� WKH�JLUGHU� ORDGV�DGHTXDWHO\� IURP� WKH� OHGJH� WR� WKH� VWHP�RI� WKH� LQYHUWHG�7�FDS�� �7KH
VWUXW�DQG�WLH� PHWKRG� LV� DQ� HIILFLHQW� PHWKRG� IRU� GHVLJQLQJ� WKH� FDS� OHGJH� DQG� KDQJHU
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UHLQIRUFHPHQW� �SDJH� &��D� RI� 5HIHUHQFH� ���� � 7KH� WUDGLWLRQDO� PHWKRG� XVHG� E\� 7['27� IRU
LQYHUWHG�7� OHGJH� DQG� KDQJHU� UHLQIRUFHPHQW� ZDV� GHYHORSHG� IRU� VROLG� LQYHUWHG�7V� ZLWK
XQFKDPIHUHG�OHGJHV��>��@��7KLV�PHWKRG�PD\�EH�XVHG�IRU�WKH�SURSRVHG�FDS�ZLWK�D�PRGLILFDWLRQ
IRU� GHWHUPLQLQJ� SXQFKLQJ� VKHDU� UHVLVWDQFH� �SDJHV� &��E� DQG� '��� RI� 5HIHUHQFH� ���� � 7KH
GLVWULEXWLRQ� UHTXLUHPHQWV� RI� WKH� UHLQIRUFHPHQW� IRU� WKH� VWUXW�DQG�WLH� PHWKRG� ZLOO� EH� PRUH
HIILFLHQW��EXW� WKH�DPRXQW�RI� UHTXLUHG� UHLQIRUFHPHQW� IRU� WKH� WZR�PHWKRGV� VKRXOG�EH� VLPLODU�
7KH� KDQJHU� UHLQIRUFHPHQW� VKHDU� FDSDFLW\� FKHFN� DV� SHU� 5HIHUHQFH� ��� GRHV� QRW� DFFRXQW� IRU
VKHDU�UHVLVWDQFH�SURYLGHG�E\�LQFOLQHG�ORQJLWXGLQDO�SUHVWUHVVLQJ�

7KH� VKHDU� FDSDFLW\� RI� WKH� FDS� PXVW� EH� DQDO\]HG� QH[W�� � 6KHDU�WRUVLRQ� EHKDYLRU� PXVW� EH
FKHFNHG�DV�ZHOO��SDJHV�&���DQG�'���RI�5HIHUHQFH������6KHDU�IRUFHV�VKRXOG�EH�UHVLVWHG�PRVWO\
E\�FORVHG�VWLUUXSV���'UDSHG�SRVW�WHQVLRQLQJ�FDQ�DOVR�DLG�LQ�UHVLVWLQJ�VKHDU�IRUFHV��9S��DQG�WKH
IOH[XUDO� UHLQIRUFHPHQW� OD\RXW�PD\� EH� DOWHUHG� WR� EHWWHU� UHVLVW� VKHDU� ZKHUH� GHVLUHG�� � &ORVHG
VWLUUXSV�VKRXOG�EH�XVHG�LQ�HDFK�RI�WKH�ZHEV�RI�WKH�VWHP���7KLV�GHWDLO�ZLOO�SURYLGH�ERWK�VKHDU
UHVLVWDQFH� DQG� D� VXSSRUW� IRU� LQWHULRU� VLGH�IDFH� UHLQIRUFHPHQW� IRU� FUDFN� FRQWURO�� � 6KHDU
UHLQIRUFHPHQW� UHTXLUHPHQWV�PXVW� WKHQ� EH� FRPSDUHG� WR� KDQJHU� UHLQIRUFHPHQW� UHTXLUHPHQWV�
+DQJHU�UHLQIRUFHPHQW�PXVW�EH�VXSSOHPHQWHG�ZLWK�DGGLWLRQDO�VWLUUXSV�ZKHUH�VKHDU�UHVLVWDQFH
UHTXLUHPHQWV�DUH�QRW�IXOO\�VDWLVILHG��SDJHV�&���DQG�'���RI�5HIHUHQFH����

7KH�OHGJH��KDQJHU��DQG�VKHDU�UHLQIRUFHPHQW�PD\�DOO�EH�GHVLJQHG�E\�WKH�VWUXW�DQG�WLH�PHWKRG
DV�RXWOLQHG�LQ�6HFWLRQ�������RI�WKH�/5)'�$$6+72�6SHFLILFDWLRQ���7KLV�GHVLJQ�PHWKRG�VKRXOG
OHDG� WR� PRUH� HFRQRPLFDO� GHVLJQ� DQG� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� IORZ� RI� IRUFHV� WKDQ
WUDGLWLRQDO� $$6+72� PHWKRGV�� � +RZHYHU�� FRGLILFDWLRQ� RI� VWUXW� DQG� WLH� PRGHOLQJ� LV� RIWHQ
XQFOHDU� DQG� GLIILFXOW� DW� WLPHV� WR� DSSO\�� SDUWLFXODUO\�ZKHQ� D� ODUJH� QXPEHU� RI� XOWLPDWH� ORDG
FDVHV�PXVW�EH�FKHFNHG���:LWK�PRUH�GHVLJQ�H[DPSOHV�DQG�WH[W�ERRNV�FRYHULQJ�WKLV�PHWKRG�DQG
ZLWK� IXUWKHU�FODULILFDWLRQ�DV� WR� LWV�DGYDQWDJHV�DQG� OLPLWDWLRQV�� WKH� VWUXW�DQG� WLH�PHWKRG�PD\
EHFRPH� WKH� GHVLJQ�PHWKRG� RI� FKRLFH� IRU� WKHVH� UDWKHU� GHHS� LQYHUWHG�7� FDSV�� � ,I� WUDGLWLRQDO
$$6+72� PHWKRGV� DUH� XVHG�� VWUXW�DQG�WLH� PRGHOV� DUH� UHFRPPHQGHG� IRU� DQ� LQLWLDO
XQGHUVWDQGLQJ�RI�WKH�IORZ�RI�IRUFHV���7KHQ��WKH�WUDGLWLRQDO�PHWKRGV�VKRXOG�EH�XVHG�FDUHIXOO\
DQG�ZLOO�XVXDOO\�SURYLGH�FRQVHUYDWLYH�GHWDLOLQJ�IRU�IDPLOLDU�DSSOLFDWLRQV�

������ 3UHFDVW�6XEVWUXFWXUH�'HVLJQ�'HWDLOV

$�QXPEHU�RI�VHSDUDWH�GHWDLOLQJ�FRQVLGHUDWLRQV�DUH�SUHVHQWHG�EHORZ�

�D�� 'HWDLOLQJ� RI� WKH� KROORZ� FROXPQV� VKRXOG� EH� LQ� DFFRUGDQFH� ZLWK� UHFRPPHQGDWLRQV
GHYHORSHG� E\�7D\ORU��5RZHOO� DQG�%UHHQ� DW� WKH�8QLYHUVLW\� RI� 7H[DV� DW�$XVWLQ�� >��@
5HFRPPHQGHG�GHWDLOLQJ�LQFOXGHV�

��� 7ZR�OD\HUV�RI�ORQJLWXGLQDO�UHLQIRUFHPHQW�VKRXOG�EH�SURYLGHG�LQ�HDFK�SLHU�ZDOO�
RQH�OD\HU�QHDU�HDFK�IDFH�RI�WKH�ZDOO�

��� 0D[LPXP� ODWHUDO� VSDFLQJ� RI� ORQJLWXGLQDO� UHLQIRUFHPHQW� VKRXOG� EH� OLPLWHG� WR
����WLPHV�WKH�ZDOO�WKLFNQHVV�RU�����PP�����LQ���ZKLFKHYHU�LV�VPDOOHU�

��� 0D[LPXP� ORQJLWXGLQDO� VSDFLQJ� RI� WUDQVYHUVH� EDUV� VKRXOG� EH� OLPLWHG� WR� ����
WLPHV�WKH�ZDOO�WKLFNQHVV�RU�����PP�����LQ���ZKLFKHYHU�LV�VPDOOHU�

��� &URVV�WLHV� EHWZHHQ� OD\HUV� RI� UHLQIRUFHPHQW� DUH� UHFRPPHQGHG� DW� PD[LPXP
ORQJLWXGLQDO� DQG� ODWHUDO� VSDFLQJ� RI� ����PP� ����LQ��� � &URVV�WLHV� VKRXOG� EH
DOWHUQDWHG� LQ� D� ³FKHFNHUERDUG´� SDWWHUQ�� FRQQHFWLQJ� SRLQWV� ZKHUH� ODWHUDO� DQG
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ORQJLWXGLQDO� EDUV� LQWHUVHFW�� � 7KLV� UHLQIRUFHPHQW� SUHYHQWV� EXFNOLQJ� RI
ORQJLWXGLQDO� EDUV�� � $GGLWLRQDO� FURVV�WLHV� DUH� UHFRPPHQGHG� DW� WKH� WRS� DQG
ERWWRP�RI�HDFK�VHJPHQW�

��� /DS�VSOLFLQJ�RI�WUDQVYHUVH�EDUV�VKRXOG�EH�DYRLGHG��LI�SRVVLEOH���2WKHUZLVH��ODS
VSOLFHV�VKRXOG�EH�HQFORVHG�E\�WKH�KRRNV�RI�FURVV�WLHV�

��� &RUQHU� UHJLRQV� RI� VHJPHQWV� VKRXOG� EH� ZHOO� FRQILQHG� LQ� RUGHU� WR� HQKDQFH
SHUIRUPDQFH�XQGHU�ELD[LDO�EHQGLQJ�

��� 3RVW�WHQVLRQLQJ� GXFWV� VKRXOG� EH� JURXWHG� LQ� RUGHU� WR� SURPRWH� LQWHJUDO� DFWLRQ
EHWZHHQ�SRVW�WHQVLRQLQJ�EDUV�DQG�WKH�FRQFUHWH�VHFWLRQ�

��� $� PLQLPXP� RI� ��� ORQJLWXGLQDO� QRQSUHVWUHVVHG� UHLQIRUFHPHQW� VKRXOG� EH
SURYLGHG�

7KH� ODVW� UHFRPPHQGDWLRQ� OLVWHG� DERYH� LV� SULPDULO\� DLPHG� DW� UHGXFLQJ� WKH� HIIHFWV� RI
FUHHS� DQG� VKULQNDJH� LQ� WKHVH� YHUWLFDO� FRPSUHVVLRQ�PHPEHUV�� �$� UHFHQW� VWXG\� DW� WKH
8QLYHUVLW\�RI�7H[DV�LQ�$XVWLQ�KDV�VKRZQ�WKLV�PLQLPXP�UHTXLUHPHQW�WR�EH�DSSURSULDWH
IRU� QRQSUHVWUHVVHG� FROXPQV�� >��@� � +RZHYHU�� LW� PD\� EH� RYHUO\� FRQVHUYDWLYH� IRU
SUHVWUHVVHG�FROXPQV���:LWK�WKH�XVH�RI�+3&��DV�SURSRVHG�IRU�WKH�SUHFDVW�VXEVWUXFWXUH
V\VWHP�GHYHORSHG�KHUHLQ���FRQFUHWH�VWLIIQHVV�LV�HQKDQFHG���$OVR��LW�PXVW�EH�UHFRJQL]HG
WKDW� QRQSUHVWUHVVHG� UHLQIRUFHPHQW� LQ� SUHFDVW� VHJPHQWDO� VXEVWUXFWXUHV� LV� QRW
FRQWLQXRXV� DFURVV� WKH� VHJPHQWDO� MRLQWV�� � 7KXV� WKHUH� DUH� GLVFUHWH� UHJLRQV� ZLWK� ��
QRQSUHVWUHVVHG�UHLQIRUFHPHQW���:KLOH�WKH�QRQSUHVWUHVVHG�UHLQIRUFHPHQW�ZLOO�EH�ORFDOO\
VWUHVVHG�XQGHU�ORDG��LW�LV�QRW�UHTXLUHG�QRU�GHSHQGHG�XSRQ�WR�FDUU\�ORDG��$�PLQLPXP
DPRXQW� RI� QRQSUHVWUHVVHG� UHLQIRUFHPHQW� LV� XVHIXO� IRU� VKULQNDJH� DQG� WHPSHUDWXUH
HIIHFWV���&UHHS�ZLOO�KDYH�D�PRUH�VLJQLILFDQW�HIIHFW�RQ�FROXPQ�SRVW�WHQVLRQLQJ�WKURXJK
ORVV�RI�SUHVWUHVV���$�PLQLPXP�SHUFHQW�PXFK�OHVV�WKDQ����ZLOO�PRVW�SUREDEO\�VXIILFH�

�E�� 7KH�SRUWLRQ�RI� WKH�FDS�DERYH� WKH�FROXPQ�SRVW�WHQVLRQLQJ�PXVW�EH� UHFHVVHG� WR�DOORZ
IRU�SRVW�WHQVLRQLQJ�RSHUDWLRQV� DQG� WR�SURYLGH� DGHTXDWH� FRYHU� IRU� WKH� SRVW�WHQVLRQHG
DQFKRUV�RQFH�WKH�UHFHVV�LV�ILOOHG���$�UHFHVV�RI�����PP�����LQ��VKRXOG�W\SLFDOO\�VXIILFH�

�F�� $OO� VKHDU� UHLQIRUFHPHQW� VKRXOG�EH�SURYLGHG� IRU� LQ� WKH� LQLWLDO� VWDJH� RI� WKH� WZR�VWDJH
FDS�IDEULFDWLRQ���)XOO�VWLUUXSV��HDFK�FRQVLVWLQJ�RI�RQH�FRQWLQXRXV�EDU��VKRXOG�EH�FDVW
LQWR� WKH� OHGJH�� � 7KH� OHGJH� PD\� WKHQ� EH� OLIWHG� E\� WKH� FDJH� WR� EH� SODFHG� LQWR� D
SUHWHQVLRQLQJ�EHG�IRU�FDVWLQJ�RI�WKH�VWHP��VHH�6HFWLRQ����������&DVWLQJ�WKH�IXOO�VWLUUXSV
LQ�WKH�ILUVW�VWDJH�DYRLGV�WKH�QHHG�IRU�VSOLFHG�KDQJHU�UHLQIRUFHPHQW�

�G�� $QFKRUDJH�]RQH�GHWDLOLQJ�IRU�WKH�SRVW�WHQVLRQHG�DQFKRU�]RQHV�LV�PRVW�HDVLO\�KDQGOHG
XVLQJ� WKH� VWUXW�DQG�WLH�PHWKRG� DV� RXWOLQHG� LQ�6HFWLRQ� ������� RI� WKH�/5)'�$$6+72
FRGH� �VHH� H[DPSOH� FDOFXODWLRQV� EHJLQQLQJ� RQ� SDJHV�&��� DQG�'��� RI� 5HIHUHQFH� ���
3UHWHQVLRQHG�DQFKRU�]RQHV�PXVW�EH�GHWDLOHG�DV�ZHOO�DV�RXWOLQHG�LQ�6HFWLRQ���������LQ
/5)'� $$6+72� �SDJH� &��RI� 5HIHUHQFH� ���� � 3RVW�WHQVLRQHG� DQFKRU� ]RQHV� IRU
ORQJLWXGLQDO� FDS� UHLQIRUFHPHQW� DW� WKH� HQGV� RI� WKH� FDS� VHJPHQWV�ZLOO� UHTXLUH� D� VROLG
VWHP�LQ�WKHVH�SRUWLRQV��)LJXUHV�����D�DQG���������7KLV�ZLOO�LQFUHDVH�WKH�ZHLJKW�RI�WKH
FDS�
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0DQXIDFWXUHU�UHFRPPHQGHG�DQFKRU�VSDFLQJ�LV����PP���5HGXFWLRQ�LV�PDGH
KHUH�GXH�WR�KLJK�VWUHQJWK�FRQFUHWH��VHH�GLVFXVVLRQ�LQ�6HFWLRQ���������6XFK
VSHFLDO�DQFKRU�GHYLFHV�LQ�KLJK�VWUHQJWK�FRQFUHWH�PXVW�EH�WHVWHG�LQ�KLJK
VWUHQJWK�FRQFUHWH�WR�YHULI\�DGHTXDWH�SHUIRUPDQFH�EHIRUH�EHLQJ�XVHG�

��PP�37
6WUDQG�'XFW�IRU
D���.��7HQGRQ

6SLUDO�LQWHUIHUHV
ZLWK�RQH�FROXPQ
RI�SUHWHQVLRQLQJ
VWUDQG

6SLUDO�LQWHUIHUHV
ZLWK�WZR�FROXPQV
RI�SUHWHQVLRQLQJ
VWUDQG
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6HFWLRQ�$�$ 6HFWLRQ�$�$

)LJXUH�������&URVV�VHFWLRQ�WKURXJK�FDS�DW�WKH�FROXPQ�SRVW�WHQVLRQLQJ�VWUDQG�DQFKRU�]RQH�ZLWK
GLIIHUHQW�VL]H�VSLUDOV

3RVW�WHQVLRQLQJ� DQFKRUDJH� ]RQH� GHVLJQ� DQG� GHWDLOLQJ� UHTXLUHV� DWWHQWLRQ� WR� ERWK� WKH
ORFDO�]RQH�DQG�WKH�JHQHUDO�]RQH�DV�GHILQHG�LQ�6HFWLRQ��������RI� WKH�$$6+72�/5)'
6SHFLILFDWLRQV�� �5HLQIRUFHPHQW� IRU� ERWK� WKH� ORFDO� DQG� JHQHUDO� ]RQHV� IRU� WKH� YHUWLFDO
SRVW�WHQVLRQHG� EDUV� DQFKRULQJ� LQWR� WKH�ZHEV� RI� WKH� FDS� VWHP� FDQ� EH� SURYLGHG�ZLWK
RUWKRJRQDO�JULG�EDUV� �EXUVWLQJ� UHLQIRUFHPHQW��� �9HUWLFDO�PXOWLVWUDQG� WHQGRQV�ZLOO� EH
DQFKRUHG�LQ�WKH�FHQWHU�RI�WKH�VWHP��DQRWKHU�DUHD�ZKHUH�WKH�KROORZHG�SRUWLRQ�LV�ILOOHG
LQ�� � $QFKRUDJH� ]RQH� UHLQIRUFHPHQW� IRU� ERWK� YHUWLFDO� DQG� KRUL]RQWDO� PXOWLVWUDQG
WHQGRQV�ZLOO� JHQHUDOO\� UHTXLUH� VSLUDOV� IRU� WKH� ORFDO� ]RQH�� � 3RVW�WHQVLRQLQJ� VXSSOLHUV
KDYH�VWDQGDUG�GHWDLOV� IRU� VSLUDOV�DFFRPSDQ\LQJ� WKHVH� VSHFLDO� DQFKRUDJH�GHYLFHV� DQG
DUH� UHVSRQVLEOH� IRU� WKH� VSHFLILFDWLRQ� RI� ORFDO� ]RQH� UHLQIRUFHPHQW�� � 7KH� GHWDLOV
SURYLGHG� WR�GHVLJQ�HQJLQHHUV�DUH� W\SLFDOO\� IRU�XVH�ZLWK���±���03D� �����±�����SVL�
FRQFUHWH���,Q�WKH�FDVH�RI�KLJKHU�VWUHQJWK�FRQFUHWH��DQFKRU�VSDFLQJ�DQG�WKH�VL]H�RI�WKH
VSLUDO� FRQILQLQJ� UHLQIRUFHPHQW� UHTXLUHG� LV� VRPHWLPHV� UHGXFHG� LI� WHVWV� KDYH� EHHQ
SHUIRUPHG�DW�WKH�KLJKHU�FRQFUHWH�VWUHQJWK���7DNLQJ�DGYDQWDJH�RI�VXFK�UHGXFWLRQV�ZLOO
EH�EHQHILFLDO�IRU�WKH�GHVLJQ�RI�WKH�SURSRVHG�SUHFDVW�VXEVWUXFWXUH�V\VWHP�ZKHUH�VSDFH
IRU� ODUJH� WHQGRQV� LV� OLPLWHG�� � )RU� H[DPSOH�� DQ� HQJLQHHU� ZLWK� WKH� VXSSOLHU� 96/
LQGLFDWHG�WR�WKH�VHQLRU�DXWKRU�WKDW�DQ�HTXDWLRQ�RIWHQ�XVHG�WR�HVWLPDWH�UHTXLUHG�DQFKRU
VSDFLQJ�GLPHQVLRQV� LV�GLUHFWO\� UHODWHG� WR� WKH� FRQFUHWH�EHDULQJ�VWUHQJWK�DW� WKH�HQG�RI
WKH�ORFDO�DQFKRU�]RQH��(TXDWLRQ�������>��@
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ZKHUH� ;� $QFKRU�VSDFLQJ��FHQWHU�WR�FHQWHU
*876� *XDUDQWHHG�XOWLPDWH�WHQVLOH�VWUHQJWK�RI�WKH

DQFKRUHG�SRVW�WHQVLRQLQJ�WHQGRQ
� I
FL � &RQFUHWH�FRPSUHVVLYH�VWUHQJWK�DW�WKH�WLPH�RI�VWUHVVLQJ

$QFKRU� VSDFLQJ� ZLOO� GHFUHDVH� ZLWK� DQ� LQFUHDVH� LQ� FRQFUHWH� FRPSUHVVLYH� VWUHQJWK�
6SLUDO� UHLQIRUFHPHQW� VL]HV�� LQ� SDUWLFXODU� WKH� RXWHU� GLDPHWHU� RI� WKH� VSLUDO�� FRXOG
SRVVLEO\�EH�UHGXFHG�DORQJ�ZLWK�DQFKRU�VSDFLQJ���,I�WKH�VPDOOHU�VSDFLQJ�DQG�VSLUDO�VL]HV
DUH�GHVLUHG��DFFHSWDQFH� WHVWV�PXVW� EH�SHUIRUPHG�RQ� WKHVH� VSHFLDO� DQFKRUDJH�GHYLFHV
ZLWK� KLJKHU� VWUHQJWK� FRQFUHWHV� LQ� DFFRUGDQFH� ZLWK� WKH� SURFHGXUHV� RXWOLQHG� LQ
$$6+72�'LYLVLRQ�,,�$UWLFOH������������

,Q�JHQHUDO��ORFDO�]RQH�GHVLJQ�ZLOO�EH�JRYHUQHG�E\�WKH�GHYLFH�FKDUDFWHULVWLFV�LQGLFDWHG
E\�WKH�SRVW�WHQVLRQLQJ�KDUGZDUH�VXSSOLHU�� �+RZHYHU�� WKH�GHVLJQHU�PD\�XVH�(TXDWLRQ
����DV�D�TXLFN�FKHFN�WR�GHWHUPLQH�LI�FHUWDLQ�WHQGRQ�VL]HV�ZLOO�EH�IHDVLEOH�ZLWK�FKRVHQ
FRQFUHWH� VWUHQJWKV�� � ,W�ZLOO� EH�GHVLUDEOH� LQ� FHUWDLQ� VLWXDWLRQV� VXFK� DV�ZKHQ� WKH� ODUJH
��.��PXOWLVWUDQG�WHQGRQV�DUH�UHTXLUHG�IRU�WKH�YHUWLFDO�SRVW�WHQVLRQLQJ��WR�UHGXFH�WKH
VSLUDO� VL]H�� � 2YHUO\� FRQVHUYDWLYH� VSLUDO� GLPHQVLRQV� ZLOO� PDNH� SODFHPHQW� RI
ORQJLWXGLQDO� FDS� UHLQIRUFHPHQW� WKDW� UXQV� QH[W� WR� WKH� VSLUDOV� XQQHFHVVDULO\� GLIILFXOW
�)LJXUH� ������� 7KH� EHQHILFLDO� HIIHFW� RI� FRQFUHWH� VWUHQJWK� RQ� QHFHVVDU\� VSLUDO
GLPHQVLRQV�LV�LOOXVWUDWHG�LQ�)LJXUH��������:KLOH�WKH�VWDQGDUG�VSLUDO�GLDPHWHU�UHVXOWV�LQ
D�FRQIOLFW�ZLWK�WZR�RI�WKH�SRWHQWLDO�FROXPQV�RI�SUHWHQVLRQLQJ�VWUDQG��D�VSLUDO�VL]HG�IRU
XVH�ZLWK����03D�������SVL��FRQFUHWH�RQO\�LQWHUIHUHV�ZLWK�RQH�SRWHQWLDO�VWUDQG�FROXPQ�
,I�WKLV�VSLUDO�LV�IDEULFDWHG�ZLWK�D�SLWFK�RI����PP����LQ���LW�PD\�EH�HDVLO\�SODFHG�VR�WKDW
WKH� VSLUDO� ORRSV� ILW� EHWZHHQ� WKH� VWUDQGV�� �8QIRUWXQDWHO\�� WKH� VSLUDO� UHTXLUHPHQWV� DUH
KDUGZDUH� GHSHQGHQW� DQG� DUH� GLFWDWHG� E\� WKH� UHVXOWV� RI� WKH� PDQXIDFWXUHU¶V� VSHFLDO
DQFKRUDJH�GHYLFH�WHVWV���$�IHZ�SURRI�WHVWV�RI�SURSRVHG�GHWDLOV�VKRXOG�EH�SHUIRUPHG�WR
YHULI\� PDWHULDO� GHVLJQV� DQG� ILQH� WXQH� GHWDLOV� LI� UHTXLUHG�� � 6XFK� SURRI� WHVWV� ZHUH
UHTXLUHG�RI�WKH�DQFKRUDJH�]RQHV�IRU�WKH�%HDU�&UHHN�EULGJH�DQG�OHG�WR�UHYLVHG�GHWDLOV�

H�� 1RQVWUXFWXUDO� GHWDLOV� IRU� WKLV� SUHFDVW� VXEVWUXFWXUH� V\VWHP� LQFOXGH� PDLQWHQDQFH
FRQFHUQV� DQG� LPSURYHG� VXEVWUXFWXUH� DSSHDUDQFH�� � ,QWHUQDO� GUDLQSLSHV� VKRXOG� EH
LQFOXGHG�LQ�WKH�GHVLJQ�RI�DOO�VXEVWUXFWXUHV��)LJXUH���������:LWK�WKLQ�ZDOO�KROORZ�SLHUV�
WKH�GUDLQV� FDQ�EH�SODFHG� LQ� WKH�YRLG� DQG�SDVVHG� WKURXJK� WKH� FDS�� �+RZHYHU� IRU� WKH
GUDLQSLSHV�WR�EH�RI�XVH�� WKH\�PXVW�EH�NHSW�IUHH�RI�GHEULV�DQG�EORFNDJH�� �'HVLJQ�DQG
PDLQWHQDQFH�FRQVLGHUDWLRQV�PXVW�EH�FRRUGLQDWHG�VR�WKDW�GHSHQGDEOH�GUDLQDJH�PHWKRGV
DUH�VSHFLILHG�

I�� :LWK� FDUHIXO� TXDOLW\� FRQWURO�� WKH� VXUIDFH� RI� SUHFDVW� HOHPHQWV� FDQ� EH� DWWUDFWLYH� DQG
UHODWLYHO\�XQLIRUP��WKXV�UHPRYLQJ�WKH�QHHG�IRU�SDLQWLQJ���2WKHU�DOWHUQDWLYHV�WR�SDLQWLQJ
ZKLFK�VKRXOG�DOZD\V�EH�FRQVLGHUHG�DUH�VWDLQHG��UXEEHG�DQG�VDQGEODVWHG�VXUIDFHV��VHH
6HFWLRQ����������7KH�JURXW�EHG�XQGHU�WKH�WHPSODWH�VKRXOG�EH�VSHFLILHG�WR�KDYH�D�ILQDO
FRORU�WKDW�PDWFKHV�WKH�FRORU�RI�WKH�SUHFDVW�VHJPHQWV�RU�SURYLGHV�D�GHILQLWH�FRQWUDVW�DV
GHVLUHG�E\�WKH�GHVLJQHU�
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)LJXUH�������'HWDLOV�IRU�DQ�LQWHUQDO�GUDLQ�SLSH�LQ�DQ�LQYHUWHG�7�FDS�EHQW

������ 2EVHUYDWLRQV�RQ�/5)'�$$6+72�%ULGJH�6SHFLILFDWLRQV

,Q� WKH� SURFHVV� RI� GHVLJQLQJ� SRVW�WHQVLRQHG� VXEVWUXFWXUHV� XVLQJ� WKH� SURSRVHG� V\VWHP�� D� IHZ
LPSRUWDQW� REVHUYDWLRQV� RQ� WKH� QHZ�/5)'� VSHFLILFDWLRQ�ZHUH�PDGH�� � )LUVW�� WKH� ORQJLWXGLQDO
EUDNLQJ� IRUFH� LQ� WKH�/5)'�$$6+72� LV�FRQVLGHUDEO\� LQFUHDVHG�RYHU� WKH�6WDQGDUG�$$6+72
6SHFLILFDWLRQ�� �7DEOH�����VKRZV�WKH�YDOXH�RI�WKH�EUDNLQJ�IRUFH�IRU�VLPSO\�VXSSRUWHG�EULGJHV
ZLWK�GLIIHUHQW�QXPEHUV�RI�ODQHV�FRPSDULQJ�WKH�/5)'�DQG�6WDQGDUG�$$6+72�FRGHV�ZLWK�WKH
2QWDULR� +LJKZD\� %ULGJH� 'HVLJQ� &RGH� >��@� DQG� WKH� 6ZLVV� �6,$�� 6WDQGDUG� ����� >��@� � 7KH
HTXDWLRQV� IRU� ORQJLWXGLQDO� EUDNLQJ� IRU� HDFK� FRGH� DUH� JLYHQ� LQ�$SSHQGL[�(� RI�5HIHUHQFH� ��
7KH�UHDVRQ�JLYHQ�LQ�WKH�/5)'�YHUVLRQ�IRU�WKH�FRQVLGHUDEOH�LQFUHDVH�LV�WKH�LPSURYHG�EUDNLQJ
WHFKQRORJ\�RI�WUXFNV�DV�ZHOO�DV�WKH�IDFW�WKDW�WKH�QHZ�SURYLVLRQ�ZLOO�QRZ�EH�PRUH�LQ�OLQH�ZLWK
RWKHU�UHVSHFWHG�FRGHV�� �7KH�FRPPHQWDU\�WR�WKH�2QWDULR�&RGH�H[SODLQV� WKDW� WKH�SURYLVLRQ� LV
EDVHG�RQ�WKHRUHWLFDO�HQHUJ\�SULQFLSOHV���+RZHYHU��LW�LV�QRWHG�WKDW�WKHUH�KDYH�EHHQ�QR�NQRZQ
IDLOXUHV� WR� EULGJH� FROXPQV� GXH� WR� ORQJLWXGLQDO� EUDNLQJ� IRUFHV� ZKHQ� GHVLJQHG� IRU� ORZHU
EUDNLQJ�ORDGV��8QWLO�VSHFLILF�HYLGHQFH�LV�SUHVHQWHG�WR�WKH�FRQWUDU\��LW�LV�UHFRPPHQGHG�WKDW�WKH
FXUUHQW��ORZHU�YDOXH��6WDQGDUG�$$6+72�SURYLVLRQ�EH�XVHG�IRU�ORQJLWXGLQDO�EUDNLQJ�ORDGV�
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7DEOH������/RQJLWXGLQDO�EUDNLQJ�IRUFH�UHTXLUHPHQWV�IRU�YDULRXV�FRGHV

6WDQGDUG�$$6+72
N1��NLSV�

/5)'�$$6+72
N1��NLSV�

2QWDULR�%ULGJH�&RGH
N1��NLSV�

�����6,$�6WDQGDUG����
N1��NLSV�

1R��RI�ODQHV
FRQVLGHUHG

#����P���IW��DERYH
GHFN�VXUIDFH

#����P���IW��DERYH
GHFN�VXUIDFH

#�GHFN�VXUIDFH #�GHFN�VXUIDFH

��ODQH �� ��� �� ���� ��� ���� ��� ����
��ODQHV �� ���� ��� ���� ��� ���� ��� ����
��ODQHV �� ���� ��� ���� ��� ���� ��� ����
��ODQHV �� ���� ��� ���� ��� ���� ��� ����

,Q�7['27�H[SHULHQFH��FROXPQ�GHVLJQ�LQ�WKH�SDVW�KDV�UDUHO\�EHHQ�FRQWUROOHG�E\�ORQJLWXGLQDO
PRPHQW�� � 8QGHU� WKH� QHZ� /5)'� SURYLVLRQV�� WKH� ORQJLWXGLQDO� EHQGLQJ� PRPHQWV� LQ� FHUWDLQ
GHVLJQV� �LQ� SDUWLFXODU� IUDPH� EHQWV�� ZLOO� EH� JUHDWHU� WKDQ� WUDQVYHUVH� EHQGLQJ� PRPHQWV
SDUWLFXODUO\�IRU�VKRUWHU�FROXPQV�ZKHUH�WUDQVYHUVH�ZLQG�ORDGV�DUH�QRW�DV�FULWLFDO���7KH�HIIHFW�RQ
GHVLJQ�HIILFLHQF\�ZLOO�PRVW�SUREDEO\�QRW�EH�ODUJH���7KH�EHQGLQJ�PRPHQWV�LQ�IUDPH�EHQWV�DUH
JHQHUDOO\�TXLWH�ORZ�DQG�DV�VHHQ�LQ�WKH�GHVLJQ�H[DPSOH�LQ�$SSHQGL[�'�RI�5HIHUHQFH����VHUYLFH
VWUHVV� OLPLWV� DUH� HDVLO\� VDWLVILHG�� � 6WHHO� UHTXLUHPHQWV� IRU� WKH� FDVW�LQ�SODFH� DOWHUQDWLYH� �SDJH
'���RI�5HIHUHQFH����PD\�QHHG�WR�EH�LQFUHDVHG�ZLWK�LQFUHDVHG�ORQJLWXGLQDO�PRPHQWV�WR�VDWLVI\
ELD[LDO�EHQGLQJ�UHTXLUHPHQWV�

7KH� VHFRQG� REVHUYDWLRQ� PDGH� LQ� UHJDUG� WR� WKH� $$6+72� /5)'� 6SHFLILFDWLRQ� LV� LQ� LWV
WUHDWPHQW�RI�GHVLJQ�ZLWK�SUHVWUHVVLQJ�VWHHO���7KHUH�LV�VRPH�GHEDWH�DPRQJ�FRGH�PDNLQJ�ERGLHV
RYHU� WKH� FXUUHQW� SUHVWUHVVHG� FRQFUHWH� GHVLJQ� SKLORVRSK\� LQ� WKH� 8QLWHG� 6WDWHV�� � 7KLV
SKLORVRSK\��DOVR�IRXQG�LQ�WKH�$$6+72�/5)'�6SHFLILFDWLRQ��LV�WKDW�VWUHVVHV�EH�OLPLWHG�XQGHU
VHUYLFH�ORDGV�WR�SUHYHQW�FUDFNLQJ�LQ�PHPEHUV�ZLWK�SUHVWUHVVHG�UHLQIRUFHPHQW���7KLV�DSSURDFK
GLIIHUV� IURP� WKH� WUHDWPHQW� RI� PHPEHUV� ZLWK� RQO\� QRQSUHVWUHVVHG� UHLQIRUFHPHQW� ZKHUH
FUDFNLQJ� LV� SHUPLWWHG� DW� VHUYLFH� ORDGV� EXW�PXVW� EH� FRQWUROOHG�� � )XUWKHU� GLVFXVVLRQ� RI� WKHVH
GLIIHULQJ� GHVLJQ� SKLORVRSKLHV� FDQ� EH� IRXQG� LQ� 5HIHUHQFHV� ��� WKURXJK� ���� � 3UHVHQWO\�� WKH
6HUYLFH� /LPLW� 6WDWH� ZLOO� DOPRVW� DOZD\V� FRQWURO� WKH� GHVLJQ� RI� SUHVWUHVVHG� FROXPQV�� � 7KLV
FRQGLWLRQ�LV�SDUWLFXODUO\�WUXH�IRU�VHJPHQWDO�FROXPQV�EHFDXVH�QR�WHQVLRQ�LV�DOORZHG�DFURVV�WKH
VHJPHQWDO� MRLQWV� XQGHU� VHUYLFH� ORDGV�� �7KH� UHVXOWLQJ� DPRXQW� RI� SUHVWUHVV� SUHYHQWV� FUDFNLQJ
XQGHU�VHUYLFH�ORDGV�DQG�LV�RIWHQ�IDU�LQ�H[FHVV�RI�ZKDW�LV�QHFHVVDU\�IRU�WKH�XOWLPDWH�OLPLW�VWDWH�
5HJDUGOHVV�RI�RQH¶V�SRVLWLRQ�RQ�WKH�JHQHUDO�SKLORVRSK\�RI�SUHVWUHVVHG�FRQFUHWH�GHVLJQ��WKHUH
DUH� GLUHFW� SRVLWLYH� EHQHILWV� WR� KDYLQJ� WKH� 6HUYLFH� /LPLW� 6WDWH� FRQWURO� GHVLJQ�� � %\� QRW
SHUPLWWLQJ�FUDFNLQJ� LQ� WKH�FROXPQV�DW� VHUYLFH� ORDG� OHYHOV��GXUDELOLW\� LV�REYLRXVO\� LPSURYHG
DQG� IDWLJXH�ZLOO� QRW� EH� D� SUREOHP�� � ,Q� DGGLWLRQ�� QRW� DOORZLQJ� FUDFNLQJ� UHVXOWV� LQ� LQFUHDVHG
FROXPQ� VWLIIQHVV� DQG� UHGXFHG� VOHQGHUQHVV� �3�GHOWD�� HIIHFWV�� � )XUWKHU� VWXGLHV� DUH� UHTXLUHG� WR
GHWHUPLQH� LI� WKHVH� EHQHILWV� DUH� MXVWLILHG� E\� WKH� VXEVWDQWLDO� LQFUHDVH� LQ� SUHVWUHVVLQJ
UHLQIRUFHPHQW�DERYH�WKDW�UHTXLUHG�IRU�WKH�6WUHQJWK�/LPLW�6WDWH�

���� &DVW�LQ�3ODFH�6XEVWUXFWXUH�$OWHUQDWLYHV

$OWHUQDWLYHV� WR� WKH� SUHYLRXVO\� GLVFXVVHG� SUHFDVW� VXEVWUXFWXUH� V\VWHP� LQFOXGH� GHVLJQLQJ� D
VXEVWUXFWXUH� XVLQJ� WKH� VDPH� JHRPHWULF� IRUP� EXW� HQWLUHO\� FDVW�LQ�SODFH� RU� GHVLJQLQJ
VXEVWUXFWXUHV� RI� VLPLODU� JHRPHWULF� IRUP� WKDW� DUH�PDGH� XS� RI� FRPELQDWLRQV� RI� ERWK� FDVW�LQ�
SODFH�HOHPHQWV�DQG�SUHFDVW�HOHPHQWV�� � ,Q�7H[DV��EHQHILWV�DQG�GUDZEDFNV� FDQ�EH� IRXQG�ZLWK
HLWKHU�DQ�HQWLUHO\�FDVW�LQ�SODFH�V\VWHP��&,3�V\VWHP���RU�D�FDVW�LQ�SODFH�FROXPQ�ZLWK�SUHFDVW
FDS�V\VWHP��&,3�FROXPQ�3&�FDS�V\VWHP���DV�ZHOO�DV�D�SUHFDVW�FROXPQ�DQG�FDVW�LQ�SODFH�FDS
V\VWHP��3&�FROXPQ�&,3�FDS�V\VWHP��



��

������ &DVW�LQ�3ODFH�1RQSUHVWUHVVHG�$OWHUQDWHV

7KH�SUHFDVW�VXEVWUXFWXUH�V\VWHP�IRU�3URSRVDO�,,�FDQ�DOVR�EH�FRQVWUXFWHG�DV�DQ�HQWLUHO\�FDVW�LQ�
SODFH� V\VWHP� ZLWK� QRQSUHVWUHVVHG� UHLQIRUFHPHQW�� � 7R� IDFLOLWDWH� FDVW�LQ�SODFH� FRQVWUXFWLRQ�
VROLG� VHFWLRQV� VKRXOG� EH� XVHG�� � 8VH� RI� KLJK� SHUIRUPDQFH� FRQFUHWH� LV� UHFRPPHQGHG� IRU
LPSURYHG�VXEVWUXFWXUH�GXUDELOLW\�

7KH� LQYHUWHG�7� FDSV� ZRXOG� EH� GHVLJQHG� LQ� DFFRUGDQFH� ZLWK� FXUUHQW� FRPPRQ� SUDFWLFH� LQ
7H[DV�� �6XFK�LQYHUWHG�7�FDSV�FDQ�EH�IRXQG�WKURXJKRXW�7H[DV�SDUWLFXODUO\� LQ�XUEDQ�VHWWLQJV�
&ROXPQ� GHVLJQ�ZRXOG� DOVR� IROORZ� WKH� VDPH� SURFHGXUHV� DV� FXUUHQW� FRPPRQ� SUDFWLFH�� � 7KH
FKDPIHUHG� VKDSH� RI� 3URSRVDO� ,,� FDQ� HDVLO\� DFFRPPRGDWH� UHTXLUHG� UHLQIRUFHPHQW� WR� UHVLVW
FULWLFDO�FROXPQ�IRUFHV�DV�VKRZQ�RQ�SDJHV�&���DQG�'���RI�5HIHUHQFH���ZKHUH�QRQSUHVWUHVVHG
FROXPQ�DOWHUQDWHV�ZHUH�LQYHVWLJDWHG�IRU�WKH�3URSRVDO�,,�SUHFDVW�VXEVWUXFWXUH�GHVLJQ�H[DPSOHV�
7KH�DPRXQW�RI�VWHHO�QHFHVVDU\�ZDV�EHWZHHQ��� WR����RI� WKH�JURVV� DUHD�RI� WKH� VROLG�FROXPQ
VHFWLRQ�

������ &DVW�LQ�3ODFH�&ROXPQV��3UHFDVW�%HQW�&DSV

:LWK� D� &,3� FROXPQ�3&� FDS� V\VWHP�� FRQVWUXFWLRQ� RI� FDVW�LQ�SODFH� FROXPQV� FDQ� SURFHHG
GLUHFWO\� IROORZLQJ� WKH�FDVWLQJ�RI� WKH� IRXQGDWLRQ�FDS�RU� IRRWLQJ�� �$V� W\SLFDOO\�XVHG� LQ�PDQ\
EULGJHV��GULOOHG�VKDIW�IRXQGDWLRQV�PD\�EH�FRQWLQXHG�DERYH�JURXQG�DV�WKH�FROXPQV�IRU�D�EHQW
V\VWHP���3UHFDVW�FDSV�FDQ�WKHQ�EH�SODFHG�DERYH�WKH�FROXPQV���7KLV�V\VWHP�LV�PRUH�HIILFLHQW
IRU� IRUPLQJ� WKDQ� ERWK� D� FRPSOHWH� FDVW�LQ�SODFH� V\VWHP� DQG� D� 3&� FROXPQ�&,3� FDS� V\VWHP�
7KH� FROXPQ� IRUPV� FDQ� EH� VXSSRUWHG� IURP� WKH� JURXQG�� � 7KH� RIWHQ� KHDY\� DQG� DZNZDUG
IRUPZRUN�IRU�D�&,3�FDS�LV�DYRLGHG�� �7KH�FUDQHV�UHTXLUHG�IRU�VXSHUVWUXFWXUH�HUHFWLRQ�FDQ�EH
XVHG�WR�SODFH�WKH�SUHFDVW�FDSV�GLUHFWO\�EHIRUH�JLUGHU�SODFHPHQW���7KH�ODERU�IRUFH�UHTXLUHG�IRU
WKLV� IRUP�RI� FRQVWUXFWLRQ� LV� JURXSHG� HIILFLHQWO\� DV�ZHOO�� �$� ³FDVW�LQ�SODFH´� FUHZ� FDQ�ZRUN
FRQWLQXDOO\� IURP� WKH� IRXQGDWLRQ� WR� WKH� FROXPQV�� � 7KH\� FDQ� EH� UHSODFHG� E\� WKH� ³SUHFDVW
SODFHPHQW´�FUHZ�IRU�SODFHPHQW�RI�WKH�FDSV��JLUGHUV�DQG��SRVVLEO\��GHFN�SDQHOV�

$� GLVDGYDQWDJH� RI� WKLV� V\VWHP� LV� WKDW� WKH� FDS� SLHFHV� DUH� WKH� KHDYLHVW� HOHPHQWV� RI� WKH
VXEVWUXFWXUH� IRU� KDXOLQJ� DQG� HUHFWLRQ�� � 7KH� FDS� LV� DOVR� WKH� PRUH� FXPEHUVRPH� HOHPHQW� WR
SUHFDVW�FRPSDUHG�WR�FROXPQ�VHJPHQWV���:LWK�FDVW�LQ�SODFH�FROXPQV��D�JHRPHWU\�FRQWURO�MRLQW
ZRXOG�EH�UHTXLUHG�XQGHUQHDWK�WKH�SUHFDVW�FDSV�WR�VHW�WKHP�DW�DSSURSULDWH�FURVV�VORSHV���7KLV
ZRXOG� UHTXLUH�EDODQFLQJ� WKH�KHDY\� FDS�SLHFH�ZKLOH� DOLJQPHQW� FKDQJHV� DUH� SHUIRUPHG�� �$Q
DOWHUQDWLYH�ZRXOG�EH� WR�XVH�EXLOW�XS�EHDULQJ� VHDWV�RQ� WKH� FDSV� WR�SURYLGH�GHFN� FURVV�VORSH�
6XFK� D� VROXWLRQ� FRXOG� EH� XQVLJKWO\� IRU� ZLGH� FDSV� RU� ZLWK� ODUJH� FURVV�VORSHV�� � 2WKHU
GLVDGYDQWDJHV�LQFOXGH�GLVUXSWLRQV�WR�WKH�VLWH�GXH�WR�FROXPQ�IRUPLQJ��FRQFUHWH�SODFHPHQW�DQG
FXULQJ�

������ 3UHFDVW�&ROXPQV��&DVW�LQ�3ODFH�%HQW�&DSV

:LWK�D�3&�FROXPQ�&,3�FDS�V\VWHP�� D�FDVW�LQ�SODFH� IRRWLQJ� LV� IROORZHG�E\�SUHFDVW�FROXPQV
SRVW�WHQVLRQHG�WRJHWKHU�DV�SUHVHQWHG�LQ�6HFWLRQV�������DQG���������7KH�EHQW�FDSV�PXVW�WKHQ�EH
IRUPHG�DQG�FDVW�LQ�SODFH���7KH�FDS�PXVW�EH�SRVW�WHQVLRQHG�WR�WKH�FROXPQ�WR�SURYLGH�D�IL[HG
FRQQHFWLRQ�EHWZHHQ�WKH�FDS�DQG�FROXPQ�IRU�WKH�VLQJOH�FROXPQ�SLHUV���3RVW�WHQVLRQLQJ�RI�WKH
FDS� WR� WKH� FROXPQ� ZLOO� DOVR� EH� QHFHVVDU\� IRU� WZR�FROXPQ� IUDPH� EHQWV� DQG� VWUDGGOH� EHQWV



��

ZKHUH�PRPHQW�WUDQVIHU�WR�WKH�FROXPQV�LV�GHVLUHG���$IWHU�WKH�FDS�LV�FXUHG�DQG�SRVW�WHQVLRQHG
WR�WKH�FROXPQ��HUHFWLRQ�FDQ�SURFHHG�ZLWK�WKH�SODFHPHQW�RI�WKH�SUHFDVW�JLUGHUV���7KLV�HUHFWLRQ
SURFHVV�DOWHUQDWHV�IURP�FDVW�LQ�SODFH�IRRWLQJV�WR�SUHFDVW�FROXPQV�WR�FDVW�LQ�SODFH�EHQW�FDSV�WR
SUHFDVW�JLUGHUV���7KLV�SURFHVV�UHTXLUHV�DQ�DOWHUQDWLQJ�ODERU�IRUFH�DQG�HTXLSPHQW�XVDJH�

7KHUH�DUH�PDQ\�DGYDQWDJHV�WR�D�3&�FROXPQ�&,3�FDS�V\VWHP�� �3UHFDVW�FROXPQ�VHJPHQWV�DUH
OLJKW�DQG�HDV\�WR�KDXO�DQG�HUHFW���0DWFK�FDVW�FROXPQV�ZLOO�DOORZ�IRU�UDSLG�FROXPQ�HUHFWLRQ�RQ
VLWH�� �&DVWLQJ� WKH� FDS� LQ�SODFH� DOORZV� WKH� FURVV�VORSH� WR�EH�SURYLGHG� GXULQJ� IRUPLQJ�� �2QH
PDMRU�GLVDGYDQWDJH�WR�WKLV�PHWKRG�RI�FRQVWUXFWLRQ�LV�WKDW�WKH�FDVW�LQ�SODFH�SRUWLRQ�RI�ZRUN�LV
HOHYDWHG���7KHUHIRUH�WKH�FDSV�UHTXLUH�YHU\�KHDY\�VHOI�VXSSRUWLQJ�IRUPV���7KHVH�KHDY\�IRUPV
ZLOO�RIWHQ�QHHG�WR�EH�DVVHPEOHG�DQG�WKH�FRQFUHWH�SODFHG�DW�KD]DUGRXV�HOHYDWLRQV�

������ 6HFWLRQ�6XPPDU\

5HJDUGOHVV�RI�ZKLFK�RSWLRQ�LV�FKRVHQ��SUHFDVWLQJ�DQ\�SDUW�RI�WKH�VXEVWUXFWXUH�V\VWHP�VKRXOG
VSHHG�XS�FRQVWUXFWLRQ�WLPH�DQG�UHGXFH�VLWH�GLVUXSWLRQV�ZKHQ�FRPSDUHG�WR�DQ�DOO�FDVW�LQ�SODFH
VXEVWUXFWXUH�V\VWHP���%RWK�V\VWHPV�RIIHU�LPSURYHG�GXUDELOLW\�IRU�WKH�FROXPQV�WKURXJK�XVH�RI
KLJK�SHUIRUPDQFH� FRQFUHWH� DQG�SRVW�WHQVLRQLQJ�� �3UHVWUHVVHG� FDSV�ZRXOG�EH� OHVV� SHUPHDEOH
DQG� WKHUHIRUH�PRUH� GXUDEOH� WKDQ� QRQSUHVWUHVVHG� FDSV�� �%RWK� SUHFDVW� DQG� FDVW�LQ�SODFH� FDSV
FRXOG�EH�SUHVWUHVVHG��SUHWHQVLRQHG�DQG�SRVW�WHQVLRQHG�IRU�SUHFDVW�FDSV�DQG�SRVW�WHQVLRQHG�IRU
FDVW�LQ�SODFH� FDSV��� � 3UHFDVWLQJ�ZRXOG� SURYLGH� KLJKHU� TXDOLW\� FRQWURO� LQ� IDEULFDWLRQ�ZLWK� D
UHVXOWLQJ�OHVV�SHUPHDEOH�FRQFUHWH�

���� &KDSWHU�6XPPDU\

6XEVWUXFWXUH�GHVLJQ�SURYLGHV�DQ�RSSRUWXQLW\�IRU�LQQRYDWLYH�GHVLJQ�ZLWK�VKRUW��DQG�PRGHUDWH�
VSDQ�EULGJH�V\VWHPV���1HZ�WHFKQRORJLHV�DQG�QHZ�PDWHULDOV�FDQ�EH�DSSOLHG�IRU�DWWUDFWLYH�DQG
HFRQRPLFDO�UHVXOWV���6XEVWUXFWXUHV�FDQ�EH�FRQVWUXFWHG�XVLQJ�PHWKRGV�RI�SUHFDVWLQJ��FDVWLQJ�LQ
SODFH�RU�D�FRPELQDWLRQ�RI�WKH�WZR���7KLV�FKDSWHU�KDV�SUHVHQWHG�D�SUHFDVW�VXEVWUXFWXUH�V\VWHP
IRU�VWDQGDUGL]DWLRQ���$�JHRPHWULFDOO\�VLPLODU�V\VWHP�PD\�EH�FDVW�LQ�SODFH�RU�EH�D�FRPELQDWLRQ
RI�ERWK�SUHFDVW�DQG�FDVW�LQ�SODFH�HOHPHQWV�

7KH�SURSRVHG�SUHFDVW�VXEVWUXFWXUH�V\VWHP�LV�D�YHUVDWLOH�V\VWHP�WKDW�FDQ�EH�XVHG� IRU�D�ZLGH
YDULHW\�RI�EULGJH�ZLGWKV�DQG�KHLJKWV�� �7KLV�V\VWHP�FDQ�EH�XVHG�ZLWK�VWDQGDUG�SUHFDVW�JLUGHU
VXSHUVWUXFWXUH�V\VWHPV�DQG�RIIHUV�D�QHZ�DOWHUQDWLYH�WR�VXEVWUXFWXUH�GHVLJQ� WKDW�FDQ� LQFUHDVH
FRQVWUXFWLRQ�VSHHG�WKHUHE\�UHGXFLQJ�FRVWV�DVVRFLDWHG�ZLWK�WUDIILF�GHOD\V�DQG�UH�URXWLQJ���7KH
SUHFDVW� V\VWHP� RI� PDWFK� FDVWLQJ� ZLWK� HSR[\� MRLQWV� KDV� SURYLGHG� H[FHOOHQW� GXUDELOLW\� IRU
VWUXFWXUHV�LQ�WKH�SDVW�� �7KH�FRPELQDWLRQ�RI�SUHFDVWLQJ�DQG�XVLQJ�KLJK�SHUIRUPDQFH�FRQFUHWH
UHVXOWV�LQ�PRUH�GXUDEOH�DQG�PRUH�DWWUDFWLYH�FRQVWUXFWLRQ��)LJXUH���������7KLV�SURSRVHG�V\VWHP
REYLRXVO\�LV�QRW�D�XQLYHUVDO�VROXWLRQ���5HSODFLQJ�D�PXOWLFROXPQ�EHQW�ZKLFK�KDV�D�UHFWDQJXODU
EHQW� FDS� ZLWK� D� VLQJOH�FROXPQ� SLHU� ZLOO� JHQHUDOO\� VXEVWDQWLDOO\� LQFUHDVH� FRVWV�� � ,I� WKH
VXEVWUXFWXUH� LV� FRQFHDOHG� IURP� SXEOLF� YLHZ� DQG� GRHV� QRW� LQWHUIHUH� ZLWK� WUDIILF�� DQG� LI
FRQVWUXFWLRQ�VSHHG�LV�QRW�D�IDFWRU�� WKH�SURSRVHG�V\VWHP�PD\�EH�XQQHFHVVDU\�RU�XQGHVLUDEOH�
7KH� FRQVWUXFWLRQ� RI� WKH� IUDPH� EHQW� XVLQJ� WKH� SURSRVHG� SUHFDVW� VXEVWUXFWXUH� V\VWHP� FDQ
LQYROYH�VWDJH�SUHVWUHVVLQJ�ZKLFK�LV�PRUH�FRPSOH[�DQG�WLPH�FRQVXPLQJ�WKDQ�WKH�KDPPHUKHDG
EHQW�V\VWHP���7KXV��WKH�IUDPH�EHQW�ZLOO�SUREDEO\�KDYH�OHVV�DGYDQWDJHV�WKDQ�WKH�KDPPHUKHDG
EHQW�
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)LJXUH�������&RPSXWHU�DLGHG�UHQGHULQJV�RI�D�KDPPHUKHDG��D��E�
DQG�IUDPH��F��EHQW�XVLQJ�WKH�SURSRVHG�SUHFDVW�VXEVWUXFWXUH�V\VWHP

3UHFDVW� VXEVWUXFWXUHV� DUH� QRW� DQ� HQWLUHO\� QHZ� IRUP� RI� FRQVWUXFWLRQ� EXW� KDYH� EHHQ� XVHG
VXFFHVVIXOO\�LQ�WKH�SDVW�� �6XFK�D�V\VWHP�ZLOO�EH�PRVW�XVHIXO�DW�ILUVW�LQ�7H[DV�IRU�ODUJH��KLJKO\
UHSHWLWLYH�� SURMHFWV� LQ� KLJKO\� YLVLEOH� ORFDWLRQV� ZKHUH� FRQVWUXFWLRQ� HIILFLHQF\� �VSHHG� RI
FRQVWUXFWLRQ��DQG�ILQDO�DSSHDUDQFH�DUH�SDUWLFXODUO\� LPSRUWDQW�� �$Q� LQLWLDO� LQYHVWPHQW� LQ� IRUPV
IRU� D� ODUJH� SURMHFW�ZLOO� OHDG� WR� IXWXUH� VDYLQJV�ZKHQ� WKH� IRUPV�PD\� EH� UHXVHG� IRU� VLPLODU� RU
VPDOOHU�SURMHFWV���2YHU�WLPH�DQG�ZLWK�KLJK�UHXVH��QHZ�VWDQGDUG�VKDSHV�IRU�VXEVWUXFWXUHV�PD\�EH
GHYHORSHG�WR�SURYLGH�7['27�GHVLJQHUV�ZLWK�HYHQ�PRUH�DOWHUQDWLYHV�IRU�DWWUDFWLYH�DQG�UDSLGO\
FRQVWUXFWHG�VXEVWUXFWXUHV�



��
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���� ,QWURGXFWLRQ
&DVW�LQ�SODFH� FRQFUHWH� UHTXLUHV� IRUPZRUN� WR� EH� DVVHPEOHG� LQ� WKH� ILHOG�� � )RUPZRUN� FDQ� EH
IDEULFDWHG�WR�DFFRPPRGDWH�DOPRVW�DQ\�VKDSH�WKH�GHVLJQHU�FKRRVHV��)LJXUH��������6XFK�D�ZLGH
YDULHW\�RI�VKDSHV�DUH�SRVVLEOH�EHFDXVH�RI�WKH�DELOLW\�WR�PROG�IUHVK�FRQFUHWH���7KH�HQJLQHHU¶V
FKDOOHQJH� LV� WR� ILQG� QHZ� IRUPV� DQG� QHZ� VKDSHV� WKDW� DUH� DWWUDFWLYH� DQG� ZLWKLQ� UHDVRQDEOH
HFRQRPLF�OLPLWV�

)LJXUH������&DVW�LQ�SODFH�VXEVWUXFWXUH

6DYLQJV� FDQ� EH� DFKLHYHG�ZLWK� FDVW�LQ�SODFH� FRQFUHWH� WKURXJK� VWDQGDUGL]DWLRQ� RI� IRUPZRUN�
8QIRUWXQDWHO\��LQ�7H[DV�VXFK�VXEVWUXFWXUH�VWDQGDUGL]DWLRQ�KDV�QHYHU�SURJUHVVHG�PXFK�EH\RQG
WKH�XVH�RI�MXVW�D�IHZ�VKDSHV�OLNH�FLUFXODU�RU�UHFWDQJXODU�FROXPQV�ZLWK�SULVPDWLF�FDSV��)LJXUH
������ �7KLV�V\VWHP�W\SLFDOO\�UHVXOWV�LQ�DQ�XJO\�IRUHVW�RI�FROXPQV�LQ�DQ\�VHWWLQJ��� ,Q�WKH�SDVW�
WKH� OLPLWHG� YDULHW\� RI� VXEVWUXFWXUH� VKDSHV� LQ� 7H[DV� KDV� EHHQ� PDLQWDLQHG� IRU� WKH� VDNH� RI
HFRQRPLFV�\HW�DOORZV�IRU�YHU\�OLWWOH�GHVLJQHU�H[SUHVVLRQ���5HFHQWO\��WKH�7['27�GHVLJQHUV�DQG
WKHLU�FRQVXOWDQWV�KDYH�EHHQ�XVLQJ�PDQ\�PRUH� DWWUDFWLYH� VLQJOH�FROXPQ�SLHUV��SDUWLFXODUO\� LQ
XUEDQ�H[SUHVVZD\V�DQG�LQWHUFKDQJHV�
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)LJXUH������7\SLFDO�FDVW�LQ�SODFH�VXEVWUXFWXUH�V\VWHP�LQ�7H[DV

7KLV� FKDSWHU� H[SORUHV� QHZ� RSWLRQV� IRU� FDVW�LQ�SODFH� FRQFUHWH� VXEVWUXFWXUH� GHVLJQ�� � ,Q
SDUWLFXODU��LGHDV�DUH�SUHVHQWHG�WKDW�DUH�FRPSDWLEOH�ZLWK�XVH�RI�SUHFDVW�FRQFUHWH�VXSHUVWUXFWXUH
HOHPHQWV���7KH�JRDO�RI�WKLV�FKDSWHU� LV� WR�VSDUN�WKH�LPDJLQDWLRQ�RI�HQJLQHHUV�GHVLJQLQJ�VKRUW
DQG�PRGHUDWH�VSDQ�EULGJHV�� � ,GHDV� DUH�SUHVHQWHG� WKDW� FDQ�EH� LPSOHPHQWHG� LQ�FHUWDLQ�GHVLJQ
VLWXDWLRQV�ZLWKRXW� H[FHVVLYH� FRVW� LQFUHDVHV�� � ,I� WKH� VDPH�EDVLF� VXEVWUXFWXUH� V\VWHP� �VLQJOH�
FROXPQ�� PXOWLFROXPQ�� LV� PDLQWDLQHG�� YHU\� VPDOO� LQFUHDVHV� DQG� HYHQ� VDYLQJV� DUH� SRVVLEOH�
&KDQJHV�LQ�VWUXFWXUDO�V\VWHPV�VXFK�DV�UHSODFHPHQW�RI�PXOWLFROXPQ�EHQWV�ZLWK�VLQJOH�FROXPQ
EHQWV� PD\� OHDG� WR� PRUH� VXEVWDQWLDO� VXEVWUXFWXUH� FRVW� LQFUHDVHV�� � 5HFRJQL]LQJ� WKDW� WKH
VXEVWUXFWXUH� FRVW� LV� RQO\� D� SRUWLRQ� RI� WKH� WRWDO� EULGJH� FRVW� �URXJKO\� ���� LQ� 7H[DV��� DQ\
LQFUHDVHV�LQ�VXEVWUXFWXUH�FRVW�ZLOO�KDYH�D� OHVVHQHG�HIIHFW�XSRQ� WKH�RYHUDOO�EULGJH�FRVW�� �)RU
ODUJH�KLJKZD\�SURMHFWV� LQ�ZKLFK� WKH�EULGJHV� W\SLFDOO\� DUH� D� VPDOO� SRUWLRQ�� DQ\� LQFUHDVHV� LQ
VXEVWUXFWXUH�FRVW�ZLOO�EH�IXUWKHU�PLQLPL]HG�LQ�UHODWLRQ�WR�RYHUDOO�SURMHFW�FRVW�

���� $OWHUQDWLYH�&DVW�LQ�3ODFH�6XEVWUXFWXUH�6\VWHPV
$�IHZ�VXEVWUXFWXUH�VKDSHV�DSDUW�IURP�WKH�SUHGRPLQDQW�FLUFXODU�DQG�UHFWDQJXODU�FROXPQV�KDYH
EHHQ� H[SHULPHQWHG� ZLWK� LQ� 7H[DV�� � (YHQ� PRUH� VKDSHV� FDQ� EH� IRXQG� LQ� RWKHU� VWDWHV� DQG
FRXQWULHV�� � 6HFWLRQ� ������ UHYLHZV� WKH� EDVLF� VXEVWUXFWXUH� V\VWHPV� XVHG� WKURXJKRXW� 7H[DV�
6HFWLRQV�������WKURXJK�������GLVFXVV�D�YDULHW\�RI�DOWHUQDWLYH�VKDSHV�LQFOXGLQJ�SUHYLRXVO\�XVHG
VKDSHV� DQG� QHZ� LGHDV� IRU� VXEVWUXFWXUH� GHVLJQ�� � ,GHDV� IRU� HQKDQFLQJ� VXEVWUXFWXUH� GHVLJQ
WKURXJK�QRQVWUXFWXUDO�GHWDLOV�VXFK�DV�FRQFUHWH�WH[WXUH�DQG�FRORU��DQG�WKH�VKDSLQJ�RI�EHQW�FDS
HQGV�DUH�DOVR�H[SORUHG�� �7KH�FDVW�LQ�SODFH�RSWLRQV�SUHVHQWHG�DUH�GLVFXVVHG� LQ� WHUPV�RI� WKHLU
DHVWKHWLF�DSSHDO�RU�GUDZEDFNV��DV�ZHOO�DV�WKHLU�HFRQRPLF�IHDVLELOLW\�IRU�7['27�

������ 6XEVWUXFWXUH�6\VWHPV

7KH� VXEVWUXFWXUH� V\VWHPV� PRVW� ZLGHO\� XVHG� LQ� 7H[DV� LQFOXGH� LQGLYLGXDO� FROXPQV�� ZDOOV�
KDPPHUKHDG�EHQWV�DQG�PXOWLFROXPQ�EHQWV���(DFK�V\VWHP�LV�SUHVHQWHG�DQG�LOOXVWUDWHG�EHORZ�
�$OWKRXJK�DOO�RI�WKH�V\VWHPV�SUHVHQWHG�FDQ�EH�IRXQG�LQ�7H[DV��LOOXVWUDWLRQV�����DQG������DUH
QRW�7H[DV�EULGJHV��

�������� ,QGLYLGXDO�&ROXPQV

,QGLYLGXDO�FROXPQV�PD\�EH�HIILFLHQWO\�SUHFDVW�RU�FDVW� LQ�SODFH�� � ,QGLYLGXDO� FROXPQV
PD\� EH� XVHG�ZLWKRXW� EHQW� FDSV� WR� VXSSRUW� LQGLYLGXDO� JLUGHUV� �)LJXUHV� ���� WR� �����
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,QGLYLGXDO� FROXPQV� DUH� PRVW� DSSURSULDWH� ZKHQ� VXSSRUWLQJ� VLQJOH� RU� ZLGHO\� VSDFHG
JLUGHUV� VXFK� DV� VHJPHQWDO� RU� WUDSH]RLGDO� ER[HV� RU� 8�EHDPV� �)LJXUHV� ���� WR� �����
7UDSH]RLGDO�ER[�EHDP�DQG�8�EHDP�VXSHUVWUXFWXUHV�UHTXLUH�IHZHU�ORQJLWXGLQDO�EHDPV�
$V� D� UHVXOW�� LW� LV� RIWHQ� SRVVLEOH� WR� XVH� IHZHU� LQGLYLGXDO� VXSSRUWV� IRU� D� JLYHQ� EULGJH
ZLGWK�WKDQ�WUDGLWLRQDO�ER[�EHDPV�RU�,�JLUGHUV�ZRXOG�UHTXLUH��� ,QGLYLGXDO�VXSSRUWV�IRU
WUDGLWLRQDO�,�JLUGHUV�W\SLFDOO\�FUHDWH�D�FOXWWHUHG�³IRUHVW�RI�FROXPQV�´��:LGHO\�VSDFHG�
ODUJH� ,�JLUGHUV� DQG�RU� JLUGHUV� RQ� KHDY\� VNHZV� KRZHYHU�� PD\� ZDUUDQW� LQGLYLGXDO
FROXPQV�UHVXOWLQJ�LQ�D�OHVV�FRQJHVWHG�DSSHDUDQFH�

)LJXUH������,QGLYLGXDO�FROXPQV�VXSSRUWLQJ�LQGLYLGXDO
EHDPV

)LJXUH������,QGLYLGXDO�FROXPQV�VXSSRUWLQJ�LQGLYLGXDO�FDVW�
LQ�SODFH�FRQWLQXRXV�EHDPV



��

)LJXUH������,QGLYLGXDO�FROXPQV�VXSSRUWLQJ�LQGLYLGXDO
SUHFDVW�8�EHDPV

)LJXUH������,QGLYLGXDO�FROXPQV�VXSSRUWLQJ�LQGLYLGXDO
WUDSH]RLGDO�ER[�JLUGHUV



��

)LJXUH������,QGLYLGXDO�FROXPQV�VXSSRUWLQJ�D
VLQJOH�ER[�JLUGHU�EULGJH

��������:DOOV

:DOO�VXEVWUXFWXUHV�DUH�VXSSRUWV�WKDW�DUH�JHQHUDOO\�DV�ZLGH�DV�WKH�VXSHUVWUXFWXUH�ZKLFK
WKH\� VXSSRUW� �)LJXUH� ������ � :DOOV� DUH� W\SLFDOO\� XVHG� LQ� ZDWHUZD\V� IRU� PLQLPL]LQJ
EORFNDJH� IURP� GHEULV� �)LJXUH� ���D�� RU� IRU� FUDVK� SURWHFWLRQ� LQ� UDLOURDG� FURVVLQJV
�)LJXUH� ���E��� :DOO� VXEVWUXFWXUHV� FDQ� VHYHUHO\� REVWUXFW� YLVLELOLW\� WKURXJK� D� EULGJH
ZKHQ�YLHZHG�IURP�PRVW�DQJOHV��SDUWLFXODUO\�LI�WKH\�DUH�FORVHO\�VSDFHG��)LJXUH����D��
+RZHYHU��ZKHQ�ZDOOV�DUH�XVHG� LQ�FRQQHFWLRQ�ZLWK� LQFUHDVHG�VSDQ� OHQJWKV�� WKH�ZDOOV
PD\�DGG�WR�D�VLPSOH��HOHJDQW�DSSHDUDQFH��)LJXUH�����D����7KLV�FDQ�EH�FRQWUDVWHG�WR�WKH
FOXWWHU� DQG� ORVV� RI� HOHJDQFH� W\SLFDO� RI� PXOWLFROXPQ� EHQWV� ZKHQ� XVHG� ZLWK� VKRUWHU
VSDQV� �)LJXUH�����E��� �:DOOV�DQG�ZDOO�W\SH�SLHUV�DUH� W\SLFDOO\� FDVW�LQ�SODFH� DQG�FDQ
WKHUHIRUH�EH�FDVW�ZLWK�WDSHUV�RU�RWKHU�LQWHUHVWLQJ�VKDSHV��)LJXUH�������



��

)LJXUH������$�ZDOO�VXEVWUXFWXUH�XQLW�XVHG�IRU�D�KLJKZD\�RYHU�SDVV

�D� �E�

)LJXUH�������D���:DOO�VXEVWUXFWXUH�XQLWV�IRU�D�ZDWHU�FURVVLQJ����E��$�FRPELQDWLRQ�PXOWLFROXPQ�DQG�ZDOO
VXEVWUXFWXUH�IRU�D�UDLOURDG�FURVVLQJ

D��7ZR�VLQJOH�WDSHUHG�ZDOOV�ZLWK�ORQJ�VSDQV E��PXOWLFROXPQ�EHQWV�ZLWK�VKRUWHU�VSDQV

)LJXUH�������&RQWUDVWV�LQ�FOXWWHU�RI�WKH�VXEVWUXFWXUH



��

)LJXUH�������&DVW�LQ�SODFH�VXEVWUXFWXUHV
FDQ�EH�FXUYHG�RU�WDSHUHG

��������+DPPHUKHDG�%HQWV

+DPPHUKHDG�EHQWV��7�VKDSHG�VLQJOH�FROXPQ�EHQWV��DUH�FRPPRQ�IRU�QDUURZ�EULGJHV
DQG� EULGJHV� LQ� ORFDWLRQV� ZKHUH� YLVLELOLW\� WKURXJK� WKH� VWUXFWXUH� LV� GHVLUHG�
+DPPHUKHDG�EHQWV�PD\�EH�D�YDULHW\�RI�VKDSHV���7KH\�PD\�EH�HQWLUHO\�XQGHUQHDWK�WKH
VXSHUVWUXFWXUH� �)LJXUHV� ����� WR� ������ RU� SDUWLDOO\� RU� IXOO\� LQWHJUDWHG� ZLWK� WKH
VXSHUVWUXFWXUH� �)LJXUHV� ����� WR� ������� � &LUFXODU� FROXPQV� DUH� GLIILFXOW� WR� LQWHJUDWH
YLVXDOO\�ZLWK�UHFWDQJXODU�EHQW�FDSV��)LJXUH�����E������E�����5HFWDQJXODU�FROXPQV�FDQ
EH� LQWHJUDWHG�ZLWK� UHFWDQJXODU�EHQW�FDSV�PRUH� HDVLO\�ZLWK� DWWUDFWLYH� UHVXOWV� �)LJXUHV
����D������D�� �+DPPHUKHDG�EHQWV�PD\�EH�KDYH� WDSHUHG� FDSV� DQG�RU� FROXPQV�ZKHUH
VWUXFWXUDOO\�DSSURSULDWH�IRU�LQFUHDVHG�HIILFLHQF\�DQG�H[SUHVVLRQ�RI�WKH�IORZ�RI�IRUFHV
�IXUWKHU�GLVFXVVHG�LQ�6HFWLRQ��������



��

������������������
$�UHFWDQJXODU�FROXPQ�DQG�SULVPDWLF�FDS��D��DQG�D�URXQGHG�FROXPQ�MRLQLQJ�D�SULVPDWLF�FDS��E��

)LJXUH�������+DPPHUKHDG�EHQWV�W\SHV

)LJXUH�������+DPPHUKHDG�EHQWV�HQWLUHO\�XQGHUQHDWK�WKH�VXSHUVWUXFWXUH

�D� �E�
3DUWLDOO\�LQWHJUDWHG�EHQW�FDSV�ZLWK�UHFWDQJXODU�FROXPQV�DQG�SULVPDWLF�FDSV��D��RU�ZLWK�URXQG�FROXPQV�DQG�SULVPDWLF�FDSV��E�

)LJXUH�������%HQW�FDS�LQWHJUDWLRQ�ZLWK�VXSHUVWUXFWXUH



��

)LJXUH�������$�KDPPHUKHDG�EHQW�FDS�IXOO\�LQWHJUDWHG�LQWR�WKH�GHSWK�RI
WKH�VXSHUVWUXFWXUH�WKURXJK�WKH�XVH�RI�GDSSHG�JLUGHUV

��������0XOWLFROXPQ�%HQWV

0XOWLFROXPQ� EHQWV� DUH� FRPPRQ� IRU� ZLGH� EULGJHV� RU� LQ� ORFDWLRQV� ZKHUH� WKH� DUHD
XQGHUQHDWK� WKH�EULGJH�QHHGV� WR�EH�VWUDGGOHG�� �0XOWLFROXPQ�EHQWV�DUH�RIWHQ� WKH�PRVW
HFRQRPLFDO� VROXWLRQ� IRU� DQ\� EULGJH� ZLGWK� \HW� W\SLFDOO\� JLYH� D� EULGJH� D� FOXWWHUHG
DSSHDUDQFH� �)LJXUH� ������� � $V� ZLWK� KDPPHUKHDG� EHQWV�� FLUFXODU� FROXPQV� DUH� PRUH
GLIILFXOW� WR�YLVXDOO\� LQWHJUDWH�ZLWK�SULVPDWLF�EHQW� FDSV� WKDQ� DUH� UHFWDQJXODU� FROXPQV
�)LJXUHV� ����� WR� ������� � 0XOWLFROXPQ� EHQW� FDSV� PD\� EH� HQWLUHO\� XQGHUQHDWK� WKH
VXSHUVWUXFWXUH� �)LJXUH�������RU� WKH\�PD\�EH�SDUWLDOO\�RU� HQWLUHO\� LQWHJUDWHG�ZLWK� WKH
VXSHUVWUXFWXUH� �)LJXUH� ������� � %HQW� FDSV� PD\� EH� KDXQFKHG� RU� WDSHUHG� ZKHUH
VWUXFWXUDOO\�DSSURSULDWH�IRU�LQFUHDVHG�HIILFLHQF\�DQG�H[SUHVVLRQ�RI�WKH�IORZ�RI�IRUFHV
�)LJXUH�������

)LJXUH�������&OXWWHUHG�PXOWLFROXPQ�EHQWV�FUHDWH�³IRUHVWV´�RI�FROXPQV



��

)LJXUH�������&LUFXODU�FROXPQV�ZLWK�D�UHFWDQJXODU�EHQW�FDS�HQWLUHO\
XQGHUQHDWK�WKH�VXSHUVWUXFWXUH

)LJXUH�������5HFWDQJXODU�FROXPQV�MRLQLQJ�D�SULVPDWLF�LQYHUWHG�7�FDS



��

7KH�WDSHUHG�FDS�DQG�FROXPQ�RI�WKLV�KDPPHUKHDG�EHQW�LV�VWUXFWXUDOO\�H[SUHVVLYH�RI� WKH
LQFUHDVHG�PRPHQW�UHVLVWDQFH�UHTXLUHG�DW�WKH�FDS�FROXPQ�LQWHUVHFWLRQ�DQG�DW�WKH�FROXPQ
EDVH�XQGHU�FULWLFDO�ORDGV

)LJXUH�������6WUXFWXUDO�H[SUHVVLRQ�LQ�VXEVWUXFWXUH�GHVLJQ

������ $OWHUQDWLYH�6KDSHV±6WUXFWXUDO�([SUHVVLRQ��&XUYHV��7DSHUV

7KHUH�DUH�QXPHURXV�SRVVLELOLWLHV�IRU�DWWUDFWLYH�VXEVWUXFWXUH�GHVLJQ���7KH�VXEVWUXFWXUHV�PD\�EH
GHVLJQHG� WR� H[SUHVV� YLVXDOO\� WKH� IORZ� RI� IRUFHV� IURP� WKH� VXSHUVWUXFWXUH� WR� WKH� IRXQGDWLRQ�
RIWHQ�UHIHUUHG�WR�DV�VWUXFWXUDO�H[SUHVVLRQ���7KHUH�LV�D�GLUHFW�FRQQHFWLRQ�EHWZHHQ�WKH�VWUXFWXUDO
IRUP�DQG�WKH�VWUXFWXUDO�IXQFWLRQ���([DPSOHV�LQFOXGH�GHHSHQLQJ�VHFWLRQV�DW�SRLQWV�ZKHUH�ODUJHU
UHVLVWDQFH� IRU� KLJKHU�PRPHQWV� LV� UHTXLUHG� RU� WDSHULQJ� FROXPQV� GRZQ� WR� SLQQHG� HQGV�� � )RU
LQVWDQFH��WKH�WDSHUHG�KDPPHUKHDG�EHQW�VKRZQ�LQ�)LJXUH������LV�VWUXFWXUDOO\�H[SUHVVLYH�RI�WKH
IORZ�RI�IRUFHV�XQGHU�VWDWLF�ORDGLQJ�FRQGLWLRQV�

)LJXUH������VKRZV�D�SLHU�WKDW�KDV�D�IL[HG�FRQQHFWLRQ�DW�WKH�EDVH�DQG�D�SLQQHG�FRQQHFWLRQ�XQGHU
WKH�VXSHUVWUXFWXUH�� �7KH�IRUP�LV�VWUXFWXUDOO\�H[SUHVVLYH�LQ�WKDW� WKH�ODFN�RI�PRPHQW� WUDQVIHU�DW
WKH�WRS�RI�WKH�FROXPQ�LV�H[SUHVVHG�YLVXDOO\�ZLWK�WKH�QDUURZLQJ�RI�WKH�SLHU�VHFWLRQ�WRZDUGV�WKH
WRS���7KH�IL[HG�FRQQHFWLRQ�DW�WKH�ERWWRP�LV�H[SUHVVHG�E\�WKH�ZLGHQLQJ�RI�WKH�SLHU�WRZDUGV�WKH
EDVH�� �2WKHU�H[DPSOHV�DUH�VKRZQ�LQ�)LJXUHV�����D�DQG�E�� >��@� �6WUXFWXUDOO\�H[SUHVVLYH�IRUPV
PXVW�EH� WUXH� WR� WKHLU� SXUSRVH�� �([DJJHUDWHG� IRUPV�PD\� DSSHDU� FRQWULYHG� �)LJXUH�������ZKLOH
RWKHU�H[SUHVVLYH�IRUPV�PD\�EH�GLVFRQFHUWLQJ��)LJXUH�������LI�WKH�QDWXUH�RI�D�VXSSRUWLQJ�FDS�LV
FRPSOHWHO\�FRQFHDOHG�

)LJXUH�������6WUXFWXUDO�H[SUHVVLRQ�LQ�VXEVWUXFWXUH�GHVLJQ



��

���������
�D��7KHVH� WDOO�SLHUV�DUH�PRUH� IL[HG�DW� WKH�EDVH� WKDQ�DW
WUDQVYHUVHWKH�WRS���8QGHU�FULWLFDO�ODWHUDO�ORDGV��WKH�SRLQW
RI� LQIOHFWLRQ� LV� ORFDWHG� DW� DERXW� WZR�WKLUGV� WKH� KHLJKW
IURP�WKH�EDVH��DOORZLQJ�WKH�FROXPQV�WR�WDSHU� LQ�DW� WKDW
ORFDWLRQ�RI�PLQLPXP�PRPHQW��>��@

�E�� � 7KH� WDSHUV� LQ� WKHVH� SLHUV� YDU\� LQ� ERWK� WKH� ORQJLWXGLQDO� DQG� WUDQVYHUVH
GLUHFWLRQV�� � ,Q� WKH� WUDQVYHUVH� GLUHFWLRQ�� WKH� FROXPQV� DUH� YHUWLFDO� FDQWLOHYHUV
IL[HG� DW� WKH� EDVH� DQG� SLQQHG� DW� WKH� WRS�� � ,Q� WKH� ORQJLWXGLQDO� GLUHFWLRQ�� WKH
FROXPQV�DUH�SLQQHG�DW� WKH�EDVH� WR� UHOLHYH�VKULQNDJH�DQG� FUHHS� VWUHVVHV� LQ
WKH�SRVW� WHQVLRQHG�GHFN�DUH� ³IL[HG´�DW� WKH� WRS� WR�SURYLGH�FRQWLQXLW\�EHWZHHQ
WKH�VXSHU��DQG�VXEVWUXFWXUH��>��@

)LJXUH�������6WUXFWXUDO�H[SUHVVLRQ�LQ�VXEVWUXFWXUH�GHVLJQ

������������
([WUHPH�WDSHULQJ�LQ�VKRUW�VXEVWUXFWXUH�XQLWV�H[DJJHUDWHV�WKH�IORZ�RI�IRUFHV
DQG�DSSHDUV�FRQWULYHG�

$�IODUHG�FROXPQ�WKDW�VWRSV�VKRUW�RI�WKH�RXWHU�JLUGHUV
OHDYHV�WKH�YLHZHU�ZLWK�D�VHQVH�RI�XQHDVLQHVV�DERXW
WKH�VXSSRUW�RI�WKH�VXSHUVWUXFWXUH�

)LJXUH�������([WUHPH�WDSHULQJ�GHVLJQ )LJXUH�������'LVFRQFHUWLQJ

7R�GLVSOD\�WKH�IORZ�RI�IRUFHV�EHWZHHQ�WKH�FDSV�DQG�FROXPQV�RI�VXEVWUXFWXUH�XQLWV��WKH�HGJHV
RI� WKHVH� WZR� HOHPHQWV� VKRXOG� EH� FRQWLQXRXV� IURP� RQH� WR� DQRWKHU�� � (OHPHQWV� ZLWK� DEUXSW
FKDQJHV�LQ�VL]H�ZKRVH�HGJHV�GR�QRW�OLQH�XS�JLYH�WKH�VXEVWUXFWXUH�D�FOXPV\��³EXLOGLQJ�EORFN´
DSSHDUDQFH��)LJXUHV������WR���������$WWHQWLRQ�WR�WKH�LQWHJUDWLRQ�RI�WKH�GLIIHUHQW�SDUWV�UHVXOWV�LQ
D� PRUH� DWWUDFWLYH� IRUP�� RQH� WKDW� GHPRQVWUDWHV� WKH� VPRRWK� IORZ� RI� IRUFHV� IURP� WKH
VXSHUVWUXFWXUH�WR�WKH�IRXQGDWLRQ��)LJXUHV�����D�DQG�E��



��

7KH�ZLGH�DQG�KHDY\�FDS�WDSHU�GRHV�QRW�LQWHJUDWH�ZHOO�ZLWK�WKLV�QDUURZ�FROXPQ

)LJXUH�������$�ODFN�RI�LQWHJUDWLRQ

$�ODUJH�FDS�HQG�ZDOO�FRQWUDVWV�VWURQJO\�ZLWK�QDUURZ�FROXPQV�DQG�JLYHV�WKH�VWUXFWXUH�D
ZHDN�DQG�FOXPV\�DSSHDUDQFH

)LJXUH�������$Q�DZNZDUG�DSSHDUDQFH



��

�D�

�E�

)LJXUH�������$WWUDFWLYH�LQWHJUDWLRQ�RI�WKH�FDS�DQG�FROXPQ
WKURXJK�VLPSOH�FROXPQ�FKDPIHUV�DQG�FDS�WDSHUV��D�DQG�E�

([SUHVVLRQ�RI� WKH�FRQVWUXFWLRQ�SURFHVV� LV�DQRWKHU�DOWHUQDWLYH� IRU� VWUXFWXUDO�H[SUHVVLRQ�� �)RU
H[DPSOH�� FRQVWUXFWLRQ� MRLQWV� PD\� EH� DFFHQWHG� ZLWK� FKDPIHUV�� � $FFHQWHG� MRLQWV� KRZHYHU�
LQWHUUXSW� WKH� VPRRWK� OLQHV� H[SUHVVLYH�RI� FRQFUHWH¶V�TXDOLW\�RI�PRQROLWKLFDOO\� IROORZLQJ� DQ\
VKDSH� RU� IRUP�� $FFHQWHG� MRLQWV� PD\� PDNH� FRQFUHWH� DSSHDU� OLNH� LWV� VWUXFWXUDO� PDWHULDO
SUHGHFHVVRU��PDVRQU\��)LJXUH�������



��

�D�
$FFHQWHG�MRLQWV�JLYH�WKH�DSSHDUDQFH�RI�D�PDVRQU\�VWUXFWXUH�

�E�
$�VPRRWK�VXUIDFH�VKRZV�RII�FRQFUHWH¶V�DELOLW\�WR�SHUIRUP�LWV�VWUXFWXUDO�WDVN�LQ�D�IORZLQJ�IRUP�

)LJXUH�������(IIHFW�RI�DFFHQWLQJ�MRLQWV

6LPSOH� FXUYHV� FDQ� HQKDQFH� D� VXEVWUXFWXUH¶V� DSSHDUDQFH� SDUWLFXODUO\� IRU� EULGJHV� LQ� KLJKO\
YLVLEOH� VHWWLQJV�� �/DUJH�ZDOO� VXSSRUWV�FDQ�EH� VKDSHG�ZLWK� D� FXUYLQJ� IODUH� WR�PLQLPL]H� WKHLU
RIWHQ�KHDY\�DSSHDUDQFH��)LJXUH���������,QFRUSRUDWLQJ�FXUYHV�LQWR�VXEVWUXFWXUH�GHVLJQ�VRIWHQV
WKH�YLVXDO�IORZ�IURP�RQH�HOHPHQW�WR�DQRWKHU��DYRLGLQJ�D�EXLOGLQJ�EORFN�ORRN�

&XUYHG�WDSHUV�RQ�WKHVH�ODUJH�ZDOO�VXSSRUWV�DUH�DQ�HOHJDQW�DOWHUQDWLYH�WR�WKH�W\SLFDOO\
PDVVLYH�DSSHDUDQFH�RI�ZDOO�VXEVWUXFWXUHV�

)LJXUH�������5HGXFLQJ�PDVVLYH�DSSHDUDQFH



��

6XEWOH�WDSHUV�FDQ�EH�XVHG�IRU�DWWUDFWLYH�UHVXOWV�DV�ZHOO�� �$�WZR�VSDQ�RYHUSDVV�ZLWK�D�VLQJOH�
WDSHUHG� FROXPQ� LV� PRUH� HOHJDQW� WKDQ� D� WKUHH�VSDQ� EULGJH� ZLWK� WZR� PXOWLFROXPQ� VWDQGDUG
7H[DV�EHQWV��)LJXUHV�����D�DQG�E����$�VLQJOH��WDSHUHG�SLHU��)LJXUH�����D��LV�PRUH�KDQGVRPH
WKDQ�D�VWHSSHG�FLUFXODU�SLHU� �)LJXUH�����E��� �2EYLRXVO\�� FRVW�FRQVLGHUDWLRQV�ZLOO�KDYH� WR�EH
HYDOXDWHG�

��
�D�� �E�

)LJXUH�������$�VLPSOH�WDSHUHG�VLQJOH�VXSSRUW��D��LV�D�PRUH�HOHJDQW�VROXWLRQ�WKDQ�D�VHULHV�RI�PXOWLFROXPQ
EHQWV��E��IRU�D�VWDQGDUG�RYHUSDVV

�����������������������
�D� �E�

)LJXUH�������$�VXEWOH�FROXPQ�WDSHU��D��LV�PRUH�DWWUDFWLYH�WKDQ�DEUXSW�FKDQJHV�LQ�FURVV�VHFWLRQ��E�
IRU�WDOO�FROXPQV

������ ,PSURYLQJ�9LVLELOLW\�WKURXJK�WKH�%ULGJH

0XOWLFROXPQ�EHQWV�RQ�VKRUW�VSDQ�EULGJHV�DOORZ�IRU� OLPLWHG�YLVLELOLW\� WKURXJK� WKHLU� IRUHVW�RI
FROXPQV� �)LJXUH� ����D��� � :KHUH� PRUH� RSHQQHVV�� OLJKW� DQG� YLVLELOLW\� DUH� GHVLUHG�� IHZHU
VXEVWUXFWXUH� HOHPHQWV� VKRXOG� EH� XVHG� �)LJXUH� ����E��� � 6XFK� D� PDMRU� FKDQJH� LQ� VWUXFWXUDO
V\VWHP�PD\�VXEVWDQWLDOO\�LQFUHDVH�FRVWV���6XFK�RSHQQHVV�FDQ�EHVW�EH�REWDLQHG�WKURXJK�WKH�XVH



��

RI�KDPPHUKHDG�EHQWV�RU�PXOWLFROXPQ�EHQWV�ZLWK�QR�PRUH�WKDQ�WZR�FROXPQV���%HQW�FDSV�ZLWK
PRUH�WKDQ�WZR�FROXPQV�DUH�JHQHUDOO\�FOXWWHUHG�DQG�VKRXOG�EH�DYRLGHG��)LJXUHV������WR�������
:KHUH� SRVVLEOH�� DQ� H[FHSWLRQDOO\�ZLGH� EULGJH� FRXOG� EH� VSOLW� LQWR� WZR� EULGJHV� HDFK�ZLWK� D
WZR�FROXPQ�VXEVWUXFWXUH��)LJXUH���������8VLQJ�WZR�VPDOOHU�EHQWV�LQ�SODFH�RI�RQH�ODUJHU�RQH
DOORZV� PRUH� OLJKW� WR� UHDFK� XQGHUQHDWK� DQG� WKURXJK� WKH� EULGJH� WKXV� DYRLGLQJ� GDUN� WXQQHO
HIIHFW���$V�ZHOO��WZR�VPDOOHU�IUDPH�EHQWV�PD\�EH�XVHG�UDWKHU�WKDQ�RQH�ODUJHU�EHQW�ZLWK�PDQ\
FROXPQV�� � :KHQ� WZR�FROXPQ� EHQWV� DUH� FRPELQHG� ZLWK� ORQJHU� VSDQV�� D� OLJKWHU�� PRUH
WUDQVSDUHQW�EULGJH�ZLOO�UHVXOW���7KLV�LV�D�SDUWLFXODUO\�JRRG�VROXWLRQ�IRU�FRQJHVWHG�XUEDQ�DUHDV�
FULPH�ULGGHQ�DUHDV�RU�SDUN�VHWWLQJV�

)HZHU�VXEVWUXFWXUH�HOHPHQWV�PD\�UHVXOW�LQ�ODUJHU�HOHPHQWV��7KHUHIRUH��LW�LV�LPSRUWDQW�WR�NHHS
LQ�PLQG�WKH�VL]H�RI�HOHPHQWV�ZKHQ�PLQLPL]LQJ�WKH�QXPEHU�RI�HOHPHQWV���/DUJH�FROXPQV�PD\
DSSHDU�DV�ZDOOV�DQG�EORFN�YLVLELOLW\�IURP�FHUWDLQ�DQJOHV���,Q�VXFK�FDVHV��WZR�VPDOOHU�FROXPQV
LQ�SODFH�RI�RQH�ZDOO�OLNH�FROXPQ�PD\�EH�DSSURSULDWH�

���������
�D� �E�

%ULGJHV�RI�VLPLODU�VXSHUVWUXFWXUH�DQG�URDGZD\�ZLGWK�ZLWK�D�IRUHVW�RI�FROXPQV��D��RU�D�VLQJOH�HOHJDQW�WDSHUHG�FROXPQ��E�

)LJXUH�������9LVLELOLW\�WKURXJK�VXEVWUXFWXUH



��

�D�

�E�

)LJXUH�������&OXWWHUHG�PXOWLFROXPQ�EHQWV��D��UHSODFHG�ZLWK�PRUH�RSHQ�WZR�FROXPQ�IUDPH�EHQWV��E�

�����������������
�D� �E�

)LJXUH�������$�QDUURZ�WZR�FROXPQ�EHQW�YV��D�VLQJOH�FROXPQ�KDPPHUKHDG�EHQW��E�



��

�D� �E�
5HSODFLQJ�PXOWLFROXPQ�EHQWV��D��ZLWK�VLQJOH�FROXPQ�KDPPHUKHDG�EHQWV��E��FUHDWHV�D�QHDWHU��PRUH�RSHQ�VXEVWUXFWXUH�DUHD���7KH�SURSRUWLRQV�RI
ODUJH�VLQJOH�FROXPQV�EOHQG�EHWWHU�ZLWK�SUHFDVW�JLUGHU�VXSHUVWUXFWXUHV�WKDQ�WKH�WKLQ�FROXPQV�RI�PXOWLFROXPQ�EHQWV�

)LJXUH�������0XOWLFROXPQ�EHQWV�YV��KDPPHUKHDG�EHQWV

�D� �E�
5HSODFLQJ�PXOWLFROXPQ�EHQWV��D��ZLWK�VLQJOH�FROXPQ�KDPPHUKHDG�EHQWV��E��FUHDWHV�D�FOHDQHU�PRUH�UK\WKPLF�DSSHDUDQFH

)LJXUH�������0XOWLFROXPQ�EHQWV�YV��KDPPHUKHDG�EHQWV

�
�D� �E�

$�ZLGH�URDGZD\��D��FDQ�EH�VSOLW�LQWR�WZR�VHSDUDWH�VWUXFWXUHV�ZLWK�IHZHU�FROXPQV��E���7KLV�DOORZV�PRUH�OLJKW�WR�UHDFK�WKH�XQGHUVLGH�DQG
LQFUHDVHV�YLVLELOLW\�WKURXJK�WKH�EULGJH�

)LJXUH�������6HSDUDWLQJ�ZLGH�EULGJHV



��

9LVLELOLW\�WKURXJK�WKH�EULGJH�LV�DOVR�HIIHFWHG�E\�WKH�W\SH�RI�EHQW�FDS�FKRVHQ���%HQW�FDSV�PD\
EH�IXOO\�LQWHJUDWHG��SDUWLDOO\�LQWHJUDWHG�RU�HQWLUHO\�XQGHUQHDWK�WKH�VXEVWUXFWXUH��)LJXUHV�����
WKURXJK��������&RPSDUHG�ZLWK�IXOO\�DQG�SDUWLDOO\�LQWHJUDWHG�EHQW�FDSV��FDSV�WKDW�DUH�HQWLUHO\
XQGHUQHDWK� WKH� VXSHUVWUXFWXUH� OHDG� WR� WKH�PRVW� REVWUXFWLRQ� RI� YLVLELOLW\� WKURXJK� WKH� EULGJH
�)LJXUH���������3DUWLDOO\�LQWHJUDWHG�EHQW�FDSV�VXFK�DV�LQYHUWHG�7�FDSV��SODFH�WKH�PDVV�RI� WKH
FDS� EHWZHHQ� WKH� EHDPV� VR� WKDW� RQO\� WKH� OHGJH� VXSSRUWLQJ� WKH� EHDPV� LV� YLVLEOH�� � 7KHUHIRUH
YLVLELOLW\�WKURXJK�WKH�EULGJH�LV�LPSURYHG�ZLWK�SDUWLDOO\�LQWHJUDWHG�FDSV��)LJXUH���������)XOO\
LQWHJUDWHG�FDSV�DOORZ�IRU�WKH�FOHDQHVW�SURILOH���6XEVWUXFWXUH�FOXWWHU�LV�JUHDWO\�UHGXFHG�DOORZLQJ
IRU�WKH�PD[LPXP�YLVLELOLW\�WKURXJK�WKH�EULGJH��)LJXUH�������

9LVLELOLW\�LV�RIWHQ�LPSDLUHG�E\�WKH�XVH�RI�VNHZHG�EHQWV�� � ,Q�SDUWLFXODU��D�PL[WXUH�RI�VNHZHG
DQG� QRUPDO� PXOWLFROXPQ� EHQWV� OHDGV� WR� D� FRQIXVLQJ� GHVLJQ� DQG� RQH� WKDW� LV� RIWHQ� YLVXDOO\
³LQFRKHUHQW´� �)LJXUHV� ����D� DQG� E��� � 6XFK�PL[WXUHV� VKRXOG� DOPRVW� DOZD\V� EH� DYRLGHG�� � ,Q
JHQHUDO�� XQOHVV� VWUHDP� RU� WUDIILF� IORZV� PDNH� WKHP� HVVHQWLDO�� VNHZV� VKRXOG� EH� DYRLGHG� DOO
WRJHWKHU���:KLOH�VNHZHG�EULGJHV�PD\�PLQLPL]H�VSDQ�OHQJWKV��WKH\�DUH�W\SLFDOO\�PRUH�GLIILFXOW
WR� FRQVWUXFW� DQG� VNHZHG� DEXWPHQWV� RIWHQ� OHDG� WR� LQFUHDVHG� FRVWV�� >��@� �$OWHUQDWH� VROXWLRQV
VKRXOG�EH�LQYHVWLJDWHG��)LJXUH�������� �:KHUH�VNHZV�FDQQRW�EH�DYRLGHG��VXEVWUXFWXUH�VKDSHV
VKRXOG�EH�FKRVHQ�WKDW�FDQ�DFFRPPRGDWH�ERWK�WKH�GHFN�DQG�VNHZ�GLUHFWLRQV�VXFK�DV�RFWDJRQDO
SLHUV� �)LJXUH� ������� � �&LUFXODU� FROXPQV� DUH� DQRWKHU� RSWLRQ� EXW�� DV� VWDWHG� EHIRUH�� GR� QRW
LQWHJUDWH�ZHOO�ZKHQ�XVHG�ZLWK�UHFWDQJXODU�EHQW�FDSV�DQG�DUH�QRW�UHFRPPHQGHG��

����
�D� �E�

6NHZHG�EHQWV�UHVXOW�LQ�FRQIXVLQJ�GHVLJQV�WKDW�DUH�YLVXDOO\�LQFRKHUHQW�DQG�XQDWWUDFWLYH�

)LJXUH�������6NHZHG�EHQWV



��

�D�� 5LJKW�RI�ZD\
IRU�D�IXWXUH�EULGJH
RYHU�D�UDLOURDG
WUDFN���7KH�URDGZD\
JHRPHWU\�QH[W�WR
DQG�XQGHUQHDWK�WKH
IXWXUH�EULGJH�LV�WR
EH�GHVLJQHG�DV�ZHOO�

�E�� 7KH�RULJLQDO�OD\RXW
FRQVLVWHG�RI�HOHYHQ�ORQJ
VNHZHG�EHQWV�RI
QXPHURXV�RULHQWDWLRQV
IRU�WKH�PDLQ�EULGJH�
6RPH�EHQWV�ZHUH�SDUDOOHO
WR�WKH�PRWRULVW�WUDIILF
XQGHU�WKH�EULGJH��RWKHUV
ZHUH�SDUDOOHO�WR�WKH�WUDLQ
WUDFNV�XQGHU�WKH�EULGJH�
9HU\�IHZ�EHQWV�ZHUH
SHUSHQGLFXODU�WR�WKH
RULHQWDWLRQ�RI�WKH
VXSHUVWUXFWXUH�

�F�� 7KH�SURSRVHG
OD\RXW�FRQVLVWHG�RI
QLQH�EHQWV�RI�VLPLODU
OHQJWK�DQG�RULHQWDWLRQ�
7KH�EHQWV�DUH�SDUDOOHOOHG
WR�WKH�PRWRULVW�WUDIILF
SDVVLQJ�XQGHUQHDWK
DQG�SHUSHQGLFXODU�WR
WKH�RULHQWDWLRQ�RI�WKH
VXSHUVWUXFWXUH�

)LJXUH�������&DUHIXO�H[DPLQDWLRQ�RI�DQ�RULJLQDO�VNHZHG�OD\RXW��E��VKRZV�DQ�DOWHUQDWH�VROXWLRQ�SRVVLEOH
�F��UHVXOWLQJ�LQ�D�FOHDQHU�GHVLJQ�



��

�E��2FWDJRQDO�SLHUV�UHODWH�WR�ERWK�WKH�VNHZHG�GLUHFWLRQ
DQG�WKH�GLUHFWLRQ�RI�WKH�URDGZD\�DQG�WKH\�SUHVHUYH
YLVLELOLW\�WKURXJK�WKH�EULGJH�

(OHYDWLRQ

3ODQ

(OHYDWLRQ

3ODQ

�D��5HFWDQJXODU�FROXPQV�DSSHDU�OLNH�ZDOOV�LQ�VNHZHG�EHQWV

)LJXUH�������&RPSDULVRQ�RI�UHFWDQJXODU�SLHUV�DQG�RFWDJRQDO�SLHUV�IRU�VNHZHG�EHQWV

������ ,QWHJUDWHG�'HVLJQV

'HVLJQV� WKDW� LQWHJUDWH� WKH� VXSHUVWUXFWXUH� DQG� VXEVWUXFWXUH� FRQVWLWXWH� DQRWKHU� DWWUDFWLYH
DOWHUQDWLYH�WKDW�KDV�EHHQ�XVHG�RFFDVLRQDOO\�LQ�7H[DV�DQG�H[WHQVLYHO\�LQ�WKH�3DFLILF�1RUWKZHVW�
,Q� WKH� ODWWHU�DUHDV�� VXFK� LQWHJUDWLRQ� LV�RIWHQ� UHTXLUHG�VWUXFWXUDOO\� WR� UHVLVW� HDUWKTXDNH� ORDGV�
+RZHYHU�LQ�DQ\�ORFDWLRQ��D�PRPHQW�FRQQHFWLRQ�EHWZHHQ�WKH�VXSHUVWUXFWXUH�DQG�VXEVWUXFWXUH
ZLOO� DOORZ� IRU� ORQJHU� VSDQV� WKXV� SRWHQWLDOO\� GHFUHDVLQJ� WKH� QXPEHU� RI� IRXQGDWLRQV� DQG
VXEVWUXFWXUH�HOHPHQWV�UHTXLUHG�DQG�RIWHQ�LQFUHDVLQJ�WKH�YLVXDO�VOHQGHUQHVV�RI�WKH�EULGJH�



��

,QWHJUDWLQJ�WKH�VXSHUVWUXFWXUH�DQG�VXEVWUXFWXUH�GRHV�QRW�UHTXLUH�D�PRPHQW�FRQQHFWLRQ���)XOO\
LQWHJUDWHG�FDSV�DUH� WKH�PRVW�GLUHFW�ZD\� WR�YLVXDOO\� LQWHJUDWH� WKH�VXEVWUXFWXUH�ZLWK�D� VLPSO\
VXSSRUWHG� VXSHUVWUXFWXUH�� � +HUH�� LQYHUWHG�7� EHQW� FDSV� ZRXOG� EH� XVHG� WR� VXSSRUW� VLPSO\
VXSSRUWHG�GDSSHG�EHDPV���7KLV�XVDJH�OHDGV�WR�WKH�FOHDQHVW�FRQQHFWLRQ�ZLWK�WKH�OHDVW�DPRXQW
RI�VXEVWUXFWXUH�FOXWWHU��)LJXUHV�����������E��������

)LJXUH�������$�IXOO\�LQWHJUDWHG�FDS�SURYLGHV�D�FOHDQ�WUDQVLWLRQ�EHWZHHQ
WKH�VXSHUVWUXFWXUH�DQG�VXEVWUXFWXUH

([SRVHG�DQG�SDUWLDOO\�H[SRVHG�EHQW�FDSV�PD\�EH�VKDSHG�WR�H[SUHVV�WKH�IORZ�RI� IRUFHV�IURP
WKH� VXSHUVWUXFWXUH� WR� WKH� IRXQGDWLRQV� DV� GLVFXVVHG� LQ�6HFWLRQ� ������� � 6XFK� VKDSLQJ� YLVXDOO\
LQWHJUDWHV�WKH�HOHPHQWV��SURYLGHV�YLVXDO�LQWHUHVW�WR�WKH�XVHU�RU�SDVVHUE\�DQG�LPSDUWV�D�IHHOLQJ
RI�VWDELOLW\�DQG�VDIHW\�

������ 9DULHW\�ZLWK�6WDQGDUGV

0DQ\� VXJJHVWLRQV� IRU� LPSURYHG� VXEVWUXFWXUH� GHVLJQV� PD\� UHTXLUH� XQLTXH� IRUPZRUN� WKDW
ZRXOG� QRW� EH� IHDVLEOH� IRU� SURMHFWV� ZLWK� WLJKW� EXGJHWV�� � )RU� VXFK� SURMHFWV�� VWDQGDUG
VXEVWUXFWXUH� IRUPV�ZLOO� DOPRVW�DOZD\V�EH� UHTXLUHG�� �$OWKRXJK�QRW� WKH� FDVH� LQ�7H[DV� DW� WKLV
WLPH��WKHUH�FDQ�FHUWDLQO\�EH�YDULHW\�DQG�DSSHDO�LQ�VWDQGDUG�IRUPV���7ZR�VLPSOH�GHWDLOV�WKDW�DGG
YLVXDO�LQWHUHVW�DQG�EH�VWDQGDUGL]HG�DUH�FROXPQ�FKDPIHUV�DQG�FROXPQ�IODUHV�

&KDPIHULQJ�LV�D�WHFKQLTXH�XVHG�WR�UHPRYH�WKH�VKDUS�FRUQHUV�RI�UHFWDQJXODU�FROXPQV��)LJXUHV
�����DQG���������7KH�DQJOH�RI�WKH�FKDPIHU�FDQ�EH�FKRVHQ�E\�WKH�GHVLJQHU�DQG�ZLOO�EH�HIIHFWHG
E\� WKH� UHLQIRUFHPHQW� OD\RXW� DQG� RYHUDOO� VWUXFWXUDO� GHVLJQ�� � &KDPIHULQJ� FDQ� PLQLPL]H� RU
HQKDQFH�WKH�UHODWLYH�SURSRUWLRQ�EHWZHHQ�WKH�FROXPQV�DQG�GLIIHUHQW�HOHPHQWV�RI�WKH�EULGJH�



��

)LJXUH�������6PDOO�FKDPIHUV�RQ�D�UHFWDQJXODU�FROXPQ

)LJXUH�������$�ODUJH�FKDPIHU�PDNHV�WKHVH�UHFWDQJXODU�FROXPQV
DSSHDU�VOHQGHU

:KHQ� GHVLJQLQJ� GLIIHUHQW�VL]HG� FKDPIHUHG� FROXPQV� RQ� WKH� VDPH� SURMHFW�� FKDPIHUV� PD\
FKDQJH�SURSRUWLRQDOO\�ZLWK� WKH�FROXPQ�VL]H�RU� UHPDLQ� WKH�VDPH� �)LJXUH�������� �3DUWLFXODUO\
IRU� FROXPQV� RI� YDU\LQJ� KHLJKW�� 2SWLRQ� ,,� RI� )LJXUH� ����� ZKHUH� WKH� FKDPIHUV� FKDQJH� LQ
SURSRUWLRQ�ZLWK�WKH�FROXPQ�VHFWLRQ�LV�D�PRUH�DWWUDFWLYH�VROXWLRQ�WKDQ�2SWLRQ�,��)LJXUH�������
.HHSLQJ�FKDPIHUV� LQ�SURSRUWLRQ�ZLWK� WKH� FROXPQ� VL]HV� FUHDWHV� D� VPRRWKHU�YLVXDO� WUDQVLWLRQ
IURP�RQH�VL]H�RI�FROXPQ�WR�WKH�QH[W���6PDOO�FKDPIHUV�PD\�EH�DWWUDFWLYH�RQ�WDOO�FROXPQV��EXW
ZKHQ�WKH�VDPH�FURVV�VHFWLRQ�LV�XVHG�IRU�D�VKRUWHU�FROXPQ��LW�ZLOO�DSSHDU�PRUH�OLNH�D�VWRFN\
ZDOO��)LJXUH���������&ROXPQ�FKDPIHUV�FDQ�HDVLO\�EH�LQFRUSRUDWHG�LQWR�VWDQGDUG�GHVLJQV�ZLWK
DWWUDFWLYH�DQG�HFRQRPLFDO�UHVXOWV�



��

2SWLRQ�,
&KDPIHUV�UHPDLQ�WKH�VDPH�IRU

LQFUHDVLQJ�FROXPQ�VL]HV

2SWLRQ�,,
&KDPIHUV�FKDQJH�LQ�SURSRUWLRQ�ZLWK

LQFUHDVLQJ�FROXPQ�VL]HV

�D�

�E�

�F�

)LJXUH�������7ZR�FKDPIHULQJ�RSWLRQV�IRU�FROXPQV�RI�YDU\LQJ�VL]H

)LJXUH�������&RPSDULVRQ�RI�FKDPIHU�RSWLRQV�IRU�SLHUV�RI�YDU\LQJ�KHLJKWV

6LPSOH� IODUHV� FDQ� EH� LQFRUSRUDWHG� LQWR� VWDQGDUGV� DV� ZHOO�� � 7KH� &DOLIRUQLD� 'HSDUWPHQW� RI
7UDQVSRUWDWLRQ� KDV� RYHU� ��� VWDQGDUG� FROXPQ� VKDSHV�� PRVW� RI� ZKLFK� IHDWXUH� IODUHV� �)LJXUH
������� >��@� � 2YHU� WKH� \HDUV�� DV� WKH� VWDQGDUGV� KDYH� EHHQ� XVHG� PRUH� UHJXODUO\�� WKH\� KDYH
EHFRPH�PRUH�HFRQRPLFDO�



���

)LJXUH�������6WDQGDUG�FROXPQ�IRUPV�XVHG�E\�&$/75$16�>��@

������ (QKDQFHPHQW�RI�6XEVWUXFWXUH�'HVLJQV�XVLQJ�1RQVWUXFWXUDO�'HWDLOV

1RQVWUXFWXUDO�GHWDLOV�VXFK�DV�WH[WXUH�DQG�FRORU�FDQ�EH�XVHG�LQ�VXEVWUXFWXUH�GHVLJQ�WR�HQKDQFH
VWUXFWXUDO�TXDOLWLHV��$WWUDFWLYH�VKDSLQJ�RI�EHQW�FDS�HQGV� LV�DQRWKHU�QRQ�VWUXFWXUDO�GHWDLO� WKDW
FDQ�LPSURYH�WKH�VXEVWUXFWXUH�DQG�RYHUDOO�EULGJH�DSSHDUDQFH�

7H[WXUH�DQG�FRORU�VHOHFWLRQV�PD\�EH�XVHG�WR�DFFHQW�VOHQGHUQHVV�DQG�IRUP�EXW�DUH�E\�QR�PHDQV
QHFHVVDU\� IRU� DWWUDFWLYH� VXEVWUXFWXUH� GHVLJQ�� � 7H[WXUH� DQG� FRORU� VKRXOG� QHYHU� EH� XVHG� DV� D
GLVWUDFWLRQ�WR�GHFRUDWH�D�SRRUO\�SURSRUWLRQHG�VXEVWUXFWXUH�RU�WR�FRYHU�XS�GXOO�IRUPV�

7KHUH�DUH�QXPHURXV�ILQLVK�RSWLRQV���7R�DYRLG�PRQRWRQ\��GLIIHUHQW�SURMHFWV�VKRXOG�LQFRUSRUDWH
GLIIHUHQW�ILQLVKHV�DFFRUGLQJ�WR�WKH�GHVLJQ�FRQFHSW�RI�HDFK�SURMHFW���+RZHYHU��VLPLODU�WH[WXUHV
DQG�FRORUV� VKRXOG�EH�XVHG� WKURXJKRXW� D� ODUJH�SURMHFW� IRU� FRKHUHQFH�� �5HIHUHQFH��� JLYHV� DQ
RXWOLQH� RI� PDQ\� WH[WXUHV�� FRORUV� DQG� IRUPOLQHUV� DYDLODEOH� LQFOXGLQJ� WKHLU� DGYDQWDJHV� DQG
OLPLWDWLRQV�LQ�WHUPV�RI�DSSHDUDQFH��PDLQWHQDQFH�DQG�FRVW�

7H[WXUH

'LIIHUHQW�W\SHV�RI�FRQFUHWH�WH[WXUH�LQFOXGH�H[SRVHG�DJJUHJDWH��VDQG�EODVWHG�VXUIDFHV��UXEEHG
ILQLVKHV��UHOLHI�DQG�VXUIDFH�SDWWHUQV�REWDLQHG�IURP�IRUPOLQHUV�

([SRVHG�DJJUHJDWH�PD\�EH�XVHG� WR� UHIOHFW� WKH� ORFDO� JHRORJLFDO�PDWHULDOV��SDUWLFXODUO\�ZKHQ
WKH�DJJUHJDWH�FRORU�PDWFKHV�WKDW�RI�QDWXUDO�URFN�VXUURXQGLQJV���([SRVHG�DJJUHJDWH�LV�QRW�RQO\
DQ�DWWUDFWLYH�ILQLVK��EXW�LW�PD\�DFW�DV�D�JUDIILWL�GHWHUUHQW��)LJXUH�������� �7R�DYRLG�PRQRWRQ\
IURP�RQH�SURMHFW�WR�WKH�QH[W��WKH�QXPHURXV�W\SHV�RI�H[SRVHG�DJJUHJDWH�ILQLVK�DYDLODEOH�VKRXOG
EH�H[SORUHG�� �6DQG�EODVWLQJ� DQG� UXEEHG�FRQFUHWH� DUH� WZR�RWKHU� FRQFUHWH� ILQLVK�RSWLRQV� WKDW
KDYH�VXFFHVVIXOO\�HQKDQFHG�DWWUDFWLYH�SURMHFWV�LQ�WKH�SDVW��)LJXUH�������



���

����������������
)LJXUH�������([SRVHG�DJJUHJDWH�ILQLVKHV�PD\�EH�OHVV )LJXUH�������$Q�DWWUDFWLYH�SLHU�ZLWK�D
�OLNHO\�WR�DWWUDFW�JUDIILWL�WKDQ�SODLQ�FRQFUHWH UXEEHG�FRQFUHWH�ILQLVK

5HOLHI�PD\� EH� SURYLGHG� WR� DFFHQW� GLIIHUHQW� VWUXFWXUDO�PHPEHUV�� � 9HUWLFDO� JURRYHV� LQ� SLHUV
DFFHQW� KHLJKW� DQG� JLYH� SLHUV� D� WDOOHU� DQG� WKXV�PRUH� VOHQGHU� DSSHDUDQFH� �)LJXUHV� ����� DQG
��������+RUL]RQWDO�DFFHQWV�RQ�YHUWLFDO�PHPEHUV�JLYH�D�KHDYLHU��PRUH�PDVVLYH�RU�FXW�VWRQH�OLNH
DSSHDUDQFH��)LJXUHV������DQG�������

���������������
)LJXUH�������9HUWLFDO�UHOLHI�HQKDQFHV�WKH�VOHQGHUQHVV�RI )LJXUH�������9HUWLFDO�JURRYHV�JLYH�WKLV
�WKLV�SLHU� ZLGH�SLHU�D�PRUH�VOHQGHU�DSSHDUDQFH�



���

������������
)LJXUH�������+RUL]RQWDO�JURRYHV�PDNH� )LJXUH�������+RUL]RQWDO�DFFHQWV�JLYH�WDOO�SLHUV�D�VWRFNLHU
FRQFUHWH�DSSHDU�OLNH�PDVRQU\� DSSHDUDQFH�

$� ZLGH� YDULHW\� RI� IRUPOLQHU� SDWWHUQV� DUH� DYDLODEOH� IRU� XVH� RQ� EULGJH� SURMHFWV�� � $� VLQJOH�
IRUPOLQHU� SDWWHUQ� FDQ� EH� XVHG� HIIHFWLYHO\� DV� D� KDUPRQL]LQJ� HOHPHQW� WKURXJKRXW� D� SURMHFW
�)LJXUH�������

)LJXUH�������6LPLODU�IRUPOLQHU�SDWWHUQV�XVHG�IRU�WKH�UDLOLQJ
DQG�WKH�HQG�RI�WKH�EHQW�FDS

7KH� XVH� RI� WH[WXUH� WR� PDNH� FRQFUHWH� DSSHDU� DV� DQRWKHU� PDWHULDO� VKRXOG� EH� UHVWULFWHG� WR
ORFDWLRQV� ZKHUH� WKH� VWUXFWXUH� LV� PHDQW� WR� UHSOLFDWH� ORFDO� VWUXFWXUHV�� � +RZHYHU�� LQ� JHQHUDO�
FRQFUHWH� LV� EHVW� HPSOR\HG� H[SUHVVLQJ� WKH� VFXOSWXUDO� PDWHULDO� WKDW� LW� LV�� FDSDEOH� RI� EHLQJ
IRUPHG� LQ� FRXQWOHVV� VKDSHV� DQG� HPSKDVL]LQJ� LWV� LQKHUHQW� VWUHQJWK� LQ� FRPSUHVVLRQ�� � 5DWKHU
WKDQ�LPLWDWLQJ�RWKHU�VWUXFWXUDO�PDWHULDOV��)LJXUH��������FRQFUHWH�LV�PRVW�DUWLVWLFDOO\�XVHG�LQ�LWV
RZQ�XQLTXH�ZD\V��)LJXUHV������DQG�������



���

)LJXUH�������&RQFUHWH�SLHUV�IRUPHG�WR�DSSHDU�OLNH�VWRQH�DUH�IRUHLJQ�WR�WKH
PRGHUQ�VXSHUVWUXFWXUH�DQG�XUEDQ�ORFDWLRQ�

���������������
)LJXUH�������$Q�DWWUDFWLYHO\�VKDSHG�SLHU )LJXUH�������$Q�HOHJDQWO\�WDSHUHG�SLHU

H[SRVHG�DJJUHJDWH�XVHG�WR�DFFHQW�VOHQGHU�
QHVV��KRZHYHU��D�GLVFRQFHUWLQJ�RYHUDOO
GHVLJQ²VHH�)LJXUH�����



���

&RORU

&RORU�PD\�EH�LQFRUSRUDWHG�LQ�FRQFUHWH�GHVLJQV�E\�DGGLQJ�SLJPHQWV�WR�D�FRQFUHWH�PL[��RU�E\
VWDLQLQJ� RU� SDLQWLQJ� WKH� VXUIDFH� �)LJXUHV� ����� DQG� ������� � &RORU� LV� LQFRUSRUDWHG� LQ� VWHHO
EULGJHV�WKURXJK�ZHDWKHULQJ�VWHHO�RU�SDLQW�

)LJXUH�������7KH�FRQFUHWH�IRU�WKHVH�SLHUV�ZDV�VWDLQHG�WR�EOHQG�ZLWK
WKH�ORFDO�URFN�FRORULQJ�

)LJXUH�������&RQFUHWH�SDLQWHG�ZLWK�DQ�HDUWKWRQH�WR�LQWHJUDWH�ZLWK
WKH�ODQGVFDSH

([SHULHQFH� LQ�7H[DV�KDV� VKRZQ� WKDW�SDLQWHG� FRQFUHWH� W\SLFDOO\�SHHOV�ZLWKLQ� D� IHZ� \HDUV�RI
DSSOLFDWLRQ�� � 3DLQWLQJ� RI� FRQFUHWH� WKHUHIRUH� UHVXOWV� LQ� WKH� DGGLWLRQDO� PDLQWHQDQFH� QHHGV
LQFXUUHG� E\� UHSDLQWLQJ� ZKHUHDV� FRQFUHWH� FRORUHG� WKURXJK� VWDLQLQJ� GRHV� QRW� �)LJXUH� ������
&RORUHG�FRQFUHWH�ZKHWKHU�SDLQWHG�RU�VWDLQHG��PD\�EH�PDGH�WR�PDWFK�WKH�ORFDO�QDWXUDO�RU�EXLOW
HQYLURQPHQW���7KLV�WHFKQLTXH�LV�W\SLFDOO\�XVHG�IRU�DUFKLWHFWXUDO�SURMHFWV���$�QLFH�H[DPSOH�LV
IRXQG�LQ�$XVWLQ�ZKHUH�UHWDLQHG�HDUWK�ZDOO�FRORUV�DUH�PDGH�WR�UHVHPEOH�WKH�SLQN�JUDQLWH�RI�WKH
6WDWH�&DSLWRO��)LJXUH�������



���
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)LJXUH�������8QDWWUDFWLYH�SHHOLQJ )LJXUH�������/RZ�FRQFUHWH�UHWDLQLQJ�ZDOOV
RI�SDLQWHG�FRQFUHWH FRORUHG�WR�PDWFK�ORFDO�EXLOGLQJ�PDWHULDOV

$V� PHQWLRQHG� LQ� WKH� SUHYLRXV� FKDSWHU�� JUDIILWL� DQG� VWDLQLQJ� IURP� GLUW\� UXQ�RII� ZDWHU� DUH
FRPPRQ�SUREOHPV�WKDW�SODJXH�EULGJHV��SDUWLFXODUO\�WKH�VXEVWUXFWXUH���3DLQWHG�FRQFUHWH�FDQ�EH
UHSDLQWHG� WR� FRYHU� XQZDQWHG� VWDLQLQJ� RU� JUDIILWL�� � 6WDLQHG� FRQFUHWH� FDQ� EH� VDQG�EODVWHG� WR
UHPRYH�XQZDQWHG�VWDLQLQJ�DQG�JUDIILWL���$�ZLGH�YDULHW\�RI�FRQFUHWH�VWDLQ�DQG�SDLQW�FRORUV�DUH
DYDLODEOH�

%HQW�&DS�(QGV

7KH�HQGV�RI�EHQW�FDSV�DUH�W\SLFDOO\�KLJKO\�UHIOHFWLYH�VXUIDFHV���$V�D�UHVXOW��WKH\�FDOO�DWWHQWLRQ
WR�WKHPVHOYHV�DQG�RIWHQ�GHWUDFW�IURP�WKH�RYHUDOO�EULGJH�DSSHDUDQFH���,Q�PDQ\�FDVHV��EHQW�FDS
HQGV�VWLFN�RXW�OLNH�VRUH�WKXPEV��)LJXUH���������6KDSLQJ�WKH�HQGV�FDQ�SUHYHQW�WKHVH�H\HVRUHV�
VRIWHQLQJ�EXON\�SURSRUWLRQV�

���
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)LJXUH�������$ZNZDUG�DSSHDUDQFH�RI�EOXQW�UHFWDQJXODU�EHQW�FDS�HQGV�PDJQLILHG�E\�VNHZHG�EHQWV



���

$QJOLQJ� WKH� HQG� RI� D� EHQW� FDS� WR� SXW� LW� LQ� D� VKDGRZ�ZLOO� FDXVH� DWWHQWLRQ� WR� IRFXV� RQ� WKH
UHIOHFWLYH�VXSHUVWUXFWXUH�WKHUHE\�DFFHQWLQJ�WKH�KRUL]RQWDO�IORZ�RI�WKH�VWUXFWXUH��)LJXUH�������
$� PRUH� VFXOSWXUDO�� FKDPIHUHG� HQG� ZLOO� DGG� LQWHUHVW� DQG� PD\� EH� GHVLUDEOH� IRU� D� VWUXFWXUH
HPSKDVL]LQJ�WKH�UHODWLRQVKLS�EHWZHHQ�VXSHUVWUXFWXUH�DQG�VXEVWUXFWXUH��)LJXUH������DQG�������
7KH�FDS�PD\�EH�VKDSHG�WR�EOHQG�ZLWK�DQG�PDLQWDLQ�WKH�KRUL]RQWDO�OLQH�RI�WKH�VXSHUVWUXFWXUH
�)LJXUHV� ����� DQG� ������� � 7KH� UHVXOW� LV� WKH� DSSHDUDQFH� RI� RQH� ORQJ� FRQWLQXRXV� EHDP�
'HVLJQHUV� PXVW� NHHS� LQ� PLQG� WKDW� WKLV� WHFKQLTXH� LV� GHFHSWLYH� LQ� WHUPV� RI� VWUXFWXUDO
H[SUHVVLRQ���7KH�WUXH�VWUXFWXUH�LV�RQH�RI�VLPSO\�VXSSRUWHG�EHDPV��QRW�FRQWLQXRXV�EHDPV���,Q
DGGLWLRQ�� WKLV� WHFKQLTXH� EHFRPHV� YHU\� FRPSOH[� WR� FDUU\� RXW� LQ� DSSOLFDWLRQV�ZLWK� FKDQJLQJ
FURVV�VORSHV�

)LJXUH�������%HQW�FDS�DQJOHG�EDFN�WR�GHHPSKDVL]H
LWV�W\SLFDOO\�PDVVLYH�DSSHDUDQFH



���

���������������
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%HQW�FDS�FKDPIHULQJ�WR�GH�HPSKDVL]H�ODUJH�UHIOHFWLYH�VXUIDFHV�DQG�SURYLGH�VFXOSWXUDO�WUDQVLWLRQ�EHWZHHQ�WKH�VXSHUVWUXFWXUH�DQG�VXEVWUXFWXUH�

)LJXUH�������%HQW�FDS�HQG�FKDPIHULQJ

)LJXUH�������&RQWLQXDWLRQ�RI�FKDPIHUV�IURP�FROXPQ�WR�EHQW�FDS�IRU�D
ZHOO�LQWHJUDWHG�IRUP
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)LJXUH�������%HQW�FDS�HQGV�IRUPHG�WR�PDWFK�WKH�VKDSH�RI�FRQFUHWH�,�JLUGHUV��D��DQG�8�EHDPV��E�

)LJXUH�������,QYHUWHG�7�EHQW�FDS�VWHP�VKDSHG�WR�PLPLF�WKH�FRQFUHWH
,�JLUGHUV�LW�VXSSRUWV

)RU� EDODQFHG� SURSRUWLRQV� EHWZHHQ� FDSV� DQG� FROXPQV�� LQYHUWHG�7� EHQW� FDSV� VKRXOG� KDYH
FROXPQ�ZLGWKV�DW�OHDVW�HTXDO�WR�WKH�VWHP�ZLGWK�DV�VHHQ�LQ�)LJXUH��������,I�WKH�LQYHUWHG�7�VWHP
LV�ZLGHU�WKDQ�WKH�FROXPQ��FKDPIHULQJ�FDQ�EH�XVHG�DV�DQ�RSWLFDO�FRUUHFWLRQ���7KH�EHQW�FDS�HQG
PD\�EH�FKDPIHUHG�VR�WKDW�WKH�IODW�UHIOHFWLYH�VXUIDFH��WKH�VXUIDFH�EHWZHHQ�WKH�FKDPIHUV��LV�WKH
VDPH� ZLGWK� DV� WKH� VXSSRUWLQJ� FROXPQV� �)LJXUH� ������� � &KDPIHULQJ� EHQW� FDS� HQGV� WR
FRPSOHPHQW�FKDPIHUHG�FROXPQV�LV�D�JRRG�RSWLRQ�IRU�ZHOO�LQWHJUDWHG�GHVLJQ�



���

)LJXUH�������%DODQFHG�DSSHDUDQFH�RI�D
FROXPQ�DQG�EHQW�FDS�VWHP�RI�HTXDO�ZLGWK

(OHYDWLRQ�RI�FDS
VWHP�ZLGHU�WKDQ
VXSSRUWLQJ�FROXPQ

(OHYDWLRQ�RI
FKDPIHUHG�FDS

3ODQ�RI�VWUDLJKW
FDS�HQG

3ODQ�RI�FKDPIHUHG
FDS�HQG

FROXPQ

)LJXUH�������&RPSDULVRQ�RI�EHQW�FDS�HQG�WUHDWPHQWV



���

1RQVWUXFWXUDO�ZDOOV�VXFK�DV�WKRVH�LQ�)LJXUH������DUH�VRPHWLPHV�XVHG�DW�WKH�HQG�RI�EHQW�FDSV
WR� FRYHU� DQ� LQYHUWHG�7�RU� DQ\� JDS�EHWZHHQ� WZR� VLPSO\� VXSSRUWHG� EHDPV�� �7KHVH�ZDOOV� DUH
RIWHQ�SRRUO\�SURSRUWLRQHG����7KHVH�ZDOOV�DOVR�FDOO�DWWHQWLRQ�WR�WKH�MRLQW���7KH�HPSKDVL]HG�MRLQW
DFFHQWV� WKH� VLPSO\� VXSSRUWHG� VXSHUVWUXFWXUH� EXW� GLVUXSWV� WKH� KRUL]RQWDO� YLVXDO� IORZ� RI� WKH
EULGJH���)LJXUH������VKRZV�WKH�KDOWLQJ�URXWH�RI�WKH�H\H�DFURVV�D�EULGJH�ZLWK�EXON\�FDS�HQGV�
)LJXUH�������RQ�WKH�RWKHU�KDQG��VKRZV�KRZ�QRQVWUXFWXUDO�ZDOOV�FDQ�UHVXOW�LQ�D�FOHDQ��PHWHUHG
DSSHDUDQFH�� � ,I� QRQVWUXFWXUDO�ZDOOV� DUH� GHVLUHG�� WKH�ZDOOV�PXVW� EH� NHSW� LQ� SURSRUWLRQ�ZLWK
RWKHU�HOHPHQWV�RI�WKH�EULGJH�

�����
�D� �E�

$�WKLQ�ZDOO�DW�WKH�HQG�RI�D�EHQW�FDS�FRYHUV�WKH�JDS�EHWZHHQ�VLPSO\�VXSSRUWHG�JLUGHUV��D����7KH�ZDOO�LV�XQREWUXVLYH�LQ�WKH�REOLTXH�YLHZ��D��EXW�JLYHV�WKH�FDS
D�GLVSURSRUWLRQDWHO\�ODUJH�DSSHDUDQFH�IURP�WKH�VLGH��E��

)LJXUH�������3RRU�SURSRUWLRQLQJ

)LJXUH�������$�GLVUXSWHG�YLVXDO�IORZ�RI�WKH�KRUL]RQWDO�VXSHUVWUXFWXUH



���
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7KHVH�QRQVWUXFWXUDO�ZDOOV��D��DUH�WKH�VDPH�ZLGWK�DV�WKH�EHQW�FROXPQV��E��JLYLQJ�WKH�VXSHUVWUXFWXUH�VXEVWUXFWXUH�WUDQVLWLRQ�D�QHDW�DQG�FOHDQ�DSSHDUDQFH�

)LJXUH�������:HOO�SURSRUWLRQHG�QRQVWUXFWXUDO�ZDOOV

���� &KDSWHU�6XPPDU\
'HVLJQLQJ� WKH� VXEVWUXFWXUH� RI� D� EULGJH� FDQ� EH� D� IDQFLIXO� GLVSOD\� RI� LPDJLQDWLRQ� DQG
H[SUHVVLRQ�RU�D�VLPSOH�H[SUHVVLRQ�RI�HOHJDQFH�� �7KH�GHVLJQHU¶V�FKDOOHQJH� LV� WR�FRQVLGHU� WKH
HIILFLHQF\�� DHVWKHWLFV� DQG� HFRQRP\� RI� WKH� GHVLJQ� LQ� RUGHU� WR� PHHW� WKH� XVHUV¶� QHHGV
�IXQFWLRQDOLW\�� ZLWKLQ� WKH� SURMHFW� FRQVWUDLQWV�� � 7KH� FKRLFH� RI� VXEVWUXFWXUH� V\VWHP� PD\� EH
FRQWUROOHG� E\� WKH� VXSHUVWUXFWXUH� VSDQ� OHQJWKV� FKRVHQ�� VXSSRUW� ORFDWLRQV�� FROXPQ� KHLJKWV�
IRXQGDWLRQ� FRQGLWLRQV� RU� WKH� VXSHUVWUXFWXUH�ZLGWK�� � ,Q� OLJKW� RI� WKH� FRQVWUDLQWV�� D� YDULHW\� RI
HFRQRPLFDO�VXEVWUXFWXUH�V\VWHPV�VKRXOG�EH�FRQVLGHUHG���7KH�PDQ\�VWDQGDUG�RSWLRQV�LQFOXGH
LQGLYLGXDO�FROXPQV��ZDOOV��DQG�KDPPHUKHDG�RU�PXOWLFROXPQ�EHQWV���%HQW�FDSV�RQ�SLHUV�PD\
EH�UHFWDQJXODU�RU�LQYHUWHG�7V���3LHUV�ZLWK�IXOO\�LQWHJUDWHG�EHQW�FDSV�DUH�DOVR�DQ�RSWLRQ���.H\
DHVWKHWLF�LVVXHV�WR�FRQVLGHU�ZKHQ�FKRRVLQJ�DQ�DSSURSULDWH�VXEVWUXFWXUH�V\VWHP�DUH�VWUXFWXUDO
H[SUHVVLRQ�� YLVLELOLW\� WKURXJK� WKH� EULGJH�� LQWHJUDWLRQ� RI� WKH� VXEVWUXFWXUH� WR� RWKHU� EULGJH
HOHPHQWV� DQG� WKH� EULGJH� VLWH�� DQG� HQKDQFHPHQW� WKURXJK� DWWHQWLRQ� WR� QRQVWUXFWXUDO� GHWDLOV�
:LWK�WKRXJKWIXO�FRQVLGHUDWLRQ��DQ�DWWUDFWLYH�DQG�ZHOO�VXLWHG�VXEVWUXFWXUH�ZLOO�JUHDWO\�HQKDQFH
WKH�RYHUDOO�DSSHDUDQFH�RI�VWDQGDUG�EULGJH�V\VWHPV�



���
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$33/,&$7,216�2)�5(6($5&+

���� ,QWURGXFWLRQ
7KH� UHVHDUFK� FRQGXFWHG� IRU� &75� 3URMHFW� �±����� KDV� EHHQ� DSSOLHG� WR� D� QXPEHU� RI� EULGJH
SURMHFWV�� � 7KH� UHVHDUFK� WHDP� KDG� WKH� RSSRUWXQLW\� WR� DSSO\� WKH� SULQFLSOHV� RI� WKH� 7['27
$HVWKHWLFV�DQG�(IILFLHQF\�*XLGHOLQHV��*XLGHOLQHV��>�@�WR�WZR�FXUUHQW�7['27�SURMHFWV��RQH�LQ
6DQ� $QJHOR�� 7;� DQG� RQH� LQ� :LFKLWD� )DOOV�� 7;�� � )RU� ERWK� SURMHFWV�� WKH� XVH� RI� SUHFDVW
VXEVWUXFWXUHV�ZDV�DOVR�H[SORUHG���,Q�DGGLWLRQ��WKH�*XLGHOLQHV�ZHUH�DSSOLHG�WR�IRXU�H[LVWLQJ�RU
SRWHQWLDO�EULGJHV�LQ�7H[DV�IRU�D�VHULHV�RI�H[DPSOHV�E\�D�PHPEHU�RI�WKH�UHVHDUFK�WHDP��6WHYH
5DWFK\H��ZKR�KDV�DGYDQFHG�GHJUHHV�LQ�ERWK�DUFKLWHFWXUH�DQG�VWUXFWXUDO�HQJLQHHULQJ��>�@��7KH
H[DPSOHV�ZHUH� VXEVHTXHQWO\� UHYLVHG� E\� WKH� SURMHFW� VWDII�� � 7KHVH� VWXGLHV� DUH� LQFOXGHG� LQ� D
VHFWLRQ�WLWOHG�³([DPSOHV´�LQ�WKH�*XLGHOLQHV��5HIHUHQFH����

7KLV�FKDSWHU�ZLOO�GHVFULEH�WKH�DSSOLFDWLRQ�RI�WKH�UHVHDUFK�WR�WKH�6DQ�$QJHOR�DQG�:LFKLWD�)DOOV
SURMHFWV�� �7KH� UHVXOWLQJ� LPSDFW�RQ� WKH� DHVWKHWLFV� DQG� FRVWV�RQ� WKHVH�EULGJH�SURMHFWV�ZLOO� EH
GLVFXVVHG�

���� 5HVHDUFK�$SSOLFDWLRQ�WR�86�+LJKZD\����LQ�6DQ�$QJHOR��7;
,Q�1RYHPEHU�RI�������WKH�UHVHDUFK�WHDP�ZDV�LQYLWHG�WR�RIIHU�DHVWKHWLF�UHFRPPHQGDWLRQV�IRU�D
EULGJH�SURMHFW�LQ�ZHVW�7H[DV��86�+LJKZD\����LQ�6DQ�$QJHOR���7LPH�ZDV�D�PDMRU�FRQVWUDLQW
IRU� LQYROYHPHQW� LQ� WKLV� SURMHFW�� � 7KH� EULGJH� FRQWUDFW�ZDV� WR� EH� OHW� LQ�0D\� ����� UHTXLULQJ
GHVLJQ�SODQV�WR�EH�ILQDOL]HG�LQ�-DQXDU\��������7KH�UHVHDUFK�WHDP¶V�LQYROYHPHQW�ZDV�WKHUHIRUH
OLPLWHG�WR�DSSUR[LPDWHO\���ZHHNV�

7KH�86����SURMHFW�KDG�EHHQ�LQ�WKH�SODQQLQJ�VWDJHV�IRU�DERXW����\HDUV�EHIRUH�DFWLRQ�ZDV�WDNHQ
WR� ILQDOL]H� WKH� GHVLJQ� IRU� FRQVWUXFWLRQ�� � 7KH� � LPSHWXV� IRU� ILQDOL]LQJ� WKH� GHVLJQ� FDPH� IURP
SDUWLDO� IHGHUDO� IXQGLQJ� WR�H[SHULPHQW�ZLWK� WKH�XVH�RI�KLJK�SHUIRUPDQFH� FRQFUHWH� �+3&�� IRU
SUHWHQVLRQHG� JLUGHUV�� � 8VLQJ� KLJK� SHUIRUPDQFH� FRQFUHWH� ZLWK� LWV� KLJKHU� WKDQ� DYHUDJH
FRPSUHVVLYH� VWUHQJWK��ZRXOG� DOORZ�$$6+72�7\SH� ,9� JLUGHUV� WR� VSDQ� XS� WR� ���P� ����� IW��
��P�����IW��PRUH�WKDQ�VLPLODU�QRUPDO�VWUHQJWK�FRQFUHWH�JLUGHUV�ZRXOG�VSDQ���5HVHDUFK�6WXG\
�±����RI� WKH�&HQWHU� IRU�7UDQVSRUWDWLRQ�5HVHDUFK�ZDV� LQYROYHG�ZLWK� WKH�SURMHFW�� >��@� �2QH
VWLSXODWLRQ� RI� WKLV� VWXG\� ZDV� WKDW� DWWHQWLRQ� EH� SDLG� WR� WKH� DHVWKHWLF� LPSDFW� RI� WKH� EULGJH
VXEVWUXFWXUH�RQ�WKH�&RQFKR�5LYHU�SDUN���$�SURSRVDO�ZDV�PDGH�WR�XVH�SUHFDVW�FDSV�WR�VXSSRUW
WKH� ,�JLUGHUV�DQG� WR�XVH� FRQFUHWH�ZLWK� D� FRPSUHVVLYH� VWUHQJWK�RI����03D� ������SVL�� LQ� WKH
VXEVWUXFWXUH���7KH�FRQWUDFWRU�ZDV�WR�EH�JLYHQ�WKH�RSWLRQ�WR�HLWKHU�SUHFDVW�WKH�FROXPQV�RU�FDVW
WKHP�LQ�SODFH�



���

$W�WKH�WLPH�RI�WKH�UHVHDUFK�WHDP¶V�LQYROYHPHQW��WKH�SUHOLPLQDU\�*XLGHOLQHV�E\�/LVWDYLFK�>�@
ZHUH� EHLQJ� GHYHORSHG�� � 3UHOLPLQDU\� GHYHORSPHQWV� RI� WKH� SUHFDVW� VXEVWUXFWXUH� V\VWHP� E\
%DUQHV�>�@�ZHUH�DOVR�XQGHUZD\�� �7KH�86����3URMHFW� WKHUHIRUH�ZDV�DQ�H[FHOOHQW�RSSRUWXQLW\
IRU� WKH� UHVHDUFK� WHDP� WR� H[SORUH� WKH� LPSOHPHQWDWLRQ� RI� LWV� UHVHDUFK�� � ,QYROYHPHQW� LQ� WKLV
SURMHFW�VHYHUHG�DV�D� WULDO�DSSOLFDWLRQ�RI� WKH� LGHDV� WR�EH�SUHVHQWHG� LQ� WKH�*XLGHOLQHV� DQG� WKH
VXLWDELOLW\�RI�SUHFDVWLQJ�VXEVWUXFWXUHV�IRU�VWDQGDUG�KLJKZD\�EULGJHV�

������ 3URMHFW�'HVFULSWLRQ

7KH�86����+LJKZD\�3URMHFW�LQYROYHG�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�EULGJHV�DQG�KLJKZD\�LQ
VRXWKHDVW� 6DQ� $QJHOR�� � 2I� SDUWLFXODU� LQWHUHVW� WR� WKH� UHVHDUFK� WHDP�ZHUH� WKH� SODQQHG� WZLQ
HOHYDWHG� EULGJH� VWUXFWXUHV� FURVVLQJ� WKH�&RQFKR� ULYHU�� � 7KHVH� VWUXFWXUHV� ZRXOG� DOVR� VSDQ� D
SDUN�DORQJ�WKH�ULYHU��$76)�UDLOURDG�WUDFNV��DQG�86�+LJKZD\�����)LJXUH�����D�DQG�E��� �7KH
SODQQHG� HOHYDWHG� VWUXFWXUHV� ZHUH� WR� UXQ� EHWZHHQ� WKH� H[LVWLQJ� 86� ��� QRUWKERXQG� DQG
VRXWKERXQG�KLJKZD\V�� �7KH� H[LVWLQJ� URDGZD\V�ZRXOG� EHFRPH� WKH� QHZ� KLJKZD\¶V� IURQWDJH
URDGV���7KH�WZLQ�VWUXFWXUHV�ZHUH�WR�EH�UDLVHG�DERYH�DQG�EHWZHHQ�WKH�WZR�H[LVWLQJ�URDGZD\V�VR
DV�WR�VSDQ�WKH�86�+LJKZD\����FURVVLQJ��VHH�6HFWLRQ�$�$�LQ�)LJXUH����E����7KH�QHZ�EULGJHV
ZRXOG�WKHUHIRUH�EH�DSSUR[LPDWHO\�����P�����IW��DERYH�WKH�H[LVWLQJ�86����EULGJHV�FURVVLQJ�WKH
&RQFKR�5LYHU��)LJXUHV������

)LJXUH����D��3DUWLDO�PDS�RI�6DQ�$QJHOR�VKRZLQJ�SURSRVHG�EULGJH�VLWH�
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6WUXFWXUH� 7ZR�WZR�ODQH�HOHYDWHG�EULGJH�VWUXFWXUHV�VSDQQLQJ�D�UDLOURDG�WUDFN��86
+LJKZD\����DQG�WKH�&RQFKR�5LYHU�ZLWK�D�URDGVLGH�SDUN���([LVWLQJ�86�
���ORZHU�OHYHO�EULGJHV�RYHU�WKH�SDUN�WR�EH�XVHG�IRU�IURQWDJH�URDGV�

3URMHFW�6LWH�

86����:HVW

86����(DVW

&RQFKR�5LYHU

���P
$ERYH�6HD�/HYHO

���P

$

6HFWLRQ�$�$

86��� $

$76)�55

SDUN�URDG

:HVW�%RXQG�5�2�:�

(DVW�%RXQG�5�2�:�

QHZ�EULGJHV

H[LVWLQJ�EULGJHV

)LJXUH����E��6LWH�SODQ�DQG�VHFWLRQ�VKRZLQJ�ORFDWLRQ�RI�WKH�IXWXUH�86����PDLQODQHV

)XWXUH�%ULGJHV

)LJXUH������/RFDWLRQ�RI�WKH�IXWXUH�86�+LJKZD\����PDLQODQHV



���

�������� 6LWH�&KDUDFWHULVWLFV

7KH� UHVHDUFK� WHDP� ZDONHG� WKH� VLWH� LQ� 1RYHPEHU� ������ � 3KRWRJUDSKV� DQG� VLWH
REVHUYDWLRQV�ZHUH� UHFRUGHG�� � 6LWH� FKDUDFWHULVWLFV� WKDW�ZHUH� SDUWLFXODUO\� LPSRUWDQW� WR
WKH�QHZ�EULGJH�GHVLJQ�ZHUH�WKH�DWWUDFWLYHQHVV�DQG�RSHQQHVV�RI�WKH�SDUN�DUHD��)LJXUH
������DQG�WKH�GLDJRQDO�FURVVLQJ�RI�WKH�$76)�5DLOURDG�WKURXJK�WKH�H[LVWLQJ�86����DQG
86����LQWHUVHFWLRQ��)LJXUH����E��

�D�

�E�

)LJXUH������D��E���$Q�DWWUDFWLYH�SDUN�UXQV�DORQJ�WKH�&RQFKR�5LYHU�WKURXJK�WKH�FLW\
RI�6DQ�$QJHOR
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7KH�SDUN�DUHD�RI�WKLV�EULGJH�VLWH�LV�SDUW�RI�D� ODUJHU�SDUN�WKDW�ZLQGV�ZLWK�WKH�&RQFKR
5LYHU�WKURXJK�PXFK�RI�6DQ�$QJHOR���7KHUH�LV�D�VPDOO�SDUN�URDG�WKDW�UXQV�EHVLGH�WKH
SDUN�DQG�ULYHU���3HGHVWULDQ�SDWKV�DOVR�UXQ�WKURXJKRXW�WKH�SDUN�ZLWK�PDQ\�SLFQLF�WDEOHV
DQG�EHQFKHV� DORQJ� WKH�ZD\� �)LJXUHV����� DQG����D��� �7KHUH� DUH� D� QXPEHU� RI� EULGJHV
FURVVLQJ�WKH�ULYHU�DQG�SDUN�DV�ZHOO���7KH�DJH��FKDUDFWHU�DQG�IXQFWLRQ�RI�WKHVH�EULGJHV
YDULHV�� �(DFK�EULGJH�VHHPV� WR� UHSUHVHQW� WKH� HUD� LQ�ZKLFK� LW�ZDV�EXLOW�� �6RPH�RI� WKH
EULGJHV� H[KLELW� ROGHU� FUDIWVPDQVKLS�� W\SLFDO� RI� WKH�:3$� HUD� �)LJXUHV� ���� DQG� �����
2WKHU� EULGJHV� UHSUHVHQW� WKH� FKDQJLQJ� GHVLJQ� WUHQGV� RI� WKH�7H[DV�'27� �)LJXUHV� ���
DQG� ������ � $� IHZ� SHGHVWULDQ� EULGJHV� FURVV� WKH� ULYHU� DV� ZHOO� �)LJXUHV� ���� DQG� �����
0DQ\�RI�WKH�HQJLQHHUV�RI�WKHVH�SUHYLRXV�EULGJHV�HPEUDFHG�WKH�DWWUDFWLYH�SDUN�VHWWLQJ
E\� VWULYLQJ� WR� HQKDQFH� WKH� SDUN� ZLWK� WKHLU� GHVLJQV�� � 7KH� SXEOLF� WRR�� KDV� EHFRPH
DFWLYHO\� LQYROYHG�ZLWK� WKH� FRQVWUXFWLRQ� RI� WKHVH� EULGJHV�� � 7KH� SHGHVWULDQ� EULGJH� RI
)LJXUH�����LV�OLQHG�ZLWK�SODTXHV�IXQGHG�E\�ORFDO�UHVLGHQWV�

)LJXUH������2QH�RI�WKH�ROGHU�EULGJHV�FURVVLQJ�WKH�&RQFKR�5LYHU
LQ�6DQ�$QJHOR

)LJXUH������2QH�RI�WKH�ROGHU�EULGJHV�FURVVLQJ�WKH�&RQFKR�5LYHU
LQ�6DQ�$QJHOR



���

)LJXUH������$�FDVW�LQ�SODFH�VODE�EULGJH�FURVVLQJ�WKH
&RQFKR�5LYHU

)LJXUH������$�SUHFDVW�SUHVWUHVVHG�FRQFUHWH�,�JLUGHU�EULGJH
FURVVLQJ�WKH�&RQFKR�5LYHU

)LJXUH������2QH�RI�PDQ\�SHGHVWULDQ�EULGJHV�FURVVLQJ�WKH
&RQFKR�5LYHU



���

)LJXUH������,Q�WKH�IRUHJURXQG��D�ORZ�SHGHVWULDQ�EULGJH�DFURVV
WKH�&RQFKR�5LYHU

$QRWKHU�NH\�REVHUYDWLRQ�PDGH�GXULQJ�WKH�VLWH�YLVLW�ZDV�WKH�SRWHQWLDO�IRU�GDQJHU�DW�WKH
LQWHUVHFWLRQ�EHWZHHQ�WKH�KLJKZD\V�DQG�WKH�UDLOURDG�DW�WKH�YHU\�RSHQ�DQG�IODW�QRUWK�HQG
RI�WKH�VLWH�� �7KH�UDLOURDG�GLG�QRW�DSSHDU�WR�EH�KHDYLO\�WUDYHOHG���+RZHYHU��WKH�IXWXUH
EULGJH�DEXWPHQWV�WR�WKH�QRUWKHDVW�RI�WKH�UDLOURDG�WUDFNV�ZRXOG�FUHDWH�D�ZDOO�GLYLGLQJ
WKH� DUHD� DQG� UHVWULFWLQJ� YLVLELOLW\�� � ,Q� SDUWLFXODU�� ZHVWERXQG� 86� ��� IURQWDJH� URDG
WUDIILF� ZRXOG� KDYH� OLPLWHG� YLHZ� RI� ZHVWERXQG� UDLOURDG� WUDIILF� ZLWK� WKH� EULGJH
DEXWPHQWV�LQ�SODFH��WKLV�LV�IXUWKHU�GLVFXVVHG�LQ�6HFWLRQ��������

7KH� VLWH� REVHUYDWLRQV� JDYH� WKH� UHVHDUFK� WHDP� D� JRRG� IHHO� IRU� WKH� HIIHFW� WKH� QHZ
EULGJHV� ZRXOG� KDYH� RQ� WKH� VLWH�� � 7KH� LPSRUWDQFH� RI� WKH� SDUN� WR� WKH� FLW\� PXVW� EH
UHFRJQL]HG���$WWHQWLRQ�PXVW�EH�JLYHQ�WR�WKH�YLVXDO�LPSDFW�WKH�IXWXUH�EULGJHV�ZLOO�KDYH
RQ�WKH�VLWH�� �$W�WKH�VDPH�WLPH��SXEOLF�VDIHW\�LQ�WHUPV�RI�YLVLELOLW\�DURXQG�WKH�EULGJH�
PXVW�EH�FRQVLGHUHG�

�������� 3UH�([LVWLQJ�'HVLJQ�3ODQV

:KLOH� WKH� SURMHFW� ZDV� LQ� SODQQLQJ� VWDJHV� GXULQJ� WKH� SDVW� ��� \HDUV�� WKH� JHRPHWULF
GHVLJQ��URDGZD\�DOLJQPHQW��ZDV�FRPSOHWHG�E\�HQJLQHHUV�LQ�WKH�6DQ�$QJHOR�'LVWULFW�
:KHQ�WKH�SURMHFW�ZDV�UHYLYHG��WKH�SODQV�ZHUH�VHQW� WR�WKH�'HVLJQ�'LYLVLRQ�LQ�$XVWLQ
DQG�SUHOLLQDU\�EHQW�ORFDWLRQV�ZHUH�HVWDEOLVKHG���7KLV�GHVLJQ��UHIHUUHG�WR�KHUHLQ�DV�WKH
RULJLQDO�OD\RXW�LV�VKRZQ�LQ�)LJXUH������



���

2ULJLQDO�/D\RXW�

86����:HVW

86����(DVW

&RQFKR�5LYHU 86���

$76)�55
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)LJXUH�������2ULJLQDO�OD\RXW�IRU�86���

&75� 3URMHFW� �±����� LQWURGXFHG� VSDQ� OHQJWKV� RI� XS� WR� ���P� ����� IW�� IRU
H[SHULPHQWDWLRQ�ZLWK�$$6+72� 7\SH� ,9�+3&�JLUGHUV�� �7KHVH�+3&� JLUGHUV�ZHUH� WR
VSDQ� WKH� ULYHU� WR�DYRLG� IRXQGDWLRQ�QG�VXEVWUXFWXUH�FRQVWUXFWLRQ� LQ� WKH�ZDWHU�� DQG� WR
VSDQ�86������7\SH�,9�JLUGHUV�RI�YDU\LQJ�VSDQ�OHQJWKV�ZHUH�WR�EH�XVHG�WKURXJKRXW�WKH
SURMHFW�H[FHSW�IRU�WKH�VSDQV�RYHU�WKH�UDLOURDG�WUDFNV�ZKHUH�LQFUHDVHG�YHUWLFDO�FOHDUDQFH
UHTXLUHPHQWV�GLFWDWHG�WKH�XVH�RI�VKDOORZHU�7H[DV�7\SH�&��$$6+72�7\SH�,,,��JLUGHUV�

������ $SSOLFDWLRQ�RI�$HVWKHWLFV�*XLGHOLQHV�3ULQFLSOHV

:KLOH�LQYROYHPHQW�RQ�WKLV�SURMHFW�RFFXUUHG�EHIRUH�WKH�FRPSOHWLRQ�RI�WKH�7['27�$HVWKHWLFV
DQG� (IILFLHQF\� *XLGHOLQHV� �*XLGHOLQHV�� PDQ\� RI� WKH� LGHDV� DQG� SULQFLSOHV� DGGUHVVHG
WKURXJKRXW� WKH� GHYHORSPHQW� RI� WKH� *XLGHOLQHV� ZHUH� DSSOLHG� WR� WKH� 86� ��� 3URMHFW�� � 7KH
SURSRVHG� LPSURYHPHQWV� DUH� SUHVHQWHG� KHUH� LQ� WKH� RUGHU� WKDW� VXFK� LPSURYHPHQWV� VKRXOG� EH
DGGUHVVHG� LQ� RULJLQDO� GHVLJQ�� � 7KLV� IROORZV� WKH� RUGHU� IRU� VXJJHVWHG� LPSURYHPHQWV� LQ� WKH
*XLGHOLQHV�>�@�

�������� 3UREOHPV�,GHQWLILHG�ZLWK�WKH�2ULJLQDO�/D\RXW

,Q�EDODQFLQJ�WKH�REVHUYDWLRQV�PDGH�GXULQJ�WKH�VLWH�YLVLW�ZLWK�D�UHYLHZ�RI�WKH�RULJLQDO
OD\RXW��D�QXPEHU�RI�SUREOHPV�ZHUH�LGHQWLILHG�ZLWK�WKH�DHVWKHWLFV�DQG�HIILFLHQF\�RI�WKH
SURSRVHG� SURMHFW�� � 3UREOHPV� ZHUH� LGHQWLILHG� ZLWK� WKH� OD\RXW� DQG� ZLWK� ERWK� WKH
VXSHUVWUXFWXUH� DQG� VXEVWUXFWXUH� GHVLJQ�� � ,Q� WHUPV� RI� DHVWKHWLFV�� D� QXPEHU� RI
SRVVLELOLWLHV�IRU�DWWUDFWLYH�GHVLJQ�FRXOG�EH�H[SORUHG�

7KH� ILUVW� SUREOHP� ZDV� WKH� QXPEHU� RI� GLIIHUHQW� VSDQ� OHQJWKV� XVHG�� � 5RXJKO\� ILYH
JHQHUDO� VSDQ� OHQJWKV� DUH� XVHG� IRU� D� WRWDO� RI� ��� VSDQV� �)LJXUH� ������� � )URQWDJH� URDG
WUDIILF�WUDYHOLQJ�DORQJVLGH�WKH�EULGJH�ZLOO�H[SHULHQFH�WKHVH�YDU\LQJ�VSDQ�OHQJWKV�DV�D
GLVKDUPRQLRXV� MXPEOH�� � ,Q� SDUWLFXODU�� UK\WKP� LV� YLVXDOO\� GLVUXSWHG� E\� WKH� UDQGRP
ORFDWLRQ�RI�EHQWV���$QRWKHU�OD\RXW�SUREOHP�ZDV�WKH�ORFDWLRQ�RI�WKH�EULGJH�DEXWPHQWV�



���

7KH� ZHVWHUQ� DEXWPHQWV� ZHUH� GLUHFWO\� XS� DJDLQVW� WKH� SDUN� URDG�� ORRPLQJ� RYHU� DQG
GRPLQDWLQJ�WKH�RWKHUZLVH�RSHQ�ULYHUVLGH�SDUN���2Q�WKH�HDVWHUQ�VLGH��WKH�DEXWPHQWV�UDQ
GLUHFWO\�DORQJVLGH�WKH�UDLOURDG�WUDFNV���7KH�FRPELQDWLRQ�RI�WKLV�VNHZHG�DEXWPHQW�ZDOO
DQG�WKH�VNHZHG�EHQWV�ZRXOG�FUHDWH�D�GDUN�WXQQHO��³7KXJ�$OOH\´��LQ�WKLV�RSHQ�VHWWLQJ
�)LJXUH� ������� � $V� PHQWLRQHG� SUHYLRXVO\�� WKH� ODUJH� DEXWPHQW� FUHDWHG� D� GDQJHURXV
LQWHUVHFWLRQ�DV� LW� UHVWULFWHG� WKH�YLHZV�RI�ZHVWERXQG�86���� IURQWDJH� URDG� WUDIILF� DQG
ZHVWERXQG�WUDLQ�WUDIILF�

)LJXUH�������$UWLVW¶V�UHQGHULQJ�RI�WKH�WXQQHO�OLNH�VSDFH�FUHDWHG�E\
VNHZHG�EHQWV��OHIW��QH[W�WR�D�ODUJH�VNHZHG�DEXWPHQW�ZDOO��ULJKW��

7KH�VNHZHG�EHQWV�LQ�WKH�OD\RXW�DOVR�FUHDWH�DHVWKHWLF�SUREOHPV�ZLWK�WKH�VXSHUVWUXFWXUH
DQG�VXEVWUXFWXUH�GHVLJQ���,Q�HOHYDWLRQ��VNHZHG�EHQWV�FUHDWH�D�MXPEOHG�DSSHDUDQFH��VHH
)LJXUH� ������� � ,Q� WKH� FDVH� RI� 86� ���� WKH� VNHZHG� EHQWV� UHTXLUH� PXOWLFROXPQ� EHQWV
ZKHUHDV�WKH�UHVW�RI�WKH�SURMHFW�ZDV�GHVLJQHG�IRU�VLQJOH�FROXPQ�EHQWV����6LQJOH�FROXPQ
EHQWV� ZHUH� SDUW� RI� WKH� RULJLQDO� SODQ� WR� LPSURYH� DHVWKHWLFV� WKURXJK� PLQLPL]LQJ
VXEVWUXFWXUH�FOXWWHU����7KH�UHVXOWLQJ�FOXWWHU�RQ�RQH�HQG�RI�WKH�SURMHFW�GHWUDFWV�IURP�WKH
SURMHFW�DV�D�ZKROH���,W�LV�LQFRQVLVWHQW�WR�EH�FRQFHUQHG�ZLWK�DHVWKHWLFV�RQO\�RQ�RQH�VLGH
�LQ� WKLV� FDVH�� WKH�SDUN� VLGH��RI� D� SURMHFW�� �7R� KDYH� D� UHODWLYHO\�PLQRU� UDLOURDG� WUDFN
GLFWDWH� VXFK� XQDWWUDFWLYH� EULGJH� GHVLJQ�� GLVSOD\V� D� ODFN� RI� DZDUHQHVV� WR� DHVWKHWLF
LVVXHV��DQG�PRUH�DWWUDFWLYH�GHVLJQ�DOWHUQDWLYHV��

$� ILQDO� SUREOHP� LGHQWLILHG� ZDV� WKH� XVH� RI� GLIIHUHQW� GHSWK� JLUGHUV� WR� SURYLGH� WKH
LQFUHDVHG� YHUWLFDO� FOHDUDQFH� UHTXLUHG� IRU� UDLOURDG� WUDIILF�� �:KHQ� XVLQJ� ,�JLUGHUV� RQ
LQYHUWHG�7�EHQW�FDSV��WKH�FKDQJH�LQ�VXSHUVWUXFWXUH�GHSWK�FDQ�EH�SDUWLFXODUO\�GLVUXSWLYH
YLVXDOO\�DW�WKH�EHQW�FDS�HQG��)LJXUH�������



���

)LJXUH�������$�FKDQJH�LQ�VXSHUVWUXFWXUH�GHSWK
KLJKOLJKWHG�E\�WKH�DZNZDUGO\�VKDSHG�EHQW�FDS�HQG

�������� /D\RXW�,PSURYHPHQWV

7KH�ILUVW�SURSRVHG�LPSURYHPHQW�WR�WKH�OD\RXW�ZDV�WR�XVH�PRUH�VSDQV�RI�VLPLODU�OHQJWK
WKURXJKRXW�WKH�SURMHFW��)LJXUH���������5HGXFLQJ�WKH�YDULHW\�RI�VSDQ�OHQJWKV�DOORZV�IRU
PRUH� KDUPRQLRXV� YLHZLQJ� SDUWLFXODUO\� E\� IURQWDJH� URDG� WUDIILF�� � 8VLQJ� FRQVLVWHQW
ORQJHU�VSDQ� OHQJWKV�DOVR�VROYHV�RWKHU�SUREOHPV� LGHQWLILHG�� �/RQJHU� VSDQ� OHQJWKV�FDQ
DOORZ�WKH�DEXWPHQWV�WR�EH�SXVKHG�EDFN�DZD\�IURP�WKH�SDUN�URDG�RQ�WKH�ZHVWHUQ�HQG�RI
WKH�SURMHFW�DQG�DZD\�IURP�WKH�UDLOURDG�RQ�WKH�HDVWHUQ�HQG���,QFUHDVLQJ�VXSHUVWUXFWXUH
OHQJWKV� UHGXFHV� WKH� QXPEHU� RI� VXEVWUXFWXUH� VXSSRUWV�� � 3XVKLQJ� WKH� DEXWPHQWV� EDFN
NHHSV� ERWK� WKH� SDUN� DUHD� DQG� WKH� UDLOURDG� LQWHUVHFWLRQ� DUHD� PRUH� RSHQ�� � 6DIHW\� LV
LPSURYHG�ZLWK�WKH�LQFUHDVHG�YLVLELOLW\�EHWZHHQ�ZHVWERXQG�86����IURQWDJH�URDG�WUDIILF
DQG� ZHVWERXQG� WUDLQ� WUDIILF�� � /HQJWKHQLQJ� WKH� VSDQV� ZKHQ� FRPELQHG� ZLWK� VOLJKWO\
LQFUHDVHG�EULGJH�HOHYDWLRQ�DOORZV� WKH�EULGJH� WR� VSDQ� WKH� UDLOURDG� WUDFNV�ZLWK�SURSHU
YHUWLFDO� DQG� KRUL]RQWDO� FOHDUDQFH� ZLWKRXW� XVLQJ� VNHZHG� EHQWV�� � :LWK� WKLV� OD\RXW
VROXWLRQ��WKH�EULGJH�VWDQGV�RQ�LWV�RZQ��XQDIIHFWHG�E\�\HW�VDIHO\�VSDQQLQJ�WKH�UDLOURDG�
7KH�UHVXOW�LV�D�PRUH�RSHQ�DQG�KDUPRQLRXV�GHVLJQ�



���

3URSRVHG�/D\RXW�

86����:HVW

86����(DVW

&RQFKR�5LYHU 86���
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)LJXUH�������3URSRVHG�OD\RXW�IRU�86����ZLWK�DEXWPHQWV�SXVKHG�EDFN��PRUH�HYHQ
VSDQ�OHQJWKV�DQG�QR�VNHZHG�EHQWV

8VLQJ� VLPLODU� VSDQ� OHQJWKV� DQG� DYRLGLQJ� VNHZ� EHQWV� UHPRYHV� WKH� QHHG� IRU
PXOWLFROXPQ� EHQWV�� � 6LQJOH� FROXPQ� KDPPHUKHDG� EHQWV� FDQ� EH� XVHG� FRQVLVWHQWO\
WKURXJKRXW�WKH�SURMHFW���$V\PPHWULFDO�EHQW�FDSV��)LJXUH�������DUH�DYRLGHG�E\�UDLVLQJ
WKH� EULGJH� HOHYDWLRQ� WR� SURYLGH� DGHTXDWH� YHUWLFDO� FOHDUDQFH� IRU� WKH� WUDLQ�� � ,Q� WKH
RULJLQDO�GHVLJQ��WKH�GHFN�HOHYDWLRQ�GLFWDWHV�WKH�QHHG�IRU�VKDOORZ�EHDPV���7KLV�LQ�WXUQ
GLFWDWHV� WKH�QHHG� IRU�VKRUWHU�VSDQV�DQG�XQDWWUDFWLYH��XQHYHQ�EHQW�FDSV�� �$OO�RI� WKHVH
GUDZEDFNV� DUH� HDVLO\� UHPRYHG� E\� UDLVLQJ� WKH� GHFN� HOHYDWLRQ� �EHWZHHQ� ���� DQG
����PP� ���� WR� ��� LQ��� DQG� XVLQJ� ORQJHU� VSDQV� RI� VLPLODU� GHSWK� WR� WKH� UHVW� RI� WKH
SURMHFW�� �$Q� DGGLWLRQDO� DGYDQWDJH� WR� XVLQJ� ORQJHU� VSDQV� RYHU� WKH� WUDFNV� LV� WKDW� RQH
HQWLUH�IRXQGDWLRQ�DQG�VXEVWUXFWXUH�XQLW�LV�QR�ORQJHU�UHTXLUHG�

�������� 6XSHUVWUXFWXUH�DQG�6XEVWUXFWXUH�'HVLJQ�6XJJHVWLRQV

$V�GLVFXVVHG� LQ� WKH�SUHYLRXV�VHFWLRQ��VXSHUVWUXFWXUH�GHVLJQ� LV�PDGH�PRUH�FRQVLVWHQW
WKURXJK�WKH�XVH�RI�VLPLODU�VSDQ�OHQJWKV�DQG�JLUGHU�W\SHV���7KH�VKDOORZ�7H[DV�7\SH�&
EHDPV� DUH� QR� ORQJHU� UHTXLUHG� WKXV� DYRLGLQJ� WKH� XQDWWUDFWLYH� WUDQVLWLRQ� EHWZHHQ
GLIIHUHQW�EHDP�GHSWKV���0XOWLFROXPQ�VNHZHG�EHQWV�DUH�DYRLGHG�DV�ZHOO�

'XH�WR�WKH�ODWH�LQWURGXFWLRQ�RI�WKH�UHVHDUFK�WHDP�WR�WKLV�SURMHFW��LW�ZDV�UHFRJQL]HG�WKDW
WKH� 7['27� GHVLJQHUV� ZHUH� XQGHU� D� VWULFW� WLPH� FRQVWUDLQW� WR� FRPSOHWH� WKH� SURMHFW�
7['27�VHHPHG�UHVLVWDQW�WR�WKH�SURSRVHG�UDLVLQJ�RI�WKH�GHFN�HOHYDWLRQ�DQG�WKH�ZRUN
WKLV�ZRXOG�LQYROYH�LQ�RUGHU�WR�DYRLG�XVLQJ�VKRUWHU�VSDQ�7\SH�&�JLUGHUV���$V�D�UHVXOW�
WKH� UHVHDUFK� WHDP� DOVR� H[SORUHG� ZD\V� WR� LPSURYH� WKH� DSSHDUDQFH� RI� WKH� UDLOURDG
FURVVLQJ� LQ� WKH� HYHQW� WKDW� WKH� GHVLJQHUV� GLG� FKRRVH� WR� NHHS� VNHZHG� EHQWV� DQG� D
FRPELQDWLRQ�RI�7\SH�,9�DQG�7\SH�&�JLUGHUV�

$V�EHQW�FDS�HQGV�DUH�KLJKO\�UHIOHFWLYH�VXUIDFHV��XQDWWUDFWLYH�DV\PPHWULFDO�HQGV�DUH�D
SDUWLFXODU� H\HVRUH�� � 7R� PLQLPL]H� WKLV� H\HVRUH�� WKH� UHVHDUFK� WHDP� SURSRVHG� WKDW
FRQFUHWH� SHGHVWDOV� RQ� WRS� RI� WKH� LQYHUWHG�7� OHGJH� EH� XVHG� WR� VXSSRUW� WKH� VKDOORZHU
EHDPV���7KH�EHQW�FDS�LWVHOI�ZRXOG�UHPDLQ�V\PPHWULFDO�DQG�PDWFK�WKH�RWKHU�EHQW�FDSV
LQ� WKH� SURMHFW� �)LJXUH� ������� � 7KH� XVH� RI� WDSHUHG� SHGHVWDOV� ZRXOG� EH� D� IXUWKHU



���

LPSURYHPHQW�WR�WKH�DSSHDUDQFH�RI�WKH�VKRUWHU��VKDOORZHU�VSDQ��)LJXUH���������$QRWKHU
VXJJHVWLRQ�ZDV� WR� SURYLGH� FROXPQV� IRU� WKH� VNHZHG� EHQWV� WKDW�ZRXOG� FRUUHVSRQG� WR
ERWK� WKH� EHQWV� RUWKRJRQDO� WR� WKH� GLUHFWLRQ� RI� WKH� EULGJH� WUDIILF� DQG� WKH� VNHZHG
UDLOURDG�� �7KLV� DOLJQPHQW�ZRXOG�KHOS� LQWHJUDWH� WKH� VNHZHG�EHQW�ZLWK� WKH� UHVW� RI� WKH
EULGJH�VXSSRUWV��VHH�)LJXUH�������

)LJXUH�������$�V\PPHWULFDO�EHQW�FDS�ZLWK�SHGHVWDOV�WR�DFFRPPRGDWH
FKDQJLQJ�VXSHUVWUXFWXUH�GHSWKV

�D�

�E�

WDSHUHG�SHGHVWDO

)LJXUH�������$Q�LPSURYHPHQW�RYHU�XQHYHQ�EHQW�FDSV��D��LV�D�V\P�
PHWULFDO�FDS�ZLWK�WDSHUHG�SHGHVWDOV��E��7DSHUHG�SHGHVWDOV�RIIHU�DQ
DWWUDFWLYH�WUDQVLWLRQ�EHWZHHQ�SUHFDVW�JLUGHUV�DQG�LQYHUWHG�7�FDSV�

$VLGH� IURP� FDOOLQJ� IRU� PRVWO\� VLQJOH�FROXPQ� KDPPHUKHDG� EHQWV�� WKH� VXEVWUXFWXUH
GHVLJQ�ZDV�QRW�\HW�ILQDOL]HG�EHIRUH�WKH�UHVHDUFK�WHDP�EHFDPH�LQYROYHG�ZLWK� WKH�86



���

���3URMHFW�� �7KH�7['27�3URMHFW�'LUHFWRU�1RUPDQ�)ULHGPDQ�RI� WKH�7['27�%ULGJH
'HVLJQ� 'LYLVLRQ� LQ� $XVWLQ� GHVLJQHG� D� ZLQGRZHG� SLHU� IRU� XVH� RQ� WKH� 6DQ� $QJHOR
SURMHFW��)LJXUH���������$V�PHQWLRQHG�SUHYLRXVO\��KLJK�SHUIRUPDQFH�FRQFUHWH�ZDV�WR�EH
XVHG�IRU�WKH�VXEVWUXFWXUH�ZLWK�SUHFDVW�EHQW�FDSV���3UHFDVWLQJ�ZDV�DOVR�DQ�RSWLRQ�IRU�WKH
FROXPQV���7KH�UHVHDUFK�WHDP�H[SORUHG�D�QXPEHU�RI�FROXPQ�VKDSHV�IRU�SUHFDVWLQJ��VHH
6HFWLRQ��������

)LJXUH�������$�UHQGHULQJ�RI�WKH�SURSRVHG�EULGJH�ZLWK�ZLQGRZHG�SLHUV

�������� 1RQVWUXFWXUDO�'HWDLOV

7KHUH� DUH� PDQ\� ZD\V� WKDW� WKH� EULGJH� SURMHFW� DV� D� ZKROH� FRXOG� EH� HQKDQFHG� ZLWK
DWWHQWLRQ� WR�QRQVWUXFWXUDO�GHWDLOV�� �2QH�VXJJHVWLRQ�ZDV� WR�XVH�D�FRQVLVWHQW� IRUPOLQHU
SDWWHUQ� LQ� WKH� VXEVWUXFWXUH�� � ,Q� SDUWLFXODU�� D� SDWWHUQ� VKRXOG� EH� XVHG� ZKLFK� LQ
FRPELQDWLRQ� ZLWK� WKH� VXEVWUXFWXUH� VKDSH� ZRXOG� KDYH� HQRXJK� GHWDLO� WR� SURYLGH� D
FRPIRUWDEOH� IHHOLQJ� IRU� WKH� SDUN� XVHUV�� � ,Q� VXFK� D� QDUURZ� SDUN�� WKH� ODUJH� VLQJOH
FROXPQV�FRXOG�VHHP�RYHUZKHOPLQJ�ZLWKRXW�WH[WXUDO�UHOLHI�

$Q�RSHQ�UDLO�IRU� WKH�PRWRULVWV�DERYH�ZDV�VXJJHVWHG� WR�DOORZ�IRU�EHWWHU�YLHZV�RI� WKH
DUHD� DQG� DOVR� WR� OLJKWHQ� WKH� DSSDUHQW� VOHQGHUQHVV� RI� WKH� VWUXFWXUH� IURP� D� GLVWDQFH�
)LQDOO\��GUDLQDJH�SLSHV�VKRXOG�EH�LQWHUQDO�WR�WKH�VXEVWUXFWXUH�VHFWLRQV�

������ 3RWHQWLDO�8VH�RI�3UHFDVW�6XEVWUXFWXUHV

7KH�GHVLUH�WR�H[SHULPHQW�ZLWK�KLJK�SHUIRUPDQFH�FRQFUHWH��+3&��LQ�WKH�VXEVWUXFWXUH�PDGH�D
SUHFDVW�RSWLRQ�YHU\�DWWUDFWLYH�� �7KH�LQFUHDVHG�FRPSUHVVLYH�VWUHQJWK�RI� WKH�+3&�DOORZHG� IRU
KROORZ�VHFWLRQV�ZKLFK�ZRXOG�UHGXFH�IRXQGDWLRQ�FRVWV�DQG��LI�SUHFDVW��DOORZ�IRU�HDV\�KDQGOLQJ
RI� WKH� VHJPHQWV�� � (YHQ� SUHFDVWLQJ� RQO\� WKH� FDS� ZRXOG� VLPSOLI\� WKH� HUHFWLRQ� SURFHVV� E\
DYRLGLQJ�WKH�QHHG�IRU�VHWWLQJ�XS�FDS�IRUPZRUN�DQG�SODFLQJ�FRQFUHWH�DW�WKH�KLJKHU�HOHYDWLRQV
�URXJKO\����P��>���IW@��RYHU�WKH�ULYHU���7KH�SUHFDVW�FDS�SURSRVHG�DW�WKH�WLPH�ZDV�WRR�KHDY\�WR
EH� OLIWHG� DV� D� VLQJOH�XQLW�ZLWK� WKH� FUDQHV� RQ� VLWH� IRU� WKH� JLUGHUV�� �7KHUHIRUH�� D� VHJPHQWDOO\
SUHFDVW� FDS�ZDV�SURSRVHG� VLPLODU� WR� WKDW�RI�3URSRVDO� ,� SUHVHQWHG� LQ�6HFWLRQ������ �'LIIHUHQW
SUHFDVWLQJ� RSWLRQV� ZHUH� H[SORUHG� IRU� D� EDVLF� FROXPQ� VKDSH� WKDW� KDG� ERWK� D� VROLG� DQG� D
ZLQGRZHG�RSWLRQ��)LJXUH�������



���

:LQGRZHG :LQGRZHG

6ROLG:LQGRZHG

3UHFDVW�MRLQW

ORFDWLRQV

)LJXUH�������3UHFDVWLQJ�RSWLRQV�H[SORUHG�IRU�ZLQGRZHG�DQG�VROLG�EHQWV

������ )LQDO�'HVLJQ

$�QXPEHU�RI� WKH� VXJJHVWLRQV�RIIHUHG�E\� WKH� UHVHDUFK� WHDP�ZHUH�XVHG� IRU� WKH� ILQDO�7['27
GHVLJQ���7KH�ILQDO�OD\RXW�LV�VKRZQ�LQ�)LJXUH��������$Q�HIIRUW�ZDV�PDGH�WR�VWDQGDUGL]H�WKH�VSDQ
OHQJWKV�RI� WKH�RYHUDOO�EULGJH�� �7KLV�HIIRUW�ZDV�SDUWLFXODUO\�VXFFHVVIXO�RQ�WKH�ZHVWHUQ�HQG�RI
WKH�SURMHFW�RYHU�WKH�SDUN�DQG�ULYHU���+RZHYHU��GXH�WR�WLPH�FRQVWUDLQWV��7['27�GHVLJQHUV�ZHUH
LQGHHG�XQZLOOLQJ�WR�FKDQJH�WKH�YHUWLFDO�HOHYDWLRQ�RI�WKH�EULGJH�RYHU�WKH�UDLOURDG�WUDFNV���$V�D
UHVXOW��VKDOORZHU��VKRUWHU�VSDQQLQJ�7\SH�&�EHDPV�ZHUH�UHTXLUHG���7KLV�XQIRUWXQDWHO\�GLFWDWHG
WKH�QHHG�IRU�VNHZHG�EHQWV�

)LQDO�/D\RXW�

86����:HVW

86����(DVW

&RQFKR�5LYHU 86���

$76)�55

SDUN�URDG

��P ��P ��P ��P ��P ��P ��P

��P

��P

��P��P ��P ��P ��P ��P ��P��P

)LJXUH������)LQDO�OD\RXW�IRU�86���
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+RZHYHU��SHGHVWDOV�WR�VXSSRUW�WKH�VKDOORZHU�EHDPV�ZHUH�FKRVHQ�LQ�SODFH�RI�DQ�DV\PPHWULFDO
EHQW� FDS�� � 7KLV� FKDQJH� KHOSV� UHGXFH� WKH� YLVXDO� DEUXSWQHVV� RI� WKH� FKDQJLQJ� VXSHUVWUXFWXUH
GHSWKV�DW� WKH�FDS�� �8VLQJ�D�JUHDWHU�QXPEHU�RI� ORQJHU�VSDQV�DOORZHG� IRU� WKH� UHPRYDO�RI�RQH
VXEVWUXFWXUH�XQLW�DQG�DOVR�DOORZHG� WKH�GHVLJQHUV� WR�SXVK� WKH� DEXWPHQWV�EDFN� IURP�ERWK� WKH
SDUN�URDG�DQG�WKH�UDLOURDG� WUDFNV�� �7KLV�FKDQJH� OLJKWHQHG�ERWK�RI� WKHVH�DUHDV�DQG� LPSURYHG
YLVLELOLW\�DQG�WKHUHIRUH��VDIHW\�DW�WKH�UDLOURDG�PRWRULVW�LQWHUVHFWLRQ�

7KH�GHWDLOV�RI�D�SUHFDVW�VXEVWUXFWXUH�V\VWHP�KDG�QRW�EHHQ�IXOO\�ZRUNHG�RXW�DW�WKH�WLPH�GHVLJQ
KDG�WR�EH�ILQDOL]HG���7KXV��WKLV�RSWLRQ�ZDV�PHW�ZLWK�VNHSWLFLVP�E\�7['27�GHVLJQHUV���$V�D
UHVXOW��WKH�VXEVWUXFWXUHV�ZHUH�GHVLJQHG�WR�EH�FDVW�LQ�SODFH�� �$�PRGLILHG�ZLQGRZHG�SLHU�ZDV
VHOHFWHG�� �7KH�ERWWRP�³ZLQGRZ´�IRU� WKH� WDOOHU�FROXPQV� LQ� WKH�RULJLQDO�GHVLJQ� �)LJXUH������
ZDV� ILOOHG� LQ� WR� FRPSO\� ZLWK� IORRG� SURYLVLRQV� LQ� WKH� DUHD�� � $Q� DWWUDFWLYH� IUDFWXUHG� ILQ
IRUPOLQHU�ZDV�FKRVHQ�DV�DQ�LQVHW�WR�WKH�FROXPQV��)LJXUH�������

)LJXUH�������$�ZLQGRZHG�SLHU�XQGHU
FRQVWUXFWLRQ�IRU�86���

7KH� ILQDO� DSSHDUDQFH�RI� WKLV�EULGJH� UHSUHVHQWV� VRPH�RI� WKH�QHZHU�GHVLJQ� FDSDELOLWLHV�RI� LWV
WLPH��SDUWLFXODUO\�ZLWK�WKH�ORQJ�VSDQ�KLJK�SHUIRUPDQFH�FRQFUHWH�,�JLUGHUV���0DQ\�RI�WKH�OHVV
DWWUDFWLYH� DVSHFWV� RI� WKH� EULGJH� FRXOG� KDYH� EHHQ� DYRLGHG�ZLWK�PRUH� IRUHWKRXJKW�� � $�PRUH
GHYHORSHG� DQG� GHWDLOHG� SUHFDVW� VXEVWUXFWXUH� V\VWHP� FRXOG� KDYH� EHHQ� XVHG� ZLWK� DWWUDFWLYH
UHVXOWV�

������ (FRQRPLF�,PSDFW

7KH�HFRQRPLF�LPSDFW�RI�WKH�SURSRVHG�LPSURYHPHQWV�ZDV�H[DPLQHG�DIWHU�WKH�SURMHFW�ZDV�ELG�
2QO\�WKH�SURSRVHG�FKDQJHV�WKDW�ZHUH�DFWXDOO\�LPSOHPHQWHG�ZHUH�H[DPLQHG���7KH�ELG�SULFHV
ZHUH� FRPSDUHG� WR� W\SLFDO� FRVWV� LQ� WKH� DUHD� IRU�ZKDW�ZRXOG� KDYH� EHHQ� FRQVWUXFWHG� KDG� QR
FKDQJHV� EHHQ� PDGH�� � 7KH� WKUHH� PDMRU� FKDQJHV� H[DPLQHG� ZHUH� WKH� WUDGH�RII� EHWZHHQ
LQFUHDVHG� VXSHUVWUXFWXUH� OHQJWKV� DQG� GHFUHDVHG� DEXWPHQW� UHTXLUHPHQWV�� WKH� UHPRYDO� RI� RQH
VXEVWUXFWXUH�XQLW�DQG�WKH�XVH�RI�D�ZLQGRZHG�SLHU���7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH�����



���

3XVKLQJ�WKH�DEXWPHQWV�EDFN�UHVXOWHG�LQ�VDYLQJV���7KH�VL]H�RI�WKH�UHWDLQHG�HDUWK�ZDOO�ZDV�ODUJH
HQRXJK� WKDW� LWV� FRVW� H[FHHGHG� WKH� FRVW� RI� ORQJHU� JLUGHUV�� � 5HPRYLQJ� RQH� VXEVWUXFWXUH� XQLW
FHUWDLQO\� UHVXOWHG� LQ�VDYLQJV��1R�DGMXVWPHQWV�ZHUH�FRQVLGHUHG� IRU� IRXQGDWLRQ�FRVWV�DOWKRXJK
WKH\�ZRXOG�PRVW�OLNHO\�KDYH�GHFUHDVHG�DV�ZHOO���7KH�ZLQGRZHG�SLHU�ZDV�ELG�DW�D�KLJKHU�SULFH
WKDQ�QRUPDO�VLQJOH�FROXPQ�EHQWV�

7DEOH������&RVW�LPSDFW�RI�3URMHFW��������SURSRVHG�FKDQJHV�IRU�86����LQ�6DQ�$QJHOR

,W� VKRXOG� EH� UHFRJQL]HG� WKDW� ELG� SULFHV� DUH� QRW� QHFHVVDULO\� D� WUXH� UHIOHFWLRQ� RI� DFWXDO� FRVW�
5DWKHU��FRQWUDFWRUV�DUH�DEOH�WR�UHFRYHU�SRWHQWLDO�FRVWV�HOVHZKHUH�LQ�D�SURMHFW�E\�DGMXVWLQJ�ELG
SULFHV���1HZ�IRUPV�RI�FRQVWUXFWLRQ�SURYLGH�FRQWUDFWRUV�ZLWK�DQ�RSSRUWXQLW\�WR�LQFUHDVH�ELGV�LQ
WKDW�DUHD�ZKHWKHU�RU�QRW�WKH�ZRUN�ZLOO�FRVW�WKHP�PRUH���,Q�WKH�FDVH�RI�WKH�6DQ�$QJHOR�SURMHFW�
DQ�RYHUDOO�VDYLQJV�ZDV�UHIOHFWHG�LQ�WKH�ELG�SULFHV�IRU�WKH�VXP�RI�WKH�SURSRVHG�FKDQJHV���:KLOH
WKH�XQIDPLOLDU�VXEVWUXFWXUH�VHHPHG�WR�LQFUHDVH�SULFHV��LPSURYHPHQWV�ZKLFK�UHVXOWHG�LQ�D�PRUH
KDUPRQLRXV�OD\RXW�DQG�LQFUHDVHG�YLVLELOLW\�DURXQG�WKH�VWUXFWXUH�DIIRUGHG�VDYLQJV���7KH�RYHUDOO
UHVXOW�ZDV�D�SUREDEOH�VDYLQJV�LQ�EULGJH�FRVW�RI������DQG�D�VDYLQJV�LQ�WRWDO�SURMHFW�FRVW�RI������



���

������ 6HFWLRQ�6XPPDU\

,QYROYHPHQW�LQ�WKH�6DQ�$QJHOR�SURMHFW�ZDV�YHU\�XVHIXO�IRU�WKH�FRQWLQXDWLRQ�DQG�UHILQHPHQW
RI�WKH�UHVHDUFK�IRU�3URMHFW��±�������7KH�PDMRULW\�RI�WKH�OHVVRQV�OHDUQHG�ZHUH�EHQHILFLDO�IRU
IXUWKHU� GHYHORSPHQW� RI� WKH� *XLGHOLQHV�� � 2EVHUYDWLRQV� DQG� FRPPHQWV� RQ� SUHFDVWLQJ� RI
VXEVWUXFWXUHV�SURYLGHG�LPSRUWDQW�JXLGDQFH�IRU�IXUWKHU�GHYHORSPHQW�DV�ZHOO�

$SSO\LQJ�SULQFLSOHV�IURP�/LVWDYLFK
V�$HVWKHWLF�*XLGHOLQHV�>�@�JDYH�WKH�UHVHDUFK�WHDP�D�EHWWHU
XQGHUVWDQGLQJ� RI� WKH� GHVLJQ� SURFHVV�� � 7KH� LPSRUWDQFH� RI� D� VLWH� YLVLW� ZDV� FOHDU�� � 3K\VLFDO
FRQVWUDLQWV� QHHG� WR� EH� UHFRJQL]HG� IURP� WKH� RXWVHW� IRU� VXFFHVVIXO� EULGJH� GHVLJQ�� � 3K\VLFDO
FRQVWUDLQWV�PXVW�EH�EDODQFHG�ZLWK�SURFHGXUDO�FRQVWUDLQWV� �LQ� WKH�FDVH� IRU�6DQ�$QJHOR�� WLPH
DQG�URDGZD\�HOHYDWLRQV��VR�WKDW�DOO�RI�WKH�FRQVWUDLQWV�EHFRPH�ERXQGDULHV�DQG�QRW�REVWDFOHV�

$SSOLFDWLRQ� RI� *XLGHOLQHV� SULQFLSOHV� ZDV� VHHQ� WR� LPSURYH� DHVWKHWLFV� DQG� VDIHW\� ZKLOH
DFKLHYLQJ�PRQHWDU\� VDYLQJV�� �:KLOH� FHUWDLQ� LGHDV� OHG� WR� FRVW� LQFUHDVHV�� WKH� DPRXQW� RI� WKH
LQFUHDVH� ZDV� YHU\� OLWWOH� LQ� WHUPV� RI� RYHUDOO� EULGJH� FRVW� DQG� HYHQ� OHVV� LQ� WHUPV� RI� RYHUDOO
KLJKZD\� SURMHFW� FRVW�� � 7KH� FRQVLGHUDEOH� LPSURYHPHQW� LQ� DHVWKHWLFV� RXWZHLJKHG� WKH� PLQRU
FRVW� LQFUHDVHV�� �7KH�SXEOLF� LQIUDVWUXFWXUH�DSSHDUDQFH� LV� LPSURYHG�DORQJ�ZLWK� WKH�TXDOLW\�RI
OLIH�LQ�WKH�DUHD���,QYROYHPHQW�LQ�WKLV�SURMHFW�GHPRQVWUDWHG�WKH�SUDFWLFDOLW\�DQG�SRVVLELOLWLHV�IRU
HFRQRPLFDO� DQG� DHVWKHWLFDO� VXFFHVV� ZKLFK� WKRXJKWIXO� DSSOLFDWLRQ� RI� WKH� *XLGHOLQHV� FDQ
SURYLGH�IRU�WKH�GHVLJQ�RI�VWDQGDUG�VKRUW��DQG�PRGHUDWH�VSDQ�EULGJHV�

,W� ZDV� DOVR� FOHDU� WKDW� DQ\� QHZ� SUHFDVW� VXEVWUXFWXUH� V\VWHP� ZRXOG� QHHG� WR� EH� FDUHIXOO\
GHVLJQHG� DQG� GHWDLOHG� IRU� DGRSWLRQ� LQWR� WKH� SUDFWLFH�� � 'HWDLOV� RI� FRQVWUXFWLELOLW\�� LQFOXGLQJ
ERWK�IDEULFDWLRQ�DQG�HUHFWLRQ��DV�ZHOO�DV�ZRUNDEOH�FRQQHFWLRQ�GHWDLOV�ZRXOG�EH�HVVHQWLDO���7KH
ZHLJKW� RI� VXEVWUXFWXUH� HOHPHQWV� PXVW� EH� NHSW� GRZQ� WR� UDQJHV� WKDW� FDQ� EH� KDQGOHG� ZLWK
FRQYHQWLRQDO� OLIWLQJ� HTXLSPHQW� XVHG� IRU� KDQGOLQJ� ORQJ� JLUGHUV� LQ� RUGHU� WR� LPSURYH� WKH
HIILFLHQF\�RI�IDEULFDWLRQ�DQG�HUHFWLRQ���'LIILFXOWLHV�ZHUH�UHFRJQL]HG�LQ�WHUPV�RI�DVVHVVLQJ�WKH
FRVWV�RI�D�SURSRVHG�SUHFDVW�VXEVWUXFWXUH�V\VWHP���'LIILFXOW\�DULVHV�SULPDULO\�LQ�TXDQWLI\LQJ�WKH
EHQHILWV�RI�PLQLPL]LQJ�HQYLURQPHQWDO� LPSDFW��DYRLGLQJ� WUDIILF�GHOD\V�DQG� LPSURYLQJ�EULGJH
DHVWKHWLFV�

���� $SSOLFDWLRQ�RI�5HVHDUFK�)LQGLQJV�WR�86�+LJKZD\�����LQ�:LFKLWD�)DOOV��7;
,Q�)HEUXDU\�RI�������WKH�UHVHDUFK�WHDP�ZDV�LQYLWHG�WR�PDNH�D�SUHVHQWDWLRQ�RI�3URMHFW��±����
UHVHDUFK�WR�WKH�7['27�HQJLQHHUV�LQ�WKH�:LFKLWD�)DOOV�'LVWULFW�2IILFH���7KH�GLVWULFW�RIILFH�ZDV
LQ� WKH� SODQQLQJ� VWDJHV� IRU� WZLQ� HOHYDWHG� KLJKZD\� VWUXFWXUHV� WKDW� ZHUH� WR� SDVV� WKURXJK� D
EXVLQHVV�GLVWULFW�QHDU�GRZQWRZQ�:LFKLWD�)DOOV���7KH�H[LVWLQJ�KLJKZD\�LV�KHDYLO\�WUDYHOHG�DQG
WKH�WUDIILF�VLJQDOV�LQ�WKH�DUHD�UHVXOWHG�LQ�IUHTXHQW�WUDIILF�FRQJHVWLRQ���7KH�UHVHDUFK�WHDP�ZDV
LQYLWHG�WR�RIIHU�FRPPHQWV�DQG�VXJJHVWLRQV�IRU�WKH�GHVLJQ�RI�WKH�SODQQHG�HOHYDWHG�VWUXFWXUHV�
'XH�WR�WKH�EXVLQHVVHV�DQG�SDUNV�LQ�WKH�DUHD��DHVWKHWLFV�ZDV�DQ�LPSRUWDQW�FRQFHUQ�RI�WKH�SXEOLF
DQG� RI� WKH� GHVLJQHUV�� � 6SHHG� RI� FRQVWUXFWLRQ� DQG� DYRLGLQJ� H[WHQVLYH� WUDIILF� GHOD\V� RU� UH�
URXWLQJ�ZHUH�PDMRU�FRQFHUQV�GXH�WR�WKH�KHDY\�WUDIILF�YROXPH�DQG�LQ�WKH�LQWHUHVW�RI�KHOSLQJ�WKH
ORFDO�EXVLQHVVHV�VXUYLYH�



���

$IWHU� WKH� LQLWLDO� YLVLW� DQG� SUHVHQWDWLRQ�� D� IHZ�PHPEHUV� RI� WKH� UHVHDUFK� WHDP� UHWXUQHG� RQH
PRQWK� ODWHU� WR� JLYH� D� VLPLODU� SUHVHQWDWLRQ� DW� DQ� RSHQ� FLYLF� PHHWLQJ�� � $JDLQ�� WKH� UHVHDUFK
SURMHFW�ZDV� SUHVHQWHG�� EXW�ZLWK�PRUH� HPSKDVLV� RQ� VXLWDEOH� VROXWLRQV� IRU� WKH� GHVLJQ� RI�86
������7KH�SUHVHQWDWLRQ�ZDV�ZHOO�UHFHLYHG���:KLOH�WKH�DXGLHQFH�RI�ORFDO�HQJLQHHUV��SROLWLFLDQV�
EXVLQHVVPHQ�DQG�LQWHUHVWHG�UHVLGHQWV�OHDUQHG�PRUH�DERXW�SRWHQWLDO�GHVLJQV��WKH�UHVHDUFK�WHDP
JDLQHG�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LQWHUHVWV�RI�WKHVH�YDULRXV�JURXSV�ZKHQ�D�EULGJH�SURMHFW�LV
GHYHORSHG�� � ,W�ZDV�FOHDU�KRZ� LPSRUWDQW� LW� LV� IRU�HQJLQHHUV� WR�EH� DEOH� WR� FRPPXQLFDWH� WKHLU
LGHDV� DQG� H[SHUWLVH� FOHDUO\� DQG� FRQYLQFLQJO\� WR� WKH� SXEOLF� DQG� WR� EH� VHQVLWLYH� WR� SXEOLF
RSLQLRQ�DQG�FRQFHUQ�LQ�RUGHU�IRU�JRRG�EULGJH�GHVLJQV�WR�UHVXOW�

$V�WKH�HOHYDWHG�KLJKZD\�WLHV�LQ�WR�D�SRUWLRQ�RI�LQWHUVWDWH�KLJKZD\��VRPH�IHGHUDO�IXQGLQJ�ZDV
DYDLODEOH�WR�WKH�GLVWULFW���+RZHYHU��PRVW�RI�WKH�IXQGLQJ�IRU�WKLV�SURMHFW�ZRXOG�FRPH�IURP�WKH
IXQGLQJ� WKDW� ZDV� DOORFDWHG� WR� WKH� GLVWULFW� E\� WKH� VWDWH�� � 7UDIILF� SURMHFWLRQV� IRU� WKH� IXWXUH
LQGLFDWHG�WKDW�XOWLPDWHO\�WKUHH�ODQHV�ZLOO�EH�UHTXLUHG�IRU�HDFK�GLUHFWLRQ���7KH�GLVWULFW�WKHUHIRUH
KDG�WR�GHFLGH�ZKHWKHU�WR�GHVLJQ�WKUHH�ODQH�VWUXFWXUHV�XS�IURQW�RU�WR�GHVLJQ�WZR�ODQH�VWUXFWXUHV
ZLWK�FDSDELOLWLHV�IRU�IXWXUH�ZLGHQLQJ�

$W� WKH� WLPH� RI� WKH� UHVHDUFK� WHDP¶V� LQYROYHPHQW�� /LVWDYLFK¶V� SUHOLPLQDU\� $HVWKHWLFV
*XLGHOLQHV� >�@� ZHUH� FRPSOHWH�� � $� ILQDO� YHUVLRQ�� 7KH� 7['27� $HVWKHWLFV� 	� (IILFLHQF\
*XLGHOLQHV� �*XLGHOLQHV��� ZDV� EHLQJ� GHYHORSHG�� � %DUQHV¶� SUHFDVW� VXEVWUXFWXUH� V\VWHP� >�@
�3URSRVDO�,�LQ�&KDSWHU����ZDV�QHDULQJ�FRPSOHWLRQ�ZLWK�PDQ\�RI�WKH�IDEULFDWLRQ�DQG�HUHFWLRQ
GHWDLOV�ZRUNHG�RXW��7KH�86�����3URMHFW�WKHUHIRUH�SURYLGHG�D�QHZ�RSSRUWXQLW\�IRU�WKH�UHVHDUFK
WHDP� WR� H[SORUH� IXUWKHU� LPSOHPHQWDWLRQ� RI� LWV� UHVHDUFK�� � 8QOLNH� WKH� 6DQ� $QJHOR� SURMHFW
LQYROYHPHQW��WKLV�SURMHFW�ZDV�VWLOO�LQ�DQ�DFWLYH��RSHQ�VWDJH�RI�GHYHORSPHQW�ZKHQ�WKH�UHVHDUFK
WHDP�EHFDPH�LQYROYHG���3ULQFLSOHV�IURP�WKH�*XLGHOLQHV�FRXOG�EH�PRUH�IXOO\�DSSOLHG�DQG�WKH
IHDVLELOLW\� DQG� VXLWDELOLW\� RI� XVLQJ� D� SUHFDVW� VXEVWUXFWXUH� V\VWHP� IRU� WKLV� SURMHFW� FRXOG� EH
H[SORUHG�

������ 3URMHFW�'HVFULSWLRQ

$�SODQ�RI�WKH�SURSRVHG�SURMHFW�FDQ�EH�VHHQ�LQ�)LJXUH��������7KH�SRUWLRQ�RI�86�+LJKZD\����
EHLQJ� GHVLJQHG� KDG� EHHQ� SODQQHG� IRU� LQ� SUHYLRXV� KLJKZD\� FRQVWUXFWLRQ�� � 7KH� QHZ
FRQVWUXFWLRQ�ZLOO�FRQQHFW�SUHYLRXV�VWUHWFKHV�RI�86�����IURP�WKH�VRXWK�WR�86�����DQG�,+���
WR�WKH�QRUWK���6WXE�RXWV�H[LVW�RQ�WKH�VRXWK�HQG�RI�WKH�VLWH�ZKHUH�WKH�QHZ�HOHYDWHG�VWUXFWXUHV
ZLOO�WLH�LQ��)LJXUH�������� �$V�VKRZQ�LQ�)LJXUH�����E�� WKH�HOHYDWHG�VWUXFWXUHV�EHLQJ�GHVLJQHG
DUH� VHSDUDWHG� E\� RQH�ZLGH� �����P�� ����� IW��� FLW\� EORFN�� � $W� HLWKHU� HQG� RI� WKH� SURMHFW�� WKH
HOHYDWHG�VWUXFWXUHV�FRPH�WRJHWKHU�VLGH�E\�VLGH�WR�MRLQ�WKH�H[LVWLQJ�KLJKZD\�VWUXFWXUHV�
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)LJXUH�����D��3DUWLDO�PDS�RI�:LFKLWD�)DOOV�VKRZLQJ�SURSRVHG�EULGJH�VLWH

6WUXFWXUH� 7ZR�HOHYDWHG�KLJKZD\�EULGJH�VWUXFWXUHV�VHSDUDWHG�E\�RQH�ORQJ�FLW\�EORFN�LQ�D�VHPL�
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)LJXUH�������6WXE�RXWV�RQ�WKH�VRXWK�HQG�RI�WKH�86�����SURMHFW��YLHZ
ORRNLQJ�VRXWK�

&XUYHG�RQ�DQG�RII�UDPSV� WR�DGMRLQLQJ�KLJKZD\V�DQG� WR� WKH�GRZQWRZQ�DUHD� DUH� UHTXLUHG� DV
ZHOO���)O\RYHU�UDPS�VWUXFWXUHV�PXVW�EH�SURYLGHG�WR�FRQQHFW�WKLV�SURMHFW�RQ�WKH�VRXWK�HQG�WR�DQ
HDVW�ZHVW� KLJKZD\�� 86� ���� NQRZQ� ORFDOO\� DV� .HOO� %RXOHYDUG�� � $W� WKH� QRUWK� HQG� RI� WKH
QRUWKERXQG�VWUXFWXUH�DQ�RII�UDPS�WR�WKH�GRZQWRZQ�DUHD�ZDV�UHTXHVWHG�E\�FLW\�RIILFLDOV���$Q
RQ�UDPS�WR�WKH�VRXWKERXQG�VWUXFWXUH�DW�WKH�QRUWK�HQG�LV�GHVLUHG�EXW�QRW�UHTXLUHG�DW�WKLV�WLPH�

$V�VKRZQ�LQ�)LJXUH������� WKH�QHZ�HOHYDWHG�VWUXFWXUHV�ZLOO� WDNH�XS�RQH�RI� WKH� IRXU�H[LVWLQJ
ODQHV�RI� WKH�FLW\�URDGV�QRZ�EHLQJ� WUDYHOHG�RQ�IRU�86������%URDG�6W�� IRU�QRUWKERXQG� WUDIILF
DQG�+ROOLGD\�6W��IRU�VRXWKERXQG�WUDIILF����7KH�ILQDO�WKUHH�ODQH�VWUXFWXUH�ZLOO�RYHUKDQJ�SDUW�RI
WKH�VWUHHW�DV�ZHOO�DV�WKH�H[LVWLQJ�VLGHZDON�
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)LJXUH�������)XWXUH�HOHYDWHG�KLJKZD\�EXLOW�RQ�H[LVWLQJ�URDGZD\���7KLV�ILJXUH�VKRZV�D�VLQJOH�
FROXPQ�EHQW�RSWLRQ�ZLWK�WKH�SRVVLELOLW\�IRU�IXWXUH�ZLGHQLQJ�
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�������� 6LWH�&KDUDFWHULVWLFV�DQG�&RQVWUDLQWV

7KH�PDMRULW\�RI�WKH�VWUXFWXUH�UXQV�RYHU�D�FLW\�JULG�RI�����P������IW��EORFNV���$V�WKH
QRUWK�DQG�VRXWKERXQG�VWUXFWXUHV�DUH�VHSDUDWHG�E\�D�ZLGHU�����P������IW��FLW\�EORFN�
WKH� SRVVLELOLW\� RI� WKHVH� VWUXFWXUHV� IRUPLQJ� D� ³ZDOO´� EHWZHHQ� WZR� VLGHV� RI� WRZQ� LV
UHGXFHG� �VHH�)LJXUH�������� �$� WKUHH�ODQH� VWUXFWXUH�ZLOO� DSSHDU� OLJKWHU� DQG� DOORZ� IRU
PRUH�OLJKW�WR�UHDFK�XQGHUQHDWK�LW�WKDQ�D�VL[�ODQH�VWUXFWXUH�ZRXOG�

7KHUH� LV� DQ� H[LVWLQJ� SDUN� RQ� WKH� QRUWK� HQG�� WKH� +DUROG� -RQHV� 3DUN� �)LJXUH� ������
$OWKRXJK�QRW�KHDYLO\�XVHG��D�QXPEHU�RI�SHRSOH�ZHUH�VHHQ�HQMR\LQJ�OXQFK�DW�WKH�SDUN
V
SLFQLF�WDEOHV���$W�WKH�VRXWK�HQG�LV�D�SDUN�OLNH�DUHD�RI�RSHQ�ODQG�WKDW�LV�RZQHG�E\�WKH
VWDWH��)LJXUH���������7KH�EXVLQHVVHV�LQ�WKH�DUHD�VHHPHG�WR�EH�VXUYLYLQJ�EXW�ZLWK�ORZ
DFWLYLW\���,Q�WDONLQJ�ZLWK�FLW\�UHVLGHQWV��LW�ZDV�GLVFRYHUHG�WKDW�ZKLOH�WKH�FLW\�LV�PDNLQJ
DWWHPSWV� WR� UHYLYH� WKH� GRZQWRZQ� DUHD� WR� WKH� QRUWKHDVW� RI� WKH� VLWH�� PRVW� EXVLQHVV
GHYHORSPHQW�LV�RFFXUULQJ�VRXWKZHVW�RI�WKH�VLWH���7KLV�VWULS�RI�EXVLQHVVHV�LQ�WKH�DUHD�RI
WKH�SURSRVHG�EULGJHV�LV�D�ELW�RI�D�³QR�PDQ¶V�ODQG�´��+RZHYHU��WKHUH�DUH�D�QXPEHU�RI
KRVSLWDOV��FKXUFKHV�DQG�PXQLFLSDO�EXLOGLQJV�ORFDWHG�DPRQJ�WKH�VPDOO�EXVLQHVVHV�DQG
UHVWDXUDQWV� LQ� WKH� DUHD� �)LJXUHV� ����� DQG� ������� �'XH� WR� WKH� YDULHW\� RI� DFWLYLW\�� WKH
UHVHDUFK�WHDP�IHOW�WKDW�WKHUH�ZDV�SRWHQWLDO�IRU�WKLV�DUHD�WR�HYHQWXDOO\�EH�UHYLYHG��LQ�D
VSDQ�RI�DW� OHDVW����\HDUV��DQG�WR�DWWUDFW�PRUH�XVH�� � ,W�ZDV�HVVHQWLDO� WKHUHIRUH� WKDW�DQ
DHVWKHWLFDOO\�SOHDVLQJ�VROXWLRQ�EH�IRXQG�IRU�WKH�EULGJH�GHVLJQ��RQH�WKDW�ZRXOG�HQKDQFH
DQG� QRW� GHWUDFW� IURP� WKH� VLWH�� � ,Q� SDUWLFXODU�� WKH� EULGJH� PXVW� EH� DWWUDFWLYH� IURP
XQGHUQHDWK�DQG�XS�FORVH�DV�WKH�IXWXUH�XVHUV�RI�WKH�VLWH�ZRXOG�EH�SHGHVWULDQV�DQG�VORZ�
PRYLQJ�ORFDO�WUDIILF�

)LJXUH�������7KH�+DUROG�-RQHV�3DUN
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)LJXUH�������2SHQ�ODQG�DW�WKH�VRXWK�HQG�RIWKH�VLWH��YLHZ
IURP�VWXE�RXW�ORRNLQJ�QRUWK�

)LJXUH�������$�ORFDO�FKXUFK

)LJXUH�������&LW\�+DOO
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7KH� H[LVWLQJ� ULJKW�RI�ZD\� GLFWDWHV� WKDW� WKH� HOHYDWHG� VWUXFWXUH� ZLOO� KDYH� LWV� VXSSRUWV� LQ� WKH
FXUUHQW� ULJKW� RI� ZD\� DQG� RYHUKDQJ� D� PDMRU� SRUWLRQ� RI� WKH� H[LVWLQJ� VWUHHWV� �)LJXUH� ������
7KHUHIRUH�� SDUW� RI� WKH� URDG� ZLOO� QHHG� WR� EH� FORVHG� GXULQJ� FRQVWUXFWLRQ�� � )RU� VXEVWUXFWXUH
FRQVWUXFWLRQ��RQO\�RQH�ODQH�ZLOO�QHHG�WR�EH�EORFNHG�RII���+RZHYHU��LI�D�SUHFDVW�FRQFUHWH�JLUGHU
VXSHUVWUXFWXUH�V\VWHP�LV�FKRVHQ��WKUHH�DQG�SRVVLEO\�DOO�IRXU�RI�WKH�ODQHV�ZLOO�QHHG�WR�EH�FORVHG
IRU�SHULRGV�RI�WLPH�WR�KDXO�WKH�JLUGHUV�WR�WKH�VLWH�DQG�OLIW�WKHP�LQWR�SODFH�ZLWK�WKH�UHTXLUHG�WZR
FUDQHV� �)LJXUH�������� �7KLV�ZRUN�ZLOO�KDYH� WR�RULJLQDWH� IURP� WKH� H[LVWLQJ� URDG� DV� WKH�RWKHU
VLGH�RI�WKH�VWUXFWXUH�LV�WDNHQ�XS�E\�ORFDO�EXVLQHVVHV���$QRWKHU�REVHUYDWLRQ�DERXW�WKH�ULJKW�RI�
ZD\�ZDV� WKDW� WKH�QHZ�VWUXFWXUHV�ZLOO�RIWHQ�EH�YHU\�FORVH� WR� VRPH�RI� WKH� H[LVWLQJ�EXLOGLQJV
LQFOXGLQJ�RQH�DWWUDFWLYH�ROGHU�FKXUFK��)LJXUH�������

���
)LJXUH�����D��7ZR�FUDQHV�DUH�UHTXLUHG�WR�SODFH )LJXUH�����E��+HDY\�WUDIILF�RQ�WKH�H[LVWLQJ�����ZLOO
SUHFDVW�FRQFUHWH�JLUGHUV QHHG�WR�EH�UH�URXWHG�GXULQJ�FRQVWUXFWLRQ

)LJXUH�������6NHWFK�RI�ZKHUH�WKH�QHZ�HOHYDWHG�KLJKZD\�ZLOO�EH�UHODWLYH
WR�VRPH�RI�WKH�ORFDO�DUFKLWHFWXUH�



���

������ $SSOLFDWLRQ�RI�WKH�*XLGHOLQHV

8QOLNH�WKH�6DQ�$QJHOR�3URMHFW��86�����LQ�:LFKLWD�)DOOV�ZDV�LQ�WKH�EHJLQQLQJ�VWDJHV�RI�ILQDO
GHVLJQ�ZKHQ�WKH�UHVHDUFK�WHDP�ZDV�PDGH�DZDUH�RI�WKH�SURMHFW���7KLV�WLPLQJ�JDYH�WKH�WHDP�WKH
RSSRUWXQLW\�WR�DSSO\�WKH�*XLGHOLQHV�IURP�DQ�RSHQ�VWDJH�RI�GHVLJQ�UDWKHU�WKDQ�DW�WKH�YHU\�HQG�
)LUVW�� D� YLVLRQ�� RU� GHVLJQ� FRQFHSW�� IRU� WKH� EULGJH�ZDV� GHYHORSHG� EDVHG� RQ� WKH� REVHUYDWLRQV
PDGH�GXULQJ�WKH�VLWH�YLVLW���7KUHH�PDMRU�SRLQWV�IRUPHG�WKH�GHVLJQ�FRQFHSW�RI�WKH�VWUXFWXUH�DQG
QHHGHG�WR�EH�DGGUHVVHG���7KH\�ZHUH�

��� 7KH� VWUXFWXUHV� PXVW� HQKDQFH� WKH� VLWH� ZLWKRXW� FUHDWLQJ� D� ZDOO� EHWZHHQ� WKH� ROGHU
GRZQWRZQ�DQG�WKH�QHZHU�GHYHORSPHQWV�LQ�WKH�FLW\�

��� 7KH� VWUXFWXUHV� VKRXOG� PDLQWDLQ� DV� OLJKW� DQG� RSHQ� DQ� DSSHDUDQFH� DV� SRVVLEOH� WR� EH
DWWUDFWLYH�IRU�IXWXUH�SHGHVWULDQ�YLHZ�

��� 7KH�LPSDFW�RI�WKH�VWUXFWXUHV�ERWK�GXULQJ�FRQVWUXFWLRQ�DQG�RQFH�FRPSOHWHG�VKRXOG�KDYH
D�PLQLPXP�QHJDWLYH�LPSDFW�RQ�WKH�ORFDO�EXVLQHVVHV�

7KH� LGHDV� IRU� WKH� GHVLJQ� FRQFHSW�ZHUH� WKHQ� FDUULHG� RXW� LQ� VXJJHVWLRQV� IRU� DOO� VWHSV� LQ� WKH
GHVLJQ�SURFHVV� WR�SURGXFH�D� FRKHUHQW�GHVLJQ�� �6XJJHVWLRQV�PDGH� DW� WKHVH�GLIIHUHQW� VWHSV�RI
GHVLJQ�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

�������� 3ODQQLQJ�DQG�/D\RXW

7R�FDUU\�RXW� WKH�GHVLJQ�FRQFHSW�� WKH�SULPDU\�FRQFHUQ�LQ�SODQQLQJ�DQG�OD\RXW�ZDV�WR
FKRRVH� D� OD\RXW� WKDW� PD[LPL]HV� YLVLELOLW\� WKURXJK� WKH� EULGJH�� � 7R� GR� WKLV�� WKUHH
SULPDU\�VXJJHVWLRQV�ZHUH�PDGH�

7KH� ILUVW� VXJJHVWLRQ� ZDV� WR� XVH� VLQJOH�FROXPQ� VXEVWUXFWXUHV�� � 6LQJOH� FROXPQV
PLQLPL]H�VXEVWUXFWXUH�FOXWWHU�DQG�NHHS�WKH�DUHD�XQGHUQHDWK�WKH�EULGJH�TXLWH�FOHDU���$Q
DGGHG�EHQHILW�RI� VLQJOH�FROXPQ�EHQWV� LV� WKDW� WKH\�PLQLPL]H�FRQVWUXFWLRQ�GLVUXSWLRQV
E\�UHTXLULQJ�OHVV�FRQVWUXFWLRQ�DUHD�IRU�IRXQGDWLRQ�SODFHPHQW�WKDQ�PXOWLFROXPQ�EHQWV
UHTXLUH���7KH�ODUJHU�HOHPHQWV��FROXPQ�DQG�FDS��GR�UHTXLUH�VWURQJHU�IRUPZRUN�

7KH�VHFRQG�VXJJHVWLRQ�IRU�PD[LPL]LQJ�YLVLELOLW\�ZDV�WR�XVH�WKH�ORQJHVW�VSDQ�OHQJWKV
SRVVLEOH� WR� PLQLPL]H� WKH� QXPEHU� RI� VXEVWUXFWXUH� XQLWV�� � (YHQ� ZLWK� VLQJOH�FROXPQ
EHQWV�� D� ZDOO�OLNH� DSSHDUDQFH� PD\� UHVXOW� IURP� REOLTXH� DQJOHV� LI� WKH� FROXPQV� DUH
VSDFHG� WRR�FORVHO\� WRJHWKHU� �)LJXUH�������� �7KH�FLW\�JULG�DOORZV� IRU� WKH�XVH�RI� HYHQ
VSDQ�OHQJWKV�WKURXJKRXW�WKH�VWUDLJKW�SRUWLRQV�RI�WKH�HOHYDWHG�VWUXFWXUHV���)RXU�VSDQV�RI
�����P��������IW��RU�WKUHH�VSDQV�RI������P������IW��FRXOG�EH�XVHG�IRU�HDFK�FLW\�EORFN�
7KH� ORQJHU� VSDQ� OHQJWKV� ZRXOG� LQFUHDVH� YLVLELOLW\� DQG� UHGXFH� WKH� QXPEHU� RI
IRXQGDWLRQV�DQG�VXEVWUXFWXUH�XQLWV�UHTXLUHG�E\�������$OWKRXJK�VWURQJHU�IRXQGDWLRQV
DQG� EHQWV� ZRXOG� EH� UHTXLUHG�� VLWH� GLVUXSWLRQ� ZRXOG� EH� GHFUHDVHG� WKURXJK� IHZHU
UHTXLUHG�H[FDYDWLRQ�ORFDWLRQV���,Q�WKH�HQG��WKH�VSDQ�OHQJWKV�FKRVHQ�ZLOO�GHSHQG�RQ�WKH
W\SH�RI�VXSHUVWUXFWXUH�FKRVHQ���7KLV�FKRLFH�LV�IXUWKHU�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�



���

)LJXUH�������$Q�H[DPSOH�RI�FORVHO\�VSDFHG�FROXPQV�IRUPLQJ�D�ZDOO

7KH� WKLUG� VXJJHVWLRQ� IRU� LPSURYLQJ� YLVLELOLW\� WKURXJK� WKH� EULGJH� ZDV� WR� NHHS� WKH
ERWWRP�RI�WKH�VXSHUVWUXFWXUH�EHWZHHQ���DQG�����P�����WR����IW�� DERYH�JURXQG�UDWKHU
WKDQ� WKH� PLQLPXP� RI� ��P� ������ IW�� UHTXLUHG� IRU� YHKLFXODU� FOHDUDQFH�� � 5DWKHU� WKDQ
FURZGLQJ�WKH�VLWH��D�VOLJKWO\� UDLVHG�EULGJH�DOORZV�PRUH�OLJKW� WR�UHDFK�XQGHUQHDWK�WKH
VWUXFWXUH� WKXV� FUHDWLQJ� D� PRUH� LQYLWLQJ� VSDFH�� � 7KLV� RSHQ� IHHOLQJ� LV� SDUWLFXODUO\
LPSRUWDQW�IRU�WKH�FRQWLQXHG�XVH�RI�WKH�DUHD�E\�SHGHVWULDQV�

�������� 6XSHUVWUXFWXUH�'HVLJQ

7R�SURYLGH�D�OLJKW��ORQJ�VSDQ�VWUXFWXUH��WKUHH�VXSHUVWUXFWXUH�V\VWHPV�ZHUH�FRQVLGHUHG�
7KHVH� ZHUH� SUHWHQVLRQHG� FRQFUHWH� ,�JLUGHUV�� SUHWHQVLRQHG� FRQFUHWH� 8�EHDPV� DQG� D
SRVW�WHQVLRQHG�VHJPHQWDO�FRQFUHWH�ER[�JLUGHU���6WHHO�JLUGHUV�FRXOG�DOVR�SURYLGH�ORQJ�
VSDQV�EXW�DUH�FRQVLGHUDEO\�PRUH�H[SHQVLYH�WKDQ�WKH�FRQFUHWH�DOWHUQDWLYHV�DQG�ZRXOG
RQO\�EH�FRQVLGHUHG�IRU�DQ\�ORQJHU�FXUYHG�VSDQV�WKDW�,�JLUGHUV�DQG�8�EHDPV�FRXOG�QRW
DFFRPPRGDWH�

3UHWHQVLRQHG�FRQFUHWH� ,�JLUGHUV�KDYH� D� IHZ�DGYDQWDJHV� IRU� WKLV�SURMHFW�� �7KH� ILUVW� LV
WKDW�WKH\�DUH�YHU\�HFRQRPLFDO���7KH�VWDWH�DYHUDJH�IRU�SUHWHQVLRQHG�,�JLUGHU�EULGJHV�LQ
�����ZDV������SHU�VTXDUH�PHWHU������IW���RI�URDGZD\�VXUIDFH���$QRWKHU�DGYDQWDJH�LV
WKDW� ,�JLUGHU� EULGJHV� FDQ� HDVLO\� DFFRPPRGDWH� YDULDEOH�ZLGWK� URDGZD\V���,�JLUGHU
EULGJHV�XVXDOO\�FDQ�EH�HDVLO\�ZLGHQHG�LQ�WKH�IXWXUH�

'HVSLWH�WKH�DGYDQWDJHV�RI�SUHWHQVLRQHG�,�JLUGHUV��WKHLU�PDQ\�GLVDGYDQWDJHV�PDNH�WKLV
V\VWHP�D�SRRU�RSWLRQ�IRU� WKH�:LFKLWD�)DOOV�SURMHFW�� � ,�JLUGHU�EULGJHV�DUH�SDUWLFXODUO\
XQDWWUDFWLYH�IURP�EHORZ���7KH�QDUURZ�JLUGHUV�DQG�UHHQWUDQW�FRUQHUV�FUHDWH�GDUN�FDYH�
OLNH� YRLGV� ZKHQ� YLHZHG� IURP� XQGHUQHDWK� �)LJXUH� ������� � :KHQ� XVHG�� GLDSKUDJPV
EHWZHHQ� WKH� JLUGHUV� DGG� FOXWWHU�� � 7KH� VORSHG� XSSHU� VXUIDFH� RI� WKH� ERWWRP� IODQJH
SURYLGHV�D�SHUIHFW�VSRW�IRU�SLJHRQV�WR�URRVW���3UHWHQVLRQHG�,�JLUGHUV�DUH�DOVR�QRW�VXLWHG
IRU�VKDUSO\�FXUYHG�DOLJQPHQWV���7KH�GLVFUHWH�FKRUGV�RI�JLUGHUV�UHTXLUH�VKRUWHU�VSDQV�WR
ILW�VKDUS�FXUYHV���1RW�RQO\�DUH�VSDQ�OHQJWKV�OLPLWHG��EXW�VXEVWUXFWXUH�UHTXLUHPHQWV�DUH
LQFUHDVHG�DQG�XQDWWUDFWLYH�VFDOORSHG�VKDGRZV�DUH�YLVLEOH�RQ�WKH�JLUGHUV�GXULQJ�SDUWV�RI
WKH�GD\��)LJXUH�������



���

)LJXUH�������9LHZ�RI�DQ�,�JLUGHU�EULGJH�IURP�EHORZ

)LJXUH�������6FDOORSHG�VKDGRZV�RQ�FXUYHG�EULGJHV�PDGH�XS
RI�VWUDLJKW�JLUGHUV
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3UHWHQVLRQHG�FRQFUHWH�8�EHDPV�DUH�DQRWKHU�YHU\�HFRQRPLFDO�RSWLRQ�� �7KH\�W\SLFDOO\
FRVW� WKH� VDPH� DV� SUHWHQVLRQHG� ,�JLUGHU� EULGJHV�� � 8�EHDPV� DUH�PRUH� DWWUDFWLYH� IURP
EHORZ� WKDQ� ,�JLUGHUV�� � 7KHLU� VPRRWK� XQGHUVLGH� DQG� DQJOHG�ZDOOV� UHIOHFW�PRUH� OLJKW�
EULJKWHQLQJ� WKH� DSSHDUDQFH� IURP� XQGHUQHDWK� �)LJXUH� ������� � 8�EHDPV� SURYLGH� QR
SLJHRQ�URRVWLQJ� VXUIDFH� DORQJ� WKHLU� OHQJWK�� 8�EHDPV� FDQ� DFFRPPRGDWH� D� FHUWDLQ
DPRXQW� RI� URDGZD\� ZLGHQLQJ� RU� QDUURZLQJ� EXW� DUH� QRW� DV� IOH[LEOH� D� V\VWHP� DV� ,�
JLUGHUV�� �7KH�UHDVRQ�LV� WKDW�RQH�8�EHDP�WDNHV� WKH�SODFH�RI� WZR� ,�JLUGHUV�� �)RU�VKDUS
WUDQVLWLRQV�LQ�SODQ��WZR�ZLGHU�8�EHDPV�FDQ�RQO\�EH�SODFHG�RQ�����P����IW��FHQWHUV�DQG
IODUH�RXW�WR�����P�����IW��FHQWHUV�� �+RZHYHU��IRXU�,�JLUGHUV�FRXOG�EH�SODFHG�RQ�����P
���IW�� FHQWHUV� WR� IODUH� RXW� WR� ����P� ��� IW�� FHQWHUV� LI� QHFHVVDU\�� � ,Q� WKH� FDVH� RI� WKH
:LFKLWD� )DOOV� SURMHFW� WKHUH� ZDV� RQH� DUHD� ZKHUH� D� WUDQVLWLRQ� LQ� SODQ� FRXOG� QRW� EH
DFFRPPRGDWHG�E\�8�EHDPV���$Q�DOWHUQDWLYH�ZRXOG�EH�WR�XVH�D�8�EHDP�RQ�WKH�H[WHULRU
DQG� ,�EHDPV�RQ� WKH� LQWHULRU� WR� DFFRPPRGDWH� WKH� IODUH� �)LJXUH� ������� �$OWKRXJK� QRW
SDUWLFXODUO\�DWWUDFWLYH�IURP�XQGHUQHDWK��WKH�FRQWLQXLW\�RI�WKH�EULGJH�HOHYDWLRQ�ZLWK�8�
EHDPV�FRXOG�EH�SUHVHUYHG�

)LJXUH�������9LHZ�RI�D�8�EHDP�EULGJH�IURP�EHORZ
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��8�EHDPV�ILW����GR�QRW

3ODQ�RI�,�EHDPV�VXSSRUWLQJ�D�IODULQJ�URDGZD\

8�EHDPV

3ODQ�RI�8�EHDPV�XQDEOH�WR�VXSSRUW�WKLV�IODULQJ�URDGZD\

3ODQ�RI�8�EHDPV�DQG�,�EHDPV�VXSSRUWLQJ�D�IODULQJ�URDGZD\

,�EHDPV

)LJXUH�������$FFRPPRGDWLRQ�RI�D�IODULQJ�URDGZD\�ZLWK�,�EHDPV�DQG�8�EHDPV

$QRWKHU� GLVDGYDQWDJH� LV� WKDW� VLPLODU� WR� ,�JLUGHUV�� 8�EHDPV� DUH� QRW� ZHOO�VXLWHG� IRU
VKDUSO\� FXUYHG� DOLJQPHQWV�� � 8�EHDP� EULGJHV� FRXOG� EH� ZLGHQHG� LQ� WKH� IXWXUH�
+RZHYHU�� GXH� WR� WKHLU� ODUJHU� ZLGWK�� WKH\� DUH� QRW� DV� IOH[LEOH� D� V\VWHP� IRU� IXWXUH
ZLGHQLQJ�DV�,�JLUGHUV�

$�VHJPHQWDO�ER[�JLUGHU�VXSHUVWUXFWXUH�ZRXOG�SURYLGH�WKH�PRVW�DWWUDFWLYH�DGGLWLRQ�WR
WKH�VLWH�� �7KH�VPRRWK�XQGHUVLGH�DQG� WKLQ�ZLQJV�RSWLPL]H� WKH�RSHQQHVV�DQG�UHIOHFWHG
OLJKW� XQGHUQHDWK� WKH� EULGJH� �)LJXUH� ������� � ,Q� SDUWLFXODU�� WKH� YHUWLFDO� FOHDUDQFH� LV
LQFUHDVHG�IRU� WKH� ORZHU� OHYHO� IURQWDJH� URDG�PRWRULVWV�ZKR�H[SHULHQFH� WKH�EULGJH� IRU
JUHDWHU�OHQJWKV�WKDQ�FURVVLQJ�WUDIILF��)LJXUH���������/RQJHU�VSDQV�FDQ�EH�DFKLHYHG�ZLWK
VHJPHQWDO�ER[�JLUGHUV�DQG�FRQWLQXRXV�VSDQV�DUH�SRVVLEOH���6HJPHQWDO�ER[�JLUGHUV�DUH
DOVR� YHU\� ZHOO�VXLWHG� IRU� FXUYHG� DOLJQPHQWV�� � 7KH� VHJPHQWV� FDQ� EH� SUHFDVW� WR� ILW
FXUYHV�� � $V� D� UHVXOW�� VHJPHQWDO� ER[� JLUGHUV� ZRXOG� SURYLGH� GUDPDWLF� DQG� VZHHSLQJ
FXUYHG�IO\RYHU�UDPSV�DW�WKH�KLJKO\�YLVLEOH�HQGV�RI�WKH�86�+LJKZD\�����SURMHFW���7KH
PDLQ� GUDZEDFN� WR� VHJPHQWDO� ER[� JLUGHUV� LV� WKDW� LW� ZRXOG� EH� GLIILFXOW� WR� ZLGHQ� WKH
JLUGHUV���7KXV��LW�ZRXOG�PDNH�WKH�PRVW�VHQVH�WR�FRQVWUXFW�DOO�WKUHH�ODQHV�LQLWLDOO\�
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)LJXUH��������$�ER[�JLUGHU�EULGJH�ZLWK�WKLQ��VPRRWK
RYHUKDQJV
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)URQWDJH�URDG

�+ROOLGD\�RU�%URDG�6W���D��8�EHDP�VXSHUVWUXFWXUH

�P��PLQ�


)URQWDJH�URDG
�+ROOLGD\�RU�%URDG�6W��

����P���7KUHH�ODQHV�
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&ULWLFDO�FOHDUDQFH�IRU�WUDIILF
FURVVLQJ�WKH�IURQWDJH�URDG
DQG�SDVVLQJ�WKURXJK�WKH
EULGJH


&ULWLFDO�FOHDUDQFH�IRU�WUDIILF
WUDYHOOLQJ�RQ�WKH�IURQWDJH�URDG

a
�
��
��
P
�F
OH
D
U

�E���%R[�JLUGHU�VXSHUVWUXFWXUH

����P���7KUHH�ODQHV�

)LJXUH�������,PSURYHG�IURQWDJH�URDG�FOHDUDQFH�ZKHQ�FKDQJLQJ�IURP�D�8�EHDP�GHVLJQ
�D��WR�D�ER[�JLUGHU�GHVLJQ��E��

7KH� PDLQ� LVVXHV� LQ� FKRRVLQJ� D� VXSHUVWUXFWXUH� V\VWHP� UHYROYH� DURXQG� WKH� GHVLJQ
FRQFHSW� DQG� WKH� HFRQRPLFV� RI� WKH� SURMHFW�� � 7KH� HFRQRPLF� LPSDFW� RI� VXSHUVWUXFWXUH
FKRLFHV�LV�GLVFXVVHG�LQ�6HFWLRQ���������7KH�ILQDO�EULGJH�PXVW�EH�DQ�DWWUDFWLYH�DGGLWLRQ
WR� WKH� VLWH��PDLQWDLQ� D� OLJKW�� RSHQ� DSSHDUDQFH� �SDUWLFXODUO\� IRU� WKH� ORFDO� WUDIILF� DQG
SHGHVWULDQV��DQG�EH�FRQVWUXFWHG�ZLWK�D�PLQLPXP�DPRXQW�RI�GLVUXSWLRQ�WR�WKH�VLWH���$
VHJPHQWDO�ER[�JLUGHU�VXSHUVWUXFWXUH�ZRXOG�EHVW�VDWLVI\�DOO�RI�WKHVH�FULWHULD���$OWKRXJK
PRUH�H[SHQVLYH�WKDQ�DQ�,�JLUGHU�RU�8�EHDP�VWUXFWXUH��WKH�VOHQGHU�DQG�OLJKW�DSSHDUDQFH
IURP� XQGHUQHDWK�� WKH� DELOLW\� WR� FRQVWUXFW� WKH� EULGJH� IURP� DERYH�ZLWKRXW� GLVUXSWLQJ
WUDIILF� DQG� WKH�GUDPDWLF� HOHJDQFH� RI� WKH� FXUYHG� UDPS� VWUXFWXUHV�PDNH� WKLV� WKH�PRVW
DWWUDFWLYH� RSWLRQ�� � %HFDXVH� VHJPHQWDO� ER[� JLUGHUV� FDQ� PRUH� HDVLO\� VSDQ� ORQJHU
GLVWDQFHV��FRQVWUXFWLQJ�MXVW�WKUHH�VSDQV�SHU�FLW\�EORFN�ZRXOG�EH�SRVVLEOH���8VH�RI�WKHVH
ORQJ�VSDQV�ZRXOG�LPSURYH�YLVLELOLW\�WKURXJK�WKH�EULGJH�E\�GHFUHDVLQJ�WKH�QXPEHU�RI
VXEVWUXFWXUH� VXSSRUWV� UHTXLUHG�� � ,�JLUGHUV� DQG� 8�EHDPV� ZRXOG� UHTXLUH� WKH� XVH� RI
KLJKHU� VWUHQJWK� FRQFUHWH� �SHUKDSV� KLJK� SHUIRUPDQFH� FRQFUHWH�� WR� UHDFK� WKHVH� ORQJHU
VSDQV�

7KH�LPSRUWDQFH�RI�WKLV�EULGJH�HQKDQFLQJ�UDWKHU�WKDQ�GHWUDFWLQJ�IURP�WKH�VLWH�ZDUUDQWV
WKH� DGGLWLRQDO� FRVW� RI� D� ER[� JLUGHU� VXSHUVWUXFWXUH�� � +RZHYHU�� WKHUH� DUH� VHYHUDO
FRPSOLFDWLQJ�IDFWRUV�WR�FRQVLGHU�� � ,W� LV�SRVVLEOH�WKDW�ILQDQFLDO�FRQVWUDLQWV�ZLOO�GLFWDWH
WKDW�RQO\�WZR�ODQHV�FDQ�EH�FRQVWUXFWHG�DW�ILUVW�DQG�WKH�SURMHFW�ZLOO�QHHG�WR�EH�ZLGHQHG
LQ�WKH�IXWXUH���6LPLODUO\��DOO�RI�WKH�FXUYHG�UDPS�VWUXFWXUHV�PD\�QRW�EH�DEOH�WR�EH�EXLOW
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DW�WKH�VDPH�WLPH���,Q�HLWKHU�RI�WKHVH�FDVHV��VHJPHQWDO�ER[�JLUGHUV�PD\�QRW�EH�D�JRRG
RSWLRQ�� � &RQVWUXFWLQJ� DGGLWLRQDO� VSDQV� DW� D� ODWHU� GDWH� XVLQJ� SUHFDVW� VHJPHQWDO
FRQVWUXFWLRQ�ZRXOG�EH�XQHFRQRPLFDO���8VLQJ�D�GLIIHUHQW�VXSHUVWUXFWXUH�V\VWHP�IRU�WKH
DGGLWLRQDO�SRUWLRQV�ZRXOG�EH�XQDWWUDFWLYH���,I�LW�LV�GHFLGHG�WR�EXLOG�WKH�EULGJH�LQ�SKDVHV
RI�ZLGWK��8�EHDPV�VKRXOG�EH�XVHG�WKURXJKRXW�WKH�SURMHFW�

�������� 6XEVWUXFWXUH�'HVLJQ

7R� SURYLGH� D� FOHDQ� DQG� RSHQ� GHVLJQ�� D� VLQJOH�FROXPQ� VXEVWUXFWXUH� V\VWHP� ZDV
UHFRPPHQGHG�� �:LWK�D�VHJPHQWDO�ER[�JLUGHU�VXSHUVWUXFWXUH��VLQJOH�FROXPQV�ZLWKRXW
EHQW� FDSV� FRXOG�EH�XVHG�� �7KLV� V\VWHP�ZRXOG�SURYLGH� WKH� OLJKWHVW� DSSHDUDQFH�� �7KH
DHVWKHWLF�DGYDQWDJHV�RI� D�ER[�JLUGHU� DUH� DSSDUHQW�ZKHQ� WKH� IORZ�RI� IRUFHV� LQ� D�ER[
JLUGHU�LV�FRPSDUHG�WR�WKDW�RI�DQ�,�EHDP�EULGJH��)LJXUH���������7KH�PRUH�HIILFLHQW�ER[
JLUGHU�EULGJH�IRUP�OHDGV�WR�D�PRUH�HOHJDQW�VWUXFWXUH�

3UHFDVW�3UHVWUHVVHG�,�*LUGHUV�
,QYHUWHG�7�KDPPHUKHDG�EHQW

,QGLYLGXDO�EHDPV�PXVW�EH�VXSSRUWHG�RQ�D
EHQW�FDS���/DUJH�FDQWLOHYHUV�IRU�FDSV�UHTXLUH
GHHS�VHFWLRQV�WKXV�LQFUHDVLQJ�UHTXLUHG
PDWHULDO��UHGXFLQJ�FOHDUDQFHV�DQG�LPSDLULQJ
YLVLELOLW\

3UHVWUHVVHG�%R[�*LUGHU�
6LQJOH�FROXPQ�VXSSRUW

6LQJOH�VSLQH�RI�ER[�JLUGHU�FDUULHV�ORDGV
GLUHFWO\�WR�VLQJOH�FROXPQ���7KLV�HIILFLHQW
IORZ�RI�IRUFHV�HOLPLQDWHV�WKH�QHHG�IRU�EHQW
FDSV��LPSURYHV�YLVLELOLW\�WKURXJK�WKH�EULGJH
DQG�FOHDUO\�GLVSOD\V�WKH�IORZ�RI�IRUFHV�LQ�D
VLPSOH��ZHOO�LQWHJUDWHG�IRUP�

)LJXUH�������&RPSDULVRQ�RI�WKH�IORZ�RI�IRUFHV�LQ�WZR�GLIIHUHQW�EULGJH�V\VWHPV

,I�D�8�EHDP�RU� ,�JLUGHU�V\VWHP�LV�FKRVHQ�� LQYHUWHG�7�EHQW�FDSV�ZRXOG�KHOS� LPSURYH
YLVLELOLW\�WKURXJK�WKH�VXEVWUXFWXUH���7KH�FDS�HQGV�FDQ�HDVLO\�EH�FKDPIHUHG�RU�VKDSHG
IRU� DQ� DWWUDFWLYH� DSSHDUDQFH� FRQVLVWHQW� ZLWK� FROXPQ� GHWDLOV�� � 6WUXFWXUDO� H[SUHVVLRQ
ZRXOG�EH�DWWUDFWLYH� IRU� WKH�KDPPHUKHDG�EHQW�FDSV�� �7KH�FDSV�FRXOG�EH� WDSHUHG� WR�D
GHHSHU� VHFWLRQ� DW� WKH� FROXPQ� IDFH� RU� WKH� FROXPQV� FRXOG� IODUH� RXW� WR�PHHW� WKH� FDS�
%RWK�RI� WKHVH�RSWLRQV�SURYLGH�VWUXFWXUDO�HIILFLHQF\�DQG�YLVXDO� LQWHJUDWLRQ�RI� WKH�FDS
DQG�FROXPQ�

7KH�DSSHDUDQFH�RI�WKH�VXEVWUXFWXUH�ZLOO�EH�JUHDWO\�DIIHFWHG�E\�ZKHWKHU�RU�QRW�WKH�IXOO
WKUHH�ODQH�EULGJH�ZRXOG�EH�EXLOW�LQLWLDOO\�RU�ZKHWKHU�RQO\�D�WZR�ODQH�EULGJH�ZRXOG�EH
EXLOW�LQLWLDOO\�ZLWK�D�IXWXUH�ZLGHQLQJ�RSWLRQ���,I�IXWXUH�ZLGHQLQJ�LV�UHTXLUHG�DQG�VLQJOH
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FROXPQV� DUH� GHVLUHG� IRU� WKH� ILQDO� EULGJH�� WKH� LQLWLDO� VXEVWUXFWXUH� PXVW� EH� EXLOW� WR
VXSSRUW�WKH�IXOO�WKUHH�ODQHV�� �$Q�DV\PPHWULFDO�VXEVWUXFWXUH�ZRXOG�UHVXOW� LI�ZLGHQLQJ
ZHUH�WR�EH�RQO\�RQ�RQH�VLGH�RQ�WKH�EHQW��)LJXUH�����D����7KLV�VXSSRUW�ZRXOG�EH�YHU\
DZNZDUG� LQ� DSSHDUDQFH�� � :LWK� ZLGHQLQJ� SURYLVLRQV� RQ� ERWK� VLGHV�� D� V\PPHWULFDO
VXEVWUXFWXUH� FDQ� EH� SURYLGHG� LQLWLDOO\� �)LJXUH� ����E��� � +RZHYHU�� FROXPQV� LQLWLDOO\
VXSSRUWLQJ�WZR�ODQHV�EXW�GHVLJQHG�IRU�WKUHH�ODQHV�ZLOO�EH�VWRFN\���7KH�HQJLQHHUV�PXVW
YHU\� VHULRXVO\� FRQVLGHU� WKH� YLVXDO� LPSDFW� VXFK� EULGJHV� ZRXOG� KDYH� XQWLO� WKH\� DUH
ZLGHQHG��LI�WKH\�DUH�ZLGHQHG��

)XWXUH�ZLGHQLQJ

)URQWDJH�URDG

�+ROOLGD\�RU�%URDG�6W��

)URQWDJH�URDG
�+ROOLGD\�RU�%URDG�6W��

)URQWDJH�URDG
�+ROOLGD\�RU�%URDG�6W��

7ZR�ODQHV

7KUHH�ODQHV

�L�

�LL�

�LLL�

)LJXUH�����D��6FKHPH�IRU�ZLGHQLQJ�WR�RQH�VLGH�RQO\��L����$SSHDUDQFH�RI�WKH�LQLWLDO�WZR�
ODQH�VWUXFWXUH��LL��DQG�WKH�ILQDO�WKUHH�ODQH�VWUXFWXUH��LLL��
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)XWXUH�ZLGHQLQJ

)URQWDJH�URDG
�+ROOLGD\�RU�%URDG�6W��

)URQWDJH�URDG
�+ROOLGD\�RU�%URDG�6W��

)URQWDJH�URDG
�+ROOLGD\�RU�%URDG�6W��

7ZR�ODQHV

7KUHH�ODQHV

�L�

�LL�

�LLL�

)LJXUH������E��6FKHPH�IRU�ZLGHQLQJ�WR�WZR�VLGHV��L����$SSHDUDQFH�RI�WKH�LQLWLDO�WZR�ODQH
VWUXFWXUH��LL��DQG�WKH�ILQDO�WKUHH�ODQH�VWUXFWXUH��LLL��

)RU� LPSURYHG� FRQVWUXFWLRQ� HIILFLHQF\�� WKH� VXEVWUXFWXUH� XQLWV� FRXOG� EH� SUHFDVW
VHJPHQWDOO\���3UHFDVWLQJ�WKH�VXEVWUXFWXUH�LV�GLVFXVVHG�IXUWKHU�LQ�6HFWLRQ�������

�������� 1RQVWUXFWXUDO�'HWDLOV

$WWHQWLRQ� WR� GHWDLO� DW� WKLV� EULGJH� VLWH� LV� YHU\� LPSRUWDQW� DV� LW� ZLOO� EH� SULPDULO\� D
SHGHVWULDQ�DQG�ORFDO�WUDIILF�DUHD���7KH�EULGJHV�PXVW�EH�DWWUDFWLYH�VR�DV�QRW�WR�FUHDWH�DQ
XUEDQ�ZDVWHODQG�� UXLQLQJ� WKH� ORFDO�EXVLQHVVHV�� �$WWHQWLRQ� WR�GHWDLO�ZDV�D�FRQFHUQ�RI
WKH�SXEOLF�SDUWLFXODUO\�QHDU�WKH�SDUN�DW�WKH�QRUWK�HQG�

&RQVLVWHQW�VXUIDFH�WUHDWPHQW�RI�WKH�FROXPQV�ZLOO�DGG�DQ�DWWUDFWLYH�DQG�XQLI\LQJ�WRXFK
WR� WKH� ODUJH� VWUXFWXUH�� �8VLQJ�FRORUHG�FRQFUHWH�SDYHUV� IRU� WKH�ZDONZD\V�EHQHDWK� WKH
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EULGJH� ZLOO� DOVR� HQKDQFH� WKLV� DUHD� DQG� PDNH� LW� PRUH� DWWUDFWLYH� DQG� ZHOFRPLQJ� WR
SHGHVWULDQV�� 'HVLJQHUV� KDYH� QXPHURXV� RSWLRQV� IRU� FROXPQ� DQG� ZDONZD\� VXUIDFH
WUHDWPHQWV��PDQ\�RI�ZKLFK�DUH�SUHVHQWHG�LQ�$SSHQGL[�%�RI�WKH�*XLGHOLQHV�

'UDLQDJH�PXVW�EH�FDUHIXOO\�SODQQHG�DQG�FRQWUROOHG�� �'UDLQ�SLSHV�VKRXOG�EH� LQWHUQDO�
$OWKRXJK� FRQWURYHUVLDO� WR� WKH� EXVLQHVVHV�� QR� VLJQV� VKRXOG� EH� SHUPLWWHG� WR� EH� KXQJ
IURP� WKH� VWUXFWXUH� DV� WKH\� ZRXOG� GHWUDFW� IURP� WKH� EULGJH� IRUP�� � $Q� RSHQ� LPSDFW
EDUULHU� IRU� WKH�EULGJH� URDGZD\�VKRXOG�EH�XVHG� WR�PDLQWDLQ� D� VOHQGHU� DSSHDUDQFH� IRU
GLVWDQW� YLHZHUV� DQG� IRU� WUDIILF� SDVVLQJ� XQGHUQHDWK� RUWKRJRQDO� WR� WKH� VSDQV�� � 6LQFH
DWWUDFWLYH�YHJHWDWLRQ�LV�GHVLUDEOH��SDUWLFXODUO\�LQ�WKH�SDUN�DUHDV��WKH�DPRXQW�RI�VXQOLJKW
DYDLODEOH�XQGHU�WKH�EULGJH�PXVW�EH�FRQVLGHUHG�ZKHQ�FKRRVLQJ�ODQGVFDSLQJ�

������ 3RWHQWLDO�8VH�RI�3UHFDVW�6XEVWUXFWXUHV

7KH�86�����SURMHFW�LQ�:LFKLWD�)DOOV�ZRXOG�EHQHILW�IURP�XVLQJ�SUHFDVW�VXEVWUXFWXUHV���3HUKDSV
PRVW�LPSRUWDQWO\��WUDIILF�GLVUXSWLRQV�FRXOG�EH�PLQLPL]HG�DV�IDEULFDWLRQ�ZRXOG�RFFXU�RII�VLWH�
%ULGJH�HUHFWLRQ�ZRXOG�EH�IDVWHU�DV�WKH�QHHG�WR�VHW�XS�IRUPZRUN��SODFH�FRQFUHWH�DQG�ZDLW�IRU�LW
WR� FXUH�ZRXOG�EH� HOLPLQDWHG�� �$FFHOHUDWHG� FRQVWUXFWLRQ�ZRXOG� KHOS� UHOLHYH� SRWHQWLDO� WUDIILF
GHOD\V� DQG� UH�URXWLQJ� WKDW� WKH� FLW\�ZRXOG� OLNH� WR� DYRLG�� � 3UHFDVW� VXEVWUXFWXUHV� ZLOO� KDYH� D
KLJKHU�TXDOLW\�ILQLVK�ZKLFK�ZLOO�DGG�WR�WKH�DWWUDFWLYHQHVV�RI�WKH�ILQDO�VWUXFWXUH���$�FRPSXWHU
UHQGHULQJ�RI�WKH�SURSRVHG�SUHFDVW�VXEVWUXFWXUH�V\VWHP�IURP�&KDSWHU���LV�VKRZQ�RQ�WKH�IXWXUH
VLWH�LQ�)LJXUH������

)LJXUH�������&RPSXWHU�UHQGHULQJ�RI�WKH�SURSRVHG�SUHFDVW�VXEVWUXFWXUH�V\VWHP
DORQJ�WKH�ULJKW�RI�ZD\�RQ�+ROOLGD\�6W���LQQHUPRVW�ODQH�WR�EH�UHPRYHG�



���

3UHFDVWLQJ�WKH�VXEVWUXFWXUH�ZRXOG�DOVR�EH�SRVVLEOH�IRU�D�VFKHPH�ZKHUH�IXWXUH�ZLGHQLQJ�PXVW
EH�IHDVLEOH���$GGLWLRQDO�SUHFDVW�VHJPHQWV�LQ�WKH�ORFDWLRQV�VKRZQ�LQ�)LJXUHV������DQG�����E�
IRU� H[DPSOH�� FDQ� EH� SRVW�WHQVLRQHG� WR� WKH� H[LVWLQJ� EHQW� �ZLWK� D� PHWKRG� VLPLODU� WR� WKDW
GHVFULEHG� LQ� 6HFWLRQ� ������ PRGLILHG� WR� SURYLGH� WHPSRUDU\� VXSSRUWV� IRU� WKH� HQG� VHJPHQWV
ZKLOH� WKH� QHFHVVDU\� ZHW� MRLQWV� FXUH��� � 3RVW�WHQVLRQLQJ� GXFWV� ZRXOG� QHHG� WR� EH� SURYLGHG
LQLWLDOO\�� � 7KHVH� GXFWV�ZRXOG� QHHG� WR� EH� SURSHUO\� FRYHUHG� DQG� SURWHFWHG� XQWLO� ZLGHQLQJ� LV
GHVLUHG�

������ &LW\�3ODQQLQJ�&RQVLGHUDWLRQV

5DLVLQJ�WKH�KLJKZD\�UHPRYHV�WKH�YLUWXDO�ZDOO�WKDW�WUDIILF�FRQJHVWLRQ�FUHDWHV�GXULQJ�UXVK�KRXU�
7KLV�SURMHFW�HOHYDWHV�WKH�IDVW�PRYLQJ�WUDIILF�DQG�DOORZV�FLW\�FURVV�WUDIILF�WR�IORZ�PRUH�HDVLO\
EHWZHHQ�WKH�QHZHU�GHYHORSHG�DUHDV�WR�WKH�VRXWKZHVW��DQG�WKH�ROG�GRZQWRZQ���7KH�VHSDUDWLRQ
RI�WKH�WZLQ�HOHYDWHG�VWUXFWXUHV�E\�D�����P������IW��FLW\�EORFN�FUHDWHV�ERXQGDULHV�IRU�WKH�VSDFH
EHWZHHQ��)LJXUH���������7KHUH�DUH�PDQ\�DSSURDFKHV�WKDW�FDQ�EH�WDNHQ�ZLWK�WKH�XUEDQ�SODQQLQJ
RI� WKLV� DUHD� WR� GHYHORS� WKLV� VSDFH� LQ� DWWUDFWLYH� DQG� SURGXFWLYH�ZD\V� IRU� WKH� FLW\�� � 7KHUH� LV
SRWHQWLDO� IRU� SURPHQDGHV� WR� EH� GHYHORSHG� DORQJ� WKH� IURQWDJH� URDGV� DQG� IRU� D� GLVWULFW� WR� EH
FUHDWHG�ZLWKLQ� WKH� EORFN�ZKHUH� WKH� VKRSV� FRXOG� EH� UH�RULHQWHG� WR� RSHQ� WRZDUGV� WKH� FHQWHU�
6XFK� GHYHORSPHQW� FRXOG� QRW� KDSSHQ� RYHUQLJKW�� �0DQ\� LVVXHV�ZRXOG� QHHG� WR� EH� DGGUHVVHG
VXFK� DV� WKH� ORFDWLRQ� RI� VRPH� EXLOGLQJV� GLUHFWO\� XS� DJDLQVW� WKH� QHZ� HOHYDWHG� VWUXFWXUHV�
+RZHYHU�WKHUH�GRHV�VHHP�WR�EH�SRWHQWLDO�IRU�WKLV�DUHD�WR�VWD\�DFWLYH���7KH�HOHYDWHG�VWUXFWXUH
FRXOG� SURYLGH� DQ� DWWUDFWLYH� SURPHQDGH� DUHD� OHDGLQJ� SHRSOH� LQWR� WKH� FHQWUDO� GLVWULFW�� � 7KH
VWUXFWXUH�FDQ�WKHQ�EH�VHHQ�DV�VRPHWKLQJ�WKDW�KHOSV�FUHDWH�DQ�DUHD�UDWKHU�WKDQ�GHVWUR\�LW����$Q\
FLW\� SODQQLQJ� SURMHFW� VXFK� DV� WKLV� ZRXOG� EH� DQ� LQYHVWPHQW� RYHU� ��� WR� ��� \HDUV�� � )HGHUDO
IXQGLQJ�LV�RIWHQ�DYDLODEOH�LQ�WKH�IRUP�RI�WD[�UHOLHI�IRU�VPDOO�EXVLQHVVHV�LQ�ROGHU�DUHDV�EHLQJ
UHYLYHG�DQG�UHQRYDWHG�

%XVLQHVVHV�
DQG�&KXUFKHV

+RVSLWDO
+RVSLWDO

&LW\�+DOO

3DUN 2SHQ�/DQG

6RXWK�%RXQG�5�2�:�

1RUWK�%RXQG�5�2�:�
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6HFWLRQ�$�$

)O\RYHU�RQ��DQG�RII�UDPSV

)LJXUH�������7KH�ZLGH�DUHD�EHWZHHQ�WKH�QHZ�HOHYDWHG�VWUXFWXUHV�FDQ�EH�VHHQ�DV�D�GLVWULFW
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0RUH� LPPHGLDWH� FRQFHUQV� UHJDUGLQJ� FLW\� SODQQLQJ� FRQFHUQ� WKH� LPSDFW� RI� WKH� EULGJH� RQ
EXLOGLQJV�GLUHFWO\�QHLJKERULQJ�WKH�QHZ�VWUXFWXUH���$V�PHQWLRQHG�SUHYLRXVO\��VRPH�VWUXFWXUHV
DUH�YHU\�FORVH� WR� WKH� ORFDWLRQ�RI� WKH�QHZ�EULGJH�� �7KLV�ZLOO�QHFHVVLWDWH� WXUQLQJ�VRPH�RI� WKH
HQWUDQFHV�WR�WKHVH�EXLOGLQJV�DZD\�IURP�WKH�EULGJH�

������ 3RWHQWLDO�(FRQRPLF�,PSDFW

$�PDMRU� IDFWRU�GLFWDWLQJ� WKH� HFRQRPLFV�RI� WKLV�SURMHFW�ZLOO� EH� WKH� FKRLFH� RI� VXSHUVWUXFWXUH
V\VWHP�� � ,Q� ������ ,�JLUGHUV� DQG� 8�EHDP� VXSHUVWUXFWXUH� EULGJHV� DYHUDJHG� ����� SHU� VTXDUH
PHWHU� �����IW���RI� URDGZD\� VXUIDFH� LQ�7H[DV�� �$V�8�EHDPV�DUH� FXUUHQWO\�RQO\� IDEULFDWHG� LQ
9LFWRULD��7H[DV��QHDU�+RXVWRQ���WKH�KDXOLQJ�FRVWV�DVVRFLDWHG�ZLWK�FRQVWUXFWLQJ�VXFK�D�EULGJH
LQ� :LFKLWD� )DOOV� PD\� LQFUHDVH� WKH� FRVW� E\� D� IHZ� GROODUV� SHU� VTXDUH� IRRW�� � 7KH� �����P�

�����IW��� FRVW� LV� ODUJHO\� EDVHG� RQ� XQDWWUDFWLYH� VXEVWUXFWXUH� V\VWHPV�� �8VLQJ�PRUH� DWWUDFWLYH
VXEVWUXFWXUHV� PLJKW� LQFUHDVH� WKHVH� FRVWV� WR�� DSSUR[LPDWHO\�� �����P�� �����IW��� �VHH� 6DQ
$QJHOR� SURMHFW� GHVFULSWLRQ� LQ� 6HFWLRQ� ���� DQG� 7DEOH� ������ � 7KH� VLPSO\� VXSSRUWHG� SUHFDVW
VHJPHQWDO�ER[�JLUGHU�SURMHFW�IRU�86�����LQ�$XVWLQ�ZLWK�PRUH�DWWUDFWLYH�VXEVWUXFWXUH�VXSSRUWV
FRVW� DSSUR[LPDWHO\� �����P�� �����IW��� RI� URDGZD\� VXUIDFH�� � $Q� ,�JLUGHU� RU� 8�EHDP� EULGJH
HQKDQFHG� ZLWK� D� SUHFDVW� VXEVWUXFWXUH� PLJKW� EH� ���� OHVV� H[SHQVLYH�� 7KH� FRQVWUXFWLRQ
HTXLSPHQW�IRU�86�����LQ�$XVWLQ�RU�WKH�6DQ�$QWRQLR��<��FRXOG�EH�UHXVHG�IRU�D�VHJPHQWDO�ER[
JLUGHU�EULGJH�LQ�:LFKLWD�)DOOV�ZKLFK�ZRXOG�NHHS�WKH�FRVWV�GRZQ���+RZHYHU��WKH�VWDUW�XS�FRVWV
RI� D� SUHFDVWLQJ� \DUG� ZRXOG� UHTXLUH� WKH� HQWLUH� EULGJH� SURMHFW� WR� EH� FRPSOHWHG� IRU� LW� WR� EH
HFRQRPLFDO�� �$Q� LQLWLDO� WZR�ODQH� VHJPHQWDO� ER[� JLUGHU� VXSHUVWUXFWXUH�ZRXOG� EH� GLIILFXOW� WR
ZLGHQ� LQ� WKH� IXWXUH�� � 7KH� HQWLUH� WKUHH�ODQH� EULGJH�ZRXOG� WKHUHIRUH� QHHG� WR� EH� FRQVWUXFWHG
LQLWLDOO\� IRU� VHJPHQWDO� ER[� JLUGHUV� WR� EH� DQ� HFRQRPLFDO� VROXWLRQ�� � $� FRQWLQXRXV� SUHFDVW
VHJPHQWDO� ER[� JLUGHU� SURMHFW�PD\� FRVW�PRUH� WKDQ� �����P�� �����IW���� � +RZHYHU� WKH� ORQJHU
VSDQV� SRVVLEO\�ZLWK� D� FRQWLQXRXV� VXSHUVWUXFWXUH�ZLOO� DOORZ� IRU� VDYLQJV� LQ� VXEVWUXFWXUH� DQG
IRXQGDWLRQ�FRVWV�

7KH�:LFKLWD�)DOOV�SURMHFW� LV� D� FRQWURYHUVLDO� RQH� DQG�ZDUUDQWV� DGGLWLRQDO� FRVWV� IRU� HQVXULQJ
WKDW�DQ�DWWUDFWLYH�DQG�HIILFLHQW�VWUXFWXUH�LV�EXLOW���7KH�SUHVHQFH�RI�WKH�QHZ�EULGJHV�PXVW�KHOS
WR�HQKDQFH�WKH�DUHD�LI�LW�LV�WR�VXUYLYH�HFRQRPLFDOO\���,I�WKH�EULGJHV�GHWUDFW�IURP�WKH�DUHD��D�ULIW
ZLOO�EH�FUHDWHG� LQ� WKH�FLW\�� �7KH�EULGJHV�ZRXOG�HVVHQWLDOO\� FUHDWH� D�EDUULHU�EHWZHHQ� WKH�ROG
GRZQWRZQ�DQG�WKH�QHZHU�GHYHORSPHQWV���)RU�WKLV�UHDVRQ��,�JLUGHUV�VKRXOG�QRW�EH�FRQVLGHUHG
UHJDUGOHVV� RI� WKHLU� SUREDEO\� EHLQJ� WKH� ORZHVW� FRVW� FKRLFH�� � 7KH\� ZRXOG� DOVR� EH� WKH� OHDVW
DWWUDFWLYH�RSWLRQ�� �$� VHJPHQWDO� ER[�JLUGHU�ZRXOG�SURYLGH� WKH�PRVW� DWWUDFWLYH� DGGLWLRQ�� �$V
PHQWLRQHG�SUHYLRXVO\��WKH�VHJPHQWDO�GHVLJQ�VKRXOG�QRW�EH�FRQVLGHUHG�LI�WKH�HQWLUH�WKUHH�ODQH
ZLGWK�FDQQRW�EH�EXLOW�DW�RQFH���8�EHDPV�PD\�EH�D�YHU\�JRRG�HFRQRPLF�FRPSURPLVH�

������ 6HFWLRQ�6XPPDU\

0DQ\� OHVVRQV� ZHUH� OHDUQHG� WKURXJK� WKH� UHVHDUFK� WHDP¶V� LQYROYHPHQW� ZLWK� WKLV� SURMHFW�
2IIHULQJ� VXJJHVWLRQV� IRU� LPSURYHG� EULGJH� GHVLJQ�ZKLOH� WKH� SODQQLQJ� SURFHVV� ZDV� RQJRLQJ
DOORZHG�IRU�D�PRUH�UHDOLVWLF�YLHZ�RI�WKH�SURMHFW¶V�FRQVWUDLQWV���'HFLVLRQV�FRXOG�EH�PDGH�DIWHU
PDQ\�RSWLRQV�ZHUH�FRQVLGHUHG�UDWKHU�WKDQ�VWULFWO\�EDVHG�RQ�FRVW�DQG�VSHHG�RI�GHVLJQ��DV�ZDV
WKH�FDVH�ZLWK�WKH�6DQ�$QJHOR�SURMHFW��
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$JDLQ��D� VLWH�YLVLW�ZDV�HVVHQWLDO� IRU�GHYHORSLQJ�D�YLVLRQ�DQG�GHVLJQ� FRQFHSW� IRU� WKH�EULGJH�
7KH�GHVLJQ�FRQFHSW�FRXOG� WKHQ�EH� FDUULHG�RXW�ZKLOH�FRQVLGHULQJ�PDQ\�GLIIHUHQW�RSWLRQV� IRU
OD\RXW�� VXSHUVWUXFWXUH� GHVLJQ�� VXEVWUXFWXUH� GHVLJQ� DQG� QRQ�VWUXFWXUDO� GHWDLOV�� � ,W� ZDV� DOVR
HYLGHQW�WKDW�FLW\�SROLWLFV�KDG�FRQVLGHUDEOH�LPSDFW�RQ�WKLV�XUEDQ�SURMHFW���,W�LV�LPSRUWDQW�IRU�WKH
GHVLJQ� HQJLQHHUV� WR� ZRUN� FROODERUDWLYHO\� ZLWK� FLW\� RIILFLDOV�� � 7KH� HQJLQHHUV� PXVW� VWLFN� WR
JRRG� HQJLQHHULQJ� GHVLJQ� DQG� FRPPXQLFDWH� WR� WKH� FLW\� WKH� DWWUDFWLYH� SRVVLELOLWLHV� DWWDLQDEOH
ZLWK�HQJLQHHULQJ�GHVLJQ�UDWKHU�WKDQ�DOORZLQJ�WKH�FLW\�WR�GHFRUDWH�WKHLU�EULGJHV�XQQHFHVVDULO\�
7KH�HQJLQHHUV�PXVW�FKRRVH�IRUPV�DQG�OD\RXWV�WKDW�DUH�HOHJDQW�DQG�DWWUDFWLYH�DQG�GR�QRW�LQYLWH
WKH�GHVLUH�WR�FRYHU�WKHP�ZLWK�IDFDGHV�RU�RUQDPHQWDWLRQ�

7KH� :LFKLWD� )DOOV� SURMHFW� ZDV� VWLOO� EHLQJ� GHVLJQHG� GXULQJ� WKH� ZULWLQJ� RI� WKLV� UHSRUW�� � $
GHFLVLRQ� WR� XVH� 8�EHDPV� ZKHUH� SRVVLEOH� ZDV� PRVW� UHFHQWO\� SURSRVHG�� � $� VHJPHQWDO� ER[
JLUGHU� VXSHUVWUXFWXUH� V\VWHP� ZDV� FRQVLGHUHG� WRR� H[SHQVLYH� IRU� WKH� 'LVWULFW� WR� MXVWLI\
FRQVWUXFWLQJ���,Q�DGGLWLRQ��WKH�YHU\�ODUJH�FDQWLOHYHU�PRPHQWV��0X ������1�P��ZRXOG�UHTXLUH
EHQW�FDS�GHSWKV�DW�DURXQG���P������LQ����7KXV��WKH�VSHFLILF�SUHFDVW�V\VWHP�RXWOLQHG�KHUHLQ�LQ
&KDSWHU���ZRXOG�QRW�EH�DSSURSULDWH�

���� &KDSWHU�6XPPDU\
+DYLQJ�WKH�RSSRUWXQLW\�WR�LPSOHPHQW�WKH�UHVHDUFK�ZKLOH�LW�LV�RQJRLQJ�KDV�EHHQ�YDOXDEOH�IRU
WKLV� SURMHFW�� � )RU� WKH� *XLGHOLQHV�� LQSXW� IURP� GHVLJQHUV�� SUHFDVWHUV�� IRUP� VXSSOLHUV� DQG
FRQWUDFWRUV�DFURVV�WKH�VWDWH�DQG�WKH�JDLQLQJ�RI� LQVLJKW� LQWR� WKH�DFWXDO�GHVLJQ�SURFHVV�KHOSHG
VKDSH�WKH�*XLGHOLQHV�LQWR�D�SUDFWLFDO�DQG�XVHIXO�PDQXDO���7KURXJK�ERWK�SURMHFWV��LW�ZDV�VHHQ
WKDW�DSSOLFDWLRQ�RI�WKH�*XLGHOLQHV�IURP�WKH�RXWVHW�RI�GHVLJQ�ZLOO�DOORZ�IRU�WKH�EHVW�XVH�RI�WKH
PDQXDO�� �:LWK�WKH�6DQ�$QJHOR�SURMHFW�� LW�ZDV�IRXQG� WKDW�ZLWK�VLPSOH� OD\RXW�FKDQJHV��PRUH
DWWUDFWLYH�VROXWLRQV�FRXOG�EH�IRXQG�ZLWK�HFRQRPLF�VDYLQJV���7KH�:LFKLWD�)DOOV�SURMHFW�VKRZHG
WKH� HDVH� ZLWK� ZKLFK� WKH�*XLGHOLQHV� FRXOG� EH� DSSOLHG� WR� DOORZ� IRU� VLPSOH� FRPSDULVRQV� RI
GHVLJQ�RSWLRQV���7KLV�SURMHFW�DOVR�VKRZHG�KRZ�SXEOLF�LQWHUHVW�LQ�EULGJH�DHVWKHWLFV�FDQ�LQWHUDFW
ZLWK� GHVLJQ� RSWLRQV�� � (QJLQHHUV� PXVW� SD\� DWWHQWLRQ� WR� WKH� LPSDFW� RI� WKHLU� GHVLJQV� RQ� WKH
SXEOLF� DQG�GHYHORS� WKHLU� RZQ� LGHDV� IURP� UHDOLVWLF� FKRLFHV� VR� WKDW� WKH\� FDQ�SURXGO\�GLVSOD\
WKHLU�ZRUN�UDWKHU�WKDQ�KDYH�FROOHDJXHV�VXFK�DV�ODQGVFDSH�DUFKLWHFWV�WU\�WR�PDVN�LW�

([SORULQJ� WKH� XVH� RI� SUHFDVW� VXEVWUXFWXUHV� SURYLGHG� IRFXV� IRU� WKH� GHYHORSPHQW� RI� D� PRUH
FRPSUHKHQVLYH� SUHFDVW� VXEVWUXFWXUH� V\VWHP� IRU� VWDQGDUGL]DWLRQ�� � ([WHQVLYH� DWWHQWLRQ� WR
IDEULFDWLRQ��HUHFWLRQ�DQG�FRQQHFWLRQ�GHWDLOV�LV�QHFHVVDU\�IRU�DGRSWLRQ�RI�WKLV�QHZ�VXEVWUXFWXUH
GHVLJQ�RSWLRQ���7KH�SRVVLELOLWLHV�IRU�HFRQRPLFDO�DQG�DWWUDFWLYH�XVH�RI�VXFK�D�V\VWHP�DUH�FOHDU�
7KH� GHWDLOV� PXVW� EH� SUDFWLFDO� DQG� WKH� SUHVHQWDWLRQ� FRQYLQFLQJ� WR� LQVSLUH� WKH� LQGXVWU\� WR
RYHUFRPH� LWV� UHVLVWDQFH� WR� FKDQJH� DQG� IXUWKHU� WKH�SRWHQWLDO� IRU� D� QHZ� IRUP�RI� VXEVWUXFWXUH
GHVLJQ�DQG�FRQVWUXFWLRQ�
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���� ,QWURGXFWLRQ
7KH�UHVHDUFK�ZRUN�GHVFULEHG�KHUHLQ�KDV�SRWHQWLDO�GLUHFW�DSSOLFDWLRQV�IRU�7['27��DQG�RWKHU�
KLJKZD\�SODQQHUV�DQG�EULGJH�HQJLQHHUV�� � ,PSOHPHQWDWLRQ�RI� WKH�SUHFDVW�VXEVWUXFWXUH�V\VWHP
SURSRVHG�IRU�VWDQGDUGL]DWLRQ�LV�GLVFXVVHG���1HFHVVDU\�IROORZ�XS�VWHSV�DUH�VXJJHVWHG�

���� $OWHUQDWH�6XEVWUXFWXUH�6\VWHP
7KH� SURSRVHG� VXEVWUXFWXUH� V\VWHP� GHVFULEHG� LQ�&KDSWHU� �� KDV� EHHQ� GHYHORSHG� WR� IDFLOLWDWH
DGRSWLRQ�IRU�VWDQGDUGL]DWLRQ���7KLV�V\VWHP�LV�SULPDULO\�IRU�XVH�ZLWK�VKRUW��DQG�PRGHUDWH�VSDQ
EULGJHV� ZLWK� D� KLJKO\� VWDQGDUGL]HG� VXSHUVWUXFWXUH� V\VWHP�� SUHFDVW� FRQFUHWH� JLUGHUV�
6WDQGDUGL]DWLRQ�RI�VKRUW��DQG�PRGHUDWH�VSDQ�EULGJH�FRPSRQHQWV�UHVXOWV�LQ�HFRQRPLF�VDYLQJV
SULPDULO\� WKURXJK� KLJKO\� HIILFLHQW�� UHSHWLWLYH� IDEULFDWLRQ� SURFHVVHV� DQG� UHGXFHG� GHVLJQ� DQG
FRQVWUXFWLRQ� WLPH�� �'HYHORSLQJ� D�QHZ�VWDQGDUG� IRU� VXEVWUXFWXUH� V\VWHPV�ZLOO� EH� WKH� NH\� WR
VXFFHVVIXO�LQWURGXFWLRQ�RI�SUHFDVW�VXEVWUXFWXUH�GHVLJQ�IRU�VWDQGDUG�KLJKZD\�EULGJHV�

:KLOH� SUHFDVW� VXEVWUXFWXUHV� DUH� QRW� DQ� HQWLUHO\� QHZ� IRUP� RI� FRQVWUXFWLRQ�� WKH\� KDYH� KDG
OLPLWHG� XVH� LQ� WKH� SDVW�� � ,Q� DQ� HIIRUW� WR� XQGHUVWDQG� SRWHQWLDO� DFFHSWDQFH� RI� D� VWDQGDUGL]HG
SUHFDVW�VXEVWUXFWXUH�V\VWHP��D�VDPSOLQJ�RI�LQGXVWU\�SHUVRQQHO�ZDV�TXHVWLRQHG�DERXW� WKH�XVH
RI� SUHFDVW� VXEVWUXFWXUHV� DW� SUHVHQW� DQG� LQ� WKH� IXWXUH�� � 5HVSRQVH� FRPPHQWV� DUH� RXWOLQHG� LQ
6HFWLRQ�������

$V�PHQWLRQHG� SUHYLRXVO\�� D� PDMRU� LPSHWXV� IRU� WKH� GHYHORSPHQW� RI� D� VWDQGDUGL]HG� SUHFDVW
VXEVWUXFWXUH� V\VWHP� LV� WKH� SRWHQWLDO� IRU� VDYLQJV� ERWK� LQ� GROODUV� DQG� LQ� RQ�VLWH� FRQVWUXFWLRQ
WLPH�� � 6HFWLRQ������� GLVFXVVHV� WKH� SRWHQWLDO� HFRQRPLF� LPSDFW� RI� D� VWDQGDUGL]HG� SUHFDVW
VXEVWUXFWXUH� V\VWHP� DV� GHWHUPLQHG� IURP� GLVFXVVLRQV� ZLWK� H[SHULHQFHG� SUHFDVWHUV� DQG
FRQWUDFWRUV�LQ�7H[DV�

������ �,QGXVWU\�&RPPHQWV�RQ�3UHFDVW�6XEVWUXFWXUHV

'LUHFW� FRPPHQWV� IURP� LQGXVWU\� DUH� VXPPDUL]HG� KHUH� WR� UHIOHFW� WKH� JHQHUDO� PRRG� LQ� WKH
LQGXVWU\� FRQFHUQLQJ� WKH� DFFHSWDQFH� RI� SUHFDVW� VXEVWUXFWXUHV� DV� DQ� XSFRPLQJ� IRUP� RI
FRQVWUXFWLRQ�� �7KHVH� FRPPHQWV� LQGLFDWH�DUHDV�QHHGLQJ� IXUWKHU� VWXG\�DV�ZHOO� DV� DUHDV�ZKHUH
PLVFRQFHSWLRQV�QHHG�WR�EH�DGGUHVVHG�DQG�FODULILHG�

�������� �/R%XRQR��$UPVWURQJ�DQG�$VVRFLDWHV

3UHFDVW�VXEVWUXFWXUHV�DUH�DQ�DFFHSWDEOH�PHWKRG�RI�FRQVWUXFWLRQ�EXW�LW�LV�QRW�DSSDUHQW
WR� WKLV� ILUP� WKDW� SUHFDVW� SLHUV� RIIHU� HFRQRPLFDO� DGYDQWDJHV� RYHU� FDVW�LQ�SODFH� SLHUV�
&DVWLQJ�SLHUV�LQ�SODFH�LV�VHHQ�DV�D�QDWXUDO�SURJUHVVLRQ�FRQWLQXLQJ�XS�IURP�IRXQGDWLRQ
FDVWLQJ�� � ,PSRUWDQWO\�� WKH\� IHHO� WKDW� RQ�VLWH� VXEVWUXFWXUH� FDVWLQJ� LV� DGYDQWDJHRXV� LQ
ILOOLQJ�WKH�³ODJ´�WLPH�EHWZHHQ�WKH�QRWLFH�WR�SURFHHG�ZLWK�VXSHUVWUXFWXUH�HUHFWLRQ�DQG
ZKHQ�WKH�VXSHUVWUXFWXUH�HOHPHQWV�DUH�UHDG\�WR�EH�HUHFWHG���([FHSWLRQV�DUH�UHFRJQL]HG
LQ� WKH� FDVH� RI� ODUJH� SURMHFWV� RU� SURMHFWV� EXLOW� LQ� GLIILFXOW� WR� DFFHVV� VLWHV�� ZKHUH
SUHFDVWLQJ�KDV�EHHQ�XVHG�DGYDQWDJHRXVO\�LQ�WKH�SDVW�
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6RPH�FRQFHUQV�H[SUHVVHG�DERXW�SUHFDVW�VXEVWUXFWXUHV�KDYH�LQYROYHG�WKH�XVH�RI�ORRSHG
VWUDQG�WHQGRQV���$QFKRULQJ�ERWK�HQGV�DW�WKH�WRS�LV�YLHZHG�E\�WKHP�DV�D�SUREOHP�DV�LV
WKH�DELOLW\�WR�HIILFLHQWO\�WKUHDG�WKHVH�ORRSHG�WHQGRQV����([SHULHQFH�RQ�86����LQGLFDWH
QHLWKHU� UHVHUYDWLRQ� LV� YDOLG��� � 7KH\� ZHUH� FRQFHUQHG� RYHU� ZDWHU� UHPRYDO� IURP� WKH
GXFWV�� � 3RVW�WHQVLRQLQJ� EDUV� DUH� FRQVLGHUHG� HDVLHU� WR� ZRUN� ZLWK� EXW� DUH� PRUH
H[SHQVLYH�>��@

$XWKRUV¶�FRPPHQWV���$�SRWHQWLDO�VROXWLRQ�WR�FRQJHVWLRQ�SUREOHPV�ZLWK�ORRSHG�WHQGRQ
DQFKRUDJHV�DW� WKH�WRS�LV� WKURXJK�XVH�RI�KLJK�SHUIRUPDQFH�FRQFUHWH�ZLWK�VWUHQJWKV�RI
���03D� ������� SVL�� RU� KLJKHU��ZKHUH� VPDOOHU� DQFKRUDJH� VSDFLQJ�PD\� EH� SHUPLWWHG
�VHH� 6HFWLRQ� �������� � 6SHFLDO� DQFKRUDJH� GHYLFHV� PXVW� EH� WHVWHG� LQ� KLJKHU� VWUHQJWK
FRQFUHWH�EHIRUH�WKH\�FDQ�EH�XVHG�LQ�VXFK�KLJKHU�VWUHQJWK�FRQFUHWH�LQ�WKH�ILHOG�

7KH�DUJXPHQW�WKDW�FDVWLQJ�VXEVWUXFWXUHV�LQ�SODFH�LV�D�QDWXUDO�SURJUHVVLRQ�IURP�FDVW�LQ�
SODFH� IRXQGDWLRQV� FDQ� DOVR� EH� XVHG� IRU� SUHFDVWLQJ� VXEVWUXFWXUHV�� � $� SUHFDVW
VXEVWUXFWXUH� ZRXOG� IDFLOLWDWH� WKH� QDWXUDO� SURJUHVVLRQ� RI� WKH� SUHFDVW� VXSHUVWUXFWXUH
ZKLFK�IROORZV�

�������� -��0XOOHU�,QWHUQDWLRQDO

7R�EH�SUDFWLFDO��SUHFDVW�VXEVWUXFWXUH�HOHPHQWV�PXVW�EH�XVHG�RQ�ODUJH�SURMHFWV�ZKHUH�LW
LV�HFRQRPLFDOO\�MXVWLILDEOH�WR�VHW�XS�D�FDVWLQJ�\DUG�DQG�KDXO�WKH�VHJPHQWV�WR�WKH�VLWH�
$�VXIILFLHQW�QXPEHU�RI�HOHPHQWV�RI�WKH�VDPH�VL]H�DQG�VKDSH�DUH�UHTXLUHG�IRU�ORZ�FRVW
IDEULFDWLRQ�� � 3UHFDVW� VXEVWUXFWXUHV� DUH� SDUWLFXODUO\� DGYDQWDJHRXV� IRU� VLWHV� WKDW� DUH
GLIILFXOW�WR�DFFHVV�DQG�IRU�EULGJHV�EXLOW�LQ�KDUVK�HQYLURQPHQWV���)RU�EULGJHV�LQ�KDUVK�
FROG�HQYLURQPHQWV��IDEULFDWLRQ�LQGRRUV�WKURXJK�WKH�ZLQWHU�LV�DGYDQWDJHRXV���7KH�KLJK
TXDOLW\�FRQWURO�LQ�SUHFDVWLQJ�DOORZV�IRU�HIILFLHQW�XVH�RI�KLJKHU�TXDOLW\�FRQFUHWH��+3&�
ZKLFK�LV�OHVV�SHUPHDEOH�DQG�WKHUHIRUH�PRUH�GXUDEOH�>��@

$XWKRUV¶� FRPPHQWV�� $QRWKHU� RSWLRQ� IRU� SUHFDVW� VXEVWUXFWXUHV� WR� EH� HFRQRPLFDOO\
MXVWLILDEOH�LV�WKURXJK�VWDQGDUGL]DWLRQ���7KH�ODUJH�YROXPH�RI�VPDOOHU��VWDQGDUG�EULGJHV
H[FHHGV� WKH� YROXPH� RI� PDQ\� ODUJH� SURMHFWV�� � 7KLV� LV� WKH� UDWLRQDOH� XVHG� WR� MXVWLI\
GHYHORSPHQW�RI�VWDQGDUG�SUHFDVW�VHJPHQWDO�ER[�JLUGHU�VXSHUVWUXFWXUH�VWDQGDUGV��>��@

�������� '5&�&RQVXOWDQWV

3UHFDVW� KROORZ� ER[� SLHUV� DUH� FRQVLGHUHG� VWULFWO\� IRU� HFRQRPLFV� DQG� VSHHG� RI
FRQVWUXFWLRQ���7KH\�KDYH�QRW�EHHQ�FRPPRQ�LQ�WKH�SDVW�EHFDXVH�SURMHFWV�DUH�W\SLFDOO\
WRR�VPDOO�WR�JDLQ�HFRQRPLF�DGYDQWDJHV�RU�EHFDXVH�WUDQVSRUWDWLRQ�FRVWV�DUH�H[FHVVLYH�
,Q�D�IHZ�FDVHV��VHLVPLF�FULWHULD�UHTXLUH�D�ODUJH�DPRXQW�RI�YHUWLFDO�SRVW�WHQVLRQLQJ�>��@

$XWKRUV¶�FRPPHQWV��$JDLQ��SUHFDVW�VXEVWUXFWXUHV�ZLOO�PRVW�SUREDEO\�EH�HFRQRPLFDOO\
MXVWLILDEOH� WKURXJK� PDUNHW� DJJUHJDWLRQ� EURXJKW� DERXW� E\� HIIHFWLYH� VWDQGDUGL]DWLRQ�
$SSOLFDELOLW\� RI� SUHFDVW� VXEVWUXFWXUHV� WR� VHLVPLF� UHJLRQV� LV� QRW� RI�PDMRU� LQWHUHVW� WR
7['27�EXW�FHUWDLQO\�LV�D�WRSLF�ZRUWK\�RI�IXUWKHU�LQYHVWLJDWLRQ�

�������� &DOLIRUQLD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��&$/75$16�

6HJPHQWDO�VXEVWUXFWXUHV�KDYH�QRW�EHHQ�XVHG�LQ�&DOLIRUQLD�EXW�WKHUH�GRHV�VHHP�WR�EH�D
IXWXUH�IRU�VHJPHQWDO�SLHUV�SDUWLFXODUO\� LQ�QRQVHLVPLF�DUHDV�� �7KH�FRQWLQXLW\�EHWZHHQ
VXEVWUXFWXUH�DQG�VXSHUVWUXFWXUH�QHHGHG�WR�VDWLVI\�WKH�GXFWLOH�GHVLJQ�SKLORVRSK\�RI�WKH
$PHULFDQ�VHLVPLF�SURYLVLRQV�KDV�OHG�&$/75$16�WR�XVH�FDVW�LQ�SODFH�SLHUV�ZLWK�PLOG
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UHLQIRUFHPHQW�SUHGRPLQDQWO\�� � ,QYHVWLJDWLRQV� LQWR� WKH�XVH�RI�SUHVWUHVVLQJ� WR�SURYLGH
FRQWLQXLW\� UHVXOWHG� LQ� WKH� FRQFOXVLRQ� WKDW� WKH� ³ODFN� RI� VXEVWDQWLDO� VWUDLQ� HQHUJ\
EHWZHHQ�WKH�GHVLJQ�ORDG�DQG�WKH�XOWLPDWH�VWUHQJWK�RI�WKH�KLJK�VWUHQJWK�VWUDQG�FRXOG�EH
D�SUREOHP�´��)RU�SUHFDVW�VXEVWUXFWXUH�GHVLJQ�WR�EH�XWLOL]HG�LQ�&DOLIRUQLD��WKH�VHLVPLF
SHUIRUPDQFH�RI�VXFK�VXEVWUXFWXUHV�ZLOO�QHHG�WR�EH�IXUWKHU�UHVHDUFKHG�>��@

�������� 7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ���7['27�

3UHFDVW�SLHUV�KDYH�EHHQ�XVHG� LQ�7H[DV� IRU� DW� OHDVW� WKUHH�SURMHFWV�� � WKH�1HFKHV�5LYHU
%ULGJH� LQ� 3RUW� 1HFKHV�� 86� ���� LQ� $XVWLQ� DQG� WKH� /RXHWWD� 5G�� 2YHUSDVV� RQ� 6WDWH
+LJKZD\�����LQ�+RXVWRQ���7KH�1HFKHV�5LYHU�%ULGJH�ZDV�GHVLJQHG�E\�WKH�HQJLQHHULQJ
ILUP�RI�)LJJ�DQG�0XOOHU�� �7ZR�RI� WKH�VHJPHQWDO�SLHUV�ZHUH� WHPSRUDU\�VXSSRUWV� WKDW
ZHUH�PRUH�HDVLO\�GLVPDQWOHG�DV�VHJPHQWDO�SLHUV�� �7KH�86�����SLHUV�DQG�WKH�/RXHWWD
5G�� RYHUSDVV� SLHUV� ZHUH� GHVLJQHG� E\� 7['27�� � )RU� 86� ����� WKH� ODUJH� VL]H� RI� WKH
SURMHFW�DQG�KLJK�UHSHWLWLRQ�RI�VLPLODU�SLHU�W\SHV������SLHUV����SLHU�W\SHV��ZHUH�UHDVRQV
IRU� SURSRVLQJ� SUHFDVW� FRQVWUXFWLRQ�� � 7KH� FRQWUDFWRU� FKRVH� WR� SUHFDVW� RQO\� RQH� SLHU
W\SH�� � 7KH� GHFLVLRQ� WR� FDVW� WKH� RWKHU� SLHUV� LQ� SODFH� ZDV� EDVHG� RQ� VHYHUDO� IDFWRUV�
7KHVH�LQFOXGHG�WKH�DELOLW\�WR�TXLFNO\�LQYRNH�ILHOG�ODERU��DQ�H[WUHPH�VKRUWDJH�RI�VSDFH
LQ�WKH�FRQILQHG�SUHFDVW�\DUG��JHQHURXV�DPRXQWV�RI�FOHDUHG�ULJKW�RI�ZD\�ZKLFK�FRXOG
EH� XVHG� IRU� FDJH� DQG� IRUP� VWDJLQJ� DUHDV�� DQG� D� YHU\� PRGHVW� HFRQRPLF� EHQHILW
FRPSXWHG� DV� D� ����� VDYLQJV� RYHU� WKH� SUHFDVW� RSWLRQ�� � 8SRQ� FRPSOHWLRQ�� WKH
FRQWUDFWRU¶V�VXSHULQWHQGHQW�LQGLFDWHG�FRQVWUXFWLRQ�RI�WKH�SUHFDVW�SLHUV�ZDV�WKH�HDVLHVW
ZD\� WR�EXLOG�SLHUV� WKDW�KH�KDG� HYHU� H[SHULHQFHG�� �7KH�VHFRQG�SODFH�ELGGHU� IHOW� WKH\
ZRXOG�KDYH� SUHFDVW� DOO� RI� WKH� SLHUV�� �7KH�/RXHWWD�5G�� SLHUV�ZHUH� SUHFDVW� EHFDXVH� D
VWXG\�PDQGDWHG�WKDW����03D���������SVL��FRQFUHWH�EH�XVHG�IRU� WKH�VXEVWUXFWXUH�� �7R
WDNH�DGYDQWDJH�RI�WKH�KLJKHU�VWUHQJWK�FRQFUHWH��KROORZ�VHJPHQWDO�SLHUV�ZHUH�GHVLJQHG
WR�EH�SRVW�WHQVLRQHG���1R�PDMRU�SUREOHPV�HQVXHG���7KH�/RXHWWD�SURMHFW�ZDV�DOVR�VHHQ
DV�D�VWXG\�LQWR�WKH�IHDVLELOLW\�RI�SUHFDVWLQJ�VXEVWUXFWXUHV�LQ�WKH�IXWXUH��>�����@

%RWK�WKH�86�����SURMHFW�DQG�WKH�/RXHWWD�5RDG�SURMHFW�ZHUH�DSSOLFDWLRQV�ZLWKRXW�FDSV�
7KLV�LV�D�VXEVWDQWLDO�DGYDQWDJH�LQ�DSSOLFDWLRQ�RI�SUHFDVW�VXEVWUXFWXUHV�

7['27�LV�RSHQ�WR�WKH�GHYHORSPHQW�RI�SUHFDVW�VXEVWUXFWXUHV�DQG�LV�FOHDUO\�LQ�VXSSRUW
RI�LQYHVWLJDWLQJ�WKH�IHDVLELOLW\�RI�VXFK�V\VWHPV�

$XWKRUV¶�FRPPHQWV��7KH�SUHFDVW�SLHU�FRQFHSWV�GHYHORSHG�IRU�WKH�/RXHWWD�5G��RYHUSDVV
DUH�EHLQJ�XVHG�DJDLQ�IRU�D�FXUUHQW�SURMHFW�LQ�(O�3DVR���3UDFWLFDO�LPSOHPHQWDWLRQ�RI�WKH
SURSRVHG�SUHFDVW�VXEVWUXFWXUH�V\VWHP�E\�7['27�ZLOO�UHTXLUH�GHYHORSPHQW�RI�VSHFLILF
VWDQGDUGV�IRU�WKH�UDQJH�RI�DSSOLFDWLRQV�RI�PRVW�LQWHUHVW�� �7KH�UHFRPPHQGDWLRQV�IURP
WKLV�SURMHFW�VKRXOG�EH�KHOSIXO�LQ�VXFK�DQ�HIIRUW�

:LWK�WKH�GHYHORSPHQW�RI�VXFK�VWDQGDUGV��WKH�SRVVLELOLW\�RI�SUHFDVW�SODQWV�EHLQJ�UHDG\
WR�IXUQLVK�VXFK�HOHPHQWV�RQ�UHODWLYHO\�VKRUW�QRWLFH�ZRXOG�VXEVWDQWLDOO\�UHGXFH�SURMHFW
VWDUW�XS�WLPH�

������ (FRQRPLF�,PSDFW

7KH�XVH�RI�SUHFDVW�VXEVWUXFWXUH�V\VWHPV�ZLWK�D�JUHDW�GHDO�RI�ILHOG�SRVW�WHQVLRQLQJ�ZRXOG�EH�D
GUDPDWLF�VKLIW�DZD\�IURP�WUDGLWLRQDO�FDVW�LQ�SODFH�VXEVWUXFWXUHV���7KHUH�DUH�PDQ\�QHZ�GHWDLOV
DQG�FRQVWUXFWLRQ�RSHUDWLRQV�WKDW�FRXOG�RIIVHW�DSSDUHQW�VDYLQJV�� �7\SHV�RI�QHZ�RU�DGGLWLRQDO
FRVWV�LQFOXGH�
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•� &UDQH�FDSDFLW\�IRU�KDQGOLQJ�HUHFWLRQ�RI�FDSV�

•� /RQJHU�KDXOLQJ�GLVWDQFHV�IRU�SUHFDVW�HOHPHQWV�WKDQ�IRU�UHDG\�PL[HG�FRQFUHWH�

•� ([WUD�KDQGOLQJ�DQG�RQ�VLWH�VWRUDJH�RU�GHSHQGHQF\�RQ�MXVW�LQ�WLPH�GHOLYHU\�LQ�FRQJHVWHG
DUHDV�

•� 'LIILFXOWLHV�LQ�XVH�RI�YRLG�IRUPV�LQ�SUHFDVWLQJ�

•� 3RVW�WHQVLRQLQJ�LQFLGHQWDOV��JURXWLQJ��FXUYHG�GXFWV��MDFN�FDOLEUDWLRQ��FRQVWUXFWLRQ�HQJL�
QHHULQJ�FRVWV��DQFKRUDJH�]RQH�FRQJHVWLRQ��VOLJKWO\�PRUH�VNLOOHG�ODERU��HSR[\�XVDJH��HWF���

•� +3&�FRQFUHWH�FRVWV

•� 6XSSOHPHQWDO�UHLQIRUFLQJ�IRU�OLIWLQJ�DQG�KDQGOLQJ�

7KXV�� LW� ZDV� YHU\� LPSRUWDQW� WKDW� WKH� DVVHVVPHQW� RI� HFRQRPLF� LPSDFW� EH� FDUULHG� RXW� DV
REMHFWLYHO\�DV�SRVVLEOH�DQG�WKDW�LW�XWLOL]H�SURIHVVLRQDOV�H[SHULHQFHG�ZLWK�SUHFDVWLQJ�DQG�SRVW�
WHQVLRQLQJ� RSHUDWLRQV� LQ�7H[DV�� � ([WHQVLYH� DQG� KLJKO\� GHWDLOHG� GLVFXVVLRQV�ZLWK� SUHFDVWHUV
DQG�HUHFWRUV�LQ�7H[DV�OHG�WR�HVWLPDWHV�IRU�WKH�FRVW�RI�WKH�SURSRVHG�SUHFDVW�VXEVWUXFWXUH�V\VWHP
LQFOXGLQJ�QHFHVVDU\�FRQVWUXFWLRQ�WLPH���6SHFLILFDOO\�RQH�PDMRU�7H[DV�SUHFDVWHU�DQG�RQH�PDMRU
7H[DV�FRQWUDFWRU�ZKR�ZDV�YHU\�H[SHULHQFHG� LQ�SRVW�WHQVLRQHG� VHJPHQWDO� FRQVWUXFWLRQ�ZHUH
IXUQLVKHG� ZLWK� VFKHPDWLF� SODQV� RI� WKH� SURSRVHG� SUHFDVW� VXEVWUXFWXUH� V\VWHP� LQFOXGLQJ
GLPHQVLRQV��SURSRVHG�IDEULFDWLRQ�GHVFULSWLRQ�DQG�HUHFWLRQ�VHTXHQFH���7KHLU�FRVW�HVWLPDWHV�RI
WKH� IDEULFDWLRQ� DQG� HUHFWLRQ� RI� WKH� V\VWHP� DUH� RXWOLQHG� LQ� 7DEOH� ����� � &RVW� HVWLPDWHV�ZHUH
EDVHG� RQ� WKH� SUHPLVH� WKDW� WKH� VXJJHVWHG� V\VWHP� KDV� EHHQ� VWDQGDUGL]HG� E\� 7['27� DQG
LPSOHPHQWHG� E\� EHLQJ� VSHFLILHG� LQ� D� IDLUO\�ZLGH� QXPEHU� RI� EULGJHV�� � 7KHUHIRUH� WKH� SULFHV
OLVWHG� DVVXPH� WKDW� WKLV� VXEVWUXFWXUH� LV� DOUHDG\� LQ�SURGXFWLRQ� DQG� WKDW� VHYHUDO� SUHFDVW� SODQWV
SRVVHVV�WKH�QHFHVVDU\�IRUPZRUN���(QJLQHHUV�ZRXOG�EH�DEOH�WR�VSHFLI\�VWDQGDUG�SUHFDVW�SLHUV
MXVW�DV�WKH\�QRZ�VSHFLI\�VWDQGDUG�,�EHDPV�RU�ER[�EHDPV���7KH�HVWLPDWH�RI�FRQVWUXFWLRQ�WLPH
JLYHQ� LQ�7DEOH�����ZDV�PDGH�E\� WKH� DXWKRUV�EDVHG�RQ�REVHUYLQJ� UHFHQW� ILHOG� H[SHULHQFH� LQ
7H[DV�� � 7KH� FDVW�LQ�SODFH� EHQWV� UHTXLUH� DOPRVW� WZLFH� DV� PXFK� WLPH� IRU� ILHOG� FRQVWUXFWLRQ
EHFDXVH�DOO�FRQVWUXFWLRQ�RSHUDWLRQV�DUH�LQ�WKH�ILHOG���,Q�FRQWUDVW��SODFLQJ�UHLQIRUFLQJ��IRUPLQJ�
DQG�FRQFUHWLQJ�RSHUDWLRQV�IRU� WKH�SUHFDVW�V\VWHP�WDNH�SODFH�RII�RI� WKH�VLWH�� �7KH�HUHFWLRQ�RI
ILYH� VLQJOH� SUHFDVW� FROXPQV� �WKH� HTXLYDOHQW� RI� RQH� ILYH�FROXPQ� FDVW�LQ�SODFH� EHQW�� IRU� WKH
/RXHWWD�5G��RYHUSDVV� LQ�+RXVWRQ��)LJXUH������� UHTXLUHG�URXJKO\����GD\V� LQ� WKH� ILHOG��EXW�D
QXPEHU�RI�WKRVH�GD\V�GLG�QRW�UHTXLUH�IXOO�FUHZ�DFWLYLW\���2EVHUYDWLRQ�DW�WKH�HUHFWLRQ�RI�WKH�86
����SURMHFW� LQ�$XVWLQ� �)LJXUH������� LQGLFDWHG� WKDW� WZR�FUHZ�GD\V�SHU�HDFK�PXFK� WDOOHU�SLHU
ZDV�D�UHDVRQDEOH�HVWLPDWH���7KXV��D�PD[LPXP�RI��ò�FUHZ�GD\V�VKRXOG�EH�HQRXJK�IRU�HUHFWLRQ
RI�WKH�SURSRVHG�VKRUWHU�SLHU�VKDIWV�

+RZHYHU��WKH�WZR�FROXPQ�SUHFDVW�IUDPH�EHQW�LV�FRQVLGHUDEO\�PRUH�FRPSOH[�WKDQ�WKH�/RXHWWD
RU�86�����VLQJOH� VKDIW�SLHUV�ZKLFK�KDG� FDSLWDOV�EXW�QRW�EHQWV�� � ,Q� DGGLWLRQ� WR� WKH� WZR�SLHU
VKDIWV��WKH�WZR�WHPSODWHV�PXVW�EH�VHW�DQG�WHPSODWH�MRLQWV�FDVW��WKH�WZR�FDS�VHJPHQWV�VHW��WKH
FDS� FORVXUH� FDVW� DQG� VWUHVVHG�� DQG� WKHQ� D� VHFRQG� VWDJH� RI� SRVW�WHQVLRQLQJ� DSSOLHG� DIWHU� WKH
JLUGHUV� DUH� HUHFWHG�� �%DVHG� RQ� REVHUYDWLRQV� DQG� UHSRUWV� IURP�RWKHU� VHJPHQWDO� SURMHFWV�� WKH
DXWKRUV
�HVWLPDWH�RI�WLPH�UHTXLUHPHQWV�DVVXPHG�

•� �ò�FUHZ�DQG�HTXLSPHQW�GD\V�IRU�HUHFWLQJ�HDFK�VKDIW

•� ��FUHZ�DQG�HTXLSPHQW�GD\�IRU�HUHFWLQJ�ERWK�WHPSODWHV

•� ��FUHZ�DQG�HTXLSPHQW�GD\�IRU�VHWWLQJ�ERWK�FDS�VHJPHQWV

•� ��FUHZ�GD\�IRU�SUHSDULQJ�DQG�FDVWLQJ�WKH�FDS�FORVXUH
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•� ò�FUHZ�GD\�IRU�VWDJH���VWUHVVLQJ

•� ò�FUHZ�GD\�IRU�VWDJH���VWUHVVLQJ

7KXV�� �� FUHZ� GD\V� DQG� �� HTXLSPHQW� GD\V� DUH� UHTXLUHG� IRU� HDFK� WZR�FROXPQ� SUHFDVW� IUDPH
EHQW�����FUHZ�KDOI�GD\V�DQG����HTXLSPHQW�KDOI�GD\V���7KH�WLPH�HVWLPDWH�JLYHQ�LQ�KDOI�GD\V
UHIOHFWV� WKH� IDFW� WKDW� VRPH� RSHUDWLRQV� VXFK� DV� DOLJQPHQW� RI� WKH� ILUVW� FROXPQ� VHJPHQW� DQG
FDVWLQJ�RI�WKH�EDVH�JHRPHWU\�FRQWURO� MRLQW�PD\�RFFXU�IRU�PRUH�WKDQ�RQH�EHQW�EHIRUH� IXUWKHU
HUHFWLRQ�RSHUDWLRQV�RQ�RQH�EHQW�SURFHHG���1R�FRVW�EHQHILWV�DUH�LQFOXGHG�IRU�WKH�VXEVWDQWLDOO\
UHGXFHG�ILHOG�FRQVWUXFWLRQ�WLPH�ZLWK�SRVVLEOH�VDYLQJV�LQ�WUDIILF�FRQWURO�DQG�EHQHILWV�LQ�HDUO\
FRPSOHWLRQ�RI�WKH�SURMHFW�

7DEOH������&RVW�(VWLPDWH�IRU�WKH�6WDQGDUGL]HG�3UHFDVW�6XEVWUXFWXUH�6\VWHP

&RVW�(VWLPDWH�RI�6WDQGDUGL]HG�3UHFDVW

6HJPHQW�)DEULFDWLRQ��LQFOXGLQJ�KDXOLQJ�
 ���������P � ����������\G ��
3RVW�7HQVLRQLQJ ����RI�VHJPHQW
(UHFWLRQ�&UHZ�

 ������GD\
(TXLSPHQW�
 ������GD\

$VVXPH���FUHZ�GD\V�DQG���HTXLSPHQW�GD\V�IRU�HDFK�IUDPH�EHQW�
7RWDO�&RVW����EWZQ�����������P��������������\G �����VD\���������������P���������\G ��


 6RXUFH���7H[DV�SUHFDVWHU


 6RXUFH���7H[DV�FRQWUDFWRU
1RWH���7RWDO�FRVW�EDVHG�RQ�WKH�SUHFDVW�IUDPH�EHQW�VKRZQ�LQ�)LJXUH�������3UHFDVW�KDPPHUKHDG

EHQWV�ZLWK�VLPLODU�PDWHULDO�TXDQWLW\�PD\�VHH�UHGXFWLRQ�GXH�WR�IDVWHU�HUHFWLRQ�WLPH

�

)LJXUH�����JLYHV�D�FRPSDULVRQ�EHWZHHQ�WKH�HVWLPDWHG�SURSRVHG�SUHFDVW�VXEVWUXFWXUH�FRVW�DQG
WKH�FXUUHQW�DYHUDJH�ELG�SULFHV�LQ�7H[DV�IRU�FDVW�LQ�SODFH�VXEVWUXFWXUHV�ZLWK�UHFWDQJXODU�FDSV
DQG�ZLWK�LQYHUWHG�7�FDSV���7KH�SUHFDVW�VXEVWUXFWXUH�V\VWHP�ZLWK�LWV�LQYHUWHG�7�FDS�ZRXOG�EH
PRVW�FRPSHWLWLYH�ZLWK�WKH�FDVW�LQ�SODFH�LQYHUWHG�7�DOWHUQDWLYH�DQG�KDV�ERWK�DHVWKHWLF�DQG�OLIH�
F\FOH� FRVW� DGYDQWDJHV�� � $OWKRXJK� WKH� FRVW� SHU� FXELF� PHWHU� IRU� WKH� SUHFDVW� V\VWHP� LV� ���
KLJKHU��WKH�RYHUDOO�FRVW�RI�D�EHQW�ZLOO�EH�FORVHU�WR�WKDW�RI�D�FRQYHQWLRQDO�LQYHUWHG�7�V\VWHP�LQ
PDQ\�FDVHV���7KLV�UHVXOWV�IURP�WKH�SUHFDVW�VXEVWUXFWXUH�UHTXLULQJ�OHVV�PDWHULDO�WKURXJK�WKH�XVH
RI� KLJK� SHUIRUPDQFH� FRQFUHWH� LQ� HIILFLHQW� KROORZ� VKDSHV�� � $� FRPSDULVRQ� RI� PDWHULDO
TXDQWLWLHV��HVWLPDWHG�FRVW�DQG�HVWLPDWHG�FRQVWUXFWLRQ�WLPH�IRU�WKH�WKUHH�W\SHV�RI�FRQVWUXFWLRQ
VKRZQ� LQ� )LJXUH� ���� LV� JLYHQ� IRU� D� K\SRWKHWLFDO� PXOWLFROXPQ� EHQW� LQ� )LJXUH� ����� � (YHQ
ZLWKRXW�LQFOXGLQJ�WKH�SRWHQWLDOO\�KLJKO\�VLJQLILFDQW�FRVW�EHQHILWV�RI�IDVWHU�RQ�VLWH�FRQVWUXFWLRQ
WLPHV�� WKH� SURSRVHG� SUHFDVW� V\VWHP� LV� KLJKO\� FRPSHWLWLYH� �ZLWKLQ� ���� ZLWK� WKH� LQYHUWHG�7
GHVLJQ�� �1HLWKHU� WKH�SURSRVHG�SUHFDVW� V\VWHP�QRU� WKH�SUHVHQWO\�ZLGHO\�XVHG� LQYHUWHG�7�FDS
V\VWHP�LV�FRPSHWLWLYH�LQ�WHUPV�RI�PDWHULDO�TXDQWLWLHV�RU�VXEVWUXFWXUH�FRVWV�ZLWK�WKH�WUDGLWLRQDO
UHFWDQJXODU� FDS� V\VWHP�� � 7KH� SUHFDVW� V\VWHP� FRXOG� EH� MXVWLILHG� DV� D� UHSODFHPHQW� IRU� WKH
UHFWDQJXODU� FDS� V\VWHP� EDVHG� RQ� UHGXFHG� FRQVWUXFWLRQ� WLPH� RU� LPSURYHG� DHVWKHWLFV� DQG�RU
YHUWLFDO� KHLJKW� IDFWRUV� DV� DUH� QRZ� XVHG� WR� MXVWLI\� XVH� RI� WKH� LQYHUWHG�7� FDS� V\VWHP�� � 7KH
SUHFDVW� V\VWHP� FRXOG� DOVR� EH� MXVWLILHG� ZKHUH� EULGJH� FRVWV� DUH� D� VPDOO� SRUWLRQ� RI� D� ODUJH
KLJKZD\� SURMHFW�� DQG� WKH� LQFUHDVHV� LQ� VXEVWUXFWXUH� FRVW� KDYH� D� PLQLPDO� HIIHFW� RQ� RYHUDOO
SURMHFW�FRVW��VHH�6HFWLRQ��������,Q�6HFWLRQ������HIILFLHQF\�ZDV�GHILQHG�DV�WKH�PLQLPL]DWLRQ�RI
ZDVWHG�PDWHULDO��QRQSURGXFWLYH�ODERU�DQG�FRQVWUXFWLRQ�WLPH�LQ�PHHWLQJ�WKH�XVHUV�QHHGV�ZLWKLQ
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WKH�SURMHFW�FRQVWUDLQWV��IXQFWLRQDOLW\����&RPSDULQJ�WKH�SUHFDVW�V\VWHP�ZLWK�WKH�LQYHUWHG�7�FDS
V\VWHP��WKH�PDWHULDO�DQG�ODERU�VDYLQJV�DV�UHIOHFWHG�LQ�YROXPH�RI�FRQFUHWH�DUH�RQO\�LQ�WKH����
UDQJH���7KLV�LV�RIIVHW�E\�D�����LQFUHDVH�LQ�HVWLPDWHG�XQLW�FRVW�RI�FRQFUHWH�UHIOHFWLQJ�WKH�ODUJH
QXPEHU� RI� H[WUD� RSHUDWLRQV� LQYROYHG� LQ� KDQGLQJ� DQG� FRQQHFWLQJ� WKH� SUHFDVW� XQLWV�� � 7KXV
VLJQLILFDQW� HIILFLHQFLHV�ZRXOG� RQO\� EH� VHHQ� IURP�PLQLPL]DWLRQ� RI� FRQVWUXFWLRQ� WLPH�� � 7KLV
WLPH�UHGXFWLRQ�ZRXOG�RQO\�SUHVHQW�VDYLQJV�RQ�SURMHFWV�ZKHUH�VXFK�VKRUWHU�FRQVWUXFWLRQ�WLPHV
ZRXOG�UHVXOW�LQ�UHGXFWLRQ�RI�XVHU�GHOD\V��LPSURYHG�VDIHW\��DQG�ORZHUHG�WUDIILF�UHURXWLQJ�FRVWV�
$HVWKHWLF�LPSURYHPHQWV�ZRXOG�KDYH�WR�EH�MXVWLILHG�RQ�D�SURMHFW�WR�SURMHFW�EDVLV
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)LJXUH������&RVW�FRPSDULVRQ�RI�WKUHH�GHVLJQV�IRU�D����P�����IW��ZLGH�EHQW

$GYDQWDJHV� RI� WKH� V\VWHP� ZLOO� YDU\� IURP� SURMHFW� WR� SURMHFW�� � &RQVLGHULQJ� WKH� EHQHILWV� RI
VKRUWHU� RQ�VLWH� FRQVWUXFWLRQ� WLPH� SRLQWV� WR� KLJK� SRWHQWLDO� IRU� IXWXUH� VXFFHVV� RI� SUHFDVW
VXEVWUXFWXUH�V\VWHPV���$�UHFHQW�SURMHFW�LQ�7H[DV��³3LHUFH�(OHYDWHG´�LQ�+RXVWRQ��XWLOL]LQJ����
N1������N��SUHFDVW�SLHU�FDSV�WR�VSHHG�HUHFWLRQ�WLPH�LQ�D�FRQJHVWHG�XUEDQ�VLWH�UHVXOWHG�LQ�WKH
ODUJHVW� HDUO\�FRPSOHWLRQ� ERQXV� ������ PLOOLRQ�� HYHU� RIIHUHG� E\� WKH� 7H[DV� 'HSDUWPHQW� RI
7UDQVSRUWDWLRQ�>��@��7KH�YDOXH�RI�D�GD\�RI�FRQVWUXFWLRQ�WLPH�VDYHG�ZDV�HVWLPDWHG�DW���������
7KH�SURMHFW�PDQDJHU�IRU�WKH�FRQWUDFWRU�UHPDUNHG�WKDW�XVLQJ�IDOVHZRUN�WR�WLH�WKH�FDVW�LQ�SODFH
FROXPQV�ZLWK� WKH� SUHFDVW� FDSV�ZRXOG� KDYH� UHTXLUHG� VL[� WLPHV� DV� ORQJ� DV� WKH�PHWKRG� WKH\
XVHG�� ZKLFK� UHTXLUHG� QR� IDOVHZRUN�� � &OHDUO\� WKH� YDOXH� RI� FRQVWUXFWLRQ� VSHHG� LQ� FHUWDLQ
ORFDWLRQV� ZLOO� IDU� RXWZHLJK� WKH� FRQVWUXFWLRQ� FRVW� GLIIHUHQFHV� RI� GLIIHUHQW� VXEVWUXFWXUH
V\VWHPV���)RU�LQVWDQFH��DV�VKRZQ�LQ�)LJXUH������ZKLOH�HDFK�SUHFDVW�VXEVWUXFWXUH�XQLW�PD\�FRVW
��������PRUH� WKDQ� D� FDVW�LQ�SODFH�PXOWLFROXPQ�EHQW�ZLWK� D� UHFWDQJXODU�EHQW� FDS�� D�SURMHFW
FRQVWUXFWLRQ� WLPH� VDYLQJV� RI� WZR�ZHHNV� LQ� WKH� FRQJHVWHG� XUEDQ� VLWH�PHQWLRQHG� SUHYLRXVO\
ZRXOG� HTXDWH� WR� D� VDYLQJV� RI� ���������� �7KH� FRVWV�ZRXOG� YDU\� GHSHQGLQJ� RQ� WKH� VL]H� DQG
ORFDWLRQ�RI�WKH�SURMHFW���+RZHYHU��WKH�UHFHQW�H[SHULHQFH�DQG�YDOXDWLRQ�RI�FRQVWUXFWLRQ�VSHHG
VKRXOG� JLYH� SUHFDVW� VXEVWUXFWXUH� V\VWHPV� LQ� WKH� IXWXUH� D� KLJKO\� FRPSHWLWLYH� HFRQRPLF
DGYDQWDJH�

$QRWKHU� SRWHQWLDO� HFRQRPLF� LPSDFW� RI� SUHFDVW� VXEVWUXFWXUH� FRQVWUXFWLRQ� LV� ZLWK� OLIH�F\FOH
FRVWV�� �3UHFDVWLQJ� WKH� VXEVWUXFWXUH�KDV� WKH� DGYDQWDJH�RI�KLJKHU�TXDOLW\� FRQWURO� IRU� FRQFUHWH
SODFHPHQW�� � 7KH� UHVXOW� ZLOO� W\SLFDOO\� EH� D� KLJKHU� TXDOLW\� VXUIDFH� ILQLVK�� � 7KH� XQDWWUDFWLYH
IRUPOLQHV� DQG� WLH� SDWWHUQV� FRPPRQ� WR� FDVW�LQ�SODFH� FRQFUHWH� FRQVWUXFWLRQ� ZLOO� EH� UHGXFHG
ZLWK� SUHFDVWLQJ�� � $V� D� UHVXOW�� SDLQWLQJ� WKH� VXUIDFH� ZLOO� QRW� EH� QHFHVVDU\� WR� SURYLGH� DQ
DWWUDFWLYH�VXUIDFH�DSSHDUDQFH����3DLQWHG�FRQFUHWH�UHTXLUHV�UHSDLQWLQJ�URXJKO\�HYHU\�ILYH�\HDUV
RU�PRUH�RIWHQ�LI�WKH�VXUIDFH�ZDV�QRW�SUHSDUHG�SURSHUO\�EHIRUH�SDLQWLQJ���(LWKHU�ZD\��SDLQWLQJ
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FRQFUHWH�LV�D�PDLQWHQDQFH�KHDGDFKH�WKDW�VKRXOG�EH�DYRLGHG�ZKHUHYHU�SRVVLEOH���$Q�DWWUDFWLYH
SUHFDVW�ILQLVK�ZLOO�UHGXFH�PDLQWHQDQFH�QHHGV�DQG�FRVWV�
$QRWKHU� VDYLQJV� LQ� OLIH�F\FOH� FRVWV� DFKLHYHG� WKURXJK� WKH� KLJKHU� SHUIRUPDQFH� PDWHULDOV� DQG
LPSURYHG�W\SLFDO�TXDOLW\�FRQWURO�RI�SUHFDVWLQJ�LV�HQKDQFHG�GXUDELOLW\�� �&RYHU�UHTXLUHPHQWV�RQ
UHLQIRUFHPHQW�DUH�PRUH�DFFXUDWHO\�DFKLHYHG�� �%HWWHU�FRQWUROOHG�PL[LQJ��SODFHPHQW�DQG�FXULQJ
PHWKRGV�FDQ�UHVXOW�LQ�EHWWHU�TXDOLW\�FRQFUHWH��7KH�FRPELQDWLRQ�RI�HSR[\�FRDWHG�UHLQIRUFHPHQW�
DGHTXDWH�FRYHU�DFKLHYHG�ZLWK�FRQWUROOHG�SODQW�SURGXFWLRQ�PHWKRGV��DQG�GHFUHDVHG�SHUPHDELOLW\
WKURXJK�KLJK�SHUIRUPDQFH�FRQFUHWH�FDQ�SURYLGH�H[FHOOHQW�GXUDELOLW\�IRU�D�SUHFDVW�VXEVWUXFWXUH�
,Q� DGGLWLRQ�� WKH� FRPSUHVVLRQ� RI� WKH� FRQFUHWH� XQGHU� VHUYLFH� ORDGV� GXH� WR� SUHVWUHVVLQJ� VKRXOG
DVVLVW� LQ�SUHYHQWLRQ�RI� FUDFNLQJ� DQG� LQ� FRQWURO�RI� FUDFN�ZLGWKV� LI� DQG�ZKHQ�FUDFNLQJ�RFFXUV�
7KHVH�HIIHFWV�VKRXOG�LPSHGH�WKH�LQJUHVV�RI�FRUURVLYH�DJHQWV�VXFK�DV�FKORULGHV���(QKDQFHG�GXUD�
ELOLW\�ZLOO�UHGXFH�PDLQWHQDQFH�DQG�SRWHQWLDO�UHSODFHPHQW�FRVWV�SDUWLFXODUO\�IRU�WKH�VXEVWUXFWXUH
RI�EULGJHV�LQ�FRDVWDO�UHJLRQV�DQG�DUHDV�ZKHUH�GH�LFLQJ�VDOWV�DUH�XVHG�RQ�WKH�EULGJH�GHFNV�

���� 5HFRPPHQGDWLRQV�IRU�)XUWKHU�5HVHDUFK
)XUWKHU� UHVHDUFK� LQ� WKH� GHYHORSPHQW� RI� SUHFDVW� VXEVWUXFWXUH� V\VWHPV� LV� GHVLUDEOH�� � )XOO�VFDOH
WHVWV� RI� W\SLFDO� EHQW� FDS� SRVW�WHQVLRQLQJ� DQFKRUDJH� ]RQHV� VKRXOG� EH� SHUIRUPHG� WR� YHULI\
VXSSOHPHQWDU\� DQG� FRQILQLQJ� UHLQIRUFHPHQW� GHWDLOV� IRU� VHOHFWHG� FRPPHUFLDO� DQFKRUDJHV�
,QYHVWLJDWLRQV� FDQ� EH� H[WHQGHG� WR� LQFOXGH� QRQSUHVWUHVVHG� FRQQHFWLRQ� DOWHUQDWLYHV�� � &ROXPQ
VHJPHQWV� PD\� EH� MRLQHG� ZLWK� QRQSUHVWUHVVHG� UHLQIRUFHPHQW� VSOLFHG� WKURXJK� JURXWHG� VOHHYH
FRXSOHUV�� � 3RWHQWLDO� DSSOLFDWLRQV� RI� SUHFDVW� VXEVWUXFWXUH� V\VWHPV� VKRXOG� EH� H[DPLQHG� IRU
VHLVPLF�UHJLRQV���6XFK�VWXGLHV�VKRXOG�EH�IXQGHG�QDWLRQDOO\�RU�E\�FRQFHUQHG�VWDWHV�

)XUWKHU� VWXG\� RI� WKH� HFRQRPLF� LPSDFW� RI�PRUH� UDSLG� RQ�VLWH� FRQVWUXFWLRQ� ZRXOG� EHQHILW� WKH
IXWXUH�LPSOHPHQWDWLRQ�RI�VXFK�D�VXEVWUXFWXUH�V\VWHP���:KLOH�PDWHULDO�DQG�ODERU�FRVWV�DUH�HDVLO\
HVWLPDWHG�DQG�RYHU�WLPH�EHFRPH�PRUH�DFFXUDWH��WKH�DGYDQWDJHV�RI�DYRLGLQJ�WUDIILF�GHOD\V�DQG
PDNLQJ�QHZ�KLJKZD\V�DYDLODEOH�WR�WKH�SXEOLF�IDVWHU�DUH�OHVV�TXDQWLILDEOH�EXW�PD\�LQ�IDFW�KDYH�D
PRUH�SURIRXQG�LPSDFW�RQ�WKH�HFRQRPLFV�RI�SUHFDVW�VXEVWUXFWXUH�V\VWHPV�� �5HFHQW�DWWHPSWV�WR
TXDQWLI\�PRWRULVW�LQFRQYHQLHQFH�VXFK�DV�IRU�WKH�³3LHUFH�(OHYDWHG´�SURMHFW�GLVFXVVHG�LQ�6HFWLRQ
������� H[HPSOLI\� WKH� LPSRUWDQFH� RI� VSHHG� RI� FRQVWUXFWLRQ�� � 'LIIHUHQW� ZD\V� LQ� ZKLFK� IDVWHU
FRQVWUXFWLRQ�FDQ�EHQHILW�D�FRPPXQLW\�VKRXOG�EH�HPSKDVL]HG��REVHUYHG�DQG�UHFRUGHG�

7KH� HFRQRPLF� DGYDQWDJHV� RI� SUHFDVWLQJ� \HDU�URXQG� LQ� KDUVK� FOLPDWHV�ZKHUH� WKH� FRQVWUXFWLRQ
VHDVRQ�LV�VKRUW�VKRXOG�DOVR�EH�IXUWKHU�H[DPLQHG�

���� &KDSWHU�6XPPDU\
7KH�PRVW� LPSRUWDQW�DVSHFW�RI� LPSOHPHQWLQJ�WKH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�UHSRUW� LV� IROORZLQJ
WKH� VXFFHVV� RU� IDLOXUHV� RI� SURMHFWV� LQ�ZKLFK� WKH� SUHFDVW� VXEVWUXFWXUH� V\VWHPV� DUH� XVHG�� � 7KLV
UHVHDUFK� SURMHFW� KDV� EHHQ� GLUHFWHG� WRZDUG� ILHOG� DSSOLFDWLRQ�� � 7KH� SURMHFW� PXVW� WKHUHIRUH� EH
DQDO\]HG� DQG� MXGJHG� LQ� WHUPV� RI� LWV� HIIHFWLYHQHVV�� XVHIXOQHVV� DQG� DHVWKHWLF� DQG� HFRQRPLF
LPSDFW�RQ�DFWXDO�SURMHFWV�

$V� SUHFDVW� VXEVWUXFWXUH� V\VWHPV�EHFRPH�PRUH�ZLGHO\� DFFHSWHG� DQG� XVHG�� WKHLU� DHVWKHWLF� DQG
HFRQRPLF�LPSDFW�RQ�VKRUW��DQG�PRGHUDWH�VSDQ�EULGJH�GHVLJQ�PXVW�EH�HYDOXDWHG�� �(YDOXDWLRQV
VKRXOG� FRQVLGHU� ERWK� LQLWLDO� DQG� OLIH�F\FOH� FRVWV� DV� ZHOO� DV� DSSHDUDQFH�� � &RPPXQLFDWLRQ
EHWZHHQ�UHVHDUFKHUV��GHVLJQHUV�DQG�EXLOGHUV�PXVW� UHPDLQ�RSHQ�DQG�FRRSHUDWLYH� IRU� UDSLG�DQG
VXFFHVVIXO� LPSOHPHQWDWLRQ� RI� QHZ� LGHDV� DQG� IRU� WKH� VKDULQJ� RI� SRVLWLYH� DQG� QHJDWLYH
H[SHULHQFHV�ZLWK�SUHFDVW�VXEVWUXFWXUH�V\VWHPV�
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CHAPTER 7

SUMMARY AND CONCLUSIONS

7.1 Summary
Standard highway bridges of short- and moderate-spans are typically designed for economy
and function alone.  Although these short- and moderate-span bridges often dominate the
highway landscape, they often detract from rather than enhance the environment in which they
are built.  Such an unimaginative display of structural engineering does little to express the
rapid growth and exciting developments in this profession.

The improvement of standard short- and moderate-span bridges through the use of attractive,
rapidly constructed concrete substructures is suggested herein.  This research was conducted
through the Center of Transportation Research at the University of Texas at Austin as Project
No. 0-1410.

An attractive and rapidly constructed substructure system of match-cast precast segmental
elements post-tensioned together on-site was developed for use with standard superstructure
systems in Texas.  Attractive, cast-in-place substructures were also investigated as an
alternate to the current, common Texas substructure practice utilizing circular columns and
rectangular bent caps.  Applications of this research to two existing projects in Texas were
summarized and the resulting impact reviewed.  Implementation strategies for further
application of the research are given.

The research presented in this report includes:

• A literature review of substructure design and construction (Chapter 2)

• The development of an attractive precast substructure system for use with
standard short- and moderate-span bridges (Chapter 3)

• An investigation of new cast-in-place substructure designs (Chapter 4)

• Application of the Guidelines [3] and the precast substructure system to two
existing projects in Texas (Chapter 5) and,

• Suggested strategies for further implementation of the research with
potential impact on aesthetics, construction time and economics (Chapter 6).

This study clearly showed that the appearance and efficiency of standard short- and
moderate-span bridges can be improved with more thoughtful substructure design.  In the
past forty years, superstructure design in Texas has continually been evaluated and improved
by taking advantage of new efficient structural shapes, the efficiency of higher strength
materials (both steel and concrete) and the efficiency of mass production through precasting.
On the other hand, substructure design for standard I and box cross-section girder bridges has
remained virtually the same. These substructures tend to utilize the same basic shapes
(circular or square columns and rectangular or inverted-T bent caps) with lower grade,
nonprestressed steel and cast-in-place concrete.
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The standard multicolumn bent substructure system most often used in Texas requires labor
intensive on-site construction, utilizes a relatively low quality concrete and creates an
unattractive forest of columns.  The majority of bridges with durability problems in Texas
have deficient substructures.  More efficient and more durable substructures would combine
high performance materials and precasting.  As a specific proposal, a precast substructure
system was developed for use as an alternate substructure system in Texas.

The proposed precast substructure system is made up of segmentally match-cast piers with a
match-cast cap that is well suited for manufacture in a precast pretensioning plant.  The cap
and piers would be post-tensioned together on site.  The proposed system has two designated
geometry control joints per pier that would require field concreting or grouting.  Match-cast
segmental construction of the pier shafts has been proposed largely due to its successful use
for moderate- and long-span superstructure design in the past and its successful use for piers
on several recent Texas projects.  Segmental construction has proven to be a rapidly
constructed, durable, and fairly economical system that minimizes traffic conflict and can
reduce impact on the local environment.

The proposed match-cast segmental piers have been based on several examples that have
been successfully constructed in Texas and nationally.  Little new technology is needed for
the pier shafts.  On the other hand, the templates and caps would be a more pioneering
innovation.  The heavy weight of the caps, the relative congestion of pretensioning and post-
tensioning details, and the probable need for stage post-tensioning in the multiple pier bents
introduce complexity, additional costs and, until experience is obtained, uncertainty.  These
complications indicate that an initial use is most logical on projects with considerable
repetition and where potential timesaving can provide substantial returns.  The simplest
initial use would be on projects utilizing the relatively straightforward hammerhead piers.
The multiple-column bent would be more complex and should be considered the second
stage of development.

The proposed precast substructure system is a versatile system that can be used for a wide
variety of bridge widths and heights.  Two specific design examples are presented in detail in
Appendices C and D of Reference 2.  The new system uses elements that can be handled by
the types of cranes used for erecting standard girders.  The precast system of match casting
with epoxy joints has provided excellent durability for structures in the past.  The
combination of precasting and using high performance concrete results in more durable and
more attractive construction.  The geometric shape of the proposed system may also be used
for cast-in-place construction and is recommended as an attractive alternative to current
standard cast-in-place substructures.  The on-site construction time required could be
substantially less.

While most major concepts and dimensions were evaluated in several trial designs, actual
application to a specific project will require further detailed investigation.  The preliminary
design was limited to applications with cross-slopes of not more than 3%.  Template design
and fabrication could readily be altered to accommodate cross-slopes of up to 5%.  For
greater cross-slopes, bearing seat buildups of unequal heights may be required.  When
specific post-tensioning systems are selected, the system may require a field test to verify the
anchorage zone details.  The drainage pipes will probably need to pass through blockouts in
the cap.  Particularly with the multiple column bent applications, staged prestressing of caps
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may be required.  This would increase the complexity of equipment allocation, crew
scheduling and time required for bent construction.

Numerous attractive options for cast-in-place substructure design are proposed in Chapter 4
as alternatives to the circular column, rectangular cap substructure system used most often in
Texas.  Key aesthetic issues identified that should be considered when choosing an
appropriate substructure system and shape are structural expression, visibility through the
bridge, integration of the substructure with other bridge elements and the bridge site, and
enhancement of substructure design through attention to nonstructural details.  Designing the
substructure of a bridge is shown to be an opportunity to display ingenuity and to express the
elegance possible through engineering.  With thoughtful consideration, attractive and well-
suited substructures will greatly enhance the overall appearance of standard bridge systems

The Guidelines [3] and preliminary versions of the precast substructures were used to
develop design options for two ongoing bridge projects in Texas.  The results were
documented and show the ease of application, the usefulness and the practicality of the
Guidelines.  The projects also point to the future possibilities of precast substructure
construction as an attractive and economical form of construction for short- and moderate-
span bridge systems particularly when significantly reduced on-site construction times and
reduction of congestion and traffic handling are important.

Suggestions for continued implementation of this research are presented in Chapter 6.
Clearly, initial implementation of the proposed precast substructure system should be as part
of several large projects in highly visible locations where construction efficiency (speed of
construction) and final appearance are particularly important.  An initial investment in forms
for a large project will lead to future savings when the forms may be reused for similar or
smaller projects.  Texas precasters and contractors who were asked to give cost estimates for
the fabrication and erection of the proposed precast substructure system if and when
standardized, indicated that the proposed system will most probably be economically
competitive with other single column piers and with cast-in-place, multicolumn inverted-T
cap bents.  It is not economically competitive with multicolumn bents with rectangular caps.
In the future, other new standard shapes for both precast and cast-in-place substructures may
be developed to provide TxDOT designers with even more alternatives for attractive
substructure design.

7.2 Conclusions

7.2.1 General Conclusions

1. Current short- and moderate-span highway bridge standard systems are often
unattractive, unimaginative and sometimes deficient in durability.  The
superstructures are generally efficient and attractive.  Most problems are due to the
substructures which tend to be unattractive, are not built with highly durable
materials, and sometimes require unnecessarily long on-site construction times.

2. Precast substructure systems are a relatively new and versatile alternative in
substructure design that can offer numerous benefits for highway construction
including rapid on-site construction time, reduced traffic delays, improved use of
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structural materials, improved overall appearance, reduced maintenance needs, and
enhanced durability.

3. Precast substructure systems will be most efficient, attractive and economical when
utilizing high-performance concrete, standardized plant production methods, match-
casting and rapid field erection.

4. A prototype precast substructure system has been developed that exploits the benefits
listed in Conclusion 2 and satisfies Conclusion 3.  Design examples are furnished in
Reference 2 to indicate typical computations and applications.

5. Initial use of precast substructures for standard highway bridges should be for large
repetitive projects where the economy of scale will minimize initial form investment
costs.

7.2.2 Detailed Conclusions

1. With long-span bridges, the use of minimum quantities of materials very often leads
to the most economical design.  In contrast, with short- and moderate-span bridges,
the use of standardized, rapid and efficient construction methods is often more
important for economy.

2. The overall aesthetics of bridges utilizing efficient, attractive superstructure elements
is greatly affected by the layout of the bridge and the substructure system chosen.
Non-structural bridge components, such as decorative ornamentation, cannot improve
the appearance of a dull bridge form.

3. Significant aesthetic improvements can be made to some standard bridges with little
increase in cost and sometimes with savings.  (See Section 5.2)

4. On-site construction time for precast substructures in large projects with highly
repetitive superstructure systems and relatively unchanging roadway geometry may
be significantly reduced from that required for current cast-in-place concrete bents.

5. Costs incurred by traffic delays and benefits to the public as a result of faster highway
construction are difficult to quantify but are an important advantage to precasting
over cast-in-place construction particularly in congested areas.

6. For a precast substructure system, match-cast pier segments and a template that has
been match cast to the cap are the key elements for speed of construction and
durability.

7. Strut and tie modeling is a particularly useful tool for preliminary design where
examination of the flow of forces can lead to efficient design shapes and
reinforcement layouts.

8. Cast-in-place substructure design should take advantage of the moldability of
concrete.  Incorporation of curves, tapers and column and cap shaping for structural
expression and or bridge component integration should be explored in design.

7.3 Implementation Recommendations
1. TxDOT should develop specific standards for the proposed precast substructure

system.
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2. Initial standards should begin with the single column and hammerhead bent cap unit
so as to gain field experience with the simplest application before the multiple
column bents are implemented.

3. When a specific system is detailed, a field test should be used to verify the anchorage
zone details.

4. Projects in which the proposed precast substructure systems are used should be
monitored so that informed judgments can be made of its effectiveness, usefulness
and aesthetic and economic impact.

5. As such field application information becomes available, the system design should be
revised to incorporate desirable changes to enhance constructability.



164



165

REFERENCES

[1] Billington, David, The Tower and the Bridge:  The New Art of Structural Engineering,  Basic Books,
New York, NY, 1983.

 
[2] Billington, S.L., Improving Standard Bridges Through Aesthetic Guidelines and Attractive, Efficient

Concrete Substructures, Doctoral Dissertation, The University of Texas at Austin, December 1997.
 
[3] Billington, S.L., Ratchye, S.B., Listavich, S.T., Breen, J.E., and Vernooy, D.A., “Aesthetics and

Efficiency Guidelines for Short and Medium Span Bridges,” Center for Transportation Research
Report 1410-1, The University of Texas at Austin, November 1997.

 
[4] West, J.,  “Durability Design of Post-tensioned Bridge Substructures,” Doctoral Dissertation,

The University of Texas at Austin, August 1998.
 
[5] “Aesthetic and Efficient New Substructure Design for Standard Bridge Systems,” Proposal for Texas

Department of Transportation Project 0-1410, Center for Transportation Research, The University of
Texas at Austin, Revised Nov. 17, 1993.

 
[6] Listavich, S. T., The Development of Aesthetic Guidelines for Short and Medium Span Texas Bridge

Systems, Master’s Thesis, The University of Texas at Austin, August, 1995.
 
[7] Barnes, R. W., Development of a High Performance Substructure System for Prestressed Concrete

Girder Highway Bridges, Master’s Thesis, The University of Texas at Austin, August, 1996.
 
[8] Ratchye, S., Four Case Studies of Short to Medium Span Bridge Design, Master’s Report,

The University of Texas at Austin, May 1997.
 
[9] Poston, R.W., Diaz, M., Breen, J.E.  “Design Trends for Concrete Bridge Piers”, ACI Journal, No. 1

Proceedings, V. 83,  January-February 1986, pp. 14-20.
 
[10] Texas State Department of Highways and Public Transportation, Manual of Procedures; Bridge

Inventory, Inspection and Appraisal Program (BRINSAP), Safety and Maintenance Operations Division,
September 1984, pp. 32-33.

 
[11] Muller, Jean M., and Barker, James M., “Design and Construction of Linn Cove Viaduct,” PCI Journal,

V. 30, No. 5, September-October 1985, pp. 38-53.
 
[12] Podolny, Walter, Jr., and Muller, Jean M., Construction and Design of Prestressed Concrete Segmental

Bridges, John Wiley & Sons, New York, 1982, pp. 543-545.
 
[13] Palmer, W.D., “Concrete in the Canyon”, Concrete International, V. 10, Number 2, February 1988,

pp.19-23.
 
[14] “Viaduct,” Civil Engineering, ASCE, V. 54, No. 7, July 1984, pp. 34-36.
 
[15] Gallaway, T.M., “Design Features and Prestressing Aspects of Long Key Bridge,” PCI Journal, V. 25,

No. 6, November-December 1980, pp. 84-96.
 
[16] Muller, J.M., “Construction of Long Key Bridge,” PCI Journal, V. 25, No. 6, November-December 1980,

pp. 97-111.
 
[17] “Northumberland Strait Crossing Update,” Segments, V. 25, Spring/Summer 1995, American Segmental

Bridge Institute (ASBI), Phoenix, pp. 8-12.
 



166

[18] Lester, B., and Tadros, G., “Northumberland Strait Crossing: Design Development of  Precast
Prestressed Bridge Structure,” PCI Journal, V. 40, No. 5, September-October 1995, pp. 32-44.

 
[19] Green, P., “Placing Spans at a Dire Strait,” Engineering News Record, September 16, 1996, pp. 26-30.
 
[20] Kuennen, T., “Concrete Segments Accent San Antonio Project,” Roads & Bridges, V. 27, No. 11,

November 1989, pp. 30-32.
 
[21] Van Landuyt, D., “Humane Urban Aesthetic:  US-83 Elevated Project in Austin, Texas,” Conference

Proceedings, Fourth International Bridge Engineering Conference, Transportation Research Board,
V. 1, 1995

 
[22] Arrellaga, J.A., Instrumentation Systems for Post-Tensioned Segmental Box Girder Bridges, Master’s

Thesis, The University of Texas at Austin, Austin, TX, December 1991.
 
[23] Barker, J.M., “Construction Techniques for Segmental Concrete Bridges”, PCI Journal, V. 25, No. 4,

July-August, 1980, pp. 66-86.
 
[24] Freyermuth, C.L.  “Building Better Bridges: Concrete vs. Steel:  Sizing up Segmentals,” Civil

Engineering, V. 62, No. 7, July 1992, pp. 66-69.  (see also Reference 1 under Serviceability of Concrete
Bridges in Appendix A).

 
[25] “Seven Mile Bridge Dedicated Six Months Early,” PCI Journal, V. 27, No. 4, July-August 1982, p. 152.
 
[26] “Dauphin Island Bridge,” PCI Journal, V. 29, No. 1, January-February 1984, pp. 128-147.
 
[27] Pate, D., “The Chesapeake and Delaware Canal Bridge — Design-Construction Highlights,” PCI

Journal, V. 40, No. 5, September-October 1995,  pp. 20-30.
 
[28] DeHaven, T.A., “Chesapeake & Delaware Canal Bridge,” Concrete Construction, V. 40, No. 9,

September 1995, pp. 739-744.
 
[29] Wolf, Lloyd M., and Friedman, Norman K., “Redfish Bay and Morris and Cummings Cut: Innovations

on Bridge Construction and Durability,” Technical Quarterly, V. 9, No. 2, October 1994, Texas
Department of Transportation (TxDOT), Austin, pp. 1-3.

 
[30] Munn, W.D., “Precast Cofferdams Speed Pier Construction,” Highway & Heavy Construction, V. 130,

No. 10, October 1987, pp. 58-60.
 
[31] “Torridge Bridge Combines Aesthetic Excellence with Construction Economy,” Concrete Construction,

V. 34, No. 5, May 1989, pp. 447-452.
 
[32] “Engineering Initiative Helps Solve Beach Problem in Port Elizabeth,” Die Siviele Ingenieur in

Suid-Afrika, V. 33, No. 6, June 1991, pp. 197-199.
 
[33] Ingerslev, L.C.F., “Precast Concrete for Bahrain Causeway,” Concrete International, V. 11, No. 12,

December 1989, pp. 15-20.
 
[34] “Proposed AASHTO-PCI-ASBI Segmental Box Girder Standards for Span-by-Span and Balanced

Cantilever Construction,” Precast/Prestressed Concrete Institute, American Segmental Bridge Institute,
September 1996.

 
[35] Highway Innovative Technology Evaluation Center (HITEC), “Evaluation Findings:  The Segmental

Concrete Channel Bridge System”, Civil Engineering Research Foundation (CERF)
Report: HITEC 96-01, Product 04, March 1996.

 



167

[36] Weintraut, S.F., “The ‘G’ Street Bridge: A Repair Indiana Style”, Presentation at the October 1990 PCI
Convention.  Also reported in the May 7, 1990 issue of Construction Digest under “Bridging Time and
Space,” by T.C. Hale.

 
[37] van der Veen, T.A., “Precasting the Edison Bridge,” presentation at the October 1992 PCI Convention,

Nashville, Tennessee.
 
[38] “Development of Precast Bridge Substructures”, Prepared for the Florida Department of Transportation by

LoBuono, Armstrong & Associates, HDR Engineering, Inc., and Morales and Shumer Engineers, Inc.,
May 8, 1996.

 
[39] American Association of State Highway and Transportation Officials (AASHTO), AASHTO LRFD

Bridge Design Specifications: Customary US Units, 1st ed.,  AASHTO, Washington, D.C., 1994.
 
[40] American Association of State Highway and Transportation Officials (AASHTO), Standard

Specifications for Highway Bridges, 16th ed., AASHTO, Washington, D.C., 1996.
 
[41] American Association of State Highway and Transportation Officials (AASHTO), Guide Specifications

for Design and Construction of Segmental Concrete Bridges, 1994 Interim Specifications, AASHTO,
Washington, D.C., 1994.

 
[42] Texas State Department of Highways and Public Transportation, Bridge Design Manual, First Edition,

1990.
 
[43] Webster’s Ninth New Collegiate Dictionary, Merriam-Webster, Inc., Springfield, MA, 1983.
 
[44] Somerville, G., “Service Life Prediction - An Overview,” Concrete International, V. 14, No. 11,

November 1992, pp. 45-49.
 
[45] Federation Internationale de la Precontrainte, “Guides to Good Practice–Grouting of vertical ducts,”

Cement and Concrete Association, Wexham Springs, Slough SL3 6PL, 1978.
 
[46] Meeting and discussion of the August 1996 Draft of the 2nd edition of AASHTO Guide Specifications for

Design and Construction of Segmental Concrete Bridges, 1996 Convention of the American Segmental
Bridge Institute, Orlando, Florida, November 1996.

 
[47] Nilson, A.H., Design of Prestressed Concrete, John Wiley & Sons, 2nd edition, 1987.
 
[48] Taylor, A.W., Rowell, R.B., and Breen, J.E., “Behavior of Thin-Walled Concrete Box Piers,” ACI

Structural Journal, V. 92, No. 3, May-June 1995, pp. 319-333.
 
[49] Ziehl, P.H., Minimum Mild Reinforcing Requirements for Concrete Columns, Master’s Thesis,

The University of Texas at Austin, Austin, Texas, December 1997.
 
[50] Conversation with Gregor Wollman of VSL Corporation, North Carolina, February, 1997.
 
[51] Ministry of Transportation, Ontario Highway Bridge Design Code, Code and Commentary, 3rd edition,

Quality and Standards Division, Ontario, Canada, 1991.
 
[52] Swiss Society of Engineers and Architects (SIA), Actions on Structures, Swiss Standard 160, 1989

Edition.
 
[53] “Structural Concrete:  Unifying Design Approaches,” Concrete International, V. 13, No. 10, October

1991, pp. 74-77.
 
[54] Thürlimann, B., “Considerations to the Design of Prestressed Concrete Bridges,” International

Association for Bridge and Structural Engineering (IABSE), Proceedings, P-70/83, pp. 237-252.
 



168

[55] Leonhardt, F., “Recommendations for the Degree of Prestressing in Prestressed Concrete Structures,”
ACI SP-59, from 1976 Symposium on “Concrete Design:  US and European Practices,” 1979, pp. 269-
285.

 
[56] Brueggeling, A.S.G., “Partially Prestressed Concrete Structures - A Design Challenge,” PCI Journal, V.

30, No. 2, March-April, 1985, pp. 140-171.
 
[57] Billington, S.L., Behavior of Two-Span Continuous Pier Caps with Varying Levels of Prestress, Chapter

2, Master’s Thesis, The University of Texas at Austin, December 1994.
 
[58] Seim, C. and Lin, T. Y., “Aesthetics in Bridge Design Accent on Piers.”  Esthetics in Concrete Bridge

Design, American Concrete Institute, Detroit, Michigan, 1990.
 
[59] Menn, C., Prestressed Concrete Bridges, Birkhauser, Basel, 1990.
 
[60] California Department of Transportation, Bridge Design Details, Section 7, April 1990, pp7-31 to 7-31.2.
 
[61] Carrasquillo et.al., “High Performance Concrete for Bridges,” Research Study Proposal Agreement

between the Texas Department of Transportation and the Center for Transportation Research at The
University of Texas at Austin, Project No. 9-589, 1995.

 
[62] Letter from Christopher D. White, P.E., LoBuono, Armstrong & Associates, August 19, 1996.
 
[63] Letter from Dan Burroughs, Engineering Manager, and John Dietrick, Bridge Engineer, J. Muller

International, September 25, 1996.
 
[64] Letter from Man-Chung Tang, President, DRC Consultants, Inc., March 14, 1996.
 
[65] Letter from James E. Roberts, Director, Engineering Service Center, State of California Department of

Transportation, March 14, 1996.
 
[66] Letter from Alan B. Matejowsky, P.E., Assistant Engineer of Bridge Design, Texas Department of

Transportation, March 19, 1996.
 
[67] Oral communication with Ray Schmal, Flatiron, Inc.
 
[68] Kraker, J., “Contractor Wins Race to Finish Roadway with Days to Spare,” Engineering News Record,

July 7, 1997, pp. 40-41.

[69] Woodward, R.J. and Williams, F.W., “Collapse of the Ynys-y-Gwas Bridge, West Glamorgan,”
Proceeding of the Institution of Civil Engineers, Part 1, Vol. 84, August 1988, pp. 635-669.



169

APPENDIX A

EXTENDED BIBLIOGRAPHY

PAST EXPERIENCE WITH PRECAST SUBSTRUCTURE DESIGN

1. Podolny, W., Jr., and Muller, J.M., Construction and Design of Prestressed Concrete Segmental Bridges,
John Wiley & Sons, New York, 1982

 
2. Gallaway, T. M., “Design Features and Prestressing Aspects of Long Key Bridge,” PCI Journal, V. 25, No.

6, November-December 1980, pp. 84-96
 
3. Muller, J.M., “Construction of Long Key Bridge,” PCI Journal, V. 25, No. 6, November-December 1980,

pp. 97-111
 
4. “Seven Mile Bridge Dedicated Six Months Early,” PCI Journal, V. 27, No. 4, July-August 1982, p. 152
 
5. “Dauphin Island Bridge,” PCI Journal, V. 29, No. 1, January-February 1984, pp. 128-147
 
6. Pate, D., “The Chesapeake and Delaware Canal Bridge — Design-Construction Highlights,” PCI Journal,

V. 40, No. 5, September-October 1995,  pp. 20-30
 
7. DeHaven, T.A., “Chesapeake & Delaware Canal Bridge,” Concrete Construction, V. 40, No. 9,

September 1995, pp. 739-744
 
8. Wolf, L.M., and Friedman, N.K., “Redfish Bay and Morris and Cummings Cut: Innovations on Bridge

Construction and Durability,” Technical Quarterly, V. 9, No. 2, October 1994, Texas Department of
Transportation (TxDOT), Austin, pp. 1-3

 
9. Muller, J.M., and Barker, J.M., “Design and Construction of Linn Cove Viaduct,” PCI Journal, V. 30,

No. 5, September-October 1985, pp. 38-53
 
10. Lester, B, and Tadros, G, “Northumberland Strait Crossing: Design Development of  Precast Prestressed

Bridge Structure,” PCI Journal, V. 40, No. 5, September-October 1995, pp. 32-44
 
11. Green, P, “Precasting Reduces Work Erecting 44 Bridge Piers,” ENR (Engineering News-Record), V. 235,

No. 24, December 11, 1995, pp. 32-36
 
12. “Northumberland Strait Crossing Update,” Segments, V. 25, Spring/Summer 1995, American Segmental

Bridge Institute (ASBI), Phoenix, pp. 8-12
 
13. Green, P., “Placing Spans at a Dire Strait,” Engineering News Record, September 16, 1996, pp. 26-30.
 
14. Munn, W.D., “Precast Cofferdams Speed Pier Construction,” Highway & Heavy Construction, V. 130,

No. 10, October 1987, pp. 58-60.
 
15. “Torridge Bridge Combines Aesthetic Excellence with Construction Economy,” Concrete Construction,

V. 34, No. 5, May 1989, pp. 447-452.
 



170

16. “Engineering Initiative Helps Solve Beach Problem in Port Elizabeth,” Die Siviele Ingenieur in
Suid-Afrika, V. 33, No. 6, June 1991, pp. 197-199.

 
17. Ingerslev, L.C.F., “Precast Concrete for Bahrain Causeway,” Concrete International, V. 11, No. 12,

December 1989, pp. 15-20.

USE OF HIGH PERFORMANCE CONCRETE IN STANDARD BRIDGES

1. Ralls, M.L., and Carrasquillo, R., “Texas High-Strength Concrete Bridge Project,” Public Roads, V. 57,
No. 4, Spring 1994, pp. 1-7

 
2. “High Performance Concrete for Bridges,” Proposal for Texas Department of Transportation Project 9-589,

Center for Transportation Research, University of Texas at Austin, Aug. 17, 1994.
 
3. Yelton, R., “Projects bridge gap between HPC problems, solutions,”  Aberdeen’s Concrete Journal,

October 1996, pp. 674-678.

DURABILITY OF CONCRETE BRIDGES, IN PARTICULAR PRECAST POST-TENSIONED STRUCTURES

1. Freyermuth, C.L., “Durability of Post-tensioned Prestressed Concrete Structures,” Concrete International,
October 1991, pp.58-65.

2. West, J.,  “Evaluating the Corrosion Protection of Internal Tendons across Segmental Bridge Joints,”
Progress Report, P.M. Ferguson Structural Engineering Laboratory, Austin, June 1996.

 
3. Podolny, W., Jr., and Muller, J.M., Construction and Design of Prestressed Concrete Segmental Bridges,

John Wiley & Sons, New York, 1982, pp. 11,12.
 
4. Vignos, R.P.,  Test Method for Evaluating the Corrosion Protection of Internal Tendons across Segmental

Bridge Joints, Master’s thesis, University of Texas at Austin, May 1994, pp. 5-6.
 
5. Larosche, C.L., “Test Method for Evaluating Corrosion Mechanism in Standard Bridge Columns,”

Master’s Thesis in preparation, University of Texas at Austin.
 
6. Burke, M.P., “Bridge Design:  Reality Bites Back,” Civil Engineering, July 1995, pp. 67-69.
 


