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7KLV�UHSRUW�VXPPDUL]HV�WKH�ILQGLQJV�REWDLQHG�IURP����\HDUV�RI�VWXG\�RQ�WKH�HIIHFWV�RI

FRDUVH� DJJUHJDWH� RQ� SDYHPHQW� SHUIRUPDQFH�� 7KH� LPSOLFDWLRQV� RI� WKLV� SURMHFW� KDYH� D� ZLGH

UDQJH�RI�DSSOLFDWLRQ�WR�GHVLJQ�SUDFWLFH� LQ�7H[DV��6SHFLILF� LPSOHPHQWDWLRQ�UHFRPPHQGDWLRQV

DUH�SUHVHQWHG�LQ�&KDSWHU����VWDUWLQJ�RQ�SDJH����RI�WKLV�SURMHFW�VXPPDU\�UHSRUW�

',6&/$,0(56

7KH�FRQWHQWV�RI� WKLV� UHSRUW� UHIOHFW� WKH�YLHZV�RI� WKH�DXWKRUV��ZKR�DUH� UHVSRQVLEOH� IRU

WKH�IDFWV�DQG�WKH�DFFXUDF\�RI�WKH�GDWD�SUHVHQWHG�KHUHLQ��7KH�FRQWHQWV�GR�QRW�QHFHVVDULO\�UHIOHFW

WKH� RIILFLDO� YLHZV� RU� SROLFLHV� RI� WKH� 7H[DV� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� �7['27��� 7KLV

UHSRUW�GRHV�QRW�FRQVWLWXWH�D�VWDQGDUG��VSHFLILFDWLRQ��RU�UHJXODWLRQ�

7KHUH�ZDV�QR�LQYHQWLRQ�RU�GLVFRYHU\�FRQFHLYHG�RU�ILUVW�DFWXDOO\�UHGXFHG�WR�SUDFWLFH�LQ

WKH� FRXUVH� RI� RU� XQGHU� WKLV� FRQWUDFW�� LQFOXGLQJ� DQ\� DUW�� PHWKRG�� SURFHVV�� PDFKLQH�

PDQXIDFWXUH��GHVLJQ�RU�FRPSRVLWLRQ�RI�PDWWHU��RU�DQ\�QHZ�DQG�XVHIXO�LPSURYHPHQW�WKHUHRI��RU

DQ\�YDULHW\�RI�SODQW��ZKLFK�LV�RU�PD\�EH�SDWHQWDEOH�XQGHU�WKH�SDWHQW�ODZV�RI�WKH�8QLWHG�6WDWHV

RI�$PHULFD�RU�DQ\�IRUHLJQ�FRXQWU\�

127�,17(1'('�)25�&216758&7,21�

%,'',1*��25�3(50,7�385326(6

%��)UDQN�0F&XOORXJK��3�(���7H[DV�1R��������

DQG�'DQ�=ROOLQJHU��3�(�

5HVHDUFK�6XSHUYLVRUV

$&.12:/('*0(176

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�0U��6WHYH�6LPPRQV�RI� WKH�+RXVWRQ�'LVWULFW�IRU�KLV

LQYDOXDEOH�DVVLVWDQFH�LQ�FRRUGLQDWLQJ�WKH�VWXG\�ZLWK�7['27��$SSUHFLDWLRQ�LV�DOVR�H[SUHVVHG

WR�0U��5LFN�1HOVRQ��ZKR�FRQWULEXWHG�VRPH�RI�WKH�PDWHULDO�FRQWDLQHG�KHUHLQ�LQ�WKH�IRUP�RI�KLV

PDVWHU©V� WKHVLV�� )LQDOO\�� ZH� DFNQRZOHGJH� WKH� FRQWULEXWLRQV� RI� WKH� RWKHU� PHPEHUV� RI� WKH

SURMHFW�PRQLWRULQJ�FRPPLWWHH��ZKLFK� LQFOXGHG�-��1LFKROV� �)+:$���:��7RUUHV� �+28���DQG

$��:LPVDWW��)7:��

5HVHDUFK�SHUIRUPHG�LQ�FRRSHUDWLRQ�ZLWK�WKH�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�
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7KLV� UHSRUW� VXPPDUL]HV� ��� \HDUV� RI� ZRUN� XQGHUWDNHQ� LQ� 7H[DV� WR� XQGHUVWDQG� WKH

UHDVRQV�IRU�VLJQLILFDQW�SHUIRUPDQFH�GLIIHUHQFHV�IRXQG�LQ�SDYHPHQWV�SODFHG�DURXQG�WKH�VWDWH�

7R� D� VLJQLILFDQW� GHJUHH�� SDYHPHQW� SHUIRUPDQFH� FDQ� EH� SUHGLFWHG� EDVHG� RQ� WKH� FRQFUHWH

PDWHULDO� SURSHUWLHV�� RQ� WKH� HQYLURQPHQWDO� FRQGLWLRQV� SUHYDLOLQJ� ZKHQ� WKH� SDYHPHQW� ZDV

SODFHG��DQG�RQ�WKH�SDYHPHQW�W\SH�

�����%$&.*5281'

&RQWLQXRXVO\�UHLQIRUFHG�FRQFUHWH��&5&��SDYHPHQWV�DUH�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH

RI� ORQJLWXGLQDO� UHLQIRUFLQJ� VWHHO� SODFHG� FRQWLQXRXVO\� WKURXJKRXW� WKHLU� OHQJWK�� � 7HFKQLFDOO\

VSHDNLQJ�� &5&� SDYHPHQWV� KDYH� QR� LQWHQWLRQDOO\� SODFHG� WUDQVYHUVH� MRLQWV� RWKHU� WKDQ

FRQVWUXFWLRQ�MRLQWV�LQ�WKH�SDYHPHQW���+RZHYHU��WKH�FRQWLQXLW\�RI�WKH�FRQFUHWH�LQ�WKH�SDYHPHQW

LV� LQWHUUXSWHG�E\� D� JUHDW� QXPEHU�RI� WUDQVYHUVH� FUDFNV� FDXVHG� E\� YROXPHWULF� FKDQJHV� LQ� WKH

FRQFUHWH� WKDW� RFFXU� LQ� UHVSRQVH� WR� VKULQNDJH� DQG� WHPSHUDWXUH� FKDQJHV�� �:KHQ� D� WUDQVYHUVH

FUDFN� RFFXUV�� WKH� VWUHVV� GLVWULEXWLRQV� LQ� FRQFUHWH� DQG� WKH� UHLQIRUFLQJ� UHEDU� FKDQJH� JUHDWO\

IURP�SRLQW�WR�SRLQW�LQ�WKH�SDYHPHQW���([SHULHQFH�KDV�LQGLFDWHG�WKDW�SDYHPHQW�SHUIRUPDQFH�LV

VLJQLILFDQWO\� OLQNHG� WR� WKH� UHVXOWLQJ� WUDQVYHUVH� FUDFN� SDWWHUQ� �RU� SRVWFUDFNLQJ�� EHKDYLRU� RI

&5&�SDYHPHQW���)RU�H[DPSOH��VKRUW�FUDFN�VSDFLQJV�FRXSOHG�ZLWK�SDYHPHQW�ORFDWLRQV�ZKHUH

SRRU� VXSSRUW� FRQGLWLRQV� H[LVW� KDYH� VKRZQ� D� VWURQJ� FRUUHODWLRQ� ZLWK� D� KLJK� IUHTXHQF\� RI

SXQFKRXW�GLVWUHVV���2Q�WKH�RWKHU�KDQG��ORQJ�FUDFN�VSDFLQJV�FDQ�OHDG�WR�ODUJH�FUDFN�RSHQLQJV

WKDW�PD\�UHVXOW�LQ�FUDFN�VSDOOLQJ��VWHHO�UXSWXUH��DQG�SRRU�ORDG�WUDQVIHU�HIILFLHQF\���2QFH�ORDG

WUDQVIHU� KDV� GLPLQLVKHG� WR� D� FHUWDLQ� H[WHQW�� SXQFKRXW� GLVWUHVV� RU� IDXOWLQJ� PD\� EH� HYLGHQW

SDUWLFXODUO\�ZKHUH�ORVV�RI�VXSSRUW�H[LVWV�XQGHU�WKH�SDYHPHQW�

,Q� WKH� ����������$$6+72�*XLGH� IRU� 'HVLJQ� RI� 3DYHPHQW� 6WUXFWXUHV�� D� SURFHGXUH

ZDV� VHW� IRUWK� WKDW� FRQVLGHUV� FUDFN� VSDFLQJ�� FUDFN� ZLGWK�� DQG� VWHHO� VWUHVV� DW� D� FUDFN� LQ� WKH

GHVLJQ�RI�&5&�SDYHPHQW�� �7KH�GHVLJQ�SHUFHQWDJH�RI�ORQJLWXGLQDO�VWHHO�LV�VHOHFWHG�LQ�VXFK�D

ZD\� WKDW� WKH� UHVXOWV� IURP� WKH� DQDO\VLV� VDWLVI\� WKH�GHVLUHG� UDQJH� LQ�FUDFN�VSDFLQJ�� DOORZDEOH

VWHHO�VWUHVV��DQG�FUDFN�ZLGWK���7KLV�DQDO\VLV�LV�D�IXQFWLRQ�RI�VXFK�SUHGHWHUPLQHG�SDUDPHWHUV�DV

FRQFUHWH�WHQVLOH�VWUHQJWK��WKHUPDO�FRHIILFLHQWV�RI�VWHHO�DQG�FRQFUHWH��UHEDU�GLDPHWHU��FRQFUHWH

WHQVLOH� VWUHVV� JHQHUDWHG� E\� ZKHHO� ORDG�� FRQFUHWH� VKULQNDJH�� DQG� GHVLJQ� WHPSHUDWXUH� GURS

EDVHG� RQ� SUHGLFWLYH� IRUPXODV�� � 7KLV� GHVLJQ� PHWKRG� VXJJHVWV� SURYLGLQJ� DQ� DSSURSULDWH

SHUFHQWDJH�RI�VWHHO�UHLQIRUFHPHQW�WR�GLVWULEXWH�WUDQVYHUVH�FUDFNV��VR�WKDW�LQVWHDG�RI�D�IHZ�ZLGH

FUDFNV�WKHUH�DUH�QXPHURXV�VPDOO�ZLGWK�FUDFNV�

'XULQJ� FRQVWUXFWLRQ�� LW� LV� H[SHFWHG� WKDW� WKH� ILQDO� FUDFN� VSDFLQJ� ZLOO� IDOO� LQWR� WKH

GHVLUDEOH� UDQJH� DV� D� UHVXOW� RI� WKH� DERYH�PHQWLRQHG�GHVLJQ�SDUDPHWHUV�� �8QIRUWXQDWHO\�� LW� LV

GLIILFXOW�WR�HOLPLQDWH�¦<§�FUDFNV�DQG�RWKHU�GHIHFWV��VXFK�DV�FORVHO\�VSDFHG�WUDQVYHUVH�FUDFNV�

E\�DGMXVWLQJ�RQO\�WKH�DPRXQW�RI�ORQJLWXGLQDO�VWHHO��6XFK�GLIILFXOW\�LV�SULPDULO\�D�UHVXOW�RI�WKH

YDULDELOLW\�RI�PDWHULDO�SURSHUWLHV��FRQVWUXFWLRQ�IDFWRUV��DQG�HQYLURQPHQWDO�FRQGLWLRQV�WKDW�DUH

WR� VRPH� H[WHQW� RXWVLGH� RI� WKH� FRQWUDFWRU©V� FRQWURO�� 0RUHRYHU�� WKH� HDUO\�DJHG� FUDFNLQJ
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EHKDYLRU�RI�&5&�SDYHPHQWV�LV�DIIHFWHG�QRW�RQO\�E\�WKH�SUHYLRXVO\�QRWHG�GHVLJQ�SDUDPHWHUV�

EXW�DOVR�E\�WKH�YHUWLFDO�ORFDWLRQ�RI�WKH�ORQJLWXGLQDO�DQG�WUDQVYHUVH�VWHHO�UHLQIRUFHPHQW��FRDUVH

DJJUHJDWH� W\SH��DQG� DPELHQW� WHPSHUDWXUH�FRQGLWLRQ�DW� WKH� WLPH�RI�SDYLQJ�� �7KLV�KDV�EHHQ� D

FRQFHUQ�IRU�VRPH�WLPH��DQG�HIIRUWV�ZHUH�XQGHUWDNHQ�WR�GHYHORS�D�JUHDWHU�NQRZOHGJH�EDVH�RI

WKHVH�IDFWRUV�DQG�WKHLU�LQIOXHQFH�RQ�&5&�SHUIRUPDQFH�GXULQJ�FRQVWUXFWLRQ��$�SULPDU\�IRFXV

RI� WKH� WHVW� VHFWLRQV� FRQVWUXFWHG� LQ� WKHVH� SURMHFWV�ZDV� RQ� LQYHVWLJDWLQJ� WKH� LQIOXHQFH� RI� WKH

DERYH� IDFWRUV� �XQGHU� ILHOG� FRQGLWLRQV�� RQ� FUDFN� GHYHORSPHQW� LQ� &5&� SDYHPHQW�� DQG� RQ

GHYHORSLQJ� FRQVWUXFWLRQ� JXLGHOLQHV� WKDW� FRQVLGHU� WKHVH� IDFWRUV� LQ� SURYLGLQJ� DQG� DGYDQFLQJ

QHZ�FRQFHSWV�LQ�WKH�WHFKQRORJ\�RI�&5&�SDYHPHQW�FRQVWUXFWLRQ���7KH�VHFWLRQV�WKDW�IROORZ�ZLOO

GHVFULEH� WKHVH� HIIRUWV�� DORQJ�ZLWK� VRPH� RI� WKH� H[SHULPHQWV� FRQGXFWHG� WR� EHWWHU� XQGHUVWDQG

DQG�LPSURYH�&5&�SDYHPHQW�SHUIRUPDQFH�

�����+,6725,&$/�'(9(/230(17

%HJLQQLQJ� LQ� ������ WKH� 7H[DV� 6WDWH� 'HSDUWPHQW� RI� +LJKZD\V� DQG� 3XEOLF

7UDQVSRUWDWLRQ��QRZ�WKH�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��RU�7['27��LQLWLDWHG�UHVHDUFK

WKDW�LQYHVWLJDWHG�ZD\V�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�FRQFUHWH�SDYHPHQWV���7KH�ILUVW�VWHS�LQ

WKH� SURFHVV�ZDV� WR� VXUYH\� HYHU\�PLOH� RI� SRUWODQG� FHPHQW� FRQFUHWH� �3&&�� SDYHPHQW� LQ� WKH

VWDWH�IRU�UHKDELOLWDWLRQ�SULRULWL]DWLRQ��)LJXUH��������:KHQ�SHUIRUPDQFH�GLIIHUHQFHV�ZHUH�QRWHG

LQ� WKH� VHFWLRQV�� 7['27� GHFLGHG� WR� FRQWLQXH� SHULRGLFDOO\� VXUYH\LQJ� WKH� FRQWLQXRXVO\

UHLQIRUFHG�FRQFUHWH�SDYHPHQW��&5&3��VHFWLRQV�DQG�WR�HVWDEOLVK�D�GDWDEDVH���7KH�REMHFWLYHV�RI

WKH� GDWDEDVH� ZHUH� WR� SURYLGH� SHUIRUPDQFH� GDWD� IRU� GHYHORSLQJ� GHVLJQ� PHWKRGV� DQG

FRQVWUXFWLRQ�VSHFLILFDWLRQV��IRU�PRQLWRULQJ�PDLQWHQDQFH�HIIHFWV��DQG�IRU�FRPSDULQJ�SDYHPHQW

W\SHV�
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1244

)LJXUH������+LVWRULFDO�GHYHORSPHQW�RI�WKH�FRDUVH�DJJUHJDWH�HYDOXDWLRQ�SURMHFW
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8VLQJ� WKH� GDWDEDVH�� UHVHDUFKHUV� ZHUH� DEOH� WR� ORRN� DW� WKH� GDWD� WR� ILQG� SHUIRUPDQFH

GLIIHUHQFHV�LQ�VLPLODU�SDYHPHQWV���:KHQ�SHUIRUPDQFH�GLIIHUHQFHV�ZHUH�IRXQG��WKH�&HQWHU�IRU

7UDQVSRUWDWLRQ�5HVHDUFK� �&75�� DW� 7KH�8QLYHUVLW\� RI� 7H[DV� DW�$XVWLQ� EHJDQ� WR� LQYHVWLJDWH

ZKDW�FDXVHG�WKH�GLIIHUHQFHV��ZLWK�WKH�JRDO�RI�DFKLHYLQJ�LPSURYHG�SDYHPHQW�SHUIRUPDQFH�

2QH�RI� WKH�SULPDU\�RULJLQDO� ILQGLQJV�RI� WKH�SDYHPHQW�VXUYH\V�ZDV� WKDW� WKH�FRQFUHWH

FRDUVH�DJJUHJDWH�W\SH�ZDV�D�VLJQLILFDQW�IDFWRU�LQ�SDYHPHQW�SHUIRUPDQFH���7KLV�ILQGLQJ�ZDV�VR

LPSRUWDQW�WKDW�ZKHQ�WKH�$$6+72�DQG�7H[DV�SDYHPHQW�GHVLJQV�ZHUH�PRGLILHG�LQ�������WKH\

UHIOHFWHG�WKH�GLIIHUHQFHV�LQ�SHUIRUPDQFH�WKDW�ZHUH�IRXQG�

)LJXUH�����VKRZV�WKH�GLIIHUHQFH�LQ�SHUIRUPDQFH�EHWZHHQ�SDYHPHQWV�FRQVWUXFWHG�ZLWK

VLOLFHRXV�ULYHU�JUDYHO��65*��DQG�OLPHVWRQH��/6��DJJUHJDWHV���7KH�FXUYHV�LQ�WKH�ILJXUH�ZHUH�ILW

WR�WKH����\HDU�SHUIRUPDQFH�KLVWRULHV�LQ�WKH�5LJLG�3DYHPHQW�'DWDEDVH�DQG��WKXV��UHSUHVHQW�WKH

DYHUDJH� UDWH� RI� IDLOXUH� GHYHORSPHQW� IRU� OLPHVWRQH� DQG� ULYHU� JUDYHO� SDYHPHQWV� ZLWK� DQG

ZLWKRXW� VZHOOLQJ� VXEJUDGHV�� � $JDLQ� XVLQJ� WKH� 5LJLG� 3DYHPHQW� 'DWDEDVH�� )LJXUH� ���� ZDV

SUHSDUHG��VKRZLQJ�WKH�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�/6�DQG�65*�LQ�WHUPV�RI�FUDFN�VSDFLQJV

¥�/6�SDYHPHQWV� WHQGLQJ� WR� VWDELOL]H� DW� D� FUDFN� VSDFLQJ� RI� DURXQG� �����P� YHUVXV� D�PXFK

ORZHU� VSDFLQJ�RI�����¤�����P� IRU�65*�SDYHPHQWV�� �7KH�FORVHU� FUDFN�VSDFLQJ� IRU� WKH�65*

SDYHPHQWV� JUHDWO\� LQFUHDVHV� WKH� SUREDELOLW\� RI� D� ORQJLWXGLQDO� FUDFN� LQWHUVHFWLQJ� WZR

WUDQVYHUVH�FUDFNV��XOWLPDWHO\�UHVXOWLQJ�LQ�D�JUHDWHU�QXPEHU�RI�IDLOXUHV�SHU������NP�
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SRG - Siliceous river gravel
H - HIgh swelling
L- Low swelling
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)LJXUH������'HYHORSPHQW�RI�IDLOXUHV�LQ�65*�DQG�/6�SDYHPHQWV

$IWHU� ILQGLQJ� WKH� GLIIHUHQFHV� LQ� SDYHPHQW� SHUIRUPDQFH� EDVHG� RQ� DJJUHJDWH� W\SH�� LW

ZDV� LPSRUWDQW� WR� XQGHUVWDQG� WKH� PDWHULDO� SURSHUWLHV� FDXVLQJ� WKH� GLIIHUHQFHV�� DQG� WR� WKHQ

HYDOXDWH�ZD\V�WR�LPSURYH�FRQFUHWH�SDYHPHQW�SHUIRUPDQFH�WKURXJK�D�FRQWUROOHG�VWXG\���:LWK

WKLV�SXUSRVH�LQ�PLQG��7['27�FRPPLVVLRQHG�D�VHULHV�RI�FRDUVH�DJJUHJDWH�VWXGLHV�¥�3URMHFW



�

���� DQG�� VXEVHTXHQWO\�� 3URMHFW� ����� ¥� WKDW� ORRNHG� DW� WKH� GLIIHUHQFHV� LQ� SDYHPHQW

SHUIRUPDQFH�FRQVLGHULQJ�FRDUVH�DJJUHJDWH�W\SH�DQG�RWKHU�IDFWRUV�

�����&2$56(�$**5(*$7(�678',(6�29(59,(:

$V�WKHVH�VWXGLHV�EHJDQ��WKH�SULPDU\�REMHFWLYH�ZDV�WR�HYDOXDWH�FRQFUHWH�ZLWK�GLIIHUHQW

FRDUVH�DJJUHJDWHV�XVLQJ�ERWK�ODERUDWRU\�DQG�ILHOG�PHWKRGV���7KH�ODERUDWRU\�ZRUN�EHJDQ�ILUVW�

ZLWK�WKH�UHVXOWV�RI� WKH� ODERUDWRU\�ZRUN� OHDGLQJ� WR�JXLGHOLQHV� IRU� WKH�GHVLJQ�RI� WKH� ILHOG� WHVW

VHFWLRQV���(LJKW�GLIIHUHQW�VHWV�RI�WHVW�VHFWLRQV�ZHUH�SODFHG�LQ�WKH�+RXVWRQ��7H[DV��DUHD�WR�VWXG\

ZD\V� WR� LPSURYH�FRQFUHWH�SHUIRUPDQFH�� � ,Q�HDFK�SURMHFW��D�QXPEHU�RI�SDYHPHQW�FRQGLWLRQV

ZHUH� YDULHG� WR� EHWWHU� XQGHUVWDQG� WKHLU� HIIHFWV� RQ� SDYHPHQW� SHUIRUPDQFH�� � 0RQLWRULQJ� WKH

SHUIRUPDQFH�RI�WKHVH�WHVW�VHFWLRQV�RYHU�WKH�\HDUV�KDV�OHG�WR�LPSURYHG�GHVLJQ�DQG�FRQVWUXFWLRQ

SURFHGXUHV���)RU�GHWDLOHG�GHVFULSWLRQV�RI�WKHVH�WHVW�VHFWLRQV��VHH�5HVHDUFK�5HSRUW���������

����� 6XPPDU\�RI�)LQGLQJV�IURP�3URMHFWV�����DQG�����

5HVHDUFK� 6WXGLHV� ���� DQG� ����� SURGXFHG� VRPH� YHU\� LPSRUWDQW� ILQGLQJV� DQG� OHG� WR

VRPH�QHZ�K\SRWKHVHV�UHJDUGLQJ�FRQFUHWH�SHUIRUPDQFH�ZLWK�GLIIHUHQW�FRDUVH�DJJUHJDWH�W\SHV�

7KH� PDMRU� ILQGLQJ� IURP� WKH� YDULDEOHV� GLUHFWO\� FRQVLGHUHG� ZDV� WKDW� D� ODUJH� SDUW� RI� WKH

SHUIRUPDQFH� GLIIHUHQFHV� LQ� FRQFUHWH� SDYHPHQWV� FRXOG� EH� GLUHFWO\� DWWULEXWHG� WR� WKH� FRDUVH

DJJUHJDWH�XVHG�LQ�WKH�FRQFUHWH���7KH�VWHHO�SHUFHQWDJHV��ZKLFK�UDQJHG�IURP�ORZ�WR�KLJK�YDOXH�

L�H���D�GLIIHUHQFH�RI�DSSUR[LPDWHO\�������XVHG�RQ�WKHVH�WHVW�VHFWLRQV�GLG�QRW�KDYH�D�VLJQLILFDQW

HIIHFW�RQ�WKH�SHUIRUPDQFH�RI� WKH�SDYHPHQW�� �7KLV�FRXOG�EH�DWWULEXWHG�WR� WKH�IDFW� WKDW�DOO� WKH

VWHHO�SHUFHQWDJHV�ZHUH�DFFHSWDEOH�YDOXHV�IRU�WKH�+RXVWRQ�DUHD���,QGLUHFWO\��LW�ZDV�DOVR�IRXQG

WKDW�KLJK�SODFHPHQW� WHPSHUDWXUHV��H�J���DPELHQW� WHPSHUDWXUHV�DERYH�����q&��FRXOG�OHDG�WR�D

YHU\�HUUDWLF�FUDFN�SDWWHUQ�DQG��FRQVHTXHQWO\��SRRU�SHUIRUPDQFH���7KHVH�FRQGLWLRQV�OHG�WR�3&&

WHPSHUDWXUHV�LQ�WKH���q&�WR������q&�UDQJH�DQG�WR�UDSLG�GHFUHDVHV�LQ�WHPSHUDWXUH�GXULQJ�WKH

ILUVW� ��� KRXUV� ZKHQ� WKH� FRQFUHWH� LV� UHODWLYHO\� ZHDN�� 7KLV� GLIIHUHQFH� LV� WKH� VLQJOH� PRVW

LPSRUWDQW� IDFWRU� FRQWUROOLQJ� HDUO\�DJHG� FUDFN� GHYHORSPHQW� DQG� WKH� SULPDU\� FDXVH� RI� WKH

GLIIHUHQFH� LQ�SHUIRUPDQFH� LQ�SDYHPHQWV�PDGH�ZLWK�HLWKHU�DJJUHJDWH�� � ,W�ZDV� IRXQG� WKDW� WKH

KLJK� WHPSHUDWXUH�FRQGLWLRQV�RYHUZKHOP�DOO�RWKHU�YDULDEOHV� FRQVLGHUHG�� �$QG�ZKLOH�QR� VWHHO

FRPELQDWLRQV�FDQ�RIIVHW�WKLV�SKHQRPHQRQ��LQ�WKH�SDVW�ZKHQ�WKH�FDXVH�RI�WKH�SUREOHP�ZDV�QRW

IXOO\�XQGHUVWRRG�� WKH� ORQJLWXGLQDO� VWHHO�SHUFHQWDJHV�ZHUH�XQIRUWXQDWHO\� DUELWUDULO\� LQFUHDVHG

RYHU� WKH� \HDUV�� � 7KXV�� RULJLQDO� VWHHO� SHUFHQWDJHV� WKDW� ZHUH� SURYLGLQJ� DFFHSWDEOH� GHVLJQ

FRQGLWLRQV�ZHUH�LQFUHDVHG�WR�RIIVHW�SUREOHPV�FDXVHG�E\�RWKHU�SKHQRPHQD���,W�VKRXOG�DOVR�EH

SRLQWHG�RXW�WKDW�DOWKRXJK�HDUO\�DJHG�FRQFUHWH�VWUHQJWK�LV�UHODWLYHO\�ORZ��WKH�ERQG�VWUHQJWK�RI

FRQFUHWH� ZLWK� OLPHVWRQH� DJJUHJDWH� LV� VLJQLILFDQWO\� JUHDWHU� WKDQ� WKDW� RI� FRQFUHWH� ZLWK� 65*

FRDUVH�DJJUHJDWH�

)DLOXUH� PRGHOV� IRU� VLOLFHRXV� ULYHU� JUDYHO� DQG� OLPHVWRQH� DJJUHJDWHV� ZHUH� DOVR

GHYHORSHG��VLQFH�SRUWODQG�FHPHQW�FRQFUHWH�IDLOV�SULPDULO\�LQ�WHQVLRQ��WKH�HIIHFWV�RI�WHQVLRQ�RQ

FRQFUHWH�ZHUH�WKH�IRFXV�RI�WKH�IDLOXUH�PRGHO�GHYHORSPHQW�
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$�YDULHW\�RI�WHFKQLTXHV�ZHUH�GHYHORSHG�IRU�LPSURYLQJ�SDYHPHQW�SHUIRUPDQFH��7KHVH

WHFKQLTXHV� LQFOXGHG� QLJKW� SODFHPHQW�� VDZFXWWLQJ� RI� WKH� IUHVK� FRQFUHWH� WR� FRQWURO� FUDFN

GHYHORSPHQW��XVH�RI�DJJUHJDWH�EOHQGV�DQG�YDULRXV�FXULQJ�WHFKQLTXHV��DQG�WKH�XVH�RI�PHWKRGV

WR�LPSURYH�EDVH�PDWHULDOV���7KH�SURMHFWV�VKRZHG�WKDW�QLJKW�SODFHPHQW�JDYH�EHWWHU�UHVXOWV�WKDQ

GD\�SODFHPHQW�� �%\�XVLQJ� VDZFXWWLQJ�� WKH� FUDFNV� LQ� WKH�SDYHPHQW�EHFDPH�PXFK� VWUDLJKWHU�

WKXV� UHGXFLQJ� WKH� UDQGRPQHVV� WKDW� FDQ� VRPHWLPHV� OHDG� WR� SXQFKRXWV�� � &XULQJ� WHFKQLTXHV�

VXFK� DV� SRO\HWK\OHQH� VKHHWLQJ� DQG� GRXEOH�PHPEUDQH� FXULQJ�� ZHUH� XVHG� WR� UHGXFH� WKH

SDYHPHQW�HYDSRUDWLRQ�UDWH��ZKLFK��LQ�WXUQ��KHOSHG�WR�FRQWURO�IXWXUH�VSDOOLQJ�DQG�UHGXFHG�WKH

QXPEHU�RI�FUDFNV�WKDW�RFFXU�YHU\�HDUO\�LQ�WKH�SDYHPHQW�OLIH�

7KH� SURMHFWV� DOVR� ZHUH� XQGHUWDNHQ� WR� SURGXFH� FRPSXWHU� SURJUDPV� IRU� FRQFUHWH

SDYHPHQW�GHVLJQ�� �7KH�&+(0�� FRPSXWHU� SURJUDP�ZDV� GHYHORSHG� WR� SURYLGH� WKH� GHVLJQHU

ZLWK� D� SUHOLPLQDU\� HVWLPDWH� RI� WKH� IXQGDPHQWDO� FRQFUHWH� SURSHUWLHV� IURP� VLPSOH� FKHPLFDO

WHVWV�RI�WKH�FRDUVH�DJJUHJDWH���&+(0��XVHV�WKH�FKHPLFDO�FRQVWLWXHQWV�RI�WKH�FRDUVH�DJJUHJDWH�

ZKLFK�FDQ�EH�REWDLQHG�UHODWLYHO\�FKHDSO\�WKURXJK�R[LGH�UHVLGXH�WHVWLQJ��WR�SUHGLFW�LWV�PLQHUDO

FRPSRVLWLRQ�� � %DVHG� RQ� WKH� DJJUHJDWH©V� PLQHUDO� FRPSRVLWLRQ�� WKH� SURJUDP� SUHGLFWV� WKH

IXQGDPHQWDO�FRQFUHWH�SURSHUWLHV��VXFK�DV�WKH�FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ�

7KHVH� VWXGLHV� KDYH� SURYLGHG� FRQWLQXLQJ� GHYHORSPHQW� RI� D� PHFKDQLVWLF�HPSLULFDO

SURJUDP�� GXEEHG� &5&3���� WKDW� KDV� EHHQ� FDOLEUDWHG� DQG� YDOLGDWHG� XVLQJ� HPSLULFDO� GDWD

REWDLQHG�IURP�WKH�5LJLG�3DYHPHQW�'DWDEDVH���7KH�ILUVW�YHUVLRQ�RI�WKH�SURJUDP�GDWHV�EDFN�WR

������ZLWK�VXEVHTXHQW�PRGLILFDWLRQV�XQGHUWDNHQ�WR�LQFRUSRUDWH�WKH�ODWHVW�UHVHDUFK���7KH�GDWD

IURP� WKHVH� SURMHFWV� ZHUH� XVHG� WR� IXUWKHU� FDOLEUDWH� WKH� FUDFN� ZLGWK� DQG� WKH� SHUIRUPDQFH

FXUYHV�� � ,Q� WKLV� SURJUDP�� WKH� FRQFUHWH� SURSHUWLHV� �H�J��� WHQVLOH� VWUHQJWK�� DQG� DJJUHJDWH

SURSHUWLHV� �H�J��� FRHIILFLHQW� RI� WKHUPDO� H[SDQVLRQ�� PXVW� EH� LQSXW�� � 7KH� H[SHFWHG� DLU

WHPSHUDWXUHV�� VWHHO� SHUFHQWDJH�� DQG� ORDGLQJ� FRQGLWLRQV� PXVW� DOVR� EH� SURYLGHG�� � )URP� WKDW

LQIRUPDWLRQ��FUDFN�VSDFLQJ�GLVWULEXWLRQV�DQG�D�PHDQ�FUDFN�VSDFLQJ�DUH�FRPSXWHG��DV�ZHOO�DV

WKH� PHDQ� FUDFN� ZLGWK� DQG� PD[LPXP� VWHHO� VWUHVV�� � ,Q� DGGLWLRQ�� D� FXPXODWLYH� IDLOXUH

GHYHORSPHQW� DV� D� IXQFWLRQ� RI� WLPH� LV� FRPSXWHG�� � 7KH� SURJUDP� SURYLGHV� D� SHUIRUPDQFH

SUHGLFWLRQ� IRU� D� VSHFLILF� GHVLJQ� DQG� LV� HVSHFLDOO\� YDOXDEOH� LQ� FRPSDULQJ� DQG� HYDOXDWLQJ

VHYHUDO�GLIIHUHQW�SDYHPHQW�GHVLJQV�DQG�FRQVWUXFWLRQ�FRQGLWLRQV��,W�LV�DOVR�XVHIXO�LQ�GLDJQRVWLF

VWXGLHV�

$QRWKHU� FRPSXWHU� SURJUDP� GHYHORSHG� IURP� WKHVH� SURMHFWV� ZDV� D� GHVLJQ� DLG�

&5&3$9��WKDW�FDQ�EH�XVHG�WR�ILQG�&5&3�VWHHO�SHUFHQWDJHV�EDVHG�RQ�WKH�KLJKZD\�JHRPHWULF

SURSHUWLHV�� RWKHU� PDWHULDO� SURSHUWLHV� DQG� DFFHSWDEOH� OHYHOV� RI� FUDFN� ZLGWK�� VWHHO� VWUHVV�

DJJUHJDWH�SURSHUWLHV��DQG�FUDFN�VSDFLQJ���6LQFH�&5&3���LV�D�SUHGLFWLYH�SURJUDP�IRU�D�VSHFLILF

GHVLJQ�� QXPHURXV� SURJUDP� VROXWLRQV� ZHUH� LQYHVWLJDWHG� IRU� XVH� LQ� GHYHORSLQJ� D� UHJUHVVLRQ

PRGHO���7KLV�PRGHO�WKHQ�SHUPLWWHG�GHYHORSPHQW�RI�WKH�&5&3$9�SURJUDP��ZKLFK�DOORZV�WKH

GHVLUHG� SHUIRUPDQFH� WR� EH� LQSXW� DQG� WKHQ� VROYHV� IRU� WKH� GHVLJQ� SDUDPHWHUV�� L�H��� D� GHVLJQ

SURJUDP���2QFH�WKH�SURSHUWLHV�DUH�JLYHQ�DV�LQSXW�LQWR�WKH�SURJUDP��D�JUDSK�SURGXFHG�E\�WKH

SURJUDP�VKRZV�WKH�RSWLPDO�VWHHO�UDQJH�
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$QRWKHU� LPSRUWDQW� GHYHORSPHQW� IURP� 5HVHDUFK� 6WXG\� ���� ZDV� WKH� &5&3��� 6WHHO

6WDQGDUG���$OWKRXJK�LW�ZDV�XVHG�IRU�RQO\���PRQWK��&5&3���VHW�D�SUHFHGHQW�IRU�D�QHZ�W\SH�RI

VWHHO�GHVLJQ�VWDQGDUG��RQH� WKDW�YDULHV� WKH�VWHHO� LQ� WKH�VHFWLRQ�EDVHG�RQ� WKH�FRDUVH� DJJUHJDWH

W\SH��7KH�SXUSRVH�RI�WKH�VWDQGDUG�LV�WR�GHYHORS�VLPLODU�FUDFN�SDWWHUQV�LQ�FRQFUHWH�PDGH�IURP

HLWKHU�VLOLFHRXV�ULYHU�JUDYHO�RU�OLPHVWRQH�DJJUHJDWH���2WKHU�ILQGLQJV�RI�WKH�SURMHFWV�GHDOW�ZLWK

WHVWLQJ� VXFK� FRQFUHWH� SURSHUWLHV� DV� VWUHQJWK��$� ODUJH� QXPEHU� RI� VSHFLPHQV�ZHUH� FRPSDUHG

XVLQJ�WHQVLOH��IOH[XUDO��DQG�FRPSUHVVLRQ�WHVWLQJ���7KH�UHVXOWV�VKRZHG�WKDW�IOH[XUDO�DQG�WHQVLOH

VWUHQJWKV� KDYH� D� UHDVRQDEOH� FRUUHODWLRQ� DFURVV� DOO� DJJUHJDWH� W\SHV�� � +RZHYHU�� SRRU

FRUUHODWLRQV�ZHUH�IRXQG�EHWZHHQ�WHQVLOH�DQG�FRPSUHVVLYH�VWUHQJWKV��XQOHVV�WKH�DJJUHJDWH�W\SH

ZDV� WDNHQ� LQWR� DFFRXQW�� � ,W� VKRXOG� EH� QRWHG� WKDW� 65*� PL[WXUHV� UHTXLUH� OHVV� VWHHO� WKDQ

OLPHVWRQH� FRQFUHWH� EHFDXVH� 65*� DJJUHJDWHV� KDYH� D� ORZHU� ERQG� VWUHQJWK� DQG� D� JUHDWHU

FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ�WKDQ�PL[WXUHV�ZLWK�OLPHVWRQH�DJJUHJDWHV�

6LQFH�FRPSUHVVLRQ�WHVW�UHVXOWV�GR�QRW�KDYH�D�UHOLDEOH�FRUUHODWLRQ�WR�WKH�WHQVLOH�VWUHQJWK

RI� WKH� FRQFUHWH�ZKHQ� FRPSDULQJ� FRQFUHWH�PDGH� IURP� GLIIHUHQW� DJJUHJDWHV�� FDUH� VKRXOG� EH

WDNHQ�ZKHQ� HYDOXDWLQJ� UHVXOWV� IURP� FRPSUHVVLRQ� WHVWV�� � ,I� UHVXOWV� IURP�FRPSUHVVLRQ� WHVWLQJ

DUH�FRPSDUHG�GLUHFWO\��HUURQHRXV�FRQFOXVLRQV�FRXOG�EH�PDGH�DERXW�D�VSHFLPHQ©V�UHVLVWDQFH�WR

FUDFNLQJ���7KHUHIRUH��WHQVLRQ�WHVWLQJ�ZDV�XVHG�LQ�WKHVH�WHVW�VHFWLRQV�WR�DYRLG�WKLV�SUREOHP�DQG�

PRUH� LPSRUWDQWO\�� EHFDXVH� FRQFUHWH� IDLOV� LQ� WHQVLRQ�� � $� VSHFLDO� WHVW� SURFHGXUH� ZDV� DOVR

GHYHORSHG�WR�PHDVXUH�DJJUHJDWH�ERQG�VWUHQJWK�

5HFRPPHQGDWLRQV�WKDW�FDQ�EH�XVHG�WR�LPSURYH�SDYHPHQW�SHUIRUPDQFH�ZHUH�SURYLGHG

EDVHG�RQ�WKH�UHVXOWV�REWDLQHG�IURP�5HVHDUFK�6WXGLHV�����DQG��������1LJKW�SODFHPHQW�DQG�WKH

XVH�RI�EOHQGHG�DJJUHJDWHV�KDYH�EHHQ�UHFRPPHQGHG��LQVRIDU�DV�WKH\�VHHP�WR�RYHUFRPH�VRPH

RI�WKH�GLIIHUHQFHV�LQ�VLOLFHRXV�ULYHU�JUDYHO�DQG�OLPHVWRQH�SHUIRUPDQFH���*LYHQ�WKH�QXPHURXV

NH\�K\SRWKHVHV�GHYHORSHG�IURP�WKHVH�WZR�SURMHFWV��PRUH�UHVHDUFK�ZDV�QHHGHG�WR�YDOLGDWH�WKH

SUHYLRXV�ILQGLQJV�

������5HVHDUFK�6WXG\�������

)RU�3URMHFW���������SDYHPHQW�VHFWLRQV�ZHUH�GHVLJQHG�DQG�FRQVWUXFWHG�LQ�+HPSVWHDG�

7H[DV��ZLWK�WKH�SULPDU\�REMHFWLYH�EHLQJ�WKH�YDOLGDWLRQ�RI�K\SRWKHVHV�JHQHUDWHG�IURP�SUHYLRXV

H[SHULPHQWV� DQG� WR� GHWHUPLQH� IHDVLEOH� VDZFXWWLQJ� UHTXLUHPHQWV� IRU� 65*�&5&� SDYHPHQWV�

)LJXUH� ���� VKRZV� WKH� ORFDWLRQV� RI� WKH� WHVW� VLWHV�� 6RPH� VSHFLILF� REMHFWLYHV�ZHUH� WR� SHUIRUP

HDUO\�DJH�DQG�ODWHU�OLIH�FRQGLWLRQ�VXUYH\V�RI�WKH�WHVW�VHFWLRQV��WR�PRQLWRU�SHUIRUPDQFH�EDVHG

RQ� FRDUVH� DJJUHJDWH� W\SH�� WR� UHILQH� WKHUPDO� FRHIILFLHQW� �D
F�� WHVWLQJ� DQG� FUDFN� FRQWURO

WHFKQLTXHV�IRU�65*�&5&�SDYHPHQW��WR�GHYHORS�D�VSDOOLQJ�PRGHO��DQG�WR�VXSSRUW�WKH�TXDOLW\

FRQWURO�TXDOLW\�DVVXUDQFH��4&�4$��VSHFLILFDWLRQ�GHYHORSPHQW�� �7KH�SXUSRVH�EHKLQG�HDFK�RI

WKHVH�REMHFWLYHV�LV�GLVFXVVHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV�

&RDUVH�DJJUHJDWH�W\SH�UHODWLYH�WR�ERQG�VWUHQJWK��VKULQNDJH��DQG�FRHIILFLHQW�RI�WKHUPDO

H[SDQVLRQ� ZDV� LGHQWLILHG� IURP� WKH� EHJLQQLQJ� RI� WKH� VWXG\� DV� D� YHU\� LPSRUWDQW� IDFWRU� LQ

SUHGLFWLQJ� SDYHPHQW� SHUIRUPDQFH�� LQGHHG�� WKHVH� DUH� WKH� VWURQJHVW� IDFWRUV� LQ� GHWHUPLQLQJ� D

SDYHPHQW©V�SHUIRUPDQFH�� JLYHQ� WKDW� WKH� FRDUVH� DJJUHJDWH� IRUPV� VXFK� D� ODUJH�SHUFHQWDJH�RI
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WKH�FRQFUHWH©V�YROXPH�DQG��FRQVHTXHQWO\��DUH�WKH�GRPLQDQW�IDFWRUV�UHODWLYH�WR�DJJUHJDWH�W\SH

VHOHFWLRQ�DQG�VSHFLILFDWLRQ�

6LQFH� WKHVH� IDFWRUV� DUH� VR� LPSRUWDQW� IRU� FRQFUHWH� H[SRVHG� WR� ODUJH� HQYLURQPHQWDO

VWUHVVHV� DW� ERWK� HDUO\� DQG� ODWH� DJHV� �DV� DUH� SDYHPHQWV��� WHVWLQJ� KDV� IRFXVHG� RQ� GHYHORSLQJ

HTXLSPHQW�WKDW�FDQ�PHDVXUH�WKH�FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ�DQG�WKH�ERQG�VWUHQJWK�RI�WKH

FRDUVH� DJJUHJDWH� LQ� VLPSOH� DQG� GLUHFW� SURFHGXUHV� XVLQJ� D�ZDWHU� EDWK� IRU� WKH� FRHIILFLHQW� RI

WKHUPDO�H[SDQVLRQ�DQG�VSOLW�WHQVLOH�WHVW�VSHFLPHQ�IRU�WKH�DJJUHJDWH�ERQG�VWUHQJWK���3DYHPHQW

GHVLJQV�FRXOG�HDVLO\�EH�FKDQJHG�WR�DFFRXQW�IRU�GLIIHUHQFHV�LQ�DJJUHJDWH�SURSHUWLHV�XVLQJ�WHVWV�

$QRWKHU� PDMRU� REMHFWLYH� RI� WKLV� SURMHFW� ZDV� WR� GHYHORS� DQG� LGHQWLI\� WKH� VSDOOLQJ

PHFKDQLVP�IRU� IXWXUH�XVH� LQ�D�VSDOOLQJ�PRGHO��6SDOOLQJ�RFFXUV� LQ� FRQFUHWH�PL[WXUHV�KDYLQJ

UHODWLYHO\�KLJK�VKULQNDJH�VWUHVVHV�DQG�ORZ�DJJUHJDWH�ERQG�VWUHQJWKV���$�VSDOOLQJ�PRGHO�ZRXOG

EH�XVHIXO�LQ�LGHQWLI\LQJ�VXFK�FRPELQDWLRQV��VLQFH�VSDOOLQJ�LV�RQH�RI�WKH�VLJQLILFDQW�GLVWUHVVHV

WKDW�&5&�SDYHPHQWV�H[SHULHQFH���,I�VXFK�LQIRUPDWLRQ�FDQ�EH�GHYHORSHG�WR�GHFUHDVH�VSDOOLQJ

LQ�FRQFUHWH�SDYHPHQWV��WKH�OLIH�F\FOH�FRVW�RI�&5&�SDYHPHQWV�FRXOG�EH�VLJQLILFDQWO\�UHGXFHG�

7KH� ILQDO� REMHFWLYH� RI�5HVHDUFK�6WXG\� �������ZDV� WR� VXSSRUW�4&�4$� VSHFLILFDWLRQ

GHYHORSPHQW�� � $OO� ILQGLQJV� IURP� WKLV� SURMHFW� DUH� EHLQJ� VKDUHG� GLUHFWO\� ZLWK� WKH� 4&�4$

VSHFLILFDWLRQ� GHYHORSPHQW� WHDP�� VR� WKDW� LPSURYHPHQWV� LQ� FRQFUHWH� SDYHPHQW� SHUIRUPDQFH

FDQ�EH�PDGH�DV�TXLFNO\�DV�SRVVLEOH�

To College Station

To Austin

To Houston
Hempstead

6

159
Project Location

Under Construction

290

290

)LJXUH������7HVW�VHFWLRQV�LQ�+HPSVWHDG��7H[DV

:LWK� WKHVH� REMHFWLYHV� LQ� PLQG�� WKH� ILQDO� VHULHV� RI� WHVW� VHFWLRQV� ZDV� SODFHG� LQ

+HPSVWHDG��7H[DV�� QHDU�+RXVWRQ�� �7KHVH� VHFWLRQV� DUH� SDUW� RI� WKH� QHZ�86� ����+HPSVWHDG

E\SDVV�� � 7KH� OD\RXW� GHYHORSHG� IRU�+HPSVWHDG� FDOOHG� IRU� ��� WHVW� VHFWLRQV��ZLWK� HDFK� DERXW



�

�������P�ORQJ��$V�UHSRUWHG�LQ�5HVHDUFK�5HSRUW���������WKH�HIIHFWV�RI�WLPH�RI�SODFHPHQW��L�H��

QLJKW�RU�GD\���ORQJLWXGLQDO�VDZ�FXWV��DQG�YDU\LQJ�WKH�VWHHO�SHUFHQWDJHV�ZHUH�LQYHVWLJDWHG�

�����5(3257�2%-(&7,9(

7KH�REMHFWLYH�RI�WKLV�UHSRUW�LV�WR�VXPPDUL]H�DOO�WKH�UHFRPPHQGDWLRQV�GHYHORSHG�IURP

WKLV� DQG� SUHYLRXV� SURMHFWV�� � &RPELQLQJ� DOO� WKH� DYDLODEOH� GDWD� LQ� WKLV� ZD\� VXPPDUL]HV� WKH

PHWKRGV� DQG� FRQFHSWV� LGHQWLILHG� DV� LPSRUWDQW� IRU� LPSURYLQJ� WKH� SHUIRUPDQFH� RI� FRQFUHWH

SDYHPHQWV�� HVSHFLDOO\� WKDW� RI� &5&3�� � 7KHVH� UHFRPPHQGDWLRQV� DUH� SUHVHQWHG� LQ� WKH� QH[W

FKDSWHU�



�

&+$37(5����&21&/86,216�$1'�5(&200(1'$7,216

����,1752'8&7,21

7KH� REVHUYDWLRQV� DQG� UHFRPPHQGDWLRQV� GHYHORSHG� DV� D� SDUW� RI� WKH� 3&&� SDYHPHQW

FRDUVH�DJJUHJDWH�VWXGLHV�FRQGXFWHG�E\�&75��77,��DQG�7['27©V�GHYHORSPHQW�SURJUDP�IRU�D

4&�4$� VSHFLILFDWLRQ� IRU� 3&&� SDYHPHQWV� SURYLGH� DQ� H[FHOOHQW� VWDUWLQJ� SRLQW� IRU� DQ

LPSURYHPHQW�SURJUDP�� �8VLQJ� WKLV� LQIRUPDWLRQ�� D�SODQ� LV� RUJDQL]HG� IRU�GHYHORSLQJ� D�KLJK�

SHUIRUPDQFH� FRQFUHWH� SDYHPHQW� �+3&3�� LQ� 7H[DV� WKDW� HQFRPSDVVHV� GHVLJQ�� FRQVWUXFWLRQ�

VSHFLILFDWLRQV�� DQG� WHVWLQJ�� � 7KH� REMHFWLYH� RI� WKLV� SURJUDP� LV� WR� HOLPLQDWH� RU�PLQLPL]H� WKH

LQVWDQFHV�LQ�ZKLFK�3&&�SDYHPHQW�IDLOXUHV�FDXVH�&5&�SDYHPHQW�VHFWLRQV�WR�IDOO�IDU�VKRUW�RI

WKHLU�SUHGLFWHG�OLIH���7KXV��WKH�SURJUDP�ZLOO�UHVXOW�LQ�3&&�SDYHPHQW�WKDW�VHUYHV�IRU����WR���

\HDUV�RQ�KLJK�YROXPH�IDFLOLWLHV�ZLWK�PLQLPXP�PDLQWHQDQFH�

)RU� WKH� ZRUN� SODQ�� DQ� LPSURYHPHQW� SURJUDP� LV� SUHVHQWHG� LQ� ILYH� EDVLF� DUHDV� DV

IROORZV�

��� ,PSURYLQJ�SDYHPHQW�SHUIRUPDQFH

��� *XLGHOLQHV�IRU�VHOHFWLQJ�3&&�FRDUVH�DJJUHJDWH

��� 'HYHORSLQJ�FRQFUHWH�SDYHPHQW�SODFHPHQW�JXLGHOLQHV

��� ,PSURYLQJ�DQG�UHILQLQJ�&5&3�GHVLJQ�PRGHOV

��� *HQHUDO�3&&�SDYHPHQW�GHYHORSPHQWV

,Q� WKH� IROORZLQJ� VHFWLRQV�� FRQFOXVLRQV� DQG� UHFRPPHQGDWLRQV� DUH� SUHVHQWHG� IRU� D

FRQWLQXRXV�LPSURYHPHQW�SURJUDP�LQ�HDFK�RI�WKHVH�DUHDV�� �7KHVH�DUH�IROORZHG�E\�D�VHULHV�RI

DFWLRQ�LWHPV�WKDW�PD\�EH�DFKLHYHG�RYHU�WKH�QH[W���\HDUV���7KH�LQWHQW�LV�WR�DFKLHYH�D�VHULHV�RI

SURJUHVVLYH� VWHSV� WKDW�ZLOO� OHDG� WR� DQ� HYROXWLRQ� RI� DQ� +3&3�� VXFK� HYROXWLRQDU\� FKDQJH� LV

SUHIHUUHG� RYHU� D� VLQJOH�PDVVLYH� FKDQJH� WKDW� ZRXOG� XQGRXEWHGO\� EH� VXEMHFW� WR� FRQWURYHUV\

DQG��FRQVHTXHQWO\��KDYH�D�ORZ�SUREDELOLW\�RI�EHLQJ�DFFHSWHG�

�����,03529,1*�3$9(0(17�3(5)250$1&(

�� 7KH�ILHOG�GDWD�IURP�WKH�HLJKW�SURMHFWV�PDQLIHVW� WKDW� WKH�PRVW� LPSRUWDQW�YDULDEOHV

DIIHFWLQJ� 3&&� SDYHPHQW� SHUIRUPDQFH� DUH� DJJUHJDWH� W\SH�� SODFHPHQW� VHDVRQ�

SODFHPHQW� DERYH� DPELHQW� WHPSHUDWXUH� RI� �����&� ����)��� DQG� VXUIDFH� PRLVWXUH

HYDSRUDWLRQ�� � 7KXV�� WKHVH� IDFWRUV� VKRXOG� EH� UHIOHFWHG� LQ� WKH� GHVLJQ� DQG

FRQVWUXFWLRQ�RI�3&&�SDYHPHQW�DV�IROORZV�

D�� $JJUHJDWH�W\SH�DQG�SODFHPHQW�VHDVRQ�DUH�GHVLJQ�YDULDEOHV�DQG�PD\�EH�WDNHQ

LQWR� FRQVLGHUDWLRQ� LQ� WKH� GHVLJQ� SURFHVV�� � 7KH� HIIHFW� RI� DJJUHJDWH� W\SH� RQ

SHUIRUPDQFH� LV� SULPDULO\� GXH� WR� WKH� 3&&� WKHUPDO� FRQFUHWH� FRHIILFLHQW�� DQG�

RZLQJ� WR� WKH� DJJUHJDWH� YROXPH�� LW� LV� SULPDULO\� FRQWUROOHG� E\� WKH� FRDUVH

DJJUHJDWH�WKHUPDO�FRHIILFLHQW�



��

6SHFLILF�5HFRPPHQGDWLRQV�

����'HVLJQ�VWDQGDUGV�VKRXOG�EH�GHYHORSHG�IRU�YDULRXV�UHJLRQV�RI�WKH�VWDWH��IRU

YDULRXV�DJJUHJDWH�W\SHV��DQG�IRU�WKH�FRQVWUXFWLRQ�VHDVRQV�RI�VXPPHU�DQG

RWKHU�WKDQ�VXPPHU�

����$� WHVWLQJ�PDQXDO� VKRXOG� LQFOXGH�D� WHVW�PHWKRG� IRU� WKHUPDO� FRHIILFLHQW� RI

FRQFUHWH� DQG� DJJUHJDWHV� IRU� UHIHUHQFH� LQ� WKH� VSHFLILFDWLRQV�� � $OVR

LQFOXGH�GHYHORS�D�WHVW�IRU�D����KRXU�DJJUHJDWH�ERQG�VWUHQJWK�

E� 7KH� IDFWRUV� RI� SODFLQJ� DERYH� DPELHQW� WHPSHUDWXUHV� RI� �����&� ����)�� DQG

VXUIDFH�PRLVWXUH�HYDSRUDWLRQ�DUH�EDVLFDOO\� FRQVWUXFWLRQ�VSHFLILFDWLRQ� LWHPV�

)RU� SODFHPHQWV� DERYH� �����&�� VSHFLDO� SUHFDXWLRQV� VKRXOG� EH� WDNHQ� WR

PLQLPL]H�WKH�H[FHVV�EXLOGXS�RI� WKH�KHDW�RI�K\GUDWLRQ�RI� WKH�FRQFUHWH�� �7KH

HYDSRUDWLRQ� VKRXOG�EH�PRQLWRUHG� DQG�PDQDJHG� WR�PDLQWDLQ� VWUHVV� OHYHOV� WR

DFFHSWDEOH� OHYHOV�� DQG� ZLWK� FULWLFDO� VLWXDWLRQV� RI� H[FHVVLYH� HYDSRUDWLRQ

VSHFLDO�VWHSV�VKRXOG�EH�WDNHQ�WR�PLQLPL]H�PRLVWXUH�ORVV��H�J���WKH�SURFHVV�RI

DSSO\LQJ� FXULQJ� FRPSRXQG� VKRXOG� EH� H[SHGLWHG�� VSHFLDO� FXULQJ� WHFKQLTXHV

XWLOL]HG��DQG�D�PRQRPROHFXODU�ILOP�XVHG��

6SHFLILF�5HFRPPHQGDWLRQV�

����7KH�VSHFLILFDWLRQV�VKRXOG�HQFRPSDVV�KRW�ZHDWKHU�FRQFUHWLQJ��L�H���DPELHQW

WHPSHUDWXUHV�!�����&�ZLWK�FRQWUROV�RQ� WKH�FRQFUHWH� WHPSHUDWXUH�� FXULQJ

HIIHFWLYHQHVV�� DQG� WHFKQLTXHV� GXULQJ� FRQVWUXFWLRQ� IRU� UHGXFLQJ� WKH

WHPSHUDWXUH��H�J���DGGLQJ�LFH��FRROLQJ�VWRFNSLOHV��ZHW�FRWWRQ�PDWV��HWF���

����7KH�HIIHFWLYHQHVV�RI�DOO�FXULQJ�PHPEUDQHV�DQG�VSHFLILFDOO\�PRQRPROHFXODU

ILOP�LQ�PDLQWDLQLQJ�DFFHSWDEOH�VWUHVV�OHYHOV�VKRXOG�EH�HYDOXDWHG�E\�WHVWLQJ

LQ�WKH�ODE�DQG�WKH�ILHOG�

����,I� WKH�PRQRPROHFXODU� ILOP�SHUIRUPV�VDWLVIDFWRULO\�� WKHQ� LWV� XVH� VKRXOG�EH

LQFRUSRUDWHG�LQWR�WKH�VSHFLILFDWLRQV�

����7HVWLQJ�WHFKQLTXHV�VKRXOG�EH�DGGHG�WR�WKH�PDQXDO�IRU�PHDVXULQJ�FRQFUHWH

WHPSHUDWXUH�DQG�IRU�DFFHSWDQFH�RI�WKH�PRQRPROHFXODU�ILOP�

����7KH�XVH�RI�D�ZHDWKHU�VWDWLRQ�IRU�PHDVXULQJ�WKH�ZDWHU�HYDSRUDWLRQ�IURP�WKH

VXUIDFH�VKRXOG�EH�LQFOXGHG�LQ�WKH�VSHFLILFDWLRQV�ZLWK�OLPLWV�DQG�FRUUHFWLYH

WHFKQLTXHV�IRU�YDULRXV�OHYHOV�RI�HYDSRUDWLRQ�

����7HVWLQJ� WHFKQLTXHV� IRU�PHDVXULQJ� HYDSRUDWLRQ� VKRXOG� EH� LQFOXGHG� LQ� WKH

WHVW�PDQXDO�

F� 7KH�YHUWLFDO�ORVV�RI�VWUHQJWK�IURP�WRS�WR�ERWWRP�RZLQJ�WR�H[FHVVLYH�PRLVWXUH

OHDYLQJ� WKH� VODE� DQG� WKH� GHODPLQDWLRQ� �VSDOOLQJ�� PD\� EH� FRQWUROOHG� E\

SUHYHQWLQJ�H[FHVVLYH�PRLVWXUH� IURP�EHLQJ� ORVW� IURP� WKH� VODE� DV� D� UHVXOW� RI

HYDSRUDWLRQ�� �7KLV�PXVW� EH� KDQGOHG� WKURXJK� YDULRXV� WHFKQLTXHV� GXULQJ� WKH

SODFHPHQW�DQG�FXULQJ�RI�WKH�FRQFUHWH�



��

����$� WHFKQLTXH� IRU� FXWWLQJ� D� FRUH� LQWR� VHJPHQWV� �WZR� WR� WKUHH� OHYHOV�� DQG

WHVWLQJ�WKHP�VKRXOG�EH�GHYHORSHG�DQG�LQFOXGHG�LQ�WKH�WHVWLQJ�PDQXDO�

����7KH�5LJLG�3DYHPHQW�'DWDEDVH�DQG�SUHYLRXV�4&�4$�WHVW�VHFWLRQV�VKRXOG

EH�XVHG�WR�GHYHORS�D�FRUUHODWLRQ�EHWZHHQ�YHUWLFDO�GLVWULEXWLRQ�RI�VWUHQJWK

DQG�VSDOOLQJ�

����6PDOO�WHVW�VODEV�VKRXOG�EH�LQVWUXPHQWHG�IRU�PDWXULW\�XVLQJ�PRLVWXUH�DQG

WHPSHUDWXUH� JDXJHV�� DQG� FRUHG� IRU� WHVWLQJ�� � 7KH� VPDOO� VODEV� VKRXOG

LQFOXGH� YDULRXV� HIIHFWLYH� FXULQJ� WKLFNQHVV� DQG� PRLVWXUH� ORVVHV�� FXULQJ

W\SHV�� HWF�� � 7KH� LQIRUPDWLRQ� VKRXOG� EH� XVHG� WR� GHYHORS� D� UHODWLRQVKLS

EHWZHHQ� WKH� VWUHQJWK� ORVV� PRLVWXUH�EDVHG� PDWXULW\� DQG� WKH� SDUDPHWHUV

LQYHVWLJDWHG�

�� $W�WKH�SUHVHQW�WLPH��WKH�DFFHSWDQFH�WHVWLQJ�RI�3&&�LV�EDVHG�RQ�IOH[XUDO�WHVWLQJ�RI

VSHFLPHQV�PDGH�DW�WKH�VLGH�RI�WKH�URDG��FXUHG�LQ�ZDWHU�DW�D�FRQVWDQW�WHPSHUDWXUH�

DQG� DJHG� WR� �� GD\V�� � 6LQFH� FRQFUHWH� IDLOV� LQ� WHQVLRQ�� VSOLWWLQJ� WHQVLOH� VWUHQJWK

WHVWLQJ� VKRXOG� EH� XVHG� IRU� DFFHSWDQFH� WHVWLQJ�� � )XUWKHUPRUH�� WKH� 4&�4$

GHYHORSPHQW�ZRUN�DQG�EDVLF�VWUHQJWK�PHFKDQLFV�KDYH�GHPRQVWUDWHG�WKH�YLDELOLW\

RI�WKH�VSOLWWLQJ�WHQVLOH�WHVW�

D�� 7KH� XVH� RI� VSOLWWLQJ� WHQVLOH� WHVWLQJ� IRU� WKH� RIILFLDO� 7['27� WRRO� IRU� WKH

SODQQLQJ�� GHVLJQ�� DQG� FRQVWUXFWLRQ� RI� 3&&� SDYHPHQWV� VKRXOG� HYROYH� RYHU

WLPH�

6SHFLILF�5HFRPPHQGDWLRQV�

����$�WHVWLQJ�SURJUDP�RQ�FRUHV�DQG�F\OLQGHUV�IURP�VPDOO�VODEV�VKRXOG�EH�XVHG

WR�LQYHVWLJDWH�WKH�UHODWLRQ�EHWZHHQ�LQ�VLWX�FRUHV�DQG�F\OLQGHUV�FXUHG�ZLWK

VLPXODWHG�ILHOG�FRQGLWLRQV��HWF�

����7KH� WHVWLQJ� SURJUDP� LQ� ,WHP� �� VKRXOG� DOVR� UHIOHFW� WKH� HIIHFW� RI

UHLQIRUFHPHQW�

����$Q� DFFHSWDEOH� VWUHQJWK� OHYHO� IRU� XVH� LQ� GHVLJQ� DQG� DFFHSWDQFH� WHVWLQJ

VKRXOG� EH� HVWDEOLVKHG� XVLQJ� SUHYLRXV� 4&�4$� H[SHULHQFH� DQG� WKH

HYDOXDWLRQ� RI� LQ�VHUYLFH� SDYHPHQWV� VHOHFWHG� IURP� 7['27©V� 5LJLG

3DYHPHQW�'DWDEDVH�

����7KH�WHVW�PHWKRG�VKRXOG�EH�LQFOXGHG�LQ�WKH�WHVWLQJ�PDQXDO�

�� 6HYHUDO� WHFKQLTXHV� RI� PDUJLQDO� YDOXH� UHODWLYH� WR� ,WHPV� �� DQG� �� VKRXOG� EH

LQYHVWLJDWHG�IXUWKHU�

D�� 7KH� FUDFN� LQLWLDWRUV� DQG� VNHZHG� SODFHPHQW� RI� WKH� WUDQVYHUVH� VWHHO� ZHUH� WKH

OHDVW� HIIHFWLYH� LQ� FRQWUROOLQJ� WKH� SDYHPHQW� SHUIRUPDQFH� XQGHU� KRW� ZHDWKHU

SODFHPHQW�FRQGLWLRQV�



��

6SHFLILF�5HFRPPHQGDWLRQV�

����&RQVLGHU� WHFKQLTXHV� IRU� GHYHORSLQJ� GHVLJQ� VWDQGDUGV� IRU� KRW� ZHDWKHU

FRQGLWLRQV�

E�� 7KH�EOHQGLQJ�RI�DJJUHJDWHV�RI�KLJK�WKHUPDO�FRHIILFLHQW�DQG�KLJK�ERQG�VWUHQJWK

VKRZHG�SURPLVH�ZLWK�VXFFHVV�RQ�3URMHFW����&\SUHVV��

6SHFLILF�5HFRPPHQGDWLRQV�

����&RQVLGHU�DGGLWLRQDO�SURMHFWV�WR�IXUWKHU�HYDOXDWH�KRW�ZHDWKHU�FRQGLWLRQV�

F� 7KH�ORQJLWXGLQDO�VWHHO�SHUFHQWDJH�DQG�WKH�EDU�GLDPHWHU�KDG�RQO\�D�VPDOO�HIIHFW

RQ�WKH�SURMHFWV�ZKHUH�LW�ZDV�FRQVLGHUHG���7KLV�ILQGLQJ�SUREDEO\�LQGLFDWHV�WKDW

WKH� UDQJH�XVHG�ZDV� VPDOO� ���������DQG� WKDW�ZH�KDYH�PRUH� WKDQ� DQ� DGHTXDWH

DPRXQW�RI�VWHHO�LQ�WKH�SUHVHQW�GHVLJQV�

�����*8,'(/,1(6�)25�6(/(&7,1*�3&&�&2$56(�$**5(*$7(

�� 8WLOL]DWLRQ� RI� FRDUVH� DJJUHJDWHV� LQ� FRQFUHWH� SDYLQJ� VKRXOG� EH� PDGH� LQ� OLJKW� RI

VSHFLILF� HQJLQHHULQJ� SURSHUWLHV� WKDW� DIIHFW� SDYHPHQW� SHUIRUPDQFH� DQG� FUDFN

GHYHORSPHQW�� � 7KH� ZLGWK� RI� WUDQVYHUVH� FUDFNV� DQG� WKH� GHJUHH� RI� ORDG� WUDQVIHU

JRYHUQ� &5&3� SHUIRUPDQFH�� � 7KH� DJJUHJDWH� ERQG� VWUHQJWK�� WKH� PHWKRG� RI

FRQVWUXFWLRQ� �FXULQJ� SUDFWLFH� DQG� GHJUHH� RI� FUDFN� FRQWURO��� DQG� WKH� ZHDWKHU

FRQGLWLRQV� GXULQJ� SDYLQJ� LQIOXHQFH� WKH� LQLWLDO� FUDFN� SDWWHUQ�� � 7KH� ILQDO� FUDFN

SDWWHUQ�LV�ODUJHO\�LQIOXHQFHG�E\�WKH�FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ��&7(��RI�WKH

FRQFUHWH�DQG�E\�WKH�VWHHO�GHVLJQ��ZKLFK�DOVR�LQIOXHQFH�WUDQVYHUVH�FUDFN�RSHQLQJ�

�� ,W� LV� LPSRUWDQW� WR� UHFRJQL]H� WKH� XWLOL]DWLRQ� RI� FRDUVH� DJJUHJDWH� LQYROYHV� WKH

VHOHFWLRQ�RI�FXULQJ�PHWKRGRORJ\��WKH�GHJUHH�RI�FUDFNLQJ�FRQWURO��DQG�VWHHO�GHVLJQ�

,Q�OLJKW�RI�WKHVH�FRQGLWLRQV��LW�LV�FOHDU�WKDW�WKH�FKDUDFWHUL]DWLRQ�RI�FRDUVH�DJJUHJDWH

&7(� DQG� ERQG� VWUHQJWK� GLFWDWH� FHUWDLQ� FRQVWUXFWLRQ� DQG� FXULQJ� SUDFWLFHV�

$JJUHJDWH�&7(�VHUYHV�DV�DQ�LQGLFDWRU�RI�WKH�&7(�RI�FRQFUHWH��ZKLOH�WKH�FRQFUHWH

IUDFWXUH�WRXJKQHVV�VHUYHV�DV�DQ�LQGLFDWRU�RI�WKH�DJJUHJDWH�ERQG�VWUHQJWK�

6SHFLILF�5HFRPPHQGDWLRQV�

����'HYHORS� WKH�GHVLJQ�DSSURDFK� IRU�&5&3�V\VWHPV� WR�PDLQWDLQ� D� VXIILFLHQW

EDODQFH�EHWZHHQ�VWUHVV�EXLOGXS�DQG�VWUHQJWK�JDLQ�ZLWK� WLPH� WR�DFKLHYH�D

VSHFLILF� FUDFN� SDWWHUQ� IRU� D� JLYHQ� VWHHO� GHVLJQ� DQG� DJJUHJDWH� W\SH�� � 7KH

GHYHORSPHQW� RI� VWUHVV� VKRXOG� DFFRXQW� IRU� FXULQJ�� FUDFN� FRQWURO�� DQG

VKULQNDJH� HIIHFWV�� ZKLOH� VWUHQJWK� GHYHORSPHQW� ZLOO� QHHG� WR� DFFXUDWHO\

DFFRXQW� IRU� PRLVWXUH� DQG� ERQG� HIIHFWV� LQ� DGGLWLRQ� WR� WKH� RWKHU� IDFWRUV

FXUUHQWO\�WDNHQ�LQWR�DFFRXQW�



��

����&RPSOHPHQW� ,WHP��� DERYH�ZLWK� D�&7(�PRGHO� IRU� FRQFUHWH� EDVHG� RQ� WKH

&7(�RI�WKH�DJJUHJDWH�DQG�RWKHU�UHOHYDQW�SURSHUWLHV���)XUWKHU�GHYHORS�WKH

WHVW� SURFHGXUH� IRU� ERWK� WKH� DJJUHJDWH�&7(� DQG� ERQG� VWUHQJWK� VR� WKDW� D

ODERUDWRU\� SURFHGXUH� FDQ� EH� DGRSWHG� E\� 7['27� WR� GHWHUPLQH� WKHVH

LPSRUWDQW�SURSHUWLHV�

�����&21&5(7(�3$9(0(17�3/$&(0(17�*8,'(/,1(6

7KH� DPELHQW� WHPSHUDWXUH� DQG� HYDSRUDWLRQ�ZHUH� WZR� LPSRUWDQW� SDUDPHWHUV� DIIHFWLQJ

WKH� SHUIRUPDQFH� RI� WKH� SDYHPHQW�� 7KH� IROORZLQJ� DUH� FRQFOXVLRQV� DQG� LPSOHPHQWDWLRQ

UHFRPPHQGDWLRQV�SHUWDLQLQJ�WR�ERWK�LWHPV�

�� 7KH�UHYLVLRQV�RI�WKH�FRQVWUXFWLRQ�SURFHVV�DQG�WKH�VSHFLILFDWLRQV�VKRXOG�HQFRPSDVV

VHYHUDO�DUHDV�

D�� 7KH�DPELHQW�DQG�WKH�FRQFUHWH�WHPSHUDWXUH�VKRXOG�EH�FRQWLQXRXVO\�PRQLWRUHG�

VLQFH� VXPPHU� SODFHPHQW� JHQHUDOO\� LQYROYHV� FRQGLWLRQV� WKDW� DUH� PRUH

SUREOHPDWLF��DQG�HVSHFLDOO\�VLQFH�DPELHQW�DLU� WHPSHUDWXUHV�DERYH������&�DUH

FULWLFDO���6WHSV�VKRXOG�EH�WDNHQ�GXULQJ�WKH�FULWLFDO�SODFHPHQW�WR�HQVXUH�WKDW�WKH

KHDW� RI� K\GUDWLRQ� GRHV� QRW� EHFRPH� H[FHVVLYH�� VXFK� VWHSV� LQFOXGH� XVLQJ� LFH�

FRROLQJ�WKH�DJJUHJDWH�VWRFNSLOHV��DQG�UHVWULFWLQJ�SODFHPHQW�GXULQJ�WKH�KHDW�RI

WKH�GD\�

6SHFLILF�5HFRPPHQGDWLRQV�

����)XUWKHU� UHVHDUFK� LV� QHHGHG� WR�GHYHORS�DQ� LPSURYHG�PDWKHPDWLFDO�PRGHO

FRUUHODWLQJ� WKH� UHODWLRQ� EHWZHHQ� KHDW� RI� K\GUDWLRQ� DQG� FRQFUHWH� VHW

WHPSHUDWXUH�UHODWLYH�WR�WKH�DPELHQW�WHPSHUDWXUHV��FHPHQW�FKHPLVWU\��ZLQG

VSHHGV�� FRQFUHWH� WHPSHUDWXUH� DW� SODFHPHQW�� VXEEDVH� FRQGLWLRQ�� FXULQJ

W\SH�� DQG� HIIHFWLYHQHVV�� � 7KH�+\SHUSDYH�0RGHO� GHYHORSHG� E\� WKH�)+:$

FDQ�EH�XVHG�DV�D�VWDUWLQJ�SRLQW�

����7KH�PRGHO�GHYHORSHG�IURP�,WHP���VKRXOG�EH�XVHG�WR�GHYHORS�FRQVWUXFWLRQ

JXLGHOLQHV� DQG� VSHFLILFDWLRQ� UHTXLUHPHQWV�� �L�H��� LFH�� WLPH� RI� SODFHPHQW�

HWF���

����7KH�PRGHO�VKRXOG�EH�LQFRUSRUDWHG�LQ�WKH�&5&3�FRPSXWHU�PRGHO�DV�SDUW�RI

6HFWLRQ�'�

E�� /RZ�WKHUPDO�FRHIILFLHQW�DQG�KLJK�ERQG�VWUHQJWK�FRQFUHWH�PL[WXUHV�DUH�VXLWDEOH

IRU� DOO� SODFHPHQW� WLPHV� DQG� VHDVRQV�� VXLWDEOH� SODFLQJ� FRQGLWLRQV� IRU� KLJK

FRHIILFLHQW� DQG� ORZ�ERQG� VWUHQJWK� FRQFUHWH�PL[WXUHV�PXVW� EH� HVWDEOLVKHG� E\

DSSURSULDWH�FRPSXWHU�VLPXODWLRQ�DQG�DQDO\VLV��EXW�PD\�EH�DSSURSULDWH�RQO\�IRU

VXPPHU�SODFHPHQW�XQOHVV�VSHFLDO�SUHFDXWLRQV�DUH�WDNHQ�



��

6SHFLILF�5HFRPPHQGDWLRQV�

����7KH�H[LVWLQJ�&5&3���SURJUDP�VKRXOG�EH�XVHG� WR�GHYHORS� VSHFLILF� LQLWLDO

FULWHULD� IRU� DPELHQW� WHPSHUDWXUHV� ZKHQ� XVLQJ� KLJK� WKHUPDO� FRHIILFLHQW

DJJUHJDWHV�

����:KHQ� WKH� LPSURYHG� YHUVLRQ� RI� &5&3� LV� GHYHORSHG� LQ� 6HFWLRQ� '� WKDW

HQFRPSDVVHV�WKH�KHDW�RI�K\GUDWLRQ�PRGHO�GHYHORSHG�LQ�6HFWLRQ�&���D������D

UHFRPSXWDWLRQ�RI�,WHP���VKRXOG�EH�GHYHORSHG�

�� 7KH�HYDSRUDWLRQ�RI�VXUIDFH�PRLVWXUH�GXULQJ�FRQFUHWH�SODFHPHQW�FRQGLWLRQV�VKRXOG

EH�FRQWLQXRXVO\�PRQLWRUHG�DV�IROORZV�

D�� ([FHVVLYH�HYDSRUDWLRQ� UDWHV� �L�H��� JUHDWHU� WKDQ�������NJ�P
�
�KU�� FRUUHVSRQG� WR

ORZ� FXULQJ� HIIHFWLYHQHVV� DQG�PD\� OHDG� WR� GHWULPHQWDO� FRQGLWLRQV� RI� VWUHQJWK

ORVV� YHUWLFDOO\� IURP� WKH� WRS� WR� WKH� ERWWRP� RI� WKH� VODE�� GHODPLQDWLRQ�� DQG�

FRQVHTXHQWO\��VSDOOLQJ�

6SHFLILF�5HFRPPHQGDWLRQV�

����7KH�VWUHQJWK�ORVV�PRGHO�GHYHORSHG�LQ�6HFWLRQ�$���E�����VKRXOG�EH�XVHG�WR

GHWHUPLQH� WKH� DFFHSWDEOH�XQDFFHSWDEOH� HYDSRUDWLRQ� UDWH� DQG� TXDQWLW\� WR

PLQLPL]H�WKH�YHUWLFDO�VWUHQJWK�ORVV�

����7KH� LQIRUPDWLRQ� REWDLQHG� � IURP� ,WHP� �� VKRXOG� EH� XVHG� IRU� GHYHORSLQJ

FULWHULD� WR� HOLPLQDWH� RU� PLQLPL]H� GHODPLQDWLRQ� VSDOOLQJ�� 7KHVH� FULWHULD

VKRXOG�EH�LQFRUSRUDWHG�LQWR�WKH�UHYLVHG�&5&3�PRGHO�GHYHORSHG�LQ�6HFWLRQ

'�

E� 'XULQJ� H[FHVVLYH� HYDSRUDWLRQ� SHULRGV�� VHYHUDO� RSHUDWLRQDO� WHFKQLTXHV� VKRXOG

EH� FRQVLGHUHG� IRU� LQFOXVLRQ� LQ� WKH� VSHFLILFDWLRQV� RU� LQ� D� PDQXDO� RQ� 3&&

SDYHPHQW�SODFHPHQW�

6SHFLILF�5HFRPPHQGDWLRQV�

����&HDVH� FRQFUHWH� SODFHPHQW� RU� SODFH� GXULQJ� WKH� GD\�ZKHQ� FRQGLWLRQV� DUH

PRUH�IDYRUDEOH�

����3ODFH�D�PROHFXODU�PDWHULDO� LPPHGLDWHO\�DIWHU� WKH�3&&�VXUIDFH� VWULNH�RII

RSHUDWLRQV� WKDW� SUHYHQWV� HYDSRUDWLRQ� DQG� GRHV� QRW� LQWHUIHUH� ZLWK� WKH

ILQLVKLQJ�RSHUDWLRQV�

����$SSO\�WZR�VHSDUDWH�FRDWV�RI�FXULQJ�FRPSRXQG�DV�VRRQ�DIWHU� WKH�ILQLVKLQJ

RSHUDWLRQ� DV� SRVVLEOH� DQG� FRQVLGHU� DSSURSULDWH� OHYHOV� RI� FXULQJ

HIIHFWLYHQHVV� WR� FRQWURO� WKH� EDODQFH� EHWZHHQ� VWUHVV� GHYHORSPHQW� DQG

VWUHQJWK�JDLQ�ZLWK�WLPH�



��
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�� 7KH�&5&3���SURJUDP��D�PHFKDQLVWLF�HPSLULFDO�GHVLJQ�SURFHGXUH��ZDV�FDOLEUDWHG

DQG� YDOLGDWHG� LQ� SUHYLRXV� VWXGLHV� XVLQJ� WKH� GDWD� REWDLQHG� IURP� WKH� YDULRXV

H[SHULPHQWDO�SURMHFWV�FRQVLGHUHG�

D� 7KH�DSSOLFDWLRQ�RI�WKH�SURJUDP�WR�WKH�WHVW�VHFWLRQ�GDWD�GHPRQVWUDWHG�WKDW�FUDFN

VSDFLQJ�GLVWULEXWLRQ� DQG� FUDFN�ZLGWK� FDQ�EH�SUHGLFWHG�YHU\� UHOLDEO\�ZLWK� WKH

&5&3��� PRGHO�� � 7KH� ILHOG� VWXGLHV� DOVR� UHYHDOHG� WKDW� WKH� SUHGLFWHG� FUDFN

VSDFLQJ� GLVWULEXWLRQ� VKRXOG� EH� VWXGLHG� E\� WKH� GHVLJQ� HQJLQHHU� DQG� XVHG� DV

FULWHULD� LQ� OLHX� RI� WKH� DYHUDJH� FUDFN� VSDFLQJ�� � )XUWKHUPRUH�� FUDFN� VSDFLQJV

EHORZ��������P�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�UHGXFLQJ�WKH�SDYHPHQW�OLIH�

6SHFLILF�5HFRPPHQGDWLRQV�

����7KH�FUDFN�VSDFLQJ�GLVWULEXWLRQV�DQG�WKH�SDYHPHQW�SHUIRUPDQFH�GDWD�IURP

WKH�53'3�PD\�EH�XVHG�WR�HVWDEOLVK�DFFHSWDEOH�OLPLWV�DV�WKH�FUDFN�VSDFLQJ

GLVWULEXWLRQ�

����7KH� PD[LPXP� DOORZDEOH� FUDFN� ZLGWK� EDVHG� RQ� ZDWHU� LQILOWUDWLRQ�� MRLQW

VWLIIQHVV��DQG�VSDOOLQJ�GHYHORSHG�LQ�SUHYLRXV�7['27�DQG�1&+53�VWXGLHV

VKRXOG� EH� IXUWKHU� VWXGLHG� XVLQJ� ODERUDWRU\� WHVW� VODEV�� � 7KH� GDWD�PD\� EH

XVHG�WR�UHIHUHQFH�WKH�SUHVHQW�FULWHULD�

����)XOO�VFDOH� � ILHOG� � VODEV� � VKRXOG� � EH� � WHVWHG� � XVLQJ� � WKH� �0/6� � WR� � IXUWKHU

UHILQH�,WHP���

����,QFOXGH�WKH�HIIHFWV�RI�FUDFN�FRQWURO�LQ�,WHPV�������DQG���DERYH�WR�GHWHUPLQH

WKH� UDQJH� RI� WKH� EDODQFH� EHWZHHQ� VWUHQJWK� JDLQ� DQG� VWUHVV� GHYHORSPHQW

VXLWDEOH�IRU�VHOHFWHG�DJJUHJDWH�W\SHV�DQG�FRQFUHWH�PL[WXUHV�WR�DFKLHYH�WKH

EHVW�FUDFN�SDWWHUQ�

E� 6LQFH� WKH� VWHHO� VWUHVV�ZDV� QRW�PHDVXUHG� DV� SDUW� RI� UHFHQW� SURMHFWV�� WKH� VWHHO

VWUHVV�DOJRULWKP�LQ�WKH�&5&3���SURJUDP�FRXOG�QRW�EH�YDOLGDWHG��QRQHWKHOHVV�

WKH�SUHGLFWHG�UHVXOWV�IRU�WKH�YDULRXV�SURMHFWV�DSSHDUHG�WR�EH�ORJLFDO�DQG�LQ�OLQH�

6SHFLILF�5HFRPPHQGDWLRQV�

����6HYHUDO� IXWXUH� SURMHFWV� VKRXOG� LQFRUSRUDWH� VWUDLQ� JDXJHV� RQ� WKH� VWHHO� WR

PHDVXUH�WKH�VWHHO�VWUHVV�YDULDWLRQ�ZLWK�WLPH�

����7KH�SURMHFWV�VHOHFWHG�IRU�,WHP���VKRXOG�HQFRPSDVV�ERWK�JUDGH����DQG���

VWHHOV�

����7KH�PHDVXUHG�DQG�SUHGLFWHG�VWHHO�VWUHVVHV�IURP�SURMHFWV�LQFOXGHG�LQ�,WHPV

��DQG���VKRXOG�EH�FRPSDUHG���7KH�PRGHOV�VKRXOG�EH�XSGDWHG�SHULRGLFDOO\�



��

F� 7KH� &5&3��� FRPSXWHU� SURJUDP� SURYLGHV� DQ� H[FHOOHQW� GHVLJQ� RU� GLDJQRVWLF

WRRO�WKDW�PD\�EH�XVHG�IRU�VLWH�VSHFLILF�VWXGLHV�

6SHFLILF�5HFRPPHQGDWLRQV�

����$V�QHZ�SURMHFWV�DUH�DGGHG� WR� WKH�5LJLG�3DYHPHQW�'DWDEDVH�� WKHLU�DFWXDO

SHUIRUPDQFH� VKRXOG� EH� FRPSDUHG� ZLWK� WKH� SUHGLFWHG� SHUIRUPDQFH�� WKXV

SURYLGLQJ� D� FRQWLQXRXV� FDOLEUDWLRQ� DQG� YDOLGDWLRQ� SURJUDP�� � 7KH

YDOLGDWLRQ� VKRXOG� EH� PRUH� SUHFLVH� ZLWK� WLPH�� VLQFH� WKH� HYROXWLRQDU\

VSHFLILFDWLRQV� ZLOO� UHVXOW� LQ� SURSHUWLHV� UHTXLUHG� LQ� WKH� PRGHO� WR� EH

FROOHFWHG�GXULQJ�WKH�FRQVWUXFWLRQ�RSHUDWLRQ�

����,I�,WHP���LGHQWLILHV�DUHDV�ZKHUH�WKH�FRPSXWHU�PRGHO�QHHGV�WR�EH�LPSURYHG�

VWHSV� VKRXOG�EH� WDNHQ� WR�GHYHORS� VXEPRGHOV� WKDW�ZLOO� LPSURYH� WKH�PRGHO

SUHFLVLRQ�

G� ,Q� OLHX� RI� GHYHORSLQJ� D� SDYHPHQW� VWDQGDUG� WKDW� LV� JHQHUDO� DQG� YHU\

FRQVHUYDWLYH�IRU�WKH�HQWLUH�VWDWH��WKH�SURJUDP�PD\�EH�XVHG�WR�GHYHORS�GHVLJQV

IRU�D�VSHFLILF�SURMHFW��DV�SUHYLRXVO\�GLVFXVVHG�LQ�6HFWLRQ�$����D�������

�� 7KH� &5&3��� SURJUDP� KDV� HYROYHG� RYHU� WLPH�� %DVHG� RQ� WKH� UHVXOWV� SUHVHQWHG

KHUHLQ�� WKH� IROORZLQJ� HQKDQFHPHQWV� DQG� DGGLWLRQDO� GHYHORSPHQWV� DUH

UHFRPPHQGHG�

D� 7KH� LPSURYHG� ILQLWH� HOHPHQW� PRGHO� IRU� SUHGLFWLQJ� VWUHVVHV� UHVXOWLQJ� IURP

ZKHHO�ORDG�GHYHORSHG�LQ�3URMHFW��������VKRXOG�EH�LQVHUWHG�LQWR�WKH�SURJUDP�WR

SHUPLW�D�PRUH�DFFXUDWH�FDOFXODWLRQ�RI�VWUHVVHV�IRU�WKH�WKLFNHU�SDYHPHQWV�

6SHFLILF�5HFRPPHQGDWLRQV�

����6LQFH� SDYHPHQW� WKLFNQHVV� DQG� VXEEDVH� W\SH� DUH� YDULDEOHV� LQ� WKH� 5LJLG

3DYHPHQW� 'DWDEDVH�� WKH� SUHGLFWHG� DQG� DFWXDO� SHUIRUPDQFHV� VKRXOG� EH

FDOLEUDWHG�

����1HZ�SURMHFWV�DGGHG� WR� WKH�5LJLG�3DYHPHQW�'DWDEDVH� VKRXOG�EH�XVHG� IRU

YDOLGDWLRQ�

E� $V� D� SDUW� RI� WKLV� VWXG\�� WKH� VSDOOLQJ�PHFKDQLVP� KDV� EHHQ� FKDUDFWHUL]HG� DQG

PRGHOHG��WKH�SURJUDP�VKRXOG�WKXV�EH�UHYLVHG�WR�FRYHU�WKH�VSDOOLQJ�

6SHFLILF�5HFRPPHQGDWLRQV�

����7KH�VSDOOLQJ�PRGHO�VKRXOG�EH�DGGHG�WR�WKH�&5&3�SURJUDP�

����6HQVLWLYLW\� VWXGLHV� XVLQJ� WKH� VSDOOLQJ� VKRXOG� EH� FRQGXFWHG� WR� YHULI\� WKH

SURJUDP�ORJLF�

����7KH�5LJLG�3DYHPHQW�'DWDEDVH� VKRXOG�EH�XVHG� WR�FRPSDUH�SUHGLFWHG�DQG

PHDVXUHG�SHUIRUPDQFH�IRU�FDOLEUDWLRQ�SXUSRVHV�
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7KH� IROORZLQJ� DUH� D� QXPEHU� RI� FRQFOXVLRQV� DQG� UHFRPPHQGDWLRQV� UHODWLYH� WR� WKH

JHQHUDO�DUHD�RI�3&&�SDYHPHQW�GHYHORSPHQW�

�� )RU�WKH�5LJLG�3DYHPHQW�'DWDEDVH�WKDW�KDV�EHHQ�PDLQWDLQHG�VLQFH�������D�QXPEHU

RI�IDFWRUV�VKRXOG�EH�DGGHG�WR�WKH�GDWDEDVH�DQG�GHYHORSHG�XVLQJ�LW��JLYHQ�WKDW�WKHVH

VWXGLHV�KDYH�VKRZQ�WKHLU� LPSRUWDQFH�� �7KRVH� UHTXLULQJ�PLQLPDO�HIIRUW� VKRXOG�EH

DGGHG�LPPHGLDWHO\�DQG�WKRVH�UHTXLULQJ�PRUH�HIIRUW�VKRXOG�EH�DGGHG�RYHU�WLPH�

D�� :LWKLQ� WKH� QH[W� \HDU�� WKH� IROORZLQJ� LWHPV� FRXOG� EH� DGGHG� WR� WKH� 5LJLG

3DYHPHQW�'DWDEDVH�DV�D�SDUW�RI�DQ�H[LVWLQJ�SURMHFW�

����7KH� HYDSRUDWLRQ� UDWH� �UHODWLYH� WR� FXULQJ� HIIHFWLYHQHVV�� DW� WKH� WLPH� RI� WKH

3&&�SODFHPHQW�IRU�WKH�WHVW�VHFWLRQ�VKRXOG�EH�DGGHG�

����$V�SDUW�RI�WKH�VXUYH\��WKH�VSDOO�GHSWK�VKRXOG�EH�UHFRUGHG��VLQFH�WKH�UHVXOWV

IURP� WKLV� VWXG\� LQGLFDWH� WKDW� WKH� GHSWK� RI� WKH� VSDOO� LV� UHODWHG� WR� WKH

HYDSRUDWLRQ�UDWH�DQG�LV� WLHG�WR� WKH�DPRXQW�RI�ZDWHU� OHDYLQJ�WKH�SDYHPHQW

GXULQJ�WKH�FXULQJ�SHULRG�

����7KH�WHVW�VHFWLRQV�RQ�3URMHFWV��¤��UHSRUWHG�KHUHLQ�VKRXOG�EH�LQFOXGHG�LQ�WKH

5LJLG�3DYHPHQW�'DWDEDVH��VLQFH�VLJQLILFDQW�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�WKH

LQLWLDO�VWDJHV�RI�WKH�SDYHPHQW�DQG�IRU�D�QXPEHU�RI�\HDUV�WKHUHDIWHU���7KXV�

DIWHU�D�SHULRG�RI�WLPH��WKHVH�VLWHV�FRXOG�EH�UHYLVLWHG�WR�DVFHUWDLQ�WKH�HIIHFW

RI�WKH�SDUDPHWHUV�RQ�SXQFKRXW�IRUPDWLRQ�DQG�VSDOOLQJ�

E� 7KH�IROORZLQJ�LWHPV�ZLOO�UHTXLUH�PRUH�HIIRUW�DQG�FRXOG�EH�DGGHG�LQ�VXEVHTXHQW

\HDUV�WR�WKH�5LJLG�3DYHPHQW�'DWDEDVH�SURMHFW�

����$W�WKH�SUHVHQW�WLPH�WKH�FUDFN�VSDFLQJ�GLVWULEXWLRQ�LV�UHFRUGHG�IRU�RQO\�WKH

ILUVW�������P�RI�D�WHVW�VHFWLRQ��EDVHG�RQ�LWV�LPSRUWDQFH��ZH�UHFRPPHQG�LW

EH�NHSW�IRU�WKH�HQWLUH�������P�

����7KH�YHUWLFDO� GLVWULEXWLRQ�RI� WKH� WHQVLOH� VWUHQJWK� KDV� EHHQ� LGHQWLILHG� DV� DQ

LPSRUWDQW� IDFWRU� DIIHFWLQJ� FRQFUHWH� SDYHPHQW� SHUIRUPDQFH�� HVSHFLDOO\� LQ

WKH� VSDOOLQJ� DUHD�� 7KXV� LW� LV� UHFRPPHQGHG� WKDW� WKH� WHQVLOH� VWUHQJWK

GLVWULEXWLRQ� YHUWLFDOO\� EH� GHWHUPLQHG� IRU� D� VXEVHFWLRQ� RI� WKH� 5LJLG

3DYHPHQW�'DWDEDVH�LQ�RUGHU�WR�GHWHUPLQH�ZKDW�LV�DQ�DFFHSWDEOH�UDQJH�

F� 7KH� UHVXOWV� RI� WKLV� VWXG\� LQGLFDWH� WKDW� VHYHUDO� DUHDV� RI� FULWHULD� QHHG� WR� EH

GHYHORSHG�IRU�XVH�LQ�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�3&&�

����7KH�5LJLG�3DYHPHQW�'DWDEDVH� VKRXOG� EH� XVHG� WR� LGHQWLI\� WKH� DFFHSWDEOH

OHYHO� RI� FUDFNLQJ� OHVV� WKDQ� ������� P� ��� IW��� � 6LQFH� WKH� LQIRUPDWLRQ� LV

FXUUHQWO\� LQ� WKH� GDWDEDVH� �DORQJ� ZLWK� SHUIRUPDQFH� LQIRUPDWLRQ��� WKH

FULWHULD�PD\�EH�GHYHORSHG�E\�DQDO\]LQJ�WKH�GDWD�
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����2QFH�WKH�YHUWLFDO�VWUHQJWK�GLVWULEXWLRQ�LV�DVFHUWDLQHG�IURP�WKH�DGGLWLRQV�WR

WKH�GDWDEDVH�DV�GHVFULEHG�LQ�,WHP����WKHQ�DQ�DFFHSWDEOH�OHYHO�RI�GLIIHUHQFH

EHWZHHQ�WRS�DQG�ERWWRP�PD\�EH�HVWDEOLVKHG�E\�H[DPLQLQJ�WKH�SDYHPHQW©V

SHUIRUPDQFH�DW�YDULRXV�OHYHOV�

�� 3HUIRUPDQFH�EDVHG� VSHFLILFDWLRQV� IRU�3&&�SDYHPHQW� VKRXOG�EH�GHYHORSHG�XVLQJ

WKHVH�VWXGLHV��LQVRIDU�DV�VLJQLILFDQW�LQIRUPDWLRQ�KDV�EHHQ�GHULYHG�DQG�PD\�EH�XVHG

WR� LPSURYH� WKH� RYHUDOO� OHYHO� RI� ULJLG� SDYHPHQW� SHUIRUPDQFH� LQ� 7H[DV�� � 7KH

VSHFLILFDWLRQ� VKRXOG� EH� GHYHORSHG� LQFUHPHQWDOO\� E\� DGGLQJ� RQO\� WKRVH� FRQFHSWV

WKDW�KDYH�EHHQ�YHULILHG�

D� )DFWRUV� WKDW� VKRXOG� EH� LQFOXGHG� DV� VSHFLDO� SURYLVLRQV� WR� WKH� 3&&� SDYHPHQW

VSHFLILFDWLRQ�RQ�DQ�LPPHGLDWH�EDVLV�DUH�DV�IROORZV�

����&RQWURO� VKRXOG� EH� SODFHG� RQ� WKH� SDYHPHQW� IRU� FRQFUHWH� SODFHPHQW� ZLWK

DPELHQW�DLU� WHPSHUDWXUH�JUHDWHU� WKDQ������&� WR�HQVXUH� WKLV�FRQFUHWH�GRHV

QRW�GHYHORS�H[FHVVLYH�K\GUDWLRQ�WHPSHUDWXUHV�

����7KH�HYDSRUDWLRQ�UDWH�RQ�HYHU\�SURMHFW�VKRXOG�EH�PRQLWRUHG�LQ�UHDO�WLPH�DQG

IRU� XVH� E\� WKH� FRQWUDFWRU� WR� DGMXVW� WKH� FXULQJ� FRQGLWLRQV� RI� SODFHG

SDYHPHQWV�WR�HQVXUH�WKDW�D�GHVLUDEOH�VHW�RI�FRQGLWLRQV�DUH�UHDOL]HG�

����7KH�WKHUPDO�FRHIILFLHQW�RI�WKH�SRUWODQG�FHPHQW�FRQFUHWH�DQG��VSHFLILFDOO\�

WKH�FRDUVH�DJJUHJDWH�VKRXOG�EH�LQFOXGHG�LQ�WKH�VSHFLILFDWLRQ�VR�WKDW�YDULRXV

GHVLJQ�OHYHOV��DQG�LQ�VRPH�LQVWDQFHV�FUDFN�FRQWURO��PD\�EH�HVWDEOLVKHG�E\

WKH�GHVLJQHU�IRU�YDULRXV�FRQGLWLRQV�H[SHULHQFHG�LQ�WKH�ILHOG�

E� &RQFHSWV�WKDW�VKRXOG�EH�DGGHG�DW�ODWHU�VWDJHV�LQFOXGH�WKH�IROORZLQJ�

����7KH�&5&3���SURJUDP�VKRXOG�EH�XVHG�DORQJ�ZLWK�WKH�SUHVHQW�WHFKQLTXH�WR

GHYHORS�WKH�SDYHPHQW�IDFWRU�DGMXVWPHQW��VLQFH�LW�FDQ�DGG�WKH�5,�IRU�FUDFNV�

WKH� PHDVXUHG� FUDFN� VSDFLQJ� GLVWULEXWLRQ�� DQG� WKH� YHUWLFDO� VWUHQJWK

GLVWULEXWLRQ�

����7KH� GHVLUH� LV� WR� GHYHORS� DQ� 1'7� IRU� PHDVXULQJ� LQ� VLWX� VWUHQJWK�� � 7KLV

SURMHFW� KDV� GHPRQVWUDWHG� WKDW�� LQ� DGGLWLRQ� WR� D� WHPSHUDWXUH� KLVWRU\�� WKH

PRLVWXUH�LQ�WKH�SDYHPHQW�LV�D�YHU\�LPSRUWDQW�IDFWRU�DIIHFWLQJ�WKH�VWUHQJWK

RI� SRUWODQG� FHPHQW� FRQFUHWH�� � 2I� FRXUVH�� WKH� LPSRUWDQFH� RI� FRQFUHWH

GHQVLW\� LV� ZHOO� NQRZQ�� � 7KHUHIRUH�� WR� HQVXUH� WKDW� SURSHU� FRQFUHWH

FRQGLWLRQV� DUH� DFKLHYHG� VR� DV� WR� SURYLGH� DFFHSWDEOH� SRUWODQG� FHPHQW

FRQFUHWH�SDYHPHQW�LQ�SODFH��DQ�HTXDWLRQ�ZLWK�WHQVLOH�VWUHQJWK�DV�D�IXQFWLRQ

RI�WHPSHUDWXUH��PRLVWXUH��DQG�GHQVLW\�VKRXOG�EH�GHYHORSHG���$W�WKH�SUHVHQW

WLPH�� RQO\� WHPSHUDWXUH� LV� XVHG� LQ� D� PDWXULW\� HTXDWLRQ�� EXW� LQ� RUGHU� WR

HQVXUH�WKDW�WKH�LQ�VLWX�VWUHQJWK�LV�DGHTXDWH��WKH�PRLVWXUH�DQG�GHQVLW\�VKRXOG

EH� FRQVLGHUHG�� � 7KH� WHFKQRORJ\� IRU� DFKLHYLQJ� WKHVH� IDFWRUV� LV� QRZ

SUHVHQWO\�DYDLODEOH�
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