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#

%DFNJURXQG=#(QGRVFRSLF#GDFU\RF\VWRUKLQRVWRP\# +'&5,#JDLQHG#ZLGH#DFFHSWDQFH/#ZLWK#
D#FRPSHUDEOH#VXFFHVV#WR#H[WHUQDO#'&51#5HPRYDO#RI#VXIILFLHQW#ERQH#RYHU#WKH#ODFULPDO#VDF#
LQ# HQGRVFRSLF# '&5# LV# FUXFLDO# LQ# REWDLQLQJ# D# SHUPDQHQW# UKLQRVWRPD1# 6HYHUDO# GLIIHUHQW#
PHWKRGV#XWLOL]HG#WR#DFFRPSOLVK#WKLV#JRDO1##
$LPV=# 7R# GHVFULEH# WKH# WHFKQLTXH# XVLQJ# KDPPHU0FKLVHO# HQGRVFRSLFDOO\# IRU# UHPRYDO# RI#
ERQH# RYHU# WKH# # ODFULPDO# VDF1# $GYDQWDJHV# DQG# VKRUWFRPLQJV# RI# WKLV# WHFKQLTXH# ZHUH#
GLVFXVVHG#LQ#WKH#OLJKW#RI#OLWHUDWXUH1#
0HWKRGV=#3URVSHFWLYH#HYDOXDWLRQ#RI#HQGRVFRSLF#KDPPHU0FKLVHO#'&5#SHUIRUPHG#RQ# 89#
H\HV#RI#73#SDWLHQWV#ZLWK#FKURQLF#HSLSKRUD#RU#GDFU\RF\VWLWLV#ZHUH#HYDOXDWHG#+57#XQLODWHUDO#
DQG# 49# ELODWHUDO/# 69# IHPDOH# DQG# 7#PDOH,1#+DPPHU0FKLHVHO# HQGRVFRSLF#'&5# WHFKQLTXH#
LQFOXGHG#FKLHVHO#UHPRYDO#RI#WKH#ERQH#ORFDWHG#RYHU#WKH#ODFULPDO#VDF1#3UHRSHUDWLYH#LQWUD#RU#
SRVWRSHUDWLYH#ILQGLQJV#DQG#IROORZ0XS#UHZLHYHG#DQG#GLVFXVVHG1##
5HVXOWV=# )ROORZ0XS# SHULRG#ZDV# 9# WR# 7;#PRQWKV# +PHDQ/# 55,# SRVWRSHUDWLYHO\1# 6XFFHVV#
UDWH# RI# FRQVHFXWLYH# HQGRVFRSLF# KDPPHU0FKLVHO# '&5# ZDV# ;:1:(1# ,QWUDRSHUDWLYHO\/# ;#
FDVHV# VKRZLQJ# PLOG# PXFRVDO# KDHPRUUKDJH# ZKLFK# QHLWKHU# SUHYHQWHG# D# VXFFHVVIXO#
FRPSOHWLRQ# RI# RSHUDWLRQ1# ([FHOOHQW# SDWLHQW# WROHUDQFH# ZLWK# PLQLPDO# PRUELGLW\# DQG# QR#
PDMRU#FRPSOLFDWLRQ#ZDV#REVHUYHG1#
&RQFOXVLRQV=# (QGRVFRSLF# +DPPHU0FKLVHO# '&5# LV# OHVV# WUDXPDWLF# DQG# SUDFWLFDO# ZLWK#
PLQLPDO#SHU#DQG#SRVWRSHUDWLYH# FRPSOLFDWLRQV1# ,W# UHTXLUHV#PLQLPDO# LQVWUXPHQWDWLRQ#DQG##
LV#DQ#HDV\#DQG#IDVW#WHFKQLTXH1##
#
.H\#ZRUGV=#(QGRVFRSLF/#FKLHVHO/#GDFU\RF\VWRUKLQRVWRP\#
#
(QGRVNRSLN#GDNUL\RVLVWRULQRVWRPLGH#oHNLo0NHVNL#WHNQL÷L##
#
*LULú=# (QGRVNRSLN# GDNUL\RVLVWRULQRVWRPL# +'65,# VRQ# ]DPDQODUGD# HNVWHUQDO# '65# EDúDUÕ#
RUDQODUÕQD#\DNODúDQ#ELU#EDúDUÕ#RUDQÕ# LOH#JHQLú#ELU#NDEXO#J|UG�1#(QGRVNRSLN#'65¶GH#NDOÕFÕ#
ELU# DoÕNOÕN# HOGH# HGLOHELOPHVL# LoLQ# ODNULPDO# NHVH# �]HULQGHNL# NHPL÷LQ# \HWHULQFH#
X]DNODúWÕUÕOPDVÕ#|QHPOLGLU1'H÷LúLN#ELUNDo#PHWRW#EX#DPDo#LoLQ#NXOODQÕOPÕúWÕU1##
$PDo=# /DNULPDO# NHVH# �]HULQGHNL# NHPL÷L# X]DNODúWÕUPDN# LoLQ# oHNLo0NHVNL# PHWRGXQX#
NXOODQDQ# WHNQL÷L# WDQÕPODPDNWÕU1# %X# WHNQL÷LQ# DYDQWDM# YH# GH]DYDQWDMODUÕ# OLWHUDW�U# ÕúÕ÷ÕQGD#
WDUWÕúÕOGÕ1#
0HWRW=#.URQLN#HSLIRUD#\D#GD#GDNUL\RVLVWLWOL#73#KDVWDQÕQ#89#J|]�QH# +57#XQLODWHUDO#YH#49#
YDND#ELODWHUDO/# 69#NDGÕQ#YH# 7#HUNHN,#X\JXODQDQ#HQGRVNRSLN# oHNLo0NHVNL#'65#SURVSHNWLI#
RODUDN# GH÷HUOHQGLULOGL1# dHNLo0NHVNL# HQGRVNRSLN# '65# WHNQL÷L# ODNULPDO# NHVH# �]HULQGHNL#
NHPL÷LQ# NHVNL# YH# oHNLo# NXOODQÕODUDN# X]DNODúWÕUÕOPDVÕQÕ# LoHUPHNWHGLU1# 3UHRSHUDWLI/# LQWD# YH#
SRVWRSHUDWLI#EXOJXODU#GH÷HUOHQGLULOGL#YH#NDUúÕODúWÕUÕOGÕ1##
%XOJXODU=#3RVWRSHUDWLI#WDNLS#V�UHVL#9#LOH#7;#D\#LGL#+RUWDODPD/#55#D\,1#$UGÕúÕN#HQGRVNRSLN#
oHNLo0NHVNL#'65¶QLQ#EDúDUÕ#RUDQÕ#(;:1:# LGL1#øQWUDRSHUDWLI#RODUDN#;#YDNDGD#KDILI#PXNR]DO#
KHPRUDML# J|]OHQGL# DQFDN# KLoELUL# RSHUDV\RQXQ# EDúDUÕ# LOH# WDPDPODQPDVÕQÕ# HQJHOOHPHGL1#
0LQLPDO#PRUELGLWH# LOH#ELUOLNWH#P�NHPPHO#ELU#KDVWD#NRPSOLDQVÕ#PHYFXWWX#YH#PDM|U#KLoELU#
NRPSOLNDV\RQ#J|]OHQPHGL1##
6RQXo=# (QGRVNRSLN# oHNLo0NHVNL# '65# PLQLPDO# LQWUD# YH# SRVWRSHUDWLI# NRPSOLNDV\RQX#
\DQÕVÕUD# GDKD# D]# WUDYPDWLN# YH# SUDWLN# ELU# \|QWHPGLU1#0LQLPDO# WHoKL]DWODQPD# JHUHNWLULU# /#
NROD\#YH#KÕ]OÕ#ELU#WHNQLNWLU1#
#
$QDKWDU#NHOLPHOHU=#(QGRVNRSLN/#NHVNL/#GDNUL\RVLVWRULQRVWRPL#
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#

(QGRQDVDO# DSSURDFK# ILUVW# GHVFULEHG# E\#&DOGZHOO
DQG# ODWHU#E\#:HVW4/# 5# LQ#4;<6#DQG#4<471#,W# WRRN
KDOI#D#FHQWXU\# WR#FRPH#DQRWKHU#HQGRQDVDO#'&5
WULDO61#$IWHUZDUGV#VHYHUDO#SDSHUV#DSSHDUHG#LQ#WKH
OLWHUDWXUH#XS#WR#PLG#;3LHV7/#81#
#
$IWHU# WKH# HLJKWLHV/# URXWLQH# XVH# RI# HQGRVFRSLF
PRGHUQ# WHOHVFRSHV# DQG# WHFKQRORJLFDO
LQQRYDWLRQV#JUHDWO\# UHYROXWLRQL]HG#RXU#DSSURDFK
WR# 1/'# REVWUXFWLRQ/# DQG# D# ZLGHVSUHDG
WUDQVQDVDO904<# '&5# DV# ZHOO# DV# RWKHU
VRSKLVWLFDWHG53057# DSSOLFDWLRQV# ZHUH# UHSRUWHG# LQ
WKH# OLWHUDWXUH1# 7KH# QDVRODFULPDO# DSSDUDWXV# LV
HDVLO\# DSSURDFKHG# HQGRQDVDOO\#ZLWK# HQGRVFRSLF
WHOHVFRSHV# ZLWKRXW# LQWHUIHUHQFH# ZLWK# IXQFWLRQDO
SXPS#PHFKDQLVP#RI#WKH#RUELFXODULV#RFXOL#PXVFOH
DQG#DQ#H[WHUQDO#VFDU#ZLWK#PLQLPDO#PRUELGLW\#DQG
FRPSOLFDWLRQ1##
#
6XIILFLHQW# HQGRQDVDO# ERQH# UHPRYDO# LV# WKH#PDLQ
OLPLWDWLRQ# WR# WKLV# DSSURDFK1# 6HYHUDO# WHFKQLTXHV
XWLOL]HG# WR# UHPRYH# WKH# ERQH# ORFDWHG# RYHU# WKH
ODFULPDO#VDF#LQWUDQDVDOO\/#VXFK#DV#GULOOLQJ#RU#ODVHU
DEODWLRQ1#,Q#WKLV#QDUURZ#FRQILQHG#DUHD#XWLOL]DWLRQ
RI#WKH#SRZHUHG#LQVWUXPHQWV#FDUULHV#WKH#SRWHQWLDO
ULVN# RI# KDUPLQJ# QHDUE\# ORFDWHG# JOREH# DQG# WKH
EUDLQ1#6DPH# ULVN#H[LVWV# IRU# ODVHU#DEODWLRQ#ZKRVH
EHDP#WDUJHWHG#WR#WKH#JOREH# LQFOXGLQJ#H[SHQVLYH
LQVWUXPHQWDWLRQ# WRJHWKHU# ZLWK# D# QHFHVVLW\# RI
H[WHQVLYH#SHUVRQHO#WUDLQLQJ#WR#SUHYHQW#XQWRZDUG
FRPSOLFDWLRQV# WR# ERWK# SDWLHQW# DQG
SHUVRQQHO49/4:/4<1#
#
7KLV#SDSHU#HYDOXDWHV#89# ODFULPDO#V\VWHPV#ZKLFK
XQGHUJRQH# HQGRVFRSLF# '&5# WHFKQLTXH# XWLOL]HV
KDPPHU0FKLVHO# IRU# ERQH# UHPRYDO# ORFDWHG# RYHU
WKH# ODFULPDO# VDF# ZLWK# DQ# HDV\# FRQWUROODEOH
PDQHXYHU1##
#
0$7(5,$/6#$1'#0(7+2'6#
#
)RUW\# SDWLHQWV# +89# ODFULPDO# V\VWHPV,# RSHUDWHG
HQGRQDVDOO\# IRU# QDVRODFULPDO# REVWUXFWLRQ# ZHUH
HYDOXDWHG#SURVSHFWLYHO\1#&DVHV# WKDW#VL[#RU#PRUH
PRQWKV# IROORZHG# LQFOXGHG# LQ# WKH# VWXG\1
5HVROXWLRQ# RI# HSLSKRUD# DQG# DQ# HQGRVFRSLF
FRQILUPDWLRQ#RI#WKH#RVWLXP#SDWHQF\#DQG#IUHH#WHDU
GUDLQDJH#LV#FRQVLGHUHG#DV#VXFFHVV1#6L[WHHQ#FDVHV
ZLWK# ELODWHUDO# DQG# 57# FDVHV# ZLWK# XQLODWHUDO
QDVRODFULPDO# FDQDO# +1/&,# REVWUXFWLRQ1# (DFK
LQYROYHG#V\VWHP#ZDV#FRQVLGHUHG#DV#VHSDUDWH1#
#
3URVSHFWLYH# HYDOXDWLRQ# DQG# IROORZ0XS# LQFOXGHG

SUHVHQWLQJ# V\PSWRPV/# SUHGLVSRVLQJ# RU
FRQFRPLWDQW# SDUDQDVDO# GLVHDVHV/# GHWDLOHG# (17
DQG# RSKWDOPRORJ\# H[DPLQDWLRQV# SUHRSHUDWLYHO\1
,QWUDRSHUDWLYHO\/# GLIILFXOW\# WR# SHUIRUP# KDPPHU0
FKLHVHO# WHFKQLTXH# +WHFKQLFDO# FKDOOHQJH,/
WKLFNQHVV# RI# WKH# ERQH# RYHU# WKH# ODFULPDO# VDF/
ORFDWLRQ# RI# WKH# VDF# UHODWHG# WR# WKH# PLGGOH
WXUELQDWH/#RSHUDWLYH#WLPH#DQG#FRPSOLFDWLRQV/#DQG
SRVWRSHUDWLYHO\# REVHUYDWLRQ# RI# WKH# UKLQRVWRPD
VLWH#IRU#SDWHQF\1##
#
7KHUH#ZHUH#69#ZRPHQ#DQG#7#PHQ#DJHG#IURP#4:
WR# 9:# \HDUV# +PHDQ/# 6818,1# 7KH# GLDJQRVLV# RI
ODFULPDO# GXFW# REVWUXFWLRQ# GLVWDO# WR# WKH# FRPPRQ
FDQDOLFXOXV# ZDV# PDGH# E\# OLSLRGRO
GDFU\RF\VWRJUDSK\1# 3UHGLVSRVLQJ# FDXVHV# ZHUH
LGLRSDWKLF# LQ# 79# FDVHV/# DQG# ZDV# DFFRPSDQLHG
ZLWK#VLQXVLWLV#LQ#ILYH/#DOOHUJLF#UKLQLWLV#LQ#WKUHH#DQG
WUDXPDWLF# LQ# WZR# FDVHV1# ,Q# LQLWLDO# HYDOXDWLRQ/
HSLSKRUD#ZDV# WKH#SUHVHQWLQJ# V\PSWRP# LQ# 68#RI
89#FDVHV#+9317(,#DQG#UHFXUUHQW#GDFU\RF\VWLWLV#LQ
54#+6<19(,1##
#
,Q# SUHRSHUDWLYH# DVVHVVPHQW/# DOO# SDWLHQWV
XQGHUZHQW# D# FRPSOHWH# RSKWKDOPLF# DQG# (17
H[DPLQDWLRQ# DQG# WKH# ODFULPDO# REVWUXFWLRQ# LV
FRQILUPHG# E\# D# ODFULPDO# LUULJDWLRQ# VWXG\1# 7KH
UDGLRORJLFDO# DVVHVVPHQW# LQFOXGHG# OLSRLGRO
GDFU\RF\VWRJUDSK\# LQ# DOO# DQG# FRPSXWHUL]HG
WRPRJUDSK\#LQ#4;#FDVHV1#3DUWLFXODU#DWWHQWLRQ#ZDV
SDLG# WR# LQWUDQDVDO# SDWKRORJLHV1# $Q\# VLJQ# RI
VLQXVLWLV#RU#FKURQLF#PXFRVDO# LQIODPPDWLRQ#ZRXOG
KDYH# UHTXLUHG# DQ# HWKPRLGDO# RU# PLGGOH# PHDWDO
VXUJHU\# RU# DQ# DQDWRPLFDO# PDOIRUPDWLRQ# RU
YDULDWLRQ#VHDUFKHG1#,Q#DGGLWLRQ/#VLJQLILFDQW#VHSWDO
GHYLDWLRQ#+4<#FDVHV,#WKDW#ZRXOG#JLYH#GLIILFXOW\#WR
UHDFK#WKH#VDF#DUHD#LQWUDRSHUDWLYHO\#DQG#WR#PDNH
SRVWRSHUDWLYH# FDUH#GLIILFXOW/# KDV# EHHQ# FRUUHFWHG
VLPXOWDQHRXVO\# ZLWK# HQGRVFRSLF# OLPLWHG
VHSWRSODVW\1# ,Q# 8# FDVHV#ZLWK# VLQXVLWLV/# D# OLPLWHG
HQGRVFRSLF# HWKPRLGHFWRP\# DQG# PLGGOH# PHDWDO
DQWURVWRP\# LQFOXGHG# LQ# WKH# WUHDWPHQW# RI# 1/'
REVWUXFWLRQ# VLPXOWDQHRXVO\1# 6XFFHVV# LV# GHILQHG
DV# UHVROXWLRQ# RI# HSLSKRUD# DQG# FKURQLF
GDFU\RF\VWLWLV# DV# ZHOO# DV# SDWHQW# LUULJDWLRQ# RI
ODFULPDO#V\VWHP#ZLWKLQ#9#PRQWKV#SRVWRSHUDWLYHO\1#
#
685*,&$/#7(&+1,48(#
#
8QGHU# JHQHUDO# DQHVWKHVLD/# WKH# QDVDO# FDYLW\# LV
ILUVW# GHFRQJHVWHG# IRU# 8# PLQXWHV# ZLWK# FRWWRQ
SOHGJHWV#VRDNHG#LQ#WRSLFDO#[\ORFDLQH#DQG#3/358(
[\ORPHWKDVLQH1# 7KH# ODFULPDO# VDF# ZDV# LUULJDWHG



+DPPHU#FKLHVHO#WHFKQLTXH#LQ#HQGRVFRSLF#GDFU\RF\VWRUKLQRVWRP\#
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SUHRSHUDWLYHO\#ZLWK#D#VDOLQH#VROXWLRQ#DQG#GLOXWHG
DQWLELRWLF#VROXWLRQ# LI# LW#ZDV# LQIHFWHG1#$# OLJKW#SLSH
LQVHUWHG# WKURXJK# WKH#SXQFWD# VHUYHG#DV# ORFDOL]HU
RI#WKH#VDF#LQWUDQDVDOO\1#7KLV#DUHD#FRQVWDQWO\#ZDV
IRXQG# WR# EH# MXVW# DQWHULRU# RU# MXVW# XQGHU# WKH
DWWDFKPHQW# RI# WKH#PLGGOH# WXUELQDWH/# EXW# LW#ZDV
IRXQG#WR#EH#SRVLWLRQHG#IHZ#PLOOLPHWHUV#SRVWHULRU
LQ#IRXU#FDVHV1#7KHQ/#4#FP5#DUHD#FRUUHVSRQGLQJ#WR
WKH# VDF# ORFDWLRQ# RQ# WKH# ODWHUDO#ZDOO# RI# QRVH# LV
LQILOWUDWHG# 5(# [\ORFDLQH# ZLWK# 4=4331333
HSLQHSKULQH1#7KH#PXFRVD#LV#LQFLVHG#ZLWK#D#VLFNOH
NQLIH#DQG#UHPRYHG#ZLWK#D#EODNHVOH\#IRUFHSV#IURP
WKH# ODWHUDO# QDVDO# ZDOO1# &KLVHO# LV# SODFHG# MXVW
DQWHULRU# WR# PD[LOODU\# OLQH/# WKH# ODFULPDO# ERQH
IDFLQJ# ODFULPDO#VDF# LV# IUDFWXUHG#DQG#HOHYDWHG#E\
JHQWO\#WDSSLQJ#RQ#WKH#FKLVHO#E\#D#PDOOHW1#(DUO\#LQ
RXU#FDVHV/#FRUUHFW#LGHQWLILFDWLRQ#RI#WKH#LQWUDQDVDO
SRVLWLRQ# RI# WKH# ODFULPDO# VDF#ZDV# DFKLHYHG# DIWHU
ERQH# UHPRYDO# IURP# DQWHULRU# WR# WKH# DQWHULRU
DWWDFKPHQW#RI#WKH#PLGGOH#WXUELQDWH#DQG#WKHQ#E\
LQWURGXFLQJ# D# ODFULPDO# SUREH# WKURXJK# HDFK
FDQDOLFXOXV# DQG# JHQWO\# SXVKHG# WR# VHH# WKH
ODFULPDO# VDF# WHQWLQJ# LV# REVHUYHG# ZKLOH# ORRNLQJ
WKURXJK#WKH#HQGRVFRSH1#7KHQ/#WKH#PHGLDO#ZDOO#RI
WKH#VDF#LV#LQFLVHG#ZLWK#D#VLFNOH#NQLIH#DQG#H[FLVHG
RU# WKH# IODS# VOLSSHG# LQIHULRUO\1# 6LODVWLF# WXEHV
+/DFULPDO# LQWXEDWLRQ# VHW/# 8346/# 9LVLWHF/#:DUNV,
DWWDFKHG# WR# WKH# VWDLQOHVV# VWHHO# SUREHV# ZHUH
LQWURGXFHG# LQ# HDFK# FDQDOLFXOXV# DQG# ZHUH
UHWULHYHG# XQGHU# HQGRVFRSLF# YLVXDOL]DWLRQ1# %RWK
HQGV#RI#WKH#VLOLFRQH#WXEHV#ZHUH#IDVWHQHG#ZLWK#D
NQRW# DQG# VXWXUHG# ZLWK# D# 813# 3UROHQH# WR# HDFK
RWKHU# DQG# OHIW# LQWR# QDVDO# YHVWLEXOH# XQWLO# LW# LV
UHPRYHG1#3DUWLFXODU#DWWHQWLRQ# LV#SDLG# WR# VLOLFRQH
WXEH#WR#VWD\#ORRVH#HQRXJK#LQ#WKH#UHJLRQ#RI#LQQHU
FKDQWXV# WR# SUHYHQW# FDQDOLFXODU# ODFHUDWLRQ1# 7KH
RSHUDWLRQ#LV#HQGHG#E\#UHPRYLQJ#EORRG#FORWV/#DQG
VHFUHWLRQV# IURP# WKH# QDVDO# FDYLW\1
3RVWRSHUDWLYHO\/# WRSLFDO# WREUDP\FLQH# GURSV# DQG
EURDG# VSHFWUXP# V\VWHPLF# RUDO# DQWLELRWLFV# ZHUH
DGPLQLVWHUHG#LQ#DOO#FDVHV1#7KH#QDVDO#SDFNLQJ#RQO\
LV# XVHG# LI# HQGRVFRSLF# VHSWRSODVW\# GRQH
VLPXOWDQHRXVO\1# ,I# DSSOLHG/# LW#ZDV# UHPRYHG# 7;0
KRXUV# SRVWRSHUDWLYHO\1# ,Q# DGGLWLRQ/# QDVDO# VDOLQH
LUULJDWLRQ# 708# WLPHV# D# GD\# IRU# RQH# ZHHN# ZDV
SHUIRUPHG# WR# SUHYHQW# FUXVWLQJ# DQG# WR# SURPRWH
JRRG#PXFRVDO# KHDOLQJ1# ,Q# WKH# IROORZLQJ# SHULRG/
WKH#SDWLHQW#ZDV#VHHQ#VHYHUDO# WLPHV# IRU# WKH# ILUVW
ILIWHHQ# GD\V# LQ# WKH# RIILFH# WR# UHPRYH# WKH
DFFXPXODWHG#FUXVWV#RU# WR# WUHDW#DQ\#JUDQXODWLRQV
HQGRVFRSLFDOO\1#
#

5(68/76#
#
3DWLHQWV#ZHUH# IROORZHG#XS#SRVWRSHUDWLYHO\# IRU# 9
WR# 7;# PRQWKV# +PHDQ# 55# PRQWKV,1# (QGRVFRSLF
'&5#ZDV#VXFFHVVIXO# LQ#7;#RI#89#FDVHV#+(;:1:,1
)LYH# FDVHV# WKDW# UHIHUUHG# E\# DQ# RSKWKDOPRORJLVW
IRU#UHYLVLRQ#RI#WKH#IDLOHG#H[WHUQDO#'&5#ZHUH#DOVR
LQFOXGHG# LQ# WKLV# VWXG\1# &RPSOHWH# ERQ\# FORVXUH
ZDV# REVHUYHG# ZLWK# D# VPDOO# SLW# LQ# WKH# DUHD# RI
SUHYLRXV# RSHQLQJ1# %XW# WKH# WKLFNQHVV# RI# WKH
UHIRUPHG#ERQH#YDULHG# IURP# VPDOO#ERQ\#RSHQLQJ
WR# WKH# WKLFN# ERQH1# ,Q# VHYHUDO# RI# WKH# FDVHV/
EHFXVH# RI# WKH# SUHYLRXV# GHIHFW# HQGRVFRSLF
WHFKQLTXH#ZDV#HDVLO\#SHUIRUPHG#RQ#DQG#LV#IRXQG
WR#EH#VXSHULRU#LQ#UHYLVLRQ#RI#WKH#H[WHUQDO#'&51##
#
7KH#VDF# ORFDWLRQ#ZDV#FRQVWDQWO\#REVHUYHG# WR#EH
MXVW# DQWHULRU# RU# XQGHU# WKH# DWWDFKPHQW# RI# WKH
PLGGOH# WXUELQDWH#RU# IHZ#PLOOLPHWHUV#SRVWHULRU# WR
LW1#,QWUDRSHUDWLYHO\# LQ#6#HDUOLHU#FDVHV#GLIILFXOW\# LQ
LGHQWLILFDWLRQ# RI# WKH# VDF# SRVLWLRQ#ZDV# REVHUYHG
GXH# WR# DQDWRPLFDO# YDULDWLRQ# RI# WKH# PLGGOH
WXUELQDWH1# /DWHO\# XVH# RI# HQGRFDQDOLFXODU# OLJKW
SUREH#JDYH#WKH#H[DFW#ORFDWLRQ#RI#WKH#VDF#ORFDWLRQ
EHIRUH#RSHQLQJ#RI#WKH#ERQ\#ZLQGRZ1#
#
,Q#RQH#XQLODWHUDO#FDVH/# WKH# LUULJDWLRQ#RI# ODFULPDO
V\VWHP# ZDV# SDWHQW/# WKH# SDWLHQW# KDG# HSLSKRUD
XSRQ# LUULWDWLRQ# E\#ZLQG# DQG# LQ# FROG# GD\V# RQO\/
LQFOXGHG#LQ#WKH#VXFFHVV#JURXS1#7XEH#UHPDLQHG#LQ
SODFH# ORQJHU# LQ# HDUOLHU# FDVHV# +709#PRQWKV,# EXW
JHQHUDOO\# ZDV# WDNHQ# RXW# HDUOLHU# LQ# RXU# UHFHQW
FDVHV# +ZLWKLQ# 5# WR# 7#PRQWKV,# DFFRUGLQJ# WR# WKH
SDWLHQWV¶# FRPSOLDQFH# DQG# JUDQXODWLRQ# IRUPDWLRQ
DW# WKH# RVWLXP1# 7KHUH# ZHUH# QR# LQWUD0# RU
SRVWRSHUDWLYH# FRPSOLFDWLRQV/# H[FHSW# PLOG
PXFRVDO# KDHPRUUKDJH# ZKLFK# GLG# QRW# SUHFOXGH
WKH# SHUIRUPDQFH# RI# '&51# *UDGXDO# FRQVWULFWLYH
QDUURZLQJ# RI# WKH# UKLQRVWRPD# ZDV# REVHUYHG1
7KUHH#FDVHV#QHHGHG# UHPRYDO#RI# WKH#JUDQXODWLRQ
WLVVXH# DURXQG# WKH# UKLQRVWRPD# LQ# WKH# IROORZ0XS
SHULRG1# 2SHUDWLYH# WLPH# IRU# KDPPHU0FKLVHO
WHFKQLTXH# ZDV# 48# WR# 438# PLQXWHV# +PHDQ/# 66
PLQ,1#
#
',6&866,21#
#
'DFU\RF\VWRUKLQRVWRP\# LV# WKH# WUHDWPHQW# RI
FKRLFH#IRU#1/'#REVWUXFWLRQ#GLVWDO#WR#WKH#FRPPRQ
FDQDOLFXOXV1# 2YHU# WKH# SDVW# VHYHUDO# \HDUV/
PLQLPDOO\# LQYDVLYH# VXUJLFDO# WHFKQLTXHV# KDYH
EHHQ#LQFUHDVLQJO\#DSSOLHG#WR#D##JURZLQJ##QXPEHU#



dRNNHVHU#HW#DO#

55########################7XUJXW#g]DO#7ÕS#0HUNH]L#'HUJLVL#9+4,=4<<<#####################

#

#

RI#VXUJLFDO#VSHFLDOWLHV1#$OWKRXJK#HQGRVFRSLF#'&5
ILUVW# GHVFULEHG# KXQGUHG# \HDUV# DJR/# LW# JDLQHG
SRSXODULW\# UHFHQWO\1# 1XPHURXV# WHFKQRORJLFDO
LQQRYDWLRQV/# HVSHFLDOO\# RI# HQGRVFRSLF
YLVXDOL]DWLRQ#V\VWHPV#KDYH#PDGH#WKLV#SRVVLEOH1#
#
:KHQ# FRPSDUHG# WR# H[WHUQDO# DSSURDFK/# WKH
DGYDQWDJHV# RI# LQWUDQDVDO# '&5# DUH# PLQLPDO
PRUELGLW\/# +RQO\# WR# WKH# LQWUDQDVDO# UKLQRVWRPD
RSHQLQJ,# DQG# ORZ# FRPSOLFDWLRQ# UDWH/# OHVV# LQWUD0
RSHUDWLYH#EOHHGLQJ/#VKRUWHU#RSHUDWLYH# WLPH1#$OVR
LW# SUHVHUYHV# WKH# RUELFXODULV# RFXOL# PXVFOH/
SUHVDFFDO# ILEHUV#DQG#PHGLDO#FDQWKDO# WHQGRQ#DQG
WKHLU#SXPS#IXQFWLRQ1#,W#KDV#DOVR#D#FOHDU#FRVPHWLF
DGYDQWDJH/# ZKLFK# LV# LPSRUWDQW# IRU# VRPH
SDWLHQWV/# HVSHFLDOO\# LQ# WKLV# IHPDOH# GRPLQDQW
SDWLHQW#JURXS1#(QGRVFRSLF#DSSURDFK#DOORZV#DOVR
GLDJQRVLV#DQG#PDQDJHPHQW#RI# WKH#SUHGLVSRVLQJ
RU# FRQFRPLWDQW# QDVDO# DQG# SDUDQDVDO# VLQXV
GLVRUGHUV# ZKLFK# PD\# KDYH# LQIOXHQFH# RQ# WKH
HWLRORJ\# RI# WKH#1/'# REVWUXFWLRQ# LQWUDQDVDOO\1# ,Q
ILYH# SDWLHQWV# RI# WKH# SUHVHQW# VHULHV# VKRZHG
DQWHULRU# HWKPRLGDO# DQG# PD[LOODU\# GLVHDVH# ZHUH
WUHDWHG# VLPXOWDQHRXVO\1#%HFDXVH#RI# WKH#PLQLPDO
PRUELGLW\/# 49# ELODWHUDO# FDVHV# ZHUH# RSHUDWHG
ELODWHUDOO\# LQ# WKH#VDPH#VHWWLQJ#ZLWK#DQ#H[FHOOHQW
SDWLHQW#FRPSOLDQFH1#%XW/#LGHQWLILFDWLRQ#RI#WKH#VDF
DQG#WKH#GLIILFXOW\#RI#HQGRQDVDO#ERQH#UHPRYDO#DUH
WKH#PDLQ#OLPLWDWLRQV#WR#WKH#HQGRQDVDO#DSSURDFK1#
#
,Q# HQGRVFRSLF# '&5/# ODVHU:/45049/# URQJHXU44/49/
GULOO49# DQG# FKLHVHO# KDYH# EHHQ# XVHG# WR# UHPRYH
ODFULPDO#ERQH#DQG# WKH# WKLFN#ERQH#RI# WKH#PD[LOOD
IRUPLQJ# DQWHULRU# ODFULPDO# FUHVW1# +RZHYHU
VXIILFLHQW# UHPRYDO# RI# WKH# WKLFN# ERQH# DORQJ# WKH
DQWHULRU#HGJH#RI#WKH# ODFULPDO#VDF# LV# LPSRUWDQW#WR
DFKLHYH# D# SHUPDQHQW# ODFULPDO# GUDLQDJH/# VLQFH
JUDGXDO#QDUURZLQJ#RI#WKH#UKLQRVWRPD#VLWH#RFFXUV
WR# VRPH# H[WHQW# GXULQJ#PXFRXVDO# KHDOLQJ47/48/491
7KH#PDMRULW\#RI#VXUJLFDO#IDLOXUH#RFFXUV#EHWZHHQ#5
DQG#9#PRQWKV481#,Q#WKLV#VWXG\#JUDGXDO#FORVXUH#RI
WKH#UKLQRVWRPD#VLWH#RFFXUHG#LQ#;#H\HV#EHWZHHQ#4
DQG#5#PRQWKV1#
#
8WLOL]DWLRQ#RI# ODVHU# IRU#ERQH# UHPRYDO#DGGV#H[WUD
FRVW</#QHFHVVLWDWHV#VRSKLVWLFDWHG#LQVWUXPHQWDWLRQ
DQG#H[WHQVLYH#WUDLQLQJ/#ZLWK# LWV#UHODWHG#SRWHQWLDO
FRPSOLFDWLRQ# DQG# KD]DUGV# WR# ERWK# SDWLHQW# DQG
VXUJLFDO# WHDP</49/4:1# %RQH# UHPRYDO# ZLWK# ODVHU# LV
WHGLRXV# DQG# KDV# EHHQ# DWWULEXWHG# WR# WKH# KLJKHU
UHFXUUHQFHV# GXH# WR# VPDOO# ERQ\# RSHQLQJ1
&RQFRPLWDQW#XVH#RI#GULOO#RU#URQJHXU#DGYRFDWHG#WR

REWDLQ# ELJJHU# UKLQRVWRPD# WR# SUHYHQW
UHFORVXUH46/47/4:1# $OVR# GHSWK# RI# WKH# ODVHU
SHQHWUDWLRQ# DQG# WKHUPDO# HQHUJ\# FDQ# EH
XQSUHGLFWDEOH#GHSHQGLQJ#RQ#PDQ\#IDFWRUV1#/DVHU
EHDP#WDUJHWHG#WR#WKH#JOREH# LV#DQ#RYHUW#ULVN#DQG
QHFHVVLWDWHV#H[WUD#FDUH# WR#SUHYHQW#DQ\#KDUP# WR
WKH#JOREH49/4:1#
#
7KH# SRVWHULRU# DVSHFW# RI# WKH# ODFULPDO# ERQH#ZDV
WKLQQHU#DQG#HDVLHU# WR# UHPRYH# WKDQ# WKH#DQWHULRU
SDUW/# ZKLFK# FDQ# EH# UHPRYHG# ZLWK# D# ELWLQJ
IRUFHSV# DQG# D# ERQH# FXUHW# EXW# LW# QHFHVVLWDWHV
UHPRYDO#RI# WKH# WXUELQDWH# UHVXOWHG# LQ#KDUP# WR# LW
DQG#DIWHUZDUGV#V\QHFKLD1#7KLFN#ERQH#DQWHULRU#WR
WKH# DWWDFKPHQW# RI# WKH# PLGGOH# WXUELQDWH# LQ# DQ
DWUDXPDWLFDO# IDVKLRQ# LV# QHFHVVDU\1#&RQWUDU\#ZLOO
UHVXOW# LQ#VFDUULQJ/#EOHHGLQJ/#DQG#SRWHQWLDO#ULVN#RI
LQMXU\#WR#WKH#VXUURXQGLQJ#VWUXFWXUHV/#VXFK#DV#WKH
RUELW# DQG# WKH# EUDLQ1# 6FDUULQJ# SRVVLEO\# OHDGV# WR
UHFORVXUH# RI# WKH# QDVRODFULPDO# ILVWXOD# DQG# ILQDOO\
VXUJLFDO#IDLOXUH1#
#
'ULOOLQJ# RI# WKH# ERQH# RYHU# WKH# ODFULPDO# VDF# LV
WHFKQLFDOO\# FKDOOHQJLQJ# ILUVW# EHFDXVH# RI# WKH
QDUURZ# FRQILQHV# RI# WKH# VDF# ORFDWLRQ/# DQG
VHFRQGDULO\#ZLWK#D#PHWLFXORXV#FDUH# LV#QHFHVVDU\
WR# FRQWURO#D#SRZHUHG# LQVWUXPHQW1#$SSOLFDWLRQ# LQ
WKH#SHGLDWULF#SDWLHQW#LV#FRPSOLFDWHG#LQ#WZR#RI#WKH
IRXU#E\#QDVDO#YHVWLEXOH#VNLQ#DEUDVLRQ#VHFRQGDU\
WR# URWDWLRQ# RI# WKH# GULOO# VKDIW14<# 0HWVRQ# HW# DO47

VWDWHG#WKDW#GULOOLQJ#FRXOG#EH#WHGLRXV#DQG#UHVXOW#LQ
EOHHGLQJ1# 7UDXPD# RI# WKH# RVWLXP# VLWH# DQG# LWV
SHULSKHU\# OHDGV# WR# VFDUULQJ#ZKLFK# LV#RQH#RI# WKH
PDMRU#FDXVHV#RI#VXUJLFDO#IDLOXUH44/46/48/491#
#
,Q# WKLV# VWXG\/# KDPPHU0FKLVHO# HQGRVFRSLF
WHFKQLTXH# DFKLHYHG# D# IDVW# DQG# SUDFWLFDO# ERQ\
UHPRYDO# ZLWK# OLWWOH# XQFRPSOLFDWHG
LQVWUXPHQWDWLRQV1# ,W# LV# DOVR# UHODWLYHO\
DWUDXPDWLFDO# ZLWK# D# YHU\# VLPSOH# DQG# D
FRQWUROODEOH#SURFHGXUH#FRPSDUHG# WR# WKH#GULOOLQJ1
$OVR# LW# LV# QRW# GLUHFWHG# WR# WKH# JOREH1# 7KH# VDF
ORFDWLRQ#LV#DOPRVW#FRQVWDQW#DQG#OLWWOH#YDUDELOLW\#RI
WKH# VDF# ORFDWLRQ# ZDV# REVHUYHG1# 7KH# DQWHULRU
DWWDFKPHQW# RI# WKH# PLGGOH# WXUELQDWH# ZDV
REVHUYHG#DV#D#YHU\#JRRG#ORFDOLVHU</571#
#
,Q# HQGRVFRSLF# '&5/# SULRU# WR# RSHQLQJ# WKH
SUHVXPHG# VDF# ZDOO/# H[DFW# ORFDWLRQ# RI# WKH# VDF
LQWUDQDVDOO\# LV# LPSRUWDQW# WR# SUHYHQW# DQ\
XQZDQWHG#GDPDJH# WR# WKH#QHDUE\# ORFDWHG#JOREH1
,Q#RUGHU#WR#ORFDWH#WKH#VDF#SULRU#WR#WKH#RSHQLQJ#RI
WKH#PHGLDO#IDFH#RI#WKH#VDF/#ZLWK#HQGRVFRSLF#OLJKW



+DPPHU#FKLHVHO#WHFKQLTXH#LQ#HQGRVFRSLF#GDFU\RF\VWRUKLQRVWRP\#
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#

#

VRXUFH# RQ# WKH# ORZHVW# VHWWLQJ/# XWLOL]DWLRQ# RI# WKH
53#JDXJH#HQGR0LOOXPLQDWRU# LQVHUWHG# WKURXJK# WKH
SXQFWD#PDGH#SRVVLEOH#WR# LGHQWLI\#WKH#VDF#EHIRUH
RSHQLQJ1# 7KLV# PHWKRG# HYHQ# KHOSV# WR# ORFDWH
H[DFWO\#ZKHUH# WKH#ERQ\#ZLQGRZ#RSHQHG# VDIHO\1
$V# LQ# RXU# HDUOLHU# FDVHV/# WHQWLQJ# RI# WKH# PHGLDO
IDFH# RI# WKH# VDF# REWDLQHG# E\# D# SUREH# LQVHUWHG
WKURXJK# WKH# SXQFWD# FDQ# EH# XWLOLVHG# LI# WKH# OLJKW
SLSH#LV#QRW#DYDLODEOH1##
#
(SLWKHOLDO#DQDVWRPRVLV#DQG#FRQWLQXRXV# IOXLG# IORZ
DUH# QHFHVVDU\# IRU# SDWHQW# VXUJLFDO# UKLQRVWRPD
DQG# UHTXLUHV# VWHQW# SODFHPHQW145# $# VWURQJ
UHODWLRQVKLS# ZLWK# WKH# WXEH# UHWHQWLRQ# DQG# WKH
VXFFHVV# LV# VWDWHG# DOVR# E\# %RXVK48/# DQG
RWKHUV</46/571#5HJDUGLQJ# WKH# WXEH# UHWHQWLRQ# WKHUH
LV#D#ZLGH#GLVFUHSDQF\#DPRQJ#WKH#DXWKRUV1#5HEHL]
HW# DO57# NHSW# WKH# WXEHV# LQ# SODFH# IRU# 709#ZHHNV/
.RQJ# HW# DO49# VXJJHVWHG# UHPRYDO# RI# WKH# WXEH
EHIRUH#;#ZHHNV/#WR#SUHYHQW#JUDQXORPD#IRUPDWLRQ
EXW# +D�VOHU# HW# DO4;# NHSW# WKH# WXEHV# LQ# SODFH
DYHUDJH# QLQH# PRQWKV# DQG# WKH\# UHSRUWHG# QR
FRPSOLFDWLRQ#ZLWK#WKH#WXEH#UHWHQWLRQ#XS#WR#WKUHH
\HDUV# LQ# VHYHUDO# RI# KLV# FDVHV1# :H# KDG# ILYH
IDLOXUHV# DFFRPSDQ\LQJ# WZR# DFFLGHQWDO# DQG# RQH
LQWHQWLRQDO# SUHPDWXUH# UHPRYDO# RI# WKH# WXEH# E\
SDWLHQWV#DQG#RQH#ELODWHUDO#FDVH#RSHUDWHG#ZLWKRXW
WXEHV#1/'#REVWUXFWLRQ#UHFXUUHG#LQ#D#PRQWK1#1RZ
RXU#SROLF\#WR#NHHS#WKH#WXEH#DW#OHDVW#WZR#PRQWKV1
7KLV# LVVXH#QHHGV# WR#EH#VWXGLHG# IXUWKHU#WR#FODULI\
RSWLPXP#WLPH#IRU#WXEH#UHPRYDO1##
#
7KH#VXFFHVV#UDWH#RI#RXU#HQGRVFRSLF#'&5#UHVXOWV
+(;:1:,# ZHUH# FRPSDUDEOH# WR# H[WHUQDO5805:# DQG
WKRVH# RI# SUHYLRXV# HQGRVFRSLF# VWXGLHV/# EHWZHHQ
;30<8(1##
#
(QGRVFRSLF# KDPPHU0FKLHVHO# '&5# LV
UHFRPPHQGHG#DV#D#SULPDU\#VXUJHU\#RI# WKH#1/'
REVWUXFWLRQ# ZLWK# PLQLPDO# LQWUDRSHUDWLYH
EOHHGLQJ/# VKRUW# RSHUDWLYH# WLPH/# SUHVHUYLQJ# WKH
ODFULPDO#SXPS#PHFKDQLVP#RI#WKH#RUELFXODULV#RFXOL
PXVFOH/######FRVPHWLFDO####FRQYHQLHQFH####ZLWK####D#
#
#
#
#
#
#
#

FRPSDUDEOH# VXFFHVV# UDWH# RI# HQGRQDVDO
HQGRVFRSLF#'&5#WR#WKDW#RI#H[WHUQDO#'&51#
#
#
#
5()(5(1&(6#
#
41# &DOGZHOO#*:1#$#QHZ#RSHUDWLRQ# IRU# WKH# UDGLFDO#FXUH#RI#REVWUXFWLRQ#RI# WKH

QDVDO#GXFW1#1#<#0HG#4;<6>8;=7:91#
51# :HVW#-01#$#ZLQGRZ#UHVHFWLRQ#RI#WKH#QDVDO#GXFW#LQ#FDVHV#RI#VWHQRVLV1#7UDQV

$P#2SKWDOPRO#6RF#4<47>45=9871#
61# %M|UN# +1# (QGRQDVDO# VXUJHU\# RI# WKH# ODFULPDO# SDVVDJHV=

'DFU\RF\VWRUKLQRVWRP\# DQG# FDQDOLFXORUKLQRVWRP\# ZLWK# LQWXEDWLRQ1# $FWD
2WRODU\QJRO#+6WRFNK,#4<99>5:=4941#

71# -RNLQHQ# ./# .DUMD# -1# (QGRQDVDO#'DFU\RF\VWRUKLQRVWRP\1# $UFK#2WRODU\QJRO
4<:7>433=74071#

81# #6WHDGPDQ#0*1#7UDQVQDVDO#GDFU\RF\VWRUKLQRVWRP\1#2WRODU\QJRO#&OLQ#1RUWK
$P#4<;8>4;=43:0441#

91# 5LFH# '+1# (QGRVFRSLF# LQWUDQDVDO# GDFU\RF\VWRUKLQRVWRP\=# UHVXOWV# LQ# IRXU
SDWLHQWV1#$UFK#2WRODU\QJRO#+HDG#1HFN#6XUJ#4<<3>449=4394081#

:1# 0DVVDUR# %0/# *RQQHULQJ# 56/# +DUULV# *-1# (QGRQDVDO# ODVHU
GDFU\RF\VWRUKLQRVWRP\=#D#QHZ#DSSURDFK#WR#QDVRODFULPDO#GXFW#REVWUXFWLRQ1
$UFK#2SKWKDOPRO#4<<3>43;=44:5091#

;1# 0HWVRQ# 51# (QGRVFRSLF# VXUJHU\# IRU# ODFULPDO# REVWUXFWLRQ1#2WRODU\QJ# +HDG
1HFN#4<<4>437=7:60<1#

<1# *RQQHULQJ# 56/# /\RQ# %'/# )LVKHU# &-1# (QGRVFRSLF# ODVHU0DVVLVWHG
GDFU\RF\VWRUKLQRVWRP\1#$P#-#2SKWKDOPRO#4<<4>444=4850:1#

431# %DUWOH\# *%1# $FTXLUHG# ODFULPDO# GUDLQDJH# REVWUXFWLRQ=# DQ# HWLRORJLF
FODVVLILFDWLRQ#V\VWHP/#FDVH#UHSRUWV/#DQG#D#UHYLHZ#RI#WKH#OLWHUDWXUH1#2SKWKDO
3ODVW#5HFRQVWU#6XUJ#4<<5>;=56:07<1#

441# 0DQQRU# *(/# 0LOOPDQ# $/1# 7KH# SURJQRVWLF# YDOXH# RI# SUHRSHUDWLYH
GDFU\RF\VWRJUDSK\# LQ#HQGRVFRSLF# LQWUDQDVDO#GDFU\RF\VWRUKLQRVWRP\1#$P#-
2SKWKDOPRO#4<<5>446=4670:1#

451# :RRJ# --/# 0HWVRQ# 5/# 3XOLDILWR# &$1# +ROPLXP# <$*# HQGRQDVDO# ODVHU
GDFU\RF\VWR0UKLQRVWRP\1#$P#-#2SKWKDOPRO#4<<6>449=40431#

461# :KLWWHW# +%/# $QGULHQ# 6KXQ06KLQ# */# $ZGU\# 31# )XQFWLRQDO# HQGRVFRSLF
WUDQVQDVDO#GDFU\RF\VWRUKLQRVWRP\1#(\H#4<<6>:=8780<1#

471# 0HWVRQ#5/#:RRJ#--/#3XOLDILWR#&$1#(QGRVFRSLF#ODVHU#GDFU\RF\VWRUKLQRVWRP\1
/DU\QJRVFRSH#4<<7>437=59<0:71#

481# %RXVK#*$/#%UDGOH\#1//#'RUW]EDFK#5.1#5HVXOWV#RI#HQGRQDVDO# ODVHU0DVVLVWHG
GDFU\RF\VWRUKLQRVWRP\1#2SKWKDOPRORJ\#4<<7>434=<880<1#

491# .RQJ#<7/#.LP#7,/#%\XQJ#:.1#$# UHSRUW#RI#464#FDVHV#RI#HQGRVFRSLF# ODVHU
ODFULPDO#VXUJHU\1#2SKWKDOPRORJ\#4<<7>434=4:<60;331#

4:1# 0LFNHOVRQ# 6$/# .LP# '$/6WHLQ# ,01# (QGRVFRSLF# ODVHU0DVVLVWHG
GDFU\RF\VWRUKLQRVWRP\1#$P#-#2WRODU\QJRO1#4<<:>4;=43:0441#

4;1# +DXVOHU#5/#&DYHUVDFFLR#01#0LFURVXUJLFDO#HQGRQDVDO#GDFU\RF\VWRUKLQRVWRP\
ZLWK# ORQJ# WHUP# LQVHUWLRQV# RI# ELFDQDOLFXODU# VLOLFRQH# WXEHV1#$UFK#2WRODU\QJ
+HDG#1HFN#4<<;>457=4;;0<41#

4<1# &XQQLJKDP#0-/#:RRJ#--1#(QGRQDVDO#(QGRVFRSLF#'DFU\RF\VWRUKLQRVWRP\#LQ
FKLOGUHQ1#$UFK#2WRODU\QJ#+HDG#1HFN#4<<;>457=65;0661#

531# &KULVWHQEXU\# -'1# 7UDQVODFULPDO# ODVHU# GDFU\RF\VWRUKLQRVWRP\1# $UFK
2SKWKDOPRO#4<<5>443=4:3041#

541# /HYLQ# 36/# 6WRUPRJLSVRQ# '-1# (QGRFDQDOLFXODU# ODVHU0DVVLVWHG
GDFU\RF\VWRUKLQRVWRP\=# DQ# DQDWRPLF# VWXG\1# $UFK# 2SKWKDOPRO
4<<5>443=47;;0<31#

551# /HH#-0/#6RQJ#+0/#+DQ#<0/#HW#DO1#%DOORRQ#GDFU\RF\VWRSODVW\=#UHVXOWV#LQ#WKH
WUHDWPHQW#RI#FRPSOHWH#DQG#SDUWLDO#REVWUXFWLRQV#RI#WKH#QDVRODFULPDO#V\VWHP1
5DGLRORJ\#4<<7>4<5=8360;1#

561# 3HUU\#-'/#0DXV#0/#1RYLQVNL#76/#3HQQH#5%1#%DOORRQ#FDWKHWHU#GLODWDWLRQ#IRU
WUHDWPHQW# RI# DGXOWV# ZLWK# SDUWLDO# QDVRODFULPDO# GXFW# REVWUXFWLRQ=# D
SUHOLPLQDU\#UHSRUW1#$P#-#2SKWKDOPRO#4<<;>459=;4409##

571# 5HEHL]#((/#6KDSVKD\#60/#%RZOGV#-+/#3DQNUDWRY#001#$QDWRPLF#JXLGHOLQHV
IRU#GDFU\RF\VWRUKLQRVWRP\1#/DU\QJRVFRSH#4<<5=435>44;4071#

581# 2VJXWKRUSH# -'/# +RDQJ# *1# 1DVRODFULPDO# LQMXULHV=# HYDOXDWLRQ# DQG
PDQDJHPHQW1#2WRODU\QJRO#&OLQ#1RUWK#$P#4<<4>57=8<0:;1#

591# :HOKDP# 5$1# 0DQDJHPHQW# RI# XQVXFFHVVIXO# ODFULPDO# VXUJHU\1# %U# -
2SKWKDOPRO#4<;:>:4=4850:1#

5:1# %HFNHU# %%1# 'DFU\RF\VWRUKLQRVWRP\# ZLWKRXW# IODSV1# 2SKWKDOPLF# 6XUJ
4<;;>4<=74<05:1#

#


