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JHQJ <DQ@HQJIMLBQABEDQJ 6XQ
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$UWLFOH ,QIR $EVWUDFW

SHEHLYK®\ /IDUJH FRDO SLOODUV UHVXOW LQ VLJQLILFDQW UH\
SHFHLYHG LQ SHYIEWI-RCEHBEIRQFHQWUDWLRQ ZLWKLQ WKHVH SLOODUV DOVR FUHDWF
DGGUHVV WKLV D FRRSHUDWLYH PLQLQJ PHWKRG IRU VH
$FFHSWBQXDU\ PHWKREHVYLVMIQHG IRU VHDPV ZLWK ODUJH LQFOLQDWLRQ |
3XEOLVKHG D@XIDYN FORVH WR RYHUO\LQJ SLOODUV 7KH WHFKQLFDO SULQF
VLPXODWLRQ VRIWZDUH ZDV XVHG WR LQYHVWLJDWH WK
ORZHU URDGZNVHBQYGRWKFRDO SLOODU ZKLFK GHWHUPLQ
SRVLWLRQ 7KHQ DB)ERPXSWKRG)/BEYVY HPSOR\HG WR RSWLP

2, MP H GUDZLQJ SURFHVV SDUDPHWHUV 7KH RSWLPDO VFKHPH :
_H\ZRUGV GHIRUPDWLRQ VWUHVWUGKDOWE MXSBRRIW DEGGY $Q HQJ

VWXG\ GHPRQVWUDWHY WKDW D VSDFLQJ JUHDWHU WKD
)O\ DVK FRQFHQWUDWHG VWUHVV UHVXOWLQJLQ OLPLWHG GHIRL

%HQWRQLWH *ODVV ILEZHKH VWXG\ LQYHVWLJIDWH V UHRDD \GHUIDXH@HIH X Q GRUWG IZIL B
80FROILOHG FRPSUHVVLRH VKRG Ywk’KH RSWLPDO SURFHVV ZDV LGHQWLILHG DV ¢
FRDO GUDZLQJ SRUWKEAH®OVKHDRBQWWI® PHWKRG 7KLV S
&RHIILFLHQW RI SHUPHDRLEWYY 7|1 Q3 UDWH RI DQG D JD QJIXKHRREZKQMKDQW GRAULQJ
WKH SLOODU GUDZLQJ SURFHVV WKH FRQFHQWUDWHG V
UHGXFHG ZLWK D PD[LPXP VWUHVV GHFUHDVH RI 03D
FRQFHQWUDWLRQ 7KH WRWDO IRUF HXRQ \WPKHF KBI® W HBEQ
FDYLQJ LY N17 ZKLOH WKH IRUFH LQ WKH IXOO\ PHFKDQL
Tj N1

,QWURGXFWLRQ

&RDO LV D SULPDU\ HQHUJ\ VRXUFRP PR MKHRIOQDROEBO PHWKRG WR I
PDQ\ RWKHU FRXQWULHYV ,WV FRQISNWDRNEXK LOWWKIWVHQHAUDIN URFN
VXSSO\ ZLOO UHPDLQ VWDEOH IRIHRKRJILFDIOVARQEOWULURQYXUHRZHYHU
,Q UHFHQW \HDUV DV VKDOORZRRQ@G ZIDMLIDY NEFQANVNIFP@QW FRDO UHV
FRDO UHVRXUFHV LQ HDVWHUQOHKMKYRDE BDKIIH) GUDIIXIMAOKD]DUGYV IRU
GHSOHWMKHHGIRFXV Rl FRDO GHYHOIBRFRN@W KDV VKLIWHG
ZHVWZDUG +RZHYHU JHRORJLFDOHWNRIQGEWHRYVKDYHWHKRMVHQVLYHO\ V
ZHVWHUQ UHJLRQV DUH FRPSOHRI7KRIVG SHERNVUWNWVRBLBQW\ IURP P X
IHDWXUH ODUJH GLS WEIENW HDIRPREENHRDPB[OWHIDXVLQJ SUREDELOLVWLF
DQG FORVHO\ VSDFHG VHDP ORQRMS®YDUDKLWHPXODWLRQ WR DVVH
VLIQLILFDQWMKHLGEUHBXGW\ RI FHWIUD RWLDP@UYVY KDV EHFRPH DQ LPS
$W WKH VDPH WLPH FRQWLQXHKHG@PLRMHRSBIODWDREVGHYHORSHG
LOQWHQVLI\ URFN PDVV GLVWXUEPRQWHKR GOHWR LSQUHGE RFWHWIB@KB/L]H RI S
JURXQG SUHVVXUH SKHQRPHQDSMOKIDN BRYHQVYHIQERXWKH RYHUDOO
FKDOOHQJHV WR PLQH VDIHW\ /BDY@QJDIWHFWHEBQ SDOOMWHWFKYLTXHV (

E &RUUHVSRQGOQI HDXWHKRIEFXAW HGX FQ
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JHQHUDOL]DWLRQ WR SUHGLFW WKEHONIREL G DWRYODWHERRH KDY GC@ 6
URFN SLOODUV > @ 7KH VWXGEW IO SKXOOOUJHI® ) OBRUBQG 3)& WR VW
PHFKDQLVPVGIHVSWEBVRQEROXGLQJ MKMW BRI DIOKRVULYRQWDO GLVWDQFH EH\
Rl WKH IDLOXUH SURFHVV Rl URRYDYGAADMODYY WRBWINHPRILIQJ FRDO S
QR®HUVLVWHQW MRLQWY RU HGWHEQRWWKHEYV @VKDRXIJIJKIW DO FRPEL
H[SHUQ®WY DQG QXPHULFDO VLPXDDWVYR®KAVEPR@HOLQJ DQG GLVFU
JXUWKHUPRUH IDFWRUV VXFK DMEGRPBEWG QRV?Y HHPLAD/ QA RRMOFXODWLRC
> @ DQG WKH DGVRUSWLRQ RIL®DAWEHRQFHRIE] VERE WQEBEOH VL]IH GLVW!
PHWKDQH RQ WKH PHFKDQLFDO WHRSEUWAIHYJ RAHAFKD@MDVFG > @ =KDQ
SLOODU VWDELOLW\ KDYH DOVRH | BHAHIPHHBN DO WIPGWQALRRHULED O VLPX
OHDQZKLOHOQHIZFDQDPHWKRGYV WXNFXGDWVWRDOQAUDZLQJ EQQ VWBPRWBO\ GL
WKH &RXORPE JUDSKLFDO PHWKR@ WRZBYBO\]|B WHKMH.HZ RI WKH H[L'
VWDELOLW\ RI FKDLQ SLOODUV LKQRDWR OUKDW QJ PVLIQD QB K IXBDRDQRW \HW
FROQWLQXRXVO\ EHLQJ SURSRVHED¥L@ RRWEBGNGIRMUR RYHUO\LQJ SL(
VLQYEBP PLQLQJ WKH URRI VWEKXFINQUH HYWOSKBREBRRLAMORWHDPY $
DQG VWUHVV GLVWULEXWRBRE VAQWHPWWHPHOWXG\ RI WKH GUDZLAQ.
SUR[LPLW\ VHDPV DUH GLVWLQFFNS WH®DLRWLRLQUHWEHRFBVY SDUDPHWI
GLIILWRO®@H VHDP® >$IWHU WKHVSHFHULF FRQGLWLRQV LV VWLOO ODF
VHDP LV PLQHG WKH UHPDLQLQJ VKHIPWEBHILDGGUNVNRHUIW WKH WHFKQ
LOQWHQVH VWUHVYV FRQFHQWUDWRIR@L [RIQ W H/HSHO/\H SRR DIPP IV PNOHDAHY
DOVR ERXQGHG E\ FDYHG VIRPJ ROLBWRWBEQV IRYHHW ORD®J VHFWLRQ SLOOI
WKH FRDO GUDZLQJ ODZ LQ VX¥XRRSHWIWLWHR PEAIQLKYYU PHWKRG LV SU
VLIJQLILFDQWO\ IURP WKDW LQ FRRYBQWLRQYDO)MKLWN WKBPY$& QXPHU
7TKHUHIRUH GHWHUPLQLQJ KRZ XWRH Gl QWRXILVQ AMVHIMEHWY R DWIGP DO KRUL]JRQ\
HIILFLHQF\ ZKLOH DFKLHYLQJ D KRUKWKHFBRAHYU WBI\WH URDGZD\ 7KHQ
RYHUO\LQJ SLOODUV LQ VWHHIHPGEMWWIIHAOWIH HOBRMHORRGH®& LV
SUR[LFWHWPYVY KDV EHFRPH D FULWXHIDOWHQG@KLYHPIRGHE O ARI/OL FIDHLVQ W KH
SUREOHP WKDW QHHGV WR EH VEROYBBHWHUYV 7TKH VWXG\ FRQVLGH
7R DGGUHVV NH\FRDWOXHN YL@ WIRBSREXXWLRQ RI WKKHURRDNOPGBVY /D QG
DV LPSURYLQJ UHFRYHU\ UDWH SURGHVVWDN &L QW HHIDD'WQBD OO\ GHVLJ
ERG\ HYROXWLRQ DQGFRERQWHKKROPIWIPDWRGUDZLQJ VHTXHQFH FI
PRYHPHQW UHVHDUFKHUY KDY HDBRQ GXH MRHYGI WH\[ W A B W IKYRHS J)LQDOO\
VWXGLHY 7KHVH VWXGLHV KDYGHHRRFPORYNHBEQP HWKRIEGWY GLVWULEXW
LOQFOXGLQJ OQXPHURBDO SKUNPRDAODMGLQJ GXULQJ GUDZLQJ DUH DQDO\
PRGHOLQJ DQG WKHRUHWLFDGURGBU\V LHZFAUHRNKBGRORI\ IRU RSW|
LPSRUWDQW WKHRUHWLFDO DQ&SDSDPHWHBENO XWWQGFS R UW. PIIROADU FRQG
RSWLPL]ILKRDWRDPYLQJ WHRKQRGRDIFWLFDO VWDQGSRLQW WKLV ZR
‘HL HW DO XVHG ILHOG PHDVXUHRMPDHIQWY WR GIQWHORNVQW KMHKHXOO UHF
VLIH GLVWULEXWLRQWXLFRDWHDRL DKL GIJVERR¥YHW\ FRDO UHVRXUFHV
%DVHG RQ WKLV WKH\ FRPELQWE&RIO Y AUHARY HD@QEPDVMBA®W/SY PLWLJIDW
QXPHULFDO FDOFXODWLRQV DQG-BRPHFWOHYERQLPYWOXHW WRBURYLGLQ.
UHYHDO WHKRHWRRMGHFKDQLVP RRWRBIARDL@MH SURGXFWLRQ
DQG JDQJXH > @ <DQJ HW DO IRFXVHG RQ WKH FDYLQJ
PHFKDQLVP HVWDEOLVKLQJ WKHRUKIWEBDME FRIKGO VPIRQHWKHIUYLHZ
GUDZLQ@\ BRMG XVLQJ 3)& ' QXP L\7
VLPXODWLRG VRIWZDUH WR VW jﬁ 5,&% Gl SDHFRRR PO HaJL ol
XQGHU GLIIFHRM®DWDWRGSI WHFKQ H RI WKH ZRUN
+XR HW DO HPSOR\HG D FRXSO 'LCfILI-PUﬁ%\}l}g DQ DYHUDJH F
OHWKRWBFUHWH (OHPHQWO00HWXKR '
VLPXODWH WKH FRPSOWNWH FD xR IVW DV DKV“S”E}E%GE'\ZGLIWSKSLK(
ZRUNLQJ IDFHV GHILQLQJ WKH P Fb%véé_l UDQJHV IURP
WKH GUDZLQJ ERG\ "% ORRVH ‘XH WR WKH VHEC
FRDO ERXQGDU\ 7&% > =KX HL&;D% |'—X DQFHV D
PHGLXP WKHRU\ WR GHULYH H |?|—l§|§u K\//FB W GXULQJ ¢

PRWLRQ DQG ERXQGDULHYV
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7KLY UHVXOWHG LQ D VLIQLILFDQWPORYXY WIYHRDOHJRPYRXQFHI/HSWK LV
7KH SUHYLRXVO\ PLQHG FRDO ZBRIMUQRARF¥FHY RQ WKH FRDO ZRUN!|
DQG DQG WKH P SLOODU KHDWIZIIHN®& KA PWMIR RP P DQG D GLS O
WKH FRUH DUHD RI WKLV VWXG\ PKFR UHBRGHU WBRHHMVRXUFHYV LQ WK
KDG D VWULNH OHQJWK RI DSSUR|OPDWROONVRDY IDRIGPBEWKRG LV SODQ
GE OHQJIJWK RI P 7KH\ ZHUH HIWEDFWRH& UV LQKREKH WKH URDGZD\ O
ORQJZDOO IXOO\ PHFKDQL]HG PLIFRDX PHIWKRBOXKRKWDU VHFWLRQ IRU \
FRDO VHDP KDV D WKLFNQHVY RIIDFAVR P DYHUDJLQJ

Histogram | Height/m Lithology

26 Fine sandstone

2911 return air roadway

Goaf of 1921 working face som | 2911 working face

——— 35 Secti

L LN N o sm Section coal pilla

Goaf of 1922 working face

JLIXUH ZRUNLQJ IDFH OD\RXW DQG EDU FKDUW

7KH JHRORJLFDO FKDUDFWHULVWKHVVRVWHKM ODDRXW IHDWXUHV X0
VHDPV ZHUH GHWHUPLQHG IURFPYGQILlOXISBARYW WEDRMM® RQH VLGH RI W
LQFOXGLQJ =. 7KH LPPHGLDWH @WRRU RD QWK HX OO\ PHFKDQL]JHG PLQ
FRDO PDLQO\ FRQVLVWYV RI ILQH WRB RWKRHQH DIQLE \FIRRUWGWERWHG RSH
ZLWK VHFRQGDU\ OD\HUV RI PXGWGNVRPQBLDQGVARWURAY HQDEOHV W
VDQGVWRQHRANMYWREDVVLILHGHDPW WHDML BOgRGRH UVKHDP DQG UHFRYHU
SURQH WR FDYLQJ 7KH URFN RPMDMMO\LQWISLOIOMWU L¥KH ZRUNLQJ IDFF
PRGHUDWH WR IUDFWXUHG ZLWR FFRRRAHWR RHGLRR BRENQJ DQG FD
PDVV TXDOLW\ UDWLQJ ,W LV ARFOXGHLWHGDDYKMOUWDE BMGUDXOLF
URRI 7KH LQWHUEXUGHQ EHWZHBIQPWHKHG IDEB FRGHDHARU $)& D EHO
LV PXGVWRQH ZWWHV ZLWK LY KVVOWDKW ORDGH & IRQYGWK H HFDWY I$QJ VHFW
\HOORZLVK WLQW DQG KDV D $0\GLFDOA SPHIWANFUREMFWHG DQG D
VWUXFWXUH 7KH URFN KDV SRRW R WD ERMOGFPE® BYJ HOUMOWLFHY WR
EURNHQ 7KH LQWHUEXUGHQ WKLBNMHNMUHQFHVEHRPHHQ WKH FXWW
W R P ZLWK DQ DYHUDJH RI FPFOMKWH IURPHQVBWH WKH VXFFHVV RI
IORRU RI WKH FR D OQLON WRIQHOR WMIROREH WBH PLQLQJ HDQMVE FRWWQJ H
LV JUZWMKH ZLWKJ WD FRDE® VW H[RSHUDWH LQ D KLJKO\ FRRUGLQD
'HHSHU VWUDWD FRQVLVW RI PXGQWRLIJHQ VLR SHWDRMLR QID@G GHOD\V
ILQH VDQGVWRQH SURFHVV IORZ LV DV IROORZV OLQLC
RSHUDWLRQ IROORZV D F\FOH RI 3*FX

&RRSHUDWLYH PLQLQJ PHWKRO AUDX GDUNRBYRIWWY DQG DGYDQFH
VWXG\ IRU ODUJH LQFOLQDWLR@DQUOH OHFW HRWDWRRQ\IROORZV D F\
FORVH SUR[LPLW\ VHFWLRQ FRDOFXWOPRDO DGYDQFH FDYLQJ VXSSRI

7HFKQLFDO 3ULQFLSOH IURQW $)& GUDZ WRS FRDO UHFRYHU
DR%WEV% oLy Phw
7KH FRUH RI WKH FRRSHUDWLYSIJI' F% R L\|(%(4VJ<PLQLQJ ) S K

VWHHSO\ GLSSURJLPEWRWHDPV WKH LQ

RYHUO\LQJ SLOODU LV WR UHFR \VH SRS o
FRDO FDYLQJ WHFKQLTXH ZKLO 8{; é LIHN, JDOQJIXH G
MRS Pé 3 FR}J\L\NKH UHFR

VHDP 7KH WHFKQLFDO SULQFLS
VKRZQ KQHLJ RYHUO\LQJ SLGDR)JD.lEDDKIHRIJ—ERLWLRQV =
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VXLWDEOMRDRU AMDREQJ 7KH WRSRARMDIOHPIOWVW EHKLY PRW SOHDP WR Y HPRIU H
DEOH WR IUDFWXUH VX Il QBXF\GOR PSDGIFD VWHGLMRDGLQJ VWDWHY DQG
VWUHVV 7KH UHFRYHU\ URDGZD\RDOWRKBVNVEBSRKWBLGODL UHVXOW
PXVW EH ORFDWHG RXWVLGH EWRKRIP H\L O DAU VW VRDWHVBFWRU IRU
FRQFHQWUDWLRQ JRQH 7KLV HQWUWHKHURRGHD\WKWD EDOLWY EHKDYLF
DQG WHWGXKSSRUW FRVWV ,Q VIMMXBWHG EHWDHHQ WZRSORDPI DUHD\
VHDPV WKH IUDFWXUHG WRS FRRDQPRWQHW R@QGHUWWKGDO VHDPV
FRPELQHG LQIOXHQFH RI JUDYVWOHF@GRWKH WKBRGUDZLQJ PHWKRG
LQFOLQDWLRQ ,W QRW RQO\ IPRYNLDVRIPWU @ DWLKH. FIR@DWHKH RYGIDO V
FDQRS\ Rl WKH VXSSRUW EXW DODYRVMOLGHV GRZQ WKH GLS

Main view,

#1 coal goaf

Interlayer

Coal seam

JLIXUBFKHPDWLF DQG VI\VWHP OD\RXW RI WKH FRRUGLQDGAN® PQOHQQRIRPIOW KF
VHDP ZLWK D VWHHS GLS DQG WKH RYHUO\LQJ VHFWLRQ FRD

6WXG\ RI NH\ 3DUDPHWHU LQFOXGHG RQ DOO VLGHV RI WKH P

%DVHG RQ WKH DEWXDO FRQG LY R' W LOQH 'Eﬁ\'jngZHDV V\C’KR
PHFKDQL]HG ZRUNLQJ IDFH D Q

' 3 J SLOODU 6HYHU
ZDV FUHDWHG XVLQJ )/$& ' VRI &\ﬁ/ GLIITHUHQW VSDFLC

GLPHQVLRQV ZHUH P OHQJW éhg [@:I_f: EFDVH ZDV
I}I:]N Q VWUHVYV

P KHLIJKW UHSUHVHQWLQJ
FROQGLWLRRKUIRMXKMHRPE VWUHQJIW H SODVWLE ]JRQH
f%db K URFN OD\HU L

ZDV XVHG IRU WKH FDOFXDWWL
VWUHVY PHDVXUHPHQWY D XQL
ZDV DSSOLHG WR WKH WRS RI W
ZHLIJKW RI WKH RYHUO\LQJ VWUDW
KRUL]IRQWDO VWWHWRHYV DHUH

WKH YHUWLFDO VWUHVV UHVSIél
KRUL]IRQWDO VWUHVV DFWLQJ
URDGZD\ D[LV 7KH PRGHO(fV ED
YHUWLFDO PRYHPHQW DQG WKH
KRUL]JRQWDO PRYHPHQW D WK/

V%IﬁU\ WHV W
g/ HUH XVHC
SHUWLHV |
KH VLP)>

H@ﬁr W RGHO DU

G WKH L¢

ZHHQ WK

dZH gB? RQ URDG
QWFE% W: DULRV ZHUH GHVLJ

SULRU PLQLQJ RI WZR P ORQ :
FRDO VHDP ZKLEFK FUHDWHG W |'§ HNM:’ OREI\:/SVOVE;'S
SLOODU 7KH UHFRYHU\ URDGZ é B o Wk URRY
GHVLJQHG ZLWK GLPHQVLRQV RI, \<NK : SHUSRR L
PDWFKLQJ WKH VLWH SDUDPHWHUP WH SR

HGIHIIHFWYV D P ZLGH ERXQGDU\ FRDO SLOODU ZDV



<DQW DO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

7TDEOH 3K\WLFDO DQG PHFEKDQLFDO 3DUDPHWHU RI WKH URFN LQ

7KLENQ '"HQVLW\ %XON PRGXOKNDU PRGXORMHVLRPULFWLRQ7HQVLOH

1R 1DPH HV NJ *3 *3 03I DQJR VWUHQJ'

)LQH VD
&RDUVH VDQGVWRQH
OXGVWRQH
6LOWVWRQH
)LQH VDQGVWRQH
FRDO VHDP
OXGVWRQH
FRDO VHDP
&RDUVH VDQGVWRQH
OXGVWRQH
6LOWVWRQH
)LQH VDQGVWRQH
0XGVWRQH

$V VKRZQ LQ )LJXUH ERWRLYPHQWRADOKHD QG DQG IDFHV VH
KRULJRQWDO GHIRUPDWLRQV GHRNEGODMWLIRQ WRH WSKOLAL QQIQDO\VLV $
IURP WKH SLOODU LQFUHDVHV H®MHRGLFAE O HGVH/ SHOOHPHRHVQ W HW KRG Z L
7KH PD[LPXP YHUWLFDO GLVSODH PHOQMH WEHXRIGHY HW K H FRDO S
IURP PDW P VSDFLQJ WR LPPP®WWR URRI ZHUH FRQYHUWHG L
IXUWKHU UHGKMPHY WR DQG VWDEQRAEZ]PRBMSISURDFKDDOORZYV IRU D G
PDW P VSDFLQJ +RULJRQWWG G\L WIRWIIRFMQWJ EHKDYLRU 7KH
7KH PD[LPXP KRUL]JRQWDO GLVSP®GHPHOQWYEREQHI3)NEIRRKS O L BK
IURP P DW P VSDFLQJ WR LVPDDSRZHUIKIOHK\EULG FRPSXWDWLRQ
GLVSODFHPHQW WKHQ VWDELOLHVLBMHQW G\ | REFGBHRGIWK RBQWH QX RXV L
PDQG P VSDFLYVV FORXEW @DUW IGHIRUPDWLRQGDQ@® UKW 3)& L
SURYLGHV IXUWKHU LQVLJKW $W PEWSIFH®J RQ RVRH ONMV DUHD WF
WKH URDGZD\ LV ORFDWHG ZIWKR®WW®&KRIW UMDY XODU IORZ ,Q
FRQFHQWUDWLRQ JRQH Rl WKH BU®G O DLWV IR \RBBK QUWIRHMY 7KH WZR
FDXVHV VLJQLILFDQW URDGZD\ H{AKPDUWHWALREYD K\WQ WWHHVV YHORFLW
VSDFLQJ LQFUHDVHV WR EMWEHBE®Y WRHLQGYBDUHG? KERX PHWKRG LV :
LQIOXHQFH RI WKH SLOODU V WWUWW\GFRRRQ RAFRIBNL QD WILHRVH DLWF K
UHGXFHG DQG URDGZD\ GHIRUPRWYRQ WHKMDEHOHND/QW )/$& PRGHO
‘KHQ WKH VSDFLQJ H[FHHGV PF R K i LBWDID® WLIQFWIRR (BH& GLVFUHWH SD
DURXQG WKH URDGZD\ LV VLJQLRREMHDWDD W RMKIQHBURKIKNW WR DQ LC
JUHDWO\ LPSURYHV WKH RYHUDW®DW WM WKIELOUWVIWDR IVWAEBIQ 8 LAQKH GUL
VXUURXQRBAN) PDVV  ZKLFK LV EBQRFHAMD @DMVLPXODWHG G\QDPLFDO
OR®HUP VXSSRUW DQG PDLQW HAHUGF K VIPGFREREHQW EH RSHQLQJ DQG F
DQDO\VLV RI GLVSODFHPHQW VOWIHAM\Q G SWRW WL EXWHRQ QD ®GZDOO HC
SODVWLF ]JRQH GHYHORSPHQW LRSHEDWHD WRDW DZKISOW LFRUHDWLQJ F
JUHDWHU WKDQ P LV RSWLFD®RVXKHV 7&HVWIPXF-DWLRQ DGRSWH:!
HITHFWLYHO\ UHPRYHM BV KK M LMD XH LY VHHQ SULQFLSOH D FRPPF
KLMWUHVV ]JRQH PLQLPL]LQJ GIHBGPIWAR@OWRIMDIHYWDEOLVKHG |
UHGXFLQJ VXSSRUW UHTXLUHPROW® :RBG URRVWRFN SDUWLFOHV
7KHUHIRUH WKH RSWLPDO KRULWMKQWDRQSDFKBIFEHWHAWQGUDZLQJ S|
WKH UHFRYHU\ URDGZD\ DQG WRH[WHSRURQLSLWRB WHDXHQFH ZDV W
GHWHUPLQHG WR EH P F\FOH FRQWLQXHG XQWLO DOO UHFRY
GUDZQ $ OLQHDUGP RRGH OV KID VS XVUW L F(
&RDO GUDZLQJ ODZ DQGFRRPWDPWWHDOFXODWLRQV 'HQVLW\
RSWLPLIDWLRQ GHVLJQ RI FRD® SERODWRURRSHUDGWWVH 1RUPDO DQ
PLQLQJ LQ H[WUHPHO\ FORVH WHFRWIHR/Q ZHUMK GHMUHBHP L QFRD QURP SU

LOQFOLQDWLRQ DQJOH FDYLQJ VWXGLHY > @ 3DUWLFOH VL]
6LPXODWLRQ VFKHPH DEDOD PRGEPFXUDF\ DQG FRPSXWDWLR
HVWDEOLVKPHQW IRFXV LVFRQOWE&B8DZLQJ WKH FRDO

. PRGRHGC ZLWK D VPDOOHU
7KH )/$& ' PRGHO ZKLFK VLWJ& u %'?g DQG URRI SDUWLFOHYV
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JLIXUMW$& 3)& &RXSOHG ORGHO

7DEOH %DVLF 3SBDUDPHWHU RI WKH FRDO DQG URFN VWUDYV

6L]H PP SRURVLWHQVLW\)ULFWLRQ *UDYLW\

e
6WUD W 3D .v3D L EEHOHUDWLROQ P V

OLQLPXP OD[LPXP NJ P IDFWRU °

,QWH
FRDO SLOODU
5RRI

7KH RSWLPL]DWLRQFRW®GRDRILRIKB G¥VRBI GLIIHUHQW GUDZLQJ VHTX
SURFHVV SDUDPHWHUV ZDV GLYHEHI®D LQ WRKW KUBIHVVRIDFRDO DQG UF
6WDJH '"HWHUPLQH WKH 2SWIRDIV 'UDZDQGE G VKRZ WKH GLVSC
BHTXHQFH 7ZR VFHQDULRV ZHURIGWMKHIJ®WRS PRB@DNIGVHU HYHU\ ILYH
GUDZLQJ DQG *GRZQZDUG GUDZYBJIXHM®FHYR XBWBUEKDYG GRZQZDUG
YDULDEOH WERBVSRUWGZD®WK P6%KH\VWHMRQEWKMGIUDQXODU PHGLE
GUDZLQJ PHWKRG IRU ERMXE WXWHRWVL@®IOMRS FRDO SURYLGHV WKH
VHTXHQWLDO GUDZLQJ 7KH RSWMRPOO/LWHTXH®OF H% ®BBY V\VWHP GHVF
FKRVHQ EDVHG RQ FRDO UHFRY HWHN @OIMEL RIDY IS FERHMEBHEV@WW K/ HD F R D @V
6WDJH 'HWHUPLQH WKH 2SWLPOWERBOWFLGWK FREKLDQG WKH UHI
VWDJH WKH RSWLPDO GUIMZLQJ 6MAXEH@RAHWKIRWP \6\W WYAHRED EQDZLIQHY W
ZDV XVHG DV D IL[HG SDUDPHWHWHFKOQ SURPD @ IRFMVHIRUH WKLV SC
ZDV WR VWXG\ WKH HIIHFW RI SR®%W% \Z\WGWHPR RUR GQNHEVWLIDWH WKH P
SHUIRUPDQFH 7ZR DGGLWLRQDPRBR®EW LAQ\EWKND FAZH DG WKH GHYHC
GHVLJQHG P DQG P 7KH GDPZQQERBWKRE XOWLPDWH JRDO LV
UHPDLQHGRMX MG O TXHQWLDO %RP®QLMFRYIHY) DQG UHGXFH JDQJXH
WKH FRBIO\UMFEYDQJIJXH FRQWHQWEVRIURW K H QHEQIMBXUH RI WKH 3)& QXF
ZLGWKV DQG FRPSDULQJ WKHP XIRVKZWKH UHMXOWVH® RPR KDQGOH FR

WKH P FDVH LQ 6WDJH WKMWRSWVYPDR BREXWIWEHWK FDSWXUH WK
ZDV GHWHUPLQHG ©6WDJH '"HWKHNH PRQHL (WKHBER)AWQDO ),6+ IXQFWLRQ

&DYLQJ 3URFHVYVY 3DUDPHWHUV L7GHWWDWKH GWHWFOHS GUDZQ GXlL
WKH UHVXOWWFZRRVWDK H VL @DV HEGH RRUWBKWWID MHFWRULHY 3DUWLFOHYV
ILQGLQJV WKH GUDZLQJ SURFHVDMWZDWKIEK IBMMKHQ QLHI L ORHGW\KRY VLPXOD)\
GHWHUPLQH WHKDMOIFQN¥YOQURSD UD BRWHWYREHWW QG VKDSHVY ZHUH XVH
VXLWHG IRU WKH HQJLQHHULQGLWVWOQGEYWWRRY RRIWWHHDYLQJ ERG\ F
ZRUNLQJ IDFH VKRZQ LQ )LIXUHYV E DQG H $GG
WKRURXJKO\ HH¥DIGRIMWMH@HWHY RI W

2SWLPL]JHG GHVLJQ RI FRDO GUDZLQJ BHRFHYNWH PDSV RI WKH UHV!

7KLV VWXG\ DQDO\]HV WKH sr&lﬁﬁ?ﬁ%uﬁsﬁ'v#%?\%é’éﬁg'fzwﬁﬂwwG TKHVH UH
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JLIXUH S5&FKRDOCORYHPHQW &KDUDFWHULVWLFV DQG &DYLQJ %RG\ 'LVWULEX
VHTXHQFHYVY D G 'LVSODFHPHQW )LHOG 'LVWULEXWLRSMHVIEGXDHO &BDIOQJ %
'LVWULEXWLRQ LQ *RDI

$ GHWDLOHG DQDO\VLV Rl )LIXUHV PUHDYHDOV RVKUHHVSHFWLYHO\
IROORZLQJ 8SZDUG 'UDZLQJ 7KRQGIWONOMHFWVVY HVPR\DQ WKH GLVWDQFF
IORZOLQHYV IRUP D VPDOO DQJEBZDIUWGEK G LYHUWIKFD G UDZLQJ ERH
GLUHFWLRQ 7KH GLVWULEXWLRLFDWHWRWDMHBRADZDUG GUDZLQ
DV\PPHWULFDO FHOWHUHG RQFRIKH ORVNZDWIWERWSSHU FRUQHUV |
'LVSODFHPHQW LV OUNDRVMH W KRMUURDKMWURP WKH FHOQWUDO WRS SRUWL
VLGH 7KH LQIOXHQFH UDQJH RI GUDOEZHQUFDWODOIMRKADGHRQ ZDV HPSO
$IWHU GUDZLQJ DW SRUWYV FRDO DRIERYHWKIHQG JDQJXH FRQWHQ\
WRS FRDO LV PRELOL]HG DW GLWHDQRHR¥HM DBSHE B R [IDADAWVWH®RWQ ZDV XVH
P P P DQG P DKHMDIGH FPIDWKXHRI FRDO DQG JDQJXH GUDZ
UHVSHFWLYH SRUWV AKH VKRZ&XDUY BERIMD XPVOWKHQ XVHG WR GHWI
WKDW FRDO ORVV LV PDLQO\ FREFRYWWU\DGU N @O KFHR QWZIRQW |IRU
XSSHU FRUQHUV RI WKH SLOODW HIIXKH FIRDTOKHVUBUX WM DWH SUHVHC
I[URP WKH FHQWUDO WRS SRUWLRQVXRHQZODGLWD 2WRBE VXSSRUW QXP|
,Q FRQWUDVW WKH GLVSODFHPBQWH IO REZ® LHQOHAK DUHHT XOHHPARHD A\ VXSS R U
SHUSHQGLFXODU WR WKH GUDZURP ERWWRPKWRRWREBDAU XSZDUG GL
GLVSODFHPHQW LV VLJQLILFDQWARSOMR \E RWKW RPLIGUN SAANZ BDQEXE BN Z
GUDZLQJ 7KH UDQJH RI LQIOXH@WKHD WVWKEVEUPZUQYRZSRUW QXPEHU D(
$IWHU GUDZLQJ DW SRUWYV WR WKBPQERUUMAW VXSSRUW ORFDWLR
DGYDQFH PRELOL]DWLRQ GLVWD/XXPHPODWUWRH WKH NH\ SHUIRUPDQFH LQ
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JLIXUHEORXG 0DSV DQG %DU &KDUWV RI &DYLQJ 5HVXOWYV IRU 'LITHUHQW 'UD
F G &RDO PDVV GUDZQ IURP HDFK SRUW

7TDEOGWDWLVWLFV RI SHFRYHU\ 5DWH DQG *DQJXH OL[LQJ 5DWLR IRU 'LII

&RDO GUDZLQJFRDO SLORWDO PDVWWZLQJ $PRXQW RI JDQUBHLQJ *DQJIXH
VHTXHQFH WRWDO PDADWLQJ NBDVV NJ PLIHG NJ UDWLR FRQWHQW

8SZDUG &RDO GUDZLQJ
'RZQzDUG &RDO
GUD

$V VKRZQ LQ )LJXUH DQG 7DEOH DQ® XBEREKY WKH JDQJXH FRQW
GUDZLQJ WKHUH LV OHVV UH YV LGXDHG FRRQ® Q HRWQL GKOHD FIRDAD GLVWULE)
VLGHV EXW D VLJQLILFDQW DHARX®WDQHREBLEORQWURMKHGRZQZDUG G
FHQWUDO XSSHU UHJLRQ 7KH PVKX®GHUH\RLG PHWKRBODIRHLOO VHUYH
DUH DERYH GUDZLQJ SRUWV VXEVHDQHQW RSWLPL]DWLRQ VWXGLH"
GRZQZDUGJGWPRIMH UHVLGXDO FRDO UHPDLQV RQ
WKH VLGHV Rl WKH SLOODU ZKLOH WRW IFRLQ W& DBH X SB® (R UARDRQG UD Z|
LV PRUH HIIHFWLYHO\ UHFRYHUBGGWKH PDLQ UHVLGXDO
FRDO JRQHV DUH DERYH SRUWYV W
7KH YROXPH RI D VLQJOH GUDZ gkw,

Q

: K Q?cg(R QZRUG GUDZLQJ
IROORZV [5MWRMHIDY D VKDUS Lg Ke LV VWXGL IXUWKH
| H W ZLGWK
GXULQJ WKH VHFRQG GUDZ UHD 15 %’%i LRO UHV)
WKH DYHUDJH YROXPH $IWHU 5 e . vV TKHVH L3
YROXPH IOXFWXDWHV EXW UHP G \e#UV &L H ONK H) L
JURP DQ HIILFLHQF\ DQG JDQJXH lﬁ) ENTRVATRS IYUHY B H
XSZDUG GUDZLQJFBBLHMHRYHU%\}V
wrk o S R Wy Ut XWLRQ RI UHVLGXDO FRDO LC
'RZQZDUG GUDZLQJ LQFUHDVHYV WKH UHFRYHU\ UDWH WR
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J)LIXUH&RDO DQG URFN PRYHPHQW FKDUDFWHULVWLFV DQG GLVKWILEXWLRQ F
D GLVSODFHPHQW )LHOB 'BRDWULIQEXWREQ&KDUBFWIHBHWWGKYWO &RDO 'LVWUL
LQ *RDI

$Q DQDO\VLV RI )LIXUHV WKRRZX/P W EDWZ @/ Ki®§ HDFK VWDJH VKRZ)
GLVSODFHPHQW ILHOG SDWWHUGEH¥ FRRIDWLLOYWWQWQR U T&H INWHDQW FRQ
SRUW ZLGWKV XQGHU WKH GIRYEZDRIGN VGLBIDIGM WKH KLIKHVW WR)
VHTXHQFH 7KH GLVSODFHPHQWDUIBREDMXH OMUW ILYH SRUWYV \LH
DSSUR[LPDWHO\ SHUSHQGLFXOD®ELWRUWEXWELRDZRQ U KBRIUGKBIOY FRDO L
2Q0\ GXULQJ WKH QI QW/OD JIIHWH GGRIMIDR ILFDQW O\ ZLWK SRUW ZLGWK  :
ORFDO ]RQH Rl LQFUHDVHG GMKSDBRNWHQMV LIBXDHDBRPFREILQ WK F
FDXVHG E\ SDUWLFOH LQIORZ |IURPHWIRIDIXSSHWHKLDKW RR ZLGWK WK
WKH SLOODU +RZHYHU WKHUH LWUWHDLMAXDRQ | LFRODQON IGL IUHRXH®@ BN EDODQ|
LQ WKH DGYDQFH PRELOLABWQR @ SISBIGIW R QUALKKSWHREBUQH UV ‘LWK D
SDUWLFOHV P 3REMQILBW IS BUWMWK GWKH PRVW UHVLGXDBWRDO L

DQG FRDWRSDUWLFOFRURHWH

PRELOL]HG DW GLVWDQFHV RI DSSARRTXDIMHON WKR HIIHFW RI SRUW Z|

P P DQG P DKHDG RI WKHSIHHMBRHPWQFH SIRQGWNHULFDO VWXG\ Z|
P 3RUW LGWK $IWHU GUDZLYXBDWRDPROUWHFRYHU\ UDWH DQG JDQJX
DQG SDUWLFOHV L IAHWUHOFREQGL]I|H® BWWN ZLGWKV ,W VKRXOG E

Rl DSSUR[LPDWHO\ P P QPPEHIGRI RPUDZLQJ SRUWYV GLIIHUV E

DKHDG 7KH RYHUDOO UHVXOWYV WHKHRZDIWIKAH D WP SUIGQWK S/R XODWLRQ K

ZLGHU SRUW FUHDWHY D ODUZKUOBYWKBJH PRDIHGVRK KDV JLIXUF

LOQOIOXHQFH RQ WKH WRS FRDO GKORRG GUDZUDPBPYVY RI WKH GUDZQ FRDO
%DVHG RQ DQ DQDO\WVLV RI WKBHFRYIHUHBRIGR?KHDIBAHK SRUW IRU ERW

WKH GUDZLQJ SURFHVYV ZDV GLYUGRBYIHON DD QW DDHM RH FREWHQW IRU
SRUWV W ZDV IRXQG WKDW NUPPDOUPFROBROHLGWKY WKH
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JLIXUHEORXG GLDJUDP DQG EDU FKDUW RI FRDO GUDZLQJ UHVXWODWPYV IRU GLIIF
F G &RDO PDVV GUDZQ IURP HDFK SRUW

7TDEOH 6WDWLVWLEFV RI 5SHFRYHU\ 5DWH DQG *DQJXH OL[LOQQLEDWLR IRU GLI|

'UDZLQJ RSHQL@RDO SLOOYRWDO PDVWDZLQJ $PRXQW RI JDQDXHQJ *DQJXH
GLPHC WRWD FDYLC PDV\ PL[HG UDWI FRQWE

F
F

'LWK D PZLGWK PRUH UHVLGXPOSRRMO ZVGOAMKIWRY VHOHFWHG D\
WKH OHIW VLGH RI WKH SLOODW XBMHPOHQWRRSW LRILL @WRMVRQ RI WKH
FRDO DUH DERYH SRUWYV SDQOGPHWHWK D
P ZLGWK PRUH UHVLGXDO FRDO LV OHIW RQ WKH ULJKW VLGH
RI WKH SLOODU 7KH PDLQ ]J]RQHV SWLG?FR.FFD(WBGV[DHQYR—I FRDO GUDZL

SRUWV  DQG 7KH SDWWHU MWSRLER
GUDZQ IURP D VLQJOH SRUW DO L>1\;U %2'\9 %ﬂ@% "3 GUDZFLHQV.
EHWZHHQ WKH WZR FDVHYV ZLW RQWHV,N@D[
YROXPH GUDZQ IURP HDFK SRUW WLDO GUDZL
7KH PD[LPXP YROXPH RFFXUV G m GL HPHOW ILHOGV IF
GUDZ  :LWR BPLGWK WKH PD[LR 7KH FDYLQJ E
YROXPH RFFXUV DW WKH WK Gi 7 %ﬁw\g HG LQ JLIXU
PD[LPXP WR PLQLPXP GUDZ YRO \fb\%%} )LJXUHV EHgégx?
,Q FRQFOXVLRQ EDVHG

K
GUDZV \LHOG DOPRVW QR FRDO g
DQDO\WLYV RI UHFRYHURWB QW D\@IGHJDQJXH FR
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JLIXUHRKDUDFWHULVWLFVY RI FRDO URFN PRYHPHQRW QG HUWN@W LEXMWALRI R
PHWKREBVGLYSODFHPHQW )LHOE 'HAWDWNWULIOQBXWREBQ&KDUPFWHBHWWGKWO &RDO
'LVWULEXWLRQ LQ *RDI

$QDO\WLV RIREQGIQEWHUYDO URXA®J 'HVSLWH WKLV URDPQ& DWLRC
'XULQJ WKH ILUVW GUDZ WKNUHAXBQW L QR WEUAHASHOHDH WLKIR)E IRFR Q \
GLIIHUHQFHV LQ GL\OX®EFHWMHEOMW KHPGBRWDO UHFRYHU\ UDWH )XUW
GUDZLQJ SRUWV VKRZ JUHDWH UF B QWA QR B HPLDASIOW BMPBI @R Z OHYHO
WKDQ YRFEHUHG SRUWV 7KH FORXREG GXDQWPWROIWLYHO\ FRPSDUH W
WKH FDYLQJ ERG\L¥FRRZVKDG H OZHVERFMLWY H Q HVR/X RIGVIL@QWBHYDO GUDZL
PDMRU D[LV IRUPLQJ DQ DQJOH WIZBBSSQR[LPHWH@WLDO GUDZLQJ D
ZLWK WKH GUDZLQJ SRUW $ VL JRRQIGPORYH G RRIQV MRKH RARWIOHUHFR Y HU\
FRDO LV GUDZQ GXULQJ WKH IERQWHOMDJRU +RRMKHWPHWKRGY )LU\
GXULQJ WKH VHFRQG GUDZ WK HRISGIUDHVIVQR | SUWRRFFIHEB@®EB\D URHU G+ E R HG:
OLPLWV WKH UHFRYSIDUW R IRWRKB DPBRKQT ,QWHUYDO 'UDZLQJ 7KLV P
FRDO 7KLV UHVXOWV LQ D VXEVWDQWLDW RERBAQ WWRIHIQH HLYGDQDVWO  V H T X
FRDO LQ WKH PLGGOH VHFWIERQL®Y DMKBERBWOODWKHQ SURFHHGYV
$GGLWLRQDOO\ MXAEHUWEH SREBRQ $IWIQXMEHURGGRUWY DUH GUL
FRPSOHWH GUDZLQJ WKH WRS $BRPHDE RFYRHQ W KGI XPHYREH WIMKEW SR HY H
QXPEHUHG SRUWV LV GLIILFXOW WR UHFRYHUHMIFERREQREH BHTXHQWLDO

,Q FRQWUDVWRXQRE LIQQUIBDBYDO GWDZILMU WKHY PHWKRGURXGHI D 3V
WZBRRXQG VHTXHQWLDO GUDZLQIRGWREOMNRXVH[KESUWNFK 7KH ILUVW
GLIIHUHQW FKDUDFWHULVWLFV DURFHHEMWMTXKQMLD OWKHWKURXJK L
VHFRQG URXQG RI GUDZLQJ WKHRXGEIROGBRZDQYH WEHKHROORZV WK
GLVSODFHPHQW ILHOG LV OHV\RUSGHU RMXKQMF IFFO/R KB VGK IR I&WDZQ FRDO
EHFDXVHUVKH URXQG RI GUDZLQWKHKDVRIOOHPIBYY UHFRYHUHG IURP H
FDXVHG URRI FDYLQJ 7KH UHVXO® ) RIXPIHW X@KHRW RMDIDMHQHFRYHU\ DC
URRI JDQJXH DQG XQUHFRYHUH® UFRDPK PHHWWKWRLGF WY HWKHP PDUL]HG L ¢
DPRXQW RI FRDO WKDW FDQ EH GUDZQ LQ WKH VHFRQG
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JLIXUHRORXG GLDJUDP DQG EDU FKDUW RI FRDO GUDZLQJ UHVXOWYV IRU GLI
&ORXG GLDJUDP F G &RDO PDVV GUDZQ IURP HDFK SRUW

7DEOH 6WDWLVWLFV RI 5SHFRYHU\ 5DWH DQG *DQJXH OL[LQJ 5DWLR IRU

= SLOGDDO PDVUDZLQJ SPRXQW RI JDQDXHQJ *DQJXH
&RDO GUDZLQJ RIINRRS PDADYLQJ NPDVV NJ PL[HG NJ UDWLR FROWHQW

6LQXXHMHO LOQWHUYDO

FRDO C

6HTXHQWLDO FRDO GUDZLQJ
ZLWK WZ

YURP WKH UHVLGXDO FRDO DQDO\VIRM WK<HH \WPRW® QROHRPSDULVRQ ZlI
RI ORVW FRDQJR®QGKHQWLIQUOBIO PRINKR & HDIWHH QWLDO GUDZLQJ VKRZV
DERYH SRUWV DQG $ UFRRDAEZLR | OMK WORDWWKRU RSISHRI WKH S
FKDUW LQ )LIJXUH VKRZV D VLJOQKHURDRWHL PEEQ O\DKHF WHBRQG URXQG
WKH GUDZLQJ YROXPH IRU WKLWR®KWHKR G HF RIS W URPG DUH W
LQWHBUMIXOUHFRYHUV D ODUJH SRUMBEHR/@Q/ RI7TMHKH RBOOUHBRXBG\ UDWF
DFFRXQWLQJ IRU RI WKH WRWYKQWKBOVEBEBRRIGQJ UHDFKHYV
LQWHUYDO GUDZ \LHOGV D PXFKREWBQMU RROXPH 7HKHYV UHFRYHU\
FRDO UHFRYHU\ IRU WKLV PHWKRGQUMLFDQWDLWKLDKHU WRKQG WKDW
JDQJXH FRQWHQW RI 7KLVLOQMARIWDLO GDWAH QY DQG WKH JDQJX
ORZHU WKDQ WLKDMR MR GWKHIT X HEFOLRD 7KLV PHWKRG DFKLHYHV D
PHWKRG LQGLFDWLQJ WKDW ZEH®EZHHQVHKYDIO GWPRYBU\" DQG 30
FRQWUROV JDQJXH FRQWHQW ERQWBYR OLPLWV RYHUDOO
UHVRXUFH UHFRYHU\ %DVHG RQGRPRMOMRQDO FRPSDULVI

,Q FRQWUDVW WKH UHYRGQGOGEBRROQUQ WHRHN HQFRI SRUW ZLGWK
VHTXHQWLDO GUDZLQJ PHWKRG RNMWOR® O WKRIQFRINDY BDWIHGR SSURFHV V
DERYH SRUWV DQG $ PXFKGHWHHPLIRIGWWRQER FKRRVLQJ WKH
WKH WRS FRDO IURP WKH PLG G OGIUDHEW L RQHRX MXFHSZOWR ULFRDO GL
UHFRYHUHG 7KH GUDZLQJ YRIOXWHK RLV BUORMRGGWEWRIX® GUDZLQJ
FRQFHQWUWDMHEW QRKQG ZKLFKDDFRRKHQWRSWIPDO FRDO GUDZLQJ
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FRPELQDWLRQ RI SDUDPHWHUV 9%DP¥XHB YRIY WHKHFRRDMOLPDM.® WRISRFHV
UHFRYHU\ UDWH RI DQG D JRQWXH F VQWXIBQVEDRT FRQGXFWHG RQ
'KLOH WKLV RSWLPL]HG S WR¥FGHWWBHMWVGMWKRHULEXWLRQ IRU W]
HQJLQHHULQJ UHTXLUHPHQWVZRUMNKI®J OQXPHWLFIKMH FKDQJHV LQ
VLPXODWLRQ VKRZV WKDW D VGI@EQBFPIQRH @W RXQQWKRIURRI DERYH E
UHVLGXDO FRDO UMPZR GRUQ@HW KHIMBSPRQLWRUHG DQGXUH VKRZ WKH
RI WKH SLOODU 7KLV LVVXH FRKDGJHW G®GELUHVWHKE B\UVW URXQG F
DFFHSWLQJ D KLJKHU JDQJXH FRQWHQW WRGAQHFRMHYUWHKH E DQG G
FRUQHU FRDO OHWKRGV VXFK W¥XHPROMNQLBOHGXUDRRQUQVKH VHFRQG UF
F\FOHV DW WKH HQG SRUWV RU PWRIGL IMMPHV BRUWWRSWEKMRORXOG EH (
JDQJXH LV VHHQ  UXOH FHRIXW® & HGH \KY/GIIEF WRHQMFRXDV |JHURBG DIWHL
WRS WULDQJXODU FRDO ZHGJHWDY¥YBWHRIQURI WKHVH DQG IDFHV
PHWKRGV ZHUH QRW LQYHVWLJDENMHHIG Q @ WKL WKW XIGUVW GUDZ RI WKH

'LVFXVVLRQ

JLJIXUHHIRUPDWLRQ DQG VWUHVYV GLVWULEXWLRQ FKDUDFWHULBWLFV RI WKI
E 5RRI VWUH¥VGEKIRRIHGLVSODFHPHQW FKDQJH

JLIXUWKRZV WKDW GXULQJ WKH FIUHDV HMRXQIQRILFDQWO\ DV WKH S
GUDZLQ)J WKH FRQFHOQWUDWHGNKWHNVUMHK/'Y WEB WWK ORI UG GUDZV
GHFUHDVHY DV WKH SLOODU LV URRGXXEULGHORZIY L¥I WHWP WKH P P
WK WK WK DQG UG GUDZA UMKBHFWMLPHO\ 'XULQJ WKH VHFRQ
FRQFHQWUDWHG VWUHVV LQ WKWXBRRG HDERH H KWDIQH HHSL ©OQ /W QYW $IWH

03D 03D 03D DQG 03WKH VHFRQG URXQG WKH RNM[LPXP UR
UHVSHFWLYHO\ 7KLV VKRZV D VDSQUIRHIPQOW HBGIGXFWLRQ LQ
VWUHVV ZLWK D PD[LPXP GHFUHDWVWHDYRYHG RQ3WKHRRID/OLPDVM® WRIERFHV
HITHFWLYHO\ PLWAW DWWWYW MR KWRKH DAXSBRQUW ORDGYVY GXULQJ WKH GU
DQG UHGXFHV WKH VDIHW\ ULVNV IRBWNKRJZ RRUAH. QHUBIFBEEOVR VWXGLFE
'XULQJ WKH VHFREGHUBMWMEYPG FRBDOPLOYRQJ ZLWK D WRWDO RI VXSS
GUDZQ WKH FRQFHQWUDWHG VWUHW IX@PD LFRAFKPH@DWGEGYHDYXLQJ VXS
VWDEOH ZLWK WKH PD[LPXP YDODXHONXRRXQIQL]HWGIPLQLQJ VXSSRUWYV
7KH URRI GLVSODFHPHQW DQDOLWL VXXASKSRAIMWWWXKDMNG GXWLL@MI WKH ILUVW
WKH ILUVW URXQG RI GUDZLQJSRMKWVURRI VXEVMILGEHQFHDUH VKRZQ LC
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JLIXUH&KDQJH FXUYH RI WKH IRUFH RQ WKH K\GUDXOLF VXSSRUW F

JLIXUWKRZV WKDW GXULQJ WKHRXWYM IRRR QW) MK H RRXG® K )LQD
GUDZLQJ WKH PD[LPXP WRWDO OMIDEHRWLRRHCUDPYLOI VLIQLILFDQWO
VXSSRUWYV JUDGXDOO\ GHFUHDVHVHARWIIN 4PWE DR L v FRGMMEWD RID Q JX
$IWHU GUDZLQJ DW SRUWYV DEJ@YLQJWWH HITHBWX R WKDQ

A

PDILPXP ORDG RQ WKH VXSSRUWY U0 [STUE Bic AR Foo SurrrvY o
] .1 i j .11 j .1 DQG

.1 UHVSHFWLYHO\ $IWHU WKH ILUWQEQF ggv&w;@@“%@wK DQG
QRW FRPSOHWHO\ FDYHG VR WKH ORD& RQ WKH FDYLQJ
VHFWLRQ VXSSRUWV LV UHODWLYHUPBYHFRREQ MW RPMW pRIAHG SURFHVYV W
ORDG RQ WKH IXOO\ PHFKDQL]HG PR Q’ §S\/Rg&:§’§l A %k}%\? GXULQJ SLOC
DSSUR[LPDWHO\ LM ORDG7KY ORFD E (YROXWLRQ 7t
VLIQLILFDQ \ U GXEHG L
WKH VLGH QHDU WKH SLOODU 7K Fy& %Uéﬁ, & RQL\%(,CKHDRF\%%LMP GH
PLQLQJ VXSSRUWV LV UHODWLYHD VIWRRABweOWW I vVWUHVYV 'XUL
PD[LPXP RI RQO\ .1 7KLV DQRHEeRYGE URKQG DV RQO\ UHVLGXDO FR
VXSSRUW ORDG FKDQJHV FDQ SURMRIRG N WU HNM HBIHQIEQH GRWWDEOH DW DS
VXSSRUW VHOHFWLRQ 7KLV GHPRQVWUDWHY WKDW GUDZLQJ W
UHGXFHV URRI VWUHVY DQG DVVRFLDWt!
&RQFOXVLRQV '"HIRUPQWL/KH PD[LPXP URRI VXEVLGEH

UHDFKHG P DIWHU WKH ILUVW URXZ(
$ FRRSHUDWLYH PLQLQJ PHWKRG FZRYFOURHRYIZEWRUY WRWDO PD[LPXP

VWHHSO\ GLSSLQJ FORVHO\ VSDFh&s YRR BY WHWMK D@ DQ LQFUHDVH R|v

RYHUO\LQJ VHFWLRQ SERD® &DNE 80RY LY WR$ VHFROG URXQG 7KLV I
WHFKQLTXH WR UHFRYHU WKH SLOOW ZINHEH SRRV WK iB o LY RPN FR Q
ORZHU VHDP 1XPHULFDO VLPXODW GRQNU LRBQGXEWRIBW /RDGLQJ 7KH

WR DQRB\HHIMFW RI WKOGODRDGEZDW IHFdGv R WKH FDYLQJ DQG PLQLQJ
RQ URDGZD\ VWDELOLW\ 7KH UHVXQW¥RrLQH DMWW\C%V€VK|%H
GLVWDQFH LQFUHDVHV 1TURP P WRiygErwWRHNeAD\SuURYLGLQI D FUXFLD

VWDELOLW\ LPSURYHYV ZLWK PD\/U(E§BUVV|—\|/ \%(%'FF R DOG GHVLJ
GLVSODFHPHQW GHFUHDVLQJ DQG KRULL?R WD QbQ Q

GLVSODFHPHQW EHLOJ W GXFH®KH/LPLWDWLRQV DQG 3UDFWLFDO ,PSOLFI
URDGZD\ LV HIIHFWLYHO\ RXWVLGMW H¥FKIDRIIRIODMKR MV BHNRWPLVH IRU KL
FRQFHQWUDWLRQ ]RQH VWIURK W LWHBEBWHW\ KDIQ& VWUHVV PLWLJIJDWLRQ
HITHFWV PLQLPL]JHV WKH VXUURXQ®LPLEOWUYWQN JRWHUHIXEUHY VWULFW .
UHGXFHV WKH GLIILFXOW\ DQG FRVWXEFKVXS PRUWQOWKINEBNILRGHRQ WKLFENQHVYV
P ZDV GHWHUPL @G LVPR CE H IWKHWR-QMRURO JDQJXH FRQWHQW )XUWKHU
EHWZHHQ WKH URDGZD\ DQG WKH SYV®®PRUW VWDELOLW\ LQ VWHHSO\ GLSS
FKDOOHQJH GHPDQGLQJ UREXVW HTXLS

$ FRXSOHG)KS@XPHULFDO VLPXODWLREHBEYY7KH UHFRYHU\ RI UHVLGXDO F

XVHG WR RSWLFPRJMHO WAOH LA RSSURKEHY Mg 1x0oDU YHEWEROV RIMUKH SLOODI

SDUDPHWHUV )RU WKH GUDZLQJ VHJIxH E%W@%\é ZDYGsT WH  WKHVH - FKi
oR 5

UQFUHDVLO) WKH UHERYHUL UDWH W Ea OB Uy Rty R0 SpsoLtFowLF

F \ HV UHVRXUFH Z
JDQJIXH FRQWHADVMRRQ WKLV D S RO FDXVHG E\ OHDYLQJ
RI P ZDV IRXQG WR EH RSWLP oY 5&—5R§O UHFRYHU\ DQG PLWL

F
UHFRYHU\ UDWH DQG IDQJFMHRRYHYWYVLEOH WHFKQLFDO SDWHI



<DQW DO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

VXSSRUW IRU HIILFLHQW DQG VDI HYWHND BWHYR RADNRIQLVLEPR 0 QAN
FRPSOH[ JHRORJLFDO FRQGLWLRQV uJoQ 9RO 1R 1R
33

SHIHUHQFHYV > @QVDUL $UGHKMDQL ( $WDHL 0 6HUH
> @EGROODKL 0 6 1DMDIL 0 <DUBRDPWLRABRIKPQEHS OHWKDQH $GVRUSWLR
HW DO $ QHZ PHWKRG IRU VR RIRWAHFEDOOKDVIOV3RIRSHUWLHY DQG 3l
FKDLQ SLOODU LQ ORQJZDOO PLQLRMIOEFDWILRQ VFIRNORIMPQD QEHEI\ 6HTXHVV
JUDSKLFDORXHMPOBGRI 0LQLQJ DQG (QYLURQPHQW M HQHUJ\

> @EGROODKL O 6 1DMDIL 0O <DUDKD
> @DMDIL 0 -DODOL 6 0 G6HUHVINLHW DHOW DO $ 1HZ OHWKRG IRU 6WDEL
BUREDELOLVWLF DQDO\VLV RI VWDREILQKH\QR3LOIILY LYLRMITB O OLQLQJI E\
7DEDV FRDO PLQH LQ ,UDQ XVLQJ 0RQMIKEPL® RKUWERKXG RWDOIRQLQJ DQG (QYLUF

> @D / /LX & =KDR * BWXG\ RQ &RDO
3LOODU 6HWWLQJ DQG 6WDELOLW)\ LQ @ZQEDBUG OLQLYJI SXFEWLREGW DO
RI &ORVH 'LVWD QPHI &RINY 6HDP 5RRI 'HIRUPDWLRQ DQG )DLOXUH /DZ RI &

, &RDOQ P J %DVHG RQ 'LIJLWDO ,F
> @HQJ ) <X 0 &KDR - HWDO SHélnggkaQW[Sgclp% QFK &8V °
V EUMDNLQJ DQG IUDFWXUH GHYHORSPHOW PHEKDOLY

QXPHULFDO VKPIXPDWLRF BOUW % > @L ; 4 %DL + % 5RQJ + 5 HW D
SHVHDUFK RQ PLQLQJ IUDFWXUH RI RYHI

GLVWDQPRH IPBURFHGLD (DUWK DQG 30DQ
> @X 4 77X 0 )X % 5HVHPHRK RQ WKH

UHGLVWULEXWLRQ ODZ RI ODWHUDO PEQLQJ VWUHVV DQG WKH
EHDULQJ FKDUDFWHULVWLFVERI VHEW@KO EFRDO SKB@DU LELH[wubHW DO

WKLFEN IX0O\ PAFRDQLED® \VBRPENQLAFLOXUH GHSWK RI XSSHU FRDO VHDP GXU
DQG 9LEUDWLRO LQLQJ DQG LWV QRYHO(QHMHFWLRQ
([SORUDWLRQ ([SORLWDWLRQ
> @DMDIL 0 -DODOL 6 0 ( B6HUHVKNL
y 5RRI

3UREDELOLVWLF DQDO\VLV RI VWDE & ab W/W D

FRDO PLQH LQ LUDQ XVLQJFP)RlQ)/‘DI-OE%SW @"@g‘g& 5%3’\9% %EIHI &g;f?ﬁ SUSRV(S/X
RI OLQLQJ DQG (QYLURQPHQW ([SORLWDWLRQ WY \UHDONP

> @KDVHPL ( $WDHL 0 6KDKULDU

LQWHOOLJHQW DSSURDFK WR SUHGLE vag% XE@%O]O %Bgljﬂjéglbq%JDc\)/VHF

URRP DQG SLOODQWHRID®WLREUO -
5RFN OHFKDQLFV OLQLQJ38¥LHQFH EPO<®'W[(M?HJLIRILI
> @KDQJ - &KHQJ = J/HL 6 HW DO

> @KDVHPL ( S$WDHL 0 6KDKUL€L\{HDUFK RQ WKH /DZ Rl 7RS &RDO OR

3UHGLFWLRQ RI JOREDO VWDELOL ;E;SS(DF%?{FG)E?§§V%%§8 %Lﬁ;@{ltgi )5E

PLQEBWXUDO +D]DUGV

> @XQN\&QDGDDUL ) 2IIHL - % 6DG TXH 6 °
DO JOYHVWLJIDWLQJ WKH $s§ TXGWEf URFHHVV\V/ gDUDF
HQHUDOL]DWLRQ 7HFKQLTXH IRU BNV LOD %3

5RFN 3LOODU 6W-IRELLGLDAD vameQq_
(QYLURQPHQW DO QGH(WWFDULI@‘DELOLW\

1XPHULFDO VLPXO
> puibubD]L 9 .DULPL -DYLG +
® ] RDO FDYLQJ LQWHUYD

&

6WXG\ RI URFN SLOODU |SHUXUN V¥

MRLQW XVLQJ H[SHULPHQWDO WHYV %&ﬁé@% %§§%§BWQVQJF¥@QO WRS |

LQ WZR GLPRQWQBQ\RI 0LQLQJ DQG { 26)
> @KDQJ 4 <XH - & /LX & HW DO

> @H]DHL $ 6DUIDUD]L 9 %DE RP%";W QUKLENHFARDD VHDPYV

)DLOXUH OHFKDQLVP RI 5RFN W ek g K@XXP HOHPHQW P
7ZR (GJH 1RWFKHV ([SHULPHQWDO’ Q%V(‘é'- QDO RI 5SREN OHFK
6LPXODWXBQDO RI 0LQLQJ DQG (QY

& =KDQJ - : /L = [ $
v

> @UGHKMDOL ( $ $WDHL Y RN Ky \\%W,H RU FDYLQJ PHFKDQLV
(IDPLQLQJ WKH LPSDFW RI %%? '-\5a EGBYHQJ WRRLQJ
W B 8 BA Wh 3B P FK

WKH VWDELOLW\ DQDO\VLV RI FRD %L
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6FLHQFHYV PHFKDQLVPV RIFRPRRVH) VORBRRDOO WRS

> @L : - <DQJ 6 / /L 0 HW DOFDYLQééFw.LQdéEQ{ EDVHG RQ VWRFKDVWLF

PHFKDQLVPV IRU WRS FRDO DQG JD%%%@L gFNYS l'bgggQJﬂO\P HRVFLHQFHYV
WRS FRDO FDYLQJ /7W&LENWRFD® H[WU

OHFKDQLFV DQG 5RFN (QJLQHHULQJ> @XQ 4 *DR - / <DQJ ) HW DO

> @DOJ 6 / HL : - <DQJ / H @HUFDWLYI\-I/ PLQVLQJ WH;K&(QR)&EJ\DFDRQDGO

7KHRUHWLFDO LQYHVWLJDWLRQ D g Fg@@%@_ @IESFE SRy

GHYHORSPHQW DW WKH HQG DUHD ORO 7D wk O FDYLQJ

/7&& SDQ@ROBXWDWLRQDO 3DUWLBOKDQHFKDQHMEY: =KDQJ - (IHTHFW |
VL]H GLVWULEXWLRQ RI JUDQXODU WRS

> @XR < =KX ' :DOJ = Hw THHKDQLVP t@DQZ@DU 0DWWHU

1XPHULFDO ,QYHVWLJDWLRQ RI 7TRS>R®KDQPDZLOJ (FROXWIKRQHL : - HW DO
LQ /RQJZDOO 7RS &RDO &DYLQJ E\(VSKH LEPRIXBOPG PLAE WHXPHULFDO LQYHVV
"LITHUHQFH' IOURUKRNMGH (OHRQAIWILHWIGRI® ZLQJ IURP WKLFEN VWHHS VHDP ZLWK

FDYLQJ PLUDMEIIDQ -RXUQDO RI *HRVFLHQF

> @KX &KHQ = ‘X HwW DO &DYLQJ
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