-RXUQDO RI 0LQLQJ DQGIRXYLURDPHQW

-RXUQIL@LQJ DQG (QYLUR //,‘
6KDKURRG 80Q -RXUQDO KREHSDIH o'tJQDLQQLJD(QQﬁlF_QSI:ﬂVL\Jll\_QR;:

7HFKQROR 560(

$VVHVVPHQW RI 'LQERKEWGCQYHWEHM DN E\ 7XQQH
$GYDQFHPHQW XVLQJ 'LVFUHS&DH HUDWWE U H @ B v/UZ
7XQQHO ,UDQ

ORKDPPDG#PMODPRKDBRD®IDED % DKRKDDEPRIDE. +KRWHIB® NV WDQ G\RRVHIL

6FKRRO Rl OLQLQJ (QJLQHHULQJ &ROOHJH RI (QJLQHHULQJ 8QLYHUVLW\ RlI 7HKUDQ 7HKUDQ ,U
'"HSDUWPHQW RI OLQLQJ (QJLQHHULQJ )DFXOW\ RI (QJLQHHULQJ 8QLYHUVLW\ RI %LUMDQG %LU
*HRWHFKQLFDO (QJLQHHULQJ 'HSDUWPHQW *HQHUDO OHFKDQLFV &R 7HKUDQ ,UDQ
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S HEHLYHE HP EH U 'LVFRQWLQXLWLHV DUH NQRZQ DV D SULPDU\ IDFWRU
SHEHLYHG Lo sHYLvHOX K@GHUJURXQG H[FDYDWLRQV 7R SUHYHQW SRWHQWLD
JHEUXDU\ XQGHUJURXQG DGYDQFHPHQW LW LV HVVHQWLDO WR SUFR
$FFHSWHSWLO WKH JHRPHWULFDO BRGUPHMKHDUQIMWLFYV RI GLVFRQWLQXLYV
3IXEOLVKHG ®aiQH  1HWZRUN ')1 LV D FRQFHSWXDO PRGHO WR UHSUHVHQW |
RI GLVFRQWLQXLWLHV ZLWKLQ WKH URFN PDVV &RPELQHC
PHWKRGV FDQ EH H P SIOR WRER D VWR \DFRBIQWH JHQHUDWHG LU
WKHLU VWDELOLWLHV XQGHU GLIIHUHQW ORDGLQJ FRQGL\

2, MPH FUHDWHG RYHUEUHDN E\ WXQQHO DGYDQFHPHQW LQ WKH .
.H\ZRUGYV 1RUWK IUHHZD\ LQ ,BB® UMRDWNFRDKID BWRIULVWLFV RI GLV
VXUYH\HG E\ WXQQHO DGYDQFHPHQW LQ PHWHUV )RXU

(LVFUHWH TUDFWXUH Q*é"éﬁzﬁ‘éH ZHUH LGHQWLILHG DQG WKHLU VWDWLVWLFDO FKE
7XQQHO DGYDQFHPHQWPRGHO ZDV JHQHUDWHGQ ¥ B GWIW D WIBG LVGK WR XZIIXVDL FRP SD U
5VHUEUHDN ILHOG GDWD 7KH DYHUDJH YROXPH Rl JHQHUDWHG EORFN
7KH VWDELOLW\ Rl JHQHUDWHG EORFNV DURXQG V

LQHPDWLF VWDELOLW‘HD\PBB‘%bWVHG 7KH YROXPH R |8 URH & K RENKRGHIROX § GRWY M
$OERU] WXQQHO LQVWDELOLW\ GXH WR VWDWLF RU G\QDPLF ORDGV ZDV HV
RYHUEUHDN LQ ILHOG ZDV P 7KH GHSWK RI RYHUEUH

JRRG DJUHHPHQW ZLWK ILHOG PHDVXUHPHR®@WINO 7KH UH

FRPELQHG ZLWK NLQHPDWLF VWDELOLW\ DQDO\VLV FDQ SL

JHRORJLFDO RYHUEUHDN LQ XQGHUJURXQG H[FDYDWLRQYV

,QWURGXFWLRQ

5RFN PDVV LV NQRZQ DV D FRAKGINHJHRMRBWMHWILIHY LQFOXGH RULH
GXH WR LWV KHWHURJHQRXV DQRX DQQNRW URBQFW® D BKWWLYVWHQFH
5RFN HQJLQHHUV DUH FRPPRQONBBOWRXGWMHHUEBL2DWKRQ 7KH RULHC
VHYHUDO FKDOOHQJLQJ TXHVWDRYR DQF WKKAKIGHNIDIG WD HV WKH SR
VWUXFWXUHV ZLWKLQ WKH URFRREFBPWQWD RLRXWRBPNOPOMNV DQG WKH
PRGHV PD\ RRFXNUPDYW ZKLFK GHRIOXEHR A& XQVWDBOH PDWHULDO
QXPHURXV IDFWRUV VXFK DV LWRQYMRPHRMKIRL FPIOWXQQHOV ZLWK
FKDUDFWHULVWLFV VWUHVV VWBDWY HW RX RGEBW HOF FROSL@LLHR® E\ FK
DQG H[FDYDWLRO@GLFARYUWR@KXRWHBWEUHDN ZKLFK UHIHUV WR WKH
SOD\ D FUXFLDO UROH LQ WKH VRDWHQUIMDIO DEHS RGHE RURB WIORMHQGHG W
Rl WKH URFNO@BR¥N EBKDXDRWU RYHUERIHDNPSDFW XQGHUJURXQG FR(
GLIIHUHQW VWUHVV VWDWHV DQBLWKU D QG UFHRINGH.GV LFRRQAWG R 8 HVQXGB\B R U W
RQ WKH QDWXUH DQG SURSH UWIGMD RF HB®MORR DYKEQUF BRVWU X FWLR Q

E &RUUHVSRQGEEIDHERPW&ERBUQLAXMWKDP GGLQL
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PDLQWHQDQFH FRVW DQG SRVWHRKQLFDWH R YWHH S B.IMNQEODHMD W H G
WKURXJK XQILOOHG YRLGY¥@W WHMLOQQDRQG H{MHFXWRRQ 2YHUEUHDN
2YHUEUHDN QRW RQO\ LQFUHDWRO XR®@VYBRFNFWDRY ARADNDOWHG EH\R
DQG WELPM DOVR SRVHV VLJIQLILEBQMW QH&NW SHFIWKFDWLRQV  ZKLO|
VWDELOLW\ DQG VDIHW\ RI WKH WHKSQH\DOH GWN RFAFK WRHFQFHURROIXPH OHIV
RYHUEUHDN LV FORVHO\ OL QN HBXQHRO WKID BH HYKID FIR UPGI&®I VFHQDUL]
FKDUDFWHULVWLFV Rl GLVFRQWU®XXW QMO \Z LWHKERQ W HIBEEORIMKW H U
PDVVLVFRQWLQXLWLHV DFW DV B[FDYBDW RR@HDNGHWMWLOO ZLGHO\ X
LQIOXHQFLQJ VWUHWDWGUHOLOYWIMEXWLR® DQG KDUG URFN WXQQHO
PHFKDQLVPV GXULQJ WX@QHO DEGWDQRHPHI@W ORZ FRVWV DQG VLP!
7KH SUHGLFWLRQ RI RYHUEUHDRS®XPHR®BMDRIWL ROKLY PHWKRG K
LV D FKDOOHQJLQJ WDVN LQ WXIKHHGIQM) & LDVP& YIDL@W QJH RI GDPDJL
SURMHFWVY $V VFKHPDWLFDOO\ WKRN QP DY V)L DXIRK Q GWWKH H[FDYDWH
RYHUEUHDN FDQ EH GLYLGHG L QS\RRV WIZERO P DELH)Y A DR B BRGMHER X E@HDWIW H
QDPHO\ JHRORJLFDO RYHUEURDMNLWEBXVHG E\
JHRPHFKDQLFIRO WHCHN X RFEWN PDVV DQG

Geological
Overbreak \

Joint Sets

Designed Boundary of Excavation

Real Boundary of Excavation

Technical
Overbreak

Underbreak

>

JLIXUBFKHPDWLF LOOXVWUDWLRQ RI WKH WKHRUHWLFDO DQGGRFWWXDO WXQC
RYHUEUHDN

7KH JHRORJLFDO RYHUEUHDNVRF@R®H CEHQ GIDADGMHY WKH DOORZDE!
DYRLGHG DQG LW PD\ EH SUHG EFWHG HEQ MWIKYHHEWYID® ID@QIG DFWXDO H
WKH URFN PDVV FKDUDFWHULWW®LFV +RZHYHU WKH
WHFEKQLFDO RYHUEUHDN FDQ EH FRQWW.WPR GGG @ X DEHRE WRIQIVWXGLHV
DSSURSULDWH EODVWLQJ>RA H[KDGHWMRONMHAKRLEMMMORS DQ DQDC
7KH SUHFLVH SUHGLFWLRQ RI RWNWWEWPHMAL RIQWR R W ) R WHKBEUHDN 01
DVVRFLDWHG WHFKQLFDO DQG SIBRORVPHE LPSDPWVODUIHFDO DSSURI
FKDOOHQJLQJ LQ KDUG URFN W XIM@MHO/VILED B WRKIHFWROGV Rl WKH JH
7KH DGGLWLRQDO FRVWV DVVREMXNVEB G IZLAK RE HREQRADSR Q LIQGGIH W K H
RIWHQ EHFRPH D FRPPRQ VXEBEVMOMAWWILQGWVSXOWAHDLQ URFN PDVV FK
EHWZHHQ FOLHQWYVY DQG FRQVWBSURDFE ER PB5DWBILEPFREMQRGD @ R P L
WXQQHOOLQJ SURMHFWV FHUWDU®LBWIXPODWMLRQWLWURI URFN ZI
FRPPRQO\ LPSOHPHQWHG WR HY®IWXIDPHAV MUK IR IHWRB RAEDYDWLRQ FDOF
LPSDFW RI WKH RSWVHIWEU WIRN G DWYRALIQA K HVKWUHVV ILHOG DURXQG D FL
EHWZHHQ JHRORJLFDO RYHUE U HIN VRWILEDICFON FIRWMUF &H@LXP O0RKI
E\ WKH FOLHQW DQG WHFKQLRAMQHRBYWREGHWMUMRIQYMQKH HIITHFW F
DWWULEXWHG WR WKH FRQVRVMUXKMHLROWHERARMQ GDPDJH JRQH DE
&RQVWUXFWLRQ WROHUDQFH LVRDHEZBUDXB\ WRERPSBHH®DWXUH RI
EHWZHHQ WKH GHVLJQ DQG H[FDQY 0 VDVR/@ FLKODWVHHIE GLKILEFXOWLHV LQ D
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RI WKH URFN PDVV WKHVH VWX®WHUBUHDMNMUWRZAYWHG D®BGLHZ RI V
UDUHO\ FDQ GHVFULEH WKH UHDROWPH®D WIKRZY WKDW WKH DVVHVVPH
7KH FRPPRQ DSSURDFKHV WR DL\QGWAH® RRMHEEHBBNNKDY EHHQ UHPD
UHO\ RQ HPSLULFDO PHWKRGVLQP BIFSLQHFDEDWXPRHULFDO DQG PD
WHFKQLTXHV FEDVFR®WX@XXYRFDWRRKBEBONVXHY GXH WR DVVRFLDWHG
ZKLFK RIWHQ RYHUVLPSOLI\ WKSURRRSQB [ WB NRHORBWHKDO PRGHO
IUDFWXUHG URFN PDVVHV 7KHVH ,HWHRQMWP HDIDVY. OWNKRY 'LVFUHWH )1
FDSWXUH WKHQWBWMAWDRGY LEHWRBEQRDFK KDV HPHUJHG DV D SRZ
GLVFRQWLQXLWLHY DQG WKHLU H PSSDLAFPL VR@\ WRISNJ EYK Q WILR)XUWKH JHR
GXULQJ H[FO& DWLRQ DQG FRQQHFWLYLW\ RI GLVFRQWLQXL
6LQJK DQG>;@F\LKXQGHUWDNLQ%%\VPIQFRUSRUDWLQJ VWRFKDVWLF R
VFDOH EODVWLQJ LQ SK\WLFDO RBDFAWRBOGSWLKN DYV HFRGKWOIV SURYL
WKH DVVRFLDWHG EODVW GDPDUHD®LYKQAIFIKNWEGHWHQWDWKIRQ RI1 WK
LPSURSHU EODVW GHVLJQ FDQ GOWPQUHG PQHUEYEDARIGOERAYRPHQTL
GUDQBODVW WXQQHOOCL@IVLRDOVOEKHIW R¥ HUBUHDN
QXPHULFDO )LQLWH (OHPHQW OHWXIRGLV) (0D WEKRBEGVRRQDO JHRPHW
HVWLPDWH WKH HIIHFW RI EODVWHSDWWHU\DRWZ BXFBPRD HUREQ@WRD V V
SRYMLOXUH ]JRQH RFFXUUHG DURRDOBGWWH 'DL \PRGHKOOLQJ KDV IRXQG I
$UGDELO UDLOZD\ WXQQHO +RZRHYBIYSODEIDMRNKQHWQ DPLQLQJ DQG FL
> @GGHFODUHG WKDW WKH PHFKDGURIMHIFWYYDWUN®RZREM® EDQG +HUG
QRW HOLPLQDWH RYHUEUHDN EKRWQ WIKGHWY QUW W KFHD X\LIQY. WWR VL]H RI
PDFKURAN LQWHUDFWLRQ LVVXH¥HYHORSHG D ' VWRFKDVWLF VLPXOD
,QQDXUDWR@GMWG DEFKPLW]@HW DHOQHUDWH D ')1 PRGH@ UGWRRE]H® DC
DWWHPSWHG WR FRUUHODWH W/HKH X\RHFNRIPPIVPRTGXD®LWI LQ VWDEL:
TXDQWLILHG LQ WHUPV RI 5RFNWM\O\L BIDMLWURBGY5RI WXQQHO PDSSLQ
DQG 5RFN 4XDOLW\ 'HVLIJQDWLR®Q5#' VKOGH[HRI DQIFWXUH LQVLGH W
WKH RYHUEUHDN YROXPH PHDVXDB®LEHREGISREAXDBKG ')1 PRGHOV YD
VXUYH\V 'H\ DQS @BHMHWIORSHGEMVHG RQ GDWD DFTXLVLWLRQ ZKLFK
FRPSRVLWB GXFHBGWURFN GDPDJHDDULEGDFWLIRH DQG YDOBG@ADWLRQ  (
PRGH®QVLGHULQJ URFN PDVV SDYDRMWBDWHGOWMKMW DELOLW\ RI WKI
GHVLJQ SDUDEBWHUBORVLYH HWWBURBWLRQ RI WKH HTXLYDOHQW UF
SDUDPHWHUN WKHLU PRGHO ZDVRAD FIREADWLKX XRWKRGHOOLQJ DQG VK
ODERUDWRU\ DQG ILHOG LQYHV\WBESW\RDR®A\VF D LIPS HRVKQQKOBUHGLF\
*RQJ HW @ISSOLHG D VWDWLYVWPLHPKD @ISR DA XODWLRQV DQG WK
EDVHG RQ WKH %D\HV GLVFULPDYNQMO MQDLOL ¥ DRVULARRLLY M@ BV
SUHGLFWLRQ RI RYHUEUHDN D®HYHWBSFEG\HF U DDIPGEREW )1 W R
IDFWRUV  (LJKW SDUDPHWHU\VGHWRUAEXG IGDIPDIRX JRQHW OLBRXQG V
RULHQWDWLRQ SDUDPHWHUV RII KGN RNEERIRYDL.CGWGMRLUGBMOLQHV |
VHWV GLS DQG GLS GLUMFAMRLRTQX DRYWNM R/IDQWE. YWWH @NVFULSWLRQ RI GL
RULHQWDWLRQ SDUDPHWHUV RIXWHH QH[FIDFNR®H Q QL@ PISIRRIQGHW D O
GLS DQG GLS GLUHFWLRQ WKH)H[MR®EHNQ B RQD QUERV % IV KEH JMWXHHG VW U X
Rl GLVFRQWLQXLWLHV ZHUH DGREW HE® RFWVIHRRFAK UL\ ZHGJHV FU
SDUDPHWHUV LQIOKFQFDWIL RXHi PFFDWWDWWLRQV 7KH\ GHFODUHG WKDW
DQG 7RS®@MWULHG WR SUHGLFW RYHREQGDWRXVHYLHZ WKH SURFHVV F
$11 OLQHDU DQG QRQOLQHDU EROOHVFWLRDV | EHWAHPRIGE HHED LD
JHRPHFKDQLFDO FKDUDFWHULVVBIHWHBREHG4D FRXBABEO)WR DVVHVV
MRLQW VSDFLQJ RULHQWDWLRQWKHS WVRDR BMO ERQ GRIWY RYVR ZWWK\V W H |
WKH PHDVXUHGDBIHUEMQ® @DUMWKXQQHO DW WKH 5XGBD]LLURUHVWDDQ G
WULHG WR VLPXODWH WKH WK H >H@EFLDQNDAWIRLY DOMIRPYD J WV KRIQHH I THFW R
DURXQG WXQQHO ERXQGDU\ DSDGDRWWHRDBHBY L DWBQW MRLQWV |
RYHUEUHDN GHSWK E\ WKH UFRMHFKDWUAROWKHKDFWRXU RI WKH URF
ORWWDKHGEMNWQYGIVWLIDWLQJ FREBEMWIHGI WY DD HAL *KDOLQL HW
IURP GULOO DQG EODVW WXQQH@NP SQRHWHE WR GCHRGHDRL QJ DSSUF
DGDSWLYKMIQRHXQURUHQFH V\VWHPHDN @G PSDUMLIWRHE QRFN VL]H GLVWULE
VZDUP RSWLPL]DWLRQ PRGHO DWROWAL\GUPDRFM BORHEFNYV [UDJPHQWDYV
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OHDVXUHPHQW RI WKH URFNGPHADMYH WEKEFMWXEID®I] RQ WKH PRGHO
SURSHUWLHV LV QRGAPHQ@VLEQHRDAU WXKOUHHRU JHRPHFKD QLF®IO VW XG
WKHVH SURSHUWLHY DUH FRPPRXQQL PROVOUIHNG FRRBRRDK DFKLHYHG E
VXUIDFH H[SRVXUHV RU OLQHDUWKAU GCHWHFMWHRQWDRDQ®BQPF LW\ DQG S
SURFHVV LQ JHQHUDWLRQ RI DI1YyDFRAHDO WONYRHOW ZYWK WKH PHDVXI
GHILQUOQFWXUH SURSHUWLHYV ZXWRK KDUHVIORWISGUIRDFK RIITHUV WKH
7TDEOH 7KH SULPDU\ SURSHWHDIWIVQJILQBBRGHVWLF JHRPHWULF
JHRPHWULFDO SDUDPHWHUV |IRWG UYRRQYBUVNQRIOVRHD ')1
PRGHO ZKLOH WKH VHFRQGDU\ SURSHUWLHY PD\ DOVR EH

7TDEOH 3ULPDU\ DQG VHFRQGDU\ SURSHU®WLHYV IRU GHILQLQJ D ")

3ULPDU\ 6HFRQGDU\
2ULHQWDWLF $SHUWXUH
JUDFWXUH OHQ JUDFWXUH VKHDU
JUDFWXUH LQWH JUDFWXUH VWL
6SDWLDO YDULDWLEFK JUDFWXUH WUDQVP

6WRUDWLYL"
THUPLQDWLR

7KLV ZRUN DLPV WR VWXG\E®XAFN LIUFMFHGIUH\ DQGHVLWH JU
JHRPHFKDQLFDO RYHUEUHDN D@KQGULWHKH OLPHVWRQGHO OLHE V@ C
PRGHOOLQJ IRU WKH $OERU] W XDIEEYV R RPYWWIGREZQ \LIQF WLIKQ H 7KH
., RI 7HKRWDWK IUHHZD\ LQ ,PB@KREKHEDYV FRQWUROOHG EODVWLQJ
JHRPHWULFDO FKDUDFWHULVWL¥MMRIUEGXUDRQM EQXDWILRY IRIUWRS SD
P RI WKLV WXQQHO ZHKHHH WXKHNHLQ&WICOMLRQ RI SULPDU\ V
VWDWLVWLFDO GLVWULEXWLRQ H{EPWRWQRQRI WKH RHOQFKWBHWWREGQ
DQG WKH WUDFH OHQJWK ZHUH G&WWKLPL QHE HDKHF K UDRADMWHG DW
LQWHQVLW\ ZDV PHDVXUHG E\URKN KW KIHR UMKXPIQIPOHQWUDQFH RI W
DGYDQFHPHQW LQ WKH VWXGLHG JRQH 7KHQ WKH ')1
PRGHO ZDV JHQHUDWHG IRU WKH ,QWWE&HH & W)XGILH G QGUHWDY WXQQHO
YDOLGDW\ H¥DOXDWHG EDVHG WHGLWHEWDWOGBRFNV Rl WKH 6KHPVEF
PHDVXUHPHQW %\ XQGHUWDNL QZKB BIH QMR VOLAVKWO RIORW\WKH HQFR
DQDO\VLV EDVHG RQ WKH EORFI$ WHEBRRWQDQ® OWKWDDIGHMR QH DQG D!
VWUHQJWK RI URFN MRLQWVYV KQWWDEWHR EORPNWHUHUH/DQGVWRQH
GHWHUPLQHG DQG WKH DPRXQW ®RD\FHRORIWLFD® MARHUFUBDNLOOLWH IR
ZDV PHDVXUHG LQ WKHH 'HNVWREBBMRHG PHWHUV DQG DOWHUQDWLQJ
RYHUEUHDN ZDV WKHQ FRPSDQHEGVIZQ®\KW R QHOIR U W R PHW
PHDVXUHPHQW 7KH SUHVHQWH GRXMWIDRK®ROR DUHQ) OREIDIWHG LQ WKH
VWXG\ FDQ EH HPSOR\HG DV D XVFDYO WLRX \RALWRWL LFFWLRQ KDV E
WRRO IRU PHDVXUHPHQW R JHRPHEW B DK © HADR GHQHEMRDIN WHQVH WHF
LQ XQGHUJURXQG H[FDYDWLRQVWKH SUHVHQFH RI DUJLOOLWH OD\HL
OVH VWXG\ $0ERU] 7XQQHO JHRORJLFDO LQVWDELOLWLHV 7KH X¢

$OERU] WXQQHO LV ORFDWHGV%&U % D BRY S Ubo ot
7HKUR@WK [UHHZD\ DQG LV NQRYZ SR T P
URDG WXQDEMIKLD OHRIWK RI PRYH YERFmIR\RQY KDYH EHHQ GRFEXPH
7KH WXQQHFWURQVL W KRIWNG VE - S W\SLEDO UHERUG
D ZLGWK RI 7KPHWHKQQHO LV O %HLQ JLIXUH  7KH YRO>
$SOERU] ORXQWI® WPQLH WKH 1HRARIERH = L9 )L ZLWKLO WKH U
IRUPDWLRQV RI GEDBMKDOLDEaOR I PIT RN Okt P

DORQJ WKH WXQQHO D[LV FRQVLVWY WEUWHXQRHQ X R
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Excavated Section m 84.48 Overbreak m? 18.72

WKH VWXGL@&G DUHD

f
*HRORJLFDO SURILOH RI WKH ¥WaXGLHG DUHD LQ WKH $¢

&KDUDFWHUL]DWLRQ RI *HRPHWULFD
'LVFROQWLQXLWLHV

,Q WKH VWXGLHG DUHD WKH
FKDUDFWHULVWLFV Rl GLVFRQWLQXL
IURP WKH H[SRVXUH VXUIDFHV RI WKF
WXQQHO DGYDQFHPHQW LQ XQVXSSRL
WKH LQVWDOODWLRQ RI WKH SULPDU\
VXUYH\LQJIXIGQ HGKBWHD WKH IUDFWXU
DQG VWDWLVWLFDO GLVWULEXWLRQ

RULHQWDWLRQ DQG IUDFWXUH VL]H Zt

JUDFWXUH RULHQWDWLRQV

7KH PHDVXUHG RULHQWDWLRQ RI GL
FOXVWHUHG EDVHG RQ WKH IX]]\ FOX

$ WA\SLFDO PHDVXUHG RYHBUBUYRXN VMRWORMQ VWYV DQG D EHGGL

LGHQWLILHG DV VKRZQ LQ )LJXUH
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VWDWLVWLFDO SURSHUWLHV RI MRLQW V.HWY ZHUH GHWHUPLQHG

EDVHG RQ WKH )LVKHU GLVWUL[Eg(wLQQ_Lx_Q_FWLRQ 7KH

J)LVKHU GLVWULEXWLRQ GHILQHV D V\PPRWULFDO DQJXODU

GLVWULEXWLRQ RI RULHQWDWLRXW & PNE RVKRH DMIKEKOPHDEHYLDWLRQ I

RULHQWDWLRQ YHFWRU 7KH SUREPFRMAROIW) KR YLWKHXIQEWLRQUVLRQ

RI')LVWOHUEH H[SUHVVHG DV IROQGRAVWWDWLVWLFDO RULHQWDWLRQ RI
XVLQJ GLS GLS GLUKEWKRQUHDQG
VXPPDULVHG LQ 7DEOH

[ Symbol _Feature |
| = Pole Vemors |

Color Density Concentrations

[Calor| _ Dip __|Dip Direction| Label
Mean Set Planes
1m ! 71 176 Bedding
2m & 52 Joint Set 1
3m W & 280 Joint Set 2
m | W & 52 Joim 5= 3
sm | W 62 11 Joint Set 4

Plot Mode | Pole Verurs
Vector Count | 434 (434 Entries)

Hemisphere | Lower
Projection | Equsl Ange

JLIXUAKH LGHQWLILHG MRLQW VHWY EDVHG RQ RULHQWDWLRQ FOXV\

7TDEOH JLVKHU VWDWLVWLFDO GLVWULEXWLRQ SDUDPHWHUYV IRL

6WDWLVWLFDO SUF
-RLQW VHWLS GHJUHHMHLNVS GLUHFWLRQYKHU V
GHJUHHV FRQVWDQW

EHG

JUDFWXUH VL]H ,Q WKLV VWXG\ WKH GLVWULEXWLR

7KH IUDFWXUH VL]H LV DQ LPS!E @ﬁﬁﬁfﬁg@&@Wﬁwa%%VQ@%HWHUPL‘

"Y1 PRGHOV ZKLFK L& HRMRPPMR
WKURXJK WKH PHDVXUHPHQW R I&W%HXRYND HYW GLVWULE

WUDFH OHQJWK FDQ RQO\ EH FR\é'bOrhUWWtGEExW \PL%)’V\'K/'R@RZHVW UR
URFN PDVV )RU HDFK WUDFH L® Lw M\’{/& WV x & PDWOKRZHG
VXUIDFH WKH WUDFH OHQJWK z8 V\%ﬂ}v Viw MEg-QW VH
GLVWULEXWLRQ VKRXOG VEWDFRIP! §WEEQWL?LQN L\MWHLEXWLRQ DV VK

OHQJWK GDWD DV WKH\ ZLOO %g C\‘/’Z%ﬂ\ﬁ i GLDJLR;(;/SPE[
VLPXODWHG WU[@fHQOIH[QQWH;\DV Q Q

IUDFWXUH OHQJWKV DUH UHSRU E?@{ W B%H T WRAD D W R
IUDFWXUHV RU WKH UDGLXV RI
WKH IUDFWXUHV PD\ IROORZ H[S b L ’%L; R %V LFDO DQE

QRUPDO GL¥WUEXWLRQV
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Relative Frequency
Relative Frequenc

Relative Frequency
Relative Frequency
@

7DEOH 6WDWLVWLFDO FKDUDFWHULVWLFV RI WKH IUDFWX
-RLQW G6WDWLVWLFL 6WDQGDUG OHGIF P
/RJQR
/RJQR
/RIJQR
([SRQF

JUDFWXUH LQWHQVLW\ FRUUHODWLR QG EBQ/E&ABHHY F B Q

7KH IUDFWXUH GHQVLW\ LV FR@EE'%I%N @Y%%%\%EHUGDXQU%RP )1 VLP

FRXQWLQJ WKH IUHHXMUDFRNV I
VFDQOLQHKHXREHU RI IUDFWXUHV SHUYDEMWHUV DVVRBB GHED3BG D

XVLQJ D IL[HG GLVWDQFH XVXDOO\ 'LQPREHOUDQVHP RODWHG

PHWHUV "HUV KR ZBEWaV DI VWAKIG DD $UWLILFLDO VFDQOLQHV RU H[SRVXU
V\VWHP IRU GHVFULELQJ WKH |UDF\ASG>€UHFMQ\W/@1‘Q\PW\VEL|1>N/\H@' WKH VXU

RQ WKH VDPSOLQJ UHJLRQ GLPHQVLRY! WR H XU ol win o
GLPHQVLRQ ,Q WKLV V\VWHP 3 LV HISRVXUHY 3
VXEVFULSWV ZKLFK UHIHU WR WK x%@ KB Geho
VDPSOLQJ DUHD DQG WKH 'UDFwﬁngﬁéE% Wﬁ&XVLQJWKHUHOD\
UHWBWLYHO\ 7KHVH VXEVFULSWV LQKOXE68RzZV

ZKLFK UHIHU WR QXPEHU OLQH DUHD DQG YROXPH
UHVSHFWLYHO\ 7KH FRPPRQ DSSURDFK IRU
PHDVXUHPHQW RI WKH IUDFW XUHLE8HHSVI#M ALYV EDVHG RQ
3 IUDFWXUH IUHTXHQF\ QXPEHUsrRi IUsDFrWXuUHv SHU

XQLW OHQNWEIPRURR RI WUDFH OH
VSHFLILF DUHD ZKLFK DUH g MS%%%,&LDWQ\MESH\YVK
GHSHQGHQYWXVXDOO\ XVHG IRU g h, M R@LQJ (T
)1 PRGHOV ZKLFK LV HVWLPDWH ﬁﬁw%w WK SOD\V D

WKDQ EHLQJ>P@EADYHWHGLY D UH
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HYDOXDWR@J'3L PRGHOOLQJ $QZLRBKVMWAKHOGDWD DQDO\VLY DQG UHVR
FRPSRVLWLQJ OHQJWK VKRXOGWEDDBQHM L BKHVHIBFMGE RIGRHQ DOLJQHG
FDSWXUH JHRORJLFDO KHWHURWHQHKMWX\UDDQBRGHD®OHKROORZHG E\ J}
GHSHQGHQF\ ZKLOH PLQLR LWL IEQDVQMHME® IQRL EHTYKE\VAD/HFKHU PRGHC
FRPSRVLWLQJ OHQJWK LV WRR OR@R PPR PO\ DYRUQ JHVRXMH UDQGRP
KLIQWHQVLW\ JRQHV OHDGLQJ WRZDY X¥E B UHY WKRIYWARUN WR VLPXC
RI IUDFWXUH LQWHQ@REZWVWH®R WK BYMWWIHDMVLRQ RI MRLQWV LQ WKH P
FRPSRVLWLQJ OHQJWK PD\ UHVRBWHIOQ RNHUHPBKRYLIW VKRZQ LQ )
VPDWOFDOH YDULDWLRQV OHDGLQHRRHIW RFYIHW R ISPHWILRIY R1 IRXU N
RI IUDFWXUH LQWHQVL®AY MWXH ROHS LPWHRXYDOWFWLRQ ZHUH XVHG D
IUDFWXUH LQWHWQVEWSHGGHQW IRMKIHQHUDWLRQ RI WKH ')1 PRGHO ¢
FRPSRVLWLQJ OHQJWK ZDV DOLIQXENGGCW IE IEKGH. V. F D HBIRRQMIVG HZUHHUGH
WKH SUREOHP EHLQJ VW XG@HG GHWHIUHFQ. VIF\D\W® HF DEOLP\H Q Y GRYBE WK U F
7KH PHDVXUHG |LIQOVG QVDWW OURHR GWRHZDV JHQHUDWHG
FDOFXODWRG GLIIHUHQW MRLQW VHWV DUH
VXPPDULVHG LQ 7DEOH 7DEOH JUDFWXUH LQWHQVLW\ IRU MF
-RLQW JUDFWXUH F
‘Y1 ORGHO *HQHUDWLRQ DQG 9DQLGDWILROQO ¢ :

TKEKQGHUWDNHQ ZRUNIORZ IRO HYDOXDWERQ Rt——

HIFDYDWLRQ LQGXFHG EORFNV DQG VWDELOLW\ DQDO\VLV LV
VKRZQ VFKHPDWLFDOO\ LQ )LJXUH 7KH SURFHVVY VWDUWYV

Generate New
DFN Fracture Sets

Delete Existing Excavate tunnel of
DFN Fracture Sets DFN fractures

Compute Post
Processing
Statistics

Perform DFN Rock
Wedge Analysis

JLIXUHRUNIORZ IRWQWREWLF VWDELOLW\ D@D@\VLV RI WKH ")1 PRGH

7TR LQYHVWLIJDWH WKH YDOLGLWHRVXWKIH BQ@HWUDWHRXRZQ LQ )LIXUH
PRGHO WKH RULHQWDWLRQ GLVYWWNEXIRIERR D JRJIHHPRIOWD VDESEE IRXQG
I UDFWXUHY ZHUH FRPSDUHG PHDWKKUMAKHOOWVYHDGG WKH JHQHUDWE
PHDVXUHPHQWY DV LOOXVWUDMWH® KIHUPRUDXUHWKH7KUHDFWXUH LQWH
UHVXOWY VKRZ WKDW WKH RULHRWDW ORW KH) BRGIHOW DH B KWDLARMR RAR P S|
MRLQW VHWRRGUBIJURBHPHQW ZPWEKVXUHEPEQWY DQG WKH UHVXOWYV
PHDVXUHPHQWY 7KH FXPXODWIEIDPHOGLVWUKHXWLBRVXWY FOHDUO\
IUDFWXUH WUDFH OHQJWK IRU DEQHWRMIHG YHORR CRISWKN HQIWYV MRLQ
PRGHO ZHUH DOVR FRPSDUH®I| WEKBLQWWGLIHE @& HD
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D &RQVWUXFWLRQ RI

F 'HILQLQJ EHGGLQJ G *HQHUDWLRQ Rl MRLQW VHW

J *HQHUDWLRQ RI MRLQWKVHWQHUDWHG PRGHO ZLWK DOO GLVFRQWLQ>

L )1 PRGHO DQG WXQQHO H[FDYDWLRQ
JLIXUAKH SURFHVV RI ')1 PRGHO JHQHUDWLRQ RI WKH VWXGLHG
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JLIXUBRRPSDULVRQ RI WKH RULHQWDWLRQ DQG GLVWULEXWLRQ RI MRLQW VH
JLHOG PHDVXUHPHQW DQG E *HQHUDWHG ')1 PRGHO

JLIXUHRKRPSDULVRQ RI WKH WUDFH OHQJWK LQ WKH JHQHUDWHG ')1 PRGHO
OLQH IRU D -RLQW VHW E -RLQW VHW F -RLQW VHW G

7DEOH &RPSDULVRQ RI WKH IUDFWXUH LQWHQVLW\ EHWZHHQ ILHOG
-RLQW T )Lk : ORG

7KH EORFN VL]H GLVWULEXWLRIQ6ZPWVGKIR\MGHURLWKIGY LISSURDFK VHY
WKLV ZRUN XVLQPHWQKHRGQOOVESDFQQRPO\ VHOHFWHG LQ WKH VLPXOD
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OLQHV LQ WKUHH VSHFLILHG GRUHFWPRGW M WFR PISDQHLED WHRG WK H W X
I[IURP HDFK SRLQW 7KH LQWHUYHFAMM\RIU\O RMFROWHLRRGRWH WKH NLQ
IUDFWXUHV IRU HDFK OLQH LV VWIKQHD® \WHNFRRIGW&H "WHQQ WEKH7KHUHIRU
VSDFLQJ IUHTXHQF\ LV UHFRUGHOVLQYULRPHB GCQWRFW URIQVRQ VL]H RI
XVLQJ WKH FRUUHVSRQGLQJ OH®JWKW VEKRY RDHIH )ILIXERMW X U HV
JLODOMXH EORFN YROXPH GLVWULEXWLRQ LV FDOFXODWHG

E\ PXOWLSO\LQJ WKH VSDFLQJ SUREDELOLW\ GLVWULEXWLRQV

XVLQJ WKH ORQWH &DUOKRVKRAXODWLRQ PHWKRG

VLIH GLVWULEXWLRQ RI EORFNV LQ WKH JHQHUDWHG ")1

PRGHO LV YKRAMHLQ 7KH DYHUDJH EORFN

VL]IH 'ZDV PHDVXUHG P

7XQQHO .LQHPDWLF 6WDELOLW\ $QDO\VLV
BHGXFLQJ WKH PRGHO VL]H

7KH JHQHUDWHG )1 PRGHO H[SODLQHG LQ
SUHYLRXV VHFWLRQ KDV D VL]H RI 1 1 P
8QGHUWDNLQJ WKH NLQHPDWLF VWDELOLW\ DQDO\VLV LQ WKLV
VLIH LV FRPSXWDWLRQDOO\ LQWH FY g% Q K F%
LW LV DFKLHYDEOH GXH WR Vlz? * @&EE@V%@& BRYTRG Hvies wk

JHQHUDWHG EORFNV 7KHUHIRUH UHGXFWLRQ LQ WKH VL]H

JLIXUH/KH SURFHGXUH RI UHGXFLQJ WKH PRGHO VLI]H

$ WUDFH SODQH ZDV FRQVLGHWDHGEBW HG X R WGPLHOVHIUW 'XH WR KLJK
DERYH WKH WXQQHO DV VKRZQ RIQWHUX WHWXGD Q@ GVWHKH ORQJ SURFH\
WUBBIS VWDWLVWLFV IRU IXO0JBQBUIHBEBNHBURKXIME WKH WXQQHO L
PRGHOV DUH SUHVHQWHG LQ 7DEWBELQWW\VDIQDLOBNMOW WKEW QD O\VHC
WKH )1 PRGHOV LQ ERWK IX0O0 DD\G GHGCXFHE UGWIRR GIVREWLPRP@HV ZL
FDQ EH ZHXQUG G RBPFFR UG L © ® MERH VOKIH) IWWKD FRH P %\ FRPELQLQJ WKH
VWDWLVWLFV 7KLV PHDQV WKDWKWMKH VAFRRRQY WRIRMWKHU WKH VW
VHQVLWLYH WR WKH VL]H LQ WK IP VUWWRFG WHKGE MUXHDQ HAOK D WA |IR[WDHP LIQW G
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JLIXUHKKRPSDULVRQ RS OWMKPHWRUD¥FKH ')1 PRGHO ZLWKIWKH UHGXFHG VL]H UHJ
T P 7KH 78D0DPI®H VKRZQ E\ D \HOORZ VXUIDFH ORFDWHG DW PHY\

7TDEOH SODBEH VWDWLVWLEFDO FRPSDULVRQ IRU WKH IXOO DQG UHGXF

7UDBBDQH 3URSHUWHILQPO VLIH SHGXFHG VLIH

1XPEHU RI ¢
L, QWHUVHF
,QWHQ P
7UDFH /HQJW
1XPEHU RI IUDI

6WDELOLW\ DQDO\VLV RI JHQHUDD/H\OBLBCQ)R_FVNN DQGZWIKJ—KWYFR-IIUIDBHNXQQV\YN

ORGHOV IRU URFN GRPDLQV z RQVIMGHUHG
IRU IUDFWXUH LQWHUVHFWLRQV ﬁ N %GWKH QRU
WKH VSHFLILF VWDELOLW\ vaﬁ@v B lﬁ/\/ '|: OR V FDOFXO
JHRPHWU\ DW H[SRVHG IDFHV }5 }71{ GJH LV WKHQ G
NLQHPDWLF VWDELOLW\ DQDO @ &;D%’ H; IRUFHV IIQREDU:
GHWHUPLQDWLRIJHRWH®RRHWIHN

FODVVLFDO EORFN WKHRU\ GHVEUYL H@F%O*%%%Q%Vb%fbw*m &RXORP
GLQJ RI EORFI

\
6Kl> @ 7TKHDDO LQGLYLGXDO IRU v\}Z?F ;iK KH" VO

ZHGJHV DUH GHWHUPLQHG DQG Eﬁ& L}|§ oWb \R/FL?WWEWFPM BVYVHG X
SDVVLYH IRUFH YHFWRUV IRU WkLH’V'i '39 B*@H' 'V ””HNDHF‘K E
FDOFXODWHG ,Q JHQHUDO DFW ﬁw \(/IVE FWLRQ
IRUFHV LQ WKH FDOEXODWLRQ ‘r \- d QHG
SDVVLYH IBRMW¥HEW MK H UHVLVW | VM U HDFK &
FRUUHVSRQGLQJ PDVV RI HDFK%/ E F’L\P HKH 'C%PDWLF VWDEL
XVLQJ WKH DVVLJQHG URFN GH %HI% DUULHG RX
YROXPH $V QRWHG HDUOLHU HUV LQWHU?

VWXGLHG DUHD LV SUHGRPLQL%\HQ\DQ/\HéY;\PWﬁ' R@%D@)LJXUH

7DEOH 5HVXOWY RI WKH NLQHPDWLF VWDELOLW\ DQDO\VLV LQ |
7XQQHO VHRWIDRID EORFNQY RDXPHP-EORFN KHLYHWO IR@ORFN KHLIKW >P@
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D F E F
F P G F
H F F
J F K P
JLIXUHLQHPDWLF VWDELOLW\ DQDO\VLY VWDWIPVVELFV IRR) W XGLHG DUHD D
P G H P 1 P J P DQG K P

7KH YROXPH RI EORFNV DURWRK XWKMDWERQOEHIRFNY 7KH EODVWL
HVWLPDWHG E\ WKH ')1 PRGHO HmMW IFRRPGPHAW VZILWKDUJLOODFHRXV D
WKH PHDVXUHGD@R@GHWEKHBHLMVXOWWVHWHOUH DOVR VLJQLILFDQWO\ G
SUHVHQWIX@WHW FDQ EH REVHUYHBLWKQW DMWK®DW WKHHGL ZRHROGCHQ QS HU
WKH EORFNV IRUPHG DURXQG WHWHWRQQHQ®J MRKMHOKWIBNVIKW RI WKH EO
ZKLFK LV GXH WR WKH HIWUHPHOMKKHL W KXQRHKWO RI MRLQWLQJ
DQG WKH IRUPDWLRQ RI FRPSRVLWH EORFNV VXUURXQGLQJ
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JLIXUHRKRPSDULQJ WKH WRWDO EORFN YROXPH HVWLPDWHG E\ WKH '")1 PRGHC
P LQWHUYDOYV

&RQFOXVLRQV SHIHUHQFHYV

,Q WKLV ZRUN 'LVFUHWH )UDF¥ 8300 R WWUIRRGMAL OQH  + *URXQG
ZDV XVHG WR DVVHVV WKH LQGEFRKBYRRHUPBPQBDNRPDNVURRHDR@HHULQJI WRR
WXQQHOV EDVHG RQ WKH JHRPHHRDORWERRHPREQI WAQE RRGHUJIURXQC
WKH URFN PDVV 7KH JHRPHWULRT& UDFWHULVWLFV RI
GLVFRQWLQXLWLHV LQ PHWH U V@RD KB B 8 GLQERY|HWXSRXIHWOORIKDGDP
ZKLFK AW LQ WRHWMIKUBRZD\ LQ (YDOXDWLRQ RI HPSLULFDO DSS
,UDQ ZHUH VXUYH\HG 7KH ')1 PRISWOPRWWRH WKHX GHHRIJPDWLRQ PRGXO>
DUHD ZDV JHQHUDWHG 7KH YDO®EP®KWLQRY (R PREHEGQRHQWMRORIW D
ZDV DVVHVVHG LQ WHUPV RI RULHQWDWLRQ GLVWULEXWLRQ RI
IUDFWXUHV FXPXODWLYH GLVWUNEDXRDDRGLEL VWKHGEMUDMWAH 0 .KRVU
OHQJWK DVUDAWE UMY LQWHQVLW\+HEGGHRKIWRG % S6RFINOHRLQW 0
DJUHHPHQW ZDV IRXQG ZLWK IBNOI@FPAHDBRYNHQHYWY &KDUDFWHULVD!
7KH DYHUDJH YROXPH RI EORFNWKBWRNRDPVW\M@LW@W% OLQLQJ DQC
ZDV FDOFXODWHKGJ 0'6PPHWKRG (QPUMHREPHQW

RQ WKH NLQHPDWLF VWDELOLW\-D@RKDNEVYGR| EGR PHBHYVRXKRXQES %DKDDC
WXQQHO WKH YROXPH RI IRUPHD®DOQRANW SURQH) WHR'WLIDWLRQ LQW!|
LQVWDELOLW)\ ZDV HRWKPDKMRZHCSURSHUWLHY RQ ZDPQWHW QD@NRIQD/QRRXU
JRRG DJUHHPHQWHDWXUHG RYHURWHBXPHULFDO DQG $QDO\WLFDO 0
DW ILHOG B5HVXOWV RI WKLV VWXBPWKLAHEVWKDW XWLOL]LQJ

WKH ')1 PHWKRG SURYLGH DQ DSS@WRSADDWH BSSHROAKFEK 1. 6LQJK 0
IRU FUHDWLQJ D UHDOLVWHF PSRGHELQUKSBHVHQWL®IDWN LQGXFHG U
DUUDQJHPHQW RI IUDFWXUHV LQGNMRLIHWHER YBRENIRQQN@Y DQB 8QGHUJIU
WKLV PHWKRG WKH LQWHUDFWERDFEHWEHRRPRIRFN EORFNV

FDQ EH H[DPLQHG DQG XOWLPNHKAQ LWrRRRQ (EH 8QGHUJURXQG

HPSOR\HG WR DQDO\VH WKH VW(EP|E[b.\Qj_\M/i_\R3{/ M@@QMQ—UG-MW
PDVVHV XQGHU GLIIHUHQW FRQ

PHWKRG FDVQ EOWRFINY DURXQG ﬁ’\b ﬁ%l""o& ﬂ ) (QILIHHULQ,
VXVFHSWLEOH WR FROODSVH \}ﬁg ng Bf'érl}%m (QILQHH
&RPELODWLRQ RI ')1 PRGHOV DQG GLVFRQW

QXPHULFDO WHFKQLTXHV VXFK DV GLVFUHWH HOHP

PHWKRG VHUYHV DV D VXVFH JDs%UF? °B$RIHIUORXH* FZE
GHWDLOHG DQDO\VLV RI H[FDYJ GB@B&HV bQHO QH[FDY%WL

DXRG XQGHUJURXQG RSHQLQIV ywpwivwLFDO DQDO\VLV DSSOLHG WR \
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%UHQQHU %DWH%PYFREQHOOLQJ IDEBRWHUQDWLRQDO -RXUQDO RI OLQLQ
8QGHUJURXQG 6SDFH 7THFKQRORJ\ 7HFKQRORJ\

> @DKWDE 0$ 5RVVOHU . .DODPMFONWDKHGL $ GNMUHMKNL )

*UDVVR 3 $VVHVVPHQW RI JHR®REUFHDIDN RHUEILAWINR Q LQ XQGHUJURXC
IRU WXQQHO GHVLJQ D Q@WFHRI@\WD WL RWERIDGG FOBIHPE/ PRGHXQQHOOLQJ DQG
-RXUQDO RI 5RFN OHFKDQLFV DQG 08QGHUBFFRHQEHASDFH 7THFKQRORJ\

H H > @HUVKRZLW] (LOVWHLQ + +
> @ORKDPPDGL + )(EUMDKQPL 0 $&€KDUDFWHUL]LQJ URFN MRLQW JHRPHWU
_DODOLIDU + $KPDGRKHUE $ PRGH®FN OHFKDQLFV DQG 5RFN (QJLQHHL
(IWHQVLRQ RI HIFDYDWLRQ GDPDJHG ]RQH GXH WR ORQJZDOO
ZRUNLQJ -RIXMRWO RI 0LQLQJI DQG (QYLURARIOMDG s(0pmiUY R
JHRVWDWLVWLFDO DSSURDFK WR HVWLPD
> @LQJ / +XGVRQ - $ IXPHULRBAROHDQ GLVFUHWH I[UDFWXUH QHW.

PHWKRGV LQ URFQWMHHFRXDWILRYDO -RXMDPBO LRIJ REYGWMDODRRQRQDO -RXUQEL
5RFN OHFKDQLFV OLQLQJ 6FLHQFHYRFN OHFKDQLFV DQG OLQLQJ 6FLHQFHV

> @LQJK 6;BYLHU 3 &DXVH\W I@BDWWRZLW] #+BUGD + +

DQG FRQWURO RI RYHUEUHDN LQ XQ@H{UWBIRNOIEWH FF® YYOW URGW XUH VSDFLQ.

7XQQHOOLQJ DQG 8QGHUJURXQG 6STKHH 7HIRXKQFBORIPSRVLXP RQ 5RFN OHFI
86506 6DQWD )H 1HZ OH[LFR $50%

> @KDOLOL 6 ORQMKRVKDOPRALQ+> @WDXE , )UHGLRXNWWROQV $1
6DIJKNRWRXVK $ (YDOXDWLR@®WWHVHINHFRW Bl URFN PHFKDQLFV VLWH
EODVW SDWWHUQ RQ RYHUEUHDN DHMHDO RIRKQW WEE WHDWH®&J RI WKH WK
$UGDELO UDLOZPXU@DXQQRID OLQLQEYHI@AN .IUQEUIQVOHKDQWHULQJ $% 62Z
(QYLURQPHQW )XHO DQG :DVWH ODQDJHPHQW &R 5

> @DUURNK ( 5RADXDRWRQ & > @DGMLJHRUJLRX - "KHUH GR WKF
BWXG\ Rl YDULRXV PRGHOV IRU HVWIRFIMWLRY RH BHEDRIOMRID WL RQ

UDWH RI KDUG7X@ENOIO40YI DQG 8QGHHAURXQG gp iy 6 (EUKDW® GW  (

6SDFH 7HFKQRORJ\ 'LVFUHWH )UDFWXUH 1HWZRUN D
> @QDXUDWR 1 &DQGKQD 5 20KDUDFWHULVH URFN PDVV IUDJPHQWDW!
WKH LQIOXHQFH RI URFN PDVV TXDRWW)HR® HF KB QILFD@QWSIR FTHFLKIUR O R J\
EODVWLQJ ZRUN LQ 7WQQ®BGOLEULNQGJ

8QGHUJURXQG 6SDFH 7THFKQRORJ\ @RURRIL 0 .DNDQBOEB 0 (

> @FKPLW] 50 O9LURX[ &LFRKDUOVYWRFKDVWLF URFN IUDFWXUWORBGHOLQJ

7KH UROH Rl URFN PHFKDQLFXOR®UQRDORVIOQOLQJ DQG (QYLURQPHQ
RYHUEUHDN DSSOLFDWLRQ WR WKH BRXPDJQH WXQQHO 3URF

(XURFEN OXOWLSK\VLFV &RXSOLQJ‘%&’?Q/RQJ \NHB
6RJHUV 6
0
éoDH\KDYLRXU LQ 5RFN OHFKDQLFV (1_ %RU WKH TXDOWLWDWLYH

GLVFRQWLQXLWLHV IRU XVH LQ GLVFUH
> @\ . OXUWK\ 90 65 3UHGLEGHBQLRI 3URF WK ,650 ,QWHUQDWL
EORQYWXFHG RYHUEUHDN IURKWXQBREW WRG OR@WEKHIO &DODGD

EODVWLQJ LQ WXQQHOV GULYHQ WKU GLXP UREN. FODVV
7XQQHOOLQJ DQG 8QGHUJURXQG esl%FﬁftﬁKgég R‘]\/%%'I?\?JF\UHWH+IDUGDNI|:|§I\‘/])|(-|URI}|JJCL

GULIW VWDELOLW)\ DWQW®RBH ZIOHR@RURIPLC
> @RQJ )4 /L =KBQJ : 2YHU
H[FDYDWLRQ IRUHFDVW RI XQGHUJUR@%@FBRSJHQLOQJ ANS AANoNY
5DIT % 0
0,
DAY LY EULR LoD oW W Vm BB L)) poooviv i VxSsruw vivws
)(0 )1 PRGHO &DVH VWXG\ D GLYHUVLR

> @QJ ¥RSDO ( 2SWLPL]LQJRUWHMMEDEDGEDP -RXWADQUBQ OLQLQJ DQC
SUHGLFWLRQ EDVHG RQ JHRORJLFDQYSDBRPH@WUV FRPSDULQJ

PXOWLSOH UHJUHVVLRQ DQDO\VL R%%EDIB WIEILJ):LD?%Y%H)&BB%_GLQL 0

QHWZRIMQQHOOLQJ DQG  8QGHUJ VWLFDO DQDO\VLV RQ WKH PF

THFKQRORJ\ RI QRUVLVWHQW MRLQWHG URFN PDVVH
> @DUDHL $DUH 6 3UHGLFWLRQGR) % X-O/ML QQ RQHHUHMA\ DQG
RYHUEUHDN GHSWK LQ *KDODMH URQGLRMK@WHO XVLQJ VWUHQJIWK
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> @KDHGL *KDOLQL 0 %BRDODIGGEQ@RQQHW ( %RXU 2 2GOLQJ 1 ( 'DY
+RVVDLQL © (VWLWDWERRFR|VJRRZLH 3 HW DO 6FDOLQJ RI IU
GLVWULEXWLRQ LQ MRLQWHG URFNQPIHROR/ LEFNDND B BREARRDE LHORISK \V L F V
SKRWRJUDPPHWU\ DQG GLVEXB@MHOIUDFWXUH QHWZRUN

RIOLQLQJ DQG (QYLURQPHQW > @DY\ 3 2Q WKHOHQHEWXHQF\

> @RJHUV BRRWK 3 ,QWBIVIMWHBXWLRQ RI WKH 6{IRX$QBOHIV )DX
SKRWRJUDPPHWU\ DQG ')1 PRGHO OL*®IR SKKUVILFEDOR BHEHDRNY% 6ROLG (DUWK
PDVV FKDUDFWHULVDWLRQ DQG HQJLQHHULQJ GHVLJQ 3URF

WK $XVWUDODVLDQ 7XQQHOOLQJ &

REAGPVHRRNH ¢ &DUOWELe owLoxLw\ $0
BRXWK 7KH $XVWUDODVLDQ ,viv; v@i\lb\/( N rs;‘ﬁHPdQQdﬂu Dd‘c{?

OHW DO O XU J\
WUHOO 0 +PPPDOVEQ -
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