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$ &QULWLFDO 5HYLHZ RI ([L
RI 6XFFHVV 3R6 OHWKRG'
(ISORUDWLRQ DQG ,QWURH
2ULHQWHG *HRORJLFDOO
'2*& 3RERAUHILOOLQJ

SVVHVVPHQW 63REVLDO '2
0DSSLQJ RI WKH 5KDHWLD

6HSHKU 6@ @OI .LUVWHAQ

78 %HUJDNDGHPLH )UHLEHUJ )UHLEHUJ *HUPDQ\ ,QVWLW!.
OLQLQJ $JULFRODVWUD % H JUHLEHUJ *HUPDQ\

&RUUHVSRQGLQJ DXWKRU 6HSHKU 6DQJLQ HPDLO VHSHKL
HPDLO 80Ol .LUVWHQ#WEW WX IUHLEHUJ GH

(PDLO DGGUHVVHYV
6HSHKU 6DQJLQ 6HSHKU 6DQJLQ#WEW WX IUHLEHUJ GH
80l .LUYOMHQUVWHQHWEMUW X H

$SEVWUDFW

BUREDELOLW\ Rl 6XFFHVV 3R6 DVVHVVPHQWSDDSBERIONV LIGNRNVKHRIFPOW H
DQG HQHUJ\ VIVWHP GHVLJQ ([LVWLQJ JHRWKHMLIBI® \3 B 6 PHWKRG RURPJ [
JHRORJLFDO MXGJPHQW DQG VWDWLF WKUHVKROG FUDWWHVYDP W@®RW&ED U
IHYHUWKHOHVV VXFFHVV LV VWLOO IUHTXHQ@MO\ 8 KUHMKR @G VHRORW
IORZ UDWH WUDQVPLVVLYLW\ SHUPHDELOLW)\ URU HAHRUG RAW LK BV D FKH-
DQG H[SORUDWLRQ ULVN DVVHVVPHQW EXW WK WGFRD Q RAWV @VHHFPH KV Q UGLHIX

WKHUPDO RXWSXW UHTXLUHG IRU LWV LQWHQGHG DSSOLFDWLRQ



7KLV VWXG\ FULWLFDOO\ UHYLHZY WKH PHWKRGR O RJ DRI LQNMHIORGHHL
'"HPDQG 2ULHQWHG *HRORJLFDOO\ &RQGLWLRQHG 3URHDIBIDPHW\RR N 6 XF
GHILQHYVY VXFFHVV DV WKH SUREDELOLW\ WKDW DD UHRMWXHYPBOL M\NVG/ MH
HOQHUJ\ WKHUPDO SRZHU RU RWKHU SURMRHFWHVSRRIGILGISBIVVRIVN P € DAV
UHVXOWLQJ SUREDELOLW\ LV FRQGLWLRQDO RUWH ®/WKHYVHORMIRWL RO W WH
WKH VA\VWHP FRQILIJXUDWLRQ RSHUDWLQJ3WBYNIPIDDFHQONR GHE D QHR BRRC
K\GUDXOLF SURSHUWLHY DUH WKHUHIR WH MWD WBIWE KIHW XK W M LIOQ BH
GHILQLWLRQV RI VXFFHVV '2*& 3R6 IXUWKHU UHWXHYHYVSW R 8 HUNMRIEHD\E MO

FRQVLVWHQW ZLWK WKH JHRORJLFDO DUFKLWHFWXUH DQG SURFHVVHV

7KH IUDPHZRUN LV GHPRQVW U DRVHR WHKSM XIKS D MIDMLLIRDD VBRI RRAH 5KDH'
WKH 1RUWK *HUPDQ %DVLQ 5HVHUYRLU WKLFIS®BVYHYHUW R LEXRMALROWH
VSDWLDOO\ YDU\LQJ SHUPHDELOLW\ GLVWULBXWVRQY IRXH QHDUHVG IQ
LQYHUVH GLVWDQFH ZHLJKWLQJ 7KHVH ORFD®W®&U R R QG KWARMX¥IGL B IDQVGU
SURGXFWLRQ FDOFXODWLRQV XVLQJ ORQWH &DWRA\WILRKXO P W@ RHD HUI G &

DQG 0:K XQGHU RWKHUZLVHHERQWWRDW DR g XP/SWQ\R B § Wik
WR SHUPHDELOLW\ DQG UHVHUYRLU WKLFNQH VW @W HGQSDHAGL VRO L Y@ XV M

PHWKRGRORJLFDO SULQFLSOH UDWKHU WKDMWWRYLGH D UHJLRQDO GU

7KH UHVXOWLQJ 3R6 VXUIDFHVY DUH VWURQJWHPBSWWEDOO\ RM WKWHRUHQQK
HQHUJ\ RXWSXW LQFUHDVHV /RFDWLRQV ZLWKGFRPBEOCHUDQ®RF¥FHODY FIRQG
SHUPHDELOLW\ JHQHUDOO\ UHWDLQ WKHLU UHODWHH®DSHR VR UFKLORFH W
DEVROXWH SUREDELOLW\ RI PHHWLQJ WKH IUKLTIKHIH GRB XDVMEXDN & IR RO
UHVXOWY VKRZ WKDW JHRORJLFDO KHWHURJHQHLW\ EROMURQW \QRH W
ZKHUHDV WKH VHOHFWHG GHPDQG WDUJHW GHW HUWPAH AR QWRAH. W K WRHO/X W
'2*& 3R6 WKHUHIRUH SURYLGHY D PHWKRGRORJLFDO D U BKLRHHRIRMDXOHN W |
SURSDJDWLRQ SHUIRUPDQFH PRGHOLQJ DQRRQURMHEDE MBIHANLLIEF DG/H I

ZKHWKHU D JHRWKHUPDO V\VWHP LV OLNHO\ WR IXOILOO LWV LQWHQGH

.H\ZRUGWRWKHUPDO (QHUJ\ 3UREDELOLW\ RI 6XFFHVV '2*& 3R6 8QFH

&RQGLWLRQLQJ 'HPDQG 2ULHQWHG DVVHVVPHQWDWRRYH &DUOR VLPXO



L QWURGXFWLRQ

*HRWKHUPDO SURMHFWY UHTXLUH PDMRU WHFK@ERFQP®L QR Q V. DG IOR®
VIVWHP EHKDYLRXU FDQ EH REVHUYHG GLEMFAW®\SXDQ QU QH[ SXOREHDWW R
DERXW ZKHWKHU D VXLWDEOH UHVHUYRLU LNSSKHVWRM PDEG KRG KW
FKDUDFWHULVWLFV FRQQHFWLYLW\ IOXLG SURSHHVMWDLQ QW VX® WPDIL
HVVHQWLDO GLUHFW LQIRUPDWLRQ EXW UHTXLUHV VXEWMWDQLWMWIODERE
KRZ WKH VIVWHP ZLOO SHUIRUP ,QMHFWLYLW\Q®OHYN®UBEWLBY YR QS €
KHDW SURGXFWLRQ FDQ UHPDLQ XQFHUWDLQ GRG6LRVMRWRHQMD W KHBE
DQG SURMHFW SODQQLQJ DV ZHOO DV LQ LQYHNNWWHR \@ HVQ VY@ U D/Q\F 15 X8
XOWLPDWHO\ WR VXSSRUW GHFLVLRQV DERXW | ZLKFH.\M R MAD \D O INRISR WH RS 1.

IXQFWLRQ IRU ZKLFK LW LV EHLQJ GHYHORSHG

7KH PHDQLQJ RI JHRWKHUPDO VXFFHVV KR ZH&HYH KDY IQ\RMD E B HQKGI & LT
RULJLQDWH IURP SHWUROHXP H[SORUDWLRQ FRQFUBWWWEKB 2K RED BHHRI
DVVLIQHG WR QHFHVVDU\ VXEVXUIDFH HOHPH®WY D DKBDMMH JW R W KOH_UNRHODC
HQFRXQWHULQJ WDUJHWHG WHPSHUDWXUH UHWHDCRIQU FRIQ\GLOFAHR QY
RFFXUUHQFH RU K\GUDXOLF FRQQHFWLYLW\ 2XW¥RKHVVPWWUYRBGRO PLHW
WHPSHUDWXUH DQG IORZ UDWH RU K\GUDX®HEF $SRBIXNEWGE YE WD AVGRIZIQV KH
7KHVH DSSURDFKHV KDYH PDGH LPSRUWDQW FFR@W QIEX@E RV FEY SRV
UHIHUHQFH ZHOO LQIRUPDWLRQ LQWR TXDQWLWRW W i QS ORQY BN DRE

GULOOLQJ LQYHVWPHQW GHFLVLRQV 6FKXO] HHW D® *DQ]

7KH PHWKRGRORJLFDO GHYHORSPHQW RI JHRWRIQGPWE HBWR6 KDYUR DR KU
ILHOG KDV LQFUHDVLQJO\ DGRSWHG VWRFKDVWLRKQFHWNODGY VIEVEHF
FRQGLWLRQV DQG WKHLU FRQVHTXHQFHV *HRVW D\WLYRZ KVG G DOR@LIY.
SUREDELOLVWLF UHVHUYRLU DQG SHUIRUPDQFHHDRN HMRRHPOW L R QL PHWH
H[WHQG WKH DVVHVVPHQW WRZDUG SURMH[PW SCHF LYUR SN J DWE GHHIR 8 R
HQJLQHHULQJ XQFHUWDLQW\ WKURXJK D JHBWKENPIDM. @R RE MWW B RG HQ
WKHUPDO RXWSXW =LPPHUPDQQ HW DO POSSE QY HGL W K GOLRPGIVY M/ Rd
VLPXODWLRQ WR REWDLQ PRUH JHRORJLFDOO\ GHO\GINDXOR FS SHG LR WRE
6XFK GHYHORSPHQWY UHSUHVHQW DQ LPSRUWDQW Q@& L§ ROW WHEG | § R B DN

WKUHVKROGY WRZDUG VWRFKDVWLF DVVHVUPBQWHIRFXVHG PRUH GLUHTF



$ IXQGDPHQWDO FRQFHSWXDO GLVWLQFWLRQ QRY HUOQFRKQM\VH IUGP IV XQ
VXEVXUIDFH FRQGLWLRQV DQG WKH SUREDE L OILYD\I MDKD WWV KLHQ WHINGOHVE]
7HPSHUDWXUH DQG K\GUDXOLF SURSHUWLHVHUXYFRL DWEHEREBEY COLQ\G |\
LPSRUWDQW FRQWUROV RQ SHUIRUPDQFHGHEXWMQ GRQW OJAH $ UHWHUW R LS
FRQYHQWLRQDO JHRORJLFDO DQG K\GUDXOLF W K URXW 8 O\G \ RZK MOKHH VLV IV
FRQVXPHU &RQYHUVHO\ FRQGLWLRQV EHORZLBELHQM URO LD W& MOKQHHY KE
RU D GLIIHUHQW RSHUDWLQJ FRQILIXUDWHLRW\ SDUWOFX®PS&Q ¥YBMHY RR
LQ DQRWKHU 5HVHUYRLU WKLFNQHVV DQG\VBHR®O®BDE L &K\ WU DRWLA[SBR O »
IORZ UDWH DQG WKH WHPSHUDWXUH GLIIHUHQFGHRHUPHIQ® SWKRGHPAVOL |
7JUHDWLQJ WKHVH TXDQWLWLHY DV VHSDUDWH E LOMDIUR QAKX IRF HARWQ 51U MW R €

XOWLPDWHO\ GHWHUPLQH XVDEOH KHDW GHOLYHU\

6XFFHVV PXVW FRQVHTXHQWO\ EH GHILQHG LQ UHH DWRW®&HVUR DA HH S 6 L
PD\ EH VXIILFLHQW IRU RQH KHDWLQJ D S{SQLADMR PO \D\QIBWVILY D\GHJ XCDQADHK
UHTXLUHPHQW ZKLOH IDLOLQJ WR SURYLGHLWK HGHFRDRIGU HG VRXVPS & WV C
RSHUDWLRQ DOVR DIIHFW SHUIRUPDQFH :HOO BR®IUDXQDSWR®XDW GRS
UHLQMHFWLRQ WHPSHUDWXUH RSHUDWLQJ GOLIW LLR)Q O $H & B AVKLHR @ R
EH GHOLYHUHG 7KH SURSRUWLRQ RI WRW B 6W3HEP IWMRG FW KB W IX-URMKKHHU
ZKHWKHU WKLV RXWSXW LV VXIILFLHQW 3URHE ELIDIWGH B D5\ FIFG! VL\Q W K
SHUPDQHQW FKDUDFWHULVWLF RI D UHVHUYRLU,W HR/O R B IQFDLAV LR QDDWI
VHOHFWHG SHUIRUPDQFH WDUJHW DQG DVVHVVPHQW SHWVLRWHPDV ZF
FRQILJXUDWLRQ RSHUDWLQJ DVVXPSWLRQY@WQRBQGWRBQRR 6KDUW QB VWHSIL

WKH LQIRUPDWLRQ DYDLODEOH DW WKH WLPH RI DVVHVVPHQW

7KLV LQWHUSUHWDWLRQ DOVR PDNHV XQFHUWD L QRH QD) DWDKHVR Y HD G G LTOC
JHRORJLFDO SURSHUWLHY DQG UHVHUYRLU DU FK LX\GHYWDIQU H YILIGH Q BHH $ |
GULOOLQJ VRPH XQFHUWDLQWLHY DUH UHGXFRGPIZWLBR RWKS$IWRGKHAF
LQMHFWLYLW\ K\GUDXOLF FRPPXQLFDWLRQ S SHHIBHPOREGWHL PISXH
GHWHUPLQLVWLF FDOFXODWLRQ XVLQJ RQH DVVXPBHGEFULEKHWIRK BDF X
SODXVLEOH VIVWHP RXWFRPHV RU WKH IUHTXHQF\EH \B K KIKLYFHKGD 5/SGiF Y
XQFHUWDLQWLHV PXVW WKHUHIRUH EH LGHQWWIKHRBX JKHB LP-RGHON W & DD/IE

XQFHUWDLQ V\VWHP FRQGLWLRQV WR WKH VHOBRWHGLEBIOLS URERBLMIL \



QRW EHFRPH UHOLDEOH VLPSO\ EHFDXVH XQFHUWREQ@W \ &KIDWV\ EGHHNQV U HE
DQG SDUDPHWHU UHODWLRQVKLSYV XVHG LQ WYXWHRR/GIBEO PWRWHWHADL @ LS

DQG JHRORJLFDOO\ SODXVLEOH

7KLY UHTXLUHPHQW LV SDUWLFXODUO\ LPSRUWBR®WRLIUQFB®WRHEMHIUHQIHR L
QRW LOQOWHUFKDQJHDEOH QXPHULFDO VDPSOHRS GCOUDWQRIQRPHRAH YXRRRR $
UHIOHFW KRZ D IRUPDWLRQ ZDV GHSRVLWHG GHILRKPHWYVDIHR PIDWBI\U B C
GHJUHH WR ZKLFK LWV SRUH DQG IUDFWXUH VQVWHKIHP 1LR/URRKQ QHHUFRADHG %6R0U
HIDPSOH WKH K\GUDXOLF TXDOLW\ RI OHVR]RL6E HVDRMIWNLRQD @ BDVH K Y WIE
VXEVHTXHQW GLDJHQHWLF PRGLILFDWLRQ )UDEHKXWDBPR®HU HW=DOGPHU
ODSSLQJ IDFLHVY VDQGVWRQH WKLFNQHVYV D QRSUWBHNVHUWRRYLHYV TW R B LSN\HBM
ZKHUH IDYRXUDEOH UHVHUYRLU FRQGLWLRQS8RPRRWFEX W KHFWHD FRQ G-

ZKHWKHU WKH UHVXOWLQJ UHVHUYRLU SHUIRURDR®WFH LV VXIILFLHQW IR

7KLY GLVWLQFWLRQ FUHDWHY DQ LPSRUWDQW OLRULBRWHAKEHQ VIHR/GR.
$SSO\LQJ WKH VDPH SHUPHDELOLW\ GLVWULEXWKRIRXQEE XWH\DH VB8R M
KHWHURJHQHRXV IRUPDWLRQ PD\ SUHVHUWH VBKIR SHHJUWR ¥ &Z KQLDCPHH WIHAD
JHRORJLFDO RUJDQLVDWLRQ ZLWKLQ LQGLYLGXIRX OGE VAHHVWRLLLLE H RO HDW
VWDWLVWLFDO UHVHUYRLU UDWKHU WKDQ WKH ORFIHRO®RYDBDLI®D I FIRQE
&RQYHUVHO\ D UHVHUYRLU TXDOLW\ PDS FDQ EXWCWIQIQ RRPGBWBWRLlY® K
WKHLU SHUIRUPDQFH LV VXIILFLHQW IRU D B\DVHWIVPHIDN WKHHW AIVOXN & HYL
PDNLQJ WKHUHIRUH UHTXLUHV ERWK VWHSWUMHRO R/XKH DX@) AU RADR- MWV F

FRQVLGHUHG SODXVLEOH DIWHU ZKLFK WKRVH VWDWHNTRKVWPHKWY DO

7KH FRQFHSWXDO EDVLV IRU D GHPDQG RULH@W HE/ WQE 8 USKHE EWERQJ

D ZKR FULWLFDOO\ UHYLHZHG PRUH WKDQW WR\WHKRWR B8RP DIV 3RE
LGHQWLILHG WKH ODFN RI D FRQVLVWHQW GHIFL Q@QWL R §HRIDWXFRFGIV® OW DI
D UHFXUULQJ OLPLWDWLRQ 7KH VWXG\ SXY®SRF BW HAOK DA JHRONDRAHHIG DR
HQHUJ\ GHOLYHU\ UDWKHU WKDQ VROHO\ WR WKN DODWDLQFAHQWRI LQ
VXEVHTXHQWO\ RSHUDWLRQDOLVHG WKLV SULQFHISRQWH LG DO KGR W R H3
XQFHUWDLQW\ LQ SHUPHDELOLW\ DQG DTXLXHDU FVERQENW K N V PZDY/ BRI
ORQWH &DUOR VLPXODWLRQ 6LPXODWHG KHDW SUR®XRVKR QW [B\H MY Q¢

WDUJHWYV IRU GLITHUHQW FRQVXPHU JURXSV GKHQBVW(BMWIRUDIR & EX\V Q



GHPDQG GHVSLWH XQFKDQJHG JHRORJLFDO LIOBRI GRNW B REOGU WRRWY VGU

DFKLHYH D JLYHQ 3R6 GHSHQG RQ ZKDW WKH JHRWKHUPDO V\VWHP LV F

7KH SUHVHQW VWXG\ HIWHQGV WKLV GHYHORSPHQ@RW LERDIOMW RAREGALLVQLIF
BUREDELOLW)\ RI 6XFFHVV I[UDPHZRUN '2*& 3R6 '2*& 3E® BLHOLOMWKDRMW
VI\VWHP ZLOO VDWLVI\ D VSHFLILHG WKHUPDG HQE&H G\ S\W K HRIPDIOQ 5§ R 2MD |
D FRUUHVSRQGLQJ DVVHVVPHQW SHULRG 7IWMGSUREORIOEWO LYWRQG!I
DYDLODEOH LQIRUPDWLRQ WRJHWKHU ZLWK WK HGWPDNHP ARREG L WLURIDW
SHUIRUPDQFH PRGHO *HRORJLFDO DQG K\GUDXPHQWIL FRQMWUROM R/
SHUIRUPDQFH EXW WKH\ DUH QR ORQJHU W UWHFF H & VD V QIVMNGHSG QXGHIRHA
JHRORJLFDOO\ SODXVLEOH V\VWHP VWDWHYV D DI FH R &BHON HE® G K/XRK §

GHWHUPLQHG E\ ZKHWKHU WKH UHVXOWLQJ RXWSXW VDWLVILHV WKH V¢

'2*& 3R6 LV LQWHQGHG DV D PHWKRGRORJLFDO D UF K LOADHFIMWRQU B OUIRW K W
WV LPSOHPHQWDWLRQ FDQ WKHUHIRUH YDU\ ZLWKWKH ISBFR MU R\ FHH L
DGGUHVVHG 'LIIHUHQW DSSOLFDWLRQV PD\ XW B L@W\NHWHKWH V H R YR IN.ER
ZLWK QXPHULFDO VWDWLVWLFDO RU GHFLVLR® D GPIOLAQLYQ P B WKRFE\S OB
KRZ WKHVH HOHPHQWY DUH FRQQHFWHG *HRORJLEWORIQWBQG UIDVDW L
FRPELQDWLRQV FRQVLGHUHG SODXVLEOH 8QFBWWDLWQKRVIHX BR QG LIW DR\
SHUIRUPDQFH PRGHOLQJ WUDQVODWHY WKHB8 RQ WK H FSW\RIMEHDFHN VWKV HDP C
ZKLFK RXWSXWV FRQVWLWXWH VXFFHVV 7KH IUDPHWRIQNEW KB UW LRHILHV

VHSDUDWHO\ ZLWKLQ JHRWKHUPDO 3R6 DVVHVVPHQW

7R GHPRQVWUDWH WKLV SULQFLSOH VSDWLDOO\ WBWLEKDWWVBGQG THO WO
VWXG\ DQG SURRI RI FRQFHSW 7KH 5KDHWLDQURNKGWRRQHN]FRRW DWW IA
ZKRVH UHVHUYRLU SURSHUWLHYV H[KLELW SURQREK®QW B GFV\$\IVWILHPO GKRHPW &
E\ IOXYLDO SURFHVVHV )UDQ] HW DO QBIXEORDN &Y G UVRFKLLH\H DG \JI
IUDPHZRUN IRU WKH VSDWLDO SUREDELOLVWLFWREGHOHYHKQWHORDFOSH GL
LQ K\GUDXOLF SURSHUWLHYV 5HVHUYRLU WHKHL PNDGEHWHG GIHVWHUWLYERRAW L RQN
ORFDO SHUPHDELOLW\ GLVWULEXWLRQV UHIOHFWHWXH XS RWQD G DWW DK
DUH SURSDJDWHG WKURXJK K\GUDXOLF DQGQWHKH& P D O RS VRBXFDIWM RRQF B
HYDOXDWHG IRU PRQWKO\ WKHUPDO HM}H®J\ UHIMXLXQ@B8HQOQWWRHUZLVH

DVVXPSWLRQV 7KH DSSOLFDWLRQ LV GHVLIQHG WRFDOOKNWMDRIH QH



GHWHUPLQHYV WKH UHODWLYH SHUIRUPDQFH SRWHGWWRBURD @ LH KHHUUWHX

UHTXLUHPHQW GHWHUPLQHY WKH DEVROXWH 8 UNRFE F RIQO/MAN\WX KVHAV W K HHL

7KH VSDWLDO DSSOLFDWLRQ LV GHOLEHUDWHO\ UHVWRBGRORGLEPRDG V
GHPRQVWUDWLRQ UDWKHU WKDQ D UHJLR QD @ \0WHHRWWKHHOAD O 3 HRUFHHIDELY
UHVHUYRLU WKLFNQHVV DUH WKH RQO\ VSDWLDOBDEDOUWNWIFDQOH UMD
FDOFXODWLRQ 2WKHU XQFHUWDLQWLHY UHODWHG MMQRGW B RS WU B MKOUN. |
DUH QRW SURSDJDWHG WKURXJK WKH PRGHO 1RWD\WUWHLDHHF W R QU WX B
RU ORQJ WHUP UHVHUYRLU UHVSRQVH 7HGOWOX\UGRWHWVR SWKRY DS 8 O3 HF ID\Y L
IRU GHYHORSPHQW Rl WKH 5KDHWLDQ UHVH WDYRA R VLYW WH GE XR\6 W R GEFHKR
EH FRQGLWLRQHG E\ PDSSHG JHRORJLFDO KHWHRHRYHIHEMQ OQB QKWK KV k

WKHUPDO RXWSXW

7KH SDSHU WKHUHIRUH DGGUHVVHV IRXU LQWWMKHRRE P RO FARHGGP AMHWREIRR
HYROYHG IURP GHILQLWLRQV EDVHG RQ JEBEBYRNREZDO G BQREWERQVVIQ.
IRFXVHG RQ V\WVWHP SHUIRUPDQFH" 6HFR@E@G® &R WHKE& X\CRG W K RW KHRBP DV
UHODWHG WR WKH IXQFWLRQ DQG WKHUP D R ZRXNFEXWG UHIFH.W\N B HQ W\ FEIH
DQG TXDQWLILHG DQG KRZ VKRXOG LW WKHF EM SURBSDEDOWMHAG BLW WRIX)
WKHLU JHRORJLFDO PHDQLQJ" )RXUWK KRZ FD® IGRHPO)IGE R ULLGV MIDNMD MRH
FRPPRQ VSDWLDO SUREDELOLVWLF I[UDPHZRUNK DKFUVLWXED O GGILYH WY HRM
PHWKRGRORJLHV DQG W K*& I3RRUBP NUIDCPMIZRQ MR | MKKIHIUDPHZRUN LV WKHQ D
5KDHWLDQ 'HOWDLF 6\WVWHP IROORZHG E\ D GLVEFX\OWLRDURWWEH JHPFES@A
FRQGLWLRQLQJ DQG XQFHUWDLQW\ SURSDJDRMNMRBWZ VK FS$ HUFI RUHDI) FG

JHRWKHUPDO 3R6 DVVHVVPHQW

OHWKRGYV

([LVWLQJ *HRWKHUPDO 3R6 OHWKRGRORJLHV DQ
'"HILQLWLRQV

Existing geothermal PoS methodologies differ substantially in how theyedafatess and represent uncertainty.

A recurring limitation, however, is that success is commonly defined thrimgvidual geological or technical



conditions rather than through the ability of the geothermal systeatisfysa specific project requirement. This
section reviews quantitative methodologies in the available literature that explicitly provide dupeofm
calculating PoS in geothermal exploration or project assessment. Studies concerned wgltadermids,
uncertainty, reservoir quality or project feasibility without defining a quantit®& calculation were not treated
as separate PoS methodologies. The reviewed approaches are arranged bradiig éotbeir methodological
development to trace the progression from component based geological probabdisésiarthresholds toward
probabilistic assessment focused increasingly on system performanceraaddd including its application to

hydrothermal heat production before drilling.

2WLV DQG 6FKQHLGHUPDQQ

2WLV DQG 6FKQHLGHUPDQQ GHYHORSHG D ZHGRHN D@ R & WHKG JHHRW &R
BUREDELOLW\ RI 6XFFHVV LV FDOFXODWHG E\REREMILISOAHYJIRWKHYBVN
HOHPHQWYV RI WKH SHWUROHXP V\VWHP VBXPIEH DWERQ USDWAKIZIRL U WM
VWUXFWXUH DOORZV HDFK HOHPHQW WR EH DV \RW\HWHDGD @ HSSLDRECD/EH O L &/ M
6LPLODU ORJLF ZDV ODWHU WUDQVIHUUHG WR JHRWKHWHDOHN F@WR WDKL
VRXUFH UHVHUYRLU TXDOLW\ DQG SHUPKORELORQQHVWDROLYI |RU WKW VI
DSSOLFDWLRQV KRZHYHU 3R6 JHQHUDOO\GUHPRQRYLFDFRX ¥FRGQ RLQVZRBW
UDWKHU WKDQ ZKHWKHU WKH VI\VWHP FDQ GHHZRLUYN W BHWSH R UIK G RWKLHGU
LQIRUPDWLRQ RQ ZKHWKHU WKRVH FRQG LW RRQ VD FHIMU WD WX @ DUWKWHR M &

FRQFHSWXDO JDS EHWZHHQ JHRORJLFDO GLVFRYHU\ DQG VXFFHVVIXO F+

%DUWDNRYLFV

%DUWDNRYLFV DGDSWHG WKH PRGX@IML \K\BBQ® FEFKBRIQ GUHWMD QUD P
HYDOXDWH WKH JHRORJLFDO 3UREDELOLW\ RI 6XPRHVYKRI \UDADJHER O R §/
PDLQO\ RI IUDFWXUHG DQG NDUVWLILHG OLPHWWRQHD D GE& SEHRYERP VW i

VWUXFWXUDO FRQWLQXLW\ IUDFWXUH GHYHQRSPHQW IOXLG RFFXUUHC

7KH JHRORJLFDO 3UREDELOLW\ RI 6XFFHVV ZDV RGEHDEQEBGWILWHWKH SURG)>

2L 2ygocdoevasatiecdRaenRia0aU02



7KH KHDW FRPSRQHQW UHSUHVHQWYV WKH SXREDEH OMLWR SRHIU B @Y XRXQWI
HYDOXDWHG XVLQJ ZHOO GDWD DQG UHJLRQD OUWHPHHWD V& RWH \PLDAB\V | |
LOQWHQVLW\ OLWKRORJLFDO FRQWLQXLW\ DQG UWWH WHIBYRIMH QWY F\N R H VSV
DQG LQWHJULW\ RI WKH VHDOLQJ XQLWYV BRERMNQMKHIRUG U@L R FERXRQWDLU

FDSDFLW\ DQG SURGXFWLRQ WHVW LQIRUPDWLRQ

7TKH FRPSRQHQW SUREDELOLWLHY ZHUH HVWLPBWHRGE VWK MBD W[LSOHQ WOQMAIR
,QYHUVH GLVWDQFH ZHLJKWLQJ DQG NULJLQG ZHHYH WDYSRSLOL MVGK WFRI QVMHVPVS
UHVHUYRLU WHPSHUDWXUHY ZHUH DSSUR[LPDWHO\ DANORG f & HAKH O H
LQWHUSUHWHG WRJHWKHU ZLWK IUDFWXUH REXDHWY B5W DRQNRIQW PQWXH W

FKHPLVWU\ DQG K\GUDXOLF HYLGHQFHWHUH DOVR LQFOXGHG LQ WKH D

7KH DVVLIJQHG SUREDELOLWLHY ZHUH

fe_rLT@r peqeptmgd FW qwqrek FT&W by kgaly T&{

7KH UHVXOWLQJ JHRORJLFDO 3UREDELOLW\ RI 6XFFHVY ZDV FDOFXODW|
eLrarH rawH rawH ra{L réx{s

$V VKRZQ LQ )LIXUH WKH LQWHUSUHWDWLRQODAHHOV/HYRIOXW VVEBIQR® 76 F |
UDQJH LQGLFDWLQJ RQH RU PRUH XQIDYRUDEB 8 UHYHHRANMEY UHOD WH Y X O
JHRORJLFDO 3UREDELOLW\ RI 6XFFHVV DQG LQGLFBR/MHSDVRBMWBQWKND!
FRPSRQHQW SUREDELOLWLHYV $PRQJ WKH IRXWOEWRP 3IFQE RXIHN WV KR OFGD

K\GUDXOLF G\QDPLFV

For any Risk Factor, the "weakest" element determines the Risk

< 0.30 Risk Factor contains unfavorable element(s)
0.30-0.50 One or more elements questionable

0.50 Elements unknown or no definitive data (Neutral)
0.50-0.70 All elements at least encouraging to favorable

>0.70 All elements well documented and encouraging to favorable

Unfavorable | Questionable Neutral Encouragin

Favorable

R L BN S SR R B T R A R R O %
Model based
k—---- Model supported by data/analog ~---- ﬂ
e Model fully documented by data from prospect area =----------------- >

JLIXUH 7KH UDQJHV RI WKH JHRORJLFDO ULVN IDFWRUV E\ 2WLV DQG |



$ PDMRU VWUHQJWK RI WKH PHWKRGRORJ\ RSRIQHD W UYQNGHDUWQF\G HDO
VXSSRUWHG E\ HYLGHQFH IURP WKH VLWH %CODWVWNXDGR HZRUN GHPYRIDRA
SHWUROHXP H[SORUDWLRQ FDQ EH WUDQV IHWR\N&HW R DI VWHY XKW RUD O &
H[SHUW LQWHUSUHWDWLRQ ZLWK LQYHUVH GLVWIRDFGL WH RIKWW®J EHQ BS

FRQVWUDLQHG HYHQ ZKHUH GLUHFW VXEVXUIDFH GDWD DUH OLPLWHG

7TKH PHWKRG KRZHYHU UHPDLQV UHVWULFVOHDGVW R HVYVRORRLBDEEHKRFER\
LQ DFKLHYDEOH IORZ UDWH WKHUPDO GHFOLQH RIUWKHMHURX FREG%RWH
SUREDELOLWLHY DOVR DVVXPHV LQGHSHQ G HRIOMHL FIYORMKER X HO O H\QHAUH JRULL

UHODWHG LQ IUDFWXUHG FDUERQDWH V\VWHPV

'"HVSLWH WKHVH OLPLWDWLRQV WKH VWXG\ SURYLGHVTBHDOULMW R @/ LH[HD |
JHRORJLFDO LQWHUSUHWDWLRQ ZLWK TXDQWLWDWLYH &VWAISPIRVUWR Q

JHRORJLFDO 3R6 DVVHVVPHQW LQ VWUXFWXUDOQ\LPREEPHYVNEBWWLQJIV

6FKXO] HW DO

%XLOGLQJ RQ WKH DSSURDFK ILUVW SUHVHQWHSUR\SRVKDGORE W DIOWKH |
VWUXFWXUHG PHWKRGV IRU HVWLPDWLQGWRKHRWRHEDEDR O LI\H ORIV6 XK@ FHH
PHWKRGRORJ\ ZDV GHYHORSHG LQ FRQQHFWLRQVXIMDI FH R B/KBIZIPDIO SHD|
H[SHULHQFH IURP WKH 8QWHUKDFKLQJ SURMHFW U® WHK B UGRXVQKV ¥YHD © D

DWWHPSW WR FRQQHFW JHRORJLFDO DQG K\GUDXOLF DVVHVVPHQW ZLW

([SORUDWLRQ VXFFHVV LV GHILQHG E\ ZKHWKHU DHAZHHQY RIIHD AWKIHP\S NS B W/
SURGXFLEOH IORZ UDWH XQGHU SUHGHWHU P IDEH G LG\ DRIGRXYKF FRQ G VWAD

E\ PXOWLSO\LQJ WKH SUREDELOLWLHY RI DWWDLQLQJ WKH UHTXLUHG W

'L R e<e; & : Rece;

THPSHUDWXUH DQG IORZ UDWH DUH WKHUHIRU B OHAY KOFOXIKWHRGW B VF R 1@ S\DUL
WKH KHDW SURGXFWLRQ SRWHQWLDO RI WKH ZHO OE MEKH IPW WKIR G RKOLRHIX

D FRPELQHG WKHUPDO SRZHU WDUJHW

7KH WHPSHUDWXUH SUREDELOLW\ LV GHULGHR UURIFWHGLRRW Q@ FERR KR BRI

PHDVXUHPHQWY +\GUDXOLF SURGXFWLYLW\ LV HYDORRYWHG OBRO DWIDRC



XQGHU ODPLQDU DQG FRPELQHG ODPLQDU WIXW BXUHIQWHGOWRR ERIQHWMQR
DUH PRUH UHSUHVHQWDWLYH RI WKH SURVSHFW HHRMLKKWP XX LZGIHD O 'S [P
SUR[LPLW\ DQG JHRORJLFDO VLPLODULW)\ FD8GXBEKRAK MK H QI@IOKGIRH AV R

ZHOOV WKDW DUH OHVV FRPSDUDEOH WR WKH WDUJHW UHVHUYRLU

7TKH PHWKRG LQWURGXFHG WUDQVSDUHQW D Q GHRRAKHUFDO® G\ S/IXB$RW W
DVVHVVPHQW WV GHILQLWLRQ RI VXFFHVV &RZBMWYHUU HOHAD IRXW FERR/H
FODVVLILHG DFFRUGLQJ WR ZKHWKHU WKH UHTXKWHSUWRSP $BHIW D@®/IX X @ FIHQ
GLVWULEXWLRQV WKURXJK D WKHUPDO SURGXRWMNVRQRRR GHO FUKHEHHUW X]

SRVVLEOH KHDW RXWSXWV DULVLQJ IURP GG U B X6 IQFVFRRFEMIIIRQM QV R

$ IXUWKHU OLPLWDWLRQ LV WKDW PXOWLSOLFDWILRDWRDWWDBLWERR QARF
WHPSHUDWXUH DQG IORZ UDWH WDUJHWYV FDQ EGHWKXBWWEGUNSUGQGEHQM
LQ ZKLFK WKHUPDO DQG K\GUDXOLF FRQGLWLRQERWVKHWMKHIGIINWR GG 0 RAF

QHFHVVDULO\ GHPRQVWUDWH WKDW WKH UHV XIODW. @GBGHPIDRMEKHUPDO V\V\

6FKXO] HW DO UHFRJQL]HG WKLV OLPLWDWQRQEHQECHB® WHXHGQ WHCD

PHDQLQJIXOO\ WKURXJK DFKLHYDEOH WKHUPDG5 SRREZUUW WBHQWW K H R X RO

7KH\ QRWHG WKDW D ORZHU IORZ UDWH PD\ EH FRBEHAVBWHE BEQ® YU
YHUVD DQG VXJJHVWHG HVWLPDWLQJ WKH 3R6 RIWKKK D VO/ROLANAHH & DW |
VLPXODWLRQ 7KLV REVHUYDWLRQ DQWLFLSDWHWDQRWM UW XWX EW kK

D KHDW SURGXFWLRQ PRGHO

2YHUDOO 6FKXO] HW DO HVWDEOLVKHG D IRNQBQMH @D | HIBB.
VXFFHVV FULWHULD DQG SUDFWLFDO H[SORUDWVRBLQDUN \WR & B MWGHHOL
WHPSHUDWXUH DQG IORZ UDWH WKH DSSUR DX KO SH® Q Q WQHI D QS HH
LQVXUDQFH ,W DOVR UHSUHVHQWY DQ LPSRUWDQWEPNW &RRGRRIOR GILEHE \

RQ JHRWKHUPDO V\VWHP SHUIRUPDQFH

*DQ]

*DQ] GHYHORSHG D TXDOQWLWDWLYH 3UMRB\DKEH XIQG\HRIIZ 18 K WH IV VR P RI(

H[SORUDWLRQ LQVXUDQFH LQ *HUPDQ\ 7KH BHWGRE R OWRWU BE VRRYHLLIQ |



ULVN RI GHHS JHRWKHUPDO SURMHFWYV DQGQVRDRL\® DRVH LIHWRR DILRD D

LQVXUDQFH ULVN HYDOXDWLRQ

7KH RYHUDOO 3UREDELOLW\ RI 6XFFHVV FRPEU®KBVUWNKH UYURREDWH®ISWMWU I
WKH SUREDELOLW\ RI DFKLHYLQJ VXIILFLHGEWDKAGUWX QOVFHYWRERRMHIGY LY
ERUHKROH GDWD XVLQJ LQYHUVH GLVWDQFHWHIHE WMLRR UAKILGRK BOGW D B

LQIRUPDWLRQ ,Q VLPSOLILHG IRUP

"Lt R kg H o Rygrs

ZKHWHWHSUHVHQWY WKH UHTXLUHG.? GOIQRVPHW HPISH WBW K IUIM HG @&/ UD Q V F

$ NH\ FRQWULEXWLRQ RI WKH PRGHO LV ILWV XBW RH UWH MKDQ FXQWB\OGC HY D
FODVVLILFDWLRQV %\ OLQNLQJ VSDWLDO JHRORJLFDO LQIRUPDWLRQ W
LQVXUHUV ZLWK D WUDQVSDUHQW EDVLV IRZKHWROXD W LKURMBBW ULDN TR

ULVN WUDQVIHU LQVWUXPHQWYV

6XFFHVV KRZHYHU UHPDLQV GHILQHG E\ VHSDEDW®W WKIR SHRUDHNDX G IR HDM
FDOFXODWH WKH SUREDELOLW\ WKDW WKH JHRWKHUP®H G WVRVEHPWZ POC
WKHUHIRUH VDWLVI\ ERWK WKUHVKROGY HYHQHZBGQ WIGH DX KX WUR G X

LV LQVXIILFLHQW WR PHHW WKH LQWHQGHG KHDW GHPDQG

7KH IUDPHZRUN DOVR H[FOXGHV UHVHUYRLU G\QDP LFW LR@Q® Q HF IR@N MFANDL
WKHUPDO GHFOLQH DQG VXUIDFH V\VWHP @OHVRXNIQW 7KIH X M HIIXPW R NWF X
GHOLYHUHG OXOWLSOLFDWLRQ RI WKH WZR FRPSRQRBQWHES8R BDRDOLIHVD

K\GUDXOLF SURGXFWLYLW\ ZKLFK PD\ QRW DSSO\ HTXDOO\ DFURVYVY DOC

2YHUDOO *DQ] FRQQHFWHG TXDQWLWDWLYH JHRSYBDHYWWEH. W BRVR K.
D WUDQVSDUHQW DQG HPSLULFDOO\ JURXQKIHR® HP FGAHO ORQ JH YW U XD KUK
GHILQLWLRQ RI VXFFHVV KRZHYHU OLPLWV LWW DEL®H ML MFRWGHHWIIR D L &

UHTXLUHPHQW
6FKXPDFKHU HW DO

6FKXPDFKHU HW DO GHYHORSHG D GDWD EIIRWH GHRWREDEALDQ VEWUR M

FODVWLF UHVHUYRLUV ZLWK SDUWLFXODU DSSOLFDWLRH WS SSKDMHAKL D



ZDV GHVLIJQHG WR DGGUHVV WKH VFDUFLW\ RI GIBUPNWLRQZHORP WAR

PHDVXUHPHQWY DQG ERUHKROH ORJV

7KH PHWKRGRORJ\ HYDOXDWHY ZKHWKHU VXUURXRGUIQBHOHVN U RQ F\W HH-E
DQG K\GUDXOLF SURGXFWLYLW\ GHILQHG IRXONKHFBQDG® W GYIWR MDHFAND )
IORZ UDWH DUH HVWLPDWHG XVLQJ WKH DVVXPRZOD TXHBRDWKDLGES HB VI
SUREDELOLWLHY DUH WKHQ FDOFXODWHG DV ZHLIKWHGVEURSRB®YGR (D/C

PXOWLSOLHG WR REWDLQ WKH WRWDO 3R6

$ NH\ FRQWULEXWLRQ LV WKH XVH RI SRURMW.WR D3 DBMD PW B VBKVUWM IGP DUARHP &
GHULYHG IURP VRQLF GHQVLW\ DQG QHXRWUWQ SHRIIPH KLO@OHNVY RNHHOWDYRLLR
WR HVWLPDWH K\GUDXOLF SURSHUWLHV 7RIM D®@0ORQWIR EFRRMNGHE XD
K\GUDXOLF WHVWY DUH VSDUVH 6HOHFWLRQ DAL UHILUKWDRQBHRDQBI KR

FRPSDUDELOLW\ WRJHWKHU ZLWK GDWD TXDOLW\ IDFLHVY GLVWULEXWL

7KH DSSURDFK H[WHQGV HDUOLHU HPSLULFDO XQRAW HRMKRWVIE PHWHKR G D
LQIRUPDWLRQ DQG JLYLQJ JUHDWHU FRQVLGHUW W VRID WW LFAXFRODRIIA\FD 8 <
SRURXV VDQGVWRQH UHVHUYRLUV LQ ZKHRKHIVREWXDEWOBQ2 DWH DIRAV HRC

DUH DYDLODEOH

7TKH 3R6 FDOFXODWLRQ KRZHYHU UHPDLQV EDVHGZR Q OWIKW HWUWKHRDW H IS
VXFFHVVIXO RU XQVXFFHVVIXO ZKLOH XQFHUWRLBNQHWY SHY® HRMELHDUW \8
LV QRW MRLQWO\ SURSDJDWHG WKURXJKHD UHMHVULSAIUF RW LW Q HRIIP /& H

K\GUDXOLF SUREDELOLWLHY DOVR WUHDWV WKH WZR FRPSRQHQWYV DV |

7KH UHVXOWLQJ 3R6 LV VHQVLWLYH WR WKH VHOKHFWHRQDIQG ZHLQRW HC
JHRORJLFDO DQG GDWD TXDOLW\ ZHLJKWV FDQ V >XDEQGN W& YWD\ ION LLIY IDXF
YDOXHV DUH SDUWO\ VXEMHFWLYH 'LDJHQHWLF FHPHRWWDNQAR @ RIQD AW

UHVHUYRLU SHUIRUPDQFH DUH DOVR RXWVLGH WKH FDOFXODWLRQ

7KH PHWKRGRORJ\ WKHUHIRUH SURYLGHV THRXWIXXERMNDFRILQJYRUHRIDN
JHRORJLFDO ULVN DVVHVVPHQW EHIRUH GULOOLQJH¥EXWXDW IGRRH R IQRWR
SHUIRUPDQFH 6XFFHVV UHPDLQV GHILQHGUWYXKRAGK WBRWEKHUDWKDEG BY
HQHUJ\ GHOLYHU\ 1HYHUWKHOHVV WKH VWXG\ WFID®OUBR6 @WV HVY RLIPGW

FODVWLF UHVHUYRLUV DQG GHPRQVWUDWHYV WKH Y DICPODO RIQAMRHPES QH /D



=LPPHUPDQQ HW DO

=LPPHUPDQQ HW DO GHYHORSHG D FRPEHBDRGNIHRIORHRRAMKM DRISOSW
ULVN DVVHVVPHQW LQ WKH 1RUWK *HUPDQ %DVLW LPSHRWHNGCEWSHY QR
WDUJHWYV 7KH DSSURDFK ZDV PRWLYDWHG E\ GLVFURHSBOQHLEBYV LW RHH
WKRVH VXEVHTXHQWO\ PHDVXUHG GXULQH WHVWUDRLUWPPBPRBBERQH\M. \GKW

VLPXODWLRQ WR LPSURYH WKH UHSUHVHQWDWLRQ RI JHRORJLFDO XQFl

7TKH PHWKRGRORJ\ EHJLQV ZLWK *,6 EDVHG P D3V VWK LIFINDHHY YR YK HY HL A K
FROQVWUXFWHG IURP VHGLPHQWRORJLFDO DQG \E LRD/OWELDW WHG® K DE @DW
ORJ SDWWHUQV DQG HIWHQGHG XVLQJ D UHJURQDRBJGBWD EQWHRE 0ORWIXI)F

WR HVWLPDWH WKH SUREDELOLW\ RI HQFRXQWRWK®IWGE D& WHEW KOH WPKER

7KH ORQWH &DUOR PRGHO UHSUHVHQWYVY XQFHUWD LWRQ HL QV KLLPW IQRIND\
SHUPHDELOLW\ DTXLIHU GHSWK DQG JHRWKMKP® EHWRBHBQEH SWKJ ID\Q
VDOLQLW\ 6HSDUDWH WKLENQHVV DQG SHUPHD ERIOD@Q HOLW WRKIEXQH ® (
FRPSOH[HV DQG GHOWD SODLQ VKHHWVDQGYV 7KH VBPRGKEWIDQXHVLRG

UHVHUYRLU WHPSHUDWXUH DQG IOXLG VDOLQLW\

7ZR H[SORUDWLRQ VFHQDULRYV DUH FRPSDUHXQ2URSU P DAD\Q.GV WIRJUH SW R
GLVWULEXWLRQ EDVHG RQ QHLJKERXULQJ ZHOOWH®URRB QWD VWK H GH
GLVWULEXWLRQ RI VDQGVWRQH ERGLHV FIRFQWQUHR/® OCHIEBG ES H D P HID\E IDALGV D \
WR WKH H[SHFWHG OLWKRIDFLHV DVVRFLDWLRQW R7 K H QHRQMHH &DUIFOERD |

GLVWULEXWLRQV IRU WKH UHVXOWLQJ UHVHUYRLU SHUIRUPDQFH LQGLF

$ PDMRU VWUHQJWK RI WKH IUDPHZRUN LV V@KHL WKW R BDVELRIQL \RW LIFH KX(
SURSDJDWLRQ 5DWKHU WKDQ UHO\LQJ VROH QY RRUSRW D MA-DMWGE F B R VILQWL
DQG WKH UHODWLRQVKLSY DPRQJ OLWKRIDF L HWW RI®XQFBMWIR @ R UHK LA R Q R
UHDOLVWLF DVVHVVPHQW RI ORFDO UHVHUYRLU J¥QWHKDWDW®W\S U R E DEx

DVVLIQHG WR WKH GLIITHUHQW OLWKRIDFLHY DVVRFLDWLRQV UHPDLQ SI

7TKH DVVHVVPHQW UHPDLQV IRFXVHG SULPDULO\ RRUPRBYHKWY ROW KRB |
PLQLPXP UHVHUYRLU SURSHUWLHY DVVRFLDWHG ®WIWKH B F RQXRIP B HDMK®R\G\

QRW GLUHFWO\ FDOFXODWH ZKHWKHU WKH UHDRQGWRD 8 MRHRIAPLOFOURIX W ISU



RI D SDUWLFXODU SURMHFW S5HLQMHFWLRQ FRDGHHW DREAYVD GRER LRDAWMML

DVVHVVPHQW

=LPPHUPDQQ HW DO WKHUHIRUH UHSUHVH@W I WDRP LPBRYUMDOVR G
LQWHUSRODWLRQ DQG VWDWLF UHVHUYRLU DVVHYVDRHDOWY MWR ZDKHS VMR
GHPRQVWUDWHY KRZ VHGLPHQWRORJLFDO LQWHUSWIDLDWWRE BQREDEI
GLVWULEXWLRQV XVHG LQ ORQWH &DUOR VLPWOD@WR G URKIL\G HWU B Q WP
IRXQGDWLRQ IRU 3R6 IUDPHZRUNV LQ ZKLFNXELVHKOOHVRMGE \UH VB OXRIMH G

VSHFLILHG WKHUPDO HQHUJ\ UHTXLUHPHQW
9DQ :HHV HW DO

9DQ :HHV HW DO SUHVHQWHG RQH RI WRKHNOW B UHNRW & H U PROP B QR
6XFFHVV DVVHVVPHQW 7KHLU PHWKRGRORJ\ HY DB XDVHYHEK HVHIGH LD LIR
WKHUPDO RXWSXW XQGHU XQFHUWDLQ JHR OWRDRQFD @ KR OGIILWRIPR G N | LTHKLQ
WKURXJK LQGLYLGXDO JHRORJLFDO LQGLFDMWRUY WR ZURG PFWHR QLW D W
WDUJHW PD\ IRU H[DPSOH EH VHW DW  0:MARDRRPRE GLHIX WRHW K 8 VKW R

FDVH RI WKH SURMHFW

7KH DSSURDFK XVHV WKH 'RXEOHW&DOF PRGHOLQJ W RARUWWDP DVRF i LRIX O D
JHRWKHUPDO VI\IVWHPV LQ WKH 1HWKHUODQGV FR®GLRGHR®M ¥ ZREWQ B V \JX
FRQFHUQLQJ ZHOO GHVLJQ DQG RSHUDWLRQ ZLWKLBDNY W DRSO HIQHGJIS|
EDODQFHV 3ULQFLSDO LQSXWV LQFOXGH UHNBBNRLW)\ G HISRWKK Bl Q 8 D\U K.

UHLQMHFWLRQ WHPSHUDWXUH DQG ZHOO FRQILIJXUDWLRQ

8QFHUWDLQW\ LQ WKHVH SDUDPHWHUV LV SURSDWLWQHG KD DQJDOWRRQN
SUREDELOLW\ GLVWULEXWLRQV IRU WK HURDHONVKRIZHDL WERZX B B WL DUHT S
HFRQRPLF LQGLFDWRUV VXFK DV OHYHOL]HG KHDMR GH & OXKEMLIRIR FIR \FR
XQFHUWDLQ VXEVXUIDFH FRQGLWLRQV QRMR RRXOW PRR HKW GALIMHFIWFOS HIH G k

HYDOXDWLRQ

5HVXOWY DUH H[SUHVVHG WKURXJK FXPXODWLYHIKDREDEL®LW\QRXBYH)\
SBUREDELOLW\ RI 6XFFHVV LV GHILQHG DV WKH S U RHE[FHIHGLMWVW WH PW QW LPPX

RXWSXW UHTXLUHG E\ WKH SURMHFW

pr rf R kgls



ZKHUHLES WKH VLPXODWHG AVEKMWPIRIKD BREZXIWBQE BQLPXP RXWSXW 7KH
UHSUHVHQWY WKH SURSRUWLRQ RI VLPXODWHGFRXWHREBREY® WKBWWDLW
UHTXLUHG FRQILGHQFH OHYHO PD\ DOVR EH Q QHYXYWHRQUFHGVE\ WQ O XU D Q FH

FRQWH[W D 3R6 RI DW OHDVW PD\ EH UHTXLUHG IRU JHRWKHUPDO LQ

9DQ :HHV HW DO DOVR H[DPLQHG KRZ FRPSHWL QU RIHRIDRRHHK F B & DHDI OHRFZ
UHVHUYRLUV IRU H[DPSOH PD\ SURYLGHEWWWEBQ WQMBWHIP\LN VULHALRVAY R |
7KH PRGHO HYDOXDWHY KRZ VXFK WUDGH RIEL OUW\FB/QWKHIUP EE R % BCK
LQGLYLGXDO SURMHFWY DQG UHJLRQDO DVVHVVPUHRXWNK PIHSAXBWN[BBF\N

SHUIRUPDQFH DQG FRVW

$ PDMRU VWUHQJWK RI WKH PHWKRGRORJ\ LVQAMHW G DU AW RARKPUPPWLR
HFRQRPLF SHUIRUPDQFH 6XFFHVV LV GHWHUPERHG E\VEKHFWIKHEG 8 KR G

WDUJHW UDWKHU WKDQ E\ WKH SUHVHQFH RI SDUWLFXODU JHRORJLFDO

7KH DSSURDFK LV QHYHUWKHOHVV LQIOXHHR@RPGE FE FREW H[MWI KQ W REK W(
WDUJHW DQG DFFHSWDEOH ULVN OHYHO DUH GHILRHG UHVT X LV$S G L FIBIW

FULWHULD

9DQ :HHV HW DO FRQVHTXHQWO\ SURYWLIGH DERWERURD®WRSUMKH B
WKHUPDO RXWSXW %\ FRPELQLQJ SK\VLFDCDBRRHIISOLOUWXHWIRW B DQWH
WKH PHWKRGRORJ\ GHPRQVWUDWHY KRZ JHRMARQUFPLD/OL BR6/ FDRYZ B R GHS LK

HYDOXDWLRQ RI SURMHFW SHUIRUPDQFH
%9(* DQG '*0.

7TKH %9(* DQG '*0. JXLGHOLQH SUHVHQWY D FRWEQBHKHQYWLYKQ IGH
JHRWKHUPDO SURMHFWY SDUWLFXODUO\ ZKHIWHR MPFXW IV RFHHRY §XE®LL

JHRORJLFDO RSHUDWLRQDO DQG HFRQRPLF FRPSREEBRMOL WK R WG6RB HHN

er_jL ‘rH ‘c:r; L : ‘eH ‘m; H ‘c:r;

ZKHUH, LV WKH WHFKQLFDO 3URHADNEWXHVNYHR ORIALFDWY 3 UR EIDVE MKW\ R

RSHUDWLRQDO 3UREDELOULW\WHK H XREHOAW IR O HFRQRPLF 3UREDELOL)

7KH JHRORJLFDO 3UREDELOUMS UHVEXFW¥HAWKH SUREDELOLW\ RI HQFRXQ

UHVHUYRLU DQG FRQVLGHUV LWV SUHVHQFH WXDDUWM HIQ G XD & bl G X>XOMLFQF



$GHTXDF\ ODWUL[ DGDSWHG IURP 5RVH W ZUWK ¥ RRIKIFQWXW H S B ¥ WHM
J)LIXUH $OWKRXIK QXPHULFDO YDOXHYV IDRFX WD/W HDQ H3H VW KHESIGR B M C

TXDOLWDWLYH DVVHVVPHQW EHFDXVH WKH VFRUEXMWLREWRW GHULYHG

| Database I | Geological Probability of Success I

D
D

80-100%

20-40% 60-80%

Data Quality
Data Quantity

—T—

J)LIXUH &KDQFH $GHTXDF\ ODWUL[ PRGLILHG DIWHU 5RVH

7KH RSHUDWLRQDO 3UREDFL@IHSURYHQWFHWKH SUREDELOLW\ RI VXFI
JHRWKHUPDO WDUJHW WKURXJK WKH SODQQHG RWPGOWW LR FERPISE®HHPL
FRQVWUXFWLRQ WHFKQLTXHYV DQG UHOHY D QW SALRWHHFRWQ 16 [LSMLUR ®I\) FBIQEEQ

MXGIJHPHQW *HRORJLFDO DQG RSHUDWLRQDO VXFFHVV DUH WKHQ FRPE

7KH FRQGLWLRQDO HFRQRPLF 3UBHSPEHUHWYWRIVOXKAFFHWVREDELOLW\ WKDW
SURMHFW ZLOO DFKLHYH WKH PLQLPXP WKHUPRPWO R XWKFHXM IRHHXHY B G XI
DIWHU JHRORJLFDO DQG RSHUDWLRQDO VXFFHVYVyKD;YAR FEEHHIH \D WWEKKHP VA
FRPSRQHQWY LQWR DQ LQWHJUDWHG PHDVXUHIRDZKHFKIQU DO \SK K MU

DQG HFRQRPLFDOO\ YLDEOH

JRU WKH FRQGLWLRQDO HFRQRPLF B3UREDELBNVWOWHGXEFHWVFRYHR\DEB
SRZHU

rf L Q" n ”

ZKHQHYV WKH 10 XLIGY CHKH VWMHFLILF KHDWLKDWS RALUWR R IUW KVH HOXQHGB SHUD W

GLIIHUHQFH EHWZHHQ SURGXFWLRQ DQG UHLQMHFWLRQ

%HFDXVH UHVHUYRLU WHPSHUDWXUH DQG DFKLHYDEOH IWHRRZRBBW®GUH P

UHSUHVHQWLQJ WKH UHOHYDQW JHRORJLFDO G DBURRSDW B WY QUKW R KN B KW



D GLVWULEXWLRQ RI SRVVLEOH WKHUPDO SRZ HRIX BRDWEID &IF URDCR  E H WKR/R
FDOFXODWLRQ :KHUH VXIILFLHQW GDWD DUH XQ DY DORIFEROHP DIV VXIP\H B
DSSOLHG 7KH VLPXODWLRQ SURGXFHV D FX® XHFRWRYH S WKBMHE/IKROG EW

WKH PLQLPXP DYHUDJH WKHUPDO SRZHU UHTXLUHG IRU SURMHFW YLDEI

7TKH FRQGLWLRQDO HFRQRPLF B3UREDELOLW\ RI ®X\F VH? X QN WHCH ¥ KHD DR IX
HTXDOV RU HIFHHGV WKLV WKUHVKROG URGAFH [DWSOHDVW RI WKMKV IDP/

LQ J)LIJXUH WKHQ

c:r;L rar

80% -

~

3
L

A

Cond. economic
60% Probability of Success
POSwy

50% -

40%
Economic
30% Threshold
(random value)

Cumulative Probability (%)

20% -

Geothermal Power (MWy,..)  (random values)

J)LIXUH SBUREDELOLW\ GLVWULEXWLRKQURI JHRWKHUPDO SRZHU LQ O0:

$ QRWDEOH IHDWXUH RI WKH IUDPHZRUN LV WKDW VYHRORDWBO\ DQRP R\
ORQWH &DUOR FDOFXODWLRQ RI HFRQRPLF SHXIQRDLN EB®HFY L EKH GAW MRM
DOUHDG\ DVVXPHG WR EH JHRORJLFDOO\ DQG WHFKXWHFODIOWHUXREW ITKQ

XQVXFFHVVIXO K\GUDXOLF FRQQHFWLYLW\ RU RRSKUDWQRQRDO IDLOXUH L

7KH IUDPHZRUN WKHUHIRUH FRPELQHV GLVFUHWH |IDUO XQHWXHRIFPIDEL
SHUIRUPDQFH EXW WKHVH XQFHUWDLQWLHY DWVHPXRIW SRIRSDBHRWRG
LQWHUSUHWDWLRQ LQWURGXFHY DQ DGGLWHRIQPOGVOLIPUWDW RRQHEFHH-IDW
"'LITHUHQW LQWHUSUHWDWLRQV RI WKH VDPH WXV >XGLIDHFYHKRW GRIEREHD
HVWLPDWHYV 3HHU UHYLHZ FDQ UHGXFH WKLV XQFHUVWRXDPW\ DEDXOVR 2J M/ E

HITHFWV RQ WKHUPDO RXWSXW DQG SURMHFW VWERHVVVWRXE@B H¥YDO)>



LQWHUSUHWHG DV D FRQGLWLRQDO SUREDEWDLON 8 URR EFDFER@R MUAFRS$ HXIFRF
FRPSOHWH %9(* DQG '*0. IUDPHZRUN DFFRXG@WV DWISPOQDOV HBOM\OIRWHJ
‘¢ DQG, EXW LWV PRGXODU VWUXFWXUH GRHV QR WBHM ISOH DMDH HBIW O |

WRIJHWKHU ZLWK WKH SHUIRUPDQFH UHTXLUHPMHQDMWR 'KURXJIK RQH XQLIL

*DPELQL HW DO

*DPELQL HW DO SURSRVHG WKH 5HYHUYVHLCRWKIDD®W HOIGH \MKIRFAHRZARR
DVVHVVLQJ JHRORJLFDO WKUHVKROG UHODWHG D GIGDERSRRHDUFKL DG DVSXA
HVWDEOLVKHG ULVN DVVHVVPHQW SULQFLSOHVGAURR WKML R LFKK D QIEF N\WOH

RI JHRWKHUPDO GHYHORSPHQW

7KH ITUDPHZRUN GLVWLQJXLVKHV WKUHH PDLQ FXKF$RYMHSNM VHQHWIH R/ &
SUREDELOLW\ WKDW WKH JHRWKHUPDO FRQFHSWXDO PRTBYHAQHE NDIOL
GHYHORSPHQW DUH SUHVHQW 7KUHVKROG SUREDELOLWILLHWYOHWIDQA XD
WHPSHUDWXUH DQG SRWHQWLDOO\ DGYHUV MWV OKIL & KFHR R/SFOH.FW.HR® GWHD
FRQFHSW 7KHVH SUREDELOLWLHYVY DUH REWDLQHGXB\D®@R¥BWILIQIWW KEX

IXQFWLRQV UHSUHVHQWLQJ SDUDPHWHU XQFHUWDLQW\

7KH FRPPHUFLDO 3UREPDHHGUWYRQWXYFWHKWVSUREDELOLW\ WKDW WKH SU
HTXDO WR RU JUHDWHU WKDQ JHUR :HOO GHOAYHN WHEOLIW WQ L X QRHBRW B R
WR WKH GULOOLQJ SURJUDP IDFLOLW\ FDSDBHWH QQ\H VAKMHHRAW KR GXW
FRQQHFWY VXEVXUIDFH XQFHUWDLQW\ ZLWK SURMHFWO HFR@QRIPWERQ

LQGHSHQGHQWO\

5(0 SURYLGHYVY WZR SURFHGXQHWKIRULKHWWLRADWLQUW\ W\SH DQG LQVWDC
DGYDQFH DQG WKH PD[LPXP GULOOLQL H[EW@EOGOWWUYBIRIRE /LW QEDIHNVKIL
GULOOLQJ FRVW GLVWULEXWLRQ GHWHUPLQHV /& HWIRH BEX®P EIHROR3I WRHED
GULOOLQJ H[SHQGLWXUH DUH IL[HG DQG WKHDFKQLPXWY AHDEE®XDWWHIGBS L
SRVLWLRQ ZLWKLQ WKH FRUUHVSRQGLQJ F DS D% RW XK GLIWRNFUHIGEXUMHIVR BDIQV E
LWHUDWLYHO\ DV WKH GHYHORSPHQW FRQFHSW 'UVY DREOMX VR/GIGU D QKcH P
SURMHFWY ZKHUH ZHOO SURGXFWLYLW\ LV VW BESDOQUMLFXIOBDRMIM G B\l LOORAF
KHWHURJHQHRXV UHVHUYRLUV W UHSUHNDQMWHOW YK HVKDMW PXWPROXFEH B

SUHSDUHG WR DFFHSW EHIRUH WHUPLQDW ISUD GHDYH GRIORHXQ WY J AL N YIDRC



SUREDELOLW\ RI REWDLQLQJ DW OHDVW RQH VXFFEVNOOQQIHUBTXHWE
&RPELQHG ZLWK WKH GULOOLQJ FRVW DQD®WXNFFHW IXOVRHDPOAR RQWRR

YLDELOLW\

$ PDMRU VWUHQJWK RI 5(0 LV LWV WUDQVSDUHQRQ RRILFDW® FIQUWW R L QJ
&XPXODWLYH GLVWULEXWLRQ IXQFWLRQV WUDQWREDWHOXQEH VWD L[ FSHH
GHYHORSPHQW VSHFLILF WKUHVKROGV ZKLOH WRB QFRIP PIQWGF LADWL (DAL

HISHQGLWXUH GLUHFWO\ WR SURMHFW YDOXH

7TKH PHWKRGRORJ\ QHYHUWKHOHVV FROQWLQXHWROWR HHWHEPQREH VXRRR
FROQGLWLRQV [IOXLG SURSHUWLHY DQG FRPPHUFLDW SHHGHIPQRGHODP
$OWKRXIK WKHVH WKUHVKROGY DUH VSHFLILF W\ ON KOH/ \GHHW\H Q/KEP 8§ QRE

RI GHOLYHULQJ D VSHFLILHG DPRXQW R XWHIWDQW KHWLRIRG H@EUGHR DI
6DQJLQ HW DO E

6DQJLQ HW DO E GHYHORSHG D TXDQWLVDREYHL®HWK RG RCXEF\H \
K\GURWKHUPDO JHRWKHUPDO SURMHFWYV EHIRIWLBQ LRIOYRBFXWLNQ J5 DWJ
WUHDWLQJ UHVHUYRLU SURSHUWLHYV VXFK DW¥YWSHUGCHQWLIOQ®/L\FDWRBEH LR
WKH PHWKRG HYDOXDWHYV ZKHWKHU XQFHUWDLRINXEMRW DNFFKIHERQ G L WQ
VDWLVI\ D SUHGHILQHG KHDW GHPDQG 6XRRH\WGY WKHWR B OHRKUWS XGW | RQ

DSSOLFDWLRQ

7TKH PHWKRGRORJ\ FRPELQHYVY ORQWH &DUOR VLPXOPWGRQ ZIHRIO DI LGHDU
SURSHUWLHYV WKDW FDQQRW EH NQRZQ SUBBREBDELEHWUGLGWUOBDXQLR
VDPSOHG IURP WKHVH GLVWULEXWLRQV LQ HDPRGHDOLRDWLERXODRW

FRUUHVSRQGLQJ WKHUPDO HQHUJ\ RXWSXW
7KHUPDO SRZHU DQG HQHUJ\ DUH FDOFXODWHG DV
2oL ay? 3 A6
‘col Z20.AP

"KHUK«LY WKH WK HBWRIDVO WHKHHILPI®, AL\ RZKHHU JHRW KHU R RO MDKKH G/ SHHFELV L WV \K

FDSDFLW\ RI WKH dHFRWKKH FBO X e B ayLW KelREHPBBWMKH DWXUH GLITHUHQFH



DQG UHLQMHWRW IWRIQH DYEHVVPHQW SHULRG )ORZ UDWH LV SHMIMWLIPHDW H G

RI WKH UHVHUYRLU DQG WKH DVVXPHG SXPSLQJ FRQGLWLRQV

O
3Lteya*at_M

2 G
-pL G—;.laJUaC

4 Lurrra @4

ZKHNHV LQWULQVLEF ISWH BRGIDEX O L AHFLIRQ B X¥ W H YUY WK IGRNDBERRZ\QKH UDGL XV

RI LQIOXHQFH RI WHKH \8X\PKSH. @Hig BOWDGXIXE/TV G\QD P URE W UVUBR\MD\W DR

DFFHOHUDWLRQ

,Q WKH GHPRQVWUDWHG DSSOLFDWLRQ SHUBW DXEIFRHWY LG YIDTUALD B O HWV
Rl HDFK zDV VDPSOHG LQ HYHU\ UHDOL]DWLRQ DI@O®R X WHD® W RWHKCHIUADOOD

DQG WKHUPDO HQHUJ\

7KH VLPXODWHG WKHUPDO HQHUJ\ ZDV WKHQ PRPISDVWIGVYPWRK WV ISH UKL

UHDOL]DWLRQ ZDV FODVVLILHG DV VXFFHVVIXO ZKHQ
IanaéBC)RZ;@OéUQQ
DQG WKH B3UREDELOLW\ RI 6XFFHVY ZDV FDOFXODWHG DV

215 0 "euaenofpcoavpe

OiégOG

ZKHUkkwb¥ WKH WRWDO QXPEHU RI ORQWH &DUOR UWEHHO WMWY RVIDVW D QIE H

VHOHFWHG KHDW GHPDQG

7KLV IRUPXODWLRQ SURGXFHV D FRQGLWLRD DX® ISYHHU R D © DRHDMHV X U R E®IE
TXDOLW\ 3R6 GHSHQGV RQ WKH DVVXPHG JHFRQARILFQ@WY GLR/MAWKEKW IZF
DVVHVVPHQW SHULRG V\VWHP FRQILJXUDWLR@ WIQHU K HBWH GGHUFRDEXG H7 & H

YDOXHV IRU GLIITIHUHQW FRQVXPHUVY VHDVRQV RU GHYHORSPHQW FRQF}

6DQJLQ HW DO E GHPRQVWUDWHG WKHR ®HWHR/G X¥R DU DQK* SVWRWRZH

*HUPDQ\ +HDW GHPDQG ZDV HYDOXDWHG PRQ@XIQA WXW KM K RW®OIGD Q LW K UFF



FDWHJRULHV ZHUH FRQVLGHUHG PXQLFLSDO EXWQEVQIWGWUWGN DEE
EXLOGLQJV DQG DOO EXLOGLQJV FRPELQHG WAHDXTHO PRIEPNDIQG XANL\D & DV

VHDVRQDO SURILOH DQG D PRQWKO\ 3R6 ZDV FDOFXODWHG IRU HDFK F

7KH VDPH JHRORJLFDO LQSXW GLVWULEXWLRQWSGR ®@QRH & HOLM RHQULH®D W L!
RI GHPDQG FKDQJHG OXQLFLSDO WUDGH DQGKLQI XSWREDEQ OCGMAMHYG Z

UHVLGHQWLDO GHPDQG DQG WKH FRPELQHG G RRBQWGNVRIRDA O\EBEXH.ID\GR. QD Y

7TKH VLPXODWLRQ UHVXOWY ZHUH DOVR XVHG WHRVBWLWYH L XORARV\G QG
RXWFRPHYV :KHUH D VXIILFLHQWO\ FOHDU UHODWS3RQNKIULFD QHAH WD/ \EHHONH:
3R6 OHYHO FDQ EH XVHG WR LGHQWLI\ WKH SDUDRIHWHHIWYLQO XWKBIVKR

SURGXFWLRQ WDUJHW

7KH VDPH SULQFLSOH FDQ EH H[WHQGHG WR RWHKUK WHRIQRJKRBEFE URWD I
UHSUHVHQWHG SUREDELOLVWLFDOO\ DQG WKHLU HB8ADWRRMKK VG XKV

UHVXOWYV

'HPDQG 2ULHQWHG *HRORJLFDOO\ &RQGLWLRQ]

JUDPHZRUN

&RQFHSWXDO %DVLV RI '2*& 3R6

7KH UHYLHZ RI H[LVWLQJ 3UREDELOLW\ RI 6XFFHWVD® HWRBGRORQIVHW B
TXDOLW\ FODVVHY DQG LQGLYLGXDO WKUHVKROG OWKHYPOR GRIW MHRY
IXOILOO LWV LQWHQGHG IXQFWLRQ 3HUPHDEQDRMWAVLYHWUYRGUSWRGI
LQIOXHQFH SHUIRUPDQFH EXW WKHLU VLRRQI RKMEPHNG RSHOQ G W IRTJ W RE
DVVHVVPHQW SHULRG 7KH 'HPDQG 2ULHQWHG * HR/® RIUIFIHZAR UAR Q AW L
3R6 WKHUHIRUH GHILQHV VXFFHVV DV WKH SURELH]EE H\G\DVKDMF DI UHE W
HQHUJ\ WKHUPDO SRZHU RU RWKHU H[SOLFLW®RORH LIFQIG S kWP WWAIRMF-

DQG PRGHOLQJ FRQGLWLRQV

JRU D WKHUPDO HQHUJ\ WDUJHW WKH JHQHUDO GHILQLWLRQ LV

2K5kba00d 2NKkbaenoRokoaobe & & & 4 ;



:KHUHUHSUHVHQWY WKH DGRSWHG JHRORJLFDO LQWSWUISWVHWDW MWRKH DQ
FRQILIXUDWLRQ DQG RSHWHSBURIQYBQ WY WK WDRQYWXGH DQG WHPSRULI
UHSUHVHQWYVY WKH VHOHFWHG K\GUDXO LB HBQG WHKHUWY WK 8 H Q! IRRUWAPIDWW

DW WKH WLPH RI DVVHVVPHQW

7KLY GHILQLWLRQ WUHDWYV 3R6 DV D FRQGLWLR@YHKOQS DREDEEBUWD QM
FKDUDFWHULVWLF RI D UHVHUYRLU IRUPDWLRW®W RO\ FRRMHTISHLFWDR FPU
GLITHUHQW 3R6 YDOXHV XQGHU GLIITHUHQW KHIWVGHPBR GR @IQ GX D B WHL)
RSHUDWLQJ DVVXPSWLRQV FKDQJH *HRORJLFDO D RWUGHU MWUMHIFWW & U

XQFHUWDLQ FRQWUROV RQ VI\VWHP SHUIRVRPRFHUVUDWKHU WKDQ DV ILQ

*HRORJLFDO FRQGLWLRQLQJ IRUPV WKH VHFR®WRE B ELLQDLLQW\ FERLA/SARUQLHEQXWW
UHIOHFW WKH JHRORJLFDO SURFHVVHV DQG VSDWSRWDLIMLRIQDVHB @& WHV E
VHWWLQJ GLDJHQHWLF DOWHUDWLRQ DQG UHVHUYRPELMHRPHRMQM DQH
SODXVLEOH ZKLOH K\GUDXOLF FRQQHFWLYLWDWQRBQW K M UVRIRH D UFIREYL\O/
LQWHUSUHWDWLRQ $SSO\LQJ RQH EDVLQ ZLGHWXHERBHBENOG W\ WGLLVEXW
KHWHURJHQHRXV IRUPDWLRQ PD\ SUHVHUYH WDKH. RY WY WIKQ O HQ K R B B HBPMmX

VSDWLDO RUJDQLVDWLRQ ZLWKLQ LQGLYLGXDO UHVHUYRLU ERGLHV

'2*& 3R6 LV WKHUHIRUH IRUPXODWHG DV D WUDQVIHUPE® K @ HWWHUR/®ROWF
SUHVFULEHG QXPHULFDO DOJRULWKP WV LPSOHPHQWOGWLRBRROROHRIXEDE
PRGHO WKDW FRQVWUDLQV WKH XQFHUWDLQ V\VWHPUMWDIMHV SARRB\DLI®I
WKURXJK DQ DSSURSULDWH SHUIRUPDQFH PRGIHTF W RHGHW BIWPH W HZ MCKH
7TKH QXPHULFDO PHWKRGV XVHG IRU WKHVHRMWHYFWSVVWDJ H DD V¥ DWOKY DHO'E

SXUSRVH RI WKH DVVHVVPHQW

*HRORJLFDO %DVLV RI WKH 6SDWLDO '"HPRQVWUDWLRQ

7R GHPRQVWUDWH WKH VSDWLDO LPSOHPHQWDWLR QRRIW K* &H3IRPD QN B \5LK
SUHVHQWHG E\ )UDQ] HW DO ZDV VHOHFWHBGKH V5 WKXHWILHRO R D IQRI\C
UHSUHVHQW DQ HVWDEOLVKHG K\GURWKHUPDO H{BORBRYWVYRHWDEOM\U
WKH EDVLQ EHFDXVH RI WKH GHSRVLWLRQDO DUFKLWEBGEWXHMVRIG WKKI

KHWHURJHQHLW\ E\ LQWHJUDWLQJ VHGLPHQWRORJLFDGKDLEGDQBODHF



SHWURSK\VLFDO DQDO\WHV FRUH LQIRUPDWLRQ D@D ZBWROLGEHG OKRLIW

UHVROXWLRQ PDSV RI VXEVXUIDFH IDFLHV VDQGVWRQH WKLFNQHVV DQ

7KH 5 KDHWLDQ 'HOWDLF 6\VWHP LV GHVFULEHG DV DUKNI1KQ FRXKQ®WU XFQW
ORZHU GHOWD SODLQV WRIJHWKHU ZLWK GHOWD IGRQWDDQGDI PR GHO WD
FKDQQHOV DUH DVVRFLDWHG ZLWK OHYHHV FUHYODVW/HISRSOWW 7\RKZIDR\VE
GLVWDO SDUW RI WKH VI\VWHP WKH FKDQQHORS WH[HRLQDWH] LQWGD QW U
LGHQWLI\ GLVWULEXWDU\ FKDQQHOV DQG WKHLU DWVRXODWEBGLEBRHM L
K\GURWKHUPDO H[SORUDWLRQ EHFDXVH WKH\ 1&UIRYVO DU WH UDURB\R H WALHR

VDQGVWRQH GHFUHDVHVY WRZDUGY WKH PRUH GLVWDO GHOWD IURQW D!

7KLY GHSRVLWLRQDO FRQWURO LV LPSRUWD QW HRWH BSYRIEWD SIURISVHWUIWFL H |
GLVWULEXWHG XQLIRUPO\ WKURXJKRXW WKH GLKDHWLIXQ VKX B HNWHWWLYRQ U
FODVVHV RI P WR P DQG ! P DQGPSHUPWRBRELORWD@®GDVVHY RI
7KHLU UHVHUYRLU TXDOLW\ PDS FRPELQHV WKH VSDWQDRW PBIWHR Y RIUWR F
DYDLODEOH ZHOOV 7KH UHVXOWLQJ SDWWHUQ VKRZV MRKOAM GWRQ G UWWHIGH

ZLWKLQ SDUWLFXODU UHVHUYRLU ERGLHV UDWKBHWALDDQQ! RBURBWILE®WH



T
Prodelta

B Cfishore, marina
i Rhastavicula contarta
Dalta front

[ 7] Distal mouth bar

|| Colite shoals

- Distributany/mouth bar
complex

Dalta plain

- Distributary, levee/crevassa
splay oorrglax - channal balt
Distal crevasse splays,

D proximal shestsands

= Interdistrib. bay, shestsands,
paralic swamps

Dielta plain sheelsands

I Fluvial plain

»
.

Ty

5 T
[ high {>20 m}

[ | madium (10-20 m)

[ tow (<10'm)

Permaability

&14 high (=500 mD} e
with average of lab data

O meadium (250-500 mD)
@ low (<250 mD)

o cored wells (n=23)
- logged wells (n=c. 515}
a 50 100 hom:

=
A
=3
Sl

JLIXUBISDWLDO JHRORJLFDO IUDPHZRUN XVHG IRU WK H.F2 6&V3\R-6PDFSIS\W K Fil
1RUWK *HUPDQ %DVLQ D 6XEVXUIDFH IDFLHNO B Y VWA IGRRANL QIO R G WGKHD I
ZLWK UHG OLQHV LQGLFDWLQJ WKH PDUJLQV5RV HUKHR XI5 THKD COLAMG G RV
UHSUHVHQWHG E\ UHVHUYRLU WKLFNQHVV DQG SHUPB O EAHO.OM LEHRURG

IURP )UDQ] HW DO JLIXUH

'LIJLWDO ([WUDFWLRQ DQG 6SDWLDO 3DUDPHWHUL]DWL

7KH SXEOLVKHG VXEVXUIDFH IDFLHV DQG UHVAUUYHR WU DRNOH WY HP® £ Q \RR
UDVWHU EDVHG FRPSXWDWLRQDO IUDPHZRUN IRHRWSDO WU B QFIR® R K GHOW
ZHUH QRW DYDLODEOH IRU WKH SUHVHQW DQDO\VDR¥H WR R USHEDIW K VG
XVLQJ WKHLU FRPPRQ PDS ERXQGDULHYV FRRUGBPEDWH Z&HRVYRPWALRI® FV¥
PDS ZDV UHWDLQHG XQFKDQJHG DV WKH JHRORHWOMWEDRRBNIRR RO G VI RUK

WKH UHVHUYRLU TXDOLW\ PDS ZDV XVHG WR GHULYHUWHKB EMLOD WL DQGWX W



$ VHPL DXWRPDWHG LPDJH DQDO\WLYV ZRUNIORZ ZDWVFDRFHVIVHBOW RVEILV] LA
WKH UHVHUYRLU TXDOLW\ PDS 7KH FKDUDFWHQBGV WL AROWHIUWY B H$ WHM
FODVVHYVY ZHUH GHILQHG DV UHIHUHQFH FRORU YHMHNBHM UBDE KHU DD @/ XHK

5*% FRORU VSDFH DQG DVVLIQHG WR WKH FORVHVRQFDDW W ZWHQI WHH V

6PDOO GLVFRQQHFWHG FRPSRQHQWY DVVRFLDIMHBOZR WKNWH YW DQ\® BR/ O
QRLVH ZHUH UHPRYHG WKURXJK FRQQHFWHGLORPB®Q FQWVLQWR SHQ D W0
VXEVHTXHQWO\ DSSOLHG WR VXSSUHVV LVRUB® HG GDEHDWV DX IPDS V
7KH SURFHGXUH SURGXFHG D FDWHJRULF D & WHUWHRLURP D WM KZ i INGHH \BW U\

JHRPHWU\ RI WKH UHVHUYRLU ERGLHY PDSSHG E\ )UDQ] HW DO

7KH UHVHUYRLU WKLFNQHVY DQG SHUPHDELOLW\ SO VAHMW KFWG\ | RWR K
UHVHUYRLU TXDOLW\ OHJHQG RI )UDQ] HB/LB®LQJIXLVKHXYUHVEHTKHRY B XW

P PHGLXP WR P DQG KLJKOUW\PDVDQREZSHUPMHDEPHGLXP WR
DQG KLJK ! P! 7R HQDEOH VWRFKDVWLF VDPSOID@S HGWROMV WH\H \ZH |
UHSUHVHQWHG E\ WULDQJXODU SUREDELOLW\Z®L VY@ WL ENXWIRXQUWH7RB SIL
UHWDLQHG DV GLVWULEXWLRQ OLPLWY ZKHUH DSSBERXQE U H HRHW WKIHK RL
IRU WKH WULDQJXODU GLVWULEXWLRQV DE&GE EBKXQPGW HGG R SGNUHRGV K@ UPIDI
ZHUH UHWDLQHG EHFDXVH WKDW PRGHO ZDV SDUDPHWHURVHGS LRRY MGH
D JHRORJLFDOO\ FRQVLVWHQW XQFHUWDLQW\ UDQWHKILRN QW SW K W HXGN
UDQJH RI WR P DOVR FRUUHVSRQGV WR WKIR W FR P RMXHBR FW B G QHA(
UHVHUYRLUV S5HWDLQLQJ WKH SUHYLRXVO\ GMWREKE ERXMZEGW® GMALW D
VSHFLILF DQG VSDWLDO LPSOHPHQWDWLRQV RWIKWRH GWPRQG& FRQLHQ@MZH |
WUXQFDWLRQ OLPLWY :KHUH QR VHSDUDWH PRVW ONKNH ®LEBRXBW RV Y
FODVV LQWHUYDO ZDV XVHG DV WKH PRGDO YSIHQPHH D)RLLO W H POIBHAH U H
YDOXHV RI P DQG P'" UHVSHFWLYHO\ GZHPWDH G WD H@MGH GU R R GAHIOH

UHVHUYRLU WKLFNQHVY FODVVHYV ZHUH WKHUHIRUH UHSUHVHQWHG DV

*radl BNE=JCQH=SN;;ydzawa

*aoxuek 6 NE=JC Qv ;

*onpl6NE=JC Qridi=& x

ZKHUH WKH WKUHH YDOXHVY UHSUHVHQW WKH PLQURAXBHPWEDBOODQG PD|



SBHUPHDELOLW\ LQIRUPDWLRQ ZDV UHSUHVHQWHG VWK H5 UHNHHW R LRR DRIVG
ZLWK JUHHQ \HOORZ DQG UHG V\PEROR' FRPHGHYXPRQG MR WRPWKHQGE X

P* SHUPHDELOLW\ FODVVHV GHILQHG E\ )WDRDWHGE VGIIJPHQW WV
FROQQHFWHG FRPSRQHQW DQDO\WVLV ZHUH XVHGRWKNUH IDDISWHF & HVOH ?

FHQWURLG RI HDFK GHWHFWHG V\PERO ZDV DGRISQUHBENW WKIHNV.EDQW LD O

7KH SHUPHDELOLW\ FODVVHV ZHUH QXPHULFDOO\ HQFRGHG DV

sa gOtwrl@ G
%L Jta twrQ GQwrrl @
ua gPwrrl@ G

ZKH®BHE KHW@PH WKH FODVV DVVLE QHEBEWRWREVHBYBWHRWYHG SHUPHDELOLYV

WULDQJXODU SHUPHDELOLW\ GLVWULEXWLRQV ZHUH GHILQHG DV
Gad 6NE=JCQHstMis @ ta
Gioxueh6NE=JC Qi JNdvrr

Guol 6NE=JC QH& i wa s;v

7TDEOH 7ULDQJXODU SUREDELOLW\ GLVWULEXWLRQV DVVLIJQHG WR WK

FODVVHV 7ULDQJXODU GLVWULEXWLRQV DUH UHSRUWHG DV PLQLPXP P

5HVHUYRLU T||5HVHUYRLU WH3HUPHDELOLW\

/IRZ 7ULDQJXODU 7ULDQJXODU

OHGLXP 7ULDQJXODU 7ULDQJXODU

+LJK 7ULDQJXODU 7ULDQJXODU




6SDWLDO &RQGLWLRQLQJ RI 3BHUPHDELOLW\

%HFDXVH SHUPHDELOLW\ LQIRUPDWLRQ ZDV DWD LD MEDW LRDQDO L @QWHGE IS\RFO
ZDV UHTXLUHG EHIRUH D ORFDO SHUPHDELOLWDVGIHAW B HDXOW I3RIQ PRHRDXEOLC

VFRUHV ZHUH LQWHUSRODWHG XVLQJ D IRXU RQBOURYVMNGRALIKERXU LQY

JRU HDFK UDVWHU FHOO ZLWKLQ WKH PDSSHGLWAVREOWHULYID WU IR VWZKHH H

7KH LQWHUSRODWHG FODVV VFRUH ZDV FDOFXODWHG DV
%T, LA ggeSuT;%Aspgce SuT;

5

ST e ssanos

ZKHOgHT, GHQRWHY WKH VHW RI IRXU REBVHUY DMWLHR G\ \QWDQHY \E HWWRZ HFH Q@
REVHUEDWGRRY D VPDOO ORZHU GLVWDQFH OLPLW LQWURGXFHG WR DY
DGMDFHQW WR DQ REVHUYDWLRQ 7KH LQY H U\DHOWTHX®RHH VZ R LQJ K IMLE\ R ¢

ZKLOH DOORZLQJ WKH VXUURXQGLQJ REVHUYDWLRQV WR FRQWULEXWH

7KH SURFHGXUH UHSUHVHQWY D GHWHUPLQLVWDFK QFRDDH W RBOSD UD R
IURP LWV RZQ QHLJKERXUKRRG UDWKHU W KIFQ RY R PWIK b/ LVQ\W )OG\ JDOURHED O,
UHWDLQV ORFDO FKDQJHV LQ WKH PDSSHG SHUPHDBIHOBWU FEHDEAVHMV |
GLVWULEXWLRQ WR WKH HQWLUH 5KDHWLDQ V\@WHB EARIZHHR/AHHIW WLKFH GLLC
DQG GRHVY QRW LQGHSHQGHQWO\ UHSURGNFH HD ERKRIGRIZL B\ U REW K

FRQQHFWLYLW\

7KH LQWHUSRODWHG VFRUH ZDV DOORZHG \RRGY DHU KB QWLK®DQQRXWOL E B W
GLVWULEXWLRQV DW FODVV ERXQGDULHV WKH PLQKIRX®RFIRGMNWULDQ.
GLVWULEXWLRQ ZHUH OLQHDUO\ LQWHUSROBWHEG EHWEHH@D WEMBRAQW

IDFWRU ZDV GHILQHG DV
UL%;Fs
DQG WKH ORFDO SDUDPHWHU YHFWRU ZDV FDOFXODWHG DV
& T, LS F Udyagak UBsaoxuea

ZKHUH



L GuALAHe

JRU FHO®OQ ZLWKI WKH VDPH SURFHGXUH ZDV DSSOLHG EHWZHHQ WKH
GLVWULEXWLRQV 7KLV JHQHUDWHG D VS DALV \EKRVQ W QY XARAAVOH. HE @& B

LQIRUPDWLRQ FRQWDLQHG LQ WKH VRXUFH PDS

7TKH PHWKRG GRHV QRW DVVXPH WKDW DOO OR/HMHVWLRRNOQEHERQJEQ U RAH
UHVHUYRLU WKLENQHVV ,QVWHDG WKH IDFLHV LQWHISHGGHWDQGR QY RFR
ERGLHVY GHILQH WKH VSDWLDO UHVHUYRLU JHRERWUNKHBE QGR AIX® $ @ WHHH

GLVWULEXWLRQV

&HOO %DVHG ORQWH &DUOR &DOFXODWLRQ

(DFK UDVWHU FHOO ZLWKLQ WKH GLJLWL]JHG UHVHUYRLU PDVN ZDV WUH
+HUHZ, 6HQRWHY WKH VSDWLDO ORFDWLRQ RI DQ LQB IPHGXZO W DV WIHIQ
WKH WULDQJXODU UHVHUYRLU WKLFNQHVYV GLYMVM BROMYVR/Q DRREU WHWHS R

LQWHUSRODWHG WULDQJXODU SHUPHDELOLQWHLGK ERXUW EXQWLHRUIE BE D WY IRC

JRU HDFK FHOO SDLUHG UHDOL]DWLRQV RH UMOQHWDRNEKGW K L ANKQ W\
SDUDPHWHUYV VDPSOHG LQGHSHQGHQWO\ IURP VWEKHL RIUUWHNEIE EMMWLR QV
VHOHFWHG WR SURYLGH VWDEOH ORQWH &DUOR HVWLRABPDWQRGE KU GH POL
E\FHOO VLPXODWLRQ DFURVV WKH VSDWLDO UDWMH&D UIOWRKV W D QUEHDRJGSL }
WKH HVWLPDWHG 3R6 LV DSSUR[LPDWHO\ ZXILV KL RO VWHKRQ V HG HRIGIBO

DQG GHPDQG GHSHQGHQW SDWWHUQV LQYHVWLIJDWHG LQ WKLV VWXG\

SHUPHDELOLW\ YDOXHV ZHUH FRQYHUWHG IURP P KX®E & GGIDQWRHW KW RK V@ XI

FDOFXODWLRQ )RE K\ISAKD X8 DO ERQGREW LY LWe: £ B2 K HF B ©B WQ D O HOR BV
—vaT; L@TAac
N

ZKHGH ;LV WKH VDPSOHG SHUPHFELYLWNX LBEGENDMKIMDGAIOM® LF IOXLG Y
SDUDPHVWHY DJPYLWDWLRQDO DFFHOHUDWLRQ 7KH UDGLXV RI LQIOXHC
4:T; Lurrrda @&y avl ;

7KH FRUUHVSRQGLQJ YROXPHWULF IORZ UDWH ZDV FDOFXODWHG DV



3viT; L tegaT: & T, &mesq
p

il

Y

ZKHYH ;LV WKH VDPSOHG UGIMHGYRIZIG MK FZHQ@®VYD GL XV

7TKHUPDO SRZHU DQG WKHUPDO HQHUJ\ ZHUH W KRPQWFDHD BEXGIB WE IGQX VA DR

RULHQWHG 3R6 PRGHO
204%: L @a@a 3gT,8 ¢ 6

'viTi L Zgav,a e P

ZKHYHYV WKH VSHFLILF KHDW FDSDRUW\ VRKHMWHBSRWKWX B B G LODKIUGIQFH
DQG UHLQMHFWHMHE MWKHGRIHUY®WLQJ SHULRG $
PRQWKO\ DVVHVVPHQW LQWHUYDO $00 SDUDPHWWUH \CE.D/AWLHIEO L&R PIDHEC

WKHUPDO HQHUJ\ WDUJHW VFHQDULRYV ZKLOH BBWPFIGDEVOWLSDWLO® Q\H

XQFHUWDLQ LQSXWV

7TDEOHL[HG K\GUDXOLF WKHUPDO RSHUDWLRQDHDQGENVPGCODRQL\WRR &

'2*& 3R6 FDOFXODWLRQV

SDUDPHWHU 6\PE|| 9DOXH
JOXLG GHQVLW\ & NJ P
‘"\QDPLF YLVFRVLW\ RI WKH| & 3DV
6SHFLILF KHDW FDSDFLW\ ? -NJ .
SURGXWRIHRQ@QMHFWLRQ WH .6
'UDZGRZQ @) P
‘HOO UDGLXV N P
*UDYLWDWLRQDO DFFHOHU C PV
2SHUDWLQJ SHULRG ¢ P GD\V

GD\ RSHWOWH®J SHUI




SDUDPHWHU 6\PE| 9DOXH

ORQWH &DUOR UHDOL]DWL 0

7TKH FDOFXODWHG WKHUPDO SRZHU LV REWDLQHG LQRRQBW WNY X GWKLIHICPL
HOHUJ\ LQ MRXOHV 7KH PRQWKO\ KHDW GHPDQG WHWWHW WHR[ SARK\OHANG |

FRPSDULVRQ ZLWK WKH VLPXODWHG WKHUPDO HQHUJ\ RXWSXW

$00 SDUDPHWHUV RWKHU WKDQ SHUPHDELOLWQU 8 GXHIQWH\Y RIS WIKD G N
LQ WKH UHVXOWLQJ 3R6 PDSV ZDV JHQHUDWHG OIf FOXALLYQMD\ BN WIKH VI
UHVHUYRLU SURSHUWLHV 7KLV FRQWUROOHG WRSBHPRQW DD QWL WRIOL

WKH SUREDELOLW\ RI VDWLVI\LQJ DOWHUQDWLYH KHDW RXWSXW WDUJH
(DFK UHDOL]DWLRQ ZDV FODVVLILHG DV VXFFHVVIXO ZKHQ
"v:T: Réosavuge
7KH FHOO VSHFLILF BUREDELOLW\ RI 6XFFHVYVY ZDV FDOFXODWHG DV
2K5k 808 AYaicti T: Risauds

KHUH: T, RpaugdV DQ LQGLFDWRU IXQFWLRQ WKDW HTXDOV RQH ZKHQ

HIFHHGV WKH WDUJHW DQG JHUR RWKHUZLVH

'"HPDQG 6FHQDULRY DQG &RQVWUXFWLRQ RI WKH 3R6 0

7KH FDOFXODW LR QVXDRREDVSKHDWWMIGHIIRRD O HQHUJ\ WDUJHW YV
'c0audSEArTA WAA =J@ w8 D LAN IKJPD

7KH VHOHFWHG WDUJHWV ZHUH LQWHQGHG WR FIWH.SRUH VWHJ WL S H R B QMM
UHPDLQLQJ ZLWKLQ D SUDFWLFDOO\ UHOHY D QDW UR Q JAR [RUL GHKWHHIKS\ & Q DWX
SURRIFRQFHSW DVVHVVPHQW 2YHU WKH DGRSWHG GDD@&VHVVWPKQW S
FRUUHVSRQG WR FRQWLQXRXV DYHUDJH WKBOQREDO RXWSKWIHRW DBISOR
YDOXHV DUH FRPSDUDEOH LQ PDJQLWXGH W R HSH SHRRW/HKIHEU W B 6 UPHDYH 6 B S

QRUWKHUQ *HUPDQ\ .IVERKUHU HW DO |R:URH [BIFB QO HS URGBRFUML B @ ¢



SBRWVGDP GHYHORSPHQW DQG D GHVLJQ FDSDHRWKRUXBOWRYVWHP RV &
VXSSOLHG E\ D SURGXFWLRQ UDWH RI PAVWKDLQW& H\RDWKE XRRDOR DRSYD
SHULRG WKH\ ZRXOG FRUUHVSRQG WR DSBSUBRHEWDWHOW 7KH D/GI®HFWH
WKHUHIRUH UHSUHVHQW D ORZHU LQWHUPHGLBWMD M € Q HRRIR SIDHJIDXW U ¥

ZLWKLQ D UDQJH FRQVLVWHQW ZLWK WKH VF DIH KRH DRV LYWR.&XI FRL RIGI AH X

7KH WDUJHWV ZHUH DSSOLHG XQLIRUPO\ DFURR© RW KFD PDISSIHG] DRIHD
UHVHSDRDWPHWHURSHWDRQ RQDO DVVXPSWLRQV DQG DVVHVVPHQW SHU
VFHQDULRV ZKLOH RQO\ WKH WKHUPDO HQHUXLFUDWORIZRG WHKH QilQH
LQFUHDVLQJ WKH UHTXLUHG RXWSXW RQ WKH VODWSEHQ GH®WE DE LRD LAK\DF

WKH XQGHUO\LQJ JHRORJLFDO PRGHO

7KH FHOO VSHFLILF SUREDELOLWLHY ZHUH DVVHREOKGE GQWRNWIKIWGH Y HY/L
PDVN ZHUH H[FOXGHG IURP WKH FDOFXODWLRQ DQH; ZHHURQ®RR\6 ZRWIAG

LQFRUUHFWO\ LPSO\ WKDW D SUREDELOLVWLFRYVHVARFNRWURIMVHVVPHQV

$ OLPLWHG PDVN FRQVWUDLQHG VPRRWKLQJ RSHUDWLRBQ[HEO W HLSSBH L |
GLVFRQWLQXLWLHY LQWURGXFHG E\ LPDJH VHIPH@WRRWKRQJIDADG/ LLPHD\J\N L
WR WKH LQWHUSUHWHG UHVHUYRLU ERGLHV DQG X2WDVLGRWVEHUW® LRADVBEK
ERXQGDULHV ,GHQWLFDO VPRRWKLQJ SDUFRIOWHLYH ZBW HW H GVIHRQEWD

VFHQDULRYVY WR SUHVHUYH GLUHFW FRPSDUDELOLW\

$ ILQDO PRQRWRQLFLW\ FRQWURO ZDV DSSOLHG EHHDXMH VXE®SWU RIG
VDWLVINLQJ D KLIJIKHU WKHUPDO HQHUJ\ WEBHUHWDRXWW EHRWD NVYEVEHWWR

TZZLWKLQ WKH HYDOXDWHG UHVHUYRLU PDVN WKH DWUXOWLQJ SUREDEL

2KeuaaT; Q 26022 T; Q 2K324T
7KLV FRQWURO SUHYHQWHG VPDOO ORFDO UHYHUWD&W HWD XWHI\GD ES OlL

LOWHUSRODWLRQ RU VPRRWKLQJ IURP EHLQS QBDMAH D BB BW MK HD W BHKODLU

7KH UHVXOWLQJ PDSV DUH SUHVHQWHG DQG FRPBDWHIRED QG RRQIG & MN\LR
WUDQVIRUPDWLRQV RI WKH VSDWLDO UHVHUYRRGXKWUDRQY RQ | RKMD W

UHVHUYRLU TXDOLW\ PDS



SHVXOWY 6SDWLDO '"HPDQG 2ULHQWHG 3UlI
5KDHWLDQ '"HOWDLF 6\VWHP

$SSOLFDWLRQ RI WKH '2*& 3R6 IUDPHZRUN SURGXFI8&FFSINW LOLO/ON UIKLHEW ¥
IRU PRQWKO\ WKHUPDO HQHUJ\ WD WJIK W\ JRIUH 7KH DHDRORJLFDO |1UD!|
RSHUDWLRQDO DVVXPSWLRQV ZHUH LGHOQWLFDOWRUIEW 8KUHH @ FHXFBE

YDULHG

$W 0:K PRQWK ODUJH SDUWV RI WKH PDB®HGWRHKHLK BRB ERGVHK W |
\HOORZ RUDQJH DQG UHG ]JRQHV )LIJXUH RQJREKH BDBEDEV QRUWLKHN
ERGLHVY DQG LQ DUHDV UHSUHVHQWHG E\ OWYXVFSIQRIYXF/Q & HS AR P EIDED
VSDWLDO SDWWHUQ LV VWURQJO\ KHWHUR JHIRBRPRQ HAL W K | D6 R @ LW BGK

UHVHUYRLU DUFKLWHFWXUH

,QFUHDVLQJ WKH WDUJHW WR 0:K PRQWK UH GXKH VK MIKHH P [SIUR BADXEG
JLIXUH E 7KH SULQFLSDO KLJK 3R6 JRQHV U HMIVL QKWL S\W WWRDZDAAGU HE W H
SUREDELOLWLHV DQG WKH ORZHU SUREDELOLWK IPD UWH®XF W [RIQ & H BRP
SURQRXQFHG )LJXUH F +LJK SUREDELOLWLLW KLEHB R 0QFHWHDXPBK O\F

ERGLHY ZKLOH ODUJHU SRUWLRQV RI WKH PDSSHG V\VWHP H[KLELW OR

$V UHTXLUHG E\ WKH PRQRWRQLFLW\ FRQWUR® GMHVXHV BHGNLZIBHFWLRC
2Ken4aT: Q 28024T; Q 24425 T;

'"HVSLWH WKH GHFOLQH LQ DEVROXWH SUREDELOLW\ HZRMWMK) ¥V GFRURDG/Q Q
FRQVLVWHQW /RFDWLRQV DVVRFLDWHG ZLWK JUHDWSRODWHMBUSYRUBHWD
JHQHUDOO\ UHWDLQ KLJKHU 3R6 WKDQ VXUVWRKK GHBUBVHOQW HXGF URRD
KHWHURJWRHUWNRUH FRQWUROV WKH UHODWLYH VSDWMWKH S/HORRWEQ
WKHUPDO HQHUJ\ UHTXLUHPHQW FRQWUROV WXH DENMRIQKWHVEHREDIEIQ

VXFFHVV

%HFDXVH SHUPHDELOLW\ DQG UHVHUYRLU WKLFISQUHDY W H H VWLKH VWRIQH \S
LPSOHPHQWDWLRQ WKH UHVXOWLQJ GLITHUH@HRW FRIKRXDW LB LHVHU S E

KHWHURJHQHLW\ XQGHU RWKHUZLVH LGHQWLFD ®& R®ZVWXHMHS WL RI® \JHRIOR Pl



VI\VWHP FDQ SURGXFH GLIITHUHQW VSDWLDO 3R6W SWWMHEXWY RBRNLZIKAH @

HOQHUJ\ UHTXLUHPHQWYV

+  logged wells (n = ¢ 515)
50 100 km

0.0 0.2 04 0.6 08 1.0
Low Probability of Success High
Moderate

@ 1ow(<250mD)

Data base

©  cored wels (n = 23)

+ logged wells (n =c. 515)
0 50 100 km.
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JLIXUHHPDQG 2ULHQWHG *HRORJLFDOO\ &RQGLWLRQHG 3RBEWEHOLW\
5KDHWLDQ 'HOWDLF 6\VWHP RI WKH 1RUWK *HUPDQ B6ADVLQOIRU ERQWKC
0:K DQG F *HRAKRJIJLFDO EDFNJURXQG DQG UHVHUYRLY AMWDOLW\ 1L

DO

'LVFXVVLRQ

7KH UHYLHZ RI H[LVWLQJ JHRWKHUPDO 3UREDEIlOHWNYLRIH6 & HFHWO\R & P MKV
TXDOLWDWLYH JHRORJLFDO MXGJPHQW DQG FRPSRKOAMWAL FE DY H G FSWHREQ
RULHQWHG PRGHOLQJ ,PSRUWDQW DGYDQVWYY W DWW LEHNH Q HFROVGNHD X\WLLVQM LU
ORQWH &DUOR VLPXODWLRQ UHVHUYRLU SHUDDRQU®P DHFRD PRIGFH OVYH V VF
IHYHUWKHOHVV WKHVH GHYHORSPHQWY KDYH QRWIUIRIZ B\VZEEWQIHQW K.
VXFFHVV PHDQV )RXU UHTXLUHPHQWY HPHUJH IDHOBPDQWFIXR® WDO/\VHFNS
VXFFHVV VKRXOG QRW EH GHILQHG RQO\ E\WVWWWIKR XIORBEORK LEFDDOR D K k
SURMHFW VSHFLILF WKHUPDO RXWSXW WDUJHWD X® FSHURNSDLIQWH & K ADXQC:

SUREDELOLVWLF PRGHO VKRXOG UHPDLQ FRQGLWLRQHG E\ JHRORJLFDO

'2*& 3R6 FRPELQHV WKHVH UHTXLUHPHQWY ZLWKLQ RQH PHOYERRGRORIJIL
SDUDPHWHUYVY DUH WUHDWHG DV FRQWUROV RQVBRIQVYRRERP IVJFHHYINW KHE
SHUIRUPDQFH LV FRPSDUHG ZLWK DQ H[SOLFLW W KXQPHDWWHQ B URR RE LW
SURSDJDWHG SUREDELOLVWLFDOO\ DQG WKH QXMRHORIAFO A BDYFH VWG W\
SURFHVVHV FRQWUROOLQJ WKH UHVHUYRLU 7KW NBBWRXOQ CHS OLFBR@W
GHPRQVWUDWLRQ RI KRZ WKHVH SULQFLSOHV LQWHOGDHWUH®KW WENRQ
SUREDELOLWLHYVY ZKHQ HYDOXDWHG DJDLQVW 6&DWHDB QAL NVHUWHUGPHDHOV H@QH
TXDOLW\ GHWHUPLQH ZKLFK ORFDWLRQV UHWDIGQLRFRSDWBHWLYKB\IROI

GLVFXVVLRQ HYDOXDWHV WKHVH IRXU FKDUDFWHULVWLFVY DQG WKHLU 1

6FRSH DQG /LPLWDWLRQV RI 6WDWLF 6XFFHVV 'F
7KH XVH Rl JHRORJLFDO DQG K\GUDXOLF WKUHVIKRQQW HY GS$IBU WRF XX D

HISORUDWLRQ ULVN RU VXSSRUW LQVXUDIQ¥FH DIHE IHHODDWXHCH S DDA H IV W
EHIRUH GULOOLQJ DQG HYDOXDWHG GLUHMWOYWWEU RXWK P HZINNOXOJ FRR Q &

WKHUHIRUH SURYLGH WUDQVSDUHQW DQG Y HUGULDEMHG FAHOH KIDY  IIRRK



FRQGLWLRQV VSHFLILHG IRU H[SORUDWLRQ VXF$FSHVRDFKHY ¥MXBKWIL\F BBK
DO *DQ] DQG 6FKXPIZKKHK AMUBOGHYHORSHG SDUWO\ LQ WKHF
H[SORUDWLRQ ULVN DVVHVVPHQW DQG LQVHKBWQRKFHNRQGW®L Y HWHHIVG WKLKDD!
SUREOHPDWLF EHFDXVH WKH ILQDO WKHUPDO RXWRSKWOIOYR GWB B QYGE\

FRQVXPHU ZKLFK HIWHQG EH\RQG WKH JHRORJLFDO SHUIRUPDQFH RI W

7KH OLPLWDWLRQ RI WKUHVKROG EDVHG DS S WRKIDRX MAK MIKLH Y B ORLGH. W R Q7
SHUPHDELOLW\ WUDQVPLVVLYLW\ DTXLI|HME® K LLFNGLHA\DW PG R D R X BVIXW
SHUIRUPDQFH EXW WKH\ GR QRW E\ WKHPVH®WKH GRHMCH V P\ H PZ K HOWX |
SDUWLFXODU KHDW UHTXLUHPHQW $ UHVHUYBGY ERL®H HW RDII) VG H E QI
IRU RQH DSSOLFDWLRQ \HW EH DGHTX D WHJ HRQUWD\D\R/\W K UF RIQWIKI B UDRAZIHR
D GHPDQG RULHQWHG 3R6 VKRXOG QRW EH LQWXBSHMW HG DNV G HPDWHG
FKDQJH VXEVWDQWLDOO\ GXULQJ WKH RSHURRMWHYERQGELBJ BRIHRWEKRQP
WKH GHPDQG VFHQDULR DGRSWHG DW WKH WLPHVKIDBW VHVXPHBMHQ Q/GF Y
'2*& 3R6 WKHUHIRUH FRPSOHPHQWY UDWKHU WKDX) DBSOBNNY QUKL GV KIR

GHFLVLRQ TXHVWLRQ ZKHWKHU WKH H[SHFWHNQ®& ISIHUWIHRQW D Q BHDRV SMKcH | L

7KLY GLVWLQFWLRQ LV HVSHFLDOO\ LPSRUWDQWODKEH QU3 R B ALIVOQH HV B Q\GH
WR WKH SHUIRUPDQFH RI WKH FRPSOHWH JHBWKRHBBEODOYW\WMRL GWON U
K\GUDXOLF SURGXFWLYLW\ ZKLOH IORZ UDWH DIRX VDIQH> W H R Q MUHT-WX B Q
WKHUPDO SRZHU 7KH DPRXQW RI WKHUPD® HRISHIADBULRG XE K G D MXKIURMK
FRQILIXUDWLRQ (YDOXDWLQJ WKHVH YDULDREOH \Q R\K UFRDSIW XVUHS B R P BVLH)
ZKLFK RQH SURSHUW\ SDUWO\ FRPSHQVDWHWURIG DEFKXIOH H & KIH@ V\VWIE
UHFRJQL]JHG WKLYV GLVWLQFWLRQ E\ QRWLQJ VEKIDMN SIHHRWWKHU WKW FBXIK R

SRZHU UDWKHU WKDQ WKURXJK LQGHSHQGHQW WHPSHUDWXUH DQG IOR

5HVHUYRLU TXDOLW\ PDSSLQJ LOOXVWUDWHY D UH O D W@\ HG U\DW/IHGEF WLFR
LQWHUSUHWDWLRQ VDQGVWRQH WKLFNQHWYDFVERURNMUR G HAURP H.I5HLQOW. |
SDUWV RI WKH 5KDHWLDQ UHVHUYRLU V\VWHPSUSKGIKFWDOYV BKRYHGSUR (
UHVHUYRLU FRQGLWLRQV PD\ RFFXU )UDQHWHWYDROLU T XD CKRZ\HF WVUH \G\LR
SUREDELOLW\ RI FRPPHUFLDO VXFFHVV WHKILQ & LTRODDH W Y RIRIQ R ULYFFDLQU AR\

QRW E\ LWVHOI GHWHUPLQH ZKHWKHU D SDUWLFXODU WKHUPDO HQHUJ\



'2*& 3R6 EXLOGV RQ WKLV JHRORJLFDO DQG K\GUDWOHF $RQURR B PWQ RK
DVVHVVPHQW *HRORJLFDO DQG K\GUDXOLF SDRDPBWAM\D Q8 PEO\QDIXQRS [
WKHLU HYWDEOLVKHG UROH DV PHDVXUDEOH FUIFWRBRBED KRIEOHH[ISOD RW R W
DUH SURSDJDWHG DV XQFHUWDLQ YDULDEOHMWRQRESHR G WO RIDDAOK HRIQW KV
DV WKH ILQDO GHILQLWLRQ RI VIVWHP OHYHO Y¥IX®KBWH G/ BH DLLEQWXND W K@

SURMHFW UHTXLUHPHQW

7KH SUHVHQW VSDWLDO UHVXOWV LOOXVWUDWH WRWHRURQNG TEK\HQFHDHR
UHVHUYRLU WKLFNQHVV DQG KLJKHU SHUPHDE ERXW\L QH HHRIZW H GTaX\D D E KW
FRQILUPLQJ WKH LPSRUWDQFH RI WKH XQGHU®DQBXOBDWHG R/LYWHFR i
FKDQJHV ZKHQ WKH UHTXLUHG WKHUPDO RXWSXW FKDWRBV WKRORIQBX
SHUIRUPDQFH SRWHQWLDO RI D ORFDWLRQ ZKLOHWKKH WHIODHE VBHIG | R XV

VDWLVILHV WKH VSHFLILHG SURMHFW REMHFWLYH

6WDWLF JHRORJLFDO DQG K\GUDXOLF WKUHYVKRUGHHQKHU ZIRQEG §HPB R
HYDOXDWLRQ H[SORUDWLRQ ULVN DVVHVVPH@WOBWGLGRIQNVMUWRBHDZRHLE
'2*& 3R6 DGGUHVVHYVY D FRPSOHPHQWDU\ TXHVWLRQ BOHW\INOXXIPWL\Q D ZKH
WR PHHW D VSHFLILHG WKHUPDO UHTXLUHPH® \& HKRDEHU LBHX B S8 LRHRO KR
DSSURDFKHV VKRXOG WKHUHIRUH QRW EH & HERWGHY MW HRPBHQWQE JXC

GLIITHUHQW VWDJHVY DQG GHFLVLRQ REMHFWLYHYV ZLWKLQ JHRWKHUPDO

6 XFFHVV 6KRXO0OG %H 5HGHILQHG DV D 7T/DUJHWHG
,| JHRORJLFDO DQG K\GUDXOLF SDUDPHWH U VI IDQMOFRQFFBIR @ VF B QWSHHILLIL

TXHVWLRQ LV ZKDW TXDQWLW\ VKRXOG W KHWAD ®X\FRWH/P V) RW KKHH B W VS\WU F
UHOHYDQW FULWHULRQ LV ZKHWKHU WKH V\VWH® MDKH SIHOHYGIHQ W KBV &
SHULRG 7KLV PD\ EH H[SUHVVHG DV WKHU®PB D) SHOQ I UWO \WEH WLRHD SRHA

UHTXLUHPHQW DSSURSULDWH WR WKH SURMHFW

2XWSXW RULHQWHG DSSURDFKHYV DOUHDG\ PHSUBRG @ WWKR GREORUW DQ O
HW DO IRU H[DPSOH SURSDJDWHG JHRIORRXER ® D8 BVWHQIW P BI® ELRY
DQG DVVHVVHG WKH SUREDELOLW)\ RI DFK HHPHIQQN D5 XAIQ IDPSRJ RVIKAHKUHPAD ©
DVVHVVPHQW FORVHU WR WKH DFWXDO IXQFWLRQ RW KMKIFRPERWKBUF
FRQVHTXHQFHV RI XQFHUWDLQ VXEVXUIDBA D&GXHQI1RQHHILAK $ IFRMRH W

DQ LVRODWHG WKUHVKROG



$ IXUWKHU VWHS LV UHTXLUHG KRZHY HURMWR P DASHH FLK HFR % W/SOHU FED @ WRH
GHFLVLRQ PHDQLQJ RQO\ LQ UHODWLRQ WRJENBWYWKH FDB\WHP H \R IHYXHS!
FRQVXPHU PD\ EH LQDGHTXDWH IRU DQRW IGHP DTX3H G/DWPLH ¥ \S VUMW R D WIKE
IDLOLQJ GXULQJ SHULRGV RI KLJKHU EGRDGH|EQRBE HTXGHHSHM\G N & BWRH VR/| F

WHPSRUDO VWUXFWXUH DQG UHTXLUHG FRYHUDJH RI KHDW GHPDQG

7KLY SULQFLSOH LV H[SOLFLWO\ LQFRUSRUDWHG ZLOMXWDRR'QR*RI3R@ DEBH
HYWDEOLVKHG JHRORJLFDO SUREDELOLW¥FNWVRU®HEBDQW RW WHKMH GHU
VXFFHVVIXO ZKHQ WKH VLPXODWHG WKHUPDO RXWKEWP B O XPFROAH R W H [TRH
VHOHFWHG IRU WKH VDPH DVVHVVPHQW SHULRGRQ@KHRWHKY WXWL QR V3R

SHUIRUPDQFH RI WKH JHRWKHUPDO VA\VWHP DQG WKH RXWSXW H[SHFWH

7KH HDUOLHU GHPDQG RULHQWHG DSSOLFDWLR® DDOCV WE RQ@ VBLHFDRD VAR
LQSXW GLVWULEXWLRQV SURGXFHG GLIITHXREW PR MW\ LHR/6 DYD® X HD VI |
WKH DPRXQW RI UHTXLUHG KHDW FKDQJHG 7KH SHOUWRH BEDQUWG EHARE
PRQWKY GHPRQVWUDWLQJ WKDW HYHQ D JHRGRQMF ZRHQKIUGW K B 6 G HRADH

D SHUIRUPDQFH REMHFWLYH UDWKHU WKDQ WUHDWHG DV D XQLYHUVDO

7KH VSDWLDO DSSOLFDWLRQ SUHVHQWHG L QD VKKIMWHWWR I B Q HRW M QUGIW MUKY-
7KH JHRORJLFDO IUDPHZRUN UHVHUYRLU JHRABWQJ SREHFUHBXIURQRBUD
FRQVWDQW ZKLOH WKH PRQWKO\ WKHUPDO H@HRUJ\ UBTA UHP QW ZIONW
UHVXOWLQJ 3R6 GHFOLQHG V\VWHPDWLFDOO\ ZIKWKBK.SBBHEDELQUVGIHPD QR
0:K PRQWK FRQWUDFWHG DV WKH WDUJHW LQFUHUDNW®GL YZHOKF R QFHHN §

ZLWKLQ IHZHU UHVHUYRLU ERGLHV DW 0:K PRQWK

7KLY UHVXOW LOOXVWUDWHY E\ FRQVWUXFWDRUHWAKIW L3R ERGEF\ RRWI DR
ORFDWLRQ 7KH VXEVXUIDFH GLG QRW FKDQHGEADNZWHKBD WMKIHWNWKURG UF
WKH VDPH XQFHUWDLQ JHRORJLFDO FRQGLWLRQVXSSHOH MXGOHGP R @WEKD
PD\ KDYH D VXEVWDQWLDOO\ ORZHU SURER PIRAQIWHK RIKWUXBISDQLQU RI VKI

WKHUHIRUH FRQGLWLRQDO RQ WKH LQWHQGHG DSSOLFDWLRQ

$W WKH VDPH WLPH LQFUHDVLQJ GHPDQG GLG QRWVNKEQGRAHUYRHRUJYT
/IRFDWLRQV DVVRFLDWHG ZLWK PRUH IDYRUDEBGN FRPEILQIDWLROQ/HR DO ID\

KLJKHU 3R6 WKDQ VXUURXQGLQJ ORFDWLRTKL\D W KMIKHD R X WSX WP 8 R U XD



EHWZHHQ WZR FRQWUROV *HRORJ\ JRYHUQV WKS$H U HOLDPW L2YKH. G- SOHR D
JRYHUQV WKH DEVROXWH SUREDELOLW\ WKIDWLWEW S B U8 R3RBD DR @ QRHIF WY
FROQWUROV E\ HYDOXDWLQJ JHRORJLFDOO\ DQG RSHUSOULR W GOURMEB

UHTXLUHPHQW

7KLY LQWHUSUHWDWLRQ DOVR FODULILHV Z&HWDV®&HRIEQBVRUHEB QWHLA) 3R
DVVHVVPHQW ZLWK HQHUJ\ VIVWHP DQDO\VLY 7KH RRW@GWW WD XFHWVEH
EXW WKH GLVWULEXWLRQ RI VLPXODWHGFRXXW EXGW D KPDE QR SFHHRUDMURR@)D}
DVVXPSWLRQV VXSSOLHG WR WKH FDOFXODWLRQGHKIH GRI® IERX FG D W\H L

JHRORJLFDO DQG WHFKQLFDO FRQGLWLRQV GHRWHUPLQH KRZ OLNHO\ W}

'"HILQLQJ VXFFHVV DW WKH OHYHO Rl WDUJHW®WHHKHDUMRRWSRY BRGWAT
$ 3R6 YDOXH FDQ EH UHSRUWHG WRJHWKHU ZLSWKU I\ HQG HIP\D\QX® SWDLLRI®
VIVWHP FRQILIJXUDWLRQ XQGHU ZKLFK LW ZDV RBWPBRQWESWOWNHQ DR
UHTXLUHPHQWY ZHOO FRQILJXUDWLRQVD R ADHY XNKHHE E b DHFYWOLAR)QD/WRHIG
ZLWKRXW UHGHILQLQJ WKH XQGHUO\LQJ JHR GRDIQIHY BREVIHRP, @ WHQWM
UDWLQJ RI UHVHUYRLU IDYRUDELOLW\ LQWR DVRMRHPGZFIWA B QR OISO @ BIVEL

IXQFWLRQ

S8QFHUWDLQW)\ $QDO\VLYV DQG 4XDQWIQWAEDWLRQ

$W D IXQGDPHQWDO OHYHO SUREDELOLW\ EHFR PNV HG QW YO IRQDL Q7
RXWFRPH ZHUH NQRZQ ZLWK FHUWDLQW\ WKHUWH &RX GG RED BIROR WD QL .
WKHUHIRUH SUHVXSSRVHV XQFHUWDLQW\ 7 KIHF W S DK KULH PODIRQ\ G H BL-
EH PDGH EHIRUH UHVHUYRLU FRQGLWLRQVREYG UXWE UHR ¥ S\OW MM SGH ULR U
UHVHUYRLU SUHVHQFH JHRPHWU\ GHSWK WLHRSWH UDDXXGHF RRRSRDIXWLR Q
KHWHURJHQHLW\ UHPDLQ XQFHUWDLQ ZKLOH GGGQWILRD DA X QRSHIDD
FRQFHUQLQJ SURGXFWLYLW\ LQMHFWLYLW\ QS HN\OXDHE IUH\WS\R DVHS O/ €

GHOLYHU\

8QFHUWDLQW\ VKRXOG DOVR EH GLVWLQJXLVEBE WU RN¥QURIZONH GIHF HFUHDIVL
OLPLWDWLRQV LQWHUSUHWDWLRQ QDWXUDO YBHBHDEHULIKH® QX® LIRS\
RXWFRPHV DUH FRQVLGHUHG WRJHWKHU ZL\WKGW KHLHG SRIREDEWQY W\ DR

7TUDLQRU *XLWWRQ HW DO 'LWWHU HW DOUWDLQY®HYU PKEBET*OLW\ YI



H[DPSOH EHFRPHV D SURMHFW ULVN ZKHQ LW XRWDRWH VY DAKHH FSIR WWKLHEW B

FDQQRW EH DFKLHYHG 7KH UHOHYDQFH RI X SRKRWMBIEFQWR EMHFMHYHIR U

8QFHUWDLQW)\ DQDO\VLY DQG XQFHUWDLQW)\ TXBgW8QFDUWRIQQ W WDYGD
LGHQWLILHY WKH XQFHUWDLQ YDULDEOHV DVVXP$SW3RBRNH\GHEH Y& B QF
LQIOXHQFH WKH RXWFRPH 8QFHUWDLQW)\ TXDQVWPDRLWDRQ \UMNSE HWUHRG\
WKHP WKURXJK WKH PRGHO OHUHO\ LGHQW L I HUQDWSHIHP HOE GOIPD\Q ® HDWH;
GRHV QRW UHYHDO WKHLU HIIHFW RQ SURMHMHEDEHULWRUBLYRAHLERQYF
FRQVLGHULQJ WKHLU SK\VLFDO PHDQLQJ JHRIDRSIUR BDGHHQORHRF\DIOL S\

ZLWKRXW DGHTXDWHO\ UHSUHVHQWLQJ WKH XQGHUO\LQJ V\VWHP

$ XVHIXO GLVWLQFWLRQ LV FRPPRQO\ PDGH EHWZHMEL LSV WB BV R KR
XQFHUWDLQW\ UHVXOWYV IURP LQFRPSOHWH NGRAQLR®IHD DA CPDLQE H
LQYHVWLIJDWLRQ K\GUDXOLF WHVWLQJ PRQLWRVWRLWIRPRGHG BDHOLE DNV
%RQG 'LWWHU HW DO $OHDWR U\ YIDWLLIDEELLGLLWA\ W K DOVH F BVQ QKRF
EH HOLPLQDWHG WKURXJK DGGLWLRQDO REVHUXO® VRQQH$WDUHB WL RR
VLIH FHPHQWDWLRQ SRUH VWUXFWXUH |UDFWIXQIHV\ RRFEX S W UIRRGH IWEKIHO C
VLGH WKURXJK VKRUW WHUP FRQVXPSWLRDODQG EHKM® YL®E DI® WND ULD)
'LVWLQJIXLVKLQJ EHWZHHQ WKHVH XQFHUWDLQW\ W\ SWXA ML I\ PISGRE MADLQR
GDWD DFTXLVLWLRQ RU 9DOXH RI ,QIRUP DWH® B UD®DIDQ \§ HW GA/K W B HH [DFGFt

ZLWKLQ SUREDELOLVWLF DVVHVVPHQW DQG VA\VWHP GHVLJQ 'RZG

8QFHUWDLQW\ DOVR HYROYHV WKURXJKRXW WKQHFHUHRDVKGWPDLY SBR MO
JHRORJLFDO LQWHUSUHWDWLRQ DQG WKH SUHGLFWRGQ$FNMIQRH RIHY
UHVHUYRLU 'ULOOLQJ DQG DSSUDLVDO UHGXFHQY RPHIZ RIQWKIHLHN XRE
SURGXFWLYLW\ LQMHFWLYLW\ IOXLG FKHPLVX\QUF BBWIHR/QY X UHJ UGV RESGI\
XQFHUWDLQW\ LQFUHDVLQJO\ FRQFHUQV GWLIRRYL F UBIH QMUHFRVLLLR @ HM SHRFY
GHSOHWLRQ HTXLSPHQW DYDLODELOLW\ DQG FKDQJLQJ FE\WRDW G W& IDD |

6KRHLEL 2PUDQL HW DO 2SJHQRPRDW HW DGR6 VKR XBPBUWKMHEG
FRQVLGHUHG XSGDWHDEOH DV QHZ JHRORJLFDOD QA IGHPIDQIG W & MRNWLRD,

EHFRPHY DYDLODEOH

*HRORJLFDO XQFHUWDLQW\ IRUPV WKH IRXQGDRKPH RFFR RG LWIRRVIKVH BRD @/ L

FLUFXODWLRQ DQG KHDW H[WUDFWLRQ 5HOHY D QW POD@F DWW D K QGNULDHA/C



SURSHUWLHY OLWKRIDFLHY DQG VWUXFW X U HDRVWFKY. MWH\F W R GHF R Q WIL
SURGXFWLYH LQWHUYDOV %9(* DQG '*0. 6]NODUWHIGINFVDWYW VSDWL
KHWHURJHQHLW\ DV ZHOO DV LQFRPSOHWH REVHUMNDSMURIVHD POGIMBORZ
GHSRVLWLRQDO HQYLURQPHQW JUDLQ VL]IBXBEXWIQNO XQ &WRWIDWREBIDB\

.ULVWHQVHQ HW DO ‘HLEHO HW DO <LQ HW DO

7TKHVH SDUDPHWHUV VKRXOG QRW DXWRPDWLFDOO\SHEHPWMDED®WIME\ DWW B
VLIH IDFLHV PLQHUDORJ\ EXULDO GHSWK DQG GLIZXHQHWWVW UXFWEU
DUFKLWHFWXUH LQIOXHQFHY UHVHUYRLU FRQWULEXHW\DAM G FR Q Q& MI R
VDPSOLQJ RI GHSHQGHQW SDUDPHWHUV FDQ VWIKORMUHIR UHD € 0N DO PRR/
JHRORJLFDOO\ LPSODXVLEOH &RQGLWLRQDO GLVWULERWURQDWLRRL
VWUXFWXUHY RU DOWHUQDWLYH JHRORJLFDO WFHE@DWIRM PODEHQUE X K

FDOFXODWHG SHUIRUPDQFH <LQ HW DO *DPELQL HW DO

2SHUDWLRQDO XQFHUWDLQW\ LQIOXHQFHV KRZ HMHGE W QWHRO X WHKIEK O HRHDF
RSHUDWLRQ V\VWHP FRQILJXUDWLRQ SXPSIQQJGFRYIBGWWRRE D O HLQM.HR
DIIHFW DFKLHYDEOH WKHUPDO RXWSXW 6]NODU] HWDW® DOVR FHRXGRHG
RSHUDWLQJ VWUDWHJI\ VXLWDEOH IRU RQHQQHFOLDMWN\RBDR IS St UR bIP KL
XQGHU DQRWKHU ZKLOH FKDQJHV LQ SUHVVXURG®E WH B B CFGIGRURTHIOW HM
UHVSRQVH :DQJ HW DO 3R6 VKRXOG WRKHNWUKH RIUHV HH 8 R HWY HAQRN HWKI

RSHUDWLQJ FRQGLWLRQV XQGHU ZKLFK LW LV LQWHQGHG WR IXQFWLRC

'HPDQG LQWURGXFHY DQ DGGLWLRQDO VR XU FRHHRI 3R%F HUDPBIZRWNDRGV B
WKH SHUIRUPDQFH UHTXLUHPHQW +HDW GHPDIFQGXVYHULENKDYW R UV HDAL
FKDUDFWHULVWLFV QHWZRUN GHYHORSPHQW DQG6KRWWKIHUWW HRKQLFD
6SRUOHGHU 8QFHUWDLQW\ LQ GHPDQ G/ WQ DX H I F MWK N UWPVDIDP VW R IUQ
KHDW UHTXLUHPHQWYV VXSSO\ UHOLDELOWLWWDDIQG FRVW $ $IRO®RH GHLO
WKDW LV VXIILFLHQW IRU RQH FRQVXPIHHBLRIQW HBRVRDQRIMKW K H UHROWRK L
RSHUDWLQJ VWUDWHJ\ DQG GHPDQG VKR XO G GHWHMIPQ QMW HK MWRK H W Kk

REMHFWLYH LV DFKLHYHG +RWHLW HW DO

ORGHO UHODWHG XQFHUWDLQW\ PXVW OLNHZLVH BRAXDODMARIIM]HERXQRB C
FRQGLWLRQV SDUDPHWHUL]DWLRQ VSDWLDO LQWBQ&SRRBDIWLRKBG BURHUY

DOO LQIOXHQFH SUREDELOLVWLF SUHGLFWLRIY LWWBEPEHWIDAGW DO <



6LPSOLI\LQJ DVVXPSWLRQV VXFK DV KRPRJHQHRXW BWR SHUWAIHVL FE@RD Vi
RSHUDWLQJ FRQGLWLRQV PD\ EH QHFHVVDU\ X3 WKIHF XGIVXOWG® I L3R |
FRQGLWLRQDO RQ WKRVH DVVXPSWLRQV ,QFUHDW IFQR WHKHS XORHP BHDWP K
YDULDELOLW\ EXW FDQQRW FRPSHQVDWH |IRSURQ W K DEANTKDLVE X W HRO\R .

SDUDPHWHU UHODWLRQVKLSY RU RPLWWHG SK\VLFDO SURFHVVHV :LW)

'"HWHUPLQLVWLF FDOFXODWLRQV UHPDLQ XVHIXOKWR B QHH RRPHEQ DHD V¥ DR/
SHUPHDELOLW\ WKLFNQHVV WHPSHUDWXUH GBDRGRGAYV (RHLG\MRIF MV ISAR
SHUIRUPDQFH HVWLPDWH ,W GRHV QRW VKRZ WRHZUWWXJ AKR IF & ONDKH/ LUBHOT
SURMHFW WDUJHW ZRXOG EH VDWLVILHG 3 U RERSDLIGWIMLIF XFGHM KRV Q G
WKURXJK WKH SHUIRUPDQFH PRGHO D@0 s RR@®MRLIFGHIV D 0RIQMWH IKDXMVDIRR Q@
WKHUHIRUH EHHQ DSSOLHG LQFUHDVLQJO\ LQ JHRWHWHBPDRL D VSAHR/S/HP W
K\GUDXOLF UHVSRQVH KHDW SURGXFWLRQ WHVRXDEBRW WA IPDWRGEY HW)

‘LWWHU HW DO =LPPHUPDQQ HW DO :DbQJ HW DO

6HQVLWLYLW\ DQDO\VLY DQG 9DOXH RI ,QIR U PXI)WFHRQ DIQ@W LMY KEDG! W
LQIOXHQFH RQ SHUIRUPDQFH DQG ZKH U HK b HIGLVQH \XQ IBHHUIFW D LRV Y DR X E
'LWWHU HW DO 6KRHLEL 2PUDQL HWQRW HYHUVKIQF HUWPEQ LBWD QW
UHFHLYH WKH VDPH OHYHO RI LQYHVWLJDWLRQ PW SR® BMKEROOLE WIHA OG-+
GHFLVLRQ EHLQJ PDGH WKH DYDLODEOH LQIRX®PMLEQRL® Y® UL R B O/

SUREDELOLW\ RI DFKLHYLQJ WKH SURMHFW REMHFWLYH

7KH SUHVHQW '2*& 3R6 DSSOLFDWLRQ GHPRQVWUDWHYV MYWKVUHUBRLQFLS
WKLFNQHVYVY DQG SHUPHDELOLW\ DUH WUHDWHG RS NVNBEDWHG® ONDOKR URDXU KL (
K\GUDXOLF DQG WKHUPDO SURGXFWLRQ PRAHOD/ XOWQOR IDRAW N RBUBDIR WV
XQFHUWDLQW\ DVVRFLDWHG VSHFLILFDOO\ ZLWK W KHV HD WWZXR SWHANRHIWY
THPSHUDWXUH YDULDWLRQ UHVHUYRLU FRQQHFWAHHREWILYLUWXOWSHHRWD/
DYDLODELOLW\ ORQJ WHUP WKHUPDO GHFOUWQ$U HDHQ AWM IKHIJUREDEE BV \F

SUHVHQRIFRURRISW DSSOLFDWLRQ

7KLV OLPLWDWLRQ LOOXVWUDWHY DQ LPSRUWDQW SHHSIUHAIS@OWMVRR GR6 \i
XQFHUWDLQW)\ VSDFH LQFOXGHG LQ WKH PRGH® @R@XEHULS NGIQ\SSH WH

FRPSOHWH SUREDELOLW\ RI SURMHFW VXFFHVV HPQO@MH VLG KH DJGH® HPYROX



UHODWHG XQFHUWDLQWLHY KDYH EHHQ UHSUKVYRRWREH ¥ BUGWQBO\D U

ZKLFK DUH KHOG FRQVWDQW DQG ZKLFK DVVXPSWLRQV FRQGLWLRQ WK

SQFHUWDLQW\ DQDO\VLY DQG TXDQWLILFDW LR D VYHKN VWKIHUM | R K H\ (BRMWR Yr
PHFKDQLVP WKURXJK ZKLFK LQFRPSOHWH NQWROM GIR DKL ¥ DW L ORH LFROH A
GHILQHG SURMHFW REMHFWLYH 3R6 VKRXOG FR® XI$TOMNWHDEOHBHS URWY B
EDVHG RQ WKH LQIRUPDWLRQ DYDLODEOH WKH JMRDOORUIRED OVK I VRISBISIU

DVVXPSWLRQV WKH DVVHVVPHQW SHULRG DQG WKH VHOHFWHG GHILQL

AXDQWLWDWLYH ORGHOV &DQQRW )XOO\ &DSWXU

SQFHUWDLQW\ TXDQWLILFDWLRQ LV HVVHQWLDO IRU GUWRBEBBHPEMWPHRDWRR
XQFHUWDLQW\ GRHV QRW E\ LWVHOI HQVXUH JWR®RWDADHG ULHD®H SRV £
DUFKLWHFWXUH EXULDO KLVWRU\ VWUXFWXUDO QG HFRIFOSFOFPMHICRD ®IAX
IUDFWXULQJ 3UREDELOLW\ GLVWULEXWLRQV PDD X\HWH U K LROUHH VRARLADVMDD & (

FRPELQDWLRQV RU VSDWLDO SDWWHUQV WKDW DUH LQFRQVLVWHQW ZL

7KLV LV SDUWLFXODUO\ LPSRUWDQW LQ VHBWPBIQWDU\ IG\BRRGAMKHUPW &
5KDHWLDQ 'HOWDLF 6\WWHP RI WKH 1RUWK *HUP D@ % ¥R MKDWU DM K GT
VSHFLILF GHSRVLWLRQDO HQYLURQPHQWYV SDUW DRXODNROQ HG ERG UH E X \
DGMDFHQW IDFLHV PD\ FRQWDLQ WKLQQHU KHGEUPHFWNVR ¥V BREVWN B QKH C
DQG UHVHUYRLU TXDOLW\ PDSV ZHUH FRQVWU X FWHR® FEJ LIEQ\S HUQ\D WL U
ZLWK FRUH DQG ZLUHOLQH GDWD SHWURJUD S$&U DXIODFH DKMLEFF VGO | B A
UHVXOWLQJ QXPHULFDO UHVHUYRLU UHSUHVHQW PWDR ® UHP ME\M U H ERUN

H[SUHVVLRQ RI WKH XQGHUO\LQJ JHRORJLFDO PRGHO

=LPPHUPDQQ HW DO GHPRQVWUDWHG W KM HFR\QOAH TRUH @ FIIRW IRH U |
DVVHVVPHQW %\ FRPELQLQJ VXEVXUIDFH UHVHUWH\ RERKRIHGI WKWK 0L
LQIRUPHG UHSUHVHQWDWLRQ Rl VDQGVWRIGLMKLRR Y HWR FF FR GYUHRBXI
LQWHUSRODWLRQ DQG FRQVHTXHQWO\ DOWHU VIWHDRVKIDYIVW K HH VG MPLOMA HIN
DV RQH VWDWLVWLFDO SRSXODWLRQ FRXOG L Q\QWHD &DRRPEA R @ HR/E \PHUL
GHSRVLWV DQG SRRUHU UHVHUYRLU IDFLBRG X6MW MROH R WHE B C0D GLXVRHUL

UHVHUYRLU SURSHUWLHY LWV UHDOL]DWLRQV ZRXK\GHQ R R/L Q HRHYG/IDW LK



6FKXPDFKHU HW DO SURYLGH DQ LPSRBWIFQW HRIFSIOMLRQ LQF RS
TXDQWLWDWLYH 3R6 PHWKRGRORJ\ 7KHLU DSBDRDFBEVIRQY FROMELVOIHY UH @ |
ZHOO WHVWV FRUH PHDVXUHPHQWY Rl SRUBRWIHW\ GHUA SHI® RH R E L\OR @\ F
DQG QHXWURQ ORJV :KHUH GLUHFW SHUPHDEL®SWELIQFRYPDRWMIRD S\WH U
UHODWLRQVKLSYV DUH XVHG WR LQIHU K\CHDAO G P \S D REBHU W R WVV HRDSREWWH
WR JHRPHWULF GLVWDQFH )RU WKH 5KDHW LD QUIIXOYLLD G DWDI) &AW\ B DK
DOLJQHG ZLWK WKH LQWHUSUHWHG SDOHRIORZ G LSUHFDWY RQH DRV H PSYHDRY
DUH HYDOXDWHG LQ UHODWLRQ WR JHRORJLFDOLYQILPDHQS R ¥ X\OCFW LIR\D C

WKH 3R6 FDOFXODWLRQ LV WKHUHIRUH FRQGLWLRQRGE ELWMHRORJLFDO F

7KH LPSRUWDQFH RI 6FKXPDFKHU HW DO H DPRMNOMQ RY EVIDEQGE KQG
LQIRUPDWLRQ 7KHLU VWXG\ GHPRQVWUDWHYVY WRKDMW UHRW RR QD DUIHQ MRH]
UHSUHVHQWDWLYH DQG ZKLFK HPSLULFDO UHCOCSRVIHR/QY KOLPL W D &/ IURH® VIR
SHUPHDELOLW\ UHODWLRQVKLS GHYHORSHG IRUVWLEQDW L\FEXW /U G-10 C5\RWI

DQG GLDIJHQHWLF KLVWRU\ DQG FDQQRW D XWHRWFPHDGW RDHOVAHUEHR MUUD Q VI H |

7KH FDUERQDWH H[DPSOHV RI .IVERKUHU HW DBOHDU BB N @X\LW UDLW HY

WKH 5 GHUVGRUI 6FKDXPNDON FDQ FRQGXIFIHEG VEXEVMWDI/RW XV PR TG LE
YHU\ ORZ SHUPHDELOLW\ DQG WUDQVPLMWLSRWRUEBHFBRWH PWHIGC RT KWHK HR |
JRUPDWLRQ VLPLODUO\ VKRZV KRZ VSDUU\ FD 8 RLIDH i HDRCHI) WAV ILURCF WIX(
WKHPVHOYHV EHFRPH PLQHUDOL]HG 7KHVH H[DPBOIHE/OBHRPRGWXUDYH F
WUDQVODWHG GLUHFWO\ LQWR K\GUDXOLF SURFRREMAIEYLMW\L WA WEB RWWRE
GLDJHQHWLF KLVSHRRHDELORWRVUMWODWLRQVKLS DSSOLFDEOH WR LQWH
WKHUHIRUH VXEVWDQWLDOO\ RYHUHVWLPDWH WKHGRB8UQXWHE FH UIRRI(

PROGLF SRUHYV
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JLIXUAHWURJUDSKLF H[DPSOHV LOOXVWUDWLQJ WKH JHRORKLSEMBO GHSFH

LQ OHVR]JRLF FDUERQDWH UHVHUYRLBD QRIOW KH DIRE WK VK-RIZP P @ X0QIB\LIFQ S
5.GHUVGRUI 6FKDXPNDON ZKHUH FRPSDUDW LY H®DR ZK B HU BSRIRVQ MV \ LEHI
PXFK Rl WKH SRUH VSDFH LV SRRUO\ FRQ @HFAW HRG VB HROWDD 0GR ROKLR\
ZLWK GLIIHULQJ GHJUHHV Rl FDOFLWH FHPHQWDWDRDR® WE®\8 RSRURRDQWH |
EH WUDQVODWHG GLUHFWO\ LQWR K\GUDXOLF SHUJREWDQEW\Z D\WQIGRXMD §

KLVWRU\ 5HSURGXFHG IURP .IVERKUHU HW DO JLIXUH

7KH VDPH JHRORJLFDO GHSHQGHQFH UHPDLQV VY HQHY RQMGH YINVEG RZKUHHU F

GHVFULEH KRZ KLJK UHVROXWLRQ WKUHBHIDPRYLBRYVOVWHE RIOAN
FDQ LPSURYH WKH LGHQWLILFDWLRQ RI IOXYLD®@ WBDWHWYWNRRQHSPRGILHEW!
PHWKRGV FDQ VXEVWDQWLDOO\ LPSURYH VSDWLDPXNKFKD VIVEW & UEH DMWLIRC
DJDLQVW FRUHV ZLUHOLQH ORJV GHSRVLWLRQDOURRGIHIDWH DHDORS

4XDQWLWDWLYH DQG GDWD GULYHQ PHWKRGV FQ QEWWHW K HR URD ¥ O/RIW QU

LW
7KH FRPELQHG OHVVRQV IURRLRFHMJPPWQDBW DO 6 FKXORDFKHU F
JAVERKUHU HW DO HVWDEOLVK ZK\ JHRORHKQMD R I|F REG & Ra RGIRGQIRLI F

LQIRUPDWLRQ VKRXOG QRW HQWHU D SUREDELOREWHB YDRGLIHRIM PHURP\ZI



UHJLRQDO GLVWULEXWLRQV DUH FRQVWUXFWHWHW®W U PQWOWWW RIS VHORHFRVILK O |
WUDQVIHU RI REVHUYDWLRQV WKH DSSOLFDERIOOMWY\ RGLYBMUD EXWHB QU
SODXVLELOLW\ RI UHVXOWLQJ UHVHUYRLU FRQWMKXUBMURQEHEFRRB RILW |

WKH FRQVWUXFWLRQ RI WKH SUREDELOLVWAG¢GP RGIHRW RIMDWIKRHQY WKDQ VH

7KH VSDWLDO DSSOLFDWLRQ SUHVHQWHG LQ WKIHWRURXGDOURRQGHW LR
'2*& 3R6 ,I RQH FRPPRQ SHUPHDELOLW\ GLVWUERERWVR QS DQWE UREN W RR®
DSSOLHG WKURXJKRXW WKH 5KDHWLDQ UHVHUKBYH ¥WHAH B H SWKHHYV HRQUWP|
KRPRIJIHQHRXYV VWDWLVWLFDO SRSXODWLRQ@HS$SWKKRXIL RVXPA DXRPHISFR
ERWK SDUDPHWHUV LW ZRXOG UHPRYH WKHLU VEBGWHLY 0 RE& HURLG B WH. RX

UHSUHVHQWDWLYH RI DQ DYHUDJH VWDWLVWLFDO QBVWURRNU UDWKHU

'2*& 3R6 LQVWHDG LOQWURGXFHY JHRORJLFDO FRQIK F\WWDR@DOWE R IR UsHH WH
WKLFNQHVYV GLVWULEXWLRQV DUH DVVLJQHG DF FHRIPGIDEL @/RVFP 058.S/MGJ UH
UHIOHFW WKH VSDWLDO DUUDQJHPHQW RI SHUPHBELDUMW \WRKEVJHU R D W LW

KHWHURJHQHRXY UDWKHU WKDQ UHSUHVIHHDWGELQJ RQH XQLIRUP UHJLRQEC

7KH UHVXOWV DOVR VKRZ WKDW JHRORJLFDO FREBHQYWRQLQIRDOE GHRE
KHWHURJHQHLW\ FRQWUROV WKH UHODWLYH UWWQNI1BW R HWRHFDRALIQRHQ/V W R
SUREDELOLW\ WKDW D ORFDWLRQ LV FODV\ERGHEVDW RXWFSNVVIKROP &RE@
ZHOO DW 0:K PRQWK JHQHUDOO\ UHWDLQ WK H LIK WHKOHDLW LYR46 UGBDHOANCLLC
DW KLJKHU WDUJHWYV 7KH UHVXOWLQJ PDSN WKH MWMRIORKELEDID QR WX /L
GHPDQG FRQGLWLRQHG WUDQVIRUPDWLRQVGRIDXR 6 R WKHWP DQI RUE G VBIL

PRGHO

7KH SUHVHQW JHRORJLFDO FRQGLWLRQLQJ QHNWHUWKEOHVW QHRDKE R UD
GLVWDQFH ZHLJKWLQJ SURFHGXUH GRHV QRW HYSD LKIGNVOX OH B UFHR\QHIQHW \
FRPSDUWPHQWDOL]DWLRQ IDXOW HIIHFWV R UHXRICFSSHGD U B WH LWQRWK H HLI
LV WUHDWHG DV IL[HG )XWXUH DSSOLFDWLRQ@MORR PQG MHLR/PS R UBDWHD
FRQVWUDLQHG JHRVWDWLVWLFV DOWHUQDWLYH JHRORWFWRHWVHDOL

XQFHUWDLQWLHYV PRUH H[SOLFLWO\

7KHVH OLPLWDWLRQV LOOXVWUDWH ZK\ XQFHUWDL QB XXIBQ@ WLR U HBDWK HE

ORQWH &DUOR VLPXODWLRQ FDQ SURSDJDWH WK HWMWRILE X W IKRHQWK N &



GLVWULEXWLRQV RU VSDWLDO UHODWLRQVKLSV DUHFRRHRIMHOO GAD Q
FRQVWUDLQ SODXVLEOH UHVHUYRLU VWDWHYV EXW HDQQRW KH DWVRDOW S

EH DFKLHYHG

7KLV FRPSOHPHQWDULW\ LV D GHILQLQJ FKDUDFWHULVWLSODX\2tE GBI 6
SUREDELOLVWLF LQSXWV XQFHUWDLQW\ TXOOHPL EHDM URQ GFRIR $ B EHOH
UHVXOWLQJ RXWSXWV DUH HYDOXDWHG DJDLQVW IDEXWRREFRV V& FARIGF
WKHUHIRUH OLHV QRW LQ DQ\ LQGLYLGXDO QXPHU LAFFROXG MMERQILJP XHX @!
SURSDJDWLRQ SHUIRUPDQFH PRGHOLQJ RD QWX FAFHWP ZQW KRQL RGWH B V

IUDPHZRUN

'LWKLQ WKH PHWKRGRORJLHV UHYLHZHG LQ WHKLWVRPBXYEK HQK/ILY H G\ M
JHRWKHUPDO 3R6 DVVHVVPHQW EHFDXVH FKDUDFWHULVWLMWKMWKDW D
FRPPRQ ORJLF 7KH 5KDHWLDQ DSSOLFDWLRQ LOOXVWWROOWH W KHK MSE 05W
GLVWULEXWLRQ RI UHVHUYRLU TXDOLW\ SUREREVOHOM LSH B RRAHP®LQFH U

VHOHFWHG WKHUPDO HQHUJ\ WDUJHW GHWHUPLQMNWHKAXWKEKHUYVWKDW SH

&RQFOXVLROQ

7KH UHYLHZ RI H[LVWLQJ JHRWKHUPDO 3URE D E IPG{IWK RRS REOXFE FLIHAD/O PSHWRKIR
IURP TXDOLWDWLYH JHRORJLFDO MXGJPHQWD BIQIE. VWIRHP\E RAQRIZDN & D VXI5
VWRFKDVWLF DQG SHUIRUPDQFH RULHQWHG DVVHVVPRHQWQ WHl HDHWQ@RH
VLPXODWLRQ UHVHUYRLU SHUIRUPDQFH PRGHOWRIQWLQG OJHRPRURFB
UHSUHVHQWDWLRQ RI VXEVXUIDFH XQFHUWDLRW LDQ GF RIQF®ISWDXW OR Q L
UHPDLQV VXLWDEOH JHRORJLFDO FRQGLWLRQWRP SHHD I WD LRHPBRHD
WUDQVPLVVLYLW\ SURGXFWLYLW\ RU IORZ UDWWPGR §RWW B P IZH\D\OD UX.@

IXQFWLRQ IRU ZKLFK LW LV EHLQJ GHYHORSHG

7KLV VWXG\ WKHUHIRUH SURSRVHV WKH '"HPDQGLOWMH QRW I6& F EHR © R WIDFPH
'2*& 3R6 LQ ZKLFK VXFFHVV LV GHILQHG DV WHKPA BIURE [PEHHOW WRUWHK[F W
H[SOLFLWO\ GHILQHG WKHUPDO HQHUJ\ WKHURD®DSRZH UV DRIUHRW RH t
FRUUHVSRQGLQJ DVVHVVPHQW SHULRG *HRORJHBMOD DQEH RKDXY B XK F\SH

WKH UDQJH RI SRVVLEOH V\VWHP SHUIRUPDRWN EXEG/ FRIQH\WIJIDH QWUH D\



LQGHSHQGHQW ILQDO GHILQLWLRQV RI VXFFB®VP BRWXERIQWHKDXXH QW®HN (E
JHRORJLFDO LQWHUSUHWDWLRQ XQFHUWDLQW\ DMVSXWPHYHERWLYW D@ H V\

SHULRG DQG SHUIRUPDQFH UHTXLUHPHQW DJDLQVW ZKLFK WKH V\VWHF

7KH IUDPHZRUN DOVR HVWDEOLVKHV WKDW XQFHUWDQQRW TEXHD @ WS DLLFID\
BUREDELOLVWLF VLPXODWLRQ FDQ SURSDJDWHWX QW HDQIQRYW & MK H B R 1K
WKH GLVWULEXWLRQV SDUDPHWHU UHODW IPRRGHO HW HRUH R OIRWIL DO DW ¢
*HRORJLFDO LQWHUSUHWDWLRQ SURYLGHV WKLVHFRRYWHNH QWDBALEH W
SDUDPHWHU UHODWLRQVKLSY DUH WUDQVIHUDE®G BAZ ZKVFHK ¥RPE S
RI FRQGLWLRQV FRQVWLWXWH SODXVLEOH UHVHUY R LD W WDS\WHW D B8R
XQFHUWDLQW\ UHSUHVHQWDWLRQ SHUIRUPRRWHKLRRE® B LDQ/V HDWQ/G MKW C

WKDQ WUHDWLQJ WKHP DV LQGHSHQGHQW FRPSRQHQWYV

7KH VSDWLDO DSSOLFDWLRQ WR WKH 5KDHWLDQ 'HOWDWRHJ&\YWIHRPQGH
5HVHUYRLU WKLFNQHVYV GLVWULEXWLRQV ZHUH FRQ®LWHR@®HGEED IPWX
GLVWULEXWLRQV UHIOHFWHG WKH VSDWLDO 3DJUWMNALIHIP WEW VRII GRIRPEO
JHRORJLFDO FRQGLWLRQV WKURXJK WKH VDPMW WKRQUOXIHWHQRJWEH R
VXUIDFHV 8QGHU RWKHUZLVH LGHQWLFDO DVVXPESWULROW IURPUHDWIRJ
DQG 0:K SURJUHVVLYHO\ UHGXFHG 3R6 DQXHRQW& MAMAIDE W R HDWS
DVVRFLDWHG ZLWK JUHDWHU UHVHUYRLU WKLFN QHRVVYV HXDDPAN KY HKB G YIHIUA

GHPDQG LQFUHDVHG EXW WKHLU DEVRORWW SXUR EECHFAH@OULQWHGRT VDWLVI\L

7KH UHVXOWV WKHUHIRUH GHPRQVWUDWH W DK & R PHRGIR H.E\W D UK HIRHKDUHF
GHWHUPLQHV WKH UHODWLYH SHUIRUPDQFH SRWSHUNR D B DRY FGIL Ul H TXLQUM
GHWHUPLQHV ZKHWKHU WKDW SRWHQWLDO LV FRQYRATKHEQYWOR ERE VIRV
RQH SHUPDQHQW 3UREDELOLW\ RI 6XFFHVV 7K®GYIWRHDJIKRIKR 3 RBDIR F RQ
UHTXLUHPHQW DQG D VXEVWDQWLDOO\ O RXOG 3RHE LRW BQRWHWKG ,Q RWK
SURSHUW\ RI D UHVHUYRLU RU JHRJUDSXQA OGEQWDRWS HIFX\W. B & &/ R VSHA

H[SOLFLWO\ VWDWHG FRQGLWLRQV

7KH 5KDHWLDQ DSSOLFDWLRQ UHPDLQV D FRIQRVDRO GH GODURR | GRR FIOR\DLA
2Q0\ SHUPHDELOLW\ DQG UHVHUYRLU WKLFNQHVV ZBIRHW WWW D B/HKILEO HD
WHPSHUDWXUH YDURP®H RQFHUWRDRIWERDK\GUDXOLF FRQQHFWLYLW\ F

LQMHFWLYLW\ RSHUDWLRQDO DYDLODELOLW\ ZHORLERQHVBRILDODMLRQU AV



SURSDJDWHG SUREDELOLVWLFDOO\ )XWXUH LAPQRYRPHEAW XWHREAVDGIKRRG
XVH RULJLQDO JHRUHIHUHQFHG JHRORJLFDO ZHOOQDWHIWH LIH RRPRH U PBI
UHDOL]DWLRQV IDFLHY FRQVWUDLQHG JHRVWDWLBWLRDO DRHGNRBGXH \
,QIRUPDWLRQ DQDO\VLYVY FRXOG IXUWKHU VWBESEQURKWMIOR QY KMHK UFRDPIHKRRW

VWDJHVY RI JHRWKHUPDO GHYHORSPHQW

'2*& 3R6 LV WKHUHIRUH QRW SURSRVHG DV D XQLFHQWDR @ XPHROIRRIDLEG I
WHFKQLFDO HFRQRPLF HQYLURQPHQWDO UHJXQODWRUWKH RPRHWRRGCRO R
UHODWLRQVKLS LW HVWDEOLVKHY DPRQJ WKHVH HOHP KWV WHDHEHLYD \
FRQVWUDLQV WKH SODXVLEOH V\VWHP VWDWHYV XQUVFREMLAMWWD R IPR\E
SURSDJDWHV WKRVH XQFHUWDLQWLHY LQWR SR¥VUHTUDXL YV HVAIDRY RGHNFIR
ZKLFK RXWFRPHV FRQVWLWXWH VXFFHVV %\ PDNLQD MWK\LR IUGKFDWY R
PRYH IURP D JHQHUDOL]J]HG UDWLQJ RI UHVHYWREOHTI XDQGWG HF RY DRIG

DVVHVVPHQW RI ZKHWKHU D JHRWKHUPDO VA\VWHP LV OLNHO\ WR IXOILC
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/ILVW RI DEEUHYLDWLRQV DQG V\

$SEEUHYLDWLRQVY DQG PHWKRGRORJLFDO ODEHOV

Abbreviation / symbol Definition

PoS Probability of Success

DOGC-PoS Demand Oriented, Geologically Conditioned Probability of Success

BVEG Bundesverband Erdgas, Erddl und Geoenergie e.V.

DGMK Deutsche Wissensg:h?ftliche Gesellschaft fiir nachhaltige Energietrager, Mok
und Kohlenstoffkreislaufe e.V.

REM Reverse Enthalpy Methodology

GIS Geographic information system

RGB Red-green-blue color space

LLM Large language model

NPV Net present value

6\PEROV DQG LQGLFHYV

Abbreviation / symbol

Definition

Pr Probability operator; Pr(A) denotes the probability of event A

Py Geological Probability of Success in component-based methodologies

Preat Probability as_signed to the heat component in the Bartakovics (2014) igablog
PoS formulation

Precenvor Probability assigned to the reservoir component in the Bartakovics (2014)

geological PoS formulation

Psystem closed

Probability assigned to the closed-system component in the Bartakovics (201
geological PoS formulation




Abbreviation / symbol

Definition

Probability assigned to the hydraulic-dynamics component in the Bartakovics

Paynamics (2014) geological PoS formulation
T Reservoir temperature
Tmin Required minimum reservoir temperature
Q Volumetric flow rate
Qmin Required minimum volumetric flow rate
S Transmissivity
Shin Required minimum transmissivity threshold
P Thermal power
Prin Required minimum thermal-power target
PoSotal Total Probability of Success in the BVEG and DGMK (2024) framework
PoS Technical Probability of Success
PoS Geological Probability of Success
PoS Operational Probability of Success
PoS(t) Conditional economic Probability of Success
P: Commercial Probability of Success in the Reverse Enthalpy Methodology
En Thermal energy
I Density of the geothermal fluid
Co Specific heat capacity of the fluid in the reviewed BVEG and DGMK formulat
Ct Specific heat capacity of the geothermal fluid in the DOGC-PoS calculation
a7 Temperature difference between produced and reinjected geothermal fluid
aw Operating or assessment 